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ʌɸʂʋʃʊɽʊ ʀʅɾɽɳɽʈʉʂʀʍ ʅɸʋʂɸ 
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I. ɸʫʪʦʨ 

ʀʤʝ ʠ ʧʨʝʟʠʤʝ: ɸʨʩʦ ʄ. ɺʫʢʠ˂ʝʚʠ˂ 

ɼʘʪʫʤ ʠ ʤʝʩʪʦ ʨʦʹʝˁʘ: 16. 06. 1987. ʅʠʢʰʠ˂, ʎʨʥʘ ɻʦʨʘ, ʉʌʈɱ 

ʉʘʜʘʰˁʝ ʟʘʧʦʩʣʝˁʝ: ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

II. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ʅʘʩʣʦʚ: ʈʘʟʚʦʿ ʤʝʪʦʜʘ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʥʫʤʝʨʠʯʢʝ 

ʘʥʘʣʠʟʝ ʧʨʦʪʦʢʘ ʠ ʧʨʦʮʝʥʝ ʤʝʭʘʥʠʯʢʦʛ ʠʥʪʝʛʨʠʪʝʪʘ ʩʪʝʥʪʘ 

ɹʨʦʿ ʩʪʨʘʥʠʮʘ: 155 

ɹʨʦʿ ʩʣʠʢʘ: 51 

ɹʨʦʿ ʙʠʙʣʠʦʛʨʘʬʩʢʠʭ ʧʦʜʘʪʘʢʘ: 275 

ʋʩʪʘʥʦʚʘ ʠ ʤʝʩʪʦ ʛʜʝ ʿʝ ʨʘʜ ʠʟʨʘʹʝʥ: ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ, ʂʨʘʛʫʿʝʚʘʮ 

ʅʘʫʯʥʝ ʦʙʣʘʩʪʠ (ʋɼʂ): 004.942:519.673(043.3); 621:531/533(043.3) (ʇʨʠʤʝˁʝʥʘ ʤʝʭʘʥʠʢʘ, ʇʨʠʤʝˁʝʥʘ 

ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ) 

ʄʝʥʪʦʨ: ʜʨ ɻʦʨʜʘʥʘ ɱʦʚʠʯʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 
 

III. ʆʮʝʥʘ ʠ ʦʜʙʨʘʥʘ 

ɼʘʪʫʤ ʧʨʠʿʘʚʝ ʪʝʤʝ: 10. 02. 2015. 

ɹʨʦʿ ʦʜʣʫʢʝ ʠ ʜʘʪʫʤ ʧʨʠʭʚʘʪʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 01-1/2092-7, 18. 06. 2015. 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʧʦʜʦʙʥʦʩʪʠ ʪʝʤʝ ʠ ʢʘʥʜʠʜʘʪʘ: 

ɼʨ ɻʦʨʜʘʥʘ ɱʦʚʠ˂ʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ,  

                ʅʘʫʯʥʝ ʦʙʣʘʩʪʠ: ʇʨʠʤʝˁʝʥʘ ʤʝʭʘʥʠʢʘ, ʇʨʠʤʝˁʝʥʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ 

ɼʨ ʅʝʥʘʜ ʌʠʣʠʧʦʚʠ˂, ʨʝʜ. ʧʨʦʬ., ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥʝ ʦʙʣʘʩʪʠ: ʇʨʠʤʝˁʝʥʘ ʤʝʭʘʥʠʢʘ, ʇʨʠʤʝˁʝʥʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ 

ɼʨ ʈʘʜʦʚʘʥ ʉʣʘʚʢʦʚʠ˂, ʨʝʜ. ʧʨʦʬ., ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥʝ ʦʙʣʘʩʪʠ: ʇʨʠʤʝˁʝʥʘ ʤʝʭʘʥʠʢʘ, ʇʨʠʤʝˁʝʥʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ 

ɼʨ ɺʝˀʢʦ ʄʠʣʫʪʠʥʦʚʠ˂, ʨʝʜ. ʧʨʦʬ., ɽʊʌ ɹʝʦʛʨʘʜ; 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ: ʈʘʯʫʥʘʨʩʢʘ ʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ 

ɼʨ ɺʣʘʜʠʤʠʨ ʄʠʣʦʨʘʜʦʚʠ˂, ʚʘʥ. ʧʨʦʬ., ʌʘʢʫʣʪʝʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ: ʀʥʪʝʨʥʘ ʤʝʜʠʮʠʥʘ, 

ɼʨ ɸʣʝʢʩʘʥʜʘʨ ʇʝʫʣʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥa ʦʙʣʘʩʪ: ʈʘʯʫʥʘʨʩʢʘ ʪʝʭʥʠʢʘ 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 

ɼʨ ɻʦʨʜʘʥʘ ɱʦʚʠ˂ʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

                ʅʘʫʯʥʝ ʦʙʣʘʩʪʠ: ʇʨʠʤʝˁʝʥʘ ʤʝʭʘʥʠʢʘ, ʇʨʠʤʝˁʝʥʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ 

ɼʨ ʅʝʥʘʜ ʌʠʣʠʧʦʚʠ˂, ʨʝʜ. ʧʨʦʬ., ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥʝ ʦʙʣʘʩʪʠ: ʇʨʠʤʝˁʝʥʘ ʤʝʭʘʥʠʢʘ, ʇʨʠʤʝˁʝʥʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ 

ɼʨ ʈʘʜʦʚʘʥ ʉʣʘʚʢʦʚʠ˂, ʨʝʜ. ʧʨʦʬ., ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥʝ ʦʙʣʘʩʪʠ: ʇʨʠʤʝˁʝʥʘ ʤʝʭʘʥʠʢʘ, ʇʨʠʤʝˁʝʥʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ 

ɼʨ ɺʝˀʢʦ ʄʠʣʫʪʠʥʦʚʠ˂, ʨʝʜ. ʧʨʦʬ., ɽʊʌ ɹʝʦʛʨʘʜ; 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ: ʈʘʯʫʥʘʨʩʢʘ ʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ 

ɼʨ ɺʣʘʜʠʤʠʨ ʄʠʣʦʨʘʜʦʚʠ˂, ʚʘʥ. ʧʨʦʬ., ʌʘʢʫʣʪʝʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ: ʀʥʪʝʨʥʘ ʤʝʜʠʮʠʥʘ, 

ɼʨ ɸʣʝʢʩʘʥʜʘʨ ʇʝʫʣʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥa ʦʙʣʘʩʪ: ʈʘʯʫʥʘʨʩʢʘ ʪʝʭʥʠʢʘ 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʜʙʨʘʥʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 

ɼʨ ɻʦʨʜʘʥʘ ɱʦʚʠ˂ʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

                ʅʘʫʯʥʝ ʦʙʣʘʩʪʠ: ʇʨʠʤʝˁʝʥʘ ʤʝʭʘʥʠʢʘ, ʇʨʠʤʝˁʝʥʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ 

ɼʨ ʅʝʥʘʜ ʌʠʣʠʧʦʚʠ˂, ʨʝʜ. ʧʨʦʬ., ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥʝ ʦʙʣʘʩʪʠ: ʇʨʠʤʝˁʝʥʘ ʤʝʭʘʥʠʢʘ, ʇʨʠʤʝˁʝʥʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ 

ɼʨ ʈʘʜʦʚʘʥ ʉʣʘʚʢʦʚʠ˂, ʨʝʜ. ʧʨʦʬ., ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥʝ ʦʙʣʘʩʪʠ: ʇʨʠʤʝˁʝʥʘ ʤʝʭʘʥʠʢʘ, ʇʨʠʤʝˁʝʥʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ 

ɼʨ ɺʝˀʢʦ ʄʠʣʫʪʠʥʦʚʠ˂, ʨʝʜ. ʧʨʦʬ., ɽʊʌ ɹʝʦʛʨʘʜ; 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ: ʈʘʯʫʥʘʨʩʢʘ ʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ 

ɼʨ ɺʣʘʜʠʤʠʨ ʄʠʣʦʨʘʜʦʚʠ˂, ʚʘʥ. ʧʨʦʬ., ʌʘʢʫʣʪʝʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ: ʀʥʪʝʨʥʘ ʤʝʜʠʮʠʥʘ, 

ɼʨ ɸʣʝʢʩʘʥʜʘʨ ʇʝʫʣʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʅʘʫʯʥa ʦʙʣʘʩʪ: ʈʘʯʫʥʘʨʩʢʘ ʪʝʭʥʠʢʘ 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 



ɸʨʩʦ ʄ. ɺʫʢʠ˂ʝʚʠ˂   ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

 

ʈʘʟʚʦʿ ʤʝʪʦʜʘ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʢʦʨʦʥʘʨʥʠʭ 

ʘʨʪʝʨʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʥʫʤʝʨʠʯʢʝ ʘʥʘʣʠʟʝ ʧʨʦʪʦʢʘ ʠ ʧʨʦʮʝʥʝ ʤʝʭʘʥʠʯʢʦʛ 

ʠʥʪʝʛʨʠʪʝʪʘ ʩʪʝʥʪʘ 

ɸʨʩʦ ʄ. ɺʫʢʠ˂ʝʚʠ˂ 

ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʂʨʘʛʫʿʝʚʮʫ 

ʈʝʟʠʤʝ 

ʂʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ ʠʢʩ-ʟʨʘʮʠʤʘ ʠ ʠʥʪʨʘʚʘʩʢʫʣʘʨʥʠ ʫʣʪʨʘʟʚʫʢ 

(ʝʥʛʣ. IVUS) ʩʫ, ʠ ʧʦʨʝʜ ʠʥʚʘʟʠʚʥʝ ʠ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʧʨʠʨʦʜʝ, ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ 

ʧʨʦʮʝʜʫʨʝ ʟʘ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʝ ʠ ʪʨʝʪʠʨʘˁʝ ʦʙʦʣʝʣʠʭ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ (ʂɸ). 

ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʬʦʢʫʩʠʨʘʥʘ ʿʝ ʥʘ ʨʘʟʚʦʿ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʠʟ ʥʝʢʘʣʠʙʨʠʩʘʥʠʭ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ. ʇʨʝʜʣʦʞʝʥ ʿʝ 

ʧʨʦʰʠʨʝʥʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʬʦʨʤʠʨʘˁʘ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ, ʢʦʿʠ ʿʝ ʟʘʿʝʜʥʦ ʩʘ 

ʨʦʙʫʩʥʠʤ ɻʝʥʝʪʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʢʦʨʠʰ˂ʝʥ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ-ʢʘʣʠʙʨʘʮʠʿʫ ʧʘʨʘʤʝʪʘʨʘ 

ʢʦʿʠ ʦʧʠʩʫʿʫ ʦʨʠʿʝʥʪʘʮʠʿʫ ʫʨʝʹʘʿʘ ʪʦʢʦʤ ʘʢʚʠʟʠʮʠʿʝ. ʇʨʝʜʣʦʞʝʥʘ ʿʝ ʤʝʪʦʜʘ ʟʘ 

ʫʧʘʨʠʚʘˁʝ ʥʝʩʠʥʭʨʦʥʠʟʦʚʘʥʠʭ ʬʨʝʿʤʦʚʘ ʙʘʟʠʨʘʥʘ ʥʘ ʧʘʨʮʠʿʘʣʥʦʤ ʧʨʝʢʣʘʧʘˁʫ ʩʠʛʥʘʣʘ. 

ɳʠʭʦʚʦʤ ʠʥʪʝʛʨʘʮʠʿʦʤ, ʨʝʢʦʥʩʪʨʫʠʩʘʥ ʿʝ ʣʫʤʝʥ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ. ʊʘʢʦʹʝ, 

ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʧʨʦʮʝʜʫʨʘ ʟʘ ʜʠʩʢʨʝʪʠʟʘʮʠʿʫ ʢʦʤʧʣʝʢʩʥʠʭ ʢʦʨʦʥʘʨʥʠʭ ʩʪʘʙʘʣʘ ʙʘʟʠʨʘʥʘ 

ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʿʝʤ ʥʝʟʘʚʠʩʥʦʤ ʧʨʦʮʝʩʠʨʘˁʫ ʧʦʚʝʟʘʥʠʭ ʢʦʨʦʥʘʨʥʠʭ ʛʨʘʥʘ. 

ʌʫʟʠʿʦʤ ʤʝʪʦʜʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʂɸ ʩʘ ʤʝʪʦʜʘʤʘ ʟʘ 

ʩʝʛʤʝʥʪʘʮʠʿʫ IVUS ʩʣʠʢʘ ʨʝʢʦʥʩʪʨʫʠʩʘʥ ʿʝ ʣʫʤʝʥ ʠ ʟʠʜ ʂɸ, ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ 

ʥʫʤʝʨʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʧʨʦʛʨʝʩʠʿʝ ʧʣʘʢʘ (ʨʝʩʪʝʥʦʟʝ). ʄʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, 

ʧʨʦʛʨʝʩʠʿʘ ʧʣʘʢʘ ʿʝ ʩʠʤʫʣʠʨʘʥʘ ʩʧʨʝʟʘˁʝʤ ʅʘʚʠʿʝ-ʉʪʦʢʩʦʚʠʭ ʿʝʜʥʘʯʠʥʘ ʧʨʦʪʦʢʘ ʩʘ 

ʜʠʬʫʟʥʦʤ ʿʝʜʥʘʯʠʥʦʤ ʪʨʘʥʩʧʦʨʪʘ. ʄʝʪʦʜʦʤ ʧʘʨʮʠʿʘʣʥʦʛ ʧʨʝʢʣʘʧʘˁʘ, ʘʫʪʦʤʘʪʠʟʦʚʘʥʦ 

ʿʝ ʫʧʘʨʠʚʘˁʝ ʙʘʟʘʣʥʠʭ ʠ IVUS ʩʥʠʤʘʢʘ ʩʥʠʤˀʝʥʠʭ ʥʘʢʦʥ ʜʘʪʦʛ ʧʝʨʠʦʜʘ ʧʨʘ˂ʝˁʘ. 

ʊʘʢʦʹʝ, ʮʠˀ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʙʠʣʘ ʥʫʤʝʨʠʯʢʘ ʘʥʘʣʠʟʘ ʠʟʜʨʞˀʠʚʦʩʪʠ ʢʦʨʦʥʘʨʥʠʭ 

ʩʪʝʥʪʦʚʘ ʥʘ ʟʘʤʦʨ ʢʨʦʟ ʩʣʝʜʝ˂ʘ ʪʨʠ ʢʦʨʘʢʘ: a) ʜʝʬʠʥʠʩʘˁʝ ʬʘʢʪʦʨʘ ʟʘʤʦʨʘ ʧʨʠʤʝʥʦʤ 

ʥʘʧʦʥʩʢʠ ʟʘʩʥʦʚʘʥʝ ʪʝʦʨʠʿʝ ʟʘʤʦʨʘ, ʙ) ʧʨʦʮʝʥʘ ʧʨʝʦʩʪʘʣʦʛ ʚʝʢʘ ʫʩʣʝʜ ʟʘʤʦʨʘ ʧʨʠ 

ʧʨʦʛʨʝʩʠʚʥʦʤ ʰʠʨʝˁʫ ʧʨʩʣʠʥʝ ʫʧʦʪʨʝʙʦʤ ʇʘʨʠʩʦʚʦʛ ʟʘʢʦʥʘ, ʠ ʚ) ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʛ 

ʨʘʜʘ ʩʪʨʫʢʪʫʨʝ ʠʟʣʦʞʝʥʝ ʮʠʢʣʠʯʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʠ Kitagawa-

ʜʠʿʘʛʨʘʤʘ: ʨʝʛʠʦʥʘ ʩʠʛʫʨʥʦʛ ʨʘʜʘ, ʟʦʥʝ ʩʪʘʙʠʣʥʦʛ ʨʘʩʪʘ ʠ ʟʦʥʝ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʛ ʨʘʩʪʘ 

ʧʨʩʣʠʥʝ. ʂʦʥʘʯʥʦ, ʫʧʦʪʨʝʙʦʤ ʜʦʙʠʿʝʥʠʭ ʜʠʥʘʤʠʯʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʂɸ ʨʘʟʚʠʿʝʥʘ ʿʝ 

ʧʨʦʮʝʜʫʨʘ ʟʘ ʩʠʤʫʣʠʨʘˁʝ ʨʝʘʣʥʦʛ ʩʘʚʠʿʘˁʘ ʢʦʨʦʥʘʨʥʠʭ ʩʪʝʥʪʦʚʘ. 

ɺʘʣʠʜʘʮʠʿʘ ʤʝʪʦʜʘ ʠʟʚʨʰʝʥʘ ʿʝ ʥʘ ʜʠʛʠʪʘʣʥʠʤ ʠ ʬʠʟʠʯʢʠʤ ʬʘʥʪʦʤʠʤʘ, ʢʘʦ ʠ 

ʨʝʘʣʥʠʤ ʧʦʜʘʮʠʤʘ. ʅʫʤʝʨʠʯʢʘ ʘʥʘʣʠʟʘ ʠʟʜʨʞˀʠʚʦʩʪʠ ʩʪʝʥʪʦʚʘ ʥʘ ʟʘʤʦʨ ʠʟʚʨʰʝʥʘ ʿʝ 

ʢʦʨʠʩʪʝ˂ʠ ʛʝʥʝʨʠʯʢʠ ʠ Cypher ʜʠʟʘʿʥ. ʊʘʯʥʦʩʪ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫʢʘʟʫʿʝ ʥʘ 

ʧʦʫʟʜʘʥʦʩʪ ʨʘʟʚʠʿʝʥʠʭ ʤʝʪʦʜʘ ʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʰʠʨʫ ʧʨʠʤʝʥʫ ʫ ʙʫʜʫ˂ʠʤ ʩʪʫʜʠʿʘʤʘ. 

ʂˀʫʯʥʝ ʨʝʯʠðʂʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ, ʘʥʛʠʦʛʨʘʬʠʿʘ, IVUS, ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ, 

ʩʝʛʤʝʥʪʘʮʠʿʘ, ʩʪʝʥʪʦʚʠ, ʟʘʤʦʨ, ʥʫʤʝʨʠʯʢʘ ʘʥʘʣʠʟʘ. 
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Abstract 

Despite their invasiveness and two-dimensional nature, X-ray angiography (XRA) and 

intravascular ultrasound (IVUS) still represent the gold standard for diagnosis and treatment 

of coronary artery (CA) disease. Since safety and performance standards have become more 

stringent, needs for robust computer methods for 3D reconstruction, modeling and 

visualization of CAs are constantly increasing. 

This thesis proposed algorithms for three-dimensional modelling of CA from uncalibrated 

XRA projections. A comprehensive mathematical model of XRA image formation was 

developed and used in conjunction with a robust genetic algorithm optimizer to determine the 

calibration parameters across X-ray views. Furthermore, an approach for finding frames 

correspondences between nongated XRA was developed using a partial-matching approach. 

By integrating the developed procedures, the vascular lumen was reconstructed from its XRA 

projections. Moreover, a nonuniform rational B-spline-based method that simplifies the 

problem of meshing of complex CA trees to the simpler task of independent meshing of 

connected branches was introduced. 

By fusing the reconstructed centerline with segmented IVUS images CA reconstructions 

were obtained and used for further numerical simulation of plaqure progression (in-stent 

restenosis). The finite element simulation of plaque progression was performed by coupling, 

the flow equations with the transport equation and applying realistic boundary conditions at 

the wall. By using a partial-matching approach, the alignment of baseline and follow-up data 

was performed automatically. 

Moreover, the aim of this thesis was numerical estimation of coronary stents durability. 

The procedure was carried out within three phases: a) initial fatigue analysis based on S-N 

approach; b) fatigue lifetime assessment based on fatigue crack growth simulation using 

Paris-power law, and c) safe-operation i.e., no-fatigue failure (based on Kitagawa-Takahashi 

diagram) as well as immediate predictions of the fracture event in the stent. Finally, by using 

the obtained dynamic reconstructions of CA we developed a procedure for patient-specific 

modeling of coronary stent bending. 

Extensive validations were performed using digital, physical, and clinical datasets. 

Numerical estimation of coronary stents durability was demonstrated on the generic and stent 

cypher design. The promising results showed potential for further clinical validation and 

application of our method on a wider scale in future research studies. 

KeywordsðX-ray angiography, IVUS, coronary arteries, reconstruction, segmentation, 

coronary stents, fatigue, numerical analysis. 
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ʇʨʝʜʛʦʚʦʨ 

ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʪ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ʿʝ 

ʟʘʭʪʝʚʘʣʦ ʪʠʤʩʢʠ ʨʘʜ ʠ ʟʥʘˁʘ ʠʟ ʚʠʰʝ ʥʘʫʯʥʠʭ ʦʙʣʘʩʪʠ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʟʘʭʚʘʣʥʦʩʪ 

ʜʫʛʫʿʝʤ ʩʣʝʜʝ˂ʠʤ ʦʩʦʙʘʤʘ ʢʦʿʝ ʩʫ ʜʦʧʨʠʥʝʣʝ ʜʘ ʦʥʘ ʙʫʜʝ ʫʨʘʹʝʥʘ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʥʘ ʧʨʚʦʤ ʤʝʩʪʫ ʩʚʦʿʠʤ ʤʝʥʪʦʨʠʤʘ ʧʨʦʬ. ɻʦʨʜʘʥʠ ɱʦʚʠʯʠ˂ ʥʘ ʧʦʤʦ˂ʠ 

ʠ ʧʦʜʨʰʮʠ ʜʘ ʟʘʚʨʰʠʤ ʜʦʢʪʦʨʘʪ ʠ ʧʨʦʬ. ʅʝʥʘʜʫ ʌʠʣʠʧʦʚʠ˂ʫ ʥʘ ʫʩʣʦʚʠʤʘ, ʩʪʨʧˀʝˁʫ ʠ 

ʩʣʦʙʦʜʠ ʫ ʨʘʜʫ ʢʦʿʫ ʤʠ ʿʝ ʧʨʫʞʠʦ ʪʦʢʦʤ ʧʨʦʪʝʢʣʠʭ ʛʦʜʠʥʘ. ʊʘʢʦʹʝ, ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ 

ʢʦʣʝʛʘʤʘ ʠʟ ʛʨʫʧʝ ʟʘ ʙʠʦʠʥʞʝˁʝʨʠʥʛ ʧʨʦʬ. ʌʠʣʠʧʦʚʠ˂ʘ ʩʘ ʢʦʿʠʤʘ ʩʘʤ ʨʘʜʠʦ ʫ ʧʝʨʠʦʜʫ 

2011-2015; ʢʘʦ ʠ ʧʨʦʬ. ʄʠʣʦʰʫ ʂʦʿʠ˂ʫ ʯʠʿʘ ʿʝ ʚʠʟʠʿʘ ʧʨʝ ʤʥʦʛʦ ʛʦʜʠʥʘ ʧʦʢʨʝʥʫʣʘ ʦʥʦ 

ʰʪʦ ʤʠ ʩʘʜʘ ʨʘʜʠʤʦ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬ. ɸʣʝʢʩʫ ʌʨʘʥʛʠʿʫ (ʘʨʛ. Alejandro F. Frangi) ʠ ˁʝʛʦʚʦʤ 

ʩʘʨʘʜʥʠʢʫ ʉʝʨʢʘʥʫ ɴʠʤʝʥʫ (ʪʫʨ. Serkan ¢imen) ʩʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʐʝʬʠʣʜʫ. ʊʨʝ˂ʝ 

ʧʦʛʣʘʚˀʝ ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʪ ˁʠʭʦʚʝ ʦʪʚʦʨʝʥʦʩʪʠ ʠ ʥʝʩʝʙʠʯʥʦʩʪʠ ʢʦʿʝ ʩʫ ʤʠ ʧʦʤʦʛʣʝ 

ʜʘ ʩʭʚʘʪʠʤ ʢʘʢʦ ʠʟʛʣʝʜʘ ʦʟʙʠˀʘʥ ʥʘʫʯʥʠ ʨʘʜ ʠʟ ʦʙʣʘʩʪʠ ʦʙʨʘʜʝ ʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬ. ʅʠʢʦʣʠ ɱʘʛʠ˂ʫ ʩʘ ʄʝʜʠʮʠʥʩʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ ʠ 

ˁʝʛʦʚʠʤ ʢʦʣʝʛʘʤʘ ʫ ʂʣʠʥʠʯʢʦʤ ʮʝʥʪʨʫ ʫ ʂʨʘʛʫʿʝʚʮʫ ʥʘ ʫʩʪʫʧˀʝʥʠʤ ʧʦʜʘʮʠʤʘ, 

ʚʨʝʤʝʥʫ, ʩʘʚʝʪʠʤʘ ʠ ʧʦʤʦ˂ʠ ʪʦʢʦʤ ʠʩʪʨʘʞʠʚʘˁʘ ʦʧʠʩʘʥʦʛ ʫ ʪʨʝ˂ʝʤ ʠ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬ. ʉʚʝʪʣʘʥʠ ɸʧʦʩʪʦʣʦʚʠ˂ ʩʘ ʄʝʜʠʮʠʥʩʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ʅʠʰʫ ʠ 

ˁʝʥʦʤ ʩʘʨʘʜʥʠʢʫ ʅʝʤʘˁʠ ʉʪʝʧʘʥʦʚʠ˂ʫ ʥʘ ʫʩʪʫʧˀʝʥʠʤ ʧʦʜʘʮʠʤʘ ʠ ʧʦʤʦ˂ʠ ʪʦʢʦʤ 

ʠʩʪʨʘʞʠʚʘˁʘ ʯʠʿʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʫ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ. ʊʘʢʦʹʝ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ 

ʧʨʦʬ. ʉʠʤʦʥʝʫ ɹʘʣʦʢʫ (ʠʪʘ. Simone Balocco) ʩʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʘʨʩʝʣʦʥʠ ʯʠʿʠ ʩʫ 

ʩʘʚʝʪʠ ʦʣʘʢʰʘʣʠ ʨʘʟʫʤʝʚʘˁʝ ʠ ʘʥʘʣʠʟʫ IVUS ʩʣʠʢʘ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬ. ʇʝʪʨʫ ʊʦʜʦʨʦʚʠ˂ʫ ʥʘ ʚʨʝʤʝʥʫ ʢʦʿʝ ʤʠ ʿʝ ʧʦʩʚʝʪʠʦ ʠ ʧʦʤʦ˂ʠ 

ʪʦʢʦʤ ʤʘʩʪʝʨ ʠ ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ. ʊʘʢʦʹʝ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬ. ʄʠʣʘʥʫ ɽʨʠ˂ʫ, ʧʨʦʬ. 

ʅʝʥʘʜʫ ɻʨʫʿʦʚʠ˂ʫ ʢʘʦ ʠ (ʪʘʜʘ) ˁʝʛʦʚʠʤ ʩʘʨʘʜʥʠʮʠʤʘ ɺʣʘʜʠʤʠʨʫ ʠ ʅʠʢʦʣʠ 

ʄʠʣʠʚʦʿʝʚʠ˂ʫ ʥʘ ʧʦʤʦ˂ʠ ʠ ʦʥʦʤʝ ʰʪʦ ʩʘʤ ʥʘʫʯʠʦ ʦʜ ˁʠʭ ʪʦʢʦʤ ʦʩʥʦʚʥʠʭ ʠ ʤʘʩʪʝʨ 

ʩʪʫʜʠʿʘ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬ. ʄʠʨʦʩʣʘʚʫ ʉʪʦʿʘʜʠʥʦʚʠ˂ʫ ʩʘ ʄʝʜʠʮʠʥʩʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ, ʧʨʦʬ. ʄʘʨʠʿʠ ɫʫʨʠ˂ ʠ ˁʝʥʠʤ ʩʘʨʘʜʥʠʮʠʤʘ ʂʩʝʥʠʿʠ ɿʝʣʠ˂ ʠ ʉʚʝʪʣʘʥʠ 

ɸʥʪʠ˂ ʩʘ ʄʝʜʠʮʠʥʩʢʦʛ ʠ ʉʪʦʤʘʪʦʣʦʰʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʩʘ ʢʦʿʠʤʘ ʩʘʤ 

ʩʘʨʘʹʠʚʘʦ ʥʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʢʦʿʘ ʥʠʩʫ ʜʝʦ ʜʠʩʝʨʪʘʮʠʿʝ, ʘʣʠ ʤʝ ʧʦʜʿʝʜʥʘʢʦ ʟʘʥʠʤʘʿʫ ʠ 

ʠʥʜʠʨʝʢʪʥʦ ʩʫ ʜʝʦ ʜʠʩʝʨʪʘʮʠʿʝ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʨʫʢʦʚʦʜʩʪʚʫ ʌʘʢʫʣʪʝʪʘ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, 

ʉʢʫʧʰʪʠʥʠ ʦʧʰʪʠʥʝ ʂʨʘʛʫʿʝʚʘʮ ʠ ʄʠʥʠʩʪʘʨʩʪʚʫ ʧʨʦʩʚʝʪʝ, ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʰʢʦʛ 
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ʨʘʟʚʦʿʘ ʥʘ ʜʦʜʝˀʝʥʠʤ ʥʘʛʨʘʜʘʤʘ ʠ ʩʪʠʧʝʥʜʠʿʘʤʘ ʪʦʢʦʤ ʩʪʫʜʠʨʘˁʘ (2006-2011) ʠ 

ʫʯʝʰ˂ʫ ʥʘ ʥʘʮʠʦʥʘʣʥʠʤ ʥʘʫʯʥʦ ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʧʨʦʿʝʢʪʠʤʘ (2011-2015). 

ʀ ʥʘ ʢʨʘʿʫ, ʥʘʿʚʝ˂ʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿ ʝʤ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ ï ʦʮʫ ʄʠʣʘʜʠʥʫ, ʤʘʿʢʠ 

ɺʝʣʠʤʠʨʢʠ ʠ ʩʝʩʪʨʘʤʘ ɼʘʨʠʥʢʠ ʠ ɸʥʜʨʠʿʘʥʠ ʥʘ ˁʠʭʦʚʦʿ ʧʦʞʨʪʚʦʚʘʥʦʩʪʠ ʠ ʧʦʜʨʰʮʠ 

ʪʦʢʦʤ ʩʚʠʭ ʦʚʠʭ ʛʦʜʠʥʘ. 

ɸʨʩʦ ʄ. ɺʫʢʠ˂ʝʚʠ˂ 
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ʉʧʠʩʘʢ ʢʦʨʠʰʝ˂ʥʠʭ ʦʟʥʘʢʘ 

ʉʢʨʘ˂ʝʥʠʮʝ 

ʂɸ ï ʂʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ, 

IVUS ï ʝʥʛʣ. IntraVascular UltraSound, 

NURBS ï ʝʥʛʣ. Non Uniform Rational B-Splines, 

FtF ï ʝʥʛʣ. Fatigue to Fracture, 

DTW ï ʝʥʛʣ. Dynamic Time Warping, 

AP ï ʝʥʛʣ. Anterior-Posterior, 

RAO ï ʝʥʛʣ. Right Anterior Oblique, 

LAO ï ʝʥʛʣ. Left Anterior Oblique, 

CAU ï ʝʥʛʣ. Caudial, 

CRA ï ʝʥʛʣ. Cranial, 

DICOMï ʝʥʛʣ. Digital Imaging and Communications in Medicine, 

ɽʂɻ ï ɽʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤ, 

OSB ï ʝʥʛʣ. Optimal Subsequence Bijection, 

MSE ï ʝʥʛʣ. Mean Square Error, 

MSCT ï ʝʥʛʣ. Multi-Slice Computer Tomography, 

FFR ï ʝʥʛʣ. Fractional Flow Reserve, 

ʈʂɸ ï ʈʝʩʪʝʥʦʟʘ Kʦʨʦʥʘʨʥʠʭ Aʨʪʝʨʠʿʘ, 

iWAB ï ʝʥʛʣ.Wall Area Baseline, 

iWAF ï ʝʥʛʣ.Wall Area Follow-Up, 

iOCWA ï ʝʥʛʣ. Outer Contour Wall Area, 

iICWA ï ʝʥʛʣ. Inner Contour Wall Area, 

WSS ï ʝʥʛʣ. Wall Shear Stress, 

LDL ï ʝʥʛʣ. Low-Density Lipoprotein, 

ʄʂɽ ï ʄʝʪʦʜ Kʦʥʘʯʥʠʭ Eʣʝʤʝʥʘʪʘ, 

ɸɻʇ ï ɸʧʩʦʣʫʪʥʘ ɻʨʝʰʢʘ ʇʦʚʨʰʠʥʝ, 

UML ï ʝʥʛʣ. Unified Modeling Language, 
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GVF ï ʝʥʛʣ. Gradient Vector Field, 

LBP ï ʝʥʛʣ. Local Binary Pattern, 

GLCM ï ʝʥʛʣ. Gray-Level Co-Occurrence Matrix, 

CEAD ï ʝʥʛʣ. Coherence-Enhancing Anisotropic Diffusion, 

ANN ï ʝʥʛʣ. Artificial Neural Networks, 

ROC ï ʝʥʛʣ. Receiver ʆperating Characteristic, 

TPR ï ʝʥʛʣ. True Positive Rate, 

TNR ï ʝʥʛʣ. True Negative Rate, 

FSF ï ʝʥʛʣ. Fatigue Safety Factor, 

S-N ï ʝʥʛʣ. Stress-based constant life approach, 

e-N ï ʝʥʛʣ. Strain-based constant life approach, 

ʃɽʃʄ ï ʃʠʥʝʘʨʥʦ ɽʣʘʩʪʠʯʥʘ ʄʝʭʘʥʠʢʘ ʃʦʤʘ, 

YS ï ʝʥʛʣ. Yield Strength, 

KT ï ʝʥʛʣ. Kitagawa-Takahashi. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʦ ʧʦʛʣʘʚˀʠʤʘ 

ʃʝʛʝʥʜʘ ʫʩʚʦʿʝʥʝ ʥʦʤʝʥʢʣʘʪʫʨʝ 

xïɺʝʢʪʦʨ ʠʣʠ ʥʠʟ ʙʨʦʿʝʚʘ, 

Xïʄʘʪʨʠʮʘ, 

xïʊʘʯʢʘ ʫ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ (ʥʧʨ. ʫ ʨʘʚʥʠ ʜʝʪʝʢʪʦʨʘ), 

X ïʊʘʯʢʘ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ, 

xïʂʦʥʩʪʘʥʪʘ, 

 ʠʣʠ x Xïʉʢʘʣʘʨʥʘ ʚʘʨʠʿʘʙʣʘ, 

x() ʠʣʠ X()ïʉʢʘʣʘʨʥʘ ʬʫʥʢʮʠʿʘ, ʨʝʟʫʣʪʘʪ ʬʫʥʢʮʠʿʝ ʿʝ ʩʢʘʣʘʨ, 

x()
d
ïɺʝʢʪʦʨʩʢʘ ʬʫʥʢʮʠʿʘ, ʨʝʟʫʣʪʘʪ ʿʝ ʪʘʯʢʘ ʫ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ, 

X()
d
ïɺʝʢʪʦʨʩʢʘ ʬʫʥʢʮʠʿʘ, ʨʝʟʫʣʪʘʪ ʿʝ ʪʘʯʢʘ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ. 

ʇʦʛʣʘʚˀʝ 3 

nïɹʨʦʿ ʪʘʯʢʠ ʫʟʦʨʢʦʚʘʥʠʭ ʩʘ ʘʥʛʠʦʛʨʘʬʩʢʦʛ ʩʥʠʤʢʘ ʟʘ ʧʦʪʨʝʙʝ ʢʘʣʠʙʨʘʮʠʿʝ ʫʨʝʹʘʿʘ, 

sïɹʨʦʿ ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ-ʛʨʘʥʘ ʧʦʩʤʘʪʨʘʥʦʛ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ, 
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2sïɹʨʦʿ ʠʚʠʮʘ ʧʦʩʤʘʪʨʘʥʠʭ ʛʨʘʥʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ, 

mïɹʨʦʿ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ ʠʟ ʧʨʠʤʘʨʥʦʛ ʧʦʛʣʝʜʘ, 

pïɹʨʦʿ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ ʠʟ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ, 
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ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʂɸ ( i  ʿʝ ʨʝʜʥʠ ʙʨʦʿ ʧʨʦʿʝʢʮʠʿʝ, j  ʿʝ ʨʝʜʥʠ ʙʨʦʿ ʛʨʘʥʝ ʂɸ ʠ k  ʿʝ 

ʨʝʜʥʠ ʙʨʦʿ ʬʨʝʿʤʘ-ʩʣʠʢʝ), 
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d
ïʇʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʚʝʢʪʦʨʩʢʘ ʬʫʥʢʮʠʿʘ 

ʠʚʠʯʥʝ ʣʠʥʠʿʝ ʢʦʨʦʥʘʨʥʝ ʛʨʘʥʝ ( i  ʿʝ ʨʝʜʥʠ ʙʨʦʿ ʧʨʦʿʝʢʮʠʿʝ, j  ʿʝ ʨʝʜʥʠ ʙʨʦʿ ʠʚʠʮʝ 

ʂɸ ʠ k  ʿʝ ʨʝʜʥʠ ʙʨʦʿ ʬʨʝʿʤʘ-ʩʣʠʢʝ), 

lïʈʘʟʤʘʢ ʠʟʤʝʹʫ ʧʠʢʩʝʣʘ ʥʘ ʩʣʠʮʠ, 

aïʇʨʠʤʘʨʥʠ ʫʛʘʦ (RAO/LAO), 

bïʉʝʢʫʥʜʘʨʥʠ ʫʛʘʦ (CRA/CAU), 

SODd ïʈʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʘʮʠʿʝʥʪʘ ʠ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ, 

SIDd ïʈʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʠʟʚʦʨʘ ʠʢʩ ʟʨʘʢʘ ʠ ʨʘʚʥʠ ʜʝʪʝʢʪʦʨʘ, 

Mïʄʘʪʨʠʮʘ ʨʦʪʘʮʠʿʝ ʎ-ʨʫʢʝ, 

F ïʇʦʟʠʮʠʿʘ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ, 

Oïʇʦʟʠʮʠʿʘ ʢʦʦʨʜʠʥʘʪʥʦʛ ʧʦʯʝʪʢʘ ʧʨʦʿʝʢʪʦʨʘ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ, 

pïʂʦʦʨʜʠʥʘʪʘ ʧʨʦʠʟʚʦˀʥʝ ʪʘʯʢʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʢʦʨʦʥʘʨʥʝ ʛʨʘʥʝ ʫ ʨʘʚʥʠ ʩʣʠʢʝ, 

Pïʂʦʦʨʜʠʥʘʪʘ ʧʨʦʠʟʚʦˀʥʝ ʪʘʯʢʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʢʦʨʦʥʘʨʥʝ ʛʨʘʥʝ ʫ ʧʨʦʩʪʦʨʫ, 

()ip P ïʇʨʦʿʝʢʮʠʿʘ ʪʘʯʢʝ P  ʥʘ ʜʝʪʝʢʪʦʨʫ ʫ i -ʪʦʤ ʧʦʛʣʝʜʫ (ʪʿ. ʥʘ, i -ʪʫ ʨʘʚʘʥ), 

ɗ̀ïɺʝʢʪʦʨ ʨʦʪʘʮʠʿʝ ʜʝʪʝʢʪʦʨʘ ʦʢʦ ʩʚʦʛ ʣʦʢʘʣʥʦʛ ʢʦʦʨʜʠʥʘʪʥʦʛ ʧʦʯʝʪʢʘ O , 

ȹoïɺʝʢʪʦʨ ʪʨʘʥʩʣʘʮʠʿʝ ʜʝʪʝʢʪʦʨʘ ʦʢʦ ʩʚʦʛ ʣʦʢʘʣʥʦʛ ʢʦʦʨʜʠʥʘʪʥʦʛ ʧʦʯʝʪʢʘ O , 

ȹfïɺʝʢʪʦʨ ʪʨʘʥʩʣʘʮʠʿʝ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ, 

1I ïɺʝʢʪʦʨ ʧʦʣʦʞʘʿʘ ʠʟʦʮʝʥʪʨʘ ʧʨʠʤʘʨʥʦʛ ʧʦʛʣʝʜʘ, 

2I ïɺʝʢʪʦʨ ʧʦʣʦʞʘʿʘ ʠʟʦʮʝʥʪʨʘ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ, 
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iv 

ȹiïʊʨʘʥʩʣʘʮʠʿʘ ʩʝʢʫʥʜʘʨʥʦʛ ʠʟʦʮʝʥʪʨʘ 2I  ʦʜ 1I , 

{ }, , , , , ,
1,2 1,22 2 SOD SID 1,2 1,2 2d da b D

*

x ȹ ȹiɗ o ïʃʠʩʪʘ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʧʦʣʦʞʘʿ ʘʥʛʠʦʛʨʘʤʘ ï 

ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʝ ʦʧʪʠʤʠʟʫʿʫ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʘʣʠʙʨʘʮʠʿʝ, 

Fïʌʫʥʢʮʠʿʘ ʛʨʝʰʢʝ ʢʦʿʘ ʨʘʯʫʥʘ ʪʘʣʥʦʩʪ ʢʘʣʠʙʨʘʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ 
*

x , 

Dïʄʘʪʨʠʮʘ ʛʨʝʰʢʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʥʘʣʘʞʝˁʝ ʤʝʹʫʩʦʙʥʠʭ ʧʨʠʧʘʜʥʦʩʪʠ ʯʣʘʥʦʚʘ ʜʚʘ 

ʥʠʟʘ, 

Dïʌʫʥʢʮʠʿʘ ʟʘ ʨʘʯʫʥʘˁʝ ʚʨʝʜʥʦʩʠʪʠ ʫ ʤʘʪʨʠʮʠ ʛʨʝʰʢʝ, 

Cïʂʦʝʬʠʮʠʿʝʥʪ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʙʨʦʿʘ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʠʟʦʩʪʘʚʠʪʠ ʪʦʢʦʤ 

ʫʧʘʨʠʚʘˁʘ ʜʚʘ ʥʠʟʘ, 

*

mine ïɻʨʝʰʢʘ ʢʘʣʠʙʨʘʮʠʿʝ, 

*

f ïʃʠʩʪʘ ʫʧʘʨʝʥʠʭ ʬʨʝʿʤʦʚʘ, 

()P l
d
ïʇʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʚʝʢʪʦʨʩʢʘ ʬʫʥʢʮʠʿʘ ʨʝʢʦʥʩʪʨʫʠʩʘʥʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ, { }0,1lÍ , 

()lP ïʂʦʦʨʜʠʥʘʪʝ ʧʨʦʠʟʚʦˀʥʝ ʪʘʯʢʝ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P l
d

, { }0,1lÍ , 

()T l
d
ïʊʘʥʛʝʥʪʘ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P l

d
 ʫ ʪʘʯʢʠ ()lP , { }0,1lÍ , 

()N l
d
ïʅʦʨʤʘʣʘ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P l

d
 ʫ ʪʘʯʢʠ ()lP , { }0,1lÍ , 

()B l
d
ïɹʠʥʦʨʤʘʣʘ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P l

d
 ʫ ʪʘʯʢʠ ()lP , { }0,1lÍ , 

()pi l
d

ï ʇʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʚʝʢʪʦʨʩʢʘ ʬʫʥʢʮʠʿʘ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʢʦʨʦʥʘʨʥʝ ʛʨʘʥʝ ʥʘ i -

ʪʦʿ ʧʨʦʿʝʢʮʠʿʠ, { }0,1lÍ , { }1,i nÍ , 

()i lp ïʂʦʦʨʜʠʥʘʪʝ ʧʨʦʠʟʚʦˀʥʝ ʪʘʯʢʝ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()pi l
d

 ʥʘ i -ʪʦʿ 

ʧʨʦʿʝʢʮʠʿʠ, { }0,1lÍ , 

()ti l
d
ïʊʘʥʛʝʥʪʘ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()pi l

d
 ʫ ʪʘʯʢʠ ()i lp , { }0,1lÍ , 

()ni l
d

ïʅʦʨʘʣʘ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()pi l
d

 ʫ ʪʘʯʢʠ ()i lp , { }0,1lÍ , 

()
i

lap , ()
i

lbp ïʇʨʝʩʝʯʥʝ ʪʘʯʢʝ ʥʦʨʤʘʣʝ ()ni l
d

 
ʩʘ ʠʚʠʯʥʠʤ ʣʠʥʠʿʘʤʘ ʥʘ i -ʪʦʿ ʧʨʦʿʝʢʮʠʿʠ,

 

()
i

laP
, 
()

i
lbP ïʊʘʯʢʝ ()

i
lap , ()

i
lbp  ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ,
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v 

()( )1L ,
ii laF P

d
, () ()( )2L ,l T lP
d d

ïʇʨʘʚʝ ʣʠʥʠʿʝ ʜʝʬʠʥʠʩʘʥʝ ʧʦʤʦ˂ʫ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ 
iF  ʠ 

ʪʘʯʢʝ ()
i

laP , ʦʜʥʦʩʥʦ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ 
iF  ʠ ʪʘʥʛʝʥʪʝ ()T l

d
, { }0,1lÍ ,

 

( ),i us lA , ( ),i us lB ïʊʘʯʢʝ ʢʦʿʝ ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʠʧʘʜʘʿʫ ʣʠʥʠʿʘʤʘ 1/ 2L  ʠ ʧʨʦʿʝʢʮʠʿʠ ʣʫʤʝʥʘ 

ʘʨʪʝʨʠʿʝ ʥʘ i -ʪʦʿ ʧʨʦʿʝʢʮʠʿʠ, { }0,1lÍ , 

( )S ,j u v
d

ïʇʘʨʘʤʝʪʨʠʟʦʚʘʥʝ NURBS ʧʦʚʨʰʠ j -ʪʝ ʢʦʨʦʥʘʨʥʝ ʛʨʘʥʝ ʜʝʬʠʥʠʩʘʥʝ ʧʦʤʦ˂ʫ 

ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P
d

j t  ʠ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʜʫʞ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ , {0,1}u vÍ , 

Bïʃʠʩʪʘ ʙʠʬʫʨʢʘʮʠʿʘ ʢʦʿʝ ʦʧʠʩʫʿʫ ʧʦʚʝʟʘʥʦʩʪ ʛʨʘʥʘ ʢʦʿʝ ʯʠʥʝ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ. 
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()x s
d
ïʇʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʢʦʥʪʫʨʘ-ʧʫʪʘˁʘ ʢʘʪʝʪʝʨʘ ʩʘ DICOM ʩʥʠʤʢʘ, {0,1}sÍ , 

Eïɽʥʝʨʛʠʿʘ ʉʥʝʿʢ ʘʣʛʦʨʠʪʤʘ, 

intE ïʀʥʪʝʨʥʘ ʝʥʝʨʛʠʿʘ ʉʥʝʿʢ ʘʣʛʦʨʠʪʤʘ, 

aïʊʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʝ ʦʩʝʪˀʠʚʦʩʪ intE  ʥʘ ʧʨʚʠ ʠʟʚʦʜ ()x s
d

, 

bïʊʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʝ ʦʩʝʪˀʠʚʦʩʪ intE  ʥʘ ʜʨʫʛʠ ʠʟʚʦʜ ()x s
d

, 

mïʇʘʨʘʤʝʪʘʨ ʢʦʿʠʤ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʟʘʛʣʘʹʝʥʦʩʪ (ʝʥʛʣ. Smoothing) GVF, 

extE ïɽʢʩʪʝʨʥʘ ʝʥʝʨʛʠʿʘ ʉʥʝʿʢ ʘʣʛʦʨʠʪʤʘ, 

( ) ( ) ( ), , , , ,v x y x y x y=è øê úU V
d

ïɺʝʢʪʦʨʩʢʦ ʧʦˀʝ ʛʨʘʜʠʿʝʥʪʘ ʩʣʠʢʝ, 

Uïʍʦʨʠʟʦʥʪʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ v
d
 ʢʦʿʝ ʧʦʤʝʨʘʿʫ ()x s

d
 ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʨʘʚʮʫ, 

Vïɺʝʨʪʠʢʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ v
d
 ʢʦʿʝ ʧʦʤʝʨʘʿʫ ()x s

d
 ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ, 

()X l
d
ïʇʘʨʘʤʝʪʘʨʩʢʠ ʜʝʬʠʥʠʩʘʥʘ ʧʫʪʘˁʘ IVUS ʢʘʪʝʪʝʨʘ, 

id ïʂʦʝʬʠʮʠʿʝʥʪ ʠʥʪʝʥʟʠʪʝʪʘ ʧʠʢʩʝʣʘ ʩʣʠʢʝ, ʛʜʝ ʿʝ i  ʙʨʦʿ IVUS ʬʨʝʿʤʘ, 

kardiod ïʉʨʯʘʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ id , 

( ),x yI ïʉʣʠʢʘ ʫ ʜʝʢʘʨʪʦʚʦʤ ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʠʩʪʝʤʫ, 

( ),r qI ïʉʣʠʢʘ ʫ ʧʦʣʘʨʥʦʤ ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʠʩʪʝʤʫ, 

1 38f f- ïʆʧʠʩʥʠ ʘʪʨʠʙʫʪʠ ʩʣʠʢʝ ʢʦʿʠ ʩʝ ʨʘʯʫʥʘʿʫ ʧʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʘʣʛʦʨʠʪʤʠʠʤʘ, 
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vi 

Dïʊʝʥʟʦʨ ʜʠʬʫʟʠʿʝ ʫ CEAD ʘʣʛʦʨʠʪʤʫ, 

ip ïʉʢʘʣʘʨʥʠ ʫʣʘʟʠ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, 

iw ïʂʦʝʬʠʮʠʿʝʥʪʠ ʚʝʟʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, 

qEÐ ïɻʨʘʜʠʿʝʥʪ ʛʨʝʰʢʝ ʫ ʧʨʦʮʝʩʫ ʦʙʫʯʘʚʘˁʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, 

fun

d
ïʋʥʫʪʨʘʰˁʘ ʠʚʠʮʘ ʟʠʜʘ ʂɸ, 

f sp

d
ïʉʧʦˀʘʰˁʘ ʠʚʠʮʘ ʟʠʜʘ ʂɸ, 

( ),i jC p q ïMʘʪʨʠʮʘ ʩʣʠʯʥʦʩʪʠ ʠʟʤʝʹʫ ʜʚʘ ʥʠʟʘ ʪʘʯʢʠ ʢʦʿʝ ʦʧʠʩʫʿʫ ʢʦʥʪʫʨʝ, 

iP , iQ ïʍʠʩʪʦʛʨʘʤʠ ʢʦʥʪʝʢʩʪʘ ʦʙʣʠʢʘ ,i jp q . 
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asïɸʤʧʣʠʪʫʜʥʠ ʥʘʧʦʥ, 

ms ïʉʨʝʜˁʠ ʥʘʧʦʥ, 

esïɼʠʥʘʤʠʯʢʘ ʠʟʜʨʞˀʠʚʦʩʪ, 

usïɿʘʪʝʟʥʘ ʯʚʨʩʪʦ˂ʘ, 

FSFïʌʘʢʪʦʨ ʩʠʛʫʨʥʦʩʪʠ ʥʘ ʟʘʤʦʨ, 

sD ïʆʧʩʝʛ ʥʘʧʦʥʘ ʪʦʢʦʤ ʮʠʢʣʫʩʘ ʦʧʪʝʨʝ˂ʝˁʘ, 

syss ïʉʠʩʪʦʣʥʠ ʥʘʧʦʥ, 

diss ïɼʠʿʘʩʪʦʣʥʠ ʥʘʧʦʥ, 

Yïʂʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʛʝʦʤʝʪʨʠʿʝ ʩʪʨʫʢʪʫʨʝ, 

C ,mïʇʘʨʘʤʝʪʨʠ ʟʘʤʦʨʘ, 

Nïɹʨʦʿ ʮʠʢʣʫʩʘ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʬʘʟʠ ʩʪʘʙʠʣʥʦʛ ʨʘʩʪʘ ʧʨʩʣʠʥʝ, 

0a ïʀʥʠʮʠʿʘʣʥʘ ʚʝʣʠʯʠʥʘ ʧʨʩʣʠʥʝ, 

C
K ïɾʠʣʘʚʦʩʪ ʣʦʤʘ, 

thKD ïʆʧʩʝʛ ʬʘʢʪʦʨʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘʧʦʥʘ, 

C
KD ïɾʠʣʘʚʦʩʪ ʣʦʤʘ. 
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vii  

ʉʧʠʩʘʢ ʘʣʛʦʨʠʪʘʤʘ 

ɸʣʛʦʨʠʪʘʤ 3.1 ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʜʠʥʘʤʠʯʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ ʠʟ 

ʩʥʠʤʘʢʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʦʥʘʨʥʦʤ ʘʥʛʠʦʛʨʘʬʠʿʦʤ (ʧʨʝʛʣʝʜ ʮʝʣʦʛ 

ʘʣʛʦʨʠʪʤʘ). 

ɸʣʛʦʨʠʪʘʤ 3.2 ʂʘʣʠʙʨʘʮʠʿʘ ʘʥʛʠʦʛʨʘʬʩʢʦʛ ʫʨʝʹʘʿʘ ʢʦʨʠʩʪʝ˂ʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ 

ʦʧʠʩʘʥ ʫ ʧʦʛʣʘʚˀʫ 3.5 ʠ ɻʝʥʝʪʩʢʠ aʣʛʦʨʠʪʘʤ. 

ɸʣʛʦʨʠʪʘʤ 3.3 ʊʝʤʧʦʨʘʣʥʦ ʫʧʘʨʠʚʘˁʝ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ ʠʟ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ 

ʧʨʦʿʝʢʮʠʿʝ. 

ɸʣʛʦʨʠʪʘʤ 3.4 ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʂɸ ʠʟ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ. 

ɸʣʛʦʨʠʪʘʤ 3.5 ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʧʦʚʨʰʠʥʝ ʣʫʤʝʥʘ ( )S ,
d

u v  ʂɸ ʠʟ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ. 

ɸʣʛʦʨʠʪʘʤ 3.6 ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʠ ʜʠʩʢʨʝʪʠʟʘʮʠʿʘ ʢʦʤʧʣʝʢʩʥʦʛ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ ʠʟ 

ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ. 

ɸʣʛʦʨʠʪʘʤ 5.1: ʅʫʤʝʨʠʯʢʘ ʘʥʘʣʠʟʘ ʢʦʨʦʥʘʨʥʠʭ ʩʪʝʥʪʦʚʘ ʥʘ ʟʘʤʦʨ: ʇʨʠʤʝʨ ʩʘ 

ʨʘʜʠʿʘʣʥʠʤ ʮʠʢʣʠʯʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. 

ɸʣʛʦʨʠʪʘʤ 5.2 ʉʘʚʠʿʘˁʝ ʩʪʝʥʪʘ ʫ ʫʩʣʦʚʠʤʘ ʩʧʝʮʠʬʠʯʥʠʤ ʟʘ ʜʘʪʦʛ ʧʘʮʠʿʝʥʪʘ. 
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ʉʧʠʩʘʢ ʩʣʠʢʘ 

ʉʣʠʢʘ 2.1 ʂʨʚʦʪʦʢ ʯʦʚʝʢʘ: ʘ) ʋʧʨʦʰ˂ʝʥʘ ʩʢʠʮʘ ʮʠʨʢʫʣʘʪʦʨʥʦʛ ʩʠʩʪʝʤʘ; ʙ) ʂʦʨʦʥʘʨʥʝ 

ʘʨʪʝʨʠʿʝ ʠ ˁʠʭʦʚ ʧʦʣʦʞʘʿ ʥʘ ʩʨʮʫ. 

ʉʣʠʢʘ 3.1 ʘ) ɺʠʣʭʝʣʤ ʂʦʥʨʘʜ ʈʝʥʜʛʝʥ, ʢʦʿʠ ʿʝ 1895. ʛʦʜʠʥʝ ʦʪʢʨʠʦ ʠʢʩ-ʟʨʘʢʝ; ʙ) ɱʝʜʥʘ 

ʦʜ ʧʨʚʠʭ ʩʣʠʢʘ ʜʦʙʠʿʝʥʘ ʠʢʩ-ʟʨʘʮʠʤʘ ʢʦʿʫ ʿʝ ʥʘʧʨʘʚʠʦ ʈʝʥʪʜʛʝʥ 

(ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʨʫʢʘ ˁʝʛʦʚʝ ʩʫʧʨʫʛʝ ʠʣʠ ʩʘʨʘʜʥʠʢʘ); ʚ) 

ʉʣʠʢʘ ʠʟ 1896. ʛʦʜʠʥʝ ʢʦʿʫ ʿʝ ʥʘʧʨʘʚʠʦ ʅʠʢʦʣʘ ʊʝʩʣʘ; ʛ) ʇʨʚʘ 

ʘʥʛʠʦʛʨʘʬʩʢʘ ʩʣʠʢʘ ʢʨʚʥʠʭ ʩʫʜʦʚʘ 1896. ʛʦʜʠʥʝ, ʜʦʙʠʿʝʥʘ ʫʙʨʟʠʛʘʚʘˁʝʤ 

ʢʦʥʪʨʘʩʪʘ; ʜ) ɺʝʨʥʝʨ ʌʨʦʩʤʘʥ, ʢʦʿʠ ʿʝ 1929. ʛʦʜʠʥʝ ʧʨʚʠ ʠʟʚʝʦ 

ʘʥʛʠʦʛʨʘʬʠʿʫ ʧʦʤʦ˂ʫ ʠʢʩ-ʟʨʘʢʘ ʠ ʢʘʪʝʪʝʨʘ ï ʩʤʘʪʨʘ ʩʝ ʟʘʯʝʪʥʠʢʦʤ 

ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ; ʹ) ɽʣʝʢʪʨʦʤʘʛʥʝʪʥʠ ʪʘʣʘʩʠ ʠ ʠʢʩ-ʟʨʘʮʠ; ʝ) ʀʟʚʦʨ-

ʠʢʩ ʟʨʘʢʘ; ʞ) ʆʙʿʝʢʘʪ ʩʥʠʤʘˁʘ; ʟ) ɼʝʪʝʢʪʦʨ ʩʣʠʢʝ ʩʘ ʤʘʪʨʠʯʥʦ 

ʨʘʩʧʦʨʝʹʝʥʠʤ ˂ʝʣʠʿʘʤʘ ʟʘ ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ ʩʣʠʢʝ; ʠ) ʇʨʠʥʮʠʧ ʛʝʥʝʨʠʩʘˁʘ 

ʿʝʜʥʦʛ ʧʠʢʩʝʣʘ; ʿ) ʈʝʟʫʣʪʫʿʫ˂ʘ ʩʣʠʢʘ. 

ʉʣʠʢʘ 3.2 ʂʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ: ʘ) ʀʟʛʣʝʜ ʦʧʨʝʤʝ ʫ ʘʥʛʠʦ ʩʘʣʠ; ʙ) ʉʢʠʮʘ 

ʧʨʦʮʝʜʫʨʝ ʫʙʨʠʟʛʘʚʘˁʘ ʢʦʥʪʨʘʩʪʥʦʛ ʘʛʝʥʩʘ ʫ ʂɸ ʧʦʤʦ˂ʫ ʢʘʪʝʪʝʨʘ; ʚ) 

ʉʢʠʮʘ CRA/CAU ʨʦʪʘʮʠʿʝ ʎ-ʨʫʢʝ; ʛ) ʉʢʠʮʘ RAO/LAO ʨʦʪʘʮʠʿʝ ʎ-ʨʫʢʝ; ʜ) 

ʇʨʠʤʝʨ ʂɸ ʩʘ ʧʣʘʢʦʤ (ʛʦʨˁʠ ʜʝʦ) ʠ ʩʪʝʥʦʟʦʤ (ʜʦˁʠ ʜʝʦ) ; ʹ ʠ ʝ) ʇʨʠʢʘʟ 

ʂɸ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʫʛʣʦʚʘ; ʞ) ʇʨʠʤʝʨ ʨʝʘʣʥʠʭ ʩʥʠʤʘʢʘ ʣʝʚʝ ʂɸ, ʦʜ 

ʪʨʝʥʫʪʢʘ ʢʘʜʘ ʩʝ ʧʦʯʥʝ ʩʘ ʫʙʨʠʟʛʘʚʘˁʝʤ ʢʦʥʪʨʘʩʪʘ ʫ ʂɸ-ʜʦ ʪʨʝʥʫʪʢʘ ʢʘʜʘ 

ʩʝ ʮʝʣʘ ʂɸ ʿʘʩʥʦ ʚʠʜʠ. 

ʉʣʠʢʘ 3.3 ʇʨʝʧʨʦʮʝʩʠʨʘˁʝ ʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ: ʘ, ʚ) ʉʢʠʮʘ ʧʦʩʪʫʧʢʘ ʠʟʜʚʘʿʘˁʘ ʫʣʘʟʥʠʭ 

ʧʦʜʘʪʘʢʘ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ; ʙ, ʛ) ʆʧʠʩ ʫʣʘʟʥʠʭ ʩʪʨʫʢʪʫʨʘ; ʜ, ʹ) 

ʇʨʠʤʝʨ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʩʘ ʨʝʘʣʥʠʭ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ; ʝ) ʇʨʠʤʝʨ 

ʟʘʧʠʩʘ ʣʠʩʪʝ ʙʠʬʫʨʢʘʮʠʿʘ ʫ ʫʣʘʟʥʦʤ ʬʘʿʣʫ ʟʘ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ ʧʨʠʢʘʟʘʥʦ 

ʧʦʜ ʜ). 

ʉʣʠʢʘ 3.4 ʄʦʜʝʣ ʧʨʦʿʝʢʮʠʿʝ ʩʣʠʢʝ ʠ ʫʩʚʦʿʝʥʘ ʥʦʪʘʮʠʿʘ: ʘ) ʉʢʠʮʘ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ 

ʫ ʧʨʦʩʪʦʨʫ; ʙ) ʉʣʠʢʘ ʜʦʙʠʿʝʥʘ ʠʟ ʧʨʠʤʘʨʥʦʛ ʧʦʛʣʝʜʘ, ʧʨʠʢʘʟ ʣʦʢʘʣʥʦʛ 

ʢʦʦʨʜʠʥʘʪʥʦʛ ʩʠʩʪʝʤʘ ʫ ʨʘʚʥʠ ʩʣʠʢʝ ʩʘʯʫʚʘʥʝ ʫ DICOM ʬʘʿʣʦʚʠʤʘ; ʚ) 

ʇʨʠʢʘʟ ʩʣʠʢʝ ʜʦʙʠʿʝʥʝ ʠʟ ʩʝʢʫʥʜʘʨʥʝ ʧʨʦʿʝʢʮʠʿʝ; ʛ) ʇʨʠʥʮʠʧ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʦʠʟʚʦˀʥʝ ʪʘʯʢʝ ʫ ʧʨʦʩʪʦʨʫ P  ʠʟ ˁʝʥʝ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ 1p  

ʠ 2p . ʊʘʯʢʝ 1F  ʠ 2F  ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʟʚʦʨ ʠʢʩ-ʟʨʘʢʘ, ʜʦʢ ʪʘʯʢʝ 1P  ʠ 2P  

ʧʨʝʜʩʪʘʚˀʘʿʫ 1p  ʠ 2p  ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʫ ʧʨʦʩʪʦʨʫ. 

ʉʣʠʢʘ 3.5 ʋʧʘʨʠʚʘˁʝ ʥʠʟʦʚʘ: ʘ) DTW ʤʝʪʦʜʘ; ʙ) OSB ʤʝʪʦʜʘ. 

ʉʣʠʢʘ 3.6 ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʦʠʟʚʦˀʥʝ ʛʨʘʥʝ ʂɸ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ 

ʧʨʦʿʝʢʮʠʿʘ: a) ʇʘʨʘʤʝʪʘʨʩʢʠ ʜʝʬʠʥʠʩʘʥʘ ʮʝʥʪʨʘʣʥʘ ʣʠʥʠʿʘ ()P l
d

; ʙ) ʌʨʝʥʝʪ-

ʉʝʨʝʪʦʚ (ʝʥʛʣ. Frenet-Serret) ʜʝʩʥʠ ʪʨʠʭʝʜʨʦʥ ʜʝʬʠʥʠʩʘʥ ʫ ʪʘʯʢʠ ()lP  

ʧʦʤʦ˂ʫ ʪʘʥʛʝʥʪʝ ()T l
d

, ʥʦʨʤʘʣʝ ()N l
d

, ʠ ʙʠʥʦʨʤʘʣʝ ()B l
d

 ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ; 
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ʚ-ʝ) ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʪʘʯʢʠ ( ),i us lA  ʠ ( ),i us lB , ʢʦʿʝ ʩʫ ʪʘʥʛʝʥʪʥʝ ʥʘ ʦʙʦʜ 

ʣʫʤʝʥʘ ʂɸ; ʝ) ʀʣʫʩʪʨʘʮʠʿʘ ʫʧʦʪʨʝʙʝ ʪʘʯʢʠ ()i usA  ʠ ()i usB ʟʘ ʬʠʪʦʚʘˁʝ 

ʢʨʫʛʘ (ʮʨʥʘ ʙʦʿʘ) ʠʣʠ ʝʣʠʧʩʝ (ʧʣʘʚʘ ʙʦʿʘ) ʫ ʩʠʪʫʘʮʠʿʠ ʢʘʜʘ ʩʫ ʜʦʩʪʫʧʥʘ ʜʚʘ 

ʘʥʛʠʦʛʨʘʬʩʢʘ ʧʦʛʣʝʜʘ ʠ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʧʦʣʠʛʦʥʠʤʘ (ʮʨʚʝʥʘ ʙʦʿʘ) ʢʘʜʘ ʿʝ 

ʜʦʩʪʫʧʥʦ ʚʠʰʝ ʧʨʦʿʝʢʮʠʿʘ; ʞ) ʈʝʬʝʨʝʥʪʥʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʂɸ ʟʘ ʧʨʠʤʝʨ 

ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ ʉʣʠʮʠ 3.6-ʝ; ʠ) ʈʝʢʦʥʩʪʨʫʠʩʘʥʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʮʠ ʂɸ 

ʦʨʠʿʝʥʪʠʩʘʥʠ ʜʫʞ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P l
d

; k) ʉʪʨʫʢʪʫʨʥʘ ʭʝʢʩʘʝʜʘʨʩʢʘ 

ʤʨʝʞʘ ʛʝʥʝʨʠʩʘʥʘ ʠʟ NURBS ʧʦʚʨʰʠʥʝ ( )S ,u v
d

ʠ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P l
d

. 

ʉʣʠʢʘ 3.7 ʄʦʜʝʣʠʨʘˁʝ ʢʦʤʧʣʝʢʩʥʦʛ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ: ʘ) ʆʨʠʿʝʥʪʘʮʠʿʘ ʪʨʠʭʝʜʨʦʥʘ 

ʜʫʞ ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʂɸ; ʙ) ɼʝʢʦʤʧʦʟʠʮʠʿʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ ʥʘ ʛʨʘʥʝ 

ʠ ʙʠʬʫʨʢʘʮʠʿʝ; ʚ) ʐʘʙʣʦʥ ʟʘ ʫʩʤʝʨʘʚʘˁʝ ʦʨʠʿʝʥʪʘʮʠʿʝ ʪʨʠʭʝʜʨʦʥʘ ʠ 

ʪʨʠʤʦʚʘˁʝ ʛʨʘʥʘ ʂɸ; ʛ) ʎʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʠ ʪʨʠʭʝʜʨʦʥʠ ʥʘʢʦʥ 

ʤʠʥʠʤʠʟʘʮʠʿʝ ʝʬʝʢʪʘ ʫʚʠʿʘˁʘ; ʜ) ʄʨʝʞʘ ʯʝʪʚʦʨʦʯʚʦʨʥʠʭ 

ʢʚʘʜʨʠʣʘʪʝʨʠʘʣʥʠʭ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ; ʹ) ʄʨʝʞʘ ʦʩʤʦʯʚʦʨʥʠʭ 

ʭʝʢʩʘʝʜʘʨʩʢʠʭ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ; ʝ-ʟ) ʇʨʠʢʘʟ ʨʝʘʣʥʦʛ ʩʣʫʯʘʿʘ (ʉʢʫʧ 

ʧʦʜʘʪʘʢʘ III); ʝ) ʀʟʛʣʝʜ ʛʨʘʥʘ ʥʘ ʤʝʩʪʫ ʙʠʬʫʨʢʘʮʠʿʘ ʧʨʝ ʪʨʠʤʦʚʘˁʘ; ʞ) 

ʀʟʛʣʝʜ ʛʨʘʥʘ ʥʘ ʤʝʩʪʫ ʙʠʬʫʨʢʘʮʠʿʘ ʥʘʢʦʥ ʪʨʠʤʦʚʘˁʘ; ʟ) ʇʦʟʠʮʠʿʘ 

ʨʘʟʤʘʪʨʘʥʝ ʙʠʬʫʨʢʘʮʠʿʝ ʫ ʩʣʦʞʝʥʦʤ ʤʦʜʝʣʫ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ. 

ʉʣʠʢʘ 3.8 ʈʝʟʫʣʪʘʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʟʘ ʧʝʪ ʨʘʟʤʘʪʨʘʥʠʭ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ: a-ʛ) ʉʢʫʧ 

ʧʦʜʘʪʘʢʘ I; ʜ-ʞ) ʉʢʫʧ ʧʦʜʘʪʘʢʘ II; ʟ-ʢ) ʉʢʫʧ ʧʦʜʘʪʘʢʘ III; -ˀʥ) ʉʢʫʧ 

ʧʦʜʘʪʘʢʘ IV; -ˁʨ) ʉʢʫʧ ʧʦʜʘʪʘʢʘ V. 

ʉʣʠʢʘ 3.9 ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʧʨʦʮʝʜʫʨʝ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʧʘʨʘʤʝʪʘʨʘ 

2 2, , , , ,1,2 1,2 1,2a bȹɗ ȹo ȹf ȹi. 

ʉʣʠʢʘ 3.10 ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʜʠʥʘʤʠʯʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʢʣʠʥʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ï ʉʢʫʧ 

ʧʦʜʘʪʘʢʘ V: a-ʿ) ʂʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ ʨʝʢʦʥʩʪʨʫʠʩʘʥʦ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʚʨʝʤʝʥʩʢʠʤ ʪʨʝʥʫʮʠʤʘ; ʮʨʚʝʥʘ ʙʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʫ 

ʧʦʩʤʘʪʨʘʥʦʤ ʪʨʝʥʫʪʢʫ ʚʨʝʤʝʥʘ (t), ʩʚʝʪʣʦ-ʮʨʚʝʥʘ ʙʦʿʘ ʧʨʝʜʩʪʘʚˀʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʪʨʝʥʫʪʢʘ (t-1), ʠ ʩʠʚʘ ʙʦʿʘ 

ʦʟʥʘʯʘʚʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟ ʧʨʝʪʭʦʜʥʠʭ (1,é,t-1) ʪʨʝʥʫʪʘʢʘ ʚʨʝʤʝʥʘ; ʢ) 

ʄʘʪʨʠʮʘ-ʫʧʘʨʝʥʦʩʪʠ ʬʨʝʿʤʦʚʘ, ʧʨʠ ʯʝʤʫ ʥʘʟʥʘʯʝʥʠ ʧʘʨʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʧʨʠʢʘʟʘʥʫ ʥʘ ʠʩʪʦʿ ʩʣʠʮʠ ʧʦʜ a) ʜʦʙʠʿʝʥʫ ʫʧʘʨʠʚʘˁʝʤ 

ʬʨʝʿʤʦʚʘ 20 ʠ 17, ʨʝʟʫʣʪʘʪ ʫʧʘʨʠʚʘˁʘ ʬʨʝʿʤʦʚʘ 22-18 ʿʝ ʧʨʠʢʘʟʘʥ ʧʦʜ ʙ) 

ʠʪʜ. 

ʉʣʠʢʘ 3.11 ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʜʠʥʘʤʠʯʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ XCAT 4D ʬʘʥʪʦʤʘ ï ʉʢʫʧ 

ʧʦʜʘʪʘʢʘ I: a-ʹ) ɼʠʥʘʤʠʯʢʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʩʥʪʨʫʢʮʠʿʘ ʬʘʥʪʦʤʘ 

ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ ʣʝʚʝ ʂɸ (ʧʦʟʠʮʠʿʘ ʢʦʨʠʰ˂ʝʥʠʭ ʬʨʝʿʤʦʚʘ ʫ ʧʨʠʤʘʨʥʦʤ ʠ 

ʩʝʢʫʥʜʘʨʥʦʤ ʧʦʛʣʝʜʫ ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʦʜ ʟ), ʮʨʚʝʥʘ ʙʦʿʘ ʧʨʝʜʩʪʘʚˀʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʪʨʝʥʫʪʢʫ ʚʨʝʤʝʥʘ (t), ʩʚʝʪʣʦ-ʮʨʚʝʥʘ ʙʦʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʫ ʧʨʝʪʭʦʜʥʦʤ ʪʨʝʥʫʪʢʫ ʚʨʝʤʝʥʘ (t-1), ʩʠʚʘ ʙʦʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟ ʧʨʝʪʭʦʜʥʠʭ (1,é,t-1) ʪʨʝʥʫʪʘʢʘ ʚʨʝʤʝʥʘ; ʝ-
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ʠ) ʄʘʪʨʠʮʘ ʫʧʘʨʝʥʦʩʪʠ ʬʨʝʿʤʦʚʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʧʨʘʛʦʤ ʧʨʠʢʘʟʘ ï ʮʠˀ ʿʝ 

ʧʦʢʘʟʘʪʠ ʜʘ ʩʝ ʧʨʝʮʠʟʥʘ ʪʝʤʧʦʨʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʤʦʞʝ ʜʦʙʠʪʠ 

ʫʧʘʨʠʚʘˁʝʤ ʬʨʝʿʤʦʚʘ ʢʦʿʠ ʨʝʟʫʣʪʫʿʫ ʩʘ ʥʘʿʤʘˁʝ ʛʨʝʰʘʢʘ ʪʦʢʦʤ 

ʢʘʣʠʙʨʘʮʠʿʝ (ʠ ʜʘˀʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ); ʠ) ɺʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ ʫʧʘʨʝʥʦʩʪʠ ʟʘ 

ʨʝʛʠʦʥ ʦʙʝʣʝʞʝʥ ʧʣʘʚʦʤ ʙʦʿʦʤ ʧʦʜ ʟ). 

ʉʣʠʢʘ 3.12 ʇʦʨʝʹʝˁʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ DTW ʤʝʪʦʜʝ (ʙʘʟʠʨʘʥʝ ʥʘ ʜʠʥʘʤʠʯʢʦʤ 

ʧʨʦʛʨʘʤʠʨʘˁʫ) ʠ OSB ʤʝʪʦʜʝ (ʙʘʟʠʨʘʥʝ ʥʘ ʧʘʨʮʠʿʘʣʥʦʤ  ʫʧʘʨʠʚʘˁʫ) ʟʘ 

ʧʦʪʨʝʙʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʂɸ ʠ ʠʤʧʣʠʢʘʮʠʿʝ ˁʠʭʦʚʠʭ 

ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʪʝʤʧʦʨʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ: a-ʛ) ɼʝʤʦʥʩʪʨʘʮʠʿʘ 

ʧʨʝʜʥʦʩʪʠ ʢʦʿʝ ʜʦʥʦʩʠ ʤʦʛʫ˂ʥʦʩʪ ʠʟʦʩʪʘʚˀʘˁʘ ʪʘʯʘʢʘ ʧʨʠʣʠʢʦʤ ʩʝʣʝʢʮʠʿʝ 

(ʩʝʛʤʝʥʪʘʮʠʿʝ) ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ; ʜ-ʞ) ɼʝʤʦʥʩʪʨʘʮʠʿʘ ʧʨʝʜʥʦʩʪʠ ʢʦʿʝ 

ʜʦʥʦʩʠ ʤʦʛʫ˂ʥʦʩʪ ʠʟʦʩʪʘʚˀʘˁʘ ʪʘʯʘʢʘ ʧʨʠʣʠʢʦʤ ʪʝʤʧʦʨʘʣʥʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ; e ʠ ʞ) OSB (ʙʝʣʘ ʙʦʿʘ) ʠ DTW (ʮʨʚʝʥʘ ʙʦʿʘ) ʩʫ 

ʨʝʟʫʣʪʘʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʛʣʝʜʘʥʦ ʠʟ ʧʦʛʣʝʜʘ ʘʢʚʠʟʠʮʠʿʝ ʠ ʟ-ʦ) OSB(ʙʝʣʘ 

ʙʦʿʘ) ʠ DTW (ʮʨʚʝʥʘ ʙʦʿʘ)ʩʫ ʨʝʟʫʣʪʘʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʠʢʘʟʘʥʠ ʠʟ 

ʧʨʦʠʟʚʦˀʥʦʛ ʧʦʛʣʝʜʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. 

ʉʣʠʢʘ 3.13 ɸʥʘʣʠʟʘ ʧʨʝʮʠʟʥʦʩʪʠ ʤʝʪʦʜʝ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ: a) 

ʂʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʜʦʙʠʿʝʥʠʭ ʠ ʪʘʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʜʫʞʠʥʘ ʛʨʘʥʘ ʂɸ; ʙ) 

Bland-Altman ʜʠʿʘʛʨʘʤ ʜʦʙʠʿʝʥʠʭ ʠ ʪʘʯʥʠʭ ʜʫʞʠʥʘ ʛʨʘʥʘ ʂɸ. 

ʉʣʠʢʘ 3.14 ɽʚʘʣʫʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʪʦʜʘ ʢʦʨʠʰ˂ʝˁʝʤ ʚʠʰʝ ʘʥʛʠʦʛʨʘʬʩʢʠʭ 

ʧʨʦʿʝʢʮʠʿʘ: ʘ) ʇʨʠʢʘʟ ʜʝʚʝʪʥʘʝʩʪ ʧʦʛʣʝʜʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ, ʙʨʦʿʝʚʠ ʠʟʥʘʜ ʩʣʠʢʘ ʦʟʥʘʯʘʚʘʿʫ ʧʨʠʤʘʨʥʠ ʫʛʘʦ (ʝʥʛʣ. 

primary angle a: RAO/LAO); ʙ) ʇʦʛʣʝʜ ʩʧʨʝʜʘ ʠ ʚ) ʇʦʛʣʝʜ ʦʜʦʟʛʦ ʥʘ 

ʨʝʬʝʨʝʥʪʥʫ ʛʝʦʤʝʪʨʠʿʫ ʬʘʥʪʦʤʘ; ʛ, ʜ, ʹ) ʇʦʚʨʰʠʥʘ ʜʦʙʠʿʝʥʘ ʧʦʣʠʛʦʥʘʣʥʦʤ 

ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ ʠ ʜʝʚʠʿʘʮʠʿʘ ʜʦʙʠʿʝʥʝ ʛʝʦʤʝʪʨʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʫ; 

ʝ, ʞ, ʟ) ʇʦʚʨʰʠʥʘ ʜʦʙʠʿʝʥʘ ʬʠʪʦʚʘˁʝʤ ʢʨʫʛʘ ʠ ʜʝʚʠʿʘʮʠʿʘ ʜʦʙʠʿʝʥʝ 

ʛʝʦʤʝʪʨʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʫ; ʠ, ʿ, ʢ) ʇʦʚʨʰʠʥʘ ʜʦʙʠʿʝʥʘ ʬʠʪʦʚʘˁʝʤ 

ʝʣʠʧʩʝ, ʠ ʜʝʚʠʿʘʮʠʿʘ ʜʦʙʠʿʝʥʝ ʛʝʦʤʝʪʨʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʫ; ʣ, ˀ, ʤ, ʥ) 

ʇʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʜʝʣʦʚʘ ʂɸ ʩʘ ʢʦʥʢʘʚʥʠʤ 

ʧʦʧʨʝʯʥʠʤ ʧʨʝʩʝʮʠʤʘ (ʧʣʘʢʦʤ). 

ʉʣʠʢʘ 3.15 ʋʪʠʮʘʿ ʫʛʣʘ ʠʟʤʝʹʫ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ ʥʘ ʪʘʯʥʦʩʪ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ. 

ʇʦʨʝʹʝˁʝ ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʬʘʥʪʦʤʘ: ʘ) ʇʦʨʝʹʝˁʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ʩʚʠʭ 19 ʧʨʦʿʝʢʮʠʿʘ ʩʘ ʨʝʬʝʨʝʥʪʥʦʤ 

ʛʝʦʤʝʪʨʠʿʦʤ; ʙ) ʇʦʨʝʹʝˁʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ʜʚʝ 

ʧʨʦʿʝʢʮʠʿʝ (ʬʠʪʦʚʘˁʝ ʢʨʫʛʦʚʘ) ʩʘ ʨʝʬʝʨʝʥʪʥʦʤ ʛʝʦʤʝʪʨʠʿʦʤ ʩʘ ʬʦʢʫʩʦʤ ʥʘ 

ʨʝʛʠʿʫ ʩʘ ʧʣʘʢʦʤ. ʄʝʨʝˁʝ ʜʝʚʠʿʘʮʠʿʝ ʨʝʢʦʥʩʪʨʫʠʩʘʥʝ ʧʦʚʨʰʠʥʝ ʦʜ 

ʨʝʬʝʨʝʥʪʥʝ ʛʝʦʤʝʪʨʠʿʝ: ʚ) ɼʝʚʠʿʘʮʠʿʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʜʦʙʠʿʝʥʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʩʚʠʭ 19 ʧʨʦʿʝʢʮʠʿʘ; ʛ-ʠ) ɼʝʚʠʿʘʮʠʿʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʜʦʙʠʿʝʥʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ, ʧʨʠ ʯʝʤʫ ʫʛʘʦ ʠʟʤʝʹʫ ʧʨʦʿʝʢʮʠʿʘ ʚʘʨʠʨʘ ʦʜ 10 

ʜʦ 150 ʩʪʝʧʝʥʠ. 

ʉʣʠʢʘ 3.16 ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʩʪʘʪʠʯʢʦʛ ʬʠʟʠʯʢʦʛ ʬʘʥʪʦʤʘ (ɻʨʫʧʘ ʧʦʜʘʪʘʢʘ II) ʜʦʙʠʿʝʥʘ 

ʧʦʤʦ˂ʫ ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʪʦʜʘ; ʧʦʨʝʹʝˁʝ ʩʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʦʤ ʜʦʙʠʿʝʥʦʤ ʠʟ 
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CT ʩʥʠʤʘʢʘ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ: a) ʇʨʠʢʘʟ ʢʚʘʣʠʪʝʪʘ ʤʨʝʞʝ ʠ ʜʦʙʠʿʝʥʦʛ 

ʥʠʚʦʘ ʜʝʪʘˀʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʦʤ ʠʟ MSCT ʩʥʠʤʘʢʘ; ʙ) 

ɼʝʚʠʿʘʮʠʿʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʜʦʙʠʿʝʥʝ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʜʦʙʠʿʝʥʫ ʠʟ MSCT ʩʥʠʤʘʢʘ. 

ʉʣʠʢʘ 3.17 ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ 4D XCAT ʚʠʨʪʫʝʣʥʦʛ ʬʘʥʪʦʤʘ (ʉʢʫʧ ʧʦʜʘʪʘʢʘ I) ʜʦʙʠʿʝʥʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʪʦʜʘ (ʩʠʚʘ ʙʦʿʘ) ʠ ʧʦʨʝʹʝˁʝ ʩʘ ʨʝʬʝʨʝʥʪʥʦʤ 

ʛʝʦʤʝʪʨʠʿʦʤ (ʮʨʚʝʥʘ ʙʦʿʘ): a) ʎʝʣʦʢʫʧʥʦ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ; ʙ) 

ɺʠʟʫʝʣʠʟʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʤʨʝʞʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʥʘ ʩʧʝʮʠʬʠʯʥʦʤ 

ʤʝʩʪʫ (ʫʟʘʩʪʦʧʥʝ ʙʠʬʫʨʢʘʮʠʿʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʜʫʞʠʥʘʤʘ ʠ ʟʘʢʨʠʚˀʝʥʦʰ˂ʫ 

ʢʦʨʦʥʘʨʥʠʭ ʛʨʘʥʘ); ʚ) ɼʝʚʠʿʘʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʦʜ ʨʝʬʝʨʝʥʪʥʝ 

ʛʝʦʤʝʪʨʠʿʝ. 

ʉʣʠʢʘ 4.1 ʇʨʦʤʝʥʝ ʟʠʜʘ ʂɸ ʪʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʬʘʟʘ ʨʘʟʚʦʿʘ ʙʦʣʝʩʪʠ: ʘ) ʄʦʨʬʦʣʦʛʠʿʘ 

ʟʠʜʘ ʂɸ (ʙʝʣʦʤ ʩʪʨʝʣʠʮʦʤ ʿʝ ʦʙʝʣʝʞʝʥ ʢʘʣʮʠʿʫʤʩʢʠ ʧʣʘʢ); ʙ) ʇʨʦʛʨʝʩʠʿʘ 

ʙʦʣʝʩʪʠ (ʞʫʪʘ ʙʦʿʘ) ʪʦʢʦʤ ʚʨʝʤʝʥʘ; ʚ-ʜ) ʈʝʩʪʝʥʦʟʘ ʂɸ: ʚ) ʆʙʦʣʝʣʘ ʂɸ; ʛ) 

ʂɸ ʩʘ ʫʛʨʘʹʝʥʠʤ ʩʪʝʥʪʦʤ; ʜ) ʈʝʩʪʝʥʦʟʘ ʂɸ ʩʘ ʫʛʨʘʹʝʥʠʤ ʩʪʝʥʪʦʤ. 

ʉʣʠʢʘ 4.2 ʀʥʪʨʘʚʘʩʢʫʣʘʨʥʠ ʫʣʪʨʘʟʚʫʢ: ʘ-ʙ) ʋʧʨʦʰ˂ʝʥʘ ʩʢʠʮʘ IVUS ʢʘʪʝʪʝʨʘ ʠ 

ʧʨʠʥʮʠʧ ʛʝʥʝʨʠʩʘˁʘ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʂɸ; ʚ) ʃʦʥʛʠʪʫʜʠʥʘʣʥʠ 

ʧʨʝʩʝʢ IVUS ʩʥʠʤʘʢʘ ʩʘʯʫʚʘʥʠʭ ʫ DICOM-ʫ; ʛ) ʇʨʠʤʝʨʠ IVUS ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʭʠʩʪʦʣʦʰʢʠʭ ʩʥʠʤʘʢʘ ʂɸ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʧʣʘʢʘ. 

ʉʣʠʢʘ 4.3 ʇʨʝʜʣʦʞʝʥa ʧʨʦʮʝʜʫʨʘ: a) ʉʦʬʪʚʝʨʩʢʘ ʘʨʭʠʪʝʢʪʫʨʘ; ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʟʘ: ʙ) 

ɻʝʥʝʨʠʩʘˁʝ ʛʝʦʤʝʪʨʠʿʝ (ɻɻ ʤʦʜʫʣ); ʚ) ʉʠʤʫʣʠʨʘˁʝ ʧʨʦʛʨʝʩʠʿʝ ʧʣʘʢʘ 

ʧʨʠʤʝʥʦʤ ʄʂɽ (ʄʂɽ ʤʦʜʫʣ); ʛ) ʇʨʠʢʘʟʠʚʘˁʝ ʨʝʟʫʣʪʘʪʘ ʠ ʧʦʩʪ-

ʧʨʦʮʝʩʠʨʘˁʝ. 

ʉʣʠʢʘ 4.4 ʉʝʛʤʝʥʪʘʮʠʿʘ ʧʫʪʘˁʝ ʢʘʪʝʪʝʨʘ ʥʘ ʘʥʛʠʦʛʨʘʬʩʢʦʤ ʩʥʠʤʢʫ: ʘ) ɿʘʜʘʚʘˁʝ 

ʠʥʠʮʠʿʘʣʥʠʭ ʪʘʯʢʠ ʢʦʥʪʫʨʝ; ʙ) ɻʨʘʜʠʿʝʥʪ ʩʣʠʢʝ; ʚ) ʀʥʠʮʠʿʘʣʥʘ ʧʦʟʠʮʠʿʘ 

ʢʦʥʪʫʨʝ ʠ ʚʝʢʪʦʨʩʢʦ ʧʦˀʝ ʛʨʘʜʠʿʝʥʪʘ; ʛ) ɺʝʢʪʦʨʩʢʦ ʧʦˀʝ ʛʨʘʜʠʿʝʥʪʘ ʥʘ 

ʜʝʣʫ ʦʙʝʣʝʞʝʥʦʤ ʮʨʚʝʥʠʤ ʢʚʘʜʨʘʪʦʤ ʥʘ ʩʣʠʮʠ ʧʦʜ ʚ); ʜ) ɽʚʦʣʫʮʠʿʘ 

ʢʦʥʪʫʨʝ ʢʨʦʟ 40 ʠʪʝʨʘʮʠʿʘ ʉʥʝʿʢ ʘʣʛʦʨʠʪʤʘ. 

ʉʣʠʢʘ 4.5 ʋʟʦʨʢʦʚʘˁʝ IVUS ʬʨʝʿʤʦʚʘ ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʢʨʘʿˁʦʿ-ʜʠʿʘʩʪʦʣʩʢʦʿ ʬʘʟʠ 

ʩʨʯʘʥʦʛ ʮʠʢʣʫʩʘ: ʘ) ʌʠʣʪʨʠʨʘˁʝ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʨʘʯʫʥʘ ʥʘ ʦʩʥʦʚʫ 

ʠʥʪʝʥʟʠʪʝʪʘ IVUS ʩʣʠʢʘ; ʙ) ʆʜʨʝʹʠʚʘˁʝ ʰʠʨʠʥʝ ʠ ʚʠʩʠʥʝ ʧʠʢʘ ʬʠʪʦʚʘˁʝʤ 

ʧʘʨʘʙʦʣʝ; ʚ) ʇʨʠʤʝʨ ʬʠʪʦʚʘˁʘ ʧʘʨʘʙʦʣʘ ʥʘ ʩʨʯʘʥʫ ʢʦʤʧʦʥʝʥʪʫ kardiod . 

ʉʣʠʢʘ 4.6 ʀʟʜʚʘʿʘˁʝ ʦʧʠʩʥʠʭ ʘʪʨʠʙʫʪʘ: ʘ) ʇʨʠʤʝʨ IVUS ʩʣʠʢʝ-ʬʨʝʿʤʘ ʩʘʯʫʚʘʥʦʛ ʫ 

DICOM ʬʘʿʣʫ; ʙ) ʉʣʠʢʘ ʫ ʧʦʣʘʨʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤʘ; ʚ) ʈʫʯʥʦ ʥʘʟʥʘʯʝʥʠ 

ʤʘʪʝʨʠʿʘʣʠ; ʛ-ʦ) ɸʪʨʠʙʫʪʠ ʠʟʜʚʦʿʝʥʠ ʠʟ ʧʦʩʤʘʪʨʘʥʝ ʩʣʠʢʝ (ʚʨʝʜʥʦʩʪʠ ʩʫ 

ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʫ ʦʧʩʝʛʫ 0-1 ʨʘʜʠ ʣʘʢʰʝ ʚʠʟʫʝʣʠʟʘʮʠʿʝ): ʛ) 1f ïʠʥʪʝʥʟʠʪʝʪ 

ʧʠʢʩʝʣʘ; ʜ) 2f ïʨʘʜʠʿʫʩ ʧʠʢʩʝʣʘ; ʹ)5f ïLBP(R=10, P=16); ʝ) 6f ïʉʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ ʧʠʢʩʝʣʘ ʦʢʦʣʥʝ ʨʝʛʠʿʝ ( dq=1 ʠ dr =5); ʞ) 7f ïɻʘʙʦʨʦʚ ʬʠʣʪʝʨ 

(ʟʘʦʢʨʝʥʫʪʦʩʪ=0, ʬʨʝʢʚʝʥʮʠʿʘ=0.12, xs =1, 
ys=1); ʟ) 9f ïɻʘʙʦʨʦʚ ʬʠʣʪʝʨ 

(ʟʘʦʢʨʝʥʫʪʦʩʪ=p/4, ʬʨʝʢʚʝʥʮʠʿʘ=0.24, xs =2, 
ys=2); ʠ) 14f ïɻʘʙʦʨʦʚ 
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ʬʠʣʪʝʨ (ʟʘʦʢʨʝʥʫʪʦʩʪ=p/2, ʬʨʝʢʚʝʥʮʠʿʘ=0.32, xs =2, 
ys=2); ʿ) 

26f ï

ɸʫʪʦʢʦʨʝʣʘʮʠʿʘ; ʢ) 
27f ïɽʥʪʨʦʧʠʿʘ; ʣ) 28f ïʂʦʥʪʨʘʩʪ; ˀ) 31f ïɽʥʝʨʛʠʿʘ; ʤ) 

33f ïʍʦʤʦʛʝʥʦʩʪ; ʥ) 36f ïʉʣʠʢʘ ʩʘ ʥʝʫʪʨʘʣʠʟʦʚʘʥʠʤ ʰʫʤʦʚʠʤʘ ʧʨʠʤʝʥʦʤ 

ʘʥʠʟʦʪʨʦʧʥʝ ʜʠʬʫʟʠʿʝ (1 ʢʦʨʘʢ, ʜʫʞʠʥʘ ʢʦʨʘʢʘ 60); ˁ) 37f ïɽʢʩʪʝʨʥʘ 

ʘʢʫʤʫʣʘʮʠʿʘ ʩʣʠʢʝ; ʦ) 38f ïʀʥʪʝʨʥʘ ʘʢʫʤʫʣʘʮʠʿʘ ʩʣʠʢʝ. 

ʉʣʠʢʘ 4.7 ɺʝʰʪʘʯʢʘ ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ: a) ʅʝʫʨʦʥ; ʙ) ʇʨʠʤʝʨ ʘʨʭʠʪʝʢʪʫʨʝ ʚʠʰʝʩʣʦʿʥʝ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. 

ʉʣʠʢʘ 4.8 ʇʨʦʮʝʜʫʨʘ ʟʘ ʝʚʦʣʫʮʠʦʥʦ ʢʨʝʠʨʘˁʝ ʦʧʪʠʤʘʣʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʚʝʰʪʘʯʢʠʭ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ. 

ʉʣʠʢʘ 4.9 ɼʝʪʝʢʮʠʿʘ ʫʥʫʪʨʘʰˁʝ ʠ ʩʧʦˀʘʰˁʝ ʠʚʠʮʝ ʟʠʜʘ ʂɸ: ʘ-ʜ) ʇʨʝʜʚʠʹʝʥʝ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ʧʠʢʩʝʣʠ ʧʨʠʧʘʜʘʿʫ ʿʝʜʥʦʿ ʦʜ ʧʝʪ ʢʣʘʩʘ ʪʢʠʚʘ; ʘ) ʃʫʤʝʥ; ʙ) 

ɿʠʜ ʂɸ; ʚ) ʂʘʣʮʠʿʫʤʩʢʠ ʧʣʘʢ; ʛ) ʆʢʦʣʥʦ ʪʢʠʚʦ; ʜ) ʐʫʤ-ʩʝʥʢʘ; ʹ) 

ɸʧʨʦʢʩʠʤʘʮʠʿʘ ʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ ʌʫʨʠʿʝʦʚʠʤ ʨʝʜʦʚʠʤʘ; ʝ) ʀʪʝʨʘʪʠʚʥʦ 

ʬʠʪʦʚʘˁʝ ʩʧʦˀʘʰˁʝ ʠʚʠʮʝ ʟʠʜʘ ʧʦʤʦ˂ʫ ʌʫʨʠʿʝʦʚʠʭ ʨʝʜʦʚʘ; ʞ) 

ɼʝʪʝʢʪʦʚʘʥʘ ʫʥʫʪʨʘʰˁʘ ʠ ʩʧʦˀʘʰˁʘ ʠʚʠʮʘ ʟʠʜʘ ʫ ʧʦʣʘʨʥʠʤ 

ʢʦʦʨʜʠʥʘʪʘʤʘ; ʟ) ʇʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʘʫʪʦʤʘʪʩʢʦʛ ʜʝʪʝʢʪʦʚʘˁʘ ʠʚʠʮʘ ʟʠʜʘ 

ʂɸ ʩʘ ʨʫʯʥʦ ʥʘʟʥʘʯʝʥʠʤ ʠʚʠʮʘʤʘ, ʧʨʠʤʝʨ ʩʘ ʙʦʯʥʦʤ ʛʨʘʥʦʤ. ʊʘʯʥʦʩʪ 

ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʪʢʠʚʘ ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʬʨʝʿʤ: ʠ) ʄʘʪʨʠʮʘ ʢʦʥʬʫʟʠʿʝ; ʿ) ROC 

ʢʨʠʚʘ. 

ʉʣʠʢʘ 4.10 ɻʝʥʝʨʠʩʘˁʝ ʤʨʝʞʝ ʢʦʥʘʯʠʭ ʝʣʝʤʝʥʘʪʘ: ʘ) ʇʘʨʘʤʝʪʘʨʩʢʠ ʜʝʬʠʥʠʩʘʥʘ 

ʧʫʪʘˁʘ ʢʘʪʝʪʘʨʘ ()X l
d
; ʙ) ʆʨʠʿʝʥʪʘʮʠʿʘ ʜʝʩʥʦʛ ʪʨʠʭʝʜʨʦʥʘ ʜʫʞ ʢʘʪʝʪʝʨʘ; ʚ) 

IVUS ʢʦʥʪʫʨʝ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʜʫʞ ʢʘʪʝʪʝʨʘ; ʛ) ʄʨʝʞʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʟʘ ʜʦʤʝʥ ʬʣʫʠʜʘ (ʣʫʤʝʥ); ʜ) ʄʨʝʞʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʟʘ ʜʦʤʝʥ ʩʦʣʠʜʘ 

(ʟʠʜ ʂɸ); ʹ) ʇʦʨʝʹʝˁʝ ʜʦʙʠʿʝʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʩʘ ʘʥʛʠʦʛʨʘʬʩʢʠʤ 

ʩʥʠʤʢʦʤ. 

ʉʣʠʢʘ 4.11 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʨʦʮʝʜʫʨʝ ʟʘ ʥʫʤʝʨʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʧʨʦʛʨʝʩʠʿʝ ʧʣʘʢʘ. 

ʉʣʠʢʘ 4.12 ʄʝʨʝˁʝ ʩʣʠʯʥʦʩʪʠ ʜʚʝ ʢʦʥʪʫʨʝ ʫʧʦʪʨʝʙʦʤ OSB ʘʣʛʦʨʠʪʤʘ ʠ ʘʣʛʦʨʠʪʤʘ 

ʢʦʥʪʝʢʩʪʘ ʦʙʣʠʢʘ: ʘ) ɼʚʝ ʢʦʥʪʫʨʝ ʩʘ ʧʦ 30 ʪʘʯʘʢʘ ʢʦʿʝ ʩʝ ʫʧʦʨʝʹʫʿʫ; ʙ) 

ʇʨʠʥʮʠʧ ʨʘʯʫʥʘˁʘ ʂʦʥʪʝʢʩʪʘ ʦʙʣʠʢʘ ʟʘ ʧʨʦʠʟʚʦˀʥʫ ʪʘʯʢʫ ip ; ʚ) ʂʦʥʪʝʢʩʪ 

ʦʙʣʠʢʘ ʟʘ ʢʦʥʪʫʨʫ ɸ; ʛ) ʂʦʥʪʝʢʩʪ ʦʙʣʠʢʘ ʟʘ ʢʦʥʪʫʨʫ ɹ; ʜ) ʄʘʪʨʠʮʘ 

ʩʣʠʯʥʦʩʪʠ ʢʦʥʪʫʨʘ ʜʦʙʠʿʝʥʘ ʧʦʨʝʹʝˁʝʤ ʢʦʥʪʝʢʩʪʘ ʦʙʣʠʢʘ; ʹ) ʋʧʘʨʝʥʝ 

ʪʘʯʢʝ ʢʦʥʪʫʨʘ (ʩʠʚʦʤ ʙʦʿʦʤ ʩʫ ʦʙʝʣʝʞʝʥʠ ʧʘʨʦʚʠ ʪʘʯʢʠ ʢʦʿʠ ʩʝ 

ʠʟʦʩʪʘʚˀʘʿʫ). 

ʉʣʠʢʘ 4.13 ʆʜʨʝʹʠʚʘˁʝ ʨʝʛʠʿʝ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʢʦʿʘ ʩʝ ʚʠʜʠ ʠ ʥʘ ʙʘʟʘʣʥʦʤ IVUS 

ʩʥʠʤʢʫ ʠ ʥʘ IVUS ʩʥʠʤʢʫ ʥʘʩʪʘʣʦʤ ʰʝʩʪ ʤʝʩʝʮʠ ʢʘʩʥʠʿʝ: ʘ) 

ʃʦʥʛʠʪʫʜʠʥʘʣʥʠ ʧʨʝʩʝʢ ʙʘʟʘʣʥʦʛ (ʛʦʨʝ) ʠ ʩʥʠʤʢʘ ʥʘʢʦʥ ʰʝʩʪ ʤʝʩʝʮʠ 

ʧʨʘ˂ʝˁʘ (ʜʦʣʝ) ʠ ʧʦʣʦʞʘʿ ʜʚʘ ʫʧʘʨʝʥʘ ʬʨʝʿʤʘ ɸ-ɸ ʠ ɹ-ɹ; ʙ) ʀʟʛʣʝʜ ʬʨʝʿʤʘ 

ɸ-ɸ; ʚ) ʀʟʛʣʝʜ ʬʨʝʿʤʘ ɹ-ɹ; ʛ) ʉʣʠʯʥʦʩʪ ʢʦʥʪʫʨʘ ʫʥʫʪʨʘʰˁʝʛ ʠ ʩʧʦˀʘʰˁʝʛ 

ʟʠʜʘ ʥʘ ʬʨʝʿʤʫ ɹ-ɹ; ʜ) ʄʘʪʨʠʮʘ ʫʧʘʨʠʚʘˁʘ ʠ ʜʦʙʠʿʝʥʠ ʧʘʨʦʚʠ ʫʧʦʪʨʝʙʦʤ 

OSB (ʮʨʥʦ) ʠ DTW (ʩʠʚʦ) ʤʝʪʦʜʝ. 
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ʉʣʠʢʘ 4.14 ʂʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ ʧʨʝ ʫʛʨʘʜˁʝ ʩʪʝʥʪʘ ʟʘ: ʘ) ʇʘʮʠʿʝʥʪʘ 1; ʙ) 

ʇʘʮʠʿʝʥʪʘ 2; ʚ) ʇʘʮʠʿʝʥʪʘ 3; ʛ) ʇʨʦʪʦʮʠ ʥʘ ʫʣʘʟʫ ʂɸ ʟʘ ʪʨʠ ʧʘʮʠʿʝʥʪʘ; 

ʇʨʦʮʝˁʝʥʘ ʈʂɸ ʜʦʙʠʿʝʥʘ ʩʠʤʫʣʘʮʠʿʦʤ ʟʘ: ʜ) ʇʘʮʠʿʝʥʪʘ 1; ʹ) ʇʘʮʠʿʝʥʪʘ 2; 

ʝ) ʇʘʮʠʿʝʥʪʘ 3; ʞ) ʇʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʘʥʘʣʠʟʦʤ 

ʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. 

ʉʣʠʢʘ 4.15 ʈʝʟʫʣʪʘʪʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʩʠʤʣʘʮʠʿʝ ʈʂɸ. 

ʉʣʠʢʘ 4.16 ʈʝʟʫʣʪʘʪʠ ʠ IVUS ʩʥʠʤʮʠ ʟʘ ʤʝʩʪʘ ʥʘʟʥʘʯʝʥʘ ʢʘʦ ʢʨʠʪʠʯʥʘ ʥʘ ʉʣʠʮʠ 4.15. 

ʉʣʠʢʘ 5.1 ʘ) ʏʘʨʣʩ ʊʝʦʜʦʨ ɼʦʪʝʨ; ʙ-ʛ) ɸʥʛʠʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʧʨʚʝ ʧʘʮʠʿʝʥʪʢʠˁʝ ʢʦʿʦʿ 

ʿʝ ʫʨʘʹʝʥʘ ʜʠʣʘʪʘʮʠʿʘ ʩʪʝʥʦʟʝ. ʙ) ʉʥʠʤʘʢ ʧʨʝ ʜʠʣʘʪʘʮʠʿʝ; ʚ) ʉʥʠʤʘʢ 

ʥʝʧʦʩʨʝʜʥʦ ʥʘʢʦʥ ʜʠʣʘʪʘʮʠʿʝ; ʛ) ʉʥʠʤʘʢ ʪʨʠ ʥʝʜʝˀʝ ʥʘʢʦʥ ʧʨʦʮʝʜʫʨʝ; ʜ) 

ʋʧʫʪ ʦʜ ʭʠʨʫʨʛʘ ʢʦʿʠʤ ʿʝ ɼʦʪʝʨʫ ʥʘʧʦʤʝʥʫʪʦ ʜʘ ʚʠʰʝ ʥʝ ʢʦʨʠʩʪʠ ʩʚʦʿʫ 

ʧʨʦʮʝʜʫʨʫ ʥʘ ʧʘʮʠʿʝʥʪʠʤʘ. 

ʉʣʠʢʘ 5.2 ʇʨʦʮʝʜʫʨʘ ʫʛʨʘʜˁʝ ʩʪʝʥʪʘ: ʘ) ʇʦʟʠʮʠʦʥʠʨʘˁʝ ʩʪʝʥʪʘ ʧʦʤʦ˂ʫ ʢʘʪʝʪʝʨʘ ʦʜ 

ʧʝʨʠʬʝʨʥʠʭ ʢʘ ʢʦʨʦʥʘʨʥʠʤ ʘʨʪʝʨʠʿʘʤʘ; ʙ) ʇʦʟʠʮʠʦʥʠʨʘˁʝ ʩʪʝʥʪʘ ʥʘ ʤʝʩʪʫ 

ʩʫʞʝˁʘ; ʚ-ʜ) ʇʨʦʮʝʜʫʨʘ ʰʠʨʝˁʘ ʩʪʝʥʪʘ: ʚ) ʇʦʟʠʮʠʦʥʠʨʘˁʝ; ʛ) ʐʠʨʝˁʝ 

ʩʪʝʥʪʘ ʧʦʤʦ˂ʫ ʙʘʣʦʥʘ; ʜ) ʀʟʚʣʘʯʝˁʝ ʢʘʪʝʪʝʨʘ ʠ ʙʘʣʦʥʘ ʥʘʢʦʥ ʫʛʨʘʜˁʝ 

ʩʪʝʥʪʘ. 

ʉʣʠʢʘ 5.3 ʆʩʥʦʚʥʠ ʜʝʣʦʚʠ ʩʪʝʥʪʘ: ʘ) ʈʘʟʚʠʿʝʥʘ ʛʝʦʤʝʪʨʠʿʘ ʩʪʝʥʪʘ, ʧʣʘʚʦʤ ʙʦʿʦʤ 

ʦʙʝʣʝʞʝʥʠ ʩʫ ʩʪʨʘʪʦʚʠ (ʝʥʛʣ. Strut) ʘ ʮʨʚʝʥʦʤ ʙʦʿʦʤ ʤʦʩʪ (ʝʥʛʣ. Bridge); ʙ) 

ʇʨʠʤʝʨ ʩʪʝʥʪʘ ʩʘʩʪʘʚˀʝʥʦʛ ʠʟ ʰʝʩʪ ʧʨʩʪʝʥʦʚʘ, ʧʨʠ ʯʝʤʫ ʿʝʜʘʥ ʧʨʩʪʝʥ ʠʤʘ 

ʦʩʘʤ ʩʪʨʘʪʦʚʘ. 

ʉʣʠʢʘ 5.4 ʇʨʠʢʘʟ ʧʨʦʮʝʜʫʨʝ ʟʘ ʥʫʤʝʨʠʯʢʫ ʘʥʘʣʠʟʫ ʟʘʤʦʨʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʝʥʪʘ. 

ʉʣʠʢʘ 5.5 ɻʫʜʤʘʥʦʚ ʠ ʉʦʜʝʨʙʝʨʛʦʚ ʜʠʿʘʛʨʘʤ ʢʦʥʩʪʘʥʪʥʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ. 

ʉʣʠʢʘ 5.6 ʆʙʣʘʩʪ KT ʜʠʿʘʛʨʘʤʘ ʟʘ ʧʨʦʮʝʥʫ ʟʦʥʝ ʩʠʛʫʨʥʦʛ ʨʘʜʘ. 

ʉʣʠʢʘ 5.7 ʈʘʩʧʦʜʝʣʘ: ʘ) ʉʨʝʜˁʝʛ ʥʘʧʦʥʘ; ʙ) ɸʤʧʣʠʪʫʜʥʦʛ ʥʘʧʦʥʘ; ʚ) ɻʣʘʚʥʦʛ 

ʥʘʧʦʥʘs
1
; ʛ) ʀʥʜʝʢʩ ʦʪʢʘʟʘ ʥʘ ʟʘʤʦʨ (1/FSF ). 

ʉʣʠʢʘ 5.8 ʃʦʢʘʣʥʦ ʫʩʠʪˁʘʚʘˁʝ ʤʨʝʞʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ: a) ʇʨʠʢʘʟ ʤʨʝʞʝ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʧʨʝ ʠ ʥʘʢʦʥ ʫʩʠʪˁʘʚʘˁʘ; ʙ, ʛ) ʇʨʠʢʘʟ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ 

ʩʝ ʫʩʠʪˁʘʚʘʿʫ; ʚ, ʜ) ʐʘʙʣʦʥʠ ʟʘ ʫʩʠʪˁʘʚʘˁʝ ʝʣʝʤʝʥʘʪʘ; ʹ, ʝ) ʇʨʠʢʘʟ 

ʫʩʠʪˁʝʥʠʭ ʝʣʝʤʝʥʘʪʘ. 

ʉʣʠʢʘ 5.9 ʇʦˀʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ ʫ: ʘ) ʇʨʚʦʤ ʢʦʨʘʢʫ; ʙ) ʇʦʩʣʝʜˁʝʤ ʢʦʨʘʢʫ 

ʩʠʤʫʣʘʮʠʿʝ ʨʘʩʪʘ ʧʨʩʣʠʥʝ (ʧʨʠ ʜʫʞʠʥʠ ʦʜ 83 mm ). 

ʉʣʠʢʘ 5.10 ɼʝʬʠʥʠʩʘˁʝ ʟʦʥʝ ʩʠʛʫʨʥʦʛ ʨʘʜʘ ʧʨʠʤʝʥʦʤ KT-ʜʠʿʘʛʨʘʤʘ. 

ʉʣʠʢʘ 5.11 ɻʣʦʙʘʣʥʘ ʧʦʤʝʨʘˁʘ ʜʝʣʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ ʥʘ ʢʦʤʝ ʿʝ ʧʦʪʨʝʙʥʦ ʫʛʨʘʜʠʪʠ 

ʢʦʨʦʥʘʨʥʠ ʩʪʝʥʪ: ʘ) ʇʨʠʢʘʟ ʜʠʥʘʤʠʯʢʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ; 

ʙ-ʿ) ʇʨʠʢʘʟ ʨʘʟʤʘʪʨʘʥʦʛ ʜʝʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʩʢʠʤ ʪʨʝʥʫʮʠʤʘ. 

ʉʣʠʢʘ 5.12 ʃʦʢʘʣʥʘ ʧʦʤʝʨʘˁʘ ʜʝʣʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ ʥʘ ʢʦʤʝ ʿʝ ʧʦʪʨʝʙʥʦ ʫʛʨʘʜʠʪʠ 

ʢʦʨʦʥʘʨʥʠ ʩʪʝʥʪ: ʘ) ʇʨʠʢʘʟ ʜʠʥʘʤʠʯʢʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ 
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ʂɸ; ʙ) ʉʢʠʮʘ ʫʢˀʝʰʪʝʥʝ ʛʨʝʜʝ; ʛ-ʣ) ʇʨʠʢʘʟ ʨʘʟʤʘʪʨʘʥʦʛ ʜʝʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʚʨʝʤʝʥʩʢʠʤ ʪʨʝʥʫʮʠʤʘ. 

ʉʣʠʢʘ 5.13 ʇʨʠʥʮʠʧ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʜʠʥʘʤʢʝ ʩʪʝʥʪʘ ʫʢˀʝʰʪʝʥʦʤ ʛʨʝʜʦʤ. 

ʉʣʠʢʘ 5.14 ʇʨʦʩʪʦʨʥʦ-ʚʨʝʤʝʥʩʢʘ ʦʨʠʿʝʥʪʘʮʠʿʘ ʪʨʠʭʝʜʨʦʥʘ ʧʦʢʨʝʪʥʝ ʮʝʥʪʨʘʣʥʝ 

ʣʠʥʠʿʝ. 

ʉʣʠʢʘ 5.15 ɻʝʦʤʝʪʨʠʿʘ CYPHER (Cordis, USA) ʩʪʝʥʪʘ. 

ʉʣʠʢʘ 5.16 ʄʨʝʞʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʉʣʠʢʘ 5.17 ʈʘʩʧʦʜʝʣʘ: ʘ) ɽʬʝʢʪʠʚʥʠʭ ɺʦʥ ʄʠʟʝʩʦʚʠʭ ʥʘʧʦʥʘ; ʙ) ʈʝʮʠʧʨʦʯʥʘ 

ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʩʠʛʫʨʥʦʩʪʠ ʥʘ ʟʘʤʦʨ. 
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ʉʧʠʩʘʢ ʪʘʙʝʣʘ 

ʊʘʙʝʣʘ 2.1 ʇʨʝʛʣʝʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʦʜʘʣʠʪʝʪʘ ʟʘ ʩʥʠʤʘˁʝ ʂɸ. 

ʊʘʙʝʣʘ 3.1 ʇʦʜʘʮʠ ʥʘ ʢʦʿʠʤʘ ʿʝ ʚʨʰʝʥʘ ʚʘʣʠʜʘʮʠʿʘ ʠ ʨʝʟʫʣʪʘʪʠ ʢʘʣʠʙʨʘʮʠʿʝ ʫʨʝʹʘʿʘ. 

ʉʢʫʧ ʧʦʜʘʪʘʢʘ I ʿʝ ʚʠʨʪʫʝʣʥʠ XCAT ʬʘʥʪʦʤ, ʉʢʫʧ ʧʦʜʘʪʘʢʘ II ʿʝ ʩʪʘʪʠʯʢʠ 

ʬʠʟʠʯʢʠ ʬʘʥʪʦʤ, ʉʢʫʧ ʧʦʜʘʪʘʢʘ III, IV ʠ V ʩʫ ʢʣʠʥʠʯʢʠ ʧʦʜʘʮʠ. ʉʨʝʜˁʘ 

ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ (ʝʥʛʣ. Mean square error ï MSE) ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʧʦ ʦʙʨʘʩʮʫ 

ʠʟ ʿʝʜʥʘʯʠʥʝ 3.9. 

ʊʘʙʝʣʘ 4.1 ʆʧʠʩ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʢʦʨʠʰ˂ʝʥʠʭ ʟʘ ʚʘʣʠʜʘʮʠʿʫ (*ʌʘʢʪʦʨʠ ʨʠʟʠʢʘ: H ï 

ʭʠʧʝʨʪʝʥʟʠʿʘ, DM ï ʜʠʘʙʝʪʝʩ ʤʝʣʠʪʫʩ, D- ʜʠʩʣʠʧʠʜʝʤʠʘ). 

ʊʘʙʝʣʘ 4.2 ʇʦʜʘʮʠ ʦ ʛʝʥʝʨʠʩʘʥʠʤ ʤʦʜʝʣʠʤʘ. 

ʊʘʙʝʣʘ 4.3 ɸʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ ʧʦʚʨʰʠʥʝ (ɸɻʇ) ʟʘ ʩʪʦ ʥʘʩʫʤʠʯʥʦ ʦʜʘʙʨʘʥʠʭ ʧʨʝʩʝʢʘ 

ʂɸ. 

ʊʘʙʝʣʘ 5.1 ʄʝʭʘʥʠʯʢʠ ʪʝʩʪʦʚʠ ʢʦʿʠʤʘ ʩʝ ʧʦʪʚʨʹʫʿʝ ʩʪʨʫʢʪʫʨʥʘ ʠʟʜʨʞˀʠʚʦʩʪ ʩʪʝʥʪʦʚʘ. 

ʊʘʙʝʣʘ 5.2 ʄʘʪʝʨʠʿʘʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ L-605 Co-Cr. 

ʊʘʙʝʣʘ 5.3 ɼʝʬʠʥʠʩʘˁʝ ʢʨʠʪʠʯʥʝ ʜʫʞʠʥʝ ʧʨʩʣʠʥʝ ca , ʧʨʠ ʧʨʦʿʝʢʪʦʚʘʥʦʤ ʞʠʚʦʪʥʦʤ 

ʚʝʢʫ, ʫ ʬʫʥʢʮʠʿʠ ʦʜ ʦʧʩʝʛʘ ʮʠʢʣʠʯʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. 
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1. ʋʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ ʠ ʧʨʝʛʣʝʜ ʩʘʜʨʞʘʿʘ ʜʠʩʝʨʪʘʮʠʿʝ 

1.1. ʇʨʝʜʤʝʪ ʨʘʜʘ 

ʇʨʝʤʘ ʠʟʚʝʰʪʘʿʠʤʘ ʩʚʝʪʩʢʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʦʨʛʘʥʠʟʘʮʠʿʘ, ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʝ ʙʦʣʝʩʪʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʚʝ˂ʠ ʟʜʨʘʚʩʪʚʝʥʠ ʧʨʦʙʣʝʤ ˀʫʜʠ ʫ ʨʘʟʚʠʿʝʥʦʤ ʩʚʝʪʫ [1, 2]. ʅʘ ʦʩʥʦʚʫ 

ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʥʘʰʫ ʟʝʤˀʫ, ʦʚʝ ʙʦʣʝʩʪʠ ʩʫ ʤʝʹʫ ʥʘʿʯʝʰ˂ʠʤ 

ʫʟʨʦʮʠʤʘ ʩʤʨʪʠ ʠ ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʠʢʘ ʠʥʚʘʣʠʜʠʪʝʪʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ 

ʠʥʬʘʨʢʪʘ [3]. ʇʦʿʘʤ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠʭ ʙʦʣʝʩʪʠ ʿʝ ʰʠʨʦʢʦ ʬʦʨʤʫʣʠʩʘʥ ʠ ʦʜʥʦʩʠ ʩʝ ʥʘ 

ʙʦʣʝʩʪʠ ʚʝ˂ʝʛ ʙʨʦʿʘ ʘʨʪʝʨʠʿʘ ʠ ʚʝʥʘ ʢʦʿʝ ʟʘʿʝʜʥʦ ʯʠʥʝ ʩʠʩʪʝʤ ʢʨʚʥʠʭ ʩʫʜʦʚʘ ʢʦʿʠ 

ʦʙʝʟʙʝʹʫʿʫ ʧʨʦʪʦʢ ʢʨʚʠ ʢʨʦʟ ʦʨʛʘʥʠʟʘʤ, ʪʿ. ʩʥʘʙʜʝʚʘˁʝ ʧʝʨʠʬʝʨʥʠʭ ʦʨʛʘʥʘ ʢʠʩʝʦʥʠʢʦʤ 

ʠ ʭʨʘʥˀʠʚʠʤ ʤʘʪʝʨʠʿʘʤʘ [4]. 

ʇʨʝʜʣʦʞʝʥʘ ʪʝʤʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʬʦʢʫʩʠʨʘʥʘ ʿʝ ʥʘ ʢʦʤʧʿʫʪʝʨʩʢʦʤ 

ʤʦʜʝʣʠʨʘˁʫ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ (ʂɸ), ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ ʩʧʦˀʘʰˁʦʿ ʧʦʚʨʰʠʥʠ ʩʨʮʘ 

(ʤʠʦʢʘʨʜʘ) [5]. ɿʙʦʛ ʤʘʣʠʭ ʜʠʤʝʥʟʠʿʘ ʠ ʚʝʦʤʘ ʜʠʥʘʤʠʯʥʝ ʧʨʠʨʦʜʝ, ʜʠʿʘʛʥʦʩʪʠʯʢʠ 

ʧʨʝʛʣʝʜʠ ʠ ʪʨʝʪʠʨʘˁʝ ʦʙʦʣʝʣʠʭ ʂɸ ʥʘʿʯʝʰ˂ʝ ʩʝ ʚʨʰʝ ʧʦʤʦ˂ʫ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ 

ʙʘʟʠʨʘʥʝ ʥʘ ʠʢʩ-ʟʨʘʮʠʤʘ (ʝʥʛʣ. X-ray Coronary Angiography) [6]. ʋ ʮʠˀʫ ʨʝʜʫʢʦʚʘˁʘ 

ʜʦʟʝ ʰʪʝʪʥʦʛ ʿʦʥʠʟʫʿʫ˂ʝʛ ʟʨʘʯʝˁʘ, ʢʘʦ ʠ ʧʨʝʚʘʟʠʣʘʞʝˁʘ ʣʠʤʠʪʠʨʘʥʝ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʧʨʠʨʦʜʝ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ, ʪʦʢʦʤ ʧʦʩʣʝʜˁʠʭ ʜʚʘʜʝʩʝʪ ʛʦʜʠʥʘ 

ʟʘʙʝʣʝʞʝʥ ʿʝ ʢʦʥʩʪʘʥʪʘʥ ʨʘʩʪ ʧʦʪʨʝʙʘ ʟʘ ʨʘʟʚʦʿʝʤ ʥʘʧʨʝʜʥʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ ʢʦʿʠ ʙʠ 

ʦʤʦʛʫ˂ʠʣʠ ʜʦʙʠʿʘˁʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ 

(ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʧʨʦʿʝʢʮʠʿʘ) [7]. 

ʇʦʨʝʜ ʚʠʰʝʛʦʜʠʰˁʠʭ ʥʘʧʦʨʘ ʠ ʧʨʦʛʨʝʩʘ ʫ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʧʦˀʠʤʘ ʠ 

ʠʥʜʫʩʪʨʠʿʠ ʩʦʬʪʚʝʨʘ, ʪʨʝʥʫʪʥʦ ʥʝ ʧʦʩʪʦʿʠ ʩʦʬʪʚʝʨ (ʩʘ ʰʠʨʦʤ ʧʨʠʤʝʥʦʤ ʫ ʧʨʘʢʩʠ) ʟʘ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʠ ʤʦʜʝʣʠʨʘˁʝ ʂɸ ʥʘ ʦʩʥʦʚʫ ʨʫʪʠʥʩʢʠ ʥʘʧʨʘʚˀʝʥʠʭ 

ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ. ʄʝʪʦʜʝ ʜʦʩʪʫʧʥʝ ʫ ʥʘʫʯʥʦʿ ʣʠʪʝʨʘʪʫʨʠ ʙʘʟʠʨʘʥʝ ʩʫ ʥʘ 

ʢʦʤʙʠʥʘʮʠʿʠ ʥʠʟʘ ʧʨʝʪʧʦʩʪʘʚʢʠ ʢʦʿʝ: 

¶ ʠʜʝʘʣʠʟʫʿʫ ʧʨʦʮʝʩ ʬʦʨʤʠʨʘˁʘ ʩʣʠʢʝ ʢʦʨʠʰ˂ʝˁʝʤ ʧʝʨʩʧʝʢʪʠʚʥʝ ʧʨʦʿʝʢʮʠʿʝ, 

ʯʠʤʝ ʩʝ ʟʘʥʝʤʘʨʫʿʝ ʤʝʭʘʥʠʯʢʘ ʧʨʠʨʦʜʘ ʩʘʤʦʛ ʫʨʝʹʘʿʘ ʠ ʣʠʤʠʪʠʨʘʥʘ ʪʘʯʥʦʩʪ 

ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ˁʝʛʦʚʠʭ ʜʝʣʦʚʘ ʫ ʧʨʦʩʪʦʨʫ; 

¶ ʟʘʭʪʝʚʘʿʫ ʥʠʟ ʨʝʩʪʨʠʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʘ ʪʦʢʦʤ ʘʢʚʠʟʠʮʠʿʝ ʩʣʠʢʘ, ʧʦʧʫʪ 

ʨʝʩʪʨʠʢʮʠʿʝ ʧʦʤʝʨʘˁʘ ʩʪʦʣʘ ʥʘ ʢʦʤʝ ʩʝ ʥʘʣʘʟʠ ʧʘʮʠʿʝʥʪ, ʠʣʠ ʩʫʛʝʩʪʠʿʝ 

ʧʘʮʠʿʝʥʪʫ ʜʘ ʟʘʜʨʞʘʚʘ ʜʘʭ ʪʦʢʦʤ ʩʥʠʤʘˁʘ ʢʘʢʦ ʙʠ ʩʝ ʥʝʫʪʨʘʣʠʩʘʦ ʝʬʝʢʘʪ 

ʜʠʩʘˁʘ ʥʘ ʬʦʨʤʠʨʘˁʝ ʩʣʠʢʝ ʂɸ; 

¶ ʟʘʭʪʝʚʘʿʫ ʢʘʣʠʙʨʘʮʠʿʫ ʫʨʝʹʘʿʘ ʜʦʜʘʪʥʦʤ ʥʝʩʪʘʥʜʘʨʜʥʦʤ ʦʧʨʝʤʦʤ, ʢʦʿʘ ʫʩʧʦʨʘʚʘ 

ʢʣʠʥʠʯʘʨʝ ʠʣʠ ʟʘʭʪʝʚʘ ʜʦʜʘʪʥʫ ʦʙʫʢʫ; 
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¶ ʦʛʨʘʥʠʯʝʥʝ ʩʫ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʩʘʤʦ ʿʝʜʥʝ ʙʠʬʫʨʢʘʮʠʿʝ, ʪʝ ʟʙʦʛ ʪʦʛʘ ʥʠʩʫ 

ʧʨʠʤʝʥˀʠʚʝ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʮʝʣʠʭ ʢʦʨʦʥʘʨʥʠʭ ʩʪʘʙʘʣʘ ʩʘʩʪʘʚˀʝʥʠʭ ʠʟ ʚʠʰʝ 

ʧʦʚʝʟʘʥʠʭ ʙʠʬʫʨʢʘʮʠʿʘ. 

ʇʦʨʝʜ ʪʦʛʘ, ʦʩʥʦʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ʿʝʩʪʝ ʰʪʦ ʥʝ ʦʤʦʛʫ˂ʘʚʘ 

ʫʚʠʜ ʫ ʧʨʦʛʨʝʩ ʙʦʣʝʩʪʠ ʫʥʫʪʘʨ ʩʘʤʦʛ ʟʠʜʘ ʂɸ ï ʚʝ˂ ʩʘʤʦ ʜʝʪʝʢʮʠʿʫ ʩʫʞʝˁʘ ʥʘ ʦʩʥʦʚʫ 

ʧʨʦʿʝʢʮʠʿʝ ʩʠʣʫʝʪʝ ʣʫʤʝʥʘ (ʜʦʤʝʥʘ ʢʨʦʟ ʢʦʿʠ ʧʨʦʪʠʯʝ ʢʨʚ). ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʢʦʨʠʰ˂ʝˁʝ 

ʩʘʤʦ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ʫ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʛʨʝʰʥʝ 

ʜʠʿʘʛʥʦʟʝ ʘʢʦ ʧʨʦʿʝʢʮʠʿʝ ʂɸ ʥʠʩʫ ʥʘʧʨʘʚˀʝʥʝ ʠʟ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʫʛʣʦʚʘ [8]. ʊʘʢʦʹʝ, 

ʧʦʿʝʜʠʥʝ ʤʝʪʦʜʝ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʝʢʦʥʩʪʨʢʮʠʿʫ ʂɸ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʫʧʨʦʰ˂ʘʚʘˁʝ 

ʛʝʦʤʝʪʨʠʿʝ ʂɸ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʩʘ ʢʨʫʛʦʚʠʤʘ ʠ ʝʣʠʧʩʘʤʘ. ʊʘʢʘʚ 

ʧʨʠʩʪʫʧ ʜʦʚʦʜʠ ʜʦ ʛʫʙʠʪʢʘ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʜ ʂɸ ʩʘ ʥʝʧʨʘʚʠʣʥʠʤ ʢʦʥʢʘʚʥʠʤ 

ʩʫʞʝˁʠʤʘ, ʥʘ ʧʨʠʤʝʨ ʫ ʟʦʥʘʤʘ ʂɸ ʩʘ ʧʣʘʢʦʤ ʫʥʫʪʘʨ ʟʠʜʘ. 

ʋ ʮʠˀʫ ʧʨʝʚʘʟʠʣʘʞʝˁʘ ʧʦʤʝʥʫʪʠʭ ʧʨʦʙʣʝʤʘ ʠ ʦʤʦʛʫ˂ʘʚʘˁʘ ʧʨʝʮʠʟʥʠʿʝʛ ʧʨʠʢʘʟʘ 

ʢʘʢʦ ʣʫʤʝʥʘ ʪʘʢʦ ʠ ʢʦʤʧʦʟʠʮʠʿʝ ʟʠʜʘ ʢʨʚʥʦʛ ʩʫʜʘ, ʨʘʟʚʠʿʝʥ ʿʝ ʤʦʜʘʣʠʪʝʪ ʧʦʜ ʥʘʟʠʚʦʤ 

ʠʥʪʨʘʚʘʩʢʫʣʘʨʥʠ ʫʣʪʨʘʟʚʫʢ (ʝʥʛʣ. IntraVascular UltraSound ï IVUS) [9]. ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

ʘʥʛʠʦʛʨʘʬʠʿʝ, IVUS ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʮʠʟʘʥ ʪʦʤʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʂɸ ï 

ʜʦʢ ʦʨʠʿʝʥʪʘʮʠʿʘ ʠ ʧʦʣʦʞʘʿ ʪʠʭ ʧʨʝʩʝʢʘ ʜʫʞ ʘʨʪʝʨʠʿʝ ʫ ʧʨʦʩʪʦʨʫ ʦʩʪʘʿʝ ʥʝʧʦʟʥʘʪ. 

ʇʦʰʪʦ ʩʫ ʘʥʛʠʦʛʨʘʬʠʿʘ ʠ IVUS ʜʚʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ʥʘʯʠʥʘ ʩʥʠʤʘˁʘ ʂɸ, ʫ ʧʦʩʣʝʜˁʝ 

ʚʨʝʤʝ ʧʦʿʘʚʠʦ ʩʝ ʪʨʝʥʜ ʨʘʟʚʦʿʘ ʤʝʪʦʜʘ ʟʘ ʨʝʢʦʥʩʪʫʢʮʠʿʫ ʟʠʜʘ ʂɸ ʬʫʟʠʿʦʤ ʪʘ ʜʚʘ 

ʤʦʜʘʣʠʪʝʪʘ. ʇʦʜ ʬʫʟʠʿʦʤ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʨʠʰ˂ʝˁʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ 

ʧʫʪʘˁʝ ʢʘʪʝʪʝʨʘ, ʜʫʞ ʢʦʛʘ ʿʝ ʚʨʰʝʥʘ ʘʢʚʠʟʠʮʠʿʘ IVUS ʩʥʠʤʘʢʘ. ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʠ ʂɸ ʧʦʩʝʙʥʦ ʿʝ ʧʦʛʦʜʘʥ ʟʘ ʧʦʪʨʝʙʝ ʥʫʤʝʨʠʯʢʠʭ ʩʠʤʫʣʘʮʠʿʘ, ʧʨʠ ʯʝʤʫ ʿʝ 

ʮʠˀ ʩʠʤʫʣʠʨʘˁʝ ʠ ʦʜʨʝʹʠʚʘˁʝ ʧʨʦʛʨʝʩʠʿʝ ʙʦʣʝʩʪʠ ʂɸ. ɼʘ ʙʠ ʩʝ ʪʦ ʧʦʩʪʠʛʣʦ, ʤʦʨʘ ʩʝ 

ʨʝʰʠʪʠ ʧʨʦʙʣʝʤ ʫʧʘʨʠʚʘˁʘ ʠ ʧʦʨʝʹʝˁʘ ʩʥʠʤʘʢʘ ʥʘʩʪʘʣʠʭ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʠʥʪʝʨʚʘʣʠʤʘ (ʦʙʠʯʥʦ ʫ ʨʘʟʤʘʢʫ ʦʜ ʥʝʢʦʣʠʢʦ ʤʝʩʝʮʠ ʜʦ ʚʠʰʝ ʛʦʜʠʥʘ). 

ʅʘʢʦʥ ʚʠʟʫʝʣʠʟʘʮʠʿʝ ʠ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʘ ʦʙʦʣʝʣʝ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ, ʪʨʝʪʤʘʥ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʚʨʰʠ ʧʦʤʦ˂ʫ ʩʪʝʥʪoʚʘ ï ʞʠʯʘʥʠʭ ʫʨʝʹʘʿʘ ʢʦʿʠ ʩʝ ʫʛʨʘʹʫʿʫ ʥʘ ʤʝʩʪʫ ʩʫʞʝˁʘ ʫ 

ʮʠˀʫ ʨʝʚʠʪʘʣʠʟʘʮʠʿʝ ʧʨʦʪʦʢʘ ʢʨʚʠ [10]. ʄʦʜʝʨʥʘ ʧʨʦʮʝʜʫʨʘ ʫʛʨʘʜˁʝ ʩʪʝʥʪʘ ʩʝ ʟʘʩʥʠʚʘ 

ʥʘ ʧʦʟʠʮʠʦʥʠʨʘˁʫ ʩʪʝʥʪʘ ʧʦʤʦ˂ʫ ʢʘʪʝʪʝʨʘ ʠ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ 

ʚʨʰʠ ʰʠʨʝˁʝ ʩʪʝʥʪʘ ï ʪʿ. ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ [11]. ʇʦʨʝʜ ʤʥʦʛʦ ʠʥʦʚʘʮʠʿʘ ʠ ʧʨʦʛʨʝʩʘ ʫ 

ʨʘʟʚʦʿʫ ʢʦʨʦʥʘʨʥʠʭ ʩʪʝʥʪʦʚʘ ʪʦʢʦʤ ʧʦʩʣʝʜˁʝ ʜʚʝ ʜʝʮʝʥʠʿʝ, ʧʨʦʙʣʝʤʠ ʚʘʣʠʜʘʮʠʿʝ 

ʜʠʟʘʿʥʘ ʢʘʦ ʠ ʧʨʝʜʠʢʮʠʿʝ ʨʠʟʠʢʘ ʦʜ ʧʦʿʘʚʝ ʨʝʩʪʝʥʦʟʝ, ʧʦʚʨʝʜʘ ʟʠʜʘ ʂɸ, ʣʦʤʘ ʠ ʟʘʤʦʨʘ 

ʩʪʝʥʪʘ ʦʩʪʘʿʫ ʥʝʨʘʟʿʘʰˁʝʥʠ ʜʦ ʢʨʘʿʘ [12, 13]. ʇʦʰʪʦ ʩʫ ʪʠʧʠʯʥʝ ʜʠʤʝʥʟʠʿʝ ʢʦʨʦʥʘʨʥʠʭ 

ʩʪʝʥʪʦʚʘ 2-4mm ʫ ʧʨʝʯʥʠʢʫ ʠ 5-15mm ʧʦ ʜʫʞʠʥʠ, ʤʝʭʘʥʠʯʢʘ ʘʥʘʣʠʟʘ ʪʘʢʦ 

ʤʠʥʠʿʘʪʫʨʥʠʭ ʫʨʝʹʘʿʘ ʠ ʜʫʛʦʨʦʯʥʠʭ ʜʦʛʘʹʘʿʘ ʫ ʨʝʘʣʥʠʤ in-vivo ʫʩʣʦʚʠʤʘ ʿʝ ʧʨʘʢʪʠʯʥʦ 

ʥʝʠʟʚʦʜˀʠʚʘ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʜʦʩʪʘ ʩʪʫʜʠʿʘ ʬʦʢʫʩʠʨʘʥʠʭ ʥʘ ʥʫʤʝʨʠʯʢʦʤ 

ʤʦʜʝʣʠʨʘˁʫ ʢʦʨʦʥʘʨʥʠʭ ʩʪʝʥʪʦʚʘ [14]. ʄʝʹʫʪʠʤ, ʛʣʘʚʥʘ ʧʨʝʧʨʝʢʘ ʟʘ ʜʘˀʠ ʨʘʟʚʦʿ ʠ 
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ʧʨʠʤʝʥʫ ʤʝʪʦʜʘ ʟʘ ʩʠʤʫʣʠʨʘˁʝ ʢʦʨʦʥʘʨʥʠʭ ʩʪʝʥʪʦʚʘ ʫ ʫʩʣʦʚʠʤʘ ʩʧʝʮʠʬʠʯʥʠʤ ʟʘ 

ʧʘʮʠʿʝʥʪʘ ʿʝʩʪʝ ʫʨʘʯʫʥʘʚʘˁʝ ʠ ʨʝʧʨʦʜʫʢʮʠʿʘ ʢʦʤʧʣʝʢʩʥʠʭ ʬʠʟʠʦʣʦʰʢʠʭ ʫʩʣʦʚʘ ʢʦʿʠ ʩʝ 

ʿʘʚˀʘʿʫ ʫʥʫʪʘʨ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ ʯʦʚʝʢʘ. 

ʇʦʣʘʟʝ˂ʠ ʦʜ ʥʘʚʝʜʝʥʠʭ ʯʠˁʝʥʠʮʘ, ʧʨʝʜʤʝʪ ʨʘʜʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʚʦʿ 

ʢʦʤʧʿʫʪʝʨʩʢʠʭ ʤʝʪʦʜʘ ʟʘ ʧʦʪʨʝʙʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ ʠʟ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʩʥʠʤʘʢʘ. ʇʦʨʝʜ ʪʦʛʘ ʰʪʦ ˂ʝ ʙʠʪʠ ʫʥʘʧʨʝʹʝʥʝ 

ʪʨʝʥʫʪʥʝ ʪʝʭʥʠʢʝ ʚʠʟʫʝʣʠʟʘʮʠʿʝ ʂɸ, ʘʢʮʝʥʘʪ ˂ʝ ʙʠʪʠ ʠ ʥʘ ʧʨʠʤʝʥʠ ï ʦʜʥʦʩʥʦ ʫʧʦʪʨʝʙʠ 

ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ (ʛʝʦʤʝʪʨʠʿʝ) ʟʘ ʥʫʤʝʨʠʯʢʫ ʘʥʘʣʠʟʫ ʂɸ. ʇʦʜ 

ʥʫʤʝʨʠʯʢʦʤ ʘʥʘʣʠʟʦʤ ʂɸ ʤʠʩʣʠ ʩʝ ʥʘ ʧʨʦʨʘʯʫʥ ʬʠʟʠʯʢʠʭ ʚʝʣʠʯʠʥʘ ʂɸ (ʙʨʟʠʥʝ, 

ʧʨʦʪʦʮʠ, ʥʘʧʦʥʠ ʫ ʟʠʜʫ, ʧʨʠʪʠʩʘʢ, ʪʨʘʥʩʬʝʨ-ʜʠʬʫʟʠʿʘ ʯʝʩʪʠʮʘ ʠʟ ʢʨʚʠ ʫ ʟʠʜ). ʊʘʢʦʹʝ, ʫ 

ʦʢʚʠʨʫ ʜʠʩʝʨʪʘʮʠʿʝ ʨʘʟʤʘʪʨʘʥʦ ʿʝ ʨʘʜʠʿʘʣʥʦ ʧʫʣʩʘʪʦʨʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʩʪʝʥʪʘ ʥʘ ʢʦʤʝ ʩʫ 

ʦʙʿʘʰˁʝʥʝ ʠ ʜʝʤʦʥʩʪʨʠʨʘʥʝ ʤʝʪʦʜʝ ʟʘ ʘʥʘʣʠʟʫ ʣʦʤʘ ʠ ʟʘʤʦʨʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʝʥʪʘ. 

ʇʦʨʝʜ ʪʦʛʘ, ʧʨʝʜʤʝʪ ʨʘʜʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ ʤʝʪʦʜʝ ʟʘ ʩʠʤʫʣʠʨʘˁʝ ʧʦʥʘʰʘˁʘ 

(ʩʘʚʠʿʘˁʘ) ʩʪʝʥʪʘ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʢʦʿʝ ʟʘ ʮʠˀ ʠʤʘʿʫ ʧʨʠʤʝʥʫ ʨʘʟʚʠʿʝʥʠʭ ʤʝʪʦʜʘ ʟʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʟʘ ʧʦʪʨʝʙʝ ʥʫʤʝʨʠʯʢʝ ʘʥʘʣʠʟʝ ʢʦʨʦʥʘʨʥʠʭ ʩʪʝʥʪʦʚʘ. 
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1.2. ʅʘʫʯʥʠ ʮʠˀ ʨʘʜʘ 

ʎʠˀ ʪʝʟʝ ʿʝ ʜʘ ʩʝ ʠʩʪʨʘʞʠʚˁʠʤʘ ʠ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʨʘʯʫʥʩʢʝ 

ʤʝʭʘʥʠʢʝ, ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʛʝʦʤʝʪʨʠʿʝ, ʦʙʨʘʜʝ ʩʣʠʢʘ ʠ ʩʠʛʥʘʣʘ, ʠʥʞʝˁʝʨʩʢʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ, ʤʝʭʘʥʠʢʝ ʣʦʤʘ ʠ ʟʘʤʦʨʘ ʤʘʪʝʨʠʿʘʣʘ ʫʥʘʧʨʝʜʝ ʧʦʩʪʦʿʝ˂ʝ ʠʣʠ ʨʘʟʚʠʿʫ ʥʦʚʝ 

ʤʝʪʦʜʝ ʟʘ: 

ʈʝʢʦʥʩʪʨʫʢʮʠʿʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʤʦʜʝʣʘ ʂɸ ʠʟ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ 

ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ. ɸʢʮʝʥʘʪ ʿʝ ʥʘ ʨʘʟʚʦʿʫ ʤʝʪʦʜʝ ʢʦʿʘ ʥʝ ʟʘʭʪʝʚʘ ʙʠʣʦ ʢʘʢʘʚ 

ʦʙʣʠʢ ʨʝʩʪʨʠʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʘ ʧʨʠʣʠʢʦʤ ʘʢʚʠʟʠʮʠʿʝ ʠʣʠ ʧʨʠʤʝʥʫ ʜʦʜʘʪʥʝ 

ʥʝʩʪʘʥʜʘʨʜʥʝ ʦʧʨʝʤʝ ʢʦʿʘ ʤʦʞʝ ʦʤʝʪʘʪʠ ʠʣʠ ʫʩʧʦʨʠʪʠ ʢʦʨʠʩʥʠʢʘ. ɸʫʪʦʤʘʪʠʟʦʚʘʥʘ 

ʢʘʣʠʙʨʘʮʠʿʘ ʿʝ ʙʘʟʠʨʘʥʘ ʥʘ ʥʦʚʦʿ ʨʦʙʫʩʥʠʿʦʿ ʤʘʪʝʤʘʪʠʯʢʦʿ ʬʦʨʤʫʣʘʮʠʿʠ ʧʨʦʮʝʩʘ 

ʬʦʨʤʠʨʘˁʘ ʧʨʦʿʝʢʮʠʿʘ-ʩʣʠʢʘ. ʇʨʠʤʝʥʦʤ ʪʝ ʬʦʨʤʫʣʘʮʠʿʝ ʤʦʞʝ ʩʝ ʥʫʤʝʨʠʯʢʠ ʠʟʨʘʟʠʪʠ 

ʛʨʝʰʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʤʦʛʫ˂ʝ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʝʣʠʤʠʥʠʩʘʪʠ ʛʨʝʰʢʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠʣʠ ʠʭ ʩʚʝʩʪʠ ʥʘ ʤʠʥʠʤʫʤ. ʂʦʨʠʩʪʝ˂ʠ ʚʠʰʝ ʧʨʦʿʝʢʮʠʿʘ, ʤʦʛʫ˂ʝ ʿʝ 

ʨʝʢʦʥʩʪʨʫʠʩʘʪʠ ʨʝʘʣʥʫ ʛʝʦʤʝʪʨʠʿʫ ʙʝʟ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʂɸ 

ʢʨʫʛʦʚʠʤʘ ʠʣʠ ʝʣʠʧʩʘʤʘ. ʊʦ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʧʦʣʠʛʦʥʘʣʥʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʿʦʤ 

ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʠʟ ʘʥʛʠʦʛʨʘʬʠʿʝ ʠʣʠ ʬʫʟʠʿʦʤ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ʩʘ IVUS 

ʩʥʠʤʮʠʤʘ. 

ɻʝʥʝʨʠʩʘˁʝ ʤʨʝʞʝ ʢʦʥʘʯʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʟʘʜʘʚʘˁʝ ʛʨʘʥʠʯʥʠʭ ʫʩʣʦʚʘ. ɸʢʮʝʥʘʪ 

ʿʝ ʥʘ ʨʘʟʚʦʿʫ ʤʝʪʦʜʝ ʢʦʿʘ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʣʘʢʰʫ ʢʦʥʝʢʮʠʿʫ ʠʟʤʝʹʫ ʢʦʤʧʿʫʪʝʨʩʢʠ 

ʧʦʜʨʞʘʥʦʛ ʜʠʟʘʿʥʘ (ʝʥʛʣ. Computer Aided Desing) ʯʠʿʠ ʿʝ ʩʪʘʥʜʘʨʜ ʟʘ ʦʧʠʩʠʚʘˁʝ 

ʧʦʚʨʰʠʥʘ NURBS (ʝʥʛʣ. Non Uniform Rational B-Splines) ʩʘ ʥʫʤʝʨʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʢʦʿʝ 

ʩʫ ʥʘʿʝʬʠʢʘʩʥʠʿʝ ʘʢʦ ʩʝ ʟʘ ʜʠʩʢʨʝʪʠʟʘʮʠʿʫ ʢʦʨʠʩʪʝ ʩʪʨʫʢʪʫʨʥʠ ʢʚʘʜʨʠʣʘʪʝʨʠʘʣʥʠ ʠ 

ʭʝʢʩʘʝʜʘʨʩʢʠ ʝʣʝʤʝʥʪʠ. ɸʫʪʦʤʘʪʩʢʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʜʠʢʩʨʝʪʠʟʘʮʠʿʦʤ ʜʦʙʠʿʝʥʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʫʥʘʧʨʝʜʠʣʝ ʙʠ ʩʝ ʪʨʝʥʫʪʥʝ ʤʝʪʦʜʝ ʟʘ: 

¶ ʉʠʤʫʣʠʨʘˁʝ ʩʪʨʫʿʘˁʘ ʢʨʚʠ ʢʨʦʟ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʪʦʜʝ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. ɼʦʙʠʿʝʥʝ ʨʝʟʫʣʪʘʪʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ 

ʤʦʛʫ˂ʝ ʿʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʜʦʤʝʥʘ ʬʠʟʠʯʢʠʭ ʚʝʣʠʯʠʥʘ ʢʦʿʝ ʦʧʠʩʫʿʫ 

ʩʪʨʫʿʘˁʝ ʢʨʚʠ (ʙʨʟʠʥʝ, ʧʨʦʪʦʮʠ, ʩʤʠʯʫ˂ʠ ʥʘʧʦʥʠ ʠ ʥʘʧʦʥʠ ʫ ʟʠʜʫ) ʠ ʪʘʢʦ 

ʧʨʝʜʚʠʜʝʪʠ ʨʠʟʠʯʥʘ ʤʝʩʪʘ ʟʘ ʨʘʟʚʦʿ ʠ ʧʨʦʛʨʝʩʠʿʫ ʙʦʣʝʩʪʠ; 

¶ ʉʪʨʫʢʪʫʨʥʫ ʘʥʘʣʠʟʫ ʤʝʭʘʥʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʩʪʝʥʪʘ ʥʘ ʟʘʤʦʨ ʟʘ ʧʨʝʜʚʠʹʝʥʠ 

ʧʝʨʠʦʜ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʇʨʠʤʝʥʦʤ ʛʨʘʥʠʯʥʠʭ ʫʩʣʦʚʘ ʜʦʙʠʿʝʥʠʭ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʿʦʤ ʠ FtF (ʝʥʛʣ. Fatigue to Fracture) ʧʨʠʩʪʫʧʘ 

ʤʦʛʫ˂ʝ ʿʝ ʧʨʝʮʠʟʥʠʿʝ ʧʨʝʜʚʠʜʝʪʠ ʚʝʢ ʪʨʘʿʘˁʘ ʫʛʨʘʹʝʥʦʛ ʩʪʝʥʪʘ ʠʟʣʦʞʝʥʦʛ 

ʩʣʦʞʝʥʦʤ ʮʠʢʣʠʯʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ. ʊʠʤʝ ʙʠ ʩʝ ʫʥʘʧʨʝʜʠʣʝ ʪʨʝʥʫʪʥʝ ʤʝʪʦʜʝ 

ʦʧʪʠʤʘʣʥʦʛ ʠʟʙʦʨʘ ʩʪʝʥʪʘ ʠ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʟʘ ʜʘʪʦʛ ʧʘʮʠʿʝʥʪʘ. 
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1.3. ʇʨʝʛʣʝʜ ʩʘʜʨʞʘʿʘ ʠ ʦʨʛʘʥʠʟʘʮʠʿʘ ʜʠʩʝʨʪʘʮʠʿʝ 

ɼʠʩʝʨʪʘʮʠʿʘ ʩʘʜʨʞʠ ʫʢʫʧʥʦ ʩʝʜʘʤ ʧʦʛʣʘʚˀʘ. ʋʢʨʘʪʢʦ, ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ 

ʫʚʦʜʥʦʛ ʜʝʣʘ ʫ ʢʦʤʝ ʩʫ ʦʙʿʘʰˁʝʥʠ ʦʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʠ ʧʨʝʪʧʦʩʪʘʚʢʝ ʫ ʚʝʟʠ ʩʘ 

ʢʦʨʦʥʘʨʥʠʤ ʘʨʪʝʨʠʿʘʤʘ (ʇʦʛʣʘʚˀʝ 2), ʦʧʠʩʘ ʨʘʟʚʠʿʝʥʠʭ ʤʝʪʦʜʘ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ 

ʪʦʢʦʤ ʠʟʨʘʜʝ ʜʠʩʝʨʪʘʮʠʿʝ (ʇʦʛʣʘʚˀʝ 3, 4 ʠ 5) ʠ ʥʘ ʢʨʘʿʫ ʟʘʢˀʫʯʥʠʭ ʨʘʟʤʘʪʨʘˁʘ 

(ʇʦʛʣʘʚˀʝ 6). ʆʨʛʘʥʠʟʘʮʠʿʘ ʧʦʛʣʘʚˀʘ ʿʝ ʥʘʧʨʘʚˀʝʥʘ ʥʘ ʦʩʥʦʚʫ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʫ 

ʨʘʟʤʘʪʨʘʥʠ ʫ ʦʢʚʠʨʫ ˁʠʭ. ʇʦʛʣʘʚˀʘ 3, 4 ʠ 5 ʧʦʯʠˁʫ ʦʧʠʩʦʤ ʤʦʜʘʣʠʪʝʪʘ ʠ ʧʨʦʮʝʜʫʨʘ 

ʢʦʝʿ ʩʝ ʫ ʦʢʚʠʨʫ ˁʠʭ ʨʘʟʤʘʪʨʘʿʫ; ʟʘʪʠʤ ʩʫ ʠʟʣʦʞʝʥʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʠ ʥʘ ʢʨʘʿʫ ʿʝ 

ʠʟʚʨʰʝʥʘ ʚʘʣʠʜʘʮʠʿʘ ʠ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ. ɼʠʩʝʨʪʘʮʠʿʘ ʿʝ ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʘ 

ʦʧʠʩʘʥʠ ʥʘʯʠʥ ʿʝʨ ʩʫ ʥʝʟʘʚʠʩʥʦ ʨʘʟʤʘʪʨʘʥʘ ʪʨʠ ʧʦʚʝʟʘʥʘ ʧʨʦʙʣʝʤʘ (ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ 

ʂɸ, ʤʦʜʝʣʠʨʘˁʝ ʭʝʤʦʜʠʥʘʤʠʢʝ ʂɸ ʠ ʧʨʦʮʝʥʘ ʠʥʪʝʛʨʠʪʝʪʘ ʢʦʨʦʥʘʨʥʠʭ ʩʪʝʥʪʦʚʘ). ʋ 

ʥʘʩʪʘʚʢʫ ʪʝʢʩʪʘ ʜʘʪ ʿʝ ʢʨʘʪʘʢ ʧʨʝʛʣʝʜ ʩʘʜʨʞʘʿʘ ʧʦʤʝʥʫʪʠʭ ʧʦʛʣʘʚˀʘ. 

ʇʦʛʣʘʚˀʝ 2 ʦʧʠʩʫʿʝ ʧʦʿʤʦʚʝ ʚʝʟʘʥʝ ʟʘ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ, ʢʦʿʠ ʩʝ ʯʝʰ˂ʝ ʩʨʝ˂ʫ ʫ 

ʤʝʜʠʮʠʥʠ ʘ ʢʦʿʠ ʩʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʨʘʟʤʘʪʨʘʿʫ ʩʘ ʠʥʞʝˁʝʨʩʢʦʛ ʘʩʧʝʢʪʘ. ʋ ʦʚʦʤ 

ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʰʠʨʘ ʩʣʠʢʘ ʧʨʦʙʣʝʤʘ ʠ ʥʘʚʝʜʝʥʝ ʩʫ ʦʩʥʦʚʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʠ 

ʩʠʤʧʣʠʬʠʢʘʮʠʿʝ ʢʦʿʝ ʩʝ ʤʦʨʘʿʫ ʥʘʧʨʘʚʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʩʣʦʞʝʥʠ ʙʠʦʣʦʰʢʠ ʩʠʩʪʝʤʠ ʤʦʛʣʠ 

ʤʦʜʝʣʠʨʘʪʠ ʠ ʘʥʘʣʠʟʠʨʘʪʠ ʧʨʠʤʝʥʦʤ ʥʫʤʝʨʠʯʢʠʭ ʤʝʪʦʜʘ (ʙʝʟ ʫʣʘʞʝˁʘ ʫ ʤʝʜʠʮʠʥʩʢʝ, 

ʭʝʤʠʿʩʢʝ ʠ ʙʠʦʣʦʰʢʝ ʘʩʧʝʢʪʝ ʧʨʦʙʣʝʤʘ). 

ʇʦʛʣʘʚˀʝ 3 ʿʝ ʬʦʢʫʩʠʨʘʥʦ ʥʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʢʦʨʦʥʘʨʥʠʭ 

ʘʨʪʝʨʠʿʘ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ-ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʧʨʦʿʝʢʮʠʿʘ. ʇʦʛʣʘʚˀʝ ʧʦʯʠˁʝ 

ʦʧʠʩʦʤ ʧʨʠʥʮʠʧʘ ʛʝʥʝʨʠʩʘˁʘ ʩʣʠʢʘ ʠ ʨʘʜʘ ʫʨʝʹʘʿʘ ʢʦʿʠʤ ʩʝ ʩʣʠʢʝ ʛʝʥʝʨʠʰʫ, ʥʘʢʦʥ ʯʝʛʘ 

ʿʝ ʜʘʪ ʜʝʪʘˀʥʠ ʦʧʠʩ ʧʨʝʪʭʦʜʥʠʭ ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʫ ʩʝ ʙʘʚʠʣʝ ʜʘʪʦʤ ʧʨʦʙʣʝʤʘʪʠʢʦʤ. ɿʘʪʠʤ 

ʩʫ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ, ʥʘʢʦʥ ʯʝʛʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ˁʠʭʦʚʘ ʚʘʣʠʜʘʮʠʿʘ ʠ 

ʦʙʿʘʰˁʝʥʦ ʰʪʘ ʿʝ ˁʠʭʦʚ ʜʦʧʨʠʥʦʩ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʦ ʢʦʨʠʰ˂ʝʥʝ ʤʝʪʦʜʝ. 

ʇʦʛʣʘʚˀʝ 4 ʩʝ ʙʘʚʠ ʬʫʟʠʿʦʤ ʤʝʪʦʜʘ ʠʟ ʪʨʝ˂ʝʛ ʧʦʛʣʘʚˀʘ ʠ ʤʝʪʦʜʘ ʟʘ ʦʙʨʘʜʫ ʠ 

ʘʥʘʣʠʟʫ IVUS ʩʣʠʢʘ (ʫʟʦʨʢʦʚʘˁʝ, ʩʝʛʤʝʥʪʘʮʠʿʘ) ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ, ʢʘʦ ʠ ʧʨʠʤʝʥʦʤ ʜʦʙʠʿʝʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʟʘ ʥʫʤʝʨʠʯʢʦ 

ʤʦʜʝʣʠʨʘˁʝ ʨʝʩʪʝʥʦʟʝ ï ʪʿ. ʫʪʠʮʘʿʘ ʩʪʨʫʘʿˁʘ ʢʨʚʠ ʥʘ ʨʘʟʚʦʿ ʙʦʣʝʩʪʠ ʂɸ ʩʘ ʫʛʨʘʹʝʥʠʤ 

ʩʪʝʥʪʦʤ. 

ʇʦʛʣʘʚˀʝ 5 ʩʝ ʙʘʚʠ ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʦʤ ʤʝʭʘʥʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʩʪʝʥʪʘ ʥʘ ʟʘʤʦʨ 

ʟʘ ʧʨʝʜʚʠʹʝʥʠ ʧʝʨʠʦʜ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʧʨʠʤʝʥʦʤ FtF (ʝʥʛʣ. Fatigue to Fracture) ʧʨʠʩʪʫʧʘ 

ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʠ ʫʩʣʦʚʠʤʘ ʧʨʦʧʠʩʘʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʪʘʥʜʘʨʜʠʤʘ. 

ʋ ʧʦʛʣʘʚˀʫ 6 ʩʫ ʜʘʪʘ ʟʘʢˀʫʯʥʘ ʨʘʟʤʘʪʨʘˁʘ ʢʘʦ ʠ ʩʤʝʨʥʠʮʝ ʟʘ ʙʫʜʫ˂ʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʧʦʯʝʚʰʠ ʦʜ ʨʝʟʫʣʪʘʪʘ ʠʟʣʦʞʝʥʠʭ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. 

ʋ ʧʦʛʣʘʚˀʫ 7 ʜʘʪʘ ʿʝ ʣʠʩʪʘ ʨʝʬʝʨʝʥʮʠ ʢʦʨʠʰ˂ʝʥʠʭ ʪʦʢʦʤ ʠʟʨʘʜʝ ʜʠʩʝʨʪʘʮʠʿʝ. 
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1.3.1 ʇʨʝʛʣʝʜ ʤʝʪʦʜʘ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʪʦʢʦʤ ʠʩʪʨʘʞʠʚʘˁʘ 

ɿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʨʘʟʣʠʯʠʪʝ 

ʤʝʪʦʜʝ ʠʟ ʦʙʣʘʩʪʠ ʜʠʩʢʨʝʪʥʝ ʠ ʥʫʤʝʨʠʯʢʝ ʘʥʘʣʠʟʝ, ʢʦʤʧʿʫʪʝʨʩʢʦʛ ʤʦʜʝʣʠʨʘˁʘ ʠ 

ʛʝʦʤʝʪʨʠʿʝ, ʦʙʨʘʜʝ ʩʠʛʥʘʣʘ ʠ ʩʣʠʢʘ, ʠʥʞʝˁʝʨʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʢʘʦ ʠ ʤʝʭʘʥʠʢʝ ʣʦʤʘ ʠ 

ʟʘʤʦʨʘ ʤʘʪʝʨʠʿʘʣʘ. ʂʦʨʠʰ˂ʝʥʝ ʤʝʪʦʜʝ ʤʦʛʫ ʩʝ ʛʨʫʧʠʩʘʪʠ ʧʨʝʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ 

ʬʘʟʘʤʘ ʨʝʘʣʠʟʘʮʠʿʝ ʫ ʢʦʿʠʤʘ ʩʫ ʢʦʨʠʰ˂ʝʥʝ: 

¶ ʇʨʚʠ ʢʦʨʘʢ ʦʜʥʦʩʠ ʩʝ ʥʘ ʨʘʟʚʦʿ ʥʦʚʝ ʤʝʪʦʜʝ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʬʫʟʠʿʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʦʩʪʦʨʥʦ ʦʨʿʝʥʪʠʩʘʥʝ ʮʝʥʪʨʘʣʥʝ 

ʣʠʥʠʿʝ ʠ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʘʥʛʠʦʛʨʘʬʩʢʠʭ 

ʠʣʠ IVUS ʩʥʠʤʘʢʘ. ʋ ʪʝ ʩʚʨʭʝ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʠʟ ʦʙʣʘʩʪʠ: 

ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ, ʜʠʩʢʨʝʪʥʝ ʠ ʢʦʤʧʿʫʪʝʨʩʢʝ ʛʝʦʤʝʪʨʠʿʝ (ʧʨʦʿʝʢʪʠʚʥʘ ʛʝʦʤʝʪʨʠʿʘ, 

ʝʧʠʧʦʣʘʨʥʘ ʛʝʦʤʝʪʨʠʿʘ, ʌʨʝʥʝʪ-ʉʝʨʝʪ-ʦʚʝ (ʝʥʛʣ. Frenet-Serret) ʬʦʨʤʫʣʝ, 

ʨʘʮʠʦʥʘʣʥʝ ʧʘʨʘʤʝʪʘʨʩʢʝ ʣʠʥʠʿʝ ʠ ʧʦʚʨʰʠʥʝ (ʝʥʛʣ. Non Uniform Rational B-

Splines ï NURBS), ʧʨʦʮʝʩʠʨʘˁʘ ʩʠʛʥʘʣʘ ʠ ʧʘʨʮʠʿʘʣʥʦʛ ʧʨʝʢʣʘʧʘˁʘ ʧʦʜʘʪʘʢʘ 

(ʝʥʛʣ. Optimal Subsequence Bijection ï OSB), ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ ʦʙʨʘʜʝ ʩʠʛʥʘʣʘ 

(ʬʠʣʪʝʨ ʧʨʦʧʫʩʥʠʭ ʦʧʩʝʛʘ, ʌʫʨʠʿʝʦʚʠ ʨʝʜʦʚʠ, ʫʢʣʘˁʘˁʝ ʰʫʤʦʚʘ ʠ ʜʝʪʝʢʮʠʿʘ 

ʧʨʝʚʦʿʥʠʭ ʪʘʯʢʠ) ʠ ɻʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʤʠ ʫ ʦʢʚʠʨʫ ʠʥʞʝˁʝʨʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ; 

¶ ɼʨʫʛʠ ʜʝʦ ʩʝ ʦʜʥʦʩʠ ʥʘ ʨʘʟʚʦʿ ʤʝʪʦʜʝ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʤʨʝʞʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʟʘ ʩʣʦʞʝʥʠ ʧʨʦʪʦʯʥʠ ʧʨʦʩʪʦʨ ʩʘ ʙʠʬʫʨʢʘʮʠʿʘʤʘ. ʈʝʘʣʥʘ ʛʝʦʤʝʪʨʠʿʘ ʂɸ ʩʘ 

ʙʠʬʫʨʢʘʮʠʿʘʤʘ ʜʦʙʠʿʝʥʘ ʿʝ ʥʦʚʦʤ ʧʦʣʠʛʦʥʘʣʥʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʿʦʤ ʧʦʧʨʝʯʥʠʭ 

ʧʨʝʩʝʢʘ ʂɸ ʠʟ ʘʥʛʠʦʛʨʘʬʠʿʝ ʠʣʠ ʬʫʟʠʿʦʤ ʘʥʛʠʦʛʨʘʬʠʿʝ ʩʘ IVUS-ʦʤ. ʎʠˀ ʨʘʟʚʦʿʘ 

ʤʝʪʦʜʝ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʤʨʝʞʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʙʠʦ ʿʝ ʫʧʨʦʰ˂ʘʚʘˁʝ 

ʛʝʥʝʨʠʩʘˁʘ ʤʨʝʞʝ ʟʘ ʩʣʦʞʝʥʘ ʢʦʨʦʥʘʨʥʘ ʩʪʘʙʣʘ ʩʘ ʙʠʬʫʨʢʘʮʠʿʘʤʘ ʥʘ 

ʠʥʪʝʛʨʘʣʥʦ ʛʝʥʝʨʠʩʘˁʝ ʤʨʝʞʝ ʧʦʚʝʟʘʥʠʭ ʛʨʘʥʘ; 

¶ ʊʨʝ˂ʠ ʜʝʦ ʩʝ ʦʜʥʦʩʠ ʥʘ ʜʝʬʠʥʠʩʘˁʝ ʮʠʢʣʠʯʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʪʿ. ʮʠʢʣʠʯʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʫʩʣʦʚʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ (ʰʠʨʝˁʘ ʠ ʩʘʚʠʿʘˁʘ) ʩʪʝʥʪʘ, ʘ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ 

ʥʘ ʦʩʥʦʚʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ. ʋ ʪʝ 

ʩʚʨʭʝ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʤʝʪʦʜʝ ʠʟ ʪʝʦʨʠʿʝ ʟʘʤʦʨʘ ʤʘʪʝʨʠʿʘʣʘ, ʪʿ., ʥʘʧʦʥʩʢʠ 

ʟʘʩʥʦʚʘʥʘ ʧʨʦʮʝʥʘ ʟʘʤʦʨʘ, ʢʘʦ ʠ ʧʨʦʮʝʥʘ ʧʨʝʦʩʪʘʣʦʛ ʚʝʢʘ ʩʪʝʥʪʘ ʧʨʠʤʝʥʦʤ 

ʪʝʦʨʠʿʝ ʤʝʭʘʥʠʢʝ ʣʦʤʘ (ʧʦʿʘʚʘ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ ʧʨʩʣʠʥʝ ʠ ˁʝʥʦ ʧʨʦʛʨʝʩʠʚʥʦ 

ʰʠʨʝˁʝ ʫʩʣʝʜ ʟʘʤʦʨʥʦʛ ʬʠʟʠʦʣʦʰʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ). ʇʨʦʮʝʥʘ ʠʥʪʝʛʨʠʪʝʪʘ ʩʪʝʥʪʘ 

ʥʘ ʟʘʤʦʨ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ FtF (ʝʥʛʣ. Fatigue to fracture) ʧʨʠʩʪʫʧʫ ʠ ʧʦʜʨʘʟʫʤʝʚʘ 

ʥʝʢʦʣʠʢʦ ʬʘʟʘ: ʜʝʬʠʥʠʩʘˁʝ ʬʘʢʪʦʨʘ ʟʘʤʦʨʘ ʩʪʨʫʢʪʫʨʝ ʧʨʠʤʝʥʦʤ ʥʘʧʦʥʩʢʠ 

ʟʘʩʥʦʚʘʥʝ ʪʝʦʨʠʿʝ ʟʘʤʦʨʘ, ʧʨʦʮʝʥʘ ʩʠʛʫʨʥʦʛ ʨʘʜʘ ʩʪʨʫʢʪʫʨʝ ʧʨʠ ʘʢʫʤʫʣʘʮʠʿʠ 

ʦʰʪʝ˂ʝˁʘ, ʧʨʦʮʝʥʘ ʧʨʝʦʩʪʘʣʦʛ ʚʝʢʘ ʫʩʣʝʜ ʟʘʤʦʨʘ ʧʨʠ ʧʨʦʛʨʝʩʠʚʥʦʤ ʰʠʨʝˁʫ 

ʧʨʩʣʠʥʝ. ʇʨʦʮʝʥʘ ʩʠʛʫʨʥʦʛ ʨʘʜʘ ʩʪʨʫʢʪʫʨʝ ʠʟʣʦʞʝʥʝ ʮʠʢʣʠʯʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ 
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ʟʘʩʥʦʚʘʥʘ ʿʝ ʥʘ ʧʨʠʤʝʥʠ Kitagawa-ʜʠʿʘʛʨʘʤʘ ʠ ʧʦʜʨʘʟʫʤʝʚʘ ʜʝʬʠʥʠʩʘˁʝ: 

ʨʝʛʠʦʥʘ ʩʠʛʫʨʥʦʛ ʨʘʜʘ, ʟʦʥʝ ʩʪʘʙʠʣʥʦʛ ʨʘʩʪʘ ʠ ʟʦʥʝ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʛ ʨʘʩʪʘ 

ʧʨʩʣʠʥʝ. ʇʨʠʤʝʥʦʤ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʩʧʨʝʞʝ ʩʝ ʪʝʦʨʠʿʘ ʟʘʤʦʨʘ, ʪʝʦʨʠʿʘ ʤʝʭʘʥʠʢʝ 

ʣʦʤʘ ʢʘʦ ʠ ʪʝʦʨʠʿʫ ʤʘʣʠʭ ʧʨʩʣʠʥʘ; 

¶ ʏʝʪʚʨʪʠ ʜʝʦ ʧʨʝʜʩʪʘʚˀʘ ʚʘʣʠʜʘʮʠʿʫ ʨʘʟʚʠʿʝʥʠʭ ʤʝʪʦʜʘ. ɿʘ ʧʦʪʨʝʙʝ ʚʘʣʠʜʘʮʠʿʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʬʠʟʠʯʢʠ ʠ ʚʠʨʪʫʝʣʥʠ 

ʤʦʜʝʣʠ - ʬʘʥʪʦʤʠ, ʢʘʦ ʠ ʧʦʜʘʮʠ ʜʦʩʪʫʧʥʠ ʫ ʣʠʪʝʨʘʪʫʨʠ. ɺʘʣʠʜʘʮʠʿʘ ʤʝʪʦʜʘ ʟʘ 

ʘʥʘʣʠʟʫ ʟʘʤʦʨʘ ʩʪʝʥʪʘ ʿʝ ʠʟʚʨʰʝʥʘ ʧʦʨʝʹʝˁʝʤ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʩʘ 

ʧʦʩʪʦʿʝ˂ʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ (ʜʦʩʪʫʧʥʠʤ ʫ ʣʠʪʝʨʘʪʫʨʠ) 

ʜʦʙʠʿʝʥʠʤ ʥʘ ʢʦʤʝʨʮʠʿʘʣʥʦʿ ʤʘʰʠʥʠ ʟʘ ʪʝʩʪʠʨʘˁʝ ʩʪʝʥʪʦʚʘ ʥʘ ʟʘʤʦʨ. ʄʝʪʦʜʝ ʩʫ 

ʘʥʘʣʠʟʠʨʘʥʝ ʢʦʨʠʰ˂ʝˁʝʤ ʩʪʘʪʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʤʝʨʝˁʝ ʠ ʘʥʘʣʠʟʫ ʪʘʯʥʦʩʪʠ 

(ʩʪʝʧʝʥ ʢʦʨʝʣʘʮʠʿʝ, ʩʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ, ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ). 

ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʤʝʪʦʜʘ ʿʝ ʠʟʚʨʰʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʛʨʘʤʩʢʠʭ ʧʘʢʝʪʘ Matlab 

R2010a©, (Mathworks, Natick, MA, USA), C++ Visual Studio ɽxpress 2010 (Microsoft, 

Redmond, WA, USA). ʅʫʤʝʨʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ ʩʫ ʦʙʘʚˀʘʥʝ ʧʦʤʦ˂ʫ ʧʨʦʛʨʘʤʩʢʦʛ ʧʘʢʝʪʘ 

PAK ʨʘʟʚʠʿʝʥʠʤ ʥʘ ʌʘʢʫʣʪʝʪʫ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ ʠ ʢʦʤʝʨʮʠʿʘʣʥʦʛ 

ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ ANSYS Workbench v14.5.7 (SAS IP, Pennsylvania, USA). ɼʦʙʠʿʝʥʠ 

ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʠʢʘʟʠʚʘʥʠ ʧʦʤʦ˂ʫ ʧʘʢʝʪʘ Matlab R2010, ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ ANSYS 

Workbench v14.5.7 ʠ ʘʧʣʠʢʘʮʠʿʝ ParaView (Sandia National Laboratory, Kitware Inc, Los 

Alamos National Laboratory, USA). 
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2. ʆʩʥʦʚʥe ʧʨʝʪʧʦʩʪʘʚʢʝ ï ʢʨʚʦʪʦʢ ʠ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʦʙʿʘʰˁʝʥʠ ʦʩʥʦʚʥʠ ʧʦʿʤʦʚʠ, ʢʦʿʠ ʩʝ ʯʝʰ˂ʝ ʩʨʝ˂ʫ ʫ ʤʝʜʠʮʠʥʠ ʘ 

ʢʦʿʠ ʩʝ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʨʘʟʤʘʪʨʘʿʫ ʩʘ ʠʥʞʝˁʝʨʩʢʦʛ ʘʩʧʝʢʪʘ. ʇʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʰʠʨʘ ʩʣʠʢʘ 

ʧʨʦʙʣʝʤʘ ʠ ʥʘʚʝʜʝʥʝ ʩʫ ʦʩʥʦʚʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʠ ʩʠʤʧʣʠʬʠʢʘʮʠʿʝ ʢʦʿʝ ʩʝ ʤʦʨʘʿʫ 

ʥʘʧʨʘʚʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʩʣʦʞʝʥʠ ʙʠʦʣʦʰʣʢʠ ʩʠʩʪʝʤʠ ʤʦʛʣʠ ʤʦʜʝʣʠʨʘʪʠ ʠ ʘʥʘʣʠʟʠʨʘʪʠ 

ʧʨʠʤʝʥʦʤ ʥʫʤʝʨʠʯʢʠʭ ʤʝʪʦʜʘ (ʙʝʟ ʫʣʘʞʝˁʘ ʫ ʤʝʜʠʮʠʥʩʢʝ, ʭʝʤʠʿʩʢʝ ʠ ʙʠʦʣʦʰʢʝ 

ʘʩʧʝʢʪʝ ʧʨʦʙʣʝʤʘ). 

2.1. ʂʨʚʦʪʦʢ 

ɿʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʩʚʘʢʝ ʞʠʚʝ ˂ʝʣʠʿʝ ʥʝʦʧʭʦʜʥʠ ʩʫ ʤʝʭʘʥʠʟʤʠ ʢʦʿʠ ʿʦʿ ʦʙʝʟʙʝʹʫʿʫ 

ʩʥʘʙʜʝʚʘˁʝ ʤʝʪʘʙʦʣʠʯʢʠʤ ʩʫʧʩʪʘʥʮʘʤʘ (ʧʦʧʫʪ ʢʠʩʝʦʥʠʢʘ, ʘʤʠʥʦ ʢʠʩʝʣʠʥʘ, ʛʣʫʢʦʟʝ) ʠ 

ʦʜʩʪʨʘˁʠʚʘˁʝ ʙʠʧʨʦʠʟʚʦʜʘ ʤʝʪʘʙʦʣʠʟʤʘ (ʧʦʧʫʪ ʢʘʨʙʦʥ ʜʠʦʢʩʠʜʘ, ʧʣʘʩʪʠʯʥʝ ʢʠʩʝʣʠʥʝ) 

[15]. ʋ ʩʣʫʯʘʿʫ ʧʨʦʩʪʠʭ ʿʝʜʥʦ˂ʝʣʠʿʩʢʠʭ ʦʨʛʘʥʠʟʘʤʘ, ʨʘʟʤʝʥʘ ʥʘʚʝʜʝʥʠʭ ʩʫʧʩʪʘʥʮʠ ʩʝ 

ʦʜʚʠʿʘ ʜʠʨʝʢʪʥʦ ʩʘ ʦʢʨʫʞʝˁʝʤ ʫ ʢʦʤʝ ʩʝ ˂ʝʣʠʿʝ ʪʨʝʥʫʪʥʦ ʥʘʣʘʟʝ, ʧʫʪʝʤ ʜʠʬʫʟʠʿʝ ʠ 

˂ʝʣʠʿʩʢʦʛ ʪʨʘʥʩʧʦʨʪʘ. ʉʫʧʨʦʪʥʦ ʪʦʤʝ, ʚʝ˂ʠʥʘ ˂ʝʣʠʿʘ ʦʜ ʢʦʿʠʭ ʩʫ ʩʘʩʪʘʚˀʝʥʠ ʦʨʛʘʥʠ 

ʩʣʦʞʝʥʠʭ ʦʨʛʘʥʠʟʘʤʘ, ʢʘʢʘʚ ʿʝ ʦʨʛʘʥʠʟʘʤ ʯʦʚʝʢʘ, ʥʠʩʫ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʩʧʦˀʘʰˁʦʤ 

ʩʨʝʜʠʥʦʤ ʧʘ ʠʤʘʿʫ ʣʠʤʠʪʠʨʘʥʫ ʠʣʠ ʩʫ ʧʦʪʧʫʥʦ ʣʠʰʝʥʝ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʤʝʥʝ ʩʫʧʩʪʘʥʮʠ 

ʩʘ ʩʚʦʿʠʤ ʦʢʨʫʞʝˁʝʤ. ɼʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʧʦʤʝʥʫʪʘ ʨʘʟʤʝʥʘ ʭʨʘʥˀʠʚʠʭ ʠ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʟʘ ʩʚʝ ˂ʝʣʠʿʝ ʦʨʛʘʥʠʟʤʘ, ʩʣʦʞʝʥʠ ʦʨʛʘʥʠʟʤʠ ʠʤʘʿʫ ʨʘʟʚʠʿʝʥ ʧʦʩʝʙʘʥ 

ʮʠʨʢʫʣʘʪʦʨʥʠ ʩʠʩʪʝʤ (ʢʨʚʦʪʦʢ) ʢʦʿʠʤ ʩʫ ʧʦʚʝʟʘʥʠ ʩʚʠ ʦʨʛʘʥʠ [16]. ʉʘʤ ʧʦʿʘʤ 

ʮʠʨʢʫʣʘʪʦʨʥʠ ʩʠʩʪʝʤ ʿʝ ʜʦʩʪʘ ʰʠʨʦʢʦ ʬʦʨʤʫʣʠʩʘʥ ʠ ʦʙʫʭʚʘʪʘ ʚʝʣʠʢʠ ʙʨʦʿ ʢʨʚʥʠʭ 

ʩʫʜʦʚʘ, ʢʦʿʠ ʚʨʰʝ ʪʨʘʥʩʧʦʨʪ ʤʝʪʘʙʦʣʠʯʢʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ʙʠʧʨʦʠʟʚʦʜʘ ʧʫʪʝʤ ʢʨʚʠ. ʋ 

ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʢʨʚ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʦ ʭʦʤʦʛʝʥʠ ʣʘʤʠʥʘʨʥʠ ʥʝʩʪʠʰˀʠʚʠ ʬʣʫʠʜ ï ʜʦʢ 

ʩʝ ʧʦʿʝʜʠʥʘʯʥʝ ʯʝʩʪʠʮʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʢʨʚʠ ʟʘʥʝʤʘʨʠʿʫ ʪʿ. ʥʝ ʨʘʟʤʘʪʨʘʿʫ
1
 [17, 18]. 

ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ (ʫʧʨʦʰ˂ʝʥʦʛ) ʮʠʨʢʫʣʘʪʦʨʥʦʛ ʩʠʩʪʝʤʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 2.1-a 

[4]. ʎʨʚʝʥʦʤ ʙʦʿʦʤ ʧʨʠʢʘʟʘʥʝ ʩʫ ʘʨʪʝʨʠʿʝ ï ʢʨʚʥʠ ʩʫʜʦʚʠ ʢʦʿʠ ʢʨʚ ʩʧʨʦʚʦʜʝ ʦʜ ʧʣʫ˂ʘ ʠ 

ʩʨʮʘ ʢʘ ʦʨʛʘʥʠʤʘ. ʇʣʘʚʦʤ ʙʦʿʦʤ ʦʙʝʣʝʞʝʥʝ ʩʫ ʚʝʥʝ ï ʢʨʚʥʠ ʩʫʜʦʚʠ ʢʦʿʠ ʚʨʘ˂ʘʿʫ ʢʨʚ ʠʟ 

ʦʨʛʘʥʘ ʥʘʟʘʜ ʜʦ ʩʨʮʘ ʠ ʧʣʫ˂ʘ. ʇʣʫ˂ʥʘ ʮʠʨʢʫʣʘʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʘʤʦ ʢʨʚʥʝ ʩʫʜʦʚʝ ʢʦʿʠ 

ʩʝ ʥʘʣʘʟʝ ʫ ʧʣʫ˂ʠʤʘ, ʛʜʝ ʩʝ ʚʨʰʠ ʨʘʟʤʝʥʘ ʛʘʩʦʚʘ (ʢʠʩʝʦʥʠʢʘ ʠ ʫʛˀʝʥ ʜʠʦʢʩʠʜʘ) ʫ 

ʧʣʫ˂ʥʠʤ ʘʣʚʝʦʣʘʤʘ ï ʟʙʦʛ ʯʝʛʘ ʩʝ ʥʘʟʠʚʘ ʤʘʣʠ ʢʨʚʦʪʦʢ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʠʩʪʝʤʩʢʘ 

ʮʠʨʢʫʣʘʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʚʝ ʦʩʪʘʣʝ ʢʨʚʥʝ ʩʫʜʦʚʝ ï ʟʙʦʛ ʯʝʛʘ ʩʝ ʟʦʚʝ ʚʝʣʠʢʠ ʢʨʚʦʪʦʢ. 

                                                 
1
 ʈʘʟʤʝʥʘ ʤʘʪʝʨʠʿʘ ʠʟʤʝʹʫ ˂ʝʣʠʿʘ, ʦʨʛʘʥʘ, ʠ ʩʧʦˀʘʰˁʝ ʩʨʝʜʠʥʝ ʿʝ ʚʝʦʤʘ ʩʣʦʞʝʥ ʧʨʦʮʝʩ ʫ ʢʦʤʝ ʧʦʨʝʜ 

ʢʨʚʦʪʦʢʘ ʫʯʝʩʪʚʫʿʝ ʠ ʜʦʩʪʘ ʜʨʫʛʠʭ ʦʨʛʘʥʘ (ʧʣʫ˂ʘ, ʙʫʙʨʝʟʠ, ʮʨʝʚʘ, ʿʝʪʨʘ, ʢʦʞʘ ʠʪʜ.) ʯʠʿʠ ʫʪʠʮʘʿʠ ʥʝ˂ʝ 

ʙʠʪʠ ʨʘʟʤʘʪʨʘʥʠ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. 



ɸʨʩʦ ʄ. ɺʫʢʠ˂ʝʚʠ˂   ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

9 

 

ʉʣʠʢʘ 2.1 ʂʨʚʦʪʦʢ ʯʦʚʝʢʘ: ʘ) ʋʧʨʦʰ˂ʝʥʘ ʩʢʠʮʘ ʮʠʨʢʫʣʘʪʦʨʥʦʛ ʩʠʩʪʝʤʘ; ʙ) 

ʂʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʠ ˁʠʭʦʚ ʧʦʣʦʞʘʿ ʥʘ ʩʨʮʫ. 

 

ʂʘʦ ʰʪʦ ʿʝ ʧʦʟʥʘʪʦ, ʢʨʝʪʘˁʝ (ʩʪʨʫʿʘˁʝ) ʢʨʚʠ ʢʨʦʟ ʦʨʛʘʥʠʟʘʤ ʩʝ ʜʝʰʘʚʘ ʫʩʣʝʜ ʨʘʜʘ 

(ʢʦʥʪʨʘʢʮʠʿʘ) ʩʨʮʘ. ʉʨʮʝ ʫʧʨʦʰ˂ʝʥʦ ʤʦʞʝʤʦ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʧʫʤʧʫ ʩʘʩʪʘʚˀʝʥʫ ʠʟ ʜʚʝ 

ʧʨʝʪʢʦʤʦʨʝ ʠ ʢʦʤʦʨʝ. ʋ ʜʝʩʥʫ ʧʨʝʪʢʦʤʦʨʫ ʜʦʣʘʟʠ ʢʨʚ ʠʟ ʚʝʥʘ ʩʠʩʪʝʤʩʢʝ ʮʠʨʢʫʣʘʮʠʿʝ 

ʧʦʜ ʚʝʦʤʘ ʤʘʣʠʤ ʧʨʠʪʠʩʢʦʤ, ʧʨʠʙʣʠʞʥʦ 0 mmHg (ʉʣʠʢʘ 2.1-ʘ ʩʪʨʝʣʠʮʘ 1). ʊʘ ʢʨʚ 

ʧʦʪʦʤ ʠʩʧʫˁʘʚʘ ʜʝʩʥʫ ʢʦʤʦʨʫ, ʛʜʝ ʩʝ ʫʩʣʝʜ ʢʦʥʪʨʘʢʮʠʿʘ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ ʠʩʧʫʤʧʘʚʘ ʫ 

ʧʣʫ˂ʥʠ ʮʠʨʢʫʣʘʪʦʨʥʠ ʩʠʩʪʝʤ ʧʦʜ ʧʨʠʪʠʩʢʦʤ 20-30mmHg (ʉʣʠʢʘ 2.1-ʘ ʩʪʨʝʣʠʮʘ 2). 

ʅʘʢʦʥ ʰʪʦ ʧʨʦʹʝ ʧʣʫ˂ʥʫ ʮʠʨʢʫʣʘʮʠʿʫ, ʧʨʠʪʠʩʘʢ ʢʨʚʠ ʦʧʘʜʘ ʥʘ ʦʢʦ 10 mmHg ʠ ʫʣʘʟʠ ʫ 

ʣʝʚʫ ʧʨʝʪʢʦʤʦʨʫ (ʉʣʠʢʘ 2.1-ʘ ʩʪʨʝʣʠʮʘ 3). ʋ ʣʝʚʦʿ ʢʦʤʦʨʠ ʩʝ ʧʨʠʪʠʩʘʢ ʢʨʚʠ ʥʘʛʣʦ ʧʝˁʝ 

ʜʦ 100-140 mmHg, ʧʦʜ ʢʦʿʠʤ ʩʝ ʜʘˀʝ ʧʫʤʧʘ ʫ ʩʠʩʪʝʤʩʢʠ ʮʠʨʢʫʣʘʪʦʨʥʠ ʩʠʩʪʝʤ ʪʿ. 

aʨʪʝʨʠʿʝ (ʉʣʠʢʘ 2.1-ʘ ʩʪʨʝʣʠʮʘ 4). ʀʟ ʩʨʮʘ, ʢʨʚ ʧʨʚʦ ʧʨʦʣʘʟʠ ʢʨʦʟ ʘʦʨʪʫ, ʢʦʿʘ ʩʝ ʟʘʪʠʤ 

ʛʨʘʥʘ ʫ ʜʨʫʛʝ ʤʘˁʝ ʘʨʪʝʨʠʿʝ, ʘʨʪʝʨʠʦʣʝ ʠ ʢʘʧʠʣʘʨʝ ʢʦʿʠ ʩʫ ʫ ʜʠʨʝʢʪʥʦʤ ʜʦʜʠʨʫ ʩʘ 

ʦʨʛʘʥʠʤʘ ʢʦʿʠʤʘ ʿʝ ʢʨʚ ʥʘʤʝˁʝʥʘ. ʉʘ ʘʩʧʝʢʪʘ ʠʥʞʝˁʝʨʩʪʚʘ, ʢʨʚ ʩʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ 

ʢʘʦ ʬʣʫʠʜ ʢʦʿʠ ʩʝ ʢʨʦʟ ʢʨʚʦʪʦʢ (ʤʨʝʞʫ ʜʝʬʦʨʤʘʙʠʣʥʠʭ ʮʝʚʠ ʧʨʦʤʝʥˀʠʚʦʛ ʧʨʝʯʥʠʢʘ) 

ʢʨʝ˂ʝ ʫʩʣʝʜ ʛʨʘʜʠʿʝʥʪʘ ʧʨʠʪʠʩʢʘ ʢʦʿʠ ʩʪʚʘʨʘ ʧʫʤʧʘ (ʩʨʮʝ). ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʢʦʤʧʣʝʢʩʥʠ 

ʤʝʭʘʥʠʟʤʠ ʘʢʪʠʚʘʮʠʿʝ ʩʨʯʘʥʠʭ ʤʠʰʠ˂ʘ ʠʜʝʘʣʠʟʫʿʫ ʠ ʤʦʛʫ˂ʝ ʿʝ ʧʨʠʤʝʥʠʪʠ ʧʨʠʥʮʠʧʝ ʠ 

ʟʘʢʦʥʝ ʢʦʿʠ ʚʘʞʝ ʫ ʤʝʭʘʥʠʮʠ ʬʣʫʠʜʘ [19]. ɿʘ ʩʘʜʘ ʿʝ ʙʠʪʥʦ ʧʦʤʝʥʫʪʠ ʜʘ, ʦʩʠʤ 

ʛʨʘʜʠʿʝʥʪʘ ʧʨʠʪʠʩʢʘ, ʥʘ ʢʨʝʪʘˁʝ ʢʨʚʠ ʦʜ ʩʨʮʘ ʢʘ ʦʨʛʘʥʠʤʘ ʫʪʠʯʫ ʠ ʜʨʫʛʠ ʧʘʨʘʤʝʪʨʠ 

ʧʦʧʫʪ ʦʪʧʦʨʥʦʩʪʠ, ʬʠʟʠʦʣʦʰʢʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʝʣʘʩʪʠʯʥʦʩʪʠ ʢʨʚʥʠʭ ʩʫʜʦʚʘ ï ʦ ʯʝʤʫ ˂ʝ 

ʙʠʪʠ ʨʝʯʠ ʫ ʢʘʩʥʠʿʠʤ ʧʦʛʣʘʚˀʠʤʘ ʠ ʟʘ ʩʘʜʘ ˂ʝ ʦʥʠ ʪʘʢʦʹʝ ʙʠʪʠ ʟʘʥʝʤʘʨʝʥʠ. 
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2.2. ʂʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ 

ʇʦʰʪʦ ʠ ʩʨʮʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʨʛʘʥ-ʤʠʰʠ˂, ʠ ˁʝʤʫ ʿʝ ʧʦʪʨʝʙʥʦ ʥʝʧʨʝʢʠʜʥʦ 

ʩʥʘʙʜʝʚʘˁʝ ʢʠʩʝʦʥʠʢʦʤ ʠ ʦʩʪʘʣʠʤ ʤʘʪʝʨʠʿʘʤʘ. ʇʨʝʜʤʝʪ ʨʘʜʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ 

ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ (ʂɸ), ʢʦʿʝ ʩʝ ʛʨʘʥʘʿʫ ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʘʦʨʪʝ (ʥʘʿʚʝ˂ʝ ʘʨʪʝʨʠʿʝ ʢʦʿʘ 

ʠʟʣʘʟʠ ʜʠʨʝʢʪʥʦ ʠʟ ʩʨʮʘ) ʠ ʜʦʩʪʘʚˀʘʿʫ ʢʨʚ ʩʨʯʘʥʦʤ ʤʠʰʠ˂ʫ (ʤʠʦʢʘʨʜʫ) ʢʦʿʠ ʧʨʘʢʪʠʯʥʦ 

ʧʫʤʧʘ ʢʨʚ [20]. ʅʘ ʉʣʠʮʠ 2.1-ʙ ʩʢʠʮʠʨʘʥʘ ʿʝ ʫʧʨʦʰ˂ʝʥʘ ʘʥʘʪʦʤʠʿʘ ʠ ʧʦʣʦʞʘʿ ʂɸ ʥʘ 

ʩʨʮʫ, ʢʦʿʠʭ ʠʤʘ ʫʢʫʧʥʦ ʜʚʝ ʠ ʟʦʚʫ ʩʝ ʣʝʚʘ ʠ ʜʝʩʥʘ ʢʦʨʦʥʘʨʥʘ ʘʨʪʝʨʠʿʘ. ʂʦʨʦʥʘʨʥʝ 

ʘʨʪʝʨʠʿʝ ʩʝ ʛʨʘʥʘʿʫ ʥʘ ʤʥʦʛʦ ʤʘˁʠʭ ʛʨʘʥʘ
2
, ʢʦʿʝ ʟʘʿʝʜʥʦ ʯʠʥʝ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ, ʘʣʠ 

ʧʘʞˁʘ ˂ʝ ʫʛʣʘʚʥʦʤ ʙʠʪʠ ʫʩʤʝʨʝʥʘ ʥʘ ʛʨʘʥʝ ʥʘʟʥʘʯʝʥʝ ʥʘ ʉʣʠʮʠ 2.1-ʙ. ʂʦʥʢʨʝʪʥʦ, 

ʜʝʪʘˀʥʠʿʝ ʩʫ ʨʘʟʤʘʪʨʘʥʝ ʩʘʤʦ ʦʥʝ ʛʨʘʥʝ ʂɸ ʢʦʿʝ ʩʫ ʧʨʝʜʤʝʪ ʥʘʩʪʘʥʢʘ ʠ ʨʘʟʚʦʿʘ 

ʟʥʘʯʘʿʥʠʭ ʙʦʣʝʩʪʠ ï ʦʜʥʦʩʥʦ ʢʣʠʥʠʯʢʠʭ ʠʥʪʝʨʚʝʥʮʠʿʘ, ʟʘ ʯʠʿʝ ʧʦʪʨʝʙʝ ʩʝ ʤʦʛʫ 

ʢʦʨʠʩʪʠʪʠ ʤʝʪʦʜʝ ʨʘʟʚʠʿʝʥʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. 

ʇʦʨʝʜ ʪʦʛʘ ʰʪʦ ʩʫ ʚʝʦʤʘ ʙʠʪʥʝ ʿʝʨ ʜʠʨʝʢʪʥʦ ʦʙʝʟʙʝʹʫʿʫ ʢʨʚ ʟʘ ʩʨʯʘʥʝ ʤʠʰʠ˂ʝ, ʂɸ 

ʩʫ ʩʧʝʮʠʬʠʯʥʝ ʩʘ ʚʠʰʝ ʘʩʧʝʢʘʪʘ ʠ ʜʦʩʪʘ ʩʝ ʨʘʟʣʠʢʫʿʫ ʦʜ ʜʨʫʛʠʭ ʘʨʪʝʨʠʿʘ ʫ ʪʝʣʫ ʯʦʚʝʢʘ. 

ʇʨʝʯʥʠʢ ʂɸ ʿʝ ʚʝʦʤʘ ʤʘʣʠʭ ʜʠʤʝʥʟʠʿʘ ʠ ʢʨʝ˂ʝ ʩʝ ʫ ʨʘʩʧʦʥʫ ʦʜ 0.5 ʜʦ 4mm, ʜʦʢ ʩʝ 

ˁʠʭʦʚʘ ʜʫʞʠʥʘ ʢʨʝ˂ʝ ʫ ʨʘʩʧʦʥʫ ʦʜ 8 ʜʦ 15cm [21-22]. ʇʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʢʨʚʠ ʫʥʫʪʘʨ ʂɸ 

ʿʝ ʦʢʦ 0.10-0.50m/s, ʤʘʩʝʥʠ ʧʨʦʪʦʢ ʿʝ ʦʢʦ 1-4ml/s, ʘ ʧʨʦʩʝʯʘʥ ʧʨʠʪʠʩʘʢ 70-150mm/Hg 

[23-27]. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʠʭ ʚʝ˂ʠʭ ʘʨʪʝʨʠʿʘ (ʥʘ ʧʨʠʤʝʨ ʢʘʨʦʪʠʜʥʠʭ ʥʘ ʚʨʘʪʫ, ʪʨʙʫʰʥʝ 

ʘʦʨʪʝ ʠʣʠ ʮʝʣʝʙʨʘʣʥʠʭ ʘʨʪʝʨʠʿʘ ʫ ʛʣʘʚʠ), ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʩʫ ʚʝʦʤʘ ʜʠʥʘʤʠʯʥʝ 

ʧʨʠʨʦʜʝ. ʇʦʰʪʦ ʩʝ ʥʘʣʘʟʝ ʥʘ ʤʠʦʢʘʨʜʫ, ʦʥʝ ʩʝ ʧʦʜ ʜʝʿʩʪʚʦʤ ʢʦʥʪʨʘʢʮʠʿʘ ʩʨʮʘ ʮʠʢʣʠʯʥʦ 

ʜʝʬʦʨʤʠʰʫ 50 ʜʦ 100 ʧʫʪʘ ʫ ʤʠʥʫʪʠ ï ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ ʬʘʢʪʦʨ ʩ ʦʙʟʠʨʦʤ ʥʘ 

ʤʘʣʝ ʜʠʤʝʥʟʠʿʝ ʂɸ [28]. ʂʦʥʪʨʘʢʮʠʿʝ ʩʨʮʘ ʠʤʘʿʫ ʧʝʪ ʩʧʝʮʠʬʠʯʥʠʭ ʬʘʟʘ, ʘʣʠ ʿʝ ʟʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʥʘʿʙʠʪʥʘ ʢʨʘʿˁʘ-ʜʠʿʘʩʪʦʣʘ ʢʘʜʘ ʩʫ ʧʦʤʝʨʘˁʘ ʂɸ ʤʠʥʠʤʘʣʥʘ ʰʪʦ 

ʨʝʟʫʣʪʫʿʝ ʩʪʘʙʠʣʥʠʿʠʤ ʩʥʠʤʮʠʤʘ ʠ ʩʤʘˁʝʥʦʤ ʧʨʠʩʫʩʪʚʫ ʰʫʤʦʚʘ ʥʘ ʩʣʠʢʘʤʘ. ʇʦʨʝʜ 

ʨʘʜʘ ʩʨʮʘ, ʥʘ ʜʠʥʘʤʠʢʫ ʂɸ ʫʪʠʯʝ ʠ ʨʘʜ ʧʣʫ˂ʘ, ʧʦʜ ʯʠʿʠʤ ʫʪʠʮʘʿʝʤ ʩʝ ʧʦʤʝʨʘ ʮʝʦ 

ʛʨʫʜʥʠ ʢʦʰ [29]. ʆʚʘ ʧʦʤʝʨʘˁʘ ʩʝ ʥʘʟʠʚʘʿʫ ʨʝʩʧʠʨʘʪʦʨʥʘ ʧʦʤʝʨʘˁʘ, ʠ ʥʠʩʫ 

ʩʠʥʭʨʦʥʠʟʦʚʘʥʘ ʩʘ ʩʨʯʘʥʠʤ ï ʰʪʦ ʜʦʜʘʪʥʦ ʦʪʝʞʘʚʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ. 

ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʩʧʝʮʠʬʠʯʥʠʭ ʦʩʦʙʠʥʘ ʂɸ, ʦʩʥʦʚʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʠʭ ʟʜʨʘʚʠʭ 

ʘʨʪʝʨʠʿʘ ʿʝʩʪʝ ʧʨʠʙʣʠʞʥʦ ʢʨʫʞʥʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ, ʜʦʢ ʩʝ ʦʙʦʣʝʣʝ ʂɸ ʢʘʨʘʢʪʝʨʠʰʫ 

ʩʫʞʝˁʝʤ ʠ ʜʝʬʦʨʤʠʪʝʪʠʤʘ ʟʠʜʘ. ɼʚʘ ʪʠʧʠʯʥʘ ʪʠʧʘ ʩʫʞʝˁʘ ʂɸ ʿʝʩʫ: ʘ) ʩʪʝʥʦʟʘ ï 

                                                 
2
 ʂʦʤʧʣʝʢʩʥʦʩʪ ʤʘˁʠʭ-ʩʧʦʨʝʜʥʠʭ ʛʨʘʥʘ ʂɸ ʩʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʯʦʚʝʢʘ ʜʦ ʯʦʚʝʢʘ, ʜʦʢ ʩʫ ʛʣʘʚʥʝ ʛʨʘʥʝ 

ʂɸ ʧʨʠʙʣʠʞʥʦ ʠʩʪʝ ʘʥʘʪʦʤʠʿʝ ʠ ʧʨʠʩʫʪʥʝ ʩʫ ʢʦʜ ʩʚʠʭ ˀʫʜʠ. 
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ʩʫʞʝˁʝ ʟʠʜʘ ʿʝ ʧʨʠʙʣʠʞʥʦ ʩʠʤʝʪʨʠʯʥʦ ʠ ʙ) ʧʣʘʢ ï ʟʠʜ ʩʝ ʩʫʟʠʦ ʣʦʢʘʣʥʦ, ʪʘʢʦ ʜʘ ʠʤʘ 

ʥʝʧʨʘʚʠʣʥʠ ʢʦʥʢʘʚʥʠ ʦʙʣʠʢ [30]. ʂʘʦ ʫʚʦʜ ʫ ʩʣʝʜʝ˂ʝ ʧʦʛʣʘʚˀʝ, ʬʦʢʫʩʠʨʘʥʦ ʥʘ ʤʝʪʦʜʝ 

ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ, ʜʦʚʦˀʥʦ ʿʝ ʨʝ˂ʠ ʜʘ ʜʠʿʘʛʥʦʩʪʠʯʢʠ ʧʨʝʛʣʝʜ ʂɸ ʧʦʜʨʘʟʫʤʝʚʘ 

ʜʝʪʝʢʮʠʿʫ ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʧʦʤʝʥʫʪʠʭ ʘʥʦʤʘʣʠʿʘ ʟʠʜʘ ʂɸ
3
. ɿʘ ʪʝ ʧʦʪʨʝʙʝ ʪʨʝʥʫʪʥʦ ʩʫ 

ʜʦʩʪʫʧʥʠ ʨʘʟʣʠʯʠʪʠ ʦʙʣʠʮʠ ʤʦʜʘʣʠʪʝʪʘ ï ʪʝʭʥʠʢʘ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ 

[31-37]. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʤʦʜʘʣʠʪʝʪʘ ʩʘ ʰʠʨʦʤ ʧʨʘʢʪʠʯʥʦʤ ʧʨʠʤʝʥʦʤ ʟʘ 

ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʝ ʠ ʪʨʝʪʠʨʘˁʝ ʂɸ ʜʘʪ ʿʝ ʫ ʊʘʙʝʣʠ 2.1. 

 

ʊʘʙʝʣʘ 2.1 ʇʨʝʛʣʝʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʦʜʘʣʠʪʝʪʘ ʟʘ ʩʥʠʤʘˁʝ ʂɸ. 
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3
 ɼʝʪʘˀʥʠʿʠ ʦʧʠʩ ʧʨʦʮʝʩʘ ʠ ʤʝʭʘʥʠʟʤʘ ʥʘʩʪʘʿʘˁʘ ʙʦʣʝʩʪʠ ʂɸ ʜʘʪ ʿʝ ʫ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ. 

4
ʉʣʠʢʝ ʫʨʝʹʘʿʘ ʫ ʊʘʙʝʣʠ 2.1 ʩʫ ʧʨʝʫʟʝʪʝ ʩʘ ʩʘʿʪʦʚʘ ʧʨʦʠʟʚʦʹʘʯʘ (ʜʘʪʫʤ ʧʨʠʩʪʫʧʘ 28. 6. 2015): 

-http://www.healthcare.siemens.com/medical-imaging (ʂʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ, ʢʦʤʧʿʫʪʝʨʩʢʘ 

          ʪʦʤʦʛʨʘʬʠʿʘ, ʤʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʮʘ) 

-http://www.bostonscientific.com (ʀʥʪʨʘʚʘʩʢʫʣʘʨʥʠ ʫʣʪʨʘʟʚʫʢ) 

-http://www.lightlabimaging.com (ʆʧʪʠʯʢʘ ʢʦʭʝʨʝʥʪʥʘ ʪʦʤʦʛʨʘʬʠʿʘ) 
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3. ʄʝʪʦʜʝ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʢʦʨʦʥʘʨʥʠʭ 

ʘʨʪʝʨʠʿʘ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʤʝʪʦʜʝ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʠʟ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ 

ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ. ʇʦʛʣʘʚʝˀ ʧʦʯʠˁʝ ʦʧʠʩʦʤ ʫʨʝʹʘʿʘ ʠ ʧʨʦʮʝʩʘ ʘʢʚʠʟʠʮʠʿʝ, ʯʠʿʝ 

ʿʝ ʨʘʟʫʤʝʚʘˁʝ ʢˀʫʯʥʦ ʟʘ ʫʩʧʝʰʥʫ ʦʙʨʘʜʫ ʩʣʠʢʘ ʠ ʧʨʝʮʠʟʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ. ʇʦʜ 

ʪʠʤ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʦʧʠʩ ʧʦʟʠʮʠʦʥʠʨʘˁʘ ʫʨʝʹʘʿʘ (ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʠ ʤʝʭʘʥʠʯʢʘ 

ʧʨʠʨʦʜʘ ʫʨʝʹʘʿʘ) ʜʦʢ ʦʧʠʩ ʝʣʝʢʪʨʦʥʩʢʝ ʦʧʨʝʤʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ 

ʛʝʥʝʨʠʰʫ ʠʢʩ-ʟʨʘʢʝ ʠ ʜʠʛʠʪʘʣʠʟʫʿʫ ʩʣʠʢʫ ʥʝ˂ʝ ʙʠʪʠ ʨʘʟʤʘʪʨʘʥ ʜʝʪʘˀʥʦ. 

3.1. ʂʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ 

ɿʙʦʛ ʤʘʣʠʭ ʜʠʤʝʥʟʠʿʘ ʠ ʚʝʦʤʘ ʜʠʥʘʤʠʯʥʝ ʧʨʠʨʦʜʝ ʂɸ, ˁʠʭʦʚʦ ʩʥʠʤʘˁʝ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʚʨʰʠ ʧʦʤʦ˂ʫ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ʙʘʟʠʨʘʥʝ ʥʘ ʠʢʩ-ʟʨʘʮʠʤʘ (ʝʥʛʣ. X-ray 

Coronary Angiography) [38]. 

3.1.1 ʇʨʝʛʣʝʜ ʨʘʟʚʦʿʘ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ 

ʀʢʩ-ʟʨʘʢʝ ʿʝ 8. ʅʦʚʝʤʙʨʘ 1895. ʛʦʜʠʥʝ ʦʢʪʢʨʠʦ
5
 ʥʝʤʘʯʢʠ ʬʠʟʠʯʘʨ ɺʠʣʭʝʣʤ ʂʦʥʨʘʜ 

ʈʝʥʜʛʝʥ (ʥʝʤ. Wilhelm Conrad Rºntgen; 1845ï1923), ʠ ʜʘʦ ʠʤ ʥʘʟʠʚ Ăʠʢʩ-ʟʨʘʮʠñ ʧʦ 

ʤʘʪʝʤʘʪʠʯʢʦʿ ʥʦʪʘʮʠʿʠ Ăʍñ ʢʦʿʦʤ ʩʝ ʦʙʝʣʝʞʘʚʘ ʥʝʧʦʟʥʘʪʘ (ʢʦʜ ʥʘʩ ʩʫ ʫ ʫʧʦʪʨʝʙʠ ʠ 

ʥʘʟʠʚʠ ʨʝʥʜʛʝʥʩʢʠ ʠ ʨʝʥʜʛʝʥ ʟʨʘʮʠ, ʢʘʢʦ ʠʭ ʥʘʟʠʚʘʿʫ ʫ ʯʘʩʪ ʧʨʦʥʘʣʘʟʘʯʘ). ʋ ʨʦʢʫ ʦʜ 

ʦʩʘʤ ʥʝʜʝˀʘ ʦʜ ʧʨʚʦʙʠʪʥʦʛ ʦʪʢʨʠ˂ʘ, ʈʝʥʜʛʝʥ ʿʝ ʠʩʪʨʘʞʠʦ ʩʚʝ ʦʩʦʙʠʥʝ ʠʢʩ-ʟʨʘʢʘ 

ʨʝʣʝʚʘʥʪʥʝ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʧʨʦʮʝʩʘ ʬʦʨʤʠʨʘˁʘ ʩʣʠʢʝ ʠ ʦʙʿʘʚʠʦ ʠʭ ʿʝ ʢʨʘʿʝʤ 1895. 

ʛʦʜʠʥʝ ʫ ʨʘʜʫ ʧʦʜ ʥʘʟʠʚʦʤ Ăʆ ʥʦʚʦʿ ʚʨʩʪʠ ʟʨʘʢʘñ (ʥʝʤ. ¦ber eine neue Art von Strahlen); 

ʟʙʦʛ ʯʝʛʘ ʿʝ 1901. ʛʦʜʠʥʝ ʧʦʩʪʘʦ ʧʨʚʠ ʜʦʙʠʪʥʠʢ ʅʦʙʝʣʦʚʝ ʥʘʛʨʘʜʝ ʟʘ ʬʠʟʠʢʫ. 

                                                 
5
 ʈʝʥʜʛʝʥ (ʉʣʠʢʘ 3.1-ʘ) ʿʝ ʧʨʚʠ ʢʦʿʠ ʿʝ ʠʢʩ-ʟʨʘʢʝ ʩʠʩʪʝʤʘʩʪʩʢʠ ʠʟʫʯʘʚʘʦ ʠ ʦʧʠʩʘʦ ʩʘ ʥʘʫʯʥʦʛ ʘʩʧʝʢʪʘ 

ʪʿ. ʦʙʿʘʚʠʦ, ʘʣʠ ʥʝ ʩʤʘʪʨʘ ʩʝ ʧʨʚʦʤ ʦʩʦʙʦʤ ʢʦʿʘ ʿʝ ʫʦʯʠʣʘ ˁʠʭʦʚʝ ʝʬʝʢʪʝ ʢʦʨʠʩʪʝ˂ʠ ʢʘʪʦʜʥʝ ʮʝʚʠ. 

ʂʨʫʢʩʦʚʝ ʮʝʚʠ (ʝʥʛʣ. William Crookes; 1832ï1919.) ʢʦʿʝ ʿʝ ʈʝʥʜʛʝʥ ʢʦʨʠʩʪʠʦ ʦʪʢʨʠʚʝʥʝ ʩʫ ʨʘʥʠʿʝ ʦʢʦ 

1875. ʛʦʜʠʥʝ, ʠ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʟʘ ʠʩʪʨʘʞʠʚʘˁʝ ʝʣʝʪʨʦʥʩʢʦʛ ʧʨʘʞˁʝˁʘ ʚʘʢʫʫʤʩʢʠʭ ʮʝʚʠ. ʇʘʨʘʣʝʣʥʦ ʩʘ 

ʈʝʥʜʛʝʥʦʤ (ʩʤʘʪʨʘ ʩʝ ʠ ʥʝʟʘʚʠʩʥʦ ʦʜ ˁʝʛʘ), ʬʠʟʠʯʘʨ ʯʝʰʢʦʛ ʧʦʨʝʢʣʘ ʀʚʘʥ ʇʘʚʣʦʚʠʯ ʇʫʣʦʿ (ʝʥʛʣ. Ivan 

Pavlovich Puluj; 1845ï1918) ʿʝ ʦʪʢʨʠʦ ʠʩʪʠ ʬʝʥʦʤʝʥ ʠ ʩʘʤʦ ʥʝʢʦʣʠʢʦ ʥʝʜʝˀʘ ʥʘʢʦʥ ˁʝʛʘ ʦʙʿʘʚʠʦ ʩʥʠʤʢʝ 

ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ ʜʦʙʠʿʝʥʝ ʠʢʩ-ʟʨʘʮʠʤʘ. ʇʨʝ ʪʦʛʘ, ʈʝʥʜʛʝʥ ʠ ʇʫʣʦʿ ʩʫ ʟʘʿʝʜʥʦ ʨʘʜʠʣʠ ʠ ʜʦʢʪʦʨʠʨʘʣʠ ʢʦʜ 

ɸʫʛʫʩʪʘ ʂʫʥʜʪʘ (ʝʥʛʣ. August Kundt; 1839ï1894). ʊʘʢʦʹʝ, ʧʦʟʥʘʪʦ ʿʝ ʜʘ ʿʝ ʅʠʢʦʣʘ ʊʝʩʣʘ (1856-1943) 

ʛʦʜʠʥʫ ʜʘʥʘ ʧʨʝ ʈʝʥʜʛʝʥʘ 1894. ʧʨʠʤʝʪʠʦ ʦʰʪʝ˂ʝˁʝ ʬʦʪʦʛʨʘʬʩʢʦʛ ʬʠʣʤʘ ʫ ʩʚʦʿʦʿ ʣʘʙʦʨʘʪʦʨʠʿʠ ʪʦʢʦʤ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʂʨʫʢʩʦʚʠʤ ʮʝʚʠʤʘ. ʅʘʢʦʥ ʦʪʢʨʠ˂ʘ ʈʝʥʜʛʝʥʘ, ʊʝʩʣʘ ʿʝ ʥʘʧʨʘʚʠʦ ʩʦʧʩʪʚʝʥʝ ʩʣʠʢʝ 

(ʉʣʠʢʘ 3.1-ʚ) ʠʢʩ-ʟʨʘʮʠʤʘ ʢʦʨʠʩʪʝ˂ʠ ʢʘʪʦʜʥʝ ʮʝʚʠ ʢʦʿʝ ʿʝ ʧʨʝʪʭʦʜʥʦ ʩʘʤ ʜʠʟʘʿʥʠʨʘʦ ʠ ʧʘʪʝʥʪʠʨʘʦ (U.S. 

Patent 454,622 ʠʟ 1891. ʛʦʜʠʥʝ ʠ U.S. Patent 514,170 ʠʟ 1894. ʛʦʜʠʥʝ) [39]. 
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ʉʣʠʢʘ 3.1 ʘ) ɺʠʣʭʝʣʤ ʂʦʥʨʘʜ ʈʝʥʜʛʝʥ, ʢʦʿʠ ʿʝ 1895. ʛʦʜʠʥʝ ʦʪʢʨʠʦ ʠʢʩ-ʟʨʘʢʝ; ʙ) 

ɱʝʜʥʘ ʦʜ ʧʨʚʠʭ ʩʣʠʢʘ ʜʦʙʠʿʝʥʘ ʠʢʩ-ʟʨʘʮʠʤʘ ʢʦʿʫ ʿʝ ʥʘʧʨʘʚʠʦ ʈʝʥʜʛʝʥ (ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ 

ʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʨʫʢʘ ˁʝʛʦʚʝ ʩʫʧʨʫʛʝ ʠʣʠ ʩʘʨʘʜʥʠʢʘ); ʚ) ʉʣʠʢʘ ʠʟ 1896. ʛʦʜʠʥʝ ʢʦʿʫ ʿʝ 

ʥʘʧʨʘʚʠʦ ʅʠʢʦʣʘ ʊʝʩʣʘ; ʛ) ʇʨʚʘ ʘʥʛʠʦʛʨʘʬʩʢʘ ʩʣʠʢʘ ʢʨʚʥʠʭ ʩʫʜʦʚʘ 1896. ʛʦʜʠʥʝ, 

ʜʦʙʠʿʝʥʘ ʫʙʨʟʠʛʘʚʘˁʝʤ ʢʦʥʪʨʘʩʪʘ; ʜ) ɺʝʨʥʝʨ ʌʨʦʩʤʘʥ, ʢʦʿʠ ʿʝ 1929. ʛʦʜʠʥʝ ʧʨʚʠ ʠʟʚʝʦ 

ʘʥʛʠʦʛʨʘʬʠʿʫ ʧʦʤʦ˂ʫ ʠʢʩ-ʟʨʘʢʘ ʠ ʢʘʪʝʪʝʨʘ ï ʩʤʘʪʨʘ ʩʝ ʟʘʯʝʪʥʠʢʦʤ ʢʦʨʦʥʘʨʥʝ 

ʘʥʛʠʦʛʨʘʬʠʿʝ; ʹ) ɽʣʝʢʪʨʦʤʘʛʥʝʪʥʠ ʪʘʣʘʩʠ ʠ ʠʢʩ-ʟʨʘʮʠ; ʝ) ʀʟʚʦʨ-ʠʢʩ ʟʨʘʢʘ; ʞ) ʆʙʿʝʢʘʪ 

ʩʥʠʤʘˁʘ; ʟ) ɼʝʪʝʢʪʦʨ ʩʣʠʢʝ ʩʘ ʤʘʪʨʠʯʥʦ ʨʘʩʧʦʨʝʹʝʥʠʤ ˂ʝʣʠʿʘʤʘ ʟʘ ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ 

ʩʣʠʢʝ; ʠ) ʇʨʠʥʮʠʧ ʛʝʥʝʨʠʩʘˁʘ ʿʝʜʥʦʛ ʧʠʢʩʝʣʘ; ʿ) ʈʝʟʫʣʪʫʿʫ˂ʘ ʩʣʠʢʘ. 

 

ʇʨʚʘ ʘʥʛʠʦʛʨʘʬʩʢʘ ʩʣʠʢʘ ʢʨʚʥʠʭ ʩʫʜʦʚʘ ʯʦʚʝʢʘ
6
 ʥʘʧʨʘʚˀʝʥʘ ʿʝ 1896. ʛʦʜʠʥʝ (ʉʣʠʢʘ 

3.1-ʛ) [40-41]. ʋ ʪʦʤ ʪʨʝʥʫʪʢʫ, ʪʝʭʥʠʢʘ ʫʙʨʠʟʛʘʚʘˁʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ 

                                                 
6
 ʇʦʯʝʪʢʦʤ ʠʥʚʘʟʠʚʥʝ ʢʘʨʜʠʦʣʦʛʠʿʝ ʩʤʘʪʨʘ ʩʝ 1711. ʛʦʜʠʥʘ, ʢʘʜʘ ʿʝ ʩʚʝʰʪʝʥʠʢ ʠʟ ɽʥʛʣʝʩʢʝ ʉʪʠʚʝʥ 

ʍʝʣʩ (ʝʥʛʣ. Stephen Hales; 1677ï1761) ʠʟʚʨʰʠʦ ʢʘʪʝʪʝʨʠʟʘʮʠʿʫ ʣʝʚʝ ʢʦʤʦʨʝ ʢʦˁʘ. ʊʘʢʦʹʝ ʿʝ ʧʦʟʥʘʪ ʢʘʦ 

ʦʩʦʙʘ ʢʦʿʘ ʿʝ ʧʨʚʘ ʥʘʰʣʘ ʥʘʯʠʥ ʟʘ ʤʝʨʝˁʝ ʢʨʚʥʦʛ ʧʨʠʪʠʩʢʘ. 
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ʢʨʚʥʝ ʩʫʜʦʚʝ ʩʫ ʙʠʣʝ ʪʦʣʠʢʦ ʠʥʚʘʟʠʚʥʝ
7
 ʜʘ ʩʫ ʘʫʪʦʨʠ ʩʣʠʢy ʥʘʧʨʘʚʠʣʠ ʪʘʢʦ ʰʪʦ ʩʫ 

ʧʨʝʤʠʥʫʣʦʿ ʦʩʦʙʠ ʘʤʧʫʪʠʨʘʣʠ ʨʫʢʫ ʠ ʫʙʨʠʟʛʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʢʦʥʪʨʘʩʪ. ʅʘ ʩʣʠʯʘʥ 

ʥʘʯʠʥ, ʥʘʨʝʜʥʠʭ ʜʝʮʝʥʠʿʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʢʦʥʪʨʘʩʥʠ ʘʛʝʥʩ ʠ ʠʢʩ-ʟʨʘʮʠ ʢʘʢʦ ʙʠ ʩʝ 

ʢʨʝʠʨʘʣʠ ʚʝʦʤʘ ʧʨʝʮʠʟʥʠ ʘʥʘʪʦʤʩʢʠ ʘʪʣʘʩʠ ʮʠʨʢʫʣʘʪʦʨʥʦʛ ʩʠʩʪʝʤʘ ʯʦʚʝʢʘ [42]. ʇʨʚʫ 

ʘʥʛʠʦʛʨʘʬʠʿʫ ʮʝʣʝʙʨʘʣʥʠʭ ʘʨʪʝʨʠʿʘ (ʫ ʛʣʘʚʠ) ʫʨʘʜʠʦ ʿʝ 1928. ʛʦʜʠʥʝ ʧʦʨʪʫʛʘʣʩʢʠ 

ʢʣʠʥʠʯʘʨ ɸʥʪʦʥʠʫ ɽʛʘʰ ʄʦʥʠʞ (ʧʦʨ. Ant·nio Caetano de Abreu Freire Egas Moniz; 

1874ï1955), ʟʘ ʰʪʘ ʿʝ 1949. ʛʦʜʠʥʝ ʜʦʙʠʦ ʅʦʙʝʣʦʚʫ ʥʘʛʨʘʜʫ ʟʘ ʬʠʟʠʦʣʦʛʠʿʫ ʠ ʤʝʜʠʮʠʥʫ 

[43]. ʂˀʫʯʥʠʤ ʜʦʛʘʹʘʿʝʤ ʟʘ ʨʘʟʚʦʿ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ʩʤʘʪʨʘ ʩʝ 1929. ʛʦʜʠʥʘ. 

ʊʘʜʘ ʿʝ ʩʪʫʜʝʥʪ ɺʝʨʥʝʨ ʌʨʦʩʤʘʥ (ʥʝʤ. Werner ForÇman; 1904ï1979) ʧʦ ʧʨʚʠ ʧʫʪ ʠʟʚʝʦ 

in-vivo ʘʥʛʠʦʛʨʘʬʠʿʫ ʧʦʤʦ˂ʫ ʢʘʪʝʪʝʨʘ [44]. ʌʨʦʩʤʘʥ (ʉʣʠʢʘ 3.1-ʜ) ʿʝ, ʫʧʨʢʦʩ ʟʘʙʨʘʥʘʤʘ 

ʥʘʜʨʝʹʝʥʠʭ
8
, ʩʘʤ ʩʝʙʠ ʜʘʦ ʣʦʢʘʣʥʫ ʘʥʝʩʪʝʟʠʿʫ ʫ ʧʦʜʣʘʢʪʠʮʫ ʠ ʫʙʨʠʟʛʘʦ ʢʦʥʪʨʘʩʪ 

ʧʦʤʦ˂ʫ 60cm ʜʫʛʘʯʢʦʛ (ʌʦʣʠʿʝʚʦʛ) ʢʘʪʝʪʝʨʘ. ʂʘʜʘ ʩʫ ʫ ɳʫʿʦʨʢʫ 1954. ʛʦʜʠʥʝ 

ʬʨʘʥʮʫʩʢʠ ʠ ʘʤʝʨʠʯʢʠ ʢʣʠʥʠʯʘʨʠ ɸʥʜʨʝ ʌʨʝʜʝʨʠʢ ʂʫʨʥʘʥʜ (ʬʨʘ. Andr® Fr®d®ric 

Cournand; 1895ï1988) ʠ ɼʠʢʠʥʩʦʥ ʈʠʯʘʨʜʩ (ʝʥʛʣ. Dickinson W. Richards; 1895ï1973) 

ʧʨʦʯʠʪʘʣʠ ʌʦʨʩʤʘʥʦʚ ʨʘʜ, ʧʨʠʤʝʥʠʣʠ ʩʫ ˁʝʛʦʚʫ ʠʜʝʿʫ ʟʘ ʜʠʿʘʛʥʦʟʫ ʠ ʠʩʪʨʘʞʠʚʘˁʝ 

ʩʨʯʘʥʠʭ ʙʦʣʝʩʪʠ. ʅʘʢʦʥ ʪʦʛʘ, ʩʚʘ ʪʨʦʿʠʮʘ ʩʫ 1956. ʛʦʜʠʥʝ ʜʦʙʠʣʘ ʅʦʙʝʣʦʚʫ ʥʘʛʨʘʜʫ ʟʘ 

ʬʠʟʠʦʣʦʛʠʿʫ ʠ ʤʝʜʠʮʠʥʫ [47]. ɻʦʜʠʥʝ 1960. ʘʤʝʨʠʯʢʠ ʢʘʨʜʠʦʣʦʛ ʄʝʿʩʦʥ ʉʦʥʩ (ʝʥʛʣ. 

Mason Sones; 1918ï1985) ʿʝ ʪʦʢʦʤ ʩʥʠʤʘˁʘ ʘʦʨʪʝ ʛʨʝʰʢʦʤ ʫʙʘʮʠʦ ʢʘʪʝʪʝʨ ʫ ʜʝʩʥʫ 

ʢʦʨʦʥʘʨʥʫ ʘʨʪʝʨʠʿʫ ʧʘʮʠʿʝʥʪʘ ʠ ʪʘʢʦ ʦʪʢʨʠʦ ʢʦʨʦʥʘʨʥʫ ʘʥʛʠʦʛʨʘʬʠʿʫ
9
 [48-49]. ʅʘʢʦʥ 

ʪʦʛʘ, ʢʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ ʿʝ ʜʫʛʦ ʢʦʨʠʰ˂ʝʥʘ ʢʘʦ ʜʠʿʘʛʥʦʩʪʠʯʢʘ ʧʨʦʮʝʜʫʨʘ ʩʚʝ ʜʦ 

1977. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʥʝʤʘʯʢʠ ʢʘʨʜʠʦʣʦʛ ɸʥʜʨʝʘʩ ʈʦʣʘʥʜ ɻʨʫʥʮʠʭ (ʥʝʤ. Andreas Roland 

Grüntzig; 1939ï1985) ʥʘʫʯʥʦʿ ʿʘʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʦ ʢʦʨʦʥʘʨʥʫ ʘʥʛʠʦʧʣʘʩʪʠʢʫ
10

 (ʝʥʛʣ. 

Angioplasty) ʧʦʤʦ˂ʫ ʦʧʨʝʤʝ ʢʦʿʫ ʿʝ ʩʘʤ ʥʘʧʨʘʚʠʦ [50] ï ʪʘʢʦ ʿʝ ʢʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ 

ʧʦʩʪʘʣʘ ʪʝʨʘʧʝʫʪʩʢʘ ʧʨʦʮʝʜʫʨʘ ʠ ʟʣʘʪʥʠ ʩʪʘʥʜʘʨʜ ʟʘ ʪʨʝʪʠʨʘˁʝ ʦʙʦʣʝʣʠʭ ʂɸ [51]. 

ɼʘˀʘ ʦʪʢʨʠ˂ʘ ʠ ʫʥʘʧʨʝʹʝˁʘ ʚʝʟʘʥʘ ʟʘ ʢʦʨʦʥʘʨʥʫ ʘʥʛʠʦʛʨʘʬʠʿʫ ʩʫ ʤʘˁʝ ʝʧʦʭʘʣʥʘ, ʠ 

                                                 
7
 ʄʠʭʨʘʥ ʂʘʩʘʙʠʘʥ (ʝʥʛʣ. Mihran Kassabian; 1870ï1910), ʿʝʜʘʥ ʦʜ ʧʠʦʥʠʨʘ ʠʟ ʦʙʣʘʩʪʠ ʨʘʜʠʦʣʦʛʠʿʝ ʫ 

ɸʤʝʨʠʮʠ, ʿʝ 1900. ʛʦʜʠʥʝ ʧʨʠʤʝʪʠʚʰʠ ʦʧʝʢʦʪʠʥʝ ʥʘ ʩʚʦʿʠʤ ʰʘʢʘʤʘ ʤʝʹʫ ʧʨʚʠʤʘ ʫʢʘʟʘʦ ʥʘ ʥʝʛʘʪʠʚʥʝ 

ʝʬʝʢʪʝ ʠʢʩ-ʟʨʘʯʝˁʘ. ʅʝʜʫʛʦ ʟʘʪʠʤ, ʦʙʝ ʨʫʢʝ ʩʫ ʤʫ ʘʤʧʫʪʠʨʘʥʝ ʟʙʦʛ ʢʘʥʮʝʨʘ ʠ ʧʨʝʤʠʥʫʦ ʿʝ 1910. ʛʦʜʠʥʝ. 

8
 ɿʙʦʛ ʩʘʤʦʠʥʠʮʠʿʘʪʠʚʥʦʩʪʠ ʫ ʨʘʜʫ ʠ ʜʠʩʮʠʧʣʠʥʩʢʠʭ ʧʨʝʢʨʰʘʿʘ ʢʦʿʝ ʿʝ ʧʨʘʚʠʦ ʜʘ ʙʠ ʠʟʚʦʜʠʦ ʩʚʦʿʘ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʙʠʦ ʿʝ ʧʨʠʤʦʨʘʥ ʜʘ ʧʨʚʦ ʧʨʦʤʝʥʠ ʠʥʩʪʠʪʫʮʠʿʫ ʘ ʥʘʢʦʥ ʪʦʛʘ ʠ ʜʘ ʩʝ 1932. ʛʦʜʠʥʝ ʟʙʦʛ 

ʩʘʤʦʩʪʘʣʥʦʛ ʦʙʿʘʚˀʠʚʘˁʘ ʩʚʦʿʠʭ ʨʝʟʫʣʪʘʪʘ [45] ʠ ʟʙʦʛ ʩʚʦʿʝ ʣʦʰʝ ʨʝʧʫʪʘʮʠʿʝ ʫ ʩʪʨʫʮʠ ʧʨʝʦʨʠʿʝʥʪʠʰʝ ʥʘ 

ʫʨʦʣʦʛʠʿʫ [46]. 

9
 ʇʦʰʪʦ ʿʝ ʧʨʝ ʥʝʛʦ ʰʪʦ ʿʝ ʤʦʛʘʦ ʜʘ ʠʟʚʫʯʝ ʢʘʪʝʪʝʨ ʤʦʨʘʦ ʜʘ ʛʘ ʠʩʧʨʘʟʥʠ (ʫʙʨʠʟʛʘ ʢʦʥʪʨʘʩʪʫ ʫ ʜʝʩʥʫ 

ʂɸ), ʦʯʝʢʠʚʘʦ ʿʝ ʜʘ ˂ʝ ʧʘʮʠʿʝʥʪ ʜʦʙʠʪʠ ʩʨʯʘʥʠ ʫʜʘʨ ʠ ʟʘʧʦʯʝʦ ʨʝʘʥʠʤʘʮʠʿʫ. ʋʤʝʩʪʦ ʪʦʛʘ ʧʘʮʠʿʝʥʪ ʿʝ 

ʜʦʙʠʦ ʧʨʠʚʨʝʤʝʥʫ ʘʩʠʩʪʦʣʫ (ʧʨʝʩʪʘʥʘʢ ʢʦʥʪʨʘʢʮʠʿʘ ʫʩʣʝʜ ʥʝʜʦʩʪʘʪʢʘ ʜʦʪʦʢʘ ʢʨʚʠ), ʰʪʦ ʛʘ ʿʝ ʥʘʚʝʣʦ ʥʘ 

ʟʘʢˀʫʯʘʢ ʜʘ ʤʘʣʝ ʢʦʣʠʯʠʥʝ ʢʦʥʪʨʘʩʪʘ ʤʦʛʫ ʙʠʪʠ ʫʙʨʠʟʛʘʚʘʥʝ ʠ ʫ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʙʝʟ ʧʦʩʣʝʜʠʮʘ ʟʘ 

ʧʘʮʠʿʝʥʪʘ. 

10
 ʐʠʨʝˁʝ ʣʫʤʝʥʘ ʂɸ ʥʘʜʫʚʘʚʘˁʝʤ ʙʘʣʦʥʘ ʢʦʿʠ ʩʝ ʧʦʤʦ˂ʫ ʢʘʪʝʪʝʨʘ ʧʦʟʠʮʠʦʥʠʨʘ ʫʥʫʪʘʨ ʦʙʦʣʝʣʝ 

ʂɸ. ʀʥʘʯʝ, ʧʨʠʥʮʠʧ ʘʥʛʠʦʧʣʘʩʪʠʢʝ ʿʝ 1964. ʛʦʜʠʥʝ ʧʨʚʠ ʧʨʝʜʣʦʞʠʦ ʏʘʨʣʩ ʊʝʦʜʦʨ ɼʦʪʝʨ (ʝʥʛʣ. Charles 

Theodore Dotter; 1920ï1985), ʥʘʫʯʥʠʢ ʠʟ ʉɸɼ [52]. 



ɸʨʩʦ ʄ. ɺʫʢʠ˂ʝʚʠ˂   ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

16 

ʚʝʟʘʥʘ ʩʫ ʫʛʣʘʚʥʦʤ ʟʘ ʧʦʙʦˀʰʘˁʝ ʦʧʨʝʤʝ (ʧʨʦʿʝʢʪʦʨʘ, ʢʘʪʝʪʝʨʘ, ʢʦʥʪʨʘʩʪʘ, ʩʤʘˁʝˁʝ 

ʟʨʘʯʝˁʘ ʠʪʜ.) ʠ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠʭ ʫʨʝʹʘʿʘ (ʩʪʝʥʪʦʚʘ, ʧʝʿʩʤʝʿʢʝʨʘ, ʥʘʥʦʣʝʢʦʚʘ ʠʪʜ.) 

[53-54]. 

3.1.2 ʇʨʠʥʮʠʧ ʛʝʥʝʨʠʩʘˁʘ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʧʦʤʦ˂ʫ ʠʢʩ-ʟʨʘʢʘ 

ʀʢʩ-ʟʨʘʮʠ ʧʨʠʧʘʜʘʿʫ ʛʨʫʧʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ, ʠʩʪʦ ʢʘʦ ʠ ʚʠʜˀʠʚʘ ʩʚʝʪʣʦʩʪ 

ï ʩʘʤʦ ʟʥʘʪʥʦ ʤʘˁʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ (ʉʣʠʢʘ 3.1-ʹ) [55]. ʅʘʩʪʘʿʫ
11

 ʪʘʢʦ ʰʪʦ ʩʝ ʝʣʝʢʪʨʦʥʠ 

ʝʤʠʪʦʚʘʥʠ ʩʘ ʢʘʪʦʜʝ ʫʙʨʟʘʿʫ ʚʝʣʠʢʦʤ ʨʘʟʣʠʢʦʤ ʧʦʪʝʥʮʠʿʘʣʘ (20000~150000V) ʠ 

ʫʩʤʝʨʘʚʘʿʫ ʢʘ ʘʥʦʜʥʦʿ ʤʝʪʠ
12
. ʅʘʢʦʥ ʩʫʜʘʨʘˁʘ ʩʘ ʘʥʦʜʥʦʤ ʤʝʪʦʤ, ʧʦʿʝʜʠʥʠ ʝʣʝʢʪʨʦʥʠ 

ʧʨʝʪʚʘʨʘʿʫ ʜʝʦ ʩʚʦʿʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʫ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦ ʟʨʘʯʝˁʝ ï ʧʦʟʥʘʪʦ ʢʘʦ ʠʢʩ-

ʟʨʘʮʠ. 

ʇʨʠʣʠʢʦʤ ʧʨʦʣʘʩʢʘ ʢʨʦʟ ʦʙʿʝʢʘʪ ʩʥʠʤʘˁʘ (ʉʣʠʢʘ 3.1-ʞ), ʜʝʦ ʠʢʩ-ʟʨʘʢʘ ʩʝ ʘʧʩʦʨʙʫʿʝ 

ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʢʨʦʟ ʢʦʿʠ ʧʨʦʣʘʟʝ. ʄʘʪʝʨʠʿʘʣʠ ʩʘ ʚʝ˂ʦʤ ʛʫʩʪʠʥʦʤ (ʥʘ 

ʧʨʠʤʝʨ ʢʦʩʪʠ) ʘʧʩʦʨʙʫʿʫ ʚʝ˂ʫ ʢʦʣʠʯʠʥʫ ʠʢʩ-ʟʨʘʢʘ ʧʘ ʩʫ ʚʠʜˀʠʚʠʿʠ ʥʘ ʩʣʠʢʘʤʘ, ʜʦʢ 

ʤʝʢʰʠ ʤʘʪʝʨʠʿʘʣʠ (ʧʦʧʫʪ ʪʢʠʚʘ) ʤʘˁʝ ʘʧʩʦʨʙʫʿʫ ʠʢʩ-ʟʨʘʢʝ ʠ ʫʛʣʘʚʥʦʤ ʥʠʩʫ ʚʠʜˀʠʚʠ 

ʥʘ ʩʥʠʤʮʠʤʘ. ʆʚʦ ʩʚʿʦʩʪʚʦ ʥʘʟʠʚʘ ʩʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʩʪ ï ʪʿ. ʤʦʛʫ˂ʥʦʩʪ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 

ʟʨʘʯʝˁʘ ʠʢʩ-ʟʨʘʢʘ ʫ ʟʨʘʯʝˁʝ ʩʘ ʚʝ˂ʦʤ ʪʘʣʘʩʥʦʤ ʜʫʞʠʥʦʤ [56]. ʇʨʚʦʙʠʪʥʦ ʩʝ ʫ ʪʝ ʩʚʨʭʝ 

ʢʦʨʠʩʪʠʦ ʬʦʪʦʛʨʘʬʩʢʠ ʬʠʣʤ, ʘ ʥʘ ʉʣʠʮʠ 3.1-ʟ ʿʝ ʧʨʠʢʘʟʘʥ
13

 ʩʮʠʥʮʠʣʘʪʦʨʩʢʠ ʜʝʪʝʢʪʦʨ 

ʩʘ ʨʘʚʥʠʤ ʧʘʥʝʣʦʤ [57-59]. ʉʘʩʪʦʿʠ ʩʝ ʦʜ ʤʘʪʨʠʯʥʦ ʨʘʩʧʦʨʝʹʝʥʠʭ ˂ʝʣʠʿʘ (ʉʣʠʢʘ 3.1-ʠ), 

ʢʦʿʝ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʤʘʪʝʨʠʿʘʣʘ (ʥʘ ʧʨʠʤʝʨ ʘʤʦʨʬʥʠ ʩʠʣʠʮʠʿʫʤ) ʢʦʿʠ ʠʢʩ-ʟʨʘʢʝ ʧʨʝʪʚʘʨʘʿʫ 

ʫ ʚʠʜˀʠʚʫ ʩʚʝʪʣʦʩʪ, ʢʦʿʘ ʩʝ ʜʘˀʝ ʤʦʞʝ ʜʝʪʝʢʪʦʚʘʪʠ ʬʦʪʦʜʠʦʜʘʤʘ ʠ ʢʦʥʚʝʨʪʦʚʘʪʠ ʫ 

ʜʠʛʠʪʘʣʥʫ ʩʣʠʢʫ (ʉʣʠʢʘ 3.1-ʿ). 

3.1.3 ʂʦʨʦʥʘʨʥʠ ʘʥʛʠʦʛʨʘʤ ï ʦʧʠʩ ʫʨʝʹʘʿʘ 

ʀʟʛʣʝʜ ʠ ʧʦʩʪʘʚʢʘ ʦʧʨʝʤʝ ʧʦʪʨʝʙʥʝ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣʠʮʠ 3.2-ʘ (ʘʥʛʠʦ ʩʘʣʘ ʂʣʠʥʠʯʢʦʛ ʮʝʥʪʨʘ ʫ ʅʠʰʫ, ʩʘ ʢʦʿʠʤʘ ʩʤʦ 

ʩʘʨʘʹʠʚʘʣʠ ʥʘ ʧʨʦʿʝʢʪʫ III41007). ʊʠʧʠʯʘʥ ʤʦʜʝʨʥʠ ʘʥʛʠʦʛʨʘʬʩʢʠ ʫʨʝʹʘʿ ʩʘʩʪʦʿʠ ʩʝ ʦʜ 

ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ ʠ ʜʝʪʝʢʪʦʨʘ ʩʣʠʢʝ (ʝʥʛʣ. Image intensifier), ʢʦʿʠ ʩʫ ʧʨʠʯʚʨʰ˂ʝʥʠ ʥʘ 

                                                 
11

 ʇʦʩʪʦʿʠ ʚʠʰʝ ʧʨʠʥʮʠʧʘ (ʦʧʨʝʤʝ ʠ ʫʨʝʹʘʿʘ) ʟʘ ʛʝʥʝʨʠʩʘˁʘ ʠʢʩ-ʟʨʘʢʘ, ʢʘʦ ʠ ʧʨʠʥʮʠʧʘ ʛʝʥʝʨʠʩʘˁʘ 

ʩʣʠʢʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʦʧʠʩʘʥʠ ʦʩʥoʚʥʠ ʧʨʠʥʮʠʧʠ ʢʦʿʠ ʩʝ ʪʠʯʫ ʢʦʨʦʥʘʨʥʝ 

ʘʥʛʠʦʛʨʘʬʠʿʝ (ʥʘ ʧʨʠʤʝʨ, ʢʦʤʧʿʫʪʝʨʩʢʘ ʪʦʤʦʛʨʘʬʠʿʘ ʢʦʨʠʩʪʠ ʜʨʫʛʠ ʧʨʠʥʮʠʧ ʛʝʥʝʨʠʩʘˁʘ ʩʣʠʢʝ). 

12
 ɸʥʦʜʥʘ ʤʝʪʘ ʩʝ ʧʨʘʚʠ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʚʝʣʠʢʠʤ ʘʪʦʤʩʢʠʤ ʙʨʦʿʝʤ (ɺʦʣʬʨʘʤ ɸ=184, ʫʨʘʥʠʿʫʤ 

ɸ=238 ʠʣʠ ʧʣʘʪʠʥʘ ɸ=195). ʇʦʰʪʦ ʿʝ ʩʘʤ ʧʨʦʮʝʩ ʩʫʜʘʨʘˁʘ ʝʣʝʢʪʨʦʥʘ ʩʘ ʘʥʦʜʥʦʤ ʤʝʪʦʤ ʝʥʝʨʛʝʪʩʢʠ 

ʜʦʩʪʘ ʥʝʝʬʠʢʘʩʘʥ (1% ʝʥʝʨʛʠʿʝ ʩʝ ʧʨʝʪʚʘʨʘ ʫ ʠʢʩ-ʟʨʘʢʝ, ʦʩʪʘʪʘʢ ʩʝ ʧʨʝʪʚʘʨʘ ʫ ʪʦʧʣʦʪʫ), ʘʥʦʜʥʘ ʤʝʪʘ ʿʝ 

ʨʦʪʠʨʘʿʫ˂ʘ ï ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʨʘʩʧʦʜʝʣʫ ʪʦʧʣʦʪʝ ʥʘ ʚʝ˂ʦʿ ʧʦʚʨʰʠʥʠ ʠ ʣʘʢʰʝ ʭʣʘʹʝˁʝ ʫʨʝʹʘʿʘ. 

13
 ʇʦʩʪʦʿʠ ʜʦʩʪʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʜʝʪʝʢʪʦʨʘ. ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʠʣʫʩʪʨʘʪʠʚʥʦ ʧʨʠʢʘʟʘʥ ʿʝʜʘʥ ʦʜ ˁʠʭ, 

ʙʝʟ ʫʣʘʞʝˁʘ ʫ ʢʦʥʩʪʨʫʢʮʠʿʫ ʠ ʪʝʭʥʠʯʢʝ ʜʝʪʘˀʝ. 
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ʤʦʙʠʣʥʫ ʎ
14

-ʨʫʢʫ (ʝʥʛʣ. C-arm) ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʨʦʪʠʨʘ ʦʢʦ ʦʙʿʝʢʪʘ ʢʦʿʠ ʩʝ ʩʥʠʤʘ. 

ʂʦʤʧʣʝʪʥʘ ʧʨʦʮʝʜʫʨʘ ʩʝ ʠʟʚʦʜʠ ʧʦʜ ʢʦʥʪʨʦʣʦʤ ʦʙʫʯʝʥʠʭ ʢʣʠʥʠʯʘʨʘ (ʪʝʭʥʠʯʘʨʘ ʠ 

ʨʘʜʠʦʣʦʛʘ), ʢʦʿʠ ʧʦʟʠʮʠʦʥʠʨʘʿʫ ʦʧʨʝʤʫ ʪʘʢʦ ʜʘ ʥʘ ʣʠʮʫ ʤʝʩʪʘ ʜʦʙʠʿʘʿʫ ʦʧʪʠʤʘʣʥʫ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʧʨʦʿʝʢʮʠʿʫ ʂɸ [8]. ʇʦʰʪʦ ʢʨʚ ʥʝ ʘʧʩʦʨʙʫʿʝ ʜʦʚʦˀʥʫ ʢʦʣʠʯʠʥʫ ʠʢʩ-

ʟʨʘʢʘ ʜʘ ʙʠ ʙʠʣʘ ʚʠʜˀʠʚʘ ʥʘ ʩʣʠʢʘʤʘ, ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʢʦʥʪʨʘʩʥʠ ʘʛʝʥʩ ʩʝ ʫʙʨʠʟʛʘʚʘ 

ʧʫʪʝʤ ʢʘʪʝʪʝʨʘ (ʉʣʠʢʘ 3.2-ʙ). ʅʘ ʦʩʥʦʚʫ ʢʦʥʩʪʨʫʢʮʠʿʝ ʫʨʝʹʘʿʘ ʠ ˁʝʛʦʚʦʛ ʧʨʠʥʮʠʧʘ 

ʘʢʚʠʟʠʮʠʿʝ ʩʥʠʤʘʢʘ, ʘʥʛʠʦʛʨʘʤʠ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʘ ʪʠʧʘ: ʤʦʥʦʨʘʚʘʥʩʢʝ 

(ʝʥʛʣ. ʄonoplane), ʙʠʨʘʚʘʥʩʢʝ (ʝʥʛʣ. Biplane, ʧʦʩʪʦʿʝ ʜʚʝ ʎ-ʨʫʢʝ, ʧʘ ʩʝ ʜʚʘ ʧʦʛʣʝʜʘ 

ʩʥʠʤʘʿʫ ʩʠʤʫʣʪʘʥʦ) ʠ ʨʦʪʘʮʠʦʥʝ (ʝʥʛʣ. Rotational, ʦʨʙʠʪʘ ʨʦʪʘʮʠʿʝ ʿʝ ʧʨʝʜʝʬʠʥʠʩʘʥʘ 

ʦʢʦ ʦʙʿʝʢʪʘ ʩʥʠʤʘˁʘ, ʪʘʢʦ ʜʘ ʩʝ ʪʦʢʦʤ ʨʦʪʘʮʠʿʝ ʎ-ʨʫʢʝ ʘʫʪʦʤʘʪʩʢʠ ʩʥʠʤʘ ʥʠʟ 

ʧʨʦʿʝʢʮʠʿʘ) [60]. ʆʚʘ ʪʝʟʘ ʿʝ ʧʨʚʝʥʩʪʚʝʥʦ ʬʦʢʫʩʠʨʘʥʘ ʥʘ ʤʦʥʦʨʘʚʘʥʩʢʝ ʫʨʝʹʘʿʝ (ʢʘʜʘ ʩʫ 

ʜʦʩʪʫʧʥʝ ʜʚʝ ʠʣʠ ʚʠʰʝ ʧʨʦʿʝʢʮʠʿʘ) ʠ ʙʠʨʘʚʘʥʩʢʝ ʫʨʝʹʘʿʝ, ʧʦʰʪʦ ʩʫ ʪʦ 

ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʠ ʠ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʫʨʝʹʘʿʠ ʫ ʧʨʘʢʩʠ. 

 

ʉʣʠʢʘ 3.2 ʂʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ: ʘ) ʀʟʛʣʝʜ ʦʧʨʝʤʝ ʫ ʘʥʛʠʦ ʩʘʣʠ; ʙ) ʉʢʠʮʘ 

ʧʨʦʮʝʜʫʨʝ ʫʙʨʠʟʛʘʚʘˁʘ ʢʦʥʪʨʘʩʪʥʦʛ ʘʛʝʥʩʘ ʫ ʂɸ ʧʦʤʦ˂ʫ ʢʘʪʝʪʝʨʘ; ʚ) ʉʢʠʮʘ CRA/CAU 

ʨʦʪʘʮʠʿʝ ʎ-ʨʫʢʝ; ʛ) ʉʢʠʮʘ RAO/LAO ʨʦʪʘʮʠʿʝ ʎ-ʨʫʢʝ; ʜ) ʇʨʠʤʝʨ ʂɸ ʩʘ ʧʣʘʢʦʤ (ʛʦʨˁʠ 

ʜʝʦ) ʠ ʩʪʝʥʦʟʦʤ (ʜʦˁʠ ʜʝʦ) ; ʹ ʠ ʝ) ʇʨʠʢʘʟ ʂɸ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʫʛʣʦʚʘ; ʞ) ʇʨʠʤʝʨ 

ʨʝʘʣʥʠʭ ʩʥʠʤʘʢʘ ʣʝʚʝ ʂɸ, ʦʜ ʪʨʝʥʫʪʢʘ ʢʘʜʘ ʩʝ ʧʦʯʥʝ ʩʘ ʫʙʨʠʟʛʘʚʘˁʝʤ ʢʦʥʪʨʘʩʪʘ ʫ ʂɸ-

ʜʦ ʪʨʝʥʫʪʢʘ ʢʘʜʘ ʩʝ ʮʝʣʘ ʂɸ ʿʘʩʥʦ ʚʠʜʠ. 
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 ɿʦʚʝ ʩʝ ʎ-ʨʫʢʘ ʿʝʨ ʠʤʘ ʦʙʣʠʢ ʣʘʪʠʥʠʯʥʦʛ ʩʣʦʚʘ ʮ (ĂCñ). 
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ʅʘ ʉʣʠʮʠ 3.2-ʘ ʧʨʠʢʘʟʘʥ ʿʝ ʤʦʥʦʨʘʚʘʥʩʢʠ ʘʥʛʠʦʛʨʘʤ ʧʦʩʪʘʚˀʝʥ ʫ ʥʝʫʪʨʘʣʥʦʤ 

ʧʦʣʦʞʘʿʫ ï ʪʘʢʦ ʜʘ ʩʝ ʠʟʚʦʨ ʠʢʩ-ʟʨʘʢʘ ʠ ʧʨʦʿʝʢʪʦʨ ʥʘʣʘʟʝ ʜʫʞ ʦʩʝ ʦʙʝʣʝʞʝʥʝ ʧʣʘʚʦʤ 

ʙʦʿʦʤ, ʧʨʠ ʯʝʤʫ ʩʝ ʠʟʚʦʨ ʠʢʩ-ʟʨʘʢʘ ʥʘʣʘʟʠ ʠʩʧʦʜ ʩʪʦʣʘ. ʂʣʠʥʠʯʢʠ ʥʘʟʠʚ ʟʘ ʧʨʠʢʘʟʘʥʠ 

ʥʝʫʪʨʘʣʥʠ ʧʦʣʦʞʘʿ ʿʝ AP (ʝʥʛʣ. Anterior-Posterior). ʆʩʝ ʨʦʪʘʮʠʿʝ ʎ-ʨʫʢʝ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ 

ʉʣʠʮʠ 3.2-ʘ, ʛʜʝ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʠʭ ʠʤʘ ʫʢʫʧʥʦ ʜʚʝ. ʇʨʚʠ ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ ʿʝ ʨʦʪʘʮʠʿʘ 

ʦʢʦ ʦʩʝ ʦʙʝʣʝʞʝʥʝ ʟʝʣʝʥʦʤ ʙʦʿʦʤ (ʧʨʘʚʘʮ ʦʜ ʛʣʘʚʝ ʢʘ ʥʦʛʘʤʘ ʧʘʮʠʿʝʥʪʘ) ï ʧʨʠ ʯʝʤʫ ʩʝ 

ʨʦʪʘʮʠʿʘ ʥʘ ʜʝʩʥʫ ʩʪʨʘʥʫ ʧʘʮʠʿʝʥʪʘ ʦʟʥʘʯʘʚʘ ʩʘ RAO (ʝʥʛʣ. Right Anterior Oblique), ʘ 

ʨʦʪʘʮʠʿʘ ʥʘ ʣʝʚʦ ʩʘ LAO (ʝʥʛʣ. Left Anterior Oblique). ɼʨʫʛʠ ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ ʎ-ʨʫʢʝ ʿʝ 

ʨʦʪʘʮʠʿʘ
15
ʦʢʦ ʦʩʝ ʦʙʝʣʝʞʝʥʝ ʞʫʪʦʤ ʙʦʿʦʤ ï ʧʨʠ ʯʝʤʫ ʩʝ ʨʦʪʘʮʠʿʘ ʦʜ ʧʦʣʦʞʘʿʘ AP ʢʘ 

ʥʦʛʘʤʘ ʧʘʮʠʿʝʥʪʘ ʦʙʝʣʝʞʘʚʘ ʩʘ CAU (ʝʥʛʣ. Caudial), ʘ ʨʦʪʘʮʠʿʘ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ CRA 

(ʝʥʛʣ. Cranial). ɼʦʜʘʪʥʦ, ʤʦʛʫ˂ʝ ʿʝ ʪʨʘʥʩʣʘʪʦʨʥʦ ʧʦʤʝʨʘʪʠ ʧʨʦʿʝʢʪʦʨ ʜʫʞ AP ʦʩʝ (ʧʣʘʚʘ 

ʙʦʿʘ ʥʘ ʉʣʠʮʠ 3.2-ʘ) ʯʠʤʝ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʪʟʚ. ʬʦʢʫʩ ï ʧʦˀʝ ʧʨʠʢʘʟʘ ʠ ʫʚʝ˂ʘˁʝ ʦʙʿʝʢʪʘ 

ʥʘ ʧʨʦʿʝʢʮʠʿʠ (ʰʪʦ ʿʝ ʦʙʿʝʢʘʪ ʙʣʠʞʠ ʠʟʚʦʨʫ ʠʢʩ-ʟʨʘʢʘ ʠ ʜʘˀʠ ʦʜ ʧʨʦʿʝʢʪʦʨʘ ʧʦʚʝ˂ʘʚʘ˂ʝ 

ʩʝ ʝʬʝʢʘʪ ʟʫʤʠʨʘˁʘ). ʇʦʨʝʜ ʧʦʟʠʮʠʦʥʠʨʘˁʘ ʎ-ʨʫʢʝ, ʢʣʠʥʠʯʘʨʠʤʘ ʿʝ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ ʠ 

ʧʦʤʝʨʘˁʝ ʩʪʦʣʘ ʩʘ ʧʘʮʠʿʝʥʪʦʤ, ʫ ʩʚʘ ʪʨʠ ʧʨʘʚʮʘ. ʂʦʤʙʠʥʘʮʠʿʦʤ ʦʧʠʩʘʥʠʭ ʩʪʝʧʝʥʠ 

ʩʣʦʙʦʜʝ ʜʦʙʠʿʘʿʫ ʩʝ ʦʧʪʠʤʘʣʥʠ ʧʦʛʣʝʜʠ ʟʘ ʩʥʠʤʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʛʨʘʥʘ ʢʦʨʦʥʘʨʥʦʛ 

ʩʪʘʙʣʘ. ʇʨʠʤʝʨ ʧʨʦʿʝʢʮʠʿʘ ʨʝʘʣʥʝ ʂɸ ʪʦʢʦʤ ʫʙʨʠʟʛʘʚʘˁʘ ʢʦʥʪʨʘʩʪʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ 

ʉʣʠʮʠ 3.2-ʞ. ʋ ʪʦʢʫ ʘʢʚʠʟʠʮʠʿʝ, ʟʘʿʝʜʥʦ ʩʘ ʩʣʠʢʘʤʘ, ʫ ʪʟʚ. DICOM (ʝʥʛʣ. Digital 

Imaging and Communications in Medicine) ʬʘʿʣʦʚʝ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʪʘʥʜʘʨʜʥʠ 

ʬʦʨʤʘʪ ʟʘ ʨʘʟʤʝʥʫ ʤʝʜʠʮʠʥʩʢʠʭ ʧʦʜʘʪʘʢʘ, ʯʫʚʘʿʫ ʩʝ ʿʦʰ: ʫʛʣʦʚʠ ʧʨʠʤʘʨʥʝ ʨʦʪʘʮʠʿʝ 

(RAO/LAO) ʠ ʩʝʢʫʥʜʘʨʥʝ ʨʦʪʘʮʠʿʝ-ʘʥʛʫʣʘʮʠʿʝ (CRA/CAU), ʚʝʣʠʯʠʥʘ ʧʠʢʩʝʣʘ (ʝʥʛʣ. 

Imager Pixel Spacing), ʢʘʦ ʠ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ ʠ ʧʨʦʿʝʢʪʦʨʘ (ʝʥʛʣ. 

Source to Patient Distance) ʠ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ ʠ ʦʙʿʝʢʪʘ ʩʥʠʤʘˁʘ 

(ʝʥʛʣ. Source to Object Distance) [61]. 

ʆʧʠʩʘʥʠ ʧʨʠʥʮʠʧ ʛʝʥʝʨʠʩʘˁʘ ʩʣʠʢʝ ʦʤʦʛʫ˂ʘʚʘ in-vivo ʛʝʥʝʨʠʩʘˁʝ ʩʣʠʢʝ, ʢʦʿʠʤ ʩʝ 

ʢʣʠʥʠʯʘʨʠʤʘ ʪʨʝʥʫʪʥʦ ʧʨʠʢʘʟʫʿʝ ʂɸ. ʄʝʹʫʪʠʤ, ʧʦʰʪʦ ʿʝ ʬʦʨʤʠʨʘˁʝ ʩʣʠʢʝ ʙʘʟʠʨʘʥʦ ʥʘ 

ʧʨʦʿʝʢʮʠʿʠ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʢʦʥʬʫʟʠʿʝ ʢʘʜʘ ʩʝ ʩʥʠʤʘʿʫ ʩʣʦʞʝʥʘ ʢʦʨʦʥʘʨʥʘ ʩʪʘʙʣʘ ʿʝʨ ʩʝ 

ʧʨʦʿʝʢʮʠʿʝ ʧʦʿʝʜʠʥʠʭ ʛʨʘʥʘ ʧʨʝʢʣʘʧʘʿʫ. ɼʨʫʛʠ ʧʨʦʙʣʝʤ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʠʣʫʩʪʨʦʚʘʥ ʿʝ ʥʘ 

ʉʣʠʮʠ 3.2-ʜ, ʛʜʝ ʿʝ ʧʨʠʢʘʟʘʥ ʩʝʛʤʝʥʪ ʂɸ ʩʘ ʜʚʘ ʪʠʧʘ ʩʫʞʝˁʘ: ʩʪʝʥʦʟʘ (ʉʣʠʢʘ 3.2-ʜ 

ʜʦʣʝ) ʠ ʧʣʘʢ (ʉʣʠʢʘ 3.2-ʜ ʛʦʨʝ). ʇʨʠ ʩʥʠʤʘˁʫ ʩʝʛʤʝʥʘʪʘ ʂɸ ʩʘ ʧʣʘʢʦʚʠʤʘ, ʢʦʿʠ ʦʙʠʯʥʦ 

ʠʤʘʿʫ ʥʝʧʨʘʚʠʣʥʠ ʦʙʣʠʢ, ʢʣʠʥʠʯʘʨ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʦʛʨʝʰʥʦʛ ʟʘʢˀʫʯʢʘ ʘʢʦ ʫʛʘʦ 

ʧʦʩʤʘʪʨʘˁʘ ʥʠʿʝ ʦʧʪʠʤʘʣʘʥ. ʋ ʨʘʟʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʜʝʦ ʂɸ ʩʘ 

ʧʣʘʢʦʤ ʥʘ ʉʣʠʮʠ 3.ʹ ʠʟʛʣʝʜʘ ʢʘʦ ʙʝʟʥʘʯʘʿʥʦ ʩʫʞʝˁʝ, ʜʦʢ ʪʘʿ ʠʩʪʠ ʩʝʛʤʝʥʪ ʧʦʩʤʘʪʨʘʥ ʠʟ 

ʜʨʫʛʦʛ-ʦʧʪʠʤʘʣʥʦʛ ʫʛʣʘ ʥʘ ʉʣʠʮʠ 3.ʝ ʦʪʢʨʠʚʘ ʟʥʘʯʘʿʥʦ ʩʫʞʝˁʝ. ʄʝʹʫʪʠʤ, ʯʘʢ ʠ ʢʘʜʘ ʩʝ 

ʧʦʩʪʠʛʥʝ ʦʧʪʠʤʘʣʥʠ ʫʛʘʦ, ʥʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʧʨʦʿʝʢʮʠʿʘ ʥʝ ʤʦʞʝ ʩʝ ʧʦʫʟʜʘʥʦ 
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 ʏʝʩʪʦ ʩʝ ʥʘʟʠʚʘ ʘʥʛʫʣʘʮʠʿʘ, ʜʘ ʙʠ ʩʝ ʨʘʟʣʠʢʦʚʘʣʘ ʦʜ ʧʨʠʤʘʨʥʝ ʨʦʪʘʮʠʿʝ. 
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ʫʪʚʨʜʠʪʠ ʜʘ ʣʠ ʿʝ ʥʝʢʦ ʦʜ ʩʫʞʝˁʘ ʧʣʘʢ ʠʣʠ ʩʪʝʥʦʟʘ ï ʰʪʦ ʿʝ ʿʦʰ ʿʝʜʘʥ ʥʝʜʦʩʪʘʪʘʢ 

ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ. 

ʆʥʦ ʰʪʦ ʿʝ ʙʠʪʥʦ ʿʝʩʪʝ ʜʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʩʚʦʿʫ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʠ ʠʥʚʘʟʠʚʥʫ 

ʧʨʠʨʦʜʫ, ʢʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ ʠ ʥʘʢʦʥ ʧʝʪ ʜʝʮʝʥʠʿʘ ʢʦʨʠʰ˂ʝˁʘ ʧʨʝʜʩʪʘʚˀʘ ʟʣʘʪʥʠ 

ʩʪʘʥʜʘʨʜ ʟʘ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʝ ʠ ʪʨʝʪʠʨʘˁʝ ʦʙʦʣʝʣʠʭ ʂɸ. ʉʘʤʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫʨʝʹʘʿʘ ʿʝ 

ʪʘʢʚʘ ʜʘ ʢʣʠʥʠʯʘʨʠʤʘ ʦʤʦʛʫ˂ʘʚʘ ʬʣʝʢʩʠʙʠʣʘʥ ʠ ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʘʥ ʧʨʠʩʪʫʧ 

ʢʦʨʦʥʘʨʥʠʤ ʘʨʪʝʨʠʿʘʤʘ ʫ ʪʦʢʫ ʩʘʤʝ ʠʥʪʝʨʚʝʥʮʠʿʝ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʠʭ ʤʦʜʘʣʠʪʝʪʘ 

ʢʦʿʠ ʩʝ ʫʛʣʘʚʥʦʤ ʢʦʨʠʩʪʝ ʩʘʤʦ ʢʘʦ ʜʠʿʘʛʥʦʩʪʠʯʢʠ ʘʣʘʪʠ. ʇʦʨʝʜ ʫʧʦʪʨʝʙʝ ʟʘ ʜʝʪʝʢʮʠʿʫ 

ʦʙʦʣʝʣʠʭ ʂɸ ʠ ʘʥʛʠʦʧʣʘʩʪʠʢʫ (ʨʘʟʙʠʿʘˁʘ ʧʣʘʢʘ ʥʘʜʫʚʘʚʘˁʝʤ ʙʘʣʦʥʘ), ʢʦʨʦʥʘʨʥʘ 

ʘʥʛʠʦʛʨʘʬʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʟʘ ʠʟʚʦʹʝˁʝ ʜʨʫʛʠʭ ʠʥʪʝʨʚʝʥʮʠʿʘ ʙʘʟʠʨʘʥʠʭ ʥʘ 

ʫʧʦʪʨʝʙʠ ʢʘʪʝʪʝʨʘ. ʅʘ ʧʨʠʤʝʨ, ʤʦʥʠʪʦʨʠʥʛ ʭʝʤʦʜʠʥʘʤʠʢʝ ʧʦʤʦ˂ʫ ʬʨʘʢʮʠʦʥʦʛ 

ʨʝʚʝʨʟʥʦʛ ʧʨʦʪʦʢʘ (ʝʥʛʣ. Fractional Flow Reserve), ʫʛʨʘʜˁʘ ʧʝʿʩʤʝʿʢʝʨʘ (ʝʥʛʣ. 

Pacemaker), ʠʥʪʨʘʚʘʩʢʫʣʘʨʥʠ ʫʣʪʨʘʟʚʫʢ, ʦʧʪʠʯʢʘ ʢʦʭʝʨʝʥʪʥʘ ʪʦʤʦʛʨʘʬʠʿʘ ʠ ʫʛʨʘʜˁʘ 

ʢʦʨʦʥʘʨʥʠʭ ʩʪʝʥʪʦʚʘ ʩʫ ʩʚʝ ʧʨʠʤʝʨʠ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠʭ ʧʨʦʮʝʜʫʨʘ ʙʘʟʠʨʘʥʠʭ ʥʘ 

ʫʧʦʪʨʝʙʠ ʢʘʪʝʪʝʨʘ ʠ ʘʥʛʠʦʛʨʘʬʠʿʝ [62]. 

ʋ ʮʠˀʫ ʨʝʜʫʢʦʚʘˁʘ ʜʦʟʝ ʰʪʝʪʥʦʛ ʿʦʥʠʟʫʿʫ˂ʝʛ ʟʨʘʯʝˁʘ ʢʦʿʝʤ ʩʫ ʠʟʣʦʞʝʥʠ ʧʘʮʠʿʝʥʪʠ 

ʠ ʢʣʠʥʠʯʘʨʠ, ʧʦʞʝˀʥʦ ʿʝ ʜʘ ʩʝ ʙʨʦʿ ʘʢʚʠʟʠʮʠʿʘ ʨʝʜʫʢʫʿʝ [63]. Oʙʠʯʥʦ ʩʝ ʂɸ ʩʥʠʤʘ ʠʟ 

ʜʚʝ ʠʣʠ ʪʨʠ ʧʨʦʿʝʢʮʠʿʝ (ʝʥʛʣ. Posterior-Anterior ʠ ʝʥʛʣ. Lateral). ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʨʝʜʫʢʦʚʘˁʝʤ ʙʨʦʿʘ ʧʨʦʿʝʢʮʠʿʘ ʨʝʜʫʢʫʿʝ ʩʝ ʠ ʢʦʣʠʯʠʥʘ ʜʦʩʪʫʧʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʢʘʦ ʠ 

ʤʦʛʫ˂ʥʦʩʪ ʢʚʘʣʠʪʘʪʠʚʥʝ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʘʥʘʣʠʟʝ ʙʦʣʝʩʪʠ ʂɸ. ʋ ʮʠˀʫ ʧʨʝʚʘʟʠʣʘʞʝˁʘ 

ʥʘʚʝʜʝʥʠʭ ʤʘʥʘ ʠ ʦʛʨʘʥʠʯʝˁʘ, ʪʦʢʦʤ ʧʦʩʣʝʜˁʠʭ ʜʚʘʜʝʩʝʪ ʛʦʜʠʥʘ ʟʘʙʝʣʝʞʝʥ ʿʝ 

ʢʦʥʩʪʘʥʪʘʥ ʨʘʩʪ ʧʦʪʨʝʙʘ ʟʘ ʨʘʟʚʦʿʝʤ ʥʘʧʨʝʜʥʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ ʢʦʿʠ ʙʠ ʦʤʦʛʫ˂ʠʣʠ 

ʜʦʙʠʿʘˁʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ 

(ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʧʨʦʿʝʢʮʠʿʘ) [7]. 

3.2. ʇʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʬʦʢʫʩʠʨʘʥʝ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʛʝʦʤʝʪʨʠʿʝ 

ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʜʦʩʪʘ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʠʟ 

ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ, ʤʝʹʫʪʠʤ ʛʦʪʦʚʦ ʩʚʠ ʘʣʛʦʨʠʪʤʠ (ʢʦʿʠ ʩʫ ʩʝ ʧʦʢʘʟʘʣʠ ʢʘʦ 

ʧʦʫʟʜʘʥʠ ʠ ʧʨʠʤʝʥˀʠʚʠ) ʩʝ ʩʘʩʪʦʿʝ ʠʟ ʩʣʝʜʝ˂ʠʭ ʢʦʨʘʢʘ: 

(1) ʋʧʘʨʠʚʘˁʝ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʧʦʛʣʝʜʘ (ʨʫʯʥʦ ʠʣʠ ʧʦʤʦ˂ʫ 

ɽʂɻ ʩʠʛʥʘʣʘ); 

(2) ʉʝʛʤʝʥʪʘʮʠʿʘ, ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʠ ʧʨʘ˂ʝˁʘ ʂɸ ʥʘ ʥʠʟʫ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ; 

(3) ʂʘʣʠʙʨʘʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʜʝʬʠʥʠʰʫ ʦʨʠʿʝʥʪʘʮʠʿʫ ʫʨʝʹʘʿʘ ʟʘ ʩʥʠʤʘˁʝ; 

(4) ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʂɸ ʠʟ ʩʠʥʭʨʦʥʠʟʦʚʘʥʠʭ ʩʝʛʤʝʥʪʘʮʠʿʘ; 
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(5) ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ (+ʪʝʤʧʦʨʘʣʥʘ) ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʣʫʤʝʥʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ. 

ʀ ʧʦʩʣʝ ʤʥʦʛʦ ʛʦʜʠʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʜʘʪʦʿ ʦʙʣʘʩʪʠ, ʥʘ ʦʩʥʦʚʫ ʜʦʩʪʫʧʥʦʛ ʫʚʠʜʘ ʫ 

ʣʠʪʝʨʘʪʫʨʫ, ʪʨʝʥʫʪʥʦ ʥʝ ʧʦʩʪʦʿʠ ʧʨʦʮʝʜʫʨʘ ʢʦʿʘ ʿʝ ʜʦʚʦˀʥʦ ʥʘʧʨʝʜʥʘ ʟʘ ʨʫʪʠʥʩʢʦ 

ʠʟʚʦʹʝˁʝ ʧʦʧʪʫʥʦ ʘʫʪʦʤʘʪʩʢʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʨʦʥʘʨʥʠʭ ʩʪʘʙʘʣʘ ʫ 

ʪʦʢʫ ʢʣʠʥʠʯʢʝ ʠʥʪʝʨʚʝʥʮʠʿʝ. ʋʤʝʩʪʦ ʪʦʛʘ, ʚʝ˂ʠʥʘ ʜʦʩʪʫʧʥʠʭ ʨʝʰʝˁʘ, ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʠ 

ʘʢʘʜʝʤʩʢʠʭ, ʩʫ ʧʦʣʫ-ʘʫʪʦʤʘʪʩʢʝ, ʧʨʠ ʯʝʤʫ ʢʦʨʘʮʠ ʦʜ 1 ʜʦ 5 ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʦʜʨʝʹʝʥʠ 

ʩʪʝʧʝʥ ʠʜʝʣʘʠʟʘʮʠʿʝ ʠ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʢʦʨʠʩʥʠʢʦʤ. ʆʩʥʦʚʥʠ ʨʘʟʣʦʛ ʧʦʪʨʝʙʝ ʟʘ 

ʠʥʪʝʨʘʢʮʠʿʦʤ ʩʘ ʢʦʨʠʩʥʠʢʦʤ ʿʝʩʪʝ ʦʛʨʘʥʠʯʝʥ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ, ʢʘʦ ʠ ʰʫʤʦʚʠ ʢʦʿʠ ʩʝ 

ʿʘʚˀʘʿʫ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʫʟʝʪʦ ʿʝ ʜʘ ʩʫ ʢʦʨʘʮʠ ʛʨʫʧʠʩʘʥʠ ʧʦʜ ʨʝʜʥʠʤ ʙʨʦʿʝʤ ʜʚʘ 

ʠʟʚʨʰʝʥʠ ʢʦʨʝʢʪʥʦ, ʙʠʣʦ ʨʫʯʥʦ ʠʣʠ ʢʦʨʠʩʪʝ˂ʠ ʥʝʢʫ ʦʜ (ʧʦʣʫ) ʘʫʪʦʤʘʪʩʢʠʭ ʤʝʪʦʜʘ ʠʟ 

ʣʠʪʝʨʘʪʫʨʝ. ʄʝʪʦʜʘ ʢʦʿʘ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʧʦʣʫ-ʘʫʪʦʤʘʪʩʢʫ ʩʝʛʤʝʪʥʘʮʠʿʫ ʙʠ˂ʝ 

ʧʨʠʢʘʟʘʥʘ ʢʘʩʥʠʿʝ ʫ ʧʦʛʣʘʚˀʫ 4, ʜʦʢ ʿʝ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʘʞˁʘ ʧʦʩʚʝ˂ʝʥʘ ʢʦʨʘʮʠʤʘ 1, 

3, 4 ʠ 5 ʟʘ ʢʦʿʝ ʩʫ ʨʘʟʚʠʿʝʥʝ ʥʦʚʝ ʠ ʘʫʪʦʤʘʪʠʟʦʚʘʥʝ ʤʝʪʦʜʝ. 

ʇʨʚʠ ʧʦʢʫʰʘʿʠ ʜʘ ʩʝ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʨʝʢʦʥʩʪʨʫʠʰʫ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ 

ʧʨʦʿʝʢʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘʣʠ ʩʫ ʠʜʝʘʣʠʟʦʚʘʥʠ ʤʦʜʝʣ ʬʦʨʤʠʨʘˁʘ ʩʣʠʢʝ, ʢʦʿʠ ʿʝ ʙʘʟʠʨʘʥ ʥʘ 

ʠʟʦʮʝʥʪʨʠʯʥʦʤ ʧʠʥʭʦʣ ʢʘʤʝʨʘ (ʝʥʛʣ. Isocentric pinhole camera projection) ʤʦʜʝʣʫ
16

 [64-

66]. ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʝ ʦʨʠʿʝʥʪʘʮʠʿʘ ʘʥʛʠʦʛʨʘʤʘ ʤʦʞʝ ʜʦʙʠʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʘʤʦ 

ʧʘʨʘʤʝʪʘʨʘ ʟʘʧʠʩʘʥʠʭ ʫ DICOM ʬʘʿʣʫ, ʢʦʿʠ ʩʝ ʿʦʰ ʥʘʟʠʚʘʿʫ ʝʢʩʪʨʠʥʟʠʯʥʠ (ʝʥʛʣ. 
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 ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʠʥʭʦʣ ʤʦʜʝʣ ʢʘʤʝʨʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʫ ʣʠʪʝʨʘʪʫʨʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ 

ʩʢʠʮʠʨʘʥ ʿʝ ʠʩʧʦʜ. ʀʟʚʦʨ ʠʢʩ-ʟʨʘʢʘ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʦ ʢʘʤʝʨʘ, ʪʘʢʦ ʜʘ ʩʝ ˁʝʛʦʚʦ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʫ 

ʧʨʦʩʪʦʨʫ ʚʨʰʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ ʛʣʦʙʘʣʥʦʛ ʢʦʦʨʜʠʥʘʪʥʦʛ ʩʠʩʪʝʤʘ ʫ ʣʦʢʘʣʥʠ ʢʦʦʨʜʠʥʘʪʥʠ ʩʠʩʪʝʤ 

ʢʦʤʙʠʥʘʮʠʿʦʤ ʨʦʪʘʮʠʿʝ R  ʠ ʪʨʘʥʩʣʘʮʠʿʝ t  ʎ-ʨʫʢʝ. ʇʝʨʩʧʝʢʪʠʚʥʘ ʧʨʦʿʝʢʮʠʿʘ ʪʘʯʢʝ ʫ ʧʨʦʩʪʦʨʫ P  ʥʘ 

ʦʨʠʿʝʥʪʠʩʘʥʫ ʨʘʚʘʥ ʜʝʪʝʢʪʦʨʘ ʩʣʠʢʝ ʬʦʨʤʫʣʠʰʝ ʩʝ ʧʦʤʦ˂ʫ ʤʘʪʨʠʮʝ ʧʨʦʿʝʢʮʠʿʝ A. ɿʘʪʠʤ ʩʝ ʟʘ 

ʫʟʦʨʢʦʚʘʥʝ ʪʘʯʢʝ ip , ʟʘ ʢʦʿʝ ʩʝ ʟʥʘ ʜʘ ʦʜʛʦʚʘʨʘʿʫ ʿʝʜʥʘ ʜʨʫʛʦʿ ʥʘ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ, ʚʨʰʠ ʢʘʣʠʙʨʘʮʠʿʘ 

ʫʨʝʹʘʿʘ ʪʘʢʦ ʰʪʦ ʩʝ ʥʝʧʦʟʥʘʪʠ ʧʘʨʘʤʝʪʨʠ (ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʠʟʚʦʨʘ-ʠʢʩ ʟʨʘʢʘ ʠ ʜʝʪʝʢʪʦʨʘ f , ʧʦʣʦʞʘʿ 

ʬʦʢʘʣʥʝ ʪʘʯʢʝ ʥʘ ʜʝʪʝʢʪʦʨʫ ( )0 0,u v , ʠ ʜʨ. ʟʘʚʠʩʥʦ ʦʜ ʤʝʪʦʜʝ) ʥʘʣʘʟʝ ʤʠʥʠʤʠʟʘʮʠʿʦʤ ʛʨʝʰʢʝ ʧʨʦʿʝʢʮʠʿʝ. 

ʆʚʜʝ ʿʝ ʫʢʨʘʪʢʦ ʦʧʠʩʘʥ ʦʩʥʦʚʥʠ ʧʨʠʥʮʠʧ ʢʦʿʠ ʥʝ ʫʢˀʫʯʫʿʝ ʧʘʨʘʤʝʪʨʝ ʘʬʠʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʩʣʠʢʝ ʟʘʪʦ 

ʰʪʦ ʩʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʪʫʜʠʿʘʤʘ ʨʘʟʣʠʯʠʪʦ ʬʦʨʤʫʣʠʩʘʥʝ ʤʘʪʨʠʮʝ ʨʦʪʘʮʠʿʝ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ, ʦ ʯʝʤʫ ˂ʝ 

ʙʠʪʠ ʨʝʯʠ ʫ ʥʘʩʪʘʚʢʫ ʧʦʛʣʘʚˀʘ. 
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ɽxtrinsic) ʧʘʨʘʤʝʪʨʠ. ʊʘʢʘʚ ʧʨʠʩʪʫʧ ʠʛʥʦʨʠʰʝ ʧʦʩʪʦʿʘˁʝ ʥʝʠʜʘʣʥʦʩʪʠ ʨʦʪʘʮʠʿʝ ʎ-ʨʫʢʝ, 

ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ˁʝʥʝ ʤʘʩʠʚʥʦʩʪʠ ʠ ʠʥʝʨʮʠʿʝ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʫʛʣʦʚʠ ʠ 

ʨʘʩʪʦʿʘˁʘ ʟʘʧʠʩʘʥʠ ʫ DICOM ʬʘʿʣʦʚʠʤʘ ʩʫ ʣʠʤʠʪʠʨʘʥʝ ʧʨʝʮʠʟʥʦʩʪʠ ʠ ʥʝ ʤʦʛʫ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʝʮʠʟʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ [67]. ʋ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʛʨʝʰʢʝ ʥʘʩʪʘʣʝ 

ʫʩʣʝʜ ʤʝʭʘʥʠʯʢʝ ʧʨʠʨʦʜʝ ʩʘʤʦʛ ʘʥʛʠʦʛʨʘʤʘ, ʧʨʝʜʣʦʞʝʥʝ ʩʫ ʤʝʪʦʜʝ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ 

ʙʘʟʠʨʘʥʝ ʥʘ ʫʧʦʪʨʝʙʠ ʨʘʟʣʠʯʠʪʠʭ ʬʠʟʠʯʢʠʭ ʬʘʥʪʦʤʘ ʠ ʘʢʚʠʟʠʮʠʦʥʠʭ ʧʨʦʪʦʢʦʣʘ. 

ʋʢʨʘʪʢʦ, ʤʝʪʦʜʝ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʦʜʨʝʹʫʿʫ ʠʥʪʨʠʥʟʠʯʥʝ
17

 (ʝʥʛʣ. Intrinsic) ʧʘʨʘʤʝʪʨʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʝʧʠʧʦʣʘʨʥʝ ʛʝʤʝʪʨʠʿʝ ʪʘʢʦ ʰʪʦ ʦʧʪʠʤʠʟʫʿʫ ʜʦʙʠʿʝʥʘ ʨʘʩʪʦʿʘˁʘ ʤʝʹʫ 

ʧʨʝʜʝʬʠʥʠʩʘʥʠʤ ʪʘʯʢʘʤʘ. ʄʝʹʫʪʠʤ, ʥʦʚʠʿʘ ʩʪʫʜʠʿʘ ʬʦʢʫʩʠʨʘʥʘ ʥʘ ʚʠʰʝʤʝʩʝʯʥʦʤ 

ʧʨʘ˂ʝˁʫ ʧʦʥʘʰʘˁʘ ʫʨʝʹʘʿʘ ʙʘʟʠʨʘʥʠʭ ʥʘ ʎ-ʨʫʢʘʤʘ ʧʦʢʘʟʘʣʘ ʿʝ ʜʫʛʦʨʦʯʥʫ ʥʝʩʪʘʙʠʣʥʦʩʪ 

ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʤʝʪʦʜʘ, ʧʨʝʜʣʘʞʫ˂ʠ ʜʘ ʩʝ ʢʘʣʠʙʨʘʮʠʿʘ ʚʨʰʠ ʿʝʜʥʦʤ ʤʝʩʝʯʥʦ ʢʘʢʦ ʙʠ ʩʝ 

ʦʩʠʛʫʨʘʣʘ ʧʨʝʮʠʟʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ [68-70]. ʂʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʘ ʟʘʚʠʩʥʦʩʪ ʦʜ ʜʦʜʘʪʥʝ 

ʥʝʩʪʘʥʜʘʨʜʥʝ ʦʧʨʝʤʝ ʠ ʨʝʩʪʨʠʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʘ ʘʢʚʠʟʠʮʠʿʝ (ʨʝʩʪʨʠʢʮʠʿʘ ʧʦʤʝʨʘˁʘ 

ʩʪʦʣʘ ʩʘ ʧʘʮʠʿʝʥʪʦʤ ʠʣʠ ʎ-ʨʫʢʝ ʠʟʤʝʹʫ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ) ʢʦʿʠ ʦʤʝʪʘʿʫ ʠ ʫʩʧʦʨʘʚʘʿʫ 

ʢʣʠʥʠʯʘʨʝ, ʧʨʦʧʠʩʘʥʝ ʩʫ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʙʘʟʠʨʘʥʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʿʠ ʝʢʩʪʨʠʥʟʠʯʥʠʭ ʠ 

ʠʥʪʨʠʥʟʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʘʥʛʠʦʛʨʘʤʘ. ʏʝʥ ʠ ʂʝʨʦʣ (ʝʥʛʣ. Chen ʠ Carroll) ʩʫ ʫ ʩʚʦʿ 

ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʫʢˀʫʯʠʣʠ ʧʦʤʝʨʘˁʝ ʎ-ʨʫʢʝ ʨʘʜʠ ʤʠʥʠʤʠʟʘʮʠʿʝ ʛʨʝʰʘʢʘ 

ʫʟʨʦʢʦʚʘʥʠʭ ʧʦʤʝʨʘˁʝʤ ʠʟʦʮʝʥʪʨʘ ʠʟʤʝʹʫ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ [71]. ʇʦʨʝʜ ʢʘʣʠʙʨʘʮʠʿʝ 

ʜʠʩʪʦʨʟʠʿʝ ʩʣʠʢʝ ʥʘʩʪʘʣʝ ʫʩʣʝʜ ʟʘʢʨʠʚˀʝʥʦʩʪʠ ʧʨʦʿʝʢʪʦʨʘ (ʝʥʛʣ. Pincushion distortion), 

ʐʝʭʪʝʨ (ʝʥʛʣ. Shechter) ʿʝ ʠʩʪʨʘʞʠʚʘʦ ʫʪʠʮʘʿ ʘʬʠʥʠʭ ʧʦʤʝʨʘˁʘ ʩʣʠʢʝ ʫ ʨʘʚʥʠ 

ʧʨʦʿʝʢʪʦʨʘ ʠ ʟʘʢˀʫʯʠʦ ʜʘ ʨʦʪʘʮʠʿʘ ʠʤʘ ʜʦʤʠʥʘʥʪʘʥ ʫʪʠʮʘʿ ʥʘ ʪʘʯʥʦʩʪ ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ [72]. ɱʘʥʛ (ʝʥʛʣ. Yang) ʿʝ ʫ ʩʚʦʤ ʤʦʜʝʣʫ ʠʛʥʦʨʠʩʘʦ ʟʘʢʨʠʚˀʝʥʦʩʪ 

ʧʨʦʿʝʢʪʦʨʘ (ʰʪʦ ʿʝ ʠʩʧʨʘʚʥʦ ʟʘ ʜʝʪʝʢʪʦʨʝ ʥʦʚʠʿʝ ʛʝʥʝʨʘʮʠʿʝ ʢʦʿʠ ʠʤʘʿʫ ʨʘʚʘʥ ʧʘʥʝʣ-

ʧʨʦʿʝʢʪʦʨ) ʢʘʦ ʠ ʨʦʪʘʮʠʿʫ ʫ ʨʘʚʥʠ ʧʨʦʿʝʢʪʦʨʘ. ʄʝʹʫʪʠʤ, ɱʘʥʛ ʿʝ ʫʢˀʫʯʠʦ ʧʦʤʝʨʘˁʝ 

ʩʪʦʣʘ ʧʘʮʠʿʝʥʪʘ, ʧʦʤʝʨʘˁʝ ʩʣʠʢʝ ʫ ʨʘʚʥʠ ʧʨʦʿʝʢʪʦʨʘ, ʢʘʦ ʠ ʠʩʢʨʠʚˀʝʥʦʩʪ (ʝʥʛʣ. 

Skewness) (ʩʘʤʦ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʨʘʚʮʫ) ʫʥʫʪʘʨ ʤʘʪʨʠʮʝ ʧʨʦʿʝʢʮʠʿʝ [73]. ɻʝʥʝʨʘʣʥʦ, 

ʩʪʫʜʠʿʝ ʙʘʟʠʨʘʥʝ ʥʘ ʪʘʢʦʟʚʘʥʦʤ ʧʠʥʭʦʣ ʤʦʜʝʣʫ ʢʘʤʝʨʝ ʧʨʝʜʧʦʩʪʘʚˀʘʿʫ ʜʘ ʿʝ ʨʘʚʘʥ 

ʜʝʪʝʢʪʦʨʘ ʥʦʨʤʘʣʥʘ ʥʘ ʦʧʪʠʯʢʫ ʦʩʫ (ʝʥʛʣ. Optical axis), ʰʪʦ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʥʠʿʝ 

ʠʩʧʨʘʚʥʦ. ʉʢʦʨʠʿʘ ʩʪʫʜʠʿʘ ʬʦʢʫʩʠʨʘʥʘ ʥʘ ʫʨʝʹʘʿʝ ʩʘ ʎ-ʨʫʢʦʤ ʿʝ ʧʦʪʚʨʜʠʣʘ ʜʘ ʿʝ 

ʧʨʦʿʝʢʪʦʨ ʠʟʣʦʞʝʥ ʪʨʘʥʩʣʘʮʠʿʠ ʠ ʨʦʪʘʮʠʿʠ ʫ ʩʚʘ ʪʨʠ ʧʨʘʚʮʘ ï ʥʝ ʩʘʤʦ ʧʨʦʩʪʠʤ 

ʧʦʤʝʨʘˁʠʤʘ ʫ ʨʘʚʥʠ ʧʨʦʿʝʢʪʦʨʘ [67]. ɿʙʦʛ ʪʦʛʘ, ʢʦʤʧʝʥʟʘʮʠʿʘ ʜʠʩʪʦʨʟʠʿʘ ʩʣʠʢʝ, ʢʦʿʝ ʩʫ 

ʧʨʦʫʟʨʦʢʦʚʘʥʝ ʥʝʠʜʝʘʣʥʦʰ˂ʫ ʩʠʩʪʝʤʘ ʟʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʧʨʦʿʝʢʪʦʨʘ ʠ ʠʟʚʦʨʘ ʠʢʩ-

ʟʨʘʢʘ, ʢʦʨʠʰ˂ʝˁʝʤ ʩʘʤʦ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʘʬʠʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʩʫ ʫ ʦʧʰʪʝʤ 

ʩʣʫʯʘʿʫ ʥʝʜʦʚʦˀʥʠ ʠ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʥʝʧʨʝʮʠʟʥʠʭ ʨʝʟʫʣʪʘʪʘ ʧʨʠʣʠʢʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ 

ʂɸ. 
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 ʀʥʪʨʠʥʟʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʟʘʚʠʩʝ ʦʜ ʦʢʨʫʞʝˁʘ ʠ ʩʪʘˁʘ ʫʨʝʹʘʚʘ, ʪʿ. ʥʠʩʫ ʜʦʩʪʫʧʥʠ ʫ DICOM 

ʬʘʿʣʦʚʠʤʘ. ʅʘ ʧʨʠʤʝʨ, ʧʦʤʝʨʝʥʦʩʪ ʧʨʦʿʝʢʪʦʨʘ ʦʜ ʠʜʝʘʣʥʝ ʧʦʟʠʮʠʿʝ ʧʨʝʜʚʠʹʝʥʝ ʬʘʙʨʠʯʢʦʤ 

ʩʧʝʮʠʬʠʢʘʮʠʿʦʤ ʠ ʦʧʠʩʘʥʝ ʧʘʨʘʤʝʪʨʠʤʘ ʫ DICOM-ʫ. ʅʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʜʫʛʦʪʨʘʿʥʦʛ ʢʦʨʠʰ˂ʝˁʘ 

ʫʨʝʹʘʿʘ ʠ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʫʨʝʹʘʿʘ ʜʘ ʘʧʩʦʣʫʪʥʦ ʧʨʝʮʠʟʥʦ ʧʦʟʠʮʠʦʥʠʨʘ ʎ-ʨʫʢʫ ʫ ʧʨʦʩʪʦʨʫ. 
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ɽʧʠʧʦʣʘʨʥʘ ʛʝʦʤʝʪʨʠʿʘ [74] ʿʝ ʧʨʝʪʭʦʜʥʦ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʪʘʯʢʝ ʠʟ 

ˁʝʥʝ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ. ʄʝʹʫʪʠʤ, ʪʦʢʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ ʿʝ ʧʦʪʨʝʙʥʦ ʥʘ˂ʠ ʧʘʨ ʪʘʯʘʢʘ 

ʩʘ ʜʚʝ ʩʣʦʞʝʥʝ ʣʠʥʠʿʝ (ʧʨʦʿʝʢʮʠʿʝ ʂɸ). ʅʘʞʘʣʦʩʪ, ʝʧʠʧʦʣʘʨʥʝ ʣʠʥʠʿʝ ʦʜ ʪʘʯʢʝ 

ʫʟʦʨʢʦʚʘʥʝ ʩʘ ʧʨʚʝ ʧʨʦʿʝʢʮʠʿʝ ʯʝʩʪʦ ʥʘʣʘʟʝ ʚʠʰʝ ʢʘʥʜʠʜʘʪʘ ʥʘ ʜʨʫʛʦʿ ʧʨʦʿʝʢʮʠʿʠ ï ʧʘ 

ʥʠʿʝ ʿʝʜʥʦʩʪʘʚʥʦ ʦʜʨʝʜʠʪʠ ʢʦʿʠ ʦʜ ˁʠʭ ʿʝ ʧʨʘʚʠ. ʂʘʦ ʨʝʰʝˁʝ ʟʘ ʧʦʤʝʥʫʪʠ ʧʨʦʙʣʝʤ, 

ʧʦʿʘʚʠʣʘ ʩʫ ʩʝ ʜʚʘ ʫʦʙʠʯʘʿʝʥʘ ʧʨʠʩʪʫʧʘ: ʜʝʬʦʨʤʘʙʠʣʥʠ ʤʦʜʝʣʠ ʠ ʜʠʥʘʤʠʯʢʦ 

ʧʨʦʛʨʘʤʠʨʘˁʝ. ɹʠʨʘʚʘʥʩʢʠ ʩʥʝʿʢ ʘʣʛʦʨʠʪʘʤ (ʝʥʛʣ. Bi-plane snake) ʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ 

ʜʝʬʦʨʤʘʙʠʣʥʠ ʤʦʜʝʣ ʧʨʦʧʠʩʘʥ ʟʘ ʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʠʭ ʧʘʨʦʚʘ ʪʘʯʘʢʘ ʠʟʤʝʹʫ ʜʚʝ 

ʧʨʦʿʝʢʮʠʿʝ [75]. ʉʥʝʿʢ ʘʣʛʦʨʠʪʘʤ ʧʨʝʜʩʪʘʚˀʘ ʠʪʝʨʘʪʠʚʥʫ ʤʝʪʦʜʫ ʟʘ ʨʝʢʦʥʩʪʨʫʠʩʘˁʝ 

ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʂɸ ʧʦʤʦ˂ʫ ʜʝʬʦʨʤʘʙʠʣʥʠʭ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʣʠʥʠʿʘ, ʢʦʿʝ ʩʝ 

ʜʝʬʦʨʤʠʰʫ ʧʦʜ ʜʝʿʩʪʚʦʤ ʛʨʘʜʠʿʝʥʘʪʘ ʠʟʨʘʯʫʥʘʪʠʭ ʥʘ ʦʩʥʦʚʫ ʠʥʪʝʥʟʠʪʝʪʘ ʧʠʢʩʝʣʘ 

ʩʣʠʢʝ. ʅʝʜʘʚʥʦ ʿʝ ˁʠʭʦʚʘ ʧʨʠʤʝʥʘ ʧʨʦʰʠʨʝʥʘ ʠ ʥʘ ʪʝʤʧʦʨʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ [76] 

ʢʘʦ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʠʟ ʚʠʰʝ ʧʨʦʿʝʢʮʠʿʘ [77]. ʂʘʢʦ ʙʠ ʩʝ ʨʝʜʫʢʦʚʘʣʘ ʦʩʝʪˀʠʚʦʩʪ 

ʥʘ ʢʚʘʣʠʪʝʪ ʩʘʤʝ ʩʣʠʢʝ (ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʩʝ ʨʘʯʫʥʘʿʫ ʛʨʘʜʠʿʝʥʪʠ ʢʦʿʠ ʧʦʤʝʨʘʿʫ 

ʜʝʬʦʨʤʘʙʠʣʥʠ ʤʦʜʝʣ), ʧʨʝʢʣʘʧʘˁʝ ʧʨʦʿʝʢʮʠʿʘ ʂɸ ʠ ʢʦʤʧʿʫʪʝʨʩʢʘ ʟʘʭʪʝʚʥʦʩʪ, ʨʘʟʚʠʿʝʥʝ 

ʩʫ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʢʦʿʝ ʥʘ ʙʘʟʠ ʜʠʥʘʤʠʯʢʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʫʧʘʨʫʿʫ ʪʘʯʢʝ ʫʟʦʨʢʦʚʘʥʝ 

ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʿʝʢʮʠʿʘ [78-79]. ɻʣʘʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʪʘʢʚʠʭ ʤʝʪʦʜʘ ʿʝʩʪʝ ʜʘ ʟʘ ʩʚʘʢʫ 

ʪʘʯʢʫ ʠʟ ʧʨʚʝ ʧʨʦʿʝʢʮʠʿʝ ʥʝʨʝʪʢʦ ʚʨʘ˂ʘʿʫ ʜʚʝ ʠʣʠ ʚʠʰʝ ʪʘʯʢʠ ʠʟ ʜʨʫʛʦʛ ʧʦʛʣʝʜʘ ï ʜʦʢ ʿʝ 

ʣʦʛʠʯʥʦ ʦʯʝʢʠʚʘʪʠ ʜʘ ʿʝʜʥʦʿ ʪʘʯʢʠ ʠʟ ʧʨʚʝ ʧʨʦʿʝʢʮʠʿʝ ʦʜʛʦʚʘʨʘ ʩʘʤʦ ʿʝʜʥʘ ʪʘʯʢʘ ʩʘ 

ʜʨʫʛʝ ʧʨʦʿʝʢʮʠʿʝ. ʊʘʢʦʹʝ, ʪʘʯʥʦʩʪ ʦʙʘ ʧʨʠʩʪʫʧʘ ʟʘʚʠʩʠ ʦʜ ʨʫʯʥʦ ʥʘʟʥʘʯʝʥʦʛ ʧʦʯʝʪʢʘ ʠ 

ʢʨʘʿʘ ʂɸ ʥʘ ʘʥʛʠʦʛʨʘʬʩʢʠʤ ʩʥʠʤʮʠʤʘ, ʢʘʦ ʠ ʪʘʯʥʦʩʪʠ ʫʧʘʨʠʚʘˁʘ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ 

ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʧʦʛʣʝʜʘ ï ʰʪʦ ʿʝ ʧʨʝʧʫʰʪʝʥʦ ʢʦʨʠʩʥʠʢʫ ʜʘ ʫʨʘʜʠ ʩʘʤ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʣʫʤʝʥʘ (ʫʥʫʪʨʘʰˁʝʛ ʟʠʜʘ ʂɸ) ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ, 

ʜʦʙʠʿʘˁʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟ ʧʨʦʿʝʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʣʠʢʦʚʘʥ 

ʧʨʦʙʣʝʤ ʿʝʨ ʩʝ ʧʨʦʿʝʢʮʠʿʝ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʂɸ ʫ ʧʨʦʩʪʦʨʫ ʥʝ ʧʦʢʣʘʧʘʿʫ ʩʘ 

ʦʨʠʿʝʥʪʘʮʠʿʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʂɸ ʫ ʨʘʚʥʠ ʧʨʦʿʝʢʪʦʨʘ. ʋ ʧʠʦʥʠʨʩʢʠʤ 

ʩʪʫʜʠʿʘʤʘ ʥʘ ʦʚʦʤ ʧʦˀʫ ʢʦʨʠʩʪʠʣʝ ʩʫ ʩʝ ʝʣʠʧʩʝ ʠ ʢʨʫʛʦʚʠ ʟʘ ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʧʦʧʨʝʯʥʠʭ 

ʧʨʝʩʝʢʘ ʂɸ ʜʦʢ ʩʝ ʧʦʤʝʥʫʪʘ ʯʠˁʝʥʠʮʘ ʟʘʥʝʤʘʨʠʚʘʣʘ [80-82]. ʋ ʥʦʚʠʿʦʿ ʣʠʪʝʨʘʪʫʨʠ, 

ɱʘʥʛ ʿʝ ʧʨʝʜʣʦʞʠʦ ʤʝʪʦʜʫ ʟʘ ʬʠʪʦʚʘˁʝ ʝʣʠʧʪʠʯʥʠʭ ʧʨʝʩʝʢʘ ʟʘ ʩʣʫʯʘʿʝʚʝ ʢʘʜʘ ʨʘʚʘʥ 

ʧʨʦʿʝʢʪʦʨʘ ʥʠʿʝ ʫʧʨʘʚʥʘ ʥʘ ʥʦʨʤʘʣʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʂɸ [73]. ʄʝʹʫʪʠʤ, ʤʝʪʦʜʝ ʩʘ 

ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʜʦʙʠʿʘˁʘ ʨʝʘʣʠʩʪʠʯʥʠʭ ʧʦʣʠʛʦʥʘʣʥʠʭ ʧʨʝʩʝʢʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʩʘʤʦ ʢʘʦ 

ʤʦʛʫ˂ʥʦʩʪ ʫ ʥʝʢʦʣʠʢʦ ʥʘʿʥʦʚʠʿʠʭ ʩʪʫʜʠʿʘ ʠ ʿʦʰ ʫʚʝʢ ʥʠʩʫ ʥʘʰʣʝ ʰʠʨʫ ʧʨʠʤʝʥʫ ʫ 

ʧʨʘʢʩʠ [83, 84]. 

ɻʝʥʝʨʘʣʥʦ, ʚʝ˂ʠʥʘ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʪʦʢʦʤ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʠ ʪʝʤʧʦʨʘʣʥʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ ʧʦʚʝʟʘʥʘ ʿʝ ʩʘ ʜʠʥʘʤʠʯʥʦʤ ʧʨʠʨʦʜʦʤ ʂɸ ï ʪʿ. ˁʠʭʦʚʠʤ ʢʘʨʜʠʦ ʠ 

ʨʝʩʧʠʨʘʪʦʨʥʠʤ ʧʦʤʝʨʘˁʠʤʘ ʠ ʤʝʭʘʥʠʯʢʦʤ ʧʨʠʨʦʜʦʤ ʫʨʝʹʘʿʘ. ʂʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ 

ʢʦʨʠʰ˂ʝˁʝ ʨʝʩʪʨʠʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʘ [85] ʠʣʠ ʢʦʤʧʝʥʟʦʚʘˁʝ ʨʝʩʧʠʨʘʪʦʨʥʠʭ ʧʦʤʝʨʘˁʘ 
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[86], ʫ ʥʦʚʠʿʦʿ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʿʘʚˀʘʿʫ ʜʚʘ ʧʨʠʩʪʫʧʘ ʟʘ ʪʝʤʧʦʨʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ. 

ʇʨʚʠ ʧʨʠʩʪʫʧ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʿʝ ʧʦʯʝʪʥʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʠʟʚʨʰʝʥʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʧʦʟʥʘʪʦʛ ʨʝʬʝʨʝʥʪʥʦʛ (ʪʘʯʥʦ ʦʜʘʙʨʘʥʦʛ) ʧʘʨʘ ʬʨʝʿʤʦʚʘ ʠ ʜʘ ʩʝ ʦʥ ʢʦʨʠʩʪʠ 

ʟʘ ʜʘˀʝ ʧʨʘ˂ʝˁʝ ʂɸ [78, 79, 87]. ɼʨʫʛʠ ʧʨʠʩʪʫʧ ʧʦʜʨʘʟʫʤʝʚʘ ʥʝʟʘʚʠʩʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ 

ʥʠʟʘ ʂɸ ʠ ʟʘʪʠʤ ʢʦʨʠʰ˂ʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʪʝʤʧʦʨʘʣʥʦ ʫʧʘʨʠʚʘˁʝ ʂɸ. 

ʉʢʦʨʠʿʘ ʩʪʫʜʠʿʘ ɱʘʥʜʪʘ (ʝʥʛʣ. Jandt) ʧʨʝʜʣʦʞʠʣʘ ʿʝ ʘʫʪʦʤʘʪʠʟʦʚʘʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ 

ʠʟ ʨʦʪʘʮʠʦʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ʦʧʠʩʘʥʠʤ ʧʨʠʩʪʫʧʦʤ, ʧʨʠ ʯʝʤʫ ʿʝ ʟʘ ʨʝʬʝʨʝʥʪʥʠ ʪʨʝʥʫʪʘʢ 

ʫʩʚʦʿʝʥ ʧʘʨ ʬʨʝʿʤʦʚʘ ʩʘ ʥʘʿʤʘˁʠʤ ʛʣʦʙʘʣʥʠʤ ʧʦʤʝʨʘˁʠʤʘ [84]. ʋ ʦʜʩʫʩʪʚʫ ʘʥʦʤʘʣʠʿʘ, 

ʧʦʧʫʪ ʩʨʯʘʥʝ ʘʨʠʪʤʠʿʝ, ʤʠʥʠʤʘʣʥʘ ʧʦʤʝʨʘˁʘ ʂɸ ʩʫ ʫ ʪʦʢʫ ʢʨʘʿˁʝ-ʜʠʿʘʩʪʦʣʩʢʝ ʬʘʟʝ. 

ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʪʦ, ʢʘʜʘ ʩʫ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ ʩʝʢʚʝʥʮʝ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʝ ʟʘ ʚʨʝʤʝ ʚʠʰʝ 

ʩʨʯʘʥʠʭ ʮʠʢʣʫʩʘ, ʧʦʩʪʘʿʝ ʥʝʿʘʩʥʦ ʢʦʿʘ ʜʚʘ ʧʘʨʘ ʢʨʘʿˁʝ-ʜʠʿʘʩʪʦʣʩʢʝ ʬʘʟʝ ʠʟʘʙʨʘʪʠ ʟʘ 

ʨʝʬʝʨʝʥʪʥʠ ʤʦʤʝʥʘʪ. ɼʨʫʛʦ ʦʛʨʘʥʠʯʝˁʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʫʧʘʨʠʚʘˁʝ 

(ʝʥʛʣ. Gating) ʬʨʝʿʤʦʚʘ ʿʝʩʪʝ ʥʝʤʦʛʫ˂ʥʦʩʪ ʠʟʦʩʪʘʚˀʘˁʘ ʢʘʥʜʠʜʘʪʘ ʢʦʿʠ ʥʝʤʘʿʫ ʩʚʦʛ 

ʧʘʨʘ ʥʘ ʜʨʫʛʦʿ ʧʨʦʿʝʢʮʠʿʠ, ʰʪʦ ʿʝ ʯʝʩʪ ʩʣʫʯʘʿ ʿʝʨ ʨʘʟʣʠʯʠʪʝ ʘʢʚʠʟʠʮʠʿʝ ʥʝ ʧʦʯʠˁʫ ʫ 

ʠʩʪʦʤ ʪʨʝʥʫʪʢʫ ʩʨʯʘʥʦʛ ʮʠʢʣʫʩʘ ʠ ʥʝ ʪʨʘʿʫ ʠʩʪʠ ʧʝʨʠʦʜ ʚʨʝʤʝʥʘ. ʅʘ ʢʨʘʿʫ, ʤʦʞʝ ʩʝ 

ʧʨʠʤʝʪʠʪʠ ʜʘ ʪʨʝʥʫʪʥʦ ʜʦʩʪʫʧʥʝ ʤʝʪʦʜʝ ʥʠʩʫ ʨʦʙʫʩʥʝ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʩʫ 

ʨʝʩʧʠʨʘʪʦʨʥʝ ʠ ʩʨʯʘʥʝ ʬʘʟʝ ʘʩʠʭʨʦʥʝ, ʧʘ ʨʝʟʫʣʪʘʪʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ 

ʂɸ ʯʝʩʪʦ ʠʤʘʿʫ ʩʥʠʞʝʥ ʢʚʘʣʠʪʝʪ ʛʝʦʤʝʪʨʠʿʝ ʠ ʜʠʥʘʤʠʢʝ. 

3.3. ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʠ ʩʪʨʫʢʪʫʨʝ ʧʦʜʘʪʘʢʘ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ 

ʇʨʦʮʝʜʫʨʝ ʦʧʠʩʘʥʝ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʨʘʟʚʠʿʝʥʝ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʫ ʪʘʯʢʝ 

ʙʠʬʫʨʢʘʮʠʿʘ ʂɸ ,
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ʧʨʝʪʭʦʜʥʦ ʜʝʪʝʢʪʦʚʘʥʝ ʠ ʠʟʜʚʦʿʝʥʝ ʩʘ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ ʧʨʝʤʘ ʉʣʠʮʠ 3.3 (ʨʫʯʥʦ 

ʠʣʠ ʢʦʨʠʩʪʝ˂ʠ ʥʝʢʫ ʜʨʫʛʫ ʤʝʪʦʜʫ). ʋ ʧʨʝʪʭʦʜʥʦʿ ʨʝʯʝʥʠʮʠ, ʠʥʜʝʢʩ i  ʫʢʘʟʫʿʝ ʥʘ ʙʨʦʿ 

ʧʨʦʿʝʢʮʠʿʝ (ʧʦʛʣʝʜʘ), ʠʥʜʝʢʩ j  ʫʢʘʟʫʿʝ ʥʘ ʙʨʦʿ ʪʘʯʢʝ ʠʣʠ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ (ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʫ ʢʦʤ ʘʣʛʦʨʠʪʤʫ ʩʝ ʿʘʚˀʘ), ʠ ʠʥʜʝʢʩ k  ʫʢʘʟʫʿʝ ʥʘ ʙʨʦʿ ʬʨʝʿʤʘ ʩʥʠʤˀʝʥʦʛ ʠʟ 

i -ʪʝ ʧʨʦʿʝʢʮʠʿʝ (ʚʠʜʝʪʠ ʥʦʤʝʥʢʣʘʪʫʨʫ). ʊʘʢʦʹʝ, ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ pk

i, j

d
 ʠ ʠʚʠʯʥʝ ʣʠʥʠʿʝ 

bk

i, j

d
 ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʢʘʦ ʧʘʨʘʤʝʪʘʨʩʢʝ ʢʨʠʚʝ ʣʠʥʠʿʝ, ʪʘʢʦ ʜʘ ʩʝ ʧʨʝʩʝʢ ʥʦʨʤʘʣʝ ʮʝʥʪʨʘʣʥʝ 

ʣʠʥʠʿʝ ʩʘ ʠʚʠʯʥʠʤ ʣʠʥʠʿʘʤʘ ʂɸ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʘʫʪʦʤʘʪʩʢʠ (ʉʣʠʢʘ 3.3-ʚ, ʚʠʜʝʪʠ 

ʪʘʢʦʹʝ ʦʜʝˀʘʢ 3.6-3.8). 
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ʉʣʠʢʘ 3.3 ʇʨʝʧʨʦʮʝʩʠʨʘˁʝ ʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ: ʘ, ʚ) ʉʢʠʮʘ ʧʦʩʪʫʧʢʘ ʠʟʜʚʘʿʘˁʘ 

ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ; ʙ, ʛ) ʆʧʠʩ ʫʣʘʟʥʠʭ ʩʪʨʫʢʪʫʨʘ; ʜ, ʹ) ʇʨʠʤʝʨ 

ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʩʘ ʨʝʘʣʥʠʭ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ; ʝ) ʇʨʠʤʝʨ ʟʘʧʠʩʘ ʣʠʩʪʝ 

ʙʠʬʫʨʢʘʮʠʿʘ ʫ ʫʣʘʟʥʦʤ ʬʘʿʣʫ ʟʘ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ ʧʨʠʢʘʟʘʥʦ ʧʦʜ ʜ). 

 

3.4. ʇʨʝʛʣʝʜ ʧʨʝʜʣʦʞʝʥʝ ʧʨʦʮʝʜʫʨʝ 

ʎʝʣʦʢʫʧʘʥ ʘʣʛʦʨʠʪʘʤ ʧʨʠʢʘʟʘʥ ʿʝ ʠʩʧʦʜ (ɸʣʛʦʨʠʪʘʤ 1), ʜʦʢ ʩʫ ˁʝʛʦʚʠ ʩʧʝʮʠʬʠʯʥʠ 

ʜʝʣʦʚʠ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥʠ ʫ ʧʦʛʣʘʚˀʠʤʘ ʢʦʿʘ ʩʣʝʜʝ. ʈʘʜʠ ʿʝʜʥʦʩʪʘʚʥʠʿʝʛ ʧʨʝʜʩʪʘʚˀʘˁʘ, 

ʦʧʠʩ ʧʨʦʮʝʜʫʨʘ ʧʦʯʠˁʝ ʩʘ ʦʩʥʦʚʘʤʘ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʠ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʧʨʦʠʟʚʦˀʥʝ ʪʘʯʢʝ (ʆʜʝˀʘʢ 3.5). ʇʦʣʘʟʝ˂ʠ ʦʜ ʪʝ 

ʦʩʥʦʚʝ, ʨʘʟʚʠʿʝʥʘ ʿʝ ʧʨʦʮʝʜʫʨʘ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʘʥʛʠʦʛʨʘʬʩʢʦʛ ʫʨʝʹʘʿʘ (ʆʜʝˀʘʢ 3.6) ʠ 

ʪʝʤʧʦʨʘʣʥʫ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʧʦʛʣʝʜʘ (ʆʜʝˀʘʢ 3.7). 

ɿʘʪʠʤ ʿʝ ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʧʨʦʠʟʚʦˀʥʝ ʛʨʘʥʝ ʂɸ 

(ʆʜʝˀʘʢ 3.8) ʠ ʧʦʚʨʰʠʥʝ ʣʫʤʝʥʘ (ʆʜʝˀʘʢ 3.9). ʅʘ ʢʨʘʿʫ, ʦʧʠʩʘʥʘ ʿʝ ʧʨʦʮʝʜʫʨʘ ʟʘ 

ʛʝʥʝʨʠʩʘˁʝ ʟʘʧʨʝʤʠʥʩʢʦʛ ʤʦʜʝʣʘ (ʤʨʝʞʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ) ʟʘ ʢʦʤʧʣʝʢʩʥʦ 

ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ (ʆʜʝˀʘʢ 3.10). 
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ɸʣʛʦʨʠʪʘʤ 3.1 ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʜʠʥʘʤʠʯʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ ʠʟ 

ʩʥʠʤʘʢʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʦʥʘʨʥʦʤ ʘʥʛʠʦʛʨʘʬʠʿʦʤ (ʧʨʝʛʣʝʜ ʮʝʣʦʛ ʘʣʛʦʨʠʪʤʘ). 

ʋʣʘʟ: ʋʢʫʧʥʦ n ʪʘʯʘʢʘ (ʧʨʝʧʦʨʫʯʝʥʦ ʿʝ ʫʟʦʨʢʦʚʘʪʠ ʪʘʯʢʝ ʥʘ ʙʠʬʫʨʢʘʮʠʿʘʤʘ) 

,

ʟʘ

ʟʘ

k

i j

m  i = 1
i = 1,2; j = 1,n;k = 1,

p  i = 2

ë û
ì ü
í ý

p

 

ʫʟʦʨʢʦʚʘʥʠʭ ʟʘ ʧʦʪʨʝʙʝ ʢʘʣʠʙʨʘʮʠʿʝ 

ʫʨʝʹʘʿʘ ʢʦʨʠʩʪʝ˂ʠ ʩʥʠʤʢʝ ʜʦʙʠʿʝʥʝ ʠʟ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ( m 

ʬʨʝʿʤʦʚʘ ʠʟ ʧʨʠʤʘʨʥʦʛ ʧʦʛʣʝʜʘ ʠ p  ʬʨʝʿʤʦʚʘ ʠʟ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ). 

ʋʣʘʟ: 
ʋʢʫʧʥʦ s  ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʂɸ ()

ʟʘ
p ; 0,1

ʟʘ

k

i, j

m  i = 1
l i = 1,2; j = 1,s;k = 1, l

p  i = 2

ë û
=ì ü

í ý

d
 

ʧʨʘ˂ʝʥʠʭ ʠʟ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ (ʟʘ ʩʚʠʭ m ʬʨʝʿʤʦʚʘ ʠʟ ʧʨʠʤʘʨʥʦʛ ʧʦʛʣʝʜʘ p  

ʬʨʝʿʤʦʚʘ ʠʟ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ). 

ʋʣʘʟ: 
ʋʢʫʧʥʦ 2s ʠʚʠʯʥʠʭ ʣʠʥʠʿʘ ʂɸ ()

ʟʘ
b 2 ; 0,1

ʟʘ

k

i, j

m  i = 1
l i = 1,2; j = 1, s;k = 1, l

p  i = 2

ë û
=ì ü

í ý

d
 

(ʩʚʘʢʘ ʛʨʘʥʘ ʂɸ ʠʤʘ ʿʝʜʥʫ ʮʝʥʪʨʘʣʥʫ ʣʠʥʠʿʫ ʠ ʜʚʝ ʠʚʠʯʥʝ). 

ʀʟʣʘʟ: ʉʪʨʫʢʪʫʨʥʘ ʜʠʥʘʤʠʯʥʘ (3D+t) ʤʨʝʞʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ. 

1 ʇʨʦʥʘʹʠ ʦʧʪʠʤʘʣʥʝ ʧʘʨʘʤʝʪʨʝ ʢʦʿʠ ʦʧʠʩʫʿʫ ʦʨʠʿʝʥʪʘʮʠʿʫ ʫʨʝʹʘʿʘ 
*

x  ʠ 

ʦʧʪʠʤʘʣʥʦ ʫʧʘʨʠ ʬʨʝʿʤʦʚʝ ʩʥʠʤˀʝʥʝ ʠʟ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ 
*

f  (ʧʦʛʣʝʜʘʪʠ 

ɸʣʛʦʨʠʪʘʤ 3.3) 

2 for k=1 to ʫʢʫʧʘʥ ʙʨʦʿ ʫʧʘʨʝʥʠʭ ʧʘʨʦʚʘ ʬʨʝʿʤʦʚʘ ʫ ʣʠʩʪʠ 
*

f  do 

3  ʂʦʨʠʩʪʝ˂ʠ ʢʘʣʠʙʨʠʩʘʥʝ ʧʘʨʘʤʝʪʨʝ 
*

x  ʠ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʟʘ k-ʪʠ ʫʧʘʨʝʥʠ ʧʘʨ 

ʬʨʝʿʤʦʚʘ ʛʝʥʝʨʠʰʠ ʩʪʨʫʢʪʫʨʥʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʤʨʝʞʫ ʂɸ (ʧʦʛʣʝʜʘʪʠ 

ɸʣʛʦʨʠʪʘʤ 3.6) 

4 end for 

 

3.5. ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʬʦʨʤʠʨʘˁʘ ʩʣʠʢʝ 

ʂʘʦ ʰʪʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʦ ʫ ʦʜʝˀʢʫ 3.1.2, ʢʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ ʿʝ ʙʘʟʠʨʘʥʘ 

ʥʘ ʧʨʦʿʝʢʪʦʚʘˁʫ ʦʙʿʝʢʪʘ ʩʥʠʤʘˁʘ ʥʘ ʨʘʚʘʥ ʫ ʧʨʦʩʪʦʨʫ (ʜʝʪʝʢʪʦʨ) ʢʦʨʠʩʪʝ˂ʠ ʠʢʩ-ʟʨʘʢʝ. 

ʋ ʠʜʝʘʣʠʟʦʚʘʥʠʤ ʫʩʣʦʚʠʤʘ, ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʦʨʠʿʝʥʪʘʮʠʿʝ ʫʨʝʹʘʿʘ ʜʦʚʦˀʥʦ ʿʝ ʜʘ ʟʥʘʤʦ 

ʩʘʤʦ ʝʢʩʪʨʠʥʟʠʯʥʝ ʧʘʨʘʤʝʪʨʝ: ʚʝʣʠʯʠʥʫ ʧʠʢʩʝʣʘ (l, ʝʥʛʣ. Imager pixel spacing), 

ʧʨʠʤʘʨʥʠ (a) ʠ ʩʝʢʫʥʜʘʨʥʠ (b) ʫʛʘʦ, ʨʘʟʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʘʮʠʿʝʥʪʘ ʠ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ 

( SODd ), ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʠʟʤʝʹʫ ʠʢʩ-ʟʨʘʢʘ ʠ ʨʘʚʥʠ ʧʨʦʿʝʢʪʦʨʘ (SIDd ), ʢʦʿʠ ʩʫ ʩʚʠ 
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ʩʘʯʫʚʘʥʠ ʫ ʟʘʛʣʘʚˀʠʤʘ DICOM ʬʘʿʣʦʚʘ ʟʘʿʝʜʥʦ ʩʘ ʜʦʙʠʿʝʥʠʤ ʩʣʠʢʘʤʘ. ʇʦʟʠʮʠʦʥʠʨʘˁʝ 

ʘʥʛʠʦʛʨʘʤʘ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʠʭ ʨʝʣʘʮʠʿʘ: 

() () () () ()= cos sin sin cos sinb a b a bè øê úx  (3.1a) 

() ()= 0 cos sina aè - øê úy  (3.1ʙ) 

() () () () ()= sin sin cos cos cosb a b a bè- øê úz  (3.1ʚ) 

T T T=è øê úM x y z  (3.1ʛ) 

ʛʜʝ ʩʫ x , y  ʠ z  ʨʦʪʠʨʘʥʠ ʿʝʜʠʥʠʯʥʠ ʚʝʢʪʦʨʠ, ʢʦʿʠ ʜʝʬʠʥʠʰʫ ʦʨʠʿʝʥʪʘʮʠʿʫ ʎ-ʨʫʢʝ 

(ʉʣʠʢʘ 3.4). ʉʪʚʘʨʥʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʧʦʟʠʮʠʿʘ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ ( F ) ʠ ʣʦʢʘʣʥʦʛ 

ʢʦʦʨʜʠʥʘʪʥʦʛ ʧʦʯʝʪʢʘ ʨʘʚʥʠ ʧʨʦʿʝʢʪʦʨʘ (O ) ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʢʘʦ: 

0

 

SOD

0

d

è ø
é ù

= ³
é ù
é ù-ê ú

MF  (3.2ʘ) 

0

 

SID SOD

0

d d

è ø
é ù

= ³
é ù
é ù-ê ú

MO  (3.2ʙ) 

ɼʘˀʝ, ʦʜʨʝʹʠʚʘˁʝ ʧʦʣʦʞʘʿʘ (ʉʣʠʢʘ 3.4-ʘ ʠ ʉʣʠʢʘ 3.4-ʛ) ʧʨʦʠʟʚʦˀʥʝ ʪʘʯʢʝ 

pixel pixelx y x x y yp p p pl lè øè ø= =ê úê ú
p  ʠʟ ʨʘʚʥʠ ʧʨʦʿʝʢʪʦʨʘ (ʪʿ. ʠʟ ʩʣʠʢʘ ʩʘʯʫʚʘʥʠʭ ʫ DICOM 

ʬʘʿʣʫ, ʉʣʠʢʘ 3.4-ʙ ʠ ʉʣʠʢʘ 3.4-ʚ) ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ 

ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

( ) x yp p= = + +x yP P p O  (3.3) 

ʇʦʰʪʦ ʥʝʠʜʝʘʣʥʠ ʤʝʭʘʥʠʯʢʠ ʦʜʟʠʚ ʫʨʝʹʘʿʘ ʣʠʤʠʪʠʨʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʮʠʟʥʦʛ ʟʘʧʠʩʘ 

ʝʢʩʪʨʠʥʟʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʎ-ʨʫʢʝ, ʪʨʝʥʫʪʥʘ ʬʦʨʤʫʣʘʮʠʿʘ ʩʝ ʧʦʢʘʟʘʣʘ ʢʘʦ ʥʝʜʦʚʦˀʥʦ 

ʧʨʝʮʠʟʥʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʠʟ ʢʣʠʥʠʯʢʠʭ ʧʦʜʘʪʘʢʘ. ʇʦʤʝʥʫʪʠ ʧʨʦʙʣʝʤʠ ʩʝ ʤʦʛʫ 

ʨʝʣʘʪʠʚʥʦ ʿʝʜʥʦʩʪʘʚʥʦ ʝʣʠʤʠʥʠʩʘʪʠ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʝ ʩʪʚʘʨʥʝ ʚʨʝʜʥʦʩʪʠ 

ʝʢʩʪʨʠʥʟʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʝ ʨʘʟʣʠʢʫʿʫ ʧʫʥʦ ʦʜ ʚʨʝʜʥʦʩʪʠ ʜʦʩʪʫʧʥʠʭ ʫ DICOM 

ʪʘʛʦʚʠʤʘ (a, b, SODd , SIDd ). ɱʦh ʚʘʞʥʠʿʝ, ʦʨʠʿʝʥʪʘʮʠʿʘ ʧʨʦʿʝʢʪʦʨʘ (ʠ ʠʟʦʮʝʥʪʨʘ) ʥʠʿʝ 

ʥʦʨʤʘʣʥʘ ʥʘ ʧʨʘʚʘʮ ʦʧʪʠʯʢʝ ʦʩʝ (AP ʧʨʘʚʘʮ). ʂʘʦ ʧʦʩʣʝʜʠʮʘ, ʨʝʟʫʣʪʫʿʫ˂ʘ ʩʣʠʢʘ ʥʘʩʪʘʿʝ 

ʢʘʦ ʨʝʟʫʣʪʘʪ ʢʦʤʧʣʝʢʩʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʫʢˀʫʯʫʿʫ˂ʠ ʩʢʘʣʠʨʘˁʝ, ʪʨʘʥʩʣʘʮʠʿʫ, 

ʨʦʪʘʮʠʿʫ ʠ ʝʬʝʢʪʝ ʟʘʢʨʠʚˀʝˁʘ. 
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ʋ ʦʚʦʿ ʪʝʟʠ, ʥʝʠʜʝʘʣʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʘˁʘ ʧʨʦʿʝʢʪʦʨʘ ʩʫ ʦʧʠʩʘʥʝ ʩʘ ʰʝʩʪ ʩʪʝʧʝʥʠ 

ʩʣʦʙʦʜʝ: ʪʨʠ ʨʦʪʘʮʠʿʝ x y zq q qè ø= D D Dê úɗ̀
 
ʠ ʪʨʠ ʪʨʘʥʩʣʘʮʠʿʝ 

x y zo o oè ø= D D Dê úȹo . 

ʊʘʢʦʹʝ, ʫʜʘˀʝʥʦʩʪ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ ʦʜ ʠʜʝʘʣʥʦʛ ʧʦʣʦʞʘʿʘ ʦʧʠʩʘʥʘ ʿʝ ʩʘ ʚʝʢʪʦʨʦʤ 

ʪʨʘʥʩʣʘʮʠʿʝ 
x y zf f fè ø= D D Dê úȹf  [67]. ʇʨʝʤʘ ʪʦʤʝ, ʟʘʿʝʜʥʦ ʩʘ ʝʢʩʪʨʠʥʟʠʯʥʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ, ʠʤʘʤʦ ʟʙʠʨʥʦ 13 ʧʘʨʘʤʝʪʘʨʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʧʦʣʦʞʘʿ 

ʧʨʦʠʟʚʦˀʥʦʛ ʘʥʛʠʦʛʨʘʬʩʢʦʛ ʧʦʛʣʝʜʘ (a, b, SODd , SIDd , ȹɗ, ȹo ʠ ȹf). 

 

ʉʣʠʢʘ 3.4 ʄʦʜʝʣ ʧʨʦʿʝʢʮʠʿʝ ʩʣʠʢʝ ʠ ʫʩʚʦʿʝʥʘ ʥʦʪʘʮʠʿʘ: ʘ) ʉʢʠʮʘ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ 

ʫ ʧʨʦʩʪʦʨʫ; ʙ) ʉʣʠʢʘ ʜʦʙʠʿʝʥʘ ʠʟ ʧʨʠʤʘʨʥʦʛ ʧʦʛʣʝʜʘ, ʧʨʠʢʘʟ ʣʦʢʘʣʥʦʛ ʢʦʦʨʜʠʥʘʪʥʦʛ 

ʩʠʩʪʝʤʘ ʫ ʨʘʚʥʠ ʩʣʠʢʝ ʩʘʯʫʚʘʥʝ ʫ DICOM ʬʘʿʣʦʚʠʤʘ; ʚ) ʇʨʠʢʘʟ ʩʣʠʢʝ ʜʦʙʠʿʝʥʝ ʠʟ 

ʩʝʢʫʥʜʘʨʥʝ ʧʨʦʿʝʢʮʠʿʝ; ʛ) ʇʨʠʥʮʠʧ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʦʠʟʚʦˀ ʥʝ ʪʘʯʢʝ ʫ ʧʨʦʩʪʦʨʫ P  ʠʟ 

ˁʝʥʝ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ 1p  ʠ 2p . ʊʘʯʢʝ 1F  ʠ 2F  ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʟʚʦʨ ʠʢʩ-ʟʨʘʢʘ, ʜʦʢ ʪʘʯʢʝ 

1P  ʠ 2P  ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʘʯʢʝ 1p  ʠ 2p  ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʫ ʧʨʦʩʪʦʨʫ. 

 

ʀʟʦʮʝʥʪʘʨ ʧʨʠʤʘʨʥʦʛ ʧʦʛʣʝʜʘ 1I  (ʉʣʠʢʘ 3.4-ʘ) ʩʝ ʧʦʢʣʘʧʘ ʩʘ ʢʦʦʨʜʠʥʘʪʥʠʤ 

ʧʦʯʝʪʢʦʤ ʛʣʦʙʘʣʥʦʛ ʢʦʦʨʜʠʥʘʪʥʦʛ ʩʠʩʪʝʤʘ. ʀʜʝʘʣʥʦ, ʠʟʦʮʝʥʪʘʨ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ 

2I  ʙʠ ʪʨʝʙʘʦ ʜʘ ʩʝ ʧʦʢʣʘʧʘ ʩʘ 1I , ʪʘʢʦ ʜʘ ʥʝʤʘ ʪʨʘʥʩʣʘʮʠʿʝ ʎ-ʨʫʢʝ ʥʠʪʠ ʩʪʦʣʘ ʠʟʤʝʹʫ 

ʜʚʝ ʘʢʚʠʟʠʮʠʿʝ. ʊʘʢʚʠ ʫʩʣʦʚʠ ʩʝ ʫ ʧʨʘʢʩʠ ʫʛʣʘʚʥʦʤ ʧʦʩʪʠʞʫ ʫʧʦʪʨʝʙʦʤ ʨʝʩʪʨʠʢʪʠʚʥʠʭ 

ʧʨʦʪʦʢʦʣʘ ʘʢʚʠʟʠʮʠʿʝ ʢʦʿʠ ʚʨʰʝ ʧʨʝʚʝʥʮʠʿʫ ʧʦʤʝʨʘˁʘ ʩʪʦʣʘ ʩʘ ʧʘʮʠʿʝʥʪʦʤ ʠʣʠ 

ʧʨʝʚʝʥʮʠʿʫ ʧʦʤʝʨʘˁʘ ʠʟʦʮʝʥʪʨʘ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʝʢʫʥʜʘʨʥʠ 

ʧʦʛʣʝʜ ʠʤʘ ʨʝʣʘʪʠʚʥʦ ʧʦʤʝʨʘˁʝ ʠʟʦʮʝʥʪʨʘ ȹi. ʇʨʝʤʘ ʪʦʤʝ, ˁʝʛʦʚʘ ʧʦʟʠʮʠʿʘ ʩʝ ʤʦʞʝ 

ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ = +Di2 1I I , ʪʘʢʦ ʜʘ ʩʝ ʧʦʣʦʞʘʿ ʧʨʦʠʟʚʦˀʥʝ ʪʘʯʢʝ ʩʘ ʩʝʢʫʥʜʘʨʥʦʛ 

ʧʦʛʣʝʜʘ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʢʘʦ = +2 2 2P P I . ʇʦʰʪʦ ʿʝ 

ʦʨʠʿʝʥʪʘʮʠʿʘ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ ʜʝʬʠʥʠʩʘʥʘ ʨʝʣʘʪʠʚʥʦ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʠʤʘʨʥʠ 
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ʧʦʛʣʝʜ, ʫʧʦʪʨʝʙʦʤ ʚʝʢʪʦʨʘ ȹi ʩʫ ʢʦʤʧʝʥʟʦʚʘʥʘ ʠ ʧʦʤʝʨʘˁʘ ʩʪʦʣʘ ʠ ʧʦʤʝʨʘˁʘ 

ʠʟʦʮʝʥʪʨʘ. 

ʉʪʦʛʘ, ʥʘ ʦʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʦʛ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ, ʤʦʛʫ˂ʝ ʿʝ ʟʘ ʙʠʣʦ ʢʦʿʫ ʪʘʯʢʫ ʫ 

ʧʨʦʩʪʦʨʫ ( P ) ʦʜʨʝʜʠʪʠ ʧʦʟʠʮʠʿʫ ʪʟʚ. ʬʦʢʘʣʥʠʭ ʪʘʯʢʠ (
1F ,

2F  ʢʦʿʝ ʫʿʝʜʥʦ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʠʟʚʦʨ ʠʢʩ-ʟʨʘʢʘ) ʠ ʧʨʦʿʝʢʮʠʿʝ (
1P ,

2P ) ʥʘ ʜʝʪʝʢʪʦʨ ʧʦʟʠʮʠʦʥʠʨʘʥ ʫ ʧʨʦʩʪʦʨʫ. ʇʦʤʝʥʫʪʠ 

ʧʦʜʘʮʠ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʜʚʘ ʠʢʩ-ʟʨʘʢʘ (ʧʨʘʚʝ ʣʠʥʠʿʝ) ( )1L ,
d

1 1F P  ʠ 

( )2L ,
d

2 2F P : 

() ( )L = =u u u1
s s s+ - + u

d
1 1 1 1F P F F  (3.4ʘ) 

() ( )L = =u v v2
s s s+ - + v

d
2 2 2 2F P F F

 

(3.4ʙ) 

ʅʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 3.4, ʪʘʯʢʘ P  ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʣʝʞʠ ʥʘ ʤʠʥʠʤʘʣʥʦʤ ʨʘʩʪʦʿʘˁʫ 

ʠʟʤʝʹʫ ʜʚʝ ʣʠʥʠʿʝ (ʠʜʝʘʣʥʦ, ʪʨʝʙʘ ʜʘ ʙʫʜʝ ˁʠʭʦʚʘ ʧʨʝʩʝʯʥʘ ʪʘʯʢʘ) ʢʘʦ ʰʪʦ ʿʝ ʠ 

ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣʠʢʘ 3.4-ʛ. ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʢʘʜʘ ʩʝ ʣʠʥʠʿʝ 1L
d

 ʠ 2L
d

 ʤʝʹʫʩʦʙʥʦ ʥʝ ʩʝʢʫ 

ʠ ʢʘʜʘ ʥʠʩʫ ʧʘʨʘʣʝʣʥʝ, ʪʘʜʘ ʧʦʩʪʦʿʠ ʿʝʜʠʥʩʪʚʝʥʠ ʚʝʢʪʦʨ ( ),p u vw s s=pw
d

 ʜʝʬʠʥʠʩʘʥ 

ʧʦʤʦ˂ʫ ʜʚʝ ʪʘʯʢʝ ( )1L
pus

d
 ʠ ( )2L

pvs
d

. ʊʘʢʦʹʝ, pw  ʿʝ ʦʛʨʘʥʠʯʝʥ ʜʘ ʙʫʜʝ ʥʦʨʤʘʣʘʥ ʥʘ 

ʧʨʘʚʘʮ ʦʙʝ ʣʠʥʠʿʝ, ʪʘʢʦ ʜʘ ʩʫ ʟʘʜʦʚʦˀʝʥʠ ʩʣʝʜʝ˂ʠ ʫʩʣʦʚʠ: 

0Ö =pu w  (3.5ʘ) 

0Ö =pv w

 

(3.5ʙ) 

ʉʘʙʠʨʘˁʝʤ pw  ʫ ʿʝʜʥʘʯʠʥʠ 3.5 ʩʘ: 

( ) ( ) 021
L L

p p pu v p u vs s s s-pw = = + u - v
d d

W  (3.6) 

ʜʦʙʠʿʘʿʫ ʩʝ ʜʚʝ ʣʠʥʝʘʨʥʝ ʿʝʜʥʘʯʠʥʝ ʩʘ ʜʚʝ ʥʝʧʦʟʥʘʪʝ: 

( ) ( ) 0p pu vs sÖ Ö =- Öu u - u v u W  (3.7ʘ) 

( ) ( ) 0p pu vs sÖ Ö Ö =- Öv u - v v v W

 

(3.7ʙ) 

ʈʝʰʘʚʘˁʝʤ ʿʝʜʥʘʯʠʥʘ 3.7 ʜʦʙʠʿʘʿʫ ʩʝ ʧʘʨʘʤʪʝʨʠ 
pus  ʠ 

pvs  ʧʦʪʨʝʙʥʠ ʟʘ ʨʘʯʫʥʘˁʝ 

ʧʦʣʦʞʘʿʘ ʪʘʯʢʝ ʫ ʧʨʦʩʪʦʨʫ ʥʘ ʦʩʥʦʚʫ ˁʝʥʝ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ: 

( ) ( )( )21

1
L L

2 pu v ps s+=
d d

P  (3.8) 
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3.6. ʂʘʣʠʙʨʘʮʠʿʘ ʘʥʛʠʦʛʨʘʤʘ ʫʧʦʪʨʝʙʦʤ ʜʚʝ ʧʨʦʠʟʚʦˀʥʝ ʧʨʦʿʝʢʮʠʿʝ 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʝ ʬʦʨʤʫʣʘʮʠʿʝ, ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʬʦʨʤʠʨʘˁʘ ʜʚʝ 

ʩʣʠʢʝ ʧʦʜʨʘʟʫʤʝʚʘ 29 ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʦʜʨʝʹʫʿʫ ʦʨʠʿʝʥʪʘʮʠʿʫ ʫʨʝʹʘʿʘ 

ʪʦʢʦʤ ʜʚʝ ʥʝʟʘʚʠʩʥʝ ʘʢʚʠʟʠʮʠʿʝ. ʂʘʢʦ ʙʠ ʩʝ ʜʦʜʘʪʥʦ ʫʧʨʦʩʪʠʦ ʧʨʦʙʣʝʤ, ʫʛʣʦʚʠ 

ʨʦʪʘʮʠʿʝ ʟʘ ʧʨʠʤʘʨʥʠ ʧʦʛʣʝʜ ( 1a , 1b) ʩʫ ʦʛʨʘʥʠʯʝʥʠ ʜʘ ʙʫʜʫ ʿʝʜʥʘʢʠ ʥʫʣʠ. ʊʘʢʦʹʝ, 

ʧʘʨʘʤʝʪʨʠ SODd , SIDd  ʩʫ ʠʩʢˀʫʯʝʥʠ ʠʟ ʦʧʪʠʤʠʟʘʮʠʿʝ ʿʝʨ ʿʝ ʧʦʤʝʨʘˁʝ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ ʠ 

ʧʨʦʿʝʢʪʦʨʘ ʚʝ˂ ʦʧʠʩʘʥʦ ʩʘ ʚʝʢʪʦʨʠʤʘ ʪʨʘʥʩʣʘʮʠʿʝ ȹf ʠ ȹo. ʇʨʝʤʘ ʪʦʤʝ, ʮʠˀ ʿʝ 

ʦʜʨʝʜʠʪʠ ʦʨʠʿʝʥʪʘʮʠʿʫ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ ʨʝʣʘʪʠʚʥʦ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʠʤʘʨʥʠ ʧʦʛʣʝʜ. 

ʂʦʥʘʯʥʦ, ʜʘ ʙʠ ʩʝ ʧʨʝʮʠʟʥʦ ʦʜʨʝʜʠʣa ʧʨʝʦʩʪʘʣa 23 ʧʘʨʘʤʝʪʨʘ, ʨʘʟʚʠʿʝʥʘ ʿʝ 

ʦʧʪʠʤʠʟʘʮʠʦʥʘ ʧʨʦʮʝʜʫʨʘ. ʎʠˀ ʦʧʪʠʤʠʟʘʮʠʿʝ ʿʝʩʪʝ ʤʠʥʠʤʠʟʘʮʠʿʘ ʩʣʝʜʝ˂ʝ ʬʫʥʢʮʠʿʝ 

ʛʨʝʰʢʝ: 

( )
2 2

2 2

1 1

, ,

,

argmin F ,

,

n

1,2 i, j i, j j

i j

1,2

1,2

n

a b

= =

å õ
æ ö

-æ ö
æ ö=
æ ö
æ ö
æ ö
ç ÷

ää

*

x

ȹɗ

ȹo

ȹf

ȹi

p p P

 (3.9) 

ʛʜʝ ʠʥʜʝʢʩ i  ʦʟʥʘʯʘʚʘ ʙʨʦʿ ʧʦʛʣʝʜʘ-ʧʨʦʿʝʢʮʠʿʝ, j  ʦʟʥʘʯʘʚʘ ʙʨʦʿ ʪʘʯʢʝ (ʦʜ ʫʢʫʧʥʦ n  

ʫʟʦʨʢʦʚʘʥʠʭ); i, jp  ʿʝ ʧʨʦʿʝʢʮʠʿʘ j -ʪʝ ʪʘʯʢʝ ʥʘ i -ʪʦʿ ʘʥʛʠʦʛʨʘʬʩʢʦʿ ʧʨʦʿʝʢʮʠʿʠ, ʠ 

( )i, j jp P  ʧʨʝʜʩʪʘʚˀʘ (ʝʥʛʣ. Ray-tracing) ʧʨʦʿʝʢʮʠʿʫ ʜʦʙʠʿʝʥʝ ʪʘʯʢʝ jP  ʥʘʟʘʜ ʥʘ ʜʝʪʝʢʪʦʨ 

ʟʘ i -ʪʠ ʧʦʛʣʝʜ (ʉʣʠʢʘ 3.4). ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʟʘ ʧʦʪʨʝʙʝ ʢʘʣʠʙʨʘʮʠʿʝ ʫʟʦʨʢʦʚʘʥʝ ʩʫ 

ʪʘʯʢʝ ʙʠʬʫʨʢʘʮʠʿʝ ʧʦʰʪʦ ʠʭ ʿʝ ʣʘʢʦ ʜʝʪʝʢʪʦʚʘʪʠ ʠ ʣʘʢʦ ʿʝ ʫʪʚʨʜʠʪʠ ʢʦʿʘ ʙʠʬʫʨʢʘʮʠʿʘ 

ʩʘ ʿʝʜʥʝ ʧʨʦʿʝʢʮʠʿʝ ʦʜʛʦʚʘʨʘ ʙʠʬʫʨʢʘʮʠʿʠ ʩʘ ʜʨʫʛʝ ʧʨʦʿʝʢʮʠʿʝ. ɿʘ ʧʦʪʨʝʙʝ 

ʤʠʥʠʤʠʟʘʮʠʿʝ ʬʫʥʢʮʠʿʝ ʛʨʝʰʢʝ ʢʦʨʠʰ˂ʝʥ ʿʝ ɻʝʥʝʪʩʢʠ ʘʣʛʦʨʠʪʘʤ ï ɻɸ (ʝʥʛʣ. Genetic 

Algorithm) ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʫ ʄʘʪʣʘʙʦʚʦʤ (Matlab R2010a©, Mathworks, Natick, MA, 

USA) GA Toolbox (ʬʫʥʢʮʠʿʘ ga) [88]. ɻɸ ʧʨʝʜʩʪʘʚˀʘ ʠʪʝʨʘʪʠʚʥʫ ʤʝʪʦʜʫ ʟʘ ʥʘʣʘʞʝˁʝ 

ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʠʤʘ ʚʠʰʝ ʣʦʢʘʣʥʠʭ ʤʠʥʠʤʫʤʘ. ʂʘʢʦ ʙʠ ʩʝ 

ʠʜʝʥʪʠʬʠʢʦʚʘʣʘ 23 ʧʘʨʘʤʝʪʨʘ ʠʟ ʿʝʜʥʘʯʠʥʝ 3.9, ʧʨʦʮʝʩ ʦʧʪʠʤʠʟʘʮʠʿʝ ʿʝ ʟʘʧʦʯʝʪ ʠʟ 

ʩʣʝʜʝ˂ʝʛ ʠʥʠʮʠʿʘʣʥʦʛ ʨʝʰʝˁʘ: ʚʨʝʜʥʦʩʪʠ ʝʢʩʪʨʠʥʟʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʫʟʝʪʝ ʠʟ 

DICOM-ʘ, ʜʦʢ ʩʫ ʠʥʪʨʠʥʟʠʯʥʠʤ ʧʘʨʘʤʝʪʘʨʠʤʘ ʜʦʜʝˀʝʥʝ ʚʨʝʜʥʦʩʪʠ ʥʫʣʘ. ʂʦʨʠʩʪʝ˂ʠ 

ʤʘʪʣʘʙʦʚʫ ʬʫʥʢʮʠʿʫ gaoptimset, ʚʝʣʠʯʠʥʠ ʧʦʧʫʣʘʮʠʿʝ ʿʝ ʜʦʜʝˀʝʥʘ ʚʨʝʜʥʦʩʪ 30, ʙʨʦʿ 

ʛʝʥʝʨʘʮʠʿʘ ʿʝ ʧʦʩʪʘʚʝˀʥ ʥʘ ʚʨʝʜʥʦʩʪ 100, ʜʦʢ ʿʝ ʦʩʪʘʣʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʫ gaoptimset 

ʬʫʥʢʮʠʿʠ ʜʦʜʝˀʝʥʘ ʜʠʬʦʣʪʥʘ ʚʨʝʜʥʦʩʪ. ʇʨʦʮʝʜʫʨʘ ʢʘʣʠʙʨʘʮʠʿʝ ʫʧʦʪʨʝʙʦʤ ʛʝʥʝʪʩʢʦʛ 

ʘʣʛʦʨʠʪʤʘ ʦʧʠʩʘʥʘ ʿʝ ʫ ɸʣʛʦʨʠʪʤʫ 3.2. 
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ɸʣʛʦʨʠʪʘʤ 3.2 ʂʘʣʠʙʨʘʮʠʿʘ ʘʥʛʠʦʛʨʘʬʩʢʦʛ ʫʨʝʹʘʿʘ ʢʦʨʠʩʪʝ˂ʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ 

ʦʧʠʩʘʥ ʫ ʧʦʛʣʘʚˀʫ 3.5 ʠ ɻʝʥʝʪʩʢʠ aʣʛʦʨʠʪʘʤ. 

ʋʣʘʟ: ʋʢʫʧʥʦ n  ʪʘʯʘʢʘ-ʙʠʬʫʨʢʘʮʠʿʘ ʫʟʦʨʢʦʚʘʥʠʭ ʠʟ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ 

ʧʨʦʿʝʢʮʠʿʝ: { },i j i =1,2; j =1,np . 

ʋʣʘʟ: ʀʥʠʮʠʿʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʧʦʣʦʞʘʿ ʘʥʛʠʦʛʨʘʤʘ: 

{ }0 2 2 , , , , [0,0,0], [0,0,0], [0,0,0], [0,0,0]
1,2 1,2SOD SID 1,2 1,2 1,2d da b = = = =

*

x ȹɗ ȹo ȹf ȹi . 

ʋʣʘʟ: ɹʨʦʿ ʛʝʥʝʨʘʮʠʿʘ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ N  (ʫ ʜʠʩʝʨʪʘʮʠʿʠ 100N= ). 

ʋʣʘʟ: ɺʝʣʠʯʠʥʘ ʧʦʧʫʣʘʮʠʿʝ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʠʪʤʘ M  (ʫ ʜʠʩʝʨʪʘʮʠʿʠ 30M = ). 

ʀʟʣʘʟ: 
ʆʧʪʠʤʠʟʦʚʘʥʠ ʧʘʨʘʤʝʪʨʠ { }

*

 , , , , ,2 2 1,2 1,2 1,2a bx ȹɗ ȹo ȹf ȹi. 

ʀʟʣʘʟ: 
ɻʨʝʰʢʘ ʢʘʣʠʙʨʘʮʠʿʝ 

*

mine . 

1 ʉʝʣʝʢʪʫʿ ʠʥʠʮʠʿʘʣʥʫ ʧʦʧʫʣʘʮʠʿʫ ʛʝʥʦʤʘ { }( ) ,l

1g l 1...MÍ  

2 ʇʨʦʤʝʥˀʠʚʦʿ mine  ʜʦʜʝʣʠ ʚʨʝʜʥʦʩʪ 

3 for  t=1 to N do 

4  for all 
( )l

tg  do 

5   ʊʨʝʥʫʪʥʦʤ ʛʝʥʦʤʫ ʜʦʜʝʣʠ ʚʨʝʜʥʦʩʪʠ 
( )l

tg ­ x  

6   ʈʝʢʦʥʩʪʨʫʠʰʠ ʪʘʯʢʝ { 1, }j j n=P  ʠʟ { 1,2; 1, }i, j i j n= =p  ʢʦʨʠʩʪʝ˂ʠ 

ʿʝʜʥʘʯʠʥʝ 3.1-3.8 

7   

ʀʟʨʘʯʫʥʘʿ ʛʨʝʰʢʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ 

( )
2 2

1 1

n

i, j i, j j

i j

n
e

= =

-

=

ääp p P

 

ʢʦʨʠʩʪʝ˂ʠ ʿʝʜʥʘʯʠʥʫ 3.9 

8   if  mine e<  then 

9    *

min min ,e e= =
*

x x  

10   end if 

11  end for 

12  ʈʝʧʨʦʜʫʢʫʿ ʛʝʥʦʤʝ ʢʦʿʠ ʠʤʘʿʫ ʥʘʿʤʘˁʫ ʛʨʝʰʢʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʫ ʪʨʝʥʫʪʥʦʿ 

ʧʦʧʫʣʘʮʠʿʠ ʠ ʬʦʨʤʠʨʘʿ ʥʦʚʝ ʛʝʥʦʤʝ ʧʫʪʝʤ ʤʫʪʘʮʠʿʝ ʠ ʫʢʨʰʪʘˁʘ 

13  ɿʘʤʝʥʠ ʛʝʥʦʤʝ ʩʘ ʥʘʿʣʦʰʠʿʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʫ ʧʦʧʫʣʘʮʠʿʠ ʩʘ ʥʦʚʠʤ 

ʛʝʥʦʤʠʤʘ 

14 end for 
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3.7. ʊʝʤʧʦʨʘʣʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʘïʫʧʘʨʠʚʘˁʝ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ ʠʟ 

ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ 

ʄʝʪʦʜʘ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʦʧʠʩʘʥʘ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʨʘʟʚʠʿʝʥʘ ʧʦʜ 

ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʫ ʬʨʝʿʤʦʚʠ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ ʩʠʥʭʨʦʥʠʟʦʚʘʥʠ. ʋ 

ʣʠʪʝʨʘʪʫʨʠ, ʧʦʤʝʥʫʪʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʘ ʩʝ ʦʙʠʯʥʦ ʠʟʚʦʜʠ ʫʧʦʪʨʝʙʦʤ ɽʂɻ ʫʟʦʨʢʦʚʘˁʘ 

(ʝʥʛʣ. ECG gating; Electrocardiography-ECG) ʟʘ ʫʨʝʹʘʿʝ ʩʘ ʿʝʜʥʦʤ ʎ-ʨʫʢʦʤ ʠʣʠ 

ʫʧʦʪʨʝʙʦʤ ʫʨʝʹʘʿʘ ʩʘ ʜʚʝ ʎ-ʨʫʢʝ, ʢʘʦ ʠ ʫʟʦʨʢʦʚʘˁʝʤ ʬʨʝʿʤʦʚʘ ʥʘ ʦʩʥʦʚʫ ʫʧʦʨʝʜʥʦ 

ʩʥʠʤˀʝʥʠʤ ɽʂɻ ʩʠʛʥʘʣʦʤ. ɻʣʘʚʥʘ ʤʘʥʘ ʥʘʚʝʜʝʥʠʭ ʧʨʠʩʪʫʧʘ ʿʝʩʪʝ ʠʛʥʦʨʠʩʘˁʝ 

ʯʠˁʝʥʠʮʝ ʜʘ ʩʫ ʧʦʤʝʨʘˁʘ ʥʘʩʪʘʣʘ ʫʩʣʝʜ ʨʘʜʘ ʨʝʩʧʠʨʘʪʦʨʥʦʛ ʩʠʩʪʝʤʘ ʠ ʨʘʜʘ ʩʨʮʘ 

ʘʩʠʭʨʦʥʘ, ʠʣʠ ʜʘ ʩʫ ʠʤ ʬʘʟʝ ʧʦʤʝʨʝʥʝ ʿʝʨ ʜʚʘ ʩʥʠʤʘˁʘ ʥʠʩʫ ʠʟʚʨʰʝʥʘ ʩʠʤʫʣʪʘʥʦ. ʋ 

ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʧʦʣʘʟʠ ʩʝ ʦʜ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʧʨʝʮʠʟʥʦ ʫʟʦʨʢʦʚʘʥʠ ʬʨʝʿʤʦʚʠ (ʥʘ 

ʠʩʪʠʤ ʩʨʯʘʥʠʤ ʠ ʨʝʩʧʠʨʘʪʦʨʥʠʤ ʬʘʟʘʤʘ) ʧʨʦʠʟʚʦʜʝ ʤʠʥʠʤʘʣʥʝ ʛʨʝʰʢʝ ʧʨʠʣʠʢʦʤ 

ʢʘʣʠʙʨʘʮʠʿʝ ʫʨʝʹʘʿʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ, ʧʨʦʙʣʝʤ ʫʟʦʨʢʦʚʘˁʘ 

ʬʨʝʿʤʦʚʘ ʩʝ ʤʦʞʝ ʨʝʜʫʢʦʚʘʪʠ ʥʘ ʪʝʤʧʦʨʘʣʥʦ ʫʧʘʨʠʚʘˁʝ ʥʠʟʘ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʬʨʝʿʤʦʚʘ. 

ʇʨʝʪʧʦʩʪʘʚˀʘʿʫ˂ʠ ʜʘ ʿʝ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, m ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʦ ʠʟ ʧʨʠʤʘʨʥʝ 

ʧʨʦʿʝʢʮʠʿʝ ʠ p  ʬʨʝʿʤʦʚʘ ʠʟ ʩʝʢʫʥʜʘʨʥʝ ʧʨʦʿʝʢʮʠʿʝ, ʫʧʘʨʠʚʘˁʝ ʬʨʝʿʤʦʚʘ ʠʟʚʨʰʝʥʦ ʿʝ 

ʫʧʦʪʨʝʙʦʤ ʤʝʪʦʜʝ ʧʘʨʮʠʿʘʣʥʦʛ ʧʨʝʢʣʘʧʘˁʘ ʩʠʛʥʘʣʘ [89-90]. ʆʨʠʛʠʥʘʣʥʦ, ʤʝʪʦʜʘ ʿʝ 

ʧʨʝʜʣʦʞʝʥʘ ʟʘ ʧʦʪʨʝʙʝ ʥʘʣʘʞʝˁʘ ʧʘʨʮʠʿʘʣʥʦʛ ʧʨʝʢʣʘʧʘˁʘ ʩʠʛʥʘʣʘ, ʩʘ ʮʠˀʝʤ ʜʘ 

ʢʦʤʙʠʥʫʿʝ ʧʨʝʜʥʦʩʪʠ DTW ʤʝʪʦʜʝ ʠ LCS (ʝʥʛʣ. Longest Common Subsequence) [91] 

ʤʝʪʦʜʝ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʘ ʤʝʪʦʜʘ ʩʘ ʧʦʙʦˀʰʘʥʠʤ ʧʝʨʬʦʨʤʘʥʩʘʤʘ. ɼʘʢʣʝ, ʫʟʠʤʘʿʫ˂ʠ ʜʚʘ 

ʥʠʟʘ ʨʘʟʣʠʯʠʪʠʭ ʜʫʞʠʥʘ m ʠ p : 

( ) ( )1 1,...,  ʠ ,...,m pa a b b= =a b  (3.10) 

ʮʠˀ ʧʦʙʦˀʰʘʥʝ ʤʝʪʦʜʝ, ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ Optimal Subsequence Bijection (OSB), ʿʝʩʪʝ 

ʧʨʦʥʘʣʘʞʝˁʝ ʧʦʜʥʠʟʘ ¡a  ʢʦʿʠ ʧʨʠʧʘʜʘ ʥʠʟʫ a  ʠ ʧʦʜʥʠʟʘ ¡b  ʢʦʿʠ ʧʨʠʧʘʜʘ ʥʠʟʫ b  (ʪʘʢʦ 

ʜʘ ʩʝ ¡a  ʠ ¡b  ʤʝʹʫʩʦʙʥʦ ʧʨʝʢʣʘʧʘʿʫ) [92]. ʆʧʪʠʤʘʣʥʦ ʫʧʘʨʠʚʘˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʧʦ 

ʧʨʠʥʮʠʧʫ ʥʘʣʘʞʝˁʘ ʥʘʿʢʨʘ˂ʝ ʧʫʪʘˁʝ ʥʘ ʦʨʠʿʝʥʪʠʩʘʥʦʤ ʘʮʠʢʣʠʯʥʦʤ ʛʨʘʬʫ (ʉʣʠʢʘ 3.5). 

ɿʘ ʩʚʘʢʠ ʧʘʨ ʢʘʥʜʠʜʘʪʘ-ʝʣʝʤʝʥʪʘ ( )1... , 1...= =q m w p , ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʩʫʤʝ ʝʫʢʣʠʜʩʢʠʭ 

ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʝʣʝʤʝʥʘʪʘ ʧʦʤʥʦʞʝʥʝ ʩʘ ʘʫʪʦʤʘʪʩʢʠ ʦʜʨʝʹʝʥʠʤ ʜʦʟʚʦˀʝʥʠʤ ʙʨʦʿʝʤ 

ʝʣʝʤʝʥʘʪʘ ʟʘ ʧʨʝʩʢʘʢʘˁʝ C  ʠ ʩʘʙʨʘʥʝ ʩʘ ʬʫʥʢʮʠʿʦʤ ʢʦʿʦʤ ʩʝ ʨʘʯʫʥʘ ʤʝʨʘ ʨʘʟʣʠʯʠʪʦʩʪʠ 

ʠʟʤʝʹʫ ʝʣʝʤʝʥʘʪʘ ka  ʠ lb : 

( )( )( ) ( ) ( ) ( ) ( )
2 2  1 1 C D , ʘʢʦ ʿʝ 

, ,  
 ʫ ʩʫʧʨʦʪʥʦʤ

k lk q l w , a b q k w l
q w k l

ë - - + - - + < Ø <î
=ì

¤îí

a b
D  (3.11) 
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ʇʨʝʤʘ ʪʦʤʝ, ʦʧʪʠʤʘʣʥʦ ʫʧʘʨʠʚʘˁʝ ʩʝ ʩʚʦʜʠ ʥʘ ʦʧʪʠʤʠʟʦʚʘˁʝ ʦʜʥʦʩʘ ʙʨʦʿʘ ʝʣʝʤʝʥʘʪʘ 

ʢʦʿʠ ʩʝ ʩʤʝʿʫ ʠʟʦʩʪʘʚʠʪʠ ʠʟ ʥʠʟʦʚʘ a  ʠ b  ʠ ʨʘʟʣʠʯʠʪʦʩʪʠ ʧʦʜʥʠʟʦʚʘ ¡a  ʠ ¡b . ʇʨʠ ʯʝʤʫ 

ʿʝ: 

( ) ( )( )( ) ( )( )( ), ,C , mean min D std min D= +q w q w
w wq q

a b a ba b  (3.12) 

 

ʉʣʠʢʘ 3.5 ʋʧʘʨʠʚʘˁʝ ʥʠʟʦʚʘ: ʘ) DTW ʤʝʪʦʜʘ; ʙ) OSB ʤʝʪʦʜʘ. 

 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʦʨʠʛʠʥʘʣʥʦ ʬʦʨʤʫʣʠʩʘʥʝ OSB ʤʝʪʦʜʝ, ʫʣʘʟʠ ʤʝʪʦʜʝ ʢʦʨʠʰ˂ʝʥʝ ʫ 

ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʥʠʟʦʚʠ ʦʜ n ʪʘʯʘʢʘ ʙʠʬʫʨʢʘʮʠʿʝ ʩʥʠʤˀʝʥʠ ʠʟ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ 

ʧʨʦʿʝʢʮʠʿʝ ,

ʟʘ

ʟʘ

k

i j

m  i = 1
i = 1,2; j = 1,n;k = 1,

p  i = 2

ë û
ì ü
í ý

p  ( m ʦʟʥʘʯʘʚʘ ʙʨʦʿ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ ʠʟ 

ʧʨʠʤʘʨʥʦʛ ʧʦʛʣʝʜʘ ʠ p  ʿʝ ʙʨʦʿ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ ʠʟ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ). ʀʣʠ, ʘʢʦ 

ʿʝ ʿʝʜʥʦʩʪʘʚʠʿʝ, ʟʘʤʝʥʦʤ ʫ ʿʝʜʥʘʯʠʥʠ 3.10: { }k

i, j i =1; j =1,n;k =1,m=a p  ʠ 

{ }k

i, j i =1; j =1,n;k =1,p=b p . ɺʨʝʜʥʦʩʪʠ ʫ ʪʟʚ. ʤʘʪʨʠʮʠ-ʛʨʝʰʢʝ ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʧʦ 

ʩʣʝʜʝ˂ʝʤ ʦʙʨʘʩʮʫ: 
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( ) ( ) ( )

*

min ɸʣʛʦʨʠʪʘʤ2
ʘʢʦ ʿʝ   

D , 0 0  0   

ʫ ʩʫʧʨʦʪʥʦʤ

k

i, j

r for i = 1
i = 1,2; j = 1,n;k =

t for i = 2 1 r m 1 t p

r t if r t r m+1 t p 1

e
ë å õë û

=î æ öì ü
¢ ¢ Ø ¢ ¢í ýî ç ÷

î
== = Ø = Ù = Ø = +ì
î ¤
î
î
í

p

 (3.13ʘ) 

ʛʜʝ ʩʫ ʫ ʿʝʜʥʘʯʠʥʠ 3.13ʘ r  ʠ t
 ʠʥʜʝʢʩʠ ʧʨʦʠʟʚʦˀʥʠʭ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ ʠʟ 

ʧʨʠʤʘʨʥʦʛ ʠ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ, ʘ j  ʿʝ ʠʥʜʝʢʩ ʪʘʯʢʝ ʫʟʦʨʢʦʚʘʥʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ 

ʬʨʝʿʤʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪ ʿʝ ʥʠʟ ʦʧʪʠʤʘʣʥʠʭ ʧʘʨʦʚʘ 
*

f  ʬʨʝʿʤʦʚʘ, ʢʦʿʠ ʜʘˀʝ ʤʦʞʝ ʙʠʪʠ 

ʢʦʨʠʰ˂ʝʥ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʠ ʪʝʤʧʦʨʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ. 

ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʫ ʦʧʪʠʤʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʫʨʝʹʘʿʘ 
*

x  ʟʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʥʠʟʘ ʫʧʘʨʝʥʠʭ ʬʨʝʤʿʦʚʘ 
*

f  ʦʥʠ ʟʘ ʢʦʿʝ ʩʝ ʜʦʙʠʿʝ ʥʘʿʤʘˁʘ ʚʨʝʜʥʦʩʪ 

ʛʨʝʰʢʝ ʧʨʠʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ ʤʘʪʨʠʮʝ D  ʫ ʿʝʜʥʘʯʠʥʠ 3.13 ʘ. ʂʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʘ 

ʧʦʪʨʝʙʥʘ ʢʦʤʧʿʫʪʝʨʩʢʘ ʤʦ˂ ʟʘ ʨʘʯʫʥʘˁʝ ʤʘʪʨʠʮʝ D, ʨʘʟʚʠʿʝʥʘ ʠ ʘʣʪʝʨʥʘʪʠʚʥʘ 

ʬʦʨʤʫʣʘʮʠʿʘ. ɿʘʩʥʠʚʘ ʩʝ ʥʘ ʪʦʤʝ ʜʘ ʢʦʨʠʩʥʠʢ ʨʫʯʥʦ ʥʘʟʥʘʯʠ ʿʝʜʘʥ ʨʝʬʝʨʝʥʪʥʠ ʧʘʨ 

ʬʨʝʿʤʦʚʘ (ʥʘ ʧʨʠʤʝʨ ʢʨʘʿˁʠ-ʜʠʿʘʩʪʦʣʩʢʠ ʤʦʤʝʥʪ), ʢʦʿʠ ʩʝ ʧʦʪʦʤ ʢʦʨʠʩʠʪʠ ʟʘ 

ʢʘʣʠʙʨʘʮʠʿʫ ʧʘʨʘʤʝʪʘʨʘ 
*

x . ʅʘʢʦʥ ʪʦʛʘ, ʚʨʝʜʥʦʩʪʠ ʫ ʤʘʪʨʠʮʠ ʛʨʝʰʢʝ D  ʩʫ ʠʟʨʘʯʫʥʘʪʝ 

ʢʘʦ: 

( )

( )

( ) ( )

2 2

1 1

ʘʢʦ ʿʝ   

D , 0 0  0     

ʫ ʩʫʧʨʦʪʥʦʤ

n

i, j i, j j

i j

 1 r m 1 t pn

r t if r t r m+1 t p 1

= =

ë
-î

î
¢ ¢ Ø ¢ ¢î

î
== = Ø = Ù = Ø = +ì
î ¤
î
î
î
í

ääp p P

 (3.13 ʙ)  
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ɸʣʛʦʨʠʪʘʤ 3.3 ʊʝʤʧʦʨʘʣʥʦ ʫʧʘʨʠʚʘˁʝ ʬʨʝʿʤʦʚʘ ʩʥʠʤˀʝʥʠʭ ʠʟ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ 

ʧʨʦʿʝʢʮʠʿʝ. 

ʋʣʘʟ: ʋʢʫʧʥʦ n  ʪʘʯʘʢʘ ʙʠʬʫʨʢʘʮʠʿʘ ʫʟʦʨʢʦʚʘʥʠʭ ʠʟ ʜʚʘ ʘʥʛʠʦʛʨʘʬʩʢʘ ʧʦʛʣʝʜʘ ʟʘ 

ʩʚʘʢʠ ʦʜ m ʬʨʝʿʤʦʚʘ ʠʟ ʧʨʠʤʘʨʥʝ ʧʨʦʿʝʢʮʠʿʝ ʠ p  ʬʨʝʿʤʦʚʘ ʠʟ ʩʝʢʫʥʜʘʨʥʦʛ 

ʧʦʛʣʝʜʘ ,

ʟʘ

ʟʘ

k

i j

m  i = 1
i = 1,2; j = 1,n;k = 1,

p  i = 2

ë û
ì ü
í ý

p . 

ʀʟʣʘʟ: 
ʃʠʩʪʘ ʦʧʪʠʤʘʣʥʦ ʫʧʘʨʝʥʠʭ ʬʨʝʿʤʦʚʘ 

*

f . 

ʀʟʣʘʟ: 
ʆʧʪʠʤʠʟʦʚʘʥʠ ʧʘʨʘʤʝʪʨʠ ʘʥʛʠʦʛʨʘʤʘ 

*

x . 

1 ʀʟʨʘʯʫʥʘʿ ʙʨʦʿ ʬʨʝʿʤʦʚʘ C  ʢʦʿʠ ʩʝ ʩʤʝ ʠʟʦʩʪʘʚʠʪʠ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 3.12 

2 if ʧʦʟʥʘʪ ʿʝ ʨʝʬʝʨʝʥʪʥʠ ʧʘʨ ʬʨʝʿʤʦʚʘ then 

3  
ʀʟʨʘʯʫʥʘʿ ʧʘʨʘʤʝʪʨʝ ʫʨʝʹʘʿʘ 

*

x  ʥʘ ʦʩʥʦʚʫ ɸʣʛʦʨʠʪʘʤʘ 3.2 

4  ʀʟʨʘʯʫʥʘʿ ʤʘʪʨʠʮʫ-ʛʨʝʰʢʝ D  ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 3.13ʙ 

5 else  

6  ʀʟʨʘʯʫʥʘʿ ʤʘʪʨʠʮʫ-ʛʨʝʰʢʝ D  ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 3.13ʘ 

7  
ʀʟʨʘʯʫʥʘʿ ʧʘʨʘʤʝʪʨʝ ʫʨʝʹʘʿʘ 

*

x  ʢʦʨʠʩʪʝ˂ʠ ʧʘʨ ʬʨʝʿʤʦʚʘ ʟʘ ʢʦʿʠ ʩʝ ʫ 

ʤʘʪʨʠʮʠ-ʛʨʝʰʢʝ ʜʦʙʠʿʝ ʤʠʥʠʤʘʣʥʘ ʛʨʝʰʢʘ ʥʘ ʦʩʥʦʚʫ ɸʣʛʦʨʠʪʘʤʘ 3.2 

8 ʝnd if   

9 
ʅʘʹʠ ʣʠʩʪʫ ʫʧʘʨʝʥʠʭ ʬʨʝʿʤʦʚʘ ( )OSB ,C=

*

f D  ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 3.11 

 

3.8. ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʂɸ 

ʇʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʫ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ʩʥʠʤˀʝʥʝ ʩʠʤʫʣʪʘʥʦ, ʠʣʠ ʜʘ ʩʫ 

ʩʠʥʭʨʦʥʠʟʦʚʘʥʝ ʥʝʢʦʤ ʤʝʪʦʜʦʤ, ʧʨʝʮʠʟʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʫʟʦʨʢʦʚʘʥʠʭ ʪʘʯʘʢʘ 

ʙʠʬʫʨʢʘʮʠʿʝ ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʪʦʜʝ ʦʧʠʩʘʥʝ ʫ ʧʦʛʣʘʚˀʫ 3.5. ʄʝʹʫʪʠʤ, 

ʘʢʦ ʩʝ ʠʩʪʘ ʤʝʪʦʜʘ ʧʨʠʤʝʥʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʧʨʦʠʟʚʦˀʥʠʭ ʪʘʯʘʢʘ ʜʫʞ ʢʦʨʦʥʘʨʥʠʭ 

ʘʨʪʝʨʠʿʘ ʜʦʙʠ˂ʝ ʩʝ ʥʝʧʨʝʮʠʟʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʿʝʨ ʥʠʿʝ ʿʝʜʥʦʩʪʘʚʥʦ ʦʜʨʝʜʠʪʠ ʢʦʿʘ ʪʘʯʢʘ 

ʩʘ ʧʨʚʝ ʧʨʦʿʝʢʮʠʿʝ ʦʜʛʦʚʘʨʘ ʪʘʯʢʠ ʩʘ ʜʨʫʛʝ ʧʨʦʿʝʢʮʠʿʝ. ɼʘ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʣʠ ʧʦʤʝʥʫʪʠ 

ʧʨʦʙʣʝʤʠ, ʠ ʟʘʜʦʚʦˀʠʦ ʝʣʝʤʝʥʪʘʨʥʠ ʫʩʣʦʚ ʜʘ ʿʝʜʥʘ ʪʘʯʢʘ ʠʟ ʧʨʚʝ ʧʨʦʿʝʢʮʠʿʝ ʦʜʛʦʚʘʨʘ 

ʩʘʤʦ ʿʝʜʥʦʿ ʪʘʯʢʠ ʠʟ ʜʨʫʛʝ ʧʨʦʿʝʢʮʠʿʝ, ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʤʝʪʦʜʘ ʟʘ ʫʧʘʨʠʚʘˁʝ ʪʘʯʢʠ 

ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʦʮʝʜʫʨʠ ʦʧʠʩʘʥʦʿ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ. ɿʘ 

ʧʨʦʠʟʚʦˀʥʠ k -ʪʠ ʧʘʨ ʬʨʝʿʤʦʚʘ ʫ ʣʠʩʪʠ 
*

f , ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʩʫ ʧʨʦʿʝʢʮʠʿʝ j -ʪʝ ʮʝʥʪʨʘʣʥʝ 
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ʣʠʥʠʿʝ ʠʟʜʚʦʿʝʥʝ ʠʟ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ 1,pk

j

d
 ʠ 2,pk

j

d
. ʋʟʠʤʘʿʫ˂ʠ ʜʘ ʿʝ ʮʝʥʪʨʘʣʥʘ 

ʣʠʥʠʿʘ 1,pk

j

d
 ʠʥʪʝʨʧʦʣʠʨʘʥʘ ʩʘ h  ʪʘʯʢʠ ʠ ʜʘ ʿʝ ʥʘ ʜʨʫʛʦʿ ʧʨʦʿʝʢʮʠʿʠ ʪʘ ʮʝʥʪʨʘʣʥʘ ʣʠʥʠʿʘ 

2,pk

j

d
 ʠʥʪʝʨʧʦʣʠʨʘʥʘ ʩʘ h  ʪʘʯʢʠ, ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʪʘʯʘʢʘ ʢʦʿʠ ʩʝ ʩʤʝ ʠʟʦʩʪʘʚʠʪʠ ʠʟ 

ʨʘʟʤʘʪʨʘʥʠʭ ʥʠʟʦʚʘ ʪʘʯʢʠ { }i, j i =1; j =1,g;=a p  ʠ { }i, j i = 2; j =1,h;=b p  ʿʝ ʠʟʨʘʯʫʥʘʪ ʢʘʦ: 

( )
*

minC , 2e=a b  (3.14) 

ɼʦʢ ʩʫ ʚʨʝʜʥʦʩʪʠ ʫ ʤʘʪʨʠʮʠ-ʛʨʝʰʢʝ ʠʟʨʘʯʫʥʘʪʝ ʢʘʦ: 

( )

( ) ( )

( ) ( )

2 2

ʘʢʦ ʿʝ   

D 0 ʘʢʦ ʿʝ       

ʫ ʩʫʧʨʦʪʥʦʤ

1,r 1,r rt 2,t 2,t rt  1 r g 1 t h

r,t r 0 t 0 r g 1 t h 1

ë - + - ¢ ¢ Ø ¢ ¢
îî
= = Ø = Ù = + Ø = +ì
î ¤
îí

p p P p p P

 (3.15) 

ʋ ʿʝʜʥʘʯʠʥʠ 3.15, 
rtP  ʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʪʘʯʢʘ ʨʝʢʦʥʩʪʨʫʠʩʘʥʘ ʫʧʘʨʠʚʘˁʝʤ r -ʪʝ 

( 1,rp ) ʪʘʯʢʝ ʠʟ ʧʨʠʤʘʨʥʦʛ ʧʦʛʣʝʜʘ ʠ t -ʪʝ ʪʘʯʢʝ ( 2,tp ) ʠʟ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ, ʜʦʢ 

( )1,r rtp P  ʠ ( )2,r rtp P  ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʿʝʢʮʠʿʝ 
rtP  ʥʘʟʘʜ ʫ ʨʘʚʘʥ ʧʨʦʿʝʢʪʦʨʘ. 

ʂʦʥʘʯʥʦ, q  ʨʝʟʫʣʪʫʿʫ˂ʠʭ ʪʘʯʢʠ (ʉʣʠʢʘ 3.6-ʘ) ʿʝ ʢʦʨʠʰ˂ʝʥʦ ʟʘ ʜʝʬʠʥʠʩʘˁʝ 

ʥʝʫʥʠʬʦʨʤʥʝ ʧʘʨʘʤʝʪʘʨʩʢʝ ɹ-ʢʨʠʚʝ (ʝʥʛʣ. Non-uniform B-spline) [93]: 

() ()
1

P N ,     ʛʜʝ ʿʝ  ʠ 
q

h

i i,k

i

l l 0 l 1 2 k i+1
=

= ¢ ¢ ¢ ¢äB
d d

 (3.16) 

ʋ ʿʝʜʥʘʯʠʥʠ 3.16, 
d

h

iB  ʩʫ ʢʦʥʪʨʦʣʥʝ ʪʘʯʢʝ ʠ i,kN  ʩʫ ʠʥʪʝʨʧʦʣʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ k -ʪʦʛ 

ʨʝʜʘ. ʋʧʦʪʨʝʙʦʤ ʂʦʭʩ-ʜʝ ɹʦʨʦʚʦʛ (ʝʥʛʣ. Cox-de Boor) ʨʝʢʫʨʟʠʚʥʦʛ ʘʣʛʦʨʠʪʤʘ [94], 

ʠʥʪʝʨʧʦʣʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʢʘʦ: 

()
1 aʢʦ ʿʝ 

N
0 ʫ ʩʫʧʨʦʪʥʦʤ

i i+1

i,1

s l s
l

¢ <ë û
=ì ü
í ý

 (3.17ʘ) 

()
( ) () ( ) ()

N
i i,k -1 i+k i+1,k-1

i,k

i+k-1 i i+k i+1

l - s N l s - l N l
l +

s - s s - s
=

 

(3.17ʙ) 

ʛʜʝ s  ʧʨʝʜʩʪʘʚˀʘ ʚʝʢʪʦʨ ʯʚʦʨʦʚʘ (ʝʥʛʣ. Knot) ʠʟʨʘʯʫʥʘʪ ʫʧʦʪʨʝʙʦʤ ʘʣʛʦʨʠʪʤʘ 

ʨʘʯʫʥʘˁʘ ʜʫʞʠʥʘ ʘʢʦʨʜʘ (ʝʥʛʣ. Chord length algorithm) [95]. 
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ɸʣʛʦʨʠʪʘʤ 3.4 ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʂɸ ʠʟ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ. 

ʋʣʘʟ: 
ʂʘʣʠʙʨʠʩʘʥʠ ʧʘʨʘʤʝʪʨʠ ʫʨʝʹʘʿʘ 

*

x . 

ʋʣʘʟ: ʊʘʯʢʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʫʟʦʨʢʦʚʘʥʝ ʠʟ ʜʚʝ 

ʧʨʦʿʝʢʮʠje
i, j

m for i = 1
i = 1,2; j = 1,

p for i = 2

ë û
ì ü
í ý

p , ʛʜʝ ʠʥʜʝʢʩʠ m ʠ p  ʦʟʥʘʯʘʚʘʿʫ ʙʨʦʿ 

ʪʘʯʢʠ ʫʟʦʨʢʦʚʘʥʠʭ ʠʟ ʧʨʠʤʘʨʥʦʛ ʠ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ. 

ʀʟʣʘʟ: ʈʝʢʦʥʩʪʨʫʠʩʘʥʘ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʮʝʥʪʨʘʣʥʘ ʣʠʥʠʿʘ ʫ ʧʨʦʩʪʦʨʫ ()P
d

t . 

1 ʀʟʨʘʯʫʥʘʿ ʙʨʦʿ ʪʘʯʘʢʘ C  ʢʦʿʠ ʩʝ ʩʤʝ ʠʟʦʩʪʘʚʠʪʠ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 3.14 

2 ʀʟʨʘʯʫʥʘʿ ʤʘʪʨʠʮʫ ʛʨʝʰʢʝ D  ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 3.15 

3 
ʅʘʹʠ ʦʧʪʠʤʘʣʥʝ ʧʘʨʦʚʝ ʪʘʯʘʢʘ 

*

OSB( , )C=f D  ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 3.11 

4 ɼʝʬʠʥʠʰʠ ʧʘʨʘʤʝʪʘʨʩʢʫ ʢʨʠʚʫ ()P l
d

 ʢʦʨʠʩʪʝ˂ʠ q  ʜʦʙʠʿʝʥʠʭ ʧʘʨʦʚʘ ʪʘʯʘʢʘ ʥʘ 

ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ 3.16 ʠ 3.17 
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ʉʣʠʢʘ 3.6 ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʦʠʟʚʦˀʥʝ ʛʨʘʥʝ ʂɸ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ 

ʧʨʦʿʝʢʮʠʿʘ: a) ʇʘʨʘʤʝʪʘʨʩʢʠ ʜʝʬʠʥʠʩʘʥʘ ʮʝʥʪʨʘʣʥʘ ʣʠʥʠʿʘ ()P l
d

; ʙ) ʌʨʝʥʝʪ-ʉʝʨʝʪʦʚ 

(ʝʥʛʣ. Frenet-Serret) ʜʝʩʥʠ ʪʨʠʭʝʜʨʦʥ ʜʝʬʠʥʠʩʘʥ ʫ ʪʘʯʢʠ ()lP  ʧʦʤʦ˂ʫ ʪʘʥʛʝʥʪʝ ()T l
d

, 

ʥʦʨʤʘʣʝ ()N l
d

 ʠ ʙʠʥʦʨʤʘʣʝ ()B l
d

 ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P l
d

; ʚ-ʝ) ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʪʘʯʢʠ 

( ),i us lA  ʠ ( ),i us lB , ʢʦʿʝ ʩʫ ʪʘʥʛʝʥʪʥʝ ʥʘ ʦʙʦʜ ʣʫʤʝʥʘ ʂɸ; ʝ) ʀʣʫʩʪʨʘʮʠʿʘ ʫʧʦʪʨʝʙʝ ʪʘʯʢʠ 

()i usA  ʠ ()i usB ʟʘ ʬʠʪʦʚʘˁʝ ʢʨʫʛʘ (ʮʨʥʘ ʙʦʿʘ) ʠʣʠ ʝʣʠʧʩʝ (ʧʣʘʚʘ ʙʦʿʘ) ʫ ʩʠʪʫʘʮʠʿʠ ʢʘʜʘ 

ʩʫ ʜʦʩʪʫʧʥʘ ʜʚʘ ʘʥʛʠʦʛʨʘʬʩʢʘ ʧʦʛʣʝʜʘ ʠ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʧʦʣʠʛʦʥʠʤʘ (ʮʨʚʝʥʘ ʙʦʿʘ) ʢʘʜʘ 

ʿʝ ʜʦʩʪʫʧʥʦ ʚʠʰʝ ʧʨʦʿʝʢʮʠʿʘ; ʞ) ʈʝʬʝʨʝʥʪʥʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʂɸ ʟʘ ʧʨʠʤʝʨ ʧʨʠʢʘʟʘʥ 

ʥʘ ʩʣʠʮʠ ʉʣʠʮʠ 3.6-ʝ; ʠ) ʈʝʢʦʥʩʪʨʫʠʩʘʥʠ ʧʝʯʝʚʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʮʠ ʂɸ ʦʨʠʿʝʥʪʠʩʘʥʠ 

ʜʫʞ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P l
d

; k) ʉʪʨʫʢʪʫʨʥʘ ʭʝʢʩʘʝʜʘʨʩʢʘ ʤʨʝʞʘ ʛʝʥʝʨʠʩʘʥʘ ʠʟ NURBS 

ʧʦʚʨʰʠʥʝ ( )S ,u v
d

ʠ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P l
d

. 
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3.9. ʄʦʜʝʣʠʨʘˁʝ ʠ ʜʠʩʢʨʝʪʠʟʘʮʠʿʘ ʣʫʤʝʥʘ ʧʨʦʠʟʚʦˀʥʝ ʛʨʘʥʝ ʂɸ 

ʂʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʩʫ ʧʦʩʤʘʪʨʘʥʝ, ʠ ʤʦʜʝʣʠʨʘʥʝ, ʢʘʦ ʟʘʢʨʠʚˀʝʥʝ ʮʝʚʘʩʪʝ 

ʧʦʚʨʰʠʥʝ ʜʝʬʠʥʠʩʘʥʝ ʧʦʤʦ˂ʫ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ (ʧʝʯʝʚʘ) ʧʦʟʠʮʠʦʥʠʨʘʥʠʭ ʜʫʞ 

ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ (ʜʦʙʠʿʝʥe ʧʨʦʮʝʜʫʨʦʤ ʦʧʠʩʘʥʦʤ ʫ ʧʨʝʭʪʦʜʥʦʤ ʧʦʛʣʘʚˀʫ). ʂʘʢʦ ʙʠ ʩʝ 

ʜʦʙʠʣʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘ ʧʦʚʨʰʠʥʘ ʙʝʟ ʝʬʝʢʘʪʘ ʫʚʠʿʘˁʘ ʠ ʜʠʩʪʦʨʟʠʿʝ, ʧʨʝʪʭʦʜʥʦ 

ʨʝʢʦʥʩʪʨʫʠʩʘʥʘ j -ʪʘ ʮʝʥʪʨʘʣʥʘ ʣʠʥʠʿʘ ʜʦʙʠʿʝʥʘ ʠʟ k -ʪʦʛ ʧʘʨʘ ʬʨʝʿʤʦʚʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ 

ʢʘʦ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʢʨʠʚʘ () ()P Pk

jl l=
d d

 (ʉʣʠʢʘ 3.6-ʘ) [96]. ɼʘˀʝ, ʦʨʠʿʝʥʪʘʮʠʿʘ 

ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʥʘ ʧʨʦʠʟʚʦˀʥʦʿ ʪʘʯʢʠ ()lP  ʜʫʞ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()P l
d

 ʿʝ ʦʜʨʝʹʝʥʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʛʝʦʤʝʪʨʠʿʝ ʠ ʌʨʝʥʝʪ-ʉʝʨʝʪʦʚʦʛ ʜʝʩʥʦʛ ʪʨʠʭʝʜʨʦʥʘ. 

ʊʨʠʭʝʜʨʦʥ ʫ ʪʘʯʢʠ ()lP  ʿʝ ʜʝʬʠʥʠʩʘʥ ʧʦʤʦ˂ʫ ʪʘʥʛʝʥʪʝ ()T l
d

, ʥʦʨʤʘʣʝ ()N l
d

 ʠ 

ʙʠʥʦʨʤʘʣʝ ()B l
d

 ʢʨʠʚʝ ()P l
d

 (ʉʣʠʢʘ 3.6-ʙ) [97]. ʂʘʢʦ ʙʠ ʜʝʬʠʥʠʩʘʣʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 

ʂɸ ʫ i -ʪʦʿ ʧʨʦʿʝʢʮʠʦʥʦʿ ʨʘʚʥʠ (ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʦʤ ʧʦʧʨʝʯʥʦʤ 

ʧʨʝʩʝʢʫ ʫ ʪʘʯʢʠ ()lP  ʫ ʧʨʦʩʪʦʨʫ), ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʪʘʯʢʘ ʣʠʥʠʿʝ ()li
p , ʪʘʥʛʝʥʪʘ ()ti l

d
 ʠ 

ʥʦʨʤʘʣʘ ()ni l
d

 ʧʘʨʘʤʝʪʘʨʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ()pi l
d

 (ʉʣʠʢʘ 3.3-ʚ, ʉʣʠʢʘ 

3.6-ʚ ʧʨʚʠ ʚʨʭʫ). ʇʨʝʤʘ ʉʣʠʮʠ 3.6-ʚ, ʚʝʢʪʦʨʠ ʪʘʥʪʝʥʪʝ ʠ ʥʦʨʤʘʣʝ ʫ ʪʘʯʢʠ ()li
p

 
ʩʝ ʥʝ 

ʧʦʢʣʘʧʘʿʫ ʩʘ ʧʨʦʿʝʢʮʠʿʘʤʘ ʪʘʥʛʝʥʪʝ ʠ ʥʦʨʤʘʣʝ ʢʨʠʚʝ ʜʝʬʠʥʠʩʘʥʠʭ ʫ ʪʘʯʢʠ ()lP  (ʧʨʝʩʝʢ 

ʂɸ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ()ni l
d

 ʿʝ ʦʙʝʣʝʞʝʥ ʟʝʣʝʥʦʤ ʙʦʿʦʤ ʥʘ ʉʣʠʮʠ 3.6-ʚ). ɿʙʦʛ ʥʘʚʝʜʝʥʠʭ 

ʯʠˁʝʥʠʮʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʂɸ ʠʟ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʧʨʦʿʝʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʣʠʢʦʚʘʥ ʟʘʜʘʪʘʢ. 

ʇʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʨʘʚʘʥ ʧʨʦʿʝʢʪʦʨʘ ʥʠʿʝ ʫʧʨʘʚʥʘ ʥʘ ʥʦʨʤʘʣʫ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʂɸ ʜʝʬʠʥʠʩʘʥʦʛ ʚʝʢʪʦʨʠʤʘ ()N l
d

 ʠ ()B l
d

, ʨʘʟʚʠʿʝʥʘ ʿʝ ʧʨʦʮʝʜʫʨʘ ʟʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʚʘʩʢʫʣʘʨʥʦʛ ʣʫʤʝʥʘ ʠʟ ˁʝʛʦʚʠʭ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʧʨʦʿʝʢʮʠʿʘ. 

ʇʨʦʮʝʜʫʨʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʦʛ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ ʟʘ 

ʬʦʨʤʠʨˁʝ ʩʣʠʢʝ (ʉʝʢʮʠʿʘ 3.5). ʇʦʣʘʟʥʘ ʪʘʯʢʘ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʘʥʛʠʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʟʫʣʪʘʪ ʧʨʦʣʘʩʢʘ ʠʢʩ-ʟʨʘʢʘ ʢʨʦʟ ʂɸ (ʝʥʛʣ. Ray-tracing), ʢʦʿʠʤ ʩʝ ʩʠʣʫʝʪʘ 

ʣʫʤʝʥʘ ʂɸ ʧʨʦʿʝʢʪʫʿʝ ʥʘ ʨʘʚʘʥ ʧʦʩʪʘʚˀʝʥʫ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ. 

ʄʘʪʝʤʘʪʠʯʢʠ, ʪʦ ʟʥʘʯʠ ʜʘ ʩʫ ʟʨʘʮʠ ʢʦʿʠ ʧʨʦʣʘʟʝ ʢʨʦʟ ʠʚʠʮʝ ʧʨʦʿʝʢʮʠʿʘ KA ʫ ʨʘʚʥʠ 

ʧʨʦʿʝʢʪʦʨʘ (ʦʙʝʣʝʞʝʥʝ ʪʘʯʢʘʤʘ ()
i

lap
 
ʠ ()

i
lbp  ʥʘ ʉʣʠʮʠ 3.6-ʚ ʧʨʚʠ ʚʨʭʫ) ʠʩʪʦʚʨʝʤʝʥʦ 

ʪʘʥʪʝʥʪʥʝ ʠ ʥʘ ʩʠʣʫʝʪʫ ʣʫʤʝʥʘ ʫ ʧʨʦʩʪʦʨʫ (ʫ ʪʘʯʢʘʤʘ ( ),i us lA  ʠ ( ),i us lB  ʧʨʠʢʘʟʘʥʠʤ ʥʘ 

ʉʣʠʮʠ 3.6-ʚ). 
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ɼʘˀʝ ʿʝ, ʟʘ ʧʨʦʠʟʚʦˀʥʫ ʪʘʯʫ ()lP  ʠ ʪʘʯʢʫ ʢʦʿʘ ʿʦʿ ʦʜʛʦʚʘʨʘ ʫ ʨʘʚʥʠ ʧʨʦʿʝʢʪʦʨʘ ()li
p  

ʫ i -ʪʦʤ ʧʦʛʣʝʜʫ, ʠʟʨʘʯʫʥʘʪ ʧʨʝʩʝʢ ʥʦʨʤʘʣʝ ʣʠʥʠʿʝ ʫ ʨʘʚʥʠ ()ni l
d

 ʩʘ ʠʚʠʮʦʤ ʧʨʦʿʝʢʮʠʿʝ 

ʂɸ { }bi, j i =1,2; j =1,2
d

. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʜʦʙʠʿʘʿʫ ʠʚʠʯʥʝ ʪʘʯʢʝ ʧʨʦʿʝʢʮʠʿʝ ʂɸ ()
i

lap  ʠ 

()
i

lbp  ʧʨʠʢʘʟʥʝ ʥʘ ʉʣʠʮʠ 3.6-ʚ (ʚʠʜʝʪʠ ʠ ʉʣʠʢʫ 3.3-ʚ). ʂʦʨʠʩʪʝ˂ʠ ʧʨʝʪʭʦʜʥʦ 

ʢʘʣʠʙʨʠʩʘʥʝ ʧʘʨʘʤʝʪʨʝ ʫʨʝʹʘʿʘ 
*

x  ʠ ʿʝʜʥʘʯʠʥʫ 3.3, ʜʝʬʠʥʠʩʘʥ ʿʝ ˁʠʭʦʚ ʧʦʣʦʞʘʿ ʫ 

ʧʨʦʩʪʦʨʫ ʢʘʦ ()
i

laP  ʠ ()
i

lbP . ʂʘʢʦ ʙʠ ʩʝ ʦʜʨʝʜʠʦ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʂɸ, ʜʝʬʠʥʠʩʘʥ ʿʝ 

ʟʘʤʠʰˀʝʥʠ ʮʠʣʠʥʜʘʨ (ʠʜʘʣʠʟʦʚʘʥʠ ʢʨʘʪʢʠ ʩʝʛʤʝʥʪ ʂɸ) ʫ ʪʘʯʢʠ ()lP  ʢʦʨʠʰ˂ʝˁʝʤ 

ʚʝʢʪʦʨʘ ʪʘʥʛʝʥʪʝ, ʥʦʨʤʘʣʝ ʠ ʙʠʥʦʨʤʘʣʝ ʢʨʠʚʝ ()P l
d

 (ʉʣʠʢʘ 3.6-ʙ ʠ ʉʣʠʢʘ 3.6-ʚ). ʊʘʢʦʹʝ, 

ʜʝʬʠʥʠʩʘʥʘ ʩʫ ʠ ʜʚʘ ʠʢʩ-ʟʨʘʢʘ, ʪʿ. ʣʠʥʠʿʝ: ʧʨʚʘ ʣʠʥʠʿʘ ()( )1L ,
ii laF P

d
 ʿʝ ʜʝʬʠʥʠʩʘʥʘ 

ʧʦʤʦ˂ʫ ʚʝʢʪʦʨʘ ʧʦʣʦʞʘʿʘ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ iF  ʠ ʪʘʯʢʝ ()
i

laP ; ʜʨʫʛʘ ʣʠʥʠʿʘ 

() ()( )2L ,Tl lP
d d

 ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʧʦʤʦ˂ʫ ʪʘʯʢʝ ()lP  ʠ ʚʝʢʪʦʨʘ ʧʨʘʚʮʘ ()T l
d

. ʈʝʰʘʚʘˁʝʤ 

ʿʝʜʥʘʯʠʥʘ 3.1-3.8 ʟʘ ʣʠʥʠʿʝ 1L
d

 ʠ 2L
d

, ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʪʘʯʢʝ ( ),i us lA  ʠ ( ),us lAT  (ʉʣʠʢʘ 3.6-

ʚ). ʊʘʯʢʘ ( ),us lAT  ʦʜʨʝʹʫʿʝ ʧʦʣʦʞʘʿ ʮʝʥʪʨʘ ʟʘʤʠʰˀʝʥʦʛ ʢʨʫʛʘ (ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʫʩʚʦʿʝʥʦʛ ʮʠʣʠʥʜʨʘ) ʜʫʞ ʧʨʘʚʮʘ ʪʘʥʛʝʥʪʝ ()T l
d

. ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʘʢʦ ʿʝ ʨʘʟʤʘʪʨʘʥʠ 

ʩʥʠʤʘʢ (ʧʨʦʿʝʢʮʠʿʘ) ʂɸ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ, ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ( ),us lAT
 
ʠ 

()lP  ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʤʠʥʠʤʘʣʥʦ, ʢʘʦ ʠ ʛʨʝʰʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ. ʊʘʯʢʘ 

( ),i us lA  ʧʨʝʜʩʪʘʚˀʘ ʪʘʯʢʫ ʫ ʢʦʿʦʿ ʿʝ ʣʠʥʠʿʘ 1L
d

 ʪʘʥʛʝʥʪʥʘ ʥʘ ʧʦʤʝʥʫʪʠ ʮʠʣʠʥʜʘʨ (ʪʘʯʢʘ 

ʧʨʝʩʝʢʘ ʠʢʩ-ʟʨʘʢʘ ʠ ʣʫʤʝʥʘ ʂɸ). ʅʘ ʢʨʘʿʫ, ʧʨʦʿʝʢʪʦʚʘˁʝʤ ʪʘʯʢʝ ( ),i us lA  ʥʘ ʨʘʚʘʥ 

ʥʦʨʤʘʣʝ-ʙʠʥʦʨʤʘʣʝ ()N l
d

- ()B l
d

 ʪʨʠʭʝʜʨʦʥʘ ʫ ʪʘʯʢʠ ()lP , ʜʦʙʠʿʝʥʘ ʿʝ ʪʘʯʢʘ ʢʦʿʘ ʩʝ ʜʘˀʝ 

ʢʦʨʠʩʪʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʂɸ (ʉʣʠʢʘ 3.6-ʛ, ʹ). ʇʦʥʘʚˀʘˁʝʤ ʦʧʠʩʘʥʝ 

ʧʨʦʮʝʜʫʨʝ ʟʘ ʪʘʯʢʫ () ()
i i

l l­b bp P , ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʩʝ ʜʦʙʠʿʘ ʜʨʫʛʘ ʪʘʯʢʘ ( ),i us lB  ʟʘ i -ʪʠ 

ʧʦʛʣʝʜ. 

ʀʟ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʯʝʪʠʨʠ ʪʘʯʢʝ ʢʦʨʠʰ˂ʝˁʝʤ ʦʧʠʩʘʥʦʛ 

ʧʦʩʪʫʧʢʘ ʧʨʠʢʘʟʘʥʦʛ ʥʘ ʉʣʠʮʠ 3.6-ʛ- ,́ ʰʪʦ ʿʝ ʜʦʚʦˀʥʦ ʟʘ ʬʠʪʦʚʘˁʝ ʢʨʫʛʘ ʫ ʨʘʚʥʠ 

ʥʦʨʤʘʣʘ-ʙʠʥʦʨʤʘʣʘ (ʉʣʠʢʘ 3.6-ʝ ʮʨʥʘ ʙʦʿʘ) [98]. ʈʘʜʠ ʿʘʩʥʠʿʝʛ ʧʨʠʢʘʟʘ, ʉʣʠʢʘ 3.6-ʘ-  ́

ʠʣʫʩʪʨʫʿʝ ʧʨʝʜʣʦʞʝʥʫ ʤʝʪʦʜʫ ʥʘ ʧʨʠʤʝʨʫ ʠʜʝʘʣʠʟʦʚʘʥʠʭ ʂɸ ʩʘ ʢʨʫʞʥʠʤ ʧʦʧʨʝʯʥʠʤ 

ʧʨʝʩʝʮʠʤʘ. ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʠʟʚʨʰʘʚʘˁʝʤ ʦʧʠʩʘʥʝ ʧʨʦʮʝʜʫʨʝ ʟʘ ʚʠʰʝ ʜʦʩʪʫʧʥʠʭ 

ʧʨʦʿʝʢʮʠʿʘ, ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʝʣʠʧʪʠʯʥʘ [73, 99], ʠʣʠ ʿʦʰ ʧʨʝʮʠʟʥʠʿʘ ʧʦʣʠʛʦʥʘʣʥʘ 

ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣʠʮʠ 3.6-ʝ ʩʘ ʧʣʘʚʦʤ ʠ ʮʨʚʝʥʦʤ ʙʦʿʦʤ. ʇʨʝʤʘ 

ʪʦʤʝ, ʧʨʦʮʝʜʫʨʘ ʤʦʞʝ ʙʠʪʠ ʫʧʦʪʨʝʙˀʝʥʘ ʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʠʟ ʩʥʠʤʘʢʘ ʜʦʙʠʿʝʥʠʭ 
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ʨʦʪʘʮʠʦʥʦʤ ʘʥʛʠʦʛʨʘʬʠʿʦʤ. ʉʘ ʉʣʠʢʝ 3.6-ʝ-ʞ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʨʝʜʣʦʞʝʥʘ 

ʤʝʪʦʜʘ ʦʤʦʛʫ˂ʘʚʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʢʦʥʢʘʚʥʠʭ ʧʨʝʩʝʢʘ, ʰʪʦ ʧʨʝʜʩʪʘʚʘˀ ˁʝʥʫ ʚʝʣʠʢʫ 

ʧʨʝʜʥʦʩʪ. ɼʦʙʠʿʝʥʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʮʠ ʂɸ (ʉʣʠʢʘ 3.6-ʟ) ʟʘʿʝʜʥʦ ʩʘ ʧʨʝʪʭʦʜʥʦ 

ʜʦʙʠʿʝʥʦʤ ʮʝʥʪʨʘʣʥʦʤ ʣʠʥʠʿʦʤ ʩʫ ʧʦʛʦʜʥʠ ʟʘ ʛʝʥʝʨʠʩʘˁʝ NURBS ʧʦʚʰʠʥʘ ʣʫʤʝʥʘ ʂɸ 

(ʉʣʠʢʘ 3.6-ʟ) [93, 100]: 

( ) () (),

1 1

S , N N ,     ʛʜʝ ʿʝ     ʠ  0 1
q w

h

i j i,k j,l

i j

u v u v 0 u 1 v
= =

= ¢ ¢ ¢ ¢ääB
d

 (3.18) 

ʋ ʿʝʜʥʘʯʠʥʠ 3.18, ,

h

i jB  ʩʫ ʭʦʤʦʛʝʥʝ ʢʦʦʨʜʠʥʘʪʝ ʢʦʥʪʨʦʣʥʠʭ ʪʘʯʘʢʘ, Ni,k  ʠ N j,l  ʩʫ 

ʠʥʪʝʨʧʦʣʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ k -ʪʦʛ ʠ l -ʪʦʛ ʨʝʜʘ
18

, ʨʝʩʧʝʢʪʠʚʥʦ, ʢʦʿʝ ʩʝ ʨʘʯʫʥʘʿʫ ʧʦ 

ʦʙʨʘʩʮʫ ʠʟ ʿʝʜʥʘʯʠʥʝ 3.17. ʇʦʰʪʦ ʢʦʥʪʨʦʣʥʘ ʤʨʝʞʘ ʪʘʯʘʢʘ ʤʦʨʘ ʙʠʪʠ ʨʝʢʪʠʣʠʥʝʘʨʥʘ, 

ʠʟʚʨʰʝʥʘ ʿʝ ʠʥʪʝʨʧʦʣʘʮʠʿʘ ʩʚʘʢʦʛ ʦʜ q  ʜʦʙʠʿʝʥʠʭ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʩʘ w ʪʘʯʢʠ. ʅʘ 

ʢʨʘʿʫ, ʧʘʨʘʤʝʪʘʨʩʢʦ ʛʝʥʝʨʠʩʘˁʝ ʯʝʪʚʦʨʦʯʚʦʨʥʠʭ ʢʚʘʜʨʠʣʘʪʝʨʠʘʣʥʠʭ ʠʣʠ 

ʭʝʢʩʘʝʜʘʨʩʢʠʭ ʝʣʝʤʝʥʘʪʘ ʿʝ ʠʟʚʨʰʝʥʦ ʚʘʨʠʨʘˁʝʤ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʫ ʙʨʦʿ 

ʧʦʜʝʣʘ ʧʦ ʣʦʥʛʠʪʫʜʠʥʘʣʥʦʤ u  ʠ ʨʘʜʠʿʘʣʥʦʤ v  ʧʨʘʚʮʫ (ʉʣʠʢʘ 3.6-ʠ). 

3.10. ʄʦʜʝʣʠʨʘˁʝ ʠ ʜʠʩʢʨʝʪʠʟʘʮʠʿʘ ʢʦʤʧʣʝʢʩʥʦʛ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ 

ʂʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ ʿʝ ʤʦʜʝʣʠʨʘʥʦ ʢʘʦ ʥʠʟ ʮʝʚʘʩʪʠʭ ʩʪʨʫʢʪʫʨʘ (ʢʦʨʦʥʘʨʥʠʭ ʛʨʘʥʘ) 

ʧʦʚʝʟʘʥʠʭ ʪʘʯʢʘʤʘ-ʙʠʬʫʨʢʘʮʠʿʘʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣʠʮʠ 3.3-ʘ ʠ ʉʣʠʮʠ 3.7-ʙ. 

ʅʘʢʦʥ ʰʪʦ ʩʫ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʛʨʘʥʘ ʨʝʢʦʥʩʪʨʫʠʩʘʥʝ ʩʚʘʢʘ ʧʦʩʝʙʥʦ (ʫʧʦʪʨʝʙʦʤ 

ʤʝʪʦʜʝ ʧʨʠʢʘʟʘʥʝ ʫ ʧʦʛʘʚˀʫ 3.8), ʧʨʚʠ ʢʦʨʘʢ ʿʝ ʦʙʝʟʙʝʹʠʚʘˁʝ ʚʘʣʠʜʥʝ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʠ 

ʧʨʘʚʠʣʥʝ ʨʝʧʨʝʟʝʥʪʘʮʠʿʝ ʩʚʠʭ ʛʨʘʥʘ. ʇʦʜ ʜʝʢʦʤʧʦʟʠʮʠʿʦʤ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʜʝʬʠʥʠʩʘˁʝ 

ʢʦʥʝʢʪʠʚʥʦʩʪʠ ʛʨʘʥʘ ʢʦʨʠʩʪʝ˂ʠ ʙʠʬʫʨʢʘʮʠʿʝ, ʧʨʠ ʯʝʤʫ ʿʝ ʫʟʝʪʦ ʜʘ ʿʝʜʥʘ ʙʠʬʫʨʢʘʮʠʿʘ 

ʧʦʚʝʟʫʿʝ ʿʝʜʥʫ ʫʣʘʟʥʫ ʠ ʜʚʝ ʠʟʣʘʟʥʝ ʛʨʘʥʝ (ʉʣʠʢʘ 3.3-ʘ ʠ ʉʣʠʢʘ 3.7-ʙ). 

ʂʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʫʚʠʿʘˁʝ ʤʨʝʞʝ ʫ ʪʘʯʢʘʤʘ ʙʠʬʫʨʢʘʮʠʿʘ (ʉʣʠʮʠ 3.7-ʘ), 

ʦʨʠʿʝʥʪʘʮʠʿʝ ʪʨʠʭʝʜʨʦʥʘ ʠʟʣʘʟʥʠʭ ʛʨʘʥʘ ʩʫ ʫʧʨʘʚˀʝʥʝ ʥʘ ʦʩʥʦʚʫ ʢʨʘʿˁʝʛ ʪʨʠʭʝʜʨʦʥʘ 

ʫʣʘʟʥʝ ʛʨʘʥʝ ʙʠʬʫʨʢʘʮʠʿʝ (ʉʣʠʢʘ 3.7-ʚ ʠ ʉʣʠʢʘ 3.7-ʛ). ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʢʘʢʦ ʩʝ 

ʦʨʠʿʝʥʪʘʮʠʿʝ ʪʨʠʭʝʜʨʦʥʘ ʨʘʟʣʠʯʠʪʠʭ ʛʨʘʥʘ ʥʝ ʧʦʢʣʘʧʘʿʫ (ʉʣʠʢʘ 3.7-ʘ) ï ʠ ʢʘʢʦ 

ʠʟʛʣʝʜʘʿʫ ʥʘʢʦʥ ʥʦʨʤʘʣʠʟʘʮʠʿʝ ʦʨʠʿʝʥʪʘʮʠʿʘ (ʉʣʠʢʘ 3.7-ʛ). ʅʘʢʦʥ ʪʦʛʘ, ʧʨʦʮʝʜʫʨʘ ʟʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʛʨʘʥʘ ʂɸ, ʦʧʠʩʘʥʘ ʫ ʧʦʛʣʘʚˀʫ 3.9, ʿʝ ʠʟʚʨʰʝʥʘ ʟʘ ʩʚʘʢʫ ʦʜ ʛʨʘʥʘ 

ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ. 

ʅʘ ʢʨʘʿʫ, ʠʟʚʨʰʝʥʦ ʿʝ ʪʨʠʤʦʚʘˁʝ (ʧʦʜʩʝʮʘˁʝ) ʧʦʚʨʰʠʥʘ ʛʨʘʥʘ ʢʦʨʠʰ˂ʝˁʝʤ 

ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʝ ʢʦʥʝʢʪʠʚʥʦʩʪʠ. ʇʨʘʪʝ˂ʠ ʰʘʙʣʦʥ ʧʨʠʢʘʟʘʥ ʥʘ ʉʣʠʮʠ 3.7-ʚ, ʝ, ʞ, 

ʩʪʨʘʥʝ ʜʦ ʙʠʬʫʨʢʘʮʠʿʝ ʩʫ ʪʨʠʤʦʚʘʥʝ ʠ ʩʧʘʿʘˁʝ ʟʘ ʩʚʘʢʫ ʦʜ ʛʨʘʥʘ ʢʦʿʝ ʯʠʥʝ ʨʘʟʤʘʪʨʘʥʫ 

ʙʠʬʫʨʢʘʮʠʿʫ [101-103]. ʀʩʪʠ ʧʦʩʪʫʧʘʢ ʧʦʥʦʚˀʝʥ ʿʝ ʟʘ ʩʚʘʢʫ ʙʠʬʫʨʢʘʮʠʿʫ ʫ ʣʠʩʪʠ. 

                                                 
18

 ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʫʟʝʪʦ ʜʘ ʿʝ 3k=  ʠ 3l = . 
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ʂʦʥʘʯʥʦ, ʢʦʤʧʣʝʪʘʥ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠ ʜʦʤʝʥ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ ʩʝ ʜʦʙʠʿʘ ʿʝʜʥʦʩʪʘʚʥʠʤ 

ʩʧʘʿʘˁʝʤ-ʤʝʨ˅ʦʚʘˁʝʤ ʥʝʟʘʚʠʩʥʦ ʛʝʥʝʨʠʩʘʥʠʭ ʤʨʝʞʘ ʢʦʨʦʥʘʨʥʠʭ ʛʨʘʥʘ. 

ɸʣʛʦʨʠʪʘʤ 3.5 ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʧʦʚʨʰʠʥʝ ʣʫʤʝʥʘ ( )S ,
d

u v  ʂɸ ʠʟ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ. 

ʋʣʘʟ: 
ʂʘʣʠʙʨʠʩʘʥʠ ʧʘʨʘʤʝʪʨʠ ʘʥʛʠʦʛʨʘʤʘ 

*

x  ʜʦʙʠʿʝʥʠ ɸʣʛʦʨʠʪʤʦʤ 3. 

ʋʣʘʟ: ʇʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʮʝʥʪʨʘʣʥʘ ʣʠʥʠʿʘ ʂɸ ()P l
d

 ʜʦʙʠʿʝʥʘ ɸʣʛʦʨʠʪʤʦʤ 4. 

ʋʣʘʟ: ʇʘʨʘʤʝʪʨʠ l
 
ʢʦʿʠ ʜʝʬʠʥʠʰʫ ʧʦʟʠʮʠʿʝ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʜʫʞ ʮʝʥʪʨʘʣʥʝ 

ʣʠʥʠʿʝ ()P l
d

.  

ʋʣʘʟ: ʇʘʨʘʤʝʪʨʠʟʦʚʘʥʝ ʩʝʛʤʝʥʪʦʚʘʥʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ { }pi i =1,2
d

 ʠ ʠʚʠʯʥʝ ʣʠʥʠʿʝ 

{ }bi, j i =1,2; j =1,2
d

 ʠʟ ʜʚʘ ʫʧʘʨʝʥʘ ʘʥʛʠʦʛʨʘʬʩʢʘ ʩʥʠʤʢʘ. 

ʀʟʣʘʟ: ʇʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʧʦʚʨʰʠʥʘ ( )S ,
d

u v  ʣʫʤʝʥʘ ʂɸ. 

1 for each ʯʣʘʥ l  in ʚʝʢʪʦʨʫ l  do 

2  ʋ ʪʘʯʢʠ ()lP  ʮʝʥʪʨʘʣʝ ʣʠʥʠʿʝ ()P l
d

 ʜʝʬʠʥʠʰʠ ʜʝʩʥʠ ʪʨʠʭʝʜʨʦʥ ʧʦʤʦ˂ʫ 

ʪʘʥʛʝʥʪʝ ()T l
d

, ʥʦʨʤʘʣʝ ()N l
d

 ʠ ʙʠʥʦʨʤʘʣʝ ()B l
d

 

3  for  i =1 to 2 (ʠʣʠ ʚʠʰʝ ʜʦʩʪʫʧʥʠʭ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ) do 

4   ʆʜʨʝʜʠ ʪʘʯʢʫ ()i lp  ʥʘ i -ʪʦʤ ʧʦʛʣʝʜʫ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʧʨʦʿʝʢʮʠʿʠ ()lP  

5   ʆʜʨʝʜʠ ʥʦʨʤʘʣʫ ()ni l
d

 ʢʨʠʚʝ pi

d
 ʫ ʪʘʯʢʠ ()i lp  

6   ʀʟʨʘʯʫʥʘʿ ʪʘʯʢʝ ()
i

lap  ʠ ()
i

lbp  ʢʘʦ ʧʨʝʩʝʢ ʥʦʨʤʘʣʝ ()ni l
d

 ʩʘ ʠʚʠʯʥʠʤ 

ʣʠʥʠʿʘʤʘ bi, j

d
 

7   ʀʟʨʘʯʫʥʘʿ ()
i

laP  ʥʘ ʦʩʥʦʚʫ ()
i

lap  ʠ ʿʝʜʥʘʯʠʥʝ 3.3 

8   
 ɼʝʬʠʥʠʰʠ ʧʨʘʚʫ ʣʠʥʠʿʫ ()( )1L ,

ii laF P
d

 ʢʦʨʠʩʪʝ˂ʠ ʪʘʯʢʫ (ʠʟʚʦʨ ʠʢʩ-ʟʨʘʢʘ) 

iF  ʠ ʪʘʯʢʫ ()
i

laP  

9   
ɼʝʬʠʥʠʰʠ ʜʨʫʛʫ ʣʠʥʠʿʫ () ()( )2L ,Tl lP

d d
 ʧʦʤʦ˂ʫ ʪʘʯʢʝ ()lP  ʠ ʚʝʢʪʦʨʘ 

ʧʨʘʚʮʘ ()T l
d

 

10   
ʆʜʨʝʜʠ ( ),i us lA  ʨʝʰʘʚʘˁʝʤ ʿʝʜʥʘʯʠʥʘ 3.1-3.8 ʟʘ ʣʠʥʠʿʝ 1L

d
 ʠ 2L
d

 

11   ʆʜʨʝʜʠ ( ),i us lB  ʧʦʥʘʚˀʘˁʝʤ ʢʦʨʘʢʘ 8-11 ʟʘ () ()
i i

l l­b bp P  

12   ʇʨʦʿʝʢʪʫʿ ( ),i us lA  ʠ ( ),i us lB  ʥʘ ʨʘʚʘʥ ʥʦʨʤʘʣʝ-ʙʠʥʦʨʤʘʣʝ ʪʨʠʭʝʜʨʦʥʘ 

13  end for 

14  ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʨʦʿʘ ʜʦʩʪʫʧʥʠʭ ʧʨʦʿʝʢʮʠʿʘ, ʬʠʪʫʿ ʢʨʫʛ, ʝʣʠʧʩʫ ʠʣʠ ʠʟʚʨʰʠ 

ʧʦʣʠʛʦʥʘʣʥʫ ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʪʘʯʘʢʘ ʥʘ l -ʪʦʤ ʧʨʝʩʝʢʫ 

15 end for 

16 ʀʥʪʝʨʧʦʣʠʨʘʿ ʩʚʘʢʠ ʦʜ q  ʧʨʝʩʝʢʘ ʩʘ w ʪʘʯʢʠ, ʠ ʜʦʙʠʿʝʥʝ ʪʘʯʢʝ ʢʦʨʠʩʪʠ ʢʘʦ 

ʢʦʥʪʨʦʣʥʝ ʪʘʯʢʝ ʟʘ ʛʝʥʝʨʠʩʘˁʝ NURBS ʧʦʚʨʰʠʥʝ ʢʦʨʠʩʪʝ˂ʠ ʿʝʜʥʘʯʠʥʫ 3.18 
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ʉʣʠʢʘ 3.7 ʄʦʜʝʣʠʨʘˁʝ ʢʦʤʧʣʝʢʩʥʦʛ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ: ʘ) ʆʨʠʿʝʥʪʘʮʠʿʘ 

ʪʨʠʭʝʜʨʦʥʘ ʜʫʞ ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʂɸ; ʙ) ɼʝʢʦʤʧʦʟʠʮʠʿʘ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ ʥʘ ʛʨʘʥʝ 

ʠ ʙʠʬʫʨʢʘʮʠʿʝ; ʚ) ʐʘʙʣʦʥ ʟʘ ʫʩʤʝʨʘʚʘˁʝ ʦʨʠʿʝʥʪʘʮʠʿʝ ʪʨʠʭʝʜʨʦʥʘ ʠ ʪʨʠʤʦʚʘˁʝ ʛʨʘʥʘ 

ʂɸ; ʛ) ʎʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʠ ʪʨʠʭʝʜʨʦʥʠ ʥʘʢʦʥ ʤʠʥʠʤʠʟʘʮʠʿʝ ʝʬʝʢʪʘ ʫʚʠʿʘˁʘ; ʜ) ʄʨʝʞʘ 

ʯʝʪʚʦʨʦʯʚʦʨʥʠʭ ʢʚʘʜʨʠʣʘʪʝʨʠʘʣʥʠʭ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ; ʹ) ʄʨʝʞʘ ʦʩʤʦʯʚʦʨʥʠʭ 

ʭʝʢʩʘʝʜʘʨʩʢʠʭ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ; ʝ-ʟ) ʇʨʠʢʘʟ ʨʝʘʣʥʦʛ ʩʣʫʯʘʿʘ (ʉʢʫʧ ʧʦʜʘʪʘʢʘ III); ʝ) 

ʀʟʛʣʝʜ ʛʨʘʥʘ ʥʘ ʤʝʩʪʫ ʙʠʬʫʨʢʘʮʠʿʘ ʧʨʝ ʪʨʠʤʦʚʘˁʘ; ʞ) ʀʟʛʣʝʜ ʛʨʘʥʘ ʥʘ ʤʝʩʪʫ 

ʙʠʬʫʨʢʘʮʠʿʘ ʥʘʢʦʥ ʪʨʠʤʦʚʘˁʘ; ʟ) ʇʦʟʠʮʠʿʘ ʨʘʟʤʘʪʨʘʥʝ ʙʠʬʫʨʢʘʮʠʿʝ ʫ ʩʣʦʞʝʥʦʤ 

ʤʦʜʝʣʫ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ. 
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ɸʣʛʦʨʠʪʘʤ 3.6 ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʠ ʜʠʩʢʨʝʪʠʟʘʮʠʿʘ ʢʦʤʧʣʝʢʩʥʦʛ ʢʦʨʦʥʘʨʥʦʛ 

ʩʪʘʙʣʘ ʠʟ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ. 

ʋʣʘʟ: 
ʂʘʣʠʙʨʠʩʘʥʠ ʧʘʨʘʤʝʪʨʠ ʘʥʛʠʦʛʨʘʤʘ 

*

x  ʜʦʙʠʿʝʥʠ ɸʣʛʦʨʠʪʤʦʤ 3.3. 

ʋʣʘʟ: ʋʢʫʧʥʦ s  ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʠʭ ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʂɸ (){ }P 1,j l j s=
d

 

ʜʦʙʠʿʝʥʠʭ ɸʣʛʦʨʠʪʤʦʤ 3.4. 

ʋʣʘʟ: ʃʠʩʪʘ ʙʠʬʫʨʢʘʮʠʿʘ B  ï ʧʦʚʝʟʘʥʦʩʪ ʛʨʘʥʘ ʢʦʿʝ ʯʠʥʝ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ. 

ʇʨʠʤʝʨ: ʟʘ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ ʩʘʩʪʘʚˀʝʥʦ ʠʟ ʪʨʠ ʛʨʘʥʝ 1P
d

 (ʫʣʘʟʥʘ), 
2P
d

 

(ʠʟʣʘʟʥʘ) ʠ 
3P
d

 (ʠʟʣʘʟʥʘ) ʢʦʿʝ ʯʠʥʝ ʿʝʜʥʫ ʙʠʬʫʨʢʘʮʠʿʫ, ʣʠʩʪʘ 

ʙʠʬʫʨʢʘʮʠʿʘ ʿʝ [ ]1 2 3=B .  

ʀʟʣʘʟ: ʈʝʢʦʥʩʪʨʫʠʩʘʥʦ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ. 

1 for i =1 to ʫʢʫʧʘʥ ʙʨʦʿ ʙʠʬʫʨʢʘʮʠʿʘ ʫ ʣʠʩʪʠ B  do 

2  ʋʧʨʘʚʠ ʦʨʠʿʝʥʪʘʮʠʿʫ ʪʨʠʭʝʜʨʦʥʘ ʠʟʣʘʟʥʠʭ ʛʨʘʥʘ ʙʠʬʫʨʢʘʮʠʿʝ 
( ),2

P
iB

d
 ʠ 

( ),3
P

iB

d
 ʥʘ ʦʩʥʦʚʫ ʢʨʘʿˁʝʛ ʪʨʠʭʝʜʨʦʥʘ ʫʣʘʟʥʝ ʛʨʘʥʝ 

( ),1
P

iB

d
 

3 end for 

4 for  j =1 to ʫʢʫʧʘʥ ʙʨʦʿ ʛʨʘʥʘ ʢʦʿʝ ʯʠʥʝ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ s  do 

5  
ʈʝʢʦʥʩʪʨʫʠʰʠ ʧʦʚʨʰʠʥʫ ʣʫʤʝʥʘ ( )S ,

d
j u v  ʠʟ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ 

ʧʨʦʿʝʢʮʠʿʝ ʥʘ ʦʩʥʦʚʫ ʧʨʦʮʝʜʫʨʝ ʦʧʠʩʘʥʝ ʫ ɸʣʛʦʨʠʪʤʫ 3.5 

6 end for 

7 for i =1 to ʫʢʫʧʘʥ ʙʨʦʿ ʙʠʬʫʨʢʘʮʠʿʘ ʫ ʣʠʩʪʠ B  do 

8  ʅʘ ʦʩʥʦʚʫ ʰʘʙʣʦʥʘ ʧʨʠʢʘʟʘʥʦʛ ʥʘ ʉʣʠʮʠ 3.7-ʚ ʪʨʠʤʫʿ ʠʟʣʘʟʥʫ ʩʪʨʘʥʫ 

ʫʣʘʟʥʝ ʛʨʘʥʝ 
( ),1

P
iB

d
 ʠ ʫʣʘʟʥʫ ʩʪʨʘʥʫ ʠʟʣʘʟʥʠʭ ʛʨʘʥʘ 

( ),2
P

iB

d
 ʠ 

( ),3
P

iB

d
  

9 end for 

 

3.11. ɺʘʣʠʜʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ 

3.11.1 ʆʧʠʩ ʠ ʦʨʛʘʥʠʟʘʮʠʿʘ ʧʦʜʘʪʘʢʘ ʢʦʨʠʰ˂ʝʥʠʭ ʟʘ ʚʘʣʠʜʘʮʠʿʫ 

ʂʘʢʦ ʙʠ ʩʝ ʦʜʨʝʜʠʣʝ ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʧʨʝʮʠʟʥʦʩʪ ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʪʦʜʘ, ʢʨʝʠʨʘʥ ʿʝ 

ʥʠʟ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʘʟʣʠʯʠʪʝ ʩʮʝʥʘʨʠʿʝ ʨʝʘʣʥʠʭ ʩʠʪʫʘʮʠʿʘ. 

ʂʦʤʧʣʝʢʩʥʦʩʪ ʚʘʣʠʜʘʮʠʦʥʠʭ ʧʦʜʘʪʘʢʘ ʚʘʨʠʨʘ ʦʜ ʜʠʛʠʪʘʣʥʠʭ ʬʘʥʪʦʤʘ, ʧʨʝʢʦ ʬʠʟʠʯʢʠʭ 

ʬʘʥʪʦʤʘ ʜʦ ʨʝʘʣʥʠʭ ʢʣʠʥʠʯʢʠʭ ʧʦʜʘʪʘʢʘ. ʉʚʝ ʘʢʚʠʟʠʮʠʿʝ ʩʫ ʠʟʚʨʰʝʥʝ ʥʘ ʥʘʯʠʥ ʥʘ ʢʦʿʠ 

ʩʝ ʢʦʨʠʩʪʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʘʥʛʠʦʛʨʘʬʩʢʠ ʩʠʩʪʝʤʠ ʙʘʟʠʨʘʥʠ ʥʘ ʠʢʩ-ʟʨʘʮʠʤʘ, ʪʿ. ʦʥʘʢʦ 

ʢʘʢʦ ʩʝ ʠʟʚʦʜʝ ʫ ʚʝ˂ʠʥʠ ʢʣʠʥʠʢʘ ʰʠʨʦʤ ʩʚʝʪʘ. ɸʢʚʠʟʠʮʠʿʝ ʩʫ ʠʟʚʨʰʝʥʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʧʨʦʧʠʩʘʥʠʤ ʝʪʠʯʢʠʤ ʥʦʨʤʘʤʘ ʠ ʙʝʟ ʫʧʦʪʨʝʙʝ ʙʠʣʦ ʢʘʢʚʠʭ ʨʝʩʪʨʠʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʘ. 
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ʀʥʪʨʠʥʟʠʯʥʠ ʠ ʝʢʩʪʨʠʥʟʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʧʝʪ ʨʘʟʤʘʪʨʘʥʠʭ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʧʨʠʢʘʟʘʥʠ 

ʩʫ ʫ ʊʘʙʝʣʠ 3.1, ʜʦʢ ʿʝ ˁʠʭʦʚ ʜʘʪʘˀʥʠ ʦʧʠʩ ʜʘʪ ʫ ʥʘʩʪʘʚʢʫ: 

¶ ʉʢʫʧ ʧʦʜʘʪʘʢʘ I (ʜʠʛʠʪʘʣʥʠ ʜʠʥʘʤʠʯʢʠ ʬʘʥʪʦʤ) ï ʈʝʘʣʠʩʪʠʯʥʠ ʜʠʛʠʪʘʣʥʠ 

ʬʘʥʪʦʤ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʿʝ ʢʨʝʠʨʘʥ ʢʦʨʠʰ˂ʝˁʝʤ 4D XCAT [104], ʢʦʿʠ ʿʝ 

ʨʘʟʚʠʿʝʥ ʟʘ ʧʦʪʨʝʙʝ ʚʘʣʠʜʘʮʠʿʝ ʩʣʠʯʥʠʭ ʤʝʪʦʜʘ (ʉʣʠʢʘ 3.8-ʙ ʠ ʉʣʠʢʘ 3.8-ʛ). 

ʌʘʥʪʦʤ ʦʤʦʛʫ˂ʘʚʘ ʫʧʨʦʰ˂ʝʥʠ ʤʦʜʝʣ ʛʝʥʝʨʠʩʘˁʘ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ 

ʧʨʦʿʝʢʪʦʚʘˁʝʤ ʘʥʘʪʦʤʩʢʦʛ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʤʦʜʝʣʘ ʣʝʚʝ ʢʦʨʦʥʘʨʥʝ 

ʘʨʪʝʨʠʿʝ. ʇʨʠ ʪʦʤʝ, ʤʦʛʫ˂ʝ ʿʝ ʤʝˁʘʪʠ ʧʨʠʤʘʨʥʝ ʠ ʩʝʢʫʥʜʘʨʥʝ ʫʛʣʦʚʝ, 

ʧʦʤʝʨʘʪʠ ʩʪʦ ʩʘ ʧʘʮʠʿʝʥʪʦʤ, ʧʦʣʦʞʘʿ ʠʟʦʮʝʥʪʨʘ ʠ ʬʦʢʫʩ ʧʨʠ ʛʝʥʝʨʠʩʘˁʫ 

ʧʨʦʿʝʢʮʠʿʘ. ʈʝʟʦʣʫʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʩʣʠʢʘ ʿʝ ʧʦʩʪʘʚˀʝʥʘ ʥʘ 960x960 ʧʠʢʩʝʣʘ, 

ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʧʠʢʩʝʣʘ ʿʝ ʧʦʩʪʘʚˀʝʥ ʜʘ ʙʫʜʝ 0.184mm. ɹʨʦʿ ʛʝʥʝʨʠʩʘʥʠʭ 

ʬʨʝʿʤʦʚʘ ʧʦ ʩʝʢʫʥʜʠ ʿʝ 30fps, ʜʦʢ ʿʝ ʩʨʯʘʥʠ ʮʠʢʣʫʩ ʠ ʨʝʩʧʠʨʘʪʦʨʥʠ ʮʠʢʣʫʩ 

ʧʦʜʝʰʝʥ ʜʘ ʪʨʘʿʝ ʿʝʜʥʫ ʠ ʧʝʪ ʩʝʢʫʥʜʠ, ʨʝʩʧʝʢʪʠʚʥʦ. ʊʘʢʦʹʝ, ʢʨʝʠʨʘʥ ʿʝ ʠ 

ʩʪʘʪʠʯʢʠ ʬʘʥʪʦʤ ʩʘ ʨʝʛʠʿʦʤ ʩʪʝʥʦʟʦʤ ʠ ʨʝʛʠʿʦʤ ʩʘ ʧʣʘʢʦʤ, ʢʘʢʦ ʙʠ ʩʝ 

ʦʜʨʝʜʠʣʘ ʧʨʝʮʠʟʥʦʩʪ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ 

ʿʝ ʜʦʩʪʫʧʥʦ ʚʠʰʝ ʦʜ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ (ʉʣʠʢʘ 3.14 ʠ ʉʣʠʢʘ 3.15). 

¶ ʉʢʫʧ ʧʦʜʘʪʘʢʘ II (ʬʠʟʠʯʢʠ ʩʪʘʪʠʯʢʠ ʬʘʥʪʦʤ) ï ʈʫʯʥʦ ʥʘʧʨʘʚˀʝʥʠ ʩʪʘʪʠʯʢʠ 

ʬʘʥʪʦʤ ʢʨʝʠʨʘʥ ʢʘʦ ʠʤʠʪʘʮʠʿʘ ʩʣʦʞʝʥʦʛ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ. ʌʘʥʪʦʤ ʿʝ 

ʥʘʧʨʘʚˀʝʥ ʦʜ ʧʦʚʝʟʘʥʠʭ ʛʫʤʝʥʠʭ ʮʝʚʠ (ʚʠʜʝʪʠ ʢʘʩʥʠʿʝ ʉʣʠʢʘ 3.16-ʘ) ʫ ʢʦʿʝ 

ʿʝ ʧʦʤʦ˂ʫ ʰʧʨʠʮʘ ʫʙʨʠʟʛʘʥ ʢʦʥʪʨʘʩʪʥʠ ʘʛʝʥʩ Ultravist 370 mg Iod/ml (Bayer 

Shering AG, Germany). ʌʘʥʪʦʤ ʿʝ ʧʦʟʠʮʠʦʥʠʨʘʥ ʫʥʫʪʘʨ ʢʦʮʢʘʩʪʦʛ ʧʨʦʬʠʣʘ 

ʧʫʨ-ʧʝʥʦʤ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ ʧʦʤʝʨʘˁʝ ʜʝʣʦʚʘ ʬʘʥʪʦʤʘ ʫ ʪʦʢʫ ʪʨʘʥʩʧʦʨʪʘ 

ʠ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (ʉʣʠʢʘ 3.8-ʹ ʠ ʉʣʠʢʘ 3.8-ʞ). ʉʥʠʤʮʠ ʩʫ 

ʥʘʧʨʘʚˀʝʥʠ ʧʦʤʦ˂ʫ ʘʥʛʠʦʛʨʘʬʩʢʦʛ ʩʠʩʪʝʤʘ ʤʘʨʢʝ GE Innova 2100-IQ (GE 

Healthcare, Waukesha, WI), ʢʦʿʠ ʠʤʘ ʨʘʚʘʥ ʜʝʪʝʢʪʦʨ. ʉʚʝ ʛʝʥʝʨʠʩʘʥʝ ʩʣʠʢʝ 

ʠʤʘʿʫ ʨʝʟʦʣʫʮʠʿʫ ʦʜ 1024x1024 ʧʠʢʩʝʣʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʩʥʠʤʘʥʦ 15 ʬʨʝʿʤʦʚʘ ʧʦ 

ʩʝʢʫʥʜʠ ʠ ʚʝʣʠʯʠʥʘ ʧʠʢʩʝʣʘ ʿʝ 0.2871 mm. ʊʘʢʦʹʝ, ʬʘʥʪʦʤ ʿʝ ʩʢʝʥʠʨʘʥ 

ʧʦʤʦ˂ʫ ʤʫʣʪʠʩʣʘʿʩ ʢʦʤʧʿʫʪʝʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ (ʝʥʛʣ. ʄulti-Slice Computed 

Tomography ï MSCT). ʂʦʨʠʰ˂ʝʥ ʿʝ ʫʨʝʹʘʿ Toshiba Aquilion System (Toshiba 

Medical Systems, Otawara, Japan). MSCT ʿʝ ʢʦʨʠʰ˂ʝʥ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʘ 

ʨʝʬʝʨʝʥʪʥʘ ʛʝʦʤʝʪʨʠʿʘ ʬʠʟʠʯʢʦʛ ʬʘʥʪʦʤʘ ʫ ʚʠʩʦʢʦʿ ʨʝʟʦʣʫʮʠʿʠ. ʋʢʫʧʥʦ ʿʝ 

ʩʥʠʤˀʝʥʦ 467 ʩʣʘʿʩʝʚʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʿʝʜʘʥ ʩʣʘʿʩ ʠʤʘʦ ʨʝʟʦʣʫʮʠʿʫ ʦʜ 512x512 

ʧʠʢʩʝʣʘ ʩʘ ʤʝʹʫʩʦʙʥʠʤ ʨʘʟʤʘʢʦʤ ʦʜ 0.35 mm. 

¶ ʉʢʫʧ ʧʦʜʘʪʘʢʘ III, IV ʠ V (ʨʝʘʣʥʠ ʢʣʠʥʠʯʢʠ ʧʦʜʘʮʠ) ï ʂʘʦ ʢʣʠʥʠʯʢʠ ʧʦʜʘʮʠ 

ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʩʫ ʦʜʘʙʨʘʥʘ ʪʨʠ ʧʘʮʠʿʝʥʪʘ ʩʘ ʧʨʠʩʫʪʥʦʤ ʢʦʨʦʥʘʨʥʦʤ ʙʦʣʝʩʪʠ 

ʠ ʩʪʘʙʠʣʥʦʤ angina pectoris (ʉʣʠʢʘ 3.8-ʠ ʠ ʉʣʠʢʘ 3.8-ʢ; ʉʣʠʢʘ 3.8-ˀ ʠ ʉʣʠʢʘ 

3.8-ʥ; ʉʣʠʢʘ 3.8-ʦ ʠ ʉʣʠʢʘ 3.8-ʨ). ʇʦʜʘʮʠ ʩʫ ʫʟʝʪʠ ʠʟ ʧʦʩʪʦʿʝ˂ʝ ʙʘʟʝ 
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ʧʘʮʠʿʝʥʘʪʘ, ʢʦʿʘ ʿʝ ʢʨʝʠʨʘʥʘ ʥʝʚʝʟʘʥʦ ʩʘ ʦʚʦʤ ʜʠʩʝʨʪʘʮʠʿʦʤ. ɸʢʚʠʟʠʮʠʿʝ ʩʫ 

ʠʟʚʨʰʝʥʝ ʨʫʪʠʥʩʢʠ ʫ ʂʣʠʥʠʯʢʦʤ ʮʝʥʪʨʫ ʂʨʘʛʫʿʝʚʘʮ, ʢʦʨʠʩʪʝ˂ʠ ʠʩʪʫ ʦʧʨʝʤʫ 

ʦʧʠʩʘʥʫ ʟʘ ʉʢʫʧ ʧʦʜʘʪʘʢʘ II. ʈʘʟʤʘʪʨʘʥʠ ʧʦʜʘʮʠ ʩʫ ʩʝʣʝʢʪʦʚʘʥʠ ʜʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʝ ʩʣʫʯʘʿʝʚʝ ʩʘ ʜʦʚʦˀʥʠʤ ʥʠʚʦʦʤ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʢʦʨʦʥʘʨʥʝ ʘʥʘʪʦʤʠʿʝ. ɼʘʢʣʝ, ʧʨʦʮʝʩ ʩʝʣʝʢʮʠʿʝ ʧʦʜʘʪʘʢʘ ʠʟ 

ʙʘʟʝ ʧʘʮʠʿʝʥʘʪʘ ʥʠʿʝ ʧʦʚʝʟʘʥ ʩʘ ʠʩʭʦʜʠʤʘ ʪʝʨʘʧʠʿʘ, ʠʣʠ ʥʝʢʠʤ ʜʨʫʛʠʤ 

ʢʣʠʥʠʯʢʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʠ ʠʩʭʦʜʠʤʘ. 

ʂʦʤʧʣʝʪʘʥ ʘʣʛʦʨʠʪʘʤ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʛʨʘʤʩʢʦʛ ʧʘʢʝʪʘ Matlab 

R2010a© (Mathworks, Natick, MA, USA). ʊʝʩʪʠʨʘˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʫʧʦʪʨʝʙʦʤ ʢʣʘʩʠʯʥʦʛ 

ʧʝʨʩʦʥʘʣʥʦʛ ʨʘʯʫʥʘʨʘ ʩʘ Windows 7 ʦʧʝʨʘʪʠʚʥʠʤ ʩʠʩʪʝʤʦʤ ʠ ʢʦʥʬʠʛʫʨʘʮʠʿʦʤ 

ʩʘʩʪʘʚˀʝʥʦʤ ʦʜ ʧʨʝʮʝʩʦʨʘ 2GHz ʠ 4 GB RAM ʤʝʤʦʨʠʿʝ. 

3.11.2 ʉʪʨʘʪʝʛʠʿʘ ʟʘ ʤʝʨʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʚʘʣʠʜʘʮʠʿʫ ʤʝʪʦʜʘ 

ʋʧʨʢʦʩ ʧʨʦʛʨʝʩʫ ʪʦʢʦʤ ʧʨʦʪʝʢʣʠʭ ʜʝʮʝʥʠʿʘ, ʪʨʝʥʫʪʥʦ ʥʠʿʝ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʘ 

ʧʨʦʮʝʜʫʨʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʨʝʮʠʟʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ. 

ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ, ʫʛʣʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʠ ʥʝʢʦʣʠʢʦ ʠʥʜʠʢʘʪʦʨʘ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘʿʫ 

ʤʝʨʝˁʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʨʝʬʝʨʝʥʪʥʠʭ ʠ ʜʦʙʠʿʝʥʠʭ: ʧʨʝʯʥʠʢʘ ʂɸ ʜʫʞ ʨʘʟʤʘʪʨʘʥʝ ʛʨʘʥʝ 

[105], ʜʫʞʠʥʝ ʛʨʘʥʝ ʂɸ [106], ʫʛʘʦ ʙʠʬʫʨʢʘʮʠʿʘ ʂɸ [83] ʢʘʦ ʠ ʤʝʨʝˁʝ ʩʨʝʜˁʝ 

ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ ʧʨʦʿʝʢʮʠʿʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ [73]. ʇʦʰʪʦ ʩʝ ʧʨʦʮʝʜʫʨʘ ʧʨʝʜʣʦʞʝʥʘ ʫ 

ʜʠʩʝʨʪʘʮʠʿʠ ʩʘʩʪʦʿʠ ʠʟ ʚʠʰʝ ʢʦʨʘʢʘ, ʢʦʿʠ ʫʪʠʯʫ ʿʝʜʘʥ ʥʘ ʜʨʫʛʠ, ʘʥʘʣʠʟʘ ʪʘʯʥʦʩʪʠ ʿʝ 

ʧʦʜʝˀʝʥʘ ʫ ʥʝʢʦʣʠʢʦ ʩʝʢʮʠʿʘ. ʋ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʫ ʥʘʨʝʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ ʚʘʣʠʜʘʮʠʿʘ 

ʿʝ ʠʟʚʨʰʝʥʘ ʢʦʨʠʩʪʝ˂ʠ ʧʦʜʘʪʢʝ ʬʘʥʪʦʤʘ (ʉʢʫʧ ʧʦʜʘʪʘʢʘ I ʠ ʉʢʫʧ ʧʦʜʘʪʘʢʘ II) , ʧʦʰʪʦ ʿʝ 

ʥʝʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʨʝʬʝʨʝʥʪʥʫ ʛʝʦʤʝʪʨʠʿʫ ʨʝʘʣʥʠʭ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ (ʉʢʫʧ ʧʦʜʘʪʘʢʘ 

III -V). ʋ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʿʝ ʪʦ ʙʠʣʦ ʤʦʛʫ˂ʝ, ʚʨʰʝʥʦ ʿʝ ʤʝʨʝˁʝ ʜʝʚʠʿʘʮʠʿʝ ʛʝʦʤʝʪʨʠʿʝ 

(ʧʦʚʨʰʠʥʝ) ʦʜ ʨʝʬʝʨʝʥʪʥʝ ʛʝʦʤʝʪʨʠʿʝ ʧʦʰʪʦ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠ ʠʥʜʠʢʘʪʦʨʠ ʟʘʩʝʙʥʦ 

ʥʝ ʤʦʛʫ ʛʘʨʘʥʪʦʚʘʪʠ ʜʘ ʿʝ ʮʝʣʦʢʫʧʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʪʘʯʥʘ. ʅʘ ʧʨʠʤʝʨ, ʪʘʯʥʘ ʜʫʞʠʥʘ 

ʂɸ ʥʝ ʛʘʨʘʥʪʫʿʝ ʜʘ ʿʝ ʦʨʠʿʝʥʪʘʮʠʿʘ (ʠʣʠ ʟʘʢʨʠʚˀʝʥʦʩʪ) ʨʝʢʦʥʩʪʨʫʠʩʘʥʝ ʂɸ ʪʘʯʥʘ; 

ʪʘʢʦʹʝ, ʪʘʯʥʠ ʧʨʝʯʥʠʮʠ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʜʫʞ ʂɸ ʥʝ ʛʘʨʘʥʪʫʿʫ ʜʘ ʿʝ ʟʘʢʨʠʚˀʝʥʦʩʪ ʂɸ 

ʪʘʯʥʘ ï ʠ ʦʙʨʥʫʪʦ; ʠ ʥʘ ʢʨʘʿʫ, ʢʘʦ ʰʪʦ ˂ʝ ʩʝ ʫ ʥʘʩʪʘʚʢʫ ʧʦʢʘʟʘʪʠ, ʧʦʢʣʘʧʘˁʝ ʧʨʦʿʝʢʮʠʿʘ 

ʂɸ ʩʘ ʧʦʜʘʮʠʤʘ ʠʟ ʢʦʿʠʭ ʿʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʜʦʙʠʿʝʥʘ ʥʝ ʛʘʨʘʥʪʫʿʝ ʫʚʝʢ ʪʘʯʥʦʩʪ 

ʧʨʦʮʝʜʫʨʝ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ. 
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ʊʘʙʝʣʘ 3.1 ʇʦʜʘʮʠ ʥʘ ʢʦʿʠʤʘ ʿʝ ʚʨʰʝʥʘ ʚʘʣʠʜʘʮʠʿʘ ʠ ʨʝʟʫʣʪʘʪʠ ʢʘʣʠʙʨʘʮʠʿʝ ʫʨʝʹʘʿʘ. 

ʉʢʫʧ ʧʦʜʘʪʘʢʘ I ʿʝ ʚʠʨʪʫʝʣʥʠ XCAT ʬʘʥʪʦʤ, ʉʢʫʧ ʧʦʜʘʪʘʢʘ II ʿʝ ʩʪʘʪʠʯʢʠ ʬʠʟʠʯʢʠ 

ʬʘʥʪʦʤ, ʉʢʫʧ ʧʦʜʘʪʘʢʘ III, IV ʠ V ʩʫ ʢʣʠʥʠʯʢʠ ʧʦʜʘʮʠ. ʉʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ 

(ʝʥʛʣ. Mean square error ï MSE) ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʧʦ ʦʙʨʘʩʮʫ ʠʟ ʿʝʜʥʘʯʠʥʝ 3.9. 

 ʇʨʝ ʢʘʣʠʙʨʘʮʠʿʝ ʇʦʩʣʝ ʢʘʣʠʙʨʘʮʠʿʝ 
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ʉʣʠʢʘ 3.8 ʈʝʟʫʣʪʘʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʟʘ ʧʝʪ ʨʘʟʤʘʪʨʘʥʠʭ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ: a-ʛ) ʉʢʫʧ 

ʧʦʜʘʪʘʢʘ I; ʜ-ʞ) ʉʢʫʧ ʧʦʜʘʪʘʢʘ II; ʟ-ʢ) ʉʢʫʧ ʧʦʜʘʪʘʢʘ III; -ˀʥ) ʉʢʫʧ ʧʦʜʘʪʘʢʘ IV; -ˁʨ) 

ʉʢʫʧ ʧʦʜʘʪʘʢʘ V. 
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3.11.3 ʂʘʣʠʙʨʘʮʠʿʘ ʫʨʝʹʘʿʘ ï ʦʧʪʠʤʠʟʘʮʠʿʘ ʝʢʩʪʨʠʥʟʠʯʥʠʭ ʠ ʠʥʪʨʠʥʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʘʥʛʠʦʛʨʘʤʘ 

ɺʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʨʝ ʠ ʥʘʢʦʥ ʢʘʣʠʙʨʘʮʠʿʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ 

ʊʘʙʝʣʠ 3.1, ʜʦʢ ʩʫ ʜʦʙʠʿʝʥʝ ʛʝʦʤʝʪʨʠʿʝ ʧʝʪ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʧʨʠʢʘʟʘʥʝ ʥʘ ʉʣʠʮʠ 3.8 

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʠʟ ʪʘʙʝʣʝ, ʧʨʦʙʣʝʤ ʦʜʨʝʹʠʚʘˁʘ ʦʨʠʿʝʥʪʘʮʠʿʝ ʘʥʛʠʦʛʨʘʤʘ ʥʝʤʘ 

ʿʝʜʠʥʩʪʚʝʥʦ ʨʝʰʝˁʝ. ʃʠʪʝʨʘʪʫʨʘ (ʇʦʛʣʘʚˀʝ 3.2) ʬʦʢʫʩʠʨʘʥʘ ʥʘ ʢʘʣʠʙʨʘʮʠʿʫ 

ʘʥʛʠʦʛʨʘʤʘ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ ʜʚʘ ʧʨʠʩʪʫʧʘ, ʯʠʿʝ ʿʝ ʦʩʥʦʚʥʝ ʦʩʦʙʠʥʝ ʧʦʪʨʝʙʥʦ 

ʥʘʛʣʘʩʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʙʦˀʝ ʦʙʿʘʩʥʠʦ ʜʦʧʨʠʥʦʩ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʇʨʚʠ ʧʨʠʩʪʫʧ ʩʝ ʩʚʦʜʠ ʥʘ ʫʧʦʪʨʝʙʠ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ ʙʘʟʠʨʘʥʦʛ ʥʘ ʢʦʨʠʰ˂ʝˁʫ 

ʧʘʨʘʤʝʪʘʨʘ ʩʘʯʫʚʘʥʠʭ ʫ DICOM ʪʘʛʦʚʠʤʘ (a, b, 
SODd , 

SIDd ). ʂʦʥʢʨʝʪʥʦ, ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ 

ʝʿ ʫʨʝʹʘʿ ʧʦʟʠʮʠʦʥʠʨʘʥ ʧʨʘʪʝ˂ʠ ʩʣʝʜʝ˂ʠ ʧʨʦʪʦʢʦʣ: ʨʦʪʠʨʘʪʠ ʎ-ʨʫʢʫ ʟʘ ʧʨʠʤʘʨʥʠ ʫʛʘʦ 

a, ʠ ʥʘʢʦʥ ʪʦʛʘ, ʨʦʪʠʨʘʪʠ ʎ-ʨʫʢʫ ʟʘ ʩʝʢʫʥʜʘʨʥʠ ʫʛʘʦ b (ʘʥʛʫʣʘʮʠʿʘ). ʋ ʧʦʨʝʹʝˁʫ ʩʘ 

ʧʨʝʜʣʦʞʝʥʠʤ ʤʘʪʝʤʘʪʠʯʢʠʤ ʤʦʜʝʣʦʤ, ʪʘʢʚʘ ʬʦʨʤʫʣʘʮʠʿʘ ʿʝ ʨʝʩʪʨʠʢʪʠʚʥʘ ʠʟ ʚʠʰʝ 

ʨʘʟʣʦʛʘ. ʅʘ ʧʨʠʤʝʨ, ʫ ʩʣʫʯʘʿʫ ʜʘ ʢʦʨʠʩʥʠʢ (ʢʣʠʥʠʯʘʨ) ʠʟʚʨʰʠ ʧʨʚʦ ʩʝʢʫʥʜʘʨʥʫ 

ʨʦʪʘʮʠʿʫ b, ʧʘ ʥʘʢʦʥ ʪʦʛʘ ʧʨʠʤʘʨʥʫ ʨʦʪʘʮʠʿʫ a (ʠʣʠ ʜʘ ʢʦʨʠʩʥʠʢ ʠʪʝʨʘʪʠʚʥʦ 

ʢʦʤʙʠʥʫʿʝ ʦʙʝ ʨʦʪʘʮʠʿʝ ʎ-ʨʫʢʝ ʜʦʢ ʩʝ ʥʝ ʧʦʩʪʠʛʥʝ ʦʧʪʠʤʘʣʥʠ ʧʦʛʣʝʜ) ï ʜʦʙʠʿʘ ʩʝ 

ʢʦʤʧʣʝʪʥʦ ʜʨʫʛʘʯʠʿʘ ʦʨʠʿʝʥʪʘʮʠʿʘ ʫʨʝʹʘʿʘ. ʇʨʝʤʘ ʪʦʤʝ, ʥʠʿʝ ʫʚʝʢ (ʠ ʟʘ ʩʚʘʢʠ ʫʨʝʹʘʿ) 

ʧʦʫʟʜʘʥʦ ʪʚʨʜʠʪʠ ʜʘ ʿʝ ʩʪʚʘʨʥʘ ʦʨʠʿʝʥʪʘʮʠʿʘ ʫʨʝʹʘʿʘ ʙʣʠʟʫ ʦʨʠʿʝʥʪʘʮʠʿʝ ʢʦʿʘ ʿʝ 

ʜʦʙʠʿʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʚʦʛ ʧʨʠʩʪʫʧʘ. ʊʘʢʦʹʝ, ʥʠʿʝ ʪʘʯʥʦ ʜʘ ʿʝ ʫʚʝʢ ʧʦʪʨʝʙʥʦ 

ʠʟʚʨʰʠʪʠ ʤʘʣʝ ʢʦʨʝʢʮʠʿʝ ʚʨʝʜʥʦʩʪʠ ʫʛʣʦʚʘ ʨʦʪʘʮʠʿʝ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʘʣʠʙʨʘʮʠʿʝ 

ʠʥʪʨʠʥʟʠʯʥʠʭ-ʝʢʩʪʨʠʥʟʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʅʘ ʧʨʠʤʝʨ, ʯʘʢ ʠ ʢʘʜʘ ʩʝ ʦʧʪʠʤʠʟʘʮʠʿʘ 

ʟʘʧʦʯʥʝ ʠʟ ʧʦʣʦʞʘʿʘ ʦʧʠʩʘʥʦʛ ʧʘʨʘʤʝʪʨʠʤʘ ʩʘʯʫʚʘʥʠʤ ʫ DICOM ʪʘʛʦʚʠʤʘ, ʥʝʤʘ 

ʛʘʨʘʥʮʠʿʝ ʜʘ ʚʨʝʜʥʦʩʪʠ ʫʛʣʦʚʘ ʨʦʪʘʮʠʿʝ ʎ-ʨʫʢʝ ʥʝ˂ʝ ʢʦʥʚʝʨʛʠʨʘʪʠ ʢʘ ʚʨʝʜʥʦʩʪʠʤʘ ʠʟ 

ʊʘʙʝʣʝ 3.1. 

ʂʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʘʦ ʦʧʠʩʘʥʠ ʧʨʦʙʣʝʤ ʠ ʨʝʜʫʢʦʚʘʣʘ ˁʝʛʦʚʘ ʢʦʤʧʣʝʢʩʥʦʩʪ, ʜʨʫʛʠ 

ʧʨʠʩʪʫʧ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʿʝ ʿʝʜʥʘ ʧʨʦʿʝʢʮʠʿʘ ʬʠʢʩʠʨʘʥʘ (ʚʨʝʜʥʦʩʪʠ ʧʨʠʤʘʨʥʠʭ ʠ 

ʩʝʢʫʥʜʘʨʥʠʭ ʫʛʣʦʚʘ ʨʦʪʘʮʠʿʝ ʩʫ ʥʫʣʘ), ʪʿ. ʜʘ ʿʝ ʮʠˀ ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʨʦʥʘʣʘʞʝˁʝ 

ʦʨʠʿʝʥʪʘʮʠʿʝ ʜʨʫʛʝ ʧʨʦʿʝʢʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʫ-ʬʠʢʩʠʨʘʥʫ. ʊʘʢʘʚ ʧʨʠʩʪʫʧ ʿʝ ʢʦʨʠʰ˂ʝʥ 

ʫ ʧʨʝʪʭʦʜʥʦʿ ʩʪʫʜʠʿʠ ʫ ʢʦʿʦʿ ʢʦʿʠ ʩʫ ʘʫʪʦʨʠ ʜʝʬʠʥʠʩʘʣʠ ʦʨʠʿʝʥʪʘʮʠʿʫ ʎ-ʨʫʢʝ ʧʦʤʦ˂ʫ 

ʢʣʘʩʠʯʥʝ ʤʘʪʨʠʮʝ ʨʦʪʘʮʠʿʝ, ʧʨʝʢʦ ʪʨʠ ʨʦʪʘʮʠʿʝ ʦʢʦ ʦʩʘ x, y, z [73]. ʄʝʹʫʪʠʤ, ʤʦʞʝ ʩʝ 

ʚʠʜʝʪʠ ʠʟ ʧʦʛʣʘʚˀʘ 3.5 ʜʘ, ʟʘ ʢʦʥʚʝʥʮʦʥʘʣʥʝ ʫʨʝʹʘʿʝ ʙʘʟʠʨʘʥʝ ʥʘ ʎ-ʨʫʢʘʤʘ ʠ ʠʢʩ-

ʟʨʘʮʠʤʘ, ʜʚʘ ʫʛʣʘ ʨʦʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʦʚʦˀʘʥ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʟʘ ʦʧʠʩʠʚʘˁʝ 

ʦʨʠʿʝʥʪʘʮʠʿʝ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʠʤʘʨʥʠ. ʋ ʠʩʪʦʿ ʩʪʫʜʠʿʠ, ʘʫʪʦʨʠ ʩʫ 

ʫʢˀʫʯʠʣʠ ʠ ʧʦʤʝʨʘˁʝ ʩʪʦʣʘ ʩʘ ʧʘʮʠʿʝʥʪʦʤ ʠ ʧʦʤʝʨʘˁʝ ʠʟʦʮʝʥʪʨʘ, ʜʦʢ ʩʝ ʫ 

ʧʨʝʜʣʦʞʝʥʦʤ ʤʘʪʝʤʘʪʠʯʢʦʤ ʤʦʜʝʣʫ ʦʙʘ ʠʟʚʦʨʘ ʛʨʝʰʢʝ ʢʦʤʧʝʥʟʫʿʫ ʢʦʨʠʰ˂ʝˁʝʤ 

ʚʝʢʪʦʨʘ ȹi. 
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ʇʨʝʦʩʪʘʣʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʫ ʫʢˀʫʯʝʥʠ ʫ ʧʨʦʮʝʩ ʦʧʪʠʤʠʟʘʮʠʿʝ (ʫ ʦʙʘ ʧʦʤʝʥʫʪʘ 

ʧʨʠʩʪʫʧʘ) ʩʫ: ʨʘʩʪʦʿʘˁʘ ( SODd , SIDd ) ʢʘʦ ʠ ʨʘʟʣʠʯʠʪʠ ʦʙʣʠʮʠ ʘʬʠʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ 

(ʠʩʢʨʠʚˀʝʥʦʩʪ, ʪʨʘʥʩʣʘʮʠʿʘ ʠ ʨʦʪʘʮʠʿʘ ʫ ʨʘʚʥʠ). ʊʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʦʙʠʯʥʦ ʫʢˀʫʯʝʥʠ ʫ 

ʤʘʪʨʠʮʫ ʧʨʦʿʝʢʮʠʿʝ ʢʘʢʦ ʙʠ ʢʦʤʧʝʥʟʦʚʘʣʠ ʛʨʝʰʢʫ ʧʦʟʠʮʠʦʥʠʨʘˁʘ ʠ ʦʨʠʿʝʥʪʘʮʠʿʝ 

ʧʨʦʿʝʢʪʦʨʘ. ʄʝʹʫʪʠʤ, ʩʪʫʜʠʿʝ ʢʦʿʝ ʩʫ ʠʩʪʨʘʞʠʚʘʣʝ ʪʘʿ ʧʨʦʙʣʝʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʫ 

ʜʦʢʘʟʘʣʝ ʜʘ ʿʝ ʧʨʦʿʝʢʪʦʨ ʠʟʣʦʞʝʥ ʩʣʦʞʝʥʠʤ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʤ ʪʨʘʥʩʣʘʮʠʿʘʤʘ ʠ 

ʨʦʪʘʮʠʿʘʤʘ ï ʥʝ ʩʘʤʦ ʫʧʨʦʰ˂ʝʥʠʤ ʨʘʚʘʥʩʢʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘʤʘ [67, 68]. ʅʘ ʦʩʥʦʚʫ 

ʪʠʭ ʨʝʟʫʣʪʘʪʘ, ʫ ʧʨʝʜʣʦʞʝʥʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʿʝ ʫʢˀʫʯʝʥʦ ʰʝʩʪ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʟʘ 

ʧʨʦʿʝʢʪʦʨ (ʪʨʠ ʪʨʘʥʩʣʘʮʠʿʝ ʠ ʪʨʠ ʨʦʪʘʮʠʿʝ). ʇʦʰʪʦ ʩʫ ʪʨʘʥʩʣʘʮʠʿʝ ʫ ʬʦʢʘʣʥʦʤ ʧʨʘʚʮʫ 

ʚʝ˂ ʜʝʬʠʥʠʩʘʥʝ ʩʘ ȹo ʠ ȹf, ʠʟ ʧʨʦʮʝʩʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʫ ʠʟʦʩʪʘʚˀʝʥʠ ʧʘʨʘʤʝʪʨʠ SODd  ʠ 

SIDd  ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʧʨʝʢʣʘʧʘˁʝ ʠ ʩʫʧʝʨʧʦʟʠʮʠʿʘ ʫʢˀʫʯʝʥʠʭ ʩʪʝʧʝʥʘ ʩʣʦʙʦʜʝ. 

 

ʉʣʠʢʘ 3.9 ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʧʨʦʮʝʜʫʨʝ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʧʘʨʘʤʝʪʘʨʘ 2 2, , , , ,1,2 1,2 1,2a bȹɗ ȹo ȹf ȹi. 

 

ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʝʪʭʦʜʥʠʤ ʩʪʫʜʠʿʘʤʘ, ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ 

ʢʦʤʙʠʥʫʿʝ ʧʨʝʜʥʦʩʪʠ ʦʙʘ ʧʨʠʩʪʫʧʘ ʜʦʩʪʫʧʥʘ ʫ ʣʠʪʝʨʘʪʫʨʠ, ʧʨʠ ʯʝʤʫ ʩʝ ʠʟʙʝʛʘʚʘʿʫ 

ˁʠʭʦʚʝ ʤʘʥʝ. ʆʨʠʿʝʥʪʘʮʠʿʘ ʫʨʝʹʘʿʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʨʦʙʫʩʥʠʿʝ ʜʦʢ ʿʝ ʨʝʜʫʢʦʚʘʥ ʙʨʦʿ 

ʧʘʨʘʤʝʪʘʨʘ (ʫʛʣʦʚʘ ʠ ʪʨʘʥʩʣʘʮʠʿʘ) ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʦʧʪʠʤʠʟʦʚʘʪʠ. ʂʦʥʚʝʨʛʝʥʮʠʿʘ 

ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ (ʝʥʛʣ. MSE) ʪʦʢʦʤ ʢʘʣʠʙʨʘʮʠʿʝ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣʠʮʠ 3.9. 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ, ʢʘʣʠʙʨʘʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ ʘʥʛʠʦʛʨʘʬʩʢʦʛ ʫʨʝʹʘʿʘ ʟʘ ʧʦʪʨʝʙʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ ʠʟ ˁʝʥʠʭ ʧʨʦʿʝʢʮʠʿʘ ʿʝ ʥʝʜʦʚʦˀʥʦ ʜʝʬʠʥʠʩʘʥ (ʝʥʛʣ. ill -posed) 

ʧʨʦʙʣʝʤ, ʪʘʢʦ ʜʘ ʧʦʩʪʦʿʠ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʨʝʰʝˁʘ ʢʦʿʘ ʟʘʜʦʚʦˀʘʚʘʿʫ ʮʠˀ ʦʧʪʠʤʠʟʘʮʠʿʝ 

[107]. ʊʘʢʦʹʝ, ʨʘʟʤʘʪʨʘʥʠ ʧʨʦʙʣʝʤ ʿʝ ʥʝʣʠʥʝʘʨʘʥ ʠ ʠʤʘ ʚʝʣʠʢʠ ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʝ ʿʝ 
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ʧʦʪʨʝʙʥʦ ʦʧʪʠʤʠʟʦʚʘʪʠ (ʮʠˀ ʿʝ ʥʘ˂ʠ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʫ 23-ʜʠʤʝʥʟʠʦʥʘʣʥʦʤ 

ʧʨʦʩʪʦʨʫ). ʂʘʦ ʨʝʰʝˁʝ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʢʦʨʠʰ˂ʝˁʝ ʛʝʥʝʪʩʢʦʛ ʘʣʛʦʨʪʠʤʘ 

ʢʦʿʠ ʿʝ ʧʦʛʦʜʥʠʿʠ ʦʜ ʧʨʝʪʭʦʜʥʦ ʢʦʨʠʰ˂ʝʥʦʛ ʃʝʚʝʥʙʝʨʛ-ʄʘʨʢʘʨʜʪ (ʝʥʛʣ. Levenbergï

Marquardt) ʘʣʛʦʨʪʠʤʘ (ʧʦʛʣʘʚˀʝ 3.2). ɻʝʥʝʨʘʣʥʦ, ʛʣʘʚʥʠ ʧʨʦʙʣʝʤ ʪʦʢʦʤ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʩʝ ʿʘʚˀʘ ʢʘʜʘ ʫʛʣʦʚʠ a ʠ b ʜʦʚʝʜʫ ʬʫʥʢʮʠʿʫ ʛʨʝʰʢʝ ʫ ʪʟʚ. ʣʦʢʘʣʥʠ ʤʠʥʠʤʫʤ. ʋ 

ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʘʣʛʦʨʠʪʘʤ ʥʘʩʪʘʚˀʘ ʜʘ ʤʠʥʠʤʠʟʫʿʝ ʬʫʥʢʮʠʿʫ ʛʨʝʰʢʝ ʪʘʢʦ ʰʪʦ 

ʚʘʨʠʨʘ ʧʦʟʠʮʠʿʫ ʠʟʦʮʝʥʪʨʘ ʠʣʠ ʢʦʤʧʝʥʟʫʿʝ ʛʨʝʰʢʫ ʚʘʨʠʨʘˁʝʤ ʥʝʢʦʛ ʜʨʫʛʦʛ ʧʘʨʘʤʝʪʨʘ. 

ʇʦʩʣʝʜʠʮʘ ʥʘʚʝʜʝʥʦʛ ʧʨʦʙʣʝʤʘ ʿʝʩʪʝ ʜʘ ʨʝʢʦʥʩʪʨʫʠʩʘʥʘ ʂɸ ʤʦʞʝ ʠʤʘʪʠ ʢʦʨʝʢʪʘʥ 

ʦʙʣʠʢ, ʯʘʢ ʠ ʜʘ ʩʝ ʧʨʦʿʝʢʮʠʿʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʥʘ ʧʨʦʿʝʢʪʦʨ ʧʦʢʣʘʧʘ ʩʘ ʫʣʘʟʥʠʤ 

ʧʦʜʘʮʠʤʘ, ʘʣʠ ʿʝ ʛʝʦʤʝʪʨʠʿʘ ʩʢʘʣʠʨʘʥʘ ʠʣʠ ʨʘʩʪʝʛʥʫʪʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʘʯʥʠʤ ʨʝʰʝˁʝʤ 

(ʧʦʛʣʝʜʘʪʠ ʢʘʩʥʠʿʝ ʩʝʢʮʠʿʫ 3.11.5). ʂʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʝ ʪʘʢʚʝ ʩʠʪʫʘʮʠʿʝ, ʧʨʝʜʣʦʞʝʥ ʿʝ 

ʨʦʙʫʩʥʠʿʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʬʦʨʤʠʨʘˁʘ ʩʣʠʢʝ (ʢʦʿʠ ʠʟʦʩʪʘʚˀʘ ʥʝʧʦʪʨʝʙʥʝ ʧʘʨʘʤʝʪʨʝ 

ʠʟ ʧʨʦʮʝʩʘ ʦʧʪʠʤʠʟʘʮʠʿʝ-ʢʘʣʠʙʨʘʮʠʿʝ) ʠ ʧʨʝʜʣʦʞʝʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝ ɻʝʥʝʪʩʢʦʛ 

ʘʣʛʦʨʠʪʤʘ ʢʘʦ ʨʦʙʫʩʥʠʿʝʛ ʘʣʛʦʨʠʪʤʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʦʙʣʝʤʘ ʩʘ ʚʠʰʝ ʣʦʢʘʣʥʠʭ 

ʤʠʥʠʤʫʤʘ. 

3.11.4 ʊʝʤʧʦʨʘʣʥʦ ʫʧʘʨʠʚʘˁʝ ʬʨʝʿʤʦʚʘ ʠ ʜʠʥʘʤʠʯʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʂɸ 

ʄʝʪʦʜʝ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʜʠʥʘʤʠʯʢʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʜʦʩʪʫʧʥʝ ʫ ʣʠʪʝʨʘʪʫʨʠ 

ʫʦʙʠʯʘʿʝʥʦ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʜʘ ʩʫ ʩʣʝʜʝ˂ʘ ʜʚʘ ʢʦʨʘʢʘ ʠʟʚʨʰʝʥʘ ʙʝʟ ʛʨʝʰʢʝ: 1) 

ʫʟʦʨʢʦʚʘˁʝ-ʩʝʛʤʝʥʪʘʮʠʿʘ ʪʘʯʘʢʘ (ʙʠʬʫʨʢʘʮʠʿʘ) ʧʦʪʨʝʙʥʠʭ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ, ʠ 2) 

ʫʟʦʨʢʦʚʘˁʝ ʫʧʘʨʝʥʠʭ ʬʨʝʿʤʦʚʘ ʠʟ ʜʚʘ ʥʠʟʘ ʬʨʝʿʤʦʚʘ (ʩʥʠʤˀʝʥʠʭ ʠʟ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʦʿʝʢʮʠʿʘ). ɼʦʢ ʧʨʚʠ ʢʦʨʘʢ ʦʙʠʯʥʦ ʟʘʚʠʩʪʠ ʦʜ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʢʦʨʠʩʥʠʢʦʤ (ʠ ʧʨʠʣʠʯʥʦ 

ʿʝ ʿʝʜʥʦʩʪʘʚʘʥ ʟʘ ʪʘʯʢʝ ʙʠʬʫʨʢʘʮʠʿʘ), ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʧʦʩʪʘʚˀʝʥʦ ʿʝ ʟʘ ʮʠˀ 

ʫʥʘʧʨʝʹʠʚʘˁʝ ʜʨʫʛʦʛ ʢʦʨʘʢʘ ʟʘ ʢʦʿʠ ʧʨʝʪʭʦʜʥʦ ʦʙʿʘʚˀʝʥʝ ʤʝʪʦʜʝ ʢʦʨʠʩʪʝ ɽʂɻ-

ʫʧʘʨʠʚʘˁʝ (ʰʪʦ ʩʝ ʩʚʦʜʠ ʥʘ ʨʫʯʥʦ ʫʧʘʨʠʚʘˁʝ ʬʨʝʿʤʦʚʘ) ʠʣʠ ʢʦʨʠʰ˂ʝˁʝ ʙʠʨʘʚʘʥʩʢʦʛ 

ʫʨʝʹʘʿʘ. ʇʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʥʝʤʘ ʜʨʘʩʪʠʯʥʠʭ ʧʨʦʤʝʥʘ ʜʠʥʘʤʠʢʝ ʂɸ ʠʟʤʝʹʫ ʜʚʝ 

ʘʢʚʠʟʠʮʠʿʝ (ʥʘ ʧʨʠʤʝʨ, ʧʨʦʮʝʜʫʨʝ ʥʠʩʫ ʪʝʩʪʠʨʘʥʝ ʟʘ ʧʘʮʠʿʝʥʪʝ ʩʘ ʩʨʯʘʥʦʤ ʘʨʠʪʤʠʿʦʤ). 

ʇʨʝʤʘ ʪʦʤʝ, ʫʧʘʨʠʚʘˁʝ ʬʨʝʿʤʦʚʘ ʿʝ ʨʝʜʫʢʦʚʘʥʦ ʥʘ ʫʧʘʨʠʚʘˁʝ ʚʨʝʤʝʥʩʢʠʭ ʩʠʛʥʘʣʘ-

ʥʠʟʦʚʘ ʧʦʜʘʪʘʢʘ. 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʢʣʠʥʠʯʢʝ ʧʦʜʘʪʢʝ (ʉʢʫʧ ʧʦʜʘʪʘʢʘ V) ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʉʣʠʮʠ 

3.10-ʘ- ,ʿ ʜʦʢ ʿʝ ʤʘʪʨʠʮʘ ʫʧʘʨʝʥʦʩʪʠ (ʝʥʛʣ. Correspondence matrix) ʠʟʨʘʯʫʥʘʪʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ɸʣʛʦʨʠʪʘʤ 3.2 (ʩʘ ʿʝʜʥʘʯʠʥʦʤ 3.13-a) ʠ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣʠʮʠ 3.10-ʢ. 

ʄʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʘʤʦ ʪʘʯʥʦ ʫʧʘʨʝʥʠ ʠ ʧʨʠʙʣʠʞʥʦ ʪʘʯʥʦ ʫʧʘʨʝʥʠ ʬʨʝʿʤʦʚʠ ʨʝʟʫʣʪʫʿʫ 

ʤʘʣʦʤ ʛʨʝʰʢʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ, ʜʦʢ ʛʨʝʰʢʝ ʦʜ ʩʘʤʦ ʥʝʢʦʣʠʢʦ ʬʨʝʿʤʦʚʘ ʫʟʨʦʢʫʿʫ 1-5 

ʧʫʪʘ ʚʝ˂ʫ ʛʨʝʰʢʫ ʪʦʢʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ. ʇʨʝʤʘ ʪʦʤʝ, ʧʨʝʮʠʟʥʦ ʫʧʘʨʠʚʘˁʝ 

ʬʨʝʿʤʦʚʘ ʿʝ ʚʝʦʤʘ ʙʠʪʥʦ ʟʘ ʧʨʝʮʠʟʥʫ ʜʠʥʘʤʠʯʢʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ. 

ʇʦʨʝʜ ʩʤʘˁʝʥʝ ʧʨʝʮʠʟʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ, ʧʦʩʣʝʜʠʮʝ ʥʝʧʨʝʮʠʟʥʦʛ ʫʧʘʨʠʚʘˁʘ 
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ʬʨʝʿʤʦʚʘ ʩʫ ʛʫʙʠʪʘʢ ʜʠʥʘʤʠʢʝ ʂɸ ʠ ʥʝʢʦʥʪʨʦʣʠʩʘʥʝ ʧʨʦʤʝʥʝ ʛʝʦʤʝʪʨʠʿʝ ʪʦʢʦʤ 

ʚʨʝʤʝʥʘ. ɻʝʥʝʨʘʣʥʦ, ʪʠ ʝʬʝʢʪʠ ʩʫ ʥʘʿʫʧʘʜˀʠʚʠʿʠ ʪʦʢʦʤ ʩʠʩʪʦʣʝ, ʜʦʢ ʩʫ ʟʘ ʚʨʝʤʝ 

ʜʠʿʘʩʪʦʣʝ ʤʘˁʝ ʚʠʜˀʠʚʠ ʟʙʦʛ ʨʝʜʫʢʮʠʿʝ ʧʦʤʝʨʘˁʘ ʂɸ [108]. 

 

ʉʣʠʢʘ 3.10 ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʜʠʥʘʤʠʯʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʢʣʠʥʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ï ʉʢʫʧ 

ʧʦʜʘʪʘʢʘ V: a-ʿ) ʂʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ ʨʝʢʦʥʩʪʨʫʠʩʘʥʦ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʪʨʝʥʫʮʠʤʘ; ʮʨʚʝʥʘ ʙʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʪʨʝʥʫʪʢʫ ʚʨʝʤʝʥʘ 

(t), ʩʚʝʪʣʦ-ʮʨʚʝʥʘ ʙʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʪʨʝʥʫʪʢʘ 

(t-1), ʠ ʩʠʚʘ ʙʦʿʘ ʦʟʥʘʯʘʚʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟ ʧʨʝʪʭʦʜʥʠʭ (1,é,t-1) ʪʨʝʥʫʪʘʢʘ ʚʨʝʤʝʥʘ; 

ʢ) ʄʘʪʨʠʮʘ-ʫʧʘʨʝʥʦʩʪʠ ʬʨʝʿʤʦʚʘ, ʧʨʠ ʯʝʤʫ ʥʘʟʥʘʯʝʥʠ ʧʘʨʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʧʨʠʢʘʟʘʥʫ ʥʘ ʠʩʪʦʿ ʩʣʠʮʠ ʧʦʜ a) ʜʦʙʠʿʝʥʫ ʫʧʘʨʠʚʘˁʝʤ ʬʨʝʿʤʦʚʘ 20 ʠ 

17, ʨʝʟʫʣʪʘʪ ʫʧʘʨʠʚʘˁʘ ʬʨʝʿʤʦʚʘ 22-18 ʿʝ ʧʨʠʢʘʟʘʥ ʧʦʜ ʙ) ʠʪʜ. 
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ʉʣʠʢʘ 3.11 ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʜʠʥʘʤʠʯʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ XCAT 4D ʬʘʥʪʦʤʘ ï ʉʢʫʧ 

ʧʦʜʘʪʘʢʘ I: a-ʹ) ɼʠʥʘʤʠʯʢʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʩʥʪʨʫʢʮʠʿʘ ʬʘʥʪʦʤʘ ʢʦʨʦʥʘʨʥʦʛ 

ʩʪʘʙʣʘ ʣʝʚʝ ʂɸ (ʧʦʟʠʮʠʿʘ ʢʦʨʠʰ˂ʝʥʠʭ ʬʨʝʿʤʦʚʘ ʫ ʧʨʠʤʘʨʥʦʤ ʠ ʩʝʢʫʥʜʘʨʥʦʤ ʧʦʛʣʝʜʫ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʧʦʜ ʟ), ʮʨʚʝʥʘ ʙʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʪʨʝʥʫʪʢʫ 

ʚʨʝʤʝʥʘ (t), ʩʚʝʪʣʦ-ʮʨʚʝʥʘ ʙʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʫ ʧʨʝʪʭʦʜʥʦʤ ʪʨʝʥʫʪʢʫ 

ʚʨʝʤʝʥʘ (t-1), ʩʠʚʘ ʙʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟ ʧʨʝʪʭʦʜʥʠʭ (1,é,t-1) ʪʨʝʥʫʪʘʢʘ 

ʚʨʝʤʝʥʘ; ʝ-ʠ) ʄʘʪʨʠʮʘ ʫʧʘʨʝʥʦʩʪʠ ʬʨʝʿʤʦʚʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʧʨʘʛʦʤ ʧʨʠʢʘʟʘ ï ʮʠˀ ʿʝ 

ʧʦʢʘʟʘʪʠ ʜʘ ʩʝ ʧʨʝʮʠʟʥʘ ʪʝʤʧʦʨʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʤʦʞʝ ʜʦʙʠʪʠ ʫʧʘʨʠʚʘˁʝʤ 

ʬʨʝʿʤʦʚʘ ʢʦʿʠ ʨʝʟʫʣʪʫʿʫ ʩʘ ʥʘʿʤʘˁʝ ʛʨʝʰʘʢʘ ʪʦʢʦʤ ʢʘʣʠʙʨʘʮʠʿʝ (ʠ ʜʘˀʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ); ʠ) ɺʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ ʫʧʘʨʝʥʦʩʪʠ ʟʘ ʨʝʛʠʦʥ ʦʙʝʣʝʞʝʥ ʧʣʘʚʦʤ ʙʦʿʦʤ 

ʧʦʜ ʟ). 

 

ʅʘ ʢʨʘʿʫ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʿʝ ʚʘʣʠʜʠʨʘʥʘ ʢʦʨʠʰ ʝ˂ˁʝʤ 4D XCAT ʜʠʛʠʪʘʣʥʦʛ 

ʬʘʥʪʦʤʘ. ʌʘʥʪʦʤ ʿʝ ʧʦʩʤʘʪʨʘʥ ʪʦʢʦʤ ʧʝʪ ʩʨʯʘʥʠʭ (30 ʬʨʝʿʤʦʚʘ ʧʦ ʩʨʯʘʥʦʤ ʮʠʢʣʫʩʫ) ʠ 

ʿʝʜʥʝ ʨʝʩʧʠʨʘʪʦʨʥʝ ʬʘʟʝ (ʉʣʠʢʘ 3.11). ʋʢʫʧʥʦ 150 ʬʨʝʿʤʦʚʘ ʿʝ ʛʝʥʝʨʠʩʘʥʦ ʠʟ ʜʚʘ 

ʧʦʛʣʝʜʘ ʟʘ ʉʢʫʧ ʧʦʜʘʪʘʢʘ I ʠ ʤʘʪʨʠʮʘ-ʫʧʘʨʝʥʦʩʪʠ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʫʧʦʪʨʝʙʦʤ ʧʨʦʮʝʜʫʨʝ 

ʦʧʠʩʘʥʝ ʫ ɸʣʛʦʨʠʪʤʫ 3.2 (ʩʘ ʿʝʜʥʘʯʠʥʦʤ 3.13 ʙ). ʂʦʨʠʩʪʝ˂ʠ ʢʘʣʠʙʨʠʩʘʥʝ ʧʘʨʘʤʝʪʨʝ 

ʫʨʝʹʘʿʘ (
*

XA) ʧʨʠʢʘʟʘʥʝ ʫ ʊʘʙʝʣʠ 3.1, ʠʟʤʝʨʝʥʝ ʩʫ ʛʨʝʰʢʝ ʠʤʠʪʠʨʘʿʫ˂ʠ ʨʝʘʣʥʝ ʫʩʣʦʚʝ ʠ 

ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ ʧʦʟʥʘʪ ʨʝʬʝʨʝʥʪʥʠ ʧʘʨ ʬʨʝʿʤʦʚʘ. ʄʦʞʝ ʩʝ ʚʠʜʝʪʠ ʩʘ ʉʣʠʢʝ 

3.11-ʝ-ʠ ʜʘ ʩʝ ʧʦʣʘʟʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʧʦʢʘʟʘʣʘ ʪʘʯʥʦʤ: ɻʨʝʰʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʿʝ ʤʘʣʘ 

ʩʘʤʦ ʟʘ ʪʘʯʥʦ ʫʧʘʨʝʥʝ ʬʨʝʿʤʦʚʝ (ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ ʜʠʿʘʛʦʥʘʣʠ, ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʠʩʪʦʿ 

ʩʨʯʘʥʦʿ ʠ ʨʝʩʧʠʨʘʪʦʨʥʦʿ ʬʘʟʠ). ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʯʠˁʝʥʠʮʘ ʜʘ ʬʨʝʿʤʦʚʠ ʧʨʠʧʘʜʘʿʫ ʠʩʪʦʿ 

ʩʨʯʘʥʦʿ ʬʘʟʠ ʥʝ ʛʘʨʘʥʪʫʿʝ ʜʘ ʦʥʠ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʫʧʘʨʝʥʠ. ʅʘ ʧʨʠʤʝʨ, ʬʨʝʿʤ ʙʨʦʿ 30 ʠʟ 
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ʧʨʠʤʘʨʥʦʛ ʧʦʛʣʝʜʘ ʥʝ ʦʜʛʦʚʘʨʘ ʬʨʝʿʤʫ ʙʨʦʿ 60 ʠʟ ʩʝʢʫʥʜʘʨʥʦʛ ʧʦʛʣʝʜʘ (ʪʘʢʦʹʝ, 

ʬʨʝʿʤʦʚʠ 30 ʠ 120 ʥʝ ʦʜʛʦʚʘʨʘʿʫ ʿʝʜʘʥ ʜʨʫʛʦʤ), ʫʧʨʢʦʩ ʯʠˁʝʥʠʮʠ ʜʘ ʠʤ ʩʝ ʩʨʯʘʥʝ ʬʘʟʝ 

ʧʦʢʣʘʧʘʿʫ (ʉʣʠʢʘ 3.11-ʟ). 

ʆʚʦ ʟʘʧʘʞʘˁʝ ʥʘʩ ʚʨʘ˂ʘ ʥʘʟʘʜ ʥʘ ʉʣʠʢʫ 3.10, ʛʜʝ ʩʫ ʧʦʩʤʘʪʨʘʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ 

ʠʟ ʢʣʠʥʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ï 40 ʬʨʝʿʤʦʚʘ ʠʟ ʧʨʠʤʘʨʥʝ ʧʨʦʿʝʢʮʠʿʝ ʿʝ ʫʧʘʨʝʥʦ ʩʘ 47 ʬʨʝʿʤʦʚʘ 

ʠʟ ʩʝʢʫʥʜʘʨʥʝ ʧʨʦʿʝʢʮʠʿʝ. ʇʦʰʪʦ ʿʝ, ʧʨʠʙʣʠʞʥʦ, ʧʨʚʠʭ ʠ ʧʦʩʣʝʜˁʠʭ 10 ʬʨʝʿʤʦʚʘ ʙʝʟ 

ʠʣʠ ʩʘ ʤʘʣʦʤ ʜʦʟʦʤ ʢʦʥʪʨʘʩʪʘ, ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʠʟ ʢʣʠʥʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʫʛʣʘʚʥʦʤ ʥʘ 

ʨʘʩʧʦʣʘʛʘˁʫ ʩʪʦʿʠ 20-40 ʬʨʝʿʤʦʚʘ ʠʣʠ 1-2 ʩʝʢʫʥʜʝ ʰʪʦ ʿʝ ʧʨʠʙʣʠʞʥʦ 1-3 ʩʨʯʘʥʘ 

ʦʪʢʫʮʘʿʘ. ʇʨʝʤʘ ʪʦʤʝ, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ˂ʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʠʤʘʪʠ ʧʦʚʝ˂ʘʥʫ ʛʨʝʰʢʫ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ ʥʠʿʝ ʢʦʤʧʣʝʪʥʘ ʨʝʩʧʠʨʘʪʦʨʥʘ ʬʘʟʘ, ʢʘʦ 

ʠ ʜʘ ˂ʝ ʨʝʩʧʠʨʘʪʦʨʥʘ ʧʦʤʝʨʘˁʘ ʜʝʣʠʤʠʯʥʦ ʙʠʪʠ ʢʦʤʧʝʥʟʦʚʘʥʘ ʧʦʤʝʨʘˁʝʤ ʠʟʦʬʦʢʫʩʘ. 

ʄʝʹʫʪʠʤ, ʠ ʫ ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʮʝʜʫʨʘ ʚʨʘ˂ʘ ʥʘʿʦʧʪʠʤʘʣʥʠʿʝ 

ʨʝʟʫʣʪʘʪʝ ʟʘ ʨʘʟʤʘʪʨʘʥʝ ʧʦʜʘʪʢʝ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʠʥʮʠʧʫ ʧʘʨʮʠʿʘʣʥʦʛ ʫʧʘʨʠʚʘˁʘ ʘʥʛʠʦʛʨʘʬʩʢʠʭ 

ʬʨʝʿʤʦʚʘ ʜʦʥʦʩʠ ʥʠʟ ʧʨʝʜʥʦʩʪʠ ʧʦʰʪʦ ʟʘʜʦʚʦˀʘʚʘ ʩʣʝʜʝ˂ʝ ʫʩʣʦʚʝ: (1) ʇʨʠʧʘʜʥʦʩʪ 

ʬʨʝʿʤʦʚʘ ʿʝ ʿʝʜʘʥ-ʥʘ-ʿʝʜʘʥ, ʧʦʰʪʦ ʫ ʿʝʜʥʦʤ ʪʨʝʥʫʪʢʫ ʚʨʝʤʝʥʘ ʘʨʪʝʨʠʿʘ ʠʤʘ ʜʚʝ 

ʧʨʦʿʝʢʮʠʿʝ ʠʟ ʜʚʘ ʧʦʛʣʝʜʘ (ʪʘʢʦ ʜʘʿʝ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʦʜ ʜʨʫʛʠʭ ʤʝʪʦʜʘ ʙʘʟʠʨʘʥʠʭ ʥʘ 

ʜʠʥʘʤʠʯʢʦʤ ʧʨʦʛʨʘʤʠʨʘˁʫ ʢʦʿʝ ʫʛʣʘʚʥʦʤ ʚʨʘ˂ʘʿʫ ʟʘ ʿʝʜʥʦʛ ʢʘʥʜʠʜʘʪʘ ʚʠʰʝ 

ʧʨʠʧʘʜʘʿʫ˂ʠʭ ʬʨʝʿʤʦʚʘ-ʉʣʠʢʘ 3.5-a); (2) ɼʨʫʛʘ ʧʨʝʜʥʦʩʪ ʿʝ ʩʧʦʩʦʙʥʦʩʪ ʤʝʪʦʜʝ ʜʘ 

ʠʟʦʩʪʘʚʠ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʢʘʥʜʠʜʘʪʘ ʰʪʦ ʨʝʟʫʣʪʫʿʝ ʨʝʘʣʥʠʿʦʤ ʪʨʘʥʟʠʮʠʿʦʤ ʛʝʦʤʝʪʨʠʿʝ 

ʂɸ ʪʦʢʦʤ ʚʨʝʤʝʥʘ (ʉʣʠʢʘ 3.10-ʘ-ʿ ʠ ʉʣʠʢʘ 3.11-ʘ- )́; (3) ʂʦʥʘʯʥʦ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʿʝ 

ʨʦʙʫʩʥʘ ʫ ʩʠʪʫʘʮʠʿʠ ʢʘʜʘ ʩʫ ʬʘʟʝ ʘʢʚʠʟʠʮʠʿʘ ʧʦʤʝʨʝʥʝ (ʥʘ ʧʨʠʤʝʨ, ʥʘ ʉʣʠʮʠ 3.10-ʢ ʿʝ 

ʧʦʯʝʪʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʜʦʙʠʿʝʥʘ ʫʧʘʨʠʚʘˁʝʤ ʬʨʝʿʤʦʚʘ 20 ʠ 17 ʠ ʢʨʘʿˁʘ ʫʧʘʨʠʚʘˁʝʤ 

ʬʨʝʿʤʦʚʘ 32 ʠ 29). 

3.11.5 ɺʘʣʠʜʘʮʠʿʘ ʤʝʪʦʜʝ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʠ ʫʪʠʮʘʿ 

ˁʝʥʝ ʪʘʯʥʦʩʪʠ ʥʘ ʪʝʤʧʦʨʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ 

ʐʪʦ ʩʝ ʪʠʯʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʂɸ, ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʙʘʟʠʨʘʥʝ ʥʘ 

ʤʘʪʨʠʮʠ-ʨʘʩʪʦʿʘˁʘ ʩʫ ʧʨʝʜʣʦʞʝʥʝ ʫ ʧʨʝʪʭʦʜʥʠʤ ʩʪʫʜʠʿʘʤʘ ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʣʝ ʤʘʥʝ 

ʢʦʨʠʰ˂ʝˁʘ ʩʘʤʦ ʝʧʠʧʦʣʘʨʥʠʭ ʦʛʨʘʥʠʯʝˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʦʤʝʥʫʪʦ ʫ ʉʝʢʮʠʿʠ 3.2. 

ɻʝʥʝʨʘʣʥʦ, ʛʣʘʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʥʘʚʝʜʝʥʠʭ ʧʨʠʩʪʫʧʘ ʿʝʩʪʝ ʜʘ ʥʝ ʠʩʧʫˁʘʚʘʿʫ ʫʚʝʢ 

ʝʣʝʤʝʥʪʘʨʥʠ ʫʩʣʦʚ ʜʘ ʿʝʜʥʘ ʪʘʯʢʘ ʠʟ ʧʨʚʝ ʧʨʦʿʝʢʮʠʿʝ ʪʨʝʙʘ ʜʘ ʦʜʛʦʚʘʨʘ ʿʝʜʥʦʿ ʪʘʯʢʠ ʠʟ 

ʜʨʫʛʝ ʧʨʦʿʝʢʮʠʿʝ (ʉʣʠʢʘ 3.5). ʊʘʢʦʹʝ, ʥʝʤʦʛʫ˂ʥʦʩʪ ʠʟʦʩʪʘʚˀʘˁʘ ʢʘʥʜʠʜʘʪʘ ʠʟ 

ʨʘʟʤʘʪʨʘʥʦʛ ʥʠʟʘ ʬʨʝʿʤʦʚʘ ʜʘˀʝ ʟʘʭʪʝʚʘ ʧʨʝʮʠʟʥʦ ʧʦʩʪʘʚˀʘˁʝ ʧʦʯʝʪʥʝ ʠ ʢʨʘʿˁʝ ʪʘʯʢʝ 

ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ. ʂʦʨʠʰ˂ʝˁʝʤ ʧʨʝʜʣʦʞʝʥʝ ʧʨʦʮʝʜʫʨʝ ʨʝʰʝʥʘ ʩʫ ʦʙʘ ʥʘʚʝʜʝʥʘ 

ʧʨʦʙʣʝʤʘ ʠ ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʜʦʙʠʿʘˁʝ ʧʦʫʟʜʘʥʠʿʠʭ ʨʝʟʫʣʪʘʪʘ, ʢʘʦ ʰʪʦ ˂ʝ ʙʠʪʠ 

ʜʝʤʦʥʩʪʨʠʨʘʥʦ ʫ ʥʘʩʪʘʚʢʫ. 
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ʉʣʠʢʘ 3.12 ʇʦʨʝʹʝˁʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ DTW ʤʝʪʦʜʝ (ʙʘʟʠʨʘʥʝ ʥʘ ʜʠʥʘʤʠʯʢʦʤ 

ʧʨʦʛʨʘʤʠʨʘˁʫ) ʠ OSB ʤʝʪʦʜʝ (ʙʘʟʠʨʘʥʝ ʥʘ ʧʘʨʮʠʿʘʣʥʦʤ  ʫʧʘʨʠʚʘˁʫ) ʟʘ ʧʦʪʨʝʙʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʂɸ ʠ ʠʤʧʣʠʢʘʮʠʿʝ ˁʠʭʦʚʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ 

ʪʝʤʧʦʨʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ: a-ʛ) ɼʝʤʦʥʩʪʨʘʮʠʿʘ ʧʨʝʜʥʦʩʪʠ ʢʦʿʝ ʜʦʥʦʩʠ ʤʦʛʫ˂ʥʦʩʪ 

ʠʟʦʩʪʘʚˀʘˁʘ ʪʘʯʘʢʘ ʧʨʠʣʠʢʦʤ ʩʝʣʝʢʮʠʿʝ (ʩʝʛʤʝʥʪʘʮʠʿʝ) ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ; ʜ-ʞ) 

ɼʝʤʦʥʩʪʨʘʮʠʿʘ ʧʨʝʜʥʦʩʪʠ ʢʦʿʝ ʜʦʥʦʩʠ ʤʦʛʫ˂ʥʦʩʪ ʠʟʦʩʪʘʚˀʘˁʘ ʪʘʯʘʢʘ ʧʨʠʣʠʢʦʤ 

ʪʝʤʧʦʨʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ; e ʠ ʞ) OSB (ʙʝʣʘ ʙʦʿʘ) ʠ DTW (ʮʨʚʝʥʘ ʙʦʿʘ) ʩʫ 

ʨʝʟʫʣʪʘʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʛʣʝʜʘʥʦ ʠʟ ʧʦʛʣʝʜʘ ʘʢʚʠʟʠʮʠʿʝ ʠ ʟ-ʦ) OSB (ʙʝʣʘ ʙʦʿʘ) ʠ DTW 

(ʮʨʚʝʥʘ ʙʦʿʘ)ʩʫ ʨʝʟʫʣʪʘʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʠʢʘʟʘʥʠ ʠʟ ʧʨʦʠʟʚʦˀʥʦʛ ʧʦʛʣʝʜʘ ʪʦʢʦʤ 

ʚʨʝʤʝʥʘ. 
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ʉʣʠʢʘ 3.12-ʘ-ʛ ʧʨʠʢʘʟʫʿʝ ʛʨʘʥʫ ʂɸ ʯʠʿʘ ʿʝ ʿʝʜʥʘ ʩʪʨʘʥʘ ʦʜʨʝʹʝʥʘ ʪʘʯʢʦʤ 

ʙʠʬʫʨʢʘʮʠʿʝ, ʜʦʢ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʨʝʜʩʪʘʚˀʘ ʫʣʘʟ-ʠʟʣʘʟ ʂɸ. ʇʦʰʪʦ ʩʝ ʪʘʯʢʘ ɸ ʥʘ ʉʣʠʮʠ 

3.12-ʘ-ʙ ʧʦʢʣʘʧʘ ʩʘ ʪʘʯʢʦʤ ʙʠʬʫʨʢʘʮʠʿʝ, ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʜʘ ʿʝ ˁʝʥʘ ʜʝʪʝʢʮʠʿʘ ʥʘ 

ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʿʝʢʮʠʿʘʤʘ ʪʨʠʚʠʿʘʣʘʥ ʧʨʦʙʣʝʤ. ʄʝʹʫʪʠʤ, ʧʨʦʙʣʝʤ ʩʝ ʿʘʚˀʘ ʧʨʠʣʠʢʦʤ 

ʩʝʣʝʢʮʠʿʝ ʫʣʘʟʥʠʭ-ʠʟʣʘʟʥʠʭ ʪʘʯʘʢʘ ʛʨʘʥʝ ʂɸ (ʪʘʯʢʘ ɹ ʥʘ ʉʣʠʮʠ 3.12-ʘ-ʙ). ʅʘ ʧʨʠʤʝʨ, 

ʤʦʞʝ ʩʝ ʜʝʩʠʪʠ ʜʘ ʿʝ ʢʦʨʠʩʥʠʢ, ʠʣʠ ʥʝʢʘ ʘʫʪʦʤʘʪʠʟʦʚʘʥʘ ʤʝʪʦʜʘ ʧʨʝʮʝʥʠʣʘ ʜʫʞʠʥʫ 

ʛʨʘʥʝ ʂɸ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣʠʮʠ 3.12-ʙ (ʥʝʢʘ ʿʝ A-ɺ ʩʝʣʝʢʪʦʚʘʥʦ ʫʤʝʩʪʦ A-ɹ ʥʘ 

ʉʣʠʮʠ 3.12-ʙ). ɿʙʦʛ ʪʦʛʘ, ʥʘ ʉʣʠʮʠ 3.12-ʚ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʢʘʢʦ OSB ʥʘʜʤʘʰʫʿʝ DTW 

ʤʝʪʦʜʫ ʠʟʦʩʪʘʚˀʘˁʝʤ ʢʘʥʜʠʜʘʪʘ ʢʦʿʠ ʧʨʦʜʫʢʫʿʫ ʛʨʝʰʢʝ ʚʝ˂ʝ ʦʜ ʜʦʟʚʦˀʝʥʠʭ. ʆʚʘʢʚʘ 

ʤʦʛʫ˂ʥʦʩʪ ʿʝ ʙʠʪʥʘ ʟʘ ʧʦʚʝ˂ʘˁʝ ʨʦʙʫʩʥʦʩʪʠ ʠ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ ʤʝʪʦʜʝ ʟʘ ʩʝʣʝʢʪʦʚʘˁʝ 

ʫʣʘʟʘ (ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʠ ʠʚʠʯʥʠʭ ʣʠʥʠʿʘ ʂɸ). 

ʄʝʹʫʪʠʤ, ʩʣʠʯʘʥ ʝʬʝʢʘʪ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʫʧʦʪʨʝʙʦʤ ʝʧʠʧʦʣʘʨʥʠʭ ʦʛʨʘʥʠʯʝˁʘ (ʧʦʜ 

ʫʩʣʦʚʦʤ ʜʘ ʿʝ ʠʟʚʨʰʝʥʘ ʢʘʣʠʙʨʘʮʠʿʘ ʠ ʜʘ ʿʝ ʜʦʟʚʦˀʝʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʢʦʨʠʩʥʠʢʦʤ) 

ʧʨʠʣʠʢʦʤ ʩʝʣʝʢʪʦʚʘˁʘ ʫʣʘʟʥʠʭ-ʠʟʣʘʟʥʠʭ ʪʘʯʘʢʘ ʪʟʚ. ʩʧʦʨʝʜʥʝ ʛʨʘʥʝ ʂɸ (ʪʘʯʢʘ ɹ ʥʘ 

ʉʣʠʮʠ 3.12-ʙ). ɿʘ ʛʨʘʥʝ ʦʜʨʝʹʝʥʝ ʩʘ ʜʚʝ ʙʠʬʫʨʢʘʮʠʿʝ (ʢʦʿʝ ʩʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʠʿ 

ʥʘʟʠʚʘʿʫ ʛʣʘʚʥʝ ʛʨʘʥʝ), ʧʨʦʙʣʝʤ ʧʨʝʮʝˁʠʚʘˁʘ ʜʫʞʠʥʝ ʛʨʘʥʝ (ʩʝʣʝʢʪʦʚʘˁʝ ʧʦʯʝʪʥʝ ʠ 

ʢʨʘʿˁʝ ʪʘʯʢʝ) ʥʘ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʿ ʩʣʠʮʠ ʿʝ ʛʦʪʦʚʦ ʝʣʠʤʠʥʠʩʘʥ ï ʪʘʢʦ ʜʘ ʙʠ ʪʨʝʙʘʣʦ 

ʦʯʝʢʠʚʘʪʠ ʧʨʝʮʠʟʥʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ. ʉʫʧʨʦʪʥʦ 

ʪʦʤʝ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʧʝʨʬʦʨʤʘʥʩʝ OSB ʧʨʝʚʘʟʠʣʘʟʝ DTW (ʠʣʠ ʙʠʣʦ ʢʦʿʫ 

ʜʨʫʛʫ ʤʝʪʦʜʫ ʢʦʿʘ ʥʝ ʤʦʞʝ ʠʟʦʩʪʘʚʠʪʠ ʢʘʥʜʠʜʘʪʝ ʠʟ ʥʠʟʘ ʟʘ ʫʧʘʨʠʚʘˁʝ) ʢʘʢʦ ʟʘ ʛʣʘʚʥʝ 

ʪʘʢʦ ʠ ʟʘ ʩʧʦʨʝʜʥʝ-ʙʦʯʥʝ ʛʨʘʥʝ ʂɸ. ɼʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ʂɸ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ 

ʉʣʠʮʠ 3.12-ʜ- ,́ ʜʦʢ ʩʫ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ DWT (ʮʨʚʝʥʘ ʙʦʿʘ) ʠ OSB 

(ʙʝʣʘ ʙʦʿʘ) ʧʨʠʢʘʟʘʥʠ ʥʘ ʉʣʠʮʠ 3.12-ʝ-ʞ. ɼʘʢʣʝ, ʤʦʞʝ ʩʝ ʫʟʝʪʠ ʜʘ ʩʫ ʧʦʯʝʪʥʝ ʠ ʢʨʘʿˁʝ 

ʪʘʯʢʝ ʩʚʘʢʝ ʛʨʘʥʝ ʦʙʝʣʝʞʝʥʝ ʪʘʯʥʦ ï ʪʿ. ʜʘ ʿʝ ʧʨʦʙʣʝʤ ʧʨʝʮʝˁʠʚʘˁʘ ʠ ʧʦʪʮʝˁʠʚʘˁʘ 

ʜʫʞʠʥʝ ʛʨʘʥʝ ʂɸ ʪʦʢʦʤ ʩʝʛʤʝʥʪʘʮʠʿʝ ʝʣʠʤʠʥʠʩʘʥ. ʇʦʩʤʘʪʨʘˁʝʤ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟ ʜʚʘ ʧʦʛʣʝʜʘ ʠʟ ʢʦʿʠʭ ʩʫ ʫʣʘʟʥʝ ʩʣʠʢʝ ʩʥʠʤˀʝʥʝ (ʉʣʠʢʘ 3.12-ʝ-ʞ), 

ʠʣʠ ʤʝʨʝˁʝʤ ʛʨʝʰʢʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʦʿʝʢʪʦʚʘˁʝʤ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʮʝʥʪʨʘʣʥʝ 

ʣʠʥʠʿʝ ʥʘʟʘʜ ʥʘ ʨʘʚʘʥ ʧʨʦʿʝʢʪʦʨʘ (ʧʦʨʝʹʝˁʝʤ ʉʣʠʢʝ 3.12-ʜ ʠ ʉʣʠʢʝ 3.12-ʝ, ʠʣʠ 

ʧʦʨʝʹʝˁʝʤ ʉʣʠʢʝ 3.12-ʹ ʠ ʉʣʠʢʝ 3.12-ʞ), ʤʦʞʝ ʩʝ ʧʦʛʨʝʰʥʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʨʘʟʣʠʢʘ 

ʤʝʹʫ ʨʝʟʫʣʪʘʪʠʤʘ ʥʠʿʝ ʟʥʘʯʘʿʥʘ. 

ɸʢʦ ʩʝ ʜʦʙʠʿʝʥʘ ʛʝʦʤʝʪʨʠʿʘ ʟʘʨʦʪʠʨʘ ʠ ʧʦʩʤʘʪʨʘ ʠʟ ʧʨʦʠʟʚʦˀʥʦʛ ʫʛʣʘ (ʉʣʠʢʘ 3.12-

ʟ-ʦ), ʿʘʩʥʦ ʿʝ ʜʘ ʜʚʝ ʤʝʪʦʜʝ ʜʘʿʫ ʨʘʟʣʠʯʠʪʝ ʨʝʟʫʣʪʘʪʝ ʩʘ ʟʥʘʯʘʿʥʠʤ ʥʝʧʦʢʣʘʧʘˁʠʤʘ ï 

ʢʘʢʦ ʟʘ ʛʣʘʚʥʝ ʪʘʢʦ ʠ ʟʘ ʙʦʯʥʝ ʛʨʘʥʝ ʂɸ. ʂʘʢʦ ʙʠ ʪʦ ʙʦˀʝ ʠʣʫʩʪʨʦʚʘʣʠ, ʧʦʩʤʘʪʨʘʥʘ ʩʫ 

ʜʚʘ ʨʝʛʠʦʥʘ ʂɸ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣʠʮʠ 3.12-ʟ. ɻʦʨˁʠ ʧʨʘʚʦʫʛʘʦʥʠʢ ʿʝ ʬʦʢʫʩʠʨʘʥ ʥʘ 

ʛʣʘʚʥʫ ʛʨʘʥʫ ʣʝʚʝ ʂɸ, ʜʦʢ ʿʝ ʜʨʫʛʠ ʧʨʘʚʦʫʛʘʦʥʠʢ ʬʦʢʫʩʠʨʘʥ ʥʘ ʢʦʤʧʣʝʢʩʥʠʿʫ ʛʨʫʧʫ 

ʩʧʦʨʝʜʥʠʭ ʛʨʘʥʘ. ʇʦʩʤʘʪʨʘˁʝʤ ʪʝ ʜʚʝ ʨʝʛʠʿʝ ʪʦʢʦʤ ʩʨʯʘʥʦʛ ʮʠʢʣʫʩʘ (ʉʣʠʢʘ 3.12-ʟ-ʦ), 

ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ DTW ʤʝʪʦʜʘ ʫʟʨʦʢʫʿʝ ʥʝʢʦʥʪʨʦʣʠʩʘʥʝ ʧʨʦʤʝʥʝ ʟʘʢʨʠʚˀʝʥʦʩʪʠ 
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ʦʙʘ ʪʠʧʘ ʛʨʘʥʘ ʂɸ. ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʜʘ ʩʝ ʩʪʘʙʠʣʥʠʿʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʘʿʫ ʟʘ 

ʨʝʛʠʦʥ ʬʦʢʫʩʠʨʘʥ ʥʘ ʛʣʘʚʥʝ ʛʨʘʥʝ. 

ʋʧʨʢʦʩ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʩʝʛʤʝʥʪʘʮʠʿʫ (ʩʝʣʝʢʮʠʿʘ ʧʦʯʝʪʥʝ ʠ ʢʨʘʿˁʝ ʪʘʯʢʝ ʛʨʘʥʝ), 

DTW ʠ ʤʝʪʦʜʝ ʙʘʟʠʨʘʥʝ ʥʘ ʜʠʥʘʤʠʯʢʦʤ ʧʨʦʛʨʘʤʠʨʘˁʫ ʩʫ ʩʝ ʪʘʢʦʹʝ ʧʦʢʘʟʘʣʝ ʢʘʦ 

ʦʩʝʪˀʠʚʝ ʥʘ ʦʜʘʙʠʨ ʧʦʛʣʝʜʘ (ʧʦʩʝʙʥʦ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʿʝʜʥʘ ʧʨʦʿʝʢʮʠʿʘ ʩʢʨʠʚʘ 

ʟʘʢʨʠʚˀʝʥʦʩʪ ʠʣʠ ʜʫʞʠʥʫ ʂɸ). ʋ ʢʣʠʥʠʯʢʦʿ ʧʨʘʢʩʠ, ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ 

ʨʝʢʦʥʩʪʨʫʠʩʘʪʠ ʢʦʤʧʣʝʢʩʥʦ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ, ʛʦʪʦʚʦ ʿʝ ʥʝʤʦʛʫ˂ʝ (ʫ ʨʘʟʫʤʥʦʤ 

ʚʨʝʤʝʥʫ) ʧʨʦʥʘ˂ʠ ʧʦʛʣʝʜ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʦʧʪʠʤʘʣʘʥ ʟʘ ʩʚʘʢʫ ʦʜ ʛʨʘʥʘ ʂɸ ʩʪʘʙʣʘ; ʰʪʦ 

ʜʦʜʘʪʥʦ ʢʦʤʧʣʠʢʫʿʝ ʧʨʦʙʣʝʤ. ʐʪʦ ʩʝ ʪʠʯʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʫ 

ʩʪʘʙʠʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʜʦʙʠʿʝʥʝ ʪʦʢʦʤ ʮʝʣʦʛ ʩʨʯʘʥʦʛ ʮʠʢʣʫʩʘ (ʉʣʠʢʘ 3.12-ʟ-ʦ ʙʝʣʘ 

ʙʦʿʘ), ʧʦʢʘʟʫʿʫ˂ʠ ʩʝ ʢʘʦ ʨʦʙʫʩʥʘ ʠ ʤʘˁʝ ʦʩʝʪˀʠʚʘ ʥʘ ʦʜʘʙʠʨ ʧʦʛʣʝʜʘ. ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʪʦ, 

ʙʠʪʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʠʟʦʩʪʘʚˀʘˁʝ ʚʠʰʝ ʪʘʯʘʢʘ ʥʝʛʦ ʰʪʦ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʠʣʠʢʦʤ 

ʫʧʘʨʠʚʘˁʘ ʬʨʝʿʤʦʚʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʛʫʙʠʪʢʘ ʟʘʢʨʠʚˀʝʥʦʩʪʠ ʛʨʘʥʝ, ʢʘʦ ʰʪʦ ˂ʝ ʙʠʪʠ 

ʧʨʠʢʘʟʘʥʦ ʢʘʩʥʠʿʝ ʥʘ ʉʣʠʮʠ 3.17-ʙ. ɻʨʝʰʢʝ ʪʦʛ ʪʠʧʘ ʩʝ ʤʦʛʫ ʥʝʫʪʨʘʣʠʩʘʪʠ ʧʘʞˀʠʚʠʿʠʤ 

ʦʜʘʙʠʨʦʤ ʧʘʨʘʤʝʪʘʨʘ ʫ ʤʝʪʦʜʘʤʘ ʢʦʨʠʰ˂ʝʥʠʤ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ. 

 

ʉʣʠʢʘ 3.13 ɸʥʘʣʠʟʘ ʧʨʝʮʠʟʥʦʩʪʠ ʤʝʪʦʜʝ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ: a) 

ʂʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʜʦʙʠʿʝʥʠʭ ʠ ʪʘʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʜʫʞʠʥʘ ʛʨʘʥʘ ʂɸ; ʙ) Bland-Altman 

ʜʠʿʘʛʨʘʤ ʜʦʙʠʿʝʥʠʭ ʠ ʪʘʯʥʠʭ ʜʫʞʠʥʘ ʛʨʘʥʘ ʂɸ. 

 

ʈʝʟʫʣʪʘʪʠ ʩʪʘʪʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʪʘʯʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʂɸ ʩʫ 

ʧʨʠʢʘʟʘʥʝ ʥʘ ʉʣʠʮʠ 3.13. ʈʝʢʦʥʩʪʨʫʠʩʘʥʦ ʿʝ ʫʢʫʧʥʦ 30 ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ (ʛʨʘʥʘ ʂɸ). 

ʈʝʬʝʨʝʥʪʥʝ ʜʫʞʠʥʝ ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʠʟ ʉʢʫʧʘ ʧʦʜʘʪʘʢʘ I ʩʫ ʧʦʟʥʘʪʝ a-priori , ʜʦʢ ʩʫ 

ʮʝʥʪʨʘʣʥʝ ʣʠʥʠʿʝ ʠʟ ʉʢʫʧʘ ʧʦʜʘʪʘʢʘ II ʠʟʨʘʯʫʥʘʪʝ ʠʟ ʟʘʧʨʝʤʠʥʩʢʝ ʤʨʝʞʝ ʫʧʦʪʨʝʙʦʤ 

ʤʝʪʦʜʝ ʜʦʩʪʫʧʥʝ ʫ ʣʠʪʝʨʘʪʫʨʠ [109-110]. ʂʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʠ 

ʨʝʬʝʨʝʥʪʥʠʭ ʜʫʞʠʥʘ ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʢʦʨʠʰ˂ʝˁʝʤ ʇʝʨʩʦʥʦʚʦʛ (ʝʥʛʣ. 
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Pearsonôs) ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ, ʜʦʢ ʿʝ ˁʠʭʦʚʘ ʨʘʟʣʠʢʘ ʠʣʫʩʪʨʦʚʘʥʘ ʢʦʨʠʩʰ˂ʝˁʝʤ 

ɹʣʘʥʜ-ɸʣʪʤʘʥʦʚ (ʝʥʛʣ. Bland-Altman) ʜʠʿʘʛʨʘʤʘ, ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʉʣʠʮʠ 3.13-ʙ. ʉʘ 

ʉʣʠʢʝ 3.13-ʘ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʜʦʙʠʿʝʥʝ ʜʫʞʠʥʝ ʠʤʘʿʫ ʚʠʩʦʢ ʩʪʝʧʝʥ ʢʦʨʝʣʘʮʠʿʝ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʬʝʨʝʥʪʥʠʤ-ʘʧʩʦʣʫʪʥʦ ʪʘʯʥʠʤ ʧʦʜʘʮʠʤʘ (r
2
=0.997). ʉʨʝʜˁʘ ʛʨʝʰʢʘ ʿʝ 

0.15mm, ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ ʿʝ 1.283mm ʜʦʢ ʿʝ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 1.567mm. 

ʋʧʘʨʝʥʠ ʪ-ʪʝʩʪ (ʝʥʛʣ. Paired t-test) (ʧ-ʚʨʝʜʥʦʩʪ 0.9586 ʥʘ 0.05 ʩʪʝʧʝʥʫ ʟʥʘʯʘʿʥʦʩʪʠ-ʝʥʛʣ. 

significance level) ʿ ʝ ʧʦʢʘʟʘʦ ʜʘ ʿʝ ʦʜʩʪʫʧʘˁʝ ʜʦʙʠʿʝʥʠʭ ʦʜ ʪʘʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʫ 

ʧʨʠʭʚʘʪˀʠʚʠʤ ʛʨʘʥʠʮʘʤʘ. ʊʘʢʦʹʝ, ʩʘ ʉʣʠʢʝ 3.13-ʙ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʥʝʤʘ 

ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʜʫʞʠʥʝ ʂɸ ʠ ʚʝʣʠʯʠʥʝ ʛʨʝʰʢʝ. 

 

3.11.6 ɺʘʣʠʜʘʮʠʿʘ ʤʝʪʦʜʝ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʛʣʝʜʘ ʣʠʪʝʨʘʪʫʨʝ ʠʟʣʦʞʝʥʦʛ ʫ ʧʦʛʣʘˀʫ 3.2, ʧʦʪʨʝʙʥʦ ʿʝ ʥʘʧʨʘʚʠʪʠ ʜʚʝ 

ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʙʠ ʩʝ ʨʝʢʦʥʩʪʨʫʠʩʘʣʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʮʠ ʂɸ. ʇʨʚʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʿʝ 

ʚʝʟʘʥʘ ʟʘ ʦʨʠʿʝʥʪʘʮʠʿʫ ʠʟʤʝʹʫ: ʜʝʪʝʢʪʦʨʘ, ʦʧʪʠʯʢʝ ʦʩʝ ʠʟʚʦʨʘ ʠʢʩ-ʟʨʘʢʘ ʠ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʂɸ. ʉʪʫʜʠʿʝ ʢʦʿʝ ʩʫ ʧʨʝʪʧʦʩʪʘʚˀʘʣʝ ʜʘ ʿʝ ʧʨʦʿʝʢʪʦʨ ʫ ʧʨʦʩʪʦʨʫ ʫʧʨʘʚʘʥ ʥʘ 

ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʂɸ ʩʫ ʢʦʨʠʩʪʠʣʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʧʨʝʯʥʠʢʫ ʤʝʨʝʥʝ ʥʘ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʿ ʩʣʠʮʠ ʢʘʢʦ ʙʠ ʜʠʨʝʢʪʥʦ ʠʟʨʘʯʫʥʘʣʝ ʧʨʝʯʥʠʢ ʧʨʝʩʝʢʘ ʫ ʧʨʦʩʪʦʨʫ 

[81, 84]. ʄʝʹʫʪʠʤ, ʪʘʢʘʚ ʧʨʠʩʪʫʧ ʥʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʫʪʠʮʘʿ ʨʦʪʘʮʠʿʝ ʠ ʘʥʛʫʣʘʮʠʿʝ ʢʦʿʠ ʿʝ 

ʫ ʥʦʚʠʿʠʤ ʩʪʫʜʠʿʘʤʘ ʫʨʘʯʫʥʘʪ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʪʝʞʠʥʩʢʠʭ ʬʘʢʪʦʨʘ ʟʘ 

ʢʦʤʧʝʥʟʘʮʠʿʫ ʛʨʝʰʢʝ [73, 83]. ɼʨʫʛʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʢʦʿʘ ʩʝ ʤʦʨʘ ʥʘʧʨʘʚʠʪʠ ʪʦʢʦʤ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʥʠʚʦʦʤ ʜʝʪʘˀʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ 

ʩʘʤʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʿʦʤ. ʇʦʚʝ˂ʘʥʠ ʥʠʚʦ ʜʝʪʘˀʘ ʩʝ ʜʦʙʠʿʘ ʬʠʪʦʚʘˁʝʤ: ʢʨʫʛʘ [80], 

ʝʣʠʧʩʝ [73, 81] ʠʣʠ ʧʦʣʠʛʦʥʘʣʥʠʭ ʣʠʥʠʿʘ [84]. ʊʠʧʠʯʥʦ, ʙʨʦʿ ʪʘʯʘʢʘ ʧʦ ʿʝʜʥʦʤ 

ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʧʫʪʝʤ ʠʥʪʝʨʧʦʣʘʮʠʿʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʠʭ 

ʩʪʫʜʠʿʘ, ʤʝʪʦʜʘ ʦʧʠʩʘʥʘ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʢʦʨʠʩʪʠ ʨʝʘʣʠʩʪʠʯʥʠʿʫ ʠ ʧʨʝʮʠʟʥʠʿʫ 

ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʧʨʦʿʝʢʪʦʨ ʥʠʿʝ ʫʧʨʘʚʘʥ ʥʘ ʦʧʪʠʯʢʫ ʦʩʫ, ʥʠʪʠ ʜʘ ʩʝ ʦʨʠʿʝʥʪʘʮʠʿʘ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʫ ʧʨʦʩʪʦʨʫ ʠ ʨʘʚʥʠ ʧʨʦʿʝʢʪʦʨʘ ʧʦʢʣʘʧʘʿʫ. 

ʂʘʢʦ ʙʠ ʩʝ ʦʙʿʝʢʪʠʚʥʠʿʝ ʦʜʨʝʜʠʣʝ ʧʝʨʬʦʨʤʘʥʩʝ ʧʨʝʜʣʦʞʝʥʝ ʧʨʦʮʝʜʫʨʝ, ʨʘʟʚʠʿʝʥ ʿʝ 

ʢʦʤʧʣʝʢʩʥʠʿʠ ʬʘʥʪʦʤ ʢʦʿʠ ʠʤʘ ʜʚʘ ʪʠʧʠʯʥʘ ʧʨʠʤʝʨʘ ʘʥʦʤʘʣʠʿʘ ʢʨʚʥʠʭ ʩʫʜʦʚʘ: ʩʪʝʥʦʟʫ 

(ʜʠʿʘʤʝʪʘʨ ʩʝ ʫʥʠʬʦʨʤʥʦ ʩʤʘˁʫʿʝ ʥʘ ʦʜʨʝʹʝʥʦʤ ʜʝʣʫ ʂɸ) ʠ ʧʣʘʢ (ʜʠʿʘʤʝʪʘʨ ʩʝ ʣʦʢʘʣʥʦ 

ʩʤʘˁʫʿʝ, ʪʘʢʦ ʜʘ ʿʝ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʢʦʥʢʘʚʥʦʛ ʦʙʣʠʢʘ). ɻʝʦʤʝʪʨʠʿʘ ʨʘʟʤʘʪʨʘʥʦʛ 

ʬʘʥʪʦʤʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣʠʮʠ 3.14-ʙ-ʚ ʠ ʉʣʠʮʠ 3.14-ʣ. ʇʦʯʝʚʰʠ ʦʜ RAO90 ʜʦ LAO90 

ʧʦʛʣʝʜʘ, ʛʝʥʝʨʠʩʘʥʦ ʿʝ ʫʢʫʧʥʦ 19 ʧʨʦʿʝʢʮʠʿʘ ʩʘ ʤʝʹʫʩʦʙʥʠʤ ʨʘʟʤʘʢʦʤ ʠʟʤʝʹʫ 

ʧʨʦʿʝʢʮʠʿʘ ʦʜ 10 ʩʪʝʧʝʥʠ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣʠʮʠ 3.14-ʘ. 
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ʉʣʠʢʘ 3.14 ɽʚʘʣʫʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʪʦʜʘ ʢʦʨʠʰ˂ʝˁʝʤ ʚʠʰʝ ʘʥʛʠʦʛʨʘʬʩʢʠʭ 

ʧʨʦʿʝʢʮʠʿʘ: ʘ) ʇʨʠʢʘʟ ʜʝʚʝʪʥʘʝʩʪ ʧʦʛʣʝʜʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ, 

ʙʨʦʿʝʚʠ ʠʟʥʘʜ ʩʣʠʢʘ ʦʟʥʘʯʘʚʘʿʫ ʧʨʠʤʘʨʥʠ ʫʛʘʦ (ʝʥʛʣ. primary angle a: RAO/LAO); ʙ) 

ʇʦʛʣʝʜ ʩʧʨʝʜʘ ʠ ʚ) ʇʦʛʣʝʜ ʦʜʦʟʛʦ ʥʘ ʨʝʬʝʨʝʥʪʥʫ ʛʝʦʤʝʪʨʠʿʫ ʬʘʥʪʦʤʘ; ʛ, ʜ, ʹ) 

ʇʦʚʨʰʠʥʘ ʜʦʙʠʿʝʥʘ ʧʦʣʠʛʦʥʘʣʥʦʤ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ ʠ ʜʝʚʠʿʘʮʠʿʘ ʜʦʙʠʿʝʥʝ ʛʝʦʤʝʪʨʠʿʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʫ; ʝ, ʞ, ʟ) ʇʦʚʨʰʠʥʘ ʜʦʙʠʿʝʥʘ ʬʠʪʦʚʘˁʝʤ ʢʨʫʛʘ ʠ ʜʝʚʠʿʘʮʠʿʘ 

ʜʦʙʠʿʝʥʝ ʛʝʦʤʝʪʨʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʫ; ʠ, ʿ, ʢ) ʇʦʚʨʰʠʥʘ ʜʦʙʠʿʝʥʘ ʬʠʪʦʚʘˁʝʤ 

ʝʣʠʧʩʝ, ʠ ʜʝʚʠʿʘʮʠʿʘ ʜʦʙʠʿʝʥʝ ʛʝʦʤʝʪʨʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʫ; ʣ, ˀ, ʤ, ʥ) ʇʦʨʝʹʝˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʜʝʣʦʚʘ ʂɸ ʩʘ ʢʦʥʢʘʚʥʠʤ ʧʦʧʨʝʯʥʠʤ ʧʨʝʩʝʮʠʤʘ 

(ʧʣʘʢʦʤ). 
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ɼʝʚʠʿʘʮʠʿʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʨʝʬʝʨʝʥʪʥʫ ʛʝʦʤʝʪʨʠʿʫ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʉʣʠʮʠ 3.14-ʛ-ʢ. ɿʘ ʜʝʣʦʚʝ ʬʘʥʪʦʤʘ ʩʘ ʢʨʫʞʥʠʤ 

ʧʦʧʨʝʯʥʠʤ ʧʨʝʩʝʮʠʤʘ (ʟʜʨʘʚʘ ʂɸ ʠʣʠ ʂɸ ʩʘ ʩʪʝʥʦʟʦʤ) ʩʚʝ ʪʨʠ ʤʝʪʦʜʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ 

ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʧʦʢʘʟʘʣʝ ʩʫ ʩʝ ʢʘʦ ʜʦʚʦˀʥʦ ʧʦʫʟʜʘʥʝ, ʜʦʢ ʩʝ ʤʝʪʦʜʘ ʙʘʟʠʨʘʥʘ ʥʘ 

ʬʠʪʦʚʘˁʫ ʢʨʫʛʘ ʧʦʢʘʟʘʣʘ ʥʝʰʪʦ ʧʨʝʮʠʟʥʠʿʦʤ ʫ ʜʦʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʜʚʝ. ʐʪʦ ʩʝ ʪʠʯʝ ʜʝʣʘ 

ʬʘʥʪʦʤʘ ʩʘ ʧʣʘʢʦʤ, ʧʦʣʠʛʦʥʘʣʥʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʜʘʿʝ ʟʥʘʯʘʿʥʦ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʫ ʦʜʥʦʩʫ 

ʥʘ ʜʨʫʛʝ ʜʚʝ ʤʝʪʦʜʝ. ʀʟʛʣʝʜ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʜʦʙʠʿʝʥʦʛ ʧʨʝʜʣʦʞʝʥʦʤ ʧʨʦʮʝʜʫʨʦʤ 

ʦʧʠʩʘʥʦʤ ʫ ʦʜʝˀʢʫ 3.9 ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʬʠʪʦʚʘˁʝ: ʢʦʥʪʨʦʣʥʠʭ ʪʘʯʘʢʘ ɹ-ʩʧʣʘʿʥʘ (ʝʥʛʣ. 

B-spline) (ʉʣʠʢʘ 3.14- )ˀ, ʢʨʫʛʘ (ʉʣʠʢʘ 3.14-ʤ) ʠ ʝʣʠʧʩʝ (ʉʣʠʢʘ 3.14-ʥ). ʇʦʨʝʜ ʩʢʦʨʦ ʜʚʘ 

ʧʫʪʘ ʤʘˁʝ ʜʝʚʠʿʘʮʠʿʝ ʦʜ ʪʘʯʥʝ ʛʝʦʤʝʪʨʠʿʝ, ʛʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʧʦʣʠʛʦʥʘʣʥʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ 

ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʦʪʢʨʠʚʘˁʘ ʢʦʥʢʘʚʥʠʭ ʨʝʛʠʿʘ ʩʘ ʧʣʘʢʦʤ (ʉʣʠʢʘ 3.14-ʛ). ʆʚʘ ʤʦʛʫ˂ʥʦʩʪ ʿʝ 

ʚʝʦʤʘ ʙʠʪʥʘ, ʿʝʨ ʦʤʦʛʫ˂ʘʚʘ ʢʣʠʥʠʯʘʨʠʤʘ ʜʘ ʨʘʟʣʠʢʫʿʫ ʩʪʝʥʦʟʫ ʦʜ ʨʝʛʠʿʝ ʩʘ ʧʣʘʢʦʤ ï ʟʘ 

ʨʘʟʣʠʢʫ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʩʘ ʝʣʠʧʩʘʤʘ ʠ 
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ʐʪʦ ʩʝ ʪʠʯʝ ʫʪʠʮʘʿʘ ʫʛʣʘ ʠʟʤʝʹʫ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʧʦʛʣʝʜʘ ʥʘ ʪʘʯʥʦʩʪ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʩʘ ʉʣʠʢʝ 3.15 ʜʘ ʩʫ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʚʝʦʤʘ ʨʦʙʫʩʥʝ. 

ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʫ ʜʦʩʪʫʧʥʘ ʜʚʘ ʧʦʛʣʝʜʘ (ʉʣʠʢʘ 3.15-ʙ ʠ ʉʣʠʢʘ 3.15-ʛ-ʠ), ʟʘ 

ʧʨʠʤʘʨʥʠ ʧʦʛʣʝʜ ʿʝ ʫʩʚʦʿʝʥʘ ʧʨʦʿʝʢʮʠʿʘ RAO90 ʜʦʢ ʿʝ ʦʨʠʿʝʥʪʘʮʠʿʘ ʩʚʠʭ ʦʩʪʘʣʠʭ 

ʧʦʛʣʝʜʘ ʜʝʬʠʥʠʩʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʠʤʘʨʥʠ ʧʦʛʣʝʜ. ʊʦʢʦʤ ʘʥʘʣʠʟʝ ʨʝʟʫʣʪʘʪʘ, ʥʠʿʝ 

ʟʘʙʝʣʝʞʝʥʘ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʬʠʪʦʚʘˁʝʤ ʢʨʫʛʘ ʫ 

ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʿʝ ʜʦʩʪʫʧʥʦ ʩʚʠʭ 19 ʧʨʦʿʝʢʮʠʿʘ (ʉʣʠʢʘ 3.15-ʚ) ʠ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ (ʉʣʠʢʘ 

3.15-ʛ-ʠ). 

ɿʘ ʦʚʘʿ ʠ ʦʩʪʘʣʝ ʧʨʠʤʝʨʝ, ʜʝʚʠʿʘʮʠʿʝ ʨʝʢʦʥʩʪʨʫʠʩʘʥʠʭ ʧʦʚʨʰʠʥʘ ʠ ʧʦʧʨʝʯʥʠʭ 

ʧʨʝʩʝʢʘ ʩʫ ʚʠʰʝ ʟʘʚʠʩʠʣʝ ʦʜ ʠʥʪʫʠʮʠʿʝ (ʠʣʠ ʢʣʠʥʠʯʢʦʛ ʠʩʢʫʩʪʚʘ) ʦʧʝʨʘʪʝʨʘ ʟʘ ʦʜʘʙʠʨ 

ʦʧʪʠʤʘʣʥʠʭ ʧʦʛʣʝʜʘ ʥʝʛʦ ʦʜ ʦʜʘʙʠʨʘ ʦʧʪʠʤʘʣʥʦʛ ʫʛʣʘ ʠʟʤʝʹʫ ʧʨʦʿʝʢʮʠʿʘ. ʇʨʝʤʘ ʪʦʤʝ, 

ʟʘ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʪʝʨʤʠʥ Ăʦʧʪʠʤʘʣʥʠ ʧʦʛʣʝʜñ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʢʦʨʦʥʘʨʥʝ 

ʘʨʪʝʨʠʿʝ ʥʝ ʧʨʝʢʣʘʧʘʿʫ ʠ ʜʘ ʧʦʛʣʝʜ ʥʝ ʩʘʢʨʠʚʘ ʟʘʢʨʠʚˀʝʥʦʩʪ ʠ ʜʫʞʠʥʫ ʂɸ. 

ʅʘ ʦʩʥʦʚʫ ʠʩʢʫʩʪʚʘ ʩʪʝʯʝʥʦʛ ʧʨʠʣʠʢʦʤ ʠʟʨʘʜʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʬʠʪʦʚʘˁʝ ʢʨʫʛʦʚʘ 

ʩʝ ʧʦʢʘʟʘʣʦ ʢʘʦ ʤʝʪʦʜʘ ʢʦʿʘ ʿʝ ʥʘʿʨʦʙʫʩʥʠʿʘ ʠ ʥʘʿʤʘˁʝ ʟʘʭʪʝʚʥʘ ʧʦ ʧʠʪʘˁʫ ʫʛʣʦʚʘ 

ʠʟʤʝʹʫ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ, ʩʝʛʤʝʥʪʘʮʠʿʝ ʮʝʥʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʠ ʠʚʠʯʥʠʭ ʣʠʥʠʿʘ 

ʂɸ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʦʥʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʦʩʪʘʣʠʭ ʨʘʟʤʘʪʨʘʥʠʭ ʧʨʠʤʝʨʘ-

ʛʨʫʧʘ ʧʦʜʘʪʘʢʘ. ʊʘʢʦʹʝ, ʟʘʧʘʞʝʥʦ ʿʝ ʜʘ ʬʠʪʦʚʘˁʝ ʝʣʠʧʩʘʤʘ ʤʦʞʝ ʨʝʟʫʣʪʦʚʘʪʠ 

ʥʝʧʨʝʮʠʟʥʠʤ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʩʫ ʫʛʣʦʚʠ ʠʟʤʝʹʫ ʘʥʛʠʦʛʨʘʬʩʢʠʭ 
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 ɹʠʪʥʦ ʿʝ ʧʦʜʩʝʪʠʪʠ ʜʘ ʿʝ ʪʘʿ ʥʠʚʦ ʧʨʝʮʠʟʥʦʩʪʠ ʤʦʛʫ˂ʝ ʧʦʩʪʠ˂ʠ ʩʘʤʦ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʿʝ 

ʜʦʩʪʫʧʥʦ ʚʠʰʝ ʧʨʦʿʝʢʮʠʿʘ ʂɸ (ʥʘ ʧʨʠʤʝʨ ʫ ʩʣʫʯʘʿʫ ʨʦʪʘʮʠʦʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ). ʇʨʠʤʘʨʥʠ ʮʠˀ 

ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʨʘʟʚʦʿ ʤʝʪʦʜʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʠʟ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ, ʥʝ ʠʟ ʨʦʪʘʮʠʦʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ï ʫ 

ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʜʦʢʘʟʘʥʦ ʿʝ ʜʘ ʿʝ ʤʝʪʦʜʘ ʧʨʠʤʝˁʠʚʘ ʠ ʟʘ ʘʥʛʠʦʛʨʘʬʩʢʝ ʫʨʝʹʘʿʝ ʥʦʚʠʿʝ ʛʝʥʝʨʘʮʠʿʝ. 
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ʧʨʦʿʝʢʮʠʿʘ ʤʘʣʠ (ʤʘˁʠ ʦʜ 30 ʩʪʝʧʝʥʠ), ʧʦʰʪʦ ʪʘʜʘ ʬʠʪʦʚʘʥʝ ʝʣʠʧʩʝ ʤʦʛʫ ʠʤʘʪʠ 

ʠʩʢʨʠʚˀʝʥ ʠʣʠ ʠʩʪʝʛʥʫʪ ʦʙʣʠʢ (ʪʘʢʘʚ ʧʨʠʤʝʨ ʿʝ ʠʣʫʩʪʨʦʚʘʥ ʥʘ ʉʣʠʮʠ 3.6-ʝ ʠ ʥʘʟʥʘʯʝʥ 

ʿʝ ʧʣʘʚʦʤ ʙʦʿʦʤ). 

 

ʉʣʠʢʘ 3.15 ʋʪʠʮʘʿ ʫʛʣʘ ʠʟʤʝʹʫ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ ʥʘ ʪʘʯʥʦʩʪ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ. 

ʇʦʨʝʹʝˁʝ ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʬʘʥʪʦʤʘ: ʘ) ʇʦʨʝʹʝˁʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ 

ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ʩʚʠʭ 19 ʧʨʦʿʝʢʮʠʿʘ ʩʘ ʨʝʬʝʨʝʥʪʥʦʤ ʛʝʦʤʝʪʨʠʿʦʤ; ʙ) ʇʦʨʝʹʝˁʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ (ʬʠʪʦʚʘˁʝ ʢʨʫʛʦʚʘ) ʩʘ 

ʨʝʬʝʨʝʥʪʥʦʤ ʛʝʦʤʝʪʨʠʿʦʤ ʩʘ ʬʦʢʫʩʦʤ ʥʘ ʨʝʛʠʿʫ ʩʘ ʧʣʘʢʦʤ. ʄʝʨʝˁʝ ʜʝʚʠʿʘʮʠʿʝ 

ʨʝʢʦʥʩʪʨʫʠʩʘʥʝ ʧʦʚʨʰʠʥʝ ʦʜ ʨʝʬʝʨʝʥʪʥʝ ʛʝʦʤʝʪʨʠʿʝ: ʚ) ɼʝʚʠʿʘʮʠʿʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ 

ʜʦʙʠʿʝʥʝ ʢʦʨʠʰ˂ʝˁʝʤ ʩʚʠʭ 19 ʧʨʦʿʝʢʮʠʿʘ; ʛ-ʠ) ɼʝʚʠʿʘʮʠʿʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʜʦʙʠʿʝʥʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ, ʧʨʠ ʯʝʤʫ ʫʛʘʦ ʠʟʤʝʹʫ ʧʨʦʿʝʢʮʠʿʘ ʚʘʨʠʨʘ ʦʜ 10 ʜʦ 150 

ʩʪʝʧʝʥʠ. 
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ʅʘ ʜʨʫʛʦʿ ʩʪʨʘʥʠ, ʬʠʪʦʚʘˁʝ ʢʨʫʛʦʚʠʤʘ ʩʝ ʧʦʢʘʟʘʣʦ ʦʩʝʪˀʠʚʠʤ ʩʘʤʦ ʫ ʩʠʪʫʘʮʠʿʠ 

ʢʘʜʘ ʿʝ ʫʛʘʦ ʠʟʤʝʹʫ ʧʨʦʿʝʢʮʠʿʘ ʤʘˁʠ ʦʜ 10 ʩʪʝʧʝʥʠ. ʂʘʦ ʟʘʢˀʫʯʘʢ, ʧʨʝʧʦʨʫʯʝʥʦ ʿʝ 

ʢʦʨʠʩʪʠʪʠ: ʬʠʪʦʚʘˁʝ ʢʨʫʛʦʚʠʤʘ ʢʘʜʘ ʩʫ ʜʦʩʪʫʧʥʝ ʩʘʤʦ ʜʚʝ ʧʨʦʿʝʢʮʠʿʝ (ʥʘʿʯʝʰ˂ʠ 

ʩʣʫʯʘʿ); ʬʠʪʦʚʘˁʝ ʝʣʠʧʩʘʤʘ ʢʘʜʘ ʩʫ ʜʦʩʪʫʧʥʝ ʤʘʢʘʨ ʪʨʠ ʧʨʦʿʝʢʮʠʿʝ (ʩʘ ʨʘʟʤʘʢʦʤ 

ʠʟʤʝʹʫ ʧʨʦʿʝʢʮʠʿʘ ʦʜ ʥʘʿʤʘˁʝ 30 ʩʪʝʧʝʥʠ); ʠ ʧʦʣʠʛʦʥʘʣʥʫ ʘʧʨʦʢʩʠʤʘʮʠʿʫ ʢʘʜʘ ʿʝ 

ʜʦʩʪʫʧʥʦ ʤʘʢʘʨ ʰʝʩʪ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ (ʩʘ ʫʛʣʦʤ ʨʘʟʤʘʢʘ ʦʜ 30 ʩʪʝʧʝʥʠ, ʥʘ 

ʧʨʠʤʝʨ ʧʦʛʣʝʜʠ ʦʜ RAO90 ʜʦ LAO90). 

 

ʉʣʠʢʘ 3.16 ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʩʪʘʪʠʯʢʦʛ ʬʠʟʠʯʢʦʛ ʬʘʥʪʦʤʘ (ɻʨʫʧʘ ʧʦʜʘʪʘʢʘ II) ʜʦʙʠʿʝʥʘ 

ʧʦʤʦ˂ʫ ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʪʦʜʘ; ʧʦʨʝʹʝˁʝ ʩʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʦʤ ʜʦʙʠʿʝʥʦʤ ʠʟ CT ʩʥʠʤʘʢʘ 

ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ: a) ʇʨʠʢʘʟ ʢʚʘʣʠʪʝʪʘ ʤʨʝʞʝ ʠ ʜʦʙʠʿʝʥʦʛ ʥʠʚʦʘ ʜʝʪʘˀʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʦʤ ʠʟ MSCT ʩʥʠʤʘʢʘ; ʙ) ɼʝʚʠʿʘʮʠʿʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʜʦʙʠʿʝʥʝ ʠʟ 

ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʜʦʙʠʿʝʥʫ ʠʟ MSCT ʩʥʠʤʘʢʘ. 

 

3.11.7 ʊʘʯʥʦʩʪ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʦʚʨʰʠʥʝ ʣʫʤʝʥʘ ʂɸ 

ʆʜʨʝʹʠʚʘˁʝ ʫʢʫʧʥʝ ʪʘʯʥʦʩʪʠ ʠʟʚʨʰʝʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʬʘʥʪʦʤʘ (ʉʢʫʧ ʧʦʜʘʪʘʢʘ I ʠ 

II) ʟʘ ʢʦʿʝ ʩʫ ʧʦʟʥʘʪʝ ʢʦʤʧʣʝʪʥʝ ʨʝʬʝʨʝʥʪʥʝ ʛʝʦʤʝʪʨʠʿʝ. ʋʢʫʧʥʘ ʪʘʯʥʦʩʪ ʿʝ ʦʜʨʝʹʝʥʘ 

ʢʘʦ ʜʝʚʠʿʘʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʨʝʬʝʨʝʥʪʥʝ ʛʝʦʤʝʪʨʠʿʝ. ʇʦʰʪʦ ʩʝ 

ʦʨʠʿʝʥʪʘʮʠʿʝ ʜʦʙʠʿʝʥʝ ʠ ʨʝʬʝʨʝʥʪʥʝ ʛʝʦʤʝʪʨʠʿʝ ʥʝ ʧʦʢʣʘʧʘʿʫ (ʊʘʙʝʣʘ 3.1), ʜʦʙʠʿʝʥʘ 

ʛʝʦʤʝʪʨʠʿʘ ʿʝ ʬʠʪʦʚʘʥʘ ʥʘ ʨʝʬʝʨʝʥʪʥʫ ʢʦʨʠʰ˂ʝˁʝʤ ʩʦʬʪʚʝʨʘ Geomagic Studio 10 

(Geomagic GmbH, Stuttgart, Germany). ʐʪʦ ʩʝ ʪʠʯʝ ʉʢʫʧʘ ʧʦʜʘʪʘʢʘ II, ʛʝʦʤʝʪʨʠʿʘ 

ʜʦʙʠʿʝʥʘ ʠʟ CT ʩʥʠʤʘʢʘ ʧʦʤʦ˂ʫ ʩʦʬʪʚʝʨʘ Mimics v10 (Materialize, Leuven, Belgium) ʿʝ 
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ʥʘʟʥʘʯʝʥʘ ʮʨʚʝʥʦʤ ʙʦʿʦʤ ʥʘ ʉʣʠʮʠ 3.16. ʋʧʦʨʝʜʥʦ ʧʦʨʝʹʝˁʝ ʛʝʦʤʝʪʨʠʿʝ ʜʦʙʠʿʝʥʝ ʠʟ 

ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ (ʥʘʟʥʘʯʝʥʠʭ ʩʠʚʦʤ ʙʦʿʦʤ ʥʘ ʉʣʠʮʠ 3.16) ʩʘ CT 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʦʤ ʧʦʢʘʟʫʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʧʦʜʫʜʘʨʘˁʝ ʨʝʟʫʣʪʘʪʘ. ʄʘʢʩʠʤʘʣʥʘ 

ʜʝʚʠʿʘʮʠʿʘ ʧʦʚʨʰʠʥʝ ʿʝ 2.9/-2.0mm ʥʘ ʫʣʘʟʥʦʤ ʜʝʣʫ
20

 ʬʘʥʪʦʤʘ. ʇʨʦʩʝʯʥʘ ʜʝʚʠʿʘʮʠʿʘ 

ʧʦʚʨʰʠʥʘ ʿʝ +0.326 ʠ -0.330 mm, ʜʦʢ ʿʝ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 0.381mm. ɸʢʦ ʩʝ ʫ ʦʙʟʠʨ 

ʫʟʤʝ ʯʠˁʝʥʠʮʘ ʜʘ ʩʫ ʛʫʤʝʥʝ ʮʝʚʠ ʦʜ ʢʦʿʠʭ ʿʝ ʥʘʧʨʘʚˀʝʥ ʬʘʥʪʦʤ (ʉʣʠʮʠ 3.16-ʘ) 

ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʜʦʙʠʿʝʥʘ ʧʦʤʦ˂ʫ 

CT ʩʥʠʤʘʢʘ ʠʤʘ ʥʠʟ ʥʝʜʦʩʪʘʪʘʢʘ ʠ ʦʜʩʪʫʧʘˁʘ ʦʜ ʘʧʩʦʣʫʪʥʦ ʪʘʯʥʝ ʛʝʦʤʝʪʨʠʿʝ. ʀʩʪʦ 

ʪʘʢʦ, ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʮʝʜʫʨʘ ʙʘʟʠʨʘʥʘ ʥʘ ʬʠʪʦʚʘˁʫ ʢʨʫʛʦʚʘ ʠʤʘ ʧʨʝʜʥʦʩʪ ʫ ʜʘʪʦʿ 

ʩʠʪʫʘʮʠʿʠ ʿʝʨ ʩʫ ʠ ʛʫʤʝʥʝ ʮʝʚʠ ʦʜ ʢʦʿʠʭ ʿʝ ʥʘʧʨʘʚˀʝʥ ʬʘʥʪʦʤ ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ. 

 

ʉʣʠʢʘ 3.17 ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ 4D XCAT ʚʠʨʪʫʝʣʥʦʛ ʬʘʥʪʦʤʘ (ʉʢʫʧ ʧʦʜʘʪʘʢʘ I) ʜʦʙʠʿʝʥʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʪʦʜʘ (ʩʠʚʘ ʙʦʿʘ) ʠ ʧʦʨʝʹʝˁʝ ʩʘ ʨʝʬʝʨʝʥʪʥʦʤ ʛʝʦʤʝʪʨʠʿʦʤ 

(ʮʨʚʝʥʘ ʙʦʿʘ): a) ʎʝʣʦʢʫʧʥʦ ʢʦʨʦʥʘʨʥʦ ʩʪʘʙʣʦ; ʙ) ɺʠʟʫʝʣʠʟʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʤʨʝʞʝ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʥʘ ʩʧʝʮʠʬʠʯʥʦʤ ʤʝʩʪʫ (ʫʟʘʩʪʦʧʥʝ ʙʠʬʫʨʢʘʮʠʿʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ 

ʜʫʞʠʥʘʤʘ ʠ ʟʘʢʨʠʚˀʝʥʦʰ˂ʫ ʢʦʨʦʥʘʨʥʠʭ ʛʨʘʥʘ); ʚ) ɼʝʚʠʿʘʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʦʜ 

ʨʝʬʝʨʝʥʪʥʝ ʛʝʦʤʝʪʨʠʿʝ. 

                                                 
20

 ʊʘʿ ʜʝʦ ʿʝ ʜʝʣʠʤʠʯʥʦ ʙʠʦ ʚʘʥ ʧʨʦʬʠʣʘ ʠʩʧʫˁʝʥʦʛ ʤʘʪʝʨʠʿʘʣʦʤ ʟʘ ʬʠʢʩʠʨʘˁʝ ʬʘʥʪʦʤʘ, ʪʘʢʦ ʜʘ ʩʫ 

ʥʝʧʦʜʫʜʘʨʘˁʘ ʨʝʟʫʣʪʘʪʘ ʥʘ ʪʦʤ ʤʝʩʪʫ ʤʦʛʣʘ ʥʘʩʪʘʪʠ ʠ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʦʤʝʨʘˁʘ ʬʘʥʪʦʤʘ 

ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʘʪʘ. 
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ɼʨʫʛʠ, ʛʝʦʤʝʪʨʠʿʩʢʠ ʢʦʤʧʣʝʢʩʥʠʿʠ, ʧʨʠʤʝʨ ʿʝʩʪʝ ʉʢʫʧ ʧʦʜʘʪʘʢʘ I ʧʨʠʢʘʟʘʥ ʥʘ 

ʉʣʠʮʠ 3.17. ʋ ʧʠʪʘˁʫ ʿʝ ʬʘʥʪʦʤ ʣʝʚʝ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʩʘ ʢʦʤʧʣʝʢʩʥʠʤ ʚʘʩʢʫʣʘʨʥʠʤ 

ʩʪʘʙʣʦʤ ʩʘʩʪʘʚˀʝʥʠʤ ʦʜ ʚʠʰʝ ʧʦʚʝʟʘʥʠʭ ʙʠʬʫʨʢʘʮʠʿʘ. ʄʘʢʩʠʤʘʣʥʘ ʜʝʚʠʿʘʮʠʿʘ 

ʧʦʚʨʰʠʥʝ ʿʝ 2.7/-1.80mm, ʜʦʢ ʿʝ ʧʨʦʩʝʯʥʘ ʜʝʚʠʿʘʮʠʿʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʦʜ ʨʝʬʝʨʝʥʪʥʝ 

ʛʝʦʤʝʪʨʠʿʝ 0.233 ʠ -0.202mm ʩʘ ʩʪʘʥʜʘʨʜʥʦʤ ʜʝʚʠʿʘʮʠʿʦʤ ʦʜ 0.318mm (ʉʣʠʢʘ 3.17-ʚ). ʋ 

ʧʨʘʢʩʠ, ʢʣʠʥʠʯʘʨʠ ʩʫ ʫʛʣʘʚʥʦʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʛʣʘʚʥʠʭ ʛʨʘʥʘ ʢʦʿʝ 

ʩʫ ʧʨʝʜʤʝʪ ʢʣʠʥʠʯʢʠʭ ʠʥʪʝʨʚʝʥʮʠʿʘ ʠ ʪʨʝʪʤʘʥʘ. ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʪʦ, ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ 

ʨʘʟʤʘʪʨʘʥʦ ʩʚʠʭ 19 ʛʨʘʥʘ ʬʘʥʪʦʤʘ (ʩʝʛʤʝʥʪʘʮʠʿʘ ʠ ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʿʝ ʠʟʚʨʰʝʥʘ ʥʘ 

ʦʩʥʦʚʫ ʫʧʫʪʩʪʚʘ ʠʟ ʉʝʢʮʠʿʝ 3.3), ʢʘʢʦ ʙʠ ʩʝ ʙʦˀʝ ʦʜʨʝʜʠʣʝ ʧʝʨʬʦʨʤʘʥʩʝ ʧʨʝʜʣʦʞʝʥʠʭ 

ʤʝʪʦʜʘ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʫʛʘʦ ʧʦʩʤʘʪʨʘˁʘ-ʧʨʦʿʝʢʮʠʿʝ ʥʠʿʝ ʦʧʪʠʤʘʣʘʥ ʟʘ ʩʚʘʢʫ ʛʨʘʥʫ 

ʢʦʨʦʥʘʨʥʦʛ ʩʪʘʙʣʘ. ʉʘ ʉʣʠʢʝ 3.17-ʘ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʜʦʙʨʦ ʧʦʢʣʘʧʘˁʝ ʨʝʟʫʣʪʘʪʘ ʩʘ 

ʨʝʬʝʨʝʥʪʥʦʤ ʛʝʦʤʝʪʨʠʿʦʤ ʜʦʙʠʿʝʥʦ ʟʘ ʣʝʚʫ ʛʣʘʚʥʫ (ʝʥʛʣ. Left Main ï LM), 

ʩʠʨʢʫʤʬʣʝʢʩʥʫ (ʝʥʛʣ. Proximal circumflex ï LCx) ʠ ʧʨʦʢʩʠʤʘʣʥʫ ʣʝʚʫ ʩʠʣʘʟʥʫ (ʝʥʛʣ. 

Proximal left anterior descending LAD). ʇʨʠʤʝʨ ʜʚʝ ʫʟʘʩʪʦʧʥʝ ʙʠʬʫʨʢʘʮʠʿʝ ʩʘ ʤʘʣʠʤ 

ʜʠʿʘʤʝʪʨʠʤʘ ʠ ʚʝʣʠʢʦʤ ʟʘʢʨʠʚˀʝʥʦʰ˂ʫ ʿʝ ʦʟʥʘʯʝʥ ʧʨʘʚʦʫʛʘʦʥʠʢʦʤ ʥʘ ʉʣʠʮʠ 3.17-ʙ. ʋ 

ʪʘʢʚʦʿ ʩʠʪʫʘʮʠʿʠ, ʜʝʚʠʿʘʮʠʿʘ ʜʦʙʠʿʝʥʝ ʛʝʦʤʝʪʨʠʿʝ ʦʜ ʨʝʬʝʨʝʥʪʥʝ ʿʝ ʧʦʚʝ˂ʘʥʘ ʫʩʣʝʜ 

ʥʝʢʦʣʠʢʦ ʬʘʢʪʦʨʘ. ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ, ʩʝʛʤʝʥʪʘʮʠʿʘ ʪʘʢʚʠʭ ʨʝʛʠʿʘ (ʩʘʩʪʘʚˀʝʥʠʭ ʦʜ 

ʚʠʰʝ ʫʟʘʩʪʦʧʥʠʭ ʛʨʘʥʘ ʨʘʟʣʠʯʠʪʠʭ ʜʫʞʠʥʘ ʠ ʩʪʝʧʝʥʘ ʟʘʢʨʠʚˀʝʥʦʩʪʠ) ʿʝ ʧʦʜʣʦʞʥʠʿʘ 

ʛʨʝʰʢʘʤʘ. ʄʝʹʫʪʠʤ, ʫ ʢʦʥʢʨʝʥʪʦʤ ʩʣʫʯʘʿʫ ʟʘ ʉʢʫʧ ʧʦʜʘʪʘʢʘ I (ʨʝʬʝʨʝʥʪʥʘ 

ʩʝʛʤʝʥʪʘʮʠʿʘ ʿʝ ʙʠʣʘ ʧʦʟʥʘʪʘ) ʩʤʘˁʝʥʘ ʪʘʯʥʦʩʪ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʢʦʤʧʣʝʢʩʥʦʩʪʠ 

ʧʦʩʪʘʚˀʘˁʘ ʪʘʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʘʨʘʤʝʪʨʝ ʧʦʤʝʥʫʪʝ ʪʦʢʦʤ ʦʧʠʩʘ ʤʝʪʦʜʘ. ɿʙʦʛ ʪʦʛʘ, 

ʙʠʪʥʦ ʿʝ ʧʦʥʦʚʠʪʠ ʜʘ ʪʘʯʥʦʩʪ ʤʦʞʝ ʜʘ ʚʘʨʠʨʘ, ʠ ʜʘ ʩʝ ʧʦʚʝ˂ʘ, ʧʘʞˀʠʚʠʿʠʤ 

ʧʦʩʪʘʚˀʘˁʝʤ ʧʦʤʝʥʫʪʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʩʚʘʢʫ ʦʜ ʛʨʘʥʘ (ʠʣʠ ʛʨʫʧʫ ʛʨʘʥʘ ʫ ʟʘʚʠʥʩʦʩʪʠ 

ʦʜ ʜʫʞʠʥʝ, ʟʘʢʨʠʚˀʝʥʦʩʪʠ ʠʪʜ.). 
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4. ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ 

ʬʫʟʠʿʦʤ ʩʥʠʤʘʢʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʦʥʘʨʥʦʤ ʘʥʛʠʦʛʨʘʬʠʿʦʤ ʠ 

ʠʥʪʨʘʚʘʩʢʫʣʘʨʥʠʤ ʫʣʪʨʘʟʚʫʢʦʤ: ʇʨʠʤʝʥʘ ʟʘ ʤʦʜʝʣʠʨʘˁʝ 

ʨʝʩʪʝʥʦʟʝ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ 

ʋ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ ʿʝ ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʣʫʤʝʥʘ ʂɸ 

(ʢʦʨʠʰ˂ʝˁʝʤ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ), ʥʘ ʦʩʥʦʚʫ ʯʠʿʝʛ ʩʫʞʝˁʘ ʩʝ ʤʦʞʝ ʜʝʪʝʢʪʦʚʘʪʠ 

ʧʨʠʩʫʩʪʚʦ ʙʦʣʝʩʪʠ. ʄʝʹʫʪʠʤ, ʟʘ ʧʨʝʮʠʟʥʠʿʫ ʢʚʘʥʠʪʠʬʠʢʘʮʠʿʫ ʙʦʣʝʩʪʠ ʂɸ ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʠʤʘʪʠ ʫʚʠʜ ʠ ʫ ʤʦʨʬʦʣʦʛʠʿʫ-ʩʘʜʨʞʘʿ ʩʘʤʦʛ ʟʠʜʘ. ʇʦʜ ʟʜʨʘʚʦʤ ʂɸ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʜʘ ʿʝ 

ˁʝʥ ʟʠʜ ʩʘʩʪʘʚˀʝʥ ʦʜ ʪʨʠ
21

 ʩʣʦʿʘ (ʉʣʠʢʘ 4.1-ʘ): (1) ʀʥʪʠʤʘ ʿʝ ʩʣʦʿ ʜʦ ʣʫʤʝʥʘ ʠ ʩʘʩʪʦʿʠ 

ʩʝ ʦʜ ʝʥʜʦʪʝʣʘ (ʝʥʛʣ. Endothelium), ʢʦʿʠ ʩʣʫʞʠ ʢʘʦ ʩʝʣʝʢʪʠʚʥʘ ʤʝʤʙʨʘʥʘ ʟʘ ʨʘʟʤʝʥʫ 

ʯʝʩʪʠʮʘ ʠʟʤʝʹʫ ʢʨʚʠ ʠ ʟʠʜʘ ʂɸ; (2) ʄʝʜʠʘ ʿʝ ʩʨʝʜʠʰˁʠ ʩʣʦʿ ʩʘʩʪʘʚˀʝʥ ʦʜ ʛʣʘʪʢʠʭ 

ʤʠʰʠ˂ʘ (ʝʥʛʣ. Smooth muscle), ʢʦʿʠ ʩʚʦʿʠʤ ʢʦʥʪʨʘʢʮʠʿʘʤʘ ʩʤʘˁʫʿʫ-ʧʦʚʝ˂ʘʚʘʿʫ ʧʨʝʯʥʠʢ 

ʂɸ ʠ ʪʘʢʦ ʨʝʛʫʣʠʰʫ ʢʨʚʥʠ ʧʨʠʪʠʩʘʢ; (3) ɸʜʚʝʥʪʠʮʠʘ ʿʝ ʩʘʩʪʘʚˀʝʥʘ ʦʜ ʣʦʥʛʠʪʫʜʠʥʘʣʥʦ 

ʨʘʩʧʦʨʝʹʝʥʠʭ ʢʦʣʘʛʝʥʠʭ ʚʣʘʢʘʥʘ (ʝʥʛʣ. Collagen fibres), ʢʦʿʠ ʩʣʫʞʝ ʢʘʦ ʧʦʪʧʦʨʘ ʠ 

ʟʘʰʪʠʪʘ [111]. 

 

ʉʣʠʢʘ 4.1 ʇʨʦʤʝʥʝ ʟʠʜʘ ʂɸ ʪʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʬʘʟʘ ʨʘʟʚʦʿʘ ʙʦʣʝʩʪʠ: ʘ) ʄʦʨʬʦʣʦʛʠʿʘ 

ʟʠʜʘ ʂɸ
22

 (ʙʝʣʦʤ ʩʪʨʝʣʠʮʦʤ ʿʝ ʦʙʝʣʝʞʝʥ ʢʘʣʮʠʿʫʤʩʢʠ ʧʣʘʢ); ʙ) ʇʨʦʛʨʝʩʠʿʘ ʙʦʣʝʩʪʠ 

(ʞʫʪʘ ʙʦʿʘ) ʪʦʢʦʤ ʚʨʝʤʝʥʘ; ʚ-ʜ) ʈʝʩʪʝʥʦʟʘ ʂɸ: ʚ) ʆʙʦʣʝʣʘ ʂɸ; ʛ) ʂɸ ʩʘ ʫʛʨʘʹʝʥʠʤ 

ʩʪʝʥʪʦʤ; ʜ) ʈʝʩʪʝʥʦʟʘ ʂɸ ʩʘ ʫʛʨʘʹʝʥʠʤ ʩʪʝʥʪʦʤ. 

                                                 
21

 ʋ ʤʝʜʠʮʠʥʩʢʦʿ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʨʘʟʤʘʪʨʘ ʚʠʰʝ ʧʦʜʩʣʦʿʝʚʘ ʠ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʯʠʥʝ ʟʠʜ ʂɸ [121]. ʋ 

ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʥʘʚʝʜʝʥʘ ʪʨʠ ʦʩʥʦʚʥʘ ʩʣʦʿʘ ʟʠʜʘ ʂɸ, ʢʦʿʠ ʩʫ ʜʦʚʦˁʥʠ ʟʘ ʜʘˀʝ ʥʫʤʝʨʠʯʢʦ 

ʤʦʜʝʣʠʨʘˁʝ ʧʨʦʛʨʝʩʠʿʝ ʧʣʘʢʘ. ʉʣʦʿ ʣʫʤʝʥ-ʠʥʪʠʤʘ ʩʝ ʩʤʘʪʨʘ Ăʫʥʫʪʨʘʰˁʦʤ ʠʚʠʮʦʤ ʟʠʜʘñ ʘ ʩʣʦʿ ʤʝʜʠʘ-

ʘʜʚʝʥʪʠʮʠʘ Ăʩʧʦˀʘʰˁʦʤ ʠʚʠʮʦʤ ʟʠʜʘñ ʂɸ. 
22

 ʉʣʠʢʘ 4.1-ʘ ʜʦʣʝ ʿʝ ʧʨʝʫʟʝʪʘ ʠʟ ʣʠʪʝʨʘʪʫʨʝ J Am Coll Cardiol. 2014 Jun 3;63(21):2220-33 
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4.1. ʈʝʩʪʝʥʦʟʘ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ 

ʉʘʤ ʧʨʦʮʝʩ ʨʘʟʚʦʿʘ ʙʦʣʝʩʪʠ ʂɸ ʟʘʧʦʯʠˁʝ
23

 ʬʦʨʤʠʨʘˁʝʤ ʢʦʨʦʥʘʨʥʦʛ ʧʣʘʢʘ
24

 ʫ ʩʣʦʿʫ 

ʠʥʪʠʤʘ-ʤʝʜʠʘ (ʀʄ), ʘʢʫʪʥʦʤ ʠ ʭʨʦʥʠʯʥʦʤ ʦʧʩʪʨʫʢʮʠʿʦʤ ʟʠʜʘ ʢʨʚʥʦʛ ʩʫʜʘ, 

ʧʦʨʝʤʝ˂ʝʥʠʤ ʧʨʦʪʦʢʦʤ ʢʨʚʠ, ʩʤʘˁʝʥʦʤ ʦʢʩʠʛʝʥʘʮʠʿʦʤ ʠ ʥʘ ʢʨʘʿʫ ʩʝ ʟʘʚʨʰʘʚʘ ʧʫʮʘˁʝʤ 

ʟʠʜʘ ʘʨʪʝʨʠʿʝ ʠ ʩʨʯʘʥʠʤ ʫʜʘʨʦʤ ʢʘʦ ʬʘʪʘʣʥʠʤ ʠʩʭʦʜʦʤ ʙʦʣʝʩʪʠ (ʉʣʠʢʘ 4.1-ʘ-ʚ) [20, 

112]. ʂʘʢʦ ʙʠ ʩʝ ʢʦʜ ʢʨʠʪʠʯʥʠʭ ʩʣʫʯʘʿʝʚʘ ʩʧʨʝʯʠʣʦ ʜʘˀʝ ʥʘʧʨʝʜʦʚʘˁʝ ʙʦʣʝʩʪʠ ʠ 

ʩʫʞʘʚʘˁʝ ʟʠʜʘ ʂɸ, ʨʘʟʚʠʿʝʥʠ ʩʫ ʞʠʯʘʥʠ ʫʨʝʹʘʿʠ ï ʩʪʝʥʪʦʚʠ
25

 (ʝʥʛʣ. Stent) [10]. 

ʐʠʨʝˁʝʤ ʢʨʚʥʦʛ ʩʫʜʘ ʥʘ ʥʦʨʤʘʣʥʫ ʚʝʣʠʯʠʥʫ, ʩʪʝʥʪʦʚʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʥʝʩʤʝʪʘʥ ʧʨʦʪʦʢ 

ʢʨʚʠ ʠ ʜʘˀʝ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʂɸ (ʉʣʠʢʘ 4.1-ʛ). 

ʄʝʹʫʪʠʤ, ʠ ʧʦʨʝʜ ʫʛʨʘʜˁʝ ʩʪʝʥʪʦʚʘ, ʯʝʩʪʘ ʿʝ ʧʦʿʘʚʘ ʜʘ ʥʘʢʦʥ ʥʝʢʦʛ ʚʨʝʤʝʥʘ ʜʦʹʝ ʜʦ 

ʦʜʨʝʹʝʥʦʛ ʥʘʧʨʝʜʦʚʘˁʘ ʙʦʣʝʩʪʠ ʂɸ ï ʨʝʩʪʝʥʦʟʝ [113, 114]. ʈʝʩʪʝʥʦʟʘ ʢʦʨʦʥʘʨʥʠʭ 

ʘʨʪʝʨʠʿʘ (ʈʂɸ) ʜʘʢʣʝ ʧʨʝʜʩʪʘʚˀʘ ʧʦʥʦʚʥʦ ʩʫʞʘʚʘˁʝ ʣʫʤʝʥʘ ʘʨʪʝʨʠʿʝ ʩʘ ʚʝ˂ ʫʛʨʘʹʝʥʠʤ 

ʩʪʝʥʪʦʤ (ʉʣʠʢʘ 4.1-ʜ). ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʠʟʘʿʥʘ ʩʪʝʥʪʘ ʠ ʨʝʘʢʮʠʿʝ ʧʘʮʠʿʝʥʪʘ ʥʘ 

ʪʝʨʘʧʠʿʫ, ʈʂɸ ʩʝ ʿʘʚˀʘ ʫ 5-25% ʩʣʫʯʘʿʝʚʘ ʰʪʦ ʫʢʫʧʘʥ ʧʨʦʙʣʝʤ ʯʠʥʠ ʢʦʤʧʣʠʢʦʚʘʥʠʤ ʠ 

ʢʣʠʥʠʯʢʠ ʚʝʦʤʘ ʟʥʘʯʘʿʥʠʤ [115, 116]. ʂʣʠʥʠʯʢʠʤ ʩʪʫʜʠʿʘʤʘ ʿʝ ʜʦʢʘʟʘʥʦ ʜʘ ʥʘ ʥʘʩʪʘʥʘʢ 

ʠ ʧʨʦʛʨʝʩʠʿʫ ʙʦʣʝʩʪʠ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ ʫʪʠʯʝ ʚʠʰʝ ʬʠʟʠʦʣʦʰʢʠʭ ʬʘʢʪʦʨʘ, ʤʝʹʫ 

ʢʦʿʠʤʘ ʩʫ ʠ ʥʘʚʠʢʝ ʯʦʚʝʢʘ (ʠʩʭʨʘʥʘ, ʬʠʟʠʯʢʘ ʘʪʢʠʚʥʦʩʪ), ʬʠʟʠʦʣʦʰʢʝ ʧʨʝʜʠʩʧʦʟʠʮʠʿʝ 

(ʛʝʥʝʪʠʢʘ, ʥʘʩʣʝʜʥʠ ʬʘʢʪʦʨ, ʢʦʥʩʪʠʪʫʮʠʿʘ) ʢʘʦ ʠ ʥʝʢʝ ʥʝʧʨʝʜʚʠʹʝʥʝ ʦʢʦʣʥʦʩʪʠ (ʩʪʨʝʩ, 

ʨʝʘʢʮʠʿʘ ʥʘ ʩʧʦˀʘʰˁʝ ʫʩʣʦʚʝ, ʣʝʢʦʚʝ ʠ ʩʣʠʯʥʦ) [117]. 

ʉʘ ʘʩʧʝʢʪʘ ʙʠʦʤʝʭʘʥʠʢʝ, ʠʟʫʯʘʚʘˁʝ ʈʂɸ ʩʝ ʙʘʟʠʨʘ ʥʘ ʤʦʜʝʣʠʨʘˁʫ ʬʠʟʠʯʢʠʭ 

ʚʝʣʠʯʠʥʘ (ʙʨʟʠʥʘ, ʧʨʠʪʠʩʢʘ ʠ ʧʨʦʪʦʢʘ ʢʨʚʠ, ʩʠʣʘ ʠ ʥʘʧʦʥʘ ʫ ʟʠʜʫ, ʢʘʦ ʠ ʪʨʘʥʩʬʝʨʘ 

ʯʝʩʪʠʮʘ ʠʟ ʢʨʚʠ ʫ ʟʠʜ ʂɸ) ʢʦʿʝ ʩʝ ʨʘʟʚʠʿʘʿʫ ʠ ʤʝˁʘʿʫ ʧʦʜ ʫʪʠʮʘʿʝʤ ʧʨʝʪʭʦʜʥʦ 

ʧʦʤʝʥʫʪʠʭ ʬʠʟʠʦʣʦʰʢʠʭ ʬʘʢʪʦʨʘ [19, 118]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʘ 

ʫ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʧʦʢʘʟʘʣʘ ʩʫ ʜʘ ʧʦʩʪʦʿʠ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ 

ʟʦʥʘ ʩʘ ʤʘʣʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʩʤʠʯʫ˂ʠʭ ʥʘʧʦʥʘ ʥʘ ʟʠʜʫ ʢʨʚʥʦʛ ʩʫʜʘ ʠ ʧʨʦʮʝʩʘ ʨʘʟʚʦʿʘ ʠ 

ʥʘʧʨʝʜʦʚʘˁʘ ʙʦʣʝʩʪʠ [118]. ʇʦʚʝʟʠʚʘˁʝʤ ʪʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʪʚʨʹʝʥʠʭ ʟʘʢʦʥʠʪʦʩʪʠ 

ʩʘ ʤʘʪʝʤʘʪʠʯʢʠʤ ʤʦʜʝʣʠʤʘ ʩʪʨʫʿʘˁʘ ʢʨʚʠ ʠ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʟʠʜʦʤ ʘʨʪʝʨʠʿʝ ʤʦʛʫ˂ʝ ʿʝ, ʫʟ 

ʦʜʨʝʹʝʥʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ, ʠʟʨʘʯʫʥʘʪʠ ʚʨʝʜʥʦʩʪʠ ʬʠʟʠʯʢʠʭ ʚʝʣʠʯʠʥʘ ʢʦʿʝ ʩʝ ʥʝ ʤʦʛʫ 

ʠʟʤʝʨʠʪʠ ʫ ʢʣʠʥʠʯʢʠʤ ʫʩʣʦʚʠʤʘ (in-vivo) ʠʣʠ ʩʝ ʚʨʣʦ ʪʝʰʢʦ ʨʝʰʘʚʘʿʫ ʘʥʘʣʠʪʠʯʢʠʤ 

ʧʫʪʝʤ [119-123]. ʇʨʠʣʠʢʦʤ ʨʘʟʤʘʪʨʘˁʘ ʨʝʩʪʝʥʦʟʝ ʟʘ ʦʜʨʝʹʝʥʦʛ ʧʘʮʠʿʝʥʪʘ, ʪʘʯʥʦʩʪ 

ʜʦʙʠʿʝʥʠʭ ʥʫʤʝʨʠʯʢʠʭ ʨʝʟʫʣʪʘʪʘ ʟʘʚʠʩʠ ʦʜ: (1) ʥʠʚʦʘ ʜʝʪʘˀʘ ʢʦʿʠ ʩʝ ʤʦʜʝʣʠʨʘʿʫ (ʰʪʦ 

                                                 
23

 ʉʤʘʪʨʘ ʩʝ ʜʘ ʩʫ ʂɸ ʧʨʦʩʝʯʥʦʛ ʯʦʚʝʢʘ ʟʜʨʘʚʝ ʜʦ ʪʨʠʜʝʩʝʪʝ ʛʦʜʠʥʝ, ʥʘʢʦʥ ʪʦʛʘ ʧʦʩʣʝʜʠʮʝ ʞʠʚʦʪʥʠʭ 

ʥʘʚʠʢʘ ʠ ʛʝʥʝʪʩʢʠʭ ʧʨʝʜʠʩʧʦʟʠʮʠʿʘ ʧʦʯʠˁʫ ʜʘ ʫʪʠʯʫ ʥʘ ʨʘʟʚʦʿ ʠ ʙʨʟʠʥʫ ʧʨʦʛʨʝʩʠʿʝ ʙʦʣʝʩʪʠ ʂɸ [20]. 
24

 ʂʦʨʦʥʘʨʥʠ ʧʣʘʢʦʚʠ ʩʫ ʚʝʦʤʘ ʭʝʪʝʨʦʛʝʥʦʛ ʩʘʩʪʘʚʘ. ʋ ʤʝʜʠʮʠʥʩʢʦʿ ʣʠʪʝʨʘʪʫʨʠ ʧʦʩʪʦʿʠ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʧʣʘʢʦʚʘ: ʬʠʙʨʦʟʥʠ, ʢʘʣʮʠʿʫʤʩʢʠ, ʣʠʧʠʜʥʠ ʠ ʜʨ. [112]. ʋ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ ʧʦʜ ʨʘʟʚʦʿʝʤ ʧʣʘʢʘ ʩʤʘʪʨʘ ʰʠʨʝˁʝ ʟʠʜʘ (ʪʿ. ʩʢʫʧˀʘˁʝ ʣʫʤʝʥʘ), ʙʝʟ ʫʣʘʞʝˁʘ ʫ 

ʬʠʟʠʦʣʦʰʢʝ ʧʨʦʤʝʥʝ ʤʘʪʝʨʠʿʘʣʥʦʛ ʩʘʩʪʘʚʘ ʟʠʜʘ ʂɸ ʢʦʿʝ ʩʝ ʧʨʠ ʪʦʤʝ ʜʝʰʘʚʘʿʫ. 
25

 ʉʪʝʥʪʦʚʠ ʩʫ ʜʝʪʘˀʥʠʿʝ ʨʘʟʤʘʪʨʘʥʠ ʫ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ. 
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ʟʘʭʪʝʚʘ ʚʝ˂ʫ ʢʦʤʧʿʫʪʝʨʩʢʫ ʤʦ˂) ʠ (2) ʪʘʯʥʦʩʪʠ ʨʘʟʤʘʪʨʘʥʝ ʛʝʦʤʝʪʨʠʿʝ ʠ ʤʘʪʝʨʠʿʘʣʥʠʭ 

ʢʘʨʘʪʝʨʠʩʪʠʢʘ ʢʦʿʠ ʩʫ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʩʚʘʢʦʛ ʧʘʮʠʿʝʥʪʘ (ʰʪʦ ʟʘʚʠʩʠ ʦʜ ʢʚʘʣʠʪʝʪʘ ʩʘʤʠʭ 

ʩʣʠʢʘ ʠ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʂɸ ʠʟ ˁʠʭ). ʇʦʿʘʚʦʤ ʩʫʧʝʨʢʦʤʧʿʫʪʝʨʘ ʠ 

ʧʘʨʘʣʝʣʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʧʨʚʠ ʧʨʦʙʣʝʤ ʧʘʦ ʿʝ ʫ ʜʨʫʛʠ ʧʣʘʥ, ʠ ʪʨʝʥʫʪʥʦ ʚʝ˂ʫ ʧʨʝʧʨʝʢʫ 

ʟʘ ʜʘˀʠ ʥʘʧʨʝʜʘʢ ʫ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʠʿʘˁʝ-ʨʝʢʦʥʩʪʨʫʠʩʘˁʝ ʨʝʘʣʥʠʭ ʛʝʦʤʝʪʨʠʿʘ 

ʂɸ ʠʟ ʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ [124, 125]. 

 

ʉʣʠʢʘ 4.2 ʀʥʪʨʘʚʘʩʢʫʣʘʨʥʠ ʫʣʪʨʘʟʚʫʢ: ʘ-ʙ) ʋʧʨʦʰ˂ʝʥʘ ʩʢʠʮʘ IVUS ʢʘʪʝʪʝʨʘ ʠ 

ʧʨʠʥʮʠʧ ʛʝʥʝʨʠʩʘˁʘ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʂɸ; ʚ) ʃʦʥʛʠʪʫʜʠʥʘʣʥʠ ʧʨʝʩʝʢ IVUS 

ʩʥʠʤʘʢʘ ʩʘʯʫʚʘʥʠʭ ʫ DICOM-ʫ; ʛ) ʇʨʠʤʝʨʠ
26

 IVUS ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʭʠʩʪʦʣʦʰʢʠʭ 

ʩʥʠʤʘʢʘ ʂɸ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʧʣʘʢʘ. 

 

4.2. ʀʥʪʨʘʚʘʩʢʫʣʘʨʥʠ ʫʣʪʨʘʟʚʫʢ ï IVUS 

ɼʠʿʘʛʥʦʩʪʠʢʦʚʘˁʝ ʠ ʪʨʝʪʠʨʘˁʝ ʦʙʦʣʝʣʠʭ ʂɸ ʩʝ ʚʨʰʠ ʥʘ ʦʩʥʦʚʫ ʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ 

ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʘʣʠʪʝʪʘ (ʧʦʛʣʘʚˀʝ 2.2). ʀʘʢʦ ʠ ʜʘˀʝ 

ʧʨʝʜʩʪʘʚˀʘ ʟʣʘʪʥʠ ʩʪʘʥʜʘʨʜ ʟʘ ʜʝʪʝʢʮʠʿʫ ʠ ʣʝʯʝˁʝ ʙʦʣʝʩʪʠ ʂɸ, ʢʦʨʦʥʘʨʥʘ 

                                                 

26 ʉʣʠʢʘ 4.2-ʛ ʿʝ ʧʨʝʫʟʝʪʘ ʠʟ ʣʠʪʝʨʘʪʫʨʝ Pu et al. (2014) doi: 10.1016/j.jacc.2014.02.576. 
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ʘʥʛʠʦʛʨʘʬʠʿʘ ʥʝ ʦʤʦʛʫ˂ʘʚʘ ʫʚʠʜ ʫ ʧʨʦʛʨʝʩ ʙʦʣʝʩʪʠ ʫʥʫʪʘʨ ʟʠʜʘ ʂɸ ï ʚʝ˂ ʩʘʤʦ 

ʜʝʪʝʢʮʠʿʫ ʩʫʞʝˁʘ ʥʘ ʦʩʥʦʚʫ ʧʨʦʿʝʢʮʠʿʝ ʩʠʣʫʝʪʝ ʣʫʤʝʥʘ [126]. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, 

ʢʦʨʠʰ˂ʝˁʝ ʩʘʤʦ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʛʨʝʰʢʝ ʧʨʠ 

ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʫ ʜʝʣʦʚʘ ʂɸ ʢʦʿʠ ʩʫ ʩʢʣʦʥʠ ʨʫʧʪʫʨʠ ʟʠʜʘ ʪʿ. ʚʫʣʥʝʨʘʙʠʣʥʠʭ ʧʣʘʢʦʚʘ
27

 

(ʝʥʛʣ. Vulnerable plaques) [127]. ɼʘ ʙʠ ʩʝ ʪʘʿ ʧʨʦʙʣʝʤ ʧʨʝʚʘʟʠʰʘʦ, ʠ ʦʤʦʛʫ˂ʠʣʘ 

ʧʨʝʮʠʟʥʠʿʘ ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʠ ʤʝʨʝˁʝ ʢʘʢʦ ʣʫʤʝʥʘ ʪʘʢʦ ʠ ʟʠʜʘ ʢʨʚʥʦʛ ʩʫʜʘ, ʨʘʟʚʠʿʝʥ ʿʝ 

ʤʦʜʘʣʠʪʝʪ ʙʘʟʠʨʘʥ ʥʘ ʧʨʠʥʮʠʧʫ ʫʣʪʨʘʟʚʫʢʘ
28

 ʧʦʜ ʥʘʟʠʚʦʤ ʀʥʪʨʘʚʘʩʢʫʣʘʨʥʠ ʫʣʪʨʘʟʚʫʢ 

(ʝʥʛʣ. IntraVascular UltraSound ï IVUS) [9]. 

4.2.1 ʇʨʠʥʮʠʧ ʛʝʥʝʨʠʩʘˁʘ ʩʣʠʢʝ ʧʦʤʦ˂ʫ IVUS-ʘ 

ʂʦʨʦʥʘʨʥʘ ʘʥʛʠʦʛʨʘʬʠʿʘ ʠ IVUS ʩʫ ʜʚʝ ʢʦʤʧʣʝʤʝʥʪʘʨʥʝ ʤʝʪʦʜʝ ʩʥʠʤʘˁʘ ʂɸ [128]. 

ɸʢʚʠʟʠʮʠʿʘ IVUS ʩʥʠʤʘʢʘ ʩʝ ʪʘʢʦʹʝ ʚʨʰʠ ʢʦʨʠʰ˂ʝˁʝʤ ʢʘʪʝʪʝʨa, ʢʦʿʠ ʩʝ ʧʦʤʦ˂ʫ 

ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ʥʘʚʦʜʠ ʜʦ ʦʙʦʣʝʣʦʛ ʤʝʩʪʘ. ʅʘʢʦʥ ʪʦʛʘ, IVUS ʢʘʪʝʪʝʨ ʩʝ 

(ʫʛʣʘʚʥʦʤ ʘʫʪʦʤʘʪʩʢʠ ʠ ʢʦʥʩʪʘʥʪʥʦʤ ʙʨʟʠʥʦʤ) ʧʦʚʣʘʯʠ ʫʥʘʟʘʜ ʧʨʠ ʯʝʤʫ ʩʝ ʛʝʥʝʨʠʰʝ 

ʥʠʟ ʪʦʤʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ ï ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʂɸ (ʉʣʠʢʘ 4.2-ʘ-ʚ). ʅʘ ʚʨʭʫ IVUS 

ʢʘʪʝʪʝʨʘ ʩʝ ʥʘʣʘʟʠ ʠʟʚʦʨ
29

 ʫʣʪʨʘʟʚʫʯʥʠʭ ʪʘʣʘʩʘ (ʝʥʛʣ. ʊransducer) ʠ ʧʨʠʿʝʤʥʠʢ ʢʦʿʠ 

ʜʝʪʝʢʪʫʿʝ ʨʝʬʣʝʢʪʦʚʘˁʝ ʫʣʪʨʘʟʚʫʯʥʠʭ ʪʘʣʘʩʘ (ʉʣʠʢʘ 4.2-ʘ). ʇʨʠʤˀʝʥʠ ʝʭʦ ʩʝ ʧʦʪʦʤ 

ʢʦʥʚʝʨʪʫʿʝ ʫ ʝʣʝʢʪʨʠʯʥʝ ʩʠʛʥʘʣʝ ʠ ʰʘˀʝ ʥʘ ʝʢʩʪʝʨʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʩʠʛʥʘʣ ʦʙʨʘʹʫʿʝ ʠ 

ʢʦʥʚʝʨʪʫʿʝ ʫ ʜʠʛʠʪʘʣʥʫ ʩʣʠʢʫ. ʂʦʥʢʨʝʪʥʦ, ʮʨʥʦ-ʙʝʣʘ ʩʣʠʢʘ ʢʦʿʘ ʩʝ ʯʫʚʘ ʫ DICOM 

ʬʘʿʣʦʚʠʤʘ ʩʝ ʢʨʝʠʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʝʥʚʝʣʦʧʝ (ʘʤʧʣʠʪʫʜʝ) ʨʘʜʠʦ-ʬʨʝʢʚʝʥʪʥʦʛ ʩʠʛʥʘʣʘ 

(ʉʣʠʢʘ 4.2-ʙ). ʈʘʜʠʦʬʨʝʢʚʝʥʪʥʠ ɸ-ʩʠʛʥʘʣ ʩʝ ʦʙʠʯʥʦ ʜʠʩʢʨʝʪʠʟʫʿʝ ʥʘ 256 ʜʠʩʢʨʝʪʥʠʭ 

ʪʘʯʢʠ
30
, ʧʨʠ ʯʝʤʫ ʩʝ ʫ ʪʦʢʫ ʿʝʜʥʝ ʩʝʢʫʥʜʝ ʥʘʧʨʘʚʠ ʦʢʦ 30 ʩʣʠʢʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʂɸ. 

ʊʦʢʦʤ ʿʝʜʥʦʛ ʩʥʠʤʘˁʘ (ʝʥʛʣ. Pulback) ʦʙʠʯʥʦ ʩʝ ʥʘʧʨʘʚʠ ʚʠʰʝ ʭʠˀʘʜʘ ʩʣʠʢʘ 

(ʣʦʥʛʠʪʫʜʠʥʘʣʥʠ ʧʨʝʩʝʢ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 4.2-ʚ). ʅʘ ʪʘʿ ʥʘʯʠʥ ʢʣʠʥʠʯʘʨʠ ʜʦʙʠʿʘʿʫ 

ʩʥʠʤʢʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʪʦʢʦʤ ʠʥʪʝʨʚʝʥʮʠʿʝ. ʋ ʧʨʘʢʩʠ, IVUS ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ 

ʢʘʦ ʜʠʿʘʛʥʦʩʪʠʯʢʠ ʤʦʜʘʣʠʪʝʪ ʧʨʠʣʠʢʦʤ ʢʦʥʪʨʦʣʝ ʧʘʮʠʿʝʥʪʘ ʩʘ ʫʛʨʘʹʝʥʠʤ ʩʪʝʥʪʦʤ. 

ʅʘ ʉʣʠʮʠ 4.2-ʛ ʜʘʪʠ ʩʫ ʧʨʠʤʝʨʠ ʩʥʠʤʘʢʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʤʦʨʬʦʣʦʛʠʿʝ ʟʠʜʘ KA. Tʚʨʹʘ ʪʢʠʚʘ (ʥʘ ʧʨʠʤʝʨ ʧʣʘʢʦʚʠ ʩʘ ʢʘʣʮʠʿʫʤʦʤ) ʨʝʟʫʣʪʫʿʫ 

ʩʚʝʪʣʠʿʦʤ ʙʦʿʦʤ, ʘʣʠ ʟʘʪʦ ʪʢʠʚʘ ʠʟʘ ˁʠʭ ʦʩʪʘʿʫ ʫ ʩʝʥʮʠ ʠ ʤʘˁʝ ʩʫ ʚʠʜˀʠʚʘ. ʊʘʢʦʹʝ, 

                                                 
27

 ʀʘʢʦ ʧʨʠʨʦʜʘ ʚʫʣʥʝʨʘʙʠʣʥʠʭ ʧʣʘʢʦʚʘ ʠ ʜʘˀʝ ʧʨʝʜʩʪʘʚˀʘ ʥʝʜʦʚʦˀʥʦ ʠʩʪʨʘʞʝʥ ʧʨʦʙʣʝʤ, 

ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʝ ʢʘʨʘʢʪʝʨʠʰʝ ʧʦʩʪʦʿʘˁʝʤ ʠ ʠʟʤʝʰʘʥʦʰ˂ʫ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʪʢʠʚʘ (ʢʘʣʮʠʿʫʤ, 

ʣʠʧʠʜʠ ʠʪʜ.) ʥʘ ʤʝʩʪʫ ʩʫʞʝˁʘ. 
28

 ɿʚʫʯʥʠ ʪʘʣʘʩʠ ʩʘ ʬʨʝʢʚʝʥʮʠʿʦʤ ʚʝ˂ʦʤ ʦʜ 20kHz (ʉʣʠʢʘ 3.1-ʹ). 
29

 ʇʦʩʪʦʿʝ ʜʚʘ ʦʩʥʦʚʥʘ ʪʠʧʘ IVUS ʢʘʪʝʪʝʨʘ: (1) ʩʘ ʿʝʜʥʠʤ ʧʠʝʟʦʝʣʝʢʪʨʠʯʥʠʤ ʠʟʚʦʨʦʤ ʫʣʪʨʘʟʚʫʯʥʠʭ 

ʪʘʣʘʩʘ (ʬʨʝʢʚʝʥʮʠʿʝ 15-25MHz) ʢʦʿʠ ʛʝʥʝʨʠʰʫ ʩʣʠʢʫ ʦʜ 360 ʩʪʝʧʝʥʠ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʂɸ ʪʘʢʦ ʰʪʦ ʩʝ 

ʧʠʝʟʦʝʣʝʢʪʨʠʯʥʠ ʠʟʚʦʨ ʤʝʭʘʥʠʯʢʠ ʨʦʪʠʨʘ ʠ (2) ʩʘ ʚʠʰʝ ʨʘʩʧʦʨʝʹʝʥʠʭ ʠʟʚʦʨʘ (ʬʨʝʢʚʝʥʮʠʿʝ 12-40MHz) 

ʢʦʿʠ ʩʫ ʬʘʟʥʦ ʩʠʥʭʨʦʥʠʟʦʚʘʥʠ ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʙʦˀʫ ʨʝʟʦʣʫʮʠʿʫ ʩʣʠʢʝ ʘʣʠ ʿʝ ʟʘʪʦ ʧʨʠʙʣʠʞʥʦ 15 ʩʪʝʧʝʥʠ 

ʩʣʠʢʝ ʟʘʭʚʘ˂ʝʥʦ ʰʫʤʦʤ-ʩʝʥʢʦʤ ʢʘʪʝʪʝʨʘ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʜʨʫʛʠ ʪʠʧ ʫʨʝʹʘʿʘ, 

ʧʨʦʠʟʚʦʹʘʯʘ Boston Scientific. 
30

 ʅʘ ʉʣʠʮʠ 4.2-ʙ ʿʝ ʙʝʣʦʤ ʙʦʿʦʤ ʩʢʠʮʠʨʘʥʘ ʿʝʜʥʘ ɸ-ʣʠʥʠʿʘ. ɼʘʢʣʝ, ʩʠʛʥʘʣʠ (ɸ-ʣʠʥʠʿʝ) ʩʝ ʠʟ 

ʧʦʣʘʨʥʦʛ ʢʦʦʨʜʠʥʘʪʥʦʛ ʩʠʩʪʝʤʘ 256³360 ʧʠʢʩʝʣʘ ʢʦʥʚʝʨʪʫʿʫ ʫ ʢʚʘʜʨʘʪʥʫ ʩʣʠʢʫ ʜʠʤʝʥʟʠʿʘ 512³512 

ʧʠʢʩʝʣʘ. 
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ʙʠʪʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʢʘʪʝʪʝʨ ʟʘʿʝʜʥʦ ʩʘ ʂɸ ʠʟʣʦʞʝʥ ʩʣʦʞʝʥʠʤ ʧʦʤʝʨʘˁʠʤʘ. ʂʘʦ 

ʧʦʩʣʝʜʠʮʘ, ʩʥʠʤˀʝʥʝ ʩʣʠʢʝ ʠʤʘʿʫ ʜʦʩʪʘ ʰʫʤʦʚʘ ʠ ʥʠʩʫ ʩʠʥʭʨʦʥʠʟʦʚʘʥʝ ʰʪʦ ʩʝ 

ʤʘʥʠʬʝʩʪʫʿʝ ʪʟʚ. ʩʪʝʧʝʥʘʩʪʠʤ (ʝʥʛʣ. Ring down) ʝʬʝʢʪʦʤ ʥʘ ʣʦʥʛʠʪʫʜʠʥʘʣʥʦʤ ʧʨʝʩʝʢʫ 

(ʉʣʠʢʘ 4.2-ʚ). 

4.3. ʇʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʬʦʢʫʩʠʨʘʥʝ ʥʘ ʘʥʘʣʠʟʫ ʠ ʤʦʜʝʣʠʨʘˁʝ 

ʨʝʩʪʝʥʦʟʝ ʂɸ ʢʦʨʠʰ˂ʝˁʝʤ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʠ IVUS ʩʥʠʤʘʢʘ 

ɼʘ ʙʠ ʩʝ ʤʦʜʝʣʠʨʘʣʘ ʧʨʦʛʨʝʩʠʿʘ ʙʦʣʝʩʪʠ ʂɸ ʥʘ ʦʩʥʦʚʫ IVUS ʩʥʠʤʘʢʘ ʧʦʪʨʝʙʥʦ ʿʝ 

ʠʟʚʝʩʪʠ ʥʠʟ ʢʦʨʘʢʘ: (1) ɽʂɻ-ʫʟʦʨʢʦʚʘˁʝ IVUS ʩʣʠʢʘ; (2) ʉʝʛʤʝʥʪʘʮʠʿʫ ʟʠʜʘ ʂɸ; (3) 

ʉʝʛʤʝʥʪʘʮʠʿʫ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʧʫʪʘˁʝ IVUS ʢʘʪʝʪʝʨʘ; (4) ʇʦʟʠʮʠʦʥʠʨʘˁʝ 

ʩʝʛʤʝʥʪʠʨʘʥʠʭ ʢʦʥʪʫʨʘ ʥʘ ʨʝʢʦʥʩʪʨʫʠʩʘʥʫ ʧʫʪʘˁʫ ʢʘʪʝʪʝʨʘ; (5) ɼʠʩʢʨʝʪʠʟʘʮʠʿʫ 

ʜʦʤʝʥʘ ʟʠʜʘ ʠ ʣʫʤʝʥʘ ʂɸ ʠ (6) ʅʫʤʝʨʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʧʨʦʛʨʝʩʠʿʝ ʧʣʘʢʘ. ʂʦʨʘʢ ʧʦʜ 

ʨʝʜʥʠʤ ʙʨʦʿʝʤ ʪʨʠ ʝʢʚʠʚʘʣʝʥʪʘʥ ʿʝ ʤʝʪʦʜʘʤʘ ʦʧʠʩʘʥʠʤ ʫ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ. ʐʪʦ ʩʝ 

ʪʠʯʝ ʧʨʝʦʩʪʘʣʠʭ ʧʝʪ ʢʦʨʘʢʘ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʨʘʟʣʠʯʠʪʠ ʧʨʠʩʪʫʧʠ ʟʘ ˁʠʭʦʚʦ 

ʨʝʰʘʚʘˁʝ. 

ɸʥʘʣʠʟʘ IVUS ʩʣʠʢʘ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ ʪʝʤʧʦʨʘʣʥʫ ʠ ʧʨʦʩʪʦʨʥʫ (ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʨʘʟʣʠʯʠʪʠʭ ʪʢʠʚʘ ʟʠʜʘ ʂɸ). ʊʝʤʧʦʨʘʣʥʘ ʘʥʘʣʠʟʘ ʬʦʢʫʩʠʨʘʥʘ ʿʝ ʥʘ ʢʦʤʧʣʝʢʩʥʫ 

ʜʠʥʘʤʠʢʫ ʂɸ ʠ IVUS-ʘ [129]. ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʜʠʥʘʤʠʯʥʘ ʧʨʠʨʦʜʘ ʂɸ ʠʤʘ ʚʝʣʠʢʠ ʫʪʠʮʘʿ 

ʥʘ ʬʦʨʤʠʨʘˁʝ IVUS ʩʣʠʢʘ, ʢʦʥʢʨʝʪʥʦ, ʨʝʩʧʠʨʘʪʦʨʥʘ ʠ ʩʨʯʘʥʘ ʧʦʤʝʨʘˁʘ ʩʝ ʧʨʝʢʦ ʂɸ 

ʧʨʝʥʦʩʝ ʥʘ IVUS ʢʘʪʝʪʝʨ [130]. ɿʙʦʛ ʪʦʛʘ, ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʥʠʿʝ 

ʢʦʥʪʠʥʫʘʣʥʘ ï ʥʝʛʦ ʩʝ ʩʪʠʯʝ ʫʪʠʩʘʢ ʜʘ ʩʝ ʥʝʢʠ ʬʨʝʿʤʦʚʠ ʧʦʥʘʚˀʘʿʫ, ʜʘ ʩʝ ʩʣʠʢʘ ʨʦʪʠʨʘ, 

ʧʦʤʝʨʘ ʠ ʜʘ ʟʠʜ ʂɸ ʥʠʿʝ ʨʘʚʘʥ ʥʝʛʦ ʩʪʝʧʝʥʘʩʪ (ʉʣʠʢʘ 4.2-ʚ). ɼʘ ʙʠ ʩʝ ʪʘʿ ʝʬʝʢʘʪ 

ʤʠʥʠʤʠʟʦʚʘʦ, ʧʨʝʜʣʦʞʝʥʦ ʿʝ ʦʜʘʙʠʨʘˁʝ ʬʨʝʿʤʦʚʘ ʫ ʪʨʝʥʫʮʠʤʘ ʢʘʜʘ ʂɸ ʠʤʘ ʤʠʥʠʤʘʣʥʘ 

ʧʦʤʝʨʘˁʘ (ʦʙʠʯʥʦ ʢʨʘʿˁʘ-ʜʠʿʘʩʪʦʣʘ). ʌʨʝʿʤʦʚʠ ʢʨʘʿˁʝ-ʜʠʿʘʩʪʦʣʝ ʩʝ ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʘʢʦ 

ʩʝ ʩʠʤʫʣʪʘʥʦ ʩʥʠʤʘ ɽʂɻ ʩʠʛʥʘʣ, ʠʣʠ ʘʢʦ ʩʝ ʢʦʨʠʩʪʝ˂ʠ ɽʂɻ ʩʠʛʥʘʣ ʩʥʠʤʘʿʫ ʩʘʤʦ 

ʬʨʝʿʤʦʚʠ ʥʘ ʦʜʨʝʹʝʥʦʤ ʤʦʤʝʥʪʫ ʩʨʯʘʥʦʛ ʮʠʢʣʫʩʘ. ɼʘ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʥʘʢʥʘʜʥʦ ʨʫʯʥʦ 

ʦʜʘʙʠʨʘˁʝ ʬʨʝʿʤʦʚʘ ʠ ʛʫʙʠʪʘʢ ʬʨʝʿʤʦʚʘ ʠʟʤʝʹʫ ʢʨʘʿˁʠʭ ʜʠʿʘʩʪʦʣʩʢʠʭ ʤʦʤʝʥʘʪʘ, 

ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʤʝʪʦʜʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʨʘʿˁʝ ʜʠʿʘʩʪʦʣʩʢʝ ʬʘʟʝ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ 

ʧʨʦʤʝʥʝ ʙʦʿʝ ʠ ʢʦʥʪʨʘʩʪʘ ʧʠʢʩʝʣʘ ʥʘ IVUS-ʩʣʠʢʘʤʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ [131]. ɼʦʜʘʪʥʦ, 

ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʠ ʪʨʘʥʩʣʘʮʠʿʫ ʠ ʨʦʪʘʮʠʿʫ ʢʘʪʝʪʝʨʘ, ʢʘʢʦ ʙʠ ʩʝ ʢʦʤʧʝʥʟʦʚʘʣʠ 

ʧʦʤʝʥʫʪʠ ʥʝʛʘʪʠʚʥʠ ʝʬʝʢʪʠ ʠ ʜʦʙʠʣʘ ʩʪʘʙʠʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʂɸ [130]. ʐʪʦ ʩʝ ʪʠʯʝ 

ʩʝʛʤʝʥʪʘʮʠʿʝ IVUS ʩʣʠʢʘ, ʨʘʟʚʠʿʝʥʝ ʤʝʪʦʜʝ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʣʫʤʝʥʘ ʠ ʩʣʦʿʘ ʤʝʜʠʘ-

ʘʜʚʝʥʪʠʮʠʘ ʩʝ ʫʛʣʘʚʥʦʤ ʙʘʟʠʨʘʿʫ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʨʘʟʣʠʯʠʪʠʭ ʪʢʠʚʘ ʢʦʤʙʠʥʦʚʘˁʝʤ 

ʪʝʭʥʠʢʘ ʦʙʨʘʜʝ ʩʣʠʢʘ ʠ ʪʝʭʥʠʢʘ ʤʘhʠʥʩʢʦʛ ʫʯʝˁʘ (ʝʥʛʣ. Machine learning) [132, 133]. 

ʉʘ ʘʫʪʦʤʘʪʠʟʘʮʠʿʦʤ ʤʝʪʦʜʘ ʟʘ ʘʥʘʣʠʟʫ IVUS ʩʣʠʢʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʂɸ ʠʟ ʩʣʠʢʘ 

ʜʦʙʠʿʝʥʠʭ ʢʦʨʦʥʘʨʥʦʤ ʘʥʛʠʦʛʨʘʬʠʿʦʤ, ʧʦʿʘʚʠʣʝ ʩʫ ʩʝ ʠ ʤʝʪʦʜʝ ʟʘ ʜʦʙʠʿʘˁʝ 
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ʨʝʘʣʠʩʪʠʯʥʠʭ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʤʦʜʝʣʘ ʂɸ [134-136]. ɻʝʥʝʨʘʣʥʦ, ʮʝʦ ʧʦʩʪʫʧʘʢ ʩʝ 

ʩʚʦʜʠ ʥʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʠʟʜʚʦʿʝʥʠʭ ʢʦʥʪʫʨʘ ʥʘ ʧʘʨʘʤʝʪʘʨʩʢʠ ʜʝʬʠʥʠʩʘʥʫ ʧʫʪʘˁʫ 

ʢʘʪʝʪʝʨʘ, ʧʨʠ ʯʝʤʫ ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʦʨʠʿʝʥʪʘʮʠʿʠ ʧʨʝʩʝʢʘ [96]. ʋʧʦʪʨʝʙʦʤ 

ʜʦʙʠʿʝʥʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʂɸ ʠ ʥʫʤʝʨʠʯʢʠʭ ʤʝʪʦʜʘ [137] ʟʘ ʩʠʤʫʣʠʨʘˁʝ ʧʨʦʪʦʢʘ ʢʨʚʠ, 

ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʧʨʝʮʠʟʥʠʿʠ ʫʚʠʜ ʫ ʪʦʢ ʠ ʧʨʦʛʨʝʩʠʿʫ ʙʦʣʝʩʪʠ ʂɸ [138, 

139]. ʋ ʥʦʚʠʿʠʤ ʩʪʫʜʠʿʘʤʘ ʧʦʩʝʙʥʦ ʿʝ ʥʘʛʣʘʰʝʥʘ ʙʠʪʥʦʩʪ ʩʠʤʫʣʠʨʘˁʘ ʠʥʪʝʨʘʢʮʠʿʝ ʟʠʜʘ 

ʠ ʣʫʤʝʥʘ ʂɸ [140], ʰʪʦ ʿʝ ʿʝʜʥʘ ʦʜ ʧʨʝʜʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦʛ ʧʨʠʩʪʫʧʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ 

ʂɸ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʜʦʙʠʿʘ ʩʝ ʛʝʦʤʝʪʨʠʿʘ ʂɸ ʢʦʿʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʥʫʤʝʨʠʯʢʫ 

ʘʥʘʣʠʟʫ. 

ʄʝʹʫʪʠʤ, ʩʫʧʨʦʪʥʦ ʜʦʙʨʦ ʨʘʟʚʠʿʝʥʠʤ ʤʝʪʦʜʘʤʘ ʟʘ ʥʫʤʝʨʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ 

ʬʠʟʠʯʢʠʭ ʧʨʦʮʝʩʘ, ʤʦʜʝʣʠʨʘˁʝ ʙʠʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ ʿʝ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʥʘ ʠ 

ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʘ ʦʙʣʘʩʪ. ʋ ʣʠʪʝʨʘʪʫʨʠ, ʫʪʠʮʘʿ ʩʪʨʫʿʘˁʘ ʢʨʚʠ ʢʨʦʟ ʣʫʤʝʥ ʂɸ ʥʘ 

ʧʨʦʮʝʩ ʨʘʟʚʦʿʘ ʩʪʝʥʦʟʝ ʠ ʧʣʘʢʘ ʫ ʟʠʜʫ ʿʝ ʤʦʜʝʣʠʨʘʥ ʩʧʨʝʟʘˁʝʤ ʩʤʠʯʫ˂ʠʭ ʥʘʧʦʥʘ 

ʬʣʫʠʜʘ ʩʘ ʪʨʘʥʩʧʦʨʪʦʤ ʯʝʩʪʠʮʘ (ʧʦʧʫʪ LDL ʯʝʩʪʠʮʘ; ʝʥʛʣ. Low-density lipoprotein) ʫ 

ʟʠʜʫ ʘʨʪʝʨʠʿʝ [122, 141-144]. ʋ ʩʢʦʨʠʿʦʿ ʩʪʫʜʠʿʠ, ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʥʫʤʝʨʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ 

ʬʦʨʤʠʨʘˁʘ ʠ ʧʨʦʛʨʝʩʠʿʝ ʧʣʘʢʘ ʂɸ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥʦ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʤʝʩʪʘ ʥʘ 

ʢʦʿʠʤʘ ʜʦʣʘʟʠ ʜʦ ʨʠʟʠʯʥʦʛ ʩʫʞʝˁʘ ʂɸ (ʤʝʩʪʘ ʛʜʝ ʙʠ ʪʨʝʙʘʣʦ ʫʛʨʘʜʠʪʠ ʩʪʝʥʪ) [145]. 

ʉʫʧʨʦʪʥʦ ʪʦʤʝ, ʧʦʣʘʟʥʘ ʪʘʯʢʘ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝʩʪʝ ʪʨʝʥʫʪʘʢ ʥʝʧʦʩʨʝʜʥʦ 

ʥʘʢʦʥ ʫʛʨʘʜˁʝ ʩʪʝʥʪʘ ï ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʚʨʰʠ ʤʦʥʠʪʦʨʠʥʛ ʠ ʤʦʜʝʣʠʨʘˁʝ ʧʨʦʛʨʝʩʠʿʝ 

ʙʦʣʝʩʪʠ ʥʘʨʝʜʥʠʭ ʰʝʩʪ ʤʝʩʝʮʠ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʩʘʤʦʛ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʠʨʘˁʘ ʈʂɸ ʠ ʨʠʟʠʢʘ ʦʜ ʈʂɸ, ʣʠʪʝʨʘʪʫʨʘ ʩʝ 

ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ ʩʪʫʜʠʿʝ ʙʘʟʠʨʘʥʝ ʥʘ ʤʦʜʝʣʠʨʘˁʫ: ʭʝʤʦʜʠʥʘʤʠʢʝ ʂɸ ʥʘʢʦʥ ʫʛʨʘʜˁʝ 

ʩʪʝʥʪʘ (ʍʇ ʧʨʠʩʪʫʧ) [118, 146, 147] ʠ ʤʝʭʘʥʠʢʝ ʫʛʨʘʜˁʝ ʩʪʝʥʪʘ (ʄʇ ʧʨʠʩʪʫʧ) [148-

151]. ʄʇ ʧʨʠʩʪʫʧ ʿʝ ʬʦʢʫʩʠʨʘʥ ʥʘ ʠʩʪʨʘʞʠʚʘˁʫ ʫʪʠʮʘʿʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘʦʩʪʘʣʠʭ 

ʥʘʧʦʥʘ ʫ ʟʠʜʫ ʂɸ, ʢʦʿʠ ʥʘʩʪʘʿʫ ʪʦʢʦʤ ʫʛʨʘʜˁʝ ʩʪʝʥʪʘ ʠ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʫ ʩʘ ʧʦʚʨʝʜʘʤʘ 

ʟʠʜʘ ʠ ʨʝʩʪʝʥʦʟʦʤ ʂɸ. ʅʘ ʞʘʣʦʩʪ, ʟʙʦʛ ʠʜʝʘʣʠʟʘʮʠʿʘ
31

 ʛʝʦʤʝʪʨʠʿʘ ʩʪʝʥʪʠʨʘʥʠʭ ʘʨʪʝʨʠʿʘ 

ʠ ʚʝʣʠʢʠʭ ʟʘʭʪʝʚʘ ʟʘ ʢʦʤʧʿʫʪʝʨʩʢʦʤ ʤʦ˂ʠ, ʪʘʢʚʝ ʩʪʫʜʠʿʝ ʠʤʘʿʫ ʣʠʤʠʪʠʨʘʥʫ ʧʨʠʤʝʥʫ ʫ 

ʢʣʠʥʠʯʢʦʿ ʠ ʘʢʘʜʝʤʩʢʦʿ ʧʨʘʢʩʠ (ʫʛʣʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʜʠʟʘʿʥʘ
32

 ʩʪʝʥʪʘ). 

ʐʪʦ ʩʝ ʪʠʯʝ ʍʇ ʧʨʠʩʪʫʧʘ, ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʝ ʩʪʫʜʠʿʝ ʩʫ ʧʦʪʚʨʜʠʣʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʫʪʚʨʹʝʥʝ ʢʦʨʝʣʘʮʠʿʝ ʜʘ: 1) ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ ʩʤʠʯʫ˂ʝʛ ʥʘʧʦʥʘ ʥʘ ʝʥʜʦʪʝʣʫ-ʟʠʜʫ ʂɸ 

                                                 
31

 ʂʦʨʠʰ˂ʝˁʝʤ ʪʨʝʥʫʪʥʦ ʜʦʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʥʝ ʤʦʞʝ ʩʝ ʧʦʫʟʜʘʥʦ ʨʝʢʦʥʩʪʨʫʠʩʘʪʠ ʧʦʣʦʞʘʿ 

ʩʪʝʥʪʘ ʫʥʫʪʘʨ ʂɸ. ʊʘʢʦ ʜʘ ʘʢʦ ʩʝ ʦʨʠʿʝʥʪʘʮʠʿʘ ʠ ʧʦʣʦʞʘʿ ʜʝʣʦʚʘ ʩʪʝʥʪʘ ʫ ʟʠʜʫ ʂɸ ʫʩʚʦʿʠ ʧʨʦʠʟʚʦˀʥʦ 

ʠʣʠ ʩʝ ʠʜʝʘʣʠʟʫʿʝ, ʛʫʙʠ ʩʝ ʩʤʠʩʘʦ ʧʨʠʤʝʥʝ ʄʇ ʤʝʪʦʜʘ ʥʘ ʧʨʘʢʪʠʯʥʠʤ ʧʨʠʤʝʨʠʤʘ ʨʝʘʣʥʠʭ ʧʘʮʠʿʝʥʘʪʘ. 

ʊʘʢʦʹʝ, ʟʙʦʛ ʨʘʟʣʠʢʝ ʫ ʜʠʤʝʥʟʠʿʘʤʘ ʜʝʣʦʚʘ ʩʪʝʥʪʘ ʠ ʂɸ ʧʦʪʨʝʙʥʘ ʿʝ ʦʛʨʦʤʥʘ ʧʨʦʮʝʩʦʨʩʢʘ ʤʦ˂ ʜʘ ʙʠ ʩʝ 

ʩʚʠ ʜʝʪʘˀʠ ʤʦʜʝʣʠʨʘʣʠ ʜʦʚʦˀʥʦ ʧʨʝʮʠʟʥʦ ʠ ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʩʪʘʙʠʣʥʘ ʥʫʤʝʨʠʯʢʘ ʨʝʰʝˁʘ. 
32

 ɺʘʣʠʜʘʮʠʿʘ ʜʠʟʘʿʥʘ ʩʪʝʥʪʘ ʩʝ ʚʨʰʠ ʧʨʝʤʘ ʩʪʨʦʛʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʧʨʦʧʠʩʘʥʠʤ ʦʜ 

ʩʪʨʘʥʝ ɸʤʝʨʠʯʢʝ ʘʛʝʥʮʠʿʝ ʟʘ ʘʜʤʠʥʠʩʪʨʘʮʠʿʫ ʭʨʘʥʝ ʠ ʣʝʢʦʚʘ (ʝʥʛʣ. Food and Drug Administration ï FDA). 

ʊʨʝʥʫʪʥʦ, ʩʪʘʥʜʘʨʜʠ ʥʝ ʦʙʘʚʝʟʫʿʫ ʥʘ ʢʦʨʠʰ˂ʝˁʝ ʍʇ ʠ ʄʇ ʧʨʠʩʪʫʧʘ ï ʘʣʠ ʪʦ ʥʝ ʟʥʘʯʠ ʜʘ ʠʭ ʧʨʦʠʟʚʦʹʘʯʠ 

ʩʪʝʥʪʦʚʘ ʥʝ ʤʦʛʫ ʠʥʪʝʨʥʦ ʢʦʨʠʩʪʠʪʠ ʪʦʢʦʤ ʜʠʟʘʿʥʘ ʩʪʝʥʪʘ, ʫʢʦʣʠʢʦ ʪʦ ʞʝʣʝ; ʠʣʠ ʜʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʥʝ˂ʝ 

ʙʠʪʠ ʦʙʘʚʝʟʥʦ ˁʠʭʦʚʦ ʢʦʨʠʰ˂ʝˁʝ. 
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ʫʟʨʦʢʫʿʫ ʧʨʦʛʨʝʩʠʚʥʫ ʘʪʝʨʦʩʢʣʝʨʦʟʫ, 2) ʟʦʥʝ ʩʘ ʬʠʟʠʦʣʦʰʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʩʤʠʯʫ˂ʠʭ 

ʥʘʧʦʥʘ ʦʩʪʘʿʫ ʥʝʧʨʦʤʝˁʝʥʝ, ʠ 3) ʜʘ ʟʦʥʝ ʩʘ ʚʠʩʦʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʩʤʠʯʫ˂ʠʭ ʥʘʧʦʥʘ 

ʫʟʨʦʢʫʿʫ ʰʠʨʝˁʝ ʟʠʜʘ ʂɸ [121]. ʋ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ, ʤʝʹʫ ʨʝʪʢʠʤ ʩʪʫʜʠʿʘʤʘ ʈʂɸ 

ʙʘʟʠʨʘʥʠʤ ʥʘ ʫʧʦʪʨʝʙʠ ʘʥʛʠʦʛʨʘʬʠʿʝ ʠ IVUS-ʘ, ʥʠʿʝ ʫʟʝʪʦ ʫ ʦʙʟʠʨ ʤʦʜʝʣʠʨʘˁʝ 

ʧʨʦʛʨʝʩʠʿʝ ʈʂɸ (ʰʪʦ ʙʠ ʤʦʛʣʦ ʜʘ ʦʤʦʛʫ˂ʠ ʧʨʝʜʚʠʹʘˁʝ ʠʩʭʦʜʘ ʪʝʨʘʧʠʿʝ ʙʝʟ 

ʚʠʰʝʤʝʩʝʯʥʦʛ ʯʝʢʘˁʘ). 

ɼʦʜʘʪʥʦ, ʧʦʰʪʦ ʪʨʝʪʤʘʥ ʈʂɸ ʫʢˀʫʯʫʿʝ ʠ ʧʦʥʦʚʥʦ ʩʪʝʥʪʠʨʘˁʝ ʦʙʦʣʝʣʝ ʂɸ, ʿʝʜʘʥ ʦʜ 

ʦʩʥʦʚʥʠʭ ʮʠˀʝʚʘ ʿʝʩʪʝ ʘʥʘʣʠʟʘ ʧʨʦʛʨʝʩʠʿʝ ʙʦʣʝʩʪʠ ï ʰʪʦ ʧʦʩʪʘʚˀʘ ʧʠʪʘˁʝ ʧʨʦʙʣʝʤʘ 

ʫʧʘʨʠʚʘˁʘ IVUS ʩʥʠʤʘʢʘ ʥʘʩʪʘʣʠʭ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ. ʋ 

ʣʠʪʝʨʘʪʫʨʠ, ʫʧʘʨʠʚʘˁʝ IVUS ʩʥʠʤʘʢʘ ʿʝ ʨʘʹʝʥʦ ʥʘ ʜʚʘ ʥʘʯʠʥʘ. ʇʨʚʠ ʥʘʯʠʥ ʿʝ ʙʘʟʠʨʘʥ 

ʥʘ ʫʧʘʨʠʚʘˁʫ ʤʦʨʬʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂɸ ʢʦʿʝ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ 

ʢʦʿʠ ʦʧʠʩʫʿʫ: ʧʨʠʩʫʩʪʚʦ ʛʨʘʥʘˁʘ ʂɸ, ʧʦʚʨʰʠʥʫ ʣʫʤʝʥʘ ʠ ʧʣʘʢʦʚʘ ʫ ʟʠʜʫ ï ʜʦʢ ʿʝ ʩʘʤʦ 

ʫʧʘʨʠʚʘˁʝ ʠʟʚʨʰʝʥʦ ʤʝʪʦʜʦʤ ʙʘʟʠʨʘʥʦʤ ʥʘ ʤʦʜʠʬʠʢʦʚʘʥʦʿ DTW (ʝʥʛʣ. Dynamic Time 

Warping) ʤʝʪʦʜʠ [152]. ʆʚʘʢʘʚ ʧʨʠʩʧʫʧ ʠʤʘ ʧʘʨ ʥʝʜʦʩʪʘʪʘʢʘ ʘʢʦ ʩʝ ʧʨʠʤʝʥʠ ʥʘ 

ʧʨʦʙʣʝʤ ʈʂɸ. ʅʘʠʤʝ, ʢʘʦ ʰʪʦ ʿʝ ʦʙʿʘʰˁʝʥʦ ʫ ʧʦʛʣʘʚˀʫ 3.7, DTW ʤʝʪʦʜʘ ʿʝ ʚʝʦʤʘ 

ʦʩʝʪˀʠʚʘ ʥʘ ʰʫʤʦʚʝ (ʢʦʿʠ ʩʫ ʚʝʦʤʘ ʫʦʙʠʯʘʿʝʥʠ ʢʦʜ IVUS ʤʦʜʘʣʠʪʝʪʘ) ʠ ʥʝʤʘ 

ʤʦʛʫ˂ʥʦʩʪ ʠʟʦʩʪʘʚˀʘˁʘ ʢʘʥʜʠʜʘʪʘ ʢʦʿʠ ʥʝʤʘʿʫ ʩʚʦʛ ʧʘʨʘ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ, ʿʝʜʘʥ ʬʨʝʿʤ 

ʠʟ ʙʘʟʘʣʥʦʛ IVUS ʩʥʠʤʢʘ ʤʦʞʝ ʠʤʘʪʠ ʚʠʰʝ ʧʘʨʦʚʘ ʫ ʩʥʠʤʢʫ ʥʘʢʦʥ ʦʜʨʝʹʝʥʦʛ ʧʝʨʠʦʜʘ 

ʧʨʘ˂ʝˁʘ, ʠ ʦʙʨʥʫʪʦ. ʉʫʧʨʦʪʥʦ ʪʦʤʝ, ʠʥʪʫʠʪʠʚʥʦ ʿʝ ʦʯʝʢʠʚʘʪʠ ʜʘ ʿʝʜʘʥ ʧʦʧʨʝʯʥʠ 

ʧʨʝʩʝʢ-ʬʨʝʿʤ ʫ ʙʘʟʘʣʥʦʤ ʪʨʝʥʫʪʢʫ ʦʜʛʦʚʘʨʘ ʩʘʤʦ ʿʝʜʥʦʤ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʂɸ ʥʘʢʦʥ 

ʰʝʩʪ ʤʝʩʝʮʠ. ʊʘʢʦʹʝ, ʢʦʨʠʰ˂ʝˁʝ ʧʦʚʨʰʠʥʘ ʟʘ ʦʧʠʩʠʚʘˁʝ ʧʨʦʤʝʥʘ ʦʙʣʠʢʘ ʂɸ ʥʠʿʝ 

ʧʨʝʧʦʨʫʯˀʠʚʦ [153]. ʊʦʢʦʤ ʈʂɸ, ʦʙʣʠʢ ʢʦʥʪʫʨʝ ʣʫʤʝʥʘ ʠ ʤʦʨʬʦʣʦʰʢʦʛ ʩʘʜʨʞʘʿʘ ʟʠʜʘ 

ʂɸ ʩʝ ʤʝˁʘ ʧʘʨʮʠʿʘʣʥʦ ï ʥʘ ʤʝʩʪʠʤʘ ʥʘ ʢʦʿʠʤʘ ʠʤʘ ʧʨʦʛʨʝʩʠʿʝ ʈʂɸ, ʜʦʢ ʦʩʪʘʪʘʢ ʟʠʜʘ 

ʦʩʪʘʿʝ ʥʝʧʨʦʤʝˁʝʥ. ʉʘ ʧʦʨʘʩʪʦʤ ʩʪʝʧʝʥʘ ʈʂɸ ʧʨʦʤʝʥʝ ʧʦʚʨʰʠʥʘ ʢʦʥʪʫʨʘ ʟʠʜʘ ʠ 

ʧʣʘʢʦʚʘ ʂɸ ʧʦʩʪʘʿʫ ʠʟʨʘʞʝʥʠʿʝ. ʇʨʝʤʘ ʪʦʤʝ, ʩʘʤʘ ʈʂɸ ʥʘʨʫʰʘʚʘ ʧʦʫʟʜʘʥʦʩʪ 

ʧʨʝʪʭʦʜʥʦ ʢʦʨʠʰ˂ʝʥʠʭ ʧʨʠʩʪʫʧʘ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʟʘ 

ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʧʘʨʮʠʿʘʣʥʦʛ ʫʧʘʨʠʚʘˁʘ ʠ ʧʦʨʘʚˁʘʚʘˁʘ ʢʘʢʦ ʢʦʥʪʫʨʘ ʪʘʢʦ ʠ 

ʚʨʝʤʝʥʩʢʠʭ ʩʠʛʥʘʣʘ [89-92, 154]. ʄʝʹʫʪʠʤ, ʢʦʥʢʨʝʪʘʥ ʧʨʦʙʣʝʤ ʥʘ ʧʨʠʤʝʨʫ 

ʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʠ ʂɸ ʥʠʿʝ ʜʦ ʩʘʜʘ ʨʘʟʤʘʪʨʘʥ ʩʘ ʪʦʛ ʘʩʧʝʢʪʘ. ʋʤʝʩʪʦ ʪʦʛʘ, ʜʨʫʛʠ 

ʧʨʠʩʪʫʧ ʟʘ ʨʝʰʘʚʘˁʝ ʜʘʪʦʛ ʧʨʦʙʣʝʤʘ ʦʙʫʭʚʘʪʘ ʥʦʚʠʿʝ ʩʪʫʜʠʿʝ ʙʘʟʠʨʘʥʝ ʥʘ ʢʦʨʠʰ˂ʝˁʫ 

ʛʨʘʥʘ ʂɸ ʢʘʦ ʦʨʠʿʝʥʪʠʨʘ ʟʘ ʫʧʘʨʠʚʘˁʝ ʩʥʠʤʘʢʘ [155]. ʇʦʨʝʜ ʪʦʛʘ ʰʪʦ ʥʠʿʝ ʧʦʫʟʜʘʥ 

ʢʘʜʘ ʩʝ ʥʝ ʟʥʘ Ăʢʦʣʠʢʦ ʠ ʢʦʿʝ ʬʨʝʿʤʦʚʝ ʪʨʝʙʘ ʫʧʘʨʠʪʠñ, ʦʚʘʢʘʚ ʧʨʠʩʪʫʧ ʥʠʿʝ ʧʦʫʟʜʘʥ ʫ 

ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʩʝ ʦʜʨʝʹʝʥʘ ʛʨʘʥʘ ʥʝ ʚʠʜʠ ʥʘ ʦʙʘ ʩʥʠʤʢʘ. 

4.4. ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʧʨʝʜʣʦʞʝʥʝ ʧʨʦʮʝʜʫʨʝ 

ʉʥʠʤʮʠ ʂɸ ʥʘʧʨʘʚˀʝʥʠ ʧʦʤʦ˂ʫ IVUS ʫʨʝʹʘʿʘ ʩʘʯʫʚʘʥʠ ʫ ʩʪʘʥʜʘʨʜʥʦʤ DICOM 

ʬʦʨʤʘʪʫ ʧʦʛʦʜʥʠ ʩʫ ʢʘʦ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʟʘ ʧʨʝʜʣʦʞʝʥʫ ʧʨʦʮʝʜʫʨʫ. ʐʪʦ ʩʝ ʧʦʜʘʪʘʢʘ 
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ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʪʠʯʝ, ʢʣʠʥʠʯʘʨʠʤʘ ʿʝ ʧʨʝʧʦʨʫʯʝʥʦ ʜʘ ʩʝ ʘʢʚʠʟʠʮʠʿʝ 

ʠʟʚʨʰʝ ʧʨʘʪʝ˂ʠ ʩʣʝʜʝ˂ʠ ʧʨʦʪʦʢʦʣ (ʫʢʦʣʠʢʦ ʿʝ ʪʦ ʠʟʚʦʜˀʠʚʦ ʠ ʥʝ ʦʤʝʪʘ ˁʠʭʦʚ ʨʘʜ): (1) 

ʊʦʢʦʤ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ ʢʦʨʠʩʪʠʪʠ ʩʘʤʦ ʨʦʪʘʮʠʿʫ ʎ-ʨʫʢʝ; (2) ʇʘʮʠʿʝʥʪʫ ʿʝ 

ʧʨʝʧʦʨʫʯʝʥʦ ʜʘ ʟʘʜʨʞʠ ʜʘʭ ʥʝʢʦʣʠʢʦ ʩʝʢʫʥʜʠ ʪʦʢʦʤ ʢʦʨʦʥʘʨʥʝ ʘʥʛʠʦʛʨʘʬʠʿʝ; (3) ɿʘ 

ʩʚʘʢʠ ʦʜ IVUS ʩʥʠʤʘʢʘ ʩʥʠʤʠʪʠ ʠ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ʢʘʪʝʪʝʨʘ, ʩʘ 

ʤʝʹʫʩʦʙʥʠʤ ʫʛʣʦʤ ʠʟʤʝʹʫ ʧʨʦʿʝʢʮʠʿʘ ʦʜ ʦʢʦ ʪʨʠʜʝʩʝʪ ʩʪʝʧʝʥʠ ʠʣʠ ʚʠʰʝ. ʊʘʢʦʹʝ, 

ʧʨʝʧʦʨʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʩʥʠʤʝ ʠ ʘʥʛʠʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʙʝʟ ʢʦʥʪʨʘʩʪʘ, ʢʘʢʦ ʙʠ ʩʝ ʜʘˀʝ 

ʦʣʘʢʰʘʣʘ ʩʝʛʤʝʥʪʘʮʠʿʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʧʫʪʘˁʝ IVUS ʢʘʪʝʪʝʨʘ. 

4.5. ʉʦʬʪʚʝʨʩʢʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʜʠʿʘʛʨʘʤ ʪʦʢʘ ʧʨʦʮʝʜʫʨʝ 

ʇʨʝʜʣʦʞʝʥʘ ʩʦʬʪʚʝʨʩʢʘ ʘʨʭʠʪʝʢʪʫʨʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣʠʮʠ 4.3-ʘ. ʂʦʨʠʰ˂ʝˁʝʤ 

MVC (ʝʥʛʣ. Model-View-Controller) ʰʘʙʣʦʥʘ [156, 157], ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʪʨʦʩʣʦʿʥʘ 

ʘʨʭʠʪʝʢʪʫʨʘ, ʧʨʠ ʯʝʤʫ: 

¶ ʉʣʦʿ ʧʦʜʘʪʘʢʘ ʦʙʫʭʚʘʪʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʟʘ ʦʪʚʘʨʘˁʝ ʠ ʯʫʚʘˁʝ ʧʦʜʘʪʘʢʘ ʫ 

ʩʪʘʥʜʘʨʜʥʠʤ ʬʦʨʤʘʪʠʤʘ (DICOM, raw, stl, vtk, unv, dat, mat ʠ wrl ʬʦʨʤʘʪ) ʢʘʦ ʠ 

ʨʘʟʤʝʥʫ ʧʦʜʘʪʘʢʘ ʠʟʤʝʹʫ ʜʝʣʦʚʘ ʧʨʦʮʝʜʫʨʝ ʥʘʧʠʩʘʥʠʭ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ. 

¶ ʃʦʛʠʯʢʠ ʩʣʦʿ ʛʨʫʧʠʰʝ ʘʣʛʦʨʠʪʤʝ ʟʘ ʦʙʨʘʜʫ ʠ ʘʥʘʣʠʟʫ ʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ 

(ʩʝʛʤʝʥʪʘʮʠʿʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ, ʦʜʘʙʠʨ ʠ ʫʧʘʨʠʚʘˁʝ ʩʣʠʢʘ ʫ ʦʜʨʝʹʝʥʠʤ ɽʂɻ 

ʬʘʟʘʤʘ), ʛʝʥʝʨʠʩʘˁʝ ʤʦʜʝʣʘ ʂɸ ï ʤʨʝʞʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʠʟʚʨʰʘʚʘˁʝ 

ʥʫʤʝʨʠʯʢʠʭ ʩʠʤʫʣʘʮʠʿʘ (ʢʦʥʩʪʨʫʢʮʠʿʘ ʄʂɽ ʤʘʪʨʠʮʘ ʠ ʨʝʰʘʚʘˁʝ ʩʠʩʪʝʤʘ 

ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ). 

¶ ʇʨʝʟʝʥʪʘʮʠʦʥʠ ʩʣʦʿ ʛʨʫʧʠʰʝ ʜʠʿʘʣʦʛʝ ʟʘ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʢʦʨʠʩʥʠʢʦʤ ʠ 

ʙʠʙʣʠʦʪʝʢʝ ʟʘ ʯʫʚʘˁʝ ʠ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʨʝʟʫʣʪʘʪʘ ʧʨʦʨʘʯʫʥʘ. 

ʊʦʢ ʠʟʚʨʰʘʚʘˁʘ ʧʨʝʜʣʦʞʝʥʝ ʧʨʦʮʝʜʫʨʝ ʿʝ ʦʧʠʩʘʥ ʧʦʤʦ˂ʫ UML ʜʠʿʘʛʨʘʤʘ (ʝʥʛʣ. 

Unified Modeling Language ï UML) [ 158]; ʢʦʥʢʨʝʪʥʦ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ɼʠʿʘʛʨʘʤʠ 

ʘʢʪʠʚʥʦʩʪʠ (ʝʥʛʣ. Activity diagrams) [159]. ʂʦʨʘʮʠ ʧʦʪʨʝʙʥʠ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʠ ʘʥʘʣʠʟʫ 

ʈʂɸ ʩʫ ʛʨʫʧʠʩʘʥʠ ʫ ʩʣʝʜʝ˂ʘ ʪʨʠ ʤʦʜʫʣʘ (ʉʣʠʢʘ 4.3-ʙ, ʚ ʠ ʛ), ʜʦʢ ʩʫ ʜʝʪʘˀʥʠ ʦʧʠʩʠ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʧʨʦʮʝʜʫʨʘ ʠʟʣʦʞʝʥʠ ʫ ʥʘʨʝʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ: 

¶ ʄʦʜʫʣ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʛʝʦʤʝʪʨʠʿʝ (ɻɻ ʤʦʜʫʣ), ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʝ ʫ ʦʢʚʠʨʫ ˁʝʛʘ 

ʠʟʚʨʰʘʚʘʿʫ, ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 4.3-ʙ. ʆʥ ʦʧʠʩʫʿʝ ʪʦʢ ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʮʝʜʫʨʝ 

ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʤʦʜʝʣʘ ʂɸ. ɿʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʿʝʜʥʦʛ ʤʦʜʝʣʘ 

ʂɸ ʧʦʪʨʝʙʥʝ ʩʫ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ʠ ʿʝʜʘʥ IVUS ʩʥʠʤʘʢ. ʉʘʤʠʤ ʪʠʤ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʟʚʠʪʠ ʠ ʜʚʘ ʢʦʨʠʩʥʠʯʢʘ ʦʢʨʫʞʝˁʘ (ʝʥʛʣ. Graphic User Interaceï

GUI): ʿʝʜʘʥ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʧʫʪʘˁʝ ʢʘʪʝʪʝʨʘ ʠ ʜʨʫʛʠ ʟʘ ʘʥʘʣʠʟʫ IVUS 
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ʩʥʠʤʘʢʘ (ʧʦʛʣʘʚˀʘ 4.6 ʠ 4.7). ʌʫʟʠʿʦʤ ʪʘʯʥʦ ʩʝʛʤʝʥʪʠʨʘʥʠʭ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ 

ʢʦʥʪʫʨʘ ʂɸ ʠʟ IVUS-ʘ (4.8 ʠ 4.9) ʠ ʨʝʢʦʥʩʪʨʫʠʩʘʥʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʧʫʪʘˁʝ 

ʢʘʪʝʪʝʨʘ, ʛʝʥʝʨʠʰʝ ʩʝ ʟʘʧʨʝʤʠʥʩʢʠ ʤʦʜʝʣ ʂɸ ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʜʦʤʝʥ ʬʣʫʠʜʘ 

(ʣʫʤʝʥ) ʠ ʜʦʤʝʥ ʩʦʣʠʜʘ (ʟʠʜ) ʂɸ (ʧʦʛʣʘʚˀʝ 4.10). 

¶ ʄʂɽ ʤʦʜʫʣ, ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʝ ʫ ʦʢʚʠʨʫ ˁʝʛʘ ʠʟʚʨʰʘʚʘʿʫ, ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ 

ʉʣʠʮʠ 4.3-ʚ. ʅʘ ʦʩʥʦʚʫ ʧʘʨʘʤʝʪʘʨʘ (ʧʦʧʫʪ ʛʫʩʪʠʥʘ ʤʨʝʞʝ ʄʂɽ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʤʘʪʝʨʠʿʘʣʘ, ʙʨʟʠʥʝ ʥʘ ʫʣʘʟʫ ʂɸ), ʢʦʿʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʠ ʢʦʨʠʩʥʠʢ, ʨʝʟʫʣʪʫʿʫ˂ʠ 

ʧʘʨʘʤʝʪʘʨʩʢʠ ʤʦʜʝʣ ʂɸ ʠʟ ɻɻ ʤʦʜʫʣʘ ʩʝ ʜʠʩʢʨʝʪʠʟʫʿʝ ʠ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʨʘʯʫʥ 

ʧʨʦʛʨʝʩʠʿʝ ʧʣʘʢʘ ʧʨʠʤʝʥʦʤ ʄʂɽ (ʧʦʛʣʘʚˀʝ 4.11). ʋʢʦʣʠʢʦ ʥʠʿʝ ʜʦʩʪʫʧʥʘ 

ʚʘʣʠʜʥʘ ʛʝʦʤʝʪʨʠʿʘ, ʢʦʨʠʩʥʠʢ ʩʝ ʫʩʤʝʨʘʚʘ ʥʘ ɻɻ ʤʦʜʫʣ. ʊʘʢʦʹʝ, ʘʢʦ ʥʠʩʫ 

ʜʦʩʪʫʧʥʠ ʟʘʭʪʝʚʘʥʠ ʧʘʨʘʤʝʪʨʠ ʟʘ ʜʘʪʦʛ ʧʘʮʠʿʝʥʪʘ, ʫʯʠʪʘʚʘʿʫ ʩʝ ʧʘʨʘʤʝʪʨʠ ʠʟ 

ʣʠʪʝʨʘʪʫʨʝ. 

¶ ʄʦʜʫʣ ʟʘ ʧʦʩʪʧʨʦʮʝʩʠʨʘˁʝ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʝ ʫ ʦʢʚʠʨʫ ˁʝʛʘ ʠʟʚʨʰʘʚʘʿʫ 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 4.3-ʛ. ʆʤʦʛʫ˂ʘʚʘ ʫʚʠʜ, ʘʥʘʣʠʟʫ ʠ ʝʢʩʧʦʨʪʦʚʘˁʝ ʨʝʟʫʣʪʘʪʘ 

ʜʦʙʠʿʝʥʠʭ ʄʂɽ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʦʙʨʘʜʦʤ ʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ʂʘʢʦ ʙʠ ʩʝ ʚʨʰʠʣʘ 

ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ (ʝʥʛʣ. Follow-up data alignment) (ʧʦʛʣʘʚˀʝ 4.12) ʫ ʮʠˀʫ 

ʦʜʨʝʹʠʚʘˁʘ ʧʨʦʮʝʥʪʘ ʨʝʩʪʝʥʦʟʝ (ʧʦʛʣʘʚˀʝ 4.13), ʨʝʟʫʣʪʘʪʠ ʧʨʝʪʭʦʜʥʦ 

ʧʦʤʝʥʫʪʠʭ ʢʦʨʘʢʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ, ʤʦʨʘʫʿʫ ʙʠʪʠ ʜʦʩʪʫʧʥʠ ʟʘ ʜʚʘ 

ʤʦʜʝʣʘ (ʝʥʛʣ. Pullbacks). ʋ ʩʫʧʨʦʪʥʦʤ, ʢʦʨʠʩʥʠʢ ʩʝ ʫʩʤʝʨʘʚʘ ʥʘ ʄʂɽ ʠʣʠ ɻɻ 

ʤʦʜʫʣʝ ʠ ʠʟʚʨʰʘʚʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʦʨʘʢʘ. 
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ʉʣʠʢʘ 4.3 ʇʨʝʜʣʦʞʝʥa ʧʨʦʮʝʜʫʨʘ: a) ʉʦʬʪʚʝʨʩʢʘ ʘʨʭʠʪʝʢʪʫʨʘ; ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʟʘ: ʙ) 

ɻʝʥʝʨʠʩʘˁʝ ʛʝʦʤʝʪʨʠʿʝ (ɻɻ ʤʦʜʫʣ); ʚ) ʉʠʤʫʣʠʨʘˁʝ ʧʨʦʛʨʝʩʠʿʝ ʧʣʘʢʘ ʧʨʠʤʝʥʦʤ ʄʂɽ 

(ʄʂɽ ʤʦʜʫʣ); ʛ) ʇʨʠʢʘʟʠʚʘˁʝ ʨʝʟʫʣʪʘʪʘ ʠ ʧʦʩʪ-ʧʨʦʮʝʩʠʨʘˁʝ. 
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4.6. ʉʝʛʤʝʥʪʘʮʠʿʘ IVUS ʢʘʪʝʪʝʨʘ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ 

ʉʝʛʤʝʥʪʘʮʠʿʘ IVUS ʢʘʪʝʪʝʨʘ ʠʟ ʘʥʛʠʦʛʨʘʬʩʢʠʭ ʧʨʦʿʝʢʮʠʿʘ ʿʝ ʠʟʚʨʰʝʥʘ ʧʦʣʫ-

ʘʫʪʦʤʘʪʩʢʠ. ɼʚʘ ʬʨʝʿʤʘ ʢʦʿʘ ʧʨʠʧʘʜʘʿʫ ʢʨʘʿˁʦʿ-ʜʠʿʘʩʪʦʣʩʢʦʿ ʬʘʟʠ ʩʨʯʘʥʦʛ ʮʠʢʣʫʩʘ ʩʫ 

ʠʟʜʚʦʿʝʥʘ ʠʟ DICOM ʬʘʿʣʦʚʘ. ʋʟ ʢʦʥʩʫʣʪʘʮʠʿʝ ʩʘ ʢʣʠʥʠʯʘʨʠʤʘ ʢʦʿʠ ʩʫ ʠʟʚʨʰʠʣʠ 

ʠʥʪʝʨʚʝʥʮʠʿʫ, ʦʙʝʣʝʞʝʥʝ ʩʫ ʪʘʯʢʝ ʢʦʿʝ ʦʟʥʘʯʘʚʘʿʫ ʤʝʩʪʘ ʧʦʯʝʪʢʘ ʠ ʢʨʘʿʘ ʩʥʠʤʘˁʘ IVUS 

ʩʥʠʤʘʢʘ (ʪʿ. ʧʦʚʣʘʯʝˁʘ IVUS ʢʘʪʝʪʨʘ), ʢʘʦ ʠ ʥʘʿʤʘˁʝ ʿʦʰ ʿʝʜʥʘ ʪʘʯʢʘ ʠʟʤʝʹʫ ˁʠʭ. ʋ 

ʮʠˀʫ ʜʝʤʦʥʩʪʨʘʮʠʿʝ ʨʦʙʫʩʥʦʩʪʠ ʧʨʦʮʝʜʫʨʝ, ʥʘ ʉʣʠʮʠ 4.4-a ʿʝ ʧʨʠʢʘʟʘʥ ʩʣʫʯʘʿ ʢʘʜʘ ʩʫ 

ʦʟʥʘʯʝʥʝ ʩʘʤʦ ʜʚʝ ʛʨʘʥʠʯʥʝ ʪʘʯʢʝ ʠ ʜʚʝ ʪʘʯʢʝ ʫʜʘˀʝʥʝ ʦʜ ʢʘʪʝʪʝʨʘ. ʂʘʢʦ ʙʠ ʩʝ 

ʘʫʪʦʤʘʪʠʟʦʚʘʦ ʧʨʦʮʝʩ ʜʘˀʝʛ ʧʦʩʪʘʚˀʘˁʘ ʢʦʥʪʫʨʝ ()x s
d

 ʥʘ ʧʨʦʿʝʢʮʠʿʫ ʢʘʪʝʪʝʨʘ, ʧʨʚʘ ʠ 

ʟʘʜˁʘ ʪʘʯʘ ʢʦʥʪʫʨʝ ʩʫ ʦʛʨʘʥʠʯʝʥʝ, ʜʦʢ ʩʝ ʦʩʪʘʣʝ ʘʫʪʦʤʘʪʩʢʠ ʢʦʨʠʛʫʿʫ ʧʦʜ ʜʝʿʩʪʚʦʤ 

ʉʥʝʿʢ ʘʣʛʦʨʠʪʤʘ (ʝʥʛʣ. Snake algorithm) [160]. 

 

ʉʣʠʢʘ 4.4 ʉʝʛʤʝʥʪʘʮʠʿʘ ʧʫʪʘˁʝ ʢʘʪʝʪʝʨʘ ʥʘ ʘʥʛʠʦʛʨʘʬʩʢʦʤ ʩʥʠʤʢʫ: ʘ) ɿʘʜʘʚʘˁʝ 

ʠʥʠʮʠʿʘʣʥʠʭ ʪʘʯʢʠ ʢʦʥʪʫʨʝ; ʙ) ɻʨʘʜʠʿʝʥʪ ʩʣʠʢʝ; ʚ) ʀʥʠʮʠʿʘʣʥʘ ʧʦʟʠʮʠʿʘ ʢʦʥʪʫʨʝ ʠ 

ʚʝʢʪʦʨʩʢʦ ʧʦˀʝ ʛʨʘʜʠʿʝʥʪʘ; ʛ) ɺʝʢʪʦʨʩʢʦ ʧʦˀʝ ʛʨʘʜʠʿʝʥʪʘ ʥʘ ʜʝʣʫ ʦʙʝʣʝʞʝʥʦʤ ʮʨʚʝʥʠʤ 

ʢʚʘʜʨʘʪʦʤ ʥʘ ʩʣʠʮʠ ʧʦʜ ʚ); ʜ) ɽʚʦʣʫʮʠʿʘ ʢʦʥʪʫʨʝ ʢʨʦʟ 40 ʠʪʝʨʘʮʠʿʘ ʉʥʝʿʢ ʘʣʛʦʨʠʪʤʘ. 
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ɼʝʬʦʨʤʘʮʠʿʘ ʠʥʠʮʠʿʘʣʥʝ ʢʦʥʪʫʨʝ ʩʝ ʧʦʩʪʠʞʝ ʪʘʢʦ ʰʪʦ ʉʥʝʿʢ ʘʣʛʦʨʠʪʘʤ ʠʪʝʨʘʪʠʚʥʦ 

ʤʠʥʠʤʠʟʫʿʝ ʩʣʝʜʝ˂ʫ ʿʝʜʥʘʯʠʥʫ ʜʝʬʠʥʠʩʘʥʫ ʜʫʞ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʝ ʢʦʥʪʫʨʝ ()x s
d

: 

()( ) ()( )( )
1

int ext

0

x x dsE E s E s= +ñ
d d

 (4.1) 

ʛʜʝ ʠʥʪʝʨʥʘ ʝʥʝʨʛʠʿʘ 
intE  ʪʦʢʦʤ ʜʝʬʦʨʤʠʩʘˁʘ ʢʦʥʪʨʦʣʠʰʝ ʟʘʢʨʠʚˀʝʥʦʩʪ ʠ 

ʢʦʥʪʠʥʫʘʣʥʦʩʪ ʢʦʥʪʫʨʝ ()x s
d

 ʧʨʝʤʘ ʩʣʝʜʝ˂ʝʤ ʦʙʨʘʩʮʫ: 

()( ) () ()( )
2 2

int

1
x x x

2
E s s sa b= +
d d d" ""  (4.2) 

ʋ ʿʝʜʥʘʯʠʥʠ 4.2, ʧʨʚʠ ʠʟʚʦʜ ()x s
d"  ʩʧʨʝʯʘʚʘ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦ ʨʘʩʪʝʟʘˁʝ ʢʦʥʪʫʨʝ ʠ ʜʘʿʝ 

ʢʦʥʪʫʨʠ ʩʚʦʿʩʪʚʘ ʝʣʘʩʪʠʯʥʝ ʦʧʨʫʛʝ. ɼʨʫʛʠ ʠʟʚʦʜ ()x s
d""  ʩʧʨʝʯʘʚʘ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦ 

ʩʘʚʠʿʘˁʝ ʢʦʥʪʫʨʝ, ʜʘʿʫ˂ʠ ʿʦʿ ʪʘʢʦ ʩʚʦʿʩʪʚʦ ʯʚʨʩʪʦʛ ʰʪʘʧʘ. ʇʨʦʤʝʥˀʠʚʝ a ʠ b 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʝʞʠʥʩʢʝ ʢʦʝʬʠʮʠʿʝʥʪʝ ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʫ ʦʩʝʪˀʠʚʦʩʪ 
intE  ʥʘ ʧʦʤʝʥʫʪʝ 

ʠʟʚʦʜʝ ʢʨʠʚʝ (ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʫʟʝʪʦ ʜʘ ʿʝ 0.5a=  ʠ 0.1b= ). 

ɽʢʩʪʝʨʥʘ (ʠʣʠ ʧʦʪʝʥʮʠʿʘʣʥʘ) ʝʥʝʨʛʠʿʘ extE  ʫ ʿʝʜʥʘʯʠʥʠ 4.1 ʿ ʝ ʚʝʢʪʦʨʩʢʦ ʧʦˀʝ ʢʦʿʝ 

ʢʦʥʪʨʦʣʠʰʝ ʧʨʘʚʮʝ ʫ ʢʦʿʠʤʘ ˂ʝ ʩʝ ʪʘʯʢʝ ʢʦʥʪʫʨʝ ʠʪʝʨʘʪʠʚʥʦ ʧʦʤʝʨʘʪʠ (ʉʣʠʢʘ 4.4 ʙ-ʜ). 

ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, 
extE  ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʢʦʨʠʩʪʝ˂ʠ ɺʝʢʪʦʨʩʢʦ ʇʦˀʝ ɻʨʘʜʠʿʝʥʪʘ (ʝʥʛʣ. 

Gradient Vector Field ï GVF), ʢʦʿʝ ʩʝ ʨʘʯʫʥʘ ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ ʩʣʠʢʝ ( ),x yI  

ʠ ʪʝʞʠ ʜʘ ʪʘʯʢʝ ʢʦʥʪʫʨʝ ()x s
d

 ʧʨʠʚʫʯʝ ʰʪʦ ʙʣʠʞʝ ʠʚʠʮʘʤʘ (ʧʠʢʩʝʣʠʤʘ ʩʘ ʚʝʣʠʢʠʤ 

ʛʨʘʜʠʿʝʥʪʦʤ ʩʣʠʢʝ) [161]. ʅʘ ʦʩʥʦʚʫ ʬʦʨʤʫʣʘʮʠʿʝ ʍʫ ʠ ʇʨʠʥʮʘ, GVF 

( ) ( ) ( )v , , , ,x y x y x y=è øê úU V
d

 
ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʚʝʢʪʦʨʩʢʦ ʧʦˀʝ ʢʦʿʝ ʤʠʥʠʤʠʟʫʿʝ 

ʬʫʥʢʮʠʦʥʘʣ: 

( )
2 22 2 2 2 vx y x y dxdye m= + + + + Ð -ÐññU U V V F F
d

 (4.3) 

ʇʨʠʤʝʥʦʤ ʚʘʨʠʿʘʮʠʦʥʦʛ ʨʘʯʫʥʘ, GVF ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʨʝʰʘʚʘˁʝʤ ʩʣʝʜʝ˂ʠʭ 

ʿʝʜʥʘʯʠʥʘ: 

( )( )2 2 2 0x x ymÐ - - + =U U F F F  (4.3) 

( )( )2 2 2 0x x ymÐ - - + =V V f f f  (4.4) 
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ʋ ʿʝʜʥʘʯʠʥʘʤʘ 4.3 ʠ 4.4 U  ʠ V  ʩʫ x ʠ y ʢʦʤʧʦʥʝʥʪʝ ʩʠʣʝ ʢʦʿʝ ʧʦʤʝʨʘʿʫ ʢʦʥʪʫʨʫ ʫ 

ʭʦʨʠʟʦʥʪʘʣʥʦʤ- x  ʠ ʚʝʨʪʠʢʘʣʥʦʤ- y  ʧʨʘʚʮʫ, ʨʝʩʧʝʢʪʠʚʥʦ (ʉʣʠʢʘ 4.4-ʛ); ( ),x yF  ʿʝ 

ʦʧʝʨʘʪʦʨ ʟʘ ʜʝʪʝʢʮʠʿʫ ʠʚʠʮʘ (ʝʥʛʣ. ɽdge operator) ʧʨʠ ʯʝʤʫ ʿʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ 

ʢʦʨʠʰ˂ʝʥ ʉʦʙʝʣʦʚ ʦʧʝʨʘʪʦʨ (ʝʥʛʣ. Sobel operator) (ʉʣʠʢʘ 4.4-ʙ) [162]; 2Ð  ʿʝ ʃʘʧʣʘʩʦʚ 

ʦʧʝʨʘʪʦʨ; ʠ m je ʧʘʨʘʤʝʪʘʨ ʢʦʿʠʤ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʟʘʛʣʘʹʝʥʦʩʪ (ʝʥʛʣ. Smoothing) ï ʫ 

ʩʣʫʯʘʿʫ ʚʝʣʠʢʠʭ ʰʫʤʦʚʘ ʩʣʠʢʝ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʚʝ˂ʘʪʠ ʧʘʨʘʤʝʪʘʨ m (ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ 

ʫʟʝʪʦ ʿʝ ʜʘ ʿʝ 0.2m= ). ɸʢʦ ʩʝ U  ʠ V  ʧʦʩʤʘʪʨʘʿʫ ʢʘʦ ʬʫʥʢʮʠʿʝ ʚʨʝʤʝʥʘ, ʿʝʜʥʘʯʠʥʝ 4.3 

ʠ 4.4 ʩʝ ʤʦʛʫ ʥʘʧʠʩʘʪʠ ʢʘʦ: 

( ) ( ) ( ) ( ) ( ) ( )
2 22, , , , , , , , ,t x x yx y t x y t x y t x y x y x ym è ø= Ð -è - ø +ê úê ú

U U U F F F  (4.5) 

( ) ( ) ( ) ( ) ( ) ( )
2 22, , , , , , , , ,t x x yx y t x y t x y t x y x y x ym è ø= Ð -è - ø +ê úê ú

V V V F F F  
(4.6) 

ʇʨʠ ʪʦʤʝ, ʜʘ ʙʠ ʩʝ ʥʘʧʠʩʘʥʝ ʿʝʜʥʘʯʠʥʝ ʨʝʰʠʣʝ ʠʪʝʨʘʪʠʚʥʦ ʥʫʤʝʨʠʯʢʠʤ ʧʫʪʝʤ, ʫʟʝʪʦ ʿʝ 

ʜʘ ʩʫ ʠʥʜʝʢʩʠ ʧʠʢʩʝʣʘ ʫ x  ʠ y  ʧʨʘʚʮʫ ʦʙʝʣʝʞʝʥʠ ʩʘ i  ʠ j, ʜʦʢ ʿʝ ʚʨʝʤʝʥʩʢʠ ʢʦʨʘʢ 

ʦʙʝʣʝʞʝʥ ʩʘ ʠʥʜʝʢʩʦʤ n : 

( ) ( )

( )

, ,

, , ,

1 2 2

, 1, , 1 1, , 1 , ,

2 2

4 1 ...

            

i j i j

i j i j i j

n n n n n n n

i j i j i j i j i j i j i j x y

x y x

t
t

x y

t

m+

+ + - -

D è ø= + + + + + +D + +
ê úD D

+ D

U U U U U U U F F

F F F

 (4.7) 

( ) ( )

( )

, ,

, , ,

1 2 2

, 1, , 1 1, , 1 , ,

2 2

4 1 ....

            

i j i j

i j i j i j

n n n n n n n

i j i j i j i j i j i j i j x y

x y y

t
u t

x y

t

m+

+ + - -

D è ø= + + + + + +D + +
ê úD D

+ D

V V V V V V F F

F F F

 

(4.8) 

ʛʜʝ ʩʫ ʨʘʟʤʘʮʠ ʧʠʢʩʝʣʘ ʧʦ ʧʨʘʚʮʠʤʘ x  ʠ y  ʦʙʝʣʝʞʝʥʠ ʩʘ xD  ʠ yD  ʘ ʚʝʣʠʯʠʥʘ 

ʚʨʝʤʝʩʥʢʦʛ ʢʦʨʘʢʘ ʩʘ tD  (ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʫʟʝʪʦ ʜʘ ʿʝ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ 30 ʘ 1xD = ʠ 

1yD =). 

4.7. ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʢʘʪʝʪʝʨʘ ʠʟ ʜʚʝ ʘʥʛʠʦʛʨʘʬʩʢʝ ʧʨʦʿʝʢʮʠʿʝ 

ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʧʫʪʘˁʝ ʢʘʪʝʪʝʨʘ ʨʘʹʝʥʘ ʿʝ ʫʧʦʪʨʝʙʦʤ ʤʝʪʦʜʘ ʦʧʠʩʘʥʠʭ ʫ ʪʨʝ˂ʝʤ 

ʧʦʛʣʘʚˀʫ. ɼʘʢʣʝ, ʨʝʟʫʣʪʘʪ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʿʝ ʧʘʨʘʤʝʪʘʨʩʢʠ ʜʝʬʠʥʠʩʘʥʘ ʧʫʪʘˁʘ IVUS 

ʢʘʪʝʪʝʨʘ (){ }X 0...1l lÍ
d

. 
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4.8. ʉʝʣʝʢʮʠʿʘ IVUS ʬʨʝʿʤʦʚʘ ʫ ʩʧʝʮʠʬʠʯʥʠʤ ɽʂɻ ʬʘʟʘʤʘ 

ʋ ʧʨʝʪʭʦʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ ʿʝ ʧʦʤʝʥʫʪʦ ʜʘ ʩʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʧʫʪʘˁʝ ʢʘʪʝʪʝʨʘ ʨʘʜʠ 

ʟʘ ʢʨʘʿˁʠ-ʜʠʿʘʩʪʦʣʩʢʠ ʤʦʤʝʥʘʪ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʪʘʢʦʟʚʘʥʠ ʈ-ʧʠʢ (ʝʥʛʣ. R-peak) ʥʘ 

ʝʭʦʢʘʨʜʠʦʛʨʘʤʫ (ɽʂɻ). ɼʘʢʣʝ, ʦʩʥʦʚʥʠ ʮʠˀ ɽʂɻ-ʫʟʦʨʢʦʚʘˁʘ IVUS ʩʥʠʤʘʢʘ ʫ 

ʩʧʝʮʠʬʠʯʥʠʤ ɽʂɻ ʬʘʟʘʤʘ ʿʝʩʪʝ ʜʝʪʝʢʮʠʿʘ ʬʨʝʿʤʦʚʘ ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʈ-ʧʠʢʫ, ʯʠʤʝ ʙʠ ʩʝ 

ʦʤʦʛʫ˂ʠʣʘ ʩʪʘʙʠʣʥʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʂɸ. ʂʘʦ ʨʝʰʝˁʝ ʟʘ ʚʝʦʤʘ 

ʜʠʥʘʤʠʯʥʦ ʧʦʥʘʰʘˁʝ ʂɸ (ʢʦʿʝ ʩʝ ʧʨʝʥʦʩʠ ʥʘ IVUS), ʢʘʦ ʠ ʯʝʩʪʦ ʠʟʦʩʪʘʚˀʘˁʝ ʩʥʠʤʘˁʘ 

ɽʂɻ-ʘ ʪʦʢʦʤ ʘʢʚʠʟʠʮʠʿʝ IVUS ʩʥʠʤʘʢʘ, ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʤʝʪʦʜʘ ʟʘ ɽʂɻ-ʫʟʦʨʢʦʚʘˁʝ (ʝʥʛʣ. 

ECG-gating) ʥʘ ʦʩʥʦʚʫ ʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ [131]. ʇʦʜ ʪʠʤʝ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʘ˂ʝˁʝ 

ʧʨʦʤʝʥʝ ʠʥʪʝʥʟʠʪʝʪʘ ʧʠʢʩʝʣʘ IVUS ʩʣʠʢʝ ʧʦ ʩʣʝʜʝ˂ʝʤ ʦʙʨʘʩʮʫ: 

( )
ʧʠʢʩʝʣʠ ʂɸ

i i-1

i

-

=
N

ä I I

d  
(4.9) 

ʛʜʝ ʿʝ i  ʙʨʦʿ IVUS ʬʨʝʿʤʘ ʠ N  ʿʝ ʫʢʫʧʘʥ ʙʨʦʿ ʧʠʢʩʝʣʘ ʧʦ ʬʨʝʿʤʫ. 

ʂˀʫʯʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʫ ɽʂɻ-ʫʟʦʨʢʦʚʘˁʫ ʿʝʩʪʝ ʜʘ ʩʫ ʧʨʦʤʝʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʥʠʟʫ id  

ʧʨʦʫʟʨʦʢʦʚʘʥʝ ʦʜ ʩʪʨʘʥʝ ʪʨʠ ʠʟʚʦʨʘ: (1) ʨʘʜʘ ʪʿ. ʢʦʥʪʨʘʢʮʠʿʘ ʩʨʮʘ; (2) ʜʠʩʘˁʘ ï 

ʨʝʩʧʠʨʘʪʦʨʥʠʭ ʧʦʤʝʨʘˁʘ; ʠ (3) ʫʪʠʮʘʿʘ ʩʘʤʝ ʛʝʦʤʝʪʨʠʿʝ ʂɸ. ʆʥʦ ʰʪʦ ʿʝ ʥʘʿʚʘʞʥʠʿʝ, 

ʿʝʩʪʝ ʜʘ ʩʚʘ ʪʨʠ ʠʟʚʦʨʘ ʜʝʣʫʿʫ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʬʨʝʢʚʝʥʮʠʿʘʤʘ: ʚʠʩʦʢʦ ʬʨʝʢʚʝʥʪʥʝ 

ʢʦʤʧʦʥʝʥʪʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʨʯʘʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʜʦʢ ʥʠʩʢʦ ʬʨʝʢʚʝʥʪʥʝ ʢʦʤʧʦʥʝʥʪʝ 

ʥʘʩʪʘʿʫ ʧʦʜ ʫʪʠʮʘʿʝʤ ʨʝʩʧʠʨʘʪʦʨʥʠʭ ʧʦʤʝʨʘˁʘ ʠ ʫʩʣʝʜ ʟʘʢʨʠʚˀʝʥʦʩʪʠ ʧʫʪʘˁʝ ʢʘʪʝʪʝʨʘ 

(ʉʣʠʢʘ 4.5-a). ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʬʠʟʠʦʣʦʛʠʿʫ ʯʦʚʝʢʘ, ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ 

ʢʦʤʧʦʥʝʥʪʝ ʩʠʛʥʘʣʘ kardiod  ʬʨʝʢʚʝʥʮʠʿʘ ʠʟʤʝʹʫ 0.8~1.1Hz ʢʘʨʘʢʪʝʨʠʰʫ ʨʘʜ ʩʨʮʘ [163, 

164]. ʂʘʢʦ ʙʠ ʩʝ ʨʘʟʜʚʦʿʠʣʝ ʧʦʤʝʥʫʪʝ ʢʦʤʧʦʥʝʥʪʝ ʠʟ ʩʠʛʥʘʣʘ id , ʢʦʨʠʰ˂ʝʥ ʿʝ ʬʠʣʪʝʨ 

ʧʨʦʧʫʩʥʠʭ ʦʧʩʝʛʘ (ʝʥʛʣ. Butterworth filter) [165, 166], ʘ ʟʘʪʠʤ ʿʝ ʠʟʜʚʦʿʝʥʘ ʢʘʨʜʠʦ-

ʢʦʤʧʦʥʝʥʪʘ ʢʦʥʚʝʨʪʦʚʘʥʘ ʥʘʟʘʜ ʫ ʚʨʝʤʝʥʩʢʠ ʜʦʤʝʥ ʢʘʢʦ ʙʠ ʩʝ ʜʝʪʝʢʪʦʚʘʣʠ ʢʨʘʿˁʠ-

ʜʠʿʘʩʪʦʣʩʢʠ ʤʦʤʝʥʪʠ (ʪʿ. IVUS ʬʨʝʿʤʦʚʠ ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʪʠʤ ʤʦʤʝʥʪʠʤʘ) [167]. 

ʅʘ ʦʩʥʦʚʫ ʩʧʝʮʠʬʠʯʥʝ ʜʠʥʘʤʠʢʝ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ, ʫ ʈ-ʤʦʤʝʥʪʠʤʘ ʢʦʥʪʨʘʢʮʠʿʝ 

ʩʨʮʘ ʩʫ ʫʩʧʦʨʝʥʝ, ʰʪʦ ʩʝ ʤʘʥʠʬʝʩʪʫʿʝ ʧʦʿʘʚʦʤ ʩʝʜʣʘʩʪʠʭ ʧʨʝʚʦʿʥʠʭ ʪʘʯʘʢʘ ʥʘ 

ʠʟʜʚʦʿʝʥʦʤ ʩʠʛʥʘʣʫ, ʢʦʿʝ ʩʝ ʜʘˀʝ ʤʦʛʫ ʣʘʢʦ ʜʝʪʝʢʪʦʚʘʪʠ (ʉʣʠʢʘ 4.5-a). ʅʘʢʦʥ 

ʝʣʠʤʠʥʘʮʠʿʝ ʰʫʤʦʚʘ ʩʠʛʥʘʣʘ ʫʩʨʝʜˁʘʚʘˁʝʤ ʩʫʩʝʜʥʠʭ ʪʘʯʘʢʘ 
1 i n

kardio i

i nn

+

-

= äd d  (ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʫʟʝʪʦ ʿʝ ʜʘ ʿʝ 2n= ), ʫʧʦʪʨʝʙʦʤ ʧʨʚʦʛ ʠʟʚʦʜʘ 
1i i ikardio kardio kardio-

= -d d d"  

ʧʨʦʥʘʹʝʥʝ ʩʫ ʧʨʝʚʦʿʥʝ ʪʘʯʢʝ ʩʠʛʥʘʣʘ ʥʘ ʢʦʿʠʤʘ ʿʝ ʧʦʤʝʥʫʪʠ ʠʟʚʦʜ ʿʝʜʥʘʢ ʥʫʣʠ (ʠʣʠ 

ʤʘˁʠ ʦʜ ʥʝʢʝ ʟʘʜʘʪʝ ʚʨʝʜʥʦʩʪʠ). ʉʚʘʢʘ ʦʜ ʧʨʦʥʘʹʝʥʠʭ ʧʨʝʚʦʿʥʠʭ ʪʘʯʢʠ ʩʝ ʠʩʧʠʪʫʿʝ ʧʦ 
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ʧʨʠʥʮʠʧʫ ʧʨʠʢʘʟʘʥʦʤ ʥʘ ʉʣʠʮʠ 4.5-ʙ. ɿʘ ʧʨʦʠʟʚʦˀʥʫ ʧʨʝʚʦʿʥʫ ʪʘʯʢʫ 0
ikardio =d"  ʩʠʛʥʘʣʘ 

kardiod  ʫʟʠʤʘ ʩʝ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʦʢʦʣʥʠʭ ʪʘʯʘʢʘ (ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʫʟʝʪʝ ʩʫ ʪʘʯʢʝ ʜʦ 

ʧʦʣʦʚʠʥʝ ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʪʦʿʘˁʘ ʧʨʝʚʦʿʥʠʭ ʪʘʯʘʢʘ). ʅʘ ʬʦʨʤʠʨʘʥʫ ʛʨʫʧʫ ʪʘʯʘʢʘ ʩʝ 

ʬʠʪʫʿʝ ʧʘʨʘʙʦʣʘ ʰʠʨʠʥʝ b  ʠ ʚʠʩʠʥʝ a  [168]. ʅʘʢʦʥ ʪʦʛʘ, ʫ ʨʘʟʤʘʪʨʘˁʝ ʩʝ ʫʟʠʤʘʿʫ ʩʘʤʦ 

ʦʥʠ ʧʨʚʠ ʠʟʚʦʜʠ ʢʦʿʠ ʠʩʧʫˁʘʚʘʿʫ ʦʜʨʝʹʝʥʝ ʫʩʣʦʚʝ, ʢʘʦ ʰʪʦ ʩʫ ʤʠʥʠʤʫʤ ʥʘʛʠʙʘ, 

ʰʠʨʠʥʝ, ʚʠʩʠʥʝ ʠ ʦʨʠʿʝʥʪʘʮʠʿʝ ʬʠʪʦʚʘʥʝ ʧʘʨʘʙʦʣʝ (ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʧʠʢʦʚʠ ʩʘ 

ʰʠʨʠʥʦʤ 5b<  ʬʨʝʿʤʦʚʘ ʩʫ ʠʩʢˀʫʯʝʥʠ ʠʟ ʘʥʘʣʠʟʝ ʠ ʩʤʘʪʨʘʥʠ ʩʫ ʧʦʩʣʝʜʠʮʦʤ ʰʫʤʦʚʘ). 

ʇʦʰʪʦ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʧʠʢʦʚʠ ʩʠʩʪʦʣʝ ʠ ʜʠʿʘʩʪʦʣʝ ʥʘʠʟʤʝʥʠʯʥʦ ʧʦʥʘʚˀʘʿʫ, 

ʧʦʤʝʥʫʪʘ ʧʨʦʮʝʜʫʨʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʜʝʪʝʢʮʠʿʫ ʧʦʣʦʚʠʥʝ ʧʠʢʦʚʘ ʩʘ ʚʝ˂ʠʤ ʟʙʠʨʥʠʤ 

ʦʜʥʦʩʦʤ ʰʠʨʠʥʘ ʠ ʚʠʩʠʥʘ ʬʠʪʦʚʘʥʠʭ ʧʘʨʘʙʦʣʘ /i iäb a . ʊʘʢʦ ʩʝ ʠʩʧʫˁʘʚʘ ʦʧʠʩʘʥʠ 

ʫʩʣʦʚ ʜʘ ʫ ʜʠʿʘʩʪʦʣʩʢʦʤ ʧʠʢʫ ʂɸ ʠʤʘ ʫʩʧʦʨʝʥʫ ʜʠʥʘʤʠʢʫ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʩʪʦʣʫ. 

 

ʉʣʠʢʘ 4.5 ʋʟʦʨʢʦʚʘˁʝ IVUS ʬʨʝʿʤʦʚʘ ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʢʨʘʿˁʦʿ-ʜʠʿʘʩʪʦʣʩʢʦʿ ʬʘʟʠ 

ʩʨʯʘʥʦʛ ʮʠʢʣʫʩʘ: ʘ) ʌʠʣʪʨʠʨʘˁʝ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʨʘʯʫʥʘ ʥʘ ʦʩʥʦʚʫ ʠʥʪʝʥʟʠʪʝʪʘ IVUS 

ʩʣʠʢʘ; ʙ) ʆʜʨʝʹʠʚʘˁʝ ʰʠʨʠʥʝ ʠ ʚʠʩʠʥʝ ʧʠʢʘ ʬʠʪʦʚʘˁʝʤ ʧʘʨʘʙʦʣʝ; ʚ) ʇʨʠʤʝʨ 

ʬʠʪʦʚʘˁʘ ʧʘʨʘʙʦʣʘ ʥʘ ʩʨʯʘʥʫ ʢʦʤʧʦʥʝʥʪʫ kardiod . 

 

4.9.  ʉʝʛʤʝʥʪʘʮʠʿʘ ʟʠʜʘ ʂɸ ʥʘ IVUS ʩʥʠʤʮʠʤʘ 

ʂʦʨʠʩʪʝ˂ʠ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʫ ʤʝʪʦʜʫ, ʩʝʛʤʝʥʪʘʮʠʿʘ IVUS ʩʥʠʤʘʢʘ ʿʝ ʨʝʜʫʢʦʚʘʥʘ 

(ʦʪʧʨʠʣʠʢʝ ʪʨʠʜʝʩʝʪ ʧʫʪʘ) ʥʘ ʩʘʤʦ ʦʥʝ ʬʨʝʿʤʦʚʝ ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʢʨʘʿˁʦʿ-ʜʠʿʘʩʪʦʣʠ. 

ʇʨʦʮʝʜʫʨʘ ʢʦʨʠʰ˂ʝʥʘ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʙʘʟʠʨʘʥʘ ʿʝ ʥʘ ʫʧʦʪʨʝʙʠ ʨʘʟʣʠʯʠʪʠʭ ʪʝʭʥʠʢʘ 
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ʦʙʨʘʜʝ ʩʣʠʢʘ ʠ ʩʠʛʥʘʣʘ ʠ ʪʝʭʥʠʢʘ ʤʘʰʠʥʩʢʦʛ ʫʯʝˁʘ. ʎʝʦ ʧʨʦʮʝʩ ʤʦʞʝ ʩʝ ʧʦʜʝʣʠʪʠ ʥʘ 

ʪʨʠ ʢʦʨʘʢʘ: (1) ʀʟʜʚʘʿʘˁʝ ʦʧʠʩʥʠʭ ʘʪʨʠʙʫʪʘ (ʝʥʛʣ. Features) ʧʦʪʨʝʙʥʠʭ ʟʘ ʦʙʫʢʫ 

ʢʣʘʩʠʬʠʢʘʪʦʨʘ; (2) ʆʙʫʢʘ ʘʣʛʦʨʠʪʤʘ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ; (3) ɸʧʨʦʢʩʠʤʘʮʠʿʘ ʢʦʥʪʫʨʘ 

ʟʠʜʘ ʂɸ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʩʝʛʤʝʥʪʘʮʠʿʝ-ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʪʢʠʚʘ. 

4.9.1 ʀʟʜʚʘʿʘˁʝ ʦʧʠʩʥʠʭ ʘʪʨʠʙʫʪʘ ʠʟ IVUS ʩʣʠʢʘ 

ʇʨʚʠ ʢʦʨʘʢ ʫ ʩʝʛʤʝʥʪʘʮʠʿʠ IVUS ʩʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʠʟʜʚʘʿʘˁʝ ʩʚʦʿʩʪʘʚʘ ï ʘʪʨʠʙʫʪʘ 

ʢʦʿʘ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʂɸ ʥʘ ʥʝʧʦʟʥʘʪʠʤ 

IVUS ʩʣʠʢʘʤʘ. ʇʨʝʪʧʨʦʮʝʩʠʨʘˁʝ ʩʣʠʢʘ ʦʙʫʭʚʘʪʘ ʫʢʣʘˁʘˁʝ ʢʘʪʝʪʝʨʘ ʩʘ ʩʨʝʜʠʥʝ ʩʥʠʤʢʘ 

(ʫʤʝʩʪʦ ʢʦʛʘ ʩʫ ʫʙʘʯʝʥʠ ʧʠʢʩʝʣʠ ʣʫʤʝʥʘ) ʠ ʢʦʥʚʝʨʟʠʿʫ ʩʣʠʢʝ ʠʟ ʜʝʢʘʨʪʦʚʦʛ ʫ ʧʦʣʘʨʥʠ 

ʢʦʦʨʜʠʥʘʪʥʠ ʩʠʩʪʝʤ ( ) ( ), ,x y rq­I I  (ʉʣʠʢʘ 4.6-ʘ, ʙ). ʀʟʜʚʘʿʘˁʝ ʘʪʨʠʙʫʪʘ ʩʝ ʚʨʰʠ ʩʘ 

ʩʣʠʢʘ ʢʦʿʝ ʩʫ ʧʨʝʪʭʦʜʥʦ ʤʘʥʫʝʣʥʦ ʩʝʛʤʝʥʪʠʨʘʥʝ ʦʜ ʩʪʨʘʥʝ ʩʪʨʫʯʥʦʛ ʣʠʮʘ (ʉʣʠʢʘ 4.6-ʚ). 

ʅʘ ʩʚʘʢʦʤ ʬʨʝʿʤʫ ʢʦʨʠʰ˂ʝʥʦʤ ʟʘ ʦʙʫʢʫ ʢʣʘʩʠʬʠʢʘʪʦʨʘ (ʝʥʛʣ. Classifier) ʨʫʯʥʦ ʩʫ 

ʥʘʟʥʘʯʝʥʝ ʨʝʛʠʿʝ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ: ʣʫʤʝʥ-ʢʨʚ, ʢʘʣʮʠʿʫʤʩʢʠ ʧʣʘʢ ʫʥʫʪʘʨ ʟʠʜʘ ʂɸ, ʟʠʜ 

ʂɸ, ʰʫʤ ʢʘʪʝʪʝʨʘ ʠ ʦʢʦʣʥʦ ʪʢʠʚʦ. ɿʘ ʩʚʘʢʠ ʧʠʢʩʝʣ ʢʦʿʠ ʧʨʠʧʘʜʘ ʧʦʤʝʥʫʪʠʤ ʨʝʛʠʿʘʤʘ 

ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʩʣʝʜʝ˂ʠ ʘʪʨʠʙʫʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʪʦʜʘ: 

i. 1f ïʀʥʪʝʥʟʠʪʝʪ ʧʠʢʩʝʣʘ ( ) ( )1 , ,f r rq q=I . 

ii.  2f ïʋʜʘˀʝʥʦʩʪ ʧʠʢʩʝʣʘ ʦʜ ʢʘʪʝʪʝʨʘ ï ʪʿ. ʨʘʜʠʿʫʩ r  ʧʠʢʩʝʣʘ ʫ ʧʦʣʘʨʥʦʤ 

ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʠʩʪʝʤʫ ( )2 ,f r rq= . 

iii.  3 5f -ï LBP ʘʪʨʠʙʫʪʠ ï ʃʦʢʘʣʥʠ ɹʠʥʘʨʥʠ ʐʘʙʣʦʥʠ (ʝʥʛʣ. Local Binary Pattern ï LBP) 

[169, 170] ʩʝ ʨʘʯʫʥʘʿʫ ʪʘʢʦ ʰʪʦ ʩʝ ʟʘ ʩʚʘʢʠ ʧʠʢʩʝʣ ʩʣʠʢʝ ʧʦʩʤʘʪʨʘ ʦʜʨʝʹʝʥʠ ʙʨʦʿ 

(N) ʧʠʢʩʝʣʘ ʫ ʦʢʦʣʠʥʠ ï ʪʿ. ʥʘ ʟʘʤʠʰˀʝʥʦʤ ʢʨʫʛʫ (ʧʨʝʯʥʠʢʘ R) ʦʧʠʩʘʥʦʤ ʦʢʦ 

ʪʦʛ ʧʠʢʩʝʣʘ. ɺʨʝʜʥʦʩʪ ʧʠʢʩʝʣʘ ʫ ʩʨʝʜʠʥʠ ʩʝ ʧʦʨʝʜʠ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʧʠʢʩʝʣʠʤʘ 

ʥʘ ʢʨʫʛʫ (ʧʦʰʪʦ ʿʝ ʩʣʠʢʘ ʜʠʩʢʨʝʪʥʘ, ʚʨʰʠ ʩʝ ʠʥʪʝʨʧʦʣʘʮʠʿʘ ʧʠʢʩʝʣʘ ʜʘ ʙʠ ʩʝ 

ʜʦʙʠʦ ʠʥʪʝʥʟʠʪʝʪ ʩʣʠʢʝ ʥʘ ʢʨʫʛʫ), ʧʨʠ ʯʝʤʫ ʩʝ ʧʠʢʩʝʣʠʤʘ ʩʘ ʚʝ˂ʠʤ 

ʠʥʪʝʥʟʠʪʝʪʦʤ ʩʣʠʢʝ ʜʦʜʝˀʫʿʝ ʚʨʝʜʥʦʩʪ 1 ʘ ʧʠʢʩʝʣʠʤʘ ʩʘ ʤʘˁʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʩʝ 

ʜʦʜʝˀʫʿʝ ʚʨʝʜʥʦʩʪ 0. ɸʢʦ ʿʝ ʙʨʦʿ ʦʢʦʣʥʠʭ ʧʠʢʩʝʣʘ N=8 ʜʦʙʠʿʝ ʩʝ ʥʠʟ (ʫ ʧʨʘʚʮʫ 

ʢʘʟʘˀʢʝ ʥʘ ʩʘʪʫ) ʦʜ ʦʩʘʤ ʥʫʣʘ ʠ ʿʝʜʠʥʠʮʘ, ʢʦʿʠ ʩʝ ʤʦʞʝ ʢʦʥʚʝʨʪʦʚʘʪʠ ʠʟ 

ʙʠʥʘʨʥʦʛ ʫ ʜʝʮʠʤʘʣʥʠ ʙʨʦʿ ʢʦʿʠ ʦʧʠʩʫʿʝ ʦʢʦʣʠʥʫ ʧʠʢʩʝʣʘ ʫʥʫʪʘʨ ʢʨʫʛʘ. ʋ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʢʦʨʠʰ˂ʝʥʘ ʩʫ ʪʨʠ LBP ʘʪʨʠʙʫʪʘ 3 5f - : R=(1,5,10) ʠ N=(8,16,16). 

iv. 6f ïʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʧʠʢʩʝʣʘ ʦʢʦʣʥʝ ʨʝʛʠʿʝ ï ʟʘ ʜʘʪʫ ʰʠʨʠʥʫ dq ʠ ʚʠʩʠʥʫ 

drʨʝʛʠʿʝ ʥʘʣʘʟʠ ʩʝ ʩʫʤʘ ʩʚʠʭ ʧʠʢʩʝʣʘ ʠ ʜʝʣʠ ʩʘ ʫʢʫʧʥʠʤ ʙʨʦʿʝʤ ʧʠʢʩʝʣʘ 

ʧʦʩʤʘʪʨʘʥʝ ʨʝʛʠʿʝ:( )6 ,

1
,

4

r dr d

i j

i r dr j d

f r
dr d

q q

q q

q
q

+ +

= - = -

=
Ö Ö

ä äI . ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʫʟʝʪʦ ʜʘ ʿʝ 

dq=1 ʠ dr =5. 
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v. 7 23f - ïɻʘʙʦʨʦʚ ʬʠʣʪʝʨ (ʝʥʛʣ. Gabor
33

 filter) [171, 172] ï ʧʨʝʜʩʪʘʚˀʘ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʩʠʥʫʩʦʠʜʘʣʥʠ ʪʘʣʘʩ (ʦʜʨʝʹʝʥʝ ʦʨʠʿʝʥʪʘʮʠʿʝ ʠ ʬʨʝʢʚʝʥʮʠʿʝ) 

ʯʠʿʘ ʿʝ ʘʤʧʣʠʪʫʜʘ ʧʦʤʥʦʞʝʥʘ ɻʘʫʩʦʚʦʤ ʬʫʥʢʮʠʿʦʤ. ʋ ʦʚʦʿʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, 

ʢʦʨʠʰ˂ʝʥ ʿʝ ʢʦʤʧʣʝʢʩʥʠ ʦʙʣʠʢ ɻʘʙʦʨʦʚʦʛ ʬʠʣʪʝʨʘ ʜʝʬʠʥʠʩʘʥ ʧʦʤʦ˂ʫ ʨʝʣʘʮʠʿʝ: 

( )
2 2 2

7-23 2

' ' '
, ; , , , , exp exp 2

2

x y x
f x y i

g
l q y s g p y

s l

å õ å õ+ å õ
= - +æ ö æ öæ ö

ç ÷ç ÷ç ÷
, ʛʜʝ ʩʫ: l ʜʫʞʠʥʘ ʩʠʥʫʩʥʦʛ 

ʪʘʣʘʩʘ, q ʫʛʘʦ ʟʘʦʢʨʝʥʫʪʦʩʪʠ ʬʠʣʪʝʨʘ (ʪʘʢʦ ʜʘ ʿʝ ' cos sinx x yq q= +  ʠ 

' sin cosy x yq q=- + ), y  ʿʝ ʬʘʟʥʠ ʧʦʤʝʨʘʿ, s ʿʝ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ɻʘʫʩʦʚʝ 

ʝʥʚʝʣʦʧʝ ʠ g ʿʝ ʬʘʢʪʦʨ ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʝ ʝʣʠʧʪʠʯʥʦʩʪ ʬʠʣʪʝʨʘ. ʋ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʢʨʝʠʨʘʥʘ ʿʝ ʙʘʥʢʘ (ʝʥʛʣ. Bank) ʦʜ ʫʢʫʧʥʦ 16 ʬʠʣʪʝʨʘ ʚʘʨʠʨʘˁʝʤ 

ʧʘʨʦʚʘ ʟʘʦʢʨʝʥʫʪʦʩʪʠ (0, p/4, p/2, 3p/4)ïʬʨʝʢʚʝʥʮʠʿʝ (0.12, 0.16, 0.24, 0.32), 

ʧʨʠ ʯʝʤʫ ʩʫ ɻʘʫʩʦʚʝ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ xs (1, 2, 2, 1) ʠ 
ys (1, 2, 4, 2). 

vi. 24f ïʉʦʙʝʣʦʚ ʦʧʝʨʘʪʦʨ ʩʣʠʢʝ (ʝʥʛʣ. Sobel
34

 operator) ï ʨʘʯʫʥʘ ʠʚʠʮʝ-ʪʿ. ʛʨʘʜʠʿʝʥʪ 

ʩʣʠʢʝ [174]. ʆʨʠʿʝʥʪʘʮʠʿʘ 3³3 ʢʝʨʥʝʣʘ
35

 (ʝʥʛʣ. Kernel) ʢʦʨʠʰ˂ʝʥʦʛ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʙʠʣʘ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʤ-ʨʘʜʠʿʘʣʥʦʤ ʧʨʘʚʮʫ. 

vii.  25f ïʂʦʥʚʦʣʫʮʠʿʘ ʢʝʨʥʝʣʘ ʛʨʘʜʠʿʝʥʪʘ ʨʝʛʠʿʝ ï ʠʟʨʘʯʫʥʘʪ ʿʝ ʛʨʘʜʠʿʝʥʪ ʩʣʠʢʝ 

ʢʦʥʚʦʣʫʮʠʿʦʤ ʢʝʨʥʝʣʘ ʜʠʤʝʥʟʠʿʝ 4³16, ʧʨʠ ʯʝʤʫ ʧʨʚʠʭ ʦʩʘʤ ʨʝʜʦʚʘ ʢʝʨʥʝʣʘ 

ʠʤʘ ʚʨʝʜʥʦʩʪ -1 ʘ ʧʨʝʦʩʪʘʣʠʭ ʦʩʘʤ ʨʝʜʦʚʘ ʚʨʝʜʦʩʪ 1 [175]. 

viii.  26 34f - ï ʄʘʪʨʠʮʘ ʟʜʨʫʞʝʥʦʛ ʧʦʿʘʚˀʠʚʘˁʘ ʥʠʚʦʘ ʩʠʚʦʛ (ʝʥʛʣ. Gray-Level Co-

Occurrence Matrix ï GLCM) ï ʧʨʝʜʩʪʘʚˀʘ ʩʪʘʪʠʩʪʠʯʢʫ ʤʝʪʦʜʫ ʟʘ ʦʧʠʩ ʪʝʢʩʪʫʨʝ 

ʪʿ. ʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʧʠʢʩʝʣʘ ʢʦʿʠ ʯʠʥʝ ʩʣʠʢʫ. ɼʦʙʠʿʘ ʩʝ ʪʘʢʦ ʰʪʦ ʩʝ ʟʘ ʦʜʨʝʹʝʥʠ 

ʜʝʦ ʩʣʠʢʝ ʠʟʨʘʯʫʥʘ ʫʯʝʩʪʘʣʦʩʪ ʧʦʿʘʚˀʠʚʘˁʘ ʧʘʨʘ ʧʠʢʩʝʣʘ ʩʘ ʦʜʨʝʹʝʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ, ʟʘ ʜʝʬʠʥʠʩʘʥʠ ʫʛʘʦ — ʠ ʨʘʩʪʦʿʘˁʘ Ὠ ʤʝʹʫ ʧʠʢʩʝʣʠʤʘ. ʊʘʢʦ ʩʝ 

ʬʦʨʤʠʨʘ GLCM ʤʘʪʨʠʮʘ, ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʩʪʘʪʠʩʪʠʯʢʝ 

ʚʝʣʠʯʠʥʝ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ GLCM ʤʘʪʨʠʮʘ ʿʝ ʜʦʙʠʿʝʥʘ ʫʩʨʝʜˁʘʚʘˁʝʤ 

ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ ʟʘ —=[0ę, 45ę, 90ę, 135ę] ʠ Ὠ=2, ʙʨʦʿ ʥʠʚʦʘ ʩʠʚʦʛ ʿʝ 

ʧʦʜʝʰʝʥ-ʨʝʜʫʢʦʚʘʥ ʥʘ N=32 [176]: 

¶ ɸʫʪʦʢʦʨʝʣʘʮʠʿʘ (ʝʥʛʣ. Autocorrelation): ( )26

1 1

( ) ,
N N

i j

f ij p i j
= =

=ää . 
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 ʅʘʟʠʚ ʿʝ ʜʦʙʠʦ ʧʦ ɼʝʥʠʩʫ ɻʘʙʦʨʫ (ʝʥʛʣ. Dennis Gabor; 1900-1979), ʙʨʠʪʘʥʩʢʦʤ ʝʣʝʢʪʨʦʠʥʞʝˁʝʨʫ ʠ 

ʬʠʟʠʯʘʨʫ ʤʘʹʘʨʩʢʦʛ ʧʦʨʝʢʣʘ, ʢʦʿʠ ʿʝ 1971. ʛʦʜʠʥʝ ʜʦʙʠʦ ʅʦʙʝʣʦʚʫ ʥʘʛʨʘʜʫ ʠʟ ʬʠʟʠʢʝ ʟʘ ʧʨʦʥʘʣʘʩʢʝ ʢʦʿʠ 

ʩʫ ʜʦʧʨʠʥʝʣʠ ʨʘʟʚʦʿʫ ʠ ʢʦʤʝʨʮʠʿʘʣʠʟʘʮʠʿʠ ʭʦʣʦʛʨʘʤʘ [171]. 
34

 ʅʘʟʠʚ ʿʝ ʜʦʙʠʦ ʧʦ ʀʨʚʠʥʫ ʉʦʙʝʣʫ (ʝʥʛʣ. Irwin Sobel), ʘʤʝʨʠʯʢʦʤ ʥʘʫʯʥʠʢʫ ʢʦʿʠ ʛʘ ʿʝ ʟʘʿʝʜʥʦ ʩʘ 

ʩʚʦʿʠʤ ʢʦʣʝʛʘʤʘ ʧʨʚʠ ʧʨʝʜʣʦʞʠʦ 1968. ʛʦʜʠʥʝ ʪʦʢʦʤ ʩʚʦʛ ʠʟʣʘʛʘˁʘ ʫ ʉʪʝʥʬʦʜʨʫ (ʝʥʛʣ. Stanford Artificial 

Intelligence Laboratory) [173]. 
35

 ʂʝʨʥʝʣ ʿʝ ʤʘʪʨʠʮʘ, ʢʦʿʦʤ ʩʝ ʧʦʤʦ˂ʫ ʢʦʥʚʦʣʫʮʠʿʝ ʚʨʰʠ ʦʙʨʘʜʘ ʩʣʠʢʝ-ʜʨʫʛʝ ʤʘʪʨʠʮʝ. 
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¶ ɽʥʪʨʦʧʠʿʘ (ʝʥʛʣ. Entropy): ( )( )27

1 1

( ) log ,
N N

i j

f p ij p i j
= =

=-ää . 

¶ ʂʦʥʪʨʘʩʪ (ʝʥʛʣ. Contrast): ( )
1

2

28

0 1 1

, ,
N N N

n i j

f n p i j i j n
-

= = =

ë û
= - =ì ü

í ý
ä ää . 

¶ ʂʦʨʝʣʘʮʠʿʘ (ʝʥʛʣ. Correlation): 

( )( )
1 1

29

, ,
N N

x y

i j

x y

i j p i j

f

m m

s s

= =

-

=

ää
. 

¶ ʈʘʟʣʠʯʠʪʦʩʪ (ʝʥʛʣ. Dissimilarity): ( )30

1 1

,
N N

i j

f i j p i j
= =

= -ää . 

¶ ɽʥʝʨʛʠʿʘ (ʝʥʛʣ. Energy): ( ){ }
2

31

1 1

,
N N

i j

f p i j
= =

=ää . 

¶ ɽʥʪʨʦʧʠʿʘ ʩʫʤʝ (ʝʥʛʣ. Sum entropy): 
1

2

32

0

( )
gN

x y

i

f i p i

-

-

=

=-ä . 

¶ ʍʦʤʦʛʝʥʦʩʪ (ʝʥʛʣ. Homogenity): 
( )

( )
33 2

1 1

,

1

N N

i j

p i j
f

p i j= =

=
+ -

ää . 

¶ ʇʨʦʩʝʢ ʩʫʤʝ (ʝʥʛʣ. Sum average): 
2

34

2

( )
N

x y

i

f ip i+

=

=ä . 

ix. 35 36f - ïʉʣʠʢʘ
36

 ʩʘ ʥʝʫʪʨʘʣʠʟʦʚʘʥʠʤ ʰʫʤʦʚʠʤʘ ʧʨʠʤʝʥʦʤ ʘʥʠʟʦʪʨʦʧʥʝ ʜʠʬʫʟʠʿʝ 

(ʝʥʛʣ. Coherence-Enhancing Anisotropic Diffusion ï CEAD) [177, 178]. CEAD ʿʝ 

ʙʘʟʠʨʘʥʘ ʥʘ ʝʚʦʣʫʮʠʿʠ ʩʣʠʢʝ ( , )x yI  ʧʦʜ ʜʝʿʩʪʚʦʤ ʜʠʬʫʟʥʝ ʿʝʜʥʘʯʠʥʝ, ʢʦʿʘ ʩʝ ʫ 

ʝʢʩʧʣʠʮʠʪʥʦʤ ʦʙʣʠʢʫ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦ ʩʣʝʜʝ˂ʦʿ ʬʦʨʤʫʣʠ: 

( ) ( ) ( )35 36 ,    x x y y x y

a b
f a a b c

b ct
-

å õµ
= =Ð Ð =µ µ + µ +µ µ + µ =æ ö
µ ç ÷

I
D I I I I I D ; ʛʜʝ ʿʝ ( ), ,x y tI  

ʩʣʠʢʘ ʢʦʿʘ ʩʝ ʤʝˁʘ (ʪʿ. ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ ʩʣʠʢʝ ʫ ʧʨʦʩʪʦʨʫ ʠ ʚʨʝʤʝʥʫ), t  ʿʝ 

ʚʨʝʤʝʥʩʢʠ ʧʘʨʘʤʝʪʘʨ ʜʠʬʫʟʠʿʝ ʠ D  ʿʝ ʪʝʥʟʦʨ ʜʠʬʫʟʠʿʝ. ʆʧʠʩʘʥʘ ʿʝʜʥʘʯʠʥʘ ʿʝ 

ʨʝʰʝʥʘ ʫ ʯʝʪʠʨʠ ʢʦʨʘʢʘ [179]: 

(1) ʀʟʨʘʯʫʥʘʿ ʩʪʨʫʢʪʫʨʥʠ ʪʝʥʟʦʨ ʢʦʨʠʩʪʝ˂ʠ ʧʦʙʦˀʰʘʥʝ ʬʠʣʪʝʨʝ ʠʟʚʦʜʘ: 

3 0 3
1

10 0 10
32

3 0 3

x

-è ø
é ù

= -
é ù
é ù-ê ú

F  ʠ 

3 10 3
1

0 0 0
32

3 10 3

y

è ø
é ù

=
é ù
é ù- - -ê ú

F ,
 

(2) ʀʟʨʘʯʫʥʘʿ ʜʠʬʫʟʥʠ ʪʝʥʟʦʨ ʥʘ ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʥʦʛ ʪʝʥʟʦʨʘ, 

(3) ʀʟʨʘʯʫʥʘʿ ʢʦʤʧʦʥʝʥʪʝ ʬʣʫʢʩʘ x ya aµ + µI I  ʠ x yb cµ + µI I , 

                                                 
36

 ʌʠʣʪʨʠʨʘʥʘ ʿʝ ʩʣʠʢʘ ʫ ʜʝʢʘʨʪʦʚʦʤ ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʠʩʪʝʤʫ, ʧʘ ʿʝ ʧʦʪʦʤ ʢʦʥʚʝʨʪʦʚʘʥʘ ʫ ʧʦʣʘʨʥʠ. 
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(4) ʀʟʨʘʯʫʥʘʿ( ) ( ) ( )x x y y x ya a b cÐ Ð =µ µ + µ +µ µ + µD I I I I I . 

ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʛʝʥʝʨʠʩʘʥʘ ʩʫ ʜʚʘ ʘʪʨʠʙʫʪʘ 35 36f -  ʚʘʨʠʨʘˁʝʤ: ʙʨʦʿʘ ʢʦʨʘʢʘ 

(5,1) ʠ ʚʝʣʠʯʠʥʝ ʢʦʨʘʢʘ (600,60). 

x. 37 38f - ïɽʢʩʪʝʨʥʘ (ʝʥʛʣ. External Accumulation) ʠ ʠʥʪʝʨʥʘ (ʝʥʛʣ. Internal 

Accumulation) ʘʢʫʤʫʣʘʮʠʿʘ ʩʣʠʢʝ ʦʧʠʩʫʿʝ ʘʢʫʤʫʣʘʮʠʿʫ ʠʥʪʝʥʟʠʪʝʪʘ ʧʠʢʩʝʣʘ ʫ 

ʨʘʜʠʿʘʣʥʦʤ ʧʨʘʚʮʫ, ʧʦʯʝʚʰʠ ʦʜ ʧʦʟʠʮʠʿʝ ʪʨʝʥʫʪʥʦʛ ʧʠʢʩʝʣʘ ʢʘ ʩʧʦˀʘʰˁʦʿ 

ʠʚʠʮʠ ʦʜʥʦʩʥʦ ʢʘʪʝʪʝʨʫ-ʮʝʥʪʨʫ ʩʣʠʢʝ, ʨʝʩʧʝʢʪʠʚʥʦ [180]: 

¶ ɽʢʩʪʝʨʥʘ ʘʢʫʤʫʣʘʮʠʿʘ ʩʣʠʢʝ: ( )
( )

max
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¶ ʀʥʪʝʨʥʘ ʘʢʫʤʫʣʘʮʠʿʘ ʩʣʠʢʝ: ( )
( )

1
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 ɹʘʟʘ ʥʘʟʥʘʯʝʥʠʭ IVUS ʩʣʠʢʘ ʢʦʨʠʰ˂ʝʥʘ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʬʦʨʤʠʨʘʥʘ ʿʝ 

ʫʧʦʪʨʝʙʦʤ 150 ʬʨʝʿʤʦʚʘ, ʫʟʝʪʠʭ ʩʘ ʦʩʘʤ ʨʘʟʣʠʯʠʪʠʭ ʩʥʠʤʘʢʘ (ʝʥʛʣ. Pullback). ʇʦʰʪʦ 

ʿʝʜʥʘ ʩʣʠʢʘ ʫ ʧʦʣʘʨʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤʘ ʠʤʘ 92160 ʧʠʢʩʝʣʘ (256³360), ʠʟ ʿʝʜʥʦʛ ʬʨʝʿʤʘ 

ʫʟʦʨʢʦʚʘʥ ʿʝ ʩʚʘʢʠ ʧʠʢʩʝʣ ʢʘʣʮʠʿʫʤʩʢʦʛ ʧʣʘʢʘ, ʩʚʘʢʠ ʜʝʩʝʪʠ ʧʠʩʢʝʣ ʣʫʤʝʥʘ ʠ ʟʠʜʘ, ʠ 

ʩʚʘʢʠ ʜʚʘʜʝʩʝʪʠ ʧʠʢʩʝʣ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʦʢʦʣʥʦ ʪʢʠʚʦ ʠ ʰʫʤ ʩʣʠʢʝ. ʉʝʣʝʢʮʠʿʘ 

ʦʧʪʠʤʘʣʥʦʛ ʙʨʦʿʘ ʦʧʠʩʥʠʭ ʘʪʨʠʙʫʪʘ ʠʟʚʨʰʝʥʘ ʿʝ ʤʝʪʦʜʦʤ ʉʝʢʚʝʥʮʠʿʘʣʥʝ ʩʝʣʝʢʮʠʿʝ 

ʫʥʘʟʘʜ (ʝʥʛʣ. Sequential backward selection, ʬʫʥʢʮʠʿʘ sequentialfs ʫ Mʘʪʣʘʙʫ) [181]. 

ʉʝʢʚʝʥʮʠʿʘʣʥʘ ʩʝʣʝʢʮʠʿʘ ʫʥʘʟʘʜ ʩʝ ʙʘʟʠʨʘ ʥʘ ʠʟʦʩʪʘʚˀʘˁʫ ʿʝʜʥʦʛ ʧʦ ʿʝʜʥʦʛ ʘʪʨʠʙʫʪʘ ʠʟ 

ʧʨʦʮʝʩʘ ʦʙʫʢʝ ʢʣʘʩʠʬʠʢʘʪʦʨʘ ʩʚʝ ʜʦʢ ʩʫ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʙʦˀʠ ʠʣʠ ʫ ʜʦʟʚʦˀʝʥʠʤ 

ʛʨʘʥʠʮʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ ʜʦʙʠʿʝʥ ʢʦʨʠʰ˂ʝˁʝʤ ʩʚʠʭ ʘʪʨʠʙʫʪʘ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ 

ʫʩʣʦʚ ʿʝ ʙʠʦ ʜʘ ʪʘʯʥʦʩʪ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʥʘʢʦʥ ʨʝʜʫʢʦʚʘˁʘ ʙʨʦʿʘ ʘʪʨʠʙʫʪʘ ʙʫʜʝ ʚʝ˂ʘ ʦʜ 

95% ʠʣʠ ʙʦˀʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʟʫʣʪʘʪʝ ʜʦʙʠʿʝʥʝ ʧʦʯʝʪʥʠʤ ʤʦʜʝʣʦʤ ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʩʚʝ 

ʘʪʨʠʙʫʪʝ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʙʨʦʿ ʧʦʪʨʝʙʥʠʭ ʘʪʨʠʙʫʪʘ ʿʝ ʨʝʜʫʢʦʚʘʥ ʥʘ ʧʝʪʥʘʝʩʪ 

ʥʘʿʨʝʣʝʚʘʥʪʥʠʿʠʭ ʘʪʨʠʙʫʪʘ (ʉʣʠʢʘ 4.6-ʛ-ʦ: 1f , 2f , 5f , 6f , 7f , 9f , 14f , 
26f , 27f , 28f , 31f , 

33f , 36f , 37f , 38f ). 
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ʉʣʠʢʘ 4.6 ʀʟʜʚʘʿʘˁʝ ʦʧʠʩʥʠʭ ʘʪʨʠʙʫʪʘ: ʘ) ʇʨʠʤʝʨ IVUS ʩʣʠʢʝ-ʬʨʝʿʤʘ ʩʘʯʫʚʘʥʦʛ ʫ 

DICOM ʬʘʿʣʫ; ʙ) ʉʣʠʢʘ ʫ ʧʦʣʘʨʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤʘ; ʚ) ʈʫʯʥʦ ʥʘʟʥʘʯʝʥʠ ʤʘʪʝʨʠʿʘʣʠ; ʛ-ʦ) 

ɸʪʨʠʙʫʪʠ ʠʟʜʚʦʿʝʥʠ ʠʟ ʧʦʩʤʘʪʨʘʥʝ ʩʣʠʢʝ (ʚʨʝʜʥʦʩʪʠ ʩʫ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʫ ʦʧʩʝʛʫ 0-1 

ʨʘʜʠ ʣʘʢʰʝ ʚʠʟʫʝʣʠʟʘʮʠʿʝ): ʛ) 1f ïʠʥʪʝʥʟʠʪʝʪ ʧʠʢʩʝʣʘ; ʜ) 2f ïʨʘʜʠʿʫʩ ʧʠʢʩʝʣʘ; ʹ)5f ï

LBP(R=10, P=16); ʝ) 6f ïʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʧʠʢʩʝʣʘ ʦʢʦʣʥʝ ʨʝʛʠʿʝ ( dq=1 ʠ dr =5); ʞ) 

7f ïɻʘʙʦʨʦʚ ʬʠʣʪʝʨ (ʟʘʦʢʨʝʥʫʪʦʩʪ=0, ʬʨʝʢʚʝʥʮʠʿʘ=0.12, xs =1, 
ys=1); ʟ) 9f ïɻʘʙʦʨʦʚ 

ʬʠʣʪʝʨ (ʟʘʦʢʨʝʥʫʪʦʩʪ=p/4, ʬʨʝʢʚʝʥʮʠʿʘ=0.24, xs =2, 
ys=2); ʠ) 14f ïɻʘʙʦʨʦʚ ʬʠʣʪʝʨ 

(ʟʘʦʢʨʝʥʫʪʦʩʪ=p/2, ʬʨʝʢʚʝʥʮʠʿʘ=0.32, xs =2, 
ys=2); ʿ) 26f ïɸʫʪʦʢʦʨʝʣʘʮʠʿʘ; ʢ) 27f ï

ɽʥʪʨʦʧʠʿʘ; ʣ) 
28f ïʂʦʥʪʨʘʩʪ; ˀ) 31f ïɽʥʝʨʛʠʿʘ; ʤ) 33f ïʍʦʤʦʛʝʥʦʩʪ; ʥ) 36f ïʉʣʠʢʘ ʩʘ 

ʥʝʫʪʨʘʣʠʟʦʚʘʥʠʤ ʰʫʤʦʚʠʤʘ ʧʨʠʤʝʥʦʤ ʘʥʠʟʦʪʨʦʧʥʝ ʜʠʬʫʟʠʿʝ (1 ʢʦʨʘʢ, ʜʫʞʠʥʘ ʢʦʨʘʢʘ 

60); ˁ) 37f ïɽʢʩʪʝʨʥʘ ʘʢʫʤʫʣʘʮʠʿʘ ʩʣʠʢʝ; ʦ) 38f ïʀʥʪʝʨʥʘ ʘʢʫʤʫʣʘʮʠʿʘ ʩʣʠʢʝ. 

 


