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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦʜʭʦ-

ʜʦʚ ʢ ʦʙʫʯʝʥʠʶ ʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʠʡ. ʈʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʣʝʢʦʤʤʫ-

ʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʦʷʥʥʦ ʩʥʠʞʘʪʴ ʠʟʜʝʨʞʢʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶ-

ʠɦʭ ʤʝʪʦʜʠʢ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʫʯʝʙ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʇʉʋʅ) [1], ʠ ʧʨʝʜʣʘʛʘʪʴ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʊʘʢ, ʨʘʟʚʠʪʠʝ ʛʣʦʙʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʠ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʦ 

ʥʘ ʥʦʚʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʦʤʤʫʥʠʢʘʮʠʶ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʚʦ ʚʩʝʤʠʨʥʦʤ ʤʘʩʰʪʘʙʝ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʠʨʦ-

ʚʘʣʦ ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʢ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ [distance learning, e-learning] 

ʠ ʤʘʩʩʦʚʳʝ ʦʪʢʨʳʪʳʝ ʦʥʣʘʡʥ ʢʫʨʩʳ [massive open online courses, MOOCs]. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʝʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫʧʦʤʷʥʫʪʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠ-

ʩʪʝʤ ʠʣʠ ʪʱʘʪʝʣʴʥʦʡ ʩʝʣʝʢʮʠʠ ʠ ʢʦʤʧʦʥʦʚʢʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ. ʈʘʟʚʠʪʠʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʯʘʩʪʠ ʩʪʘʣʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦʜʭʦʜʳ 

ʢ ʦʙʫʯʝʥʠʶ ʠ ʩʧʦʩʦʙʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʫʯʝʙʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷ-

ʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʦʥʪʦʣʦʛʠʷʭ [ontology-based education] [2, 3], ʦʙʫ-

ʯʝʥʠʝ ʧʦʩʨʝʜʩʪʚʘʤ ʦʙʣʘʯʥʳʭ ʨʝʰʝʥʠʡ [cloud-based learning] [4, 5] ʠ ʜʨ. ʇʦʩʢʦʣʴʢʫ 

ʧʦʜʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʚʢʣʶʯʝʥʳ ʚ ʥʘʜʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʫʯʝʙʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʠʣʠ ʤʝʞʜʫ ʥʠʤʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʞʧʨʦʛʨʘʤʤʥʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ, ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʪʥʝʩʸʥʥʳʤ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ʀ. ɹʘʰʤʘʢʦʚʘ ʠ 

ʀ.ɸ. ɹʘʰʤʘʢʦʚʘ ʚ [6] ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ (ʂʉʂɿ). ɸʚʪʦʨ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʪʜʘʸʪ ʩʝʙʝ ʦʪʯʸʪ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʠ ʦʙʣʘʯʥʳʭ ʨʝʰʝ-

ʥʠʡ ʨʘʟʤʳʣʦ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʢʣʘʩʩʘʤʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʷ ʥʫʞʜʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʝʨʝʩʤʦʪʨʝ, ʧʦʵʪʦʤʫ ʤʳ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ ʧʦʜʜʝʨʞʢʠ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ (ʇʉʇʀʚʆ) ʠ ʩʦʩʨʝ-

ʜʦʪʦʯʠʤʩʷ ʥʘ ʢʣʘʩʩʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʯʝʙʥʦʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ (ʈʀʉʋʅ). 
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ʄʥʦʛʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʠʤʠ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʇʉʇʀʚʆ. ʅʘʧʨʠʤʝʨ, ʧʨʦ-

ʛʨʘʤʤʳ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʦʚ ʠ ʪʝʩʪʠʨʦʚʘʥʠʡ, ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʚʟʘʠʤʥʦʛʦ ʦʮʝ-

ʥʠʚʘʥʠʷ [7, 8, 9], ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʦʣʠʤʧʠʘʜ [10, 11, 12] ʠ 

ʜʨ. ʇʨʘʢʪʠʯʝʩʢʠ ʣʶʙʘʷ ʧʦʜʩʠʩʪʝʤʘ ʈʀʉʋʅ, ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʣʠʰʴ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪʩʷ 

ʝʱʸ ʜʦ ʩʚʦʝʛʦ ʧʦʧʘʜʘʥʠʷ ʚ ʭʨʘʥʠʣʠʱʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʝ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʫʯʘʩʪʠʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ [13].  

ʇʝʨʝʜʘʯʘ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʦʜʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠ-

ʩʪʝʤʳ ʚ ʜʨʫʛʫʶ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʚʦʧʨʦʩʳ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʦʩʦʙʝʥʥʦ ʚ ʨʘʤʢʘʭ 

ʈʀʉʋʅ. ʅʘ ʫʨʦʚʥʝ ʨʝʘʣʠʟʘʮʠʠ ʫʯʝʙʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴ-

ʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʘʪʳ ʜʣʷ ʢʦʤʧʴʶʪʝʨ-

ʥʳʭ ʪʝʩʪʦʚʳʭ ʩʠʩʪʝʤ ʦʙʦʙʱʝʥʳ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ [14], ʥʘ ʤʠʨʦʚʦʤ 

ʫʨʦʚʥʝ ʩʫʱʝʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʤʝʪʘ-ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [15, 16, 17]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʨʝʰʝʥʳ 

ʟʘʜʘʯʠ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ [learning 

management systems, LMSs] ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʠʥʛʝʥʪʘ, ʩʪʨʫʢʪʫʨʳ ʜʠʩʮʠʧʣʠʥ ʠ ʚʳʩʪʘʚ-

ʣʝʥʥʳʭ ʦʮʝʥʦʢ [16, 17]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʧʦʢʘ ʥʝʨʘʟʨʝʰʸʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʙʣʝʤʳ: 

¶ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ. ʅʘʧʨʠʤʝʨ, 

ʦʧʪʠʤʠʟʘʮʠʷ, ʧʫʪʸʤ ʫʥʠʬʠʢʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ 

ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʚ ʨʘʤʢʘʭ LMS; 

¶ ʢʦʨʨʝʢʪʥʦʝ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʪʦ ʝʩʪʴ ʩʦʙʣʶʜʝʥʠʝ ʩʦʛʣʘʰʝʥʠʡ ʠ ʨʝʛʣʘʤʝʥʪʦʚ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʜʦʩʪʦ-

ʚʝʨʥʦʩʪʴ ʠ ʚʘʣʠʜʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩ ʠʭ ʧʦʤʦʱʴʶ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʜʘʥʠʡ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʩʠʥʪʘʢʩʠʩʘ 
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ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ# 4.0 ʥʘ ʢʦʥʪʠʥʛʝʥʪʝ ʫʯʘʱʠʭʩʷ, ʠʟʫʯʘʶʱʠʭ 

C# 6.0; 

¶ ʭʨʘʥʝʥʠʝ ʠ ʘʜʝʢʚʘʪʥʦʝ ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʩ ʧʦʜʜʝʨʞʢʦʡ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʩʚʷʟʝʡ. 

ʆʙʲʝʢʪ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʪʨʝ-

ʙʫʝʪ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʰʘʝ-

ʤʳʤ ʟʘʜʘʯʘʤ ʠ ʪʘʢʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʯʪʦʙʳ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝ-

ʤʘʭ ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʝʩʰʦʚʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʧʦʜʩʠʩʪʝʤ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʩ ʜʨʫʛʠʤʠ 

ʧʦʜʩʠʩʪʝʤʘʤʠ. 

ɼʣʷ ʈʀʉʋʅ ʚʦʧʨʦʩʳ ʠʥʪʝʛʨʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʤʦʜʫʣʝʡ ʧʨʠʦʙʨʝʣʠ 

ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʷ ʢʘʢ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʠ ʥʘ 

ʫʨʦʚʥʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʇʨʝʜʣʦʞʝʥʥʦʝ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʪʨʦʣʶ ʠ ʠʟʤʝʨʝʥʠʶ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝ ʧʦ-

ʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʨʦʛʨʘʤʤ-

ʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɺ ʧʦʜʦʙʥʳʭ ʩʠ-

ʩʪʝʤʘʭ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʦʙʲʝʢʪ ʜʘʥʥʳʭ ʠ ʩʦ-

ʛʣʘʩʦʚʘʥ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʩʠʩʪʝʤʘʤ ʚ ʦʙʨʘʟʦʚʘʥʠʠ [16, 17].  

ʀʩʪʦʨʠʷ ʠ ʘʢʪʫʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙ-

ʨʘʟʦʚʘʥʠʠ ʚ ʈʦʩʩʠʠ ʠ ʤʠʨʝ. ʆʙʣʘʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ (ʀʚʆ) ʠʤʝʝʪ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʢʦʨʦʪʢʫʶ ʠʩʪʦʨʠʶ ï ʯʫʪʴ ʙʦʣʴʰʝ ʩʪʘ ʣʝʪ. ʅʘʠʙʦʣʝʝ ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʷʚʣʷʝʪʩʷ 

ʦʙʣʘʩʪʴ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʦʪʥʝʩʪʠ c ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʚ 

ʠʭ ʩʦʚʨʝʤʝʥʥʦʤ ʧʦʥʠʤʘʥʠʠ ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʚ ʢʦʥʮʝ XIX  ʚʝʢʘ ʚ ʉʐɸ. ɹʦʣʴʰʠʥ-

ʩʪʚʦ ʠʟ ʥʠʭ ʩʦʩʪʘʚʣʷʣʠ ʧʦʧʳʪʢʠ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʠ ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʫʶ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʫ ʵʪʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʠʨʦʚʘʥʠʡ ʠ ʫʩʧʝʚʘʝ-
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ʤʦʩʪʴʶ ʫʯʘʱʠʭʩʷ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʢʦʣʣʝʜʞʝʡ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʡ ʠʩʪʦʨʠʢʠ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩʯʠʪʘʶʪ ʨʘʙʦʪʫ ʌ. ɻʘʣʴʪʦʥʘ [18], ʚ ʢʦʪʦʨʦʡ ʦʥ ʚʚʸʣ ʧʦʥʷʪʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ. ʆʜʥʘʢʦ ʧʝʨʚʳʝ ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʠʩʘʥʠʶ ʢʦʨ-

ʨʝʣʷʮʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʪʝʩʪʘʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʚ ʥʘʯʘʣʝ 

XX ʩʪʦʣʝʪʠʷ. ʏ. ʉʧʠʨʤʝʥ ʢʨʠʪʠʯʝʩʢʠ ʧʝʨʝʩʤʦʪʨʝʣ ʠʩʩʣʝʜʦʚʘʥʠʝ ʌ. ɻʘʣʴʪʦʥʘ ʚ ʦʙ-

ʣʘʩʪʠ ʢʦʨʨʝʣʷʮʠʡ, ʫʣʫʯʰʠʣ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʨʝʜʩʪʘʚʠʣ ʝʸ ʬʦʨʤʫʣʫ [19]. ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʵʪʘ ʬʦʨʤʫʣʘ ʠʟʚʝʩʪʥʘ ʢʘʢ ʬʦʨʤʫʣʘ ʉʧʠʨʤʝʥʘ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ [classical test theory, CTT] ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʘʣʠʜʥʦ-

ʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ ʪʝʩʪʦʚ. ɺ 1911 ʛʦʜʫ ʏ. ʉʧʠʨʤʝʥ ʠ ʕ. ɹʨʘʫʥ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʧʨʝʜʩʪʘʚʠʣʠ ʬʦʨʤʫʣʫ [20, 21] (ʬʦʨʤʫʣʘ ʉʧʠʨʤʝʥʘ-ɹʨʘʫʥʘ). ɺ ʨʘʙʦʪʝ [22] 

ʦʧʠʩʘʥʳ ʝʸ ʧʨʠʤʝʥʝʥʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ ʨʘʤʢʘʭ CTT. 

ʇʦʷʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠʚʝʣʦ ʢ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠ 

ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʪʝʩʪʦʚ ʣʠʯʥʦʩʪʠ ʠ ʪʝʩʪʦʚ ʜʦʩʪʠʞʝʥʠʡ [22]. ʈ.ɽ. ʊʨʘʫʙ [23] ʫʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩ 1910 ʛ. ʧʦ 1940 ʛ. ʬʦʨʤʫʣʘ ʉʧʠʨʤʝʥʘ-ɹʨʘʫʥʘ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘ-

ʣʘʩʴ ʠ ʢʨʠʪʠʢʦʚʘʣʘʩʴ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʂ ʟʥʘʯʠʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʢʦʥʪʝʢʩʪʝ ʠʟʤʝ-

ʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʪʦʛʦ ʧʝʨʠʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʦʷʚʣʝʥʠʝ ʪʝʨʤʠʥʘ çʢʦʵʬʬʠʮʠ-

ʝʥʪ ʥʘʜʸʞʥʦʩʪʠè ʚ 1929 ʛʦʜʫ, ʦʧʠʩʘʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʯʘʩʪʝʡ ʪʝʩʪʘ ʠ ʨʝʪʝʩʪʦʚʦʡ 

ʥʘʜʸʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʬʦʨʤʫʣʳ ʂʴʶʜʝʨʘ-ʈʠʯʘʨʜʩʦʥʘ [23]. 

ɺ 30-ʝ ʛʦʜʳ XX ʚʝʢʘ ʧʨʦʬʝʩʩʦʨ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɽ. ʅʝʡʤʘʥ ʠ 

ʧʨʦʬʝʩʩʦʨ ʃʦʥʜʦʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʂ. ʇʠʨʩʦʥ ʨʘʟʚʠʣʠ ʦʙʱʫʶ ʪʝʦʨʠʶ ʧʨʦʚʝʨʢʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ, ʘ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚ ʠ ʅ.ɺ. ʉʤʠʨʥʦʚ ʟʘʣʦʞʠʣʠ ʦʩʥʦʚʳ ʥʝ-

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚ ʜʘʣ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʝ ʘʢʩʠʦ-

ʤʘʪʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʩʚʷʟʘʚ ʝʝ ʩ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʨʘʟ-

ʜʝʣʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ï ʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʬʫʥʢʮʠʡ. ɺ ʪʦʪ ʞʝ ʧʝʨʠʦʜ 

ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʧʝʨʘ-

ʮʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʭʨʘʥʷʱʝʛʦ ʝʜʠʥʠʮʫ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠ-

ʯʠʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʭʦʞʜʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ (ʚ ʷʚʥʦʤ ʠʣʠ ʥʝʷʚʥʦʤ ʚʠʜʝ) ʠʟ-

ʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʩ ʝʝ ʝʜʠʥʠʮʝʡ ʠ ʧʦʣʫʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʚʝʣʠʯʠʥʳ [24]. 

ʇʦʥʷʪʠʝ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢ ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʩʠʭʦʣʦʛʦʤ ʉ. ʉʪʠ-

ʚʝʥʩʦʤ ʚ 1946 ʛʦʜʫ [25], ʦʥ ʦʙʦʙʱʠʣ ʤʘʪʝʨʠʘʣʳ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠʟʤʝʨʝʥʠʷʤ, 
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ʧʨʦʚʦʜʠʤʳʤ ʚ ʜʨʫʛʠʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ (ʬʠʟʠʢʝ, ʘʩʪʨʦʥʦʤʠʠ ʠ ʜʨ.) ʠ ʚʚʸʣ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢ. ʀʟʤʝʨʝʥʠʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʪʨʘʢ-

ʪʦʚʘʪʴ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʢʘʢ ʧʨʦʮʝʜʫʨʫ ʧʨʠʧʠʩʳʚʘʥʠʷ ʯʠʩʝʣ ʥʝʢʦʪʦʨʳʤ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤ ʦʙʲʝʢʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ. ʈʘʙʦʪʘ ʉʪʠʚʝʥʩʘ 

ʧʦʩʣʫʞʠʣʘ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝ-

ʪʦʜʦʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ 1950-ʝ ʛʛ. ʦʧʫʙʣʠʢʦʚʘʥʳ ʧʝʨʚʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʪʨʫʜʳ ʧʦ CTT ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʝʸ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ [22]. ʂʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ CTT ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ 

ʦʩʪʘʚʘʣʘʩʴ ʧʨʦʙʣʝʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘ (ʪʝʩʪʘ) ʦʪ ʩʚʦʡʩʪʚ ʧʦʧʫʣʷʮʠʠ ʠʩʧʳʪʫʝʤʳʭ. ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʷʚʣʷʣʘʩʴ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʢʠ ʥʘʧʨʷʤʫʶ ʢ ʦʙʨʘ-

ʙʦʪʢʝ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʆʙʦʙʱʝʥʠʝ, ʦʧʠʩʘʥʠʝ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʙʣʝʤ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʪʝʦʨʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʨʫʜʘʭ ʧʦ ʦʩʥʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, [26]). 

ʇʝʨʚʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ʫʯʸʥʳʤ ɼ. ʈʘʰʝʤ ʚ 

ʨʘʙʦʪʝ [27], ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʝʨʝʜʦʚʳʭ ʨʘʙʦʪ, ʣʸʛʰʠʭ ʚ ʦʩʥʦʚʫ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʪʝʦʨʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ [Item Response Theory ï IRT], ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʡ ʚ ʨʦʩ-

ʩʠʡʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ ʢʘʢ ʪʝʦʨʠʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ [28, 29, 30]. 

ʇʨʦʙʣʝʤʝ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʨʫʩʩʢʦʷʟʳʯʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʢ ʪʝʨʤʠʥʫ 

çitem response theoryè ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [30], ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ çʩʦ-

ʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷè. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʣʘʪʠʥʩʢʠʝ ʩʦʢʨʘʱʝʥʠʷ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʚ ʥʠʭ ʨʘʟʥʦʯʪʝʥʠʡ. 

ʂ. ɹʠʨʥʙʘʫʤ ʨʘʙʦʪʘʣ ʩ ʜʚʫʭ ʠ ʪʨʸʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʚ 

ʧʦʩʣʝʜʩʪʚʠʝ ʙʳʣʠ ʥʘʟʚʘʥʳ ʝʛʦ ʠʤʝʥʝʤ. ɺ ʨʘʙʦʪʝ 1968 ʛʦʜʘ [31] ʦʥ ʦʧʠʩʘʣ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʪʝʩʪʘ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʦʥʷʪʠʠ ʠʥʬʦʨʤʘʮʠʠ ʌʠʰʝʨʘ. ɼʘʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʙ  rʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʳʡ ʦʢʦʥʯʘʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦ-

ʧʦʜʦʙʠʷ ὒ —. ʕʪʦ ʙʳʣ ʧʝʨʚʳʡ ʨʝʚʦʣʶʮʠʦʥʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʦʧʨʝʜʝʣʸʥʥʳʡ ʌʠʰʝ-

ʨʦʤ ʢʘʢ ʬʫʥʢʮʠʷ ʘʨʛʫʤʝʥʪʘ ɗ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ x [32]. 
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IRT ʨʝʰʠʣʘ ʤʥʦʛʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ CTT, ʥʦ ʠ ʦʥʘ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʪʨʝʙʫʶʱʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ [33]: ʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʫʩʣʦ-

ʚʠʷʭ ʤʘʣʦʡ ʚʳʙʦʨʢʠ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʙʘʥʢʘ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʠ ʦʪʢʘʣʠʙʨʦ-

ʚʘʥʥʳʭ ʟʘʜʘʥʠʡ; ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʤʦʜʝʣʝʡ IRT ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʧʧʨʦʢ-

ʩʠʤʠʨʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʭʘʨʘʢʪʝʨʠʩʪʠʯʝ-

ʩʢʠʭ ʢʨʠʚʳʭ ʟʘʜʘʥʠʡ), ʦʧʠʩʳʚʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʟʘʜʘʥʠʡ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʩʧʳʪʫʝʤʳʭ. ʇʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʠʩʧʳʪʫʝʤʳʭ ʧʦʣʫʯʘʝʤʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʦʯʝʥʴ ʥʝʥʘʜʸʞʥʳ, ʘ ʧʦʪʦʤʫ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʘ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ IRT ʥʝʣʴʟʷ ʧʦʣʘʛʘʪʴʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ [34]. 

ʇʦʧʳʪʢʠ ʧʨʝʦʜʦʣʝʪʴ ʙʘʨʴʝʨ ʤʘʣʳʭ ʚʳʙʦʨʦʢ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʪʝʩʪʠʨʦ-

ʚʘʥʠʷ ʜʝʣʘʣʠʩʴ ʠ ʜʝʣʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦ. ɺʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʫʯʸʥʳʝ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʧʨʠʤʝʥʷʶʪ ʢ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʙʦʪʘʪʴ 

ʩ ʤʘʣʳʤʠ ʚʳʙʦʨʢʘʤʠ, ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ ɼ. ʄʘʛʠʩʦʤ ʠ ɹ. ʌʝʢʦʥʦʤ ʚ 

[34] ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ DIF [differential item 

functioning] ʤʦʜʠʬʠʢʘʮʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ɸʥʛʦʬʬʘ [Angoffôs delta plot 

method], ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ 1973 ʛʦʜʫ ʚ ʨʘʙʦʪʝ [35]. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ [34] ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʣʘʙʫʶ ʠʟʫʯʝʥʥʦʩʪʴ ʪʦʯʥʦʩʪʠ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ DIF ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʦʡ ʚʳʙʦʨʢʠ, ʠ ʧʨʠʚʦʜʷʪ ʩʩʳʣʢʫ ʥʘ 

ʨʘʙʦʪʫ ʉ. ʇʘʨʰʘʣ ʠ ʊ. ʄʠʣʣʝʨ [36], ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʷʤʦʛʦ ʠ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʝʚ Mantel-Haenszel ʜʣʷ ʧʦʣʫʯʝʥʠʷ DIF ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʦʡ 

ʚʳʙʦʨʢʠ. ʂ 2014 ʛʦʜʫ ʤʦʜʠʬʠʢʘʮʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ DDIF [dichotomous DIF] ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʘʢʝʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ R [37], ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ 

[38]. 

ʆʩʥʦʚʥʳʝ ʠʜʝʠ IRT ʧʨʠʚʝʣʠ ʢ ʚʦʟʨʦʞʜʝʥʠʶ ʢʦʥʮʝʧʮʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʦʪʙʦʨʘ 

ʟʘʜʘʥʠʡ. ɿʜʝʩʴ ʛʦʚʦʨʠʪʩʷ ʦ ʚʦʟʨʦʞʜʝʥʠʠ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʘʤʘ ʠʜʝʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠ ̫ʠʩʧʳʪʫʝʤʦʤʫ ʟʘʜʘʥʠʡ ʥʝ ʥʦʚʘ. ʆʥʘ ʟʘʯʘʩʪʫʶ ʨʝʘʣʠʟʫʝʪʩʷ ʵʢʟʘʤʝ-

ʥʘʪʦʨʘʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʫʩʪʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʘ ʦʜʥʘ ʠʟ ʧʝʨʚʳʭ ʨʘ-

ʙʦʪ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʟʘʜʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʤʩʪʚʝʥʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʫʯʘʩʪʥʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʨʠʥʘʜʣʝʞʠʪ ʊ. ʉʠʤʦʥʫ ʠ ɸ. ɹʠʥʝ ʠ ʧʦʷʚʠʣʘʩʴ ʚ 
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1905 ʛʦʜʫ [39]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ IRT ʩʪʘʣʘ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʝʛʦ ʢʦʤʧʴʶʪʝʨʥʦʡ ʬʦʨʤʝ ï ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ [computerized adaptive testing ï CAT], ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʜʝʩʷʪʠʣʝʪʠʷ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʦʚ ʚʦʟʨʦʩʣʠ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʤʦʜʝʣʠ CAT. 

ʇʝʨʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʜʝʡ CAT ʧʦʷʚʠʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ 

ʉʐɸ Armed services vocational aptitude battery (ASVAB) ʚ ʩʝʨʝʜʠʥʝ 80-ʭ ʛʛ. XX 

ʚʝʢʘ [40]. ʇʦʚʩʝʤʝʩʪʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʙʣʘʥʢʦʚʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦ-

ʚʘʥʥʳʤ ʚʝʨʩʠʷʤ ʥʘʯʘʣʩʷ ʩ ʧʦʷʚʣʝʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʚʝʨʩʠʠ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʵʢʟʘ-

ʤʝʥʘ NCLEX/CAT, ʧʨʦʚʦʜʠʤʦʛʦ National Council of state Boards of Nursing, ʚʩʣʝʜ ʟʘ 

ʢʦʪʦʨʦʡ ʧʦʩʣʝʜʦʚʘʣʘ ʘʜʘʧʪʠʚʥʘʷ ʚʝʨʩʠʷ ʵʢʟʘʤʝʥʘ Graduate record examination 

(GRE) ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʇʦʜʨʦʙʥʘʷ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʧʨʦʛʨʘʤʤ ʧʦʜʜʝʨʞʢʠ CAT, ʘ 

ʪʘʢʞʝ ʩʚʷʟʠ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʩ ʧʦʧʫʣʷʨʠʟʘʮʠʝʡ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʬʦʨʤ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʚ ʉʐɸ, ʠʟʣʦʞʝʥʳ ʚ [13]. 

ʇʦʷʚʣʝʥʠʝ ʨʝʘʣʠʟʘʮʠʡ ʤʦʜʝʣʝʡ CAT ʧʨʠʚʝʣʦ ʢ ʧʦʩʪʘʥʦʚʢʝ ʥʦʚʳʭ ʚʦʧʨʦʩʦʚ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʣʴʥʝʡʰʠʭ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʠʨʦ-

ʚʘʥʠʷ. ɺʦ ʤʥʦʛʦʤ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʩʘʤʠʤʠ ʪʝʩʪʘʤʠ, ʥʦ ʠ ʩ ʪʝʭʥʦʣʦ-

ʛʠʝʡ, ʪʦ ʝʩʪʴ ʜʦʩʪʘʚʢʦʡ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʪʝʩʪʦʚ ʠʩʧʳʪʫʝʤʦʤʫ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴ-

ʶʪʝʨʘ [41, 42]. ʍʘʨʘʢʪʝʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʘʣʛʦʨʠʪʤʦʚ CAT ʚ ʧʝ-

ʨʠʦʜ ʢʦʥʮʘ 90-ʭʭ ʛʛ. XX ʚʝʢʘ ʠ ʧʝʨʚʦʛʦ ʜʝʩʷʪʠʣʝʪʠʷ XXI  ʚʝʢʘ ʣʝʛʢʦ ʧʨʦʩʣʝʜʠʪʴ ʧʦ 

ʩʪʘʪʴʷʤ ʘʣʴʤʘʥʘʭʘ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɺʘʥ ʜʝʨ ʃʠʥʜʝʥʘ ʠ ɻʣʘʩʘ [40] ʠ [43].  

ʇʦʧʳʪʢʘ ʨʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ ʘʧʨʦ-

ʙʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʟʘʜʘʥʠʡ, ʚʢʣʶʯʘʝʤʳʭ ʚ ʙʘʥʢʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘ-

ʥʠʡ, ʧʨʠʚʝʣʘ ʢ ʧʨʠʚʣʝʯʝʥʠʶ ʙʘʡʝʩʦʚʩʢʦʡ ʤʦʜʝʣʠ, ʠ ʚ 1999 ʛʦʜʫ ʥʘʫʯʥʳʡ ʢʦʣʣʝʢʪʠʚ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɻʦʚʘʨʜʘ ɺʘʡʥʝʨʘ ʠ ʜʨ. [44] ʧʨʝʜʩʪʘʚʠʣ TRT, ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʧʦ-

ʥʷʪʠʠ ʪʝʩʪʣʝʪʘ. ɺ ʨʘʤʢʘʭ TRT ʧʦʜ ʪʝʩʪʣʝʪʦʤ ʧʦʥʠʤʘʶʪ ʛʨʫʧʧʫ ʟʘʜʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʚʤʝʩʪʥʦ (ʢʘʢ ʙʣʦʢ ʟʘʜʘʥʠʡ), ʯʪʦ ʦʟʥʘʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʝʜʠʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ [33]. ʉʝʡʯʘʩ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ CAT ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ 

ʠ ʧʦʩʣʝ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʪʝʦʨʠʠ ʪʝʩʪʣʝʪʦʚ 
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[Testlet Response Theory, TRT] [45] ʧʦʚʩʝʤʝʩʪʥʦ ʚʥʝʜʨʷʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʤʘʩʩʦʚʳʭ ʪʝ-

ʩʪʠʨʦʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ AELST, SAT [46] ʠ ʧʨʦʯ. 

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʪʝʩʪʦʣʦʛʠʠ ʚ ʈʦʩʩʠʠ ʥʝ ʥʘʩʯʠʪʳʚʘʝʪ ʠ ʧʦʣʫʚʝʢʘ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʪʘʢʠʭ ʠʜʝʦʣʦʛʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʢʘʢ ɸ.ʅ. ʂʦʣʤʦʛʦ-

ʨʦʚ ʠ ɺ.ʅ. ʉʤʠʨʥʦʚ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʨʘʙʦʪ 

ʥʘʭʦʜʠʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʟʘʨʫʙʝʞʥʦʡ ʪʝʩʪʦʣʦʛʠʠ. ɺ ʉʉʉʈ ʪʝʩʪʦʣʦʛʠʷ ʜʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XX ʚʝʢʘ ʬʘʢʪʠʯʝʩʢʠ ʥʘʭʦʜʠʣʘʩʴ ʧʦʜ ʟʘʧʨʝʪʦʤ. 

ɹʝʟ ʩʦʤʥʝʥʠʡ, ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʫʯʝʥʳʭ, ʧʦʩʚʷʪʠʚʰʠʭ ʩʚʦʶ ʨʘʙʦʪʫ ʧʦʧʫʣʷ-

ʨʠʟʘʮʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʚ ʩʦʚʝʪʩʢʦʤ ʠ ʨʦʩʩʠʡʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ, ʷʚʣʷʝʪʩʷ 

ɺ.ʉ. ɸʚʘʥʝʩʦʚ. ʉʦʛʣʘʩʥʦ [28] ʧʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʦ IRT ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʜʘʪʠʨʫʝʪʩʷ 1995 ʛʦʜʦʤ ʠ ʚʚʦʜʠʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʄ.ɹ. ʏʝʣʳʰʢʦʚʦʡ [47]. ʉʨʝʜʠ 

ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ, ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʚʰʠʭʩʷ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʙʘʟʝ IRT, ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʖ.ʄ. ʅʝʡʤʘʥʘ ʠ ɺ.ɸ. ʍʣʝʙʥʠʢʦʚʘ, 

ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʥʘʫʯʥʳʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʧʝʜʘʛʦʛʠ-

ʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʠ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʊʘʢ, ʥʘ ʙʘʟʝ ʃʘʙʦʨʘʪʦʨʠʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʄʦʩʢʦʚʩʢʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(ʄʇɻʋ) ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʎʝʥʪʨ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʳʧʫʩʢʥʠʢʦʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠ ʄʇɻʋ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ 

ʚʦʧʨʦʩʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʝʜʫʪ ʥʘʫʯʥʳʝ ʛʨʫʧʧʳ ʧʦʜ ʨʫ-

ʢʦʚʦʜʩʪʚʦʤ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʘʢ ɽ.ʖ ʂʘʨʜʘʥʦʚʘ [29], ɼ. ʅʘʨʜʶʞʝʚ [48]. 

ɺ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʦʩʪʘʶʪʩʷ ʧʦ-

ʧʫʣʷʨʥʳʤʠ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʜ ʥʠʤʠ ʧʦʥʠʤʘʶʪʩʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ, ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠʣʠ ʥʘʧʨʘʚʣʝ-

ʥʠʡ [49, 50]. ʆʪʤʝʪʠʤ, ʯʪʦ ʯʘʩʪʥʳʤ ʩʣʫʯʘʷʤ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʢʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘ-

ʥʠʡ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʠʧʦʚ ʧʦʩʚʷʱʘʶʪʩʷ ʮʠʢʣʳ ʩʪʘʪʝʡ ʠ ʢʥʠʛʠ [51]. 

ɺ ʢʦʥʪʝʢʩʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʥʘʣʠʟʠʨʫ-

ʶʪʩʷ ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ CTT ʠ IRT, ʨʘʟʨʘ-

ʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ [52, 53, 54, 55, 56]. 
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ɺ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʬʦʨʤ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ 

CT ʠ CAT), ʩ 2000 ʛʦʜʘ ʘʢʪʠʚʥʦ ʩʪʘʚʷʪʩʷ ʟʘʜʘʯʠ, ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʝʜ-

ʣʘʛʘʶʪʩʷ ʨʝʘʣʠʟʘʮʠʠ, ʧʦʩʚʷʱʸʥʥʳʝ ʚʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʜʜʝʨʞʢʠ, ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʥʢʦʚ ʟʘʜʘʥʠʡ [57, 58, 59, 60]. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʘʩʫʱʥʦʩʪʴ 

ʵʪʠʭ ʟʘʜʘʯ ʩʝʡʯʘʩ ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʘ, ʯʪʦ ʦʜʠʥ ʠʟ ʣʠʜʝʨʦʚ ʤʠʨʦʚʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ï 

ɸʤʝʨʠʢʘʥʩʢʘʷ ʧʩʠʭʦʤʝʪʨʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ (American Psychometric Association) 

ʦʙʥʦʚʣʷʝʪ ʚ 2015 ʛʦʜʫ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʪʝʩʪʠʨʦʚʘʥʠʶ ʠ ʢʦʥʪʨʦʣʶ ʚ ʧʩʠʭʦʣʦʛʠʠ, 

ʚʢʣʶʯʘʶʱʝʝ ʩʚʝʞʠʝ ʚʝʨʩʠʠ ʨʘʟʜʝʣʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ [61]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʧʠʢʝ ʧʦʧʫʣʷʨʥʦʩʪʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ ʥʘʭʦ-

ʜʷʪʩʷ ʘʣʛʦʨʠʪʤʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CAT [62]. ɺ ʩʚʷʟʠ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʠ ʚʥʝʜʨʝʥʠʝʤ ʚ ʧʨʘʢʪʠʢʫ ʤʘʩʩʦʚʳʭ ʪʝʩʪʠʨʦʚʘʥʠʡ ʤʦʜʝʣʝʡ TRT [45, 33] ʙʦʣʴʰʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʣʠ ʟʘʜʘʯʠ ʠʭ ʫʪʦʯʥʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʠ-

ʪʦʤʠʯʝʩʢʠʭ ʪʝʩʪʦʚ [63, 64]. 

ɸʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ: ʦʩʥʦʚʳ, ʪʝʥʜʝʥʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ɻʠʙʢʠʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʟʚʦʣʠʣʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʚʩʝ-

ʤʝʩʪʥʦ ʦʙʩʫʞʜʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ [active 

learning]. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʜ ʘʢʪʠʚʥʳʤ ʦʙʫʯʝʥʠʝʤ ʧʦʥʠʤʘʣʠʩʴ ʪʦʣʴʢʦ ʫʯʝʙʥʳʝ 

ʧʨʘʢʪʠʢʠ, ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʩ ʤʦʜʝʣʷʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʤʠ 

ɹ. ɹʣʫʤʦʤ, ʄ. ʉʢʨʠʚʝʥʦʤ ʠ ʈ. ɻʘʥʴʝ [65, 66, 67], ʚ ʢʦʪʦʨʳʭ ʫʯʘʱʠʝʩʷ ʘʢʪʠʚʥʦ ʚʦ-

ʚʣʝʯʝʥʳ ʚ ʧʨʦʮʝʩʩ [68]. 

ʇʦʟʜʥʝʝ ʚ ʘʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʪʝʭʥʠʢʠ ʬʦʨʤʠʨʫʶʱʝʛʦ ʦʮʝ-

ʥʠʚʘʥʠʷ [formative assessment]. ʇʦʥʷʪʠʝ ʬʦʨʤʠʨʫʶʱʝʛʦ ʦʮʝʥʠʚʘʥʠʷ ʙʳʣʦ ʚʚʝʜʝʥʦ 

ʄ. ʉʢʨʠʚʝʥʦʤ ʚ 1967 ʛʦʜʫ [67]. ʆʥ ʧʨʝʜʣʦʞʠʣ ʩʯʠʪʘʪʴ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʪʦʣʴʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʭ ʘʧʨʦʙʘʮʠʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫ-

ʜʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʶʱʝʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʦʣʫʯʘʶʪ ʜʘʥʥʳʝ, ʥʘ ʦʩʥʦʚʝ ʢʦ-

ʪʦʨʳʭ ʧʝʨʝʩʪʨʘʠʚʘʶʪ ʜʘʣʴʥʝʡʰʝʝ ʦʙʫʯʝʥʠʝ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʥʷʪʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ (ʀʆʉ) [formative feedback] ʢʘʢ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʫʜʝʥʪʦʤ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ [69, 
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70]. ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʝʜʠʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʘʚʪʦʨʦʤ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʳ ʚ 2014 ʛʦʜʫ ʧʨʝʜʣʦʞʝʥʦ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ: ʀʆʉ ï ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ 

ʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʟʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʤʝʭʘ-

ʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. ʈʘʟʥʦʨʦʜʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʪʦ, ʯʪʦ 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʠʣʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ, ʮʠʬʨʦʚʳʤʠ ʠʣʠ ʘʥʘʣʦʛʦ-

ʚʳʤʠ, ʤʦʛʫʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʥʘ ʣʶʙʦʤ ʥʦʩʠʪʝʣʝ [71]. ɸʢʪʫʘʣʴʥʳʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʤʥʦʛʠʭ ʣʝʪ ʦʩʪʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʀʆʉ [70], ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʥʳʡ ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʀʆʉ ʚ ʚʳʩʰʝʤ ʦʙʨʘʟʦʚʘ-

ʥʠʠ, ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʝ ʉ. ʕʚʘʥʩ [72]. 

ʄʝʪʦʜʳ ʬʦʨʤʠʨʫʶʱʝʛʦ ʦʮʝʥʠʚʘʥʠʷ ʠʤʝʁʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʠʟʥʝʩ-ʧʨʦ-

ʮʝʩʩʦʚ ʠ ʨʘʟʥʦʨʦʜʥʳʝ ʘʨʪʝʬʘʢʪʳ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʧʨʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʅʘʧʨʠʤʝʨ, 

ʧʨʦʚʝʜʝʥʠʝ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ [peer assessment] ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ ʪʨʝʙʫʝʪ ʦʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʦʜʜʝʨʞʢʠ ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʧʦʜʛʦʪʦʚʢʠ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʀʄ), ʚʢʣʶʯʘʶʱʠʭ ʨʫʙʨʠʢʠ [rubrics] ʜʣʷ 

ʦʮʝʥʠʚʘʥʠʷ, ʚʳʜʘʯʠ ʟʘʜʘʥʠʡ ʩʪʫʜʝʥʪʘʤ, ʩʙʦʨʘ ʨʘʙʦʪ, ʠʭ ʘʥʦʥʠʤʠʟʘʮʠʠ ʠ ʨʘʥʜʦʤʠ-

ʟʘʮʠʠ, ʧʦʚʪʦʨʥʦʡ ʚʳʜʘʯʠ ʨʘʙʦʪ ʥʘ ʧʨʦʚʝʨʢʫ, ʩʙʦʨʘ ʧʨʦʚʝʨʦʢ, ʧʨʦʩʪʘʚʣʝʥʠʷ ʘʛʨʝʛʠ-

ʨʦʚʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʩʝʨʴʸʟʥʫʶ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʤʝʪʦʜʠʢʠ (ʩʤ. ʦʙ-

ʟʦʨʳ [73, 74]), ʟʘʜʘʯʠ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʠʩʴ ʠ ʩʪʘʣʠ ʧʦʧʫʣʷʨ-

ʥʳʤʠ ʩʨʝʜʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʢʦʥʮʝ 1990-ʭ [75], ʢʦʛʜʘ ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʩʝʪʝʚʳʝ 

ʇʉʋʅ, ʨʝʘʣʠʟʫʶʱʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʥʜʦʤʠʟʘʮʠʠ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ 

ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʵʪʘʧʳ ʧʨʦʮʝʩʩʘ. 

ʇʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʦʟʥʘʤʝʥʦʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʤʝʞ-

ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʚ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʩʥʦʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ: 

1) ʠʟʫʯʝʥʠʝ ʠ ʚʘʣʠʜʘʮʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ ʠ ʬʦʨʤʠʨʫʶʱʝʛʦ ʦʮʝʥʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʥʦʚʳʭ [73, 76, 

75, 77]; 

2) ʬʦʨʤʘʣʠʟʘʮʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ [9, 

78]. 
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ʆʪʢʨʳʪʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʫʢʘ. ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʠ ʘʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʜ-

ʭʦʜʦʚ ʦʪʢʨʳʪʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ [open education] [79] ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʨʘʥʠʣʠʱ ʦʪ-

ʢʨʳʪʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ [open educational resources, OER] [80, 81, 82]. 

ʆʪʢʨʳʪʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʥʘʟʳʚʘʶʪ ʣʶʙʦʡ ʫʯʝʙʥʳʡ ʨʝʩʫʨʩ (ʚʢʣʶʯʘ-

ʶʱʠʡ ʫʯʝʙʥʳʝ ʧʣʘʥʳ, ʚʠʜʝʦ, ʢʥʠʛʠ, ʂʀʄ ʠ ʜʨ.), ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ 

ʜʣʷ ʣʶʙʦʛʦ ʫʯʘʩʪʥʠʢʘ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʧʣʘʪʳ ʟʘ ʜʦʩʪʫʧ ʠʣʠ ʣʠ-

ʮʝʥʟʠ ʁ[82, 83].  

ʇʨʠʥʮʠʧ ʦʪʢʨʳʪʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʧʦʥʠ-

ʤʘʥʠʝ ʢʘʯʝʩʪʚʘ ʂʀʄ. ʂʘʯʝʩʪʚʦ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʫʟʢʦʡ ʛʨʫʧ-

ʧʦʡ ʵʢʩʧʝʨʪʦʚ, ʘ ʩʦʦʙʱʝʩʪʚʦʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ, ʟʘʜʝʡʩʪʚʦ-

ʚʘʥʥʳʭ ʚ ʧʨʦʮʝʜʫʨʘʭ ʦʪʢʨʳʪʦʡ ʵʢʩʧʝʨʪʠʟʳ. ɸʜʘʧʪʘʮʠʷ ʤʝʪʦʜʦʚ ʦʪʢʨʳʪʦʡ ʵʢʩʧʝʨ-

ʪʠʟʳ ʢ ʧʨʦʮʝʩʩʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʥʢʦʚ ʂʀʄ ʦʪʜʝʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʜʠʩ-

ʮʠʧʣʠʥ, ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʧʦʟʚʦʣʠʪ: 1) ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʥʘ ʵʢʩʧʝʨ-

ʪʠʟʫ ʂʀʄ ʠ 2) ʧʦʚʳʩʠʪʴ ʠʭ ʢʘʯʝʩʪʚʦ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʚʝʜʫʱʠʤʠ ʚʫʟʘʤʠ ʤʠʨʘ MOOC ʘʢʪʫʘʣʠʟʠ-

ʨʦʚʘʣʦ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʦʙʣʝʤʫ ʩʨʘʚʥʠʤʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʘʤʠʭ ʢʫʨʩʦʚ [84]. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʫʯʝʙʥʦʝ ʩʦʦʙ-

ʱʝʩʪʚʦ ʧʳʪʘʝʪʩʷ ʨʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝ-

ʣʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ MOOC ʠ ʧʨʠʥʷʪʳʤʠ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʫʯʝʙ-

ʥʦʤ ʧʨʦʮʝʩʩʝ [85]. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʣʠ, ʢʘʢ ʠ ʩ ʢʘʢʦʡ ʦʮʝʥʢʦʡ ʟʘʩʯʠʪʳʚʘʪʴ ʨʝʟʫʣʴ-

ʪʘʪʳ MOOC ʠʣʠ ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʪʴ MOOC ʚ ʦʯʥʫʶ ʫʯʝʙʥʫʶ ʜʠʩʮʠʧʣʠʥʫ [86, 87]? 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʩʧʝʮʠʬʠʢʘ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʝʨʴʸʟʥʦ ʚʣʠʷʝʪ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ ʚ ʈʀʉʋʅ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʠʭ ʤʦʜʝʣʠ, ʪ.ʝ. ʘʢʪʫʘʣʴʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʫʣʝʡ ʠ ʧʦʜʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ 

(ʠʟʤʝʨʝʥʠʷ) ʟʥʘʥʠʡ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʈʀʉʋʅ. ʆʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ 

ʚʳʷʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥ-

ʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʧʨʦʮʝʩʩʦʚ 
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ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɿʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ ʂʀʄ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʩʪʨʦʷʪʩʷ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʜʣʷ ʂʀʄ, ʷʚʣʷʶʪʩʷ ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʳʤʠ. 

ʋʜʘʯʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʩʧʦʩʦʙʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚʣʠ-

ʷʶʪ ʥʘ ʛʠʙʢʦʩʪʴ ʈʀʉʋʅ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʟʘʜʘʯ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʫʶ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʟʘʪʨʦʥʫʪʳʭ ʪʝʤ, ʤʘʣʦ 

ʚʥʠʤʘʥʠʷ ʧʨʠ ʵʪʦʤ ʫʜʝʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʨʘʟʚʠʪʠʝʤ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʟʤʝʨʝʥʠʡ, ʧʦʤʦʱʴʶ ʚ ʨʝʰʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʧʦ-

ʚʪʦʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʀʄ. ʄʥʦʛʠʝ ʠʟ ʵʪʠʭ ʪʝʤ ʫʧʠʨʘʶʪʩʷ ʚ ʩʣʦʞʥʫʶ ʤʫʣʴʪʠ-

ʜʠʩʮʠʧʣʠʥʘʨʥʫʶ ʧʨʦʙʣʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʂʀʄ, ʦʩʦʙʝʥʥʦ ʚ ʦʙ-

ʣʘʩʪʷʭ ʩʦ ʩʪʨʝʤʠʪʝʣʴʥʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʩʤʝʥʷʶʱʠʤʠʩʷ ʧʘʨʘʜʠʛ-

ʤʘʤʠ. ʅʘʧʨʠʤʝʨ, ʘʢʪʫʘʣʠʟʘʮʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʚ ʩʚʷʟʠ ʩʦ 

ʩʤʝʥʦʡ ʚʝʨʩʠʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ ʘʚʪʦʨʫ ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʩʠ-

ʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʫʧʨʘʚʣʝʥʠʶ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʭʦʜʷ ʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʦ-

ʜʫʮʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʝ ʘʨʪʝʬʘʢʪʳ, ʙʝʩʩʧʦʨʥʦ ʘʢʪʫʘʣʴʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʚʦ-

ʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʜʣʷ ʈʀʉʋʅ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ɾʎ ʂʀʄ. ɺ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʢʦʤ-

ʧʣʝʢʩʫ ʂʀʄʈɸ (ʂʦʥʪʨʦʣʴʥʦ-ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʄʘʪʝʨʠʘʣʳ ï ʈʘʟʨʘʙʦʪʢʘ ʠ ɸʥʘʣʠʟ), 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʂʀʄ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʧʪʠʤʠʟʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩ ʜʦ-

ʩʪʘʚʢʠ ʂʀʄ ʠ ʨʝʘʣʠʟʘʮʠʷ ʥʝʢʦʪʦʨʳʭ ʚʘʞʥʝʡʰʠʭ ʧʦʜʩʠʩʪʝʤ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠ-

ʩʪʝʤr ʫʯʝʙʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ̫ ʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦ-

ʜʝʣʠ, ʘʣʛʦʨʠʪʤʳ ʚ ʈʀʉʋʅ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʀʚʆ. 
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ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʈʀʉʋʅ ʧʫʪʸʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʈʀʉʋʅ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʥʠʬʠʢʘʮʠʶ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʈʀʉʋʅ, ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʳʭ ʥʘ ʀʚʆ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʠʩ-

ʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1) ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʴ ʂʀʄ, ʚʢʣʶʯʘʶʱʫʶ ʚʳʷʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘ-

ʣʠʟʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʀʄ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ɾʎ ʂʀʄ ʠ ʨʘʟʛʨʘʥʠʯʠʚʘʶʱʫʶ ʘʪʦʤʘʨʥʳʝ 

ʠ ʢʦʤʧʦʟʠʪʥʳʝ ʂʀʄ; 

2) ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʠ ʩʚʷʟʠ ʂʀʄ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʠʩʩʣʝʜʦʚʘʪʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʂʀʄ ʚ ʨʘʤʢʘʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘ-

ʩʪʝʡ; 

3) ʠʩʩʣʝʜʦʚʘʪʴ ʫʨʦʚʥʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ 

ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʫʶʱʝʛʦ ʦʮʝʥʠʚʘʥʠʷ; 

4) ʧʨʝʜʣʦʞʠʪʴ ʬʦʨʤʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʫʶʱʝʛʦ ʦʮʝʥʠʚʘʥʠʷ ʩ 

ʫʯʸʪʦʤ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ; 

5) ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʙʦʨʘ ʂʀʄ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘ ʦʩ-

ʥʦʚʝ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ; 

6) ʧʨʝʜʣʦʞʠʪʴ ʘʣʛʦʨʠʪʤ ʨʘʥʜʦʤʠʟʘʮʠʠ ʨʝʮʝʥʟʝʥʪʦʚ ʧʦ ʧʦʜʘʯʘʤ ʧʨʠ ʜʦ-

ʩʪʘʚʢʝ ʂʀʄ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ; 

7) ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʪʦʪʠʧ ʈʀʉʋʅ, ʨʝʘʣʠʟʫ-

ʶʱʫʶ ʤʦʜʝʣʴ ʂʀʄ, ʤʦʜʝʣʠ ʩʚʷʟʝʡ ʂʀʄ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʫʯʝʥʠʷ ʠ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʫʣʫʯʰʝʥʠʷ ʧʦʜ-

ʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʜʦ-

ʩʪʘʚʢʠ ʂʀʄ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʝʩʷ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʦʡ: 
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1) ʦʙʦʩʥʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʈʀʉʋʅ ʧʦʜʜʝʨʞʢʠ ɾʎ ʂʀʄ, ʧʨʝʜʣʦʞʝʥ ʠ 

ʘʧʨʦʙʠʨʦʚʘʥ ʥʘʙʦʨ ʧʦʜʩʠʩʪʝʤ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʦʚ ɾʎ ʂʀʄ (ʧʫʥʢʪ 6 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦ-

ʩʪʠ); 

2) ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʨʝʜʩʪʚʘʤ ʧʦʜʜʝʨʞʢʠ ɾʎ ʂʀʄ 

ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʂʀʄ, ʧʦʣʦʞʝʥʥʘʷ ʚ ʦʩʥʦʚʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʈʀʉʋʅ ʧʦʜʜʝʨʞʢʠ ɾʎ ʂʀʄ (ʧʫʥʢʪ 1 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ); 

3) ʨʘʟʨʘʙʦʪʘʥʳ ʛʨʘʬʦʚʳʝ ʤʦʜʝʣʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʚʷʟʝʡ ʂʀʄ ʩ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʦʙʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʝʜʠʥʦʦʙʨʘʟʥʦ ʫʧʨʘʚʣʷʪʴ ʂʀʄ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʩʮʝʥʘʨʠʝʚ ʀʚʆ (ʧʫʥʢʪ 1 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ); 

4) ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ʧʫʪʸʤ ʧʦʜʙʦʨʘ ʂʀʄ ʠʟ ʙʘʥʢʘ ʂʀʄ (ʧʫʥʢʪ 3 ʧʘʩ-

ʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ); 

5) ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʨʘʥʜʦʤʠʟʘʮʠʠ ʨʝʮʝʥʟʝʥʪʦʚ ʚ ʧʨʦ-

ʮʝʩʩʘʭ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ (ʧʫʥʢʪ 3 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʝʥʘ ʚʘʞʥʦʩʪʴʶ ʩʦʚʤʝʩʪʥʦʛʦ ʨʘʩ-

ʩʤʦʪʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚ, ʧʨʦʮʝʜʫʨ ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘ-

ʟʦʚʘʥʠʠ ʩ ʫʯʸʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʦʣʝʟʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʭr ʤʝʪʦʜʦʚ, ʬʦʨʤʘʪʦʚ, ʘʣʛʦʨʠʪʤʦʚ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʠ ʝʸ ʧʦʜʩʠʩʪʝʤ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ.  

ɺʥʝʜʨʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʦʪʢʨʳʪʦʡ ʵʢʩʧʝʨʪʠʟʳ ʂʀʄ ʧʦʟ-

ʚʦʣʠʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʵʢʩʧʝʨʪʠʟʳ ʂʀʄ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʪʢʨʳʪʘʷ ʵʢʩʧʝʨʪʠʟʘ, ʧʦʜʜʝʨʞʘʥʥʘʷ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʀʄʈɸ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜʠʢʫ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ ʚ ʨʘʤʢʘʭ ʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʩ-

ʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʦʙʱʝʡ ʪʝʦʨʠʠ ʠʟʤʝʨʝʥʠʡ, ʪʝʦ-

ʨʠʡ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘ-

ʪʠʢʠ, ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (UML, BPMN) 
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ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʆʆʇ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʨʘʩʧʨʝʜʝʣʸʥ-

ʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ). 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʦʚʝʨʢʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʵʢʩʧʝʨʪ-

ʥʳʤʠ ʦʮʝʥʢʘʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʜʨʫʛʠʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʠ ʘʧʨʦʙʘʮʠʠ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʝʙʥʦʤ ʧʨʦ-

ʮʝʩʩʝ ʄʦʩʢʦʚʩʢʦʛʦ ʠ ʇʝʨʤʩʢʦʛʦ ʢʘʤʧʫʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠ-

ʚʝʨʩʠʪʝʪʘ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʅʘʮʠʦʥʘʣʴʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘ-

ʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ: 

¶ ʩʝʤʠʥʘʨʝ çʄʦʙʠʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʫʟʘè 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ Microsoft, 2017; 

¶ ʤʝʪʦʜʠʯʝʩʢʦʡ ʤʘʩʪʝʨʩʢʦʡ ʌɻɹʆʋ ɺʆ çʅʀʋ çɺʐʕè çɺʟʘʠʤʥʦʝ ʦʮʝʥʠ-

ʚʘʥʠʝ ʩʪʫʜʝʥʪʦʚ: ʦʪ ʠʜʝʠ ʢ ʨʝʘʣʠʟʘʮʠʠè, ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʜʝʧʘʨʪʘ-

ʤʝʥʪʘ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ ʬʘʢʫʣʴʪʝʪʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ʠ ʜʨʫ-

ʛʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʌɻɹʆʋ ɺʆ çʅʀʋ çɺʐʕè; 

¶ 20th, 19th ʠ 18th International Conference on Interactive Collaborative Learn-

ing (ICL 2017, 2016 ʠ 2015). 

¶ 20th International Conference on Knowledge-Based and Intelligent Infor-

mation & Engineering Systems (KES-2016); 

¶ X-ʦʡ ʠ XIV-ʦʡ ʦʪʢʨʳʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʝʧʦʜʘʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, 2012, 2016; 

¶ 10th International Conference on Computer Science & Education (ICCSE 

2015); 

¶ III -ʝʡ ʠ IV-ʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ XXI ʚʝʢʘè, 2013, 2014; 
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¶ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʥʦʚʘʮʠʦʥʥʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, 2013; 

¶ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʬʦʨʤʘʪʠʟʘʮʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ï 2011è, 2011; 

¶ Spring/Summer young researcherôs colloquium of Software Engineering 

(SYRCoSE 2010, SYRCoSE 2011), 2010, 2011. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʚʥʝʜʨʝʥʳ: 

¶ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʨʝʙʦʚʘʥʠʡ ʠ ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ ʚʟʘʠʤʦʧʦ-

ʤʦʱʠ ʦʙʫʯʘʝʤʳʭ ʚ ɸʅʆ çʅʘʫʯʥʳʡ ʮʝʥʪʨ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʤʘʣʳʭ ʛʦʨʦʜʦʚ ʠ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡè; 

¶ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ FALS (Formal 

Concept Analysis Adaptive Learning System) ʚ ʎʝʥʪʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʇʆ 

ʀʆ ʅʀʋ ɺʐʕ; 

¶ ʚ ʦʙʱʝʫʥʠʚʝʨʩʠʪʝʪʩʢʦʤ ʤʘʛʠʩʪʝʨʩʢʦʤ ʢʫʨʩʝ ʌɻɹʆʋ ɺʆ çʅʀʋ çɺʐʕè 

çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤè; 

¶ ʚ ʜʠʩʮʠʧʣʠʥʝ çʇʦʚʝʜʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡè, ʧʨʝʧʦʜʘʚʘʝʤʦʤ ʚ ʨʘʤʢʘʭ ʧʨʦ-

ʛʨʘʤʤʳ ʅʀʋ ɺʐʕ ʇʝʨʤʴ çSmart marketing: ʜʘʥʥʳʝ, ʘʥʘʣʠʪʠʢʘ, ʠʥ-

ʩʘʡʪʳè ʜʣʷ ʧʝʨʚʦʛʦ ʢʫʨʩʘ; 

¶ ʚ ʫʯʝʙʥʳʡ ʢʫʨʩ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ çʐʢʦʣʘ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʤʘ-

ʩʪʝʨʩʪʚʘè ʜʠʨʝʢʮʠʠ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʌɻɹʆʋ ɺʆ çʅʀʋ çɺʐʕè. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 19 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʚʢʣʶʯʘʷ 8 ï ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦ-

ʚʘʥʥʳʭ ɺɸʂ, 5 ï ʚ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ Scopus, 6 ï ʚ ʤʘʪʝʨʠʘʣʘʭ ʦʙʱʝʨʦʩʩʠʡ-

ʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʇʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ 

1. ʅʝʟʥʘʥʦʚ ɸ.ɸ., ʄʘʢʩʠʤʝʥʢʦʚʘ ʆ.ɺ. ʂʦʥʮʝʧʪʫʘʣʴʥʳʝ ʠ ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ // ʇʨʦʛʨʘʤʤʥrʝ ʩʠʩʪʝʤʳ: ʪʝʦʨʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ. 2017. ʊ. 8. ˉ 4.     

ʉ. 31-46. 
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2. ʇʦʜʙʝʣʴʩʢʠʡ ɺ.ɺ., ɹʘʙʠʯ ʂ.ʉ., ʄʘʢʩʠʤʝʥʢʦʚʘ ʆ.ɺ. ʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʠʥʪʝʨʦʧʝʨʘ-

ʙʝʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʦʜʜʝʨʞʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ // ʀʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 2016. ˉ 7. ʉ. 535-541. 

3. Kolomiets A., Maksimenkova O., Neznanov A. On business processes of computer-

supported collaborative learning: A case of peer assessment system development // 

Business informatics, No. 4, 2016. pp. 35-46. 

4. ʄʘʢʩʠʤʝʥʢʦʚʘ ʆ.ɺ., ʇʦʜʙʝʣʴʩʢʠʡ ɺ.ɺ. ʇʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʢʨʳʪʳʭ ʜʘʥ-

ʥʳʭ ʚ ʢʫʨʩʝ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʘʢʘʣʘʚʨʠʘʪʘ 

çʇʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷè // ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʫʢʘ. 2016. ˉ 10. 

5. ʄʘʢʩʠʤʝʥʢʦʚʘ ʆ.ɺ., ʇʘʧʫʰʠʥʘ ʖ.ʆ. ʌʦʨʤʠʨʫʶʱʝʝ ʦʮʝʥʠʚʘʥʠʝ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʤʝʪʦʜʘ ʠʥʪʝʣʣʝʢʪ-ʢʘʨʪ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʘ ʤʘʛʠʩʪʝʨʩʢʦʡ ʧʨʦʛʨʘʤʤʝ çʄʘʨʢʝ-

ʪʠʥʛè // ɺʝʩʪʥʠʢ ʈʦʩʩʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ. ʉʝʨʠʷ: ʀʥʬʦʨʤʘ-
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19. Maksimenkova O., Podbelskiy V. Educational tests in çProgrammingè academic sub-

ject development // SYCRoSE. Proceeding of the Spring/Summer Young Researcherôs 

Colloquium on Software Engineering. 2011. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʜʠʩʩʝʨʪʘʥʪʘ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ 

ʥʘ ʟʘʱʠʪʫ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. ʇʦʜʛʦʪʦʚʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʨʦʚʦ-

ʜʠʣʘʩʴ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠʟ ʧʨʠʢʣʘʜʥʳʭ 

ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʚʥʝʜʨʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʯʸʤ ʚʢʣʘʜ ʜʠʩʩʝʨʪʘʥʪʘ ʙʳʣ ʦʧʨʝ-

ʜʝʣʷʶʱʠʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʧʦ ʛʣʘʚʘʤ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 153 ʩʪʨʘʥʠʮʘʭ (ʙʝʟ 

ʧʨʠʣʦʞʝʥʠʡ), ʚʢʣʶʯʘʝʪ 11 ʪʘʙʣʠʮ, 24 ʨʠʩʫʥʢʘ, ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʸʭ ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 247 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 7 ʧʨʠʣʦʞʝʥʠʡ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʚʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʪʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟ-

ʤʝʨʝʥʠʷʤʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. ɺʧʝʨʚʳʝ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʬʦʨʤʘʣʠʟʦʚʘʥʦ 

ʧʦʥʷʪʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʂʀʄ) ʠ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

(ɾʎ ʂʀʄ). ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʠ ʪʘʢʩʦʥʦʤʠʡ ʪʝʩʪʦ-

ʚʳʭ ʟʘʜʘʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʇʉʋʅ ʠ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʂʀʄʈɸ; ʠʩʩʣʝʜʫʶʪʩʷ 

ʬʦʨʤʘʪʳ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʇʉʋʅ; 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʡ JSON-ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʂʀʄ, ʚʢʣʶʯʘʷ ʪʝʩʪʦʚʳʝ ʟʘ-

ʜʘʥʠʷ, ʚ ʂʀʄʈɸ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʘʪʳ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ; ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. ʇʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ 

ʇʉʋʅ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʢʦʧʣʝʥʠʝ ʙʘʥʢʦʚ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʛʣʘʚʳ 

ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʨʘʥʠʣʠʱʫ ʂʀʄ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʸʥ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʪʝʦʨʠʡ ʠʟʤʝʨʝʥʠʡ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʟʦʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʳʷʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʂʀʄ ʠ ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʘʣʴʥʘʷ ʤʦʜʝʣʴ ʂʀʄ, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʢʦʤ-

ʧʴʶʪʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʜʜʝʨʞʢʫ ɾʎ ʂʀʄ. ʆʙʦʙʱʝʥʠʝ ʟʘʜʘʯ 

ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʩʝʣʝʢʮʠʠ ʂʀʄ ʩ ʧʦʥʷʪʠʝʤ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜ-
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ʣʦʞʠʪʴ ʛʨʘʬʦʚʫʶ ʤʦʜʝʣʴ ʩʚʷʟʠ ʂʀʄ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʫʯʝʥʠʷ ʠ ʫʯʝʙʥʳʤʠ ʤʘʪʝ-

ʨʠʘʣʘʤʠ (ʛʨʘʬ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʘʥʠʷ ʂʀʄ). ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʘ 

ʚʪʦʨʘʷ ʛʨʘʬʦʚʘʷ ʤʦʜʝʣʴ, ʦʪʨʘʞʘʶʱʘʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʂʀʄ (ʛʨʘʬ ʚʟʘʠʤʦʩʚʷʟʝʡ 

ʂʀʄ). 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʦʩʪʘʚʢʠ ʂʀʄ ʠ ʧʨʝʜʣʦ-

ʞʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʦʩʪʘʚʢʠ ʂʀʄ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ. ʇʦ-

ʩʢʦʣʴʢʫ ʤʝʪʦʜʳ ʜʦʩʪʘʚʢʠ ʂʀʄ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʂʀʄ, ʚ ʛʣʘʚʝ ʩʜʝʣʘʥ ʘʢʮʝʥʪʘ 

ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʜʦʩʪʘʚʢʠ ʂʀʄ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ, ʧʦʩʪʘʚʣʝʥʘ ʟʘ-

ʜʘʯʘ ʨʘʥʜʦʤʠʟʘʮʠʠ ʨʝʮʝʥʟʝʥʪʦʚ ʧʦ ʨʝʮʝʥʟʠʷʤ, ʧʨʝʜʣʦʞʝʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʘʥʜʦ-

ʤʠʟʘʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʤʦʜʫʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʈʀʉʋʅ 

ʂʀʄʈɸ. 

ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʈʀʉʋʅ çʂʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟè (ʂʀʄʈɸ), ʨʝʘʣʠʟʫʶʱʝʡ ʧʨʝʜʣʦʞʝʥʥʫ  ʁʚ ʨʘʙʦʪʝ 

ʤʦʜʝʣ ɹʂʀʄ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʩʠʩʪʝʤʘʤ ʠ ʤʦʜʫʣʷʤ ʂʀʄʈɸ, ʦʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠ-

ʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ, ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, 

ʘʧʨʦʙʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ. 
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ɻʃɸɺɸ 1. ʀɿʄɽʈɽʅʀʗ ɺ ʆɹʈɸɿʆɺɸʅʀʀ: ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʀ 

ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʀʚʆ. ɼʣʷ ʵʪʦʛʦ ʚʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʀʚʆ ʠ ʠʭ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʝʡ. ʌʦʨʤʘʣʠʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʂʀʄ ʠ ɾʎ ʂʀʄ, ʦʙʩʫʞʜʘʶʪʩʷ ʝʛʦ ʨʘʟʥʳʝ ʚʘʨʠ-

ʘʥʪʳ, ʥʘʧʨʠʤʝʨ, ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ (ʊɿ), ʟʘʜʘʥʠʷ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ. ʉ ʮʝʣʴʶ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʀʚʆ ʠ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʦ ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʚʪʦʨʦʤ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʚʳʜʝʣʷʶʪʩʷ ʧʦʜʧʨʦ-

ʮʝʩʩʳ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʠ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʘʥʢʫ ʂʀʄ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʈʀʉʋʅ ʧʨʠʚʝʜʸʥ 

ʦʙʟʦʨ ʇʉʋʅ, ʠʤʝʶʱʠʭ ʧʦʜʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʥʢʦʚ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʦʙʱʸʥʥʦʤʫ ʚʥʫʪʨʝʥ-

ʥʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʂʀʄ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʈʀʉʋʅ ʙʫʜʫʪ ʠʩʩʣʝʜʦʚʘʥʳ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʇʉʋʅ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳ-

ʷʚʠʪʴ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʠ ʧʨʝʜʣʦʞʠʪʴ ʩʦʙ-

ʩʪʚʝʥʥʫʶ, ʫʯʠʪʳʚʘʶʱʫʶ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʠʧʳ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ʇʦʩʢʦʣʴʢʫ 

ʩʦʚʨʝʤʝʥʥʦʝ ʈʀʉʋʅ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ɾʎ ʂʀʄ ʥʝ ʪʦʣʴʢʦ ʪʝʩʪʦʚʦʡ 

ʬʦʨʤʳ, ʪʦ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʦʨʤʘʪʳ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ. ʅʘ ʦʩ-

ʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥ ʩʦʙʩʪʚʝʥʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʂʀʄ ʚ ʈʀʉʋʅ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʛʠʙʢʫʶ ʢʦʥʚʝʨʪʘʮʠʶ ʚ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʬʦʨʤʘʪʳ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʤʝʞʧʨʦʛʨʘʤʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

1.1 ɿʘʜʘʯʘ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʩʤʝʞʥʳʝ ʩ ʥʝʡ 

1.1.1 ɹʘʟʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ 

ʀʟʤʝʨʝʥʠʝ [measurement] ï ʩʨʘʚʥʝʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʠʟʤʝʨʷʝʤʦʛʦ 

ʩʚʦʡʩʪʚʘ (ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ) ʩʦ ʰʢʘʣʦʡ (ʯʘʩʪʴʶ ʰʢʘʣʳ) ʠʟʤʝʨʝʥʠʡ ʵʪʦʛʦ ʩʚʦʡ-

ʩʪʚʘ (ʚʝʣʠʯʠʥʳ) ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ (ʦʮʝʥʢʠ ʩʚʦʡʩʪʚʘ ʠʣʠ ʟʥʘ-

ʯʝʥʠʷ ʚʝʣʠʯʠʥʳ) [88]. 

ʂʦʥʪʨʦʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ (ʂʀʄ): 
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ī ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥ-

ʪʨʦʣʷ ʫʨʦʚʥʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʦʙʫ-

ʯʘʶʱʠʭʩʷ. ʂʀʄ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘ-

ʟʘʪʝʣʷʭ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʷʨʢʦ ʧʦʢʘʟʘʪʴ ʩʪʝʧʝʥʴ ʦʚʣʘʜʝʥʠʷ ʟʥʘʥʠʷʤʠ, 

ʫʤʝʥʠʷʤʠ ʠ ʥʘʚʳʢʘʤʠ [89]; 

ī ʤʝʪʦʜʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʦʡ ʤʝʪʦʜʠ-

ʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʦʡ [course]; ʧʦʜʨʘʟʫ-

ʤʝʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʪʚʝʪʘ [answer] ʩʪʫʜʝʥʪʘ ʥʘ ʟʘʜʘʥʠʝ 

[assignment] ʠʟ ʂʀʄ; ʠʤʝʝʪ ʩʭʝʤʫ ʠ ʧʨʘʚʠʣʘ ʦʮʝʥʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʪʚʝʪʫ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʮʝʥʢʫ [grade]; ʦʙʣʘʜʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʨʨʝʢʪʥʦʩʪʠ, ʪʨʫʜʥʦʩʪʠ, 

ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʦʩʪʠ ʠ ʜʨʫʛʠʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘ-

ʣʠʟʘ ʦʪʚʝʪʦʚ. 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ɾʎ ʂʀʄ) ï 

ʥʘʙʦʨ ʘʢʪʠʚʥʦʩʪʝʡ, ʦʪʥʦʰʝʥʠʡ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʝʪ ʂʀʄ ʠ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʂʀʄ (ʠʣʠ ʠʜʝʠ ʝʛʦ ʩʦʟʜʘʥʠʷ) ʜʦ ʫʜʘ-

ʣʝʥʠʷ ʠʟ ʙʘʥʢʘ ʂʀʄ. 

ʊʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ [test question, test item, item] ï ʵʣʝʤʝʥʪ ʪʝʩʪʘ (ʫʪʚʝʨʞʜʝʥʠʝ, 

ʚʦʧʨʦʩ, ʫʧʨʘʞʥʝʥʠʝ, ʟʘʜʘʥʠʝ) ʠ ʥʘʙʦʨ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʨʘʚʠʣ ʝʛʦ ʦʮʝʥʠʚʘʥʠʷ. 

ʊʝʩʪ [test] ï ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ (ʪʝʩʪʠʨʦʚʘʥʠʷ), 

ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʨʦʚʝʨʝʥʥʳʭ ʥʘ ʚʘʣʠʜʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʧʨʦʚʝʜʝʥʠʷ ʠ ʟʘʨʘʥʝʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʝ ʚʚʝʜʸʥʥʳʝ ʟʜʝʩʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [90, 91, 92]. ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʛʣʦʩʩʘʨʠʡ ʚ 0. 

1.1.2 ʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚ r

ɺ ʧʩʠʭʦʤʝʪʨʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʥʦʛʜʘ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʪʝʩʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʫʯʘʩʪʥʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ [93]. ʄʳ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʫʯʘʩʪʥʠʢʘ ʪʝ-

ʩʪʠʨʦʚʘʥʠʷ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʝʛʦ ʫʩʧʝʭʘ ʠʣʠ ʥʝʫʩʧʝʭʘ ʚ ʨʘʙʦʪʝ ʩ ʂʀʄ. 
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ɺʦʧʨʦʩʳ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʫʯʘʩʪʥʠʢʘ ʪʝʩʪʠʨʦʚʘ-

ʥʠ,̫ ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ ʣʠʯʥʳʤ ʦʧʳʪʦʤ, ʤʦʪʠʚʘʮʠʝʡ, ʫʩʪʘʣʦʩʪʴʶ ʠ ʜʨʫʛʠʤʠ ʣʠʯʥʦʩʪ-

ʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʩʪʘʚʠʤ ʟʘ ʨʘʤʢʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ. ɺʦʧʨʦʩʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʣʠʯʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [94, 95]. 

1.1.3 ʅʝʢʦʪʦʨʳʝ ʩʪʘʥʜʘʨʪʳ ʠ ʫʢʘʟʘʥʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ: 

ī ʉʪʘʥʜʘʨʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʧʩʠʭʦʣʦʛʠʠ ʘʤʝʨʠʢʘʥʩʢʦʡ ʘʩ-

ʩʦʮʠʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ [95]; 

ī ɻʆʉʊ ʈ 50779.10ï2000 (ʀʉʆ 3534-1ï93) ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʠ ʦʩʥʦʚʳ ʩʪʘʪʠʩʪʠʢʠ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ [96]; 

ī ɻʆʉʊ ʈ ʀʉʆ 5479-2002. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʨʦʚʝʨʢʘ ʦʪʢʣʦʥʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [97]; 

ī ɻʆʉʊ ʈ 50779.21-96. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʨʘʚʠʣʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʚʳʙʦʨʦʯʥʳʤ ʜʘʥʥʳʤ 

[98]; 

ī ʈʄɻ 29-99 ɻʉʀ. ʄʝʪʨʦʣʦʛʠʷ. ʆʩʥʦʚʥʳʝ ʪʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ [24]; 

ī ʈʄɻ 83-2007. ʐʢʘʣʳ ʠʟʤʝʨʝʥʠʡ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ [88]; 

1.1.4 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʦʚ  

ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʉʝʨʝʜʠʥʘ 80-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʩʪʘʣʘ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʚʥʝʜʨʝ-

ʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʬʦʨʤ ʧʦʜʜʝʨʞʢʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣ̫ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ 

ʠ ʬʦʨʤ ʦʙʫʯʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ) ʧʦʢʘʟʘʥ ʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [99, 100, 101]. 

ɸ.ʀ. ɹʘʰʤʘʢʦʚʳʤ ʠ ʀ.ɸ. ɹʘʰʤʘʢʦʚʳʤ ʚ [6] ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ ʇʉʋʅ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʦʙʫ-

ʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʩʫ-

ʱʝʩʪʚʫʶʱʠʭ ʠ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʝ ʬʦʨʤʳ, ʩʨʝʜʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʦʙʫʯʝ-

ʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʚʦʜʠʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ. ʂʘʢ ʠ 
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ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚʚʝʜʸʥʥʳʝ ʜʦ 2010 ʛʦʜʘ, ʦʥʘ ʥʝ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʡ 

ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʙʘʟʠʩʝ ʠ ʤʝʪʦʜʦʣʦʛʠʷʭ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʦʙʫʯʝ-

ʥʠʷ. 

ɼʣʷ ʇʉʋʅ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʈʀʉʋʅ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ, ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʚʳʩʦʢʫʶ ʘʜʘʧʪʠʚʥʦʩʪʴ [102], ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʩʪʴ [103], 

ʨʘʟʚʠʪʠʝ ʦʪʢʨʳʪʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ [80], MOOC-ʧʣʘʪʬʦʨʤ [104] ʠ ʪ.ʧ. 

1.2 ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ 

ʂʀʄʈɸ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʀʚʆ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʳʩʰʝʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ (ʚʫʟʘ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʟʥʘʯʠʪʴ ʤʝʩʪʦ ʂʀʄʈɸ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʦʚ ʚʳʩʰʝʛʦ ʫʯʝʙʥʦʛʦ ʟʘ-

ʚʝʜʝʥʠʷ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ʧʨʦ-

ʝʢʪʘ HEI-UP Business Process Management in Higher Education Institutions [105]. ɺ 

ʥʝʡ ʚʳʜʝʣʝʥʳ ʪʘʢʠʝ ʛʨʫʧʧʳ ʧʨʦʮʝʩʩʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʢʘʢ: 

¶ çʇʨʝʧʦʜʘʚʘʥʠʝè (HEI-KPA1: Teaching processes); 

¶  çʋʯʸʙʘè (HEI-KPA2: Studying processes); 

¶ çʀʩʩʣʝʜʦʚʘʥʠʝè (HEI-KPA3: Research processes); 

¶ çʈʘʟʨʘʙʦʪʢʘè (HEI-KPA4:Development processes); 

¶ çʋʧʨʘʚʣʝʥʠʝ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝè (HEI-KPA5: Management and supporting 

processes) 

ʈʠʩʫʥʦʢ 1.2 ʩʦʜʝʨʞʠʪ ʬʨʘʛʤʝʥʪ ʧʝʨʝʚʝʜʸʥʥʦʡ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʉʠʩʪʝʤʘ ʂʀʄʈɸ ʥʝ ʢʘʩʘʝʪʩʷ ʛʨʫʧʧ HEI-KPA 3, 4, 5 ʠ ʟʘʪʨʘʛʠʚʘʝʪ 

ʪʦʣʴʢʦ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʦʚ ʠʟ ʛʨʫʧʧ çʇʨʝʧʦʜʘʚʘʥʠʝè ʠ çʋʯʸʙʘè, ʪʦ ʝʩʪʴ ʩʪʫʜʝʥ-

ʪʦʚ ʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʷʚʣʷʶʪʩʷ: çʆʮʝʥʠʚʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳè (HEI-PG-1.4 Course 

evaluation), çʈʫʢʦʚʦʜʩʪʚʦ ʂʈ ʠ ɺʂʈ ʠ ʵʢʟʘʤʝʥʳè (HEI-PG-1.5. Thesis supervision 

and examination procedure). ʉʦ ʩʪʦʨʦʥʳ ʩʪʫʜʝʥʪʘ: çʋʯʸʙʘè (HEI-PG-2.4. Studying), 

çʕʢʟʘʤʝʥʳè (HEI-PG-2.6. Examination). 
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ʇʦʩʢʦʣʴʢʫ ʚʳʜʝʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʜʝʪʘʣʠʟʘʮʠʠ, ʜʣʷ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʠʤʝʝʪ ʩʤʳʩʣ ʚʳʜʝʣʠʪʴ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʧʦʜʧʨʦʮʝʩʩʳ, ʠʤʝʶʱʠʝ ʦʪʥʦʰʝ-

ʥʠʝ ʢ ʠʟʤʝʨʝʥʠʷʤ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. 

ɿʘ ʦʩʥʦʚʫ ʚʦʟʴʤʸʤ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʪʝʩʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʝʢʦʤʝʥʜʘʮʠʷʭ 

ʘʤʝʨʠʢʘʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʩʠʭʦʣʦʛʦʚ (American Psychological Association, APA). 

ʉʦʛʣʘʩʥʦ [13] ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʪʝʩʪʘ ʩʦʩʪʦʷʪ ʠʟ ʩʦʟʜʘʥʠʷ ʙʘʥʢʘ ʟʘʜʘʥʠʡ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʩʪʘ, ʜʦʩʪʘʚʢʠ ʪʝʩʪʘ, ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʪʝʩʪʘ, ʘʥʘ-

ʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʛʨʘʬʠʢʘ 

(ʨʠʩʫʥʦʢ 1.1). 

 

ʈʠʩʫʥʦʢ 1.1. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʪʝʩʪʘ 
 

ʇʨʠʚʝʜʸʥʥʳʝ ʵʪʘʧʳ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʧʦʜʧʨʦʮʝʩʩʘʭ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ 

ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʪʝʩʪʘ ʚ ʮʝʣʦʤ, ʥʝ ʫʯʠʪʳʚʘʷ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʠ ʠʭ ʞʠʟʥʝʥʥʳʡ 

ʮʠʢʣ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʙʦʪʘʪʴ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʪʜʝʣʴʥʳʭ ʂʀʄ, ʪʨʝʙʫʝʪ ʜʝʪʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ: 

¶ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʚ ʙʘʥʢ: ʨʘʟʨʘʙʦʪʢʘ ʂʀʄ, ʧʨʦʚʝʨʢʘ (ʵʢʩʧʝʨʪʠʟʘ) ʂʀʄ, 

ʩʧʦʩʦʙ ʜʦʙʘʚʣʝʥʠ ̫ʂʀʄ ʚ ʙʘʥʢ; 

¶ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ: ʧʨʘʚʠʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦ-

ʟʠʪʥʦʛʦ ʂʀʄ ʠ ʩʝʣʝʢʮʠʷ ʬʦʨʤʘʪʦʚ ʜʦʩʪʘʚʢʠ ʂʀʄ; 

͙͔ͫͦ͒͊ͤ͘ ͋͊ͤ͊͟

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ 
͔ͭͫͭ͊

͍͒ͦͫͭ͊͊͟ ͔ͭͫͭ͊
ͨͦͯ͡;͔͙͔ͤ ͒͊ͤͤ·ͻ 
ͦͭ  ͨͪͦͻ͔͙ͦ͗͒ͤΎ 

͔ͭͫͭ͊

͙͊ͤ͊͘͡ ͒͊ͤͤ·ͻ 
͔ͭͫͭ͊
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¶ ʧʨʦʭʦʞʜʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ: ʩʧʦʩʦʙ ʥʘʢʦʧ-

ʣʝʥʠʝ ʜʘʥʥʳʭ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʠ ʨʝʟʫʣʴʪʘʪʘʭ ʂʀʄ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʙ-

ʨʘʪʥʦʡ ʩʚʷʟʠ; 

¶ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ: ʧʨʘʚʠʣʘ ʦʙʥʦʚʣʝʥʠ ̫ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʀʄ ʥʘ ʦʩ-

ʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʠʟʤʝʨʝʥʠʡ, ʘʢʪʫʘʣʠʟʘʮʠʷ ʂʀʄ ʩʦ-

ʛʣʘʩʥʦ ʦʙʥʦʚʣʸʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

 
ʈʠʩʫʥʦʢ 1.2. ʉʪʨʫʢʪʫʨʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚʳʩʰʝʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ 

 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʈʀʉʋʅ ʂʀʄʈɸ ʥʘʮʝʣʝʥʘ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʨʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʦʚʘʥ ʩ ɾʎ ʂʀʄ, ʪʦ ʝʩʪʴ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝ ʝʛʦ ʧʨʦʮʝʩʩʳ. 

1.3 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ ʚʝʨʥʸʤʩʷ ʢ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʬʦʨʤʝ ʢʦʤʧʴʶʪʝʨ-

ʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ: ʪʝʩʪʠʨʦʚʘʥʠʶ. ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ʩʚʷʟʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʧʨʦʨʘʙʦʪʘʥʳ ʚ ʣʠʪʝʨʘ-

ʪʫʨʝ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʢʦʤʧʴʶʪʝʨʥʦʡ ʬʦʨ-

ʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ɿʘʤʝʪʠʤ, ʦʜʥʘʢʦ, ʯʪʦ ʵʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʯʘʩʪʫʶ ʧʨʝʜʣʦʞʝʥʳ 

ʚʥʝ ʢʦʥʪʝʢʩʪʘ ʨʘʟʨʘʙʦʪʢʠ ʇʉʋʅ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚʚʠʜʫ 

ʥʝʦʯʝʚʠʜʥʦʩʪʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʟʘʜʘʥʠʡ. 

˿ͭͪͯͭͯͪ͊͟ ͙͔͋ͤͫ͘-ͨͪͦͼ͔͍ͫͫͦ ͍·ͫ΄͔͎ͦ ͯ;͔͎͋ͤͦͦ ͍͔͔͙͊͒ͤ͘Ύ

HEI-KPA1: ˽ ͔͍͙͔ͪͨͦ͒͊͊ͤ

HEI-PG-1.1. ˽ ͙͍͙͔͊ͤͪͦ͊ͤ͡ 
͙͒ͫͼ͙͙ͨͤ͡·

HEI-PG-1.2. ˽ ͎͍ͦ͒ͦͭͦ͊͟ 
͙͒ͫͼ͙͙ͨͤ͊͡

HEI-PG-1.3. ˾ ͔͙͊͊͘͡ͼ͙Ύ 
͙͒ͫͼ͙͙ͨͤ͡·

HEI-PG-1.4. ˻ ͼ͔͙͍͙͔ͤ͊ͤ 
͙͒ͫͼ͙͙ͤ͡·

HEI-PG-1.5. ˽ ͎͍ͦ͒ͦͭͦ͊͟ ˴˾ ͙ 
ˤ˴˾ ͙ Ή͔͊ͣͤ͘͟·

HEI-KPA2: ̂ ;͖͋͊

HEI-PG-2.1. ˽ ͔͙͔ͦͫͭͯͨͤ͡

HEI-PG-2.2. ˽ ͎͍ͦ͒ͦͭͦ͊͟ ͟ ͯ;͖͔͋

HEI-PG-2.3. ˭͊;͙͔͙͔ͫͤ͡

HEI-PG-2.4.̂;͖͋͊

HEI-PG-2.5. ˸ ͙ͦ͋͡ΈͤͦͫͭΈ

HEI-PG-2.6. ̏ ͔͊ͣͤ͘͟·

HEI-PG-2.7. ʕ ·ͨͯͫ͟

HEI-PG-2.8.˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έ͔ͤͦ 
͍͙͙͔ͪ͊ͭ͘

HEI-KPA3:
ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ

...

HEI-KPA4:
˾͊ͪ͊͋ͦͭ͊͘͟

...

HEI-KPA5:
͍͔͙͔̂ͨͪ͊ͤ͡ ͙ 
͍͔͙͔ͫͦͨͪͦͦ͗͒ͤ

...
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1.3.1 ʊʨʘʜʠʮʠʦʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ʅʘʟʦʚʸʤ ʪʨʘʜʠʮʠʦʥʥʦʡ [traditional taxonomy] ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʝʩʪʦʚʳʭ ʟʘʜʘ-

ʥʠʡ, ʚ ʢʦʪʦʨʦʡ ʜʝʣʝʥʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʥʘ ʪʠʧʳ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʚʥʝʩʝʥʠʷ ʩʪʫ-

ʜʝʥʪʦʤ ʦʪʚʝʪʘ ʚ ʙʣʘʥʢ ʚʘʨʠʘʥʪʘ ʪʝʩʪʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʩʪʦʚʳʤ 

ʟʘʜʘʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʪʝ ʚʠʜʳ ʟʘʜʘʥʠʡ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʢʦʤʧʴʶʪʝʨʦʤ, ʪʦ ʝʩʪʴ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʢʣʶʯʝʥʦ ʚ ʚʘʨʠʘʥʪ ʪʝʩʪʘ, ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʥʘ ʙʫʤʘʛʝ ï ʙʣʘʥʢʦʚʦʛʦ ʪʝʩʪʘ [paper-and-

pencil test]. 

ɺ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [106, 107] ʟʘʜʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʘʢʩʦʥʦʤʠʠ 

ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʟʘʜʘʥʠʷ ʩ ʟʘʢʨʳʪʳʤ ʠ ʟʘʜʘʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʦʪʚʝʪʦʤ. 

ɿʘʜʘʥʠʷ ʩ ʟʘʢʨʳʪʳʤ ʦʪʚʝʪʦʤ: 

¶ ʟʘʜʘʥʠʷ ʩ ʜʚʫʤʷ ʦʪʚʝʪʘʤʠ (çʜʘ/ʥʝʪè, çʠʩʪʠʥʘ/ʣʦʞʴè) [true/false question]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʙʦʨ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʪ-

ʚʝʪʘ; 

¶ ʟʘʜʘʥʠʝ ʩ ʦʜʥʠʤ ʚʝʨʥʳʤ ʦʪʚʝʪʦʤ [multiple-choice question, MCQ]. ʇʨʝʜ-

ʧʦʣʘʛʘʝʪʩʷ ʚʳʙʦʨ ʦʜʥʦʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʪ-

ʚʝʪʘ; 

¶ ʟʘʜʘʥʠʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʨʥʳʤʠ ʦʪʚʝʪʘʤʠ [multiple-response question, 

MRQ]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʙʦʨ ʥʝʩʢʦʣʴʢʠʭ ʚʝʨʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ ʠʟ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʠʩʢʘ; 

¶ ʟʘʜʘʥʠʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ [matching question]. ʇʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʜʥʦʛʦ ʩʧʠʩʢʘ ʩ ʵʣʝʤʝʥ-

ʪʘʤʠ ʜʨʫʛʦʛʦ; 

¶ ʟʘʜʘʥʠʝ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʝʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [sequencing ques-

tion]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ (ʪʝʢʩʪʘ, ʨʠʩʫʥʢʦʚ, ʮʠʬʨ ʠ 

ʧʨʦʯ.) ʚ ʚʝʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʟʘʜʘʥʠʷ ʩ ʟʘʢʨʳʪʳʤ ʦʪʚʝʪʦʤ ʠʥʦʛʜʘ ʫʪʦʯʥʷʶʪʩʷ ʪʘʢʠʤʠ ʪʠ-

ʧʘʤʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʢʘʢ ʟʘʜʘʥʠʝ ʩ ʪʨʝʤʷ ʦʪʚʝʪʘʤʠ (ʚʘʨʠʘʥʪ ʟʘʜʘʥʠʷ ʩ ʦʜʥʠʤ 

ʚʝʨʥʳʤ ʦʪʚʝʪʦʤ, ʢʦʛʜʘ ʚʳʙʦʨ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟ ʪʨʸʭ ʘʣʴʪʝʨʥʘʪʠʚ) [106]; ʚʝʨʩʠʝʡ ʟʘ-

ʜʘʥʠʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʨʥʳʤʠ ʦʪʚʝʪʘʤʠ [108], ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʧʦ ʩʫʱʝʩʪʚʫ ʥʘʙʦʨ 
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ʟʘʜʘʥʠʡ ʩ ʜʚʫʤʷ ʚʝʨʥʳʤʠ ʦʪʚʝʪʘʤʠ, ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʚ ʟʘʜʘʥʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʩʪʘ-

ʥʦʚʣʝʥʠʝ (ʣʦʞʥʦʩʪʠ) ʥʝʩʢʦʣʴʢʠʭ ʚʳʩʢʘʟʳʚʘʥʠʡ ʠ ʧʨʦʯ. ʕʪʠ ʠ ʜʨʫʛʠʝ ʧʦʜʦʙʥʳʝ ʟʘ-

ʜʘʥʠʷ ʤʳ ʦʩʪʘʚʠʤ ʙʝʟ ʚʥʠʤʘʥʠʷ, ʢʘʢ ʜʦʧʫʩʢʘʶʱʠʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʫʪʸʤ ʢʦʤʙʠ-

ʥʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʷʪʠ ʚʠʜʦʚ ʟʘʜʘʥʠʷ. 

ɿʘʜʘʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʦʪʚʝʪʦʤ: 

¶ ʟʘʜʘʥʠʷ ʩ ʢʨʘʪʢʠʤ ʦʪʚʝʪʦʤ [short answer question, SAQ]. ʇʨʝʜʧʦʣʘʛʘʶʪ 

ʢʨʘʪʢʠʡ ʦʪʚʝʪ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʚ ʙʣʘʥʢ. ʅʘʧʨʠʤʝʨ, ʩʣʦʚʦ, 

ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ, ʬʦʨʤʫʣʫ, ʮʠʬʨʫ ʠ ʪ.ʧ.; 

¶ ʟʘʜʘʥʠʷ ʩ ʨʘʟʚʸʨʥʫʪʳʤ (ʩʚʦʙʦʜʥʦ-ʢʦʥʩʪʨʫʠʨʫʝʤʳʤ) ʦʪʚʝʪʦʤ [essay ques-

tion]. ʇʨʝʜʧʦʣʘʛʘʶʪ ʟʘʥʝʩʝʥʠʝ ʚ ʙʣʘʥʢ ʨʘʟʚʸʨʥʫʪʦʛʦ ʦʪʚʝʪʘ ʥʘ ʟʘʜʘʥʠʝ, 

ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʪʝʢʩʪʘ, ʩʭʝʤʳ, ʜʠʘʛʨʘʤʤʳ ʠ ʪ.ʧ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʷʶʪ ʟʘʜʘʥʠʷ ʩ ʢʨʘʪʢʠʤ ʦʪʚʝ-

ʪʦʤ ʥʘ ʜʦʧʦʣʥʝʥʠʝ [completion] [109] (ʪʝʢʩʪ ʪʨʝʙʫʝʪʩʷ ʚʧʠʩʘʪʴ ʚ ʤʝʩʪʘ ʧʨʦʧʫʩʢʦʚ); 

ʩ ʨʘʟʚʸʨʥʫʪʳʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʦʪʚʝʪʦʤ [structured essay question], ʧʨʝʜʧʦʣʘʛʘ-

ʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʪʚʝʪʘ ʥʘ ʟʘʜʘʥʠʷ, ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʫʢʘʟʘʥʥʳʭ ʜʚʫʭ ʪʠʧʦʚ ʟʘʜʘʥʠʡ. 

1.3.2 ʂʦʤʧʴʶʪʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʧʠʨʘʪʴʩʷ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʦʪʣʠʯʥʫʶ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʡ. ɹʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʦʨʛʘʥʠʟʘ-

ʪʦʨʦʚ ʪʝʩʪʦʚ. ɼʠʥʘʤʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʚ 90-ʝ ʛʦʜʳ XX ʚʝʢʘ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʡ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ɺ ʢʥʠʛʝ ɺʘʥ ʜʝʨ ʃʠʜʝʥʘ ʠ ɻʣʘʩʘ [43] ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ, 

ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʥʝʧʨʝʤʝʥʥʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʬʦʨʤʝ, ʥʘʟʚʘʥʳ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ (ʀʊɿ) [innovative 

items]. ɻʣʘʚʘ, ʧʦʩʚʷʱʸʥʥʘʷ ʪʘʢʩʦʥʦʤʠʠ ʀʊɿ, ʥʘʧʠʩʘʥʘ ʘʚʪʦʨʘʤʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʚʝ-

ʜʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ CAT ʚʦ ʛʣʘʚʝ ʩ ʉ. ʇʘʨʰʝʣ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʢʥʠʛʝ ʘʚʪʦʨʳ ʚʦ ʤʥʦʛʦʤ ʦʙʦʙʱʘʶʪ ʦʧʳʪ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ. ʊʘʢ, ʝʱʸ 1993 ʛʦʜʫ ɼ. ʂʦʭ ʚ ʩʪʘʪʴʝ [110] ʧʨʝʜʩʪʘ-

ʚʠʣ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʀʊɿ ʚ ʚʠʜʝ ʯʝʪʳʨʸʭʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʠ: 
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¶ ʟʘʜʘʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʪʨʘʜʠʮʠʦʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ; 

¶ ʟʘʜʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʙʦʣʝʝ ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʘʬʠʢʫ ʠ ʛʨʘʬʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ; 

¶ çʤʥʦʛʦʤʝʨʥʳʝè ʟʘʜʘʥʠʷ (ʪʨʝʙʫʶʪ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʣʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʝʡ); 

¶ ʩʠʪʫʘʪʠʚʥʳʝ ʟʘʜʘʥʠʷ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʪʝʢʩʪʦʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘ-

ʩʪʠ. 

ʇʦʟʞʝ, ʚ 1996 ʚ ʨʘʙʦʪʝ [111] ʉ. ʇʘʨʰʝʣ, ʈ. ʉʪʶʘʨʪ ʠ ɼ. ʈʠʪʪʝʨ ʚʚʝʣʠ ʧʦʥʷʪʠʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ çʢʦʥʪʠʥʫʫʤʘè, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʜʦʚ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʦʙʨʝʣʘ ʥʝʧʨʝʨʳʚʥʫʶ ʬʦʨʤʫ. ʊʠʧʳ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʷ-

ʣʠʩʴ ʦʪ ʞʸʩʪʢʦ ʦʛʨʘʥʠʯʝʥʥʳʭ (ʟʘʜʘʥʠʷ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʚʳʙʦʨʦʤ) ʜʦ ʢʨʘʡʥʝ ʩʚʦ-

ʙʦʜʥʳʭ (ʥʘʧʠʩʘʥʠʝ ʵʩʩʝ). 

ɺ ʨʘʙʦʪʝ [112], ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ 1998 ʛʦʜʫ ʥʘ ʂʦʣʣʦʢʚʠʫʤʝ ʧʦ ʢʦʤʧʴʶʪʝʨ-

ʥʦʤʫ ʪʝʩʪʠʨʦʚʘʥʠʶ ʚ ʌʠʣʘʜʝʣʴʬʠʠ, ʦʙʩʫʞʜʘʣʠʩʴ çʢʦʤʧʣʝʢʩʥʳʝè ʪʝʩʪʦʚʳʝ ʟʘʜʘ-

ʥʠʷ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʩʪʘʪʴʝ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʤʥʦʞʝʩʪʚʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʥʘʯʠʥʘʷ ʩ ʧʨʠʨʦʜʳ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʟʘʢʘʥʯʠʚʘʷ ʜʦʧʫ-

ʩʪʠʤʳʤʠ ʜʣʷ ʩʪʫʜʝʥʪʘ ʚʘʨʠʘʥʪʘʤʠ ʜʝʡʩʪʚʠʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʟʘʜʘʥʠʷ. 

ɺ ʩʝʜʴʤʦʡ ʛʣʘʚʝ ʢʥʠʛʠ [43] ʉ. ʇʘʨʰʝʣ, ʊ. ɼʝʚʠ ʠ ʇ. ʇʘʰʣʝʡ ʧʨʠʚʦʜʷʪ ʜʝʪʘʣʴ-

ʥʫʶ ʪʘʢʩʦʥʦʤʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ʈʘʟʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʠʡ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʷʪʠ ʢʦʤʧʦʥʝʥʪʘʤ: 

¶ ʬʦʨʤʘʪ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ. ʇʦʜ ʬʦʨʤʘʪʦʤ ʧʦʥʠʤʘʝʪʩʷ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʦʪʚʝʪʘ ʦʪ ʩʪʫʜʝʥʪʘ. ɺ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʢʘʩʘʶʱʝʡʩʷ ʪʨʘʜʠʮʠ-

ʦʥʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʬʦʨʤʘʪ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʪʠʧʦʤ; 

¶ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʦʪʚʝʪʘ ï ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʨʝʜʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʦʪʚʝʪʘ ʦʪ ʩʪʫʜʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʢʣʘʚʠʘʪʫʨʫ, ʤʳʰʴ, ʵʢʨʘʥ ʧʣʘʥ-

ʰʝʪʘ ʠ ʧʨ.; 

¶ ʚʢʣʶʯʝʥʠʝ ʤʫʣʴʪʠʤʝʜʠʘ ï ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʣʠ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʢʘʢ ʟʚʫʢ ʠʣʠ ʚʠʜʝʦ ʚ ʟʘʜʘʥʠʠ; 
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¶ ʫʨʦʚʝʥʴ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ï ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʨʝʘʢʮʠʠ ʟʘʜʘʥʠʷ ʥʘ 

ʦʪʚʝʪ ʠʣʠ ʜʝʡʩʪʚʠʷ ʩʪʫʜʝʥʪʘ; 

¶ ʘʣʛʦʨʠʪʤ ʦʮʝʥʠʚʘʥʠʷ ï ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʚʝʪʘ ʩʪʫ-

ʜʝʥʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ. 

ʉʦʛʣʘʩʥʦ [19] ʚʚʝʜʝʥʠʝ ʚ ʪʘʢʩʦʥʦʤʠʶ ʥʦʚʦʛʦ ʪʠʧʘ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ ʪʨʝʙʫʝʪ 

ʩʣʝʜʫʶʱʠʭ ʦʙʷʟʘʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ: 

¶ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʘʜʘʥʠʷ ï ʪʦ, ʢʘʢ ʩʦʩʪʘʚʣʝʥʦ ʟʘʜʘʥʠʝ, ʢʘʢʠʝ ʵʣʝ-

ʤʝʥʪʳ ʚʢʣʶʯʘʝʪ ʠ ʧʨ.; 

¶ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʪʚʝʪʘ ï ʢʘʢ ʚʳʛʣʷʜʷʪ ʦʪʚʝʪʳ ʥʘ ʟʘʜʘʥʠʝ (ʩʧʠʩʦʢ, 

ʧʦʣʝ ʚʚʦʜʘ, ʘʢʪʠʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʧʨ.); 

¶ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʦʩʪʨʦʝʥʠʷ ʦʪʚʝʪʘ ï ʚ ʢʘʢʦʡ ʬʦʨʤʝ ʩʪʫʜʝʥʪ ʟʘʜʘʸʪ 

ʦʪʚʝʪ; 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʦʚ ʠ ʧʨʘʚʠʣ ʦʮʝʥʠʚʘʥʠʷ ʟʘʜʘʥʠʷ ï ʚ ʩʘʤʦʤ ʧʨʦʩʪʦʤ 

ʩʣʫʯʘʝ: ʚ ʢʘʢʦʤ ʩʣʫʯʘʝ ʟʘʜʘʥʠʝ ʟʘʯʪʝʥʦ, ʘ ʚ ʢʘʢʦʤ ʥʝʪ; 

¶ ʧʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʠʷ ʟʘʜʘʥʠʷ ʪʝʤʝ, ʧʨʝʜʧʦʣʘʛʘʝ-

ʤʦʤʫ ʫʨʦʚʥʶ ʦʙʫʯʝʥʥʦʩʪʠ ʠ ʪ.ʧ. 

ʂʘʢ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ, ʪʘʢ ʠ ʚ ʥʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʧʦʩʦʙʦʤ ʧʦʩʪʨʦʝʥʠʷ ʦʪʚʝʪʘ ʠʩʧʳʪʫʝʤʳʤ (ʤʘʨ-

ʢʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ, ʚʧʠʩʳʚʘʥʠʝ ʠʣʠ ʚʧʝʯʘʪʳʚʘʥʠʝ ʪʝʢʩʪʘ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʚʳʜʝʣʝʥʥʦʝ ʤʝʩʪʦ, ʘʢʪʠʚʘʮʠʷ ʦʙʣʘʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʦʯ.). 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʇʉʋʅ ʪʘʢʩʦʥʦʤʠʷ ʪʝ-

ʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʙʳʣʠ ʦʯʝʚʠʜʥʳ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʪʝ-

ʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʢʘʞʜʦʝ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʪʠʧʘ 

ʦʜʥʦʟʥʘʯʥʦ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʧʨʦʯʠʭ ʟʘʜʘʥʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʦʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʪʝ-

ʩʪʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

¶ ʬʦʨʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʟʘʜʘʥʠʷ ʠ ʦʪʚʝʪʦʚ; 

¶ ʩʧʦʩʦʙ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʪʚʝʪʘ ʥʘ ʟʘʜʘʥʠʝ. 
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1.3.3 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʧʨʠʤʝʥʸʥʥʘʷ ʚ ʂʀʄʈɸ 

ʉ ʫʯʸʪʦʤ ʚʳʜʝʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʪʘʢʩʦʥʦʤʠʡ ʜʣʷ 

ʂʀʄʈɸ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ: 

1. ɸʣʴʪʝʨʥʘʪʠʚʳ. ʉʪʘʥʜʘʨʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ï ʨʘʜʠʦʢʥʦʧʢʠ [radio buttons]. 

1.1. ɸʣʴʪʝʨʥʘʪʠʚʘ [choice; alternative] ï ʚʳʙʦʨ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʟʘʠʤʦʠʩ-

ʢʣʶʯʘʶʱʠʭ ʚʘʨʠʘʥʪʦʚ. 

1.2.  ɹʠʥʘʨʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ [binary choice] (ʩʫʞʝʥʠʝ çɸʣʴʪʝʨʥʘʪʠʚʳè) ï 

ʚʳʙʦʨ ʠʟ ʜʚʫʭ ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʭ ʚʘʨʠʘʥʪʦʚ. 

2. ʆʧʮʠʠ. ʉʪʘʥʜʘʨʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ï ʯʝʢʙʦʢʩʳ [check boxes]. 

2.1.  ʆʧʮʠʠ (ʥʘʙʦʨ ʦʧʮʠʡ) [set of options] ï ʚʳʙʦʨ ʦʪ 0 ʜʦ N ʦʧʮʠʡ. 

2.2.  ʆʧʮʠʷ [option] ï ʚʳʙʦʨ ʦʪ 0 ʜʦ 1 ʦʧʮʠʠ. 

3. ʆʪʦʙʨʘʞʝʥʠʷ. ʉʪʘʥʜʘʨʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ï ʩʦʨʪʠʨʫʝʤʳʡ ʩʧʠʩʦʢ [list with 

sorting]. 

3.1.  ʉʦʧʦʩʪʘʚʣʝʥʠʝ [matching] ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝ-

ʤʝʥʪʘʤʠ ʜʚʫʭ ʤʥʦʞʝʩʪʚ. 

3.2.  ʋʧʦʨʷʜʦʯʝʥʠʝ [ranking] ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝ-

ʤʝʥʪʘʤʠ ʜʚʫʭ ʤʥʦʞʝʩʪʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʦ ʫʧʦʨʷʜʦʯʝʥʦ.  

4. ʇʨʦʩʪʳʝ ʨʝʜʘʢʪʦʨʳ. ʉʪʘʥʜʘʨʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ï ʧʦʣʝ ʚʚʦʜʘ ʪʝʢʩʪʘ [text area]. 

4.1.  ʂʦʨʦʪʢʠʡ ʪʝʢʩʪ [short text] ï ʚʚʦʜ ʩʪʨʦʢʠ ʩʠʤʚʦʣʦʚ. ʉʪʘʥʜʘʨʪʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ï ʨʝʜʘʢʪʦʨ ʦʜʥʦʩʪʨʦʯʥʦʛʦ ʪʝʢʩʪʘ [text editor]. 

4.2.  ʏʠʩʣʦ [number] ï ʚʚʦʜ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʯʠʩʣʘ. ʉʪʘʥʜʘʨʪʥʦʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ ï ʨʝʜʘʢʪʦʨ ʮʝʣʦʛʦ ʠʣʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʯʠʩʣʘ [integer or float number 

editor]. 

4.3.  ʌʦʨʤʫʣʘ [formula; mathematical expression] ï ʚʚʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʳ. ʉʪʘʥʜʘʨʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ï ʨʝʜʘʢʪʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ 

[mathematical formula editor]. 

4.4.  ʕʩʩʝ [essay] ï ʚʚʦʜ ʤʥʦʛʦʩʪʨʦʯʥʦʛʦ ʪʝʢʩʪʘ, ʚʦʟʤʦʞʥʦ ï ʬʦʨʤʘʪʠʨʦ-

ʚʘʥʥʦʛʦ. ʉʪʘʥʜʘʨʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ï ʨʝʜʘʢʪʦʨ ʤʥʦʛʦʩʪʨʦʯʥʦʛʦ ʪʝʢʩʪʘ 

[memo]. 

1   2   3   4   5

Text

666,42

¥(w) = » 

Essay
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5. ʂʦʤʧʣʝʢʩʥʳʝ ʨʝʜʘʢʪʦʨʳ. ʉʪʘʥʜʘʨʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʪ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʦʪʚʝʪʘ [answer designer]. 

5.1.  ɿʘʧʦʣʥʝʥʠʝ ʧʨʦʧʫʩʢʦʚ [filling gaps] ï ʚʚʦʜ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ 

ʩʪʨʦʢ ʩʠʤʚʦʣʦʚ ʚ ʧʦʣʷ ʚʚʦʜʘ ʚ ʚʠʜʝ ʧʨʦʧʫʩʢʦʚ ʚ ʬʦʨʤʘʪʠʨʦʚʘʥʥʦʤ ʪʝʢʩʪʝ. 

5.2.  ʂʦʤʧʣʝʢʩʥʳʡ ʦʪʚʝʪ (ʢʦʥʩʪʨʫʢʪʦʨ ʦʪʚʝʪʘ) [Complex designer; 

Complex constructor] ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʬʦʨʤʘ ʚʚʦʜʘ ʘʨʪʝʬʘʢʪʘ 

ʥʝʢʦʪʦʨʦʛʦ ʪʠʧʘ. ɸʨʪʝʬʘʢʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʭʦʜʥʳʡ ʢʦʜ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʜʠʘʛʨʘʤʤʘ ʠ ʜʨ. 

1.4 ʌʦʨʤʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ʇʨʦʙʣʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ʬʦʨʤʝ, ʧʦʚʳʰʝʥʠʷ ʫʜʦʙʩʪʚʘ 

ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ ʪʝʩʪʦʚ ʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ʩʠʩʪʝʤʳ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ 

ʥʝ ʥʦʚʘ. ʀʟʚʝʩʪʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘ-

ʜʘʥʠʡ (ʪʘʙʣʠʮʘ 1.1), ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʘʷ ʠʭ ʧʦʜʙʦʨʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʘʡʪʝ 

[113]. 

ʊʘʙʣʠʮʘ 1.1 ï ʅʝʢʦʪʦʨʳʝ ʬʦʨʤʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ʅʘʟʚʘʥʠʝ 

ʬʦʨʤʘʪʘ 
ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʇʨʠʤʝʨʳ 

ʧʦʜʜʝʨʞʠʚʘ-

ʶʱʝʛʦ ʇʆ 

ʉʩʳʣʢʘ 

AIEKEN Tʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ ʠʤʧʦʨʪʘ ʪʝ-

ʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚ 

LMS Moodle, 

LMS E-Front 

https://docs.moo-

dle.org/29/en/Aiken_format 

[114] 

GIFT ʊʝʢʩʪʦʚʳʡ UTF-8 ʬʦʨʤʘʪ ʠʤ-

ʧʦʨʪʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʧʦʜʜʝʨ-

ʞʠʚʘʶʱʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʣʴ-

ʪʝʨʥʘʪʠʚ, ʦʧʮʠʡ, ʦʪʦʙʨʘʞʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʧʨʦʩʪʳʭ ʨʝʜʘʢʪʦʨʦʚ (ʢʦ-

ʨʦʪʢʠʡ ʪʝʢʩʪ ʠ ʯʠʩʣʦ) 

LMS Moodle, 

LMS E-Front 

https://docs.moo-

dle.org/29/en/GIFT_format [115] 

MoodleXML XML -ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʵʢʩ-

ʧʦʨʪʘ/ʠʤʧʦʨʪʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘ-

ʥʠʡ. ʌʦʨʤʘʪ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝ ʞʝ 

ʚʠʜʳ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʯʪʦ ʠ 

GIFT, ʥʦ ʜʦʧʫʩʢʘʝʪ ʠʤʧʦʨʪ ʠʟʦʙ-

ʨʘʞʝʥʠʡ 

LMS Moodle 

Quiz module 

https://docs.moo-

dle.org/29/en/Moo-

dle_XML_format [116] 

_ _ _..     .....

Execute
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Blackboard ʊʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ ʠʤʧʦʨʪʘ ʪʝ-

ʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʵʣʝʤʝʥʪʦʚ 

ʦʧʨʦʩʥʠʢʦʚ. ʇʦʜʜʝʨʞʠʚʘʝʪ ʪʝ-

ʩʪʦʚʳʝ ʟʘʜʘʥʠʷ: ʘʣʴʪʝʨʥʘʪʠʚʳ, 

ʦʧʮʠʠ, ʦʪʦʙʨʘʞʝʥʠʷ, ʧʨʦʩʪʳʝ ʨʝ-

ʜʘʢʪʦʨʳ (ʢʦʨʦʪʢʠʡ ʪʝʢʩʪ ʠ 

ʯʠʩʣʦ), ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘ-

ʥʠʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ ʚʠʜʘ, ʥʘʧʨʠʤʝʨ, ʰʢʘʣʘ 

ʃʠʢʝʨʪʘ. 

Blackboard, 

LMS Moodle 

https://help.blackboard.com/en-

us/Learn/9.1_SP_10_and_SP_11

/Instructor/070_Tests_Sur-

veys_Pools/106_Upload-

ing_Questions#question_format 

[117] 

SCORM/ 

AICC 

XML-ʬʦʨʤʘʪ ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ, 

ʚʢʣʶʯʘʶʱʠʡ ʩʨʝʜʠ ʧʨʦʯʝʛʦ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʪʝʩʪʦ-

ʚʳʭ ʟʘʜʘʥʠʡ: ʘʣʴʪʝʨʥʘʪʠʚ, ʦʧʮʠʡ 

ʠ ʧʨʦʩʪʳʭ ʨʝʜʘʢʪʦʨʦʚ (ʢʦʨʦʪʢʠʡ 

ʪʝʢʩʪ). 

LMS Moodle, 

Blackboard, 

IMS Content 

package in 

Cecil 7, Share-

Point LMS, 

Scorm assess-

ment engine 

https://docs.google.com/docu-

ment/d/1zzLk8sp3MHsnLCNeA

JbqRcMv-

DIg8Y4J0oRAUro5gbk/edit 

[118] 

WebCT ʊʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ ʠʤʧʦʨʪʘ ʪʝ-

ʩʪʦʚʳʭ ʟʘʜʘʥʠʡ: ʘʣʴʪʝʨʥʘʪʠʚ, ʦʧ-

ʮʠʡ ʠ ʧʨʦʩʪʳʭ ʨʝʜʘʢʪʦʨʦʚ (ʢʦ-

ʨʦʪʢʠʡ ʪʝʢʩʪ, ʯʠʩʣʦ, ʵʩʩʝ). ʌʦʨ-

ʤʘʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʢʣʶʯʝʥʠʝ 

ʨʠʩʫʥʢʦʚ ʚ ʪʝʢʩʪ ʟʘʜʘʥʠʡ. ɼʣʷ ʢʦ-

ʨʦʪʢʦʛʦ ʪʝʢʩʪʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʧʫʩʢʦʚ. 

Blackboard, 

LMS Moodle 

https://docs.moo-

dle.org/29/en/Import_ques-

tions#WebCT_format [119] 

QTI/APIP ʉʧʝʮʠʬʠʢʘʮʠʷ ʬʦʨʤʘʪʘ ʠʤ-

ʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘ-

ʥʠʷʤʠ, ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʣʶʙʦʝ 

ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ ʠʣʠ ʟʘʜʘʥʠʝ 

ʦʧʨʦʩʥʠʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʜʘʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʛʨʘʬʠʢʫ, ʤʫʣʴʪʠʤʝ-

ʜʠʘ, ʘ ʪʘʢʞʝ ʟʘʜʘʥʠʷ ʜʣʷ ʘʜʘʧʪʠʚ-

ʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

Respondus 4.0, 

TAO v.2.6.5, 

ONYX Test-

suite v5.3.1 

http://www.imsglobal.org/ques-

tion/ [120] 

ʆʪʤʝʪʠʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ʜʣʷ ʦʪʜʝʣʴ-

ʥʳʭ ʩʠʩʪʝʤ, ʥʘʮʝʣʝʥʥʳʤʠ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʷʤʠ ʚ ʦʪʜʝʣʴʥʳʭ ʬʘʡʣʘʭ ʠ ʠʭ ʠʤʧʦʨʪʘ ʚ ʪʝʩʪʦʚʳʝ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, 

MoodleXML, WebCT, Blackboard ʠ ʧʨʦʯ. ʆʪʜʝʣʴʥʳʝ ʬʦʨʤʘʪʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʠʩʭʦʜʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʦʧʨʦʩʥʠʢʦʚ [quiz] LMS 

Moodle ʬʦʨʤʘʪʳ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʠ ʜʨʫʛʠʤʠ LMS ʠ ʪʝʩʪʦʚʳʤʠ ʩʠʩʪʝ-

ʤʘʤʠ. 

ʌʦʨʤʘʪʳ ʵʢʩʧʦʨʪʘ/ʠʤʧʦʨʪʘ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʜʣʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ, ʥʝ ʥʘʮʝʣʝʥʳ ʥʘ 

ʛʠʙʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʤʝʥʥʦ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ SCORM ʜʦʧʫʩʪʠʤʦ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ (ʥʝ ʚʩʝʭ) ʚʠʜʦʚ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʪʨʘʜʠʮʠ-

ʦʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ (ʪʘʙʣʠʮʘ 1.1). 

ʅʘʠʙʦʣʝʝ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʬʦʨʤʘʪʦʚ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʦʥʩʦʨʮʠʫʤʦʤ IMS Global learning [121]. ʉʧʝʮʠ-

ʘʣʠʩʪʘʤʠ IMS ʢ 2012 ʛʦʜʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʬʠʢʘʮʠʷ IMS Question and Test 

interoperability specification (QTI v2.1) [120], ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʪʝ-

ʩʪʦʚ ʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʜʣʷ ʙʘʥʢʦʚ ʠ ʪʝʩʪʦʚʳʭ ʩʠʩʪʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʯʘʩʪʥʠ-

ʢʘʤʠ ʘʣʴʷʥʩʘ QTI/APIP. ʆʩʥʦʚʘʥʥʳʡ ʥʘ QTI v2.1 ʧʨʦʪʦʢʦʣ Accessible portable item 

protocol (APIP v1.0) [122] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʝʣʴ ʜʘʥʥʳʭ, ʩʪʘʥʜʘʨʪʠʟʠʨʫʶʱʫʶ 

ʬʦʨʤʘʪ ʬʘʡʣʦʚ ʜʣʷ ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʩʦ-

ʧʨʦʚʦʞʜʝʥʠʷ, QTI/APIP ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʦʢʘ ʥʝ ʩʪʘʣʘ ʧʦʚʩʝʤʝʩʪʥʦʡ ʧʨʘʢʪʠʢʦʡ ï 

ʪʘʢ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʩʪʘʥʜʘʨʪʘ Learning tools in-

teroperability (LTI v1.0 ʠ LTI v1.1). ʉʨʝʜʠ ʙʦʣʝʝ ʩʪʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʘʡʪʝ IMS, QTI/APIP ʩʦʚʤʝʩʪʠ-

ʤʦʩʪʴ ʚ ʩʚʦʠʭ ʧʨʦʜʫʢʪʘʭ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʙʦʣʝʝ ʜʝʩʷʪʠ. 

ʀʟʫʯʠʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʩʣʦʞʠʚʰʠʡʩʷ ʨʳʥʦʢ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ ʧʦʜʜʝʨʞʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʘʢʪʫʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦ-

ʮʝʩʩʦʚ ʧʦʜʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʘʚʪʦʨ ʨʘʟʨʘʙʦʪʘʣ ʦʨʠʛʠ-

ʥʘʣʴʥʳʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ, ʬʠʛʫʨʠʨʫʶʱʠʭ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘ-

ʥʠʠ. 

ɼʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʩʠʩʪʝʤʳ ʂʀʄʈɸ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ JSON-ʦʩʥʦʚʘʥʥʳʡ ʬʦʨʤʘʪ. ʊʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʬʦʨ-

ʤʘʪʘ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʦʙʱʝʤʫ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʬʦʨ-

ʤʘʪʦʚ ʵʢʩʧʦʨʪʘ/ʠʤʧʦʨʪʘ ï QTI/APIP. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʥ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʣʝʜʥʠʤʠ 

ʚʝʨʩʠʷʤʠ ʤʦʜʫʣʝʡ ʢʦʥʪʨʦʣʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦ-

ʮʝʩʩʦʤ [learning management systems, LMSs] ʠ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ, ʥʘʧʨʠʤʝʨ, 

Respondus, ONYX, Canvas. 
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1.5 ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ  

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʣʦʞʝʥ ʦʙʟʦʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʦʣʴʢʦ ʥʘ ʧʦʜʜʝʨʞʢʫ 

ʧʨʦʮʝʩʩʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʪʘʢ ʠ ʤʦʜʫʣʠ ʢʦʤʧʣʝʢʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʳʭ ʥʘ ʧʦʜʜʝʨʞʢʫ ʪʨʘʜʠʮʠʦʥʥʦʛʦ (ʦʯʥʦʛʦ) ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʤʘʩʩʦʚʳʭ ʦʪʢʨʳʪʳʭ ʦʥʣʘʡʥ ʢʫʨʩʦʚ ʠ ʧʨʦʯʠʝ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ [123, 13, 124, 125, 57, 58] ʦʧʠʩʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʘʥʢʘʤ ʪʝʩʪʦ-

ʚʳʭ ʟʘʜʘʥʠʡ (ɹʊɿ). ʋʯʠʪʳʚʘʷ ʠʭ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʙʘʥʢʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʂʀʄ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʇʉʋʅ ʩʬʦʨʤʫʣʠʨʫʝʤ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʨʘʥʠʣʠʱʫ ʂʀʄ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʦ ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʢ ɹʊɿ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʵʪʦʛʦ ʙʫʜʫʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʇʉʋʅ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʦʜʜʝʨʞʢʫ ʧʨʦʮʝʩʩʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ 

ʤʦʜʫʣʠ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʪʨʘʜʠʮʠʦʥʥʳʡ (ʦʯʥʳʡ) ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʤʘʩʩʦʚʳʝ ʦʪʢʨʳʪʳʝ ʦʥʣʘʡʥ ʢʫʨʩ rʠ ʧʨʦʯʠʝ. 

 ʂʨʠʪʝʨʠʠ ʚʢʣʶʯʝʥʠʷ/ʠʩʢʣʶʯʝʥʠʝ ʇʉʋʅ ʚ ʦʙʟʦʨ. ʇʦʩʢʦʣʴʢʫ ʜʦʤʠʥʠʨʫʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʷʚʣʷʶʪʩʷ ʩʝʪʝʚʤrʠ, ʪʦ ʚ ʦʙʟʦʨ ʚʢʣʶʯʝʥʳ 

ʩʝʪʝʚʳʝ ʇʉʋʅ ʠʣʠ ʤʦʜʫʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ɹʊɿ, ʠʩʢʣʶ-

ʯʝʥʳ ʧʦʣʥʦʩʪʴʶ ʧʨʦʧʨʠʝʪʘʨʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʧʦʜ-

ʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʟʘʢʨʳʪʳʭ ʤʘʩʰʪʘʙ-

ʥʳʭ ʪʝʩʪʠʨʦʚʘʥʠʷʭ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʝʡ. ʄʦʜʫʣʠ ʠ ʇʉʋʅ (ɹʊʉʀʄ, 

Moodle Quiz Module, Respondus, TAO, Learnosity, ʉɼʆ çʇʨʦʤʝʪʝʡè, OpenEdx) ʦʮʝ-

ʥʝʥʳ ʧʦ 21 ʢʨʠʪʝʨʠʶ.  

ʂʨʠʪʝʨʠʠ ʩʨʘʚʥʝʥʠʷ ʇʉʋʅ: 1.1. ʇʦʜʜʝʨʞʢʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʘʢʩʦʥʦʤʠʠ ʊɿ; 

1.2. ʇʦʜʜʝʨʞʢʘ ʢʦʤʧʴʶʪʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʘʢʩʦʥʦʤʠʠ ʊɿ; 1.3. ʇʦʜʜʝʨʞʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʪʠʧʦʚ ʊɿ; 2. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʢʠ ɹʊɿ; 3. ʇʦʜʜʝʨʞʢʘ ʧʝʨʚʠʯ-

ʥʳʭ ʙʘʣʣʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ; 4. ʅʘʣʠʯʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦ-

ʚʘʥʠʷ ʧʦ ʦʜʥʦʡ ʠʟ ʪʝʦʨʠʡ ʪʝʩʪʠʨʦʚʘʥʠʷ; 5. ʕʢʩʧʦʨʪ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʬʦʨʤʘʪʘʭ CSV, 

JSON, XML; 6. ʕʢʩʧʦʨʪ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʜʨʫʛʠʭ ʬʦʨʤʘʪʘʭ; 7. ɼʦʩʪʫʧʥʦʩʪʴ ʧʦ ʩʝʪʠ ʀʥ-

ʪʝʨʥʝʪ; 8. ʅʘʣʠʯʠʝ ʨʝʞʠʤʘ ʟʘʱʠʱʸʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ; 9. ʇʦʜʜʝʨʞʢʘ ʚʝʨʩʠʦʥʠʨʦ-



 

 

40 

ʚʘʥʠʷ ɹʊɿ; 10. ʅʘʣʠʯʠʝ API; 11. ʇʦʜʜʝʨʞʢʘ ʯʘʩʪʥʳʭ (ʩʦʙʩʪʚʝʥʥʳʭ) ʬʦʨʤʘʪʦʚ ʠʤ-

ʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ ʊɿ; 12. ʇʦʜʜʝʨʞʢʘ SCORM ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ; 13. ʇʦʜʜʝʨʞʢʘ RDF 

ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ; 14. ʇʦʜʜʝʨʞʢʘ QTI/APIP ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ; 15. ʇʨʦʧʨʠʝʪʘʨ-

ʥʦʩʪʴ;16. ʅʘʣʠʯʠʝ ʤʦʙʠʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʩʦ ʩʪʦʨʦʥʥʠʤ 

ʤʦʙʠʣʴʥʳʤ ʢʣʠʝʥʪʦʤ; 17.1. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ *nix OC; 17.2. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʆʉ 

Windows; 17.3. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ MacOS; 18. ʅʝ ʪʨʝʙʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʩʪʦʨʦʥʥʝʛʦ ʧʣʘʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʜʦʤʠʥʠʨʫʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʷʚʣʷʶʪʩʷ 

ʩʝʪʝʚʳʤʠ, ʪʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʦʙʟʦʨʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ 

ʥʘʣʠʯʠʶ ʚ ʥʠʭ ʪʦʣʩʪʦʛʦ ʠ/ʠʣʠ ʪʦʥʢʦʛʦ ʢʣʠʝʥʪʘ. 

1.5.1 ʉʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ, ʚʢʣʶʯʘʶʱʠʝ ʪʦʣʩʪʳʡ ʢʣʠʝʥʪ 

1.5.1.1 ʂʦʤʧʣʝʢʩ çɹʘʥʢʠʨ-ʊʝʩʪʝʨ-ʉʪʘʪʀʥʬʦ-ʄʘʨʢʝʨè 

ʇʦʧʫʣʷʨʥʳʡ ʩʨʝʜʠ ʨʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʢʦʤʧʣʝʢʩ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ  

ɺ.ʀ. ʅʘʨʜʶʞʝʚʳʤ ʠ ʀ.ɺ. ʅʘʨʜʶʞʝʚʳʤ çɹʘʥʢʠʨ-ʊʝʩʪʝʨ-ʉʪʘʪʀʥʬʦ-ʄʘʨʢʝʨè 

(ɹʊʉʀʄ), ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ [48]. 

ʇʨʦʛʨʘʤʤʘ çɹʘʥʢʠʨè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʥʘ ʥʘʢʦʧʣʝʥʠʷ ɹʊɿ ʠ ʛʝʥʝʨʘʮʠʠ ʪʝʩʪʘ ʩ 

ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʚʨʝʤʝʥʠ, ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʘʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʢʣʶ-

ʯʝʥʠʷ ʟʘʜʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ). ɺ ɹʊɿ ʤʦʛʫʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ ʟʘʜʘʥʠʷ ʚʠ-

ʜʦʚ: ʘʣʴʪʝʨʥʘʪʠʚʳ, ʦʧʮʠʠ ʠ ʧʨʦʩʪʦʡ ʨʝʜʘʢʪʦʨ (ʯʠʩʣʦ ʠ ʢʦʨʦʪʢʠʡ ʪʝʢʩʪ). ʕʢʩʧʦʨʪ 

ʪʝʩʪʘ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʬʦʨʤʘʪʝ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ çʊʝʩʪʝʨè. 

ɺʳʛʨʫʟʢʘ ʟʘʜʘʥʠʡ ʚ ʪʝʩʪ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ. 

ʇʨʦʛʨʘʤʤʘ çʊʝʩʪʝʨè ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʣʦ-

ʢʘʣʴʥʦʤ ʠ ʩʝʪʝʚʦʤ. ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʚʨʝʤʝʥʠ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ, ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʦʪʦʢʦʣ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʠʥʪʝʛʨʘʣʴʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʧʦ ʪʝʩʪʫ, ʬʦʨʤʠʨʫʶʱʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦ ʪʝʩʪʫ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ. ʇʨʦ-

ʩʤʦʪʨʝʪʴ ʧʨʦʪʦʢʦʣ ʩ ʧʨʝʜʲʷʚʣʝʥʠʝʤ ʚʝʨʥʳʭ ʠ ʥʝʚʝʨʥʳʭ ʦʪʚʝʪʦʚ ʧʦ ʢʘʞʜʦʤʫ ʟʘʜʘ-

ʥʠʶ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʘ çʄʘʨʢʝʨè. 
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ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʣʶʩʦʤ ʧʨʦʛʨʘʤʤʳ çʊʝʩʪʝʨè ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴʩʢʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʨʦʯʠʤ ʧʨʦʛʨʘʤʤʘʤ ʠ ʨʝʩʫʨʩʘʤ ʢʦʤʧʴʶʪʝʨʘ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʣʘʛʠʘʪ. ʆʪʤʝʪʠʤ, ʦʜʥʘʢʦ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʧʝʨʚʳʝ ʚʝʨʩʠʠ ɹʊʉʀʄ 

ʧʦʷʚʠʣʠʩʴ ʝʱʸ ʥʘ ʟʘʨʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ, ʚ 1999 ʛʦʜʫ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʨʝʜʩʪʚʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦ-

ʩʪʫʧʘ ʢ ʟʘʱʠʱʸʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ɹʊʉʀʄ. 

ʇʦʩʢʦʣʴʢʫ ʘʚʪʦʨʘʤʠ ɹʊʉʀʄ ʙʘʥʢ ʪʨʘʢʪʫʝʪʩʷ çʢʘʢ ʥʘʙʦʨ ʟʘʜʘʥʠʡ, ʢʘʞʜʦʝ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʠʥʠʤʫʤ ʦʜʠʥ ʚʘʨʠʘʥʪè [48], ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ 

çɹʘʥʢʠʨè ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʮʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʦʜʜʝʨʞʢʠ ɹʊɿ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ɹʊɿ ʧʦʤʠʤʦ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʣʠ 

ʩʚʷʟʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʚʝʨʩʠʠ ʠ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʷʭ ʪʝʩʪʦ-

ʚʳʭ ʟʘʜʘʥʠʡ ʠ ʧʨʦʯʫʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʠ ʪʝʭʥʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺ 

ʢʦʤʧʣʝʢʩ ɹʊʉʀʄ ʘʨʭʠʪʝʢʪʫʨʥʦ ʥʝ ʟʘʣʦʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ 

ʤʝʞʜʫ çɹʘʥʢʠʨʦʤè ʠ çʉʪʘʪʀʥʬʦè ï ʧʨʦʛʨʘʤʤʦʡ çʦʧʝʨʘʪʠʚʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷè [48]. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʦʛʨʘʤʤʘ çʉʪʘʪʀʥʬʦè ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʧʨʦ-

ʪʦʢʦʣʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ çʊʝʩʪʝʨè ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʪʯʸʪʦʚ ʦʙʱʝʛʦ ʚʠʜʘ: ʢʦʣʠʯʝʩʪʚʦ ʪʝʩʪʠʨʫ-

ʝʤʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʩʪʠʨʫʝʤʳʭ ʧʦ ʦʮʝʥʢʘʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʰʢʘʣʳ, ʜʠʩʮʠʧʣʠʥʘʤ 

ʠ ʧʨʦʯ.  ʉʨʝʜʠ ʬʫʥʢʮʠʡ çʉʪʘʪʀʥʬʦè ʦʪʩʫʪʩʪʚʫʶʪ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʥʘʯʠʥʘʷ ʩ CTT. ʊʘʢʞʝ ʥʝ ʨʝʘ-

ʣʠʟʦʚʘʥʳ ʤʦʜʝʣʠ IRT ʠ TRT, ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. çʉʪʘʪʀʥʬʦè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʦʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝ-

ʩʪʠʨʦʚʘʥʠʡ ʚ ʚʠʜʝ ʪʝʢʩʪʘ ʩ ʨʘʟʜʝʣʠʪʝʣʷʤʠ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʚʳʛʨʫʟʢʠ ʚʦʟʤʦʞʝʥ 

ʪʦʣʴʢʦ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʪʦʨʦʥʥʠʭ ʩʨʝʜʩʪʚ. 

ʆʛʨʘʥʠʯʝʥʠʷ ɹʊʉʀʄ ʩʦʩʪʦʷʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ:  

¶ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʠʜʘʤ ʜʦʧʫʩʪʠʤʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘ-

ʥʠʡ, ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʣʥʦʩʪʴʶ ʜʘʞʝ ʟʘʜʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ; 



 

 

42 

¶ ʥʘ ʫʨʦʚʥʝ ɹʊɿ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʷ ʟʘʜʘʥʠʡ ʠ ʭʨʘʥʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʣʫʯʝʥ-

ʥʳʭ ʚ ʠʪʦʛʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ; 

¶ ʥʝ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ɹʊɿ; 

¶ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝ-

ʪʦʜʘʤʠ CTT, IRT ʠ TRT; 

¶ ʦʧʝʨʠʨʫʝʪ ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʳʤ ʬʦʨʤʘʪʦʤ ʵʢʩʧʦʨʪʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ 

ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʠ ʦʜʥʦʛʦ ʠʟʚʝʩʪʥʦʛʦ ʬʦʨʤʘʪʘ ʵʢʩʧʦʨʪʘ/ʠʤʧʦʨʪʘ; 

¶ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʪʦʣʴʢʦ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Windows. 

1.5.2 ʉʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ, ʚʢʣʶʯʘʶʱʠʝ ʪʦʥʢʠʡ ʢʣʠʝʥʪ  

1.5.2.1 ʇʦʜʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʦʧʨʦʩʦʚ Moodle Quiz Module 

ʇʦʜʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʦʧʨʦʩʦʚ Quiz Module LMS Moodle ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʶ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ, ʩʦʭʨʘʥʷʪʴ, ʠ ʦʙʲʝʜʠʥʷʪʴ ʟʘʜʘʥʠʷ ʚ ʦʧʨʦʩ-

ʥʠʢʠ. 

ʅʘ ʫʨʦʚʥʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʫʧʨʘʚʣʝʥʠʝ ʙʘʥʢʦʤ ʚʦʧʨʦʩʦʚ ʚ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʠʥʳ 

ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ Question Bank [126]. Moodle Quiz ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʜʠʩʮʠ-

ʧʣʠʥʘʭ. ʕʪʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʦʩʪʫʧʥʘ ʥʘ ʫʨʦʚʥʝ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʙʘʥʢʘ ʚʦʧʨʦ-

ʩʦʚ. 

ʂʘʢ ʠ ʚ ɹʊʉʀʄ ɹʊɿ ʚ Quiz Module ʥʝ ʷʚʣʷʝʪʩʷ ɹʊɿ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʚʝʨʩʠʦʥʠʨʦʚʘʥʥʦʝ ʭʨʘʥʠʣʠʱʝ ʚʦʧʨʦʩʦʚ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʦʧʨʦʩʥʠʢʦʚ. 

ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ: ʘʣʴʪʝʨʥʘʪʠʚʳ, ʦʧʮʠʠ, ʦʪʦʙʨʘʞʝʥʠʷ, ʧʨʦ-

ʩʪʳʝ ʢʦʥʩʪʨʫʢʪʦʨʳ (ʯʠʩʣʦ ʠ ʢʦʨʦʪʢʠʡ ʪʝʢʩʪ), ʵʩʩʝ, ʘ ʪʘʢʞʝ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʨʝʜʫ-

ʩʤʦʪʨʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʦʡ Moodle ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʧʣʘʛʠʥʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʚʝʨʩʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʥʘʧʨʠʤʝʨ, drag 

and drop ʦʪʦʙʨʘʞʝʥʠʷ, ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʩ ʧʨʦʩʪʳʤʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʚʚʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤʫʣ, ʘ ʪʘʢʞʝ ʟʘʜʘʥʠʷ ʩ ʢʦʤʧʣʝʢʩ-

ʥʳʤʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʦʪʚʝʪʘ [127]. 
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ʕʢʩʧʦʨʪ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚʦʟʤʦʞʝʥ ʚ ʬʦʨʤʘʪʘʭ GIFT, MoodleXML ʠ XHTML. 

ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʤʧʦʨʪ ʟʘʜʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʬʦʨʤʘʪʘʭ GIFT, MoodleXML, 

AIKEN, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʘʪʘʭ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤ, ʥʘʧʨʠʤʝʨ, WebCT, Blackboard, Di-

ploma 6, ʧʦʣʥʳʡ ʦʙʥʦʚʣʷʝʤʳʡ ʩʧʠʩʦʢ ʜʦʩʪʫʧʝʥ ʥʘ ʩʘʡʪʝ ʜʦʢʫʤʝʥʪʘʮʠʠ Moodle 

[128]. 

ʇʦʩʢʦʣʴʢʫ Quiz Module ʥʝ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ ʜʣʷ 

ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʥʫʞʜ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ Safe Exam Browser, ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʢʦʪʦʨʦʛʦ ʟʘʣʦʞʝʥʦ ʧʨʠʣʦʞʝʥʠʝ, 

ʧʝʨʝʚʦʜʷʱʝʝ ʢʦʤʧʴʶʪʝʨ ʚ ʨʝʞʠʤ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ (çʨʝʞʠʤ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ ʢʠʦʩʢʘè), ʢʦʛʜʘ ʟʘʧʫʩʢ ʩʪʦʨʦʥʥʠʭ ʧʨʠʣʦʞʝʥʠʡ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʵʪʠʤ ʧʨʠʣʦ-

ʞʝʥʠʝʤ [129].  

ɺʦʧʨʦʩʥʠʢ ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦ ʠʪʦʛʘʤ ʧʨʦʭʦʞʜʝ-

ʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʫʯʘʩʪʥʠʢʘʤ ʧʦʤʠʤʦ ʥʘʙʨʘʥʥʳʭ ʙʘʣʣʦʚ ʧʨʝʜʦʩʪʘʚʣʷʣʘʩʴ ʦʙʨʘʪʥʘʷ 

ʩʚʷʟʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʝʩʪʘ (ʚʝʨʥʦ ʠ ʥʝʚʝʨʥʦ ʦʪʚʝʯʝʥʥʳʝ ʚʦʧʨʦʩʳ, ʢʦʤʤʝʥʪʘʨʠʠ ʢ 

ʦʪʚʝʪʘʤ). 

ɼʣʷ ʧʝʨʚʠʯʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʩʨʝʜʩʪʚʘʤʠ Quiz Module, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ CTT [130]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʚʝʨʦʢ ʩʦʛʣʘʩʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʚʠʯʥʳʭ ʙʘʣʣʦʚ ʩ ʥʦʨʤʘʣʴʥʳʤ, ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʠʪʦʛʘʤ 

ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʙʝʟʦʛʦʚʦʨʦʯʥʦ ʚʘʣʠʜʥʳʤʠ. 

1.5.2.2 ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʝʤ ʟʥʘʥʠʡ Respondus 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ Respondus 4.0 [131] ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥ-

ʩʪʨʫʤʝʥʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʢʦʥʪʨʦʣʴʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʚ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʬʦʨʤʝ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʟʘʜʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʚ ʙʫʤʘʞʥʦʤ 

ʚʠʜʝ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ LMS, ʥʘʧʨʠʤʝʨ, Blackboard, Moodle, Canvas ʠ ʜʨ. 

Respondus 4.0 ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ, ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘ-

ʶʱʠʤʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʕʢʩʧʦʨʪ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʜʦʩʪʫʧʝʥ ʚ ʯʘʩʪ-
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ʥʳʝ ʬʦʨʤʘʪʳ ʧʦʧʫʣʷʨʥʳʭ LMS ʠ ʬʦʨʤʘʪ IMS QTI. ʀʤʧʦʨʪʠʨʦʚʘʪʴ ʟʘʜʘʥʠʷ ʜʦʧʫ-

ʩʪʠʤʦ ʠʟ ʜʦʢʫʤʝʥʪʦʚ MS Word (ʚʢʣʶʯʘʷ ʠʟʦʙʨʘʞʝʥʠʷ), ʪʝʢʩʪʦʚʳʭ ʨʝʜʘʢʪʦʨʦʚ, ʬʦʨ-

ʤʘʪʦʚ CSV ʠ IMS QTI. 

ɹʝʟ ʩʦʤʥʝʥʠʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠ ʥʝʦʩʧʦʨʠʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ Respondus 4.0 ʙʘʥʢʦʚ ʪʝʩʪʦʚ, ʜʦ-

ʩʪʫʧʥʳʭ ʯʝʨʝʟ ʩʝʨʚʠʩ Respondus Test Bank Network. ʕʪʠ ʙʘʥʢʠ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʚʝ-

ʜʫʱʠʤʠ ʠʟʜʘʪʝʣʴʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʫʯʝʙʥʠʢʦʚ ʜʣʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʝʧʦʜʘ-

ʚʘʪʝʣʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʥʠʛʠ ʚ ʫʯʝʙʥʳʭ ʢʫʨʩʘʭ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ 

ʙʝʩʧʣʘʪʥʳʡ ʜʦʩʪʫʧ ʢ ʵʪʦʤʫ ʩʝʨʚʠʩʫ. 

ʊʝʩʪʳ ʠ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʙʘʥʢʘʭ Respondus Network, ʷʚ-

ʣʷʶʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ, ʥʝ ʩʦʜʝʨʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʦʙʭʦʜʠ-

ʤʳʭ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ɹʊɿ. ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ Respondus Test 

Bank Network ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʝʱʸ ʦʜʥʠʤ ʥʝʚʝʨʩʠʦʥʠʨʦʚʘʥʥʳʤ ʭʨʘʥʠʣʠʱʝʤ ʪʝ-

ʩʪʦʚʳʭ ʟʘʜʘʥʠʡ.  

ɹʨʘʫʟʝʨ Respondus LockDown Browser ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʩʪʚʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʠ ʩʨʝʜʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʅʘ ʚʨʝʤʷ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʙʨʘʫʟʝʨ ʙʣʦʢʠʨʫʝʪ ʨʝʩʫʨʩʳ ʢʦʤʧʴʶʪʝʨʘ, ʜʝʣʘʷ ʥʝʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝ-

ʨʦʚ ʦʢʥʘ, ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʘʤʠ, ʚʳʟʦʚʳ ʢʦʥʪʝʢʩʪʥʳʭ ʤʝʥʶ ʠ ʪ.ʜ. 

ʂʨʦʤʝ ʪʦʛʦ Respondus LockDown Browser ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ Respondus Monitor ï ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʩʚʷʟʳʚʘʶʱʝʡ ʙʨʘʫʟʝʨ ʩ ʚʝʙ-ʢʘʤʝʨʦʡ.  

ʇʨʦʛʨʘʤʤʳ ʠ ʩʝʨʚʠʩʳ Respondus ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺʳʛʨʫʟʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʚ ʬʘʡʣʳ ʬʦʨʤʘʪʘ CSV ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚʘʭ ʠʣʠ ʧʦʜʩʠʩʪʝʤʘʭ ʢʦʥʢʨʝʪʥʳʭ LMS. 

Respondus 4.0 ̫ ʚʣʷʝʪʩʷ ʧʣʘʪʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʛʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ 

ʩʝʨʚʠʩʦʚ ʦʪʜʝʣʴʥʳʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, Respondus 4.0 ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʪʦʣʴʢʦ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ MS Windows (Vista, 7 ʠ ʚʳʰʝ). 
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1.5.2.3 TAO 

ʉʠʩʪʝʤʘ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ TAO [132] ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩ-

ʩʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʨʠʚʷʟʢʠ ʢ ʙʣʘʥʢʦʚʳʤ ʪʝʩʪʘʤ, ʊɸʆ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠ 

ʭʨʘʥʠʪʴ ʟʘʜʘʥʠʷ ʙʦʣʝʝ ʯʝʤ 17 ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʠʧʦʚ, ʚʢʣʶʯʘʷ ʟʘʜʘʥʠʷ ʪʨʘʜʠʮʠ-

ʦʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʟʘʜʘʥʠʷ ʩ ʤʫʣʴʪʠʤʝʜʠʘ ʩʦʜʝʨʞʠʤʳʤ, ʘ ʪʘʢʞʝ ʣʶʙʳʝ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴʩʢʠʝ ʟʘʜʘʥʠʷ. ʉʧʝʮʠʘʣʴʥʳʡ ʨʝʜʘʢʪʦʨ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘ-

ʜʘʥʠʡ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ ʥʫʞʜʘʤ ʧʦʜʛʦʪʦʚʢʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʪʦ ʝʩʪʴ ʢʨʦʤʝ ʩʘ-

ʤʦʛʦ ʟʘʜʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʘʚʠʣʘ (ʩʭʝʤʫ) ʝʛʦ ʦʮʝʥʠʚʘʥʠʷ.  

ʍʨʘʥʠʣʠʱʝ ʟʘʜʘʥʠʡ ʊɸʆ ʥʝ ʷʚʣʷʝʪʩʷ ʚʝʨʩʠʦʥʠʨʦʚʘʥʥʳʤ, ʘ ʪʘʢʞʝ ʥʝ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʜʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʝʦʨʠʡ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʊɸʆ ʢʘʢ ʧʦʣʥʦʮʝʥʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʜʜʝʨʞʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ɹʊɿ. 

ʇʦʩʢʦʣʴʢʫ ʊɸʆ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʘ ʥʘ QTI ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʫʥʢʪʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʧʦ ʧʦʜʜʝʨʞʢʠ ʬʦʨʤʘʪʦʚ ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʪʦ ʊɸʆ-ʪʝʩʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʤʧʦʨʪʠʨʦʚʘʥʳ/ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʚ QTI ʬʦʨʤʘʪ. ʕʢʩʧʦʨʪ ʪʘʢʞʝ ʚʦʟʤʦʞʝʥ ʚ 

ʬʦʨʤʘʪ Resource Description Framework (RDF) [133]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʊɸʆ ʢʘʢ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʩʪʠʨʦʚʘʥʠʡ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʩʨʝʜʩʪʚʘ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʩʪʠ ʩʨʝʜʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʜʘʪ ʠ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞ-

ʜʝʥʠʷ ʪʝʩʪʘ, ʨʝʩʫʨʩʳ ʢʦʤʧʴʶʪʝʨʘ ʥʝ ʙʣʦʢʠʨʫʶʪʩʷ ʠ ʦʩʪʘʶʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʧʨʠ ʧʨʦ-

ʭʦʞʜʝʥʠʠ ʪʝʩʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʊɸʆ ɻ ʬʬʝʢʪʠʚʥʦ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʦʣʴʢʦ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʨʦʩʥʠʢʦʚ ʠʣʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʪʝ-

ʩʪʠʨʦʚʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʡ ʊɸʆ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ ʩʨʝʜʩʪʚʘʤʠ ʵʪʦʡ 

ʩʠʩʪʝʤʳ. ɺʳʛʨʫʟʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʢʘʞʜʦʤʫ ʪʝʩʪʠʨʦʚʘʥʠʶ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ 

ʬʘʡʣʳ ʬʦʨʤʘʪʘ CSV ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʨʦʛʨʘʤ-

ʤʘʤʠ. 
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1.5.2.4 Learnosity 

ʅʘʙʦʨ API ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨ-

ʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ Learnosity [134]. 

ʈʝʜʘʢʪʦʨ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ CMS ʨʘʟʨʘ-

ʙʦʪʯʠʢʘ ʟʘʜʘʥʠʡ, ʯʪʦʙʳ ʩʦʟʜʘʚʘʪʴ ʟʘʜʘʥʠʷ ʚ ʟʥʘʢʦʤʦʤ ʨʝʜʘʢʪʦʨʝ (ʨʠʩʫʥʦʢ 1.3). ɼʦ-

ʧʫʩʪʠʤʳ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʢʦʤ-

ʧʴʶʪʝʨʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʜʘʥʠʡ ʩ ʧʦʜʜʝʨʞʢʦʡ ʤʫʣʴʪʠʤʝʜʠʘ ʠ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥ-

ʩʪʨʫʢʪʦʨʘʤʠ ʦʪʚʝʪʘ: ʬʦʨʤʫʣʘʤʠ, ʛʨʘʬʠʢʘʤʠ, ʟʚʫʢʦʚʳʤ ʨʷʜʦʤ ʠ ʧʨʦʯ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʢʘʞʜʦʝ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ Learnosity ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ, ʪʠʧʘ 

ʦʪʚʝʪʘ ʠ ʧʨʘʚʠʣʘ ʦʮʝʥʠʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʯʠʢʠ Learnosity ʧʨʝʜʣʘʛʘʶʪ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʘʙʦʪʳ ʩ ɹʊɿ: ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ɹʊɿ ʠʣʠ ʧʦʜʜʝʨʞʢʘ Learnosity Item Bank. ɺʘʞʥʳʤ ʧʨʝʠʤʫ-

ʱʝʩʪʚʦʤ Leanosity Item Bank ̫ ʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʛʠʨʦʚʘʥʠʷ ʟʘʜʘʥʠʡ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʤʝʪʢʠ ʪʝʛʦʚ ʤʦʛʫʪ ʚʳʙʠʨʘʪʴʩʷ ʧʨʦʠʟʚʦʣʴʥʦ, ʪʦ ʩʦʭʨʘʥʷʝʤʳʝ ʪʝʩʪʦ-

ʚʳʝ ʟʘʜʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʠ ʩʦ ʩʚʦʠʤʠ ʪʝʩʪʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ Learnosity Item Bank ʷʚʣʷʝʪʩʷ ʥʝʚʝʨʩʠʦʥʠʨʦʚʘʥʥʳʤ ʭʨʘʥʠʣʠʱʝʤ. 

ʇʦʜʜʝʨʞʠʚʘʝʪʩ ̫ʘʜʘʧʪʠʚʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʦ ʢʘʢ 

ʥʘ ʩʚʷʟʷʭ ʤʝʞʜʫ ʟʘʜʘʥʠʷʤʠ, ʪʘʢ ʠ ʥʘ ʩʚʷʟʷʭ ʤʝʞʜʫ ʪʝʩʪʣʝʪʘʤʠ. ʇʨʦʚʝʜʝʥʠʝ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʥʪʝʨʬʝʡʩʦʤ Assess API. ʇʦʤʠʤʦ ʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ 

ʪʝʩʪʫ ʠʣʠ ʢʘʞʜʦʤʫ ʟʘʜʘʥʠʶ Assess API ʧʦʟʚʦʣʷʝʪ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʙʨʘʫʟʝʨʘʭ ʦʙʝʩʧʝ-

ʯʠʪʴ ʨʝʞʠʤ ʧʦʣʥʦʛʦ ʵʢʨʘʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʦ-

ʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʪʯʸʪʳ ʧʦ 

ʢʘʞʜʦʤʫ ʟʘʜʘʥʠʶ, ʛʨʫʧʧʘʤ ʟʘʜʘʥʠʡ ʠ ʪʝʩʪʫ ʚ ʮʝʣʦʤ, ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

 



 

 

47 

 
ʈʠʩʫʥʦʢ 1.3. ʇʨʠʤʝʨ ʧʨʦʚʝʨʢʠ ʟʘʜʘʥʠʷ ʪʠʧʘ çʆʪʦʙʨʘʞʝʥʠʝè ʚ Learnosity 

 

Learnosity ʥʝ ʠʤʝʝʪ API ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʥʦ ʜʦʧʫʩʢʘʝʪ ʵʢʩʧʦʨʪ ʩʳʨʳʭ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʘʭ JSON ʠ CSV. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʱʫʪʠʤʳʤ ʥʝʜʦʩʪʘʪʢʦʤ API, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ Learnosity 

ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʝʨʰʸʥʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʘ, ʘ ʪʘʢʞʝ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩʦ ʩʪʘʥʜʘʨʪ-

ʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ ʟʘʜʘʥʠʡ. QTI/APIP ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʟʘʷʚʣʝʥʘ ʢʘʢ 

ʩʝʨʚʠʩ, ʥʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʘ. 

1.5.2.5 ʉʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ çʇʨʦʤʝʪʝʡè 

ʇʦʧʫʣʷʨʥʘʷ ʚ ʨʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

çʇʨʦʤʝʪʝʡè [135] ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ ʇʆ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʂʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʦʨʤʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳ ʜʚʘ ʚʠʜʘ ʪʝʩʪʠʨʦʚʘʥʠʡ: ʩʘʤʦʧʨʦ-

ʚʝʨʢʘ (ʩ ʥʝ ʣʠʤʠʪʠʨʦʚʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʚʪʦʨʝʥʠʡ) ʠ ʵʢʟʘʤʝʥʘ (ʦʜʥʦʢʨʘʪʥʳʡ). 

ʉʚʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ, ʧʦ-

ʜʨʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʦʪʯʸʪʝ ʧʦ ʪʝʩʪʠʨʦʚʘʥʠʶ. ɺ ʨʝʞʠʤʝ ʩʘʤʦʧʨʦ-

ʚʝʨʢʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʢ ʟʘʜʘʥʠʷʤ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ. 

ɺ ʦʬʠʮʠʘʣʴʥʦʤ ʦʧʠʩʘʥʠʠ ʨʝʰʝʥʠʷ ʜʣʷ ʚʫʟʦʚ ʠ ʫʯʝʙʥʳʭ ʮʝʥʪʨʦʚ ʉɼʆ çʇʨʦ-

ʤʝʪʝʡè ʥʘ ʩʘʡʪʝ [135] ʘʚʪʦʨʫ ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʪʠʧʘʭ ʜʦʧʫ-

ʩʪʠʤʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʨʦʯ. 
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ʈʘʟʨʘʙʦʪʯʠʢʠ çʇʨʦʤʝʪʝʡè ʫʢʘʟʳʚʘʶʪ ʥʘ IMS ʠ SCORM ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʙʝʟ ʫʢʘʟʘʥʠʷ 

ʚʝʨʩʠʡ ʠ ʧʦʜʪʠʧʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ. 

ʇʨʦʤʝʪʝʡ 4.5 ʷʚʣʷʝʪʩʷ ʧʣʘʪʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʛʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ 

ʩʝʨʚʠʩʦʚ ʦʪʜʝʣʴʥʳʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʇʨʦʤʝʪʝʡ 4.5 ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʪʦʣʴʢʦ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ MS Windows ʥʝ ʚʳʰʝ 

7 ʚʝʨʩʠʠ ʠ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ Microsoft Windows Server ʠ Microsoft SQL Server 

ʚʝʨʩʠʡ 2008 ʠʣʠ 2012. ʋʢʘʟʘʥʥʳʝ ʩʝʨʚʝʨʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʨʦʧʨʠʝʪʘʨʥʳʤ ʇʆ, ʥʝ-

ʜʦʩʪʫʧʥʳʤ ʙʦʣʴʰʠʥʩʪʚʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʠ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ 

ʥʘʚʳʢʦʚ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʠ ʥʘʩʪʨʦʡʢʝ. 

1.5.2.6 ʇʣʘʪʬʦʨʤʘ ʤʘʩʩʦʚʳʭ ʦʪʢʨʳʪʳʭ ʦʥʣʘʡʥ ʢʫʨʩʦʚ OpenEdX 

ʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʤʘʩʩʦʚʳʭ ʦʪʢʨʳʪʳʭ ʦʥʣʘʡʥ ʢʫʨʩʦʚ OpenEdX [136] ʨʘʟ-

ʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(Massachusetts Institute of Technology, MIT) ʠ ɻʘʨʚʘʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (Harvard 

University). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʣʘʪʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʦ-ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʡ ʠ 

ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ [open source]. 

ʅʘʠʤʝʥʴʰʝʡ ʝʜʠʥʠʮʝʡ ʜʨʦʙʣʝʥʠʷ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʧʣʘʪ-

ʬʦʨʤʝ EdX, ʷʚʣʷʝʪʩʷ ʫʯʝʙʥʳʡ ʙʣʦʢ [unit], ʢʦʪʦʨʳʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʩʦʙʦʡ ʢʦʥʪʨʦʣʴʥʦʝ ʟʘʜʘʥʠʝ ʠʣʠ ʫʧʨʘʞʥʝʥʠʝ. 

ʂʦʤʧʦʥʝʥʪ çɿʘʜʘʥʠʷè [Problems] ʩʠʩʪʝʤʳ OpenEdX ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʟʘʜʘʥʠʡ ʚ ʪʝʩʪʦʚʦʡ ʬʦʨʤʝ. ɺ ʨʝʞʠʤʝ ʨʘʩʰʠ-

ʨʝʥʥʦʛʦ [advanced] ʨʝʜʘʢʪʦʨʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʜʦʩʪʫʧʝʥ ʧʘʢʝʪ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, 

ʚʭʦʜʷʱʠʭ ʚ ʢʦʤʧʴʶʪʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ [137]. ʉʨʝʜʩʪʚʘ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʘʤ OpenEdX ʢʫʨʩʦʚ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʩʪʨʫʢʪʦʨʳ ʦʪʚʝʪʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ, ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. ɺ ʯʘʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʨʘʩʰʠʨʝʥʥʳʡ ʨʝʜʘʢʪʦʨ OpenEdX ʜʦʧʫʩʢʘʝʪ 

ʩʦʟʜʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʭʝʤʳ ʦʮʝʥʠʚʘʥʠʷ ʟʘʜʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʟʘʜʘʥʠʷ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʥʘ Javascript [custom javascript 

problem]. 
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ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʥʠʡ, ʥʘʧʨʠʤʝʨ, 

ʪʨʝʙʫʶʱʠʭ ʨʠʩʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʚ ʦʪʚʝʪʝ ʩʚʷʟʘʥʦ ʩ ʦʙʱʝʡ ʥʝʛʠʙʢʦʩʪʴʶ 

ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ OpenEdX ʚ ʦʙʣʘʩʪʠ ʥʘʧʠʩʘʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ 

ʜʣʷ ʟʘʜʘʥʠʡ. ɿʘʛʨʫʟʢʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʨʝʜʘʢʪʦʨʘ/ʧʦʜʩʚʝʪʯʠʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʦʩʣʦʞʥʷʝʪʩʷ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴʶ ʟʘʛʨʫʟʢʠ ʥʘ ʩʝʨʚʝʨ ʦʜʠʥʦʯʥʳʭ ʬʘʡʣʦʚ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʟʜʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʘʧʦʢ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʣʝʞʠʪ ʚ ʧʨʠʚʣʝʯʝʥʠʠ ʚʥʝʰʥʠʭ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ OpenEdX ʚʝʙ-ʩʝʨʚʠʩʦʚ ʠ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʨʘʙʦʪʫ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʟʘʜʘʥʠʡ. 

ɿʘʜʘʥʠʷ OpenEdX ʥʝ ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʬʦʨ-

ʤʘʪʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʬʦʨʤʘʪ edXML. ʈʘʟʨʘʙʦʪʯʠʢʠ ʧʣʘʥʠʨʫʶʪ ʦʧʠʩʘ-

ʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ EdX API, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ QTI/APIP ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʉʦʟʜʘʥʠʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʪʝʩʪʘ ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʮʝʥʠʚʘʥʠʷ ʧʣʘʪ-

ʬʦʨʤʳ OpenEdX ʥʝʚʦʟʤʦʞʥʦ. ʂʘʞʜʦʝ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦ, 

ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʦʩʪʘʣʴʥʳʤ ʟʘʜʘʥʠʷʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʦʧʫʩʪʠʤʦ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʟʘʜʘʥʠʡ, ʦʮʝʥʢʘ ʟʘ ʢʦʪʦʨʳʝ ʧʨʦʩʪʘʚʣʷʝʪʩʷ JavaScript ʠʣʠ Python-ʩʢʨʠʧʪʦʤ, 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʩʪʘ ʚ ʮʝʣʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʩʪ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʦʜʥʦ OpenEdX 

-ʟʘʜʘʥʠʝ ʠ ʚʩʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʙʘʣʣʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʧʠʩʘʥʘ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʤ ʩʢʨʠʧʪʝ. ʆʜʥʘʢʦ, ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʩʪʘ ʠ 

ʦʪʜʝʣʴʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʰʢʘʣʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʪʘʶʪʩʷ ʟʘ ʨʘʤ-

ʢʘʤʠ ʩʨʝʜʩʪʚ ʧʣʘʪʬʦʨʤʳ OpenEdX ʠ ʪʨʝʙʫʶʪ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʦ-

ʨʦʥʥʠʭ ʧʨʦʛʨʘʤʤ. 

ʊʘʙʣʠʮʘ 1.2 ï ʉʨʘʚʥʝʥʠʝ ʇʉʋʅ ʧʦʜʜʝʨʞʢʠ ɾʎ ʂʀʄ 
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5  + + + +   + 

6 +      + + 

7  + + + + + + + 

8 + + +     + 

9        + 

10     +   + 

11  + +  +  + + 

12  +      + 

14  + + +    + 

13    +    + 

15   +   +  + 

16  + +  +  + + 

17.1  +  + +  + + 

17.2 + + + + + + + + 

17.3  +  + +  + + 

18 + + + + +  + + 
 

1.6 ʊʨʝʙʦʚʘʥʠʷ ʢ ʇʉʋʅ ʧʦʜʜʝʨʞʢʠ ɾʎ ʂʀʄ 

ɼʣʷ ʇʉʋʅ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ, ʠ ʦʪʨʘʞʘʶʱʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʪʨʝʙʦʚʘʥʠʡ. 

1. ʋʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʩʪʘʜʠʷʤʠ ɾʎ ʂʀʄ ʩ ʧʦʜʜʝʨʞʢʦʡ ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʦʚʪʦʨ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

2. ʇʦʜʜʝʨʞʢʘ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʛʦ ʥʘʙʦʨʘ ʤʝʪʦʜʦʣʦʛʠʡ ʀʚʆ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʦʥʪʦʣʦʛʠʡ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

3. ʋʯʸʪ ʩʧʝʮʠʬʠʢʠ ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘ-

ʩʪʝʡ. 

4. ʇʦʜʜʝʨʞʢʘ ʙʘʥʢʘ ʂʀʄ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʛʝʥʝʨʘʮʠʠ ʢʦʥʪʝʥʪʘ ʜʣʷ ʜʦʩʪʘʚʢʠ ʤʘʪʝ-

ʨʠʘʣʘ ʢ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʤʝʨʦʧʨʠʷʪʠʶ. 

5. ʆʨʛʘʥʠʟʘʮʠʷ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʡ ʩʨʝʜʳ ʜʣʷ ʨʘʙʦʪʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥ-

ʥʳʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

6. ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʧʦʧʫʣʷʨʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ʠ ʧʨʦʪʦʢʦʣʘʤʠ ʠʥʪʝʨʦ-

ʧʝʨʘʙʝʣʴʥʦʩʪʠ ʇʉʋʅ. 
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7. ʋʯʸʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʜʝʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ ʨʘʟʚʠʪʠʷ LMS ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʪʝʛʨʘʮʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ. 

1.7 ɺʳʚʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʛʣʘʚʝ 

ɺ ʛʣʘʚʝ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʂʀʄ) ʠ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂʀʄ (ɾʎ ʂʀʄ). ʅʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʨʝʥʠʡ ʚ ʬʦʨʤʝ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʧʦʜʧʨʦʮʝʩʩʳ, ʧʦʜʣʝʞʘʱʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ɾʎ ʂʀʄ. 

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦ-

ʚʘʥʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʧʨʝʜ-

ʣʦʞʝʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʪʘʢʩʦʥʦʤʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʩʚʷʟʠ ʤʝʞʜʫ ʪʠʧʘʤʠ ʟʘʜʘʥʠʡ ʠ ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦ-

ʭʨʘʥʝʥʠʷ ʠʭ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʢʦʤʧʴʶʪʝʨʘ.  

ʀʟʫʯʝʥʥʳʝ ʬʦʨʤʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠ-

ʩʪʝʤʘʭ ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ (ʚʥʫʪʨʝʥʥʠʤʠ) ʬʦʨʤʘʪʘʤʠ ʦʪʜʝʣʴʥʳʭ ʩʠ-

ʩʪʝʤ. ɹʦʣʝʝ ʰʠʨʦʢʠʝ ʬʦʨʤʘʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʦʙʤʝʥʘ ʫʯʝʙʥʳʤʠ ʢʫʨʩʘʤʠ, 

ʥʘʧʨʠʤʝʨ, SCORM, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʣʠʰʴ ʟʘʜʘʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ, ʥʝ ʧʦʢʨʳʚʘʶʱʠʭ ʧʦʣʥʦʩʪʴʶ ʜʘʞʝ 

ʪʨʘʜʠʮʠʦʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʦʙʤʝʥʘ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʧʝʮʠʬʠʢʘʮʠʷ 

QTI/APIP. ʇʦʵʪʦʤʫ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ QTI/APIP ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʜʣʷ 

ʵʢʩʧʦʨʪʘ/ʠʤʧʦʨʪʘ ʟʘʜʘʥʠʡ ʠʟ ʂʀʄʈɸ. ɼʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʥʠʡ ʚ ʂʀʄʈɸ ʨʘʟʨʘʙʦʪʘʥ ʩʦʙʩʪʚʝʥʥʳʡ JSON-ʦʩʥʦʚʘʥʥʳʡ ʬʦʨʤʘʪ. 

ʇʨʠʚʝʜʸʥ ʦʙʟʦʨ ʇʉʋʅ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʭ ʥʝʢʦʪʦʨʳʝ ʠʟ ʦʧʠʩʘʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ, ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʦ ʧʦʜʜʝʨʞʢʝ ʭʨʘʥʠʣʠʱʘ ʟʘʜʘʥʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʟʦʨʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦ-

ʚʘʥʠʷ ʢ ʇʉʋʅ ʧʦʜʜʝʨʞʢʠ ɾʂ ʂʀʄ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʈʀʉʋʅ 

ʂʀʄʈɸ. ɺʦʧʨʦʩʘʤ ʦʪʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ 

ʂʀʄʈɸ, ʧʦʩʚʷʱʝʥʘ ʩʣʝʜʫʶʱʘʷ ʛʣʘʚʘ. 
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ɻʃɸɺɸ 2. ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʀʉ ʂʀʄʈɸ 

ɺ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ, ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩʝʣʝʢʮʠʷ ʠ ʫʪʦʯʥʝʥʠʝ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ, ʧʦʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʂʀʄʈɸ, ʧʨʝʜʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʩʥʦʚʘʤ ʪʝʩʪʠʨʦʚʘ-

ʥʠ̫, ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʦʤʫ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤʫ ʚʠʜʫ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ.  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʠ ʧʨʦʮʝʜʫʨ ʧʨʦʚʝʜʝ-

ʥʠʷ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚʳʷʚʣʷʶʪʩʷ ʠ ʬʦʨʤʘʣʠʟʫʶʪʩʷ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʂʀʄʈɸ. 

2.1 ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ɺʚʝʜʸʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ. 

ὔ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʥʦʤʝʨʘ ʫʯʘʩʪʥʠʢʦʚ Ὥ

ρȟςȟȣȟὲ 

ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʚʭʦʜʷʱʠʭ ʚ ʧʦʜʛʨʫʧʧʫ 

Ὧ ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʥʠʡ ʚ ʚʘʨʠʘʥʪʝ ʪʝʩʪʝ, ʥʦʤʝʨʘ ʟʘʜʘʥʠʡ Ὦ ρȟςȟȣȟὯ. 

ὃ  ὥ  ï ʤʘʪʨʠʮʘ ʦʪʚʝʪʦʚ, ʛʜʝ  

ὥ
ρȟ̆ ̒̌̉ Ȥ̊ ̘̔́̒̓̎̉̋ ̃̆̑̎̏ ̙̑̆̉̌ ὮȤ̏  ̆̈́̅́̎̉̆

πȟ̃ ̐̑̏̓̉̃̎̏̍ ̘̒̌̔́̆
 ςȢρ 

 

ὙὛ ï ʧʝʨʚʠʯʥʳʡ ʙʘʣʣ -ʛʦ ʫʯʘʩʪʥʠʢʘ, 

ὙὛ ὥ ςȢς 

ὍὙὛ ï ʧʝʨʚʠʯʥʳʡ ʙʘʣʣ -ʛʦ ʟʘʜʘʥʠʷ 

ὍὙὛ ὥ ςȢσ 

ɺ ʨʘʤʢʘʭ IRT ὥ  ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʧʨʠʥʠʤʘʶʱʠʤʠ ʟʥʘʯʝ-

ʥʠʝ 1 ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ὴ ὴ—ȟ‏  ʠ 0 ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ή ρ ὴ, ʩʦʜʝʨʞʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ — ʠ ‏ ʨʘʩʢʨʳʪʦ ʚ ʨʘʟʜʝʣʝ 2.1.2.1.  
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2.1.1 ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ï ʧʩʠʭʦʤʝʪʨʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʧʨʝʜʩʪʘʚʣʷ-

ʶʱʘʷ ʬʘʢʪʦʨʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ɻʤʧʠʨʠʯʝʩʢʠ-ʥʘʙʣʶʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣ-

ʥʝʥʠʷ ʪʝʩʪʘ [138, 139]. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ CTT ï ʧʦʣʫʯʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ i-ʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʠʩʪʠʥʥʦʛʦ 

ʙʘʣʣʘ Ὕȟ ʠʩʭʦʜʷ ʠʟ ʵʤʧʠʨʠʯʝʩʢʠ-ʥʘʙʣʶʜʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ὢ, ʩ ʫʯʸʪʦʤ ʦʰʠʙʢʠ ʠʟ-

ʤʝʨʝʥʠʷ Ὁ [1]. CTT, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʩʪʫʣʘʪʝ [22]: 

ὢ Ὕ Ὁ ςȢτ 

ʉʨʝʜʠ ʟʘʜʘʯ CTT ʪʘʢʞʝ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ [22]. 

1. ɿʘʜʘʯʠ ʩʝʣʝʢʮʠʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. 

2. ɺʳʯʠʩʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ï ʙʘʣʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ (ʥʘʜʸʞʥʦʩʪʴ ʠʣʠ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ).  

4. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ 

(ʚʘʣʠʜʥʦʩʪʴ ʠʣʠ ʧʦʛʨʝʰʥʦʩʪʴ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ). 

2.1.1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʘ 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʩʪʫ, ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʫ 

ʠʟʤʝʨʝʥʠʡ, ʚ ʮʝʣʦʤ. ʀʟ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʟʘʜʘʯ CTT ʩʣʝʜʫʝʪ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʩʪʦʚ ʷʚʣʷʶʪʩʷ ʥʘʜʸʞʥʦʩʪʴ ʠ ʚʘ-

ʣʠʜʥʦʩʪʴ [140]. 

ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʘʜʸʞʥʦʩʪʠ [104]: 

¶ ʥʘʜʸʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ï ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ ʨʝʟʫʣʴ-

ʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʪʝʩʪʘ. ɺʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨ-

ʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʪʝʩʪʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ; 

¶ ʥʘʜʸʞʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʬʦʨʤ ʪʝʩʪʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʜʸʞʥʦʩʪʠ ʠʣʠ ʧʨʦʚʝʨʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʥʘʜʸʞʥʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʬʦʨʤ ʪʝʩʪʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ [22] ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʪʝʩʪʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʠʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʘʣʣʦʚ ʟʘʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʨʝʜ-
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ʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ. ɺʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷ-

ʮʠʠ ʇʠʨʩʦʥʘ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʢʘʞʜʦʡ ʬʦʨʤʳ ʪʝ-

ʩʪʘ; 

¶ ʚʥʫʪʨʝʥʥʷʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʪʝʩʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʯʪʦ 

ʚʩʝ ʟʘʜʘʥʠʷ ʪʝʩʪʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʤʝʨʝʥʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʨʝʟʫʣʴʪʘʪʘ: 

o ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠ ̫ʪʝʩʪʘ ï ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ 

ʩʧʦʩʦʙ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʪʝʩʪʘ. ʊʝʩʪ ʨʘʟ-

ʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʤʝʞʜʫ ʥʠʤʠ ʚʳʯʠʩʣʷʝʪʩʷ ʤʝʨʘ 

ʩʚʷʟʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʬʦʨʤʫʣʘ ʉʧʠʨʤʝʥʘ-ɹʨʘʫʥʘ [20, 

21]: 

Ὑ
ὑ

ρ ὑ ρὶ
ȟ ςȢυ 

ʛʜʝ: ὶ  ï ʥʘʜʸʞʥʦʩʪʴ ʯʘʩʪʠ ʪʝʩʪʘ; K ï ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʘʥʠʡ ʚ ʯʘʩʪʠ ʪʝʩʪʘ 

ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʟʘʜʘʥʠʡ N; Ὑ  ï ʥʘʜʸʞʥʦʩʪʴ ʪʝʩʪʘ ʠʟ K ʟʘʜʘʥʠʡ. ʃʝʛʢʦ ʚʠ-

ʜʝʪʴ, ʯʪʦ ʬʦʨʤʫʣʘ ʉʧʠʨʤʝʥʘ-ɹʨʘʫʥʘ ʚʚʦʜʠʪ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʜʸʞʥʦʩʪʠ ʪʝʩʪʘ ʦʪ ʢʦ-

ʣʠʯʝʩʪʚʘ ʟʘʜʘʥʠʡ ʚ ʥʸʤ; 

o ʚʪʦʨʳʤ ʩʧʦʩʦʙʦʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʪʝʩʪʘ 

ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʘʣʴʬʳ ʂʨʦʥʙʘʭʘ [141]: 

‌
ὔ

ὔ ρ

ί Вί

ί
ȟ ςȢφ 

ʛʜʝ: N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʥʠʡ; ί ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʉʂʆ) 

ʚʩʝʭ ʵʤʧʠʨʠʯʝʩʢʠ-ʥʘʙʣʶʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; Вί ï ʩʫʤʤʘ ʉʂʆ ʧʦ ʢʘʞʜʦʤʫ ʟʘʜʘ-

ʥʠʶ; 

o ʜʣʷ ʜʠʭʦʪʦʤʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʚʥʫʪʨʝʥʥʷʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʘʤ ʬʦʨʤʫʣʳ ʂʴʶʜʝʨʘ-ʈʠʯʘʨʜʩʦʥʘ [142]: 

ὑὙ
ὔ

ὔ ρ

ί Вὖὗ

ί
ȟ ςȢχ 

ʛʜʝ: N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʥʠʡ; ί ï ʚʩʝʭ ʠʪʦʛʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʘ; ὖ ï ʜʣʷ 

ʢʘʞʜʦʛʦ ʟʘʜʘʥʠʷ ʜʦʣʷ ʚʝʨʥʦ ʨʝʰʠʚʰʠʭ; ὗ ï ʜʣʷ ʢʘʞʜʦʛʦ ʟʘʜʘʥʠʷ ʜʦʣʷ ʥʝʚʝʨʥʦ ʨʝ-

ʰʠʚʰʠʭ; Вὖὗ ï ʩʫʤʤʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʦ ʚʩʝʤ ʟʘʜʘʥʠʷʤ. 
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ɺʘʣʠʜʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʢʘʟʳʚʘʶʱʝʝ, ʯʪʦ ʠʥ-

ʩʪʨʫʤʝʥʪ ʠʟʤʝʨʷʝʪ ʠʤʝʥʥʦ ʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʟʘʷʚʣʝʥʳ. ɺʳʜʝʣʷʶʪ ʥʝ-

ʩʢʦʣʴʢʦ ʚʠʜʦʚ ʚʘʣʠʜʥʦʩʪʠ: ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ, ʢʨʠʪʝʨʠʘʣʴʥʘʷ ʠ ʢʦʥʩʪʨʫʢʪʥʘʷ. ʇʦ-

ʩʢʦʣʴʢʫ ʤʳ ʛʦʚʦʨʠʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦ ʪʝʩʪʘʭ ʜʦʩʪʠʞʝʥʠʡ, ʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʚʘʣʠʜʥʦʩʪʠ (ʠʣʠ ʚʘʣʠʜʥʦʩʪʠ 

ʩʦʜʝʨʞʘʥʠʷ). ʆʧʨʝʜʝʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ ʜʨʫʛʠʤ ʚʠʜʘʤ ʚʘʣʠʜʥʦ-

ʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [139, 143, 28]. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʯʠʩʣʝʥʠʷ ʚʘʣʠʜʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʬʘʢʪʘ ʚʢʣʶʯʝʥʠʷ ʚ ʪʝʩʪ ʚʩʝʭ ʚʦʧʨʦʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʩʚʦʡʩʪʚʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʚʘʣʠʜʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʚʘʣʠʜʥʦʩʪʠ (content validity ratio, CVR), ʦʧʨʝʜʝʣʷʝʤʳʡ ʬʦʨ-

ʤʫʣʦʡ [104]: 

ὅὠὙ
ὲ ὔ

ς
ὔ
ς

ȟ ςȢψ 

ʛʜʝ: ὲï ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʪʦʚ, ʦʪʤʝʪʠʚʰʠʭ ʟʘʜʘʥʠʝ ʢʘʢ ʧʦʜʭʦʜʷʱʝʝ ʜʣʷ ʜʘʥʥʦʛʦ 

ʪʝʩʪʘ, ὔ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʪʦʚ. 

2.1.1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ʇʝʨʝʡʜʸʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ CTT 

ʠ ʦʧʠʩʳʚʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ: ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʦʩʪʴ ʠ ʪʨʫʜ-

ʥʦʩʪʴ. 

ʊʨʫʜʥʦʩʪʴ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ ï ʩʚʦʡʩʪʚʦ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʤʦʝ 

ʧʨʦʧʦʨʮʠʝʡ ʠʩʧʳʪʫʝʤʳʭ ʚʝʨʥʦ ʦʪʚʝʪʠʚʰʠʭ ʥʘ ʟʘʜʘʥʠʝ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʠʩʧʳʪʫʝ-

ʤʳʭ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʫʜʥʦʩʪʠ (p-ʢʦʵʬʬʠʮʠʝʥʪ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʣʶ ʩʪʫʜʝʥʪʦʚ, ʦʪ-

ʚʝʪʠʚʰʠʭ ʥʘ ʟʘʜʘʥʠʝ ʚʝʨʥʦ: 

ὴ
ὲ

ὔ
ȟ ςȢω 

ʛʜʝ: ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ, ʦʪʚʝʪʠʚʰʠʭ ʥʘ j-ʦʝ ʟʘʜʘʥʠʝ ʚʝʨʥʦ, ʘ N ï ʦʙʱʝʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʪʚʝʪʠʚʰʠʭ ʥʘ ʟʘʜʘʥʠʝ. 

ɼʦʧʫʩʪʠʤʦ ʚʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʫʜʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʢʦʥʪʨʘʩʪʥʳʭ ʛʨʫʧʧ, ʪʦʛʜʘ ʬʦʨʤʫʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 



 

 

56 

ὴ
ὲ ὲ

ὔ
ȟ ςȢρπ 

ʛʜʝ: ὲ  ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ, ʦʪʚʝʪʠʚʰʠʭ ʥʘ j-ʦʝ ʟʘʜʘʥʠʝ ʚʝʨʥʦ ʚ ʛʨʫʧʧʝ ʣʫʯ-

ʰʠʭ; ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ, ʦʪʚʝʪʠʚʰʠʭ ʥʘ j-ʦʝ ʟʘʜʘʥʠʝ ʚʝʨʥʦ ʚ ʛʨʫʧʧʝ ʭʫʜ-

ʰʠʭ; N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʪʚʝʪʠʚʰʠʭ ʥʘ ʟʘʜʘʥʠʝ. 

ɼʠʩʢʨʠʤʠʥʘʪʠʚʥʦʩʪʴ ï ʨʘʟʣʠʯʘʶʱʘʷ (ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʘʷ) ʩʧʦʩʦʙʥʦʩʪʴ ʪʝ-

ʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ. ʉʧʦʩʦʙʥʦʩʪʴ ʟʘʜʘʥʠʷ ʦʪʣʠʯʘʪʴ ʪʝʭ, ʢʪʦ ʟʥʘʝʪ ʦʪ ʪʝʭ, ʢʪʦ ʥʝ ʟʥʘʝʪ, 

ʪʝʭ, ʢʪʦ ʚʣʘʜʝʝʪ ʥʘʚʳʢʦʤ ʦʪ ʪʝʭ, ʢʪʦ ʥʝ ʚʣʘʜʝʝʪ ʥʘʚʳʢʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘ 

ʠʟʤʝʨʝʥʠʝ ʯʝʛʦ ʥʘʮʝʣʝʥʦ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʧʠ-

ʩʳʚʘʶʱʝʡ ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʦʩʪʠ, ʢʦ-

ʪʦʨʳʡ ʪʘʢʞʝ ʜʦʧʫʩʢʘʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʚʳʯʠʩʣʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʦʥʪʨʘʩʪʥʳʭ ʛʨʫʧʧ: 

Ὠ
ὲ ὲ

ὔ
ȟ ςȢρρ 

ʛʜʝ: ὲ  ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ, ʦʪʚʝʪʠʚʰʠʭ ʥʘ -ʦʝ ʟʘʜʘʥʠʝ ʚʝʨʥʦ ʚ ʛʨʫʧʧʝ ʣʫʯ-

ʰʠʭ; ὲ  ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ, ʦʪʚʝʪʠʚʰʠʭ ʥʘ Ὦ-ʦʝ ʟʘʜʘʥʠʝ ʚʝʨʥʦ ʚ ʛʨʫʧʧʝ 

ʭʫʜʰʠʭ; ὔ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʪʚʝʪʠʚʰʠʭ ʥʘ ʟʘʜʘʥʠʝ. 

ɼʣʷ ʜʠʭʦʪʦʤʠʯʝʩʢʠ ʦʮʝʥʠʚʘʝʤʳʭ ʟʘʜʘʥʠʡ ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘ-

ʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʦʯʝʯʥʦ-ʙʠʩʝʨʠʘʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ [144]: 

Ὠ
ὢ ὢ

Ὓ

ὖ

ρ ὖ
ȟ ςȢρς 

ʛʜʝ ὔ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʥʠʡ; ὢï ʩʨʝʜʥʠʡ ʙʘʣʣ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʘ ʫʯʘʩʪʥʠʢʦʚ 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʪʚʝʪʠʚʰʠʭ ʚʝʨʥʦ ʥʘ -ʦʝ ʟʘʜʘʥʠʝ; Ὓ ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ 

ʪʝʩʪʘ; ὖ ï ʜʦʣʷ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʚʝʨʥʦ ʨʝʰʠʚʰʠʭ Ὦ-ʦʝ ʟʘʜʘʥʠʝ. 

2.1.1.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʝʡ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ʇʨʠ ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʟʘʜʘʥʠʡ ʟʘʢʨʳ-

ʪʦʛʦ ʪʠʧʘ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʨʥʳʤʠ ʦʪʚʝʪʘʤʠ ʚʳʯʠʩʣʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʝ ʪʦʣʴʢʦ ʟʘʜʘʥʠʡ, ʥʦ ʠ ʥʝʢʦʪʦʨʳʭ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʯʘʩʪʝʡ: ʜʠʩʪʨʘʢʪʦʨʦʚ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʫʛʘʜʳʚʘʥʠʷ ʚʝʨʥʦʛʦ ʦʪʚʝʪʘ ʚ ʟʘʜʘʥʠʠ, ʠʣʠ ʚʳʷʚʣʝʥʠʠ 
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ʨʘʚʥʦʟʥʘʯʥʦʩʪʠ ʚ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʥʝʚʝʨʥʳʭ ʦʪʚʝʪʦʚ, ʛʦʚʦʨʷʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʠʩʪʨʘʢʪʦʨʦʚ [effectiveness of distracters] [145, 146]. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʩʪʨʘʢʪʦʨʦʚ ʜʣʷ ʟʘʜʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ: 

ὨὩ
ὲ ὲ

ὔ
Ͻρππȟ ςȢρσ 

ʛʜʝ: ὲ  ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ ʠʟ ʛʨʫʧʧʳ ʣʫʯʰʠʭ, ʚʳʙʨʘʚʰʠʭ k-ʡ ʜʠʩʪʨʘʢʪʦʨ, 

ὲ  ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ ʠʟ ʛʨʫʧʧʳ ʭʫʜʰʠʭ, ʚʳʙʨʘʚʰʠʭ Ὧ-ʡ ʜʠʩʪʨʘʢʪʦʨ; ὔ ï 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

2.1.2 ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʆʩʥʦʚʦʡ IRT ʷʚʣʷʶʪʩʷ ʜʚʘ ʧʨʝʜʧʦʣʦʞʝʥʠʷ [26]: 

1) ʜʦʩʪʠʞʝʥʠʷ ʫʯʘʩʪʥʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʪʝʩʪʫ ʤʦʛʫʪ ʙʳʪʴ ʩʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ (ʫʤʝʥʠʡ); 

2) ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʦʩʪʠʞʝʥʠʷʤʠ ʫʯʘʩʪʥʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʥʘʙʦʨʦʤ 

ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʤʦʥʦʪʦʥʥʦʡ ʚʦʟʨʘʩʪʘʶʱʝʡ ʬʫʥʢ-

ʮʠʝʡ, ʢʦʪʦʨʫʶ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʬʫʥʢʮʠʝʡ 

ʫʩʧʝʭʘ [28, 27]: 

ὴ  ὴίȟὸȟ ςȢρτ 

ʛʜʝ: ί ï ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʠʩʧʳʪʫʝʤʦʛʦ; ὸ ï ʫʨʦʚʝʥʴ ʪʨʫʜʥʦʩʪʠ ʟʘʜʘ-

ʥʠʷ (ίȟὸɴ πȠЊ ). 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʚʝʨʥʦʛʦ ʨʝʰʝʥʠʷ ʫʯʘʩʪʥʠʢʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʶ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʫʭ ʘʨʛʫ-

ʤʝʥʪʦʚ ï ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʠʩʧʳʪʫʝʤʦʛʦ ί ʠ ʫʨʦʚʥʷ ʪʨʫʜʥʦʩʪʠ ʟʘʜʘʥʠʷ ὸ 

[26]. 

ʌʫʥʢʮʠʠ ʫʩʧʝʭʘ ʤʦʜʝʣʝʡ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʠʞʝ, ʤʳ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʚ ʵʢʩ-

ʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ, ʜʣʷ ʵʪʦʛʦ ʧʨʝʜʩʪʘʚʠʤ ί ʠ ὸ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠ ʚʚʝ-

ʜʸʤ ʦʙʦʟʥʘʯʝʥʠʷ [28]: 

,Îί —ȟὰὲὸ  ςȢρυ ‏

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʦ IRT-ʤʦʜʝʣʝʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟ ʥʠʭ 

ʚʢʣʶʯʘʶʪ ʦʜʠʥ ʠ ʙʦʣʝʝ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ ʠ ʦʜʠʥ ʠ ʙʦʣʝʝ 
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ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʫʯʘʩʪʥʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦ-

ʜʝʣʝʡ CTT, ʤʦʜʝʣʠ IRT ʷʚʣʷʶʪʩʷ ʬʘʣʴʩʠʬʠʮʠʨʫʝʤʳʤʠ. ʊʘ ʠʣʠ ʠʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʥʝʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ IRT ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ [28]: 

1) ʫʩʪʘʥʦʚʣʝʥʠʝ (ʦʮʝʥʠʚʘʥʠʝ) ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ; 

2) ʦʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʜʘʥʥʳʤ (ʪʦʯʥʦʩʪʴ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ); 

3) ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

2.1.2.1 ɹʘʟʦʚʳʝ ʤʦʜʝʣʠ IRT 

ʆʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʈʘʰʘ, 1PL) [26]: 

ὴ—
Ὡ

ρ Ὡ
ȟὭ ρȟςȟȣȟὲȟ ςȢρφ 

ʛʜʝ: —ᶰ ЊȠЊ  ï ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʠʩʧʳʪʫʝʤʦʛʦ; ὦᶰ ЊȠЊ   

ʪʨʫʜʥʦʩʪʴ i-ʛʦ ʟʘʜʘʥʠʷ; n ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʜʘʥʠʡ ʪʝʩʪʘ. 

ɼʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ɹʠʨʥʙʘʫʤʘ, 2PL) [26]: 

ὴ—
Ὡ

ρ Ὡ
ȟὭ ρȟςȟȣȟὲȟ ςȢρχ 

ʛʜʝ: Ὀ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ; ὥᶰπȠЊ  ï ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʦʩʪʴ; 

ʘ —ȟὦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʞʝ, ʢʘʢ ʚ ʤʦʜʝʣʠ 1PL. 

ʊʨʸʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (3PL) [77]: 

ὴ— ὧ ρ ὧ
Ὡ

ρ Ὡ
ȟὭ ρȟςȟȣȟὲȟ ςȢρψ 

ʛʜʝ: ὧᶰπȠρ ï ʚʝʨʦʷʪʥʦʩʪʴ ʫʛʘʜʳʚʘʥʠʷ ʦʪʚʝʪʘ ʥʘ i-ʦʝ ʟʘʜʘʥʠʝ, ʘ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ —ȟὥȟὦ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʚ ʤʦʜʝʣʠ 2PL. 

2.1.2.2 ʄʝʪʦʜʳ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ IRT 

ɺ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝ-

ʣʝʡ IRT. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʫʩʨʝʜʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʠʟ-

ʤʝʨʝʥʠ ̫[28]. ʆʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʷʚʣʷʶʪʩʷ 

ʩʦʩʪʦʷʪʝʣʴʥʳʤʠ, ʥʦ ʥʝ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

ɼʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʚʳʯʠʩʣʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ ʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʤʦʤʝʥʪʦʚ. ɼʣʷ ʤʦʜʝʣʝʡ IRT ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʨʘʚʥʠʚʘʪʴ ʧʝʨʚʠʯʥʳʝ 
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ʙʘʣʣʳ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʤ ʦʞʠʜʘʥʠʷʤ: 

ὙὛ ὉὙὛ ὴȟὭ ρȟςȟȣȟὔ ςȢρω 

ὍὙὛὉὍὙὛ ḳ ὴȟὮ ρȟςȟȣȟὯ ςȢςπ 

ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʡ ʦʮʝʥʦʢ ʧʦ ʤʝʪʦʜʫ ʤʦʤʝʥʪʦʚ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦ-

ʚʘʥʠʷ ʦʧʠʩʘʥ ʚ [28]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʨʝʜʠ ʧʨʘʢʪʠʢʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʥʷʪʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʚʚʝʜʸʥ-

ʥʦʛʦ ʌʠʰʝʨʦʤ [32]. ʆʮʝʥʢʠ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʷʚʣʷʶʪʩʷ ʩʦ-

ʩʪʦʷʪʝʣʴʥʳʤʠ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʥʝʩʤʝʱʸʥʥʳʤ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

ʆʮʝʥʢʠ ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʫʶ ʜʠʩʧʝʨʩʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʥʦʨʤʘʣʴʥʳʤʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦ ʩ ʧʘʨʘʤʝʪʨʘʤʠ [28]: 

Ὁ— —ȟὉ‏  ςȢςρ ‏

Ὀ— Ὁ
‬ὒ

‬—

‬ὒ

‬—
ȟ

ςȢςς 

Ὀ— Ὁ
‬ὒ

‏‬

‬ὒ

‏—‬
ȟ

ςȢςσ 

ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ, ʪʦ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦ-

ʜʦʙʠʷ ʜʘʸʪ ʵʪʠ ʦʮʝʥʢʠ. ʊʘʢʞʝ ʝʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʜʦʩʪʘʪʦʯʥʳʝ ʦʮʝʥʢʠ, ʪʦ ʤʝʪʦʜ ʜʘʸʪ 

ʠ ʠʭ. 

ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ IRT ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʜʫʨ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ 

ʧʨʘʢʪʠʢʝ. ʊʘʢ, ʚ ʨʘʙʦʪʝ ʌ. ʃʦʨʜʘ [147, 148] ʦʧʠʩʘʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚʳʯʠʩʣʝʥʠʡ 

ʙʝʟʫʩʣʦʚʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (unconditional maximum likelihood, 

UML) ʠ ʦʙʲʝʜʠʥʸʥʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (joint maximum likelihood, 

JML). ʈ. ɹʦʢʦʤ ʚ [149] ʦʧʠʩʘʥ ʤʝʪʦʜ ʦʮʝʥʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʠʤʠʟʘʮʠʠ 

ʤʘʨʛʠʥʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (minimizing the marginal likelihood, MML). ɺ ʨʘʙʦʪʝ 
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[150] ɽ. ɸʥʜʝʨʩʝʥʘ ʫʩʪʘʥʦʚʣʝʥʳ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ, ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʤʝʪʦʜʫ ʫʩʣʦʚʥʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (conditional maximum likelihood, CML), ʧʨʝʜʣʦʞʝʥ-

ʥʦʛʦ ɼ. ʈʘʰʝʤ ʚ [27]. ʅʝʩʢʦʣʴʢʠʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʫʯʸʥʳʭ ʚ ʨʷʜʝ ʨʘʙʦʪ [151, 152, 

153, 154] ʙʳʣʘ ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʦʙʲʝʜʠʥʸʥʥʦʛʦ ʠ ʤʘʨʛʠʥʘʣʴʥʦʛʦ ɹʘʡʝʩʦʚʩʢʦʛʦ 

ʦʮʝʥʠʚʘʥʠʷ (joint and marginal Bayesian estimation). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʤʝʪʦʜ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ï ʚ ʨʘʙʦʪʘʭ ɺ. ʋʨʠ [155, 156] ï ʠ ʤʝʪʦʜ, ʦʩʥʦʚʘʥ-

ʥʳʡ ʥʘ ʥʝʣʠʥʝʡʥʦʤ ʬʘʢʪʦʨʥʦʤ ʘʥʘʣʠʟʝ ʚ ʨʘʙʦʪʘʭ ʈ. ʄʘʢʜʦʥʘʣʴʜʘ [157, 158]. 

2.1.2.3 ʄʝʪʦʜʳ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʜʘʥʥʳʤ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʦʚ IRT ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʳʙʨʘʥ-

ʥʘʷ ʤʦʜʝʣʴ ʧʦʜʭʦʜʠʪ ʜʣʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺ ʩʣʫʯʘʝ 

ʩʣʘʙʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʤ ʧʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʥʠʡ ʠ 

ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝ ʧʨʦʜʫʢʪʠʚʥʳ. 

ʉʦʛʣʘʩʥʦ [26] ʨʝʰʝʥʠʝ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʤʦʜʝʣʠ ʜʘʥʥʳʤ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳ-

ʨʘʞʝʥʥʦʩʪʠ ʪʨʸʭ ʧʨʠʟʥʘʢʦʚ: 

1) ʚʘʣʠʜʥʦʩʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʤʦʜʝʣʠ ʜʣʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ; 

2) ʜʠʘʧʘʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʦʞʠʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦ-

ʜʝʣʠ; 

3) ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʤʦʜʝʣʠ ʜʣʷ ʨʝʘʣʴʥʳʭ (ʠʣʠ ʠʤʠʪʠʨʦʚʘʥʥʳʭ) ʜʘʥʥʳʭ. 

ʇʦʜʭʦʜʳ, ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʠʤʝʨʳ ʦʮʝʥʠʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʜʦ-

ʙʨʘʥʳ ʠ ʦʧʠʩʘʥʳ ʚ [26]. 

2.1.2.4 ʄʦʜʝʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ɼʠʩʢʨʠʤʠʥʘʪʠʚʥʦʩʪʴ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ, ʪʦ ʝʩʪʴ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʘʪʴ 

ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʫʨʦʚʥʶ ʧʦʜʛʦʪʦʚʢʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ IRT ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʤ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʟʘʜʘʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʚʳ-

ʙʦʨʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʦʯʝʯʥʦ-ʙʠʩʝʨʠʘʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ [28]: 

”
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ʛʜʝ: ὼӶ ʠ ὼӶ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚʳʧʦʣʥʠʚʰʠʭ ʠ 

ʥʝ ʚʳʧʦʣʥʠʚʰʠʭ ʠʩʩʣʝʜʫʝʤʦʝ ʟʘʜʘʥʠʝ; ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ὲ ʠ ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʚʳ-

ʧʦʣʥʠʚʰʠʭ ʠ ʥʝ ʚʳʧʦʣʥʠʚʰʠʭ; ὲ  ὲ ὲ; „ï ʦʮʝʥʢʘ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʠʪʝʨʠʷ. 

ʏʝʤ ʙʣʠʞʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʢ ʝʜʠʥʠʮʝ, ʪʝʤ ʵʬʬʝʢ-

ʪʠʚʥʝʝ ʟʘʜʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʠʩʧʳʪʫʝʤʳʭ ʧʦ ʫʨʦʚʥʶ ʠʭ ʧʦʜʛʦʪʦʚ-

ʣʝʥʥʦʩʪʠ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʥʴʰʝ ʥʫʣʷ, ʪʦ ʟʘʜʘʥʠʝ ʩʯʠʪʘʝʪʩʷ ʥʝ-

ʫʜʘʯʥʳʤ ʠ ʧʦʜʣʝʞʠʪ ʧʝʨʝʨʘʙʦʪʢʝ.  

2.1.2.5 ʄʝʪʦʜʳ ʨʘʙʦʪʳ ʩ ʯʘʩʪʷʤʠ ʟʘʜʘʥʠʡ 

ɻʦʚʦʨʷ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʩʪʨʘʢʪʦʨʦʚ ʟʘʜʘʥʠʡ ʦʧʮʠʡ ʠ ʘʣʴʪʝʨʥʘʪʠʚ, ʩʨʝʜʠ 

ʧʨʠʟʥʘʢʦʚ ʫʜʘʯʥʦʛʦ ʧʦʜʙʦʨʘ ʜʠʩʪʨʘʢʪʦʨʦʚ ʚʳʜʝʣʷʶʪ ʬʘʢʪ ʚʳʙʦʨʘ ʨʘʟʣʠʯʥʳʭ ʜʠʩ-

ʪʨʘʢʪʦʨʦʚ ʦʜʠʥʘʢʦʚʦ ʯʘʩʪʦ [28]. 

ɺ ʢʦʥʪʝʢʩʪʝ IRT ʛʦʚʦʨʷʪ ʦ ʧʨʦʚʝʨʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʥʦʤʝʨʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʦʪ ʚʳʙʦʨʘ ʨʘʟʣʠʯʥʳʭ ʜʠʩʪʨʘʢʪʦʨʦʚ. ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʚ-

ʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʣʝʞʘʪ ʟʘ ʨʘʤʢʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɼʦʩʪʘʪʦʯʥʦ ʧʦ-

ʜʨʦʙʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʢʨʠʪʝʨʠʠ ʩʦʛʣʘʩʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʩʤʦʪ-

ʨʝʥʳ ʚ [159]. ʇʨʠʤʝʨ ʨʘʩʯʸʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʪʝʨʠʷ … [160] ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʛʠʧʦʪʝʟʳ ʦ ʪʠʧʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʠʩʘʥ ʚ [28]. 

2.1.3 ʊʝʦʨʠʷ ʪʝʩʪʣʝʪʦʚ ʠ ʤʦʜʝʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ TRT ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʨʘʢʪʦʚʢʦʡ ʧʦ-

ʥʷʪʠʷ çʪʝʩʪʣʝʪè, ʚʚʝʜʸʥʥʦʡ ʚ ʨʘʙʦʪʝ ɻ. ɺʘʡʥʝʨʘ ʠ ɼ. ʂʴʝʣʠ [161]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʤʳ ʙʫʜʝʤ ʦʧʠʨʘʪʴʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʩʪʣʝʪʘ, ʧʨʠʚʝʜʸʥʥʦʝ ʚ ʨʘʙʦʪʝ [33]: ʪʝʩʪʣʝʪ 

ï ʵʪʦ ʛʨʫʧʧʘ ʟʘʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʢʘʢ ʝʜʠʥʳʡ ʙʣʦʢ ʠ ʫʧʨʘʚʣʷʶʪʩʷ 

ʩʦʚʤʝʩʪʥʦ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʚʝʢʘ ʤʦʜʝʣʠ IRT ʙʳʣʠ ʩʦʛʣʘʩʦʚʘʥʳ ʩ 

ʪʝʩʪʣʝʪʘʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʪʝʩʪʦʚ [45, 40], ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ TRT ʩʚʷʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʘʡʝʩʦʚʩʢʦʛʦ ʧʦʜʭʦʜʘ. 
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ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ TRT ʣʝʞʘʪ ʜʚʝ ʙʘʟʦʚʳʝ ʤʦʜʝʣʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʜʠʭʦʪʦʤʠ-

ʯʝʩʢʠ ʦʮʝʥʠʚʘʝʤʳʭ ʠ ʧʦʣʠʪʦʤʠʯʝʩʢʠ ʦʮʝʥʠʚʘʝʤʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ɼʣʷ ʜʠʭʦʪʦ-

ʤʠʯʝʩʢʦʡ ʪʨʸʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ: 

ὴὣ ρ ὧ ρ ὧÌÏÇÉÔὸ  ςȢςυ 

ʛʜʝ: ὣ  ï ʦʪʚʝʪ i-ʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʥʘ j-ʦʝ ʟʘʜʘʥʠʝ; ὧ ï ʥʠʞʥʷʷ ʘʩʠʤʧʪʦʪʘ (ʧʘ-

ʨʘʤʝʪʨ ʫʛʘʜʳʚʘʥʠʷ ʜʣʷ j-ʛʦ ʜʠʭʦʪʦʤʠʯʝʩʢʠ ʦʮʝʥʠʚʘʝʤʦʛʦ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ; 

ÌÏÇÉÔÌÏÇρ ρ ὼ . 

ɼʣʷ ʧʦʣʠʪʦʤʠʯʝʩʢʠ ʦʮʝʥʠʚʘʝʤʳʭ ʟʘʜʘʥʠʡ ï ʤʦʜʝʣʴ TRT, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 

ʨʘʙʦʪʝ ʌ. ʉʘʤʝʜʞʠʤʳ [162]: 

ὴὣ ὶ ɮὨ ὸ ɮὨ ὸ ȟ ςȢςφ 

ʛʜʝ: Ὠ ʠ Ὠ  ï ʣʘʪʝʥʪʥʳʝ ʛʨʘʥʠʮʳ (ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ) ʜʣʷ ʧʦ-

ʣʠʪʦʤʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ;   ï ʢʫʤʫʣʷʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; ὸ 

ï ʣʘʪʝʥʪʥʘʷ ʣʠʥʝʡʥʘʷ ʵʢʩʪʨʘʧʦʣʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʨʝʟʫʣʴʪʘʪʘ. 

ʉʦʛʣʘʩʥʦ [33] ʜʣʷ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʜʠʭʦʪʦʤʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ, 3PL ʤʦ-

ʜʝʣʴ ʧʨʠʥʠʤʘʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʚʠʜ (ὧ  π): 

ὴὣ ρ ÌÏÇÉÔὸ Ȣ ςȢςχ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʪʝʨʤʠʥʘʭ ʪʝʩʪʣʝʪʦʚ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʳ ʨʘʩ-

ʰʠʨʝʥʠʝʤ ʣʠʥʝʡʥʦʡ ʵʢʩʪʨʘʧʦʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʨʝʟʫʣʴʪʘʪʘ: ( )ij j i jt a bq= - , ʧʫ-

ʪʸʤ ʚʚʝʜʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʵʬʬʝʢʪʘ ʪʝʩʪʣʝʪʘ ‎  ʜʣʷ j-ʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʠ i-ʛʦ 

ʟʘʜʘʥʠʷ, ʚʢʣʶʯʸʥʥʦʛʦ ʚ ʪʝʩʪʣʝʪ ὨὮ. ɼʣʷ ʜʚʫʭ ʟʘʜʘʥʠʡ Ὦ ʠ Ὦᴂ ʠʟ ʦʜʥʦʛʦ ʪʝʩʪʣʝʪʘ 

ʩʧʨʘʚʝʜʣʠʚʦ ὨὮ ὨὮᴂ. 

ʇʨʠ ʵʪʦʤ ὥȟὦ ̉ — ï ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʦʩʪʴ, ʪʨʫʜʥʦʩʪʴ ʠ ʬʫʥʢʮʠʷ ʫʩʧʝʭʘ ʠʩʧʳ-

ʪʫʝʤʦʛʦ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʪʨʸʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 3PL ʙʘʡʝʩʦʚʩʢʘʷ ʤʦʜʝʣʴ ʪʝʩʪʣʝʪʦʚ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ IRT 3PL ʤʦʜʝʣʠ ʚʩʸ ʪʝʤ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ‎ . 

ὴὣ ρ ὧ ρ ὧÌÏÇÉÔὥ — ὦ ‎  ςȢςψ 
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ɼʣʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝ-

ʣʝʡ: —ͯ ὔπȟρȟὰέὫὥ ὔͯ‘ȟ„ ȟὦͯ ὔ‘ȟ„ . 

ʄʦʜʝʣʠ TRT ʧʦʨʦʞʜʝʥʳ ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʘʜʘʧʪʠʚʥʳʤ ʪʝ-

ʩʪʠʨʦʚʘʥʠʝʤ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚ 

ʨʘʤʢʘʭ TRT, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ [44, 

54, 64, 77, 33]. 

ɼʣʷ ʤʦʜʝʣʝʡ CAT ʘʪʨʠʙʫʪʳ ʟʘʜʘʥʠʡ ʦʙʦʙʱʘʶʪ ʚ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ [77]: 

1) ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ (ʘʚʪʦʨʳ, ʩʦʜʝʨʞʠʤʦʝ, ʬʦʨʤʘʪ, ʩʝʛʤʝʥʪ ɹʊɿ, ʢ ʢʦʪʦʨʦʤʫ 

ʦʪʥʦʩʠʪʩʷ ʟʘʜʘʥʠʝ); 

2) ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ (ʪʨʫʜʥʦʩʪʴ, ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʚʨʝʤʷ ʨʝʰʝʥʠʷ, ʜʦʧʫʩʪʠ-

ʤʳʝ ʟʥʘʯʝʥʠʷ); 

3) ʣʦʛʠʯʝʩʢʠʝ (ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʟʘʜʘʥʠʷʤʠ).  

ʕʪʠ ʘʪʨʠʙʫʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ CAT ʜʣʷ ʨʝʰʝʥʠʷ ʜʚʫʭ ʩʣʝʜʫʶ-

ʱʠʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ: 

1) ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ [partitioning] ʭʨʘʥʠʣʠʱʘ ʟʘʜʘʥʠʡ; 

2) ʧʦʜʙʦʨʘ ʟʘʜʘʥʠʡ [item selection] ʚ ʧʨʦʮʝʩʩʝ ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʪʝʩʪʣʝʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʠ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ ʭʨʘʥʠʣʠʱʘ ʟʘʜʘʥʠʡ 

ʜʣʷ ʥʫʞʜ CAT, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʩʝʛʤʝʥʪʘʮʠʠ [77, 40, 163, 164]. 

ʇʦʩʢʦʣʴʢʫ ʂʀʄʈɸ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʂʀʄ ʜʣʷ ʧʨʦʚʝ-

ʜʝʥʠʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʪʝʩʪʠʨʦʚʘʥʠʡ, ʤʦʜʝʣʴ ʂʀʄ ʜʦʣʞʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʘʢ ʤʠʥʠ-

ʤʫʤ ʧʘʨʘʤʝʪʨʳ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʪʝʦʨʠʷʤʠ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʝr ʧʘʨʘʤʝʪʨ,r ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩʝʛʤʝʥʪʘʮʠʠ ʂʀʄ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʪʠʧʘ. ʇʦʩʢʦʣʴʢʫ ʂʀʄʈɸ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦʮʝʩʩʳ CAT, ʟʘʜʘʯʠ ʩʝʣʝʢʮʠʠ ʧʨʠ 

ʘʜʘʧʪʠʚʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ ʣʦʞʘʪʩʷ ʥʘ ʚʥʝʰʥʶʶ ʩʠʩʪʝʤʫ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ 

ʩ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʂʀʄʈɸ. 
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2.2 ʄʦʜʝʣʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʝ-

ʙʫʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʪʘʜʠʡ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂʀʄ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʘʨʪʝ-

ʬʘʢʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʨʘʟʜʝʣʝ 1.2 ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʩʧʝʮʠʘ-

ʣʠʩʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʩʩʦʚʳʭ ʪʝʩʪʠʨʦʚʘʥʠʡ ʚʳʜʝʣʝʥʳ ʵʪʘʧʳ ʨʘʟʨʘ-

ʙʦʪʢʠ ʪʝʩʪʦʚ [13], ʢʦʪʦʨʳʝ ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʠ ʦʙʦʙʱʸʥʥʦʤ ʚʠʜʝ ʤʦʛʣʠ ʙʳ ʣʝʯʴ ʚ 

ʦʩʥʦʚʫ ʧʦʜʦʙʥʦʡ ʤʦʜʝʣʠ: ʩʦʟʜʘʥʠʝ ʙʘʥʢʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʩʪʘ, ʜʦʩʪʘʚʢʘ ʪʝʩʪʘ, ʧʦ-

ʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦʪ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʪʝʩʪʫ. ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʩʪʦʤ ʚ ʈʀʉʋʅ ʠʣʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʘ ʜʝʪʘʣʠʟʘʮʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʥʠʤʘʥʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʪʝʩʪʘ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʂʀʄ ʚ ʈʀʉʋʅ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: ʩʧʦʩʦʙʳ ʜʦʙʘʚʣʝʥʠʷ/ʧʦ-

ʣʫʯʝʥʠʷ/ʫʜʘʣʝʥʠʷ ʂʀʄ ʠʟ ʙʘʥʢʘ, ʧʨʘʚʠʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʠʟ ʙʘʥʢʘ, ʠʥʬʦʨʤʘʪʠʚʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦ ʂʀʄ, ʧʨʘʚʠʣʘ ʦʙʥʦʚʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʀʄ ʠ ʘʢʪʫʘʣʠʟʘʮʠʠ ʂʀʄ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ɾʎ ʂʀʄ, ʦʧʨʝ-

ʜʝʣʸʥʥʦʛʦ ʚ ʨʘʟʜʝʣʝ 1.1.1, ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʝʡ [configuration 

management] ʚ ʧʦʥʠʤʘʥʠʠ ʩʠʩʪʝʤʥʦʡ ʠʥʞʝʥʝʨʠʝʡ. ʇʨʝʜʣʦʞʠʤ ʫʧʨʦʱʸʥʥʳʝ ʚʝʨʩʠʠ 

ʦʧʨʝʜʝʣʝʥʠʡ ʠʟ ʩʪʘʥʜʘʨʪʘ ISO/IEC/IEEE 24765-2010 çSystem and software engineer-

ing ï Vocabularyè. 

ʂʦʥʬʠʛʫʨʘʮʠʷ [configuration] ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʨʩʠʡ ʟʥʘʯʠʤʳʭ ʘʨʪʝʬʘʢ-

ʪʦʚ ʚ ʩʠʩʪʝʤʝ. ɺʝʨʩʠʷ [version] ï ɻ ʪʦ ʩʦʩʪʦʷʥʠʝ ʘʨʪʝʬʘʢʪʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʪʦʨʠʠ ʠʟʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ. 

ɺʝʨʩʠʦʥʠʨʦʚʘʥʠʝ [versioning] ï ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʚʝʨʩʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ɾʎ ʂʀʄ ʧʦʥʠʤʘʝʪʩʷ, ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚʝʨʩʠʦʥʠʨʫʝʤʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʨ-

ʪʝʬʘʢʪʘ, ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʩʠʩʪʝʤʫ ʩ ʦʪʥʦʰʝʥʠʷʤʠ ʯʘʩʪʴ/ʮʝʣʦʝ ʠ ʦʙʦʙʱʝʥʠʷ/ʜʝʪʘʣʠʟʘ-

ʮʠʠ [165]: 
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ὉὃὓͅὒὅḰộὉὃὓȟὒὅὈȟὃὙὩίόὰὸίȟὒὕỚȟ ςȢςω

ʛʜʝ: Ὁὃὓ ï ʩʦʙʩʪʚʝʥʥʦ ʂʀʄ; ὃὙὩίόὰὸίḰ ὃὙ ȟὭɴ ρȟὃὙὅέόὲὸ ï ʚʝʢʪʦʨ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʫʧʦʨʷʜʦʯʝʥʳ 

ʧʦ ʦʪʤʝʪʢʘʤ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʤʝʨʦʧʨʠʷʪʠʷ; ὒὕ ï ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʝ ʦʥʪʦʣʦʛʠʝʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʙʦʨʦʤ ʪʘʢʩʦʥʦʤʠʡ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

ʠʣʠ ʜʨʫʛʠʤ ʚʘʨʠʘʥʪʦʤ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʩʳʣʘʪʴʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʙʲ-

ʝʢʪʳ; ὒὅὈ ï ʧʘʨʘʤʝʪʨʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʜʘʶʪʩʷ ʚ ʬʦʨʤʝ ʝʜʠʥʦʚʨʝ-

ʤʝʥʥʦʛʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʪʠʧ, ʪʠʧ ʭʨʘʥʠʣʠʱʘ, ʚʘʨʠʘʥʪ ʬʦʨʤʘʣʠʟʘʮʠʠ ὒὕ, 

ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʜʦʩʪʘʚʢʠ ʠ ʜʨ.). 

ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʚʝʢʪʦʨʝ ὃὙὩίόὰὸί ʠʤʝʝʪ ʫʚʝʣʠ-

ʯʝʥʥʫʶ ʦʪʤʝʪʢʫ ʚʨʝʤʝʥʠ, ʪʦ ɻʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʚʨʝʤʝʥ-

ʥʦʡ ʨʷʜ ʠ ʥʘ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʠʪʴ ʘʢʪʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʀʄ 

ʠ ʩʨʘʚʥʠʪʴ ʠʭ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʣʦʙʘʣʴʥʦ ʥʝʧʨʦʪʠʚʦʨʝʯʠ-

ʚʦʛʦ ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʈʀʉʋʅ, ʢʦʛʜʘ ʂʀʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟ-

ʣʠʯʥʳʭ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʫʜʘʣʸʥʥʳʭ ʧʫʥʢʪʘʭ ʠ ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʠ ʚʝʨʩʠʦʥʠʨʫʝʤʦʛʦ ʘʨʪʝʬʘʢʪʘ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʂʀʄ [166]. 

2.3 ʄʦʜʝʣʴ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʌʦʨʤʘʣʠʟʫʝʤ ʂʀʄ ʚ ʚʠʜʝ ʯʝʪʚʸʨʢʠ [165]: 

ὉὃὓḰộὝὥίὯὈὩίὧȟὄέὨώȟὅὅὅὛȟὖὶỚȟ   ςȢσπ 

ī ὝὥίὯὈὩίὧ ï ʢʦʨʪʝʞ ʵʣʝʤʝʥʪʦʚ ʦʧʠʩʘʥʠʷ ʂʀʄ; 

ī ὄέὨώ ï ʪʝʣʦ ʂʀʄ, ʪʦ ʝʩʪʴ ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʯʘʩʪʴ ʂʀʄ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʤʝʨʦʧʨʠʷʪʠʠ; 

ī  ὅὅὅὛ ï ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʩʩʳʣʦʢ ʥʘ ʵʣʝʤʝʥʪʳ ʦʧʠʩʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʫʯʝʥʠʷ; 

ī ὖὶ ï ʤʥʦʞʝʩʪʚʦ ʧʨʝʨʝʢʚʠʟʠʪʦʚ ʂʀʄ. 

ʈʘʩʢʨʦʝʤ ʢʦʤʧʦʥʝʥʪ rʬʦʨʤʘʣʠʟʘʮʠʠ ʂʀʄ. 

ʂʦʨʪʝʞ ὝὥίὯὈὩίὧ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʙʷʟʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 
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¶ ὋὟὍὈ ï ʛʣʦʙʘʣʴʥʳʡ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʚʝʨʩʠʠ) ʂʀʄ; 

¶ ὠὩὶίὭέὲ ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʝʨʩʠʠ ʂʀʄ; 

¶ ὈὩίὧὶὭὴὸὭέὲ ï ʧʦʣʥʦʝ ʥʘʟʚʘʥʠʝ; 

¶ ὛὰόὫ ï ʢʦʨʦʪʢʦʝ ʥʘʟʚʘʥʠʝ; 

¶ ὅέάάὩὲὸ ï ʢʦʤʤʝʥʪʘʨʠʡ; 

¶ ὃόὸὬέὶίὬὭὴ ï ʤʥʦʞʝʩʪʚʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʘʚʪʦʨʦʚ ʂʀʄ; 

¶ ὝώὴὩ ï ʪʠʧ ʟʘʜʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʨʘʚʠʣʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ὄέὨώ; 

¶ ὝὥὫί ï ʤʥʦʞʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʘʪʨʠʙʫʪʦʚ (ʪʝʛʦʚ) ʂʀʄ; 

¶ ὝὭάὩὛὸὥάὴί ï ʢʦʨʪʝʞ ʦʪʤʝʪʦʢ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʡ ʂʀʄ. 

ʊʝʣʦ ʂʀʄ ʝʩʪʴ ʯʝʪʚʸʨʢʘ ὄέὨώḰộὅὉὃὓȟὃίίὭὫὲάὩὲὸȟὅέὲὸὩὼὸȟὋὙỚ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʦʥʪʝʡʥʝʨ ʩ ʜʘʥʥʳʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ. ʂʦʤʧʦʥʝʥʪʳ ʯʝʪʚʸʨʢʠ ὄέὨώ ʠʤʝʶʪ ʩʣʝʜʫ-

ʶʱʠʡ ʩʤʳʩʣ: 

ī ὅὉὃὓ ὉὃὓȣὉὃὓ ï ʤʥʦʞʝʩʪʚʦ ʚʣʦʞʝʥʥʳʭ ʂʀʄ. ɽʩʣʠ ʤʥʦʞʝ-

ʩʪʚʦ ὅὉὃὓ ʧʫʩʪʦ, ʪʦ ʂʀʄ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʘʪʦʤʘʨʥʳʤ, ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ï ʢʦʤʧʦʟʠʪʥʳʤ; 

ī ὃίίὭὫὲάὩὲὸ ï ʟʘʜʘʥʠʝ, ʧʦʥʠʤʘʝʤʦʝ ʢʘʢ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʩʪʫʜʝʥʪʘ ʧʦ 

ʢʦʥʢʨʝʪʥʦʤʫ ʂʀʄ, ʚʢʣʶʯʘʶʱʝʝ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. 

ὃίίὭὫὲάὩὲὸ ʤʦʞʝʪ ʩʩʳʣʘʪʴʩʷ ʥʘ ʟʘʜʘʥʠʷ 

ὃίίὭὫὲάὩὲὸȟȣȟὃίίὭὫὲάὩὲὸ ʚʣʦʞʝʥʥʳʭ ʂʀʄ; 

ī ὅέὲὸὩὼὸ ï ʢʦʥʪʝʢʩʪ ʂʀʄ, ʪʦ ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ 

ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ὃίίὭὫὲάὩὲὸ. 

ὅέὲὸὩὼὸ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʵʣʝʤʝʥʪʳ ʦʥʪʦʣʦʛʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʤ-

ʤʝʥʪʘʨʠʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʫʯʝʥʠʷ, ʫʢʘʟʘʥʠʷ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʂʀʄ ʠ ʜʨ. 

ὅέὲὸὩὼὸ ʪʘʢʞʝ ʤʦʞʝʪ ʩʩʳʣʘʪʴʩʷ ʥʘ ʢʦʥʪʝʢʩʪʳ ὅέὲὸὩὼὸȟȣȟὅέὲὸὩὼὸ 

ʚʣʦʞʝʥʥʳʭ ʂʀʄ; 
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ī ὋὙ ï ʩʭʝʤʘ ʦʮʝʥʠʚʘʥʠʷ ʂʀʄ, ʷʚʣʷʶʱʘʷʩʷ ʦʪʦʙʨʘʞʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ 

ʚʳʧʦʣʥʝʥʠʷ ʂʀʄ ʚ ʦʮʝʥʢʫ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʰʢʘʣʝ (ʦʙʟʦʨ ʰʢʘʣ ʠʟʤʝʨʝ-

ʥʠʡ ʩʤ. ʚ ʨʘʟʜʝʣʝ 2.7). ʕʪʘ ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʧʨʘʚʠʣʘ ʠ ʩʮʝʥʘʨʠʠ 

(ʘʣʛʦʨʠʪʤʳ) ʦʮʝʥʠʚʘʥʠʷ. 

ɺʦʟʤʦʞʥʳʝ ʪʠʧʳ ʢʦʥʪʝʡʥʝʨʦʚ: 

¶ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ [test item]; 

¶ ʟʘʜʘʥʠʝ ʜʣʷ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ [peer assessment task]; 

¶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ [individual programming 

assignment]; 

¶ ʚʝʙ-ʢʚʝʩʪ [web quest]; 

¶ ʟʘʜʘʥʠʝ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʣʣʝʢʪ-ʢʘʨʪʳ [mind map]; 

¶ ʠ ʜʨ. 

ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʟʘʜʘʥʠʝ ὃίίὭὫὲάὩὲὸ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʢʦʥʪʝʡʥʝʨʦʚ ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʜʨʫʛʠʝ ʂʀʄ (ʥʘʧʨʠʤʝʨ, ʯʘʩʪʴʶ ʟʘʜʘʥʠʷ ʥʘ ʚʟʘʠʤʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʪʝʩʪ ʠʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʝʢʪ). 

ʂʦʥʪʝʢʩʪ ʂʀʄ ʤʦʞʝʪ ʙʳʪʴ ʜʚʫʭ ʪʠʧʦʚ: ʣʦʢʘʣʴʥʳʡ ʠ ʛʣʦʙʘʣʴʥʳʡ. ʃʦʢʘʣʴʥʳʡ 

ʢʦʥʪʝʢʩʪ ʪʝʣʘ ʂʀʄ. ʃʦʢʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ ʥʠʢʘʢ ʥʝ ʧʨʠʚʷʟʳʚʘʝʪ ʂʀʄ ʢ ʢʫʨʩʫ, ʫʯʝʙ-

ʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠ ʧʨʦʯ. ɻʣʦʙʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ ʩʦʜʝʨʞʠʪ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʫ ʩʩʳʣʢʫ 

ʥʘ ʤʦʜʫʣʴ, ʛʜʝ ʤʦʜʫʣʴ ʤʦʞʝʪ ʙʳʪʴ ʫʨʦʢʦʤ, ʙʣʦʢʦʤ, ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʦʡ, ʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʪʦ ʝʩʪʴ ʧʨʦʠʟʚʦʣʴʥʦʡ ʯʘʩʪʴʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʤʦʜʫʣʷ ʩʩʳʣʢʘ ʥʘ ʥʝʛʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʨʩʠ-

ʦʥʠʨʦʚʘʥʠʷ ʂʀʄ. ʄʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʢʦʥʪʝʢʩʪ ï ʧʫʩʪʦʡ, ʯʪʦ ʦʙʦʟʥʘʯʘʝʪ ʩʘ-

ʤʦʜʦʩʪʘʪʦʯʥʦʩʪʴ ʟʘʜʘʥʠʷ ὃίίὭὫὲάὩὲὸ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ὅὅὅὛ. ʄʘʢʩʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʢʦʥʪʝʢʩʪ ï ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ. ʂʦʥʪʝʢʩʪ ὅέὲὸὩὼὸ ʤʦ-

ʞʝʪ ʥʘʩʣʝʜʦʚʘʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʢʦʥʪʝʢʩʪ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ ʝʩʪʴ ʜʠʩʮʠʧʣʠʥʘ ʠʣʠ 

ʛʨʫʧʧʘ ʜʠʩʮʠʧʣʠʥ, ʘ ʢʦʥʪʝʢʩʪ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ. 
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ʄʥʦʞʝʩʪʚʘ ὅὅὅὛ ʠ ὖὶ ʷʚʣʷʶʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ ʦʙʲʝʢʪʦʚ ʠʟ ὒὕ ʚ ʤʦʜʝʣʠ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʠʭ ʤʦʞʥʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʨʘ-

ʙʦʪʘʥʥʦʩʪʠ ʩʫʱʥʦʩʪʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ: ʦʪ ʧʨʦʩʪʝʡʰʝʛʦ ʪʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʯʣʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʜʦ ʦʥʪʦʣʦʛʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʆʩʦʟʥʘʚʘʷ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʜʦʩʪʫʧ-

ʥʳʭ ʩʨʝʜʩʪʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚ ʪʝʢʫʱʝʡ ʘʨʭʠʪʝʢʪʫʨʝ ʂʀʄʈɸ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʩʦʥʦʤʠʝʡ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠ-

ʥʠʮ (ɼɽ), ʢʦʪʦʨʦʡ ʧʦʩʚʷʱʸʥ ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʩʥʠʤʘʝʪ ʧʨʦʙʣʝʤʳ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʂʀʄ, 

ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʷ ʂʀʄ ʚ ɹʂʀʄ, ʘ ʪʘʢʞʝ ʦʙʣʝʛʯʘʝʪ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʂʀʄ. ʆʪʤʝʪʠʤ ʦʜʥʘʢʦ, ʯʪʦ ʥʝ ʠʩʯʝʟʘʝʪ ʧʨʦʙʣʝʤʘ ʩʦʚ-

ʤʝʩʪʠʤʦʩʪʠ ʂʀʄ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ. 

ʊʨʝʙʫʝʪʩʷ ʚʚʦʜʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʤʧʦʟʠʮʠʶ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʠʟʚʝʩʪ-

ʥʳʤʠ ʪʠʧʘʤʠ ʢʦʥʪʝʡʥʝʨʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʢʦʥʢʨʝʪʥʦʡ ʇʉʋʅ. 

ʇʨʠʤʝʨ ʘʪʦʤʘʨʥʦʛʦ ʟʘʜʘʥʠʷ çɺʝʙ ʢʚʝʩʪè ʩ ʨʫʙʨʠʢʘʤʠ ʦʮʝʥʠʚʘʥʠʷ (ʟʘʜʘʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʢʫʨʩʝ çMobile Game Developmentè ʤʘʛʠʩʪʝʨʩʢʦʡ ʧʨʦʛʨʘʤʤʳ çʉʠ-

ʩʪʝʤʥʘʷ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷè, ʌʂʅ, ʅʀʋ ɺʐʕ) 

ὅέὲὸὩὼὸ: Course: Mobile games development 

Web Quest topic: ñGenre, Positioning, Monetizingò 

Variant 1: Air Simulator 

ὃίίὭὫὲάὩὲὸ: Introduction 

The goal of this Web Quest is to round up theory from the first lectures and to study monetizing 

models for mobile games. 

You should use suggested websites and any related material to complete the task. 

Task 

1. Examine the links from Links section. 

2. Complete the assignments from Assignments section. 

3. Prepare a report, which contains the results of each assignment. 

Links 

1) Mobile Air Simulators: 

a. Google Play (https://play.google.com/store/search?q=air%20simulator&c=apps)  

b. Windows Market (https://www.microsoft.com/ru-

ru/search/result.aspx?q=air+simulator&form=apps)  

2) Monetization models: 

https://play.google.com/store/search?q=air%20simulator&c=apps
https://www.microsoft.com/ru-ru/search/result.aspx?q=air+simulator&form=apps
https://www.microsoft.com/ru-ru/search/result.aspx?q=air+simulator&form=apps
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a. Monetizing Mobile Gaming (https://techcrunch.com/2016/02/28/mobile-gaming-

trends/)  

b. Choosing a monetization model for your mobile game 

(https://crowdsourcedtesting.com/resources/choosing-monetization-model-mobile-

game/)  

c. The Design of Free-To-Play Games: Part 1 

(http://www.gamasutra.com/view/feature/6552/the_design_of_freetoplay_games_.php) 

d. The Design of Free-to-Play Games, Part 2 

(http://www.gamasutra.com/view/feature/134959/the_design_of_freetoplay_games_.ph

p?print=1)  

e. What are some new mobile app monetization strategies for games? 

(https://www.quora.com/What-are-some-new-mobile-app-monetization-strategies-for-

games)  

f. Advertising as mobile game monetization tactic 

(https://clickky.biz/blog/2016/03/advertising-as-mobile-game-monetization-tactic/)  

g. Understanding Your Options When Monetizing Mobile Games 

(https://appdevelopermagazine.com/1275/2014/4/1/Understanding-Your-Options-

When-Monetizing-Mobile-Games)  

Assignments 

1) Design the short-lists of free, freemium, and paid Air Simulators (3 of each type, 9 in total). 

Give a link to a description of each game. 

2) From your shortlist give overall picture of a niche (casual game, hardcore game, etc.), audience 

(use gamerôs classification), game goals and the requirements for their achievements. 

3) Analyze differences and similarities of air simulators and create the matrix of features (obliga-

tory and distinctive) for a mobile air simulator based on your short-lists. 

4) Think about the originality. Make up and explain 3 original features of your air simulator. 

5) Describe UI Patterns used in applications from the short-lists. Give examples. 

6) Examine the types of userôs input/output in the simulators from the short-list. Give examples. 

7) Explain the userôs input/output modes in your simulator. 

8) Explain your set of UI Patterns.  

9) Analyze game engines used in your short-lists and create the pool of engines suitable for your 

genre. 

10) Suggest a monetization model for your air simulator, expose the characteristics of the model. 

ὋὙ: Evaluation Rubrics. ʇʦʣʥʘʷ ʪʘʙʣʠʮʘ ʨʫʙʨʠʢ ʩ ʧʨʘʚʠʣʘʤʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʦʮʝʥʦʢ ʟʘ ʟʘʜʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 0. 

ƴ 

ʇʨʠʤʝʨ. ʂʦʤʧʦʟʠʪʥʦʝ ʂʀʄ çʊʝʩʪè 

ʊʝʩʪ ʩʦʩʪʘʚʣʷʝʪʩʷ, ʢʘʢ ʂʀʄ, ʩʦʩʪʦʠʪ ʠʟ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ (ʪʦʞʝ ʂʀʄ). ὝὥίὯὈὩίὧ ʜʣʷ ʪʝ-

ʩʪʘ ʯʝʨʝʟ ʩʧʝʮʠʬʠʢʘʮʠʶ [167] (ʩʤ. ʪʘʙʣʠʮʫ) ʩʚʷʟʘʥ ʩ ʢʦʨʪʝʞʘʤʠ ʦʧʠʩʘʥʠʷ ʢʘʞʜʦʛʦ ʪʝʩʪʦʚʦʛʦ ʟʘ-

ʜʘʥʠʷ, ʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʷʤʳʤ ʦʙʲʝʜʠʥʝʥʠʝʤ.  

https://techcrunch.com/2016/02/28/mobile-gaming-trends/
https://techcrunch.com/2016/02/28/mobile-gaming-trends/
https://crowdsourcedtesting.com/resources/choosing-monetization-model-mobile-game/
https://crowdsourcedtesting.com/resources/choosing-monetization-model-mobile-game/
http://www.gamasutra.com/view/feature/6552/the_design_of_freetoplay_games_.php
http://www.gamasutra.com/view/feature/134959/the_design_of_freetoplay_games_.php?print=1
http://www.gamasutra.com/view/feature/134959/the_design_of_freetoplay_games_.php?print=1
https://www.quora.com/What-are-some-new-mobile-app-monetization-strategies-for-games
https://www.quora.com/What-are-some-new-mobile-app-monetization-strategies-for-games
https://clickky.biz/blog/2016/03/advertising-as-mobile-game-monetization-tactic/
https://appdevelopermagazine.com/1275/2014/4/1/Understanding-Your-Options-When-Monetizing-Mobile-Games
https://appdevelopermagazine.com/1275/2014/4/1/Understanding-Your-Options-When-Monetizing-Mobile-Games
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ʂʘʞʜʦʝ ʂʀʄ ʠʟ ʪʝʩʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʜʠʭʦʪʦʤʠʯʝʩʢʠ ʠʣʠ ʧʦʣʠʪʦʤʠʯʝʩʢʠ ʚ ʩʦʛʣʘʩʠʠ ʩ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʪʦʡ ʪʝʦʨʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʰʢʘʣʠʨʦʚʘ-

ʥʠʠ, ʪʦ ʝʩʪʴ ʧʨʘʚʠʣʦ ʦʮʝʥʠʚʘʥʠʷ ʚʩʝʛʦ ʪʝʩʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʢʘʣʦʡ ʦʮʝʥʠʚʘʥʠʷ (ʧʦʜʨʦʙʥʝʝ ʦ ʰʢʘ-

ʣʘʭ ʩʤ. ʨʘʟʜʝʣ 2.7). 

ʊʝʤʘ ʈʘʟʙʠʝʥʠʝ ʪʝʤʳ ʂʦʣʠʯʝʩʪʚʦ ʚʦʧʨʦʩʦʚ  

ɺʩʝʛʦ ʉ ʢʦʜʦʤ  

ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʣʝʢʩʝʤʳ, ʩʣʫʞʝʙʥʳʝ ʩʣʦʚʘ  3   

ɺʩʝʛʦ ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʝ: 2 

ʊʠʧʳ ʜʘʥʥʳʭ  3 1  

ɺʩʝʛʦ ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʝ: 2 

ʆʧʝʨʘʮʠʠ ɸʨʠʬʤʝʪʠʯʝʩʢʠʝ 1 1  

ʃʦʛʠʯʝʩʢʠʝ 1 1  

ɹʠʪʦʚʳʝ 1 1  

ʇʨʠʚʝʜʝʥʠʝ ʪʠʧʦʚ 1 1  

ʊʝʨʥʘʨʥʘʷ 1 1  

ɺʩʝʛʦ ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʝ: 6 

ʇʝʨʝʤʝʥʥʳʝ  2 1  

ɺʩʝʛʦ ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʝ: 3 

ʂʦʤʤʝʥʪʠʨʦʚʘʥʠʝ ʢʦʜʘ  1   

ɺʩʝʛʦ ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʝ:  

ʌʦʨʤʘʪʠʨʦʚʘʥʠʝ ʧʨʠ ʚʳʚʦʜʝ  2 2  

ɺʩʝʛʦ ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʝ: 2 

ʆʧʝʨʘʪʦʨʳ ʋʩʣʦʚʥʳʡ 3 1  

ʇʝʨʝʢʣʶʯʘʪʝʣʴ 2 1  

ʎʠʢʣ ʩ ʧʨʝʜʫʩʣʦʚʠʝʤ 2 1  

ʎʠʢʣ ʩ ʧʦʩʪʫʩʣʦʚʠʝʤ 2 1  

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʮʠʢʣ 2 1  

ɺʩʝʛʦ ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʝ: 11 

ʆʜʥʦʤʝʨʥʳʝ ʤʘʩʩʠʚʳ ʄʝʪʦʜʳ ʢʣʘʩʩʘ Array 2   

ʈʘʙʦʪʘ ʩ ʤʘʩʩʠʚʘʤʠ 2 2  

ɺʩʝʛʦ ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʝ: 4 

ʀʪʦʛ:   16 30 

ɺʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ: 40 ʤʠʥʫʪ 

ʊʘʙʣʠʮʘ 2-1. ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʝʩʪʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè, 1 ʤʦʜʫʣʴ 2012-

2013 ʫʯ. ʛʦʜ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ çʇʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷè, ʜʝʧʘʨʪʘʤʝʥʪ çʇʨʦ-

ʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠè ʬʘʢʫʣʴʪʝʪʘ çɹʠʟʥʝʩ-ʠʥʬʦʨʤʘʪʠʢʘè, ʅʀʋ ɺʐʕ 

ʚʠʯʥʳʝ ʙʘʣʣʳ ʩʪʫʜʝʥʪʦʚ ʧʦʣʫʯʝʥʳ ʧʦ ʘʜʜʠʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʟʘʜʘʥʠʡ, ʢʘʞʜʦʝ 

ʟʘʜʘʥʠʝ ʦʮʝʥʝʥʦ ʜʠʭʦʪʦʤʠʯʝʩʢʠ ʠ ʚʟʷʪʦ ʩ ʝʜʠʥʠʯʥʳʤ ʚʝʩʦʤ. ʐʢʘʣʠʨʦʚʘʥʠʝ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʦ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʢʘʣʝ, ʛʜʝ ʟʘ ʤʘʢʩʠʤʫʤ ʚʟʷʪ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʙʘʣʣ ʧʦʩʣʝ ʚʳʙʨʘʢʦʚʢʠ. 

ƴ 

ʇʨʠʤʝʨ. ʕʢʟʘʤʝʥʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè 1 

ʢʫʨʩʘ ʙʘʢʘʣʘʚʨʩʢʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ çʇʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷè ʬʘ-

ʢʫʣʴʪʝʪʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ʅʀʋ ɺʐʕ 
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ʇʨʠʤʝʨ ʧʦʜʨʦʙʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʘʚʠʣ ʦʮʝʥʠʚʘʥʠʷ ʨʘʙʦʪ ʧʦ ʜʠʩ-

ʮʠʧʣʠʥʝ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʝ [168]. ʂʀʄ ʜʣʷ ʵʢʟʘʤʝʥʘ ʧʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʧʠʩʴʤʝʥʥʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʘ.  

ƴ 

ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʜʣʷ ʧʠʩʴʤʝʥʥʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. 

ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ CreateArray() , ʚʦʟʚʨʘʱʘʶʱʠʡ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʠ ʟʘʧʦʣʥʝʥʥʳʡ ʤʘʩʩʠʚ ʠʟ N ʮʝʣʦ-

ʯʠʩʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʜʠʘʧʘʟʦʥʘ [ - 2;2] . 

ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ShowArray()  ʜʣʷ ʚʳʚʦʜʘ ʚ ʢʦʥʩʦʣʴ ʤʘʩʩʠʚʘ, ʩʩʳʣʢʘ ʥʘ ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʥʘ ʚ ʧʘʨʘʤʝʪʨʝ. 

ʕʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ ʧʨʠ ʚʳʚʦʜʝ ʨʘʟʜʝʣʝʥʳ ʩʠʤʚʦʣʦʤ ʧʨʦʙʝʣʘ ʠ ʚʳʚʦʜʷʪʩʷ ʥʘ ʵʢʨʘʥ ʧʦ ʜʝʩʷʪʴ ʚ ʩʪʨʦʢʝ. 

ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ MergeArray() , ʬʦʨʤʠʨʫʶʱʠʡ ʤʘʩʩʠʚ C ʢʘʢ ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʤʘʩʩʠʚʦʚ A ʠ Ƞ ʧʦ ʩʣʝ-
ʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: ʚ ʤʘʩʩʠʚ ȯ ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʦʧʝʨʝʤʝʥʥʦ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʦʚ Ȟ ʠ Ƞ, ʠʤʝʶʱʠʝ ʧʦʣʦʞʠ-
ʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʉʩʳʣʢʠ ʥʘ ʤʘʩʩʠʚʳ Ȟ, Ƞ ʠ ȯ ï ʧʘʨʘʤʝʪʨʘ ʤʝʪʦʜʘ. 

ɺ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ CreateArray()  ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʘʩʩʠʚʳ Ȟ ʠ B ʠʟ K ʠ M ʵʣʝ-

ʤʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (K, M ï ʮʝʣʳʝ ʯʠʩʣʘ ʚʚʦʜʷʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ). ʇʦ ʤʘʩʩʠʚʘʤ A ʠ B ʩʬʦʨʤʠʨʦʚʘʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ MergeArray() , ʤʘʩʩʠʚ C. ʀʩʭʦʜʥʳʝ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʤʘʩʩʠʚʳ ʚʳʚʝʩʪʠ ʥʘ ʵʢʨʘʥ ʧʨʠ 
ʧʦʤʦʱʠ ʤʝʪʦʜʘ ShowArray() . 

ʇʨʘʚʠʣʘ ʦʮʝʥʠʚʘʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ (ὖ) ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʧʨʦ-

ʛʨʘʤʤʝ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè 

(https://www.hse.ru/edu/courses/184771486), ʦʮʝʥʢʘ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʪʝʩʪʫ (Ὕ) ʚʳ-

ʩʪʘʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʥʘ ʜʠʩʮʠʧʣʠʥʝ ʨʝʛʨʝʩʩʠʚʥʦʡ ʰʢʘʣʝ. ʇʨʘʚʠʣʘ ʦʮʝʥʠ-

ʚʘʥʠʷ ʵʢʟʘʤʝʥʘ (ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ) (Ὁ) ʦʧʨʝʜʝʣʝʥʳ ʚ ʧʨʦ-

ʛʨʘʤʤʝ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʚ ʬʦʨʤʫʣʝ: 

Ὁ πȟψϽÍÉÎὝȟὖ πȟςϽÍÁØὝȟὖ  

ƴ 

2.4 ʄʦʜʝʣʴ ʨʝʟʫʣʴʪʘʪʘ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, ʠʩʧʦʣʴʟʫʶ-

ʱʝʛʦ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ 

ʈʝʟʫʣʴʪʘʪ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʬʠʢʩʘʮʠʶ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʢʨʝʪʥʳʤ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ ʠ ʦʧʠʩʳʚʘʶʱʠʭ ʠʩʧʦʣʴʟʫʝʤʳʡ ʂʀʄ, ʧʦ-

ʣʫʯʝʥʥʳʝ ʦʪʚʝʪʳ (ὃὲίύὩὶ), ʢʦʥʪʠʥʛʝʥʪ ʠʩʧʳʪʫʝʤʳʭ (ὅέὬέὶὸ) ʠ ʩʨʝʜʫ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʷ (Ὁὲὺ). ʌʦʨʤʘʣʠʟʘʮʠʷ ʩʨʝʜʳ ʧʨʦʚʦʜʠʪʩʷ ʩ ʫʯʸʪʦʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʦ-

ʩʪʘʚʢʠ ʂʀʄ [165].  

ὃὓͅὉὙḰộὉὃὓȣὉὃὓȟὅέὬέὶὸȟὃὲίύὩὶȟὉὲὺỚȟ   ςȢσρ 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ʤʦʜʝʣʴ ʨʝʟʫʣʴʪʘʪʘ ʩʩʳʣʘʝʪʩʷ ʥʘ 

ʩʘʤ ʂʀʄ, ʦʙʦʟʥʘʯʝʥʥʳʡ Ὁὃὓ, ʠ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʛʦ ʂʀʄ ὉὃὓȣὉὃὓ. ʇʨʠ-

ʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʣʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʩʪʦʤ ʠ ʢʘʞʜʳʤ ʚʭʦʜʷʱʠʤ ʚ ʥʝʛʦ 

ʪʝʩʪʦʚʳʤ ʟʘʜʘʥʠʝʤ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʘʧʨʦʙʘʮʠʠ. 

2.5 ʄʦʜʝʣʴ ʩʚʷʟʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʫʯʝʥʠʷ ʠ ʫʯʝʙʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ  

ɻʣʘʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂʀʄ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ï ʧʨʦʚʝʨʷʝʤʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʠ ʚ̫-

ʣʷʝʪʩʷ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʂʀʄ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʪʙʦʨʘ ʪʝʩʪʦʚʳʭ ʟʘ-

ʜʘʥʠʡ ʚ ʪʝʩʪ ʦʩʥʦʚʘʥʘ ʥʘ ʫʢʘʟʘʥʠʠ ʥʘʙʦʨʘ ʧʨʦʚʝʨʷʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ. 

ʂʣʘʩʩʠʢʠ ʪʝʩʪʦʣʦʛʠʠ ʩʯʠʪʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʣʘʪʝʥʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʦʙʫʯʘʝʤʦʛʦ, ʘ ʩʠʩʪʝʤʥʳʝ ʘʥʘʣʠʪʠʢʠ ʩʯʠʪʘʶʪ ʵʪʦ ʯʘʩʪʴʶ ʦʥʪʦʣʦʛʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙ-

ʣʘʩʪʠ, ʝʩʣʠ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʘʢʪʫʘʣʴʥʳʤ ʟʥʘʥʠʷʤ. ʇʦʥʷʪʥʦ, ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʂʀʄ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʫʯʝʥʠʷ ʪʨʝʙʫʝʪ ɻ ʤʧʠʨʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʠ ʚʘʣʠʜʘʮʠʠ, ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʣʠʙʦ ʩʦʩʪʘʚ ʧʨʦʚʝʨʷʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʣʠʙʦ ʩʦʜʝʨʞʘʥʠʝ ʂʀʄ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʢʘʢʠʤ-ʣʠʙʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʠ ʚrʙʨʘʥʥʦʡ ʤʦʜʝʣʴʶ ʂʀʄ. 

2.5.1 ʌʦʨʤʘʣʠʟʘʮʠʷ ʯʝʨʝʟ ʪʘʢʩʦʥʦʤʠʶ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

ɼʠʜʘʢʪʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝʡ (ɼɽ) ʚ ʨʦʩʩʠʡʩʢʦʡ ʪʨʘʜʠʮʠʠ (ʥʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ 

ʇʠʩʴʤʫ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 31 ʷʥʚʘʨʷ 2002 ʛ.     

 ̄18-52-116ʠʥ/18-15 çʆ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʤʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʫʯʝʙ-

ʥʳʭ ʜʠʩʮʠʧʣʠʥ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷè) 

ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʵʣʝʤʝʥʪ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʚʠʜʝ 

ʫʪʚʝʨʞʜʸʥʥʦʡ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʸʥ-

ʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʠʣʠ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ. ɼɽ ï 

ʦʜʥʘ ʠʟ ʧʨʝʜʤʝʪʥʳʭ ʪʝʤ, ʧʦʜʣʝʞʘʱʠʭ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʦʩʚʝʱʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜ-

ʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ (ʧʨʝʜʤʝʪʫ). 
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ʊʘʤ ʞʝ, ʢʘʢ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ɼɽ, ʦʧʨʝʜʝ-

ʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʢʦʥʪʨʦʣʴ-

ʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʦʙʲʝʢʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʥʘʙʦʨ ʪʘʢ-

ʩʦʥʦʤʠʡ ɼɽ, ʛʜʝ ʢʘʞʜʘʷ ʪʘʢʩʦʥʦʤʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

(ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʥʝ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʠ ʚʳʙʠʨʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝ-

ʣʝʤ/ʵʢʩʧʝʨʪʦʤ ʧʨʦʠʟʚʦʣʴʥʦ). 

ʆʪʤʝʪʠʤ ʚʘʞʥʝʡʰʝʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʬʦʨʤʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʂʀʄ ʯʝʨʝʟ ɼɽ. 

ʊʘʢʩʦʥʦʤʠʠ ɼɽ ʜʦʣʞʥʳ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʂʀʄ, ʪʦ ʝʩʪʴ ʙʳʪʴ ʚʝʨʩʠ-

ʦʥʠʨʫʝʤʳʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʥʢʨʝʪʥʳʡ ʂʀʄ ʩʚʷʟʳʚʘʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʩ çʥʘʟʚʘ-

ʥʠʝʤè ɼɽ, ʘ ʩ ʝʸ ʚʝʨʩʠʝʡ, ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʂʀʄ ʥʘ ʤʦʤʝʥʪ ʧʦʩʣʝʜʥʝʛʦ ʠʟ-

ʤʝʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʥʠʷʭ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ɼɽ ʜʦ-

ʧʫʩʪʠʤʳ ʚʘʨʠʘʮʠʠ ʂʀʄ ʧʦ ʚʝʨʩʠʷʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʨʠʤʝʨ. ʊʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ ʧʦ ʷʟʳʢʫ C# (ʪʘʢʩʦʥ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ / ʗʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ / ʗʟʳʢ ʉ# / ʌʦʨʤʘʪʠʨʦʚʘʥʥʳʡ ʚʳʚʦʜè) 

ɺʝʨʩʠʷ ʜʣʷ C# 5.0 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʦʛʨʘʤʤʳ: 

int  value1 = 10;  
int  value2 = 15;  
string  output = string .Format( "{0} - {1}" , value1, value2);  
Console .Write(output);  

 ʥʘ ʵʢʨʘʥ ʙʫʜʝʪ ʚʳʚʝʜʝʥʦ: __________. 

ɺʝʨʩʠʷ ʜʣʷ C# 6.0 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʦʛʨʘʤʤʳ: 

int  value1 = 10;  
int  value2 = 15;  
string  output = $" {value1} - {value2} " ;  
Console .Write(output);  

ʥʘ ʵʢʨʘʥ ʙʫʜʝʪ ʚʳʚʝʜʝʥʦ: __________. 

ƴ 

ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʷ. ʇʫʩʪʴ ὅὅὅ ï ɼɽ, Ὑέέὸ ï ʢʦʨʝʥʴ ʪʘʢʩʦʥʦʤʠʠ ʜʣʷ ʜʘʥʥʦʡ 

ὅὅὅ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʢʦʨʝʥʴ ʪʘʢʩʦʥʦʤʠʠ ʪʝʛʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠ ʥʘʟʳʚʘʶʱʠʤ 

çʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴè, ʯʪʦ ʜʦʚʦʣʴʥʦ ʫʜʦʙʥʦ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʥʝ ʚʚʦʜʠʪʴ ʥʦʚʳʝ 

ʩʫʱʥʦʩʪʠ ʜʣʷ ʠʤʝʥʦʚʘʥʠʷ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ. ɺʚʝʜʸʤ ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʠʝ 
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ὥὲὧὩίὸέὶίὅὅὅ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʢʦʚ ɼɽ ὅὅὅ, ʪʦ ʝʩʪʴ ʚʩʝʭ ʪʘʢʩʦʥʦʚ ʚ ʧʫʪʠ ʦʪ 

ʨʦʜʠʪʝʣʷ ὅὅὅ ʜʦ Ὑέέὸ. 

ʇʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʘʚʪʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʘʢʩʦʥʦʤʠʠ, ʥʠʢʘ-

ʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʯʠʩʣʦ ʪʘʢʩʦʥʦʤʠʡ ʥʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʨʦ-

ʙʣʝʤʫ ʜʫʙʣʠʨʦʚʘʥʠʷ ʪʘʢʩʦʥʦʤʠʡ, ʯʪʦ ʨʝʰʘʝʪʩʷ ʦʪʦʞʜʝʩʪʚʣʝʥʠʝʤ ɼɽ ʠʟ ʨʘʟʥʳʭ 

ʪʘʢʩʦʥʦʤʠʡ, ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʜʥʫ ʠ ʪʫ ʞʝ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪ.ɹ 

ɼʘʣʝʝ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʂʀʄ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ Ὓ Ὁὃὓ , ʘ ʤʥʦʞʝʩʪʚʦ 

ʚʩʝʭ ɼɽ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ Ὓ ὅὅὅ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʀʄ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʩʳʣʦʢ ʥʘ ὅὅὅ, 

ʦʙʦʟʥʘʯʝʥʥʦʝ ʚ ʤʦʜʝʣʠ ʂʀʄ ʢʘʢ ὅὅὅὛ, ʠ ʬʦʨʤʘʣʠʟʫʝʤʦʝ ʚ ʩʣʫʯʘʝ ʪʘʢʩʦʥʦʤʠʯʝ-

ʩʢʦʛʦ ʯʣʝʥʝʥʠʷ ɼɽ ʢʘʢ ὅὅὅὛṖὛ . ʇʦ ʧʦʩʪʨʦʝʥʠʶ, ʤʥʦʞʝʩʪʚʘ ʂʀʄ ʠ ɼɽ ʦʙʨʘ-

ʟʫʶʪ ʜʚʫʜʦʣʴʥʳʡ ʦʨʛʨʘʬ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʘʥʠʷ ὋὙ ộὛ ȟὛ ȟὉỚ, ʛʜʝ 

Ὁ ẕ ὅὅὅὛὥᶰ  ʪʘʢ ʢʘʢ ʚʩʝ ʩʩʳʣʢʠ, ʦʯʝʚʠʜʥʦ, ʠʜʫʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʂʀʄ 

(Ὓ ) ʚ ʤʥʦʞʝʩʪʚʦ ὅὅὅ (Ὓ ). 

2.5.2 ʌʦʣʢʩʦʥʦʤʠʷ ʣʦʛʠʯʝʩʢʠʭ ʘʪʨʠʙʫʪʦʚ, ʩʣʫʞʘʱʠʭ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ 

ʉ ʫʯʸʪʦʤ ʧʨʠʥʮʠʧʦʚ ʦʪʢʨʳʪʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʛʣʘʚʝ 3, ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʤʥʦʞʝʩʪʚʦ ʣʦʛʠ-

ʯʝʩʢʠʭ ʘʪʨʠʙʫʪʦʚ ὝὥὫί ʂʀʄ ʚ ʚʠʜʝ ʬʦʣʢʩʦʥʦʤʠʠ [folksonomy], ʷʚʣʷʶʱʝʡʩʷ ʦʙʲ-

ʝʜʠʥʝʥʠʝʤ ʧʦʤʝʪʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʮʝʥʠʚʘʶʱʠʭ ʩʭʦʜʩʪʚʦ ʂʀʄ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʨʝʰʘʶʱʝʛʦ ʠʭ ʩʪʫʜʝʥʪʘ. ʇʦʥʠʤʘʷ ʧʨʦʙʣʝʤʳ ʬʦʣʢʩʦʥʦʤʠʡ, ʪʘʢʠʝ ʢʘʢ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (ʭʦʪʷ ʠ ʥʘ ʩʘʤʦʤ ʥʠʟ-

ʢʦʤ ʫʨʦʚʥʝ), ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʪʝʛʦʚ ʩ ʦʧʝʯʘʪʢʘʤʠ ʠ ʜʨ., ʧʦʢʘ ʢʘʞʝʪʩʷ ʥʝʚʦʟ-

ʤʦʞʥʳʤ ʧʨʝʜʣʦʞʠʪʴ ʜʨʫʛʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʩʦʟʜʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʦʪʙʦʨ ʤʥʦʞʝʩʪʚʘ ʂʀʄ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʦʪʩʫʪʩʪʚʠʷ çʩʣʠʰʢʦʤ ʩʭʦʜ-

ʥʳʭè ʟʘʜʘʥʠʡ [169, 170]. ɺʦʟʤʦʞʥʦʝ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʦʧʠʩʘʥʦ ʚ [171] ʩ ʫʯʸ-

ʪʦʤ ʥʘʧʨʘʰʠʚʘʶʱʝʛʦʩʷ ʧʝʨʝʭʦʜʘ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ὅὅὅ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʘ ʦʥʪʦʣʦʛʠʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʜʸʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦ-

ʞʝʥ ʚ [172]. 
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2.5.3 ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʂʀʄ 

ʉʫʱʝʩʪʚʫʶʪ ʪʝʩʪʳ (ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʱʠʝʩʷ ʧʦ ɺ.ʉ. ɸʚʘʥʝʩʦʚʫ [1] ʢ ʥʝʪʨʘʜʠ-

ʮʠʦʥʥʳʤ, ʘʜʘʧʪʠʚʥʳʤ ʪʝʩʪʘʤ), ʜʣʷ ʢʦʪʦʨʳʭ ʚʘʞʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦ-

ʩʚʷʟʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ, ʠʤʝʷ ʩʚʷʟʠ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʩ ʝʜʠʥʠʮʘʤʠ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠ-

ʨʦʚʘʪʴ ʩʚʷʟʠ ʠ ʤʝʞʜʫ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ.  

ɻʨʘʬʳ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ ʚ ʪʝʩʪʝ, ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʛʨʘʬʘʤʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ. 

ʆʜʥʘʢʦ ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦʜʦʙʥʳʭ ʛʨʘʬʦʚ ʚʨʫʯʥʫʶ ï ʟʘʜʘʯʘ ʪʨʫʜʦʝʤʢʘʷ 

ʠ ʪʨʝʙʫʶʱʘʷ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ ʠ ʪʝʩʪʦʣʦʛʠʠ. ɸʚʪʦʤʘʪʠ-

ʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʜʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ, ʩʦʢʨʘʪʠʚ ʚʨʝʤʷ ʥʘ ʧʦʩʪʨʦ-

ʝʥʠʝ ʠ ʘʥʘʣʠʟ ʛʨʘʬʘ, ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ: 

¶ ʨʘʟʨʘʙʦʪʯʠʢʫ ï ʙʘʟʫ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʩʪʘ, ʤʠʥʠʤʠʟʠʨʫʶ-

ʱʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʦʚ; 

¶ ʵʢʩʧʝʨʪʫ ï ʫʜʦʙʥʳʡ ʠ ʥʘʛʣʷʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʫʧʨʦʱʘʶʱʠʡ ʠ ʫʩʢʦʨʷʶʱʠʡ 

ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʪʠʟ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ (ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ) ʩʪʨʫʢʪʫʨʳ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʪʝʩʪʘ [173]. ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ: 

1) ʨʘʩʩʤʦʪʨʝʪʴ ʘʧʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʪʝʩʪʝ, ʘʢʢʫʤʫʣʠ-

ʨʦʚʘʥʥʫʶ ʚ ʦʧʠʩʘʥʠʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʝʩʪʘ; 

2) ʧʦʣʫʯʠʪʴ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ: 

¶ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ (ʨʘʟʜʝʣʘʤʠ) ʫʯʝʙ-

ʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʪʝʩʪʘ (ʪʝʢʫʱʝʛʦ, ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʛʦ ʠʣʠ ʠʪʦʛʦʚʦʛʦ ʢʦʥʪʨʦʣʷ); 

¶ ʟʘʜʘʥʠʷʤʠ ʦʜʥʦʛʦ ʪʝʩʪʘ; 

¶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʳʪʫʝʤʳʭ ʩ ʢʦʥ-

ʢʨʝʪʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ; 

3) ɺʚʝʩʪʠ ʦʙʦʟʥʘʯʝʥʠʷ, ʦʧʠʩʘʪʴ ʧʨʘʚʠʣʘ ʠ ʤʝʭʘʥʠʟʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʜʧʦ-

ʣʘʛʘʝʤʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ.  
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4) ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʪʝ-

ʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʊʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ (ʠ ʠʥʦʛʜʘ ʪʝʩʪʳ ʚ ʮʝʣʦʤ) ̫ ʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʂʀʄ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ (ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ) ʛʨʘʬʘ ʚʟʘʠʤʦʩʚʷʟʝʡ 

ʂʀʄ  ὋὙ ộὠȟὉȟὃỚ, ʚ ʢʦʪʦʨʦʤ ʂʀʄ ̫ ʚʣʷʶʪʩʷ ʚʝʨʰʠʥʘʤʠ ʠ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ ʜʫʛʘʤʠ (ʩʦ ʩʤʳʩʣʦʤ çʯʘʩʪʴ-ʮʝʣʦʝè ʧʦ ʪʝʤʘʪʠʢʝ) ʠ ʨʸʙʨʘʤʠ (ʩʦ ʩʤʳʩʣʦʤ 

çʧʣʝʤʷʥʥʠʢʠè ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʦʡ ɼɽ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʧʦʣʦʛʠʠ ʛʨʘʬʘ 

ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʘʥʠʷ. 

ɼʫʛʠ çʯʘʩʪʴ ʮʝʣʦʝè (ʏʎ). ɼʫʛʘ ʏʎ ʩʚʷʟʳʚʘʝʪ ʜʚʘ ʂʀʄ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʦʪʷ ʙʳ 

ʧʘʨʘ ʧʨʦʚʝʨʷʝʤʳʭ ʠʤʠ ɼɽ ʩʚʷʟʘʥʘ ʦʪʥʦʰʝʥʠʝʤ çʪʘʢʩʦʥ-ʧʦʜʪʘʢʩʦʥè ʚ ʪʘʢʩʦʥʦʤʠʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ: ὥȟὦᶰὃ ὨɱᶰὅὅὅὛὦȡὨᶰὥὲὧὩίὸέὶίὫȟὫᶰὅὅὅὛὥ 

ɺʝʩ ύ ʜʫʛʠ ὥȟὦ: 

ύὥȟὦ ὍὫȟὨ

ᶰ ȟ

ᶰ

 

Ὅ
ρȟὨᶰὥὲὧὩίὸέὶίὫ

π
 

ʈʸʙʨʘ çʧʣʝʤʷʥʥʠʢʠè. ʊʘʢʠʝ ʨʸʙʨʘ ʩʚʷʟʳʚʘʶʪ ʜʚʘ ʂʀʄ, ʝʩʣʠ ʦʥʠ ʠʤʝʶʪ ʦʙ-

ʱʝʛʦ ʧʨʝʜʢʘ, ʪʦ ʝʩʪʴ ὥȟὦᶰὉ ὥ ὦǪ ὨɱᶰὅὅὅὛὥȟὫᶰὅὅὅὛὦȡ ὪɱȡὪᶰ

ὥὲὧὩίὸέὶίὨǪὪᶰὥὲὧὩίὸέὶίὫ . 

ɺʝʩ ύ ʨʝʙʨʘ ὥȟὦ: 

ύ ὥȟὦ ÍÉÎ
ᶪᶰ ᷊

ὰὩὲὫὸὬὪȟὨ ὰὩὲὫὸὬὪȟὫ  

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʨʘʬʘ ʚʟʘʠʤʦʩʚʷʟʠ ʂʀʄ ʫʜʦʙʥʦ ʩʜʝʣʘʪʴ ʥʘʩʪʨʦʡʢʫ, ʢʦʪʦ-

ʨʘʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʢʘʟ ʨʸʙʝʨ ʠ ʜʫʛ ʪʦʣʴʢʦ ʪʘʢʠʤʠ, ʚʝʩʘ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʩʪʚʦ ʚʳʷʚʣʝʥʠʷ ʂʀʄ ʩʭʦʜʥʦʡ ʪʝʤʘʪʠʢʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʚʷʟʘʥʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʦʜʝʨʞʘʥʠʷ ʂʀʄ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ 

ʨʘʟʣʠʯʥʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʦʤʧʦʟʠʪʥʳʭ ʂʀʄ. 
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ʇʨʠʤʝʨ. ʇʦʩʪʨʦʠʤ ʛʨʘʬ ʚʟʘʠʤʦʩʚʷʟʝʡ ʂʀʄ ʜʣʷ ʂʀʄ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘ-

ʯʘʤʠ ʧʦ ʬʠʟʠʢʝ ʠ ʢʦʤʧʦʟʠʪʥʳʤ ʂʀʄ ï ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʦʡ (ʨʠʩʫʥʦʢ 2.1). ʀʩ-

ʧʦʣʴʟʦʚʘʥʳ ʟʘʜʘʯʠ ʠ ʩʪʨʫʢʪʫʨʘ ɼɽ ʠʟ ʩʙʦʨʥʠʢʘ: ʈʳʤʢʝʚʠʯ ɸ.ʇ., ʈʳʤʢʝʚʠʯ ʇ.ɸ. 

ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʧʦ ʬʠʟʠʢʠ ʜʣʷ 8-10 ʢʣʘʩʩʦʚ ʩʨʝʜʥʝʡ ʰʢʦʣʳ. ï 4-ʝ ʠʟʜ. ï ʄ.: ʇʨʦʩʚʝ-

ʱʝʥʠʝ, 1979. ï 160 ʩ. 

654. (ɿʘʢʦʥ ʂʫʣʦʥʘ) ʅʘʡʪʠ ʚʝʣʠʯʠʥʫ ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʟʘʨʷʜʦʚ, ʝʩʣʠ ʚ 

ʤʘʩʣʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʩʠʣʦʡ 0,4 ʤʅ. 

712. (ʕʣʝʢʪʨʦʸʤʢʦʩʪʴ) ʅʘʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʪʩʷ ʧʦʪʝʥʮʠʘʣ ʰʘʨʘ ʨʘʜʠʫʩʦʤ 3 ʩʤ ʧʨʠ 

ʩʦʦʙʱʝʥʠʠ ʝʤʫ ʟʘʨʷʜʘ 20 ʥʂʣ? 

725. (ʕʣʝʢʪʨʦʸʤʢʦʩʪʴ, ʢʦʥʜʝʥʩʘʪʦʨʳ) ʂ ʚʦʟʜʫʰʥʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨʫ, ʟʘʨʷʞʝʥʥʦʤʫ 

ʜʣʷ ʥʘʧʨʷʞʝʥʠʷ 210 ɺ, ʧʨʠʩʦʝʜʠʥʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʪʘʢʦʡ ʞʝ ʥʝʟʘʨʷʞʝʥʥʳʡ ʢʦʥʜʝʥ-

ʩʘʪʦʨ, ʥʦ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ ʠʟ ʩʪʝʢʣʘ. ʂʘʢʦʚʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʪʝʢʣʘ, 

ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ ʙʘʪʘʨʝʠ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 20 ɺ? 

734. (ʕʣʝʢʪʨʦʸʤʢʦʩʪʴ, ʢʦʥʜʝʥʩʘʪʦʨʳ, ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ) ɺʦ ʩʢʦʣʴʢʦ 

ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʥɻʝʨʛʠʷ ʧʦʣʷ ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʝʩʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʟʘʣʠʪʴ ʤʘʩʣʦʤ? ʈʘʩʩʤʦʪʨʝʪʴ ʩʣʫʯʘʠ: ʘ) ʢʦʥʜʝʥʩʘʪʦʨ ʦʪ-

ʢʣʶʯʸʥ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ; ʙ) ʢʦʥʜʝʥʩʘʪʦʨ ʦʩʪʘʸʪʩʷ ʧʨʠʩʦʝʜʠʥʸʥʥʳʤ ʢ ʠʩ-

ʪʦʯʥʠʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʆʪʚʝʪ ʦʙʲʷʩʥʠʪʴ, ʧʦʣʴʟʫʷʩʴ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ. 

ʂʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ (ʄʝʭʘʥʠʢʘ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ) 

1) (349). ʅʘ ʚʘʛʦʥʝʪʢʫ ʤʘʩʩʦʡ 800 ʢʛ, ʢʘʪʷʱʫʶʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʫʪʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 0,2 ʤ/ʩ, ʥʘʩʳʧʘʣʠ ʩʚʝʨʭʫ 200 ʢʛ ʱʝʙʥʷ. ʅʘʩʢʦʣʴʢʦ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴ-

ʰʠʣʘʩʴ ʩʢʦʨʦʩʪʴ ʚʘʛʦʥʝʪʢʠ? 

2) (692). ʂʘʢʫʶ ʨʘʙʦʪʫ ʩʦʚʝʨʰʘʝʪ ʧʦʣʝ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʟʘʨʷʜʘ 20 ʥʂʣ ʠʟ 

ʪʦʯʢʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 700 ɺ ʚ ʪʦʯʢʫ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 200 ɺ? ʀʟ ʪʦʯʢʠ ʩ ʧʦʪʝʥ-

ʮʠʘʣʦʤ ï100 ɺ ʚ ʪʦʯʢʫ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 400 ɺ? 

ʊʘʙʣʠʮʘ 2.2 ï ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʂʀʄ 

ʂʀʄ ╒╒╒╢ 
349-692 [çʤʝʭʘʥʠʢʘè,èʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘè] 

654 [çʟʘʢʦʥ ʂʫʣʦʥʘè] 

712 [çʵʣʝʢʪʨʦʸʤʢʦʩʪʴè] 

725 [çʵʣʝʢʪʨʦʸʤʢʦʩʪʴè, çʢʦʥʜʝʥʩʘʪʦʨʳè] 
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734 [çʵʣʝʢʪʨʦʸʤʢʦʩʪʴè, çʢʦʥʜʝʥʩʘʪʦʨʳè, çʵʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷè] 

ʊʘʙʣʠʮʘ 2.3 ï ɼʫʛʠ çʯʘʩʪʴ-ʮʝʣʦʝè 

 349-692 654 712 725 735 

349-692 0 0 0 0 0 

654 1 0 0 0 0 

712 2 0 0 0 0 

725 3 0 0 0 0 

734 4 0 0 0 0 

ʊʘʙʣʠʮʘ 2.4 ï ʆʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʜʠʜʘʢʪʠʯʝʩʢʠʤʠ ʝʜʠʥʠʮʘʤʠ ʂʀʄ 725 ʠ 349-692 

725Ÿ349-692 çʤʝʭʘʥʠʢʘè çʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘè 

çʵʣʝʢʪʨʦʸʤʢʦʩʪʴè 0 1 

çʢʦʥʜʝʥʩʘʪʦʨʳè 0 1 

ʊʘʙʣʠʮʘ 2.5 ï ʈʸʙʨʘ çʧʣʝʤʷʥʥʠʢʠè 

 349-692 654 712 725 735 

349-692 0 4 4 4 4 

654 4 0 2 2 2 

712 4 2 0 2 2 

725 4 2 2 0 2 

734 4 2 2 2 0 

 

 

ʈʠʩʫʥʦʢ 2.1. ʇʨʠʤʝʨ ʛʨʘʬʘ ʚʟʘʠʤʦʩʚʷʟʠ ʂʀʄ 

ƴ 

˴ˮ˸˨͙͙͒͊ͭ͟;͔͙͔ͫ͟ ͔͙͙͒ͤͼ·

ͺ͙͙͊͘͟

͔ͣͻ͙͊ͤ͊͟

˴͙͔ͤͣ͊-
͙ͭ͊͟

͙͙͒ͤ͊ͣ͊͟

͔̏ͭͪͦ͟͡-
͙͙͒ͤ͊ͣ͊͟

Ή͔ͭͦͫͭ͊͟͡
͙ͭ͊͟

˭͊ͦͤ͟ 
˴ͯͦͤ͊͡

ͤ͊ͨͪΎ͖͗
ͤͤͦͫͭΈ
ͨͦ͡Ύ

͔͖̏ͭͪͦ͟͡
ͣͦͫͭ͟Έ

˴͔ͦͤ͒ͤͫ͊
ͭͦͪ·

͔͎͙̏ͤͪΎ 
Ή͔͙ͭͪ͟͡;
͔͎ͫͦͦ͟ 
ͨͦ͡Ύ

654

725

712

734

349-692

1

1

2

3

4

4

4
4

2

2

2

2

2

2
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2.6 ʄʦʜʝʣʴ ʦʪʢʨʳʪʦʡ ʵʢʩʧʝʨʪʠʟʳ ʂʀʄ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʘ ʦʙʣʘʩʪʴ ʵʢʩʧʝʨʪʠʟʳ ʂʀʄ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʪʝʩʪʦʚʦʡ ʬʦʨʤʝ. ʕʢʩʧʝʨʪʠʟʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʨʠʚʣʝ-

ʯʝʥʠʝʤ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ ʠ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ [13, 106], ʚʦ 

ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʧʨʦʚʝʨʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʦʮʝʥʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʮʝʣʷʤ ʠ ʟʘʜʘʯʘʤ ʧʨʝʜʩʪʦʷʱʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʥʘʟʥʘʯʘʶʪʩʷ 

ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ. ʇʨʠʚʣʝʯʝʥʠʝ ʩʝʪʝʚʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʩʪʠʣʦ ʨʘʟʜʝʣʝʥʠʝ ʵʪʘʧʦʚ, ʜʦʩʪʘʚʢʫ ʟʘʜʘʥʠʡ ʵʢʩʧʝʨʪʘʤ, ʧʦʣʫʯʝʥʠʝ ʦʪʢʣʠʢʘ ʦʪ 

ʵʢʩʧʝʨʪʦʚ ʠ ʘʛʨʝʛʘʮʠʶ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ ʠʤʝʪʴ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʢʦʤʘʥʜʳ 

ʵʢʩʧʝʨʪʦʚ ʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʵʢʩʧʝʨʪʠʟʳ ʜʠʩʪʘʥʮʠʦʥʥʦ [13]. 

ʈʝʰʝʥʠʝ, ʧʨʠʥʷʪʦʝ ʜʣʷ ʂʀʄʈɸ, ʩʦʩʪʦʠʪ ʚ ʩʦʚʤʝʱʝʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜ-

ʭʦʜʘ ʢ ʵʢʩʧʝʨʪʠʟʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʩ ʧʨʠʥʮʠʧʘʤʠ ʦʪʢʨʳʪʦʛʦ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘ-

ʥʠʷ [open peer review], ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʦʪʢʨʳʪʦʡ ʥʘʫʢʦʡ [open science] ʠ ʝʛʦ ʦʙʦʙ-

ʱʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʠʧʦʚ ʂʀʄ. ɼʘʣʝʝ ʵʢʩʧʝʨʪʠʟʫ, ʧʦʜʜʝʨʞʠʚʘʝʤʫʶ 

ʂʀʄʈɸ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʪʢʨʳʪʦʡ ʵʢʩʧʝʨʪʠʟʦʡ ʂʀʄ (ʆʕ ʂʀʄ). ʈʠʩʫʥʦʢ 2.2 ʬʦʨ-

ʤʘʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩʳ ʆʕ. 

ʎʝʣʠ ʆʕ ʂʀʄ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʂʀʄ, ʧʨʠʤʝ-

ʥʷʝʤʳʭ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʥʠʞʝʥʠʝ 

ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʥʢʘ ʂʀʄ ʠ ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʢʘʯʝʩʪʚʘ. 

ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʧʨʠʥʮʠʧʳ ʆʕ ʂʀʄ. 

1. ʕʢʩʧʝʨʪʠʟʘ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʂʀʄ ʠ ʩʦʛʣʘʩʦʚʘʥʘ ʩ 

ʧʨʠʥʮʠʧʘʤʠ RFC [Request For Comments], ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʨʘʙʦʯʠʤʠ 

ʛʨʫʧʧʘʤʠ IETF [174]. 

2. ʉʦʟʜʘʥʥʦʝ ʠ ʫʯʘʩʪʚʫʶʱʝʝ ʚ ʆʕ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ ʜʦʩʪʫʧʥʦ ʣʶʙʦʤʫ ʧʦʣʴ-

ʟʦʚʘʪʝʣʶ ʂʀʄʈɸ.  

3. ʂʦʤʤʝʥʪʘʨʠʠ ʢ ʪʝʩʪʦʚʳʤ ʟʘʜʘʥʠʷʤ ʚ ʨʘʤʢʘʭ ʆʕ ʤʦʛʫʪ ʦʩʪʘʚʣʷʪʴ ʣʶʙʳʝ 

ʧʦʜʧʠʩʯʠʢʠ ʩʠʩʪʝʤʳ. 

4. ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʧʨʦʩʤʦʪʨʘ ʂʀʄ: 

a. ʇʨʠ ʵʪʦʤ ʦʨʛʘʥʠʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʘʷ ʜʦʩʪʘʚʢʘ ʂʀʄ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ 

1:1 (ʦʜʠʥ ʂʀʄ ʜʣʷ ʦʜʥʦʛʦ ʩʪʫʜʝʥʪʘ). 
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ɺʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʆʕ ʂʀʄ ʚ ʨʝʞʠʤʝ ʚʳʧʦʣʥʝʥʠʷ ʂʀʄ ʧʦʟʚʦʣʷʝʪ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʆʕ ʂʀʄ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ (ʥʘʧʨʠʤʝʨ, ʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʪʚʝʜʝʥʦ 

ʦʪʜʝʣʴʥʦʝ ʤʝʩʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ) ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʦʮʝʥʠ-

ʚʘʥʠʷ [self-assessment] ʩʪʫʜʝʥʪʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʦʦʮʝʥʠʚʘʥʠʷ ʚ ʦʥʣʘʡʥ ʠ ʩʤʝ-

ʰʘʥʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʘʭ [175, 176, 177]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʆʕ 

ʂʀʄ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʀʆʉ ʦʪ ʩʪʫʜʝʥʪʦʚ ʢ ʧʨʝʧʦ-

ʜʘʚʘʪʝʣʶ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʆʕ ʂʀʄʈɸ, ʨʝʛʣʘ-

ʤʝʥʪʠʨʫʝʪʩʷ ʣʠʮʝʥʟʠʝʡ Creative Commons [178]. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʥʝ ʥʝʩʫʪ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʠ ʟʘ ʢʘʯʝʩʪʚʦ ʟʘʜʘʥʠʡ, ʥʝ ʧʨʦʰʝʜʰʠʭ ʵʢʩʧʝʨʪʠʟʫ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦ-ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʆʕ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʨʦʣʠ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ: ʧʦʜʧʠʩʯʠʢ ï ʣʶʙʦʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʡ ʚ ʂʀʄ 

ʧʦʣʴʟʦʚʘʪʝʣʴ (ʩʪʫʜʝʥʪ, ʯʣʝʥ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʪ.ʧ.); ʵʢʩʧʝʨʪ ï ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ, ʢʦʤʧʝʪʝʥʪʥʳʡ ʚ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʦʡ ʧʨʠʥʘʜʣʝʞʠʪ ʂʀʄ; ʨʘʟʨʘʙʦʪʯʠʢ ʂʀʄ 

ï ʣʶʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʡ ʚ ʩʦʟʜʘʥʠʠ ʂʀʄ. ɿʘʤʝʪʠʤ, ʯʪʦ ʆʕ ʥʝ 

ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʙʷʟʘʪʝʣʴʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ ʦʜʥʦʤʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ, ʝʩʣʠ ʪʘʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʝʦʙʭʦ-

ʜʠʤʦ, ʪʦ ʦʥʦ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʧʨʦʮʝʜʫʨʥʦ. 

ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʇʦʜʧʠʩʯʠʢʦʤ ʠ ʈʝʮʝʥʟʝʥʪʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʛʘʤʠ ʩʪʘʪʫʩʦʚ, 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʥʘʟʥʘʯʝʥʠʷ ʂʀʄ. ʉʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ ʪʝʛʦʚ ʵʢʩʧʝʨʪʘ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ ʆʕ ʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʩʣʝʜʫʶʱʠʝ: ʵʢʩʧʝʨʪʠʟʘ ʧʨʦʡʜʝʥʘ, ʪʨʝʙʫ-

ʝʪʩʷ ʜʦʨʘʙʦʪʢʘ ʩʦʜʝʨʞʘʥʠʷ ʂʀʄ, ʥʝʚʝʨʥʘ ɼɽ ʂʀʄ, ʦʪʩʫʪʩʪʚʫʶʪ ɼɽ ʂʀʄ, ʥʝ 

ʦʧʨʝʜʝʣʝʥʳ ʧʨʘʚʠʣʘ ʦʮʝʥʠʚʘʥʠʷ ʂʀʄ ʠ ʧʨʦʯ. ʊʝʛʠ ʧʦʜʧʠʩʯʠʢʘ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʵʢʩʧʝʨʪʠʟʳ ʂʀʄ, ʠ ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʢʦʥʪʝʢʩʪʝ ʆʕ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʥʠ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʬʦʣʢʩʦʥʦʤʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʆʕ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʧʦʜʧʠʩʯʠʢʘ ʆʕ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʫʯʘʩʪʠʝ ʚ ɾʎ 

ʂʀʄ, ʥʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ ʇʦʜʧʠʩʯʠʢʦʚ ʚ ʧʨʦ-

ʮʝʩʩʝ ʆʕ ʂʀʄ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʙʦʨʦʚ ʂʀʄ ʜʣʷ ʆʕ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ 

ʟʘʜʘʯ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ʠ ʜʦʩʪʘʚʢʠ ʂʀʄ. 
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2.7 ʐʢʘʣʠʨʦʚʘʥʠʝ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʘ ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʰʢʘʣʘʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʠʭ ʪʠʧʘʭ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʠʟʤʝʨʝʥʠʷ ʚ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢʘʭ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʙʘʟʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʪʝʦʨʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʳʡ 

ʛʣʦʩʩʘʨʠʡ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥ, ʘʚʪʦʨ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʤʘʪʝʨʠʘʣʳ ʠʟ ʨʝ-

ʢʦʤʝʥʜʘʮʠʡ ʧʦ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʤʝʪʨʦʣʦʛʠʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ 

çʈʄɻ 83-2007. ʐʢʘʣʳ ʠʟʤʝʨʝʥʠʷ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷè [88] ʠ ʨʘʙʦʪ rʉ. ʉʪʠ-

ʚʝʥʩʘ çOn the theory of scales of measurementè [25]. 

ʐʢʘʣʘ (ʠʟʤʝʨʝʥʠʡ) ï ʦʪʦʙʨʘʞʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦʛʦ ʠʣʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʥʘ ʧʨʠʥʷʪʦʝ ʧʦ ʩʦʛʣʘʰʝʥʠʶ ʫʧʦʨʷʜʦʯʝʥ-

ʥʦʝ ʤʥʦʞʝʩʪʚʦ ʯʠʩʝʣ ʠʣʠ ʜʨʫʛʫʶ ʩʠʩʪʝʤʫ ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʟʥʘʢʦʚ (ʦʙʦʟʥʘʯʝ-

ʥʠʡ). 

2.7.1 ʊʠʧʳ ʰʢʘʣ ʠʟʤʝʨʝʥʠʡ 

ʇʦʜ ʪʠʧʦʤ ʰʢʘʣʳ ʧʦʥʠʤʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʢʣʘʩʩʠʬʠʮʠ-

ʨʫʶʱʠʡ ʜʘʥʥʫʶ ʰʢʘʣʫ ʠʟʤʝʨʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʩʫʱʠʭ ʝʡ 

ʣʦʛʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʠʟʤʝʨʷʝʤʦʛʦ ʩʚʦʡʩʪʚʘ. 

ʐʢʘʣʘ ʥʘʠʤʝʥʦʚʘʥʠʡ (ʥʦʤʠʥʘʣʴʥʘʷ ʰʢʘʣʘ). ʐʢʘʣʘ ʠʟʤʝʨʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʪʦʣʴʢʦ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʠʣʠ ʦʪʣʠ-

ʯʠʷʤʠ ʧʨʦʷʚʣʝʥʠʷ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ. ʆʩʦʙʝʥʥʦʩʪʠ: 

1) ʥʝʧʨʠʤʝʥʠʤʳ ʧʦʥʷʪʠʷ çʥʫʣʴè, çʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷè ʠ çʨʘʟʤʝʨʥʦʩʪʴè; 

2) ʜʦʧʫʩʪʠʤʳ ʪʦʣʴʢʦ ʠʟʦʤʦʨʬʥʳʝ ʠ ʛʦʤʦʤʦʨʬʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

3) ʥʝʜʦʧʫʩʪʠʤʦ ʠʟʤʝʥʝʥʠʝ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʢʨʝʪʥʳʝ 

ʰʢʘʣʳ. 

ʐʢʘʣʘ ʧʦʨʷʜʢʘ (ʨʘʥʛʦʚʘʷ ʰʢʘʣʘ). ʐʢʘʣʘ ʠʟʤʝʨʝʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʚʦʡ-

ʩʪʚʘ (ʚʝʣʠʯʠʥʳ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʠ ʧʦʨʷʜʢʘ 

ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ (ʫʙʳʚʘʥʠʶ) ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʚʦʡʩʪʚʘ. ʆʩʦʙʝʥʥʦʩʪʠ: 

1) ʥʝʧʨʠʤʝʥʠʤʳ ʧʦʥʷʪʠʷ çʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷè ʠ çʨʘʟʤʝʨʥʦʩʪʴè; 

2) ʥʝʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʥʘʣʠʯʠʷ ʥʫʣʷ; 

3) ʜʦʧʫʩʪʠʤʳ ʣʶʙʳʝ ʤʦʥʦʪʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 
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4) ʥʝʜʦʧʫʩʪʠʤʦ ʠʟʤʝʥʝʥʠʝ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʢʨʝʪʥʳʝ 

ʰʢʘʣʳ. 

ʐʢʘʣʘ ʨʘʟʥʦʩʪʝʡ (ʠʥʪʝʨʚʘʣʴʥʘʷ ʰʢʘʣʘ). ʐʢʘʣʘ ʠʟʤʝʨʝʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ (ʚʝʣʠʯʠʥʳ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, 

ʧʦʨʷʜʢʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ (ʜʦʧʫʩʢʘʶʱʠʤʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʧʝʨʘʮʠʶ ʩʫʤ-

ʤʠʨʦʚʘʥʠʷ) ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʚʦʡʩʪʚʘ. ʆʩʦʙʝʥʥʦʩʪʠ: 

1) ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʧʦ ʩʦʛʣʘʰʝʥʠʶ çʥʫʣʴè ʠ çʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʡè; 

2) ʜʦʧʫʩʪʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʥʷʪʠʷ ʨʘʟʤʝʨʥʦʩʪʴ; 

3) ʜʦʧʫʩʪʠʤʳ ʣʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

4) ʜʦʧʫʩʪʠʤʦ ʠʟʤʝʥʝʥʠʝ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʢʨʝʪʥʳʝ ʰʢʘʣʳ. 

ʐʢʘʣʘ ʦʪʥʦʰʝʥʠʡ (ʘʙʩʦʣʶʪʥʘʷ ʰʢʘʣʘ). ʐʢʘʣʘ ʠʟʤʝʨʝʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ (ʚʝʣʠʯʠʥʳ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʧʦ-

ʨʷʜʢʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ (ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʧʫʩʢʘʶʱʠʤʠ ʩʫʤʤʠʨʦʚʘʥʠʝ) ʨʘʟʣʠʯ-

ʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʚʦʡʩʪʚʘ. ʐʢʘʣʳ ʦʪʥʦʰʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʦʧʝʨʘʮʠʷ 

ʩʫʤʤʠʨʦʚʘʥʠ,̫ ʥʘʟʳʚʘʶʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʰʢʘʣʘʤʠ ʦʪʥʦʰʝʥʠʡ ʠʣʠ ʰʢʘʣʘʤʠ 

ʦʪʥʦʰʝʥʠʡ 1-ʛʦ ʨʦʜʘ. ɽʩʣʠ ʦʧʝʨʘʮʠʷ ʩʫʤʤʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʩʤʳʩʣ, ʛʦʚʦʨʷʪ ʦʙ ʘʜʜʠ-

ʪʠʚʥʳʭ ʰʢʘʣʘʭ ʦʪʥʦʰʝʥʠʡ ʠʣʠ ʰʢʘʣʘʭ ʦʪʥʦʰʝʥʠʡ 2-ʛʦ ʨʦʜʘ. ʆʩʦʙʝʥʥʦʩʪʠ: 

1) ʥʘʣʠʯʠʝ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʥʫʣʷè ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʧʦ ʩʦʛʣʘʰʝʥʠʶ çʝʜʠ-

ʥʠʮʳ ʠʟʤʝʨʝʥʠʡè; 

2) ʧʨʠʤʝʥʠʤʦ ʧʦʥʷʪʠʝ ʨʘʟʤʝʨʥʦʩʪʠ; 

3) ʜʦʧʫʩʪʠʤʳ ʣʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

4) ʜʦʧʫʩʪʠʤʦ ʠʟʤʝʥʝʥʠʝ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʢʨʝʪʥʳʝ ʰʢʘʣʳ.  

2.8 ɺʳʚʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʛʣʘʚʝ 

ɺ ʛʣʘʚʝ ʧʨʠʚʝʜʸʥ ʦʙʟʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʪʝʦ-

ʨʠʡ ʪʝʩʪʠʨʦʚʘʥʠʷ: ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ (CTT), ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ (IRT) ʠ ʪʝʦʨʠʠ ʪʝʩʪʣʝʪʦʚ (TRT). ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ CTT ʠ 

IRT ʥʝ ʥʘʢʣʘʜʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʚ ʭʨʘʥʠʣʠʱʝ ʇʉʋʅ ʧʦʜʜʝʨʞʢʠ ɾʎ ʂʀʄ, ʪʘʢ ʢʘʢ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʥʘʙʦʨʳ ʯʠʩ-

ʣʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʚʳʨʘʞʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʩʪʦʚ ʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ɺ ʪʦ ʞʝ 
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ʚʨʝʤʷ ʘʪʨʠʙʫʪʳ ʤʦʜʝʣʝʡ TRT ʠ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʥʫʞʜ CAT, ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ ʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ 

ʜʦʩʪʘʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺ ʩʠʣʫ ʵʪʦʛʦ ʦʩʦʙʝʥʥʦʩʪʠ CAT ʥʘʢʣʘʜʳʚʘʶʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʦʜʝʣʴ ʂʀʄ, ʪʘʢ ʢʘʢ ʫ ʩʨʝʜʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ CAT ʜʦʣʞʥʦ ʙʳʪʴ ʜʦ-

ʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʠʠ ʧʫʣʘ ʟʘʜʘʥʠʡ ʠ ʧʦʜʙʦʨʘ ʟʘʜʘʯ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʂʀʄʈɸ ʥʝ ʷʚʣʷ-

ʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʝʜʝʥʠʷ CAT, ʟʘʜʘʯʠ ʩʝʣʝʢʮʠʠ ʟʘʜʘʥʠʷ ʧʨʠ ʘʜʘʧʪʠʚ-

ʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ ʣʦʞʘʪʩʷ ʥʘ ʚʥʝʰʥʶʶ ʩʠʩʪʝʤʫ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʢʦʪʦ-

ʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʂʀʄʈɸ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʪʨʠʙʫʪʘʤ ʂʀʄ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʘʷ ʤʦʜʝʣʴ ʂʀʄ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʦʪʨʘʞʘʶʪ ʵʪʘʧʳ ɾʎ ʂʀʄ ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʮʝʣʦʩʪʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʈʀʉʋʅ ʧʦʜʜʝʨʞʢʠ ɾʎ ʂʀʄ. 

ʆʙʦʙʱʝʥʠʝ ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʩʝʣʝʢʮʠʠ ʂʀʄ ʩ ʧʦʥʷʪʠʝʤ ʜʠʜʘʢʪʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʛʨʘʬʦʚʫʶ ʤʦʜʝʣʴ ʩʚʷʟʠ ʂʀʄ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʫʯʝ-

ʥʠʷ ʠ ʫʯʝʙʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʛʨʘʬ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʘʥʠʷ ʂʀʄ). ʇʦ ʧʨʝʜʣʦʞʝʥ-

ʥʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʘ ʚʪʦʨʘʷ ʛʨʘʬʦʚʘʷ ʤʦʜʝʣʴ, ʦʪʨʘʞʘʶʱʘʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʂʀʄ (ʛʨʘʬ ʚʟʘʠʤʦʩʚʷʟʝʡ ʂʀʄ).  ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʦʧʪʠʤʠʟʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʂʀʄ ʧʨʝʜʣʦʞʝʥʳ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʛʣʘʚʝ 3.  

ɼʝʪʘʣʠ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʩʫʞ-

ʜʘʶʪʩʷ ʚ ʛʣʘʚʝ 4. 
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ɻʃɸɺɸ 3. ʄɽʊʆɼʓ ʀ ɸʃɻʆʈʀʊʄʓ 

ɺ ʛʣʘʚʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʢʦʤʧʦʟʠʮʠʠ ʂʀʄ ʠ ʩʪʘʚʪ̫ʩʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʤʦʜʝʣʴʶ 2.29. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʧʨʝʜʣʦʞʝʥ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʂʀʄʈɸ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʞʘʜʥʦʤ ʘʣʛʦʨʠʪʤʝ ʠ ʤʝʪʦʜʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʌʦʨʤʘʣʠʟʦʚʘʥʦ ʧʦʥʷʪʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʦʩʪʘʚʢʠ ʂʀʄ. ʇʨʝʜʣʦʞʝʥ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʙʝʩʧʦʨʷʜʢʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʚ ʤʦʜʫʣʝ ʚʟʘʠʤ-

ʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʩʠʩʪʝʤʳ ʂʀʄʈɸ ʧʨʠ ʜʦʩʪʘʚʢʝ ʂʀʄ ʚ ʨʘʤʢʘʭ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠ-

ʚʘʥʠʷ: ʧʨʦʮʝʜʫʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫(ʨʘʥʜʦʤʠʟʘʮʠʠ) ʧʦʜʘʯ ʧʦ ʨʝʮʝʥʟʝʥʪʘʤ. 

3.1 ʂʦʤʧʦʟʠʮʠʷ ʂʀʄ 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠ 

ʧʝʨʩʠʩʪʝʥʪʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠʟ ʂʀʄ ʢʦʤʧʦʟʠʪʥʳʭ ʂʀʄ, 

ʥʘʧʨʠʤʝʨ, ʦʙʲʝʜʠʥʝʥʠʝ ʟʘʜʘʯ ʚ ʚʘʨʠʘʥʪ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ, ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ 

ʪʝʩʪ r(ʧʨʠʤʝʨʳ ʩʤ. ʚ ʨʘʟʜʝʣʝ 3.1.1), ʪʝʩʪʦʚ ʚ ʙʘʪʘʨʝʠ ʪʝʩʪʦʚ [test batteries] ʠ ʪ.ʧ.  

ɿʘʜʘʯʠ ʛʝʥʝʨʘʮʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʂʀʄ ʚʦʟʥʠʢʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʦ ʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʪʠʟʳ, 

ʆʕ, ʧʨʠ ʩʘʤʦʧʦʜʛʦʪʦʚʢʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʇʉʋʅ ʧʦʜʜʝʨʞʢʠ ɾʎ ʂʀʄ ʜʦʣʞʥʳ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʛʝʥʝʨʘʮʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʂʀʄ ʠ ʜʦʧʫʩʢʘʪʴ ʨʘʩ-

ʰʠʨʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʦʜʫʣʷʤʠ.  

ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ. 

ʌʦʨʤʫʣʠʨʦʚʢʘ. ʇʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʂʀʄ ʠʟ ʙʘʥʢʘ ʂʀʄ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ʩ ʫʯʸʪʦʤ ʥʘʙʦʨʘ ʢʨʠʪʝʨʠʝʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. ʆʯʝʚʠʜʥʦ, 

ʯʠʩʣʦ ʢʨʠʪʝʨʠʝʚ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʦʜʠʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʟʘʜʘʯʫ ʢ ʤʥʦʛʦʢʨʠ-

ʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɿʘʜʘʯʘ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʦʙʱʝʤ ʚʠʜʝ ʥʘʩ ʠʥʪʝʨʝ-

ʩʫʝʪ ʥʝ ʤʥʦʞʝʩʪʚʦ ʂʀʄ, ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʣʠ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ. 

ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʪʝʩʪʘ ʥʘ ʦʩʥʦʚʝ ʙʘʥʢʘ ʪʝʩʪʦʚʳʭ ʟʘ-

ʜʘʥʠʡ, ʛʜʝ ʟʘʜʘʥʠʷ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʧʨʠʦʨʠ ʟʘʜʘʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʘ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʝʨʝʚʦʤ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
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3.1.1 ʉʙʦʨʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʩʪʦʚ 

ɺ ʦʙʣʘʩʪʠ CAT ʰʠʨʦʢʦ ʦʩʚʝʱʝʥʳ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʝʥʝʨʘʮʠʝʡ ʪʝʩʪʘ, ʢʘʢ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʪʫʜʝʥʪʫ. ʆʪʤʝʪʠʤ ʥʘʠʙʦʣʝʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʸʥʥʳʝ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʟʘʜʘʥʠʡ. 

3.1.1.1 ʂʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʟʘʜʘʥʠʡ ʜʣʷ CAT 

ʂʨʠʪʝʨʠʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [maximum information criterion] [31] ʥʘ 

ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʚʳʙʠʨʘʝʪʩʷ k-ʝ ʟʘʜʘʥʠʝ, ʪʘʢ ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʦʞʠʜʘʝʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʌʠʰʝʨʘ Ὅ
ȣ

— Ὁὐ
ȣ

—  ʥʘ — ȟȣȟ , ʪʦ 

ʝʩʪʴ 

ὭḳÁÒÇÍÁØὍ — ȟȣȟ ȡὮɴ Ὑ σȢρ 

ʉʦʛʣʘʩʥʦ ʧʨʦʮʝʜʫʨʝ ʆʫʵʥʘ i-ʝ ʟʘʜʘʥʠʝ ʚʳʙʠʨʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ 

[179]: 

ὦ Ὁ—όȟȣȟό ̄ ȟ‏ ‏ ̆̅ π σȢς 

̄̅̆ — ȟȣȟ —᷿Ὣ—όȟȣȟό Ὠ— 

ʇʦʩʪʝʨʠʦʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʷ — ʟʘʜʘʸʪʩʷ: 

Ὣ—όȟȣȟό
ὒ—όȟȣȟό Ὣ—

ὒ᷿—όȟȣȟό Ὣ—Ὠ—
σȢσ 

  

ʂʨʠʪʝʨʠʡ ʤʘʢʩʠʤʫʤʘ ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʠ [180] ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʨʳ ʂʫʣʴʙʘʢʘ-ʃʝʡʙʣʝʨʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʠ 3PL ʜʣʷ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʦʪʚʝʪʦʚ k-ʛʦ ʟʘʜʘʥʠʷ ʧʨʠ ʠʩʪʠʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ (—) ʩʪʫʜʝʥʪʘ ʠ ʝʸ 

ʦʮʝʥʢʠ (— ) ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ: 

ὑ — ȟ — ὉὰέὫ
ὒ—Ὗ

ὒ— Ὗ
σȢτ 

ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ — ʥʝʠʟʚʝʩʪʥʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʸ ʦʮʝʥʢʘ —

—ȟ‏ ‏ , ʛʜʝ ‏ ï ʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ ʨʘʥʛʦʚ ʟʘʜʘʥʠʡ ʚ ʘʜʘʧʪʠʚʥʦʤ ʪʝʩʪʝ. 

ɿʘʜʘʥʠʝ k ʚʳʙʠʨʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ: 
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ὭḳÁÒÇάὥØ ὑ — ȟ —Ὠ—ȡὮɴ Ὑ σȢυ 

ʂʨʠʪʝʨʠʡ ʚʟʚʝʰʝʥʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ [likelihood-weighted 

information criterion] ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʢʨʠʪʝʨʠ ̫ʤʘʢʩʠʤʫʤʘ ʦʙʱʝʡ ʠʥʬʦʨ-

ʤʘʮʠʠ. ɺ ʨʘʙʦʪʝ [181] ʧʨʝʜʣʦʞʝʥʦ ʚʟʚʝʰʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʌʠʰʝʨʘ ʧʨʠ ʧʦʤʦʱʠ 

ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ ʚʳʙʠʨʘʪʴ k-ʝ ʟʘʜʘʥʠʝ ʚ ʪʝʩʪ ʧʦ ʢʨʠʪʝʨʠʶ: 

ὭḳÁÒÇάὥὼ ὒ—όȟȣȟό ὍὨ—ȡὮɴ Ὑ σȢφ 

ʇʦʣʥʦʩʪʴʶ ʙʘʡʝʩʦʚʩʢʠʝ ʢʨʠʪʝʨʠʠ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʦʪʣʠʯʘʶʪʩʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʧʦʩʪʝʨʠʦʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ —Ȣ ɸʥʘʣʦʛ ʢʨʠʪʝʨʠʷ ʤʘʢʩʠʤʫʤʘ ʦʙʱʝʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

ὭḳÁÒÇάὥὼ Ὅ —Ὣ—όȟȣȟό Ὠ—ȡὮɴ Ὑ σȢχ 

ɹʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʙʘʡʝʩʦʚʩʢʠʝ ʢʨʠʪʝʨʠʠ [77] ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ 

ʘʥʘʣʠʟʝ, ʦʥʠ ʧʨʦʛʥʦʟʠʨʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʚʝʪʦʚ ʥʘ ʦʩʪʘʚʰʠʭʩʷ ʚ ʭʨʘʥʠʣʠʱʝ ʟʘ-

ʜʘʥʠʷʭ Ὥɴ Ὑ  ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ Ὧ ρ ʟʘʜʘʥʠʝ ʫʞʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʪʝʩʪ. ɺʘʞʥʳʤ 

ʵʣʝʤʝʥʪʦʚ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʢʘʟʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʟʘʜʘ-

ʥʠʠ i, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʚʝʨʦʷʪʥʦʩʪʠ: 

ὴόόȟȣȟό ὴόȿ—Ὣ—όȟȣȟό Ὠ— σȢψ 

ʂʨʠʪʝʨʠʡ ʚʳʙʦʨʘ k-ʛʦ ʟʘʜʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ: 

ὭḳÁÒÇάὥὼὴ πόȟȣȟό ὐ
ȣ

ȟὟ π— ȟȣȟ ȟὟ π

ὴ ρόȟȣȟό ὐ
ȣ

ȟὟ ρ— ȟȣȟ ȟὟ ρȡὮɴ Ὑ , 

 σȢω 

ʛʜʝ ὴ πόȟȣȟό  ï ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʚʝʨʥʦʛʦ ʦʪʚʝʪʘ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʢʨʠʪʝʨʠʠ, ʩʦʚʝʨʰʝʥʩʪʚʫʶʱʠʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʧʦʩʪʨʦ-

ʝʥʥʳʝ ʥʘ ʤʦʜʝʣʷʭ, ʫʯʠʪʳʚʘʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ [response time, RT] ʟʘʜʘʥʠʡ ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʣʷ ʤʘʣʳʭ 

ʚʳʙʦʨʦʢ ʠ ʩʥʠʞʘʶʱʠʝ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʫʜʝʥʪʘ ʨʝʰʠʪʴ ʚʳʙʨʘʥ-

ʥʦʝ ʟʘʜʘʥʠʝ [40, 182]. 
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3.2 ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʂʀʄ ʩ ʫʯʸʪʦʤ ʪʘʢʩʦʥʦʤʠʠ ʜʠʜʘʢʪʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ ʘʚʪʦʨʦʤ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʘʜʦʢʫ-

ʤʝʥʪʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʢʦʤʧʦʟʠʪʥʳʡ ʂʀʄ ʧʦ 

ʥʘʙʦʨʫ ʢʨʠʪʝʨʠʝʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ r1) ʩʣʫʯʘʡʥʘʷ ʛʝʥʝʨʘ-

ʮʠ̫ ʥʘʙʦʨʘ ʂʀʄ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦʢʨʳʪʠʝ ɼɽ ʧʨʠ ʧʦ-

ʤʦʱʠ ʂʀʄ; 2) ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ʧʦ ʞʸʩʪʢʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ 

ʛʘʨʘʥʪʠʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʝ ʂʀʄ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ɹʂʀʄ. ɺʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʘʣʛʦ-

ʨʠʪʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʥʪʦʣʦʛʠʠ, ʷʚʣʷʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʥʦʫ-ʭʘʫ 

ʠ ʥʝ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʚʠʜʝ ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʣʠ ʦʩʤʳʩʣʝʥʥʦʛʦ ʨʘʟ-

ʚʠʪʠʷ [183]. 

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʂʀʄ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʜʘʯʘʤ ʜʠʩʢʨʝʪʥʦʡ ʦʧ-

ʪʠʤʠʟʘʮʠʠ [184]. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ὃ

ộὝὥίὯὈὩίὧȟộὅὉὃὓȟὃίίὭὫὲάὩὲὸȟὅέὲὸὩὼὸȟὋὙỚȟὅὅὅὛỚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ὅὉὃὓ ṖὛ  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʢʨʠʪʝʨʠʝʚ ὅὶὭὸὩὶὭὥ (ʥʦʤʝʨ ʢʨʠʪʝʨʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʜʘʸʪ ʝʛʦ ʧʨʠʦʨʠʪʝʪ) ʠ 

ʥʝ ʥʘʨʫʰʘʶʱʠʤ ʥʘʙʦʨ ʦʛʨʘʥʠʯʝʥʠʡ ὅέὲίὸὶὥὭὲὸί. ʇʫʩʪʴ ʟʘʜʘʥʦ ʥʘʯʘʣʴʥʦʝ ʮʝʣʝʚʦʝ 

ʤʥʦʞʝʩʪʚʦ ɼɽ ὅὅὅὛᶻṖὛ . ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʝ ὅὅὅὛ

ẕ ὅὅὅὛὄᶰ , ʯʪʦʙʳ ʫʜʦʙʥʝʝ ʩʩʳʣʘʪʴʩʷ ʥʘ ʦʙʲʝʜʠʥʝʥʠʝ ɼɽ ʚʩʝʭ ʂʀʄ, ʩʦ-

ʜʝʨʞʘʱʠʭʩʷ ʚ ὃ.  

ʂʨʠʪʝʨʠʷʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ὅὶὭὸὩὶὭὥ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʫʶ-

ʱʠʝ. 

1. ʂʨʠʪʝʨʠʡ ʪʦʯʥʦʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ὓ ὅͅὅὅͅὃὧὧ

ÍÁØ
ȿ ᶻ᷊ ȿ

ȿ ȿ
. ʏʝʤ ʙʣʠʞʝ ʵʪʦʪ ʢʨʠʪʝʨʠʡ ʢ 1, ʪʝʤ ʪʦʯʥʝʝ ʢʦʤ-

ʧʦʟʠʮʠʷ ʂʀʄ ʦʮʝʥʠʚʘʝʪ ʮʝʣʝʚʦʝ ʤʥʦʞʝʩʪʚʦ ɼɽ, ʘ ʯʝʤ ʥʠʞʝ ʝʛʦ ʟʥʘʯʝ-

ʥʠʝ, ʪʝʤ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ɼɽ ʟʘʪʨʘʛʠʚʘʝʪʩʷ. 

2. ʂʨʠʪʝʨʠʡ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʟʘʜʘʥʥʦʤʫ ʦʙʱʝʤʫ ʚʨʝʤʝʥʠ Ὕ ʚʳʧʦʣʥʝʥʠʷ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ: ÍÉÎВ ὸὄ Ὕᶰ . 
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3. ʂʨʠʪʝʨʠʡ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʣʘʥʠʨʫʝʤʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ὒ ʘʪʦʤʘʨʥʳʭ ʂʀʄ: 

ÍÉÎȿὅὉὃὓȿ ὒ. 

ʆʛʨʘʥʠʯʝʥʠʷʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ὅέὲίὸὶὥὭὲὸί, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥ-

ʥʳʝ ʠ ʫʩʣʦʚʠʷ ʥʘ ʥʠʭ. 

1. ʆʛʨʘʥʠʯʝʥʠʝ ʥʘ ʪʠʧ ʟʘʜʘʥʠʷ ὝώὴὩ, ʟʘʜʘʚʘʝʤʦʝ ʤʥʦʞʝʩʪʚʦʤ ὃὝώὴὩί: 

ὝώὴὩᶰὃὝώὴὩί. 

2. ʆʛʨʘʥʠʯʝʥʠʝ ʥʘ ʣʦʛʠʯʝʩʢʠʝ ʘʪʨʠʙʫʪʳ ὝὥὫί, ʟʘʜʘʚʘʝʤʦʝ ʤʥʦʞʝʩʪʚʦʤ 

ὃὝὥὫί: ὼᶅɴ ὝὥὫί ὼɴ ὃὝὥὫί. 

3. ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʥʘʙʦʨʘ ʩʩʳʣʦʢ ʥʘ ʵʣʝʤʝʥʪʳ ʦʧʠʩʘʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ὅὅὅὛᶻ ʮʝʣʝʚʳʭ ɼɽ: ὼᶅɴ

ὅὅὅὛ ὼɴ ὅὅὅὛᶻ . 

4. ɺʝʢʪʦʨ ʯʝʪʚʸʨʦʢ ộὃὖὥὶὸὛὭᾀὩȟὃὖὥὶὸὅὅὅὛȟὃὖὥὶὸὝώὴὩȟὃὖὥὶὸὝὥὫίỚ, 

ʛʜʝ ὃὖὥὶὸὛὭᾀὩ ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʤʝʨ -ʛʦ ʨʘʟʜʝʣʘ (ВὃὖὥὶὸὛὭᾀὩ ρ) 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ; ὃὖὥὶὸὅὅὅὛ ï ʤʥʦʞʝʩʪʚʦ ɼɽ ʨʘʟʜʝʣʘ, ʚʦʟʤʦʞʥʦ, ʧʫ-

ʩʪʦʝ; ὃὖὥὶὸὝώὴὩ ï ʪʠʧ ʂʀʄ ʨʘʟʜʝʣʘ; ὃὖὥὶὸὝὥὫί ï ʤʥʦʞʝʩʪʚʦ ʣʦʛʠʯʝ-

ʩʢʠʭ ʘʪʨʠʙʫʪʦʚ ʂʀʄ ʨʘʟʜʝʣʘ, ʚʦʟʤʦʞʥʦ, ʧʫʩʪʦʝ. 

5. ʂʦʣʠʯʝʩʪʚʦ ʂʀʄ ʚ ὅὉὃὓ . 

a. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʂʀʄ ὃὝέὸὥὰ ὃὝέὸὥὰὃὝέὸὥὰ . 

b. ʂʦʣʠʯʝʩʪʚʦ ʂʀʄ, ʦʪʦʙʨʘʥʥʳʭ ʧʦ ʧʨʠʟʥʘʢʫ (ʥʘʧʨʠʤʝʨ, ʪʨʫʜʥʦʩʪʴ 

ὃὖ ὃὖ ὃὖ , ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʦʩʪʴ ὃὈ ὃὈ ὃὈ  

ʠ ʧʨʦʯ.). 

6. ʆʙʱʝʝ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ὃὛέὰὺὩὝὭάὩὃὛέὰὺὩὝὭάὩ

ὃὛέὰὺὩὝὭάὩ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʫʤʤʘ ʚʨʝʤʸʥ ʟʘʜʘ-

ʥʠʡ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʨʘʚʥʘ ʦʙʱʝʤʫ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ 

ʙʦʣʴʰʝ (ʯʪʦ ʧʦʥʠʞʘʝʪ ʦʙʱʫʶ ʩʣʦʞʥʦʩʪʴ), ʪʘʢ ʠ ʤʝʥʴʰʝ. 

7. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʂʀʄ ὃὍὸὩάὛέὰὺὩὝὭάὩ

В

ȿ ȿ
ὃὍὸὩάὛέὰὺὩὝὭάὩ.  
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8. ʇʨʘʚʠʣʘ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ (ʵʪʠ ʧʨʘʚʠʣʘ ʟʘ-

ʜʘʶʪʩʷ ʥʘ ʵʪʘʧʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʂʀʄ ʠʣʠ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ). ʅʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʤʦʜʝʣʝʡ CAT ʧʦʯʪʠ ʚʩʷ ʩʝʣʝʢʮʠʷ ʧʦʩʪʨʦʝʥʘ ʨʝʢʫʨʨʝʥʪʥʦ, ʪʦ 

ʝʩʪʴ ʥʘ ʟʥʘʥʠʷʭ ʦ ʪʦʤ, ʢʘʢ ʧʨʦʡʜʝʥʳ ʟʘʜʘʥʠʷ ʜʦ ʚʳʙʠʨʘʝʤʦʛʦ1. 

ʈʘʩʰʠʨʝʥʠʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʂʀʄ ʜʣʷ ʩʣʫʯʘʷ 

ʢʦʤʧʦʟʠʮʠʠ ʥʘʙʦʨʘ ʠʟ ὖὥὶὠὥὶὭὥὲὸί ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʂʀʄ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʩʦʟʜʘʥʠʷ ʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ὃ, ʪʝʧʝʨʴ ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦ-

ʟʠʪʥʳʭ ʂʀʄ ὃ ộὝὥίὯὈὩίὧȟộὅὉὃὓ ȟὃίίὭὫὲάὩὲὸȟὅέὲὸὩὼὸȟὋὙ ỚȟὅὅὅὛỚ, 

ʛʜʝ Ὥɴ ρȠὖὥὶὠὥὶὭὥὲὸί ʠ ʛʜʝ ʤʥʦʞʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ ʨʘʩʰʠʨʝʥʦ ʢʨʠʪʝʨʠʝʤ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ ʂʀʄ ὃ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʪʝʩʪʘ ʢʘʢ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ʧʦʣʥʦʩʪʴʶ 

ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʨʝʜʣʦʞʝʥʥʫʶ ʧʦʩʪʘʥʦʚʢʫ. ɼʣʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʠ ʢʨʠʪʝʨʠ-

ʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʝʩʪʦʚ ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʦʧʨʝ-

ʜʝʣʝʥʠʷʤ ʚ [185, 95] ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʣʠʯʠʷ ʩʨʘʟʫ ʧʦʩʣʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʧʨʦʙʘʮʠʡ ʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʚʳʙʦʨʢʘʭ 

ʫʯʘʩʪʥʠʢʦʚ. 

3.2.1 ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʂʀʄ 

ʄʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ ʨʝʰʘʝʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʥʝʦʧʨʝʜʝʣʸʥ-

ʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʦʚ. ʆʪʩʶʜʘ ʟʘʧʨʦʩ ʥʘ ʠʥʩʪʨʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʶ/ʵʢʩʧʝʨʪʫ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʩʦʟʜʘʪʴ ʢʦʤʧʦʟʠʪʥʳʡ ʂʀʄ, ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʦʪʦʨʦʤʫ ʫʪʦʯʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ. ɺ ʦʩʥʦʚʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧ-

ʪʠʤʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʂʀʄ (ʨʠʩʫʥʦʢ 3.1) ʣʝʞʘʪ ʜʚʘ ʧʦʜʭʦʜʘ: ʙʳʩʪʨʳʡ ʧʨʠʙʣʠ-

ʞʸʥʥʳʡ ʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʪʦʯʥʠʪʴ ʚʳʙʦʨ 

ὅὉὃὓ  ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʢʨʠʪʝʨʠʶ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; ʠ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʤʝ-

                                           

1 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʥʦ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʥʘ ʵʪʘʧʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠ ʩʙʦʨʘ ʪʨʝʙʦʚʘʥʠʡ. 
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ʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʛʣʦʙʘʣʴʥʦ-ʦʧʪʠ-

ʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʦʜʥʦʤʫ ʠʟ ʢʨʠʪʝʨʠʝʚ, ʧʝʨʝʚʝʜʷ ʦʩʪʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʚ ʦʛʨʘʥʠ-

ʯʝʥʠʷ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʚʤʝʩʪʝ ʩ 

ʦʙʦʙʱʘʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʪʦʯʥʝʝ ʧʦʥʷʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʪʝʢʫʱʠʭ ʦʛʨʘʥʠʯʝʥʠʷʭ. 

ʆʩʦʙʦ ʟʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʨʦʩʤʦʪʨ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʟʠ-

ʮʠʠ, ʧʦʩʢʦʣʴʢʫ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʘ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʫʨʦʚʥʷ ʩʣʦʞʥʦ-

ʩʪʠ ʠ ʪʝʤʘʪʠʢʠ ʟʘʜʘʥʠʡ ʜʦ ʩʠʭ ʧʦʨ ʪʨʝʙʫʝʪ ʵʢʩʧʝʨʪʥʦʛʦ ʤʥʝʥʠʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʩʣʫʯʘʷ ʥʘʣʠʯʠʷ ʬʘcʝʪʦʚ ʜʣʷ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʛʝʥʝʨʘʮʠʠ 

ʪʝʩʪʘ).
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ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʘʣʛʦʨʠʪʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʘʣʠʟʘʮʠʠ ʞʘʜ-

ʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [186] ʠ ʩʦʚʨʝʤʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʝʭʥʠʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ [187, 188]. 

3.3 ɼʦʩʪʘʚʢʘ ʂʀʄ 

ʕʪʘʧ ʜʦʩʪʘʚʢʠ [delivery] ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʥʦ-

ʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ. ʄʝʪʦʜʳ ʜʦʩʪʘʚʢʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʬʦʨʤʘʪʦʤ ʜʠʩʮʠʧʣʠʥʳ 

ʠ ʩ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʧʦʜʜʝʨʞʢʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ (ʩʤ. ʦʙʟʦʨ ʚ [189]), ʯʪʦ ʜʦʩʪʘʚʢʘ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʂʀʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʜʘʣʝʝ ï ʢʦʤʧʴʶʪʝʨʥʘʷ ʜʦʩʪʘʚʢʘ) ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ 

ʢʘʢ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʪʫʜʝʥʪʘʤ, ʪʘʢ ʠ 

ʧʦ ɻʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʞʫʨʥʘʣʠʨʦʚʘʥʠʷ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʚʦcʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ ʛʠʙ-

ʢʦʩʪʠ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʧʦʩʦʙʳ ʜʦʩʪʘʚʢʠ ʂʀʄ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʚʨʝʤʷ, ʟʘʪʨʘ-

ʯʠʚʘʝʤʦʝ ʥʘ ʢʦʤʧʦʥʦʚʢʫ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʝʨʩʦʥʘʣʫ ʠ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʴʶʪʝʨʥʘʷ ʜʦ-

ʩʪʘʚʢʘ ʂʀʄ ʧʦʥʠʤʘʝʪʩʷ ʰʠʨʝ, ʯʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʂʀʄ ʢʣʠʝʥʪʘʤ (ʩʪʫʜʝʥʪʘʤ) ʧʦ-

ʩʨʝʜʩʪʚʘʤ ʫʩʪʨʦʡʩʪʚ ʚʳʚʦʜʘ ʢʣʠʝʥʪʩʢʠʭ ʪʝʨʤʠʥʘʣʦʚ.  

ɼʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʦʩʪʘʚʢʠ ʂʀʄ, ʙʘʟʠʨʫʷʩʴ ʥʘ [190, 191] ʠ 

ʜʨ., ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʮʝʜʫʨ ʠ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʵʪʠʭ ʧʨʦʮʝʜʫʨʘʭ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ: 1) ʦʪʦʙʨʘʞʝʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ 

ʂʀʄ ʥʘ ʘʧʨʠʦʨʠ ʟʘʜʘʥʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ; 2) ʥʘʜʸʞʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ 

ʧʝʨʝʜʘʯʫ ʂʀʄ ʚ ʚʠʜʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴ-

ʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘ ʢʣʠʝʥʪʩʢʠʝ ʪʝʨʤʠʥʘʣʳ; 3) ʦʨʛʘʥʠʟʘʮʠʶ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʩʨʝʜʳ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ; 4) ʩʙʦʨ ʨʝʟʫʣʴʪʘʪʦʚ; 

5) ʧʦʣʥʦʝ ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ. 
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ʊʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ ʦʧʠʩʘʪʴ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦ-

ʚʘʥʠʷ ʢ ʜʦʩʪʘʚʢʝ ʂʀʄ, ʚʢʣʶʯʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ, ʥʘʜʸʞʥʦʩʪʠ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʙʦʪʝ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ, 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʜʨʫʛʠʤ ʘʩʧʝʢʪʘʤ. 

3.3.1 ɼʦʩʪʘʚʢʘ ʂʀʄ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʚʟʘʠʤʥʦʤ ʦʮʝʥʠʚʘʥʠʠ 

3.3.1.1 ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ɸʚʪʦʨʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʪ.ʥ., ʜʦʮ. ɸ.ɸ. ʅʝʟʥʘʥʦʚʳʤ ʧʨʝʜʣʦ-

ʞʝʥʘ ʨʫʩʩʢʦʷʟʳʯʥʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ. ɺ ʜʘʥʥʦʤ 

ʨʘʟʜʝʣʝ ʧʨʦʜʫʙʣʠʨʦʚʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʦ-

ʩʪʘʚʢʠ ʂʀʄ. ʇʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʦʧʨʝʜʝʣʝʥʠʡ ʧʨʠʚʝʜʸʥ ʚ ʨʘʟʜʝʣʝ 4.9.2.1. 

ɺʟʘʠʤʥʦʝ ʦʮʝʥʠʚʘʥʠʝ [peer assessment (PA)] ï ʧʨʦʮʝʜʫʨʘ ʦʮʝʥʠʚʘʥʠʷ, ʦʨʛʘ-

ʥʠʟʦʚʘʥʥʘʷ ʚ ʬʦʨʤʝ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ [peer review 

(PR)] ʘʨʪʝʬʘʢʪʦʚ, ʪʨʘʢʪʫʝʤʳʭ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʫʯʝʙʥʦʛʦ ʟʘʜʘʥʠʷ ʩ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʦʡ ʦʮʝʥʠʚʘʥʠʷ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʘʨʪʝʬʘʢʪ [artifact] ï ʩʫʱʥʦʩʪʴ, ʩʦʟʜʘʥʥʘʷ ʯʝʣʦʚʝʢʦʤ ʩ ʦʧʨʝ-

ʜʝʣʸʥʥʦʡ ʮʝʣʴʶ. ɺ ʢʦʥʪʝʢʩʪʝ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʘʨʪʝʬʘʢʪ ï ʩʫʱʥʦʩʪʴ, ʩʦʟʜʘʥ-

ʥʘʷ ʩʪʫʜʝʥʪʦʤ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ ʨʝʮʝʥʟʠʶ. 

ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦʜʜʝʨʞʢʠ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʫʤʝʩʪʥʦ ʚʳ-

ʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: 

¶ ʘʚʪʦʨ [initial  author] ï ʩʪʫʜʝʥʪ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʙʫʜʫʱʝʛʦ 

ʦʪʧʨʘʚʠʪʝʣʷ ʘʨʪʝʬʘʢʪʘ ʚ ʪʝʢʫʱʝʡ ʩʝʩʩʠʠ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ (ʉɺʆ); 

¶ ʧʦʜʘʪʝʣʴ [submitter] ï ʩʪʫʜʝʥʪ, ʥʘʧʨʘʚʠʚʰʠʡ ʘʨʪʝʬʘʢʪ ʥʘ ʨʝʮʝʥʟʠʨʦʚʘ-

ʥʠʝ ʚ ʨʘʤʢʘʭ ʉɺʆ; 

¶ ʨʝʮʝʥʟʝʥʪ [reviewer] ï ʩʪʫʜʝʥʪ, ʦʪʦʩʣʘʚʰʠʡ ʚʘʣʠʜʥʳʡ ʦʮʝʥʦʯʥʳʡ ʣʠʩʪ ʚ 

ʨʘʤʢʘʭ ʉɺʆ. 

ʕʣʝʤʝʥʪʳ ʜʘʥʥʳʭ, ʬʠʛʫʨʠʨʫʶʱʠʝ ʚ ʢʘʞʜʦʡ ʉɺʆ: 
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¶ ʦʮʝʥʦʯʥʳʡ ʣʠʩʪ [PR form] ï ʪʘʙʣʠʮʘ, ʩʧʝʮʠʬʠʮʠʨʫʶʱʘʷ ʧʦʣʷ ʨʝʮʝʥʟʠʠ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʘʨʪʝʬʘʢʪʘ ʠ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʜʘʥʠʷ; ʩʦʜʝʨʞʠʪ ʧʦ-

ʥʷʪʥʳʝ ʨʝʮʝʥʟʝʥʪʫ ʦʧʠʩʘʥʠʷ ʧʦʣʝʡ, ʧʨʠʤʝʨʳ ʟʘʧʦʣʥʝʥʠʷ ʠ ʧʨʘʚʠʣʘ ʚʘ-

ʣʠʜʘʮʠʠ ʟʥʘʯʝʥʠʡ ʧʦʣʝʡ; 

¶ ʧʦʜʘʯʘ [submission] ï ʘʨʪʝʬʘʢʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʢʦʥ-

ʢʨʝʪʥʳʤ ʧʦʜʘʪʝʣʝʤ; 

¶ ʨʝʮʝʥʟʠʷ [review] ï ʟʘʧʦʣʥʝʥʥʳʡ ʦʮʝʥʦʯʥʳʡ ʣʠʩʪ, ʦʪʦʩʣʘʥʥʳʡ ʨʝʮʝʥʟʝʥ-

ʪʦʤ. 

ʅʘʠʙʦʣʝʝ ʪʨʫʜʦʸʤʢʠʤ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʩʪʫ-

ʜʝʥʪʘʤʠ ʜʨʫʛ ʜʨʫʛʘ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʨʘʥʜʦʤʠʟʘʮʠʠ) ʧʦʜʘʯ ʧʦ 

ʨʝʮʝʥʟʝʥʪʘʤ. 

3.3.1.2 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʝʡʰʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ, ʢʦʛʜʘ 

ʤʥʦʞʝʩʪʚʘ ʧʦʜʘʪʝʣʝʡ ʠ ʨʝʮʝʥʟʝʥʪʦʚ ʩʦʚʧʘʜʘʶʪ. ʆʙʦʟʥʘʯʠʤ ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʢʘʢ 

ὃόὸὬέὶί. ʇʫʩʪʴ ʪʘʢʞʝ ʯʠʩʣʦ ʨʝʮʝʥʟʠʡ ʥʘ ʢʘʞʜʫʶ ʨʘʙʦʪʫ ʨʘʚʥʦ ὖὴὃͅὅέόὲὸ (ʯʠʩʣʦ 

ʧʠʨʦʚ ʥʘ ʦʜʥʫ ʨʘʙʦʪʫ). 

3.3.1.3 ʆʧʨʝʜʝʣʝʥʠʷ 

ʇʝʨʝʩʪʘʥʦʚʢʘ [permutation] ï ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ Ὢȡὢᴾὢ. 

ʏʠʩʣʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʦʙʦʟʥʘʯʘʝʪʩʷ ╟▪ ὲȦ (ὲ ʬʘʢʪʦʨʠʘʣ). 

ʌʘʢʪʦʨʠʘʣ ὲȦ Б Ὧ.   πȦḰρ. 

ʅʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ [fixed point] ʧʝʨʝʩʪʘʥʦʚʢʠ ï ʣʶʙʦʡ ʵʣʝʤʝʥʪ ʤʥʦʞʝʩʪʚʘ 

ὼɴ ὢȿὪὼ ὼ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʧʦʣʥʝʥʠʝ ʥʦʩʠʪʝʣʷ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʚ ὢ. 

ɹʝʩʧʦʨʷʜʦʢ [derangement] ï ʧʝʨʝʩʪʘʥʦʚʢʘ ʙʝʟ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ, ʪʦ ʝʩʪʴ ʪʘ-

ʢʘʷ, ʯʪʦ ʥʠʢʘʢʦʡ ʵʣʝʤʝʥʪ ʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʩʝʙʷ (Ὢὼ ὼ). 

ʏʠʩʣʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʙʝʩʧʦʨʷʜʢʦʚ ʦʙʦʟʥʘʯʘʝʪʩʷ ╓▪ ȦÎ В ρ
Ȧ

Ȧ
. ʕʪʦ 

ʯʠʩʣʦ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʩʫʙʬʘʢʪʦʨʠʘʣ. 
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3.3.1.4 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ 

ɼʘʥʦ ʤʥʦʞʝʩʪʚʦ ὃόὸÈέὶί ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʘʚʪʦʨʦʚ. ʊʨʝʙʫʝʪʩʷ ʩʛʝʥʝʨʠʨʦ-

ʚʘʪʴ ὖὴὃͅὅέόὲὸ ʩʣʫʯʘʡʥʳʭ ʙʝʩʧʦʨʷʜʢʦʚ ὈὙ (Ὥɴ ρȢȢὖὴὃͅὅέόὲὸ) ʤʥʦʞʝʩʪʚʘ 

ὃόὸÈέὶί ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʣʷ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ὼɴ ὃόὸÈέὶί ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʚʩʝʭ ʙʝʩʧʦʨʷʜʢʦʚ ʙʳʣʠ ʨʘʟʣʠʯʥʳ, ʪʦ ʝʩʪʴ ὈὙ ὼ

ὼǪ ὭᶅȟὮɴ  ρȢȢὖὴὃͅὅέόὲὸὈὙ ὼ ὈὙ ὼ . 

ʊʘʙʣʠʮʘ 3.1 ʩʦʜʝʨʞʠʪ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʙʝʩʧʦʨʷʜʢʦʚ ʠ ʧʝʨʝʩʪʘʥʦʚʦʢ ʜʣʷ 

ʤʥʦʞʝʩʪʚ ʩ ʤʦʱʥʦʩʪʷʤʠ ʦʪ 0 ʜʦ 10. ʊʘʙʣʠʮʘ 3.1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʝʩʧʦʨʷʜʢʦʚ ʟʘ-

ʤʝʪʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʝʨʝʩʪʘʥʦʚʦʢ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ ʪʦʯʢʘʤʠ, ʥʦ ʧʨʠ ȿὃÕὸÈέὶίȿ φ 

ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ, ʯʪʦʙʳ ʧʨʦʙʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʛʝʥʝʨʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʙʝʩʧʦʨʷʜ-

ʢʦʚ. 

ʊʘʙʣʠʮʘ 3.1 ï ʏʠʩʣʘ ʧʝʨʝʩʪʘʥʦʚʦʢ ʠ ʙʝʩʧʦʨʷʜʢʦʚ 

ὃόὸὬέὶί ʏʠʩʣʦ ʧʝʨʝʩʪʘʥʦʚʦʢ ʏʠʩʣʦ ʙʝʩʧʦʨʷʜʢʦʚ 

0 1 1 

1 1 0 

2 2 1 

3 6 2 

4 24 9 

5 120 44 

6 720 265 

7 5040 854 

8 40320 14833 

9 362880 133496 

10 3628800 1334961 
 

3.3.1.5 ʀʜʝʠ ʨʝʰʝʥʠʷ 

ʇʦʩʢʦʣʴʢʫ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʣʠʰʴ ʩʪʦʣʴʢʦ ʙʝʩʧʦʨʷʜʢʦʚ, 

ʩʢʦʣʴʢʦ ʨʝʮʝʥʟʠʡ ʜʦʣʞʥʘ ʧʦʣʫʯʠʪʴ ʦʜʥʘ ʨʘʙʦʪʘ (ʨʠʩʫʥʦʢ 3.2), ʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝ-

ʪʦʜʳ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʝʨʝʯʠʩʣʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦ. ʇʦʜʨʦʙʥʦ ʦ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʤ ʧʝʨʝʯʠʩʣʝʥʠʠ ʙʝʩʧʦʨʷʜʢʦʚ ʨʘʩʩʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ ɾ.-ʃ. ɹʘʨʠʣʘ ʠ 

ɺ. ɺʘʡʥʦʚʩʢʠ [192]. 
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ʈʠʩʫʥʦʢ 3.2. ʈʝʟʫʣʴʪʘʪ ʨʘʥʜʦʤʠʟʘʮʠʠ 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ çʥʘʠʙʦʣʝʝ ʩʣʫʯʘʡʥʳʭ ʙʝʩ-

ʧʦʨʷʜʢʦʚè. ɺ ʨʘʙʦʪʝ [193] ʧʨʠʚʝʜʸʥ ʘʥʘʣʠʟ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʨʦʞ-

ʜʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʡ ʤʦʱʥʦʩʪʠ ʠʩ-

ʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʧʨʦʚʝʨʢʠ ʥʘ ʚʳʜʘʯʫ ʛʝʥʝʨʘʪʦʨʦʤ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʬʠʢʩʠʨʦ-

ʚʘʥʥʦʡ ʪʦʯʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʩʪʘʸʪʩʷ ʣʠʥʝʡʥʦʡ, ʢʘʢ ʫ ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʈ. ɼʫʨ-

ʰʪʝʥʬʝʣʴʜʦʤ [194]. 

ʇʦʩʢʦʣʴʢʫ ʮʝʣʴ ʛʝʥʝʨʘʮʠʠ ʙʝʩʧʦʨʷʜʢʦʚ ʚ ʨʘʤʢʘʭ ʂʀʄʈɸ ï ʵʪʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʦʪʦʙʨʘʞʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʧʦʜʘʯ ʥʘ ʤʥʦʞʝʩʪʚʦ ʨʝʮʝʥʟʝʥʪʦʚ ʧʨʠ ʚʟʘʠʤʥʦʤ ʦʮʝ-

ʥʠʚʘʥʠʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ [193] ʫʯʠʪʳʚʘʶʱʘʷ, ʯʪʦ ʵʣʝʤʝʥʪʳ 

ʢʘʞʜʦʛʦ ʩʣʝʜʫʶʱʝʛʦ ʙʝʩʧʦʨʷʜʢʘ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʥʝʩʦʚʧʘʜʝʥʠʝ ʩ ʵʣʝʤʝʥʪʘʤʠ, ʩʪʦ-

ʷʱʠʤʠ ʚ ʪʝʭ ʞʝ ʧʦʟʠʮʠʷʭ, ʚ ʧʨʝʜʳʜʫʱʠʭ ʙʝʩʧʦʨʷʜʢʘʭ. 

ID ɸʚʪʦʨʘ

ID ʧʝʨʚʦʛʦ ʈʝʮʝʥʟʝʥʪʘ

ID ʚʪʦʨʦʛʦ ʈʝʮʝʥʟʝʥʪʘ

ID ʪʨʝʪɹʝʛʦ ʈʝʮʝʥʟʝʥʪʘ
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3.3.1.6 ɸʣʛʦʨʠʪʤ 

ʊʘʢ ʢʘʢ ʪʝʩʪʦʚʘʷ ʚʝʨʩʠʷ ʂʀʄʈɸ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʦʯʥʳʝ 

ʢʫʨʩʳ, ʘʚʪʦʨʳ ʠ ʨʘʟʨʘʙʦʪʯʠʢʠ ʥʝ ʩʪʘʣʠ ʟʘʥʠʤʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʠʟʢʦʫʨʦʚʥʝ-

ʚʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ, ʦʞʠʜʘʷ, ʯʪʦ ʯʠʩʣʦ ʫʯʘʩʪʥʠʢʦʚ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʥʝ ʙʫʜʝʪ 

ʧʨʝʚʦʩʭʦʜʠʪʴ 10000. 

ʆʩʥʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ὋὩὲὙὩὓὥὴὕὸὬὩὶὈὙ ʧʦʨʦʞʜʝʥʠʷ 

ʩʣʝʜʫʶʱʝʛʦ ʙʝʩʧʦʨʷʜʢʘ ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʯʠʩʝʣ πȢȢὃόὸÈέὶίὅέόὲὸρ. ʇʨʠ 

ʧʦʨʦʞʜʝʥʠʠ ʵʣʝʤʝʥʪʳ ʵʪʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʥʝʩʦʚʧʘʜʝʥʠʝ ʩ ʵʣʝʤʝʥ-

ʪʘʤʠ ʧʨʝʜʳʜʫʱʠʭ ʙʝʩʧʦʨʷʜʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ὅὬὩὧὯὖὶὩὺὓὥὴί. ʇʦ-

ʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʥʜʦʤʠʟʠʨʦʚʘʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʘʚʪʦʨʦʚ, ʪʦ ʧʦʩʣʝ ʛʝʥʝʨʘ-

ʮʠʠ ʙʝʩʧʦʨʷʜʢʦʚ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʦʚ ʙʝʩʧʦʨʷʜʢʦʚ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ. 

ɼʘʣʝʝ ʘʣʛʦʨʠʪʤʳ ʟʘʧʠʩʘʥʳ ʚ ʧʩʝʚʜʦʢʦʜʝ, ʧʨʝʜʣʦʞʝʥʥʦʤ ʚ ʢʥʠʛʝ [195], ʟʘ ʠʩ-

ʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʪʠʧʳ ʜʘʥʥʳʭ ʫʢʘʟʳʚʘʝʤ ʯʝʨʝʟ ʜʚʦʝʪʦʯʠʝ ʩʧʨʘʚʘ ʦʪ ʠʤʝʥʠ ʧʘ-

ʨʘʤʝʪʨʦʚ ʧʨʦʮʝʜʫʨ ʠ ʬʫʥʢʮʠʡ, ʧʝʨʝʤʝʥʥʳʝ i, j, k ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʠ ʣʦʢʘʣʴʥʳ 

ʚʥʫʪʨʠ ʧʨʦʮʝʜʫʨ ʠ ʬʫʥʢʮʠʡ. 

ẅ ː̝̜̌̏̂́̌̎̆ ̜̒̓̑̔̋̓̔̑ ̜̖̅́̎̎ȡ 
ẅ ̇́̒̒̉̃ ̗̘̜̖̆̌̏̉̒̌̆̎̎ ̍́̒̒̉̃̏ ̃ὙὩὓὥὴί ̎ ́̂̏̑ ̠̂̆̒̐̏̑̅̋̏̃ 
ẅ   ̜̃̆̑̃̊ ̉̎̅̆̋̒  ̎̏̍̆̑ ̠̂̆̒̐̏̑̅̋́ π  ̒́̍̏ ̖̉̒̏̅̎̏̆ ̍̎̏̇̆̒̓̃̏ 
ẅ   ˏ̓̏̑̏̊ ̉̎̅̆̋̒  ̎̏̍̆̑ ̞̌̆̍̆̎̓́ ̠̂̆̒̐̏̑̅̋́ 
ẅ x̘̜̆̌̏̉̒̌̆̎̎̊ ̉̎̅̆̋̒ ̓̆̋̔̆̄̏̚ ̠̂̆̒̐̏̑̅̋́  ὃὅόὶὈὩὶὥὲὫὩάὩὲὸ 
ẅ x̘̜̆̌̏̉̒̌̆̎̎̊ ̞̌̆̍̆̎̓ ̖̉̒̏̅̎̏̄ ̏̍̎̏̇̆̒̓̃́ ὃὙέύ 
ẅ ˞̜̄̆̎̆̑̉̑̏̃́̎̎̊ ̗̘̜̆̌̏̉̒̌̆̎̎̊ ̞̌̆̍̆̎̓ ̠̂̆̒̐̏̑̅̋́  ὃὺὥὰόὩ 

            ẅ x̘̜̆̌̏̉̒̌̆̎̎̊ ̍́̒̒̉̃ ̉̅̆̎̓̉̉̋́̓̏̑̏̃̕ ̛̏̂̆̋̓̏̃ ̍ ̎̏̇̆̒̓̃̏ ὃόὸὬέὶί ὃὃόὸὃὶὶ  
ẅ x̘̆̌̏̉̒̌̆̎̎̏̆ ̘̋̏̌̉̆̒̓̃̏ ̗̑̆̆̎̈̆̎̓̏̃ ̏̅̎̏̄̏ ́̑̓̆́̋̓́̕  ὃὖὩὩὶὅέόὲὸ  

 
ẅ ̃̑̏̃̆̑̋́ ̋́̎̅̉̅́̓́ ̃ ̞̌̆̍̆̎̓ ̠̂̆̒̐̏̑̅̋́ ̎  ̘́̎́̌̉̉̆ ̃ ̜̖̐̑̆̅̅̔̉̚ ̠̖̂̆̒̐̏̑̅̋́ 

ẅ ˏ̏̈̃̑́́̆̓̚ ̑̆ ̝̈̔̌̓́̓ ̐̑̏̃̆̑̋̉  
ἮἽἶἫ ὅὬὩὧὯὖὶὩὺὓὥὴίὙὩὓὥὴίȟὃὅόὶὈὩὶὥὲὫὩάὩὲὸȟὃὙέύȟὃὺὥὰόὩȡ ὄέέὰὩὥὲ   
ἪἭἯἱἶ 
  ὙὩίόὰὸ N  ὊὥὰίὩ 
 ἮἷἺ Ὥ N  π Ἴἷ ὃὅόὶὈὩὶὥὲὫὩάὩὲὸ  ρ ἪἭἯἱἶ 

   ἱἮ ὙὩὓὥὴίὃὙέύȟὭ  ὃὠὥὰόὩ ἼἰἭἶ ἪἭἯἱἶ 

     ὙὩίόὰὸ N  ὝὶόὩ 

    ὄὶὩὥὯ 

 ἭἶἬ 

 ἭἶἬ ẅὭ 
  ἺἭἼἽἺἶ ὙὩίόὰὸ 
ἭἶἬ ἮἽἶἫ 

  



 

 

99 

ẅ ː̆̎̆̑́̓̏̑ ̘̏̆̑̆̅̎̏̄̏ ̠̂̆̒̐̏̑̅̋́ ̒ ̎̏̍̆̑̏̍ ὃὅόὶὈὩὶὥὲὫὩάὩὲὸ 

ẅ̝̜̌̏̋́̌̎̆ ̜̐̆̑̆̍̆̎̎̆ ̗̜̐̑̏̆̅̔̑ȡ 
ẅ  ̗̘̜̆̌̏̉̒̌̆̎̎̆ ὴȟὸάὴ 
ẅ  ̘̌̏̄̉̆̒̋̉̆ ὍίὊέόὲὨȟὍίὊὭὼὩὨȟὍίὕὺὩὶ 
ἸἺἷἫ ὋὩὲὙὩὓὥὴὕὸὬὩὶὈὙ ὙὩὓὥὴίȟὃὅόὶὈὩὶὥὲὫὩάὩὲὸ 
 ἪἭἯἱἶ 
  ὍίὊέόὲὨ N  ὊὥὰίὩ 
 ἿἰἱἴἭ ἶἷἼ ὍίὊέόὲὨ Ἤἷ ἪἭἯἱἶ 

  ἮἷἺ Ὦ N  π Ἴἷ (ÉÇÈὙὩὓὥὴί Ἤἷ ἪἭἯἱἶ 

     ὙὩὓὥὴίὮȟὃὅόὶὈὩὶὥὲὫὩάὩὲὸ N  Ὦ 

  ἭἶἬȠ ẅὮ 

   Ὦ N  (ÉÇÈὙὩὓὥὴί 

   ὍίὊὭὼὩὨ N  ὊὥὰίὩ 

   ὍίὕὺὩὶ N  ὊὥὰίὩ 

  ἿἰἱἴἭ ἶἷἼ ὍίὕὺὩὶ Ἤἷ ἪἭἯἱἶ 

    ὴ N  ὍὲὸὮ z ὙὲὨ 

    Ὕάὴ N   ὙὩὓὥὴίὴȟὃὅόὶὈὩὶὥὲὫὩάὩὲὸ 

   ἱἮ Ὕάὴ  Ὦ ἷἺ  

      ὅὬὩὧὯὖὶὩὺὓὥὴίὙὩὓὥὴίȟὃὅόὶὈὩὶὥὲὫὩάὩὲὸȟὮȟὝάὴ ἼἰἭἶ ἪἭἯἱἶ 

     ὍίὊὭὼὩὨ N  ὝὶόὩ 

     ὍίὕὺὩὶ N  ὝὶόὩ 

   ἭἶἬ ἭἴἻἭ  

     ̠̏̂̍̆̎̓ ̝ὙὩὓὥὴίὴȟὃὅόὶὈὩὶὥὲὫὩάὩὲὸᴾ ὙὩὓὥὴίὮȟὃὅόὶὈὩὶὥὲὫὩάὩὲὸ 

   ἭἶἬ 

    Ὦ N  Ὦ  ρ 

   ἱἮ Ὦ  π ἼἰἭἶ ἪἭἯἱἶ 

     ὍίὕὺὩὶ N  ὝὶόὩ 

   ἭἶἬ 

  ἭἶἬ ẅ ὍίὕὺὩὶ 

   Ὕάὴ N  ὙὩὓὥὴίπȟὃὅόὶὈὩὶὥὲὫὩάὩὲὸ 

  ἱἮ ἶἷἼ ὍίὊὭὼὩὨ ἩἶἬ Ὕάὴ  π ἩἶἬ  

   ἶἷἼ ὅὬὩὧὯὖὶὩὺὓὥὴίὙὩὓὥὴίȟὃὅόὶὈὩὶὥὲὫὩάὩὲὸȟπȟὝάὴ ἼἰἩἶ ἪἭἯἱἶ  

    ὍίὊέόὲὨ N  ὝὶόὩ 

  ἭἶἬ 

 ἭἶἬ ẅ ὍίὊέόὲὨ 
ἭἶἬ ἸἺἷἫ 

 
ẅ̝̜̌̏̋́̌̎̆ ̜̐̆̑̆̍̆̎̎̆ ̗̜̐̑̏̆̅̔̑ !ÕÔÈÏÒÓ2ÁÎÄÏÍÉÚÁÔÉÏÎ  
ẅ̗̘̜̆̌̏̉̒̌̆̎̎̆ ὃὶὶὅέόὲὸȟό  
ἸἺἷἫ !ÕÔÈÏÒÓ2ÁÎÄÏÍÉÚÁÔÉÏÎ ὃὃόὸὃὶὶȟὃὖὩὩὶὅέόὲὸ 
ἪἭἯἱἶ   
  ὃὶὶὅέόὲὸ N  (ÉÇÈὃὃόὸὃὶὶ  ρ 
 ἱἮ ὃὶὶὅέόὲὸ  φ ἼἰἭἶ ἪἭἯἱἶ 

   ̝̒̏̏̂̉̓̚ȟ̘ ̓ ̘̏̋̏̌̉̆̒̓̃̏ ́̃̓̏̑̏̃ ̝̙̍̆̎̆ φ 

   ὉὼὭὸ 

 ἭἶἬ 
 ἱἮ ὃὶὶὅέόὲὸ  ὃὖὩὩὶὅέόὲὸ ἼἰἭἶ ἪἭἯἱἶ 

   ̝̒̏̏̂̉̓̚ȟ̘ ̓ ̘̏̋̏̌̉̆̒̓̃̏ ́̃̓̏̑̏̃ ̝̙̍̆̎̆ȟ̘ ̆ ̘̍̋̏̌̉̆̒̓̃ ̗̏̑̆̆̎̈̆̓̏̃ 

   ὉὼὭὸ 

 ἭἶἬ    
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  ὙὩὓὥὴίπ N  ὃὃόὸὃὶὶ ẅ ὒέὥὨ ὪὭὶίὸ ὥὶὶὥώ ὍὨὩὲὸὭὪὭὩὶί έὪ ὃόὸὬέὶί 
  ẅ ̘̝̃̆̑̆̎́̈̎́̉̓ ̗̑̆̆̎̈̆̎̓̏̃ 
 ἮἷἺ Ὦ  π Ἴἷ ὃὖὩὩὶὅέόὲὸρ 

   'ÅÎ2Å-ÁÐ/ÔÈÅÒ$2ὙὩὓὥὴίȟὮȠ 

 ἭἶἬȠ ẅὮ  ̘̋̏̌̉̆̒̓̃̏ ̗̑̆̆̎̈̆̎̓̏̃ ̎  ̜́̋́̇̅̊ ́̑̓̆́̋̓̕ 
   
 ἮἷἺ Ὥ N  π Ἴἷ (ÉÇÈὙὩὓὥὴί Ἤἷ ἪἭἯἱἶ 

  ἮἷἺ Ὦ N  π Ἴἷ (ÉÇÈὙὩὓὥὴίὭ Ἤἷ ἪἭἯἱἶ 

    ὙὩὓὥὴίὭȟὮ  ὃὃόὸὃὶὶὙὩὓὥὴίὭȟὮ 

  ἭἶἬ 

 ἭἶἬ 
   ἺἭἼἽἺἶ ὙὩὓὥὴί 
ἭἶἬ ἸἺἷἫ 

 

3.3.1.7 ʈʝʘʣʠʟʘʮʠʷ 

ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʘʭ Smart Pascal ʠ Visual Basic for Applications. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʤʠ ʚ ʠʪʦʛʝ ʟʘʤʝʥʷʶʪʩʷ ʠʥʜʝʢʩʳ ʚ ʤʘʩʩʠʚʘʭ 

ὙὩὓὥὴί ï ʵʪʦ ʧʣʦʭʦ ʨʘʟʣʠʯʠʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʥʘʯʝʥʠʷ ʠʟ ʜʠʘʧʘʟʦʥʘ [100000, 

999999], ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʘʥʦʥʠʤʠʟʠʨʦʚʘʥʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʘʚʪʦʨʦʚ 

(ὃόὸὬέὶͅὍὨ) ʚ ʨʘʤʢʘʭ ʉɺʆ. ɼʣʷ ʢʘʞʜʦʛʦ ὃόὸὬέὶͅὍὨ ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʛʣʦ-

ʙʘʣʴʥʦ-ʫʥʠʢʘʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ (GUID) ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʜʘʯ ʠ ʨʝʮʝʥʟʠʡ. 

0 ʩʦʜʝʨʞʠʪ ʧʦʣʥʳʡ ʢʦʜ ʩʮʝʥʘʨʠʝʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʘʣʛʦʨʠʪʤ ʨʘʥʜʦʤʠʟʘʮʠʠ. 

3.3.1.8 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʀʩʩʣʝʜʫʝʤ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʨʘʥʜʦʤʠʟʘʮʠʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʘʚʪʦʨʦʚ 

ʨʘʙʦʪ ʜʣʷ ὖὴὃͅὅέόὲὸτ ʩ ʟʘʥʝʩʝʥʠʝʤ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʊʘʙʣʠʮʘ 3.2 ʩʦʜʝʨʞʠʪ ʫʩʨʝʜ-

ʥʸʥʥʦʝ ʚʨʝʤʷ ʧʦ 4 ʧʨʦʛʦʥʘʤ ʪʝʩʪʘ ʜʣʷ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦ-

ʨʦʚ (Authors count). ʈʦʩʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʛʨʘʬʠʢʦʤ (ʨʠʩʫʥʦʢ 

3.3). ɻʨʘʬʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʞʠʜʘʥʠʷʤ ʠ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʣʠʥʝʡʥʦʡ 

ʬʫʥʢʮʠʝʡ. 

ʊʘʙʣʠʮʘ 3.2 ï ɺʨʝʤʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʨʘʥʜʦʤʠʟʘʮʠʠ 

Authors 

count 
2200 4400 6600 8800 11000 13200 15400 17600 19800 22000 

Time (ms) 88,8 156,5 260,6 309,9 341,6 491,2 617,3 621,6 812,0 828,4 
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ʈʠʩʫʥʦʢ 3.3. ɻʨʘʬʠʢ ʨʦʩʪʘ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

 

3.3.1.9  ɸʜʘʧʪʠʚʥʘʷ ʜʦʩʪʘʚʢʘ ʠ ʦʮʝʥʢʘ 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʘʨʠʘʥʪ ʘʧʨʠʦʨʥʦʡ ʨʘʥʜʦʤʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʘʚʪʦʨʦʚ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ. ʅʘʤʥʦʛʦ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʩʣʫʯʘʡ ʩʦʩʪʦʠʪ ʚ ʫʯʸʪʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʨʝʮʝʥʟʝʥʪʦʚ (ʘʬʬʠʣʠʨʦʚʘʥʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʴ ʦʜʥʦʡ ʛʨʫʧʧʝ ʠʣʠ ʫʯʘʩʪʠʝ ʚ ʦʜʥʦʤ ʧʨʦʝʢʪʝ; ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʙʘʣʣ ʟʘ 

ʧʨʝʜʳʜʫʱʠʝ ʩʝʩʩʠʠ; ʥʘʣʠʯʠʝ ʧʦʜʦʟʨʝʥʠʡ ʥʘ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʦʩʪʴ ʠ ʪ.ʧ.), ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʨʝʮʝʥʟʝʥʪʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʘʨʪʝʬʘʢʪʘ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ ʩʭʝʤʳ 

ʨʘʥʜʦʤʠʟʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʫʯʘʩʪʥʠʢʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʧʦʢʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʘʨʪʝʬʘʢʪʘ ʥʝʟʘʚʠʩʠʤʦ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ. ɺʘʨʠʘʥʪ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʦʮʝʥʦʢ ʭʦʨʦʰʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ [196]. 

3.4 ɺʳʚʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʛʣʘʚʝ 

ɺ ʛʣʘʚʝ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʩʙʦʨʢʠ ʢʦʤʧʦʟʠʪʥʳʭ ʂʀʄ ʠ ʚʦ-

ʧʨʦʩʳ ʜʦʩʪʘʚʢʠ ʂʀʄ. 

ɸʚʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʨʘʙʦʪʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʪʝʩʪʦʚ (ʢʘʢ ʢʦʤʧʦʟʠʮʠʠ ʪʝ-

ʩʪʦʚʳʭ ʟʘʜʘʥʠʡ). ʆʩʦʙʝʥʥʦʩʪʴʶ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʨʝ-

ʘʣʠʟʘʮʠʠ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʩʢʦʛʦ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʂʀʄʈɸ) ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ, ʪʘʢ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʘ (ʢʘʢ ʢʦʤʧʦʟʠʪʥʦʛʦ ʂʀʄ) ʧʨʦʠʩ-
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ʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ɾʎ ʂʀʄ ʧʨʝʜʧʦʣʘ-

ʛʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʂʀʄ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ, ʦʪʥʦ-

ʩʷʱʠʭʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷʤ, ʥʦ ʠ ʢ ʆʕ ʂʀʄ ʠ 

ʩʘʤʦʧʦʜʛʦʪʦʚʢʝ ʩʪʫʜʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴ-

ʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʂʀʄ, ʠ ʧʨʝʜʣʦʞʝʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʩʙʦʨʢʠ ʢʦʤʧʦʟʠʪʥʳʭ ʂʀʄ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʨʘʬʝ ʩʚʷʟʠ ʂʀʄ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʫʯʝʥʠʷ ʠ ʛʨʘʬʝ ʩʚʷʟʝʡ ʂʀʄ. 

ʇʨʘʢʪʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʬʦʨʤ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʜʦʩʪʘʚʢʠ ʂʀʄ ʩʝʨʴʸʟʥʦ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʪʠʧʘ ὝώὴὩ. ɺ ʛʣʘʚʝ ʦʙ-

ʩʫʞʜʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʂʀʄ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ, ʧʦʩʪʘʚ-

ʣʝʥʘ ʟʘʜʘʯʘ ʨʘʥʜʦʤʠʟʘʮʠʠ ʨʝʮʝʥʟʝʥʪʦʚ ʧʦ ʨʝʮʝʥʟʠʷʤ, ʧʨʝʜʣʦʞʝʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ 

ʨʘʥʜʦʤʠʟʘʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʤʦʜʫʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʀʄʈɸ. ʆ ʨʝʘʣʠʟʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʠ ʤʦʜʫʣʷ ʧʦʜʨʦʙʥʦ ʨʘʩ-

ʩʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʘʭ 4.9.2 ʠ 4.10. 
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ɻʃɸɺɸ 4. ʈɽɸʃʀɿɸʎʀʗ ʉʀʉʊɽʄʓ ʂʀʄʈɸ 

ɻʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦ-

ʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʚ ʨʘʤʢʘʭ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʂʀʄʈɸ. 

ʇʨʝʜʣʦʞʝʥʘ ʝ yʘʨʭʠʪʝʢʪʫʨʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʧʦʜʩʠʩʪʝʤʘʤ ʠ 

ʩʪʨʫʢʪʫʨʝ ʙʘʥʢʘ ʂʀʄ, ʧʨʠʚʝʜʝʥʳ ʜʝʪʘʣʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʟʘʠʤ-

ʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ, ʦʧʠʩʘʥʘ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʝy ʨʝʟʫʣʴʪʘʪʳ.  

4.1 ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʂʀʄʈɸ 

ʈʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʂʀʄʈɸ ʥʘʯʠʥʘʣʠʩʴ ʝʱʸ ʜʦ 

ʦʙʣʘʯʥʦʡ ʨʝʚʦʣʶʮʠʠ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʨʘʩʧʨʝʜʝʣʸʥ-

ʥʳʭ ʩʠʩʪʝʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʧʣʘʪʬʦʨʤ Microsoft Classroom ʠ Google 

Classroom (ʢʘʢ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ LMS), ʘ ʪʘʢʞʝ MOOC-ʧʣʘʪʬʦʨʤ ʧʝʨʝʚʝʣʦ 

ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʇʉʋʅ ʚ ʩʪʘʪʫʩ ʫʩʪʘʨʝʚʰʠʭ. ʊʝʢʫʱʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʦʧʠʩʳʚʘʝʪ ʂʀʄʈɸ ʢʘʢ ʩʣʘʙʦʩʚʷʟʥʫʶ ʨʘʩʧʨʝʜʝʣʸʥʥʫʶ ʩʠʩʪʝʤʫ, ʙʘʟʠʨʫʶʱʫʶʩʷ ʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠʥʪʝʨʥʝʪ, ʠʩʧʦʣʴʟʫʶʱʫʶ ʦʪʢʨʳʪʳʝ ʠʥʪʝʨʬʝʡʩʳ (ʚ ʦʩʥʦʚʥʦʤ ʙʘ-

ʟʠʨʫʶʱʠʝʩʷ ʥʘ JSON RESTful API) ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʪʦʢʦʣʳ ʜʣʷ ʩʚʷʟʠ ʧʦʜʩʠʩʪʝʤ. 

ʇʦʜʩʠʩʪʝʤʳ çʋʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʂʀʄ (ʋɾʎ ʂʀʄ)è, çɹʘʥʢ 

ʂʀʄè ʠ çʆʪʢʨʳʪʘʷ ʵʢʩʧʝʨʪʠʟʘ ʂʀʄè ʦʙʨʘʟʫʶʪ ʬʫʥʜʘʤʝʥʪ ʧʦʣʥʦʮʝʥʥʦʡ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʂʀʄ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. ʉ ʫʯʸʪʦʤ ʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ 

ʤʝʪʦʜʦʣʦʛʠʠ ʩʪʨʦʷʪʩʷ ʬʦʨʤʘʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʜʩʠʩʪʝʤʳ çʇʨʦʚʝʜʝʥʠʝ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʇʨʦʚʝʜʝʥʠʝ ʀʚʆ)è, çʈʝʜʘʢʪʦʨ ʪʝʩʪʦʚʳʭ ʟʘ-

ʜʘʥʠʡè, çɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʀʟʤʝʨʝʥʠʡ ʚ ʆʙʨʘʟʦʚʘʥʠʠ (ɸʈ ʀʚʆ)è. ʇʝʨʝʯʠʩʣʝʥ-

ʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʩʠʩʪʝʤʳ: 

ʧʦʜʩʠʩʪʝʤʫ çʆʧʦʚʝʱʝʥʠʷè, ʧʦʟʚʦʣʷʶʱʫʶ ʩʦʟʜʘʚʘʪʴ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʥʘʩʪʫʧʣʝʥʠʝ 

ʩʦʙʳʪʠʡ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʫʚʝʜʦʤʣʝʥʠʝʤ ʧʦʜʧʠʩʯʠʢʦʚ, ʠ ʧʦʜʩʠʩʪʝʤʫ çɿʘʱʠʱʸʥ-

ʥʦʝ ʭʨʘʥʠʣʠʱʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ (ɿʍʇɼ)è, ʧʨʝʜʦʩʪʘʚʣʷʶʱʫʶ ʩʝʨʚʠʩ ʟʘʱʠ-

ʱʸʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʘʫʜʠʪʘ. ʈʠʩʫʥʦʢ 4.1 

ʜʘʸʪ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʘʨʭʠʪʝʢʪʫʨʝ ʈʀʉʋʅ ʂʀʄʈɸ. 
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ʈʠʩʫʥʦʢ 4.1. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʀʄʈɸ 
 

ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʂʀʄʈɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 0. 

ʄʘʪʘʤʝʪʘʤʦʜʝʣʴ ʂʀʄʈɸ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʧʦʜʩʠʩʪʝʤʘʤ ʢʘʢ ʝʜʠʥʦʤʫ ʮʝ-

ʣʦʤʫ, ʧʦʜʜʝʨʞʠʚʘʷ ʩʢʚʦʟʥʦʝ ʧʦʥʷʪʠʝ ʢʦʥʪʝʡʥʝʨʘ ʂʀʄ (ʥʘ ʦʩʥʦʚʝ JSON Scheme) ʠ 

ʦʥʪʦʣʦʛʠʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ. 

ʇʨʠʤʝʨ. JSON-Shema ʢʦʥʪʝʡʥʝʨʘ ʂʀʄ 
{  
 "$schema" : "http://json - schema.org/draft - 04/schema#" ,  
 "title" : "EAM Container" ,  
 "descr iption" : "Schema for a EAM Container" ,  
 "type" : "object" ,  
 "properties" :  
 {  
  "allOf" :  
  [  
   {  "$ref" : "BEP.json"  },  
   {  
    "properties" :  
    {  
     "ContainerType" :  
     {  
      "enum":  
      [  
       "TestItem" ,  

ˣ˨ ˣ͊ͤ͊͟ ˴ˮ˸
ˣ˨ ˭̆˽˨

˾͔΄͔͙͊ͭ͡ ͤ͊ Ύ͘·͔͟ R

MoodleQuiz, Learnosity

˸ͦ͒ͯ͡Έ͔ͤͦ ͙ 
ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ 
͔͙͍͙͔ͭͫͭͪͦ͊ͤ ˽˻

˹ͦͪͣͦͦͤͭͪͦ͟͡Έ

ˣ˨ ̂ˬ̇ ˴ˮ˸

ˣ˨ ͔͙̏ͫͨͪͭ͘͟·
ˣ˨ ͫͦ͋·͙͚ͭ ͙ 
͙ͨͦ͒ͨͫ;͙͍ͦ͟

ˣ˭ ̂ˬ̇ ˴ˮ˸

ˣ˨ ͙͊ͤ͊͊͘͡ 
͔ͪͯ͘͡Έ͍ͭ͊ͭͦ

...

˾͔΄͔͙͊ͭ͡ ͍ͦ ͍͔ͤ΄͙ͻ 
͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ͊ͻ

ˣ˨ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 
ˮ͍˻
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       "Test" ,  
       "TestResults"  
      ]  
     },  
     "Content" : { "type" : "object" }  
    },  
    "required" :  
    [  
     "ContainerType" ,  
     "Content"  
    ]  
   }  
  ]  
 }  
}  

ƴ 

 

ʇʨʠʤʝʨ. JSON-Shema ʩʚʦʡʩʪʚ ʙʘʟʦʚʦʛʦ ʪʠʧʘ 
{  
 "$schema" : "http://json - schema.org/draft - 04/schema#" ,  
 "title" : "BEP",  
 "d escription" : "Schema for a base entity properties" ,  
 "type" : "object" ,  
 "properties" : {  
  "Id" : { "type" : "string" },  
  "TS_LastChange" : { "type" : "string" },  
  "Author" : { "type" : "string" }  
  }  
}  

ƴ 

ʇʨʠʤʝʨ. JSON-Shema ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ çɸʣʴʪʝʨʥʘʪʠʚʳè 
{  
 "$schema" : "http://json - schema.org/draft - 04/schema#" ,  
 "title" : "Alternative Test Item" ,  
 "description" : "Schema for an alternative test item" ,  
 "type" : "object" ,  
 "properties" :  
 {  
  "TestItemType" :  
  {  
   "enum":  
   [  
    "Choice" ,  
    "BinaryChoice"  
   ]  
  } ,  
  "Stem" : {  "type" : "string"  },  
  "Choice" :  
  {  
   "type" : "array" ,  
   "items" : {  "type" : "object"  }  
  },  
  "Answer" :  
  {  
   "type" : "array" ,  
   "items" : {  "type" : "object"  }  
  },  
  " required " :  
  [  
   " Stem" ,  
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   " Answer"  
  ]  
 }  
}  

ƴ 

ʄʝʪʘʤʦʜʝʣʴ ʂʀʄʈɸ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʂʀʄ ʥʝʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳʭ ʪʠ-

ʧʦʚ, ʥʘʧʨʠʤʝʨ, ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠʣʠ ʟʘʜʘʥʠʡ ʥʘ ʚʟʘʠʤʥʦʝ ʦʮʝʥʠʚʘʥʠʝ. ʄʝʪʘʤʦ-

ʜʝʣʴ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʥʪʦʣʦʛʠʠ ʪʝʩʪʦʣʦʛʠʠ, ʚʟʘʠʤʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʠ ʪ.ʧ., ʩʩʳʣʘʷʩʴ 

ʥʘ ʦʥʪʦʣʦʛʠʶ ʤʝʪʘʤʝʪʘʤʦʜʝʣʠ. 

ʄʦʜʝʣʴ ʜʘʥʥʳʭ ʂʀʄʈɸ ʩʦʩʪʦʠʪ ʠʟ: 1) ɹɿ ɾʎ ʂʀʄ (ʙʘʟʳ ʟʥʘʥʠʡ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʂʀʄ); 2) ɹɼ ʋɾʎ ʂʀʄ (ʙʘʟʳ ʜʘʥʥʳʭ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 

ʂʀʄ); 3) ɹɼ ʙʘʥʢʘ ʂʀʄ (ʨʘʩʰʠʨʷʶʱʝʡ ʧʦʥʷʪʠʝ ʙʘʥʢʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʧʦʜ-

ʜʝʨʞʠʚʘʶʱʝʡ ʛʝʥʝʨʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʪʝʩʪʦʚ, ʥʦ ʠ ʜʨʫʛʠʭ çʟʘʜʘʥʠʡè); 4) ɹɼ ʵʢʩʧʝʨ-

ʪʠʟʳ ʂʀʄ (ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʦʙʩʫʞʜʝʥʠʝ ʂʀʄ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʩʦʦʙʱʝ-

ʩʪʚʘʤʠ ʨʘʟʣʠʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ); 5) ɹɼ ʨʝʟʫʣʴʪʘʪʦʚ ʀʦɺ (ʥʘʢʘʧʣʠʚʘʶʱʝʡ ʨʝʟʫʣʴ-

ʪʘʪʳ ʣʶʙʳʭ ʠʟʤʝʨʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ); 6) ɹɼ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ; 7) ɹɼ ʩʦʙʳʪʠʡ ʠ ʧʦʜʧʠʩʯʠʢʦʚ (ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʦʜʩʠʩʪʝʤʳ çʆʧʦʚʝʱʝʥʠʷè). 

ʆʙʱʘʷ ʩʣʘʙʦʩʚʷʟʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʂʀʄʈɸ ʠ ʨʘʟʜʝʣʝʥʠʝ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʜʦ-

ʧʫʩʢʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʸ ʧʦʜʩʠʩʪʝʤ ʜʨʫʛʠʤʠ ʇʉʋʅ ʠ ʙʘʥʢʘʤʠ ʂʀʄ. 

4.2 ʇʦʜʩʠʩʪʝʤʘ çɹʘʥʢ ʂʀʄè 

ɸʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʟʤʝʨʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦ-

ʢʘʟʘʣ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʪʝʦʨʠʡ (CTT, IRT 

ʠ TRT), ʘ ʪʘʢʞʝ ʚʳʷʚʠʣ ʧʦʪʨʝʙʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʠ ʫʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʜʘʥʠʡ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦ-

ʣʦʞʝʥ ʚ ʦʩʥʦʚʫ ʘʨʭʠʪʝʢʪʫʨ ʧʦʜʩʠʩʪʝʤ çɹʘʥʢ ʂʀʄè, çʇʨʦʚʝʜʝʥʠʝ ʀʚʆè ʠ çɸʈ 

ʀʚʆè, ʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʨʘʟʥʳʭ ʚʠʜʦʚ ʠ ʤʘʩʰʪʘʙʘ. ʆʮʝʥʢʘ ʧʦʧʫ-

ʣʷʨʥʳʭ ʇʉʋʅ ʧʦ ʢʨʠʪʝʨʠʶ ʧʦʜʜʝʨʞʢʠ ʙʘʥʢʘ ʂʀʄ ʧʦʢʘʟʘʣʘ ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ï ɹʊɿ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʥʘ 

ʫʨʦʚʥʝ ʤʘʩʰʪʘʙʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʪʝʩʪʠʨʦʚʘʥʠʡ. ʆʥʠ ʜʦʨʦʛʦʩʪʦʷʱʠ ʚ ʧʦʜʜʝʨʞʢʝ 
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ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ, ʠʩʭʦʜʷ ʠʟ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʧʳʪʘ ʨʝʘʣʴʥʦʛʦ ʚʥʝʜʨʝ-

ʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʙʘʥʢʘ ʂʀʄ (ɹʂʀʄ) ʜʣʷ ʈʀʉʋʅ ʧʦʜʜʝʨʞʢʠ ɾʎ ʂʀʄ ʷʚʣʷ-

ʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʪʨʘʜʠʮʠʡ ʀʚʆ, ʟʘʣʦʞʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʤ ʪʝʩʪʠʨʦʚʘʥʠʝʤ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʛʣʘʚʝʥʩʪʚʦ CAT ʥʘ ʫʨʦʚʥʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʥʘʮʠʦʥʘʣʴʥʳʭ 

ʪʝʩʪʠʨʦʚʘʥʠʡ ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʦ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʘʥʢʦʚ ʪʝ-

ʩʪʦʚʳʭ ʟʘʜʘʥʠʡ (ɹʊɿ). ɿʘʜʘʯʘ, ʧʦʩʪʘʚʣʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ï ʰʠʨʝ ʠ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʬʦʨʤʘʣʠʟʘʮʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ɹʂʀʄ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ɹʊɿ. 

ɻʦʚʦʨʷ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ɹʊɿ, ʘʚʪʦʨʳ ʧʫʙʣʠʢʘʮʠʡ ʠʥʦʛʜʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʪʦʯʥʝʥʠʡ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʝ, ʘ ʥʘʙʦʨ ʧʦʞʝʣʘʥʠʡ ʢ ʥʝʢʦʪʦʨʦʡ ʩʫʱʥʦʩʪʠ [58, 57]. ɸʚʪʦʨ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦ-

ʣʘʛʘʝʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ, ʯʪʦ ʧʦʜ ɹʊɿ ʚ ʪʘʢʠʭ ʩʣʫʯʘʭ̫ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʫʣ ʪʝ-

ʩʪʦʚʳʭ ʟʘʜʘʥʠʡ [item pool], ʦʙʳʯʥʦ ʦʭʚʘʪʳʚʘʶʱʠʡ ʧʦʣʥʳʡ ʥʘʙʦʨ ʟʘʜʘʥʠʡ, ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ (ʜʠʩʮʠʧʣʠʥʘʤ) ʠʣʠ ʜʦʩʪʘ-

ʪʦʯʥʳʡ ʥʘʙʦʨ ʟʘʜʘʥʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ CAT. ʈʘʟʫʤʝʝʪʩʷ, ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʝ ʪʨʝʙʦʚʘʥʠ ̫ʤʦʛʫʪ ʚʳʪʝʢʘʪʴ ʠʟ ʧʦʜʦʙʥʳʭ ʧʦʞʝʣʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚ [13, 61, 123] 

ʦʪʨʘʞʝʥʦ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥʠ, ʘ ʪʘʢʞʝ ʩʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ɹʊɿ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ ʨʘʟʤʳʪʦʩʪʴ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʧʦʥʷʪʠʷʤʠ ɹʊɿ [item 

bank] ʠ ʧʫʣ (ʥʘʙʦʨ) ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ [item pool], ʧʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ 

ʜʚʫʭ ʧʦʥʷʪʠʡ, ʠʭ ʠʩʪʦʨʠʠ ʠ ʫʪʦʯʥʝʥʠʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ, ʥʘʧʨʠʤʝʨ, CAT 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʝ [197]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʙʫʜʝʤ ʦʧʠʨʘʪʴʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ, ʧʨʠʚʝʜʸʥʥʦʝ ʚ [123]. 

ɹʊɿ ï ʵʪʦ ʙʘʟʘ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʘʷ ʫʥʠʢʘʣʴʥʦ-ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʝ ʪʝʩʪʦʚʳʝ ʟʘʜʘ-

ʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ [selection] ʜʣʷ ʥʫʞʜ 

ʩʙʦʨʢʠ ʪʝʩʪʦʚ. 

4.2.1 ʊʨʝʙʦʚʘʥʠʷ ʢ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ 

ʃʦʢʘʣʠʟʘʮʠʝʡ [localization, L10n] ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʪʤʝʪʠʤ, ʦʜʥʘʢʦ, ʯʪʦ 
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ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ, ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʯʘʩʪʴʶ ʜʨʫʛʦʛʦ, ʙʦʣʝʝ ʤʘʩ-

ʰʪʘʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ï ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ. ʀʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʷ 

[internationalization, i18n] ï ɻ ʪʦ ʩʧʦʩʦʙ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʷʟʳʢʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʝʱʸ ʥʘ ʵʪʘʧʝ 

ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠ.̫ 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʘ ʜʣʷ ʚʝʙ-ʩʨʝʜʩʪʚ, ʥʘʧʨʠʤʝʨ, MOOC-ʧʣʘʪʬʦʨʤ, ʧʨʠʤʝʥʷʝ-

ʤʳʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʀʜʝʦʣʦʛʠʷ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ ʟʘʣʦʞʝʥʘ ʚ ʪʘʢʠʝ ʧʦʧʫʣʷʨʥʳʝ 

MOOC-ʧʣʘʪʬʦʨʤʳ, ʢʘʢ Coursera ʠ EdX, ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʧʨʠ ʧʦʤʦʱʠ ʩʨʝʜʩʪʚ 

ʧʣʘʪʬʦʨʤʳ Transifex [198]. ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʣʦʢʘʣʠʟʘʮʠʠ ʝʸ ʩʨʝʜʩʪʚʘʤʠ 

Transifex ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʜʦʢʣʘʜʝ [199]. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʚʦʧʨʦʩʦʤ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʇʆ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʨʬʝʡʩʦʚ, ʥʦ ʠ ʢʦʥ-

ʪʝʥʪʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʠʤʝʶʪ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ [educational resources], ʜʦʩʪʫʧʥʳʝ 

ʯʝʨʝʟ ʇʆ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʦʙʜʝʣʝʥʘ 

ʚʥʠʤʘʥʠʝʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʠʥʠ-

ʮʠʘʪʠʚ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʧʦʜʦʙʠʝ ʧʦʜʦʙʥʦʡ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ, ʷʚʣʷ-

ʝʪʩʷ ʧʨʦʝʢʪ Trinket (https://trinket.io), ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʧʨʠʥʮʠʧʘʤ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ 

ʚʝʨʩʠʡ [concurrent version system]. ʋʯʝʙʥʘʷ ʝʜʠʥʠʮʘ ï trinket (ʦʪ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʜʦ 

ʧʦʣʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ) ʤʦʞʝʪ ʙʳʪʴ ʫʥʘʩʣʝʜʦʚʘʥʘ ʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʜʣʷ ʥʦʚʦʡ ʫʯʝʙʥʦʡ ʝʜʠʥʠʮʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʦʠʟʚʦʜʥʦʡ ʝʜʠ-

ʥʠʮʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʠ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʷ ʩʦʜʝʨʞʠʤʦʛʦ. ɿʘʤʝʪʠʤ, ʯʪʦ 

ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʨʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʛʦ trinket 

ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʷʟʳʢʘ, ʪ.ʝ. ʨʝʯʴ ʠʜʸʪ ʦʙ ʵʤʫʣʷʮʠʠ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ, ʘ ʥʝ 

ʦʙ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ ʚ ʧʦʣʥʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ. 

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʂʀʄʈɸ ʟʘʣʦʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʥʘʮʠʦʥʘ-

ʣʠʟʘʮʠʠ ʢʘʢ ʠʥʪʝʨʬʝʡʩʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʣʘʪʬʦʨʤʦʡ 

.NET), ʪʘʢ ʠ ʫʯʝʙʥʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ, ʥʘʯʠʥʘʷ ʩ ʤʦʜʝʣʠ ʜʘʥʥʳʭ. 

https://trinket.io/
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4.2.2 ɺʝʨʩʠʦʥʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʚ ʂʀʄʈɸ 

ɾʎ ʂʀʄ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʚʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ: ʂʀʄ ʜʦʩʪʫʧʝʥ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷʤ, ʂʀʄ ʥʝʜʦʩʪʫʧʝʥ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʂʀʄ ʠʟʤʝʥʸʥ ʠ ʜʦʩʪʫʧʝʥ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚ 

ʠʟʤʝʥʸʥʥʦʤ ʚʠʜʝ. ɼʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʧʨʦʮʝʩʩʳ ʨʘʟ-

ʨʘʙʦʪʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʂʀʄ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʩʦʭʨʘʥʝ-

ʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʟʘʜʘʥʠʝ ʥʘʭʦʜʠʣʦʩʴ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ɼʘʥʥʳʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʣʞʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʜʠʥ ʠʟ ʠʥʪʝʨʚʘʣʴʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʷ. ʀʥʪʝʨʚʘʣʴʥʦʝ ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʭʨʘ-

ʥʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʩʠʠ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ, ʚ ʢʦʪʦʨʳʝ 

ʜʘʥʥʘʷ ʚʝʨʩʠʷ ʙʳʣʘ ʘʢʪʫʘʣʴʥʦʡ [200]. 

ɼʣʷ ʂʀʄʈɸ ʠʩʧʦʣʴʟʫʝʤ ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʝ ʨʝʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʭʨʘʥʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʨʪʝʞʝʡ ʩ ʜʘʥʥʳʤʠ ʦʙ ʠʟʤʝʥʝʥʠʷʭ [tuple-versioning] 

[201]. ɼʣʷ ʦʙʱʝʛʦ ʧʨʝʜʢʘ, ʪʘʙʣʠʮʳ BaseEntity , ʝʩʪʴ ʪʘʙʣʠʮʘ BaseEntityVer-

sioning , ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʪʘʙʣʠʮʝʡ ʚʝʨʩʠʡ. ɺ ʪʘʙʣʠʮʝ ʚʝʨʩʠʡ ʩʦʭʨʘʥʷʝʪʩʷ ʢʦʨʪʝʞ 

ʚ ʬʦʨʤʘʪʝ key=value  ʠ ʜʘʪʳ ʘʢʪʫʘʣʴʥʦʩʪʠ ʵʪʦʡ ʚʝʨʩʠʠ ʢʦʨʪʝʞʘ (ʜʘʪʘ ʠʟʤʝʥʝʥʠʷ 

StartDate , ʜʘʪʘ ʩʣʝʜʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ EndDate). ʋʜʦʙʩʪʚʦ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʚʝʨ-

ʩʠʦʥʠʨʦʚʘʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦ ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʠʟʚʝʩʪʥʦ ʚ ʢʘʢʦʡ ʧʝʨʠʦʜ ʦʥ ʥʘʭʦʜʠʣʩʷ 

ʚ ʟʘʜʘʥʥʦʡ ʚʝʨʩʠʠ. 

ʇʦʨʜ̫ʦʢ ʦʙʥʦʚʣʝʥʠʷ ʪʘʙʣʠʮ ʩʦʩʪʦʠʪ ʚ ʦʙʥʦʚʣʝʥʠʠ BaseEntity  ʠ ʧʦʩʣʝʜʫ-

ʶʱʠʤ ʦʙʥʦʚʣʝʥʠʠ ʪʘʙʣʠʮʳ BaseEntityVersioning . ɺ ʪʘʙʣʠʮʫ ʜʦʙʘʚʣʷʝʪʩʷ ʢʦʨ-

ʪʝʞ ʚʠʜʘ: 

 ὍὈȟὄὥίὩὉὲὸὭὸώὍὈȟὝόὴὰὩȟὠὩὶίὭέὲὔόάὦὩὶȟὛὸὥὶὸὈὥὸὩȟὉὲὨὈὥὸὩȟὕὴὩὶὥὸὭέὲ  

ὕὴὩὶὥὸὭέὲ  ὭὲίὩὶὸȟόὴὨὥὸὩȟὨὩὰὩὸὩ 

ʆʧʝʨʘʮʠʷ çʚʩʪʘʚʢʘè (ὭὲίὩὶὸ): ʚ ʪʘʙʣʠʮʫ BaseEntityVersioning  ʜʦʙʘʚʣʷ-

ʝʪʩʷ ʢʦʨʪʝʞ ὝόὴὰὩ, ʠ ὛὸὥὶὸὈὥὸὩ, ὉὲὨὈὥὸὩ, ʛʜʝ ὉὲὨὈὥὸὩ ʦʪʢʨʳʪ ʜʣʷ ʵʪʦʡ ʚʝʨʩʠʠ.  

ʆʧʝʨʘʮʠʷ çʦʙʥʦʚʣʝʥʠʝè (όὴὨὥὸὩ): ʚ ʪʘʙʣʠʮʫ BaseEntityVersioning  ʫ ʧʦ-

ʩʣʝʜʥʝʡ ʚʝʨʩʠʠ ʧʨʦʩʪʘʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ὉὲὨὈὥὸὩ ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʘ ̫ʩʪʨʦʢʘ, ʩʦ-

ʜʝʨʞʘʱʘʷ ὝόὴὰὩ, ʠ Ὓὸ ὥὶὸὈὥὸὩ, ὉὲὨὈὥὸὩ, ʛʜʝ ὉὲὨὈὥὸὩ ʦʪʢʨʳʪ ʜʣʷ ʵʪʦʡ ʚʝʨʩʠʠ. 
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ʆʧʝʨʘʮʠʷ çʫʜʘʣʝʥʠʝè (ὨὩὰὩὸὩ): ʚ ʪʘʙʣʠʮʫ BaseEntityVersioning  ʫ ʧʦʩʣʝʜ-

ʥʝʡ ʚʝʨʩʠʠ ʧʨʦʩʪʘʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ὉὲὨὈὥὸὩ ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʘ ̫ʩʪʨʦʢʘ, ʩʦʜʝʨʞʘ-

ʱʘʷ ὛὸὥὶὸὈὥὸὩ  ὉὲὨὈὥὸὩ. 

4.2.3 ʊʨʝʙʦʚʘʥʠʷ ʢ ʙʘʥʢʫ ʂʀʄ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʂʀʄʈɸ 

ʂʣʠʝʥʪʘʤʠ ɹʂʀʄ ʷʚʣʷʶʪʩʷ ʧʦʜʩʠʩʪʝʤʳ ʠ ʤʦʜʫʣʠ ʂʀʄʈɸ ʠ ʜʨʫʛʠʝ ʇʉʋʅ. 

ʌʦʨʤʘʪʳ ʚʭʦʜʥʳʭ/ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

1. ʌʦʨʤʘ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ, ʦʧʨʝʜʝʣʸʥʥʳʡ ʜʣʷ ʧʨʦ-

ʪʦʢʦʣʘ APIP. 

2. ɺʥʫʪʨʝʥʥʠʡ JSON-ʦʩʥʦʚʘʥʥʳʡ ʬʦʨʤʘʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʂʀʄʈɸ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ Web-API. 

1. Web-API ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʙʘʟʦʚʳʤ ʧʨʠʥʮʠʧʘʤ ʧʦʩʪʨʦʝʥʠʷ REST-

ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʫʭʬʘʢʪʦʨʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʧʦ ʧʨʦʪʦ-

ʢʦʣʫ OAuth 2.0. 

2. ʆʨʛʘʥʠʟʦʚʘʪʴ ʘʩʠʥʭʨʦʥʥʦʝ RESTful-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʦʩʥʦʚʝ ʫʥʠʢʘʣʴ-

ʥʦʛʦ ʪʦʢʝʥʘ ʩʝʩʩʠʠ ʜʦʩʪʫʧʘ ʢ ɹʂʀʄ: 

a) ʟʘʧʨʦʩ çʉʦʟʜʘʪʴ ʥʦʚʦʝ ʂʀʄè; 

b) ʟʘʧʨʦʩ çʇʦʣʫʯʠʪʴ ʘʢʪʫʘʣʴʥʫʶ ʚʝʨʩʠʶ ʂʀʄè; 

c) ʟʘʧʨʦʩ çʇʦʣʫʯʠʪʴ ʂʀʄ ʩ ʚʝʨʩʠʷʤʠè; 

d) ʟʘʧʨʦʩ çʆʙʥʦʚʠʪʴ ʚʝʨʩʠʶ ʂʀʄè; 

e) ʟʘʧʨʦʩ çʆʙʥʦʚʠʪʴ ʩʫʱʝʩʪʚʫʶʱʝʝ ʂʀʄè; 

f) ʟʘʧʨʦʩ çʋʜʘʣʠʪʴ ʂʀʄè; 

g) ʟʘʧʨʦʩ çʆʙʥʦʚʠʪʴ ʧʨʘʚʠʣʘ ʦʮʝʥʠʚʘʥʠʷ ʂʀʄè; 

h) ʟʘʧʨʦʩ çʆʙʥʦʚʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʀʄè; 

i) ʟʘʧʨʦʩ çʆʙʥʦʚʠʪʴ ʩʪʘʪʫʩ ʂʀʄè; 

j) ʩʦʭʨʘʥʝʥʠʝ/ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʝʩʩʠʠ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ɹʂʀʄ. 

1. ʉʦʭʨʘʥʝʥʠʝ ʚʝʨʩʠʡ [versioning] ʂʀʄ. 

2. ɺʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʂʀʄ. 
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a) ʉʪʘʪʫʩʳ ʂʀʄ (çʆʪʢʨʳʪʦ ʜʣʷ ʵʢʩʧʝʨʪʠʟʳè, çʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡè, çʋʜʘʣʝʥʦè, çʅʝ ʘʢ-

ʪʠʚʥʦè (ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʠ ʜʣʷ ʵʢʩʧʝʨʪʠʟʳ, ʥʠ ʜʣʷ ʪʝʩʪʦʚ). 

3. ʊʝʛʠʨʦʚʘʥʠʝ ʂʀʄ: 

a) ʊʝʛʠ; 

b) ʪʝʛʠ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʬʦʣʢʩʦʥʦʤʠʠ. 

4. ʉʦʭʨʘʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʀʄ: 

a) ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ; 

b) ʧʨʘʚʠʣʘ ʦʮʝʥʠʚʘʥʠʷ. 

5. ʇʦʜʜʝʨʞʢʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʂʀʄ ʠ ʧʨʦʚʝʨʷʝʤʳʤʠ ʜʠʜʘʢʪʠʯʝʩʢʠʤʠ ʝʜʠʥʠ-

ʮʘʤʠ (ʦʥʪʦʣʦʛʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʜʠʩʮʠʧʣʠʥʳ, ɼɽ). 

6. ʉʢʚʦʟʥʦʝ ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʝ ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʵʣʝʤʝʥʪʳ ʂʀʄ. 

7. ʇʦʜʜʝʨʞʢʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʂʀʄ ʠ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʦʡ. 

8. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʂʀʄ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʨʫʛʠʭ ʂʀʄ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʘʙʦʨʘʤ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ, ʪʝʛʘʤ, ʦʥʪʦʣʦʛʠʷʤ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʪ.ʜ.). 

9.  ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʩʧʦʨʪʘ ʠ ʠʤʧʦʨʪʘ ʪʝʩʪʦʚ ʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ʬʦʨʤʘʪʘʭ 

(GIFT, MoodleXML, QTI/APIP 2.0). 

10.  ʇʦʜʜʝʨʞʢʘ ʀʆʉ: 

a) ʚ ʬʦʨʤʝ ʢʦʤʤʝʥʪʘʨʠʷ [commentary] ʢ ʂʀʄ. ʆʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʢ 

ʩʪʫʜʝʥʪʫ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʂʦʤʤʝʥʪʘʨʠʡ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʂʀʄ ʧʨʠ 

ʩʦʟʜʘʥʠʠ. ʆʪ ʩʪʫʜʝʥʪʘ ʢ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ï ʢʦʤʤʝʥʪʘʨʠʠ ʢ ʂʀʄ ʥʘ 

ʫʨʦʚʥʝ ʦʪʢʨʳʪʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʥʘ ʫʨʦʚʥʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ; 

b) ʚ ʬʦʨʤʝ ʩʦʦʙʱʝʥʠʷ [message]. 

 

4.3 ʇʦʜʩʠʩʪʝʤʘ çʈʝʜʘʢʪʦʨ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡè 

4.3.1 ʊʨʝʙʦʚʘʥʠʷ ʢ ʚʠʟʫʘʣʴʥʦʤʫ ʨʝʜʘʢʪʦʨʫ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ʂʣʠʝʥʪʘʤʠ ʚʠʟʫʘʣʴʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʜʨʫʛʠʝ ʇʉʋʅ, ʥʘʧʨʠʤʝʨ, ɹʊɿ, ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʢʦʤʧʴʶʪʝʨ-

ʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. 
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ʌʦʨʤʘʪʳ ʚʭʦʜʥʳʭ/ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

1. ʌʦʨʤʘʪ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ, ʦʧʨʝʜʝʣʸʥʥʳʡ ʜʣʷ 

ʧʨʦʪʦʢʦʣʘ APIP. 

2. ɺʥʫʪʨʝʥʥʠʡ JSON-ʦʩʥʦʚʘʥʥʳʡ ʬʦʨʤʘʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʂʀʄʈɸ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ Web-API. 

1. Web-API ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʙʘʟʦʚʳʤ ʧʨʠʥʮʠʧʘʤ ʧʦʩʪʨʦʝʥʠʷ REST-

ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʚʫʭʬʘʢʪʦʨʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʧʦ ʧʨʦʪʦ-

ʢʦʣʫ OAuth 2.0. 

a) ʆʙʝʩʧʝʯʠʪʴ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ REST Web-API ʭʨʘʥʠʣʠʱʘ ʟʘʜʘʥʠʡ ʩ 

ʧʦʜʜʝʨʞʢʦʡ CRUD-ʦʧʝʨʘʮʠʡ. 

2. ʆʨʛʘʥʠʟʦʚʘʪʴ ʘʩʠʥʭʨʦʥʥʦʝ RESTful-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʦʩʥʦʚʝ ʫʥʠʢʘʣʴ-

ʥʦʛʦ ʪʦʢʝʥʘ ʩʝʩʩʠʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ: 

a) ʟʘʧʨʦʩ çʉʦʟʜʘʪʴ ʥʦʚʦʝ ʟʘʜʘʥʠʝè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʨʬʝʡʩ ʤʘʩʪʝʨʘ 

ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʟʘʜʘʥʠʷ; 

b) ʟʘʧʨʦʩ çʈʝʜʘʢʪʠʨʦʚʘʪʴ ʟʘʜʘʥʠʝè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʨʬʝʡʩ ʨʝʜʘʢ-

ʪʦʨʘ ʟʘʜʘʥʠʷ, ʧʝʨʝʜʘʥʥʦʛʦ ʢʘʢ ʧʘʨʘʤʝʪʨ ʟʘʧʨʦʩʘ; 

c) ʟʘʧʨʦʩ çʉʦʟʜʘʪʴ ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʘè ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʦʩʪʘʚʣʝ-

ʥʠʝ ʰʘʙʣʦʥʘ ʠ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʥʪʝʨʬʝʡʩʝ ʧʦʣʟɹʦʚʘ-

ʪʝʣʷ; 

d) ʟʘʧʨʦʩ ʩʪʘʪʫʩʘ ʩʝʩʩʠʠ ʧʦ ʪʦʢʝʥʫ; 

e) ʟʘʧʨʦʩ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ; 

f) ʩʦʭʨʘʥʝʥʠʝ/ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʝʩʩʠʠ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʚʠʟʫʘʣʴʥʦʤʫ ʨʝʜʘʢʪʦʨʫ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ɺʠʟʫʘʣʴʥʳʡ ʨʝʜʘʢʪʦʨ ʜʦʣʞʝʥ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʩʪʦ-

ʚʳʭ ʟʘʜʘʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʧʨʝʜʣʦʞʝʥʥʫʶ ʚ ʛʣʘʚʝ 1 ʢʣʘʩʩʠʬʠʢʘʮʠʶ. 

ʅʘ ʵʢʨʘʥʝ (ʨʠʩʫʥʦʢ 4.2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʪʦʪʠʧ ʠʥʪʝʨʬʝʡʩʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ) 

ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ. 

1. ʆʙʣʘʩʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ. 
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2. ʈʝʜʘʢʪʦʨʩʢʠʝ çʣʝʥʪʳè. ʆʙʲʝʢʪʳ ï ʯʘʩʪʠ ʟʘʜʘʥʠʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʝ-

ʜʘʢʪʦʨʩʢʠʭ ʣʝʥʪʘʭ ʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʝʨʝʪʘʩ-

ʢʠʚʘʥʠʝʤ [drug and drop]: 

a) ʣʝʥʪʘ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʟʘʜʘʥʠʡ; 

b) [ʆʧʮʠʦʥʘʣʴʥʦ] ʣʝʥʪʘ ʚʝʨʩʠʡ ʟʘʜʘʥʠʡ. ʃʝʥʪʘ ʚʝʨʩʠʡ ʟʘʜʘʥʠʡ ʦʪʦʙ-

ʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʨʝʜʘʢʪʦʨʘ ʧʦʜʜʝʨʞʠ-

ʚʘʝʪ ʨʘʙʦʪʫ ʩ ʚʝʨʩʠʦʥʠʨʦʚʘʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

 

ʈʠʩʫʥʦʢ 4.2. ʇʨʦʪʦʪʠʧ ʠʥʪʝʨʬʝʡʩʘ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ çʅʘʙʦʨ ʦʧʮʠʡè 
 

4.4 ʇʦʜʩʠʩʪʝʤʘ çʆʪʢʨʳʪʘʷ ʵʢʩʧʝʨʪʠʟʘ ʂʀʄè 

ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ɾʎ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʧʨʠʥʷʪʳʭ ʥʘ ʫʨʦʚʥʝ ʤʘʩʩʦʚʳʭ ʪʝ-

ʩʪʠʨʦʚʘʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʦʪʢʨʳʪʦʛʦ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʦʪʢʨʳʪʦʡ 

ʥʘʫʢʦʡ, ʧʦʟʚʦʣʠʣ ʧʨʝʜʣʦʞʠʪʴ ʠ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʆʕ ʂʀʄ [202, 61, 

105]. ʕʪʘ ʠʜʝʦʣʦʛʠʷ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʧʦʜʩʠʩʪʝʤʳ çʆʪʢʨʳʪʘʷ ʵʢʩʧʝʨʪʠʟʘ ʂʀʄè 

ʠ ʧʦʟʚʦʣʠʣʘ ʚʧʝʨʚʳʝ ʩʦʛʣʘʩʦʚʘʪʴ ʦʙʱʝʧʨʠʥʷʪʳʝ ʥʘ ʫʨʦʚʥʝ ʤʘʩʩʦʚʳʭ ʪʝʩʪʠʨʦʚʘʥʠʡ 






































































































































