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ɸɺʊʆʈɽʌɽʈɸʊ 

 

 
ʅɸ ɼʀʉɽʈʊɸʎʀʆʅɽʅ ʊʈʋɼ 
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˨͙͔ͫͪͭ͊ͼ͙͙ͦͤͤΎͭ ͭͪͯ͒ ͫΆ͒Άͪ͗͊ 186 ͙ͫͭͪ͊ͤͼ͙ ͙ ͔ͫ ͫΆ͙ͫͭͦ ͦͭ 

ˤΆ͍͔͔͙͔͒ͤΣ ͙́ͪ ͎͍͙͊͡Σ ˭͊͟͡Ό;͔͙͔ͤΣ ˮ͍ͨͦ͊ͤ͊͘͘͡ ͙͔ͭͪ͊ͭͯͪ͊͡Σ ˿͙ͨͫΆ͟ ͤ͊ 

͙ͨͯ͋͊͟͡ͼ͙͙͔ͭ ͙ ͙͔͒ͦ͊͒ͭ͟͡ ͤ͊ ͍͊ͭͦͪ͊Σ ˨͔͊ͪ͊͟͡ͼ͙Ύ ͊͘ ͙͎͙ͦͪͤ͊ͤͦͫͭ͡ ͙ 

͍͔͒ͦͫͭͦͪͤͦͫͭ. ˿Ά͒Άͪ͗͊ ср ͺ͙ ͎͙ͯͪΣ ͦͭ ͙ͦͭͦ͟ он ͍͙͊ͭͦͪͫ͟, оо ;͙ͯ͗͒ ͙ мт 

͙ͭ͊͋͡ͼ͙Σ ͔͙ͪ͊ͪ͊͋ͦͭͤ͘ ͦͭ ͍͊ͭͦͪ͊Φ ˤ ͙͍ͨͦ͊ͤ͊ͭ͊͘͘͡ ͙͔ͭͪ͊ͭͯͪ͊͡ ͫ͊ ͨͦͫͦ;͔͙ͤ ум 

͙ͭͦ͘;͙ͤ͊͟ ͤ͊ ͙͙͙ͪ͟͡ͼ͊ ͙ ͙͙͊ͭͤ͡ͼ͊Σ ͔ͫͪ͒ ͙ͦͭͦ͟ ͎ͣͦͤͦͪ͊ͺ͙͙Σ ͙͒ͦ͊͒͟͡ ͦͭ 

ͦͤ͟ͺ͔͔ͪͤͼ͙͙Σ ͙͙ͫͭ͊ͭ ͙  ͙ͨͯ͋͊͟͡ͼ͙͙ ͍  ͔ͨ;͙͊ͭͤ ͙ ͔͔͙ͭͪͦͤͤ͟͡ ͔͙͙ͣ͒Φ 

 

˨ͦͭͦͪ͊ͤͭ͟Άͭ ͔ ͊͘;͙͔ͫͤ͡ ͍ ͔͍ͪ͒ͦͤ͊ ͺͦͪͣ͊ ͤ͊ ͦ͋ͯ;͔͙͔ͤ ͫΆͫ ˭͍͔͊ͨͦ͒ 

ͤ͊ ˾͔ͭͦͪ͊͟ ͤ͊ ˤ˿̂ α͔͙͔̉ͪͤͦͪ͘ͼ ̆ͪ͊͋Άͪέ нррс κ мнΦлуΦнлмо͎Φ ˻ͭ;͙͔ͫͤ͡ ͔ ͫ 

͍ͨͪ͊ͦ ͤ͊ ͊͘΅͙ͭ͊ ͫΆͫ ˭͍͔͊ͨͦ͒ 1194 / 10.10.2016͎ Φ ˨͙͔ͫͪͭ͊ͼ͙͙ͦͤͤΎͭ ͭͪͯ͒ ͔ 

ͦ͋ͫΆ͔͒ͤ ͙ ͤ͊ͫͦ;͔ͤ ͟Άͣ ͊͘΅͙ͭ͊ ͤ͊ ˴͊ ͔͔ͭ͒ͪͤ ͫΆ͍͔ͭ ͤ͊ ˴͔͊ͭ͒ͪ͊ αˢͪͻ͙͔ͭͭͯͪ͊͟ ͙ 

͙͙̂ͪ͋͊ͤͫͭ͊͟έ ͤ͊ лмΦмлΦнлму͎Φ 

 

˭͊΅͙ͭ͊ͭ͊ ΅͔ ͔ͫ ͫΆ͙ͫͭͦ ͤ͊ лмΦлнΦнлмф͎Φ ͦͭ мсΥлл;Φ ͍ ˭͔͔͊ͫ͒͊ͭͤ͊ͭ͊͡ 

͊͊͘͡ ͤ͊ ˾͔ͭͦͪ͊͟ ͤ͊ ˤ˿̂ α͔͙͔̉ͪͤͦͪ͘ͼ ̆ͪ͊͋ΆͪέΦ 

 

˸͔͙͙͔͊ͭͪ͊ͭ͡ ͊͘ ͊͘΅͙ͭ͊ͭ͊ ͫ͊ ͤ͊ ͔͙͔ͪ͊ͨͦͦ͗ͤ͘͡ ͍ ͊ͤ͟ͼ͔͙͊ͪ͡Ύͭ͊ ͤ͊ 

˴͔͊ͭ͒ͪ͊ αˢͪͻ͙͔ͭͭͯͪ͊͟ ͙ ͙͙̂ͪ͋͊ͤͫͭ͊͟έΣ ͊͋͟Φ ˢ-нпр ͤ͊ ˤ͔͙͊ͪͤͤͫ͟ ˿͍͔ͦ͋ͦ͒ͤ 

͙͍͔͙͔̂ͤͪͫͭͭ α͔͙͔̉ͪͤͦͪ͘ͼ ̆ͪ͊͋Άͪέ. 
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ʋɺʆɼ 

ɸʂʊʋɸʃʅʆʉʊ ʅɸ ʇʈʆɹʃɽʄɸ 

 ɼʠʛʠʪʘʣʥʘʪʘ ʨʝʚʦʣʶʮʠʷ ʚʦʜʠ ʜʦ ʟʥʘʯʠʤʠ ʧʨʦʤʝʥʠ ʚʲʚ 

ʚʩʠʯʢʠ ʦʙʣʘʩʪʠ ʥʘ ʯʦʚʝʰʢʘʪʘ ʮʠʚʠʣʠʟʘʮʠʷ. ʉʲʚʨʝʤʝʥʥʘʪʘ 

ʘʨʭʠʪʝʢʪʫʨʘ ʩʲʱʦ ʝ ʧʨʦʤʝʥʝʥʘ ʜʦ ʩʪʝʧʝʥ ʜʘ ʙʲʜʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʤʠʩʣʠʤʘ ʙʝʟ ʜʠʛʠʪʘʣʥʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ ʩʝ ʥʘʣʘʛʘʪ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʘʪʘ ʧʨʘʢʪʠʢʘ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ. 

ɺ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʥʘʧʦʩʣʝʜʲʢ ʦʩʦʙʝʥʦ ʩʠʣʥʦ ʝ 

ʟʘʩʪʲʧʝʥʦ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʠʪʦ ʩʝ 

ʧʨʝʚʨʲʱʘʪ ʚʲʚ ʬʣʘʛʤʘʥ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʘʨʭʠʪʝʢʪʫʨʥʠ ʪʲʨʩʝʥʠʷ. 

ɼʠʛʠʪʘʣʥʠʪʝ ʠʥʦʚʘʮʠʠ ʚ ʤʦʜʝʣʠʨʘʥʝʪʦ ʜʘʚʘʪ ʦʛʨʦʤʥʠ ʚʲʟʤʦʞʥʦʩʪʠ 

ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʧʨʦʝʢʪʥʘʪʘ ʬʦʨʤʘ ʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʫʤ ʟʘ 

ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʮʝʥʢʘ ʠ ʘʥʘʣʠʟ. ʇʘʨʘʣʝʣʥʦ ʩ ʪʦʟʠ ʧʨʦʮʝʩ 

ʘʨʭʠʪʝʢʪʠʪʝ ʤʦʛʘʪ ʜʘ ʪʝʩʪʚʘʪ ʨʝʘʣʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ ʠʜʝʠʪʝ ʩʠ ʯʨʝʟ 

ʧʨʦʪʦʪʠʧʠʨʘʥʝʪʦ ʠʤ ʩ ʢʦʤʧʶʪʲʨʥʦ ʫʧʨʘʚʣʷʝʤʠ ʤʘʰʠʥʠ ʚ ʧʨʦʮʝʩ, 

ʩʚʝʪʦʚʥʦ ʧʦʟʥʘʪ ʢʘʪʦ Ăʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦò.  

ʉʲʚʨʝʤʝʥʥʠʪʝ ʜʠʛʠʪʘʣʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʦʙʦʛʘʪʷʚʘʪ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ, 

ʤʘʪʝʨʠʘʣʠʟʠʨʘʡʢʠ ʥʝʤʠʩʣʠʤʠ ʜʦʩʝʛʘ ʩʤʝʣʠ ʠ ʩʣʦʞʥʠ ʪʚʦʨʯʝʩʢʠ 

ʨʝʰʝʥʠʷ, ʢʦʝʪʦ ʛʠ ʥʘʧʨʘʚʠ ʦʙʝʢʪ ʥʘ ʟʘʩʠʣʝʥ ʠʥʪʝʨʝʩ ʦʪ ʩʪʨʘʥʘ ʥʘ 

ʘʨʭʠʪʝʢʪʠʪʝ. ʅʘʚʣʠʟʘʥʝʪʦ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʧʨʠʙʣʠʞʘʚʘ ʧʨʦʝʢʪʘʥʪʠʪʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʙʣʠʟʦ ʜʦ 

ʧʨʦʮʝʩʘ ʥʘ ʨʝʘʣʠʟʘʮʠʷ ʠ ʩʲʟʜʘʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʜʦʙʨʦ ʠʤ 

ʧʦʟʥʘʚʘʥʝ. ʅʝʨʘʟʙʠʨʘʥʝʪʦ ʠ ʥʝʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʧʘʛʫʙʥʦ ʟʘ 

ʤʥʦʛʦ ʜʦʙʨʠ ʠʜʝʠ, ʢʦʠʪʦ ʦʩʪʘʚʘʪ ʥʝʨʝʘʣʠʟʠʨʘʥʠ ʠ ʢʘʪʦ ʩʣʝʜʩʪʚʠʝ 

ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʩʝ ʚʨʲʱʘ ʢʲʤ ʩʪʘʥʜʘʨʪʥʠʪʝ ʩʪʨʦʠʪʝʣʥʠ ʧʨʘʢʪʠʢʠ, 

ʣʠʤʠʪʠʨʘʱʠ ʢʨʝʘʪʠʚʥʠʷ ʧʨʦʮʝʩ ʦʱʝ ʚ ʟʘʨʦʜʠʰ.  

ʀʟʩʣʝʜʚʘʥʝʪʦ ʝ ʘʢʪʫʘʣʥʦ ʠ ʧʦʨʘʜʠ ʬʘʢʪʘ, ʯʝ ʚ ɹʲʣʛʘʨʠʷ 

ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘ ʩʨʘʚʥʠʪʝʣʥʦ 

ʥʝʧʦʟʥʘʪʠ ʢʘʢʪʦ ʚ ʧʨʘʢʪʠʢʘʪʘ, ʪʘʢʘ ʠ ʚ ʪʝʦʨʠʷʪʘ. ɼʠʛʠʪʘʣʥʠʪʝ 

ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʧʨʦʪʦʪʠʧʠʨʘʥʝ ʪʝʧʲʨʚʘ ʟʘʣʷʛʘʪ ʚ ʫʯʝʙʥʠʪʝ ʧʣʘʥʦʚʝ ʥʘ 
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ʙʲʣʛʘʨʩʢʠʪʝ ɺʋɿ-ʦʚʝ, ʢʦʝʪʦ ʦʙʫʩʣʘʚʷ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ 

ʟʘʜʣ̡ʙʦʯʝʥʦ ʠʟʩʣʝʜʚʘʥʝ ʧʦ ʪʝʤʘʪʘ. 

ʅʝ ʥʘ ʧʦʩʣʝʜʥʦ ʤʷʩʪʦ, ʘʢʪʫʘʣʝʥ ʝ ʠ ʢʦʥʪʝʢʩʪʘ ʥʘ ʜʠʟʘʡʥʘ ʟʘ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ, ʦʩʦʙʝʥʦ ʩ ʬʦʢʫʩ ʢʲʤ ʦʙʱʝʩʪʚʝʥʠʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʦʙʝʢʪʠʪʝ ʚ ʪʷʭ, ʢʦʠʪʦ ʩʘ ʧʨʝʜʤʝʪ ʥʘ ʟʘʩʠʣʝʥʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʧʨʝʫʩʪʨʦʡʩʪʚʘ ʫ ʥʘʩ. ʀʤʝʥʥʦ ʪʝʟʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʘ ʥʘʡ-ʯʝʩʪʦ ʧʦʣʝʪʦ 

ʟʘ ʦʩʲʱʝʩʪʚʘʚʘʥʝ ʥʘ ʟʥʘʯʠʤʠ, ʩʲʚʨʝʤʝʥʥʠ ʘʨʭʠʪʝʢʪʫʨʥʠ 

ʠʥʪʝʨʚʝʥʮʠʠ. ʏʨʝʟ ʧʦ-ʜʦʙʨʦʪʦ ʨʘʟʙʠʨʘʥʝ ʥʘ ʜʠʛʠʪʘʣʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʞʝ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʩʲʚʨʝʤʝʥʥʘ ʩʨʝʜʘ, ʢʦʷʪʦ ʜʘ ʦʪʧʨʘʚʷ ʘʢʪʫʘʣʥʠ 

ʘʨʭʠʪʝʢʪʫʨʥʠ ʧʦʩʣʘʥʠʷ ʢʲʤ ʙʲʜʝʱʝʪʦ. 

ʅʘʢʨʘʪʢʦ, ʪʝʤʘʪʘ ʝ ʘʢʪʫʘʣʥʘ ʟʘʱʦʪʦ: 

Å ɿʘʩʠʣʝʥʠʷʪ ʠʥʪʝʨʝʩ ʢʲʤ ʩʲʚʨʝʤʝʥʥʠʪʝ ʜʠʛʠʪʘʣʥʠ ʠʥʩʪʨʫʤʝʥʪʠ 

ʚ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʠ ʪʷʭʥʘʪʘ ʚʠʩʦʢʘ ʜʠʥʘʤʠʢʘ ʥʘ 

ʨʘʟʚʠʪʠʝ ʜʘʚʘʪ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʤʦʪʠʚ ʟʘ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʘ 

ʦʪ ʜʨʫʛʘ - ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʧʦʩʪʦʷʥʝʥ ʧʨʝʛʣʝʜ ʠ ʘʢʪʫʘʣʠʟʘʮʠʷ 

ʥʘ ʚʝʯʝ ʚʲʟʧʨʠʝʪʠ ʢʦʥʮʝʧʮʠʠ, ʢʣʘʩʠʬʠʢʘʮʠʠ ʠ ʤʝʪʦʜʠʢʠ; 

Å ɼʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʧʦʯʚʘʪ ʜʘ 

ʥʘʚʣʠʟʘʪ ʚ ʫʯʝʙʥʠʪʝ ʧʨʦʛʨʘʤʠ ʥʘ ʫʥʠʚʝʨʩʠʪʝʪʠʪʝ ʚ ɹʲʣʛʘʨʠʷ ʠ 

ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʦʙʭʚʘʥʘʪʠ ʦʪ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʢʘʢʪʦ ʢʘʪʦ 

ʦʪʜʝʣʥʠ, ʪʘʢʘ ʠ ʢʘʪʦ ʚʟʘʠʤʥʦʦʙʚʲʨʟʘʥʠ ʧʨʦʮʝʩʠ; 

Å ʂʦʥʪʝʢʩʪʲʪ ʥʘ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʝ ʦʩʦʙʝʥʦ ʘʢʪʫʘʣʝʥ, 

ʧʨʝʜʚʠʜ ʟʘʩʠʣʝʥʦʪʦ ʥʘʧʦʩʣʝʜʲʢ ʦʙʥʦʚʷʚʘʥʝ ʥʘ ʦʙʱʝʩʪʚʝʥʠʪʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʫ ʥʘʩ; 

Å ʅʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʩʪʚʦʪʦ ʩʲʟʜʘʚʘʪ ʥʦʚʘ 

ʧʘʨʘʜʠʛʤʘ: ʙʦʛʘʪʘ ʠ ʥʝʧʦʟʥʘʪʘ ʜʦʩʝʛʘ ʦʩʥʦʚʘ ʟʘ 

ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ. ʊʷ ʦʪʚʝʞʜʘ ʜʠʨʝʢʪʥʦ ʢʲʤ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ 

ʜʠʛʠʪʘʣʥʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ ʟʘ ʥʷʢʦʠ ʦʪ ʮʠʪʠʨʘʥʠʪʝ ʘʚʪʦʨʠ 

ʩʪʘʚʘʪ ʦʩʥʦʚʘ ʟʘ ʥʦʚ ʘʨʭʠʪʝʢʪʫʨʝʥ ʩʪʠʣ. 
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ʆɹɽʂʊ ʀ ʇʈɽɼʄɽʊ ʅɸ ʀɿʉʃɽɼɺɸʅɽʊʆ 

ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʜʠʛʠʪʘʣʥʠ ʪʝʭʥʦʣʦʛʠʠ 

ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ. ʀʟʩʣʝʜʚʘʪ 

ʩʝ ʧʨʠʣʦʞʝʥʠʷʪʘ ʠʤ ʧʨʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʦʙʝʢʪʠ ʦʪ 

ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʢʘʪʦ ʘʨʭʠʪʝʢʪʫʨʥʠ ʧʘʚʠʣʠʦʥʠ, ʬʘʩʘʜʥʠ ʠ 

ʩʪʨʫʢʪʫʨʥʠ ʧʦʢʨʠʪʠʷ, ʜʠʟʘʡʥ ʥʘ ʛʨʘʜʩʢʦ ʠ ʠʥʪʝʨʠʦʨʥʦ ʦʙʟʘʚʝʞʜʘʥʝ, 

ʘʨʪ ʠʥʩʪʘʣʘʮʠʠ ʠ ʜʨʫʛʠ. 

ʇʨʝʜʤʝʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʝʪʘʧʠʪʝ, ʭʘʨʘʢʪʝʨʥʠʪʝ 

ʦʩʦʙʝʥʦʩʪʠ ʠ ʚʟʘʠʤʦʚʨʲʟʢʠʪʝ ʚ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʢʪʦ ʧʦ ʦʪʜʝʣʥʦ, ʪʘʢʘ ʠ ʢʘʪʦ ʦʙʱ ʧʨʦʮʝʩ ʥʘ 

ʨʝʘʣʠʟʘʮʠʷ. ʇʨʦʫʯʚʘʪ ʩʝ ʢʨʠʪʝʨʠʠʪʝ, ʧʨʠ ʢʦʠʪʦ ʜʠʛʠʪʘʣʥʠʷʪ ʜʠʟʘʡʥ ʠ 

ʤʦʜʝʣʠʨʘʥʝ ʦʧʨʝʜʝʣʷʪ ʫʩʣʦʚʠʷʪʘ ʟʘ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʦʙʨʘʪʥʦ - ʢʘʢ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʧʨʝʜʝʣʷʪ 

ʥʷʢʦʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʜʠʟʘʡʥʘ ʠ ʤʦʜʝʣʠʨʘʥʝʪʦ.  

ʎɽʃ ʅɸ ʀɿʉʃɽɼɺɸʅɽʊʆ 

¶ ɼʘ ʬʦʨʤʫʣʠʨʘ ʤʝʪʦʜʠʢʘ ʟʘ ʨʘʙʦʪʘ ʩʲʩ ʩʲʚʨʝʤʝʥʥʠʪʝ 

ʩʨʝʜʩʪʚʘ ʟʘ ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʦʪʯʠʪʘʡʢʠ ʧʨʦʤʝʥʣʠʚʠʪʝ ʝʪʘʧʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʙʨʘʥʠʪʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʟʘʠʤʥʠʪʝ ʚʣʠʷʥʠʷ ʚ ʨʘʤʢʠʪʝ ʥʘ ʦʙʱʠʷ ʧʨʦʮʝʩ; 

¶ ɼʘ ʧʨʝʜʣʦʞʠ ʤʝʪʦʜʦʣʦʛʠʷ ʟʘ ʦʙʝʢʪʠʚʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʧʨʠʤʝʨʠ, ʨʝʘʣʠʟʠʨʘʥʠ ʯʨʝʟ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ; 

¶ ɼʘ ʜʦʧʲʣʥʠ ʠ ʘʢʪʫʘʣʠʟʠʨʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʧʨʦʫʯʚʘʥʠʷ ʚ 

ɹʲʣʛʘʨʠʷ ʧʦ ʪʝʤʘʪʘ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩ ʬʦʢʫʩ ʚʲʨʭʫ ʦʙʝʢʪʠ, ʨʝʘʣʠʟʠʨʘʥʠ ʧʨʝʟ XXI 

ʚʝʢ; 

ɿɸɼɸʏʀ ʅɸ ʀɿʉʃɽɼɺɸʅɽʊʆ 

¶ ʀʟʩʣʝʜʚʘʥʝ ʠʩʪʦʨʠʯʝʩʢʘʪʘ ʧʦʷʚʘ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʦʩʥʦʚʥʠ 

ʜʠʛʠʪʘʣʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʜʠʟʘʡʥʘ 

ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ; 
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¶ ʆʙʩʣʝʜʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʲʱʝʩʪʚʫʚʘʱʠ 

ʢʣʘʩʠʬʠʢʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʠ ʜʠʛʠʪʘʣʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʨʠʣʦʞʠʤʦʩʪʪʘ 

ʠʤ ʟʘ ʦʙʝʢʪʠ ʚ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ; 

¶ ʀʟʚʝʞʜʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʥʠʪʝ ʧʨʦʙʣʝʤʠ ʧʨʝʜ ʜʠʛʠʪʘʣʥʦʪʦ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʚ 

ʙʲʣʛʘʨʩʢʠ ʫʩʣʦʚʠʷ; 

¶ ɸʥʘʣʠʟʠʨʘʥʝ, ʦʮʝʥʷʚʘʥʝ ʠ ʢʘʪʝʛʦʨʠʟʠʨʘʥʝ ʥʘ ʦʪʣʠʯʠʪʝʣʥʠ 

ʦʙʝʢʪʠ ʦʪ XXI ʚʝʢ, ʚ ʢʦʥʪʝʢʩʪʘ ʥʘ ʜʠʛʠʪʘʣʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ; 

¶ ʀʟʚʝʞʜʘʥʝ ʥʘ ʦʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ ʠ ʤʝʪʦʜʠ ʟʘ ʨʘʙʦʪʘ ʩ 

ʜʠʛʠʪʘʣʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ;  

¶ ʀʟʩʣʝʜʚʘʥʝ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʜʚʫʧʦʩʦʯʥʘʪʘ ʚʨʲʟʢʘ 

Ăʤʦʜʝʣʠʨʘʥʝ ï ʧʨʦʠʟʚʦʜʩʪʚʦò ʠ ʝʪʘʧʥʦʩʪʪʘ ʚ ʦʙʱʠʷ ʧʨʦʮʝʩ; 

¶ ɼʝʬʠʥʠʨʘʥʝ ʥʘ ʤʝʪʦʜʠʢʘ ʟʘ ʨʘʙʦʪʘ ʩʲʩ ʩʲʚʨʝʤʝʥʥʠʪʝ 

ʩʨʝʜʩʪʚʘ ʟʘ ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʈɸɹʆʊʅɸ ʍʀʇʆʊɽɿɸ 

ʇʨʦʮʝʩʠʪʝ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʜʠʛʠʪʘʣʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʨʘʟʛʣʝʞʜʘʥʠ ʢʘʪʦ ʦʙʱ ʧʨʦʮʝʩ. ʊʦʡ ʩʝ ʩʲʩʪʦʠ ʦʪ ʚʟʘʠʤʥʦ 

ʩʚʲʨʟʘʥʠ ʝʪʘʧʠ, ʢʦʠʪʦ ʩʘ ʨʘʟʣʠʯʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʙʦʨʘ ʥʘ 

ʢʦʥʢʨʝʪʥʦ ʠʟʙʨʘʥʠʪʝ ʤʝʪʦʜʠ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ, ʪʝʭʥʦʣʦʛʠʠ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ ʠ ʜʨʫʛʠ ʫʩʣʦʚʠʷ. 

ʆɹʍɺɸʊ ʅɸ ʀɿʉʃɽɼɺɸʅɽʊʆ 

ɺʈɽʄɽɺʀ ʆɹʍɺɸʊ  

ɺʨʝʤʝʚʠʷʪ ʦʙʭʚʘʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʬʦʢʫʩʠʨʘʥ ʦʩʥʦʚʥʦ ʚ 

ʧʝʨʠʦʜʘ ʦʪ ʧʦʩʣʝʜʥʠʪʝ ʜʚʝ ʜʝʩʝʪʠʣʝʪʠʷ ʥʘ XX ʚʝʢ ʜʦ ʚʪʦʨʦʪʦ 

ʜʝʩʝʪʠʣʝʪʠʝ ʦʪ ʍʍɯ ʚʝʢ. ʇʝʨʠʦʜʲʪ ʝ ʩʲʦʙʨʘʟʝʥ ʩ ʧʦʷʚʘʪʘ ʥʘ ʧʲʨʚʠʪʝ 

ʧʦʧʫʣʷʨʥʠ ʜʠʛʠʪʘʣʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪ 
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ʥʘʯʘʣʦʪʦ ʥʘ 80-ʪʝ ʛʦʜʠʥʠ ʥʘ XX ʚʝʢ, ʜʦ ʧʦʩʪʝʧʝʥʥʦʪʦ ʠʤ ʥʘʣʘʛʘʥʝ ʠ ʚ 

ʙʲʣʛʘʨʩʢʠ ʫʩʣʦʚʠʷ ʧʨʝʟ ʚʪʦʨʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ ʥʘ XXI ʚʝʢ. 

ʇʈʆʉʊʈɸʅʉʊɺɽʅ ʆɹʍɺɸʊ 

ʀʟʩʣʝʜʚʘʥʝʪʦ ʦʙʭʚʘʱʘ ʪʝʦʨʝʪʠʯʥʠ ʢʦʥʮʝʧʮʠʠ ʠ ʧʨʠʤʝʨʠ ʦʪ 

ʨʘʟʚʠʪʠʪʝ ʩʪʨʘʥʠ ʚ ɽʚʨʦʧʘ, ɸʟʠʷ ʠ ɸʤʝʨʠʢʘ. ʐʠʨʦʢʠʷʪ ʭʦʨʠʟʦʥʪ ʝ 

ʦʙʫʩʣʦʚʝʥ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʘʪʘ ʥʦʚʦʩʪ ʥʘ ʪʝʤʘʪʠʢʘʪʘ ʠ ʥʝʡʥʘʪʘ 

ʛʣʦʙʘʣʠʟʘʮʠʷ ʚ ʪʝʤʘʪʠʯʝʥ ʠ ʪʝʭʥʦʣʦʛʠʯʝʥ ʘʩʧʝʢʪ, ʢʘʢʪʦ ʠ ʦʪ 

ʧʨʠʥʮʠʧʥʠʪʝ ʧʦʩʪʘʥʦʚʢʠ, ʧʨʠ ʢʦʠʪʦ ʥʝ ʩʝ ʟʘʙʝʣʷʟʚʘʪ ʩʲʱʝʩʪʚʝʥʠ 

ʨʝʛʠʦʥʘʣʥʠ ʨʘʟʣʠʯʠʷ. 

ʊɽʄɸʊʀʏɽʅ ʆɹʍɺɸʊ 

ʊʝʤʘʪʠʯʥʠʷʪ ʦʙʭʚʘʪ ʝ ʦʛʨʘʥʠʯʝʥ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʬʦʢʫʩ ʚʲʨʭʫ ʪʨʠʠʟʤʝʨʥʦʪʦ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʢʦʤʧʶʪʲʨʥʦ ʫʧʨʘʚʣʷʝʤʠʪʝ ʤʘʰʠʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ. ʈʘʟʛʣʝʜʘʥʦ ʝ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ 

ʚʲʧʨʦʩʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʧʨʠʩʲʩʪʚʘʱʠʪʝ ʚ ʧʫʙʣʠʯʥʠʪʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʘʨʭʠʪʝʢʪʫʨʥʠ ʧʘʚʠʣʠʦʥʠ, ʬʘʩʘʜʥʠ ʠ ʩʪʨʫʢʪʫʨʥʠ 

ʧʦʢʨʠʪʠʷ ʥʘ ʩʛʨʘʜʠ ʠ ʩʲʦʨʲʞʝʥʠʷ, ʜʠʟʘʡʥ ʥʘ ʤʝʙʝʣʠ ʠ ʜʨʫʛʠ ʩʭʦʜʥʠ 

ʝʣʝʤʝʥʪʠ ʥʘ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦʪʦ. 

ʄɽʊʆɼʀ ʀ ʀʅʉʊʈʋʄɽʅʊʀ ʅɸ ʀɿʉʃɽɼɺɸʅɽʊʆ 

¶ ʊʝʦʨʝʪʠʯʥʠ ʤʝʪʦʜʠ ï ɿʘ ʮʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʧʨʘʚʠ 

ʦʙʟʦʨ ʠ ʠʟʫʯʘʚʘʥʝ ʥʘ ʜʦʩʪʲʧʥʘ ʫ ʥʘʩ ʠ ʚ ʯʫʞʙʠʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʘʥʘ ʣʠʪʝʨʘʪʫʨʘ. ʇʨʦʩʣʝʜʷʚʘʪ ʩʝ ʨʘʟʣʠʯʥʠ 

ʠʟʪʦʯʥʠʮʠ, ʨʘʙʦʪʠʣʠ ʧʦ ʪʝʤʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʠ ʩʝ 

ʠʟʩʣʝʜʚʘʪ ʧʦʟʠʮʠʠʪʝ ʠʤ, ʦʪʨʘʟʝʥʠ ʚ ʩʪʘʪʠʠ, ʧʫʙʣʠʢʘʮʠʠ ʚ 

ʧʝʯʘʪʥʠ ʠ ʝʣʝʢʪʨʦʥʥʠ ʠʟʜʘʥʠʷ; 

¶ ɽʤʧʠʨʠʯʥʠ ï ʇʨʦʚʝʞʜʘʪ ʩʝ ʥʘʙʣʶʜʝʥʠʷ, ʘʥʘʣʠʟʠ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ. ʆʙʩʣʝʜʚʘʪ ʩʝ ʨʝʘʣʥʠ ʧʨʠʤʝʨʠ, ʢʦʠʪʦ ʩʝ 

ʧʦʜʣʘʛʘʪ ʥʘ ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʠ ʩʝ ʢʘʪʝʛʦʨʠʟʠʨʘʪ ʩʧʦʨʝʜ 

ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʝʬʠʥʠʨʘʥʠ ʢʨʠʪʝʨʠʠ. ʇʨʘʚʷʪ ʩʝ ʧʨʦʫʯʚʘʥʠʷ 

ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʠ ʠ ʢʘʯʝʩʪʚʝʥʠ ʩʪʦʡʥʦʩʪʠ, ʩʠʥʪʝʟʠʨʘʪ ʩʝ 

ʦʙʦʙʱʝʥʠʷ ʠ ʟʘʢʣʶʯʝʥʠʷ. ʇʨʦʚʝʞʜʘʪ ʩʝ ʨʘʟʛʦʚʦʨʠ ʩʲʩ 
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ʩʪʫʜʝʥʪʠ ʠ ʧʨʦʬʝʩʠʦʥʘʣʠʩʪʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʟʘ 

ʦʧʠʪʘ ʠʤ ʩ ʜʠʛʠʪʘʣʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʲʟʜʘʚʘʪ ʩʝ ʧʨʦʙʥʠ ʜʠʛʠʪʘʣʥʠ ʤʦʜʝʣʠ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʦʪʦʪʠʧʠ ʠ ʩʝ ʧʨʘʚʷʪ ʠʟʚʦʜʠ ʟʘ 

ʭʘʨʘʢʪʝʨʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʙʘʟʘ ʧʨʦʚʝʜʝʥʠʪʝ 

ʝʢʩʧʝʨʠʤʝʥʪʠ. 

ʆʏɸʂɺɸʅʀ ʇʈʀʅʆʉʀ ʅɸ ʀɿʉʃɽɼɺɸʅɽʊʆ 

¶ ʉʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ 

ʪʝʤʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʧʦ ʩʚʝʪʘ ʠ ʫ ʥʘʩ ʩ ʠʟʚʦʜʠ ʟʘ 

ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʢʦʥʮʝʧʮʠʠ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʣʘʩʠʬʠʢʘʮʠʠ; 

¶ ɼʝʪʘʡʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʟʥʘʯʠʤʠ ʩʲʚʨʝʤʝʥʥʠ ʧʨʠʤʝʨʠ 

ʦʪ XXI ʚʝʢ, ʚ ʢʦʥʪʝʢʩʪʘ ʥʘ ʜʠʛʠʪʘʣʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʜʠʟʘʡʥʘ ʟʘ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ; 

¶ ʉʲʟʜʘʚʘʥʝ ʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʟʘ ʦʙʝʢʪʠʚʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʧʨʠʤʝʨʠ ʧʦ ʪʝʤʘʪʘ ʟʘ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ, ʦʩʥʦʚʘʥʘ ʥʘ 

ʧʨʝʜʣʦʞʝʥʘ ʦʪ ʘʚʪʦʨʘ ʘʥʘʣʠʪʠʯʥʘ ʤʘʪʨʠʮʘ; 

¶ ʇʨʝʜʣʦʞʝʥʠʝ ʟʘ ʜʝʪʘʡʣʥʘ ʤʝʪʦʜʠʢʘ ʟʘ ʨʘʙʦʪʘ ʩ 

ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʧʨʠʣʦʞʠʤʘ ʧʨʠ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ, 

ʜʠʛʠʪʘʣʥʠ ʤʦʜʝʣʠ ʠʣʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʇʆʊʈɽɹʀʊɽʃʀ ʅɸ ʀɿʉʃɽɼɺɸʅɽʊʆ 

 ʇʦʪʨʝʙʠʪʝʣʠ ʩʘ ʩʪʫʜʝʥʪʠ ʠ ʧʨʦʬʝʩʠʦʥʘʣʠʩʪʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʠ ʜʠʟʘʡʥʘ, ʠʩʢʘʱʠ ʜʘ ʨʘʟʙʝʨʘʪ ʧʦʚʝʯʝ ʢʘʢʪʦ ʟʘ 

ʧʨʦʮʝʩʠʪʝ ʥʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʘʢʘ ʠ ʟʘ ʩʧʝʮʠʬʠʢʠʪʝ ʧʨʠ 

ʚʟʘʠʤʦʚʨʲʟʢʘʪʘ ʥʘ ʜʚʘʪʘ ʧʨʦʮʝʩʘ. ʉʲʟʜʘʜʝʥʘʪʘ ʦʪ ʘʚʪʦʨʘ 

ʤʝʪʦʜʦʣʦʛʠʷ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʨʠʤʝʨʠ ʠ ʤʝʪʦʜʠʢʘ ʟʘ ʨʘʙʦʪʘ ʧʨʠ 

ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʱʝ ʩʝ ʩʧʦʜʝʣʷ ʩʚʦʙʦʜʥʦ 

ʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ, ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʫʯʝʙʥʠ 

ʤʘʪʝʨʠʘʣʠ ʠ ʟʘ ʜʨʫʛʠ ʘʢʘʜʝʤʠʯʥʠ ʮʝʣʠ. 
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ʆʉʅʆɺʅʀ ʊɽʈʄʀʅʀ ʀ ʉʇɽʎʀʌʀʏɽʅ ʉʄʀʉʒʃ, ʉ ʂʆʁʊʆ ʉɸ 

ʀɿʇʆʃɿɺɸʅʀ ɺ ʈɸɿʈɸɹʆʊʂɸʊɸ 

 ɺ ʜʠʩʝʨʪʘʮʠʷʪʘ ʩʘ ʠʟʚʝʜʝʥʠ ʥʷʢʦʠ ʦʩʥʦʚʥʠ ʪʝʨʤʠʥʠ ʠ 

ʩʧʝʮʠʬʠʯʥʠʷʪ ʩʤʠʩʲʣ, ʩ ʢʦʡʪʦ ʩʘ ʠʟʣʦʞʝʥʠ, ʢʘʪʦ ʥʘʡ-ʚʘʞʥʠ ʩʘ: 

Å ɼʠʛʠʪʘʣʝʥ ʤʦʜʝʣ ï ɼʚʫʠʟʤʝʨʝʥ ʯʝʨʪʝʞ ʠʣʠ ʪʨʠʠʟʤʝʨʝʥ 

ʤʦʜʝʣ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝʥ ʝʣʝʤʝʥʪ/ʦʙʝʢʪ, ʩʲʟʜʘʜʝʥ ʯʨʝʟ 

ʢʦʤʧʶʪʲʨʥʘ ʧʨʦʛʨʘʤʘ ʠ ʧʨʝʜʩʪʘʚʝʥ ʚ ʜʠʛʠʪʘʣʝʥ ʚʠʜ. 

Å ɼʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ï ʊʝʨʤʠʥʲʪ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʧʠʩʘʥʠʝ 

ʥʘ ʪʚʦʨʯʝʩʢʠʷ ʧʨʦʮʝʩ, ʯʨʝʟ ʢʦʡʪʦ ʩʝ ʩʲʟʜʘʚʘʪ ʜʠʛʠʪʘʣʥʠ 

ʤʦʜʝʣʠ ʟʘ ʥʫʞʜʠʪʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʠ/ʠʣʠ ʘʨʭʠʪʝʢʪʫʨʥʠʷ 

ʜʠʟʘʡʥ. ɺ ʨʘʟʨʘʙʦʪʢʘʪʘ, ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʩʝ 

ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʦʩʥʦʚʥʘ ʯʘʩʪ ʦʪ ʧʨʦʮʝʩʘ ʥʘ ʮʷʣʦʩʪʥʦ 

ʧʨʦʝʢʪʠʨʘʥʝ ʚ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʠ ʜʠʟʘʡʥʘ. 

Å ɸʣʛʦʨʠʪʤʠʯʥʦ ʤʦʜʝʣʠʨʘʥʝ ï ɼʠʛʠʪʘʣʥʦ  ʤʦʜʝʣʠʨʘʥʝ ʯʨʝʟ 

ʩʲʩʪʘʚʷʥʝ ʥʘ ʘʣʛʦʨʠʪʤʠ/ʧʦʩʪʲʧʢʦʚʠ ʧʨʦʮʝʜʫʨʠ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʩʧʝʮʠʘʣʝʥ ʩʦʬʪʫʝʨ ʟʘ ʚʠʟʫʘʣʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ. 

Å ɼʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ï ʇʨʦʮʝʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚ ʢʦʡʪʦ 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʤʘʰʠʥʠ ʩ ʮʠʬʨʦʚʦ ʧʨʦʛʨʘʤʥʦ ʫʧʨʘʚʣʝʥʠʝ (ʎʇʋ), 

ʟʘ ʢʨʘʪʢʦʩʪ ʥʘʨʠʯʘʥʠ ʚ ʜʠʩʝʨʪʘʮʠʷʪʘ ʢʦʤʧʶʪʲʨʥʦ ʫʧʨʘʚʣʷʝʤʠ 

ʤʘʰʠʥʠ. 

Å ʇʨʦʪʦʪʠʧʠʨʘʥʝ ï ʇʨʦʮʝʩʲʪ ʥʘ ʬʠʟʠʯʝʩʢʦʪʦ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʧʨʦʪʦʪʠʧ ʯʨʝʟ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

Å CNC ʤʘʰʠʥʠ ï CNC (ʦʪ Computer Numeric Control) ʩʘ 

ʤʘʰʠʥʠʪʝ ʩ ʮʠʬʨʦʚʦ ʧʨʦʛʨʘʤʥʦ ʫʧʨʘʚʣʝʥʠʝ. ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ʧʦʜ CNC ʩʝ ʨʘʟʙʠʨʘʪ ʚʩʠʯʢʠ ʤʘʰʠʥʠ, ʫʧʨʘʚʣʷʝʤʠ ʯʨʝʟ 

ʢʦʤʧʶʪʨʠ ʠ CAM ʩʦʬʪʫʝʨʠ. 

ɺ ʜʠʩʝʨʪʘʮʠʷʪʘ ʩʘ ʦʧʠʩʘʥʠ ʦʱʝ ʠ ʜʨʫʛʠ ʩʧʝʮʠʬʠʯʥʠ ʪʝʨʤʠʥʠ 

ʢʘʪʦ CAD, CAM, ʘʣʛʦʨʠʪʲʤ, NURBS, ʦʙʝʢʪʦʚʠ ʧʨʠʤʠʪʠʚʠ, ʛʨʘʬʠʯʥʠ / 

ʛʝʦʤʝʪʨʠʯʥʠ ʧʨʠʤʠʪʠʚʠ, ʧʘʨʘʤʝʪʨʠʯʝʥ ʜʠʟʘʡʥ. 
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ɻʃɸɺɸ 1 ï ɺʒɿʅʀʂɺɸʅɽ, ʈɸɿɺʀʊʀɽ ʀ ʉʒɺʈɽʄɽʅʅʀ 

ɸʉʇɽʂʊʀ ʅɸ ɼʀɻʀʊɸʃʅʆʊʆ ʄʆɼɽʃʀʈɸʅɽ ʀ 

ʇʈʆʀɿɺʆɼʉʊɺʆ ɺ ɼʀɿɸʁʅɸ ɿɸ ɸʈʍʀʊɽʂʊʋʈɸʊɸ 

1.1. ʇʦʷʚʘ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ   

1.1.1. ʇʨʝʜʧʦʩʪʘʚʢʠ ʟʘ ʜʠʛʠʪʘʣʠʟʘʮʠʷ 

ɼʠʛʠʪʘʣʠʟʘʮʠʷʪʘ ʧʨʝʜʠʟʚʠʢʘ ʝʜʥʘ ʦʪ ʥʘʡ-ʩʝʨʠʦʟʥʠʪʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʯʦʚʝʰʢʘʪʘ ʠʩʪʦʨʠʷ, ʢʘʪʦ ʧʨʦʤʝʥ ̫ʥʘʯʠʥʘ, ʧʦ ʢʦʡʪʦ 

ʭʦʨʘʪʘ ʨʘʙʦʪʷʪ, ʧʦʯʠʚʘʪ, ʦʙʱʫʚʘʪ, ʪʚʦʨʷʪ ʠ ʥʘʢʨʘʪʢʦ ï ʞʠʚʝʷʪ. ʊʷ 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʙʱ ʟʘ ʩʚʝʪʘ ʧʨʦʮʝʩ ʥʘ ʮʠʬʨʦʚʠʟʘʮʠʷ ʚʲʚ ʚʩʠʯʢʠ 

ʩʬʝʨʠ ʥʘ ʯʦʚʝʰʢʘʪʘ ʜʝʡʥʦʩʪ, ʜʝʬʠʥʠʨʘʥ ʩ ʪʝʨʤʠʥʘ Ăɼʠʛʠʪʘʣʥʘ 

ʨʝʚʦʣʶʮʠʷò, ʯʝʩʪʦ ʥʘʨʠʯʘʥ ʦʱʝ Ăʊʨʝʪʘ ʠʥʜʫʩʪʨʠʘʣʥʘ ʨʝʚʦʣʶʮʠò̫. 

ʇʨʦʮʝʩʲʪ ʩʪʘʚʘ ʚʲʟʤʦʞʝʥ ʟʘʨʘʜʠ ʧʦʷʚʘʪʘ ʥʘ ʥʘʡ-ʛʦʣʷʤʘʪʘ ʠʥʦʚʘʮʠʷ 

ʥʘ XX ʚʝʢ ï ʜʠʛʠʪʘʣʥʠʷ ʢʦʤʧʶʪʲʨ! 

ʀʩʪʦʨʠʯʝʩʢʠ ʧʦʛʣʝʜʥʘʪʦ, ʪʝʨʤʠʥʲʪ Ăʢʦʤʧʶʪʲʨò ʩʲʱʝʩʪʚʫʚʘ ʚ 

ʘʥʛʣʦʝʟʠʯʥʠʷ ʩʚʷʪ ʦʱʝ ʦʪ XVIII ʚʝʢ ʢʘʪʦ ʧʨʠʣʘʛʘʪʝʣʥʦ ʟʘ ʯʠʥʦʚʥʠʮʠʪʝ, 

ʢʘʣʢʫʣʠʨʘʱʠ ʨʘʟʣʠʯʥʠ ʟʘʜʘʯʠ. ʊʝʨʤʠʥʲʪ ʝ ʠʟʧʦʣʟʚʘʥ ʠ ʟʘ ʘʥʘʣʦʛʦʚʠ 

ʠʣʠ ʝʣʝʢʪʨʦ-ʤʝʭʘʥʠʯʥʠ ʠʟʯʠʩʣʠʪʝʣʥʠ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ ʥʘʧʨʠʤʝʨ 

ʜʨʝʚʥʦʛʨʲʮʢʠʷ Ăʄʝʭʘʥʠʟʲʤ ʦʪ ɸʥʪʠʢʠʪʠʨʘò, Ăʄʘʰʠʥʘʪʘ ʟʘ ʠʟʯʠʩʣʝʥʠʷ 

ʥʘ ʧʨʠʣʠʚʠ ʠ ʦʪʣʠʚʠò ʦʪ 1872 ʛ., Ăɼʠʬʝʨʝʥʮʠʘʣʥʠʷʪ ʘʥʘʣʠʟʘʪʦʨò ʦʪ 

1927 ʛ. ʠ ʜʨʫʛʠ. ʆʢʦʣʦ ʧʝʨʠʦʜʘ ʥʘ ɺʪʦʨʘʪʘ ʉʚʝʪʦʚʥʘ ɺʦʡʥʘ ʦʙʘʯʝ, 

ʪʝʭʥʦʣʦʛʠʠʪʝ ʙʲʨʟʦ ʩʝ ʨʘʟʚʠʚʘʪ ʜʦ ʝʪʘʧ, ʢʦʡʪʦ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʜʠʛʠʪʘʣʥʠ ʢʦʤʧʶʪʨʠ. 

1.1.2. ʈʘʟʚʠʪʠʝ ʥʘ ʜʠʛʠʪʘʣʥʠʷ ʢʦʤʧʶʪʲʨ ʠ ʧʝʨʠʬʝʨʥʠʪʝ 

ʫʩʪʨʦʡʩʪʚʘ 

ʀʜʝʷʪʘ ʟʘ ʜʠʛʠʪʘʣʥʠʪʝ ʢʦʤʧʶʪʨʠ ʩʝ ʧʦʷʚʷʚʘ ʦʱʝ ʧʨʝʟ 1936 ʛ., 

ʚ ʪʝʦʨʝʪʠʯʥʘ ʢʦʥʮʝʧʮʠʷ ʥʘʨʝʯʝʥʘ Ăʫʥʠʚʝʨʩʘʣʥʘ ʤʘʰʠʥʘ ʥʘ ʊʫʨʠʥʛò. 

ɺ ʥʝʷ ʟʘ ʧʨʲʚ ʧʲʪ ʩʘ ʦʧʠʩʘʥʠ ʙʲʜʝʱʠʪʝ ʧʨʠʥʮʠʧʠ ʥʘ ʨʘʙʦʪʘ ʧʨʠ 

ʜʠʛʠʪʘʣʥʠʪʝ ʢʦʤʧʶʪʨʠ, ʘ ʠʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʘʤʝʪ ʠ Ăʩʢʝʥʝʨò, 

ʢʦʡʪʦ ʩʝ ʜʚʠʞʠ ʚ ʧʘʤʝʪʪʘ, ʟʘ ʜʘ ʯʝʪʝ ʠʥʬʦʨʤʘʮʠʷʪʘ ʚ ʥʝʷ, ʩʠʤʚʦʣ ʧʦ 
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ʩʠʤʚʦʣ, ʩʣʝʜ ʢʦʝʪʦ ʜʘ ʟʘʧʠʩʚʘ ʥʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʜ ʚʣʠʷʥʠʝ ʥʘ 

ʟʘʧʘʤʝʪʝʥʠ ʚ ʧʘʤʝʪʪʘ ʠʥʩʪʨʫʢʮʠʠ.   

ʇʲʨʚʠʷʪ ʜʠʛʠʪʘʣʝʥ ʢʦʤʧʶʪʲʨ, ʢʨʲʩʪʝʥ ABC ʩʝ ʠʟʛʨʘʞʜʘ ʦʪ 

ɼʞʦʥ ɸʪʘʥʘʩʦʬ ʠ ʂʣʠʬʲʨʜ ɹʝʨʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘ ɸʡʦʚʘ ʚ ʧʝʨʠʦʜʘ 

ʦʪ 1939 ʜʦ 1942 ʛ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʧʦ-ʘʙʩʪʨʘʢʪʥʘʪʘ ʢʦʥʮʝʧʮʠʷ ʥʘ ʊʫʨʠʥʛ, 

ʢʦʥʮʝʧʮʠʷʪʘ ʥʘ ɸʪʘʥʘʩʦʬ ʝ ʜʝʪʘʡʣʥʘ ʠ ʩʲʜʲʨʞʘ ʧʣʘʥ ʟʘ ʠʟʛʨʘʞʜʘʥʝ 

ʥʘ ʨʘʙʦʪʝʱʠ ʝʣʝʢʪʨʦʥʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʡʪʦ ɹʝʨʠ ʧʨʦʠʟʚʝʞʜʘ ʩʲʩ 

ʩʚʦʠʪʝ ʩʪʫʜʝʥʪʠ. ʂʦʤʧʶʪʲʨʲʪ ʦʩʪʘʚʘ ʥʝʜʦʚʲʨʰʝʥ ʟʘʨʘʜʠ 

ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʉɸʑ ʚʲʚ ʚʦʡʥʘʪʘ ʠ ʫʯʘʩʪʠʝʪʦ ʥʘ ɸʪʘʥʘʩʦʬ ʚʲʚ 

ʚʦʝʥʥʠ ʨʘʟʨʘʙʦʪʢʠ. ʇʨʝʟ 1942-1943 ʛ., ʥʝʟʘʚʠʩʠʤʦ ʦʪ ɸʪʘʥʘʩʦʬ, ʚ 

ɸʥʛʣʠʷ ʩʝ ʧʦʷʚʷʚʘ ʜʨʫʛ ʢʦʤʧʶʪʲʨ ʥʘʨʝʯʝʥ Colossus Mark I, ʢʦʡʪʦ ʩʝ 

ʧʦʣʟʚʘ ʟʘ ʢʨʠʧʪʦʘʥʘʣʠʟ ʥʘ ʧʨʠʭʚʘʥʘʪʠ ʥʝʤʩʢʠ ʩʲʦʙʱʝʥʠʷ. ʇʨʝʟ 1946 

ʛ. ʚ ʉɸʑ ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʦʤʧʶʪʲʨʘ ENIAC, ʢʦʡʪʦ ʝ ʩʲʟʜʘʜʝʥ ʜʘ 

ʠʟʯʠʩʣʷʚʘ ʪʨʘʝʢʪʦʨʠʠʪʝ ʥʘ ʘʨʪʠʣʝʨʠʡʩʢʠʪʝ ʩʥʘʨʷʜʠ ʠ ʨʘʢʝʪʠ ʩ 

ʜʘʣʝʯʝʥ ʦʙʩʝʛ. ɺ ʢʨʘʷ ʥʘ 40-ʪʝ ʛʦʜʠʥʠ ʚ ʋʥʠʚʝʨʩʠʪʝʪʘ ʚ ʄʘʥʯʝʩʪʲʨ ʩʝ 

ʧʦʷʚʷʚʘ ʠ Manchester Mark I, ʢʦʡʪʦ ʟʘ ʧʨʲʚ ʧʲʪ ʠʟʧʲʣʥʷʚʘ ʚʛʨʘʜʝʥʘ 

ʧʨʦʛʨʘʤʘ. ʇʨʝʟ 1951 ʛ. ʝ ʨʘʟʨʘʙʦʪʝʥ ʢʦʤʧʶʪʲʨʲʪ Feranti Mark I, ʟʘ 

ʢʦʡʪʦ ʝ ʥʘʧʠʩʘʥʘ ʠ ʧʲʨʚʘʪʘ ʢʦʤʧʶʪʲʨʥʘ ʠʛʨʘ ï ʰʘʭ, ʧʦ-ʠʟʚʝʩʪʝʥ ʩ 

ʬʘʢʪʘ, ʯʝ ʝ ʧʲʨʚʠʷʪ ʢʦʤʝʨʩʠʘʣʥʦ ʧʨʝʜʣʘʛʘʥ ʢʦʤʧʶʪʲʨ. ʇʨʝʟ 1961 ʛ. ʚ 

ɹʲʣʛʘʨʠʷ ʩʝ ʧʦʷʚʷʚʘ ʢʦʤʧʶʪʲʨʲʪ Ăɺʠʪʦʰʘò, ʢʦʡʪʦ ʝ ʩʲʟʜʘʜʝʥ ʦʪ 

ʀʟʯʠʩʣʠʪʝʣʥʠʷ ʮʝʥʪʲʨ ʧʨʠ ʀʩʪʠʪʫʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʥʘ ɹɸʅ. 

ʀʥʬʦʨʤʘʮʠʷʪʘ ʧʦʣʫʯʘʚʘ ʢʘʪʦ ʚʩʠʯʢʠ ʨʘʥʥʠ ʢʦʤʧʶʪʨʠ ï ʥʘ 

ʧʝʨʬʦʣʝʥʪʘ, ʘ ʠʟʭʦʜʥʠʪʝ ʜʘʥʥʠ ʩʝ ʚʲʚʝʞʜʘʪ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʥʘ 

ʝʣʝʢʪʨʠʯʝʩʢʘ ʧʠʰʝʱʘ ʤʘʰʠʥʘ. 

 

ʌʠʛ.1. ABC ʢʦʤʧʶʪʲʨʘ (ʣʷʚʦ) ʠ ENIAC (ʜʷʩʥʦ)  

(ʠʟʪʦʯʥʠʮʠ: www.computerhistory.org) 
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ɼʠʛʠʪʘʣʠʟʘʮʠʷʪʘ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʘʪʘ ʧʨʘʢʪʠʢʘ ʩʝ ʩʣʫʯʚʘ 

ʝʜʚʘ ʧʨʝʟ 80-ʪʝ ʛʦʜʠʥʠ ʥʘ XX ʚʝʢ, ʢʦʛʘʪʦ ʩʝ ʨʘʟʚʠʚʘ ʧʝʨʩʦʥʘʣʥʠʷʪ 

ʢʦʤʧʶʪʲʨ ʠ ʥʝʛʦʚʠʪʝ ʧʝʨʠʬʝʨʠʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ. ɼʦʪʦʛʘʚʘ 

ʢʦʤʧʶʪʨʠʪʝ ʟʘʝʤʘʪ ʛʦʣʷʤʘ ʧʣʦʱ, ʠʟʠʩʢʚʘʪ ʚʠʩʦʢʦʢʚʘʣʠʬʠʮʠʨʘʥʘ 

ʧʦʜʜʨʲʞʢʘ ʠ ʥʘʡ- ʚʘʞʥʦʪʦ ï ʪʝ ʩʘ ʤʥʦʛʦ ʩʢʲʧʠ.  

ʇʲʨʚʠʷʪ ʧʝʨʩʦʥʘʣʝʥ ʢʦʤʧʶʪʲʨ ʩʝ ʧʦʷʚʷʚʘ ʧʨʝʟ 1964 ʛ. ʚ 

ʀʪʘʣʠʷ. ʇʨʦʠʟʚʝʜʝʥ ʝ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʥʘ ʧʠʰʝʱʠ ʤʘʰʠʥʠ ʆʣʠʚʝʪʠ 

ʠ ʟʘʨʘʜʠ ʩʨʘʚʥʠʪʝʣʥʦ ʥʠʩʢʘʪʘ ʩʠ ʮʝʥʘ ʠ ʤʘʣʢʠʪʝ ʩʠ ʨʘʟʤʝʨʠ ʧʦʩʪʠʛʘ 

ʩʝʨʠʦʟʝʥ ʫʩʧʝʭ ï ʧʨʦʜʘʜʝʥʠ ʩʘ ʥʘʜ 40 000 ʙʨʦʡʢʠ, ʢʘʪʦ ʩʨʝʜ 

ʢʫʧʫʚʘʯʠʪʝ ʩʝ ʥʘʨʝʞʜʘʪ ʠ ʅɸʉɸ. ʂʦʤʧʶʪʲʨʲʪ ʠʤʘ ʬʫʥʢʮʠʦʥʘʣʥʩʪʪʘ 

ʥʘ ʧʨʦʛʨʘʤʠʨʫʝʤ ʜʠʛʠʪʘʣʝʥ ʢʘʣʢʫʣʘʪʦʨ ʩ ʧʨʠʥʪʝʨ ʠ ʝ ʜʘʣʝʯ ʦʪ 

ʩʲʚʨʝʤʝʥʥʠʪʝ ʧʨʝʜʩʪʘʚʠ ʟʘ ʧʝʨʩʦʥʘʣʝʥ ʢʦʤʧʶʪʲʨ. ɽʜʚʘ ʧʨʝʟ 1973 ʛ. 

ʩʝ ʧʦʷʚʷʚʘ Xerox Alto ï ʧʲʨʚʠʷʪ ʧʝʨʩʦʥʘʣʝʥ ʢʦʤʧʶʪʲʨ ʩ ʤʦʥʠʪʦʨ, 

ʤʠʰʢʘ ʠ ʢʣʘʚʠʘʪʫʨʘ. ʄʘʣʢʦ ʧʦ-ʢʲʩʥʦ ʧʨʝʟ 1977 ʛ. ʩʝ ʧʦʷʚʷʚʘ 

Macintosh ʥʘ ʢʦʤʧʘʥʠʷʪʘ Apple, ʢʦʠʪʦ ʟʘ ʠʟʚʝʩʪʥʦ ʚʨʝʤʝ ʩʘ ʧʲʨʚʝʥʮʠ 

ʧʦ ʧʨʦʜʘʞʙʠ ʚ ʉɸʑ. ʊʦʡ ʝ ʧʦʧʫʣʷʨʝʥ ʩ ʬʘʢʪʘ, ʯʝ ʝ ʧʲʨʚʠʷʪ ʤʘʩʦʚ 

ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʦʨʠʝʥʪʠʨʘʥ ʢʦʤʧʶʪʲʨ ʠ ʥʘ ʥʝʛʦ ʤʦʛʘʪ ʜʘ ʨʘʙʦʪʷʪ ʠ 

ʥʝʩʧʝʮʠʘʣʠʩʪʠ.  

 

 

ʌʠʛ.2.Programma 101 (ʣʷʚʦ) ʠ IBM PC (ʜʷʩʥʦ).  

(ʠʟʪʦʯʥʠʮʠ: www.museoscienza.org;www.computerhistory.org) 

ʇʨʝʟ 1981 ʛ. ʠʜʚʘ ʠ ʧʦʚʨʘʪʥʠʷʪ ʤʦʤʝʥʪ ʟʘ ʧʝʨʩʦʥʘʣʥʠʪʝ 

ʢʦʤʧʶʪʨʠ ï ʧʦʷʚʷʚʘ ʩʝ IBM PC. ʊʦʡ ʠʤʘ ʤʦʥʠʪʦʨ ʩ ʯʝʪʠʨʠ ʮʚʷʪʘ ʠ 

ʨʝʟʦʣʶʮʠʷ 320ʭ200 ʧʠʢʩʝʣʘ. IBM ʦʙʘʯʝ ʝ ʨʝʚʦʣʶʮʠʦʥʝʥ ʟʘʨʘʜʠ 
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ʪʦʚʘ, ʯʝ ʦʪʚʘʨʷ ʚʨʘʪʠʪʝ ʟʘ ʨʘʟʣʠʯʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʩʦʬʪʫʝʨ ʠ 

ʭʘʨʜʫʝʨ, ʙʝʟ ʠʩʢʘʥʝ ʟʘ ʟʘʧʣʘʱʘʥʝ ʥʘ ʣʠʮʝʥʟʠʦʥʥʘ ʪʘʢʩʘ, ʢʘʪʦ ʜʦʨʠ 

ʘʫʪʩʦʨʩʚʘ ʦʧʝʨʘʮʠʦʥʥʘʪʘ ʩʠ ʩʠʩʪʝʤʘ ʥʘ ʚʲʥʰʥʘ ʬʠʨʤʘ - Microsoft.. 

ʊʘʢʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ ʢʦʤʧʶʪʲʨʲʪ ʥʘ IBM ʩʲʟʜʘʚʘ ʮʷʣʘ 

ʝʢʦʩʠʩʪʝʤʘ ʦʪ ʬʠʨʤʠ ʨʘʟʨʘʙʦʪʯʠʮʠ ʦʢʦʣʦ ʩʝʙʝ ʩʠ ʠ ʪʨʘʡʥʦ ʠʟʤʝʩʪʚʘ 

Apple ʩ ʪʷʭʥʘʪʘ ʟʘʪʚʦʨʝʥʘ ʧʣʘʪʬʦʨʤʘ. ʇʦʢʘʟʘʪʝʣ ʟʘ ʫʩʧʝʭʲʪ ʥʘ 

ʢʦʤʧʶʪʲʨʘ ʝ, ʯʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʧʲʨʚʠʷ ʤʝʩʝʮ ʦʪ ʩʲʟʜʘʚʘʥʝʪʦ ʩʠ IBM 

ʧʨʦʜʘʚʘʪ ʥʘʜ 200 000 ʙʨʦʡʢʠ, ʢʦʣʢʦʪʦ ʩʘ ʦʯʘʢʚʘʣʠ ʜʘ ʧʨʦʜʘʜʘʪ ʟʘ 3 

ʛʦʜʠʥʠ, ʘ ʘʙʨʝʚʠʘʪʫʨʘʪʘ ʥʘ ʪʝʭʥʠʷ PC ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʜʦ ʜʥʝʩ ʟʘ 

ʚʩʠʯʢʠ ʧʝʨʩʦʥʘʣʥʠ ʢʦʤʧʶʪʨʠ ʧʦ ʩʚʝʪʘ. 

ɺ ɹʲʣʛʘʨʠʷ ʧʝʨʩʦʥʘʣʥʠʪʝ ʢʦʤʧʶʪʨʠ ʩʝ ʧʦʷʚʷʚʘʪ ʙʲʨʟʦ ʩʣʝʜ 

ʩʚʝʪʦʚʥʘʪʘ ʠʤ ʧʨʝʤʠʝʨʘ ʩ ʨʦʜʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʇʨʘʚʝʮ. 

ʈʘʟʨʘʙʦʪʢʘʪʘ ʠʤ ʟʘʧʦʯʚʘ ʚ ʀʥʩʪʠʪʫʪʘ ʧʦ ʊʝʭʥʠʯʝʩʢʘ ʂʠʙʝʨʥʝʪʠʢʘ ʠ 

ʈʦʙʦʪʠʢʘ (ʀʂʊʈ) ʥʘ ɹɸʅ ʧʨʝʟ 1979 ʛ. ʇʨʝʟ 1980 ʛ. ʝ ʧʨʝʜʩʪʘʚʝʥ 

ʧʲʨʚʠʷʪ ʢʦʤʧʶʪʲʨ ï ʀʄʂʆ ï 1, ʘ ʥʘ ʩʣʝʜʚʘʱʘʪʘ ʛʦʜʠʥʘ ʩʝ 

ʨʘʟʨʘʙʦʪʚʘ ʀʄʂʆ ï 2, ʢʦʡʪʦ ʩʣʝʜ ʪʦʚʘ ʝ ʧʨʝʢʨʲʩʪʝʥ ʥʘ ʇʨʘʚʝʮ ï 82. 

ʇʨʝʟ 1984 ʛ. ʩʝ ʧʦʷʚʷʚʘʪ ʠ 16 ʙʠʪʦʚʠʪʝ ʚʝʨʩʠʠ, ʥʘʨʝʯʝʥʠ ʇʨʘʚʝʮ ï 16. 

ʇʦ ʩʲʱʝʩʪʚʦ, ʙʲʣʛʘʨʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʣʝʜʚʘ ʩʚʝʪʦʚʥʘʪʘ 

ʪʝʥʜʝʥʮʠʷ ʦʪ 80-ʪʝ ʛʦʜʠʥʠ ʟʘ ʢʦʧʠʨʘʥʝ ʥʘ Apple Lisa ʠ IBM PC, ʢʘʪʦ 

ʝʜʠʥ ʦʪ ʚʘʨʠʘʥʪʠʪʝ ï ʇʨʘʚʝʮ 8ɽ ʦʪ 1985 ʛ. ʝ ʠʟʮʷʣʦ ʩʲʟʜʘʜʝʥ ʠ 

ʩʛʣʦʙʷʚʘʥ ʚ ʊʘʡʚʘʥ, ʦʪʢʲʜʝʪʦ ʝ ʚʥʘʩʷʥ ʠ ʨʝʙʨʘʥʜʠʨʘʥ. 

ʇʨʝʟ 80-ʪʝ ʛʦʜʠʥʠ ʩʝ ʨʘʟʚʠʚʘʪ ʠ ʚʘʞʥʠʪʝ ʟʘ ʘʨʭʠʪʝʢʪʫʨʥʘʪʘ 

ʧʨʘʢʪʠʢʘ ʧʝʨʠʬʝʨʥʠ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ ʤʦʥʠʪʦʨʲʪ, ʢʦʡʪʦ ʜʦ ʩʨʝʜʘʪʘ 

ʥʘ 80-ʪʝ ʛʦʜʠʥʠ ʝ ʥʝʠʟʧʦʣʟʚʘʝʤ ʟʘ ʛʨʘʬʠʯʥʠ ʮʝʣʠ. ʏʘʢ ʚ ʥʘʯʘʣʦʪʦ ʥʘ 

90-ʪʝ ʛʦʜʠʥʠ IBM ʧʨʝʜʩʪʘʚʷʪ ʩʪʘʥʜʘʨʪʘ XGA ʩ ʨʝʟʦʣʶʮʠʷ 800ʭ600 

ʧʠʢʩʝʣʘ ʠ 16,8 ʤʠʣʠʦʥʘ ʮʚʷʪʘ, ʧʦʟʚʦʣʷʚʘʱ ʧʲʣʥʦʮʝʥʥʦ ʠʥʪʝʛʨʠʨʘʥʝ 

ʥʘ ʢʦʤʧʶʪʲʨʘ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ. ʇʦʜʦʙʥʦ ʢʲʩʥʦ ʨʘʟʚʠʪʠʝ 

ʠʤʘʪ ʠ ʧʨʠʥʪʝʨʠʪʝ. ʄʘʩʦʚʠʪʝ ʤʘʪʨʠʯʥʠ ʧʨʠʥʪʝʨʠ ʦʪ 70-ʪʝ ʠ 80-ʪʝ 

ʛʦʜʠʥʠ ʩʝ ʟʘʤʝʥʷʪ ʩ ʣʘʟʝʨʥʠ ʝʜʚʘ ʧʨʝʟ 80-ʪʝ ʛʦʜʠʥʠ, ʘ ʢʦʤʝʨʩʠʘʣʥʠ 

ʤʘʩʪʠʣʥʦ-ʩʪʨʫʡʥʠ ʧʨʠʥʪʝʨʠ ʩʝ ʧʦʷʚʷʚʘʪ ʚ ʢʨʘʷ ʥʘ 80-ʪʝ ʛʦʜʠʥʠ. 

ʂʦʤʧʶʪʲʨʥʘʪʘ ʤʠʰʢʘ, ʤʘʢʘʨ ʠ ʠʟʦʙʨʝʪʝʥʘ ʧʨʝʟ 1965 ʛ. ʩʝ ʧʦʷʚʷʚʘ 

ʧʨʠ ʧʝʨʩʦʥʘʣʥʠʪʝ ʢʦʤʧʶʪʨʠ ʧʨʝʟ 80-ʪʝ. ɼʦʪʦʛʘʚʘ ʠʥʞʝʥʝʨʠʪʝ 

ʧʨʝʜʣʘʛʘʪ ʨʘʟʣʠʯʥʠ ʫʩʪʨʦʡʩʪʚʘ, ʦʪʯʠʪʘʱʠ ʯʦʚʝʰʢʦʪʦ ʜʚʠʞʝʥʠʝ ʢʘʪʦ 

ʪʘʙʣʝʪʠ, ʩʚʝʪʣʠʥʥʠ ʧʠʩʘʣʢʠ ʠ ʜʨʫʛʠ, ʥʦ ʥʠʪʦ ʝʜʥʦ ʦʪ ʪʷʭ ʥʝ ʧʦʣʫʯʘʚʘ 

ʩʝʨʠʦʟʥʦ ʢʦʤʝʨʩʠʘʣʥʦ ʨʘʟʚʠʪʠʝ. 
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1.1.3. ʇʦʷʚʘ ʥʘ ʜʠʛʠʪʘʣʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ 

ʀʟʦʙʨʝʪʷʚʘʥʝʪʦ ʥʘ ʧʝʨʩʦʥʘʣʥʠʷ ʢʦʤʧʶʪʲʨ ʝ ʪʝʭʥʦʣʦʛʠʯʝʥ 

ʩʢʦʢ ʚ ʙʲʜʝʱʝʪʦ ʟʘ ʤʥʦʛʦ ʠʥʜʫʩʪʨʠʠ, ʥʦ ʧʦʣʟʚʘʥʝʪʦ ʤʫ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʘʪʘ ʧʨʘʢʪʠʢʘ ʠʟʠʩʢʚʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʪ.ʥ. CAD ʧʨʦʛʨʘʤʠ.  

ɸʙʨʝʚʠʘʪʫʨʘʪʘ CAD (ʦʪ Computer-Aided Design) ʝ ʚʲʚʝʜʝʥʘ 

ʧʨʝʟ 1961 ʛ . ʦʪ ʘʤʝʨʠʢʘʥʝʮʘ ɼʲʛʣʘʩ ʊʝʡʣʲʨ ʈʦʩ, ʠʟʩʣʝʜʦʚʘʪʝʣ ʦʪ 

MIT. ʊʝʨʤʠʥʲʪ ʙʲʨʟʦ ʧʨʠʜʦʙʠʚʘ ʧʦʧʫʣʷʨʥʦʩʪ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ 

ʩʲʱʝʩʪʚʫʚʘʱʘʪʘ ʫʥʠʚʝʨʩʠʪʝʪʩʢʘ ʪʝʣʝʚʠʟʠʷ, ʩʣʝʜʝʥʘ ʩ ʠʥʪʝʨʝʩ ʦʪ 

ʥʘʫʯʥʠʪʝ ʩʨʝʜʠ ʥʘ ʉɸʑ. ʇʦʷʚʘʪʘ ʥʘ ʧʲʨʚʠʪʝ CAD/CAM ʧʨʦʛʨʘʤʠ ʧʨʝʟ 

60-ʪʝ ʛʦʜʠʥʠ ʝ ʧʦʩʣʝʜʚʘʥʘ ʦʪ ʦʢʦʣʦ 20 ʛʦʜʠʰʝʥ ʧʝʨʠʦʜ ʥʘ ʟʘʩʪʦʡ ʠ 

ʚʲʪʨʝʰʥʠ ʨʘʟʨʘʙʦʪʢʠ ʟʘ ʥʫʞʜʠʪʝ ʥʘ ʙʠʟʥʝʩʘ ʠʣʠ ʚʦʝʥʥʠʪʝ.  

ʇ̡ ʨʚʠʷʪ CAD ʩʦʬʪʫʝʨ ʝ Sketchpad ʦʪ 1963 ʛ. ʉʦʬʪʫʝʨʲʪ ʝ 

ʯʘʩʪ ʦʪ ʜʦʢʪʦʨʩʢʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʀʚʘʥ ʉʲʜʲʨʣʘʥʜ ʦʪ MIT ʠ ʨʘʟʧʦʣʘʛʘ 

ʩ ʪ.ʥʘʨ. Ăʛʨʘʬʠʯʥʘ ʩʨʝʜʘò ʠ ʨʘʙʦʪʠ ʩ ʛʨʘʬʠʯʥʠ ʠʢʦʥʠ ʠ ʠʥʜʠʢʘʪʦʨʠ 

ʚʤʝʩʪʦ ʩ ʪʝʢʩʪʦʚʦ ʚʲʚʝʞʜʘʥʝ ʥʘ ʢʦʤʘʥʜʠʪʝ. ʉʦʬʪʫʝʨʲʪ ʠʟʧʦʣʟʚʘ 

ʛʝʦʤʝʪʨʠʯʥʠ ʧʨʠʤʠʪʠʚʠ ʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʫʚʝʣʠʯʝʥʠʝ ʠ 

ʥʘʤʘʣʝʥʠʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʥʘ ʝʢʨʘʥʘ. ʇʦ-ʢʲʩʥʦ ʩʝ ʧʦʷʚʷʚʘʪ 

ʨʘʟʣʠʯʥʠ ʩʦʬʪʫʝʨʠ ʟʘ ʠʥʜʫʩʪʨʠʘʣʥʦ ʧʦʣʟʚʘʥʝ ʢʘʪʦ ʥʘʧʨʠʤʝʨ CADAM 

ʦʪ ʩʨʝʜʘʪʘ ʥʘ 70-ʪʝ, ʢʦʷʪʦ ʩʲʯʝʪʘʚʘ CAD ʠ CAM ʩʦʬʪʫʝʨ ʟʘ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʝ ʧʦʣʟʚʘ ʦʪ ʢʦʤʧʘʥʠʠ ʢʘʪʦ General 

Motors, Ford, Chrysler, Lockheed ʠ ʜʨʫʛʠ. ʇʨʝʟ 1977 ʛ. ʩʝ ʧʦʷʚʷʚʘ CAD 

ʧʨʦʛʨʘʤʘʪʘ CATIA, ʢʦʷʪʦ ʜʦ 1981 ʛ . ʩʝ ʥʘʨʠʯʘ ʟʘ ʢʨʘʪʢʦ CATI. ʊʷ 

ʦʙʘʯʝ ʜʘʣʝʯ ʥʝ ʝ ʜʦʩʪʲʧʥʘ, ʪʲʡ ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʦʪ ʚʦʝʥʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣ ʥʘ ʬʨʝʥʩʢʠʪʝ ʠʟʪʨʝʙʠʪʝʣʠ Mirage ï Dessault Systemes.  

ʇʨʝʟ 1982 ʛ. ʩʝ ʧʦʷʚʷʚʘ ʧʲʨʚʠʷʪ ʧʦʧʫʣʷʨʝʥ ʢʦʤʝʨʩʠʘʣʝʥ 

ʩʦʬʪʫʝʨ ʟʘ ʧʝʨʩʦʥʘʣʝʥ ʢʦʤʧʶʪʲʨ ï Autocad. ʉʲʟʜʘʜʝʥ ʦʪ ɼʞʦʥ 

ʋʦʣʢʲʨ, ʪʦʡ ʝ ʟʘʤʠʩʣʝʥ ʢʘʪʦ ʘʣʪʝʨʥʘʪʠʚʘ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ 

ʩʦʬʪʫʝʨʠ ʟʘ ʩʢʲʧʠʪʝ ʠ ʛʦʣʝʤʠ ʤʝʡʥʬʨʝʡʤ ʢʦʤʧʶʪʨʠ. ɼʚʝ ʛʦʜʠʥʠ ʧʦ-

ʢʲʩʥʦ, ʚ ɹʫʜʘʧʝʱʘ, ʋʥʛʘʨʠʷ, ʚ ʫʩʣʦʚʠʷ ʥʘ Ăɾʝʣʷʟʥʘ ʟʘʚʝʩʘò, ɻʘʙʦʨ 

ɹʦʞʘʨ ʥʘʧʠʩʚʘ ʩʚʦʷʪʘ CAD ʧʨʦʛʨʘʤʘ Archicad. ɿʘ ʜʘ ʩʪʠʛʥʝ ʜʦ 

ʟʘʧʘʜʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʪʦʡ ʚʥʘʩʷ ʥʝʣʝʛʘʣʥʦ ʢʦʤʧʶʪʲʨ Apple ʩʣʝʜ ʢʘʪʦ 

ʧʨʦʜʘʚʘ ʙʠʞʫʪʘʪʘ ʥʘ ʞʝʥʘ ʩʠ. ɿʘʨʘʜʠ ʙʘʚʥʠʷ ʩʪʘʨʪ, ʩʚʲʨʟʘʥ ʩ 

ʢʦʤʫʥʠʩʪʠʯʝʩʢʠʷ ʨʝʞʠʤ ʠ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʥʘ ʧʦʩʪʢʦʤʫʥʠʩʪʠʯʝʩʢʘ 

ʋʥʛʘʨʠʷ, Archicad ʜʦʙʠʚʘ ʧʦ-ʩʝʨʠʦʟʥʘ ʧʦʧʫʣʷʨʥʦʩʪ ʝʜʚʘ ʚ ʥʘʯʘʣʦʪʦ 

ʥʘ XXI ʚʝʢ.  
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ʇʨʝʟ 90-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ ʩʝ ʧʦʷʚʷʚʘʪ ʟʥʘʯʠʤʠ 

ʩʦʬʪʫʝʨʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʢʘʪʦ 3D Studio (1990 ʛ.), Rhinoceros (1992 ï 

1998 ʛ.), Solidworks (1995 ʛ.), Autocad Architectural desktop (1998 ʛ.), 

Revit (2000 ʛ.), Sketchup (2000 ʛ.) ʠ ʜʨʫʛʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʩʣʝʜ ʥʘʯʘʣʦʪʦ 

ʥʘ XXI ʚʝʢ ʧʘʟʘʨʲʪ ʥʘ CAD ʩʦʬʪʫʝʨʠʪʝ ʝ ʧʨʝʥʘʩʠʪʝʥ ʠ ʢʦʥʢʫʨʝʥʮʠʷʪʘ 

ʩʝ ʥʘʩʦʯʚʘ ʚ ʧʦʩʦʢʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʥʦʚʠ ʧʣʲʛʠʥʠ.   

1.1.4. ʇʦʷʚʘ ʥʘ ʜʠʛʠʪʘʣʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ɼʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʚʘ ʚʲʟʤʦʞʥʦ ʩ ʧʦʷʚʘʪʘ ʥʘ 

ʤʘh ʠʥʠʪʝ ʩ ʮʠʬʨʦʚʦ ʧʨʦʛʨʘʤʥʦ ʫʧʨʘʚʣʝʥʠʝ, ʧʦ-ʧʦʧʫʣʷʨʥʠ ʢʘʪʦ 

CNC (ʩʲʢʨʘʪʝʥʦ ʦʪ computer numeric control) ʤʘʰʠʥʠ ʠ ʩ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʧʨʦʛʨʘʤʠʨʘʱʠʪʝ ʛʠ CAM ʩʦʬʪʫʝʨʠ (ʦʪ computer ï aided 

manifacturing).  

ʇʨʝʜʰʝʩʪʚʝʥʠʮʠʪʝ ʥʘ ʤʘʰʠʥʠʪʝ ʩ ʮʠʬʨʦʚʦ ʧʨʦʛʨʘʤʥʦ 

ʫʧʨʘʚʣʝʥʠʝ ʩʘ ʤʘʰʠʥʠʪʝ ʩ ʧʨʦʛʨʘʤʥʦ ʫʧʨʘʚʣʝʥʠʝ, ʧʲʨʚʠʪʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʢʦʠʪʦ ʩʘ ʧʘʨʥʠʪʝ ʪʲʢʘʯʥʠ ʩʪʘʥʦʚʝ ʥʘ ɼʞʦʫʟʝʬ ʄʘʨʠ 

ɾʘʢʘʨʜ ʦʪ 1804 ʛ. ʊʦʚʘ ʩʘ ʩʪʘʥʦʚʝ, ʢʦʠʪʦ ʩʝ ʢʦʥʪʨʦʣʠʨʘʪ ʩ 

ʧʝʨʬʦʢʘʨʪʠ, ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ ʤʘʣʢʠ ʪʚʲʨʜʠ ʢʘʨʪʦʥʠ ʩ ʧʝʨʬʦʨʘʮʠʠ, 

ʫʢʘʟʚʘʱʠ ʢʲʜʝ ʤʘʰʠʥʘʪʘ ʜʘ ʘʢʪʠʚʠʨʘ ʢʫʢʠʪʝ ʥʘ ʩʪʘʥʘ. ʊʘʢʘ ʩʪʘʚʘ 

ʚʲʟʤʦʞʥʦ ʩʝʨʠʡʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʟʘʜʘʜʝʥ ʰʘʙʣʦʥ. ɺ ʢʨʘʷ ʥʘ XIX 

ʚʝʢ, ʠʥʞʝʥʝʨʲʪ ʍʝʨʤʘʥ ʍʦʣʝʨʠʪ ʦʪ MIT ʨʝʰʘʚʘ ʜʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘ ʩ 

ʪʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʧʝʨʬʦʢʘʨʪʠʪʝ ʠ ʩʲʟʜʘʚʘ ʤʘʰʠʥʘ ʟʘ ʯʝʪʝʥʝ ʥʘ 

ʧʝʨʬʦʢʘʨʪʠ ʩ ʧʨʠʣʦʞʝʥʠʝ ʚ ʤʘʪʝʤʘʪʠʢʘʪʘ ʦʪ ʧʨʝʙʨʦʷʚʘʥʝ ʥʘ 

ʥʘʩʝʣʝʥʠʝʪʦ, ʜʦ ʙʨʦʷʯ ʥʘ ʩʯʝʪʦʚʦʜʥʠ ʜʘʥʥʠ. ʊʘʙʫʣʠʨʘʱʘʪʘ ʤʘʰʠʥʘ, 

ʧʦʟʥʘʪʘ ʢʘʪʦ ʪʘʙʫʣʘʪʦʨ ʥʘ ʍʦʣʝʨʠʪ, ʯʝʪʝ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʢʘʨʪʠʪʝ ʠ 

ʧʨʝʜʘʚʘ ʯʠʩʣʦʚʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʮʠʬʨʦʚʦ ʪʘʙʣʦ.  

ʅʘ ʦʩʥʦʚʘʪʘ ʥʘ ʧʝʨʬʦʢʘʨʪʠʪʝ, ʥʦ ʚʝʯʝ ʚ ʥʘʯʘʣʦʪʦ ʥʘ 

ʜʠʛʠʪʘʣʥʘʪʘ ʝʧʦʭʘ, ɼʞʦʥ ʇʘʨʩʲʥʩ ʩʲʟʜʘʚʘ ʪʝʦʨʝʪʠʯʥʘ ʢʦʥʮʝʧʮʠʷ ʟʘ 

ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʜʚʠʞʝʥʠʝ ʥʘ ʬʨʝʟʘ. ʇʘʨʩʲʥʩ ʨʝʰʘʚʘ ʜʘ ʧʨʦʚʝʨʠ 

ʜʘʣʠ ʥʝ ʤʦʞʝ ʜʘ ʟʘʜʚʠʞʠ ʬʨʝʟʘ ʧʦ ʢʦʦʨʜʠʥʘʪʠ, ʢʦʜʠʨʘʥʠ ʥʘ 

ʧʝʨʬʦʢʘʨʪʘ. ʏʝʪʠʨʠ ʛʦʜʠʥʠ ʩʣʝʜ ʩʪʘʨʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʧʨʝʟ 1948 ʛ. 

ʩʲʚʤʝʩʪʥʦ ʩ MIT ʩ ʧʦʷʚʷʚʘ ʧʲʨʚʘʪʘ ʧʨʦʛʨʘʤʥʘ ʤʘʰʠʥʘ ʟʘ ʨʷʟʘʥʝ 

ʧʦ ʢʦʦʨʜʠʥʘʪʠ. ɻʦʜʠʥʘ ʧʦ-ʢʲʩʥʦ ʠʥʞʝʥʝʨʠ ʥʘ MIT ʨʘʟʨʘʙʦʪʚʘʪ 

ʧʨʦʛʨʘʤʝʥ ʝʟʠʢ ʟʘ ʢʦʤʧʶʪʲʨʥʦ ʚʲʚʝʞʜʘʥʝ ʥʘ ʢʦʦʨʜʠʥʘʪʠʪʝ, ʧʦʟʥʘʪ 

ʢʘʪʦ APT (ʦʨʠʛ. Automatically Programmed Tools) ʠ ʩ ʪʦʚʘ ʩʝ ʜʘʚʘ ʩʪʘʨʪ 
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ʥʘ CNC ʪʝʭʥʦʣʦʛʠʠʪʝ. APT ʝʟʠʢʲʪ ʝ ʦʩʥʦʚʘ ʥʘ ʤʥʦʛʦ ʦʪ ʧʲʨʚʠʪʝ CAM 

ʧʨʦʛʨʘʤʠ, ʧʦʷʚʠʣʠ ʩʝ ʩʣʝʜ 1957 ʛ. ʢʘʪʦ Pronto, Unisurf ʠ ADAM, ʠ 

ʜʦʨʠ ʥʘ ʯʘʩʪ ʦʪ ʩʲʚʨʝʤʝʥʥʠʪʝ ʩʦʬʪʫʝʨʠ. 

ɺ ʨʘʤʢʠʪʝ ʥʘ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ ʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʨʘʟʚʠʚʘʪ ʙʫʨʥʦ. ʇʦʷʚʷʚʘʪ ʩʝ ʥʦʚʠ 

ʢʦʤʧʶʪʲʨʥʦ ʫʧʨʘʚʣʷʝʤʠ ʤʘʰʠʥʠ, ʧʲʨʚʠʪʝ ʦʪ ʢʦʠʪʦ ʩʘ 3 ʠ ʧʦʚʝʯʝ 

ʦʩʦʚʠʪʝ ʬʨʝʟʠ, ʟʘʨʘʜʠ ʢʦʝʪʦ ʪʝ ʠʩʪʦʨʠʯʝʩʢʠ ʧʨʠʦʨʠʪʝʪʥʦ ʩʝ ʥʘʨʠʯʘʪ 

CNC. ʇʨʝʟ 1960 ʛ. ʩʝ ʧʦʷʚʷʚʘʪ ʠʜʫʩʪʨʠʘʣʥʠʪʝ ʨʦʙʦʪʠ, ʠʟoʙʨʝʪʝʥʠ ʦʪ 

ʘʤʝʨʠʢʘʥʝʮʘ ɼʞʦʨʜʞ ɼʝʚʲʣ, ʘ ʣʘʟʝʨʥʠʪʝ ʨʝʟʘʯʢʠ ʩʝ ʧʦʷʚʷʚʘʪ ʩʘʤʦ 

5 ʛʦʜʠʥʠ ʧʦ-ʢʲʩʥʦ, ʧʨʝʟ 1965 ʛ. ʢʘʪʦ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʢʦʤʧʘʥʠʷʪʘ 

Western Electric Engineering Research Center. ʇʨʝʟ 1980 ʛ. ʩʝ ʧʦʷʚʷʚʘʪ 

ʠ 3D ʧʨʠʥʪʝʨʠʪʝ, ʩʲʟʜʘʜʝʥʠ ʦʪ ʷʧʦʥʝʮʘ ʍʠʜʝʦ ʂʫʜʘʤʘ ʚ Nagoya 

Municipal Industrial Research Institute. 

1.1.5. ɺʥʝʜʨʷʚʘʥʝ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ 

ɽʜʠʥ ʦʪ ʧʲʨʚʠʪʝ ʦʙʝʢʪʠ, ʧʨʠ ʢʦʠʪʦ ʩʝ ʧʨʠʣʘʛʘ CAD ʝ 

ʆʧʝʨʘʪʘ ʚ ʉʠʜʥʠ. ʊʷ ʝ ʧʨʦʝʢʪʠʨʘʥʘ ʧʨʝʟ 1957ʛ. ʧʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ 

ʘʥʘʣʦʛʦʚʠ ʤʝʪʦʜʠ ʟʘ ʤʝʞʜʫʥʘʨʦʜʥʠʷ ʢʦʥʢʫʨʩ ʚ ʉʠʜʥʠ ʦʪ ʘʨʭ. ʁʦʨʥ 

ʋʪʟʦʥ, ʢʦʡʪʦ ʧʝʯʝʣʠ ʞʫʨʠʪʦ ʩ ʬʝʝʨʠʯʥʠʪʝ ʬʦʨʤʠ, ʥʘʧʦʜʦʙʷʚʘʱʠ 

ʧʣʘʪʥʘ ʥʘ ʣʦʜʢʠ. ʈʝʘʣʠʟʘʮʠʷʪʘ ʦʙʘʯʝ ʟʘʧʦʯʚʘ ʝʜʚʘ ʜʚʝ ʛʦʜʠʥʠ ʧʦ-

ʢʲʩʥʦ, ʩʣʝʜ ʥʘʤʝʩʘʪʘ ʥʘ ʙʶʨʦ ɸʨʫʧ, ʢʦʝʪʦ ʜʠʛʠʪʘʣʠʟʠʨʘ ʬʦʨʤʠʪʝ ʥʘ 

ʋʪʟʦʥ ʠ ʛʠ ʪʝʩʪʚʘ ʦʪ ʠʥʞʝʥʝʨʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ. ʅʘʣʘʛʘ ʩʝ 

ʧʨʝʤʦʜʝʣʠʨʘʥʝ ʥʘ ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʧʨʦʝʢʪ ʠ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝʪʦ ʝ 

ʣʝʢʦ ʧʨʦʤʝʥʝʥʦ ï ʦʙʝʤʠʪʝ ʩʪʘʚʘʪ ʧʦ-ʚʠʩʦʢʠ ʠ ʧʦ-ʪʝʩʥʠ. 

ʃʠʩʘ ʀʚʘʤʦʪʦ ʩʧʦʜʝʣʷ ʩʭʚʘʱʘʥʝʪʦ, ʯʝ ʢʲʤ ʥʘʯʘʣʦʪʦ ʥʘ ʍʍI 

ʚʝʢ ʝ ʨʘʟʚʠʪʦ ʦʩʥʦʚʥʦ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ, ʥʦ ʩʪʨʦʠʪʝʣʥʠʪʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩʘ ʚʩʝ ʦʱʝ ʧʨʝʜʠʤʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʠ, ʢʦʝʪʦ ʦʙʷʩʥʷʚʘ ʧʦ-

ʤʘʣʢʦʪʦ ʧʦʟʥʘʥʠʷ ʟʘ ʧʨʦʮʝʩʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʜʠʛʠʪʘʣʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʧʦʨʝʜ ʥʝʷ, ʛʦʣʷʤʘʪʘ ʧʨʦʤʷʥʘ ʥʘʩʪʲʧʚʘ ʩ ʧʦʷʚʘʪʘ ʥʘ 
ʪʨʠʠʟʤʝʨʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʠʪʦ ʟʘʧʦʯʚʘʪ ʜʘ ʨʘʟʰʠʨʷʚʘʪ ʛʨʘʥʠʮʠʪʝ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʥʦʪʦ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʥʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʉʧʦʨʝʜ ʂʦʣʘʨʝʚʠʯ, ʧʲʨʚʠʪʝ ʧʨʠʤʝʨʠ ʟʘ ʜʠʛʠʪʘʣʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘ ʩʚʲʨʟʘʥʠ ʩʲʩ CNC ʬʨʝʟʠʪʝ, ʢʦʠʪʦ ʩʘ ʧʲʨʚʠʪʝ 

ʧʦʷʚʠʣʠ ʩʝ ʢʦʤʧʶʪʲʨʥʦ ʫʧʨʘʚʣʷʝʤʠ ʤʘʰʠʥʠ. ʊʦʡ ʠʟʪʲʢʚʘ, ʯʝ ʪʝ ʩʘ 

ʠʟʧʦʣʟʚʘʥʠ ʦʱʝ ʧʨʝʟ 70-ʪʝ ʛʦʜʠʥʠ ʚ ʆʙʝʜʠʥʝʥʦʪʦ ʢʨʘʣʩʪʚʦ ʟʘ 

ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʠ ʤʘʢʝʪʠ. ʉʧʦʨʝʜ ʥʝʛʦ, ʧʨʝʟ 80-ʪʝ ʛʦʜʠʥʠ 

ʚ ʏʠʢʘʛʦ, ʉɸʑ, ʯʨʝʟ CNC ʬʨʝʟʠ ʩʘ ʩʲʟʜʘʚʘʥʠ ʝʣʝʤʝʥʪʠ ʟʘ ʬʘʩʘʜʠʪʝ 

ʥʘ ʩʛʨʘʜʠ, ʧʨʦʝʢʪʠʨʘʥʠ ʦʪ ʘʨʭʠʪʝʢʪʫʨʥʦʪʦ ʙʶʨʦ ʥʘ ʉʢʠʜʤʦʨ, ʆʫʠʥʛ ʠ 

ʄʝʨʠʣ ï SOM (ʦʨʠʛ. Skidmore, Owings and Merill`s). ʇʨʝʟ 80-ʪʝ ʠ 90-ʪʝ 

ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ CNC ʬʨʝʟʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʧʨʲʚ ʧʲʪ ʟʘ 

ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʢʦʬʨʘʞʠ ʟʘ ʙʝʪʦʥʦʚʠ ʦʪʣʠʚʢʠ ʥʘ ʝʣʝʤʝʥʪʠ ʟʘ 

ʢʘʪʝʜʨʘʣʘʪʘ ʉʚ. ʁʦʘʥ ɹʦʛʦʩʣʦʚ ʚ ʅʶ ʁʦʨʢ, ʂʘʪʝʜʨʘʣʘʪʘ ʉʘʛʨʘʜʘ 

ʌʘʤʠʣʠʷ ʚ ɹʘʨʩʝʣʦʥʘ ʠ ʤʫʟʝʷʪ ʚ ɹʠʣʙʘʦ ʥʘ ʌʨʘʥʢ ɻʝʨʠ.  

ʉʧʦʨʝʜ ɼʲʥ, ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʚʥʝʜʨʷʚʘ ʚ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʯʘʢ ʚ ʩʘʤʠʷ ʢʨʘʡ ʥʘ ʍʍ ʚʝʢ ʠ ʩʪʘʚʘ ʧʦʧʫʣʷʨʥʘ 

ʧʨʘʢʪʠʢʘ ʟʘ ʘʨʭʠʪʝʢʪʠʪʝ ʧʨʝʟ ʍʍI ʚʝʢ. ʉʧʦʨʝʜ ʥʝʛʦ ʝʜʠʥ ʦʪ ʧʲʨʚʠʪʝ 

ʧʨʠʤʝʨʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʝ 

ʂʦʥʮʝʨʪʥʘʪʘ ʟʘʣʘ ʥʘ ɼʠʩʥʠ ʥʘ ʌʨʘʥʢ ɻʝʨʠ. 

1.2. ɸʢʪʫʘʣʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

1.2.1. ʉʲʱʥʦʩʪ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ 

ʇʦʥʘʩʪʦʷʱʝʤ ʪʝʨʤʠʥʲʪ Ăʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝò ʠʤʘ ʨʘʟʣʠʯʥʠ 

ʪʲʣʢʫʚʘʥʠʷ ʠ ʥʝ ʚʠʥʘʛʠ ʩʝ ʨʘʟʙʠʨʘ ʝʜʥʦʟʥʘʯʥʦ ʚ ʧʨʦʬʝʩʠʦʥʘʣʥʠʪʝ 

ʩʨʝʜʠ. ʆʪ ʦʬʠʮʘʣʥʦʪʦ ʪʲʣʢʫʚʘʥʝ ʚ ʨʝʯʥʠʮʠʪʝ ʥʘ ɹɸʅ ʠ ʂʝʡʤʙʨʠʜʞ ʟʘ 

ʜʫʤʘʪʘ Ăʤʦʜʝʣò, ʪʫʢ ʠʜʚʘ ʨʘʟʙʠʨʘʥʝʪʦ, ʯʝ ʜʠʛʠʪʘʣʝʥ ʤʦʜʝʣ ʙʠ 

ʩʣʝʜʚʘʣʦ ʜʘ ʝ ʚʩʝʢʠ ʜʠʛʠʪʘʣʝʥ ʜʚʫʠʟʤʝʨʝʥ ʠʣʠ ʪʨʠʠʟʤʝʨʝʥ ʦʙʨʘʟʝʮ, 

ʯʝʨʪʝʞ, ʤʘʢʝʪ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ. ʉʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʦʜʦʙʝʥ 

ʜʠʛʠʪʘʣʝʥ ʤʦʜʝʣ ʝ ʧʨʦʮʝʩʲʪ ʥʘ ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ, ʢʦʡʪʦ ʤʦʞʝ 

ʜʘ ʚʢʣʶʯʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʠʯʢʠ ʧʦʟʥʘʪʠ ʩʲʚʨʝʤʝʥʥʠ ʩʦʬʪʫʝʨʠ ʟʘ 

ʜʚʫʠʟʤʝʨʥʦ ʯʝʨʪʘʥʝ ʠ ʪʨʠʠʟʤʝʨʥʦ ʤʦʜʝʣʠʨʘʥʝ. 

1.2.2. ʉʲʚʨʝʤʝʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʥʮʝʧʮʠʠ ʠ ʢʣʘʩʠʬʠʢʘʮʠʠ ʚ 

ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ 

ʉʲʱʝʩʪʚʫʚʘʱʠʪʝ ʢʣʘʩʠʬʠʢʘʮʠʠ ʥʘ ʩʦʬʪʫʝʨʠʪʝ ʩʘ ʩʧʦʨʝʜ: 
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¶ ʙʨʦʷ ʥʘ ʠʟʤʝʨʝʥʠʷʪʘ ʥʘ ʤʦʜʝʣʠʨʘʥʝ; 

¶ ʚʠʜʘ ʥʘ ʧʨʠʤʠʪʠʚʠʪʝ ʟʘ ʤʦʜʝʣʠʨʘʥʝ; 

¶ ʥʘʯʠʥʘ ʥʘ ʠʟʛʨʘʞʜʘʥʝ ʠ ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʤʦʜʝʣʠʪʝ; 

¶ ʧʘʨʘʤʝʪʨʠʯʥʦʩʪ/ʘʩʦʮʠʘʪʠʚʥʦʩʪ ʥʘ ʤʦʜʝʣʠʪʝ; 

¶ ʪʠʧʘ ʥʘ ʩʦʬʪʫʝʨʠʪʝ ʧʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʠ ʚʠʜ. 

ʇʦ ʙʨʦʡ ʠʟʤʝʨʝʥʠʷ, ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʩʨʝʱʘʪ 

ʢʣʘʩʠʬʠʢʘʮʠʠ ʟʘ 2D ʠ 3D ʩʦʬʪʫʝʨʠ. ʉʲʱʝʩʪʚʫʚʘʪ ʦʪʜʝʣʥʠ ʩʪʘʪʠʠ ʟʘ 

2,5D (ʧʨʠʟʤʘʪʠʯʥʘ ʧʨʦʝʢʮʠʷ), 4D (ʚʨʝʤʝʚʘ ʦʨʛʘʥʠʟʘʮʠʷ ʚ BIM), 5D 

(ʮʝʥʦʚʠ ʠʟʤʝʨʝʥʠʷ ʥʘ ʚʣʦʞʝʥ ʪʨʫʜ ʠ ʤʘʪʝʨʠʘʣʠ ʚ BIM), 6D 

(ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʞʠʟʥʝʥʠʷ ʮʠʢʲʣ ʚ BIM). 

ʇʦ ʚʠʜʘ ʥʘ ʧʨʠʤʠʪʠʚʠʪʝ ʦʩʥʦʚʥʠʪʝ ʢʣʘʩʠʬʠʢʘʮʠʠ ʛʠ 

ʨʘʟʜʝʣʷʪ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠ (ʩʨʝʱʘʥʠ ʠ ʢʘʪʦ ʛʨʘʬʠʯʥʠ) ʧʨʠʤʠʪʠʚʠ ʠ 

ʦʙʝʢʪʦʚʠ ʧʨʠʤʠʪʠʚʠ.  

ʇʦ ʥʘʯʠʥʘ ʥʘ ʠʟʛʨʘʞʜʘʥʝ ʠ ʚʠʟʫʘʣʠʟʠʨʘʥʝ, ʢʣʘʩʠʬʠʢʘʮʠʠʪʝ 

ʦʧʨʝʜʝʣʷʪ ʪʨʠʠʟʤʝʨʥʠʪʝ ʦʙʝʢʪʠ ʥʘʡ-ʦʙʱʦ ʢʘʪʦ ʩʢʝʣʝʪʥʠ ʤʨʝʞʠ, 

ʧʦʚʲʨʭʥʠʥʠ ʠ ʩʦʣʠʜʠ, ʘ ʥʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠʪʝ ʨʝʞʠʤʠ ʥʘ 

ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʢʘʪʦ ʩʢʨʠʪ, ʟʘʩʝʥʯʝʥ ʠ ʨʝʘʣʠʩʪʠʯʝʥ. 

 

ʌʠʛ.3.  ɺʠʟʫʘʣʥʠ ʩʪʠʣʦʚʝ ï ʩʢʝʣʝʪʥʘ ʤʨʝʞʘ, ʩʢʨʠʪ, ʟʘʩʝʥʯʝʥ, ʨʝʘʣʠʩʪʠʯʝʥ, 

ʨʝʥʜʝʨʠʨʘʥ 

(ʠʟʪʦʯʥʠʢ: ʘʚʪʦʨʘ) 

ʇʦ ʧʘʨʘʤʝʪʨʠʯʥʦʩʪ / ʘʩʦʮʠʘʪʠʚʥʦʩʪ, ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ 

ʢʣʘʩʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʷʪ ʜʚʘ ʦʩʥʦʚʥʠ ʤʝʪʦʜʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ï 

ʜʠʨʝʢʪʝʥ ʠ ʧʘʨʘʤʝʪʨʠʯʝʥ / ʘʣʛʦʨʠʪʤʠʯʝʥ.  
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ʇʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʠ ʚʠʜ ʥʷʢʦʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʦʧʨʝʜʝʣʷʪ 

ʥʘʡ-ʦʙʱʦ ʩʦʬʪʫʝʨʠʪʝ ʥʘ CAD, BIM ʠ AAD (ʘʣʛʦʨʠʪʤʠʯʥʦ 

ʧʦʜʧʦʤʦʛʥʘʪʦ ʤʦʜʝʣʠʨʘʥʝ), ʜʦʢʘʪʦ ʜʨʫʛʠ ʩʯʠʪʘʪ, ʯʝ BIM ʝ ʝʚʦʣʶʠʨʘʣ 

CAD ʠ ʝ ʩʧʦʨʥʦ ʜʦʢʦʣʢʦ ʩʣʝʜʚʘ ʜʘ ʙʲʜʝ ʧʨʝʜʩʪʘʚʷʥ ʦʪʜʝʣʥʦ ʦʪ CAD. 

1.2.3. ʉʲʱʥʦʩʪ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ɼʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʨʦʮʝʩ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚ ʢʦʡʪʦ ʦʩʥʦʚʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʩʘ ʤʘʰʠʥʠ, ʫʧʨʘʚʣʷʚʘʥʠ 

ʦʪ ʢʦʤʧʶʪʲʨ. ɺ ɹʲʣʛʘʨʠʷ, ʪʘʢʠʚʘ ʤʘʰʠʥʠ ʩʘ ʧʦʟʥʘʪʠ ʢʘʪʦ ʤʘʰʠʥʠ ʩ 

ʮʠʬʨʦʚʦ ʧʨʦʛʨʘʤʥʦ ʫʧʨʘʚʣʝʥʠʝ (ʎʇʋ), ʢʦʠʪʦ ʟʘ ʢʨʘʪʢʦʩʪ ʪʫʢ ʩʘ 

ʥʘʨʠʯʘʥʠ ʢʦʤʧʶʪʲʨʥʦ ʫʧʨʘʚʣʷʝʤʠ ʤʘʰʠʥʠ. ʄʘʰʠʥʠʪʝ ʩʝ 

ʫʧʨʘʚʣʷʚʘʪ ʦʪ CAM ʩʦʬʪʫʝʨʠ, ʢʦʠʪʦ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʢʦʥʚʝʨʪʠʨʘʪ 

ʛʝʦʤʝʪʨʠʷʪʘ ʦʪ CAD ʜʦ ʯʝʪʠʤ ʟʘ ʤʘʰʠʥʠʪʝ ʢʦʜ, ʘ ʦʪ ʜʨʫʛʘ 

ʢʦʥʬʠʛʫʨʠʨʘʪ ʨʘʙʦʪʥʠʪʝ ʥʘʩʪʨʦʡʢʠ ʥʘ ʤʘʰʠʥʠʪʝ. ɻʝʥʝʨʠʨʘʥʠʷʪ ʦʪ 

CAM ʩʦʬʪʫʝʨ ʢʦʜ ʩʝ ʠʟʧʨʘʱʘ ʜʦ ʤʘʰʠʥʘʪʘ, ʯʠʠʪʦ ʫʧʨʘʚʣʷʚʘʱ 

ʩʦʬʪʫʝʨ ʟʘʜʘʚʘ ʥʝʡʥʦʪʦ Ăʧʦʚʝʜʝʥʠʝò ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʊʦʚʘ 

ʧʦʚʝʜʝʥʠʝ ʩʝ ʠʟʨʘʟʷʚʘ ʚ ʥʝʧʨʝʢʲʩʥʘʪʦ ʧʨʝʮʠʟʥʦ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ 

ʨʝʞʝʱʠʷ ʠʥʩʪʨʫʤʝʥʪ ʧʨʠ ʬʨʝʟʠʪʝ ʠʣʠ ʚ ʧʦʟʠʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ʛʣʘʚʘʪʘ 

ʧʨʠ 3D ʧʨʠʥʪʝʨʠʪʝ, ʚ ʟʘʚʲʨʪʘʥʝʪʦ ʥʘ ʨʘʤʝʥʘʪʘ ʧʨʠ ʨʦʙʦʪʠʪʝ, ʚ 

ʧʦʟʠʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ʣʘʟʝʨʘ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʝʛʦʚʘʪʘ ʩʠʣʘ ʟʘ 

ʢʦʥʢʨʝʪʥʘʪʘ ʟʘʜʘʯʘ ʠ ʪ.ʥ. 

1.2.4. ʉʲʚʨʝʤʝʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʥʮʝʧʮʠʠ ʠ ʢʣʘʩʠʬʠʢʘʮʠʠ ʚ 

ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ɺ ʩʲʚʨʝʤʝʥʥʦʪʦ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʲʱʝʩʪʚʫʚʘʪ 

ʨʘʟʥʦʦʙʨʘʟʥʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʨʦʮʝʩʠ ʠ ʤʘʰʠʥʠ, ʟʘ ʢʦʠʪʦ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʘʪʘ ʧʨʘʢʪʠʢʘ ʠ ʣʠʪʝʨʘʪʫʨʘ ʩʘ ʩʝ ʥʘʣʦʞʠʣʠ ʨʘʟʣʠʯʥʠ 

ʢʣʘʩʠʬʠʢʘʮʠʠ, ʢʦʠʪʦ ʛʠ ʛʨʫʧʠʨʘʪ ʩʧʦʨʝʜ:  

¶ ʚʠʜʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ; 

¶ ʥʘʯʠʥʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ; 

¶ ʚʠʜʘ ʥʘ ʤʘʰʠʥʠʪʝ; 

¶ ʪʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʟʘʜʚʠʞʚʘʥʝ; 

¶ ʙʨʦʷ ʥʘ ʟʘʜʚʠʞʚʘʱʠʪʝ ʦʩʠ; 

¶ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʟʘ ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʠʣʠ ʣʶʙʠʪʝʣʩʢʠ ʮʝʣʠ, 

ʤʦʱʥʦʩʪʪʘ ʠ ʛʘʙʘʨʠʪʠʪʝ ʥʘ ʤʘʰʠʥʘʪʘ. 
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ʅʘʡ-ʧʦʧʫʣʷʨʥʦʪʦ ʢʣʘʩʠʬʠʮʠʨʘʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʧʨʦʮʝʩʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʨʘʟʜʝʣʝʥʦ ʩʧʦʨʝʜ ʥʘʯʠʥʘ, ʧʦ 

ʢʦʡʪʦ ʤʘʰʠʥʠʪʝ ʦʙʨʘʙʦʪʚʘʪ ʤʘʪʝʨʠʘʣʠʪʝ. ʂʣʘʩʠʬʠʢʘʮʠʷʪʘ ʠʤʘ 

ʩʣʝʜʥʠʷ ʚʠʜ: 

¶ ʦʪʥʝʤʘʱʦ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʦʨʠʛ. additive manufacturing); 

¶ ʜʦʙʘʚʷʱʦ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʦʨʠʛ. subtractive manufacturing); 

¶ ʬʦʨʤʦʚʘʱʦ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʦʨʠʛ. formative manufacturing); 

¶ ʩʛʣʦʙʷʚʘʱʦ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʦʨʠʛ. assembling manufacturing) 

ʅʘʡ-ʠʟʧʦʣʟʚʘʥʠ ʚ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʜʠʟʘʡʥʘ ʟʘ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʩʘ ʜʦʙʘʚʷʱʠʪʝ ʠ ʦʪʥʝʤʘʱʠʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʪʦ 

ʧʨʠ ʪʘʢʘʚʘ ʦʙʦʙʱʝʥʘ ʢʣʘʩʠʬʠʢʘʮʠʷ, ʥʷʢʦʠ ʤʘʰʠʥʠ ʩ ʢʦʨʝʥʥʦ 

ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʠʣʦʞʝʥʠʷ ʧʦʧʘʜʘʪ ʚ ʦʙʱʘ ʛʨʫʧʘ. ɿʘʪʦʚʘ ʚ 

ɹʲʣʛʘʨʠʷ ʧʦ-ʧʦʧʫʣʷʨʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʝ ʧʦ ʚʠʜ ʥʘ ʤʘʰʠʥʠʪʝ, 

ʢʦʷʪʦ ʩʧʦʨʝʜ ɼʘʚʯʝʚ ʠʟʛʣʝʞʜʘ ʪʘʢʘ: 

¶ ʣʘʟʝʨʥʦ ʨʷʟʘʥʝ; 

¶ CNC ʦʙʨʘʙʦʪʚʘʱʠ ʤʘʰʠʥʠ; 

¶ ʙʲʨʟʦ ʧʨʦʪʦʪʠʧʠʨʘʥʝ; 

¶ 3D ʩʢʘʥʠʨʘʥʝ; 

¶ ʨʦʙʦʪʠʢʘ. 

 

ʌʠʛ.4.  ʆʪʥʝʤʘʱʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʠʥʜʫʩʪʨʠʘʣʝʥ ʨʦʙʦʪ (ʣʷʚʦ) 

 ɼʦʙʘʚʷʱʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ 3D ʧʨʠʥʪʝʨ (ʜʷʩʥʦ).  

(ʠʟʪʦʯʥʠʮʠ: ʘʚʪʦʨʘ,  ʦʙʨʘʙʦʪʢʘ ʥʘ ʘʚʪʦʨʘ) 
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1.3. ʉʧʝʮʠʬʠʢʠ ʥʘ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ 

1.3.1. ʉʲʱʥʦʩʪ ʥʘ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ 

ɼʠʟʘʡʥʲʪ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʦʙʭʚʘʱʘ ʦʥʘʟʠ ʯʘʩʪ ʦʪ 

ʘʨʭʠʪʝʢʪʫʨʥʘʪʘ ʧʨʘʢʪʠʢʘ, ʢʦʷʪʦ ʝ ʥʘʩʦʯʝʥʘ ʦʩʥʦʚʥʦ ʢʲʤ ʨʝʰʘʚʘʥʝʪʦ 

ʥʘ ʝʩʪʝʪʠʯʝʩʢʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʥʠ ʩʨʝʜʘ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ 

ʘʨʭʠʪʝʢʪʠʪʝ, ʟʘʥʠʤʘʚʘʱʠ ʩʝ ʩ ʪʘʟʠ ʜʝʡʥʦʩʪ, ʩʘ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʠ ʜʘ 

ʟʘʝʤʘʪ ʧʨʠʦʨʠʪʝʪʥʦ ʪʚʦʨʯʝʩʢʘʪʘ ʩʪʨʘʥʘ ʚ ʧʨʦʮʝʩʠʪʝ ʧʦ ʨʝʘʣʠʟʘʮʠʷ 

ʥʘ ʦʙʝʢʪʠʪʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘʪʘ. ɺʲʧʨʝʢʠ ʪʘʟʠ ʧʨʠʚʠʣʝʛʠʷ ʦʙʘʯʝ, 

ʜʠʟʘʡʥʲʪ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʤʥʦʛʦ 

ʜʝʪʘʡʣʝʥ ʠ ʪʝʭʥʠʯʝʩʢʠ ʦʪʛʦʚʦʨʝʥ ʪʚʦʨʯʝʩʢʠ ʧʨʦʮʝʩ, ʮʝʣʷʱ 

ʤʘʢʩʠʤʘʣʥʦ ʢʘʯʝʩʪʚʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʦʪʜʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ ʟʘ 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʦ-ʜʦʙʲʨ ʝʩʪʝʪʠʯʝʩʢʠ ʨʝʟʫʣʪʘʪ. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ 

ʜʠʟʘʡʥʲʪ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʝ ʥʘʩʦʯʝʥ ʧʨʠʦʨʠʪʝʪʥʦ ʢʲʤ ʦʥʝʟʠ 

ʘʨʭʠʪʝʢʪʫʨʥʠ ʝʣʝʤʝʥʪʠ, ʦʙʝʢʪʠ ʠ ʬʦʨʤʠ, ʢʦʠʪʦ ʦʙʦʛʘʪʷʚʘʪ ʩ 

ʭʫʜʦʞʝʩʪʚʝʥʠʪʝ ʩʠ ʢʘʯʝʩʪʚʘ ʩʨʝʜʘʪʘ. ɿʘʪʦʚʘ ʠ ʥʘʡ-ʮʝʥʥʠ ʠ ʥʘʡ-

ʚʠʜʠʤʠ ʟʘ ʦʙʱʝʩʪʚʦʪʦ ʩʘ ʦʙʠʢʥʦʚʝʥʦ ʫʩʧʝʭʠʪʝ ʚ ʜʠʟʘʡʥʘ ʟʘ 

ʧʫʙʣʠʯʥʠʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʙʠʣʦ ʪʦ ʠʥʪʝʨʠʦʨʥʠ ʠʣʠ ʝʢʩʪʝʨʠʦʨʥʠ. 

1.3.2.  ʊʚʦʨʯʝʩʢʠ ʧʦʭʚʘʪʠ ʠ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ 

ʄʝʪʦʜʠʪʝ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ, ʥʘʨʠʯʘʥʠ ʦʪ ʀʚʘʤʦʪʦ ʩ 

ʪʝʨʤʠʥʘ Ăʪʚʦʨʯʝʩʢʠ ʧʦʭʚʘʪʠò (ʦʨʠʛ. techniques) ʚ ʜʠʛʠʪʘʣʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʘ ʧʨʘʢʪʠʯʝʩʢʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʤʦʜʝʣʠʨʘʥʝʪʦ ʠ 

ʨʝʘʣʠʟʘʮʠʷʪʘ ʚ ʦʙʱʠʷ ʧʨʦʮʝʩ Ăʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ï ʜʠʛʠʪʘʣʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦò. ʆʪ ʠʟʩʣʝʜʚʘʥʝʪʦ ʡ ʩʪʘʚʘ ʷʩʥʦ, ʯʝ ʠʟʙʦʨʲʪ ʥʘ 

ʪʚʦʨʯʝʩʢʠʷ ʧʦʭʚʘʪ ʜʝʬʠʥʠʨʘ ʠ ʦʧʨʝʜʝʣʷ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠ ʝʩʪʝʪʠʢʘʪʘ 

ʥʘ ʜʠʟʘʡʥʘ, ʪʦʝʩʪ ʠʟʙʨʘʥʠʷʪ ʪʚʦʨʯʝʩʢʠ ʧʦʭʚʘʪ ʧʨʝʜʦʧʨʝʜʝʣʷ ʚʠʟʠʷʪʘ. 

ʀʚʘʤʦʪʦ ʜʝʬʠʥʠʨʘ 5 ʨʘʟʣʠʯʥʠ ʧʦ ʩʚʦʷʪʘ ʩʲʱʥʦʩʪ ʪʚʦʨʯʝʩʢʠ 

ʧʦʭʚʘʪʘ - ʩʝʢʮʠʦʥʠʨʘʥʝ, ʪʝʩʝʣʠʨʘʥʝ, ʩʛʲʚʘʥʝ/ʦʛʲʚʘʥʝ, 

ʢʦʥʪʫʨʠʨʘʥʝ ʠ ʬʦʨʤʦʚʘʥʝ. ɼʲʥ ʩʪʠʛʘ ʜʦ ʩʲʱʠʪʝ ʠʟʚʦʜʠ, ʥʦ ʟʘʤʝʥʷ 

ʪʚʦʨʯʝʩʢʠʪʝ ʧʦʭʚʘʪʠ ʥʘ ʀʚʘʤʦʪʦ ʩ ʪʝʨʤʠʥʘ Ăʩʪʨʘʪʝʛʠʠò ʠ Ăʜʠʛʠʪʘʣʝʥ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʫʤò.  

ɼʦʢʘʪʦ ʀʚʘʤʦʪʦ ʠ ɼʲʥ ʨʘʟʛʣʝʞʜʘʪ Ăʪʚʦʨʯʝʩʢʠʪʝ ʧʦʭʚʘʪʠò ʠ 

Ăʩʪʨʘʪʝʛʠʠʪʝò ʚ ʩʚʝʪʣʠʥʘʪʘ ʧʨʠʦʨʠʪʝʪʥʦ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ɼʘʚʯʝʚ ʠʤ ʥʘʤʠʨʘ ʧʦ-ʙʘʣʘʥʩʠʨʘʥʦ ʤʷʩʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʚ 
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ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʛʠ ʥʘʨʠʯʘ Ăʤʝʪʦʜʠ ʟʘ 

ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝò. ʉʧʦʨʝʜ ʥʝʛʦ, ʩʲʚʨʝʤʝʥʥʠʪʝ ʤʝʪʦʜʠ ʥʘ 

ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʨʘʟʛʣʝʞʜʘʥʠ ʢʘʪʦ ʦʙʝʜʠʥʷʚʘʱʠ 

ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʧʨʦʮʝʩʠ. ʊʦʡ ʧʦʜʢʨʝʧʷ ʪʝʟʘʪʘ ʩʠ ʩ 

ʜʫʤʠʪʝ, ʯʝ Ăʠʟʙʦʨʲʪ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʨʠʫʤ ʙʝʟʫʩʣʦʚʥʦ ʬʦʨʤʠʨʘ 

ʜʠʟʘʡʥʝʨʩʢʠʪʝ ʠʜʝʠ ʠ ʥʘʡ-ʧʦʜʭʦʜʷʱʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʧʨʝʜʚʠʜʠ ʦʱʝ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʧʨʦʝʢʪʘʥʪʩʢʠʷ ʧʨʦʮʝʩò. ʊʦʝʩʪ ʪʦʯʥʦ ʚ 

ʤʦʤʝʥʪʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʠʜʝʷʪʘ ʝ ʥʫʞʥʦ ʜʘ ʩʝ ʠʟʙʝʨʝ ʠ ʥʘʡ-

ʧʦʜʭʦʜʷʱʠʷ ʤʝʪʦʜ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ, ʪʲʡ ʢʘʪʦ ʪʦʡ ʣʦʛʠʯʥʦ ʩʝ 

ʦʪʨʘʟʷʚʘ ʢʘʢʪʦ ʥʘ ʤʦʜʝʣʠʨʘʥʝʪʦ, ʪʘʢʘ ʠ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʀ ʚ ʪʨʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʢʣʘʩʠʬʠʢʘʮʠʷʪʘ ʥʘ ʤʝʪʦʜʠʪʝ/ʪʚʦʨʯʝʩʢʠʪʝ 

ʧʦʭʚʘʪʠ ʟʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʦʩʥʦʚʥʦ ʙʠʚʘʪ: 

¶ ʢʦʥʪʫʨʠʨʘʥʝ/ʦʪʥʝʤʘʥʝ (ʦʨʠʛ. contouring); 

¶ ʩʛʲʚʘʥʝ (ʦʨʠʛ. Folding);  

¶ ʬʦʨʤʦʚʘʥʝ (ʦʨʠʛ. Forming); 

¶ ʩʝʢʮʠʦʥʠʨʘʥʝ (ʦʨʠʛ. Sectioning); 

¶ ʪʝʩʝʣʠʨʘʥʝ (ʦʨʠʛ. Tiling). 

ʂʦʥʪʫʨʠʨʘʥʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʤʝʪʦʜ ʥʘ ʩʠʩʪʝʤʘʪʠʯʥʦ 

ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣ ʦʪ ʣʠʩʪʦʚʠ ʠʣʠ ʦʙʝʤʥʠ ʤʘʪʝʨʠʘʣʠ ʯʨʝʟ 

ʰʧʠʥʜʝʣʥʠ 3 ʜʦ 5 ʦʩʦʚʠ CNC ʬʨʝʟʠ ʠʣʠ ʠʥʜʫʩʪʨʠʘʣʥʠ ʨʦʙʦʪʠ. 

ʉʛʲʚʘʥʝʪʦ ʝ ʤʝʪʦʜ ʥʘ ʪʨʘʥʩʬʦʨʤʠʨʘʥʝ ʥʘ ʣʠʩʪʦʚʠ 

ʜʚʫʠʟʤʝʨʥʠ ʧʦʚʲʨʭʥʠʥʠ ʚ ʪʨʠʠʟʤʝʨʥʠ ʛʝʦʤʝʪʨʠʠ ʯʨʝʟ ʬʘʢʪʠʯʝʩʢʦ 

ʩʛʲʚʘʥʝ ʠʣʠ ʠʤʠʪʘʮʠʷ ʥʘ ʩʛʲʚʘʥʝ ʩʣʝʜ ʩʛʣʦʙʷʚʘʥʝ ʥʘ ʨʘʟʛʲʚʢʠ.. 

 

ʌʠʛ.5.  ʌʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʯʨʝʟ ʂʦʥʪʫʨʠʨʘʥʝ (ʣʷʚʦ) ʠ ʉʛʲʚʘʥʝ (ʜʷʩʥʦ) 

(ʠʟʪʦʯʥʠʮʠ: www.agatakycia.com, www.agatakycia.com) 
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ʌʦʨʤʦʚʘʥʝʪʦ ʝ ʤʝʪʦʜ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʝʣʝʤʝʥʪʠ ʯʨʝʟ 

ʬʦʨʤʦʚʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣ ʚ ʢʦʬʨʘʞ ʠʣʠ ʧʦ ʤʘʪʨʠʮʘ. ʄʦʜʝʣʠʪʝ 

ʤʦʛʘʪ ʜʘ ʩʝ ʩʲʟʜʘʚʘʪ ʜʠʨʝʢʪʥʦ ʯʨʝʟ 3D ʧʨʠʥʪʝʨ, ʢʦʥʪʫʨʠʨʘʥʝ ʩ ʬʨʝʟʘ 

ʠʣʠ ʚʘʢʫʫʤʥʦ ʬʦʨʤʦʚʘʥʝ, ʠʣʠ ʜʘ ʩʝ ʧʨʠʣʘʛʘʪ ʤʘʪʨʠʮʠ ʟʘ ʬʦʨʤʦʚʘʥʝ. 

ʉʝʢʮʠʦʥʠʨʘʥʝʪʦ ʝ ʤʝʪʦʜ ʥʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʪʨʠʠʟʤʝʨʥʠ 

ʬʦʨʤʠ ʯʨʝʟ ʜʚʫʠʟʤʝʨʥʠ ʧʨʦʬʠʣʠ. ʏʝʩʪʦ ʧʨʠʣʦʞʠʤʠ ʩʘ ʣʘʟʝʨʥʠʪʝ 

ʨʝʟʘʯʢʠ ʠ CNC ʬʨʝʟʠ ʟʘ ʠʟʨʷʟʚʘʥʝ ʥʘ ʧʣʦʩʢʠʪʝ ʝʣʝʤʝʥʪʠ. 

 

ʌʠʛ.6.  ʌʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʯʨʝʟ ʌʦʨʤʦʚʘʥʝ (ʣʷʚʦ) ʠ ʉʝʢʮʠʦʥʠʨʘʥʝ (ʜʷʩʥʦ) 

(ʠʟʪʦʯʥʠʮʠ: www.3dmetalforming.com, www.holzbauaustria.at) 

ʊʝʩʝʣʠʨʘʥʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʤʝʪʦʜ ʥʘ ʩʚʝʞʜʘʥʝ ʥʘ 

ʜʚʫʠʟʤʝʨʥʠ ʠʣʠ ʪʨʠʠʟʤʝʨʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʬʦʨʤʠ ʜʦ ʧʦ-ʤʘʣʢʠ, 

ʧʦ-ʯʝʩʪʦ ʧʣʦʩʢʠ, ʘ ʧʦ-ʨʷʜʢʦ ʦʪ ʦʛʲʥʘʪʠ ʧʦʚʲʨʭʥʠʥʠ. ʆʙʠʢʥʦʚʝʥʦ ʟʘ 

ʝʣʝʤʝʥʪʠʪʝ ʩʝ ʧʨʠʣʘʛʘʪ ʣʘʟʝʨʥʠ ʨʝʟʘʯʢʠ ʠʣʠ ʬʨʝʟʠ. 

 

ʌʠʛ.7.  ʌʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʯʨʝʟ ʊʝʩʝʣʠʨʘʥʝ 

(ʠʟʪʦʯʥʠʮʠ: www.ptw.com.au) 
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1.4. ʍʘʨʘʢʪʝʨʥʠ ʛʨʫʧʠ ʧʨʦʙʣʝʤʠ ʧʨʠ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʙʲʣʛʘʨʩʢʠ ʫʩʣʦʚʠʷ 

ɺ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʜʠʛʠʪʘʣʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʯʝʩʪʦ ʩʝ ʩʨʝʱʘʪ 

ʪʨʫʜʥʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʦ ʝʩʪʝʩʪʚʦ. ʏʘʩʪ ʦʪ ʪʝʟʠ ʧʨʦʙʣʝʤʠ ʩʝ ʩʨʝʱʘʪ ʚ 

ʨʘʟʣʠʯʥʘ ʪʝʞʝʩʪ ʠ ʚ ʨʘʟʚʠʪʠʪʝ ʩʪʨʘʥʠ, ʘ ʜʨʫʛʠ ʩʘ ʤʥʦʛʦ ʭʘʨʘʢʪʝʨʥʠ ʟʘ 

ɹʲʣʛʘʨʠʷ. ɺ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʥʘʧʨʘʚʝʥʦ ʦʧʨʝʜʝʣʷʥʝ ʠ 
ʛʨʫʧʠʨʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʥʠʪʝ ʟʘ ʙʲʣʛʘʨʢʠʪʝ ʫʩʣʦʚʠʷ ʧʨʦʙʣʝʤʠ. 

ʀʅʌʆʈʄʀʈɸʅʆʉʊ ʀ ʆɹʈɸɿʆɺɸʅʀɽ 

Å ʆʙʨʘʟʦʚʘʥʠʝʪʦ ʝ ʩʨʘʚʥʠʪʝʣʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦ ʠ ʫʯʝʙʥʠʪʝ 

ʧʨʦʛʨʘʤʠ ʩʝ  ʘʜʘʧʪʠʨʘʪ ʪʨʫʜʥʦ ʢʲʤ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ; 

Å ʅʝʜʦʩʪʘʪʲʯʥʘʪʘ ʫʯʝʙʥʘ ʧʨʘʢʪʠʢʘ ʚʦʜʠ ʜʦ ʥʝʧʦʟʥʘʚʘʥʝ ʥʘ 

ʜʠʛʠʪʘʣʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦ ʩʪʘʙʠʣʥʦ ʬʫʥʢʮʠʦʥʘʣʥʦ ʥʠʚʦ; 

Å ʇʨʦʬʝʩʠʦʥʘʣʥʘʪʘ ʛʠʣʜʠʷ ʥʘ ʘʨʭʠʪʝʢʪʠʪʝ ʪʨʫʜʥʦ ʩʝ ʘʜʘʧʪʠʨʘ 

ʢʲʤ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦ-ʚʲʟʨʘʩʪʥʠʪʝ ʡ ʯʣʝʥʦʚʝ ʣʝʩʥʦ 

ʠʟʧʘʜʘʪ ʚ ʥʝʢʦʥʢʫʨʝʥʪʥʦ ʧʦʣʦʞʝʥʠʝ; 

Å ʉʲʱʝʩʪʚʫʚʘʱʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ ʪʝʤʘʪʘ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘ ʚʩʝ ʦʱʝ ʥʝʜʦʩʪʘʪʲʯʥʠ; 

Å ʉʪʫʜʝʥʪʠʪʝ ʨʷʜʢʦ ʠʟʧʦʣʟʚʘʪ ʣʝʛʘʣʥʠ ʚʝʨʩʠʠ ʥʘ ʩʦʬʪʫʝʨʠʪʝ ʠ 

ʩʲʦʪʚʝʪʥʦ ʥʝ ʧʦʣʫʯʘʚʘʪ ʢʚʘʣʠʬʠʮʠʨʘʥʘ ʧʦʜʜʨʲʞʢʘ; 

Å ɺ ʙʲʣʛʘʨʩʢʠʪʝ ʫʥʠʚʝʨʩʠʪʝʪʠ ʚʩʝ ʦʱʝ ʥʷʤʘ ʧʲʣʥʦʮʝʥʥʠ 

ʣʘʙʦʨʘʪʦʨʠʠ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʨʦʠʚʦʜʩʪʚʦ ʧʦ ʧʨʠʤʝʨʘ ʥʘ 

ʯʫʞʜʠ ʫʥʠʚʝʨʩʠʪʝʪʠ; 

ɼʆʉʊʒʇʅʆʉʊ ʅɸ ʊɽʍʅʆʃʆɻʀʀʊɽ 

Å ʄʘʰʠʥʠʪʝ ʟʘ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘ ʦʩʥʦʚʥʦ ʘʥʛʘʞʠʨʘʥʠ 

ʚ ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʷʜʢʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʧʦʣʟʚʘʥʠ ʦʪ ʚʲʥʰʥʠ ʣʠʮʘ; 
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Å ʃʘʙʦʨʘʪʦʨʠʠʪʝ ʟʘ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫ ʥʘʩ ʨʷʜʢʦ ʩʘ 

ʦʙʦʨʫʜʚʘʥʠ ʩ ʰʠʨʦʢ ʥʘʙʦʨ ʤʘʰʠʥʠ; 

Å ʉʲʱʝʩʪʚʫʚʘʱʠʪʝ ʣʘʙʦʨʘʪʦʨʠʠ ʟʘ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʘʪʲʯʥʠ ʟʘ ʠʥʪʝʨʝʩʘ, ʢʦʡʪʦ ʛʝʥʝʨʠʨʘʪ; 

Å ʇʨʘʢʪʠʯʝʩʢʠ ʣʠʧʩʚʘ ʤʨʝʞʘ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʩʚʝʪʦʚʥʘʪʘ 

FABLAB, ʚ ʢʦʷʪʦ ʜʘ ʩʘ ʘʥʛʘʞʠʨʘʥʠ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʠ ʝʢʠʧʠ, 

ʢʦʠʪʦ ʜʘ ʨʝʰʘʚʘʪ ʚʠʩʦʢ ʢʨʲʛ ʦʪ ʟʘʜʘʯʠ, ʚ ʪʦʚʘ ʯʠʩʣʦ ʠ 

ʘʨʭʠʪʝʢʪʫʨʥʠ;   

ʌʀʅɸʅʉʆɺʀ ʀ ɸɼʄʀʅʀʉʊʈɸʊʀɺʅʆ ï ʇʈɸɺʅʀ 

ʆɻʈɸʅʀʏɽʅʀʗ  

Å ʇʨʠʪʝʞʘʚʘʥʝʪʦ ʥʘ ʧʲʣʝʥ ʥʘʙʦʨ ʣʠʮʝʥʟʠʨʘʥʠ CAD/CAM 

ʧʨʦʜʫʢʪʠ, ʨʝʩʧʝʢʪʠʚʥʦ ʘʜʝʢʚʘʪʥʦʪʦ ʦʙʫʯʝʥʠʝ ʠ ʧʦʜʨʲʞʢʘ ʝ 

ʟʘʪʨʫʜʥʝʥʦ; 

Å ʄʘʰʠʥʥʦʪʦ ʚʨʝʤʝ ʝ ʩʢʲʧʦ ʟʘ ʩʨʝʜʥʦʩʪʘʪʠʩʪʠʯʝʩʢʠʷ ʩʪʫʜʝʥʪ 

ʠʣʠ ʘʨʭʠʪʝʢʪ, ʢʦʝʪʦ ʥʘʤʘʣʷʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ 

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠʣʠ ʦʙʫʯʝʥʠʷ; 

Å ʅʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʘ ʩʢʲʧʠ ʠ ʪʦʚʘ ʧʨʘʚʠ ʧʨʦʜʫʢʪʠʪʝ, 

ʧʨʦʠʟʚʝʞʜʘʥʠ ʩ ʪʷʭ ʧʦ-ʪʨʫʜʥʦ ʨʝʘʣʠʟʫʝʤʠ ʥʘ ʧʘʟʘʨʘ; 

Å ʄʘʰʠʥʠʪʝ ʟʘ ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘ ʩʢʲʧʠ ʠ 

ʣʘʙʦʨʘʪʦʨʠʠʪʝ ʯʝʩʪʦ ʩʝ ʦʛʨʘʥʠʯʘʚʘʪ ʩʘʤʦ ʜʦ ʥʘʡ-ʙʘʟʦʚʠʪʝ ʠ 

ʧʦʥʷʢʦʛʘ ʥʝʢʘʯʝʩʪʚʝʥʠ ʤʘʰʠʥʠ ʩ ʥʘʤʘʣʝʥ ʢʘʧʘʮʠʪʝʪ, 

ʨʝʜʫʮʠʨʘʥʘ ʧʨʝʮʠʟʥʦʩʪ ʠʣʠ ʩʲʩ ʩʪʘʨʦ ʠ ʥʝʝʬʝʢʪʠʚʥʦ 

ʫʧʨʘʚʣʝʥʠʝ; 

Å ʅʦʨʤʘʪʠʚʥʘʪʘ ʫʨʝʜʙʘ ʚʩʝ ʦʱʝ ʥʝ ʝ ʚʲʚʝʣʘ ʝʣʝʢʪʨʦʥʥʦ 

ʧʨʝʜʘʚʘʥʝ ʥʘ ʧʨʦʝʢʪ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʣʠʧʩʚʘʪ ʫʪʚʲʨʜʝʥʠ 

ʩʪʘʥʜʘʨʪʠ ʟʘ ʚʠʜʘ ʠ ʢʘʯʝʩʪʚʘʪʘ ʥʘ ʜʠʛʠʪʘʣʥʠʪʝ ʤʦʜʝʣʠ. 



 
28 

1.5. ʀʟʚʦʜʠ 

¶ ɼʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʩʪʝʧʝʥʥʦ ʩʝ 

ʚʥʝʜʨʷʚʘ ʚ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʦʪ ʢʨʘʷ ʥʘ XX ʚʝʢ ʠ 

ʨʘʟʚʠʪʠʝʪʦ ʚ ʪʘʟʠ ʧʦʩʦʢʘ ʝ ʧʨʷʢʦ ʩʚʲʨʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʢʦʤʧʶʪʲʨʘ, ʧʝʨʠʬʝʨʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪʷʭʥʘʪʘ ʜʦʩʪʲʧʥʦʩʪ;  

¶ ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝʪʦ ʝ ʦʩʦʙʝʥʦ ʙʫʨʥʦ ʚ 

ʢʨʘʷ ʥʘ XX ʚʝʢ, ʢʦʛʘʪʦ ʩʝ ʧʦʷʚʷʚʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʠʯʢʠ 

ʧʦʧʫʣʷʨʥʠ ʠ ʜʥʝʩ ʩʦʬʪʫʝʨʠ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ; 

¶ ʈʘʟʚʠʚʘʥʦ ʧʨʝʟ ʚʪʦʨʘʪʘ ʧʦʣʦʚʠʥʘ ʥʘ XX ʚʝʢ ʟʘ ʩʲʚʩʝʤ 

ʨʘʟʣʠʯʥʠ ʮʝʣʠ ʠ ʠʥʜʫʩʪʨʠʠ, ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʟʘʧʦʯʚʘ ʜʘ ʩʝ ʥʘʣʘʛʘ ʚ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʧʨʝʟ XXI ʚʝʢ. 

ʊʦ ʦʪʢʣʶʯʚʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʩʣʦʞʥʦ 

ʤʦʜʝʣʠʨʘʥʠ, ʥʝʤʠʩʣʠʤʠ ʧʨʝʟ XX ʚʝʢ ʬʦʨʤʠ; 

¶ ɺ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ, CAD ʩʦʬʪʫʝʨʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʢʣʘʩʠʬʠʮʠʨʘʪ ʥʘʡ-ʦʙʱʦ ʢʘʪʦ 2D ʠ 3D CAD, BIM ʠ AAD; 

¶ ʉʧʦʨʝʜ ʭʘʨʘʢʪʝʨʘ ʥʘ ʧʨʠʤʠʪʠʚʠʪʝ ʙʠʚʘʪ ʛʨʘʬʠʯʥʠ ʠʣʠ ʦʙʝʢʪʦʚʠ; 

¶ ʊʨʠʠʟʤʝʨʥʠʪʝ ʛʝʦʤʝʪʨʠʠ ʤʦʛʘʪ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʥʘʡ-ʦʙʱʦ 

ʢʘʪʦ ʧʦʣʠʛʦʥʘʣʥʠ ʤʨʝʞʠ, ʧʦʚʲʨʭʥʠʥʠ ʠ ʩʦʣʠʜʠ; 

¶ ʉʧʦʨʝʜ ʥʘʯʠʥʘ ʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ, ʜʠʛʠʪʘʣʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʚʘ ʦʪʥʝʤʘʱʦ, ʜʦʙʘʚʷʱʦ, ʬʦʨʤʦʚʘʱʦ ʠ 

ʩʛʣʦʙʷʚʘʱʦ; 

¶ ʄʝʪʦʜʠʪʝ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʢʘʪʦ 

ʢʦʥʪʫʨʠʨʘʥʝ, ʩʛʲʚʘʥʝ, ʬʦʨʤʦʚʘʥʝ, ʩʝʢʮʠʦʥʠʨʘʥʝ, ʪʝʩʝʣʠʨʘʥʝ; 

¶ ʍʘʨʘʢʪʝʨʥʠʪʝ ʧʨʦʙʣʝʤʠ ʧʨʠ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ɹʲʣʛʘʨʠʷ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ 

ʜʦʩʪʲʧʘ ʜʦ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʬʠʥʘʥʩʠʨʘʥʝʪʦ ʠ 

ʥʷʢʦʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʧʨʘʚʥʠ ʘʧʩʝʢʪʠ. 
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ɻʃɸɺɸ 2 ï ʉʒʑɽʉʊɺʋɺɸʑʀ ʇʈɸʂʊʀʂʀ ɺ ɼʀɻʀʊɸʃʅʆʊʆ 

ʄʆɼɽʃʀʈɸʅɽ ʀ ʇʈʆʀɿɺʆɼʉʊɺʆ 

2.1. ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʘʥʘʣʠʪʠʯʥʘ ʤʘʪʨʠʮʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʧʨʠʤʝʨʠ 

ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʧʨʠʤʝʨʠ ʝ ʩ ʮʝʣ ʩʲʙʠʨʘʥʝ ʥʘ ʝʤʧʠʨʠʯʥʠ 

ʜʘʥʥʠ ʠ ʟʥʘʥʠʷ, ʥʘ ʙʘʟʘ ʢʦʠʪʦ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʦʙʱʠ ʠʟʚʦʜʠ ʟʘ 

ʧʨʦʮʝʩʠʪʝ ʠ ʤʝʪʦʜʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʀʟʩʣʝʜʚʘʥʠʪʝ ʧʨʠʤʝʨʠ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʨʘʟʥʦʦʙʨʘʟʥʠ 

ʢʘʪʦ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʤʦʜʝʣʠʨʘʥʝ, ʧʨʦʮʝʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʝʪʦʜʠ ʥʘ 

ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʠ ʜʦʨʠ ʩʬʝʨʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʝʪʦ ʮʝʣʠ 

ʘʨʛʫʤʝʥʪʠʨʘʥʝʪʦ ʥʘ ʦʙʱʠ ʫʥʠʚʝʨʩʘʣʥʠ ʠʟʚʦʜʠ, ʧʨʠʣʦʞʠʤʠ ʟʘ ʪʦʣʢʦʚʘ 

ʨʘʟʣʠʯʥʠ ʦʙʝʢʪʠ. ɿʘ ʜʘ ʠʤʘ ʫʥʠʚʝʨʩʘʣʥʦʩʪ ʥʘ ʠʟʚʦʜʠʪʝ ʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʥʠʬʠʮʠʨʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʦʙʱʠ ʤʝʪʦʜʠ ʠ 

ʢʨʠʪʝʨʠʠ, ʢʦʠʪʦ ʜʘ ʥʘʧʨʘʚʷʪ ʩʨʘʚʥʠʤʠ ʨʘʟʣʠʯʥʠʪʝ ʧʨʠʤʝʨʠ. ɿʘ ʮʝʣʪʘ 

ʫʥʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʘʥʘʣʠʪʠʯʥʘ 

ʤʘʪʨʠʮʘ, ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʥʷʢʦʣʢʦ ʦʩʥʦʚʥʠ ʯʘʩʪʠ:   

¶ ʦʙʱʠ ʜʘʥʥʠ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʝʢʪ; 

¶ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ; 

¶ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ; 

¶ ʠʟʩʣʝʜʚʘʥʝ ʚʲʨʭʫ ʤʝʪʦʜʘ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ; 

¶ ʦʙʦʙʱʝʥʠʝ ʠ ʛʝʥʝʨʘʣʥʠ ʠʟʚʦʜʠ. 

 

ʊʘʙʣ.1. ʌʦʨʤʘʪ ʥʘ ɸʥʘʣʠʪʠʯʥʘ ʤʘʪʨʠʮʘ (ʘʚʪʦʨ: ʍʨ. ʊʦʧʯʠʝʚ) 

ʆɹɽʂʊ ˉ 

éééé.. 
ɿɸɻʃɸɺʀɽ ʅɸ ʆɹɽʂʊ: 

........................................................... 

ɸ: ʆɹʑʀ ɼɸʅʅʀ 

ɸ. 1. ʀʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʝʘʣʠʟʘʮʠʷʪʘ 

ɸ. 2. ʊʠʧ ʦʙʝʢʪ ......................... 
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ɸ. 3. ɸʚʪʦʨ ......................... 

ɸ. 4. ɻʦʜʠʥʘ ʥʘ ʨʝʘʣʠʟʘʮʠʷ ......................... 

ɸ. 5. ʄʷʩʪʦ ʥʘ ʨʝʘʣʠʟʘʮʠʷ ......................... 

ɸ. 6. ʆʧʨʝʜʝʣʷʥʝ ʟʦʥʘʪʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝ: 

ɸ. 6.1. ʛʨʘʜʩʢʘ ʩʨʝʜʘ ɸ. 6.2. ʠʥʪʝʨʠʦʨʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

A. 7. ɼʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʧʨʠʣʦʞʝʥʦ ʚʲʨʭʫ: 

ɸ. 7.1. ʮʝʣʠʷ ʦʙʝʢʪ ɸ. 7.2. ʯʘʩʪ ʦʪ ʦʙʝʢʪʘ  (ʢʦʷ?) ....................... 

ɸ. 8. ʀʟʩʣʝʜʚʘʥʝ, ʬʦʢʫʩʠʨʘʥʦ ʚʲʨʭʫ ......................... 

ɸ. 9. ɼʦʧʲʣʥʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ......................... 

ɹ: ʊɽʍʅʆʃʆɻʀʗ ʅɸ ɼʀɻʀʊɸʃʅʆ ʄʆɼɽʃʀʈɸʅɽ 

ɹ. 1. ʉʦʬʪʫʝʨ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ......................... 

ɹ. 2. ʆʧʨʝʜʝʣʷʥʝ ʪʠʧʘ ʩʦʬʪʫʝʨ 

ɹ. 2.1. 2D CAD ɹ. 2.2. 3D CAD 

ɹ. 2.3. BIM 
(ʉʪʨʦʠʪʝʣʥʦ-
ʠʥʬʦʨʤʘʮʠʦʥʥʠ 
ʪʝʭʥʦʣʦʛʠʠ) 

ɹ. 2.4. AAD 
(ɸʣʛʦʨʠʪʤʠʯʥʦ 
ʤʦʜʝʣʠʨʘʥʝ) 

ɹ. 3. ʆʧʨʝʜʝʣʷʥʝ ʚʠʜʘ ʥʘ ʧʨʠʤʠʪʠʚʠʪʝ 

ɹ. 3.1. ʛʝʦʤʝʪʨʠʯʥʠ/ʛʨʘʬʠʯʥʠ ɹ. 3.2. ʦʙʝʢʪʦʚʠ 

ɹ. 4. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʣʟʚʘʥʠ 2D / 3D ʛʝʦʤʝʪʨʠʠ 

ɹ. 4.1. ʩʪʘʥʜʘʨʪʥʠ 2D ʠ 3D CAD ɹ. 4.2. ʛʲʚʢʘʚʠ 2D ʠʣʠ 3D (NURBS) 

ɹ. 5. ʆʧʨʝʜʝʣʷʥʝ ʥʘʯʠʥʘ ʥʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʛʝʦʤʝʪʨʠʷʪʘ 

ɹ. 5.1. ʧʦʣʠʛʦʥʘʣʥʠ ʤʨʝʞʠ ɹ. 5.2. ʧʦʚʲʨʭʥʠʥʠ ɹ. 5.3. ʩʦʣʠʜʠ 

ɹ. 6. ʇʘʨʘʤʝʪʨʠʯʥʦʩʪ / ɸʩʦʮʠʘʪʠʚʥʦʩʪ 

ɹ. 6.1. ʣʠʧʩʘ ʥʘ 
ʧʘʨʘʤʝʪʨʠʯʥʦʩʪ / 
ʘʩʦʮʠʘʪʠʚʥʦʩʪ 

ɹ. 6.2. ʧʘʨʘʤʝʪʨʠʯʥʦʩʪ / 
ʘʩʦʮʠʘʪʠʚʥʦʩʪ ʥʘ 
ʦʪʜʝʣʥʠ ʝʣʝʤʝʥʪʠ 
(ʯʘʩʪʠʯʥʘ) 

ɹ. 6.3. ʧʲʣʥʘ 
ʧʘʨʘʤʝʪʨʠʯʥʦʩʪ / 
ʘʩʦʮʠʘʪʠʚʥʦʩʪ ʥʘ 
ʤʦʜʝʣʘ 
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ɺ: ʊɽʍʅʆʃʆɻʀʗ ʅɸ ɼʀɻʀʊɸʃʅʆ ʇʈʆʀɿɺʆɼʉʊɺʆ 

ɺ. 1. ʆʧʨʝʜʝʣʷʥʝ ʚʠʜʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʧʦʨʝʜ ʥʘʯʠʥʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ 
ʤʘʪʝʨʠʘʣʠʪʝ 

ɺ. 1.1.  
ʦʪʥʝʤʘʱʦ 

ɺ. 1.2.  
ʜʦʙʘʚʷʱʦ  

ɺ. 1.3. 
ʬʦʨʤʦʚʘʱʦ 

ɺ. 1.4. 
ʩʛʣʦʙʷʚʘʱʦ 

ɺ. 2. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʨʦʮʝʩʘ ʩʧʦʨʝʜ ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ ʜʠʛʠʪʘʣʥʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ 

ɺ. 2.1.  
CNC 

ɺ.2.2. 
ʣʘʟʝʨʥʦ ʨʷʟʘʥʝ 

ɺ.2.3.  
3D ʧʨʠʥʪʠʨʘʥʝ 

ɺ. 2.4.  
ʈʦʙʦʪʠʢʘ 

B. 3. ʂʦʥʢʨʝʪʝʥ ʚʠʜ ʤʘʰʠʥʘ ......................... 

B. 4. ɹʨʦʡ ʦʩʠ ʧʨʠ CNC (ʘʢʦ ʝ ʧʨʠʣʦʞʠʤʦ) ......................... 

B. 5. ʆʩʥʦʚʝʥ ʤʘʪʝʨʠʘʣ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ......................... 

ɻ: ʄɽʊʆɼ ʅɸ ʌʆʈʄʆʆɹʈɸɿʋɺɸʅɽ 

ɻ. 1. ʆʧʨʝʜʝʣʷʥʝ ʤʝʪʦʜʘ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ 

ɻ. 1.1. 
ʂʦʥʪʫʨʠʨʘʥʝ 

ɻ. 1.2.    
ʉʛʲʚʘʥʝ 

ɻ. 1.3. 
ʌʦʨʤʦʚʘʥʝ 

ɻ. 1.4. 
ʉʝʢʮʠʦʥʠʨʘʥʝ 

ɻ. 1.5. 
ʊʝʩʝʣʠʨʘʥʝ 

ɻ. 2. ʆʩʥʦʚʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝʪʦ ......................... 

ɻ. 3. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʚʟʘʠʤʦʚʨʲʟʢʠʪʝ ʤʝʞʜʫ 
ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

......................... 

ɼ: ʀɿɺʆɼʀ 

......................... 

 

2.2. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʧʨʠʤʝʨʠ ʦʪ ʩʚʝʪʦʚʥʘʪʘ ʠ ʙʲʣʛʘʨʩʢʘʪʘ 

ʧʨʘʢʪʠʢʘ 

ʇʨʠʤʝʨʠʪʝ, ʧʦʜʙʨʘʥʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʚ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ 

ʩʘ ʟʥʘʯʠʤʠ ʟʘ ʩʚʝʪʦʚʥʘʪʘ ʠ ʙʲʣʛʘʨʩʢʘʪʘ ʘʨʭʠʪʝʢʪʫʨʘ, ʠʤʝʥʥʦ ʟʘʨʘʜʠ 

ʩʚʦʷ ʠʥʦʚʘʪʠʚʝʥ ʜʠʟʘʡʥ, ʧʨʷʢʦ ʨʝʘʣʠʟʠʨʘʥ ʩʲʩ ʩʨʝʜʩʪʚʘʪʘ ʥʘ 

ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʊʝ ʩʘ 
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ʨʘʟʥʦʦʙʨʘʟʥʠ ʧʦ ʤʘʱʘʙ, ʢʫʣʪʫʨʝʥ ʢʦʥʪʝʢʩʪ, ʩʬʝʨʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝ, 

ʙʶʜʞʝʪ, ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʠʟʧʲʣʥʝʥʠʝ. 

ʆʙʭʚʘʥʘʪʠ ʩʘ ʧʨʠʤʝʨʠ ʟʘ ʦʙʱʝʩʪʚʝʥʠ ʩʛʨʘʜʠ, ʩ ʧʦʩʪʘʚʝʥ ʘʢʮʝʥʪ 

ʚʲʨʭʫ ʪʝʭʥʠʪʝ ʠʥʦʚʘʪʠʚʥʠ ʬʘʩʘʜʠ ʠ ʠʥʪʝʨʠʦʨʠ, ʘʨʭʠʪʝʢʪʫʨʥʠ 

ʧʘʚʠʣʠʦʥʠ ʠ ʩʪʨʫʢʪʫʨʠ, ʩ ʪʝʭʥʠʪʝ ʚʜʲʭʥʦʚʷʚʘʱʠ ʚʲʦʙʨʘʞʝʥʠʝʪʦ 

ʬʦʨʤʠ, ʝʣʝʤʝʥʪʠ ʥʘ ʛʨʘʜʩʢʦʪʦ ʦʙʟʘʚʝʞʜʘʥʝ, ʧʨʝʜʤʝʪ ʥʘ ʟʘʩʠʣʝʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʦʪ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ, ʠʥʪʝʨʠʦʨʠ ʠ ʜʠʟʘʡʥ ʟʘ 

ʠʥʪʝʨʠʦʨʘ, ʝʣʝʤʝʥʪʠ ʥʘ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦʪʦ ʠ ʜʦʨʠ ʘʨʪ ʠʥʩʪʘʣʘʮʠʠ. 

ʇʨʠʤʝʨʠʪʝ ʩʘ ʧʦʜʨʝʜʝʥʠ ʧʦ ʭʨʦʥʦʣʦʛʠʯʝʥ ʨʝʜ ʢʘʪʦ ʦʩʥʦʚʥʦ ʩʘ 

ʦʪ ʧʦʩʣʝʜʥʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ ʩ ʮʝʣ ʤʘʢʩʠʤʘʣʥʘ ʘʢʪʫʘʣʥʦʩʪ ʥʘ 

ʠʟʩʣʝʜʚʘʥʝʪʦ.  

ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʚʢʣʶʯʝʥʠ 16 ʧʨʠʤʝʨʠ, ʦʪ ʢʦʠʪʦ 3 ʩʘ ʥʘ 

ʙʲʣʛʘʨʩʢʠ ʘʚʪʦʨʠ. ɺ ɸʚʪʦʨʝʬʝʨʘʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʝʜʥʦ ʧʨʠʤʝʨʥʦ 

ʠʟʩʣʝʜʚʘʥʝ, ʚ ʩʣʫʯʘʷ ʥʘ Norwegian Wild Reindeer Centre Pavilion ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʥʦʪʦ ʙʶʨʦ Snßhetta Oslo AS. ʅʘ ʥʝʛʦʚʠʷ ʧʨʠʤʝʨ ʚ ʪʨʫʜʘ ʩʘ 

ʠʟʩʣʝʜʚʘʥʠ ʦʱʝ ɺʠʥʘʨʥʘ ĂGantenbeinò ʚʲʚ ʌʣʘʭ, ʐʚʝʡʮʘʨʠʷ, Helix 

Bridgeò ʚ ʉʠʥʛʘʧʫʨ, ʉʦʣʘʨʥʠʷ  ʧʘʚʠʣʠʦʥ ĂFabLab Houseò ʚ ʄʘʜʨʠʜ, 

ʀʩʧʘʥʠʷ, Ăɼʘʪʩʢʠ ̫ ʧʘʚʠʣʠʦʥò ʚ ʐʘʥʭʘʡ, ʂʠʪʘʡ, ĂMEDIA TICò ʚ 

ɹʘʨʩʝʣʦʥʘ, ʀʩʧʘʥʠʷ, ʂʫʣʪʫʨʥʠʷ ʮʝʥʪʲʨ Ăʍʝʡʜʘʨ ɸʣʠʝʚò ʚ ɹʘʢʫ, 

ɸʟʝʨʙʘʡʜʞʘʥ, ĂArboSkinò ʚ ʑʫʪʛʘʨʪ, ɻʝʨʤʘʥʠʷ, ʉʪʦʣ ĂScateò ʚ ʄʦʩʢʚʘ, 

ʈʫʩʠʷ, ʀʪʘʣʠʘʥʩʢʠ ̫ ʧʘʚʠʣʠʦʥ ĂPalazzo Italiaò ʚ ʄʠʣʘʥʦ, ʀʪʘʣʠʷ, 

ʎʝʥʪʲʨʘ ĂCrossrail Placeò ʚ ʃʦʥʜʦʥ, ʆʙʝʜʠʥʝʥʦʪʦ ʢʨʘʣʩʪʚʦ, ʇʝʡʢʘʪʘ 

ĂMINAMORAò ʚ ʄʠʣʘʥʦ, ʀʪʘʣʠʷ, ʭʦʪʝʣ ĂMorpheusò ʚ ʄʘʢʘʦ, ʂʠʪʘʡ. ʆʪ 

ʙʲʣʛʘʨʩʢʠʪʝ ʧʨʠʤʝʨʠ ʩʘ ʠʟʩʣʝʜʚʘʥʠ Ăʉʦʣʘʨʥʠʪʝ ʜʲʨʚʝʪʘò ʚ ɹʫʨʛʘʩ, 

ɹʲʣʛʘʨʠʷ, ʋʣʠʯʥʘʪʘ ʙʠʙʣʠʦʪʝʢʘ Ăʈʘʧʘʥʘò ʚʲʚ ɺʘʨʥʘ, ɹʲʣʛʘʨʠʷ, 

ʇʝʡʢʘʪʘ ĂPenchò ʚʲʚ ɺʘʨʥʘ, ɹʲʣʛʘʨʠʷ.  

 

 

 

 



 
33 

ʊʘʙʣ.2. ɸʥʘʣʠʪʠʯʥʘ ʤʘʪʨʠʮʘ ʟʘ ʭʦʪʝʣ ĂMorpheusò (ʘʚʪʦʨ: ʍʨ. ʊʦʧʯʠʝʚ) 

ʆɹɽʂʊ ˉ 
6 

ɿɸɻʃɸɺʀɽ ʅɸ ʆɹɽʂʊ: 
ñNorwegian Wild Reindeer Centre Pavilionò 

ɸ: ʆɹʑʀ ɼɸʅʅʀ 

 
ɸ. 1. ʀʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʝʘʣʠʟʘʮʠʷʪʘ 
 

 
 
ʌʠʛ.8  Norwegian Wild Reindeer Centre Pavilion  
 
(ʠʟʪʦʯʥʠʢ: www.archdaily.com, www10.aeccafe.com; ʦʙʨʘʙʦʪʢʘ ʥʘ ʘʚʪʦʨʘ) 
 

ɸ. 2. ʊʠʧ ʦʙʝʢʪ ʇʘʚʠʣʠʦʥ 

ɸ. 3. ɸʚʪʦʨ Snßhetta Oslo AS 

ɸ. 4. ɻʦʜʠʥʘ ʥʘ ʨʝʘʣʠʟʘʮʠʷ 2011 
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ɸ. 5. ʄʷʩʪʦ ʥʘ ʨʝʘʣʠʟʘʮʠʷ 
ʅʘʮʠʦʥʘʣʝʥ ʧʘʨʢ ɼʦʚʲʨʬʝʡʣ, 
ʅʦʨʚʝʛʠʷ 

ɸ. 6. ʆʧʨʝʜʝʣʷʥʝ ʟʦʥʘʪʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝ: 

ɸ. 6.1. ʚʲʥʰʥʘ ʩʨʝʜʘ ɸ. 6.2. ʠʥʪʝʨʠʦʨʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

A. 7. ɼʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʧʨʠʣʦʞʝʥʦ ʚʲʨʭʫ: 

ɸ. 7.1. ʮʝʣʠʷ ʦʙʝʢʪ ɸ. 7.2. ʯʘʩʪ ʦʪ ʦʙʝʢʪʘ:  ʠʥʪʝʨʠʦʨʘ 

ɸ. 8. ʀʟʩʣʝʜʚʘʥʝ, ʬʦʢʫʩʠʨʘʥʦ ʚʲʨʭʫ ʀʥʪʝʨʠʦʨʘ 

ɸ. 9. ɼʦʧʲʣʥʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ 

ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʧʘʚʠʣʠʦʥʘ 
ʩʪʘʨʪʠʨʘ ʧʨʝʟ 2009 ʛ., ʘ 
ʨʝʘʣʠʟʘʮʠʷʪʘ ʩʝ ʩʣʫʯʚʘ ʧʨʝʟ 2011 
ʛ. ʇʘʚʠʣʠʦʥʲʪ ʝ ʨʘʟʧʦʣʦʞʝʥ ʚ 
ʅʘʮʠʦʥʘʣʝʥ ʧʘʨʢ ɼʦʚʲʨʬʝʡʣ ʠ ʝ 
ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʢʦʤʬʦʨʪʥʦ 
ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʦʢʦʣʥʠʷ ʧʝʡʟʘʞ. 
ʇʨʝʜʩʪʘʚʣʷʚʘ ʩʪʦʤʘʥʝʥʘ 
ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʛʦʣʝʤʠ ʩʪʲʢʣʝʥʠ 
ʚʠʪʨʠʥʠ ʠ ʜʲʨʚʝʥ ʠʥʪʝʨʠʦʨ, 
ʠʜʝʷʪʘ ʟʘ ʢʦʡʪʦ ʝ ʚʟʝʪʘ ʦʪ ʥʘʯʠʥʘ, 
ʧʦ ʢʦʡʪʦ ʧʨʠʨʦʜʘʪʘ ʙʘʚʥʦ 
ʤʦʜʝʣʠʨʘ ʩʢʘʣʠʪʝ ʯʨʝʟ ʧʨʦʮʝʩʠʪʝ 
ʥʘ ʝʨʦʟʠʷ. ʉʘʤʠʷʪ ʠʥʪʝʨʠʦʨ 
ʠʟʛʣʝʞʜʘ ʢʘʪʦ ʛʦʣʷʤʘ ʩʢʫʣʧʪʫʨʘ, 
ʨʘʟʧʦʣʦʞʝʥʘ ʩʚʦʙʦʜʥʦ ʚ ʨʘʤʢʠʪʝ 
ʥʘ ʢʦʥʪʨʘʩʪʠʨʘʱʠʷ 
ʧʘʨʘʣʝʣʝʧʠʧʝʜ. 

ɹ: ʊɽʍʅʆʃʆɻʀʗ ʅɸ ɼʀɻʀʊɸʃʅʆ ʄʆɼɽʃʀʈɸʅɽ 

ɹ. 1. ʉʦʬʪʫʝʨ ʟʘ ʤʦʜʝʣʠʨʘʥʝ Maya 

ɹ. 2. ʆʧʨʝʜʝʣʷʥʝ ʪʠʧʘ ʩʦʬʪʫʝʨ: 

ɹ. 2.1. 2D CAD ɹ. 2.2. 3D CAD ɹ. 2.3. BIM ɹ. 2.4. AAD 

ɹ. 3. ʆʧʨʝʜʝʣʷʥʝ ʚʠʜʘ ʥʘ ʧʨʠʤʠʪʠʚʠʪʝ: 

ɹ. 3.1. ʛʝʦʤʝʪʨʠʯʥʠ/ʛʨʘʬʠʯʥʠ ɹ. 3.2. ʦʙʝʢʪʦʚʠ 

ɹ. 4. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʣʟʚʘʥʠ 2D / 3D ʛʝʦʤʝʪʨʠʠ: 

ɹ. 4.1. ʩʪʘʥʜʘʨʪʥʠ 2D ʠ 3D CAD ɹ. 4.2. ʛʲʚʢʘʚʠ 2D ʠʣʠ 3D (NURBS) 
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ɹ. 5. ʆʧʨʝʜʝʣʷʥʝ ʥʘʯʠʥʘ ʥʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʛʝʦʤʝʪʨʠʷʪʘ: 

ɹ. 5.1.  
ʧʦʣʠʛʦʥʘʣʥʠ ʤʨʝʞʠ 

ɹ. 5.2.  
ʧʦʚʲʨʭʥʠʥʠ 

ɹ. 5.3.  
ʩʦʣʠʜʠ 

ɹ. 6. ʇʘʨʘʤʝʪʨʠʯʥʦʩʪ / ɸʩʦʮʠʘʪʠʚʥʦʩʪ: 

ɹ. 6.1. ʣʠʧʩʘ ʥʘ 
ʧʘʨʘʤʝʪʨʠʯʥʦʩʪ / 
ʘʩʦʮʠʘʪʠʚʥʦʩʪ 

ɹ. 6.2. ʧʘʨʘʤʝʪʨʠʯʥʦʩʪ / 
ʘʩʦʮʠʘʪʠʚʥʦʩʪ ʥʘ 
ʦʪʜʝʣʥʠ ʝʣʝʤʝʥʪʠ 
(ʯʘʩʪʠʯʥʘ) 

ɹ. 6.3. ʧʲʣʥʘ 
ʧʘʨʘʤʝʪʨʠʯʥʦʩʪ / 
ʘʩʦʮʠʘʪʠʚʥʦʩʪ ʥʘ 
ʤʦʜʝʣʘ 

ɺ: ʊɽʍʅʆʃʆɻʀʗ ʅɸ ɼʀɻʀʊɸʃʅʆ ʇʈʆʀɿɺʆɼʉʊɺʆ 

ɺ. 1. ʆʧʨʝʜʝʣʷʥʝ ʚʠʜʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʧʦʨʝʜ ʥʘʯʠʥʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ 
ʤʘʪʝʨʠʘʣʠʪʝ: 

ɺ. 1.1.  
ʦʪʥʝʤʘʱʦ 

ɺ. 1.2.  
ʜʦʙʘʚʷʱʦ  

ɺ. 1.3. 
ʬʦʨʤʦʚʘʱʦ 

ɺ. 1.4. 
ʩʛʣʦʙʷʚʘʱʦ 

ɺ. 2. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʨʦʮʝʩʘ ʩʧʦʨʝʜ ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ ʜʠʛʠʪʘʣʥʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ: 

ɺ. 2.1.  
CNC 

ɺ.2.2. 
ʣʘʟʝʨʥʦ ʨʷʟʘʥʝ 

ɺ.2.3.  
3D ʧʨʠʥʪʠʨʘʥʝ 

ɺ. 2.4.  
ʨʦʙʦʪʠʢʘ 

B. 3. ʂʦʥʢʨʝʪʝʥ ʚʠʜ ʤʘʰʠʥʘ 

- ʀʥʜʫʩʪʨʠʘʣʝʥ ʨʦʙʦʪ ʟʘ ʜʠʨʝʢʪʥʦ 
ʬʨʝʟʦʚʘʥʝ ʥʘ ʜʲʨʚʝʩʥʠ 
ʤʘʪʝʨʠʘʣʠ  

B. 4. ɹʨʦʡ ʦʩʠ ʧʨʠ CNC (ʘʢʦ ʝ 
ʧʨʠʣʦʞʠʤʦ) 

6 

B. 5. ʆʩʥʦʚʝʥ ʤʘʪʝʨʠʘʣ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ 

ɼʲʨʚʝʩʠʥʘ ʥʘ ʢʫʙʦʚʝ ʩ ʨʘʟʤʝʨʠ ʥʘ 
ʩʪʨʘʥʘʪʘ 25ʩʤ, ʩʛʣʦʙʝʥʠ ʩʲʩ 
ʩʛʣʦʙʢʠ ʙʝʟ ʣʝʧʝʥʝ. 

ɻ: ʄɽʊʆɼ ʅɸ ʌʆʈʄʆʆɹʈɸɿʋɺɸʅɽ 

ɻ. 1. ʆʧʨʝʜʝʣʷʥʝ ʤʝʪʦʜʘ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ: 

ɻ. 1.1. 
ʂʦʥʪʫʨʠʨʘʥʝ 

ɻ. 1.2.    
ʉʛʲʚʘʥʝ 

ɻ. 1.3. 
ʌʦʨʤʦʚʘʥʝ 

ɻ. 1.4. 
ʉʝʢʮʠʦʥʠʨʘʥʝ 

ɻ. 1.5. 
ʊʝʩʝʣʠʨʘʥʝ 

ɻ. 2. ʆʩʥʦʚʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 
ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝʪʦ 

ɺ ʠʥʪʝʨʠʦʨʘ ʝ ʧʨʠʣʦʞʝʥ ʪʠʧʠʯʝʥ 
ʤʝʪʦʜ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʯʨʝʟ 
ʜʠʨʝʢʪʥʦ ʢʦʥʪʫʨʠʨʘʥʝ ʥʘ 
ʜʲʨʚʝʩʠʥʘ. ʀʟʧʦʣʟʚʘʥ ʝ 6 ʦʩʦʚ 
ʀʥʜʫʩʪʨʠʘʣʝʥ ʨʦʙʦʪ ʟʘ ʦʪʥʝʤʘʱʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ, ʯʠʠʪʦ ʠʟʙʦʨ ʦʪʚʘʨʷ 
ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʘʨʭʠʪʝʢʪʠʪʝ ʜʘ 
ʩʲʟʜʘʚʘʪ ʩʣʦʞʥʠ ʜʚʦʡʥʠ 
ʧʦʚʲʨʭʥʠʥʠ ʩ ʚʲʪʨʝʰʥʠ ʨʘʜʠʫʩʠ. 
ʂʦʥʪʨʘʩʪʲʪ ʤʝʞʜʫ ʧʣʘʚʥʠʪʝ ʠ 
ʪʦʧʣʠ ʧʦʚʲʨʭʥʦʩʪʠ ʚ ʠʥʪʝʨʠʦʨʘ, ʠ 
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ʩʪʫʜʝʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠ ʬʦʨʤʠ ʚ 
ʝʢʩʪʝʨʠʦʨʘ, ʩʷʢʘʰ ʧʦʜʩʠʣʚʘ 
ʫʩʝʱʘʥʝʪʦ ʟʘ ʩʫʨʦʚʠʪʝ 
ʢʣʠʤʘʪʠʯʥʠ ʫʩʣʦʚʠʷ ʥʘ ʠʟʙʨʘʥʦʪʦ 
ʤʷʩʪʦ.   

ɻ. 3. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʚʟʘʠʤʦʚʨʲʟʢʠʪʝ 
ʤʝʞʜʫ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʄʦʜʝʣʠʨʘʥʝʪʦ ʝ ʩʲʦʙʨʘʟʝʥʦ ʩ 
ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʦ ʯʨʝʟ 
ʦʪʯʠʪʘʥʝ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ 6 
ʦʩʦʚʘʪʘ ʬʨʝʟʘ/ʨʦʙʦʪ ʜʘ ʢʦʥʪʫʨʠʨʘ 
ʩʣʦʞʥʠ ʛʝʦʤʝʪʨʠʠ. ɺʩʝ ʧʘʢ 
ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʬʨʝʟʝʨʥʘʪʘ ʛʣʘʚʘ, 
ʢʦʷʪʦ ʥʝ ʤʦʞʝ ʜʘ Ăʙʨʲʢʥʝò ʚ 
ʜʲʣʙʦʢʠ ʥʠʰʠ ʝ ʦʪʯʝʪʝʥʦ ʠ ʪʘʢʠʚʘ 
ʩʘ ʠʟʙʝʛʥʘʪʠ. ɼʠʛʠʪʘʣʥʦʪʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʲʱʦ ʝ ʩʲʦʙʨʘʟʝʥʦ 
ʩ ʤʦʜʝʣʠʨʘʥʝʪʦ ʠ ʧʦ-ʩʧʝʮʠʘʣʥʦ 
ʩʲʩ ʟʘʣʦʞʝʥʠʷ ʩ ʥʝʛʦ ʤʘʪʝʨʠʘʣ, 
ʧʦʨʘʜʠ ʯʠʷʪʦ ʧʣʲʪʥʦʩʪ ʝ 
ʧʨʝʜʧʦʯʝʪʝʥ ʠʥʜʫʩʪʨʠʘʣʝʥ ʨʦʙʦʪ 
ʧʨʝʜ ʬʨʝʟʘ. 

ɼ: ʀɿɺʆɼʀ 

ʆʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʧʨʦʮʝʩʘ ʤʦʜʝʣʠʨʘʥʝ ï ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʦʚʘ ʝ ʧʨʠʤʝʨ 
ʟʘ ʧʨʘʚʦʣʠʥʝʡʥʦʩʪ ʥʘ ʝʪʘʧʥʦʩʪʪʘ, ʧʨʠ ʢʦʡʪʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʘ ʚʟʝʪʠ 
ʧʨʝʜʚʠʜ ʚʩʠʯʢʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʜʚʘʪʘ ʧʨʦʮʝʩʘ. ʈʝʟʫʣʪʘʪʲʪ ʥʘ 
ʚʜʲʭʥʦʚʷʚʘʱ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʩʪʨʦʛʠʷ ʤʠʥʠʤʘʣʠʟʲʤ ʚ ʝʢʩʪʝʨʠʦʨʘ ʠ 
ʤʝʢʠʪʝ ʬʦʨʤʠ ʥʘ ʠʥʪʝʨʠʦʨʘ ʧʨʘʚʷʪ ʦʙʝʢʪʘ ʟʘʙʝʣʝʞʠʪʝʣʝʥ ʧʨʠʤʝʨ ʚ 
ʦʙʣʘʩʪʪʘ ʥʘ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ, ʢʦʡʪʦ ʟʘʩʣʫʞʘʚʘ ʟʘʜʲʣʙʦʯʝʥʦ 
ʠʟʩʣʝʜʚʘʥʝ. 

 

2.3. ʀʟʚʦʜʠ 

¶ ʇʨʠ ʦʙʩʣʝʜʚʘʥʝʪʦ ʥʘ ʧʨʠʤʝʨʠ, ʧʨʠ ʢʦʠʪʦ ʝ ʩʠʣʥʦ ʟʘʩʪʲʧʝʥʦ 

ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʯʝʚʠʜʥʦ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʪʝʥʜʝʥʮʠʷ ʠ ʩʪʨʝʤʝʞ ʢʲʤ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʩʣʦʞʥʠ 

ʛʝʦʤʝʪʨʠʯʥʠ ʬʦʨʤʠ;  

¶ ʂʘʪʦ ʩʣʝʜʩʪʚʠʝ ʦʪ ʛʦʨʝʧʦʩʦʯʝʥʦʪʦ ʩʝ ʦʯʝʨʪʘʚʘ ʤʘʩʦʚʘ 

ʧʨʘʢʪʠʢʘʪʘ ʥʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʛʲʚʢʘʚʠ ʛʝʦʤʝʪʨʠʯʥʠ ʧʨʠʤʠʪʠʚʠ 

(2D ʠ 3D NURBS ʛʝʦʤʝʪʨʠʠ), ʨʝʘʣʠʟʠʨʘʥʠ ʯʨʝʟ ʩʦʬʪʫʝʨʠ ʟʘ 

ʩʣʦʞʥʦ ʤʦʜʝʣʠʨʘʥʝ ʢʘʪʦ Maya ʠ Rhinoceros, ʢʘʢʪʦ ʠ ʯʨʝʟ 

ʩʦʬʪʫʝʨʠ ʟʘ ʘʣʛʦʨʠʪʤʠʯʥʦ ʤʦʜʝʣʠʨʘʥʝ ʢʘʪʦ Grasshopper ʠ ʚ 

ʠʟʚʝʩʪʥʘ ʩʪʝʧʝʥ Dynamo; 
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¶ ʄʘʢʘʨ ʜʘ ʩʝ ʧʨʠʣʘʛʘʪ ʧʦ-ʨʷʜʢʦ ʚ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ, ʚ 

ʥʷʢʦʠ ʦʪ ʧʦʩʦʯʝʥʠʪʝ ʧʨʠʤʝʨʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʪʘʥʜʘʨʪʥʠ 

ʛʨʘʬʠʯʥʠ ʧʨʠʤʠʪʠʚʠ ʠʣʠ ʦʙʝʢʪʦʚʠ ʧʨʠʤʠʪʠʚʠ ʯʨʝʟ BIM 

ʤʦʜʝʣʠʨʘʥʝ, ʢʘʪʦ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʠʤ ʜʦ ʩʪʘʥʜʘʨʪʥʠ ʝʣʝʤʝʥʪʠ 

ʥʘʣʘʛʘʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ NURBS ʛʝʦʤʝʪʨʠʠ ʚ ʜʠʟʘʡʥʘ ʥʘ 

ʩʪʨʫʢʪʫʨʥʠ ʧʦʢʨʠʪʠʷ, ʬʘʩʘʜʠ ʠ ʜʨʫʛʠ ʝʣʝʤʝʥʪʠ ʥʘ ʜʠʟʘʡʥ; 

¶ ʇʨʠ ʦʙʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʯʫʞʜʝʩʪʨʘʥʥʠ ʠ ʙʲʣʛʘʨʩʢʠ ʧʨʠʤʝʨʠ 

ʩʝ ʟʘʙʝʣʷʟʚʘ ʪʝʥʜʝʥʮʠʷ ʥʘ ʟʥʘʯʠʪʝʣʥʦ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʧʨʠʤʝʨʠ 

ʦʪ ɹʲʣʛʘʨʠʷ ʚ ʧʦʩʣʝʜʥʠʪʝ 2-3 ʛʦʜʠʥʠ, ʩʚʲʨʟʘʥʦ ʧʨʝʜʠ ʚʩʠʯʢʦ ʩ 

ʧʦʩʪʝʧʝʥʥʦʪʦ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʧʦʟʥʘʥʠʷ ʧʦ ʪʝʤʘʪʘ ʥʘ ʚʩʝ ʧʦʚʝʯʝ 

ʙʲʣʛʘʨʩʢʠ ʘʚʪʦʨʠ ʠ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʜʦʩʪʲʧʘ ʜʦ ʜʠʛʠʪʘʣʥʠ 

ʩʨʝʜʩʪʚʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ɹʲʣʛʘʨʠʷ; 

¶ ʆʩʥʦʚʥʠʪʝ ʨʘʟʣʠʢʠ ʤʝʞʜʫ ʠʟʩʣʝʜʚʘʥʠʪʝ ʙʲʣʛʘʨʩʢʠ ʠ 

ʯʫʞʜʝʩʪʨʘʥʥʠ ʧʨʠʤʝʨʠ ʩʘ ʩʚʲʨʟʘʥʠ ʧʨʝʜʠ ʚʩʠʯʢʦ ʩ ʤʘʱʘʙʠʪʝ 

ʠ ʩʣʦʞʥʦʩʪʪʘ ʥʘ ʨʝʘʣʠʟʘʮʠʠʪʝ, ʧʦʨʦʜʝʥʠ ʣʦʛʠʯʥʦ ʦʪ 

ʨʘʟʣʠʯʥʠʪʝ ʬʠʥʘʥʩʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ ʠ ʦʧʠʪ ʫ ʥʘʩ ʠ ʚ ʯʫʞʙʠʥʘ; 

¶ ʅʘʣʠʮʝ ʝ ʩʠʥʪʝʟ ʩ ʜʚʫʧʦʩʦʯʥʠ ʚʨʲʟʢʠ ʤʝʞʜʫ ʜʠʛʠʪʘʣʥʦʪʦ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʠʪʦ ʯʝʩʪʦ ʩʠ 

ʚʣʠʷʷʪ ʜʦ ʩʪʝʧʝʥ ʥʘ ʥʝʨʘʟʨʠʚʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʜʚʘʪʘ ʧʨʦʮʝʩʘ, 

ʢʦʝʪʦ ʝ ʦʩʥʦʚʘʥʠʝ ʪʝ ʜʘ ʙʲʜʘʪ ʨʘʟʛʣʝʞʜʘʥʠ ʟʘʝʜʥʦ; 

¶ ɺʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʜʠʟʘʡʥʘ ʟʘ 

ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʦʪʢʣʶʯʚʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʲʣʥʦʮʝʥʥʦ 

ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ, ʢʦʝʪʦ ʝ ʚʷʨʥʦ ʠ ʩ ʦʙʨʘʪʝʥ ʟʥʘʢ. 
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ɻʃɸɺɸ 3 ï ʄɽʊʆɼʀʂɸ ɿɸ ɼʀɻʀʊɸʃʅʆ ʄʆɼɽʃʀʈɸʅɽ ʀ 

ʇʈʆʀɿɺʆɼʉʊɺʆ 

3.1. ʈʝʘʣʠʟʠʨʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʯʨʝʟ ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ 

ʊʝʤʘʪʘ ʟʘ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʜʠʟʘʡʥʘ 

ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʝ ʥʦʚʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʥʘʪʘ ʧʨʘʢʪʠʢʘ ʠ ʟʘ 

ʧʲʣʥʦʮʝʥʥʦʪʦ ʡ ʨʘʟʙʠʨʘʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʨʝʘʣʝʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʧʠʪ, ʯʨʝʟ ʢʦʡʪʦ ʜʘ ʩʝ ʧʦʜʣʦʞʘʪ ʥʘ ʠʟʧʠʪʚʘʥʝ 

ʪʝʦʨʝʪʠʯʥʠʪʝ ʧʦʩʪʘʥʦʚʢʠ. ɿʘ ʮʝʣʪʘ ʚ ɻʣʘʚʘ 3 ʦʪ ʪʨʫʜʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ 

ʨʝʘʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʜʠʟʘʡʥʘ ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ, ʚ ʢʦʠʪʦ 

ʘʚʪʦʨʲʪ ʠʤʘ ʣʠʯʥʦ ʫʯʘʩʪʠʝ.  

ɺ ɸʚʪʦʨʝʬʝʨʘʪʘ ʝ ʦʧʠʩʘʥ ʝʜʠʥ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ï ʧʝʡʢʘʪʘ 

ProtoBENCH ʚ ʧʲʣʥʦʪʘ. ɺ ʪʨʫʜʘ ʩʘ ʦʧʠʩʘʥʠ ʦʙʱʦ 11 ʘʚʪʦʨʩʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʲʱʘʪʘ ʩʪʨʫʢʪʫʨʘ. ʉʨʝʜ ʪʷʭ ʠʤʘ ʧʨʠʤʝʨʠ ʦʪ ʚʩʠʯʢʠ 

ʤʝʪʦʜʠ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ - ʪʝʩʝʣʠʨʘʥʝ, ʬʦʨʤʦʚʘʥʝ, ʩʝʢʮʠʦʥʠʨʘʥʝ, 

ʩʛʲʚʘʥʝ ʠ ʢʦʥʪʫʨʠʨʘʥʝ. ʀʤʘ ʧʨʠʤʝʨʠ ʟʘ ʦʪʥʝʤʘʱʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʜʦʙʘʚʷʱʦ / ʩʛʣʦʙʷʚʘʱʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʬʦʨʤʦʚʘʱʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

(ʦʛʲʚʘʥʝ). 

ɿʘ ʜʘ ʙʲʜʘʪ ʩʠʩʪʝʤʘʪʠʯʥʦ ʦʧʠʩʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ, ʚʩʝʢʠ ʦʪ 

ʪʷʭ ʩʝ ʧʨʝʜʩʪʘʚʷ ʩʲʩ ʩʥʠʤʢʦʚ ʤʘʪʝʨʠʘʣ ʦʪ ʢʨʘʡʥʠʷ ʧʨʦʜʫʢʪ ʠ ʧʨʦʮʝʩʘ 

ʥʘ ʨʝʘʣʠʟʘʮʠʷ, ʢʨʘʪʢʦ ʦʙʱʦ ʦʧʠʩʘʥʠʝ ʢʘʪʦ ʜʘʪʘ ʥʘ ʨʝʘʣʠʟʘʮʠʷ ʠ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʢʦʣʝʢʪʠʚʘ, ʢʨʘʪʢʦ ʦʧʠʩʘʥʠʝ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ 

ʤʦʜʝʣʠʨʘʥʝ ï ʩʦʬʪʫʝʨ ʠ ʧʨʠʤʠʪʠʚʠ, ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ 

ʧʨʦʮʝʩʘ, ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʘʰʠʥʠ ʠ ʤʘʪʝʨʠʘʣʠ. ʅʘʧʨʘʚʝʥ ʝ ʢʨʘʪʲʢ 

ʦʧʠʩ ʥʘ ʧʨʦʮʝʩʘ ʧʦ ʨʝʘʣʠʟʘʮʠʷ ʠ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, ʠʟʚʦʜʠ ʟʘ 

ʤʝʪʦʜʘ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʠ ʟʘ ʫʩʪʘʥʦʚʝʥʠʪʝ ʜʚʫʧʦʩʦʯʥʠ ʚʨʲʟʢʠ 

ʤʝʞʜʫ ʧʨʦʮʝʩʠʪʝ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ.  
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ʇɽʁʂɸ ĂProtoBENCHò 

 

ʌʠʛ.9 ʇʝʡʢʘ ĂProtoBENCHò 

(ʠʟʪʦʯʥʠʢ: ʘʚʪʦʨʩʢʠ ʩʥʠʤʢʠ; ʦʙʨʘʙʦʪʢʘ ʥʘ ʘʚʪʦʨʘ) 

ɻʦʜʠʥʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ï 2018 ʛ. 

ɽʢʠʧ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ï ʘʨʭ. ʍʨʠʩʪʦ ʊʦʧʯʠʝʚ, ʢ. ʘʨʭ. ɸʥʛʝʣ 

ʇʝʪʨʘʢʦʚ, ʩʪʫʜʝʥʪʠ ʦʪ ʩʧʝʮʠʘʣʥʦʩʪ ɸʨʭʠʪʝʢʪʫʨʘ ʦʪ V ʢʫʨʩ 

ʄʝʪʦʜ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ï ʉʝʢʮʠʦʥʠʨʘʥʝ 

ʉʦʬʪʫʝʨ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ï Rhinoceros (3D CAD) + Grasshopper 

(AAD) 

ʇʨʠʤʠʪʠʚʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ï ɻʨʘʬʠʯʥʠ ʧʨʠʤʠʪʠʚʠ, 2D ʠ 3D 

NURBS 

ɺʠʜ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ï ʆʪʥʝʤʘʱʦ 

ʄʘʰʠʥʘ ï 3 ʦʩʦʚʘ ʬʨʝʟʘ 

ʄʘʪʝʨʠʘʣ ï ʰʧʝʨʧʣʘʪ - 10ʤʤ ʠ ʩʪʦʤʘʥʝʥʠ ʰʧʠʣʢʠ - ʜʠʘʤʝʪʲʨ 

16 ʤʤ 
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ʇʝʡʢʘʪʘ ĂProtoBENCHò ʝ ʩʲʟʜʘʜʝʥʘ ʧʨʝʟ 2018 ʛ. ʢʘʪʦ ʢʫʨʩʦʚ 

ʧʨʦʝʢʪ ʦʪ ʢ.ʘʨʭ. ɸʥʛʝʣ ʇʝʪʨʘʢʦʚ ʠ ʩʪʫʜʝʥʪʠ ʚ 5 ʢʫʨʩ ʩʧʝʮʠʘʣʥʦʩʪ 

ɸʨʭʠʪʝʢʪʫʨʘ ʥʘ ɺʉʋ òʏʝʨʥʦʨʠʟʝʮ ʍʨʘʙʲʨò, ʩ ʨʲʢʦʚʦʜʠʪʝʣ ʘʨʭ. ʍʨʠʩʪʦ 

ʊʦʧʯʠʝʚ. ʇʝʡʢʘʪʘ ʝ ʠʟʣʦʞʝʥʘ ʟʘ ʧʦʩʪʦʷʥʥʦ ʚʲʚ ʬʦʘʡʝʪʦ ʥʘ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʩʝ ʧʦʣʟʚʘ ʧʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ. 

ʇʨʠ ʤʦʜʝʣʠʨʘʥʝʪʦ ʝ ʠʟʧʦʣʟʚʘʥ ʩʦʬʪʫʝʨ Rhinoceros ʠ 

Grasshopper ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʩʝʢʮʠʦʥʠʨʘʥʝ ʧʦ ʚʝʨʪʠʢʘʣʥʠ ʨʘʚʥʠʥʠ 

ʯʨʝʟ ʩʧʝʮʠʘʣʥʦ ʠʟʛʨʘʜʝʥ ʘʣʛʦʨʠʪʲʤ. ʄʦʜʝʣʠʨʘʥʘ ʝ ʩʣʦʞʥʘ 

ʧʦʚʲʨʭʥʠʥʘ ʩ ʜʚʦʡʥʦ ʦʛʲʥʘʪʠ ʬʦʨʤʠ ʠ ʫʜʦʙʥʘ ʟʘ ʩʷʜʘʥʝ ʛʝʦʤʝʪʨʠʷ ʧʦ 

ɸʢʝʨʙʣʦʤ. ʈʝʟʫʣʪʘʪʥʠʪʝ ʧʨʦʬʠʣʠ ʩʘ ʧʨʦʙʠʪʠ ʦʪ ʘʣʛʦʨʠʪʤʠʯʥʦ 

ʤʦʜʝʣʠʨʘʥʠ ʰʧʠʣʢʠ. ʇʨʠʣʦʞʝʥʦ ʝ ʦʧʪʠʤʠʟʠʨʘʥʦ ʨʘʟʧʨʝʜʝʣʷʥʝ ʥʘ 

ʧʨʦʬʠʣʠʪʝ ʚ ʨʘʙʦʪʥʠʪʝ ʣʠʩʪʠ (ʥʝʩʪʠʥʛ). ɼʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ 

ʩʲʩʪʦʠ ʚ ʠʟʨʷʟʚʘʥʝ ʥʘ ʢʦʥʪʫʨʠʪʝ ʯʨʝʟ CNC ʬʨʝʟʘ, ʘ ʩʛʣʦʙʷʚʘʥʝʪʦ ʩʝ 

ʧʨʘʚʠ ʯʨʝʟ ʧʨʝʢʘʨʚʘʥʝ ʥʘ ʰʧʠʣʢʠʪʝ ʚ ʧʨʝʜʚʠʜʝʥʠʪʝ ʟʘ ʮʝʣʪʘ ʦʪʚʦʨʠ.  

ʍʘʨʘʢʪʝʨʥʦ ʟʘ ʧʨʦʮʝʩʘ ʝ ʠʟʙʦʨʲʪ ʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʤʘʪʝʨʠʘʣʘ ʠ 

ʜʠʩʪʘʥʮʠʠʪʝ ʤʝʞʜʫ ʨʝʙʨʘʪʘ ʦʱʝ ʧʨʠ ʤʦʜʝʣʠʨʘʥʝʪʦ. ɼʨʫʛʘ ʭʘʨʘʢʪʝʨʥʘ 

ʦʩʦʙʝʥʦʩʪ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦʪʦ ʟʘʪʚʘʨʷʥʝ ʥʘ ʢʦʥʪʫʨʠ ʠ ʩʲʝʜʠʥʷʚʘʥʝ 

ʥʘ ʩʲʩʝʜʥʠ ʜʦʧʨʝʥʠ ʢʨʠʚʠ ʠʣʠ ʣʠʥʠʠ ʚ ʦʙʱʠ ʢʨʠʚʠ ʠʣʠ ʧʦʣʠʣʠʥʠʠ.  

ʄʦʜʝʣʠʨʘʥʝʪʦ ʝ ʩʲʦʙʨʘʟʝʥʦ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʢʘʪʦ ʦʱʝ ʧʨʠ 

ʥʝʛʦ ʩʝ ʟʘʣʘʛʘʪ ʩʛʣʦʙʢʠʪʝ ï ʚ ʩʣʫʯʘʷ ʪʦʚʘ ʩʘ ʰʧʠʣʢʠ, ʟʘ ʢʦʠʪʦ ʩʝ 

ʧʨʝʜʚʠʞʜʘʪ ʦʪʚʦʨʠ. ʇʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩʲʱʦ ʝ ʩʲʦʙʨʘʟʝʥʦ ʩ 

ʤʦʜʝʣʠʨʘʥʝʪʦ ʪʲʡ ʢʘʪʦ ʝ ʠʟʧʦʣʟʚʘʥʘ ʦʧʪʠʤʘʣʥʘʪʘ ʟʘ ʤʘʪʝʨʠʘʣʘ ʠ 

ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝʪʦ ʢʦʤʧʶʪʲʨʥʦ ʫʧʨʘʚʣʷʝʤʘ ʤʘʰʠʥʘ ï CNC ʬʨʝʟʘ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʝʪʘʧʠʪʝ ʚ ʧʨʦʮʝʩʘ Ăʤʦʜʝʣʠʨʘʥʝ ï 

ʧʨʦʠʟʚʦʜʩʪʚʦò ʩʘ ʥʘʡ-ʦʙʱʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʠ 

ʠʟʠʩʢʚʘʥʠʷʪʘ ʧʨʠ ʟʘʜʘʯʘʪʘ, ʤʦʜʝʣʠʨʘʥʝ ʥʘ NURBS ʛʝʦʤʝʪʨʠʷ -

ʧʦʚʲʨʭʥʠʥʘ, ʩʲʦʙʨʘʟʝʥʘ ʩ ʠʟʠʩʢʚʘʥʠʷʪʘ, ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʯʥʘ 

ʜʝʬʠʥʠʮʠʷ ʠ ʧʨʠʣʘʛʘʥʝʪʦ ʡ ʟʘ ʘʚʪʦʤʘʪʠʯʥʦ ʩʝʢʮʠʦʥʠʨʘʥʝ, ʦʮʝʥʢʘ ʥʘ 

ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣ ʠ ʨʝʜʘʢʮʠʷ ʧʨʠ ʥʫʞʜʘ, ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʬʘʡʣ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʝʢʩʧʦʨʪ ʢʲʤ CAM, ʦʧʪʠʤʠʟʠʨʘʥʝ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 

ʧʨʦʬʠʣʠʪʝ ʚʲʨʭʫ ʨʘʙʦʪʥʠʷ ʣʠʩʪ (ʥʝʩʪʚʘʥʝ), ʧʨʦʚʝʨʢʘ ʥʘ ʛʝʦʤʝʪʨʠʠʪʝ, 

ʥʘʩʪʨʦʡʚʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʧʘʨʘʤʝʪʨʠ ʯʨʝʟ CAM, ʟʘʨʝʞʜʘʥʝ ʥʘ 

ʤʘʪʝʨʠʘʣʘ, ʠʟʨʷʟʚʘʥʝ, ʩʛʣʦʙʷʚʘʥʝ. 
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3.2. ʀʟʚʝʞʜʘʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʝʪʘʧʠ ʚ ʧʨʦʮʝʩʘ Ăʜʠʛʠʪʘʣʥʦ 

ʤʦʜʝʣʠʨʘʥʝ - ʧʨʦʠʟʚʦʜʩʪʚʦò 

ʆʪ ʨʝʘʣʠʟʠʨʘʥʠʪʝ ʘʚʪʦʨʩʢʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʧʨʝʜʩʪʘʚʝʥʠ ʚ ɻʣʘʚʘ 

3, ʩʝ ʜʦʢʘʟʚʘ ʧʦ ʝʤʧʠʨʠʯʝʥ ʧʲʪ, ʯʝ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʨʦʮʝʩʘ Ăʜʠʛʠʪʘʣʥʦ 

ʤʦʜʝʣʠʨʘʥʝ ï ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦò ʝ ʚ ʟʘʜʲʣʞʠʪʝʣʥʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ Ăʠʟʙʦʨ ʥʘ ʤʝʪʦʜ ʟʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ï 

ʤʦʜʝʣʠʨʘʥʝ - ʧʨʦʠʟʚʦʜʩʪʚʦò. ʇʨʠʥʮʠʧʥʘʪʘ ʧʦʩʪʘʥʦʚʢʘ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʨʘʟʙʠʪʘ ʜʦ 10 ʦʩʥʦʚʥʠ ʝʪʘʧʠ, ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʜʠʘʛʨʘʤʘʪʘ ʧʦ - ʜʦʣʫ. 

 

ʌʠʛ. 10. ʆʩʥʦʚʥʠ ʝʪʘʧʠ ʚ ʧʨʦʮʝʩʘ Ăʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ï ʧʨʦʠʟʚʦʜʩʪʚʦò 

(ʠʟʪʦʯʥʠʢ: ʘʚʪʦʨʘ) 
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Oʩʥʦʚʥʠʪʝ ʝʪʘʧʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʜʠʛʠʪʘʣʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʢʘʪʦ ʜʚʘ ʦʩʥʦʚʥʠ ʚʠʜʘ: 

Å ʇʨʦʤʝʥʣʠʚʠ ï ʪʘʢʠʚʘ ʩʘ ʧʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʝʪʘʧʠʪʝ ʠʣʠ 

ʩʪʲʧʢʠʪʝ ʚ ʧʨʦʮʝʩʘ ʥʘ ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ - ʧʨʦʟʚʦʜʩʪʚʦ. 

ʊʝ ʩʘ ʭʘʨʘʢʪʝʨʥʠ ʩ ʪʦʚʘ, ʯʝ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʠ, 

ʢʘʪʦ ʦʙʠʢʥʦʚʝʥʦ ʥʘʡ-ʩʝʨʠʦʟʥʦ ʚʣʠʷʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 

ʠʟʙʨʘʥʠʷ ʤʘʪʝʨʠʘʣ, ʤʝʪʦʜʘ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʠ 

ʩʧʝʮʠʬʠʢʠʪʝ ʥʘ ʠʟʙʨʘʥʘʪʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʜʠʛʠʪʘʣʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʲʦʪʚʝʪʥʘʪʘ ʤʘʰʠʥʘ. 

Å ʂʦʥʩʪʘʥʪʥʠ ï ʩʨʘʚʥʠʪʝʣʥʦ ʧʦʩʪʦʷʥʥʠ ʠ ʥʝʧʨʦʤʝʥʣʠʚʠ ʝʪʘʧʠ 

ʧʨʠ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʙʠʢʥʦʚʝʥʦ 

ʢʦʥʩʪʘʥʪʥʠʪʝ ʝʪʘʧʠ ʩʘ ʧʨʠʥʮʠʧʥʠʪʝ ʩʪʲʧʢʠ ʚ ʥʘʯʘʣʦʪʦ ʥʘ 

ʧʨʦʮʝʩʠʪʝ.  

3.3. ɼʝʬʠʥʠʨʘʥʝ ʥʘ ʜʚʫʧʦʩʦʯʥʠʪʝ ʚʨʲʟʢʠ ʚ ʧʨʦʮʝʩʘ 

Ăʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ï ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦò  

ʆʪ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʨʠʤʝʨʠ ʚ ɻʣʘʚʘ 2 ʠ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʚ ɻʣʘʚʘ 

3 ʩʝ ʜʦʙʠʚʘ ʷʩʥʘ ʧʨʝʜʩʪʘʚʘ ʟʘ ʤʥʦʛʦʦʙʨʘʟʠʝʪʦ ʚ ʜʠʛʠʪʘʣʥʦʪʦ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʦʙʝʢʪʠ ʥʘ ʜʠʟʘʡʥʘ 

ʟʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ. ʇʨʠ ʚʩʠʯʢʠ ʪʷʭ ʩʝ ʜʦʢʘʟʚʘ ʭʠʧʦʪʝʟʘʪʘ, ʯʝ ʜʚʘʪʘ 

ʩʘʤʦʩʪʦʷʪʝʣʥʠ ʧʨʦʮʝʩʘ Ăʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝò ʠ Ăʜʠʛʠʪʘʣʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦò ʩʣʝʜʚʘ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ ʦʙʱ ʧʨʦʮʝʩ, ʢʘʪʦ 

ʦʩʥʦʚʘʥʠʝʪʦ ʜʘ ʙʲʜʘʪ ʦʙʦʙʱʝʥʠ ʝ ʠʤʝʥʥʦ ʚ ʜʚʫʧʦʩʦʯʥʠʪʝ ʚʨʲʟʢʠ, 

ʢʦʠʪʦ ʧʨʦʮʝʩʠʪʝ ʦʩʲʱʝʩʪʚʷʚʘʪ.  

ɼʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʚʣʠʷʝ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʯʨʝʟ ʠʟʙʦʨʘ ʥʘ ʤʘʪʝʨʠʘʣ ʥʘ ʧʨʦʝʢʪʥʦ ʥʠʚʦ, ʠʟʙʦʨʘ ʥʘ ʤʝʪʦʜ ʥʘ 

ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʠ ʢʦʥʢʨʝʪʥʘʪʘ ʛʝʦʤʝʪʨʠʷ, ʢʦʝʪʦ ʧʨʷʢʦ ʦʛʨʘʥʠʯʘʚʘ 

ʚʲʟʤʦʞʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʧʨʦʮʝʩ. 

ɼʠʛʠʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʣʠʷʝ ʥʘ ʜʠʛʠʪʘʣʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ 

ʯʨʝʟ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʥʘ ʤʘʰʠʥʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʝʪʦ ʦʧʨʝʜʝʣʷ ʠ 

ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝʪʦ, ʯʨʝʟ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ, ʢʦʠʪʦ 

ʚʣʠʷʷʪ ʥʘ ʧʨʦʝʢʪʥʦ ʥʠʚʦ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʲʧ ʜʦ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ 
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ʯʝʩʪʦ ʩʚʝʞʜʘʪ ʧʨʦʝʢʪʥʠʪʝ ʨʝʰʝʥʠʷ ʜʦ ʝʜʠʥʩʪʚʝʥʠʪʝ ʚʲʟʤʦʞʥʠ ʟʘ 

ʠʟʧʲʣʥʝʥʠʝ. 

3.4. ʄʝʪʦʜʠʢʘ ʟʘ ʨʘʙʦʪʘ ʧʨʠ ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʧʨʦʠʚʦʜʩʪʚʦ 

ʇʨʝʜʩʪʘʚʝʥʘʪʘ ʧʦ-ʜʦʣʫ ʤʝʪʦʜʠʢʘ ʜʘʚʘ ʷʩʥʦʪʘ ʟʘ ʦʩʥʦʚʥʠʪʝ 

ʧʨʦʮʝʩʠ, ʤʝʪʦʜʠ ʠ ʝʪʘʧʠ, ʧʨʝʟ ʢʦʠʪʦ ʤʠʥʘʚʘ ʦʙʱʠʷ ʧʨʦʮʝʩ ʥʘ 

ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʘʪʦ ʝʪʘʧʠʪʝ ʩʘ ʩʲʦʙʨʘʟʝʥʠ ʩ 

ʢʦʥʢʨʝʪʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ ʠ ʧʦʩʣʝʜʚʘʣʠʪʝ ʛʠ ʚʠʜʦʚʝ 

ʜʠʛʠʪʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʧʨʝʜʝʣʝʥʠ ʩʘ ʫʥʠʚʝʨʩʘʣʥʠʪʝ ʟʘ ʚʩʝʢʠ 

ʤʝʪʦʜ ʝʪʘʧʠ, ʙʝʟ ʜʘ ʩʝ ʥʘʚʣʠʟʘ ʚ ʧʨʝʢʘʣʝʥʘ ʢʦʥʢʨʝʪʠʢʘ ʧʦ ʜʝʪʘʡʣʠʪʝ, 

ʪʲʡ ʢʘʪʦ ʪʷ ʙʠ ʙʠʣʘ ʨʘʟʣʠʯʥʘ ʧʨʠ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʦʙʝʢʪʠ ʚ 

ʨʘʤʢʠʪʝ ʥʘ ʦʙʱʠʷ ʤʝʪʦʜ.  

ʅʘʩʪʦʷʱʘʪʘ ʤʝʪʦʜʠʢʘ ʝ ʧʣʦʜ ʥʘ ʘʥʘʣʠʟʘ ʠ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʦʪ 

ʧʲʨʚʠʪʝ ʜʚʝ ʛʣʘʚʠ, ʥʦ ʝ ʧʦ-ʢʦʥʢʨʝʪʥʦ ʜʝʬʠʥʠʨʘʥʘ ʠ ʪʝʩʪʚʘʥʘ ʚ 

ʫʩʣʦʚʠʷʪʘ ʥʘ ʨʝʘʣʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʥʘʩʪʦʷʱʘʪʘ 

ʪʨʝʪʘ ʛʣʘʚʘ. 

ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʤʝʪʦʜʠʢʘʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʛʨʘʬʠʯʥʠ ʩʭʝʤʠ ʩ 

ʜʚʝ ʨʘʟʣʠʯʥʠ ʥʠʚʘ ʥʘ ʜʝʪʘʡʣʥʦʩʪ. ɺ ʧʦ-ʦʙʱʘʪʘ ʛʨʘʬʠʯʥʘ ʩʭʝʤʘ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʦʙʱʘʪʘ ʤʝʪʦʜʠʢʘ, ʟʘ ʜʘ ʙʲʜʝ ʪʷ ʷʩʥʦ 

ʨʘʟʙʨʘʥʘ. ɺ ʜʝʪʘʡʣʥʠʪʝ ʛʨʘʬʠʯʥʠ ʩʭʝʤʠ ʩʘ ʧʦʩʦʯʝʥʠ ʢʦʥʢʨʝʪʥʠʪʝ 

ʝʪʘʧʠ ʧʨʠ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ.  

ɺ ʜʠʩʝʨʪʘʮʠʷʪʘ ʜʝʪʘʡʣʥʘʪʘ ʤʝʪʦʜʠʢʘ ʝ ʨʘʟʙʠʪʘ ʥʘ ʦʪʜʝʣʥʠ 

ʩʝʛʤʝʥʪʠ ʟʘ ʧʦ-ʛʦʣʷʤʘ ʧʨʝʛʣʝʜʥʦʩʪ. 
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ʌʠʛ.11 ʆʙʱʘ ʤʝʪʦʜʠʢʘ (ʛʦʨʝ) ʠ ʬʠʛ. 12 - 16 ɼʝʪʘʡʣʥʠ ʤʝʪʦʜʠʢʠ (ʜʦʣʫ) 

(ʠʟʪʦʯʥʠʢ: ʘʚʪʦʨʘ) 
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