
ʈʝʢʦʤʝʥʜʘʮʽʾ ʟ ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʦʾ ʦʮʽʥʢʠ ʨʝʛʫʨʛʽʪʘʮʽʾ ʥʘ ʥʘʪʠʚʥʠʭ 

ʢʣʘʧʘʥʘʭ. ʏʘʩʪʠʥʘ ɯ. ɸʪʨʽʦʚʝʥʪʨʠʢʫʣʷʨʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ. 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʨʦʙʦʯʦʾ ʛʨʫʧʠ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ɸʩʦʮʽʘʮʽʾ 

ʢʘʨʜʽʦʣʦʛʽʚ ʋʢʨʘʾʥʠ ʪʘ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʘʩʦʮʽʘʮʽʾ ʬʘʭʽʚʮʽʚ ʟ 

ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʾ 

͔͙̉ͤ͡ ͪͦ͋ͦ;ͦ͝ ͎͙ͪͯͨ ͘ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͔ͪͦͣͤ͒͊͟ͼ͚͜Υ ͊͊͒͟Φ ˹ˢ˸˹ ͙̂ͪ͊ͤ͟͝Σ 

ͨͪͦͺΦ ˤΦ˸Φ ˴͍͔ͦ͊ͤͦ͟͡Σ ͨͪͦͺΦ ˿͙;͍ͦ ˻Φ˿ΦΣ ͨͪͦͺΦ ˸Φ˸Φ ˨͔ͦ͗ͤͦ͟͡Σ ͨͪͦͺΦ ̑ΦˢΦ 

˱͍͍͊ͤ͜Σ  ͟ΦͣΦͤΦ ˿Φ˱Φ ˨͔Ύ͟Σ ͟ΦͣΦͤΦ ˿ΦˤΦ ˽ͦͭ͊΄͔͍  

 

ʂʣʘʧʘʥʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ ʻ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʧʨʠʯʠʥ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ 

ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʪʘ ʩʤʝʨʪʥʦʩʪʽ. ɽʭʦʢʘʨʜʽʦʛʨʘʬʽʷ (ɽʭʦʂɻ) ʩʴʦʛʦʜʥʽ ʻ ʛʦʣʦʚʥʠʤ 

ʥʝʽʥʚʘʟʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʠ ʦʮʽʥʮʽ ʢʣʘʧʘʥʥʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ (ʂʈ). 

ɽʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʘ ʦʮʽʥʢʘ ʂʈ ʧʦʚʠʥʥʘ ʧʦʻʜʥʫʚʘʪʠ ʷʢʽʩʥʝ ʪʘ ʢʽʣʴʢʽʩʥʝ ʾʾ 

ʚʠʟʥʘʯʝʥʥʷ, ʦʮʽʥʢʫ ʘʥʘʪʦʤʽʾ ʪʘ ʬʫʥʢʮʽʾ ʢʣʘʧʘʥʫ, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʥʘʩʣʽʜʢʠ 

ʢʣʘʧʘʥʥʦʾ ʧʘʪʦʣʦʛʽʾ ʪʘ ʾʾ ʚʧʣʠʚ ʥʘ ʘʥʘʪʦʤʽʶ ʪʘ ʬʫʥʢʮʽʶ ʢʘʤʝʨ ʩʝʨʮʷ. ɺ 

ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʚʝʜʝʥʥʷ ʧʘʮʽʻʥʪʽʚ ʚ ʚʝʣʠʢʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ. ʊʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʛʦ ʧʝʨʝʣʽʢʫ ʦʙʦʚôʷʟʢʦʚʠʭ ʚʠʤʽʨʽʚ ʧʨʠ ʦʮʽʥʮʽ ʢʣʘʧʘʥʥʦʾ 

ʨʝʛʫʨʛʽʪʘʮʽʾ ʻ ʢʨʠʪʠʯʥʠʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʣʘʧʘʥʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ, ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʷ, ʨʝʢʦʤʝʥʜʘʮʽʾ, 

ʤʽʪʨʘʣʴʥʠʡ ʢʣʘʧʘʥ, ʪʨʠʢʫʩʧʽʜʘʣʴʥʠʡ ʢʣʘʧʘʥ 

ɺʩʪʫʧ 

ɼʦʧʧʣʝʨʽʚʩʴʢʘ ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʷ (ɽʭʦʂɻ) ʻ ʥʝʟʘʤʽʥʥʦʶ ʤʝʪʦʜʠʢʦʶ ʧʨʠ 

ʧʦʯʘʪʢʦʚʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʜʠʥʘʤʽʯʥʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʫ ʧʘʮʽʻʥʪʽʚ ʟ 

ʢʣʘʧʘʥʥʦʶ ʥʝʜʦʩʪʘʪʥʽʩʪʶ. ɺʦʥʘ ʥʘʜʘʻ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʥʘʪʦʤʽʶ ʪʘ 

ʬʫʥʢʮʽʶ ʢʣʘʧʘʥʘ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʝʭʘʥʽʟʤʠ ʢʣʘʧʘʥʥʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ 

(ʂʈ). ɼʦʧʧʣʝʨʽʚʩʴʢʘ ɽʭʦʂɻ (ɼɽʭʦʂɻ) ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʣʷʻ ʬʘʢʪ ʥʘʷʚʥʦʩʪʽ 

ʨʝʛʫʨʛʽʪʘʮʽʾ, ʘʣʝ ʡ ʜʦʟʚʦʣʷʻ ʟʨʦʟʫʤʽʪʠ ʾʾ ʤʝʭʘʥʽʟʤ, ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ 

ʚʘʞʢʽʩʪʴ ʾʾ ʥʘʩʣʽʜʢʽʚ [1-3]. ɺ ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʪʘʢʪʠʢʘ ʚʝʜʝʥʥʷ ʧʘʮʽʻʥʪʽʚ ʚ 



ʚʝʣʠʢʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ. ʊʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʛʦ ʧʝʨʝʣʽʢʫ ʦʙʦʚôʷʟʢʦʚʠʭ 

ʚʠʤʽʨʽʚ ʧʨʠ ʦʮʽʥʮʽ ʢʣʘʧʘʥʥʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ ʻ ʢʨʠʪʠʯʥʠʤ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʦʮʽʥʢʘ ʢʣʘʧʘʥʥʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʠʭ ʤʦʜʘʣʴʥʦʩʪʝʡ ʟ ʧʦʻʜʥʘʥʥʷʤ ʤʥʦʞʠʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʟ ʦʙôʻʢʪʠʚʥʠʤʠ ʢʣʽʥʽʯʥʠʤʠ ʜʘʥʠʤʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ ʻ ʩʫʤʘʮʽʷ ʥʘʷʚʥʠʭ ʩʴʦʛʦʜʥʽ ʩʪʘʥʜʘʨʪʽʚ ʟ ʦʮʽʥʢʠ ʥʘʪʠʚʥʦʾ ʢʣʘʧʘʥʥʦʾ 

ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʘʪʨʽʦ-ʚʝʥʪʨʠʢʫʣʷʨʥʠʭ (ɸɺ-) ʢʣʘʧʘʥʽʚ [2,3]. 

ɿʘʛʘʣʴʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ɼʚʦʭʚʠʤʽʨʥʘ (2D) ʪʨʘʥʩʪʦʨʘʢʘʣʴʥʘ ɽʭʦʂɻ (ʊʊɽ) ʻ ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ ʫ 

ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʚʽʟʫʘʣʽʟʘʮʽʾ çʧʝʨʰʦʾ ʣʽʥʽʾè ʧʨʠ ʂʈ, ʪʘ ʯʘʩʪʦ ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʨʝʢʪʥʦʛʦ ʜʽʘʛʥʦʟʫ. ɼʚʦʭʚʠʤʽʨʥʘ ʯʝʨʝʟʩʪʨʘʚʦʭʽʜʥʘ ɽʭʦʂɻ 

(ʏʉɽ) ʧʦʢʘʟʘʥʘ, ʢʦʣʠ ʧʨʦʚʝʜʝʥʥʷ ʊʊɽ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʯʽʪʢʦʛʦ ʢʽʣʴʢʽʩʥʦʛʦ 

ʜʽʘʛʥʦʟʫ ʯʠ ʧʦʪʨʽʙʥʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʜʽʘʛʥʦʩʪʠʢʠ. ʊʨʴʦʭʚʠʤʽʨʥʘ (3D) 

ɽʭʦʂɻ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʩʪʠʯʥʽ ʪʘ ʽʥʪʫʾʪʠʚʥʽ ʘʥʘʪʦʤʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʢʣʘʧʘʥʥʦʛʦ ʘʧʘʨʘʪʫ, ʱʦ ʤʦʞʝ ʥʘʜʘʪʠ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʦʩʦʙʣʠʚʦ ʫ 

ʧʘʮʽʻʥʪʽʚ ʽʟ ʩʢʣʘʜʥʠʤʠ ʢʣʘʧʘʥʥʠʤʠ ʫʨʘʞʝʥʥʷʤʠ, ʪʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʽʣʴʰ ʯʽʪʢʝ ʢʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʛʝʤʦʜʠʥʘʤʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʂʈ ʥʘ 

ʧʦʨʦʞʥʠʥʠ ʩʝʨʮʷ [4]. 

ʆʮʽʥʢʘ ʢʣʘʧʘʥʽʚ: ʨʝʢʦʤʝʥʜʘʮʽʾ 

1. ʊʊɽ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʷʢ ʚʽʟʫʘʣʽʟʘʮʽʡʥʘ ʤʝʪʦʜʠʢʘ çʧʝʨʰʦʾ ʣʽʥʽʾè ʧʨʠ 

ʢʣʘʧʘʥʥʽʡ ʨʝʛʫʨʛʽʪʘʮʽʾ. 

2. ʏʉɽ ʻ ʧʦʢʘʟʘʥʦʶ, ʢʦʣʽ ʜʘʥʽ ʊʊɽ ʥʝ ʻ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʘʙʦ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʜʽʘʛʥʦʟʫ. 

3. ʊʨʴʦʭʚʠʤʽʨʥʘ ɽʭʦʂɻ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʫ 

ʧʘʮʽʻʥʪʽʚ ʽʟ ʩʢʣʘʜʥʠʤʠ ʢʣʘʧʘʥʥʠʤʠ ʫʨʘʞʝʥʥʷʤʠ. 

4. ʏʉɽ ʥʝ ʻ ʧʦʢʘʟʘʥʦʶ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʜʦʙʨʦʶ ʷʢʽʩʪʶ ʊʊɽ ʦʢʨʽʤ ʚʠʧʘʜʢʽʚ ʚ 

ʦʧʝʨʘʮʽʡʥʽʡ ʧʽʜʯʘʩ ʚʠʢʦʥʘʥʥʷ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʥʘ ʢʣʘʧʘʥʽ. 

 



ʅʘ ʧʨʘʢʪʠʮʽ ʦʮʽʥʢʘ ʢʣʘʧʘʥʥʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 2D-ʊʊɽ, ʷʢʘ ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʦʟʚʦʣʷʻ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʩʪʫʧʽʥʴ ʚʘʞʢʦʩʪʽ ʨʝʛʫʨʛʽʪʘʮʽʾ 

ʚʽʜ ʥʝʟʥʘʯʫʱʦʶ ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʢʣʘʧʘʥʥʽʡ ʘʥʘʪʦʤʽʾ ʪʘ 

ʨʫʭʣʠʚʦʩʪʽ ʩʪʫʣʦʢ ʜʦ ʚʘʞʢʦʾ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʥʘʯʥʦʛʦ ʢʣʘʧʘʥʥʦʛʦ ʜʝʬʝʢʪʫ. 

ɽʪʽʦʣʦʛʽʷ ʪʘ ʤʝʭʘʥʽʟʤ ʨʝʛʫʨʛʽʪʘʮʽʾ (ʫʨʘʞʝʥʥʷ/ʜʝʬʦʨʤʘʮʽʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʢʣʘʧʘʥʥʦʾ ʜʠʩʬʫʥʢʮʽʾ) ʚʢʣʶʯʘʶʯʠ ʪʠʧ ʜʠʩʬʫʥʢʮʽʾ (ʘʥʦʤʘʣʴʥʠʡ ʨʫʭ ʩʪʫʣʦʢ) 

ʦʧʠʩʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʫʭʦʤʦʩʪʽ ʩʪʫʣʦʢ ʟʘ ʂʘʨʧʝʥʪô̒ :  

¶ ʊʠʧ I: ʥʦʨʤʘʣʴʥʠʡ ʨʫʭ ʩʪʫʣʦʢ; 

¶ ʊʠʧ ɯɯ: ʥʘʜʣʠʰʢʦʚʠʡ ʨʫʭ; 

¶ ʊʠʧ ɯɯɯ: ʦʙʤʝʞʝʥʥʠʡ ʨʫʭ (ʨʝʩʪʨʠʢʮʽʷ) ʩʪʫʣʦʢ [5]. 

ɼʘʣʽ, ʨʝʪʝʣʴʥʘ ʦʮʽʥʢʘ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ ʧʽʜʯʘʩ ʢʦʣʴʦʨʦʚʦʛʦ 

ʜʦʧʧʣʝʨʽʚʩʴʢʦʛʦ ʢʘʨʪʫʚʘʥʥʷ (ʂɼʂ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʥʦʞʠʥʥʠʭ ʟʨʽʟʽʚ ʤʦʞʝ 

ʚʽʜʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʨʝʛʫʨʛʽʪʘʮʽʶ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʾ 

ʦʮʽʥʢʠ ʚʽʜ ʙʽʣʴʰ ʚʘʞʢʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʙʽʣʴʰ ʢʽʣʴʢʽʩʥʽ 

ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ (vena contracta (VC); ʧʨʦʢʩʠʤʘʣʴʥʘ ʧʣʦʱʘ ʽʟʦʰʚʠʜʢʽʩʥʦʾ 

ʧʦʚʝʨʭʥʽ (PISA)). 

ʆʮʽʥʢʘ ʚʘʞʢʦʩʪʽ ʢʣʘʧʘʥʥʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ: ʨʝʢʦʤʝʥʜʘʮʽʾ 

1. ʇʣʦʱʘ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ ʚ ʂɼʂ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ 

ʩʪʫʧʝʥʷ ʚʘʞʢʦʩʪʽ ʢʣʘʧʘʥʥʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ. 

2. ʗʢ ʚʠʟʥʘʯʝʥʥʷ VC, ʪʘʢ ʽ PISA ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ 

ʚʘʞʢʦʩʪʽ ʨʝʛʫʨʛʽʪʘʮʽʾ, ʜʝ ʤʦʞʣʠʚʦ ʾʭ ʚʠʟʥʘʯʝʥʥʷ. 

3. ʇʨʠ ʥʝʩʧʽʚʧʘʜʽʥʥʽ ʤʽʞ ʜʘʥʠʤʠ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʚʘʞʢʦʩʪʽ ʨʝʛʫʨʛʽʪʘʮʽʾ ʪʘ ʦʙôʻʢʪʠʚʥʠʤʠ ʢʣʽʥʽʯʥʠʤʠ ʜʘʥʠʤʠ  ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ. 

 

ɼʨʫʛʠʤ ʢʨʦʢʦʤ ʻ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʨʝʛʫʨʛʽʪʘʮʽʾ ʥʘ ʰʣʫʥʦʯʢʠ, ʧʝʨʝʜʩʝʨʜʷ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʪʠʩʢʽʚ ʧʝʨʝʜʥʘʚʘʥʪʘʞʝʥʥʷ (ʪʠʩʢ ʚ ʣʽʚʦʤʫ ʧʝʨʝʜʩʝʨʜʽ, ʪʠʩʢ ʚ 

ʤʘʣʦʤʫ ʢʦʣʽ ʢʨʦʚʦʦʙʽʛʫ, ʮʝʥʪʨʘʣʴʥʠʡ ʚʝʥʦʟʥʠʡ ʪʠʩʢ). ʈʦʟʤʽʨʠ ʪʘ ʬʫʥʢʮʽʷ 

ʰʣʫʥʦʯʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʤʽʨʽʚ ʪʘ/ʯʠ ʦʙôʻʤʽʚ (ʙʽʧʣʘʥʦʚʠʡ 

ʤʝʪʦʜ ʜʠʩʢʽʚ ʟʘ ʉʠʤʧʩʦʥʦʚ ʚ 2D ʘʙʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʽʚ ʚ 3D-ɽʭʦʢʛ ʧʨʠ 



ʘʜʝʢʚʘʪʥʽʡ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ) (ʈʠʩ. 1). ʉʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ ʬʨʘʢʮʽʷ ʚʠʢʠʜʫ 

(ʌɺ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʯʘʩʪʦ ʧʝʨʝʦʮʽʥʶʻ ʨʝʘʣʴʥʫ ʩʠʩʪʦʣʽʯʥʫ 

ʬʫʥʢʮʽʶ ʰʣʫʥʦʯʢʘ. ʉʴʦʛʦʜʥʽ ʜʦʩʪʫʧʥʽ ʥʦʚʽ ʧʘʨʘʤʝʪʨʠ ʦʮʽʥʢʠ ʬʫʥʢʮʽʾ 

ʰʣʫʥʦʯʢʽʚ (ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʤʽʦʢʘʨʜʫ, ʜʝʬʦʨʤʘʮʽʷ ʤʽʦʢʘʨʜʫ ʟʘ ʜʘʥʠʤʠ 2D-

ʩʪʨʝʡʥʫ, ʘʙʦ strain rate) ʜʣʷ ʢʨʘʱʦʾ ʦʮʽʥʢʠ ʤʽʦʢʘʨʜʽʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʰʣʫʥʦʯʢʽʚ, 

ʘʣʝ ʚʦʥʠ ʱʝ ʧʦʪʨʝʙʫʶʪʴ ʚʘʣʽʜʘʮʽʾ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʙʽʣʴʰʠʤʠ ʩʝʨʽʷʤʠ 

ʧʘʮʽʻʥʪʽʚ ʟ ʂʈ. ʆʙôʻʤʠ ʧʝʨʝʜʩʝʨʜʴ ʤʦʞʫʪʴ ʥʘʜʽʡʥʦ ʚʠʟʥʘʯʘʪʠʩʷ ʙʽʧʣʘʥʦʚʠʤʠ 

ʤʝʪʦʜʘʤʠ ʜʠʩʢʽʚ ʘʙʦ ʧʦ ʬʦʨʤʫʣʽ çʧʣʦʱʘ-ʜʦʚʞʠʥʘè ʯʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D-

ɽʭʦʂɻ. ʄʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʨʽʟʥʠʭ 

ʜʦʧʧʣʝʨʽʚʩʴʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ ʚʘʞʢʦʩʪʽ ʨʝʛʫʨʛʽʪʘʮʽʾ ʜʝʪʘʣʽʟʦʚʘʥʽ ʚ ʊʘʙ. 1 

ʪʘ 2.  

ʅʘʧʨʠʢʽʥʮʽ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʤʘʶʪʴ ʩʧʽʚʩʪʘʚʣʷʪʠʩʷ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ 

ʢʣʽʥʽʯʥʠʤʠ ʦʙôʻʢʪʠʚʥʠʤʠ ʜʘʥʠʤʠ  ʟ ʤʝʪʦʶ ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʪʘʢʪʠʢʠ ʚʝʜʝʥʥʷ 

ʭʚʦʨʦʛʦ ʪʘ ʡʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ [6]. ʇʨʠ ʧʦʢʘʟʘʥʥʷʭ ʫ ʚʠʧʘʜʢʘʭ 

ʨʝʛʫʨʛʽʪʘʮʽʾ ʥʘ ʢʣʘʧʘʥʘʭ ʣʽʚʠʭ ʚʽʜʜʽʣʽʚ ʢʽʣʴʢʽʩʥʘ ʩʪʨʝʩ-ɽʭʦʂɻ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʚ ʜʠʬʝʨʝʥʮʽʡʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ʚʘʞʢʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ, ʱʦ ʚ ʩʧʦʢʦʾ ʤʦʞʝ 

ʙʫʪʠ ʥʝʜʦʦʮʽʥʝʥʦʶ, ʷʢ ʧʦʤʽʨʥʘ, ʘ ʪʘʢʦʞ ʥʘʩʣʽʜʢʠ ʮʽʻʾ ʨʝʛʫʨʛʽʪʘʮʽʾ ʜʣʷ ʣʽʚʠʭ 

ʚʽʜʜʽʣʽʚ ʪʘ ʤʘʣʦʛʦ ʢʦʣʘ ʢʨʦʚʦʦʙʽʛʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʝʩ-ɽʭʦʂɻ ʧʨʠ ʢʣʘʧʘʥʥʽʡ 

ʭʚʦʨʦʙʽ ʩʝʨʮʷ ʤʘʻ ʙʫʪʠ ʚʠʢʣʘʜʝʥʘ ʚ ʽʥʰʦʤʫ ʜʦʢʫʤʝʥʪʽ [7]. ʈʽʰʝʥʥʷ ʧʨʦ 

ʜʠʥʘʤʽʯʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʣʽʢʫʚʘʣʴʥʫ ʪʘʢʪʠʢʫ ʤʘʻ ʙʫʪʠ ʧʨʠʡʥʷʪʠʤ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʽʥʽʯʥʦʛʦ ʦʙôʻʢʪʠʚʥʦʛʦ ʩʪʘʪʫʩʫ ʧʘʮʽʻʥʪʘ ʪʘ ʩʪʫʧʝʥʷ ʚʘʞʢʦʩʪʽ 

ʨʝʛʫʨʛʽʪʘʮʽʾ [6]. 

 

 

 

 

 

 

 

 



ʈʦʟʤ̔ʨ ʪʘ ʬʫʥʢʮʽʷ ʃʐ: ʨʝʢʦʤʝʥʜʘʮʽʾ 

1. ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʨʦʟʤʽʨʽʚ, ʦʙôʻʤʽʚ ʪʘ ʬʨʘʢʮʽʾ ʚʠʢʠʜʫ (ʌɺ) ʣʽʚʦʛʦ 

ʰʣʫʥʦʯʢʘ (ʃʐ) ʻ ʦʙʦʚôʷʟʢʦʚʦʶ. 

2. ʉʣʽʜ ʚʽʜʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ ʚʠʟʥʘʯʝʥʥʶ ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ ʃʐ ʫ 2D, 

ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʥʝʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʢʫʨʩʦʨ ʄ-ʨʝʞʠʤʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʜʦʚʛʽʡ ʚʽʩʽ ʃʐ. 

3. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʽʚ ʪʘ ʌɺ ʃʐ ʚ 2D ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʙʽʧʣʘʥʦʚʦʾ ʩʫʤʘʮʽʾ ʜʠʩʢʽʚ ʟʘ ʉʠʤʧʩʦʥʦʤ. 

4. ʆʮʽʥʢʘ ʬʫʥʢʮʽʾ ʃʐ ʫ 3D ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʪʦʯʥʽ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʽ ʜʘʥʽ. 

5. ʋ ʧʘʮʽʻʥʪʽʚ ʟ ʧʦʛʘʥʠʤ ʘʢʫʩʪʠʯʥʠʤ ʚʽʢʥʦʤ ʧʦʢʘʟʘʥʝ ʧʨʦʚʝʜʝʥʥʷ ɽʭʦʂɻ 

ʟ ʢʦʥʪʨʘʩʪʫʚʘʥʥʷʤ. 

6. ʗʢʽʩʥʘ ʦʮʽʥʢʘ ʬʫʥʢʮʽʾ ʃʐ ʥʝ ʻ ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ. 

7. ɼʣʷ ʦʮʽʥʢʠ ʨʦʟʤʽʨʽʚ ʣʽʚʦʛʦ ʧʝʨʝʜʩʝʨʜʷ (ʃʇ) ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʦʙôʻʤʫ. 

 



 

ʈʠʩ. 1. (ɸ) ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʃʐ ʚ M-ʨʝʞʠʤʽ; (ɹ) ʦʮʽʥʢʘ ʦʙôʻʤʽʚ ʪʘ 

ʌɺ ʃʐ ʩʫʤʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʜʠʩʢʽʚ ʟʘ ʉʠʤʧʩʦʥʦʤ; (ʉ) ʦʮʽʥʢʘ ʦʙôʻʤʽʚ ʃʐ ʚ 

3D; (ɻ) ʦʮʽʥʢʘʦʙʻʤʫ ʃʇ ʩʫʤʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʜʠʩʢʽʚ. 

 

 

 

 

 

 

 

 



ʊʘʙ. 1. ɽʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʘʞʢʦʩʪʽ ɸɺ-ʥʝʜʦʩʪʘʪʥʦʩʪʽ: ʟʘʧʠʩʠ. 

ʇʘʨʘʤʝʪʨʠ ʄʽʪʨʘʣʴʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ (ʄʈ) ʊʨʠʢʫʩʧʽʜʘʣʴʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ (ʊʈ) 

ʄʦʨʬʦʣʦʛʽʷ 

ʢʣʘʧʘʥʫ 

ɺʽʟʫʘʣʴʥʘ ʦʮʽʥʢʘ 

ʄʥʦʞʠʥʥʽ ʧʦʟʠʮʽʾ 

ɺʽʟʫʘʣʴʥʘ ʦʮʽʥʢʘ 

ʄʥʦʞʠʥʥʽ ʧʦʟʠʮʽʾ 

ɼʽʘʤʝʪʨ 

ʪʨʠʢʫʩʧʽʜʘʣʴʥʦ

-ʛʦ ʢʽʣʴʮʷ 

- ɸʧʽʢʘʣʴʥʘ 4-ʢʘʤʝʨʥʘ ʧʦʟʠʮʽʷ (ɸ4ʉ) 

ɺʽʜ ʣʘʪʝʨʘʣʴʥʦʛʦ ʜʦ ʩʝʧʪʘʣʴʥʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʨʘʶ  

ʈʝʛʫʨʛʽʪʫʶʯʠʡ 

ʧʦʪʽʢ ʚ ʂɼʂ 

 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʽʜʩʠʣʝʥʥʷ / ʰʢʘʣʠ 

ʢʘʨʪʫʚʘʥʥʷ 

ʆʮʽʥʢʘ ʚ ʜʚʦʭ ʧʦʟʠʮʽʷʭ 

ɺʠʟʥʘʯʝʥʥʷ ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʽʜʩʠʣʝʥʥʷ / ʰʢʘʣʠ 

ʢʘʨʪʫʚʘʥʥʷ 

ʆʮʽʥʢʘ ʚ ʜʚʦʭ ʧʦʟʠʮʽʷʭ 

ɺʠʟʥʘʯʝʥʥʷ ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʐʠʨʠʥʘ VC  ɼʚʽ ʦʨʪʦʛʦʥʘʣʴʥʽ ʧʨʦʝʢʮʽʾ 

(ʇʉ ʧʦ ʜʦʚʛʽʡ ʚʽʩʽ, ɸ4ʉ) 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʽʜʩʠʣʝʥʥʷ / ʰʢʘʣʠ 

ʢʘʨʪʫʚʘʥʥʷ 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ (VC, PISA, 

ʧʦʪʽʢ ʚ ʃʇ) 

ɿʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʩʝʢʪʦʨʫ ʂɼʂ ʪʘ 

ʛʣʠʙʠʥʠ ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʯʘʩʪʦʪʠ ʦʥʦʚʣʝʥʥʷ ʢʘʜʨʫ 

ɿʙʽʣʴʰʝʥʥʷ ʟʦʥʠ ʽʥʪʝʨʝʩʫ (ʨʝʞʠʤ 

Zoom) 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʦ-ʧʝʪʣʽ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʢʨʘʱʦʛʦ ʢʘʜʨʫ ʜʣʷ 

ʚʠʤʽʨʫ 

ɺʠʤʽʨ ʥʘʡʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ VC 

(ʚʽʜʨʘʟʫ ʜʽʩʪʘʣʴʥʽʰʝ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ 

ʦʪʚʦʨʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʫ 

ʧʦʪʦʢʫ) 

ɸ4ʉ  

ʆʧʪʠʤʽʟʘʮʽʷ ʧʽʜʩʠʣʝʥʥʷ / ʰʢʘʣʠ 

ʢʘʨʪʫʚʘʥʥʷ 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ (VC, PISA, 

ʧʦʪʽʢ ʚ ʇʇ) 

ɿʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʩʝʢʪʦʨʫ ʂɼʂ ʪʘ 

ʛʣʠʙʠʥʠ ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʯʘʩʪʦʪʠ ʦʥʦʚʣʝʥʥʷ ʢʘʜʨʫ 

ɿʙʽʣʴʰʝʥʥʷ ʟʦʥʠ ʽʥʪʝʨʝʩʫ (ʨʝʞʠʤ 

Zoom) 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʦ-ʧʝʪʣʽ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʢʨʘʱʦʛʦ ʢʘʜʨʫ ʜʣʷ 

ʚʠʤʽʨʫ 

ɺʠʤʽʨ ʥʘʡʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ VC 

(ʚʽʜʨʘʟʫ ʜʽʩʪʘʣʴʥʽʰʝ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ 

ʦʪʚʦʨʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʫ 

ʧʦʪʦʢʫ) 

ʄʝʪʦʜ PISA  ɸ4ʉ 

ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʣʴʦʨʦʚʦʛʦ ʩʧʝʢʪʨʫ ʄʈ 

ʈʝʞʠʤ çZoomè ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʄʂ 

ɿʤʝʥʰʝʥʥʷ ʣʽʤʽʪʫ ʅʘʡʢʚʽʩʪʘ 

(ʙʘʟʦʚʘ ʣʽʥʽʷ ʰʢʘʣʠ ʂɼʂ) 

ʆʙʨʘʪʠ ʢʨʘʱʫ PISA ʢʽʥʦ-ʧʝʪʣʝʶ 

ɺʠʤʽʨʷʪʠ ʨʘʜʽʫʩ PISA ʚ ʩʝʨʝʜʠʥʽ 

ʩʠʩʪʦʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʰʠʡ 

aliasing ʚ ʥʘʧʨʷʤʢʫ ʋɿ-ʧʨʦʤʝʥʷ  

ɺʠʟʥʘʯʠʪʠ ʧʽʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ʄʈ ʪʘ 

VTI ʩʧʝʢʪʨʫ ʨʝʛʫʨʛʽʪʘʮʽʾ ʚ ʧʦʩʪʽʡʥʦ-

ʭʚʠʣʴʦʚʦʤʫ ʨʝʞʠʤʽ (CW) 

ʈʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʧʣʦʱʽ 

ɽʈʆ ʪʘ ʦʙôʻʤʫ ʄʈ 

ɸ4ʉ 

ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʣʴʦʨʦʚʦʛʦ ʩʧʝʢʪʨʫ ʊʈ 

ʈʝʞʠʤ çZoomè ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʊʂ 

ɿʤʝʥʰʝʥʥʷ ʣʽʤʽʪʫ ʅʘʡʢʚʽʩʪʘ 

(ʙʘʟʦʚʘ ʣʽʥʽʷ ʰʢʘʣʠ ʂɼʂ) 

ʆʙʨʘʪʠ ʢʨʘʱʫ PISA ʢʽʥʦ-ʧʝʪʣʝʶ 

ɺʠʤʽʨʷʪʠ ʨʘʜʽʫʩ PISA ʚ ʩʝʨʝʜʠʥʽ 

ʩʠʩʪʦʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʰʠʡ 

aliasing ʚ ʥʘʧʨʷʤʢʫ ʋɿ-ʧʨʦʤʝʥʷ  

ɺʠʟʥʘʯʠʪʠ ʧʽʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ʄʈ ʪʘ 

VTI ʩʧʝʢʪʨʫ ʨʝʛʫʨʛʽʪʘʮʽʾ ʚ ʧʦʩʪʽʡʥʦ-

ʭʚʠʣʴʦʚʦʤʫ ʨʝʞʠʤʽ (CW) 

ʈʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʧʣʦʱʽ 

ɽʈʆ ʪʘ ʦʙôʻʤʫ ʊʈ 

ʉʧʝʢʪʨ 

ʨʝʛʫʨʛʽʪʘʮʽʾ ʚ 

CW 

ɸ4ʉ 

 

ɸ4ʉ 

 

 

  



ʏʘʩ ʥʘʧʽʚ-

ʟʥʠʞʝʥʥʷ 

ʪʠʩʢʫ (ʈʅʊ) 

- - 

ʈʝʚʝʨʩʽʷ 

ʜʽʘʩʪʦʣʽʯʥʦʛʦ 

ʧʦʪʦʢʫ ʚ 

ʥʠʩʭʽʜʥʽʡ ʘʦʨʪʽ  

- - 

ʇʦʪʽʢ ʚ 

ʣʝʛʝʥʝʚʠʭ 

ʚʝʥʘʭ 

ɸ4ʉ 

ʇʨʦʙʥʠʡ ʦʙ'ʻʤ ʽʤʧʫʣʴʩʥʦ-ʭʚʠʣʴʦʚʦʛʦ 

ʜʦʧʧʣʝʨʘ (PW) ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ 

ʛʠʨʣʽ ʧʨʘʚʦʾ ʚʝʨʭʥʴʦʾ ʣʝʛʝʥʝʚʦʾ ʚʝʥʠ.   

ʆʮʽʥʶʡʪʝ ʧʦʪʽʢ ʚ ʨʽʟʥʠʭ ʣʝʛʝʥʝʚʠʭ 

ʚʝʥʘʭ, ʷʢʱʦ ʤʦʞʣʠʚʦ 

- 

ʇʦʪʽʢ ʚ 

ʧʝʯʽʥʢʦʚʠʭ 

ʚʝʥʘʭ 

- ʉʫʙʢʦʩʪʘʣʴʥʘ ʧʦʟʠʮʽʷ 

ʇʨʦʙʥʠʡ ʦʙ'ʻʤ ʽʤʧʫʣʴʩʥʦ-ʭʚʠʣʴʦʚʦʛʦ 

ʜʦʧʧʣʝʨʘ (PW) ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ 

ʧʝʯʽʥʢʦʚʽʡ ʚʝʥʽ 

ʐʚʠʜʢʽʩʪʴ ʧʽʢʫ 

ɽ 

ɸ4ʉ 

ʇʨʦʙʥʠʡ ʦʙ'ʻʤ PW ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʥʘ ʨʽʚʥʽ ʢʽʥʯʠʢʽʚ ʤʽʪʨʘʣʴʥʠʭ ʩʪʫʣʦʢ 

ɸ4ʉ 

ʇʨʦʙʥʠʡ ʦʙ'ʻʤ PW ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 

ʨʽʚʥʽ ʢʽʥʯʠʢʽʚ ʪʨʠʢʫʩʧʽʜʘʣʴʥʠʭ ʩʪʫʣʦʢ 

ʈʦʟʤʽʨ 

ʰʣʫʥʦʯʢʘ 

ʇʝʨʝʚʘʛʘ ʚʽʜʜʘʻʪʴʩʷ ʦʮʽʥʮʽ ʦʙôʻʤʽʚ 

ʃʐ ʟʘ ʉʠʤʧʩʦʥʦʤ  

 

ʇʝʨʝʚʘʛʘ ʚʽʜʜʘʻʪʴʩʷ ʚʠʤʽʨʘʤ ʨʦʟʤʽʨʽʚ 

ʇʐ ʚ ɸ4ʉ ʧʦʟʠʮʽʾ 

 

ʊʘʙ. 2. ɽʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʘʞʢʦʩʪʽ ʢʣʘʧʘʥʥʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ: ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ. 

ʇʘʨʘʤʝʪʨʠ ʂʦʨʠʩʥʽʩʪʴ/ʧʝʨʝʚʘʛʠ ʆʙʤʝʞʝʥʥʷ 

ʄʦʨʬʦʣʦʛʽʷ 

ʢʣʘʧʘʥʫ 

ʇʘʪʦʣʦʛʽʯʥʘ ʨʫʭʦʤʽʩʪʴ ʢʣʘʧʘʥʫ ʻ 

ʩʧʝʮʠʬʽʯʥʦʶ ʜʣʷ ʚʘʞʢʦʾ 

ʨʝʛʫʨʛʽʪʘʮʽʾ (ʥʘʧʨ. ʚʽʜʨʠʚ ʭʦʨʜʠ ʯʠ 

ʧʘʧʽʣʷʨʥʦʛʦ ʤôʷʟʘ ʧʨʠ ʄʈ) 

ɯʥʰʽ ʤʦʨʬʦʣʦʛʽʯʥʽ ʘʥʦʤʘʣʽʾ ʥʝ ʻ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʜʣʷ ʚʘʞʢʦʾ ʢʣʘʧʘʥʥʦʾ 

ʨʝʛʫʨʛʽʪʘʮʽʾ 

ɼʽʘʤʝʪʨ 

ʪʨʠʢʫʩʧʽʜʘʣʴʥʦʛʦ 

ʢʽʣʴʮʷ ʧʨʠ ʊʈ 

ɼʠʣʘʪʘʮʽʷ ï ʯʫʪʣʠʚʘ ʦʟʥʘʢʘ ʚʘʞʢʦʾ 

ʊʈ 

ɼʠʣʘʪʘʮʽʷ ʪʨʘʧʣʷʻʪʴʩʷ ʽ ʧʨʠ ʽʥʰʠʭ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʘʭ 

ʇʦʪʨʝʙʫʻ ʜʦʢʘʟʦʚʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʚ ʢʣʽʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʇʦʪʽʢ ʨʝʛʫʨʛʽʪʘʮʽʾ ʚ 

ʂɼʂ 

ʇʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɼʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʨʦʩʪʦʨʦʚʫ 

ʦʨʽʻʥʪʘʮʽʶ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ 

ɼʦʙʨʠʡ ʩʢʨʽʥʽʥʛʦʚʠʡ ʪʝʩʪ ʜʣʷ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʣʝʛʢʦʾ vs. ʚʘʞʢʦʾ 

ʨʝʛʫʨʛʽʪʘʮʽʾ 

ʄʦʞʝ ʙʫʪʠ ʥʝʪʦʯʥʠʤ ʜʣʷ ʦʮʽʥʢʠ 

ʚʘʞʢʦʩʪʽ ʨʝʛʫʨʛʽʪʘʮʽʾ 

ʅʘ ʦʮʽʥʢʫ ʚʧʣʠʚʘʶʪʴ ʪʝʭʥʽʯʥʽ ʪʘ 

ʛʝʤʦʜʠʥʘʤʽʯʥʽ ʬʘʢʪʦʨʠ 

ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘ ʤʝʞʽ 

ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʦʪʚʦʨʫ ʧʨʠ ɸʈ ʯʠ ʃʈ 

ʻ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʤ, ʽ ʪʦʤʫ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʦʮʽʥʢʠ 

ʚʘʞʢʦʩʪʽ 

ɽʢʩʮʝʥʪʨʠʯʥʠʡ ʧʦʪʽʢ, ʱʦ ʪʝʯʝ ʧʦ 

ʩʪʽʥʮʽ ʧʝʨʝʜʩʝʨʜʷ, ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʥʝʜʦʦʮʽʥʢʠ ʚʘʞʢʦʩʪʽ ʄʈ ʯʠ ʊʈ 

(ʝʬʝʢʪ ʂʦʘʥʜʘ) 

 



ʐʠʨʠʥʘ VC  ɺʽʜʥʦʩʥʦ ʰʚʠʜʢʠʡ ʪʘ ʣʝʛʢʠʡ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ 

ɺʽʜʥʦʩʥʦ ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ 

ʛʝʤʦʜʠʥʘʤʽʯʥʠʭ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ 

ʅʝʜʦʩʪʘʪʥʽʩʪʴ ʽʥʰʠʭ ʢʣʘʧʘʥʽʚ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ɼʦʙʨʝ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʣʝʛʢʫ vs. 

ʚʘʞʢʫ ʨʝʛʫʨʛʽʪʘʮʽʶ 

ʄʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ 

ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʨʝʛʫʨʛʽʪʫʶʯʠʭ 

ʪʦʢʘʭ 

ʅʝ ʧʽʜʭʦʜʠʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʝʢʽʣʴʢʦʭ 

ʩʪʨʫʤʝʥʽʚ ʧʦʪʦʢʫ ʨʝʛʫʨʛʽʪʘʮʽʾ 

ʇʨʠ ʤʘʣʝʥʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʧʦʤʠʣʢʠ ʫ 

ʚʠʤʽʨʶʚʘʥʥʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʝʣʠʢʦʛʦ 

% ʧʦʭʠʙʢʠ 

ʇʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʫʶʪʴ 

ʚʽʜʪʚʦʨʶʚʘʥʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʅʘ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʘʶʪʴ ʩʠʩʪʦʣʽʯʥʽ 

ʟʤʽʥʠ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ 

ɿʘʤʘʣʦ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʱʦʜʦ VC 

ʧʨʠ ʃʈ 

ʄʝʪʦʜ PISA  ʄʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ 

ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʨʝʛʫʨʛʽʪʫʶʯʠʭ 

ʪʦʢʘʭ 

ɽʪʽʦʣʦʛʽʷ ʨʝʛʫʨʛʽʪʘʮʽʾ ʯʠ 

ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʽʥʰʦʛʦ ʢʣʘʧʘʥʫ ʥʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ  

ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ: ʦʮʽʥʶʻ ʚʘʞʢʽʩʪʴ 

ʫʨʘʞʝʥʥʷ ʢʣʘʧʘʥʫ (ʇɽʈʆ) ʪʘ 

ʦʙ'ʻʤʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʆʙ'ʻʤ 

ʨʝʛʫʨʛʽʪʘʮʽʾ)  

ʂʦʥʚʝʨʛʝʥʮʽʷ ʧʦʪʦʢʫ ʧʨʠ ʣʽʤʽʪʽ 

ʅʘʡʢʚʽʩʪʘ >50 ʩʤ/ʩ ʚʢʘʟʫʻ ʥʘ 

ʟʥʘʯʫʱʫ ʄʈ 

ɺʝʣʠʢʘ ʢʦʥʚʝʨʛʝʥʮʽʷ ʧʦʪʦʢʫ ʧʨʠ 

ʣʽʤʽʪʽ ʅʘʡʢʚʽʩʪʘ 28 ʩʤ/ʩ ʚʢʘʟʫʻ ʥʘ 

ʟʥʘʯʫʱʫ ʊʈ  

ʅʘ ʢʦʥʪʫʨ PISA ʚʧʣʠʚʘʻ ʰʚʠʜʢʽʩʪʴ 

ʝʣʽʝʡʟʠʥʛʫ (ʣʽʤʽʪʫ ʅʘʡʢʚʽʩʪʘ) ʫ 

ʚʠʧʘʜʢʫ ʥʝ ʮʠʨʢʫʣʷʨʥʦʛʦ 

ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʦʪʚʦʨʫ ʧʨʠ 

ʩʠʩʪʦʣʽʯʥʠʭ ʟʤʽʥʘʭ ʢʦʥʪʫʨʽʚ 

ʧʨʠʣʝʛʣʠʭ ʜʦ ʦʪʚʦʨʫ ʩʪʨʫʢʪʫʨ 

ʈʘʜʽʫʩ PISA ʙʽʣʴʰʝ ʥʘʛʘʜʫʻ 

ʥʘʧʽʚʝʣʽʧʩ 

ʇʦʤʠʣʢʘ ʧʨʠ ʚʠʤʽʨʽ PISA 

ʚʦʟʚʦʜʠʪʴʩʷ ʚ ʢʚʘʜʨʘʪ 

ɼʦʩʠʪʴ ʚʝʣʠʢʘ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʫ 

ʨʽʟʥʠʭ ʚʠʢʦʥʘʚʮʽʚ 

ʅʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ 

ʜʝʢʽʣʴʢʦʭ ʩʪʨʫʤʝʥʷʭ ʨʝʛʫʨʛʽʪʘʮʽʾ 

ɺʠʤʽʨʶʚʘʥʥʷ ʫʪʨʫʜʥʝʥʝ ʧʨʠ ɸʈ ʟ 

ʢʘʣʴʮʠʬʽʢʘʮʽʻʶ ʢʣʘʧʘʥʥʠʭ ʩʪʨʫʢʪʫʨ 

ʇʨʠ ʊʈ ʚʘʣʽʜʦʚʘʥʦ ʥʝʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʜʦʩʣʽʜʞʝʥʴ 

ɿʘʤʘʣʦ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʨʠ ʃʈ 

ʉʧʝʢʪʨ 

ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ 

ʧʦʪʦʢʫ ʚ CW  

ʇʨʦʩʪʦʪʘ, ʣʝʛʢʽʩʪʴ ʚʽʜʪʚʦʨʶʚʘʥʥʷ  ʗʢʽʩʥʘ ʜʦʧʦʤʽʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺʘʞʢʦ ʦʪʨʠʤʘʪʠ ʧʦʚʥʠʡ ʩʧʝʢʪʨ ʧʨʠ 

ʝʢʩʮʝʥʪʨʠʯʥʦʤʫ ʩʪʨʫʤʝʥʽ 

ʨʝʛʫʨʛʽʪʘʮʽʾ  

ʏʘʩ ʥʘʧʽʚʟʥʠʞʝʥʥʷ 

ʪʠʩʢʫ (ʈʅʊ) ʧʨʠ 

ɸʈ ʯʠ ʃʈ  

ʇʨʦʩʪʦʪʘ ʅʘ ʧʘʨʘʤʝʪʨ ʚʧʣʠʚʘʶʪʴ ʢʦʤʧʣʘʻʥʩ 

ʃʐ, ʘʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ, ʛʦʩʪʨʦʪʘ 

ʚʠʥʠʢʥʝʥʥʷ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʧʦʪʦʢʫ 

ʈʝʚʝʨʩʽʷ 

ʜʽʘʩʪʦʣʽʯʥʦʛʦ 

ʧʦʪʦʢʫ ʚ ʥʠʩʭʽʜʥʽʡ 

ʘʦʨʪʽ ʧʨʠ ɸʈ  

 

ʇʨʦʩʪʦʪʘ ʅʘ ʧʘʨʘʤʝʪʨ ʚʧʣʠʚʘʶʪʴ ʧʦʟʠʮʽʷ 

ʧʨʦʙʥʦʛʦ ʦʙôʻʤʫ ʪʘ ʛʦʩʪʨʦʪʘ 

ʚʠʥʠʢʥʝʥʥʷ ɸʈ 

ʅʘ ʧʘʨʘʤʝʪʨ ʚʧʣʠʚʘʻ ʢʦʤʧʣʘʻʥʩ 

ʘʦʨʪʠ 

ʂʦʨʦʪʢʦʯʘʩʥʘ ʨʘʥʥʴʦ-ʜʽʘʩʪʦʣʽʯʥʘ 

ʨʝʚʝʨʩʽʷ ʧʦʪʦʢʫ ʻ ʚʘʨʽʘʥʪʦʤ ʥʦʨʤʠ  

ʂʨʦʚʦʧʦʪʽʢ ʚ 

ʣʝʛʝʥʝʚʠʭ ʚʝʥʘʭ 

ʧʨʠ ʄʈ 

ʇʨʦʩʪʦʪʘ 

ʈʝʚʝʨʩʽʷ ʩʠʩʪʦʣʽʯʥʦʛʦ ʧʦʪʦʢʫ 

ʩʧʝʮʠʬʽʯʥʘ ʜʣʷ ʚʘʞʢʦʾ ʄʈ  

ʅʘ ʧʘʨʘʤʝʪʨʠ ʚʧʣʠʚʘʶʪʴ ʪʠʩʢ ʚ ʃʇ, 

ʬʽʙʨʠʣʷʮʽʷ ʧʝʨʝʜʩʝʨʜʴ 

ʅʝ ʻ ʧʦʢʘʟʦʚʠʤ, ʷʢʱʦ ʩʪʨʫʤʽʥʴ ʄʈ 

ʩʧʨʷʤʦʚʘʥʠʡ ʚ ʣʝʛʝʥʝʚʫ ʚʝʥʫ, ʚ ʷʢʽʡ 

ʦʮʽʥʶʻʪʴʩʷ ʧʦʪʽʢ 

 



ʂʨʦʚʦʧʦʪʽʢ ʚ 

ʧʝʯʽʥʢʦʚʠʭ ʚʝʥʘʭ 

ʧʨʠ ʊʈ 

ʇʨʦʩʪʦʪʘ 

ʈʝʚʝʨʩʽʷ ʩʠʩʪʦʣʽʯʥʦʛʦ ʧʦʪʦʢʫ 

ʩʧʝʮʠʬʽʯʥʘ ʜʣʷ ʚʘʞʢʦʾ ʊʈ 

ʅʘ ʧʘʨʘʤʝʪʨʠ ʚʧʣʠʚʘʶʪʴ ʪʠʩʢ ʚ ʇʇ, 

ʬʽʙʨʠʣʷʮʽʷ ʧʝʨʝʜʩʝʨʜʴ 

 

ʐʚʠʜʢʽʩʪʴ ʧʽʢʫ E 

ʧʨʠ ʄʈ ʯʠ ʊʈ 

ʇʨʦʩʪʦʪʘ, ʣʝʛʢʽʩʪʴ ʚʽʜʪʚʦʨʶʚʘʥʥʷ 

ɿʚʠʯʘʡʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʠ 

ʚʘʞʢʽʡ ʨʝʛʫʨʛʽʪʘʮʽʾ 

ʅʘ ʧʘʨʘʤʝʪʨ ʚʧʣʠʚʘʶʪʴ ʪʠʩʢ ʚ 

ʧʝʨʝʜʩʝʨʜʽ, ʬʽʙʨʠʣʷʮʽʷ ʧʝʨʝʜʩʝʨʜʴ, 

ʜʽʘʩʪʦʣʽʯʥʘ ʬʫʥʢʮʽʷ ʰʣʫʥʦʯʢʘ 

ɼʦʧʦʤʽʞʥʠʡ ʧʘʨʘʤʝʪʨ 

ʈʦʟʤʽʨ ʧʝʨʝʜʩʝʨʜʴ 

ʪʘ ʰʣʫʥʦʯʢʽʚ 

ɼʠʣʘʪʘʮʽʷ ï ʯʫʪʣʠʚʘ ʦʟʥʘʢʘ 

ʭʨʦʥʽʯʥʦʾ ʚʘʞʢʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ 

ʅʦʨʤʘʣʴʥʽ ʧʦʨʦʞʥʠʥʠ ʤʘʡʞʝ 

ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʶʪʴ ʚʘʞʢʫ 

ʨʝʛʫʨʛʽʪʘʮʽʶ 

ɼʠʣʘʪʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʽʥʰʠʭ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʘʭ (ʥʝʩʧʝʮʠʬʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ) 

ʄʦʞʫʪʴ ʙʫʪʠ ʥʦʨʤʘʣʴʥʠʤʠ ʧʨʠ 

ʚʘʞʢʽʡ ʨʝʛʫʨʛʽʪʘʮʽʾ, ʱʦ ʚʠʥʠʢʣʘ 

ʛʦʩʪʨʦ 

 

ʄʽʪʨʘʣʴʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ 

ʄʽʪʨʘʣʴʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ (ʄʈ) ʻ ʜʫʞʝ ʧʦʰʠʨʝʥʦʶ ʚ ɭʚʨʦʧʽ ʪʘ ʋʢʨʘʾʥʽ, ʪʘ 

ʾʾ ʯʘʩʪʦʪʘ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʨʝʚʤʘʪʠʯʥʠʭ 

ʚʘʜ ʩʝʨʮʷ [5]. ɽʭʦʂɻ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʦʮʽʥʮʽ ʪʘ ʚʝʜʝʥʥʽ ʧʘʮʽʻʥʪʽʚ ʟ 

ʄʈ. 

ɸʥʘʪʦʤʽʷ ʽ ʬʫʥʢʮʽʷ ʤʽʪʨʘʣʴʥʦʛʦ ʢʣʘʧʘʥʫ 

ʅʦʨʤʘʣʴʥʘ ʬʫʥʢʮʽʷ ʤʽʪʨʘʣʴʥʦʛʦ ʢʣʘʧʘʥʫ (ʄʂ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʢʦʥʘʣʦʾ 

ʬʫʥʢʮʽʾ ʩʢʣʘʜʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʤʽʪʨʘʣʴʥʠʤʠ ʩʪʫʣʢʘʤʠ, ʧʦʜʢʣʘʧʘʥʥʠʤ 

ʘʧʘʨʘʪʦʤ (ʭʦʨʜʠ, ʧʘʧʽʣʷʨʥʽ ʤ'ʷʟʠ), ʤʽʪʨʘʣʴʥʠʤ ʢʽʣʴʮʝʚ ʪʘ ʃʐ. ʇʦʨʫʰʝʥʥʷ 

ʙʫʜʴ-ʷʢʦʛʦ ʟ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʣʘʧʘʥʥʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ 

[8]. ɺ ʥʦʨʤʘʣʴʥʦʤʫ ʄʂ ʻ ʜʚʽ ʩʪʫʣʢʠ: ʟʘʜʥʷ ʢʨʽʧʠʪʴʩʷ ʜʦ ʜʚʦʭ ʪʨʝʪʠʥ 

ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ, ʘ ʧʝʨʝʜʥʷ ʜʦ ʪʨʝʪʠʥʠ, ʱʦ ʣʠʰʠʣʘʩʷ. ʂʦʞʥʘ ʩʪʫʣʢʘ 

ʜʽʣʠʪʴʩʷ ʥʘ ʪʨʠ ʩʝʛʤʝʥʪʠ: A1, A2, A3 ʪʘ P1, P2, P3. A1 ̔ P1 ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʦʚʥʽʰʥʽʤ ʧʝʨʝʜʥʴʦ-ʣʘʪʝʨʘʣʴʥʠʤ ʜʽʣʴʥʠʮʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʫʣʦʢ, ʙʣʠʞʯʠʭ ʜʦ 

ʧʝʨʝʜʥʴʦ-ʙʦʢʦʚʦʾ ʢʦʤʽʩʫʨʠ ʪʘ ʚʫʰʢʘ ʣʽʚʦʛʦ ʧʝʨʝʜʩʝʨʜʷ (ʃʇ). ʇʨʦʪʠʣʝʞʥʽ 

ʩʝʛʤʝʥʪʠ ɸ3 ʽ ʈ3 ʻ ʚʥʫʪʨʽʰʥʽʤʠ, ʙʣʠʞʯʠʤʠ ʜʦ ʟʘʜʥʴʦ-ʤʝʜʽʘʣʴʥʦʾ ʢʦʤʽʩʫʨʠ ʪʘ 

ʪʨʠʢʫʩʧʽʜʘʣʴʥʦʛʦ ʢʽʣʴʮʷ. 

ɽʪʽʦʣʦʛʽʷ ʽ ʤʝʭʘʥʽʟʤʠ ʄʈ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʝʪʽʦʣʦʛʽʾ ʄʈ ʤʦʞʝ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʘ ʥʘ ʧʝʨʚʠʥʥʫ 

(ʪʦʙʪʦ, ʦʨʛʘʥʽʯʥʫ / ʩʪʨʫʢʪʫʨʥʫ ʚʣʘʩʥʦ ʢʣʘʧʘʥʥʫ ʭʚʦʨʦʙʫ) ʪʘ ʚʪʦʨʠʥʥʫ (ʪʦʙʪʦ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ / ʥʝʦʨʛʘʥʽʯʥʫ: ʙʝʟ ʥʘʷʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʘʥʦʤʘʣʽʡ ʤʽʪʨʘʣʴʥʦʛʦ 



ʢʣʘʧʘʥʫ). ɺʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʄʈ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʫʭʦʤʦʩʪʽ 

ʩʪʫʣʦʢ ʟʘ ʂʘʨʧʝʥʪô̒:  

ʊʠʧ I: ʥʦʨʤʘʣʴʥʘ ʨʫʭʦʤʽʩʪʴ ʩʪʫʣʦʢ 

ʊʠʧ II: ʥʘʜʣʠʰʢʦʚʘ ʨʫʭʦʤʽʩʪʴ ʩʪʫʣʦʢ 

ʊʠʧ III: ʨʝʩʪʨʠʢʮʽʷ (ʦʙʤʝʞʝʥʥʷ) ʨʫʭʦʤʦʩʪʽ ʩʪʫʣʦʢ (A: ʩʠʩʪʦʣʽʯʥʘ / 

ʜʽʘʩʪʦʣʽʯʥʘ ʽ B: ʩʠʩʪʦʣʽʯʥʘ) (ʈʠʩ. 2). ʇʨʠʯʠʥʠ ʧʝʨʚʠʥʥʦʾ ʄʈ ʚʢʣʶʯʘʶʪʴ 

ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʜʝʛʝʥʝʨʘʪʠʚʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ (ʭʚʦʨʦʙʘ ɹʘʨʣʦʫ, 

ʬʽʙʨʦʝʣʘʩʪʠʯʥʘ ʜʝʛʝʥʝʨʘʮʽʷ, ʩʠʥʜʨʦʤ ʄʘʨʬʘʥʘ, ʩʠʥʜʨʦʤ ɽʣʝʨʩʘ-ɼʘʥʣʦ, 

ʢʘʣʴʮʠʥʦʟ ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ), ʨʝʚʤʘʪʠʯʥʽ ʚʘʜʠ, ʪʦʢʩʠʯʥʘ ʚʘʣʴʚʫʣʦʧʘʪʽʷ ʪʘ 

ʝʥʜʦʢʘʨʜʠʪ. ʈʦʟʨʠʚ ʧʘʧʽʣʷʨʥʦʛʦ ʤôʷʟʘ ʷʢ ʫʩʢʣʘʜʥʝʥʥʷ ʽʥʬʘʨʢʪʫ ʤʽʦʢʘʨʜʘ 

ʪʘʢʦʞ ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʚʠʥʥʦʶ ʽʰʝʤʽʯʥʦʶ ʄʈ.  

ɼʝʛʝʥʝʨʘʪʠʚʥʽ ʭʚʦʨʦʙʠ ʢʣʘʧʘʥʥʦʛʦ ʘʧʘʨʘʪʫ, ʥʘʡʯʘʩʪʽʰʘ ʭʽʨʫʨʛʽʯʥʘ 

ʧʨʠʯʠʥʘ ʄʈ, ʧʝʨʝʢʨʠʚʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʫʨʘʞʝʥʴ (ʈʠʩ. 3): 1) ʚʽʜ 

ʽʟʦʣʴʦʚʘʥʦʛʦ ʧʨʦʣʘʙʫʚʘʥʥʷ ʟ ʢʽʥʯʠʢʘʤʠ ʩʪʫʣʦʢ, ʱʦ ʣʠʰʘʶʪʴʩʷ ʚʥʫʪʨʠ 

ʰʣʫʥʦʯʢʘ ʜʦ ʧʘʪʦʣʦʛʽʯʥʦ ʨʫʭʦʤʦʾ ʩʪʫʣʢʠ ʟ ʾʾ ʚʠʚʝʨʪʘʥʥʷʤ (ʢʽʥʯʠʢ ʩʪʫʣʢʠ 

ʩʧʨʷʤʦʚʘʥʠʡ ʚ ʧʦʨʦʞʥʠʥʫ ʃʇ); 2) ʚʽʜ ʽʟʦʣʴʦʚʘʥʦʛʦ ʧʨʦʣʘʙʫʚʘʥʥʷ ʩʝʛʤʝʥʪʫ 

ʩʪʫʣʢʠ ʜʦ ʧʦʣʽʩʝʛʤʝʥʪʘʨʥʦʛʦ (ʯʠ ʛʝʥʝʨʘʣʽʟʦʚʘʥʦʛʦ) ʧʨʦʣʘʧʩʫ (ʢʽʥʯʠʢʠ ʩʪʫʣʦʢ 

ʥʘʧʨʘʚʣʝʥʽ ʚʩʝʨʝʜʠʥʫ ʃʐ, ʘ ʣʽʥʽʷ ʢʦʦʧʪʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʧʣʦʱʠʥʦʶ 

ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ; 3) ʚʽʜ ʪʦʥʢʠʭ ʧʨʦʧʦʨʮʽʡʥʠʭ ʜʦ ʧʦʪʦʚʱʝʥʠʭ ʥʘʜʣʠʰʢʦʚʠʭ 

ʩʪʫʣʦʢ (ʭʚʦʨʦʙʘ ɹʘʨʣʦʫ). 



 

ʈʠʩ. 2. ʄʝʭʘʥʽʟʤʠ ʄʈ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʂʘʨʧʝʥʪô̒ . 

ɺʪʦʨʠʥʥʘ ʄʈ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦ ʥʦʨʤʘʣʴʥʦʤʫ ʄʂ ʚ ʢʦʥʪʝʢʩʪʽ 

ʽʰʝʤʽʯʥʦʾ ʭʚʦʨʦʙʠ ʩʝʨʮʷ, ʜʠʣʘʪʘʮʽʡʥʦʾ ʢʘʨʜʽʦʤʽʦʧʘʪʽʾ ʯʠ ʚʘʞʢʦʾ ʜʠʣʘʪʘʮʽʾ ʃʇ 

[9,10]. ɺʦʥʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʠʩʙʘʣʘʥʩʫ ʤʽʞ ʩʠʣʘʤʠ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʤʽʪʨʘʣʴʥʽ ʩʪʫʣʢʠ ʪʘ ʩʠʣʘʤʠ ʟʘʢʨʠʪʪʷ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʃʐ. ʈʝʤʦʜʝʣʶʚʘʥʥʷ 

ʃʐ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʥʘʪʷʞʽʥʥʷ ʄʂ, ʚʽʜʽʛʨʘʶʪʴ ʛʦʣʦʚʥʫ 

ʨʦʣʴ ʚ ʨʦʟʚʠʪʢʫ ʚʪʦʨʠʥʥʦʾ ʄʈ. ʍʨʦʥʽʯʥʘ ʚʪʦʨʠʥʥʘ ʽʰʝʤʽʯʥʘ ʄʈ ʚ 95% 

ʚʠʧʘʜʢʽʚ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʩʬʫʥʢʮʽʾ ɯɯɯɺ ʪʠʧʫ. ʈʝʩʪʨʠʢʪʠʚʥʠʡ ʨʫʭ 



ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʧʽʜʯʘʩ ʩʠʩʪʦʣʠ ʪʘ ʯʘʩʪʽʰʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʧʘʮʽʻʥʪʽʚ 

ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʘʜʥʴʦʛʦ ʽʥʬʘʨʢʪʫ (ʘʩʠʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ) [11]. ɺ ʮʠʭ 

ʫʤʦʚʘʭ ʪʨʘʢʮʽʷ ʧʝʨʝʜʥʴʦʾ ʩʪʫʣʢʠ ʭʦʨʜʘʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʨʦʟʚʠʪʦʢ ʪʘʢ ʟʚʘʥʦʛʦ ʩʠʤʧʪʦʤʫ çʢʨʠʣʘ ʯʘʡʢʠè (ʈʠʩ. 4ɸ). ʋ ʧʘʮʽʻʥʪʽʚ ʟ 

ʽʜʽʦʧʘʪʠʯʥʦʶ ʜʠʣʘʪʘʮʽʡʥʦʶ ʢʘʨʜʽʦʤʽʦʧʘʪʽʻʶ ʯʠ ʧʽʩʣʷ ʷʢ ʧʝʨʝʜʥʴʦʛʦ, ʪʘʢ ʽ 

ʟʘʜʥʴʦʛʦ ʽʥʬʘʨʢʪʫ, ʦʙʠʜʚʽ ʩʪʫʣʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʠʞʝʥʥʷ ʩʠʩʪʦʣʽʯʥʦʛʦ ʨʫʭʫ, 

ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʥʝʧʦʚʥʦʛʦ ʧʨʠʢʨʠʪʪʷ ʢʣʘʧʘʥʫ (ʩʠʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ) (ʈʠʩ. 4ɹ). 

ɹʽʣʴʰ ʨʽʜʢʦ ʤʝʭʘʥʽʟʤ ʽʰʝʤʽʯʥʦʾ ʄʈ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʬʽʙʨʦʟʦʤ ʪʘ ʧʦʜʦʚʞʝʥʥʷʤ 

ʧʘʧʽʣʷʨʥʦʛʦ ʤôʷʟʘ.  

ʈʝʚʤʘʪʠʯʥʘ ʄʈ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʘʨʽʘʙʝʣʴʥʠʤ ʧʦʪʦʚʱʝʥʥʷʤ ʩʪʫʣʦʢ 

ʦʩʦʙʣʠʚʦ ʚ ʦʙʣʘʩʪʽ ʽʾ ʚʽʣʴʥʠʭ ʢʨʘʾʚ. ʏʘʩʪʦ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʬʽʙʨʦʟ ʭʦʨʜ, 

ʦʩʦʙʣʠʚʦ ʪʠʭ, ʱʦ ʧʨʠʢʨʽʧʣʝʥʽ ʜʦ ʟʘʜʥʴʦʾ ʩʪʫʣʢʠ, ʱʦ ʧʦʷʩʥʶʻ ʨʠʛʽʜʥʽʩʪʴ ʪʘ 

ʟʥʠʞʝʥʥʷ ʨʫʭʦʤʦʩʪʽ ʟʘʜʥʴʦʾ ʩʪʫʣʢʠ ʚ ʜʽʘʩʪʦʣʫ (ʪʠʧ ɯɯɯɸ). 

ʋ ʜʝʷʢʠʭ ʧʘʮʽʻʥʪʽʚ ʟʘʜʥʷ ʩʪʫʣʢʘ ʣʠʰʘʻʪʴʩʷ ʫ ʥʘʧʽʚʚʽʜʢʨʠʪʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʢʘʨʜʽʘʣʴʥʦʛʦ ʮʠʢʣʫ, ʘ ʥʘʜʣʠʰʢʦʚʠʡ ʩʠʩʪʦʣʽʯʥʠʭ ʨʫʭ 

ʧʝʨʝʜʥʴʦʾ ʩʪʫʣʢʠ ʽʤʽʪʫʻ ʭʠʙʥʫ ʽʣʶʟʽʶ ʾʾ ʧʨʦʣʘʧʩʫ. 



 

ʈʠʩ. 3. A. ɺ ʥʦʨʤʘʣʴʥʦʤʫ ʤʽʪʨʘʣʴʥʦʤʫ ʢʣʘʧʘʥʽ ʢʦʘʧʪʘʮʽʷ ʩʪʫʣʦʢ 

(ʯʝʨʚʦʥʘ ʪʦʯʢʘ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʧʣʦʱʠʥʦʶ ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ (ʣʽʥʽʷ); ɹ. 

ʄʽʪʨʘʣʴʥʠʡ ʢʣʘʧʘʥ, ʱʦ ʟʜʽʡʤʘʻʪʴʩʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʪʨʫʟʽʷ ʪʽʣʘ ʢʣʘʧʘʥʫ ʚ ʣʽʚʝ ʧʝʨʝʜʩʝʨʜʷ (ʩʪʨʽʣʢʘ); ɺ ʪʘ ɻ. ʇʨʦʣʘʧʩ 

ʤʽʪʨʘʣʴʥʦʛʦ ʢʣʘʧʘʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʘʥʦʤʘʣʴʥʝ ʩʠʩʪʦʣʽʯʥʝ ʧʨʦʛʠʥʘʥʥʷ 

ʦʜʥʽʻʾ (ɺ ï ʧʨʦʣʘʧʩ ʟʘʜʥʴʦʾ ʩʪʫʣʢʠ) ʯʠ ʦʙʦʭ ʩʪʫʣʦʢ ʚ ʧʦʨʦʞʥʠʥʫ ʣʽʚʦʛʦ 

ʧʝʨʝʜʩʝʨʜʷ ʛʣʠʙʰʝ ʧʣʦʱʠʥʠ ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ (ɻ ï ʧʨʦʣʘʧʩ ʦʙʦʭ ʩʪʫʣʦʢ); 

ɼ. ʇʘʪʦʣʦʛʽʯʥʦ ʨʫʭʦʤʘ (çʤʦʣʦʪʠʪʴè) ʟʘʜʥʷ ʩʪʫʣʢʘ, ʱʦ ʚ ʩʠʩʪʦʣʫ ʧʦʚʥʽʩʪʶ 

ʧʨʦʚʘʣʶʻʪʴʩʷ ʚ ʃʇ (ʩʪʨʽʣʢʘ). 



 

ʈʠʩ. 4. A. ɯʰʝʤʽʯʥʘ ʄʈ ʟ ʧʝʨʝʚʘʞʥʦʶ ʨʝʩʪʨʠʢʮʽʻʶ ʟʘʢʨʠʪʪʷ ʟʘʜʥʴʦʾ 

ʩʪʫʣʢʠ (ʩʪʨʽʣʢʠ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʜʝʣʽ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʪʝʥʪʽʥʛʫ. 

ʈʝʩʪʨʠʢʮʽʷ ʧʝʨʝʜʥʴʦʾ ʩʪʫʣʢʠ ʟʘʚʜʷʢʠ ʥʘʜʣʠʰʢʦʚʦʛʦ ʥʘ ʪʷʞʽʥʥʷ ʭʦʨʜ 

ʚʠʢʣʠʢʘʻ ʪʠʧʦʚʠʡ ʩʠʤʧʪʦʤ çʯʘʡʢʠè (ʙʽʣʘ ʩʪʨʽʣʢʘ). ʂʦʣʴʦʨʦʚʠʡ ʧʦʪʽʢ 

ʨʝʛʫʨʛʽʪʘʮʽʾ ʧʦʯʠʥʘʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʦ, ʘʣʝ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʣʘʪʝʨʘʣʴʥʦ ʫ 

ʥʘʧʨʷʤʢʫ ʙʦʢʦʚʦʾ ʩʪʽʥʢʠ ʃʇ. ɹ. ɯʰʝʤʽʯʥʘ ʄʈ ʟ ʨʝʩʪʨʠʢʮʽʻʶ ʟʘʢʨʠʪʪʷ ʦʙʦʭ 

ʩʪʫʣʦʢ (ʩʪʨʽʣʢʠ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʜʝʣʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʪʝʥʪʽʥʛʫ. 

ʂʦʣʴʦʨʦʚʠʡ ʧʦʪʽʢ ʨʝʛʫʨʛʽʪʘʮʽʾ ʧʦʯʠʥʘʻʪʴʩʷ ʪʘ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʫ 

ʯʘʩʪʠʥʫ ʃʇ. 

 
 

 



ɽʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʘ ʦʮʽʥʢʘ ʄʈ 

ʄʦʨʬʦʣʦʛʽʷ ʄʂ  

ɼʚʦʭʚʠʤʽʨʥʘ ʊʊɽ ʪʘ ʏʉɽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʦʯʥʦʾ ʦʮʽʥʢʠ 

ʤʦʨʬʦʣʦʛʽʾ ʄʂ (ʈʠʩ. 5 ʪʘ 6). ʇʘʨʘʩʪʝʨʥʘʣʴʥʠʡ ʜʦʩʪʫʧ ʧʦ ʢʦʨʦʪʢʽʡ ʚʽʩʽ (SAX) 

ʊʊɽ ʪʘ ʪʨʘʥʩʛʘʩʪʨʘʣʴʥʠʡ ʜʦʩʪʫʧ ʏʉɽ ʧʽʜ ʢʫʪʦʤ 0ʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʮʽʣʴʥʫ 

ʦʮʽʥʢʫ ʰʝʩʪʠ ʩʝʛʤʝʥʪʽʚ ʦʙʦʭ ʩʪʫʣʦʢ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʂɼʂ ʜʦʟʚʦʣʷʻ 

ʣʦʢʘʣʽʟʫʚʘʪʠ ʧʦʭʦʜʞʝʥʥʷ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ ʪʘ ʤʽʩʮʷ ʧʨʦʣʘʙʫʚʘʥʥʷ 

ʩʝʛʤʝʥʪʽʚ.  ʂʣʘʩʠʯʥʽ ʧʘʨʘʩʪʝʨʥʘʣʴʥʘ ʧʦʟʠʮʽʷ ʧʦ ʜʦʚʛʽʡ ʚʽʩʽ ʧʨʠ ʊʊɽ (PLAX) 

ʪʘ ʩʘʛʽʪʘʣʴʥʠʡ ʟʨʽʟ ʏʉɽ ʧʽʜ ʢʫʪʦʤ 120ʦ ʜʦʟʚʦʣʷʶʪʴ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʩʝʛʤʝʥʪʠ 

A2 ʪʘ P2. ʇʨʠ ʏʉɽ ʥʘʭʠʣ ʜʘʪʯʠʢʘ ʚ ʥʘʧʨʷʤʢʫ ʘʦʨʪʘʣʴʥʦʛʦ ʢʣʘʧʘʥʫ (ɸʂ) 

ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʩʝʛʤʝʥʪʠ ɸ1 ʪʘ ʈ1, ʘ ʥʘʭʠʣ ʜʦ ʪʨʠʢʫʩʧʽʜʘʣʴʥʦʛʦ 

ʢʣʘʧʘʥʫ (ʊʂ) ï ʩʝʛʤʝʥʪʠ ɸ3 ʪʘ ʈ3. ɺ ʘʧʽʢʘʣʴʥʽʡ 4-ʢʘʤʝʨʥʽʡ (ɸ4ʉ) ʧʦʟʠʮʽʾ 

ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʩʝʛʤʝʥʪʠ ɸ3, ɸ2 ʪʘ ʈ1, ʚ ʪʦʡ ʯʘʩ ʷʢ ʊʊɽ ʘʧʽʢʘʣʴʥʘ 2-ʢʘʤʝʨʥʘ 

(ɸ2ʉ) ʧʦʟʠʮʽʷ ʯʠ ʏʉɽ ʟʨʽʟ ʧʽʜ ʢʫʪʦʤ ʚʽʜ 40ʦ ʜʦ 60ʦ ʜʦʟʚʦʣʷʶʪʴ ʚʽʟʫʘʣʽʟʫʚʘʪʠ 

ʩʝʛʤʝʥʪʠ ʈ3, ɸ2 ʪʘ ʈ1 (ʟʣʽʚʘ ʥʘʧʨʘʚʦ, ʙʽʢʦʤʽʩʫʨʘʣʴʥʠʡ ʟʨʽʟ). ʊʦʯʥʘ 

ʣʦʢʘʣʽʟʘʮʽʷ ʟʘʜʽʷʥʠʭ ʩʪʫʣʦʢ/ʩʝʛʤʝʥʪʽʚ, ʦʧʠʩʘʥʥʷ ʥʘʷʚʥʦʩʪʽ ʪʘ ʩʪʫʧʝʥʷ 

ʢʘʣʴʮʠʬʽʢʘʪʽʚ ʪʘ ʽʥʰʠʡ ʩʧʝʢʪʨ ʘʥʘʪʦʤʽʯʥʠʭ ʟʤʽʥ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʥʝʩʝʥʽ ʚ ʟʘʢʣʶʯʝʥʥʷ. ʇʘʪʦʣʦʛʽʯʥʦ ʨʫʭʦʤʘ 

ʩʪʫʣʢʘ, ʨʦʟʽʨʚʘʥʠʡ ʧʘʧʽʣʷʨʥʠʡ ʤʷʟ ʯʠ ʚʝʣʠʢʠʡ ʜʝʬʝʢʪ ʢʦʦʧʪʘʮʽʾ ʟʚʠʯʘʡʥʦ ʻ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʜʣʷ ʚʘʞʢʦʾ ʄʈ. 

ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜʯʘʩ 2D-TTE ʜʽʘʛʥʦʟ ʧʨʦʣʘʧʩʫ ʄʂ ʧʦʚʠʥʝʥ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚʠʭʦʜʷʯʠ ʟ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʟ ʧʦʟʠʮʽʾ 

PLAX, ʯʠ ʟ ʘʧʽʢʘʣʴʥʦʾ ʧʦʟʠʮʽʾ ʧʦ ʜʦʚʛʽʡ ʚʽʩʽ ʃʐ (ɸ2ʉ-ɸ3ʉ), ʘʣʝ ʞ ʥʽʷʢ ʟ ɸ4ʉ 

ʧʦʟʠʮʽʾ, ʦʩʢʽʣʴʢʠ ʚ ɸ4ʉ ʩʽʜʣʦʚʠʜʥʠʡ ʟʨʽʟ ʧʣʦʱʠʥʠ ʄʂ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʽʣʟʁʽʾ ʧʨʦʣʘʙʫʚʘʥʥʷ ʪʘ ʭʠʙʥʦ ʧʦʟʠʪʠʚʥʦʛʦ ʜʽʘʛʥʦʟʫ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʊʊɽ PLAX ʟʘʢʣʶʯʝʥʥʷ ʧʨʦ ʜʠʣʘʪʘʮʽʶ ʤʽʪʨʘʣʴʥʦʛʦ 

ʢʽʣʴʮʷ ʨʦʙʠʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʮʝ/ʜʦʚʞʠʥʘ ʧʝʨʝʜʥʴʦʾ 

ʩʪʫʣʢʠ >1,3 (ʚ ʜʽʘʩʪʦʣʫ) ʯʠ ʢʦʣʠ ʜʽʘʤʝʪʨ ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ ʩʪʘʥʦʚʠʪʴ >35 

ʤʤ [12]. ʅʦʨʤʘʣʴʥʝ ʩʢʦʨʦʯʝʥʥʷ ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ (ʩʠʩʪʦʣʽʯʥʝ ʟʤʝʥʰʝʥʥʷ 

ʧʣʦʱʽ ʢʽʣʴʮʷ) ʩʢʣʘʜʘʻ 25% [13]. 



ʇʨʠ ʜʦʩʪʫʧʥʦʩʪʽ 3D ʊʊɽ ʟʘʙʝʟʧʝʯʫʻ ʯʽʪʢʫ ʦʮʽʥʢʫ ʤʦʨʬʦʣʦʛʽʾ ʄʂ (ʈʠʩ. 

7). ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʮʷ ʤʝʪʦʜʠʢʘ ʻ ʥʘʡʢʨʘʱʦʶ ʜʣʷ ʦʧʠʩʘʥʥʷ ʧʘʪʦʣʦʛʽʾ ʄʂ, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʜʝʬʝʢʪʘʭ ʧʝʨʝʜʥʴʦʾ ʩʪʫʣʢʠ ʪʘ ʟʘʣʫʯʝʥʥʽ ʚ ʜʝʛʝʥʝʨʘʪʠʚʥʽ ʟʤʽʥʠ 

ʢʦʤʽʩʫʨ ʯʠ ʟʣʠʪʪʽ ʢʦʤʽʩʫʨ ʧʽʜʯʘʩ ʨʝʚʤʘʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʠʜ ʢʣʘʧʘʥʫ çen 

faceè ʟ ʧʦʨʦʞʥʠʥʠ ʃʇ ʻ ʽʜʝʥʪʠʯʥʠʤ ʭʽʨʫʨʛʽʯʥʦʤʫ ʧʦʣʶ ʧʽʜʯʘʩ ʚʽʜʢʨʠʪʦʾ 

ʦʧʝʨʘʮʽʾ [8]. 

ʇʨʝʜʠʢʪʦʨʠ ʫʩʧʽʰʥʦʾ ʚʘʣʴʚʫʣʦʧʣʘʩʪʠʢʠ 

ɼʝʢʽʣʴʢʘ ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʚ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʮʽʻʥʪʽʚ ʟ ʨʠʟʠʢʦʤ ʥʝʚʜʘʣʦʛʦ ʚʪʨʫʯʘʥʥʷ. ʇʨʠ ʧʝʨʚʠʥʥʽʡ ʄʈ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʙʫʣʦ ʧʝʨʝʨʘʭʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʧʨʝʜʠʢʪʦʨʽʚ ʥʝʫʩʧʽʰʥʦʾ 

ʚʘʣʴʚʫʣʦʧʣʘʩʪʠʢʠ: ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ, 

ʚʘʞʢʘ ʜʠʣʘʪʘʮʽʷ ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ (>50 ʤʤ), ʟʘʣʫʯʝʥʥʷ 3-ʭ ʪʘ ʙʽʣʴʰʝ 

ʩʝʛʤʝʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʚʠʧʘʜʢʫ ʟʘʣʫʯʝʥʥʷ ʧʝʨʝʜʥʴʦʾ ʩʪʫʣʢʠ, ʪʘ ʝʢʩʪʝʥʩʠʚʥʠʡ 

ʢʘʣʴʮʠʥʦʟ ʢʣʘʧʘʥʫ (ʊʘʙ. 6) [14]. ʂʨʽʤ ʪʦʛʦ, ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʢʣʘʧʘʥʥʦʾ 

ʪʢʘʥʠʥʠ ʻ ʪʘʢʦʞ ʚʘʞʣʠʚʠʤ ʧʨʝʜʠʢʪʦʨʦʤ ʥʝʫʩʧʽʰʥʦʾ ʚʘʣʴʚʫʣʦʧʣʘʩʪʠʢʠ ʷʢ 

ʧʨʠ ʨʝʚʤʘʪʠʯʥʦʤʫ ʫʨʘʞʝʥʥʽ, ʪʘʢ ʽ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʽʥʬʝʢʮʽʡʥʠʤ ʝʥʜʦʢʘʨʜʠʪʦʤ ʟ 

ʚʝʣʠʢʦʶ ʧʝʨʬʦʨʘʮʽʻʶ ʢʣʘʧʘʥʫ. 

ʇʨʠ ʚʪʦʨʠʥʥʽʡ ʽʰʝʤʽʯʥʽʡ ʄʈ ʧʘʮʽʻʥʪʠ ʟ ʜʽʘʩʪʦʣʽʯʥʠʤ ʜʽʘʤʝʪʨʦʤ 

ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ Ó37 ʤʤ, ʩʠʩʪʦʣʽʯʥʦʶ ʧʣʦʱʝʶ ʪʝʥʪʽʥʛʫ Ó1,6 ʩʤ2, ʚʘʞʢʦʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʽʰʝʤʽʯʥʦʶ ʄʈ ʤʘʶʪʴ 50% ʨʠʟʠʢʫ ʧʦʚʪʦʨʥʦʛʦ ʚʠʥʠʢʥʝʥʥʷ 

ʨʝʛʫʨʛʽʪʘʮʽʾ ʧʽʩʣʷ ʚʘʣʴʚʫʣʦʧʣʘʩʪʠʢʠ [15]. ʇʝʨʝʜ ʦʧʝʨʘʪʠʚʥʠʤ ʚʪʨʫʯʘʥʥʷʤ ʟʘ 

ʜʘʥʠʤʠ ʊʊɽ ʜʝʢʽʣʴʢʘ ʧʘʨʘʤʝʪʨʽʚ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ 

ʥʝʫʩʧʽʰʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʥʘ ʄʂ (ʊʘʙ. 7 [13]) (ʈʠʩ. 8). 

ʂʣʶʯʦʚ ̔ʤʦʤʝʥʪʠ: ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʝ ʟʘʢʣʶʯʝʥʥʷ ʧʦʚʠʥʥʝ ʚʢʣʶʯʘʪʠ 

ʜʘʥʽ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʧʨʠ ʚʘʞʢʽʡ ʄʈ. 

 

 

 

 

 



 

ʊʘʙ. 6. ɺʽʨʦʛʽʜʥʽʩʪʴ ʫʩʧʽʰʥʦʾ ʧʣʘʩʪʠʢʠ ʄʂ ʧʨʠ ʄʈ ʥʘ ʦʩʥʦʚʽ ʝʭʦ-

ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ɽʪʽʦʣʦʛʽʷ ɼʠʩʬʫʥʢʮʽʷ ʂʘʣʴʮʠʥʦʟ ɼʠʣʘʪʘʮʽʷ 

ʤʽʪʨʘʣʴʥʦʛʦ 

ʢʽʣʴʮʷ 

ɺʽʨʦʛʽʜʥʽʩʪʴ 

ʫʩʧʽʰʥʦʾ 

ʧʣʘʩʪʠʢʠ 

ɼʝʛʝʥʝʨʘʪʠʚʥʘ II : ʃʦʢʘʣʽʟʦʚʘʥʠʡ 

ʧʨʦʣʘʧʩ (P2 ʪʘ/ʘʙʦ 

A2) 

ʅʽ / ʣʦʢʘʣʴʥʠʡ ʃʝʛʢʘ / 

ʧʦʤʽʨʥʘ 

ɺʽʨʦʛʽʜʥʘ 

ɺʪʦʨʠʥʥʘ I ʘʙʦ IIIb  ʅ ̔ ʇʦʤʽʨʥʘ ɺʽʨʦʛʽʜʥʦ 

ɹʘʨʣʦʫ II : ɽʢʩʪʝʥʩʠʚʥʠʡ 

ʧʨʦʣʘʧʩ (Ó3 

ʩʝʛʤʝʥʪʽʚ, ʟʘʜʥʷ 

ʢʦʤʽʩʫʨʘ) 

ʃʦʢʘʣʴʥʠʡ 

(ʢʽʣʴʮʝ) 

ʇʦʤʽʨʥʘ ɺʘʞʢʦ 

ʈʝʚʤʘʪʠʯʥʘ IIIa ʘʣʝ ʛʥʫʯʢʘ 

ʧʝʨʝʜʥʷ ʩʪʫʣʢʘ 

ʃʦʢʘʣʴʥʠʡ  ʇʦʤʽʨʥʘ ɺʘʞʢʦ 

ɺʘʞʢʘ ɹʘʨʣʦʫ II : ɽʢʩʪʝʥʩʠʚʥʠʡ 

ʧʨʦʣʘʧʩ (Ó3 

ʩʝʛʤʝʥʪʽʚ, ʧʝʨʝʜʥʷ 

ʢʦʤʽʩʫʨʘ) 

ɽʢʩʪʝʥʩʠʚʥʠʡ 

(ʢʽʣʴʮʝ + ʩʪʫʣʢʠ) 

ɺʘʞʢʘ ʄʘʣʦʚʽʨʦʛʽʜʥʦ 

ɽʥʜʦʢʘʨʜʠʪ II : ʇʨʦʣʘʧʩ, ʘʣʝ 

ʜʝʩʪʨʫʢʪʠʚʥʽ 

ʫʨʘʞʝʥʥʷ 

ʅ ̔ ʅʝʤʘʻ / ʣʝʛʢʘ ʄʘʣʦʚʽʨʦʛʽʜʥʦ 

ʈʝʚʤʘʪʠʯʥʘ IIIa ʘʣʝ ʞʦʨʩʪʢʘ 

ʧʝʨʝʜʥʷ ʩʪʫʣʢʘ 

ɽʢʩʪʝʥʩʠʚʥʠʡ 

(ʢʽʣʴʮʝ + ʩʪʫʣʢʠ) 

ʇʦʤʽʨʥʘ /  

ʚʘʞʢʘ 

ʄʘʣʦʚʽʨʦʛʽʜʥʦ 

ɺʪʦʨʠʥʥʘ IIIb  ʘʣʝ ʚʘʞʢʘ 

ʜʝʬʦʨʤʘʮʽʷ ʢʣʘʧʘʥʫ 

ʅ ̔ ʅʝʤʘʻ ʘʙʦ 

ʚʘʞʢʘ 

ʄʘʣʦʚʽʨʦʛʽʜʥʦ 

 

ʊʘʙ. 7. ʄʘʨʢʝʨʠ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʧʨʦʛʥʦʟʫ ʜʣʷ ʧʣʘʩʪʠʢʠ ʄʂ ʧʨʠ ʚʪʦʨʠʥʥʽʡ 

ʄʈ [13]. 

ɼʝʬʦʨʤʘʮʽʷ ʄʂ 

ɺʽʜʩʪʘʥʴ ʢʦʘʧʪʘʮʽʾ Ó1 cm 

ʇʣʦʱʘ çʪʝʥʪʽʥʛʫè >2.5ï3 ʩʤ2 

ʉʢʣʘʜʥʽ ʧʦʪʦʢʠ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʪʘ ʟʘʜʥʴʦ-ʤʝʜʽʘʣʴʥʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʷʤ 

ɿʘʜʥʴʦ-ʣʘʪʝʨʘʣʴʥʠʡ ʢʫʪ >45o (ʚʠʩʦʢʝ ʧʽʜʪʷʛʥʝʥʥʷ ʟʘʜʥʴʦʾ ʩʪʫʣʢʠ) 

ʃʦʢʘʣʴʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʃʐ 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʧʘʧʽʣʷʨʥʠʤʠ ʤ'ʷʟʘʤʠ >20 ʤʤ 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʦʩʥʦʚʦʶ ʟʘʜʥʴʦ-ʤʝʜʽʘʣʴʥʦʛʦ ʇʄ ʪʘ ʧʝʨʝʜʥʽʤ ʤʽʪʨʘʣʴʥʠʤ ʢʽʣʴʮʝʤ >40 ʤʤ 

ʇʦʨʫʰʝʥʥʷ ʩʢʦʨʦʪʣʠʚʦʩʪʽ ʙʦʢʦʚʦʾ ʩʪʽʥʢʠ 

ɻʣʦʙʘʣʴʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʃʐ 

ʂɼʈ >65 ʤʤ; ʂʉʈ >51 ʤʤ (ʂʉʆ > 140 ʤʣ) (ʥʠʟʴʢʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʟʚʦʦʪʥʴʦʛʦ ʨʝʤʦʜʝʣʶʚʘʥʥʷ 

ʃʐ ʧʽʩʣʷ ʧʣʘʩʪʠʢʠ ʄʂ ʪʘ ʧʦʛʘʥʠʡ ʚʽʜʜʘʣʝʥʠʡ ʧʨʦʛʥʦʟ) 

ʉʠʩʪʦʣʽʯʥʠʡ ʽʥʜʝʢʩ ʩʬʝʨʠʯʥʦʩʪʽ >0,7 

ʂɼʈ ï ʢʽʥʮʝʚʦ-ʜʽʘʩʪʦʣʽʯʥʠʡ ʨʦʟʤʽʨ; ʂʉʈ ï ʢʽʥʮʝʚʦ-ʩʠʩʪʦʣʽʯʥʠʡ ʨʦʟʤʽʨ; ʂʉʆ ï ʢʽʥʮʝʚʦ-

ʩʠʩʪʦʣʽʯʥʠʡ ʦʙôʻʤ; ʇʄ ï ʧʘʧʽʣʷʨʥʠʡ ʤ'ʷʟ. 

 



. 

ʆʮʽʥʢʘ ʚʘʞʢʦʩʪʽ ʄʈ 

ʂʦʣʴʦʨʦʚʝ ʜʦʧʧʣʝʨʽʚʩʴʢʝ ʢʘʨʪʫʚʘʥʥʷ 

ʂɼʂ ʻ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʟʘʩʦʙʦʤ ʦʮʽʥʢʠ ʚʘʞʢʦʩʪʽ ʄʈ [16]. 

ɿʘʛʘʣʴʥʘ ʧʝʨʝʜʫʤʦʚʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤ, ʱʦ ʧʦ ʤʽʨʽ ʟʨʦʩʪʘʥʥʷ ʚʘʞʢʦʩʪʽ ʄʈ ʤʘʻ 

ʟʨʦʩʪʘʪʠ ʨʦʟʤʽʨ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʦʣʴʦʨʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʃʇ. ʊʝʦʨʝʪʠʯʥʦ, 

ʙʽʣʴʰʽ ʨʦʟʤʽʨʠ ʧʦʪʦʢʫ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʛʣʠʙʦʢʦ ʚ ʃʇ ʚʽʜʦʙʨʘʞʫʶʪʴ 

ʙʽʣʴʰ ʚʘʞʢʫ ʄʈ, ʥʽʞ ʤʘʣʝʥʴʢʽ ʪʦʥʢʽ ʧʦʪʦʢʠ, ʱʦ ʥʝ ʜʦʙʠʚʘʶʪʴ ʜʘʣʝʢʦ ʟʘ ʤʝʞʽ 

ʤʽʪʨʘʣʴʥʠʭ ʩʪʫʣʦʢ. ɺʪʽʤ, ʥʘʩʧʨʘʚʜʽ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʨʦʟʤʽʨʦʤ 

ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ ʪʘ ʚʘʞʢʽʩʪʶ ʄʈ ʥʝ ʻ ʪʘʢʠʤ ʦʜʥʦʟʥʘʯʥʠʤ ʪʘ ʙʫʚʘʻ 

ʜʫʞʝ ʚʘʨʽʘʙʝʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʦʢʨʽʤ ʚʘʞʢʦʩʪʽ ʄʈ, ʚʠʛʣʷʜ ʢʦʣʴʦʨʦʚʦʛʦ ʩʧʝʢʪʨʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʽ ʛʝʤʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʇʨʠ 

ʧʦʜʽʙʥʽʡ ʚʘʞʢʦʩʪʽ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʪʠʩʢʦʤ ʚ ʃʇ ʘʙʦ ʟ 

ʝʢʩʮʝʥʪʨʠʯʥʠʤ ʧʦʪʦʢʦʤ, ʱʦ ʩʪʽʣʠʪʴʩʷ ʧʦ ʩʪʽʥʮʽ ʃʇ, ʘʙʦ ʽʟ ʟʥʘʯʥʦʶ 

ʜʠʣʘʪʘʮʽʻʶ ʃʇ, ʢʦʣʴʦʨʦʚʠʡ ʩʧʝʢʪʨ ʨʝʛʫʨʛʽʪʘʮʽʾ ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʟʥʘʯʥʦ 

ʤʝʥʰʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʮʽʻʥʪʦʤ ʟ ʥʦʨʤʘʣʴʥʠʤ ʪʠʩʢʦʤ ʚ ʃʇ ʪʘ ʨʦʟʤʽʨʦʤ ʃʇ, 

ʘʣʝ ʮʝʥʪʨʘʣʴʥʦ ʩʧʨʷʤʦʚʘʥʠʤ ʧʦʪʦʢʦʤ ʨʝʛʫʨʛʽʪʘʮʽʾ (ʈʠʩ. 9) [17]. ʇʨʠ ʄʈ, ʱʦ 

ʚʠʥʠʢʣʘ ʛʦʩʪʨʦ, ʥʘʚʽʪʴ ʮʝʥʪʨʘʣʴʥʦ ʩʧʨʷʤʦʚʘʥʠʡ ʧʦʪʽʢ ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʭʠʙʥʦ 

ʤʘʣʝʥʴʢʠʤ. ʊʦʤʫ, ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʮʝʡ ʤʝʪʦʜ ʻ ʜʞʝʨʝʣʦʤ ʙʘʛʘʪʴʦʭ 

ʧʦʤʠʣʦʢ, ʂɼʂ ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʤʝʪʦʜ ʚʠʙʦʨʫ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʘʞʢʦʩʪʽ ʄʈ. ɺʪʽʤ, ʣʦʢʘʮʽʷ ʚʝʣʠʢʦʛʦ ʝʢʩʮʝʥʪʨʠʯʥʦʛʦ 

ʧʦʪʦʢʫ ʟ ʤʦʟʘʾʯʥʽʩʪʶ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʧʦ ʩʪʽʥʮʽ, ʜʦʩʷʛʘʶʯʠ ʟʘʜʥʴʦʾ 

ʩʪʽʥʢʠ ʃɸ ʩʚʽʜʯʠʪʴ ʥʘ ʢʦʨʠʩʪʴ ʚʘʞʢʦʾ ʄʈ. ʊʘ ʥʘʚʧʘʢʠ, ʤʘʣʝʥʴʢʽ ʪʦʥʢʽ 

ʧʦʪʦʢʠ, ʱʦ ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ ʧʣʦʱʠʥʫ ʤʽʪʨʘʣʴʥʠʭ ʩʪʫʣʦʢ, ʟʚʠʯʘʡʥʦ ʚʢʘʟʫʻ ʥʘ 

ʣʝʛʢʠʡ ʩʪʫʧʽʥʴ ʄʈ. 

ʂʣʶʯʦʚ ̔ʤʦʤʝʥʪʠ: ʇʣʦʱʘ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʂɼʂ ʥʝ ʻ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʄʈ. ʂɼʂ ʤʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʄʈ. ʗʢʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰʝ, ʥʽʞ ʤʘʣʝʥʴʢʘ ʮʝʥʪʨʘʣʴʥʘ ʄʈ, 

ʧʦʪʨʽʙʝʥ ʙʽʣʴʰ ʢʽʣʴʢʽʩʥʠʡ ʧʽʜʭʽʜ. 

 



 

ʈʠʩ. 5. ɸʥʘʣʽʟ ʩʝʛʤʝʥʪʘʨʥʦʾ ʙʫʜʦʚʠ ʄʂ ʚ 2D ʏʉɽ (ɸ, ɺ ʪʘ ʉ). 

ɿʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʧʽʜ ʢʫʪʦʤ 0ʦ: A. 5-ʢʘʤʝʨʥʠʡ ʟʨʽʟ ʜʝʤʦʥʩʪʨʫʻ ʩʝʛʤʝʥʪʠ 

ɸ1 ʪʘ ʈ1; ɹ. 4-ʢʘʤʝʨʥʠʡ ʟʨʽʟ ʜʝʤʦʥʩʪʨʫʻ ʩʝʛʤʝʥʪʠ ɸ2 ʽ ʈ2; ɺ. ʇʦʛʣʠʙʣʝʥʠʡ 4-

ʢʘʤʝʨʥʠʡ ʟʨʽʟ ʜʝʤʦʥʩʪʨʫʻ ʩʝʛʤʝʥʪʠ ɸ3 ʽ ʈ3; ɻ. ɹʽʢʦʤʽʩʫʨʘʣʴʥʠʡ ʟʨʽʟ; ɼ. ɿʨʽʟ 

ʧʽʜ ʢʫʪʦʤ 120ʦ ï ʚʽʟʫʘʣʽʟʘʮʽʷ ɸ2 ʽ ʈ2; ɽ.  ʊʨʘʥʩʛʘʩʪʨʘʣʴʥʠʡ ʟʨʽʟ ʧʽʜ ʢʫʪʦʤ 0ʦ 

ʚʽʟʫʘʣʽʟʫʻ ʚʩʽ ʩʝʛʤʝʥʪʠ ʦʙʦʭ ʩʪʫʣʦʢ. 



 

ʈʠʩ. 6. ɸʥʘʣʽʟ ʩʝʛʤʝʥʪʘʨʥʦʾ ʙʫʜʦʚʠ ʄʂ ʧʨʠ 2D ʊʊɽ. ɸ. ʊʊɽ PLAX 

ʜʝʤʦʥʩʪʨʫʻ ʩʝʛʤʝʥʪʠ ɸ2 ʪʘ ʈ2; ɹ. ʉʝʛʤʝʥʪʠ ɸ1 ʪʘ ʈ1 (ʥʘʭʠʣ ʜʘʪʯʠʢʘ ʚ 

ʥʘʧʨʷʤʢʫ ɸʂ); ɺ. ɸ3 ʪʘ ʈ3 (ʥʘʭʠʣ ʜʘʪʯʠʢʘ ʚ ʥʘʧʨʷʤʢʫ ʊʂ); ɻ. TTE 

ʧʘʨʘʩʪʝʨʥʘʣʴʥʘ ʧʦʟʠʮʽʷ ʧʦ ʢʦʨʦʪʢʽʡ ʚʽʩʽ ʜʝʤʦʥʩʪʨʫʻ ʚʩʽ ʩʝʛʤʝʥʪʠ; ɼ. ɸ4ʉ 

ʧʦʟʠʮʽʷ ʜʝʤʦʥʩʪʨʫʻ ɸ3, ɸ2 ʪʘ ʈ1; ɽ. ɹʽʢʦʤʽʩʫʨʘʣʴʥʠʡ ʟʨʽʟ ï ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ 

ʩʝʛʤʝʥʪʠ ʈ3, ɸ2 ʪʘ ʈ1. 



 

ʈʠʩ. 7. 3D ʏʉɽ: ʦʙô̒ ʤʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʄʂ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʟʘʩʫ. 

ɿʣʽʚʘ: ʢʣʘʩʠʯʥʠʡ ʚʠʜ ʧʽʜʯʘʩ ʏʉɽ. ʉʧʨʘʚʘ: ʚʠʛʣʷʜ ʧʽʜʯʘʩ ʭʽʨʫʨʛʽʯʥʦʛʦ 

ʚʩʪʨʫʯʘʥʥʷ. A1, A2, A3: ʩʝʛʤʝʥʪʠ ʧʝʨʝʜʥʴʦʾ ʩʪʫʣʢʠ ʄʂ; P1, P2, P3: ʩʝʛʤʝʥʪʠ 

ʟʘʜʥʴʦʾ ʩʪʫʣʢʠ ʄʂ; ANT COMM: ʧʝʨʝʜʥʴʦ-ʣʘʪʝʨʘʣʴʥʘ ʢʦʤʽʩʫʨʘ; POST 

COMM: ʟʘʜʥʴʦ-ʤʝʜʽʘʣʴʥʘ ʢʦʤʽʩʫʨʘ (3D TOE ï ʏʉɽʭʦʂɻ ʫ 3D; Surgical view ï 

ʚʠʛʣʷʜ ʧʽʜʯʘʩ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ) [12]. 

 

ʐʠʨʠʥʘ VC. Vena contracta (VC) ï ʮʝ ʧʦʯʘʪʢʦʚʘ ʯʘʩʪʠʥʘ ʩʪʨʫʤʝʥʷ 

ʧʦʪʦʢʫ ʨʝʛʫʨʛʽʪʘʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʨʝʛʫʨʛʽʪʫʶʯʠʭ ʦʪʚʦʨʦʤ. ʊʘʢʠ ʯʠʥʦʤ 

ʰʠʨʠʥʘ VC ʚ̔ ʜʙʠʚʘʻ ʧʣʦʱʫ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʦʪʚʦʨʫ [18, 19]. ʊʠʧʦʚʦ VC 

ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ ʥʘ ʟʨʽʟʘʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢʦʤʽʩʫʨʘʣʴʥʽʡ ʣʽʥʽʾ (ʈʠʩ. 10). 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʥʝ ʤʝʥʰʝ 2-3 ʢʘʨʜʽʘʣʴʥʠʭ 

ʮʠʢʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʟʨʽʟʽ. ʐʠʨʠʥʘ VC <3 ʤʤ ʚʢʘʟʫʻ 

ʥʘ ʣʝʛʢʫ ʄʈ, ʘ ʰʠʨʠʥʘ Ó7 ʤʤ ʚʠʟʥʘʯʘʻ ʚʘʞʢʫ ʄʈ. 

ʂʦʥʮʝʧʮʽʷ VC ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʨʝʛʫʨʛʽʪʫʶʯʠʭ ʦʪʚʽʨ ʻ 

ʤʘʡʞʝ ʮʠʨʢʫʣʷʨʥʠʤ. ʇʨʠ ʧʝʨʚʠʥʥʽʡ ʄʈ ʮʝ ʩʧʨʘʚʜʽ ʪʘʢ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʨʠ 

ʚʪʦʨʠʥʥʽʡ ʄʈ ʦʪʚʽʨ ʙʽʣʴʰ ʚʠʪʛʥʫʪʠʡ ʧʦ ʜʦʚʞʠʥʽ ʫʟʜʦʚʞ ʣʽʥʽʾ ʢʦʘʧʪʘʮʽʾ 

ʤʽʪʨʘʣʴʥʠʭ ʩʪʫʣʦʢ, ʪʘ ʥʝ ʻ ʦʢʨʫʛʣʠʤ [20,21]. ʊʦʤʫ VC ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ 

ʚʦʜʥʦʯʘʩ ʚʫʟʴʢʦʶ ʚ ɸ4ʉ ʽ ʰʠʨʦʢʦʶ ʚ ɸ2ʉ. ʂʨʽʤ ʪʦʛʦ, ʢʦʥʚʝʥʮʽʡʥʝ ʂɼʂ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʣʝʞʥʫ ʦʨʽʻʥʪʘʮʽʶ ʜʚʦʭʚʠʤʽʨʥʠʭ ʟʨʽʟʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʦʛʦ 



ʧʦʧʝʨʝʯʥʦʛʦ ʟʨʽʟʫ VC. ʋ ʚʠʧʘʜʢʫ ʤʥʦʞʠʥʥʠʭ ʧʦʪʦʢʽʚ ʄʈ ʚʽʜʧʦʚʽʜʥʠ ʰʠʨʠʥʠ 

ʤʥʦʞʠʥʥʠʭ VC ʥʝ ʩʫʤʫʁʪʴʩʷ. ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʘ ʩʢʦʨʽʰʝ ʢʨʘʱʝ 

ʦʮʽʥʶʚʘʪʠ ʽ ʚʠʤʽʨʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D-ɽʭʦʂɻ. ʇʨʠ ʚʪʦʨʠʥʥʽʡ ʄʈ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʩʝʨʝʜʥʷ ʰʠʨʠʥʘ, ʦʪʨʠʤʘʥʘ ʽʟ ɸ4ʉ ʽ ɸ2ʉ ʧʦʟʠʮʽʡ, ʥʘʡʢʨʘʱʝ 

ʢʦʨʝʣʶʚʘʣʘ ʟ ʧʣʦʱʝʶ VC ʫ 3D. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ >8 ʤʤ ʧʽʜʯʘʩ 2D-ɽʭʦʂɻ 

ʚʠʟʥʘʯʘʻ ʚʘʞʢʫ ʄʈ ʙʫʜʴ-ʷʢʦʾ ʝʪʽʦʣʦʛʽʾ, ʚʢʣʶʯʘʶʯʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ [22,23]. 

ʆʜʥʘʢ, ʮʽ ʜʘʥʽ ʤʘʶʪʴ ʙʫʪʠ ʧʽʜʪʚʝʨʜʞʝʥʽ ʚ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʂʣʶʯʦʚ ̔ʤʦʤʝʥʪʠ: ɺʠʤʽʨʶʚʘʥʥʷ VC ʩʣʽʜ ʚʠʢʦʥʫʚʘʪʠ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ 

ʦʮʽʥʢʠ ʄʈ, ʢʦʣʠ ʮʝ ʤʦʞʣʠʚʦ. ʇʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ VC (3-7 ʤʤ) ʧʦʪʨʝʙʫʶʪʴ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʙʽʣʴ ʢʽʣʴʢʽʩʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘʤ, ʜʝ ʤʦʞʣʠʚʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʏʘʩʪʦ VC ʤʦʞʝ ʙʫʪʠ ʚʽʟʫʘʣʽʟʦʚʘʥʘ ʥʘʚʽʪʴ ʧʨʠ ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʧʦʪʦʢʘʭ. ʋ 

ʚʠʧʘʜʢʫ ʤʥʦʞʠʥʥʠʭ ʧʦʪʦʢʽʚ, ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ VC ʩʫʤʘʮʽʾ ʥʝ ʧʽʜʣʷʛʘʶʪʴ. 

ʆʮʽʥʢʘ VC ʚ 3D ʜʦʩʽ ʻ ʧʨʝʜʤʝʪʦʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ ʜʣʷ ʨʫʪʠʥʥʦʾ ʧʨʘʢʪʠʢʠ. 

ʄʝʪʦʜ ʦʮʽʥʢʠ ʢʦʥʚʝʨʛʝʥʮʽʾ ʧʦʪʦʢʫ. ʄʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʢʦʥʚʝʨʛʝʥʮʽʾ 

ʧʦʪʦʢʫ (PISA) ʩʴʦʛʦʜʥʽ ʻ ʥʘʙʽʣʴʰ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʢʽʣʴʢʽʩʥʠʤ ʤʝʪʦʜʘʤ ʚ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ (ʈʠʩ. 12) [24]. ʊʨʘʜʠʮʽʡʥʦ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ PISA ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ɸ4ʉ ʧʦʟʠʮʽʷ. ɺʪʽʤ PLAX 

ʪʘʢʦʞ ʯʘʩʪʦ ʻ ʢʦʨʠʩʥʦʶ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʫ ʚʠʧʘʜʢʫ ʧʨʦʣʘʧʩʫ ʧʝʨʝʜʥʴʦʾ 

ʤʽʪʨʘʣʴʥʦʾ ʩʪʫʣʢʠ, ʢʦʣʠ ʩʪʨʫʤʽʥʴ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʧʦʪʦʢʫ ʩʧʨʷʤʦʚʘʥʠʡ ʧʽʜ 

ʟʘʜʥʶ ʩʪʫʣʢʫ ʪʘ ʧʦ ʟʘʜʥʽʡ ʩʪʽʥʮʽ ʃʇ. ʆʙʣʘʩʪʴ ʽʥʪʝʨʝʩʫ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʤʝʥʰʝʥʥʷ ʛʣʠʙʠʥʠ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷʤ ʥʫʣʴʦʚʦʾ ʣʽʥʽʾ ʂɼʂ 

ʜʦ ʣʽʤʽʪʫ ʅʘʡʢʚʽʩʪʘ ʜʦ ʟʥʘʯʝʥʥʷ ~15-40 ʩʤ/ʩ. ʈʘʜʽʫʩ PISA ʚʠʤʽʨʶʻʪʴʩʷ ʚ 

ʩʝʨʝʜʠʥʽ ʩʠʩʪʦʣʠ ʜʦ ʧʝʨʰʦʾ ʣʽʥʽʾ ʨʦʟʚʦʨʦʪʫ ʩʧʝʢʪʨʫ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʬʦʨʤʫʣ ʦʪʨʠʤʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ 

ʨʝʛʫʨʛʽʪʘʮʽʾ (ʆʈ) ʪʘ ʧʣʦʱʽ ʝʬʝʢʪʠʚʥʦʛʦ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʦʪʚʦʨʫ (ʇɽʈʆ) (ʈʠʩ. 

13). ʅʘʷʚʥʽʩʪʴ PISA ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʣʽʤʽʪʽ ʅʘʡʢʚʽʩʪʘ 50-60 ʩʤ/ʩ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʣʶʯʝʥʥʷ ʚʘʞʢʦʾ ʄʈ. ʉʪʫʧʝʥʽ ʄʈ ʚʢʣʶʯʘʶʪʴ ʣʝʛʢʫ, 

ʧʦʤʽʨʥʫ ʪʘ ʚʘʞʢʫ. ʇʦʤʽʨʥʘ ʄʈ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ çʣʝʛʢʫ-ʧʦʤʽʨʥʫè (ʇɽʈʆ 20-29 

ʤʤ2 ʘʙʦ ʆʈ 30-44 ʤʣ) ʪʘ çʧʦʤʽʨʥʫ-ʚʘʞʢʫè ʘʙʦ çʚʠʨʘʞʝʥʫè (ʇɽʈʆ 30-39 ʤʤ2 



ʘʙʦ ʆʈ 45-59 ʤʣ). ʇʝʨʚʠʥʥʘ ʄʈ ʚʚʘʞʘʻʪʴʩʷ ʚʘʞʢʦʶ ʧʨʠ ʇɽʈʆ Ó40 ʤʤ2 ʪʘ 

ʆʈÓ60 mL. ʇʨʠ ʚʪʦʨʠʥʥʽʡ ʄʈ ʧʦʨʦʛʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʚʘʞʢʦʾ 

ʨʝʛʫʨʛʽʪʘʮʽʾ, ʱʦ ʤʘʶʪʴ ʧʨʦʛʥʦʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʻ ʇɽʈʆ=20 ʤʤ2 ʪʘ ʆʈ=30 ʤʣ 

[25]. ʇɽʈʆ ʻ ʥʘʡʙʽʣʴʰ ʧʦʪʫʞʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʻ ʤʘʨʢʝʨʦʤ ʚʘʞʢʦʩʪʽ ʄʈ. 

ɺʝʣʠʢʘ ʇɽʈʆ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʝʣʠʢʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʨʝʛʫʨʛʽʪʘʮʽʾ 

(ʚʝʣʠʢʠʡ ʆʈ), ʘʣʝ ʡ ʜʦ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʟ ʥʝʚʝʣʠʢʠʤ ʆʈ, ʘʣʝ ʟ ʚʠʩʦʢʠʤ 

ʪʠʩʢʦʤ ʚ ʃʇ. 

ʄʝʪʦʜ PISA ʤʘʻ ʷʢ ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ ʦʙʤʝʞʝʥʥʷ (ʈʠʩ. 14-17) [2,3,24]. 

ʂʦʣʴʦʨʦʚʝ ʢʘʨʪʫʚʘʥʥʷ ʚ ʄ-ʨʝʞʠʤʽ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʮʽʥʢʠ ʚʘʨʽʘʮʽʡ ʧʦʪʦʢʫ 

ʄʈ ʽ ʢʦʨʠʛʫʶʯʠʤ ʟ ʄ-ʨʝʞʠʤʦʤ ʬʝʥʦʤʝʥʦʤ PISA ʧʽʜʯʘʩ ʩʠʩʪʦʣʠ (ʈʠʩ. 26). 

ʈʘʜʽʫʩ PISA ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʨʝʚʤʘʪʠʯʥʦʶ ʄʈ ʣʠʰʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤ. ʋ ʧʘʮʽʻʥʪʽʚ ʟ ʧʨʦʣʘʧʩʦʤ ʄʂ ʨʘʜʽʫʩ ʯʘʩʪʽʰʝ ʧʨʦʛʨʝʩʠʚʥʦ ʟʨʦʩʪʘʻ, 

ʜʦʩʷʛʘʶʯʠ ʤʘʢʩʠʤʫʤ ʚ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʩʠʩʪʦʣʠ. ʇʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʄʈ 

ʟʚʠʯʘʡʥʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʘʨʽʘʮʽʷ ʇɽʈʆ ʟ ʨʘʥʥʴʦ- ʪʘ ʧʽʟʥʴʦ-ʩʠʩʪʦʣʽʯʥʠʤʠ 

ʧʽʢʘʤʠ ʪʘ ʩʝʨʝʜʥʴʦ-ʩʠʩʪʦʣʽʯʥʠʤ ʩʧʘʜʽʥʥʷʤ. ʎʽ ʟʤʽʥʠ ʚʽʜʙʠʚʘʶʪʴ ʬʘʟʦʚʽ 

ʚʘʨʽʘʮʽʾ ʪʨʘʥʩʤʽʪʨʘʣʴʥʦʛʦ ʪʠʩʢʫ, ʱʦ ʜʽʻ ʥʘ ʟʘʢʨʠʪʪʷ ʩʪʫʣʦʢ ʄʂ ʙʽʣʴ h

ʝʬʝʢʪʠʚʥʦ, ʢʦʣʠ ʪʠʩʢ ʜʦʩʷʛʘʻ ʧʽʢʫ ʚ ʩʝʨʝʜʠʥʽ ʩʠʩʪʦʣʠ [26]. 

ʄʝʪʦʜʠʢʘ ʦʮʽʥʢʠ PISA ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʛʝʤʽ ʩʬʝʨʠʯʥʦʾ ʩʠʤʝʪʨʽʾ 

ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ ʧʨʦʢʩʠʤʘʣʴʥʽʰʝ ʮʠʨʢʫʣʷʨʥʦʛʦ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ 

ʦʪʚʦʨʫ, ʱʦ, ʟʚʠʯʘʡʥʦ, ʤʦʞʝ ʥʝ ʙʫʪʠ ʽʩʪʠʥʦʶ ʜʣʷ ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʯʠ 

ʤʥʦʞʠʥʥʠʭ ʧʦʪʦʢʽʚ, ʘʙʦ ʜʣʷ ʩʢʣʘʜʥʠʭ ʯʠ ʝʣʽʧʩʦʾʜʥʠʭ ʨʝʛʫʨʛʽʪʫʶʯʠʭ ʦʪʚʦʨʽʚ. 

ʇʨʘʢʪʠʯʥʦ, ʛʝʦʤʝʪʨʽʷ PISA ʻ ʚʘʨʽʘʙʝʣʴʥʦʶ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʪʫʨʽʚ 

ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʦʪʚʦʨʫ ʪʘ ʩʪʫʣʦʢ, ʱʦ ʡʦʛʦ ʦʪʦʯʫʶʪʴ. ʇʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʄʈ 

PISA ʤʦʞʝ ʙʫʪʠ ʝʣʽʧʩʦʾʜʥʦʛʦ ʢʦʥʪʫʨʫ, ʘ ʚʽʜ ʤʝʜʽʘʣʴʥʦʾ ʪʘ ʣʘʪʝʨʘʣʴʥʦʾ ʩʪʦʨʽʥ 

ʣʽʥʽʾ ʢʦʘʧʪʘʮʽʾ ʩʪʫʣʦʢ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʜʚʘ ʩʪʨʫʤʝʥʷ. ʗʢʱʦ ʢʦʥʪʫʨ 

ʢʦʥʚʝʨʛʝʥʮʽʾ ʧʦʪʦʢʫ ʥʝ ʻ ʪʦʯʥʦ ʛʝʤʽʩʬʝʨʦʶ, ʤʝʪʦʜʠʢʘ PISA ʤʦʞʝ 

ʥʝʜʦʦʮʽʥʶʚʘʪʠ ʩʪʫʧʽʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʄʈ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ 

ʜʦʚʞʠʥʠ ʜʦ ʰʠʨʠʥʠ ʨʝʘʣʴʥʦʛʦ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʦʪʚʦʨʫ ʩʢʣʘʜʘʻ >1,5 [27]. 

ʂʦʣʠ ʇɽʈʆ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ ʧʨʠʧʫʱʝʥʥʷ ʛʝʤʽʩʬʝʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʚʝʨʪʠʢʘʣʴʥʫ PISA, ʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʰʠʨʠʥʘ PISA ̔ ʛʥʦʨʫʻʪʴʩʷ. ʇʨʠ 



ʦʨʛʘʥʽʯʥʽʡ ʄʈ ʢʦʥʪʫʨ PISA ʟʚʠʯʘʡʥʦ ʢʨʫʛʣʽʰʠʡ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢ 

ʥʝʜʦʦʮʽʥʢʠ ʇɽʈʆ (ʈʠʩ. 17). ʎʽ ʟʥʘʭʽʜʢʠ ʜʦʧʦʤʘʛʘʶʪʴ ʧʦʷʩʥʠʪʠ, ʯʪʦʤʫ ʧʦʨʽʛ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʞʢʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʄʈ ʻ ʥʠʞʯʠʤ, ʥʽʞ ʪʦʡ, ʯʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʨʛʘʥʽʯʥʦʾ ʄʈ. ʈʝʪʝʣʴʥʝ ʧʨʠʡʥʷʪʪʷ ʜʦ ʫʚʘʛʠ 

ʪʨʴʦʭʚʠʤʽʨʥʦʾ ʛʝʦʤʝʪʨʽʾ PISA ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʽʥʪʝʨʝʩ ʜʣʷ ʦʮʽʥʢʠ ʚʘʞʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʄʈ. ʅʘʡʢʨʘʱʘ 3D-ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʘ ʤʝʪʦʜʠʢʘ ʢʽʣʴʢʽʩʥʦʾ 

ʦʮʽʥʢʠ ʚʘʞʢʦʩʪʽ ʄʈ ʱʝ ʤʘʻ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦʶ. 

ʂʣʶʯʦʚʽ ʤʦʤʝʥʪʠ: ɿʘ ʤʦʞʣʠʚʦʩʪʽ ʤʝʪʦʜʠʢʘ PISA ʻ ʚʠʩʦʢʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʘʞʢʦʩʪʽ ʄʈ. ɺʦʥʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʷʢ ʮʝʥʪʨʘʣʴʥʠʭ, ʪʘʢ ʽ ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʩʪʨʫʤʝʥʷʭ ʄʈ. 

ʇɽʈʆ Ó40 ʤʤ2 ʘʙʦ ʆʈ Ó60 ʤʣ ʛʦʚʦʨʷʪʴ ʧʨʦ ʚʘʞʢʫ ʦʨʛʘʥʽʯʥʫ ʄʈ. ʇʨʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ, ʚ ʪ.ʯ. ʽʰʝʤʽʯʥʽʡ ʄʈ ʇɽʈʆ Ó20 ʤʤ2 ʘʙʦ ʆʈ Ó30 ʤʣ 

ʽʜʝʥʪʠʬʽʢʫʻ ʧʽʜʛʨʫʧʫ ʧʘʮʽʻʥʪʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ 

ʧʦʜʽʡ. 



 

ʈʠʩ. 8. ɽʭʦ-ʤʦʨʬʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠ ʽʰʝʤʽʯʥʽʡ 

ʄʈ. ɸ. ɻʣʦʙʘʣʴʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʃʐ (ʜʽʘʤʝʪʨʠ, ʦʙ'ʻʤʠ, ʽʥʜʝʢʩ 

ʩʬʝʨʠʯʥʦʩʪʽ). ɹ. ʃʦʢʘʣʴʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʃʐ (1: ʘʧʽʢʘʣʴʥʠʡ ʟʩʫʚ ʟʘʜʥʴʦ-

ʤʝʜʽʘʣʴʥʦʛʦ ʧʘʧʽʣʷʨʥʦʛʦ ʤôʷʟʘ; 2: ʭʦʨʜʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ; 3: ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʧʘʧʽʣʷʨʥʠʤʠ ʤô̫ ʟʘʤʠ. ɺ. ɼʝʬʦʨʤʘʮʽ̫  ʤʽʪʨʘʣʴʥʦʛʦ ʢʣʘʧʘʥʫ (1: ʧʣʦʱʘ 

ʩʠʩʪʦʣʽʯʥʦʛʦ ʪʝʥʪʽʥʛʫ; 2: ʚʽʜʩʪʘʥʴ ʢʦʘʧʪʘʮʽʾ (ɺʂ); 3: ʟʘʜʥʴʦ-ʣʘʪʝʨʘʣʴʥʠʡ ʢʫʪ 

(ɿʃʂ) (ɿʃɺ ï ʟʘʜʥʴʦ-ʣʘʪʝʨʘʣʴʥʘ ʚʽʜʩʪʘʥʴ). 

 

 

 


