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ɺɺɽɼɽʅʀɽ 

 

ʃʠʜʝʨʳ ʥʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʤʳʩʣʠʪʴ 

ʦʙʦʩʦʙʣʝʥʥʦ, ʥʝ ʦʩʫʱʝʩʪʚʣʷʷ ʦʙʤʝʥʘ ʩ ʜʨʫʛʠʤʠ ʣʠʜʝʨʘʤʠ. 

ʂʣʘʫʩ ʐʚʘʙ, çʏʝʪʚʝʨʪʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʨʝʚʦʣʶʮʠʷè 

 

ʂʦʤʧʘʥʠʷ Autodesk, ʤʠʨʦʚʦʡ ʣʠʜʝʨ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʜʚʠʞʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʣʠʜʝʨʩʪʚʘ ʚ ʈʦʩʩʠʠ. 

ʊʘʢ, 13 ʬʝʚʨʘʣʷ 2019 ʛʦʜʘ ʚ ʛʦʣʦʚʥʦʤ ʦʬʠʩʝ Autodesk ʚ ʄʦʩʢʚʝ ʩʦʩʪʦʷʣʦʩʴ ʧʝʨʚʦʝ 

ʟʘʩʝʜʘʥʠʝ ʦʪʢʨʳʪʦʛʦ ʂʣʫʙʘ ʣʠʜʝʨʦʚ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʨʛʘʥʠʟʘʪʦʨʘʤʠ ʂʣʫʙʘ 

ʚʳʩʪʫʧʠʣʠ ʄʦʩʢʦʚʩʢʘʷ ʰʢʦʣʘ ʫʧʨʘʚʣʝʥʠʷ ʉʂʆʃʂʆɺʆ, ʂʣʫʙ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʦʚ 

ʉʂʆʃʂʆɺʆ, ʢʦʤʧʘʥʠʠ çʉʆʃɺɽʈè ʠ Autodesk. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʂʣʫʙʘ ʥʘ 2019 ʛʦʜ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʅʘʩʪʦʷʱʝʝ ʨʫʢʦʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ 

ʠʪʦʛʦʤ ʵʪʦʡ ʨʘʙʦʪʳ. 

ʈʫʢʦʚʦʜʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʘ ʦʩʥʦʚʝ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ ʠ ʦʧʳʪʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʣʠʜʝʨʘʤʠ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʧʝʨʝʭʦʜʷʪ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ï ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ ʨʘʙʦʯʠʭ ʛʨʫʧʧ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʨʫʢʦʚʦʜʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚ ʜʝʪʘʣʷʭ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʏʠʪʘʪʝʣʷʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʧʫʪʴ, ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʠʤʳʡ ʠʤʝʥʥʦ ʚ ʠʭ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʎʝʣʠ ʨʫʢʦʚʦʜʩʪʚʘ: 

¶ ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ ʯʝʨʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʥʦʚ rʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʘʥʠʡ; 

¶ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʪʨʝʥʜʘʤʠ ʀʥʜʫʩʪʨʠʠ 4.0, ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʨʦʩʩʠʡʩʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʙʠʟʥʝʩʘ; 

¶ ʠʟʤʝʥʝʥʠʝ ʢʫʣʴʪʫʨʳ ʚʥʝʜʨʝʥʠʷ ʠ ʨʘʙʦʪʳ ʩ ʠʥʥʦʚʘʮʠʷʤʠ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʵʪʘʧʫ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʂʊʇʇ), ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʟʘʪʝʤ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʜʦʢʫʤʝʥʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʤʘʣʳʝ ʠ ʩʨʝʜʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʚʦʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ʆʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʨʫʢʦʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʦʪʢʨʳʪʦʩʪʴ ʠ 

ʧʨʘʢʪʠʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ. ɸʚʪʦʨʳ ʧʨʠʚʝʪʩʪʚʫʶʪ ʣʶʙʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʦʪʢʨʳʪʳ ʢ ʜʠʘʣʦʛʫ ʧʦ ʝʛʦ ʫʣʫʯʰʝʥʠʶ. 

ʇʨʝʜʣʦʞʝʥʠʷ ʤʦʞʥʦ ʧʨʠʩʳʣʘʪʴ ʥʘ ʘʜʨʝʩ: innovations@autodesk.com. 
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çʄʳ ʜʦʣʞʥʳ ʧʦʤʦʯʴ ʥʘʰʠʤ ʢʣʠʝʥʪʘʤ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚʧʝʨʝʜ ʚ ʮʠʬʨʦʚʦʝ 

ʙʫʜʫʱʝʝ. ʀ ʜʣʷ Autodesk ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʩʣʝʜʫʶʱʝʝ: ʚ ʵʪʦʤ ʮʠʬʨʦʚʦʤ ʤʠʨʝ 

ʦʯʝʥʴ ʤʥʦʛʦʝ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ, ʠ ʛʣʘʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʫʜʫʪ ʚ ʦʙʣʘʩʪʠ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ. ʊʦ ʝʩʪʴ ʢʣʠʝʥʪʳ ʙʫʜʫʪ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʩʘʤʳʝ 

ʣʫʯʰʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʀ ʧʦʵʪʦʤʫ ʥʘʰʘ ʯʘʩʪʠʯʥʘʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ï ʧʦʤʦʯʴ ʠʤ ʩʤʷʛʯʠʪʴ ʨʠʩʢʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʭʦʜʘ ʥʘ 

ñʮʠʬʨʫò. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʠʤ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ ʢ ʵʪʦʡ ʧʦʝʟʜʢʝ ʚ ʙʫʜʫʱʝʝ. ʅʦ ʵʪʦ 

ʥʝ ʧʣʷʞʥʳʡ ʪʫʨʠʟʤ, ʟʜʝʩʴ ʧʨʠʜʝʪʩʷ ʧʦʪʨʫʜʠʪʴʩʷè. 

ʂʘʨʣ ʆʩʪʠ, ʜʠʨʝʢʪʦʨ Autodesk ʧʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ ʚ ʨʝʛʠʦʥʝ EMEA 

 

 çɺ ʩʦʚʨʝʤʝʥʥʦʤ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʥʪʨ ʪʷʞʝʩʪʠ 

ʩʤʝʱʘʝʪʩʷ ʥʘ ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʦʥ ʜʝʣʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ñʚ ʮʠʬʨʝò, ʚʢʣʶʯʘʷ ʩʝʨʠʠ 

ʚʠʨʪʫʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʠ ʜʝʰʝʚʣʝ ʫʩʪʨʘʥʷʪʴ 

ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ, ʫʩʧʝʚʘʪʴ ʩʜʝʣʘʪʴ ʚʦʩʪʨʝʙʦʚʘʥʥʫʶ ʨʳʥʢʦʤ ʧʨʦʜʫʢʮʠʶ, ʪʦ 

ʝʩʪʴ ʚʦʡʪʠ ʚ ʦʢʥʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʳʩʪʨʝʝ ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʩ ʤʝʥʴʰʠʤʠ 

ʟʘʪʨʘʪʘʤʠ. ʊʦ ʝʩʪʴ ʨʘʙʦʪʘʪʴ ʚ 10 ʨʘʟ ʣʫʯʰʝ, ʙʳʩʪʨʝʝ ʠ ʜʝʰʝʚʣʝè. 

ɸʣʝʢʩʝʡ ɹʦʨʦʚʢʦʚ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʦʝʢʪʘʤ ʉʇʙʇʋ, 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʎʝʥʪʨʘ ʢʦʤʧʝʪʝʥʮʠʡ ʅʊʀ ʉʇʙʇʋ çʅʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠè, ʨʫʢʦʚʦʜʠʪʝʣʴ ʀʥʞʠʥʠʨʠʥʛʦʚʦʛʦ ʮʝʥʪʨʘ çʎʝʥʪʨ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘè (CompMechLabÈ) ʉʇʙʇʋ, ʥʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʀʥʩʪʠʪʫʪʘ ʧʝʨʝʜʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʀʇʇʊ) 

ʉʇʙʇʋ, ʣʠʜʝʨ-ʩʦʨʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ çʊʝʭʥʝʪè (ʧʝʨʝʜʦʚʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ) ʅʊʀ, ʣʠʜʝʨ ʤʝʛʘʧʨʦʝʢʪʘ çʌʘʙʨʠʢʠ 

ɹʫʜʫʱʝʛʦè 

çʎʠʬʨʦʚʠʟʘʮʠʷ ï ʵʪʦ ʥʘʰʝ ʧʦʥʠʤʘʥʠʝ, ʯʪʦ ʜʦʣʞʥʳ ʚʠʜʝʪʴ ʩʝʙʷ ʚ ʮʠʬʨʦʚʦʤ 

ʟʝʨʢʘʣʝ, ʢʦʪʦʨʦʝ ʧʨʘʚʠʣʴʥʦ ʦʪʨʘʞʘʝʪ ʥʘʰʠ ʧʨʦʮʝʩʩʳ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ, 

ʠ ʥʘʫʯʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ ʜʝʣʘʪʴ ʩʚʦʡ ʙʠʟʥʝʩ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʧʨʠʥʠʤʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʙʠʟʥʝʩʝ ʠ ʥʝ ʪʦʣʴʢʦè. 

ʈʘʜʠʩʣʘʚ ɹʠʨʙʨʘʝʨ, ʛʝʥʝʨʘʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʀʂʌ çʉʆʃɺɽʈè 

 

çɽʩʣʠ ʢʦʤʧʘʥʠʷ ʚʤʝʩʪʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚʢʣʘʜʳʚʘʝʪ ʩʠʣʳ ʚ ʩʦʟʜʘʥʠʝ ʢʦʥʮʝʧʮʠʡ, ʩʪʨʘʪʝʛʠʡ 

ʠ ʦʪʯʝʪʦʚ, ʪʦ ʦʥʘ ʟʨʷ ʪʝʨʷʝʪ ʚʨʝʤʷ. ʄʠʨ ʤʝʥʷʝʪʩʷ ʪʘʢ ʙʳʩʪʨʦ, ʯʪʦ, ʧʦʢʘ 

ʦʥʘ ʙʫʜʝʪ ʧʠʩʘʪʴ ʩʪʨʘʪʝʛʠʶ, ʟʘʧʘʜʥʳʝ ʢʦʤʧʘʥʠʠ ʫʞʝ ʧʝʨʝʡʜʫʪ ʥʘ ʩʣʝʜʫʶʱʠʡ 

ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷè. 

ʇʘʚʝʣ ɹʠʣʝʥʢʦ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʀʥʜʫʩʪʨʠʠ 4.0 

ɼʝʧʘʨʪʘʤʝʥʪʘ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʄʦʩʢʦʚʩʢʦʡ ʰʢʦʣʳ ʫʧʨʘʚʣʝʥʠʷ 

ʉʂʆʃʂʆɺʆ, ʦʩʥʦʚʘʪʝʣʴ ʠ ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʀʥʞʝʥʝʨʥʦʛʦ ʮʝʥʪʨʘ 

ʊɽʂʅɽʈ 

 

çʂʘʢ ʙʳ ʤʳ ʥʠ ʥʘʟʳʚʘʣʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ï ʀʥʜʫʩʪʨʠʷ 4.0 ʠʣʠ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ï 

ʚʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʨʘʜʠ ʪʝʭʥʦʣʦʛʠʡ. ʆʥʠ ʥʫʞʥʳ, 

ʯʪʦʙʳ ʙʠʟʥʝʩ ʨʘʟʚʠʚʘʣʩʷ ʠ ʟʘʨʘʙʘʪʳʚʘʣè. 

ʂʨʠʩʪʠʘʥ ʍʦʢʝʥ, ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʧʨʦʝʢʪʥʦʛʦ ʮʝʥʪʨʘ Industrie 4.0 

Maturity Centre, ʊʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ RWTH, ɸʭʝʥ, ɻʝʨʤʘʥʠʷ  



ʊɽʈʄʀʅʓ, ʆʇʈɽɼɽʃɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

ʇʦʥʠʤʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ. 

ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʚ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʷʚʰʝʡʩʷ, ʘʚʪʦʨʳ ʥʘʩʪʦʷʱʝʛʦ ʨʫʢʦʚʦʜʩʪʚʘ 

ʩʯʠʪʘʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʦʡ ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʨʤʠʥʦʚ ï ʢʘʢ ʫʞʝ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ɻʆʉʊ, ʀʉʆ, ʪʘʢ ʠ ʥʝʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ, ʠʜʫʱʠʭ ʚ ʥʦʛʫ ʩ ʧʦʩʪʦʷʥʥʦ 

ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ɻʣʦʩʩʘʨʠʡ ʷʚʣʷʝʪʩʷ ʧʦʧʳʪʢʦʡ ʫʚʷʟʘʪʴ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʥʦʨʤʘʪʠʚʥʫʶ ʙʘʟʫ ɻʆʉʊ, ʀʉʆ 

ʠ ʪʝʨʤʠʥʦʣʦʛʠʶ ʣʠʜʝʨʦʚ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʥ ʥʝ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʠʩʪʠʥʫ 

ʚ ʧʦʩʣʝʜʥʝʡ ʠʥʩʪʘʥʮʠʠ, ʥʦ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ 

ʪʝʨʤʠʥʦʚ ʩʦʙʨʘʥʳ ʚ ʦʜʥʦʤ ʤʝʩʪʝ. ɸʚʪʦʨʳ ʙʫʜʫʪ ʙʣʘʛʦʜʘʨʥʳ ʟʘ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ 

ʫʥʠʬʠʢʘʮʠʠ. ɻʣʦʩʩʘʨʠʡ ʧʨʠʚʝʜʝʥ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ. 
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20. ɻʆʉʊ 57412-2017. ʂʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʟʨʘʙʦʪʢʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ.  

21. ɻʆʉʊ ʈ 57558-2017/ISO/ASTM 52900:2015. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ. ɹʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ. ʏʘʩʪʴ 1. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ.  
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22. ɻʆʉʊ ʈ 57590-2017. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ɹʘʟʦʚʳʝ 

ʧʨʠʥʮʠʧʳ. ʏʘʩʪʴ 3. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ.  

23. ɻʆʉʊ 58299-2018. ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʦʙ ʠʟʜʝʣʠʠ. ʇʦʨʷʜʦʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ. ʆʙʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ. 

24. ɻʆʉʊ 58300-2018. ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʦʙ ʠʟʜʝʣʠʠ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

25. ɻʆʉʊ 58301-2018. ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʦʙ ʠʟʜʝʣʠʠ. ʕʣʝʢʪʨʦʥʥʳʡ ʤʘʢʝʪ 

ʠʟʜʝʣʠʷ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ.  

26. DIN EN ISO 16739-2017. ʌʦʨʤʘʪ ʜʘʥʥʳʭ ʩ ʦʪʢʨʳʪʦʡ ʩʧʝʮʠʬʠʢʘʮʠʝʡ (IFC), ʜʣʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʫʧʨʘʚʣʝʥʠʠ ʟʜʘʥʠʷʤʠ 

ʠ ʩʦʦʨʫʞʝʥʠʷʤʠ.  



10 
 

1. ʎʀʌʈʆɺɸʗ ʊʈɸʅʉʌʆʈʄɸʎʀʗ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ 

ʇʈɽɼʇʈʀʗʊʀʗ 

1.1. ʎʠʬʨʦʚʠʟʘʮʠ ̫ʵʢʦʥʦʤʠʢʠ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʝʭʦʜ ʢ ʫʤʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠʣʠ ʀʥʜʫʩʪʨʠʠ 

4.0, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʤʠʨʦʚʳʤ ʪʨʝʥʜʦʤ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ ʧʨʠʟʥʘʥʘ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʉʨʝʜʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʘʚʪʦʨʳ ʩʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʦʩʩʠʠ ʜʦ 2035 ʛ. ʚʳʜʝʣʠʣʠ ʮʠʬʨʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ, 

ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ. 

ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 28 ʠʶʣʷ 2017 ʛ. ˉ 1632-ʨ ʫʪʚʝʨʞʜʝʥʘ ʇʨʦʛʨʘʤʤʘ 

çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. ɺ ʥʝʡ ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʠ, ʟʘʜʘʯʠ, 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʨʦʢʠ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʧʦ ʩʦʟʜʘʥʠʶ 

ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚ ʈʦʩʩʠʠ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʚ ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ 

ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ 2017 ʛ. ʧʨʝʟʠʜʠʫʤ ʉʦʚʝʪʘ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ 

ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʫʪʚʝʨʜʠʣ ʜʦʨʦʞʥʫʶ ʢʘʨʪʫ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ çʊʝʭʥʝʪè. 

ɼʦʢʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʦʛʨʘʤʤʳ çʅʘʮʠʦʥʘʣʴʥʘʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘè ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ, Big Data ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʌʦʥʜ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʌ ʨʘʟʨʘʙʦʪʘʣ ʇʨʦʛʨʘʤʤʫ çʎʠʬʨʦʚʠʟʘʮʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʟʘʝʤʥʦʝ 

ʩʦʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʥʘ ʧʨʦʝʢʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʧʨʠʟʚʘʥʥʳʭ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʉʦʛʣʘʩʥʦ ʟʘʷʚʣʝʥʠʶ ʤʠʥʠʩʪʨʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʨʛʦʚʣʠ ʈʌ ɼʝʥʠʩʘ ʄʘʥʪʫʨʦʚʘ, ʥʘ 

ʧʨʦʝʢʪʳ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʙʫʜʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴʩʷ ʣʴʛʦʪʥʳʝ ʟʘʡʤʳ 

ʧʦʜ 1% ʛʦʜʦʚʳʭ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʘ 2019 ʛʦʜ ʥʘ 

ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ 194 çʂʠʙʝʨ-ʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè 

ʨʘʟʤʝʱʘʶʪʩʷ ʧʝʨʚʳʝ ʨʝʜʘʢʮʠʠ ʪʨʝʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʚ ʦʙʣʘʩʪʠ ʫʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʯʘʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ 

ʠʩʧʳʪʘʥʠʡ ʠʟʜʝʣʠʡ1. ʎʝʣʴʶ ʩʪʘʥʜʘʨʪʦʚ ʩʝʨʠʠ çʋʤʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦè ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ 

ʥʘ ʨʘʟʨʘʙʦʪʢʫ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʟʚʠʪʠʠ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʧʨʠʟʚʘʥʦ ʠʛʨʘʪʴ 

ʛʦʩʫʜʘʨʩʪʚʦ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʠʪʴ ʩʚʦʠ ʫʩʠʣʠʷ ʥʘ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʪʨʘʥʳ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʢʦʩʠʩʪʝʤʳ. 

ʋʯʠʪʳʚʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʪʝʤʳ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʥʘʩʪʦʷʱʝʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʦʩʚʝʱʘʶʪʩʷ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ: 

¶ ʢʦʥʮʝʧʮʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

 

1http://tc194.ru/smart_manufacturing_public. 
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¶ ʧʦʜʭʦʜʳ ʢ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ; 

¶ ʩʪʨʘʪʝʛʠʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʠʭ ʧʦʵʪʘʧʥʘʷ ʨʝʘʣʠʟʘʮʠʷ; 

¶ ʥʦʚʳʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ, 

ʘ ʪʘʢʞʝ ʨʷʜ ʜʨʫʛʠʭ ʪʝʤ. 

1.2. ʂʦʥʮʝʧʮʠʷ ʀʥʜʫʩʪʨʠʠ 4.0. ʋʤʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʇʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʧʦʜʦʰʣʘ ʢ ʠʩʯʝʨʧʘʥʠʶ ʩʚʦʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʥʘʯʘʣʝ ʥʦʚʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ, ʦ ʯʝʤ ʧʨʦʩʠʛʥʘʣʠʟʠʨʦʚʘʣʠ ʬʠʥʘʥʩʦʚʳʡ 

ʢʨʠʟʠʩ 2008 ʛ. ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʨʝʮʝʩʩʠʷ. ʉʨʝʜʩʪʚʦʤ ʚʳʭʦʜʘ ʠʟ ʜʘʥʥʦʛʦ ʢʨʠʟʠʩʘ ʩʪʘʣ 

ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʡ ʧʝʨʝʭʦʜ ʢ ʥʝʦʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ï ʏʝʪʚʝʨʪʘ ̫

ʧʨʦʤʳʰʣʝʥʥʘ ̫ʨʝʚʦʣʶʮʠ.̫ 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʥʘʟʳʚʘʝʪʩʷ ʨʝʚʦʣʶʮʠʝʡ ʠʤʝʥʥʦ ʧʦʪʦʤʫ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʘ ʨʘʜʠʢʘʣʴʥʳʝ: ʠʥʜʫʩʪʨʠʷ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ 

ʩʚʝʨʭʫ ʜʦʥʠʟʫ. ʄʝʥʷʶʪʩʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ, ʨʦʞʜʘʶʪʩʷ ʥʦʚʳʝ ʢʦʤʧʘʥʠʠ, ʠʟʚʝʩʪʥʳʝ ʙʨʝʥʜʳ 

ʩ ʜʦʣʛʦʡ ʠʩʪʦʨʠʝʡ ʠʩʯʝʟʘʶʪ, ʝʩʣʠ ʦʥʠ ʥʝ ʫʩʧʝʣʠ ʚʩʪʘʪʴ ʥʘ ʧʫʪʴ ʮʠʬʨʦʚʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʫʪʴ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʚʝʣ ʢ ʩʣʝʜʫʶʱʝʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ 

ʨʫʙʝʞʫ, ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʥʮʝʧʮʠʠ ʀʥʜʫʩʪʨʠʠ 4.0, ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʢʦʥʮʝʧʮʠʝʡ 

çʋʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè (Smart Manufacturing). 

çʋʤʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦè, ʥʘʨʷʜʫ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ ʠʥʪʝʨʥʝʪʦʤ ʚʝʱʝʡ (IIoT), ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʀʥʜʫʩʪʨʠʠ 4.0 (Industrie 4.0). ʊʘʢʦʝ ʥʘʟʚʘʥʠʝ ʚ 2011 ʛʦʜʫ ʧʦʣʫʯʠʣʘ ʧʨʦʛʨʘʤʤʘ 

ʥʝʤʝʮʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʧʦ ʨʘʟʚʠʪʠʶ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʍʘʨʘʢʪʝʨʥʘʷ ʯʝʨʪʘ 

ʀʥʜʫʩʪʨʠʠ 4.0 ï ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘ ʢʦʪʦʨʳʭ ʫʧʨʘʚʣʝʥʠʝ 

ʚʩʝʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʠ ʩ ʫʯʝʪʦʤ 

ʤʝʥʷʶʱʠʭʩʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʥʷʪʠʷ çʀʥʜʫʩʪʨʠʷ 4.0è ʠ çʏʝʪʚʝʨʪʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʨʝʚʦʣʶʮʠʷè 

ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʩʠʥʦʥʠʤʘʤʠ. ʇʝʨʚʦʝ ʦʪʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʷʤ, ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʚʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʱʝʩʪʚʝ.  

ʉʫʪʴ ʀʥʜʫʩʪʨʠʠ 4.0 ʩʦʩʪʦʠʪ ʚ ʫʩʢʦʨʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. 

 

1.2.1. ʊʝʭʥʦʣʦʛʠʠ ʫʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʀʥʜʫʩʪʨʠʠ 4.0 

ɺ ʮʝʣʦʤ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ï ʵʪʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʙʠʟʥʝʩʘ ʧʫʪʝʤ ʧʝʨʝʩʤʦʪʨʘ 

ʙʠʟʥʝʩ-ʩʪʨʘʪʝʛʠʠ, ʧʨʠʥʷʪʠʝ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ, ʦʧʝʨʘʮʠʡ, ʧʨʦʜʫʢʪʦʚ, 

ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʧʦʜʭʦʜʘ, ʮʝʣʝʡ ʠ ʪ.ʜ. ʧʫʪʝʤ ʧʨʠʥʷʪʠʷ ʧʝʨʝʜʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʆʥʘ ʧʨʠʟʚʘʥʘ ʫʩʢʦʨʠʪʴ ʧʨʦʜʘʞʠ ʠ ʨʦʩʪ ʙʠʟʥʝʩʘ.  

ʅʦʚʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ, ʧʦ ʤʥʝʥʠʶ ɸʣʝʢʩʝʷ ɹʦʨʦʚʢʦʚʘ, ʧʨʦʨʝʢʪʦʨʘ ʧʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʨʦʝʢʪʘʤ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʉʇʙʇʋ) ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, 

ʨʫʢʦʚʦʜʠʪʝʣʷ ʎʝʥʪʨʘ ʢʦʤʧʝʪʝʥʮʠʡ ʅʊʀ ʉʇʙʇʋ çʅʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, 

ʂʦʥʮʝʧʮʠʷ ʀʥʜʫʩʪʨʠʠ 4.0 ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʲʝʜʠʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʩʨʝʜʩʪʚʘʤʠ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʢʦʥʪʨʦʣʴ ʚʩʝʡ ʮʝʧʠ ʩʦʟʜʘʥʠʷ 
ʩʪʦʠʤʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʢʦʥʮʝʧʮʠʠ ïʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʛʠʙʢʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʷ 
ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ.
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çʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʪʦʪʘʣʴʥʫʶ ʮʠʬʨʦʚʠʟʘʮʠʶ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ 

ʠ ʫʯʝʪ ʪʨʠʘʜʳ ʪʨʝʙʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʨʳʥʢʘ:  

¶ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (Time-to-Decision);  

¶ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʠʩʧʦʣʥʝʥʠʷ ʨʝʰʝʥʠʡ (Time-to-Execution); 

¶ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʚʦʜʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʥʦʢ (Time-to-Market). 

 

ʅʦʚʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʜʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ (Advanced Manufacturing Technologies), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʣʦʞʥʳʡ 

ʢʦʤʧʣʝʢʩ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʟʥʘʥʠʡ, ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʥʦʫ-ʭʘʫ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʣʠʪʝʣʴʥʳʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʦʪʢʨʳʪʳʭ ʠʥʥʦʚʘʮʠʡ ʠ ʪʨʘʥʩʬʝʨʘ 

ʧʝʨʝʜʦʚʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʇʝʨʝʜʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ:  

¶ ʮʠʬʨʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚʢʣʶʯʘʷ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (Computer-Aided 

Design, CAD), ʢʦʤʧʴʶʪʝʨʥʳʡ ʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʡ ʠʥʞʠʥʠʨʠʥʛ (Computer-Aided 

Engineering, CAE, ʠ High-Performance Computing, HPC), ʪʝʭʥʦʣʦʛʠʠ ʦʧʪʠʤʠʟʘʮʠʠ 

(Computer-Aided Optimization, CAO), ʙʠʦʥʠʯʝʩʢʠʡ (ʛʝʥʝʨʘʪʠʚʥʳʡ) ʜʠʟʘʡʥ (Bionic / 

Generative (Simulation&Optimization)-Driven Bionic / Generative Design), ʮʠʬʨʦʚʳʝ 

ʜʚʦʡʥʠʢʠ (Digital Twin);  

¶ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ (Big Data), ʛʝʥʝʨʘʮʠʶ çʫʤʥʳʭè ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (Smart Big Data) 

ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ; 

¶ ʧʨʦʤʳʰʣʝʥʥʳʝ ʜʘʪʯʠʢʠ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʪʝʨʥʝʪ (IIoT);  

¶ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʝʪʘʤʘʪʝʨʠʘʣʳ, 

ʤʝʪʘʣʣʦʧʦʨʦʰʢʠ ʜʣʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ); 

¶ ʘʜʜʠʪʠʚʥʳʝ ʠ ʛʠʙʨʠʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ;  

¶ ʛʠʙʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʷʯʝʡʢʠ, ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ;  

¶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʧʨʝʜʧʨʠʷʪʠʝʤ;  

¶ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ; 

¶ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ çʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʥʦʟʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʦʨʠʪʝʪʘ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʫʥʢʪʦʤ 20ʘ ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʧʝʨʝʭʦʜ ʢ ʧʝʨʝʜʦʚʳʤ ʮʠʬʨʦʚʳʤ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ, 

ʢ ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʩʧʦʩʦʙʘʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ)è ʉʇʙʇʋ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʝʨʠʦʜ 2019ï

2030 ʛʛ. 17 (ʨʠʩ. 1.1). 

ɺʩʸ ʵʪʦ, ʨʘʟʫʤʝʝʪʩʷ, ʪʨʝʙʫʝʪ ʩʚʦʠʭ ʤʦʜʝʣʝʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ. 
ʕʪʦ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ-ʚʳʟʦʚʳ ʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʜʣʷ ʥʘʫʢʠ, ʠ ʜʣʷ ʩʠʩʪʝʤʳ 
ʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʜʣʷ ʙʠʟʥʝʩʘ. ʂʦʤʧʣʝʢʩʥʦʩʪʴ ʵʪʠʭ ʚʳʟʦʚʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪ ʤʘʩʰʪʘʙ 
ʥʳʥʝʰʥʠʭ ʠʟʤʝʥʝʥʠʡ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʫʶ ʨʝʚʦʣʶʮʠʶ. ʀ ʪʝ ʠʛʨʦʢʠ, ʢʦʪʦʨʳʝ ʵʪʦʛʦ ʥʝ 
ʧʦʥʠʤʘʶʪ, ʣʠʰʘʶʪ ʩʝʙʷ ʙʫʜʫʱʝʛʦ ʥʘ ʟʘʚʪʨʘʰʥʠʭ (ʠ ʜʘʞʝ ʫʞʝ ʩʝʛʦʜʥʷʰʥʠʭ) 
ʛʣʦʙʘʣʴʥʳʭ ʢʦʥʢʫʨʝʥʪʥʳʭ ʨʳʥʢʘʭè [22].
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ʈʠʩ. 1.1. ʇʨʠʤʝʨ ʧʨʦʛʥʦʟʘ ʧʦ ʧʝʨʝʜʦʚʳʤ ʮʠʬʨʦʚʳʤ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ 
ʥʘ 2019ï2030 ʛʛ. (ʀʩʪʦʯʥʠʢ: ʉʇʙʇʋ) 

 

1.2.2. ʕʪʘʧʳ ʧʝʨʝʭʦʜʘ ʢ ʫʤʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʋʤʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʵʪʦʤʫ 

ʧʝʨʝʭʦʜ ʢ ʥʝʤʫ ʩʦʚʝʨʰʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʂʘʞʜʦʤʫ ʵʪʘʧʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʠʥ ʠʟ 

ʚʠʜʦʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʬʘʙʨʠʢ ʙʫʜʫʱʝʛʦ (Factories of the Future).  

ʕʨʘʩʪʦʩ ʌʠʣʦʩ, ʢʦʦʨʜʠʥʘʪʦʨ ʀʂʊ-ʧʨʦʝʢʪʦʚ ʚ Factories of the Future ʉʝʜʴʤʦʡ ʨʘʤʦʯʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ ʧʦ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ, ʚʳʜʝʣʷʝʪ 

ɸʥʘʣʠʟ ʜʘʥʥʦʡ ʩʭʝʤʳ ʧʦʢʘʟʳʚʘʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʯʪʦ ʚ çʷʜʨʝè, ʚ ʦʩʥʦʚʝ ʧʝʨʝʜʦʚʳʭ 
ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʭʦʜʷʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ, 
ʧʦʟʚʦʣʷʶʱʠʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʟʜʘʚʘʪʴ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 
ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ.
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ʪʨʠ ʚʠʜʘ ʬʘʙʨʠʢ ʙʫʜʫʱʝʛʦ: ʮʠʬʨʦʚʳʝ ʬʘʙʨʠʢʠ (Digital Factory), ʫʤʥʳʝ ʬʘʙʨʠʢʠ (Smart 

Factory) ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʬʘʙʨʠʢʠ (Virtual Factory). 

ʕʪʠ ʪʨʠ ʚʠʜʘ ʧʨʦʠʟʚʦʜʩʪʚ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʮʝʣʷʤ ʩʦʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʷʝʤʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ʎʠʬʨʦʚʳʝ ʬʘʙʨʠʢʠ ʩʪʘʚʷʪ ʮʝʣʴʶ çʫʚʠʜʝʪʴè ʧʨʦʜʫʢʪ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥ ʙʫʜʝʪ ʨʝʘʣʴʥʦ 

ʧʨʦʠʟʚʝʜʝʥ. ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: CAD/CAM/CAE, PDM/PLM, cʪʘʥʢʠ ʩ ʏʇʋ, ʘʜʜʠʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʨ. 

ʋʤʥʳʝ ʬʘʙʨʠʢʠ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʮʝʣʷʤ ʮʠʬʨʦʚʳʭ ʬʘʙʨʠʢ ʧʨʝʜʧʦʣʘʛʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʫʣʫʯʰʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ. 

ʋʤʥʳʝ ʬʘʙʨʠʢʠ ʥʘʮʝʣʝʥʳ ʥʘ ʩʝʨʠʡʥʳʡ ʚʳʧʫʩʢ ʠʟʜʝʣʠʡ, ʥʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʠʙʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʪʦ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʊʝʭʥʦʣʦʛʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IIoT) ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʞʤʘʰʠʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʘʢʪʠʚʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʥʘʙʞʝʥʥʦʛʦ ʜʘʪʯʠʢʘʤʠ 

ʠ ʩʨʝʜʩʪʚʘʤʠ ʩʚʷʟʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʧʦ ʧʨʦʪʦʢʦʣʫ IPv6, ʩʧʦʩʦʙʥʳ ʚʳʧʫʩʢʘʪʴ ʧʨʦʜʫʢʮʠʶ 

ʧʦʯʪʠ (ʠʣʠ ʚʦʚʩʝ) ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ʉʧʨʘʚʠʪʴʩʷ ʩ ʨʝʟʢʦ ʚʦʟʨʦʩʰʠʤʠ ʧʦʪʦʢʘʤʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʪ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (Big Data). ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: MDS 

(ɸʉʋʊʇ), MES, IIoT, Big Data ʠ ʜʨ. 

ɺʠʨʪʫʘʣʴʥʳʝ ʬʘʙʨʠʢʠ ʩʫʤʤʠʨʫʶʪ ʮʝʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʳʭ ʠ ʫʤʥʳʭ ʬʘʙʨʠʢ, 

ʘ ʪʘʢʞʝ ʩʦʟʜʘʶʪʩʷ ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ ʠ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʟʜʘʚʘʪʴ 

ʮʝʥʥʦʩʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ. ʀʥʦʡ ʚʘʨʠʘʥʪ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʚʠʨʪʫʘʣʴʥʳʭ ʬʘʙʨʠʢ ï ʵʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʘʢʪʠʚʦʚ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʣʦʙʘʣʴʥʳʤʠ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʘʢʪʠʚʘʤʠ ʥʘ ʪʘʢʦʡ ʬʘʙʨʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʇʨʠ ʜʦʣʞʥʦʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ ʦʥʠ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʚʩʝʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʠ ʧʨʦʯʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʥʦ ʠ ʥʘ ʫʨʦʚʥʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʘʢʪʠʚʦʚ ʠ ʛʣʦʙʘʣʴʥʳʭ 

ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ, ʚʧʣʦʪʴ ʜʦ ʧʦʩʣʝʧʨʦʜʘʞʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ERP, 

CRM, SCM (Supply Chain Management, ʫʧʨʘʚʣʝʥʠʝ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ) ʠ ʜʨ. 

ɺ ʨʦʩʩʠʡʩʢʦʡ ʜʦʨʦʞʥʦʡ ʢʘʨʪʝ çʊʝʭʥʝʪè ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʘʙʨʠʢ ʙʫʜʫʱʝʛʦ ʦʪʚʦʜʠʪʩʷ 

ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ. ʈʝʯʴ ʠʜʝʪ ʦ ʧʨʠʤʝʥʝʥʠʠ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʨʦʚʝʜʝʥʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. ɺ ʧʨʦʝʢʪʝ ʟʘʜʝʡʩʪʚʫʶʪ ʮʠʬʨʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʠ ʩʝʨʪʠʬʠʢʘʮʠʶ, ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ 

ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʩʪʠʢʦʡ. ɼʦʨʦʞʥʘʷ ʢʘʨʪʘ çʊʝʭʥʝʪè 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʪʴ ʪʨʠ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʧʦʣʠʛʦʥʘ, ʘ ʢ 2025 ʛ. ʦʪʢʨʳʪʴ ʜʦ ʜʝʩʷʪʠ ʪʘʢʠʭ 

ʬʘʙʨʠʢ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʨʝʘʣʠʟʘʮʠʠ ʬʘʙʨʠʢ ʙʫʜʫʱʝʛʦ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʡ ʢʦʤʧʘʥʠʝʡ 

Autodesk ʮʝʥʪʨ ʧʨʦʜʚʠʥʫʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ AMF (Advanced Manufacturing 

Facility) ʚ ɹʠʨʤʠʥʛʝʤʝ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 30. ʋʣʴʪʨʘʩʦʚʨʝʤʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʩʥʘʱʝʥʥʦʝ ʥʦʚʝʡʰʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ Autodesk. AMF ʚ ɹʠʨʤʠʥʛʝʤʝ ʩʪʘʣ ʧʝʨʚʳʤ ʮʝʥʪʨʦʤ ʪʘʢʦʛʦ 

ʨʦʜʘ ʚ ɽʚʨʦʧʝ ʠ ʦʜʥʠʤ ʠʟ ʰʝʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ Autodesk ʚʦ ʚʩʝʤ ʤʠʨʝ (ʩʤ. 

ʨʘʟʜʝʣ 3.7). ɺ ʮʝʥʪʨʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʜʫʱʝʛʦ: 

ʛʝʥʝʨʘʪʠʚʥʦʤʫ ʜʠʟʘʡʥʫ, ʘʜʜʠʪʠʚʥʦʤʫ ʠ ʛʠʙʨʠʜʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʣʶʜʝʡ ʠ ʨʦʙʦʪʦʚ, ʜʦʧʦʣʥʝʥʥʦʡ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʷʤ. ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʪʝʭʥʦʣʦʛʠʠ Autodesk ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʣʘʚʝ 3 ʥʘʩʪʦʷʱʝʛʦ ʨʫʢʦʚʦʜʩʪʚʘ. 
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1.3. ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ï ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʥʘʷ ʨʘʙʦʪʘ, 

ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʜʭʦʜʦʤ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʵʪʘʧʝ 

ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʮʝʧʮʠʠ. ʂʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʥʦʡ 

ʯʘʩʪʴʶ ʙʠʟʥʝʩ-ʩʪʨʘʪʝʛʠʠ ʢʦʤʧʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʟʥʝʩʘ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʭʦʪʷ ʙʳ 

ʦʜʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

¶ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʙʳʣʠ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʧʨʦʜʘʞ ʠʣʠ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʜʦʭʦʜʥʦʩʪʠ 

ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʜʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʜʘʞ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʮʝʥʳ; 

¶ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ ʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʠʝʥʪʘ. 

ʕʪʠ ʜʚʘ ʫʩʣʦʚʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʛʣʘʚʥʳʤʠ ʮʝʣʷʤʠ ʣʶʙʳʭ ʥʦʚʳʭ ʜʝʡʩʪʚʠʡ ʤʝʥʝʜʞʤʝʥʪʘ, 

ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʀʥʜʫʩʪʨʠʠ 4.0.  

ʉʝʛʦʜʥʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʦʩʝʤʴ ʦʩʥʦʚʥʳʭ ʨʳʯʘʛʦʚ ʩʦʟʜʘʥʠʷ ʩʪʦʠʤʦʩʪʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʥʜʫʩʪʨʠʠ 4.0 ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ:  

¶ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ; 

¶ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ; 

¶ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ; 

¶ ʫʣʫʯʰʝʥʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ; 

¶ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʚʳʚʦʜʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʥʦʢ; 

¶ ʫʣʫʯʰʝʥʠʝ ʧʦʩʣʝʧʨʦʜʘʞʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʎʠʬʨʦʚʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʮʠʬʨʦʚʠʟʘʮʠʶ ʠ ʠʥʪʝʛʨʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʚ ʨʘʤʢʘʭ ʚʩʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʯʠʥʘʷ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʠ ʟʘʢʫʧʦʢ 

ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʣʦʛʠʩʪʠʢʦʡ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ 

ʚʥʫʪʨʝʥʥʠʭ ʦʧʝʨʘʮʠʡ ʠ ʦʭʚʘʪʳʚʘʝʪ ʧʦʩʪʘʚʱʠʢʦʚ, ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʚʩʝʭ ʢʣʶʯʝʚʳʭ 

ʧʘʨʪʥʝʨʦʚ ʧʦ ʚʩʝʡ ʮʝʧʦʯʢʝ ʩʦʟʜʘʥʠʷ ʩʪʦʠʤʦʩʪʠ. ɿʜʝʩʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ: ʦʪ ʫʩʪʨʦʡʩʪʚ ʩʣʝʞʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʩ ʠʩʧʦʣʥʝʥʠʝʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪʩʷ ʥʘ ʙʘʟʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʚʩʝ ʚʤʝʩʪʝ ʩʦʩʪʘʚʣʷʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ 

ʮʠʬʨʦʚʫʶ ʵʢʦʩʠʩʪʝʤʫ ʮʠʬʨʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʇʦʜ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʦʡ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ, ʤʦʜʝʣʝʡ 

(ʣʦʛʠʢʠ, ʘʣʛʦʨʠʪʤʦʚ) ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʤʝʪʦʜʦʚ, ʩʨʝʜʩʪʚ), ʠʥʬʦʨʤʘʮʠʦʥʥʦ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʝʜʠʥʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʮʝʣʝʚʦʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʴʶ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʫʙʲʝʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ï ʵʪʦ ʩʫʪʴ ʣʶʙʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʢʦʪʦʨʦʡ ʢʘʢ ʤʠʥʠʤʫʤ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʚʳʧʫʩʢʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ (ʮʠʬʨʦʚʦʡ 

ʘʢʪʠʚ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʦʢʨʫʛ ʢʘʞʜʦʡ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ 

ʟʘʨʦʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʢʦʩʠʩʪʝʤʘ ʮʠʬʨʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 

ʧʦʩʪʘʚʱʠʢʦʚ ʨʝʩʫʨʩʦʚ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʧʦʪʨʝʙʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʝʨʚʠʩʥʳʝ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʣʫʞʙʳ. ɺʘʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʚʩʝ ʜʘʥʥʳʝ ʦʙ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʫʧʨʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʦʤ ʠ ʦʧʝʨʘʮʠʦʥʥʦʤ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʜʦʩʪʫʧʥʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʝʪʠ ʮʠʬʨʦʚʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʉʣʝʜʫʝʪ ʜʝʣʘʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ 

ʠʤʝʣʘ ʮʝʣʴ ʦʩʚʦʙʦʜʠʪʴ ʯʝʣʦʚʝʢʘ ʦʪ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʦʩʪʘʚʣʷʷ ʝʤʫ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ 

ʥʘ ʘʥʘʣʠʟ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʠʡ ʰʘʛ ï ʘʥʘʣʠʟ 

ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʤʘʰʠʥʘʤʠ, ʩʫʞʝʥʠʝ ʜʦ ʧʨʝʜʝʣʘ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ï ʦʜʥʘ ʠʟ ʮʝʣʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʠʣʠ ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ. 

ʎʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʜʚʫʭ ʧʝʨʩʧʝʢʪʠʚ. 

ʇʝʨʚʘʷ ï ʵʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ: ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʢʣʠʝʥʪʦʤ, ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʜʘʞ ʢ ʤʦʜʝʣʠ çʫʤʥʦʛʦè ʧʨʦʜʫʢʪʘ, ʜʦʧʦʣʥʝʥʥʦʛʦ 

ʮʠʬʨʦʚʳʤ ʩʝʨʚʠʩʦʤ ʜʣʷ ʢʣʠʝʥʪʘ. ɺʪʦʨʘʷ ï ʦʧʝʨʘʮʠʦʥʥʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ: ʚʥʝʜʨʝʥʠʝ 

ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʨʘʤʢʘʭ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ KPMG 23, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ çʦʪ ʙʠʟʥʝʩ-ʟʘʜʘʯè, ʢʦʪʦʨʘʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪ ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʯʴ, 

ʠ ʠʩʪʦʯʥʠʢʠ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ, ʠ ʣʠʰʴ ʟʘʪʝʤ ʟʘʥʠʤʘʶʪʩʷ ʚʳʙʦʨʦʤ ʢʦʥʢʨʝʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ. ʕʪʦ ʚ ʢʦʨʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʘʥʠʡ, ʢʦʛʜʘ ʩʥʘʯʘʣʘ ʨʝʘʣʠʟʫʶʪ ʧʠʣʦʪʥʳʡ ʧʨʦʝʢʪ ʧʦ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʦʮʝʥʠʚʘʶʪ ʵʬʬʝʢʪ ʦʪ ʥʝʝ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪɻʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʝ 

ʧʨʝʧʷʪʩʪʚʠʷ ʥʘ ʧʫʪʠ ʢ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ, ï 

ʵʪʦ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʟʨʝʣʦʩʪʴ ʪʝʢʫʱʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʳʭ 

ʥʘʚʳʢʦʚ ʠ ʢʦʤʧʝʪʝʥʮʠʡ. 

ɺʘʞʥʦʩʪʴ ʨʦʣʠ ʤʝʥʝʜʞʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʥʘʥʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʧʨʦʚʝʜʝʥʥʳʤ ʚ 2015 ʛʦʜʫ ʢʦʤʧʘʥʠʷʤʠ Capgemini Consulting ʠ MIT Sloan School of 

Management 35.  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʚʝʩʪʠʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʥʝʵʬʬʝʢʪʠʚʥʦʤ ʤʝʥʝʜʞʤʝʥʪʝ ʥʝ ʪʦʣʴʢʦ ʥʝ 

ʦʢʘʞʫʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʙʠʟʥʝʩ, ʘ, ʥʘʧʨʦʪʠʚ, ʧʨʠʚʝʜʫʪ ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ. ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʦʚʳʝ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ ʨʫʢʦʚʦʜʩʪʚʦ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ ʚʥʝʜʨʝʥʠʝ ʥʦʚʰʝʩʪʚ 

ʠ ʠʩʧʦʣʴʟʫʶʱʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʜʥʠʤ ʠʟ ʧʨʘʚʠʣ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʝʝ ʧʨʦʚʝʜʝʥʠʝ çʩʚʝʨʭʫ ʚʥʠʟè. 

ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʧʨʝʞʜʝ ʚʩʝʛʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʦʚʳʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ? ɺ ʜʦʢʣʘʜʝ çʏʪʦ 

ʪʘʢʦʝ ʮʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ? ʊʨʝʥʜʳ, ʢʦʤʧʝʪʝʥʮʠʠ, ʠʟʤʝʨʝʥʠʝè 24, ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ 

ʢʦʣʣʝʢʪʠʚʦʤ ʀʥʩʪʠʪʫʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʦʥʦʤʠʢʠ ʟʥʘʥʠʡ (ʀʉʀʕɿ) ʅʀʋ 

ɺʐʕ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʟʘʜʘʝʪ ʥʘʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʦʚʳʭ ʨʳʥʢʦʚ ʠ ʥʠʰ. ʅʦʚʳʝ ʙʠʟʥʝʩ-

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʥʝʣʴʟʷ 
ʧʨʦʩʪʦ ʧʨʦʠʛʥʦʨʠʨʦʚʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʩʥʠʞʝʥʠʝ ʧʨʠʙʳʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʢʦʥʢʫʨʝʥʪʘʤʠ ʩʦʩʪʘʚʠʪ 24% ʚ ʛʦʜ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʭ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠ 
ʮʠʬʨʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʚʠʩʝʣʠ ʦʪ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 
ʙʠʟʥʝʩʘ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʝʥʝʜʞʤʝʥʪʘ, ʪʦ ʝʩʪʴ ʙʳʣʠ ʥʘʧʨʷʤʫʶ 
ʩʚʷʟʘʥʳ ʩ ʧʨʦʘʢʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʬʠʨʤʦʡ, ʝʝ ʪʦʧ-ʤʝʥʝʜʞʤʝʥʪʦʤ. ʊʘʢ, ʧʨʠʙʳʣʴ 
ʬʠʨʤ ʨʘʩʪʝʪ ʚ ʩʨʝʜʥʝʤ ʥʘ 26%, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʦʚʳʝ ʤʝʪʦʜʳ 
ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʤʝʩʪʥʦ. ɽʩʣʠ ʞʝ ʪʦʣʴʢʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʥʝʜʞʤʝʥʪ, ʥʝ ʧʨʠʙʝʛʘʷ 
ʢ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʪʦ ʧʨʠʙʳʣʴ ʬʠʨʤ ʨʘʩʪʝʪ ʥʘ 9%. ɽʩʣʠ ʞʝ ʠʥʚʝʩʪʠʨʦʚʘʪʴ 
ʪʦʣʴʢʦ ʚ ʪʝʭʥʦʣʦʛʠʠ, ʟʘʙʳʚʘʷ ʦ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʫʧʨʘʚʣʝʥʠʠ, ʧʨʠʙʳʣʴ 
ʚʦʦʙʱʝ ʥʝ ʨʘʩʪʝʪ, ʘ ʧʘʜʘʝʪ ʥʘ 11%. 
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ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ (customer centric), ʯʪʦ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʩʪʨʫʢʪʫʨʫ: ʦʪ ʮʝʥʥʦʩʪʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʨʝʰʝʥʠʝ 

ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʢʣʠʝʥʪʘ, ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʦʩʪʘʚʢʠ (just-in-time) ʠ ʜʦ ʧʦʪʦʢʦʚ 

ʜʦʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʢʣʠʝʥʪʦʤ. ʂʣʶʯʝʚʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʩʦʟʜʘʥʠʷ ʩʪʦʠʤʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ, ʘ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʦʚʳʭ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ ï 

ʩʢʦʨʦʩʪʴ ʚʳʚʦʜʘ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʨʳʥʦʢ (time-to-market).  

ʂ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʥʦʚʦʡ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ:  

¶ ʮʠʬʨʦʚʳʝ ʩʝʨʚʠʩʳ (ʚʢʣʶʯʘʷ ʩʝʨʚʠʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ); 

¶ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʶ ʢʦʥʢʨʝʪʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʧʨʦʜʫʢʪʘ; 

¶ ʚʦʚʣʝʯʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩ; 

¶ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʢʣʠʝʥʪʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʪʘ; 

¶ ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʤ ʠʟ ʝʜʠʥʠʯʥʳʭ ʟʘʢʘʟʦʚ; 

¶ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʢʦʦʧʝʨʘʮʠʶ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ; 

¶ ʧʝʨʝʭʦʜ ʦʪ ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ ʢ ʩʝʪʠ ʧʦʩʪʘʚʦʢ ʠ ʜʨ. 

ʅʦʚʳʝ ʮʠʬʨʦʚʳʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʜʘʥʥʳʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʪʦʚ, ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʦʚ 

ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

1.3.1. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʇʝʨʝʭʦʜ ʥʘ ʮʠʬʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʪʘʢʞʝ ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʝʜʠʥʫʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʝʪʴ ʚʩʝʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʎʝʣʴ ï ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʦʙʤʝʥ 

ʦʙʲʝʢʪʠʚʥʳʤʠ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʚʩʝʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʵʢʦʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʷʪʠʫʨʦʚʥʝʚʫʶ ʧʠʨʘʤʠʜʫ 

(ʨʠʩ. 1.2). 

 

ʈʠʩ. 1.2. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʀʩʪʦʯʥʠʢ: 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʉʐɸ, NIST) 

ɺʝʨʭʥʠʡ ʙʠʟʥʝʩ-ʫʨʦʚʝʥʴ ï ʵʪʦ ERP-ʩʠʩʪʝʤʘ, ʥʘ ʝʝ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ 

ʚ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʷʭ, ʬʦʨʤʠʨʫʶʪʩʷ ʟʘʢʘʟʳ ʥʘ ʟʘʢʫʧʢʫ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ, ʥʘ ʢʦʪʦʨʦʤ ʩ ʧʦʤʦʱʴʶ MES-
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ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪʩʷ ʛʨʘʬʠʢ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. ʊʨʝʪʠʡ ʫʨʦʚʝʥʴ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʚ PDM-ʩʠʩʪʝʤʝ. 

ʄʦʜʝʣʴ ʠʟʜʝʣʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ CAD/CAE-ʩʠʩʪʝʤʝ. 

ʀ ʧʦʩʣʝʜʥʠʡ, ʙʘʟʠʩʥʳʡ ʫʨʦʚʝʥʴ ʧʠʨʘʤʠʜʳ, ʥʘ ʢʦʪʦʨʦʤ ʩʪʨʦʠʪʩʷ ʚʩʝ ʦʩʪʘʣʴʥʦʝ, ï 

ʤʦʥʠʪʦʨʠʥʛ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʝʨʩʦʥʘʣʘ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʥʫʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʘʢ ʢʘʢ ʞʫʨʥʘʣʴʥʦ-ʙʫʤʘʞʥʳʝ ʤʝʪʦʜʳ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʮʠʬʨʦʚʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʦʪʚʝʯʘʶʪ ʩʠʩʪʝʤʳ ʢʣʘʩʩʘ MDC (Machine Data Collection). ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦ ʨʘʙʦʪʝ ʚʩʝʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚʩʪʨʦʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦ 

ʫʧʨʘʚʣʷʪʴ ʠʤ. 

1.4. ʉʪʨʘʪʝʛʠʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

1.4.1. ʉʮʝʥʘʨʠʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʥʜʫʩʪʨʠʠ 4.0 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʪʝʥʜʝʥʮʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʧʝʮʠʬʠʯʥʳʝ 

ʪʨʝʥʜʳ ʥʦʚʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ: 

¶ ʩʦʢʨʘʱʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʟʘʧʫʩʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʨʪʘʧʘ; 

¶ ʠʟʤʝʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʯʘʩʘ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ ʠ ʨʦʙʦʪʘ; 

¶ ʧʘʜʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

¶ ʩʤʝʱʝʥʠʝ ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʩʪʦʨʦʥʫ ʅʀʆʂʈ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

¶ ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʢʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ (ʥʘʧʨʠʤʝʨ, Agile, SCRUM). 

ʕʪʠ ʪʨʝʥʜʳ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʫʩʢʦʨʷʶʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʨʳʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʩʣʝʜʫʶʱʠʤ ʚʦʟʤʦʞʥʳʤ ʩʮʝʥʘʨʠʷʤ: 

¶ ʮʠʬʨʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ 

ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ (ʙʠʦʥʠʯʝʩʢʠʡ/ʛʝʥʝʨʘʪʠʚʥʳʡ ʜʠʟʘʡʥ), 

ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ; 

¶ ʥʦʚʳʝ ʩʝʨʚʠʩʥʳʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ; 

¶ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ. ʊʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ (ʊʆʠʈ) ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ; 

¶ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʦʩʥʦʚʝ IIoT; 

¶ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ (ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʚʦʜʘ); 

¶ çʧʦʜʢʣʶʯʝʥʥʳʝ ʨʘʙʦʪʥʠʢʠè (connected workers) ï ʢʦʥʪʨʦʣʴ ʪʨʫʜʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ; 

¶ ʫʧʨʘʚʣʝʥʠʝ ʩʢʣʘʜʩʢʠʤʠ ʟʘʧʘʩʘʤʠ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʣʦʛʠʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ; 

¶ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ); 

¶ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ; 

¶ ʵʢʦʥʦʤʠʷ ʟʘʪʨʘʪ (cost saving): ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʭʦʜʦʚ ʠ ʧʨ.; 

¶ ʜʨʫʛʠʝ ʩʮʝʥʘʨʠʠ. 

1.4.2. ʉʝʨʚʠʩʥʘʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ 

ʉʝʨʚʠʩʥʘʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʩʝʨʚʠʩʥʳʭ ʢʦʥʪʨʘʢʪʘʭ. ʉʝʨʚʠʩʥʳʡ ʢʦʥʪʨʘʢʪ 

(ʧʦʜʧʠʩʢʘ) ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʠʟʜʝʣʠʷ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʫʩʣʫʛ, ʩʦʟʜʘʶʱʝʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʢʘʢ ʚ ʤʦʤʝʥʪ ʧʨʦʜʘʞʠ, ʪʘʢ ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʠʟʜʝʣʠʷ. ʆʙʲʝʢʪʦʤ ʧʨʦʜʘʞʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʝʨʚʠʩʥʦʡ ʤʦʜʝʣʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʠ ʥʝ ʩʪʦʣʴʢʦ ʩʘʤ ʧʨʦʜʫʢʪ, ʩʢʦʣʴʢʦ ʫʩʣʫʛʠ, ʦʢʘʟʳʚʘʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ ʩʚʷʟʠ 
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ʩ ʵʪʠʤ ʧʨʦʜʫʢʪʦʤ, ï ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʦʥʝʯʥʦ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ, ʥʦ ʥʝ ʪʦʣʴʢʦ 

ʦʥʠ.  

ʊʘʢ, ʢʦʤʧʘʥʠʷ Rolls-Royce ʪʝʧʝʨʴ ʥʝ ʧʨʦʜʘʝʪ ʢʣʠʝʥʪʘʤ ʘʚʠʘʮʠʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ. ʆʥʘ 

ʧʨʝʜʣʘʛʘʝʪ ʠʤ ʫʩʣʫʛʫ TotalCare, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʦʧʣʘʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʯʘʩʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʞʜʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʆʩʥʦʚʥʳʝ ʩʝʨʚʠʩʳ TotalCare ʚʢʣʶʯʘʶʪ ʤʦʥʠʪʦʨʠʥʛ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʨʘʙʦʪʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʥʘʜʝʞʥʦʩʪʠ, ʢʘʧʠʪʘʣʴʥʳʡ 

ʨʝʤʦʥʪ. ɺ ʧʘʢʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʨʚʠʩʦʚ ʚʭʦʜʷʪ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʜʚʠʛʘʪʝʣʷ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʟʘʧʘʩʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʣʠʥʠʷ 

ʧʦʜʜʝʨʞʢʠ. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʩʦʤʥʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʝʨʚʠʩʥʦʡ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ 

ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʏʪʦʙʳ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʘʢʪʠʚʦʚ ʠ ʧʨʝʜʫʧʨʝʞʜʘʪʴ 

ʩʙʦʠ, ʚʩʝ ʙʦʣʴʰʝ ʢʦʤʧʘʥʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʚʥʝʜʨʷʶʪ ʚ ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ ʜʘʪʯʠʢʠ 

ʢʦʥʪʨʦʣʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʪ ʤʦʙʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠ ʘʥʘʣʠʟʠʨʫʶʪ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ. ʇʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʚʩʝʭ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʶʪ ʙʫʢʚʘʣʴʥʦ ʜʝʨʞʘʪʴ ʨʫʢʫ ʥʘ ʧʫʣʴʩʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʦʪʦʤʫ ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʦʙ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʠʟʚʝʩʪʥʦ ʙʫʢʚʘʣʴʥʦ ʚʩʝ: ʢʘʢ ʦʥʦ ʨʘʙʦʪʘʝʪ, ʢʘʢ ʚʝʜʝʪ ʩʝʙʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʜʘʝʪ ʩʙʦʠ, ʢʘʢʠʝ ʝʛʦ ʫʟʣʳ ʩʪʦʠʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʟʘʨʘʥʝʝ, ʥʝ ʜʦʞʠʜʘʷʩʴ 

ʧʣʘʥʦʚʦʛʦ ʦʩʤʦʪʨʘ, ʠ ʢʫʜʘ ʟʘʧʣʘʥʠʨʦʚʘʪʴ ʜʦʩʪʘʚʢʫ ʟʘʧʯʘʩʪʝʡ, ʥʝ ʜʦʞʠʜʘʷʩʴ ʥʝʰʪʘʪʥʦʡ 

ʩʠʪʫʘʮʠʠ. 

ʉʝʨʚʠʩʥʳʝ ʢʦʥʪʨʘʢʪʳ ʦʪʢʨʳʚʘʶʪ ʨʷʜ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʠ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʩʝʨʚʠʩʥʦʡ ʤʦʜʝʣʠ ʤʝʥʷʝʪ ʤʦʪʠʚʘʮʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʷ: ʦʥʦ 

ʧʦʙʫʞʜʘʝʪ ʝʛʦ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠ ̫ʧʦʜʙʠʨʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʚʣʘʜʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʠʟʜʝʣʠʷ, ʘ ʥʝ ʪʦʣʴʢʦ ʠʟ ʮʝʥʳ ʝʛʦ ʧʨʦʜʘʞʠ. ʄʦʜʝʣʴ ʩʝʨʚʠʩʥʦʛʦ ʢʦʥʪʨʘʢʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʩʰʠʨʝʥʠʶ ʙʠʟʥʝʩʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʫʤʥʦʞʝʥʠʶ ʝʛʦ ʜʦʭʦʜʦʚ. ɺʳʛʦʜʫ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ 

ʧʦʣʫʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʨʫʢʪʫʨʘ ʜʦʭʦʜʦʚ Rolls-Royce ʦʪ ʧʨʦʜʘʞʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʩʝʨʚʠʩʦʚ (ʨʠʩ. 1.3). ɹʣʘʛʦʜʘʨʷ ʥʦʚʦʡ ʙʠʟʥʝʩ-ʩʪʨʘʪʝʛʠʠ 

ʢʦʤʧʘʥʠʷ ʩʤʦʛʣʘ ʟʘʢʣʶʯʘʪʴ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʦʥʪʨʘʢʪʳ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʝʝ ʙʠʟʥʝʩ ʩʪʘʣ ʙʦʣʝʝ ʧʨʝʜʩʢʘʟʫʝʤʳʤ, ʠ ʦʥ ʨʘʩʪʝʪ ʢʘʢ 

ʚ ʩʝʛʤʝʥʪʝ ʧʨʦʜʘʞ ʩʦʙʩʪʚʝʥʥʳʭ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʪʘʢ ʠ ʚ ʩʝʨʚʠʩʥʳʭ ʩʝʛʤʝʥʪʘʭ ʨʳʥʢʘ, 

ʦʙʦʨʦʪ ʦʪ ʢʦʪʦʨʳʭ ʜʣʷ Rolls-Royce ʧʨʝʚʳʰʘʝʪ ʦʙʦʨʦʪ ʦʪ ʩʝʛʤʝʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʦʣʝʝ 

ʯʝʤ ʚ ʯʝʪʳʨʝ ʨʘʟʘ. 

 

ʈʠʩ. 1.3. ʉʪʨʫʢʪʫʨʘ ʜʦʭʦʜʦʚ Rolls-Royce ʦʪ ʧʨʦʜʘʞʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ 
ʩʝʨʚʠʩʦʚ (ʀʩʪʦʯʥʠʢ: çHarvard Business Review ʈʦʩʩʠʷè) 
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ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʚʘʨʠʘʥʪʦʚ ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʠʩʥʦʡ ʤʦʜʝʣʠ 

ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʊʘʢ, Kaeser Kompressoren ʧʨʝʜʣʘʛʘʝʪ ʩʝʨʚʠʩ Sigma Air, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʦʙʨʝʩʪʠ ʢʫʙʦʤʝʪʨʳ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʥʝʦʙʭʦʜʠʤʦʤ 

ʚʘʤ ʤʝʩʪʝ ʧʦ ʟʘʨʘʥʝʝ ʩʦʛʣʘʩʦʚʘʥʥʦʤʫ ʛʨʘʬʠʢʫ. ʄʦʥʠʪʦʨʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ 

ʨʘʙʦʪʦʡ ʢʦʤʧʨʝʩʩʦʨʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʫʜʘʣʝʥʥʦ ʚ ʦʙʣʘʢʝ ï ʚ ʰʪʘʙ-ʢʚʘʨʪʠʨʝ ʢʦʤʧʘʥʠʠ 

ʚ ɻʝʨʤʘʥʠʠ. ʀʥʞʝʥʝʨ ʢʦʤʧʘʥʠʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʦʜʠʪ ʊʆ, ʦʨʛʘʥʠʟʦʚʘʥ ServiceDesk, 

ʫʩʪʨʘʥʷʶʱʠʡ ʟʘʤʝʯʘʥʠʷ ʧʦ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʢʣʠʝʥʪʦʤ. ɼʘʥʥʳʡ ʧʨʠʤʝʨ ï ʢʣʘʩʩʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʟʤʝʥʝʥʠʷ 

ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʚ ʢʦʤʧʘʥʠʠ.  

ʈʘʜʠʩʣʘʚ ɹʠʨʙʨʘʝʨ, ʛʝʥʝʨʘʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʀʂʌ çʉʆʃɺɽʈè, ʦʪʤʝʯʘʝʪ, ʯʪʦ çʛʣʘʚʥʘʷ 

ʮʝʣʴ ʨʘʟʚʠʪʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʝʨʚʠʩʘ ï ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ʊʦʛʜʘ ʧʨʠʙʳʣʴ ʨʘʩʪʝʪ, ʪ.ʢ. ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ. ʅʝ ʥʫʞʥʳ ʟʝʤʣʷ, ʣʶʜʠ, ʥʫʞʥʳ ʟʥʘʥʠʷ. 

ʇʨʠ ʚʳʚʦʜʝ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ ʥʘ ʨʳʥʦʢ ʩʪʝʧʝʥʴ ʠʭ ʛʦʪʦʚʥʦʩʪʠ ï ʥʝ ʙʦʣʝʝ 80%, 

ʦʩʪʘʣʴʥʳʝ 20% ʜʦʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦ ʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʜʘʞ ʠ ʧʦʣʫʯʝʥʠ ̫ʦʪʢʣʠʢʘ ʦʪ 

ʢʣʠʝʥʪʦʚ (ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ). ɹʳʩʪʨʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʠʩʘ ʜʣʷ ʙʳʩʪʨʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʠʥʷʪʠʷ ʙʠʟʥʝʩ-ʨʝʰʝʥʠʡ ï ʵʪʦ ʩʫʪʴ ʮʠʬʨʦʚʦʛʦ ʩʝʨʚʠʩʘ ʚ ʀʥʜʫʩʪʨʠʠ 4.0. ʕʪʦ 

ʠ ʝʩʪʴ ʨʝʘʣʴʥʘʷ ʮʠʬʨʦʚʘʷ ʩʪʨʘʪʝʛʠʷ: ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ (ʩʫʱʝʩʪʚʫʶʱʝʛʦ) 

ʙʠʟʥʝʩʘ ʚ ʙʠʟʥʝʩ ʩ ʮʠʬʨʦʚʳʤʠ ʩʝʨʚʠʩʘʤʠè. ʊʘʢʞʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ 

ʈʘʜʠʩʣʘʚ ɹʠʨʙʨʘʝʨ ʨʝʢʦʤʝʥʜʫʝʪ ʧʨʝʜʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

ʐʘʛ 1. ʎʠʬʨʦʚʳʝ ʩʝʨʚʠʩʳ ʥʫʞʥʦ ʥʘʯʘʪʴ ʨʘʟʚʠʚʘʪʴ ʜʣʷ ʩʚʦʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ; 

ʐʘʛ 2. ɼʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʥʘ ʨʳʥʢʝ ʮʠʬʨʦʚʳʭ ʫʩʣʫʛ (ʩʝʨʚʠʩʦʚ) ʥʫʞʥʦ ʩʦʟʜʘʪʴ 

ʚ ʢʦʤʧʘʥʠʠ ʥʦʚʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʘ ʥʝ ʚʩʝ ʩʧʝʮʠʘʣʠʩʪʳ ʜʦʣʞʥʳ 

ʚʦʚʣʝʢʘʪʴʩʷ ʚ ʵʪʫ ʥʦʚʫʶ ʨʘʙʦʪʫ); 

ʐʘʛ 3. ɼʦʣʞʥʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çspin-offè, ʚʥʝʰʥʠʝ ʢʦʤʧʘʥʠʠ, ʯʪʦʙʳ ʥʝ 

çʫʙʠʚʘʪʴè ʢʣʘʩʩʠʯʝʩʢʠʡ ʙʠʟʥʝʩ.  

 

1.4.3. ʂʘʢ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ? 

ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʡ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠ ʦʩʥʦʚʥʳʤ ʵʪʘʧʦʤ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʙʦʨ ʩʮʝʥʘʨʠʝʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʠʟʥʝʩ-ʟʘʜʘʯʘʤ ʧʨʝʜʧʨʠʷʪʠʷ. ʕʬʬʝʢʪʠʚʥʘʷ ʩʪʨʘʪʝʛʠʷ ʫʞʝ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʪʦ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʙʠʟʥʝʩʘ. ʋʩʧʝʰʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʮʠʬʨʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʧʦʟʚʦʣʠʪ ʧʨʝʜʧʨʠʷʪʠʷʤ ʥʝ ʧʦʪʝʨʷʪʴ ʩʚʦʠ ʢʦʥʢʫʨʝʥʪʥʳʝ 

ʧʦʟʠʮʠʠ ʠ ʟʘʚʦʝʚʘʪʴ ʥʦʚʳʝ ʨʳʥʢʠ.  

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʢʫʨʝʥʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʝʨʘʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʪʨʘʪʝʛʠʠ. ʂʘʨʣ ʆʩʪʠ, ʜʠʨʝʢʪʦʨ Autodesk ʧʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ 

ʚ ʨʝʛʠʦʥʝ EMEA, ʨʝʢʦʤʝʥʜʫʝʪ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʜʠʨʝʢʪʦʨʘʤ ʢʦʤʧʘʥʠʡ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ 

ʟʘʙʳʪʴ ʦ ʜʦʣʛʦʩʨʦʯʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ: çʂʘʟʘʣʦʩʴ ʙʳ, ʙʝʟ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʥʝʚʦʟʤʦʞʥʦ ʚʳʩʪʨʦʠʪʴ ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ ʠ ʥʠʚʝʣʠʨʦʚʘʪʴ ʨʠʩʢʠ. ʆʜʥʘʢʦ ʩʝʡʯʘʩ 

ʧʨʦʮʝʩʩʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʜʫʪ ʚ ʫʩʣʦʚʠʷʭ ʥʘʩʪʦʣʴʢʦ ʚʦʟʨʦʩʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʯʪʦ ʢ ʤʦʤʝʥʪʫ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʥ ʫʞʝ 

ʬʘʢʪʠʯʝʩʢʠ ʫʩʪʘʨʝʚʘʝʪ. ʊʦ ʝʩʪʴ ʧʫʪʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʳ ʧʳʪʘʝʤʩʷ 

ʜʦʚʝʩʪʠ ʜʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʪʦ, ʯʪʦ ʫʞʝ ʧʝʨʝʩʪʘʣʦ ʙʳʪʴ ʘʢʪʫʘʣʴʥʳʤ. ʄʦʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ï 

ʙʳʪʴ ʙʦʣʝʝ ʧʨʘʛʤʘʪʠʯʥʳʤʠè. 

ʆʧʝʨʘʪʠʚʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʩʧʦʩʦʙʝʥ ʧʦʤʦʯʴ ʧʦʜʭʦʜ, ʥʘʟʳʚʘʝʤʳʡ ç3ʂè. ʆʥ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʚʝʪʘʭ ʥʘ ʚʦʧʨʦʩʳ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʧʦ ʪʨʝʤ ʨʘʟʜʝʣʘʤ: 

ɺʥʘʯʘʣʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʚʠʚʘʪʴ ʩʚʦʠ ʩʝʨʚʠʩʳ, ʧʦʪʦʤ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ 
ʠ ʧʘʨʘʣʣʝʣʴʥʳʡ ʙʠʟʥʝʩ ʜʣʷ ʠʥʥʦʚʘʮʠʡ. 
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1. ʂʦʥʢʫʨʝʥʪʳ. ʂʪʦ ʥʘʰʠ ʛʣʘʚʥʳʝ ʢʦʥʢʫʨʝʥʪʳ? ʂʘʢʦʚ rʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ? ʂʘʢʠʝ 

ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʀʥʜʫʩʪʨʠʠ 4.0 ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ? 

2. ʂʣʠʝʥʪʳ. ʂʪʦ ʥʘʰʠ ʢʣʠʝʥʪʳ? ʏʪʦ ʦʥʠ ʞʜʫʪ ʦʪ ʥʘʩ ʠ ʯʪʦ ʧʦʚʳʩʠʪ ʥʘʰʫ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ? ʂʘʢ ʩ ʥʠʤʠ ʨʘʙʦʪʘʶʪ ʥʘʰʠ ʢʦʥʢʫʨʝʥʪʳ? 

3. ʂʦʤʧʘʥʠʷ. ʂʘʢʠʝ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ ʤʳ ʧʨʦʠʟʚʦʜʠʤ? ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʧʨʦʜʚʠʛʘʝʤ 

ʠʭ ʥʘ ʨʳʥʢʝ? ʅʘʩʢʦʣʴʢʦ ʥʘʰʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʫʯʰʠʤ ʧʨʘʢʪʠʢʘʤ 

ʨʳʥʢʘ? 

ʅʘʯʘʪʴ ʧʨʦʝʢʪ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ ʚʦʦʙʱʝ ʠ ʩʧʝʮʠʬʠʢʠ 

ʚʘʰʝʡ ʠʥʜʫʩʪʨʠʠ 14 ʩ ʪʝʤ, ʯʪʦʙʳ ʥʘ ʧʨʠʤʝʨʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ 

ʧʦʥʷʪʴ, ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ çʧʨʠʟʝʤʣʷʶʪʩʷè ʥʘ ʚʘʰʠ ʨʝʘʣʠʠ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʩʤʦʪʨʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʦ, ʧʦʩʢʦʣʴʢʫ ʦʩʦʙʝʥʥʦʩʪʴʶ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʤʳʪʠʝ ʛʨʘʥʠʮ ʤʝʞʜʫ ʦʪʨʘʩʣʷʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʪʨʝʥʜʦʚ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʠʜʝʘʣʴʥʘ ̫ʢʘʨʪʠʥʘ ʙʫʜʫʱʝʛʦ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴ ʚʠʜʝʥʠʝ ʙʫʜʫʱʝʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʝʩʪʦ ʚʘʰʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʚ ʥʝʡ, ʚʘʰʫ ʥʦʚʫʶ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ, ʦʧʠʨʘʶʱʫʶʩʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

(ʮʠʬʨʦʚʳʭ ʠ ʥʝ ʪʦʣʴʢʦ). ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʦʨʠʪʝʪʳ, ʪ.ʝ. ʢʘʢʠʝ ʧʨʦʨʳʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʘʰʝʛʦ ʙʠʟʥʝʩʘ, ʢʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʨʝʘʣʴʥʦ ʜʦʩʪʫʧʥʳ ʚ ʬʠʥʘʥʩʦʚʦʤ ʧʣʘʥʝ ʠ ʧʨʦʯʠʝ ʘʩʧʝʢʪʳ.  

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʵʪʦ ʦʮʝʥʢʘ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʦʮʝʩʩʦʚ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʥʷʪʴ ʦʪʧʨʘʚʥʫʶ ʪʦʯʢʫ, ʩ ʢʦʪʦʨʦʡ ʥʘʯʥʝʪʩʷ 

ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. ʀʤʝʷ ʥʘʯʘʣʴʥʫʶ ʠ ʢʦʥʝʯʥʫʶ ʪʦʯʢʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʤʦʞʥʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʦʨʦʞʥʫʶ ʢʘʨʪʫ ʧʨʦʝʢʪʘ.  

ɼʘʣʝʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ KPI. 

 

1.4.4. ʆʮʝʥʢʘ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʫʤʝʥʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʚʟʘʠʤʦʦʙʦʛʦʱʘʶʱʠʭ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ 

ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ: 

¶ ʤʝʪʦʜʠʢʘ çʀʥʜʝʢʩ ʟʨʝʣʦʩʪʠ ʀʥʜʫʩʪʨʠʠ 4.0è ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʥʦʛʦ ʮʝʥʪʨʘ 

Industrie 4.0 Maturity Center, ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʙʘʟʝ ʅʝʤʝʮʢʦʡ ʘʢʘʜʝʤʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ (Acatech) 4; 

¶ ʤʝʪʦʜʠʢʘ Organizational Digital Manufacturing Maturity Model ï ODM3 (ʄʦʜʝʣʴ 

ʟʨʝʣʦʩʪʠ ʮʠʬʨʦʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʄʦʩʢʦʚʩʢʦʡ 

ʰʢʦʣʦʡ ʫʧʨʘʚʣʝʥʠʷ ʉʂʆʃʂʆɺʆ. ʄʝʪʦʜʠʢʘ ʧʨʠʚʝʜʝʥʘ ʚ ʈʘʙʦʯʝʤ ʜʦʢʣʘʜʝ 

ɼʝʧʘʨʪʘʤʝʥʪʘ ʂʦʨʧʦʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʄʦʩʢʦʚʩʢʦʡ ʰʢʦʣʳ ʫʧʨʘʚʣʝʥʠʷ 

ʉʂʆʃʂʆɺʆ 2. 

ʀʥʜʝʢʩ ʟʨʝʣʦʩʪʠ ʀʥʜʫʩʪʨʠʠ 4.0 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʧʦʜʛʦʪʦʚʢʠ ʠʥʜʝʢʩʘ ï ʧʦʤʦʯʴ ʧʨʝʜʧʨʠʷʪʠʷʤ ʦʧʨʝʜʝʣʠʪʴ, ʥʘ ʢʘʢʦʡ ʩʪʘʜʠʠ 

ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʥʠ ʥʘʭʦʜʪ̫ʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʧʨʘʚʠʣʴʥʦ ʚʳʩʪʨʦʠʪʴ ʜʦʨʦʞʥʫʶ 

ʢʘʨʪʫ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʩʪʨʘʪʝʛʠʶ ʧʝʨʝʭʦʜʘ ʢ ʀʥʜʫʩʪʨʠʠ 4.0. ʄʝʪʦʜʠʢʘ ʧʦʤʦʛʘʝʪ ʧʨʦʚʝʩʪʠ 

ʈʘʜʠʩʣʘʚ ɹʠʨʙʨʘʝʨ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʩʪʨʘʪʝʛʠʷ ïɻ ʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ 
ʥʘʮʝʣʝʥʥʦʩʪʴ ʥʘ ʨʦʩʪ ʦʙʦʨʦʪʘ, ʘ ʥʝ ʙʦʨʴʙʘ ʟʘ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ. ʀʤʝʥʥʦ ʪʘʢʠʝ 
ʙʠʟʥʝʩ-ʨʝʰʝʥʠʷ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʚʥʝʜʨʝʥʠʝ 
ʦʙʲʝʤʳ ʨʘʩʪʫʪ). 
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ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠ ʧʝʨʩʧʝʢʪʠʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʫʣʴʪʫʨʳ. 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʪʝʩʥʫʶ 

ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ɺʩʝʛʦ 

ʚ ʝʛʦ ʨʘʤʢʘʭ ʚʳʜʝʣʝʥʦ ʰʝʩʪʴ ʵʪʘʧʦʚ ʟʨʝʣʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ (ʨʠʩ. 1.4), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʧʨʝʜʧʨʠʷʪʠʝ ʜʣʷ ʧʝʨʝʭʦʜʘ 

ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʀʥʜʫʩʪʨʠʠ 4.0: 

1. ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ ï ʚʥʝʜʨʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʀʊ-ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʟʘʢʫʧʢʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜʜʘʶʱʝʛʦʩʷ ʮʠʬʨʦʚʦʤʫ ʫʧʨʘʚʣʝʥʠʶ; 

2. ʩʚʷʟʘʥʥʦʩʪʴ (ʥʘʙʦʨ ʀʊ-ʨʝʰʝʥʠʡ) ï ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʟʨʦʟʥʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʝʜʠʥʫʶ ʩʨʝʜʫ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʧʨʦʪʦʢʦʣʫ IP 

ʤʝʞʜʫ ʩʦʙʦʡ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (CAD/CAM), ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ (MES), ʘ ʪʘʢʞʝ ʥʦʚʦʝ ʣʠʙʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʝ ʩʪʘʨʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʊʘʢʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʪʦʡ 

ʩʨʝʜʳ; 

3. ʥʘʛʣʷʜʥʦʩʪʴ ï ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʦʪʦʙʨʘʞʝʥʠʝ 

ʘʢʪʫʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʢʘʨʪʠʥʳ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ. ɼʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 

ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ 

PLM, ERP ʠ MES. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʝʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʳʝ 

ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ; 

4. ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʘʥʘʣʠʟ ʠ ʨʝʘʢʮʠʷ) ï ʠʥʪʝʛʨʘʮʠʷ ʩʨʝʜʳ ʮʠʬʨʦʚʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʘʥʘʣʠʪʠʢʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʦʙʨʘʙʦʪʢʠ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ); 

5. ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ (ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ) ï ʚʥʝʜʨʝʥʠʝ ʥʘʩʪʨʦʝʥʥʳʭ ʧʦʜ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ (ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ); 

6. ʩʘʤʦʢʦʨʨʝʢʮʠʷ (ʩʘʤʦʦʧʪʠʤʠʟʘʮʠʷ) ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʬʫʥʢʮʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ 

ʛʠʙʢʦʩʪʴ, ʘʜʘʧʪʘʮʠʶ ʙʠʟʥʝʩʘ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

 

ʈʠʩ. 1.4. ʕʪʘʧʳ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʀʥʜʫʩʪʨʠʠ 4.0 (ʀʩʪʦʯʥʠʢ: ʀʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ 
ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʠ ʈʝʡʥʩʢʦ-ɺʝʩʪʬʘʣʴʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ɸʘʭʝʥʘ) 

ʐʝʩʪʴ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʚ ʜʘʥʥʦʡ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʩʦʙʠʨʘʪʴʩʷ, 

ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʥʥʳʝ. ʀʥʜʝʢʩ ʟʨʝʣʦʩʪʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʢʦʤʧʘʥʠʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ, ʛʠʙʢʫʶ 
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ʦʨʛʘʥʠʟʘʮʠʶ. ɺ ʤʝʪʦʜʠʢʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʯʝʪʳʨʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʨʝʩʫʨʩʦʚ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʫʣʴʪʫʨʳ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʦʚʤʝʩʪʥʦ ʵʪʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʦʙʨʘʟʫʶʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʥʠ ʩʚʷʟʘʥʳ ʰʝʩʪʴʶ ʵʪʘʧʘʤʠ 

ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʜʣʷ ʀʥʜʫʩʪʨʠʠ 4.0, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʰʝʩʪʴʶ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤʠ ʢʨʫʛʘʤʠ 

(ʨʠʩ. 1.5). 

 

ʈʠʩ. 1.5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʙʠʟʥʝʩʘ ʢʦʤʧʘʥʠʠ (ʀʩʪʦʯʥʠʢ: 
ʀʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʠ ʈʝʡʥʩʢʦ-ɺʝʩʪʬʘʣʴʩʢʦʤ 

ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ɸʘʭʝʥʘ) 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʢʫʣʴʪʫʨʳ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ï ʩʦʟʜʘʥʠʝ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ, ʛʠʙʢʦʡ ʢʦʤʧʘʥʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʝʢʩʘ ʚʢʣʶʯʘʝʪ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʘ: 

¶ ʧʝʨʚʳʡ ʵʪʘʧ ï ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʢʫʱʝʛʦ ʵʪʘʧʘ ʟʨʝʣʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ; 

¶ ʚʪʦʨʦʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚʳʷʚʣʝʥʠʝ ʢʦʤʧʘʥʠʝʡ ʮʝʣʝʚʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʦʛʦ 

ʦʥʘ ʭʦʯʝʪ ʜʦʩʪʠʯʴ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʚʦʝʡ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ. ʉʶʜʘ ʚʭʦʜʠʪ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʀʥʜʫʩʪʨʠʠ 4.0 ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʦʙʣʘʩʪʷʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʘʚʠʩʷʪ ʦʪ ʪʝʢʫʱʝʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, ʜʦʩʪʠʛʥʫʪʦʡ ʥʘ ʵʪʘʧʝ 1, ʠ ʮʝʣʝʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʛʦ ʢʦʤʧʘʥʠʷ ʭʦʯʝʪ ʜʦʩʪʠʯʴ ʢ ʢʦʥʮʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

¶ ʪʨʝʪʠʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʠʡ ʠ ʚʢʣʶʯʝʥʠʝ ʠʭ ʚ ʧʣʘʥ ʩ ʮʝʣʴʶ 

ʨʘʟʚʠʪʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʵʪʘʧʝ 2. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʧʨʦʮʝʩʩʳ ʧʝʨʝʭʦʜʘ ʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʮʝʣʝʚʦʤʫ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʛʣʘʚʝ 2 ʥʘʩʪʦʷʱʝʛʦ ʨʫʢʦʚʦʜʩʪʚʘ. 

ʄʝʪʦʜʠʢʘ ODM3 

ʄʝʪʦʜʠʢʘ ODM3 2 ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʦʮʝʥʠʚʘʪʴ ʢʦʤʧʘʥʠʠ ʯʝʨʝʟ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ 

ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʨʘʩʣʝʚʳʭ ʣʠʜʝʨʦʚ; 

2. ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʪʘʜʠʶ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ ʚʦ ʚʥʝʜʨʝʥʠʠ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠ ʩʠʩʪʝʤ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ 

ʢʦʤʧʘʥʠʠ; 

3. ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʚ ʜʦʩʪʠʞʝʥʠʠ ʣʫʯʰʠʭ 

ʙʠʟʥʝʩ-ʨʝʟʫʣʴʪʘʪʦʚ, ʚʢʣʶʯʘʷ ʨʘʟʚʠʪʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʦʤʧʘʥʠʠ; 
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4. ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʜʨʝʥʠʷ ʢʣʶʯʝʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

5. ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʦʡ ï ʦʧʨʝʜʝʣʷʪʴ ʩʦʩʪʦʷʥʠʝ ʦʪʨʘʩʣʝʡ, 

ʩʪʘʚʠʪʴ ʮʝʣʠ ʨʘʟʚʠʪʠʷ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʠʭ ʜʦʩʪʠʞʝʥʠʝ ʜʣʷ ʦʪʨʘʩʣʝʚʳʭ 

ʬʣʘʛʤʘʥʦʚ. 

ɼʣʷ ʜʪʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʝʜʧʨʠʷʪʠʷ ʘʚʪʦʨʘʤʠ ODM3 ʨʘʟʨʘʙʦʪʘʥ rʦʧʨʦʩʥʳʡ ʣʠʩʪ 

ʠ ʢʘʣʴʢʫʣʷʪʦʨ ʜʠʘʛʥʦʩʪʠʢʠ ʟʨʝʣʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʟʘʛʨʫʟʠʪʴ ʧʦ ʩʩʳʣʢʝ 

https://autodesk.ru/digitalguide. 

 ʆʧʨʦʩʥʳʡ ʣʠʩʪ ʜʠʘʛʥʦʩʪʠʢʠ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʢʦʤʧʘʥʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʨʘʟʜʝʣʘ:  

¶ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘè;  

¶ çʇʨʦʠʟʚʦʜʩʪʚʦè; 

¶ çʋʧʨʘʚʣʝʥʠʝ ʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʥʘʙʞʝʥʠʝè.  

ɺ ʢʘʞʜʦʤ ʠʟ ʨʘʟʜʝʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦ ʧʷʪʴ ʩʝʛʤʝʥʪʦʚ, ʛʜʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʜʝʣʝʥ ʨʷʜ 

ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʦʮʝʥʢʠ ʧʦ ʧʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ (0-4).  

ʉʘʤʠ ʢʨʠʪʝʨʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʤʝʪʦʜʠʢʝ, ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʩʦʣʠʜʘʮʠʠ 

ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʩ ʫʯʝʪʦʤ ʪʨʝʥʜʦʚ 

ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ. 

ɿʘʧʦʣʥʠʚ ʦʧʨʦʩʥʳʡ ʣʠʩʪ ʠ ʦʙʨʘʙʦʪʘʚ ʨʝʟʫʣʴʪʘʪʳ ʚ ʢʘʣʴʢʫʣʷʪʦʨʝ, ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʣʫʯʠʪ 

ʨʝʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʩʚʦʝʛʦ ʫʨʦʚʥʷ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ. 

1.4.5. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʥʜʫʩʪʨʠʠ 4.0 

ʇʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʦʙ ʠʥʚʝʩʪʠʮʠʷʭ ʩʝʛʦʜʥʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ 

ʦʮʝʥʠʚʘʝʪʩʷ ʦʢʫʧʘʝʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʀʥʜʫʩʪʨʠʠ 4.0 ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʝ ʩʠʩʪʝʤʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʧʦʣʫʯʘʪʁ ʜʘʥʥʳʝ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʠʩʧʦʣʴʟʫʪʁ ʠʭ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʉ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ RoCPS (Return on cyber-physical systems) ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʢʦʤʧʘʥʠʷʤ 

ʧʦʩʣʝ ʦʮʝʥʢʠ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʯʠʥʘʪʴ ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 14. 

ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇʘʚʣʘ ɹʠʣʝʥʢʦ, ʨʫʢʦʚʦʜʠʪʝʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ 

ʀʥʜʫʩʪʨʠʠ 4.0 ʄʦʩʢʦʚʩʢʦʡ ʰʢʦʣʳ ʫʧʨʘʚʣʝʥʠʷ ʉʂʆʃʂʆɺʆ, ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ 

ʤʝʪʦʜʦʣʦʛʠʷ RoCPS ʀʥʩʪʠʪʫʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʠ ʈʝʡʥʩʢʦ-

ɺʝʩʪʬʘʣʴʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ɸʘʭʝʥʘ (RWTH Aachen University). 

ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʨʝʜʣʦʞʠʣʠ 

ʰʝʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣ. 1-1. 
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ʊʘʙʣ. 1-1. ʐʝʩʪʴ ʢʣʘʩʪʝʨʦʚ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ  
(ʀʩʪʦʯʥʠʢ: ʞʫʨʥʘʣ çʋʤʥʦʝ ʇʨʦʠʟʚʦʜʩʪʚʦè) 

ʂʀɹɽʈʌʀɿʀʏɽʉʂʀɽ ʊɽʍʅʆʃʆɻʀʀ 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ 
ʄʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ 
ʨʝʘʣʴʥʦʩʪʴʶ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʥʦʛʦ 
ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
 

ɼʘʪʯʠʢʠ 
ʉʦʙʠʨʘʶʪ ʜʘʥʥʳʝ ʠʟ ʬʠʟʠʯʝʩʢʦʛʦ 
ʦʢʨʫʞʝʥʠʷ ʠ ʧʝʨʝʜʘʶʪ ʠʭ ʚ ʮʠʬʨʦʚʫʶ 
ʩʨʝʜʫ 
 

ʏʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʡ ʠʥʪʝʨʬʝʡʩ 
ʀʥʪʝʨʬʝʡʩ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ 
ʩ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 
 

ʊʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 
ʤʝʞʜʫ ʮʠʬʨʦʚʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʦʡ 
 

ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 
ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʣʷ ʭʨʘʥʝʥʠʷ 
ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʮʠʬʨʦʚʦʡ 
ʩʨʝʜʳ 

ɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 
ɺʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 
ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʠʟ/ʜʣʷ ʙʠʟʥʝʩ-
ʦʧʝʨʘʮʠʡ 

 

ʊʘʙʣ. 1-2. ʉʪʨʫʢʪʫʨʘ ʟʘʪʨʘʪ ʥʘ ʚʥʝʜʨʝʥʠʝ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ  
(ʀʩʪʦʯʥʠʢ: ʞʫʨʥʘʣ çʋʤʥʦʝ ʇʨʦʠʟʚʦʜʩʪʚʦè) 

ʈʘʩʭʦʜʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ 

¶ ʈʘʩʭʦʜʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ 

¶ ʂʦʤʧʦʥʝʥʪʳ ʘʧʧʘʨʘʪʥʳʭ 
ʩʨʝʜʩʪʚ  

¶ ʉʪʦʠʤʦʩʪʴ ʥʘʩʪʨʦʡʢʠ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 
ʠʥʪʝʨʬʝʡʩʦʚ 

¶ ɿʘʪʨʘʪʳ ʥʘ ʥʘʩʪʨʦʡʢʫ ʜʣʷ 
ʘʧʧʘʨʘʪʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ 

¶ ɼʘʪʯʠʢʠ 

¶ ʉʝʪʝʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʈʘʩʭʦʜʳ ʥʘ ʧʨʦʛʨʘʤʤʥʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ 

¶ ʇʨʠʢʣʘʜʥʳʝ ʧʨʦʛʨʘʤʤʳ 

¶ ʀʥʩʪʨʫʤʝʥʪʳ 
ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ 

¶ ʉʠʩʪʝʤʳ ʙʘʥʢʦʚ ʜʘʥʥʳʭ 

¶ ɿʘʪʨʘʪʳ ʥʘ ʥʘʩʪʨʦʡʢʫ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ 

¶ ʈʘʟʨʘʙʦʪʢʘ 
ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ 

¶ ʇʨʦʛʨʘʤʤʥʳʝ 
ʦʙʥʦʚʣʝʥʠʷ 

¶ ʉʪʦʠʤʦʩʪʴ ʣʠʮʝʥʟʠʠ 

ɿʘʱʠʪʘ ʜʘʥʥʳʭ 

¶ ʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ 

¶ ʉʠʩʪʝʤʳ 
ʘʚʪʦʨʠʟʘʮʠʠ 

¶ ʅʦʩʠʪʝʣʠ ʜʘʥʥʳʭ 

¶ ʐʠʬʨʦʚʘʥʠʝ 
ʥʦʩʠʪʝʣʝʡ ʜʘʥʥʳʭ 

ɿʘʪʨʘʪʳ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

¶ ʅʦʚʦʝ ʟʜʘʥʠʝ (ʧʨʠ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ) 

¶ ʈʝʤʦʥʪ 

¶ ʉʪʨʦʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ  

¶ ʉʝʨʚʝʨʥʳʝ ʧʦʤʝʱʝʥʠʷ 

¶ ʉʢʣʘʜ 

¶ ɺʥʫʪʨʝʥʥʷʷ ʣʦʛʠʩʪʠʢʘ 

ʇʨʦʝʢʪʥʳʝ ʟʘʪʨʘʪʳ 

¶ ʈʘʩʭʦʜʳ ʥʘ ʧʝʨʩʦʥʘʣ 

¶ ʈʘʩʭʦʜʳ ʥʘ ʦʙʫʯʝʥʠʝ 

¶ ʈʘʩʭʦʜʳ ʥʘ ʠʥʞʝʥʝʨʥʳʡ 
ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ 
ʢʦʥʩʘʣʪʠʥʛ 

¶ ʂʦʤʘʥʜʠʨʦʚʦʯʥʳʝ 
ʨʘʩʭʦʜʳ 

¶ ʈʘʩʭʦʜʳ ʥʘ ʘʨʝʥʜʫ 
ʧʦʤʝʱʝʥʠʷ 

ʇʨʦʯʠʝ ʨʘʩʭʦʜʳ 

¶ ʈʘʩʭʦʜʳ ʥʘ 
ʪʝʭʥʠʯʝʩʢʦʝ 
ʦʙʩʣʫʞʠʚʘʥʠʝ 

¶ ɿʘʪʨʘʪʳ ʥʘ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 
ʨʝʩʫʨʩʳ 

¶ ʈʘʩʭʦʜʳ ʥʘ ʩʚʷʟʴ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʣʝʜʫʝʪ 

ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʡ ʤʦʜʝʣʠ ʢʘʞʜʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ. ʉʠʩʪʝʤʘ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʘʥʘʣʠʟʘ: 

¶ ʩʦʚʦʢʫʧʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ; 

¶ ʧʨʠʙʳʣʴ ʠ ʧʨʦʯʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ; 

¶ ʨʠʩʢʠ; 
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¶ ʧʦʪʝʥʮʠʘʣ (ʛʠʙʢʦʩʪʴ ʚ ʙʫʜʫʱʝʤ). 

ɿʘʪʨʘʪʳ 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚʦʟʥʠʢʘʶʪ ʛʨʫʧʧʳ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʟʘʪʨʘʪ. ɺʥʝʜʨʝʥʠʝ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʦʚʫʶ ʛʨʫʧʧʫ ʟʘʪʨʘʪ (ʪʘʙʣ. 1-2), ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʷʪ ʩʣʝʜʫʶʱʠʝ: 

¶ ʟʘʢʫʧʢʘ, ʜʦʩʪʘʚʢʘ ʠ ʫʩʪʘʥʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʟʘʢʫʧʢʘ, ʫʩʪʘʥʦʚʢʘ ʠ ʠʥʪʝʛʨʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

¶ ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʠ ʧʝʨʝʦʙʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʝʨʩʦʥʘʣʘ; 

¶ ʧʦʠʩʢ, ʥʘʝʤ ʥʦʚʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ; 

¶ ʦʙʫʯʝʥʠʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ. 

 

ʇʨʠʙʳʣʴ ʠ ʜʨʫʛʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʌʘʢʪʦʨʳ ʧʨʠʨʦʩʪʘ ʧʨʠʙʳʣʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʢʦʤʧʘʥʠʠ: 

¶ ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ; 

¶ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʘ ʚʳʚʦʜʘ ʥʘ ʨʳʥʦʢ; 

¶ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʭʨʘʥʝʥʠʝ ʟʘʧʘʩʦʚ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʦʜʫʢʮʠʠ. 

ʈʠʩʢʠ 

ʈʠʩʢ ʷʚʣʷʝʪʩʷ ʪʨʝʪʴʠʤ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʩʠʩʪʝʤʝ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʬʠʣʴʪʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʮʝʥʢʘʭ ʟʘʪʨʘʪ 

ʠ ʧʨʠʙʳʣʠ. 

ʎʠʬʨʳ ʩ ʫʯʝʪʦʤ ʨʠʩʢʦʚ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ çʠʩʧʳʪʘʥʥʳʝ ʥʘ ʧʨʦʯʥʦʩʪʴè 

ʦʞʠʜʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʞʠʜʘʝʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʨʠʩʢʠ. 

ʆʙʳʯʥʦ ʧʨʠ ʫʯʝʪʝ ʨʠʩʢʦʚ ʧʦʚʳʰʘʶʪʩʷ ʟʘʪʨʘʪʳ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʙʳʣʴ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʠʩʭʦʜʥʳʤʠ ʦʮʝʥʢʘʤʠ.  

ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʨʠʩʢʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ: 

¶ ʠʥʪʝʛʨʘʮʠʷ ʠ ʦʧʳʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʛʫʪ 

ʧʦʪʨʝʙʦʚʘʪʴ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʥʝʡ ʜʣʷ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʳʭ ʫʩʣʫʛ; 

¶ ʩʢʦʨʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʤʝʜʣʝʥʥʝʝ ʧʣʘʥʠʨʫʝʤʦʡ; 

¶ ʧʨʠʨʦʩʪ ʧʨʠʙʳʣʠ ʥʘ ʦʜʥʦʛʦ ʨʘʙʦʪʥʠʢʘ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʨʘʙʦʪʥʠʢʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʥʠʞʝ; 

¶ ʩʫʤʤʘ ʩʵʢʦʥʦʤʣʝʥʥʳʭ ʩʨʝʜʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʥʘʤʝʯʝʥʥʦʡ; 

¶ ʦʮʝʥʢʠ ʧʨʠʙʳʣʠ ʙʣʘʛʦʜʘʨʷ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, ʩʦʢʨʘʱʝʥʠʶ 

ʪʦʨʛʦʚʳʭ ʮʠʢʣʦʚ, ʵʢʦʥʦʤʠʠ ʟʘʪʨʘʪ ʤʦʛʫʪ ʙʳʪʴ ʥʠʞʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʦʪʝʥʮʠʘʣ (ʛʠʙʢʦʩʪʴ ʚ ʙʫʜʫʱʝʤ) 

ʕʪʦʪ ʵʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʠʥʚʝʩʪʠʮʠʝʡ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ ʙʳʩʪʨʦʪʫ 

ʜʝʡʩʪʚʠʡ ʩʝʛʦʜʥʷ, ʢʦʪʦʨʳʝ ʚ ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʠʙʳʣʴ ʟʘ 

ʥʝʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ. ʕʪʦ ʜʘʝʪ ʢʦʤʧʘʥʠʠ ʧʨʘʚʦ ʠʣʠ ʩʧʦʩʦʙʥʦʩʪʴ (ʘ ʥʝ 

ʦʙʷʟʘʪʝʣʴʩʪʚʦ) ʟʘʥʠʤʘʪʴʩʷ ʙʫʜʫʱʠʤʠ ʠʥʠʮʠʘʪʠʚʘʤʠ. 

ɺʥʝʜʨʝʥʠʝ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʟʘʪʨʘʪ ʥʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʨʝʘʣʠʟʘʮʠʶ ʧʨʦʜʫʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʦʤ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʨʦʩʪʘ ʧʨʠʙʳʣʠ. 
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ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

˪̎ ̓ ˔̂ ́̈˔̎ ̏ .̃̎ ̏̃ ˞̂ ́̈˒̎˗̂ ́̈ ˞̎ ̏̃ ˒̎˗̎ ̏ .̃̎ ̏̃, 

ʛʜʝ ˪̎  ̓ï ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʫʙ.;  

˔̂ ́̈ ï ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ 

ʪʝʭʥʦʣʦʛʠʠ, ʨʫʙ.;  

˔̎ ̏ ̃ï ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʫʙ.; 

.̎ ̏ ̃ï ʛʦʜʦʚʦʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʝʜ.; 

˞̂ ́̈ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʨʫʙ.; 

˞̎ ̏ ̃ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʫʙ.; 

˗̂ ́̈ ï ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʨʫʙ.; 

˗̎ ̏ ̃ï ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʫʙ.; 

˒̎ ï ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ ʢʦʤʧʘʥʠʠ. ʀʥʜʝʢʩ ʧʨʠʙʳʣʴʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʳ ʧʦʪʦʢʦʚ ʜʝʥʝʞʥʳʭ ʜʦʭʦʜʦʚ ʧʦ ʧʨʦʝʢʪʫ, ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʝʜʠʥʠʮʝ 

ʚʨʝʤʝʥʠ, ʢ ʦʙʲʝʤʫ ʠʥʚʝʩʪʠʮʠʡ. ʕʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪ ʩ ʠʥʜʝʢʩʦʤ ʧʨʠʙʳʣʴʥʦʩʪʠ 

ʙʦʣʝʝ 1. ʋʢʘʟʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʘʙʩʦʣʶʪʥʳʤ 

ʵʬʬʝʢʪʦʤ ʧʨʦʝʢʪʘ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʧʨʦʝʢʪʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʘʙʩʦʣʶʪʥʳʤ ʵʬʬʝʢʪʦʤ 

ʚʳʙʠʨʘʶʪ ʪʦʪ, ʯʝʡ ʠʥʜʝʢʩ ʧʨʠʙʳʣʴʥʦʩʪʠ ʚʳʰʝ. ʉʨʦʢ ʚʦʟʚʨʘʪʘ ʚʣʦʞʝʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʠʦʜʦʤ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʜʦʭʦʜʳ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʦʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʢʨʳʣʠ ʟʘʪʨʘʪʳ ʥʘ ʝʝ 

ʚʥʝʜʨʝʥʠʝ. 

ɼʣʷ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʠ ʥʘʛʣʷʜʥʳʡ ʢʘʣʴʢʫʣʷʪʦʨ RoCPS (ʨʠʩ. 1.6, ʤʦʞʥʦ ʩʢʘʯʘʪʴ ʧʦ 

ʩʩʳʣʢʝ https://autodesk.ru/digitalguide). 

 

ʈʠʩ. 1.6. ʂʘʣʴʢʫʣʷʪʦʨ RoCPS 

https://autodesk.ru/digitalguide
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1.4.6. ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʇʦʩʣʝ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ KPI. 

ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʂʇʕ ʠʣʠ KPI, key performance indicators) ï 

ʵʪʦ ʧʦʜʜʘʶʱʠʝʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʬʘʢʪʦʨʳ ʫʩʧʝʰʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. KPI ʚʘʞʥʳ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʝʨʩʧʝʢʪʠʚ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

ʅʘ ɼʝʣʦʚʦʤ ʧʦʨʪʘʣʝ çʋʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤè 1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨʥʳʡ ʧʝʨʝʯʝʥʴ KPI 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: 

¶ ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ (OEE ï Overall equipment effectiveness), %; 

¶ ʟʘʛʨʫʟʢʘ ʤʦʱʥʦʩʪʝʡ, %; 

¶ ʜʦʣʷ ʠʟʥʦʩʘ ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, %; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ, %. 

ʂʘʯʝʩʪʚʦ: 

¶ ʚʳʭʦʜ ʛʦʜʥʦʛʦ ʩ ʧʝʨʚʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ (FTT ï First time through), %; 

¶ ʜʦʣʷ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʙʨʘʢ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, %; 

¶ ʜʦʣʷ ʨʝʢʣʘʤʘʮʠʡ ʢ ʢʦʣʠʯʝʩʪʚʫ ʦʪʛʨʫʞʝʥʥʦʡ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, %. 

ʇʨʦʠʟʚʦʜʩʪʚʦ: 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʪʦʯʥʦ ʚ ʩʨʦʢ (BSD ï Build to schedule), %; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʝʤʝʡʩʪʚʘ ʢʨʠʪʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ/ʫʩʣʫʛ, %; 

¶ ʜʦʣʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʢ ʦʙʲʝʤʫ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ, %; 

¶ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴ ʟʘʧʘʩʦʚ ʥʝʟʘʚʝʨʰʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʟʘʧʘʩʦʚ ʩʳʨʴʷ, 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʚ ʜʥʷʭ; 

¶ ʜʦʣʷ ʦʩʪʘʪʢʦʚ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʢ ʚʳʨʫʯʢʝ, %; 

¶ ʜʦʣʷ ʦʩʪʘʪʢʦʚ ʟʘʧʘʩʦʚ ʥʝʟʘʚʝʨʰʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʦʙʲʝʤʫ ʧʨʦʠʟʚʝʜʝʥʥʦʡ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, %; 

¶ ʜʦʣʷ ʟʘʧʘʩʦʚ ʩʳʨʴʷ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʢ ʦʙʲʝʤʫ ʧʨʦʠʟʚʝʜʝʥʥʦʡ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, %. 

ʃʦʛʠʩʪʠʢʘ: 

¶ ʦʙʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ (TPT ïThrough put time), ʚ ʜʥʷʭ; 

¶ ʜʦʣʷ ʧʦʩʪʘʚʦʢ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘʢʘʟʯʠʢʫ ʪʦʯʥʦ ʚ ʩʨʦʢ, %; 

¶ ʢʘʯʝʩʪʚʦ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʚʥʫʪʨʝʥʥʠʤ ʟʘʢʘʟʯʠʢʘʤ ʪʦʯʥʦ ʚ ʩʨʦʢ (OTIF ï On time in 

full), %; 

¶ ʜʦʣʷ ʧʦʩʪʘʚʦʢ ʩʳʨʴʷ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ ʪʦʯʥʦ ʚ ʩʨʦʢ, 

%. 

ʇʝʨʩʦʥʘʣ: 

¶ ʚʳʨʘʙʦʪʢʘ ʥʘ ʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ, ʤʣʥ ʨʫʙ.; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʰʪ.; 
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¶ ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʥʘ ʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ, ʰʪ. 

ɺ ʠʶʥʝ 2017 ʛʦʜʘ ʙʳʣ ʧʨʠʥʷʪ ɻʆʉʊ ʈ ʀʉʆ 22400-2-2016 çʉʠʩʪʝʤʳ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʷ. ʂʣʶʯʝʚʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (KPIs) ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ. ʏʘʩʪʴ 2. ʆʧʨʝʜʝʣʝʥʠʷ 

ʠ ʦʧʠʩʘʥʠʷè, ʢʦʪʦʨʳʡ ʠʜʝʥʪʠʯʝʥ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʀʉʆ 22400-2:2014. ɺ ʵʪʦʤ 

ʩʪʘʥʜʘʨʪʝ ʦʧʨʝʜʝʣʝʥʳ ʂʇʕ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʥʝʧʨʝʨʳʚʥʦʛʦ, ʩʝʨʠʡʥʦʛʦ, 

ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʭʨʘʥʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʜʦʢʫʤʝʥʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʂʇʕ, ʧʦʪʨʝʙʠʪʝʣʠ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʂʇʕ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʂʇʕ ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ çʆʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷè 

(ʆɽɽ, Overall Equipment Effectiveness). ʆɽɽ (ʨʠʩ. 1.7) ʫʯʠʪʳʚʘʝʪ ʛʦʪʦʚʥʦʩʪʴ (ʜʦʩʪʫʧʥʦʩʪʴ) 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ) ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, 

ʚʳʧʫʩʢʘʝʤʦʡ ʥʘ ʜʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

 

 ʈʠʩ. 1.7. ʉʪʨʫʢʪʫʨʘ OEE (ʀʩʪʦʯʥʠʢ: First National Consulting Group) 

 

1.5. ʎʠʬʨʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʇʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ, ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ KPI, 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʘʭ 2 ʠ 3 ʥʘʩʪʦʷʱʝʛʦ ʜʦʢʫʤʝʥʪʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʠʟʦʰʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ï ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʚ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʵʪʘʧ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 

ʃʫʯʰʠʝ ʤʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʜʦʩʪʠʛʘʶʪ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 
ʩʧʦʢʘʟʘʪʝʣʷʤʠ OEE ʚʳʰʝ 80% (ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ ʧʨʦʮʝʩʩʦʚ), ʦʜʥʘʢʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 
ʧʦʢʘʟʘʪʝʣʷ OEE ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 60% ʠ ʯʘʩʪʦ ʙʳʚʘʝʪ ʚ ʧʨʝʜʝʣʘʭ 
30-35%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʝʚʳʤ OEE ʤʦʞʝʪ ʙʳʪʴ 80%. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʤʝʥʴʰʝ 60% 
ʥʫʞʥʦ ʩʨʦʯʥʦ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʘʢʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 
ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦ. 
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ʜʦʚʦʜʢʝ ʠʟʜʝʣʠʡ ʧʫʪʝʤ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʩʧʳʪʘʥʠʡ, ʜʦʩʪʠʛʣʠ ʩʚʦʝʛʦ çʧʦʪʦʣʢʘè ʚ ʨʘʟʚʠʪʠʠ 

ʠ ʧʨʠʤʝʥʝʥʠʠ ʠ ʬʘʢʪʠʯʝʩʢʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʮʠʬʨʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʫʧʦʨʷʜʦʯʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʛʝʥʝʨʠʨʫʝʤʳʝ 

ʚ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʠʩʪʝʤʘʪʠʟʠʨʫʪʁ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʦʙʣʝʛʯʘʶʪ ʜʦʩʪʫʧ ʢ ʥʝʡ. ʅʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 11 

ʧʦʟʚʦʣʷʝʪ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʩʦʟʜʘʚʘʪʴ ʛʣʦʙʘʣʴʥʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʫʶ ʧʨʦʜʫʢʮʠʶ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʨʠʩ. 1.8).  
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ʈʠʩ. 1.8. ʉʨʘʚʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʧʝʨʝʜʦʚʦʛʦ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ  
(ʀʩʪʦʯʥʠʢ: ʎʝʥʪʨ ʅʊʀ ʉʇʙʇʋ) 
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ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʘʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʥʘ 

ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

1.5.1. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠ ʮʠʬʨʦʚʳʝ ʪʝʥʠ 

ʉʧʝʮʠʘʣʠʩʪʳ ʎʝʥʪʨʘ ʅʊʀ ʉʇʙʇʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸʣʝʢʩʝʷ ɹʦʨʦʚʢʦʚʘ ʧʦʜʛʦʪʦʚʠʣʠ 

ʛʣʘʚʫ çʅʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷè 11 ʚ ʈʘʙʦʯʠʡ ʜʦʢʣʘʜ ʄʦʩʢʦʚʩʢʦʡ 

ʰʢʦʣʳ ʫʧʨʘʚʣʝʥʠʷ ʉʂʆʃʂʆɺʆ çʎʠʬʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ: ʤʝʪʦʜʳ, ʵʢʦʩʠʩʪʝʤʳ, 

ʪʝʭʥʦʣʦʛʠʠè. 

ɺ ʜʦʢʣʘʜʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʫ ʥʦʚʦʡ ʧʘʨʘʜʠʛʤʳ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʝʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, 

ʢʦʥʩʪʨʫʢʮʠʷʤ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʨʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʢʘʢ 

ʧʨʦʜʫʢʮʠʠ (DT-1), ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (DT-2).   

ʊʘʢʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʛʨʝʛʠʨʫʶʪ ʚ ʩʝʙʝ ʚʩʝ ʟʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ. ʄʦʜʝʣʴ ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʚʳʩʦʢʦʡ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ çʧʨʠʙʣʠʟʠʪʴʩʷè ʢ ʨʝʘʣʴʥʦʤʫ ʦʙʲʝʢʪʫ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʨʪʫʘʣʴʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʚ ʧʨʝʜʝʣʘʭ Ñ 5%. ʀʤʝʥʥʦ ʪʘʢʫʶ ʚʳʩʦʢʦʘʜʝʢʚʘʪʥʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʮʠʬʨʦʚʳʤ 

ʜʚʦʡʥʠʢʦʤ ʦʙʲʝʢʪʘ. 

ɼʣʷ ʝʝ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ, ʤʝʪʦʜʳ 

ʠ ʪʝʭʥʦʣʦʛʠʠ (ʚʳʜʝʣʝʥʳ ʚ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʢʨʘʪʢʦʛʦ ʜʦʢʣʘʜʘ ʎʝʥʪʨʘ ʅʊʀ ʉʇʙʇʋ 

ʠ ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʮʝʥʪʨʘ çʊʝʭʥʝʪè çʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè): 

¶ çBest-in-classè ʪʝʭʥʦʣʦʛʠʠ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ, ʠʟ ʢʦʪʦʨʳʭ ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʮʝʧʦʯʢʘ ʩʦʟʜʘʥʠʷ ʛʣʦʙʘʣʴʥʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ; 

¶ ʩʠʩʪʝʤʥʳʡ ʠʥʞʠʥʠʨʠʥʛ; 

¶ ʤʥʦʛʦʫʨʦʚʥʝʚʘ ̫ʤʘʪʨʠʮʘ ʪʨʝʙʦʚʘʥʠʡ / ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʨʝʩʫʨʩʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ; 

¶ çɺʠʨʪʫʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷè & çɺʠʨʪʫʘʣʴʥʳʝ ʩʪʝʥʜʳè & çɺʠʨʪʫʘʣʴʥʳʝ ʧʦʣʠʛʦʥʳè 

33. 

ɺ ʩʚʦʠʭ ʜʦʢʣʘʜʘʭ ɸʣʝʢʩʝʡ ɹʦʨʦʚʢʦʚ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʤʥʦʛʠʝ ʜʦ ʩʠʭ ʧʦʨ ʧʫʪʘʶʪ ʧʦʥʷʪʠʷ 

ʮʠʬʨʦʚʦʡ ʪʝʥʠ ʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. ɻʦʚʦʨʷ ʧʨʦʩʪʳʤ ʷʟʳʢʦʤ, ʮʠʬʨʦʚʘʷ ʪʝʥʴ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʩʧʦʩʦʙʥʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʦ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʩ ʠʟʜʝʣʠʝʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʬʨʦʚʘʷ ʪʝʥʴ ʤʦʞʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʦʛʦ 

ʦʙʲʝʢʪʘ ʪʦʣʴʢʦ ʚ ʪʝʭ ʫʩʣʦʚʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʙʦʨ ʜʘʥʥʳʭ (Big Data), ʥʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʴʥʳʡ ʦʙʲʝʢʪ ʥʝ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʩʷ. 

ɺ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʪʝʥʠ ʣʝʞʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 3D ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʵʣʝʢʪʨʦʥʥʳʡ 

ʤʘʢʝʪ ʠʟʜʝʣʠʷ), ʫʨʦʚʝʥʴ ʘʜʝʢʚʘʪʥʦʩʪʠ ʢʦʪʦʨʦʡ ʧʳʪʘʶʪʩʷ ʧʦʚʳʩʠʪʴ ʟʘ ʩʯʝʪ ʜʣʠʪʝʣʴʥʳʭ 

ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʣʠ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ 

ʩ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʪʯʠʢʦʚ ʥʘ ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʠʟʜʝʣʠʷ 

(DT-1) ʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (DT-2) ʚ 

ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʠʷ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʚʠʨʪʫʘʣʴʥʳʭ 

ɺ ʠʪʦʛʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʦʩʥʦʚʥʫʶ ʜʦʣʶ 
ʠʟʤʝʥʝʥʠʡ ʠ ʟʘʪʨʘʪ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʠʩʧʳʪʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ çʮʠʬʨʦʚʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠè, ʯʪʦ ʚʝʜʝʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ çʫʤʥʦʛʦè 

ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ (Smart Digital Twin, SDT(1)) (ʨʠʩ. 1.9). 

 

ʈʠʩ. 1.9. ʉʝʤʝʡʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, 
çʫʤʥʳʡè ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, ʮʠʬʨʦʚʘʷ ʪʝʥʴ (ʀʩʪʦʯʥʠʢ: ʎʝʥʪʨ ʅʊʀ ʉʇʙʇʋ) 

1.6. ʂʣʶʯʝʚʳʝ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪ ʣʠʜʝʨʦʚ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʢʣʶʯʝʚʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʘʜʨʝʩʦʚʘʥʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʷʤ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʮʠʬʨʦʚʫ  ʁʪʨʘʥʩʬʦʨʤʘʮʠʶ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʢʣʶʯʝʚʳʭ 

ʪʝʟʠʩʦʚ ʦʪ ʣʠʜʝʨʦʚ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: ɸʣʝʢʩʝʷ ɹʦʨʦʚʢʦʚʘ, ʈʘʜʠʩʣʘʚʘ ɹʠʨʙʨʘʝʨʘ, 

ʇʘʚʣʘ ɹʠʣʝʥʢʦ, ʂʘʨʣʘ ʆʩʪʠ, ʂʨʠʩʪʠʘʥʘ ʍʦʢʝʥʘ ʠ ʜʨʫʛʠʭ ʵʢʩʧʝʨʪʦʚ: 

¶ ʠʥʚʝʩʪʠʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʥʝʵʬʬʝʢʪʠʚʥʦʤ ʤʝʥʝʜʞʤʝʥʪʝ ʥʝ ʪʦʣʴʢʦ ʥʝ ʦʢʘʞʫʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʙʠʟʥʝʩ, ʥʦ, ʥʘʧʨʦʪʠʚ, ʧʨʠʚʝʜʫʪ ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʘ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʥʦʚʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ ʨʫʢʦʚʦʜʩʪʚʦ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ ʚʥʝʜʨʝʥʠʝ 

ʥʦʚʰʝʩʪʚ ʠ ʠʩʧʦʣʴʟʫʶʱʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʜʥʠʤ 

ʠʟ ʧʨʘʚʠʣ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʝʝ ʧʨʦʚʝʜʝʥʠʝ çʩʚʝʨʭʫ ʚʥʠʟè; 

¶ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çspin-

offè, ʚʥʝʰʥʠʝ ʢʦʤʧʘʥʠʠ, ʯʪʦʙʳ ʥʝ çʫʙʠʚʘʪʴè ʢʣʘʩʩʠʯʝʩʢʠʡ ʙʠʟʥʝʩ; 

¶ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʢʫʨʝʥʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʨʘʟʨʘʙʦʪʢʠ 

ʜʦʣʛʦʩʨʦʯʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʣʘʥʦʚ. ʉʝʡʯʘʩ ʧʨʦʮʝʩʩʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʜʫʪ 

ʚ ʫʩʣʦʚʠʷʭ ʥʘʩʪʦʣʴʢʦ ʚʦʟʨʦʩʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʯʪʦ ʢ ʤʦʤʝʥʪʫ 

ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʥ ʫʞʝ ʬʘʢʪʠʯʝʩʢʠ ʫʩʪʘʨʝʚʘʝʪ; 

¶ ʮʠʬʨʦʚʘʷ ʩʪʨʘʪʝʛʠʷ ï ʵʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘʮʝʣʝʥʥʦʩʪʴ ʥʘ ʨʦʩʪ ʦʙʦʨʦʪʘ, ʘ ʥʝ 

ʙʦʨʴʙʘ ʟʘ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ. ʀʤʝʥʥʦ ʪʘʢʠʝ ʙʠʟʥʝʩ-ʨʝʰʝʥʠʷ ʣʝʛʢʦ 

ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʚʥʝʜʨʝʥʠʝ ʦʙʲʝʤʳ ʨʘʩʪʫʪ); 

¶ ʩʢʦʨʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ï ʵʪʦ ʩʝʛʦʜʥʷ ʬʘʢʪʦʨ ˉ 1 ʫʩʧʝʭʘ ʚ ʙʠʟʥʝʩʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʷ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ; 

¶ ʙʳʩʪʨʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʠʩʘ ʜʣʷ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠʥʷʪʠʷ ʙʠʟʥʝʩ-

ʨʝʰʝʥʠʡ ï ʵʪʦ ʩʫʪʴ ʮʠʬʨʦʚʦʛʦ ʩʝʨʚʠʩʘ ʚ ʀʥʜʫʩʪʨʠʠ 4.0. ʇʨʠ ʚʳʚʦʜʝ ʮʠʬʨʦʚʳʭ 

ʩʝʨʚʠʩʦʚ ʥʘ ʨʳʥʦʢ ʩʪʝʧʝʥʴ ʠʭ ʛʦʪʦʚʥʦʩʪʠ ï ʥʝ ʙʦʣʝʝ 80%, ʦʩʪʘʣʴʥʳʝ 20% 

ʜʦʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦ ʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʜʘʞ ʠ ʧʦʣʫʯʝʥʠ ̫ʦʪʢʣʠʢʘ ʦʪ ʢʣʠʝʥʪʦʚ 

(ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ); 
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¶ ʥʝʦʙʭʦʜʠʤʦ ʜʫʤʘʪʴ ʦ ʨʝʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʷʭ ʢʣʠʝʥʪʦʚ, ʠ ʚʳ ʧʦʣʫʯʠʪʝ ʥʦʚʫʶ 

ʙʠʟʥʝʩ-ʤʦʜʝʣʴ, ʢʦʪʦʨʫʶ ʧʦʜʜʝʨʞʘʪ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ, ʮʠʬʨʦʚʳʝ ʩʝʨʚʠʩʳ. 

 

 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʘʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ, ʪʝʥʜʝʥʮʠʠ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʪʨʘʪʝʛʠʠ, ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʠʢʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʉʣʝʜʫʶʱʠʝ ʛʣʘʚʳ ʧʦʩʚʷʱʝʥʳ ʚʦʧʨʦʩʘʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʩʤʝʱʘʝʪʩʷ ʥʘ ʵʪʘʧ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ[33], [11], ʧʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʰʘʛʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʜʦʣʞʥʦ ʙʳʪʴ 
ʧʦʵʪʘʧʥʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 



2. ʆʈɻɸʅʀɿɸʎʀʗ ʇʈʆʎɽʉʉʆɺ ʎʀʌʈʆɺʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ɺ ʉʀʉʊɽʄɽ ʈɸɿʈɸɹʆʊʂʀ ʀ ʇʆʉʊɸʅʆɺʂʀ ʇʈʆɼʋʂʎʀʀ 

ʅɸ ʇʈʆʀɿɺʆɼʉʊɺʆ 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ, 

ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʳ: 

¶ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʉʈʇʇ, ɻʆʉʊ 15); 

¶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʊʇʇ, ɻʆʉʊ 14.004-83); 

¶ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ɽʉʂɼ, ɻʆʉʊ 2); 

¶ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ɻʆʉʊ 3). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʩʪʘʥʜʘʨʪʳ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʶʪʩʷ, ʜʦʧʦʣʥʷʶʪʩʷ ʩ ʫʯʝʪʦʤ ʦʙʱʝʡ 

ʪʝʥʜʝʥʮʠʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʭ ʦʩʥʦʚʦʡ ʷʚʣʷʝʪʩʷ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʙʫʤʘʞʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʜʝʣʘʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʀʥʜʫʩʪʨʠʠ 4.0 

ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠʟʜʝʣʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ 

(ʠʟʤʝʥʝʥʳ) ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ɽʩʣʠ ʧʨʦʮʝʩʩ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥ, ʪʦ 

ʩʣʝʜʫʝʪ ʧʦʜʫʤʘʪʴ ʦ ʝʛʦ ʟʘʤʝʥʝ ʥʘ ʥʦʚʳʡ ʧʨʦʮʝʩʩ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʥʫʞʥʦ ʠʤʝʪʴ 

ʚ ʚʠʜʫ, ʯʪʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʚ PDM-ʩʠʩʪʝʤʝ, ʘ ʩʘʤʠ ʧʨʦʮʝʩʩʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʜʘʥʥʳʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʠʟʜʝʣʠʷ. 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʂʊʇʇ ʚ ʧʨʠʣʦʞʝʥʠʠ 

ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʪʘʧʘʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʠʟʜʝʣʠʷ. 

2.1. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʇʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʨʦʚʥʝʤ ʮʠʬʨʦʚʦʡ 

ʟʨʝʣʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ (ʩʤ. ʨʘʟʜʝʣ 1.4.4). 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʩʪʘʚʠʪʴ ʮʝʣʠ 

ʨʘʟʚʠʪʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʧʣʝʢʩʥʫʶ ʤʦʜʝʣ ɹʦʮʝʥʢʠ 

ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ. ʈʫʢʦʚʦʜʩʪʚʫ ʧʨʝʜʧʨʠʷʪʠʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʮʝʥʠʪʴ 

ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʠʭ ʩʦʩʪʦʷʥʠʷ ʥʘ ʬʠʥʘʥʩʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ, 

ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʨʘʟʚʠʪʠʷ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ Organizational Digital Manufacturing Maturity Model ï ODM3, ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʡ 

ʟʨʝʣʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʳʜʝʣʷʝʪ ʧʷʪʴ ʫʨʦʚʥʝʡ ʨʘʟʚʠʪʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ: 

¶ Ad hoc ï ʥʝʩʠʩʪʝʤʥʳʡ; 

¶ Defined ï ʙʘʟʦʚʳʡ; 

¶ Managed ï ʫʧʨʘʚʣʷʝʤʳʡ; 

¶ Integrated ï ʠʥʪʝʛʨʠʨʫʝʤʳʡ; 

¶ Optimized ï ʦʧʪʠʤʠʟʠʨʫʝʤʳʡ. 

 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʫʨʦʚʥʠ ʅʝʩʠʩʪʝʤʥʳʡ ʠ ɹʘʟʦʚʳʡ, ʪʘʢ ʢʘʢ ʥʘʭʦʞʜʝʥʠʝ 
ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʵʪʠʭ ʫʨʦʚʥʷʭ ʜʝʣʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦʡ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ 
ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜ ʥʫʞʜʳ ʀʥʜʫʩʪʨʠʠ 4.0 ʠ ʙʫʜʫʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʠʬʨʦʚʫʶ ʬʘʙʨʠʢʫ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʝʡʯʘʩ ʚ ʈʦʩʩʠʠ ʢ ʢʦʤʧʘʥʠʷʤ 
ʟʘʯʘʩʪʫʶ ʧʨʠʤʝʥʠʤʳ ʠʤʝʥʥʦ ʵʪʠ ʫʨʦʚʥʠ. 
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ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʦʧʠʩʘʥʠʝ ʫʧʦʤʷʥʫʪʳʭ ʫʨʦʚʥʝʡ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ. 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʜʨʫʛʠʭ ʫʨʦʚʥʝʡ, ʚʳʭʦʜʷʱʝʝ ʟʘ ʨʘʤʢʠ ʥʘʩʪʦʷʱʝʛʦ ʜʦʢʫʤʝʥʪʘ, ʚʳ 

ʤʦʞʝʪʝ ʥʘʡʪʠ ʚ ʨʘʙʦʪʝ 2. 

ʋʨʦʚʝʥʴ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ çʅʝʩʠʩʪʝʤʥʳʡè 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠʣʠ ʩʠʩʪʝʤʳ ʥʝʨʝʛʫʣʷʨʥʦʝ ʠ ʥʝʧʣʘʥʦʚʦʝ. 

ʇʨʘʚʠʣʘ ʠ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʦʙʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, 

ʟʘʯʘʩʪʫʶ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʙʝʟ ʦʧʦʨʳ ʥʘ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ. ʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʝ ʨʘʟʨʘʙʦʪʘʥʘ, ʩʚʷʟʴ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʜʣʷ 

ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. ʆʮʝʥʠʚʘʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʜʫʢʪʦʚ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʪʨʫʜʘ. 

ʆʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ: 

¶ ʧʨʠʦʙʨʝʪʝʥʠʝ CAD/CAM/CAE/PDM ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʠʟʙʳʪʦʯʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ; 

¶ ʧʨʠʦʙʨʝʪʝʥʠʝ CAD/CAM/CAE/PDM ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʚ ʩʪʦʣè, ʙʝʟ 

ʜʦʣʞʥʦʛʦ ʫʨʦʚʥʷ ʠʥʪʝʛʨʘʮʠʠ; 

¶ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ɸʉ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: 

ʥʘʧʨʠʤʝʨ, 3D ʉɸʇʈ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʝʞʠʤʝ 2D çʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʣʴʤʘʥʘè, 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʘʢʪʠʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʪʘ ʂɼ ʩ 3D-ʤʦʜʝʣʠ, 

ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 3D ʉɸʇʈ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʨʝʤʝʥʠ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʤʧʣʝʢʪ ʂɼ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ PDM-ʩʠʩʪʝʤʳ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʝʜʠʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʕʄʀ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʠʟʜʝʣʠʷ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʨʘʥʥʝʛʦ ʜʦʩʪʫʧʘ ʢ ʮʠʬʨʦʚʳʤ ʜʘʥʥʳʤ ʕʄʀ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ʂʊʇʇ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ; 

¶ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ, ʚʝʙ-ʩʝʨʚʠʩʳ), ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʚ ʧʠʩʴʤʝʥʥʦʤ ʚʠʜʝ (ʥʘ ʪʠʧʦʚʳʭ ʙʣʘʥʢʘʭ); 

¶ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʦʚʘʥʦ ʥʘ ʦʙʱʝʤ ʩʝʪʝʚʦʤ ʨʝʩʫʨʩʝ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʥʘ ʣʦʢʘʣʴʥʳʭ ʜʠʩʢʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

¶ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʨʦʛʨʘʤʤ rʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ʉʦʪʨʫʜʥʠʢʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʦʧʳʪ ʠ ʥʘʚʳʢʠ ʚʣʘʜʝʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʥʠ ʧʦʣʫʯʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʣʠʙʦ ʦʙʨʘʱʘʶʪʩʷ ʟʘ ʧʦʤʦʱʴʶ ʢ ʩʣʫʞʙʝ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʧʦʩʪʘʚʱʠʢʘ ʇʆ. 

ʋʨʦʚʝʥʴ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ çɹʘʟʦʚʳʡè 

ʆʧʨʝʜʝʣʝʥ ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʢ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ. ʆʧʨʝʜʝʣʝʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ. ʈʝʘʣʠʟʦʚʘʥʳ 

ʦʪʜʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʫʣʠ. ʆʩʦʟʥʘʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʟʤʝʥʝʥʠʷʭ ʯʝʨʝʟ ʘʥʘʣʠʟ 

ʧʨʘʢʪʠʢ ʠ ʨʝʬʝʨʝʥʩ-ʚʠʟʠʪʦʚ ʚ ʢʦʤʧʘʥʠʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ. 

ʉʬʦʨʤʠʨʦʚʘʥʦ ʧʦʥʠʤʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʩʠʩʪʝʤ. ʌʦʨʤʠʨʫʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʣʘʥʠʨʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʦʧʨʝʜʝʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʘʥʠʠ. 



37 
 

ʆʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ: 

¶ ʬʫʥʢʮʠʦʥʘʣ ʦʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, PDM-ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝ ʧʦʣʥʦʩʪʴʶ. ʇʨʠʯʠʥʘ ï ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʘʚʪʦʤʘʪʠʟʠʨʫʝʤʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ; 

¶ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʜʦʢʫʤʝʥʪ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʧʨʘʚʠʣʘ ʭʨʘʥʝʥʠʷ, 

ʠʤʝʥʦʚʘʥʠʷ, ʦʬʦʨʤʣʝʥʠʷ ʠ ʚʳʧʫʩʢʘ ʯʝʨʪʝʞʝʡ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ (ʉɸʇʈ-

ʩʪʘʥʜʘʨʪ), ʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʪʜʝʣʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʧʦʜʭʦʜʳ 

ʢ ʫʢʘʟʘʥʥʳʤ ʧʨʦʮʝʩʩʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʫʶʪ ʩʨʝʜʩʪʚʘ ʠ ʧʦʜʭʦʜʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʦʥʪʨʦʣ ɹʩʦʦʪʚʝʪʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʯʝʨʪʝʞʝʡ ʪʨʝʙʦʚʘʥʠʷʤ 

ʉʪʘʥʜʘʨʪʘ ʧʨʝʜʧʨʠʷʪʠ;̫ 

¶ ʦʪʩʫʪʩʪʚʫʶʪ ʝʜʠʥʳʝ ʧʨʘʚʠʣʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ ʤʘʢʝʪʦʤ 

ʠʟʜʝʣʠʷ, ʥʝʪ ʝʜʠʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʤʝʥʥʳʭ 

ʬʦʨʤʘʪʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʵʪʠʤʠ ʨʝʰʝʥʠʷʤʠ; 

¶ ʦʪʩʫʪʩʪʚʫʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʜʘʥʥʳʭ 

ʩ ʫʪʚʝʨʞʜʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʘʥʥʳʭ; 

¶ ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʕʄʀ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

PDM-ʩʠʩʪʝʤʳ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ 

ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ (ʄɾʎ) çɺʦʜʦʧʘʜè. ʄɾʎ çɺʦʜʦʧʘʜè ʷʚʣʷʝʪʩʷ ʫʩʪʘʨʝʚʰʝʡ 

ʠ ʧʣʦʭʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʚʦʝʡ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʠ/ʠʣʠ ʨʝʘʣʠʟʘʮʠʶ ʥʦʚʦʡ ʧʘʨʘʜʠʛʤʳ 

ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʤ. ʨʘʟʜʝʣ 1.4.4, 11 ʠ 2). 

 

ɺ ʨʘʟʜʝʣʝ 2.2.3 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʂʊʇʇ, ʥʘʩʪʨʦʝʥʥʳʭ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

2.1.1. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠ ʧʨʦʮʝʩʩʳ ʥʘ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʧʨʦʜʫʢʮʠʠ ʚ ʨʘʟʨʝʟʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

¶ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ. ɽʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ ʢʘʢ ʥʘ ʙʠʟʥʝʩ-ʦʙʲʝʢʪ, ʵʪʦ 

ʪʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʧʨʠʙʳʣʴ ʠ/ʠʣʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʦʩʪʫ ʘʢʪʠʚʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ; 

¶ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ (ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ) ʧʨʦʮʝʩʩʳ. ʇʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʨʝʩʫʨʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʩʧʝʨʝʙʦʡʥʦʝ 

ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʦʣʠʯʝʩʪʚʦ ʠ ʚʠʜ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʪʁʩʷ ʤʦʜʝʣʴʶ ɾʎ (ʄɾʎ) ʪʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ, 

ʢʦʪʦʨʫʶ ʚʳʧʫʩʢʘʝʪ ʜʘʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ. 

2.1.1.1. ɿʘʜʘʯʠ ʂʊʇʇ 

ɿʘʜʘʯʠ ʂʊʇʇ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 15.000-2016: 

ɺ ʩʠʣʫ ʪʦʛʦ ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʭʥʠʢ ʠ ʧʦʜʭʦʜʦʚ ʚ ʧʘʨʘʜʠʛʤʝ ʦʨʛʘʥʠʟʘʮʠʠ ʂʊʇʇ ʧʦ 
ɻʆʉʊ ʙʳʣʠ ʥʘʧʠʩʘʥʳ ʧʦʜ çʙʫʤʘʞʥʫʶè ʪʝʭʥʦʣʦʛʠʶ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ, ʧʦʪʨʝʙʫʶʪʩʷ 
ʘʜʘʧʪʘʮʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, 
ʫʯʠʪʳʚʘʶʱʠʭ ʨʝʘʣʠʠ ʩʝʛʦʜʥʷʰʥʝʛʦ ʠ ʟʘʚʪʨʘʰʥʝʛʦ ʜʥʷ. 
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¶ ʨʘʟʨʘʙʦʪʢʫ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʚʳʩʦʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʢʘʯʝʩʪʚʘ, 

ʦʪʚʝʯʘʶʱʫ  ʁʩʦʚʨʝʤʝʥʥʳʤ ʜʦʩʪʠʞʝʥʠʷʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʩ ʫʯʝʪʦʤ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ 

ʣʶʜʝʡ, ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ, 

ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ; 

¶ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʠ ʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʝʤʦʥʪ, ʘ ʪʘʢʞʝ ʟʘʪʨʘʪ 

ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ (ʧʨʠʤʝʥʝʥʠʝ, ʭʨʘʥʝʥʠʝ) ʠ ʣʠʢʚʠʜʘʮʠʶ ʧʨʦʜʫʢʮʠʠ; 

¶ ʦʙʦʩʥʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ. 

2.1.1.2. ʈʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʆʩʥʦʚʥʳʝ ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʂʊʇʇ ʠ ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʧʨʦʝʢʮʠʠ ʥʘ 

ʩʪʘʜʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʮʠʠ (ɾʎʇ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2-1. 
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ʊʘʙʣ. 2-1. ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʂʊʇʇ ʠ ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʩʪʘʜʠʠ ɾʎʇ 

ʉʪʘʜʠʷ ɾʎʇ ʕʪʘʧ ʂʊʇʇ ʇʨʦʮʝʩʩ ʈʘʙʦʪʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ 
ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʘ 
ʕʄʀ/ʕʉʀ (ʉɼʀ) 

ʕʩʢʠʟʥʦʝ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

¶ ʂʦʥʮʝʧʪʫʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʠʟʜʝʣʠʡ 

¶ ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɼʠʟʘʡʥʝʨʩʢʠʝ 
ʟʘʜʘʯʠ 

¶ ʂʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʘ 

ʋʧʨʘʚʣʝʥʠʝ ʠʥʞʝʥʝʨʥʳʤʠ 
ʜʘʥʥʳʤʠ ʠ ʩʦʚʤʝʩʪʥʘʷ 
ʨʘʙʦʪʘ2 

¶ ʋʧʨʘʚʣʝʥʠʝ ʠʥʞʝʥʝʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʞʠʟʥʝʥʥʳʤ 
ʮʠʢʣʦʤ ʠʟʜʝʣʠʷ ʠ ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ 

¶ ʆʨʛʘʥʠʟʘʮʠʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʨʦʝʢʪʥʳʭ ʛʨʫʧʧ 

ʈʘʟʨʘʙʦʪʢʘ ʈʘʟʨʘʙʦʪʢʘ ʕʄʀ 
(ʂʊʈ) 

ʊʨʝʭʤʝʨʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʳʯʥʳʭ ʜʝʪʘʣʝʡ ʠ ʜʝʪʘʣʝʡ ʠʟ 
ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ 

¶ ɻʝʥʝʨʘʪʠʚʥʳʡ ʜʠʟʘʡʥ (ʛʝʥʝʨʘʮʠʷ ʪʦʧʦʣʦʛʠʠ ʜʝʪʘʣʝʡ, 
ʧʦʨʦʞʜʘʶʱʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ) 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʫʟʣʦʚ ʠ ʩʙʦʨʦʢ ʠʟʜʝʣʠʡ 
o ʢʘʨʢʘʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 
o ʪʨʫʙʦʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ 
o ʧʨʦʢʣʘʜʢʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʧʦ 3D-
ʤʦʜʝʣʠ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʠʧʦʚʳʭ ʫʟʣʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: 
o ʙʦʣʪʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 
o ʚʘʣʳ ʠ ʜʝʪʘʣʠ ʚʘʣʘ 
o ʨʝʤʝʥʥʳʝ ʠ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 
ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʟʜʝʣʠʡ 

¶ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ 

¶ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ 

¶ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ 

ʈʘʟʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ 
ʩʙʦʨʦʢ 

¶ ʈʘʟʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʩʙʦʨʦʢ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ 

¶ ʂʦʥʩʦʣʠʜʘʮʠʷ ʙʦʣʴʰʠʭ ʪʨʝʭʤʝʨʥʳʭ ʧʨʦʝʢʪʦʚ ʠʟ 
ʨʘʟʨʦʟʥʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘʥʘʣʠʟ ʢʦʣʣʠʟʠʡ 

 

2 ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ɾʎʇ. 
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ʉʪʘʜʠʷ ɾʎʇ ʕʪʘʧ ʂʊʇʇ ʇʨʦʮʝʩʩ ʈʘʙʦʪʘ 

 ʇʦʜʢʣʶʯʝʥʠʝ ʚʥʝʰʥʠʭ 
ʜʘʥʥʳʭ 

¶ ɺʝʢʪʦʨʠʟʘʮʠʷ ʩʢʘʥʠʨʦʚʘʥʥʳʭ ʙʫʤʘʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

¶ ʅʘʨʘʙʦʪʢʠ ʚ 2D/3D ʠʟ ʨʘʟʣʠʯʥʳʭ ʉɸʇʈ 

¶ ʇʦʜʢʣʶʯʝʥʠʝ ʜʘʥʥʳʭ ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

¶ ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʉɸʇʈ ʠ ʉɸʇʈ 
ʨʘʟʥʳʭ ʚʝʥʜʦʨʦʚ 

ɺʠʨʪʫʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ 
ʕʄʀ ʠ ʠʥʞʝʥʝʨʥʳʡ ʘʥʘʣʠʟ 

¶ ʈʘʩʯʝʪʳ ʢʠʥʝʤʘʪʠʢʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

¶ ʈʘʩʯʝʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʜʝʬʦʨʤʘʮʠʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ, 
ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʜʨ. 

¶ ʈʘʩʯʝʪʳ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ 

ɺʳʧʫʩʢ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 
ʜʦʢʫʤʝʥʪʘʮʠʠ 

¶ ɺʳʧʫʩʢ 2D-ʯʝʨʪʝʞʝʡ 

¶ ɺʳʧʫʩʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʩʙʦʨʦʯʥʳʭ ʨʫʢʦʚʦʜʩʪʚ 

¶ ɺʠʟʫʘʣʠʟʘʮʠʷ 

ʀʟʛʦʪʦʚʣʝʥʠʝ 
(ʧʨʦʠʟʚʦʜʩʪʚʦ) 

ʇʦʜʛʦʪʦʚʢʘ 
ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʘʥʘʣʠʟ 
ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʮʠʬʨʦʚʳʭ 
ʤʦʜʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʡ 
ʠ ʦʪʜʝʣʴʥʳʭ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʤʦʱʥʦʩʪʝʡ 

¶ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 2D/3D-ʤʦʜʝʣʝʡ 
ʧʨʦʠʟʚʦʜʩʪʚʘ 

¶ ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ 
ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

¶ ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʢʘʨʪ 

¶ ʉʦʟʜʘʥʠʝ ʢʘʨʪ ʨʘʩʢʨʦʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʢʨʦʷ 
ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ 

¶ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ (ʰʪʘʤʧʦʚ, 
ʧʨʝʩʩ-ʬʦʨʤ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
3D-ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ 
ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʦʩʥʘʩʪʢʠ 

¶ ʇʨʝʩʩ-ʬʦʨʤʳ ʜʣʷ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ: ʨʘʩʯʝʪ 
ʧʨʦʣʠʚʘʝʤʦʩʪʠ ʠ ʢʦʨʦʙʣʝʥʠʷ ʜʝʪʘʣʠ 

¶ ʇʦʜʛʦʪʦʚʢʘ ʋʇ ʜʣʷ ʏʇʋ: 
o ʬʨʝʟʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ 
o ʪʦʢʘʨʥʘʷ ʦʙʨʘʙʦʪʢʘ 
o ʨʦʙʦʪʳ 
o ʛʠʙʨʠʜʥʘʷ ʘʜʜʠʪʠʚʥʦ-ʩʫʙʪʨʘʢʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ 
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ʉʪʘʜʠʷ ɾʎʇ ʕʪʘʧ ʂʊʇʇ ʇʨʦʮʝʩʩ ʈʘʙʦʪʘ 

o ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʬʦʨʤʳ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ 
ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʜʣʷ ʘʜʜʠʪʠʚʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ 

¶ ʕʢʩʧʨʝʩʩ-ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʜʛʦʪʦʚʢʠ 3D-ʧʝʯʘʪʠ 

¶ ʇʦʣʥʳʡ ʢʦʤʧʣʝʢʩ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʜʛʦʪʦʚʢʠ 3D-
ʧʝʯʘʪʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʜʝʣʝʡ ʧʦʜ ʘʜʜʠʪʠʚʥʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʨʦʮʝʩʩʦʚ 3D-ʧʝʯʘʪʠ ʠʟ ʤʝʪʘʣʣʦʚ 
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2.1.1.3. ʆʩʥʦʚʥʳʝ ʫʯʘʩʪʥʠʢʠ ʂʊʇʇ 

ʆʩʥʦʚʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʂʊʇʇ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʷʚʣʷʶʪʩʷ: 

¶ ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ; 

¶ ʛʣʘʚʥʳʡ ʪʝʭʥʦʣʦʛ; 

¶ ʦʪʜʝʣ ʛʣʘʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ (ʆɻʂ); 

¶ ʦʪʜʝʣ ʛʣʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʘ (ʆɻʊ); 

¶ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ; 

¶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʙʶʨʦ; 

¶ ʦʪʜʝʣ ʨʘʩʯʝʪʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ; 

¶ ʦʪʜʝʣ ʥʦʨʤʦʢʦʥʪʨʦʣʷ; 

¶ ʛʨʫʧʧʘ ʜʠʟʘʡʥʘ; 

¶ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʠ ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʮʝʭʘ. 

2.2. ʇʝʨʝʜʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

2.2.1. ʉʪʨʘʪʝʛʠʷ PLM ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʦʚ ʂʊʇʇ 

ʄʝʪʦʜʦʣʦʛʠʷ PLM ʠʣʠ ʤʝʪʦʜʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠ ̫ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʠʟʜʝʣʠʷ ï ʵʪʦ 

ʢʦʥʮʝʧʮʠʷ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʳʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʢʦʣʣʝʢʪʠʚʥʫʶ ʨʘʟʨʘʙʦʪʢʫ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ 

ʠʟʜʝʣʠʠ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ, ʥʘʯʠʥʘʷ ʩ ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʘ 

ʠʟʜʝʣʠʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʝʛʦ ʫʪʠʣʠʟʘʮʠʝʡ. PLM ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʧʝʨʩʦʥʘʣʘ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʙʠʟʥʝʩ-ʩʠʩʪʝʤ ʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ 9, ʫʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ: 

¶ ʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘʫʢʦʝʤʢʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ 20-30%; 

¶ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʨʘʢʦʤ ʠ ʫʩʪʨʘʥʝʥʠʝʤ ʜʝʬʝʢʪʦʚ ʧʨʦʜʫʢʮʠʠ, ʥʘ 15-20%; 

¶ ʟʘʪʨʘʪ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʜʫʢʮʠʠ ʥʘ 20-25%; 

¶ ʚʨʝʤʝʥʠ ʚʳʚʦʜʘ ʥʘ ʨʳʥʦʢ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʜʫʢʮʠʠ ʥʘ 60-70%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʜʘʥʥʳʭ ʦʙ ʠʟʜʝʣʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʳ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ. 

 

2.2.1.1. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ PLM-ʩʠʩʪʝʤʳ 

PLM ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʤʝʪʦʜʦʣʦʛʠʷ, ʥʦ ʠ ʥʘʟʚʘʥʠʝ ʢʣʘʩʩʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

(ɸʉ), ʚ ʢʦʪʦʨʳʭ ʜʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʨʝʘʣʠʟʦʚʘʥʘ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ERP-

ʩʠʩʪʝʤʘʤʠ, PLM-ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ, ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʝʩʪʴ ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʪʠʧʦʚʳʤ ʜʣʷ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʣʘʩʩʘ PLM. ʊʘʢʠʤʠ ʪʠʧʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ 10: 

ʇʦʜʜʝʨʞʢʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʠʥʬʦʨʤʘʮʠʠ, 
ʧʝʨʩʦʥʘʣʘ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʧʨʦʝʢʪʥʳʭ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ɾʎ ʠ ʦʙʲʝʜʠʥʷʝʪ ʚ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ 
ʧʝʨʝʜʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʦʧʦʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʦʙ ʠʟʜʝʣʠʠ 
(PDM), ʢʦʣʣʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʚʠʟʫʘʣʠʟʘʮʠʶ, ʮʠʬʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚʳʙʦʨ 
ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷʤʠ, ʠʭ ʧʨʦʚʝʨʢʫ ʠ ʧʨ. 
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¶ ʩʦʟʜʘʥʠʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ (ʀʀʉ) ʜʣʷ 

ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʩʯʝʪ ʭʨʘʥʝʥʠʷ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʫʞʥʳʭ ʠʤ ʜʘʥʥʳʭ 

ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ ʚ ʥʫʞʥʦʡ ʬʦʨʤʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʨʭʠʚʘ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, ʧʨʦʝʢʪʥʦʡ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʨʘʩʧʦʨʷʜʠʪʝʣʴʥʦʡ); 

¶ ʫʧʨʘʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʚ ʨʘʙʦʯʝʡ 

ʛʨʫʧʧʝ); 

¶ ʦʨʛʘʥʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ (ʩʦʛʣʘʩʦʚʘʥʠʝ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʜʘʥʥʳʭ 

ʠ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ); 

¶ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ (ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, ʧʨʦʝʢʪʥʳʤ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʠ ʪ.ʜ.) ʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʠʟʜʝʣʠʷ; 

¶ ʫʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ (ʚʳʧʫʩʢ ʠʟʚʝʱʝʥʠʡ ʦʙ ʠʟʤʝʥʝʥʠʷʭ, ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʠʟʤʝʥʝʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʧʦʚʝʱʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʦ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ); 

¶ ʫʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ (ʚʝʜʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ 

ʠ ʩʧʨʘʚʦʯʥʠʢʦʚ: ʤʘʪʝʨʠʘʣʳ, ʩʪʘʥʜʘʨʪʥʳʝ ʠʟʜʝʣʠʷ, ʨʘʜʠʦʵʣʝʤʝʥʪʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʦʩʥʘʩʪʢʘ ʠ ʪ.ʜ.); 

¶ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʦʙ ʠʟʜʝʣʠʠ ʩʦ ʩʤʝʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ERP/MES ʠ ʜʨ.). 

 

2.2.1.2. ʉʦʩʪʘʚ PLM-ʩʠʩʪʝʤʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (ɸʉ) ʦʭʚʘʪʠʪʴ ʚʩʝ 

ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ɾʎ ʠʟʜʝʣʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʧʦʵʪʦʤʫ ʧʦʜ PLM-

ʩʠʩʪʝʤʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʥʠʤʘʝʪʩʷ ʥʝʢʠʡ ʥʘʙʦʨ ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʭ (ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ) ɸʉ 

(ʈʠʩ. 2.1): 

¶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʦʙ ʠʟʜʝʣʠʠ (ɸʉ ʋɼʀ, 

Product Data Management), PDM-ʩʠʩʪʝʤʘ (ɻʆʉʊ 58300-2018); 

¶ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, CAD (ɻʆʉʊ 23501.101-87); 

¶ ʩʠʩʪʝʤʘ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, CAE (Computer-aided Engineering); 

¶ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, CAM (Computer-aided manufacturing); 

¶ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

CAPP (Computer-aided Process Planning); 

¶ ʩʠʩʪʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ (Manufacturing Process 

Management), ʄʈʄ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʩʧʠʩʢʘ ʪʠʧʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʥʝʢʘʷ 
ʫʩʨʝʜʥʝʥʥʘʷ PLM-ʩʠʩʪʝʤʘ ʥʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ɾʎ ʠʟʜʝʣʠʷ:  
ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝ ʟʘʢʨʳʪʳ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʤʘʢʝʪʦʚ ʠʟʜʝʣʠʷ (ʕʄʀ) 
ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ (ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʡ ʕʄʀ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʕʄʀ ʠ ʪ.ʜ ʧʦ ɻʆʉʊ 58301-
2018), ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʂʊʇʇ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʠʟʜʝʣʠʷʤ ʠ ʪ.ʧ.
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ʈʠʩ. 2.1. ʉʭʝʤʘ ʚʘʨʠʘʥʪʘ ʨʝʘʣʠʟʘʮʠʠ PLM-ʩʠʩʪʝʤʳ ʠ ʝʝ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ  
(ʀʩʪʦʯʥʠʢ: ʢʦʤʧʘʥʠ ̫çʂʕʃʉ-ʮʝʥʪʨè) 
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ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ PLM-ʩʠʩʪʝʤ. ɿʘʯʘʩʪʫʶ ʧʦʜ PLM-ʩʠʩʪʝʤʦʡ ʦʥʠ ʧʦʥʠʤʘʶʪ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʧʫʩʢʘʶʪ ʥʘ ʨʳʥʦʢ ʣʠʙʦ ɸʉ ʚ ʦʙʲʝʤʝ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, 

ʣʠʙʦ ɸʉ, ʨʘʩʰʠʨʝʥʥʫʶ ʥʝʢʦʪʦʨʳʤʠ ʚʩʪʨʦʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ 

ʩʤʝʞʥʳʭ ɸʉ ʚ ʨʘʤʢʘʭ PLM-ʩʪʨʘʪʝʛʠʠ (ʢ ʧʨʠʤʝʨʫ, ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʤʦʜʫʣʴ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʪ.ʧ.). ɺ ʮʝʣʦʤ ʵʪʦ ʭʦʨʦʰʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ 

ʵʚʦʣʶʮʠʠ PLM-ʤʝʪʦʜʦʣʦʛʠʠ, ʚʝʜʫʱʘʷ ʢ ʙʫʜʫʱʠʤ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ PLM-ʩʠʩʪʝʤʘʤ. 

2.2.1.3. ʀʥʪʝʛʨʘʮʠʷ ʧʨʠʢʣʘʜʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚ PLM-

ʩʠʩʪʝʤʝ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʧʨʠʢʣʘʜʥʳʭ ɸʉ, ʚʭʦʜʷʱʠʭ ʚ PLM-

ʩʠʩʪʝʤʫ, ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʵʪʠʭ ɸʉ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ PDM-ʩʠʩʪʝʤʳ ʢʘʢ ʣʦʢʘʣʴʥʦʡ ʰʠʥʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ï 

ʟʘʱʠʱʝʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ PDM-ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʠʥʪʝʛʨʘʮʠʠ ʚ ʧʨʠʢʣʘʜʥʳʭ ɸʉ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʦʩʪʫʧʘ 

ʢ ʜʘʥʥʳʤ ʚ ʟʘʱʠʱʝʥʥʦʤ ʭʨʘʥʠʣʠʱʝ (ʤʦʜʫʣʠ ʠʥʪʝʛʨʘʮʠʠ PDM-ʉɸʇʈ); 

¶ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʯʪʝʥʠʝ ʬʘʡʣʦʚ ʚ ʧʨʦʧʨʠʝʪʘʨʥʳʭ ʬʦʨʤʘʪʘʭ ʦʜʥʦʡ ɸʉ 

ʚ ʜʨʫʛʦʡ ɸʉ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʬʦʨʤʘʪʘ ʷʚʣʷʝʪʩʷ DWG, ʵʢʩʧʦʨʪ ʠ ʧʨʷʤʦʝ ʯʪʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʦʜʜʝʨʞʠʚʘʪʁʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʠʩʪʝʤ ʢʣʘʩʩʘ CAD/CAM/CAE; 

¶ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʦʙʤʝʥʥʳʝ ʬʦʨʤʘʪʳ, ʪʘʢʠʝ ʢʘʢ:  

o ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʦʙʤʝʥʥʳʝ ʬʦʨʤʘʪʳ: STEP, IGES, STL, IFC ʠ ʨʷʜ 

ʜʨʫʛʠʭ; 

o ʧʨʦʧʨʠʝʪʘʨʥʳʝ ʦʙʤʝʥʥʳʝ ʬʦʨʤʘʪʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʷʜʝʨ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ: Parasolid, ACIS ʠ ʨʷʜ ʜʨʫʛʠʭ; 

¶ ʠʥʪʝʛʨʘʮʠʠ ʯʝʨʝʟ ʩʝʨʚʠʩʳ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (API). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʳʯʥʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠʢʣʘʜʥʘʷ ɸʉ ʠ PDM-

ʩʠʩʪʝʤʘ. ʀʥʪʝʨʬʝʡʩ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ʧʨʠʢʣʘʜʥʦʡ ɸʉ ʚ ʚʠʜʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʢʣʘʜʦʢ ʣʝʥʪʳ, ʧʘʥʝʣʝʡ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʤʝʥʶ ʠ ʪ.ʧ., ʦʪʚʝʯʘʶʱʠʭ 

ʟʘ ʚʳʟʦʚʳ ʬʫʥʢʮʠʡ PDM-ʩʠʩʪʝʤʳ. 

2.2.1.4. ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʰʠʥʘ ʧʨʝʜʧʨʠʷʪʠʷ 

ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ 

PLM 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʝʪʦʜʦʣʦʛʠʠ PLM ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʵʪʘ ʤʝʪʦʜʦʣʦʛʠʷ ʠʤʝʝʪ 

ʢʦʥʮʝʧʮʠʶ ʝʜʠʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ (ʦʙʱʝʡ/ʝʜʠʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ) ʜʣʷ ʥʝʢʦʪʦʨʦʡ 

ʛʨʫʧʧʳ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʜʨʫʛʠʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʟʘʢʨʳʪʳ ʜʨʫʛʠʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʀʊ-

ʣʘʥʜʰʘʬʪʘ: 

¶ ʚ ʩʠʣʫ ʩʪʘʜʠʡʥʦʩʪʠ ʤʦʜʝʣʝʡ ɾʎ ʠʟʜʝʣʠʷ ʜʘʥʥʳʝ ʦʙ ʠʟʜʝʣʠʠ ʧʦʨʦʞʜʘʶʪʩʷ ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ɾʎ. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ ʷʚʣʷʶʪʩʷ 

ʚʭʦʜʥʳʤʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ (ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʦʙʲʝʤʝ); 

¶ ʜʘʥʥʳʝ ʦʙ ʠʟʜʝʣʠʠ ʧʦʨʦʞʜʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ɸʉ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʘʢ 

ʚʭʦʜʠʪʴ, ʪʘʢ ʠ ʥʝ ʚʭʦʜʠʪʴ ʚ ʢʦʥʪʫʨ PLM. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʫʧʥʳ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʩʝʭ ɸʉ, ʠʤʝʶʱʠʤ ʦʪʥʦʰʝʥʠʝ ʢ ʫʧʨʘʚʣʝʥʠʶ ɾʎ ʠʟʜʝʣʠʡ, 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʦʣʦʛʠʠ PLM, ʜʘʥʥʳʝ ʦʙ ʠʟʜʝʣʠʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʝʛʦ ɾʎ ʚʩʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ 
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ʫʯʘʩʪʥʠʢʘʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʦʙʲʝʤʝ ʠʭ (ʫʯʘʩʪʥʠʢʦʚ) 

ʨʝʢʚʠʟʠʪʦʚ ʜʦʩʪʫʧʘ. 

 

ʇʨʦʝʢʮʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʘʩʧʝʢʪʦʚ ʥʘ ʀʊ-ʣʘʥʜʰʘʬʪ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʨʘʟʨʝʟʝ 

ʧʨʠʢʣʘʜʥʳʭ ɸʉ ʠ ʧʦʨʦʞʜʘʝʤʳʭ ʠʤʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.2, ʨʠʩ. 2.3, ʨʠʩ. 

2.4, ʛʜʝ: 

¶ MDC ï ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʘʥʢʦʚ ʩ ʏʇʋ, MDC/MDA (Machine Data 

Collection/Machine Data Acquisition); 

¶ CAI ï ʩʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ (Computer-aided inspection); 

¶ MES ï ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (Manufacturing Execution System); 

¶ ERP ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘʤʠ (ʧʨʝʜʧʨʠʷʪʠʷ), ʉʋʇʈ, ERP-

ʩʠʩʪʝʤʘ (Enterprise Resources Management); 

¶ ʧʦʜʩʠʩʪʝʤʘ ʋʂʇ (MPM) ï ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; 

¶ ʧʦʜʩʠʩʪʝʤʘ ʉʂʇ ï ʧʦʜʩʠʩʪʝʤʘ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʧʦʩʪʘʚʢʠ. 

ʉʦʩʪʦʠʪ ʠʟ ɸʉ ERP, MES, ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʣʦʢʘʣʴʥʦʡ ʩʝʨʚʠʩʥʦʡ ʰʠʥʳ 

ʜʘʥʥʳʭ; 

¶ ʧʦʜʩʠʩʪʝʤʘ ʇʇʈ ï ʧʦʜʩʠʩʪʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʦʩʪʦʠʪ 

ʠʟ ɸʉ ERP, MES, MDC, ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʣʦʢʘʣʴʥʦʡ ʩʝʨʚʠʩʥʦʡ ʰʠʥʳ 

ʜʘʥʥʳʭ; 

¶ ʧʦʜʩʠʩʪʝʤʘ ʆʊʂ ï ʧʦʜʩʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ʉʦʩʪʦʠʪ ʠʟ ɸʉ MES, CAI, 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʣʦʢʘʣʴʥʦʡ ʩʝʨʚʠʩʥʦʡ ʰʠʥʳ ʜʘʥʥʳʭ. 
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ʈʠʩ. 2.2. ʇʨʠʢʣʘʜʥʳʝ ɸʉ ʚ ʨʘʟʨʝʟʝ ʩʪʘʜʠʡ ɾʎ ʧʨʦʠʟʚʦʜʠʤʳʭ ʠʟʜʝʣʠʡ 

  

Ȍ.1. ȐȲȱȷȯȷȷɅȳ ɀȲȴȵ ȹȺȸȮȽȴɀȲȲ. ȚȪȱȺȯȱ ȹȺȲȴȵȪȮȷɅȿ ȲȷȾȸȺȶȪɀȲȸȷȷɅȿ ȻȲȻȼȯȶ

șȸȻȼȪȬȴȪ ȭȸȼȸȬȸȭȸ 

ȲȱȮȯȵȲɉ
țȸȭȵ. Ȳ ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ

ȚȪȱȺȪȫ. ȴȸȷɀȯȹȼȪ ȧȖȒ/
ȧțȒ

ȚȪȱȺȪȫȸȼȴȪ ȧȖȒ (ȔȜȚ)ȒȻȹɅȼȪȷȲɉ ȧȖȒ/ȚȪȻɁȯȼɅ șȺȸȲȱȬȸȮȻȼȬȸ (ȹȵȪȷȲȺȸȬȪȷȲȯ Ȳ ȴȸȷȼȺȸȵɆ)ȜȯȿȴȸȷȼȺȸȵɆ
țȴȵȪȮȲȺ. Ȳ ȾȸȺȶ. ȴȸȶȹȵ. 

ȹȸȻȼȪȬȴȲșȸȮȭȸȼȸȬȴȪ ȹȺȸȲȱȬȸȮȻȼȬȪȞȸȺȶȲȺȸȬȪȷȲȯ ȼȺȯȫȸȬȪȷȲȳ (Ȝȑ)

șȺȲȴȵȪȮȷȸȯ șȘ

șȸȮȻȲȻȼȯȶȪ țȔșșȸȮȻȲȻȼȯȶȪ ȘȜȔșȸȮȻȲȻȼȯȶȪ ȝȔșșȸȮȻȲȻȼȯȶȪ șșȺ

ȘȫɃȪɉ ȲȷȾȸȺȶȪɀȲȸȷȷȪɉ ɂȲȷȪ ð ESB

ERP țȲȻȼȯȶȪ

MES țȲȻȼȯȶȪ

ERP țȲȻȼȯȶȪ

țȲȻȼȯȶȪ ȽȹȺ. ȼȺȯȫ.

MES țȲȻȼȯȶȪMDC țȲȻȼȯȶȪ

MES țȲȻȼȯȶȪ

țȲȻȼ. ȴȸȺȹȸȺȪȼȲȬȷȸȭȸ
ȮȸȴȽȶȯȷȼȸȸȫȸȺȸȼȪ

ERP țȲȻȼȯȶȪ

Ȝȑ - Vi

Ȝȑ-ȝȼȬ.

CAE-țȲȻȼȯȶȪCAD-țȲȻȼȯȶȪ (1) CAD-țȲȻȼȯȶȪ (2)
CAM țȲȻȼȯȶȪ

CAPP țȲȻȼȯȶȪ

V1...Vn

CAI țȲȻȼȯȶȪ
Ȝȑ-ȝȼȬ.

V1...Vn

ȧȖȒ ðȞ Ȝȑ-ȝȼȬ.

ȧȖȒ-Ȟ 

Vfin

ȔȎ

V1...Vn VfinVfin
V1...Vn

ȧȖȒ ð Ȕ 

(Vi)

ȔȎ

ȖȸȮ. ð 

ȚȪȻɁ. Vi

ȧțȒ/

țȎȒ

ȧȖȒ ð 

ȺȪȻɁȯȼȷɅȳ

ȧȖȒ - Vi

ȧȖȒ ð 
Ȕ (ȽȼȬ.)

PDM țȲȻȼȯȶȪ

ȧȖȒ ð 
Ȝ (ȽȼȬ.)ȜȎ ð 

ȽȼȬ.
 ȔȎ ȜȎ 

ȧȖȒ ð 
Ȝ (ȽȼȬ.)

ȧȖȒ-
ȴȸȷȾ.

ȎȪȷȷɅ
ȯ ȹȸ 
ɇȴȱȯȶȹ
. ȒȱȮ.

ȧȖȒ ð 

Ȕ ȔȎ ð 
ȽȼȬ.

Țȯȱ-ȼɅ 
ȲȱȶȯȺȯ
ȷȲȳ

ȎȪȷȷɅ
ȯ ȹȸ 
ȴȸȶȹȵ.

ȧȖȒ ð ȧ

țȼȪȼȽȻ 
ȲȱȮȯȵȲɉ ð 
ȹȸȻȼȪȬȵȯȷȸ

ȎȪȷȷɅ
ȯ ȹȸ 
ȹȸȻȼȪȬ
ȴ

ȧțȒ/

țȎȒ ȘȼɁȯȼɅ

 ȔȎ ð 
(ȽȼȬ.)

ȧȖȒ ð 

Ȕ (ȽȼȬ.)

ȔȸȺȹȸȺȪȼ. ȹȸȺȼȪȵ

ȧȖȒ ð ȧ

ȧȖȒ ðȔ

țȲȻȼ. ȴȸȺȹȸȺȪȼȲȬȷȸȭȸ
ȮȸȴȽȶȯȷȼȸȸȫȸȺȸȼȪ

ȎȪȷȷɅ
ȯ ȹȸ 
ɇȴȱȯȶȹ
. ȒȱȮ.
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ʈʠʩ. 2.3. ʌʨʘʛʤʝʥʪ 1 ʩʭʝʤʳ ɺ.1 

  

Ȍ.1. ȐȲȱȷȯȷȷɅȳ ɀȲȴȵ ȹȺȸȮȽȴɀȲȲ. ȚȪȱȺȯȱ ȹȺȲȴȵȪȮȷɅȿ ȲȷȾȸȺȶȪɀȲȸȷȷɅȿ ȻȲȻȼȯȶ

țȸȭȵȪȻȸȬȪȷȲȯ Ȳ ȽȼȬȯȺȰȮȯȷȲȯ ȜȑȚȪȱȺȪȫ. ȴȸȷɀȯȹȼȪ ȧȖȒ/ȧțȒȚȪȱȺȪȫȸȼȴȪ ȧȖȒ (ȔȜȚ)ȒȻȹɅȼȪȷȲɉ ȧȖȒ/ȚȪȻɁȯȼɅȞȸȺȶȲȺȸȬȪȷȲȯ ȼȺȯȫȸȬȪȷȲȳ (Ȝȑ)

șȺȲȴȵȪȮȷȸȯ șȘ

ȘȫɃȪɉ ȲȷȾȸȺȶȪɀȲȸȷȷȪɉ ɂȲȷȪ ð ESB

țȲȻȼȯȶȪ ȽȹȺȪȬȵȯȷȲɉ 
ȼȺȯȫȸȬȪȷȲɉȶȲ

țȲȻȼȯȶȪ ȴȸȺȹȸȺȪȼȲȬȷȸȭȸ
ȮȸȴȽȶȯȷȼȸȸȫȸȺȸȼȪ

Ȝȑ - Vi

Ȝȑ-ȝȼȬ.

CAE-țȲȻȼȯȶȪCAD-țȲȻȼȯȶȪ (1) CAD-țȲȻȼȯȶȪ (2)

V1...Vn

Ȝȑ-ȝȼȬ.

V1...Vn

ȧȖȒ ðȞ Ȝȑ-ȝȼȬ.

ȧȖȒ-Ȟ 

Vfin

ȔȎ

V1...Vn
VfinVfin

V1...Vn

ȧȖȒ ð Ȕ 

(Vi)

ȔȎ

ȖȸȮȯȵɆ ð 

ȚȪȻɁȯȼȷ. Vi

ȧțȒ/țȎȒ

ȧȖȒ ð 

ȺȪȻɁȯȼȷɅȳ

ȧȖȒ - Vi

PDM țȲȻȼȯȶȪ

ȧȖȒ-
ȴȸȷȾȲȭȽȺȪȼȸȺ

ȧțȒ/țȎȒ

ȘȼɁȯȼɅ

ȔȸȺȹȸȺȪȼȲȬȷɅȳ ȹȸȺȼȪȵ

ȧȖȒ ð ȧ

ȧȖȒ ðȔ

țȲȻȼȯȶȪ ȴȸȺȹȸȺȪȼȲȬȷȸȭȸ
ȮȸȴȽȶȯȷȼȸȸȫȸȺȸȼȪ

Ȍ1.-2
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ʈʠʩ. 2.4. ʌʨʘʛʤʝʥʪ 2 ʩʭʝʤʳ ɺ.1 

 

 

Ȍ.1. ȐȲȱȷȯȷȷɅȳ ɀȲȴȵ ȹȺȸȮȽȴɀȲȲ. ȚȪȱȺȯȱ ȹȺȲȴȵȪȮȷɅȿ ȲȷȾȸȺȶȪɀȲȸȷȷɅȿ ȻȲȻȼȯȶ

șȸȻȼȪȬȴȪ ȭȸȼȸȬȸȭȸ ȲȱȮȯȵȲɉ

.)

șȺȸȲȱȬȸȮȻȼȬȸ (ȹȵȪȷȲȺȸȬȪȷȲȯ Ȳ ȴȸȷȼȺȸȵɆ)ȜȯȿȴȸȷȼȺȸȵɆ
țȴȵȪȮȲȺȸȬȪȷȲȯ Ȳ ȾȸȺȶȲȺȸȬȪȷȲȯ 

ȴȸȶȹȵȯȴȼȸȬ ȹȸȻȼȪȬȴȲșȸȮȭȸȼȸȬȴȪ ȹȺȸȲȱȬȸȮȻȼȬȪ

șȸȮȻȲȻȼȯȶȪ țȔșșȸȮȻȲȻȼȯȶȪ ȘȜȔșȸȮȻȲȻȼȯȶȪ ȝȔșșȸȮȻȲȻȼȯȶȪ șșȺ

ERP țȲȻȼȯȶȪ

MES țȲȻȼȯȶȪ

ERP țȲȻȼȯȶȪ

MES țȲȻȼȯȶȪMDC țȲȻȼȯȶȪ

MES țȲȻȼȯȶȪ

ERP țȲȻȼȯȶȪ
CAM țȲȻȼȯȶȪ

CAPP țȲȻȼȯȶȪ CAI țȲȻȼȯȶȪ

ȧȖȒ ð 
Ȕ (ȽȼȬ.)

ȧȖȒ ð 
Ȝ (ȽȼȬ

ȜȎ ð ȽȼȬ. ȔȎ ȜȎ 

ȧȖȒ ð 
Ȝ (ȽȼȬ.) ȎȪȷȷɅȯ ȹȸ 

ɇȴȱȯȶȹȵɉȺ. 
ȲȱȮȯȵȲȳ

ȧȖȒ ð 

Ȕ Țȯȱ-ȼɅ 
ȲȱȶȯȺȯȷȲȳ

ȎȪȷȷɅȯ ȹȸ 
ȴȸȶȹȵȯȴȼ. 
ȹȸȻȼȪȬȴȲ

ȧȖȒ ð ȧ

țȼȪȼȽȻ ȲȱȮȯȵȲɉ ð 
ȹȸȻȼȪȬȵȯȷȸ

ȎȪȷȷɅȯ ȹȸ 
ȹȸȻȼȪȬȴȯ

 ȔȎ ð 
(ȽȼȬ.)

ȧȖȒ ð 

Ȕ (ȽȼȬ.)  ȔȎ ð 
(ȽȼȬ.)

ȎȪȷȷɅȯ ȹȸ 
ɇȴȱȯȶȹȵɉȺ. 
ȲȱȮȯȵȲȳ

ȘȫɃȪɉ ȲȷȾȸȺȶȪɀȲȸȷȷȪɉ ɂȲȷȪ ð ESB

PDM țȲȻȼȯȶȪ

ȔȸȺȹȸȺȪȼȲȬȷɅȳ ȹȸȺȼȪȵțȲȻȼȯȶȪ ȴȸȺȹȸȺȪȼȲȬȷȸȭȸ
ȮȸȴȽȶȯȷȼȸȸȫȸȺȸȼȪ

Ȍ1.-1
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ɺ ʩʠʣʫ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʀʊ-ʣʘʥʜʰʘʬʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʜʦʣʞʝʥ ʩʪʨʦʠʪʩɹʷ ʩ ʫʯʝʪʦʤ ʧʘʨʘʜʠʛʤ: 

¶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ; 

¶ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʨʚʠʩʥʦʡ ʰʠʥʳ ʜʘʥʥʳʭ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʢʘʞʜʫʶ ʠʟ ʧʘʨʘʜʠʛʤ. 

2.2.1.4.1. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ (ʀʀʉ) ï ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʀʀʉ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 9: 

¶ ʥʘʙʦʨ ʧʨʠʢʣʘʜʥʳʭ ɸʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʜʝʣʠʠ ʠ ʝʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʬʦʨʤʫ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʦʛʦ 

ʠʟʜʝʣʠʷ; 

¶ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʇʊʂ ɸʉ), ʥʝʦʙʭʦʜʠʤʳʭ 

ʠ ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʥʘʜʣʝʞʘʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ɸʉ; 

¶ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʠʩʪʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʫʚʷʟʳʚʘʶʱʠʭ ʥʘʙʦʨ ʧʨʠʢʣʘʜʥʳʭ ɸʉ, ʇʊʂ ɸʉ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʮʝʣʷʭ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʞʩʠʩʪʝʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʢʚʦʟʥʫʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

¶ ʥʝʦʙʭʦʜʠʤʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ: ʦʙʫʯʝʥʥʳʡ ʧʝʨʩʦʥʘʣ, ʤʝʪʦʜʠʢʠ 

ʨʘʙʦʪʳ ʚ ʀʀʉ, ʨʝʛʣʘʤʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʪ.ʧ. 

 

2.2.1.4.2. ʂʦʨʧʦʨʘʪʠʚʥʘʷ ʩʝʨʚʠʩʥʘʷ ʰʠʥʘ ʜʘʥʥʳʭ ʠ ʀʊ-ʣʘʥʜʰʘʬʪ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʂʦʨʧʦʨʘʪʠʚʥʘʷ ʩʝʨʚʠʩʥʘʷ ʰʠʥʘ ʜʘʥʥʳʭ (Enterprise Service Bus), ESB, ʂʉʐɼ ï 

ʧʨʠʢʣʘʜʥʘʷ ɸʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʣʘʥʜʰʘʬʪʘ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʠʥʪʝʛʨʠʨʫʝʤʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʚ ʦʜʥʦʤ ʮʝʥʪʨʝ, ʦʙʲʝʜʠʥʷʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʂʉʐɼ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʀʀʉ. ʕʪʦ 

ʥʘʙʦʨ ʧʨʠʥʮʠʧʦʚ ʠ ʧʨʘʚʠʣ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʧʨʠʣʦʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʰʠʥʳ. ʂʘʞʜʦʝ ESB-ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʠʧ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʥʦ ʚʩʝ ʦʥʠ ʧʨʝʜʣʘʛʘʶʪ ʜʣʷ ʵʪʦʛʦ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ.  

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ Enterprise Service Bus ï ʠʥʪʝʛʨʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʫʪʝʤ 

ʫʩʪʘʥʦʚʢʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʰʠʥʳ ʤʝʞʜʫ ʥʠʤʠ ʠ ʥʘʩʪʨʦʡʢʘ çʦʙʱʝʥʠʷè ʵʪʠʭ ʧʨʠʣʦʞʝʥʠʡ 

ʩ ʰʠʥʦʡ. ʐʠʥʘ ʦʪʜʝʣʷʝʪ ʧʨʠʣʦʞʝʥʠʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʦʟʚʦʣʷʷ ʠʤ ʢʦʤʤʫʥʠʮʠʨʦʚʘʪʴ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʜʘʞʝ çʥʝ ʟʥʘʷè ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʨʫʛ ʜʨʫʛʘ. 

ɼʘʥʥʳʝ ʠʟ ʀʀʉ ʜʦʩʪʫʧʥʳ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟʨʝʟʘʭ ʩ ʧʦʤʦʱʴʶ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ ʣʶʙʦʡ ʠʟ 
ʧʨʠʢʣʘʜʥʳʭ ɸʉ, ʚʭʦʜʷʱʠʭ ʚ ʀʀʉ: ERP-ʩʠʩʪʝʤʦʡ; ɸʉ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ PLM-ʩʠʩʪʝʤʳ 
ʠʪ.ʜ.
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2.2.2. ʅʦʚʳʝ ʨʦʣʠ ʫʯʘʩʪʥʠʢʦʚ ʂʊʇʇ ʚ ʨʘʟʨʝʟʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʉʣʝʜʫʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʥʜʘʤ ʀʥʜʫʩʪʨʠʠ 4.0. 

 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠ ̫ʫʨʦʚʥʷ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʷʚʣʷʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦʪ ʩʧʦʩʦʙ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʙʝʟʙʦʣʝʟʥʝʥ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʦʥ ʨʘʙʦʪʘʝʪ 

ʩ ʣʠʥʝʡʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʫʧʨʘʚʣʝʥʠʷ 20. 

ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚ ʜʘʥʥʦʤ ʘʩʧʝʢʪʝ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʝʨʘʨʭʠʶ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʠ ʩʚʷʟʝʡ ʥʘ ʚʝʨʭʥʠʭ ʫʨʦʚʥʷʭ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʩʦʟʜʘʝʪʩʷ (ʯʪʦ ʥʘʠʤʝʥʝʝ ʙʦʣʝʟʥʝʥʥʦ ʠʤʝʥʥʦ ʜʣʷ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʠʟʢʠʭ ʫʨʦʚʥʝʡ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ). ɺʩʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʣʠʙʦ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʠ, ʣʠʙʦ ʥʘ ʩʨʝʜʥʠʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʨʦʚʥʷʭ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠʤʝʨʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʣʠʥʝʡʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʘʤʢʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.5,ʨʠʩ. 2.6, ʨʠʩ. 

2.7. ʆʨʘʥʞʝʚʦʡ ʟʘʣʠʚʢʦʡ ʦʪʤʝʯʝʥʳ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ/ʨʘʙʦʯʠʝ ʤʝʩʪʘ, 

ʘ ʦʨʘʥʞʝʚʳʤʠ ʨʘʤʢʘʤʠ ï ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ (ʈʄ) ʚ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʪʦ ʝʩʪʴ ʧʦʢʘʟʘʥʦ ʜʝʣʝʛʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʰʪʘʪʥʦʡ ʝʜʠʥʠʮʝ. 

 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʥʪ rʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʰʪʘʙʘ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʥʦʛʦ ʠ ʯʘʩʪʠʯʥʦʛʦ ʮʠʢʣʘ (ʨʠʩ. 2.5 ʠ 2.6 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʨʝʪʴʷ ʩʭʝʤʘ (ʨʠʩ. 2.7) ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʶ ʤʠʥʠ-ʙʠʟʥʝʩʘ 

ʠʥʞʠʥʠʨʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ. 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ESB ʚʳʪʝʢʘʶʪ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʩʧʦʩʦʙʘ ʠʥʪʝʛʨʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʧʦʨʷʜʦʢ ʢʦʣʠʯʝʩʪʚʘ ʩʦʧʨʷʛʘʝʤʳʭ ɸʉ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʦʙʲʝʤʘ ʨʘʙʦʪ ʠ ʧʦʜʜʝʨʞʢʠ ʥʘ 2-3 ʧʦʨʷʜʢʘ. ʕʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʣʠʰʝʥʘ ʩʠʩʪʝʤʥʘʷ 
ʘʨʭʠʪʝʢʪʫʨʘ ʥʘESB.

ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʧʦʡʪʠ ʧʫʪʝʤ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʷ ʩʚʦʡ 
ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ (ʩʤ. ʛʣʘʚʫ 1). ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ 
ʜʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʨʠʚʣʝʯʴ ʚ ʰʪʘʪʥʳʡ ʩʦʩʪʘʚ ʧʨʝʜʧʨʠʷʪʠʷ 
ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʮʠʬʨʦʚʠʟʘʮʠʠ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʦʚʳʰʝʥʠʝ 
ʢʚʘʣʠʬʠʢʘʮʠʠ ʠʤʝʶʱʠʭʩʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʝʣʝʛʠʨʦʚʘʥʠʝʤ ʠʤ ʥʦʚʳʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ.

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʝʢʫʱʠʡ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʧʨʦʜʫʢʪʦʚʳʭ ʨʝʰʝʥʠʡ 
ʚʝʥʜʦʨʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʚʤʝʱʝʥʠʝ ʨʦʣʝʡ ʢʦʥʩʪʨʫʢʪʦʨʘ ʠ ʪʝʭʥʦʣʦʛʘ (ʛʝʥʝʨʘʪʠʚʥʳʡ 
ʜʠʟʘʡʥ), ʢʦʥʩʪʨʫʢʪʦʨʘ ʠ ʨʘʩʯʝʪʯʠʢʘ (ʚ ʉɸʇʈ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʨʘʩʯʝʪʥʳʝ ʤʦʜʫʣʠ CAE).
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ʈʠʩ. 2.5. ʉʭʝʤʘ ʣʠʥʝʡʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʥʦʛʦ ʮʠʢʣʘ 
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ʈʠʩ. 2.6. ʉʭʝʤʘ ʣʠʥʝʡʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʘʩʪʠʯʥʦʛʦ ʮʠʢʣʘ 

 

ʈʠʩ. 2.7. ʉʭʝʤʘ ʣʠʥʝʡʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʣʦʡ ʠʥʞʠʥʠʨʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ 

˭͊ͣΦ ͙͒ͪΦ ͨͦ 
͙͍͍ͨͪͦͦ͒ͫͭ͘
ͯ
 

͔́ͻ͎ͤͦͦ͡
 

ˣͯͻ͎͔͙͊ͭͪ͡Ύ
 

˨͙͔ͪͭͦͪ͟κ
˥͍͊ͤ͡·͚ 
͙͔͔ͤ͗ͤͪ

 

ˤ͔͒ͯ΅͙͚ 
ͦͤͫͭͪͯͭͦͪ͟͟
 

˴ͦͤͫͭͪͯͭͦͪ͟
 

˽͎͙ͪͦͪ͊ͣͣͫͭ 
̉˽̂
 

˽͍͊ͤͦͦ͡-
͙͒ͫͨΦ ͔ͦͭ͒͡
 

˽͙͍ͪͦͦ͒ͫͭ͘
͍ͦ
 

˿͊͒͟͡ 
͎͍͚ͦͭͦͦ 
ͨͪͦ͒ͯ͟ͼ͙͙
 

˸͔͎͊ͪͭͦͦ͟͡
 

˨͙͚͔͊ͤͪ͘
 

ˮ͔͔ͤ͗ͤͪ ͨͦ 
̇˸ ͙ ͙͊͒͒ͭΦ 
͙͍ͨͪͦ͘Φ
 

˻˸́˿ ό͊ͣ͘Φ 
ͨͦ 
͔͙ͫͤ͊͋͗ͤΌύ
 

˶͎͙ͦͫͭ
 

˿͊͒͟͡ ˭ˮ˽
 

˨͔͙͍ͦͨͪͦ͘͡
͍ͦ͒ͫͭͦ
 

͙͍̅ͤ͊ͤͫͦ·͚ 
͙͔͒ͪͭͦͪ͟
 

˨͙͔ͪͭͦͪ͟ ͨͦ 
͍͙͙ͪ͊ͭ͘Ό
 

IT ͦ ͔ͭ͒͡
 

ˮ͔͔ͤ͗ͤͪ ͨͦ 
ͨͪͦ;ͤͦͫͭͤ·ͣ 
ͪ͊ͫ;͔ͭ͊ͣ
 

˴ˣ
 

͔́ͻ͎͙ͤͦͦ͡;͔
͔ͫͦ͟ ͋Όͪͦ
 

˿͙͔ͫͭͣͤ·͚ 
͙͙͊͒ͣͤͫͭͪ͊
ͭͦͪ
 

˿͔ͨͼ͙͙͊ͫͭ͡ 
PDM
 

˿͔ͨͼ͙͙͊ͫͭ͡ 
˿ˢ˽˾
 

˥͍͊ͤ͡·͚ 
ͦͤͫͭͪͯͭͦͪ͟͟
 

ˣͯͻ͎͔͙͊ͭͪ͡Ύ
 

˨͙͔ͪͭͦͪ͟κ
˥͍͊ͤ͡·͚ 
͙͔͔ͤ͗ͤͪ

 

ˤ͔͒ͯ΅͙͚ 
ͦͤͫͭͪͯͭͦͪ͟͟
 

˴ͦͤͫͭͪͯͭͦͪ͟-
͔ͭͻ͎ͤͦͦ͡
 

˸͔͎͊ͪͭͦͦ͟͡
 

˨͙͚͔͊ͤͪ͘
 

˻˸́˿ ό͊ͣ͘Φ ͨͦ 
͔͙ͫͤ͊͋͗ͤΌύ
 

˿͊͒͟͡ ˭ˮ˽κ
͎͍͚ͦͭͦͦ 
ͨͪͦ͒ͯ͟ͼ͙͙
 

˨͔͙͍ͦͨͪͦͦ͒͘͡
͍ͫͭͦ
 

˨͙͔ͪͭͦͪ͟ ͨͦ 
͍͙͙ͪ͊ͭ͘Ό
 

˿͙͔ͫͭͣͤ·͚ 
͙͊͒ͣͤΦ
 

˴ͦͤͫͭͪͯͭͦͪ͟-
ͪ͊ͫ;͔ͭ;͙͟
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2.2.3. ʅʦʚʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ ʠ ʛʠʙʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʅʦʚʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ ʥʝ ʜʦʣʞʥʳ ʩʪʨʦʠʪʩɹʷ ʥʘ çʢʣʘʩʩʠʯʝʩʢʠʭè ʧʦʜʭʦʜʘʭ, 

ʦʧʠʩʘʥʥʳʭ ʚ ɻʆʉʊ çʜʦʮʠʬʨʦʚʦʡè ʵʧʦʭʠ, ʥʦ ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʠʭ ʛʣʦʙʘʣʴʥʦʝ 

ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʚ ʨʘʟʨʝʟʝ ʧʘʨʘʜʠʛʤʳ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʝʞʜʝ ʯʝʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʩʣʝʜʫʝʪ ʚʥʠʤʘʪʝʣʴʥʦ ʧʨʠʩʤʦʪʨʝʪʴʩʷ 

ʢ ʠʤʝʶʱʠʤʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʠʟʫʯʠʪʴ ʠʭ: ʤʦʞʝʪ ʙʳʪʴ, ʦʥʠ ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ. 

ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʮʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʛʣʦʙʘʣʴʥʳʭ 

ʨʳʥʢʘʭ ʚ ʩʚʝʪʝ ʪʨʝʥʜʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʀʥʜʫʩʪʨʠʠ 4.0. 

ʅʦʚʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʜʨʫʛʦʡ ʢʦʥʮʝʧʮʠʝʡ ï ʛʠʙʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɻʠʙʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ï ʵʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʧʪʠʤʠʟʠʨʦʚʘʚʰʝʝ ʚʩʝ ʩʚʦʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʧʦʪʨʝʙʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʨʳʥʢʝ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʴ ʥʘʜ ʟʘʪʨʘʪʘʤʠ 

ʠ ʢʘʯʝʩʪʚʦʤ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʛʠʙʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ: 

¶ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʨʘʙʦʪ; 

¶ ʩʤʝʱʝʥʠʝ ʮʠʢʣʦʚ ʜʦʨʘʙʦʪʦʢ ʠʟʜʝʣʠʷ ʥʘ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ɾʎ; 

¶ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʚ ʯʘʩʪʥʦʩʪʠ, ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

(ɻʆʉʊ ʈ 57590-2017); 

¶ ʧʝʨʝʭʦʜ ʥʘ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ɾʎ ʠʟʜʝʣʠʡ; 

¶ ʦʧʪʠʤʠʟʘʮʠʶ ʰʪʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʛʣʘʩʥʦ ʥʦʚʦʡ ʧʘʨʘʜʠʛʤʝ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʩʤ. ʨʘʟʜʝʣ 2.2.2); 

¶ ʨʘʟʚʠʪʠʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʩʝʨʚʠʩʦʚ ï ʧʣʘʪʬʦʨʤ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʰʠʥ ʜʘʥʥʳʭ (ʩʤ. 

ʨʘʟʜʝʣ 2.2.1.4.2), ʠʥʪʝʛʨʘʮʠʶ ʧʨʠʢʣʘʜʥʳʭ ɸʉ ʤʝʞʜʫ ʩʦʙʦʡ; 

¶ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ɸʉ, ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ (ʇʂʈ, ɻʆʉʊ 58300-2018); 

¶ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ï ʈʂʈ (ɻʆʉʊ 58299-

2018) ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʳʭ ʤʘʢʝʪʦʚ ʠʟʜʝʣʠʡ ï ʕʄʀ (ɻʆʉʊ 58301-2018). 

ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʨʘʙʦʪ 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʟʚʘʥ ʫʩʪʨʘʥʠʪʴ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ 

ʢ ʚʳʩʪʨʘʠʚʘʥʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ï 

ʢʦʛʜʘ ʤʳ ʚʳʥʫʞʜʝʥʳ ʜʦʞʠʜʘʪʴʩʷ ʦʢʦʥʯʘʥʠʷ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʢʠ, ʥʝ ʠʤʝʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʯʘʪʴ ʩʣʝʜʫʶʱʠʡ ʵʪʘʧ. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʵʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʚʳʚʦʜʘ 

ʠʟʜʝʣʠʷ ʥʘ ʨʳʥʦʢ (time-to-market) ʠ ʩʥʠʞʘʝʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʏʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʤʳ ʜʦʣʞʥʳ ʚʳʩʪʨʘʠʚʘʪ ɹʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ r

ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʩʩʳʣʢʦʡ ʟʘʜʘʥʠʡ ʠ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʵʪʘʧʘʤʠ ʩʚʝʜʝʥʠʷ ʯʘʩʪʝʡ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ (ʜʦʢʫʤʝʥʪ, ʯʘʩʪʴ ʠʟʜʝʣʠʷ ʠ ʪ.ʧ.). ʊʘʢʦʝ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʨʘʙʦʪ ʜʦʣʞʥʦ ʫʧʨʘʚʣʷʪʴʩʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴʩʷ ʠ ʥʘʩʪʨʘʠʚʘʪʴʩʷ 

ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ (Business-process EDM, EDMS). 

ɿʘʯʘʩʪʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʚ PDM- 

ʠ EDM-ʩʠʩʪʝʤʘʭ (ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ (Electronic Document 

Management), ʉʕɼ, EDM). 

ʉʠʩʪʝʤʘ ʦʨʛʘʥʠʟʫʝʪ ʧʘʨʘʣʣʝʣʴʥʫʶ ʚʳʜʘʯʫ ʟʘʜʘʥʠʡ ʠʩʧʦʣʥʠʪʝʣʷʤ, ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʦ ʚʨʝʤʷ ʠʩʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ 

ʦ ʬʘʢʪʝ ʧʨʦʩʨʦʯʢʠ.  
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ʉʤʝʱʝʥʠʝ ʮʠʢʣʦʚ ʜʦʨʘʙʦʪʦʢ ʠʟʜʝʣʠʷ ʥʘ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ɾʎ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 

ʩʯʝʪ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʮʝʧʮʠʠ ʤʦʜʝʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʩʤ. 

ʨʘʟʜʝʣ 2.2.3.3); 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ PDM-ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʥʥʝʛʦ ʜʦʩʪʫʧʘ ʚʩʝʭ ʚʦʚʣʝʯʝʥʥʳʭ 

ʧʦʣɹʟʦʚʘʪʝʣʝʡ ʢ ʤʘʪʝʨʠʘʣʘʤ ʧʨʦʝʢʪʘ; 

¶ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʳʭ ʬʘʙʨʠʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ (ʩʤ. ʛʣʘʚʫ 1). 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʚʦʣʷʝʪ: 

¶ ʧʝʨʝʡʪʠ ʦʪ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʤʘʩʩʦʚʦʡ ʢʘʩʪʦʤʠʟʘʮʠʠ (ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʟʘʧʨʦʩʦʚ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʢʘʟʯʠʢʦʚ); 

¶ ʩʦʢʨʘʪʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʜʣʠʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʦʚ; 

¶ ʥʝ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʦʛʦ ʧʘʨʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʩʦʟʜʘʚʘʪʴ ʠʟʜʝʣʠʷ ʩʦ ʩʣʦʞʥʦʡ ʠʣʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʦʡ ʚ ʦʙʳʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ (ʙʠʦʥʠʯʝʩʢʠʡ/ʛʝʥʝʨʘʪʠʚʥʳʡ ʜʠʟʘʡʥ); 

¶ ʠʩʢʣʶʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ; 

¶ ʧʦʚʳʩʠʪʴ ʛʠʙʢʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪ ɹʧʝʨʝʥʘʣʘʜʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜ ʥʦʚʦʝ ʠʟʜʝʣʠʝ, ʜʦʩʪʘʪʦʯʥʦ ʟʘʛʨʫʟʠʪʴ ʥʦʚʫʶ 3D-ʤʦʜʝʣʴ); 

¶ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʚʝʩʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ ʧʨʦʭʦʜʠʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʩʦ ʩʪʦʨʦʥʳ ʦʧʝʨʘʪʦʨʘ); 

¶ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ (ʜʣʷ 

ʟʘʧʫʩʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʣʠʯʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʦʧʝʨʘʪʦʨʘ, ʤʦʞʥʦ 

ʫʜʘʣʝʥʥʦ ʦʪʧʨʘʚʠʪʴ 3D-ʤʦʜʝʣʴ ʧʦ ʉʝʪʠ ʠʥʪʝʨʥʝʪ, ʘ ʟʘʪʝʤ ʣʠʰʴ ʟʘʙʠʨʘʪʴ ʛʦʪʦʚʳʝ 

ʧʘʨʪʠʠ ʠʟʜʝʣʠʡ); 

¶ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʦʪʭʦʜʦʚ; 

¶ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʡ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʪ.ʜ.). 

ɺʳʩʪʨʘʠʚʘʥʠʝ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʰʠʥʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ 

ɺ ʢʦʥʮʝʧʮʠʠ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʰʠʥʳ ʢʦʜ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʕʄʀ ʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʟʘʛʨʫʞʘʷʩʴ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʩʪʘʥʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʝʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʘʨʪʠʡ ʠ ʪ.ʜ. ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʪʝʭʥʦʣʦʛʦʚ, ʤʘʩʪʝʨʦʚ, ʥʘʯʘʣʴʥʠʢʦʚ ʮʝʭʦʚ ï ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʧʪʠʤʠʟʠʨʫʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʮʠʢʣ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠè ï closed loop feedback 33. 

ʇʝʨʝʭʦʜ ʥʘ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ɾʎ ʠʟʜʝʣʠʡ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʛʨʝʩʩʠʚʥʳʤʠ ʤʦʜʝʣʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ɾʎ ʩʯʠʪʘʶʪʩʷ V-ʤʦʜʝʣʴ (ʨʠʩ. 
2.8) ʠ ʩʧʠʨʘʣʴʥʘʷ ʤʦʜʝʣʴ (ʆʰʠʙʢʘ! ʅʝʠʟʚʝʩʪʥʳʡ ʘʨʛʫʤʝʥʪ ʢʣʶʯʘ.).  

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 
ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʘ: ʢʪʦ ʠʩʧʦʣʥʷʝʪ ʵʪʘʧ ʧʨʦʮʝʩʩʘ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ 
ʧʨʦʰʣʦ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ, ʢʘʢ ʜʦʣʛʦ ʠʩʧʦʣʥʷʣʩʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʵʪʘʧ, 
ʢʦʤʤʝʥʪʘʨʠʠ ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʝʜʝʥʠʷ.
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ʈʠʩ. 2.8. ʉʭʝʤʘ V-ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ɾʎ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʷ (ʀʩʪʦʯʥʠʢ: ICED17) 

 

ʈʠʩ. 2.9. ʉʧʠʨʘʣʴʥʘʷ ʄɾʎ ʩ ʨʘʥʥʠʤ ʚʳʧʫʩʢʦʤ ʧʨʦʪʦʪʠʧʦʚ ʥʘ ʨʳʥʦʢ 

ʇʣʶʩʘʤʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ɾʎ ʷʚʣʷʶʪʩʷ: 

II. ˿ ͙ͣͯ͡Ύͼ͙Ύ ͙ ͙͊ͤ͊͘͡
I. ˮ ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙ 
͔͙͍͙͔ͨͪͦͭͪͦ͊ͤ͟

͔͍͙́ͪ͋ͦ͊ͤΎ

˴ͦͤͼ͔ͨͭ

˽͙͍͍ͪͦͦ͒ͫͭͦ͘

1

2

˿͙ͣͯ͡Ύͼ͙Ύ ͙ 
ͪ͊ͫ;͔ͭ·

4

˽͎͍ͦ͒ͦͭͦ͊͟ 
͙͍͍ͨͪͦͦ͒ͫͭ͊͘

5

6

IIIΦ ˽͙͍͍ͪͦͦ͒ͫͭͦ͘

3D ς ͍͙͊͒͊͡ͼ͙Ύ

3D ς ͍͔͙ͪͺ͙͊͟ͼ͙Ύ

˾͊ͪ͊͋ͦͭ͊͘͟ ̏˸ˮ

3
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¶ ʥʘʣʠʯʠʝ ʜʝʡʩʪʚʠʡ ʧʦ ʘʥʘʣʠʟʫ ʨʠʩʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʩʦʢʨʘʱʝʥʠʝ 

ʠ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʧʨʝʦʜʦʣʠʤʳʭ ʨʠʩʢʦʚ; 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʙʠʝʥʠʷ ʙʦʣʴʰʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪ ʧʦ ʚʳʧʦʣʥʝʥʠʶ 

ʧʨʦʝʢʪʘ ʥʘ ʥʝʙʦʣʴʰʠʝ ʯʘʩʪʠ; 

¶ ʧʝʨʚʦʦʯʝʨʝʜʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʘʶʱʠʭ ʬʫʥʢʮʠʡ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʨʠʩʢʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʪʘʥʦʚʠʪʴ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʥʘ ʨʘʥʥʠʭ ʮʠʢʣʘʭ 

ʤʦʜʝʣʠ ʠ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜʳ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʢʘʩʢʘʜʥʦʡ 

ʤʦʜʝʣʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ ʠʪʝʨʘʮʠʡ; 

¶ ʨʝʘʣʠʟʘʮʠʷ ʩʚʷʟʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʠ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʤʦʜʝʣʠ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʥʫʞʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ï ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠ ʁʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʨʘʟʨʘʙʦʪʢʠ ʫʩʢʦʨʝʥʥʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ 

ʠ ʚʳʧʫʩʢʘ ʥʘ ʨʳʥʦʢ ʠʟʜʝʣʠʡ, ʟʘʢʨʳʚʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ʊɿ ʥʝ ʥʘ 100% (ʮʠʢʣʳ 

V.1éV.n); 

¶ ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʧʦʪʨʝʙʠʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ, 

ʘʥʘʣʠʟʝ ʨʠʩʢʦʚ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʨʘʟʨʘʙʦʪʢʝ, ʚʳʧʦʣʥʝʥʠʠ ʦʮʝʥʦʯʥʳʭ ʜʝʡʩʪʚʠʡ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʡ ʦʮʝʥʢʠ ʩʦʚʦʢʫʧʥʳʭ ʟʘʪʨʘʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʦʙʱʝʤʫ ʩʦʢʨʘʱʝʥʠʶ. 

ʇʨʠʤʝʨʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʥʦʪʘʮʠʠ BPM ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.10, 

ʨʠʩ. 2.13, ʨʠʩ. 2.14, ʨʠʩ. 2.17, ʨʠʩ. 2.18 ʠ ʨʠʩ. 2.19. ʀʣʣʶʩʪʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʜʝʢʦʤʧʦʟʠʮʠʝʡ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʩʘ çʇʦʩʪʘʥʦʚʢʘ ʠʟʜʝʣʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦè. 

ʇʦʢʘʟʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

¶ ɸ.1. ʇʦʩʪʘʥʦʚʢʘ ʠʟʜʝʣʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ; 

¶ ɸ.1.2. ʉʦʛʣʘʩʦʚʘʥʠʝ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʊɿ; 

¶ ɸ.1.2.1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʝʨʩʠʠ ʊɿ ʥʘ ʩʪʦʨʦʥʝ ʀʩʧʦʣʥʠʪʝʣʷ; 

¶ ɸ.1.3. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʘ ʕʄʀ/ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʜʝʣʠʷ (ʕʉʀ)/ʩʭʝʤʳ 

ʜʝʣʝʥʠʷ ʠʟʜʝʣʠʷ (ʉɼʀ); 

¶ ɸ.1.3.1. ʈʘʟʨʘʙʦʪʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʕʉʀ (ʉɼʀ); 

¶ ɸ.1.4. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (ʂʊʈ/ʕʄʀ). 

ʇʨʦʮʝʩʩ çʇʦʩʪʘʥʦʚʢʘ ʠʟʜʝʣʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦè 

ʕʪʦ ʧʨʦʮʝʩʩ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʚ ʥʝʤ ʧʦʢʘʟʘʥʳ ʵʪʘʧʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ (ʂʊʇʇ) ʚ ʦʢʨʫʞʝʥʠʠ ʙʦʣʝʝ ʦʙʱʝʛʦ ʧʨʦʮʝʩʩʘ ï ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʉʈʇʇ, ɻʆʉʊ ʈ 15.000-2016). ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʢ ʂʊʇʇ ʦʪʥʦʩʷʪʩʷ ʵʪʘʧʳ:  

¶ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʘ ʕʄʀ/ʕʉʀ (ʉɼʀ); 

¶ ʨʘʟʨʘʙʦʪʢʘ ʕʄʀ (ʂʊʈ)/ʀʩʧʳʪʘʥʠʷ ʕʄʀ/ʈʘʩʯʝʪʳ; 

¶ ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʫʯʘʩʪʥʠʢʦʚ ʉʈʇʇ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ 

ɿʘʢʘʟʯʠʢʘ ʠ ʀʩʧʦʣʥʠʪʝʣʷ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ. 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨ rʜʣʷ ʧʨʦʮʝʩʩʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʢʫʤʝʥʪ çʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝè ʦʪ 

ɿʘʢʘʟʯʠʢʘ, ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ ʚ ʚʠʜʝ ʧʦʩʪʘʚʣʷʝʤʦʛʦ 

ɿʘʢʘʟʯʠʢʫ ʢʦʤʧʣʝʢʪʘ ʧʦʩʪʘʚʢʠ. 
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ʈʠʩ. 2.10. ʇʨʦʮʝʩʩ çʇʦʩʪʘʥʦʚʢʘ ʠʟʜʝʣʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦè 

Ȋ.1. șȸȻȼȪȷȸȬȴȪ ȲȱȮȯȵȲɉ ȷȪ ȹȺȸȲȱȬȸȮȻȼȬȸ

ȑ
Ȫ
ȴ
Ȫ
ȱ
Ɂ
Ȳ
ȴ

ȍ
Ȕ

ȑ
Ȫ
ȴ
Ȫ
ȱ
Ɂ
Ȳ
ȴ

Ȗ
Ȫ
Ⱥ
ȴ
ȯ
ȼ
Ȳ
ȷ
ȭ

ȍ
Ȝ
/
Ș
ȍ
Ȝ

Ȏ
Ȳ
ȱ
Ȫ
ȳ
ȷ
ȯ

Ⱥ
Ʌ

Ȕ
ȋ

Ȝ
ȯ
ȿ
ȴ
ȸ
ȷ
ȼ

Ⱥ
ȸ
ȵ
Ɇ

ȗ
Ȕ

Ș
Ț
Ș

Ș
Ȝ
Ȕ

Ȝ
ȋ
/
ș
Ȏ
Ș

ț
ȴ
ȵ
Ȫ
Ȯ
/

ȕ
ȸ
ȭ
Ȳ
Ȼ
ȼ
Ȳ
ȴ
Ȫ

Ț
Ƚ
ȴ

-Ȭ
ȸ

ș
Ⱥ
ȸ
Ȳ
ȱ
Ȭ
ȸ
Ȯ
Ȼ
ȼ
Ȭ
ȸ

șȸȻȼȪȬȴȪ ȭȸȼȸȬȸȭȸ ȲȱȮȯȵȲɉ
țȸȭȵȪȻȸȬȪȷȲȯ Ȳ ȽȼȬȯȺȰȮȯȷȲȯ 

Ȝȑ
ȚȪȱȺȪȫȸȼȴȪ ȴȸȷɀȯȹȼȪ 

ȧȖȒ
ȚȪȱȺȪȫȸȼȴȪ ȧȖȒ

ȒȻȹɅȼȪȷȲɉ ȧȖȒ/
ȚȪȻɁȯȼɅ

șȺȸȲȱȬȸȮȻȼȬȸ (ȹȵȪȷȲȺ. 
Ȓ ȴȸȷȼȺȸȵɆ)

ȜȯȿȴȸȷȼȺȸȵɆ
țȴȵȪȮȲȺȸȬ. Ȳ ȾȸȺȶȲȺȸȬȪȷȲȯ
ȴȸȶȹȵȯȴȼȪ ȹȸȻȼȪȬȴȲ

șȸȮȭȸȼȸȬȴȪ Ȳ ȹȵȪȷȲȺȸȬȪȷȲȯ ȹȺȸȲȱȬȸȮȻȼȬȪȞȸȺȶȲȺȸȬȪȷȲȯ ȼȺȯȫȸȬȪȷȲȳ (Ȝȑ)

Ȋ.1.2. 

țȸȭȵȪȻȸȬ. Ȳ 

ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ

Ȋ.1.3. ȚȪȱȺȪȫȸȼȴȪ 

ȴȸȷɀȯȹȼȪ ȧȖȒ

ȎȲȱȪȳȷ-ȶȪȴȯȼ 

ȧȖȒ-Ȟ (ȽȼȬ.).

Ȋ.1.5. 

șȺȸȯȴȼȲȺȸȬ. Ȳ 

ȹȸȬȯȺȸɁȷɅȯ 

ȺȪȻɁȯȼɅ

ȔȎ ȷȪ ȲȱȮ.

/ȮȯȼȪȵɆ

Ȋ.1.4. ȚȪȱȺȪȫȸȼȴȪ 

ȧȖȒ

ȘȼɁȯȼɅ

ȧȖȒ - ȚȪȻɁȯȼȷɅȳ

Ȋ.1.7. 

șȺȸȲȱȬȸȮȻȼȬȸ

ȧȖȒ - Ȕ (ȽȼȬ.)

Ȕȸȶȹȵȯȴȼ 

ȔȎ (ȽȼȬ.)

Ȋ1.8. ȜȯȿȴȸȷȼȺȸȵɆ

țȸȻȼ. ɁȪȻȼɆ 

ȲȱȮȯȵȲɉ
Ȕȸȶȹȵȯȴȼ 

ȔȎ

țȸȻȼ. ɁȪȻȼɆ 

ȲȱȮȯȵȲɉ

ȘȼɁȯȼɅ

ȍȸȼȸȬȸȯ 

ȲȱȮȯȵȲȯ

Ȋ1.9. țȴȵȪȮȲȺȸȬȪȷȲȯ Ȳ 

ȾȸȺȶȲȺ. ȴȸȶȹȵȯȴȼȪ 

ȹȸȻȼȪȬȴȲ

Ȋ.1.10

șȸȻȼȪȬȴȪ 

ȭȸȼȸȬȸȭȸ ȲȱȮȯȵȲɉ

ȍȸȼȸȬȸȯ ȲȱȮ. 

ȴȸȶȹȵȯȴȼ ȹȸȻȼȪȬȴȲ

ȧțȒ/țȎȒ

ȧȖȒ -ȧ

Ȋ.1.1. șȸȮȭȸȼȸȬȴȪ 

ɁȯȺȷȸȬȲȴȪ Ȝȑ

Ȋ.1.6. șȸȮȭȸȼȸȬȴȪ 

Ȳ ȹȵȪȷȲȺ. 

ȹȺȸȲȱȬȸȮȻȼȬȪ

Ȕȸȶȹȵȯȴȼ 

ȔȎ (ȽȼȬ.)

Ȝȑ ð V1

ȧȖȒ-Ȕ (Vi)

Ȕȸȶȹȵȯȴȼ 

ȜȎ (ȽȼȬ.)

Ȝȑ-ȝȼȬ.

Ȝȑ-ȝȼȬ.

V1...Vn

ȧȖȒ - Ȝ (ȽȼȬ.)

ȧȖȒ - Ȕ (ȽȼȬ.)

ȧȖȒ - Ȕ (ȽȼȬ.)

ȧȖȒ -ȧ
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ʈʠʩ. 2.11. ʌʨʘʛʤʝʥʪ 1 ʩʭʝʤʳ ɸ.1 

ˢΦм-мΦ ˽͍ͦͫͭ͊ͤͦ͊͟ ͙͔͙͒͘͡Ύ ͤ͊ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘

˭
͊
͟
͊
͘
;
͙
͟

˥
˴

˸
͊
ͪ
͟
͔
ͭ
͙
ͤ
͎

˥
́
κ
˻
˥
́

˨
͙
͘
͊
͚
ͤ
͔
ͪ

˴
ˣ

́
͔
ͻ
͟
ͦ
ͤ
ͭ
ͪ
Φ

˹
˴

˻
ͭ
͒
͔
͡
 
ͪ
͊
ͫ
;
͔
ͭ
ͦ
͍

˾
ͯ
͟

-͍
ͦ

˿͎͍͙͔ͦ͊ͫͦ͊ͤ͡ ͙ ͍͔͔͙͔ͯͭͪ͗͒ͤ ́˭˾͊ͪ͊͋ͦͭ͊͘͟ ͦͤ͟ͼ͔ͨͭ͊ ̏˸ˮ˾͊ͪ͊͋ͦͭ͊͘͟ ̏˸ˮ ˮͫͨ·͙ͭ͊ͤΎ ̏˸ˮκ˾͊ͫ;͔ͭ·͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͔͍͙͚ͭͪ͋ͦ͊ͤ ό́˭ύ

ˢΦмΦнΦ ˿͎͍͙͔ͦ͊ͫͦ͊ͤ͡ ͙ 
͍͔͔͙͔ͯͭͪ͗͒ͤ ́˭

ˢΦмΦоΦ ˾͊ͪ͊͋ͦͭ͊͘͟ 
ͦͤ͟ͼ͔ͨͭ͊κ
̏˿ˮ ό˿˨ˮύ

˨͙͚͊ͤ͘-͔ͣ͊ͭ͟ 
̏˸-ˮ̅ ό͍ͯͭΦύΦ

ˢΦмΦрΦ ˽͔ͪͦͭ͟Φκ͍͔ͨͦͪΦ ͪ͊ͫ;͔ͭ·
˴˨ ͤ͊ ͙͒͘Φ
κ͔͒ͭ͊͡Έ

ˢΦмΦпΦ ˾͊ͪ͊͋ͦͭ͊͘͟ ̏˸ˮ 
ό˴́˾ύ

˻ͭ;͔ͭ·

̏˸ˮ - ˾ ͊ͫ;͔ͭͤ·͚

̏˸ˮ - ˴  ό͍ͯͭΦύ

˴͔ͦͣͨͭ͟͡ ˴˨ ό͍ͯͭΦύ

̏˿ˮκ˿˨ˮ

ˢΦмΦр-1
˾͊ͫ;͔ͭ ͔͙ͨͪͦͭͪ͟Φ

ˢΦмΦр-2
˾͊ͫ;͔ͭ 

͍͔ͨͦͪͦ;ͤ·͚

̏˸ˮ -̏

ˢΦмΦмΦ ˽͎͍ͦ͒ͦͭͦ͊͟ 
;͔͍͙ͪͤͦ͊͟ ́˭

́˭ - ͒ ͪ͊ͺͭΦ

̏˸-ˮ˴ όVi)

́-˭͍̂ͭΦ

́-˭͍̂ͭΦ

V1...Vn

ˢмΦ-2
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ʈʠʩ. 2.12. ʌʨʘʛʤʝʥʪ 2 ʩʭʝʤʳ ɸ.1 

ˢΦмΦ-н ˽͍ͦͫͭ͊ͤͦ͊͟ ͙͔͙͒͘͡Ύ ͤ͊ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘

˭
͊
͟
͊
͘
;
͙
͟

˻
́
˴

́
͔
ͻ
ͤ
ͦ
͡
Φ
 
͋
Ό
ͪ
ͦ
κ
˽
˨
˻

˿
͟
͡
͊
͒
κ
˶
ͦ
͎
͙
ͫ
ͭ
͙
͟
͊

˽
ͪ
ͦ
͙
͘
͍
ͦ
͒
ͫ
ͭ
͍
ͦ

˽͍ͦͫͭ͊͊͟ ͙͒͘Φ
˽͙͍͍ͪͦͦ͒ͫͭͦ͘ ό͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡ 

͙ ͦͤͭͪͦ͟͡Έύ
͔́ͻͦͤͭͪͦ͟͡Έ

˿͙͍͙͔͊͒ͪͦ͊ͤ͟͡ ͙ ͺ͙ͦͪͣͪΦ 

͔ͦͣͨͭ͊͟͟͡ ͍͙ͨͦͫͭ͊͟
˽͎͍ͦ͒ͦͭͦ͊͟ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘

ˢΦмΦтΦ ˽͙͍͍ͪͦͦ͒ͫͭͦ͘

̏˸ˮ - ˴  ό͍ͯͭΦύ

˴͔ͦͣͨͭ͟͡ ˴˨ ό͍ͯͭΦύ

ˢмΦуΦ ͔́ͻͦͤͭͪͦ͟͡Έ

˿ͦͫͭΦ ;͊ͫͭΈ 
͙͔͙͒͘͡Ύ˴͔ͦͣͨͭ͟͡ ˴˨

˿ͦͫͭΦ ;͊ͫͭΈ 
͙͔͙͒͘͡Ύ

˻ͭ;͔ͭ·

˥͍͔ͦͭͦͦ ͙͔͙͔͒͘͡

ˢмΦфΦ ˿͙͍͙͔͊͒ͪͦ͊ͤ͟͡ ͙ ͺ͙ͦͪͣͪΦ 
͔ͦͣͨͭ͊͟͟͡ ͍͙ͨͦͫͭ͊͟

ˢΦмΦмл

˽͍ͦͫͭ͊͊͟ 
͎͍͎ͦͭͦͦͦ 
͙͔͙͒͘͡Ύ

˥͍͔ͦͭͦͦ ͙͔͙͔͒͘͡ 
͔ͦͣͨͭ͟͟͡ ͍͙ͨͦͫͭ͊͟

ˢΦмΦтΦм
˽͙͍ͪͦ͘Φ 

˻ͨ·͎ͭͤͦͦ ͦ͋ͪΦ

ˢΦмΦтΦн
˽͙͍ͪͦ͘Φ ͨͪͦͣΦ 
͙͙ͨ͊ͪͭ

ˢΦмΦфΦм
˴͔ͦͣͨͭͦ͟͡
͍͙͔͊ͤ

ˢΦмΦфΦн
͍̂ͨ͊ͦ͊͟͟

ˢΦмΦфΦо
˿͙͍͊͒ͪͦ͟͡
͙͔͊ͤ

̏˸ˮ -̏
ˢΦмΦсΦ ˽͎͍ͦ͒ͦͭͦ͊͟ 
͙͍͍ͨͪͦͦ͒ͫͭ͊͘

˴͔ͦͣͨͭ͟͡ ˴˨ ό͍ͯͭΦύ˴͔ͦͣͨͭ͟͡ ́˨ ό͍ͯͭΦύ

̏˸ˮ - ́  ό͍ͯͭΦύ̏˸ˮ - ˴  ό͍ͯͭΦύ

̏˸ˮ - ˴  ό͍ͯͭΦύ

ˢΦмΦсΦм
˽͙͍͊ͤͪͦ͡Φ 
˽͙͍ͪͦ͘Φ

ˢΦмΦсΦн
˽͎͍ͦ͒ͦͭͦ͊͟ 
͙͍ͨͪͦ͘Φ

ˢмΦ-1
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ʇʨʦʮʝʩʩ çʉʦʛʣʘʩʦʚʘʥʠʝ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʊɿè 

ʇʦʢʘʟʘʥʘ ʠʪʝʨʘʮʠʷ ʚʝʨʩʠʡ (n) ʜʦʢʫʤʝʥʪʘ ʚ PDM-ʩʠʩʪʝʤʝ. ʇʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ:  

¶ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ; 

¶ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʆʪʨʘʞʝʥʦ (ʈʠʩ. 2.13) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ɿʘʢʘʟʯʠʢʘ ʠ ʀʩʧʦʣʥʠʪʝʣʷ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ. ʊʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʠʪʝʨʘʮʠʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʛʝʥʝʨʘʮʠʝʡ ʥʦʚʳʭ ʚʝʨʩʠʡ 

ʜʦʢʫʤʝʥʪʘ/ʜʦʢʫʤʝʥʪʦʚ. 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʦʩʪʫʧ ʢ ʜʦʢʫʤʝʥʪʫ ʦʙʝʩʧʝʯʝʥ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʧʨʦʮʝʩʩʘ ʩʦʛʣʘʩʦʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʤʝʭʘʥʠʟʤʫ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʦʥʥʦʩʪʠ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʘ ʧʝʨʝʜʘʯʫ 

ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, ʚʳʟʚʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʨʝʚʰʝʡ ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨ rʜʣʷ ʧʨʦʮʝʩʩʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʝʨʩʠʷ ʜʦʢʫʤʝʥʪʘ çʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝè 

ʦʪ ɿʘʢʘʟʯʠʢʘ, ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʫʪʚʝʨʞʜʝʥʥʳʡ ʜʦʢʫʤʝʥʪ ʊɿ. ʉʪʘʪʫʩ 

ʫʪʚʝʨʞʜʝʥʠʷ ʧʨʠ ʵʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʘ ï 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʚ PDM-ʩʠʩʪʝʤʝ. 
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ʈʠʩ. 2.13. ʇʨʦʮʝʩʩ çʉʦʛʣʘʩʦʚʘʥʠʝ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʊɿè

Ȋ.1.2. țȸȭȵȪȻȸȬȪȷȲȯ Ȳ ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ

Ȓ
Ȼ
ȹ
ȸ
ȵ
ȷ
Ȳ
ȼ
ȯ
ȵ
Ɇ

ȑ
Ȫ
ȴ
Ȫ
ȱ
Ɂ
Ȳ
ȴ

ȝȼȬȯȺȰȮȯȷȲȯȚȪȱȺȪȫȸȼȴȪ Ȳ ȻȸȭȵȪȻȸȬȪȷȲȯ

ȊȷȪȵȲȱ Ȝȑ

Ȋ.1.1

șȸȮȭȸȼȸȬȴȪ ȮȺȪȾȼȪ Ȝȑ

ȎȺȪȾȼ Ȝȑ

ȌȯȺȻȲɉ n Ȝȑ 

ȹȸȵȷȸȯ?
ȗȯȼ

șȺȸȬȯȺȴȪ 

ȬȯȺȻȲȲ

ȌȯȺȻȲɉ 

ȬȪȵȲȮȷȪ?
ȎȪ

ȝȼȬȯȺȰȮȯȷȲ

ȯ ȬȯȺȻȲȲ

ȗȯȼ

ȞȸȺȶȲȺȸȬȪȷ

Ȳȯ ȬȯȺȻȲȲ 

n+2

ȎȪ

ȝȼȬȯȺȰȮȯȷȲ

ȯ ȬȯȺȻȲȲ

Ȋ.1.3

ȚȪȱȺȪȫȸȼȴȪ ȴȸȷɀȯȹȼȪ/

ȧțȒ (țȎȒ)

Ȋ.1.2.1

ȞȸȺȶ 

ȬȯȺȻȲȲ Ȝȑ 

N+1

n=n+2

ȎȺȪȾȼ Ȝȑ

ȌȯȺȻȲɉ n+1

Ȝȑ-ȝȼȬ.
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ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ çʌʦʨʤʠʨʦʚʘʥʠʝ ʚʝʨʩʠʠ ʊɿ ʥʘ ʩʪʦʨʦʥʝ ʀʩʧʦʣʥʠʪʝʣʷè 

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʚʣʦʞʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩ çʉʦʛʣʘʩʦʚʘʥʠʝ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʊɿè 

ʠ ʧʦʚʪʦʨʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ, ʧʦʢʘ ʜʦʢʫʤʝʥʪ/ʜʦʢʫʤʝʥʪʳ ʊɿ ʥʝ ʙʫʜʫʪ ʫʪʚʝʨʞʜʝʥ.r 

ʇʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ:  

¶ ʧʨʘʚʢʘ ʠʣʠ ʫʪʚʝʨʞʜʝʥʠʝ ʊɿ ʧʦ ʯʘʩʪʷʤ ʚ ʉʇ (ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ) 

ʀʩʧʦʣʥʠʪʝʣʷ; 

¶ ʩʚʝʜʝʥʠʝ ʚʝʨʩʠʠ ʊɿ (ʚ ʦʜʠʥ ʜʦʢʫʤʝʥʪ/ʢʦʤʧʣʝʢʪ); 

¶ ʚʘʣʠʜʘʮʠʷ ʩʚʝʜʝʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ/ʫʪʚʝʨʞʜʝʥʠʝ ʬʠʥʘʣʴʥʦʡ ʚʝʨʩʠʠ. 

ʇʦʢʘʟʘʥʦ (ʨʠʩ. 2.14-ʈʠʩ. 2.16) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ɿʘʢʘʟʯʠʢʘ ʠ ʀʩʧʦʣʥʠʪʝʣʷ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ. ʊʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʠʪʝʨʘʮʠʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʛʝʥʝʨʘʮʠʝʡ ʥʦʚʳʭ ʚʝʨʩʠʡ 

ʜʦʢʫʤʝʥʪʘ/ʜʦʢʫʤʝʥʪʦʚ. 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʦʩʪʫʧ ʢ ʜʦʢʫʤʝʥʪʫ ʦʙʝʩʧʝʯʝʥ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʧʨʦʮʝʩʩʘ ʩʦʛʣʘʩʦʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʤʝʭʘʥʠʟʤʫ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʦʥʥʦʩʪʠ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʘ ʧʝʨʝʜʘʯʫ 

ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, ʚʳʟʚʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʨʝʚʰʝʡ ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨ rʜʣʷ ʧʨʦʮʝʩʩʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʝʨʩʠʷ ʜʦʢʫʤʝʥʪʘ çʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝè 

ʦʪ ɿʘʢʘʟʯʠʢʘ, ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʫʪʚʝʨʞʜʝʥʥʳʡ ʜʦʢʫʤʝʥʪ ʊɿ. ʉʪʘʪʫʩ 

ʫʪʚʝʨʞʜʝʥʠʷ ʧʨʠ ʵʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʘ ï 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʚ PDM-ʩʠʩʪʝʤʝ. 

ʇʦʢʘʟʘʥʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚʝʨʩʠʠ ʊɿ ʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʀʩʧʦʣʥʠʪʝʣʷ. ʆʩʦʙʦ ʚʘʞʥ rʵʪʘʧʳ ʚʘʣʠʜʘʮʠʠ ʠ ʩʚʝʜʝʥʠʷ ʚʝʨʩʠʡ ʊɿ 

ʚ ʝʜʠʥʳʡ ʜʦʢʫʤʝʥʪ, ʯʪʦ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʷ ʵʪʠʭ 

ʵʪʘʧʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʠʪʝʨʘʮʠʷ ʚʝʨʩʠʡ (n) ʜʦʢʫʤʝʥʪʘ ʚ PDM-ʩʠʩʪʝʤʝ.
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ʈʠʩ. 2.14. ʇʨʦʮʝʩʩ çʌʦʨʤʠʨʦʚʘʥʠʝ ʚʝʨʩʠʠ ʊɿ ʥʘ ʩʪʦʨʦʥʝ ʀʩʧʦʣʥʠʪʝʣʷè 

Ȋ.1.2.1. ȞȸȺȶȲȺȸȬȪȷȲȯ ȬȯȺȻȲȲ Ȝȑ ȷȪ ȻȼȸȺȸȷȯ ȒȻȹȸȵȷȲȼȯȵɉ
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Ȳ
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ȌȪȵȲȮȪɀȲɉ ȻȬȯȮȯȷȷȸȭȸ ȮȸȴȽȶȯȷȼȪ/ȝȼȬȯȺȰȮȯȷȲȯ ȾȲȷȪȵɆȷȸȳ ȬȯȺȻȲȲșȺȪȬȴȪ ȲȵȲ ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ ȹȸ ɁȪȻȼɉȶ Ȭ țșțȬȯȮȯȷȲȯ ȬȯȺȻȲȲ Ȝȑ

șș 1. ȝȼȬȯȺȰȮȯȷȲȯ ɁȪȻȼȲ ȮȸȴȽȶȯȷȼȪ Ȭ țș

șș 2. ȌȪȵȲȮȪɀȲɉ ȻȬȯȮȯȷȷȸȭȸ Ȯȸȴ. Ȭ 

țș

ȊȷȪȵȲȱ Ȝȑ

Ȋ.1.2

țȸȭȵȪȻȸȬȪȷȲȯ Ȳ 

ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ

ȎȺȪȾȼ Ȝȑ

ȌȯȺȻȲɉ n

Ȝȑ 

ȬȪȵȲȮȷȸ?
ȗȯȼ

ȞȸȺȶȲȺȸȬ. 

ȺȯȬȲȱȲȲ Ȝȑ 

N+1

țȬȯȮ. 

ȬȯȺȻȲȲ

țȼȪȼȽȻ 

çȎȺȪȾȼè

ȌȯȺȻȲɉ 

ȬȪȵȲȮȷȪ?
ȎȪ

ȝȼȬȯȺȰȮȯȷȲȯ 

ȬȯȺȻȲȲ

ȗȯȼ

ȎȪ

ȝȼȬȯȺȰȮȯȷȲȯ 

ȬȯȺȻȲȲ (ɁȪȻȼɆ 

Ȏȧ)

Ȋ.1.2

țȸȭȵȪȻȸȬȪȷȲȯ Ȳ 

ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ

Ȝȑ-ȝȼȬ. țș-

ȻȬȸȮȷɅȳ Ȏȧ

șș 1

șș 1

șș 1

șș 1

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

șș 1

ȘȰȲȮȪȷȲȯ ȸȫɃȯȭȸ

ȽȼȬȯȺȰȮȯȷȲɉ

șș 2

șș 2

Ȝȑ-ȑȪȶȯɁȪȷȲɉ Ȭ 

ȻȬȯȮȯȷȷȸȶ ȬȪȺ.

Ȝȑ-ȑȪȶȯɁȪȷȲɉ Ȭ 

ȻȬȯȮȯȷȷȸȶ ȬȪȺ.

Ȝȑ-ȑȪȶȯɁȪȷȲɉ Ȭ 

ȻȬȯȮȯȷȷȸȶ ȬȪȺ.

șș 2

Ȝȑ-ȑȪȶȯɁȪȷȲɉ Ȭ 

ȻȬȯȮȯȷȷȸȶ ȬȪȺ.

șș 2

Ȝȑ-ȑȪȶȯɁȪȷȲɉ Ȭ 

ȻȬȯȮȯȷȷȸȶ ȬȪȺ.

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ

ȒȻȹȸȵȷȲȼȯȵȯȶ

Ȝȑ-ȝȼȬ. țș-

ȻȬȸȮȷɅȳ Ȏȧ

Ȝȑ-ȝȼȬ. 

țș- ȻȬȸȮȷɅȳ Ȏȧ

Ȝȑ-ȝȼȬ. țș-

ȻȬȸȮȷɅȳ Ȏȧ

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ

ȻȬȸȮȷɅȳ Ȏȧ

ȎȺȪȾȼ Ȝȑ

ȌȯȺȻȲɉ n

ȎȺȪȾȼ Ȝȑ

ȌȯȺȻȲɉ n

ȎȺȪȾȼ Ȝȑ

ȌȯȺȻȲɉ n

ȎȺȪȾȼ Ȝȑ

ȌȯȺȻȲɉ n

Ȝȑ-ȺȯȬȲȱȲɉ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȺȯȬȲȱȲɉ Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȺȯȬȲȱȲɉ Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȺȯȬȲȱȲɉ Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȺȯȬȲȱȲɉ Ȭ ɁȪȻȼȲ țș

ȏȻȼɆ 

ȷȯȽȼȬ. 

ȡȪȻȼȲ Ȝȑ?

ȎȪ

țȬȯȮ. 

ȬȯȺȻȲȲ.

țȼȪȼȽȻ 

çțȸȭȵ.è

ȗȯȼ

Ȝȑ

ȌȯȺȻȲɉ N+1

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȺȯȬȲȱȲɉ Ȭ ɁȪȻȼȲ țș
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ʈʠʩ. 2.15. ʌʨʘʛʤʝʥʪ 1 ʩʭʝʤʳ ɸ.1.2.1 

Ȋ.1.2.1-1. ȞȸȺȶȲȺȸȬȪȷȲȯ ȬȯȺȻȲȲ Ȝȑ ȷȪ ȻȼȸȺȸȷȯ ȒȻȹȸȵȷȲȼȯȵɉ

Ț
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ȌȪȵȲȮȪɀȲɉ ȻȬȯȮȯȷȷȸȭȸ ȮȸȴȽȶȯȷȼȪ/ȝȼȬȯȺȰȮȯȷȲȯ ȾȲȷȪȵɆȷȸȳ ȬȯȺȻȲȲșȺȪȬȴȪ ȲȵȲ ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ ȹȸ ɁȪȻȼɉȶ Ȭ țșțȬȯȮȯȷȲȯ ȬȯȺȻȲȲ Ȝȑ

șș 1. ȝȼȬȯȺȰȮȯȷȲȯ ɁȪȻȼȲ ȮȸȴȽȶȯȷȼȪ Ȭ țș

șș 2. ȌȪȵȲȮȪɀȲɉ ȻȬȯȮȯȷȷȸȭȸ Ȯȸȴ. Ȭ 

țș

ȊȷȪȵȲȱ Ȝȑ

Ȋ.1.2

țȸȭȵȪȻȸȬȪȷȲȯ Ȳ 

ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ

ȎȺȪȾȼ Ȝȑ

ȌȯȺȻȲɉ n

Ȝȑ 

ȬȪȵȲȮȷȸ?
ȗȯȼ

ȞȸȺȶȲȺȸȬȪȷȲȯ 

ȺȯȬȲȱȲȲ Ȝȑ 

N+1

ȌȯȺȻȲɉ 

ȬȪȵȲȮȷȪ?
ȎȪ

ȝȼȬȯȺȰȮȯȷȲȯ 

ȬȯȺȻȲȲ

ȗȯȼ

ȎȪ

ȝȼȬȯȺȰȮȯȷȲȯ 

ȬȯȺȻȲȲ (ɁȪȻȼɆ 

Ȏȧ)

Ȋ.1.2

țȸȭȵȪȻȸȬȪȷȲȯ Ȳ 

ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ

Ȝȑ-ȝȼȬ. țș-

ȻȬȸȮȷɅȳ Ȏȧ

șș 1

șș 1

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

șș 1

ȘȰȲȮȪȷȲȯ ȸȫɃȯȭȸ

ȽȼȬȯȺȰȮȯȷȲɉ

șș 2

șș 2

Ȝȑ-ȑȪȶȯɁȪȷȲɉ Ȭ 

ȻȬȯȮȯȷȷȸȶ ȬȪȺ.

Ȝȑ-ȑȪȶȯɁȪȷȲɉ Ȭ 

ȻȬȯȮȯȷȷȸȶ ȬȪȺ.

Ȝȑ-ȑȪȶȯɁȪȷȲɉ Ȭ 

ȻȬȯȮȯȷȷȸȶ ȬȪȺ.

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ

ȒȻȹȸȵȷȲȼȯȵȯȶ

Ȝȑ-ȝȼȬ. țș-

ȻȬȸȮȷɅȳ Ȏȧ

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ

ȻȬȸȮȷɅȳ Ȏȧ

ȎȺȪȾȼ Ȝȑ

ȌȯȺȻȲɉ n

ȎȺȪȾȼ Ȝȑ

ȌȯȺȻȲɉ n

Ȝȑ-ȺȯȬȲȱȲɉ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȺȯȬȲȱȲɉ Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȺȯȬȲȱȲɉ Ȭ ɁȪȻȼȲ țș

Ȝȑ

ȌȯȺȻȲɉ N+1

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȺȯȬȲȱȲɉ Ȭ ɁȪȻȼȲ țș
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ʈʠʩ. 2.16. ʌʨʘʛʤʝʥʪ 2 ʩʭʝʤʳ ɸ.1.2.1

Ȋ.1.2.1. ȞȸȺȶȲȺȸȬȪȷȲȯ ȬȯȺȻȲȲ Ȝȑ ȷȪ ȻȼȸȺȸȷȯ ȒȻȹȸȵȷȲȼȯȵɉ
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ȌȪȵȲȮȪɀȲɉ ȻȬȯȮȯȷȷȸȭȸ ȮȸȴȽȶȯȷȼȪ/ȝȼȬȯȺȰȮȯȷȲȯ ȾȲȷȪȵɆȷȸȳ ȬȯȺȻȲȲșȺȪȬȴȪ ȲȵȲ ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ ȹȸ ɁȪȻȼɉȶ Ȭ țșțȬȯȮȯȷȲȯ ȬȯȺȻȲȲ Ȝȑ

Ȋ.1.2

țȸȭȵȪȻȸȬȪȷȲȯ Ȳ 

ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ

țȬȯȮȯȷȲȯ ȬȯȺȻȲȲ

țȼȪȼȽȻ çȌ 

ȺȪȱȺȪȫȸȼȴȯè

Ȋ.1.2

țȸȭȵȪȻȸȬȪȷȲȯ Ȳ 

ȽȼȬȯȺȰȮȯȷȲȯ Ȝȑ

șș 1

șș 1

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȝȼȬȯȺȰȮȯȷȸ 

Ȭ ɁȪȻȼȲ țș

șș 2

Ȝȑ-ȑȪȶȯɁȪȷȲɉ Ȭ 

ȻȬȯȮȯȷȷȸȶ ȬȪȺ.

șș 2

Ȝȑ-ȑȪȶȯɁȪȷȲɉ Ȭ 

ȻȬȯȮȯȷȷȸȶ ȬȪȺ.

Ȝȑ-ȝȼȬ. 

țș- ȻȬȸȮȷɅȳ Ȏȧ

Ȝȑ-ȝȼȬ. țș-

ȻȬȸȮȷɅȳ Ȏȧ

Ȝȑ

ȌȯȺȻȲɉ n

Ȝȑ

ȌȯȺȻȲɉ n

Ȝȑ-ȺȯȬȲȱȲɉ 

Ȭ ɁȪȻȼȲ țș

Ȝȑ-ȺȯȬȲȱȲɉ 

Ȭ ɁȪȻȼȲ țș

ȏȻȼɆ 

ȷȯȽȼȬ. 

ȡȪȻȼȲ Ȝȑ?

ȎȪ

țȬȯȮȯȷȲȯ ȬȯȺȻȲȲ.

țȼȪȼȽȻ 

çțȸȭȵȪȻȸȬȪȷȸè

ȗȯȼ

Ȝȑ

ȌȯȺȻȲɉ N+1
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ʇʨʦʮʝʩʩ çʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʘ ʕʄʀ/ʕʉʀ (ʉʪʨʫʢʪʫʨʳ ʜʝʣʝʥʠʷ ʠʟʜʝʣʠʷ)è 

ʇʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ:  

¶ ʩʙʦʨ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ ʤʘʢʝʪʫ ʠʟʜʝʣʠʷ 

(ʕʄʀ); 

¶ ʛʝʥʝʨʘʮʠʷ ʚʝʨʩʠʠ ʕʄʀ; 

¶ ʚʘʣʠʜʘʮʠʷ ʩʚʝʜʝʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ/ʫʪʚʝʨʞʜʝʥʠʝ ʬʠʥʘʣʴʥʦʡ ʚʝʨʩʠʠ; 

¶ ʩʦʛʣʘʩʦʚʘʥʠʝ ʚʝʨʩʠʠ ʕʄʀ; 

¶ ʫʪʚʝʨʞʜʝʥʠʝ ʕʄʀ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʜʝʣʠʷ (ʩʪʨʫʢʪʫʨʳ ʜʝʣʝʥʠʷ 

ʠʟʜʝʣʠʷ). 

ʇʦʢʘʟʘʥʦ (ʨʠʩ. 2.17) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ɿʘʢʘʟʯʠʢʘ ʠ ʀʩʧʦʣʥʠʪʝʣʷ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ. ʊʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʠʪʝʨʘʮʠʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʛʝʥʝʨʘʮʠʝʡ ʥʦʚʳʭ ʚʝʨʩʠʡ 

ʜʦʢʫʤʝʥʪʘ/ʜʦʢʫʤʝʥʪʦʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ.  

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʦʩʪʫʧ ʢ ʜʦʢʫʤʝʥʪʫ ʦʙʝʩʧʝʯʝʥ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʧʨʦʮʝʩʩʘ ʩʦʛʣʘʩʦʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʤʝʭʘʥʠʟʤʫ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʦʥʥʦʩʪʠ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʘ ʧʝʨʝʜʘʯʫ 

ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, ʚʳʟʚʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʨʝʚʰʝʡ ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨ rʜʣʷ ʧʨʦʮʝʩʩʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʪʚʝʨʞʜʝʥʥʘʷ ʚʝʨʩʠʷ ʜʦʢʫʤʝʥʪʘ 

çʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝè ʦʪ ɿʘʢʘʟʯʠʢʘ, ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʝ̫ʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʤʘʢʝʪ 

ʠʟʜʝʣʠʷ (ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʕʄʀ) ʩʪʘʜʠʠ çʕʩʢʠʟʥʳʡ ʧʨʦʝʢʪè. ʉʪʘʪʫʩ ʫʪʚʝʨʞʜʝʥʠʷ ʧʨʠ ʵʪʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ï ʕʄʀ ʠ ʕʉʀ ʚ PDM-

ʩʠʩʪʝʤʝ. 

ʇʦʢʘʟʘʥʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʀʆ) 

ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʀʩʧʦʣʥʠʪʝʣʷ. ʆʩʦʙʦ ʚʘʞʥr ʵʪʘʧʳ ʚʘʣʠʜʘʮʠʠ ʠ ʩʚʝʜʝʥʠʷ 

ʚʝʨʩʠʡ ʀʆ ʚ ʝʜʠʥʳʡ ʜʦʢʫʤʝʥʪ (ʤʦʜʝʣʴ), ʯʪʦ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʷ ʵʪʠʭ ʵʪʘʧʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʠʪʝʨʘʮʠʷ ʚʝʨʩʠʡ (n) ʜʦʢʫʤʝʥʪʘ 

ʚ PDM-ʩʠʩʪʝʤʝ.
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ʈʠʩ. 2.17. ʇʨʦʮʝʩʩ çʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʘ ʕʄʀ /ʕʉʀ (ʉɼʀ)è


















































































































































































































