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ʂʥʠʛʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʝʟʥʦʡ ʢʘʢ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ, ʥʝ ʠʤʝʶʱʠʭ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ 

ʧʨʦʯʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʠ ʜʣʷ ʪʝʭ, ʢʪʦ ʭʦʨʦʰʦ ʟʥʘʢʦʤ ʩ ʪʘʢʠʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʠʤʝʝʪ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʢʦʤʧʣʝʢʩʦʤ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʝ 

ʘʩʧʝʢʪʳ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʘʣʦʛʘ, ʨʘʩʯʝʪʘ, ʘʥʘʣʠʟʘ ʠ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʠ 

ʧʨʦʝʢʪʠʨʫʶʱʠʭ ʧʦʩʪʧʨʦʮʝʩʩʦʨʦʚ. ʇʨʠʚʝʜʝʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ, 

ʧʦʤʦʛʘʶʱʠʝ ʣʫʯʰʝ ʧʦʥʷʪʴ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ. 

ʂʥʠʛʘ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʠ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʛʨʘʤʤ. 

 

                                         ɺʩʝ ʧʨʘʚʘ ʟʘʱʠʱʝʥʳ. ʅʠʢʘʢʘʷ  ʯʘʩʪʴ  ʥʘʩʪʦʷʱʝʡ ʢʥʠʛʠ ʥʝ ʤʦʞʝʪ   

ʙʳʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʘ ʠʣʠ  ʧʝʨʝʜʘʥʘ ʚ ʢʘʢʦʡ ʙʳ ʪʦ ʥʠ ʙʳʣʦ  ʬʦʨʤʝ ʠ ʢʘʢʠʤʠ  

ʙʳ ʪʦ ʥʠ  ʙʳʣʦ    ʩʨʝʜʩʪʚʘʤʠ,  ʙʫʜʴ   ʪʦ  ʵʣʝʢʪʨʦʥʥʳʝ   ʠʣʠ    ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʚʢʣʶʯʘʷ   ʬʦʪʦʢʦʧʠʨʦʚʘʥʠʝ  ʠ   ʟʘʧʠʩʴ   ʥʘ ʤʘʛʥʠʪʥʳʡ  ʥʦʩʠʪʝʣʴ, ʘ  ʪʘʢʞʝ   

ʨʘʟʤʝʱʝʥʠʝ ʚ ʩʝʪʠ çʀʥʪʝʨʥʝʪè,  ʝʩʣʠ ʥʘ  ʪʦ ʥʝʪ ʧʠʩʴʤʝʥʥʦʛʦ  ʨʘʟʨʝʰʝʥʠʷ 

                                   ʚʣʘʜʝʣʴʮʘ. 
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ȘȹȮȭȱȺȴȷȫȱȮ 

ʇʨʝʜʳʜʫʱʝʝ ʠʟʜʘʥʠʝ ʵʪʦʡ ʢʥʠʛʠ ʚ ʦʩʥʦʚʥʦʤ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʦʧʠʩʘʥʠʶ 

ʧʨʦʛʨʘʤʤʳ SCAD ʚʝʨʩʠʠ 11. ɺ 2014 ʛʦʜʫ ʢʦʤʧʘʥʠʷ SCAD Soft ʚʳʧʫʩʪʠʣʘ 

ʥʦʚʫʶ ʚʝʨʩʠʶ ʧʨʦʛʨʘʤʤʳ SCAD++ (ʚʝʨʩʠʷ 21), ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦ ʟʘʤʝʪʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʪʝʢʩʪʘ. 

ʆʧʳʪ ʨʘʙʦʪʳ ʩ ʯʠʪʘʪʝʣʷʤʠ ʧʨʝʜʳʜʫʱʠʭ ʠʟʜʘʥʠʡ ʢʥʠʛʠ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SCAD, ʧʦʢʘʟʘʣ, 

ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʠʩʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ, ʥʦ ʠ ʟʘʛʣʷʥʫʪʴ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦ ʚʦ çʚʥʫʪʨʝʥʥʠʡ ʤʠʨè SCAD. ʄʳ ʧʦʩʪʘʨʘʣʠʩʴ ʫʯʝʩʪʴ ʧʦʞʝʣʘʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ SCAD Office
È (ʭʦʪʴ ʠ ʧʦʥʠʤʘʝʤ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ). 

ɸʚʪʦʨʳ ʩʪʨʝʤʠʣʠʩʴ ʧʦʧʦʣʥʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʠ ʜʨʫʛʠʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʙʦʣʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʯʠʪʘʪʝʣʷ ʠ ʩʚʷʟʘʥʳ ʩ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚʳʰʝʜʰʘʷ ʫʞʝ ʯʝʪʚʝʨʪʳʤ ʠʟʜʘʥʠʝʤ ʢʥʠʛʘ ʦ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʷʭ 

ʩʦʦʨʫʞʝʥʠʡ1, ʘ ʜʨʫʛʠʝ ʧʦʩʚʷʱʝʥʳ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʤ ʚʦʧʨʦʩʘʤ ʧʦʜʦʙʥʦ 

ʙʨʦhʁ ʨʝ ʦ ʨʘʩʯʝʪʝ ʤʘʯʪ ʥʘ ʦʪʪʷʞʢʘʭ2. 

ʂʥʠʛʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʯʠʪʘʪʝʣʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SCAD++ ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʠʤʝʶʱʝʛʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʨʦʚʦʞʜʘʪʴ ʝʝ ʯʪʝʥʠʝ ʨʘʙʦʪʦʡ ʩ ʜʝʤʦ-ʚʝʨʩʠʝʡ ʢʦʤʧʣʝʢʩʘ. ʄʳ 

ʥʘʩʪʦʷʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʤ ʠʤʝʥʥʦ ʪʘʢʦʡ ʩʧʦʩʦʙ çʯʪʝʥʠʷè. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝ 

ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʨʘʟʜʝʣʦʤ 4 ʜʨʫʛʠʝ ʯʘʩʪʠ ʢʥʠʛʠ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ 

ʧʦʨʷʜʢʝ. ʆʩʦʙʝʥʥʦ ʯʘʩʪʦ ʵʪʫ ʢʥʠʛʫ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʩʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ, 

ʧʳʪʘʷʩʴ ʥʘʡʪʠ ʦʪʚʝʪʳ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʦʧʨʦʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʧʨʦʛʨʘʤʤʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʠʪʘʪʝʣʶ ʤʦʞʝʪ ʧʦʤʦʯʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʳʡ 

ʧʨʝʜʤʝʪʥʳʡ ʫʢʘʟʘʪʝʣʴ ʢʥʠʛʠ. 

ɺ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʀ. ɹʝʣʦʢʦʧʳʪʦʚʘ, ʀ. ɻʘʚʨʠ-

ʣʝʥʢʦ, ʉ.  ɻʠʨʝʥʢʦ, ʄ. ɻʫʨʝʚʠʯ, ɽ. ɿʝʣʠʚʷʥʩʢʠʡ, ɺ. ʂʘʨʧʠʣʦʚʩʢʠʡ, 

ʕ. ʂʨʠʢʩʫʥʦʚ, ʉ. ʌʠʘʣʢʦ, ʀ. ʃʘʡʢʠʥʘ, ʇ. ʃʠʮʤʘʥ, ɸ. ʄʘʨʯʝʥʢʦ, 

ʄ. ʄʠʢʠʪʘʨʝʥʢʦ, ʃ. ʄʦʰʢʠʥ, ɸ. ʇʝʨʝʣʴʤʫʪʝʨ, ʄ. ʇʝʨʝʣʴʤʫʪʝʨ, ɼ. ʈʫʜʴ, 

ɸ. ʉʝʤʝʥʮʦʚ, ʃ. ʉʢʦʨʫʢ, ɺ. ʖʨʯʝʥʢʦ, ʘ ʪʘʢʞʝ ʊ. ɺʝʨʶʞʩʢʘ ̫ʠ ʂ. ʇʦʧʦʢ. 

ʅʝʣʴʟʷ ʥʝ ʦʪʜʘʪʴ ʜʦʣʞʥʦʝ ʪʝʤ, ʢʪʦ ʚʥʝʩ ʩʚʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʢʦʤʧʣʝʢʩʘ 

SCAD, ʱʝʜʨʦ ʧʦʜʝʣʠʚʰʠʩʴ ʩ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʢʘʢ ʩʚʦʠʤʠ ʥʘʫʯʥʳʤʠ ʠʜʝʷʤʠ, 

ʪʘʢ ʠ ʤʥʦʛʦʣʝʪʥʠʤ ʠʥʞʝʥʝʨʥʳʤ ʦʧʳʪʦʤ. ʄʳ ʙʣʘʛʦʜʘʨʥʳ ʟʘ ʧʦʩʪʦʷʥʥʦʝ 

ʚʥʠʤʘʥʠʝ ʢ ʥʘʰʠʤ ʨʘʙʦʪʘʤ ɺ. ɹʝʣʦʚʫ (ʌɻʋʇ çɸʪʦʤʵʥʝʨʛʦʧʨʦʝʢʪè, 

ʛ. ʄʦʩʢʚʘ), ɸ. ɺʘʨʘʥʠʮʝ (ʅʇʌ çʈʝʢʦʥʩʪʨʫʢʮʠʷè, ʛ. ɺʠʥʥʠʮʘ), ʅ. ɺʘʪʠʥʫ 

(ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), 

ɺ. ɻʦʨʜʝʝʚʫ (ʋʢʨʅʀʀʇʉʂ, ʛ. ʂʠʝʚ), ʆ. ʂʘʙʘʥʮʝʚʫ (ʄʦʥʦʣʠʪʉʪʨʦʡʇʨʦʝʢʪ 

ʛ. ʄʦʩʢʚʘ), ʅ. ʂʘʤʳʥʠʥʫ (ʋʢʨʅʀʀʇʉʂ, ʛ. ʂʠʝʚ), ʃ. ʂʘʮʥʝʣʴʩʦʥʫ (ʎʅʀʀʉʂ), 

ʂ. ʂʦʟʠʥʫ (ɻʉʇʀ, ʛ. ʄʦʩʢʚʘ), ɺ. ʂʫʣʠʢʦʚʫ (ʄʦʩʠʥʞʧʨʦʝʢʪ), ɺ. ʇʠʩʢʫʥʦʚʫ 

(ʋʢʨʘʠʥʩʢʠʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʊ. ʇʨʦʭʦʨʦʚʦʡ (ʇʨʦʤʩʪʨʦʡʧʨʦʝʢʪ, 

ʛ. ʄʦʩʢʚʘ), ʆ. ʈʦʞʢʦʚʫ (ʌɻʋʇ ɸʪʦʤʵʥʝʨʛʦʧʨʦʝʢʪ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ), 

ɺ. ʉʣʠʚʢʝʨʫ (ɻʠʧʨʦʩʪʨʦʡʤʦʩʪ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ɸ.ɻ. ʊʷʧʠʥʫ (ɸʕʇ, 

ʛ. ʄʦʩʢʚʘ), ɺ. ʌʝʜʦʨʦʚʩʢʦʤʫ (ʅʀʀʆʉʇ, ʛ. ʄʦʩʢʚʘ), ɺ. ʇʦʧʦʚʫ (In Re, 

                                                      
1 ʇʝʨʝʣʴʤʫʪʝʨ ɸ.ɺ., ʉʣʠʚʢʝʨ ɺ.ʀ. ʈʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʘʥʘʣʠʟʘ / 4-ʝ ʠʟʜ., 

ʠʩʧʨʘʚʣʝʥʥʦʝ ʠ ʜʦʧʦʣʥʝʥʥʦʝ ð ʄ.: ʉʂɸɼ ʉʦʬʪ, ɸʉɺ, ɼʄʂ ʇʨʝʩʩ, 2011.ð 709 ʩ. 
2 ʇʝʨʝʣʴʤʫʪʝʨ ɸ.ɺ. SCAD Office. ʈʘʩʯʝʪ ʤʘʯʪ ʥʘ ʦʪʪʷʞʢʘʭ.ð ʂ.: ʀʟʜʘʥʠʝ ʆʆʆ SCAD Soft, 2004.ð 47 c. 
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ʛ. ɺʠʣʴʥʶʩ), ʉ.ɸ. ʉʝʤʝʥʦʚʫ (ʆʆʆ ʎʝʥʪʨʦʧʨʦʝʢʪ, ʛ. ʋʬʘ), ɻ. ɽʜʠʛʘʨʦʚʫ ʠ 

ʈ. ʆʞʦʛʠʥʫ (SCAD Soft, ʛ. ʄʦʩʢʚʘ),  ʠ ʤʥʦʛʠʤ ʜʨʫʛʠʤ, ʢʪʦ ʧʦʜʜʝʨʞʠʚʘʣ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʚ ʥʘʩ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʥʫʞʥʦʩʪʠ ʠ ʚʝʨʥʦʩʪʠ ʥʘʰʠʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʄʳ ʭʨʘʥʠʤ ʜʦʙʨʫʶ ʧʘʤʷʪʴ ʦ ʙʝʟʚʨʝʤʝʥʥʦ ʫʰʝʜʰʠʭ ʦʪ ʥʘʩ 

ɽʚʛʝʥʠʠ ɹʦʨʠʩʦʚʠʯʝ  ɿʝʣʠʚʷʥʩʢʦʤ, ɸʣʝʢʩʘʥʜʨʝ  ɸʣʝʢʩʘʥʜʨʦʚʠʯʝ ɼʳʭʦʚʠʯʥʦʤ 

ʠ ʃʴʚʝ ʉʝʨʛʝʝʚʠʯʝ  ʄʦʰʢʠʥʝ, ʚʥʝʩʰʠʤ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʥʘʰʫ ʨʘʙʦʪʫ. 

ʅʘʰʠ ʢʦʣʣʝʛʠ ʅ. ʄʦʩʠʥʘ ʠ ʃ. ʉʢʦʨʫʢ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʟʘʥʷʪʠʷ ʩ ʙʫʜʫʱʠʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ SCAD, ʚʦ ʤʥʦʛʦʤ ʧʦʤʦʛʣʠ ʥʘʤ ʫʣʫʯʰʠʪʴ ʪʝʢʩʪ ʢʥʠʛʠ, ʫʢʘʟʘʚ 

ʥʘ ʪʨʫʜʥʳʝ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫʩʚʦʝʥʠʷ ʚʦʧʨʦʩʳ, ʪʨʝʙʫʶʱʠʝ ʦʩʦʙʦ 

ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʣʦʞʝʥʠʷ. ʕʪʦʡ ʞʝ ʮʝʣʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʦʧʳʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʢʦʥʩʫʣʴʪʘʮʠʡ, ʢʦʪʦʨʳʝ ʜʘʚʘʣʠʩʴ ʥʘʰʠʤʠ ʢʦʣʣʝʛʘʤʠ ʚ ʦʪʚʝʪ ʥʘ ʧʠʩʴʤʝʥʥʳʝ ʠ 

ʫʩʪʥʳʝ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ SCAD. 

ʉʦʟʜʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SCAD ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʝʢʪʠʨʫʶʱʠʤʠ ʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʧʣʦʜʦʪʚʦʨʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʜʨʫʛʠʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʉʨʝʜʠ 

ʥʠʭ ʦʩʦʙʦ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ ʪʘʢʠʝ ʢʦʤʧʘʥʠʠ ʢʘʢ Allbau Software GmbH, 

Nemetschek AG, ʊʝʢla, Autodesk. 

ʀ, ʥʘʢʦʥʝʮ, ʤʳ ʭʦʪʠʤ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʥʘʰʠʭ ʧʘʨʪʥʝʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʫʩʠ-

ʣʠʷʤ ʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩ SCAD ʜʦʩʪʠʛ ʩʝʛʦʜʥʷʰʥʝʡ ʧʦʧʫʣʷʨʥʦʩʪʠ ʫ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ. ʅʝʩʦʤʥʝʥʥʳʤʠ ʣʠʜʝʨʘʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʢʦʤʧʘʥʠʠ Consistent Software, 

ɸCʂʆʅ, ɸʈʂɸɼɸ, ɸʉʇʆ, ʀʅʌɸʈʉ, ʇʝʪʨʦʩʪʨʦʡʩʠʩʪʝʤʘ, IN RE, ʈʇʂ, 

Softline ʠ ʜʨ. 
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1.  ȚȱȺȻȮȵȩ SCAD Of f i ce  
ʉʠʩʪʝʤʘ SCAD Office ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 
ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

 

ʇʨʦʝʢʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ 
 ʇʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ 

ʧʨʦʛʨʘʤʤʳ 
 

ʂɸʄʀʅ 
ʈʘʩʯʝʪ ʠ ʵʢʩʧʝʨʪʠʟʘ 

ʢʘʤʝʥʥʳʭ  

ʠ ʘʨʤʦʢʘʤʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ 

 ʂʈʀʉʊɸʃʃ 
ʈʘʩʯʝʪ ʠ ʵʢʩʧʝʨʪʠʟʘ 

ʵʣʝʤʝʥʪʦʚ ʩʪʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ 

 ɸʈɹɸʊ 
ʇʦʜʙʦʨ ʘʨʤʘʪʫʨʳ  

ʠ ʵʢʩʧʝʨʪʠʟʘ 

ʵʣʝʤʝʥʪʦʚ ʞ/ʙ 

ʢʦʥʩʪʨʫʢʮʠʡ 

 ʂʆʄɽʊɸ 
ʈʘʩʯʝʪ  

ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʫʟʣʦʚ ʩʪʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ  

 ʄʆʅʆʃʀʊ 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʤʦʥʦʣʠʪʥʳʭ 

ʨʝʙʨʠʩʪʳʭ 

ʧʨʝʢʨʳʪʠʡ 
 

ɿɸʇʈʆʉ 
ʈʘʩʯʝʪ ʠ ʵʢʧʝʨʪʠʟʘ 

ʵʣʝʤʝʥʪʦʚ ʦʩʥʦʚʘʥʠʡ 

ʠ ʬʫʥʜʘʤʝʥʪʦʚ 

 ʄɸɻʅʋʄ 
ʈʘʩʯʝʪ ʠ ʵʢʩʧʝʨʪʠʟʘ 

ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ 

ʭʦʣʦʜʥʦʬʦʨʤʦʚʘʥʥʳʭ 

ʧʨʦʬʠʣʝʡ   

 
ɼɽʂʆʈ 

ʈʘʩʯʝʪ ʠ ʧʨʦʚʝʨʢʘ 

ʵʣʝʤʝʥʪʦʚ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ 

 

 

 

Structure CAD++ 
 

 

ʇʘʢʝʪ ʧʨʦʛʨʘʤʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʝʯʝʥʠʡ ʠ ʨʘʩʯʝʪʘ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

 ɺɽʉʊ 
ʈʘʩʯʝʪ ʥʘʛʨʫʟʦʢ ʠ 

ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ 
 

ʂʦʥʩʪʨʫʢʪʦʨ 

ʩʝʯʝʥʠʡ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ 

ʩʝʯʝʥʠʡ ʠʟ ʩʪʘʣʴʥʳʭ 

ʧʨʦʢʘʪʥʳʭ ʧʨʦʬʠʣʝʡ  

ʠ ʣʠʩʪʦʚ 

 

ʊʆʅʋʉ 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ 

ʧʨʦʠʟʚʦʣʥʳʭ ʩʝʯʝʥʠʡ, 

ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʝʨʞʥʝʡ 

 
ʂʈʆʉʉ 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʩʪʝʣʠ ʬʫʥʜʘʤʝʥʪʥʳʭ ʧʣʠʪ  

ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ 

 
ʂʋʉʊ  
ʈʘʩʯʝʪʥʦ-

ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʩʧʨʘʚʦʯʥʠʢ 

ʠʥʞʝʥʝʨʘ 

 

ʂʆʅʉʋʃ    
ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ 

ʩʝʯʝʥʠʡ, ʠʩʭʦʜʷ ʠʟ 

ʪʝʦʨʠʠ ʩʧʣʦʰʥʳʭ 

ʩʪʝʨʞʥʝʡ 

 
ʉɽɿɸʄ 

ʇʦʜʙʦʨ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʩʝʯʝʥʠʡ 

 

ʆʊʂʆʉ 
ʈʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ 

 ʠ ʩʢʣʦʥʦʚ 

 ʂʦʂʦʥ 
ʉʧʨʘʚʦʯʥʠʢ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ 

 

ɺ ʝʸ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʧʨʦʛʨʘʤʤʳ ʯʝʪʳʨʝʭ ʚʠʜʦʚ: 

¶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ Structure CAD  (ɺʂ SCAD), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʨʘʩʯʝʪʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ; 

¶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ çʦʙʩʣʫʞʠʚʘʥʠʷè ɺʂ SCAD ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʝ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʩʝʯʝʥʠʡ 

ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʦʥʩʪʨʫʢʪʦʨ ʩʝʯʝʥʠʡ, ʂʦʥʩʫʣ, ʊʆʅʋʉ, ʉɽɿɸʄ), ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʦʝ ʩʦʦʨʫʞʝʥʠʝ (ɺʝʉʊ), ʚʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʩʪʝʣʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ (ʂʨʦʩʩ); ʠʤʧʦʨʪ 

ʜʘʥʥʳʭ ʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʠʩʪʝʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʢʨʫʧʥʝʥʥʳʭ ʤʦʜʝʣʝʡ (ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ 

ʚ ʧʨʦʛʨʘʤʤʫ SCAD ʧʨʝʧʨʦʮʝʩʩʦʨ ʌʆʈʋʄ); 

¶ ʧʨʦʝʢʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʂʨʠʩʪʘʣʣ, ʂʘʤʠʥ, ɼʝʢʦʨ, ɸʈɹɸʊ ʠ ɿɸʇʈʆʉ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʧʨʦʚʝʨʢʠ ʠ ʨʘʩʯʝʪʘ ʵʣʝʤʝʥʪʦʚ ʩʪʘʣʴʥʳʭ, 
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ʢʘʤʝʥʥʳʭ, ʜʝʨʝʚʷʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʵʣʝʤʝʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʠ 

ʬʫʥʜʘʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ (ʉʅʠʇ); 

¶ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʂʆʄɽʊɸ ʠ ʄʦʥʦʣʠʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʘʟʨʘ-

ʙʦʪʢʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʩʪʘʜʠʠ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɺʂ SCAD ʚʢʣʶʯʘʝʪ ʨʘʟʚʠʪʳʝ ʩʨʝʜʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ, ʨʘʩʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʥʝ 
ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʩʦʦʨʫʞʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ  
ʜʣʷ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʥʝ ʤʝʥʝʝ (ʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠ ʙʦʣʝʝ) ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ 
çʧʨʦʩʪʳʝè ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʥʠʤʘʝʪ ʫ ʥʝʛʦ ʟʘʤʝʪʥʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ. ʇʨʦʚʝʨʢʘ ʩʝʯʝʥʠʡ 
ʣɻʝʤʝʥʪʘʨʥʳʭ ʙʘʣʦʢ, ʩʙʦʨ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʘʚʥʳʭ ʩʝʯʝʥʠʡ ð ʵʪʦ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʪʘʢʦʛʦ ʨʦʜʘ ʨʫʪʠʥʥʳʭ 
ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ. 

ʋʢʘʟʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʨʘʟʨʘʙʦʪʢʫ ʩʝʨʠʠ çʤʘʣʳʭè ʧʨʦʛʨʘʤʤ-ʩʘʪʝʣʣʠʪʦʚ ɺʂ 
SCAD, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʤʘʩʩʦʚʳʭ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺʤʝʩʪʝ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 
ʢʦʤʧʣʝʢʩʦʤ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʫ SCAD Office. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ-ʩʘʪʝʣʣʠʪʦʚ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʱʥʦʩʪʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʘʥʥʳʭ, ʩʧʦʩʦʙʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʦʨʤ 
ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʦʢʘʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʠʭ ʧʨʦʚʝʨʦʢ, ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ 
ʠ ʪ. ʧ. ʇʨʠ ʵʪʦʤ ʣʶʙʘʷ ʠʟ ʧʨʦʛʨʘʤʤ, ʚʭʦʜʷʱʘʷ ʚ ʩʠʩʪʝʤʫ SCAD Office, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 
ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ. 

ɺʳʙʦʨ ʧʨʦʝʢʪʥʳʭ ʧʨʦʮʝʜʫʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʘʭ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʣʩʷ ʩʣʝʜʫʶ-
ʱʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ: 

¶ ʤʘʩʩʦʚʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ð ʥʝʪ ʩʤʳʩʣʘ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʧʨʦʜʫʢʪʳ ʨʘʟʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

¶ ʯʝʪʢʦʩʪʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ð ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʤʘʩʩʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʣʘʛʘʪʴ ʟʘʜʘʯʠ, ʥʝʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʠʣʠ ʥʝ ʠʤʝʶʱʠʝ ʯʝʪʢʦʛʦ ʦʜʥʦʟʥʘʯʥʦʛʦ 

ʨʝʰʝʥʠʷ; 

¶ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʨʫʜʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ð ʥʝʪ ʩʤʳʩʣʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ 

ʪʨʠʚʠʘʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʟʘʜʘʯʘ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ 

ʩʥʠʞʘʣʦ ʙʳ ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʠ/ʠʣʠ ʫʤʝʥʴʰʘʣʦ ʙʳ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʦʰʠʙʦʢ; 

¶ ʥʘʣʠʯʠʝ ʩʧʨʘʚʦʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʦʛʨʘʤʤ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʦʧʳʪʥʳʡ 
ʧʨʦʝʢʪʠʨʦʚʱʠʢ, ʥʦ ʠ ʥʘʯʠʥʘʶʱʠʡ ʠʥʞʝʥʝʨ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʪʘʨʘʣʠʩʴ ʩʦʟʜʘʪʴ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ 
ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʨʝʜʦʭʨʘʥʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʧʨʦʧʫʩʢʘ ʣʶʙʦʡ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 
ʧʨʦʚʝʨʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʦʨʤʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʙʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʜʠʢʪʦʚʘʥ, ʚ ʯʠʩʣʝ ʧʨʦʯʝʛʦ, ʠ ʪʝʤ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʪʘʢʠʝ 
ʢʦʥʩʪʨʫʢʮʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʦʨʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʦʙʦʟʥʘʯʠʣʠ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ. 

1.1.   ȋɄɀȱȺȴȱȻȮȴɅȶɄȲ ȳȷȵȸȴȮȳȺ Structure CAD 

ɺr ʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ Structure CAD (SCAD) ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 
ʧʨʦʯʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 
ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ ʨʷʜ ʬʫʥʢʮʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 
ʢʦʥʩʪʨʫʢʮʠʡ. 

ȘȹȷȮȳȻ 

ɺ ʦʩʥʦʚʫ ʢʦʤʧʣʝʢʩʘ ʧʦʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʝʜʠʥʦʡ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʦʡ. ʕʪʘ ʩʨʝʜʘ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʝʢʪʦʤ ʠ ʩʦʜʝʨʞʠʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 
ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʬʦʨʤʘʪʘʭ ʢʦʤʧʣʝʢʩʘ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʧʨʦʝʢʪ ʥʘʧʦʣʥʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʜʠʩʢʝ ʚ ʬʘʡʣʝ ʩ ʨʘʩʰʠʨʝʥʠʝʤ 
.spr. ʀʤ ̫ʧʨʦʝʢʪʘ ʠ ʬʘʡʣʘ ʟʘʜʘʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʩʭʝʤʳ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢʘʢ ʩ ʧʦʤʦʱʴʶ 
ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʪʘʢ ʠ ʧʫʪʝʤ ʠʭ ʦʧʠʩʘʥʠʷ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ. ʉʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʚʝʨʩʠʠ ʢʦʤʧʣʝʢʩʘ ʚʩʷ ʚʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 
ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ 
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çʛʨʘʬʠʢʝè, ʠ ʢ ʪʝʩʪʦʚʦʤʫ ʦʧʠʩʘʥʠʶ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʥʠʢʘʣʴʥʳʭ 
ʨʘʩʯʝʪʦʚ. ʊʝʢʩʪʦʚʳʡ ʬʘʡʣ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʬʦʨʤʘʪʦʤ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʆʥ ʭʦʨʦʰʦ ʧʦʜʜʘʝʪʩʷ 
ʩʞʘʪʠʶ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʧʨʦʛʨʘʤʤ ʘʨʭʠʚʘʮʠʠ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ 
ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʬʦʨʤʘʪʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʝʢʪʘ ʢʦʤʧʣʝʢʩʘ SCAD. ɺʪʦʨʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʯʝʨʪʦʡ 
ʪʝʢʩʪʦʚʦʛʦ ʬʦʨʤʘʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʚʝʨʩʠʷʤʠ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʚʝʨʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʨʘʥʝʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ȝȼȶȳȿȱȷȶȩȴɅȶɄȮ ȵȷȭȼȴȱ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ SCAD ʜʝʣʷʪʩʷ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ. ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʤʦʜʫʣʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʛʨʘʬʠʯʝʩʢʠʡ 

ʧʨʝʧʨʦʮʝʩʩʦʨ), ʚʳʧʦʣʥʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʦʚ (ʧʨʦʮʝʩʩʦʨ), ʛʨʘʬʠʯʝʩʢʠʝ 

ʧʨʦʚʝʨʢʘ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ (ʛʨʘʬʠʯʝʩʢʠʡ ʧʦʩʪʧʨʦʮʝʩʩʦʨ). ʄʦʜʫʣʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ 

ʩʣʫʞʘʪ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʦʯʝʪʘʥʠʡ ʫʩʠʣʠʡ, ʢʦʤʙʠʥʘʮʠʡ ʟʘʛʨʫʞʝʥʠʡ, ʛʣʘʚʥʳʭ ʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʞ̫ʝʥʠʡ, ʨʝʘʢʮʠʡ, ʥʘʛʨʫʟʦʢ ʦʪ ʬʨʘʛʤʝʥʪʘ ʩʭʝʤʳ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʦʚ ʦʪʚʝʪʘ ʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ð ʠ ʫʩʣʦʚʥʦ ʥʘʟʳʚʘʶʪʩʷ 

ʨʘʩʯʝʪʥʳʤʠ ʧʦʩʪʧʨʦʮʝʩʩʦʨʘʤʠ. ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʤʦʜʫʣʷʤʠ 

ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ. ɺ ʯʝʪʚʝʨʪʫʶ ʛʨʫʧʧʫ ʚʢʣʶʯʘʶʪʩʷ ʧʨʦʝʢʪʠʨʫʶʱʠʝ ʤʦʜʫʣʠ (ʧʨʦʝʢʪʠʨʫʶʱʠʝ 

ʧʦʩʪʧʨʦʮʝʩʩʦʨʳ), ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ ʧʦʜʙʦʨʘ ʘʨʤʘʪʫʨʳ ʚ ʵʣʝʤʝʥʪʘʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ; ʧʨʦʚʝʨʢʠ ʠ ʧʦʜʙʦʨʘ ʩʝʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʄʦʜʫʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʘʢʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ SCAD, ʢʦʪʦʨʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʚʝʯʘʝʪ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦ ʢʣʘʩʩʫ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, 

ʩʨʝʜʩʪʚʘʤ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ, ʘʥʘʣʠʟʫ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. 

ɺʩʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʝʜʠʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ. ʀʥʪʝʨʬʝʡʩ, ʩʮʝʥʘʨʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ, ʬʫʥʢʮʠʠ ʢʦʥʪʨʦʣʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʥʦʩʪʴʶ ʫʥʠʬʠʮʠʨʦʚʘʥʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʩʚʦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʠ ʣʦʛʠʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʠ ʩʚʷʟʴ ʤʝʞʜʫ ʝʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.1-1. 

ȘȹȷȿȮȺȺȷȹ ȱ ȪȱȪȴȱȷȻȮȳȩ ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩʪʘʪʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʈʘʩʯʝʪ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʜʨʦʙʥʳʤ ʧʨʦʪʦʢʦʣʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʢʘʢ ʧʦ ʭʦʜʫ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ, ʪʘʢ ʠ ʧʦʩʣʝ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ. ʉʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪ ʧʨʦʚʝʨʢʫ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠ ʬʠʢʩʠʨʫʝʪ ʚʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ 

ʦʰʠʙʢʠ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ. 

ɹʠʙʣʠʦʪʝʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ 

ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʝ, ʨʘʤʥʳʝ, ʙʘʣʦʯʥʦʛʦ ʨʦʩʪʚʝʨʢʘ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ, ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʩʜʚʠʛ ʚ ʩʝʯʝʥʠʠ ʩʪʝʨʞʥʷ. ʇʣʘʩʪʠʥʯʘʪʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʫʟʣʦʚʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʣʠʪ, ʦʙʦʣʦʯʝʢ ʠ ʙʘʣʦʢ-ʩʪʝʥʦʢ, ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʟʣʳ ʥʘ ʨʝʙʨʘʭ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʩ ʫʯʝʪʦʤ ʦʨʪʦʪʨʦʧʠʠ, 

ʠʟʦʪʨʦʧʠʠ ʠ ʘʥʠʟʦʪʨʦʧʠʠ). ʂʨʦʤʝ ʪʦʛʦ, ʙʠʙʣʠʦʪʝʢʘ ʚʢʣʶʯʘʝʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʥʘʙʦʨ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʫʟʣʦʚʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʷʟʝʡ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ ʠ ʜʨʫʛʠʝ. 
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1.1-1. ʉʪʨʫʢʪʫʨʘ ɺʂ SCAD 
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ȌȹȩȽȱɀȮȺȳȱȮ ȺȹȮȭȺȻȫȩ ȽȷȹȵȱȹȷȫȩȶȱɈ ȹȩȺɀȮȻȶȷȲ ȺȾȮȵɄ 

ɺ ʢʦʤʧʣʝʢʩʝ SCAD ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʚʠʜʘ ʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʡ ʜʣʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʝʧʨʦʮʝʩʩʦʨ, ʚ ʢʦʪʦʨʦʤ 

ʦʩʥʦʚʥʳʤ çʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤè ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ ʢʦʥʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʠ ʧʨʝʧʨʦʮʝʩʩʦʨ ʌʆʈʋʄ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʢʨʫʧʥʝʥʥʳʭ ʤʦʜʝʣʝʡ. 

ɺ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʨʝʧʨʦʮʝʩʩʦʨʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʰʠʨʦʢʘʷ ʛʘʤʤʘ ʩʨʝʜʩʪʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʬʫʥʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʭʝʤ ʧʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʧʨʦʪʦʪʠʧʘʤ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʛʝʥʝʨʘʮʠʠ ʩʝʪʦʢ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʧʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʩʭʝʤ, ʩʙʦʨʢʠ 

ʠʟ ʧʦʜʩʭʝʤ ʠ ʛʨʫʧʧ, ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ɺ ʨʝʞʠʤʝ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʜʠʘʣʦʛʘ ʟʘʜʘʶʪʩʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤ, ʚʢʣʶʯʘʷ ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ, 

ʫʩʣʦʚʠʷ ʦʧʠʨʘʥʠʷ ʠ ʧʨʠʤʳʢʘʥʠʷ, ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʠ ʜʨ. ɻʨʘʬʠʯʝʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥ ʠʤʝʥʥʦ ʢ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ 

ʠ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʵʪʦʛʦ ʚʠʜʘ. 

ɺ ʧʨʝʧʨʦʮʝʩʩʦʨ ʚʢʣʶʯʝʥʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʪʦʪʠʧʳ ʤʥʦʛʦʵʪʘʞʥʳʭ ʠ ʦʜʥʦʵʪʘʞʥʳʭ ʨʘʤ, 

ʬʝʨʤ ʩ ʨʘʟʣʠʯʥʳʤ ʦʯʝʨʪʘʥʠʝʤ ʧʦʷʩʦʚ ʠ ʨʝʰʝʪʦʢ, ʙʘʣʦʯʥʳʝ ʨʦʩʪʚʝʨʢʠ, ʘ ʪʘʢʞʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʨʘʱʝʥʠʷ (ʮʠʣʠʥʜʨ, ʢʦʥʫʩ, ʩʬʝʨʘ ʠ ʪʦʨ). ɺ ʧʨʦʮʝʩʩʝ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʥʘʟʥʘʯʝʥʳ ʫʩʣʦʚʠʷ ʦʧʠʨʘʥʠʷ, ʪʠʧʳ ʠ ʞʝʩʪʢʦʩʪʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʧʝʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʦʧʠʩʳʚʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʕʪʠ ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʝʪʢʫ ʵʣʝʤʝʥʪʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʜʘʥʥʦʡ ʢʘʢ ʬʫʥʢʮʠʷ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʝʪʦʢ 

ʥʘ ʧʣʦʩʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʪʨʠʘʥʛʫʣʷʮʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʩʝʪʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʥʝʩʝʥʘ ʥʘ ʣʶʙʫʶ ʦʙʣʘʩʪʴ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ. 

ʅʘʙʦʨ ʬʫʥʢʮʠʡ ʤʦʜʠʬʠʢʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʚʢʣʶʯʘʝʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʤʝʥʠʪʴ ʤʘʩʰʪʘʙ ʚʩʝʡ ʩʭʝʤʳ ʠʣʠ ʚʳʜʝʣʝʥʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ, ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʟʘʜʘʥʥʦʡ ʦʩʠ, ʧʦʣʫʯʠʪʴ ʟʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ, ʧʝʨʝʥʝʩʪʠ 

ʯʘʩʪʴ ʩʭʝʤʳ ʥʘ ʫʢʘʟʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʜʨ. ɺʤʝʩʪʝ ʩ ʰʠʨʦʢʦʡ ʛʘʤʤʦʡ ʩʨʝʜʩʪʚ ʨʘʙʦʪʳ ʩ ʚʳʙʨʘʥʥʳʤʠ 

ʫʟʣʘʤʠ ʠ ʵʣʝʤʝʥʪʘʤʠ, ʵʪʠ ʬʫʥʢʮʠʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʫʶ ʧʦ ʩʣʦʞʥʦʩʪʠ 

ʨʘʩʯʝʪʥʫʶ ʤʦʜʝʣʴ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʠʥʞʝʥʝʨʫ ʨʘʙʦʪʫ ʩ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʦʡ ʚ ʧʨʠʚʳʯʥʦʡ ʩʨʝʜʝ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʙʠʚʦʯʥʳʝ (ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ) ʦʩʠ. ʅʘ ʵʪʠʭ ʦʩʷʭ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʦʧʝʨʘʮʠʠ ʧʦ 

ʩʦʟʜʘʥʠʶ ʩʭʝʤʳ ʠ ʝʝ ʬʨʘʛʤʝʥʪʘʮʠʠ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʢʘʟʘʥʳ ʥʘ ʚʩʝʡ ʩʭʝʤʝ ʠʣʠ ʥʘ ʣʶʙʦʤ ʝʝ 

ʬʨʘʛʤʝʥʪʝ. 

ȜȳȹȼȸȶȮȶȶɄȮ ȹȩȺɀȮȻȶɄȮ ȵȷȭȮȴȱ ȱ ȺȫɈȰɅ Ⱥ ȭȹȼȬȱȵȱ ȺȱȺȻȮȵȩȵȱ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠʣʠ ʝʝ ʯʘʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʠ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʠʟ: 

¶ ʜʨʫʛʠʭ ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʨʘʤʤ; 

¶ ʩʝʪʦʯʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ; 

¶ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʜʘʢʪʦʨʦʚ; 

¶ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʧʨʦʛʨʘʤʤ. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʤʧʦʨʪ ʠʟ ʪʘʢʠʭ ʧʦʧʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʢʘʢ AllPLAN, ArchiCAD, Revit, Tekla, 

Advance Steel, ʠ ʠʟ ʬʘʡʣʦʚ ʚ ʬʦʨʤʘʪʘʭ DXF ʠ DWG ʩʠʩʪʝʤʳ AutoCAD, ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʬʦʨʤʘʪʦʚ 

(ʥʘʧʨʠʤʝʨ, IFC, SDNF, ...). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʘ 

ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʥʝʡ çʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʟʣʠʰʝʩʪʚè, ʢʦʪʦʨʳʝ ʥʝ 

ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ, ʥʝ ʚʩʝʛʜʘ ʘʢʢʫʨʘʪʥʳʤ 

ʩʦʧʨʷʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʜʘʥʥʳʭ ʦʙ ʫʩʣʦʚʠʷʭ ʧʨʠʤʳʢʘʥʠʷ ʠ ʦʧʠʨʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ, ʥʘʛʨʫʟʢʘʭ, ʤʘʪʝʨʠʘʣʘʭ ʠ ʪ. ʧ. ʊʨʫʜʦʝʤʢʦʩʪʴ ʜʦʚʝʜʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʤʧʦʨʪʘ 

ʤʦʜʝʣʠ ʜʦ ʫʨʦʚʥʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʯʘʱʝ ʚʩʝʛʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʘʨʭʠʪʝʢʪʦʨʘ ʠ 

ʢʦʥʩʪʨʫʢʪʦʨʘ ʥʘ ʩʪʘʜʠʠ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʤʦʜʝʣʠ.  
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ʈʠʩ. 1.1-2. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ ʧʨʝʧʨʦʮʝʩʩʦʨʝ ʌʆʈʋʄ 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʦʩʪʘʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SCAD ʚʢʣʶʯʝʥ 

ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʝʧʨʦʮʝʩʩʦʨ ʌʆʈʋʄ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʲʝʢʪʳ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʝ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷʤ ʢ ʦʙʲʝʢʪʘʤ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʤʦʜʝʣʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʢʦʣʦʥʥʳ, ʙʘʣʢʠ, ʧʝʨʝʢʨʳʪʠʷ, ʩʪʝʥʳ ʠ ʢʨʳʰʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʚ ʧʨʝʧʨʦʮʝʩʩʦʨʝ ʌʆʈʋʄ (ʨʠʩ. 1.1-2) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ: 

¶ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʠʟ ʫʢʨʫʧʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

¶ ʩʦʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ, ʟʘʜʘʥʥʦʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʤʦʜʝʣʠ; 

¶ ʧʝʨʝʜʘʯʠ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ ʚ ʧʨʝʧʨʦʮʝʩʩʦʨ ʢʦʤʧʣʝʢʩʘ SCAD ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʵʪʦʛʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʪʨʠʘʥʛʫʣʷʮʠʠ) ʫʢʨʫʧʥʝʥʥʦʡ ʤʦʜʝʣʠ ʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʫʶ 

ʤʦʜʝʣʴ (ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ). 

ȌȹȼȸȸɄ 

ʆʩʦʙʫʶ ʨʦʣʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʛʨʘʶʪ ʛʨʫʧʧʳ ʫʟʣʦʚ ʠ 

ʵʣʝʤʝʥʪʦʚ. ɻʨʫʧʧʳ ð ʵʪʦ ʠʤʝʥʦʚʘʥʥʳʝ ʥʘʙʦʨʳ ʫʟʣʦʚ ʠʣʠ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ. ʇʨʦʮʝʩʩ ʦʙʲʝʜʠʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʛʨʫʧʧʳ 

ʧʦʣʥʦʩʪʴʶ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʫʯʘʩʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʥʘʧʨʠʤʝʨ, ʤʝʞʜʫʵʪʘʞʥʳʝ ʧʝʨʝʢʨʳʪʠʷ, ʵʣʝʤʝʥʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʢʘʨʢʘʩʘ, ʩʪʝʥʳ ʠʣʠ ʜʨʫʛʠʝ 

ʥʘʙʦʨʳ ʦʙʲʝʢʪʦʚ. ɻʣʘʚʥʦʝ, ʯʪʦ ʛʨʫʧʧʳ ʜʦʩʪʫʧʥʳ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʩʦ ʩʭʝʤʦʡ ð ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʜʝʣʠ, ʘʥʘʣʠʟʝ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. ɻʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ 

ʧʦʩʪʨʦʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʩʝʛʜʘ ʤʦʞʥʦ ʣʦʢʘʣʠʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ. 

ȝȱȴɅȻȹɄ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤʘʭ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯ ʧʦʪʨʝʙʦʚʘʣʦ ʧʝʨʝʩʤʦʪʨʘ ʛʣʘʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʤʝʪʦʜʦʚ 

ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. ɺ ʫʩʣʦʚʠʷʭ ʩʪʦʣʴ ʙʦʣʴʰʠʭ ʠ ʥʘʩʳʱʝʥʥʳʭ 

ʩʭʝʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʪʘʣ ʧʝʨʝʥʦʩ ʘʢʮʝʥʪʦʚ ʦʪ ʬʫʥʢʮʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʭʦʪʷ ʠʭ ʨʦʣʴ ʥʠʩʢʦʣʴʢʦ ʥʝ 
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ʩʥʠʟʠʣʘʩʴ) ʢ ʬʫʥʢʮʠʷʤ ʢʦʥʪʨʦʣʷ ʩʦʟʜʘʥʥʦʡ ʩʭʝʤʳ. ɻʣʘʚʥʫʶ ʨʦʣʴ ʟʜʝʩʴ ʠʛʨʘʝʪ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ 

SCAD ʨʘʟʚʠʪʘʷ ʩʠʩʪʝʤʘ ʬʠʣʴʪʨʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʘʚʠʣʘ ʦʪʦʙʨʘʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʭʝʤʝ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʭʝʤʳ. ʌʠʣʴʪʨʳ ʧʦʟʚʦʣʷʶʪ 

ʦʪʦʙʨʘʪʴ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʧʦ ʜʝʩʷʪʢʘʤ ʢʨʠʪʝʨʠʝʚ. ʇʨʠ ʵʪʦʤ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʚʝʪʦʚʳʝ ʩʨʝʜʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʩ 

ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʧʦʟʚʦʣʷʶʪ çʜʦʙʨʘʪʴʩʷè ʜʦ ʣʶʙʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʤʝʨʘ ʤʦʜʝʣʠ. 

ȌȹȩȽȱɀȮȺȳȱȲ ȸȷȺȻȸȹȷȿȮȺȺȷȹ 

ɼʣʷ ʙʦʣʴʰʠʭ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʩʫʱʝʩʪʚʫʝʪ ʠ ʧʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʙʲʝʤʳ ʚʦʟʤʦʞʥʦʡ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʦ ʝʝ 

ʦʩʤʳʩʣʝʥʠʶ ʠ ʘʥʘʣʠʟʫ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʥʘʨʷʜʫ ʩ ʨʝʰʝʥʠʝʤ ʯʠʩʪʦ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʚʨʝʤʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʨʝʘʢʮʠʷ ʩʠʩʪʝʤʳ ʥʘ ʟʘʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʚʨʝʤʷ ʫʜʘʣʝʥʠʷ ʣʠʥʠʡ 

ʥʝʚʠʜʠʤʦʛʦ ʢʦʥʪʫʨʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʟʦʣʠʥʠʡ ʠ ʠʟʦʧʦʣʝʡ) ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʠʩʢʦʤ ʩʨʝʜʠ ʪʳʩʷʯ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʦʙʲʝʢʪʦʚ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʟʥʘʯʝʥʠʷʤʠ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʬʘʢʪʦʨʘ. ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʢʦʤʧʣʝʢʩʝ ʦʧʝʨʘʮʠʠ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʩʠʩʪʝʤʘ ʬʠʣʴʪʨʦʚ, 

ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʮʚʝʪʦʚʳʝ ʰʢʘʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʚʠʜʘʤ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ 

ʠʥʬʦʨʤʘʮʠʠ. ɺʘʞʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʠʪʴ ʪʫ ʯʘʩʪʴ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʥʘ 

ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ (ʫʩʠʣʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ) ʠʟ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʝʣʠʯʠʥ, 

çʦʪʦʜʚʠʥʫʚ ʚ ʪʝʥʴè ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʩʭʝʤʳ. 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʭʝʤ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʧʨʦʛʠʙʦʚ, ʵʧʶʨ, 

ʠʟʦʣʠʥʠʡ ʠ ʠʟʦʧʦʣʝʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʩʭʝʤʫ ʤʦʛʫʪ ʚʳʚʦʜʠʪʴʩʷ ʠ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ. 

ɼʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʛʨʫʞʝʥʠʡ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʠʤʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʭʝʤʳ ʠ ʟʘʧʠʩʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʬʦʨʤʘʪʝ ʚʠʜʝʦʢʣʠʧʘ (ɸVI). ʃʶʙʘʷ ʛʨʘʬʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʚʳʚʦʜʠʪʴʩʷ ʥʘ ʧʝʯʘʪʴ ʠʣʠ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʬʦʨʤʘʪʝ Windows ʤʝʪʘʬʘʡʣʘ (WMF, 

EMF). ʅʘʨʷʜʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ, ʩʨʝʜʩʪʚʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʦʪʦʙʨʘʟʠʪʴ ʥʘ 

ʩʭʝʤʝ ʚ ʚʠʜʝ ʵʧʶʨ (ʜʣʷ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ) ʠʣʠ ʠʟʦʣʠʥʠʡ ʠ ʠʟʦʧʦʣʝʡ (ʜʣʷ ʧʣʘʩʪʠʥ) ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʧʦʜʙʦʨʘ ʘʨʤʘʪʫʨʳ ʚ ʵʣʝʤʝʥʪʘʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʢʣʶʯʘʷ ʪʘʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʢʘʢ ʧʣʦʱʘʜʴ ʘʨʤʘʪʫʨʳ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ, ʧʨʦʮʝʥʪ 

ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʜʨ. ʕʪʦ ʧʨʠʙʣʠʞʘʝʪ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢ ʧʨʠʚʳʯʥʦʤʫ ʜʣʷ ʠʥʞʝʥʝʨʘ 

ʚʠʜʫ ʠ ʩʦʟʜʘʝʪ ʜʣʷ ʥʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʤʬʦʨʪ. 

ȍȷȳȼȵȮȶȻȱȹȷȫȩȶȱȮ ȹȮȰȼȴɅȻȩȻȷȫ 

ʄʦʜʫʣʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʘʙʣʠʮʳ ʩ ʠʩʭʦʜʥʤrʠ 

ʜʘʥʥʳʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʪʝʢʩʪʦʚʦʤ ʠʣʠ ʛʨʘʬʠʯʝʩʢʦʤ ʬʦʨʤʘʪʘʭ, ʘ ʪʘʢʞʝ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʠʭ ʚ MS 

Word ʠʣʠ MS Excel. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʙʣʠʮ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʛʨʫʧʧ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ, ʪʘʙʣʠʮʳ 

ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʴ ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʠ ʚʢʣʶʯʠʪʴ ʚ ʥʠʭ ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʪʯʝʪʥʳʡ ʜʦʢʫʤʝʥʪ ʤʦʞʝʪ ʨʝʜʘʢʪʠʨʦʚʘʪʴʩʷ ʩʨʝʜʩʪʚʘʤʠ MS Word ʠ ʧʨʠʦʙʨʝʪʘʪʴ ʫʜʦʙʥʫʶ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʬʦʨʤʫ (ʥʘʧʨʠʤʝʨ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤ ʚ ʝʛʦ ʬʠʨʤʝ ʩʪʘʥʜʘʨʪʦʤ), ʘ 

ʵʢʩʧʦʨʪ ʚ MS Excel ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

1.2.  ȘȹȷȮȳȻȶȷ- ȩȶȩȴȱȻȱɀȮȺȳȱȮ ȸȹȷȬȹȩȵȵɄ 

ʇʨʦʝʢʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʂʨʠʩʪʘʣʣ, ʂʘʤʠʥ, ɼʝʢʦʨ, ɿɸʇʈʆʉ ʠ ɸʈɹɸʊ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʚʝʨʦʢ ʠ ʨʘʩʯʝʪʘ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʴʥʳʭ, ʢʘʤʝʥʥʳʭ, 

ʜʝʨʝʚʷʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ. ɺ ʦʩʥʦʚʫ ʠʭ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʩʪʨʦʛʦʝ ʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʧʦʣʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʦʨʤʘʭ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʚʷʟʴ ʩ ɺʂ SCAD ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʟʥʘʯʝʥʠʡ ʨʘʩʯʝʪʥʳʭ ʩʦʯʝʪʘʥʠʡ ʫʩʠʣʠʡ 

ʢʦʥʢʨʝʪʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ȘȹȷȬȹȩȵȵȩ ȓȹȱȺȻȩȴȴ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʚʝʨʦʢ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʉʅʠʇ ɯɯ-23-81* çʉʪʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʦʨʤʳ 
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ʧʨʦʝʢʪʠʨʦʚʘʥʠʷè, ʂʄʂ 2.03.05-97, ʉʇ 53-102-2004 çʆʙʱʠʝ ʧʨʘʚʠʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡè, ʉʇ 16.13330 ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ II-23-81* çʉʪʘʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠè, ɼɹʅ ɺ.2.6-163:2010 ʠ ɼɹʅ ɺ.2.6-198:2014 "ʉʪʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ"  ʠ Eurocode-3. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʷʟʘʥʥʳʝ ʩʦ ʉʅʠʇ II-23-81* ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ, çʇʦʩʦʙʠʝ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʢ ʉʅʠʇ II-23-81*) / 

ʎʅʀʀʉʂ ʠʤ. ʂʫʯʝʨʝʥʢʦè ʠ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʥʦʨʤ ʉʅʠʇ 53-1-96. 

ɺ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ: 

¶ ʉʪʘʣʠ ð ʨʝʘʣʠʟʘʮʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʉʅʠʇ, ʉʇ ʠ ɼɹʅ ʧʦ ʚʳʙʦʨʫ ʤʘʨʦʢ ʩʪʘʣʠ; 

¶ ʉʦʨʪʘʤʝʥʪ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ð ʧʨʦʩʤʦʪʨ ʩʦʨʪʘʤʝʥʪʦʚ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʩ ʚʳʜʘʯʝʡ ʚʩʝʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʬʠʣʝʡ; 

¶ ɹʦʣʪʳ ð ʧʨʦʩʤʦʪʨ ʩʦʨʪʘʤʝʥʪʘ ʙʦʣʪʦʚ; 

¶ ʇʨʝʜʝʣʴʥʳʝ ʛʠʙʢʦʩʪʠ ð ʥʘʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʛʠʙʢʦʩʪʝʡ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʉʅʠʇ; 

¶ ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ð ʚʳʙʦʨ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ʵʣʝʤʝʥʪʦʚ (gʩ) ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʥʦʨʤ; 

¶ ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʩʚʘʨʢʠ ð ʨʝʘʣʠʟʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʉʅʠʇ, ʉʇ ʠ ɼɹʅ ʚ ʯʘʩʪʠ ʚʳʙʦʨʘ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚ ʯʘʩʪʠ ʚʳʙʦʨʘ ʨʘʩʯʝʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʇʨʝʜʝʣʴʥʳʝ ʧʨʦʛʠʙʳ ð ʧʨʠʚʝʜʝʥʳ ʪʘʙʣʠʮʳ ʉʅʠʇ 2.01.07-85* "ʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ" 

(ʠʣʠ ɼʉʊʋ ɹ ɺ.1.2-3:2006 ʧʨʠ ʨʘʙʦʪʝ ʧʦ ɼɹʅ B.2.6-163:2010 ʠʣʠ ɼɹʅ B.2.6-198:2014) ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʧʨʦʛʠʙʳ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ; 

¶ ʉʦʨʪʘʤʝʥʪ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ ð ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʨʪʘʤʝʥʪʘʭ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ;  

¶ ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʙʦʣʪʳ ð ʟʜʝʩʴ ʧʨʠʚʝʜʝʥʳ ʨʘʟʤʝʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʙʦʣʪʦʚ, ʛʘʝʢ ʠ ʰʘʡʙ; 

¶ ʆʛʠʙʘʶʱʠʝ ð ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʚʳʛʦʜʥʳʭ ʩʦʯʝʪʘʥʠʡ ʤʥʦʛʠʭ ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʥʘ 

ʠʟʛʠʙʘʝʤʳʝ ʵʣʝʤʝʥʪʳ, ʧʦʩʪʨʦʝʥʠʝ ʦʛʠʙʘʶʱʠʭ ʵʧʶʨ ʤʦʤʝʥʪʦʚ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ; 

¶ ʃʠʥʠʠ ʚʣʠʷʥʠʷ ð ʧʦʩʪʨʦʝʥʠʝ ʣʠʥʠʡ ʚʣʠʷʥʠʷ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʚ 

ʥʝʨʘʟʨʝʟʥʳʭ ʙʘʣʢʘʭ; 

¶ ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ð ʚʳʯʠʩʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ; 

¶ ʈʘʩʯʝʪʥʳʝ ʜʣʠʥʳ ð ʨʝʢʦʤʝʥʜʘʮʠʠ ʉʅʠʇ ʠ ɽʚʨʦʢʦʜʘ-3 ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʯʝʪʥʦʡ ʜʣʠʥʳ; 

¶ ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʝʯʝʥʠʡ ð ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ 

ʣʁʙʦʛʦ ʠʟ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ ʪʠʧʦʚ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ; 

¶ ɹʦʣʪʦʚʳʝ, ʌʨʠʢʮʠʦʥʥʳʝ ʠ ʉʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ð ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

¶ ʄʝʩʪʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ð ʧʨʦʚʝʨʢʘ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʦʢ ʠ ʧʦʷʩʥʳʭ ʣʠʩʪʦʚ 

ʠʟʛʠʙʘʝʤʳʭ ʠ ʩʞʘʪʳʭ ʵʣʝʤʝʥʪʦʚ; 

¶ ʌʝʨʤʳ, ɹʘʣʢʠ ʠ ʉʪʦʡʢʠ ð ʧʨʦʚʝʨʢʘ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʨʝʜʝʣʴʥʫʶ 

ʛʠʙʢʦʩʪʴ; ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʫʩʠʣʠʡ ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ ʦʪ ʟʘʜʘʚʘʝʤʳʭ ʚʥʝʰʥʠʭ 

ʥʘʛʨʫʟʦʢ. ʇʨʝʜʫʩʤʦʪʨʝʥ ʧʦʜʙʦʨ ʩʝʯʝʥʠʡ; 

¶ ʆʧʦʨʥʳʝ ʧʣʠʪʳ ð ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʣʘʩʪʠʥ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʘʟʫ ʢʦʣʦʥʥʳ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʠʭ ʦʢʘʡʤʣʝʥʠʷ ʨʝʙʨʘʤʠ; 

¶ ʃʠʩʪʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ð ʧʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʠʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

(ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ, ʢʦʥʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ). 

ȘȹȷȬȹȩȵȵȩ ȓȩȵȱȶ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʚʝʨʦʢ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʘʤʝʥʥʳʭ ʠ ʘʨʤʦʢʘʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʉʅʠʇ II -22-81 çʂʘʤʝʥʥʳʝ 

ʠ ʘʨʤʦʢʘʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠè, ʉʇ 15.13330.2012 ʠ ʜʦʢʫʤʝʥʪʦʚ, ʚʳʧʫʱʝʥʥʳʭ ʚ ʨʘʟʚʠʪʠʝ ʠ 

ʜʦʧʦʣʥʝʥʠʝ ʵʪʠʭ ʥʦʨʤ. 
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ɺ ʩʦʩʪʘʚ ʧʨʦʚʝʨʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚʢʣʶʯʝʥʳ ʮʝʥʪʨʘʣʴʥʦ ʠ ʚʥʝʮʝʥʪʨʝʥʥʦ ʥʘʛʨʫʞʝʥʥʳʝ ʩʪʦʣʙʳ 

ʨʘʟʣʠʯʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʧʣʘʥʝ, ʨʷʜʦʚʳʝ, ʢʣʠʥʯʘʪʳʝ ʠ ʘʨʦʯʥʳʝ ʧʝʨʝʤʳʯʢʠ, ʘ ʪʘʢʞʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʙʘʣʦʯʥʳʝ ʧʝʨʝʤʳʯʢʠ, ʥʘʨʫʞʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʳ ʟʜʘʥʠʷ ʩ ʧʨʦʝʤʘʤʠ ʠ ʙʝʟ 

ʧʨʦʝʤʦʚ, ʩʪʝʥʳ ʧʦʜʚʘʣʦʚ. 

ʂʨʦʤʝ ʧʨʦʚʝʨʢʠ ʦʙʱʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʵʢʩʧʝʨʪʠʟʘ ʤʝʩʪʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʚ ʤʝʩʪʘʭ ʦʧʠʨʘʥʠʷ ʙʘʣʦʢ, ʧʨʦʛʦʥʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʪʝʥʳ ʠ ʩʪʦʣʙʳ. 

ʇʨʦʚʝʨʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʢʘʢ ʜʣʷ ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ 

ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʪʨʝʱʠʥʳ ʚ ʢʘʤʝʥʥʦʡ ʢʣʘʜʢʝ ʠ ʦʛʥʝʚʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʞʘʨʘ). ʇʨʠ ʧʨʦʚʝʨʢʘʭ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʠʩʧʦʣʟɹʦʚʘʥ ʜʦʢʫʤʝʥʪ çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʩʠʣʝʥʠʶ ʢʘʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʩʦʦʨʫʞʝʥʠʡ. 

ʎʅʀʀʉʂ ʠʤ. ɺ.ɸ.ʂʫʯʝʨʝʥʢʦ ɻʦʩʩʪʨʦʷ ʉʉʉʈè. 

ʊʘʢʞʝ ʧʨʦʚʝʨʷʝʪʩʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʮʝʥʪʨʘʣʴʥʦ ʠ ʚʥʝʮʝʥʪʨʝʥʥʦ ʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʫʩʠʣʝʥʥʳʭ ʩʪʘʣʴʥʳʤʠ ʦʙʦʡʤʘʤʠ, ʠ ʩʪʝʥ, ʦʩʣʘʙʣʝʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʧʨʦʝʤʘʤʠ.  

ȘȹȷȬȹȩȵȵȩ ȉșȊȉț 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʜʙʦʨʘ ʠ ʧʨʦʚʝʨʢʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʘʨʤʘʪʫʨʳ ʚ ʵʣʝʤʝʥʪʘʭ ʞʝʣʝʟʦ-

ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʥʝʨʘʟʨʝʟʥʳʝ ʙʘʣʢʠ ʠ ʢʦʣʦʥʥʳ), ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʛʠʙʦʚ ʚ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʙʘʣʢʘʭ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʉʅʠʇ 2.03.01-84* çɹʝʪʦʥʥʳʝ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠè ʠʣʠ ʉʅʠʇ 52-01-2003, ʉʇ 63.13330. ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʧʨʝʜʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʷʤ 

ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʩʦʯʝʪʘʥʠʡ ʫʩʠʣʠʡ (ʈʉʋ), ʚʳʙʠʨʘʝʤʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʉʅʠʇ 2.01.07-85* çʅʘʛʨʫʟʢʠ ʠ 

ʚʦʟʜʝʡʩʪʚʠʷè ʠʣʠ ʉʇ 20.13330.2011. ʇʦʜʙʦʨ ʠ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʪʷʞʝʣʦʛʦ, ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʠ ʣʝʛʢʦʛʦ ʙʝʪʦʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ 

ʢʣʘʩʩʘ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʥʦʨʤʘʤʠ, ʘ ʪʘʢʞʝ ʘʨʤʘʪʫʨʥʦʡ ʧʨʦʚʦʣʦʢʠ. 

ɺʳʧʦʣʥʷʝʪʩʷ ʧʦʜʙʦʨ ʘʨʤʘʪʫʨʳ ʚ ʤʥʦʛʦʧʨʦʣʝʪʥʳʭ ʙʘʣʢʘʭ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ (ʧʨʷʤʦʫʛʦʣʴ-

ʥʦʛʦ, ʪʘʚʨʦʚʦʛʦ ʠʣʠ ʜʚʫʪʘʚʨʦʚʦʛʦ) ʠ ʚ ʢʦʣʦʥʥʘʭ (ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ, ʜʚʫʪʘʚʨʦʚʦʛʦ ʠʣʠ ʢʦʣʴʮʝʚʦʛʦ 

ʩʝʯʝʥʠʡ) ʧʦ ʧʨʝʜʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʷʤ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ (ʧʨʦʯʥʦʩʪʴ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ). 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʦʩʢʘʷ ʨʘʙʦʪʘ ʙʘʣʢʠ, ʘ ʪʘʢʞʝ ʧʣʦʩʢʘʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʙʦʪʘ ʢʦʣʦʥʥʳ (ʚ 

ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʙʦʨ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʧʨʦʯʥʦʩʪʠ). 

ɺ ʨʝʞʠʤʝ ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʝʯʝʥʠʡ (ʨʠʩ. 1.2-1) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʯʝʥʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ, ʧʣʦʱʘʜʠ ʠ ʢʣʘʩʩʘ ʘʨʤʘʪʫʨʳ, ʢʣʘʩʩʘ ʙʝʪʦʥʘ, ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʜʦʧʫʩʪʠʤʦʡ ʰʠʨʠʥʳ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ. ʉʝʯʝʥʠʝ ʩʪʝʨʞʥʷ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ ʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚ ʜʚʫʭ 

ʩʠʣʦʚʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣ. 

ʊʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ ʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʇ 63.13330 ʨʘʩʯʝʪ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

 

ʈʠʩ. 1.2-1. ʇʨʦʚʝʨʢʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʣʦʥʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ɸʈɹɸʊ 
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ɺʳʯʠʩʣʷʶʪʩʷ ʧʨʦʛʠʙʳ ʚ ʘʨʤʠʨʦʚʘʥʥʦʡ ʤʥʦʛʦʧʨʦʣʝʪʥʦʡ ʙʘʣʢʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʝʡ 

ʠʟʛʠʙʘ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʈʘʩʯʝʪ ʧʨʦʛʠʙʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʛʦ, ʪʘʚʨʦʚʦʛʦ ʠ ʜʚʫʪʘʚʨʦʚʦʛʦ ʩʝʯʝʥʠʡ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʉʅʠʇ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʠʚʠʟʥʳ 

ʙʘʣʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʪʨʝʱʠʥ ʚ ʨʘʩʪʷʥʫʪʦʡ ʟʦʥʝ. 

ɺʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʟʘʜʘʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʤʦʥʦʣʠʪʥʳʭ ʧʣʠʪ, 

ʠʟʛʠʙʘʝʤʳʭ ʚ ʦʜʥʦʤ ʠ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʈʝʘʣʠʟʫʝʪʩʷ ʧʨʦʚʝʨʢʘ ʵʣʝʤʝʥʪʦʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘʛʨʫʟʦʢ 

(ʤʝʩʪʥʦʝ ʩʞʘʪʠʝ, ʧʨʦʜʘʚʣʠʚʘʥʠʝ, ʦʪʨʳʚ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʉʅʠʇ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ 

ʟʘʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ, ʢʦʨʦʪʢʠʭ ʢʦʥʩʦʣʝʡ ʠ ʰʧʦʥʦʢ. 

ȘȹȷȬȹȩȵȵȩ ȍȮȳȷȹ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʚʝʨʦʢ ʵʣʝʤʝʥʪʦʚ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʉʅʠʇ II-25-80, ʉʇ 64.13330.2011. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ 

ʨʘʩʯʝʪʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʞʠʤʳ ʦʙʲʝʜʠʥʝʥʳ ʚ ʜʚʝ ʛʨʫʧʧʳ ï ʀʥʬʦʨʤʘʮʠʷ ʠ ʈʘʩʯʝʪ. 

ɻʨʫʧʧʘ ʀʥʬʦʨʤʘʮʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ: 

¶ ʇʨʝʜʝʣʴʥʳʝ ʧʨʦʛʠʙʳ ʠ ʜʝʬʦʨʤʘʮʠʠ ï ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʧʨʝʜʝʣʴʥʳʤ ʧʨʦʛʠʙʘʤ 

ʵʣʝʤʝʥʪʦʚ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʴʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʇʣʦʪʥʦʩʪʠ ï ʜʘʥʥʳʝ ʧʦ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʨʘʟʣʠʯʥʦʡ ʧʦʨʦʜʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ; 

¶ ʉʦʨʪʘʤʝʥʪ ʜʨʝʚʝʩʠʥʳ ï ʜʘʥʥʳʝ ʧʦ ʧʠʣʦʤʘʪʝʨʠʘʣʘʤ ʭʚʦʡʥʳʭ ʧʦʨʦʜ (ɻʆʉʊ 24454-80); 

¶ ʈʘʩʯʝʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ï ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʯʝʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʨʦʜʳ ʜʨʝʚʝʩʠʥʳ ʠ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ; 

¶ ɼʨʝʚʝʩʠʥʘ ï ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʚʣʘʞʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ, ʘ ʪʘʢʞʝ 

ʪʠʧʳ ʠ ʤʘʨʢʠ ʪʨʝʙʫʝʤʳʭ ʢʣʝʝʚ (ʜʣʷ ʢʣʝʝʥʦʡ ʜʨʝʚʝʩʠʥʳ); 

¶ ʇʨʝʜʝʣʴʥʳʝ ʛʠʙʢʦʩʪʠ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʘʷ ʛʠʙʢʦʩʪʴ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʵʣʝʤʝʥʪʦʚ 

ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

¶ ɻʨʫʧʧʘ ʈʘʩʯʝʪ ʚʢʣʶʯʘʝʪ ʨʝʞʠʤʳ: 

¶ ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʝʨʝʚʷʥʥʳʭ ʩʝʯʝʥʠʡ ʪʨʝʭ ʚʠʜʦʚ ï ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ, ʢʨʫʛʣʦʛʦ ʠ ʜʚʫʪʘʚʨʘ; 

¶ ʈʘʩʯʝʪʥʳʝ ʜʣʠʥʳ ï ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʯʝʪʥʳʝ ʜʣʠʥʳ ʜʣʷ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʭ ʢʦʣʦʥʥ ʠ ʩʪʦʝʢ; 

¶ ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʩʦʨʪʦʚ ʜʨʝʚʝʩʠʥʳ ʥʘ ʚʨʫʙʢʘʭ ʠʣʠ ʥʘʛʝʣʷʭ; 

¶ ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʝʯʝʥʠʡ ï ʘʥʘʣʠʟ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʯʝʥʠʡ ʠʟ ʢʣʝʝʥʦʡ ʠ ʥʝʢʣʝʝʥʦʡ 

ʜʨʝʚʝʩʠʥʳ; 

¶ ʅʝʨʘʟʨʝʟʥʳʝ ʧʨʦʛʦʥʳ ʠ ʂʦʥʩʦʣʴʥʦ-ʙʘʣʦʯʥʳʝ ʧʨʦʛʦʥʳ ï ʧʨʦʚʝʨʢʘ ʧʨʦʛʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʚʠʜʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʡ ʠʟ ʢʣʝʝʥʦʡ ʠ ʥʝʢʣʝʝʥʦʡ ʜʨʝʚʝʩʠʥʳ ʧʦ ʧʨʦʯʥʦʩʪʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʛʠʙʫ; 

¶ ɹʘʣʢʠ ï ʧʨʦʚʝʨʢʘ ʦʙʳʯʥʳʭ ʠ ʜʚʫʩʢʘʪʥʳʭ ʙʘʣʦʢ ʧʦ ʧʨʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʛʠʙʫ; 

¶ ʉʪʦʡʢʠ ï ʨʝʘʣʠʟʦʚʘʥ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʧʨʦʚʝʨʦʢ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʦʝʢ ʠ ʢʦʣʦʥʥ ʧʦ ʧʨʦʯʥʦʩʪʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ; 

¶ ʕʣʝʤʝʥʪ ʬʝʨʤʳ ï ʘʥʘʣʠʟ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʬʝʨʤʳ ʧʦ ʛʠʙʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ; 

¶ ʌʝʨʤʳ ï ʨʘʩʯʝʪ ʠ ʧʨʦʚʝʨʢʘ ʬʝʨʤ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦ ʧʨʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʛʠʙʢʦʩʪʠ; 

¶ ɸʨʢʠ ï ʧʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʨʦʢ ʠʟ ʢʣʝʝʥʦʡ ʜʨʝʚʝʩʠʥʳ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 
ʩʝʯʝʥʠʷ. 
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ȘȹȷȬȹȩȵȵȩ ȐȉȘșȗȚ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʚʝʨʦʢ ʵʣʝʤʝʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʠ 

ʬʫʥʜʘʤʝʥʪʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʉʅʠʇ 2.02.01-83*, ʉʇ 50-101-2004, ʉʅʠʇ 2.02.03-85, 

ʉʇ 50-102-2003, ʉʇ 22.13330.2011, ʉʇ 24.13330.2011 ʠ ɼɹʅ ɺ.2.1-10-2009. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʩʥʦʚʘʥʠʡ ʠ ʬʫʥʜʘʤʝʥʪʦʚ. ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ 

ʨʘʩʯʝʪʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʛʨʫʧʧʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʘʤ: 

ʌʫʥʜʘʤʝʥʪʳ, ʉʚʘʠ, ʇʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʩʚʘʡ, ʀʥʬʦʨʤʘʮʠʷ. 

ɺ ʨʘʟʜʝʣʝ ʌʫʥʜʘʤʝʥʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʝʥʘ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚ ʧʣʘʥʝ ʬʫʥʜʘʤʝʥʪʘ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ ʥʘʛʨʫʟʦʢ; ʨʘʩʯʝʪ ʦʩʥʦʚʘʥʠʷ ʧʦ 

ʜʝʬʦʨʤʘʮʠʷʤ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚ ʧʣʘʥʝ ʩʪʦʣʙʯʘʪʳʭ ʠ ʣʝʥʪʦʯʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʞʝʩʪʢʠʭ ʧʣʠʪ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʦʩʥʦʚʘʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʩʣʦʝʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʳʤ ʠ ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʪʦʣʱʠʥʝ; ʚʳʯʠʩʣʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʦʜ ʧʦʜʦʰʚʦʡ ʬʫʥʜʘʤʝʥʪʘ (ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ). 

ɺ ʨʘʟʜʝʣ ʉʚʘʠ ʚʢʣʶʯʝʥʦ ʜʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘ ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ʩʚʘʠ ʠ ʅʦʤʝʥʢʣʘʪʫʨʘ ʩʚʘʡ, ʘ ʪʘʢʞʝ ʩʣʝʜʫʶʱʠʝ ʨʘʩʯʝʪʥʳʝ ʨʝʞʠʤʳ: ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ; ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʥʦʚʘʥʠʷ, ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʧʦʧʝʨʝʯʥʦʡ 

ʩʠʣʳ ʚ ʩʝʯʝʥʠʠ ʩʚʘʠ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʘʠ; ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʠ ʩʚʘʠ, 

ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ. 

ʈʘʟʜʝʣ ʇʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʩʚʘʡ ʚʢʣʶʯʘʝʪ ʨʘʩʯʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʡ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ; ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʙʠʚʥʦʡ 

(ʥʘʪʫʨʥʦʡ) ʚʠʩʷʯʝʡ ʩʚʘʠ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʩʞʠʤʘʶʱʫʶ ʥʘʛʨʫʟʢʫ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʛʨʫʥʪʦʚ 

ʵʪʘʣʦʥʥʦʡ ʩʚʘʝʡ; ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʙʠʚʥʦʡ (ʥʘʪʫʨʥʦʡ) ʚʠʩʷʯʝʡ ʩʚʘʠ, 

ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʩʞʠʤʘʶʱʫʶ ʥʘʛʨʫʟʢʫ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʛʨʫʥʪʦʚ ʩʚʘʝʡ-ʟʦʥʜʦʤ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʙʠʚʥʦʡ (ʥʘʪʫʨʥʦʡ) ʚʠʩʷʯʝʡ ʩʚʘʠ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʩʞʠʤʘʶʱʫʶ 

ʥʘʛʨʫʟʢʫ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʛʨʫʥʪʦʚ ʩʪʘʪʠʯʝʩʢʠʤ ʟʦʥʜʠʨʦʚʘʥʠʝʤ. 

ʉʧʨʘʚʦʯʥʳʝ ʨʝʞʠʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʤʦʪʨ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʨʘʟʥʦʩʪʠ 

ʦʩʘʜʦʢ, ʢʨʝʥʘ ʠ ʩʨʝʜʥʝʡ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʩʘʜʢʠ ʜʣʷ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʧʨʠʣʦʞʝʥʠʠ 4 ʉʅʠʇ 2.02.01-83* (ʇʨʠʣʦʞʝʥʠʝ ɽ ʉʇ 50-101-2004, ʇʨʠʣʦʞʝʥʠʷʭ ɼ, ɾ, ʃ ʉʇ 

22.13330.2011 ʠʣʠ ʇʨʠʣʦʞʝʥʠʠ ʀ ɼɹʅ ɺ.2.1-10-2009); ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ: ʨʘʩʯʝʪʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ ʛʨʫʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ, ʧʨʠʚʝʜʝʥʥʫʶ ʚ ʇʨʠʣʦʞʝʥʠʠ 3 ʉʅʠʇ 2.02.01-83* 

(ʇʨʠʣʦʞʝʥʠʝ ɸ ʉʇ 50-101-2004, ʇʨʠʣʦʞʝʥʠʝ ɺ ʉʇ 22.13330.2011, ʇʨʠʣʦʞʝʥʠʝ ɽ ɼɹʅ ɺ.2.1-10-

2009); ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʨʫʥʪʦʚ, ʧʨʠʚʝʜʝʥʥʫʶ ʚ ʧʨʠʣʦʞʝʥʠʠ 1 ʉʅʠʇ 2.02.01-83* (ʇʨʠʣʦʞʝʥʠʝ ɻ 

ʉʇ 50-101-2004, ʇʨʠʣʦʞʝʥʠʝ ɹ ʉʇ 22.13330.2011, ʇʨʠʣʦʞʝʥʠʝ ɺ ɼɹʅ ɺ.2.1-10-2009.); ʘ ʪʘʢʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʠʟ ʪʘʙʣʠʮʳ 3 ʉʅʠʇ 2.02.01-83* (ʪʘʙʣ. 5.2 ʉʇ 50-101-2004, ʪʘʙʣ. 

5.4 ʉʇ 22.13330.2011, ʪʘʙʣ. ɽ.7 ɼɹʅ ɺ.2.1-10-2009). 

1.3.  ȘȹȷȮȳȻȶȷ- ȳȷȶȺȻȹȼȳȻȷȹȺȳȱȮ ȸȹȷȬȹȩȵȵɄ 

ʇʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʄʦʥʦʣʠʪ ʠ ʂʆʄɽʊɸ ʩʣʫʞʘʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪ-

ʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʩʪʘʜʠʠ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

ȘȹȷȬȹȩȵȵȩ ȕȷȶȷȴȱȻ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʤʦʥʦʣʠʪʥʳʭ ʨʝʙʨʠʩʪʳʭ 

ʧʝʨʝʢʨʳʪʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤʦʡ ʧʣʠʪ ʠ ʙʘʣʦʢ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʢʦʣʦʥʥʳ ʠ/ʠʣʠ ʩʪʝʥʳ, ʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤ (ʉʅʠʇ 2.03.01-84*, ɻʆʉʊ 21.501-

93, ɻʆʉʊ 21.101-97, ʉʅʠʇ 52-01-2003, ʉʇ 52-101-03, ʉʇ 63.13330). 

ʆʙʱʘʷ ʩʭʝʤʘ ʧʝʨʝʢʨʳʪʠʷ ʢʦʤʧʦʥʫʝʪʩʷ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʝʪʢʝ ʫʟʣʦʚ, ʠʤʝʶʱʠʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʫʶ ʥʫʤʝʨʘʮʠʶ. ʋʟʣʳ ʨʘʩʧʦʣʘʛʘʁʪʩʷ ʚ ʤʝʩʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝ-

ʢʨʳʪʠʷ ð ʙʘʣʦʢ, ʩʪʝʥ, ʢʦʣʦʥʥ. ʇʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ ʧʨʠʥʷʪʳ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʚ ʫʨʦʚʥʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʙʘʣʦʢ. ɹʘʣʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ (ʪʘʚʨʦʚʦʛʦ ʩ ʧʦʣʢʦʡ ʫ ʚʝʨʭʥʝʡ ʛʨʘʥʠ) 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʦʪ 

ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ, ʠ ʛʣʘʚʥʳʝ, ʥʝʩʫʱʠʝ ʥʘʛʨʫʟʢʫ ʦʪ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʙʘʣʦʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ 
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ʥʘʧʨʘʚʣʝʥʠʷ. ʆʧʦʨʘʤʠ ʧʝʨʝʢʨʳʪʠʷ ʩʣʫʞʘʪ ʥʝʩʫʱʠʝ ʩʪʝʥʳ ʟʜʘʥʠʷ ʠ/ʠʣʠ ʢʦʣʦʥʥʳ ʤʦʥʦʣʠʪʥʦʛʦ 

ʢʘʨʢʘʩʘ. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʷ ʦʧʠʨʘʥʠʷ ʧʝʨʝʢʨʳʪʠʷ ʥʘ ʩʪʝʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʦʤ ʩʪʝʥ: 

ʢʠʨʧʠʯʥʳʭ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʩʚʦʙʦʜʥʦʝ ʙʝʟʤʦʤʝʥʪʥʦʝ ʦʧʠʨʘʥʠʝ ʙʘʣʦʢ ʠ ʧʣʠʪ, ʠ ʙʝʪʦʥʥʳʭ, 

ʤʦʥʦʣʠʪʥʦ ʩʚʟ̫ʘʥʥʳʭ ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʞʝʩʪʢʦʝ, ʤʦʤʝʥʪʥʦʝ ʩʦʧʨʷʞʝʥʠʝ ʙʘʣʦʢ ʠ 

ʧʣʠʪ ʩ ʦʧʦʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ. ɺʩʝ ʥʝʩʫʱʠʝ ʵʣʝʤʝʥʪʳ ʩʦʦʨʫʞʝʥʠʷ (ʩʪʝʥʳ, ʢʦʣʦʥʥʳ, ʙʘʣʢʠ) ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʵʢʩʮʝʥʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ, ʩʦʝʜʠʥʷʶʱʠʭ ʫʟʣʳ ʨʘʟʙʠʚʦʯʥʦʡ ʩʝʪʢʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ ʢʦʤʧʣʝʢʪ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʝʡ 

ʧʝʨʝʢʨʳʪʠʷ: ʦʧʘʣʫʙʦʯʥʳʡ ʧʣʘʥ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʝʯʝʥʠʷʤʠ, ʧʣʘʥʳ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʘʨʤʘʪʫʨʳ 

ʧʣʠʪʳ (ʨʘʩʢʣʘʜʢʘ ʘʨʤʘʪʫʨʥʳʭ ʩʝʪʦʢ), ʘʨʤʘʪʫʨʥʳʝ ʯʝʨʪʝʞʠ ʙʘʣʦʢ, ʯʝʨʪʝʞʠ ʩʚʘʨʥʳʭ ʢʘʨʢʘʩʦʚ ʠ 

ʩʝʪʦʢ, ʠʩʧʦʣʟɹʦʚʘʥʥʳʭ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʧʣʠʪ ʠ ʙʘʣʦʢ, ʚʝʜʦʤʦʩʪʴ ʜʝʪʘʣʝʡ, ʚʝʜʦʤʦʩʪʠ ʨʘʩʭʦʜʘ ʩʪʘʣʠ 

ʧʦ ʙʘʣʢʘʤ, ʧʣʠʪʘʤ ʠ ʩʚʦʜʥʘʷ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʦ ʙʘʣʢʘʤ, ʧʣʠʪʘʤ ʠ ʩʚʦʜʥʘʷ. ʇʨʠʚʦʜʷʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠʤʝʯʘʥʠʷ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʧʦʣʥʘʷ ʫʥʠʬʠʢʘʮʠʷ ʘʨʤʘʪʫʨʥʳʭ ʠʟʜʝʣʠʡ. 

ɺʩʝ ʚʳʭʦʜʥʳʝ ʜʦʢʫʤʝʥʪʳ ʛʦʪʦʚʷʪʩʷ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʬʦʨʤʘʪʝ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʝʯʘʪʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ɸ4, ɸ3. ʅʦ ʤʦʞʥʦ ʚʳʚʦʜʠʪʴ ʠʭ ʠ ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʜʨʫʛʦʛʦ ʬʦʨʤʘʪʘ, ʘ ʪʘʢʞʝ 

ʧʣʦʪʪʝʨ. ɼʣʷ ʜʦʨʘʙʦʪʢʠ ʚʳʭʦʜʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʧʦʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʬʦʨʤʘʪʳ DXF-ʬʘʡʣʦʚ ʩʠʩʪʝʤʳ AutoCAD. 

ȘȹȷȬȹȩȵȵȩ ȓȗȕȎțȉ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʟʣʦʚ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʠ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʈʝʘʣʠʟʦʚʘʥ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʫʟʣʦʚ 

(ʧʨʦʪʦʪʠʧʦʚ). ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʳ ʧʨʦʪʦʪʠʧʦʚ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ (ʫʩʠʣʠʡ, ʤʘʪʝʨʠʘʣʘ ʠ ʪ. ʧ.) ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʘʝʤʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʫʟʣʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʳʙʨʘʥʥʦʤʫ ʚʘʨʠʘʥʪʫ ʥʦʨʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʜʘʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʧʨʠʤʝʥʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʯʝʨʪʝʞ ʫʟʣʘ ʠ ʜʘʥʥʳʝ ʦ ʧʨʦʯʥʦʩʪʠ ʝʛʦ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʚʘʨʥʳʭ ʰʚʦʚ, ʙʦʣʪʦʚ ʠ ʪ. ʜ.). ʇʦʩʣʝʜʥʠʝ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠ, ʧʨʠ ʞʝʣʘʥʠʠ, 

ʠʟʤʝʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʪʦʪʠʧʳ ʫʟʣʦʚ: ʞʝʩʪʢʠʝ, ʰʘʨʥʠʨʥʳʝ ʠ ʧʦʣʫʞʝʩʪʢʠʝ 

ʧʨʠʤʳʢʘʥʠʷ ʙʘʣʦʢ ʢ ʢʦʣʦʥʥʝ, ʰʘʨʥʠʨʥʳʝ ʙʘʟʳ ʢʦʣʦʥʥ, ʞʝʩʪʢʠʝ ʙʘʟʳ ʢʦʣʦʥʥ ʙʝʟ ʨʝʙʝʨ, ʩ ʨʝʙʨʘʤʠ ʠ 

c ʪʨʘʚʝʨʩʘʤʠ, ʩʪʳʢʠ ʙʘʣʦʢ ʥʘ ʙʦʣʪʘʭ ʠ ʬʣʘʥʮʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʫʟʣʳ ʬʝʨʤ. 

ʇʨʠʤʳʢʘʥʠʷ ʜʚʫʪʘʚʨʦʚʳʭ ʙʘʣʦʢ ʢ ʢʦʣʦʥʥʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʩʚʘʨʥʳʭ ʠ ʬʣʘʥʮʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʙʳʯʥʳʭ ʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʦʣʪʘʭ. ʇʨʠʤʳʢʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ 

ʥʘʢʣʦʥʥʤrʠ, ʩ ʚʫʪʘʤʠ ʠ ʙʝʟ ʥʠʭ, ʩ ʫʯʝʪʦʤ ʫʩʠʣʝʥʠʷ ʢʦʣʦʥʥʳ ʠ ʙʝʟ ʫʩʠʣʝʥʠʷ. 

ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʦʨʪʘ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʚ ʬʦʨʤʘʪ DXF-ʬʘʡʣʦʚ 

ʩʠʩʪʝʤʳ AutoCAD. 

1.4.  ȋȺȸȷȵȷȬȩȻȮȴɅȶɄȮ ȸȹȷȬȹȩȵȵɄ 

ȘȹȷȬȹȩȵȵȩ ȓȷȶȺȻȹȼȳȻȷȹ ȺȮɀȮȶȱȲ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʦʩʪʘʚʥʳʭ ʩʝʯʝʥʠʡ ʠʟ ʩʪʘʣʴʥʳʭ ʧʨʦ-

ʢʘʪʥʳʭ ʧʨʦʬʠʣʝʡ ʠ ʣʠʩʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʘ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʚʧrʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʡ. ɺʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʦʙʳʯʥʳʤ ʧʨʘʚʠʣʘʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ ʵʪʦʤ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʢʨʫʯʝʥʠʠ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʩʫʤʤʘ 

ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʢʨʫʯʝʥʠʷ ʧʨʦʬʠʣʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʝʯʝʥʠʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʯʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʦʪʯʝʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʛʫʪ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ SCAD, ʘ ʪʘʢʞʝ ʚ ʧʨʦʛʨʘʤʤʫ ʂʨʠʩʪʘʣʣ. 

ȘȹȷȬȹȩȵȵȩ ȓȷȶȺȼȴ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʘ ʠʭ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ ʩʧʣʦʰʥʳʭ ʩʪʝʨʞʥʝʡ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ð ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ, ʨʘʜʠʫʩʳ ʠʥʝʨʮʠʠ, ʤʦʤʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʨʫ-

ʪʠʣʴʥʳʝ ʠ ʩʝʢʪʦʨʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʠʟʛʠʙʘ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʩʝʯʝʥʠʡ ʧʨʦʠʟ-

ʚʦʣʴʥʦʡ ʬʦʨʤʳ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʠ ʚʢʣʶʯʘʶʪ ʬʫʥʢʮʠʠ ʩʛʣʘʞʠʚʘʥʠʷ ʫʛʣʦʚ, ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʦʥʪʫʨʘ 

ʩʝʯʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ, ʧʝʨʝʥʦʩʘ ʛʨʫʧʧʳ ʚʳʙʨʘʥʥʳʭ ʚʝʨʰʠʥ. ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʠʤʧʦʨʪ ʩʝʯʝʥʠʡ ʠʟ ʬʘʡʣʦʚ ʬʦʨʤʘʪʦʚ DXF ʠ DWG, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʩʝʯʝʥʠʷʤʠ, 

ʟʘʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʦʤʧʣʝʢʩʝ SCAD 

ʧʨʠ ʟʘʜʘʥʠʠ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ. 

ȘȹȷȬȹȩȵȵȩ țȗȖȜȚ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʘ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ, ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʝʨʞʥʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ð ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ, ʨʘʜʠʫʩʳ ʠʥʝʨʮʠʠ, ʤʦʤʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʢʨʫʪʠʣʴʥʳʝ ʠ ʩʝʢʪʦʨʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʠʟʛʠʙʘ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʣʴʥʳʭ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʪʢʨʳʪʦ-ʟʘʤʢʥʫʪʳʭ) ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʝʯʝʥʠʡ. ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʠʤʧʦʨʪ ʩʝʯʝʥʠʡ ʠʟ ʬʘʡʣʦʚ 

ʬʦʨʤʘʪʦʚ DXF ʠ DWG, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʩʝʯʝʥʠʷʤʠ, ʟʘʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʦʤʧʣʝʢʩʝ SCAD 

ʧʨʠ ʟʘʜʘʥʠʠ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ. 

ȘȹȷȬȹȩȵȵȩ ȚȎȐȉȕ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʠʩʢʘ ʩʝʯʝʥʠʷ ʪʠʧʘ ʢʦʨʦʙʢʘ, ʜʚʫʪʘʚʨ, ʪʘʚʨ ʠʣʠ ʰʚʝʣʣʝʨ, ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʟʘʜʘʥʥʦʝ ʧʨʦʠʟʚʦʣʴʥʦʝ ʩʝʯʝʥʠʝ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʩʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʨʦʚʝʨʢʫ ʩʝʯʝʥʠʡ ʪʦʣʴʢʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʝʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ 

ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʜʣʷ ʫʯʝʪʘ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʨʘʙʦʪʳ, ʧʨʦʚʝʨʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʠʟʛʠʙʘ, ʚʳʧʫʯʠʚʘʥʠʷ ʠʟ ʩʠʣʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʨʦʚʝʨʦʢ. 

ʀʩʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʢʘʢ ʬʘʡʣ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤ 

ʂʦʥʩʪʨʫʢʪʦʨ ʩʝʯʝʥʠʡ, ʂʦʥʩʫʣ ʠ ʊʆʅʋʉ, ʥʘʙʦʨʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ ʢʘʢ ʩʦʩʪʘʚ-

ʥʦʝ ʩʝʯʝʥʠʝ ʠʟ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ ʥʘʙʦʨʘ ʧʨʦʪʦʪʠʧʦʚ (ʥʘʧʨʠʤʝʨ, ʜʚʘ ʰʚʝʣʣʝʨʘ, ʜʚʘ 

ʜʚʫʪʘʚʨʘ, ʠ ʪ. ʜ.). 

ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʣʦʱʘʜʴ, ʛʣʘʚʥʳʝ 

ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ, ʤʦʤʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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ȘȹȷȬȹȩȵȵȩ ȋȮȚț 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟ-

ʜʝʡʩʪʚʠʡ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʉʅʠʇ 2.01.07-85* 

çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷè (ʨʠʩ. 1.4-1), ʉʇ 20.13330.2011 ʠʣʠ ɼɹʅ ɺ.1.2.2-2006. 

 

ʈʠʩ. 1.4-1. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʚ ʧʨʦʛʨʘʤʤʝ ɺʝʉʊ 

ʈʘʩʯʝʪʥʳʝ ʨʝʞʠʤʳ ʚʢʣʶʯʘʶʪ: 

¶ ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ð ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʥʘʛʨʫʟʢʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, 

ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʘʢʝʪʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

¶ ɺʨʝʤʝʥʥʳʝ ð ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ 

(ʧʦʣʥʳʭ ʠ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ) ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʠʷʤʠ 

ʉʅʠʇ; 

¶ ɺʝʪʝʨ ð ʚʳʯʠʩʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʩʦʦʨʫʞʝʥʠʡ 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠʟ ʯʠʩʣʘ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʉʅʠʇ; 

¶ ʉʥʝʛ ð ʚʳʯʠʩʣʝʥʠʝ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠʟ ʯʠʩʣʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʉʅʠʇ; 

¶ ʊʝʤʧʝʨʘʪʫʨʘ ð ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʉʅʠʇ. 

ȘȹȷȬȹȩȵȵȩ ȗȻȳȷȺ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʠ ʩʢʣʦʥʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʩʢʦʣʴʞʝʥʠʷ ʦʧʦʣʟʘʶʱʝʛʦ 

ʤʘʩʩʠʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʦʪʢʦʩʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɺʜʦʣʴ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ 

ʢʨʠʪʝʨʠʡ ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʥʪʘ, ʧʨʠʥʠʤʘʝʤʳʡ ʚ ʚʠʜʝ ʟʘʢʦʥʘ ʂʫʣʦʥʘ. 

ʈʝʘʣʴʥʦʝ ʩʜʚʠʛʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʦʣʫʯʘʝʤʦʝ ʨʘʩʯʝʪʦʤ, ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʧʨʝʜʝʣʴʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʜʚʠʛʫ, ʠ ʨʝʟʫʣʴʪʘʪ ʵʪʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʢʣʦʥʘ (ʦʪʢʦʩʘ) ï ʵʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʠʟ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩʢʦʣʴʞʝʥʠʷ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʟʘʜʘʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʟʘʣʦʞʝʥʥʳʤ ʚ ʤʝʪʦʜʝ ʨʘʩʯʝʪʘ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚʢʣʶʯʘʶʪ: 

¶ ʨʘʟʤʝʨʳ ʦʧʦʣʟʥʝʚʦʛʦ ʫʯʘʩʪʢʘ ʩʢʣʦʥʘ; 

¶ ʛʣʫʙʠʥʫ ʟʘʢʦʣʘ (ʝʩʣʠ ʘʢʪʠʚʝʥ ʤʘʨʢʝʨ ʥʘʣʠʯʠʷ ʟʘʢʦʣʘ);  

¶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʦʚ;  

¶ ʧʦʣʦʞʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʚʘʞʠʥ;  

¶ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʫʢʘʟʘʥʥʳʝ ʫʯʘʩʪʢʠ ʩʢʣʦʥʘ.  

ȘȹȷȬȹȩȵȵȩ ȓȹȷȺȺ 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʩʪʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʬʫʥʜʘʤʝʥʪʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʫʧʨʫʛʦʤ ʚʠʥʢʣʝʨʦʚʩʢʦʤ ʦʩʥʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ 
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ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ. 

 

ʈʠʩ. 1.4-2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʩʪʝʣʠ ʜʣʷ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʦʱʘʜʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʘ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʦʝʢʪʠʨʫʝʤʦʝ ʩʦʦʨʫʞʝʥʠʝ 

ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʝʛʦ ʚ ʪʦʤ 

ʩʤʳʩʣʝ, ʯʪʦ ʥʘʛʨʫʟʢʠ ʥʘ ʛʨʫʥʪ, ʧʝʨʝʜʘʚʘʝʤʳʝ 

ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʩʘʜʢʘʤ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʩʪʝʣʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ 

ʦʩʥʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʦʦʨʫʞʝʥʠʷ (ʨʠʩ. 1.4-2). 

ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʨʝʞʠʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ 

ʛʝʦʤʝʪʨʠʠ ʦʩʥʦʚʘʥʠʷ ʠʟ ʢʦʤʧʣʝʢʩʘ SCAD ʠ ʚʦʟʚʨʘʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚ ʢʦʤʧʣʝʢʩ. 

1.5.  ȚȮȹȫȱȺȶɄȮ Ƚȼȶȳȿȱȱ 

ʂʨʦʤʝ ʧʨʦʝʢʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʩʠʩʪʝʤ r

SCAD Office ʢʦʤʧʣʝʢʩ SCAD ʠʤʝʝʪ ʨʷʜ ʩʝʨʚʠʩʥʳʭ ʬʫʥʢʮʠʡ-ʧʨʦʛʨʘʤʤ ʪʘʢʠʝ, ʢʘʢ: ʂʦʂʦʥ, ʂʫʩʪ, 

ʂʘʪʘʣʦʛʠ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ, ʂʘʣʴʢʫʣʷʪʦʨ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʘʤ, ʂʘʣʴʢʫʣʷʪʦʨ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚ ʛʣʘʚʝ 30 ʉʝʨʚʠʩʥʳʝ ʬʫʥʢʮʠʠ 

ʵʪʦʡ ʢʥʠʛʠ. 
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2.  țȮȷȹȮȻȱɀȮȺȳȱȮ ȷȺȶȷȫɄ 
ʆʪ ʨʘʩʯʝʪʯʠʢʘ-ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʠʥʪʝʨʝʩʫ-

ʶʱʝʛʦʩʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʥʝ ʪʨʝʙʫʝʪʩʷ 
ʜʝʪʘʣʴʥʦʛʦ ʟʥʘʥʠʷ ʚʩʝʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʢʦʤ-
ʧʴʶʪʝʨʥʳʭ ʧʨʦʙʣʝʤ. ʆʜʥʘʢʦ ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, 
ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʟʘʜʘʯʠ ʠ ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠʭ ʨʝʰʝʥʠʷ. ɹʝʟ ʵʪʦʛʦ ʪʨʫʜʥʦ ʨʘʮʠʦʥʘʣʴʥʦ ʚʳʙʨʘʪʴ 
ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʠ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ. 

ʃ.ɸ. ʈʆɿʀʅ. ɿʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠʭ 
ʨʝh ʝʥʠʷ. ð ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʉʇʙɻʊʋ, 1998. C.5 

 

ʂʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʜʭʦʜʘʭ ʢ ʨʘʩʯʝʪʫ ʠ ʤʝʪʦʜʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʧʦʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ ʢʦʤʧʣʝʢʩʘ 

SCAD, ʠʟʣʘʛʘʶʪʩʷ ʚ ʵʪʦʡ ʛʣʘʚʝ ʚ ʪʦʤ ʦʙʲʝʤʝ, ʢʦʪʦʨʳʡ ʧʦʣʝʟʥʦ ʟʥʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʣʫʯʰʝʛʦ 

ʧʦʥʠʤʘʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʫʢʘʟʘʥʠʡ ʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʕʪʠ ʩʚʝʜʝʥʠʷ ʥʝ ʟʘʤʝʥʷʶʪ ʟʥʘʢʦʤʩʪʚʦ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ, ʥʘ ʢʦʪʦʨʫʶ 

ʜʘʶʪʩʷ ʩʩʳʣʢʠ ʚ ʪʝʢʩʪʝ, ʥʦ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʧʫʪʝʚʦʜʠʪʝʣʝʤ ʧʦ ʵʪʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʦʧʨʦʩʳ ʦʩʚʝʱʝʥʳ ʚ ʢʥʠʛʝ [13], ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʢʦʤʧʣʝʢʩʘ SCAD. 

2.1.  ȓȷȶȺȻȹȼȳȿȱɈ ȱ ȮȮ ȹȩȺɀȮȻȶȩɈ ȺȾȮȵȩ 

ȗȪɂȱȮ ȺȫȮȭȮȶȱɈ 

ʈʘʩʯʝʪʥʳʡ ʘʥʘʣʠʟ ʣʶʙʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʧʳʪʢʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʘ ʯʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʘʢʦʛʦ ʨʦʜʘ ʫʧʨʦʱʝʥʠʝ 

ʟʘʜʘʯʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʩʝʛʜʘ, ʧʦʩʢʦʣʴʢʫ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʘ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʙʣʠʞʝʥʠʷ. 

ʈʝʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʦʩʚʦʙʦʞʜʝʥʥʘʷ ʦʪ ʚʩʝʭ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʝʢʦʪʦʨʦʡ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʨʘʩʯʝʪʥʦʡ 

ʩʭʝʤʳ. ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʩʭʝʤʘʪʠʟʘʮʠʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʠʤʝʶʪ ʦʙʱʠʡ 

ʭʘʨʘʢʪʝʨ (ʠʜʝʘʣʠʟʘʮʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ; ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ; ʧʨʠʚʝʜʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʪʝʣʘ ʢ ʪʘʢʠʤ ʩʪʘʥʜʘʨʪʥʳʤ ʩʭʝʤʘʤ, ʢʘʢ ʩʪʝʨʞʥʠ, 

ʧʣʘʩʪʠʥʳ ʠʣʠ ʦʙʦʣʦʯʢʠ; ʩʭʝʤʘʪʠʟʘʮʠʷ ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʜʨ.). ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʩʭʝʤʘʪʠʟʘʮʠʠ ʚʧʦʣʥʝ 

ʢʦʥʢʨʝʪʥʳ ʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʘʞʜʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʘʢʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚʳʙʦʨ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʘʥʘʣʠʟʘ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪ 

ʠʥʞʝʥʝʨʥʦʛʦ ʠʩʢʫʩʩʪʚʘ (ʟʜʝʩʴ ð ʠʤʝʥʥʦ ʠʩʢʫʩʩʪʚʘ, ʘ ʥʝ ʥʘʫʯʥʦʛʦ ʘʥʘʣʠʟʘ!) ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʘʩʪʝʨʩʪʚʘ ʨʘʩʯʝʪʯʠʢʘ. 

ʂʘʢ ʠ ʣʶʙʦʤʫ ʜʨʫʛʦʤʫ ʚʠʜʫ ʠʩʢʫʩʩʪʚʘ, ʠʩʢʫʩʩʪʚʫ ʚʳʙʦʨʘ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʤʦʞʥʦ ʥʘʫʯʠʪʴ 

ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʤʳ ʥʝ ʙʫʜʝʤ ʫʜʝʣʷʪʴ 

ʚʥʠʤʘʥʠʝ1. ʆʜʥʘʢʦ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ (ʙʳʪʴ ʤʦʞʝʪ, ʣʠʰʴ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ) 

ʫʩʪʘʥʦʚʣʝʥʘ, ʥʘʩʪʫʧʘʝʪ ʵʪʘʧ ʝʝ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʚ ʬʦʨʤʝ, ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʩʯʝʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʠ ʵʪʦʤʫ ʵʪʘʧʫ ʜʘʣʝʝ ʧʦʩʚʷʱʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʦʙʱʠʭ ʩʚʝʜʝʥʠʡ, ʪʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʩʦʟʜʘʥʠʷ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʙʫʜʝʪ ʣʠ ʨʘʩʯʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʢʘʢ ʣʠʥʝʡʥʳʡ ʠʣʠ 

ʢʘʢ ʥʝʣʠʥʝʡʥʳʡ, ʩʣʝʜʫʝʪ ʣʠ ʫʯʠʪʳʚʘʪʴ ʩʠʣʳ ʠʥʝʨʮʠʠ ʠ ʚʳʧʦʣʥʷʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠʣʠ ʤʦʞʥʦ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʩʪʘʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. 

ʆʙ ʦʞʠʜʘʝʤʦʤ ʧʦʚʝʜʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʷʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʠʥʪʫʠʮʠʠ, ʠ ʧʦʵʪʦʤʫ ʚʩʝ ʧʨʠʥʷʪʳʝ ʨʝʰʝʥʠʷ ʧʦʜʣʝʞʘʪ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʦʮʝʥʢʝ. ɽʩʣʠ ʚʦ ʚʩʝʭ 

ʨʘʟʨʝh ʘʶʱʠʭ ʫʨʘʚʥʝʥʠʷʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʳ 

                                                      
1 ʇʨʦʙʣʝʤʘ ʧʝʨʝʭʦʜʘ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʢ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʠ ʦʙʨʘʪʥʦ ð ʦʪ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʢ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʧʨʝʢʨʘʩʥʦʡ ʢʥʠʛʝ ɺ.ʀ. ʌʝʦʜʦʩʴʝʚʘ [15], ʢʦʪʦʨʫʶ ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʚʩʝʤ ʨʘʩʯʝʪʯʠʢʘʤ. 

ʇʦʫʯʠʪʝʣʴʥʳʝ ʠ ʪʦʥʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʵʪʦʤʫ ʞʝ ʚʦʧʨʦʩʫ, ʩʦʜʝʨʞʘʪʩʷ ʠ ʚ ʤʦʥʦʛʨʘʬʠʠ 

ʀ.ʀ. ɹʣʝʭʤʘʥʘ, ɸ.ɼ. ʄʳʰʢʠʩʘ ʠ ʗ.ɻ. ʇʘʥʦʚʢʦ [1]. 
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ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ, ʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙ ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ 

ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʟʘʜʘʯʘʭ ʜʠʥʘʤʠʢʠ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʠʣʳ ʠʥʝʨʮʠʠ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷʤ ʤʘʩʩ, ʠ ʚ ʟʘʜʘʯʘʭ ʧʦʣʟʫʯʝʩʪʠ, ʢʦʛʜʘ ʫʯʠʪʳʚʘʶʪʩʷ ʩʢʦʨʦʩʪʠ, ʨʝʯʴ 

ʜʦʣʞʥʘ ʠʜʪʠ ʦʙ ʘʥʘʣʠʟʝ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʳ. 

ʅʝʣʠʥʝʡʥʳʝ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʵʬʬʝʢʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʛʝʦʤʝʪʨʠʠ ʩʠʩʪʝʤʳ ʧʦʜ ʥʘʛʨʫʟʢʦʡ (ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ), ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʜʝʬʦʨʤʘʮʠʷʤʠ (ʬʠʟʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ), ʚʦʟʤʦʞʥʳʤ 

ʚʢʣʶʯʝʥʠʝʤ ʠ ʚʢrʣʶʯʝʥʠʝʤ ʠʟ ʨʘʙʦʪʳ ʦʜʥʦʩʪʦʨʦʥʥʠʭ ʩʚʷʟʝʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʩʠʩʪʝʤʫ 

(ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ) ʠʣʠ ʩ ʵʬʬʝʢʪʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʧʝʨʝʤʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ 

ʩʠʩʪʝʤʳ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʩʦʟʜʘʥʠʷ (ʛʝʥʝʪʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ). 

ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʞʠʜʘʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʚʳʙʦʨʝ ʨʘʩʯʝʪʥʦʡ 

ʩʭʝʤʳ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠʣʠ ʧʨʠ ʩʭʝʤʘʪʠʟʘʮʠʠ ʥʘʛʨʫʟʦʢ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʫ. 

ʆʩʦʙʝʥʥʦ ʩʝʨʴʝʟʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʪ. ʝ. ʥʘ 

ʩʪʘʥʜʘʨʪʥʳʝ ʯʘʩʪʠ, ʠʟ ʢʦʪʦʨʳʭ (ʠ ʪʦʣʴʢʦ ʠʟ ʥʠʭ!) ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʚʩʷ ʩʠʩʪʝʤʘ. 

ʏʨʝʟʤʝʨʥʦ ʤʝʣʢʦʝ ʜʨʦʙʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʠ ʩʚʷʟʘʥʦ ʩ ʟʘʧʨʦʩʦʤ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʨʝʩʫʨʩʦʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʄʦʛʫʪ ʧʨʠ 

ʵʪʦʤ ʧʨʦʷʚʣʷʪʴʩʷ ʠ ʵʬʬʝʢʪʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʯʝʪʘ. ʉʣʠʰʢʦʤ ʛʨʫʙʦʝ ʜʨʦʙʣʝʥʠʝ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʧʣʘʩʪʠʥʯʘʪʳʝ ʠʣʠ ʦʙʦʣʦʯʝʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʙʱʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʨʦʙʣʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʢʦʥʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʀʤʝʶʱʠʝʩʷ çʦʮʝʥʢʠ ʩʭʦʜʠʤʦʩʪʠè ʠʤʝʶʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [7, 17]) ʠ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʩʣʠʰʢʦʤ ʘʙʩʪʨʘʢʪʥʳʤʠ ʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪʘ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʧʨʠʭʦʜʠʪʩʷ ʧʦʣʘʛʘʪʴʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʧʳʪ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʷʝʤʳʭ ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʟʙʠʝʥʠʷ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ. ʄʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʧʨʠʝʤʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ ʥʝʢʦʪʦʨʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʩ ʚʚʝʜʝʥʠʝʤ ʥʘ ʵʪʠʭ ʬʨʘʛʤʝʥʪʘʭ 

ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ. 

șȩȺɀȮȻȶȩɈ ȺȾȮȵȩ ȵȮȻȷȭȩ ȸȮȹȮȵȮɂȮȶȱȲ 

ʇʦʩʢʦʣʴʢʫ ʚ ʦʩʥʦʚʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʣʦʞʝʥ ʤʝʪʦʜ ʧʝʨʝʤʝʱʝʥʠʡ1, ʪʦ ʠʜʝʘʣʠʟʘʮʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʚ ʬʦʨʤʝ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʘ 

ʠʤʝʥʥʦ: ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʪʝʣ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʠʧʘ (ʩʪʝʨʞʥʝʡ, 

ʧʣʘʩʪʠʥ, ʦʙʦʣʦʯʝʢ ʠ ʪ. ʜ.), ʥʘʟʳʚʘʝʤʳʭ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʫʟʣʦʚʳʤ 

ʪʦʯʢʘʤ. 

ʕʪʠ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʨʘʥʝʝ ʠʟʫʯʝʥʳ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ 

ʠʭ ʨʝʘʢʮʠʶ ʥʘ ʝʜʠʥʠʯʥʳʝ ʩʤʝʱʝʥʠʷ ʠ ʧʦʚʦʨʦʪʳ ʫʟʣʦʚ. ʆʧʠʩʘʥʠʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʦʤʧʣʝʢʩʝ SCAD, ʜʘʥʦ ʚ ʛʣʘʚʝ 3. 

ʋʟʝʣ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʤʝʪʦʜʘ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʛʦ ʪʝʣʘ 

ʠʩʯʝʟʘʶʱʝ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ. ʇʦʣʦʞʝʥʠʝ ʫʟʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʜʝʬʦʨʤʘʮʠʷʭ ʩʠʩʪʝʤʳ ʦʧʨʝ-

ʜʝʣ̫ʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʝʥʪʨʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʪʨʝʭ ʦʩʝʡ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʭ ʩ ʫʟʣʦʤ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʫʟʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʦʙʲʝʢʪ, ʦʙʣʘʜʘʶʱʠʡ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ð ʪʨʝʤʷ ʣʠ-

ʥʝʡʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʢʘʢ ʨʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʠ ʥʝʜʝ-

ʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʠ ʪʨʝʤʷ ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ. ʉ ʫʟʣʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʠ ʜʨʫʛʠʝ ʧʘʨʘ-

ʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶɦʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ). 

ɺ ʤʝʪʦʜʝ ʧʝʨʝʤʝʱʝʥʠʡ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʩʯʠʪʘʶʪʩʷ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʪʦʣʴʢʦ ʢ ʫʟʣʘʤ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ. ʋʢʘʟʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʥʝ ʚʩʝʛʜʘ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚ 

ʫʯʝʙʥʦʡ ʠ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ, ʧʨʠʚʦʜʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʫʩʠʣʠʷ ʢ ʫʟʣʘʤ, ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ 

(ʥʘʧʨʠʤʝʨ, ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ) ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʪʦʣʴʢʦ ʠʥʪʝʛʨʘʣʴʥʦ. ʅʘ ʤʝʞʵʣʝʤʝʥʪʥʳʭ 

                                                      
1 ʀʤʝʝʪʩʷ ʚ ʚʠʜʫ ʦʙʱʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʝʰʘʶʱʠʭ ʫʨʘʚʥʝʥʠʡ, ʛʜʝ ʥʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʤʝʱʝʥʠʷ ʠ ʧʦʚʦʨʦʪʳ 

ʫʟʣʦʚ. ʅʝʢʦʪʦʨʳʝ ʪʠʧʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʛʠʙʨʠʜʥʳʝ ʵʣʝʤʝʥʪʳ) ʚʥʫʪʨʠ ʩʝʙʷ ʠʩʧʦʣʴʟʫʶʪ ʠ ʩʠʣʦʚʳʝ 

ʥʝʠʟʚʝʩʪʥʳʝ, ʥʦ ʦʥʠ ʠʩʢʣʶʯʘʶʪʩʷ ʧʝʨʝʜ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. 
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ʛʨʘʥʠʮʘʭ ʥʝʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʤʳʩʣʷʪʩʷ ʚʦʟʤʦʞʥʳʝ ʨʘʟʨʝʟʳ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʦʙʨʘʱʘʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʪ. ʥ. ʩʚʦʡʩʪʚʦ ʩʦʚʤʝʩʪʥʦʩʪʠ (ʢʦʥʬʦʨʤʥʦʩʪʠ) ʵʣʝʤʝʥʪʦʚ. ʉʦʚʤʝʩʪʥʳʝ ʵʣʝʤʝʥʪʳ 

ʛʘʨʘʥʪʠʨʫʶʪ ʩʦʚʧʘʜʝʥʠʝ ʧʝʨʝʤʝɦ ʝʥʠʡ ʠ ʠʭ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʙʝʨʝʛʘʭ ʨʘʟʨʝʟʘ. ɼʣʷ ʥʝʩʦʚʤʝʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʚʦʟʤʦʞʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʙʝʨʝʛʦʚ ʨʘʟʨʝʟʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʙʠʙʣʠʦʪʝʢʝ ʢʦʤʧʣʝʢʩʘ SCAD ʵʣʝʤʝʥʪʳ ʣʠʙʦ 

ʷʚʣʷʶʪʩʷ ʩʦʚʤʝʩʪʥʳʤʠ, ʣʠʙʦ ʜʣʷ ʥʠʭ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʩʦʚʤʝʩʪʥʦʩʪʠ. 

 

ʈʠʩ. 2.1-1. ʀʟʦʙʨʘʞʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ: ʘ ð ʪʨʘʜʠʮʠʦʥʥʦʝ; ʙ ð ʜʝʪʘʣʴʥʦʝ 

ʋʩʣʦʚʠʷ ʧʨʠʤʳʢʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢ ʫʟʣʘʤ ʥʝ ʚʩʝʛʜʘ ʚʠʜʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʩʧʦʩʦʙʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ. ʊʘʢ, ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 2.1-1, ʘ ʚ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʝ, ʤʦʞʝʪ ʥʘʚʝʩʪʠ ʥʘ ʤʳʩʣʴ ʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʛʦ ʩ 

ʜʨʫʛʠʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʨʠʩ. 2.1-1, ʙ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʪʘʢʦʛʦ 

ʟʘʢʣʯʁʝʥʠʷ. ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ ʜʝʪʘʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʚʠʜʥʳ ʠ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʜʠʥʘʢʦʚʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ ʩʚʷʟʝʡ (ʩʨʘʚʥʠʪʝ ʫʟʣʳ 1 ʠ 4 ʠʣʠ 7 ʠ 8). ʆʜʥʘʢʦ, ʵʪʦʪ ʧʨʠʝʤ ʥʝ 

ʚʩʝʛʜʘ ʙʝʟʦʙʠʜʝʥ. ʅʘʧʨʠʤʝʨ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʘʜʘʯʠ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2.1-2, ʨʘʚʥʦʧʨʘʚʥʳ (ʙʘʣʢʘ, ʟʘʱʝʤʣʝʥʥʘʷ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ 

ʠ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʘʷ ʥʘ ʧʨʘʚʦʤ).  

 

ʈʠʩ. 2.1-2. ɼʚʘ ʚʘʨʠʘʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ 

ʅʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʜʘʥʠʷ ʫʩʠʣʠʡ ʚʘʨʠʘʥʪʳ ʨʘʟʣʠʯʘʶʪʩʷ. ʊʘʢ, ʩʭʝʤʘ ʧʦ ʨʠʩ. 2.1-2, ʘ ʧʝʨʝʜʘʝʪ 

ʟʘʜʘʥʥʳʡ ʚʥʝʰʥʠʡ ʤʦʤʝʥʪ ʄ ʥʘ ʩʪʝʨʞʝʥʴ, ʠ ʫʟʝʣ 2 ʚ ʵʪʦʡ ʩʭʝʤʝ ʙʫʜʝʪ ʠʤʝʪʴ ʧʦʚʦʨʦʪ, ʘ ʩʭʝʤʘ ʧʦ 

ʨʠʩ. 2.1-2, ʙ ʥʝ ʧʝʨʝʜʘʝʪ ʤʦʤʝʥʪ, ʠ ʫʟʝʣ 2 ʵʪʦʡ ʩʭʝʤʳ ʙʫʜʝʪ ʠʤʝʪʴ ʥʫʣʝʚʦʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ. ʏʪʦʙʳ ʠ ʚ 

ʩʭʝʤʝ ʧʦ ʨʠʩ. 2.1-2, ʙ ʚʦʟʥʠʢʘʣ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʩʪʝʨʞʥʝ, ʝʛʦ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʥʝ ʫʟʣʦʚʳʤ, ʘ 

ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʩʪʝʨʞʥʶ ʚ ʩʝʯʝʥʠʠ ʦʢʦʣʦ ʫʟʣʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʩʭʝʤʝ ʧʦ ʨʠʩ. 2.1-2, ʘ ʚ 

ʨʝʟʫʣʪɹʘʪʝ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚ ʪʦʯʢʝ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʫʟʝʣ 2, ʠ ʦʥ ʨʘʚʝʥ ʫʛʣʫ 

ʧʦʚʦʨʦʪʘ ʧʨʘʚʦʛʦ ʢʦʥʮʝʚʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ, ʘ ʚ ʩʭʝʤʝ ʧʦ ʨʠʩ. 2.1-2, ʙ ʧʦʚʦʨʦʪ ʢʦʥʮʝʚʦʛʦ ʩʝʯʝʥʠʷ 

ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʦʤʧʣʝʢʩʝ SCAD ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʳʜʘʯʘ ʟʥʘʯʝʥʠʡ ʪʦʣʴʢʦ ʜʣʷ ʫʟʣʦʚʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʧʦʚʦʨʦʪʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʪʠʧʘ. ʉʧʠʩʦʢ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʤʠ ʦʧʝʨʠʨʫʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʤʦʞʝʪ 

ʚʠʜʦʠʟʤʝʥʷʪʴʩʷ ʠ ʧʦʧʦʣʥʷʪʴʩʷ, ʦʜʥʘʢʦ ʢʘʞʜʦʡ ʝʛʦ ʢʦʥʢʨʝʪʥʦʡ ʚʝʨʩʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 
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ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ð ʙʠʙʣʠʦʪʝʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ɹʂʕ), ʠʟ ʢʦʪʦʨʦʡ ʠ ʚʳʙʠʨʘʶʪʩʷ 

çʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳè ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ. 

ʅʘʢʦʥʝʮ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʫʟʣʳ ʠ ʵʣʝʤʝʥʪʳ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʥʫʤʝʨʫʶʪʩʷ. ʅʦʤʝʨʘ, 

ʧʨʠʩʚʦʝʥʥʳʝ ʠʤ, ʩʣʝʜʫʝʪ ʪʨʘʢʪʦʚʘʪʴ ʪʦʣʴʢʦ ʢʘʢ ʠʤʝʥʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʩʩʳʣʢʠ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʫʟʝʣ, ʛʜʝ ʧʨʠʣʦʞʝʥʘ ʥʝʢʦʪʦʨʘʷ ʥʘʛʨʫʟʢʘ, ʧʝʨʝʯʠʩʣʠʪʴ ʫʟʣʳ, ʢ 

ʢʦʪʦʨʳʤ ʧʨʠʩʦʝʜʠʥʝʥ ʚʧʦʣʥʝ ʢʦʥʢʨʝʪʥʳʡ ʵʣʝʤʝʥʪ, ʩʦʩʪʘʚʠʪʴ ʩʧʠʩʦʢ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʫʟʣʫ (ʵʪʦ ʙʫʜʝʪ ʪ. ʥ. çʟʚʝʟʜʘ ʵʣʝʤʝʥʪʦʚè ʚ ʫʟʣʝ) ʠʣʠ ʚʭʦʜʷʱʠʭ ʚ ʦʧʨʝʜʝʣʝʥʥʫʶ, 

ʥʘʟʥʘʯʝʥʥʫʶ ʥʘʤʠ, ʛʨʫʧʧʫ. ʅʠʢʘʢʠʭ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ ʥʫʤʝʨʘʮʠʷ ʥʝ ʚʳʧʦʣʥʷʝʪ, ʠ ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʣʘʛʦʜʘʨʷ ʠʤʝʶʱʝʡʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʬʠʣʷ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ. ʆʜʥʘʢʦ ʚʳʜʘʯʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʧʦʨʷʜʢʝ ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ (ʧʝʨʝʤʝʱʝʥʠʷ) ʠʣʠ ʵʣʝʤʝʥʪʦʚ (ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ), ʧʦʵʪʦʤʫ ʛʦʚʦʨʠʪʴ ʦ 

ʧʦʣʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʫʤʝʨʘʮʠʠ ʚʩʝ ʞʝ ʥʝ ʧʨʠʭʦʜʠʪʩʷ. 

ȗȺȶȷȫȶɄȮ ȱ ȭȷȸȷȴȶȱȻȮȴɅȶɄȮ ȶȮȱȰȫȮȺȻȶɄȮ 

ʆʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ ʤʝʪʦʜʘ ʧʝʨʝʤʝʱʝʥʠʡ ʚʳʙʠʨʘʝʪʩʷ, ʢʘʢ ʦʙʳʯʥʦ, ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʚ ʢʘʞʜʦʤ ʫʟʣʝ 

ʚʩʝʭ ʩʚʷʟʝʡ, ʟʘʧʨʝʱʘʶʱʠʭ ʣʶʙʳʝ ʫʟʣʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ. ʋʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʫʩʠʣʠʡ ʚ ʵʪʠʭ 

ʩʚʷʟʷʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʨʝʰʘʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʘ ʩʤʝʱʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʩʚʷʟʝʡ ð 

ʦʩʥʦʚʥʳʝ ʥʝʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʘ ʧʝʨʝʤʝʱʝʥʠʡ. 

ɺ ʦʙʳʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚ ʫʟʣʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚʩʝ ʰʝʩʪʴ ʩʤʝʱʝʥʠʡ: 

1 ð ʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʜʦʣʴ ʦʩʠ X; 

2 ð ʪʦ ʞʝ, ʚʜʦʣʴ ʦʩʠ Y; 

3 ð ʪʦ ʞʝ, ʚʜʦʣʴ ʦʩʠ Z; 

4 ð ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʩ ʚʝʢʪʦʨʦʤ ʚʜʦʣʴ ʦʩʠ X (ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ X); 

5 ð ʪʦ ʞʝ, ʚʜʦʣʴ ʦʩʠ Y (ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ Y); 

6 ð ʪʦ ʞʝ, ʚʜʦʣʴ ʦʩʠ Z (ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ Z). 

ʅʫʤʝʨʘʮʠʷ ʩʤʝʱʝʥʠʡ (ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ), ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʣʝʝ ʚʩʶʜʫ ʙʝʟ 

ʩʧʝʮʠʘʣʴʥʳʭ ʦʛʦʚʦʨʦʢ, ʘ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʤʚʦʣʳ: X, Y, Z, UX, 

UY ʠ UZ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ. ɽʩʣʠ 

ʚ ʥʝʢʦʪʦʨʦʤ ʫʟʣʝ ʢʘʢʦʝ-ʣʠʙʦ ʠʟ ʧʝʨʝʤʝʱʝʥʠʡ ʥʝ ʚʣʠʷʝʪ ʥʘ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʵʪʦʤʫ ʫʟʣʫ (ʥʘʧʨʠʤʝʨ, ʧʦʚʦʨʦʪʳ ʫʟʣʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʤʳʢʘʶʪ ʪʦʣʴʢʦ ʩʪʝʨʞʥʠ ʩ 

ʰʘʨʥʠʨʘʤʠ ʥʘ ʢʦʥʮʘʭ, ʢʘʢ ʵʪʦ ʙʳʚʘʝʪ ʧʨʠ ʨʘʩʯʝʪʝ ʬʝʨʤ), ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʝʨʝʤʝʱʝʥʠʝ ʥʝ 

ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʦʩʥʦʚʥʳʭ ʥʝʠʟʚʝʩʪʥʳʭ. 

ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʚʩʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ ʚ ʢʘʞʜʦʤ ʝʝ ʫʟʣʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʦʢʨʘʱʝʥʥʳʡ ʥʘʙʦʨ ʥʝʠʟʚʝʩʪʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠʣʠ ʪʦʯʥʝʝ ð 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʝʨʝʤʝʱʝʥʠʡ ʥʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʨʝʜʠ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʥʠ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ ʩʠʩʪʝʤʳ. 

ʊʦʛʜʘ ʤʦʞʥʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ (ʧʨʠʟʥʘʢ ʩʠʩʪʝʤʳ) ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʟʥʘʯʠʪʴ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʦʧʝʨʠʨʦʚʘʪʴ ʩ ʥʝʢʦʪʦʨʳʤʠ ʠʟ ʧʝʨʝʤʝʱʝʥʠʡ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʨʠʤʝʨʦʚ: 

¶ ʧʣʦʩʢʘʷ ʬʝʨʤʘ, ʨʘʟʤʝʱʝʥʥʘʷ ʚ ʧʣʦʩʢʦʩʪʠ XOZ ð ʤʦʞʥʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʟʘʚʝʜʦʤʦ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʩʠ Y ʠ ʚʩʝ ʫʛʣʳ ʧʦʚʦʨʦʪʘ (UX, UY, UZ); 

¶ ʧʣʠʪʘ ʚ ʧʣʦʩʢʦʩʪʠ XOY ð ʠʩʢʣʶʯʘʶʪʩʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʩʝʡ X ʠ Y ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ UZ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʟʣʫ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 

(ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʝʠʟʚʝʩʪʥʳʝ), ʢʦʪʦʨʳʝ ʫʞʝ ʥʝ ʦʪʦʞʜʝʩʪʚʣʷʶʪʩʷ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʣʠʥʝʡʥʳʭ ʠʣʠ 

ʫʛʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʘ ʢʘʢ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʞʝʩʪʢʦʛʦ ʪʝʣʘ ʚ ʪʦʯʢʝ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʮʝʥʪʨʦʤ 

ʫʟʣʘ. ʊʘʢʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʝʠʟʚʝʩʪʥʳʤ, ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ ʚʪʦʨʘʷ ʩʤʝʰʘʥʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ 

(ʢʨʫʯʝʥʠʝ) ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʳ ʠʣʠ ʢʦʤʧʦʥʝʥʪʳ ʜʝʬʦʨʤʘʮʠʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ 

ʠ ʦʙʞʘʪʠʷ ʚ ʩʣʦʠʩʪʳʭ ʢʫʩʦʯʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʢʘʭ. 

ȋȶȮɁȶȱȮ ȱ ȫȶȼȻȹȮȶȶȱȮ ȺȫɈȰȱ  

ɺ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʠʟ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʣʦʞʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ (ʩʚʷʟʠ). ɻʦʚʦʨʷʪ, ʯʪʦ ʥʘ ʩʠʩʪʝʤʫ ʥʘʣʦʞʝʥʘ ʤʦʥʦʩʚʷʟ,ɹ ʝʩʣʠ ʦʥʘ ʟʘʧʨʝɦ ʘʝʪ 

ʦʜʥʫ ʠʟ ʢʦʤʧʦʥʝʥʪ ʫʟʣʦʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ (ʥʘʧʨʠʤʝʨ, X = 0 ʠʣʠ UY = 0). ɽʩʣʠ ʞʝ ʚ ʩʠʣʫ ʥʘʣʦʞʝʥʥʦʡ 

ʥʘ ʩʠʩʪʝʤʫ ʩʚʷʟʠ ʘʥʥʫʣʠʨʫʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʢʦʤʧʦʥʝʥʪ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, 

ʪʦ ʛʦʚʦʨʷʪ ʦ ʧʦʣʠʩʚʷʟʠ [13]. ʄʦʥʦʩʚʷʟʴ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʝʡ ʩʚʷʟʴʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʢʘʢ ʙʳ 
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ʠʟʚʥʝ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʝ ʧʝʨʝʤʝʱʝʥʠʷ. ʇʦʣʠʩʚʷʟʴ, ʥʘʣʦʞʝʥʥʘʷ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʫʟʣʦʚʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʫʟʣʘ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʝʡ, ʪʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʝ ʟʘʧʨʝʱʝʥʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ, ʘ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ (ʥʘʧʨʠʤʝʨ, 

ʧʦʣʠʩʚʷʟʴ Xicosj + Yisinj = 0 ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʦʜ ʫʛʣʦʤ j ʢ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʠ X). ɼʨʫʛʠʝ ʧʦʣʠʩʚʷʟʠ, 

ʛʜʝ ʬʠʛʫʨʠʨʫʶʪ ʢʦʤʧʦʥʝʥʪʳ ʧʝʨʝʤʝʱʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʫʟʣʦʚ, ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʯʘʱʝ ʚʩʝʛʦ 

ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʣʠʯʠʝʤ ʚ ʩʠʩʪʝʤʝ (ʚ ʝʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ) ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʩʣʝʜʫʝʪ ʦʧʘʩʘʪʴʩʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʙʝʩʢʦʥʝʯʥʦ ʞʝʩʪʢʠʝ ʵʣʝʤʝʥʪʳ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʩʚʷʟʠ, ʥʝ ʦʙʨʘʟʦʚʘʣʠ ʩʪʘʪʠʯʝʩʢʠ 

ʥʝʦʧʨʝʜʝʣʠʤʫʶ ʩʠʩʪʝʤʫ, ʥʘʧʨʠʤʝʨ, ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ. ʉʠʩʪʝʤʘ ʪʦʛʜʘ ʩʪʘʥʦʚʠʪʩʷ ʚʳʨʦʞʜʝʥʥʦʡ, ʘ 

ʫʩʠʣʠʷ ʚ ʥʝʡ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ. 

ɼʨʫʛʦʡ, ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ, ʦʧʘʩʥʦʩʪʴʶ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ 

ʷʚʣʷʝʪʩʷ ʧʨʦʧʫʩʢ ʩʚʷʟʠ, ʪ. ʝ. ʦʪʩʫʪʩʪʚʠʝ ʟʘʧʨʝʪʘ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʷʚʣʝʥʠʶ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʟʤʝʥʷʝʤʦʩʪʠ. ɺ ʢʦʤʧʣʝʢʩʝ SCAD ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʟʤʝʥʷʝʤʦʩʪʠ ʠ, ʚ ʩʣʫʯʘʝ ʝʝ ʦʙʥʘʨʫʞʝʥʠʷ, ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʭʝʤʳ 

ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʷʟʝʡ. ʆʜʥʘʢʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʧʦʤʥʠʪʴ ʦ ʪʦʤ, ʯʪʦ 

ʠʟʤʝʥʷʝʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʝʛʦ ʥʝʜʦʩʤʦʪʨʘ ʠ ʚʥʠʤʘʪʝʣʴʥʦ ʦʮʝʥʠʚʘʪʴ çʫʩʣʫʛʫè ʩʠʩʪʝʤʳ 

ʧʦ ʠʩʧʨʘʚʣʝʥʠʶ ʦʙʥʘʨʫʞʝʥʥʦʡ ʦʰʠʙʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʧʨʘʚʝʜʣʠʚʘ ʣʠʰʴ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʨʝʘʢʮʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʷʟʷʭ ʨʘʚʥʳ ʥʫʣʶ, ʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʘʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʥʝ ʜʝʡʩʪʚʫʝʪ ʥʘʛʨʫʟʢʘ. 

ʈʘʩʯʝʪ ʩʠʩʪʝʤʳ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʣʦʞʝʥʳ ʤʦʥʦʩʚʷʟʠ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ð ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʫʟʣʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʯʠʩʣʘ ʦʩʥʦʚʥʳʭ ʥʝʠʟʚʝʩʪʥʳʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʦʡ ʧʨʦʩʪʦʪʦʡ 

ʚʦʟʥʠʢʘʝʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʪʨʝʤʣʝʥʠʝ ʦʧʠʩʘʪʴ ʚ ʚʠʜʝ ʤʦʥʦʩʚʷʟʝʡ ʠ ʪʝ ʚʥʝʰʥʠʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ 

ʟʘʧʨʝʱʘʶʪ ʧʝʨʝʤʝʱʝʥʠʷ ʠʣʠ ʧʦʚʦʨʦʪʳ, ʥʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ. 

ʄʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʟʘʧʨʝʪʠʪʴ ʣʶʙʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʥʝʢʦʪʦʨʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʜʘʚ ʠʤ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʞʝʩʪʢʦʩʪʴ, ʦʜʥʘʢʦ ʪʘʢʦʡ ʧʨʠʝʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ, ʭʦʪʷ ʠ ʠʤʝʝʪ ʪʦ 

ʧʨʝʠʤʫʱʝʩʪʚʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʢʮʠʶ ʚʚʝʜʝʥʥʦʡ ʩʚʷʟʠ. ɹʦʣʝʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ çʥʫʣʴ-ʵʣʝʤʝʥʪʦʚè, ʢʦʪʦʨʳʝ, ʢʨʦʤʝ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, 

ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʥʘ ʟʘʜʘʥʥʦʝ ʩʤʝʱʝʥʠʝ [12]. 

ȜȺȴȷȫȱɈ ȺȷȸȹɈȯȮȶȱɈ ɆȴȮȵȮȶȻȷȫ Ⱥ ȼȰȴȩȵȱ ȺȱȺȻȮȵɄ 

ʇʨʠʤʳʢʘʶʱʠʝ ʢ ʫʟʣʘʤ ʩʠʩʪʝʤʳ ʫʟʣʳ (ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʢʦʥʮʝʚʳʭ ʩʝʯʝʥʠʷʭ ʩʪʝʨʞʥʝʡ) ʵʣʝʤʝʥʪʦʚ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘ ʫʟʣʘ ʩʭʝʤʳ, ʪ. ʝ. ʤʦʞʝʪ ʠʤʝʪʴ 

ʤʝʩʪʦ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʧʨʠʤʳʢʘʥʠʷ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʪʝʭ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʪʘʢʦʡ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʜʦʧʫʩʪʠʤ, ʫʟʝʣ (ʢʦʥʮʝʚʦʝ ʩʝʯʝʥʠʝ) ʵʣʝʤʝʥʪʘ ʩʦʝʜʠʥʝʥ ʩ ʮʝʥʪʨʦʤ ʫʟʣʘ ʩʭʝʤʳ 

ʙʝʩʢʦʥʝʯʥʦ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʦʡ, ʠ ʵʪʘ ʚʩʪʘʚʢʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʩʤ. ʦʧʠʩʘʥʠʝ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʝʨʞʥʝʚʦʛʦ ʪʠʧʘ ʚ ʛʣʘʚʝ 3 ɹʠʙʣʠʦʪʝʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ). 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʫʧʦʤʷʥʫʪʦʡ ʙʝʩʢʦʥʝʯʥʦ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʠ ʧʝʨʝʤʝʱʝʥʠʝ 

ʢʦʥʮʝʚʦʛʦ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʥʝ ʨʘʚʥʦ ʧʝʨʝʤʝʱʝʥʠʶ ʫʟʣʘ ʩʭʝʤʳ (ʦʥʦ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʠ ʦʪ ʫʟʣʦʚʳʭ 

ʧʦʚʦʨʦʪʦʚ), ʘ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʫʟʣʘ ʠ ʢʦʥʮʝʚʦʛʦ ʩʝʯʝʥʠʷ ʩʦʚʧʘʜʘʶʪ.  

ʅʝʩʦʚʧʘʜʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ (ʧʦʚʦʨʦʪʦʚ) ʫʟʣʘ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʟʣʦʤ ʩʭʝʤʳ ʢʦʥʮʝʚʦʛʦ ʩʝʯʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʠ ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʤʳʢʘʥʠʷ. ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʢʨʝʧʣʝʥʳ ʩʚʦʠʤʠ ʫʟʣʘʤʠ ʢ ʮʝʥʪʨʘʤ ʫʟʣʦʚ ʩʭʝʤʳ ʰʝʩʪʴʶ ʩʚʷʟʷʤʠ, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ ʰʝʩʪʠ ʚʦʟʤʦʞʥʳʭ ʚʟʘʠʤʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʪʦ ʤʦʞʥʦ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʩʝʙʝ ʠ ʦʪʩʫʪʩʪʚʠʝ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʰʝʩʪʠ ʩʚʷʟʝʡ. ʆʪʩʫʪʩʪʚʠʝ ʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʫʛʣʦʚʳʤʠ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤʫ ʰʘʨʥʠʨʫ, ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʭ ʩʚʷʟʝʡ ʜʣʷ ʚʩʝʭ ʚʟʘ-

ʠʤʥʳʭ ʫʛʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ð ʩʬʝʨʠʯʝʩʢʦʤʫ ʰʘʨʥʠʨʫ, ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤʠ ʩʤʝ-

ʝɦʥʠʷʤʠ ð çʧʦʣʟʫʥʫè ʠ ʪ. ʧ. ɼʣʷ ʢʨʘʪʢʦʩʪʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʩʝ ʪʘʢʠʝ ʩʣʫʯʘʠ ʥʘʟʳʚʘʶʪʩʷ çh ʘʨ-

ʥʠʨʘʤʠè, ʭʦʪʷ ʚ ʵʪʦʤ ʝʩʪʴ ʠ ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʝʪʦʯʥʦʩʪʴ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʩ ʫʟʣʘʤʠ ʠ ʩʚʷʟʝʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʫʟʣʦʚʳʝ ʧʝ-

ʨʝʤʝʱʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʦʧʠʩʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩ. 2.1-1. 

ʈʝʢʦʤʝʥʜʫʝʤ ʩʨʘʚʥʠʪʴ ʨʘʚʥʦʮʝʥʥʳʝ, ʥʦ ʧʦ-ʨʘʟʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʤʳʢʘʥʠʷ ʚ ʧʘʨʘʭ 

ʫʟʣʦʚ 1 ʠ 4 ʠʣʠ 7 ʠ 8. 
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ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʥʝʧʦʣʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʘ ʵʣʝ-

ʤʝʥʪʘ ʠ ʫʟʣʘ ʩʭʝʤʳ, ʨʘʚʥʦ ʢʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʮʝʥʪʨʠʯʥʦʛʦ ʧʨʠʤʳʢʘʥʠʷ, ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʥʝ ʜʣʷ 

ʚʩʝʭ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʠʟ 

ʦʧʠʩʘʥʠʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʭʦʜ ʠʤʝʶʱʠʭʩʷ ʟʘʧʨʝʪʦʚ ʚʦʟʤʦʞʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʭ ʧʨʠʝʤʦʚ (ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ, ʚʝʩʴʤʘ ʧʦʜʘʪʣʠʚʳʭ ʵʣʝʤʝʥʪʦʚ-ʩʚʷʟʝʡ ʠ ʜʨ.). 

ȍȮȸȴȩȶȩȿȱɈ ȻȷȶȳȷȺȻȮȶȶɄȾ ȺȻȮȹȯȶȮȲ 

ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʫʟʣʘ 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʚʝʜʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʝʨʞʥʝʡ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʠʭ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʨʫʯʝʥʠʷ ʪʘʢʠʭ ʩʪʝʨʞʥʝʡ. ʇʨʦʩʪʝʡʰʝʡ ʠʣʣʶʩʪʨʘʮʠʝʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʚʝʜʝʥʠʝ 

ʟʘʢʨʫʯʝʥʥʦʛʦ ʜʚʫʪʘʚʨʘ (ʨʠʩ. 2.1-3), ʛʜʝ ʢʨʫʯʝʥʠʝ ʚʦʟʥʠʢʣʦ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʧʘʨʳ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ 

ʢ ʧʦʣʢʘʤ, ʠ ʵʪʠ ʩʠʣʳ ʠʟʛʠʙʘʶʪ ʧʦʣʢʠ. ɽʩʣʠ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʧʨʠ ʠʟʛʠʙʝ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʦʙʳʯʥʳʡ 

ʩʪʝʨʞʝʥʴ, ʪʦ ʛʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʣʦʢʘʣʴʥʦ (ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʡ ʧʦʣʢʠ), ʘ ʥʝ ʚ 

ʮʝʣʦʤ ʜʣʷ ʜʚʫʪʘʚʨʘ.  

 

ʈʠʩ. 2.1-3. ʂʨʫʯʝʥʠʝ ʜʚʫʪʘʚʨʘ 

ʀʟʛʠʙ ʢʘʞʜʦʡ ʧʦʣʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʡʩʪʚʫʶʱʠʤ ʚ ʥʝʡ ʤʦʤʝʥʪʦʤ, ʘ ʥʘ ʩʝʯʝʥʠʝ ʜʚʫʪʘʚʨʘ ʚ 

ʮʝʣʦʤ ʜʝʡʩʪʚʫʝʪ ʧʘʨʘ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʚʝʣʠʯʠʥʝ, ʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦ ʟʥʘʢʫ ʤʦʤʝʥʪʦʚ, ʠʟʛʠʙʘʶʱʠʭ 

ʧʦʣʢʠ. ʉʫʤʤʘʨʥʦ ʵʪʘ ʧʘʨʘ ʩʪʘʪʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʘ ʥʫʣʶ ʠ ʦʙʨʘʟʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʙʠʤʦʤʝʥʪ [2]. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʨʪʠʥʘ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʪʝʩʥʝʥʥʦʛʦ ʢʨʫʯʝʥʠʷ 

ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʡ. 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʙʠʤʦʤʝʥʪ ʚʳʟʳʚʘʝʪ ʚ ʩʪʝʨʞʥʝ ʧʨʦʜʦʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʥʝʢʦʪʦʨʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʪʨʝʙʫʶʪ ʚʳʧʦʣʥʷʪʴ ʧʨʦʚʝʨʢʫ ʧʨʦʯʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ ʪʠʧʘ 
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ʪʦ ʝʩʪʴ ʩ ʫʯʝʪʦʤ ʥʝ ʪʦʣʴʢʦ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ N, ʤʦʤʝʥʪʦʚ My, Mz , ʥʦ ʠ ʩ ʫʯʝʪʦʤ ʙʠʤʦʤʝʥʪʘ B.   

ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʦʚʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʯʝʥʠʷ: ʩʝʢʪʦʨʠʘʣʴʥʘʷ 

ʧʣʦʱʘʜʴ w ʠ ʩʝʢʪʦʨʠʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ Iw. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ʊʆʅʋʉ. 

ɺ ʜʨʫʛʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʫʧʦʤʷʥʫʪʳʝ ʥʘʧʨʷʞʝʥʠʷ ʫʢʘʟʘʥʳ ʪʝʢʩʪʫʘʣʴʥʦ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʨʘʟʜʝʣ (4) ʧʫʥʢʪʘ 6.2.7 ɽʚʨʦʢʦʜʘ-3 ʛʦʚʦʨʠʪ: 

çʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʢʨʫʯʝʥʠʠ: 

¶  ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ tt,Ed, ʚʳʟʚʘʥʥʳʝ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ ʉʝʥ-ɺʝʥʘʥʘ Tt,Ed; 

¶  ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ sw,Ed, ʚʳʟʚʘʥʥʳʝ ʙʠʤʦʤʝʥʪʦʤ BEd, ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ tw,Ed, 

ʚʳʟʚʘʥʥʳʝ ʩʪʝʩʥʝʥʥʳʤ ʢʨʫʯʝʥʠʝʤ Tw,Edè. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ  

ʇʨʠ ʨʘʩʯʝʪʝ ʨʘʤʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʵʣʝʤʝʥʪʦʚ, ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʠʝʡ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʝʨʞʥʝʡ [2], ʥʝ ʫʜʘʝʪʩʷ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʝʨʝʜʘʯʫ ʙʠʤʦʤʝʥʪʦʚ ʚ ʫʟʣʘʭ ʨʘʤʳ. ʇʨʠ 

ʨʘʩʯʝʪʝ çʦʙʳʯʥʳʭè ʩʠʩʪʝʤ ʤʦʞʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 
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ʫʟʝʣ ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʥʝʤʫ ʵʣʝʤʝʥʪʦʚ. ʅʦ ʙʠʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʩʪʘʪʠʯʝʩʢʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʥʫʣʶ, ʠ ʫʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʥʫʣʠ ʤʳ ʥʝ ʫʤʝʝʤ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ 

ʩʦʝʜʠʥʝʥʠʡ ʜʚʫʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ çʧʦ ʧʨʷʤʦʡè (ʢʘʢ ʥʘ ʦʧʦʨʝ ʥʝʨʘʟʨʝʟʥʦʡ ʙʘʣʢʠ), ʠʩʭʦʜʷ ʠʟ 

ʧʨʦʩʪʝʡʰʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʩʠʤʤʝʪʨʠʠ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʨʘʚʝʥʩʪʚʝ ʙʠʤʦʤʝʥʪʦʚ. ʅʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʥʫʞʥʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, ʦʪʣʠʯʥʫʶ ʦʪ ʦʜʠʥʦʯʥʦʛʦ ʪʦʥʢʦʩʪʝʥʥʦʛʦ 

ʩʪʝʨʞʥʷ ʠʣʠ ʥʝʨʘʟʨʝʟʥʦʡ ʙʘʣʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʨʝʜʣʘʛʘʣʦʩʴ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʩʤ. ʥʘʧʨʠʤʝʨ [11, 21, 31, 32 ʠ ʜʨ.]), ʢʦʛʜʘ ʩʪʝʨʞʥʝʚʫʶ ʩʠʩʪʝʤʫ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ 

ʩʦʩʪʘʚʣʝʥʥʫʶ ʠʟ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʦʙʲʝʤʫ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʝʝ ʧʦʜʛʦʪʦʚʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ ʪʨʫʜʥʦ ʫʚʷʟʘʪʴ 

ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʛʜʝ ʚʩʝ ʧʨʦʚʝʨʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʪʝʨʞʥʝʚʦʡ ʤʦʜʝʣʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʧʳʪʢʘ ʚʳʜʝʣʠʪʴ ʚ ʪʘʢʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʫʟʣʦʚʦʝ ʩʦʧʨʷʞʝʥʠʝ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʠʤʝʷ ʚ ʚʠʜʫ ʧʨʠʚʳʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʟʣʝ ʢʘʢ ʦ ʪʦʯʝʯʥʦʤ ʦʙʲʝʢʪʝ, ʦʢʘʟʳʚʘʝʪʩʷ 

ʙʝʟʫʩʧʝʰʥʦʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʘ ʥʝ ʫʜʘʝʪʩʷ ʫʢʘʟʘʪʴ ʦʪʚʝʯʘʶʱʠʡ ʪʝʦʨʠʠ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʝʨʞʥʝʡ ʮʝʥʪʨ ʫʟʣʘ, ʪ.ʝ. ʪʦʯʢʫ, ʚ ʢʦʪʦʨʦʡ ʧʝʨʝʩʝʢʘʶʪʩʷ ʦʩʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ 

ʮʝʥʪʨʳ ʠʟʛʠʙʘ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʩʪʝʨʞʥʝʡ, ʦʙʨʘʟʫʶʱʠʭ ʫʟʝʣ.  

ʋʩʧʝʰʥʦʡ ʦʢʘʟʘʣʘʩʴ ʠʜʝʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʧʠʦʥʝʨʩʢʦʡ ʨʘʙʦʪʝ ʐʤʠʜʪʘ [35], ʛʜʝ ʧʨʝʜʣʘʛʘʣʦʩʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʦʩʢʠʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʪʦʣʴʢʦ ʚ ʟʦʥʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʘ, ʘ ʚʥʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʘ 

ï ʪʦʥʢʦʩʪʝʥʥʳʝ ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʘʚʪʦʨ ʠʩʧʦʣʴʟʦʚʘʣ ʥʝʢʦʪʦʨʳʡ 

ʘʥʘʣʦʛ ʩʫʧʝʨʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʟʳʤʘʶʪʩʷ çʚʥʫʪʨʝʥʥʠʝè 

ʥʝʠʟʚʝʩʪʥʳʝ, ʘ ʩʠʩʪʝʤʘ ʨʘʟʨʝʰʘʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʦʧʝʨʠʨʫʝʪ ʪʦʣʴʢʦ ʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ 

(ʩʪʳʢʦʚʦʯʥʳʤʠ) ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʄʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʥʘ ʧʨʠʥʫʜʠʪʝʣʴʥʫʶ ʜʝʧʣʘʥʘʮʠʶ ʩʝʯʝʥʠʷ ʥʘ ʩʪʳʢʝ ʩ ʧʨʠʤʳʢʘʶʱʠʤʠ ʩʪʝʨʞʥʷʤʠ.   

ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʫʟʣʦʚʦʛʦ ʩʫʧʝʨʵʣʝʤʝʥʪʘ ʨʘʟʚʠʚʘʣʘʩʴ ʚ ʪʨʫʜʘʭ [23, 28, 

29, 36, 39]. ʇʦʥʷʪʠʝ ʩʫʧʝʨʵʣʝʤʝʥʪʘ ʫʟʣʘ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʫʩʠ-

ʣʠʷʤʠ ʠ ʜʝʬʦʨʤʘʮʠʝʡ ʫʟʣʘ ʠ ʪʦʨʮʝʚʳʤʠ ʩʝʯʝʥʠʷʤʠ ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʥʝʤʫ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʝʨʞʥʝʡ.  

ɺ ʨʘʤʢʘʭ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʄʘʢʬʝʜʨʘʥ ʠ ɻʨʦʜʠʥ [25] ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʠ ʧʦʚʦʨʦʪʘʤʠ 

çʪʦʯʝʯʥʦʛʦ ʫʟʣʘè, ʘ ʯʝʨʝʟ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʫʶ ʤʦʜʝʣʴ ʩʫʧʝʨʵʣʝʤʝʥʪʘ ʧʝʨʝʜʘʶʪʩʷ ʜʝʧʣʘʥʘʮʠʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʙʠʤʦʤʝʥʪʳ ʪʦʨʮʝʚʳʭ ʩʝʯʝʥʠʡ ʧʨʠʤʳʢʘʶʱʠʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʝʨʞʥʝʡ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʧʣʘʥʘʮʠʠ 

ɺʥʝʰʥʠʤʠ ʫʟʣʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʫʧʝʨʵʣʝʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʫʟʣʳ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʤʳʢʘʶʪ 

ʪʦʨʮʝʚʳʝ ʩʝʯʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʩʪʝʨʞʥʷ. ʕʪʠ ʫʟʣʳ ʧʝʨʝʜʘʶʪ ʙʠʤʦʤʝʥʪʳ, ʘ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ 

ʜʦʣʞʥʳ ʜʦʧʫʩʢʘʪʴ ʜʝʬʦʨʤʘʮʠʶ ʜʝʧʣʘʥʘʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʧʨʠʤʳʢʘʶʱʝʤ ʪʦʨʮʝ 

ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʩʪʝʨʞʥʷ.  

ʄʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʫʟʣʦʚʦʛʦ ʩʫʧʝʨʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʧʣʘʥʘʮʠʡ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʩʭʝʤʘʪʠʯʝʩʢʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (2.1.1). 
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ʕʣʝʤʝʥʪʳ ( )1 2, , , ...,
jk

d j k m=  ʵʪʦʡ ʤʘʪʨʠʮʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʦʙʱʝʡ ʧʨʦʮʝʜʫʨʝ ʝʜʠʥʠʯʥʳʭ 

ʧʨʠʥʫʜʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʛʨʫʞʝʥʠʡ, ʚ ʢʘʞʜʦʤ ʠʟ 

ʢʦʪʦʨʳʭ ʦʜʥʦʤʫ ʠʟ ʪʦʨʮʝʚʳʭ ʩʝʯʝʥʠʡ ʟʘʜʘʝʪʩʷ ʝʜʠʥʠʯʥʘʷ ʜʝʧʣʘʥʘʮʠʷ Di=1 ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʝʘʢʪʠʚʥʳʝ ʙʠʤʦʤʝʥʪʳ jk
d . 

ʀʟ ʪʝʦʨʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʪʝʨʞʥʝʡ [2, ʩʪʨ. 25] ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʜʝʧʣʘʥʘʮʠʠ ʩʝʯʝʥʠʷ 

ʧʨʦʜʦʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ u ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ ʩʪʝʨʞʥʷ ʠʟʤʝʥʷʶʪʩʷ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ 

ʩʝʢʪʦʨʠʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ  
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() ()
d

u s s
dx

q
w=- ,                                                                 (2.1.2) 

ʛʜʝ q - ʫʛʦʣ ʟʘʢʨʫʯʠʚʘʥʠʷ, w - ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʧʣʦʱʘʜʴ. 

ɽʩʣʠ ʜʝʧʣʘʥʘʮʠʷ D d dx= q  ʨʘʚʥʘ ʝʜʠʥʠʮʝ (D=1/ʤ), ʪʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʥʪʫʨʘ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʯʠʩʣʝʥʥʦ ʩʦʚʧʘʜʘʶʪ ʩʦ ʚʟʷʪʦʡ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ ʵʧʶʨʦʡ ʩʝʢʪʦʨʠʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʝʜʠʥʠʯʥʦʡ ʜʝʧʣʘʥʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʧʝʨʝʤʝʱʝʥʠʷ u ʯʠʩʣʝʥʥʦ ʨʘʚʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤ ïw.  

ʇʦʣʴʩʢʘʷ ʰʢʦʣʘ ʨʘʩʯʝʪʦʚ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʟʘʜʘʥʠʝ ʜʝʧʣʘʥʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [36], ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʙʝʩʢʦʥʝʯʥʦ ʞʝʩʪʢʠʭ ʪʝʣ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ 

ʫʟʣʘʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʝ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʪʦʥʢʦʩʪʝʥʥʳʡ ʩʪʝʨʞʝʥʴ (ʨʠʩ. 2.1-4).  

 
ʈʠʩ. 2.1-4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʞʝʩʪʢʦʛʦ ʪʝʣʘ 

ʕʪʠ ʪʝʣʘ ʩʦʝʜʠʥʷʶʪ ʦʜʠʥ ʥʝʟʘʚʠʩʠʤʳʡ ʫʟʝʣ (çʚʝʜʫʱʠʡè) ʩ ʧʝʨʝʤʝʥʥʳʤ ʯʠʩʣʦʤ ʟʘʚʠʩʠʤʳʭ 

ʫʟʣʦʚ (çʚʝʜʦʤʳʭè). ʇʦʩʢʦʣʴʢʫ ʞʝʩʪʢʦʝ ʪʝʣʦ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʢʠ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʴ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʢʨʦʤʢʠ, ʪʦ ʚ ʪʘʢʦʤ ʞʝʩʪʢʦʤ ʪʝʣʝ ʩʚʷʟʳʚʘʶʪʩʷ ʪʦʣʴʢʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʩʪʝʨʞʥʷ. ʏʪʦʙʳ ʩʤʦʜʝʣʠʨʦʚʘʪʴ 

ʝʜʠʥʠʯʥʫʶ ʜʝʧʣʘʥʘʮʠʶ, ʪʨʝʙʫʝʪʩʷ ʚʝʜʫʱʠʤ ʫʟʣʘʤ ʞʝʩʪʢʠʭ ʪʝʣ ʟʘʜʘʪʴ ʩʤʝʱʝʥʠʷ ʠ ʧʦʚʦʨʦʪʳ, ʢʘʢ 

ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1-5. 

 

ʈʠʩ. 2.1-5. ʀʤʠʪʘʮʠʷ ʝʜʠʥʠʯʥʦʡ ʜʝʧʣʘʥʘʮʠʠ: ʘ - ʵʧʶʨʘ ʩʝʢʪʦʨʠʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ,  

ʙ - ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ ʟʘʜʘʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʜʫʱʠʭ ʫʟʣʦʚ , ʚ ï ʨʝʘʢʮʠʠ ʚ ʩʚʷʟʷʭ  

ɸ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʦʟʥʠʢʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʪʘʢʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚ 

ʚʝʜʫʱʠʭ ʫʟʣʘʭ ʞʝʩʪʢʠʭ ʪʝʣ ʩʣʝʜʫʝʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʷʟʠ, ʘ ʠʤʝʥʥʦ: 
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¶ ʩʚʷʟʴ, ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ ʩʤʝʱʝʥʠʶ ʚʜʦʣʴ ʦʩʠ ʧʨʠʤʳʢʘʶʱʝʛʦ ʩʪʝʨʞʥʷ (ʥʦʨʤʘʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʣʦʩʢʦʩʪʠ ʪʦʨʮʝʚʦʛʦ ʩʝʯʝʥʠʷ;  

¶ ʩʚʷʟʴ, ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʞʝʩʪʢʦʛʦ ʪʝʣʘ ʚʦʢʨʫʛ ʦʩʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʣʘʩʪʠʥʢʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʚʝʜʝʥʥʳʝ ʞʝʩʪʢʠʝ ʪʝʣʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʤʝʱʝʥʠʝ ʪʦʨʮʝʚʦʛʦ ʩʝʯʝʥʠʷ 

ʪʦʣʴʢʦ çʩʚʦʝʡè ʧʣʘʩʪʠʥʢʠ, ʧʦʵʪʦʤʫ ʨʘʟʣʠʯʥʳʝ ʞʝʩʪʢʠʝ ʪʝʣʘ ʥʝ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʙʱʠʭ ʫʟʣʦʚ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʩʣʝʜʫʝʪ ʚʥʝʩʪʠ ʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʨʘʟʙʠʝʥʠʝ, ʠʩʧʦʣʴʟʫʷ, 

ʥʘʧʨʠʤʝʨ, ʪʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ SCAD, ʢʘʢ ʦʪʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʦʪ ʫʟʣʘ. 

ɹʦʣʝʝ ʫʜʦʙʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʝʧʣʘʥʘʮʠʶ ʣʠʥʝʡʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʫʟʣʦʚ ʪʦʨʮʝʚʦʛʦ ʩʝʯʝʥʠʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʫʟʣʘ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʨʘʟʣʠʯʥʳʤ ʙʝʩʢʦʥʝʯʥʦ ʞʝʩʪʢʠʤ ʪʝʣʘʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʷʪʴ ʪʨʝʙʫʝʤʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʠ ʩʤʝʱʝʥʠʝ ʚʝʜʫʱʝʛʦ ʫʟʣʘ. 

ɽʩʣʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʪʳʢʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʩʫʧʝʨʵʣʝʤʝʥʪʘ ʠʤʝʝʪ m ʫʟʣʦʚ, ʪʦ 

ʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʘʚʘʪʴ ʩʤʝʱʝʥʠʷ ïwi (i=1,é, m) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ ʧʨʠʤʳʢʘʶʱʝʛʦ ʩʪʝʨʞʥʷ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʥʘ ʵʪʠ ʫʟʣʳ ʩʣʝʜʫʝʪ ʥʘʣʦʞʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʷʟʠ (ʨʠʩ. 2.1-6). 

X

Y

Z

 

ʈʠʩ. 2.1-6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʟʣʦʚʳʭ ʩʤʝʱʝʥʠʡ 

ɺʤʝʩʪʦ ʥʘʣʦʞʝʥʠʷ ʧʦʜʣʝʞʘʱʠʭ ʩʤʝʱʝʥʠʷʤ ʩʚʷʟʝʡ ʤʦʞʥʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʪʦʨʮʝʚʳʤ ʫʟʣʘʤ 

ʧʨʦʩʪʝʡʰʠʝ ʥʫʣʴ-ʵʣʝʤʝʥʪʳ (ʨʠʩ. 2.1-7). ʊʦʛʜʘ ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ w ʟʘʤʝʥʠʪʩʷ ʩʠʣʦʚʦʡ [14], 

ʝʩʣʠ ʢ ʩʚʦʙʦʜʥʳʤ ʫʟʣʘʤ ʥʫʣʴ-ʵʣʝʤʝʥʪʦʚ  ʧʨʠʣʦʞʠʪʴ ʩʠʣʳ ʈi = wi(ɽɸ/L). 

X

Y

Z

L
-EA

EA

 

ʈʠʩ. 2.1-7. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʫʣʴ-ʵʣʝʤʝʥʪʘʤʠ 
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ʀʟʚʝʩʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʙʠʤʦʤʝʥʪʘ 

z
F

B dF= s wÖñ ,                                                           (2.1.3) 

ʚ ʢʦʪʦʨʦʤ ʩʫʤʤʠʨʦʚʘʥʠʝ ʠʜʝʪ ʧʦ ʧʣʦʱʘʜʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʦʨʮʝʚʦʛʦ ʩʝʯʝʥʠʷ, ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʟʜʝʩʴ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

1

m

i i

i

B R
=

= wä .                                                          (2.1.4) 

ɿʜʝʩʴ ʯʝʨʝʟ Ri ʦʙʦʟʥʘʯʝʥʳ ʨʝʘʢʮʠʠ ʚ ʥʘʣʦʞʝʥʥʳʭ ʩʚʷʟʷʭ (ʫʩʠʣʠʷ ʚ ʥʫʣʴ-ʵʣʝʤʝʥʪʘʭ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʦʨʮʝʚʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʟʚʘʥʳ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʤʝʱʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʜʝʧʣʘʥʘʮʠʷ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʫʟʣʫ. 

ʀʣʣʶʩʪʨʘʪʠʚʥʳʡ ʧʨʠʤʝʨ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʟʝʣ ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʠ ʢʦʣʦʥʥʳ ʚ ʚʝʨʭʥʝʤ ʫʛʣʫ ʦʜʥʦʵʪʘʞʥʦʡ ʨʘʤʳ (ʨʠʩ. 

2.1-8,ʘ). ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʫʟʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.1-8,ʙ. 
 

ʘ) ʙ) 

 
 

ʈʠʩ. 2.1-8. ʂ ʠʣʣʶʩʪʨʘʪʠʚʥʦʤʫ ʧʨʠʤʝʨʫ 

ʕʧʶʨʘ ʩʝʢʪʦʨʠʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ, ʚʳʯʠʩʣʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ ʊʆʅʋʉ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.1-9,ʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʡ ʥʘʛʨʫʞʝʥʠʝ DX ʝʜʠʥʠʯʥʦʡ ʜʠʩʣʦʢʘʮʠʝʡ ʪʦʨʮʘ ʨʠʛʝʣʷ ½ ʥʘ ʨʠʩ. 2.1-9,ʙ. 

ɺʪʦʨʦʝ ʥʘʛʨʫʞʝʥʠʝ DZ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʜʠʥʠʯʥʦʡ ʜʠʩʣʦʢʘʮʠʠ ʪʦʨʮʘ ʢʦʣʦʥʥʳ, ʚʧʦʣʥʝ 

ʘʥʘʣʦʛʠʯʥʦ, ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʜʨʫʛʠʝ ʫʟʣʳ ʠ ʥʘʧʨʘʚʣʝʥʦ ʥʝ ʚʜʦʣʴ ʦʩʠ ʍ, ʘ 

ʚʜʦʣʴ Z.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʘʛʨʫʞʝʥʠʷ ʫʯʪʝʥʦ, ʯʪʦ ʩʝʢʪʦʨʠʘʣʴʥʳʝ ʧʣʦʱʘʜʠ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʚ 

ʤʠʣʣʠʤʝʪʨʘʭ, ʘ ʚ ʟʘʛʨʫʞʝʥʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʥʫʞʥʦ ʟʘʜʘʪʴ ʚ ʤʝʪʨʘʭ. ʅʘʧʨʠʤʝʨ, ʩʝʢʪʦʨʠʘʣʴʥʘʷ 

ʧʣʦʱʘʜʴ w=15000 ʤʤ2=0, 015 ʤ2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦ 15 ʤʤ (ʵʪʘ ʚʝʣʠʯʠʥʘ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩʫʥʢʝ). 
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ʘ) ʙ) 

 

 

ʈʠʩ. 2.1-9. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʧʣʘʥʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ DX 

ʈʘʩʯʝʪ ʥʘ ʵʪʠ ʥʘʛʨʫʞʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ SCAD, ʦʧʨʝʜʝʣʠʣ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʫʟʣʦʚʦʛʦ ʩʫʧʝʨʵʣʝʤʝʥʪʘ ʪʘʢʠʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1-10. ʈʝʘʢʮʠʠ ʚ ʩʚʷʟʷʭ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʟʘʜʘʚʘʣʠʩʴ ʜʠʩʣʦʢʘʮʠʠ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.1-11 ʜʣʷ ʥʘʛʨʫʞʝʥʠʷ DX. 

 
 

ʈʠʩ. 2.1-10. ɼʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʈʠʩ. 2.1-11. ʈʝʘʢʮʠʠ ʚ ʩʚʷʟʷʭ ʦʪ DX 
 

ɺʳʯʠʩʣʝʥʠʝ ʙʠʤʦʤʝʥʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (2.1.4) ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʪʘʙʣʠʮʘʭ 

ʅʘʛʨʫʞʝʥʠʝ DX  ʅʘʛʨʫʞʝʥʠʝ DZ 

Rx Rz w Rx*w Rz*w 
 

Rx Rz w Rx*w Rz*w 

191,786 84,262 0,015 2,87679 1,26393 
 

82,334 201,55 0,015 1,23501 3,02325 

293,036 117,311 0,01125 3,296655 1,319749 
 

122,53 298,562 0,01125 1,378463 3,358823 

177,156 66,435 0,0075 1,32867 0,498263 
 

62,077 173,722 0,0075 0,465578 1,302915 

86,821 32,263 0,00375 0,325579 0,120986 
 

28,665 85,046 0,00375 0,107494 0,318923 

-86,821 -32,263 -0,00375 0,325579 0,120986 
 

-28,665 -85,046 -0,00375 0,107494 0,318923 

-177,156 -66,435 -0,0075 1,32867 0,498263 
 

-62,077 -173,722 -0,0075 0,465578 1,302915 

-293,036 -117,311 -0,01125 3,296655 1,319749 
 

-122,53 -298,562 -0,01125 1,378463 3,358823 

-191,786 -84,262 -0,015 2,87679 1,26393 
 

-82,334 -201,55 -0,015 1,23501 3,02325 

-191,142 -90,035 -0,015 2,86713 1,350525 
 

-84,315 -198,765 -0,015 1,264725 2,981475 

-298,49 -118,585 -0,01125 3,358013 1,334081 
 

-118,994 -294,874 -0,01125 1,338683 3,317333 

-176,545 -57,401 -0,0075 1,324088 0,430508 
 

-67,666 -177,643 -0,0075 0,507495 1,332323 

-85,582 -26,98 -0,00375 0,320933 0,101175 
 

-32,471 -87,884 -0,00375 0,121766 0,329565 

85,582 26,98 0,00375 0,320933 0,101175 
 

32,471 87,884 0,00375 0,121766 0,329565 

176,545 57,401 0,0075 1,324088 0,430508 
 

67,666 177,643 0,0075 0,507495 1,332323 

298,49 118,585 0,01125 3,358013 1,334081 
 

118,994 294,874 0,01125 1,338683 3,317333 
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191,142 90,035 0,015 2,86713 1,350525 
 

84,315 198,765 0,015 1,264725 2,981475 

 
 

 31,39571 12,83843 
    

12,83843 31,92921 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʫʟʣʦʚʦʛʦ ʩʫʧʝʨʵʣʝʤʝʥʪʘ ʠʤʝʝʪ ʚʠʜ: 
 DX DZ 

BX= 31,39571 12,83843 

BZ= 12,83843 31,92921 

ʋʧʨʦʱʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʩʯʝʪʘ 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʤʝʩʪʦ ʟʘʜʘʥʠʷ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʫʟʣʦʚʦʛʦ ʩʫʧʝʨʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ 

ʦʜʠʥ ʠʟ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʙʦʪʳ ʫʟʣʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ: 

¶ ʙʝʩʢʦʥʝʯʥʦ ʞʝʩʪʢʠʡ ʫʟʝʣ (ʜʝʧʣʘʥʘʮʠʠ ʪʦʨʮʦʚ ʚʩʝʭ ʩʭʦʜʷʱʠʭʩʷ ʚ ʵʪʦʤ ʫʟʣʝ ʵʣʝʤʝʥʪʦʚ 
ʨʘʚʥʳ ʥʫʣʶ); 

¶ ʘʙʩʦʣʶʪʥʦ ʧʦʜʘʪʣʠʚʳʡ ʫʟʝʣ (ʙʠʤʦʤʝʥʪʳ ʥʘ ʪʦʨʮʘʭ ʚʩʝʭ ʩʭʦʜʷʱʠʭʩʷ ʚ ʵʪʦʤ ʫʟʣʝ 
ʵʣʝʤʝʥʪʦʚ ʦʪʩʫʪʩʪʚʫʶʪ); 

¶ ʫʟʝʣ, ʫʨʘʚʥʠʚʘʶʱʠʡ ʜʝʧʣʘʥʘʮʠʠ ʪʦʨʮʦʚ ʚʩʝʭ ʩʭʦʜʷʱʠʭʩʷ ʚ ʵʪʦʤ ʫʟʣʝ ʵʣʝʤʝʥʪʦʚ.  

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ʙʠʤʦʤʝʥʪʦʚ ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʜʘʝʪ ʨʝʰʝʥʠʝ ʚ 

ʟʘʧʘʩ ʥʘʜʝʞʥʦʩʪʠ. 

ɺʪʦʨʦʤʫ ʚʘʨʠʘʥʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʙʦʜʥʳʡ ʢʦʥʝʮ ʢʦʥʩʦʣʠ. 

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʪʦʯʥʦ ʨʝʘʣʠʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʨʘʟʨʝʟʥʦʡ ʙʘʣʢʝ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʘʢ ʥʝʢʦʪʦʨʦʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʧʦʷʩʘ ʯʝʨʝʟ ʫʟʝʣ 

ʬʝʨʤʳ, ʛʜʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʰʝʪʢʘ ʧʦʯʪʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʜʘʯʝ ʜʝʧʣʘʥʘʮʠʡ). 

ʆʨʠʝʥʪʘʮʠʷ ʤʘʪʨʠʮʳ ʫʟʣʘ 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʟʘʜʘʥʠʝ ʥʘʛʨʫʞʝʥʠʡ ʝʜʠʥʠʯʥʦʡ ʜʝʧʣʘʥʘʮʠʝʡ ʩʪʳʢʦʚ ʩʣʝʜʦʚʘʣʦ 

ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʦʨʷʜʢʫ. ʊʝʤ ʩʘʤʳʤ ʥʝʷʚʥʦ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʫʤʝʨʘʮʠʷ 

ʩʪʳʢʦʚ, ʠ ʚ ʤʘʪʨʠʮʝ ʞʝʩʪʢʦʩʪʠ ʵʪʦʡ ʥʫʤʝʨʘʮʠʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʤʝʨʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ. 

ʅʘ ʨʠʩ. 2.1-12 ʵʪʘ ʥʫʤʝʨʘʮʠʷ ʧʦʢʘʟʘʥʘ ʚ ʷʚʥʦʤ ʚʠʜʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ 

ʦʜʥʘ ʠ ʪʘ ʞʝ ʢʦʥʩʪʨʫʢʮʠʷ ʫʟʣʘ ʤʦʞʝʪ ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 

ʈʠʩ. 2.1-12. ʂ ʟʘʜʘʥʠʶ ʧʦʣʦʞʝʥʠʷ ʫʟʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʏʪʦʙʳ ʨʘʟʣʠʯʘʪʴ ʩʣʫʯʘʠ ʪʠʧʘ ʘ) ʠ ʙ), ʛʜʝ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʫʟʣʘ ʦʜʥʘ ʠ ʪʘ ʞʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʘʪʨʠʮʘ, ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʩʣʝʜʫʶʪ ʥʫʤʝʨʘʮʠʠ ʩʪʳʢʦʚ ʠ ʩʦʜʝʨʞʘʪ ʪʨʝʭʤʝʨʥʳʝ ʚʝʢʪʦʨʳ ʚʝʣʠʯʠʥ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʤ ʢʦʩʠʥʫʩʘʤ. ɼʣʷ ʩʣʫʯʘʷ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 2.1-12, ʵʪʠ ʤʘʪʨʠʮʳ 

ʙʫʜʫʪ ʪʘʢʠʤʠ:  
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ʉʣʫʯʘʡ çʘè  ʉʣʫʯʘʡ çʙè 

ʉʪʳʢ X Y Z  ʉʪʳʢ X Y Z 

1 -1 0 0  1 0 -1 0 

2 1 0 0  2 0 1 0 

3 0 1 0  3 -1 0 0 

4 0 0 -1  4 0 0 -1 

5 0 0 1  5 0 0 1 

ȌȹȼȸȸɄ, ȸȷȭȺȾȮȵɄ, ȺȼȸȮȹɆȴȮȵȮȶȻɄ 

ʈʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʯʘʩʪʦ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ 
ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʯʪʦ ʮʝʣʦʝ. ʀʤʝʥʦʚʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʥʘʟʚʘʥʳ ʚ 
ʢʦʤʧʣʝʢʩʝ SCAD ʛʨʫʧʧʘʤʠ. ɻʨʫʧʧʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʯʘʩʪʠ (ʥʘʧʨʠʤʝʨ, 
ʢʘʨʢʘʩ ʦʜʥʦʛʦ ʠʟ ʵʪʘʞʝʡ ʤʥʦʛʦɻʪʘʞʥʦʛʦ ʟʜʘʥʠʷ) ʠʣʠ ʯʘʩʪʠ ʩ ʦʙʱʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ 
(ʧʝʨʝʢʨʳʪʠʝ, ʩʪʝʥʘ), ʠʣʠ, ʥʘʢʦʥʝʮ, ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʪʣʠʯʘʶʱʘʷʩʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, 
ʦʜʥʘ ʠʟ ʛʨʘʥʝʡ ʤʥʦʛʦʛʨʘʥʥʦʡ ʦʙʦʣʦʯʢʠ). ɺ ʢʦʤʧʣʝʢʩʝ SCAD ʜʦʧʫʩʢʘʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʛʨʫʧʧʳ ʠʟ 
ʣʶʙʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ (ʫʟʣʦʚ, ʵʣʝʤʝʥʪʦʚ, ʥʘʛʨʫʟʦʢ) ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ.  

ɼʘʣʝʝ, ʛʦʚʦʨʷ ʦ ʛʨʫʧʧʝ, ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ ʚ ʚʠʜʫ ʯʘʩʪʴ ʩʭʝʤʳ, ʚʳʜʝʣʷʝʤʫʶ ʠʟ ʩʠʩʪʝʤʳ ʧʦ 
ʢʨʠʪʝʨʠʶ, ʥʘʟʥʘʯʘʝʤʦʤʫ ʨʘʩʯʝʪʯʠʢʦʤ. ʆʜʥʘʢʦ ʩʘʤ ʧʦ ʩʝʙʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʥʠʢʘʢʠʭ 
ʦʧʝʨʘʮʠʡ ʩ ʛʨʫʧʧʦʡ ʥʝ ʧʨʦʠʟʚʦʜʠʪ, ʠ ʚʩʝ, ʯʪʦ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ, ʧʦʣʴʟʦʚʘʪʝʣʴ 
ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʠʪʴ ʩʘʤ (ʧʨʦʠʟʚʝʩʪʠ ʫʥʠʬʠʢʘʮʠʶ, ʧʦʜʦʙʨʘʪʴ ʘʨʤʘʪʫʨʫ, ʚʳʜʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʥʘ 
ʧʝʯʘʪʴ ʠ ʪ. ʧ.). 

ɺ ʢʦʤʧʣʝʢʩʝ SCAD ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʘʢ ʩʘʤʦ-
ʩʪʦʷʪʝʣʴʥʳʝ ʩʭʝʤʳ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʧʝʨʘʮʠʡ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʚʚʦʜʘ 
ʠʥʬʦʨʤʘʮʠʠ). ʊʘʢʠʝ ʬʨʘʛʤʝʥʪʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʦʜʩʭʝʤʘʤʠ. ʇʦʜʩʭʝʤʘ ʠʤʝʝʪ ʚʩʝ ʯʝʨʪʳ ʨʘʩʯʝʪʥʦʡ 
ʩʭʝʤʳ, ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʝʪ ʩʚʷʟʠ, ʰʘʨʥʠʨʳ ʠ ʪ. ʜ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʩ 
ʧʦʜʩʭʝʤʦʡ ʦʙʨʘʱʘʶʪʩʷ ʢʘʢ ʩ ʝʜʠʥʳʤ ʮʝʣʳʤ, ʦʧʨʝʜʝʣʷʷ ʝʝ ʤʝʩʪʦ ʚ ʩʠʩʪʝʤʝ (ʦʩʥʦʚʥʦʡ ʩʭʝʤʝ) ʧʫʪʝʤ 
ʩʦʚʤʝʱʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʫʟʣʦʚ ʧʦʜʩʭʝʤʳ, ʠʛʨʘʶʱʠʭ ʨʦʣʴ ʫʟʣʦʚ ʦʙʳʯʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʩ 
ʫʟʣʘʤʠ ʦʩʥʦʚʥʦʡ ʩʭʝʤʳ. 

ʇʦʜʩʭʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʚʚʦʜʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩ-
ʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʟʳʚʘʝʪʩʷ ʩʫʧʝʨʵʣʝʤʝʥʪʦʤ. ʉʫʧʝʨʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʠʩʧʦʣʟɹʦʚʘʪʴ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʫʧʝʨʵʣʝʤʝʥʪ ʚʭʦʜʠʪ ʚ ʩʭʝʤʫ ʥʝʦʜʥʦʢʨʘʪʥʦ. ʊʦʛʜʘ 
ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʜʣʷ ʧʝʨʚʦʛʦ ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʜʥʦʪʠʧʥʳʭ ʩʫʧʝʨʵʣʝʤʝʥʪʦʚ, 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʣʷ ʚʩʝʭ ʜʨʫʛʠʭ ʝʛʦ ʧʦʚʪʦʨʝʥʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʝʥʠʡ. 

ȖȩȬȹȼȰȳȱ ȱ ȫȷȰȭȮȲȺȻȫȱɈ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʳʯʥʦ ʚ ʚʠʜʝ ʥʘʛʨʫʟʦʢ ʠʣʠ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʫʟʣʘʤ ʩʠʩʪʝʤʳ (ʫʟʣʦʚʳʭ ʥʘʛʨʫʟʦʢ) ʠʣʠ ʢ ʚʥʫʪʨʝʥʥʠʤ ʪʦʯʢʘʤ ʝʝ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʤʝʩʪʥʳʭ ʥʘʛʨʫʟʦʢ). ʄʝʩʪʥʳʝ ʥʘʛʨʫʟʢʠ ʤʦʛʫʪ ʙʳʪʴ ʩʠʣʘʤʠ ʠ ʤʦʤʝʥʪʘʤʠ, 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʣʠʥʠʷʤ, ʧʣʦʱʘʜʷʤ ʠ ʦʙʲʝʤʘʤ. ʀʥʦʛʜʘ ʟʘʛʨʫʞʝʥʠʝ 

ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʵʣʝʤʝʥʪʳ ʠʣʠ ʟʘʜʘʥʥʳʤʠ 

ʩʤʝʱʝʥʠʷʤʠ ʚ ʫʟʣʘʭ, ʪ. ʝ. ʵʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝ ʢʘʢ ʩʠʣʦʚʳʝ, ʘ ʢʘʢ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ. 

ɽʩʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʚʳʟʚʘʥʥʳʝ ʠʤʠ ʫʩʢʦʨʝʥʠʷ ʤʘʩʩ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʠʣʘʤʠ ʠʥʝʨʮʠʠ ʧʨʝʥʝʙʨʝʯʴ ʥʝʣʴʟʷ, ʛʦʚʦʨʷʪ ʦ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʭʘʨʘʢʪʝʨʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʚʩʝʛʜʘ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʦʪʥʝʩʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʡ ʢ ʚʠʜʫ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʠʭ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠ ʩ 

ʠʥʝʨʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʩʪʝʤʳ. 

ɺ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʨʤʘʪʠʚʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʦʢ. 

ʇʝʨʝʭʦʜ ʦʪ ʦʜʥʠʭ ʢ ʜʨʫʛʠʤ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʥʘʛʨʫʟʢʝ. 

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʦʨʤʘʪʠʚʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʩʯʝʪʘʭ ʨʘʟʥʦʛʦ ʨʦʜʘ: 

ʥʦʨʤʘʪʠʚʥʳʝ ð ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʪʦʨʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʘʩʯʝʪʥʳʝ ð ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʝʨʚʦʛʦ 

ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʢʦʤʧʣʝʢʩʝ SCAD ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʛʨʫʟʢʠ ʟʘʜʘʶʪʩʷ 

ʩʚʦʠʤʠ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʩʠʩʪʝʤʝ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʚʤʝʩʪʥʦ, ʥʘʟʳʚʘʝʪʩʷ ʝʝ ʟʘʛʨʫʞʝʥʠʝʤ. ʀʥʦʛʜʘ ʢ ʦʜʥʦʤʫ ʟʘʛʨʫʞʝʥʠʶ ʦʪʥʦʩʷʪ 
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ʣʠʰʴ ʪʫ ʯʘʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʦʙʱʠʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ 

(ʥʘʧʨʠʤʝʨ, ʪʦʣʴʢʦ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʢʦʣʝʩ ʦʜʥʦʛʦ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʘ ʠʣʠ ʥʘʛʨʫʟʢʠ ʦʪ ʩʥʝʛʘ ʥʘ ʧʦʢʨʳʪʠʝ 

ʣʠʰʴ ʚ ʦʜʥʦʤ ʧʨʦʣʝʪʝ ʤʥʦʛʦʧʨʦʣʝʪʥʦʛʦ ʟʜʘʥʠʷ) ʠʣʠ ʞʝ ʠʤʝʝʪ ʢʘʢʠʝ-ʪʦ ʜʨʫʛʠʝ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ 

(ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʦʨʤʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʥʘʛʨʫʟʢʝ). ɽʩʣʠ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʵʬʬʝʢʪʘ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ ʟʘʛʨʫʞʝʥʠʡ ʪʘʢʦʛʦ ʨʦʜʘ 

(ʠʭ ʩʫʤʤʫ, ʚʟʷʪʫʶ ʩ ʥʝʢʦʪʦʨʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ), ʪʦ ʛʦʚʦʨʷʪ ʦ ʢʦʤʙʠʥʘʮʠʠ ʟʘʛʨʫʞʝʥʠʡ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦ ʢʦɻ ʬʬʠʮʠʝʥʪʘʭ ʪʘʢʦʡ ʢʦʤʙʠʥʘʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʛʨʫʞʝʥʠʷ ʤʦʛʫʪ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ, ʠ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʪʘʢʠʭ ʢʦʤʙʠʥʘʮʠʡ (ʩʦʯʝʪʘʥʠʡ) ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʪʦ ʚʦʟʥʠʢʘʝʪ 

ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʟʘʜʘʯʘ ʦʪʳʩʢʘʥʠʷ ʪʘʢʠʭ ʩʦʯʝʪʘʥʠʡ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʚʝʨʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʠʣʠ ʝʛʦ ʩʝʯʝʥʠʷ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʦʪʳʩʢʘʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʫʩʠʣʠʡ (ʈʉʋ). ʈʝʰʘʷ ʵʪʫ ʟʘʜʘʯʫ, 

ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ ʦ ʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʟʘʛʨʫʞʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʧʨʠʨʦʜʦʡ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʩʠʩʪʝʤʫ ʥʘʛʨʫʟʦʢ ʠʣʠ ʞʝ ʫʢʘʟʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʊʘʢʠʝ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʠʥʦʛʜʘ 

ʦʧʨʝʜʝʣʷʶʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʥʝʩʦʚʤʝʩʪʥʦʩʪʴ) ʥʝʢʦʪʦʨʳʭ ʥʘʛʨʫʟʦʢ, ʪʘʢʠʭ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʚʝʪʨʦʚʦʡ ʥʘʧʦʨ ʦʪ ʚʝʪʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʥʘʦʙʦʨʦʪ, 

ʪʨʝʙʫʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʡ ʫʯʝʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʟʘʛʨʫʞʝʥʠʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʜʨʫʛʦʛʦ ʟʘʛʨʫʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʠʣʘ ʪʨʝʥʠʷ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʯʝʪʝ ʝʱʝ ʠ ʩʠʣʳ 

ʥʦʨʤʘʣʥɹʦʛʦ ʜʘʚʣʝʥʠʷ), ʭʦʪʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʪʘʢʦʛʦ ʨʦʜʘ ʤʦʞʝʪ ʠ ʦʪʩʫʪʩʪʚʦʚʘʪʴ (ʥʦʨʤʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʨʝʥʠʷ ʚʧʦʣʥʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʡ ʟʘʛʨʫʞʝʥʠʡ ʠʣʠ ʞʝ ʦʪʳʩʢʘʥʠʝ ʈʉʋ 

ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʝʪ ʩʤʳʩʣ ʣʠʰʴ ʜʣʷ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʠ ʫʯʝʪʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʣʶʙʦʛʦ ʨʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʳʚʘʪʴ ʚʩʝ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʠʩʪʝʤʫ ʥʘʛʨʫʟʢʠ 

ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʟʘʛʨʫʞʝʥʠʷ. 

2.2.  ȗȺȶȷȫȶɄȮ ȺȷȷȻȶȷɁȮȶȱɈ ȵȮȻȷȭȩ ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

ȔȱȶȮȲȶȩɈ ȺȻȩȻȱɀȮȺȳȩɈ Ȱȩȭȩɀȩ 

ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʢʦʤʧʣʝʢʩʘ SCAD ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʚ ʬʦʨʤʝ 

ʤʝʪʦʜʘ ʧʝʨʝʤʝʱʝʥʠʡ. ɺʳʙʦʨ ʠʤʝʥʥʦ ʵʪʦʡ ʬʦʨʤʳ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʠ 

ʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʝʜʠʥʳʭ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮ ʞʝʩʪʢʦʩʪʠ 

ʠ ʚʝʢʪʦʨʦʚ ʥʘʛʨʫʟʦʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʯʝʪʘ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ʤʝʪʦʜʘ ʩ ʧʦʜʨʦʙʥʦʡ ʘʨʛʫʤʝʥʪʘʮʠʝʡ ʠʤʝʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ (ʩʤ., ʥʘʧʨʠʤʝʨ, [7, 

17]). ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʙʫʜʝʪ ʜʘʥʦ ʣʠʰʴ ʢʦʥʩʧʝʢʪʠʚʥʦʝ ʠʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ.  

ʅʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ x ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʠʤʝʶʱʝʛʦ ʦʙʲʝʤ V ʠ ʧʦʚʝʨʭʥʦʩʪʴ S, ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ s(x) ʠ ʜʝʬʦʨʤʘʮʠʡ e(x), 

ʢʦʪʦʨʳʝ ʜʣʷ ʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ u(x): 

 s = Me, e = Bu, (2.2.1) 

ʛʜʝ B ð ʣʠʥʝʡʥʳʡ ʤʘʪʨʠʯʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ; M ð ʩʠʤʤʝʪʨʠʯʥʘʷ, ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʘʪʨʠʮʘ ʫʧʨʫʛʦʩʪʠ ʟʘʢʦʥʘ ɻʫʢʘ, ʟʘʚʠʩʷʱʘʷ ʪʦʣʴʢʦ ʦʪ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʦʣʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 ( ) 1
Ʉ ,

2

e T T T

v v s

dV dV dS= - -ñ ñ ñŮ MŮ u p u q  (2.2.2) 

ʛʜʝ p ʠ q ð ʚʝʢʪʦʨʳ ʦʙʲʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʝʨʝʤʝʱʝʥʠʷ u(ʭ) ʣʶʙʦʡ ʪʦʯʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʙʣʠʞʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʯʝʨʝʟ ʥʝʠʟʚʝʩʪʥʳʝ ʩʤʝʱʝʥʠʷ ʫʟʣʦʚ Z ʚʳʨʘʞʝʥʠʷʤʠ ʚʠʜʘ 

 ( ) ( ) ( )i i e

i

x x x= j =äu Z ū Z , (2.2.3) 

ʛʜʝ ji(x) ð ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ, ʥʘʟʳʚʘʝʤʳʝ ʦʙʳʯʥʦ ʬʫʥʢʮʠʷʤʠ ʬʦʨʤʳ ʠ ʧʦʜʯʠʥʷʶʱʠʝʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʛʣʘʜʢʦʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʤʝʪʦʜʘ [17]; F (x) ð ʤʘʪʨʠʮʘ 
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ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ; Ze ð ʚʝʢʪʦʨ ʚʩʝʭ ʥʝʠʟʚʝʩʪʥʳʭ ʩʤʝʱʝʥʠʡ ʫʟʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ (ʠʥʜʝʢʩ çʝè). 

ʇʦʜʩʪʘʥʦʚʢʦʡ (2.2.1) ʠ (2.2.3) ʚ (2.2.2) ʧʦʣʫʯʘʝʤ 

 (e)
 =1/2  ( )

T T T T
e e e

v v s

dV dV dS
å õ å õ
æ ö æ öP - +
æ ö æ ö
ç ÷ ç ÷
ñ ñ ñZ Bū MBū Z p ū q ū Z (2.2.4) 

ɺʳʨʘʞʝʥʠʝ (2.2.4) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

 ʇ(ʝ) = 1/2 Ze
ʊ
K(e)Ze ï fe

T
Ze, (2.2.5) 

ʛʜʝ  = ( )T(e)

v

dVñK Bū MBū  ð ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʘ; 

s

 =  +T T T
e

v

dV dSñ ñf p ū q ūð ʚʝʢʪʦʨ ʧʨʠʚʝʜʝʥʥʳʭ ʫʟʣʦʚʳʭ ʩʠʣ. 

ʇʦʣʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʧʦ ʚʩʝʤ ʝʝ ʵʣʝʤʝʥʪʘʤ 

 (e)Ʉ = Ʉ

e

ä , (2.2.6) 

ʘ ʝʝ ʤʠʥʠʤʠʟʘʮʠʷ ʜʘʝʪ ʩʠʩʪʝʤʫ ʨʘʟʨʝʰʘʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʄʂʕ 

 KZ = f (2.2.7) 

ʩ ʛʣʦʙʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ ʞʝʩʪʢʦʩʪʠ K ʠ ʚʝʢʪʦʨʦʤ ʫʟʣʦʚʳʭ ʩʠʣ f, ʧʦʣʫʯʝʥʥʳʤʠ ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʣʝʥʦʚ ʤʘʪʨʠʮ ʞʝʩʪʢʦʩʪʠ K(e) ʠ ʚʝʢʪʦʨʦʚ f(e)
 ʦʪʜʝʣʴʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. 

ɼʣʷ ʄʂʕ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠʟʚʝʩʪʥʳ ʫʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ ʠ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ. ʋʩʣʦʚʠʷʤʠ 

ʩʭʦʜʠʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʧʦʣʥʦʪʘ ʩʠʩʪʝʤʳ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʭ 

ʩʦʚʤʝʩʪʥʦʩʪʴ (ʢʦʥʬʦʨʤʥʦʩʪʴ) ʠʣʠ ʫʩʣʦʚʠʷ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʥʝʩʦʚʤʝʩʪʥʦʩʪʴ. 

ʀʟʚʝʩʪʥʳ ʣʝʛʢʦ ʧʨʦʚʝʨʷʝʤʳʝ ʫʩʣʦʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʘʥʦʚʠʪʴ ʧʦʣʥʦʪʫ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, 

ʠʭ ʩʦʚʤʝʩʪʥʦʩʪʴ ʠʣʠ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʥʝʩʦʚʤʝʩʪʥʦʩʪʴ. ɼʣʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ 

ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʵʪʠ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ ʨʘʚʝʥʩʪʚ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʙʘʟʠʩʥʳʝ 

ʬʫʥʢʮʠʠ ʥʘ ʢʘʞʜʦʤ ʢʦʥʝʯʥʦʤ ʵʣʝʤʝʥʪʝ. ʊʘʢʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʥʮʠʧʳ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʩʦʚʤʝʩʪʥʳʭ ʠ ʥʝʩʦʚʤʝʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʧʦʣʫʯʠʪʴ ʜʣʷ ʥʠʭ ʦʮʝʥʢʠ 

ʧʦʛʨʝʰʥʦʩʪʠ. 

ɹʠʙʣʠʦʪʝʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, 

ʤʦʜʝʣʠʨʫʶʱʠʭ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʥʩʪʨʫʢʮʠʡ. ʀʤʝʶʪʩʷ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʵʣʝʤʝʥʪʳ 

ʩʪʝʨʞʥʝʡ, ʯʝʪʳʨʝʭ- ʠ ʪʨʝʫʛʦʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʣʠʪʳ, 

ʦʙʦʣʦʯʢʠ, ʵʣʝʤʝʥʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ð ʪʝʪʨʘʵʜʨ, ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʪʨʝʭʛʨʘʥʥʘʷ ʧʨʠʟʤʘ. ɺ 

ʙʠʙʣʠʦʪʝʢʫ ʚʢʣʶʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʥʝʩʦʚʤʝʩʪʥʳʝ ʪʨʝʫʛʦʣʴʥʳʝ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʠʟʦʪʨʦʧʥʳʭ ʠ ʦʨʪʦʪʨʦʧʥʳʭ ʧʣʠʪ ʠ ʦʙʦʣʦʯʝʢ, ʧʣʠʪ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ, ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʧʣʠʪ ʠ ʦʙʦʣʦʯʝʢ; ʧʦʩʪʨʦʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʦʜʦʙʣʘʩʪʝʡ ʩʦʚʤʝʩʪʥʳʝ ʯʝʪʳʨʝʭ- ʠ ʪʨʝʫʛʦʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʜʣ̫ ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʣʠʪʳ ʠ ʦʙʦʣʦʯʢʠ, ʜʦʧʫʩʢʘʶʱʠʝ ʫʟʣʳ ʥʘ ʩʪʦʨʦʥʘʭ. 

ʆʩʥʦʚʦʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʜʚʫʤʷ 

ʠ ʧʣʠʪʳ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ. 

ɹʠʙʣʠʦʪʝʢʘ ʩʦʜʝʨʞʠʪ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʨʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʦʜʥʦ- ʠ ʜʚʫʤʝʨʥʳʡ (ʯʝʪʳʨʝʭ- ʠ 

ʪʨʝʫʛʦʣʴʥʳʡ) ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʙʠʙʣʠʦʪʝʢʝ ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʩʧʝʮʠʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʩʚʷʟʴ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʫʧʨʫʛʫʶ ʧʦʜʘʪʣʠʚʦʩʪʴ ʤʝʞʜʫ 

ʫʟʣʘʤʠ, ʥʫʣʴ-ʵʣʝʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. ɺʩʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʙʠʙʣʠʦʪʝʢʫ, 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ, ʜʣʷ ʥʠʭ ʠʤʝʶʪʩʷ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ ʵʥʝʨʛʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷʤ. 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʫʩʠʣʠʷʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ht, ʛʜʝ h ð 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʟ ʨʘʟʤʝʨʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, t = 2 ð ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʣʠʪʳ, 

t = 1 ð ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʛʨʝʰʥʦʩʪʴ ʧʦ ʧʝʨʝʤʝɦ ʝʥʠʷʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ht, ʛʜʝ t = 4 ð ʜʣʷ ʩʦʚʤʝʩʪʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʣʠʪʳ, t = 2 ð ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ 
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ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʩʪʝʨʞʥʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʦʙʦʣʦʯʝʢ ʩ 

ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ ʪʨʝʫʛʦʣʴʥʳʭ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ (ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ) ʵʣʝʤʝʥʪʦʚ ʧʣʦʩʢʦʡ 

ʦʙʦʣʦʯʢʠ. ʇʦʛʨʝʰʥʦʩʪʴ ʧʦ ʵʥʝʨʛʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʦʡ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ h. 

ȜɀȮȻ ȭȷȸȷȴȶȱȻȮȴɅȶɄȾ ȺȫɈȰȮȲ 

ɽʩʣʠ ʧʝʨʝʤʝʱʝʥʠʷ Z ʩʪʝʩʥʝʥʳ ʫʩʣʦʚʠʷʤʠ ʩʚʷʟʠ 

 CZ =  0, (2.2.8) 

ʪʦ ʪʦʣʴʢʦ ʯʘʩʪʴ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ Z ʜʦʧʫʩʢʘʝʪ ʩʚʦʙʦʜʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ, ʠ ʜʣʷ ʫʯʝʪʘ ʵʪʠʭ ʩʚʷʟʝʡ ʚ 

ʨʘʙʦʪʝ [12] ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʬʫʥʢʮʠʶ ʃʘʛʨʘʥʞʘ 

 ʇLʄ = İ ZT(K + CT
D0C)Z - ZT

f + rT CZ, (2.2.9) 

ʚ ʢʦʪʦʨʦʡ D0 ð ʥʝʢʦʪʦʨʘʷ ʩʠʤʤʝʪʨʠʯʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʘʪʨʠʮʘ, ʘ r ð ʚʝʢʪʦʨ 

ʃʘʛʨʘʥʞʝʚʳʭ ʤʥʦʞʠʪʝʣʝʡ (ʨʝʘʢʮʠʡ ʚ ʩʚʷʟʷʭ). 

ʋʩʣʦʚʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʘ (2.2.9) ʜʘʶʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

 KZ + (CT
D0C) Z + C Tr = f; 

 CZ = 0. (2.2.10) 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʪʨʠʮʘ ʉ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʩʪʨʦʢʠ, ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ (ʧʦʩʪʘʥʦʚʢʘ ʜʫʙʣʠʨʦʚʘʥʥʳʭ ʩʚʷʟʝʡ) ʚ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʪʘʪʠʯʝʩʢʠ 

ʥʝʦʧʨʝʜʝʣʠʤʘʷ ʧʦʜʢʦʥʩʪʨʫʢʮʠʷ, ʮʝʣʠʢʦʤ ʩʦʩʪʦʷʱʘʷ ʠʟ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʚrʨʦʞʜʝʥʠʶ ʟʘʜʘʯʠ. ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (2.2.10) ʠʤʝʝʪ ʦʪʣʠʯʥʳʡ ʦʪ 

ʥʫʣʷ ʦʧʨʝʜʝʣʠʪʝʣʴ, ʚʢʣʶʯʘʷ ʠ ʪʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʤʘʪʨʠʮʘ ʂ ʚʳʨʦʞʜʝʥʘ (ʢʦʥʩʪʨʫʢʮʠʷ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʷʟʝʡ ʠʟʤʝʥʷʝʤʘ), ʥʦ ʝʝ ʜʝʬʝʢʪ ʥʝ ʧʨʝʚʳʰʘʝʪ ʨʘʥʛʘ ʤʘʪʨʠʮʳ ʉ. 

ɼʦʙʘʚʣʝʥʠʝ ʢ ʤʘʪʨʠʮʝ ʞʝʩʪʢʦʩʪʠ K ʧʨʦʠʟʚʝʜʝʥʠʷ C
T
D0C ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʢʣʶʯʝʥʠʶ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʥʝʢʦʪʦʨʦʛʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (çʥʫʣʴ-ʵʣʝʤʝʥʪʘè), 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʙʝʩʢʦʥʝʯʥʦ ʞʝʩʪʢʦʡ ʩʚʷʟʠ ʠ ʧʦʵʪʦʤʫ ʥʝ ʠʩʢʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ. ɺ [12] ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʘʢʠʭ çʥʫʣʴ-

ʵʣʝʤʝʥʪʦʚè, ʯʘʩʪʴ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ SCAD. 

ȏȮȺȻȳȱȮ ȻȮȴȩ  

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʠʜʦʚ ʧʦʣʠʩʚʷʟʝʡ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʫʟʣʦʚ 

ʩʠʩʪʝʤʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʪʘʢ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʭ ʦʙʲʝʜʠʥʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤ (ʪʚʝʨʜʳʤ) 

ʪʝʣʦʤ. ɺ ʢʦʤʧʣʝʢʩʝ SCAD ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ ʪʝʣʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʢʦʪʦʨʳʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʪʠʧ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʉ ʢʦʥʝʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʝʛʦ ʨʦʜʥʠʪ ʭʦʪʷ ʙʳ ʪʦ, ʯʪʦ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ 

ʪʝʣʦ ʦʙʲʝʜʠʥʷʝʪ ʠʥʮʠʜʝʥʪʥʳʝ ʵʪʦʤʫ ʪʝʣʫ ʫʟʣʳ. ɻʨʫʙʦ ʛʦʚʦʨʷ, ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ ʪʝʣʦ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ ʥʝʢʦʪʦʨʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʫʩʪʨʝʤʣʝʥʠʠ 

ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ɾʝʩʪʢʦʝ ʪʝʣʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘʛʣʷʜʥʦ ʚ ʚʠʜʝ çʧʘʫʢʘè, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʜʥʦʛʦ ʚʝʜʫʱʝʛʦ 

ʫʟʣʘ (master node) ʠ ʤʥʦʞʝʩʪʚʘ ʚʝʜʦʤʳʭ ʫʟʣʦʚ (slave nodes) ï ʨʠʩ. 2.2-1. ʈʘʟʣʠʯʘʶʪ ʧʦʣʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʠ ʯʘʩʪʠʯʥʦʝ.  

 
ʈʠʩ. 2.2-1 

ʅʘʤ ʧʦʥʘʜʦʙʠʪʩʷ ʨʘʟʣʠʯʘʪʴ ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ Z. ʇʝʨʚʳʝ 

ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʯʝʨʝʟ u, ʚʪʦʨʳʝ ð ʯʝʨʝʟ ɗ. 

ʇʨʠ ʧʦʣʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʚʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʜʦʤʳʭ 

ʫʟʣʦʚ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʫʟʣʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʤ ʢʠʥʝʤʘʪʠʢʠ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ: 
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ʛʜʝ ɗu,  ï ʚʝʢʪʦʨʳ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʫʟʣʘ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʧʨʠʯʝʤ ʠʥʜʝʢʩʳ M ʠ S ʦʟʥʘʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ master ʠ slave; 

SM-ɟ  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʩʦʝʜʠʥʷʶʱʠʡ ʚʝʜʫʱʠʡ ʫʟʝʣ ʩ ʚʝʜʦʤʳʤ. 

ʇʨʠ ʯʘʩʪʠʯʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʚʳʨʘʞʝʥʠʝ (2.2.11) ʦʭʚʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʪʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, 

ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʦʪʥʦʰʝʥʠʷʤ ʢʠʥʝʤʘʪʠʢʠ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʆʩʪʘʣʴʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʢʘʞʜʦʛʦ ʠʟ ʚʝʜʦʤʳʭ ʫʟʣʦʚ ʦʩʪʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʥʝ ʚʳʨʘʞʘʶʪʩʷ 

ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʫʟʣʘ. ʊʘʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʚʷʟʳʚʘʥʠʝ ʚ ʜʚʘ 

ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʣʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʚʩʝʭ 

ʚʝʜʦʤʳʭ ʫʟʣʦʚ ʩ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʠ ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ ʚʝʜʫʱʝʛʦ ʫʟʣʘ, ʘ ʟʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʪʩʦʝʜʠʥʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚʝʜʦʤʳʭ ʫʟʣʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʫʨʘʚʥʝʥʠʷ (2.2.11) ʚʭʦʜʠʪ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʤʘʩʪʝʨ-ʫʟʣʘ, ʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʞʝʩʪʢʠʭ ʪʝʣ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʪʝ ʪʠʧʳ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ, ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʘʪ ʫʛʣʳ ʧʦʚʦʨʦʪʘ (ʪʠʧ 2, ʪʠʧ 3 ʠ ʪʠʧ 5). ɽʩʣʠ ʚ ʜʨʫʛʠʭ ʫʟʣʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʠʟ-

ʟʘ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʧʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʣʦʞʠʪʴ ʥʝʜʦʩʪʘʶʱʠʝ 

ʩʚʷʟʠ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʟʘʜʘʥʠʷ ʚʠʜʘ ʩʚʷʟʳʚʘʥʠʷ ʚʚʦʜʷʪʩʷ ʢʦʜʳ ʩʚʷʟʳʚʘʥʠʷ. ɼʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʢʦʜʳ ʩʚʷʟʳʚʘʥʠʷ ʠʤʝʶʪ ʚʠʜ X, Y, Z, UX, UY, UZ. 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ f ʠʣʠ b. ɿʥʘʯʝʥʠʝ b (blocked) ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʩʚʷʟʳʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʜʘʥʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ (ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ), 

ʧʨʦʠʟʚʦʜʠʪʩʷ, ʘ ʟʥʘʯʝʥʠʝ f (free) ï ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ.  

ɺʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʥʘʙʦʨʘ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʢʦʜʝ ʩʚʷʟʳʚʘʥʠʷ: 

¶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ï ʢʦʜʳ ʩʚʷʟʳʚʘʥʠʷ X, Y, Z, UX, UY, UZ; 

¶ ʧʣʦʩʢʘʷ ʨʘʤʘ ï ʢʦʜʳ ʩʚʷʟʳʚʘʥʠʷ X, Z, UY (ʵʪʦʪ ʪʠʧ ʞʝʩʪʢʦʛʦ ʪʝʣʘ ʥʘʚʷʟʳʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʝʜʦʤʳʤ ʫʟʣʘʤ ʚ ʧʣʦʩʢʦʩʪʠ ʩʘʤʦʛʦ ʞʝʩʪʢʦʛʦ ʪʝʣʘ, ʪʘʢʦʝ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ ʪʝʣʦ ʤʦʞʥʦ 

ʥʘʟʳʚʘʪʴ ʜʠʩʢʦʤ); 

¶ ʠʟʛʠʙʘʝʤʘʷ ʧʣʘʩʪʠʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʧʣʦʩʢʦʩʪʠ XOY ï ʢʦʜʳ ʩʚʷʟʳʚʘʥʠʷ Z, UX, UY. (ʵʪʦʪ 

ʪʠʧ ʞʝʩʪʢʦʛʦ ʪʝʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʰʪʘʤʧ, ʩʚʷʟʳʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʝʤʫ ʫʟʣʦʚ ʧʨʠ ʚʳʭʦʜʝ ʠʭ ʠʟ ʧʣʦʩʢʦʩʪʠ ʞʝʩʪʢʦʛʦ ʪʝʣʘ). 

ʅʘʜʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʞʝʩʪʢʠʝ ʪʝʣʘ (ʜʘ ʠ ʚʦʦʙʱʝ ʧʦʣʠʩʚʷʟʠ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʧʨʦʷʚʣʷʪʴ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʴ ʚ ʩʘʤʳʭ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʵʪʦ ʠ ʥʝʙʝʟʦʧʘʩʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ð ʜʘʞʝ ʦʧʳʪʥʳʝ ʨʘʩʯʝʪʯʠʢʠ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʭʦʨʦʰʦ 

ʟʘʢʘʤʫʬʣʠʨʦʚʘʥʥʫʶ ʠ ʧʦʪʦʤʫ ʪʨʫʜʥʫʶ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʣʦʚʫʰʢʫ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʣʦʚʫʰʝʢ 

ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ ʣʠʥʝʡʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʥʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ 

ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʫʶ ʧʦʜʩʠʩʪʝʤʫ, ʮʝʣʠʢʦʤ ʩʦʩʪʦʷʱʫʶ ʠʟ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʚ ʩʠʩʪʝʤʝ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʭ ʪʝʣ. ʅʘ ʨʠʩ. 

2.2-2,ʘ ʧʦʢʘʟʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʱʥʦʡ ʧʣʠʪʳ, ʧʦʜʢʨʝʧʣʝʥʥʦʡ ʰʠʨʦʢʠʤʠ ʨʝʙʨʘʤʠ. ɼʣʷ ʪʘʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʠʝʤʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ 

ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʟʛʠʙ ʧʣʠʪʳ ʚ ʧʨʦʣʝʪʝ ʤʝʞʜʫ ʧʦʜʢʨʝʧʣʷʶʱʠʤʠ ʨʝʙʨʘʤʠ ʙʫʜʝʪ ʟʘʤʝʪʥʦ 

ʙʦʣʴʰʠʤ, ʯʝʤ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫʯʠʪʳʚʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʣʝʪʘ ʧʣʠʪʳ ʟʘ ʩʯʝʪ ʰʠʨʠʥʳ ʨʝʙʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʦʜʝʣʠ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʭ ʪʝʣ (ʦʥʠ ʥʘ ʨʠʩʫʥʢʝ ʫʩʣʦʚʥʦ ʦʛʨʘʥʠʯʝʥʳ 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ) ʧʦʟʚʦʣʷʝʪ ʧʨʠʢʨʝʧʠʪʴ ʩʪʝʨʞʝʥʴ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʢ ʫʟʣʘʤ ʥʘ 

ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʥʝʠʩʢʘʞʘʝʤʦʩʪʴ ʩʝʯʝʥʠʷ ʚ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ 

ʩ ʧʣʘʩʪʠʥʦʡ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʝʝ ʠʟʛʠʙ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʞʝʩʪʢʦʝ ʪʝʣʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʝʛʦ ʫʟʣʳ ʣʝʞʘʪ ʚ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. 

ʅʝʠʩʢʘʞʘʝʤʦʩʪʴ ʢʦʥʪʫʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʩʭʝʤʘʭ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʩʪʝʨʞʥʝʡ, ʯʘʩʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʫʩʪʨʦʡʩʪʚʘ ʜʠʘʬʨʘʛʤ ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʭ ʠʤ ʵʣʝʤʝʥʪʦʚ 

ʞʝʩʪʢʦʩʪʠ. ɽʩʣʠ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʥʝ ʥʘʛʨʫʞʝʥʳ ʠ ʠʭ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʯʝʪʯʠʢʘ ʥʝ 

ʠʥʪʝʨʝʩʫʝʪ, ʪʦ ʜʠʘʬʨʘʛʤʳ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤʠ ʪʝʣʘʤʠ, ʥʝ ʜʦʧʫʩʢʘʶʱʠʤʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ. 
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ʈʠʩ. 2.2-2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʨʝʙʨʘ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤʠ ʪʝʣʘʤʠ 

ʅʘ ʨʠʩ. 2.2-3 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʩʦʧʨʷʞʝʥʠʷ ʧʣʘʩʪʠʥ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ ʩ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʦʜʥʦʡ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ɿʜʝʩʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ ʪʝʣʦ, ʩʦʜʝʨʞʘʱʝʝ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ ʣʠʥʠʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʧʘʨʳ ʫʟʣʦʚ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʨʘʟʣʠʯʥʳʤ 

ʩʨʝʜʠʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʣʘʩʪʠʥ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʧʨʦʩʪʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʲʝʜʠʥʝʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʡ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ 

ʫʟʣʦʚ, ʪʦ ʥʝ ʫʜʘʝʪʩʷ ʧʨʘʚʠʣʴʥʦ ʦʧʠʩʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʩʦʧʨʷʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʝʨʭʥʝʛʦ ʫʟʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʥʠʞʥʝʛʦ ʫʟʣʘ, ʥʦ ʠ ʝʛʦ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ. 

 

ʈʠʩ. 2.2-3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʩʦʦʩʥʦʛʦ ʩʢʘʯʢʘ ʪʦʣʱʠʥ 

ʕʪʦʪ ʞʝ ʧʨʠʝʤ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʪʫʧʝʥʴ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʧʣʘʩʪʠʥʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʙʘʣʢʦʡ (ʨʠʩ. 2.2-4). ɿʜʝʩʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʝʭʫʟʣʦʚʳʝ ʞʝʩʪʢʠʝ ʪʝʣʘ, ʢ 

ʩʨʝʜʥʝʤʫ ʫʟʣʫ ʢʦʪʦʨʳʭ ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʩʪʝʨʞʥʝʚʦʡ ʵʣʝʤʝʥʪ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʙʘʣʢʫ. 

 

ʈʠʩ. 2.2-4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʫʧʝʥʠ 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʩʦʧʨʷʞʝʥʠʶ ʧʣʘʩʪʠʥ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ ʩ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʦʜʥʦʡ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʭ ʪʝʣ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ  

ʫʟʣʦʚ ʯʘʩʪʝʡ ʧʣʠʪʳ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ, ʘ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʥʳʤ. 
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ʄʦʞʥʦ ʚʩʝ ʫʟʣʳ ʨʘʩʧʦʣʦʞʠʪʴ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʧʮʠʝʡ çʩʤʝʱʝʥʠʝ ʩʨʝʜʠʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥè, ʯʪʦ ʪʦʞʝ ʧʨʠʚʝʜʝʪ ʢ ʥʫʞʥʦʤʫ ʵʬʬʝʢʪʫ. 

 

ʈʠʩ. 2.2-5. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʣʘʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʧʣʠʪʳ ʠ ʢʦʣʦʥʥʳ 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʭ ʪʝʣ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʙʣʘʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʤʦʥʦʣʠʪʥʳʭ ʢʦʣʦʥʥʳ ʠ ʧʝʨʝʢʨʳʪʠʷ (ʨʠʩ. 2.2-5). ɻʘʙʘʨʠʪʳ ʞʝʩʪʢʦʛʦ ʪʝʣʘ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʤʝʨʘʤ ʩʝʯʝʥʠʷ ʢʦʣʦʥʥʳ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʝʧʨʦʮʝʩʩʦʨʝ ʌʆʈʋʄ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʚʦʜ ʞʝʩʪʢʠʭ ʪʝʣ ʚ ʦʙʣʘʩʪʴ ʩʦʧʨʷʞʝʥʠʷ. 

ȍȱȶȩȵȱɀȮȺȳȩɈ Ȱȩȭȩɀȩ 

ɽʩʣʠ ʥʘʛʨʫʟʢʠ ʥʘ ʩʠʩʪʝʤʫ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʪ. ʝ. f = f(t), ʪʦ ʩʣʝʜʫʝʪ ʧʦʣʘʛʘʪʴ ʬʫʥʢʮʠʷʤʠ 

ʚʨʝʤʝʥʠ ʪʘʢʞʝ ʫʩʠʣʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʚʚʝʜʝʥʠʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʢʦʨʦʩʪʝʡ 

d dtZ   ʠ ʫʩʢʦʨʝʥʠʡ 2 2d dtZ . ʂʦʛʜʘ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʩʠʣʳ ʠʥʝʨʮʠʠ 2 2
( )t d dt=J M Z  ʥʝ 

ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʩʠʩʪʝʤʫ ʠ ʩʠʣʘʤʠ ʫʧʨʫʛʦʩʪʠ, 

ʠʭ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʤʫʪ ʚʠʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ 

 
2

2
( ) ( )+ =

Z
M KZ f

d
t t

dt
. (2.2.12) 

ʄʘʪʨʠʮʘ ʤʘʩʩ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʤʘʪʨʠʮ ʤʘʩʩ ʝʝ ʵʣʝʤʝʥʪʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʘʩʩ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʝʨʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʯʘʩʪʝʡ ʩʦʦʨʫʞʝʥʠ,̫ ʥʝ ʚʦʰʝʜʰʠʤʠ ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ.  

ɺ ʧʨʦʛʨʘʤʤʝ SCAD ʤʘʪʨʠʮʘ ʤʘʩʩ ʵʣʝʤʝʥʪʘ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʤʘʪʨʠʮʫ 

ʠʣʠ ʤʘʪʨʠʮʫ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ: 

¶ ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ ʤʘʩʩ ʵʣʝʤʝʥʪʘ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ ʬʦʨʤʳ 

ʵʣʝʤʝʥʪʘ ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʫʯʝʩʪʴ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʤʘʩʩ. ʕʪʠ ʬʫʥʢʮʠʠ ʬʦʨʤʳ ʪʘʢʠʝ ʞʝ, 

ʢʘʢ ʠ ʪʝ, ʯʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ, ʦʪʩʶʜʘ ʠ ʩʣʝʜʫʝʪ ʥʘʟʚʘʥʠʝ 

çʩʦʛʣʘʩʦʚʘʥʥʘʷè. 

¶ ʚ ʤʘʪʨʠʮʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ ʤʘʩʩʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʝʛʦ ʫʟʣʘʤ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʤʘʩʩʳ, ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʫʟʣʘʭ ʵʣʝʤʝʥʪʘ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʩʩʫ ʵʣʝʤʝʥʪʘ. 

ʇʦʵʪʦʤʫ ʤʘʪʨʠʮʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ ʷʚʣʷʝʪʩʷ ʜʠʘʛʦʥʘʣʴʥʦʡ, ʚʩʝ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ, 

ʢʨʦʤʝ ʜʠʘʛʦʥʘʣʴʥʳʭ, ʨʘʚʥʳ ʥʫʣʶ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ, ʥʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʛʫʩʪʦʡ ʩʝʪʢʝ ʵʣʝʤʝʥʪʦʚ ʦʥ ʜʘʝʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ (F ʘʥʘʣʠʟ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʘʭʦʞʜʝʥʠʠ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝʥʘʛʨʫʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʚʝʨʰʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʧʦ 

ʟʘʢʦʥʫ 
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 Z(t) = Y sin(wt + j). (2.2.13) 

ɺ ʚʳʨʘʞʝʥʠʠ (2.2.13) ʚʝʢʪʦʨ Y ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʬʦʨʤʫ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʩʤʝʱʝʥʠʷʤʠ ʫʟʣʦʚ); w ð ʠʭ ʯʘʩʪʦʪʫ; j ð ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ. ʇʦʜʩʪʘʥʦʚʢʘ (2.2.13) ʚ (2.2.12) ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ f(t) = 0 ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

 (K ï w2
M) Y =  0, (2.2.14) 

ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʳ wi (i = 1,...,n), ʥʘʟʳʚʘʝʤʳʝ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʦʙʨʘʱʘʶʪ ʚ ʥʫʣʴ ʜʝʪʝʨʤʠʥʘʥʪ ʤʘʪʨʠʮʳ [Kïw2
M]. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ Yi ʚʳʯʠʩʣʷʶʪʩʷ ʣʠʰʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʥʦʞʠʪʝʣʷ. 

ʕʪʦʪ ʤʥʦʞʠʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʚʝʢʪʦʨʘ Yi ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʩʚʦʡʩʪʚʦ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʚʝʢʪʦʨʦʚ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʨʠʮʳ ʤʘʩʩ, ʪʘʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ, ʪ. ʝ. 

 Yi
ʊ
MYj= 0    ʠ    Yi

ʊ
KYj= 0      ʧʨʠ i  ̧j. (2.2.15) 

ʇʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ Z, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʠʥʝʨʮʠʦʥʥʳʝ 

ʩʠʣʳ (ʢʦʣʠʯʝʩʪʚʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ), ʟʘʯʘʩʪʫʶ ʙʳʚʘʝʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʠʤ, ʯʝʤ ʧʨʠ 

ʩʪʘʪʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ. ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʦʚʦʨʦʪʳ ʫʟʣʦʚ, ʦʙʳʯʥʦ ʦʢʘʟʳʚʘʶʱʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ, ʯʝʤ ʠʭ ʣʠʥʝʡʥʳʝ ʩʤʝʱʝʥʠʷ. ɺ SCAD ʠʥʝʨʮʠʦʥʥʳʝ 

ʤʦʤʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʚʦʨʦʪʘʤ ʫʟʣʦʚ, ʠ ʜʨʫʛʠʝ ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʳ, ʦʜʥʘʢʦ ʵʪʦ ʫʞʝ ʟʘʜʘʝʪ ʩʘʤ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʬʦʨʤʫʣʠʨʫʷ ʟʘʜʘʯʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʩʯʝʪʘ. ɽʩʣʠ ʯʘʩʪʴ ʠʥʝʨʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʛʨʫʟʢʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʪʦ, ʨʘʟʜʝʣʷʷ ʚʝʢʪʦʨ Y ʥʘ 

ʧʦʜʚʝʢʪʦʨ Y0, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʠʣʳ ʠʥʝʨʮʠʠ ʨʘʚʥʳ ʥʫʣʶ, ʠ ʧʦʜʚʝʢʪʦʨ YI, ʩʚʷʟʘʥʥʳʡ ʩ ʠʥʝʨʮʠʦʥʥʳʤʠ 

ʩʠʣʘʤʠ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʠʩʪʝʤʫ (2.2.14) ʚ ʚʠʜʝ 

 K00 Y 0+ K01 Y1 = 0; 

 K10 Y0 + K11 Y1 = w2
M1Y1. (2.2.16) 

ʀʟ ʵʪʦʡ ʩʠʩʪʝʤʳ ʠʩʢʣʶʯʘʝʪʩʷ ʧʦʜʚʝʢʪʦʨ Y0, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ 

çʩʪʘʪʠʯʝʩʢʦʛʦ ʫʧʣʦʪʥʝʥʠʷè ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 

 ( ) 01
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1
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001011 =
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-- ylIMKKKK , (2.2.17 ) 

ʛʜʝ I  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ, ʘ l = 1/w. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ li ʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʚʝʢʪʦʨʳ YI ʟʘʜʘʯʠ (2.2.17). ʉ ʥʠʤʠ ʩʚʷʟʘʥʳ ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ w = 1/l (ʨʘʜ/ʩ), ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 

q = w/2p (ɻʮ) ʠ ʧʝʨʠʦʜ ʊ = 1/q. 

ɺ ʩʠʣʫ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʥʠʝ ʣʶʙʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʚ 

ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ 

 
i(t) (t) i

i

y=äZ Ɋ  (2.2.18) 

ʚʝʜʝʪ ʢ ʨʘʩʧʘʜʫ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.2.12) ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ yi(t). ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʚʦʜʠʤʦʛʦ ʚ ʥʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʯʣʝʥʘ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʩʢʦʨʦʩʪʠ (ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʫʯʠʪʳʚʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ), ʠʤʝʶʪ ʚʠʜ 

 
2

2
 id y

dt
+ 2xi wi  idy

dt
+ wi

2 yi  = Pi(t)/Mi. (2.2.19) 

ʆʙʦʙʱʝʥʥʳʝ ʩʠʣʳ 

 Pi(t) =
 YT

i
 
f(t); (2.2.20) 

ʤʘʩʩʳ 

 Mi = T
iY MYi

  (2.2.21) 

ʠ ʧʘʨʘʤʝʪʨʳ ʟʘʪʫʭʘʥʠʷ xi ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ y
0
i ʠ y

¡
i , ʧʦʣʫʯʘʝʤʳʤʠ ʠʟ Z

0 = Z(0) ʠ  

Z
¡ = dZ(0)/dt ʧʦ ʬʦʨʤʫʣʘʤ: 

 0 0
i  =

T
iy  Ɋ MZ;  =

T
i iy¡ ¡ Ɋ MZ (2.2.22) 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʕʪʦ ʨʝʰʝʥʠʝ ʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 



2 . ț Ȯ ȷ ȹȮ Ȼȱ ɀȮ Ⱥȳ ȱȮ  ȷ Ⱥȶ ȷȫ Ʉ 

40 

0 1
( )0

0

1
e sin cos ( ) sin ( ) ,i i i i

t

t ti i i i
i Di i Di i Di

Di Di i

y y
y y P e t d

M

xw xw txw
w w t w t t

w w

- - -å õ+
= + + -æ ö

ç ÷
ñ  (2.2.23 

2.2.27) 

ʚ ʢʦʪʦʨʦʤ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʫʯʠʪʳʚʘʝʪ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʘ ʚʪʦʨʦʝ ð ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʠʥʪʝʛʨʘʣʘ 

ɼʶʘʤʝʣʷ. 

ɺʭʦʜʷʱʘʷ ʚ ʚʳʨʘʞʝʥʠʝ (2.2.23) ʯʘʩʪʦʪʘ ʜʝʤʧʬʠʨʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

 wDi = wi (1 ï xI
2)1/2 (2.2.24) 

ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ wi ʧʨʠ ʦʙʳʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ 

 d = 2pxw / wD º 2px. (2.2.25) 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʱʝʝ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ (ʘ ʥʝ ʧʦʵʣʝʤʝʥʪʥʦʝ) ʟʥʘʯʝʥʠʝ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʩʪʨʫʢʮʠʷʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʠʟ ʦʜʠʥʘʢʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʠʤʝʨʥʦ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʨʝʰʝʥʠʷʤʠ ʫʟʣʦʚ ʩʦʝʜʠʥʝʥʠʷ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ 

ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʩ ʙʦʣʴʰʠʤ ʠ/ʠʣʠ ʥʝʦʜʥʦʨʦʜʥʳʤ ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʜʩʠʩʪʝʤʫ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ. ʕʪʦʪ ʩʣʫʯʘʡ ʫʯʠʪʳʚʘʝʪʩʷ ʣʠʰʴ ʚ ʚʘʨʠʘʥʪʝ 

ʧʨʷʤʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ.  

ȗȪ ȼɀȮȻȮ ȭȮȵȸȽȱȹȷȫȩȶȱɈ 

ɺ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʤʦʜʝʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʵʪʦ ʥʘʰʣʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʛʜʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʦʪʝʨʴ, ʚ ʯʘʩʪʥʦʩʪʠ: 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ) ½ y;  

¶ ʧʘʨʘʤʝʪʨ ʟʘʪʫʭʘʥʠʷ ʚ ʜʦʣʷʭ ʦʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ½ ɝ;  

¶ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ ʢʦʣʝʙʘʥʠʡ  ½ d;  

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ (ʢʦʤʧʣʝʢʩʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ) ½ z;  

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ʥʝʫʧʨʫʛʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ½ g.  

ʄʝʞʜʫ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ (ʩʤ. ʨʘʟʜʝʣ 3 ʩʧʨʘʚʦʯʥʠʢʘ 

[5]): 

( ) 22 ; / ; / 2 ; / 1 /4.y= d g=d p xºd p d=ph -g 

ʅʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ 

ʧʨʦʛʨʘʤʤʝ ʂʋʉʊ, ʚʭʦʜʷʱʝʡ ʚ ʩʠʩʪʝʤʫ SCAD Office. 

ʉ ʫʯʝʪʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (2.2.12) ʧʨʠʦʙʨʝʪʝʪ ʚʠʜ 

 ( ) ( )t t+ + =MZ CZ KZ f&& & .  (2.2.26) 

ɼʣʷ ʤʘʪʨʠʮʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʉ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʞʝ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ 

ʪʠʧʘ (2.2.15), ʠ ʨʘʩʧʘʜ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.2.26) ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ yi(t) ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʧʦʪʝʟʳ ʈʵʣʝʷ ʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʠ 

 =aÖ +bÖC M K .  (2.2.27) 

ɿʜʝʩʴ Ŭ, ɓ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʧʨʠʯʝʤ ʩʣʘʛʘʝʤʦʝ ŬM ʦʪʚʝʯʘʝʪ ʟʘ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʦ ʥʠʞʥʠʤ ʤʦʜʘʤ, ʘ ɓK ï ʧʦ ʚʝʨʭʥʠʤ. 

ʀʟ ʨʘʟʣʦʞʝʥʠʷ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʬʦʨʤʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʣʝʜʫʝʪ: 

 
2

mod2 , 1, 2, ,i i i esi Na+bw = xw =K . (2.2.28) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ Ŭ, ɓ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʝʤ (2.2.32) ʧʨʠ i = 1, 2: 

 
( ) ( )1 2 1 2 2 1 2 2 1 1

2 2 2 2
2 1 2 1

2 2
,

ww xw -x w x w -xw
a= b=

w -w w -w
 , (2.2.29) 
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ʛʜʝ  1 2, ,w w  ï ʧʝʨʚʳʝ ʜʚʝ ʩʦʙʩʪʚʝʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ [ʨʘʜ/ʩ]; 21,xx  - ʤʦʜʘʣʴʥʦʝ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʜʣʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʟʘʜʘʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 2 1 0w >w > ʠ 2 1 0x ²x >. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ 2 1w =w ʠʣʠ ʧʝʨʚʳʝ ʜʚʝ 

ʯʘʩʪʦʪʳ ʦʯʝʥʴ ʙʣʠʟʢʠ (( )2 1 1 0.0001w -w w < ), ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ 1 12 ,a= xw ʘ 0b=. 

ʇʘʨʘʤʝʪʨ Ŭ ʦʪʚʝʯʘʝʪ ʟʘ ʟʘʪʫʭʘʥʠʝ ʧʦ ʥʠʟʢʠʤ ʤʦʜʘʤ, ʘ ɓ ï ʧʦ ʚʳʩʦʢʠʤ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʪʦʪ, 

ʠ ʜʨʫʛʦʡ ʧʘʨʘʤʝʪʨʳ. ʏʘʩʪʦ ʧʨʠʥʠʤʘʝʪʩʷ ʫʧʨʦʱʝʥʠʝ ɓ = 0. ʇʨʠ ʵʪʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʦ ʚʝʨʭʥʠʤ 

ʤʦʜʘʤ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʥʠʞʝʥʥʳʤ, ʧʦʵʪʦʤʫ ʜʠʥʘʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʳʰʝʥʘ (ʜʦ 2-ʭ ʨʘʟ ʠ ʙʦʣʝʝ). 

ʄʦʜʝʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʤʝʪʦʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʬʦʨʤʘʤ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʠ ʧʨʠ ʧʨʷʤʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʦʪʝʟʳ ʈʵʣʝʷ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʨʘʟʥʳʝ. 

ʕʪʦ ʚʠʜʥʦ, ʥʘʧʨʠʤʝʨ, ʠʟ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ Ŭ, ɓ ʠʟ (2.2.29), ʧʦʩʢʦʣʴʢʫ, 

ʟʘʜʘʚʘʷ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨ ʠʥʜʝʢʩʘ i, ʙʫʜʝʤ ʧʦʣʫʯʘʪʴ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ Ŭ, ɓ. ʆʜʥʘʢʦ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʝʪʦʜ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʬʦʨʤʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʤʝʪʦʜʳ 

ʧʨʷʤʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʘʶʪ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʝʩʣʠ ʠ ʪʦʪ ʠ ʜʨʫʛʦʡ ʧʨʠʤʝʥʝʥʳ ʢʦʨʨʝʢʪʥʦ. 

2.3.  șȮɁȮȶȱȮ ȺȱȺȻȮȵ ȼȹȩȫȶȮȶȱȲ 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʟʘʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʟʘʜʘʯʘ 

ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ 

 KZ = F, (2.3.1) 

ʛʜʝ K ð ʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ N³N. ʆʪʤʝʪʠʤ, ʯʪʦ ʤʘʪʨʠʮʘ K, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʘʟʨʝʞʝʥʥʘʷ ʤʘʪʨʠʮʘ) ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ; 

F ð ʤʘʪʨʠʮʘ ʧʨʘʚʳʭ ʯʘʩʪʝʡ (ʟʘʛʨʫʞʝʥʠʡ) ʨʘʟʤʝʨʦʤ N³k (k ð ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʫʞʝʥʠʡ);  

Z ð ʠʩʢʦʤʘʷ ʤʘʪʨʠʮʘ ʧʝʨʝʤʝʱʝʥʠʡ ʨʘʟʤʝʨʦʤ k³N. 

ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

ʧʨʷʤʳʝ ʤʝʪʦʜʳ, ʪʘʢ ʠ ʠʪʝʨʘʮʠʦʥʥʳʝ. ʇʨʷʤʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʨʘʟʨʝʞʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ, ʝʩʣʠ ʫʜʘʝʪʩʷ ʥʘʡʪʠ 

ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʱʠʡ ʟʘʧʦʣʥʝʥʠʝ ʧʨʠ ʬʘʢʪʦʨʠʟʘʮʠʠ 

ʤʘʪʨʠʮʳ. ɼʦʩʪʦʠʥʩʪʚʦ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʣʦʭʦʡ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʦʰʠʙʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʟʤʝʥʷʝʤʦʩʪʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʠ ʧʨʦʜʦʣʞʠʪʝʣʥɹʦʩʪʴ ʨʝʰʝʥʠʷ ʧʦʯʪʠ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʳʭ ʯʘʩʪʝʡ, ʝʩʣʠ ʧʦʩʣʝʜʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ. 

ʀʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʦʣʴʰʠʭ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʫʨʦʚʥʝʡ ʛʨʘʬʘ 

ʩʤʝʞʥʦʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʦʣʥʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʷʤʳʝ ʤʝʪʦʜʳ ʥʘʯʠʥʘʶʪ 

ʨʘʙʦʪʘʪʴ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. ʀʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʤʘʪʨʠʮʘ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ. 

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʚ ʄʂʕ ʧʨʦʛʨʘʤʤʘʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʦʬʠʣʴʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ɻʘʫʩʩʦʚʦʤ ʠʩʢʣʶʯʝʥʠʠ, ʠ ʬʨʦʥʪʘʣʴʥʳʡ ʤʝʪʦʜ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʤʘʪʨʠʮʘ ʨʘʟʨʝʰʘʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʜʦ ʠʭ ʨʝʰʝʥʠʷ ʧʦʣʥʦʩʪʴʶ (ʩʤ. ʨʠʩ. 2.3-1), ʚʦ 

ʚʪʦʨʦʤ ð ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʛʨʫʧʧʳ ʫʨʘʚʥʝʥʠʡ, ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʱʠʝ 

ʥʝʠʟʚʝʩʪʥʳʝ ʦʜʥʦʛʦ ʫʟʣʘ. ʄʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʝ ʩʦʙʠʨʘʝʪʩʷ, ʘ ʚʤʝʩʪʦ ʵʪʦʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦʙʘʚʣʷʶʪʩʷ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ, ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʚ 

ʜʘʥʥʫʶ ʛʨʫʧʧʫ. ʂʘʢ ʪʦʣʴʢʦ ʦʯʝʨʝʜʥʦʡ ʬʨʦʥʪ ʩʪʘʥʦʚʠʪʩʷ ʩʦʙʨʘʥʥʳʤ, ʪʦ ʝʩʪʴ ʚʩʝ ʧʨʠʤʳʢʘʶʱʠʝ ʢ 

ʥʝʤʫ ʵʣʝʤʝʥʪʳ ʚʢʣʶʯʝʥʳ ʚ ʘʥʩʘʤʙʣʴ, ʧʨʦʠʟʚʦʜʠʪʩʷ ɻʘʫʩʩʦʚʦ ʠʩʢʣʶʯʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ, ʥʦʤʝʨʘ 

ʢʦʪʦʨʳʭ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʥʦʤʝʨʘʤʠ ʫʨʘʚʥʝʥʠʡ ʬʨʦʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ɻʘʫʩʩʦʚʦ ʠʩʢʣʶʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʣʦʪʥʦʡ (ʬʨʦʥʪʘʣʴʥʦʡ) ʤʘʪʨʠʮʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ ʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʡ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʬʨʦʥʪ ʜʚʠʞʝʪʩʷ ʧʦ ʫʟʣʘʤ ʄʂʕ ʤʦʜʝʣʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʫʣʴʪʠʬʨʦʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʨʝʚʦʩʭʦʜʠʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ɻʘʫʩʩʘ ʥʘ ʧʦʨʷʜʦʢ. 
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ʈʠʩ. 2.3-1. ʇʨʦʬʠʣʴ ʤʘʪʨʠʮʳ. 1 ð ʥʝʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ, 2 ð ʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ, 

ʟʘʧʦʣʥʷʝʤʳʝ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʤʘʪʨʠʮʳ, 3 ð ʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ, ʥʝ ʟʘʧʦʣʥʷʝʤʳʝ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʤʘʪʨʠʮʳ 

ʋʧʦʨʷʜʦʯʝʥʠʝ ʦʯʝʨʝʜʥʦʩʪʠ ʠʩʢʣʶʯʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (ʧʨʦʬʠʣʴʥʳʡ ʤʝʪʦʜ) ʠ ʦʯʝʨʝʜʥʦʩʪʠ ʧʦʜʘʯʠ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʙʦʨʢʫ (ʬʨʦʥʪʘʣʴʥʳʡ ʤʝʪʦʜ), ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʟʘʧʦʣʥʝʥʠʡ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʫʯʝʪʦʤ ʩʪʨʫʢʪʫʨʳ ʟʘʧʦʣʥʝʥʠʷ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ 

ʟʘʧʦʣʥʝʥʠʝʤ ʧʦʥʠʤʘʶʪʩʷ ʥʝʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʚ ʤʘʪʨʠʮʝ ʚ ʧʨʦʮʝʩʩʝ ʬʘʢʪʦʨʠʟʘʮʠʠ 

ʥʘ ʤʝʩʪʝ ʥʫʣʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ (ʩʤ. ʨʠʩ. 2.3-1). ʂʦʣʠʯʝʩʪʚʦ ʟʘʧʦʣʥʝʥʠʡ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʠʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

ɺ ʢʦʤʧʣʝʢʩʝ SCAD ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʧʝʨʝʥʫʤʝʨʘʮʠʠ. ʅʘʧʨʠʤʝʨ: ʦʙʨʘʪʥʳʡ ʘʣ-

ʛʦʨʠʪʤ ʂʘʪʭʠʣʣʘ-ʄʘʢʢʠ, ʤʝʪʦʜ ʬʘʢʪʦʨ-ʜʝʨʝʚʴʝʚ, ʤʝʪʦʜ ʚʣʦʞʝʥʥʳx ʩʝʯʝʥʠʡ, ʘʣʛʦʨʠʪʤ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʩʝʯʝʥʠʡ, ʘʣʛʦʨʠʪʤ METIS, ʉʣʦʘʥʘ, ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠ ʜʨʫʛʠʝ. ʕʪʠ ʤʝʪʦʜʳ ʠ ʠʭ ʩʨʘʚ-

ʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʘʥʳ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʧʝʨʝʥʫʤʝʨʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢʦʥʢʨʝʪʥʦʡ ʤʘʪʨʠʮʳ ʂ, ʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʧʝʨʝʥʫʤʝʨʘʮʠʠ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ñʪʨʫʜʥʦ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯò (NP-

complete) [22], [38], [30]. 

ɼʣʷ ʤʥʦʛʦʷʜʝʨʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʨʝʰʘʪʝʣʴ PARFES, ʟʘʤʝʪʥʦ ʫʩʢʦʨʷʶʱʠʡ ʨʘʩʯʝʪ ʙʦʣʴʰʠʭ ʟʘʜʘʯ. 

ɽʩʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʙʦʛʦ ʠʟ ʨʝʰʘʪʝʣʝʡ SCAD ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʫʛʦʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʤʘʪʨʠʮʳ K ʦʜʠʥ ʠʟ ʨʘʟʨʝʰʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʦʢʘʞʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ, ʪ. ʝ. ʚʳʷʩʥʠʪʩʷ, ʯʪʦ K 

ʚʳʨʦʞʜʝʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʟʤʝʥʷʝʤʦʩʪʠ ʩʠʩʪʝʤʳ, ʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʥʘʣʦʞʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʝʥʘʧʨʷʞʝʥʥʦʡ ʩʚʷʟʠ, ʧʨʝʚʨʘɦʘʶʱʝʡ ʩʠʩʪʝʤʫ ʚ 

ʥʝʠʟʤʝʥʷʝʤʫʶ. ʇʨʠ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʦʤʝʨʘʭ ʫʟʣʦʚ ʠ ʪʠʧʘʭ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʝʜʝʥʦ ʥʘʣʦʞʝʥʠʝ ʩʚʷʟʝʡ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚʳʨʦʞʜʝʥʠʝ ʠʜʝʥʪʠ-

ʬʠʮʠʨʫʝʪʩʷ ʥʝ ʧʦ ʪʦʯʥʦʤʫ ʨʘʚʝʥʩʪʚʫ ʨʘʟʨʝʰʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʫʣʶ, ʘ ʧʦ ʧʦʷʚʣʝʥʠʶ ʥʘ ʛʣʘʚʥʦʡ 

ʜʠʘʛʦʥʘʣʠ ʯʠʩʣʘ, çʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʛʦ ʥʫʣʶè, ʠ ʚʳʙʦʨ ʵʪʦʛʦ ʧʦʨʦʛʘ (ʧʘʨʘʤʝʪʨ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ) 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʨʘʩʧʦʨʜ̫ʠʪʴʩʷ ʩʘʤ. 

ʂʦʛʜʘ ʩʦʦʙʱʝʥʠʷ ʦʙ ʫʩʪʘʥʦʚʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʷʟʝʡ ʧʦʷʚʣʷʶʪʩʷ ʚ ʧʨʦʪʦʢʦʣʝ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ, ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʚʥʠʤʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʠ ʚʳʷʩʥʠʪʴ ʧʨʠʯʠʥʫ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʟʤʝʥʷʝʤʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʬʦʨʤʘʣʴʥʦ ʷʚʣʷʝʪʩʷ ʥʝʠʟʤʝʥʷʝʤʦʡ, ʥʦ ʧʘʨʘʤʝʪʨʳ ʞʝʩʪʢʦʩʪʠ ʝʝ ʵʣʝʤʝʥʪʦʚ ʪʘʢʦʚʳ, ʯʪʦ ʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʧʦʯʪʠ ʠʟʤʝʥʷʝʤʘʷè. ʊʦʛʜʘ ʜʣʷ ʘʥʘʣʠʟʘ, ʚʦʟʤʦʞʥʦ, ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʩʥʦʚʘ ʩ 

ʜʨʫʛʠʤ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʝʨʚʠʩʥʳʤ ʩʨʝʜʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (2.3.1). ʇʨʠ ʧʦ-

ʷʚʣʝʥʠʠ ʩʦʦʙʱʝʥʠʷ ʦ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʝ ʦʰʠʙʢʠ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʩʣʝʜ-

ʩʪʚʠʝʤ ʧʣʦʭʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ K, ʩʣʝʜʫʝʪ ʚʥʠʤʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 
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ʫʟʣʦʚ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ ʩ ʠʥʞʝʥʝʨʥʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ. ʇʣʦʭʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʘ ʩ ʥʝʫʜʘʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, ʩʣʫʯʘʝʤ çʧʦʯʪʠ ʠʟʤʝʥʷʝʤʦʡè ʩʠʩʪʝʤʳ) ʠʣʠ ʝʝ ʥʝʫʜʘʯʥʦʡ ʠʜʝʘʣʠʟʘʮʠʝʡ. 

2.4.  ȚȻȩȶȭȩȹȻȶɄȮ Ⱥȴȼɀȩȱ ȭȱȶȩȵȱɀȮȺȳȷȬȷ ȰȩȬȹȼȯȮȶȱɈ 

ʂʦʤʧʣʝʢʩ SCAD ʜʘʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʩʣʝʜʫʶʱʠʭ ʢʣʘʩʩʦʚ: 

¶ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ; 

¶ ʧʫʣʴʩʘʮʠʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ; 

¶ ʩʝʡʩʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ; 

¶ ʠʤʧʫʣʴʩʥʘʷ ʠ ʫʜʘʨʥʘʷ ʥʘʛʨʫʟʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʦʚ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ; 

¶ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ; 

¶ ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʬʦʨʤʝ ʟʘʜʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ; 

¶ ʧʨʷʤʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. 

ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ.  

ȋȮȻȹȷȫȩɈ ȶȩȬȹȼȰȳȩ 

ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ ʧʦʣʦʞʝʥ ʧʦʜʭʦʜ ʠʟ ʨʘʟʜʝʣʘ 10 ʩʧʨʘʚʦʯʥʠʢʘ [5], ʛʜʝ ʟʘʜʘʯʘ ʦ ʜʝʡʩʪʚʠʠ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦʩʪʘʚʣʝʥʘ ʢʘʢ ʟʘʜʘʯʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ.  

ɼʘʚʣʝʥʠʝ ʚʝʪʨʘ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʚ ʪʦʯʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʚʳʩʦʪʝ z ʦʪ ʫʨʦʚʥʷ ʟʝʤʣʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ 

 q(z,t) = qs(z) + qp(z,t). (2.4.1) 

ʇʦʩʣʝʜʥʷʷ ʝʩʪʴ ʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʣʫʯʘʡʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʫʣʴʩʘʮʠʡ, 

ʠʤʝʶʱʝʡ ʥʫʣʝʚʦʝ ʩʨʝʜʥʝʝ, ʩʪʘʥʜʘʨʪ s(z) ʠ ʙʝʟʨʘʟʤʝʨʥʳʡ ʩʧʝʢʪʨ ɼʘʚʝʥʧʦʨʪʘ 

 
5/3 2 4/3( ) 1200 3 (1 +  )0S  =   vè øe e eê ú, (2.4.2) 

 ʛʜʝ v0 ð ʩʨʝʜʥʝʯʘʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 10 ʤ;  

 e = v0 
1 1L- -W  ð ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʛʜʝ L=1200 ʤ ð ʤʘʩʰʪʘʙ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, W 

ð ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ (1/ʩ). 

ʉ ʫʯʝʪʦʤ ʫʧʨʦʱʝʥʠʡ1, ʜʦʩʪʠʛʘʝʤʳʭ ʟʘ ʩʯʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʦʣʥʦʡ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ 

(ʧʫʣʴʩʘʮʠʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʠʥʭʨʦʥʥʳʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ 

ʪʦʣʴʢʦ ʚʨʝʤʝʥʠ), ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʩʤʝʱʝʥʠʝ ʧʦ j-ʡ ʢʦʤʧʦʥʝʥʪʝ ʚʝʢʪʦʨʘ Z ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 
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i . (2.4.3) 

ɿʜʝʩʴ s ð ʯʠʩʣʦ ʫʯʠʪʳʚʘʝʤʳʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ; hij ð ʧʨʠʚʝʜʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ, 

ʚʳʯʠʩʣʷʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ 
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M Yä  ,  (2.4.4) 

ʘ ʢʚʘʜʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: 

 
-1

2 11 3 2 -4/3 4 2 2 2 4

i i i

0

 = (2/3)  (1 +  )  - 2(1 - /2)  + d

¤

è øm e e e g e e e eê úñ . (2.4.5) 

ʇʘʨʘʤʝʪʨ ʟʘʪʫʭʘʥʠʷ g ʩʚʷʟʘʥ ʩ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʜʝʢʨʝʤʝʥʪʦʤ d ʟʘʚʠʩʠʤʦʩʪʴʶ g = d/p, ʘ ʯʝʨʝʟ 

ei ʦʙʦʟʥʘʯʝʥ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʝʨʠʦʜ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ei = v0 
1 1L- -W . 

ʈʘʩʯʝʪʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʧʝʨʚʳʤ ʩʣʘʛʘʝʤʳʤ ʚ (2.4.1), ʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ð

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.4.3). ʋʩʠʣʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʳ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʝʝ ʪʦʯʝʢ (ʦʙʦʙʱʝʥʥʦ 

ð ʦʪʢʣʠʢ ʩʦʦʨʫʞʝʥʠʷ ʍ) ʥʘʭʦʜʷʪʩʷ ʨʘʟʜʝʣʴʥʦ ʦʪ ʩʪʘʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ 

                                                      
1 ʕʪʠ ʫʧʨʦʱʝʥʠʷ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʚ SCAD ʨʝʞʠʤʝ ʨʘʩʯʝʪʘ ʧʦ ʄʦʩʢʦʚʩʢʠʤ ʛʦʨʦʜʩʢʠʤ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʥʦʨʤʘʤ. ʈʝʰʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤ, ʦʜʥʘʢʦ ʚʨʝʤʷ ʥʘ ʝʛʦ ʧʦʠʩʢ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
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ʦʪ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʡ ʬʦʨʤʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʉʫʤʤʘʨʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 X = cX  ° 2( )d
i

i

Xä , (2.4.6)  

ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʩʦʚʝʨʰʘʶʪʩʷ ʚʦʢʨʫʛ ʩʤʝʱʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʘʪʠʯʝʩʢʦʡ (ʩʨʝʜʥʝʡ) ʢʦʤʧʦʥʝʥʪʝ ʟʘʛʨʫʞʝʥʠʷ. ʂʦʤʧʣʝʢʩ ʚʳʜʘʝʪ ʦʪʜʝʣʴʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ d
iX  ʠ ʩʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʝ (2.4.6), ʧʨʠʯʝʤ ʟʥʘʢ ʧʝʨʝʜ ʚʪʦʨʳʤ 

ʩʣʘʛʘʝʤʳʤ ʧʨʠʥʠʤʘʝʪʩʷ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʫ ʢʦʤʧʦʥʝʥʪʳ Xc.  

ʉʫʤʤʠʨʦʚʘʥʠʝ ʚʢʣʘʜʦʚ ʦʪ ʦʪʜʝʣʴʥʳʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʬʦʨʤʫʣʦʡ 

(2.4.6), ʥʘʟʳʚʘʶʪ ʧʨʘʚʠʣʦʤ ʂʂʉʂ (çʢʦʨʝʥʴ ʢʚʘʜʨʘʪʥʳʡ ʠʟ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚè). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦ 

ʵʪʦʤʫ ʧʨʘʚʠʣʫ ʩʫʤʤʠʨʫʶʪʩʷ ʜʠʩʧʝʨʩʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʟʘʢʦʥʫ ɻʘʫʩʩʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʘʤʧʣʠʪʫʜʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠ ʬʘʟʦʚʳʝ ʫʛʣʳ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʧʝʨʝʤʝʱʝʥʠʷ, ʚʦʟʙʫʞʜʘʝʤʳʝ 

ʪʫʨʙʫʣʝʥʪʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚʨʷʜ ʣʠ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʛʨʫʧʧʳ ʬʦʨʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʝʢʦʡ ʢʨʘʪʥʦʡ ʯʘʩʪʦʪʦʡ. ʂʦʣʝʙʘʥʠʷ ʧʦ ʬʦʨʤʘʤ ʵʪʦʡ ʛʨʫʧʧʳ 

ʷʚʣʷʶʪʩʷ ʬʘʟʦ-ʟʘʚʠʩʠʤʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʨʦʞʜʝʥʳ ʦʙʱʝʡ ʯʘʩʪʦʪʦʡ ʠ ʧʦʵʪʦʤʫ ʢʨʘʪʥʳʝ ʚʝʢʪʦʨʳ 

ʩʫʤʤʠʨʫʶʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʚ ʧʣʘʥʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʨʘʟʫʶʪʩʷ ʢʨʘʪʥʳʝ ʧʘʨʳ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʚʦʨʦʪʘ 

ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ɺʝʢʪʦʨʳ ʵʪʦʡ ʧʘʨʳ ʙʫʜʫʪ ʦʨʪʦʛʦʥʘʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʥʦ ʧʨʦʠʟʚʦʣʴʥʦ 

ʧʦʚʝʨʥʫʪʳ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʧʦʵʪʦʤʫ ʧʨʦʠʟʚʦʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʠ 

ʦʨʠʝʥʪʘʮʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʳ ʧʘʨʳ ʢʨʘʪʥʳʭ ʬʦʨʤ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʤʘʥʜʝ ʢʦʤʧʣʝʢʩʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʚʦʨʦʪ ʩʫʤʤʘʨʥʦʛʦ ʚʝʢʪʦʨʘ 

ʥʘ ʪʘʢʦʡ ʫʛʦʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʤʘʢʩʠʤʠʟʠʨʦʚʘʥ ʝʛʦ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ 

ʢʦʥʩʪʨʫʢʮʠʠ.  

ȚȮȲȺȵȱȳȩ 

ɺ ʦʩʥʦʚʫ ʥʦʨʤ (ʉʇ 14.13330.2014. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ (ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʚʝʨʩʠʷ 

ʉʅʠʇ II-7-81*)) ʧʦʣʦʞʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʨʘʩʯʝʪʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʢʨʠʚʘʷ (ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʥʘʤʠʯʥʦʩʪʠ) ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ 

ʧʨʦʩʪʦʛʦ ʤʘʷʪʥʠʢʘ ʥʘ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʫʩʢʦʨʝʥʠʷʭ ʦʩʥʦʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʷ d2z0/dt2, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 

ʟʝʤʣʝʪʨʩ̫ʝʥʠʠ, ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ 2 2
( )t d dt=J M Z  ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʳʤʠ ʫʩʢʦʨʝʥʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʫʩʢʦʨʝʥʠʷʤʠ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʩʦʦʨʫʞʝʥʠʷ 

 Jc(t) = M (d2Z/dt2 - d2z0 /dt2), (2.4.7) 

ʯʪʦ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚ (2.2.12) ʜʘʝʪ ʬʠʢʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ 

 fc(t) = M d2z0 /dt2 . (2.4.8) 

ʆʪ ʚʦʟʜʝʡʩʪʚʠʷ (2.4.8) ʨʝʰʝʥʠʝ ʠʱʝʪʩʷ ʧʫʪʝʤ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʬʦʨʤʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ 

ʬʦʨʤʝ ʠʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ (ʩʤ. ʨʘʟʜʝʣ 3 ʩʧʨʘʚʦʯʥʠʢʘ [5]) ʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʧʨʠʚʦʜʠʪʩʷ ʢ ʨʘʩʯʝʪʫ 

ʥʘ ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ Sik, ʜʝʡʩʪʚʫʶʱʠʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ k-ʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʧʦ i-ʡ 

ʬʦʨʤʝ 

 Sik = QkKc b(Ti)hik cosj0k. (2.4.9) 

ɿʜʝʩʴ Qk ð ʚʝʩ ʤʘʩʩʳ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ k-ʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ; Kc ð ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʡʩʤʠʯʥʦʩʪʠ, 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʙʘʣʴʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʥʘʧʦʤʠʥʘʝʤ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ ʙʘʣʣʫ ʩʚʷʟʘʥ ʩ 

ʫʜʚʦʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʟʝʤʣʝʪʨʩ̫ʝʥʠʷ) ʠ ʦʪ ʢʣʘʩʩʘ ʩʦʦʨʫʞʝʥʠʷ; b ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ, 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʝʨʠʦʜʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʬʦʨʤʳ ʠ ʢʘʪʝʛʦʨʠʠ ʛʨʫʥʪʘ 

ʦʩʥʦʚʘʥʠʷ; hik ð ʧʨʠʚʝʜʝʥʥʳʝ ʫʩʢʦʨʝʥʠʷ (2.4.4) (ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʧʦ ʬʦʨʤʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ); j0k ð ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʤʝʱʝʥʠ ̫

Zk ʠ ʚʝʢʪʦʨʦʤ ʫʩʢʦʨʝʥʠʡ ʦʩʥʦʚʘʥʠʷ. 



2 . ț Ȯ ȷ ȹȮ Ȼȱ ɀȮ Ⱥȳ ȱȮ  ȷȺȶȷȫɄ 

45 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʠʥʘʤʠʯʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʙʨʘʙʦʪʢʦʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʢʣʠʢʦʚ, ʧʨʦʩʪʳʭ 

ʦʩʮʠʣʣʷʪʦʨʦʚ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ iw (ʧʝʨʠʦʜʘʤʠ 2 /i iT = p w) ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʫʧʨʫʛʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ g ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ 2 2
0 0/ ( )d z dt a t= . 

ɼʣʷ ʢʘʞʜʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʚʦʟʜʝʡʩʪʚʠʝ 0( )a t  ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʦʪʢʣʠʢ (ʨʠʩ. 2.4.1) 

( ) () ( ) ( )0

0

, , sini

t
t

i i i ia t z e t d
-gw -t

w g =w t w -t tñ&& .                               (2.4.10) 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʢʣʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʘʢ ʬʫʥʢʮʠʷ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʷʪʦʨʘ, 

ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʢʪʨʘʣʴʥʫʶ ʢʨʠʚʫʶ ʠʩʭʦʜʥʦʡ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ,  

( ) ( ) () ( ) ( )0

0

, max , , max sini

t
t

i i i i
t t

a t z e t d
-gw -t

b w g = w g = w t w -t tñ&& , 

ʘ ʦʛʠʙʘʶʱʘʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʨʠʚʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʚʦʟʤʦʞʥʳʤ 

ʘʢʩʝʣʝʨʦʛʨʘʤʤʘʤ, ʦʙʦʙɦ ʝʥʥʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʜʘʝʪ ʢʨʠʚʫʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʜʠʥʘʤʠʯʥʦʩʪʠ b(Ti). 

 

ʈʠʩ. 2.4-1. ʂ ʧʦʩʪʨʦʝʥʠʶ ʢʨʠʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʥʘʤʠʯʥʦʩʪʠ 

 

ɸ ʢʦʵʬʬʠʮʠʝʥʪʳ hik ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

2

1 1

n n

ik ik j ij s is

j s

Q Q
= =

å õå õ
h =Y Y Yæ öæ öæ ö

ç ÷ç ÷
ä ä .                                                 (2.4.11) 

ʆʪ ʥʘʛʨʫʟʦʢ (2.4.9) ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʢʣʠʢʠ Xi ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʫʯʠʪʳʚʘʝʤʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 

 
1

2
1

1 1

n n

i i i i

i i

X X X X

-

+

= =

=° + rä ä , (2.4.12) 

ʛʜʝ ri=2, ʝʩʣʠ Ti+1/Ti²0,9 ʠ ri=0, ʝʩʣʠ Ti+1/Ti<0,9 (Ti>Ti+1). 

ʇʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ 

ʯʣʝʥʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (X,Y,Z) ʚʳʯʠʩʣʷʝʪʩʷ çʦʩʪʘʪʦʯʥʘʷ ʬʦʨʤʘè, ʜʦʙʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʢ 

ʤʥʦʞʝʩʪʚʫ ʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʜʦʧʦʣʥʷʝʪ ʩʫʤʤʫ ʤʦʜʘʣʴʥʳʭ ʤʘʩʩ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʜʦ 100%. 
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ȑȵȸȼȴɅȺȶɄȮ ȶȩȬȹȼȰȳȱ 

ʀʤʧʫʣʴʩʥʳʝ ʥʘʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ ʩʠʣʘʤʠ ʠʣʠ ʫʜʘʨʘʤʠ, ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ t 

ʥʝ ʧʨʝʚʳʰʘʝʪ 2,5ʊs, ʛʜʝ ʊs ð ʧʝʨʠʦʜ ʥʘʠʤʝʥʴʰʝʡ ʠʟ ʫʯʠʪʳʚʘʝʤʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ (ʩʤ. ʨʘʟʜʝʣ 5 

ʩʧʨʘʚʦʯʥʠʢʘ [5]). ʈʘʟʣʠʯʘʶʪ ʦʜʥʦʢʨʘʪʥʳʝ ʠʤʧʫʣʴʩʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʛʨʫʟʢʘ f(t) = 0 ʧʨʠ t > t, ʠ 

ʠʤʧʫʣʴʩʳ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʠʟ ʯʠʩʣʘ ʢʦʪʦʨʳʭ ʯʘʱʝ ʚʩʝʛʦ ʚʳʜʝʣʷʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʠʤʧʫʣʩɹʳ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʯʝʨʝʟ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʊ0.   

 
ʈʠʩ. 2.4-2. ʌʫʥʢʮʠʠ ʬʦʨʤʳ ʠʤʧʫʣʴʩʥʳʭ ʥʘʛʨʫʟʦʢ 

ʀʤʧʫʣʴʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʜʝʡʩʪʚʠʷ t, ʬʦʨʤʦʡ f(t) ʠ ʥʘʠʙʦʣʴʰʠʤ 

ʟʥʘʯʝʥʠʝʤ ʈ0 (ʨʠʩ. 2.4-2), ʣʠʙʦ ʚʝʣʠʯʠʥʦʡ ʠʤʧʫʣʴʩʘ 

 ()0

0

.S P f t dt= ñ
t

 (2.4.13) 

ʇʨʠ t < 0,1Ts ʠʤʧʫʣʴʩ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʛʥʦʚʝʥʥʳʤ ʠ ʥʝ ʨʘʟʣʠʯʘʪʴ ʬʦʨʤʳ f(t), ʧʦʩʢʦʣʴʢʫ ʚʩʝ 

ʦʥʠ ʧʨʠʚʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʪʦʞʜʝʩʪʚʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʇʨʠ ʧʨʷʤʦʤ ʫʜʘʨʝ ʪʝʣʘ ʤʘʩʩʳ ʄ0 ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʧʫʣʴʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

 ( )0 0 01 ,S M v k= +  (2.4.14) 

ʛʜʝ v0 ï ʩʢʦʨʦʩʪʴ ʫʜʘʨʷʶʱʝʛʦ ʪʝʣʘ ʚ ʥʘʯʘʣʝ ʩʦʫʜʘʨʝʥʠʷ; k0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʟʘʚʠʩʷɦ ʠʡ ʦʪ ʬʦʨʤʳ ʠ ʤʘʪʝʨʠʘʣʘ ʩʦʫʜʘʨʷʶʱʠʭʩʷ ʪʝʣ. 

ɽʩʣʠ ʤʘʩʩʘ ʄ0 ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʤʤʦʡ ʤʘʩʩ ʩʦʦʨʫʞʝʥʠʷ, ʪʦ ʨʘʩʯʝʪ ʥʘ ʫʜʘʨ ʤʦʞʥʦ 

ʚʳʧʦʣʥʠʪʴ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʘ ʠʤʧʫʣʴʩ ʚʝʣʠʯʠʥʦʡ (2.4.13), ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʄ0 ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʢʘʢ 

ʧʨʠʩʦʝʜʠʥʝʥʥʫʶ ʤʘʩʩʫ ʠ ʫʪʦʯʥʠʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʥʘʷ ʤʘʩʩʘ ʄ0 ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʝʜʠʥʩʪʚʝʥʥʦʡ ʤʘʩʩʦʡ 

ʩʠʩʪʝʤʳ (ʫʜʘʨ ʧʦ ʙʝʟʤʘʩʩʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ!). ʌʦʨʤʘ ʬʫʥʢʮʠʠ f(t) ʧʨʠ ʫʜʘʨʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʦʣʦʢʦʣʦʦʙʨʘʟʥʦʡ (ʨʠʩ. 2.4-2, f). 

ȌȩȹȵȷȶȱɀȮȺȳȷȮ ȫȷȰȪȼȯȭȮȶȱȮ 

ɼʣʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ (1)
iP cosqt + (2)

iP sinqt ʩʫʤʤʘʨʥʳʝ ʧʦ ʚʩʝʤ ʫʯʠʪʳʚʘʝʤʳʤ ʬʦʨʤʘʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ S1 ʠ S2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʦʡ 

(ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ) ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ (ʤʥʠʤʦʡ) ʩʦʩʪʘʚʣʷʶʱʠʤ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʘʤʠ:  

 S1 =  Yä i i

i

a M  ;            S2 = Yäi i

i

b M , (2.4.15) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

 ai = ( (1)
iP  c ï (2)

iP xai)/(c
2
i + a2

i),  

 bi =  ( (2)
iP  c ï (1)

iP xai)/(c
2
i + a2

i),  

 ai = q/wi,     ci =  1 ï a2
i . (2.4.16) 

ɿʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʟʘʜʘʥ ʝʜʠʥʳʡ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ x. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

 
2 2

1 2 = + S S S . (2.4.17) 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʚʦʟʤʫʱʘʶʱʝʡ ʥʘʛʨʫʟʢʠ q ʙʦʣʴʰʝ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʠʩʪʝʤʳ wi, ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʨʠʪʴ ʩʠʩʪʝʤʫ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ 

ʯʝʨʝʟ ʨʝʟʦʥʘʥʩ ʚʦ ʚʨʝʤʷ ʧʫʩʢʘ ʠʣʠ ʦʩʪʘʥʦʚʢʠ ʤʘʰʠʥ ʠ ʘʛʨʝʛʘʪʦʚ, ʨʘʟʚʠʚʘʶʱʠʭ ʛʘʨʤʦʥʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ (ʩʤ. [5], ʩ.83). 
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șȩȺɀȮȻ ȸȷ ȩȳȺȮȴȮȹȷȬȹȩȵȵȮ 

ɺ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʚʘʨʠʘʥʪʘʭ ʥʘʛʨʫʟʦʢ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʪʦʯʥʦʝ ʚʳʯʠʩʣʝʥʠʝ yi(t). ɺ ʦʩʪʘʣʥɹʳʭ 

ʩʣʫʯʘʷʭ ʨʝʰʝʥʠʷ yi(t) ʥʘʭʦʜʠʤ ʯʠʩʣʝʥʥʦ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ ʩʝʡʩʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʘʢʩʝʣʝʨʦʛʨʘʤʤʝ ʚ ʢʘʞʜʳʡ k-ʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ tk ʟʘʜʘʝʪʩʷ ʚʝʢʪʦʨ fk = f(tk). ʊʦʛʜʘ ʚ (2.2.20) ʠʤʝʝʤ ʜʠʩʢʨʝʪʥʳʡ ʧʦ ʚʨʝʤʝʥʠ ʥʘʙʦʨ 

ʦʙʦʙʱʝʥʥʳʭ ʩʠʣ Pi,k = Pi(tk). ʕʪʠ ʩʠʣʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ, ʘʥʘʣʦʛʠʯʥʦʡ (2.4.9): 

 Pik = QkKc ʘ(wi,g, tk)hik cosj0k , (2.4.18) 

ʛʜʝ ʚʝʣʠʯʠʥʘ ʘ(wi,g, tk) ʷʚʣʷʝʪʩʷ ʦʪʢʣʠʢʦʤ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ ()0z t&& . 

ɼʘʣʝʝ ʫʨʘʚʥʝʥʠʷ (2.2.19) ʨʝh ʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʘʣʦʚ ɼʶʘʤʝʣʷ. ʇʦʩʢʦʣʴʢʫ 

ʘʢʩʝʣʝʨʦʛʨʘʤʤʘ ʟʘʜʘʥʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ, ʪʦ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʣʫʯʘʷʭ ʜʣʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʛʫʱʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʪʝʨʧʦʣʷʮʠʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʢʘʭ.  

ʇʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ yi,k = yi(tk) ʠ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ Si,k = Si(tk), ʧʦ ʢʦʪʦʨʳʤ 

ʚʳʯʠʩʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʠʟ ʯʠʩʣʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʝ. 

ȘȹɈȵȷȮ ȱȶȻȮȬȹȱȹȷȫȩȶȱȮ ȼȹȩȫȶȮȶȱȲ ȭȫȱȯȮȶȱɈ 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʵʪʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʫʟʣʦʚ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʩʣʦʚʥʦ 

ʥʝʧʦʜʚʠʞʥʦʡ ʟʝʤʣʝʡ. ʉʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʜʘʝʪʩʷ ʢʘʢ ʚʳʥʫʞʜʝʥʥʳʝ ʩʤʝʱʝʥʠʷ ʦʧʦʨ, 

ʧʦʵʪʦʤʫ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʥʝ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ, ʘ ʚʠʙʨʦʛʨʘʤʤʳ (ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʡ ʦʪ ʚʨʝʤʝʥʠ), ʧʦʣʫʯʘʶʱʠʝʩʷ ʠʟ ʘʢʩʝʣʝʨʦʛʨʘʤʤ ʜʚʦʡʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʚʦʟʤʫʱʝʥʠʝʤ ʦʧʦʨ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʙʨʦʛʨʘʤʤ ʠʟ ʟʘʜʘʥʥʳʭ ʘʢʩʝʣʝʨʦʛʨʘʤʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʈʝʜʘʢʪʦʨ 

ɸʢʩʝʣʝʨʦʛʨʘʤʤ SCAD. 

ʅʘ ʨʠʩ. 2.4-3 ʠ 2.4-4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚ ʩʠʩʪʝʤʝ 

ʦʪʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤ ʧʦʜʚʠʞʥʳʤ ʦʩʥʦʚʘʥʠʝʤ, ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚ ʘʙʩʦʣʶʪʥʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʧʨʷʤʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʦʪʣʠʯʠʷ ʦʪ 

ʜʨʫʛʠʭ ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʟʜʝʩʴ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʤʚʦʣ 

U, ʘ ʥʝ Z. 

 

ʈʠʩ. 2.4-3. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʡ 

ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʦʡ, ʩʦʚʝʨʰʘʶʱʝʡ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ (ʢʣʘʩʩʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ) 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ: 
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ʈʠʩ. 2.4-4. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʫʩʣʦʚʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. 2.4-4, ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 
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ʛʜʝ 
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T , (2.4.21) 

u  ï ʟʘʜʘʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, u  ï ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ, ĔĔ Ĕ, ,M K C  ï ʤʘʪʨʠʮʳ 

ʞʝʩʪʢʦʩʪʠ, ʤʘʩʩ ʠ ʜʠʩʩʠʧʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʥʳʤ ʚʝʢʪʦʨʘʤ ʧʝʨʝʤʝʱʝʥʠʡ, ʫʩʢʦʨʝʥʠʡ ʠ 

ʩʢʦʨʦʩʪʝʡ uuu &&&Ĕ,Ĕ,Ĕ ; , ,M K C  ï ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ, ʤʘʩʩ ʠ ʜʠʩʩʠʧʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʧʝʥʷʤ 

ʩʚʦʙʦʜʳ, ʧʦʜʣʝʞʘʱʠʤ ʦʧʨʝʜʝʣʝʥʠʶ (ʩʪʘʥʜʘʨʪʥʳʝ ʤʘʪʨʠʮʳ ʄʂʕ), ʤʘʪʨʠʮʘ 12K  ʩʦʙʠʨʘʝʪʩʷ ʠʟ 

ʧʦʜʤʘʪʨʠʮ ʞʝʩʪʢʦʩʪʝʡ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʟʣʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚʝʢʪʦʨʘ 

ʚʳʥʫʞʜʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ u , p(t) ï ʚʝʢʪʦʨ ʥʘʛʨʫʟʢʠ. 

ɼʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʤʘʪʝʨʠʘʣʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʠʧʦʪʝʟʳ ʈʵʣʝʷ: 

 KMC ĔĔĔ Ö+Ö= ba . (2.4.22) 

ɿʜʝʩʴ ,h  ̡ ς ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʧʨʠʯʝʤ ʩʣʘʛʘʝʤʦʝ ʰϊM  ʦʪʚʝʯʘʝʪ ʟʘ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʦ ʥʠʞʥʠʤ ʤʦʜʘʤ, ͊ ʲϊK  ς ʧʦ ʚʝʨʭʥʠʤ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʣʦʢʘʣʴʥʳʭ ʜʝʤʧʬʝʨʦʚ ʧʦʷʚʣʷʝʪʩʷ ʥʝ ʨʵʣʝʝʚʩʢʘʷ ʤʘʪʨʠʮʘ ʜʠʩʩʠʧʘʮʠʠ ĔC. ɽʩʣʠ 

ʧʨʠ ʵʪʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʤʘʪʝʨʠʘʣʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʩʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴ  h =  ̡= 0. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʙʫʜʝʪ ʫʯʪʝʥʦ ʢʘʢ ʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʣʦʢʘʣʴʥʳʤʠ ʜʝʤʧʬʝʨʘʤʠ, ʪʘʢ ʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʤʘʪʝʨʠʘʣʝ. 

ʀʟ (2.4.20) ʩ ʫʯʝʪʦʤ (2.4.22) ʧʦʣʫʯʘʝʤ: 

 ( ) ( ) () ()( ) )(21 ttt puuKuuKuuM +Ö+-=Ö++Ö+ &&&&& bba . (2.4.23) 

ɽʩʣʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʳʥʫʞʜʝʥʥʦʝ ʩʤʝʱʝʥʠʝ ʦʧʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʳʯʥʦ 

ʘʢʩʝʣʝʨʦʛʨʘʤʤʦʡ, ʪʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʝʪʩʷ ʬʫʥʢʮʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ()tu , ʘ ʬʫʥʢʮʠʷ 

ʩʢʦʨʦʩʪʠ ()tu&  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʡ. 

ʇʫʩʪʴ 

 () ( ) () ( )ää
==

-ÖÖ=-ÖÖ=
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0 , && kuku mm , (2.4.24) 
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ʛʜʝ ks ï ʚʝʢʪʦʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʟʘʜʘʶʱʠʝ ʬʦʨʤʫ ʚʳʥʫʞʜʝʥʥʳʭ ʩʤʝʱʝʥʠʡ, fs(t) ï 

ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ, s = 1, 2, Ā Ā Ā , Ms  ï ʥʦʤʝʨʘ ʩʪʘʪʠʯʝʩʢʠʭ ʟʘʛʨʫʞʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʥʫʞʜʝʥʥʳʝ ʩʤʝʱʝʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ () ( )ä
=

-ÖÖ=
pN

p

p

ppp ttft
1

0kp m , ʛʜʝ pNp ,,2,1 K=  ï ʥʦʤʝʨʘ ʩʪʘʪʠʯʝʩʢʠʭ 

ʟʘʛʨʫʞʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ ʩʠʣʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, kp ï ʚʝʢʪʦʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʥʘʛʨʫʟʢʠ, fp(t) ï ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. 

ɺʝʣʠʯʠʥʳ 
p

p

s

s tt 00 ,,, mm  ʟʘʜʘʶʪ ʤʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ ʠ ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ. ɹʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʢʘʞʜʦʝ ʩʣʘʛʘʝʤʦʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʩʫʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ p-ʦʡ ʠʣʠ s-ʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʟʘʛʨʫʞʝʥʠʷ. ʆʙʦʟʥʘʯʠʤ 

 sss Ms ,,2,1,21 K=Ö-= kKb . (2.4.25) 

ʇʨʠʚʝʜʝʥʥʘʷ ʥʠʞʝ ʟʘʜʘʯʘ ʂʦʰʠ ʦʧʠʩʳʚʘʝʪ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʠʟʣʦʞʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 
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. (2.4.26) 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʙʝʟʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʳʡ ʚʘʨʠʘʥʪ ʤʝʪʦʜʘ ʅʴʶʤʘʨʢʘ ʚ 

ʬʦʨʤʝ çʧʨʝʜʠʢʪʦʨ-ʢʦʨʨʝʢʪʦʨè. 

2.5.  ȜȺȻȷȲɀȱȫȷȺȻɅ ȹȩȫȶȷȫȮȺȱɈ 

șȩȰȹȮɁȩɇɂȱȮ ȼȹȩȫȶȮȶȱɈ  

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ, ʫ ʢʦʪʦʨʦʡ ʚ ʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʫʩʣʦʚʠʷ 

 K0 Z = f, (2.5.1) 

ʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʠʨʘʱʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʚʝʣʠʯʠʥʫ df ʧʨʠʨʘʱʝʥʠʷ ʫʩʠʣʠʡ ds ʠ ʧʝʨʝʤʝʱʝʥʠʡ dZ 

ʪʘʢʦʚʳ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ dZ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ, ʥʦ ʚʩʝ 

ʞʝ ʪʨʝʙʫʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʦʛʜʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ [26], ʫʨʘʚʥʝʥʠʷ ʚ ʚʘʨʠʘʮʠʷʭ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ 

 [K0 + K1(s0) + K2(Z0)]dZ = (K0 + KG)dZ = df. (2.5.2) 

ɿʜʝʩʴ ʢ ʦʙʳʯʥʦʡ ʤʘʪʨʠʮʝ ʞʝʩʪʢʦʩʪʠ K0 ʜʦʙʘʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʥʘʯʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ K1(s0) = 

T(s0), ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʘʷ ʦʪ ʫʩʠʣʠʡ ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʠʨʘʱʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʠ ʤʘʪʨʠʮʘ 

ʥʘʯʘʣʴʥʳʭ ʧʦʚʦʨʦʪʦʚ K2(Z0), ʥʝ ʙʦʣʝʝ ʯʝʤ ʢʚʘʜʨʘʪʠʯʥʦ ʟʘʚʠʩʷʱʘʷ ʦʪ ʧʝʨʝʤʝʱʝʥʠʡ. ɺ ʫʨʘʚʥʝʥʠʷʭ 

(2.5.2) ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʨʠʮʘ ʥʘʯʘʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ɼʞ. ʆʜʝʥʘ [27], ʢʦʪʦʨʘʷ ʢʦʨʨʝʢʪʠʨʫʝʪ 

ʥʘʛʨʫʟʢʫ. ʅʝʫʯʝʪ ʤʘʪʨʠʮʳ ʥʘʯʘʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʥʘʛʨʫʟʢʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʠʣʠ ʞʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʨʨʝʢʪʠʚʳ ʚʚʝʜʝʥʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʝʢʪʦʨʘ ʧʨʠʨʘʱʝʥʠʡ df. ʄʘʪʨʠʮʫ KG ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʤʘʪʨʠʮʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ. 

ȗȭȶȷȸȩȹȩȵȮȻȹȱɀȮȺȳȷȮ ȰȩȬȹȼȯȮȶȱȮ 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʚ ʩʦʩʪʦʷʥʠʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʶʪʩʷ 

ʫʨʘʚʥʝʥʠʷ (2.5.2), ʠ ʥʘʧʠʰʝʤ ʨʘʚʝʥʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʧʨʦʙʥʦʤ ʥʘʛʨʫʞʝʥʠʠ 

ʩʠʣʘʤʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʪ. ʝ. ʧʨʠ ʧʨʠʨʘʱʝʥʠʠ ʥʘʛʨʫʟʢʠ ldf. ʆʙʦʟʥʘʯʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʩʠʣ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʢʘʢ lds ʠ ldZ, ʠʤʝʝʤ 
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 [K0 + K1(s0 + l³ds) + K2(Z0 + l³dZ)] dZ = df. (2.5.3) 

ʊʝʧʝʨʴ ʠʩʧʦʣʴʟʫʝʤ ʥʦʚʫʶ ʤʘʪʨʠʮʫ ʞʝʩʪʢʦʩʪʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʛʨʫʟʢʠ fʢʨ = f0 + df, ʨʘʩʢʣʘʜʳʚʘʷ K1 ʠ K2 ʠʟ (2.5.3) ʚ ʨʷʜ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʯʣʝʥʦʚ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʠʭ 

ʦʪ l, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ 

 {[ K0 + K1(s0) + K2(Z0)] + l [K1(ds) + K2(Z0 ,dZ)]}dU = 0. (2.5.4) 

ʠʣʠ 

 [K0 + lDKG(ds,Z0 ,dZ)]dU = 0, (2.5.5) 

ʛʜʝ dU ð ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʬʦʨʤʫ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ, ʘ ʯʝʨʝʟ DKG 

ʦʙʦʟʥʘʯʝʥ ʤʘʪʨʠʯʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʩʪʦʷʱʠʡ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʩʧʨʘʚʘ ʦʪ l ʚ ʫʨʘʚʥʝʥʠʠ (2.5.4).  

ʇʨʦʙʣʝʤʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (2.5.5) ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʜʣʷ ʦʢʨʝʩʪʥʦʩʪʠ ʩʤʝʱʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʦʪʩʶʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʣʠʥʝʡʥʫʶ ʟʘʜʘʯʫ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʣʘʛʘʷ ʚʩʝ ʥʘʯʘʣʴʥʳʝ ʫʩʠʣʠʷ ʠ ʥʘʯʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʚʥʳʤʠ ʥʫʣʶ. ɽʩʣʠ ʧʨʠ 

ʵʪʦʤ ʝʱʝ ʧʨʝʥʝʙʨʝʯʴ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʩʣʘʛʘʝʤʳʤʠ ʚ ʤʘʪʨʠʮʝ ʥʘʯʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ, ʪʦ ʧʦʣʫʯʠʤ, ʯʪʦ 

ʣʝʚʘʷ ʯʘʩʪʴ (2.5.3) ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʛʨʫʟʢʠ 

 { K0 + l [K1(ds) + K2(dZ)]} dU = 0. (2.5.6) 

ɼʦʧʫʱʝʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʧʝʨʝʤʝʱʝʥʠʡ ldZ ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʤʘʪʨʠʮʳ K2, ʠ ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʷʤ ʵʡʣʝʨʦʚʘ ʪʠʧʘ ʜʣʷ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ  

 [K0 + l K1(ds)] dU = 0. (2.5.7) 

ʅʘʠʤʝʥʴʰʝʝ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ l1 ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʢʘʢ 

l1df, ʘ ʩʘʤʘ ʚʝʣʠʯʠʥʘ l1 ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʘʩʘ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʠ ʚʝʢʪʦʨ l1ds = S
* 

ʦʧʨʝʜʝʣʷʝʪ ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʦʣʝʟʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ 

ʵʡʣʝʨʦʚʦʛʦ ʪʠʧʘ, ʧʦ ʩʫʪʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ ʚ 

ʩʠʩʪʝʤʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ l. ʕʪʦ ʩʚʦʡʩʪʚʦ ʥʝ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʥʝʣʠʥʝʡʥʦ ʜʝʬʦʨʤʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ. ʇʦʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ [10] ʦʧʨʝʜʝʣʷʶʪ ʜʚʘ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ð ʧʝʨʚʦʝ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ 

ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ l1 ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ (2.5.7), ʘ ʚʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʥʘʛʨʫʟʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʪʝʨʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ (2.5.2) ʚ ʧʨʦʮʝʩʩʝ 

ʥʝʢʦʪʦʨʦʛʦ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʨʝʘʣʠʩʪʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʥʘʛʨʫʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʥʝʠʟʤʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ), ʢʦʪʦʨʳʡ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʰʘʛʦʚʦʡ ʧʨʦʮʝʜʫʨʦʡ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʟʘʜʘʯʘ ʦ ʚʳʙʦʨʝ ʪʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʩʣʝʜʫʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ 

ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʦʨʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʪʦ ʠʣʠ ʠʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦɻ ʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʠʯʝʛʦ ʥʝ ʛʦʚʦʨʷʪ ʦʙ ʵʪʦʤ, ʭʦʪʷ, ʧʦ ʥʝʢʦʪʦʨʳʤ ʢʦʩʚʝʥʥʳʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʵʡʣʝʨʦʚ ʩʣʫʯʘʡ. 

ʇʦʣʝʟʥʦ ʪʘʢʞʝ ʫʢʘʟʘʪʴ ʥʘ ʪʦʪ ʚʘʨʠʘʥʪ ʟʘʜʘʯʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʛʜʘ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʥʘ ʩʠʩʪʝʤʫ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʟʘʛʨʫʞʝʥʠʷ f1 ʠ f2 ʠʟʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ʠʟ 

ʥʠʭ, ʘ ʚʪʦʨʦʝ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ. ʊʦʛʜʘ ʚʤʝʩʪʦ (2.5.3) ʙʫʜʝʤ ʠʤʝʪʴ 

 [K0 + K1(s0 + l³ds) + K2(Z0 + l³dZ)] dZ = df1+f2,  (2.5.8) 

ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ l1 ʙʫʜʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʚʦʟʤʦʞʥʦʡ ʚʝʣʠʯʠʥʝ ʚʦʟʨʘʩʪʘʥʠʷ ʥʘʛʨʫʟʢʠ f1. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʞʠʤ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʦʤʧʣʝʢʩʝ SCAD. 

șȷȴɅ ȷȻȭȮȴɅȶɄȾ ȸȷȭȺȱȺȻȮȵ 

ʇʨʠ ʘʥʘʣʠʟʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʥʷʪʠʷ 
ʩʪʝʩʥʝʥʥʦʛʦ ʠ ʧʨʠʥʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʨʠ ʧʦʪʝʨʝ ʩʠʩʪʝʤʦʡ 
ʫʩʪʦʡʯʠʚʦʩʪʠ [16]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʦʪʝʨʝ ʩʠʩʪʝʤʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʜʝʣʴʥʳʡ ʝʝ ʵʣʝʤʝʥʪ 



2 . ț Ȯ ȷ ȹȮ Ȼȱ ɀȮ Ⱥȳ ȱȮ  ȷȺȶȷȫɄ 

51 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʝʩʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʝʩʣʠ, ʙʫʜʫʯʠ ʦʪʜʝʣʝʥʥʳʤ ʦʪ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ, ʦʥ 
ʧʦʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʥʘ ʵʪʦʪ ʵʣʝʤʝʥʪ. ɽʩʣʠ 
ʞʝ ʧʨʠ ʪʘʢʦʤ çʠʟʦʣʠʨʦʚʘʥʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠè ʜʣʷ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ 
ʧʨʠʣʦʞʠʪʴ ʥʘʛʨʫʟʢʫ ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʣʠ ʞʝ ʦʥ ʚʦʦʙʱʝ ʥʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʦ ʛʦʚʦʨʷʪ 
ʦ ʧʨʠʥʫʞʜʝʥʥʦʡ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʵʪʠ ʧʦʥʷʪʠʷ ʩʢʘʟʳʚʘʶʪʩʷ 
ʥʘ ʩʪʨʘʪʝʛʠʠ ʫʩʠʣʝʥʠʷ ʩʠʩʪʝʤʳ, ʝʩʣʠ ʧʨʠʟʥʘʥʦ, ʯʪʦ ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʥʝʜʦʩʪʘʪʦʯʝʥ. ʆʙʳʯʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʯʠʥʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʷ ʩʝʯʝʥʠʡ ʪʝʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 
ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʝʩʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʪʘʢʘʷ ʤʝʨʘ ʵʬʬʝʢʪʠʚʥʘ ʣʠʰʴ 
ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʩʠʣʠʚʘʝʤʘʷ ʧʦʜʩʠʩʪʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ 
ʪʘʢʫʶ ʞʝ çʤʦʱʥʦʩʪʴè, ʢʘʢ ʠ ʦʩʪʘʣʴʥʳʝ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ 
ʫʩʠʣʝʥʠʷ ʥʘʜʦ ʫʩʠʣʠʚʘʪʴ ʚʩʝ ʩʞʘʪʳʝ ʵʣʝʤʝʥʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʩʦʭʨʘʥʷʷ ʜʦʩʪʠʛʥʫʪʦʝ ʩʦʩʪʦʷʥʠʝ 
ʨʘʚʥʦʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ [16, ʩ. 254]. 

ʇʦʥʷʪʠʷ ʩʪʝʩʥʝʥʥʦʛʦ ʠ ʧʨʠʥʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʜʝʣʝʥʥʳʤ ʬʨʘʛʤʝʥʪʘʤ 
ʢʦʥʩʪʨʫʢʮʠʠ, ʚʚʝʜʝʥʥʳʝ ʚ ʠʥʞʝʥʝʨʥʳʡ ʦʙʠʭʦʜ ʫʞʝ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʥʘʟʘʜ, ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ 
ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʫʩʣʦʚʠʷʤʠ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɸ ʤʝʞʜʫ ʪʝʤ, ʬʦʨʤʘʣʴʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʦʩʦʙʝʥʥʦ 
ʥʝʦʙʭʦʜʠʤʳʡ ʚ ʢʦʤʧʴʶʪʝʨʠʟʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ ʘʚʪʦʨʘʤ, ʜʦ 
ʩʠʭ ʧʦʨ ʥʝ ʙʳʣ ʚʳʨʘʙʦʪʘʥ. ʕʪʦ ʪʝʤ ʙʦʣʝʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʪʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ 
ʩʤʩrʣʝ ʥʘ ʫʜʠʚʣʝʥʠʝ ʧʨʦʩʪ ʠ ʦʯʝʚʠʜʝʥ. 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʧʨʦʚʝʨʢʘ ʨʦʣʠ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʠ ʧʦʜʩʯʝʪʝ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʘʢʘʧʣʠʚʘʝʤʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʩʠʩʪʝʤʳ, ʧʨʠ ʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦ ʬʦʨʤʝ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɼʣʷ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʵʪʘ ʵʥʝʨʛʠʷ ʨʘʚʥʘ ʥʫʣʶ 

 E = 0,5(Z* )ʊ[K0 ï K1(S* )]Z*  = 0. (2.5.9) 

ɽʩʣʠ ʩʠʩʪʝʤʘ ʤʳʩʣʝʥʥʦ ʨʘʟʙʠʪʘ ʥʘ ʢʘʢʠʝ-ʪʦ ʜʚʝ ʯʘʩʪʠ, ʪʦ ʜʣʷ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʯʘʩʪʝʡ ʤʦʞʝʪ 

ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʘ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ K0,i ï K1,i(S* ) (i = 1, 2), ʢʦʪʦʨʫʶ ʤʳ ʙʫʜʝʤ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʜʦʧʦʣʥʝʥʥʦʡ ʥʫʣʷʤʠ ʜʦ ʨʘʟʤʝʨʘ ʧʦʣʥʦʡ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ. ɺʳʯʠʩʣʷʷ ʟʥʘʯʝʥʠʝ 

 E1 = 0,5(Z* )ʊ[K0,1 ï K1,1(S* )]Z*  (2.5.10) 

ʠ ʟʥʘʯʝʥʠʝ 

 E2 = 0,5(Z* )ʊ[K0,2 ï K1,2(S* )]Z* , (2.5.11) 

ʤʳ ʚʩʝʛʜʘ ʧʦʣʫʯʠʤ ʚʝʣʠʯʠʥʳ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʩʫʤʤʘ ʜʦʣʞʥʘ ʨʘʚʥʷʪʴʩʷ ʥʫʣʶ. ʕʪʠʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘ ʧʦʜʩʠʩʪʝʤʘ (ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ Ei < 0), ʢʦʪʦʨʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʫʞʝʩʪʦʯʠʪʴ ʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʢʨʝʧʠʪʴ. ʉʦʦʪʥʦʩʷ ʵʪʠ ʚʝʣʠʯʠʥʳ ʩ ʧʦʥʷʪʠʷʤʠ ʩʪʝʩʥʝʥʥʦʛʦ ʠ ʧʨʠʥʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʡ, ʥʝʩʣʦʞʥʦ ʜʦʛʘʜʘʪʴʩʷ, ʯʪʦ, ʝʩʣʠ Ei < 0, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ i-ʘʷ ʧʦʜʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʪʝʩʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʠ Ei > 0 ð ʚ ʧʨʠʥʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɻʨʫʙʦ ʛʦʚʦʨʷ, 

ʠʤʝʥʥʦ ʪʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʝʩʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʚʠʥʦʚʥʳ ʚ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʯʣʝʥʷʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʥʝ ʥʘ ʜʚʝ ʯʘʩʪʠ, ʘ ʥʘ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʯʘʩʪʝʡ, ʚʧʣʦʪʴ ʜʦ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʚʢʣʘʜʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʯʘʩʪʠ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʠ ʧʦʣʫʯʝʥʠʝʤ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʫʩʠʣʝʥʠʶ/ʦʩʣʘʙʣʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʫʩʪʘʥʦʚʠʪʴ ʨʦʣʴ 

ʦʪʜʝʣʥɹʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʡ ʢʘʨʪʠʥʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʠʩʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʝʝhʥʠʡ ʦ ʤʦʜʠʬʠʢʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʧʦʜʩʠʩʪʝʤ ʧʦʣʝʟʥʦ ʧʨʦʷʚʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʜʝʨʞʘʥʥʦʩʪʴ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʦʜʩʯʝʪ ʵʥʝʨʛʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʳ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ Z*, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʜʣʷ ʩʠʩʪʝʤʳ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʞʝʩʪʢʦʩʪʝʡ ʠ ʫʩʠʣʠʡ, ʘ ʧʨʠ ʠʭ 

ʠʟʤʝʥʝʥʠʷʭ ʵʪʘ ʬʦʨʤʘ ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ. ʇʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʜʣʝʞʠʪ ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʧʨʦʚʝʨʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠ ʵʪʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʧʨʠ ʫʩʠʣʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʛʨʘʥʠʮʘ, ʚʳʰʝ ʢʦʪʦʨʦʡ ʵʪʘ ʦʧʝʨʘʮʠʷ ʫʞʝ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ. 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʣʝʛʢʦ ʧʦʥʷʪʴ, ʝʩʣʠ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʞʝ ʙʝʩʢʦʥʝʯʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʞʝʩʪʢʦʩʪʠ ʦʜʥʦʡ ʠʟ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʪʘʢʦʤʫ ʞʝ ʨʦʩʪʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ, ʧʦʩʢʦʣʴʢʫ 

ʩʠʩʪʝʤʘ ʥʘʯʥʝʪ ʪʝʨʷʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ çʣʦʢʘʣʴʥʦʡè ʬʦʨʤʝ, ʙʝʟ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʝʝ 
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ʧʝʨʝʫʞʝʩʪʦʯʝʥʥʦʡ ʯʘʩʪʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʧʝʨʚʳʝ ʥʘ ʵʪʦ ʩʚʦʡʩʪʚʦ ʟʘʜʘʯʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʧʨʫʛʠʭ 

ʩʠʩʪʝʤ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʀ.ɻ.ɹʫʙʥʦʚ, ʢʦʪʦʨʳʡ ʫʢʘʟʘʣ, ʯʪʦ ʚ ʟʘʜʘʯʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʘʣʢʠ ʥʘ ʫʧʨʫʛʠʭ 

ʦʧʦʨʘʭ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʵʪʠʭ ʦʧʦʨ, ʟʘ ʢʦʪʦʨʦʡ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʞʝʩʪʢʦʩʪʠ ʦʧʦʨ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʣʳ, ʘ ʩʘʤʠ ʦʧʦʨʳ ʩ ʢʨʠʪʠʯʝʩʢʦʡ 

ʞʝʩʪʢʦʩʪʴʶ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʝ [37]. 

2.6.  șȩȺɀȮȻȶɄȮ ȺȷɀȮȻȩȶȱɈ ȼȺȱȴȱȲ (șȚȜ) 

ʆʩʥʦʚʦʡ ʚʳʙʦʨʘ ʥʝʚʳʛʦʜʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʦʯʝʪʘʥʠʡ ʫʩʠʣʠʡ ʚ SCAD ʩʣʫʞʠʪ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ. 

ʉ ʮʝʣʴʶ ʦʛʨʘʥʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʯʝʪʘʥʠʡ ʫʩʠʣʠʡ (ʈʉʋ) ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡ ʧʦʜʭʦʜ. ʀʟ 2n ʩʦʯʝʪʘʥʠʡ (ʛʜʝ n ð ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʛʨʫʞʝʥʠʡ) ʦʪʙʠʨʘʶʪʩʷ ʪʝ ʈʉʋ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʥʝʢʦʪʦʨʦʡ 

ʚʝʣʠʯʠʥʳ, ʠʟʙʨʘʥʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʠ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ.  

ȚȻȮȹȯȶȱ 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʈʉʋ ʟʜʝʩʴ ʧʨʠʥʷʪʳ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʠ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ ʩʝʯʝʥʠʷ (ʨʠʩ. 2.6-1).  

 

ʈʠʩ. 2.6-1. ʅʫʤʝʨʘʮʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ 

ɼʣʷ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ 
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ʛʜʝ k ð ʪʦʯʢʘ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ (k = 1,é, 9). ʕʪʘ ʬʦʨʤʫʣʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʨʠ 
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ʛʜʝ ly,i ʠ lz,i ð ʷʜʨʦʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʝʯʝʥʠʠ ʩʪʝʨʞʥʷ (i = 1, 2). 

ɼʣʷ ʧʦʠʩʢʘ ʥʝʚʳʛʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʠʪʝʨʠʡ 
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ʛʜʝ m, n=0, 1, 2, 3, 4. 

ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʚʘʞʝʥ ʜʣʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʯʝʥʠʠ ʣʶʙʦʡ 

ʬʦʨʤʳ. 
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ɼʣʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʦʨʤʫʣʘ 

 
)(22 2,11,1
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ʂʨʦʤʝ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʯʠʩʣʷʶʪʩʷ ʪʘʢʞʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʠ 

ʧʝʨʝʨʝʟʳʚʘʶɦ ʠʭ ʩʠʣ.  

ȕȮȵȪȹȩȶɄ (ȸȴȷȺȳȷȮ ȶȩȸȹɈȯȮȶȶȷȮ ȺȷȺȻȷɈȶȱȮ) 

 

ʈʠʩ. 2.6-2. ʅʘʧʨʷʞʝʥʠʷ ʥʘ 

ʥʘʢʣʦʥʥʳʭ ʧʣʦʱʘʜʢʘʭ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʛʣʘʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʪʦʯʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʫʞʝʥʠʷʭ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʈʉʋ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʦʛʠʙʘʶʱʠʤ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʢʨʠʚʳʤ 

ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʬʦʨʤʫʣʘʤ: 
2 2

( ) cos sin sin 2 ;s a = a+ a+ ax z xzN N T  (2.6.5) 

( )
1

( ) sin 2 cos2
2

t a = - a+ az x xzN N T . (2.6.6) 

ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 90 ̄

ʜʦ -90̄ , ʘ ʢʘʩʘʪʝʣʴʥʳʝ ï ʦʪ 90 ̄ʜʦ 0.̄ 

ȘȴȱȻɄ 

ɿʜʝʩʴ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʜʭʦʜ, ʘʥʘʣʦʛʠʯʥʳʡ ʪʦʤʫ, ʯʪʦ ʦʧʠʩʘʥ ʜʣʷ ʤʝʤʙʨʘʥ (ʧʣʦʩʢʦʝ ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ). ʀʟʛʠʙʥʳʝ ʠ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪʳ ʚ ʧʣʠʪʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʥʦʨʤʘʣʴʥʳʝ ʠ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʣʠʪʳ. ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʤʦʜʫʣʶ 

ʨʘʚʥʳ, ʧʦʵʪʦʤʫ ʬʦʨʤʫʣʳ (2.6.5) ʠ (2.6.6) ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ: 

 2 2
( ) cos sin sin 2 ;x y xyM M M Ma = a+ a+ a (2.6.7) 

 ( )
1

( ) sin 2 cos2 .
2

k y x xyM M M Ma = - a+ a (2.6.8) 

ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʨʝʟʳʚʘʶʱʠʭ ʩʠʣ. 

ȗȪȷȴȷɀȳȱ 

ɿʜʝʩʴ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʜʭʦʜ, ʘʥʘʣʦʛʠʯʥʳʡ ʪʦʤʫ, ʯʪʦ ʦʧʠʩʘʥ ʜʣʷ ʤʝʤʙʨʘʥ (ʧʣʦʩʢʦʝ ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ). ʆʜʥʘʢʦ ʚʳʯʠʩʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʦʣʦʯʢʠ ʩ 

ʫʯʝʪʦʤ ʤʝʤʙʨʘʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʟʛʠʙʘʶʱʠʭ ʫʩʠʣʠʡ ʧʦ ʩʣʝʜʫʶʱʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ: 

 H /ȸ H/ȸ H/ȸ

2 2 2

6 66
; ;

y xyx
x x y y xy

M MM
N N T

h h h
s = ° s = ° t = °, (2.6.9) 

ʛʜʝ h ð ʪʦʣʱʠʥʘ ʦʙʦʣʦʯʢʠ; B ʠ H ð ʠʥʜʝʢʩʳ, ʦʙʦʟʥʘʯʘʶʱʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʷʤ. 

ȐȩȬȹȼȯȮȶȱɈ 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʈʉʋ ʫʯʠʪʳʚʘʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʟʘʛʨʫʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʁ ʪ 

ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʟʘʛʨʫʞʝʥʠʡ ʠ ʪʨʝʙʦʚʘʥʠʷ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ. 

ɺʳʜʝʣʷʶʪʩʷ ʪʨʠ ʪʠʧʘ ʟʘʛʨʫʞʝʥʠʡ: 

1) ʥʝʟʘʚʠʩʠʤʳʝ (ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ, ʚʝʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ. ʧ.); 

2) ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʝ (ʚʝʪʝʨ ʩʣʝʚʘ ʠ ʚʝʪʝʨ ʩʧʨʘʚʘ, ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʜʦʣʴ ʨʘʟʥʳʭ 

ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʠ ʪ. ʧ.); 

3) ʩʦʧʫʪʩʪʚʫʶʱʠʝ (ʪʦʨʤʦʟʥʳʝ ʧʨʠ ʥʘʣʠʯʠʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʨʘʥʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʪ. ʧ.). 
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ʇʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʟʥʘʯʠʪʴ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʩʪʴ ʟʘʛʨʫʞʝʥʠʷ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʤ ʤʦʜʫʣʝ ʝʛʦ ʚʝʢʪʦʨʘ. 

2.7.  ȜɀȮȻ ȸȷȺȴȮȭȷȫȩȻȮȴɅȶȷȺȻȱ ȵȷȶȻȩȯȩ 

ʇʨʦʮʝcc ʬʘʢʪʠʯʝʩʢʦʛʦ cʦʟʜʘʥʠʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʚ ʦʙʱʝʤ cʣʫʯʘʝ ʷʚʣʷʝʪcʷ ʤʥʦʛʦʵʪʘʧʥʳʤ ʠ ʪʝcʥʦ 

ʫʚʷʟʘʥ c ʧʦcʣʝʜʦʚʘʪʝʣʴʥʦcʪʴʶ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ ʧʦ cʙʦʨʢʝ cʠcʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʚ ʪʦʤ ʠʣʠ 

ʠʥʦʤ ʧʦʨʷʜʢʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴcʷ ʨʘʙʦʪʳ ʧʦ ʫcʪʘʥʦʚʢʝ ʠ ʫʜʘʣʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ cʠcʪʝʤʳ, 

ʫcʪʘʥʦʚʢʝ ʠʣʠ ʫʜʘʣʝʥʠʶ ʙʘʣʣʘcʪʥʳʭ ʛʨʫʟʦʚ, ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʜʣʠʥ ʪʝʭ ʠʣʠ ʠʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʠʟʤʝʥʝʥʠʶ cʦcʪʦʷʥʠʷ ʥʝʢʦʪʦʨʳʭ cʚʷʟʝʡ ʠ ʪ. ʧ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʜʝʡcʪʚʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʪʘʞʘ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʨʘcʯʝʪʥʦʡ cʭʝʤʳ ʠ/ʠʣʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ cʦcʪʦʷʥʠʷ cʠcʪʝʤʳ. 

ȦȴȮȵȮȶȻȩȹȶɄȮ ȷȸȮȹȩȿȱȱ 

ɺ ʧʨʦʛʨʘʤʤʝ SCAD ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ, ʧʦcʣʝʜʦʚʘʪʝʣʴʥʦcʪʴ 

ʢʦʪʦʨʳʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦcʪʴ ʚʳʧʦʣʥʠʪʴ ʚcʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘcʯʝʪʥʦʡ cʭʝʤʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼC) ʚ ʧʨʦʮʝccʝ ʤʦʥʪʘʞʘ ʠ cʦʟʜʘʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ cʠcʪʝʤʳ. 

ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʧʝʨʘʮʠʠ: 

ɸ) ʅʘʛʨʫʞʝʥʠʝ ʩʠʩʪʝʤʳ ʠʟʚʝʩʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʥʘʙʦʨ ʟʘʜʘʥʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʜʠʩʣʦʢʘʮʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ɺ) ʋʩʪʘʥʦʚʢʘ ʚʥʝʰʥʝʡ ʩʚʷʟʠ ʚ ʫʟʣʝ ʩʠʩʪʝʤʳ, ʟʘʧʨʝʱʘʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʠʣʠ ʧʦʚʦʨʦʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʠʤʝʥʥʦ ʦ ʟʘʧʨʝʪʝ ʜʘʣʴʥʝʡʰʝʛʦ (ʥʘ 

ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ) ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ, ʘ ʥʝ ʦʙ ʦʙʥʫʣʝʥʠʷ ʝʛʦ ʚʝʣʠʯʠʥʳ. 

ʉ) ʋʩʪʘʥʦʚʢʘ ʚʥʫʪʨʝʥʥʝʡ ʩʚʷʟʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʠʩʪʝʤʳ, ʟʘʧʨʝʱʘʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠʣʠ ʧʦʚʦʨʦʪʘ ʵʪʠʭ ʫʟʣʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʟʘʜʘʥʠʝ ʦʙʲʝʜʠʥʝʥʠʷ 

ʧʝʨʝʤʝʱʝʥʠʡ). ɿʜʝʩʴ ʪʘʢʞʝ ʨʝʯʴ ʠʜʝʪ ʦ ʟʘʧʨʝʪʝ ʜʘʣʴʥʝʡʰʠʭ (ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ) ʠʟʤʝʥʝʥʠʡ 

ʚʟʘʠʤʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʠ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʤʳʢʘʥʠʶ ʚ ʩʠʩʪʝʤʝ ʜʝʬʦʨʤʘʮʠʡ, 

ʥʝʩʦʚʤʝʩʪʥʳʭ ʥʘ ʧʨʝʜʜrʫʱʠʭ ʩʪʘʜʠʷʭ. 

D) ʉʥʷʪʠʝ ʚʥʝʰʥʝʡ ʩʚʷʟʠ, ʢʦʛʜʘ ʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ, ʥʦ ʠ ʅɼʉ. ʇʦʩʣʝʜʥʝʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʜʘʣʷʝʤʘʷ ʩʚʷʟʴ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʡ, ʠ ʧʝʨʝʜ 

ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʫʣʠʪʴ ʫʩʠʣʠʝ ʚ ʫʜʘʣʷʝʤʦʡ ʩʚʷʟʠ. 

ɽ) ʉʥʷʪʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʚʷʟʠ (ʦʪʢʘʟ ʦʪ ʦʙʲʝʜʠʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ), ʢʦʛʜʘ ʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ, ʥʦ ʠ ʅɼʉ. ʇʦʩʣʝʜʥʝʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʜʘʣʷʝʤʘʷ ʩʚʷʟʴ 

ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʡ, ʠ ʧʝʨʝʜ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʫʣʠʪʴ ʫʩʠʣʠʝ ʚ 

ʫʜʘʣʷʝʤʦʡ ʩʚʟ̫ʠ. 

F) ʄʦʥʪʘʞ ʵʣʝʤʝʥʪʘ ʣʶʙʦʛʦ ʪʠʧʘ. 

G) ɼʝʤʦʥʘʞ ʵʣʝʤʝʥʪʘ ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʥʦ ʠ ʩ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʅɼʉ. ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʦʩʪʘʚʰʫʶʩʷ ʯʘʩʪʴ ʩʦ 

ʩʪʦʨʦʥʳ ʫʜʘʣʝʥʥʦʡ ʯʘʩʪʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʠʢʘʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʦʧʝʨʘʮʠʷ ʩʦʩʪʦʠʪ, ʧʦ ʩʫʪʠ, ʠʟ ʜʚʫʭ ʰʘʛʦʚ: 

¶ ʦʙʥʫʣʝʥʠʝ ʫʩʠʣʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʩʪʘʶʱʝʡʩʷ ʠ ʫʜʘʣʷʝʤʦʡ ʯʘʩʪʷʤʠ ʩʠʩʪʝʤʳ; 

¶ ʠʟʤʝʥʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʦʧʝʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʦʙʦʙʱʝʥʠʝʤ ʦʧʝʨʘʮʠʠ 

çʫʜʘʣʝʥʠʝ ʚʥʝʰʥʝʡ ʩʚʷʟʠè, ʠ ʜʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʦʩʦʙʳʡ ʧʦʜʭʦʜ, ʘ ʠʤʝʥʥʦ ð 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʵʣʝʤʝʥʪʳ (ʩʚʷʟʠ) ʫʜʘʣʝʥʳ ʠʟ ʩʠʩʪʝʤʳ, ʘ ʠʭ ʜʝʡʩʪʚʠʝ ʥʘ ʦʩʪʘʚʰʫʶʩʷ ʯʘʩʪʴ 

ʟʘʤʝʥʝʥʦ ʩʠʣʘʤʠ Nj, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʚ ʫʜʘʣʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ (ʩʚʷʟʷʭ), ʠ ʵʪʠ ʩʠʣʳ ʟʘʪʝʤ 

ʧʦʜʘʚʣʷʶʪʩʷ ʧʨʠʣʦʞʝʥʠʝʤ ʥʘʛʨʫʟʢʠ Pj = -Nj. 

ʅʘʢʦʥʝʮ, ʟʜʝʩʴ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ (ʩʥʷʪʠʝ ʩʚʷʟʠ) ʪʨʘʢʪʫʝʪʩʷ ʥʝ ʢʘʢ ʝʛʦ 

ʨʘʟʨʫʰʝʥʠʝ, ʘ ʢʘʢ ʘʢʪʠʚʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʧʨʠ ʝʝ ʩʦʟʜʘʥʠʠ. ʊʘʢ ʫʜʘʣʷʶʪʩʷ 

ʚʨʝʤʝʥʥʳʝ ʨʘʩʢʨʝʧʣʝʥʠʷ ʠ ʧʦʜʧʦʨʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ ʤʦʥʪʘʞʘ. ʇʨʠ ʵʪʦʤ 

ʦʥʠ ʩʧʝʨʚʘ ʧʨʠʚʦʜʷʪʩʷ ʚ ʥʝʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʥ̫ʠʝ (ʨʘʟʜʚʠʛʘʶʪʩʷ ʢʣʠʥʴʷ, ʥʘ ʢʦʪʦʨʳʝ ʦʧʠʨʘʶʪʩʷ 

ʪʘʢʠʝ ʧʦʜʧʦʨʢʠ, ʠʣʠ ʚʳʧʦʣʥʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷ). 
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ʅ) ʀʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʵʣʝʤʝʥʪʘ ʜʣʷ ʪʝʢʫʱʝʡ ʠ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ ʤʦʥʪʘʞʘ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʠʤʠʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʘ, ʠʟʥʦʩ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʨʫʛʠʝ 

ʷʚʣʝʥʠʷ, ʚʝʜʫʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʘ. ʀ ʟʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʥʝ ʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʥʘʛʨʫʞʝʥʠʷ, ʢʦʛʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʥʷʝʪʩʷ 

ʢʘʩʘʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʘ ʦʙ ʫʯʝʪʝ ʥʝʢʦʪʦʨʳʭ ʥʝʤʝʭʘʥʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʫʩʣʦʚʥʦʤ çʫʥʠʯʪʦʞʝʥʠʠ ʞʝʩʪʢʦʩʪʠè ʚ ʧʨʦʮʝʩʩʝ çʛʠʙʝʣʠè ʵʣʝʤʝʥʪʘ. 

ʇʨʠ ɻʪʦʤ, ʝʩʣʠ ʪʚʝʨʜʝʥʠʝ ʙʝʪʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʪʨʝʙʫʝʪ ʧʝʨʝʩʯʝʪʘ ʅɼʉ, ʪʦ ʫʤʝʥʴʰʝʥʠʝ 

ʞʝʩʪʢʦʩʪʠ ʪʨʝʙʫʝʪ ʜʨʫʛʦʛʦ ʧʦʜʭʦʜʘ. ɺ ɺʂ SCAD ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

¶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʷʜʦʤ ʩʦ ʩʪʘʨʳʤ ʥʘʧʨʷʞʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʦʚʳʡ ʥʝʥʘʧʨʷʞʝʥʥʳʡ ʩ 

ʠʟʤʝʥʝʥʥʳʤʠ ʞʝʩʪʢʦʩʪʷʤʠ; 

¶ ʫʜʘʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʳʡ ʩʪʘʨʳʡ ʵʣʝʤʝʥʪ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʟʘ ʥʦʚʳʤ ʵʣʝʤʝʥʪʦʤ ʝʛʦ ʥʦʤʝʨʘ. 

I)  ʅʘʟʥʘʯʝʥʠʝ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʩʪʝʣʠ ʜʣʷ ʪʝʢʫʱʝʡ ʠ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ 

ʩʪʘʜʠʡ ʤʦʥʪʘʞʘ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʫʚʝʣʠʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʦʩʥʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʪʨʝʙʫʝʪ 

ʧʝʨʝʩʯʝʪʘ ʅɼʉ, ʪʦ ʝʛʦ ʫʤʝʥʴʰʝʥʠʝ ʪʨʝʙʫʝʪ ʜʨʫʛʦʛʦ ʧʦʜʭʦʜʘ. ʈʘʟʜʝʣʠʚ ʵʣʝʤʝʥʪʳ ʢʘʢ ʙʳ ʥʘ ʜʚʘ: 

ʦʙʦʣʦʯʢʘ ʠ ʫʧʨʫʛʦʝ ʦʩʥʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʠʚ ʥʝʟʘʚʠʩʠʤʦ ʨʝʘʢʮʠʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʠʟ ʦʙʱʠʭ ʨʝʘʢʮʠʡ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʩʪʫʧʘʝʤ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ. 

ȚȷȬȴȩɁȮȶȱȮ ȷ ȶȩȬȹȼȰȳȩȾ 

ɺʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʠʩʪʝʤʫ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʭʘʨʘʢʪʝʨ ʝʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʥ̫ʠʷ, 

ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: 

¶ ʙʘʟʦʚʳʝ (ʥʘʢʘʧʣʠʚʘʝʤʳʝ) ʚʦʟʜʝʡʩʪʚʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʤʦʥʪʘʞʘ; 

¶ ʥʝʟʘʚʠʩʠʤʳʝ ʥʘʛʨʫʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʪʦʣʴʢʦ ʥʘ ʪʝʢʫʱʝʡ ʩʪʘʜʠʠ ʤʦʥʪʘʞʘ ʠ ʥʝ ʠʤʝʶʱʠʝ 

ʦʪʥʦh ʝʥʠʷ ʢ ʜʨʫʛʠʤ ʩʪʘʜʠʷʤ. 

ʊʠʧʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʙʘʟʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʘ ʧʨʠʤʝʨʦʤ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʟʜʘʥʠʝ, 

ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ. 

ɺ ʩʠʩʪʝʤʝ SCAD ʜʝʡʩʪʚʫʝʪ ʩʦʛʣʘʰʝʥʠʝ, ʯʪʦ ʚʩʝ ʙʘʟʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ 

ʦʜʥʦʤʫ, ʟʘʨʘʥʝʝ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʤʫ (ʥʘʧʨʠʤʝʨ, ʧʝʨʚʦʤʫ) ʟʘʛʨʫʞʝʥʠʶ. ʉʦʩʪʘʚ ʵʪʦʛʦ ʟʘʛʨʫʞʝʥʠʷ 

ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʤʦʥʪʘʞʘ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʠʣʠ ʠʩʢʣʶʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʛʨʫʧʧ ʥʘʛʨʫʟʦʢ. 

ȋȩȹȱȩȶȻɄ ȵȷȭȱȽȱȳȩȿȱȱ ȺȾȮȵɄ 

ʄʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʘ ʧʨʠʝʤʘ ʚʢʣʶʯʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʫ (çʨʦʞʜʝʥʠʷè ʠ 

çʩʤʝʨʪʠè). ʕʪʠ ʚʘʨʠʘʥʪʳ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.7-1. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʦʧʝʨʘʮʠʷ F) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʣʠʯʥʘʷ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʷ, ʥʝ 

ʠʤʝʶʱʘʷ ʫʜʘʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʩʪʦʷʱʘʷ ʪʦʣʴʢʦ ʠʟ ʚʢʣʶʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʜʝʩʴ ʚʢʣʶʯʝʥʠʝ 

ʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʯʘʩʪʴ ʝʛʦ ʫʟʣʦʚ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʫʞʝ 

ʩʤʦʥʪʠʨʦʚʘʥʥʦʡ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʜʨʫʛʠʝ ʫʟʣʳ ʧʦʣʘʛʘʶʪʩʷ ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʧʨʦʝʢʪʥʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʣʦʤʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ (ʦʧʝʨʘʮʠʷ ʅ) "ʫʙʠʪʳʝ" ʵʣʝʤʝʥʪʳ ʥʝ ʫʜʘʣʷʶʪ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥʘ ʜʝʘʢʪʠ-

ʚʠʨʫʝʪʩʷ ʫʤʥʦʞʝʥʠʝʤ ʠʭ ʞʝʩʪʢʦʩʪʠ ʥʘ ʦʱʫʪʠʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʤʝʥʴʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʘ 10
-6
. 

ʈʘʩʯʝʪ ʧʦ ʧʝʨʚʦʤʫ ʩʧʦʩʦʙʫ ʦʩʦʙʝʥʥʦ ʫʤʝʩʪʝʥ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʩ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʢʘʨʢʘʩʦʤ, ʢʦʛʜʘ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʢʘʞʜʦʛʦ ʵʪʘʞʘ ʦʧʘʣʫʙʢʘ ʚʳʩʪʘʚʣʷʝʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʝʪʦʥʠʨʫʝʤʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʧʦʣʫʯʠʣʘʩʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ. ʇʦ 

ʩʫʱʝʩʪʚʫ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʧʨʦʝʢʪʥʘʷ ʜʣʠʥʘ ʢʦʣʦʥʥ, ʢʦʪʦʨʳʝ ʥʘʨʘʱʠʚʘʶʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʦʩʘʜʢʠ 

ʫʞʝ ʚʦʟʚʝʜʝʥʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ. 

ʈʘʩʯʝʪ ʚʪʦʨʳʤ ʩʧʦʩʦʙʦʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ çʧʨʠʤʳʢʘʥʠʝ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡè (ʩʤ. 

ʨʠʩ. 2.7-1, ʚʘʨʠʘʥʪ 2), ʢʦʪʦʨʦʝ ʫʤʝʩʪʥʦ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʦʟʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ 

ʤʝʪʦʜʦʤ ʥʘʚʝʩʥʦʡ ʩʙʦʨʢʠ. 
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ʈʠʩ. 2.7-1. ɼʚʘ ʚʘʨʠʘʥʪʘ ʥʘʨʘʱʠʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʷ 

ȓȷȶȮɀȶȷ- ɆȴȮȵȮȶȻȶɄȮ ȸȹȷȿȮȭȼȹɄ 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ ʤʦʥʪʘʞʘ, ʪʦ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʡ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ, ʥʦ, ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ 

ʤʥʦʛʦʵʪʘʧʥʦʛʦ ʨʘʩʯʝʪʘ, ʧʦʣʝʟʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʵʪʠ ʤʝʪʦʜʳ ʚ ʬʦʨʤʝ, ʛʜʝ ʦʪʨʘʞʘʝʪʩʷ ʧʝʨʝʤʝʥʥʦʩʪʴ 

ʩʠʩʪʝʤʳ. ɼʣʷ ʨʘʟʨʝʰʘʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʘ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʙʫʜʝʤ ʧʠʩʘʪʴ 

K
(r)

 Du
(r) = Dq

(r)
 , (2.7.1) 

ʛʜʝ K
(r) ð ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ ʥʘ r-ʪʦʤ ʵʪʘʧʝ, ʘ Du

(r) ʠ Dq
(r) ð ʚʝʢʪʦʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʫʟʣʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ r-ʤʫ ʵʪʘʧʫ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʷ Du
(r), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʨʘʱʝʥʠʷ ʫʩʠʣʠʡ Ds

(r) ʠ ʧʦʣʫʯʠʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʧʦ 

ʚʩʝʤ r ʵʪʘʧʘʤ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ u
(r) ʠ ʫʩʠʣʠʡ s

(r)
  

u
(r)

 = u
(r-1)

 + Du
(r)

 , (2.7.2) 

s
(r)

 = s
(r-1)

 + Ds
(r)

 . (2.7.3) 

ʊʘʢʦʝ ʧʦʵʪʘʧʥʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪ ʅɼʉ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚ ʩʠʣʫ ʦʪʤʝʯʝʥʥʦʛʦ 

ʚʳʰʝ ʩʚʦʡʩʪʚʘ ʧʘʤʷʪʠ ʩʠʩʪʝʤʳ. ʉʦʦʪʥʦʰʝʥʠʷ (2.7.2) ʠ (2.7.3) ʷʚʣʷʶʪʩʷ ʟʘʢʦʥʘʤʠ ʥʘʩʣʝʜʦʚʘʥʠʷ 

ʤʦʥʪʘʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ (2.7.1) ʠ 

ʟʘʢʦʥʦʚ ʥʘʩʣʝʜʦʚʘʥʠʷ (2.7.2) ð (2.7.3) ʢʘʢ ʨʘʟ ʠ ʧʦʨʦʞʜʘʝʪ ʛʝʥʝʪʠʯʝʩʢʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ ʟʘʜʘʯʠ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʣʝʜʫʶʱʝʤʫ (r+1)-ʤʫ ʵʪʘʧʫ ʨʘʩʯʝʪʘ ʤʝʥʷʝʪʩʷ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ K
(r), ʢʦʪʦʨʘʷ 

ʧʦʣʫʯʘʝʪ ʧʨʠʨʘʱʝʥʠʝ DK
(r), ʧʦʣʦʞʠʪʝʣʴʥʦʝ ï ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ï ʧʨʠ ʠʭ 

ʚʳʙʳʪʠʠ, ʪʦ ʝʩʪʴ 

K
(r+ 1) = K (r) + DK

(r)
,         

ʠʣʠ ʧʦʜʨʦʙʥʝʝ: 
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ʉʠʩʪʝʤʘ ʨʘʟʨʝʰʘʶʱʠʭ ʫʨʘʚʥʝʥʠʡ (r+1)-ʛʦ ʵʪʘʧʘ ʠʤʝʝʪ ʚʠʜ 
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      (2.7.4) 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʩʚʷʟʘʥʳ ʩ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʨʘʥʝʝ ʩʤʦʥʪʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʠʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʩʪʝʣʠ 

ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʪ. ʧ.). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʥʘ ʨʘʥʝʝ 

ʚʚʝʜʝʥʥʦʡ, ʥʘʧʨʠʤʝʨ, ʥʘ sïʤ ʵʪʘʧʝ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ DK
(s) ʥʘ ʥʦʚʫʶ ʤʘʪʨʠʮʫ DK

(r): 

K
(r+ 1)

  = K (r) ╖  DK
(s) + DK

(r)
,.       (2.7.5) 

ʇʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʩʪʘʜʠʷʤ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʵʪʘʧʘ 

ʤʦʥʪʘʞʘ, ʜʝʡʩʪʚʫʶʪ ʦʙʳʯʥʳʝ ʣʠʥʝʡʥʳʝ ʟʘʢʦʥʳ ʤʝʭʘʥʠʢʠ, ʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʥʷʝʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʣʝʜʫʶʱʝʤʫ ʤʦʥʪʘʞʥʦʤʫ ʵʪʘʧʫ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʜ ʧʨʠʨʘʱʝʥʠʷʤʠ Dur ʠ Dsr 

ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʩʠʣʠʡ, ʧʨʦʠʟʦʰʝʜʰʝʝ ʦʪ ʤʦʤʝʥʪʘ ʟʘʚʝʨʰʝʥʠʷ 

ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʵʪʘʧʘ ʤʦʥʪʘʞʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʯʘʩʪʴ ʥʘʛʨʫʟʦʢ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ r-ʛʦ ʵʪʘʧʘ 

ʤʦʥʪʘʞʘ, ʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʧʦʩʣʝʜʫʶʱʠʤ ʵʪʘʧʘʤ ʩʥʠʤʘʝʪʩʷ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʪʠʧʠʯʥʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʥʘʚʝʩʥʦʛʦ ʤʦʥʪʘʞʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʛʜʘ ʚʝʩ ʢʨʘʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʝʢʪʦʨʘ Dqr ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʨʘʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤʝʥʥʦ ʵʪʦʤʫ ʵʪʘʧʫ. ʇʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʩʣʝʜʫʶʱʝʤʫ (r+1)-ʤʫ ʵʪʘʧʫ ʤʦʥʪʘʞʘ ʚʝʢʪʦʨ ʫʟʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʨʘʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʫʞʥʦ ʧʦʤʥʠʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ (r+1)-ʤ ʵʪʘʧʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʢʨʘʥʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʘʥʥʫʣʠʨʫʶʱʠʭ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʠʩʪʝʤʫ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʵʪʘʧʫ. ɽʩʣʠ ʵʪʦʛʦ ʥʝ ʩʜʝʣʘʪʴ, ʪʦ ʟʘʢʦʥʳ ʥʘʩʣʝʜʦʚʘʥʠ̫ (2.7.2) 

ʠ (2.7.3) ʥʝ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ. 

ʀʪʘʢ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʚʦʟʚʝʜʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʫʩʪʘʥʦʚʢʝ (ʫʜʘʣʝʥʠʶ) 

ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʠʭ ʛʨʫʧʧ, ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʬʘʢʪʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʚʝʜʝʥʠʶ (ʫʜʘʣʝʥʠʶ) ʚʨʝʤʝʥʥʳʭ ʩʚʷʟʝʡ, ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʩʚʷʟʝʡ ʩʠʩʪʝʤʳ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʠ ʪ. ʧ. ɺ ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʝʪʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʫʢʘʟʘʥʥʳʝ 

ʚʳʰʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ ʧʦʵʪʘʧʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ (ʛʝʦʤʝʪʨʠʠ, ʞʝʩʪʢʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʠ ʩʚʷʟʝʡ, ʥʘʛʨʫʞʝʥʠʷ ʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ) ʩ ʟʘʤʳʢʘʥʠʝʤ ʩʠʩʪʝʤʳ ʥʘ ʢʘʞʜʦʤ (ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦʤ) ʵʪʘʧʝ ʚʦʟʚʝʜʝʥʠʷ 

ʟʜʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʯʝʪʢʦ ʨʘʟʣʠʯʘʝʪʩʷ ʩʫʤʤʘʨʥʦʝ ʅɼʉ ʩʠʩʪʝʤʳ, ʚʦʟʥʠʢʘʶʱʝʝ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʤʦʥʪʘʞʘ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʪʘʧʦʚ, ʠ ʧʨʠʨʘʱʝʥʠʝ ʅɼʉ, ʚʳʟʚʘʥʥʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʩʠʩʪʝʤʫ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʵʪʘʧʫ ʤʦʥʪʘʞʘ. 

ʇʨʠ ɻʪʦʤ ʚʩʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ cʧʨʘʚʝʜʣʠʚʦcʪʠ ʦʙʳʯʥʳʭ ʜʦʧʫʱʝʥʠʡ 

ʣʠʥʝʡʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʤʦʥʪʘʞʘ. ʆʜʥʘʢʦ, ʚ ʮʝʣʦʤ ʟʘʜʘʯʘ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʣʠʥʝʡʥʦʡ ʟʘ cʯʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘcʯʝʪʥʦʡ cʭʝʤʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ ʵʪʘʧʘ ʤʦʥʪʘʞʘ ʢ ʜʨʫʛʦʤʫ. 

2.8.  ȘȷȺȻȹȷȮȶȱȮ ȳȷȶȮɀȶȷ- ɆȴȮȵȮȶȻȶɄȾ ȵȷȭȮȴȮȲ  

ȚȾȷȭȱȵȷȺȻɅ ȕȓȦ 

ɺ ʪʝʦʨʠʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʙʣʝʤʝ ʩʭʦʜʠʤʦʩʪʠ, ʪ. ʝ. 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ ʦʮʝʥʦʢ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʩʛʫʱʝʥʠʠ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥ ʨʷʜ ʚʘʞʥʳʭ ʪʝʦʨʝʤ ʦ 

ʩʭʦʜʠʤʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʚʤʝʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʦ [17, ʩ. 195ï196], ʯʪʦ ʝʩʣʠ (kï1) 

ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʧʦʣʠʥʦʤʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʥʫʪʨʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʨʝh ʘʝʪʩʷ ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʧʦʨʷʜʢʘ 2m, ʜʣʷ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʦ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ uh, ʪʦ ʦʰʠʙʢʘ ʚ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ 

u ʩʦʩʪʘʚʣʷʝʪ 

 U(u- uh, u- uh) ¢ Ch2(k-m)||u||2k , (2.8.1) 

ʛʜʝ h ð ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʘ (ʰʘʛ ʩʝʪʢʠ). 

ɼʣʷ s-ʭ ʧʨʦʠʟʚʦʜʥʳʭ z ʠʤʝʝʤ ʦʮʝʥʢʠ ʦʰʠʙʦʢ: 

 ||u ï uh ||s ¢ Chk-s||u||k  ,   ʝʩʣʠ s > 2m ï k ; (2.8.2, ʘ) 
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 ||u ï uh ||s ¢ Ch2(k-s)||u||k ,   ʝʩʣʠ s ¢ 2m ï k. (2.8.2, ʙ) 

ɼʣʷ ʥʝʩʦʚʤʝʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʥʘʣʦʛʠʯʥʳʝ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʳ ʚ ʩʝʨʠʠ ʨʘʙʦʪ ʀ.ɼ. ɽʚʟʝʨʦʚʘ ʠ 

ɺ.ʉ. ʂʘʨʧʠʣʦʚʩʢʦʛʦ (ʩʤ., ʥʘʧʨʠʤʝʨ, [6, 9]). 

ɼʘʥʥʳʝ ʦ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʩʭʦʜʠʤʦʩʪʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘʟʥʘʯʠʪʴ 

ʪʨʝʙʫʝʤʫʶ ʛʫʩʪʦʪʫ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʩʭʦʜʷ ʠʟ ʪʘʢʦʛʦ ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʩʩʫʞʜʝʥʠʷ 

[3, ʩ.55]: ç...ʟʘʤʝʪʠʤ ʣʠʰʴ, ʯʪʦ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʩʝʪʢʫ 

ʦʙʣʘʩʪʠ ʩʭʦʜʠʤʦʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ, ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʠʤʝʝʪ 

ʧʦʨʷʜʦʢ ʉh/L, ʛʜʝ ʯʝʨʝʟ ʉ ʦʙʦʟʥʘʯʝʥʘ ʢʦʥʩʪʘʥʪʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʬʦʨʤʳ ʦʙʣʘʩʪʠ; h ð ʰʘʛ ʩʝʪʢʠ; L ð 

ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ. ʕʪʘ ʦʮʝʥʢʘ ʩʣʫʞʠʪ ʦʨʠʝʥʪʠʨʦʤ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʰʘʛʘ ʩʝʪʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʞʝʣʘʝʤʦʡ ʪʦʯʥʦʩʪʠ (ʩʨʝʜʥʝʡ), ʥʘʧʨʠʤʝʨ, ʟʘʜʘʚ ʪʦʯʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

5%, ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʰʘʛ ʩʝʪʢʠ ʨʘʚʥʳʤ ʧʨʠʤʝʨʥʦ 1/20 ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ...è, ʪ. ʝ. ʜʣʷ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʧʷʪʥʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʦʢʦʣʦ 400 ʫʟʣʦʚ, ʘ ʚ ʪʨʝʭʤʝʨʥʦʡ ʟʘʜʘʯʝ ð 

ʧʨʠʤʝʨʥʦ 8000. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʨʘʩʩʫʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʚ ʩʨʝʜʥʝʤ 

ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʪʦʯʥʦʩʪʴ ʦʯʝʥʴ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʠʧʘ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʢʦʥʩʪʘʥʪ ʉ ʠ k), ʥʦ ʠ 

ʦʪ ʩʧʦʩʦʙʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʪʦʢʘʤ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. ʆ ʧʦʩʣʝʜʥʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʧʨʠʤʝʨ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʡ ʠʟ ʨʘʙʦʪʳ [8] ʠ 

ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2.8-1. 

 

ʈʠʩ. 2.8-1. ʈʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʠ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʩʭʦʜʠʤʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʥʘ ʚʳʷʩʥʝʥʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʰʝʥʠʷ, ʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʯʠʢʘ ʠʥʪʝʨʝʩʫʝʪ ʩʪʝʧʝʥʴ 

ʙʣʠʟʦʩʪʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʢʝ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʂʦʥʝʯʥʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʩʭʦʜʠʤʦʩʪʴ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠ 

ʧʨʠʝʤʣʝʤʦʡ çʧʨʘʢʪʠʯʝʩʢʦʡ ʩʭʦʜʠʤʦʩʪʴʶè, ʧʦʜ ʢʦʪʦʨʦʡ ʤʳ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʛʨʫʙʦʤ ʨʘʟʙʠʝʥʠʠ, ʥʦ ʠʟ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʝʩʪʴ ʠ 

ʠʩʢʣʶʯʝʥʠʷ. ʇʨʠʚʝʜʝʤ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʳʩʢʘʟʳʚʘʥʠʝ ʚʝʣʠʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʬʠʟʠʢʘ ɸ. ʇʫʘʥʢʘʨʝ 

(ʮʠʪʠʨʫʝʪʩʷ ʧʦ [1, ʩ.52]): 
ç...ʠʟ ʜʚʫʭ ʨʷʜʦʚ, ʢʦʠʭ ʦʙʱʠʝ ʯʣʝʥʳ ʩʫʪʴ 1000n/n! ʠ n!/1000n, ʤʘʪʝʤʘʪʠʢʠ ʥʘʟʦʚʫʪ ʧʝʨʚʳʡ 

ʩʭʦʜʷʱʠʤʩʷ... ʧʦʪʦʤʫ ʯʪʦ ʤʠʣʣʠʦʥʥʳʡ ʯʣʝʥ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ 999 999-ʛʦ, ʚʪʦʨʦʡ ʞʝ ʨʷʜ ʦʥʠ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʨʘʩʭʦʜʷʱʠʡʩʷ, ʠʙʦ ʝʛʦ ʦʙʱʠʡ ʯʣʝʥ ʤʦʞʝʪ ʙʝʩʧʨʝʜʝʣʴʥʦ ʚʦʟʨʘʩʪʘʪʴ. ɸʩʪʨʦʥʦʤʳ, 
ʥʘʦʙʦʨʦʪ, ʧʨʠʤʫʪ ʧʝʨʚʳʡ ʨʷʜ ʟʘ ʨʘʩʭʦʜʷʱʠʡʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʧʝʨʚʳʝ ʝʛʦ 1000 ʯʣʝʥʦʚ ʠʜʫʪ ʚʦʟʨʘʩʪʘʷ; 
ʚʪʦʨʦʡ ʨʷʜ ʦʥʠ ʩʦʯʪʫʪ ʟʘ ʩʭʦʜʷʱʠʡʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʧʝʨʚʳʝ ʝʛʦ 1000 ʯʣʝʥʦʚ ʠʜʫʪ ʫʙʳʚʘʷ, ʠ ʚ ʥʘʯʘʣʝ 
ʫʙʳʚʘʥʠʝ ʚʝʩʴʤʘ ʙʳʩʪʨʦʝè. ʀ ʜʘʣʝʝ ʩʦʚʝʨʰʝʥʥʦ ʛʦʣʦʚʦʢʨʫʞʠʪʝʣʴʥʳʡ ʚʳʚʦʜ: çʆʙʘ ʚʦʟʟʨʝʥʠʷ 
ʟʘʢʦʥʥʳ: ʧʝʨʚʦʝ ð ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʚʪʦʨʦʝ ð ʚ ʯʠʩʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭè. 
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ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠ ʨʝʰʝʥʠʠ ʣʶʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʣʴʟʷ ʦʙʦʡʪʠʩʴ ʙʝʟ 
ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʧʫʪʝʤ ʧʦʚʪʦʨʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʜʘʯʠ ʥʘ 
ʜʨʫʛʦʡ ʩʝʪʢʝ ʵʣʝʤʝʥʪʦʚ. ʂʦʥʝʯʥʦ, ʙʦʣʴʰʫʶ ʟʘʜʘʯʫ ʚʨʷʜ ʣʠ ʩʪʦʠʪ ʨʝʰʘʪʴ ʮʝʣʠʢʦʤ ʥʘ ʩʛʫʱʘʶʱʠʭʩʷ 
ʩʝʪʢʘʭ, ʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʭʘʨʘʢʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ 
ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤ. ʕʤʧʠʨʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʬʘʢʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ ʩʛʫʱʝʥʠʠ 
ʩʝʪʢʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʫʙʝʜʠʪʝʣʴʥʳʤ ʜʦʚʦʜʦʤ ʚ ʧʦʣʴʟʫ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 
ʨʝʰʝʥʠʶ. 

ʉʢʘʟʘʥʥʦʝ ʥʝ ʩʣʝʜʫʝʪ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʧʨʠʟʳʚ ʢ ʛʦʣʦʤʫ ʵʤʧʠʨʠʟʤʫ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʩʭʦʜʠʤʦʩʪʠ ʚʝʩʴʤʘ ʚʘʞʥʳ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ, ʦʜʥʘʢʦ 
ʟʜʝʩʴ ʠʤʝʶʪʩʷ ʠ ʥʝʢʦʪʦʨʳʝ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʨʘʩʯʝʪʯʠʢ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ. ʆʜʥʘ ʠʟ 
ʥʠʭ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʧʝʨʝʤʝʱʝʥʠʷʤ ʤʦʛʫʪ 
ʥʝ ʪʘʢ ʭʦʨʦʰʦ ʩʭʦʜʠʪʴʩʷ ʠʥʪʝʨʝʩʫʶʱʠʝ ʨʘʩʯʝʪʯʠʢʘ ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ. ʆʥʠ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʡ, ʘ ʦʧʝʨʘʮʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 
ʥʝʢʦʨʨʝʢʪʥʦʡ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʬʫʥʢʮʠʠ ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʟʥʘ-
ʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʨʢʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʚ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ. ɺʦʪ, ʥʘʧʨʠʤʝʨ, ʭʘʨʘʢʪʝʨʥʘʷ 
ʮʠʪʘʪʘ ʠʟ ʠʟʚʝʩʪʥʦʡ ʤʦʥʦʛʨʘʬʠʠ ʆ. ɿʝʥʢʝʚʠʯʘ: çʈʘʟʤʝʨʳ ʨʘʟʙʠʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʠ ʚ ʟʘʜʘʯʘʭ ʪʝʦʨʠʠ ʦʙʦʣʦʯʝʢ, ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʧʨʠʯʠʥ. ʏʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 
ʧʨʠ ʤʘʣʦʡ ʪʦʣʱʠʥʝ ʦʙʦʣʦʯʢʠ ʦʙʣʘʩʪʴ ʜʝʡʩʪʚʠʷ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʦʛʨʘʥʠʯʝʥʘ ʢʨʘʝʚʦʡ ʟʦʥʦʡ, 
ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʪʠʭ ʤʦʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʤʝʤʙʨʘʥʥʳʝ ʩʠʣʳ ʚʳʯʠʩʣʷʶʪʩʷ 
ʪʦʯʥʦ ʜʘʞʝ ʧʨʠ ʦʯʝʥʴ ʛʨʫʙʦʤ ʨʘʟʙʠʝʥʠʠ, ʥʦ, ʯʪʦʙʳ ʫʣʦʚʠʪʴ ʠʟʤʝʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʚʙʣʠʟʠ ʛʨʘʥʠʮ, 
ʪʨʝʙʫʝʪʩʷ ʢʨʘʡʥʝ ʤʝʣʢʦʝ ʨʘʟʙʠʝʥʠʝè. [7, ʩ.257]. 

ʇʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʪʨʫʜʥʦʩʪʴ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 
ʩʝʪʢʘʭ ʨʘʟʥʦʡ ʛʫʩʪʦʪʳ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʟʘʯʘʩʪʫʶ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʮʝʥʪʨʘʭ 
ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʫʞʥʦ ʧʨʠʣʦʞʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʠʣʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 
ʩʦʧʦʩʪʘʚʠʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʪʦʯʢʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʪʨʝʫʛʦʣʴʥʳʝ 
ʵʣʝʤʝʥʪʳ ʩ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʝʨʝʤʝʱʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ 
ʫʧʨʫʛʦʩʪʠ), ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʶʪ ʚʠʜ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳʭ ʬʫʥʢʮʠʡ, ʧʨʠʯʝʤ ʦʙʣʘʩʪʴ ʠʭ 
ʧʦʩʪʦʷʥʩʪʚʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʩʝʪʢʠ. ɿʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʯʝʥʴ ʤʝʥʷʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʵʣʝʤʝʥʪʘ ʢ ʵʣʝʤʝʥʪʫ, ʧʦʵʪʦʤʫ 
ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʦʩʨʝʜʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʵʣʝʤʝʥʪʘʤ ʟʚʝʟʜʳ, ʠ ʦʪʥʦʩʷʪ ʠʭ ʢ ʫʟʣʦʚʦʡ ʪʦʯʢʝ. 
ʉʦʧʦʩʪʘʚʣʝʥʠʷ ʪʘʢʠʭ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʟʘʪʨʫʜʥʷʝʪʩʷ ʝʱʝ ʠ ʥʘʣʠʯʠʝʤ ʦʧʝʨʘʮʠʠ ʦʩʨʝʜʥʝʥʠʷ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʚʝʨʢʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ 
ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʧʨʠʷʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʢʦʨʨʝʢʪʥʦʡ ʠʜʝʘʣʠʟʘʮʠʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 
ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʠʟʘʮʠʷ ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ (ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝʨʝʘʣʠʟʫʝʤʘʷ ʩʠʪʫʘʮʠʷ), ʩ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʢʘʢ 
ʧʦʷʚʣʝʥʠʝ ʫʭʦʜʷʱʠʭ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʨʝʰʝʥʠʡ (ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʦʛʠʙʘ ʧʣʘʩʪʠʥʳ 
ʧʦʜ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʦʡ) ʠ ʚʳʩʦʢʠʝ ʛʨʘʜʠʝʥʪʳ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʨʢʫ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʩʪʦʠʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʘʭ ʙʣʠʟʢʠʭ ʢ 
ʧʨʘʢʪʠʯʝʩʢʠ ʠʥʪʝʨʝʩʫʶʱʝʤʫ ʨʘʩʯʝʪʯʠʢʘ ʢʣʘʩʩʫ ʟʘʜʘʯ, ʥʦ ʪʘʢʠʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʪʦʯʥʳʝ 
ʨʝʰʝʥʠʷ. ʊʦʛʜʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ. 
ʅʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ. 

ȘȹȷȫȮȹȳȩ ȺȾȷȭȱȵȷȺȻȱ ȭȴɈ ȶȮȳȷȻȷȹɄȾ ȵȷȭȮȴȮȲ 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʦʡ ʢʚʘʜʨʘʪʥʦʡ ʧʣʘʩʪʠʥʢʠ, ʟʘʛʨʫʞʝʥʥʦʡ 

ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʯʝʪʨrʝʭ ʩʝʪʢʘʭ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ð 4³4, 8³8, 16³16 ʠ 24³24 (ʨʠʩ. 2.8-2). 
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ʈʠʩ. 2.8-2. ʀʟʦʧʦʣʷ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ  

ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʝʪʢʘʤʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʊʘʙʣʠʮʘ 2.8-1 

 ʇʝʨʝʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʧʣʠʪʳ ʧʨʠ ʩʝʪʢʝ 

ʊʠʧ ʂʕ 4x4 8x8 16x16 24x24 

11/41 0,0180329 0,0172754 0,0170823 0,0170453 

20/50 0,0166168 0,0169137 0,0169918 0,0170051 

12/42 0,0161403 0,0168034 0,0169658 0,0169938 

 ʄʦʤʝʥʪ ʚ ʮʝʥʪʨʝ ʧʣʠʪʳ 

ʄ -11/41 0,04781 0,04509 0,04443 0,04443 

ʄ -20/50 0,03991 0,04313 0,04393 0,04408 

ʄ -12/42 0,04787 0,04528 0,04432 0,04448 

 ʇʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʥʘ ʢʨʘʶ 

Q -11/41 0,22 0,28 0,31 0,32 

Q -20/50 0,37 0,4 0,43 0,44 

Q -12/42 0,24 0,31 0,33 0,34 

ɺ ʪʘʙʣ. 2.8-1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʝʨʝʤʝʱʝʥʠʷʤ, ʠʟʛʠʙʘʶʱʠʤ ʤʦʤʝʥʪʘʤ ʠ ʧʦʧʝʨʝʯʥʳʤ 
ʩʠʣʘʤ ʜʣʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʫʧʦʤʷʥʫʪʳʭ ʩʝʪʢʘʭ. ʕʪʠ ʞʝ ʜʘʥʥʳʝ 
ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʛʨʘʬʠʢʘʤʠ ʥʘ ʨʠʩ. 2.8-3. 
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ʙ)
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  ʆʙʦʟʥʘʯʝʥʠʷ: 

   
 

ʈʠʩ. 2.8-3. ʉʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʡ ʥʘʛʨʫʟʢʝ:  
ʘ ð ʧʦ ʧʨʦʛʠʙʘʤ; ʙ ð ʧʦ ʤʦʤʝʥʪʘʤ;  

ʚ ð ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʩʠʣʘʤ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 2.8-1 ʠ ʨʠʩ. 2.8-3, ʧʨʘʢʪʠʯʝʩʢʘʷ ʩʭʦʜʠʤʦʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʧʨʦʛʠʙʦʚ ʠ 

ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʩʝʭ ʪʠʧʦʚ, ʘ ʜʣʷ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ 

ʵʣʝʤʝʥʪʳ 11-ʛʦ ʪʠʧʘ ʜʘʶʪ ʟʥʘʯʝʥʠʷ, ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʣʝʤʝʥʪ ʪʠʧʘ 20/50 ʧʨʠʩʦʝʜʠʥʷʣʩʷ 

ʪʦʣʴʢʦ ʢ ʯʝʪʳʨʝʤ ʫʟʣʘʤ, ʭʦʪʷ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʩʪʠ ʫʟʣʳ ʥʘ ʝʛʦ ʩʪʦʨʦʥʘʭ (ʚʩʝʛʦ ʜʦ ʚʦʩʴʤʠ 

ʫʟʣʦʚ). ʂʦʥʪʨʦʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʨʠ ʪʘʢʦʡ ʩʭʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʠ ʦʥʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʜʘʥʥʳʤ, ʧʦʣʫʯʘʝʤʳʤ ʥʘ ʩʝʪʢʘʭ ʚʜʚʦʝ ʙʦʣʴʰʝʡ 

ʛʫʩʪʦʪʳ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʝʪʢʠ ʵʣʝʤʝʥʪʦʚ 8ʭ8 ʧʨʦʛʠʙ ʨʘʚʥʷʣʩʷ 0,01701, ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ð 

0,0442 ʠ ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ð 0,278. 

ʊʘʙʣʠʮʘ 2.8-2 

 ʇʝʨʝʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʧʣʠʪʳ ʧʨʠ ʩʝʪʢʝ 

ʊʠʧ ʂʕ 4x4 8x8 16x16 24x24 

11/41 0.511522 0.494164 0.488470 0.487183 

20/50 0.466266 0.480460 0.484425 0.485222 

12/42 0.432918 0.470046 0.481375 0.483493 

 ʄʦʤʝʥʪ ʚ ʮʝʥʪʨʝ ʧʣʠʪʳ 

ʄ -11/41 2.61566 3.27276 3.93364 4.32066 

ʄ -20/50 2.31761 3.04494 3.72290 4.11309 

ʄ -12/42 1.89259 2.52465 3.17713 3.56252 

 ʇʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʦʢʦʣʦ ʮʝʥʪʨʘ 

Q -11/41 7.26 14.58 29.18 43.77 

Q -20/50 6.50 13.31 26.81 40.26 

Q -12/42 11.37 25.59 53.21 80.42 
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ʆʙʦʟʥʘʯʝʥʠʷ: 

 
 

ʈʠʩ. 2.8-4. ʉʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ 

ʥʘʛʨʫʞʝʥʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʦʡ:  
ʘ ð ʧʦ ʧʨʦʛʠʙʘʤ, ʙ ð ʧʦ ʤʦʤʝʥʪʘʤ,  

ʚ ð ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʩʠʣʘʤ 

 

ɺ ʜʨʫʛʦʡ ʩʝʨʠʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʛʜʘ ʪʘ ʞʝ ʧʣʘʩʪʠʥʢʘ ʙʳʣʘ ʟʘʛʨʫʞʝʥʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʦʡ, ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.8-2 ʠ ʥʘ ʨʠʩ. 2.8-4, ʦʢʘʟʳʚʘʶʪʩʷ 

ʤʝʥʝʝ ʦʧʪʠʤʠʩʪʠʯʥʳʤʠ. ɿʜʝʩʴ ʟʘʤʝʜʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʤʦʤʝʥʪʘʤ ʠ ʝʱʝ 

ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ð ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʩʠʣʘʤ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʚʟʷʪʳ ʚ ʪʦʯʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʯʝʪʚʝʨʪʠ ʪʦʣʱʠʥʳ ʦʪ ʮʝʥʪʨʘ ʧʣʘʩʪʠʥʢʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʣʷ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʚʦʦʙʱʝ ʥʝ 

ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʪʦʯʝʢ, ʩʪʦʣʴ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʤʝʩʪʫ ʧʨʠʣʦʞʝʥʠʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʵʪʦʪ ʚʦʧʨʦʩ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʥʠʞʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʝʝ ʙʳʩʪʨʘʷ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʟʘʤʝʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʩʯʝʪʘ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʩʦʧʦʩʪʘʚʣʷʪʴ 

ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʪʝʨʷʤʠ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ ʙʦʣʝʝ ʛʫʩʪʦʡ 

ʩʝʪʢʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʜʨʫʛʦʛʦ ʪʠʧʘ. 

ȗȪȾȷȭ ȷȺȷȪɄȾ ȻȷɀȮȳ 

ɺʙʣʠʟʠ ʦʩʦʙʳʭ ʪʦʯʝʢ, ʪʘʢʠʭ, ʛʜʝ ʠʤʝʝʪʩʷ ʨʝʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʨʘʚʥʦ ʢʘʢ ʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ) ʦʙʳʯʥʦ ʟʘʪʨʫʜʥʝʥʦ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠʭʦʜʠʪʩʷ ʨʝʟʢʦ ʩʛʫʱʘʪʴ ʩʝʪʢʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʨʘʟʤʝʨ ʟʘʜʘʯʠ. 

ʆʜʥʘʢʦ ʫʧʦʤʷʥʫʪʦʝ ʩʛʫʱʝʥʠʝ ʩʝʪʢʠ ʤʦʞʝʪ ʠ ʥʝ ʧʨʠʚʝʩʪʠ ʢ ʨʝʟʫʣʴʪʘʪʫ, ʯʪʦ ʧʦʜʪʘʣʢʠʚʘʝʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʩʠʪʫʘʮʠʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʨʠʩ. 2.8-4, ʚ). ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʩʫʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʩʠʣʘ ʝʩʪʴ ʥʝ ʩʫʱʝʩʪʚʫʶʱʘʷ ʚ ʧʨʠʨʦʜʝ 

ʘʙʩʪʨʘʢʮʠʷ, ʠ ʝʩʣʠ ʙʳ ʦʥʘ ʙʳʣʘ ʩʦʟʜʘʥʘ, ʪʦ, ʧʨʦʪʢʥʫʚ ʢʦʥʩʪʨʫʢʮʠʶ ʣʶʙʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʥʝ ʚʩʪʨʝʯʘʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʫʥʝʩʣʘʩʴ ʙʳ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ɺʳʭʦʜʠʪ, ʯʪʦ ʵʪʘ ʠʜʝʘʣʠʟʘʮʠʷ ʩʦʟʜʘʝʪ ʠʩʢʫʩʩʪʚʝʥʥʫʶ 

ʪʨʫʜʥʦʩʪʴ, ʚ ʙʦʨʴʙʝ ʩ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʦʚʝʨʰʘʪʴ ʛʝʨʦʠʯʝʩʢʠʝ ʧʦʜʚʠʛʠ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʪʘʢʠʭ ʧʦʜʚʠʛʦʚ ʚʝʩʴʤʘ ʦʪʥʦʩʠʪʝʣʴʥʘ. ʉʣʝʜʦʚʘʣʦ ʙʳ ʧʦʤʥʠʪʴ ʦ ʪʦʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʬʘʢʪʠʯʝʩʢʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘ ʩʠʣʘ, ʢʦʪʦʨʘʷ ʠʜʝʘʣʠʟʠʨʫʝʪʩʷ ʚ ʬʦʨʤʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ, ʪʦʛʜʘ ʤʦʛʫʪ 

ʦʪʧʘʩʪʴ ʠ ʚʦʧʨʦʩʳ ʦ ʩʭʦʜʠʤʦʩʪʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʨʝʰʝʥʠʷ ʢ ʪʦʯʥʦʤʫ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʨʘʟʜʝʣ 

çʉʪʳʢʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠè ʚ ʵʪʦʡ ʛʣʘʚʝ). 
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ȝȹȩȬȵȮȶȻȩȿȱɈ 

ɽʩʣʠ ʧʦʚʝʜʝʥʠʝ ʨʝʰʝʥʠʷ ʚʙʣʠʟʠ ʦʩʦʙʳʭ ʪʦʯʝʢ ʚʩʝ ʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʜʝʡʩʪʚʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ ʥʘ ʧʣʘʩʪʠʥʢʫ, ʢʦʛʜʘ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʩʠʣʳ ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ, ʘ ʦʙʳʯʥʳʝ ʛʠʧʦʪʝʟʳ ʪʝʦʨʠʠ ʧʣʘʩʪʠʥ ʥʝ 

ʚʳʧʦʣʥʷʶʪʩʷ. ɺʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʢ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʦʜʥʘʢʦ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʭʤʝʨʥʳʤʠ ʧʨʠʚʝʜʝʪ ʢ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʨʘʟʤʝʨʦʚ ʟʘʜʘʯʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʜʚʫʭʤʝʨʥʦʡ ʠʜʝʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʩ ʫʪʦʯʥʝʥʠʷʤʠ, 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ. ʇʨʦʱʝ ʚʩʝʛʦ ʩʜʝʣʘʪʴ ʵʪʦ ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʠʩʧʦʣʴʟʫʷ 

ʛʣʦʙʘʣʴʥʦ-ʣʦʢʘʣʴʥʳʡ ʘʥʘʣʠʟ. ʊʘʢʦʡ ʘʥʘʣʠʟ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʪʨʝʭ ʬʦʨʤʘʭ [33]: 

1 ð ʧʦ ʤʝʪʦʜʫ ʩʠʣ, ʢʦʛʜʘ ʥʘ ʚʳʜʝʣʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʧʝʨʝʜʘʶʪʩʷ ʫʩʠʣʠʷ ʦʪ ʦʩʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʥʘʡʜʝʥʥʳʝ ʠʟ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʩʯʝʪʘ; 2 ð ʧʦ ʤʝʪʦʜʫ ʧʝʨʝʤʝʱʝʥʠʡ, ʢʦʛʜʘ ʛʨʘʥʠʮʘ ʬʨʘʛʤʝʥʪʘ 

ʩʤʝʱʘʝʪʩʷ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʚ ʛʣʦʙʘʣʴʥʦʤ ʨʘʩʯʝʪʝ; 3 ð ʩʤʝʰʘʥʥʳʤ ʤʝʪʦʜʦʤ. ʄʳ ʧʨʠʚʝʜʝʤ 

ʚʳʢʣʘʜʢʠ ʜʣʷ ʧʝʨʚʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʦʜʭʦʜʦʚ. 

ɺ ʫʧʦʤʷʥʫʪʦʤ ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʜʦʩʪʘʪʦʯʥʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʜʚʫʭʵʪʘʧʥʘʷ ʧʨʦʮʝʜʫʨʘ: 

ʘ) ʧʨʝʥʝʙʨʝʛʘʷ ʣʦʢʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ, ʩʪʨʦʠʪʩʷ ʟʘʛʨʫʙʣʝʥʥʘʷ 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʚ ʮʝʣʦʤ, ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʝʝ ʨʘʩʯʝʪ; 

ʙ) ʚʳʜʝʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʪʝʨʝʩʫʶʱʫʶ ʥʘʩ ʦʩʦʙʝʥʥʦʩʪʴ. ʂ ʵʪʦʤʫ 

ʬʨʘʛʤʝʥʪʫ ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ ʨʝʘʢʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʪʙʨʘʩʳʚʘʥʠʠ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʠ ʩʠʣʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʚʳʜʝʣʝʥʥʦʤʫ ʬʨʘʛʤʝʥʪʫ. ʌʨʘʛʤʝʥʪ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʠ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʰʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʯʢʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ 

ʛʨʘʥʠʮ ʬʨʘʛʤʝʥʪʘ. 

 

ʈʠʩ. 2.8-5. ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʳʢʘ 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʘʢʪʠʢʦʡ ʚʳʙʦʨʘ ʩʝʨʠʠ 

ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʘʢʦ ʦʥ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʠʥʪʫʠʮʠʠ ʠ ʦʧʳʪʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʥʘʣʠʯʠʝʤ ʥʝʫʩʪʨʘʥʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʨʝʰʝʥʠʷ 

ʟʘʛʨʫʙʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʥʘ ʩʪʳʢʝ 

ʬʨʘʛʤʝʥʪʘ ʩ ʦʩʥʦʚʥʦʡ ʩʭʝʤʦʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʫʟʣʳ 

ʬʨʘʛʤʝʥʪʘ ʥʝ ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʫʟʣʦʚ ʧʦ ʜʨʫʛʫʶ 

ʩʪʦʨʦʥʫ ʩʪʳʢʘ (ʨʠʩ. 2.8-5). ɺʦʟʤʦʞʥʘ ʠ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ, 

ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʥʝʩʦʚʧʘʜʝʥʠʝ ʩʝʪʦʢ ʨʘʟʙʠʝʥʠʷ ʥʘ ʜʚʫʭ- ʠ 

ʪʨʝʭʤʝʨʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ 

ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʩʪʳʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ 

ʟʘʧʦʣʥʝʥʠʷ ʩʪʳʢʦʚ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʦʤ ʠ ʦʩʪʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʝʤʦʚ ʩʪʳʢʦʚʢʠ [34]. ɺ ʢʦʤʧʣʝʢʩʝ SCAD ʨʦʣʴ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʠʛʨʘʪʴ 

ʵʣʝʤʝʥʪʳ ʪʠʧʘ 20, 30 ʠ 50, ʫ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʪʘʥʦʚʢʠ ʫʟʣʦʚ ʧʦ ʩʪʦʨʦʥʘʤ 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʘʞʥʫʶ ʨʦʣʴ ʤʦʞʝʪ ʩʳʛʨʘʪʴ ʦʧʪʠʤʠʟʘʮʠʷ ʩʛʣʘʞʠʚʘʥʠʷ ʩʝʪʢʠ 

(ʧʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʝʝ ʵʣʝʤʝʥʪʦʚ). 

ȘȩȹȱȹȷȫȩȶȱȮ ȱȰȵȮȶɈȮȵȷȺȻȱ 

ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʩʣʫʯʘʶʪʩʷ ʦʰʠʙʢʠ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʘ: ʨʘʩʯʝʪʯʠʢ, ʧʨʝʢʨʘʩʥʦ 

ʧʦʥʠʤʘʷ, ʯʪʦ ʩʭʝʤʘ ʨʘʙʦʪʘʝʪ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʚ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ) ʟʘʙʳʚʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʝ ʩʦʦʙʱʝʥ ʜʨʫʛʦʡ ʧʨʠʟʥʘʢ ʪʠʧʘ ʩʭʝʤʳ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʱʝʛʦ ʧʦʣʦʞʝʥʠʷ). ʊʦʛʜʘ ʢʦʥʩʪʨʫʢʮʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʠʟʤʝʥʷʝʤʦʡ, ʠ 

ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝʢʦʪʦʨʳʝ ʥʝʧʨʠʷʪʥʳʝ ʷʚʣʝʥʠʷ. ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ, ʛʜʝ ʙʳʣʘ ʜʦʧʫʱʝʥʘ ʪʘʢʘʷ 

ʦʰʠʙʢʘ, ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. 2.8-6, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʜʘʤʝʥʪʥʘʷ 
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ʧʣʠʪʘ ʩ ʧʨʠʤʳʢʘʶʱʠʤʠ ʢ ʥʝʡ ʩʪʝʥʘʤʠ. ʉʭʝʤʘ ʙʳʣʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠʟʤʝʥʷʝʤʦʡ, ʠ ʚ ʥʝʡ ʙʳʣʠ 

ʚʦʟʤʦʞʥʳ ʩʤʝʱʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʢʘʢ ʞʝʩʪʢʦʛʦ ʪʝʣʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʩʝʡ X ʠ Y. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʤʝʥʷʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʠ ʦʰʠʙʢʫ ʢʦʥʪʨʦʣʷ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ 99%. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ SCAD ʫʩʪʨʘʥʷʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠʟʤʝ-

ʥʝ̫ʤʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ, ʪʘʢʘʷ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ 

ʟʘ ʩʯʝʪ ʥʝʫʜʘʯʥʦʡ ʩʪʨʘʪʝʛʠʠ ʫʩʪʨʘʥʝʥʠʷ ʠʟʤʝʥʷʝʤʦʩʪʠ. ʃʫʯʰʝ ʫʩʪʨʘʥʠʪʴ ʠʟʤʝʥʷʝʤʦʩʪʴ ʘʢʢʫʨʘʪʥʦ. 

ʊʘʢ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʟʘʧʨʝʪʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʩʠʩʪʝʤʳ ʢʘʢ ʞʝʩʪʢʦʛʦ ʮʝʣʦʛʦ, ʜʣʷ 

ʯʝʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʝʰʥʝ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʫʶ ʩʠʩʪʝʤʫ ʟʘʢʨʝʧʣʝʥʠʡ. 

 
ʈʠʩ. 2.8-6. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

ʇʦʩʣʝ ʚʥʝʩʝʥʠʷ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ 

ʥʠʢʘʢʠʭ ʧʨʦʙʣʝʤ ʩ ʪʦʯʥʦʩʪʴʶ ʨʝʰʝʥʠʷ ʥʝ ʚʦʟʥʠʢʣʦ. 

ʇʨʦʮʝʜʫʨʘ ʥʘʣʦʞʝʥʠʷ ʫʟʣʦʚʳʭ ʩʚʷʟʝʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʪʝʭʥʠʢʠ ʝʝ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʣʦʞʥʘ. ʇʨʦʙʣʝʤʦʡ 

ʤʦʞʝʪ ʩʪʘʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʪʝʭ ʩʚʟ̫ʝʡ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥ-̫

ʝʤʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠʣʠ ʝʝ 

ʬʨʘʛʤʝʥʪʘ. ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʨʘʩʯʝʪ ʧʣʠʪʳ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ, ʢʦʪʦʨʘʷ ʚʧʦʣʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʢʨʝʧʣʝʥʘ ʠʟ ʧʣʦʩʢʦʩʪʠ ʠʟʛʠʙʘ, ʥʦ ʚ 

ʧʣʦʩʢʦʩʪʠ ʤʦʞʝʪ ʧʝʨʝʤʝɦʘʪʴʩʷ ʢʘʢ ʞʝʩʪʢʦʝ ʪʝʣʦ. 

ʈʘʩʯʝʪʯʠʢ ʧʦʥʠʤʘʝʪ, ʯʪʦ ʟʘʢʨʝʧʣʝʥʠʝ ʪʘʢʦʡ ʧʣʠʪʳ ʚ 

ʧʣʦʩʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʚʝʨʥʦ 

ʚʳʙʠʨʘʝʪ ʫʜʘʯʥʳʡ ʚʘʨʠʘʥʪ ʪʘʢʦʛʦ ʨʘʩʢʨʝʧʣʝʥʠʷ. 

ɺʦ-ʧʝʨʚʳʭ, ʨʘʩʢʨʝʧʣʝʥʠʝ ʞʝʣʘʪʝʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʙʳʣʘ 

ʚʥʝʰʥʝ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʦʡ (ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʠʪʳ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʦʞʠʪʴ ʪʨʠ ʩʚʷʟʠ). ɽʩʣʠ ʵʪʦ 

ʫʜʘʩʪʩʷ ʩʜʝʣʘʪʴ, ʪʦ ʨʝʘʢʮʠʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʣʦʞʝʥʥʳʭ ʩʚʷʟʷʭ ʜʦʣʞʥʳ ʦʢʘʟʘʪʴʩʷ ʥʫʣʝʚʳʤʠ ʠʟ-ʟʘ 

ʪʦʛʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʛʨʫʟʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʠʪʳ. ʕʪʦ ʨʘʩʩʫʞʜʝʥʠʝ ʚʝʨʥʦ ʣʠʰʴ ʪʝʦʨʝʪʠʯʝʩʢʠ, 

ʧʦʩʢʦʣʴʢʫ ʥʝ ʫʯʠʪʳʚʘʝʪ ʥʝʠʟʙʝʞʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʅʘʢʦʧʣʝʥʠʝ ʦʰʠʙʦʢ 

ʦʢʨʫʛʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʤʝʩʪʦ ʥʫʣʝʚʦʡ ʨʝʘʢʮʠʠ ʤʳ ʧʦʣʫʯʘʝʤ ʤʘʣʳʝ, ʥʦ ʚʩʝ ʞʝ ʥʝʥʫʣʝʚʳʝ 

ʟʥʘʯʝʥʠʷ ʨʝʘʢʮʠʡ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʤ ʯʠʩʣʝʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʝʣʦ 

ʦʙʩʪʦʠʪ ʪʘʢ, ʢʘʢ ʝʩʣʠ ʙʳ ʠʤʝʣʘ ʤʝʩʪʦ ʥʝʢʦʪʦʨʘʷ ʥʝʙʦʣʴʰʘʷ ʥʝʥʫʣʝʚʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʣʠʪʳ. 

ʇʦʩʢʦʣʴʢʫ ʫʧʦʤʷʥʫʪʘʷ ʩʠʣʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʫʩʣʦʚʥʦ ʥʘʣʦʞʝʥʥʳʤʠ ʩʚʷʟʷʤʠ, ʪʦ ʟʥʘʯʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʘʢʮʠʡ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʩʧʦʩʦʙʘ ʥʘʣʦʞʝʥʠʷ ʩʚʷʟʝʡ. ɽʩʣʠ ʪʘʢʠʝ ʩʚʷʟʠ 

ʨʘʩʧʦʣʦʞʠʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʝʢʦ ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ (ʨʠʩ. 2.8-7, ʘ), ʨʝʘʢʮʠʠ ʦʢʘʞʫʪʩʷ ʤʘʣʳʤʠ ʠ ʥʝ 

ʚʥʝʩʫʪ ʟʘʤʝʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɽʩʣʠ ʞʝ, ʥʘʧʨʠʤʝʨ, ʟʘʢʨʝʧʠʪʴ ʧʣʠʪʫ ʚ 

ʦʜʥʦʡ ʪʦʯʢʝ (ʨʠʩ. 2.8-7, ʙ) ʦʪ ʜʚʫʭ ʩʤʝʱʝʥʠʡ ʠ ʧʦʚʦʨʦʪʘ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, 

ʚʦʟʤʫʱʝʥʠʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʟʘʤʝʪʥʳʤ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʘʢʦʛʦ ʫʟʣʘ ʦʢʘʞʫʪʩʷ 

ʠʩʢʘʞʝʥʥʳʤʠ. 

         ʘ)  

 

              ʙ)  

 

ʈʠʩ. 2.8-7. ʅʘʣʦʞʝʥʠʝ ʩʚʷʟʝʡ, ʧʘʨʠʨʫʶʱʠʭ ʠʟʤʝʥʷʝʤʦʩʪʴ:  

ʘ ð ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʩʭʝʤʘ; ʙ ð ʥʝʫʜʘʯʥʦʝ ʨʘʩʢʨʝʧʣʝʥʠʝ 

ɺʩʝ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʦʪʥʦʩʠʪʩʷ ʢ ʣʶʙʦʤʫ ʩʣʫʯʘʶ ʨʘʩʢʨʝʧʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ (ʠʤʝʶʱʝʛʦ ʩʚʦʙʦʜʫ 

ʧʝʨʝʤʝʱʝʥʠʡ ʢʘʢ ʞʝʩʪʢʦʛʦ ʪʝʣʘ) ʬʨʘʛʤʝʥʪʘ ʩʠʩʪʝʤʳ. 
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ȚȻɄȳȷȫȳȩ ɆȴȮȵȮȶȻȷȫ ȹȩȰȴȱɀȶȷȲ ȹȩȰȵȮȹȶȷȺȻȱ 

ʃʠʰʴ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʚʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʣʝʤʝʥʪʘʤʠ ʦʜʠʥʘʢʦʚʦʛʦ ʪʠʧʘ (ʥʘʧʨʠʤʝʨ, 

ʪʦʣʴʢʦ ʵʣʝʤʝʥʪʘʤʠ ʧʣʠʪʳ); ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʚ ʦʜʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʩʪʝʨʞʥʝʚʳʝ, ʠ ʦʙʦʣʦʯʝʯʥʳʝ, ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ. 

ʂʦʤʧʣʝʢʩ SCAD ʜʦʧʫʩʢʘʝʪ ʧʦʯʪʠ ʧʨʦʠʟʚʦʣʴʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʠʧʦʚ, ʨʘʟʤʝʨʥʦʩʪʝʡ, ʨʘʟʤʝʨʦʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʯʠʩʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʞʝʩʪʢʦʩʪʠ. ʅʦ ʵʪʘ ʧʨʦʛʨʘʤʤʥʘʷ ʛʠʙʢʦʩʪʴ ʪʘʠʪ ʚ ʩʝʙʝ ʠ ʦʧʘʩʥʦʩʪʠ, 

ʠʥʦʛʜʘ ʣʝʞʘʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʠʥʦʛʜʘ ð ʩʢʨʳʪʳʝ ʠ ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʢʦʚʘʨʥʳʝ. ʊʘʢʠʝ 

ʩʠʪʫʘʮʠʠ ʚʦʟʥʠʢʘʶʪ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʦʜʥʦʤʝʨʥʳʭ (ʩʪʝʨʞʥʝʚʳʭ) ʠ 

ʜʚʫʤʝʨʥʳʭ (ʧʣʠʪʥʳʭ ʠ/ʠʣʠ ʦʙʦʣʦʯʝʯʥʳʭ) ʵʣʝʤʝʥʪʦʚ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʪʘʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ 

çʨʘʟʥʦʢʘʣʠʙʝʨʥʳʭè ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʪʨʝʙʫʝʪ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ð ʚ ʤʝʩʪʘʭ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʉʪʝʨʞʥʠ + ʧʣʠʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʢʦʤʙʠʥʘʮʠʠ ʧʣʠʪʥʳʭ ʠ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʨʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʪʝʨʞʥʝʚʦʛʦ ʢʘʨʢʘʩʘ ʩʦʚʤʝʩʪʥʦ ʩ ʧʣʠʪʥʳʤ ʬʫʥʜʘʤʝʥʪʦʤ.  

ʀʪʘʢ, ʨʘʩʩʤʦʪʨʠʤ ʜʠʩʢʨʝʪʥʫʶ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ, ʩʦʯʝʪʘʶʱʫʶ ʚ ʩʝʙʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ 

ʧʣʠʪʳ ʠ ʩʪʝʨʞʥʝʚʳʝ ʵʣʝʤʝʥʪʳ, ʞʝʩʪʢʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʢ ʧʣʠʪʝ (ʪʦ, ʯʪʦ ʧʣʠʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ, ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʙʩʫʞʜʘʝʤʳʭ ʟʜʝʩʴ ʧʨʦʙʣʝʤ). ʉʝʪʢʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʣʠʪʳ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʩʪʝʨʞʥʠ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ ʧʦʧʘʜʘʣʠ ʚ ʫʟʣʳ ʩʝʪʦʯʥʦʛʦ 

ʨʘʟʙʠʝʥʠʷ ʧʣʠʪʳ. ɽʩʣʠ ʥʝ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ, ʪʦ ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʚ ʫʟʣʘʭ ʩʪʢrʦʚʢʠ ʧʣʠʪʥʳʭ ʠ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʪ ʩʦʚʤʝʩʪʥʦʩʪʴ ʢʘʢ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʣʠʪʳ ʠ ʢʘʨʢʘʩʘ (ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ 

ʧʣʦʩʢʦʩʪʠ ʧʣʠʪʳ), ʪʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ. ʆʜʥʘʢʦ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʵʪʦʡ ʨʘʩʯʝʪʥʦʡ 

ʩʭʝʤʝ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʚ ʩʝʯʝʥʠʷʭ ʩʪʦʝʢ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʧʣʠʪʝ, ʥʝ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʷ ʢ 

ʠʩʪʠʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ. ɸ ʝʩʣʠ ʵʪʦ ʪʘʢ, ʪʦ ʵʪʦ ʩʢʘʞʝʪʩʷ ʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ ʚ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʝʜʩʪʘʚʠʤ ʩʝʙʝ, ʯʪʦ ʩʝʪʢʘ ʧʣʠʪʳ ʩʛʫʱʘʝʪʩʷ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʞʠʜʘʝʪ ʚʩʝ 

ʙʦʣʴʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. ʆʜʥʘʢʦ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʡ ʩʝʪʦʯʥʦʡ ʨʘʟʙʠʚʢʠ, 

ʜʘʣʴʥʝʡʰʝʝ ʜʨʦʙʣʝʥʠʝ ʩʝʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ 

ʚ ʩʪʝʨʞʥʷʭ ʚ ʤʝʩʪʘʭ ʠʭ ʟʘʜʝʣʢʠ ʚ ʧʣʠʪʫ. ɺ ʧʨʝʜʝʣʝ, ʧʨʠ ʫʩʪʨʝʤʣʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ 

ʩʝʪʦʯʥʦʡ ʷʯʝʡʢʠ ʢ ʥʫʣʶ ʵʪʠ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʪʘʢʞʝ ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ, ʘ ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʞʝʩʪʢʦʝ, ʘ ʰʘʨʥʠʨʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʢ ʧʣʠʪʝ. ʊʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʬʦʨʤʘʣʴʥʦ ʧʨʠ ʠʟʙʨʘʥʥʦʡ ʠʤ ʩʝʪʢʝ ʧʦʣʫʯʘʝʪ 

ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʥʳʝ ʦʪ ʥʫʣʷ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʣʠʰʴ ʦ 

ʧʦʛʨʝʰʥʦʩʪʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʥʝʪ ʞʝ ʥʠʢʘʢʠʭ ʦʩʥʦʚʘʥʠʡ 

ʧʦʛʨʝʰʥʦʩʪʴ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʠʥʠʤʘʪʴ ʟʘ ʜʦʩʪʦʡʥʳʡ ʜʦʚʝʨʠʷ ʨʝʟʫʣʴʪʘʪ! 

 

ʈʠʩ. 2.8-8. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʩʪʦʡʢʠ 

ʯʝʨʝʟ ʧʦʜʢʦʣʦʥʥʠʢ; 
a ʠ b ð ʨʘʟʤʝʨʳ ʧʦʜʦʰʚʳ 

ʧʦʜʢʦʣʦʥʥʠʢʘ ʚ ʧʣʘʥʝ 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʩʪʝʨʞʥʝ ʚ 

ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʤʝʨʦʚ ʩʝʪʢʠ, ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧʣʠʪʫ ʢʘʢ ʤʦʤʝʥʪ, 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʡ ʚ ʫʟʣʝ ʩʝʪʢʠ. ʅʦ ʧʣʠʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʧʦʣʫʯʘʝʪ 

ʙʝʩʢʦʥʝʯʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚ ʤʝʩʪʝ ʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʣʠʪʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʡ ʧʦʚʦʨʦʪ, ʘ ʟʥʘʯʠʪ, ʠ ʥʝ ʟʘʱʝʤʣʷʝʪ 

ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ, 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʚ ʤʝʩʪʝ 

ʧʨʠʢʨʝʧʣʝʥʠʷ ʢʘʨʢʘʩʘ ʢ ʧʣʠʪʝ. ɽʩʣʠ ʩʪʦʡʢʠ ʢʘʨʢʘʩʘ ʧʨʠʩʦʝ-

ʜʠʥʝʥʳ ʢ ʧʣʠʪʝ ʩ ʧʦʤʦɦ ʴʶ ʧʦʜʢʦʣʦʥʥʠʢʦʚ, ʪʦ ʧʦʩʣʝʜʥʠʝ 

ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ 

ʪʝʣʦ, ʥʝ ʤʝʥʷʶʱʝʝ ʩʚʦʠʭ ʨʘʟʤʝʨʦʚ ʧʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʣʠʪʳ. 

ʈʘʟʤʝʨʳ ʞʝ ʩʘʤʦʛʦ ʞʝʩʪʢʦʛʦ ʪʝʣʘ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʨʘʟʤʝʨʦʚ ʧʦʜʢʦʣʦʥʥʠʢʘ (a³b) ʩ 

ʫʯʝʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʪ ʥʝʛʦ ʥʘ ʧʣʠʪʫ ʧʦʜ ʫʛʣʦʤ 45 ̄ (ʨʠʩ. 2.8-8) ʜʦ ʩʨʝʜʠʥʥʦʡ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʳ, ʯʪʦ ʚʧʦʣʥʝ ʦʪʚʝʯʘʝʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ. ʕʪʫ ʩʠʪʫʘʮʠʶ 

ʤʦʞʥʦ ʪʘʢʞʝ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʚʚʝʜʝʥʠʝʤ ʩʪʝʨʞʥʝʚʦʡ çʧʦʜʩʪʘʚʢʠè (ʪʠʧʘ ʝʣʦʯʥʦʛʦ ʢʨʝʩʪʠʢʘ) ʠʟ 

ʵʣʝʤʝʥʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʞʝʩʪʢʦʩʪʠ. 

ɺ ʵʪʦʡ ʩʭʝʤʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʡ ʤʦʤʝʥʪ ʦʪ ʩʪʦʝʢ ʢʘʨʢʘʩʘ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧʣʠʪʫ ʯʝʨʝʟ ʞʝʩʪʢʫʶ 

ʰʘʡʙʫ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʡ a+h ʠ b+h ʥʝ ʩʚʷʟʘʥʳ ʩ ʨʘʟʤʝʨʘʤʠ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʟʥʘʯʠʪ, ʠ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʍʦʪʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚ ʩʪʦʡʢʘʭ, ʦʥʘ ʥʝ ʦʢʘʞʝʪ ʪʘʢʦʛʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʦʪ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʚ ʠʩʭʦʜʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ 

ʙʝʟ ʚʚʝʜʝʥʠʷ ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʞʝʩʪʢʦʛʦ ʪʝʣʘ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʜʢʦʣʦʥʥʠʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, 

ʤʦʞʥʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʤʝʨʦʚ ʞʝʩʪʢʦʛʦ ʪʝʣʘ ʧʨʠʥʷʪʴ ʨʘʟʤʝʨʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʦʡʢʠ ʩ ʫʯʝʪʦʤ 

45-ʛʨʘʜʫʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʣʠʪʫ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.8-8. 

ʅʘʢʦʥʝʮ, ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʝʱʝ ʥʘ ʦʜʥʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʦʚʤʝʩʪʥʳʤ ʨʘʩʯʝʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʢʘʨʢʘʩʘ ʠ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʩʪʦʡʢʠ ʢʘʨʢʘʩʘ ʦʨʪʦʛʦʥʘʣʴʥʳ 

ʧʣʦʩʢʦʩʪʠ ʧʣʠʪʳ, ʧʦʣʫʯʠʤ, ʯʪʦ ʧʣʠʪʘ ʥʝ ʦʢʘʟʚrʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʢʨʫʯʠʚʘʥʠʶ ʩʪʦʝʢ, ʘ ʪʘʢʞʝ 

ʩʤʝʱʝʥʠʷʤ v, w  ʥʠʟʘ ʩʪʦʝʢ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ Y, Z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʢʦʣʴʢʫ ʫ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʣʠʪʳ ʧʨʦʩʪʦ ʥʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʪʠʤ 

ʣʠʥʝʡʥʳʤ ʧʝʨʝʤʝʱʝʥʠʷʤ ʠ ʟʘʢʨʫʯʠʚʘʥʠʶ. 

ɽʩʣʠ ʠʥʳʭ ʚʥʝʰʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʚʷʟʝʡ (ʣʝʞʘʱʠʭ ʚ ʧʣʦʩʢʦʩʪʠ Y, Z) ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʥʝ 

ʩʦʜʝʨʞʠʪ, ʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʢʘʞʝʪʩʷ ʥʝʟʘʢʨʝʧʣʝʥʥʦʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠʟʤʝʥʝ̫ʤʦʡ, ʪʘʢ ʯʪʦ 

ʧʨʦʛʨʘʤʤʘ ʚʳʥʫʞʜʝʥʘ ʙʫʜʝʪ ʦʪʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʢʘʨʢʘʩʘ ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʟʤʝʥʷʝʤʦʩʪʠ 

ʩʠʩʪʝʤʳ, ʘ ʫ ʧʨʦʛʨʘʤʤʳ ʤʦʞʝʪ ʠ ʥʝ ʙʳʪʴ ʤʝʭʘʥʠʟʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʦʙʲʝʜʠʥʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʪʝʨʞʥʠ + ʙʘʣʢʠ-ʩʪʝʥʢʠ. ʇʨʠ ʨʘʩʯʝʪʝ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʟʜʘʥʠʡ ʧʦʚʳʰʝʥʥʦʡ 

ʵʪʘʞʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʦʩʪʘʚʝ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʘʢ ʩʪʝʨʞʥʝʚʦʡ ʢʘʨʢʘʩ, ʪʘʢ ʠ ʜʠʘʬʨʘʛʤʳ 

ʞʝʩʪʢʦʩʪʠ, ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʭʦʜʷʪ ʨʘʟʥʦʨʦʜʥʳʝ ʵʣʝʤʝʥʪʳ. 

ɽʩʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʩʢʨʝʪʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʧʦʜʭʦʜʠʪʴ ʩʦʚʝʨʰʝʥʥʦ ʬʦʨʤʘʣʴʥʦ, 

ʦʧʠʩʳʚʘʷ ʧʣʘʩʪʠʥʫ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ 

ʩʪʝʨʞʥʝʚʦʡ ʢʘʨʢʘʩ ʦʜʥʦʤʝʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠ ʥʝ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʨ, ʪʦ ʚ ʨʠʛʝʣʷʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʫʟʣʘʤ ʩʦʧʨʷʞʝʥʠʷ ʢʘʨʢʘʩʘ ʩ ʜʠʘʬʨʘʛʤʦʡ, ʢʘʢ ʠʟʛʠʙʘʶʱʠʝ 

ʤʦʤʝʥʪʳ, ʪʘʢ ʠ ʧʨʦʜʦʣʴʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʩʠʣʳ ʙʫʜʫʪ ʧʦʣʫʯʘʪʴʩʷ ʢʘʢʠʤʠ ʫʛʦʜʥʦ, ʥʦ ʪʦʣʴʢʦ ʥʝ 

ʠʤʝʶʱʠʤʠ ʦʪʥʦʰʝʥʠʷ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ɽʩʣʠ ʜʣʷ ʜʠʘʬʨʘʛʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʩʪʝʡʰʠʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ (ʣʠʥʝʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ u ʠ v ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ); ʪʦʛʜʘ 

ʵʪʠ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝ ʦʢʘʞʫʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʚʦʨʦʪʫ ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʥʠʤ ʫʟʣʘ, ʧʦʩʢʦʣʴʢʫ ʫ 

ʥʠʭ (ʫ ʵʣʝʤʝʥʪʦʚ) ʧʨʦʩʪʦ ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ 

ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝ ʧʝʨʝʜʘʜʫʪ ʥʘ ʧʨʠʤʳʢʘʶʱʠʝ ʫʟʣʳ ʢʘʢʠʭ-ʣʠʙʦ ʤʦʤʝʥʪʥʳʭ ʫʩʠʣʠʡ. ʇʦʩʢʦʣʴʢʫ 

ʨʘʩʯʝʪʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʪʨʝʙʫʝʪ ʬʦʨʤʘʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʨʘʚʥʦʚʝʩʠʷ ʢʘʞʜʦʛʦ ʠʟ ʫʟʣʦʚ ʧʦ ʤʦʤʝʥʪʘʤ, ʪʦ ʦʪʩʶʜʘ ʧʨʠʤʳʢʘʶʱʠʝ ʞʝʩʪʢʦ ʢ ʵʪʠʤ ʫʟʣʘʤ ʨʠʛʝʣʠ 

ʦʙʷʟʘʥʳ ʙʫʜʫʪ ʧʝʨʝʜʘʪʴ ʥʘ ʫʟʣʳ ʩʪʨʦʛʦ ʥʫʣʝʚʳʝ ʤʦʤʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʚ 

ʨʠʛʝʣʷʭ ʚ ʵʪʠʭ ʫʟʣʘʭ ʦʢʘʞʫʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʩ ʰʘʨʥʠʨʥʳʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʨʠʛʝʣʝʡ ʢ ʜʠʘʬʨʘʛʤʝ ʠ ʥʝ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʟʘʤʳʩʣʫ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʦʛʦ ʥʘ ʟʘʱʝʤʣʝʥʠʝ ʨʠʛʝʣʝʡ ʚ ʜʠʘʬʨʘʛʤʝ. 

ʂʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠʩʭʦʜʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ, ʧʦʟʚʦʣʷʶʱʫʶ ʘʜʝʢʚʘʪʥʦ ʦʪʦʙʨʘʟʠʪʴ ʨʘʙʦʪʫ ʨʝʘʣʴʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ? ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʜʝʪʘʣʴʥʝʝ ʨʘʩʩʤʦʪʨʝʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʩʪʝʨʞʥʷ ʠ ʜʠʘʬʨʘʛʤʳ. 

ʇʫʩʪʴ, ʥʘʧʨʠʤʝʨ, ʩʪʘʣʴʥʦʡ ʨʠʛʝʣʴ ʜʚʫʪʘʚʨʦʚʦʛʦ ʩʝʯʝʥʠʷ ʟʘʚʝʜʝʥ ʥʘ ʯʘʩʪʠ ʩʚʦʝʡ ʜʣʠʥʳ ʚ 

ʢʠʨʧʠʯʥʫʶ ʩʪʝʥʫ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.8-9, a. ʊʦʛʜʘ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʜʠʩʢʨʝʪʥʦʤ ʝʝ ʘʥʘʣʦʛʝ, ʜʦʩʪʘʪʦʯʥʦ ʫʯʝʩʪʴ ʧʨʦʥʠʢʘʶʱʠʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʜʣʠʥʫ ʚ ʦʙʣʘʩʪʴ 

ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʦʜʥʦʤʝʨʥʳʡ ʵʣʝʤʝʥʪ-ʩʪʝʨʞʝʥʴ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.8-9, b. 
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ʀʥʦʡ ʚʘʨʠʘʥʪ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʚ ʩʣʫʯʘʝ ʤʦʥʦʣʠʪʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʩʪʝʥʦʚʦʡ ʧʘʥʝʣʠ ʠ ʨʠʛʝʣʷ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ ð ʨʠʩ. 2.8-10, a. ɿʜʝʩʴ ʤʦʞʥʦ ʫʯʝʩʪʴ 

ʬʘʢʪʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʷ ð ʚʳʩʦʪʫ ʨʠʛʝʣʷ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʦʪʦʨʦʡ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʩʪʝʥʳ 

ʫʤʝʩʪʥʦ ʨʘʟʤʝʩʪʠʪʴ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ ʪʝʣʦ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.8-10, b. ʕʪʦ ʘʙʩʦʣʶʪʥʦ 

ʞʝʩʪʢʦʝ ʪʝʣʦ ʜʣʷ ʩʘʤʦʛʦ ʨʠʛʝʣʷ ʢʦʨʨʝʩʧʦʥʜʠʨʫʝʪʩʷ ʩ ʛʠʧʦʪʝʟʦʡ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʩʝʯʝʥʠʝ ʨʠʛʝʣʷ ʦʩʪʘʝʪʩʷ ʧʦʩʣʝ ʝʛʦ ʜʝʬʦʨʤʘʮʠʠ ʧʣʦʩʢʠʤ ʠ ʥʝ ʠʟʤʝʥʷʝʪ ʩʚʦʠʭ ʨʘʟʤʝʨʦʚ. 

ʈʘʟʫʤʝʝʪʩʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʟʜʝʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʥʝ ʠʩʯʝʨʧʳʚʘʶʪ 

ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʦʟʤʦʞʥʳʭ ʩʠʪʫʘʮʠʡ, ʪʘʢ ʯʪʦ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪʯʠʢ ʜʦʣʞʝʥ 

ʠʩʭʦʜʠʪʴ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʜʘʯʠ, ʘ ʥʝ ʠʟ ʥʝʢʠʭ ʟʘʨʘʥʝʝ ʚʳʜʫʤʘʥʥʳʭ, ʫʩʣʦʚʥʳʭ ʠ 

ʧʦʜʭʦʜʷʱʠʭ ʥʘ ʚʩʝ ʩʣʫʯʘʠ ʞʠʟʥʠ ʩʭʝʤ. 

  

ʈʠʩ. 2.8-9. ɿʘʜʝʣʢʘ ʢʦʥʩʦʣʠ ʚ ʩʪʝʥʢʫ ʈʠʩ. 2.8-10. ʄʦʥʦʣʠʪʥʦʝ ʩʦʧʨʷʞʝʥʠʝ 

ʇʨʠʝʤ çʨʘʟʥʦʩʘ ʦʙʣʘʩʪʠ ʧʨʠʤʳʢʘʥʠʷè ʧʦ ʪʠʧʫ ʨʠʩ. 2.8-9 ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚ ʜʨʫʛʠʭ 

ʩʣʫʯʘʷʭ ʩʦʧʨʷʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʅʘ ʨʠʩ. 2.8-11 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʪʘʢʦʛʦ 

ʩʦʧʨʷʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʩʪʝʥʢʠ ʠ ʩʬʝʨʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʢʨʳʰʢʠ 

ʟʘʱʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʪʦʤʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩʦʧʨʷʛʘʝʪʩʷ ʩ ʤʘʩʩʠʚʥʳʤ ʢʦʣʴʮʦʤ. ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝ-

ʪʠʪʴ, ʯʪʦ ʚ ʤʝʩʪʝ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʚʦʟʤʫʱʝʥʠʝ 

ʞʝʩʪʢʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʩʯʝʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʞʝʩʪʢʦʩʪʝʡ ʦʙʦʣʦʯʢʠ ʠ ʪʨʝʭʤʝʨʥʦʛʦ ʪʝʣʘ ʚ ʪʝʭ 

ʯʘʩʪʷʭ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʧʨʠ 

ʥʘʟʥʘʯʝʥʠʠ ʚʝʣʠʯʠʥ ʞʝʩʪʢʦʩʪʠ. 

 
 

 

 
ʈʠʩ. 2.8-11. ʉʦʧʨʷʞʝʥʠʝ ʩʪʝʥʢʠ ʠ ʢʨʳʰʢʠ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʨʝʘʢʪʦʨʘ 

 ʩ ʤʘʩʩʠʚʥʳʤ ʢʦʣʴʮʦʤ 
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ȦȽȽȮȳȻɄ ȷȪɃȮȭȱȶȮȶȱɈ ȸȮȹȮȵȮɂȮȶȱȲ 

ʉʪʝʩʥʝʥʠʝ ʩʚʦʙʦʜʳ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʬʦʨʤʝ ʦʙʲʝʜʠʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ, ʪ. ʝ. ʧʨʠʥʫ-

ʜʠʪʝʣʴʥʦʛʦ ʥʘʚʷʟʳʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʡ ʦʜʥʦʛʦ ʫʟʣʘ ʜʨʫʛʦʤʫ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʱʝ ʚʩʝʛʦ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʥʝʢʦʪʦʨʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʩʠʩʪʝʤʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʝʩʣʠ ʦʙʲʝʜʠʥʠʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚ ʚ ʤʝʩʪʘʭ ʧʨʠʤʳʢʘʥʠʷ ʨʠʛʝʣʷ ʢ ʢʦʣʦʥʥʘʤ 

ʦʜʥʦʵʪʘʞʥʦʡ ʨʘʤʳ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʠʧʦʪʝʟʳ ʦʙ ʘʙʩʦʣʶʪʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʨʠʛʝʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʝʬʦʨʤʘʮʠʷʤ ʨʘʩʪʷʞʝʥʠʷ-ʩʞʘʪʠʷ. 

ɼʣʷ ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʢʘʨʢʘʩʘ ʯʘʩʪʦ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦʜʘʪʣʠʚʦʩʪʴʶ ʧʝʨʝʢʨʳʪʠʡ, ʩʯʠʪʘʷ ʠʭ 

ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤʠ ʜʠʩʢʘʤʠ. ɽʩʣʠ ʚ ʪʘʢʦʡ ʩʭʝʤʝ ʦʙʲʝʜʠʥʠʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʧʝʨʝʤʝʱʝʥʠʡ ʚʩʝʭ ʫʟʣʦʚ ʢʘʞʜʦʛʦ ʧʝʨʝʢʨʳʪʠʷ, ʪʦ ʠʜʝʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ ʙʫʜʝʪ 

ʨʝʘʣʠʟʦʚʘʥʘ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʦʢʘʞʫʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤʠ ʠ 

ʟʘʢʨʫʯʠʚʘʥʠʷ ʧʝʨʝʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʪʦʣʴʢʦ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ. ʊʘʢʦʡ 

ʵʬʬʝʢʪ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʧʨʠʷʪʥʦʡ ʥʝʦʞʠʜʘʥʥʦʩʪʴʶ ʜʣʷ ʨʘʩʯʝʪʯʠʢʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʩʯʝʪʝ ʟʜʘʥʠʷ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 
 

ʈʠʩ. 2.8-12. ʌʨʘʛʤʝʥʪ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʧʣʠʪʳ 

ʇʦʣʝʟʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʝʱʝ ʥʘ ʦʜʠʥ ʚʘʨʠʘʥʪ ʦʰʠʙʢʠ. ɺ ʦʜʥʦʡ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ 

(ʨʠʩ. 2.8-12) ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʧʣʠʪʳ ʚ ʷʜʨʝ ʞʝʩʪʢʦʩʪʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ (Y) ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʧʝʨʝʯʥʳʝ ʩʠʣʳ, ʘ ʚ ʜʨʫʛʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚʜʦʣʴ ʦʩʠ ʍ) ʦʥʠ ʝʩʪʴ. ʉʘʤ 

ʬʘʢʪ ʥʘʣʠʯʠʷ ʷʜʨʘ ʞʝʩʪʢʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʫʟʣʘʭ ʧʨʠʤʳʢʘʥʠʷ 

ʷʜʨʘ ʞʝʩʪʢʦʩʪʠ ʢ ʧʣʠʪʝ, ʧʨʠ ʵʪʦʤ ʦʙʲʝʜʠʥʷʣʠʩʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ Z (ʧʨʦʛʠʙʳ ʧʣʠʪʳ) ʠ ʫʛʣʳ 
ʧʦʚʦʨʦʪʘ UX, UY. 

ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʦʙʲʷʩʥʷʝʪʩʷ ʯʘʩʪʦ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʦʰʠʙʢʦʡ ð ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʥʘʣʦʞʝʥʠʝʤ ʩʚʷʟʠ (ʟʘʧʨʝʪʦʤ ʧʝʨʝʤʝʱʝʥʠʷ) ʠ ʦʙʲʝʜʠʥʝʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʫʟʣʦʚ. ʇʨʠ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ Z ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʘʩʪʴ ʧʣʠʪʳ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʪʦʣʴʢʦ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦ ʠ ʩʦʟʜʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʠ ʚʩʝ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʙʫʜʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 

 
 

ʈʠʩ. 2.8-13. ʆʙʲʝʜʠʥʝʥʠʝ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ 

ʆʜʥʘʢʦ ʜʘʞʝ ʠʭ ʦʙ̡ ʝʜʠʥʝʥʠʝ ʥʝ ʤʦʞʝʪ ʛʘ-

ʨʘʥʪʠʨʦʚʘʪʴ ʨʘʚʝʥʩʪʚʦ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʥʫʣʶ. ʕʪʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʧʨʦʩʪʦʡ ʩʭʝʤʦʡ (ʨʠʩ. 2.8-13), ʛʜʝ 

ʫʟʣʳ 1, 2, 3 é ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʠ 

ʦʜʠʥʘʢʦʚʳʝ, ʥʦ ʥʝ ʨʘʚʥʳʝ ʥʫʣʶ ʫʛʣʳ ʧʦʚʦʨʦʪʘ. 

ɺ ʟʘʜʘʯʝ ʧʦ ʨʠʩ. 2.8-12 ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʳʤ ʙʳʣʦ ʙʳ ʟʘʜʘʪʴ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʜʨʘ ʞʝʩʪʢʦʩʪʠ 

ʩʚʷʟʠ, ʟʘʧʨʝʱʘʶʱʠʝ ʧʦʚʦʨʦʪʳ UX ʠ UY, ʠ ʦʙʲʝʜʠʥʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ Z. 

ʋʟʣʳ ʦʙʲʝʜʠʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ Z, UX, UY 

 

 

ʋʟʣʳ ʦʙʲʝʜʠʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ Z, UX, UY 
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ʈʠʩ. 2.8-14. ʇʣʠʪʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ 

ʰʘʨʥʠʨʦʤ 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝ ʚʩʝʭ, ʘ ʪʦʣʴʢʦ ʯʘʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʪʠʧʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʢʦʥ-

ʩʪʨʫʢʮʠʷʭ ʥʝʩʪʝʨʞʥʝʚʦʛʦ ʪʠʧʘ, ʜʣʷ ʢʦʪʦʨʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ çʥʝʧʦʣʥʳʝè 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʫʟʣʘʤ (ʰʘʨʥʠʨʳ). 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʠʩʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʶ ʦʧʝʨʪʦʡ ʧʦ ʢʦʥʪʫʨʫ ʧʣʠʪʳ ABCD, ʜʚʝ 

ʧʦʣʦʚʠʥʳ ʢʦʪʦʨʦʡ ʰʘʨʥʠʨʥʦ ʩʦʝʜʠʥʝʥʳ ʧʦ ʣʠʥʠʠ EF 

(ʨʠʩ. 2.8-14), ʪʦ ʜʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʜʦʣʴ ʵʪʦʡ ʣʠ-

ʥʠʠ ʠʤʝʣʦʩʴ ʜʚʝ ʩʠʩʪʝʤʳ ʫʟʣʦʚ (é, 6, 10, 42, é ʠ é, 7, 11, 

43, é), ʢ ʢʦʪʦʨʳʤ ʧʨʠʤʳʢʘʶʪ ʣʝʚʘʷ (ABEF) ʠ ʧʨʘʚʘʷ 

(FECD) ʧʦʣʦʚʠʥʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʜʣʷ ʩʤʝʞʥʳʭ ʧʘʨ ʫʟʣʦʚ 

ʦʙʲʝʜʠʥʠʪʴ ʚʩʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʢʨʦʤʝ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ Y.  

ȑȺȸȷȴɅȰȷȫȩȶȱȮ ȰȩȳȷȶȻȼȹȶɄȾ ɆȴȮȵȮȶȻȷȫ ȼȸȹȼȬȷȬȷ ȷȺȶȷȫȩȶȱɈ 

ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʫʯʝʪʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʦʩʥʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʛʥʦʨʠʨʫʶʪʩʷ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʚʠʥʢʣʝʨʦʚʘ ʦʩʥʦʚʘʥʠʷ (ʢʣʘʚʠʰʥʘʷ 

ʤʦʜʝʣʴ). ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʘʣʴʥʳʭ ʛʨʫʥʪʦʚ ʦʙʣʘʜʘʶʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʢʦʛʜʘ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʚʠʥʢʣʝʨʦʚʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʚ ʨʘʙʦʪʫ ʚʦʚʣʝʢʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘʛʨʫʞʝʥʥʳʝ ʯʘʩʪʠ ʦʩʥʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʫʯʝʪʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʩʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʚʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʣʠʯʥʳʝ ʦʪ ʚʠʥʢʣʝʨʦʚʦʡ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʠʷ, ʚʦ-

ʚʪʦʨʳʭ, ʚʚʝʩʪʠ ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʪʝ ʯʘʩʪʠ ʦʩʥʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʟʘ ʧʨʝʜʝʣʦʤ 

ʬʫʥʜʘʤʝʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʋʯʝʪ ʯʘʩʪʠ ʦʩʥʦʚʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʟʘ ʦʙʣʘʩʪʴʶ W, ʟʘʥʠʤʘʝʤʦʡ ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʚ 

SCAD ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʙʝʩʢʦʥʝʯʥʳʭè ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [18] ʪʠʧʘ ʢʣʠʥʘ 

ʠʣʠ ʧʦʣʦʩʳ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʚʩʝ ʦʢʨʫʞʝʥʠʝ ʦʙʣʘʩʪʠ W, ʝʩʣʠ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʚʳʧʫʢʣʦʡ ʠ ʤʥʦʛʦʫʛʦʣʴʥʦʡ (ʨʠʩ. 2.8-15). 

ʄʥʦʛʦʫʛʦʣʴʥʦʩʪʴ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʴʶ 

ʪʦʯʥʦʩʪʠ. ɽʩʣʠ ʞʝ ʦʙʣʘʩʪʴ W ʷʚʣʷʝʪʩʷ ʥʝʚʳʧʫʢʣʦʡ ʠʣʠ ʥʝʦʜʥʦʩʚʷʟʥʦʡ, ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ 

ʜʦ ʚʳʧʫʢʣʦʡ ʦʙʣʘʩʪʠ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʘʟʤʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʜʦʧʦʣʥʷʝʤʳʭ 

ʯʘʩʪʷʭ ʪʦʣʱʠʥʘ ʧʣʠʪʳ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. 

 

ʈʠʩ. 2.8-15. ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʟʘʢʦʥʪʫʨʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʪʠʧʘ ʢʣʠʥʘ ʠ ʧʦʣʦʩʳ 

1 ð ʧʣʠʪʘ; 2 ð ʜʦʧʦʣʥʝʥʠʝ ʦʙʣʘʩʪʠ W ʜʦ ʚʳʧʫʢʣʦʡ;  

3 ð ʵʣʝʤʝʥʪ-ʧʦʣʦʩʘ; 4 ð ʵʣʝʤʝʥʪ-ʢʣʠʥ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʠʤʝʶʱʠʭʩʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ (ʩʪʝʨʞʥʝʡ, ʧʣʠʪ, ʦʙʦʣʦʯʝʢ) ʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʢʦʥʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ 

ʧʨʦʠʟʚʦʣʴʥʫʶ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʦʡ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʛʫʪ ʚʦʟʥʠʢ-

ʥʫʪʴ ʩʣʦʞʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʩʪʨʦʠʪʴ ʨʘʩʯʝʪ-

ʥʫʶ ʤʦʜʝʣʴ ʧʣʦʪʠʥʳ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ ʙʘʣʢʠ-ʩʪʝʥʢʠ ʥʘ 

ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩ SCAD ʥʝ ʠʤʝʝʪ.  

ʇʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʦʯʝʥʴ ʧʨʦʩʪʦ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʢʦʥʪʫʨʦʤ ʧʣʦʪʠʥʳ ʠ ʛʨʫʥʪʦʤ 

ʵʣʝʤʝʥʪʦʚ ʩʪʝʨʞʥʝʚʦʛʦ ʪʠʧʘ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʞʝʩʪʢʦʩʪʴ ʪʘʢʦʛʦ ʩʪʝʨʞʥʷ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʜʘʥʘ ʥʫʣʝʚʦʡ. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ çʧʦʜʩʪʝʣʠʪʴè ʧʣʠʪʫ ʩ ʥʫʣʝʚʦʡ ʞʝʩʪʢʦʩʪʴʶ ʥʘ ʫʧʨʫʛʦʤ 

ʦʩʥʦʚʘʥʠʠ ʧʦʜ ʤʘʩʩʠʚʥʫʶ ʯʘʩʪʴ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʩʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ʂʨʦʩʩ, 

ʟʘʢʦʥʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʧʣʠʪʳ ʥʝ ʚʚʦʜʷʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʥʫʪʨʠ ʧʨʦʛʨʘʤʤʳ ʂʨʦʩʩ 

ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʜʣʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʚ ʧʣʘʥʝ ʦʙʣʘʩʪʠ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʥʘʰʣʠ 

ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʟʥʘʯʝʥʠʷʭ ʠ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʩʪʝʣʠ. 
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ȑȺȸȷȴɅȰȷȫȩȶȱȮ ȪȮȺȳȷȶȮɀȶȷ ȯȮȺȻȳȱȾ ȫȺȻȩȫȷȳ 

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʯʘʩʪʦ ʧʦʷʚʣʷʶʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʚ ʦʜʥʦʤ ʫʟʣʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʩʦʧʨʷʛʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʩ ʨʝʟʢʦ ʦʪʣʠʯʥʳʤʠ 

ʞʝʩʪʢʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦʢʘʞʝʤ ʥʘ ʧʨʦʩʪʦʤ ʧʨʠʤʝʨʝ, ʢʘʢ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʪʘʢʫʶ 

ʩʠʪʫʘʮʠʶ ʚ ʪʝʨʤʠʥʘʭ ʤʝʭʘʥʠʢʠ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʣʦʭʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʧʨʠʩʫʱʘ çʧʦʯʪʠ 

ʠʟʤʝʥʷʝʤʳʤè ʢʦʥʩʪʨʫʢʮʠʷʤ. 

ʅʘ ʨʠʩ. 2.8-16 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘʣʴʥʦ ʥʝʠʟʤʝʥʷʝʤʘʷ ʩʠʩʪʝʤʘ, ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʢʦʪʦʨʦʡ 

ʠʤʝʝʪ ʚʠʜ 

1 1

1 1
k
+a -å õ

= æ ö
- +aç ÷

K . (2.8.1) 

ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʵʪʦʡ ʤʘʪʨʠʮʳ l1 = a; l2 = 2 + a, ʘ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ  

H = l2/l1 = 1 + 2/a . 

ʇʨʠ ʙʦʣʴʰʦʡ ʞʝʩʪʢʦʩʪʠ ʩʨʝʜʥʝʡ ʧʨʫʞʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʝʩʪʢʦʩʪʴʶ ʢʨʘʡʥʠʭ ʧʨʫʞʠʥ 

ʧʘʨʘʤʝʪʨ a ʤʘʣ, ʠ ʯʠʩʣʦ H ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʠʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʣʦʭʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʡ ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʩ ʪʘʢʦʡ ʤʘʪʨʠʮʝʡ. 

 

ʈʠʩ. 2.8-16. ʉʭʝʤʘ ʩ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʤʘʪʨʠʮʝʡ ʞʝʩʪʢʦʩʪʠ 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʢ ʧʦʚʝʜʝʥʠʶ ʠʟʤʝʥʷʝʤʦʡ ʩʠʩʪʝʤʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦ ʧʝʨʝʤʝʱʝʥʠʝ ʩʨʝʜʥʝʡ ʧʨʫʞʠʥʢʠ ʢʘʢ 

ʞʝʩʪʢʦʛʦ ʪʝʣʘ ʧʨʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʢʨʘʡʥʠʭ ʧʨʫʞʠʥʦʢ. ʀʭ ʨʝʘʢʮʠʷ ʚʚʠʜʫ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʞʝʩʪʢʦʩʪʝʡ ʚʳʟʳʚʘʝʪ ʥʠʯʪʦʞʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩʨʝʜʥʝʡ ʢʦʤʧʦʥʝʥʪʳ 

ʩʠʩʪʝʤʳ. ɽʩʣʠ ʞʝ ʠʟʤʝʥʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʞʝʩʪʢʦʩʪʝʡ ʥʘ ʦʙʨʘʪʥʦʝ, ʪʦ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʙʫʜʝʪ 

ʠʤʝʪʴ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ H º 1. ɺ ʫʟʣʝ ʩʥʦʚʘ ʩʭʦʜʷʪʩʷ ʵʣʝʤʝʥʪʳ ʩ ʨʝʟʢʦ ʦʪʣʠʯʥʳʤʠ 

ʞʝʩʪʢʦʩʪʷʤʠ, ʥʦ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʭʦʨʦʰʦ ʦʙʫʩʣʦʚʣʝʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʧʝʨʴ ʫʧʨʫʛʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʩʨʝʜʥʝʡ ʧʨʫʞʠʥʢʝ), ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʢ ʟʝʤʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʤʠ 

ʩʚʷʟʷʤʠ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʪʳʩʢʘʥʠʝ çʧʦʯʪʠ ʠʟʤʝʥʷʝʤʦʩʪʠè, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʧʦʨʷʜʢʦʚ ʚʦʟʤʦʞʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʢʘʢ ʦ ʥʝʢʦʪʦʨʦʤ ʧʦʨʦʢʝ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʪʘʢ ʠ ʦ ʧʦʨʦʯʥʦʩʪʠ ʝʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ʈʠʩ. 2.8-17. ʉʪʫʧʝʥʯʘʪʳʡ ʩʪʳʢ 

ʅʝ ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʥʘ ʘʥʘʣʠʟʝ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʢʦʥʩʪʨʫʢʪʦʨ ʜʦʣʞʝʥ ʠʟʤʝʥʠʪʴ ʩʠʩʪʝʤʫ, ʟʘʤʝʪʠʤ, 

ʯʪʦ ʜʣʷ ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ ʯʘʩʪʦ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʦʡ ʚʳʭʦʜ ʠʟ ʧʦʣʦʞʝʥʠʷ, ʢʦʛʜʘ ʵʣʝʤʝʥʪ ʩ ʨʝʟʢʦ ʟʘʚ-r

ʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʦʙʲʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤ, ʠ ʵʪʦ 

ʩʚʦʡʩʪʚʦ ʫʯʠʪʚrʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʦʩʪʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʨʘʟʨʝ-

ʰʘʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʷʟʝʡ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʯʝʪʝ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʯʘʩʪʦ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʩʪʴ ʵʢʩʮʝʥʪʨʠʯʥʦʩʪʴ ʩʪʳʢʦʚʢʠ 

ʵʣʝʤʝʥʪʦʚ ʚ ʫʟʣʘʭ (ʨʠʩ. 2.8-17, ʘ). 

ɺʩʪʘʚʢʘ ʤʝʞʜʫ ʫʟʣʘʤʠ n ʠ n+1 ʩʪʝʨʞʥʷ ʩ ʦʯʝʥʴ ʙʦʣʴʰʦʡ, 

ʥʦ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʢʘʢ ʵʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʫʠʪʠʚʥʦ 

ʚʦʟʤʦʞʥʳʤ, ʧʨʠʚʦʜʠʪ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʢ ʨʝʟʢʦʡ 

ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʟʘ ʩʯʝʪ ʫʭʫʜʰʝʥʠʷ ʦʙʫʩʣʦʚ-

ʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ. 

ɼʣʷ ʦʙʭʦʜʘ ʵʪʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʨʫʜʥʦʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʙʝʩʢʦʥʝʯʥʦ ʞʝʩʪʢʠʝ ʚʩʪʘʚʢʠ ʧʦ ʢʦʥʮʘʤ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʦʛʜʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʠʤʝʝʪ 
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ʪʦʣɹʢʦ ʦʜʠʥ ʫʟʝʣ, ʟʘʥʠʤʘʶʱʠʡ ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʧʨʷʤʦʡ ʤʝʞʜʫ ʫʟʣʦʤ n ʠ ʫʟʣʦʤ n+1, ʠ 

ʢʦʥʮʝʚʳʝ ʩʝʯʝʥʠʷ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʵʪʦʤʫ ʫʟʣʫ ʯʝʨʝʟ ʞʝʩʪʢʠʝ ʚʩʪʘʚʢʠ. ʇʦʪʝʨʷ 

ʪʦʯʥʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʇʨʦʱʝ ʚʩʝʛʦ ʤʦʞʥʦ ʧʦʩʪʫʧʠʪʴ, ʝʩʣʠ ʵʪʦʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʫʟʝʣ N ʩʦʚʤʝʩʪʠʪʴ ʩ ʫʟʣʦʤ n ʠʣʠ n+1, 

ʪʦʛʜʘ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʘʷ ʚʩʪʘʚʢʘ ʧʦʷʚʠʪʩʷ ʪʦʣʴʢʦ ʫ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ. ʇʣʘʪʦʡ ʟʘ ʵʪʦ ʫʧʨʦʱʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʣʠʰʴ ʥʘ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ. 

 

ʈʠʩ. 2.8-18. ʈʝʙʨʠʩʪʘʷ ʧʣʠʪʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ ʰʠʨʦʢʦ ʧʨʘʢʪʠʢʫʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʠʪʘ ʠʣʠ ʦʙʦʣʦʯʢʘ, ʧʦʜʢʨʝʧʣʝʥʥʘʷ ʨʝʙʨʘʤʠ, ʵʢʩʮʝʥʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʩʣʠ ʵʪʠ ʨʝʙʨʘ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩʪʝʨʞʥʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʦ 

ʫʯʝʩʪʴ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʣʝʛʢʦ ʠ ʫʜʦʙʥʦ, ʠʩʧʦʣʴʟʫʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʝ ʚʩʪʘʚʢʠ (ʨʠʩ. 2.8-19). ʇʨʠ 

ʵʪʦʤ ʨʘʩʯʝʪʥʳʝ ʫʟʣʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʳ. ʄʦʞʥʦ, ʦʜʥʘʢʦ, 

ʨʘʩʧʦʣʦʞʠʪʴ ʫʟʣʳ ʥʘ ʫʨʦʚʥʝ ʮʝʥʪʨʦʚ ʪʷʞʝʩʪʠ ʨʝʙʝʨ ʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʧʮʠʝʡ çʩʤʝʱʝʥʠʝ 

ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥè, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʪʘʢʦʤʫ ʞʝ ʵʬʬʝʢʪʫ. ʊʘʢʦʡ ʧʨʠʝʤ ʫʜʦʙʝʥ, ʥʘʧʨʠʤʝʨ, 

ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʙʘʣʦʯʥʘʷ ʢʣʝʪʢʘ, ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʥʘʩʪʠʣʦʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʮʝʥʪʨʠʯʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʙʝʨ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʝʤʙʨʘʥʥʦʡ ʛʨʫʧʧʝ ʫʩʠʣʠʡ, ʧʦʵʪʦʤʫ ʫʯʝʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʯʠʩʪʦ 

ʠʟʛʠʙʘʝʤʦʛʦ ʪʠʧʘ (ʠ ʥʘʙʨʘʥʥʦʡ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ) ʥʠʯʝʛʦ ʥʝ ʜʘʝʪ. 

 

ʈʠʩ. 2.8-19. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ ʜʣʷ ʫʯʝʪʘ ʨʘʟʤʝʨʦʚ ʫʟʣʦʚ 

ʇʨʠ ʨʘʩʯʝʪʝ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 1/8·1/10 ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʫʟʣʘʤʠ. ʅʦ ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʛʜʘ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʜʦʭʦʜʠʪ ʜʦ 1/5 ʠʣʠ ʜʘʞʝ 1/3 

(ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʬʫʥʜʘʤʝʥʪʦʚ ʧʦʜ ʪʫʨʙʦʘʛʨʝʛʘʪʳ, ʜʠʘʬʨʘʛʤʳ ʟʜʘʥʠʡ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ 
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ʩʦʦʨʫʞʝʥʠʷ ʠ ʜʨ.). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʝʨʞʥʝʚʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩ ʪʦʯʝʯʥʳʤʠ ʫʟʣʘʤʠ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʤʠ ʥʘ ʧʝʨʝʩʝʯʝʥʠʷʭ ʦʩʝʡ ʵʣʝʤʝʥʪʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦʡ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ 

ʧʨʝʜʣʦʞʝʥʠʝ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʵʪʦʤ ʨʝʘʣʴʥʳʝ ʨʘʟʤʝʨʳ çʫʟʣʦʚè, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʩʪʝʨʞʥʝʚʳʝ 

ʵʣʝʤʝʥʪʳ ʩ ʙʝʩʢʦʥʝʯʥʦ ʞʝʩʪʢʠʤʠ ʚʩʪʘʚʢʘʤʠ. ʇʨʠʤʝʨ ʪʘʢʦʡ ʩʭʝʤʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [4], ʜʘʥ ʥʘ ʨʠʩ. 2.8-19. 

ʕʪʦʪ ʧʨʠʝʤ ʥʘʩʪʦʣʴʢʦ ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦ ʨʘʩʯʝʪʯʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʦʛʜʘ ʥʝ ʟʘʜʘʶʪ ʚʦ-

ʧʨʦʩ ʦ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʧʦʪʝʟʳ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ çʫʟʣʘè. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥ ʜʘʣʝʢʦ 

ʥʝ ʣʠʰʝʥ ʩʤʳʩʣʘ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ (ʨʠʩ. 2.8-20). 

 
 

 
 

ʈʠʩ. 2.8-20. ʂ ʘʥʘʣʠʟʫ ʨʘʙʦʪʳ ʫʟʣʘ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ 

ɺ ʝʝ ʩʪʝʨʞʥʝʚʦʡ ʤʦʜʝʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʪʝʨʞʝʥʴ 

ʥʝ ʠʟʛʠʙʘʝʪʩʷ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʩʪʝʩʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʩʞʘʪʠʷ ʧʦ ʣʠʥʠʠ ʩʦʧʨʷʞʝʥʠʷ 

ɸɹ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ çʩʪʦʡʢʠè ʵʪʦʛʦ ʩʪʝʩʥʝʥʠʷ ʥʝʪ, ʪʦ ʚʦʟʥʠʢʘʝʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʠʟʛʠʙʫ. 
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3.  ȊȱȪȴȱȷȻȮȳȩ ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

3.1.  ȗȪɂȱȮ ȫȷȸȹȷȺɄ 

ɺ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʥʠʤʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʧʣʦʰʥʘʷ ʦʙʣʘʩʪʴ W, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʴʶ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʜʦʙʣʘʩʪʝʡ (ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ), ʠʤʝʶʱʠʭ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʪʦʣʴʢʦ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ. 

ʂʘʞʜʳʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ (ʂʕ) We (e = 1,é, m) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 
¶ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʦʜʥʦʤʝʨʥʦʝ, ʜʚʫʤʝʨʥʦʝ, ʪʨʝʭʤʝʨʥʦʝ); 
¶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ, ʢʦʪʦʨʘʷ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʬʠʛʫʨ (ʦʪʨʝʟʦʢ ʧʨʷʤʦʡ, ʪʨʝʫʛʦʣʴʥʠʢ, ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢ, ʪʝʪʨʘʵʜʨ ʠ ʪ. ʧ.); 

¶ ʥʘʙʦʨʦʤ ʫʟʣʦʚ, ʨʘʩʧʦʣʘʛʘʝʤʳʭ (ʢʘʢ ʧʨʘʚʠʣʦ, ʭʦʪʷ ʠ ʥʝ ʚʩʝʛʜʘ) ʥʘ ʣʠʥʠʷʭ (ʧʦʚʝʨʭʥʦʩʪʷʭ) 
ʨʘʟʜʝʣʘ ʵʣʝʤʝʥʪʦʚ ʠ ʷʚʣʷʶʱʠʭʩʷ ʦʙʱʠʤʠ ʜʣʷ ʛʨʘʥʠʯʘʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʵʣʝʤʝʥʪʦʚ; 

¶ ʥʘʙʦʨʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʦʪʥʝʩʝʥʥʳʭ ʯʘʱʝ ʚʩʝʛʦ ʢ ʫʟʣʘʤ (ʭʦʪʷ ʠ ʥʝ 
ʦʙʷʟʘʪʝʣʴʥʦ ʢ ʫʟʣʘʤ) ð ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦʚʦʨʦʪʳ ʠ ʪ. ʧ.; 

¶ ʧʨʘʚʠʣʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʫʟʣʦʚ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 
ʠ ʫʟʣʘʤʠ ʩʠʩʪʝʤʳ. ʋʟʣʳ ʵʣʝʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʫʟʣʘʤ ʩʠʩʪʝʤʳ 
ʞʝʩʪʢʦ ʠʣʠ ʰʘʨʥʠʨʥʦ; 

¶ ʩʠʩʪʝʤʦʡ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ We ʠ ʧʦʟʚʦʣʷʶʱʠʭ 
ʧʨʠʙʣʠʞʝʥʥʦ ʚʳʨʘʟʠʪʴ ʢʦʤʧʦʥʝʥʪʳ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʵʣʝʤʝʥʪʘ ʯʝʨʝʟ ʝʛʦ ʩʪʝʧʝʥʠ 
ʩʚʦʙʦʜʳ; 

¶ ʬʠʟʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʫʩʠʣʠʷʤʠ ʠ 
ʧʝʨʝʤʝʱʝʥʠʷʤʠ; 

¶ ʢʣʘʩʩʦʤ ʟʘʜʘʯ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʤʝʥʠʤ ʜʘʥʥʳʡ ʪʠʧ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʂʕ ʧʣʘʩʪʠʥʳ ʧʣʦʩʢʦʛʦ 
ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʂʕ ʧʣʠʪʳ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ, ʂʕ ʧʦʢʦʷʱʝʡʩʷ ʥʘ ʫʧʨʫʛʦʤ ʜʚʫʭʧʘʨʘʤʝ-
ʪʨʦʚʦʤ ʦʩʥʦʚʘʥʠʠ ʧʣʠʪʳ ʈʝʡʩʩʥʝʨʘ, ʩʪʝʨʞʝʥʴ ʊʠʤʦʰʝʥʢʦ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʠ 
ʪ. ʜ.); 

¶ ʥʘʙʦʨʦʤ ʜʦʧʫʩʪʠʤʳʭ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʣʦʞʝʥʳ ʥʝʧʦʩʨʝʜ-
ʩʪʚʝʥʥʦ ʢ ʢʦʥʝʯʥʦʤʫ ʵʣʝʤʝʥʪʫ, ʠ ʩʧʦʩʦʙʦʤ ʠʭ ʟʘʜʘʥʠʷ; 

¶ ʠ ʧʦʩʣʝʜʥʠʤ (ʧʦ ʩʧʠʩʢʫ, ʥʦ ʥʝ ʧʦ ʟʥʘʯʠʤʦʩʪʠ!) ð ʧʝʨʝʯʥʝʤ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʜʠʘʤʝʪʨ ʵʣʝʤʝʥʪʦʚ 

max sup
,

å õ
æ ö= -
æ öÍWç ÷

h x y
e x y e

, 

ʩ ʢʦʪʦʨʳʤ ʯʘʩʪʦ ʩʚʷʟʳʚʘʶʪ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ. ʀʥʘʯʝ ʛʦʚʦʨʷ, h ð ʵʪʦ ʤʠʥʠʤʘʣʴʥʳʡ 

ʜʠʘʤʝʪʨ ʰʘʨʘ, ʚ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʣʦʞʠʪʴ ʣʶʙʦʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʜʠʘʤʝʪʨʘ, ʪ. ʝ. ʧʨʠ h ­ 0, ʩʦʙʣʶʜʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʨʝʛʫʣʷʨʥʦʩʪʠ ð ʚ ʢʘʞʜʳʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʤʦʞʥʦ ʚʣʦʞʠʪʴ ʰʘʨ ʨʘʜʠʫʩʘ 

r ² Ch, ʛʜʝ ʢʦʥʩʪʘʥʪʘ ʉ ʥʝ ʟʘʚʠʩʠʪ ʦʪ h. ʕʪʦ ʧʨʝʜʦʭʨʘʥʷʝʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ñʠʛʦʣʴʯʘʪʳʭò ʵʣʝʤʝʥʪʦʚ (ʩʣʠʰʢʦʤ ʚʳʪʷʥʫʪʳʭ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ, ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩ ʦʯʝʥʴ ʤʘʣʳʤʠ 

ʫʛʣʘʤʠ ʠ ʪ. ʧ.). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʠʣʠ ʢʫʩʦʯʥʦ-ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ (ʤʝʪʦʜ ʧʦʜʦʙʣʘʩʪʝʡ), ʭʦʪʷ ʠ ʩʫʱʝʩʪʚʫʶʪ 

ʵʣʝʤʝʥʪʳ ʩ ʜʨʦʙʥʦ-ʨʘʮʠʦʥʘʣʴʥʳʤʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ), ʪʨʠʛʦʥʦ-

ʤʝʪʨʠʯʝʩʢʠʤʠ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷʤʠ ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ. ɺʳʙʦʨ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʵʣʝʤʝʥʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʠ ʦʮʝʥʢʫ ʧʦʛʨʝʰʥʦʩʪʠ ʄʂʕ. 

ɽʩʣʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ h, ʪʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ, ʤʝʥʷʷ ʵʪʦʪ ʨʘʟʤʝʨ, ʤʳ ʧʦʣʫʯʠʤ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ uh . ʂʦʛʜʘ ʛʦʚʦʨʷʪ ʦ ʩʭʦʜʠʤʦʩʪʠ ʄʂʕ, ʪʦ 

ʠʤʝʶʪ ʚ ʚʠʜʫ, ʯʪʦ ʵʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʴ ʫʩʪʨʝʤʣʷʝʪʩʷ ʢ ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ u
*, ʢʦʛʜʘ h ­ 0. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚʳʰʝ ʢʦʥʮʝʧʮʠʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʪʦʤ, ʯʪʦ ʠʟʚʝʩʪʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ h-ʵʣʝʤʝʥʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʪʘʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʦʧʫʩʢʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʧʨʷʤʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ 

ʥʝʢʦʪʦʨʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤʘʭ (ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ NASTRAN ʠʣʠ StressCheck) ʧʦʣʫʯʠʣ 

ʧʨʠʟʥʘʥʠʝ ʠʥʦʡ ʪʠʧ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ð ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ p-ʵʣʝʤʝʥʪ. ɺ ʦʪʣʠʯʠʝ ʦʪ h-ʵʣʝʤʝʥʪʦʚ, 

p-ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʨʠʚʠʟʥʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʝʡ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʝʪʢʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ. ʊʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ 

ʫʧʨʘʚʣʷʝʪʩʷ p-ʫʨʦʚʥʝʤ (ʧʦʨʷʜʢʦʤ ʧʦʣʠʥʦʤʘ), ʧʨʠʩʚʦʝʥʥʳʤ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ: ʚʳʰʝ p-ʫʨʦʚʝʥʴ ð 

ʙʦʣʴʰʝ ʪʦʯʥʦʩʪʴ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ h-ʵʣʝʤʝʥʪʦʚ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ, ʢʘʢ ʠ ʚʨʝʤʷ ʨʝʰʝʥʠʷ, 

ʚʦʟʨʘʩʪʘʝʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ p-ʵʣʝʤʝʥʪʦʚ ʪʦʪ ʞʝ 

ʬʝʥʦʤʝʥ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʚʳʰʝʥʠʠ çʧʦʨʷʜʢʘ pè. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ p-ʵʣʝʤʝʥʪʦʚ, h-ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝ-

ʠʤʫʱʝʩʪʚ. ɼʣʷ ʘʥʘʣʠʟʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ h-ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʨʝʜ-

ʧʦʯʪʠʪʝʣʴʥʝʡ. ʆʥʠ ʪʘʢʞʝ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʰʝʥʠʝ ʜʣʷ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʨʘʟʨʳʚʳ 

ʥʘʧʨʷʞʝʥʠʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʦʨʝʙʨʝʥʥʳʭ ʧʣʘʩʪʠʥʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʝʰʝʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ. 

ʅʘʢʦʥʝʮ, h-ʵʣʝʤʝʥʪʳ ʩʚʷʟʘʥʳ ʩ ʜʝʪʘʣʴʥʦ ʦʪʨʘʙʦʪʘʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʧʨʦʚʝʨʝʥʥʦʡ 

ʚʨʝʤʝʥʝʤ. ʀʤʝʥʥʦ ʠʩʭʦʜʷ ʠʟ ʪʘʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʙʠʙʣʠʦʪʝʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ SCAD 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ h-ʵʣʝʤʝʥʪʘʤʠ. 

3.2.  ȚȷȺȻȩȫ ȪȱȪȴȱȷȻȮȳȱ ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

ʂʦʛʜʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʛʦʚʦʨʷʪ ʦ ʪʠʧʘʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʦʙʳʯʥʦ ʧʦʜ ʵʪʠʤ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʩʩʳʣʢʫ ʥʘ ʥʦʤʝʨ ʠʣʠ ʠʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʧʨʠʟʥʘʢ (ʥʘʧʨʠʤʝʨ, ʠʤʷ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʜʝʣʘ ʠʟ ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʝ ʙʠʙʣʠʦʪʝʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʪʘʙʣʠʮʝ 3.2-1 ʜʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʠʧʦʚ ʂʕ, ʚʢʣʶʯʝʥʳʭ ʚ ʙʠʙʣʠʦʪʝʢʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʚʦʟʤʦʞʥʳʝ ʧʨʠʟʥʘʢʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ1 ʜʣʷ ʠʭ ʨʘʙʦʪʳ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʳʯʠʩʣʷʝʤʳʭ ʫʩʠʣʠʡ 

(ʥʘʧʨʷʞʝʥʠʡ). 

ʊʘʙʣʠʮʘ 3.2-1 

ˉ 

ʪʠʧʘ 

ʂʕ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ɼʦʧʫʩʪʠʤ ʝr 

ʧʨʠʟʥʘʢʠ 

ʩʭʝʤʳ 

ɺʳʯʠʩʣʷʝʤʳʝ 

ʥʘʧʨʷʞʝʥʠʷ 

ʠ ʫʩʠʣʠʷ 

ʅʘʟʥʘʯʝʥʠʝ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

1-10 ʉʪʝʨʞʥʠ ʕʡʣʝʨʘ-ɹʝʨʥʫʣʠ ʇʨʦʠʟʚʦʣʴʥʳʝ ʩʪʝʨʞʥʝʚʳʝ ʩʠʩʪʝʤʳ 

ʩ ʫʯʝʪʦʤ: 

¶ ʥʘʣʠʯʠʷ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ; 

¶ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʧʦ ʦʜʥʦʤʫ 
(ʪʠʧʳ 1, 3, 7 ʠ 103), ʜʚʫʤ (ʪʠʧʳ 2 ʠ 

102) ʠʣʠ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ (ʪʠʧʳ 5, 6, 

10, 105 ʠ 110); 

¶ ʩʜʚʠʛʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 
ʦʙʞʘʪʠʷ (ʪʠʧʳ 2, 5, 6, 10) [29]; 

¶ ʩʜʚʠʛʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 
ʦʙʞʘʪʠʷ ʧʦ ʛʠʧʦʪʝʟʘʤ ʊʠʤʦʰʝʥʢʦ 

(ʪʠʧʳ 102, 103, 105, 110); 

¶ ʜʝʧʣʘʥʘʮʠʠ. 

ʇʨʠʤʝʯʘʥʠʝ: ʵʣʝʤʝʥʪʳ ʪʠʧʘ 6 ʠ 7 

ʩʦʭʨʘʥʝʥʳ ʜʣʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ 

ʚʝʨʩʠʡ. 

1 ʧʣʦʩʢʦʡ ʬʝʨʤʳ 1, 2, 4, 5, 8, 9 N, M(MY), Q(QZ), rX 

2 ʧʣʦʩʢʦʡ ʨʘʤʳ 2, 5, 8, 9 N, M(MY), Q(QZ), 

rX, rZ 

3,7 ʙʘʣʦʯʥʦʛʦ ʨʦʩʪʚʝʨʢʘ 3, 5, 8, 9 MK(MX), MY, QZ, rZ 

4 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ  

ʬʝʨʤʳ 

4, 5, 8, 9 N, MK, MY, QZ, MZ, 

QY, rX, rY, rZ, B, Tw 

5,6 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 5, 8, 9 

10 ʫʥʠʚʝʨʩʘʣʴʥʳʡ 1ï5, 8, 9 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʩʭʝʤʳ 

101-110 ʉʪʝʨʞʥʠ ʊʠʤʦʰʝʥʢʦ 

102 ʧʣʦʩʢʦʡ ʨʘʤʳ  2, 5, 8, 9 N, M(MY), Q(QZ), 

rX, rZ 

103 ʙʘʣʦʯʥʦʛʦ ʨʦʩʪʚʝʨʢʘ 3, 5, 8, 9 MK(MX), MY, QZ, rZ 

105 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 5, 8, 9 N, MK, MY, QZ, MZ, 

QY, rX, rY, rZ, B, Tw 

110 ʫʥʠʚʝʨʩʘʣʴʥʳʡ 1ï5, 8, 9 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʩʭʝʤʳ 

11-20 ʊʦʥʢʠʝ ʧʣʠʪʳ 

(ʪʝʦʨʠʷ ʂʠʨʛʦʬʘ-

ʃʷʚʘ) 

3, 5, 8, 9 MX, MY, MXY, QX, QY,  

RZ ï ʧʨʠ ʥʘʣʠʯʠʠ      

ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʀʟʛʠʙʘʝʤʳʝ ʧʣʘʩʪʠʥʳ, ʣʝʞʘʱʠʝ ʚ 

ʧʣʦʩʢʦʩʪʠ XOY. 

ʄʘʪʝʨʠʘʣ: 

                                                      
1 ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʠʭ ʧʨʠʟʥʘʢʘ ʧʨʠʚʝʜʝʥʳ ʚ ʛʣʘʚʝ 28, ʪʘʙʣ. 28.3-2 
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 76 

ˉ 

ʪʠʧʘ 

ʂʕ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ɼʦʧʫʩʪʠʤ ʝr 

ʧʨʠʟʥʘʢʠ 

ʩʭʝʤʳ 

ɺʳʯʠʩʣʷʝʤʳʝ 

ʥʘʧʨʷʞʝʥʠʷ 

ʠ ʫʩʠʣʠʷ 

ʅʘʟʥʘʯʝʥʠʝ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

111-120 

511-520 

ʇʣʠʪʳ ʩʨʝʜʥʝʡ 

ʪʦʣʱʠʥʳ (ʪʝʦʨʠʷ 

ʈʝʡʩʩʥʝʨʘ-

ʄʠʥʜʣʠʥʘ) 

¶ ʠʟʦʪʨʦʧʥʳʡ; 

¶ ʦʨʪʦʪʨʦʧʥʳʡ; 

¶ ʘʥʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ. 

ɼʦʧʫʩʢʘʝʪʩʷ ʥʘʣʠʯʠʝ ʫʧʨʫʛʦʛʦ 

ʦʩʥʦʚʘʥʠʷ 

ʇʨʠʤʝʯʘʥʠʝ: ʵʣʝʤʝʥʪʳ ʪʠʧʘ 13 

ʠ 14 ʩʦʭʨʘʥʝʥʳ ʜʣʷ 

ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʚʝʨʩʠʡ. 

21-30 

121-130 

521-530 

ʇʣʦʩʢʘʷ ʟʘʜʘʯʘ  

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

1, 2, 4, 5, 8, 9 NX, NZ, NXZ  

NY ï ʪʦʣʴʢʦ ʧʨʠ 

ʧʣʦʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ; 

RX, RZ ð ʧʨʠ 

ʥʘʣʠʯʠʠ ʫʧʨʫʛʦʛʦ 

ʦʩʥʦʚʘʥʠʷ 

ʇʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʚʘ ʪʠʧʘ 

ʢʦʥʩʪʨʫʢʮʠʡ: 

ʘ) ʧʣʦʩʢʦʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ;  

ʙ) ʧʣʦʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ.  

ʄʘʪʝʨʠʘʣ: 

¶ ʠʟʦʪʨʦʧʥʳʡ; 

¶ ʦʨʪʦʪʨʦʧʥʳʡ; 

¶ ʘʥʠʟʦʪʨʦʧʥʳʡ. 

¶ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʡ 

(ʧʣʦʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ) 

ɼʦʧʫʩʢʘʝʪʩʷ ʥʘʣʠʯʠʝ ʫʧʨʫʛʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ. 

2, 5, 8, 9 

31-40 ʆʙʲʝʤʥʳʝ 

ʢʦʥʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ  

4, 5, 8, 9 NX, NY, NZ,  

TXY, TXZ, TYZ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘ-

ʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʜʣʷ ʠʟʦʪʨʦʧ-

ʥʦʛʦ, ʪʨʘʥʩʚʝʨʩʘʣʥɹʦ-ʠʟʦʪʨʦʧʥʦʛʦ, 

ʦʨʪʦʪʨʦʧʥʦʛʦ ʠ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ 

41-50 

91-99 

591-599 

ʊʦʥʢʠʝ ʦʙʦʣʦʯʢʠ 

(ʪʝʦʨʠʷ ʂʠʨʛʭʦʬʘ-

ʃʷʚʘ) 

5, 8, 9 NX, NY, TXY,  

MX, MY, MXY, QX ʠ 

QY, RX, RY, RZ ï ʧʨʠ 

ʥʘʣʠʯʠʠ ʫʧʨʫʛʦʛʦ 

ʦʩʥʦʚʘʥʠʷ. 
NX+, NX-,NY+ , 

NY-,NXY+,NXY-, 

SNX, SNY, STXY ï ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ 

ʧʦʩʪʧʨʦʮʝʩʩʦʨʝ: 
 

ʈʘʩʯʝʪ ʪʦʥʢʠʭ ʠ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ 

ʦʙʦʣʦʯʝʢ. ʕʣʝʤʝʥʪʳ ʥʫʣʝʚʦʡ ʢʨʠ-

ʚʠʟʥʳ (ʧʣʦʩʢʠʝ). ʄʘʪʝʨʠʘʣ: 

¶ ʠʟʦʪʨʦʧʥʳʡ; 

¶ ʦʨʪʦʪʨʦʧʥʳʡ; 

¶ ʘʥʠʟʦʪʨʦʧʥʳʡ.  

     ɼʦʧʫʩʢʘʝʪʩʷ ʥʘʣʠʯʠʝ ʫʧʨʫʛʦʛʦ 

ʦʩʥʦʚʘʥʠʷ 

     ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʙʦʣʦʯʢʠ ʫʯʠʪʳʚʘʶʪʩʷ ʛʝʦʤʝʪʨʠʝʡ 

ʚʧʠʩʘʥʥʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ 

141-150 

191-199 

541-550 

ʆʙʦʣʦʯʢʠ ʩʨʝʜʥʝʡ 

ʪʦʣʱʠʥʳ (ʪʝʦʨʠʷ 

ʈʝʡʩʩʥʝʨʘ-

ʄʠʥʜʣʠʥʘ) 

51-55 ʋʧʨʫʛʦʧʦʜʘʪʣʠʚʳʝ 

ʩʚʟ̫ʠ 

ʣʶʙʦʡ ʨʝʘʢʮʠʠ ʧʦ ʥʘʧʨʘʚ-

ʣʝʥʠʷʤ ʟʘʜʘʥʥʳʭ 

ʩʚʷʟʝʡ 

ʋʯʝʪ: 

*  ʜʝʡʩʪʚʠʷ ʫʧʨʫʛʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʥʘ ʫʟʣʳ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʚʢʣʶʯʘʷ ʧʨʠʩʦʝʜʠʥʝʥʥʫʶ 

(ʟʘʢʦʥʪʫʨʥʫʶ) ʝʛʦ ʯʘʩʪʴ; 

*  ʫʧʨʫʛʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʜʚʫʤʷ ʫʟʣʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ 

56-57 ɼʝʤʧʬʝʨʳ ʣʶʙʦʡ ʥʝʪ ʋʯʝʪ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʜʝʤʧʬʠʨʦ-

ʚʘʥʠʷ ʧʨʠ ʧʨʷʤʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

61-70 ʆʩʝʩʠʤʤʝʪʨʠʯʥʳʝ 11 NX, NY, NZ, TYZ ɼʣʷ ʨʘʩʯʝʪʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʣʝʞʘʪ ʚ 

ʩʝʯʝʥʠʠ ʪʝʣʘ ʧʣʦʩʢʦʩʪʴʶ ROZ 
161-170 12 

561-570 
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77 

ˉ 

ʪʠʧʘ 

ʂʕ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ɼʦʧʫʩʪʠʤ ʝr 

ʧʨʠʟʥʘʢʠ 

ʩʭʝʤʳ 

ɺʳʯʠʩʣʷʝʤʳʝ 

ʥʘʧʨʷʞʝʥʠʷ 

ʠ ʫʩʠʣʠʷ 

ʅʘʟʥʘʯʝʥʠʝ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

71-80 ʄʥʦʛʦʩʣʦʡʥʳʝ  

ʦʙʦʣʦʯʢʠ, 

ʫʯʠʪʳʚʘʶʱʠʝ 

ʧʦʧʝpʝʯʥʳʡ ʩʜʚʠʛ, 

ʦʙʞʘʪʠʝ ʩʣʦʝʚ ʠ ʢpʠ-

ʚʠʟʥʫ 

8 NX, NY, NZ,  

TXY, TXZ, TYZ 

ɺʳʯʠʩʣʷʶʪʩʷ ʥʘ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʢʘʞʜʦʛʦ ʩʣʦʷ. 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ 

ʧʦʩʪʧʨʦʮʝʩʩʦʨʝ: 
MX, MY, MXY, QX,  QY, 

SNX, SNY, STXY ð 

ʇʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʝʪ ʪʦʥʢʠʭ, ʩpʝʜ-

ʥʝʡ ʪʦʣʱʠʥʳ ʠ ʪʦʣʩʪʳʭ ʦʜʥʦ-

ʩʣʦʡʥʳx ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʠʟʦ-

ʪpʦʧʥʳʭ, ʪpʘʥʩʚʝpʩʘʣʴʥʦʠʟʦʪpʦʧ-

ʥʳʭ ʠ ʦʨʪʦʪʨʦʧʥʳʭ ʦʙʦʣʦʯʝʢ. 

     ʄʦʛʫʪ pʝʟʢʦ ʦʪʣʠʯʘʪʴʩʷ ʫʧpʫʛʠʝ 

ʭʘpʘʢʪʝpʠʩʪʠʢʠ ʩʣʦʝʚ, ʜʣʷ ʢʦʪʦpʳʭ 

ʧpʠʤʝʥʝʥʠʝ ʛʠʧʦʪʝʟʳ ʧpʷʤʳʭ 

ʥʦpʤʘʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧpʘʚʦ-

ʤʝpʥʳʤ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ ʧpʠʚʝʩʪʠ ʢ 

ʠʩʢʘʞʝʥʠʶ pʝʟʫʣʴʪʘʪʦʚ 

81-90 ʄʥʦʛʦʩʣʦʡʥʳʝ  

ʦʙʦʣʦʯʢʠ, 

ʫʯʠʪʳʚʘʶʱʠʝ 

ʤʝʞʩʣʦʝʚʳʝ ʩʜʚʠʛʠ 

ʠ ʢʨʠʚʠʟʥʫ 

9 

100 ɾʝʩʪʢʦʝ ʪʝʣʦ 2,3,5,6,8,9   

151-160 

 
ʅʫʣʴ-ʵʣʝʤʝʥʪʳ ʣʶʙʦʡ  ɼʣʷ ʥʘʟʥʘʯʝʥʠʷ ʩʚʷʟʝʡ (ʟʘʜʘʥʠʷ 

ʧʝʨʝʤʝʝɦʥʠʡ) ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ, 

ʢʦʪʦʨʳʝ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʧʨʘʚ-

ʣʝʥʠʷʤʠ ʦʩʝʡ ʦʙʱʝʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ 

200 ʋʜʘʣʝʥʥʳʡ ʵʣʝʤʝʥʪ   ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʥʥʠʭ ʚʝʨʩʠʷʭ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʥʫʤʝʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 

ɺ ʪʝʦʨʠʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥ ʨʷʜ ʚʘʞʥʳʭ ʪʝʦʨʝʤ ʦ ʩʭʦʜʠʤʦʩʪʠ1, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʩʦʚʤʝʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ [59] ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʝʩʣʠ (k-1) ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʧʦʣʠʥʦʤʘ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʚʥʫʪʨʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʧʝʨʝʤʝʱʝʥʠʷ, ʠ ʨʝʰʘʝʪʩʷ ʵʣʣʠʧʪʠʯʝʩʢʘʷ 

ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʧʦʨʷʜʢʘ 2m, ʜʣʷ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ uh, ʪʦ 

ʦʰʠʙʢʘ ʚ ʵʥʝʨʛʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ u, ʩʦʩʪʘʚʣʷʝʪ 

U(u-uh, u-uh) ¢ Ch2(k-m) ||u||2k, 

ʛʜʝ h ð ʵʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʰʘʨʘ, ʚ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʣʦʞʠʪʴ ʣʶʙʦʡ ʂʕ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ. ɺ 

ʵʪʦʡ ʦʮʝʥʢʝ ʩʧʨʘʚʘ ʫʯʘʩʪʚʫʝʪ ʥʦʨʤʘ ||u||k ð ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʚʝʣʠʯʠʥʘ k-ʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ 

ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ u. 

ɼʣʷ ʥʝʩʦʚʤʝʩʪʥʳʭ ʂʕ ʘʥʘʣʦʛʠʯʥʳʝ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ ʀ.ɼ. ɽʚʟʝʨʦʚʘ [12] ʠ 

ɺ.ʉ. ʂʘʨʧʠʣʦʚʩʢʦʛʦ [22, 23]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʝʟʥʦ 

ʜʦʧʦʣʥʠʪʴ ʥʝʢʦʪʦʨʳʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʬʦʨʤʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʩʠʣʠʡ ʥʝʢʦʪʦʨʳʤ ʢʦʥʝʯʥʳʤ 

ʥʘʙʦʨʦʤ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʩʫʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʪ. ʝ. 

ʤʦʞʝʪ ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ ʥʘʣʦʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʩʚʷʟʝʡ. ɽʩʣʠ ʵʣʝʤʝʥʪʳ ʥʝʩʦʚʤʝʩʪʥʳ, ʪʦ ʧʦ ʠʭ 

ʛʨʘʥʠʮʘʤ ʚʦʟʤʦʞʥʳ ʥʝʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʥʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʨʘʩʯʝʪʥʦʡ 

ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, ʚʟʘʠʤʥʳʝ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʧʣʘʩʪʠʥ), ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʠʶ 

ʥʝʢʦʪʦʨʳʭ ʩʚʷʟʝʡ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʤʝʥʴʰʝʥʠʠ ʠʭ ʨʘʟʤʝʨʦʚ ʨʘʩʪʝʪ ʦʙʱʝʝ ʯʠʩʣʦ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘʣʦʞʝʥʥʳʭ ʩʚʷʟʝʡ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ʜʣʷ 

ʩʦʚʤʝʩʪʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦʪ ʞʝ ʧʨʦʮʝʩʩ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʫʤʝʥʴʰʘʶʪʩʷ ʚʟʘʠʤʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʤʝʞʵʣʝʤʝʥʪʥʳʭ ʛʨʘʥʠʮʘʭ ʚ ʥʝʩʦʚʤʝʩʪʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʯʪʦ 

ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʘʤʳʢʘʥʠʝ ʨʘʥʝʝ ʩʥʷʪʳʭ ʩʚʟ̫ʝʡ. ɿʥʘʯʠʪ, ʩʭʦʜʠʤʦʩʪʴ 

ʥʝʩʦʚʤʝʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʣʠʰʴ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ 

ʦʪ ʧʨʝʦʜʦʣʝʥʠʷ ʥʘʣʦʞʝʥʥʳʭ ʩʚʷʟʝʡ ʧʨʝʚʘʣʠʨʫʶʪ ʥʘʜ ʵʪʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʥʘʣʦʞʝʥʠʷ 

ʩʚʷʟʝʡ ʥʘ ʤʝʞʵʣʝʤʝʥʪʥʳʭ ʛʨʘʥʠʮʘʭ. 

ʋʩʠʣʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʧʦ ʫʤʦʣʯʘʥʠʶ ʚʳʯʠʩʣʷʶʪʩʷ ʚ 

ʥʘʯʘʣʝ, ʩʝʨʝʜʠʥʝ ʠ ʢʦʥʮʝ ʩʪʝʨʞʥʷ, ʘ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʂʕ ð ʚ ʮʝʥʪʨʝ ʪʷʞʝʩʪʠ. ʄʦʞʥʦ ʟʘʢʘʟʘʪʴ 

                                                      
1 ʩʤ. ʪʘʢʞʝ ʨʘʟʜ. 2.7 
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ʚrʯʠʩʣʝʥʠʝ ʫʩʠʣʠʡ ʜʣʷ ʩʪʝʨʞʥʝʡ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʝʯʝʥʠʷʭ, ʘ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʂʕ ð ʚ ʫʟʣʘʭ. 

ʆʙʳʯʥʦ ʫʩʠʣʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʂʕ ʚʳʯʠʩʣʷʶʪʩʷ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʩʪʝʨʞʥʝʡ, 

ʥʘʧʨʠʤʝʨ, ʵʪʦ ʛʣʘʚʥʳʝ ʦʩʠ ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʛʠʙʢʦʡ ʯʘʩʪʠ. ɼʣʷ ʚʩʝʭ ʧʣʦʩʢʠʭ ʠ 

ʦʙʲʝʤʥʳʭ ʂʕ ʚʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʯrʠʩʣʝʥʠʷ ʫʩʠʣʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʩʪʘʚ ʙʠʙʣʠʦʪʝʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʯʝʪʘ. ʆʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʧʨʘʚʠʣʘ ʟʥʘʢʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʛʣʘʚʝ 13. ʉʦʩʪʘʚ ʙʠʙʣʠʦʪʝʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚ ʛʣʘʚʝ 26. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʦʩʷʤ X, Y ʠ Z ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘ-

ʧʨʘʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʠ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ UX, UY ʠ UZ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʳ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʝʩʣʠ ʩʤʦʪʨʝʪʴ ʩ ʢʦʥʮʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʠ. 

ɼʣʷ ʥʘʛʨʫʟʦʢ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ, ʟʘʜʘʚʘʝʤʳʭ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʚ ʩʠʩʪʝʤʝ ʧʨʠʥʷʪʳ 

ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʠʣʘ ʟʥʘʢʦʚ: 

¶ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ ʩʠʣʳ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʤʝʩʪʥʦʡ 
ʠʣʠ ʦʙʱʝʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ; 

¶ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ ʤʦʤʝʥʪʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 
ʚʨʘʱʝʥʠʷ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʝʩʣʠ ʩʤʦʪʨʝʪʴ ʩ ʢʦʥʮʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʠ; 

¶ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʟʥʘʢʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʝʨʭʥʝʝ (ʝʩʣʠ ʩʤʦʪʨʝʪʴ ʩ 

ʢʦʥʮʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʠ) ʚʦʣʦʢʥʦ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʯʝʤ ʥʠʞʥʝʝ. 

ʇʨʠ ʚʚʦʜʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʘʣʦʛʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦ-

ʙʣʝʤ ʟʘʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʠʧʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʥʥʫʶ ʛʣʘʚʫ ʜʦʧʦʣʥʷʝʪ 

ʛʣʘʚʘ 29, ʛʜʝ ʧʨʠʚʝʜʝʥʘ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʜʘʥʥʳʭ ʚ ʛʣʘʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ çʙʘʟʦʚʘʷè ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ: ʊ, ʤ ʠ ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʡ 

ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ð ʚ ʩʤ. 

3.3.  ȚȻȮȹȯȶȮȫɄȮ ɆȴȮȵȮȶȻɄ 

ʕʪʦʪ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʦʧʠʩʘʥʠʶ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. 

ȕȮȺȻȶɄȮ ȺȱȺȻȮȵɄ ȳȷȷȹȭȱȶȩȻ ȺȻȮȹȯȶɈ 

ʉʪʝʨʞʥʝʚʦʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʚʠʜʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 3.3-1. ʅʘ ʝʛʦ ʢʦʥʮʘʭ ʤʦʛʫʪ 

ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʝ (ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʝ) ʚʩʪʘʚʢʠ BD ʠ CE. ʋʟʝʣ B ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʦʤ ʩʪʝʨʞʥʷ, 

ʫʟʝʣ C ð ʝʛʦ ʢʦʥʮʦʤ. ɼʣʷ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ DE ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʝʝ ʦʙʦʟʥʘʯʝʥʠʝ ʢʦʥʮʝʚʳʭ 

ʩʝʯʝʥʠʡ: ʥʦʤʝʨʦʤ 1 ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʝʯʝʥʠʝ ʫ ʥʘʯʘʣʘ ʩʪʝʨʞʥʷ, ʥʦʤʝʨʦʤ 2 ð ʫ ʝʛʦ ʢʦʥʮʘ. 

 
ʈʠʩ. 3.3-1 

 
ʈʠʩ. 3.3-2 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʪʝʨʞʝʥʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʧʦʣʦʞʝʥ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʠʥʷʪʦʡ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ XYZ. ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʜʝʣʴʥʦ 

ʚʟʷʪʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʪʝʨʞʥʝʚʦʛʦ ʪʠʧʘ ʫʜʦʙʥʝʝ ʧʦʣʫʯʘʪʴ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʧʨʝ-

ʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʥʦʡ ʩ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʫʧʨʫʛʦʡ ʯʘʩʪʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 

ʨʠʩ. 3.3-2, ʦʧʨʝʜʝʣʝʥʘ ʤʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ X1Y1Z1
1, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʶʪʩʷ 

ʫʩʠʣʠʷ ʠ ʟʘʜʘʁ ʪʩʷ ʥʝʢʦʪʦʨʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʩʠ Y1 ʠ Z1 ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ 

ʦʩʷʤʠ ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

                                                      
1 ɺ SCAD ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʧʨʘʚʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩʯʠʪʘʝʪʩʷ ʧʨʘʚʦʡ, ʝʩʣʠ ʦʩʴ Y 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʚʦʨʦʪʦʤ ʦʩʠ X ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʧʨʠ ʚʟʛʣʷʜʝ ʩ ʢʦʥʮʘ ʦʩʠ Z ʥʘ ʫʛʦʣ 90.̄ 
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ʆʜʥʘʢʦ ʝʱʝ ʜʦ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʦʨʤʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʠʩʪʝʤʘ SCAD ʩʪʨʦʠʪ ʦʩʠ 

(çʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʦʝʢʪè) ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 0 0 0

1 1 1
X Y Z  (ʨʠʩ. 3.3-3, ʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʣʝʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ: 

¶ ʦʩʴ 0
1

X  ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʩʝʯʝʥʠʷ ʦʪ ʥʘʯʘʣʘ ʩʪʝʨʞʥʷ ʢ ʝʛʦ 

ʢʦʥʮʫ; 

¶ ʦʩʴ 0

1
Z ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ ʚʝʨʭʥʝʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ (ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʥʠʷ ʢʦʦʨʜʠʥʘʪʳ Z ʦʙʱʝʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ XYZ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ); 

¶ ʦʩʴ 0

1
Y  ʜʦʧʦʣʥʷʝʪ ʣʦʢʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʦʙʨʘʟʫʝʪ ʧʨʘʚʫʶ ʪʨʦʡʢʫ 

0 0 0

1 1 1
X Y Z . 

ʘ) 

 

ʙ) 

 

ʈʠʩ. 3.3-3 

ʂʦʥʢʨʝʪʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʠ y ʠ 

z ʩʦʚʤʝʱʘʶʪʩʷ ʩ ʦʩʷʤʠ 0

1
Y  ʠ 0

1
Z . ʉʠʩʪʝʤʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʝʡ ʩʝʯʝʥʠʷ yOz ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘ 

ʯʝʨʪʝʞʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʩʦʨʪʘʤʝʥʪʝ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ, ʚ ʦʢʥʘʭ ʧʨʦʛʨʘʤʤ ʂʦʥʩʪʨʫʢʪʦʨ 

ʩʝʯʝʥʠʡ, ʊʆʅʋʉ ʠ ʂʦʥʩʫʣ. ɽʩʣʠ ʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʟʘʜʘʚʘʝʤʳʝ ʩʝʯʝʥʠʷ, ʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʦʩʴ y ʨʘʩʧʦʣʦʞʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʘ ʦʩʴ z ð ʚʝʨʪʠʢʘʣʴʥʦ. 

ʏʘʱʝ ʚʩʝʛʦ ʩʠʩʪʝʤʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʝʡ yOz ʠ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ Y1OZ1 ʩʦʚʧʘʜʘʶʪ ʠʣʠ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.3-4,ʘ, ʪʦʛʜʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ 0 0 0

1 1 1
X Y Z ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʩʠʩʪʝʤʦʡ X1Y1Z1. ʅʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʩʠ 

(Y1, Z1) ʧʦʚʝʨʥʫʪʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʷʤ (y, z) ʥʘ ʥʝʢʦʪʦʨʡr ʫʛʦʣ FU (ʫʛʦʣ ʥʘʢʣʦʥʘ ʛʣʘʚʥʳʭ ʦʩʝʡ 

ʠʥʝʨʮʠʠ ʢ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʷʤ ʩʝʯʝʥʠʷ), ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.3-4,ʙ. ʕʪʦʪ ʫʛʦʣ ʫʢʘʟʘʥ ʚ 

ʩʦʨʪʘʤʝʥʪʘʭ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʠʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʘʭ ʂʦʥʩʪʨʫʢʪʦʨ ʩʝʯʝʥʠʡ, ʊʆʅʋʉ ʠ 

ʂʦʥʩʫʣ, ʢʘʢ ʫʛʦʣ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʴʶ ʫ ʠ ʛʣʘʚʥʦʡ ʦʩʴʶ ʠʥʝʨʮʠʠ U, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʩʝʯʝʥʠʝ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ. ɽʩʣʠ ʫʛʦʣ FU  ̧0, ʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʦʨʦʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʩʝʡ 0

1
Y  ʠ 0

1
Z  ʥʘ ʵʪʦʪ ʫʛʦʣ, ʧʨʠ ʵʪʦʤ ʦʩʴ Y1 ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʦʩʴʶ U, ʘ ʦʩʴ V ð ʩ ʦʩʴʶ 

Z1. ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʠʟʤʝʥʷʶʪ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʦʣʴʢʦ ʦʩʠ, ʘ ʥʝ ʩʘʤʦ 

ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ. 

 

ʈʠʩ. 3.3-4 
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ɽʩʣʠ ʚʘʨʠʘʥʪ ʦʨʠʝʥʪʘʮʠʠ ʩʪʝʨʞʥʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʣʫʯʘʝʤʳʡ ʦʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ, ʪʦ ʜʣʷ ʵʪʦʛʦ ʧʨʝʜʫʩʤʦʪ-

ʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʝʨʥʫʪʴ ʩʪʝʨʞʝʥʴ (ʝʛʦ ʩʝʯʝʥʠʝ) ʚʦʢʨʫʛ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʥʘ ʣʶʙʦʡ ʫʛʦʣ, ʢʦʪʦ-

ʨʳʡ ʧʦʪʨʝʙʫʝʪʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ, ʟʘʜʘʚ ʚ ʷʚʥʦʤ ʚʠʜʝ çʫʛʦʣ ʨʘʟʚʦʨʦʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʝʡè1.  

 
ʈʠʩ. 3.3-5 

ʕʪʦ ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ Y1 ʠ ʧʨʷʤʦʡ, ʩʚʟ̫ʘʥʥʦʡ 
ʩ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ. ɺ ʢʘʯʝʩʪʚʝ 
ʪʘʢʦʡ ʧʨʷʤʦʡ ʧʨʠʥʠʤʘʝʪʩʷ ʣʠʥʠʷ ʧʝʨʝʩʝʯʝʥʠʷ 
ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ XʆY, ʠ ʧʣʦʩʢʦʩʪʠ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ Y1ʆZ1, ʧʨʦʭʦʜʷʱʝʡ 
ʯʝʨʝʟ ʥʘʯʘʣʦ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ (ʨʠʩ. 3.3-5). 
ʕʪʘ ʧʨʷʤʘʷ (ʦʩʴ ɸ) ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʪʘʢ, ʯʪʦʙʳ 
ʪʨʦʡʢʘ X1ɸZ1 ʙʳʣʘ ʧʨʘʚʦʡ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, 
ʯʪʦ ʦʩʠ X1Y1Z1 ʦʙʨʘʟʫʶʪ ʧʨʘʚʫʶ ʪʨʦʡʢʫ, ʘ ʦʩʴ Z1 
ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʚ ʚʝʨʭʥʝʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ (ʚ 
ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʥʠʷ ʢʦʦʨʜʠʥʘʪʳ Z).  

ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ F 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʦʨʦʪʦʤ ʦʩʠ ɸ ʜʦ ʝʝ ʩʦʚʤʝʱʝʥʠʷ ʩ 
ʦʩʴʶ Y1 ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʝʩʣʠ ʩʤʦʪʨʝʪʴ ʩ 
ʢʦʥʮʘ ʦʩʠ X1. 

 

 
ʈʠʩ. 3.3-6 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʝ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʩʫʤʤʳ çʫʛʣʘ 

ʨʘʟʚʦʨʦʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʝʡ FKè ʤʝʞʜʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʦʩʴʶ Y (Z)  ʠ ʦʩʴʶ ( )0 0

1 1
Y Z  ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʛʣʘʚʥʳʭ ʦʩʝʡ 

ʠʥʝʨʮʠʠ ʢ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʷʤ ʩʝʯʝʥʠʷ FU (ʨʠʩ. 3.3-6). 

ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʩʝʯʝʥʠʡ ʠʟ ʩʦʨʪʘʤʝʥʪʘ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʠʣʠ 

ʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤ ʂʦʥʩʪʨʫʢʪʦʨ 

ʩʝʯʝʥʠʡ, ʊʆʅʋʉ ʠ ʂʦʥʩʫʣ ʫʯʝʪ ʫʛʣʘ FU ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʦʚ FK (FU) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʚʦʨʦʪʦʤ ʩʝʯʝʥʠʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʝʩʣʠ ʩʤʦʪʨʝʪʴ 

ʩ ʢʦʥʮʘ ʦʩʠ X1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʨʠʩ. 3.3-6 ʫʛʦʣ FK 

ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʘ ʫʛʦʣ FU ð ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

 

ʈʠʩ. 3.3-7 

ɹʦʣʝʝ ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʦʩʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʣʦʙʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ 

ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʥʝʢʦʪʦʨʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʦʯʢʠ (ʪʦʯʢʘ 

ʦʨʠʝʥʪʘʮʠʠ), ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʢʦʦʨʜʠʥʘʪʫ Y1 ʠʣʠ Z1 (ʩʤ. ʥʠʞʝ). ʊʘʢ ʜʣʷ ʚʩʝʭ ʚʝʨʪʠ-

ʢʘʣʴʥʳʭ ʢʦʣʦʥʥ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ (ʨʠʩ. 3.3-7) 

ʟʘʜʘʝʪʩʷ ʦʜʥʘ ʠ ʪʘ ʞʝ ʪʦʯʢʘ ʦʨʠʝʥʪʘʮʠʠ FK ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʮʝʥʪʨʘ ʢʨʫʛʘ ʩʦʦʨʫʞʝʥʠʷ (ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʛʣʦʙʘʣʥɹʳʝ 

ʦʩʠ ʧʨʦʚʝʜʝʥʳ ʯʝʨʝʟ ʵʪʦʪ ʮʝʥʪʨ). 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʩʧʦʣʦʞʠʪʴ ʩʪʝʨʞʝʥʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʢʘʢʦʡ 

ʠʤʝʥʥʦ ʫʛʦʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ð ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʠʣʠ ʩ 

ʛʣʘʚʥʳʤʠ ʦʩʤ̫ʠ ʠʥʝʨʮʠʠ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʟʘʜʘʪʴ, ʢʘʢʘʷ 

ʠʤʝʥʥʦ ʠʟ ʦʩʝʡ Y1 ʠʣʠ Z1 (ʘʥʘʣʦʛʠʯʥʦ y ʠʣʠ z) ʥʘʧʨʘʚʣʝʥʘ ʚ 

ʩʪʦʨʦʥʫ ʪʦʯʢʠ ʦʨʠʝʥʪʘʮʠʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʧʨʠ 

ʵʪʦʤ ʤʝʥʝ̫ʪʩʷ (ʨʠʩ. 3.3-8). 

                                                      
1 ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʝʜʘʢʮʠʷʭ ʜʦʢʫʤʝʥʪʘʮʠʠ ʵʪʦʪ ʫʛʦʣ ʥʘʟʳʚʘʣʩʷ çʫʛʣʦʤ ʯʠʩʪʦʛʦ ʚʨʘʱʝʥʠʷè, ʟʘʪʝʤ çʫʛʣʦʤ 

ʦʨʠʝʥʪʘʮʠʠ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠè ʠ ʧʨʠʦʙʨʝʣ ʢʥʦʧʢʫ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʘʥʝʣʠ ʅʘʟʥʘʯʝʥʠʷ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ çʫʛʦʣ ʨʘʟʚʦʨʦʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʝʡè ʙʦʣʝʝ ʪʦʯʥʦ ʦʪʨʘʞʘʝʪ ʩʫʱʝʩʪʚʦ ʧʨʦʙʣʝʤʳ, ʧʦʩʢʦʣʴʢʫ 

ʧʝʨʝʭʦʜ ʢ ʛʣʘʚʥʳʤ ʦʩʷʤ ʠʥʝʨʮʠʠ, ʥʝ ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 



3 . Ȋ ȱ Ȫ ȴȱ ȷȻ Ȯȳ ȩ ȳȷ ȶȮ ɀȶ ɄȾ ɆȴȮȵȮȶȻȷȫ 
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ʈʠʩ. 3.3-8 

 

 

 

 

ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʯʝʥʠʡ, ʫ ʢʦʪʦʨʳʭ 

ʥʝ ʨʘʚʝʥ ʥʫʣʶ ʫʛʦʣ FU, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʩʭʝʤʘ ʪʠʧʘ çʧʣʦʩʢʘʷ ʨʘʤʘè 

ʥʝʢʦʨʨʝʢʪʥʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʛʣʘʚʥʳʝ ʦʩʠ ʠʥʝʨʮʠʠ ʩʪʝʨʞʥʷ ʥʝ ʣʝʞʘʪ 

ʚ ʚʳʙʨʘʥʥʦʡ ʩʠʣʦʚʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʢʦʥʪʨʦʣʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʪʘʢʠʝ 

ʦʰʠʙʢʠ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ. ʕʪʘ ʩʠʪʫʘʮʠʷ, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʝ ʜʦʣʞʥʘ ʠʤʝʪʴ 

ʤʝʩʪʦ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʛʜʝ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ ʩʪʝʨʞʥʠ ʨʘʙʦʪʘʶʪ 

ʪʦʣʴʢʦ ʥʘ ʨʘʩʪʷʞʝʥʠʝ/ʩʞʘʪʠʝ (ʵʣʝʤʝʥʪʳ ʪʠʧʘ 1 ʠʣʠ 4). ʅʦ ʧʦʩʢʦʣʴʢʫ ʚ 

SCAD ʠ ʜʣʷ ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʧʨʝʜʫʩʤʦʪʨʝʥʘ, ʥʘʧʨʠʤʝʨ, ʤʝʩʪʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ, ʪʦ ʦʥʘ ʤʦʞʝʪ ʫʞʝ ʥʝ ʜʝʡʩʪʚʦʚʘʪʴ ʚ 

ʧʣʦʩʢʦʩʪʠ ʨʘʤʳ. ʇʦʵʪʦʤʫ ʟʘʧʨʝʪ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ. 

ȗȪɂȮȮ ȷȸȱȺȩȶȱȮ ȺȻȮȹȯȶȮȫɄȾ ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.3-1, ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʨʝʘʣʠʟʦʚʘʥʳ ʢʘʢ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ 

ʫʥʠʚʝʨʩʘʣʴʥr ʭ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ 10 ʠ 110.  

ɺ ʩʪʝʨʞʥʷʭ ʪʠʧʘ 10 ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʜʚʠʛʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʟʛʠʙʘ ʠʤʝʝʪ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ [16, 55]. ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʝʨʞʝʥʴ, 

ʧʦʜʘʪʣʠʚʳʡ ʥʘ ʩʜʚʠʛ, ʠ/ʠʣʠ çʦʙʞʘʪʳʡ ʩʪʝʨʞʝʥʴè, ʠʤʝʶʱʠʡ ʥʝʥʫʣʝʚʫʶ ʧʨʦʜʦʣʴʥʫʶ ʩʠʣʫ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʪʝʨʞʥʷ ʊʠʤʦʰʝʥʢʦ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩ ʫʯʝʪʦʤ 

ʩʜʚʠʛʦʚ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʜʘʝʪʩʷ ʚ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʬʫʥʢʮʠʷʭ ʂʦʨʥʦʫʭʦʚʘ [29].  

ɺ ʩʪʝʨʞʥʷʭ ʪʠʧʘ 110 ʥʦʨʤʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʧʦʣʠʥʦʤʘʤʠ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʩʠʩʪʝʤʳ ʦʜʥʦʨʦʜʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʕʡʣʝʨʘ 

[30, 90]. ɽʩʣʠ ʜʣʷ ʩʪʝʨʞʥʷ ʊʠʤʦʰʝʥʢʦ ʥʝ ʟʘʜʘʥʳ ʩʜʚʠʛʦʚʳʝ ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ ʙʘʣʢʘ ɹʝʨʥʫʣʣʠ. 

ɽʩʣʠ ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʨʝʘʣʠʟʫʶʪ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʪʦ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʨʝʰʝʥʠʷ 

ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʜʨʦʙʣʝʥʠʝ ʩʪʝʨʞʥʝʚʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʥʘʯʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʧʨʠʙʣʠʞʝʥʥʳʤ ʠ ʤʦʞʝʪ ʫʪʦʯʥʷʪʴʩʷ ʧʫʪʝʤ ʜʨʦʙʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ.ʂʕ. 

ʇʨʦʜʦʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ ʩʪʝʨʞʥʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʧʦʣʠʥʦʤʘʤʠ 

ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. 

ɺʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ ʥʘ ʢʦʥʮʘʭ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʪʝʨʞʥʝʚʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʧʦ ʦʜʥʦʤʫ (ʪʠʧʳ 2, 3, 7, 102, 103) ʠʣʠ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʛʣʘʚʥʳʭ ʦʩʝʡ 

ʠʥʝʨʮʠʠ (ʪʠʧʳ 5, 6, 10, 105, 110), ʩʜʚʠʛʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʞʘʪʠʷ (ʪʠʧʳ 2, 5, 6, 10, 102, 105, 

110). 

ʂʦʥʮʝʚʳʝ ʩʝʯʝʥʠʷ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ ʤʦʛʫʪ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʠʢʨʝʧʣʷʪʴʩʷ ʢ 

ʫʟʣʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʢ ʢʦʥʮʘʤ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ, ʪʘʢ ʢʘʢ ʜʣʷ ʵʪʠʭ ʩʝʯʝʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʷʪʠʷ ʩʚʷʟʠ ʩʪʝʨʞʥʷ ʧʦ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ X1Y1Z1. 
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ʉʥʷʪʠʝ ʩʚʷʟʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʥʝʡʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ, ʩʥʷʪʠʝ 

ʫʛʣʦʚʦʡ ʩʚʷʟʠ ð ʩʚʦʙʦʜʥʳʡ ʧʦʚʦʨʦʪ (ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʰʘʨʥʠʨ). ʇʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʘ 

ʢʦʥʪʨʦʣʠʨʫʝʪ, ʯʪʦʙʳ ʢʦʤʙʠʥʘʮʠʷ ʩʥʷʪʳʭ ʩʚʷʟʝʡ ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʟʤʝʥʷʝʤʦʩʪʠ (ʩ 

ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠʟʥʘʢʘ ʪʠʧʘ ʩʭʝʤʳ). 

ʅʘ ʩʪʝʨʞʝʥʴ ʜʦʧʫʩʢʘʝʪʩʷ ʟʘʜʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʩʪʥʳʭ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʢʘʢ ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ X1Y1Z1, ʪʘʢ ʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ XYZ. 

ʂʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪ r ʪʠʧʘ 10 ʠ 110 ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩʦ ʚʩʝʤʠ ʧʨʠʟʥʘʢʘʤʠ ʪʠʧʘ ʩʭʝʤʳ, 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʜʨʫʛʠʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʧʨʠʟʥʘʢʘ ʩʭʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʦʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʪʝʨʞʥʝʚʦʛʦ ʵʣʝʤʝʥʪʘ. ʉʦʦʪʚʝʪʩʪʚʠʝ 

ʧʨʠʟʥʘʢʦʚ ʩʭʝʤʳ ʠ ʪʠʧʘ ʩʪʝʨʞʥʝʚʦʡ ʧʨʦʮʝʜʫʨʳ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 3.3-1. 

ȋȱȭɄ ȺȻȮȹȯȶȮȫɄȾ ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

ʉʧʠʩʦʢ ʨʘʟʣʠʯʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʝʨʞʥʝʚʦʛʦ ʪʠʧʘ ʩ ʫʢʘʟʘʥʠʝʤ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʚʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3.3-1 ʠ ʥʘ ʨʠʩ. 3.3-9. 

 

ʈʠʩ. 3.3-9 

ʊʘʙʣʠʮʘ 3.3-1 

N 

ʂʕ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʕ ʇʨʠʟʥʘʢ 

ʩʭʝʤ  r

ʈʘʩʧʦʣʦ-

ʞʝʥʠʝ 

ʉʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ 

ɺʳʯʠʩʣʷʝʤʳʝ ʫʩʠʣʠʷ 

1 ʉʪʝʨʞʝʥʴ ʧʣʦʩʢʦʡ ʬʝʨʤʳ 

 (ʨʠʩ. 3.3-9, ʘ) 

1, 2, 4, 5, 8, 

9 

ʧʣ. XOZ X, Z N, MY, QZ, rX 

2 

102 

ʉʪʝʨʞʝʥʴ ʧʣʦʩʢʦʡ ʨʘʤʳ  

(ʨʠʩ. 3.3-9, ʙ) 

2, 5, 8, 9 ʧʣ. XOZ X, Z, UY N, MY, QZ, rX, rZ 

3 

103 

ʉʪʝʨʞʝʥʴ ʙʘʣʦʯʥʦʛʦ 

ʨʦʩʪʚʝʨʢʘ (ʨʠʩ. 3.3-9, ʚ)  

3, 5, 8, 9 ʧʣ. XOY Z, UX, UY MK (MX), MY, QZ, rZ 

4 ʉʪʝʨʞʝʥʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʡ ʬʝʨʤʳ (ʨʠʩ. 3.3-9, ʛ) 

4, 5, 8, 9 ʣʶʙʦʝ X, Y, Z N, MK, MY, QZ, MZ, QY, rX 

5 

105 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʩʪʝʨʞʝʥʴ (ʨʠʩ. 3.3-9, ʛ) 

5, 8, 9 ʣʶʙʦʝ 

X, Y, Z, UX, 

UY, UZ 

 

N, MK, MY, QZ, MZ, QY, 

rX, rY, rZ, B, Tw 
6 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʩʪʝʨʞʝʥʴ c ʫʯʝʪʦʤ ʩʜʚʠʛʘ 

(ʨʠʩ. 3.3-9, ʛ) 

5, 8, 9 ʣʶʙʦʝ 

7 ʉʪʝʨʞʝʥʴ ʙʘʣʦʯʥʦʛʦ ʨʦʩʪ-

ʚʝʨʢʘ ʥʘ ʫʧʨʫʛʦʤ 

ʦʩʥʦʚʘʥʠʠ (ʨʠʩ. 3.3-9, ʜ) 

3, 5, 8, 9 ʧʣ. XOY Z, UX, UY MK (MX), MY, QZ, rZ 

10 

110 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʩʪʝʨʞʝʥʴ ʣʶʙʦʡ ʧʦ ʧʨʠʟʥʘʢʫ 

ʩʭʝʤʳ 

ʧʦ ʧʨʠʟʥʘʢʫ 

ʩʭʝʤʳ ʠʣʠ 

ʪʠʧʫ ʵʣʝʤʝʥʪʘ 

N, MK, MY, QZ, MZ, QY, rX, rY, 

rZ 

ɺ ʪʘʙʣʠʮʝ 3.3-1 ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʚʳʯʠʩʣʷʝʤʳʝ ʚ ʩʪʝʨʞʥʷʭ ʫʩʠʣʠʷ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʟʜʝʣʝ 13.6. 
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ȗȺȷȪȮȶȶȷȺȻȱ ȰȩȭȩȶȱɈ ȱȺȾȷȭȶȷȲ ȱȶȽȷȹȵȩȿȱȱ ȭȴɈ ȺȻȮȹȯȶȮȫɄȾ ȳȷȶȮɀȶɄȾ 
ɆȴȮȵȮȶȻȷȫ 

ʀʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʪʝʨʞʥʝʚʳʤʠ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦʙ ʠʭ 

ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʚʢʣʶʯʘʷ ʦʧʠʩʘʥʠʝ ʩʝʯʝʥʠʷ, ʫʩʣʦʚʠʷʭ ʧʨʠʤʳʢʘʥʠʷ ʠ ʥʘʛʨʫʟʢʘʭ, 

ʢʦʪʦʨʳʝ ʧʨʠʣʦʞʝʥʳ ʢ ʵʣʝʤʝʥʪʘʤ. 

ȗȸȱȺȩȶȱȮ ȺȮɀȮȶȱɈ 

ʊʘʙʣʠʮʘ 3.3-2 

EF ð ʧʨʦʜʦʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ (ʊ); 

EIY ð ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Y1 

(ʊʤ2); 

EIZ ð ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Z1 (ʊʤ
2); 

GIkr ð ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ (ʊʤ2); 

GFY ð ʩʜʚʠʛʦʚʘʷ ʞʝʩʪʢʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Y1 (ʊ); 

GFZ ð ʩʜʚʠʛʦʚʘʷ ʞʝʩʪʢʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Z1 (ʊ); 

lY,1, lY,2, lZ,1 ʠ lZ,2 ð ʨʘʟʤʝʨʳ ʷʜʨʘ ʩʝʯʝʥʠʷ ʚ (ʤ).  

ʊʠʧ 

ʵʣʝʤʝʥʪʘ 

ʇʝʨʝʯʝʥʴ ʟʘʜʘʚʘʝʤʳʭ 

ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

1 

2, 102 

3, 7, 103 

4 

5, 6, 105 

10, 110 

 

EF 

EF   EIY   [GFY] 

EIY   GIkr 

EF 

EF  EIY   EIZ   GIkr   [GFY   GFZ] 

ʇʦ ʧʨʠʟʥʘʢʫ ʩʭʝʤʳ 

 

ʈʘʟʤʝʨʳ ʷʜʨʘ ʩʝʯʝʥʠʷ (ʨʠʩ. 3.3-10) ʥʝʦʙʭʦʜʠʤʳ 

ʧʨʠ ʚʳʙʦʨʝ ʨʘʩʯʝʪʥʳʭ ʩʦʯʝʪʘʥʠʡ ʫʩʠʣʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʨʘʩʯʝʪʦʚ, ʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʧʦʣʥʷʶʪʩʷ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʦʜʫʣʝ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʇʫʘʩʩʦʥʘ. 

 
ʈʠʩ. 3.3-10 

ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʢʦʤʧʣʝʢʩʝ ʬʫʥʢʮʠʠ ʟʘʜʘʥʠʷ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʨʞʥʝʚʳʤ 

ʵʣʝʤʝʥʪʘʤ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʠʭ ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ ʯʠʩʣʝʥʥʦ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

¶ ʢʘʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ (ʪʠʧʦʚʳʝ) ʩʝʯʝʥʠʷ; 

¶ ʢʘʢ ʯʠʩʣʝʥʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʠ ʯʠʩʣʝʥʥʦʝ ʦʧʠʩʘʥʠʝ; 

¶ ʧʫʪʝʤ ʚʳʙʦʨʘ ʩʝʯʝʥʠʷ ʠʟ ʩʦʨʪʘʤʝʥʪʘ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ; 

¶ ʧʫʪʝʤ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʩʝʯʝʥʠʷ ʠʟ ʩʦʨʪʘʤʝʥʪʘ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ; 

¶ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤ ʂʦʥʩʪʨʫʢʪʦʨ ʩʝʯʝʥʠʡ, ʂʦʥʩʫʣ ʠʣʠ ʊʆʅʋʉ. 

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʦʧʠʩʘʥʠʠ ʜʣʷ ʩʪʝʨʞʥʝʚʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʜʘʶʪʩʷ 

ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ1 ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʪʘʙʣ 3.3-2. 

ʇʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʟʘʜʘʥʠʝ ʩʝʯʝʥʠʡ ʜʝʚʷʪʠ ʚʠʜʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ 

ʚ ʪʘʙʣ. 3.3-3. ʂʨʦʤʝ ʨʘʟʤʝʨʦʚ ʩʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʚʘʪʴ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ɽ. ɺ 

ʙʘʟʦʚʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʷ ʟʘʜʘʶʪʩʷ ʚ ʩʤ, ʘ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚ ʊ/ʤ2. ʇʦ 

ʫʤʦʣʯʘʥʠʶ ʧʨʠʥʠʤʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ 0,2. ʇʦʢʘʟʘʥʥʳʝ ʨʷʜʦʤ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ 

ʩʝʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ S0ïS8 ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ ʘʨʭʠʚʘʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʜʣʷ ʤʘʨʢʠʨʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʧʝʨʝʤʝʥʥʦʝ ʩʝʯʝʥʠʝ ʩʪʝʨʞʥʷ: 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʣʠʥʝʡʥʦ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʥʘʯʘʣʘ ʛʠʙʢʦʡ ʯʘʩʪʠ ʜʦ ʝʝ 

ʢʦʥʮʘ. 

                                                      
1 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʫʢʘʟʘʥʳ ʙʘʟʦʚʳʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʜʨʫʛʠʭ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʩʷ ʠ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʝʣʠʯʠʥ. 
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ʇʨʠ ʯʠʩʣʝʥʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʜʘʶʪʩʷ ʢʘʢ ʯʠʩʣʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʝʩʪʢʦʩʪʠ, ʪʘʢ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʫʯʠʪʳʚʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ 

ʪʠʧ ʠ ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʨʘʩʯʝʪʥʳʭ ʩʦʯʝʪʘʥʠʡ, ʧʦʜʙʦʨʝ ʘʨʤʘʪʫʨʳ ʠ ʪ. ʧ. 

ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʧʫʪʝʤ ʚʳʙʦʨʘ ʩʝʯʝʥʠʡ ʠʟ ʩʦʨʪʘʤʝʥʪʘ 

ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʨʫʪʩʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʝʪʩʷ ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʩʦʨʪʘʤʝʥʪʳ: 

ʀʤʷ ʩʦʨʪʘʤʝʥʪʘ ʀʤʷ ʬʘʡʣʘ ʚ ʢʦʨʥʝʚʦʤ ʢʘʪʘʣʦʛʝ 

ʇʦʣʥʳʡ ʢʘʪʘʣʦʛ ʧʨʦʬʠʣʝʡ ɻʆʉʊ russian.prf 

ʉʦʢʨʘʱʝʥʥʳʡ ʩʦʨʪʘʤʝʥʪ ɻʆʉʊ Russhort.prf 

ʉʪʘʨʳʝ ʩʦʨʪʘʤʝʥʪʳ (1926, 1932 ʛ.ʛ.) Rus_old.prf 

ʉʦʨʪʘʤʝʥʪ ʏʝʣʷʙʠʥʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʢʦʤʙʠʥʘʪʘ (ʉʊʆ ɸʉʏʄ 20-93) 

Aschm.prf 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʬʠʣʠ British1.prf 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʠʤʧʦʨʪʠʨʫʝʤʳʝ ʧʨʦʬʠʣʠ British3.prf 

ʉʚʘʨʥʳʝ ʧʨʦʬʠʣʠ WELD.PRF 

OTUA (ʌʨʘʥʮʠʷ) Otua.prf 

DIN (ɻʝʨʤʘʥʠʷ) Din.prf 

ARBED (ɻʝʨʤʘʥʠʷ) ARBED.PRF 

ASTM (ʉʐɸ) Usa.prf 

ʗʧʦʥʩʢʠʡ ʩʦʨʪʘʤʝʥʪ Japan.prf 

ʀʥʜʠʡʩʢʠʡ ʩʦʨʪʘʤʝʥʪ India.prf 

ɸʣʶʤʠʥʠʝʚʳʝ ʧʨʦʬʠʣʠ Alum.prf 

ʉʦʨʪʘʤʝʥʪ ʩʪʘʣʴʥʳʭ ʦʮʠʥʢʦʚʘʥʥʳʭ ʢʘʥʘʪʦʚ Cable.prf 

ʉʦʨʪʘʤʝʥʪ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ ʧʦ ɻʆʉʊ RebarRU.prf 

ʉʦʨʪʘʤʝʥʪ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ ʈʝʩʧʫʙʣʠʢʠ 

ɹʝʣʘʨʫʩʴ 

RebarBY.prf 

ʉʦʨʪʘʤʝʥʪ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ ʧʦ ENV 

10080:1996 

RebarEC.prf 

ʉʦʨʪʘʤʝʥʪ ʇʦʣʴʰʠ Poland.prf 

ʊʝʨʤʦʧʨʦʬʠʣʠ ʩʪʘʣʴʥʳʝ ʛʥʫʪʳʝ Term2007.prf 

ʇʨʦʬʠʣʠ ʭʦʣʦʜʥʦʛʥʫʪʳʝ Tu1121.prf 

ʇʨʦʬʠʣʠ ʭʦʣʦʜʥʦʛʥʫʪʳʝ ʩʪʘʣʴʥʳʝ ʦʮʠʥʢʦʚʘʥʥʳʝ Tu112101.prf 

ʉʦʨʪʘʤʝʥʪ ʂʠʪʘʷ China.prf 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʩʪʘʣʠ ʜʣʷ ʚʩʝʭ ʩʦʨʪʘʤʝʥʪʦʚ ʧʨʠʥʷʪʦ 2,1ʝ7 ʊ/ʤ2, 

ʦʙʲʝʤʥʦʛʦ ʚʝʩʘ ð 7,85 ʊ/ʤ3, ʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ð 0,3. ɹʦʣʝʝ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʩʦʜʝʨʞʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʩʦʨʪʘʤʝʥʪʦʚ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʧʨʠʚʝʜʝʥʘ ʚ ʇʨʠʣʦʞʝʥʠʠ. 
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ʈʠʩ. 3.3-11. ʉʦʩʪʘʚʥʳʝ ʩʝʯʝʥʠʷ 

ʊʘʙʣʠʮʘ 3.3-4 

ɹʘʟʦʚʳʡ ʧʨʦʬʠʣʴ ʊʠʧ ʢʦʤʧʦʥʦʚʢʠ ɺʠʜ ʩʝʯʝʥʠʷ 
ʂʦʜ ʪʠʧʘ 

ʢʦʤʧʦʥʦʚʢʠ 

ʇʘʨʘʤʝʪʨʳ 

1 2 

ʈʘʚʥʦʧʦʣʦʯʥʳʡ 

ʫʛʦʣʦʢ 

ʧʦʣʢʘʤʠ 
 

0, 1  g  

ʢʨʝʩʪʦʤ 
 

2 g  

ʢʦʨʦʙʢʦʡ 
 

3 H B 

ʅʝʨʘʚʥʦʧʦʣʦʯʥʳʡ 

ʫʛʦʣʦʢ 

ʢʦʨʦʪʢʠʤʠ ʧʦʣʢʘʤʠ 
 

0 g  

ʜʣʠʥʥʳʤʠ ʧʦʣʢʘʤʠ 
 

1 g  

ʐʚʝʣʣʝʨ 
ʚ ʚʠʜʝ ʢʦʨʦʙʢʠ 

 
0 B  

ʚ ʚʠʜʝ ʜʚʫʪʘʚʨʘ 
 

1 B  

ɼʚʫʪʘʚʨ  
 

0 B  

ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟ ʩʦʨʪʘʤʝʥʪʘ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʩʪʘʚʥʳʭ ʩʝʯʝʥʠʡ ʠʟ ʫʛʦʣʢʦʚ, ʰʚʝʣʣʝʨʦʚ ʠ ʜʚʫʪʘʚʨʦʚ. ɺʠʜʳ ʩʝʯʝʥʠʡ (ʨʠʩ. 3.3-11) 

ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʟʘʜʘʚʘʝʤʳʝ ʧʨʠ ʠʭ ʚʚʦʜʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3-4. 

ȜȸȹȼȬȷȮ ȷȺȶȷȫȩȶȱȮ 

ɿʘʜʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʤʝʩʪʥʳʭ ʦʩʝʡ ʵʣʝʤʝʥʪʘ 

X1, Y1 ʠʣʠ Z1. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ (ʤʦʜʝʣʴ ʇʘʩʪʝʨʥʘʢʘ), ʥʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʦ 

ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʩʪʝʣʠ ʉ2 ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʤʦʜʝʣʠ ʫʧʨʫʛʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ɺʠʥʢʣʝʨʘ ʩ ʦʜʥʠʤ ʢʦɻ ʬʬʠʮʠʝʥʪʦʤ ʧʦʩʪʝʣʠ ʉ1.  

ʇʨʠ ʵʪʦʤ ʟʘʜʘʶʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ Y1 ʠ Z1: 

h(b) ð ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʝʯʝʥʠʷ ʩ ʫʧʨʫʛʠʤ ʦʩʥʦʚʘʥʠʝʤ ʧʦ ʜʘʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ (ʤ); 

C1 ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʣʠ ʪʠʧʘ ɺʠʥʢʣʝʨʦʚʩʢʦʛʦ (ʊ/ʤ3); 

C2 ð ʇʘʩʪʝʨʥʘʢʦʚʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʣʠ (ʊ/ʤ). 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ X1 ʟʘʜʘʶʪʩʷ: 

a ð ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʝʯʝʥʠʷ ʩ ʫʧʨʫʛʠʤ ʦʩʥʦʚʘʥʠʝʤ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ 

(ʤ); 

C1x ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʣʠ ʪʠʧʘ ɺʠʥʢʣʝʨʦʚʩʢʦʛʦ (ʊ/ʤ3). 

ȚȭȫȱȬ ȱ ȸȹȮȭȶȩȸȹɈȯȮȶȱȮ 

ɼʣʷ ʫʯʝʪʘ ʧʦʜʘʪʣʠʚʦʩʪʠ ʵʣʝʤʝʥʪʘ ʟʘ ʩʯʝʪ ʩʜʚʠʛʘ: 

¶ ʜʣʷ ʂʕ ʪʠʧʘ 6, 102, 103, 105 ʠ 110 ʜʦʩʪʘʪʦʯʥʦ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʷ ʩʜʚʠʛʦʚʳʭ ʞʝʩʪʢʦʩʪʝʡ; 

¶ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ 2, 5 ʠ 10 ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʚ ʞʝʩʪʢʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ.  

ɼʣʷ ʵʣʝʤʝʥʪʦʚ 2, 5, 6, 10 ʧʨʠ ʫʯʝʪʝ ʩʜʚʠʛʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʩʯʝʪʥʦʡ 

ʩʭʝʤʳ ʩʪʝʨʞʥʷ ʕʡʣʝʨʘ-ɹʝʨʥʫʣʣʠ ʢ ʤʦʜʝʣʠ ʊʠʤʦʰʝʥʢʦ [38, 46]. 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ 2, 5, 6, 10, 102, 105 ʠ 110 ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʢʘʟʘʪʴ ʚʝʣʠʯʠʥʫ ʦʙʞʘʪʠʷ 

(ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ). ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʵʪʦ ʦʙʞʘʪʠʝ ʦʪʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʵʣʝʤʝʥʪʫ ʠ ʥʘ ʩʠʩʪʝʤʫ ʥʝ ʧʝʨʝʜʘʝʪʩʷ (ʢʘʢ ʫ ʤʦʥʪʠʨʫʝʤʦʛʦ ʩʙʦʨʥʦʛʦ 
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ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʧʨʝʜʥʘʧʨʷʞʝʥʥʦʛʦ ʩʪʝʨʞʥʷ). ʇʨʠ ʟʘʜʘʥʠʠ ʚʝʣʠʯʠʥʳ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʩʪʝʨʞʥʷ ʜʣʷ ʵʣʝʤʝʥʪʦʚ 2, 5, 6, 10 ʧʨʠʥʷʪʘ ʤʦʜʝʣʴ ʊʠʤʦʰʝʥʢʦ [29]. 

ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʧʨʝʜʥʘʧʨʷʞʝʥʠʝ ʚ ʩʠʩʪʝʤʝ, ʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʩʣʝʜʠʪʴ ʟʘ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ (ʵʪʦʛʦ ʤʦʞʥʦ 

ʜʦʩʪʠʯʴ, ʟʘʜʘʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʩʪʦʷʥʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʟʘʛʨʫʞʝʥʠʝ). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʧʦ-

ʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʠ ʚʝʣʠʯʠʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ ʧʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ 

ʥʘʧʨʷʛʘʝʤʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ.  

ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʫʶ ʩʠʩʪʝʤʫ ʥʝʣʴʟʷ ʧʨʝʜʥʘʧʨʷʯʴ.  

ȏȮȺȻȳȱȮ ȫȺȻȩȫȳȱ 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʪʝʨʞʥʝʚʳʝ ʵʣʝʤʝʥʪʳ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ ʫʧʨʫʛʘʷ ʯʘʩʪʴ ʩʪʝʨʞʥʷ ʦʪʦʜʚʠʛʘʝʪʩʷ ʦʪ 

ʫʟʣʦʚ ʵʣʝʤʝʥʪʘ. ʆʥʘ ʩʦʭʨʘʥʷʝʪ ʩʪʘʨʫʶ ʣʦʢʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ X1Y1Z1, ʚ ʢʦʪʦʨʦʡ ʦʩʴ ʍ1 

ʩʦʚʤʝɦ ʝʥʘ ʩ ʦʩʴʶ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘ, ʘ ʦʩʠ Y1 ʠ Z1 ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚʜʦʣʴ ʛʣʘʚʥʳʭ ʦʩʝʡ 

ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ X2Y2Z2 (ʩʤ. 

ʨʠʩ. 3.3-12), ʫ ʢʦʪʦʨʦʡ ʦʩʴ X2 ʥʘʧʨʘʚʣʝʥʘ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘ ʵʣʝʤʝʥʪʘ ʢ ʢʦʥʝʯʥʦʤʫ, ʦʩʴ Y2 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ Y1Z1, ʘ ʦʩʴ Z2 ʜʦʧʦʣʥʷʝʪ ʵʪʫ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ ʪʨʦʡʢʠ. 

 
ʈʠʩ. 3.3-12 

ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʦʧʠʩʘʥʠʷ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ: 

¶ ʜʣʠʥʳ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ ʟʘʜʘʥʳ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ X2Y2Z2, ʚ ʢʦʪʦʨʦʡ ʦʩʴ ʍ2 ʧʨʦʭʦʜʠʪ ʦʪ 

ʧʝʨʚʦʛʦ ʫʟʣʘ ʢʦ ʚʪʦʨʦʤʫ (ʨʠʩ. 3.3-12). ʋʛʦʣ 

ʧʦʚʦʨʦʪʘ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ X2Y2Z2 ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʟʘʜʘʥʥʦʤʫ 

ʜʣʷ ʛʠʙʢʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ; 

¶ ʜʣʠʥʳ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ ʟʘʜʘʥʳ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ 
ʢʦʦʨʜʠʥʘʪ ʢʘʢ ʚʝʢʪʦʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʦʪ ʫʟʣʘ ʢ 

ʛʠʙʢʦʡ ʯʘʩʪʠ (ʨʠʩ. 3.3-13). 

 
ʈʠʩ. 3.3-13 

ʇʨʠ ʟʘʜʘʥʠʠ ʜʣʠʥ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ ʟʥʘʢ ʯʠʩʣʘ 

çʤʠʥʫʩè ʦʟʥʘʯʘʝʪ ʨʘʟʤʝʨ, ʦʪʩʯʠʪʘʥʥʳʡ ʧʨʦʪʠʚ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʠ. ɺ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ 

ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʟʘʜʘʶʪʩʷ ʚ ʤʝʪʨʘʭ. 

ʇʦʣʦʞʝʥʠʝ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʝʪʩʷ 

ʢʘʢ ʟʥʘʯʝʥʠʷ ʧʨʦʝʢʮʠʡ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ 

ʩʪʝʨʞʥʷ ʥʘ ʦʩʠ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

 

ȍȮȸȴȩȶȩȿȱɈ ȻȷȶȳȷȺȻȮȶȶɄȾ ȺȻȮȹȯȶȮȲ 
ɼʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʝʨʞʥʝʡ (ʪʠʧ 5,6,10) ʜʦʧʫʩʢʘʝʪʩʷ ʫʯʝʪ ʜʝʧʣʘʥʘʮʠʠ ʩʝʯʝʥʠʷ (ʩʤ. ʨ. 2.2).  

ʈʝʘʣʠʟʦʚʘʥʳ: 

¶ ʙʝʩʩʜʚʠʛʦʚʘʷ ʪʝʦʨʠʷ; 

¶ ʧʦʣʫʩʜʚʠʛʦʚʘʷ ʪʝʦʨʠʷ. 

ɼʣʷ ʫʯʝʪʘ ʜʝʧʣʘʥʘʮʠʠ ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʩʪʨʘʥʠʮʝ ʕʣʝʤʝʥʪʳ ʚ ʇʘʨʘʤʝʪʨʘʭ ʨʘʩʯʝʪʘ ʥʫʞʥʫʶ 

ʦʧʮʠʶ ʚ ʛʨʫʧʧʝ ɼʝʧʣʘʥʘʮʠʷ (ʩʤ. ʨ.11.9). 

ȖȩȬȹȼȰȳȱ ȶȩ ȺȻȮȹȯȶȮȫɄȮ ɆȴȮȵȮȶȻɄ 

ʉʪʝʨʞʥʝʚʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʦʧʫʩʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʩʪʥʳʝ ʥʘʛʨʫʟʢʠ: 

¶ ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʟʘʜʘʚʘʝʤʘʷ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ; 

¶ ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʟʘʜʘʚʘʝʤʘʷ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

¶ ʨʘʚʥʦʤʝʨʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʟʘʜʘʚʘʝʤʘʷ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ; 

¶ ʨʘʚʥʦʤʝʨʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʟʘʜʘʚʘʝʤʘʷ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

¶ ʪʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ, ʟʘʜʘʚʘʝʤʘʷ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ; 
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¶ ʪʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ, ʟʘʜʘʚʘʝʤʘʷ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

¶ ʜʠʩʣʦʢʘʮʠʷ; 

¶ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ ʦʙʱʝʛʦ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʘʤʳʢʘʥʠʷ ʠʣʠ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʤʝʞʜʫ çʚʝʨʭʥʝʡè ʠ çʥʠʞʥʝʡè ʛʨʘʥʷʤʠ ʧʦ 

ʩʝʯʝʥʠʶ ʵʣʝʤʝʥʪʘ (ʉʇ 20.13330.2016 ʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 

2.01.07-85* (ʩ ʀʟʤʝʥʝʥʠʷʤʠ N 1, 2, 3) / ʉʚʦʜ ʧʨʘʚʠʣ ʦʪ 03 ʜʝʢʘʙʨʷ 2016 ʛ.)). 

ʉʠʣʳ ʠ ʤʦʤʝʥʪʳ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʜʦʣʴ ʦʩʝʡ X1, Y1, Z1 ʠʣʠ X, Y, Z.  

ʉʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ 

ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʠʣʦʞʝʥʥʳʭ ʚ ʪʦʯʢʝ ʥʘ ʛʠʙʢʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 

ʨʘʩʩʪʦʥ̫ʠʠ a ʦʪ ʝʝ ʥʘʯʘʣʘ (ʨʘʩʩʪʦʷʥʠʝ a ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʟʘʜʘʥʦ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʛʠʙʢʦʡ ʯʘʩʪʠ 

ʵʣʝʤʝʥʪʘ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʣʝʚʘʷ ʧʨʠʚʷʟʢʘ ʧʨʝʚʨʘʪʠʪ ʤʝʩʪʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʪʝʨʞʥʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʫʟʣʦʚʫʶ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʪʝʨʞʝʥʴ ʥʝ ʠʤʝʝʪ ʞʝʩʪʢʠʭ ʚʩʪʘʚʦʢ. 

ʈʘʚʥʦʤʝʨʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʜʝʡʩʪʚʫʝʪ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ, ʪ. ʝ. ʚʝʣʠʯʠʥʦʡ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ 

ʜʣʠʥʳ. ʅʘʛʨʫʟʢʘ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʠ ʥʘ ʞʝʩʪʢʠʭ ʚʩʪʘʚʢʘʭ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʘʨʘʤʝʪʨ ʧʨʠ ʚʳʟʦʚʝ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (ʩʤ. ʨʘʟʜ. 11). 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʣ ʠʣʠ ʤʦʤʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʢʠ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʘʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʢʠ ʥʘʭʦʜʷʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ a ʠ b ʦʪ ʥʘʯʘʣʘ ʛʠʙʢʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ (ʟʥʘʯʝʥʠʷ a ʠ b ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʟʘʜʘʥʳ ʚ 

ʧʨʦʮʝʥʪʘʭ ʦʪ ʛʠʙʢʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘ). ɺʦʟʤʦʞʝʥ ʫʯʝʪ ʥʘʛʨʫʟʢʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʞʝʩʪʢʠʝ ʚʩʪʘʚʢʠ. 

ʇʨʠ ʵʪʦʤ a (b) ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ X1 ʪʦʯʢʠ ʥʘʯʘʣʘ (ʢʦʥʮʘ) ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʠʷ 

ʥʘʛʨʫʟʢʠ, ʣʝʞʘʱʝʡ ʥʘ ʞʝʩʪʢʦʡ ʚʩʪʘʚʢʝ. 

ʇʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʥʘʛʨʫʟʦʢ ʥʘ ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʚʝʜʝʥ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 3.3-5. 

ɺ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʟʘʜʘʥʠʝ ʥʘʛʨʫʟʦʢ ʚ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ: ʩʠʣʳ ʚ ʊ, 

ʤʦʤʝʥʪʳ ʚ ʊʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʠʷ, ʧʨʠʚʷʟʢʠ ʚ ʤ. 

ʊʘʙʣʠʮʘ 3.3-5 

ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɿʘʜʘʚʘʝʤʳʝ ʚʝʣʠʯʠʥ  r ʊʠʧ ʂʕ 

ʉʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ1 

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Y1 

ʚʜʦʣʴ ʦʩʠ Z1 

 

ʚʦʢʨʫʛ ʦʩʠ ʍ1 

ʚʦʢʨʫʛ ʦʩʠ Y1 

ʚʦʢʨʫʛ ʦʩʠ Z1 

FX1 a 

FY1 a 

FZ1 a 

 

MX1 a 

MY1 a 

MZ1 a 

1, 2, 4, 5, 6, 10, 102, 105, 

110 

4, 5, 6, 10, 105, 110 

1ï7, 10, 102, 103, 105, 

110 

 

3, 5, 6, 7, 10, 103, 105, 

110 

2, 3, 5, 6, 7, 10, 102, 103, 

105, 110 

5, 6, 10, 105, 110 

Cʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

ʚʜʦʣʴ ʦʩʠ Z 

 

ʚʦʢʨʫʛ ʦʩʠ ʍ 

ʚʦʢʨʫʛ ʦʩʠ Y 

ʚʦʢʨʫʛ ʦʩʠ Z 

FX a 

FY a 

FZ a 

 

MX a 

MY a 

MZ a 

1, 2, 4, 5, 6, 10, 102, 105, 

110 

4, 5, 6, 10, 105, 110 

1ï7, 10, 102, 103, 105, 

110 

 

3, 5, 6, 7, 10, 103, 105, 

110 

2, 3, 5, 6, 7, 10, 102, 103, 

                                                      
1ʇʨʠʚʷʟʢʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʠ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʥʘʛʨʫʟʦʢ ʥʘ ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʟʘʜʘʝʪʩʷ ʦʪ ʥʘʯʘʣʘ 

ʛʠʙʢʦʡ ʯʘʩʪʠ ʠʣʠ ʚ ʜʦʣʷʭ ʜʣʠʥʳ ʛʠʙʢʦʡ ʯʘʩʪʠ. 
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ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɿʘʜʘʚʘʝʤʳʝ ʚʝʣʠʯʠʥ  r ʊʠʧ ʂʕ 

105, 110 

5, 6, 10, 105, 110 

ʇʨʠʤʝʯʘʥʠʝ: ʇʨʠʚʷʟʢʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʟʘʜʘʸʪʩʷ ʢʘʢ 
ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʘ ʛʠʙʢʦʡ ʯʘʩʪʠ  ʠʣʠ ʚ ʜʦʣʷʭ ʜʣʠʥʳ ʛʠʙʢʦʡ ʯʘʩʪʠ 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Y1 

ʚʜʦʣʴ ʦʩʠ Z1 

 

ʚʦʢʨʫʛ ʦʩʠ ʍ1 

ʚʦʢʨʫʛ ʦʩʠ Y1 

ʚʦʢʨʫʛ ʦʩʠ Z1 

qX1 

qY1 

qZ1 

 

mX1 

mY1 

mZ1 

1, 2, 4, 5, 6, 10, 102, 105, 

110 

4, 5, 6, 10, 105, 110 

1ï7, 10, 102, 103, 105, 

110 

 

3, 5, 6, 7, 10, 103, 105, 

110 

2, 3, 5, 6, 7, 10, 102, 103, 

105, 110 

5, 6, 10, 105, 110 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

ʚʜʦʣʴ ʦʩʠ Z 

 

ʚʦʢʨʫʛ ʦʩʠ ʍ 

ʚʦʢʨʫʛ ʦʩʠ Y 

ʚʦʢʨʫʛ ʦʩʠ Z 

qX 

qY 

qZ 

 

mX 

mY 

mZ 

1, 2, 4, 5, 6, 10, 102, 105, 

110 

4, 5, 6, 10, 105, 110 

1ï7, 10, 102, 103, 105, 

110 

 

3, 5, 6, 7, 10, 103, 105, 

110 

2, 3, 5, 6, 7, 10, 102, 103, 

105, 110 

5, 6, 10, 105, 110 

ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʩ 

 
ʚʜʦʣʴ ʦʩʠ Z k ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʝʪʘ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ 

ʣʁ ʙʦʡ 

ʇʨʠʤʝʯʘʥʠʝ: ɼʣʷ ʫʯʝʪʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʯʝʥʠʷ ʠ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ 

ʤʘʪʝʨʠʘʣʘ. 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Y1 

ʚʜʦʣʴ ʦʩʠ Z1 

 

ʚʦʢʨʫʛ ʦʩʠ ʍ1 

ʚʦʢʨʫʛ ʦʩʠ Y1 

ʚʦʢʨʫʛ ʦʩʠ Z1 

qX1 a qX2 b 

qY1 a qY2 b 

qZ1 a qZ2 b 

 

mX1 a mX1 b 

mY1 a mY1 b 

mZ1 a mZ1 b 

1, 2, 4, 5, 6, 10, 102, 103, 

105, 110 

4, 5, 6, 10, 105, 110 

1ï7, 10, 102, 103, 105, 

110 

 

3, 5, 6, 7, 10, 103, 105, 

110 

2, 3, 5, 6, 7, 10, 102, 103, 

105, 110 

5, 6, 10, 105, 110 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

ʚʜʦʣʴ ʦʩʠ Z 

 

ʚʦʢʨʫʛ ʦʩʠ ʍ 

ʚʦʢʨʫʛ ʦʩʠ Y 

ʚʦʢʨʫʛ ʦʩʠ Z 

qX1 a qX2 b 

qY1 a qY2 b 

qZ1 a qZ2 b 

 

mX1 a mX2 b 

mY1 a mY2 b 

mZ1 a mZ2 b 

1, 2, 4, 5, 6, 10, 102, 105, 

110 

4, 5, 6, 10, 105, 110 

1-7, 10, 102, 103, 105, 

110 

 

3, 5, 6, 7, 10, 103, 105, 

110 

2, 3, 5, 6, 7, 10, 102, 103, 
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ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɿʘʜʘʚʘʝʤʳʝ ʚʝʣʠʯʠʥ  r ʊʠʧ ʂʕ 

105, 110 

5, 6, 10, 105, 110 

ʇʨʠʤʝʯʘʥʠʝ: ʇʨʠʚʷʟʢʘ ʪʨʘʧʝʮʠʝʚʠʜʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʟʘʜʘʸʪʩʷ ʢʘʢ 
ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʘ ʛʠʙʢʦʡ ʯʘʩʪʠ  ʠʣʠ ʚ ʜʦʣʷʭ ʜʣʠʥʳ ʛʠʙʢʦʡ ʯʘʩʪʠ. 

ɼʠʩʣʦʢʘʮʠʠ, ʨʘʟʜʚʠʞʢʘ 

 

ʧʦ ʦʩʠ X Dx, a 1, 2, 4, 5, 6, 10, 102, 105, 

110 

ʧʦ ʦʩʠ Y Dy, a 4, 5, 6, 10, 105, 110 

ʧʦ ʦʩʠ Z Dz, a 1-7, 10, 102, 103, 105, 

110 

ɼʠʩʣʦʢʘʮʠʠ, ʠʟʣʦʤ 

Z1

a 

X1 j

 

ʥʘ ʦʩʠ X Dux, a  3, 5, 6, 7, 10, 103, 105, 

110 

ʥʘ ʦʩʠ Y Duy, a 2, 3, 5, 6, 7, 10, 102, 103, 

105, 110 

 

ʥʘ ʦʩʠ Z Duz, a 5, 6, 10, 105, 110 

ʇʨʠʤʝʯʘʥʠʝ: ʇʨʠʚʷʟʢʘ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʟʘʜʘʸʪʩʷ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʘ 

ʛʠʙʢʦʡ ʯʘʩʪʠ  ʠʣʠ ʚ ʜʦʣʷʭ ʜʣʠʥʳ ʛʠʙʢʦʡ ʯʘʩʪʠ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʥʘʛʨʫʟʢʘ 

 

 
ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʨʞʥʷ 

ʨʘʩʪʷʞʝʥʠʝ 

(ʩʞʘʪʠʝ)  

ʚʜʦʣʴ ʦʩʠ ʍ1 

Dt, [a] 

Dt ð ʫʚʝʣʠʯʝʥʠʝ 

(ʫʤʝʥʴʰʝʥʠʝ) ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʦʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ (ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʟʘʤ ʢrʘʥʠʷ) 

1, 2, 4, 5, 6, 10, 102, 105, 

110 

 
ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʩʝʯʝʥʠʶ 

ʩʪʝʨʞʥʷ, ʧʣʦʩʢʦʩʪʴ X1OZ1 

ʠʟʛʠʙ ʩʪʝʨʞʥʷ 

ʚʦʢʨʫʛ ʦʩʠ Y1 
Dtʚ, Dtʥ, h, [a] 

Dtʚ ð ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭ-

ʥʝʡ ʛʨʘʥʠ ʩʝʯʝʥʠʷ (ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ Z1); 

Dtʥ ð ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞ-

ʥʝʡ ʛʨʘʥʠ ʩʝʯʝʥʠʷ (ʧʨʦ-

ʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ 

Z1); 

h ð ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ. 

2, 3, 5, 6, 7, 10, 102, 103, 

105, 110 

 
ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʩʝʯʝʥʠʶ 

ʩʪʝʨʞʥʷ, ʧʣʦʩʢʦʩʪʴ Y1OZ1 

ʠʟʛʠʙ ʩʪʝʨʞʥʷ 

ʚʦʢʨʫʛ ʦʩʠ Z1 
Dtʚ , Dtʥ, b, [a] 

Dtʚ ð ʪʝʤʧʝʨʘʪʫʨʘ ʣʝ-

ʚʦʡ ʛʨʘʥʠ ʩʝʯʝʥʠʷ (ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ Y1); 

Dtʥ ð ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʘ-

ʚʦʡ ʛʨʘʥʠ ʩʝʯʝʥʠʷ (ʧʨʦ-

ʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ 

Y1); 

b ð ʰʠʨʠʥʘ ʩʝʯʝʥʠʷ. 

5, 6, 10, 105, 110 

ʇʨʠʤʝʯʘʥʠʝ: ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʟʘʜʘʥʥʳʝ ʚ 

ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʬʘʡʣʦʚ ʧʨʝʜʳʜʫʱʠʭ ʚʝʨʩʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʟʘʜʘʥʥʳʡ ʧʨʠ ʦʧʠʩʘʥʠʠ ʥʘʛʨʫʟʢʠ. ʇʨʠ ʵʪʦʤ 

ʚʳʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ. ɿʘʜʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʥʘʛʨʫʟʢʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ. 
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3.4.  ȘȴȷȺȳȱȮ ȳȷȶȮɀȶɄȮ ɆȴȮȵȮȶȻɄ ȭȴɈ ȹȩȺɀȮȻȩ Ȫȩȴȷȳ-
ȺȻȮȶȷȳ, ȻȷȶȳȱȾ ȸȴȱȻ ȱ ȸȷȴȷȬȱȾ ȷȪȷȴȷɀȮȳ 

ȓȴȩȺȺ ȹȮɁȩȮȵɄȾ Ȱȩȭȩɀ 

ʇʣʦʩʢʠʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʪʠʧʦʚ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ [1, 2, 8, 10, 32, 52, 64]: 

¶ ʘʥʘʣʠʟ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; 

¶ ʘʥʘʣʠʟ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ; 

¶ ʠʟʛʠʙ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ; 

¶ ʠʟʛʠʙ ʧʣʘʩʪʠʥ ʧʦ ʪʝʦʨʠʠ ʈʝʡʩʩʥʝʨʘ-ʄʠʥʜʣʠʥʘ; 

¶ ʨʘʩʯʝʪ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ.  

ʇʨʠ ʨʘʩʯʝʪʝ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʨʠʝʤʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʭ ʛʝʦʤʝʪʨʠʠ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʠʟʢʦʛʦ ʢ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘ, ʢʦʪʦʨʳʡ ʪʝʤ ʪʦʯʥʝʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨʳ ʛʨʘʥʝʡ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʵʪʦʪ ʧʫʪʴ ʨʝʰʝʥʠʷ (ʘ 

ʠʤʝʥʥʦ ʦʥ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʠʩʪʝʤʝ SCAD), ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʥʫʣʝʚʦʡ 

ʢʨʠʚʠʟʥʳ (ʧʣʦʩʢʠʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ) ʩ ʥʝʟʘʚʠʩʠʤʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʥʦʨʤʘʣʴʥʦʛʦ ʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. ʇʦʩʪʨʦʝʥʠʝ ʪʘʢʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ 

ʢʦʤʙʠʥʘʮʠʝʡ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʜʣʷ ʠʟʛʠʙʘ ʧʣʘʩʪʠʥʳ. 

ʉʦ ʩʛʫʱʝʥʠʝʤ ʩʝʪʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʛʝʦʤʝʪʨʠʝʡ 

ʚʧʠʩʘʥʥʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ, ʠ ʩʭʦʜʠʤʦʩʪʴ ʄʂʕ ʠʤʝʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ [14]. 

ȕȩȻȮȹȱȩȴ ȳȷȶȺȻȹȼȳȿȱȲ 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʨʦʜʝʥ ʧʦ ʪʦʣʱʠʥʝ ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʯʝʩʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʫʧʨʫʛʦʡ ʩʠʤʤʝʪʨʠʠ ʤʘʪʝʨʠʘʣʘ. ʆʧʠʰʝʤ ʠʭ ʜʣʷ ʧʣʦʩʢʦʩʪʠ XOY, 

ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ex, ey, gxy ð ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ; 

sx, sy, sz, txy ð ʥʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʷ; 

Ei ð ʤʦʜʫʣʴ ʖʥʛʘ ʧʦ i-ʤʫ ʛʣʘʚʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʫʧʨʫʛʦʩʪʠ (ʚ ʩʣʫʯʘʝ ʠʭ ʨʘʚʝʥʩʪʚʘ ʜʣʷ ʚʩʝʭ i 

ʠʩʧʦʣʟɹʫʝʪʩʷ ʦʙʦʟʥʘʯʝʥʠʝ ɽ); 

Gij ð ʤʦʜʫʣʴ ʩʜʚʠʛʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʤʝʞʜʫ i-ʤ ʠ j-ʤ ʛʣʘʚʥʳʤʠ ʥʘʧʨʘʚ-

ʣʝʥʠʷʤʠ (ʚ ʩʣʫʯʘʝ ʠʭ ʨʘʚʝʥʩʪʚʘ ʜʣʷ ʚʩʝʭ ʧʘʨ i ʠ j ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʟʥʘʯʝʥʠʝ G); 

n, nij ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʫʘʩʩʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʧʝʨʝʯʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʨʠ ʩʞʘʪʠʠ ʠʣʠ 

ʨʘʩhʠʨʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. ʇʝʨʚʳʡ ʠʥʜʝʢʩ ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʚʪʦʨʦʡ ð ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʩʠʣʳ; 

hij,k ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʜʚʠʛʠ ʚ ʧʣʦʩʢʦʩʪʷʭ, 

ʧʘʨʘʣʣʝʣʥɹʳʭ ʢʦʦʨʜʠʥʘʪʥʳʤ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; 

hk,ij ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʳʟʚʘʥʥʳʝ ʢʘʩʘ-

ʪʝʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʫʜʣʠʥʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ. 

ɺ ʩʠʩʪʝʤʝ SCAD ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ: 

ʘ) ʠʟʦʪʨʦʧʥʦʝ ʪʝʣʦ ʜʣʷ ʧʣʦʩʢʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʠʟʛʠʙʘ ʧʣʠʪʳ:  

1 1 1
( ), ( ),

E E G
x x y y y x xy xye = s -ns e = s -ns e = t; 

ʙ) ʠʟʦʪʨʦʧʥʦʝ ʠʣʠ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʝ ʪʝʣʦ ʜʣʷ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ:  

( ) / Ex x yve = s - s, ( ) / Ey y xve = s - s, / Gxy xye =t , ,z xz x yz ys =n s +n s 

ʛʜʝ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ: 

( )2

E E
E , , G

1 2(1 )1
zy yx

v
v

v vv
= = = n=n =n

- +-
, 

ʘ ʜʣʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ: 

( )
E E

E , , G
1 1 2(1 )

xz zx
zy yx

xz zx xz zx

v v v
v

v v v v v

+
= = = n=n =n
- - +

; 
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ʚ) ʦʨʪʦʪʨʦʧʥʦʝ ʪʝʣʦ ʜʣʷ ʧʣʦʩʢʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʠʟʛʠʙʘ ʧʣʠʪʳ:  

1 1 1
, ,

E E E E G

xy xy

x x y y x y xy xy
x y x y xy

n n
e = s - s e =- s + s e = t; 

ʛ) ʦʨʪʦʪʨʦʧʥʦʝ ʪʝʣʦ ʜʣʷ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ: 

x xy y y xy x xy

x y xy z xz x yz y

x y xy

( ) ( )
, , , ,

E E G

s -n s s -n s t
e = e = e = s =n s +n s 

ʛʜʝ 
EE

E , E , , , G
1 1 1 1

y xy xz zy yx yz zxx
x y xy yz xy xy

xz zx yz zy xz zy yz zx

v v v v v v
v v G

v v v v v v v v

+ +
= = = = =
- - - -

; 

ʜ) ʘʥʠʟʦʪʨʦʧʥʦʝ ʪʝʣʦ ʜʣʷ ʧʣʦʩʢʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʠʟʛʠʙʘ ʧʣʠʪʳ:  

,

1
( )

E
x x yx y xy x xy

x

ve = s - s +h t, 
,

1
( )

E
y xy x y xy y xy

y

ve = - s +s +h t, 
, ,

1
( )

G
xy x xy x y xy y xy

xy

e = h s +h s +t; 

ʝ) ʘʥʠʟʦʪʨʦʧʥʦʝ ʪʝʣʦ ʜʣʷ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ: 

)(
1

, xyxzyyyzx
z

x
E

thsnse +-= , )(
1

, xyyxyyxxy

y

y
E

thssne ++-= ,  

, ,

1
( )

G
xy x xy x y xy y xy

xy

e = h s +h s +t, 
,z xz x yz y xy z xyv vs = s + s -h t, 

ʛʜʝ 
EE

E , E , , ,
1 1 1 1

y xy xz zy yx yz zxx
x y xy yz

xz zx yz zy xz zy yz zx

v v v v v v
v v

v v v v v v v v

+ +
= = = =
- - - -

; 

, , , , , ,

, , ,
, ,

, ,
1 1 1

xy x zx xy x xy y zy xy z x xy xz z xy

xy x xy y x xy
xz zx yz zy xy z z xy

v v v

v v v v

h + h h + h h + h
h = h = h =

- - -h h
, 

1

y ,xy yz z ,xy

y ,xy

xy ,x z ,xy

h +n h
h =

-h h

, 
G

G
1

xy

xy
xy,z z,xy

=
-h h

. 

ɼʣʷ ʣʶʙʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʯʠʪʘʶʪʩʷ ʚʳʧʦʣʥʝʥʥʳʤʠ ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ: 

, , , ,E E , E G , E G .x xy y yx x x y xy xy x y y xy xy xy yn = n h = h h = h 

ȘȴȩȺȻȱȶɄ șȮȲȺȺȶȮȹȩ- ȕȱȶȭȴȱȶȩ 

ɺ ʪʝʦʨʠʠ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ ʜʝʬʦʨʤʘʮʠʠ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʦʜʥʫ ʥʝʠʟʚʝʩʪʥʫʶ ð 

ʧʨʦʛʠʙ w(x, y). 

ɺ ʪʝʦʨʠʠ ʈʝʡʩʩʥʝʨʘ-ʄʠʥʜʣʠʥʘ [5], ʛʜʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʩʦʭʨʘʥʝʥʠʠ ʥʦʨʤʘʣʠ ʢ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʨʠ ʬʫʥʢʮʠʠ: ʧʨʦʛʠʙ w(x, y) ʠ ʜʚʘ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ bx(x, y) ʠ by(x, y). ɺ ʚʳʨʘʞʝʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (2.2.2) 

ʠʤʝʝʤ: 

T T

x y xz yz xx yy xyw, , , , , , ,è ø è ø= b b = g g c c cê ú ê úu e , 
T

x y x y xy, , , ,è ø=ê úQ Q M M Ms . 

ɼʝʬʦʨʤʘʮʠʠ e ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ u: 

xz x yz y

w w
,

x x

µ µ
g = +b g = -b

µ µ
, 

x
xx

x

µb
c =-

µ
, 

y

yy
y

µb
c =

µ
, 

yx
xy

y x

µbµb
c =- +

µ µ
. 

ʅʘʧʨʷʞʝʥʠʷ s ʦʪ ʜʝʬʦʨʤʘʮʠʡ e ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ ʟʘʚʠʩʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

x xzGkh= gQ , y yzG k h= gQ , 
5
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-n
 ð ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʣʘʩʪʠʥʳ. 

ȜɀȮȻ ȼȸȹȼȬȷȬȷ ȷȺȶȷȫȩȶȱɈ 

ɺʦ ʚʩʝʭ ʧʣʦʩʢʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥ ʫʯʝʪ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ:  

¶ ʜʣʷ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ ʚʜʦʣʴ ʦʩʠ Z1. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʦʚʘʥʘ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ (ʃʝʦʥʪʴʝʚʘ-ɺʣʘʩʦʚʘ, ʇʘʩʪʝʨʥʘʢʘ) [8]. 

ʇʨʠ ʵʪʦʤ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ:  

ʉ1 ð ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʙʦʪʫ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʥʘ ʩʞʘʪʠʝ; 

ʉ2ʍ, ʉ2Y ð ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʙʦʪʫ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʥʘ ʩʜʚʠʛ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʣʦʱʘʜʢʠ 

ʩʜʚʠʛʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʷʤ X1 ʠ Y1 ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ 

ʠʟʦʪʨʦʧʥʦʛʦ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʉ2ʍ = ʉ2Y; 

ʉ2ʍY ð ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʙʦʪʫ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʥʘ ʢʨʫʯʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ X1OY1 ʤʝʩʪʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ. ɼʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʠ ʦʨʪʦʪʨʦʧʥʦʛʦ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʉ2ʍY = 0; 

¶ ʜʣʷ ʙʘʣʦʢ-ʩʪʝʥʦʢ ʠ ʦʙʦʣʦʯʝʢ ʚ ʧʣʦʩʢʦʩʪʠ ʵʣʝʤʝʥʪʘ ʟʘʜʘʝʪʩʷ 

ʉ1uv ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʙʦʪʫ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ X1Y1. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʦ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʩʪʝʣʠ ʉ2 (ʝʛʦ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 0) 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʤʦʜʝʣʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ɺʠʥʢʣʝʨʘ ʩ ʦʜʥʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʩʪʝʣʠ ʉ1. 

ȕȮȺȻȶɄȮ ȺȱȺȻȮȵɄ ȳȷȷȹȭȱȶȩȻ 

ʅʘ ʢʘʞʜʦʤ ʧʣʦʩʢʦʤ ʢʦʥʝʯʥʦʤ ʵʣʝʤʝʥʪʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʤʝʩʪʥʳʝ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ: 

¶ ʤʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ; 

¶ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʦʩʝʡ ʦʨʪʦʪʨʦʧʠʠ; 

¶ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚʳʯʠʩʣʝʥʠʷ ʫʩʠʣʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

ɼʚʝ ʧʦʩʣʝʜʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʦʚʧʘʜʘʶʪ ʩ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ 

ʵʣʝʤʝʥʪʘ. ʄʝʩʪʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʨʷʜʢʦʤ ʥʫʤʝʨʘʮʠʠ ʠʭ 

ʫʟʣʦʚ. ʆʥʠ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʤ, ʯʪʦ ʧʣʠʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʩʧʦ-

ʣʦʞʝʥʘ ʚ ʧʣʦʩʢʦʩʪʠ XOY ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʘ ʝʡ, ʘ ʵʣʝʤʝʥʪʳ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ XOZ (ʧʘʨʘʣʣʝʣʴʥʦ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ) ʠ ʣʠʰʴ ʵʣʝʤʝʥʪʳ ʦʙʦʣʦʯʢʠ 

ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʧʣʠʪʳ ʠ ʦʙʦʣʦʯʢʠ ʠʤʝʶʪ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ X1OY1, ʚ ʢʦʪʦʨʦʡ ʦʩʴ X1 

ʧʨʦʭʦʜʠʪ ʦʪ ʧʝʨʚʦʛʦ ʫʟʣʘ ʢʦ ʚʪʦʨʦʤʫ. ʆʩʴ Y1 ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʦʨʪʦʛʦʥʘʣʴʥʘ X1 ʠ 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʪʨʝʪʴʝʛʦ ʫʟʣʘ, ʘ ʦʩʴ Z1 ʦʙʨʘʟʫʝʪ ʩ ʦʩʷʤʠ X1 ʠ Y1 ʧʨʘʚʫʶ ʪʨʦʡʢʫ. ɼʣʷ 

ʵʣʝʤʝʥʪʦʚ ʧʣʠʪʳ ʦʩʴ Z1 ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ Z. 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʨʝʫʛʦʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʠʧʘ 

22) ʠʤʝʶʪ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ X1OZ1, ʚ ʢʦʪʦʨʦʡ ʦʩʴ X1 ʧʨʦʭʦʜʠʪ ʦʪ ʧʝʨʚʦʛʦ ʫʟʣʘ ʢʦ 

ʚʪʦʨʦʤʫ, ʘ ʦʩʴ Z1 ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʣʝʤʝʥʪʘ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʪʨʝʪʴʝʛʦ ʫʟʣʘ. ʋ ʵʣʝʤʝʥʪʘ 

ʪʠʧʘ 22 ʤʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ X1OZ1 ʩʦʚʧʘʜʘʝʪ ʩ XOZ. 

ɼʣʷ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʳʜʘʯʠ ʫʩʠʣʠʡ. ʕʪʘ 

ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ, ʧʨʦʝʢʮʠʷ ʢʦʪʦʨʦʛʦ ʥʘ ʧʣʦʩʢʦʩʪʴ ʵʣʝʤʝʥʪʘ 

ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʦʩʴ ʍ1, ʧʨʠ ʵʪʦʤ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ Z1 ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ, ʘ ʦʩʴ Y1 ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ ʪʨʦʡʢʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʧʣʦʩʢʦʡ 

ʟʘʜʘʯʠ ʵʪʦ ʦʩʠ Y1 ʠ Z1. 

ȋȱȭɄ ȸȴȷȺȳȱȾ ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

ɺ ʩʠʩʪʝʤʫ SCAD ʚʢʣʶʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʣʦʩʢʠʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ. ʏʠʩʣʦ ʫʟʣʦʚ ʚ ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʯʝʤ ʯʠʩʣʦ 

ʚʝʨʰʠʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʟʣʳ ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʦʨʦʥʘʭ ʵʣʝʤʝʥʪʘ ʠ 

ʠʭ ʥʦʤʝʨʘ ʩʣʝʜʫʶʪ ʧʦʩʣʝ ʥʦʤʝʨʦʚ ʚʝʨʰʠʥ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ. 
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ȦȴȮȵȮȶȻɄ ȭȴɈ ȹȩȺɀȮȻȩ ȻȷȶȳȱȾ ȱȰȬȱȪȩȮȵɄȾ ȸȴȩȺȻȱȶ 

ʕʪʠ ʂʕ ʚʩʝʛʜʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ XOY ʠ ʚ ʠʭ ʫʟʣʘʭ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʪʨʠ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ: W ð ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ (ʧʨʦʛʠʙ), ʘ ʪʘʢʞʝ UX, UY ð ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʝʡ X ʠ Y. ʂʕ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʭʝʤʘʭ ʩ ʧʨʠʟʥʘʢʘʤʠ 3, 5, 8 ʠ 9 ʠ ʠʤʝʪʴ ʠʟʦʪʨʦʧʥʳʡ, 

ʦʨʪʦʪʨʦʧʥʳʡ ʠʣʠ ʘʥʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ. ɺʳʯʠʩʣʷʶʪʩʷ ʤʦʤʝʥʪʳ MX, MY, MXY ʠ ʧʝʨʝʨʝʟʳʚʘʶʱʠʝ 

ʩʠʣʳ QX ʠ QY. ʇʨʠ ʟʘʜʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʉ1 ʚʯrʠʩʣʷʝʪʩʷ Rz (ʩʤ. ʨʘʟʜ. 13.6). 

 
ʈʠʩ. 3.4-1. ʂʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʣʠʪʳ 

ʇʝʨʝʯʝʥʴ ʂʕ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʥʢʠʭ ʠʟʛʠʙʘʝʤʳʭ ʧʣʘʩʪʠʥ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3.4-1. 

ʊʘʙʣʠʮʘ 3.4-1. ʊʠʧʳ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʥʢʠʭ ʧʣʠʪ (ʪʝʦʨʠʷ ʂʠʛʭʛʦʬʬʘ-ʃʷʚʘ) 

ʊʠʧ ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʏʠʩʣʦ 

ʫʟʣʦʚ 

ʇʦʨʷʜʦʢ 

ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ 

ʠ ʤʝʩʪʥʳʝ ʦʩʠ 
ʂʦʤʤʝʥʪʘʨʠʠ 

11 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-1, ʘ ʧʦʣʫʩʦʚʤʝʩʪʥʳʡ [18, 22, 23] 

12, 14 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-1, ʙ ʥʝʩʦʚʤʝʩʪʥʳʡ [18, 22, 23] 

13 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-1, ʘ ʥʝʩʦʚʤʝʩʪʥʳʡ [28] 

15 ʊʨʝʫʛʦʣʴʥʳʡ  3-6 ʨʠʩ. 3.4-1, ʛ SubAreas1, ʚʘʨʠʘʥʪ 1, [24, 23] 

16 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-1, ʜ SubAreas, ʚʘʨʠʘʥʪ 2 [25, 23] 

18 ʊʨʝʫʛʦʣʴʥʳʡ  3-6 ʨʠʩ. 3.4-1, ʛ SubAreas, ʚʘʨʠʘʥʪ 2 [24, 23] 

19 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-1, ʚ SubAreas, [25, 23] 

20 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-1, ʜ SubAreas, [24, 22], ʚʘʨʠʘʥʪ 1 

ȑȰȬȱȪ ȸȴȩȺȻȱȶ ȸȷ ȻȮȷȹȱȱ șȮȲȺȺȶȮȹȩ- ȕȱȶȭȴȱȶȩ 

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʠʪ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ ʠ ʨʝʘʣʠʟʫʶʪ ʪʝʦʨʠʶ 

ʈʝʡʩʩʥʝʨʘ-ʄʠʥʜʣʠʥʘ. ʆʥʠ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳ ʵʣʝʤʝʥʪʘʤ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʥʢʠʭ ʧʣʠʪ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʟʘʜʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʪʣʠʯʠʝ ʠʭ ʦʪ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 3.4-1, ʪʦʣʴʢʦ ʚ 

ʥʦʤʝʨʝ ʪʠʧʘ ð ʦʥ ʥʘ 100 ʙʦʣʴʰʝ. ʅʘʧʨʠʤʝʨ, ʵʣʝʤʝʥʪ 120 ð ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩ ʯʠʩʣʦʤ 

ʫʟʣʦʚ ʦʪ 4-ʭ ʜʦ 8-ʤʠ, ʢʘʢ ʠ ɻʣʝʤʝʥʪ 20. 

ɺ ʢʘʞʜʦʤ ʫʟʣʝ ʵʣʝʤʝʥʪʦʚ ʚʚʦʜʠʪʩʷ ʧʦ ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ: w ð ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

(ʧʨʦʛʠʙ), ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ Z, ʘ ʪʘʢʞʝ UX ʠ UY ʫʛʣʳ 

ʧʦʚʦʨʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X ʠ Y. 

                                                      
1 SubAreas ï ʤʝʪʦʜ ʧʦʜʦʙʣʘʩʪʝʡ: ʪʨʝʫʛʦʣʴʥʳʝ ʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʟʙʠʚʘʶʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʝʜʠʘʥʘʤʠ ʠ ʜʠʘʛʦʥʘʣʷʤʠ ʥʘ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʦʣʠʥʦʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʩʦʚʤʝʩʪʥʦʩʪʴ. ʇʦʣʫʯʘʝʤ ʢʫʩʦʯʥʦ-

ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 
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ʊʘʙʣʠʮʘ 3.4-2. ʊʠʧʳ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʘʩʯʝʪʘ  ʧʣʠʪ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ (ʪʝʦʨʠʷ ʈʝʡʩʩʥʝʨʘ-ʄʠʥʜʣʠʥʘ) 

ʊʠʧ ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʏʠʩʣʦ 

ʫʟʣʦʚ 

ʇʦʨʷʜʦʢ 

ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ 

ʠ ʤʝʩʪʥʳʝ ʦʩʠ 
ʂʦʤʝʥʪʘʨʠʠ 

111 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-1, ʘ JIDR41 [89, 23] 

112 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-1, ʙ JIDR3 [89, 23] 

115 ʊʨʝʫʛʦʣʴʥʳʡ  3-6 ʨʠʩ. 3.4-1, ʛ JIDR3-6 [89, 23] 

116 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-1, ʞ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ, JIDR [89, 23] 

118 ʊʨʝʫʛʦʣʴʥʳʡ  3-6 ʨʠʩ. 3.4-1, ʝ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ, JIDR [89, 23] 

119 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-2, ʙ JIDR [89, 23] 

120 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-1, ʜ JIDR, SubAreas [89, 23] 

512 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-1, ʙ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ, DSG32,[23] 

517 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-1, ʚ  ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ, MITC43 [2, 73] 

518 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-1, ʙ DSG3 [74] 

ʇʝʨʝʯʝʥʴ ʂʕ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʘʩʪʠʥ ʧʦ ʪʝʦʨʠʠ ʈʝʡʩʩʥʝʨʘ-ʄʠʥʜʣʠʥʘ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3.4-2.  

ȦȴȮȵȮȶȻɄ ȭȴɈ ȹȮɁȮȶȱɈ ȸȴȷȺȳȷȭȮȽȷȹȵȱȹȼȮȵȷȲ ȱ ȸȴȷȺȳȷȶȩȸȹɈȯȮȶȶȷȲ Ȱȩȭȩɀ 
ȻȮȷȹȱȱ ȼȸȹȼȬȷȺȻȱ 

ɺʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʵʣʝʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʘʢ 

ʧʣʦʩʢʦʥʘʧʨʷʞʝʥʥʳʝ, ʪʘʢ ʠ ʧʣʦʩʢʦʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʠʩʪʝʤʳ (ʧʦ ʧʨʠʟʥʘʢʫ, ʢʦʪʦʨʳʡ ʟʘʜʘʝʪʩʷ ʧʨʠ 

ʦʧʠʩʘʥʠʠ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ).  

ʉʫɦʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ: 

¶ ʣʝʞʘʱʠʝ ʚ ʧʣʦʩʢʦʩʪʠ XOZ ʠ ʠʤʝʶʱʠʝ ʧʦ ʜʚʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ ð U ʠ W, ʷʚʣʷʶʱʠʝʩʷ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ. ʂʕ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʭʝʤʘʭ ʩ ʧʨʠʟʥʘʢʘʤʠ 3, 5, 8 ʠ 9; 

¶ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʠʟʚʦʣʴʥʦ ʠ ʠʤʝʶʪ ʧʦ ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ ð U, 

V ʠ W (ʪʠʧʳ 23, 24, 26, 27, 28). ʉʪʝʧʝʥʴ ʩʚʦʙʦʜʳ V ʚʚʝʜʝʥʘ ʜʣʷ ʩʪʳʢʦʚʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ ʦʥʘ ʨʘʚʥʘ ʥʫʣʶ. ʂʕ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʭʝʤʘʭ ʩ ʧʨʠʟʥʘʢʘʤʠ 4, 5, 8 ʠ 9; 

¶ ʣʝʞʘʱʠʝ ʚ ʧʣʦʩʢʦʩʪʠ XOZ ʠ ʠʤʝʁɦ ʠʝ ʧʦ ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ ð U ʠ W, ʠ Uy ï ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʥʦʨʤʘʣʠ4. ʂʕ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʭʝʤʘʭ ʩ ʧʨʠʟʥʘʢʘʤʠ 2, 5, 8 ʠ 9. 

 
ʈʠʩ. 3.4-2. ʇʣʦʩʢʠʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ 

                                                      
1 JIDR, JOINT INTERPOLATION OF DISPLACEMENTS AND ROTATIONS (ʉʦʚʤʝʩʪʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ) [89,23]. 
2 DSG, Discrete Shear Gap [74]. 
3 MITC, Mixed Interpolation of Tensorial Components [3, 73]. 
4 ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʫʩʨʝʜʥʝʥʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʪʘʢ ʠ ʢʚʘʟʠʚʨʘʱʘʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ [88]. 
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ʊʘʙʣʠʮʘ 3.4-3. ʊʠʧʳ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

ʉʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ 

ʫʟʣʦʚ 
ʊʠʧ ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʏʠʩʣʦ 

ʫʟʣʦʚ 

ʇʦʨʷʜʦʢ 

ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ 

ʠ ʤʝʩʪʥʳʝ ʦʩʠ 
ʂʦʤʤʝʥʪʘʨʠʠ 

X, Z 21 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-2, ʘ ʧʦʣʠʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

22 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-2, ʙ ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

25 ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.4-2, ʛ SubAreas [16, 23] 

29 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-12 ʨʠʩ. 3.4-2, ʟ SubAreas [26, 23] 

30 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-2, ʜ SubAreas [26, 23] 

X, Y, Z 23 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-2, ʘ ʧʦʣʠʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

24 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-2, ʙ ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

26 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-2, ʞ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

27 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-2, ʜ SubAreas [26, 23] 

28 ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.4-2, ʝ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʕʣʝʤʝʥʪʳ ʩ ʚʨʘʱʘʪʝʣʴʥʳʤʠ (DDF) ʠ ʢʚʘʟʠʚʨʘʱʘʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ (QRDF) 

X, Y, UY 121 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-2, ʘ DDF1, ʥʝʩʦʚʤʝʩʪʥʳʡ [88, 23] 

122 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-2, ʙ DDF, ʥʝʩʦʚʤʝʩʪʥʳʡ [88, 23] 

125 ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.4-2, ʛ DDF, SubAreas [88, 23] 

129 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-2, ʜ DDF, SubAreas, ʥʝʩʦʚʤʝʩʪʥʳʡ [88, 23] 

130 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-2, ʜ DDF, SubAreas [88, 23] 

526 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-2, ʚ QRDF2, ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ  [88, 23] 

527 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-2, ʚ QRDF, SubAreas [88, 23] 

528 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-2, ʙ QRDF [88, 23] 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʠʤʝʪʴ ʠʟʦʪʨʦʧʥʳʡ, ʦʨʪʦʪʨʦʧʥʳʡ ʠʣʠ ʘʥʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ, ʘ ʪʘʢʞʝ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʡ ʜʣʷ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʇʝʨʝʯʝʥʴ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.4-3. 

ɺʳʯʠʩʣʷʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ð NX, NZ, NXZ, ʘ ʪʘʢʞʝ NY ð ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ ʟʘʜʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʉuv 

ʚʳʯʠʩʣʷʶʪʩʷ Rx  ʠ Rz (ʩʤ. ʨʘʟʜ. 13.6). 

ȓȷȶȮɀȶɄȮ ɆȴȮȵȮȶȻɄ ȭȴɈ ȹȩȺɀȮȻȩ ȻȷȶȳȱȾ ȸȷȴȷȬȱȾ ȷȪȷȴȷɀȮȳ 

ʂʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʥʢʠʭ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ, ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ 

ʣʶʙʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

 
ʈʠʩ. 3.4-3. ʕʣʝʤʝʥʪʳ ʦʙʦʣʦʯʢʠ 

                                                      
1 DDF  ï Drilling  degrees of freedom (ʩ ʚʨʘʘɦʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ) [23] 
2 QRDF ï Quasi-rotational degrees of freedom (ʩ ʢʚʘʟʠʚʨʘʱʘʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ) [23] 
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ɺ ʫʟʣʘʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ð U, V, W, UX, UY ʠ UZ (ʪʨʠ 

ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʠ ʪʨʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ). ʉʪʝʧʝʥʠ ʩʚʦʙʦʜʳ U, 

V ʦʪʚʝʯʘʶʪ ʤʝʤʙʨʘʥʥʳʤ, ʘ W, UX, UY ð ʠʟʛʠʙʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ. 

ʉʫɦʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ: 

¶ ʛʨʫʧʧʘ, ʚ ʢʦʪʦʨʦʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ UZ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ ʚʩʝʛʜʘ ʨʘʚʝʥ 

ʥʫʣʶ. ʆʥ ʚʚʦʜʠʪʩʷ ʜʣʷ ʩʪʳʢʦʚʢʠ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʣʝʞʘʱʠʭ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ; 

¶ ʛʨʫʧʧʘ, ʚ ʢʦʪʦʨʦʡ ʫʛʦʣ UZ ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʥʦʨʤʘʣʠ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʫʩʨʝʜʥʝʥʥʳʡ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʪʘʢ ʠ ʢʚʘʟʠʚʨʘʱʘʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ [88, 23] 

ʄʘʪʝʨʠʘʣ ð ʠʟʦʪʨʦʧʥʳʡ, ʦʨʪʦʪʨʦʧʥʳʡ ʠ ʘʥʠʟʦʪʨʦʧʥʳʡ.  

ʇʝʨʝʯʝʥʴ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3.4-4. 

ʊʘʙʣʠʮʘ 3.4-4. ʕʣʝʤʝʥʪʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʥʢʠʭ ʦʙʦʣʦʯʝʢ (ʪʝʦʨʠʷ ʂʠʨʛʭʦʬʘ-ʃʷʚʘ) 

ʊʠʧ ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʏʠʩʣʦ 

ʫʟʣʦʚ 

ʇʦʨʷʜʦʢ 

ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ 

ʠ ʤʝʩʪʥʳʝ ʦʩʠ 

ʉʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ 
ʂʦʤʤʝʥʪʘʨʠʠ 

41 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʘ U, V ʧʦʣʠʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

W, UX, UY ʧʦʣʫʩʦʚʤʝʩʪʥʳʡ [18, 22, 23] 

42 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-3, ʙ U, V ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

W, UX, UY ʥʝʩʦʚʤʝʩʪʥʳʡ [18, 22, 23] 

43 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʘ U, V ʧʦʣʠʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

W, UX, UY ʥʝʩʦʚʤʝʩʪʥʳʡ [28, 23] 

44 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʚ U, V SubAreas [26, 23] 

W, UX, UY SubAreas [25, 23] 

45 ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.4-3, ʛ U, V SubAreas [16, 23] 

W, UX, UY SubAreas [24, 23], ʚʘʨʠʘʥʪ 1 

46 
ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-3, ʚ U, V SubAreas [26, 23] 

W, UX, UY SubAreas, ʚʘʨʠʘʥʪ 2 [25, 23] 

48 
ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.4-3, ʛ U, V SubAreas [16, 23] 

W, UX, UY SubAreas, ʚʘʨʠʘʥʪ 2 [24, 23] 

50 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-3, ʜ U, V SubAreas [26, 23] 

W, UX, UY SubAreas, ʚʘʨʠʘʥʪ 1 [25, 23] 

ʕʣʝʤʝʥʪʳ ʩ ʚʨʘʱʘʪʝʣʴʥʳʤʠ (DDF) ʠ ʢʚʘʟʠʚʨʘʱʘʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ (QRDF) 

91 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʘ U, V, UZ DDF, ʥʝʩʦʚʤʝʩʪʥʳʡ [88, 23] 

W, UX, UY ʧʦʣʫʩʦʚʤʝʩʪʥʳʡ [18, 22, 23] 

92 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-3, ʙ U, V, UZ DDF, ʥʝʩʦʚʤʝʩʪʥʳʡ [88, 23] 

W, UX, UY ʥʝʩʦʚʤʝʩʪʥʳʡ [18, 22, 23] 

93 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʘ U, V, UZ DDF, ʥʝʩʦʚʤʝʩʪʥʳʡ [88, 23] 

W, UX, UY ʥʝʩʦʚʤʝʩʪʥʳʡ [28, 23] 

94 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʜ U, V, UZ DDF, SubAreas, ʥʝʩʦʚʤʝʩʪʥʳʡ [88, 23] 

W, UX, UY SubAreas, [25, 23] 

95 ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.4-3, ʛ U, V, UZ DDF, SubAreas [88, 23] 

W, UX, UY SubAreas [24, 23] 

96 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-3, ʜ U, V, UZ DDF, SubAreas [88, 22] 

W, UX, UY SubAreas [25, 23] 

97 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-3, ʜ U, V, UZ DDF, SubAreas, ʥʝʩʦʚʤʝʩʪʥʡr [88, 23] 

W, UX, UY SubAreas [25, 23] 

591 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʘ U, V, UZ QRDF4 [88, 23] 

W, UX, UY ʧʦʣʫʩʦʚʤʝʩʪʥʳʡ [18, 22, 23] 

592 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-3, ʙ U, V, UZ QRDF3 [88, 23] 

W, UX, UY ʥʝʩʦʚʤʝʩʪʥʳʡ [18, 22, 23] 

593 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʚ U, V, UZ QRDF4, [88, 23] 

W, UX, UY ʥʝʩʦʚʤʝʩʪʥʳʡ [28, 23] 

594 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʚ U, V, UZ QRDF4, SubAreas [23] 

W, UX, UY SubAreas [25, 23] 
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ɺʳʯʠʩʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ NX, NY, NXY, ʤʦʤʝʥʪʳ MX, MY, MXY ʠ ʧʝʨʝʨʝʟʳʚʘʶʱʠʝ ʩʠʣʳ QX ʠ 
QY. ʇʨʠ ʟʘʜʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʉ1 ʚʳʯʠʩʣʷʝʪʩʷ Rz, ʘ ʧʨʠ ʟʘʜʘʥʠʠ ï ʉuv 
ʚʳʯʠʩʣʷʶʪʩʷ Rx  ʠ Ry (ʩʤ. ʨʘʟʜ. 13.6). 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʩʪʧʨʦʮʝʩʦʨʝ ʚʳʯʠʩʣʷʶʪʩʷ ʫʩʠʣʠʷ ʚ ʩʝʯʝʥʠʠ ʧʣʘʩʪʠʥʳ SNX, SNZ, SNXZ 

ȓȷȶȮɀȶɄȮ ɆȴȮȵȮȶȻɄ ȭȴɈ ȹȩȺɀȮȻȩ ȷȪȷȴȷɀȮȳ ȸȷ ȻȮȷȹȱȱ șȮȲȺȺȶȮȹȩ- ȕȱȶȭȴȱȶȩ 

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʩ ʫʯʝʪʦʤ ʩʜʚʠʛʘ ʠ ʨʝʘʣʠʟʫʶʪ 
ʪʝʦʨʠʶ ʈʝʡʩʩʥʝʨʘ-ʄʠʥʜʣʠʥʘ. ʆʥʠ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳ ʵʣʝʤʝʥʪʘʤ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʥʢʠʭ ʦʙʦʣʦʯʝʢ 
ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʜʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ.  
ʇʝʨʝʯʝʥʴ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3.4-5. 

ʊʘʙʣʠʮʘ 3.4-5. ʕʣʝʤʝʥʪʳ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʦʣʦʯʝʢ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ (ʪʝʦʨʠʷ ʈʝʡʩʩʥʝʨʘ-ʄʠʥʜʣʠʥʘ) 

ʊʠʧ ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʏʠʩʣʦ 

ʫʟʣʦʚ 

ʇʦʨʷʜʦʢ 

ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ 

ʠ ʤʝʩʪʥʳʝ ʦʩʠ 

ʉʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ 
ʂʦʤʤʝʥʪʘʨʠʠ 

141 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʘ U, V ʧʦʣʠʣʠʥʝʡʥʳʝ ʬʦʨʤʳ 

W, UX, UY JIDR, ʥʝʩʦʚʤʝʩʪʥʳʡ [89, 23] 

142 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-3, ʙ U, V ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

W, UX, UY JIDR3 [89, 23] 

143 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 

ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

4 ʨʠʩ. 3.4-3, ʚ U, V ʧʦʣʠʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

W, UX, UY MITC4, ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ [3, 73, 

23] 

144 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʚ U, V SubAreas [26, 23] 

W, UX, UY JIDR4, SubAreas [89, 23] 

145 ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.4-3, ʛ U, V SubAreas [26, 23] 

W, UX, UY JIDR, SubAreas [89, 23] 

146 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 

ʠʟʦʧʘʨʘʤʝʪʨʠʯ. 

4-8 ʨʠʩ. 3.4-3, ʜ U, V ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

W, UX, UY JIDR, ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ [89, 23] 

147 ʊʨʝʫʛʦʣʴʥʳʡ, 

ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

3-6 ʨʠʩ. 3.4-3, ʝ U, V ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ  

W, UX, UY JIDR, ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ [89, 23] 

148 ʊʨʝʫʛʦʣʴʥʳʡ 

 

3 ʨʠʩ. 3.4-3, ʙ U, V ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

W, UX, UY DSG3M [23] 

149 ʊʨʝʫʛʦʣʴʥʳʡ 

 

3 ʨʠʩ. 3.4-3, ʙ U, V ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

W, UX, UY DSG3 [74, 23] 

150 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-3, ʜ U, V JIDR, SubAreas [26, 23] 

W, UX, UY JIDR, SubAreas [89, 23] 

ʕʣʝʤʝʥʪʳ ʩ ʚʨʘʱʘʪʝʣʴʥʳʤʠ (DDF) ʠ ʢʚʘʟʠʚʨʘʱʘʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ (QRDF) 
191 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʘ U, V, UZ DDF, ʥʝʩʦʚʤʝʩʪʥʳʡ [88, 23] 

W, UX, UY JIDR [89, 23] 

192 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-3, ʙ U, V, UZ DDF, SubAreas, [88, 23] 

W, UX, UY JIDR, SubAreas [89, 23] 

194 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʚ U, V, UZ DDF, SubAreas [88, 23] 

W, UX, UY JIDR, SubAreas [89, 23] 

195 ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.4-3, ʛ U, V, UZ DDF, SubAreas [88, 23] 

W, UX, UY JIDR, SubAreas [89, 23] 

196 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-3, ʜ U, V, UZ DDF, SubAreas [88, 23] 

W, UX, UY JIDR, SubAreas, [89, 23] 

197 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.4-3, ʜ U, V, UZ DDF, ʥʝʩʦʚʤʝʩʪʥʳʡ, SubAreas [88, 23] 

W, UX, UY JIDR, SubAreas, [89, 23] 

542 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-3, ʙ U, V, UZ QRDF [88, 23] 

W, UX, UY JIDR [89, 23] 

543 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʚ U, V, UZ QRDF, ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ [88, 23] 

W, UX, UY MITC4, ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ [3, 73, 

23] 
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544 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʘ U, V, UZ QRDF, SubAreas [88, 23] 

W, UX, UY JIDR, SubAreas [89, 23] 

546 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʚ U, V, UZ QRDF, ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ [88, 23] 

W, UX, UY JIDR, ,ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ [89, 23] 

547 ʊʨʝʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.4-3, ʙ U, V, UZ QRDF [88, 23] 

W, UX, UY DSG3M [23] 

548 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.4-3, ʙ U, V, UZ QRDF [88, 23] 

W, UX, UY DSG3 [74, 23]  

ȗȺȷȪȮȶȶȷȺȻȱ ȰȩȭȩȶȱɈ ȱȺȾȷȭȶȷȲ ȱȶȽȷȹȵȩȿȱȱ ȭȴɈ ȸȴȷȺȳȱȾ ȳȷȶȮɀȶɄȾ 
ɆȴȮȵȮȶȻȷȫ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶ E(ʊ/ʤ2), n ð ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

¶ E1(ʊ/ʤ
2), E2(ʊ/ʤ

2), n12, n21, G12(ʊ/ʤ
2) ð ʜʣʷ ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

¶ E1(ʊ/ʤ
2), E2(ʊ/ʤ

2), n12, n21, G12(ʊ/ʤ
2), h12,1, h12,2, h1,12, h2,12 ð ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺʩʝʛʜʘ ʫʢʘʟʳʚʘʝʪʩʷ ʪʦʣʱʠʥʘ ʵʣʝʤʝʥʪʘ d. 
ɼʣʷ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʫʯʝʩʪʴ: 

¶ E3(ʊ/ʤ
2), n13, n31 ð ʪʨʘʥʩʚʝʨʩʘʣʴʥʫʶ  ʠʟʦʪʨʦʧʠʶ; 

¶ E3(ʊ/ʤ
2), n13, n31, n23, n32 ð ʦʨʪʦʪʨʦʧʠʶ; 

¶ E3(ʊ/ʤ
2), n13, n31, n23, n32, h12,3, h3,12 ð ʘʥʠʟʦʪʨʦʧʠʶ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʦʨʪʦʪʨʦʧʥʳʭ ʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʧʣʘʩʪʠʥ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʷ, 
ʜʣʷ ʢʦʪʦʨʳʭ ʟʘʜʘʥʳ ʞʝʩʪʢʦʩʪʠ. ɺʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʦʩʠ ʦʨʪʦʪʨʦʧʠʠ Xɸ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
ʚʝʢʪʦʨʦʤ ʠʣʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ. ɿʘʜʘʥʥʳʡ ʚʝʢʪʦʨ ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʴ ʵʣʝʤʝʥʪʘ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʠ Xɸ ʦʨʪʦʪʨʦʧʠʠ. ʆʩʴ Yɸ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ 
ʪʨʝʪʴʝʛʦ ʫʟʣʘ ʠ ʦʨʪʦʛʦʥʘʣʴʥʘ Xɸ, ʘ ʪʨʦʡʢʘ Xɸ, Yɸ, Zɸ ð ʧʨʘʚʘʷ. ʄʦʞʥʦ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ, 
ʟʘʜʘʚ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʤʝʩʪʥʳʭ ʦʩʝʡ. 

ɼʣʷ ʫʯʝʪʘ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʟʘʜʘʶʪʩʷ ʉ1(ʊ/ʤ
3), ʉ2(ʊ/ʤ) ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʩʪʝʣʠ ʫʧʨʫʛʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʥʘ ʩʞʘʪʠʝ ʠ ʩʜʚʠʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʧʫʩʢʘʝʪʩʷ ʫʯʝʪ ʦʨʪʦʪʨʦʧʠʠ ʠ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʠ 
ʨʘʙʦʪʝ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʥʘ ʩʜʚʠʛ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʧʦʩʪʧʨʦʮʝʩʩʦʨʝ ʘʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ 
ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʚʳʯʠʩʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʛʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʧʦʣʦʞʝʥʠʝ ʘʨʤʘʪʫʨʳ. 
ʅʘʧʨʘʚʣʝʥʠʝ ʟʘʜʘʝʪʩʷ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʨʘʱʝʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʧʝʨʚʦʛʦ ʫʟʣʘ ʵʣʝʤʝʥʪʘ ʠʣʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ, ʣʝʞʘʱʝʡ ʥʘ ʵʪʦʡ ʦʩʠ. ɿʘʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 
ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʴ ʵʣʝʤʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʠ XN ʚʳʯʠʩʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. ʆʩʴ YN 
ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʦʩʴ ZN ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ Z1 ʠ ʪʨʦʡʢʘ XN,YN, ZN, ð ʧʨʘʚʘʷ. ʄʦʞʥʦ 
ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ, ʟʘʜʘʚ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʤʝʩʪʥʳʭ ʦʩʝʡ. 

ɼʣʷ ʚʩʝʭ ʧʣʦʩʢʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʧʨʷʞʝʥʠʷ (ʫʩʠʣʠʷ) ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ ʚ ʮʝʥʪʨʝ 
ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʚ ʠʭ ʫʟʣʘʭ. ʋʧʨʘʚʣʝʥʠʝ ʠʭ ʚʳʚʦʜʦʤ ʦʧʠʩʘʥʦ ʚ ʛʣʘʚʘʭ 7 ʠ 13. 

ȖȩȬȹȼȰȳȱ ȶȩ ȸȴȷȺȳȱȮ ȳȷȶȮɀȶɄȮ ɆȴȮȵȮȶȻɄ 

ʇʣʦʩʢʠʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʦʧʫʩʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʩʪʥʳʝ ʥʘʛʨʫʟʢʠ: 

¶ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ, 
ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʠʣʦʞʝʥʥʳʭ ʚ ʪʦʯʢʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʤʝʥʪʘ. 
ʅʘʛʨʫʟʢʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ 
ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ, ʪʘʢ ʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʯʠ; 

¶ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʟʘʜʘʶʪʩʷ 
ʚ ʚʠʜʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ (ʚʝʣʠʯʠʥʦʡ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ). ʅʘʛʨʫʟʢʘ ʜʝʡʩʪʚʫʝʪ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʠ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ 

ʚ ʤʝʩʪʥʦʡ, ʪʘʢ ʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ; 

¶ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʚʜʦʣʴ ʦʩʠ Z ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʵʪʦʤ 

ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʜʘʥʠʝ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥ. ʋʢʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʝʪʘ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʵʣʝʤʝʥʪʘ; 
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¶ ʪʨʘʧʝʮʠʝʚʠʜʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ 
ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʦ ʚʩʝʭ ʚʝʨʰʠʥʘʭ ʵʣʝʤʝʥʪʘ. 

ʅʘʛʨʫʟʢʘ ʜʝʡʩʪʚʫʝʪ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʛʜʝ ʦʥʘ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ 

ʠʣʠ ʙʠʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʅʘʧʨʘʚʣʝʥʠʝ ʝʝ ʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʚ ʤʝʩʪʥʦʡ, ʪʘʢ ʠ ʚ 

ʦʙʱʝʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʟʘʜʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʚʝʨʰʠʥʘʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʧʦʨʷʜʦʢ ʠʭ ʟʘʜʘʥʠʷ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʨʷʜʢʫ ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ ʵʣʝʤʝʥʪʘ, ʧʨʠʚʝʜʝʥʥʦʤʫ 

ʧʨʠ ʝʛʦ ʦʧʠʩʘʥʠʠ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ; 

¶ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʣʠʥʠʠ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
ʥʘ ʦʪʨʝʟʢʝ, ʩʦʝʜʠʥʷʶʱʝʤ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ. ʆʪʨʝʟʦʢ ʟʘʜʘʝʪʩʷ ʧʦʨʷʜʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʫʟʣʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʠʩʘʥʠʝʤ ʵʣʝʤʝʥʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ (ʚʝʣʠʯʠʥʦʡ ʩʠʣʳ ʠʣʠ 

ʤʦʤʝʥʪʘ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ). ʅʘʛʨʫʟʢʘ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʚ ʤʝʩʪʥʦʡ, ʪʘʢ ʠ ʚ 

ʦʙʱʝʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ; 

¶ ʪʨʘʧʝʮʠʝʚʠʜʥʳʝ ʧʦ ʣʠʥʠʠ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʦʪʨʝʟʢʝ, 
ʩʦʝʜʠʥʷʶʱʝʤ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ. ʆʪʨʝʟʦʢ ʟʘʜʘʝʪʩʷ ʧʦʨʷʜʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʫʟʣʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʠʩʘʥʠʝʤ ʵʣʝʤʝʥʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ (ʚʝʣʠʯʠʥʦʡ ʩʠʣʳ ʠʣʠ 

ʤʦʤʝʥʪʘ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ). ʅʘʛʨʫʟʢʘ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʚ ʤʝʩʪʥʦʡ, ʪʘʢ ʠ ʚ 

ʦʙʱʝʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ; 

¶ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ ʦʙʱʝʛʦ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 
ʟʘʤʳʢʘʥʠʷ ʠ/ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʤʝʞʜʫ çʚʝʨʭʥʝʡè ʠ çʥʠʞʥʝʡè ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʧʣʘʩʪʠʥʳ (ʉʇ 20.13330.2016  ʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 2.01.07-85* 

(ʩ ʀʟʤʝʥʝʥʠʷʤʠ N 1, 2, 3) / ʉʚʦʜ ʧʨʘʚʠʣ ʦʪ 03 ʜʝʢʘʙʨʷ 2016 ʛ.)). 
ʉʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʤʝʩʪʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʧʨʘʚʠʣʘ ʠʭ ʟʘʜʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʘʭ. ʇʨʠ 

ʵʪʦʤ ʥʘʜʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʠʠ ʥʘʛʨʫʟʢʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʛʥʦʨʠʨʫʶʪʩʷ 

ʩʣʝʜʫʶɦ ʠʝ ʠʭ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʠ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ: 

¶ ʥʦʨʤʘʣʴʥʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ 21ï30, 121-140; 

¶ ʤʦʤʝʥʪ ʚʦʢʨʫʛ ʤʝʩʪʥʦʡ ʦʩʠ Z1 ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ 41ï50, 141-150. 

ɺ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʥʘʛʨʫʟʢʠ ʟʘʜʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ: 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʩʠʣʳ ʚ ʊ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʧʣʦʱʘʜʠ ʩʠʣʳ ʚ ʊ/ʤ2, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʣʠʥʠʠ 

ʩʠʣʳ ʚ ʊ/ʤ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚ ʊʤ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʧʣʦʱʘʜʠ ʤʦʤʝʥʪʳ ʚ ʊʤ/ʤ2, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʣʠʥʠʠ ʤʦʤʝʥʪʳ ʚ ʊʤ/ʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʠʷ, ʧʨʠʚʷʟʢʠ ʚ ʤ. 

ʊʘʙʣʠʮʘ 3.4-6. ʅʘʛʨʫʟʢʠ ʥʘ ʧʣʠʪʳ ʠ ʦʙʦʣʦʯʢʠ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɺʝʣʠʯʠʥʳ ʊʠʧ ʂʕ 

ʉʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ 

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Y1 

PX, a, b  

PY, a, b 

ʦʙʦʣʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ Z1 

ʚʦʢʨʫʛ ʦʩʠ ʍ1 

ʚʦʢʨʫʛ ʦʩʠ Y1 

PZ, a, b 

MX, a, b 

MY, a, b 

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

ʚʦʢʨʫʛ ʦʩʠ Z1 MZ, a, b 91-97, 191-197, 

591-599  

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Y1 

qX 

qY 

ʦʙʦʣʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ Z1 

ʚʦʢʨʫʛ ʦʩʠ ʍ1 

ʚʦʢʨʫʛ ʦʩʠ Y1 

qZ 

mX 

mY 

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

ʚʦʢʨʫʛ ʦʩʠ Z1 mZ 91-97, 191-197 

591-599 



3 . Ȋ ȱ Ȫ ȴȱ ȷȻ Ȯȳ ȩ ȳȷ ȶȮ ɀȶ ɄȾ  Ɇ ȴȮȵȮȶȻȷȫ 

 102  

ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɺʝʣʠʯʠʥʳ ʊʠʧ ʂʕ 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

1 2 n
X X X, , ... ,q q q  

1 2 n
Y Y Y, , ... ,q q q  

ʦʙʦʣʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ Z 

ʚʦʢʨʫʛ ʦʩʠ ʍ 

ʚʦʢʨʫʛ ʦʩʠ Y 

1 2 n
Z Z Z, , ... ,q q q  

1 2 n
X X X, , ... ,m m m  

1 2 n
Y Y Y, , ... ,m m m  

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

ʚʦʢʨʫʛ ʦʩʠ Z 
1 2 n
Z Z Z, , ... ,m m m  91-97, 191-197, 

591-599 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Y1 

n1 n2 qX      
1  

n1 n2 qY 

ʦʙʦʣʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ Z1 

ʚʦʢʨʫʛ ʦʩʠ ʍ1 

ʚʦʢʨʫʛ ʦʩʠ Y1 

n1 n2 qZ 

n1 n2 mX 

n1 n2 mY 

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

ʚʦʢʨʫʛ ʦʩʠ Z1 n1 n2 mZ 91-97, 191-197, 

591-599 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Y1 

n1 n2 qX,1  qX,2 

n1  n2 qY,1  qY,2 

ʦʙʦʣʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ Z1 

ʚʦʢʨʫʛ ʦʩʠ ʍ1 

ʚʦʢʨʫʛ ʦʩʠ Y1 

n1 n2 qZ,1  qZ,2 

n1 n2  mX,1  mX,2 

n1 n2  mY,1  mY,2 

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

ʚʦʢʨʫʛ ʦʩʠ Z1 n1 n2  mZ,1  mZ,2 91-97, 191-197, 

591-599 

                                                      
1 n1 , n2 ð ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʫʟʣʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʵʣʝʤʝʥʪʘ. 
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ʊʘʙʣʠʮʘ 3.4-7. ʅʘʛʨʫʟʢʠ ʥʘ ʧʣʠʪʳ ʠ ʦʙʦʣʦʯʢʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɺʝʣʠʯʠʥʳ ʊʠʧ ʂʕ 

ʉʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʩ ʧʨʠʚʷʟʢʘʤʠ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

PX, a, b 

PY, a, b 

ʦʙʦʣʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ Z 

ʚʦʢʨʫʛ ʦʩʠ ʍ 

ʚʦʢʨʫʛ ʦʩʠ Y 

PZ, a, b 

MX, a, b  

MY, a, b 

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

ʚʦʢʨʫʛ ʦʩʠ Z MZ, a, b ʦʙʦʣʦʯʢʠ 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

qX 

qY 

ʦʙʦʣʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ Z 

ʚʦʢʨʫʛ ʦʩʠ ʍ 

ʚʦʢʨʫʛ ʦʩʠ Y 

qZ 

mX 

mY 

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

ʚʦʢʨʫʛ ʦʩʠ Z mZ ʦʙʦʣʦʯʢʠ 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ  

 
 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

1 2 n
X X X, , ... ,q q q   

1 2 n
Y Y Y, , ... ,q q q  

ʦʙʦʣʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ Z 

ʚʦʢʨʫʛ ʦʩʠ ʍ 

ʚʦʢʨʫʛ ʦʩʠ Y 

1 2 n
Z Z Z, , ... ,q q q  

1 2 n
X X X, , ... ,m m m  

1 2 n
Y Y Y, , ... ,m m m  

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

ʚʦʢʨʫʛ ʦʩʠ Z 
1 2 n
Z Z Z, , ... ,m m m  ʦʙʦʣʦʯʢʠ 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ 

  

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

n1 n2 qX  

n1 n2 qY 

ʦʙʦʣʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ Z 

ʚʦʢʨʫʛ ʦʩʠ ʍ 

ʚʦʢʨʫʛ ʦʩʠ Y 

n1 n2 qZ 

n1 n2 mX 

n1 n2 mY 

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

ʚʦʢʨʫʛ ʦʩʠ Z n1 n2 mZ ʦʙʦʣʦʯʢʠ 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

n1 n2 qX,1 qX,2 

n1 n2 qY,1 qY,2 

ʦʙʦʣʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ Z 

ʚʦʢʨʫʛ ʦʩʠ ʍ 

ʚʦʢʨʫʛ ʦʩʠ Y 

n1 n2 qZ,1 qZ,2 

n1 n2 mX,1 mX,2 

n1 n2 mY,1 mY,2 

 

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

 ʚʦʢʨʫʛ ʦʩʠ Z n1 n2 mZ,1 mZ,2 ʦʙʦʣʦʯʢʠ 
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ʊʘʙʣʠʮʘ 3.4-8 

ʅʘʛʨʫʟʢʠ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʵʣʝʤʝʥʪʳ ʜʣʷ  

ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʥʘʧʨʷʞʝʥʥʦʛʦ ʠ ʧʣʦʩʢʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ 

ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɺʝʣʠʯʠʥʳ ʊʠʧ ʂʕ 

ʉʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Z1 

PX, a, b 

PZ, a, b 

21-30,121-130, 

521-530 

ʚʦʢʨʫʛ ʦʩʠ Y MY, a, b 121-130, 521-530 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ  

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Z1 

qX 

qZ  

21-30,121-130, 

521-530 

ʚʦʢʨʫʛ ʦʩʠ Y mY 121-130, 521-530 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Z1 

1 2 n

X X X, , ... ,q q q  

1 2 n

Z Z Z, , ... ,q q q  

21-30,121-130, 

521-530 

ʚʦʢʨʫʛ ʦʩʠ Y 
1 2 n
Y Y Y, , ... ,m m m  121-130, 521-530 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ  

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Z1 

n1 n2 qX  

n1 n2 qZ 

21-30,121-130, 

521-530 

ʚʦʢʨʫʛ ʦʩʠ Y n1 n2 mY 121-130, 521-530 
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ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɺʝʣʠʯʠʥʳ ʊʠʧ ʂʕ 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Z1 

n1 n2 qX,1  qX,2 

n1 n2 qZ,1  qZ,2 

21-30,121-130, 

521-530 

ʚʦʢʨʫʛ ʦʩʠ Y n1 n2 mY,1 mY,2 121-130, 521-530 

ʊʘʙʣʠʮʘ 3.4-9 

ʅʘʛʨʫʟʢʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʵʣʝʤʝʥʪʳ  

ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʥʘʧʨʷʞʝʥʥʦʛʦ ʠ ʧʣʦʩʢʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ 

ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɺʝʣʠʯʠʥʳ ʊʠʧ ʂʕ 

ʉʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʩ ʧʨʠʚʷʟʢʘʤʠ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Z  

PX, a, b 

PZ, a, b 

21ï30, 121-130, 

521-530 

ʚʜʦʣʴ ʦʩʠ Y PY, a, b 23, 24, 26, 27, 28 

ʚʦʢʨʫʛ ʦʩʠ Y MY, a, b 121-130, 521-530 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ  

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Z 

qX 

qZ 

21ï30, 121-130, 

521-530 

ʚʜʦʣʴ ʦʩʠ Y qY 23, 24, 26, 27, 28 

ʚʦʢʨʫʛ ʦʩʠ Y mY 121-130, 521-530 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ  

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Z  

1 2 n
X X X, , ... ,q q q  

1 2 n
Z Z Z, , ... ,q q q  

21ï30, 121-130, 

521-530 

ʚʜʦʣʴ ʦʩʠ Y 
1 2 n
Y Y Y, , ... ,q q q  23, 24, 26, 27, 28 

ʚʦʢʨʫʛ ʦʩʠ Y 
1 2 n
Y Y Y, , ... ,m m m

 

121-130, 521-530 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Z 

n1 n2 qX 

n1 n2 qZ 

21ï30, 121-130, 

521-530 

ʚʜʦʣʴ ʦʩʠ Y n1 n2 qY 23, 24, 26, 27, 28 

ʚʦʢʨʫʛ ʦʩʠ Y n1 n2 mY 121-130, 521-530 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Z 

n1 n2 qX,1 qX,2 

n1 n2 qZ,1 qZ,2 

21ï30, 121-130, 

521-530 

ʚʜʦʣʴ ʦʩʠ Y n1 n2 qY,1 qY,2 23, 24, 26, 27, 28 

ʚʦʢʨʫʛ ʦʩʠ Y n1 n2 mY,1 mY,2 121-130, 521-530 
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ʊʘʙʣʠʮʘ 3.4-10 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʣʦʩʢʠʝ ʵʣʝʤʝʥʪʳ  
ʊʠʧ ʂʕ ɺʦʟʜʝʡʩʪʚʠʝ ɺʝʣʠʯʠʥʳ ʇʨʠʤʝʯʘʥʠʷ 

ʧʣʠʪʳ 

ʦʙʦʣʦʯʢʠ 

ʈʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʷʭ. 

Dt, [a] Dt ð ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʷʭ; 

a ð ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ; 

ax, ay ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʦʩʷʤ X1 ʠʣʠ Y1 ʤʝʩʪʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʡ ʟʘʜʘʥʳ 

ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ 

ʦʨʪʦʪʨʦʧʠʶ ʤʘʪʝʨʠʘʣʘ; 

t ð ʫʚʝʣʠʯʝʥʠʝ (ʫʤʝʥʴʰʝʥʠʝ) ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʨʝʜʥʝʛʦ ʩʣʦʷ ʧʣʘʩʪʠʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʨ-

ʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʘʤʳʢʘʥʠʷ (ʉʇ 20.13330.2016 ʅʘʛʨʫʟʢʠ ʠ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ 

ʉʅʠʇ 2.01.07-85* (ʩ ʀʟʤʝʥʝʥʠʷʤʠ N 1, 2, 3) / 

ʉʚʦʜ ʧʨʘʚʠʣ ʦʪ 03 ʜʝʢʘʙʨʷ 2016 ʛ.)). 

Dt, [aX] 

Dt, [aY] 

Dt, [aX, aY] 

21-30 

121-130, 

521-530 

ʦʙʦʣʦʯʢʠ 

ʆʙʱʠʡ ʥʘʛʨʝʚ (ʦʭʣʘʞʜʝʥʠʝ) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʘʤʳʢʘʥʠʷ. 

t, [a] 

t, [aX] 

t, [aY] 

t, [aX, aY] 

ʦʙʦʣʦʯʢʠ ʆʙʱʠʡ ʥʘʛʨʝʚ (ʦʭʣʘʞʜʝʥʠʝ) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʘʤʳʢʘʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʷʭ. 

t, Dt, [a] 

t, Dt, [aX] 

t, Dt, [aZ] 

ɿʘʤʝʯʘʥʠʝ: ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʟʘʜʘʥʥʳʝ ʚ 

ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʬʘʡʣʦʚ ʧʨʝʜʳʜʫʱʠʭ ʚʝʨʩʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʟʘʜʘʥʥʳʡ ʧʨʠ ʦʧʠʩʘʥʠʠ ʥʘʛʨʫʟʢʠ. ʇʨʠ ʵʪʦʤ 

ʚʳʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ. ɿʘʜʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʥʘʛʨʫʟʢʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ. 

3.5.  ȓȷȶȮɀȶɄȮ ɆȴȮȵȮȶȻɄ ȭȴɈ ȹȮɁȮȶȱɈ ȸȹȷȺȻȹȩȶȺȻȫȮȶȶȷȲ 
Ȱȩȭȩɀȱ ȻȮȷȹȱȱ ȼȸȹȼȬȷȺȻȱ (ȷȪɃȮȵȶɄȮ ɆȴȮȵȮȶȻɄ)  

ȗȪɂȱȮ ȺȫȮȭȮȶȱɈ 

ʕʪʠ ʵʣʝʤʝʥʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʠ-

ʥʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʤʘʩʩʠʚʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ex, ey, ez, gxy, gxz, gyz ð ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ; 

sx, sy, sz, txy, txz, tyz ð ʥʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; 

Ex, Ey, Ez ð ʤʦʜʫʣʠ ʖʥʛʘ ʧʦ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʫʧʨʫʛʦʩʪʠ (ʚ ʩʣʫʯʘʝ ʠʭ ʨʘʚʝʥʩʪʚʘ ʜʣʷ ʚʩʝʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʟʥʘʯʝʥʠʝ ɽ); 

Gxy, Gxz, Gyz ð ʤʦʜʫʣʠ ʩʜʚʠʛʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʤʝʞʜʫ ʛʣʘʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ (ʚ ʩʣʫʯʘʝ ʠʭ ʨʘʚʝʥʩʪʚʘ ʜʣʷ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʟʥʘʯʝʥʠʝ G); 

n, nij ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʫʘʩʩʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʧʝʨʝʯʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʨʠ ʩʞʘʪʠʠ ʠʣʠ 

ʨʘʩhʠʨʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. ʇʝʨʚʳʡ ʠʥʜʝʢʩ ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʚʪʦʨʦʡ ð ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʩʠʣʳ. 

ɺ ʩʠʩʪʝʤʝ SCAD ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ: 

ʠʟʦʪʨʦʧʥʦʝ ʪʝʣʦ: 

( )
1

E
x x y ze = s -ns -ns, ( )

1

E
y y x ze = s -ns -ns, ( )

1

E
z z x ye = s -ns -ns, 

1

G
xy xyg = t; 

1

G
yz yzg = t; 

1

G
zx zxg = t; 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʝ ʠ ʦʨʪʦʪʨʦʧʥʦʝ ʪʝʣʦ:  

1312
x x y z

x y z

1

E E E

nn
e = s - s - s, 2321

y x y z
x y z

1

E E E

nn
e =- s + s - s, 31 32

z x y z
x y z

1

E E E

n n
e =- s - s + s, 

xy xy xz xz yz yz
xy xz yz

1 1 1
, ,

G G G
z z ze = e = e = . 
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ɼʣʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ Ex = Ey = E, n12 = n21, Gxz = Gyz. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʩʯʠʪʘʁ ʪʩʷ ʚʳʧʦʣʥʝʥʥʳʤʠ ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ: 

E1n12 = E2n21, E1n13 = E3n31, E2n23 = E3n32. 

ɺ ʢʘʞʜʦʤ ʫʟʣʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪʩʷ ʧʦ ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ: u, v, w ð ʧʝʨʝʤʝʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʦʩʷʤ x, y, z. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʱʝʥʠʷ (u, v, w) ʘʧʧʨʦʢ-

ʩʠʤʠʨʦʚʘʣʠʩʴ ʬʫʥʢʮʠʷʤʠ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: ʣʠʥʝʡʥʳʤʠ ð ʜʣʷ ʪʝʪʨʘʵʜʨʘ, ʣʠʥʝʡʥʳʤʠ ʠʣʠ ʙʠʣʠ-

ʥʝʡʥʳʤʠ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ð ʜʣʷ ʪʨʝʫʛʦʣʴʥʦʡ ʧʨʠʟʤʳ ʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ [15], ʜʨʦʙʥʦ-

ʨʘʮʠʦʥʘʣʴʥʳʤʠ ð ʜʣʷ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [16, 19, 23]. 

ȕȮȺȻȶɄȮ ȺȱȺȻȮȵɄ ȳȷȷȹȭȱȶȩȻ 

ʅʘ ʢʘʞʜʦʤ ʢʦʥʝʯʥʦʤ ʵʣʝʤʝʥʪʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʤʦʞʝʪ ʩʫ-

ʱʝʩʪʚʦʚʘʪʴ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʤʝʩʪʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʚʧʘʜʘʶʪ: 

¶ ʤʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ; 

¶ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʦʩʝʡ ʦʨʪʦʪʨʦʧʠʠ; 

¶ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚʳʯʠʩʣʝʥʠʷ ʫʩʠʣʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

ɼʚʝ ʧʦʩʣʝʜʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʦʚʧʘʜʘʶʪ ʩ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ 

ʵʣʝʤʝʥʪʘ. 

ʂʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʪʠʧʘ 31 ʠ 33 ʠʤʝʶʪ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʦʩʴ X1 

ʧʨʦʭʦʜʠʪ ʦʪ ʧʝʨʚʦʛʦ ʫʟʣʘ ʢʦ ʚʪʦʨʦʤʫ. ʆʩʴ Y1 ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʝʨʚʳʤʠ ʪʨʝʤʷ 

ʫʟʣʘʤʠ, ʦʨʪʦʛʦʥʘʣʴʥʘ X1 ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʪʨʝʪʴʝʛʦ ʫʟʣʘ. ʆʩʴ Z1 ʦʙʨʘʟʫʝʪ ʩ X1 ʠ Y1 ʧʨʘʚʫʶ 

ʪʨʦʡʢʫ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩʦʚʧʘʜʘʝʪ ʩ ʦʙʱʝʡ. 

ɼʣʷ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʳʜʘʯʠ ʫʩʠʣʠʡ. ʕʪʘ 

ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʝʡ ʍN ʠ YN, ʘ ʦʩʴ ZN ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ ʪʨʦʡʢʠ. 

ȖȩȪȷȹ ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

ʂʕ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʭʝʤʘʭ ʩ ʧʨʠ-

ʟʥʘʢʘʤʠ 4, 5, 8 ʠ 9. ɺ ʥʠʭ ʚʳʯʠʩʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ: NX, NY, NZ, TXY, TXZ, TYZ (ʩʤ. ʨʘʟʜ. 13.6).  

ɺ ʪʘʙʣʠʮʝ 3.5-1 ʧʝʨʝʯʠʩʣʝʥʳ ʚʢʣʶʯʝʥʥʳʝ ʚ SCAD ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʧʨʠʚʝʜʝʥʳ ʠʭ 

ʤʝʩʪʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʊʘʙʣʠʮʘ 3.5-1 

ʊʠʧ 

ʂʕ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʅʫʤʝʨʘʮʠʷ ʫʟʣʦʚ ʠ ʤʝʩʪʥʳʝ ʦʩʠ 

31 ʇʘʨʘʣʣʝʣʝʧʠʧʝʜ 

 
 

 

 

32 ʊʝʪʨʘʵʜʨ 

33 ʊʨʝʭʛʨʘʥʥʘʷ ʧʨʠʟʤʘ 

34 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʰʝʩʪʠʫʟʣʦʚʦʡ 

ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ 

35 ʇʷʪʥʘʜʮʘʪʠʫʟʣʦʚʘʷ 

ʪʨʝʭʛʨʘʥʥʘʷ ʧʨʠʟʤʘ 

36 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʚʦʩɹʤʠʫʟʣʦʚʦʡ 

ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ 

37 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʜʚʘʜʮʘʪʠʫʟʣʦʚʦʡ 

ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ 

38 ɼʝʩʷʪʠʫʟʣʦʚʘʷ 

ʧʠʨʘʤʠʜʘ 

ʅʦʤʝʨʘ ʫʟʣʦʚ, ʣʝʞʘʱʠʝ ʥʘ ʨʝʙʨʘʭ ʵʣʝʤʝʥʪʦʚ, ʟʘʜʘʶʪʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ ʧʦʩʣʝ ʥʦʤʝʨʦʚ ʫʟʣʦʚ ʚ 

ʚʝʨʠhʥʘʭ. 
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ɆȴȮȵȮȶȻȷȫ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

E(ʊ/ʤ
2
) , n ð ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

E(ʊ/ʤ2), E3(ʊ/ʤ
2), n12, n13, G13(ʊ/ʤ

2) ð ʜʣʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

E1(ʊ/ʤ
2), E2(ʊ/ʤ

2), E3(ʊ/ʤ
2), n12, n21, n13, n31, n23, n32, G12(ʊ/ʤ

2), G13(ʊ/ʤ
2), G23(ʊ/ʤ

2) ð ʜʣʷ 

ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʪʝʣ ʠʟ ʦʨʪʦʪʨʦʧʥʳʭ ʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʘʜʘʥʳ ʞʝʩʪʢʦʩʪʠ. ɺʦʟʤʦʞʥʦ ʠʭ ʟʘʜʘʥʠʝ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ DX1, DY1, DZ1, DX2, DY2, DZ2 ð ʧʨʦʝʢʮʠʷʤʠ ʥʘ ʦʩʠ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʚʫʭ 

ʚʝʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʦʨʪʦʪʨʦʧʠʠ Xɸ ʠ Yɸ. ʆʩʴ Zɸ ʦʨʪʦʛʦʥʘʣʴʥʘ ʢ ʥʠʤ, 

ʠ ʪʨʦʡʢʘ Xɸ, Yɸ, Zɸ ð ʧʨʘʚʘʷ; 

¶ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʢʦʛʜʘ ʟʘʜʘʶʪʩʷ Xʉ, Yʉ, Zʉ ð ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ, ʯʝʨʝʟ 

ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ ʦʩʴ ʮʠʣʠʥʜʨʘ ʠ DX, DY, DZ ð ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ 

ʮʠʣʠʥʜʨʘ. ʆʩʴ Xɸ ʦʨʪʦʛʦʥʘʣʴʥʘ ʦʩʠ ʮʠʣʠʥʜʨʘ ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ, ʣʝʞʘʱʫʶ ʥʘ ʥʝʡ. ʆʩʴ 

Zɸ ʣʝʞʠʪ ʥʘ ʦʙʨʘʟʫʶʱʝʡ ʮʠʣʠʥʜʨʘ; 

¶ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʢʦʛʜʘ ʟʘʜʘʶʪʩʷ Xʉ,Yʉ, Zʉ ð ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʩʬʝʨʳ ʠ 

DX, DY, DZ ð ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ Yɸ. ʆʩʴ Xɸ ʧʨʦʭʦʜʠʪ ʦʪ ʧʝʨʚʦʛʦ ʫʟʣʘ 

ʵʣʝʤʝʥʪʘ ʢ ʮʝʥʪʨʫ ʩʬʝʨʳ. 

ʄʦʞʥʦ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ, ʟʘʜʘʚ ʫʛʣʳ ʕʡʣʝʨʘ ʧʦʚʦʨʦʪʘ ʤʝʩʪʥʳʭ ʦʩʝʡ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʚʳʯʠʩʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. 

ʀʭ ʟʘʜʘʥʠʝ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʦ ʟʘʜʘʥʠʶ ʦʩʝʡ ʦʨʪʦʪʨʦʧʠʠ. 

ɼʣʷ ʚʩʝʭ ʦʙʲʝʤʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʧʨʷʞʝʥʠʷ (ʫʩʠʣʠʷ) ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ ʚ ʮʝʥʪʨʝ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʚ ʠʭ ʫʟʣʘʭ. ʋʧʨʘʚʣʝʥʠʝ ʠʭ ʚʳʚʦʜʦʤ ʦʧʠʩʘʥʦ ʚ ʛʣʘʚʘʭ 7 ʠ 13. 

ȖȩȬȹȼȰȳȱ ȶȩ ȷȪɃȮȵȶɄȮ ȳȷȶȮɀȶɄȮ ɆȴȮȵȮȶȻɄ 

ʂʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʦʧʫʩʢʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʥʘʛʨʫʟʢʠ: 

¶ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʡ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʘʜʘʥʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʪʦʯʢʝ ʵʣʝʤʝʥʪʘ. ʅʘʛʨʫʟʢʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ 

ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ, ʪʘʢ ʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʯʠ; 

¶ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ 
ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʣʳ (ʚʝʣʠʯʠʥʦʡ ʩʠʣʳ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ). 

ʅʘʛʨʫʟʢʘ ʜʝʡʩʪʚʫʝʪ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʵʣʝʤʝʥʪʘ ʠ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʚ ʤʝʩʪʥʦʡ, ʪʘʢ ʠ ʚ 

ʦʙʱʝʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ; 

¶ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʚʜʦʣʴ ʦʩʠ Z ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʋʢʘʟʳʚʘʝʪʩʷ 

ʫʜʝʣʴʥʳʡ ʚʝʩ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʝʪʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʵʣʝʤʝʥʪʘ; 

¶ ʪʨʘʧʝʮʠʝʚʠʜʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʪʠʧʘ 31 ʠ 33, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ 

ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʣʳ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʦ 

ʚʩʝʭ ʚʝʨʰʠʥʘʭ ʵʣʝʤʝʥʪʘ. ʅʘʛʨʫʟʢʘ ʜʝʡʩʪʚʫʝʪ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʵʣʝʤʝʥʪʘ, ʛʜʝ ʦʥʘ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʚ ʢʘʞʜʦʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ. ʅʘʧʨʘʚʣʝʥʠʝ ʝʝ ʜʝʡʩʪʚʠʷ 

ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʚ ʤʝʩʪʥʦʡ, ʪʘʢ ʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ 

ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʨʷʜʢʫ ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ 

ʵʣʝʤʝʥʪʘ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʧʨʠ ʝʛʦ ʦʧʠʩʘʥʠʠ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ; 

¶ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʛʨʘʥʠ ʵʣʝʤʝʥʪʘ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʟʘʜʘʥʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ. ʆʥʠ ʟʘʜʘʶʪʩʷ ʧʦʨʷʜʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʛʨʘʥʝʡ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʧʨʠ ʦʧʠʩʘʥʠʠ 

ʵʣʝʤʝʥʪʘ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ (ʩʤ. ʨʠʩ. 3.5-1), ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ (ʚʝʣʠʯʠʥʦʡ 

ʩʠʣʳ ʠʣʠ ʤʦʤʝʥʪʘ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ). ʅʘʛʨʫʟʢʘ ʤʦʞʝʪ ʟʘʜʘʚʘʪʩɹʷ ʢʘʢ ʚ 

ʤʝʩʪʥʦʡ, ʪʘʢ ʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ; 

¶ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ ʦʙʱʝʛʦ ʥʘʛʨʝʚʘ (ʦʭʣʘʞʜʝʥʠʷ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʤʳʢʘʥʠʷ. 
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ɺ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʥʘʛʨʫʟʢʠ ʟʘʜʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ: 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʩʠʣʳ ʚ ʊ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʧʣʦʱʘʜʠ ʩʠʣʳ ʚ ʊ/ʤ2, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʦʙʲʝʤʫ ʚ 

ʊ/ʤ3, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʠʷ, ʧʨʠʚʷʟʢʠ ʚ ʤ. 

ʆʩʥʦʚʥʳʝ ʤʝʩʪʥʳʝ ʥʘʛʨʫʟʢʠ ʜʣʷ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.5-2. 

ʊʘʙʣʠʮʘ 3.5-2 

ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɺʝʣʠʯʠʥʳ ʊʠʧ ʂʕ 

ʉʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Y1 

ʚʜʦʣʴ ʦʩʠ Z1 

PX, a, b, ʩ 

PY, a, b, ʩ 

PZ, a, b, ʩ 

31, 33 

ʉʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʚʷʟʢʠ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

ʚʜʦʣʴ ʦʩʠ Z 

PX, a, b, ʩ 

PY, a, b, ʩ 

PZ, a, b, ʩ 

31, 33 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Y1 

ʚʜʦʣʴ ʦʩʠ Z1 

qX 

qY 

qZ 

31, 33 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

ʚʜʦʣʴ ʦʩʠ Z 

qX 

qY 

qZ 

31ï40 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʛʨʘʥʠ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ ʍ1 

ʚʜʦʣʴ ʦʩʠ Y1 

ʚʜʦʣʴ ʦʩʠ Z1 

qX n1 

qY n 

qZ n 

31, 33 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʛʨʘʥʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ ʍ 

ʚʜʦʣʴ ʦʩʠ Y 

ʚʜʦʣʴ ʦʩʠ Z 

qX n 

qY n 

qZ n 

31ï40 

 

                                                      
1 n ð ʥʦʤʝʨ ʛʨʘʥʠ ʵʣʝʤʝʥʪʘ (ʩʤ. ʨʠʩ. 3.5-1) 
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ʘ)  
ʙ) 

 
 

 

ʚ) 

ʈʠʩ. 3.5-1. ʅʫʤʝʨʘʮʠʷ ʛʨʘʥʝʡ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ 

 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʙʲʝʤʥʳʝ ʵʣʝʤʝʥʪʳ   ʊʘʙʣʠʮʘ 3.5-3  

ɺʦʟʜʝʡʩʪʚʠʝ ɺʝʣʠʯʠʥʳ ʇʨʠʤʝʯʘʥʠʷ 

ʆʙʱʠʡ ʥʘʛʨʝʚ  

(ʦʭʣʘʞʜʝʥʠʝ) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʘʤʳʢʘʥʠʷ. 

t, [a] t ð ʫʚʝʣʠʯʝʥʠʝ (ʫʤʝʥʴʰʝʥʠʝ) ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʥʝʛʦ ʩʣʦʷ ʧʣʘʩʪʠʥʳ 

ʧʦ ʦʪʥʦh ʝʥʠʶ ʢ ʥʦʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʘʤʳʢʘʥʠʷ); 

a ð ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ; 

aX, aY, aZ ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʦ ʦʩʷʤ X1 ʠʣʠ Y1 ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʡ 

ʟʘʜʘʥʳ ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ ʦʨʪʦʪʨʦʧʠʶ 

ʤʘʪʝʨʠʘʣʘ. 

t, [aX] 

t, [aY] 

t, [aZ] 

Dt, [aX, aY, aZ] 

ɿʘʤʝʯʘʥʠʝ: ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʟʘʜʘʥʥʳʝ ʚ 

ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʬʘʡʣʦʚ ʧʨʝʜʳʜʫʱʠʭ ʚʝʨʩʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʟʘʜʘʥʥʳʡ ʧʨʠ ʦʧʠʩʘʥʠʠ ʥʘʛʨʫʟʢʠ. ʇʨʠ ʵʪʦʤ 

ʚʳʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ. ɿʘʜʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʥʘʛʨʫʟʢʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ. 

3.6.  ȜȶȱȫȮȹȺȩȴɅȶɄȮ ȳȷȶȮɀȶɄȮ ɆȴȮȵȮȶȻɄ ȭȴɈ ȹȮɁȮȶȱɈ 
ȷȺȮȺȱȵȵȮȻȹȱɀȶȷȲ Ȱȩȭȩɀȱ ȻȮȷȹȱȱ ȼȸȹȼȬȷȺȻȱ 

ȗȪɂȱȮ ȺȫȮȭȮȶȱɈ 

ʕʪʠ ʵʣʝʤʝʥʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧpʷʞʝʥʥʦ-ʜʝʬʦpʤʠpʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʣ ʚʨʘ-

ʱʝʥʠʷ (ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʪʚʝʨʜʳʝ ʪʝʣʘ) ʠʟ ʦʜʥʦʨʦʜʥʦʛʦ (ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʣʶʙʦʡ ʠʟ ʦʩʝʡ r, Z 

ʵʣʝʤʝʥʪʘ) ʠʟʦʪʨʦʧʥʦʛʦ, ʪpʘʥʩʚʝpʩʘʣʴʥʦ-ʠʟʦʪpʦʧʥʦʛʦ ʠʣʠ ʦʨʪʦʪʨʦʧʥʦʛʦ ʣʠʥʝʡʥʦ-ʫʧpʫʛʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʠ [58].  

 

ʈʠʩ. 3.6-1. 

ʇʨʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ 

ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʧʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʪʝʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʬʫʥʢʮʠʷ ʣʠʰʴ ʨʘʜʠʫʩʘ r ʠ ʚʳʩʦʪʳ Z ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʝʨʝʤʝʱʝʥʠʡ. ʊʘʢʠʝ ʩʝʯʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.6-1. 

ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʝʚ 

ʫʧʨʫʛʦʡ ʩʠʤʤʝʪʨʠʠ:ʧʦʣʥʘʷ ʩʠʤʤʝʪʨʠʷ (ʠʟʦʪʨʦʧʥʦʝ ʪʝʣʦ); 

¶ ʧʣʦʩʢʦʩʪʴ ʠʟʦʪʨʦʧʠʠ (ʪpʘʥʩʚʝpʩʘʣʴʥʦ-ʠʟʦʪpʦʧʥʦʝ ʪʝʣʦ); 

¶ ʪʨʠ ʧʣʦʩʢʦʩʪʠ ʫʧʨʫʛʦʡ ʩʠʤʤʝʪʨʠʠ (ʦpʪʦʪpʦʧʥʦ-ʘʥʠʟʦʪpʦʧʥʦʝ 

ʠʣʠ ʦʨʪʦʪʨʦʧʥʦʝ ʪʝʣʦ). 

ʆʧʠʰʝʤ ʠʭ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

¶ er, ez, eq, grz ð ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʘʷ ʜʝʬʦʨʤʘʮʠʷ; 

¶ sr, sz, trz ð ʥʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʷ; 

¶ sq ð ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʨʪʦʛʦʥʘʣʴʥʦʤ 

ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʷ; 

¶ E, Ei ð ʤʦʜʫʣʠ ʖʥʛʘ ʧʦ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʫʧʨʫʛʦʩʪʠ; 

¶ G ð ʤʦʜʫʣʴ ʩʜʚʠʛʘ; 
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¶ n,nik ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʫʘʩʩʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʧʦʧʝʨʝʯʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʨʠ ʩʞʘʪʠʠ ʠʣʠ ʨʘʩʰʠʨʝʥʠʝ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. ʇʝʨʚʳʡ ʠʥʜʝʢʩ 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʚʪʦʨʦʡ ð ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʝʡʩʪʚʠʷ ʩʠʣʳ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʘʷ ʜʝʬʦʨʤʘʮʠʠ , , ,r z rzqe e e g ʯʝʨʝʟ ʩʤʝʱʝʥʠʷ ʟʘʧʠʰʫʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

z

v

z

µ
e =

µ
, 

r

u

r

µ
e =

µ
, u

r
qe = , 

rz

u v

z r

µ µ
g = +

µ µ
. 

ɼʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʷʤʠ: 

ʠʟʦʪʨʦʧʥʦʝ ʪʝʣʦ: 

( )z z r

1

E
qè øe = s -n s +sê ú

, 

( )r r z

1

E
qè øe = s -n s +sê ú

, 

( )z r

1

E
q qè øe = s -n s +sê ú

, 

rz rz / Gg =t , 

E
G

2(1 )
=

+n
; 

ʪpʘʥʩʚʝpʩʘʣʴʥʦ-ʠʟʦʪpʦʧʥʦʝ ʪʝʣʦ: 

r r z
z

1

E E E
q

¡n n
e = s - s - s, 

r z
z

1

E E E
q q

¡n n
e =- s + s - s, 

( )z r z
z

1

E E
q

¡¡n
e =- s +s + s, 

rz rz r/Gg =t , 

rz z zr z,q q
¡ ¡¡n =n =n n =n =n; 

ʦʨʪʦʪʨʦʧʥʦʝ ʪʝʣʦ: 

zzr
z z r

z r

1

E E E

q
q

q

nn
e = s - s - s, 

r rz
r r z

r z

1

E E E

q
q

q

n n
e = s - s - s, 

r z

r z
r z

1

E E E

q q

q q
q

n n
e = s - s - s. 

/rz rz Gg =t  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ: Ernrq= Eqnqr , Eznzr=Ernrz , Eqnqz= Eznzq , 

ʷʚʣʷʶʱʠʝʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʜʣʷ ʣʶʙʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʧʨʘʚʝʜʣʠʚʦ 

ʜʦʧʫʱʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫʧʨʫʛʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ȖȩȪȷȹ ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ, ʢʘʢ ʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ.  
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ʈʠʩ. 3.6-2. ʆʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ  

ʉʫʝɦʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʣʴʢʦ ʚ 

ʧʣʦʩʢʦʩʪʠ rOz: 

¶ ʠʤʝʶʱʠʝ ʧʦ ʜʚʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ ð R ʠ W, ʷʚʣʷʶʱʠʝʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʦʩʷʤ R ʠ Z. ʂʕ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʭʝʤʘʭ ʩ 

ʧʨʠʟʥʘʢʘʤʠ 11 ʠ 12; 

¶ ʠʤʝʁɦ ʠʝ ʧʦ ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ ð R ʠ W, ʠ U ð ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʥʦʨʤʘʣʠ ʢ 

ʧʣʦʩʢʦʩʪʠ ROZ 1. ʂʕ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʩʭʝʤʘʭ ʩ ʧʨʠʟʥʘʢʦʤ 12. 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʳ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 3.6.1.  

ʊʘʙʣʠʮʘ 3.6-1. ʊʠʧʳ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ   

ʉʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ 

ʫʟʣʦʚ 
ʊʠʧ ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʏʠʩʣʦ 

ʫʟʣʦʚ 

ʇʦʨʷʜʦʢ 

ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ 

ʠ ʤʝʩʪʥʳʝ ʦʩʠ 
ʂʦʤʝʥʪʘʨʠʠ 

R, W 61 ʇʨʷʤʦʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.6-2, ʘ ʧʦʣʠʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

62 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.6-2, ʙ ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʳ 

64 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.6-2, ʚ SubAreas [26, 23] 

66 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.6-2, ʞ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

65 ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.6-2, ʛ SubAreas [26, 23] 

68 ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.6-2, ʝ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

70 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.6-2, ʜ SubAreas [26, 23] 

ʕʣʝʤʝʥʪʳ ʩ ʚʨʘʱʘʪʝʣʴʥʳʤʠ (DDF) ʠ ʢʚʘʟʠʚʨʘʱʘʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ (QRDF) 

R, W, U 162 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.6-2, ʙ DDF [88, 23] 

164 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.6-2, ʚ DDF, SubAreas [88, 23] 

165 ʊʨʝʫʛʦʣʴʥʳʡ 3-6 ʨʠʩ. 3.6-2, ʛ DDF, SubAreas [88, 23] 

170 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4-8 ʨʠʩ. 3.6-2, ʜ DDF, SubAreas [88, 23] 

562 ʊʨʝʫʛʦʣʴʥʳʡ 3 ʨʠʩ. 3.6-2, ʙ QRDF [88, 23] 

564 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.6-2, ʜ QRDF, SubAreas [88, 23] 

566 ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ 4 ʨʠʩ. 3.6-2, ʜ QRDF [88, 23]  

                                                      
1 ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʫʩʨʝʜʥʝʥʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʪʘʢ ʠ ʢʚʘʟʠʚʨʘʱʘʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ [88]. 
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ʋ ʚʩʝʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩʦʚʧʘʜʘʝʪ ʩ ʦʙʱʝʡ, ʠ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʫʩʠʣʠʷ ʙʫʜʫʪ ʚʳʯʠʩʣʝʥʳ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺʳʯʠʩʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ: NX 

(Nr), NY (Nɗ), NZ, TXZ (TrZ) (ʩʤ. ʨʘʟʜ. 13.6). 

ȗȺȷȪȮȶȶȷȺȻȱ ȰȩȭȩȶȱɈ ȱȺȾȷȭȶȷȲ ȱȶȽȷȹȵȩȿȱȱ ȭȴɈ ȷȺȮȺȱȵȵȮȻȹȱɀȶɄȾ 
ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʵʪʦʛʦ ʪʠʧʘ ʜʦʣʞʥʳ ʣʝʞʘʪʴ ʚ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ rOz, ʘ ʦʩʴ ʥʦʨʤʘʣʠ ʢ ʵʪʦʡ 

ʧʣʦʩʢʦʩʪʠ Y1 ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ Y. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʂʕ ʨʝʰʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʪʦ ʟʘʜʘʥʠʝ ʞʝʩʪʢʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʘʣʦʛʠʯʥʦ ʦʙʲʝʤʥʳʤ ʢʦʥʝʯʥʳʤ ʵʣʝʤʝʥʪʘʤ ʧʨʠ ʪʝʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʩʠʤʤʝʪʨʠʠ, 

ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʝʪ ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʦʧʫʩʢʘʝʪʩʷ ʚʢʣʶʯʘʪʴ ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʪʦʣʴʢʦ 

ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 3.8. 

ʇʨʠ ʟʘʜʘʥʠʠ ʫʟʣʦʚʳʭ ʩʠʣ ʥʝʦʙʭʦʜʠʤʦ ʫʤʥʦʞʠʪʴ ʟʥʘʯʝʥʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʝʜʠʥʠʮʫ 

ʜʣʠʥʳ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, ʥʘ ʜʣʠʥʫ ʵʪʦʡ ʦʢʨʫʞʥʦʩʪʠ. 

ȕȮȺȻȶɄȮ ȶȩȬȹȼȰȳȱ 

ʅʘ ʢʦʥʝʯʥʦʤ ʵʣʝʤʝʥʪʝ ʜʣʷ ʨʝʰʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʤʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ. ɽʝ ʧʦʩʪʨʦʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦ 

ʧʦʩʪʨʦʝʥʠʶ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ X1OZ1 ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

(ʩʤ. ʨʘʟʜ. 3.4). ʆʩʴ X1 ʧʨʦʭʦʜʠʪ ʦʪ ʧʝʨʚʦʛʦ ʫʟʣʘ ʢʦ ʚʪʦʨʦʤʫ, ʘ ʦʩʴ Z1 ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ rOz ʠ 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʪʨʝʪʴʝʛʦ ʫʟʣʘ. ɺ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʜʦʧʫʩʢʘʝʪʩʷ ʟʘʜʘʥʠʝ ʪʦʣʴʢʦ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʥʘʛʨʫʟʦʢ ʧʦ ʣʠʥʠʠ. ʄʝʩʪʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʚ ʤʝʩʪʥʦʡ, ʪʘʢ ʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. 

ɼʦʧʫʩʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʩʪʥʳʝ ʥʘʛʨʫʟʢʠ: 

¶ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʡ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʘʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʪʦʯʢʝ ʵʣʝʤʝʥʪʘ; 

¶ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ 

ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʣʳ (ʚʝʣʠʯʠʥʦʡ ʩʠʣʳ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ). 

ʅʘʛʨʫʟʢʘ ʜʝʡʩʪʚʫʝʪ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ, ʧʦʣʫʯʝʥʥʦʤʫ ʚʨʘʱʝʥʠʝʤ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ Z; 

¶ ʪʨʘʧʝʮʠʝʚʠʜʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ 

ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʣʳ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʦ ʚʩʝʭ ʚʝʨʰʠʥʘʭ ʵʣʝʤʝʥʪʘ. ʅʘʛʨʫʟʢʘ 

ʜʝʡʩʪʚʫʝʪ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ, ʧʦʣʫʯʝʥʥʦʤʫ ʚʨʘʱʝʥʠʝʤ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ Z. 

ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʨʷʜʢʫ 

ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ ʵʣʝʤʝʥʪʘ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʧʨʠ ʝʛʦ ʦʧʠʩʘʥʠʠ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ; 

¶ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ çʧʦ ʣʠʥʠʠè ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʟʘʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʆʥʠ ʜʝʡʩʪʚʫʶʪ ʬʘʢʪʠʯʝʩʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʚʨʘʱʝʥʠʝʤ ʚʦʢʨʫʛ 

ʦʩʠ Z ʦʪʨʝʟʢʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ. ʅʘʯʘʣʦ ʠ ʢʦʥʝʮ ʦʪʨʝʟʢʘ ʟʘʜʘʶʪʩʷ 

ʧʦʨʷʜʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʫʟʣʦʚ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʧʨʠ ʦʧʠʩʘʥʠʠ ʵʣʝʤʝʥʪʘ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʠʣʳ (ʚʝʣʠʯʠʥʦʡ ʩʠʣʳ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ); 

¶ ʪʨʘʧʝʮʠʝʚʠʜʥʳʝ çʧʦ ʣʠʥʠʠè ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 

ʦʪʨʝʟʢʝ, ʩʦʝʜʠʥʷʶʱʝʤ ʜʚʘ ʫʟʣʘ ʵʣʝʤʝʥʪʘ. ʊ. ʝ. ʬʘʢʪʠʯʝʩʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʚʨʘʱʝʥʠʝʤ ʚʦʢʨʫʛ ʦʩʠ Z ʦʪʨʝʟʢʘ, ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʢʦʪʦʨʦʛʦ ʟʘʜʘʶʪʩʷ ʧʦʨʷʜʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ 

ʫʟʣʦʚ (ʥʦʤʝʨʘ ʫʟʣʦʚ ʧʨʠʚʝʜʝʥʳ ʧʨʠ ʦʧʠʩʘʥʠʠ ʵʣʝʤʝʥʪʘ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ). ɿʘʜʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʣʳ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʦʪʨʝʟʢʘ; 
¶ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ ʦʙʱʝʛʦ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 
ʟʘʤʳʢʘʥʠʷ. 
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ʊʘʙʣʠʮʘ 3.6-2 

ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʘʧʨʘʚʣʝʥʠʝ ɺʝʣʠʯʠʥʳ 

ʉʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʧʨʠʚʷʟʢʘʤʠ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʧʦ ʨʘʜʠʫʩʫ 

ʚʜʦʣʴ ʦʩʠ Z 

Pr, a, b 

Pz, a, b 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʧʦ ʨʘʜʠʫʩʫ 

ʚʜʦʣʴ ʦʩʠ Z 

qr 

qz 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʧʦ ʨʘʜʠʫʩʫ 

ʚʜʦʣʴ ʦʩʠ Z 

1 2 n
r r r, , ... ,q q q  

1 2 n
z z z, , ... ,q q q  

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ X1 

ʚʜʦʣʴ ʦʩʠ Z1 

n1   n2   qx 

n1   n2   qz 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʧʦ ʨʘʜʠʫʩʫ 

ʚʜʦʣʴ ʦʩʠ Z 

n1 n2 qr 

n1 n2 qz 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʚʜʦʣʴ ʦʩʠ X1 

ʚʜʦʣʴ ʦʩʠ Z1 

n1, n2, qx,1, qx,2 

n1, n2, qz,1, qz,2 

ʊʨʘʧʝʮʠʝʚʠʜʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʣʠʥʠʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʧʦ ʨʘʜʠʫʩʫ 

ʚʜʦʣʴ ʦʩʠ Z 

n1, n2, qr,1, qr,2 

n1, n2, qz,1, qz,2 
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ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ   ʊʘʙʣʠʮʘ 3.6-3 

ɺʦʟʜʝʡʩʪʚʠʝ ɺʝʣʠʯʠʥʳ ʇʨʠʤʝʯʘʥʠʷ 

ʆʙʱʠʡ ʥʘʛʨʝʚ  

(ʦʭʣʘʞʜʝʥʠʝ) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʘʤʳʢʘʥʠʷ. 

Dt, [a] Dt ð ʫʚʝʣʠʯʝʥʠʝ (ʫʤʝʥʴʰʝʥʠʝ) ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʥʝʛʦ ʩʣʦʷ ʧʣʘʩʪʠʥʳ 

ʧʦ ʦʪʥʦh ʝʥʠʶ ʢ ʥʦʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʘʤʳʢʘʥʠʷ); 

a ð ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ; 

aR, aZ ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ 

ʦʩʷʤ r ʠʣʠ Z ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʇʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ ʦʨʪʦʪʨʦʧʠʶ 

ʤʘʪʝʨʠʘʣʘ. 

Dt, [aR] 

Dt, [aZ] 

Dt, [aR, aZ] 

ɿʘʤʝʯʘʥʠʝ: ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʟʘʜʘʥʥʳʝ ʚ 

ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʬʘʡʣʦʚ ʧʨʝʜʳʜʫʱʠʭ ʚʝʨʩʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʟʘʜʘʥʥʳʡ ʧʨʠ ʦʧʠʩʘʥʠʠ ʥʘʛʨʫʟʢʠ. ʇʨʠ ʵʪʦʤ 

ʚʳʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ. ɿʘʜʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʥʘʛʨʫʟʢʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ. 

3.7.  ȓȷȶȮɀȶɄȮ ɆȴȮȵȮȶȻɄ ȭȴɈ ȹȩȺɀȮȻȩ ȳȼȺȷɀȶȷ-
ȶȮȷȭȶȷpȷȭȶɄx ȸȷ ȻȷȴɂȱȶȮ (ȵȶȷȬȷȺȴȷȲȶɄȾ) ȸȴȩȺȻȱȶ ȱ 
ȸȷȴȷȬȱȾ ȷȪȷȴȷɀȮȳ 

ȖȩȰȶȩɀȮȶȱȮ ȳȷȶȮɀȶɄȾ ɆȴȮȵȮȶȻȷȫ 

ʇʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʦʯʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ ʪʦʥʢʠʭ ʠ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ ʦʜʥʦʩʣʦʡʥʳʭ ʠ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʣʦʛʠʭ ʦʨʪʦʪʨʦʧʥʳʭ (ʠʟʦʪʨʦʧʥʳʭ, ʪpʘʥʩʚʝpʩʘʣʴʥʦ-ʠʟʦʪpʦʧʥʳʭ) ʦʙʦʣʦʯʝʢ ʠ 

ʧʣʘʩʪʠʥ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ (ʨʠʩ. 3.7-1) ʩ ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʫʧʨʫʛʠʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʣʦʝʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʝʥʠʝ ʛʠʧʦʪʝʟ ʧʨʷʤʳʭ ʥʦʨʤʘʣʝʡ ʂʠpʭʛʦʬʘ-ʃʷʚʘ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʘʚʦʤʝʨʥʳʤ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ [7, 50]. ʇʨʠ ʵʪʦʤ 

ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘ ʥʘʧpʷʞʝʥʥʦ-ʜʝʬʦpʤʠpʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʬʦʨʤʘʮʠʡ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ, ʦʙʞʘʪʠʷ ʩʣʦʝʚ ʠ ʢʨʠʚʠʟʥʳ, ʘ ʪʘʢʞʝ ʤʝʞʩʣʦʝʚʳʭ ʩʜʚʠʛʦʚ ʠ ʢʨʠʚʠʟʥʳ. 

 
 

ʈʠʩ. 3.7-1 

 
 

ʈʠʩ. 3.7-2 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʪʦʣʱʠʥʝ ʧʘʢʝʪʘ ʩʣʦʝʚ, ʦʪʣʠʯʥʦʝ ʦʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠʚʝʜʝʤ ʠʩʭʦʜʥʳʝ 

ʛʠʧʦʪʝʟʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʠʢʣʘʜʥʦʡ ʪʝʦʨʠʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʨʪʦʪʨʦʧʥʳʭ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʠ 

ʧʣʘʩʪʠʥ [7, 50], ʧʦʣʦʞʝʥʥʦʡ ʚ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʦʙʦʣʦʯʢʘ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ (h=const), ʦʪʥʝʩʝʥʥʘʷ ʢ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʦʦʨʜʠʥʘʪ X1, X2, Z (ʨʠʩ. 3.7-2), ʫ ʢʦʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʥʳʝ 

ʣʠʥʠʠ X1, X2 ʩʦʚʧʘʜʘʶʪ ʩ ʣʠʥʠʷʤʠ ʛʣʘʚʥʳʭ ʢpʠʚʠʟʥ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʝʜʝʥʠʷ (Z=0), ʘ ʦʩʴ Z 

ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʠ ʧʦʨʷʜʦʢ ʠʭ ʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʣʴʥʳ. 
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ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣ ʩʣʦʝʚ ʤʦʞʝʪ ʙʳʪʴ ʦʨʪʦʪʨʦʧʥʳʤ, ʥʦ ʝʛʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʨʝʜʝʣʘʭ k-ʛʦ ʩʣʦʷ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ (k=1, 2,...,n), ʭʦʪʷ ʤʦʛʫʪ 

ʤʝʥʷʪʩɹʷ ʦʪ ʩʣʦʷ ʢ ʩʣʦʶ ʧʦ ʪʦʣʱʠʥʝ ʧʘʢʝʪʘ. 

ʇʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩʣʦʝʚ ʩʦʚʧʘʜʘʶʪ ʩ ʵʢʚʠʜʠʩʪʘʥʪʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ Z = Zk (k =2, 3,..., n), 

ʛʜʝ Z = Z1 = - h1 ʷʚʣʷʝʪʩʷ ʥʠʞʥʝʡ ʛʨʘʥʠʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ Z = Zn+1 = h2 ð ʚʝʨʭʥʝʡ ʛʨʘʥʠʯʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ (ʨʠʩ. 3.7-2). ʆʙʦʣʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʦʠʟʚʦʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʥʘʛʨʫʟʢʠ q-
j(xi) ʠ q+

j(xi) (i=1, 2; j=1, 2, 3), ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʘ ʪʘʢʞʝ 

ʦʙʲʝʤʥʳʭ ʩʠʣ Fj  (X i, Z), ʜʝʡʩʪʚʫʶʱʠʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʚʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ Ai ʠ 

ʛʣʘʚʥʳʝ ʢʨʠʚʠʟʥʳ Kik; i, k = 1, 2) ʧʦʩʪʦʷʥʥʳ. ɺʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʪʦʤ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʨʘʟʤʝʨʫ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ ʢʘʢ ʜʣʷ ʦʜʥʦʩʣʦʡʥʳʭ 

ʦʙʦʣʦʯʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ȑȺȾȷȭȶɄȮ ȺȷȷȻȶȷɁȮȶȱɈ ȵȷȭȮȴȱ, ȼɀȱȻɄȫȩɇɂȮȲ ȸȷȸȮȹȮɀȶɄȲ ȺȭȫȱȬ, 
ȷȪȯȩȻȱȮ ȺȴȷȮȫ ȱ ȳȹȱȫȱȰȶȼ 

ɺ ʦʩʥʦʚʫ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʣʦʞʝʥʳ ʛʠʧʦʪʝʟʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦ ʪʦʣʱʠʥʝ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʦʙʦʣʦʯʢʠ ʧʦʧʝʨʝʯʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ůj3 ʠ ʥʦʨʤʘʣʴʥʦʛʦ ů33 ʥʘʧʨʷʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ e33: 

1 2
j3 j j j3 j j 1 2

z z
(z) ( ) (x , x )

h h
q q G f z

h h

+ -+ -
¡s = + + y , 

1 2
33 j j 1 2

z z
(z) (x , x )

h h
q q p

h h

+ -+ -
s = + +j , 

"
33 3 3 1 2(z) (x , x )e f= y ,                                         j=1, 2 , 

ʛʜʝ Gj3 ð ʢʫʩʦʯʥʦ-ʥʝʧpʝpʳʚʥʳʝ ʬʫʥʢʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʜʫʣʴ ʩʜʚʠʛʘ 

ʩʣʦʝʚ; 

ɣs(x1, x2) ð ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʝʩʪʴ ʧʦʧʝʨʝʯʥʳʡ ʩʜʚʠʛ (s=1, 2) ʠ ʦʙʞʘʪʠʝ (s=3). 

ʆʥʠ ʜʦʧʦʣʥʷʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʱʝʥʠʡ vj(x1, x2) (j=1,2) ʠ w(x1, x2);  

fs(z), j(z) ð ʟʘʜʘʚʘʝʤʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʥʝʣʠʥʝʡʥʳʡ ʟʘʢʦʥ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʌʦʨʤʘ ʠʭ 

ʟʘʧʠʩʠ ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʧʦʣʦʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚ ʧʨʝʜʝʣʘʭ 

ʪʦʣʱʠʥʳ ʧʘʢʝʪʘ ʩʣʦʝʚ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʛʨʘʥʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ ʥʘ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʦʣʦʯʢʠ; 

p(x1, x2) ð ʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʦʧʝʨʝʯʥʦʝ ʦʙʞʘʪʠʝ ʠ ʦʧʨʝʜʝʣʷʝʤʘʷ ʯʝʨʝʟ ʠʩʢʦʤʳʝ 

ʬʫʥʢʮʠʠ vj, w ʠ ɣs. 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ fs(z), (s =1, 2, 3) ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʪʦʣʱʠʥʝ ʦʙʦʣʦʯʢʠ ʚʝʣʠʯʠʥ sj3 (j = 1, 2) ʠ s33, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ, ʘ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʠʩʪʦʡ ʦʙʦʣʦʯʢʠ j(z) 

ʥʘʟʥʘʯʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʥʘ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʦʣʦʯʢʠ 

j(-h1) = j(h2) = 0. ʇʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʚʠʜ ʵʪʠʭ ʬʫʥʢʮʠʡ ʧʨʠʚʝʜʝʥ ʚ [7]. 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʧʨʫʛʦʡ ʩʣʦʠʩʪʦʡ ʦʙʦʣʦʯʢʠ, ʧʦʣʫʯʝʥʥʘʷ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʂʦʰʠ ʠ ʧʨʠʥʷʪʳʭ ʛʠʧʦʪʝʟ ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʨʘʟʠʪʴ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʚ 

ʣʁʙʦʡ ʪʦʯʢʝ ʯʝʨʝʟ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ vi(x1, x2), w(x1, x2) ʠ sy (x1, x2), ʠʤʝʝʪ ʚʠʜ: 

(0)3
j 1 2 j 1 2 j j 1 2 3 j

j j j j

1 w 1
(x ,x ,z) (x ,x ) z (z) (x ,x ) (z)

x x
u v f f u

A A

µyµ
= - + y - +

µ µ
 

3 1 2 1 2 3 3 1 2(x ,x ,z) w(x ,x ) (z) (x ,x )u f¡= + y ,                                          j =1, 2, 

ʛʜʝ uj
(0) ð ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʘʛʘʝʤʳʝ, ʦʪʚʝʯʘʶʱʠʝ ʥʘʛpʫʞʝʥʠʶ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʦʣʦʯʢʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. 
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ʊʘʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʥʘʨʷʜʫ ʩ ʧʝʨʝʤʝʱʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʦʙʦʣʦʯʝʢ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʝʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʷʚʣʝʥʠʷʤʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʜʚʠʛʘ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʦʙʞʘʪʠʷ. 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʨʠʚʝʜʝʥʠʷ e11, e22, e12 ʥʘʭʦʜʷʪʩʷ ʧʨʠ ʦʙʳʯʥʳʭ ʜʣʷ 

ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʫʧʨʦʱʝʥʠʷʭ ʧʦ ʬʦʨʤʫʣʘʤ ʂʦʰʠ ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ, ʘ ʢʦʤʧʦʥʝʥʪʳ ʧʦʧʝʨʝʯʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

[ ](0)

j ,321jj3j )x,x()z(
2

1
ufe +y¡= ,                                                j =1, 2. 

ʊʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ůij (i, j = 1, 2, 3) ʦʧʨʝʜʝʣʷʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʦʙʦʙʱʝʥʥʦʛʦ ʟʘʢʦʥʘ ɻʫʢʘ ʜʣʷ 

ʦʨʪʦʪʨʦʧʥʦʛʦ ʫʧʨʫʛʦʛʦ ʪʝʣʘ. 

ʆʙʦʙʱʝʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʝʨʝʤʝʱʝʥʠʡ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʩʤʳʩʣ: 

ʘ) vi ʠ yi (i=1,2) ð çʤʝʤʙʨʘʥʥʘʷè ʛʨʫʧʧʘ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʚʭʦʜʷʱʘʷ ʚ ʬʫʥʢʮʠʦʥʘʣ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʥʝ ʚʳʰʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ; 

ʙ) w ʠ y3 ð çʠʟʛʠʙʥʘʷè ʛʨʫʧʧʘ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʚʭʦʜʷʱʘʷ ʚ ʬʫʥʢʮʠʦʥʘʣ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʥʝ ʚʳʰʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 
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ʊʘʙʣʠʮʘ 3.7-1                                                                      ʊʘʙʣʠʮʘ 3.7-2 
ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʟʘʢʨʝʧʣʝʥʠʝ ʢʦʥʪʫʨʘ ʦʙʦʣʦʯʢʠ ʚ ʮʝʣʦʤ ʜʣʷ 

ʢʨʘʷ (X1, X2=const) 

 ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʜʝʬʦʨʤʘʮʠʷʤ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ ʠ ʦʙʞʘʪʠʷ ʥʘ ʢʦʥʪʫʨʝ ʦʙʦʣʦʯʢʠ 

ʜʣʷ ʢʨʘʷ (X1, X2=const) 

ɺʥʝʰʥʠʝ 

ʩʚʷʟʠ 

(Z=0) 

 

 

ʕ ʩ ʢ ʠ ʟ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

(ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ) 

ʫʩʣʦʚʠʷ 

 ʊʦʨʮʝʚʳʝ 

ʜʠʘʬʨʘʛʤʳ 

(Z = 0) 

 

 

ʕ ʩ ʢ ʠ ʟ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

(ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ) 

ʫʩʣʦʚʠʷ 

un ur w 
w

n

µ

µ
 

 
ɣn ɣŰ 

d

dn

y3

 

d

d

y

t

3

 
 

ʐʘʨʥʠʨʥʦ-

ʧʦʜʚʠʞʥʦʝ 

ʦʧʠpʘʥʠʝ 

z

X1
 

  

 

*  

 

 

*  

   

ɻʠʙʢʘʷ ʠʟ 

ʧʣʦʩʢʦʩʪʠ 

ʪʦʨʮʘ 

z

X1

z

X2

 

  

 

*  

 

 

*  

 

 

ʐʘʨʥʠʨʥʦ- 

ʥʝʧʦʜʚʠʞ-

ʥʦʝ 

ʦʧʠpʘʥʠʝ 

 
z

X1

 

 

 

*  

 

 

*  

 

 

*  

   

ɻʠʙʢʘʷ ʚ  

ʧʣʦʩʢʦʩʪʠ 

ʪʦʨʮʘ 

z

X1

z

X2

 

 

 

*  

   

 

*  

 

ɾʝʩʪʢʦʝ  

ʟʘʱʝʤʣʝʥʠʝ 

 
z

X1
 

 

 

*  

 

 

*  

 

 

*  

 

 

*  

  

ɾʝʩʪʢʘʷ  

ʥʝʠʩʢpʠʚʣʷ-

ʝʤʘʷ 

z

X1

z

X2

 

 

 

*  

 

 

*  

 

 

*  

 

 

*  

 

ʇʦʜʚʠʞʥʘʷ  

ʟʘʜʝʣʢʘ 

z

X1

 

 

 

*  

 

 

*  

  

 

*  

  

ɼʠʘʬʨʘʛʤʘ  

ʦʪʩʫʪʩʪʚʫʝʪ 

z

X1

z

X2

 

    

 

ʉʚʦʙʦʜʥʳʡ 

ʢʨʘʡ 

z

X1 

     

ɺ ʪʘʙʣʠʮʝ 3.7-1 ʧʨʠʚʝʜʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʚʥʝʰʥʠʭ ʠ ʪʦʨʮʝʚʳʭ ʩʚʷʟʝʡ. ʇʝʨʚʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʟʘʢʨʝʧʣʝʥʠʝ ʢʦʥʪʫʨʘ ʚ ʮʝʣʦʤ (ʦʧʠpʘʥʠʝ, ʟʘʜʝʣʢʫ ʠ ʪ. ʜ.), ʘ ʚʪʦʨʳʝ ð ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʜʝʬʦʨʤʘʮʠʷʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ ʠ ʦʙʞʘʪʠʷ ʥʘ ʢʦʥʪʫʨʝ. ɿʥʘʢʦʤ ç*è ʦʪʤʝʯʝʥʳ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢʦʪʦʨʳʭ ʧʝʨʝʤʝʱʝʥʠʷ ʠʣʠ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʨʘʚʥʳ ʥʫʣʶ. ʂʦʥʪʫʨ ʦʙʦʣʦʯʢʠ (ʧʣʘʩʪʠʥʳ) 

ʠʣʠ ʝʛʦ ʯʘʩʪʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʠʜʦʤ ʪʦʨʮʝʚʳʭ ʜʠʘʬʨʘʛʤ ʤʦʞʝʪ ʠʤʝʪʴ ʣʶʙʳʝ ʚʥʝʰʥʠʝ ʩʚʷʟʠ 

(ʩʤ. ʪʘʙʣ. 3.7-2). ɺ ʪʘʙʣʠʮʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

un, ut ð ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʥʦʨʤʘʣʠ ʠ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʦʥʪʫʨʫ, ʣʝʞʘʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʦʣʦʯʢʠ; 

ɣn, ɣt ð ʧʨʦʝʢʮʠʷ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ Y1, Y2 ʥʘ n ʠ t; 

3 3w
, ,

n n

µy µyµ

µ µ µt
 ð ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʥʦʨʤʘʣʠ ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʦʥʪʫʨʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ ʛʨʫʧʧʳ ʩʚʷʟʝʡ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʦʙʦʣʦʯʢʠ ʠ ʧʣʘʩʪʠʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʘ ʢʦʥʪʫʨʝ, ʪʦ ʝʩʪʴ ʢʨʘʝʚʳʝ 

ʫʩʣʦʚʠʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʩʪʴ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʜʠʘʬʨʘʛʤʳ ʞʝʩʪʢʦʩʪʠ ʥʘ ʪʦʨʮʘʭ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʢʣʘʩʩ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. 

ȑȺȾȷȭȶɄȮ ȺȷȷȻȶȷɁȮȶȱɈ ȵȷȭȮȴȱ, ȼɀȱȻɄȫȩɇɂȮȲ ȵȮȯȺȴȷȮȫɄȮ ȺȭȫȱȬȱ 
ȱ ȳȹȱȫȱȰȶȼ 

ɽʩʣʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʦʙʞʘʪʠʝ ʩʣʦʝʚ, ʪʦ ʚ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦ ʪʦʣʱʠʥʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʦʙʦʣʦʯʢʠ 

ʧʦʧʝʨʝʯʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ůj3(xi, z), ʘ ʪʘʢʞʝ ʜʦʧʫʱʝʥʠʷ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʧʦʧʝʨʝʯʥʳʭ 

ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ: 
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2

j3 j3 pj pj 1 2

p 1

(z) (z) (x , x )G f

=

s = yä , 

33 33, 0es =;                       j = 1,2; 

ʛʜʝ ypj(x1, x2) ð ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ ʩʜʚʠʛʘ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʨʠʙʣʠʞʝʥʠʡ (ʧʨʠ p = 1 ð 

ʜʦʧʦʣʥʷʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʱʝʥʠʡ vj(x1, x2) ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠ ʫʪʦʯʥʷʶʪ 

ʛʠʧʦʪʝʟʫ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʘ ʧʨʠ p = 2 ð ʫʯʠʪʳʚʘʶʪ ʚʢʣʘʜ ʚ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ); 

fpj(z) ð ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʜʚʠʛʦʚ ʧʦ ʪʦʣʱʠʥʝ ʧʘʢʝʪʘ ʩʣʦʝʚ, 

ʚʳʙʠʨʘʝʤʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʷʣʠʩʴ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʧʦʧʝʨʝʯʥʳʭ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʥʪʘʢʪʘ ʩʣʦʝʚ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʥʘʨʫʞʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʦʣʦʯʢʠ (ʧʨʠ p = 2 ð ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʩʣʦʝʚ ʥʘ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʥʛʝʥʮʠʘʣʥɹʳʭ ʥʘʛʨʫʟʦʢ); 

s ð ʥʦʤʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩʜʚʠʛʦʚʦʡ ʤʦʜʝʣʠ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʧʨʫʛʦʡ ʩʣʦʠʩʪʦʡ ʦʙʦʣʦʯʢʠ, ʧʦʣʫʯʝʥʥʘʷ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʂʦʰʠ ʠ ʧʨʠʥʷʪʳʭ ʛʠʧʦʪʝʟ ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʨʘʟʠʪʴ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʚ 

ʣʁʙʦʡ ʪʦʯʢʝ ʯʝʨʝʟ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ vj(x1, x2), wj(x1, x2), ɣ
(s)

pj(x1, x2), ʠʤʝʝʪ ʚʠʜ: 
2

j 1 2 i 1 2 pj pj 1 2
j j p 1

1 w
(x , x ,z) (x , x ) z ( ) (x , x )

x
u f z

A
=

µ
=n - - y

µ
ä . 

ʊʘʢʘʷ ʤʦʜʝʣʴ ʥʘʨʷʜʫ ʩ ʧʝʨʝʤʝʱʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʷʚʣʝʥʠʷʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ, ʘ ʪʘʢʞʝ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʦʣʦʯʢʠ ð ʧʨʠ p = 2. 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʨʠʚʝʜʝʥʠʷ eij ʥʘʭʦʜʷʪʩʷ ʧʨʠ ʦʙʳʯʥʳʭ ʜʣʷ ʧʦʣʦʛʠʭ 

ʦʙʦʣʦʯʝʢ ʫʧʨʦʱʝʥʠʷʭ ʧʦ ʬʦʨʤʫʣʘʤ ʂʦʰʠ ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ. ʂʦʤʧʦʥʝʥʪʳ ʧʦʧʝʨʝʯʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

j3 pj pj 1 2

1
(z) (x , x )

2
e f¡= y ,                                j =1, 2. 

ʊʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ůij (i, j=1, 2, 3) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʦʙʦʙʱʝʥʥʦʛʦ ʟʘʢʦʥʘ ɻʫʢʘ ʜʣʷ 

ʦʨʪʦʪʨʦʧʥʦʛʦ ʫʧʨʫʛʦʛʦ ʪʝʣʘ. 

ʆʙʦʙʱʝʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʩʤʳʩʣ: 

ʘ) vi ʠ ypi ð çʤʝʤʙʨʘʥʥʘʷè ʛʨʫʧʧʘ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʚʭʦʜʷʱʘʷ ʚ ʬʫʥʢʮʠʦʥʘʣ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʥʝ ʚʳʰʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (i, p=1, 2); 

ʙ) w ð çʠʟʛʠʙʥʘʷè ʛʨʫʧʧʘ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʚʭʦʜʷʱʘʷ ʚ ʬʫʥʢʮʠʦʥʘʣ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʥʝ ʚʳʰʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʚʥʝʰʥʠʭ ʠ ʪʦʨʮʝʚʳʭ ʩʚʷʟʝʡ (ʧʝʨʚʳʝ ʦʧʨʝʜʝʣʷʶʪ ʟʘʢʨʝʧʣʝʥʠʝ ʢʦʥʪʫʨʘ ʚ 

ʮʝʣʦʤ, ʘ ʚʪʦʨʳʝ ð ʧʨʝʧʷʪʩʪʚʫʶʪ ʜʝʬʦʨʤʘʮʠʷʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ ʥʘ ʢʦʥʪʫʨʝ) ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʜʘʥʥʳʤʠ ʪʘʙʣʠʮ 3.7-1 ʠ 3.7-2. ɿʥʘʢʦʤ ç*è ʦʪʤʝʯʝʥʳ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢʦʪʦʨʳʭ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠʣʠ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʨʘʚʥʳ ʥʫʣʶ. ʂʦʥʪʫʨ ʦʙʦʣʦʯʢʠ (ʧʣʘʩʪʠʥʳ) ʠʣʠ ʝʛʦ ʯʘʩʪʴ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʠʜʦʤ ʪʦʨʮʝʚʳʭ ʜʠʘʬʨʘʛʤ ʤʦʞʝʪ ʠʤʝʪʴ ʣʶʙʳʝ ʚʥʝʰʥʠʝ ʩʚʷʟʠ (ʩʤ. ʪʘʙʣ. 3.7-2), ʛʜʝ n 

ʠ t ð ʥʦʨʤʘʣʴ ʠ ʢʘʩʘʪʝʣʴʥʘʷ ʢ ʢʦʥʪʫʨʫ, ʣʝʞʘʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ, Yn, Yt ð ʧʨʦʝʢʮʠʠ 

ʬʫʥʢʮʠʡ Y1 ʠ Y2 ʥʘ n ʠ t. 

ʂʦʤʙʠʥʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 3.7-1 ʠ 3.7-2 ʛʨʫʧʧʳ ʩʚʷʟʝʡ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʦʙʦʣʦʯʢʠ ʠ ʧʣʘʩʪʠʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʘ ʢʦʥʪʫʨʝ, ʪʦ ʝʩʪʴ ʢʨʘʝʚʳʝ 

ʫʩʣʦʚʠʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʩʪʴ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʜʠʘʬʨʘʛʤʳ ʞʝʩʪʢʦʩʪʠ ʥʘ ʪʦʨʮʘʭ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʢʣʘʩʩ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʫʯʝʪ ʚʣʠʷʥʠʷ ʦʙʞʘʪʠʷ ʩʣʦʝʚ ʠʣʠ ʤʝʞʩʣʦʝʚʳʭ ʩʜʚʠʛʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʂʕ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʘʞʝ ʦʜʥʦʩʣʦʡʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʣʠʪʳ ʠ ʦʙʦʣʦʯʢʠ 

ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ. 
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ȕȶȷȬȷȺȴȷȲȶɄȮ ɆȴȮȵȮȶȻɄ ȫ ȺȷȺȻȩȫȮ ȪȱȪȴȱȷȻȮȳȱ ȓȦ 

ɺ ʪʘʙʣʠʮʝ 3.7-3 ʧʝʨʝʯʠʩʣʝʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʩʠʩʪʝʤʫ SCAD. 

ʋʟʣʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

X1OY1, ʚ ʢʦʪʦʨʦʡ ʦʩʴ X1 ʧʨʦʭʦʜʠʪ ʦʪ ʧʝʨʚʦʛʦ ʫʟʣʘ ʢʦ ʚʪʦʨʦʤʫ, ʘ ʦʩʴ Y1 ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʣʝʤʝʥʪʘ 

ʦʨʪʦʛʦʥʘʣʴʥʦ X1 ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʪʨʝʪʴʝʛʦ ʫʟʣʘ. 

ʊʘʙʣʠʮʘ 3.7-3  

ʌʦʨʤʘ ʊʠʧ ʵʣʝʤʝʥʪʘ ʄʝʩʪʥʳʝ ʦʩʠ 

ʋʯʝʪ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʜʚʠʛʘ, ʦʙʞʘʪʠʷ 

ʩʣʦʝʚ ʠ ʢʨʠʚʠʟʥʳ 

ʋʯʝʪ ʤʝʞʩʣʦʝʚʳʭ 

ʩʜʚʠʛʦʚ ʠ 

ʢʨʠʚʠʟʥ  r

 

ʇʨʷʤʦʫʛʦʣʴʥʳʡ  71 81 

ʊʨʝʫʛʦʣʴʥʳʡ  72 82 

ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ  73 83 

ʏʝʪʳʨʝʭʫʛʦʣʴʥʳʡ ʩ 

ʯʠʩʣʦʤ ʫʟʣʦʚ ʦʪ 4 ʜʦ 8  

74 84 

ʄʘʪʝʨʠʘʣ ʩʣʦʝʚ ʤʦʞʝʪ ʙʳʪʴ ʠʟʦʪʨʦʧʥʳʤ, ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʤ ʠ ʦʨʪʦʪʨʦʧʥʳʤ. 

ɺʦʟʤʦʞʝʥ ʫʯʝʪ ʤʦʜʝʣʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ɺʠʥʢʣʝʨʘ ʩ ʦʜʥʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʩʪʝʣʠ ʉ1. 

ʄʥʦʛʦʩʣʦʡʥʳʝ ʵʣʝʤʝʥʪʳ ʪʠʧʦʚ 71ï74, ʫʯʠʪʳʚʘʶʱʠʝ ʧʦʧʝʨʝʯʥʳʡ ʩʜʚʠʛ, ʦʙʞʘʪʠʝ ʩʣʦʝʚ ʠ 

ʢʨʠʚʠʟʥʳ, ʠʤʝʶʪ ʧʦ ʜʚʝʥʘʜʮʘʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 3.7-4.   

ʊʘʙʣʠʮʘ 3.7-4 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʊʠʧʳ 

ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ 

 

ʉʦʜʝʨʞʘʥʠʝ 

U, V, W 1, 2, 3 ʣʠʥʝʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʦʩʷʤ X, Y, Z 

X Y

w w
U = , U =

x y

µ µ
-
µ µ

, UZ 
4, 5, 6 ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z 

AX=Y1, AY=Y2, AZ=Y3 7, 8, 9 ʘʥʘʣʦʛʠ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʦʩʷʤ X, Y, Z, 

ʤʦʜʝʣʠʨʫʶʱʠʝ ʦʙʞʘʪʠʝ ʩʣʦʝʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʥʘʧʨʘʚʣʝʥʠʠ 

3 3
X YB = , B =

x y

µy µy
-
µ µ

, BZ 
10, 11, 12 ʘʥʘʣʦʛʠ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z, 

ʤʦʜʝʣʠʨʫʶɦ ʠʝ ʚʣʠʷʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʥʦʨʤʘʣʴʥʦʛʦ ʦʙʞʘʪʠʷ 

ʇʝʨʚʳʝ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʫʟʣʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠ ʦʪʚʝʯʘʶʪ ʤʝʤʙʨʘʥʥʳʤ ʠ 

ʠʟʛʠʙʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʚʪʦʨʳʝ ʰʝʩʪʴ ð ʜʝʬʦʨʤʘʮʠʷʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ ʠ ʦʙʞʘʪʠʷ. 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ UZ ʠ ʝʛʦ ʘʥʘʣʦʛ BZ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʘ ʨʘʚʥʳ ʥʫʣʶ. ʆʥʠ 

ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʩʪʳʢʦʚʢʝ ʥʝ ʣʝʞʘʱʠʭ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʯʝʪʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʩ ʧʨʠʟʥʘʢʦʤ ʩʭʝʤʳ 8. 

ʄʥʦʛʦʩʣʦʡʥʳʝ ʵʣʝʤʝʥʪʳ ʪʠʧʦʚ 81-84, ʫʯʠʪʳʚʘʶʱʠʝ ʤʝʞʩʣʦʝʚʳʝ ʩʜʚʠʛʠ ʠ ʢʨʠʚʠʟʥʳ, ʠʤʝʶʪ 

ʧʦ ʜʚʝʥʘʜʮʘʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʫʟʣʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.7-5. 

ʊʘʙʣʠʮʘ 3.7-5 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʊʠʧʳ 

ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ 

 

ʉʦʜʝʨʞʘʥʠʝ 

U, V, W 1, 2, 3 ʣʠʥʝʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʦʩʷʤ X, Y, Z 

X Y

w w
U = , U =

µ µ
-
µ µx y

, UZ 
4, 5, 6 ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ X, Y, Z 

AX = Y11, AY = Y12, AZ 7, 8, 9 ʘʥʘʣʦʛʠ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʦʩʷʤ X, Y, Z, ʤʦʜʝʣʠʨʫʶʱʠʝ 

ʩʜʚʠʛ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʠ ʚ ʤʦʜʝʣʠ ʧʝʨʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ 
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ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʊʠʧʳ 

ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ 

 

ʉʦʜʝʨʞʘʥʠʝ 

ʉX = Y21,  ʉY = Y22,  ʉZ 13, 14, 15 ʘʥʘʣʦʛʠ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʦʩʷʤ X, Y, Z, ʤʦʜʝʣʠʨʫʶʱʠʝ 

ʩʜʚʠʛ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʠ ʚ ʤʦʜʝʣʠ ʚʪʦʨʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ 

ʇʝʨʚʳʝ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠ ʦʪʚʝʯʘʶʪ ʤʝʤʙʨʘʥʥʳʤ ʠ ʠʟʛʠʙʥʳʤ 

ʜʝʬʦʨʤʘʮʠʷʤ, ʘ ʠʭ ʘʥʘʣʦʛʠ ð ʜʝʬʦʨʤʘʮʠʷʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ. 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ UZ ʠ ʘʥʘʣʦʛʠ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ AZ ʠ ʉZ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʵʣʝʤʝʥʪʘ ʨʘʚʥʳ ʥʫʣʶ. ʆʥʠ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʩʪʳʢʦʚʢʝ ʥʝ ʣʝʞʘʱʠʭ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʩ ʧʨʠʟʥʘʢʦʤ ʩʭʝʤʳ 9. 

ʋʩʠʣʠʷ ʜʣʷ ʚʩʝʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʯʠʩʣʷʶʪʩʷ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʵʣʝʤʝʥʪʘ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʩʴ ʧʘʢʝʪ ʩʣʦʝʚ ʠ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʘʭ 

ʢʘʞʜʦʛʦ ʩʣʦʷ ʙʫʜʫʪ ʚʳʯʠʩʣʝʥʳ NX, NY, NZ, TXY, TXZ, TYZ (ʩʤ. ʨʘʟʜ. 13.6). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʯʠʩʣʝʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ (UG, VG) ʠ ʧʨʦʛʠʙ (WG). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʵʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʣʦ̫ʤʠ. ʕʪʦ ʚʩʝʛʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʨʘʟʜʝʣʠʚ ʮʝʥʪʨʘʣʴʥʳʡ ʩʣʦʡ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʠ ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʩʪʧʨʦʮʝʩʦʨʝ ʚʳʯʠʩʣʷʶʪʩʷ ʩʫʤʤʘʨʥʳʝ ʤʦʤʝʥʪʳ MX, MY, MXY, ʧʝʨʝʨʝʟʳʚʶʱʠʝ 

ʩʠʣʳ QX,  QY ʠ ʫʩʠʣʠʷ SNX, SNY, STXY ʚ ʩʝʯʝʥʠʠ ʧʣʘʩʪʠʥʳ. 

ȗȺȷȪȮȶȶȷȺȻȱ ȰȩȭȩȶȱɈ ȱȺȾȷȭȶȷȲ ȱȶȽȷȹȵȩȿȱȱ ȭȴɈ ȵȶȷȬȷȺȴȷȲȶɄȾ ȳȷȶȮɀȶɄȾ 
ɆȴȮȵȮȶȻȷȫ 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʢʘʞʜʦʛʦ k-ʛʦ ʩʣʦʷ ʧʘʢʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʝʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʜʘʶʪʩʷ 

ʩʣʝʜʫʶɦʠʝ ʜʘʥʥʳʝ: 

E(k)(ʊ/ʤ2), n(k) ð ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

E(k)(ʊ/ʤ2), n13
(k), n31

(k),  G13
(k)(ʊ/ʤ2) ð ʜʣʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

E1
(k)(ʊ/ʤ2),  E2

(k)(ʊ/ʤ2),  E3
(k)(ʊ/ʤ2), n12

(k), n21
(k), n13

(k), n31
(k), n23

(k), n32
(k),  G12

(k)(ʊ/ʤ2),  G13
(k)(ʊ/ʤ2),  

G23
(k)(ʊ/ʤ2) ð ʜʣʷ ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺʩʝʛʜʘ ʫʢʘʟʳʚʘʝʪʩʷ ʪʦʣʱʠʥʘ ʩʣʦʷ d(k). 

ʇʨʠ ʥʘʣʠʯʠʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʟʘʜʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʣʠ ʉ1(ʊ/ʤ
3). 

ɽʩʣʠ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʪʦʣʱʠʥʝ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʞʝʩʪʢʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʢʘʢ ʞʝʩʪʢʦʩʪʠ ʦʙʳʯʥʳʭ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 

0. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʟʘʜʘʚʘʪʴ ʪʦʣʴʢʦ ʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʵʣʝʤʝʥʪʘʭ, ʛʜʝ, ʥʘʧʨʠʤʝʨ, ʦʪʩʫʪʩʪʚʫʝʪ ʫʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉ2(ʊ/ʤ) ʤʦʜʝʣʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʇʘʩʪʝʨʥʘʢʘ. 

ɼʣʷ ʚʩʝʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʧʨʷʞʝʥʠʷ (ʫʩʠʣʠʷ) ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ ʚ ʮʝʥʪʨʝ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ 

ʚ ʠʭ ʫʟʣʘʭ. ʋʧʨʘʚʣʝʥʠʝ ʠʭ ʚʳʚʦʜʦʤ ʦʧʠʩʘʥʦ ʚ ʛʣʘʚʘʭ 8 ʠ 13. 

ȕȮȺȻȶɄȮ ȶȩȬȹȼȰȳȱ 

ʅʘ ʤʥʦʛʦʩʣʦʡʥʳʝ ʂʕ ʘʥʘʣʦʛʠʯʥʦ ʵʣʝʤʝʥʪʘʤ ʪʦʥʢʦʡ ʦʙʦʣʦʯʢʠ ʜʦʧʫʩʢʘʝʪʩʷ ʟʘʜʘʥʠʝ ʚʩʝʭ ʚʠʜʦʚ 

ʥʘʛʨʫʟʦʢ (ʢʨʦʤʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ) ʢʘʢ ʚ ʤʝʩʪʥʦʡ, ʪʘʢ ʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʩ ʧʨʠʚʷʟʢʘʤʠ ʚ 

ʤʝʩʪʥʦʡ ʠ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ (ʩʤ. ʨʘʟʜ. 3.4).  

3.8.  ȚȸȮȿȱȩȴɅȶɄȮ ȳȷȶȮɀȶɄȮ ɆȴȮȵȮȶȻɄ 

ʕʪʠ ʵʣʝʤʝʥʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʦʩʝʡ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʙʱʝʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ), 

ʚʚʝʜʝʥʠʷ ʩʚʷʟʝʡ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʝʡ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʫʯʝʪʘ 

ʧʦʜʘʪʣʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʫʟʣʘʤʠ (ʧʦʜʘʪʣʠʚʦʩʪʴ ʨʘʩʪʚʦʨʘ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʨʦʢʣʘʜʦʢ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ) ʠ ʪ. ʧ. ʉʧʠʩʦʢ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ʪʘʙʣ. 3.8-1, ʠʭ ʦʧʠʩʘʥʠʝ 

ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ.  
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ʊʘʙʣʠʮʘ 3.8-1 

ʊʠʧ  

ʂʕ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʕ 

ʇʨʠʟʥʘʢ 

ʩʭʝʤʳ 

ʇʦʣʦʞʝʥʠʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ  

ʉʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ 
ʂʦʤʤʝʥʪʘʨʠʠ 

51 ʉʚʷʟʴ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ 

 

ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦ ʣʶʙʘʷ ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʯʝʪʘ ʧʦʜʘʪ-

ʣʠʚʦʩʪʠ ʦʧʦʨʥʦʡ ʩʚʷʟʠ 

53 ɿʘʢʦʥʪʫʨʥʳʡ ʜʚʫʭʫʟʣʦʚʦʡ 

ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ 

ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ 

 

3, 5, 8, 9 ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ 

Z ʋʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʦʣʦʩʳ 

ʛʨʫʥʪʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ 

54 ɿʘʢʦʥʪʫʨʥʳʡ ʦʜʥʦʫʟʣʦʚʦʡ 

ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ 

ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ 

 

3, 5, 8, 9 ʧʨʦʠʟʚʦʣʴʥʦ Z ʋʯʠʪʳʚʘʝʪ ʩʜʚʠʛʦʚʦʝ ʚʣʠʷʥʠʝ 

ʫʛʣʦʚʦʡ ʟʦʥʳ ʛʨʫʥʪʘ ʟʘ ʧʨʝʜʝ-

ʣʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ 

55 ʋʧʨʫʛʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʫʟʣʘʤʠ 

 

ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦ ʣʶʙʳʝ ʋʯʝʪ ʧʦʜʘʪʣʠʚʦʩʪʠ ʩʪʳʢʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ 

56 ɺʥʝʰʥʠʡ ʫʟʣʦʚʦʡ 

ʜʝʤʧʬʝʨ 

Z

Y

X
 

ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦ X, Y, Z ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʚʥʝʰʥʠʭ ʜʝʤʧʬʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. 

57 ʄʝʞʫʟʣʦʚʦʡ ʜʝʤʧʬʝʨ 

Z

Y

X
 

ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦ X, Y, Z ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʯʝʪʘ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʘʶʱʝʛʦ 

ʧʨʠ ʥʝʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʟʘʠʤʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʤʝʞʥʳʭ 

ʫʟʣʦʚ. 
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ʊʠʧ  

ʂʕ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʕ 

ʇʨʠʟʥʘʢ 

ʩʭʝʤʳ 

ʇʦʣʦʞʝʥʠʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ  

ʉʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ 
ʂʦʤʤʝʥʪʘʨʠʠ 

154 ʅʫʣʴ-ʵʣʝʤʝʥʪ 

 

ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦ ʣʶʙʳʝ ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘ ʟʘ-

ʜʘʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʥʘʣʦʞʝʥʠʷ ʩʚʷʟʝʡ, ʥʝʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ 

200 ʇʩʝʚʜʦʵʣʝʤʝʥʪ ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦ  ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʵʣʝ-

ʤʝʥʪʦʚ ʠʟ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʙʝʟ 

ʥʘʨʫʰʝʥʠʷ ʨʝʛʫʣʷʨʥʦʩʪʠ ʝʝ ʢʦ-

ʜʠʨʦʚʘʥʠʷ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣ-ɹ

ʢʦ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ); ʣʶʙʘʷ 

ʤʝʩʪʥʘʷ ʥʘʛʨʫʟʢʘ, ʟʘʜʘʥʥʘʷ ʥʘ 

ʵʣʝʤʝʥʪ, ʠʛʥʦʨʠʨʫʝʪʩʷ 

çȖȼȴɅ- ɆȴȮȵȮȶȻè ȷȪɂȮȬȷ ȫȱȭȩ (Ȼȱȸ ȓȦ ñ 154)  

ɼʘʥʥʳʡ ʂʕ ʧʨʝʜʥʘʟʥʘʯʝʥ ʢʘʢ ʜʣʷ ʟʘʧʨʝʱʝʥʠʷ ʣʠʥʝʡʥʳʭ ʠʣʠ ʫʛʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʩʝʡ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʪʘʢ ʠ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘ ʟʘʜʘʥʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʩʝʡ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

 

ʈʠʩ. 3.8-1. 

ʌʦʨʤʘʣʴʥʦ çʅʫʣʴ-ʵʣʝʤʝʥʪè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʨʝʭʫʟʣʦʚʦʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ [41], ʩʦʩʪʦʷɦ ʠʡ ʠʟ ʜʚʫʭ 

ʩʪʝʨʞʥʝʡ ʨʘʚʥʦʡ ʜʣʠʥʳ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ ʠ 

ʞʝʩʪʢʦʩʪʠ ʢʦʪʦʨʳʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʟʘʧʨʝʱʘʝʤʦʡ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ (ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ) ʟʘʜʘʶʪʩʷ 

ʢʦʥʝʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʨʘʟʥʦʛʦ ʟʥʘʢʘ ʠ ʩʦʠʟʤʝʨʠʤʳ ʩ 

ʞʝʩʪʢʦʩʪʷʤʠ ʨʝʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ (ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʯʝʪʘ). ʅʦ 

ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ çʥʫʣʴ-ʵʣʝʤʝʥʪè ʧʨʝʜʩʪʘʚʣʝ̫ʪʩʷ ʢʘʢ 

ʜʚʫʭʫʟʣʦʚʦʡ ʵʣʝʤʝʥʪ ʩ ʫʟʣʘʤʠ 1 ʠ 2, ʠʟ ʢʦʪʦʨʳʭ ʫʟʝʣ 1 

ʧʨʠʥʘʜʣʝʞʠʪ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʫʟʝʣ 2 ð 

ʩʚʦʙʦʜʥʳʡ. ʋʟʝʣ 3 ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠ ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʝ ʫʢʘʟʳʚʘʝʪʩʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʫʟʝʣ 2 ʨʘʩʢʨʝʧʣʝʥ ʪʦʣʴʢʦ ʣʝʞʘʱʠʤʠ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ 

ʧʨʫʞʠʥʘʤʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ çʧʨʦʜʦʣʴʥʳʤʠè ʞʝʩʪʢʦʩʪʷʤʠ, ʧʦʵʪʦʤʫ ʦʥ ʤʦʛ ʙʳ 

ʠʤʝʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʵʪʦʡ ʧʨʷʤʦʡ, ʯʪʦ ʧʨʠʚʝʣʦ ʙʳ ʢ ʠʟʤʝʥʷʝʤʦʡ 

ʩʠʩʪʝʤʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʟʘʜʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʪʦʤ ʵʣʝʤʝʥʪʝ ʩʠʩʪʝʤʘ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʙʳʣʠ 

ʟʘʜʘʥʳ ʥʝ ʪʦʣʴʢʦ çʧʨʦʜʦʣʴʥʳʝè, ʥʦ ʠ ʧʦʧʝʨʝʯʥʳʝ ʞʝʩʪʢʦʩʪʠ. 

ʅʘ ʨʠʩ. 3.8-1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʂʕ. ʄʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

ʦʙʨʘʟʫʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʩʪʝʨʞʥʶ. ʕʣʝʤʝʥʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʣʶʙʦʤ 

ʧʨʠʟʥʘʢʝ ʩʭʝʤʳ. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʵʣʝʤʝʥʪʘ ʪʨʝʙʫʝʪʩʷ ʫʢʘʟʘʪʴ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʟʘʧʨʝʱʘʶʪʩʷ 

ʧʝʨʝʤʝʱʝʥʠʷ (ʧʦʚʦʨʦʪr ) ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ð ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʢʦʪʦʨʦʝ 

ʙʫʜʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʞʝʩʪʢʦʩʪʴ ʵʣʝʤʝʥʪʘ. ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʚ ʠʜʝʘʣʝ ʥʝ ʜʦʣʞʝʥ ʟʘʚʠʩʝʪʴ 

ʦʪ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʯʠʩʣʘ. ʅʦ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʥʘʧʠʩʘʥʦ ʚʳʰʝ, ʦʥʦ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʥʘ ʟʘʜʘʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʟʘʜʘʝʪʩʷ ʢʘʢ ʤʝʩʪʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠʟʥʘʢʦʤ ʩʭʝʤʳ. ɺ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʚʝʣʠʯʠʥʳ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʟʘʜʘʁ ʪʩʷ ʚ ʤʝʪʨʘʭ, ʫʛʣʦʚʳʭ ð ʚ ʨʘʜʠʘʥʘʭ. 

ɿʘʜʘʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʪʦʣʴʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʦ ʢʦʪʦʨʳʤ ʫʢʘʟʘʥʳ ʥʝʥʫʣʝʚʳʝ 

ʞʝʩʪʢʦʩʪʠ (ʩʤʝʱʝʥʠʝ ʩʚʷʟʠ). ɺʳʯʠʩʣʷʝʤʳʝ ʫʩʠʣʠʷ ʚ çʥʫʣʴ-ʵʣʝʤʝʥʪʝè ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʘʢʮʠʠ 
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ʚ ʚʚʝʜʝʥʥʳʭ ʩʚʷʟʷʭ ʠʣʠ ʨʝʘʢʮʠʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʨʚʦʛʦ ʫʟʣʘ ʵʣʝʤʝʥʪʘ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ ʙʫʜʫʪ ʪʦʣʴʢʦ ʨʝʘʢʮʠʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʟʘʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ çʥʫʣʴ-ʵʣʝʤʝʥʪʘè ʩʚʷʟʝʡ. ʋʩʠʣʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʜʣʷ ʩʝʯʝʥʠʷ, 

ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʥʘʯʘʣʫ ʵʣʝʤʝʥʪʘ (ʧʝʨʚʳʡ ʫʟʝʣ). 

ȓȦ, ȵȷȭȮȴȱȹȼɇɂȱȲ ȺȫɈȰȱ ȳȷȶȮɀȶȷȲ ȯȮȺȻȳȷȺȻȱ (Ȼȱȸ ȓȦ ñ 51)  

 

ʈʠʩ. 3.8-2. 

ʕʪʦʪ ʂʕ (ʨʠʩ. 3.8-2) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʚʝʜʝʥʠʷ ʩʚʷʟʝʡ ʢʦʥʝʯʥʦʡ 

ʞʝʩʪʢʦʩʪʠ (ʧʨʫʞʠʥ) ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʦʙʱʝʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ. ʉʚʷʟʠ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʟʘʜʘʶʪʩʷ 

ʪʦʣʴʢʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʝʡ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɺʚʝʜʝʥʠʝ 

ʩʚʷʟʠ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʚ ʫʟʝʣ, ʠʤʝʶʱʠʡ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʫʶ ʩʚʷʟʴ, ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ. ʕʣʝʤʝʥʪ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʣʶʙʦʤ ʧʨʠʟʥʘʢʝ ʩʭʝʤʳ. 

ʏʠʩʣʦ ʠ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʧʦʣʴʟʫ-

ʝʤʦʤʫ ʧʨʠʟʥʘʢʫ ʩʭʝʤʳ. ʇʦ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʧʦ ʢʦʪʦʨʳʤ ʚʚʦʜʷʪʩʷ ʩʚʷʟʠ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʚ ʫʟʣʝ,  

ʟʘʜʘʶʪʩʷ ʥʝʥʫʣʝʚʳʝ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʡ X, Y, Z ð ʵʪʦ ʩʠʣʘ, ʚʳʟʳʚʘʶʱʘʷ ʝʜʠʥʠʯʥʦʝ ʩʤʝʱʝʥʠʝ ʫʟʣʘ ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʧʨʫʛʦʛʦ çʚʠʥʢʣʝʨʦʚʩʢʦʛʦè ʦʩʥʦʚʘʥʠʷ ʚ ʚʠʜʝ ʫʧʨʫʛʠʭ 

ʫʟʣʦʚʳʭ ʦʧʦʨ ʜʣʷ ʟʘʜʘʥʠʷ ʜʘʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʥʘʜʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʣʠ ʉ1(ʊ/ʤ
3) ʫʤʥʦʞʠʪʴ ʥʘ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ ʫʟʣʦʤ. ɿʘʜʘʚʘʝʤʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ 

ʝʜʠʥʠʮ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʊ/ʤ; 

¶ ʜʣʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ UX, UY, UZ ð ʵʪʦ ʤʦʤʝʥʪ, ʚʳʟʳʚʘʶʱʠʡ ʝʜʠʥʠʯʥʳʝ ʧʦʚʦʨʦʪʳ ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ. ɿʘʜʘʚʘʝʤʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʊʤ/ʨʘʜ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʚʳʯʠʩʣʷʶʪʩʷ ʫʩʠʣʠʷ (ʨʝʘʢʮʠʠ ʚ ʧʨʫʞʠʥʘʭ) ʧʦ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ, ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢʦʪʦʨʳʭ ʚʚʝʜʝʥʳ ʩʚʷʟʠ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ. 

ȐȩȳȷȶȻȼȹȶɄȲ ȭȫȼȾȼȰȴȷȫȷȲ ȓȦ ȼȸȹȼȬȷȬȷ ȷȺȶȷȫȩȶȱɈ (Ȼȱȸ ȓȦ ñ 53)  

ʂʕ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʧʦʨʘ ʧʦʣʦʩʳ ʛʨʫʥʪʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʝʝ ʢʦʥʪʫʨʫ, ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʧʣʠʪʳ (ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʛʨʫʥʪʘ ʥʘ ʩʜʚʠʛ). ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʣʠʪ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ (ʤʦʜʝʣʴ ʇʘʩʪʝʨʥʘʢʘ) ʧʨʠʤʝʥʝʥʠʝ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʷʟʘʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʧʨʠ-

ʤʝʥʷʝʤʦʡ ʤʦʜʝʣʴʶ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʫʥʪʘ, ʠ ʥʝ ʫʯʝʪʦʤ ʨʘʙʦʪʳ 

ʦʩʥʦʚʘʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʣʠʪʳ. 

 

ʈʠʩ. 3.8-3. 

ʅʘ ʨʠʩ. 3.8-3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʂʕ. ɿʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʩʪʝʣʠ C1 (ʊ/ʤ
3) ʠ C2 

(ʊ/ʤ). ɺ ʢʘʞʜʦʤ ʠʟ ʫʟʣʦʚ ʂʕ ʠʤʝʝʪʩʷ ʧʦ ʦʜʥʦʡ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ w ð ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ ʫʟʣʦʚʳʝ ʨʝʘʢʮʠʠ RZ. 

ȐȩȳȷȶȻȼȹȶɄȲ ȷȭȶȷȼȰȴȷȫȷȲ ȓȦ ȼȸȹȼȬȷȬȷ ȷȺȶȷȫȩȶȱɈ (Ȼȱȸ ȓȦ ñ 54)  

 

ʈʠʩ. 3.8-4. 

ʕʣʝʤʝʥʪ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʧʦʨʘ ʫʛʣʦʚʦʡ ʟʦʥʳ 

ʛʨʫʥʪʘ, ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʧʣʠʪʝ (ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʥʘ ʩʜʚʠʛ). ʅʘ 

ʨʠʩ. 3.8-4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʂʕ. 

ʕʣʝʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʫʟʣʘ, ʠʤʝʶʱʝʛʦ ʦʜʥʫ ʩʪʝʧʝʥʴ 

ʩʚʦʙʦʜʳ w, ð ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɿʘʜʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʩʪʝʣʠ ʉ2(ʊ/ʤ) ʠ ʫʛʣʘ j. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʯʝʪʘ ʚʳʯʠʩʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʚ ʫʟʣʝ RZ. 
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ȓȦ, ȵȷȭȮȴȱȹȼɇɂȱȲ ȼȸȹȼȬȼɇ ȺȫɈȰɅ ȵȮȯȭȼ ȼȰȴȩȵȱ (Ȼȱȸ ȓȦ ñ 55)  

ɼʘʥʥʳʡ ʂʕ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʯʝʪʘ ʧʦʜʘʪʣʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʫʟʣʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʧʦʜʘʪʣʠʚʦʩʪʠ ʨʦʩʪʚʝʨʢʘ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʢʣʘʜʦʢ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. ʕʣʝʤʝʥʪ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʣʙʁʳʤ ʧʨʠʟʥʘʢʦʤ ʩʭʝʤʳ ʠ ʦʥ ʧʦʟʚʦʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʢ ʣʠʥʝʡʥʫʶ, ʪʘʢ ʠ 

ʫʛʣʦʚʫʶ ʧʦʜʘʪʣʠʚʦʩʪʴ ʩʚʷʟʠ ʧʦ ʣʶʙʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ʋʟʣʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʧʦʜʘʪʣʠʚʦʩʪʴ ʩʚʷʟʠ, ʤʦʛʫʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ. 

 

ʈʠʩ. 3.8-5. 

 

ɾʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʠʩʣʦ ʠ ʧʦʨʷʜʦʢ 

ʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʧʦʣʴʟʫʝʤʦʤʫ 

ʧʨʠʟʥʘʢʫ ʩʭʝʤʳ, ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʡ X, Y, Z ð ʵʪʦ ʩʠʣʘ (ʊ/ʤ, ʞʝʩʪʢʦʩʪʴ ʥʘ ʩʞʘʪʠʝ), 

ʚʳʟʚrʘʶʱʘʷ ʚʟʘʠʤʥʦʝ ʝʜʠʥʠʯʥʦʝ ʩʤʝʱʝʥʠʝ ʫʟʣʦʚ 1 ʠ 2 ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ; 

¶ ʜʣʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ UX, UY, UZ ð ʵʪʦ ʤʦʤʝʥʪ (ʊʤ/ʨʘʜ, ʞʝʩʪʢʦʩʪʴ 

ʥʘ ʩʜʚʠʛ), ʚʳʟʳʚʘʶʱʠʡ ʚʟʘʠʤʥʳʝ ʝʜʠʥʠʯʥʳʝ ʧʦʚʦʨʦʪʳ ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ.  

ʇʦ ʫʤʦʣʯʘʥʠʶ ʂʕ ʤʦʜʝʣʠʨʫʝʪ ʫʧʨʫʛʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʥʝʥʫʣʝʚʦʡ ʜʣʠʥʳ ʚʦʟʤʦʞʥʘ ʨʘʙʦʪʘ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʵʪʦʤ ʦʩʴ x1 

ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʦʪ ʧʝʨʚʦʛʦ ʫʟʣʘ ʢʦ ʚʪʦʨʦʤʫ, ʘ ʧʦʣʦʞʝʥʠʝ ʦʩʝʡ y1 ʠ z1 ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʝʡ. 

ʄʝʩʪʥʳʝ ʥʘʛʨʫʟʢʠ ʧʦ ʦʙʣʘʩʪʠ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʚʳʯʠʩʣʷʶʪʩʷ ʫʩʠʣʠʷ (ʨʝʘʢʮʠʠ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ, ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢʦʪʦʨʳʭ ʚʚʝʜʝʥʳ ʩʚʷʟʠ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ. 

ȓȦ, ȵȷȭȮȴȱȹȼɇɂȱȲ ȹȩȪȷȻȼ ȫȶȮɁȶȮȬȷ ȼȰȴȷȫȷȬȷ ȭȮȵȸȽȮȹȩ (Ȼȱȸ ȓȦ ñ 56)  

Z

Y

X
 

ʈʠʩ. 3.8-6. 

ʕʪʦʪ ʂʕ (ʨʠʩ. 3.8-6) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʥʝʰʥʠʭ 

ʜʝʤʧʬʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʫʟʣʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚʷʟʢʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʪ.ʝ. 

ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʢʦʤʧʦʥʝʥʪʝ ʩʢʦʨʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʛʦ ʜʝʤʧʬʠ-

ʨʦʚʘʥʠʷ ʟʘʜʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʦʚʦʛʦ ʩʤʝʱʝʥʠʷ (ʧʦʚʦʨʦʪʘ) 

ʥʝʟʘʚʠʩʠʤʦ ʠ ʥʝ ʚʣʠʷʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

ʏʠʩʣʦ ʠ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʧʦʣʴʟʫ-

ʝʤʦʤʫ ʧʨʠʟʥʘʢʫ ʩʭʝʤʳ. ɽʩʣʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʧʦ ʢʦʪʦʨʳʤ ʚʚʦʜʷʪʩʷ ʜʝʤʧʬʝʨʳ ʚ ʫʟʣʝ,  ʟʘʜʘʶʪʩʷ 

ʥʝʥʫʣʝʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʩʪʠ, ʪʦ ʠʭ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʡ X, Y, Z ð ʵʪʦ ʨʝʘʢʪʠʚʥʘʷ ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʝʜʠʥʠʯʥʦʡ ʩʢʦʨʦʩʪʠ  

ʩʤʝʱʝʥʠʷ ʫʟʣʘ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ɺ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʠʤʝʝʪ 

ʨʘʟʤʝʨʥʦʩʪʴ ʊ/(ʤ/ʩ). 

ʂʕ-56 ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʇʨʷʤʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ɼʨʫʛʠʝ ʨʝʞʠʤʳ ʥʠʢʘʢ ʥʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ.  

ȓȦ, ȵȷȭȮȴȱȹȼɇɂȱȲ ȹȩȪȷȻȼ ȵȮȯȼȰȴȷȫȷȬȷ ȭȮȵȸȽȮȹȩ (Ȼȱȸ ȓȦ ñ 57)  

ɼʘʥʥʳʡ ʂʕ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʯʝʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʥʝʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʟʘʠʤʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʤʝʞʥʳʭ ʫʟʣʦʚ.  

ʕʣʝʤʝʥʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʣʶʙʦʤ ʧʨʠʟʥʘʢʝ ʩʭʝʤʳ. ɾʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʯʠʩʣʦ ʠ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʧʦʣʴʟʫʝʤʦʤʫ 

ʧʨʠʟʥʘʢʫ ʩʭʝʤʳ, ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʡ X, Y, Z ð ʵʪʦ ʨʝʘʢʪʠʚʥʘʷ ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʝʜʠʥʠʯʥʦʡ ʚʟʘʠʤʥʦʡ 

ʩʢʦʨʦʩʪʠ  ʩʤʝʱʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʙʣʠʞʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʝ).  
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ʈʠʩ. 3.8-7. 

ɺ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʊ/(ʤ/ʩ). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚʷʟʢʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ, 

ʪ.ʝ. ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʝ ʩʢʦʨʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʚʷʟʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʟʘʜʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʦʚʦʛʦ 

ʩʤʝʱʝʥʠʷ (ʧʦʚʦʨʦʪʘ) ʥʝʟʘʚʠʩʠʤʦ ʠ ʥʝ ʚʣʠʷʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

ɼʦʧʫʩʢʘʝʪʩʷ ʟʘʜʘʚʘʪʴ ʚʟʘʠʤʥʫʶ ʩʢʦʨʦʩʪʴ ʢʘʢ ʚ ʣʦʢʘʣʴʥʦʡ, ʪʘʢ ʠ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ (ʧʦʢʘ ʨʝʘʣʠʟʦʚʘʥʘ ʪʦʣʴʢʦ ʨʘʙʦʪʘ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ). ʃʦʢʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ x, y, z ʩʪʨʦʠʪʩʷ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʜʣʷ ʩʪʝʨʞʥʷ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ 

ʧʘʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʟʣʦʚ (ʨʠʩ. 3.8-8). 

Z

Y

X

z

y

x

 
ʈʠʩ. 3.8-8 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʮʠʷ ʚʟʘʠʤʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʠ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 3.8-9), ʢʘʢ ʙʫʜʪʦ 

ʜʝʤʧʬʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʚʤʦʥʪʠʨʦʚʘʥʦ ʤʝʞʜʫ 

ʥʘʯʘʣʴʥʳʤ ʫʟʣʦʤ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʦʡ, ʨʝʘʣʠʟʫʶʱʝʡ 

ʫʢʘʟʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʠʤʝʶʱʝʡ ʪʝ ʞʝ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʠ 

ʢʦʥʝʯʥʳʡ ʫʟʝʣ. 

ʂʕ-57 ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʇʨʷʤʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ɼʨʫʛʠʝ ʨʝʞʠʤʳ ʥʠʢʘʢ ʥʝ ʨʝʘʛʠʨʫʶʪ 

ʥʘ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ. 

 

 

Z

Y

X

dx

dz

dy

ɸʙʩʦʣʶʪʥʦ
ʞʝʩʪʢʘʷ ʩʚʷʟʴ

Z

Y

X

dx

dz

dy

ɸʙʩʦʣʶʪʥʦ
ʞʝʩʪʢʘʷ ʩʚʷʟʴ

Z

Y

X

dx

dz

dy

ɸʙʩʦʣʶʪʥʦ
ʞʝʩʪʢʘʷ ʩʚʷʟʴ

ʙ) ʚ)ʘ)

 
ʈʠʩ. 3.8-9 



3 . Ȋ ȱ Ȫ ȴȱ ȷȻ Ȯȳ ȩ ȳȷ ȶȮ ɀȶ ɄȾ ɆȴȮȵȮȶȻȷȫ 

127  

ȏȮȺȻȳȷȮ ȻȮȴȷ (Ȼȱȸ ȓȦ ð 100)  

ʄʘʩʪʝʨ

ɺʝʜʦʤʳʡ

ɺʝʜʦʤʳʡ

ɺʝʜʦʤʳʡ

ɺʝʜʦʤʳʡ

ɺʝʜʦʤʳʡ

ɺʝʜʦʤʳʡ

ɺʝʜʦʤʳʡ

 

ʈʠʩ. 3.8-10. 

ʕʣʝʤʝʥʪ ʠʤʝʝʪ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʭ ʦʙʲʝ-

ʜʠʥʝʥʠʷ, ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤ ʪʝʣʦʤ. (ʩʤ. ʨʘʟʜ. 2.2). 

ʅʘ ʨʠʩ. 3.8-10 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʞʝʩʪʢʦʛʦ ʪʝʣʘ. ʇʦ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʩʭʝʤʳ ʟʘʜʘʶʪʩʷ ʧʨʠʟʥʘʢʠ ʩʚʷʟʠ ʫʟʣʦʚ: 1 ï 

ʫʟʣʳ ʩʚʷʟʘʥʳ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʦʚʦʨʦʪʝ), 0 ï 

ʥʝʪ. 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʢʦʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩʤ. ʚ ʩʪʘʪʴʝ [ 86]. 

ȘȺȮȫȭȷɆȴȮȵȮȶȻ, ȸȹȮȭȶȩȰȶȩɀȮȶȶɄȲ ȭȴɈ ȵȷȭȮȴȱȹȷȫȩȶȱɈ ɆȴȮȵȮȶȻȷȫ, 
ȱȺȳȴɇɀȮȶȶɄȾ ȱȰ ȹȩȺɀȮȻȶȷȲ ȺȾȮȵɄ (Ȼȱȸ ȓȦ ñ 200)  

ɼʘʥʥʳʡ ʂʕ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʠʩʢʣʶʯʝʥʥʳʭ ʠʟ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʘ ʥʫʤʝʨʘʮʠʠ ʦʩʪʘʚʰʠʭʩʷ ʵʣʝʤʝʥʪʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʟʘʜʘʥʠʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ. 
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21. ʂʘʨʧʠʣʦʚʩʢʠʡ ɺ.ʉ. ʅʦʚʳʡ ʩʦʚʤʝʩʪʥʳʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʙʘʣʢʠïʩʪʝʥʢʠ ʩ 

ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. // ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ ɯɯ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦïʧʨʘʢʪʠʯʝʩʢʦʡ 
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ʅʘʯʠʥʘʶʱʠʡ» ʥʝ ʜʦʣʞʝʥ ʩʤʫʱʘʪʴʩʷ, 

ʝʩʣʠ» ʦʥ ʦʙʥʘʨʫʞʠʪ, ʯʪʦ ʫ ʥʝʛʦ ʥʝ 
ʭʚʘʪʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʟʥʘʥʠʡ ʜʘʞʝ ʜʣʷ 
ʯʪʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʩʚʝʜʝʥʠʡ. 

ʇ.ʍɸʃʄʆʐ 

 

ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ SCAD ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ MDI (Multi  Documented 

Interface). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʟʘʜʘʯʘʤʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚ 

ʨʝʞʠʤʝ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʚ ʧʨʝʧʨʦʮʝʩʩʦʨʝ) ʠʩʧʦʣʴʟʫʝʪ ʦʜʥʦ ʦʢʥʦ. ɺ ʨʝʞʠʤʝ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ (ʚ ʧʦʩʪʧʨʦʮʝʩʩʦʨʝ) ʢʦʣʠʯʝʩʪʚʦ ʦʢʦʥ ʜʣʷ ʦʜʥʦʡ ʟʘʜʘʯʠ ʥʝ ʦʛʨʘʥʠʯʝʥʦ. ɺ ʥʠʭ 

ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʨʘʟʥʳʝ ʬʨʘʛʤʝʥʪʳ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʠ ʵʪʦʤ ʨʘʟʥʳʝ ʟʘʜʘʯʠ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʦʙʨʘʙʦʪʢʠ ð 

ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ, ʨʘʩʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʢʥʦ ʟʘʜʘʯʠ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʙʨʘʱʘʣʩʷ ʧʦʩʣʝʜʥʠʤ, ʩʯʠʪʘʝʪʩʷ ʘʢʪʠʚʥʳʤ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʙʦʨ ʠ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʞʠʤʫ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʟʘʜʘʯʘ ʚ ʘʢʪʠʚʥʦʤ ʦʢʥʝ. 
 

 

 

 

ʈʠʩ. 4-1. ʆʙʱʠʡ ʚʠʜ ʨʘʙʦʯʝʛʦ ʦʢʥʘ ʢʦʤʧʣʝʢʩʘ SCAD 

ʕʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ, ʦʧʝʨʘʮʠʠ ʩ ʦʢʥʘʤʠ 

(ʜʦʧʫʩʪʠʤʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʢʦʥ, ʧʦʥʷʪʠʝ ʘʢʪʠʚʥʦʛʦ ʦʢʥʘ ʠ ʩʧʦʩʦʙʳ 

ʘʢʪʠʚʘʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʦʢʦʥ ʠ ʪ. ʧ.) ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʘʚʠʣʘʤʠ, ʧʨʠʥʷʪʳʤʠ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʨʝʜʳ Windows. 

ʄʝʥʶ 

 
ʄʝʥʶ ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʧʘʥʝʣʴ 

ʇʘʥʝʣʴ ʌʠʣʪɹʨr  

ʦʪʦʙʨʘʞʝʥʠʷ 

ʇʘʥʝʣʴ ɺʠʟʫʘʣʠʟʘʮʠʷ 

ɿʘʢʣʘʜʢʠ 

 
ɿʘʢʣʘʜʢʘ 

ɾʫʨʥʘʣ 

 
ɿʘʢʣʘʜʢʘ 

ʇʘʥʝʣʴ ʋʧʨʘʚʣʝʥʠʝ ʚʳʙʦʨʦʤ 

ʄʝʥʶ 

ʇʘʥʝʣʴ ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

 
ʄʝʥʶ 

ʇʘʥʝʣʠ ʪʘʙʣʠʮ 
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