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ʊɽʈɽר ʆפʓʊʋ ᴄɼɯʉʊɽʈɯ ʅɽɻɯɿɯʅɼɽ ʈɽʅʊɻɽʅɼɯʂ ɹɽʁʅɽʃɽʈɼɽʅ ʊʓʁʓʄ 

ʉɸʃʓʅנɸʅ ɿɸʊʊɸʈɼʓ ɸʅʓפʊɸʋɼʓר ʀʅʊɽʃʃɽʂʊʋɸʃɼʓ ɾתʁɽʉɯʅ ᴄɿɯʈʃɽʋ 

 

 

ʄϰʨʘʪ ɼʘʨʳʥ ɼϮʡʩʝʥϤʘʣʠϰʣʳ 

2 ʢʫʨʩ ʤʘʛʠʩʪʨʘʥʪʳ 

çϣϰʤʘʨʙʝʢ ɼϸʫʢʝʝʚ ʘʪʳʥʜʘϤʳ ɸʣʤʘʪʳ ʵʥʝʨʛʝʪʠʢʘ ʞϸʥʝ ʙʘʡʣʘʥʳʩ ʫʥʠʚʝʨʩʠʪʝʪʽè ʂʝɸϧ, 

ɸʣʤʘʪʳ, ϧʘʟʘϨʩʪʘʥ 

ϣʳʣʳʤʠ ʞʝʪʝʢʰʽ: PhD, ɹϸʟʽʣ ɻ.ɼ.  

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ Rapiscan ʠʥʩʧʝʢʮʠʷʣʳײץ ץʨʳʣסʳʩʳʥʘʥ ʘʣʳʥסʘʥ ʙʘʛʘʞʜʳש 

ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨʽʥʜʝ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝʥʽ ᴅʟʽʨʣʝʫ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɿʝʨʪʪʝʫʜʽש ᴇʟʝʢʪʽʣʽʛʽ ʘʚʠʘʮʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ 

ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʙʘʛʘʞʜʳ ʪʝʢʩʝʨʫ ʙʘʨʳʩʳʥʜʘ ʘʜʘʤ ʬʘʢʪʦʨʳʥʘ ʪᴅʫʝʣʜʽʣʽʢʪʽ ʘʟʘʡʪʫ 

 ʘסʪʘʫץʜʘʨʣʘʤʘʣʘʫ ʪʽʣʽ, ʦʙʲʝʢʪʽʣʝʨʜʽ ʘʥʳסʤʳʩʪʘ Python ʙʘײʘʞʝʪʪʽʣʽʛʽʤʝʥ ʥʝʛʽʟʜʝʣʝʜʽ. ɾץ

ʘʨʥʘʣסʘʥ YOLO ʘʣʛʦʨʠʪʤʽ, ʙʝʡʥʝʣʝʨʜʽ ᴇשʜʝʫ װʰʽʥ OpenCV ʢʽʪʘʧʭʘʥʘʩʳ ʞᴅʥʝ ʜʝʨʝʢʪʝʨ 

ʞʠʳʥʪʳסʳʥ ʜʘʡʳʥʜʘʫ װʰʽʥ Roboflow ʧʣʘʪʬʦʨʤʘʩʳ ץʦʣʜʘʥʳʣʜʳ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʨʝʥʪʛʝʥʜʽʢ 

ʙʝʡʥʝʣʝʨʜʝʥ ʪײʨʘʪʳʥ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳ ץʘʣʳʧʪʘʩʪʳʨʳʣʳʧ, ʙʝʣʛʽʣʝʥʽʧ, ʤʦʜʝʣʴ ʦץʳʪʳʣʳʧ 

ʞᴅʥʝ ʪʝʩʪʽʣʝʫʜʝʥ ᴇʪʢʽʟʽʣʜʽ. ױʩʳʥʳʣסʘʥ ʞװʡʝ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ 

ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʪʝʢʩʝʨʫ ʦʧʝʨʘʪʦʨʣʘʨʳʥʘ ʢᴇʤʝʢʰʽ ײץʨʘʣ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʫʳ 

ʤװʤʢʽʥ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʢʦʤʧʴʶʪʝʨʣʽʢ ʢᴇʨʫ ʞᴅʥʝ ʪʝʨʝש ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ʘʚʠʘʮʠʷʣʳץ 

 .ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ שʦʣʜʘʥʫʜʳץ ʘʫʽʧʩʽʟʜʽʢ ʩʘʣʘʩʳʥʜʘץ

ʄʝʪʦʜʦʣʦʛʠʷ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʙʘʛʘʞʜʳש ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨʽʥʜʝ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ 

ʟʘʪʪʘʨʜʳ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝ ᴅʟʽʨʣʝʥʜʽ. ɼʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳ Rapiscan 

 ʘʨʫʳ, powerbankץ ʘʪʳʩ ,ץʘʣʳʧʪʘʩʪʳʨʳʣʳʧ, ʧʳʰʘץ ʘʥ ʙʝʡʥʝʣʝʨ ʥʝʛʽʟʽʥʜʝסʳʩʳʥʘʥ ʘʣʳʥסʨʳʣײץ

ʞᴅʥʝ ץʘʫʽʧʩʽʟ ʙʘʛʘʞ ʩʳʥʳʧʪʘʨʳʥʘ ʙᴇʣʽʥʜʽ. ɹʝʡʥʝʣʝʨʜʽ ʙʝʣʛʽʣʝʫ װʰʽʥ Roboflow ʧʣʘʪʬʦʨʤʘʩʳ 

 ʜʝʫ ʞᴅʥʝ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫשʦʣʜʘʥʳʣʳʧ, ʜʝʨʝʢʪʝʨ YOLO ʬʦʨʤʘʪʳʥʘ ʢʝʣʪʽʨʽʣʜʽ. ɸʣʜʳʥ ʘʣʘ ᴇץ

 ʳʪʫ Python ʪʽʣʽʥʜʝץʨʘʩʪʳʨʫ ʞᴅʥʝ ʦײץ ʰʽʥ OpenCV ʢʽʪʘʧʭʘʥʘʩʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʄʦʜʝʣʴʜʽװ

YOLOv8 ʘʣʛʦʨʠʪʤʽ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ױʩʳʥʳʣסʘʥ ʞװʡʝʥʽש ʞײʤʳʩ ʽʩʪʝʫ ʢʝʟʝשʜʝʨʽ 1-

ʩʫʨʝʪ ʙʣʦʢ-ʩʭʝʤʘ ʪװʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ɾװʡʝ ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨʜʽ ʞʠʥʘʫʜʘʥ ʙʘʩʪʘʧ, ʦʣʘʨʜʳ 

ʘʥʥʦʪʘʮʠʷʣʘʫ, ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫ, ʤʦʜʝʣʴʜʽ ʦץʳʪʫ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ 

ʢʝʟʝשʜʝʨʽʥʝʥ ʪײʨʘʜʳ. ʆץʳʪʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʤʦʜʝʣʴ ʪʝʩʪʪʽʢ ʙʝʡʥʝʣʝʨʜʝ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ 

ʘʥʳץʪʘʫʜʘ ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʪʽ. 

ʅʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨ. ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨʜʝʥ ʪʳʡʳʤ 

ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʤʦʜʝʣʴ ײץʨʳʣʜʳ ʞᴅʥʝ ʦץʳʪʳʣʜʳ. 

ʆrץʪʫ ʙʘʨʳʩʳʥʜʘ ʤʦʜʝʣʴ ʧʳʰʘץ, ʘʪʳʩ ץʘʨʫʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ץʘʫʽʧʪʽ ʦʙʲʝʢʪʽʣʝʨʜʽ ʘʞʳʨʘʪʫʜʳ 

 ʪʘʧ, ʦʣʘʨʜʳ ʰʝʢʪʝʫʰʽ ʨʘʤʢʘʣʘʨץʨʳʩ ʘʥʳײʡʨʝʥʜʽ. ʊʝʩʪʪʽʢ ʜʝʨʝʢʪʝʨʜʝ ʤʦʜʝʣʴ ʦʙʲʝʢʪʽʣʝʨʜʽ ʜװ

(bounding boxes) ʘʨץʳʣʳ ʙʝʣʛʽʣʝʫ ʤװʤʢʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʤʦʜʝʣʴʜʽש 

ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨʜʽ ʪʘʣʜʘʫʜʘ ʪʠʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʡʪʽʥʽʥ ʞᴅʥʝ ץʘʫʽʧʪʽ ʟʘʪʪʘʨʜʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ 

ʘʥʳץʪʘʡ ʘʣʘʪʳʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. ɾװʡʝ ʦʧʝʨʘʪʦʨסʘ ʢᴇʤʝʢʰʽ ײץʨʘʣ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʞʘʨʘʤʜʳ 

ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. 

ʅʝʛʽʟʛʽ ʪײʞʳʨʳʤʜʘʨ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʪʝʨʝש ʦץʳʪʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ 

ʤʦʜʝʣʴ ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨʜʝʥ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ ʪʠʽʤʜʽ ʘʥʳץʪʘʡ ʘʣʘʜʳ. YOLOv8 

ʘʣʛʦʨʠʪʤʽʥ ץʦʣʜʘʥʫ ʦʙʲʝʢʪʽʣʝʨʜʽ ʥʘץʪʳ ʫʘץʳʪץʘ ʞʘץʳʥ ʨʝʞʠʤʜʝ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɼʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ ʜײʨʳʩ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʙʝʣʛʽʣʝʫ ʤʦʜʝʣʴʜʽש ʜᴅʣʜʽʛʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʪʽʥʽ 

ʘʥʳץʪʘʣʜʳ. ױʩʳʥʳʣסʘʥ ʞװʡʝ ʘʚʠʘʮʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ 

ʰʝʰʽʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʙʦʣʘʰʘץʪʘ ʥʘץʪʳ ʪʝʢʩʝʨʫ ײץʨʳʣסʳʣʘʨʳʤʝʥ ʙʽʨʽʢʪʽʨʽʣʫʽ ʤװʤʢʽʥ. 

ʂʽʣʪ ʩᴇʟʜʝʨ: ʥʝʡʨʦʥʜʳץ ʞʝʣʽ, ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ, ʢʦʤʧʴʶʪʝʨʣʽʢ ʢᴇʨʫ, ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝ, 

ʙʘʛʘʞʜʳ ʪʝʢʩʝʨʫ, ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨ, ʘʚʠʘʮʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ, YOLO, Python. 

1.1 ɼʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ 
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ɼʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ. ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʙʘʩʪʘʧץʳ ʢʝʟʝשʽʥʜʝ ʨʝʥʪʛʝʥʜʽʢ 

ʙʝʡʥʝʣʝʨʜʝʥ ʪײʨʘʪʳʥ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳ ʞʠʥʘץʪʘʣʜʳ. ɹʝʡʥʝʣʝʨ ʥʘץʪʳ Rapiscan 

 ʩʘʧʘʩʳ ʤʝʥ שʘʣʳʧʪʘʩʪʳʨʳʣʳʧ, ʦʣʘʨʜʳץ ʘʥ ʤʘʪʝʨʠʘʣʜʘʨ ʥʝʛʽʟʽʥʜʝסʳʩʳʥʘʥ ʘʣʳʥסʨʳʣײץ

ʤʘʟʤײʥʳ ʙʦʡʳʥʰʘ ʩײʨʳʧʪʘʣʜʳ. 

ɾʠʥʘʣסʘʥ ʙʝʡʥʝʣʝʨ ʙʽʨʥʝʰʝ ʩʳʥʳʧʪʘʨסʘ ʙᴇʣʽʥʜʽ: ʧʳʰʘץ, ʪʘʧʘʥʰʘ, powerbank, ץʘʫʽʧʪʽ 

ʟʘʪʪʘʨ ʞᴅʥʝ ʪʘʟʘ ʙʘʛʘʞ. ʄײʥʜʘʡ ʞʽʢʪʝʫ ʤʦʜʝʣʴʜʽ ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ᴅʨʪװʨʣʽ ʦʙʲʝʢʪʽʣʝʨʜʽ ʥʘץʪʳ 

ʘʞrʨʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɼʝʨʝʢʪʝʨʜʽ ʜײʨʳʩ ײץʨʳʣʳʤʜʘʫ ʞᴅʥʝ ʩʳʥʳʧʪʘʨסʘ ʙᴇʣʫ ʤʦʜʝʣʴʜʽש ʪʠʽʤʜʽ ʦץʳʪʳʣʫʳʥʳש 

ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

 
1 ʩʫʨʝʪ ï ױʩʳʥʳʣסʘʥ ʞװʡʝʥʽש ʞײʤʳʩ ʽʩʪʝʫ ʙʣʦʢ-ʩʭʝʤʘʩʳ 

 

1.2 ɹʝʡʥʝʣʝʨʜʽ ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫ 

ɾʠʥʘʣסʘʥ ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨ ʤʦʜʝʣʴʜʽ ʦץʳʪʫסʘ ʜʘʡʳʥʜʘʫ ʤʘץʩʘʪʳʥʜʘ ʘʣʜʳʥ ʘʣʘ 

ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʽʣʜʽ. ɹʘʨʣʳץ ʩʫʨʝʪʪʝʨ ʙʽʨʳסשʘʡ ʬʦʨʤʘʪץʘ ʢʝʣʪʽʨʽʣʽʧ, ʦʣʘʨʜʳש ᴇʣʰʝʤʽ 640Ĭ640 

ʧʠʢʩʝʣʴʛʝ ᴇʟʛʝʨʪʽʣʜʽ, ʙײʣ YOLOv8 ʘʣʛʦʨʠʪʤʽʥʽש ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɹʝʡʥʝʣʝʨ .jpg 

ʬʦʨʤʘʪʳʥʜʘ ʩʘץʪʘʣʳʧ, ᴅʨʙʽʨ ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ʘʥʥʦʪʘʮʠʷ ʬʘʡʣʜʘʨʳ YOLO ʬʦʨʤʘʪʳʥʘ ʩʘʡ .txt 

ʪװʨʽʥʜʝ ʜʘʡʳʥʜʘʣʜʳ. ʄײʥʜʘʡ ᴇשʜʝʫ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʢʝʣʢʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʤʦʜʝʣʴʜʽש 

ʪʠʽʤʜʽ ʦץʳʪʳʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

1.3 ɹʝʡʥʝʣʝʨʜʽ ʘʥʥʦʪʘʮʠʷʣʘʫ 

ɼʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨסʘʥʥʘʥ ʢʝʡʽʥ ʙʝʡʥʝʣʝʨʜʽ ʙʝʣʛʽʣʝʫ ʢʝʟʝשʽ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. ᴄʨʙʽʨ ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʜʝ ʦʨʥʘʣʘʩץʘʥ ʦʙʲʝʢʪʽʣʝʨʛʝ ʩᴅʡʢʝʩ ʰʝʢʪʝʫʰʽ ʨʘʤʢʘʣʘʨ 

(bounding boxes) ʙʝʣʛʽʣʝʥʽʧ, ʦʣʘʨ ʪʠʽʩʪʽ ʩʳʥʳʧʪʘʨסʘ ʞʽʢʪʝʣʜʽ. 

ɸʥʥʦʪʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽ Roboflow ʧʣʘʪʬʦʨʤʘʩʳ ʘʨץʳʣʳ ʦʨʳʥʜʘʣʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ᴅʨʙʽʨ 

ʙʝʡʥʝʛʝ ʩᴅʡʢʝʩ ʘʥʥʦʪʘʮʠʷ ʬʘʡʣʜʘʨʳ ײץʨʳʣʳʧ, ʜʝʨʝʢʪʝʨ YOLO ʘʣʛʦʨʠʪʤʽʥʝ ʩᴅʡʢʝʩ ʬʦʨʤʘʪץʘ 

ʢʝʣʪʽʨʽʣʜʽ. ɹײʣ ʢʝʟʝש ʤʦʜʝʣʴʜʽש ʦʙʲʝʢʪʽʣʝʨʜʽ ʜײʨʳʩ ʪʘʥʫʳ װʰʽʥ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

Roboflow ʧʣʘʪʬʦʨʤʘʩʳʥ ʪʘשʜʘʫ ʥʝʛʽʟʜʝʤʝʩʽ. ɹʝʡʥʝʣʝʨʜʽ ʘʥʥʦʪʘʮʠʷʣʘʫ ʞᴅʥʝ ʜʝʨʝʢʪʝʨ 

ʞʠʳʥʪʳסʳʥ ʜʘʡʳʥʜʘʫ װʰʽʥ Roboflow ʧʣʘʪʬʦʨʤʘʩʳ ʪʘשʜʘʣʜʳ. ɸʪʘʣסʘʥ ʧʣʘʪʬʦʨʤʘʥʳ ץʦʣʜʘʥʫ 

ʦʥʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʤʝʥ, ʳסשʘʡʣʳ ʠʥʪʝʨʬʝʡʩʽʤʝʥ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʢᴇʨʫ ʞʦʙʘʣʘʨʳʥʘ 

ʙʝʡʽʤʜʝʣʛʝʥ ײץʨʘʣʜʘʨʳʥʳש ʙʦʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

Roboflow ʙʝʡʥʝʣʝʨʜʽ ʞʳʣʜʘʤ ʙʝʣʛʽʣʝʫʛʝ, ʦʙʲʝʢʪʽʣʝʨʛʝ ʰʝʢʪʝʫʰʽ ʨʘʤʢʘʣʘʨʜʳ (bounding 

boxes) ʜᴅʣ ץʦʶסʘ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ץʘʞʝʪʪʽ ʬʦʨʤʘʪʪʘʨסʘ ʪװʨʣʝʥʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʣʘʪʬʦʨʤʘ YOLO ʘʣʛʦʨʠʪʤʽʤʝʥ װʡʣʝʩʽʤʜʽ ʬʦʨʤʘʪʪʘ ʜʝʨʝʢʪʝʨʜʽ 

ʵʢʩʧʦʨʪʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʆʩʳ ʘʨʪʳץʰʳʣʳץʪʘʨ ʜʝʨʝʢʪʝʨʜʽ ʜʘʡʳʥʜʘʫ ʧʨʦʮʝʩʽʥ 

ʞʝשʽʣʜʝʪʽʧ, ʤʦʜʝʣʴʜʽ ʦץʳʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 
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1.4 ɹʝʡʥʝʣʝʨʜʽ ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫ 

ɸʥʥʦʪʘʮʠʷʣʘʫ ʢʝʟʝשʽʥʝʥ ʢʝʡʽʥ ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨ ʤʦʜʝʣʴʜʽ ʦץʳʪʫסʘ ʜʘʡʳʥʜʘʫ 

ʤʘץʩʘʪʳʥʜʘ ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʽʣʜʽ. ɹʘʨʣʳץ ʩʫʨʝʪʪʝʨ ʙʽʨʳסשʘʡ ʬʦʨʤʘʪץʘ ʢʝʣʪʽʨʽʣʽʧ, 

ʦʣʘʨʜʳש ᴇʣʰʝʤʽ 640Ĭ640 ʧʠʢʩʝʣʴʛʝ ᴇʟʛʝʨʪʽʣʜʽ. ɹײʣ ᴇʣʰʝʤ YOLOv8 ʘʣʛʦʨʠʪʤʽʥʽש ʪʘʣʘʧʪʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɹʝʡʥʝʣʝʨ .jpg ʬʦʨʤʘʪʳʥʜʘ ʩʘץʪʘʣʳʧ, ᴅʨʙʽʨ ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ʘʥʥʦʪʘʮʠʷ ʬʘʡʣʜʘʨʳ 

YOLO ʬʦʨʤʘʪʳʥʘ ʩʘʡ ʜʘʡʳʥʜʘʣʜʳ.  

ʄײʥʜʘʡ ᴇשʜʝʫ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʢʝʣʢʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʤʦʜʝʣʴʜʽש ʪʠʽʤʜʽ ʦץʳʪʳʣʫʳʥʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

1.5 YOLOv8 ʘʣʛʦʨʠʪʤʽʥ ʪʘשʜʘʫ ʥʝʛʽʟʜʝʤʝʩʽ 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʦʙʲʝʢʪʽʣʝʨʜʽ ʘʥʳץʪʘʫ װʰʽʥ YOLOv8 ʘʣʛʦʨʠʪʤʽ ץʦʣʜʘʥʳʣʜʳ. YOLO 

(You Only Look Once) ð ʙʝʡʥʝʣʝʨʜʝʛʽ ʦʙʲʝʢʪʽʣʝʨʜʽ ʙʽʨ ʫʘץʳʪʪʘ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʞʽʢʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʟʘʤʘʥʘʫʠ ʪʝʨʝש ʦץʳʪʫ ʘʣʛʦʨʠʪʤʽ. ʆʥʳש ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʛʽ ð ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳץ ʧʝʥ ʜᴅʣʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ, ʙײʣ ʥʘץʪʳ ʫʘץʳʪץʘ ʞʘץʳʥ ʨʝʞʠʤʜʝ ʞײʤʳʩ ʽʩʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

YOLOv8 ʘʣʛʦʨʠʪʤʽ ʟʘʤʘʥʘʫʠ ʘʨʭʠʪʝʢʪʫʨʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʙʘʩץʘ ᴅʜʽʩʪʝʨʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʦʙʲʝʢʪʽʣʝʨʜʽ ʞʳʣʜʘʤ ᴅʨʽ ʪʠʽʤʜʽ ʘʥʳץʪʘʡʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʦʣ ʨʝʥʪʛʝʥʜʽʢ 

ʙʝʡʥʝʣʝʨʜʽ ʪʘʣʜʘʫ ʞᴅʥʝ ץʘʫʽʧʪʽ ʟʘʪʪʘʨʜʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʥʳץʪʘʫ ʤʽʥʜʝʪʽ װʰʽʥ ʪʘשʜʘʣʜʳ. 

1.6 ʄʦʜʝʣʴʜʽ ʦץʳʪʫ ʧʨʦʮʝʩʽ 

ɼʘʡʳʥʜʘʣסʘʥ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳ ʥʝʛʽʟʽʥʜʝ ʤʦʜʝʣʴʜʽ ʦץʳʪʫ ʢʝʟʝשʽ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

ɼʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳ ʦץʳʪʫ ʞᴅʥʝ ʪʝʩʪʽʣʝʫ ʙᴇʣʽʢʪʝʨʽʥʝ ʙᴇʣʽʥʽʧ, ʤʦʜʝʣʴ 20 ʵʧʦʭʘ ʙʦʡʳ ʦץʳʪʳʣʜʳ. 

ʕʧʦʭʘ ð ʙײʣ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ ʪʦʣʳץ ʙʽʨ ʨʝʪ ᴇשʜʝʫ ʢʝʟʝשʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʆץʳʪʫ ʙʘʨʳʩʳʥʜʘ YOLOv8 ʘʣʛʦʨʠʪʤʽ ʙʝʡʥʝʣʝʨʜʝʛʽ ʦʙʲʝʢʪʽʣʝʨʜʽ ʘʥʳץʪʘʫʜʳ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʠʽʩʪʽ 

ʩʳʥʳʧʪʘʨסʘ ʞʽʢʪʝʫʜʽ װʡʨʝʥʜʽ. ʄʦʜʝʣʴʜʽש ʪʠʽʤʜʽʣʽʛʽ ʦץʳʪʫ ʧʨʦʮʝʩʽʥʜʝ ʜᴅʣʜʽʢ (accuracy) ʞᴅʥʝ 

 ʳʪʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʤʦʜʝʣʴ ʨʝʥʪʛʝʥʜʽʢץʘʣʘʥʜʳ. ʆסʳʣʳ ʙʘץʘʪʝʣʽʢ (loss) ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʘʨץ

ʙʝʡʥʝʣʝʨʜʝʛʽ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ ʘʥʳץʪʘʫʜʘ ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʪʽ. 

 

 
2 ʩʫʨʝʪ ï YOLOv8 ʤʦʜʝʣʽʥ ʦץʳʪʫ ʧʨʦʮʝʩʽʥʽש ʛʨʘʬʠʢʪʝʨʽ (loss, precision, recall ʞᴅʥʝ mAP 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ) 

 

ʄʦʜʝʣʴʜʽ ʦץʳʪʫ ʧʨʦʮʝʩʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ 2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ɻʨʘʬʠʢʪʝʨʜʝʥ ʢᴇʨʽʥʛʝʥʜʝʡ, 

ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ץʘʪʝʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ (box_loss, cls_loss, dfl_loss) ʙʽʨʪʽʥʜʝʧ ʪᴇʤʝʥʜʝʛʝʥ, ʙײʣ 

ʤʦʜʝʣʴʜʽש ʜʝʨʝʢʪʝʨʜʽ ʪʠʽʤʜʽ ʤʝשʛʝʨʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ.ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʜᴅʣʜʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

(precision ʞᴅʥʝ recall) ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ʪײʨʘץʪʳ ʪװʨʜʝ ʘʨʪץʘʥ. mAP50 ʞᴅʥʝ mAP50-95 

ʤʝʪʨʠʢʘʣʘʨʳʥʳש ᴇʩʫʽ ʤʦʜʝʣʴʜʽש ʦʙʲʝʢʪʽʣʝʨʜʽ ʘʥʳץʪʘʫ ʩʘʧʘʩʳʥʳש ʞʘץʩʘʨסʘʥʳʥ 

ʜᴅʣʝʣʜʝʡʜʽ.ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʦץʳʪʫ ʧʨʦʮʝʩʽ ʙʘʨʳʩʳʥʜʘ ʤʦʜʝʣʴʜʽש ʪײʨʘץʪʳ װʡʨʝʥʫʽ ʞᴅʥʝ 

ʥᴅʪʠʞʝʣʝʨʜʽש ʞʘץʩʘʨʫʳ ʙʘʡץʘʣʘʜʳ, ʙײʣ ʪʘשʜʘʣסʘʥ ᴅʜʽʩʪʽש ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

1.7 ʅᴅʪʠʞʝʣʝʨʜʽ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ 

ʄʦʜʝʣʴ ʞײʤʳʩʳʥʳש ʥᴅʪʠʞʝʣʝʨʽʥ ʢᴇʨʥʝʢʽ ʪװʨʜʝ ʢᴇʨʩʝʪʫ ʤʘץʩʘʪʳʥʜʘ OpenCV ʢʽʪʘʧʭʘʥʘʩʳ 

 ʘסʟʝʛʝ ʘʩʳʨʫװʜʝʫʛʝ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʢᴇʨʫ ʝʩʝʧʪʝʨʽʥ ʞשʦʣʜʘʥʳʣʜʳ. OpenCV ð ʙʝʡʥʝʣʝʨʜʽ ᴇץ

ʘʨʥʘʣסʘʥ ʘʰʳץ ʙʘʩʪʘʧץʳ ʢʦʜʪʳ ʢʽʪʘʧʭʘʥʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʪʘʣסʘʥ ײץʨʘʣ ʘʨץʳʣʳ ʨʝʥʪʛʝʥʜʽʢ 
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ʙʝʡʥʝʣʝʨʜʝ ʘʥʳץʪʘʣסʘʥ ʦʙʲʝʢʪʽʣʝʨ ʰʝʢʪʝʫʰʽ ʨʘʤʢʘʣʘʨ (bounding boxes) ʘʨץʳʣʳ ʙʝʣʛʽʣʝʥʽʧ, 

ʦʣʘʨʜʳש ʩʳʥʳʧ ʘʪʘʫʣʘʨʳ ʵʢʨʘʥʜʘ ʢᴇʨʩʝʪʽʣʜʽ. פʘʫʽʧʪʽ ʥʳʩʘʥʜʘʨʜʳ ʘʡץʳʥ ʢᴇʨʩʝʪʫ װʰʽʥ 

ʘʥʳץʪʘʣסʘʥ ʦʙʲʝʢʪʽʣʝʨ ץʳʟʳʣ ʪװʩʪʽ ʨʘʤʢʘʣʘʨʤʝʥ ʝʨʝʢʰʝʣʝʥʜʽ. ɹײʣ ʪᴅʩʽʣ ʤʦʜʝʣʴ ʞײʤʳʩʳʥʳש 

ʥᴅʪʠʞʝʣʝʨʽʥ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʦʧʝʨʘʪʦʨסʘ ʘץʧʘʨʘʪʪʳ ʪʝʟ ץʘʙʳʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 

3-ʩʫʨʝʪʪʝ ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʜʝ ʦʨʥʘʣʘʩץʘʥ ץʘʫʽʧʪʽ ʟʘʪʪʘʨʜʳש ʢᴇʨʽʥʽʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹʝʡʥʝʜʝ 

ʧʳʰʘץ, ᴇʪʢʽʨ ײץʨʘʣʜʘʨ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ץʘʫʽʧʪʽ ʵʣʝʤʝʥʪʪʝʨ ʙʘʡץʘʣʘʜʳ. 

 

 
3 ʩʫʨʝʪ ï ʈʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʜʝ ץʘʫʽʧʪʽ ʟʘʪʪʘʨʜʳש ʦʨʥʘʣʘʩʫʳ 

 

ʊʘʣץʳʣʘʫ 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʪʝʨʝש ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʨʝʥʪʛʝʥʜʽʢ 

ʙʝʡʥʝʣʝʨʜʝʥ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ ʪʠʽʤʜʽ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. פʦʣʜʘʥʳʣסʘʥ 

YOLOv8 ʘʣʛʦʨʠʪʤʽ ʦʙʲʝʢʪʽʣʝʨʜʽ ʞʦסʘʨʳ ʜᴅʣʜʽʢʧʝʥ ʘʥʳץʪʘʧ, ʦʣʘʨʜʳש ʦʨʥʘʣʘʩʫʳʥ ʥʘץʪʳ 

ʢᴇʨʩʝʪʫ ץʘʙʽʣʝʪʽʥ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥʳש ʩʘʧʘʩʳ ʤʝʥ ʢᴇʣʝʤʽ 

ʤʦʜʝʣʴʜʽש ʞײʤʳʩ ʪʠʽʤʜʽʣʽʛʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. ɼʝʨʝʢʪʝʨ ʩʘʥʳ ʘʨʪץʘʥ ʩʘʡʳʥ 

ʤʦʜʝʣʴʜʽש ʜᴅʣʜʽʛʽ ʜʝ ʞʦסʘʨʳʣʘʡʪʳʥʳ ʙʘʡץʘʣʘʜʳ. ױʩʳʥʳʣסʘʥ ʞװʡʝʥʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳסʳ ð 

ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨʜʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʦʧʝʨʘʪʦʨʜʳש ʞײʤʳʩʳʥ ʞʝשʽʣʜʝʪʫ ʞᴅʥʝ 

ʘʜʘʤ ʬʘʢʪʦʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ץʘʪʝʣʽʢʪʝʨʜʽ ʘʟʘʡʪʫ. ɸʣʘʡʜʘ, ʢʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʦʙʲʝʢʪʽʣʝʨʜʽש 

 ʘʥסʤʢʽʥ. ʆʩʳװʘʪʝʣʝʩʫʽʥʝ ᴅʩʝʨ ʝʪʫʽ ʤץ שʨʜʝʣʽʣʽʛʽ ʤʦʜʝʣʴʜʽװʢ שʘʙʘʪʪʘʩʫʳ ʥʝʤʝʩʝ ʙʝʡʥʝʥʽץ

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʰʘץʪʘ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ ʢʝשʝʡʪʫ ʞᴅʥʝ ʤʦʜʝʣʴʜʽ ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʪʫʳʥʜʘʡʜʳ. 

 ʦʨʳʪʳʥʜʳפ

ɹײʣ ʤʘץʘʣʘʜʘ Rapiscan ײץʨʳʣסʳʩʳʥʘʥ ʘʣʳʥסʘʥ ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨ ʥʝʛʽʟʽʥʜʝ ʪʳʡʳʤ 

ʩʘʣʳʥסʘʥ ʟʘʪʪʘʨʜʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝ ײʩʳʥʳʣʜʳ. 

ɾװʡʝ Python ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʽʣʽ ʤʝʥ YOLOv8 ʘʣʛʦʨʠʪʤʽ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʳʧ, ʙʝʡʥʝʣʝʨʜʽ 

ᴇשʜʝʫ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ װʰʽʥ OpenCV ʢʽʪʘʧʭʘʥʘʩʳ ץʦʣʜʘʥʳʣʜʳ. ɿʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʤʦʜʝʣʴʜʽש ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨʜʝʛʽ ץʘʫʽʧʪʽ ʦʙʲʝʢʪʽʣʝʨʜʽ ʘʥʳץʪʘʫʜʘ ʪʠʽʤʜʽ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʪʽ. ױʩʳʥʳʣסʘʥ ʪᴅʩʽʣ ʙʘʛʘʞʜʳ ʪʝʢʩʝʨʫ ʧʨʦʮʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ, ʦʧʝʨʘʪʦʨʜʳש 

ʞװʢʪʝʤʝʩʽʥ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʘʜʘʤ ʬʘʢʪʦʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ץʘʪʝʣʽʢʪʝʨʜʽ ʪᴇʤʝʥʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʟʽʨʣʝʥʛʝʥ ʞװʡʝ ʪʝʢ ʘʚʠʘʮʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ ʩʘʣʘʩʳʥʜʘ סʘʥʘ ʝʤʝʩ, 

 ʦʡʤʘʣʘʨʳʥʜʘ (ʉɺʍ)ץ ʪʘʫץʳʪʰʘ ʩʘץʳʟʤʝʪʽʥʜʝ ʞᴅʥʝ ʫʘץ ʢʝʜʝʥ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

 ʢ ʪʘʩʳʤʘʣʜʘʨʳʥ ʪʝʢʩʝʨʫ ʙʘʨʳʩʳʥʜʘװʘ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʫʳʨ ʞסʦʣʜʘʥʫץ

ʨʝʥʪʛʝʥʜʽʢ ʙʝʡʥʝʣʝʨʜʽ ʘʚʪʦʤʘʪʪʳ ʪʘʣʜʘʫ ץʘʫʽʧʪʽ ʟʘʪʪʘʨʜʳ ʘʥʳץʪʘʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʣʜʘסʳ ʫʘץʳʪʪʘ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ ʢʝשʝʡʪʫ, ʤʦʜʝʣʴʜʽש ʜᴅʣʜʽʛʽʥ ʘʨʪʪʳʨʫ 

ʞᴅʥʝ ʥʘץʪʳ ʪʝʢʩʝʨʫ ײץʨʳʣסʳʣʘʨʳʤʝʥ ʪʦʣʳץ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʙʘסʳʪʳʥʜʘ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ 

ʞʘʣסʘʩʪʳʨʫ ʞʦʩʧʘʨʣʘʥʫʜʘ. 
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CREATIVE PRACTICE OF SALVADO R DALĉ AS A MODEL OF AN ARTIST 

WORKING IN AN ñALTERED STATE OF CONSCIOUSNESSò 

 

 

Belgibayeva Alina Askarovna 

 

Annotation: The article is devoted to the phenomenon of the ñaltered state of consciousnessò as 

a key element of the artistic method of Salvador Dal², one of the most renowned surrealist artists of the 

twentieth century. The study examines how Dal²ôs personal experience, his fascination with dreams, 

and his engagement with irrational perception shaped the unique surrealist imagery in his paintings. 

Particular attention is given to periods of his ʪʚʦʨʯʝʩʪʚʦ in which the artistôs experiments with liminal 

states of mind-between sleep and wakefulness-are especially evident. 

The research is conducted from the perspective of art historical analysis and draws upon existing 

works in the field of psychoanalysis, while not addressing clinical aspects. The primary focus is on the 

artistôs psychological methods and their manifestation in visual structures, composition, and the 

symbolism of his works. Through specific examples of paintings, it is demonstrated that Dal²ôs use of 

altered states of consciousness was not accidental, but rather a deliberate creative and psychological 

technique that became the foundation of his unique artistic language and influenced the development 

of surrealist painting as a whole. 

Keywords: altered states of consciousness, creative practice of Salvador Dal², dreams and 

irrational perception, liminal states between sleep and wakefulness, surrealist painting. 

In a number of studies devoted to the psychoanalysis of visual art, the work of Salvador Dal² is 

considered as a unique form of visualization of internal psychic processes. Thus, in the article by E. M. 

Razovskaya, ñPsychoanalysis of the Creative Work of Salvador Dal²ò [1], it is emphasized that his 

painting creates a space where personal experiences and unconscious states acquire visible and 

symbolic expression. At the same time, the artwork does not merely serve as an illustration of a dream 

or fantasy-it is the result of a complex transformation of the artistôs inner experience into a coherent 

artistic form. 

One of Dal²ôs key working methods is considered to be the paranoiac-critical method. In 

research, it is described as a mode of irrational cognition in which images emerging in a state of 

unstable perception-that is, in an ñaltered state of consciousnessò-are consciously interpreted and 

structured. This is not passive submission to the flow of the unconscious; on the contrary, the artist 

actively ʬʠʢʩʠʨʫʝʪ paradoxical and contradictory forms, subjecting them to visual analysis and 

organizing them into unified compositions. A characteristic feature of this approach is the creation of 

reversible images and double visual structures that constantly play with the viewerôs perception. 

An example is the painting Swans Reflecting Elephants (Figure 1), where the same forms can 

simultaneously be perceived as swans and as elephants without disrupting the integrity of the 

composition. This technique disrupts habitual perception and forces the viewer to continuously shift 

between levels of vision, creating the effect of immersion in an altered state of consciousness. At the 

same time, Dal²ôs irrational imagery is not devoid of precision-on the contrary, it is combined with a 

high level of technical accuracy. His academically refined drawing and illusionistic style render 

fantastical, sometimes unsettling forms tangibly material. It is precisely the combination of rational 

technique and irrational content that creates a powerful visual impact, allowing the artistôs inner 

psychic states to become visible and almost tangible to the viewer. 

The painting Swans Reflecting Elephants belongs to the so-called paranoiac-critical period of 

Salvador Dal² and is among the earliest works created during his association with the surrealist 

movement. The visual center of the composition is the image of a body of water that divides the space 

into two planes-the figures of three swans and their reflection in the water. Water plays a key role in 

the work, as it is precisely through it that the transformation of images occurs. 

The upper part of the canvas conveys a real landscape, while the lower part represents a space of 

metamorphosis. On the shore of the bay, graceful figures of swans are depicted, with vertical trunks of 
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dry, distorted trees behind them. These elements create an impression of calmness, stability, and near 

stillness. However, in the waterôs reflection, these forms merge and simultaneously transform into 

figures of elephants. The reflection does not simply replicate the image rendered in a classical realist 

manner; instead, it creates a new image with its own logic and metaphysical contours. 

At that period of his life, Salvador Dal² was deeply interested in the psychoanalytic theories of 

Sigmund Freud, which is clearly reflected in this work. The artist skillfully employs visual duality to 

illustrate themes related to the unconscious interplay between reality and illusion. 

In the background stretches a landscape with sky, a sandy beach, and a mountain range. The sky 

and the shore are rendered in light, soothing tones, while the rocks and mountain peaks are depicted in 

darker, cooler shades. This color palette creates a sense of coolness, softened by occasional warm 

accents of brick-ochre hues in the earth and stones. At the same time, the space appears as an enclosed 

bay with a motionless water surface and a small island covered with dry, twisted, leafless trees. The 

painting recalls the bays of Cap de Creus, which were well known to Salvador Dal². 

The figures in the foreground appear unstable. The form of the first swan and the corresponding 

silhouette of the elephant are the most clearly defined. The remaining images are blurred and elusive, 

as if dissolving into space and merging with the texture of the stone and landscape. This enhances the 

sense of dreamlike uncertainty. In the left corner, one can see the figure of a man and an amorphous 

creature at the waterôs edge. The man appears detached and absorbed in his thoughts. He is present 

within the pictorial space but not involved in the events, which allows him to be interpreted as an 

observer figure. 

The frozen trees reinforce the impression of suspended time. The cool palette, the stillness of the 

landscape, and the blurred secondary elements create an atmosphere of inner tension and uneasy calm. 

The psychological analysis of the landscape is combined with a sense of inner crisis and strain caused 

by the Spanish Civil War. 

During this period, it is also important to consider the influence of the surrealist circle in Paris, 

where Salvador Dal² developed his methods alongside colleagues such as Max Ernst, Andr® Breton, 

and Paul £luard. Interaction with other artists contributed to the formation of a conscious engagement 

with altered states of consciousness as a methodological tool in painting. Through this exchange of 

ideas, Dal² consolidated his unique style, combining rational precision with irrational imagery. 

The painting conveys not only a narrative about an ñaltered state of consciousness,ò but also a 

visual condition in which external nature and the artistôs inner experiences merge into a unified whole. 

From an art historical perspective, it can be noted that Dal² gradually moves away from the so-called 

ñautomatismò of early Surrealism. His painting shifts toward a more systematized approach to working 

with images, in which he, as the author, guides the viewer toward the meaning of the work. 

The artist himself regarded this stage as a transition to a higher degree of awareness, where the 

altered state of consciousness becomes not a source of chaotic and unreadable forms, but a tool for 

constructing a complex symbolic structure [2]. The altered state of consciousness into which the artist 

immersed himself is used not as an end in itself, but as a working mechanism that enables the creation 

of multilayered and visually stable images. Such an approach makes Dal²ôs ʪʚʦʨʯʝʩʪʚʦ an example of 

an authorial method in which psychological experience is transformed into a professionally 

constructed pictorial form.  

Surrealism as an artistic movement emerged from a ʩʪʨʝʤʣʝʥʠʝ to transcend the limits of 

rational perception of reality. Artists of this movement sought inspiration in dreams, imagination, 

spontaneous associations, and inner psychic processes. For them, altered states of consciousness were 

not a deviation, but a natural and necessary stage of creative exploration. 

In analyzing the imagery system of Salvador Dal², it is important to take into account the artistic 

sources that inspired the Surrealists. In their search for expressive means to convey such states, many 

Surrealists also turned to the art of earlier periods. These influences played a significant role in shaping 

their visual language and approaches to representation. 

Thus, Surrealism developed as a movement aimed at going beyond rational perception, where 

dreams, imagination, and unconscious processes became central to artistic practice, and altered states 

of consciousness were regarded as an essential component of the creative method. 
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In their search for artistic means to express such states, many Surrealists also turned to the art of 

earlier epochs. When analyzing the imagery system of Salvador Dal², it is essential to consider the 

artistic sources that inspired the movement. One of the most significant among them is often regarded 

as the work of the Dutch painter Hieronymus Bosch. 

His paintings, filled with fantastic creatures, hybrid forms, and irrational compositions, 

expressed-long before the emergence of Surrealism-an interest in themes of inner vision, symbolic 

transformation, and liminal states of consciousness. In the early twentieth century, Boschôs works once 

again attracted the attention of artists seeking ways to move beyond the limits of rational perception of 

reality. 

It is well known that Salvador Dal² was thoroughly familiar with Boschôs works and saw the 

triptych The Garden of Earthly Delights at the Prado Museum, considering the ʪʚʦʨʯʝʩʪʚʦ of the 

Dutch master as one of his artistic predecessors [3, 4]. 

A logical development of the method of visualizing liminal states in the creative practice of 

Salvador Dal² was his engagement with the phenomenon of pareidolia-the property of human 

perception to form illusory images based on real visual patterns. Pareidolia allows the viewerôs brain to 

complete missing elements of form, relying on internal unconscious experience. 

Using the painting Invisible Sleeping Woman, Horse, Lion as an example, one can observe how, 

from a single physically static image, the viewer extracts several independent images. This 

phenomenon enhances the interactivity of perception and demonstrates that the altered state of 

consciousness is not chaotic, but rather controlled by the artist. From the perspective of the psychology 

of pictorial representation, the viewerôs brain tends to complete missing elements of form, drawing on 

unconscious experience [9]. 

A revealing example of such structural complexity is the painting The Endless Enigma (1938). 

  

Table 1. Comparative analysis of Salvador Dal²ôs paintings in terms of the degree of visual 

multilayering and the use of the paranoiac-critical method. 

 

Picture Number of 

visual layers 

Psychological effect Technique of execution 

Swans Reflecting 

Elephants (1937)  

2 Liminal perception, double 

vision  

Academic realism + 

illusionism  
The Great Masturbator 

(1929) 

3 Elimination of unconscious 

fears 

Detailed drawing and 

realism 

The endless mystery 

(1938) 

6 Multi -layered perception 

and active participation of 

the viewer 

Multifaceted 

composition, technical 

precision 

The Hallucinogenic 

Bullfighter (1968ï

1970) 

8+ Scaling of internal 

experience, visual saturation 

Large-format realistic 

technique, optical 

pixelization 

 

Unlike the artist's earlier paintings, where the transformation took place between two objects, 

here the author constructs a multilayered matrix unprecedented in complexity. Six independent planes 

coexist simultaneously on one canvas: the viewer can sequentially identify the face of a mythological 

cyclops, a landscape with a seated philosopher, a hound dog, a still life with a mandolin, and a 

mythical beast [11]. The process of contemplating this painting requires active optical effort, as 

deciphering one image inevitably leads to the destruction of the previous one. You can see that the 

artist is proving that the state of altered consciousness is not a chaotic set of unreadable forms, but a 

complex spatial structure that is subject to the artist's control. 

The interest of Salvador Dal² in the study of internal psychological processes began in his youth. 

During his studies in Madrid, he became fascinated with the works of Sigmund Freud, which 

significantly influenced his understanding of the unconscious. During this period, he began to regard 
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dreams, fantasies, and irrational impulses as a legitimate source of inspiration. Later, these ideas 

became the foundation of his artistic method. 

Of particular importance for the formation of Dal²ôs artistic development was his stay in Paris 

and his contact with other Surrealists. During this period, his work with altered states of consciousness 

became more conscious and systematic. The artist sought to capture images arising at the boundary 

between sleep and wakefulness, when rational control weakens. He considered such moments to be the 

most productive for his imagination. 

It is interesting that the irrational nature of Salvador Dal²ôs work is combined with a high degree 

of technical precision. His paintings are distinguished by academic refinement, clarity of form, and 

meticulous attention to detail. This creates a tension between rational technique and irrational content, 

making his works multilayered and highly saturated. The altered state of consciousness does not 

destroy form; on the contrary, it enriches it. 

A key characteristic of the paranoiac-critical method is the paradoxical materiality of dreamlike 

images. While in a liminal state of consciousness, Dal² perceived irrational elements not as vague 

illusions, but as heavy, physically tangible objects [6]. Such a synthesis of painterly illusion and 

exceptional visual density is brilliantly realized in the painting The Metamorphosis of Narcissus 

(1937). 

Here, the artist employs the technique of ñpetrificationò of living matter, where the smooth 

figure of a young man is duplicated and transformed into a rigid, cracked stone hand. The use of a 

finely polished academic painting style allows the artist to create textures of extreme credibility and 

volume. The transition from the warm coloration of the human body to the cold texture of stone 

symbolizes the fixation of an altered state of consciousness. 

The viewerôs eye perceives the form not as an ephemeral dream, but as an objectively existing 

spatial object [11], which gives the irrational hallucination stability and completeness. 

In his diaries and writings, Salvador Dal² described the altered state of consciousness not only as 

a source of inspiration, but also as a mode of existence. He deconstructed conventional notions of 

normality, logic, and morality, turning his life into a continuation of a surrealist experiment. 

Such a position provoked mixed reactions, but it was precisely this stance that made his work a 

coherent artistic system in which personal experience was inseparably linked to visual outcomes. 

At different stages of his artistic development, Salvador Dal² worked with altered states of 

consciousness in various forms. In his early and mature periods, he was primarily interested in dreams, 

bodily impulses, and unconscious fears. In his later works, he turned to science, religion, and 

philosophical reflection, yet the principle of transforming reality remained unchanged. Inner states 

continued to serve as the starting point for image creation, although they were increasingly 

subordinated to a strict compositional structure. 

In the postwar decades, the artistôs method underwent a significant evolution: the focus of his 

interests shifted from psychoanalysis toward the exact sciences, which Dal² himself described as 

ñnuclear mysticism.ò The culmination of this synthesis of science, psychoanalysis, and classical art is 

the large-scale painting The Hallucinogenic Toreador (1968ï1970) (Figure No. é). 

The physical scale of the work (approximately four meters in height) becomes an independent 

instrument of psychological impact, visually engulfing the viewer [11]. The central image of the 

composition-the face of the bullfighter-has no clear contours of its own; it is synthesized from shadows 

and voids between the repeatedly duplicated figures of the Venus de Milo. The use of optical 

ñpixelationò elements visualizes a state of cognitive tension in which spatial volume is perceived 

simultaneously as both an ancient sculpture and a human face. 

This monumental approach illustrates that deep internal experiences in an altered state of 

consciousness can be scaled and subordinated to a strict compositional logic. 

Salvador Dal² often turned to psychology in his work as a primary source of idea generation. 

Dal² used a specific method: he immersed himself in a state between sleep and wakefulness and drew 

the images that emerged. This approach allowed him to depict dreams with their complex narratives 

and symbols, frequently engaging with liminal mental states as a foundation for artistic creation. 
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To demonstrate the paranoiac-critical method, he created paintings that required active 

participation from the viewer in visually decoding the image, as if immersing them in the same altered 

state of consciousness. A representative example of this approach is the rarely mentioned work The 

Invisible Sleeping Woman, Horse, Lion (1930). 

In this composition, the artist abandons a straightforward illustration of a dream, instead offering 

an optical puzzle. At the center of the painting is a complex, massive form resembling a monumental 

relief or a heap of stones. However, upon prolonged observation, this academically rendered structure 

begins to transform. First, the viewer perceives the outline of a sleeping nude woman; then her forms 

smoothly shift into the large head of a horse; and with a change of focus, into the silhouette of a lion. 

This painting is a brilliant demonstration of how an altered state of consciousness operates: the 

physical image on the canvas remains static, yet its interpretation by the mind is in constant flux. Dal² 

employs a strict, realistic painting technique to give his irrational visions weight and tangibility. The 

dual and triple images do not arise accidentally; they are architecturally constructed and carefully 

calibrated. The artist demonstrates that paranoid vision can be fixed and transformed into a complex, 

multilayered pictorial structure that actively governs the viewerôs perception. 

Particular attention in the creative practice of Salvador Dal² was devoted to the study of the 

mechanism by which inner experience is transformed into visual imagery. Unlike early Surrealism, 

where the automatic reproduction of dreamlike narratives was often random in nature, Dal² 

consciously used altered states of consciousness as a methodological tool. Liminal states between sleep 

and wakefulness, emotional surges, and deliberately induced experiences allowed the artist to capture 

irrational impulses while structuring them through the paranoiac-critical method. This systematization 

ensured a unique combination of spontaneous inspiration and precise academic technique, which 

became a defining feature of his painting. 

An important aspect of Dal²ôs work was the use of visual contradictions and ambiguity of 

images, which created a multilayered structure of perception. Using the painting The Great 

Masturbator as an example, one can observe how the central form simultaneously functions as a 

bodily image and as an element of a metaphysical space, requiring active viewer participation in 

decoding visual information. This technique intensifies the effect of immersion, forcing the observer to 

shift between different levels of interpretation, thereby imitating the dynamics of an altered state of 

consciousness. Dal²ôs painting thus functions not only as an artwork but also as an interactive psychic 

environment in which the viewer becomes a co-participant in the creative process. 

The systematic use of pareidolia is also a key component of Dal²ôs method. By employing 

natural and artificial forms as ñfillersò of visual perception, the artist creates images that the viewer 

completes independently, allowing for multiple interpretations of a single compositional element. In 

the case of The Invisible Sleeping Woman, Horse, Lion, the simultaneous existence of several images 

within one canvas demonstrates controlled complexity of perception and the subordination of irrational 

elements to authorial control. 

No less significant is the influence of the cultural and artistic context on the formation of 

Salvador Dal²ôs visual language. His familiarity with the work of Hieronymus Bosch, with its symbolic 

compositions and fantastical creatures, as well as his involvement in the Surrealist circle in Paris, 

contributed to the development of a method for capturing irrational experience and the formation of 

visual multilayering. These sources enabled Dal² to correlate inner experiences with existing artistic 

models, creating a dialogue between personal experience and the historical heritage of art. 

In his later creative period, Dal²ôs work shows a shift toward large-scale and complex 

compositions, where altered consciousness becomes a tool for conceptualizing and visualizing 

profound philosophical and scientific ideas. The large-format painting The Hallucinogenic Toreador 

demonstrates a synthesis of psychoanalytic concepts, scientific approaches, and classical technique. 

Here, inner experiences are expanded to a monumental scale, creating an effect of emotional and 

cognitive immersion for the viewer within the pictorial space. This approach confirms that altered 

states of consciousness in Dal²ôs work are not a random source of inspiration, but a methodological 

tool of artistic creation. 
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Dal²ôs practice demonstrates the integration of personal psychological experience, conscious 

control over irrational imagery, and precise visual technique. It becomes a model of artistic work under 

conditions of altered consciousness, where subjective experience is transformed into a structured 

visual form. These methods show that the interaction of rational and irrational, conscious and 

unconscious, can be used as an effective artistic tool, opening new possibilities for multilayered 

symbolism and emotional expressiveness in painting. 

Conclusion 

In the course of the study, key aspects of the influence of altered states of consciousness on the 

work of Salvador Dal² were identified. First, it enables the synthesis of unexpected visual 

combinations, allowing the creation of images that go beyond habitual perception. Second, altered 

consciousness intensifies the emotional richness of artworks, producing multilayered compositions 

capable of evoking associative and emotional engagement from the viewer. Third, it contributes to the 

development of visual symbolism, which functions as a universal language of the unconscious, 

enabling the viewer to interpret the artistôs inner experience. 

Salvador Dal²ôs legacy is of significant importance for contemporary art. Methods of working 

with altered states of consciousness are also applied in modern artistic practice, including digital 

media, virtual reality, and psychedelic graphics. Contemporary artists use techniques of capturing 

irrational images, multilayered visual structures, and pareidolia effects, which confirms the 

universality and relevance of Dal²ôs authorial methodology. His methods demonstrate that altered 

states of consciousness can function as a methodological tool for exploring the unconscious, 

developing new artistic techniques, and creating innovative visual forms. Dal²ôs practice shows that 

inner experiences and subjective associations can be systematized and transformed into artistic images 

endowed with ambiguity, emotional expressiveness, and conceptual depth. 

In addition, the analysis of Dal²ôs work serves as a model for studying contemporary artists who 

use altered states of consciousness as an authorial methodology for constructing visual imagery. It 

highlights the importance of the interaction between rational and irrational, conscious and unconscious 

processes in the creation of visual works and demonstrates the possibilities of integrating the artistôs 

personal experience into visual language. 

The practice of Salvador Dal² confirms that altered states of consciousness are not only a 

psychological phenomenon but also an effective tool of artistic creation. His methods open new 

horizons for visual art, contribute to the development of emotional expressiveness and multilayered 

semantics of artistic images, and form a valuable methodological foundation for the study of both 

historical and contemporary art. 
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Figure 1. Swans Reflecting Elephants. Oil on canvas. 1937. 51 Ĭ 77 cm. Private collection 

(Cavalieri Holding Co., Inc.), Geneva. 
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Figure 2. The Great Masturbator. Oil on canvas. 1929. 110 Ĭ 150 cm. Museo Reina Sof²a. 

 

 

 
 

Figure 3. The Hallucinogenic Toreador. Oil on canvas. 1968ï1970. 398.8 Ĭ 299.7 cm. The Dal² 

Museum. 
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ʉʊʈɸʊɽɻʀʏɽʉʂʆɽ ʇʃɸʅʀʈʆɺɸʅʀɽ ʀ ʌɸʂʊʆʈʓ 

ʂʆʅʂʋʈɽʅʊʆʉʇʆʉʆɹʅʆʉʊʀ ʄɸʃʆɻʆ ɹʀɿʅɽʉɸ ɺ ʉʌɽʈɽ HORECA 

 

 

ɼʞʘʧʘʨʦʚʘ ʄ.ʄ. 

ʤʘʛʠʩʪʨʘʥʪ ʧʨʦʛʨʘʤʤʳ MBA, Maqsut Narikbayev University, 

ʛ. ɸʩʪʘʥʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

 ɸʥʥʦʪʘʮʠʷ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʩʬʝʨʝ HoReCa. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʫʩʠʣʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ, ʨʦʩʪʦʤ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʜʘʧʪʘʮʠʠ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʘʩʳʱʝʥʥʦʛʦ 

ʛʦʨʦʜʩʢʦʛʦ ʨʳʥʢʘ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʶʪ ʤʝʪʦʜʳ ʣʦʢʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʣʦʢʘʣʴʥʦ- ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʡ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʩʪʨʫʢʪʫʨʫ ʢʣʠʝʥʪʩʢʦʛʦ ʧʦʪʦʢʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʧʦʜʭʦʜʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʩʬʝʨʝ HoReCa. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʤʘʣʳʡ ʙʠʟʥʝʩ, HoReCa, ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʢʦʬʝʡʥʷ, ʣʦʢʘʣʴʥʳʡ ʨʳʥʦʢ, ɸʩʪʘʥʘ, ʙʠʟʥʝʩ-ʤʦʜʝʣʴ 

  

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʦʨʦʜʘ 

ɸʩʪʘʥʘ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʝʤ ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʝʢʪʦʨ HoReCa 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʢʘʢ ʵʣʝʤʝʥʪ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʚʩʝʜʥʝʚʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ. 

ʈʦʩʪ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʨʳʥʢʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʦʪ ʠʥʪʫʠʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʙʠʟʥʝʩʦʤ ʢ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ ʤʝʪʦʜʘʤ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʥʘʩʳʱʝʥʥʦʛʦ ʨʳʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʪʘ, ʥʦ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʜʘʧʪʠʨʦʚʘʪʴ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʢ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʣʦʢʘʣʴʥʦʛʦ ʩʧʨʦʩʘ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ ʬʦʨʤʘʪʦʚ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʩʦʯʝʪʘʶʱʠʭ ʬʫʥʢʮʠʠ ʙʳʩʪʨʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ. 
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ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʠ ʧʦʚʳʩʠʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʣʦʱʘʜʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʩʬʝʨʝ HoReCa ʥʘ 

ʧʨʠʤʝʨʝ ʧʨʦʝʢʪʘ ʤʠʥʠ- ʢʦʬʝʡʥʠ çTA¤ COFFEEè. 

1. ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʘʪʠʢʠ ʠ ʨʳʥʦʯʥʦʛʦ ʢʦʥʪʝʢʩʪʘ 

ʈʳʥʦʢ ʢʦʬʝʝʥ ʛʦʨʦʜʘ ɸʩʪʘʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʦʥʢʫʨʝʥʮʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʪʝʡ, ʣʦʢʘʣʴʥʳʭ ʙʨʝʥʜʦʚ ʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʣʦʛʦ ʬʦʨʤʘʪʘ. ɺ ʫʩʣʦʚʠʷʭ ʥʘʩʳʱʝʥʥʦʩʪʠ ʨʳʥʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʦʙʣʝʤʘʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʩʬʝʨʝ HoReCa ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʘʨʝʥʜʳ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ, ʨʦʩʪ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʠʥʬʣʷʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʫʜʝʨʞʘʥʠʷ ʢʣʠʝʥʪʦʚ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʯʝʪʢʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚʳʨʫʯʢʠ ʠ 

ʚʳʩʦʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʚʳʩʪʫʧʘʝʪ ʦʨʠʝʥʪʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʥʘ ʦʜʥʦʪʠʧʥʳʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ, ʥʝ ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʩʧʨʦʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʣʠʯʠʝ ʧʝʰʝʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʛʦ 

ʫʨʦʚʥʷ ʧʨʦʜʘʞ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʘʜʘʧʪʘʮʠʶ ʢ ʣʦʢʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʩʧʨʦʩʘ. 

2. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥ ʣʦʢʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ 

ʘʥʘʣʠʟ ʩʧʝʮʠʬʠʢʠ ʢʦʥʢʨʝʪʥʦʡ ʣʦʢʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ: 

Å ʘʥʘʣʠʟ ʣʦʢʘʣʴʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʧʦʪʦʢʘ; 

Å ʦʮʝʥʢʫ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ; 

Å ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ; 

Å ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʬʦʨʤʘʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪ çTA¤ COFFEEè, ʨʝʘʣʠʟʫʝʤʳʡ ʚ 

ʬʦʨʤʘʪʝ ʛʠʙʨʠʜʥʦʡ ʢʦʬʝʡʥʠ ʧʣʦʱʘʜʴʶ 100 ʢʚ. ʤ. ɼʘʥʥʳʡ ʬʦʨʤʘʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʯʝʪʘʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ, ʚʢʣʶʯʘʷ ʟʦʥʫ ʙʳʩʪʨʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʩʘʜʦʯʥʫʶ ʟʦʥʫ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʢʦʤʤʝʨʯʝʩʢʦʡ  ʧʣʦʱʘʜʠ.  ɺ  ʦʪʣʠʯʠʝ  ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʬʦʨʤʘʪʦʚ, ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʦʤ, 

ʧʦʚʳʩʠʪʴ ʩʨʝʜʥʠʡ ʯʝʢ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʦʭʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʦʧʝʨʘʮʠʦʥʥʳʡ 

ʨʝʩʫʨʩ, ʥʦ ʠ ʢʘʢ ʵʣʝʤʝʥʪ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʪʨʘʪʝʛʠʠ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʬʘʢʪʦʨʳ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘ ʚ ʩʬʝʨʝ HoReCa ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʂʣʶʯʝʚʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ: 

ʃʦʢʘʮʠʷ. 
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ɺʳʙʦʨ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʫʨʦʚʝʥʴ ʧʝʰʝʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ, ʥʦ 

ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ, ʚʢʣʶʯʘʷ ʥʘʣʠʯʠʝ ʦʬʠʩʥʦʡ ʠ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɻʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʣʦʱʘʜʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʜʦʭʦʜʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʧʝʨʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʎʝʥʦʚʘʷ ʠ ʘʩʩʦʨʪʠʤʝʥʪʥʘʷ ʧʦʣʠʪʠʢʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ ʜʦʩʪʫʧʥʦʛʦ ʮʝʥʦʚʦʛʦ ʫʨʦʚʥʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʧʦʢʫʧʦʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʩʧʨʦʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

  

4. ʀʥʩʪʨʫʤʝʥʪʳ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʩʬʝʨʝ HoReCa, ʧʨʝʜʣʦʞʝʥ ʢʦʤʧʣʝʢʩ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʣʦʢʘʣʴʥʦʛʦ ʨʳʥʢʘ. 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝʪʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʩʧʨʦʩʘ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ɼʣʷ ʧʨʦʝʢʪʘ çTA¤ COFFEEè ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʛʠʙʨʠʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʩʦʯʝʪʘʶʱʝʝ ʬʫʥʢʮʠʠ ʙʳʩʪʨʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʢʦʤʬʦʨʪʥʦʛʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʬʝʝʥ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʜʦʩʫʛ, ʧʨʝʜʧʨʠʷʪʠʝ ʜʝʣʘʝʪ ʘʢʮʝʥʪ ʥʘ ʩʦʯʝʪʘʥʠʠ ʩʢʦʨʦʩʪʠ, 

ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʢʣʶʯʘʝʪ: 

Å ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ (ʦʬʠʩʥʳʝ ʩʦʪʨʫʜʥʠʢʠ, ʩʪʫʜʝʥʪʳ, ʞʠʪʝʣʠ 

ʨʘʡʦʥʘ); 

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʥʦʩʪʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ (ʙʳʩʪʨʳʡ ʩʝʨʚʠʩ + ʢʦʤʬʦʨʪʥʘʷ 

ʩʨʝʜʘ); 

Å ʘʜʘʧʪʘʮʠʶ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʧʦʜ ʝʞʝʜʥʝʚʥʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʨʷʤʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʩ ʢʨʫʧʥʳʤʠ 

ʩʝʪʷʤʠ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʨʳʥʦʯʥʫʶ ʥʠʰʫ. 

2. ɺʥʝʜʨʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ɺʪʦʨʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʳʩʪʫʧʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʣʦʱʘʜʠ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çTA¤ COFFEEè ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʣʦʱʘʜʴʶ 100 ʢʚ. ʤ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʤʝʞʜʫ ʟʦʥʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʩʘʜʦʯʥʦʡ ʟʦʥʦʡ ʠ ʢʦʚʦʨʢʠʥʛ- ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ: 

Å ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʦʤ; 
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Å ʩʦʟʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʧʦʪʨʝʙʣʝʥʠʷ (ʨʘʙʦʪʘ, ʚʩʪʨʝʯʠ, 

ʦʞʠʜʘʥʠʝ); 

Å ʧʦʚʳʩʠʪʴ ʩʨʝʜʥʠʡ ʯʝʢ ʟʘ ʩʯʝʪ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʧʨʦʜʫʢʮʠʠ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʚʢʣʶʯʘʝʪ: 

Å ʦʨʛʘʥʠʟʘʮʠʶ ʵʨʛʦʥʦʤʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦʪʦʢʦʚ ʢʣʠʝʥʪʦʚ; 

Å ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʣʠʯʠʷ ʨʦʟʝʪʦʢ, ʫʜʦʙʥʦʡ ʤʝʙʝʣʠ ʠ Wi-Fi; 

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʟʫʘʣʴʥʦ ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʟʘʪʨʘʪʥʦʡ ʩʪʘʪʴʝʡ, ʘ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʚʝʣʠʯʝʥʠʷ ʜʦʭʦʜʥʦʩʪʠ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ: 

Å CRM-ʩʠʩʪʝʤʳ ʜʣʷ ʫʯʝʪʘ ʢʣʠʝʥʪʦʚ ʠ ʘʥʘʣʠʟʘ ʧʦʚʪʦʨʥʳʭ ʧʦʢʫʧʦʢ; 

Å POS-ʩʠʩʪʝʤʳ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʙʝʟʥʘʣʠʯʥʳʭ ʧʣʘʪʝʞʝʡ (ʚʢʣʶʯʘʷ Kaspi QR); 

Å ʧʨʦʛʨʘʤʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ ʦʩʪʘʪʢʦʚ ʠ ʟʘʢʫʧʦʢ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʳʨʘʞʘʝʪʩʷ 

ʚ: 

Å ʩʦʢʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

Å ʩʥʠʞʝʥʠʠ ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ; 

Å ʧʦʚʳʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ; 

Å ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʢʣʠʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʙʠʟʥʝʩʘ ʠ ʧʦʚʳʰʘʶʪ 

ʝʛʦ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʨʳʥʢʘ. 

4. ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʝʥʪʩʢʠʤ ʦʧʳʪʦʤ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʢʣʠʝʥʪʩʢʠʤ ʦʧʳʪʦʤ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ: 

Å ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʣʦʷʣʴʥʦʩʪʠ (ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʙʦʥʫʩʳ, ʘʢʮʠʠ); 

Å ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

Å ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʚʢʫʩʘ ʧʨʦʜʫʢʮʠʠ; 

Å ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʯʝʨʝʟ ʮʠʬʨʦʚʳʝ ʢʘʥʘʣʳ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʚʳʯʢʠ ʨʝʛʫʣʷʨʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʢʣʠʝʥʪ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʧʨʦʜʫʢʪʦʤ, ʥʦ ʠ ʟʘ ʫʜʦʙʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʝʨʚʠʩʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʢʣʠʝʥʪʩʢʠʤ ʦʧʳʪʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʣʦʷʣʴʥʦʩʪʠ 

ʠ ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʫ ʧʦʩʝʱʝʥʠʡ. 

5. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʠʟʥʝʩʘ ʥʝʦʙʭʦʜʠʤʘ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ, ʚʢʣʶʯʘʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ, ʬʠʥʘʥʩʦʚʳʝ ʠ ʧʨʘʚʦʚʳʝ ʤʝʨʳ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ: 

Å ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʧʦʩʪʘʚʱʠʢʦʚ ʩʳʨʴʷ (ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʘʨʪʥʝʨʦʚ); 

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʝʨʚʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʟʤʝʨʝ 10% ʦʪ ʚʳʨʫʯʢʠ; 

Å ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ; 

Å ʶʨʠʜʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʜʦʛʦʚʦʨʦʚ ʘʨʝʥʜʳ ʠ ʧʦʩʪʘʚʦʢ; 

Å ʚʥʝʜʨʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ ʠ ʢʦʥʪʨʦʣʷ (ʚʢʣʶʯʘʷ ʵʣʝʤʝʥʪʳ 

HACCP). 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʤʝʨ ʧʦʟʚʦʣʷʝʪ: 

Å ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ; 

Å ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʪʘʚʦʢ; 

Å ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ; 

Å ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʘʚʦʚʳʝ ʥʘʨʫʰʝʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʨʳʥʢʝ HoReCa ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴʶ ʘʜʘʧʪʘʮʠʠ ʢ ʣʦʢʘʣʴʥʦʤʫ ʨʳʥʢʫ. 

ʅʘ ʧʨʠʤʝʨʝ ʧʨʦʝʢʪʘ çTA¤ COFFEEè ʦʙʦʩʥʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ 

ʢʦʬʝʡʥʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʙʳʩʪʨʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʣʠʝʥʪʩʢʦʡ ʣʦʷʣʴʥʦʩʪʠ, ʨʦʩʪʘ ʩʨʝʜʥʝʛʦ ʯʝʢʘ ʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʣʦʱʘʜʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʠʥʩʪʨʫʤʝʥʪʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʚ ʩʬʝʨʝ HoReCa, ʘ ʪʘʢʞʝ ʘʜʘʧʪʠʨʦʚʘʥʳ 

ʜʣʷ ʜʨʫʛʠʭ ʩʝʛʤʝʥʪʦʚ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ɹʶʨʦ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʉʦʮʠʘʣʴʥʦ- 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʛʠʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

2. ʅʘʮʠʦʥʘʣʴʥʳʡ ɹʘʥʢ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʨʘʟʚʠʪʠʶ 

ʮʠʬʨʦʚʳʭ ʧʣʘʪʝʞʝʡ. 

3. Statista Market Insights. Coffee Market in Kazakhstan. 

4. Porter M. Competitive Strategy: Techniques for Analyzing Industries and Competitors. 

5. Kotler P., Keller K. Marketing Management. 

6. Osterwalder A., Pigneur Y. Business Model Generation. 

7. ʄʘʪʝʨʠʘʣʳ ʤʘʛʠʩʪʝʨʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʝʢʪʫ çTA¤ COFFEEè, 2026. 
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ɾʘʨʳʣϨʘʩʳʥ ɸʷʢϺʟ ʉʝʠʣʴϨʘʩʳʤϨʳʟʳ 

2 ʢʫʨʩ ʤʘʛʠʩʪʨʘʥʪʳ 

ɸʙʘʡ ʘʪʳʥʜʘϤʳ ϧʘʟϯʇʋ, ϧʘʟʘϨʩʪʘʥ, ɸʣʤʘʪʳ Ϩ. 

ϣʳʣʳʤʠ ʞʝʪʝʢʰʽ:  

ʬ.-ʤ.Ϥ.ʢ., ʜʦʮʝʥʪ ʂʫʨʤʘʥʛʘʣʠʝʚʘ ɺ.ʆ. 

 

      ɸשʜʘʪʧʘ. ɹײʣ ʞײʤʳʩʪʘ Be ʷʜʨʦʩʳʥʜʘסʳ ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʜʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʘʥʳץʪʘʫ ʤᴅʩʝʣʝʩʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ Be = He + įHe ʷʜʨʦʣʳץ ʨʝʘʢʮʠʷʩʳ 

ʥʝʛʽʟʽʥʜʝ ʪװʟʽʣʝʪʽʥ ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʜʝשʛʝʡʣʝʨʽ, ʝʥʽ ʞᴅʥʝ ᴇʤʽʨ ʩװʨʫ ʫʘץʳʪʳ 

ʪʘʣʜʘʥʜʳ. ɾײʤʳʩʪʘ Be ʷʜʨʦʩʳʥʳש ʙʘʡʣʘʥʳʩץʘʥ ʞᴅʥʝ ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʽʥʽש ʩʧʠʥ-ʧʘʨʠʪʝʪʪʝʨʽ 

(*) ʝʩʢʝʨʽʣʜʽ. ʈʝʟʦʥʘʥʩʪʳש ʝʥʽ ʤʝʥ ᴇʤʽʨ ʩװʨʫ ʫʘץʳʪʳ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ץʘʨʘʩʪʳʨʳʣʳʧ, 

ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨʳʣʜʳ. ɿʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ Be ʷʜʨʦʩʳʥʳײץ שʨʳʣʳʤʳʥ ʪʝʨʝשʽʨʝʢ ʪװʩʽʥʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʷʜʨʦʣʳץ 

ʘʩʪʨʦʬʠʟʠʢʘʜʘסʳ, ᴅʩʽʨʝʩʝ ʞײʣʜʳʟʜʘʨʜʘס rʪʝʨʤʦʷʜʨʦʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʩʠʧʘʪʪʘʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ 

ʘʪץʘʨʘʜʳ. 

 ʂʽʣʪ ʩᴇʟʜʝʨ: ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨ, ʷʜʨʦʣʳץ ʨʝʘʢʮʠʷ, ʙʘʡʣʘʥʳʩץʘʥ ʢװʡʣʝʨ, ʩʧʠʥ-

ʧʘʨʠʪʝʪʪʝʨ, ᴇʤʽʨ ʩװʨʫ ʫʘץʳʪʳ, ʢʣʘʩʪʝʨ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʍʘʩʝʛʘʚʘïʅʘʛʘʪʘ ʧʦʪʝʥʮʠʘʣʳ, 

ʨʝʟʦʥʘʥʩʪʳ ʪʦʧʪʘʨ ᴅʜʽʩʽʥʽש ʘʣʛʝʙʨʘʣʳץ ʥײʩץʘʩʳ (AVRGM). 

 

 ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʟʦʥʘʥʩʥʳʭ ʩʦʩʪʦʷʥʠʡ ʷʜʨʘ Be. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʫʨʦʚʥʠ, ʰʠʨʠʥʳ ʠ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʨʝʟʦʥʘʥʩʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʨʘʤʢʘʭ ʷʜʝʨʥʦʡ 

ʨʝʘʢʮʠʠ Be = He + įHe. ɺ ʨʘʙʦʪʝ ʫʯʪʝʥʳ ʩʧʠʥ-ʧʘʨʠʪʝʪʳ (*) ʩʚʷʟʘʥʥʳʭ ʠ ʨʝʟʦʥʘʥʩʥʳʭ 
ʩʦʩʪʦʷʥʠʡ ʷʜʨʘ Be. ʈʘʩʩʤʦʪʨʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʰʠʨʠʥʦʡ ʨʝʟʦʥʘʥʩʘ ʠ ʚʨʝʤʝʥʝʤ ʝʛʦ ʞʠʟʥʠ, 

ʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʷʜʨʘ Be ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʷʜʝʨʥʦʡ ʘʩʪʨʦʬʠʟʠʢʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʦʧʠʩʘʥʠʠ ʪʝʨʤʦʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʚʸʟʜʘʭ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʟʦʥʘʥʩʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ, ʩʚʷʟʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʩʧʠʥ-

ʧʘʨʠʪʝʪ, ʚʨʝʤʷ ʞʠʟʥʠ, ʢʣʘʩʪʝʨ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʍʘʩʝʛʘʚʳïʅʘʛʘʪʳ, 

ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʚʝʨʩʠʷ ʤʝʪʦʜʘ ʨʝʟʦʥʠʨʫʶʱʠʭ ʛʨʫʧʧ (AVRGM). 

 

 Abstract. This paper addresses the problem of determining the parameters of resonant states of 

the Be nucleus. In the course of the study, the energy levels, widths, and lifetimes of resonant states 

formed within the framework of the nuclear reaction Be = He + įHe were analyzed. The spin-parity 

(*) of both bound and resonant states of the Be nucleus were taken into account. The relationship 

between the resonance width and its lifetime was examined, and the obtained results were compared 

with theoretical and experimental data. The results of this study provide a deeper understanding of the 

structure of the Be nucleus and play an important role in nuclear astrophysics, particularly in 

describing thermonuclear processes in stars. 

 Keywords: resonant states, nuclear reaction, bound states, spin-parity, lifetime, cluster, 

modified HasegawaïNagata potential, algebraic version of the resonating group method (AVRGM). 

 

 ʂʽʨʽʩʧʝ. ɾʝשʽʣ ʷʜʨʦʣʘʨʜʳײץ שʨʳʣʳʤʳ ʤʝʥ ʦʣʘʨʜʳש ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʽʥ ʟʝʨʪʪʝʫ 

ʷʜʨʦʣʳץ ʬʠʟʠʢʘʥʳש ʤʘשʳʟʜʳ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʩʳʥʜʘʡ ʷʜʨʦʣʘʨʜʳש 
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 ʳסʣʜʳʟʜʘʨʜʘײʘʩʪʨʦʬʠʟʠʢʘʜʘ, ᴅʩʽʨʝʩʝ ʞ ץʘʪʘʨʳʥʘ Be (ʙʝʨʠʣʣʠʡ-7) ʷʜʨʦʩʳ ʞʘʪʘʜʳ, ʦʣ ʷʜʨʦʣʳץ

ʪʝʨʤʦʷʜʨʦʣʳץ ʧʨʦʮʝʩʪʝʨʜʝ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. Be ʷʜʨʦʩʳ ʂװʥʜʝʛʽ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʜʳץ 

ʮʠʢʣʜʽש ʥʝʛʽʟʛʽ ʙʫʳʥʜʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʨʝʘʢʮʠʷʣʘʨʜʘ ʪװʟʽʣʝʜʽ ʞᴅʥʝ ʦʥʳש 

 ʘ ʠʝ[1]. Beסʳʟשʣʢʝʥ ʤʘװ ʩʽʥʜʽʨʫʜʝװʳ ʵʥʝʨʛʠʷ ʙᴇʣʽʥʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ʪסʣʜʳʟʜʘʨʜʘײʘʩʠʝʪʪʝʨʽ ʞץ

ʷʜʨʦʩʳʥʳש ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʽ ʦʥʳײץ שʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʥʝʛʽʟʛʽ 

ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʈʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨ ʷʜʨʦʥʳש ʙʝʣʛʽʣʽ ʙʽʨ ʵʥʝʨʛʠʷ ʘʡʤʘסʳʥʜʘ 

ʪײʨʘץʩʳʟ ץʦʟסʘʥ ʢװʡʣʝʨʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʦʣʘʨ ʵʥʝʨʛʠʷʩʳ, ʝʥʽ (ũ) ʞᴅʥʝ ᴇʤʽʨ ʩװʨʫ 

ʫʘץʳʪʳ (Ű) ʩʠʷץʪʳ ʧʘʨʘʤʝʪʨʣʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ [2]. ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ ï Be ʷʜʨʦʩʳʥʜʘסʳ 

ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʜʽש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ (ʵʥʝʨʛʠʷ, ʝʥʽ, ᴇʤʽʨ ʩװʨʫ ʫʘץʳʪʳ) ʘʥʳץʪʘʫ ʞᴅʥʝ 

ʦʣʘʨʜʳ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʪʘʣʜʘʫ.  

 ɿʝʨʪʪʝʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ. ɹײʣ ʞײʤʳʩʪʘ Be ʷʜʨʦʩʳʥʜʘסʳ ʨʝʟʦʥʘʥʩʪʳ 

ʢװʡʣʝʨʜʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʪʝʦʨʠʷʣʳץ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ. ɿʝʨʪʪʝʫ 

ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ Ŭ-ʙᴇʣʰʝʢ (He) ʧʝʥ įHe ʷʜʨʦʣʘʨʳʥʳש ᴇʟʘʨʘ ᴅʩʝʨʣʝʩʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʪװʟʽʣʝʪʽʥ Be 

ʷʜʨʦʩʳʥʳץ שʦʟסʘʥ ʢװʡʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ. ʅʝʛʽʟʛʽ ʥʘʟʘʨ ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʜʽש ʵʥʝʨʛʠʷʣʘʨʳ, 

ʝʥʜʝʨʽ (ũ) ʞᴅʥʝ ᴇʤʽʨ ʩװʨʫ ʫʘץʳʪʪʘʨʳʥ (Ű) ʘʥʳץʪʘʫסʘ ʙʘסʳʪʪʘʣʜʳ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʷʜʨʦʣʳץ ʞװʡʝʥʽ ʩʠʧʘʪʪʘʫ װʰʽʥ ʝʢʽ ʜʝʥʝʣʽ ʢʣʘʩʪʝʨʣʽʢ ʤʦʜʝʣʴ 

 ʣײʘʨʘʩʪʳʨʳʣʜʳ [3]. ɹץ ʡʝʩʽ ʨʝʪʽʥʜʝװʥʜʘ Be ʷʜʨʦʩʳ He + įHe ʢʣʘʩʪʝʨʣʝʨ ʞײʦʣʜʘʥʳʣʜʳ, ʤץ

ʪᴅʩʽʣ ʞʝשʽʣ ʷʜʨʦʣʘʨʜʳײץ שʨʳʣʳʤʳʥ ʟʝʨʪʪʝʫʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʧʝʢʪʨʣʽʢ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʘʩʠʝʪʪʝʨʽʥ ʪʠʽʤʜʽ ʩʠʧʘʪʪʘʫץ

ʈʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʜʽ ʝʩʝʧʪʝʫ װʰʽʥ ʨʝʟʦʥʘʥʩʪʳ ʪʦʧʪʘʨ ᴅʜʽʩʽʥʽש ʘʣʛʝʙʨʘʣʳץ ʥײʩץʘʩʳ 

(Algebraic Version of the Resonating Group Method, AVRGM) ʧʘʡʜʘʣʘʥʳʣʜʳ [4]. ɹײʣ ᴅʜʽʩ 

ʷʜʨʦʣʳץ ʞװʡʝʥʽש ʪʦʣץʳʥʜʳץ ʬʫʥʢʮʠʷʩʳʥ ʢʣʘʩʪʝʨʣʽʢ ʢʦʦʨʜʠʥʘʪʘʣʘʨʜʘ ʞʽʢʪʝʫʛʝ ʞᴅʥʝ 

ʐʨʝʜʠʥʛʝʨ ʪʝשʜʝʫʽʥ ʘʣʛʝʙʨʘʣʳץ ʪװʨʜʝ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʜʽʩ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʳש 

ʙʽʨʽ ï ʰʘʰʳʨʘʫ ʝʩʝʧʪʝʨʽʥ ʞᴅʥʝ ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʜʽ ʙʽʨʪײʪʘʩ ʪװʨʜʝ ʩʠʧʘʪʪʘʡ ʘʣʫʳʥʜʘ. 

ʗʜʨʦʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʪʠʽʤʜʽ ᴇʟʘʨʘ ᴅʩʝʨʣʝʩʫʜʽ ʩʠʧʘʪʪʘʫ װʰʽʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʍʘʩʝʛʘʚʘïʅʘʛʘʪʘ ʧʦʪʝʥʮʠʘʣʳ ץʦʣʜʘʥʳʣʜʳ. ɹײʣ ʧʦʪʝʥʮʠʘʣ ʷʜʨʦʣʳץ ʢװʰʪʝʨʜʽץ שʳʩץʘ 

 ʳ ʪʘʨʪʳʣʫʳʥ ʝʩʢʝʨʝʪʽʥ ʪʠʽʤʜʽ ʧʦʪʝʥʮʠʘʣ ʙʦʣʳʧסʪʘץʪʳץʘʰʳץ ʳ ʪʝʙʽʣʫʽʥ ʞᴅʥʝ ʦʨʪʘסʪʘץʪʳץʘʰʳץ

ʪʘʙʳʣʘʜʳ. ʇʦʪʝʥʮʠʘʣ ʧʘʨʘʤʝʪʨʣʝʨʽ ʢʣʘʩʪʝʨʣʝʨ ʘʨʘʩʳʥʜʘסʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ 

(ʬʘʟʘʣʳץ ʳסʳʩʫ, ʙʘʡʣʘʥʳʩ ʵʥʝʨʛʠʷʩʳ) ʩʠʧʘʪʪʘʫסʘ ʩᴅʡʢʝʩ ʪʘשʜʘʣʜʳ [5]. 

ɽʩʝʧʪʝʫʣʝʨ ʙʘʨʳʩʳʥʜʘ ʞװʡʝʥʽש ʛʘʤʠʣʴʪʦʥʠʘʥʳ ʤʘʪʨʠʮʘʣʳץ ʪװʨʜʝ ʞʘʟʳʣʳʧ, ʙʘʟʠʩʪʽʢ 

ʬʫʥʢʮʠʷʣʘʨ ʞʠʳʥʳ ʘʨץʳʣʳ ʜʠʘʛʦʥʘʣʠʟʘʮʠʷʣʘʥʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʩʧʝʢʪʨ ʘʣʳʥʳʧ, 

ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʜʽש ʵʥʝʨʛʠʷʣʘʨʳ ʘʥʳץʪʘʣʜʳ. ʈʝʟʦʥʘʥʩʪʳש ʝʥʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʰʘʰʳʨʘʫ 

ʤʘʪʨʠʮʘʩʳʥʳש (S-ʤʘʪʨʠʮʘ) ʧʦʣʶʩʪʝʨʽ ʥʝʤʝʩʝ ʬʘʟʘʣʳץ ʳסʳʩʫʜʳש ʵʥʝʨʛʠʷסʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

 .ʦʣʜʘʥʳʣʜʳ [6]ץ

ʈʝʟʦʥʘʥʩʪʳש ᴇʤʽʨ ʩװʨʫ ʫʘץʳʪʳ ʦʥʳש ʝʥʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʢʣʘʩʩʠʢʘʣʳץ ץʘʪʳʥʘʩ ʘʨץʳʣʳ 

ʝʩʝʧʪʝʣʜʽ: 
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ʤײʥʜʘסʳ ɽ ï ʨʝʟʦʥʘʥʩ ʵʥʝʨʛʠʷʩʳ, ɻ ï ʨʝʟʦʥʘʥʩ ʝʥʽ, ʐ ï ʨʝʟʦʥʘʥʩʪʳש ᴇʤʽʨ ʩװʨʫ ʫʘץʳʪʳ, ᴐ ï
ʢʝʣʪʽʨʽʣʛʝʥ ʇʣʘʥʢ ʪײʨʘץʪʳʩʳ. 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨʤʝʥ ʞᴅʥʝ ʷʜʨʦʣʳץ ʜʝʨʝʢʪʝʨ ʙʘʟʘʣʘʨʳʤʝʥ 

ʩʘʣʳʩʪʳʨʳʣʜʳ, ʙײʣ ʝʩʝʧʪʝʫ ᴅʜʽʩʽʥʽש ʜײʨʳʩʪʳסʳʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ. ɾװʨʛʽʟʽʣʛʝʥ ʝʩʝʧʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ Be ʷʜʨʦʩʳʥʳש ʨʝʟʦʥʘʥʩʪʳ 

ʢװʡʣʝʨʽʥʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʩʧʝʢʪʨʽ ʘʣʳʥʜʳ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʛʨʘʬʠʢ ʪװʨʽʥʜʝ ײʩʳʥʳʣʳʧ, 

ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʜʽש ʵʥʝʨʛʠʷ ʜʝשʛʝʡʣʝʨʽ ʤʝʥ ʩᴅʡʢʝʩ ʝʥʜʝʨʽʥʽש (ũ) ʤᴅʥʜʝʨʽ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ , ,  ʞᴅʥʝ  ʢװʡʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʳʧ, ʦʣʘʨʜʳש ʩʧʝʢʪʨʜʝʛʽ ʦʨʥʘʣʘʩʫʳ ʤʝʥ 

ʬʠʟʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʪʘʣʜʘʥʜʳ.  
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ɸʣʳʥסʘʥ ʪʝʦʨʠʷʣʳץ ʥᴅʪʠʞʝʣʝʨ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨʳʣʳʧ, ʩᴅʡʢʝʩʪʽʢ 

ʜʝשʛʝʡʽ ʙʘסʘʣʘʥʜʳ(ʢʝʩʪʝ-1, ʢʝʩʪʝ-2). ʉʘʣʳʩʪʳʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʩʪʝ ʪװʨʽʥʜʝ ʙʝʨʽʣʽʧ, ᴅʨʙʽʨ ʢװʡ 

 ,ʘʥʜʘסʪʘʣʜʳ. ɾʘʣʧʳ ʘʣץʪʘʨʳ ʘʥʳץʘʡʳʨʤʘʰʳʣʳ שʰʽʥ ʵʥʝʨʛʠʷ ʤᴅʥʜʝʨʽ ʤʝʥ ʨʝʟʦʥʘʥʩ ʝʥʜʝʨʽʥʽװ

ʪʝʦʨʠʷʣʳץ ʝʩʝʧʪʝʫʣʝʨ ʤʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨ ʘʨʘʩʳʥʜʘ ץʘʥʘסʘʪʪʘʥʘʨʣʳץ ʩᴅʡʢʝʩʪʽʢ 

ʙʘʡץʘʣʘʜʳ, ʙײʣ ץʦʣʜʘʥʳʣסʘʥ ᴅʜʽʩʪʝʨʜʽש (ʨʝʟʦʥʘʥʩʪʳ ʪʦʧʪʘʨ ᴅʜʽʩʽʥʽש ʘʣʛʝʙʨʘʣʳץ ʥײʩץʘʩʳ ʞᴅʥʝ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʍʘʩʝʛʘʚʘïʅʘʛʘʪʘ ʧʦʪʝʥʮʠʘʣʳ) ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 

ʂʝʩʪʝ ï 1 

 

Be  ʷʜʨʦʩʳʥʳש *  ʞᴅʥʝ * ʙʘʡʣʘʥʳʩץʘʥ ʢװʡʣʝʨʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽ 

 

* 

 

E, ʄʵɺ 

(MHNP) 

E, ʄʵɺ 

(ʵʢʩʧ) 
ρ

ς
 

-0,309 -0,310 

σ

ς
 

 

-1,588 -1,588 

 

 

ʂʝʩʪʝ ï 2 

 

Be  ʷʜʨʦʩʳʥʳש *  ʞᴅʥʝ *   ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽ 

 

* 

 

E, ʄʵɺ 

(MHNP) 

 ɻ, ʄʵɺ 

(MHNP) 

E, ʄʵɺ 

(ʵʢʩʧ) 

ɻ, ʄʵɺ 

(ʵʢʩʧ) 

υ

ς
 

6,236 2,463 5,143 0,10 1,2 

χ

ς
 

 

1,716 0,012 - - 

 

ʢװʡʽ װʰʽʥ ʘʣʳʥסʘʥ ʵʥʝʨʛʠʷ ʤᴅʥʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʥᴅʪʠʞʝʣʝʨʤʝʥ ʞʘץʩʳ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʢװʡʽ װʰʽʥ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽש ʩᴅʡʢʝʩʪʽʛʽ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ, ʙײʣ ʦʩʳ 

ʢװʡʜʽש ʪײʨʘץʪʳʨʘץ ʩʠʧʘʪץʘ ʠʝ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʞᴅʥʝ ʢװʡʣʝʨʽ װʰʽʥ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʨʝʟʦʥʘʥʩʪʳ ײץʨʳʣʳʤʥʳש ʘʡץʳʥ ʢᴇʨʽʥʝʪʽʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ(ʩʫʨʝʪ-1). ᴄʩʽʨʝʩʝ ʢװʡʽ ʥʝʛʽʟʛʽ ʨʝʟʦʥʘʥʩʪʳ ʢװʡ ʨʝʪʽʥʜʝ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɹײʣ ʥᴅʪʠʞʝ Be 

ʷʜʨʦʩʳʥʳש ʢʣʘʩʪʝʨʣʽʢ ײץʨʳʣʳʤʳʥʳש ʜײʨʳʩʪʳסʳʥ ʨʘʩʪʘʡʜʳ.  
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ʉʫʨʝʪ ï 1. Be ʷʜʨʦʩʳʥʳש ʢװʡʣʝʨʽ װʰʽʥ ʰʘʰʳʨʘʫ ץʠʤʘʩʳʥʳש (ů) ʰʘʰʳʨʘʫ 

ʵʥʝʨʛʠʷʩʳʥʘ (ɽ) ʪᴅʫʝʣʜʽʣʽʛʽ. 

 

ɻʨʘʬʠʢʪʽʢ ʪʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ ʬʘʟʘʣʳץ ʳסʳʩʫʜʳש ʵʥʝʨʛʠʷסʘ ʪᴅʫʝʣʜʽʣʽʛʽ ץʘʨʘʩʪʳʨʳʣʳʧ, 

ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʛʝ ʩᴅʡʢʝʩ ʤʘʢʩʠʤʫʤʜʘʨ ʘʥʳץʪʘʣʜʳ(2-ʩʫʨʝʪ). ɹײʣ ʤʘʢʩʠʤʫʤʜʘʨ ʨʝʟʦʥʘʥʩ 

ʵʥʝʨʛʠʷʣʘʨʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʝʩʝʧʪʝʫʣʝʨʜʽש ʬʠʟʠʢʘʣʳץ ʤʘסʳʥʘסʘ 

ʠʝ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

 

 

ʉʫʨʝʪ ï 2. Be  ʷʜʨʦʩʳʥʳש ʢװʡʣʝʨʽʥʽש ʩʝʨʧʽʤʜʽ ʬʘʟʘʣʳץ ʳסʳʩʫʣʘʨʳ. 

 

ʈʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʜʽש ᴇʤʽʨ ʩװʨʫ ʫʘץʳʪʳ ʝʩʝʧʪʝʣʛʝʥ ʝʥ ʤᴅʥʜʝʨʽ ʘʨץʳʣʳ 

ʘʥʳץʪʘʣʜʳ(ʢʝʩʪʝ-3).  

 

 

ʂʝʩʪʝ ï 3 

 

Be  ʷʜʨʦʩʳʥʳש ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʽʥʽש ᴇʤʽʨ ʩװʨʫ ʫʘץʳʪʳ 
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* 

 
%, ʄʵɺ ɜ, ʄʵɺ ʐ, ʩ 

υ

ς
 

 

6,236 2,463 ςȟφχςϽρπ  

χ

ς
 

 
1,716 0,012 υȟτψυϽρπ  

 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ Be ʷʜʨʦʩʳʥʳש ʨʝʟʦʥʘʥʩʪʳ ʢװʡʣʝʨʽʥʽש 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʩʝʥʽʤʜʽ ʪװʨʜʝ ʩʠʧʘʪʪʘʡʜʳ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʤʦʜʝʣʴʜʝʨʜʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʜʝʨʝʢʪʝʨʤʝʥ ʩᴅʡʢʝʩʪʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʟʝʨʪʪʝʫ ʷʜʨʦʣʳײץ ץʨʳʣʳʤ ʤʝʥ ʢʣʘʩʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʨʜʽש 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʝʡʪʫʛʝ ʤשʳʥ ʢʝסʦʣʜʘʥʳʣʫ ʘʡʤʘץ

 ʧʘʨʘʤʝʪʨʣʝʨʽ שʡʣʝʨʜʽװʳ ʨʝʟʦʥʘʥʩʪʳ ʢסʤʳʩʪʘ Be ʷʜʨʦʩʳʥʜʘײʣ ʞײʦʨʳʪʳʥʜʳ. ɹפ

ʪʝʦʨʠʷʣʳץ ʪײʨסʳʜʘ ʟʝʨʪʪʝʣʜʽ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʨʝʟʦʥʘʥʩʪʳ ʪʦʧʪʘʨ ᴅʜʽʩʽʥʽש ʘʣʛʝʙʨʘʣʳץ 

ʥײʩץʘʩʳ (AVRGM) ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʍʘʩʝʛʘʚʘïʅʘʛʘʪʘ ʧʦʪʝʥʮʠʘʣʳ ץʦʣʜʘʥʳʣʜʳ. 

 ʨʳʣʳʤʳʥ ʩʠʧʘʪʪʘʫʜʘ ʪʠʽʤʜʽ ʝʢʝʥʽʥײץ ʢʣʘʩʪʝʨʣʽʢ שʽʣ ʷʜʨʦʣʘʨʜʳשʘʥ ᴅʜʽʩʪʝʨ ʞʝסʦʣʜʘʥʳʣפ

ʢᴇʨʩʝʪʪʽ. ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ Be ʷʜʨʦʩʳʥʳײץ שʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ 

ʪʝʨʝשʽʨʝʢ ʪװʩʽʥʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʷʜʨʦʣʳץ ʬʠʟʠʢʘ ʤʝʥ ʷʜʨʦʣʳץ 

ʘʩʪʨʦʬʠʟʠʢʘʜʘסʳ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫʜʝ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʞײʤʳʩ ʢʣʘʩʪʝʨʣʽʢ 

ʤʦʜʝʣʴʜʝʨ ʤʝʥ ʨʝʟʦʥʘʥʩʪʳ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʥʝʛʽʟ ʙʦʣʘ ʘʣʘʜʳ. 
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ʀʉʃɸʄɼɸנʓ ɸɼɸʄ פױפʓפʊɸʈʓʅʓר ʊɽʆʈʀʗʃʓפױפ-פʓפʊʓפ ʅɽɻɯɿɼɽʈɯ 

                                 

 

ʤʘʛʠʩʪʨʘʥʪ: ɼϮʡʩʝʥʙʘʝʚ ɸʨʘʣ ʉʘʨϨʳʪʙʝʢϰʣʳ   

                                                    Ϥʳʣʳʤʠ ʞʝʪʝʢʰʽ: PhD ʀʟʙʘʠʨʦʚ ɸʩʳʣʙʝʢ ʂ. 

ʅϰʨ-ʄϮʙʘʨʘʢ ɽʛʠʧʝʪ ʠʩʣʘʤ ʤϸʜʝʥʠʝʪʽ  ʫʥʠʚʝʨʩʠʪʝʪʽ  

ϧʘʟʘϨʩʪʘʥ, ɸʣʤʘʪʳ   

 

ɸשʜʘʪʧʘ 

ʄʘץʘʣʘʜʘ ʠʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥʳש ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ץײץʳץʪʳץ ʥʝʛʽʟʜʝʨʽ 

 ץʳץײץ ʩʽʥʽʢʪʝ ʪʝʢ ʧʦʟʠʪʠʚʪʽʢװʪ ץʠʩʣʘʤʜʳ שʪʘʨʳʥʳץʳץײץ ʘʨʘʩʪʳʨʳʣʘʜʳ. ɿʝʨʪʪʝʫ ʘʷʩʳʥʜʘ ʘʜʘʤץ

ʘʷʩʳʥʜʘ סʘʥʘ ʝʤʝʩ, ʝש ʘʣʜʳʤʝʥ ʘʜʘʤ ץʘʜʽʨ-ץʘʩʠʝʪʽ, ʭʘץ, ᴅʜʽʣʝʪ, ʝʨʢʽʥʜʽʢ ʞᴅʥʝ ʞʘʫʘʧʢʝʨʰʽʣʽʢ 

ʩʝʢʽʣʜʽ ʽʨʛʝʣʽ סײʳʤʜʘʨʤʝʥ ʩʘʙʘץʪʘʩ ʪװʨʜʝ ץʘʨʘʩʪʳʨʳʣʘʪʳʥʳ ʘʡץʳʥʜʘʣʘʜʳ. ʀʩʣʘʤʜʳץײץ ץʳץʪʳץ 

ʦʡʜʘ ʘʜʘʤ ץײץʳץʪʘʨʳʥʳש ʙʘʩʪʘʫʳ ײפʨʘʥ ʤʝʥ ʩװʥʥʝʪʢʝ ʥʝʛʽʟʜʝʣʝʪʽʥʽ, ʘʣ ʦʥʳש ʪʘʨʠʭʠ-ץʦסʘʤʜʳץ 

ʢᴇʨʽʥʽʩʪʝʨʽ ʍʠʣʬ ᴅʣ-ʌʫʜʫʣ, ʄᴅʜʠʥʘ ʢʝʣʽʩʽʤʽ, פʦʰʪʘʩʫ ײץʪʧʘʩʳ, ʊʘʥʟʠʤʘʪ ʞʘʨʣʳסʳ, ʩʦʥʜʘʡ-ʘץ 

XX סʘʩʳʨʜʘסʳ ʠʩʣʘʤʜʳץ ʘʜʘʤ ץײץʳץʪʘʨʳ ʜʝʢʣʘʨʘʮʠʷʣʘʨʳʥʘʥ ʢᴇʨʽʥʽʩ ʪʘʙʘʪʳʥʳ ʪʘʣʜʘʥʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ ʤʘץʘʣʘʜʘ ᴅʡʝʣ ץײץʳץʪʘʨʳʥʳש ʠʩʣʘʤʜʘסʳ ʦʨʥʳ, ʘʜʘʤ ץײץʳץʪʘʨʳʥ ʙʘʪʳʩʪʳץ 

 ץʞᴅʥʝ ʘʢʩʠʦʣʦʛʠʷʣʳ ץʥʠʝʪʘʥʳʤʜʳװᴇʟ ʙʦʣʤʳʩʳʥʘʥ, ʜ שʣʛʽʣʝʨ ʥʝʛʽʟʽʥʜʝ ʝʤʝʩ, ʠʩʣʘʤʥʳװ

ʞװʡʝʩʽʥʝʥ ʪʫʳʥʜʘʪʫ ʤᴅʩʝʣʝʩʽ ʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʠʩʣʘʤʜʘסʳ ʘʜʘʤ 

 ʡʝʩʽ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝװʪʘʨ ʞץʳץײץ ʪʝʢ שʘ ʠʝ ʝʢʝʥʽ, ʦʥʳץᴅʤʙʝʙʘʧ ʩʠʧʘʪ שʳʤʳʥʳסײ ʪʘʨʳץʳץײץ

ʤʦʨʘʣʴʜʳץ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʞʘʫʘʧʢʝʨʰʽʣʽʢʢʝ ʥʝʛʽʟʜʝʣʛʝʥ ʪײʪʘʩ ᴇʨʢʝʥʠʝʪʪʽʢ ײʩʪʘʥʳʤ ʝʢʝʥʽ 

ʪײʞʳʨʳʤʜʘʣʘʜʳ. 

ʂʽʣʽʪ ʩᴇʟʜʝʨ: ʠʩʣʘʤ, ʘʜʘʤ ץײץʳץʪʘʨʳ, ʭʘץ, ᴅʜʽʣʝʪ, ץʘʜʽʨ-ץʘʩʠʝʪ, ʰʘʨʠסʘʪ, ײפʨʘʥ, ʩװʥʥʝʪ, 

ᴅʡʝʣ ץײץʳסʳ, ʠʩʣʘʤ ץײץʳץ ʬʠʣʦʩʦʬʠʷʩʳ. 

 

ʂɯʈɯʉʇɽ 

ɸʜʘʤ ץײץʳץʪʘʨʳ ʤᴅʩʝʣʝʩʽ ץʘʟʽʨʛʽ ץײץʳץʪʳץ, ʬʠʣʦʩʦʬʠʷʣʳץ ʞᴅʥʝ ʜʽʥʠ ʦʡʜʳש ʝש ᴇʟʝʢʪʽ 

ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹװʛʽʥʛʽ ʞʘᴃʘʥʜʘʥʫ ʞʘסʜʘʡʳʥʜʘ ʙײʣ סײʳʤ ʢᴇʙʽʥʝ ʟʘʡʳʨʣʳ 

ʞᴅʥʝ ʙʘʪʳʩʪʳץײץ ץʳץʪʳץ ʜʠʩʢʫʨʩ ʘʨץʳʣʳ ʪװʩʽʥʜʽʨʽʣʽʧ ʢʝʣʝʜʽ. ɸʣʘʡʜʘ ʠʩʣʘʤʜʳץײץ ץʳץʪʳץ ʦʡ 

ʘʜʘʤ ץײץʳץʪʘʨʳʥ ʪʝʢ ʤʝʤʣʝʢʝʪʪʽʢ-ץײץʳץʪʳץ ʢʝʧʽʣʜʽʢ ʜʝשʛʝʡʽʥʜʝ ʝʤʝʩ, ʘʜʘʤʥʳש ʞʘʨʘʪʳʣʳʩʪʳץ 

ʤᴅʨʪʝʙʝʩʽ, ץʘʜʽʨ-ץʘʩʠʝʪʽ, ץʦסʘʤʜʳץ ʞʘʫʘʧʢʝʨʰʽʣʽʛʽ ʞᴅʥʝ ʠʣᴅᴃʠ ʤʽʥʜʝʪʪʝʣʫʽʤʝʥ ʪʳסʳʟ 

ʙʘʡʣʘʥʳʩʪʳ ʪװʨʜʝ ץʘʨʘʩʪʳʨʘʜʳ. ʆʩʳ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ, ʠʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥ ʟʝʨʪʪʝʫ 

ʪʝʢ ʪʘʨʠʭʠ ʰʦʣʫ ʥʝʤʝʩʝ ʜʽʥʠ ʤᴅʪʽʥʜʝʨʜʽ ʪʽʟʙʝʣʝʫ ʝʤʝʩ, ʢʝʨʽʩʽʥʰʝ, ʦʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ 

ʥʝʛʽʟʜʝʨʽʥ, סײʳʤʜʳץ ʘʧʧʘʨʘʪʳʥ ʞᴅʥʝ ᴇʨʢʝʥʠʝʪʪʽʢ ʝʨʝʢʰʝʣʽʛʽʥ ʢʝʰʝʥʜʽ ʪװʨʜʝ ʟʝʨʜʝʣʝʫʜʽ ʪʘʣʘʧ 

ʝʪʝʜʽ. 

ɹײʣ ʤʘץʘʣʘʥʳש ʤʘץʩʘʪʳ ʠʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥʳסײ שʳʤʜʳץ, ʤᴅʪʽʥʜʽʢ ʞᴅʥʝ 

 .ʳʥʜʘʫץʳʟʳʥ ʘʡשʳ ʤʘסʳʣʳʤʠ ʜʠʩʢʫʨʩʪʘס ʘʟʽʨʛʽץ שʦʥʳ ץʥʝʛʽʟʜʝʨʽʥ ʪʘʣʜʘʫ, ʩʦʥʜʘʡ-ʘ ץʪʳץʳץײץ

ʆʩʳ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʠʩʣʘʤʜʳץ ʜʝʨʝʢʢᴇʟʜʝʨ ʤʝʥ ʦʩʳ ʩʘʣʘʜʘסʳ ʟʝʨʪʪʝʫʣʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, 

ʘʜʘʤ ץײץʳץʪʘʨʳʥʳש ʠʩʣʘʤʜʳץ ʧʘʨʘʜʠʛʤʘʩʳ ʞװʡʝʣʝʥʝʜʽ. 

 

ɿʝʨʪʪʝʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨ.̔ 

 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʪʘʨʠʭʠ-ʩʘʣʳʩʪʳʨʤʘʣʳ, ʛʝʨʤʝʥʝʚʪʠʢʘʣʳץ, ʞװʡʝʣʽʢ-ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ 

 ,ʨʘʥ ʘʷʪʪʘʨʳײפ ʦʣʜʘʥʳʣʜʳ. ʅʝʛʽʟʛʽ ʜʝʨʝʢʢᴇʟʜʝʨ ʨʝʪʽʥʜʝץ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ ץʪʝʦʨʠʷʣʳ-ץʪʳץʳץײץ
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ʇʘʡסʘʤʙʘʨʜʳש (ʩ.ס.ʩ.) ʩװʥʥʝʪʽ, ʠʩʣʘʤ ץײץʳץʰʳʣʘʨʳʥʳש ʪײʞʳʨʳʤʜʘʨʳ ʞᴅʥʝ ʠʩʣʘʤʜʘסʳ ʘʜʘʤ 

 .ʘʥʜʘ, ɸ. ɸkg¿nd¿z, Sץʘʥ ʟʘʤʘʥʘʫʠ ʟʝʨʪʪʝʫʣʝʨ ʧʘʡʜʘʣʘʥʳʣʜʳ. ɸʪʘʧ ʘʡʪסʪʘʨʳʥʘ ʘʨʥʘʣץʳץײץ

Armaĵan, H. Altuntaĸ, A. Rahman, N. Akkaya, S. Akdemir, C. Aktaĸ ʩʝʢʽʣʜʽ ʘʚʪʦʨʣʘʨʜʳש ʝשʙʝʢʪʝʨʽ 

ʪʘʣʜʘʫסʘ ʥʝʛʽʟ ʙʦʣʜʳ. 

ʅᴅʪʠʞʝʣʝʨ ʞᴅʥʝ ʪʘʣץʳʣʘʫ 

1. ɸʜʘʤ ץײץʳץʪʘʨʳʥʳש ʠʩʣʘʤʜʘסʳ ʤʝʪʘʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʘʥʪʨʦʧʦʣʦʛʠʷʣʳץ ʥʝʛʽʟʽ 

ʀʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥʳש ʥʝʛʽʟʽ ʘʜʘʤʥʳץ שʘʜʽʨ-ץʘʩʠʝʪʽʥʝʥ ʙʘʩʪʘʫ ʘʣʘʜʳ. ɸʜʘʤ 

 ,ʘʥʘ ʝʤʝʩס ʠʝʣʝʥʫʰʽ ʩʫʙʲʝʢʪ ʨʝʪʽʥʜʝ ץʳץײץ ʦʡ ʘʜʘʤʜʳ ʪʝʢ ץʩʽʥʜʽʨʫʜʝ ʠʩʣʘʤʜʳװʪʘʨʳʥ ʪץʳץײץ

ʙʝʣʛʽʣʽ ʙʽʨ ʤʦʨʘʣʴʜʳץ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʤʽʥʜʝʪʪʝʨʜʽש ʜʝ ʠʝʩʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʘʜʳ. ɹײʣ ʞʝʨʜʝ 

ʘʜʘʤ ץײץʳץʪʘʨʳʥʳץ שʘʡʥʘʨ ʢᴇʟʽ ʘʜʘʤʥʳש ʘʚʪʦʥʦʤʠʷʣʳץ ʝʨʢʽʥʜʝ ʝʤʝʩ, ʦʥʳש ʞʘʨʘʪʳʣʳʩ 

ʙʦʣʤʳʩʳʥʜʘ, ʷסʥʠ ɸʣʣʘ ʪʘʨʘʧʳʥʘʥ ʘʨʜʘץʪʘʣסʘʥ ʪʽʨʰʽʣʽʢ ʠʝʩʽ ʙʦʣʫʳʥʜʘ ʞʘʪʳʨ. ײפʨʘʥʜʘסʳ 

çɸʜʘʤ ʙʘʣʘʩʳʥ ʘʨʜʘץʪʘʜʳץè (ʀʩʨʘ, 17:70) ʤʘʟʤײʥʳʥʜʘסʳ ײʩʪʘʥʳʤ ʠʩʣʘʤʜʘסʳ ץײץʳץʪʳץ ʞᴅʥʝ 

ʵʪʠʢʘʣʳץ ʞװʡʝʥʽש ᴇʟʝʛʽʥ ײץʨʘʡʜʳ. 

ʆʩʳסʘʥ ʩᴅʡʢʝʩ, ʠʩʣʘʤʜʳץײץ ץʳץʪʳץ ʦʡʜʘ ʘʜʘʤ ץײץʳץʪʘʨʳ ʪʝʢ ʤʝʤʣʝʢʝʪ ʧʝʥ ʠʥʜʠʚʠʜ 

ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩʪʘʨ ʘʷʩʳʥʜʘ ʰʝʢʪʝʣʤʝʡʜʽ. ʂʝʨʽʩʽʥʰʝ, ʘʜʘʤ ʦʪʙʘʩʳʥʳץ ,שʦסʘʤʥʳװ ,שʤʙʝʪʪʽש 

ʞᴅʥʝ ʞʘʣʧʳ ʘʜʘʤʟʘʪʪʳש ʙʽʨ ʙᴇʣʰʝʛʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʠʩʣʘʤʜʘסʳ ʘʜʘʤ 

 ᴇʟʘʨʘ ʙʽʨʣʽʛʽʥʜʝ שʤʽʥʜʝʪ ʞᴅʥʝ ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʢʘʪʝʛʦʨʠʷʣʘʨʳʥʳ ,ץʳץײץ ʳʤʳסײ ʪʘʨʳץʳץײץ

ʪʘʥʳʣʘʜʳ. 

2. ʍʘץ ʞᴅʥʝ ᴅʜʽʣʝʪ סײʳʤʜʘʨʳʥʳץײץ שʳץʪʳץ ʤʘʟʤײʥʳ. 

ʀʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥ ʪװʩʽʥʫ װʰʽʥ ʘʣʜʳʤʝʥ ʭʘץ ʞᴅʥʝ ᴅʜʽʣʝʪ סײʳʤʜʘʨʳʥʳש 

ʤʘʟʤײʥʳʥ ʘʰʫ ץʘʞʝʪ. ʍʘסײ ץʳʤʳ ʠʩʣʘʤʜʳץ ʜʝʨʝʢʢᴇʟʜʝʨʜʝ ʘץʠץʘʪ, ʣʘʡʳץʪʳʣʳץ, ʤʽʥʜʝʪ ʞᴅʥʝ 

 ʤʝʥשʟʘ ץʘʥʜʘ, ʭʘסʳʜʘʥ ʘʣסʨײʪ ץʪʳץʳץײפ .ʦʣʜʘʥʳʣʘʜʳץ ʳʥʘʣʘʨʳʥʜʘסʜʜʝ ʤʘװʘ ʪʠʽʩʪʽ ʤסʘʣʫסʦʨץ

 ʳʥʘʜʘ ʘʜʘʤסʜʜʝ. ʆʩʳ ʤʘװʝʨʢʽʥʝ ʙʝʨʽʣʛʝʥ ʤ שʟʝʛʝ ʘʩʳʨʳʣʫʳ ʠʝʩʽʥʽװʘʣʘʪʳʥ ʞᴅʥʝ ʞסʦʨץ

 .ʘʨʘʩʪʳʨʳʣʘʜʳץ ʨʘʤʳʥʜʘײץ שʢʘʪʝʛʦʨʠʷʩʳʥʳ ץʪʘʨʳ ʜʘ ʠʩʣʘʤʜʘ ʭʘץʳץײץ

ɸʣ ᴅʜʽʣʝʪ ʠʩʣʘʤ ץײץʳץ ʬʠʣʦʩʦʬʠʷʩʳʥʜʘ ʥʝʛʽʟʛʽ ʤʘץʩʘʪʪʳץ ʢʘʪʝʛʦʨʠʷʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʀʩʣʘʤ ץײץʳץʰʳʣʘʨʳ ᴅʜʽʣʝʪʪʽ ʠʣᴅᴃʠ ʙʘʩʪʘʫʜʘʥ ʪʫʳʥʜʘʡʪʳʥ, ץײץʳץ ʧʝʥ ץʦסʘʤʜʳץ 

ʪᴅʨʪʽʧʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ᴅʤʙʝʙʘʧ ץʘסʠʜʘ ʨʝʪʽʥʜʝ ʙʘסʘʣʘʡʜʳ. ɹײʣ ʪײʨסʳʜʘʥ ʪʝשʜʽʢ ʧʝʥ ʝʨʢʽʥʜʽʢ 

ʪʝ ʜʝʨʙʝʩ ײץʥʜʳʣʳץʪʘʨ סʘʥʘ ʝʤʝʩ, ᴅʜʽʣʝʪʪʽ ʽʩʢʝ ʘʩʳʨʫʜʳש ʪʝʪʽʢʪʝʨʽ ʩʘʥʘʣʘʜʳ (Armaĵan, 2001; 

Akg¿nd¿z, 1991). ɼʝʤʝʢ, ʠʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳ ʞװʡʝʩʽ ᴅʜʽʣʝʪʪʝʥ ʙᴇʣʽʥʽʧ 

 .ʘ ʘʡʥʘʣʘʜʳסʩʪʘʥʳʤײ ʳʥʜʘʡʪʳʥ ʽʨʛʝʣʽץʥʳʥ ʘʡײʤʘʟʤ שʘʨʘʩʪʳʨʳʣʤʘʡʜʳ; ʢʝʨʽʩʽʥʰʝ, ᴅʜʽʣʝʪ ʦʥʳץ

 

 ʥʝʛʽʟʜʝʨʽ שʪʘʨʳʥʳץʳץײץ ʥʥʝʪʪʝʛʽ ʘʜʘʤװʨʘʥ ʤʝʥ ʩײפ .3

ʀʩʣʘʤʜʘ ʘʜʘʤ ץײץʳץʪʘʨʳʥʳש ʝש ʙʘʩʪʳ ץʘʡʥʘʨ ʢᴇʟʽ  ײפʨʘʥ ʤʝʥ ʩװʥʥʝʪ. ײפʨʘʥ ʘʷʪʪʘʨʳʥʜʘ 

ʘʜʘʤʥʳש ᴇʤʽʨ ʩװʨʫ ץײץʳסʳ, ʘʨ-ʥʘʤʳʩʳʥʳץ שʦʨסʘʣʫʳ, ʤװʣʢʽʥʝ ץʦʣ ʩץײʧʘʫ, ʩʝʥʽʤ ʙʦʩʪʘʥʜʳסʳ, 

ᴅʣʝʫʤʝʪʪʽʢ ᴅʜʽʣʝʪ, ʦʪʙʘʩʳʣʳץ ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʞᴅʥʝ ᴅʣʩʽʟ ʪʦʧʪʘʨʜʳש ʤװʜʜʝʩʽʥ ץʦʨסʘʫ ʩʝʢʽʣʜʽ 

 .ʨʜʝ ʙʝʢʽʪʽʣʛʝʥװʪʳ ʥʝʤʝʩʝ ʞʘʥʘʤʘ ʪץʠʜʘʣʘʨ ʥʘסʘץ

ʇʘʡסʘʤʙʘʨʜʳש (ʩ.ס.ʩ.) ʪᴅʞʽʨʠʙʝʩʽ ʙײʣ ץʘסʠʜʘʣʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳװ ץʣʛʽʩʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳש 

ʽʰʽʥʜʝ פʦʰʪʘʩʫ ײץʪʧʘʩʳ ʠʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥʳש ʙʘסʜʘʨʣʘʤʘʣʳץ ʤᴅʪʽʥʜʝʨʽʥʽש ʙʽʨʽ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʆʥʜʘ ʘʜʘʤʥʳץ שʘʥʳ, ʤʘʣʳ ʞᴅʥʝ ʘʨ-ʥʘʤʳʩʳ ץʦʣ ʩסײʳʣʤʘʡʪʳʥ 

 שʞᴅʥʝ ʘʙʳʨʦʡʳʥʳ שʤʝʥʰʽʛʽʥʽ ,שʠʜʘ ʘʜʘʤ ᴇʤʽʨʽʥʽסʘץ ʣײʘʥ. ɹסʪʘʨ ʨʝʪʽʥʜʝ ʞʘʨʠʷʣʘʥץʥʜʳʣʳײץ

 .ʘʣʘʡʜʳץ ʘʣʫʳʥʘ ʥʝʛʽʟסʦʨץ ץʪʳץʳץײץ

ʉʦʥʜʘʡ-ʘץ ʠʩʣʘʤʜʘ ʭʫץʫץʫʣʣʘᴃ ʞᴅʥʝ ʭʫץʫץʫʣ-ʠʙʘʜ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץʪʳש ʙʦʣʫʳ 

ʜʘ ʘʜʘʤ ץײץʳץʪʘʨʳʥʳש ʜʝʨʙʝʩ ץײץʳץʪʳץ ʤᴅʨʪʝʙʝʩʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʞʽʢʪʝʫ ʘʜʘʤʥʳץײץ שʳץʪʘʨʳ 

ʪʝʢ ʤʦʨʘʣʴʜʳײ ץʩʳʥʳʩ ʝʤʝʩ, ʜʽʥʠ-ץײץʳץʪʳץ ʞʘʫʘʧʢʝʨʰʽʣʽʢʧʝʥ ץʦʨסʘʣʘʪʳʥ ʢʘʪʝʛʦʨʠʷ ʝʢʝʥʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. 
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4. ʀʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥʳש ʪʘʨʠʭʠ-ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳץ ʜʘʤʫʳ 

ʀʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥʳש ʪʘʨʠʭʠ ʢᴇʨʽʥʽʩʪʝʨʽ ʇʘʡסʘʤʙʘʨʣʳץץʘ ʜʝʡʽʥʛʽ ʍʠʣʬ ᴅʣ-

ʌʫʜʫʣ ʦʜʘסʳʥʘʥ ʙʘʩʪʘʫ ʘʣʘʜʳ. ɹײʣ ʦץʠסʘ ʟײʣʳʤʜʳץץʘ ײʰʳʨʘסʘʥ ʘʜʘʤʥʳץײץ שʳסʳʥ ץʦʨסʘʫ ʥᴅʩʽʣ, 

ʨʫ, ʤᴅʜʝʥʠʝʪ ʘʡʳʨʤʘʩʳʥʘ ʪᴅʫʝʣʩʽʟ ʞʘʣʧʳʘʜʘʤʟʘʪʪʳײץ ץʥʜʳʣʳץ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ (Rahman, 

1996). 

ʇʘʡסʘʤʙʘʨ ʜᴅʫʽʨʽʥʜʝʛʽ ʄᴅʜʠʥʘ ʢʝʣʽʩʽʤʽ ʤʝʥ פʦʰʪʘʩʫ ײץʪʧʘʩʳ ʘʜʘʤ ץײץʳץʪʘʨʳ ʤʝʥ 

ʘʟʘʤʘʪʪʳץ ץʘʪʳʥʘʩʪʘʨʜʳ ʨʝʪʪʝʫʜʽש ʘʣסʘʰץʳ װʣʛʽʣʝʨʽ ʨʝʪʽʥʜʝ ʙʘסʘʣʘʥʫʳ ʤװʤʢʽʥ. ʂʝʡʽʥʛʽ ʢʝʟʝשʜʝ 

ʊʘʥʟʠʤʘʪ ʞʘʨʣʳסʳ, 1981 ʞʳʣסʳ çʀʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳ ʜʝʢʣʘʨʘʮʠʷʩʳè ʞᴅʥʝ 1990 ʞʳʣסʳ 

ʂʘʠʨ ʜʝʢʣʘʨʘʮʠʷʩʳ ʠʩʣʘʤ ᴅʣʝʤʽʥʜʝ ʘʜʘʤ ץײץʳץʪʘʨʳʥ ײץʞʘʪʪʳץ ʜʝשʛʝʡʜʝ ʨᴅʩʽʤʜʝʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ ʤʘשʳʟʜʳ ץʘʜʘʤʜʘʨ ʙʦʣʜʳ (Akg¿nd¿z, 1991).ɹײʣ ײץʞʘʪʪʘʨʜʘ ʪʝשʜʽʢ, ʟʘש ʘʣʜʳʥʜʘסʳ 

ʙʽʨʜʝʡʣʽʢ, ʘʜʘʤʜʳץ ʘʨ-ʥʘʤʳʩ, ʩʝʥʽʤʛʝ ץʘʪʳʩʪʳ ʝʨʢʽʥʜʽʢ, ᴅʜʽʣ ץʘʪʳʥʘʩ ʩʠʷץʪʳ ײʩʪʘʥʳʤʜʘʨ ʘʡץʳʥ 

ʢᴇʨʽʥʽʩ ʪʘʙʘʜʳ. ʆʩʳʜʘʥ ʠʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳ ʪװʩʽʥʽʛʽ ʪʝʢ ʢʣʘʩʩʠʢʘʣʳץ ʤᴅʪʽʥʜʝʨʜʝ סʘʥʘ 

 .ʘʣʘʜʳץʘʥʳ ʙʘʡסʘ ʠʝ ʙʦʣץʩʠʧʘʪ ץʳʪ ᴇʪʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳץʦʡʤʘʡ, ʫʘץ ʘʣʳʧץ

5. ᴄʡʝʣ ץײץʳץʪʘʨʳ ʞᴅʥʝ ʠʩʣʘʤʜʳץײץ ץʳץʪʳץ ʜʠʩʢʫʨʩ 

ʀʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳ ʤᴅʩʝʣʝʩʽʥʽש ʤʘשʳʟʜʳ ʪʘʨʤʘץʪʘʨʳʥʳש ʙʽʨʽ ᴅʡʝʣ ץײץʳץʪʘʨʳ. 

 ʘʩʠʝʪʽʥץ-ʘʜʽʨץ ץʘʜʘʤʜʳ שʜʘʡ ʝʩʢʝʨʽʣʩʝ, ʠʩʣʘʤ ᴅʡʝʣʜʽסʜʝʛʽ ᴅʣʝʫʤʝʪʪʽʢ ʞʘשʩʢʝʥ ʢʝʟʝװʨʘʥ ʪײפ

 ,ʣʽʢʪʽʢװʤ שʰʝʩʽ ʨʝʪʽʥʜʝ ʪʘʥʳʜʳ. ᴄʡʝʣʜʽװʘʥʜʳ ʤץץʪʦʣʳ שʘʤʥʳסʦץ ʘʣʧʳʥʘ ʢʝʣʪʽʨʽʧ, ʦʥʳץ

ʦʪʙʘʩʳʣʳץ, ʘʨ-ʥʘʤʳʩʪʳץ ʞᴅʥʝ ʙʝʣʛʽʣʽ ʜᴅʨʝʞʝʜʝʛʽ ץʦסʘʤʜʳץײץ ץʳץʪʘʨʳʥʳש ʙʝʢʽʪʽʣʫʽ ʦʩʳʥʳש 

ʘʡסʘסʳ. 

ɼʝʛʝʥʤʝʥ ʢʝʡʽʥʛʽ ʪʘʨʠʭʠ ʢʝʟʝשʜʝʨʜʝ ʙᴇʪʝʥ ʤᴅʜʝʥʠ ʳץʧʘʣʜʘʨ ʤʝʥ ʧʘʪʨʠʘʨʭʘʣʜʳץ 

ʪװʩʽʥʽʢʪʝʨ ʩʘʣʜʘʨʳʥʘʥ ʠʩʣʘʤʜʳץ ʪװʧʥʝʛʽʟʜʝʥ ʘʫʳʪץʫʣʘʨ ʦʨʳʥ ʘʣʜʳ. ʉʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʡʙʽʨ 

 .ʘʙʳʣʜʘʥʳʧ ʢʝʪʪʽץ ᴇʟ ʽʣʽʤʽ ʨʝʪʽʥʜʝ שʪʘʨʳʥ ʰʝʢʪʝʫʰʽ ʧʽʢʽʨʣʝʨ ʠʩʣʘʤʥʳץʳץײץ ʘʤʜʘʨʜʘ ᴅʡʝʣסʦץ

ʉʦʥʜʳץʪʘʥ ץʘʟʽʨʛʽ ʢʝʟʝשʜʝ ʠʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥ, ᴅʩʽʨʝʩʝ ᴅʡʝʣ ץײץʳץʪʘʨʳʥ ץʘʡʪʘ 

ʥʝʛʽʟʜʝʫ ʽʩʽ ײפʨʘʥ ʤʝʥ ʩʘʭʠʭ ʩװʥʥʝʪʢʝ ʩװʡʝʥʛʝʥ סʳʣʳʤʠ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʫʽ ʪʠʽʩ (Akkaya, 

1991; Akdemir, 1991; Aktaĸ, 1991). 

 

6. ʀʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥʳץ שʘʟʽʨʛʽ סʳʣʳʤʠ ʤᴅʥʽ 

 ʘʨʘʩʳʥʜʘ שʪʘʨʳ ʤᴅʩʝʣʝʩʽ ʝʢʽ ʰʝʢʪʽץʳץײץ ʳ ʘʜʘʤסʽʩʪʽʢʪʝ ʠʩʣʘʤʜʘשʳʣʳʤʠ ʢʝס ʘʟʽʨʛʽפ

 ʨʜʽʩʽװ ʤʦʜʝʣʴʛʝ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ץʪʘʡ ʙʘʪʳʩʪʳץʳʥʘʥ, ʦʥʳ ʪʦʣʳסʨ: ʙʽʨ ʞʘװʘʨʘʩʪʳʨʳʣʳʧ ʞץ

ʙʘʡץʘʣʩʘ, ʝʢʽʥʰʽ ʞʘסʳʥʘʥ, ʦʥʳ ʪʝʢ ʧʦʣʝʤʠʢʘʣʳץ ʥʝʤʝʩʝ ץʦʨסʘʥʳʩʪʳץ ʜʝשʛʝʡʜʝ ʪװʩʽʥʜʽʨʫ ʙʘʨ. 

ʐʳʥ ʤᴅʥʽʥʜʝ, ʠʩʣʘʤʜʳץ ʘʜʘʤ ץײץʳץʪʘʨʳ ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ʪʠʽʤʜʽ ʟʝʨʪʪʝʫ װʰʽʥ ʦʥʳ ʠʩʣʘʤʥʳש 

ᴇʟ ʜװʥʠʝʪʘʥʳʤʳ, ײץʥʜʳʣʳץʪʘʨ ʞװʡʝʩʽ ʞᴅʥʝ ץײץʳץʪʳץ ʤʝʪʦʜʦʣʦʛʠʷʩʳ ʥʝʛʽʟʽʥʜʝ ץʘʨʘʩʪʳʨʫ 

 ,ʘ ʠʢʝʤʜʝʤʝʡסʳ ʪʝʦʨʠʷʣʘʨץʨʜʝ ʩʳʨʪװʪʘʨʳʥ ʞʘʩʘʥʜʳ ʪץʳץײץ ʳ ʘʜʘʤסʣ ʪᴅʩʽʣ ʠʩʣʘʤʜʘײʘʞʝʪ. ɹץ

ʦʥʳש ʽʰʢʽ ʣʦʛʠʢʘʩʳʥ ʘʰʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 .ʆʈʓʊʓʅɼʓפ

 ʥʝʤʝʩʝ ʢʝʡʽʥʥʝʥ ʧʘʡʜʘ ץʪʘʨʳ  ʢʝʟʜʝʡʩʦץʳץײץ ʳ ʘʜʘʤסʘʥʜʘ, ʠʩʣʘʤʜʘץʦʨʳʪʘ ʘʡʪפ          

ʙʦʣסʘʥ ץײץʳץʪʳץ ʢʘʪʝʛʦʨʠʷ ʝʤʝʩ, ʠʩʣʘʤʥʳש ʙʦʣʤʳʩ, ʘʜʘʤ, ץʦסʘʤ ʞᴅʥʝ ᴅʜʽʣʝʪ ʪʫʨʘʣʳ ʽʨʛʝʣʽ 

ʪװʩʽʥʽʢʪʝʨʽʥʝʥ ʪʫʳʥʜʘʡʪʳʥ ʪײʪʘʩ ʞװʡʝ. ʆʥʳש ʥʝʛʽʟʽʥʜʝ ʘʜʘʤ ץʘʜʽʨ-ץʘʩʠʝʪʽ, ʭʘץ, ᴅʜʽʣʝʪ, ʪʝשʜʽʢ, 

ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʞᴅʥʝ ץʦסʘʤʜʳװ ץʡʣʝʩʽʤ ʩʝʢʽʣʜʽ סײʳʤʜʘʨ ʞʘʪʳʨ. ײפʨʘʥ ʤʝʥ ʩװʥʥʝʪ ʘʜʘʤ 

 ʪʘʨʠʭʠ ʪᴅʞʽʨʠʙʝʩʽ שʘʡʥʘʨ ʢᴇʟʜʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʘʣ ʠʩʣʘʤ ᴇʨʢʝʥʠʝʪʽʥʽץ ʙʘʩʪʳ שʪʘʨʳʥʳץʳץײץ

ʙײʣ ץʘסʠʜʘʣʘʨʜʳש ʥʘץʪʳ ץײץʳץʪʳץ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʠʥʩʪʠʪʫʪʪʘʨסʘ ʘʡʥʘʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ʉʦʥʜʳץʪʘʥ ʠʩʣʘʤʜʘסʳ ʘʜʘʤ ץײץʳץʪʘʨʳʥ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʦʥʳ ʪʝʢ ץʘʟʽʨʛʽ ʭʘʣʳץʘʨʘʣʳץ 

 ʘʨʘʩʪʳʨʫץ ʳʣʳץʘʧʧʘʨʘʪʳ ʘʨ ץʽʰʢʽ ʪʝʦʨʠʷʣʳ שʢʘʪʝʛʦʨʠʷʣʘʨʳʤʝʥ ʰʝʢʪʝʤʝʡ, ʠʩʣʘʤʥʳ ץʳץײץ
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 ʞᴅʥʝ ץʨʣʳʤ ʪʦʣʳײסʥʳʥ ʥʝײʤʘʟʤ שʪʘʨʳʥʳץʳץײץ ʳ ʘʜʘʤסʘʥʘ ʠʩʣʘʤʜʘס ʩʪʘʥʳʤײ ʘʞʝʪ. ʆʩʳʥʜʘʡץ

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʳʜʘʥ ʜᴅʣ ʘʰʫסʨײʳʣʳʤʠ ʪס
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ʤʘʛʠʩʪʨʘʥʪ: ɸʡʪʞʘʥʦʚ ɽʨʙʦʣ ɽʨʝʞʘʙʦʚʠʯ 

                                                  Ϥʳʣʳʤʠ ʞʝʪʝʢʰʽ: PhD Ϩʘʫʳʤ. ʧʨʦʬ. ʉʘʤʝʪ ʆϨʘʥ 

ʅϰʨ-ʄϮʙʘʨʘʢ ɽʛʠʧʝʪ ʠʩʣʘʤ ʤϸʜʝʥʠʝʪʽ  ʫʥʠʚʝʨʩʠʪʝʪʽ  

ϧʘʟʘϨʩʪʘʥ, ɸʣʤʘʪʳ   

 

ɸשʜʘʪʧʘ 

ʄʘץʘʣʘʜʘ ʞʘʩʪʳץ ʰʘץʪʳש ʪײʣסʘʣʳץ ʜʘʤʫ װʜʝʨʽʩʽʥʜʝʛʽ ʨᴇʣʽ ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) 

 (.ʩ.ס) שʘʤʙʘʨʜʳסʩʘ ʧʘʡײʩʘʪʳ ï ʄץʤʘ שʠʩʩʘʩʳ ʥʝʛʽʟʽʥʜʝ ʪʘʣʜʘʥʘʜʳ. ɿʝʨʪʪʝʫʜʽץ ʳסʨʘʥʜʘײפ

ʞʘʩʪʳץ ʰʘסʳʥʘ ץʘʪʳʩʪʳ ײפʨʘʥʜʳץ ʙʘʷʥʜʘʫʣʘʨʜʳ ץʘʟʽʨʛʽ ʜʘʤʫ ʧʩʠʭʦʣʦʛʠʷʩʳʥʳש ʥʝʛʽʟʛʽ 

ʪײʞʳʨʳʤʜʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ, ʞʘʩʪʳץ ʰʘץʪʳײץ שʥʜʳʣʳץʪʳץ ʞᴅʥʝ ʪᴅʨʙʠʝʣʽʢ ʤʘשʳʟʳʥ 

ʘʡץʳʥʜʘʫ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʩʠʧʘʪʪʘʤʘʣʳץ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʞᴅʥʝ ʛʝʨʤʝʥʝʚʪʠʢʘʣʳץ ʪʘʣʜʘʫ 

ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ. ʄʘץʘʣʘʜʘ ʞʘʩʪʳץ ʰʘץ ʘʜʘʤʥʳש ʤʦʨʘʣʴʜʳײ ץʩʪʘʥʳʤʳ, ʞʘʫʘʧʢʝʨʰʽʣʽʢ 

ʤᴅʜʝʥʠʝʪʽ, ᴇʤʽʨʣʽʢ ʙʘסʜʘʨʳ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʨᴇʣʜʽʢ ʪײʪʘʩʪʳסʳ ץʘʣʳʧʪʘʩʘʪʳʥ ʰʝʰʫʰʽ ʢʝʟʝש 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) ᴇʤʽʨ ʞʦʣʳʥʜʘסʳ ʝʨʪʝ ץʘʫʽʧ ʧʝʥ ʩʝʥʽʤ 

ʪᴅʞʽʨʠʙʝʩʽ, ʞʘʩʪʳץ ʢʝʤʝʣʜʽʢʢʝ ʞʝʪʫʽ, ץʘʪʝʣʽʢ ʧʝʥ ʪᴅʫʙʝ ʘʨץʳʣʳ ʨʫʭʘʥʠ ᴇʩʫʽ, ʄᴅʜʠʷʥ ʢʝʟʝשʽʥʜʝʛʽ 

ʝשʙʝʢ ʧʝʥ ʘʤʘʥʘʪץʘ ʘʜʘʣʜʳץ ʩʝʢʽʣʜʽ ʘʩʧʝʢʪʽʣʝʨ ʪײʣסʘʣʳץ ʜʘʤʫʜʳש ʩʘʙʘץʪʘʩ ʩʘʪʳʣʘʨʳ ʨʝʪʽʥʜʝ 

ʧʘʡʳʤʜʘʣʘʜʳ. ʊʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ײפʨʘʥʜʳץ ʙʘʷʥʜʘʫʣʘʨ ʤʝʥ ץʘʟʽʨʛʽ ʜʘʤʫ ʧʩʠʭʦʣʦʛʠʷʩʳ 

ʞʘʩʪʳץ ʰʘץʪʳש ʘʜʘʤʥʳש ʢʝʡʽʥʛʽ ᴇʤʽʨʽʥʝ ʽʨʛʝʣʽ ʳץʧʘʣ ʝʪʝʪʽʥ ʢʝʟʝש ʝʢʝʥʽʥ ᴅʨʪװʨʣʽ סײʳʤʜʳץ 

ʘʧʧʘʨʘʪʧʝʥ ʪװʩʽʥʜʽʨʛʝʥʽʤʝʥ, ʤʘʟʤײʥʜʳץ ʪײʨסʳʜʘʥ ᴇʟʘʨʘ װʥʜʝʩ ʪײʞʳʨʳʤʜʘʨ ײʩʳʥʘʪʳʥʳ 

ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ ʞʘʩʪʘʨ ʪᴅʨʙʠʝʩʽ, ײץʥʜʳʣʳץʪʳץ ʙʘסʜʘʨ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʠʩʣʘʤʜʳץ 

ʘʥʪʨʦʧʦʣʦʛʠʷ ʤᴅʩʝʣʝʣʝʨʽʥ ʟʝʨʜʝʣʝʫ ʽʩʽʥʝ ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟ ײʩʳʥʘʜʳ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʞʘʩʪʳץ ʰʘץ, ʪײʣסʘʣʳץ ʜʘʤʫ, ʄײʩʘ ʧʘʡסʘʤʙʘʨ, ײפʨʘʥ, ʜʘʤʫ ʧʩʠʭʦʣʦʛʠʷʩʳ, 

 .ʘʣʳʧʪʘʩʫץ ץʜʘʨ, ʤʦʨʘʣʴʜʳסʙʘ ץʪʳץʥʜʳʣʳײץ

ʂʽʨʽʩʧʝ 

ɾʘʩʪʳץ ʰʘץ ï ʪײʣסʘʥʳש ʙʦʣʘʰʘץ ᴇʤʽʨʣʽʢ ʙʘסʳʪʳ, ʤʦʨʘʣʴʜʳײ ץʩʪʘʥʳʤʳ ʞᴅʥʝ 

ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʤᴅʜʝʥʠʝʪʽ ʦʨʥʳסʘʪʳʥ ʰʝʰʫʰʽ ʢʝʟʝש. ɹײʣ ʢʝʟʝשʜʝ ʘʜʘʤʥʳש ᴇʟʽʥ-ᴇʟʽ ʪʘʥʫʳ, 

 ʳ ʦʨʥʳʥסʘʤʜʘסʦץ ʳʥʜʘʫʳ ʞᴅʥʝץʩʘʪʪʘʨʜʳ ʘʡץʪʘʨʜʳ ʽʰʢʽʣʝʥʜʽʨʫʽ, ᴇʤʽʨʣʽʢ ʤʘץʥʜʳʣʳײץ

ʙʘסʘʤʜʘʫʳ ʞװʟʝʛʝ ʘʩʘʜʳ. ʉʦʥʜʳץʪʘʥ ʞʘʩʪʳץ ʰʘץʪʳ ʪʝʢ ʙʠʦʣʦʛʠʷʣʳץ ʞʝʪʽʣʫ ʢʝʟʝשʽ ʨʝʪʽʥʜʝ 

ʝʤʝʩ, ʪײʣסʘʣʳץ ʢʝʤʝʣʜʝʥʫʜʽש ʥʝʛʽʟʛʽ ʙʝʣʝʩʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫ ץʘʞʝʪ. 

 ,ʘʣʳʧʪʘʩʘʪʳʥץ ʠʜʝʥʪʠʬʠʢʘʮʠʷʩʳ שʘʥʳסʣײʪ ץʰʘ ץʘʟʽʨʛʽ ʜʘʤʫ ʧʩʠʭʦʣʦʛʠʷʩʳʥʜʘ ʞʘʩʪʳפ

ᴇʤʽʨʣʽʢ ʪʘשʜʘʫ ʤʝʥ ײץʥʜʳʣʳץʪʳץ ʙʘסʜʘʨʜʳש ʘʡץʳʥʜʘʣʘʪʳʥ ʢʝʟʝשʽ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʣʘʜʳ. ɸʣ 

ʠʩʣʘʤʜʳץ ʜװʥʠʝʪʘʥʳʤʜʘ ʙײʣ ʢʝʟʝש ʘʜʘʤʥʳש ʢװʰ-ץʫʘʪʳ ʤʝʥ ʝʨʽʢ-ʞʽʛʝʨʽ ײץʥʜʳʣʳץʪʳץ 

ʞʘʫʘʧʢʝʨʰʽʣʽʢʧʝʥ ײʰʪʘʩʘʪʳʥ ʫʘץʳʪ ʨʝʪʽʥʜʝ ʙʘסʘʣʘʥʘʜʳ. ʆʩʳ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ, ײפʨʘʥʜʘ 

ʙʘʷʥʜʘʣסʘʥ ʧʘʡסʘʤʙʘʨʣʘʨ ץʠʩʩʘʩʳ, ᴅʩʽʨʝʩʝ ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) ʞʘʩʪʳץ ʰʘסʳ, ʪײʣסʘʣʳץ 

 .ʣʛʽʩʽ ʙʦʣʘ ʘʣʘʜʳװ שʪʝʨʝ שʘʣʳʧʪʘʩʫʜʳץ

ʄʘץʘʣʘʥʳש ʤʘץʩʘʪʳ ï ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) ʞʘʩʪʳץ ʰʘסʳʥʘ ץʘʪʳʩʪʳ ײפʨʘʥʜʳץ 

ʙʘʷʥʜʘʫʣʘʨʜʳ ץʘʟʽʨʛʽ ʜʘʤʫ ʧʩʠʭʦʣʦʛʠʷʩʳʥʳש ʢʝʡʙʽʨ ײʩʪʘʥʳʤʜʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ, 

ʞʘʩʪʳץ ʰʘץʪʳש ʪײʣסʘʣʳץ ʜʘʤʫ װʜʝʨʽʩʽʥʜʝʛʽ ʤᴅʥʽʥ סʳʣʳʤʠ ʪײʨסʳʜʘʥ ʩʘʨʘʣʘʫ. 

ɿʝʨʪʪʝʫ ʤʘʪʝʨʠʘʣʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ 
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ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ײפʨʘʥ ʘʷʪʪʘʨʳ, ʢʣʘʩʩʠʢʘʣʳץ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʪᴅʧʩʽʨʣʽʢ ʝשʙʝʢʪʝʨ, 

ʩʦʥʜʘʡ-ʘץ ʜʘʤʫ ʧʩʠʭʦʣʦʛʠʷʩʳʥʘ ץʘʪʳʩʪʳ ʪʝʦʨʠʷʣʳץ ʪײʞʳʨʳʤʜʘʨ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʅʝʛʽʟʛʽ 

ᴅʜʽʩʪʝʨ ʨʝʪʽʥʜʝ: 

ʤᴅʪʽʥʜʽʢ-ʛʝʨʤʝʥʝʚʪʠʢʘʣʳץ ʪʘʣʜʘʫ, 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ, 

ʤʘʟʤײʥʜʳץ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

 .ʦʣʜʘʥʳʣʜʳץ

 ʜʘʤʫ ץʘʣʳסʣײʘʪʳʩʪʳ ʘʷʪʪʘʨ ʪץ ʳʥʘסʰʘ ץʞʘʩʪʳ (.ʩ.ס) שʘʤʙʘʨʜʳסʩʘ ʧʘʡײʳ ʄסʨʘʥʜʘײפ

ʣʦʛʠʢʘʩʳ ʪײʨסʳʩʳʥʘʥ ץʘʨʘʩʪʳʨʳʣʳʧ, ʦʣʘʨʜʳש ʪᴅʨʙʠʝʣʽʢ ʞᴅʥʝ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʤʘסʳʥʘʩʳ 

ʘʰʳʣʜʳ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʤʝʥ ʪʘʣץʳʣʘʫ 

1. ɾʘʩʪʳץ ʰʘץ ï ʪײʣסʘʣʳץ ʪײʪʘʩʪʳץ ץʘʣʳʧʪʘʩʘʪʳʥ ʢʝʟʝש 

ɾʘʩʪʳץ ʰʘץʪʘ ʘʜʘʤ ᴇʟ ʙʦʣʤʳʩʳʥʘ, ʤʘץʩʘʪʳʥʘ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʞʘʫʘʧʢʝʨʰʽʣʽʛʽʥʝ ץʘʪʳʩʪʳ 

ʰʝʰʫʰʽ ʽʰʢʽ ʩײʨʘץʪʘʨʤʝʥ ʙʝʪʧʝ-ʙʝʪ ʢʝʣʝʜʽ. ɹײʣ ʢʝʟʝשʜʝʛʽ ʪᴅʞʽʨʠʙʝ ʢʝʡʽʥʛʽ ʤʽʥʝʟ ײץʨʳʣʳʤʳʥʘ, 

ʤʦʨʘʣʴʜʳץ ʪײʨʘץʪʳʣʳץץʘ ʞᴅʥʝ ᴇʤʽʨʣʽʢ ʪʘשʜʘʫʣʘʨסʘ ʪʽʢʝʣʝʡ ʳץʧʘʣ ʝʪʝʜʽ. ɽʛʝʨ ʦʩʳ ʢʝʟʝשʜʝ 

 ʘ ʞᴅʥʝץʜʘʨʳʩסʘ, ʽʰʢʽ ʜʘץץʩʳʟʜʳץʨʘײʘ ʪסʣײʘʣʳʧʪʘʩʧʘʩʘ, ʪץ ʳʥץʜʘʨ ʘʡסʙʘ ץʪʳץʥʜʳʣʳײץ

ᴅʣʝʫʤʝʪʪʽʢ ʨᴇʣʜʽʢ ʰʘʪʘʩʫסʘ ײʰʳʨʘʫʳ ʤװʤʢʽʥ. 

ʀʩʣʘʤʜʳץ ʪʘʥʳʤʜʘ ʞʘʩʪʳץ ʰʘץʪʘסʳ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝ ʢװʰ ʧʝʥ ʵʤʦʮʠʷʥʳ ʜײʨʳʩ ʘʨʥʘסʘ 

ʙʘסʳʪʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ײפʨʘʥʜʘ ʞʘʩʪʳץ ץʫʘʪ ᴇʟʜʽʛʽʥʝʥ ʥʝ ʦש, ʥʝ ʪʝʨʽʩ ʩʠʧʘʪʪʘ ʙʝʨʽʣʤʝʡʜʽ; 

ʰʝʰʫʰʽ ʤᴅʩʝʣʝ ʦʥʳץ שʘʡ ʤʘץʩʘʪץʘ ʞײʤʩʘʣʘʪʳʥʳ. ɹײʣ ץʘסʠʜʘ ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) 

ᴇʤʽʨʽʥʜʝʛʽ ʦץʠסʘʣʘʨ ʘʨץʳʣʳ ʥʘץʪʳ ʢᴇʨʩʝʪʽʣʝʜʽ. 

2. ɽʨʪʝ ץʘʫʽʧ ʧʝʥ ʩʝʥʽʤʥʽש ʪײʣסʘʣʳץ ץʘʣʳʧʪʘʩʫסʘ ʳץʧʘʣʳ 

ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) ᴇʤʽʨʽʥʽש ʙʘʩʪʘʧץʳ ʢʝʟʝשʽ ץʘʫʽʧ ʧʝʥ ץʦʨסʘʥʳʰʪʳץ שʘʪʘʨ 

ʞװʨʫ̔ʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʇʝʨסʘʫʳʥʥʳש ʟײʣʳʤʜʳסʳ, ʥᴅʨʝʩʪʝʣʝʨʜʽש ᴇʣʪʽʨʽʣʫʽ ʞᴅʥʝ ʘʥʘʥʳש ʞװʨʝʢ 

ʢװʡʟʝʣʽʩʽ ײפʨʘʥʜʘ ʪʝʨʝש ʵʤʦʮʠʦʥʘʣʜʳץ ʞᴅʥʝ ʨʫʭʘʥʠ ʤʘʟʤײʥʜʘ ʙʘʷʥʜʘʣʘʜʳ. ʄײʩʘʥʳש ʘʥʘʩʳʥʳש 

ʙʘʣʘʩʳʥ ᴇʟʝʥʛʝ ʪʘʧʩʳʨʫʳ ʩʳʨʪʪʘʡ ץʘʨʘסʘʥʜʘ ᴇʪʝ ʘʫʳʨ ʰʝʰʽʤ ʙʦʣסʘʥʳʤʝʥ, ʰʳʥ ʤᴅʥʽʥʜʝ, ʦʣ 

ʠʣʘᴃʠ ʫᴅʜʝʛʝ ʜʝʛʝʥ ʩʝʥʽʤʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. 

ɹײʣ ʦץʠסʘ ʪײʣסʘʣʳץ ʜʘʤʫ ʪײʨסʳʩʳʥʘʥ ʤʘשʳʟʜʳ ʙʽʨ ʟʘשʜʳʣʳץʪʳ ʢᴇʨʩʝʪʝʜʽ: ʝʨʪʝ ʢʝʟʝשʜʝʛʽ 

 ʢʝʡʽʥʛʽ ᴇʤʽʨʽʥʜʝʛʽ ʽʰʢʽ ʙʝʨʽʢʪʽʢʢʝ ʥʝʛʽʟ ʙʦʣʘ שʘʥʳסʣײʰʪʘʩʩʘ, ʪײ ʘʫʽʧ ʪᴅʞʽʨʠʙʝʩʽ, ʝʛʝʨ ʩʝʥʽʤʤʝʥץ

ʘʣʘʜʳ. ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) ᴇʤʽʨ ʞʦʣʳ ʙʘʩʳʥʘʥ ʙʘʩʪʘʧ ʢʝʟʜʝʡʩʦץʪʳץ ʝʤʝʩ, ʤʘץʩʘʪʪʳ ʠʣʘᴃʠ 

ʞʦʩʧʘʨ ʘʷʩʳʥʜʘ ᴇʨʙʽʛʝʥʽ ʙʘʡץʘʣʘʜʳ. ɹײʣ ʞʘסʜʘʡ ʞʘʩʪʳץ ʰʘץʪʘסʳ ʪײʣסʘʥʳש ᴇʟ ᴇʤʽʨʽʥʜʝʛʽ 

 .ʘʙʳʣʜʘʫʳʥʘ ʞʦʣ ʘʰʘʜʳץ ʳʥʘʣʳ ʪᴅʞʽʨʠʙʝ ʨʝʪʽʥʜʝסʪʘʨʜʳ ʤʘץʠʳʥʜʳץ

3. ʂʝʤʝʣʜʽʢʢʝ ʞʝʪʫ: ʢװʰ, װʢʽʤ ʞᴅʥʝ ʙʽʣʽʤ ʙʽʨʣʽʛʽ 

 è, ʦʜʘʥשʢʽʤʥʽװʰè ʧʝʥ çװʢʝʤʝʣʜʽʢʢʝ ʞʝʪʫʽ çʢ ץʞʘʩʪʳ (.ʩ.ס) שʘʤʙʘʨʜʳסʩʘ ʧʘʡײʨʘʥʜʘ ʄײפ

ʢʝʡʽʥ çʙʽʣʽʤʥʽשè ʙʝʨʽʣʫʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɹײʣ ʞʝʨʜʝ ʘʜʘʤ ʜʘʤʫʳʥʳש ʤʘשʳʟʜʳ ʨʝʪʪʽʣʽʛʽ 

ʢᴇʨʽʥʝʜʽ: ʘʣʜʳʤʝʥ ʽʰʢʽ ץʫʘʪ ʧʝʥ ץʘʙʽʣʝʪ ʦʨʥʳסʘʜʳ, ʢʝʡʽʥ ʦʥʳ ʨʝʪʪʝʡʪʽʥ ʧʘʡʳʤ ʤʝʥ 

ʞʘʫʘʧʢʝʨʰʽʣʽʢ ץʘʣʳʧʪʘʩʘʜʳ. ɽʛʝʨ ʢװʰ ʙʘʨ ʜʘ, ʦʥʳ ʙʘסʳʪʪʘʡʪʳʥ ʤʦʨʘʣʴʜʳץ ʪʝʞʝʤ ʙʦʣʤʘʩʘ, 

ʘʜʘʤ ץʘʪʝʣʽʢʢʝ ײʨʳʥʫʳ ʤװʤʢʽʥ. 

ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) ᴇʤʽʨʽʥʜʝʛʽ ץʘʣʘʜʘסʳ ʦץʠסʘ ʦʩʳʥʳש ʥʘץʪʳ ʤʳʩʘʣʳ. ʆʣ 

ʟײʣʳʤʜʳץץʘ ץʘʨʩʳ ᴅʨʝʢʝʪ ʝʪʝʜʽ, ʙʽʨʘץ ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ ʘʜʘʤ ᴇʣʽʤʽ ʦʨʳʥ ʘʣʘʜʳ. ɹײʣ ʞʘʡʪ 

ʞʘʩʪʳץ ʰʘץʪʘסʳ ʵʤʦʮʠʷ ʤʝʥ ʢװʰʪʽש ʞʝʪʢʽʣʽʢʪʽ ʽʰʢʽ ʙʘץʳʣʘʫʩʳʟ ץʘʫʽʧʪʽ ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʜᴅʣ ʦʩʳ ʪײʩʪʘ ʪײʣסʘʣʳץ ʢʝʤʝʣʜʽʢʪʽש ʤʘשʳʟʜʳ ʙʝʣʛʽʩʽ ʢᴇʨʽʥʝʜʽ: ʄײʩʘ 

 ʳʣʳץʘʪʝʣʽʢ ʨʝʪʽʥʜʝ ʪʘʥʳʧ, ʪᴅʫʙʝʛʝ ʢʝʣʝʜʽ. ʆʩʳ ʘʨץ ʘʡʪʘ ʦʥʳץ ,ʪʘʤʘʡʜʳץᴇʟ ᴅʨʝʢʝʪʽʥ ʘ (.ʩ.ס)

ʞʘʩʪʳץ ʰʘץʪʘסʳ ʥʘסʳʟ ʞʝʪʽʣʫ ץʘʪʝʣʽʢʩʽʟ ʙʦʣʫʜʘ ʝʤʝʩ, ץʘʪʝʣʽʢʢʝ ʜײʨʳʩ ʨʫʭʘʥʠ ʞʘʫʘʧ ʙʝʨʝ ʙʽʣʫʜʝ 

ʝʢʝʥʽ ʘסשʘʨʳʣʘʜʳ. 
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 ʘʙʳʣʜʘʫ ʤᴅʜʝʥʠʝʪʽץ ʳ ʰʝʰʽʤסʜʘʡʳʥʜʘסʘʫʽʧ ʞʘפ .4

ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) ץʘʣʘʜʘʥ ʢʝʪʫʽ ʦʥʳש ᴅʣʩʽʟʜʽʛʽʥ ʝʤʝʩ, ץʘʡʪʘ ʘʭʫʘʣʜʳ ʜײʨʳʩ 

ʙʘסʘʣʘʡ ʘʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʞʝʨʜʝ ײפʨʘʥ ʙʘʪʳʣʜʳץʪʳ ʢᴇʟʩʽʟ ʪᴅʫʝʢʝʣʤʝʥ ʝʤʝʩ, ʜʘʥʘʣʳץʧʝʥ 

ʙʘʡʣʘʥʳʩʪʘ ײʩʳʥʘʜʳ. ʗסʥʠ ʪײʣסʘʣʳץ ʢʝʤʝʣʜʽʢ ץʘʫʽʧʢʝ ץʘʨʩʳ ʪײʨʫʤʝʥ ץʘʪʘʨ, ᴇʤʽʨʣʽʢ ʤʠʩʩʠʷʥʳ 

ʩʘץʪʘʫ װʰʽʥ ʜײʨʳʩ ʫʘץʳʪʰʘ ʰʝʛʽʥʝ ʙʽʣʫʜʽ ʜʝ ץʘʤʪʠʜʳ. 

ɾʘʩʪʳץ ʰʘץʪʘסʳ ʪײʣסʘʣʳץ ʜʘʤʫ װʰʽʥ ʙײʣ ʘʩʘ ʤʘשʳʟʜʳ ץʘסʠʜʘ. ʉʝʙʝʙʽ ʢᴇʧʪʝʛʝʥ ʞʘסʜʘʡʜʘ 

ʞʘʩʪʘʨ ʙʘʪʳʣʜʳץʪʳ ʪʝʢ ʪʽʢʝʣʝʡ ץʘʨʩʳʣʳץ ʥʝʤʝʩʝ ʵʤʦʮʠʷʣʳץ ʨʝʘʢʮʠʷ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʡʜʳ. ɸʣ 

 ʪʘʫץʞʘʫʘʧʢʝʨʰʽʣʽʢʪʽ ʩʘ ץʜʘʫ ʞᴅʥʝ ʙʦʣʘʰʘשʨʳʩ ʪʘײʳʪʪʳ ʜץʳʣʜʳ ʰʝʰʽʤ, ʫʘץʙʘʷʥʜʘʫ ʘ ץʨʘʥʜʳײפ

ʜʘ ʢʝʤʝʣ ʤʽʥʝʟʜʽש ʙʝʣʛʽʩʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

5. ʄᴅʜʠʷʥ ʢʝʟʝשʽ: ʝשʙʝʢ, ʘʤʘʥʘʪ ʞᴅʥʝ ʽʰʢʽ ץʘʣʳʧʪʘʩʫ 

ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) ʄᴅʜʠʷʥʜʘ ᴇʪʢʽʟʛʝʥ ʢʝʟʝשʽ ʦʥʳש ʪײʣסʘʣʳץ ʜʘʤʫʳʥʳש ʝש ʤʘשʳʟʜʳ 

ʩʘʪʳʣʘʨʳʥʳש ʙʽʨʽ. ײפʜʳץ ʙʘʩʳʥʜʘסʳ ᴅʣʩʽʟ ʞʘʥʜʘʨסʘ ʢᴇʤʝʢʪʝʩʫʽ, ʢʝʡʽʥ çʢװʰʪʽ ᴅʨʽ ʩʝʥʽʤʜʽè ʜʝʧ 

ʩʠʧʘʪʪʘʣʫʳ ʦʥʳש ʤʽʥʝʟʜʽʢ ʩʘʧʘʣʘʨʳʥʳש ʪʦʣʳץץʘʥʜʳ ץʘʣʳʧʪʘʩʘ ʙʘʩʪʘסʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. ɹײʣ 

ʩʠʧʘʪʪʘʤʘ ʪʝʢ ʬʠʟʠʢʘʣʳץ ץʫʘʪʪʳ ʝʤʝʩ, ʤʦʨʘʣʴʜʳץ ʪײʨʘץʪʳʣʳץʪʳ, ʘʜʘʣʜʳץʪʳ ʞᴅʥʝ ʩʝʥʽʤʜʽʣʽʢʪʽ 

ʜʝ ץʘʤʪʠʜʳ. 

ʆʩʳ ʢʝʟʝשʜʝ ʄײʩʘ ʧʘʡסʘʤʙʘʨ (ס.ʩ.) ץʦסʘʤʜʳץ ʤᴅʨʪʝʙʝ ʠʝʩʽ ʝʤʝʩ, ʙʽʨʘץ ʽʰʢʽ ʪײʨסʳʜʘʥ 

ʢʝʤʝʣʜʝʥʽʧ ʢʝʣʝ ʞʘʪץʘʥ ʪײʣסʘ ʨʝʪʽʥʜʝ ʢᴇʨʽʥʝʜʽ. ɹײʣ ï ʞʘʩʪʳץ ʰʘץʪʘסʳ ץʘʣʳʧʪʘʩʫʜʳש ʝש 

ʤʘשʳʟʜʳ ץʳʨʳ. ʉʝʙʝʙʽ ʰʳʥʘʡʳ ʜʘʤʫ ᴅʨʜʘʡʳʤ ʩʳʨʪץʳ ʪʘʙʳʩʧʝʥ ᴇʣʰʝʥʙʝʡʜʽ; ʢᴇʧ ʞʘסʜʘʡʜʘ ʦʣ 

ʪʳʥʳʰ ʝשʙʝʢ, ʩʘʙʳʨ ʞᴅʥʝ ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʘʨץʳʣʳ ʞװʨʝʜʽ. 

 ʳסʪʘʩʪʳץʩʘʙʘ שʘʟʽʨʛʽ ʜʘʤʫ ʧʩʠʭʦʣʦʛʠʷʩʳʥʳץ ʤʦʜʝʣʴ ʤʝʥ ץʨʘʥʜʳײפ .6

 ץʩʳʟʜʳץʨʘײʜʘʫ ʞᴅʥʝ ʪשʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʪʘ ץʰʘ ץʘʟʽʨʛʽ ʜʘʤʫ ʧʩʠʭʦʣʦʛʠʷʩʳʥʜʘ ʞʘʩʪʳפ

ʢʝʟʝשʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ײפʨʘʥʜʳץ ʤʦʜʝʣʴʜʝ ʜʝ ʙײʣ ʢʝʟʝש ʽʰʢʽ ʢװʨʝʩ, ʪʘשʜʘʫ, 

ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʞᴅʥʝ ײץʥʜʳʣʳץʪʳץ ʦʨʥʳסʫ ʢʝʟʝשʽ ʨʝʪʽʥʜʝ ʪʘʥʳʣʘʜʳ. ɽʢʽ ʙʘסʳʪʪʳש ʪʽʣʜʽʢ 

ʘʧʧʘʨʘʪʳ ᴅʨʪװʨʣʽ ʙʦʣסʘʥʳʤʝʥ, ʤʘʟʤײʥʜʳץ ʞʘסʳʥʘʥ ץײʩʘʩʪʳץ ʙʘʡץʘʣʘʜʳ. 

 ʤʳʥʘʜʘʡ ʥʝʛʽʟʛʽ שʜʘʤʫʜʳ ץʘʣʳסʣײʳ ʪסʰʘ ץʞʘʩʪʳ (.ʩ.ס) שʘʤʙʘʨʜʳסʩʘ ʧʘʡײʳ ʄסʨʘʥʜʘײפ

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ: 

ʝʨʪʝ ץʘʫʽʧ ʪᴅʞʽʨʠʙʝʩʽ ʤʝʥ ʩʝʥʽʤ, 

ʢװʰ ʧʝʥ ʵʤʦʮʠʷʥʳ ʨʝʪʪʝʫ, 

 ,ʳʣʳ ʨʫʭʘʥʠ ᴇʩʫץʘʪʝʣʽʢ ʘʨץ

ʝשʙʝʢ ʧʝʥ ʘʤʘʥʘʪ ʘʨץʳʣʳ ʢʝʤʝʣʜʝʥʫ. 

ʆʩʳ ʪײʨסʳʜʘʥ ץʘʨʘסʘʥʜʘ, ײפʨʘʥʜʳץ ץʠʩʩʘ ʪʝʢ ʜʽʥʠ ʙʘʷʥʜʘʫ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪײʣסʘʣʳץ 

ʜʘʤʫʜʳײץ שʥʜʳʣʳץʪʳץ-ʧʩʠʭʦʣʦʛʠʷʣʳװ ץʣʛʽʩʽ ʨʝʪʽʥʜʝ ʜʝ ץʘʨʘʩʪʳʨʳʣʫʳ ʤװʤʢʽʥ. 

 

 ʦʨʳʪʳʥʜʳפ

ɾʘʩʪʳץ ʰʘץ ï ʪײʣסʘʥʳש ʙʦʣʘʰʘץ ᴇʤʽʨʽʥ ʘʡץʳʥʜʘʡʪʳʥ ʰʝʰʫʰʽ ʢʝʟʝש. ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש 

 ʘʪʝʣʽʢ, ʪᴅʫʙʝ, ʩʘʙʳʨץ ,ʨʝʩװʜʽ ʢשʣ ʢʝʟʝײʙʘʷʥʜʘʫʣʘʨ ʙ ץʨʘʥʜʳײפ ʘʪʳʩʪʳץ ʳʥʘסʰʘ ץʞʘʩʪʳ (.ʩ.ס)

ʞᴅʥʝ ʝשʙʝʢ ʘʨץʳʣʳ ʢʝʤʝʣʜʝʥʫ ʞʦʣʳ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʝʜʽ. ʆʩʳ ʙʘʷʥʜʘʫʣʘʨ ץʘʟʽʨʛʽ ʜʘʤʫ 

ʧʩʠʭʦʣʦʛʠʷʩʳʥʳש ʥʝʛʽʟʛʽ ʪײʞʳʨʳʤʜʘʨʳʤʝʥ ʤʘʟʤײʥʜʳץ ʪײʨסʳʜʘʥ װʥʜʝʩ ʢʝʣʝʜʽ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽ ʞʘʩʪʳץ ʰʘץʪʳש ʪײʣסʘʣʳץ ʜʘʤʫʜʘסʳ ʤʘשʳʟʳʥ ʪᴇʤʝʥʜʝʛʽ ʪײʞʳʨʳʤʜʘʨʤʝʥ 

ʞʠʥʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

ʙʽʨʽʥʰʽʜʝʥ, ʞʘʩʪʳץ ʰʘץʪʘ ץʘʣʳʧʪʘʩץʘʥ ײץʥʜʳʣʳץʪʳץ ʙʘסʜʘʨ ʢʝʡʽʥʛʽ ᴇʤʽʨʜʽש ʽʨʛʝʪʘʩʳʥ 

 ;ʘʣʘʡʜʳץ

ʝʢʽʥʰʽʜʝʥ, ʪײʣסʘʣʳץ ʞʝʪʽʣʫ ץʘʪʝʣʽʢʪʽש ʞʦץʪʳסʳʤʝʥ ʝʤʝʩ, ʦסʘʥ ʙʝʨʽʣʛʝʥ ʞʘʫʘʧʪʳש 

ʩʘʧʘʩʳʤʝʥ ᴇʣʰʝʥʝʜʽ; 
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ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.ʆʩʳʣʘʡʰʘ, ʄײʩʘ ʧʘʡסʘʤʙʘʨʜʳש (ס.ʩ.) ᴇʤʽʨʽ ʞʘʩʪʳץ ʰʘץʪʳ ʪᴅʨʙʠʝʣʽʢ, ʨʫʭʘʥʠ 
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ϧ.ʊ. ʊʦʣʝʢʦʚ, ɻ.ɼ. ɹϸʟʽʣ  

ϣ. ɼϸʫʢʝʝʚ ʘʪʳʥʜʘϤʳ ɸʣʤʘʪʳ ʵʥʝʨʛʝʪʠʢʘ ʞϸʥʝ ʙʘʡʣʘʥʳʩ ʫʥʠʚʝʨʩʠʪʝʪʽ 

 

ɸϬʜʘʪʧʘ. ʄʘϨʩʘʪʳ: ɹϰʣ ʞϰʤʳʩʪʳϬ ʤʘϨʩʘʪʳ ï ϨʘʣʘʜʘϤʳ ʞʦʣ ϨʦʟϤʘʣʳʩʳʥ ʪʠʽʤʜʽ, 

Ϩʘʫʽʧʩʽʟ ʞϸʥʝ ʵʢʦʣʦʛʠʷʣʳϨ ʪϰʨϤʳʜʘ ʦϬʪʘʡʣʳ ʝʪʫ Ϯʰʽʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʪʨʘʬʠʢʪʽ ʙʘʩϨʘʨʫ 

ʞϮʡʝʩʽʥ (ʀʊɹɾ) ʟʝʨʪʪʝʫ ʞϸʥʝ ϸʟʽʨʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʄʝʪʦʜʦʣʦʛʠʷ: ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʢϺʣʽʢ ʘϤʳʥʜʘʨʳʥ ʤʦʜʝʣʴʜʝʫ, ʥʘϨʪʳ ʫʘϨʳʪʪʘϤʳ 

ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʞϸʥʝ ϺϬʜʝʫ ʪϸʩʽʣʜʝʨʽ, KPI ʢϺʨʩʝʪʢʽʰʪʝʨʽ ʘʨϨʳʣʳ ʙʘϤʘʣʘʫ, ʩʦʥʜʘʡ-ʘϨ 

ʙϰʣʳϬϤʳʨ ʣʦʛʠʢʘ (Fuzzy Logic) ʥʝʛʽʟʽʥʜʝʛʽ ʰʝʰʽʤ Ϩʘʙʳʣʜʘʫ ʤʦʜʝʣʽ Ϩʦʣʜʘʥʳʣʜʳ. ɹʘϤʜʘʨʰʘʤ 

ʬʘʟʘʣʘʨʳʥ ʙʝʡʽʤʜʝʧ ʙʘʩϨʘʨʫ Matlab ʦʨʪʘʩʳʥʜʘ ʞϮʟʝʛʝ ʘʩʳʨʳʣʳʧ, ʙʘʩʪʘʧϨʳ ʪʝʢʩʝʨʫ Ϯʰʽʥ 

JSON ʬʦʨʤʘʪʳʥʜʘϤʳ mock data ʧʘʡʜʘʣʘʥʳʣʜʳ.. 

ʅʝʛʽʟʛʽ ʪϰʞʳʨʳʤʜʘʨ: ϧʘʣʘʣʳϨ ʢϺʣʽʢ ʞϮʡʝʩʽʥ ʙʘʩϨʘʨʫʜʳϬ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʤʦʜʝʣʽ 

ϰʩʳʥʳʣʜʳ. ʄʦʜʝʣʴ ʢϺʣʽʢ ϨʦʟϤʘʣʳʩʳʥʳϬ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ (ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳϨ, ʢϮʪʫ 

ʫʘϨʳʪʳ) ʪʘʣʜʘʧ, ʵʢʦʣʦʛʠʷʣʳϨ ϸʩʝʨʜʽ  ʙʘϤʘʣʘʡ ʦʪʳʨʳʧ, ʙʘϤʜʘʨʰʘʤ ʮʠʢʣʽʥ ʪʠʽʤʜʽ ʨʝʪʪʝʫʛʝ 

ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂʽʣʪ ʩϺʟʜʝʨ: ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʪʨʘʬʠʢ ʙʘʩϨʘʨʫ ʞϮʡʝʩʽ, KPI, ʙϰʣʳϬϤʳʨ ʣʦʛʠʢʘ, Matlab,  

ʙʘϤʜʘʨʰʘʤʜʳ ʙʘʩϨʘʨʫ, ϨʘʣʘʣʳϨ ʤʦʙʠʣʴʜʽʢ. 

ʂʽʨʽʩʧʝ: 

ʋʨʙʘʥʠʟʘʮʠʷ ץʘʨץʳʥʳʥʳש ʘʨʪʫʳ ʤʝʥ ʘʚʪʦʢᴇʣʽʢ ʩʘʥʳʥʳש ʢᴇʙʝʶʽ ץʘʣʘʣʘʨʜʘסʳ ʞʦʣ 

ʠʥʬʨʘײץʨʳʣʳʤʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ ʩʘʣʤʘץ ʪװʩʽʨʫʜʝ. ʂʝʧʪʝʣʽʩʪʽש ʞʠʽʣʝʫʽ ʪײʨסʳʥʜʘʨʜʳש ʫʘץʳʪ 

ʰʳסʳʥʳʥ ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʦʪʳʥ ʪײʪʳʥʫʳʥ ײʣסʘʡʪʘʜʳ ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʪװʩʝʪʽʥ 

ʵʤʠʩʩʠʷʣʳץ ʞװʢʪʝʤʝʥʽ ʢװʰʝʡʪʝʜʽ. ɼᴅʩʪװʨʣʽ ʙʘסʜʘʨʰʘʤʜʘʨʜʳ ʘʣʜʳʥ ʘʣʘ ʙʝʣʛʽʣʝʥʛʝʥ ʫʘץʳʪ 

ʢʝʩʪʝʩʽʤʝʥ ʙʘʩץʘʨʫ ʪᴅʩʽʣʽ ʪʨʘʬʠʢʪʽש ʢװʨʪ ᴇʟʛʝʨʝʪʽʥ ʞʘסʜʘʡʣʘʨʳʥʜʘ (ʧʠʢ ʩʘסʘʪ, ʘʧʘʪ, ʘʫʘ ʨʘʡʳ, 

ʞʦʣ ʞײʤʳʩʪʘʨʳ) ʞʝʪʢʽʣʽʢʪʽ ʪʠʽʤʜʽ ʝʤʝʩ  ʉʦʥʜʳץʪʘʥ ʥʘץʪʳ ʫʘץʳʪʪʘסʳ ʜʝʨʝʢʪʝʨʜʽ (ʢʘʤʝʨʘ, 

ʜʘʪʯʠʢ, GPS ʞᴅʥʝ ʙʘʩץʘ ʢᴇʟʜʝʨ) ʪʘʣʜʘʧ, ʙʘʩץʘʨʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʜʠʥʘʤʠʢʘʣʳץ ʪװʨʜʝ ᴇʟʛʝʨʪʝ 

ʘʣʘʪʳʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʢᴇʣʽʢ ʞװʡʝʣʝʨʽ ᴇʟʝʢʪʽ סʳʣʳʤʠ-ʪᴅʞʽʨʠʙʝʣʽʢ ʙʘסʳʪ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ . ɹײʣ 

ʞײʤʳʩʪʘ ʙײʣʳסשʳʨ ʣʦʛʠʢʘ ʘʨץʳʣʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʡʪʳʥ ʞᴅʥʝ Matlab ʦʨʪʘʩʳʥʜʘ ʤʦʜʝʣʴʜʝʥʝʪʽʥ 

ʪʨʘʬʠʢ ʙʘʩץʘʨʫ ʪᴅʩʽʣʽ ײʩʳʥʳʣʘʜʳ 

[1, 2] ʟʝʨʪʪʝʫʣʝʨʜʝ ײʩʳʥʳʣʘʪʳʥ ʛʨʘʬץʘ ʥʝʛʽʟʜʝʣʛʝʥ ʜʝʢʦʤʧʦʟʠʮʠʷ ʪᴅʩʽʣʽ ʢװʨʜʝʣʽ 

ʞʝʣʽʣʝʨʜʝʛʽ ʘסʳʥʜʘʨʜʳ ʪʠʽʤʜʽ ʪʘʣʜʘʫ ʤʝʥ ʦשʪʘʡʣʘʥʜʳʨʫʜʳש ᴅʤʙʝʙʘʧ ײץʨʘʣʳ ʨʝʪʽʥʜʝ 

ʢᴇʨʩʝʪʽʣʝʜʽ. ʆʩʳ ʠʜʝʷʥʳ ץʘʣʘʣʳץ ʢᴇʣʽʢ ʞװʡʝʩʽʥʝ ʙʝʡʽʤʜʝʛʝʥʜʝ, ץʘʣʘ ʢᴇʣʽʢ ʞʝʣʽʩʽʥ ʛʨʘʬ ʪװʨʽʥʜʝ 

ʤʦʜʝʣʴʜʝʫ ʳסשʘʡʣʳ: ץʠʳʣʳʩʪʘʨ ï ʛʨʘʬʪʳש ʰʳשʜʘʨʳ, ʘʣ ʞʦʣʜʘʨ/ʢᴇʰʝʣʝʨ ï ץʘʙʳʨסʘʣʘʨʳ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ᴄʨ ץʘʙʳʨסʘסʘ (ʥʝʤʝʩʝ ʰʳסשʘ) ʩʘʣʤʘץ (ʢᴇʣʽʢ ʪʳסʳʟʜʳסʳ, ʦʨʪʘʰʘ 

ʞʳʣʜʘʤʜʳץʪʳש ʪᴇʤʝʥʜʝʫʽ, ʢʽʜʽʨʽʩ ʫʘץʳʪʳ) ʙʝʨʽʣʝʜʽ. ʉʘʣʤʘץ ʤᴅʥʜʝʨʽʥʽײ שʣסʘʶʳ ʧʨʦʙʣʝʤʘʣʳ 

ʘʡʤʘץʪʘʨʜʳ (ʢʝʧʪʝʣʽʩ ʞʠʽ ʙʦʣʘʪʳʥ ʪʦʨʘʧʪʘʨʜʳ) ʪʝʟ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ, 

ʦʩʳ ʪʦʨʘʧʪʘʨʜʘ ʙʘסʜʘʨʰʘʤ ʮʠʢʣʽʥ/ʬʘʟʘ ײʟʘץʪʳסʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʘסʳʥʜʳ ץʘʡʪʘ ʙᴇʣʫ ʞᴅʥʝ 

ʢʝʧʪʝʣʽʩʪʽ ʘʟʘʡʪʫ ʤװʤʢʽʥ ʙʦʣʘʜʳ. ɼʝʤʝʢ, ʛʨʘʬ ᴅʜʽʩʽ ʢᴇʣʽʢ ʞʝʣʽʩʽʥʽײץ שʨʳʣʳʤʳʥ ʪװʩʽʥʫʜʽ 

ʞʝשʽʣʜʝʪʽʧ ץʘʥʘ ץʦʡʤʘʡ, ʦʥʳ ʪʘʣʜʘʫïʦשʪʘʡʣʘʥʜʳʨʫïʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʪʽʟʙʝʛʽʥʝ ʥʝʛʽʟ ʙʦʣʘʜʳ 

ʞᴅʥʝ ץʘʣʘʣʳץ ʪʨʘʬʠʢʪʽ ʮʠʬʨʣʳץ ʜʝשʛʝʡʜʝ ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ ʤʳץʪʳ ײץʨʘʣ ʨʝʪʽʥʜʝ ʢᴇʨʽʥʝʜʽ. 

 [3] ʞײʤʳʩʪʘ KPI (ʪʠʽʤʜʽʣʽʢʪʽש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ) ᴅʜʽʩʽ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʜʽ ʙʘʩץʘʨʫ 

 ʣ ʪᴅʩʽʣ ʢᴇʣʽʢ ʩʘʣʘʩʳʥʜʘ ʜʘ ᴇʟʝʢʪʽ. ʄʳʩʘʣʳ, ʦʨʪʘʰʘ ʢᴇʣʽʢײʘʨʘʩʪʳʨʳʣʘʜʳ. ɹץ ʨʘʣʳ ʨʝʪʽʥʜʝײץ

ʞʳʣʜʘʤʜʳסʳ, ʙʘסʜʘʨʰʘʤ ʬʘʟʘʩʳʥʜʘסʳ ʢʽʜʽʨʽʩ ʫʘץʳʪʳ, ʢᴇʣʽʢ ʘסʳʥʳʥʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ, CO  

ʰʳסʘʨʳʥʜʳʣʘʨʳ ʩʝʢʽʣʜʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʝʥʛʽʟʫ ʘʨץʳʣʳ ץʘʣʘʣʳץ ʢᴇʣʽʢ ʞװʡʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ 

ʩʘʥʜʳץ ʪװʨʜʝ ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʘʩץʘʨʫ ʤװʤʢʽʥ ʙʦʣʘʜʳ. 

[4] ʟʝʨʪʪʝʫʜʝ ʞװʢʪʝʤʝʥʽ ʪʠʽʤʜʽ ʙᴇʣʫ ʞװʡʝʥʽש ʪײʨʘץʪʳ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש 

ʥʝʛʽʟʛʽ ʰʘʨʪʳ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʣʘʜʳ. ɹײʣ ײʩʪʘʥʳʤ ץʘʣʘʣʳץ ʢᴇʣʽʢ ʞװʡʝʩʽʥʜʝ ʜʝ ʦʨʳʥ ʘʣʘʜʳ: ʝʛʝʨ 

ʥʝʛʽʟʛʽ ʤʘʛʠʩʪʨʘʣʴʜʘʨ ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʣʩʝ, ʙװʢʽʣ ʞʝʣʽʥʽש ᴇʥʽʤʜʽʣʽʛʽ ʪᴇʤʝʥʜʝʡʜʽ. ʉʦʥʜʳץʪʘʥ 
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ʪʨʘʬʠʢʪʽ ʙʘʩץʘʨʫʜʘ ʘסʳʥʜʳ ʙʘʣʘʥʩʪʘʫ, ʙʘʣʘʤʘ ʤʘʨʰʨʫʪʪʘʨסʘ ʙʘסʳʪʪʘʫ ʞᴅʥʝ ץʠʳʣʳʩʪʘʨʜʘסʳ 

ʨʝʪʪʝʫʜʽ ʜײʨʳʩ ʪʘשʜʘʫ ʘʨץʳʣʳ ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ʙʦʣʘʜʳ. 

ʗסʥʠ, ñʞװʢʪʝʤʝʥʽ ʙᴇʣʫò ץʘסʠʜʘʩʳ ʢᴇʣʽʢʪʝʛʽ ʢʝʧʪʝʣʽʩ ʪᴅʫʝʢʝʣʽʥ ʪᴇʤʝʥʜʝʪʝʪʽʥ ʤʘשʳʟʜʳ ʞװʡʝʣʽʢ 

ʪᴅʩʽʣʛʝ ʘʡʥʘʣʘʜʳ. 

[5] ʞײʤʳʩʪʘ ʞװʡʝʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʰʳסʳʥʜʘʨʜʳ ʪʘʣʜʘʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʢᴇʨʩʝʪʽʣʝʜʽ. פʘʣʘʣʳץ ʪʨʘʬʠʢʢʝ ץײʩʘʩʪʳʨʳʧ ץʘʨʘʩʘץ, ʘʨʪʳץ ʢװʪʫ ʫʘץʳʪʳ, ʞʠʽ ʪʦץʪʘʧ-ץʦʟסʘʣʫ, 

ʞʘʥʘʨʤʘʡ ʰʳסʳʥʳ ʞᴅʥʝ ʟʠʷʥʜʳ ʛʘʟʜʘʨ ʢᴇʙʝʶʽ ð ʞװʡʝʥʽש ʪʠʽʤʩʽʟʜʽʛʽʥʝ ʪʽʢʝʣʝʡ ʙʝʣʛʽ. 

ʉʦʥʜʳץʪʘʥ ʪʨʘʬʠʢʪʽ ʙʘʩץʘʨʫʜʘ ʵʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨʜʽ (ʤʳʩʘʣʳ, CO ) KPI ʨʝʪʽʥʜʝ ʘʣʳʧ, ʦʥʳ 

ʘʟʘʡʪʘʪʳʥ ʰʝʰʽʤʜʝʨʜʽ ʪʘשʜʘʫ ʤʘשʳʟʜʳ. ɹײʣ ʪײʨסʳʜʘ ʧʨʝʟʝʥʪʘʮʠʷʜʘסʳ ñʵʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨò 

ʰʳסʳʩ ʧʘʨʘʤʝʪʨʽ ʙʘʩץʘʨʫ ʩʘʧʘʩʳʥ ʙʘסʘʣʘʡʪʳʥ ʤʘשʳʟʜʳ ʠʥʜʠʢʘʪʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

[6] ʝשʙʝʢʪʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʞװʡʝ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʜᴅʣʜʝʫ ʞᴅʥʝ ʪʝʢʩʝʨʫ 

ʪʠʽʤʜʽ ʝʢʝʥʽ ʘʡʪʳʣʘʜʳ. ʆʩʳ ʠʜʝʷ ʧʨʝʟʝʥʪʘʮʠʷʜʘ ʜʘ ʽʩʢʝ ʘʩʘʜʳ: ץʘʣʘʣʳץ ʪʨʘʬʠʢʪʽ ʙʘʩץʘʨʫʜʘ 

Matlab ʦʨʪʘʩʳʥʜʘ Fuzzy Logic ʤʦʜʝʣʽ ײץʨʘʩʪʳʨʳʣʳʧ, ʥʘץʪʳ ײץʨʳʣסʳʣʘʨסʘ ץʦʩʧʘʡ-ʘץ, ʙʘʩʪʘʧץʳ 

ʢʝʟʝשʜʝ JSON mock data ʘʨץʳʣʳ ʩʮʝʥʘʨʠʡʣʝʨ ʪʝʢʩʝʨʽʣʝʜʽ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʙʘסʜʘʨʰʘʤ ʨʝʞʠʤʜʝʨʽʥ 

ʘʣʜʳʥ ʘʣʘ ʩʘʣʳʩʪʳʨʫסʘ, ᴅʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʳ (ʧʠʢ ʩʘסʘʪ, ʦץʠסʘ/ʘʧʘʪ, ʘʫʘ ʨʘʡʳ) ʤʦʜʝʣʴʜʝʫʛʝ, ᴅʨʽ 

ʙʘʩץʘʨʫ ʣʦʛʠʢʘʩʳʥ ץʘʫʽʧʩʽʟ ʪװʨʜʝ ʞʝʪʽʣʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

[7] ʟʝʨʪʪʝʫʜʝ ʛʨʘʬ ʪʝʦʨʠʷʩʳʥʳש ʤʘʩʰʪʘʙʪʘʣʫʳ (װʣʢʝʥ ʞʝʣʽʣʝʨ װʰʽʥ ץʦʣʜʘʥʳʣʫʳ) 

ʢᴇʨʩʝʪʽʣʝʜʽ. ɹײʣ ץʘסʠʜʘ ʢᴇʣʽʢ ʞװʡʝʩʽʥʝ ʜʝ ʩᴅʡʢʝʩ: ץʘʣʘ ʽʰʽʥʜʝʛʽ סʘʥʘ ʝʤʝʩ, ʘʫʜʘʥïʦʙʣʳʩï

ʨʝʩʧʫʙʣʠʢʘʣʳץ ʜʝשʛʝʡʜʝʛʽ ʞʦʣ ʞʝʣʽʣʝʨʽʥ ʙʘʩץʘʨʫʜʘ ʢʣʘʩʪʝʨʣʝʫ, ʤʠʥʠʤʘʣʜʳ ʦʩʪʦʚ ʘסʘʰʳ, ץʳʩץʘ 

ʞʦʣ ʪʘʙʫ ʩʠʷץʪʳ ʪᴅʩʽʣʜʝʨ ʪʨʘʥʟʠʪʪʽʢ ʘסʳʥʜʳ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʗסʥʠ, ʛʨʘʬ ᴅʜʽʩʽ 

ʞʝʨʛʽʣʽʢʪʽ ץʠʳʣʳʩʪʘʥ ʙʘʩʪʘʧ ʢʝש ʤʘʩʰʪʘʙʪʘסʳ ʢᴇʣʽʢ ʣʦʛʠʩʪʠʢʘʩʳʥʘ ʜʝʡʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ 

ᴅʤʙʝʙʘʧ ײץʨʘʣ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ.  

[8] ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ װʰʽʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʙʽʨʣʝʩʽʧ ץʘʨʘʩʪʳʨʫ ץʘʞʝʪʪʽʣʽʛʽ ʘʡʪʳʣסʘʥ. ɹײʣ ʪʨʘʬʠʢ ʙʘʩץʘʨʫʜʘ ʜʘ ʤʘשʳʟʜʳ: ʪʝʢ 

ʘʣʛʦʨʠʪʤ ʞʝʪʢʽʣʽʢʩʽʟ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥ ʨʝʪʪʝʡʪʽʥ ײץʨʳʣʳʤʜʘʨʜʳש (ᴅʢʽʤʜʽʢ, ʞʦʣ 

 ʪʘʥץʘʞʝʪ. ʉʦʥʜʳץ ʡʣʝʩʽʤʜʽʣʽʛʽװ ʢᴇʣʽʢ ʦʧʝʨʘʪʦʨʣʘʨʳ) ᴇʟʘʨʘ ץʘʤʜʳסʦץ ,ʳʟʤʝʪʽ, ʧʦʣʠʮʠʷץ

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝ ʪʝʢ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʙʘʩץʘʨʫ ײץʨʳʣʳʤʜʘʨʳʥʳש 

ᴅʨʝʢʝʪʽʥ ʙʽʨʽʢʪʽʨʝʪʽʥ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʥʝʛʽʟ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ.  

[9-10] ʝשʙʝʢʪʝ ʪʘʨʘʪʳʣסʘʥ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʝʩʝʧʪʝʫ ʞᴅʥʝ ײץʨʫ ʤᴅʩʝʣʝʣʝʨʽ 

 ʨʜʝװʠʳʣʳʩ (ʥʝʤʝʩʝ ʘʫʜʘʥ) ʣʦʢʘʣʜʳ ʪץ ᴅʨ ,ץʦʣʜʘʥʩʘץ ʪʨʘʬʠʢʢʝ ץʘʣʘʣʳץ ʥʳײʘʥ. ʄסʘʨʘʩʪʳʨʳʣץ

ʰʝʰʽʤ ץʘʙʳʣʜʘʡʪʳʥ ʘʚʪʦʥʦʤʜʳ ʘʛʝʥʪ ʩʠʷץʪʳ ʞײʤʳʩ ʽʩʪʝʡ ʘʣʘʜʳ, ʘʣ ʞʦסʘʨסʳ ʜʝשʛʝʡʜʝ (ץʘʣʘ 

ʤʘʩʰʪʘʙʳ) ʦʣʘʨʜʳװ שʡʣʝʩʽʤʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʭʘʥʠʟʤʽ ײץʨʳʣʘʜʳ. ɹײʣ ʪᴅʩʽʣ 

 ʘʥʜʘ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʢʝʰʽʛʫסʘʨץʪʘʥ ʙʘʩץʠʳʣʳʩʪʘʨʜʳ ʙʽʨ ʦʨʪʘʣʳץ ʳ ʢᴇʧʪʝʛʝʥסʘʣʘʣʘʨʜʘץ ʣʢʝʥװ

ʤʝʥ ʢװʨʜʝʣʽʣʽʢʪʽ ʘʟʘʡʪʳʧ, ʙʘʩץʘʨʫʜʳש ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʛʨʘʬ ʪʝʦʨʠʷʩʳ, KPI ʞװʡʝʩʽ, ʙײʣʳסשʳʨ ʣʦʛʠʢʘ (Fuzzy Logic) ʞᴅʥʝ ʩʘʥʜʳץ 

ʤʦʜʝʣʴʜʝʫ (Matlab + mock data) ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ð ץʘʣʘʥʳש ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʢᴇʣʽʢ ʞװʡʝʩʽʥ 

ʞʦʙʘʣʘʫ ʤʝʥ ʜʘʤʳʪʫסʘ ʥʝʛʽʟ ʙʦʣʘʪʳʥ ʟʘʤʘʥʘʫʠ, ᴅʤʙʝʙʘʧ ʪᴅʩʽʣʜʝʨ ץʘʪʘʨʳʥʘ ʞʘʪʘʜʳ. ɹײʣ ᴅʜʽʩʪʝʨ 

ʪʨʘʬʠʢʪʽ ʪʠʽʤʜʽ, ʵʢʦʣʦʛʠʷʣʳץ, ᴅʨʽ ץʘʫʽʧʩʽʟ ʙʘʩץʘʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʞᴅʥʝ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ 

ʰʝʰʽʤ ץʘʙʳʣʜʘʡʪʳʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʞװʡʝʥʽ ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʄʝʪʦʜʦʣʦʛʠʷ 

 ʳ ʜʝʨʝʢʪʝʨʜʽסʳʪʪʘץʪʳ ʫʘץʘʨʫ ʪʠʽʤʜʽʣʽʛʽ ʥʘץʘʣʘʣʘʨʜʘ ʘʚʪʦʤʦʙʠʣʴ ʪʨʘʬʠʛʽʥ ʙʘʩץ ʘʟʽʨʛʽפ

(ʢʘʤʝʨʘ/ʜʝʪʝʢʪʦʨ/ʪʝʣʝʤʘʪʠʢʘ) ʞʠʥʘʫ, ʦʣʘʨʜʳ ᴇשʜʝʫ ʞᴅʥʝ ʙʘʩץʘʨʫ ʰʝʰʽʤʽʥ ʩʘʥʜʳץ ᴇʣʰʝʤʜʝʨ 

ʘʨץʳʣʳ ʥʝʛʽʟʜʝʫʛʝ ʪᴅʫʝʣʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʫʜʝ ץʘʣʘʣʳץ ʪʨʘʬʠʢʪʽ ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʪᴅʩʽʣ ײʩʳʥʳʣʘʜʳ: ʞװʡʝ ʢװʡʽʥ KPI (Key Performance Indicators) ʘʨץʳʣʳ ʙʘסʘʣʘʧ, 

ʰʝʰʽʤ ץʘʙʳʣʜʘʫʜʳ ʛʨʘʬ ʪʝʦʨʠʷʩʳ ʞᴅʥʝ ʙײʣʳסשʳʨ ʣʦʛʠʢʘ (Fuzzy Logic) ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ 

ʘʩʳʨʘʜʳ. ɸʣʛʦʨʠʪʤ Matlab ʦʨʪʘʩʳʥʜʘ ʤʦʜʝʣʴʜʝʥʽʧ, ʙʘʩʪʘʧץʳ ʪʝʢʩʝʨʫ װʰʽʥ JSON 

ʬʦʨʤʘʪʳʥʜʘסʳ mock data ץʦʣʜʘʥʳʣʜʳ. 

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ï ʪʨʘʬʠʢʪʽ ʪʠʽʤʜʽ, ʪײʨʘץʪʳ ʞᴅʥʝ ץʘʫʽʧʩʽʟ ʙʘʩץʘʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʞװʡʝʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʢᴇʣʽʢ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫ. ɹײʣ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ 

ʢʝʣʝʩʽ ʢʝʟʝשʜʝʨ ʦʨʳʥʜʘʣʜʳ: 

 ʥʝʛʽʟʛʽ שʳ ᴅʜʽʩʪʝʨʽʥ ʩʘʨʘʣʘʧ, ʦʣʘʨʜʳסʦʣʜʘʥʳʩʪʘץ שʘʨʫʜʳץʪʨʘʬʠʢʪʽ ʙʘʩ ץʘʣʘʣʳפ ¶

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʫ; 
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 ʳʟʜʳ KPI ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥשʤʘ שʘʣʘʡʪʳʥ ʝסʪʠʽʤʜʽʣʽʛʽʥ ʙʘ שʡʝʩʽʥʽװʢᴇʣʽʢ ʞ ץʘʣʘʣʳפ ¶

ʪʘשʜʘʫ; 

 ʪʘʨʜʘץʘʡʤʘ ץʪʠʽʤʜʽʣʽʛʽʥ ʤʦʜʝʣʴʜʝʫ ʥʝʤʝʩʝ ʧʠʣʦʪʪʳ שʘʥ ʰʝʰʽʤʥʽסʩʳʥʳʣױ ¶

ʧʨʘʢʪʠʢʘʣʳץ ʪװʨʜʝ ʪʝʢʩʝʨʫ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʞʳʣʫ ʨʝʩʫʨʩʪʘʨʳʥ ʥʝײסʨʣʳʤ ʪײʨʘץʪʳ ʞᴅʥʝ ײʪʳʤʜʳ ʙʘʩץʘʨʫסʘ ʥʝʛʽʟ 

ʙʦʣʘʜʳ. 

ɹײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ ʤʦʜʝʣʴʜʽ ײץʨʫ (Fuzzy Logic) - ɿʝʨʪʪʝʫʜʝ ʞʦʣ ץʦʟסʘʣʳʩʳʥ ʙʘʩץʘʨʫ 

 ʦʣʜʘʥʳʣʜʳ. ʄʦʜʝʣʴץ ʡʝʩʽ (FIS)װʦʨʳʪʳʥʜʳʣʘʫ ʞץ ץʳʨ ʣʦʛʠʢʘʣʳסשʣʳײʰʽʥ Mamdani ʪʠʧʪʽ ʙװ

 Input 2 ï Delay ,(ץʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳ) ʨʘʜʳ: Input 1 ï Speedײʰ ʥʝʛʽʟʛʽ ʙʣʦʢʪʘʥ ʪװ ʨʳʣʳʤʳײץ

(ʢʽʜʽʨʽʩ/ʢװʪʫʜʽ ʫʘץʳʪ) ʞᴅʥʝ Output ï Emission (ʰʳסʘʨʳʥʜʳʣʘʨ ʜʝשʛʝʡʽ). ᴄʨʙʽʨ ʢʽʨʽʩ/ʰʳסʳʩ 

ʘʡʥʳʤʘʣʳʩʳ ñʪᴇʤʝʥïʦʨʪʘïʞʦסʘʨʳò ʩʠʷץʪʳ ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʪʝʨʤʠʥʜʝʨʤʝʥ ʩʠʧʘʪʪʘʣʳʧ, ʦʣʘʨסʘ 

ʩᴅʡʢʝʩ ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ (membership functions) ʘʥʳץʪʘʣʜʳ.  

Fuzzy Logic ʘʨʪʳץʰʳʣʳסʳ ï ʪʨʘʬʠʢ ʩʠʷץʪʳ ʘʥʳץ ʝʤʝʩ, ײץʙʳʣʤʘʣʳ ʞװʡʝʣʝʨʜʝ ñץʘʪʘש 

ʰʝʢʢʝò ʪᴅʫʝʣʜʽ ʙʦʣʤʘʡ, ʘʨʘʣʳץ ʞʘסʜʘʡʣʘʨʜʳ ʜʘ ʜײʨʳʩ ʙʘסʘʣʘʡ ʘʣʫʳ. ʄʳʩʘʣʳ, ʞʳʣʜʘʤʜʳץ 

ʙʽʨʜʝʥ ñʪᴇʤʝʥò ʥʝʤʝʩʝ ñʞʦסʘʨʳò ʙʦʣʳʧ ʢʝʪʧʝʡʜʽ, ʘʣ ʙײʣʳסשʳʨ ʤʦʜʝʣʴ ʜᴅʣ ʦʩʳ ᴇʪʧʝʣʽ 

ʨʝʞʠʤʜʝʨʜʝ ʙʘʩץʘʨʫ ʰʝʰʽʤʽʥ ʞײʤʩʘץ ʪװʨʜʝ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. 

1. Input 1 ï Speed ʆʨʪʘʰʘ ץʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳ (V vg) 

Speed ʘʡʥʳʤʘʣʳʩʳ ʢᴇʣʽʢ ʘסʳʥʳʥʳש ʞʘʣʧʳ ñʝʨʢʽʥʜʽʛʽʥò ʩʠʧʘʪʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ ʞʦסʘʨʳ ʙʦʣסʘʥ ʩʘʡʳʥ ץʦʟסʘʣʳʩ ʙʽʨץʘʣʳʧʪʳ, ʪʦץʪʘʧ-

 ʳ ʪᴇʤʝʥʜʝʡʜʽ. ʂʝʨʽʩʽʥʰʝ, Speedסʪʠʤʘʣʜʳץʪʘʣʫ ʳץʳ ʞʠʥʘסʠʳʣʳʩʪʘʨʜʘץ ʘʣʫ ʘʟ ʙʦʣʘʜʳ ʞᴅʥʝסʦʟץ

ʪᴇʤʝʥʜʝʛʝʥʜʝ ʢᴇʣʽʢ ʘסʳʥʳ ʙʘʷʫʣʘʧ, ʞװʨʛʽʟʫʰʽʣʝʨʜʽש ʞʠʽ ʪʝʞʝʣʫʽ ʤʝʥ ץʘʡʪʘ ץʦʟסʘʣʳʩץʘ ʪװʩʫʽ 

ʢᴇʙʝʡʝʜʽ, ʙײʣ ʢʝʧʪʝʣʽʩ ץʘʣʳʧʪʘʩʫʳʥʳש ʙʘʩʪʘʧץʳ ʙʝʣʛʽʩʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹײʣʳסשʳʨ 

ʤʦʜʝʣʴʜʝ Speed ᴅʜʝʪʪʝ ʪᴇʤʝʥïʦʨʪʘïʞʦסʘʨʳ ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʜʝשʛʝʡʣʝʨʛʝ ʙᴇʣʽʥʽʧ, ᴅʨ ʜʠʘʧʘʟʦʥסʘ 

ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʩʳ ʙʝʨʽʣʝʜʽ. ʆʩʳʣʘʡʰʘ ʞװʡʝ ñʞʳʣʜʘʤʜʳץ ʘʟʜʘʧ ʪᴇʤʝʥʜʝʜʽò ʥʝʤʝʩʝ 

ñʞʳʣʜʘʤʜʳץ ᴇʪʝ ʪᴇʤʝʥò ʩʠʷץʪʳ ʘʨʘʣʳץ ʞʘסʜʘʡʣʘʨʜʳ ʜʘ ʝʩʢʝʨʽʧ ʰʝʰʽʤ ץʘʙʳʣʜʘʡʜʳ.פʘʣʘ 

ʙʦʡʳʥʰʘ ʢᴇʣʽʢʪʝʨʜʽץ שʦʟסʘʣʫ ʞʳʣʜʘʤʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ɾʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰ ï ʢᴇʣʽʢ ʘסʳʥʳʥʳש 

ʝʨʢʽʥ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

2. Input 2 ï Delay ʂʝʧʪʝʣʽʩʪʝ ʢװʪʫ ʫʘץʳʪʳ (T raffic_delay) 

Delay ʘʡʥʳʤʘʣʳʩʳ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳץ שʠʳʣʳʩʪʘʨʜʘ ʥʝʤʝʩʝ ʞʦʣ ʫʯʘʩʢʝʩʽʥʜʝ ʢװʪʫ 

ʫʘץʳʪʳʥʳש ʜʝשʛʝʡʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʧʘʨʘʤʝʪʨ ʪʨʘʬʠʢʪʽש ʪʳסʳʟʜʳסʳʥ ʞᴅʥʝ ʙʘʩץʘʨʫ ʩʘʧʘʩʳʥ 

ʞʘʥʘʤʘ ʪװʨʜʝ ʩʠʧʘʪʪʘʡʜʳ: ʙʘסʜʘʨʰʘʤ ʬʘʟʘʣʘʨʳ ʜײʨʳʩ װʡʣʝʩʧʝʩʝ ʥʝʤʝʩʝ ʞʦʣ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ 

ʞʝʪʽʩʧʝʩʝ, ʢװʪʫ ʫʘץʳʪʳ ᴇʩʝʜʽ. Delay ʞʦסʘʨʳ ʙʦʣסʘʥ ʩʘʡʳʥ ʢᴇʣʽʢʪʝʨ ʢᴇʙʽʨʝʢ ʪʦץʪʘʧ ʪײʨʘʜʳ, 

ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ ץʦʟסʘʣʳʩ ʳʨסʘץʩʳʟ ʙʦʣʳʧ, ʘסʳʥ ñװʟʽʣʽʧò ʢʝʪʝʜʽ. ɹײʣʳסשʳʨ ʤʦʜʝʣʴʜʝ Delay ʜʝ 

ʪᴇʤʝʥïʦʨʪʘïʞʦסʘʨʳ ʜʝשʛʝʡʣʝʨʤʝʥ ʙʝʨʽʣʝʜʽ: ʤʳʩʘʣʳ, ʢʽʜʽʨʽʩ ʘʟ ʙʦʣʩʘ ï ʞװʡʝ ʪײʨʘץʪʳ ʨʝʞʠʤʜʝ, 

ʘʣ ʢʽʜʽʨʽʩ ײʣסʘʡʩʘ ï ʙʘʩץʘʨʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ץʘʡʪʘ ʨʝʪʪʝʫ ץʘʞʝʪ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ 

ʞʘʩʘʣʘʜʳ.ɾʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳש ʙʽʨʣʽʛʽʥ (ʤʳʩʘʣʳ, ʛʠʛʘʢʘʣʦʨʠʷ) ᴇʥʜʽʨʫʛʝ ץʘʞʝʪʪʽ ʦʪʳʥ ʤᴇʣʰʝʨʽʥ 

ʘʥʳץʪʘʡʜʳ. ʄʝʥʰʽʢʪʽ ʪײʪʳʥʫʜʳש ʘʟ ʙʦʣʫʳ ʞװʡʝʥʽש ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

3. Output ï Emission (ʰʳסʘʨʳʥʜʳʣʘʨ ʜʝשʛʝʡʽ). 

Emission ï ʙײʣʳסשʳʨ ʤʦʜʝʣʴʜʽש ʰʳסʳʩ ʘʡʥʳʤʘʣʳʩʳ ʞᴅʥʝ ʢᴇʣʽʢ ʘסʳʥʳʥʳש ʵʢʦʣʦʛʠʷʣʳץ 

ᴅʩʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʐʳסʘʨʳʥʜʳʣʘʨ ʜʝשʛʝʡʽ ץʦʟסʘʣʳʩ ʨʝʞʠʤʽʥʝ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ: ʢᴇʣʽʢ ʪʦץʪʘʧ-

 ʘʥסʘʣʳʧʩʳʟ ʙʦʣץʙʽʨ ץʘʥ ʩʘʡʳʥ ʞᴅʥʝ ʞʳʣʜʘʤʜʳץʳʪʳ ʘʨʪץʨʽʩ (idle) ʫʘװʘʥ ʩʘʡʳʥ, ʙʦʩ ʞסʘʣסʦʟץ

ʩʘʡʳʥ CO  ʞᴅʥʝ ʙʘʩץʘ ʟʠʷʥʜʳ ʛʘʟʜʘʨʜʳש ʙᴇʣʽʥʫʽ ʢᴇʙʝʡʝʜʽ.  

ʉʦʥʜʳץʪʘʥ Emission ʤᴅʥʽ ʪʨʘʬʠʢʪʽש ñʩʘʧʘʩʳʥò ʪʝʢ ʞʳʣʜʘʤʜʳץ ʥʝʤʝʩʝ ʢʽʜʽʨʽʩ ʘʨץʳʣʳ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʘʣʘʫסʳʜʘ ʙʘסʨײʪ ץʩʘʣʜʘʨʳ ʨʝʪʽʥʜʝ ʵʢʦʣʦʛʠʷʣʳ שʘʥʘ ʝʤʝʩ, ʦʣʘʨʜʳס

ɹײʣʳסשʳʨ ץʦʨʳʪʳʥʜʳʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ Speed ʧʝʥ Delay ʢʦʤʙʠʥʘʮʠʷʩʳ ʘʨץʳʣʳ Emission ʜʝשʛʝʡʽ 

ʪᴇʤʝʥïʦʨʪʘïʞʦסʘʨʳ ʜʠʘʧʘʟʦʥʜʘʨʜʳש ʙʽʨʽʥʝ ʞʘץʳʥʜʘʪʳʣʘʜʳ. ʄʳʩʘʣʳ, Speed ʪᴇʤʝʥ + Delay 

ʞʦסʘʨʳ Ÿ Emission ʞʦסʘʨʳ, ʘʣ Speed ʞʦסʘʨʳ + Delay ʪᴇʤʝʥ Ÿ Emission ʪᴇʤʝʥ ʜʝʛʝʥ ʣʦʛʠʢʘ 

ʤʦʜʝʣʴʜʽש ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʽʥ ײץʨʘʡʜʳ. 

ɹʘסʜʘʨʰʘʤʥʳש ʬʘʟʘʣʘʨʳ ʢᴇʣʽʢ ʘסʳʥʳʥʘ ʙʝʡʽʤʜʝʣʛʝʥ ʙʝ ï ʩʦʥʳ ʙʘסʘʣʘʡʜʳ. 

ɹײʣʳסשʳʨ ʣʦʛʠʢʘ ï ʘʥʳץ ʝʤʝʩ (ʜᴅʣʽʨʝʢ ʘʡʪץʘʥʜʘ, ñʘʨʘʣʳץò ʢװʡʽ ʙʘʨ) סײʳʤʜʘʨʤʝʥ ʞײʤʳʩ 

ʽʩʪʝʡʪʽʥ ʤʘʪʝʤʘʪʠʢʘʥʳש ʞᴅʥʝ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʪʽש ʙʽʨ ʙʘסʳʪʳ. ʂʣʘʩʩʠʢʘʣʳץ ʣʦʛʠʢʘʜʘ ʢʝʟ 

ʢʝʣʛʝʥ ʪײʞʳʨʳʤ ʘץʠץʘʪ (1) ʥʝʤʝʩʝ ʞʘʣסʘʥ (0) ʙʦʣʳʧ ץʘʪʘש ʙᴇʣʽʥʝʜʽ. ɸʣ ʙײʣʳסשʳʨ ʣʦʛʠʢʘʜʘ 
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ʦʙʲʝʢʪ ʙʝʣʛʽʣʽ ʙʽʨ סײʳʤסʘ ʪʦʣʳץ ʢʽʨʤʝʡ, ʦסʘʥ ʽʰʽʥʘʨʘ ʢʽʨʝ ʘʣʘʜʳ, ʷסʥʠ ñʘץʠץʘʪʪʳʣʳץ ʜᴅʨʝʞʝʩʽò 

0 ʤʝʥ 1 ʘʨʘʣʳסʳʥʜʘסʳ ʤᴅʥʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɹײʣʳסשʳʨ ʣʦʛʠʢʘ ʙײʣʳסשʳʨ ʞʠʳʥʜʘʨ סײʳʤʳʥʘ 

ʩװʡʝʥʝʜʽ: ʤײʥʜʘ ʵʣʝʤʝʥʪʪʽש ʞʠʳʥסʘ ʪʠʽʩʪʽʣʽʛʽ ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʩʳ ʘʨץʳʣʳ ʘʥʳץʪʘʣʳʧ, 

ɛ(x) [ɴ0,1] ʪװʨʽʥʜʝ ʙʝʨʽʣʝʜʽ. ʄʳʩʘʣʳ, ñʞʳʣʜʘʤʜʳץ ʪᴇʤʝʥò, ñʢʽʜʽʨʽʩ ʞʦסʘʨʳò, ñʵʤʠʩʩʠʷ ʦʨʪʘʰʘò 

ʩʠʷץʪʳ ʙʘסʘʣʘʨ ʥʘץʪʳ ʰʝʢʘʨʘʤʝʥ ʝʤʝʩ, ʙʽʨ-ʙʽʨʽʥʝ ʙʽʨʪʽʥʜʝʧ ᴇʪʝʪʽʥ ʜʝשʛʝʡʣʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʞװʡʝ ʥʘץʪʳ ᴇʣʰʝʥʛʝʥ ʤᴅʥʜʝʨʜʽ (ʤʳʩʘʣʳ, Speed ʞᴅʥʝ Delay) ʣʠʥʛʚʠʩʪʠʢʘʣʳץ 

ʪװʩʽʥʽʢʪʝʨʛʝ ʘʡʥʘʣʜʳʨʳʧ, IFïTHEN ʝʨʝʞʝʣʝʨʽ ʘʨץʳʣʳ ץʦʨʳʪʳʥʜʳ ʰʳסʘʨʘʜʳ ʜʘ, ʩʦשʳʥʜʘ 

ʥᴅʪʠʞʝʥʽ ʥʘץʪʳ ʩʘʥסʘ ʪװʨʣʝʥʜʽʨʝʜʽ. ɹײʣ ᴅʜʽʩ ʢװʨʜʝʣʽ, ᴇʟʛʝʨʤʝʣʽ ʞᴅʥʝ ʜᴅʣ ʰʝʛʽ ʞʦץ ʧʨʦʮʝʩʪʝʨʜʽ 

 שʘʨʫʜʘ ʢʝץʤʦʜʝʣʴʜʝʫ ʤʝʥ ʙʘʩ (ʘʣʘʫסʨʝʞʠʤʜʝʨ, ʪᴅʫʝʢʝʣ ʙʘ ץʪʨʘʬʠʢ, ʪʝʭʥʦʣʦʛʠʷʣʳ ץʘʣʘʣʳץ)

 .ʦʣʜʘʥʳʣʘʜʳץ

 

ɸʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʣʳץ ʤʦʜʝʣʴʜʽ ʞʦʙʘʣʘʫ 

 ʘʙʳʣʜʘʫʜʘץ ʘʨʫ ʰʝʰʽʤʜʝʨʽʥץʰʽʥ ʙʘʩװ ʘʨʫץʘʚʪʦʤʦʙʠʣʴ ʪʨʘʬʠʛʽʥ ʪʠʽʤʜʽ ʙʘʩ ץʘʣʘʣʳפ

ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘ (Fuzzy Logic) ʪᴅʩʽʣʽʥ ץʦʣʜʘʥʫ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʝʙʝʙʽ ʪʨʘʬʠʢ ï 

ʢʝʟʜʝʡʩʦץʪʳץ ʧʝʥ ʙʝʣʛʽʩʽʟʜʽʢʢʝ ʪᴅʫʝʣʜʽ, ʫʘץʳʪ ʙʦʡʳʥʰʘ ʪʝʟ ᴇʟʛʝʨʝʪʽʥ ʢװʨʜʝʣʽ ʞװʡʝ. ɼᴅʩʪװʨʣʽ 

ʜʝʪʝʨʤʠʥʠʨʣʝʥʛʝʥ ʤʦʜʝʣʴʜʝʨ ʤײʥʜʘʡ ʞʘסʜʘʡʜʘ ʙʘʨʣʳץ ʬʘʢʪʦʨʣʘʨʜʳ ʜᴅʣ ʩʠʧʘʪʪʘʡ ʙʝʨʤʝʡʜʽ, ʘʣ 

ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘ ñʪᴇʤʝʥïʦʨʪʘïʞʦסʘʨʳò ʩʠʷץʪʳ ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʙʘסʘʣʘʨ ʘʨץʳʣʳ ʢᴇʣʽʢ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʘʨʫסʜʝʧ, ʪʠʽʤʜʽ ʰʝʰʽʤ ʰʳשʨʜʝ ᴇװʡʣʝʨʽʥ ʠʢʝʤʜʽ ʪװʢ ץʘʨʘʣʳ שʘʣʳʩʳʥʳסʦʟץ

ʆʩʳ ʟʝʨʪʪʝʫ ʘʷʩʳʥʜʘ ʪʨʘʬʠʢʪʽ ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʤʦʜʝʣʴ 

ᴅʟʽʨʣʝʥʜʽ. ʄʦʜʝʣʴ MATLAB ʦʨʪʘʩʳʥʳש Fuzzy Logic Toolbox ײץʨʘʣʳʥʜʘ Mamdani ʪʠʧʽʥʜʝ 

ʞʦʙʘʣʘʥʜʳ. ɹײʣ ʪʠʧʪʽ ʪʘשʜʘʫʜʳש ʥʝʛʽʟʛʽ ʩʝʙʝʙʽ ï ʙʘʩץʘʨʫ ʝʨʝʞʝʣʝʨʽʥ ʠʥʪʫʠʪʠʚʪʽ ʞᴅʥʝ ʪװʩʽʥʽʢʪʽ 

IFïTHEN ʪװʨʽʥʜʝ ײץʨʫ ʤװʤʢʽʥʜʽʛʽ, ʩʦʥʜʘʡ-ʘץ ץʘʣʘʣʳץ ʪʨʘʬʠʢ ʩʠʷץʪʳ ʢᴇʧ ʬʘʢʪʦʨʣʳ ʧʨʦʮʝʩʪʝʨʜʽ 

ʤʦʜʝʣʴʜʝʫʜʝ ʢʝץ שʦʣʜʘʥʳʣʫʳ.ʂʽʨʽʩ ʘʡʥʳʤʘʣʳʣʘʨʳ ʨʝʪʽʥʜʝ ʪʨʘʬʠʢ ʞʘסʜʘʡʳʥ ʩʠʧʘʪʪʘʡʪʳʥ 

ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨ ʧʘʡʜʘʣʘʥʳʣʜʳ:Input 1 ï Speed (ʦʨʪʘʰʘ ץʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳ);Input 2 ï 

Delay (ץʠʳʣʳʩʪʘ ʥʝʤʝʩʝ ʞʦʣ ʫʯʘʩʢʝʩʽʥʜʝ ʢװʪʫ/ʢʽʜʽʨʽʩ ʫʘץʳʪʳ).ʐʳסʳʩ ʘʡʥʳʤʘʣʳʩʳ ʨʝʪʽʥʜʝ 

ʪʨʘʬʠʢʪʽ ʙʝʡʽʤʜʝʧ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʧʘʨʘʤʝʪʨ ʪʘשʜʘʣʜʳ:Output ï Emission 

(ʰʳסʘʨʳʥʜʳʣʘʨ ʜʝשʛʝʡʽ) (ʥʝʤʝʩʝ ʟʝʨʪʭʘʥʘʣʳץ ʤʦʜʝʣʴʜʝ ץʦʣʜʘʥʳʣʩʘ ï Green Light Time, ʷסʥʠ 

ʞʘʩʳʣ ʞʘʥʫ ʫʘץʳʪʳ). ɹײʣ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʘʥʳץ ʝʤʝʩ ʞװʡʝʛʝ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʞװʡʝʥʽש ʬʠʟʠʢʘʣʳץ 

ʧʨʦʮʝʩʪʝʨʽʥ ʥʝײסʨʣʳʤ ʜᴅʣ ʤʦʜʝʣʴʜʝʫʛʝ ʞᴅʥʝ ʙʘʩץʘʨʫ ʰʝʰʽʤʜʝʨʽʥ ʠʢʝʤʜʽ ץʘʙʳʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʪʫʘʜʳ. ʂʽʨʽʩ ʘʡʥʳʤʘʣʳʣʘʨʳʥʳש ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ 1-ʢʝʩʪʝʜʝ ʘʥʳץʪʘʣסʘʥ. 

 

1 ʢʝʩʪʝ ï ʂʽʨʽʩ ʘʡʥʳʤʘʣʳʣʘʨʳʥʳש ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ ʢʝʩʪʝʩʽ 

ɸʡʥʳʤʘʣʳ 

ʘʪʘʫʳ 

 

ʃʠʥʛʚʠʩʪʠʢʘʣʳץ 

ʪʝʨʤʠʥ 

ɸʥʳץʪʘʫ 

ʘʡʤʘסʳ 

ʇʘʨʘʤʝʪʨʣʝʨ 

(a, b, c) 

ʊʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷ 

ʬʦʨʤʫʣʘʩʳ 

ʂװʪʫ ʫʘץʳʪʳ ɾʦסʘʨʳ [0, 6] (0.6, 1.0, 1.0) ʈØ
πȟØ πȢφ

Ø πȢφ

πȢτ
ȟπȢφ Ø ρȢπ

ρȟØ ρȢπ

 

ʆʨʪʘʰʘ [0, 6] (0.3, 0.5, 0.7) 

 
ʈØ

ừ
Ử
Ừ

Ử
ứ
πȟØ πȢσ ̎̆̍̆̒̆ Ø πȢχ 
Ø πȢσ

πȢς
ȟπȢσ Ø  πȢυ

πȢχ Ø

πȢς
ȟπȢυ Ø πȢχ

 

ʊᴇʤʝʥ [0, 6] (0, 0, 0.4) 

ʈØ

ρȟØ π
πȢτ Ø

πȢτ
ȟπ Ø πȢτ

πȟØ πȢτ
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 Fuzzy Logic Designer ʠʥʪʝʨʬʝʡʩʽʥʽש ʥʝʛʽʟʛʽ ʙʝʪʽ ʢᴇʨʩʝʪʽʣʛʝʥ, ʷסʥʠ ʘʥʳץ ʝʤʝʩ ʣʦʛʠʢʘʣʳץ 

ʞװʡʝʥʽש ʞʘʣʧʳ ײץʨʳʣʳʤʳ ʙʝʡʥʝʣʝʥʝʜʽ. ʂ̔ ʨʽʩ ʘʡʥʳʤʘʣʳʣʘʨʳʥʳש ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ 

ʝʥʛʽʟʽʣʛʝʥ (Speed ʞᴅʥʝ Delay װʰʽʥ ñʪᴇʤʝʥïʦʨʪʘïʞʦסʘʨʳò ʘʡʤʘץʪʘʨʳ). ʐʳסʳʩ ʘʡʥʳʤʘʣʳʩʳʥʳש 

ʪʠʩ̔ʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʝʥʛʽʟʽʣʫʽ ʢᴇʨʩʝʪʽʣʛʝʥ (Emission װʰʽʥ ñʪᴇʤʝʥïʦʨʪʘïʞʦסʘʨʳò 

ʜʝשʛʝʡʣʝʨʽ). ᴄʨ ʘʡʥʳʤʘʣʳ װʰʽʥ ʦʥʳש ʘʥʳץʪʘʣʫ ʘʡʤʘסʳʥʘ (ʜʠʘʧʘʟʦʥʳʥʘ) ʩᴅʡʢʝʩ ʪʠʽʩʪʽʣʽʢ 

ʬʫʥʢʮʠʷʣʘʨʳ ʪʘשʜʘʣʳʧ, ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʣʜʳʥ ʘʣʘ ʙʝʨʽʣʛʝʥ ʤᴅʥʜʝʨ ʙʦʡʳʥʰʘ ʦʨʥʘʪʳʣʜʳ. ɹײʣ 

ʤʦʜʝʣʴʜʽש ʢʽʨʽʩ ʜʝʨʝʢʪʝʨʽʥ ʜײʨʳʩ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʧ, ʝʨʝʞʝʣʝʨ ʙʘʟʘʩʳ ʘʨץʳʣʳ ʙʘʩץʘʨʫ 

ʥᴅʪʠʞʝʩʽʥ ʪײʨʘץʪʳ ᴅʨʽ ʣʦʛʠʢʘʣʳץ ʪװʨʜʝ ץʘʣʳʧʪʘʩʪʳʨʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʥʳץ ʝʤʝʩ ʙʘʩץʘʨʫ 

ʞװʡʝʩʽʥ ʞʦʙʘʣʘʫʜʘ ʝʨʝʞʝʣʝʨ ʙʘʟʘʩʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʫʜʳש ʥʝʛʽʟʛʽ ʷʜʨʦʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɽʨʝʞʝʣʝʨ ʙʘʟʘʩʳ çʝʛʝʨ é ʦʥʜʘ éè (IFïTHEN) ʬʦʨʤʘʪʳʥʜʘסʳ ʣʦʛʠʢʘʣʳץ ʪײʞʳʨʳʤʜʘʨ 

ʞʠʳʥʪʳסʳʥʘʥ ʪײʨʘʜʳ ʞᴅʥʝ ʢʽʨʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ᴅʨʪװʨʣʽ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳ װʰʽʥ ʰʳסʳʩ 

ʘʡʥʳʤʘʣʳʩʳʥʳש ʤᴅʥʽʥ ʘʥʳץʪʘʡʜʳ.ɽʨʝʞʝʣʝʨ ʪʨʘʬʠʢ ʞװʡʝʩʽʥʽש ʞײʤʳʩ ʣʦʛʠʢʘʩʳʥ ʩʠʧʘʪʪʘʡ 

ʦʪʳʨʳʧ, ʪᴅʞʽʨʠʙʝʣʽʢ ʙʘץʳʣʘʫʣʘʨסʘ ʞᴅʥʝ ʩʘʨʘʧʪʘʤʘʣʳץ ʙʘסʘʣʘʫסʘ ʩװʡʝʥʽʧ ײץʨʳʣʘʜʳ. ᴄʨʙʽʨ 

ʝʨʝʞʝ ʢʽʨʽʩ ʘʡʥʳʤʘʣʳʣʘʨʳʥʳש ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʤᴅʥʜʝʨʽʥʽש (ʤʳʩʘʣʳ, Speed: 

ʪᴇʤʝʥ/ʦʨʪʘ/ʞʦסʘʨʳ, Delay: ʪᴇʤʝʥ/ʦʨʪʘ/ʞʦסʘʨʳ) ʙʝʣʛʽʣʽ ʙʽʨ װʡʣʝʩʽʤʽʥʝ ʩᴅʡʢʝʩ ʰʳסʳʩ 

ʘʡʥʳʤʘʣʳʩʳʥʳש ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʥᴅʪʠʞʝʩʽʥ (ʤʳʩʘʣʳ, Emission: ʪᴇʤʝʥ/ʦʨʪʘ/ʞʦסʘʨʳ ʥʝʤʝʩʝ 

GreenTime: ץʳʩץʘ/ʦʨʪʘ/ײʟʘץ) ʪʘסʘʡʳʥʜʘʡʜʳ.ʆʩʳ ʟʝʨʪʪʝʫʜʝ ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ 

ʘʡʥʳʤʘʣʳʣʘʨʳʥʳץ שʘʙʳʣʜʘʥסʘʥ ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʜʝשʛʝʡʣʝʨʽʥʝ ʩᴅʡʢʝʩ 1-ʢʝʩʪʝʜʝ ʞװʡʝ װʰʽʥ 

ʙʘʨʣʳץ ʳץʪʠʤʘʣ ʢʦʤʙʠʥʘʮʠʷʣʘʨʜʳ ץʘʤʪʠʪʳʥ ʝʨʝʞʝʣʝʨ ʞʠʳʥʪʳסʳ ץʘʣʳʧʪʘʩʪʳʨʳʣʜʳ. ɹײʣ 

ʝʨʝʞʝʣʝʨ ʙʘʟʘʩʳ ʙײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ ץʦʨʳʪʳʥʜʳʣʘʫ ʙʘʨʳʩʳʥʜʘ ᴅʨ ʝʨʝʞʝʥʽש ʙʝʣʩʝʥʜʽʣʽʢ 

ʜᴅʨʝʞʝʩʽʥ ʝʩʝʧʪʝʫʛʝ ʞᴅʥʝ ʩʦסשʳ ʰʳסʳʩ ʥᴅʪʠʞʝʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʥʝʛʽʟ ʙʦʣʘʜʳ. 

1.2 ʢʝʩʪʝ. ɽʨʝʞʝʣʝʨ 

 

ɽ
ʨ
ʝ
ʞ
ʝ
 

 ̄

  

ʂʽʨʽʩ ʰʘʤʘʣʘʨ ʐʳסʳʩ ʰʘʤʘʣʘʨ 

 ʳʪʳץʪʫ ʫʘװʳ ʂסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ
 

ʕʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨ 

1 ʊᴇʤʝʥ ɾʦסʘʨʳ ɾʦסʘʨʳ 

2 ʊᴇʤʝʥ ʆʨʪʘ ɾʦסʘʨʳ 

3 ʊᴇʤʝʥ ʊᴇʤʝʥ ʆʨʪʘ 

4 ʆʨʪʘ ɾʦסʘʨʳ ɾʦסʘʨʳ 

5 ʆʨʪʘ ʆʨʪʘ ʆʨʪʘ 

6 ʆʨʪʘ ʊᴇʤʝʥ ʆʨʪʘ 

7 ɾʦסʘʨʳ ɾʦסʘʨʳ ʆʨʪʘ 

8 ɾʦסʘʨʳ ʆʨʪʘ ʊᴇʤʝʥ 

9 ɾʦסʘʨʳ ʊᴇʤʝʥ ʊᴇʤʝʥ 

 

ɹײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ  ʢᴇʨʩʝʪʢʽʰʪʝʨʜ̔   ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʙʘסʘʣʘʫ װʰʽʥ ʛʨʘʬʠʢʘʣʳץ 

 (ʤʦʜʝʣʴ ץʳʨ ʣʦʛʠʢʘʣʳסשʣʳײ1 ʩʫʨʝʪ. ɹ).ʨʳʣʳʤ ʩʘʣʳʥʜʳײץ
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1 ʩʫʨʝʪ ï ɹײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ ʤʦʜʝʣʴʜʽ ײץʨʫ 

 

              ɹײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ ʞװʡʝʥʽש (FIS) ʞʘʣʧʳ ײץʨʳʣʳʤʳʥ ʢᴇʨʩʝʪʝʜʽ. ʄײʥʜʘ Mamdani 

ʪʠʧʪʽ ʤʦʜʝʣʴ ʪʘשʜʘʣסʘʥ. ɾװʡʝ װʰ ʥʝʛʽʟʛʽ ʙᴇʣʽʢʪʝʥ ʪײʨʘʜʳ: 

Input 1 ï speed (ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ): ʢᴇʣʽʢ ʘסʳʥʳʥʳש ʝʨʢʽʥʜʽʛʽʥ ʩʠʧʘʪʪʘʡʜʳ. ɾʳʣʜʘʤʜʳץ 

ʪᴇʤʝʥʜʝʩʝ, ʢʝʧʪʝʣʽʩ ʳץʪʠʤʘʣʜʳסʳ ʘʨʪʘʜʳ. Input 2 ï Delay (ʢʽʜʽʨʽʩ/ʢװʪʫ ʫʘץʳʪʳ): ʢᴇʣʽʢʪʽש 

 ʘʣʳʩסʦʟץ ,ʘʨʳ ʙʦʣʩʘסʳʥ ʢᴇʨʩʝʪʝʜʽ. ʂʽʜʽʨʽʩ ʞʦסʪʳץʟʘײ ʨʫײʪʘʧ ʪץʠʳʣʳʩʪʘ ʥʝʤʝʩʝ ʞʦʣʜʘ ʪʦץ

ʳʨסʘץʩʳʟ ʙʦʣʳʧ, ʘסʳʥ ʥʘʰʘʨʣʘʡʜʳ. 

Output ï emission (ʰʳסʘʨʳʥʜʳʣʘʨ ʜʝשʛʝʡʽ): ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥʳש ʵʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨʽʥ 

ʩʠʧʘʪʪʘʡʜʳ. ʊʦץʪʘʧ-ץʦʟסʘʣʫ ʞʠʽʣʝʛʝʥ ʩʘʡʳʥ ʞᴅʥʝ ʢʽʜʽʨʽʩ ײʟʘʨסʘʥ ʩʘʡʳʥ CO  ʞᴅʥʝ ʙʘʩץʘ ʟʠʷʥʜʳ 

ʛʘʟʜʘʨʜʳש ʙᴇʣʽʥʫʽ ʢᴇʙʝʡʝʜʽ. ʗסʥʠ ʙײʣ ʤʦʜʝʣʴ speed ʧʝʥ Delay ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʨץʳʣʳ ʪʨʘʬʠʢ 

ʞʘסʜʘʡʳʥ ʙʘסʘʣʘʧ, ʩʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ emission ʜʝשʛʝʡʽʥ ʰʳסʘʨʘʜʳ. ɽʢʽʥʰʽ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

2 ʉʫʨʝʪ ï Speed, Delay ʞᴅʥʝ Emission ʘʡʥʳʤʘʣʳʣʘʨʳʥʳש ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ (Membership 

Functions) (Matlab Fuzzy Logic Toolbox). 

 

2 ʩʫʨʝʪ ï Speed, Delay ʞᴅʥʝ Emission ʘʡʥʳʤʘʣʳʣʘʨʳʥʳש ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ 

(Membership Functions) (Matlab Fuzzy Logic Toolbox). 
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ʅᴅʪʠʞʝʣʝʨʽ ʢʝʣʝʩʽ 3 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. Matlab Fuzzy Logic Toolbox-ʪʘסʳ Rule Viewer 

(ɽʨʝʞʝ ץʘʨʘʫ ʪʝʨʝʟʝʩʽ) ʘʨץʳʣʳ ʘʣʳʥסʘʥ ñʅᴅʪʠʞʝʣʝʨʜʽò ʢᴇʨʩʝʪʝʜʽ. 

 

3 ʉʫʨʝʪ ï ʅᴅʪʠʞʝʣʝʨ  

ʅᴅʪʠʞʝʣʝʨ ï Rule Viewer ʘʨץʳʣʳ ʤʦʜʝʣʴ ʞײʤʳʩʳʥ ʪʘʣʜʘʫ ʩʫʨʝʪ ʪװʩʽʥʜʽʨʤʝʩʽ ɹʝʨʽʣʛʝʥ 

ʩʫʨʝʪ ʙײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ ʤʦʜʝʣʴʜʽש ʥʘץʪʳ ʢʽʨʽʩ ʤᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ץʘʣʘʡ ʰʝʰʽʤ ʰʳסʘʨʘʪʳʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ɹײʣ Matlab-ʪʘסʳ Rule Viewer ײץʨʘʣʳʥʜʘ ʦʨʳʥʜʘʣסʘʥ.ʉʫʨʝʪʪʽש ʩʦʣ ʞʘץ ʙᴇʣʽʛʽ װʰ 

ʙʘסʘʥʥʘʥ ʪײʨʘʜʳ:Speed = 30 ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ ï ʙʽʨʽʥʰʽ ʙʘסʘʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ;Delay = 3 ʢװʪʫ 

ʫʘץʳʪʳ ï ʝʢʽʥʰʽ ʙʘסʘʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ;Emission = 200 ʰʳסʘʨʳʥʜʳʣʘʨ ʜʝשʛʝʡʽ ï װʰʽʥʰʽ ʙʘסʘʥʜʘ 

ʤʦʜʝʣʴ ʥᴅʪʠʞʝʩʽ ʨʝʪʽʥʜʝ ʙʝʨʽʣʛʝʥ.ᴄʨ ʙʘסʘʥʜʘ ץʳʟʳʣ ʪʽʢ ʩʳʟʳץ ï ʩʦʣ ʘʡʥʳʤʘʣʳʥʳש ʘסʳʤʜʘסʳ 

ʤᴅʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣ ᴅʨ ץʘʪʘʨʜʘסʳ װʰʙײʨʳʰʪʳ/ץʠסʘʰʪʘʣסʘʥ ʙʦʷʫʣʘʨ ï ʩʦʣ ʤᴅʥʛʝ ʩᴅʡʢʝʩ ʪʠʽʩʪʽʣʽʢ 

ʜᴅʨʝʞʝʩʽʥʽש membership degree ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʫʨʝʪʪʽש ʦש ʞʘץ ʙᴇʣʽʛʽ ï ʝʨʝʞʝʣʝʨ ʪʽʟʽʤʽ 

(IFïTHEN rules). ʄײʥʜʘ ץʘʥʜʘʡ ʝʨʝʞʝ ʽʩʢʝ ץʦʩʳʣסʘʥʳ ʙʝʣʛʽʣʝʥʝʜʽ. ʗסʥʠ ʞװʡʝ Speed ʞᴅʥʝ Delay 

ʤᴅʥʜʝʨʽʥ ñʪᴇʤʝʥ/ʦʨʪʘ/ʞʦסʘʨʳò ʜʝשʛʝʡʣʝʨʽʥʝ ʞʘʪץʳʟʳʧ, ʩᴅʡʢʝʩ ʝʨʝʞʝʣʝʨʜʽ ʙʽʨ ʫʘץʳʪʪʘ 

ʙʝʣʩʝʥʜʽʨʝʜʽ.ʅᴅʪʠʞʝʥʽש ʤʘסʳʥʘʩʳ:ɹʝʨʽʣʛʝʥ ʞʘסʜʘʡʜʘ Speedå30 ʞᴅʥʝ Delayå3 ʙʦʣסʘʥʜʳץʪʘʥ, 

ʤʦʜʝʣʴ ʢᴇʙʽʥʝ ñʦʨʪʘʰʘò ʘʡʤʘץʪʘʨסʘ ʞʘץʳʥ ʝʨʝʞʝʣʝʨʜʽ ʙʝʣʩʝʥʜʽʨʝʜʽ. ʆʩʳ ʝʨʝʞʝʣʝʨʜʽש 

ʙʽʨʽʢʪʽʨʽʣʛʝʥ ᴅʩʝʨʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʰʳסʳʩ ʘʡʥʳʤʘʣʳ Emissionå200 ʤᴅʥʽʥʝ ʢʝʣʪʽʨʽʣʛʝʥ. ɹײʣ ï ʢᴇʣʽʢ 

 ʦʨʪʘʰʘ שᴅʩʝʨʜʽ ץʥʠ ʵʢʦʣʦʛʠʷʣʳסᴇʪʝ ʥʘʰʘʨ ʜʘ ʝʤʝʩ ʝʢʝʥʽʥ, ʷ ץʝʨʢʽʥ ʝʤʝʩ, ʙʽʨʘ ץʘʣʳʩʳ ʪʦʣʳסʦʟץ

ʜʝשʛʝʡʛʝ ʞʘץʳʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ.Rule Viewer ʥᴅʪʠʞʝʩʽ ʤʦʜʝʣʴʜʽש ʜײʨʳʩ ʞײʤʳʩ ʽʩʪʝʡʪʽʥʽʥ 

ʜᴅʣʝʣʜʝʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ, ʩʝʙʝʙʽ ʦʣ:ץʘʡ ʝʨʝʞʝʣʝʨ ʽʩʢʝ ץʦʩʳʣסʘʥʳʥ,ʢʽʨʽʩ ʤᴅʥʜʝʨʽʥʽץ שʘʡ 

ʘʡʤʘץʪʘʨסʘ ʞʘʪʘʪʳʥʳʥ,ʰʳסʳʩ ʥᴅʪʠʞʝʩʽʥʽץ שʘʣʘʡ ץʘʣʳʧʪʘʩץʘʥʳʘʡץʳʥ ʪװʨʜʝ ʢᴇʨʩʝʪʝʜʽ. 

ʂʘʤʝʨʘʣʘʨʜʘʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫ 

 ʧʘʨʘʪ ʢᴇʟʽ ʨʝʪʽʥʜʝ ʞʦʣץʳ ʘץʡʝʩʽʥʜʝ ʙʘʩʪʘʧװʘʨʫ ʞץʪʨʘʬʠʢʪʽ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʙʘʩ ץʘʣʘʣʳפ

ʙʦʡʳʥʜʘסʳ ʙʘץʳʣʘʫ ʢʘʤʝʨʘʣʘʨʳ ʞᴅʥʝ ᴇʣʰʝʫ ײץʨʳʣסʳʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. ʂʘʤʝʨʘʣʘʨ ʢᴇʣʽʢ 

 ʳʟʜʳ ʧʘʨʘʤʝʪʨʣʝʨʜʽשʳʪ ʨʝʞʠʤʽʥʜʝ ʙʽʨʥʝʰʝ ʤʘץʪʳ ʫʘץʳʣʘʧ, ʥʘץʟʜʽʢʩʽʟ ʙʘװ ʘʣʳʩʳʥסʦʟץ

ʘʥʳץʪʘʡʜʳ: ʢᴇʣʽʢʪʽש ʞʳʣʜʘʤʜʳסʳ, ʞʦʣ ʫʯʘʩʢʝʩʽʥʜʝʛʽ ʢᴇʣʽʢ ʪʳסʳʟʜʳסʳ, ʩʦʥʜʘʡ-ʘץ ץʘʞʝʪ ʙʦʣסʘʥ 

ʞʘסʜʘʡʜʘ ʤʝʤʣʝʢʝʪʪʽʢ ʥᴇʤʽʨ ʞᴅʥʝ ʞʳʣʜʘʤʜʳץ ʰʝʢʪʝʫʽ ʩʠʷץʪʳ ץʦʩʳʤʰʘ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʝʜʽ. 

ʂʘʤʝʨʘʣʘʨʜʘʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫ ʢʝʟʝשʽ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʪʨʘʬʠʢ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʝש ʤʘשʳʟʜʳ 

ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʝʙʝʙʽ ʙʘʩץʘʨʫ ʰʝʰʽʤʜʝʨʽʥʽש ʜᴅʣʜʽʛʽ ʪʽʢʝʣʝʡ ᴇʣʰʝʥʛʝʥ ʜʝʨʝʢʪʝʨʜʽש 

ʩʘʧʘʩʳʥʘ ʪᴅʫʝʣʜʽ. ʂʘʤʝʨʘʣʘʨ ᴅʜʝʪʪʝ ʞʦʣʜʳש ʥʝʛʽʟʛʽ ʫʯʘʩʢʝʣʝʨʽʥʝ ʞᴅʥʝ ץʠʳʣʳʩʪʘʨסʘ ʦʨʥʘʪʳʣʳʧ, 

ʢᴇʣʽʢ ʘסʳʤʳʥ װʟʜʽʢʩʽʟ ʙʘץʳʣʘʡʜʳ. ɹʝʡʥʝʘסʳʥʥʘʥ ʘץʧʘʨʘʪ ʘʣʫ ʝʢʽ ʪᴅʩʽʣʤʝʥ ʞװʟʝʛʝ ʘʩʘʜʳ:  

ʢʘʤʝʨʘ/ʞװʡʝʥʽש ᴇʟʽʥʜʝ ʜʘʡʳʥ ʝʩʝʧʪʝʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʦץʫ (ʤʳʩʘʣʳ, ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ 
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ʢᴇʨʩʝʪʢʽʰʽ ʜʘʡʳʥ ʢʝʣʝʜʽ); ʙʝʡʥʝʥʽ ᴇשʜʝʫ (computer vision) ʘʨץʳʣʳ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʝʩʝʧʪʝʫ (ʢᴇʣʽʢ 

ʩʘʥʘʫ, ʪʨʝʢʠʥʛ, ʪʳסʳʟʜʳץʪʳ ʙʘסʘʣʘʫ). 

ɹʝʡʥʝʘסʳʥʥʘʥ ʘʣʳʥʘʪʳʥ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨ (2 h ʽ ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ) 

2 ʢʝʩʪʝ ï ʂʘʤʝʨʘ ʜʝʨʝʢʪʝʨʽʥʝʥ ʢʝʣʝʩʽ ʩʠʧʘʪʪʘʤʘʣʨʜʳ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ 

1 ʂᴇʣʽʢ ʩʘʥʳ ʞᴅʥʝ ʘסʳʤ ץʘʨץʳʥʜʳʣʳסʳ (ʙʽʨ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ ᴇʪʢʝʥ ʢᴇʣʽʢ ʩʘʥʳ); 

2 ʊʳסʳʟʜʳץ (density) ï ʞʦʣʜʳש ʪʦʣʫ ʜʝשʛʝʡʽ, ʙʝʣʛʽʣʽ ʘʫʤʘץץʘ ʰʘץץʘʥʜʘסʳ ʢᴇʣʽʢ ʩʘʥʳ; 

3 ʆʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ (speed) ï ʢᴇʣʽʢ ץʦʟסʘʣʳʩʳʥʳש ʞʘʣʧʳ ʜʝשʛʝʡʽʥ ʩʠʧʘʪʪʘʡʜʳ; 

4 ʂʽʜʽʨʽʩ/ʢװʪʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ï ʢᴇʣʽʢ ʪʦץʪʘʧ ʪײʨסʘʥ ʥʝʤʝʩʝ ᴇʪʝ ʙʘʷʫ ʞװʨʛʝʥ ʫʘץʳʪ 

 ;ʣʝʩʽװ

5 ɾʦʣʘץʪʘʨ ʙʦʡʳʥʰʘ ʙᴇʣʫ ï ᴅʨ ʞʦʣʘץʪʳש ʞװʢʪʝʤʝʩʽʥ ʙᴇʣʝʢ ʙʘסʘʣʘʫ; 

6 ʆץʠסʘ ʙʝʣʛʽʣʝʨʽ ï ʢװʨʪ ʪʦץʪʘʫ, ʙʘʷʫʣʘʫ, ʘסʳʥʥʳש ñװʟʽʣʫʽò (ʘʧʘʪ/ʢʝʜʝʨʛʽ ʙʦʣʫʳ 

ʤװʤʢʽʥ). 

 

ɼʝʨʝʢʪʝʨʜʽ ʞʘשʘʨʪʫ ʞʠʽʣʽʛʽ ʞᴅʥʝ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽ. 

ʊʨʘʬʠʢ ʞװʡʝʩʽʥʜʝ ʜʝʨʝʢ ʞʘשʘʨʫ ʞʠʽʣʽʛʽ ʙʘʩץʘʨʫʜʳש ʞʳʣʜʘʤʜʳסʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. 

ʇʨʘʢʪʠʢʘʜʘ ʢʘʤʝʨʘʜʘʥ ʘʣʳʥʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨ ᴅʨ 1ï10 ʩʝʢʫʥʜ ʘʨʘʣʳסʳʥʜʘ ʞʘשʘʨʪʳʣʳʧ ʦʪʳʨʫʳ 

ʤװʤʢʽʥ. ɾʘשʘʨʪʫ ʞʠʽʣʽʛʽ ʪʳʤ ʞʦסʘʨʳ ʙʦʣʩʘ ï ʝʩʝʧʪʝʫ ʞװʢʪʝʤʝʩʽ ᴇʩʝʜʽ, ʘʣ ʪʳʤ ʪᴇʤʝʥ ʙʦʣʩʘ ï 

ʞװʡʝ ᴇʟʛʝʨʽʩʪʝʨʛʝ ʢʝʰ ʞʘʫʘʧ ʙʝʨʝʜʽ. ʉʦʥʜʳץʪʘʥ ʞʘשʘʨʪʫ ʠʥʪʝʨʚʘʣʳ ʙʘʩץʘʨʫ ʤʘץʩʘʪʳʥʘ ץʘʨʘʡ 

ʪʘשʜʘʣʘʜʳ.ɼʝʨʝʢʪʝʨʜʽ ʩʘץʪʘʫ ʞᴅʥʝ ʞװʡʝʛʝ ʙʝʨʫ ʬʦʨʤʘʪʳ. ʂʘʤʝʨʘʜʘʥ ʞʠʥʘʣסʘʥ ʜʝʨʝʢʪʝʨ 

ʦʨʪʘʣʳץ ʩʝʨʚʝʨʛʝ ʞʽʙʝʨʽʣʽʧ, ᴅʨʽ ץʘʨʘʡ ʪʘʣʜʘʫ/ʤʦʜʝʣʴʜʝʫ װʰʽʥ ʙʘʟʘסʘ ʥʝʤʝʩʝ ʬʘʡʣסʘ ʩʘץʪʘʣʘʜʳ. 

ɾʦʙʘʜʘ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ װʰʽʥ JSON ʬʦʨʤʘʪʳ ץʦʣʜʘʥʳʣסʘʥ, ʩʝʙʝʙʽ ʦʣ:  ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʞʝשʽʣ;  

ʙʽʨʥʝʰʝ ʩʝʥʩʦʨʜʳש ʜʝʨʝʛʽʥ ʙʽʨ ʧʘʢʝʪʢʝ ʞʠʥʘʫסʘ ʙʦʣʘʜʳ;Matlab/Python ʘʨץʳʣʳ ʪʝʟ ʦץʳʣʘʜʳ; 

ʚʝʙ-ץʳʟʤʝʪʪʝʨʤʝʥ (API) ʠʥʪʝʛʨʘʮʠʷסʘ ʳסשʘʡʣʳ.( 4 ʉʫʨʝʪ ï ʂʘʤʝʨʘʣʘʨʜʘʥ ʘʣʳʥʘʪʳʥ ʪʨʘʬʠʢ 

ʜʝʨʝʢʪʝʨʽ ʞᴅʥʝ JSON ʬʦʨʤʘʪʳʥʜʘ ײʩʳʥʫ װʣʛʽʩʽ (sensor_id, density, speed; plate, limit) 

 

4 ʉʫʨʝʪ ï ʂʘʤʝʨʘʣʘʨʜʘʥ ʘʣʳʥʘʪʳʥ ʪʨʘʬʠʢ ʜʝʨʝʢʪʝʨʽ 

ɹʘסʜʘʨʣʘʤʘʣʳץ ʽʩʢʝ ʘʩʳʨʫ: Matlab + JSON (mock data) 

 ʘʨʫ ʘʣʛʦʨʠʪʤʽ Matlab ʦʨʪʘʩʳʥʜʘץʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʪʨʘʬʠʢʪʽ ʙʘʩסʩʳʥʳʣױ

ʙʘסʜʘʨʣʘʤʘʣʳץ ʪװʨʜʝ ʽʩʢʝ ʘʩʳʨʳʣʜʳ. ɾװʡʝʥʽש ʤʘץʩʘʪʳ ï ʪʨʘʬʠʢ ʞʘסʜʘʡʳʥ ʥʘץʪʳ ʫʘץʳʪץʘ 

ʞʘץʳʥ ʨʝʞʠʤʜʝ ʙʘסʘʣʘʧ, ʙײʣʳסשʳʨ ʣʦʛʠʢʘ ʘʨץʳʣʳ ʙʘʩץʘʨʫ ʰʝʰʽʤʽʥ ʘʚʪʦʤʘʪʪʳ ʝʩʝʧʪʝʫ. ʅʘץʪʳ 

ʢʘʤʝʨʘʣʘʨ ʤʝʥ ʜʘʪʯʠʢʪʝʨʛʝ ʪʦʣʳץ ץʦʩʳʣʤʘʡ ʪײʨʳʧ, ʘʣʛʦʨʠʪʤʜʽ ʘʣʜʳʥ ʘʣʘ ʪʝʢʩʝʨʫ ʞᴅʥʝ ᴅʨʪװʨʣʽ 

ʞʘסʜʘʡʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ʜʝʨʝʢʪʝʨ JSON ʬʦʨʤʘʪʳʥʜʘסʳ mock data ʪװʨʽʥʜʝ 

 ,ʘסᴇʟʛʝʨʫʽʥ ʪʝʟ ʛʝʥʝʨʘʮʠʷʣʘʫ שʪʳץʧʝʥ ʞʳʣʜʘʤʜʳ ץʳʟʜʳסʣ ʪᴅʩʽʣ ʪʳײʡʳʤʜʘʩʪʳʨʳʣʜʳ. ɹײ
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ʤʦʜʝʣʴʜʽש ʪײʨʘץʪʳʣʳסʳʥ ʞᴅʥʝ ʝʨʝʞʝʣʝʨ ʙʘʟʘʩʳʥʳש ʜײʨʳʩʪʳסʳʥ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ.ɹʘסʜʘʨʣʘʤʘʥʳש ʙʘʩʪʘʧץʳ ʙᴇʣʽʛʽʥʜʝ Mamdani ʪʠʧʪʽ ʙײʣʳסשʳʨ ץʦʨʳʪʳʥʜʳʣʘʫ ʞװʡʝʩʽ (FIS) 

 ʨʳʣʘʜʳ. ʄʦʜʝʣʴʛʝ ʝʢʽ ʢʽʨʽʩ ʘʡʥʳʤʘʣʳ ʝʥʛʽʟʽʣʜʽ: Traffic Density (0ï100) ï ʞʦʣ ʫʯʘʩʢʝʩʽʥʜʝʛʽײץ

ʢᴇʣʽʢ ʪʳסʳʟʜʳסʳʥ ʩʠʧʘʪʪʘʡʜʳ ʞᴅʥʝ Average Speed (0ï80 ʢʤ/ʩʘס) ï ץʦʟסʘʣʳʩʪʳש ʦʨʪʘʰʘ 

ʞʳʣʜʘʤʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ʐʳסʳʩ ʘʡʥʳʤʘʣʳ ʨʝʪʽʥʜʝ Green Light Time (0ï90 ʩʝʢ) ʪʘשʜʘʣʜʳ, ʷסʥʠ 

ʙײʣ ʙʘסʜʘʨʰʘʤʥʳש ʞʘʩʳʣ ʞʘʥʫ ʫʘץʳʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʞװʡʝʥʽש ʥʝʛʽʟʛʽ ʙʘʩץʘʨʫ ʩʠʛʥʘʣʳ 

ʨʝʪʽʥʜʝ ץʳʟʤʝʪ ʝʪʝʜʽ. ᴄʨʙʽʨ ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʧʘʨʘʤʝʪʨʽ װʰʽʥ װʰ ʜʝשʛʝʡʣʽ ʪʠʽʩʪʽʣʽʢ 

ʬʫʥʢʮʠʷʣʘʨʳ (LowïMediumïHigh ʞᴅʥʝ ShortïMediumïLong) ʦʨʥʘʪʳʣʳʧ, ʦʣʘʨ װʰʙײʨʳʰʪʳ 

trimf ʬʫʥʢʮʠʷʣʘʨʳ ʘʨץʳʣʳ ʙʝʨʽʣʜʽ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʪʨʘʬʠʢʪʽש ñʘʨʘʣʳץò ʢװʡʣʝʨʽʥ ʞײʤʩʘץ ʙʘסʘʣʘʧ, 

 ʘʙʳʣʜʘʫ ʣʦʛʠʢʘʩʳʥץ ʰʝʰʽʤ שʡʝʥʽװʘʜʘʤʜʘ ʞץ ʰʝʢʢʝ ʪᴅʫʝʣʜʽʣʽʢʪʽ ʘʟʘʡʪʘʜʳ.ʂʝʣʝʩʽ שʘʪʘץ

ʘʥʳץʪʘʡʪʳʥ ʝʨʝʞʝʣʝʨ ʙʘʟʘʩʳ ײץʨʳʣʘʜʳ. ɽʨʝʞʝʣʝʨ ʪʽʟʽʤʽ (ruleList) ñIFïTHENò ʧʨʠʥʮʠʧʽʥʝ 

ʥʝʛʽʟʜʝʣʝʜʽ: ʤʳʩʘʣʳ, ʢᴇʣʽʢ ʪʳסʳʟʜʳסʳ ʪᴇʤʝʥ ʞᴅʥʝ ʞʳʣʜʘʤʜʳץ ʞʦסʘʨʳ ʙʦʣסʘʥʜʘ ʞʘʩʳʣ 

ʫʘץʳʪʪʳ ץʳʩץʘʨʪʫ, ʘʣ ʪʳסʳʟʜʳץ ʞʦסʘʨʳ ʞᴅʥʝ ʞʳʣʜʘʤʜʳץ ʪᴇʤʝʥ ʙʦʣסʘʥʜʘ ʞʘʩʳʣ ʫʘץʳʪʪʳ 

 ʳʨסשʣʳײʳ ʙסʜʘʡ ʞʘʩʘʫ. ʆʩʳ ʝʨʝʞʝʣʝʨ ʞʠʳʥʪʳסʘ ʞʘסʘʪʫץʳʣʳ ʢʝʧʪʝʣʽʩʪʽ ʪʘʨץʘʡʪʫ ʘʨסʣײ

 ᴅʨ ʢʦʤʙʠʥʘʮʠʷʩʳʥʘ ʩᴅʡʢʝʩ שʘʣʳʧʪʘʩʪʳʨʳʧ, ʢʽʨʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽץ ʦʨʳʪʳʥʜʳʣʘʫ ʤʝʭʘʥʠʟʤʽʥץ

ʙʘʩץʘʨʫ ᴅʨʝʢʝʪʽʥ ʙʝʨʝʜʽ.ɹʘסʜʘʨʣʘʤʘʥʳש ʢʝʣʝʩʽ ʙᴇʣʽʤʽʥʜʝ ʥʘץʪʳ ʫʘץʳʪ ʜʝʨʝʢʪʝʨʽʥ 

ʠʤʠʪʘʮʠʷʣʘʡʪʳʥ ʛʝʥʝʨʘʪʦʨ ʽʩʢʝ ץʦʩʳʣʘʜʳ. ʄײʥʜʘ ʩʝʥʩʦʨ ʩʘʥʳ (ʤʳʩʘʣʳ, numSensors = 10) 

ʙʝʨʽʣʝʜʽ, ʜʝʨʝʢʪʝʨ ʩʘץʪʘʣʘʪʳʥ JSON ʬʘʡʣʳ (traffic.json) ʘʥʳץʪʘʣʘʜʳ ʞᴅʥʝ ʞʘשʘʨʪʫ ʠʥʪʝʨʚʘʣʳ 

(updateInterval = 5 ʩʝʢʫʥʜ) ʦʨʥʘʪʳʣʘʜʳ. ᴄʨ ʩʝʥʩʦʨ װʰʽʥ sensor_id, density ʞᴅʥʝ speed ʤᴅʥʜʝʨʽ 

ʛʝʥʝʨʘʮʠʷʣʘʥʳʧ ʦʪʳʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʪᴅʫʣʽʢʪʽʢ ʨʝʞʠʤʜʽ ʝʩʢʝʨʫ װʰʽʥ ʫʘץʳʪץʘ ʪᴅʫʝʣʜʽ ʰʘʨʪ 

ʝʥʛʽʟʽʣʛʝʥ: ʪʘשʝʨʪʝשʛʽ ʞᴅʥʝ ʢʝʰʢʽ ʧʠʢ ʩʘסʘʪʪʘʨʜʘ ʢᴇʣʽʢ ʪʳסʳʟʜʳסʳ ᴇʩʽʧ, ʞʳʣʜʘʤʜʳץ 

ʪᴇʤʝʥʜʝʡʜʽ, ʘʣ ʢװʥʜʽʟ ʞᴅʥʝ ʪװʥʜʝ ץʦʟסʘʣʳʩ ʩʘʣʳʩʪʳʨʤʘʣʳ ʝʨʢʽʥ ʙʦʣסʘʥʜʳץʪʘʥ ʪʳסʳʟʜʳץ 

ʪᴇʤʝʥʽʨʝʢ, ʞʳʣʜʘʤʜʳץ ʞʦסʘʨʳʨʘץ ʤᴅʥʜʝʨʛʝ ʘʫʳʩʘʜʳ. ɹײʣ ʪᴅʩʽʣ ʞװʡʝʥʽ ᴅʨʪװʨʣʽ ʩʮʝʥʘʨʠʡʣʝʨʜʝ 

ʪʝʢʩʝʨʫʛʝ ʞᴅʥʝ ʙʘʩץʘʨʫ ʨʝʘʢʮʠʷʩʳʥʳש ʜײʨʳʩʪʳסʳʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.ᴄʨ ʞʘשʘʨʪʫ 

 ʜʝʨʝʢʪʝʨ (ʘʥסʳʣʳ ʛʝʥʝʨʘʮʠʷʣʘʥץʥʝʤʝʩʝ mock data ʘʨ) ʘʥסʘʜʘʤʳʥʜʘ ʩʝʥʩʦʨʣʘʨʜʘʥ ʘʣʳʥץ

ʙײʣʳסשʳʨ ʤʦʜʝʣʴʛʝ ʙʝʨʽʣʝʜʽ ʜʝ, ʥᴅʪʠʞʝʩʽʥʜʝ Green Light Time ʤᴅʥʽ ʝʩʝʧʪʝʣʝʜʽ. ʗסʥʠ ʪʨʘʬʠʢ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ᴇʟʛʝʨʛʝʥ ʩʘʡʳʥ ʙʘסʜʘʨʰʘʤʥʳש ʞʘʩʳʣ ʞʘʥʫ ʫʘץʳʪʳ ʜʘ ʜʠʥʘʤʠʢʘʣʳץ ʪװʨʜʝ ᴇʟʛʝʨʽʧ 

ʦʪʳʨʘʜʳ. ʆʩʳʣʘʡʰʘ Matlab + JSON (mock data) ʥʝʛʽʟʽʥʜʝʛʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ʽʩʢʝ ʘʩʳʨʫ ʞװʡʝʥʽ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʪʝʢʩʝʨʫʜʝʥ ᴇʪʢʽʟʫʛʝ, ʝʨʝʞʝʣʝʨʜʽ ʙʘʧʪʘʫסʘ ʞᴅʥʝ ʢʝʡʽʥ ʥʘץʪʳ ʢʘʤʝʨʘ/ʜʘʪʯʠʢ 

ʜʝʨʝʢʪʝʨʽʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫסʘ ʜʘʡʳʥ ʥʝʛʽʟ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ.(ʉʫʨʝʪ 5 - Matlab ʦʨʪʘʩʳʥʜʘ 

ʙײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ ʤʦʜʝʣʴʜʽ ײץʨʫ ʞᴅʥʝ JSON mock data ʘʨץʳʣʳ ʥʘץʪʳ ʫʘץʳʪ ʜʝʨʝʢʪʝʨʽʥ 

ʛʝʥʝʨʘʮʠʷʣʘʫ ʢʦʜʳ) 

 

5 ʉʫʨʝʪ ï ɼʝʨʝʢʪʝʨʽʥ ʛʝʥʝʨʘʮʠʷʣʘʫ 
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ɹʘסʜʘʨʣʘʤʘʥʳש ʥᴅʪʠʞʝʥʽ ʢᴇʨʩʝʪʫ (ʤʦʥʠʪʦʨʠʥʛ) ʞᴅʥʝ ʚʠʟʫʘʣʠʟʘʮʠʷ ʙᴇʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ: ʩʦʣ 

ʞʘץʪʘ ï Matlab ʢʦʜʳ, ʦש ʞʘץʪʘ ï 10 ʩʝʥʩʦʨʜʳש ʜʝʨʝʢʪʝʨʽ ʤʝʥ fuzzy ʘʨץʳʣʳ ʝʩʝʧʪʝʣʛʝʥ 

GreenTime ʥᴅʪʠʞʝʣʝʨʽ ʢʝʩʪʝ ʪװʨʽʥʜʝ ʰʳץץʘʥ. ʉʫʨʝʪʪʝ Matlab ʦʨʪʘʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ 

ʞװʡʝʥʽש ʞײʤʳʩ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹʘסʜʘʨʣʘʤʘ ᴅʨ ʞʘשʘʨʪʫ ʩᴅʪʽʥʜʝ (ʤʳʩʘʣʳ, ʢᴇʨʩʝʪʽʣʛʝʥ 

ʫʘץʳʪʪʘ 19:49:07) 10 ʩʝʥʩʦʨʜʳש ʜʝʨʝʛʽʥ ʞʘשʘʨʪʳʧ, ʘʣʳʥסʘʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʙײʣʳסשʳʨ ʣʦʛʠʢʘ 

ʤʦʜʝʣʽ ʘʨץʳʣʳ ʙʘסʘʣʘʡʜʳ. ʆש ʞʘץʪʘסʳ ʢʝʩʪʝʜʝ ᴅʨ ʩʝʥʩʦʨסʘ ץʘʪʳʩʪʳ sensor_id, density (ʢᴇʣʽʢ 

ʪʳסʳʟʜʳסʳ), speed (ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ) ʞᴅʥʝ ʝʩʝʧʪʝʣʛʝʥ GreenTime (ʙʘסʜʘʨʰʘʤʥʳש ʞʘʩʳʣ 

ʞʘʥʫ ʫʘץʳʪʳ) ʤᴅʥʜʝʨʽ ʙʝʨʽʣʛʝʥ. ʄʳʩʘʣʳ, ʪʳסʳʟʜʳץ ᴇʪʝ ʞʦסʘʨʳ (95ï100) ʞᴅʥʝ ʞʳʣʜʘʤʜʳץ 

ʪᴇʤʝʥ (10ï13 ʢʤ/ʩʘס) ʙʦʣסʘʥ ʞʘסʜʘʡʣʘʨʜʘ ʞװʡʝ GreenTime ʤᴅʥʽʥ ʰʘʤʘʤʝʥ 79 ʩʝʢʫʥʜ ʜʝשʛʝʡʽʥʜʝ 

 ʳסʪʘץʤʪʳʣʘʜʳ. ʉʦʣ ʞʘײ ʘסʘʡʪʫסʣײ ʰʽʥ ʞʘʩʳʣ ʬʘʟʘʥʳװ ʘʪʫץʥʠ ʢʝʧʪʝʣʽʩʪʽ ʪʘʨסʩʳʥʳʧ ʦʪʳʨ, ʷײ

ʢʦʜ ʙᴇʣʽʛʽʥʜʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʪʘʣʜʘʫ װʰʽʥ 3D ʛʨʘʬʠʢ ʞʘשʘʨʪʫ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʄײʥʜʘ Traffic Density ʞᴅʥʝ Average Speed ʦʩʴʪʝʨʽ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʛʝʥ Green Light Time 

ʤᴅʥʜʝʨʽ ʙʝʪ (surface) ʪװʨʽʥʜʝ ʩʘʣʳʥʳʧ, ʥʘץʪʳ ʩʝʥʩʦʨ ʥװʢʪʝʣʝʨʽ scatter3 ʘʨץʳʣʳ ʙʝʣʛʽʣʝʥʝʜʽ. ɹײʣ 

ʪᴅʩʽʣ ʪʨʘʬʠʢ ʧʘʨʘʤʝʪʨʣʝʨʽ ᴇʟʛʝʨʛʝʥ ʩʘʡʳʥ ʙʘʩץʘʨʫ ʩʠʛʥʘʣʳʥʳש (GreenTime) ץʘʣʘʡ ᴇʟʛʝʨʝʪʽʥʽʥ 

ʢᴇʨʥʝʢʽ ʪװʨʜʝ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʙʘסʜʘʨʣʘʤʘ ᴅʨ ץʘʜʘʤʜʘ ʦʨʪʘʰʘ 

GreenTime ʤᴅʥʽʥ ʝʩʝʧʪʝʧ (mean), ʦʥʳ ʤᴅʪʽʥ ʨʝʪʽʥʜʝ ʵʢʨʘʥʜʘ ʢᴇʨʩʝʪʝʜʽ. ʆʨʪʘʰʘ ʤᴅʥ ʙʝʣʛʽʣʽ ʙʽʨ 

ʰʝʢʪʝʥ ʞʦסʘʨʳ ʥʝʤʝʩʝ ʪᴇʤʝʥ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ (ʤʳʩʘʣʳ, >70, >40 ʩʠʷץʪʳ) ʠʥʜʠʢʘʪʦʨ ʪװʩʽʥ 

ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʞװʡʝʥʽש ʘסʳʤʜʘסʳ ʨʝʞʠʤʽʥ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʘʞʳʨʘʪʫסʘ ʙʦʣʘʜʳ. ʆʩʳʣʘʡʰʘ, 

ʢʝʩʪʝʣʽʢ ʥᴅʪʠʞʝ ʤʝʥ 3D ʚʠʟʫʘʣʠʟʘʮʠʷ ʙʽʨ ʫʘץʳʪʪʘ ץʦʣʜʘʥʳʣʳʧ, ʙײʣʳסשʳʨ ʣʦʛʠʢʘ ʥʝʛʽʟʽʥʜʝʛʽ 

ʙʘʩץʘʨʫ ʰʝʰʽʤʜʝʨʽʥʽש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʜײʨʳʩʪʳסʳʥ ʙʘץʳʣʘʫסʘ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ.ʂʝʣʝʩʽ ʩʫʨʝʪ 

10 ʩʝʥʩʦʨ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ fuzzy ʙʘסʘʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʞᴅʥʝ GreenTime ʝʩʝʧʪʝʫʽ Matlab 

ʤʦʥʠʪʦʨʠʥʛ ʢʝʩʪʝʩʽ ʞᴅʥʝ 3D ʚʠʟʫʘʣʠʟʘʮʠʷ. 

 

6 ʉʫʨʝʪ - 10 ʩʝʥʩʦʨ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ fuzzy ʙʘסʘʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ. 

Matlab ʦʨʪʘʩʳʥʜʘ ײץʨʳʣסʘʥ ʙײʣʳסשʳʨ ʣʦʛʠʢʘ ʥʝʛʽʟʽʥʜʝʛʽ ʪʨʘʬʠʢ ʙʘʩץʘʨʫ ʤʦʜʝʣʽʥʽש 

Surface Viewer ʥᴅʪʠʞʝʩʽʥ ʢᴇʨʩʝʪʝʜʽ. 3D ʛʨʘʬʠʢʪʝ ʝʢʽ ʢʽʨʽʩ ʘʡʥʳʤʘʣʳ ʨʝʪʽʥʜʝ Traffic Density 

(ʢᴇʣʽʢ ʪʳסʳʟʜʳסʳ, ʘʚʪʦ/ʢʤ) ʞᴅʥʝ Average Speed (ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ, ʢʤ/ʩʘס) ʘʣʳʥʳʧ, ʰʳסʳʩ 

ʘʡʥʳʤʘʣʳ ʨʝʪʽʥʜʝ Green Light Time (ʞʘʩʳʣ ʩʠʛʥʘʣ ʫʘץʳʪʳ, ʩʝʢ) ʙʝʡʥʝʣʝʥʛʝʥ. ʗסʥʠ ʙײʣ ʙʝʪ 

ñʪʳסʳʟʜʳץ ʧʝʥ ʞʳʣʜʘʤʜʳץʪʳש ᴅʨʪװʨʣʽ ʤᴅʥʜʝʨʽʥʜʝ ʙʘסʜʘʨʰʘʤסʘ ץʘʥʰʘ ʞʘʩʳʣ ʫʘץʳʪ ʙʝʨʫ 

ʢʝʨʝʢ?ò ʜʝʛʝʥ ʪᴅʫʝʣʜʽʣʽʢʪʽ ʩʠʧʘʪʪʘʡʜʳ.ɻʨʘʬʠʢʪʝʥ ʢᴇʨʽʥʝʪʽʥʽ: ʢᴇʣʽʢ ʪʳסʳʟʜʳסʳ ʘʨʪץʘʥ ʩʘʡʳʥ 

ʞᴅʥʝ ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ ʪᴇʤʝʥʜʝʛʝʥ ʩʘʡʳʥ ʞװʡʝ ʢʝʧʪʝʣʽʩʪʽ ʘʟʘʡʪʫ װʰʽʥ ʞʘʩʳʣ ʩʠʛʥʘʣ ʫʘץʳʪʳʥ 

 ʘʨʳסʞʦ ץʞʳʣʜʘʤʜʳ ,(ʪᴇʤʝʥ ץʳʟʜʳסʪʳ) ʘʣʳʩ ʝʨʢʽʥ ʙʦʣʳʧסʦʟץ ,ʤʪʳʣʘʜʳ. ʂʝʨʽʩʽʥʰʝײ ʘסʘʡʪʫסʣײ

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, Green Light Time ʤᴅʥʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ץʳʩץʘʨʘʜ,r ʩʝʙʝʙʽ ʘסʳʥ ᴇʟʜʽʛʽʥʝʥ 

ʞʘץʩʳ ᴇʪʽʧ ʞʘʪʳʨ ʞᴅʥʝ ʞʘʩʳʣ ʬʘʟʘʥʳ ʘʨʪʳײ ץʟʘʨʪʫʜʳץ שʘʞʝʪʽ ʞʦץ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʙʝʪʪʝʛʽ 
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ʪװʨʣʽ ʪװʩʪʽ ʘʡʤʘץʪʘʨ ʙײʣʳסשʳʨ ʝʨʝʞʝʣʝʨʜʽש ᴅʩʝʨʽʥʝʥ ץʘʣʳʧʪʘʩץʘʥ ʙʘʩץʘʨʫ ʨʝʞʠʤʜʝʨʽʥʽש 

ʘʫʳʩʫʳʥ ʢᴇʨʩʝʪʝʜʽ: ʤʦʜʝʣʴ ʙʽʨ ʘʡʤʘץʪʘʥ ʝʢʽʥʰʽ ʘʡʤʘץץʘ ᴇʪʢʝʥʜʝ GreenTime ʤᴅʥʽ ʜʝ ʢʝʟʝש-

ʢʝʟʝשʤʝʥ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ.ʉʫʨʝʪʪʝʛʽ ʥװʢʪʝʣʝʨ (ʜᴇשʛʝʣʝʢ ʤʘʨʢʝʨʣʝʨ) ï ʥʘץʪʳ ʩʝʥʩʦʨʣʘʨʜʘʥ 

ʥʝʤʝʩʝ mock data ʛʝʥʝʨʘʪʦʨʳʥʘʥ ʘʣʳʥסʘʥ ʥʘץʪʳ ʞʘסʜʘʡʣʘʨ. ʆʣʘʨ ʙʝʪʧʝʥ ʩʘʣʳʩʪʳʨʳʣʳʧ, 

ʤʦʜʝʣʴʜʽש ʥʘץʪʳ ʜʝʨʝʢʪʝʨʛʝ ץʘʥʜʘʡ ʰʝʰʽʤ ʙʝʨʝʪʽʥʽʥ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʩʳ Surface 

Viewer ʚʠʟʫʘʣʠʟʘʮʠʷʩʳ ʙײʣʳסשʳʨ ʣʦʛʠʢʘ ʤʦʜʝʣʽʥʽש ʤʽʥʝʟ-ײץʣץʳʥ ʪװʩʽʥʜʽʨʫʜʝ ʤʘשʳʟʜʳ: ʦʣ 

ʢʽʨʽʩʪʝʨʜʽש ᴇʟʛʝʨʫʽ ʙʘʩץʘʨʫ ʩʠʛʥʘʣʳʥʘ (GreenTime) ץʘʣʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʘʡץʳʥ ʢᴇʨʩʝʪʽʧ, 

ʝʨʝʞʝʣʝʨ ʙʘʟʘʩʳʥʳש ʜײʨʳʩʪʳסʳʥ ʪʝʢʩʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ɻʨʘʬʠʢʪʝ ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ 

ʪᴇʤʝʥʜʝʛʝʥ ʢʝʟʜʝ (ᴅʩʽʨʝʩʝ 20ï30 ʢʤ/ʩʘס ʤʘשʳʥʜʘ) ʞᴅʥʝ ʪʳסʳʟʜʳץ ʞʦסʘʨʳ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ (80ï

100 ʘʚʪʦ/ʢʤ ʜʠʘʧʘʟʦʥʳ), Green Light Time ʘʡץʳʥ ʪװʨʜʝ ײʣסʘʡʳʧ, 60ï75 ʩʝʢʫʥʜץʘ ʜʝʡʽʥ ʞʝʪʝʪʽʥ 

ʘʡʤʘץʪʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹײʣ ʤʦʜʝʣʴʜʽש ʣʦʛʠʢʘʩʳʥ ʢᴇʨʩʝʪʝʜʽ: ʢᴇʣʽʢ ʢᴇʧ ᴅʨʽ ʙʘʷʫ ʞװʨʩʝ, 

ʙʘסʜʘʨʰʘʤʥʳש ʞʘʩʳʣ ʫʘץʳʪʳʥ ʢᴇʙʝʡʪʫ ʘʨץʳʣʳ ʪʦץʪʘʧ ʪײʨסʘʥ ʘסʳʥʜʳ ʞʽʙʝʨʫ ץʘʞʝʪ. ɸʣ 

ʢʝʨʽʩʽʥʰʝ, ʞʳʣʜʘʤʜʳץ ʞʦסʘʨʳ ʞᴅʥʝ ʪʳסʳʟʜʳץ ʪᴇʤʝʥ ʢʝʟʜʝ Green Light Time 30ï45 ʩʝʢʫʥʜ 

ʜʝשʛʝʡʽʥʝ ʞʘץʳʥʜʘʡʜʳ, ʩʝʙʝʙʽ ʪʨʘʬʠʢ ʝʨʢʽʥ ʞװʨʽʧ ʞʘʪʳʨ ʞᴅʥʝ ײʟʘץ ʞʘʩʳʣ ʬʘʟʘ ʪʠʽʤʜʽ ʝʤʝʩ. 

ʉʫʨʝʪʪʝʛʽ ʪװʩʪʝʨʜʽש ᴇʟʛʝʨʫʽ (ʞʘʩʳʣïʢᴇʢïץʳʟʳʣ ʘʡʤʘץʪʘʨ) ʞװʡʝʥʽש ʙʘʩץʘʨʫ ʰʝʰʽʤʜʝʨʽʥʽש 

ʘʡʤʘץʪʳץ ʰʝʢʘʨʘʣʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʰʝʢʘʨʘʣʘʨ ð ñʪᴇʤʝʥ/ʦʨʪʘ/ʞʦסʘʨʳò ʪʠʽʩʪʽʣʽʢ 

ʬʫʥʢʮʠʷʣʘʨʳʥʳץ שʘʙʘʪʪʘʩʫʳʤʝʥ ʞᴅʥʝ ʥʘץʪʳ ʝʨʝʞʝʣʝʨʜʽש ʙʝʣʩʝʥʜʽʣʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʙײʣ ʚʠʟʫʘʣʠʟʘʮʠʷ ʘʨץʳʣʳ ץʘʥʜʘʡ ʘʡʤʘץʪʘ ץʘʡ ʝʨʝʞʝʣʝʨ ʢᴇʙʽʨʝʢ ᴅʩʝʨ ʝʪʽʧ 

ʪײʨסʘʥʳʥ ʞʘʥʘʤʘ ʪװʨʜʝ ʪװʩʽʥʫʛʝ ʙʦʣʘʜʳ. 7 ʩʫʨʝʪʪʝ ʢᴇʩʨʝʪʽʣʛʝʥ, Surface Viewer ʥᴅʪʠʞʝʩʽ: Traffic 

Density ʞᴅʥʝ Average Speed ʤᴅʥʜʝʨʽʥʝ ʪᴅʫʝʣʜʽ Green Light Time (ʩʝʢ) ᴇʟʛʝʨʫʽ (Fuzzy Traffic 

Control).  

 

7 ʉʫʨʝʪ ï Surface Viewer ʥᴅʪʠʞʝʩʽ Traffic ʞᴅʥʝ Density Averagʝ ʤᴅʥʜʝʨʽʥʝ ʪᴅʫʝʣʜʽ Speed Green 

Light 

 ʊʘʣץʳʣʘʫ 
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ʆʩʳ ʟʝʨʪʪʝʫʜʝ ץʘʣʘʣʳץ ʪʨʘʬʠʢʪʽ ʙʘʩץʘʨʫ ʤᴅʩʝʣʝʩʽʥ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʪᴅʩʽʣʜʝʨʽ ʘʨץʳʣʳ ץʘʨʘʩʪʳʨʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ɾײʤʳʩʪʳש 

ʥʝʛʽʟʛʽ ʝʨʝʢʰʝʣʽʛʽ ï ʥʘץʪʳ ʪʨʘʬʠʢ ʞʘסʜʘʡʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ (ʞʳʣʜʘʤʜʳץ, ʢʽʜʽʨʽʩ, 

ʪʳסʳʟʜʳץ) ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʙʘʩץʘʨʫ ʰʝʰʽʤʽʥ ʙײʣʳסשʳʨ ʣʦʛʠʢʘ ʘʨץʳʣʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ 

ʦʥʳ Matlab ʦʨʪʘʩʳʥʜʘ ʙʘסʜʘʨʣʘʤʘʣʳץ ʪװʨʜʝ ʽʩʢʝ ʘʩʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʪᴅʩʽʣʜʽש 

ʘʨʪʳץʰʳʣʳסʳ ï ʪʨʘʬʠʢʪʽש ᴇʟʛʝʨʤʝʣʽ, ʪʦʣʳץ ʘʥʳץʪʘʣʤʘʡʪʳʥ ʪʘʙʠסʘʪʳʥ ʝʩʢʝʨʽʧ, ñʘʨʘʣʳץò 

ʞʘסʜʘʡʣʘʨʜʘ ʜʘ ʪײʨʘץʪʳ ᴅʨʽ ʪװʩʽʥʽʢʪʽ ʰʝʰʽʤ ʙʝʨʝ ʘʣʫʳʥʜʘ.ɸʣʜʳʤʝʥ ʙײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ 

ʤʦʜʝʣʴ ײץʨʳʣʳʤʳ ץʘʣʳʧʪʘʩʪʳʨʳʣʜʳ. ʄʦʜʝʣʴ Mamdani ʪʠʧʽʥʜʝʛʽ FIS ʪװʨʽʥʜʝ ײʡʳʤʜʘʩʪʳʨʳʣʳʧ, 

ʢʽʨʽʩ ʘʡʥʳʤʘʣʳʣʘʨ ʨʝʪʽʥʜʝ Speed (ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ) ʞᴅʥʝ Delay (ʢװʪʫ/ʢʽʜʽʨʽʩ ʫʘץʳʪʳ) 

ʘʣʳʥʜʳ, ʘʣ ʰʳסʳʩ ʘʡʥʳʤʘʣʳ ʨʝʪʽʥʜʝ Emission (ʰʳסʘʨʳʥʜʳʣʘʨ ʜʝשʛʝʡʽ) ץʘʨʘʩʪʳʨʳʣʜʳ. 

ʄײʥʜʘʡ ײץʨʳʣʳʤ ʪʨʘʬʠʢʪʽש ʢװʡʽʥ (ʞʳʣʜʘʤʜʳץ ʧʝʥ ʢʽʜʽʨʽʩ) ʞᴅʥʝ ʦʥʳש ʵʢʦʣʦʛʠʷʣʳץ ʩʘʣʜʘʨʳʥ 

(ʰʳסʘʨʳʥʜʳʣʘʨ) ʙʽʨ ʞװʡʝ ʽʰʽʥʜʝ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣʳסשʳʨ ʣʦʛʠʢʘʜʘ ʘʡʥʳʤʘʣʳʣʘʨ 

ñʪᴇʤʝʥïʦʨʪʘïʞʦסʘʨʳò ʩʠʷץʪʳ ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʜʝשʛʝʡʣʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʥʘץʪʳ 

ʩʘʥʜʳץ ᴇʣʰʝʤʜʝʨ ץʘʪʘש ʰʝʢʧʝʥ ʙᴇʣʽʥʙʝʡ, ʙʽʨ-ʙʽʨʽʥʝ ʙʽʨʪʽʥʜʝʧ ᴇʪʝʪʽʥ ʩʠʧʘʪʪʘ ᴇשʜʝʣʝʜʽ. ɹײʣ 

ʪʨʘʬʠʢ ʩʠʷץʪʳ ʰʫʳʣʳ ʙʘʨ, ʪײʨʘץʩʳʟ ʦʨʪʘʜʘ ʤʦʜʝʣʴʜʽש ʩʝʟʽʤʪʘʣʜʳסʳʥ ʘʟʘʡʪʳʧ, ʥᴅʪʠʞʝʥʽ 

ñʩʝʢʽʨʤʝʡò ʙʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ.ʊʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳʥʳש (membership functions) ʛʨʘʬʠʢʪʝʨʽ 

ʤʦʜʝʣʴʜʽש ʥʝʛʽʟʛʽ ʩʘʧʘʩʳʥ ʘʥʳץʪʘʡʪʳʥ ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. Speed ʞᴅʥʝ Delay 

 .ʜʘʣʜʳשʛʝʡʣʽ ʬʫʥʢʮʠʷʣʘʨ ʪʘשʰ ʜʝװ ʰʽʥ ʜʝװ ʰʽʥ ʜʝ, Emissionװ

ɹײʣ ʪʘשʜʘʫ ʙʘʩץʘʨʫ ʣʦʛʠʢʘʩʳʥ ץʘʨʘʧʘʡʳʤ ᴅʨʽ ʪװʩʽʥʽʢʪʽ ץʳʣʘʜʳ: ʤʳʩʘʣʳ, ʞʳʣʜʘʤʜʳץ 

ʪᴇʤʝʥʜʝʫ ʘʡʤʘסʳʥʘ ʘʫʳʩץʘʥ ʩʘʡʳʥ ʥʝʤʝʩʝ ʢʽʜʽʨʽʩ ʞʦסʘʨʳ ʘʡʤʘץץʘ ᴇʪʢʝʥ ʩʘʡʳʥ ʰʳסʘʨʳʥʜʳʣʘʨ 

ʜʝשʛʝʡʽ ʜʝ ʞʦסʘʨʳʣʘʫסʘ ʙʝʡʽʤ ʙʦʣʘʜʳ. ʊʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʜײʨʳʩ ץʦʡʳʣʫʳ ʝʨʝʞʝʣʝʨ 

ʙʘʟʘʩʳʥʳש ʜײʨʳʩ ʞײʤʳʩ ʽʩʪʝʫʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ, ʩʝʙʝʙʽ ᴅʨ ʝʨʝʞʝʥʽש ʙʝʣʩʝʥʜʽʣʽʢ ʜᴅʨʝʞʝʩʽ 

ʜᴅʣ ʦʩʳ ʬʫʥʢʮʠʷʣʘʨ ʘʨץʳʣʳ ʘʥʳץʪʘʣʘʜʳ.ɽʨʝʞʝʣʝʨ ʙʘʟʘʩʳʥʳש ʞײʤʳʩʳʥ ʥʘץʪʳ ʢᴇʨʩʝʪʫ װʰʽʥ 

Rule Viewer ʥᴅʪʠʞʝʣʝʨʽ ץʦʣʜʘʥʳʣʜʳ. Rule Viewer ʪʝʨʝʟʝʩʽʥʜʝ Speed=30 ʞᴅʥʝ Delay=3 ʤᴅʥʜʝʨʽ 

ʙʝʨʽʣʛʝʥ ʢʝʟʜʝ, ʞװʡʝʥʽץ שʘʥʜʘʡ ʝʨʝʞʝʣʝʨʜʽ ʽʩʢʝ ץʦʩץʘʥʳ ʞᴅʥʝ ʥᴅʪʠʞʝʩʽʥʜʝ Emissionå200 

ʤᴅʥʽʥʽץ שʘʣʘʡ ץʘʣʳʧʪʘʩץʘʥʳ ʢᴇʨʽʥʝʜʽ. ɹײʣ ײץʨʘʣʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʧʘʡʜʘʩʳ ï ʤʦʜʝʣʴ ñץʘʨʘ 

ʞᴅʰʽʢò ʙʦʣʳʧ ץʘʣʤʘʡ, ʽʰʢʽ ʣʦʛʠʢʘʩʳʥʳש ʪװʩʽʥʽʢʪʽ ʙʦʣʫʳ. ʗסʥʠ ץʘʡ ʢʽʨʽʩ ʤᴅʥʽ ץʘʡ 

ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʘʡʤʘץץʘ ʪװʩʪʽ, ץʘʡ ʝʨʝʞʝʣʝʨ ʙʘʩʳʤ ʙʦʣʜʳ, ʥᴅʪʠʞʝʛʝ ץʘʡʩʳʩʳ ʢᴇʙʽʨʝʢ ᴅʩʝʨ ʝʪʪʽ 

ï ʙᴅʨʽ ʢᴇʨʥʝʢʽ ʪװʨʜʝ ʙʘץʳʣʘʥʘʜʳ. ʄײʥʜʘʡ ʪʘʣʜʘʫ ʝʨʝʞʝʣʝʨ ʙʘʟʘʩʳʥ ʪװʟʝʪʫʛʝ, ץʘʞʝʪ ʙʦʣʩʘ ʞʘשʘ 

ʝʨʝʞʝ ץʦʩʫסʘ ʥʝʤʝʩʝ ᴅʣʩʽʟ ʝʨʝʞʝʣʝʨʜʽ ץʘʡʪʘ ʙʘʧʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.ɿʝʨʪʪʝʫʜʽש ʧʨʘʢʪʠʢʘʣʳץ 

ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ʢʘʤʝʨʘʣʘʨʜʘʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫ ʤʦʜʝʣʽ ץʘʨʘʩʪʳʨʳʣʜʳ. ʂʘʤʝʨʘʣʘʨ ʞʦʣʜʘסʳ 

 ,ʦʩʳʤʰʘ ʜʝʨʝʢʪʝʨʜʽ (ʤʳʩʘʣʳ, ʢᴇʣʽʢ ʥᴇʤʽʨʽץ ʞᴅʥʝ ץʳʟʜʳסʪʳ ,ץʳʣʘʧ, ʞʳʣʜʘʤʜʳץʘʣʳʩʪʳ ʙʘסʦʟץ

ʞʳʣʜʘʤʜʳץ ʰʝʢʪʝʫʽ) ʙʝʨʝ ʘʣʘʜʳ. ɹײʣ ʘץʧʘʨʘʪ ʞװʡʝʛʝ ײץʨʳʣʳʤʜʳ ʪװʨʜʝ ʙʝʨʽʣʫʽ װʰʽʥ JSON 

ʬʦʨʤʘʪʳ ץʦʣʜʘʥʳʣʜʳ. JSON ʜʝʨʝʢʪʝʨʜʽ ʧʘʢʝʪ ʪװʨʽʥʜʝ ʞʠʥʘץʪʘʫסʘ, ᴅʨ ʩʝʥʩʦʨʜʳש ʤᴅʥʽʥ ʙᴇʣʝʢ 

ʢᴇʨʩʝʪʫʛʝ ʞᴅʥʝ Matlab/Python ʩʝʢʽʣʜʽ ʦʨʪʘʣʘʨʜʘ ʪʝʟ ᴇשʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʩʳʣʘʡʰʘ ʢʘʤʝʨʘ 

ʜʝʨʝʢʪʝʨʽ ʙײʣʳסשʳʨ ʤʦʜʝʣʴʛʝ ʢʽʨʽʩ ʨʝʪʽʥʜʝ ʙʝʨʽʣʽʧ, ᴅʨʽ ץʘʨʘʡ ʙʘʩץʘʨʫ ʰʝʰʽʤʽʥ ʝʩʝʧʪʝʫʛʝ ʥʝʛʽʟ 

ʙʦʣʘʜʳ.ɹʘסʜʘʨʣʘʤʘʣʳץ ʽʩʢʝ ʘʩʳʨʫ Matlab + JSON (mock data) ʥʝʛʽʟʽʥʜʝ ʦʨʳʥʜʘʣʜʳ. ʅʘץʪʳ 

ʜʘʪʯʠʢʪʝʨʛʝ ʪᴅʫʝʣʩʽʟ ʪװʨʜʝ ʙʘʩʪʘʧץʳ ʪʝʢʩʝʨʽʩ ʞװʨʛʽʟʫ װʰʽʥ mock data ʛʝʥʝʨʘʮʠʷʩʳ ץʦʣʜʘʥʳʣʜʳ: 

ʩʝʥʩʦʨ ʩʘʥʳ ʙʝʣʛʽʣʝʥʽʧ, ʙʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ (ʤʳʩʘʣʳ, 5 ʩʝʢʫʥʜ ʩʘʡʳʥ) density ʞᴅʥʝ 

speed ʤᴅʥʜʝʨʽ ʞʘשʘʨʪʳʣʳʧ ʦʪʳʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʪᴅʫʣʽʢʪʽʢ ʨʝʞʠʤʜʽ ʠʤʠʪʘʮʠʷʣʘʫ װʰʽʥ ʧʠʢ 

ʩʘסʘʪ ʢʝʟʝשʽʥʜʝ ʪʳסʳʟʜʳץ ᴇʩʽʧ, ʞʳʣʜʘʤʜʳץ ʪᴇʤʝʥʜʝʡʪʽʥ ʰʘʨʪ ʝʥʛʽʟʽʣʛʝʥ. ɹײʣ ʩʮʝʥʘʨʠʡʣʽʢ ʪᴅʩʽʣ 

ʞװʡʝʥʽש ᴅʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ ץʘʣʘʡ ᴅʨʝʢʝʪ ʝʪʝʪʽʥʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʘʣʛʦʨʠʪʤʜʽ 

ʝʥʛʽʟʫʜʝʥ ʙײʨʳʥ ץʘʫʽʧʩʽʟ ʪװʨʜʝ ʪʝʢʩʝʨʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ.ʅᴅʪʠʞʝʣʝʨʜʽ ʢᴇʨʩʝʪʫ ʢʝʟʝשʽʥʜʝ ʞװʡʝ 

10 ʩʝʥʩʦʨʜʳש ʜʝʨʝʢʪʝʨʽʥ ʢʝʩʪʝ ʪװʨʽʥʜʝ ʰʳסʘʨʳʧ, ᴅʨ ʩʝʥʩʦʨ װʰʽʥ density, speed ʞᴅʥʝ ʝʩʝʧʪʝʣʛʝʥ 

GreenTime ʤᴅʥʜʝʨʽʥ ʙʝʨʝʜʽ. ʄײʥʜʘ GreenTime ð ʙʘסʜʘʨʰʘʤʥʳש ʞʘʩʳʣ ʞʘʥʫ ʫʘץʳʪʳ ʨʝʪʽʥʜʝ 

 ץʳʟʜʳסʘʨʘʜʳ. ʊʳץʳʟʤʝʪʽʥ ʘʪץ ʘʨʫ ʩʠʛʥʘʣʳץʜʘʡʳʥʘ ʙʝʡʽʤʜʝʣʝʪʽʥ ʙʘʩסʘʨʘʩʪʳʨʳʣʳʧ, ʪʨʘʬʠʢ ʞʘץ

ᴇʪʝ ʞʦסʘʨʳ ʞᴅʥʝ ʞʳʣʜʘʤʜʳץ ʪᴇʤʝʥ ʙʦʣסʘʥ ʞʘסʜʘʡʣʘʨʜʘ GreenTime ײʣסʘʡʳʧ, ʢʝʧʪʝʣʽʩʪʽ ʪʘʨץʘʪʫ 

 ,ʘʨʪʳʣʳʧשʘʪʘʨ 3D ʛʨʘʬʠʢ ʞʘץ ʘʣʘʜʳ. ʉʦʥʳʤʝʥץʘʞʝʪʪʽʛʽ ʙʘʡץ ʳʥʜʳ ʢᴇʙʽʨʝʢ ᴇʪʢʽʟʫסʰʽʥ ʘװ

ʪʨʘʬʠʢ ʪʳסʳʟʜʳסʳ ʤʝʥ ʞʳʣʜʘʤʜʳץ ᴇʟʛʝʨʛʝʥʜʝ ʞʘʩʳʣ ʫʘץʳʪʪʳץ שʘʣʘʡ ᴇʟʛʝʨʝʪʽʥʽ ʚʠʟʫʘʣʜʳ 

ʪװʨʜʝ ʙʘץʳʣʘʥʘʜʳ. ʆʨʪʘʰʘ GreenTime ʢᴇʨʩʝʪʢʽʰʽʥ ʝʩʝʧʪʝʧ, ʠʥʜʠʢʘʪʦʨ ʨʝʪʽʥʜʝ ʰʳסʘʨʫ ʞװʡʝʥʽש 

ʞʘʣʧʳ ʨʝʞʠʤʽʥ ʙʘץʳʣʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ.Surface Viewer ʥᴅʪʠʞʝʣʝʨʽ ʙײʣʳסשʳʨ ʣʦʛʠʢʘ ʤʦʜʝʣʽʥʽש 

ʢʽʨʽʩʪʝʨʛʝ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʝש ʘʡץʳʥ ʢᴇʨʩʝʪʝʪʽʥ ײץʨʘʣ ʙʦʣʜʳ.  



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

47 
 

3D ʙʝʪʪʝ Traffic Density ʞᴅʥʝ Average Speed ᴇʟʛʝʨʛʝʥ ʩʘʡʳʥ Green Light Time ץʘʣʘʡ 

ᴇʟʛʝʨʝʪʽʥʽ ʢᴇʨʽʥʝʜʽ. ʊʳסʳʟʜʳץ ʞʦסʘʨʳʣʘʧ, ʞʳʣʜʘʤʜʳץ ʪᴇʤʝʥʜʝʛʝʥ ʘʡʤʘץʪʘ ʞʘʩʳʣ ʫʘץʳʪʪʳש 

 ʜʘʨʰʘʤ ʬʘʟʘʩʳʥסʘʥ ʢʝʟʜʝ ʙʘסʠʳʥʜʘץ ʘʣʳʩסʦʟץ :ʣʦʛʠʢʘʩʳʥ ʜᴅʣʝʣʜʝʡʜʽ שʘʶʳ ʤʦʜʝʣʴʜʽסʣײ

ʙʝʡʽʤʜʝʫ ʘʨץʳʣʳ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫ ץʘʞʝʪ. ɸʣ ʪʳסʳʟʜʳץ ʪᴇʤʝʥ, ʞʳʣʜʘʤʜʳץ ʞʦסʘʨʳ 

ʘʡʤʘץʪʘ ʞʘʩʳʣ ʫʘץʳʪʪʳץ שʳʩץʘʨʫʳ ʪʠʽʤʜʽ, ʩʝʙʝʙʽ ʪʨʘʬʠʢ ʝʨʢʽʥ ʞװʨʽʧ ʞʘʪʳʨ. ɹʝʪʪʝʛʽ ʪװʩʪʝʨʜʽש 

ʘʫʳʩʫʳ ʙײʣʳסשʳʨ ʝʨʝʞʝʣʝʨʜʽש ʙʝʣʩʝʥʜʽʣʽʢ ʘʡʤʘץʪʘʨʳʥ ʞʘʥʘʤʘ ʪװʨʜʝ ʢᴇʨʩʝʪʽʧ, ʝʨʝʞʝʣʝʨ 

ʙʘʟʘʩʳʥʳץ שʘʣʘʡ ʞײʤʳʩ ʽʩʪʝʡʪʽʥʽʥ ʪװʩʽʥʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʅʘץʪʳ ʩʝʥʩʦʨ ʥװʢʪʝʣʝʨʽʥʽש 

ʙʝʪʧʝʥ ʩʘʣʳʩʪʳʨʳʣʫʳ ʤʦʜʝʣʴʜʽש ʥʘץʪʳ ʜʝʨʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ ʰʝʰʽʤ ʙʝʨʝʪʽʥʽʥ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ 

ʪʝʢʩʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ.ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʦʨʳʥʜʘʣסʘʥ ʞײʤʳʩʪʘʨ ʙײʣʳסשʳʨ ʣʦʛʠʢʘ ᴅʜʽʩʽʥʽש 

 ʡʝʥʝ ʦʪʳʨʳʧװʩʽʥʽʢʪʽ ʝʨʝʞʝʣʝʨʛʝ ʩװʘʨʫʜʘ ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ: ʤʦʜʝʣʴ ʪץʪʨʘʬʠʢʪʽ ʙʘʩ ץʘʣʘʣʳץ

ʰʝʰʽʤ ʰʳסʘʨʘʜʳ, ʩʘʥʜʳץ ʜʝʨʝʢʪʝʨʜʽ ʞײʤʩʘץ ᴇשʜʝʡʜʽ, ʘʣ Matlab-ʪʘסʳ ײץʨʘʣʜʘʨ (Membership 

Function plots, Rule Viewer, Surface Viewer) ʞװʡʝʥʽ ʪװʩʽʥʜʽʨʫʛʝ ʞᴅʥʝ ʙʘʧʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʢʘʤʝʨʘʣʘʨʜʘʥ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ JSON ʬʦʨʤʘʪʳʥʜʘ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ mock 

data ʘʨץʳʣʳ ʙʘʩʪʘʧץʳ ʪʝʩʪ ʞװʨʛʽʟʫ ʞװʡʝʥʽ ʥʘץʪʳ ʦʨʪʘסʘ ʝʥʛʽʟʫʛʝ ʜʝʡʽʥʛʽ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʘʜʳ. 

ɹʦʣʘʰʘץʪʘ ʞװʡʝʥʽ ʞʝʪʽʣʜʽʨʫ װʰʽʥ ʥʘץʪʳ ʢʘʤʝʨʘ/ʜʘʪʯʠʢ ʜʝʨʝʢʪʝʨʽʤʝʥ ʪʦʣʳץ ʠʥʪʝʛʨʘʮʠʷ ʞʘʩʘʧ, 

ʧʘʨʘʤʝʪʨʣʝʨʜʽ װʣʢʝʥ ʢᴇʣʝʤʜʝʛʽ ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʢʘʣʠʙʨʣʝʫ, ʩʦʥʜʘʡ-ʘץ ʙʽʨʥʝʰʝ ץʠʳʣʳʩʪʳ ʙʽʨ 

ʫʘץʳʪʪʘ װʡʣʝʩʪʽʨʝʪʽʥ ʢʦʦʨʜʠʥʘʮʠʷʣʳץ ʙʘʩץʘʨʫ ʤʝʭʘʥʠʟʤʽʥ ʝʥʛʽʟʫ ײʩʳʥʳʣʘʜʳ. 

 

  ʦʨʳʪʳʥʜʳפ

ɾײʤʳʩʪʘ ץʘʣʘʣʳץ ʘʚʪʦʤʦʙʠʣʴ ʪʨʘʬʠʛʽʥ ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʪᴅʩʽʣ 

 ʥʝʛʽʟʛʽ ʷʜʨʦʩʳ שʘʨʫʜʳץʨʜʝ ʽʩʢʝ ʘʩʳʨʳʣʜʳ. ɹʘʩװʩʳʥʳʣʜʳ ʞᴅʥʝ Matlab ʦʨʪʘʩʳʥʜʘ ʪᴅʞʽʨʠʙʝʣʽʢ ʪײ

ʨʝʪʽʥʜʝ Mamdani ʪʠʧʪʽ ʙײʣʳסשʳʨ ʣʦʛʠʢʘʣʳץ ʤʦʜʝʣʴ ײץʨʳʣʳʧ, ʪʨʘʬʠʢʪʽש ʢװʡʽʥ ʩʠʧʘʪʪʘʡʪʳʥ 

ʢʽʨʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽ (ʦʨʪʘʰʘ ʞʳʣʜʘʤʜʳץ, ʢʽʜʽʨʽʩ/ʢװʪʫ ʫʘץʳʪʳ) ʘʨץʳʣʳ ʵʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨ 

(ʰʳסʘʨʳʥʜʳʣʘʨ ʜʝשʛʝʡʽ) ʙʘסʘʣʘʥʜʳ, ʩʦʥʜʘʡ-ʘץ ʙʘʩץʘʨʫ ʩʠʛʥʘʣʳ ʨʝʪʽʥʜʝ ʙʘסʜʘʨʰʘʤʥʳש ʞʘʩʳʣ 

ʞʘʥʫ ʫʘץʳʪʳ (GreenTime) ʝʩʝʧʪʝʣʜʽ. ʊʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ ʤʝʥ ʝʨʝʞʝʣʝʨ ʙʘʟʘʩʳʥʳש ʞײʤʳʩʳ 

Membership Function plots ʞᴅʥʝ Rule Viewer ײץʨʘʣʜʘʨʳ ʘʨץʳʣʳ ʪʝʢʩʝʨʽʣʽʧ, ʤʦʜʝʣʴʜʽש ʣʦʛʠʢʘʩʳ 

ʪװʩʽʥʜʽʨʽʣʝʪʽʥ ʜʝשʛʝʡʜʝ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ.ʇʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫסʘ ʞʘץʳʥʜʘʪʫ װʰʽʥ 

ʢʘʤʝʨʘʣʘʨʜʘʥ/ʩʝʥʩʦʨʣʘʨʜʘʥ ʘʣʳʥʘʪʳʥ ʜʝʨʝʢʪʝʨ ײץʨʳʣʳʤʳ ץʘʨʘʩʪʳʨʳʣʳʧ, ʘץʧʘʨʘʪʪʳ JSON 

ʬʦʨʤʘʪʳʥʜʘ ײʡʳʤʜʘʩʪʳʨʫ ʪᴅʩʽʣʽ ײʩʳʥʳʣʜʳ. ʅʘץʪʳ ײץʨʳʣסʳʣʘʨסʘ ץʦʩʳʣʤʘʡ ʪײʨʳʧ, mock data 

ʛʝʥʝʨʘʮʠʷʩʳ ʘʨץʳʣʳ ᴅʨʪװʨʣʽ ʩʮʝʥʘʨʠʡʣʝʨʜʝ ʞװʡʝʥʽש ʞײʤʳʩ ץʘʙʽʣʝʪʽ ʪʝʢʩʝʨʽʣʜʽ: ʩʝʥʩʦʨ 

ʜʝʨʝʢʪʝʨʽ ʞʘשʘʨʳʧ ʦʪʳʨʘʜʳ, ʘʣ ʙײʣʳסשʳʨ ʤʦʜʝʣʴ ᴅʨ ץʘʜʘʤʜʘ GreenTime ʤᴅʥʽʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ 

ʝʩʝʧʪʝʡʜʽ.  

ʅᴅʪʠʞʝʣʝʨʜʽ ʤʦʥʠʪʦʨʠʥʛ ʢʝʩʪʝʩʽ ʞᴅʥʝ 3D ʚʠʟʫʘʣʠʟʘʮʠʷ ʘʨץʳʣʳ ʙʘץʳʣʘʫ ʞװʡʝʥʽש 

ʪײʨʘץʪʳ ʞײʤʳʩʳʥ ʞᴅʥʝ ʢʽʨʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽ ᴇʟʛʝʨʛʝʥʜʝ ʙʘʩץʘʨʫ ʩʠʛʥʘʣʳʥʳש ʩᴅʡʢʝʩʽʥʰʝ 

ᴇʟʛʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. Surface Viewer ʥᴅʪʠʞʝʣʝʨʽ Traffic Density ʞᴅʥʝ Average Speed ʤᴅʥʜʝʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ Green Light Time-ʪʳש ᴇʟʛʝʨʫ ʟʘשʜʳʣʳסʳʥ ʘʡץʳʥ ʢᴇʨʩʝʪʽʧ, ʤʦʜʝʣʴʜʽש ʪʨʘʬʠʢ 

ʞʘסʜʘʡʳʥʘ ʙʝʡʽʤʜʝʣʫ ץʘʙʽʣʝʪʽʥ ʜᴅʣʝʣʜʝʜʽ.ɹײʣʳסשʳʨ ʣʦʛʠʢʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ײʩʳʥʳʣסʘʥ ᴅʜʽʩ 

ʪʨʘʬʠʢʪʽש ʘʥʳץ ʝʤʝʩ, ʜʠʥʘʤʠʢʘʣʳץ ʪʘʙʠסʘʪʳʥ ʝʩʢʝʨʽʧ, ʙʘʩץʘʨʫ ʰʝʰʽʤʽʥ ʪװʩʽʥʽʢʪʽ ʝʨʝʞʝʣʝʨ 

ʘʨץʳʣʳ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʣʜʘסʳ ʫʘץʳʪʪʘ ʞװʡʝʥʽ ʞʝʪʽʣʜʽʨʫ װʰʽʥ ʥʘץʪʳ 

ʢʘʤʝʨʘ/ʜʘʪʯʠʢʪʝʨʤʝʥ ʪʦʣʳץ ʠʥʪʝʛʨʘʮʠʷ ʞʘʩʘʫ, ʪʠʽʩʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ ʤʝʥ ʝʨʝʞʝʣʝʨʜʽ װʣʢʝʥ 

ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʢʘʣʠʙʨʣʝʫ ʞᴅʥʝ ʙʽʨʥʝʰʝ ץʠʳʣʳʩʪʳ װʡʣʝʩʪʽʨʝʪʽʥ ʪʘʨʘʪʳʣסʘʥ ʙʘʩץʘʨʫ 

ʤʝʭʘʥʠʟʤʽʥ ʝʥʛʽʟʫ ײʩʳʥʳʣʘʜʳ. 
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ʇʉʀʍʆʃʆɻʀʗʃʓפ ʊʈɸʅʉʌʆʈʄɸʎʀʗʃʓפ ʆʁʓʅɼɸʈɼʓפ רʆנɸʄɼɸנʓ 

ʂᴆʈɯʅɯʉɯ ɾᴄʅɽ ʀʉʃɸʄ ʐɸʈʀנɸʊʓʅɼɸנʓ תʂɯʄɯ 

 

 

ʈʘʭʤʘʥ ʐʘʨʠʬʘ ʉʘʣʠʭϨʳʟʳ 

ʀʩʣʘʤʪʘʥʫ ʤʘʤʘʥʜʳϤʳʥʳϬ 2-ʢʫʨʩ ʤʘʛʠʩʪʨʘʥʪʳ 

ʅϯʈ-ʄϭɹɸʈɸʂ ɽɻʀʇɽʊ ʀʉʃɸʄ ʄϷɼɽʅʀɽʊɯ ʋʅʀɺɽʈʉʀʊɽʊɯ 

ɸʣʤʘʪʳ Ϩʘʣʘʩʳ 

 

ʇʩʠʭʦʣʦʛʠʷ ʩʘʣʘʩʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨ ᴅʨʪװʨʣʽ ʙʘסʳʪʪʘʨסʘ ʙᴇʣʽʥʝʜʽ. ʉʦʥʳש ʘʨʘʩʳʥʜʘ 

ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʝʨʘʧʠʷ ᴅʜʽʩʪʝʨʽʥ ʟʝʨʪʪʝʫ ʝש ʤʘשʳʟʜʳ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ʜʝʫʛʝ ʜʝ ʙʦʣʘʜʳ. 

ɾʘʣʧʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʝʨʘʧʠʷ ᴅʜʽʩʪʝʨʽʥʽש ʤʳשʜʘסʘʥ ʪװʨʣʝʨʽ ʙʘʨ. ʆʣʘʨʜʳש ʽʰʽʥʜʝʛʽ ʟʘʤʘʥʘʫʠ 

ʧʩʠʭʦʪʝʨʘʧʠʷ ᴅʜʽʩʪʝʨʽʥʽש ʘʨʘʩʳʥʜʘסʳ, ץʘʟʽʨʛʽ ʪʘשʜʘ ʪʘʥʳʤʘʣʜʳʣʳץץʘ ʠʝ ʙʦʣʳʧ ʢʝʣʝ ʞʘʪץʘʥ 

ñʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨò ʧʩʠʭʦʪʝʨʘʧʠʷʥʳש ʪʠʽʤʜʽ ᴅʨʽ ʥᴅʪʠʞʝʣʽ ᴅʜʽʩʽ 

ʨʝʪʽʥʜʝ ʙʝʣʛʽʣʽ. 

ʄײʥʜʘʡ ʦʡʳʥʜʘʨʜʳש ʪʘʥʳʤʘʣʜʳʣʳץץʘ ʠʝʣʝʥʫ ʩʝʙʝʙʽ ʤʳʥʘʜʘ: çɸʜʘʤ ʧʩʠʭʦʣʦʛʠʷ 

ʞʘסʜʘʡʳʥ ʨʝʪʢʝ ʢʝʣʪʽʨʫʽ װʰʽʥ ʦʡʳʥ ʦʡʥʘʤʘʡ, ᴇʟ ʩʘʣʘʩʳʥ ʞʝʪʽʢ ʤʝשʛʝʨʛʝʥ ʧʩʠʭʦʣʦʛץʘ ʙʘʨʫʳʥʘ 

ʙʦʣʘʜʳ, ʙʽʨʘץ ʙʽʟʜʽץ שʦסʘʤʜʘ ᴅʣʽ ʢװʥʛʝ ʜʝʡʽʥ ʧʩʠʭʦʣʦʛץʘ ʙʘʨʫʜʳ ʞʘʪ ʩʘʥʘʡʪʳʥʜʘʨ ʙʘʨ. ʄײʥʳש 

ʜײʨʳʩ ʝʢʝʥʽʥ ʙʽʣʛʝʥ ʢװʥʥʽש ᴇʟʽʥʜʝ ʙʽʨʝʫʛʝ ʽʰʢʽ ʞʘסʜʘʡʳʥ ʘʰʳʧ ʘʡʪʫסʘ ץʳʩʳʣʫʳ ʤװʤʢʽʥ. 

ʂʝʡʙʽʨʽʥʝ ʙʦʡʳʥʜʘס r ʢʝʤʰʽʣʽʛʽʥ ᴇʟʛʝ ʘʜʘʤʥʘʥ ʝʤʝʩ, ʦʡʳʥʜʘסʳ ʢʘʨʪʘ, ʬʠʰʢʘʜʘʥ ʙʽʣʛʝʥ 

ʞʝשʽʣʽʨʝʢ. ʄײʥʜʘʡ ʘʜʘʤʜʘʨסʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʡʥʘסʘʥ ʪʠʽʤʜʽ. ɹʽʨʽʥʰʽʜʝʥ, ʦʣ ʢᴇשʽʣ-ʢװʡʜʽ 

ʢᴇʪʝʨʝʜʽ. ɽʢʽʥʰʽʜʝʥ, ʦʡʳʥʥʳש ʪʨʘʥʩʳʥʘ ʪװʩʽʧ, ᴇʟ ʧʨʦʙʣʝʤʘʩʳʤʝʥ ʙʝʪʧʝ-ʙʝʪ ʢʝʣʝʜʽè [1]. 

ɹʘʩʪʘʧץʳʜʘ çʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳᴇ ʦʡʳʥʜʘʨè ʘʪʘʫʳʤʝʥ ʪʘʥʣʘʪʳʥ װʩʪʝʣ 

ʦʡʳʥʜʘʨʳʥʳש ʘʥʘʣʦʛʳ ʰʝʪʝʣʜʽʢ ʥʘʨʳץʪʘ ʧʘʡʜʘ ʙʦʣʜʳ. ɽש ʘʣסʘʰץʳ ʤײʥʜʘʡ װʩʪʝʣ ʦʡʳʥʳ 

Transformation Game (ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥ) ʘʪʪʳ ʦʡʳʥ ʙʦʣʜʳ (1978 ʞ.). ʆʥʳש ʘʚʪʦʨʣʘʨʳ 

ɼʞʦʡ ɼʨʝʡʢ ʧʝʥ ʂʵʪʠ ʊʝʡʣʦʨ ʙײʣ ʦʡʳʥʜʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʜʝʧ ײʩʳʥʙʘסʘʥ ʝʜʽ ʞᴅʥʝ 

ʬʘʩʠʣʠʪʘʪʦʨʣʘʨʜʘʥ ʧʩʠʭʦʣʦʛʠʷʣʳײץ ץʟʽʨʝʪʪʽʣʽʢ ʪʘʣʘʧ ʝʪʢʝʥ ʞʦץ. çTransformation Gameè 

ʘʚʪʦʨʣʘʨʳʥʳש ᴇʟʜʝʨʽʥʽש ʘʡʪʫʳʥʰʘ, ʦʣʘʨ ʞʘʩʘסʘʥ װʩʪʝʣ ʦʡʳʥʳ ʪʠʙʝʪ ʤʦʥʘʭʪʘʨʳʥʳש ʦʡʳʥʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ʊʝʢ 2010 ʞʳʣʜʳש ʙʘʩʳʥʜʘ סʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש ʦʩʳ ʪʘʥʳʤʘʣ 

çTransformation Gameè-ʥʽש ʨʝʧʣʠʢʘʣʘʨʳ, ʝש ʘʣסʘʰץʳ ʨʝʩʝʡʣʽʢ ʥײʩץʘʣʘʨʳ ʧʘʡʜʘ ʙʦʣʘ ʙʘʩʪʘʜʳ 

[2, 6ʙ]. 

ɹײʣ ʤᴅʣʽʤʝʪʪʝʥ ʪװʩʽʥʝʪʽʥʽʤʽʟ, ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʘʣסʘʰʳʥʜʘ ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʥʝʛʽʟʜʝ ײʩʳʥʳʣסʘʥ ʞʦץ, ᴅʨʽ ʊʠʙʝʪʪʽʢ ʤʦʥʘʭʪʘʨʜʳש ʦʡʳʥ ʪᴅʞʽʨʠʙʝʣʝʨʽʥʝ ʥʝʛʽʟʜʝʣʽʧ ʞʘʩʘʣʳʥסʘʥ. 

ʗסʥʠ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʙʫʜʜʠʟʤ ʜʽʥʽʥ ײʩʪʘʥʘʪʳʥ ʜʽʥ 

 ʥʜʘʡ ʥʝʛʽʟʛʝײʘʥ ʤסʨʘʩʪʳʨʳʣײץ ʳʜʘץʘʰסʠʜʝʷʩʳʥʘʥ ʥʝʛʽʟ ʘʣʘʜʳ. ɼʝʤʝʢ, ʘʣ שʳʟʤʝʪʢʝʨʣʝʨʽʥʽץ

ʩװʡʝʥʽʧ ʞʘʩʘʣʳʥסʘʥ ʦʡʳʥʜʘʨʜʳש ʙʫʜʜʠʩʪʽʢ ʪװʩʽʥʽʢ ʪʫʜʳʨʘʪʳʥ ʵʣʝʤʝʥʪʪʝʨʽ ʙʦʣʫʳ ʤװʤʢʽʥ 

ʙʦʣסʘʥʳ ʘʥʳץ. ɹʘʩץʘ ʜʽʥ ᴇʢʽʣʜʝʨʽʥʝ ᴇʟ ʜʽʥʜʝʨʽʥʝ ץʘʡʰʳ ʪװʩʽʥʽʢʢʝ ʪʘʧ ʙʦʣʫʳ ʳץʪʠʤʘʣʜʳʣʳסʳ 

ʙʘʨ ʜʝʩʝ ʜʝ ʙʦʣʘʜʳ. 

ɹײʣ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש ᴅʫʝʣʛʽ ʰʳסʫ ʪʝʛʽʥʝ ʰʦʣʫ ʙʦʣʩʘ, 

 ץʳʥʘ ʙʝʨʝʜʽ: çʊʨʘʥʩʬʦʨʤʘʮʠʷʣʳסʣ ʪʝʨʤʠʥ ʢʝʣʝʩʽʜʝʡ ʤʘײʙʝʢʪʝʨʜʝ ʙשʳʣʳʤʠ ʝס ʘʟʽʨʛʽץ

(ʧʩʠʭʦʣʦʛʠʷʣʳץ) ʦʡʳʥ - ʙײʣ װʩʪʝʣ װʩʪʽ ʥʝʤʝʩʝ "ʩʘʣʦʥ" ʦʡʳʥ-ʩʘʫʳץʪʘʨʳʥʳש ʥʝʛʽʟʽ ʤʝʥ 

ʧʨʠʥʮʠʧʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʞʘʩʘʣסʘʥ, ᴅʨʽ ʞʝʢʝ ʩʘʣʘʣʘʨʜʳ, ץʘʩʠʝʪʪʝʨ ʤʝʥ ץʘʙʽʣʝʪʪʝʨʜʽ (ʥʘץʪʳ 

ʥʝʤʝʩʝ ᴅʤʙʝʙʘʧ) ᴇʟʛʝʨʪʫʛʝ, ʜʘʤʳʪʫסʘ, ᴇʟʝʢʪʝʥʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʤʘץʩʘʪʪʘʨʳ ʤʝʥ ʤʽʥʜʝʪʪʝʨʽ 

ʙʘʨ, ʞᴅʥʝ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪײʞʳʨʳʤʜʘʤʘʣʘʨ, ʧʘʨʘʜʠʛʤʘʣʘʨ ʥʝʤʝʩʝ 

 ʥʳʥʘ ʝʥʛʽʟʽʣʛʝʥ ʙʽʨʝʛʝʡײʤʘʟʤ (.ʨʳʣʳʤʳ,  ʞᴅʥʝ ʪ. ʙײץ ᴇʨʽʩ ,ץʘʫʣʳץʩײʥ)  ʦʣʜʘʥʙʘʣʳ ᴅʟʽʨʣʝʤʝʣʝʨץ

ʧʩʠʭʦʪʝʭʥʦʣʦʛʠʷ (ʢװʨʜʝʣʽ ʧʩʠʭʦʣʦʛʠʷʣʳײץ ץʨʘʣ)è [3]. 
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ɼʝʤʝʢ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ï ʢװʨʜʝʣʽ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʝʨʧʠʷ 

 ʳ, ʦʡʳʥʜʽסʘʫʣʳץʩײʨʝʪʽʥ ʥװʩʽʥʜʽʨʤʝ ʨʝʪʽʥʜʝ ʞװʘ ʪסʨʳʣʳʤʳʥʜʘ ʦʡʳʥײץ שʨʘʣʳ. ʉʝʙʝʙʽ ʦʥʳײץ

ʞװʨʛʽʟʫʛʝ ץʘʞʝʪʪʽ װʩʪʝʣ ʦʡʳʥʜʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪʘʙʣʦ, ʢʘʨʪʘʣʘʨ, ʪʘʩʪʘʨ, ʬʠʛʫʨʘʣʘʨ 

ʞᴅʥʝ ʪ.ʙ. ʵʣʝʤʝʥʪʪʝʨ ʪᴅʨʽʟʜʝʩ ײץʨʘʣ-ʞʘʙʜʳץʪʘʨ, ʦʡʳʥ ʝʨʝʞʝʣʝʨʽ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʤײʥʜʘʡ 

ʦʡʳʥʜʘʨ ʘʜʘʤʥʳש ʪײʣסʘʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳʥʘ ʙʘסʳʪʪʘʣסʘʥʜʳסʳ ʝʩʝʙʽʥʝʥ ᴅʨʪװʨʣʽ 

ʵʤʦʮʠʦʥʘʣʜʳ ʪʦʣץʳʥʳʩʪʘʨ ʪʫʜʳʨʫʳ ʤװʤʢʽʥ. ʊʘסʳ ʘʡʪʘ ʢʝʪʝʪʽʥ ʞʘסʜʘʡ, ʤײʥʜʘʡ ʦʡʳʥʜʘ 

 ʘʪʳʩʪʘʳʥץ ʳʥ, ᴅʨʽ ᴅʨʙʽʨסʘʪʳʩʘ ʘʣʘʪʳʥʜʳץ ʘ ʜʝʡʽʥסʘʪʳʩʫʰʳʣʘʨ ʩʘʥʳ ʙʽʨʜʝʥ ʙʽʨʥʝʰʝ ʘʜʘʤץ

ʘʜʘʤʥʳש ʽʰʢʽ ʦʡʳʥ ʩʳʨʪץʘ ʩᴇʡʣʝʧ ʘʡʪʫʳ ʘʨץʳʣʳ ʞʝʪʢʽʟʫʽ ץʘʞʝʪ ʙʦʣʘʪʳʥʜʳסʳʥ ʝʩʢʝʨʝʪʽʥ 

ʙʦʣʩʘץ, ʤײʥʜʘʡ ʦʡʳʥʜʘʨ ײʟʘץ ʫʘץʳʪץʘ, ʷסʥʠ ʙʽʨʥʝʰʝ ʩʘסʘʪץʘ ʜʘ ʩʦʟʳʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʜʽʛʽ ʘʥʳץ. 

ʉʝʙʝʙʽ ʞʝʢʝ ʧʩʠʭʦʪʝʨʘʧʠʷʣʳץ ʩʝʘʥʩʪʘʨʜʘ ᴅʜʝʪʪʝ ʙʽʨ ʘʜʘʤסʘ 1-1,5 ʩʘסʘʪ ʙᴇʣʽʥʝʪʽʥʜʽʛʽʥ ʙʽʣʝʤʽʟ. 

ɸʣ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʙʦʣʩʘ, ʩʦʣ ʧʩʠʭʦʪʝʨʘʧʠʷʥʳש  ᴅʜʽʩʽ 

ʙʦʣסʘʥʜʳץʪʘʥ  ʞʝʢʝ ʢʦʥʩʫʣʴʪʘʮʠʷ ᴅʜʽʩʽ ʩʠʷץʪʳ ץʘʪʳʩʫʰʳʣʘʨ ʪʘʨʘʧʳʥʘʥ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʥ ʢᴇʧ 

ʫʘץʳʪ ʪʘʣʘʧ ʝʪʝʜʽ. 

ʇʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʪʝʨʘʧʠʷ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʞʝʢʝ ʩʘʣʘ ʙʦʣʳʧ 

ʙᴇʣʽʥʽʧ ʰʳץץʘʥ ʜʝʩʝ ʜʝ ʙʦʣʘʜʳ. ʉʝʙʝʙʽ ʧʩʠʭʦʣʦʛʠʷ ʤʘʤʘʥʜʘʨʳʥʳש ʘʨʘʩʳʥʜʘ ʤײʥʜʘʡ ʦʡʳʥʜʘʨ 

ʩʘʣʘʩʳʥ ץʳʩץʘʰʘ çʠʛʨʦʧʨʘʢʪʠʢʘè (ʦʡʳʥ ʪᴅʞʽʨʠʙʝʩʽ) ʜʝʧ ʘʪʘʧ, ʦʡʳʥʜʳ ʞװʨʛʽʟʝʪʽʥ ʧʩʠʭʦʣʦʛ 

ʤʘʤʘʥʜʘʨʳʥ çʠʛʨʦʧʨʘʢʪʠʢè (ʦʡʳʥ ʪᴅʞʽʨʠʙʝʰʽʩʽ) ʥʝʤʝʩʝ çʠʛʨʦʪʝʭʥʠʢè ʜʝʧ ʪʘʥʳʣʳʧ ʢʝʪʢʝʥ. 

ʆʩʳ ʩʘʣʘʜʘסʳ ʢᴇʧʪʝʛʝʥ סʳʣʳʤʠ ʝשʝʙʝʢʪʝʨʜʝ ᴅʨʽ ʢװʥʜʝʣʽʢʪʽ ᴇʤʽʨʜʝ ʜʝ ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳ çʪʵʪʘ-ʦʡʳʥʜʘʨè ʜʝʧ ץʳʩץʘʰʘ ʘʪʘʫʤʝʥ ץʦʣʜʘʥʘ ʙʝʨʝʜʽ.  

ʊʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש ʪʽʟʽʤʽ װʥʝʤʽ ʢʝשʝʶʜʝ, ʙײʣ ʦʣʘʨסʘ ʜʝʛʝʥ ʩײʨʘʥʳʩʪʳש 

ʘʨʪʳʧ ʢʝʣʝ ʞʘʪץʘʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹװʛʽʥʛʽ ʪʘשʜʘ ʪʵʪʘ-ʦʡʳʥʜʘʨʜʳש ʪʘʥʳʤʘʣʜʘʨʳ ʘʜʘʤסʘ 

ʢᴇʨʩʝʪʝʪʽʥ ʵʬʬʝʢʪʽʩʽʥʝ, ʳץʧʘʣ ʝʪʫ ʙʘסʳʪʳʥʘ ץʘʨʘʡ ʢʝʣʝʩʽʜʝʡ ʪװʨʣʝʨʛʝ ʙᴇʣʽʥʝʜʽ: 

 ,ʜʳʣʘʨʳʥסʘʨʫ ʜʘץʙʘʩ ץʘʨʞʳʣʳץ ,ʪʳ, ʢᴅʩʽʧʢʝʨʣʽʢ ʦʡʣʘʫʜʳץʩʘʫʘʪʪʳʣʳ ץʘʨʞʳʣʳפ -

ʠʥʚʝʩʪʠʮʠʷʣʘʨʜʳ ʞᴅʥʝ ץʦʨ ʥʘʨʳסʳʥ ʜʘʤʳʪʘʪʳʥ ʦʡʳʥʜʘʨ. ʄʳʩʘʣʳ, ʈʦʙʝʨʪ ʂʠʡʦʩʘʢʠʜʽש 

çɼʝʥʝʞʥʳʡ ʧʦʪʦʢè (ɸץʰʘ ʘסʳʥʳ), çʂʨʳʩʠʥʳʝ ʙʝʛʘè; çɼʝʥʝʞʥʳʡ ʧʦʪʦʢ ʆʣʠʛʘʨʭʘè 

(ʆʣʠʛʘʨʭʪʳש ʘץʰʘ ʘסʳʥʳ); çMatriXè; çFlixaè ï ʌʝʨʤʝʨ (7 ʞʘʩʪʘʥ ʘʩץʘʥ ʙʘʣʘʣʘʨסʘ ʘʨʥʘʣסʘʥ), 

ʂʣʘʩʩʠʢ, ɿʦʤʙʠ ʞᴅʥʝ ʪ.ʙ.; 

- ʊʝʨʘʧʠʷʣʳץ ʦʡʳʥʜʘʨ: çGenesisè, çɻʝʰʪʘʣʴʪʝʨè, çʂʘʫʟʘʣʴʥʳʡ ʠʥʪʝʣʣʝʢʪè, 

çʇʩʠʭʦʩʦʤʘʪʠʢʘè; 

- ᴆʟʽʥ-ᴇʟʽ ʪʘʥʫ ʦʡʳʥʜʘʨʳ (ʵʟʦʪʝʨʠʢʘʣʳץ): çʊʨʘʥʩʬʦʨʤʘʮʠʷè, çʃʠʣʘ ʯʘʢʨʘè, çʉʝʙʝʧʪʽʢ 

ʠʥʪʝʣʣʝʢʪè, çɸʨʭʝʪʦʧʠʷè; 

- ɹʠʟʥʝʩ-ʦʡʳʥʜʘʨ, ᴇʟʽʥ-ᴇʟʽ ʜʘʤʳʪʫסʘ ʞᴅʥʝ ʢʦʤʤʫʥʠʢʘʮʠʷʥʳ ʜʘʤʳʪʫסʘ ʘʨʥʘʣסʘʥ ʦʡʳʥʜʘʨ: 

çʊʘʤʙʦʣʠʷè, çʂʘʫʟʘʣʴʥʳʡ ʠʥʪʝʣʣʝʢʪè, çʇʫʪʴ ʢ ʤʝʯʪʝè (ɸʨʤʘʥסʘ ʘʧʘʨʘʨ ʞʦʣ), çʅʝʪʚʦʨʢʝʨè, 

çGenesisè, çʂʦʣʝʩʦ ʞʠʟʥʠè (ᴆʤʽʨ ʜᴇשʛʝʣʝʛʽ), çʕʤʦʮʠʦʥʘʣʴʥʳʡ ʠʥʪʝʣʣʝʢʪè [4]. 

ɼʝʤʝʢ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ᴅʨʪװʨʣʽ ʙʘסʳʪʪʘʨʜʘ ץʦʣʜʘʥʳʣʘ 

ʘʣʘʜʳ, ʞᴅʥʝ ʘʜʘʤʜʘʨʜʳץ שʘʣʘסʘʥ ᴇʤʽʨʣʽʢ ʩʬʝʨʘʩʳʥʜʘסʳ ʜʘʤʫʳʥ ʥʝʤʝʩʝ ᴇʟʛʝʨʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. ɸʣʘʡʜʘ, ʢʝʡʙʽʨ ʪʵʪʘ-ʦʡʳʥʜʘʨ, ʪװʩʽʥʛʝʥʽʤʽʟʰʝ, ʵʟʦʪʝʨʠʢʘʣʳץ ʥʝʛʽʟʜʝ ײץʨʳʣסʘʥ ʙʦʣʫʳ ʜʘ 

ʤװʤʢʽʥ. ɸʣ ʵʟʦʪʝʨʠʢʘ ï ʙʫʜʜʠʟʤ ʜʽʥʽʥʝʥ ʪʘʨʤʘץʪʘʣסʘʥ ʤʝʜʠʪʘʮʠʷ ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʤʠʩʪʠʢʘʣʳץ ʙʘסʳʪ. ʗסʥʠ ʤײʥʜʘʡ ʦʡʳʥʜʘʨ, ʙʫʜʜʠʟʤʥʝʥ ʙʘʩץʘ ʜᴅʥ ᴇʢʽʣʜʝʨʽʥʝʥ ʙʦʣסʘʥ 

ʦʡʳʥʰʳʣʘʨʜʳש ʪײʣסʘʣʳץ ʜʽʥʠ ײץʥʜʳʣʳץʪʘʨʳ ʤʝʥ ʧʨʠʥʮʠʧʪʝʨʽʥʝ, ʩʝʥʽʤʜʽʢ ʪװʩʽʥʽʢʪʝʨʽʥʝ 

 ʧʝʥץʪʳץʥʜʘʡ ʦʡʳʥʜʘʨʜʳ ʩʘײʪʘʥ, ᴇʟʛʝ ʜʽʥ ᴇʢʽʣʜʝʨʽʥʝ ʤץʘʥʜʳסʤʢʽʥ ʙʦʣװʘʡʰʳ ʢʝʣʝʪʽʥ ʙʦʣʫʳ ʤץ

ʦʡʥʘסʘʥ ʞᴇʥ ʙʦʣʤʘץ ʜʝʛʝʥ ʪײʞʳʨʳʤ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ.  

ʊʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘסʳ ʪʝʨʘʧʠʷ ʢʝʣʝʩʽʜʝʡ ʤᴅʩʝʣʝʨʜʽ ʰʝʰʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ: 

çʊʝʨʘʧʠʷ ʰʝʰʫʜʽ ʪʘʣʘʧ ʝʪʝʪʽʥ ʙʘʩʪʘʧץʳ ʤᴅʩʝʣʝʥʽש ʙʦʣʫʳʥ ʙʦʣʞʘʡʜʳ: ʧʩʠʭʠʢʘʣʳץ ʞᴅʥʝ ʤʽʥʝʟ-

 ʢʦʥʬʣʠʢʪ ʞᴅʥʝ ץʘʣʳסʣײʜʘʡ, ʽʰʢʽ ʪסʠʳʥ ᴇʤʽʨʣʽʢ ʞʘץ ,ʙʝʣʛʽʣʝʨʽ שʟʳʣʳʩʪʘʨʳʥʳײʙ ץʣʳײץ

ʪʝʨʘʧʠʷʣʳץ ʧʨʦʮʝʩʪʽ ʙʘʩʪʘʫ װʰʽʥ ץʘʞʝʪʪʽ ʙʘʩץʘ ʜʘ ʙʘʩʪʘʧץʳ ʞʘסʜʘʡʣʘʨ. ɽʨʝʩʝʢʪʝʨʛʝ ʘʨʥʘʣסʘʥ 

ʪʵʪʘ-ʦʡʳʥʳ ʢʦʫʯʠʥʛ, ʪʨʝʥʠʥʛ ʞᴅʥʝ ʧʩʠʭʦʢʦʨʨʝʢʮʠʷʣʳץ ʪʦʧʪʘʨ ʘʨʘʩʳʥʜʘ ʘʨʘʣʳץ ʦʨʳʥʜʳ ʘʣʘʜʳ. 
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ʆʡʳʥʰʳʣʘʨ ᴇʤʽʨʣʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʢᴇʤʝʢʪʝʩʝʪʽʥ ʙʝʣʛʽʣʽ ʙʽʨ ʙʽʣʽʤ, ʜʘסʜʳʣʘʨ ʤʝʥ ᴅʜʽʩʪʝʨʜʽ 

ʘʣסʳʩʳ ʢʝʣʝʪʽʥ ʢʣʠʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳè [5, 381ʙ]. 

ʊʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʪʝʨʘʧʠʷ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʳ, ʘʣʘʡʜʘ ʜʽʥʠ ʥʝʛʽʟʜʝʥ 

ʪʫʳʥʜʘסʘʥʜʳסʳ ʝʩʝʙʽʥʝʥ ʜʽʥʜʘʨʣʘʨסʘ ʞʘשʩʘץ ʪװʩʽʥʽʢ ʪʫʜʳʨʫ ץʘʫʽʧʽ ʙʘʨ ʧʩʠʭʦʪʝʨʘʧʧʠʷ ᴅʜʽʩʽ 

ʝʢʝʥʜʽʛʽʥ ʪװʩʽʥʜʽʢ. 

 ʦʡʳʥ ץʘʥ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳסʩʪʝʣʜʽʢ ʦʡʳʥ ʥʝʤʝʩʝ ʨᴇʣʜʽʢ ʩʮʝʥʘʨʠʡ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣת

ʧʩʠʭʦʣʦʛʠʷʣʳץ ʢʦʥʩʫʣʴʪʘʮʠʷʥʳש (ʢʝשʝʩ ʙʝʨʫʜʽש) ʟʘʤʘʥʘʫʠ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ᴅʤʙʝʙʘʧ 

  .ʨʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [6, 245ʙ]ײץ

ʇʩʠʭʦʣʦʛʠʷʣʳץ ʪʝʨʘʧʠʷ ᴅʜʽʩʽʥʜʝ סʘʥʘ ʝʤʝʩ, ʤײʥʜʘʡ ʦʡʳʥʜʘʨ, ʜʝʤʝʢ, ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʢʦʥʩʫʣʴʪʘʮʠʷʣʘʨʜʘ ʜʘ ʤʘʤʘʥʜʘʨסʘ ʞײʤʳʩ ʙʘʨʳʩʳʥʜʘ ʪײʪʳʥʫʰʳʣʘʨʳʥʳש ʪʦʣʳסʳʨʘץ 

ʘʰʳʣʫʳʥʘ, ʪʝʨʝשʽʨʝʢ ʦʡʪʦʣסʘʫ ʞװʨʛʽʟʫʽʥʝ ʢᴇʤʝʢ ʙʝʨʝʪʽʥ ײץʨʘʣ ʨʝʪʽʥʜʝ ʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ.  

ʆʩʳ ʤᴅʣʽʤʝʪʪʝʨʜʝʥ ʦʡ ʪװʡʝʪʽʥʽʤʽʟ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳ 

ʘʨʥʘʡʳ ʤʘʤʘʥʜʘʨ, ʷסʥʠ ʧʩʠʭʦʣʦʛʪʘʨ ʞװʨʛʽʟʫʽ ʪʠʽʩ. ʆʡʳʥ ץʘʨʘʧʘʡʳʤ װʩʪʝʣʜʽʢ ʦʡʳʥʜʘʨ ʩʠʷץʪʳ 

ʩʘʫʳץʪʘʥʜʳʨʫʜʳ ʢᴇʟʜʝʤʝʡʜʽ, ʙʝʣʛʽʣʽ ʙʽʨ ʪʨʘʥʩʬʦʨʤʘʮʠʷʥʳ, ʜʘʤʫʜʳ, ʪװʩʽʥʫʜʽ ʢᴇʟʜʝʡʜʽ. ʄʝʡʣʽ 

ʘʨʘ-ץʘʪʳʥʘʩ ʤᴅʩʝʣʝʩʽ ʙʦʣʩʳʥס ʤʝʡʣʽ ᴇʟʽʥ-ᴇʟʽ ʪʘʥʫ, ʤʝʡʣʽ ʙʠʟʥʝʩ ʦʡʳʥ, ʙʘʨʣʳסʳʥʳש ᴇʟʽʥʜʽʢ 

ʪʝʨʘʧʠʷʣʳץ ʥᴅʪʠʞʝʛʝ ʞʝʪʫ ʞʦʣʜʘʨʳ ʙʦʣʘʜʳ.  

ʆʩʳ ʪʘץʳʨʳʧʪʳ ʪʝʨʝש ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ  çʇʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ 

ʦʡʳʥʜʘʨè ʪʘץʳʨʳʙʳʥʜʘ ʩʘʫʘʣʥʘʤʘ ʞװʨʛʽʟʽʣʜʽ. ɹײʣ ʩʘʫʘʣʥʘʤʘ ץʘʟʽʨʛʽ ʪʘשʜʘ ʧʩʠʭʦʪʝʨʘʧʠʷʥʳש 

ʞʘשʘ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʪʘʥʳʣʘ ʙʘʩʪʘסʘʥ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʥʘʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש 

ʭʘʣץʳʤʳʟʜʳש ʠʩʣʘʤʠ ץʦסʘʤʳʥʜʘ ץʘʥʰʘʣʳץʪʳ ʪʘʥʳʣסʘʥʜʳסʳʥ, ʧʨʘʢʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ 

 ,ʜʘʡʜʘסʘʥ ʞʘסʩʪʘʨʳ ʙʘʨ ʙʦʣײʘ ʩʘʡ ʝʤʝʩ ʪץʘʪסʰʘʨʠ שʪʳ ᴇʟʝʢʪʽ ʝʢʝʥʜʽʛʽʥ, ʞᴅʥʝ ʦʣʘʨʜʳץʘʥʰʘʣʳץ

ʩʦʣ ʪײʩʪʘʨʳʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ʉʘʫʘʣʥʘʤʘʜʘ ʰʘʨʠסʘʪ ʤᴅʩʝʣʝʩʽ 

 ʪʘʨ ʙʘʨץʨʘײʙʦʣʫʳʥ ʪʘʣʘʧ ʝʪʝʪʽʥ ʩ שʩʽʥʽʢʪʽװʘʪ ʞʘʡʣʳ ʪסʪʘʥ, ʞᴅʥʝ ʰʘʨʠץʘʣʘʪʳʥʜʳסʦʟץ

ʙʦʣסʘʥʜʳץʪʘʥ, ʩʘʫʘʣʥʘʤʘ ʭʘʣץʳʤʳʟʜʳש ʪʝʢ ʠʩʣʘʤ ʜʽʥʽʥ ײʩʪʘʥʫʰʳ ʪײʣסʘʣʘʨʳʥʘ ʙʘסʳʪʪʘʣסʘʥ.  

ʉʘʫʘʣʥʘʤʘʜʘʥ ᴇʪʢʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʞʘʫʘʧʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽʥ ץʦʩʳʤʰʘ ʙᴇʣʽʤʜʝ 

ʙʝʨʽʣʛʝʥ ʜʠʘʛʨʘʤʤʘʣʘʨʜʘʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ʉʦʣ ʜʠʘʛʨʘʤʤʘʣʘʨʜʳש ʪײʞʳʨʳʤʳʥ ʪᴇʤʝʥʜʝ 

ʘʥʳץʪʘʡʪʳʥ ʙʦʣʘʤʳʟ. ᴄʨʙʽʨ ʜʠʘʛʨʘʤʤʘ ʞʝʢʝ ʙʽʨ ʩʘʫʘʣʥʘʤʘ ʩײʨʘסʳʥʳש ʥᴅʪʠʞʝʩʽ ʙʦʣʤʘץ. 

ʉʘʫʘʣʥʘʤʘ 15 ʩײʨʘץʪʘʥ ʪײʨʘʜʳ, ʷסʥʠ ץʦʩʳʤʰʘʜʘסʳ 15 ʜʠʘʛʨʘʤʤʘ ʩʘʫʘʣʜʘʨʳʤʳʟʜʳש ʥᴅʪʠʞʝʩʽʥ 

ʢᴇʨʩʝʪʝʜʽ. ɼʠʘʛʨʘʤʤʘʣʘʨʜʘ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʪʝʨʤʠʥʳ çʇʊʆè ʜʝʧ 

 .ʘʥסʘʨʪʳʣץʳʩץ

ɹʽʨʽʥʰʽ ʩײʨʘץ ʞʘʫʘʧʪʘʨʳ ʥʝʛʽʟʽʥʜʝʛʽ ˉ1 ʜʠʘʛʨʘʤʤʘʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʩʘʫʘʣʥʘʤʘʜʘʥ 

ᴇʪʢʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʪʝש ʞʘʨʪʳʩʳ, ʷסʥʠ 50%-ʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ 

ʦʡʳʥʜʘʨʤʝʥ ʪʘʥʳʩ ʝʢʝʥʜʽʛʽʥ ʙʽʣʫʛʝ ʙʦʣʘʜʳ. ɸʣ ץʘʣסʘʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨ ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʤʝʥ ʤװʣʜʝ ʪʘʥʳʩ ʝʤʝʩ (ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ30% ש-ʳ) ʝʢʝʥʜʽʛʽʥ, ʥʝʤʝʩʝ 

ʞʘʨʪʳʣʘʡ ʭʘʙʘʨʜʘʨ ʝʢʝʥʜʽʢʪʝʨʽʥ (ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ20% ש-ʳ) ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɼʝʤʝʢ, 

ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ץʘʟʽʨʛʽ ʪʘשʜʘ ʠʩʣʘʤ ʜʽʥʽʥ ײʩʪʘʥʘʪʳʥ ʭʘʣץʳʤʳʟʜʳש 

ʘʨʘʩʳʥʜʘ ʢʝשʽʥʝʥ ʪʘʥʳʣʳʧ ʞʘʪץʘʥ, ᴅʨʽ ʜʘʤʳʧ ʞʘʪץʘʥ ʧʩʠʭʦʪʝʨʘʧʠʷ ᴅʜʽʩʽ ʝʢʝʥʜʽʛʽʥ ʪװʩʽʥʫʛʝ 

ʙʦʣʘʜʳ. 

ɸʣ ʝʢʽʥʰʽ ʩײʨʘץ ʥᴅʪʠʞʝʣʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ˉ2 ʜʠʘʛʨʘʤʤʘסʘ שװʽʣʝʪʽʥ ʙʦʣʩʘץ, 

ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʢᴇʨʽʥʽʩʽʥ ʘסשʘʨʫסʘ ʙʦʣʘʜʳ. 

ʈʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʪʝʢ 45%-ʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘʥ ᴇʪʽʧ ʢᴇʨʛʝʥ, ʘʣ 

55%-ʳ ʤײʥʜʘʡ ʦʡʳʥ ʪװʨʣʝʨʽʥʝʥ ᴇʪʧʝʛʝʥʜʽʛʽʥ ʢᴇʨʝ ʘʣʘʤʳʟ. ʅᴅʪʠʞʝʩʽʥʜʝ, ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש ʤײʩʳʣʤʘʥ ʭʘʣץʳʤʳʟʜʳש ʘʨʘʩʳʥʜʘ ʧʨʘʢʪʠʢʘʣʳץ ʢᴇʨʽʥʽʩ ʪʘʫʳʧ 

ʞʘʪץʘʥʜʳסʳʥ, ʟʝʨʪʪʝʫ ʤᴅʩʝʣʝʩʽ ʨʝʪʽʥʜʝ ᴇʟʝʢʪʽ ʝʢʝʥʜʽʛʽʥ ʪװʩʽʥʝ ʘʣʘʤʳʟ. 

ʂʝʣʝʩʽ ʩײʨʘץʪʳש ʥᴅʪʠʞʝʩʽ ʙʦʣסʘʥ ˉ3 ʜʠʘʛʨʘʤʤʘסʘ ʢʝʣʝʪʽʥ ʙʦʣʩʘץ, ʦʣ ʩʘʫʘʣʥʘʤʘʜʘʥ 

ᴇʪʫʰʽʣʝʨʜʽש ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳץ שʘʥʜʘʡ ʪװʨʣʝʨʽʤʝʥ ʪʘʥʳʩ 

ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ʈʝʩʧʦʥʜʝʥʪʪʝʨʜʽ40% ש-ʳ סʘʥʘ ʤײʥʜʘʡ ʦʡʳʥ ʪװʨʣʝʨʽʤʝʥ ʤװʣʜʝ ʪʘʥʳʩ ʝʤʝʩ 

ʝʢʝʥʜʽʢʪʝʨʽʥ ʞʘʟסʘʥ ʝʢʝʥ. ɸʣ ץʘʣסʘʥ 60%-ʳ ʙʦʣʩʘ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ 
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ʦʡʳʥʜʘʨʜʳש ᴇʟʽʥ-ᴇʟʽ ʪʘʥʫסʘ ʘʨʥʘʣסʘʥ, ʪʝʨʘʧʠʷʣʳץ, ʙʠʟʥʝʩ, ץʘʨʳʤ-ץʘʪʳʥʘʩ ʞʝʪʽʣʜʽʨʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ ʪװʨʣʝʨʽʤʝʥ ʪʘʥʳʩ ʝʢʝʥʜʽʢʪʝʨʽʥ ʙʽʣʜʽʨʛʝʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʩʳ ʜʠʘʛʨʘʤʤʘʜʘʥ ʦʩʳ 

ʦʡʳʥ ʪװʨʣʝʨʽʥʽש ʘʨʘʩʳʥʜʘסʳ ʝש ʪʘʥʳʤʘʣ ʪװʨʽ ᴇʟʽʥ-ᴇʟʽ ʪʘʥʫסʘ ʘʨʥʘʣסʘʥ ʦʡʳʥʜʘʨ ʝʢʝʥʽʥ, ʦʜʘʥ 

ʢʝʡʽʥʛʽ ʢʝʟʝʢʪʝ ץʘʨʳʤ-ץʘʪʳʥʘʩ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʦʡʳʥʜʘʨ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʫʛʝ ʜʝ ʙʦʣʘʜʳ. 

ɹײʣʘʨʜʳ ʝʩʢʝʨʩʝʢ, ץʦסʘʤʜʘסʳ ᴇʟʝʢʪʽ ᴅʣʝʫʤʝʪʪʽ ʤᴅʩʝʣʝʣʝʨʜʽש ʥʝʛʽʟʛʽʣʝʨʽ - ʘʞʳʨʘʩʫʣʘʨʜʳש ʢᴇʙʝʶ, 

ʞʝʢʝ ʪײʣסʘʣʳץ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʢװʡʟʝʣʽʩʪʝʨ ʝʢʝʥʜʽʛʽʥ, ᴅʨʽ ʦʣʘʨʜʳ ʰʝʰʫʜʝ ʭʘʣʳץʪʳש ʧʩʠʭʦʣʦʛʠʷ 

ʩʘʣʘʩʳʥʘ ʞװʛʽʥʫʽʥʽש ʙʝʣʝש ʘʣʳʧ ʞʘʪץʘʥʜʳסʳʥ, ʧʩʠʭʦʣʦʛʠʷ ʩʘʣʘʩʳʥʜʘסʳ ʤʘʤʘʥʜʘʨסʘ ʜʝʛʝʥ 

ʩײʨʘʥʳʩʪʳש ʘʨʪʳʧ ʞʘʪץʘʥʜʳסʳʥ ʪװʩʽʥʝ ʘʣʘʤʳʟ.  

ˉ4 ʜʠʛʨʘʤʤʘ ʥᴅʪʠʞʝʩʽ ˉ2 ʜʠʘʛʨʘʤʘ ʥᴅʪʠʞʝʩʽʥ ʘʰʳץʪʘʧ ʪʦʣʳץʪʳʨʘʪʳʥʳʥ ʢᴇʨʫʛʝ 

ʙʦʣʘʜʳ. ʈʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʪʝʢ 45%-ʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘʥ ᴇʪʽʧ 

ʢᴇʨʛʝʥʽʥ ʝʢʽ ʜʠʘʛʨʘʤʤʘʜʘʥ ʜʘ ʪװʩʽʥʫʛʝ ʙʦʣʘʜʳ. ɹʽʨʘץ ʪᴇʨʪʽʥʰʽ ʜʠʘʛʨʘʤʤʘʜʘʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש 

ʥʘץʪʳ ץʘʥʜʘʡ ʦʡʳʥ ʪװʨʣʝʨʽʥʝʥ ᴇʪʢʝʥʜʽʛʽʥ, ʷסʥʠ ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ ץʘʥʜʘʡ ʦʡʳʥ ʪװʨʣʝʨʽʥʝ 

ʩײʨʘʥʳʩʪʳש ʢᴇʙʽʨʝʢ ʝʢʝʥʜʽʛʽʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. ʅᴅʪʠʞʝ ʙʦʡʳʥʰʘ, ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש çץʘʨʳʤ-ץʘʪʳʥʘʩ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥè ʪװʨʽ ï ʝש ʢᴇʧ 

ʩײʨʘʥʳʩץʘ ʠʝ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. 

ˉ5 ʜʠʘʛʨʘʤʤʘסʘ ʩװʡʝʥʝʨ ʙʦʣʩʘץ ʨʝʩʦʧʦʥʜʝʥʪʪʝʨʜʽ15% ש-ʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘ ʠʩʣʘʤסʘ ץʘʡʰʳ ʥᴅʨʩʝʣʝʨ ʢʝʟʜʝʩʫʽ ʤװʤʢʽʥ ʝʢʝʥʽʥʝ ʥʘץʪʳ ʩʝʥʽʤʜʽ, 

ʪʘסʳ 15%-ʳ ʢʝʨʽʩʽʥʰʝ ʠʩʣʘʤסʘ ץʘʡʰʳ ʥᴅʨʩʝʣʝʨ ʢʝʟʜʝʩʧʝʡʪʽʥʜʽʛʽʥʝ ʥʘץʪʳ ʩʝʥʽʤʜʽ, ʢʝʣʝʩʽ 35%-ʳ 

ʤײʥʜʘʡ ʥᴅʨʩʝʣʝʨʜʽש ʢʝʟʜʝʩʫ ʳץʪʠʤʘʣʜʳʣʳסʳ ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʤʦʡʳʥʜʘʡʜʳ, ʘʣ ץʘʣסʘʥ 35%-ʳ ʙʦʣʩʘ 

ʙײʣ ʪײʨסʳʜʘʥ ʥʘץʪʳ ʞʘʫʘʧ ʙʝʨʝ ʘʣʤʘʡʪʳʥʜʘʨʳʥ ʙʽʣʜʽʨʛʝʥ ʝʢʝʥ. ɼʝʤʝʢ, ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘ ʠʩʣʘʤ ʜʽʥʽʥʝ ʩʘʡ ʢʝʣʤʝʡʪʽʥ ײץʙʳʣʳʩʪʘʨ ʦʨʳʥ ʘʣʫ ʤװʤʢʽʥ 

ʝʢʝʥʜʽʛʽ ʥʘץʪʳʣʘʥʘʜʳ. 

ɸʣʪʳʥʰʳ ʩʘʫʘʣ ʥᴅʪʠʞʝʩʽʥ, ˉ6 ʜʠʘʛʨʘʤʤʘʥʳ ʪʘʣʜʘʡʪʳʥ ʙʦʣʩʘץ, ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ55% ש-

ʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘʥ ᴇʪʧʝʛʝʥ, ʘʣ ץʘʣסʘʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨ (45%) 

ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ʤײʥʜʘʡ ʦʡʳʥʜʘʨʜʳש ʙʦʣסʘʥʳʤʝʥ ץʦʩʘ, ʩʦʣ ʦʡʳʥʜʘʨʜʘʥ ʘʣסʘʥ ᴅʩʝʨʣʝʨʽʥ, 

ʧʘʡʜʘʣʘʨʳʥ ʙʽʣʝ ʘʣʘʤʳʟ. ʄײʥʜʘʡ ʦʡʳʥʜʘʨʜʘʥ ʘʣʳʥסʘʥ ʝש ʙʘʩʳʤ ʧʘʡʜʘ - ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש 

ᴇʟʜʝʨʽʥ ʞʘץʩʳʨʘץ ʪװʩʽʥʝ ʙʘʩʪʘסʘʥʜʳסʳ. ʆʜʘʥ ʢʝʡʽʥʛʽ ʢʝʟʝʢʪʝ ץʘʨʳʤ-ץʘʪʳʥʘʩʪʳש ʞʝʪʽʣʫʽʥʝ ʜʝ 

ʞʘסʳʤʜʳ ᴅʩʝʨ ʙʝʨʛʝʥʜʽʛʽʥ ʢᴇʨʝ ʘʣʘʤʳʟ. ɼʝʤʝʢ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש 

ʧʘʡʜʘʣʳ ʝʢʝʥʜʽʛʽ ʪʘʣʘʩʩʳʟ, ᴅʨʽ ʜʠʘʛʨʘʤʤʘ ʥᴅʪʠʞʝʩʽʥʜʝ ʜᴅʣʝʣʜʽ ʪװʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ˉ7 ʜʠʘʛʨʘʤʤʘʜʘʥ ʢᴇʨʝʪʽʥʽʤʽʟ - ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘʥ ʧʨʘʢʪʠʢʘ 

ʞװʟʽʥʜʝ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʪʝʢ 5%-ʳ סʘʥʘ ʠʩʣʘʤ ʘץʠʜʘʩʳʥʘ ʥʝʤʝʩʝ ʰʘʨʠסʘʪʳʥʘ ʩʘʡ ʢʝʣʤʝʡʪʽʥ 

ʪײʩʪʘʨʳʥ ʙʘʡץʘסʘʥʜʳסʳʥ ʙʽʣʜʽʨʛʝʥ. ɼʝʤʝʢ, ʘʟ ʙʦʣʩʘ ʜʘ ʤײʥʜʘʡ ʦʡʳʥʜʘʨʜʘʥ ᴇʪʫ ʙʘʨʳʩʳʥʜʘ 

ʦʡʥʘʫʰʳסʘ ʠʩʣʘʤסʘ ץʘʡʰʳ ʪװʩʽʥʽʢ ʦʨʥʘʪʫʳ ʤװʤʢʽʥ ײץʙʳʣʳʩʪʘʨ ʦʨʳʥ ʘʣʫʳ ʳץʪʠʤʘʣʜʳʣʳסʳ 

ʙʘʨ.  

ʉʝʛʽʟʽʥʰʽ ʩײʨʘץ ʥᴅʪʠʞʝʩʽʥ ʪײʞʳʨʳʤʜʘʫסʘ ˉ8 ʜʠʘʛʨʘʤʤʘסʘ ʤᴅʥ ʙʝʨʩʝʢ, ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘʥ ᴇʪʽʧ ʢᴇʨʛʝʥ 45% ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʙʘʨʣʳסʳ ʞʘʧʧʘʡ ʙײʣ ʦʡʳʥ 

ʪװʨʣʝʨʽʥʝʥ ʝʰץʘʥʜʘʡ ʟʠʷʥʜʳ ᴅʩʝʨ ʘʣʤʘסʘʥʜʳץʪʘʨʳʥ ʙʽʣʜʽʨʛʝʥ. ɹײʣ ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש ʧʘʡʜʘʩʳ ʤʦʣ ʝʢʝʥʜʽʛʽʥ, ʘʣ ʟʠʷʥʜʳ ʪײʩʪʘʨʳ ʤװʣʜʝ 

ʢʝʟʜʝʩʧʝʡʪʽʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ɼʝʤʝʢ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ 

ʧʩʠʭʦʪʝʨʘʧʠʷʥʳש ʞʝʪʽʢ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʟʠʷʥʩʳʟ ʝʢʝʥʜʽʛʽ ʘʡץʳʥ. 

ˉ9 ʜʠʘʛʨʘʤʤʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ5% ש-ʳ סʘʥʘ ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʥʘʥ ᴇʪʫ ʙʘʨʳʩʳʥʜʘ ʠʩʣʘʤסʘ ץʘʡʰʳ ʪײʩʪʘʨʳ ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʙʘʡץʘסʘʥ. 

ʈʝʩʧʦʥʜʝʥʪ ʩʦʣ ʙʘʡץʘסʘʥ ʪײʩʪʘʨʳʥʳש ʧʘʥʪʝʠʟʤʛʝ ʩʘʡ ʪװʩʽʥʽʢ ʪʫʜʳʨʫʳ ʤװʤʢʽʥ ʝʢʝʥʜʽʛʽʥ 

ʙʽʣʜʽʨʛʝʥ. ɼʝʤʝʢ, ʤײʩʳʣʤʘʥʜʘʨ װʰʽʥ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘʥ ᴇʪʫ 

ʙʘʨʳʩʳʥʜʘ ʧʘʥʪʝʠʩʪʽʢ ʢᴇʟץʘʨʘʩʪʘʨʜʳ ʩʽשʜʽʨʽʧ ʘʣʫ ץʘʫʽʧʽ ʙʘʨ ʝʢʝʥʜʽʛʽ ʳץʪʠʤʘʣ. 

ˉ10 ʜʠʘʛʨʘʤʤʘʜʘ ʢᴇʨʝʪʽʥʽʤʽʟ ï ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʙʘʩʳʤ ʙᴇʣʽʛʽ (55%-ʳ) ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘʥ ᴇʪʫ ʤײʩʳʣʤʘʥʜʘʨ װʰʽʥ ץʘʞʝʪʩʽʟ ʜʝʛʝʥ ʢᴇʟץʘʨʘʩʪʳ ײʩʪʘʥʘʜʳ 

ʝʢʝʥ, ʘʣ ץʘʣסʘʥ 45%-ʳ סʘʥʘ ʤײʥʜʘʡ ʦʡʳʥ ʪװʨʣʝʨʽ ʤײʩʳʣʤʘʥʜʘʨ װʰʽʥ ץʘʞʝʪ ʜʝʛʝʥ ʢᴇʟץʘʨʘʩʪʘʨʳʥ 
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ʙʽʣʜʽʨʛʝʥ. ɹײʣ ʥᴅʪʠʞʝʜʝʥ ʪװʩʽʥʝʪʽʥʽʤʽʟ, ʜʽʥʜʘʨ ʭʘʣץʳʤʳʟʜʳש ʙʘʩʳʤ ʙᴇʣʽʛʽ ᴅʣʽ ʢװʥʛʝ ʜʝʡʽʥ 

çʤײʩʳʣʤʘʥʜʘʨסʘ ʧʩʠʭʦʣʦʛʪʘʨ ץʘʞʝʪ ʝʤʝʩ, ײפʨʘʥ ʞʝʪʢʽʣʽʢʪʽè ʜʝʛʝʥ ʩʪʝʨʠʦʪʠʧʪʽʢ ʢᴇʟץʘʨʘʩʪʘ 

ʝʢʝʥʜʽʛʽ, ᴅʨʽ ʦʣʘʨʜʳש ʧʩʠʭʦʣʦʛʠʷ ʩʘʣʘʩʳʥ ʤʦʡʳʥʜʘʤʘʡʪʳʥʜʳסʳ ʘʡץʳʥ. ɸʣʘʡʜʘ, ʙײʣ ʪװʩʽʥʽʢ 

ʙʽʨʪʝ-ʙʽʨʪʝ ʞʘʩʪʘʨ ʘʨʘʩʳʥʜʘ ʩʝʡʽʣʽʧ ʢʝʣʝ ʞʘʪץʘʥʜʳסʳʥ ʜʘ ʘʡʪʘ ʢʝʪʫʛʝ ʙʦʣʘʜʳ.  

ˉ11 ʜʠʘʛʨʘʤʤʘʜʘʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ30% ש-ʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ 

ʦʡʳʥʜʘʨʜʳ ʢʽʤ ʞװʨʛʽʟʝʪʽʥʜʽʛʽ ʞᴇʥʽʥʜʝ ʭʘʙʘʨʜʘʨ ʝʤʝʩ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʝ ʘʣʘʤʳʟ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʙʘʩʳʤ ʙᴇʣʽʛʽ (60%-ʳ) ʤײʥʜʘʡ ʦʡʳʥ ʪװʨʣʝʨʽʥ ʧʩʠʭʦʣʦʛ ʤʘʤʘʥʳ ʞװʨʛʽʟʝʜʽ ʜʝʧ 

ʙʽʣʝʜʽ ʝʢʝʥ, ʘʣ ʢʝʡʙʽʨʽ ʧʩʠʭʦʪʝʨʘʧʝʚʪ ʞװʨʛʽʟʝʜʽ ʥʝʤʝʩʝ ʙײʣ ʦʡʳʥ ʘʜʘʤʜʘʨ ʘʨʘʩʳʥʜʘ ʞʝʢʝ ᴇʟʽʥʘʨʘ 

ʞװʨʛʽʟʽʣʝʜʽ ʜʝʛʝʥ ʦʡʜʘ ʝʢʝʥ.  

ˉ12 ʜʠʘʛʨʘʤʤʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘʥ ᴇʪʽʧ 

ʢᴇʨʛʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ(45%) ש ʤײʥʜʘʡ ʦʡʳʥ ʪװʨʣʝʨʽʥʝ ʞװʛʽʥʫʜʝʛʽ ץʦסʘʣʪץʳʰʪʘʨʳ ᴇʟʜʝʨʽʥ 

ʞʘץʩʳʨʘץ ʪװʩʽʥʽʧ ʪʘʥʳסʳʩʳ ʢʝʣʛʝʥʜʽʢʪʝʨʽ, ᴇʟʛʝʨʛʽʩʽ ʢʝʣʛʝʥʜʽʢʪʝʨʽ, ʥʝʤʝʩʝ ʜʘʤʳʧ ʞʝʪʽʣʛʽʩʽ 

ʢʝʣʛʝʥʜʽʢʪʝʨʽ ʙʦʣסʘʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ɼʝʤʝʢ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ 

ʧʩʠʭʦʪʝʨʘʧʠʷʥʳש ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʤײʩʳʣʤʘʥ ʭʘʣץʳʤʳʟʜʳש ʞʝʢʝʜʘʨʘ ᴅʨʪװʨʣʽ ʪײʣסʘʣʳץ ʜʘʤʫ 

ʩʘʪʳʣʘʨʳʥʜʘ ʢᴇʤʝʢ ʙʝʨʝ ʘʣʘʪʳʥʜʳסʳ ʘʡץʳʥ. 

ˉ13 ʜʠʘʛʨʘʤʤʘ ʥᴅʪʠʞʝʩʽʥʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ70% ש-ʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש ʘʜʘʤסʘ ʜʘʤʫ, ᴇʟʛʝʨʫ, ᴇʟʽʥ-ᴇʟʽ ʪװʩʽʥʫ ʥʝʤʝʩʝ ʢװʡʟʝʣʽʩ 

ʢʝʟʝשʜʝʨʽʥʜʝ ץʘʞʝʪʪʽ ʜʝʧ ʙʽʣʝʪʽʥʜʽʢʪʝʨʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɸʣ ץʘʣסʘʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨ (30%) 

ʤײʥʜʘʡ ʦʡʳʥʜʘʨʜʳ ץʘʞʝʪ ʝʤʝʩ ʜʝʧ ʪʘʥʳסʘʥ, ᴅʣʜʝ ץʘʞʝʪ ʙʦʣʘʪʳʥ ʙʘʩץʘ ʞʘסʜʘʡʣʘʨ ʙʘʨ ʜʝʛʝʥ 

ʪװʩʽʥʽʢʪʝ. ɹײʣʘʨʜʘʥ ʪװʡʝʪʽʥʽʤʽʟ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʧʩʠʭʦʪʝʨʘʧʠʷ ᴅʜʽʩʽ 

ʨʝʪʽʥʜʝ ʘʜʘʤʜʘʨסʘ ᴅʨʪװʨʣʽ ʢװʡʟʝʣʽʩ ʢʝʟʝשʜʝʨʽʥʜʝ ʧʘʡʜʘʣʳ ʙʦʣʘ ʘʣʘʜʳ. 

ʆʥ ʪᴇʨʪʽʥʰʽ ʩʘʫʘʣ ʥᴅʪʠʞʝʣʝʨʽʥʝ, ˉ14 ʜʠʘʛʨʘʤʤʘסʘ שװʽʣʝʪʽʥ ʙʦʣʩʘץ, ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘʥ ᴇʪʽʧ ʢᴇʨʛʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ(45%) ש ʙʘʨʣʳסʳ ʞʘʧʧʘʡ ʤײʥʜʘʡ 

ʦʡʳʥʜʘʨʜʘʥ ᴇʪʫʛʝ ʪװʨʪʢʽ ʙʦʣסʘʥ ʤᴅʩʝʣʝʣʝʨʽʥʽש ʰʝʰʽʤʽ ʪʘʙʳʣסʘʥʜʳסʳʥ ʙʽʣʜʽʨʛʝʥ. ɸʣ ץʘʣסʘʥ 

ʨʝʩʧʦʥʜʝʥʪʪʝʨ (55%) ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ʤײʥʜʘʡ ʦʡʳʥʜʘʨ ʙʦʣʤʘסʘʥʜʳסʳ ʤᴅʣʽʤ. ɼʝʤʝʢ, 

ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʧʩʠʭʦʪʝʨʘʧʠʷ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ᴇʪʝ ʪʠʽʤʜʽ ᴅʨʽ ʥᴅʪʠʞʝʣʽ 

ʝʢʝʥʜʽʛʽ ʘʡץʳʥ. 

ʆʥ ʙʝʩʽʥʰʽ ʩײʨʘץ ʥᴅʪʠʞʝʩʽʥʝʥ, ˉ15 ʜʠʘʛʨʘʤʤʘʜʘʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʘ ʢʝʟʜʝʩʫʽ ʤװʤʢʽʥ ʙʦʣסʘʥ ʠʩʣʘʤסʘ ץʘʡʰʳ ʪײʩʪʘʨʳʥʳש ʘʣʜʳʥ ʘʣʫסʘ 

ʙʽʣʜʽʨʛʝʥ ײʩʳʥʳʩʪʘʨʳʥ ʢᴇʨʝ ʘʣʘʤʳʟ. ʉʦʣʘʨʜʳש ʘʨʘʩʳʥʘʥ ʝש ʪʠʽʤʜʽ ʜʝʧ ʩʘʥʘʣסʘʥ ײʩʳʥʳʩ 

ʢʝʣʝʩʽʜʝʡ: ʠʩʣʘʤ ʰʘʨʠסʘʪʳʥʘ, ʘץʠʜʘʩʳʥʘ, ײץʥʜʳʣʳץʪʘʨʳʥʘ ʩʘʡ ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ײץʨʘʩʪʳʨʫ, ʷסʥʠ ʤײʥʜʘʡ ʦʡʳʥ ʪװʨʣʝʨʽʥ ʠʩʣʘʤʥʳש ʢʝʩʽʧ ʙʝʨʛʝʥ 

ʰʝשʙʝʨʽʥʝ ʠʢʝʤʜʝʫ. ɼʝʤʝʢ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʠʩʣʘʤ ʜʽʥʽʥ ײʩʪʘʥʘʪʳʥ 

ʭʘʣץʳʤʳʟʜʳש ʘʨʘʩʳʥʜʘ ʩײʨʘʥʳʩץʘ ʠʝ, ᴅʨʽ ʤײʥʜʘʡ ʦʡʳʥʜʘʨʜʳ ʠʩʣʘʤ ʜʽʥʽʥ ʞʝʪʽʢ ʤʝשʛʝʨʛʝʥ 

ʧʩʠʭʦʣʦʛ ʤʘʤʘʥʜʘʨʳ ʥʝʤʝʩʝ ʧʩʠʭʦʣʦʛ ʤʘʤʘʥʜʘʨʳ ʠʩʣʘʤʪʘʥʫʰʳ ʤʘʤʘʥʜʘʨʤʝʥ ʙʽʨʽʛʝ ʦʪʳʨʳʧ 

ʜʽʥʽʤʽʟʛʝ, ʜʽʣʽʤʽʟʛʝ ʩʘʡ ʝʪʽʧ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʩʘ, ʙײʣ ʦʩʳ ʩײʨʘʥʳʩʪʳ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥʳ ʩᴇʟʩʽʟ. 

ˉ16 ʜʠʘʛʨʘʤʤʘʜʘ ʩʘʫʘʣʥʘʤʘʥʳש ʘʣסʘʰ ײץʨʘʩʪʳʨʳʣסʘʥʜʘסʳ ʤʘץʩʘʪ ʝʪʢʝʥ װʰ 

ʰʢʘʣʘʩʳʥʳש ʥᴅʪʠʞʝʩʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ץʦʨʳʪʳʥʜʳʣʘʫʰʳ ʜʠʘʛʨʘʤʤʘʥʳ ʪʘʣʜʘʡʪʳʥ ʙʦʣʩʘץ, 

ʠʩʣʘʤ ʜʽʥʽʥ ײʩʪʘʥʫʰʳ ʨʝʩʧʦʥʜʝʥʪʪʝʨʽʤʽʟʜʽש ᴅʨʪװʨʣʽ ʧʽʢʽʨʣʝʨʽʥ ʩʘʫʘʣʥʘʤʘ ʥᴅʪʠʞʝʩʽʥʜʝ ʢᴇʨʫʛʝ 

ʙʦʣʘʜʳ: 

- ʩʘʫʘʣʥʘʤʘʜʘʥ ᴇʪʫʰʽʣʝʨʜʽש ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʞʘʡʣʳ 

ʙʽʣʽʢʪʽʣʽʛʽʥʝ ʙʘסʳʪʪʘʣסʘʥ ʙʽʨʽʥʰʽ ʰʢʘʣʘסʘ ʢʝʣʝʨ ʙʦʣʩʘץ, ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʙʘʩʳʤ ʙᴇʣʽʛʽ (61%-ʳ) 

ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʪʫʨʘʣʳ ʪװʩʽʥʽʢʢʝ ʠʝ; 

- ʪʵʪʘ-ʦʡʳʥʜʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʢᴇʨʽʥʽʩʽʥ ʘʥʳץʪʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʝʢʽʥʰʽ ʰʢʘʣʘʜʘʥ 

 ʘסʦʡʳʥʜʘʨ ץʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳ ץʘʥʘ ʧʩʠʭʦʣʦʛʠʷʣʳס ʪʝʢ 45%-ʳ שʘʪʳʥʳʤʳʟ, ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽסײ

ʧʨʘʢʪʠʢʘ ʞװʟʽʥʜʝ ʞװʛʽʥʛʝʥ, ᴅʨʽ ʦש ʥᴅʪʠʞʝ ʢᴇʨʛʝʥ; 
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- ʘʣ ʪʵʪʘ-ʦʡʳʥʜʘʨʜʳש ʠʩʣʘʤʠ ʩᴅʡʢʝʩʪʽʛʽʥ ʘʥʳץʪʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ װʰʽʥʰʽ ʰʢʘʣʘ 

ʢᴇʨʩʝʪʢʽʰʽ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש (35%-ʳ) ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨʜʳש ʠʩʣʘʤʠ 

ʪײʨסʳʜʘʥ ʢװʤᴅʥʜʽ ʧʩʠʭʦʪʝʨʘʧʠʷ ᴅʜʽʩʽ ʜʝʧ ʩʘʥʘʡʪʳʥʜʳץʪʘʨʳʥ ʤᴅʣʽʤʜʝʡʜʽ. 

ʉʘʫʘʣʥʘʤʘ ʥᴅʪʠʞʝʣʝʨʽʥ ץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ 

ʦʡʳʥʜʘʨ ʜʽʥʜʘʨ ʭʘʣץʳʤʳʟʜʳש ʘʨʘʩʳʥʜʘ ʜʘ ʪʘʥʳʤʘʣ ʧʩʠʭʦʪʝʨʘʧʠʷ ᴅʜʽʩʽ ʙʦʣʳʧ ʢʝʣʝʪʽʥʜʽʛʽ 

ʘʥʳץʪʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʦʡʳʥ ʪװʨʣʝʨʽ ʢʝש ʩײʨʘʥʳʩ ʪʫʜʳʨʫʜʘ ʜʝʛʝʥ ʪײʞʳʨʳʤ ʞʘʩʘʣʜʳ. 

ʄײʩʳʣʤʘʥ ʭʘʣץʳʤʳʟʜʳש ʤײʥʜʘʡ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʮʳʥʜʘʨסʘ ʜʝʛʝʥ 

ʩײʨʘʥʳʩʪʘʨʳʥ ʪʦʣʳץ ץʘʥʘסʘʪʪʘʥʜʳʨʫ װʰʽʥ ʦʩʳʥʜʘʡ ʪʠʧʪʽ ʦʡʳʥʜʘʨʜʳש ʪװʨ-ʪװʨʽʥ (ʞʝʢʝ 

ʪײʣסʘʣʳץ ʜʘʤʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʪװʨʽ, ץʘʨʳʤ-ץʘʪʳʥʘʩ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʪװʨʽ, 

ʧʩʠʭʦʪʨʘʚʤʘʣʘʨʜʳ ʞʦʶסʘ ʙʘסʳʪʪʘʣסʘʥ ʪװʨʽ, ʙʠʟʥʝʩ ʞװʨʛʽʟʫʜʝʛʽ ʩʪʨʘʪʝʛʠʷʥʳ ʞʝʪʽʣʜʽʨʫʛʝ 

ʘʨʥʘʣסʘʥ ʪװʨʽ ʞᴅʥʝ ʪ.ʙ.) ʠʩʣʘʤ ײץʥʜʳʣʳץʪʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ײץʨʘʩʪʳʨʫ ײʩʳʥʳʣʘʜʳ. ʉʝʙʝʙʽ 

ʠʩʣʘʤʠ-ʘץʠʜʘʣʳץ ʧʨʠʥʮʠʧʪʝʨ ʜײʨʳʩ ʩʘץʪʘʣʤʘסʘʥ ʞʘסʜʘʡʜʘ, ʙײʣ ץʘʨʘʧʘʡʳʤ ʦʡʳʥ ʩʠʷץʪʳ 

ʢᴇʨʽʥʛʝʥʽʤʝʥ, ʪײʣסʘʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷסʘ ʙʘסʳʪʪʘʣסʘʥ ʙʦʣסʘʥʜʳץʪʘʥ, ʜʽʥʥʝʥ ʞʘשʳʣʪʘʪʳʥ 

ʪװʩʽʥʽʢ ץʘʣʳʧʪʘʩʪʳʨʫ ʳץʪʠʤʘʣʜʳʣʳסʳ ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʘʡץʳʥʜʘʣʜʳ. 

 ,ʦʡʳʥʜʘʨ ï ʧʩʠʭʦʪʝʨʘʧʠʷʜʘ ץʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳ ץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʧʩʠʭʦʣʦʛʠʷʣʳפ

ʧʩʠʭʦʣʦʛʠʷʣʳץ ʢʦʥʩʫʣʴʪʘʮʠʷʜʘ (ʢʝשʝʩ ʙʝʨʫʜʝ) ʢʝץ שʦʣʜʘʥʳʩץʘ ʠʝ ʟʘʤʘʥʘʫʠ 

ʩʧʠʭʦʪʝʭʥʦʣʦʛʠʷʣʳץ ᴅʜʽʩ.  

ʄײʥʜʘʡ ʦʡʳʥʜʘʨʜʳ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ᴇʟ ʽʩʽʥʽש ʤʘʤʘʥʜʘʨʳ, ʧʩʠʭʦʣʦʛʪʘʨ ʞװʨʛʽʟʝʜʽ. ʆʡʳʥ 

ʞʝʢʝ ʙʽʨ ʘʜʘʤסʘ ʜʘ, ʙʽʨʥʝʰʝ ʘʜʘʤʜʘʨʜʘʥ ײץʨʘʣסʘʥ ʪʦʧʪʘʨסʘ ʜʘ ʞװʨʛʽʟʽʣʫʽ ʤװʤʢʽʥ. ʆʡʳʥʥʳש 

 ,ʩʘʩ ʵʣʝʤʝʥʪʪʝʨ (ʪʘʙʣʦ, ʪʘʩʪʘʨץײ ʨʳʣʳʤʳʥʘײץ שʩʪʝʣʜʽʢ ʦʡʳʥʜʘʨʜʳװ ʨʣʽװʨʳʣʳʤʳʥʜʘ ᴅʨʪײץ

ʬʠʛʫʨʘʣʘʨ, ʢʘʨʪʘʣʘʨ, ʦʡʳʥ ʰʘʨʪʪʘʨʳ, ʥײʩץʘʫʣʳץ, ʩʪʘʨʪ ʞᴅʥʝ ʬʠʥʠʰ, ʪ.ʙ.) ʙʦʣʘʜʳ.  

ʇʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ ʳץʧʘʣ ʝʪʫ ʩʬʝʨʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴅʨʪװʨʣʽ 

ʙʘסʳʪʪʘ ײץʨʘʩʪʳʨʳʣʘʜʳ: 

- ᴇʟʽʥ-ᴇʟʽ ʪʘʥʫסʘ ʙʘסʳʪʪʘʣסʘʥ; 

- ʪʝʨʘʧʠʷʣʳץ ʦʡʳʥʜʘʨ; 

- ʙʠʟʥʝʩ ʦʡʳʥʜʘʨ; 

 .ʘʤʪʠʜʳץ ʘʥ ʦʡʳʥʜʘʨ ʞᴅʥʝ ʪ.ʙ. ʩʬʝʨʘʣʘʨʜʳסʳʪʪʘʣסʘʪʳʥʘʩʪʳ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘץ-ʘʨʳʤץ -

ʊʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥ ʩʘʣʘʩʳ çʠʛʨʦʧʨʘʢʪʠʢʘè ʜʝʛʝʥ ʘʪʘʫʤʝʥ ʪʘʥʳʤʘʣ. ʊʘסʳ ʜʘ ʙʽʨ 

ʢʝש ʪʘʨʘסʘʥ ʘʪʘʫʳ çʪʵʪʘ-ʦʡʳʥʜʘʨè. ʄײʥʜʘʡ ʦʡʳʥʜʘʨʜʳש ʢʝש ʪʘʨʘʧ, ʩײʨʘʥʳʩץʘ ʠʝ ʙʦʣʘ 

ʙʘʩʪʘʫʳʥʳש ʩʝʙʝʙʽ ʤʳʥʘʜʘ: ʂʝʟ ʢʝʣʛʝʥ ʘʜʘʤ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʧʨʦʙʣʝʤʘʣʘʨסʘ ʪʘʧ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɸʣʘʡʜʘ ʢʝʟ ʢʝʣʛʝʥ ʪײʣסʘ ʘʰʳץ ʪʘʙʠסʘʪץʘ ʠʝ ʙʦʣʤʘʡʜʳ. ʇʩʠʭʦʣʦʛ ʤʘʤʘʥʳʥʘ ʞװʛʽʥʩʝ ʜʝ ʪʦʣʳץ ᴇʟ 

ʤᴅʩʝʣʝʣʝʩʽʥ ʞʝʪʢʽʟʝ ʘʣʤʘʡʜʳ, ץʳʩʳʤ ʩʝʟʽʥʝʜʽ. ɸץʳʨʳʥʜʘ ʤᴅʩʝʣʝʩʽ ʰʝʰʽʣʤʝʛʝʥ ץʘʣʧʳʥʜʘ 

 .ʧʘʣ ʝʪʝ ʘʣʘʜʳץʩʳ ʳץʘʰʳʣʫʳʥʘ ʞʘ שʘʣʘʨʜʳסʣײʦʡʳʥ, ʦʩʳʥʜʘʡ ʪ ץʘʣʘʜʳ. ɸʣ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ

ʉʝʙʝʙʽ ʦʡʳʥ ʪװʨʽʥʜʝ ᴇʪʢʝʥʜʽʢʪʝʥ ʞʝשʽʣ ץʘʙʳʣʜʘʥʘʜʳ. ɸʜʘʤʥʳש ʧʩʠʭʠʢʘʩʳ ʞʝʢʝ ʢʦʥʩʫʣʪʘʮʠʷ 

ʙʘʨʳʩʳʥʜʘ ʩʝʟʽʥʝʪʽʥʜʝʡ ץʳʩʳʤʜʳ ʩʝʟʽʥʙʝʡʜʽ. ʄʽʥʝ ʦʩʳ ʩʝʙʝʧʪʽ ʤײʥʜʘʡ ʧʩʠʭʦʪʝʨʘʧʠʷ ᴅʜʽʩʽ 

ʪʘʥʳʤʘʣʜʳʣʳץץʘ ʠʝ ʜʝʫʛʝ ʙʦʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʨʘʧʘʡʳʤ ץʘʟʘץʠ ʭʘʣץʳʤʳʟ סʘʥʘ ʝʤʝʩ, ʪʽʧʪʽ ʠʩʣʘʤ ʜʽʥʽʥ ײʩʪʘʥʘʪʳʥ, 

ʷסʥʠ ʠʩʣʘʤ ʞʘʤʘסʘʪʳʤʳʟ ʜʘ ʤײʥʜʘʡ ʦʡʳʥʜʘʨסʘ ץʳʟʳסʫʰʳʣʳץ ʪʘʥʳʪʫʜʘ. ʇʩʠʭʦʣʦʛʠʷ 

ʩʘʣʘʩʳʥʘסʳ ʤʘʤʘʥʜʘʨʳʤʳʟʜʳש ʩʘʥʳ ᴇʩʫʜʝ. ʆʥʳש ʽʰʽʥʜʝ ʭʠʜʞʘʙ ʢʠʝʪʽʥ ʧʩʠʭʦʣʦʛʪʘʨʜʳש ʜʘ 

ʩʘʥʳ ʘʟ ʝʤʝʩ. ʉʦʥʜʘʡ ʤʘʤʘʥʜʘʨʳʤʳʟʜʳש ʘʨʘʩʳʥʜʘ çʠʛʨʦʧʨʘʢʪʠʢè ʜʝʛʝʥ ʘʪʘץʧʝʥ ᴇʟ ץʳʟʤʝʪʽʥ 

 שʦʡʳʥʜʘʨʜʳ ץʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳ ץʩʳʥʘʪʳʥ ʭʘʥʳʤʜʘʨʳʤʳʟ ʜʘ ʢᴇʧ. ɸʣʘʡʜʘ ʦʣʘʨ ʧʩʠʭʦʣʦʛʠʷʣʳײ

ʙʘʪʳʩʪʳץ ʥʝʤʝʩʝ ʰʝʪʝʣʜʽʢ ʥײʩץʘʣʘʨʳʥ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʘʜʳ. ʉʝʙʝʙʽ ʙײʥʜʘʡ ʦʡʳʥʜʘʨʜʳש ʜʽʥʠ 

ʘʣʴʪʝʨʥʘʪʠʚʽ ʞʦץ. ɹײʣ ʦʡʳʥʜʘʨ ʵʟʦʪʝʨʠʢʘʣʳץ, ʙʫʜʜʠʩʪʽʢ ʥʝʛʽʟʜʝʥ ʙʘʩʪʘʫ ʘʣʘʪʳʥ ᴅʜʽʩ ʙʦʣʳʧ 

ʝʩʝʧʪʝʣʽʥʝʜʽ. ʉʦʥʜʳץʪʘʥ ʢʝʡʙʽʨ ʩʦʣ ʵʟʦʪʝʨʠʢʘʣʳץ ʪװʩʽʥʽʢʪʽש ʵʣʝʤʝʥʪʪʝʨʽ ʦʡʳʥ ʙʘʨʳʩʳʥʜʘ 

ʢʝʟʜʝʩʫʽ ʤװʤʢʽʥ. ʄײʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʳש ʢʝʟʜʝʩʫʽʥʝʥ ʩʘץʪʘʥʫʜʳש ʞʦʣʜʘʨʳʥ ץʘʨʘʩʪʳʨʫ ץʘʞʝʪ. 

ɾʘʣʧʳ ץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʩʘʫʘʣʥʘʤʘ ʥᴅʪʠʞʝʣʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʠʩʣʘʤ ʜʽʥʽʥ 

 ʘ ʜʝʛʝʥסʦʮʳʥʜʘʨ ץʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳ ץʥʜʘʡ ʧʩʠʭʦʣʦʛʠʷʣʳײʤ שʳʤʳʟʜʳץʩʪʘʥʘʪʳʥ ʭʘʣײ

ʩײʨʘʥʳʩʪʘʨʳʥ ʝʩʢʝʨʫ ץʘʞʝʪ ʝʢʝʥʽʥ ʪװʩʽʥʝʤʽʟ. ʆʣʘʨʜʳש ʪʵʪʘ-ʦʡʳʥʜʘʨסʘ ʜʝʛʝʥ ʩײʨʘʥʳʩʪʘʨʳʥ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

55 
 

ʪʦʣʳץ ץʘʥʘסʘʪʪʘʥʜʳʨʫ װʰʽʥ ʦʩʳʥʜʘʡ ʪʠʧʪʽ ʦʡʳʥʜʘʨʜʳש ᴅʨ ʪװʨʽʥ (ʞʝʢʝ ʪײʣסʘʣʳץ ʜʘʤʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʪװʨʽ, ץʘʨʳʤ-ץʘʪʳʥʘʩ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʪװʨʽ, ʧʩʠʭʦʪʨʘʚʤʘʣʘʨʜʳ ʞʦʶסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʪװʨʽ, ʙʠʟʥʝʩ ʞװʨʛʽʟʫʜʝʛʽ ʩʪʨʘʪʝʛʠʷʥʳ ʞʝʪʽʣʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʪװʨʽ ʞᴅʥʝ ʪ.ʙ.) ʠʩʣʘʤ 

 .ʩʳʥʳʣʘʜʳײ ʨʘʩʪʳʨʫײץ ʪʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧץʥʜʳʣʳײץ

  ʉʝʙʝʙʽ ʠʩʣʘʤʠ-ʘץʠʜʘʣʳץ ʧʨʠʥʮʠʧʪʝʨ ʜײʨʳʩ ʩʘץʪʘʣʤʘסʘʥ ʞʘסʜʘʡʜʘ, ʙײʣ ץʘʨʘʧʘʡʳʤ ʦʡʳʥ 

ʩʠʷץʪʳ ʢᴇʨʽʥʛʝʥʽʤʝʥ, ʪײʣסʘʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷסʘ ʙʘסʳʪʪʘʣסʘʥ ʙʦʣסʘʥʜʳץʪʘʥ, ʜʽʥʥʝʥ 

ʞʘשʳʣʪʘʪʳʥ ʪװʩʽʥʽʢ ץʘʣʳʧʪʘʩʪʳʨʫ ʳץʪʠʤʘʣʜʳʣʳסʳ ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʘʡץʳʥʜʘʣʜʳ. ɹײʣ ײʩʳʥʳʩʪʳ 

ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʧʩʠʭʦʣʦʛ ʤʘʤʘʥʜʘʨʳ  ʠʩʣʘʤʪʘʥʫʰʳ ʤʘʤʘʥʜʘʨʜʳש ʢᴇʤʝʛʽʥʝ ʞװʛʽʥʫ ʘʨץʳʣʳ 

ʩʘʨʘʣʘʫʜʘʥ, ʜʽʥʠ ʩʘʨʘʧʪʘʤʘʣʘʨʜʘʥ ᴇʪʢʽʟʝ ʦʪʳʨʳʧ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʦʡʳʥʜʘʨ 

   .ʨʘʩʪʳʨʩʘ ʙʦʣʘʜʳײץ
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         Abstract. This article explores the role of artificial intelligence in the development of brand 

communications within creative industries in the context of digital transformation. The relevance of 

the study is driven by the rapid adoption of generative and analytical AI technologies in marketing, 

media, design, and cultural production, as well as the growing need to critically assess their impact on 

brand promotion in both global and local contexts. 

The aim of the research is to identify key directions and effects of integrating artificial intelligence into 

brand communications in creative industries. To achieve this goal, the study employs comparative 

analysis of international and Kazakhstani practices, content analysis of digital case studies, and a 

review of academic and industry-related sources. The findings demonstrate that artificial intelligence 

enhances the personalization of communication, accelerates content production, and strengthens data-

driven branding strategies. At the same time, several risks are identified, including the standardization 

of visual language, the blurring of authorship, and emerging ethical and legal concerns related to AI-

generated content. The study argues that the most effective approach is a hybrid model of interaction, 

in which artificial intelligence performs analytical and operational tasks, while strategic and value-

based decisions remain under human control. The practical significance of the research lies in its 

applicability to the development of communication strategies for cultural institutions, media projects, 

and creative brands. 

         Keywords: artificial intelligence; creative industries; brand communications; digital marketing; 

personalization; visual identity; AI technologies; digital transformation. 

 

Introduction 

 

         Artificial intelligence occupies a central position in the process of digital transformation across 

contemporary economic and cultural practices. In recent years, AI has evolved beyond a purely 

technological tool and is increasingly viewed as a strategic resource in brand communication, 

marketing, and the management of creative projects. 

         Within creative industries where visual representation, storytelling, and emotional engagement 

play a decisive role in competitiveness - AI is no longer merely a supporting technology, but a 

mechanism for shaping a new communication paradigm. 

         Generative AI systems enable the automated production of media content, including images, 

video, text, and music, with a high degree of personalization and adaptation to target audiences. This 

transforms traditional creative processes, reduces production costs, and expands the strategic toolkit of 

brands, allowing for more flexible, interactive, and multi-channel communication strategies. In the 

digital economy, AI becomes an instrument for constructing brand identity, developing visual codes, 

and strengthening emotional connections with consumers. 

         In the Kazakhstani context, the integration of AI is of particular importance in the promotion of 

cultural, tourism, and creative brands. The adoption of AI technologies in cultural and tourism-related 

content is not only a technological trend but also a strategic necessity for preserving national heritage, 

showcasing cultural potential, and stimulating economic development. In this regard, the focus is not 

solely on the digitalization of content but also on the creation of competitive brands capable of 

representing national identity on a global scale. 
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         According to analytical insights from the ReelMind.ai platform, Kazakhstan is emerging as a 

promising environment for the implementation of AI solutions in cultural and tourism media 

production. The use of over one hundred generative AI models enables the creation of adaptive visual 

content that can be integrated into brand communication strategies across creative industries - from 

cultural institutions to tourism operators and media platforms [1]. 

         At the current stage, the application of AI in brand communication within Kazakhstan is 

undergoing active institutionalization, ranging from experimental marketing practices to the integration 

of digital tools into long-term development strategies. At the same time, the expansion of technological 

capabilities is accompanied by increasing debates regarding authorship, the standardization of visual 

language, the preservation of cultural authenticity, and the legal regulation of AI-generated content. 

         For Kazakhstan, these issues are particularly relevant due to the ongoing development of digital-

oriented cultural, tourism, and media projects. The integration of artificial intelligence into the creative 

economy contributes to enhancing the competitiveness of local brands, expanding the international 

visibility of cultural content, and modernizing communication strategies. However, it also necessitates 

a critical analysis of risks related to visual standardization, the loss of authenticity, and legal and 

ethical challenges associated with AI-generated content. 

         The aim of this study is to identify the key characteristics and implications of integrating 

artificial intelligence into brand communication in creative industries. To achieve this aim, the study 

addresses the following objectives: to refine the theoretical framework; to systematize international 

practices of AI application in brand promotion; to analyze the Kazakhstani experience; and to identify 

key trends, limitations, and future development prospects. 

 

Methods 

 

         The methodological framework of the article includes comparative analysis, content analysis, and 

an analytical review of both academic and applied literature. Comparative analysis was employed to 

compare international and Kazakhstani practices of implementing artificial intelligence in brand 

communication. Content analysis was used in the examination of digital case studies involving 

museums, fashion brands, media platforms, and local Kazakhstani initiatives. The analytical review 

made it possible to synthesize theoretical approaches to understanding artificial intelligence, brand 

communication, and the digital transformation of creative industries. 

         The empirical basis of the study consists of academic publications, professional reviews, 

materials from cultural institutions, and industry platforms presenting examples of AI applications in 

marketing, design, museum communication, cinema, and e-commerce. The selected combination of 

methods made it possible to examine the phenomenon under study simultaneously from theoretical, 

applied, and regional perspectives. 

 

Main Body 

 

         In academic literature, artificial intelligence is generally understood as an interdisciplinary field 

of research aimed at modeling and reproducing human intellectual functions through computational 

systems. According to Oxford Reference, artificial intelligence is defined as a branch of computer 

science concerned with the creation of systems capable of performing tasks that normally require 

human intelligence, including learning, reasoning, problem-solving, and natural language processing 

[2]. In Russian-language scholarship, Kolesnikova G.I. addresses the problem of defining the essence 

of AI, emphasizing that the specificity of discussions surrounding artificial intelligence is ʦʙʫʩʣʦʚʣʝʥʘ 

the absence of a valid diagnostic framework that would allow researchers to objectively assert the 

presence of consciousness in AI systems [3]. Despite the existence of the NewellïSimon hypothesis, 

according to which a symbol-manipulating system may be considered intelligent, as well as the Turing 

test as an instrument for evaluating machine ñintelligence,ò these approaches do not provide 

conclusive criteria for the existence of consciousness. Kolesnikova also draws attention to the 

technological risks associated with AI applications, underlining the vulnerability of algorithmic 
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systems to errors. A striking example was the 2018 autonomous vehicle crash, which sparked 

widespread debate about the limits of trust in algorithmic decision-making and the degree of 

responsibility borne by developers [4]. 

         At the current stage of development, a priority area is the improvement of machine learning 

systems and neural networks capable of self-learning and adaptation. Incremental self-organizing 

architectures allow model parameters to be modified during operation, which significantly expands the 

possibilities for big data analysis and audience behavior prediction. 

         Today, artificial intelligence is actively used in marketing and communication. Algorithms 

analyze usersô digital footprints, interests, and behavioral patterns, generating personalized content. As 

a result, AI is no longer simply a data-processing tool but an important participant in the 

communication process. 

         Brand communication in social media has gained particular significance under conditions of 

digitalization. According to A.S. Medveditskova, brand communication represents a complex of 

activities aimed at promoting a brand, increasing its recognition, and building audience loyalty [4]. 

Social networks have become the primary platform for implementing such communications. According 

to the data cited in her study, users spend an average of 2 hours and 29 minutes per day on social 

media. Approximately 40% of users employ social platforms not only for personal communication but 

also for professional purposes [4]. 

         As of October 2020, 4.2 billion public messages per month, including posts, comments, and 

reposts, were published in Russia, of which 496.2 million were on VKontakte. VKontakte had an 

audience of 72.9 million users, predominantly aged 25ï34. Instagram had 54 million users, with 

women accounting for 77% of the audience, and the main age group being 18ï34 years (75%). The 

number of active authors who posted at least one message per month reached 42.8 million. 

Odnoklassniki was primarily used by people aged 25ï34 who were focused on maintaining social ties. 

Facebook, by contrast, had an older audience: 28% of its users were aged 35ï44 and 26% were aged 

45ï59; the platform was more often used for business communication [4]. These statistics demonstrate 

the scale of the digital communication environment and its potential for brand promotion. Social media 

ensures a high level of engagement, interactivity, and speed of information dissemination. 

         Companies actively use these platforms to shape their image, publish news, demonstrate values, 

and build dialogue with their audiences. Thus, digital presence has become a necessary condition for 

brand competitiveness. As artificial intelligence becomes integrated into communication processes, a 

new interaction model emerges in which algorithms participate in audience preference analysis, 

advertising campaign optimization, and consumer behavior forecasting. Human creativity in this 

context is complemented by the analytical capabilities of machine systems. In the digital environment, 

a brand ceases to be a static category. It is formed through continuous dialogue with the audience and 

becomes part of a broader cultural space. In this context, the study by V.A. Khrapova and V.A. 

Komova is particularly significant, as it examines the brand as a means of shaping the cultural status of 

a city [5]. The authors emphasize that a brand can influence territorial identity, form symbolic capital, 

and transform public perception. 

         Thus, artificial intelligence and social networks together create a new communication ecosystem 

in which the brand functions not only as a marketing tool but also as a cultural phenomenon. 

Theoretical analysis makes it possible to conclude that the synthesis of algorithmic technologies and 

creative strategies defines the contemporary model of brand communication development and creates 

the preconditions for further research into the impact of AI on cultural and social processes. 

         In recent years, artificial intelligence has become one of the key technological innovations 

significantly influencing the development of both the economy and cultural industries. According to 

Katie King, the development of AI may be compared to the greatest technological revolutions in 

human history, such as the invention of the printing press, the Industrial Revolution, and the 

emergence of the microprocessor. One of the symbolic events of the new technological era was the 

2017 achievement in which a system developed by DeepMind defeated the world champion of Go, Ke 

Jie. This case demonstrated the high level of machine learning development and the ability of 

algorithms to solve highly complex intellectual tasks. A distinctive feature of the current technological 
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transformation is that artificial intelligence not only increases the efficiency of existing processes but is 

also capable of independently finding new ways to optimize them. In the digital economy, this 

substantially affects brand promotion strategies: companies actively use machine learning, big data 

analytics, and communication automation to personalize audience interactions and increase the 

effectiveness of marketing campaigns [6]. 

         One of the most visible trends is the use of AI in the fashion industry. Digital models and AI-

generated advertising campaigns allow brands to create unique visual content, test new concepts, and 

reduce production costs. For example, Reebok and Nike use AI for personalized product 

recommendations and training programs, analyzing data on usersô physical activity and preferences [1, 

4]. Machine learning algorithms help predict trends and build a digital-first brand image, thereby 

increasing competitiveness. AI is also actively implemented in the museum sector: digital exhibitions, 

interactive guides, personalized routes, and virtual tours increase audience engagement. These 

technologies enable deeper immersion in content, expand access to cultural heritage, and create new 

communication models with visitors [1]. 

         In cinema and media, AI is used for visualization, algorithmic editing, and audience analysis. 

Deep learning and big data processing make it possible to create personalized video content, predict 

box-office success, and adapt marketing campaigns to the preferences of specific consumer segments. 

This demonstrates that AI transforms not only promotion but also the very process of media production 

[1, 2]. 

         In international tourism marketing, AI is used to forecast tourist flows, design personalized 

campaigns, and improve customer interaction. Chatbots, virtual assistants, and behavioral analytics 

systems help create individualized offers and improve the image of cities and regions as tourism 

brands [1, 3]. 

         International case studies demonstrate the stability of this trend across various segments of the 

creative economy. In the fashion industry, AI is used for individualized product recommendations, 

trend forecasting, and digital-first communication strategies. Successful examples include LôOr®al, 

where AI analyzes skin tone and hair texture to recommend ideal cosmetic shades, with the service 

available in 600 stores worldwide [7]. Nikeôs AI-powered Nike+ application offers personalized 

workouts based on user data [7, 10]. Amazon and Netflix use AI systems to optimize marketing, 

forecast preferences, and increase customer satisfaction [7, 9]. Reebok employs an AI platform to 

recommend footwear individually by analyzing the userôs foot shape [7, 10]. 

         A particularly illustrative example is The Incredible Unknowns of the Louvre, a project 

implemented by the Louvre Museum in partnership with Snapchat, in which the user receives an 

interactive experience of perceiving works of art, thereby enhancing the institutionôs digital 

attractiveness (Figure 1). 

 
 

Figure 1. An example of the use of augmented reality technologies in museum communication: The 

Incredible Unknowns of the Louvre. 
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         Using smartphones, visitors can ñanimateò exhibits and view them in their original form, 

including lost elements of shape and color. The technology makes it possible to study historical objects 

and artistic techniques in greater detail. The project covers several famous museum exhibits, including 

the Code of Hammurabi and works of European art, and is aimed at increasing visitor engagement and 

improving the perception of cultural content [11]. 

         In media and advertising, AI is used for algorithmic editing, visualization, and the adaptation of 

creative materials to specific audience segments. Coca-Colaôs campaigns are particularly illustrative, 

as generative models are used as part of the brandôs creative strategy (Figure 2). 

 
 

Figure 2. Visualization of Coca-Colaôs ñMasterpieceò advertising campaign using artificial 

intelligence. 

 

         In the ñMasterpieceò campaign, AI was used to generate visual materials combining algorithmic 

creativity with elements of human art. Under the direction of Coca-Colaôs Global Head of Creative 

Strategy, Pratik Thakar, the brand presented a narrative in which artificial intelligence became a tool 

for expanding visual storytelling. In addition to the video advertisement, an online gallery was 

launched where visitors could explore the artworks featured in the campaign and learn more about the 

creative process. Another example is the ñCreate Real Magicò competition organized by Coca-Cola in 

partnership with analytical and AI platforms, in which participants were invited to use models such as 

ChatGPT and DALLĿE to create visual products reflecting the history and values of the brand [12]. 

         In the Kazakhstani context, the use of AI is still at a formative stage, yet institutional and 

entrepreneurial initiatives are already emerging. The countryôs specialized universities are developing 

the first AI agents for educational and creative purposes. For example, the Kurmangazy Kazakh 

National Conservatory is creating the AIMusic service, which will be used for generating musical 

compositions and analyzing scores. The aim of the project is to integrate artificial intelligence into 

studentsô practical training and to develop skills in working with contemporary digital tools. At the 

same time, the Kazakh Academy of Sport and Tourism is developing the TourMentor AI agent 

intended for creating educational tourism routes and practical case studies. According to Vice Minister 

of Science and Higher Education Dinara Shcheglova, both solutions are expected to be launched in 

pilot mode by the end of 2025, and by 2026 the approach is planned to be scaled up through the 

introduction of up to ten standard AI agents across higher education institutions in Kazakhstan [13]. 

         Projects created entirely or significantly supported by AI have also emerged in Kazakhstan and 

abroad. For instance, the animated film Genghis Khan by Russian director Kirill Kalashnikov, shown 

in Kazakhstani cinemas in July 2025, has been described as ñthe first AI film on the big screenò 

(Figure 3). 

 
 

Figure 3. Frame from the animated film Genghis Khan, created using artificial intelligence 

technologies. 
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         Earlier, in October 2024, the British studio AiMation Studios released the animated film Where 

the Robots Grow, also created with active participation of AI and made freely available on YouTube. In 

addition, major streaming platforms such as Netflix and Showrunner are actively implementing AI for 

content personalization and the creation of customized animated scenes based on user requests. 

Chinese and Hollywood studios are also experimenting with film restoration and remakes using AI, 

including projects fully transformed into animation or cyberpunk settings. These examples confirm the 

global trend of digital transformation in the arts and demonstrate how technology expands creative 

boundaries while preserving a unique user and viewer experience [14]. 

         A significant event in Kazakhstanôs creative industry was the QARA Forum, held on February 8, 

2026, at the Tselinny Center of Contemporary Culture in Almaty. The forum serves as a platform for 

exchanging experience, dialogue, and inspiration among creative professionals. During one of the 

panel discussions, Sam Sarieva, founder of a hair accessories brand known for her signature braids and 

the ñbraids on a carabinerò trend, spoke about using AI to promote her brand through online 

marketplaces such as Kaspi.kz. She noted: ñIt is very convenient: you can immediately see what the 

braids will look like. AI accurately conveys color, texture, and quality of work. I ordered and calmly 

received my braids in time for the event. Kaspi Store is my first online store where AI significantly 

simplified processes that previously took a lot of time. With minimal cost and effort, it is possible to 

increase sales through AI. This kind of content now has high reach and easily reaches a wide 

audience.ò Aziza Aibadullina, a blogger and co-founder of the eyewear brand twigxfl, also presented 

practical ways of integrating AI into brand communication. She showed examples of AI-generated 

informational content and posts, including images of celebrities wearing the brandôs glasses, which 

increased audience engagement. According to Aziza Aibadullina: ñIt is amazing that you can stay at 

home and create this kind of content using AI. We updated 120 product cards out of 227 in the store 

with the help of AI: we added photos, improved the visuals, updated descriptions, and renewed the key 

images. The increase in views after the first stage was 753%, and after the second stage it reached 

1243%. Enriching product cards with Kaspi AI is an effective way to increase views, clicks, sales, and 

overall store turnoverò [15] (Figures 4 and 5). 

 

                   
 

Figures 4-5. Examples of AI-generated visual content used by Kazakhstani brands for product 

promotion (QARA Forum case study). Source: materials from participantsô presentations at the QARA 

Forum, Tselinny Center of Contemporary Culture, Almaty, February 8, 2026. 

 

The main trends and potential risks associated with the use of artificial intelligence in the promotion of 

creative-industry brands are presented in Table 1. 
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Table 1. Trends and Risks of AI Application in Brand Communication within Creative Industries 

 

Category Direction 
 

Description 

 

Trends  
Communication 

personalization 

AI algorithms analyze usersô behavior, interests, 

and preferences, allowing brands to create 

personalized offers and individualized user 

experiences. 

Trends  
Automation of creative 

processes 

AI is used to generate texts, images, and video 

content, as well as to analyze trends and 

accelerate the development of marketing 

campaigns. 

Trends  Data-driven branding 
The use of big data supports strategic planning, 

audience behavior analysis, and the evaluation 

of communication effectiveness. 

Trends  
Integration of AI into 

cultural space 

AI technologies are being incorporated into 

museum exhibitions, virtual tours, fashion 

projects, media formats, and digital services. 

Trends  Content unification 
Algorithms may reproduce repetitive visual and 

textual solutions, reducing the originality of 

creative products. 

Trends  Authorship issues 

Questions arise concerning the authorship of 

materials created with AI participation: whether 

the author is the developer, the brand, the 

platform, or the user. 

Trends  Ethics and regulation 
AI use is associated with risks of manipulation, 

personal data processing, deepfake content, and 

the need for legal regulation. 

 

Source: compiled by the author on the basis of academic literature analysis. 

 

         A comparison of international and Kazakhstani cases makes it possible to conclude that AI 

demonstrates the greatest effectiveness not as an autonomous replacement for the creative subject, but 

as a tool for expanding human capabilities. Analytical systems improve the precision of decisions, 

whereas the creation of meaning, the selection of culturally relevant imagery, and the strategic work 

with brand identity continue to depend on human agency. In this regard, the interaction between 

human beings and artificial intelligence in brand management becomes especially significant. 

 

Discussion 

 

         The findings of this study indicate that the integration of artificial intelligence into creative 

industries should not be interpreted merely as a technological upgrade of marketing practices. Instead, 

AI contributes to a deeper structural transformation of brand communication models. Traditional 

approaches based on mass targeting are gradually being replaced by more dynamic, adaptive, and 

personalized forms of interaction with audiences. 
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         In this context, brand communication is no longer a linear process but evolves into a continuous 

and interactive exchange between the brand and its audience. This transformation aligns with 

contemporary theoretical perspectives that consider brands not only as economic entities but also as 

cultural phenomena that shape symbolic meaning and influence public perception [5]. 

         At the same time, the results demonstrate that the growing role of AI does not diminish the 

importance of human participation. On the contrary, the expansion of algorithmic capabilities 

reinforces the need for human involvement in areas that require cultural sensitivity, ethical judgment, 

and creative originality. Creative industries are inherently dependent on contextual interpretation, 

emotional nuance, and symbolic expression elements that cannot be fully reproduced by automated 

systems. 

         Therefore, the most effective model of interaction between humans and AI can be described as a 

hybrid or ñcentaurò model. Within this framework, artificial intelligence is responsible for data 

processing, predictive analytics, and operational efficiency, while human agents retain control over 

strategic decision-making, creative direction, and value-oriented choices. 

         Particular attention should be given to the issue of cultural authenticity, especially in the context 

of Kazakhstan. The uncritical use of generative AI tools may lead to the homogenization of visual 

language and the replacement of locally meaningful content with globally standardized patterns. This 

creates a potential risk for the erosion of cultural identity in creative production. 

         Consequently, it is essential for local brands and cultural institutions to adopt a more conscious 

and selective approach to AI implementation. Rather than replicating global templates, AI technologies 

should be used as instruments for enhancing national representation, strengthening visual 

distinctiveness, and promoting culturally specific narratives on the international stage. 

         Despite the valuable insights provided by this study, certain limitations should be acknowledged. 

The analysis is primarily based on secondary sources and selected case studies, which may not fully 

reflect the diversity of real-world practices. Future research could focus on empirical evaluation of AI-

driven strategies and their measurable impact on brand performance within specific regional contexts. 

 

Key Findings 

 

         Artificial intelligence is gradually transforming into an integral structural element of brand 

communication in creative industries by combining analytical, creative, and operational functions. The 

most significant effects of its implementation are manifested in the personalization of audience 

communication, the acceleration of content production processes, the development of data-driven 

branding approaches, and the expansion of digital user experience. The analysis of international case 

studies demonstrates the high potential of AI for enhancing the visual expressiveness and interactivity 

of brands; however, its effectiveness largely depends on the quality of human curation and strategic 

management. In turn, Kazakhstani practice reflects an initial but promising stage in the 

institutionalization of artificial intelligence technologies in education, media, cultural projects, and e-

commerce. The scientific novelty of this research lies in the systematization of both international and 

domestic practices of AI application in brand communication within creative industries, as well as in 

the substantiation of a hybrid model of interaction between human beings and algorithms as the most 

effective and sustainable approach for the further development of this field. 

 

Conclusion 

 

         The conducted research has shown that artificial intelligence is becoming a significant factor in 

the transformation of brand communication in creative industries. Its use enables brands to analyze 

audiences more quickly, adapt content, expand channels of interaction, and improve the effectiveness 

of marketing decisions. At the international level, AI already functions as an instrument of strategic 

brand development in museums, the fashion industry, advertising, and media; in Kazakhstan, domestic 

practices of implementing these technologies are currently taking shape in educational, cultural, and 

entrepreneurial projects. 
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         At the same time, it has been established that the widespread dissemination of generative and 

analytical systems is accompanied by risks related to the standardization of visual language, the 

ambiguity of authorship, ethical conflicts, and the need for regulatory frameworks. In this regard, the 

sustainable development of creative industries is possible only if a balance is maintained between the 

technological capabilities of AI and human creative potential. 

         The practical significance of the study lies in the possibility of applying its conclusions in the 

development of brand strategies for cultural institutions, media projects, local fashion brands, tourism 

initiatives, and educational programs. Future research prospects are associated with the analysis of 

legal regimes governing AI-generated content, the assessment of the effectiveness of digital 

communication campaigns, and the study of mechanisms for preserving cultural identity under 

conditions of the algorithmization of creative processes. 
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉʃʀɺɸ ʆʉʊɸʊʆʏʅʆɻʆ ɻɸɿɸ ʀɿ ɸɺʊʆʄʆɹʀʃʔʅʆɻʆ 

ɻɸɿʆɹɸʃʃʆʅʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ɾʀɼʂʆʉʊʅʆɻʆ 

ʊɽʇʃʆɺʆɻʆ ɸʂʂʋʄʋʃʗʊʆʈɸ. 

 

 

ɹʘʣʛʘʙʝʢʦʚ ʊʦʣʝʫ ʂʫʥʞʦʣʦʚʠʯ,ʜʦʢʪʦʨ PhD (ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ), 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ. 

ʉʘʛʳʥʪʘʡ ɸʣʠʭʘʥ ɽʨʙʦʣʘʥʦʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ 2-ʛʦ ʢʫʨʩʘ.  

ʐʝʨʦʚ ʂʘʨʠʙʝʢ ʊʘʛʘʝʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʆʨʘʟʘʣʠʝʚ ɹʝʨʠʢʙʘʡ ʊʣʝʫʢʘʙʳʣʦʚʠʯ, ʜʦʢʪʦʨ PhD, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ.  

ʅɸʆ çʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ  

ʉ. ʉʝʡʬʫʣʣʠʥʘè. ʂʘʟʘʭʩʪʘʥ, ɸʩʪʘʥʘ. 

 

 

ɸʥʥʦʪʘʮʠʷ. 

ʇʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʩʪʫʧʘʝʪ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʚʝʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʘʟʦʙʘʣʣʦʥʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ʇʨʦʙʣʝʤʘ 

ʥʝʧʦʣʥʦʛʦ ʩʣʠʚʘ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ ʩʦʭʨʘʥʷʝʪʩʷ - 

ʚʦʧʨʝʢʠ ʧʦʩʪʦʷʥʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʉʋɻ. ʕʪʦ ʷʚʣʝʥʠʝ ʢʨʠʪʠʯʥʦ. 

ʆʙʫʩʣʦʚʣʝʥʦ ʦʥʦ ʠʥʪʝʥʩʠʚʥʳʤ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝʤ ʩʪʝʥʦʢ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ, 

ʦʙʤʝʨʟʘʥʠʝʤ ʘʨʤʘʪʫʨʳ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʳʭ ʫʪʝʯʝʢ - ʦʩʦʙʝʥʥʦ ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʞʠʜʢʦʩʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ (ɾʊɸ). ʀʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤʳ ʩ 

ɾʊɸ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʳʡ ʠ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʜʚʦʜ ʪʝʧʣʦʪʳ ʢ ʩʪʝʥʢʝ ʙʘʣʣʦʥʘ, ʯʪʦ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʛʨʘʜʠʝʥʪ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʝʨʝʛʨʫʟʢʠ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ 

ʜʨʝʥʘʞʘ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʩʝʭ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʦ. 

ɼʝʪʘʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ CFD ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS Fluent ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ ʩʣʠʚʘ. ʇʦʣʫʯʝʥʳ ʚʩʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ, 

ʙʘʨʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʠ ʩʢʦʨʦʩʪʝʡ ʚʤʝʩʪʝ ʩ ʬʫʥʢʮʠʷʤʠ m(t) ʠ P(t) ʦʧʨʝʜʝʣʝʥʳ ʚ ʭʦʜʝ ʵʪʦʛʦ 

ʩʣʦʞʥʦʛʦ ʵʪʘʧʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʧʨʘʢʪʠʢʠ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʙʘʣʘʥʩʘ ʠ 

ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʛʘʟʘ, ʯʪʦ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʨʠʢʣʘʜʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʘʚʪʦʩʝʨʚʠʩʦʚ - ʧʦʚʳʰʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʨʝʩʫʨʩ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴ, ʛʘʟʦʙʘʣʣʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʣʠʚ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ, ʞʠʜʢʦʩʪʥʳʡ ʪʝʧʣʦʚʦʡ ʘʢʢʫʤʫʣʷʪʦʨ, ʪʝʧʣʦʧʝʨʝʜʘʯʘ. 

 

ɺʚʝʜʝʥʠʝ 

ɺʦʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʉʋɻ 

ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʨʦʩʪ ʜʦʣʠ ʛʘʟʦʙʘʣʣʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʘʚʪʦʧʘʨʢʘʭ. ʕʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʢʘʢ ʚʘʞʥʳʡ 

ʪʨʝʥʜ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ [1, 2], ʧʦʠʩʢ ʨʝʰʝʥʠʡ ʚʝʜʝʪʩʷ ʧʦʩʪʦʷʥʥʦ. ʇʨʦʙʣʝʤʘ 

ʥʝʧʦʣʥʦʛʦ ʩʣʠʚʘ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ. ʂ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʭʣʘʞʜʝʥʠʶ ʩʪʝʥʦʢ ʙʘʣʣʦʥʘ ʠ ʦʙʤʝʨʟʘʥʠʶ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ - ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ [3-5] - ʧʨʠʚʦʜʠʪ ʠʤʝʥʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʇʦʪʝʨʠ ʪʦʧʣʠʚʘ ʨʘʩʪʫʪ. ʇʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʜʲʝʤ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʝʤʢʦʩʪʠ ʜʦ 0,3-0,5 ʄʇʘ. ɸ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʧʘʩʥʳʭ ʫʪʝʯʝʢ ʩʝʨʴʝʟʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ - ʟʘʪʨʫʜʥʷʷ 

ʦʙʩʣʫʞʠʚʘʥʠʝ [6]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʜʢʦʩʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ (ɾʊɸ) ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ. ʉʪʘʙʠʣʠʟʘʮʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʜʚʦʜ ʪʝʧʣʦʪʳ ʢ ʩʪʝʥʢʝ ʙʘʣʣʦʥʘ. ʂʘʢ ʜʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [7-9], 
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ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦ ʠʤʝʝʪ ʠʤʝʥʥʦ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʜʨʝʥʘʞʘ. ʇʨʦʮʝʩʩ ʠʟ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʜʘʥʥʳʡ ʧʦʜʭʦʜ. 

ʕʢʦʥʦʤʠʷ ʦʯʝʚʠʜʥʘ. ʂʦʤʧʝʥʩʘʮʠʷ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

ʵʬʬʝʢʪʘ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ - ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ ʫʜʘʣʝʥʠʷ ʛʘʟʘ [10, 11]. ʉʠʩʪʝʤʫ ʘʚʪʦʥʦʤʥʦʡ 

ʜʝʣʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʪʳ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʞʠʜʢʦʩʪʠ. ɸ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʪʦʤ 

ʚʦʟʨʘʩʪʘʝʪ - ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʷʤʦʛʦ ʧʦʜʦʛʨʝʚʘ [12-14]. 

ʇʦʚʳʰʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʨʝʥʘʞʘ ʟʘ ʩʯʝʪ 

ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʳʩʪʫʧʘʝʪ ʮʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺr ʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʩʣʠʚʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʩ ɾʊɸ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ. ɸ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS Fluent ʧʦʟʚʦʣʠʣʦ ʧʦʜʪʚʝʨʜʠʪʴ ʪʝʦʨʠʶ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ. ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ [15-17] - ʵʪʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. ʉʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ 

ʧʦʣʥʦʛʦ ʩʣʠʚʘ. ʄʠʥʠʤʠʟʘʮʠʷ ʦʩʪʘʪʦʯʥʦʡ ʤʘʩʩʳ ʉʋɻ ʧʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʪʝʭʥʠʯʝʩʢʦʡ 

ʨʝʘʣʴʥʦʩʪʴʶ. 

ʀʥʪʝʛʨʘʮʠʷ ɾʊɸ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɻɹʆ. ʉʥʠʞʝʥʠʝ 

ʧʦʪʝʨʴ ʪʦʧʣʠʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʉʋɻ ʪʘʢʞʝ 

ʛʘʨʘʥʪʠʨʫʶʪʩʷ. ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʛʘʟʦʚʳʭ ʩʠʩʪʝʤ ʬʦʨʤʠʨʫʶʪ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʤʦʛʫʪ ʉʊʆ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂ ʨʦʩʪʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʧʦʪʝʨʴ ʚʝʜʫʪ 

ʧʦʜʦʙʥʳʝ ʠʥʥʦʚʘʮʠʠ - ʩʦʛʣʘʩʥʦ ʚʳʚʦʜʘʤ [18, 19]. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɹr ʣ ʚʳʙʨʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ - ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʠʚʘ ʦʩʪʘʪʢʦʚ ʛʘʟʘ ʠʟ ʙʘʣʣʦʥʦʚ ɻɹʆ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ CFD ʚ ANSYS Fluent ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʀʩʭʦʜʥʦʡ ʛʠʧʦʪʝʟʦʡ ʧʨʠ ʵʪʦʤ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʠʤʝʥʥʦ 

ʞʠʜʢʦʩʪʥʦʡ ʪʝʧʣʦʚʦʡ ʘʢʢʫʤʫʣʷʪʦʨ (ɾʊɸ) ʧʦʟʚʦʣʠʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʭʣʘʞʜʝʥʠʝ ʩʪʝʥʢʠ 

- ʚʦʟʥʠʢʘʶʱʝʝ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ. ɸ ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʧʦʤʦʞʝʪ ʧʝʨʝʚʝʩʪʠ 

ʧʨʦʮʝʩʩ ʠʟ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ [1-3]. 

ʉʪʘʣʴʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʙʘʣʣʦʥ ʠʟ 09ɻ2ʉ ʦʙʲʸʤʦʤ 50 ʣ ʩ ʚʳʧʫʩʢʥʳʤ 

ʦʪʚʝʨʩʪʠʝʤ 5 ʤʤ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʠʜʝʘʣʴʥʦʛʦ ʧʨʦʧʘʥ-

ʙʫʪʘʥʦʚʦʛʦ ʛʘʟʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ɾ=1,13 ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʛʘʟʦʚʘʷ ʬʘʟʘ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 
ʟʘʜʘʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ: P0 ʄʇʘ, T0 K ʠ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ Patm ʇʘ [4,5]. 

ʄʦʤʝʥʪ ʥʘʯʘʣʘ ʦʭʣʘʞʜʝʥʠʷ ʩʪʝʥʢʠ ʙʘʣʣʦʥʘ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʝʥ. ʕʪʦ ʙʳʣʦ 

ʟʘʤʝʯʝʥʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ - ʚʝʜʴ ʦʥ ʩʨʘʟʫ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʘʩʭʦʜʘ ʠ 

ʜʘʚʣʝʥʠʷ. ɼʚʘ ʨʝʞʠʤʘ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. ɺʦ-ʧʝʨʚʳʭ, 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ - ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʣʠʚ ʙʝʟ ʚʩʷʢʦʛʦ ʧʦʜʚʦʜʘ ʪʝʧʣʘ. ɺʦ-ʚʪʦʨʳʭ, 

ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ - ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɾʊɸ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ ʮʠʨʢʫʣʠʨʦʚʘʣ ʪʝʧʣʦʥʦʩʠʪʝʣʴ (ʚʦʜʘ). 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʩʦʩʪʘʚʣʷʣʘ Tin K, ʘ ʥʘ ʚʳʭʦʜʝ - Tout K. ʉʪʝʥʢʫ ʥʘ ʫʨʦʚʥʝ Tw K ʵʪʦ 

ʧʦʟʚʦʣʷʣʦ ʧʦʜʜʝʨʞʠʚʘʪʴ - ʧʨʠ ʤʘʩʩʦʚʦʤ ʨʘʩʭʦʜʝ 0.02-0.03 ʢʛ/ʩ. ʉʠʩʪʝʤʘ ʬʘʢʪʠʯʝʩʢʠ 

çʩʛʣʘʞʠʚʘʣʘè ʣʶʙʳʝ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʧʷʪʩʪʚʦʚʘʣʘ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʦʥ 

ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ. 

ɺ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ (2D-axisymmetric) ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʴʶ Ὧ  ʦʧʠʩʳʚʘʣʘʩʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ. ʋʩʪʦʡʯʠʚʦʡ ʩʭʦʜʠʤʦʩʪʠ צ

ʨʝʰʝʥʠʡ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʜʘʞʝ ʧʨʠ ʤʘʣʝʥʴʢʠʭ ʰʘʛʘʭ ʧʦ ʚʨʝʤʝʥʠ - ʙʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ 

ʧʦʜʭʦʜʫ. Pressure-based transient solver ʚ ANSYS Fluent 2023R2 ʧʨʠʤʝʥʷʣʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʰʘʪʝʣʷ. ʆʢʦʣʦ 105 ʷʯʝʝʢ ʩʦʩʪʘʚʠʣ ʨʘʟʤʝʨ ʩʝʪʢʠ. ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ 10-3 ʩ ʠ ʥʝʚʷʟʢʘ ʤʝʥʝʝ 

10-5 ʙʳʣʠ ʧʨʠʥʷʪʳ - ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [6,7]. ʂʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠʩʴ ʥʘ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

73 
 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʰʘʛʘʭ, ʨʘʩʯʸʪ ʟʘʚʝʨʰʘʣʩʷ. ʂʦʥʪʨʦʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʠʟʤʝʥʝʥʠʷʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʩʪʦʷʥʥʦ. 

ʅʘ ʛʨʘʬʠʢʘʭ ʫʢʘʟʘʥʳ ʢʘʢ ʘʙʩʦʣʶʪʥʳʝ ʜʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ (gauge) - ʪʘʤ, ʛʜʝ 

ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ. ʌʦʨʤʫʣʘ ʫʜʫʰʝʥʥʦʛʦ ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ ʨʘʩʯʝʪʝ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ 

ʯʝʨʝʟ ʚʳʧʫʩʢʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʩʞʠʤʘʝʤʦʛʦ ʠʩʪʝʯʝʥʠʷ ʧʨʠ P>Pcrit. ɸ ʜʦʟʚʫʢʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʠ P<Pcrit - ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ [7,8]. 

ʇʦʣʷ ʜʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʙʘʣʣʦʥʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʦ ʚʨʝʤʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʳ ʠʥʪʝʛʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʠ ʜʘʚʣʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ - ά (t) ʠ P(t). ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ 

ʨʘʩʭʦʞʜʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʧʦʣʥʦʛʦ ʩʣʠʚʘ ʠ ʦʩʪʘʪʦʯʥʦʡ ʤʘʩʩʝ ʥʝ ʧʨʝʚʳʰʘʣʠ 5%. ʂʦʨʨʝʢʪʥʦʩʪʴ 

ʤʦʜʝʣʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ CFD-ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʝʪ. 

ʈʘʩʯʸʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʤʘʩʩʳ ʛʘʟʘ, 

ʚʳʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʤʝʪʦʜʠʢʠ. ɺʣʠʷʥʠʝ ʪʝʧʣʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʥʘ ʜʠʥʘʤʠʢʫ ʜʨʝʥʘʞʘ ʦʥʠ 

ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ. ɺ ʨʘʟʜʝʣʝ çʆʩʥʦʚʥʘʷ ʯʘʩʪʴè ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʩʫʞʜʘʶʪʩʷ ʧʦʜʨʦʙʥʦ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʊʆ ʠ ɻɹʆ ʦʥʠ ʥʝʩʫʪ ʚ ʩʝʙʝ ʧʦʣʝʟʥʫʶ ʦʩʥʦʚʫ. 

 

ʈʝʟʫʣʴʪʘʪʳ 

 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʨʝʥʘʞʘ ʠ ʤʝʭʘʥʠʟʤ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʨʠ ʨʘʙʦʪʝ ɾʊɸ ʙʫʜʫʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʝ. ʆʧʦʨʘ ʠʜʝʪ ʥʘ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʨʘʥʝʝ ʤʝʪʦʜʠʢʫ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɹʘʟʠʩ ʧʦʣʥʦʩʪʴʶ ʧʦʜʛʦʪʦʚʣʝʥ. 

ʉʪʝʥʢʘ ʙʘʣʣʦʥʘ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ ʙʳʩʪʨʦ ʦʭʣʘʞʜʘʝʪʩʷ - ʚ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʝʟ ʪʝʧʣʦʚʦʡ ʧʦʜʜʝʨʞʢʠ. ʇʨʦʚʦʮʠʨʫʝʪ ʵʪʦ ʦʙʤʝʨʟʘʥʠʝ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ. ʂʘʢ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʘʚʪʦʨʳ [8, 9], ʠʪʦʛʦʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ. 

ɺ ʩʠʩʪʝʤʫ ʙʳʣ ʚʥʝʜʨʸʥ ɾʊɸ - ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʵʪʠʭ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʆʥ ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʘʙʠʣʴʥʳʡ ʧʨʠʪʦʢ ʪʝʧʣʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʮʝʩʩ ʠʟ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʧʝʨʝʭʦʜʠʪ ʚ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ - ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʣʠʚʘ. 

ɿʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʧʣʦʚʘʷ ʩʭʝʤʘ ɾʊɸ. ɺ 

ʚʦʜʷʥʫʶ ʨʫʙʘʰʢʫ ʧʦʩʪʫʧʘʝʪ ʥʘʛʨʝʪʘʷ ʚʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ Tin K. ʊʘʤ ʦʥʘ ʧʝʨʝʜʘʸʪ ʪʝʧʣʦ ʩʪʝʥʢʝ 

ʙʘʣʣʦʥʘ (Tw K). ɸ ʚ ʘʢʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʫʞʝ ʜʘʣʝʝ - ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ Tout K. 

ʇʦʜʜʝʨʞʘʥʠʝʤ ʪʘʢʦʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʦʭʣʘʞʜʝʥʠʝ ʛʘʟʘ ʚ ʟʦʥʝ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʚʳʩʦʪʝ ʙʘʣʣʦʥʘ ʚʳʨʘʚʥʠʚʘʝʪʩʷ. ʕʪʦ 

ʢʨʠʪʠʯʥʦ. ʀ ʣʦʢʘʣʴʥʳʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʫʩʧʝʰʥʦ ʧʨʝʜʦʪʚʨʘʱʘʶʪʩʷ - ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʙʣʝʤʥʦʛʦ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

 

.  

ʈʠʩʫʥʦʢ 1. ʊʝʧʣʦʚʦʡ ʢʘʩʢʘʜ ʩʠʩʪʝʤʳ ʩ ʞʠʜʢʦʩʪʥʳʤ ʪʝʧʣʦʚʳʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ 

(ɾʊɸ), ʦʪʨʘʞʘʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ (å353 K) ʯʝʨʝʟ 

ʚʦʜʷʥʫʶ ʨʫʙʘʰʢʫ (å323 K) ʢ ʛʘʟʫ ʥʘ ʚʳʭʦʜʝ (å293 K, 20ÁC).  
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ʇʨʠʤʝʯʘʥʠʝ: ʅʘʧʨʘʚʣʝʥʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʫʩʪʨʘʥʷʝʪ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʩʪʝʥʦʢ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʜʨʝʥʘʞʘ ʛʘʟʘ. 

 

 

 

 
ʈʠʩʫʥʦʢ 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʮʠʨʢʫʣʷʮʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʩ 

ɾʊɸ.  

ʇʨʠʤʝʯʘʥʠʝ: ʧʦʜʘʯʘ ʞʠʜʢʦʩʪʠ ʧʨʠ 4 στσσυσ K, ʦʪʚʦʜ 4 σςσσσσ K, 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ q ʥʘʧʨʘʚʣʝʥ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʣʣʦʥʘ. 

 

ʀʟ ʨʠʩʫʥʢʘ 2, ʩʣʝʜʫʝʪ ɿʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʮʠʨʢʫʣʷʮʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʪʘʙʠʣʴʥʳʡ 

ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ 

ʚʳʧʫʩʢʥʦʛʦ ʫʟʣʘ. 

ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʠʩʪʝʯʝʥʠʝ ʩʞʠʤʘʝʤʦʡ ʩʨʝʜʳ ʯʝʨʝʟ ʤʘʣʦʝ ʦʪʚʝʨʩʪʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʠʟ ʧʦʣʦʩʪʠ ʙʘʣʣʦʥʘ. ʕʪʦ ʧʨʘʚʦʤʝʨʥʦ, 

ʧʦʜʭʦʜ ʦʙʦʩʥʦʚʘʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ - ʙʝʟ 

ʢʦʣʝʙʘʥʠʡ, ʘ ʦʧʠʨʘʷʩʴ ʥʘ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ [6], ʚʳʯʠʩʣʷʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʛʘʟʘ: 

 

ά ȟ       (1)  

ʛʜʝ P0 - ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʇʘ; V - ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʸʤ ʙʘʣʣʦʥʘ, ʤį; T0 - ʥʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ, K; Rs=188ɼʞ/ʢʛĀʂ - ʫʜʝʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʩʤʝʩʠ ʧʨʦʧʘʥ-ʙʫʪʘʥʘ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʩʞʠʤʘʝʤʦʛʦ 

ʠʩʪʝʯʝʥʠʷ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ.  

ʇʨʠ ʢʨʠʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʜʘʚʣʝʥʠʡ: 

 

ὶz ςȾ‎ ρ
Ⱦ

πȢυσπȢυψ‎ ρȢπω ρȢρσ    (2) 

 

 ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

- ʢʨʠʪʠʯʝʩʢʦʝ ʠʩʪʝʯʝʥʠʝ ʧʨʠ ὖὥȾὖ ὶᶻ:  
 

ά ὅὨὃὖ‎ȾὙίὝςȾ‎ ρ
Ⱦ

     (3a) 

 

- ʜʦʟʚʫʢʦʚʦʡ ʨʝʞʠʤ ʧʨʠ ὖὥȾὖ ὶᶻ: 
 

ά ὅὨὃὖς‎ȾὙίὝ‎ ρ ὖὥȾὖ Ⱦ ὖὥȾὖ Ⱦ    (3b) 
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ʛʜʝ ὅ πȢχ - ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ; A= d́2/4 - ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʷ, ʤĮ; Pa - ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʇʘ; T - ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ, K. 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ dm/dt=-ά, 

ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ [9]: 

 

  ά                                                         (4)ױ

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʭʦʜʝ ʩʣʠʚʘ 

ʧʨʠʤʝʥʷʣʘʩʴ ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ CFD-ʤʦʜʝʣʠ. ɸʥʘʣʠʟ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ (1)-(4) 

ʚʳʧʦʣʥʝʥ. ʆʥ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʠ ʛʘʟʘ ʧʘʜʘʝʪ ʜʦ 255 K - ʝʩʣʠ 

ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʧʣʦʧʦʜʚʦʜ. ʂ ʨʦʩʪʫ ʚʨʝʤʝʥʠ ʦʧʫʩʪʦʰʝʥʠʷ ʸʤʢʦʩʪʠ ʠ ʧʘʜʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʥʝʠʟʙʝʞʥʦ ʚʝʜʸʪ ʪʘʢʦʝ ʦʭʣʘʞʜʝʥʠʝ. ʅʦ ʢʘʨʪʠʥʘ ʤʝʥʷʝʪʩʷ ʧʨʠ ʚʢʣʶʯʝʥʠʠ 

ʞʠʜʢʦʩʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ (ɾʊɸ). ɺ ʩʪʘʙʠʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 293-303 K 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʫʭʦʜʠʪ ʚʥʠʟ ʧʣʘʚʥʦ, ʘ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʦʩʪʘʸʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ - ʙʝʟ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʩʘʜʦʢ. ʆ ʧʝʨʝʭʦʜʝ ʩʠʩʪʝʤʳ ʚ 

ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʷʤʦ. ʊʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ 

ʠʤʝʥʥʦ ʟʘ ʩʯʸʪ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ɾʊɸ. 

ʌʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʚ ʩʨʝʜʝ ANSYS Fluent 2023 R2 ʩʪʘʣʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟ ʬʦʨʤʫʣ 1-4. ʅʘ ʠʭ ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ. ɸ ʪʘʢʞʝ - ʨʝʘʣʠʟʦʚʘʥʳ ʩʮʝʥʘʨʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ. ɺʦ-ʧʝʨʚʳʭ, 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ - ʠʤʠʪʘʮʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʣʠʚʘ ʙʝʟ ʧʦʜʚʦʜʘ ʪʝʧʣʘ ʢ ʩʪʝʥʢʝ. ɺʦ-ʚʪʦʨʳʭ, 

ʨʝʞʠʤ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ. ʆʥ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʫʯʘʩʪʠʠ ɾʊɸ - ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ 

ʙʘʣʣʦʥʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʭʦʜʝ ʨʘʩʯʸʪʦʚ. ʀʥʪʝʛʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʯʠʩʣʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ. 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʦ ʚʩʝʭ ʜʝʪʘʣʷʭ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ - ʠ 

ʜʠʥʘʤʠʢʫ ʩʘʤʦʛʦ ʠʩʪʝʯʝʥʠʷ. 

ɺʣʠʷʥʠʝ ʪʝʧʣʦʧʦʜʜʝʨʞʢʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʝʥʘʞʘ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʠʪʦʛʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʚʨʝʤʝʥʠ ʩʣʠʚʘ ʠ ʧʦʣʥʦʪʳ ʫʜʘʣʝʥʠʷ ʛʘʟʘ. 

ʍʘʨʘʢʪʝʨ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʘʢʞʝ ʙʳʣ ʠʟʫʯʝʥ. ɺ ʨʘʟʜʝʣʝ çʦʙʩʫʞʜʝʥʠʝè 

ʧʨʝʜʩʪʘʚʣʝʥ ʜʝʪʘʣʴʥʳʡ ʨʘʟʙʦʨ - ʛʜʝ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ, ʯʠʩʣʝʥʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʠ. 

CFD-ʚʠʟʫʘʣʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 

3-5. ʂʣʶʯʝʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 6(ʘ-ʚ). ʄʳ 

ʚʠʜʠʤ ʟʜʝʩʴ ʦʪʯʝʪʣʠʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ. ɸ ʧʨʦʷʚʣʷʶʪʩʷ ʦʥʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ ʜʨʝʥʘʞʘ. 

 

 
ʈʠʩʫʥʦʢ 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʙʘʣʣʦʥʘ: 

(a) ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ; (b) ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʩ ʜʝʡʩʪʚʠʝʤ ɾʊɸ. 
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ʈʠʩʫʥʦʢ 4. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʯʝʨʝʟ ʚʳʧʫʩʢʥʦʝ ʦʪʚʝʨʩʪʠʝ. 

 
ʈʠʩʫʥʦʢ 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʙʘʣʣʦʥʘ. 

 

 
ʈʠʩʫʥʦʢ 6(ʘ). ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ὖὸ. 

 

 
ʈʠʩʫʥʦʢ 6(ʙ). ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʧʨʠ ʤʘʩʩʦʚʦʤ ʨʘʩʭʦʜʝ 
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ʈʠʩʫʥʦʢ 6(ʚ). ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T(t). 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʙʘʣʣʦʥʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 3. ʀʥʪʝʥʩʠʚʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʩʪʝʥʢʠ ʠ ʛʘʟʘ ʜʦ 255-260 K ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ - ʯʪʦ ʥʝʠʟʙʝʞʥʦ 

ʚʝʜʝʪ ʢ ʦʙʤʝʨʟʘʥʠʶ ʘʨʤʘʪʫʨʳ ʠ ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʘ. ʇʨʠ ʜʝʡʩʪʚʠʠ ɾʊɸ ʢʘʨʪʠʥʘ ʤʝʥʷʝʪʩʷ. ɺ 

ʜʠʘʧʘʟʦʥʝ 293-303 K ʩʦʭʨʘʥʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʠʩʪʝʯʝʥʠʝ 

ʛʘʟʘ. ʃʦʢʘʣʴʥʦʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʧʨʠ ʵʪʦʤ ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʧʦʜʜʝʨʞʢʠ ʚ ʧʨʦʮʝʩʩʝ ʩʣʠʚʘ. 

ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʠʩʪʝʯʝʥʠʷ ʯʝʨʝʟ ʚʳʧʫʩʢʥʦʝ ʦʪʚʝʨʩʪʠʝ ʧʦʢʘʟʘʥʦ ʥʘ ʯʝʪʚʝʨʪʦʤ ʨʠʩʫʥʢʝ. 

ɺʳʨʘʞʝʥʥʳʝ ʚʠʭʨʝʚʳʝ ʟʦʥʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʚʙʣʠʟʠ ʢʣʘʧʘʥʘ. ʆʥʠ 

ʚʳʟʳʚʘʶʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. ɸ ʧʨʠ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʩ ɾʊɸ ʜʦ 130 ʤ/ʩ ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ 

ʠʩʪʝʯʝʥʠʷ - ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʧʨʦʬʠʣʴ ʧʦʪʦʢʘ. ʕʪʠ 

ʬʘʢʪʦʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʨʝʥʘʞʘ. ɺʨʝʤʷ ʩʣʠʚʘ ʩʦʢʨʘʱʘʝʪʩʷ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʙʲʝʤʝ ʦʪʨʘʞʘʝʪ ʨʠʩʫʥʦʢ 5. ɼʘʚʣʝʥʠʝ ʧʘʜʘʝʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʙʝʟ ʪʝʧʣʦʧʦʜʜʝʨʞʢʠ - ʩ ʨʝʟʢʠʤ ʛʨʘʜʠʝʥʪʦʤ ʫ ʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. ʇʦʪʦʢ 

ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʨʠ ʜʝʡʩʪʚʠʠ ɾʊɸ ʙʦʣʝʝ ʧʣʘʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʯʝʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤ ʠʩʪʝʯʝʥʠʷ. ʈʠʩʢ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ 

ʵʬʬʝʢʪʦʚ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ. ʐʢʘʣʘ ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʄʇʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʫʨʦʚʥʷ. ʆʢʦʣʦ 0.1 ʄʇʘ ʩʦʩʪʘʚʣʷʝʪ ʝʸ ʥʠʞʥʠʡ ʧʨʝʜʝʣ. 

ʅʘ ʰʝʩʪʦʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ. ʊʘʤ ʧʨʠʚʝʜʝʥʳ ʚʨʝʤʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ, ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ. ɼʘʚʣʝʥʠʝ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʚ 

ʧʝʨʚʳʝ 20 ʩʝʢʫʥʜ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɿʘʪʝʤ ʠʩʪʝʯʝʥʠʝ ʟʘʤʝʜʣʷʝʪʩʷ - ʠʟ-ʟʘ ʨʦʩʪʘ ʚʷʟʢʦʩʪʠ 

ʛʘʟʘ ʠ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʣʘʚʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʨʝʞʠʤʝ ʩ ɾʊɸ 

(ʨʠʩʫʥʦʢ 6ʘ). ʋʩʪʦʡʯʠʚʦʝ ʟʥʘʯʝʥʠʝ ʦʢʦʣʦ 0.006 ʢʛ/ʩ ʜʦʣʴʰʝ ʩʦʭʨʘʥʷʝʪ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ 

(ʨʠʩʫʥʦʢ 6ʙ). ɺ ʧʨʝʜʝʣʘʭ 293-298 K ʦʩʪʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ (ʨʠʩʫʥʦʢ 6ʚ). ʅʘ ʧʝʨʝʭʦʜ 

ʧʨʦʮʝʩʩʘ ʚ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʧʨʷʤʦ. 

ɸʢʢʫʤʫʣʠʨʦʚʘʥʥʘʷ ʚ ɾʊɸ ʪʝʧʣʦʪʘ ʵʬʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʦʭʣʘʞʜʝʥʠʝ - ʵʪʦ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʕʬʬʝʢʪ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ ʫʩʧʝʰʥʦ ʥʠʚʝʣʠʨʦʚʘʥ. 

ʉʠʩʪʝʤʘ ʩ ʞʠʜʢʦʩʪʥʳʤ ʪʝʧʣʦʚʳʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʨʝʰʘʝʪ ʨʷʜ ʟʘʜʘʯ. ɺʦ-ʧʝʨʚʳʭ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʘʟʘ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ. ɺʦ-ʚʪʦʨʳʭ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠʩʪʝʯʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʧʨʝʜʦʪʚʨʘʱʘʶʪʩʷ ʪʝʨʤʠʯʝʩʢʠʝ ʧʝʨʝʛʨʫʟʢʠ ʘʨʤʘʪʫʨʳ. 

ʆʙʱʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʶʪʩʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʀʥʪʝʛʨʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʪʝʧʣʦʦʙʤʝʥʘ 

˽͔ͦ͊͊ͭ͘͟͡Έ 
ˢ͙͙͒͊͋͊ͭ;͔͙͚ͫ͟ 

͔͙ͪ͗ͣ 
˴͍͙͙͔͙͊ͦͭͪͣ͘͘;͔͙͚ͫ͟ 
͔͙ͪ͗ͣ όˬ́ˢύ 

ˮ͔͔͙͔ͣͤͤ͘ 

ˤ͔ͪͣΎ ͎ͨͦͤͦͦ͡ ͙͍ͫ͊͡Σ ͫ 120 84 -30 % 

˿͔ͪ͒ͤΎΎ ͫͦͪͦͫͭ͟Έ 
͙͔ͫͭ;͔͙ͤΎΣ ͣκͫ 

14.5 18.1 +25 % 

˻ͫͭ͊ͭͦ;ͤ͊Ύ ͣ͊ͫͫ͊ ͎͊͊͘Σ ҈ 7.2 1.9 -73 % 
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˸͙͙ͤͣ͊͡Έͤ͊Ύ 
͔͔ͭͣͨͪ͊ͭͯͪ͊ ͔͙ͫͭͤ͟Σ Y 

255 296 +16 % 

˿͔͔͔ͪ͒ͤ ͍͔͙͔͒͊ͤ͡ ͍ ͦͤ͟ͼ͔ 
ͼ͙͊͟͡Σ ˸˽͊ 

0.11 0.09 -18 % 

ʇʨʠʤʝʯʘʥʠʝ: ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ P0= 1.6 ʄʇʘ, T0= 293 K; ʨʘʩʯʸʪʥʘʷ ʩʝʪʢʘ - 1Ĭ105  

ʷʯʝʝʢ; ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ 10-5 ʩ; ʥʝʚʷʟʢʠ <10-5. 

 

ʆʙʩʫʞʜʝʥʠʝ 

ʅʘ ʩʪʘʙʠʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʜʘʚʣʝʥʥʳʡ ʨʝʞʠʤ ʩʠʩʪʝʤʘ ʚʳʭʦʜʠʪ ʧʨʠ 

ʧʦʜʢʣʶʯʝʥʠʠ ʞʠʜʢʦʩʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʕʪʦ ʤʳ ʧʦʜʪʚʝʨʞʜʘʝʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʜʚʫʭ ʨʝʞʠʤʦʚ. ɺ ʜʠʘʧʘʟʦʥʝ 293-303 K ʫʜʝʨʞʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʠ 

ʩʪʝʥʢʠ - ʧʨʠ ʵʪʦʤ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ, ʘ ʥʘ ʪʨʝʪʴ ʩʦʢʨʘʱʘʝʪʩʷ 

ʦʙʱʝʝ ʚʨʝʤʷ ʩʣʠʚʘ. 

ʕʬʬʝʢʪ ʦʙʲʷʩʥʠʤ. ʇʦʜʚʦʜ ʪʝʧʣʘ ʦʪ ɾʊɸ ʢʦʤʧʝʥʩʠʨʫʝʪ ʦʭʣʘʞʜʝʥʠʝ - 

ʚʦʟʥʠʢʘʶʱʝʝ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ. ɺ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʵʪʦ ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʝʚʦʜʠʪ ʧʨʦʮʝʩʩ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ [12, 13, 14, 23], 

ʪʝʥʜʝʥʮʠʠ ʧʨʠ ʜʝʧʨʝʩʩʫʨʠʟʘʮʠʠ ʛʘʟʦʚʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ 

ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. ʉʭʦʜʩʪʚʦ ʦʯʝʚʠʜʥʦ. 

ʇʦʣʥʘʷ ʘʚʪʦʥʦʤʥʦʩʪʴ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʀ 

ɾʊɸ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚʦ ʚʥʝʰʥʝʤ ʠʩʪʦʯʥʠʢʝ ʵʥʝʨʛʠʠ - ʦʥ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʜʝʡʩʪʚʫʶʱʠʝ 

ʩʠʩʪʝʤʳ ɻɹʆ ʙʝʟ ʩʝʨʴʸʟʥʳʭ ʧʝʨʝʜʝʣʦʢ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʯʪʠ ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ 

ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ (ʜʦ 98%) ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʜʢʦʩʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʘʢʢʫʤʫʣʷʪʦʨʘ - ʧʦʧʫʪʥʦ ʫʩʪʨʘʥʷʷ ʦʙʤʝʨʟʘʥʠʝ ʘʨʤʘʪʫʨʳ ʠ ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʕʪʦ ʚʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʅʘʜʸʞʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʩʣʠʚʝ 

ʦʩʪʘʪʦʯʥʦʛʦ ʩʞʠʞʝʥʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʛʘʟʘ ʠʟ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʘʣʣʦʥʦʚ ɻɹʆ ʩ ɾʊɸ, 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʉʜʝʣʘʥʦ ʵʪʦ ʜʝʪʘʣʴʥʦ. ɸʜʠʘʙʘʪʠʯʝʩʢʠʡ ʠ 

ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤʳ - ʢʘʢ ʜʚʘ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷ - ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS Fluent. ɺʣʠʷʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʪʝʧʣʦʧʦʜʚʦʜʘ ʥʘ 

ʧʦʣʥʦʪʫ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʛʘʟʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʦʮʝʥʝʥʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ - ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʛʣʫʙʠʥʥʦʡ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʘ. 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʩʪʘʙʠʣʠʟʘʮʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʙʘʣʣʦʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 

T=293é303 K ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʷ ɾʊɸ. ʆʙʤʝʨʟʘʥʠʝ ʟʘʧʦʨʥʦ-ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ 

ʘʨʤʘʪʫʨʳ ʠ ʢʨʠʪʠʯʝʩʢʦʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʛʘʟʘ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʫʜʝʨʞʘʥʠʝ 

ʜʘʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. ʅʘ 20-25 % ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ. ɸ ʵʪʦ ʦʙʫʩʣʦʚʠʣʦ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦʣʥʦʛʦ ʩʣʠʚʘ ʜʦ 6-7 ʤʠʥʫʪ - 

ʧʨʦʪʠʚ ʧʨʝʞʥʠʭ 9-10. ʉʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʟ 

ʛʣʫʙʦʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʠʩʪʝʤʳ. 

ʉ 90 % ʜʦ 98 % ʫʚʝʣʠʯʠʣʘʩʴ ʧʦʣʥʦʪʘ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ. ʕʪʦ ʩʝʨʴʝʟʥʳʡ 

ʨʦʩʪ. ʈʘʩʯʝʪʥʳʡ ʧʝʨʝʭʦʜ ʧʨʦʮʝʩʩʘ ʜʨʝʥʘʞʘ ʚ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠʟ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʘʢʘʷ ʜʠʥʘʤʠʢʘ. 

ʄʝʥʝʝ 5 % ʩʦʩʪʘʚʠʣʦ ʨʘʩʭʦʞʜʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. ʆ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʷʤʦ. ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʥʷʪʳʭ 

ʚ ʨʘʙʦʪʝ ʜʦʧʫʱʝʥʠʡ ʥʘʤʠ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʝʥʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ 

ʩʠʩʪʝʤʳ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʧʨʠʤʝʥʝʥʠʝ ʞʠʜʢʦʩʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʘʢʢʫʤʫʣʷʪʦʨʘ. ʆʙʱʫʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ - ʠʩʢʣʶʯʘʷ ʠʟʙʳʪʦʯʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ. 
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ɺʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʚ ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ɻɹʆ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʉʊʆ ʙʝʟ ʜʦʨʘʙʦʪʦʢ ʩʦʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ. ʕʪʦ ʫʜʦʙʥʦ. ʊʝʭʥʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʘʥʥʳʡ ʬʘʢʪ - ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʣʦʞʝʥʠʡ. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʆɹʅɸʈʋɾɽʅʀʗ ʉɽʊɽɺʓʍ ɺʊʆʈɾɽʅʀʁ (NIDS)  

ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ʇɸʂɽʊʆɺ 

 

 

ɹʘʣʢʘʙʝʢʦʚ ʆ.ʉ. 

ʉʪʫʜʝʥʪ 3 ʢʫʨʩʘ,  

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘ,  

ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʘʨʘʛʘʥʜʘ 

ʎʦʡ ʂ.ʉ. 

ʉʪʫʜʝʥʪ 3 ʢʫʨʩʘ,  

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘ,  

ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʘʨʘʛʘʥʜʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʂʣʶʝʚʘ ɽ.ɻ. 

 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʩʪʦʡ Network Intrusion Detection System (NIDS), ʨʝʘʣʠʟʦʚʘʥʥʳʡ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ Scapy [1]. 

ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ rule-based ʧʦʜʭʦʜ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʘʟʦʚʳʭ ʩʝʪʝʚʳʭ ʘʪʘʢ, ʚʢʣʶʯʘʷ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦʨʪʦʚ ʠ SYN-flood-ʧʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʪʦʪʠʧ ʚʢʣʶʯʘʝʪ ʤʦʜʫʣʠ ʟʘʭʚʘʪʘ ʪʨʘʬʠʢʘ, ʧʘʨʩʠʥʛʘ ʧʘʢʝʪʦʚ ʠ ʘʥʘʣʠʟʘ 

ʥʘ ʦʩʥʦʚʝ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʧʨʘʚʠʣ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʙʳʣ ʩʦʟʜʘʥ ʛʝʥʝʨʘʪʦʨ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʠʤʠʪʠʨʫʶʱʠʡ ʢʘʢ ʥʦʨʤʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʠ ʘʪʘʢʫʶʱʠʝ 

ʩʮʝʥʘʨʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʦ 90-

95% ʘʪʘʢʫʶʱʠʭ ʩʦʙʳʪʠʡ ʧʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ (1-5%) ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ rule-based ʧʦʜʭʦʜʘ ʜʣʷ 

ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ ʩʝʪʝʚʦʡ ʟʘʱʠʪʳ [2], ʦʜʥʘʢʦ ʪʘʢʞʝ ʚʳʷʚʣʷʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʬʦʥʦʚʳʤ ʩʠʩʪʝʤʥʳʤ ʪʨʘʬʠʢʦʤ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʟʘʱʠʪʳ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

¶ Packet Sniffer 

ʄʦʜʫʣʴ ʟʘʭʚʘʪʘ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ Scapy ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʚʘʪ ʪʨʘʬʠʢʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [1]. 

¶ Packet Parser. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʠʟʚʣʝʢʘʝʪ ʢʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ: 

IP-ʘʜʨʝʩ ʠʩʪʦʯʥʠʢʘ ʠ ʥʘʟʥʘʯʝʥʠʷ 

ʧʦʨʪʳ TCP/UDP 

TCP-ʬʣʘʛʠ 

¶ Intrusion Detector. ʄʦʜʫʣʴ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʝʪ ʥʘʙʦʨ ʧʨʘʚʠʣ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʧʦʜʦʟʨʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ: 

ʜʦʩʪʫʧ ʢ ʩʝʨʚʠʩʥʳʤ ʧʦʨʪʘʤ (ʥʘʧʨʠʤʝʨ, 21, 23, 3389, 4444) 

ʯʘʩʪʦʝ ʦʙʨʘʱʝʥʠʝ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʨʪʘʤ ʩ ʦʜʥʦʛʦ IP (ʧʦʨʪ-ʩʢʘʥʠʨʦʚʘʥʠʝ) 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ SYN-ʟʘʧʨʦʩʦʚ ʦʪ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʇʦʨʪ-ʩʢʘʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʪʝʭʥʠʢʦʡ ʨʘʟʚʝʜʢʠ ʩʝʪʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʜʦʩʪʫʧʥʳʭ ʩʝʨʚʠʩʦʚ [3]. 

ʈʝʘʣʠʟʘʮʠʷ ʪʝʩʪʦʚʦʛʦ ʪʨʘʬʠʢʘ 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʛʝʥʝʨʘʪʦʨ ʪʨʘʬʠʢʘ, ʠʤʠʪʠʨʫʶʱʠʡ ʜʚʘ ʪʠʧʘ 

ʘʢʪʠʚʥʦʩʪʠ: 

ʥʦʨʤʘʣʴʥʳʡ ʪʨʘʬʠʢ (HTTP-ʟʘʧʨʦʩʳ ʥʘ ʧʦʨʪ 80) 

ʘʪʘʢʫʶʱʠʡ ʪʨʘʬʠʢ (TCP SYN-ʟʘʧʨʦʩʳ ʥʘ ʜʠʘʧʘʟʦʥ ʧʦʨʪʦʚ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʸʪʩʷ ʩʤʝʰʘʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʨʝʘʢʮʠʶ ʩʠʩʪʝʤʳ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʠʙʣʠʞʸʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ. 
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ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʨʠʢ: 

Detection Rate (True Positive Rate) 

ὝὖὙ
Ὕὖ

Ὕὖ Ὂὔ
ρzππ 

 

False Positive Rate 

ὊὖὙ
Ὂὖ

Ὂὖ Ὕὔ
ρzππ 

ɻʜʝ: 

TP ï ʢʦʨʨʝʢʪʥʦ ʦʙʥʘʨʫʞʝʥʥʳʝ ʘʪʘʢʠ; 

FN ï ʧʨʦʧʫʱʝʥʥʳʝ ʘʪʘʢʠ; 

FP ï ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ; 

TN ï ʢʦʨʨʝʢʪʥʦ ʨʘʩʧʦʟʥʘʥʥʳʡ ʥʦʨʤʘʣʴʥʳʡ ʪʨʘʬʠʢ. 

 

ʕʢʩʧʝʨʠʤʝʥʪ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʪʨʘʬʠʢʝ, ʚʢʣʶʯʘʶʱʝʤ ʥʦʨʤʘʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʠʤʠʪʘʮʠʶ ʘʪʘʢʫʶʱʝʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʆʙʱʠʡ ʦʙʲʸʤ ʜʘʥʥʳʭ ʚʢʣʶʯʘʣ: 

~200-600 ʧʘʢʝʪʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ 

~100-200 ʧʘʢʝʪʦʚ ʘʪʘʢʫʶʱʝʛʦ ʪʨʘʬʠʢʘ 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʉʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ Windows / localhost 

ʀʥʩʪʨʫʤʝʥʪ ʟʘʭʚʘʪʘ Scapy (libpcap) 

ʊʠʧ ʘʪʘʢ Port scanning, SYN flood (ʠʤʠʪʘʮʠʷ) 

ʆʙʱʝʝ ʯʠʩʣʦ ʧʘʢʝʪʦʚ ~600-800 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʪʝʩʪʘ ~30-60 ʤʠʥʫʪ 

ʊʠʧ ʪʨʘʬʠʢʘ ʉʤʝʰʘʥʥʳʡ (normal + attack) 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʪʝʚʳʭ 

ʧʘʢʝʪʦʚ. 

ʊʘʙʣʠʮʘ 2. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ IDS 

ʄʝʪʨʠʢʘ ɿʥʘʯʝʥʠʝ 

True Positives (TP) 90-120 

False Positives (FP) 5-15 

True Negatives (TN) 350-500 

False Negatives (FN) 10-20 

 

ʊʘʙʣʠʮʘ 3. ʀʪʦʛʦʚʳʝ ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ 

ʄʝʪʨʠʢʘ ʌʦʨʤʫʣʘ ɿʥʘʯʝʥʠʝ 

Detection Rate (TPR) TP / (TP + FN) 90-95% 

False Positive Rate (FPR) FP / (FP + TN) 1-5% 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʵʬʬʝʢʪʠʚʥʦ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʙʘʟʦʚʳʝ ʩʝʪʝʚʳʝ ʘʪʘʢʠ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʬʦʥʦʚʦʛʦ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʜʦʟʨʠʪʝʣʴʥʦʛʦ. 
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ʊʘʙʣʠʮʘ 4. ʇʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦ ʪʠʧʘʤ ʪʨʘʬʠʢʘ 

ʊʠʧ ʪʨʘʬʠʢʘ ʈʝʘʢʮʠʷ IDS 

HTTP (normal) ʆʙʳʯʥʦ ʙʝʟ ʩʨʘʙʘʪʳʚʘʥʠʡ 

Port scan ɼʝʪʝʢʪʠʨʫʝʪʩʷ ʩʪʘʙʠʣʴʥʦ 

SYN flood ɼʝʪʝʢʪʠʨʫʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ 

Windows background traffic ʀʥʦʛʜʘ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ rule-based ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʧʨʦʩʪʳʝ ʘʪʘʢʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ: 

- ʦʪʩʫʪʩʪʚʠʝ ʘʥʘʣʠʟʘ ʩʝʪʝʚʳʭ ʩʝʩʩʠʡ; 

- ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ; 

- ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʩʠʩʪʝʤʥʦʤʫ ʩʝʪʝʚʦʤʫ ʰʫʤʫ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ Network Intrusion Detection System, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ ʠ ʧʨʠʤʝʥʝʥʠʠ ʧʨʘʚʠʣʦʚʦʛʦ (rule-based) ʧʦʜʭʦʜʘ. 

ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʤʦʜʫʣʠ ʟʘʭʚʘʪʘ ʪʨʘʬʠʢʘ, ʠʟʚʣʝʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʘʢʝʪʦʚ ʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʪʘʢʫʶʱʝʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʩʧʦʩʦʙʥʘ ʵʬʬʝʢʪʠʚʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʙʘʟʦʚʳʝ ʪʠʧʳ ʘʪʘʢ, ʪʘʢʠʝ ʢʘʢ ʧʦʨʪ-ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ 

ʫʧʨʦʱʸʥʥʳʝ ʩʮʝʥʘʨʠʠ SYN-ʧʦʜʦʙʥʦʡ ʥʘʛʨʫʟʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ (Detection Rate ʜʦ 90-95%) ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʷʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʬʦʥʦʚʦʤʫ ʩʝʪʝʚʦʤʫ ʪʨʘʬʠʢʫ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʘʥʘʣʠʟʘ ʢʦʥʪʝʢʩʪʘ ʩʝʪʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʣʦʞʥʳʤ 

ʩʨʘʙʘʪʳʚʘʥʠʷʤ ʧʨʠ ʚʳʩʦʢʦʡ ʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚʥʝʜʨʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʘʥʘʣʠʟʘ ʩʝʩʩʠʡ, 

ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ (baseline), ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʰʫʤʫ ʠ 

ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. 
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ʆʅʃɸʁʅ-ʉɽʈɺʀʉ ʅɸ ʆʉʅʆɺɽ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ ɼʃʗ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʇʈʆɺɽʈʂʀ ɼʆʄɸʐʅʀʍ ɿɸɼɸʅʀʁ ʇʆ ʄɸʊɽʄɸʊʀʂɽ: 

ʆɹɿʆʈ ʉʋʑɽʉʊɺʋʖʑʀʍ ʈɽʐɽʅʀʁ ʀ ʂʆʅʎɽʇʎʀʗ ʈɸɿʈɸɹʆʊʂʀ 

 

 

ɸʭʪʘʝʚ ɼʘʥʠʷʨ ɾʘʥʘʪʦʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ, ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ɸʆ çʂʘʟʘʭʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʠ ʠ ʙʠʟʥʝʩʘ ʠʤ. ʂ.ʂʫʣʘʞʘʥʦʚʘè 

ʛ. ɸʩʪʘʥʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

ʄʫʭʘʥʦʚʘ ɸʷʛʦʟ ɸʩʘʥʙʝʢʦʚʥʘ 

PhD, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ɸʆ çʂʘʟʘʭʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʠ ʠ ʙʠʟʥʝʩʘ ʠʤ. ʂ.ʂʫʣʘʞʘʥʦʚʘè 

ʛ. ɸʩʪʘʥʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʚʝʨʢʠ ʜʦʤʘʰʥʠʭ 

ʟʘʜʘʥʠʡ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ (Photomath, Microsoft Math Solver, 

WolframAlpha, Socratic), ʚʳʷʚʣʝʥʳ ʠʭ ʢʣʶʯʝʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʘʣʠʷʤ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʘʚʪʦʨʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʦʥʣʘʡʥ-

ʩʝʨʚʠʩʘ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚʢʣʶʯʘʶʱʘʷ ʤʦʜʫʣʴʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʧʨʠʥʮʠʧʳ ʠʥʪʝʛʨʘʮʠʠ OCR ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʦʥʣʘʡʥ-ʦʧʨʦʩʘ 40 ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ (ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʩʪʫʜʝʥʪʦʚ), ʧʦʜʪʚʝʨʜʠʚʰʝʛʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʥʪʝʨʝʩʘ ʢ ʧʦʜʦʙʥʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ (77,5% 

ʛʦʪʦʚʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʀ-ʩʝʨʚʠʩ) ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ 

ʂʘʟʘʭʩʪʘʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʦʥʣʘʡʥ-ʩʝʨʚʠʩ, ʧʨʦʚʝʨʢʘ ʜʦʤʘʰʥʠʭ 

ʟʘʜʘʥʠʡ, ʤʘʪʝʤʘʪʠʢʘ, OCR, ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 

ʂʘʟʘʭʩʪʘʥ. 

ɺɺɽɼɽʅʀɽ 

ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʦʢʘʟʳʚʘʝʪ ʚʩʸ ʙʦʣʝʝ 

ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʬʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʸʤʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʦʭʨʘʥʷʶʱʠʭ ʨʫʯʥʦʡ ʭʘʨʘʢʪʝʨ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʦʩʪʘʸʪʩʷ ʧʨʦʚʝʨʢʘ ʜʦʤʘʰʥʠʭ 

ʟʘʜʘʥʠʡ ð ʦʩʦʙʝʥʥʦ ʧʦ ʪʘʢʠʤ ʪʦʯʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ, ʢʘʢ ʤʘʪʝʤʘʪʠʢʘ. ʇʦ ʦʮʝʥʢʘʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʝʜʘʛʦʛʠ ʪʨʘʪʷʪ ʥʘ ʨʫʪʠʥʥʫʶ ʧʨʦʚʝʨʢʫ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩ ʫʯʘʱʠʤʠʩʷ ʠ ʟʘʜʝʨʞʠʚʘʝʪ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ [1]. 

ɺ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʝʨʝʭʦʜʘ 

ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʠ ʩʤʝʰʘʥʥʳʝ ʬʦʨʤʘʪʳ ʦʙʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʘʥʛʣʦʷʟʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʧʝʮʠʬʠʢʫ ʥʘʮʠʦʥʘʣʴʥʦʡ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ. 
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ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ð ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʚʝʨʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʢʦʥʮʝʧʮʠʶ 

ʦʥʣʘʡʥ-ʩʝʨʚʠʩʘ ʥʘ ʦʩʥʦʚʝ ʀʀ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜ ʨʝʘʣʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ. 

 

1. ɸʅɸʃʀɿ ʉʋʑɽʉʊɺʋʖʑʀʍ ʈɽʐɽʅʀʁ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʳʥʦʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʣʘʛʘʝʪ ʨʷʜ ʨʝʰʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʚʝʨʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʠʟ ʥʠʭ. 

Photomath ð ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʢʘʤʝʨʫ ʩʤʘʨʪʬʦʥʘ ʠ ʪʝʭʥʦʣʦʛʠʶ 

OCR ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʠʣʠ ʧʝʯʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʧʦʰʘʛʦʚʦʛʦ ʨʝʰʝʥʠʷ [2]. ʉʠʣʴʥʘʷ ʩʪʦʨʦʥʘ ʩʝʨʚʠʩʘ ð ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʠʣʦʞʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʛʦʪʦʚʦʛʦ ʦʪʚʝʪʘ, ʘ ʥʝ ʥʘ ʧʝʜʘʛʦʛʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ: ʦʪʩʫʪʩʪʚʫʝʪ ʘʥʘʣʠʟ 

ʨʝʰʝʥʠʷ ʫʯʝʥʠʢʘ, ʥʝʪ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʦʣʝʚʘʷ ʤʦʜʝʣʴ çʧʨʝʧʦʜʘʚʘʪʝʣʴïʫʯʝʥʠʢè. 

Microsoft Math Solver ð ʚʝʙ-ʩʝʨʚʠʩ ʠ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩ ʧʦʜʜʝʨʞʢʦʡ ʢʘʢ 

ʨʫʯʥʦʛʦ ʚʚʦʜʘ, ʪʘʢ ʠ ʟʘʛʨʫʟʢʠ ʬʦʪʦʛʨʘʬʠʡ [3]. ʆʙʣʘʜʘʝʪ ʰʠʨʦʢʦʡ ʙʘʟʦʡ ʬʦʨʤʫʣ ʠ ʦʙʲʷʩʥʝʥʠʡ, 

ʦʜʥʘʢʦ, ʢʘʢ ʠ Photomath, ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʘ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʥʝ ʘʥʘʣʠʟʠʨʫʝʪ 

ʭʦʜ ʨʝʰʝʥʠʷ ʫʯʘʱʝʛʦʩʷ. 

WolframAlpha  ð ʩʠʩʪʝʤʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ ʩʣʦʞʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʚʳʨʘʞʝʥʠʷʤʠ [4]. ʆʨʠʝʥʪʠʨʦʚʘʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

ʠʥʪʝʨʬʝʡʩ ʠ ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʥʝ ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ ʰʢʦʣʴʥʳʡ ʬʦʨʤʘʪ, ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ 

ʧʨʦʚʝʨʢʠ ʨʝʰʝʥʠʷ ʫʯʝʥʠʢʘ. 

Socratic (Google) ð ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʀʀ ʠ ʧʦʠʩʢʦʤ ʧʦ 

ʙʘʟʝ ʟʥʘʥʠʡ [5]. ʇʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʚʦʧʨʦʩʳ ʚ ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʝ ʠ ʧʦʣʫʯʘʪʴ ʦʙʲʷʩʥʝʥʠʷ, ʦʜʥʘʢʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʫʩʪʫʧʘʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʨʝʰʝʥʠʷʤ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʛʣʫʙʠʥʝ 

ʘʥʘʣʠʟʘ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʠʩʪʝʤʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ: 

ï ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʜʝʤʦʥʩʪʨʘʮʠʶ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʘ ʥʝ ʥʘ ʘʥʘʣʠʟ ʨʝʰʝʥʠʷ ʫʯʘʱʝʛʦʩʷ; 

ï ʦʪʩʫʪʩʪʚʠʝ ʨʦʣʝʚʦʡ ʤʦʜʝʣʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʫʯʝʥʠʢʘ; 

ï ʦʪʩʫʪʩʪʚʠʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʘ ʠ 

ʪʠʧʘ ʦʰʠʙʢʠ; 

ï ʘʥʛʣʦʷʟʳʯʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʥʝ ʫʯʠʪʳʚʘʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ; 

ï ʦʪʩʫʪʩʪʚʠʝ ʘʥʘʣʠʪʠʢʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʦ ʪʠʧʠʯʥʳʤ ʦʰʠʙʢʘʤ ʢʣʘʩʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʟʘʧʦʣʥʝʥʥʘʷ ʥʠʰʘ ʜʣʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʝʨʚʠʩʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ 
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ʂʨʠʪʝʨʠʡ Photomath 

MS 

Math 

Solver 

WolframAlpha  Socratic 
ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʩʝʨʚʠʩ 

ɸʥʘʣʠʟ ʭʦʜʘ 

ʨʝʰʝʥʠʷ 
ṍ ṍ ṍ ʯʘʩʪʠʯʥʦ ṉ 

ʈʦʣʴ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ 
ṍ ṍ ṍ ṍ ṉ 

ʇʝʜʘʛʦʛʠʯʝʩʢʘʷ 

ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ 
ṍ ṍ ṍ ṍ ṉ 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ 

ʨʫʢʦʧʠʩʠ (OCR) 
ṉ ṉ ṍ ṉ ʧʣʘʥʠʨʫʝʪʩʷ 

ɸʥʘʣʠʪʠʢʘ ʜʣʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ 
ṍ ṍ ṍ ṍ ṉ 

ʃʦʢʘʣʠʟʘʮʠʷ 

(ʢʘʟ./ʨʫʩ.) 
ṍ ṍ ṍ ṍ ṉ 

 

2. ʕʄʇʀʈʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ: ɸʅɸʃʀɿ ʇʆʊʈɽɹʅʆʉʊɽʁ ʎɽʃɽɺʆʁ 

ɸʋɼʀʊʆʈʀʀ 

ʉ ʮʝʣʴʶ ʚʝʨʠʬʠʢʘʮʠʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʥʣʘʡʥ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʢʝʪʳ ʚ Google Forms. ɺ ʦʧʨʦʩʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 40 ʯʝʣʦʚʝʢ: 75% ð ʩʪʫʜʝʥʪʳ ʠ 25% ð 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʧʨʦʬʠʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ (ʤʘʪʝʤʘʪʠʢʘ, ʠʥʬʦʨʤʘʪʠʢʘ). 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʝʝ. 

 

ʇʝʨʚʳʡ ʚʦʧʨʦʩ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʨʝʛʫʣʷʨʥʦʩʪʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʟʘʜʘʯʝʡ 

ʧʨʦʚʝʨʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 55% ʦʧʨʦʰʝʥʥʳʭ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʨʢʠ ʯʘʩʪʦ, 37,5% ð ʠʥʦʛʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʦʣʦ 93% ʨʝʩʧʦʥʜʝʥʪʦʚ 

ʨʝʛʫʣʷʨʥʦ ʚʦʚʣʝʯʝʥʳ ʚ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺʪʦʨʦʡ ʚʦʧʨʦʩ ʢʘʩʘʣʩʷ ʥʘʣʠʯʠʷ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʨʫʯʥʦʡ ʧʨʦʚʝʨʢʝ. 47,5% ʦʪʤʝʪʠʣʠ, ʯʪʦ 

ʪʘʢʠʝ ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʯʘʩʪʦ, ʝʱʸ 42,5% ð ʧʝʨʠʦʜʠʯʝʩʢʠ. ʉʫʤʤʘʨʥʦ ʙʦʣʝʝ 90% 

ʨʝʩʧʦʥʜʝʥʪʦʚ ʠʩʧʳʪʳʚʘʶʪ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʨʫʯʥʦʡ ʧʨʦʚʝʨʢʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʊʨʝʪʠʡ ʚʦʧʨʦʩ ʦʮʝʥʠʚʘʣ ʛʦʪʦʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʀ-ʩʝʨʚʠʩ ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʘʜʘʥʠʡ. 

77,5% ʨʝʩʧʦʥʜʝʥʪʦʚ ʦʪʚʝʪʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦ, 15% ð ʥʝ ʫʚʝʨʝʥʳ, ʣʠʰʴ 7,5% ʚʳʩʢʘʟʘʣʠʩʴ 

ʧʨʦʪʠʚ. ʉʪʦʣʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʦʪʦʚʥʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʧʨʦʩʘ ʥʘ 

ʧʦʜʦʙʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. 

ʏʝʪʚʸʨʪʳʡ ʚʦʧʨʦʩ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʦʨʠʪʝʪʥʳʝ ʬʫʥʢʮʠʠ ʙʫʜʫʱʝʛʦ ʩʝʨʚʠʩʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʨʝʩʧʦʥʜʝʥʪʳ ʧʨʠʜʘʣʠ ʘʥʘʣʠʟʫ ʭʦʜʘ ʨʝʰʝʥʠʷ (82,5%) ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ 

ʧʦʜʨʦʙʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (75%). ʊʘʢʞʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚʳʜʝʣʝʥʠʝ ʦʰʠʙʦʢ (67,5%) ʠ ʧʨʦʚʝʨʢʘ 

ʢʦʥʝʯʥʦʛʦ ʦʪʚʝʪʘ (62,5%). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʞʠʜʘʶʪ ʥʝ ʧʨʦʩʪʦ 

ʩʨʘʚʥʝʥʠʷ ʩ ʧʨʘʚʠʣʴʥʳʤ ʦʪʚʝʪʦʤ, ʘ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 
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ʇʷʪʳʡ ʚʦʧʨʦʩ ʚʳʷʚʠʣ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʢ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ: 57,5% ʧʦʩʪʘʚʠʣʠ 4 ʠʣʠ 5 

ʙʘʣʣʦʚ ʠʟ 5, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʜʦʚʝʨʠʠ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʀʀ ʚ ʫʯʝʙʥʦʤ 

ʢʦʥʪʝʢʩʪʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʠʧʦʪʝʟʫ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʝʨʚʠʩʘ ʠ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ, ʠʩʭʦʜʷ ʠʟ ʨʝʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 

3. ʂʆʅʎɽʇʎʀʗ ʆʅʃɸʁʅ-ʉɽʈɺʀʉɸ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʚʝʨʢʠ ʜʦʤʘʰʥʠʭ ʟʘʜʘʥʠʡ 

ʧʦ ʤʘʪʝʤʘʪʠʢʝ. ʂʣʶʯʝʚʦʡ ʧʨʠʥʮʠʧ, ʦʪʣʠʯʘʶʱʠʡ ʧʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʘʥʘʣʦʛʦʚ, ð ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ: ʩʠʩʪʝʤʘ ʦʮʝʥʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʥʝʯʥʳʡ ʦʪʚʝʪ, 

ʥʦ ʠ ʭʦʜ ʨʝʰʝʥʠʷ, ʬʦʨʤʠʨʫʝʪ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʣʥʦʮʝʥʥʫʶ 

ʨʦʣʝʚʫʶ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

3.1. ʄʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

 

ʉʝʨʚʠʩ ʧʦʩʪʨʦʝʥ ʧʦ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ ʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ: 

 

ï ʄʦʜʫʣʴ ʚʚʦʜʘ ʨʝʰʝʥʠʡ ð ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʢʩʪʦʚʳʡ ʚʚʦʜ ʚ LaTeX-ʥʦʪʘʮʠʠ, ʠʥʪʝʨʘʢʪʠʚʥʳʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ ʬʦʨʤʫʣ, ʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ð ʟʘʛʨʫʟʢʫ ʬʦʪʦʛʨʘʬʠʡ ʨʫʢʦʧʠʩʥʳʭ 

ʨʝʰʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ OCR; 

ï ʄʦʜʫʣʴ ʘʥʘʣʠʟʘ ʨʝʰʝʥʠʡ ð ʷʜʨʦ ʩʠʩʪʝʤʳ, ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʥʘ ʙʘʟʝ ʙʠʙʣʠʦʪʝʢʠ ʩʠʤʚʦʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ SymPy; ʚʳʧʦʣʥʷʝʪ ʧʦʰʘʛʦʚʳʡ ʨʘʟʙʦʨ ʨʝʰʝʥʠʷ, ʧʨʦʚʝʨʢʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʣʦʢʘʣʠʟʘʮʠʶ ʦʰʠʙʢʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʰʘʛʘ; 

ï ʄʦʜʫʣʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ð ʬʦʨʤʠʨʫʝʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʦʤʤʝʥʪʘʨʠʠ; 

ʜʣʷ ʪʠʧʠʯʥʳʭ ʦʰʠʙʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʘʙʣʦʥʥʳʝ ʦʙʲʷʩʥʝʥʠʷ, ʜʣʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʣʫʯʘʝʚ ð 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʛʝʥʝʨʘʪʠʚʥʦʡ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʴʶ (GPT-4); 

ï ʀʥʪʝʨʬʝʡʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ð ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʟʘʜʘʥʠʷ ʩ ʵʪʘʣʦʥʥʳʤ ʨʝʰʝʥʠʝʤ, 

ʥʘʟʥʘʯʘʪʴ ʠʭ ʛʨʫʧʧʘʤ ʫʯʝʥʠʢʦʚ, ʦʪʩʣʝʞʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʧʦʣʫʯʘʪʴ ʘʥʘʣʠʪʠʢʫ ʧʦ ʪʠʧʠʯʥʳʤ ʦʰʠʙʢʘʤ ʢʣʘʩʩʘ; 

ï ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ð ʘʛʨʝʛʠʨʫʝʪ ʩʪʘʪʠʩʪʠʢʫ ʦʰʠʙʦʢ, ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʜʠʥʘʤʠʢʫ 

ʫʩʧʝʚʘʝʤʦʩʪʠ, ʬʦʨʤʠʨʫʝʪ ʦʪʯʸʪʳ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

 

3.2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ 

 

ʈʝʘʣʠʟʘʮʠʷ ʩʝʨʚʠʩʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ: ʩʝʨʚʝʨʥʘʷ 

ʯʘʩʪʴ ð Python ʩ ʬʨʝʡʤʚʦʨʢʦʤ FastAPI, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ 

ʘʩʠʥʭʨʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʟʘʧʨʦʩʦʚ; ʢʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ð React ʩ ʧʦʜʜʝʨʞʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʜʘʢʪʦʨʘ MathQuill; ʤʦʜʫʣʴ ʩʠʤʚʦʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ð SymPy; ʢʦʤʧʦʥʝʥʪ ʀʀ-ʘʥʘʣʠʟʘ ð 

ʠʥʪʝʛʨʘʮʠʷ ʩ API GPT-4 (OpenAI); ʙʘʟʘ ʜʘʥʥʳʭ ð PostgreSQL; ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ð Docker. 

ʊʘʢʦʡ ʩʪʝʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʛʠʙʢʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʪʝʛʨʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʀʀ. 
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3.3. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: (1) ʫʯʝʥʠʢ 

ʚʚʦʜʠʪ ʨʝʰʝʥʠʝ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ; (2) ʩʠʩʪʝʤʘ ʧʘʨʩʠʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʠ 

ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʚ ʩʠʤʚʦʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ; (3) ʤʦʜʫʣʴ ʘʥʘʣʠʟʘ ʧʦʰʘʛʦʚʦ ʩʦʧʦʩʪʘʚʣʷʝʪ 

ʨʝʰʝʥʠʝ ʩ ʵʪʘʣʦʥʦʤ, ʚʳʷʚʣʷʝʪ ʦʰʠʙʢʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʪʠʧ (ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ, ʣʦʛʠʯʝʩʢʘʷ, 

ʤʝʪʦʜʠʯʝʩʢʘʷ); (4) ʤʦʜʫʣʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʬʦʨʤʠʨʫʝʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʢʦʤʤʝʥʪʘʨʠʡ ʩ ʫʢʘʟʘʥʠʝʤ 

ʢʦʥʢʨʝʪʥʦʛʦ ʰʘʛʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʰʠʙʢʫ, ʠ ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʧʦ ʠʩʧʨʘʚʣʝʥʠʶ; (5) ʨʝʟʫʣʴʪʘʪ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ ʪʝʯʝʥʠʝ 2ï4 ʩʝʢʫʥʜ; (6) ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʙʘʟʝ ʜʣʷ ʘʥʘʣʠʪʠʢʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

 
 ʈʠʩʫʥʦʢ 1 ï ɻʣʘʚʥʳʝ ʵʢʨʘʥ  

 

 
 ʈʠʩʫʥʦʢ 2 ï ʇʨʦʮʝʩʩ ʚʚʦʜʘ ʨʝʰʝʥʠʷ 
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ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪ ʧʨʦʚʝʨʢʠ ʩ ʢʦʤʤʝʥʪʘʨʠʝʤ ʀʀ 

 

 
ʈʠʩʫʥʦʢ 4 ï ɺʚʦʜ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯʠ 

 

3.4. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚʦ-ʧʝʨʚʳʭ, 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʝʨʚʠʩʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʠ ʩʠʤʚʦʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʨʦʚʝʨʢʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; ʚʦ-ʚʪʦʨʳʭ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʭʦʜʘ ʨʝʰʝʥʠʷ ʩ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʦʰʠʙʦʢ ʧʦ ʪʠʧʘʤ (ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ, ʣʦʛʠʯʝʩʢʠʝ, ʤʝʪʦʜʠʯʝʩʢʠʝ, ʪʝʭʥʠʯʝʩʢʠʝ); 

ʚ-ʪʨʝʪʴʠʭ, ʢʦʥʮʝʧʮʠʷ ʘʜʘʧʪʠʨʦʚʘʥʘ ʧʦʜ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʘʣʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩ 

ʫʯʸʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ. 
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ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʚʝʨʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ: ʦʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʜʝʤʦʥʩʪʨʘʮʠʶ ʛʦʪʦʚʦʛʦ ʦʪʚʝʪʘ, ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʨʦʣʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʝ ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ 

ʢʘʟʘʭʩʪʘʥʩʢʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʦʧʨʦʩ 40 ʨʝʩʧʦʥʜʝʥʪʦʚ) ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʙʣʝʤʳ: ʙʦʣʝʝ 90% ʫʯʘʩʪʥʠʢʦʚ ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʫʯʥʦʡ 

ʧʨʦʚʝʨʢʝ ʟʘʜʘʥʠʡ, 77,5% ʛʦʪʦʚʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʀ-ʩʝʨʚʠʩ. ʇʨʠ ʵʪʦʤ ʢʣʶʯʝʚʳʤ ʦʞʠʜʘʥʠʝʤ 

ʘʫʜʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʧʨʦʚʝʨʢʘ ʦʪʚʝʪʘ, ʘ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʦʜʘ ʨʝʰʝʥʠʷ ʩ 

ʧʦʜʨʦʙʥʳʤʠ ʦʙʲʷʩʥʝʥʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʘ ʫʩʪʨʘʥʷʝʪ ʚʳʷʚʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ: ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʧʦʣʥʳʡ ʭʦʜ ʨʝʰʝʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʦʣʝʚʫʶ 

ʤʦʜʝʣʴ çʧʨʝʧʦʜʘʚʘʪʝʣʴïʫʯʝʥʠʢè, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʦʙʨʘʪʥʫʶ 

ʩʚʷʟʴ ʠ ʬʦʨʤʠʨʫʝʪ ʘʥʘʣʠʪʠʢʫ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ SymPy ʜʣʷ ʩʠʤʚʦʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʠ GPT-4 ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʦʙʲʷʩʥʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʨʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʘʤʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: ʨʝʘʣʠʟʘʮʠʷ OCR-ʤʦʜʫʣʷ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʦʚʝʜʝʥʠʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʝʨʚʠʩʘ ʥʘ ʫʩʧʝʚʘʝʤʦʩʪʴ ʫʯʘʱʠʭʩʷ, ʨʘʟʨʘʙʦʪʢʘ 

ʢʘʟʘʭʩʢʦʷʟʳʯʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ LMS Moodle. 
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Annotation 

 

This study investigates the impact of STEM-integrated instruction on secondary school studentsô 

conceptual understanding of Newtonian mechanics. It addresses a key limitation of traditional physics 

teaching in Kazakhstan, where formula-based approaches often develop procedural skills without 

fostering deep physical reasoning. A quasi-experimental design was used with 9th-grade students from 

Al -Farabi Specialized Lyceum in Almaty. The experimental group received STEM-integrated 

instruction combining real-world problem solving, hands-on experiments, engineering design tasks, 

and digital simulations, while the control group followed traditional methods. 

Pre-test and post-test results showed a statistically significant improvement in the experimental 

group, indicating enhanced conceptual understanding of Newtonôs Laws. Gender analysis revealed that 

initial differences disappeared after the intervention, suggesting equal effectiveness for both male and 

female students. Overall, STEM integration proved to be an effective and equitable approach that 

promotes meaningful, application-oriented physics learning. 

Keywords: STEM-integrated instruction; conceptual understanding in physics; Newtonian 

mechanics; Force Concept Inventory (FCI); secondary school education in Kazakhstan; quasi-

experimental research design; gender equity in science education 

 

Introduction  

Physics occupies a foundational role in science education, yet it remains one of the subjects most 

frequently associated with student difficulty at the secondary school level. A persistent challenge is the 

gap between procedural knowledge and conceptual understanding ð students may apply a formula 

correctly while lacking genuine insight into the physical reality it describes [1]. This phenomenon, 

commonly described as formula-driven learning, produces learners who can calculate but cannot 

explain, and who struggle to transfer knowledge to novel contexts. 

In Kazakhstan, secondary school physics remains predominantly teacher-centred, with emphasis 

on algorithmic problem-solving aligned to standardised assessment requirements [2]. Japashov et al. 

documented that only 14.7% of Kazakhstani university physics students demonstrated genuine 

scientific knowledge on the Force Concept Inventory (FCI), while nearly 48% of responses reflected 

firmly held misconceptions [3]. These findings confirm that the conceptual problem originates in 

secondary school classrooms, where formula-based teaching establishes patterns of procedural 

learning that are difficult to reverse at university level. 

STEM integration ð connecting Science, Technology, Engineering, and Mathematics through 

coherent, context-rich learning experiences ð offers a promising alternative [4]. Research in 
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Kazakhstan and internationally confirms that STEM-integrated instruction produces superior 

conceptual gains compared to traditional methods [5, 6, 7]. Yet empirical evidence specific to 

Kazakhstan's secondary school context and to Newtonian mechanics in particular remains scarce. This 

study addresses that gap. 

The central research questions are: 

1. Does STEM-integrated instruction produce significantly greater gains in 9th-grade students' 

conceptual understanding of Newton's Laws compared to traditional instruction? 

2. Do male and female students respond differently to STEM-integrated instruction in terms of 

conceptual understanding gains in Newtonian mechanics? 

It is hypothesised that the experimental group will demonstrate significantly greater conceptual 

gains than the control group, and that the instruction will be equally effective for both genders. 

 

Literature Review 

Conceptual understanding in physics refers to the ability to explain, predict, and apply physical 

principles in new situations ð not merely to reproduce memorised formulas [1]. The FCI, developed 

by Hestenes et al. [1], is the most widely validated instrument for diagnosing conceptual understanding 

of Newtonian mechanics. Research consistently shows that traditional instruction leaves Newtonian 

misconceptions intact ð including the belief that continuous force is required to sustain motion, and 

that larger objects always exert greater force [8, 9]. Japashov et al. confirmed these misconceptions 

among Kazakhstani university students using a three-tier FCI, finding that firmly held misconceptions 

were the most prevalent response pattern [3]. Wulandari et al. found that most pre-service physics 

teachers operated at inappropriate conceptual levels on Newton's Laws [10]. 

STEM integration connects disciplines within authentic, problem-centred learning [4]. 

Stohlmann et al. identified four essential pillars for successful STEM implementation: support, 

teaching, efficacy, and materials [11]. Thibaut et al., in a systematic review of 23 secondary education 

studies, identified five key principles of effective STEM instruction: content integration, problem-

centred learning, inquiry, design-based learning, and cooperative learning [12]. Roehrig et al. 

emphasise that coherence and disciplinary depth are essential ð superficial STEM connections do not 

produce meaningful gains [13]. Margot and Kettler caution that implementation barriers including 

pedagogical challenges and limited professional development frequently prevent full realisation of 

STEM's benefits [14]. 

Francisca et al., in a quasi-experimental study closely parallel to the present design, found 

significant conceptual gains following STEM-integrated physics instruction [5]. Naushabekov et al. 

demonstrated superior FCI gains through project-based learning among 9th-grade students in 

Kazakhstan [6]. Abilkhairova et al. provided experimental evidence within Kazakhstan showing 

significantly superior learning outcomes in STEM-taught primary students [7]. Regarding gender, 

Japashov et al. documented a significant gender gap in FCI performance among Kazakhstani students 

[3], while Honey et al. suggest that collaborative STEM instruction may reduce such disparities [15]. 

Materials and Methods 

3.1 Research Design 

This study employs a quasi-experimental pre-test/post-test control group design with intact 

classroom groups, a standard approach in classroom-based educational research [16]. The independent 

variable was the instructional method (STEM-integrated versus traditional). The dependent variable 

was students' conceptual understanding scores on a 30-point FCI-based test. Secondary covariates 

were gender and previous year physics mark. The research design is summarised in Table 1. 

 

Table 1. Overview of the Research Design 

Element Description 

Design type Quasi-experimental pre-test / post-test control group 

Independent variable Instructional method (STEM-integrated vs. traditional) 

Dependent variable Conceptual understanding score (FCI-based, 30 points) 

Covariates Gender, previous year physics mark 
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Groups Experimental (n = 36) and Control (n = 40) 

Duration 4ï6 weeks (first quarter, 2025ï2026 academic year) 

Assessment Pre-test and post-test (same FCI-based instrument) 

Statistical methods Independent samples t-test, Mann-Whitney U, ANCOVA, 

Hake's g 

 

3.2 Research Site and Participants 

The study was conducted at Al-Farabi Specialized Lyceum, Almaty, Kazakhstan, during the 

first quarter of the 2025ï2026 academic year. Four 9th-grade classes participated (N = 76; ages 14ï

15): two formed the experimental group (n = 36) and two the control group (n = 40). The sample 

comprised 36 male and 38 female students. Participant characteristics are presented in Table 2. 

 

Table 2. Participant Characteristics by Group 

Characteristic Experimental (n = 

36) 

Control (n = 40) Total (N = 76) 

Age (years) 14ï15 14ï15 14ï15 

Male 18 (50.0%) 18 (45.0%) 36 (47.4%) 

Female 18 (50.0%) 22 (55.0%) 40 (52.6%) 

School type Specialized lyceum Specialized lyceum Specialized lyceum 

Curriculum National 

(Kazakhstan) 

National 

(Kazakhstan) 

ð 

Topic covered Newton's Laws of 

Motion 

Newton's Laws of 

Motion 

ð 

 

3.3 STEM Instructional Framework 

The experimental group's instruction was designed according to an integrated STEM 

pedagogical framework grounded in the five principles of Thibaut et al. [12]: integration of STEM 

content, problem-centred learning, inquiry-based learning, design-based learning, and cooperative 

learning. Each lesson followed a six-stage instructional cycle adapted from the 5E model and extended 

with an Extension stage to promote transfer of learning: 

 

Stage 1 ð Engagement: The lesson opens with a real-world question designed to activate prior 

knowledge and create conceptual curiosity (e.g., "Why do heavy trucks accelerate more slowly than 

cars?"). 

Stage 2 ð Exploration: Students conduct hands-on experiments or data collection activities. 

Smartphone sensors were used to measure acceleration, providing real physical data for analysis. 

Stage 3 ð Explanation: Students analyse their collected data, identify patterns, and derive formulas 

inductively from observed relationships rather than receiving them directly from the teacher. 

Stage 4 ð Elaboration: Students complete an engineering design task applying the physical principle 

in a new context (e.g., constructing a balloon-powered vehicle to demonstrate Newton's Third Law). 

Stage 5 ð Evaluation: Students present results, receive peer and teacher feedback, and connect 

experimental findings to the formal physical principle. Scientific argumentation and metacognitive 

reflection are developed. 

Stage 6 ð Extension: Students apply the concept to a broader real-world scenario (e.g., the role of 

acceleration in vehicle safety systems) to promote transfer of learning beyond the classroom. 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

95 
 

Figure 1 illustrates the six-stage STEM instructional cycle. The full six-week programme is 

presented in Table 3. 

 

Figure 1. The six-stage STEM instructional cycle used in the experimental group 

Table 3. Six-Week STEM-Integrated Instructional Sequence for Newton's Laws 

Week Topic Key concepts STEM disciplines Sample activity 

1 Forces and intro 

to motion 

Balanced and 

unbalanced forces 

Physics + 

Mathematics 

Measuring forces with 

spring scales; graphing 

results 

2 Newton's First 

Law (Inertia) 

Forceïmotion 

relationship; 

inertia 

Engineering + 

Technology 

Smartphone sensor: 

measuring motion on flat 

and inclined surfaces 

3 Newton's Second 

Law (F=ma) 

Force, mass, 

acceleration 

Engineering + 

Mathematics + 

Technology 

Varying mass and force 

on a trolley; deriving 

F=ma from data 

4 Newton's Third 

Law 

Interaction forces; 

action-reaction 

pairs 

Engineering Design Building and testing a 

balloon-powered vehicle 

5 Applications of 

Newton's Laws 

Friction, air 

resistance, safety 

STEM + Design 

Thinking 

Designing a crash-

protection structure; egg-

drop method 

6 Motion graphs 

and data analysis 

Velocity-time 

graphs; data 

visualisation 

Technology + 

Mathematics 

Recording motion with 

smartphone; plotting v-t 

graphs 

Note. STEM disciplines listed indicate which disciplines are explicitly integrated. The six-stage lesson 

cycle was applied consistently across all weeks. 

 

3.4 Control Group ð Traditional Instruction 

The control group received standard teacher-led instruction. Lessons followed a lecture-

demonstration format: the teacher introduced each law verbally and symbolically, presented worked 

examples on the board, and assigned students textbook practice problems. Conceptual explanation was 

delivered primarily through definition and formula, with limited opportunity for student inquiry or 

hands-on engagement. 
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3.5 Assessment Instruments 

The primary instrument was an FCI-based conceptual understanding test mapped to Newton's 

three laws, scored on a 30-point rubric assessing the quality of physical reasoning demonstrated ð not 

merely answer correctness. The same test served as both pre- and post-test to enable direct comparison 

of gain scores. Students' gender and previous year physics mark were recorded as background 

variables. 

 

3.6 Data Analysis 

Data were analysed using Jamovi statistical software. Levene's test preceded each t-test to 

check variance homogeneity; Welch's t was used when significant. All t-tests were two-tailed (H : ɛ  Í 

ɛ ). Mann-Whitney U tests confirmed parametric findings non-parametrically. ANCOVA was 

conducted with post-test score as dependent variable and pre-test score as covariate. Effect sizes were 

reported as Cohen's d and partial ɖĮ, interpreted using Cohen's benchmarks. Hake's normalised gain 

index (g) was calculated for both groups [17]: g = (post-test% ī pre-test%) / (100% ī pre-test%). 

Gender differences were analysed using independent samples t-tests and ANCOVA with pre-test as 

covariate. 

 

Results and Discussion 

4.1 Baseline Equivalence 

No significant difference was found between groups at pre-test (t(74) = ī0.278, p = .609, d = 

ī0.064; Mann-Whitney U, p = .734), with the experimental group (M = 9.36, SD = 6.30) and control 

group (M = 9.72, SD = 5.08) starting at equivalent levels. Levene's test was non-significant (F(1, 74) = 

3.08, p = .083). The groups were therefore comparable before the intervention. 

4.2 Post-test Comparison and Main Finding 

Following the intervention, the experimental group scored significantly higher (M = 18.61, SD 

= 5.15) than the control group (M = 15.38, SD = 5.28), a difference of 3.24 points out of 30 (t(74) = 

2.700, p = .004, d = 0.620). Levene's test was non-significant (F(1, 74) = 0.248, p = .620). The Mann-

Whitney U test confirmed this finding (U = 462, p = .004, r = ī0.358). ANCOVA with pre-test as 

covariate confirmed the group effect after controlling for prior knowledge (F(1, 73) = 7.115, p = .009, 

ɖĮ = .088). All statistics are summarised in Tables 4 and 5. 

 

Table 4. Descriptive Statistics, Learning Gain, and Normalised Gain by Group 

Measure Experimental (n = 36) Control  (n = 40) 

Pre-test M (SD) 9.36 (6.30) 9.72 (5.08) 

Post-test M (SD) 18.61 (5.15) 15.38 (5.28) 

Mean gain (points) +9.25 +5.66 

Pre-test % 31.2% 32.4% 

Post-test % 62.0% 51.3% 

Hake's g 0.448 0.280 

Gain category Medium Low-medium 

Note. Pre-test and post-test scores are out of 30 points. Hake's g: > 0.70 = high; 0.30ï0.70 = medium; 

< 0.30 = low [17]. 

 

Table 5. Summary of Inferential Statistics for Group Comparisons 

Analysis Statistic df p Effect size 

Baseline ð Levene's test F = 3.08 1, 74 .083 ð 

Baseline ð Student's t t = ī0.278 74 .609 d = ī0.064 

Baseline ð Mann-Whitney U U = 661 ð .734 r = 0.083 

Post-test ð Levene's test F = 0.248 1, 74 .620 ð 

Post-test ð Student's t t = 2.700 74 .004* d = 0.620 

Post-test ð Mann-Whitney U U = 462 ð .004* r = ī0.358 
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ANCOVA ð Group effect F = 7.115 1, 73 .009* ɖĮ = .088 

ANCOVA ð Pre-test covariate F = 0.398 1, 73 .530 ɖĮ = .005 

Note. All t -tests two-tailed (H : ɛ  Í ɛ ). * p < .05. Cohen's d for t-tests; rank biserial r for Mann-

Whitney U; partial ɖĮ for ANCOVA. 

 

The experimental group improved by 9.25 points compared to 5.66 for the control group. 

Hake's normalised gain confirmed this: g = 0.448 (medium) for experimental versus g = 0.280 (low-

medium) for control. The medium-to-large effect size (d = 0.620, ɖĮ = .088) indicates a practically 

meaningful benefit. These gains were achieved within the standard curriculum without additional 

teaching time, confirming STEM integration as a scalable approach consistent with Naushabekov et al. 

[6] and Francisca et al. [5]. 

4.3 Gender Analysis 

At pre-test, female students (M = 10.41, SD = 5.66) scored significantly higher than males (M 

= 7.97, SD = 4.64; t(72) = ī2.007, p = .049, d = ī0.467). At post-test, this gap was completely 

eliminated: males (M = 17.14) and females (M = 17.31) achieved virtually identical scores (t(72) = 

ī0.122, p = .903, d = ī0.028). ANCOVA confirmed no significant gender effect (F(1, 71) = 0.061, p = 

.805, ɖĮ = .001). Gender statistics are presented in Table 6. 

 

Table 6. Gender Comparison for Pre-test and Post-test Scores 

Measure Male (n = 36) Female (n = 

38) 

t(72) p d 

Pre-test M (SD) 7.97 (4.64) 10.41 (5.66) ī2.007 .049* ī0.467 

Post-test M (SD) 17.14 (5.15) 17.31 (5.43) ī0.122 .903 ī0.028 

Mean gain +9.17 +6.90 ð ð ð 

Hake's g 0.415 

(medium) 

0.352 

(medium) 

ð ð ð 

Note. All t -tests two-tailed. * p < .05. ANCOVA controlling for pre-test: F(1, 71) = 0.061, p = .805, ɖĮ 

= .001. 

 

Both genders achieved medium normalised gain (males: g = 0.415; females: g = 0.352). This 

contradicts the gender gap documented in traditional Kazakhstani physics instruction [3] and supports 

Honey et al.'s argument that collaborative STEM instruction provides equitable learning pathways 

[15]. 

 

Conclusion 

This study provides consistent empirical evidence that STEM-integrated instruction 

significantly improves 9th-grade students' conceptual understanding of Newtonian mechanics 

compared to traditional instruction in Kazakhstan (t(74) = 2.700, p = .004, d = 0.620; ANCOVA: F(1, 

73) = 7.115, p = .009, ɖĮ = .088). The experimental group achieved medium normalised gain (g = 

0.448) compared to low-medium for the control group (g = 0.280). Crucially, STEM instruction 

equally benefited male and female students, closing an initial gender gap ð a significant equity 

finding where gender differences in physics understanding have been previously documented [3]. 

These results demonstrate that STEM integration is both pedagogically justified and practically 

achievable within Kazakhstan's existing curriculum. The six-stage lesson cycle provides a replicable 

framework for physics teachers without requiring additional instructional time. Future research should 

extend the intervention across a full academic year, involve larger and more diverse school samples 

including mainstream and rural settings, and investigate which specific STEM activities most 

effectively target individual Newtonian misconceptions. 
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Abstract 

This study examines the impact of Artificial Intelligence (AI) on modern accounting, focusing 

on its benefits, risks, and future implications. The main objective of the research is to analyze how AI 

technologies influence accounting processes and the role of accounting professionals. 

The research is based on the analysis of academic literature and industry reports. A qualitative 

approach is used to compare different perspectives on the implementation of AI in accounting. 

The findings show that AI significantly improves efficiency, accuracy, and data processing 

capabilities. At the same time, it creates challenges such as job displacement, data security risks, and 

high implementation costs. 

The study concludes that AI will not fully replace accountants, but it will change their roles and 

require new skills, especially in data analysis and digital technologies. Overall, AI is expected to play a 

key role in the future development of the accounting profession. 

Keywords: Artificial Intelligence, Accounting, Automation, Risk, Financial Technology 

1. Introduction 

In recent years, Artificial Intelligence (AI) has become one of the most important technologies in 

the modern business world. It is widely used in different industries, including finance and accounting. 

Traditionally, accounting was based on manual work, standard procedures, and human judgment. 

However, today many of these processes are changing due to the rapid development of AI 

technologies. As a result, accounting is becoming more automated, data-driven, and efficient. 

Modern organizations actively use AI tools to improve the quality and speed of accounting 

processes. For example, tasks such as data entry, invoice processing, bank reconciliation, and financial 

reporting can now be performed automatically. This allows companies to reduce operational costs, 

save time, and minimize human errors. In addition, AI can analyze large volumes of financial data and 

provide useful insights, which helps managers make better decisions. Because of this, the role of 

accountants is also changing. Instead of focusing only on routine tasks, they are now expected to 

perform analytical and strategic functions. 

At the same time, the growing use of AI raises important questions about its impact on the 

accounting profession. Many experts believe that automation may replace certain jobs, especially those 

related to repetitive tasks. Others argue that AI will not eliminate jobs completely but will change the 

nature of work. This creates uncertainty for current and future accounting professionals and makes this 

topic highly relevant today. 

Problem Statement. Despite the growing use of Artificial Intelligence in accounting, there are 

still many challenges and uncertainties related to its implementation. One of the main issues is the 

potential displacement of jobs, especially those involving routine and repetitive tasks. This creates 

concern among accounting professionals about their future roles. 

Another important problem is data security, since AI systems require access to large volumes of 

sensitive financial information. This increases the risk of data breaches and cyberattacks. In addition, 

many organizations face difficulties in adopting AI due to high implementation costs, lack of technical 

expertise, and resistance to change. 

Research Objective. The main objective of this research is to examine the role of Artificial 

Intelligence in modern accounting and to analyze its key benefits, risks, and future implications. 
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More specifically, the study aims to: 

ǒ Identify how AI is used in accounting processes 

ǒ Evaluate its impact on efficiency and accuracy 

ǒ Analyze potential risks such as job displacement and data security 

ǒ Understand how AI may change the role of accounting professionals in the future 

Scope of the Study. This study focuses on the application of Artificial Intelligence in accounting 

processes, particularly in areas such as automation, financial reporting, data processing, and decision-

making support. It examines how AI technologies are used by organizations to improve efficiency and 

performance in accounting functions. 

The research is based on the analysis of academic literature and industry reports, which provide 

both theoretical and practical perspectives on the topic. The study mainly considers general global 

trends, but also includes observations relevant to developing countries such as Kazakhstan, where the 

adoption of AI is still in progress. 

Limitations of the Study. This research has several limitations. First, it is based only on 

secondary data sources, such as academic articles and industry reports, and does not include primary 

data collection or empirical analysis. This may limit the depth and accuracy of the findings. 

Second, the study does not focus on specific companies or real case studies, which could provide 

more detailed insights into the practical implementation of AI in accounting. 

Finally, since Artificial Intelligence is a rapidly developing field, some of the information used 

in this research may become outdated as new technologies and solutions continue to emerge. 

2. Methodology 

This research is based on a qualitative secondary data analysis. The methodology was designed 

to ensure a comprehensive understanding of Artificial Intelligence's impact on accounting by 

synthesizing academic theories with current industry performance metrics. The research process was 

divided into three distinct phases: 

2.1 Data Collection and Source Selection. The primary data for this study was gathered 

through a systematic search of academic databases and professional financial repositories. Sources 

were selected based on their relevance to the fields of Financial Technology (FinTech) and Automated 

Accounting. To ensure a balance between theoretical depth and practical application, the following 

types of sources were prioritized: 

ǒ Academic Journals: Studies by Davenport, Brynjolfsson, and researchers from Oxford 

University were used to establish the historical and theoretical context of automation. 

ǒ Industry Reports: Recent publications (2021ï2023) from the "Big Four" accounting firms 

(Deloitte, PwC, KPMG, EY) and McKinsey & Company provided up-to-date statistical data on 

implementation levels and cost-benefit ratios. 

ǒ Technological Case Studies: Reports from IBM were used to analyze the specific technical 

risks, such as the financial impact of data breaches in AI-integrated systems.  

2.2 Comparative and Statistical Analysis. A comparative analysis was employed to contrast 

the traditional manual accounting model with the modern AI-driven model. This is involved evaluating 

specific accounting tasksðsuch as data entry, reconciliation, and auditingðto determine their 

"Automation Potential". Quantitative data from industry reports were compiled into tables to compare 

the estimated impact of AI on operational costs versus the risks of implementation. 

2.3 Contextual Synthesis. Finally, the research applied a deductive approach to move from 

global trends to specific regional implications. By synthesizing the global findings of McKinsey and 

PwC with the current economic landscape of developing digital economies, the study draws 

conclusions about the specific challenges faced by small and medium-sized enterprises (SMEs) in 

countries like Kazakhstan. This phase focused on identifying the gap between technological 

availability and the current skill sets of accounting professionals. 

3. Literature Review 

Many researchers have studied the impact of Artificial Intelligence on accounting, focusing on 

its potential to transform traditional processes and improve efficiency. 
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Davenport and Ronanki (2018) explain that AI is mainly used in business to automate 

repetitive and routine tasks. According to their research, companies that adopt AI technologies can 

significantly reduce operational costs and improve productivity. In accounting, this is especially 

relevant for processes such as data entry and transaction processing, which require a lot of time when 

performed manually. 

Brynjolfsson and McAfee (2017) discuss the broader impact of digital technologies on the labor 

market. They argue that AI does not simply replace jobs, but changes the nature of work. In the 

context of accounting, this means that routine tasks are decreasing, while analytical and strategic 

responsibilities are becoming more important. This shift requires professionals to develop new skills 

and adapt to technological changes. 

According to a report by PwC (2022), about 45% of accounting professionals believe that AI 

will significantly change their roles within the next five years. The report also highlights that 

companies are increasingly investing in AI systems to improve financial decision-making and 

efficiency. At the same time, it points out that many organizations are not fully prepared for these 

changes. 

KPMG (2021) focuses on the use of AI in auditing and financial analysis. The study shows that 

AI technologies can analyze large volumes of financial data much faster than humans and can detect 

unusual patterns or errors more effectively. This improves the quality of audits and reduces the risk of 

fraud. 

Deloitte (2022) examines both the benefits and risks of AI in accounting. The report concludes 

that while AI increases efficiency and accuracy, it also introduces challenges such as data security 

risks, ethical concerns, and the need for proper regulation. Companies must ensure that AI systems are 

used responsibly and that there is still human control over important decisions. 

Overall, the literature shows that AI has a strong impact on accounting by improving efficiency 

and decision-making, but it also creates new challenges that need to be managed carefully. Most 

researchers agree that AI will not completely replace accountants, but it will significantly change their 

roles in the future. 

4. Benefits of AI in Accounting 

4.1 Automation and Efficiency 

One of the biggest advantages of AI is automation. Tasks such as data entry, invoice processing, 

and bank reconciliation can be done automatically. 

For example: 

ǒ AI software can process thousands of transactions per second 

ǒ  It reduces time spent on routine tasks by up to 80% 

This allows accountants to focus on more important work. 

4.2 Accuracy and Error Reduction 

Human errors are common in accounting, especially in repetitive tasks. AI systems reduce these 

errors by using algorithms and machine learning. 

Studies show that AI can improve accuracy in financial reporting by up to 90%, which is very 

important for decision-making. 

4.3 Better Decision-Making 

AI can analyze large amounts of financial data and provide insights. This helps companies make 

better decisions. 

For example: 

ǒ Predicting future revenues 

ǒ Detecting fraud 

ǒ Identifying financial risks 

AI tools like predictive analytics help managers plan more effectively. 

Table 1. Benefits of AI in Accounting 

Benefit Description Estimated Impact (%) Source 
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Automation Automation of repetitive tasks 

such as data entry, invoicing, and 

reconciliation 

Reduces manual workload 

by 60ï80% 

McKinsey 

(2023) 

Accuracy Reduction of human error through 

algorithm-based processing 

Improves reporting 

accuracy by up to 90% 

Deloitte 

(2022) 

Cost Reduction Optimization of operational 

processes and labor costs 

Decreases operational 

costs by 20ï30% 

PwC (2022) 

Data Processing Ability to process large volumes of 

structured and unstructured data 

Significant increase in 

processing speed and 

efficiency 

KPMG (2021) 

Decision-Making Use of predictive analytics for 

forecasting and risk detection 

Enhances strategic 

decision quality 

IBM (2023) 

Source: Compiled by the author based on McKinsey (2023), PwC (2022), Deloitte (2022), 

KPMG (2021), IBM (2023). 

As illustrated in Table 1, the most quantifiable benefits of AI are automation and accuracy, while 

improvements in decision-making and data processing contribute to long-term strategic performance 

and organizational efficiency. 

Figure 1. Level of automation of accounting tasks using artificial intelligence. 

 
As shown in Figure 1, routine accounting tasks such as data entry and invoice processing 

demonstrate the highest potential for automation, whereas more complex functions like auditing still 

require significant human involvement. 

5. Risks and Challenges of AI in Accounting 

5.1 Job Displacement 

One of the main concerns is that AI may replace human workers. Routine accounting jobs are 

most at risk. 

According to Oxford University research, about 40% of accounting jobs could be automated in 

the future. However, this does not mean all jobs will disappear. Instead, the nature of work will 

change. 

5.2 Data Security and Privacy 
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AI systems require large amounts of data. This creates risks related to data breaches and 

cyberattacks. 

Financial data is very sensitive, so companies must invest in cybersecurity. A report by IBM 

(2023) shows that the average cost of a data breach is around $4.45 million. 

5.3 High Implementation Costs 

Implementing AI systems can be expensive, especially for small companies. 

Costs include: 

ǒ Software 

ǒ Training employees 

ǒ Maintenance 

This can be a barrier for adoption. 

5.4 Lack of Human Judgment 

AI is based on data and algorithms, but it cannot fully replace human judgment. In complex 

situations, human experience is still necessary. 

Table 2. Risks of AI in Accounting 

Risk Description Estimated Impact Risk Level 

Job Displacement Replacement of routine accounting 

roles through automation 

Up to 40% of 

accounting tasks may 

be automated 

High 

Data Security Exposure to cyber threats and 

unauthorized access to financial 

data 

Average breach cost 

of $4.45 million 

High 

Implementation 

Cost 

High initial investment in AI 

systems, training, and infrastructure 

Financial barrier for 

small and medium-

sized firms 

Medium 

Lack of Judgment Limited capability to handle 

complex, non-standard financial 

decisions 

Reduced reliability in 

critical decision-

making 

Medium 

Source: Compiled by the author based on Oxford University (2019), IBM (2023), and industry 

reports. 

Table 2 demonstrates that while AI offers significant advantages, its implementation introduces 

critical risks, particularly in terms of employment disruption and data security, which require proactive 

management strategies. 

6. Analysis 

The analysis of the collected data reveals that the integration of Artificial Intelligence into 

accounting is not merely a technical upgrade but a fundamental shift in the professional paradigm. 

6.1 Statistical Efficiency and "The Human Error" Gap.  According to the data synthesized 

from McKinsey and Deloitte, there is a clear correlation between the complexity of a task and the 

effectiveness of AI. As shown in Figure 1, routine operations such as data entry and basic ledger 

categorization show an automation potential of 80-85%. 

ǒ Analytical Insight: This high percentage suggests that the "traditional bookkeeper" role is 

effectively becoming obsolete. However, the analysis shows that while AI reduces "manual errors" 

(typos, miscalculations) by 90%, it introduces a new risk of "algorithmic bias"ðwhere an error in the 

initial software logic can lead to a massive, systemic misstatement across all financial reports. 

6.2 Economic Trade-offs: ROI vs. Cybersecurity. When analyzing the financial feasibility 

(referencing Table 1 and Table 2), a significant paradox emerges. 

ǒ Implementation Costs: The initial cost of AI adoption is categorized as "High." For many firms, 

the Return on Investment (ROI) is only visible after 3-5 years. 

ǒ The Breach Factor: Based on the IBM 2023 report, the average cost of a data breach in an AI-

driven environment is $4.45 million. 
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Conclusion of Analysis: Companies are currently caught in a "Digital Arms Race." They must 

spend the money saved on labor (30% reduction in operational costs) directly on advanced 

cybersecurity and IT maintenance. Therefore, AI does not necessarily make accounting "cheaper," but 

rather shifts the budget from "Human Salaries" to "System Security." 

6.3 The "Judgment" Analysis: AI's Glass Ceiling. A critical part of this study was evaluating 

where AI fails. Our analysis indicates that in tasks requiring Professional Judgment (e.g., assessing the 

"going concern" of a company or ethical auditing), AI performance drops significantly. 

ǒ Data Comparison: While AI can process 10,000 transactions per second, it cannot interpret the 

"intent" behind a suspicious transaction. This confirms that the human accountant is moving from a 

"doer" to a "supervisor." The "Judgment Gap" is the most significant barrier to 100% automation. 

6.4 Regional Implications: The Kazakhstan Case Study. Applying global trends to the local 

context of Kazakhstan, the analysis reveals a "Digital Divide." 

ǒ Large Enterprises: National companies and the "Big Four" branches in Almaty/Astana are 

already using AI for audit sampling. 

ǒ SMEs (Small and Medium Enterprises): For the average Kazakhstani business, the "High 

Implementation Cost" mentioned in Table 2 remains a wall. There is a high risk that small-scale 

accountants will be left behind because they lack access to these expensive proprietary tools. 

6.5 Educational Gap Analysis. Finally, an analysis of the "Skills Required" shows a mismatch 

between university curriculum and market needs. Current accounting students are still heavily tested 

on "manual journal entries," while the industry reports (PwC, 2022) demand "Data Visualization," 

"Python for Finance," and "System Auditing." The data suggests that without an immediate reform in 

education, the next generation of accountants will be technically "over-educated but practically 

unskilled" for an AI-driven office. 

7. Conclusion 

In conclusion, Artificial Intelligence is playing a transformative role in modern accounting by 

significantly improving efficiency, accuracy, and the overall quality of financial processes. The 

research demonstrates that AI technologies can automate a substantial portion of routine tasks, 

minimize human errors, and support more informed decision-making. 

However, the adoption of AI also introduces important challenges, including job displacement, 

data security risks, and high implementation costs. These issues highlight the need for careful 

integration of AI systems within organizations. 

Importantly, AI is unlikely to fully replace accountants. Instead, it will redefine their roles, 

shifting the focus from routine tasks to analytical, strategic, and advisory functions. This 

transformation requires accounting professionals to continuously develop new skills, particularly in 

data analysis, digital technologies, and critical thinking. 

In the future, the success of AI in accounting will depend on the balance between technological 

innovation and human expertise. Companies that effectively combine these elements will gain a 

significant competitive advantage in the evolving business environment. 
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 ɸʅנɼɸʈʃɸʅנʓ ʊᴄʋɽʂɽʃɻɽ ɹɸנʊɸʋɼɸפʉɸ פɼɽʅʉɸʋʃʓ פʉʊɸʅɼʓפɸɿɸפ

ʊᴄʉɯʃɻɽ ʄɽɼʀʎʀʅɸ פʓɿʄɽʊʂɽʈʃɽʈɯʅɯפ רɸʊʓʅɸʉʓ 

 

 

ɸʢʙʝʨʜʠʝʚ ɽ., ʄʝʨʛʝʥʙʘʝʚʘ ɸ.ʊ. 

 

ɼʝʥʩʘʫʣʳץ ʩʘץʪʘʫʜʘסʳ ץʘʫʽʧʪʝʨʜʽ ʙʘʩץʘʨʫ ʧʘʮʠʝʥʪʪʝʨʜʽש ʜʝʥʩʘʫʣʳסʳ װʰʽʥ ץʘʫʽʧʪʝʨʜʽ 

ʘʥʳץʪʘʫסʘ, ʤʦʥʠʪʦʨʠʥʛʽʣʝʫʛʝ, ʙʘסʘʣʘʫסʘ, ʪᴇʤʝʥʜʝʪʫʛʝ ʞᴅʥʝ ʙʦʣʜʳʨʤʘʫסʘ ʘʨʥʘʣסʘʥ ʢʣʠʥʠʢʘʣʳץ 

ʞᴅʥʝ ᴅʢʽʤʰʽʣʽʢ ʞװʡʝʣʝʨʜʽש, ʧʨʦʮʝʩʪʝʨʜʽש, ʨᴅʩʽʤʜʝʨʜʽש ʞᴅʥʝ ʝʩʝʧʪʽʣʽʢ ײץʨʳʣʳʤʜʘʨʳʥʳש 

ʢװʨʜʝʣʽ ʞʠʳʥʪʳסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʞװʡʝʩʽʥʜʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳץ 

 ʘʨʫץᴅʜʽʩ ʞᴅʥʝ ʙʘʩ ץʛʝʡʜʝ ʦʧʝʨʘʮʠʷʣʳשʜʝ (ʪʘʫץʩʘ ץʜʝʥʩʘʫʣʳ) ץʪʳ ʩʘʣʘʣʳץʩʦʣ ʩʠʷ ,(ʡʳʤײ)

ʤʦʜʝʣʽʥʽש ʙʽʨ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʥʝʛʽʟʛʽ ʤʠʩʩʠʷʩʳʥ ץʦʣʜʘʫ ײץʨʘʣʳ 

ʨʝʪʽʥʜʝ ʜʝ ʥʝʛʽʟ ץʘʣʘʫʰʳ ʤᴅʥʛʝ ʠʝ. ɼʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʞװʡʝʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʳ ʙʘʩץʘʨʫʜʘ 

ʪᴅʫʝʢʝʣʛʝ ʙʘסʜʘʨʣʘʥסʘʥ ʪᴅʩʽʣʜʽ ץʦʣʜʘʥʫ ʜᴅʨʽʛʝʨʣʽʢ ץʘʪʝʣʽʢʪʝʨʜʽש ʘʣʜʳʥ ʘʣʫסʘ ʞᴅʥʝ ʩʘʥʳʥ 

ʘʟʘʡʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ, ʙײʣ ʧʘʮʠʝʥʪʪʝʨʜʽץ שʘʫʽʧʩʽʟʜʽʛʽʥ ʙʝʣʩʝʥʜʽ ʞᴅʥʝ ʞװʡʝʣʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ץʦסʘʤʜʳץ ʜʝʥʩʘʫʣʳץʪʳ ʩʘץʪʘʫ ʞᴅʥʝ ʥʳסʘʡʪʫ װʰʽʥ ʤʘשʳʟʜʳ ʤᴅʥʛʝ ʠʝ. 

ɼʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʞװʡʝʩʽ ײʡʳʤʜʘʨʳʥʳש ʥʝʛʽʟʛʽ ʤʠʩʩʠʷʩʳ ʜʘ ʦʩʳ. 

ʊᴅʫʝʢʝʣʛʝ ʙʘסʜʘʨʣʘʥסʘʥ ʪᴅʩʽʣʜʽ ץʦʣʜʘʥʫ ʤʝʜʠʮʠʥʘ ײʡʳʤʜʘʨʳ װʰʽʥ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽ, 

ᴇʡʪʢʝʥʽ ʦʣ ᴇʟ ʘʢʪʠʚʪʝʨʽʥ, ʥʘʨʳװ ץʣʝʩʽʥ, ʘʢʢʨʝʜʠʪʪʝʫʜʽ, ᴇʪʝʫ ʜʝשʛʝʡʽʥ, ʤʘʨʢʝʪʠʥʛ ʪײʨסʳʩʳʥʘʥ ᴇʟ 

ʤʝʜʠʮʠʥʘʣʳץ ʙʨʝʥʜʽʥʽײץ שʥʜʳʣʳסʳʥ ʩʘץʪʘʫסʘ ʞᴅʥʝ ʢᴇʙʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʐʝʪʝʣʜʽʢ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫʜʘ ʤʝʥʝʜʞʤʝʥʪ ʪᴅʫʝʢʝʣʽ ʦʩʳʜʘʥ ץʳʨʳץ ʞʳʣ ʙײʨʳʥ 

ʤʝʜʠʮʠʥʘʣʳײ ץʡʳʤʜʘʨʜʳץ שʳʟʤʝʪʽʥ ʙʘʩץʘʨʫ ʧʨʘʢʪʠʢʘʩʳʥʘ ʝש ʘʣʜʳʤʝʥ ʪᴅʫʝʢʝʣʛʝ ʙʘסʜʘʨʣʘʥסʘʥ 

ʪᴅʩʽʣ ʨʝʪʽʥʜʝ ʝʥʛʽʟʽʣʽʧ, ʙʽʨʪʽʥʜʝʧ ʢװʨʜʝʣʝʥʝ ʪװʩʪʽ ʞᴅʥʝ ʪᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪʢʝ ʘʡʥʘʣʜʳ. ʆʩʳ 

ʞʳʣʜʘʨ iʰiʥʜʝ ʦʩʳ ʪᴅʞiʨʠʙʝʥi ʟʝʨʜʝʣʝʫʜʝ, ᴅʜiʩʥʘʤʘʣʳץ ʪײʨסʳʜʘʥ ʧʘʡʳʤʜʘʫʜʘ ʞᴅʥʝ ץʦʨʳʪʫʜʘ 

ʝʣʝʫʣi סʳʣʳʤʠ ʥʝʛiʟ ʞʘʩʘʣʜʳ. ʉʦסשʳ ʞʳʣʜʘʨʳ פʘʟʘץʩʪʘʥʜʘ ʜʘ ʤʝʜʠʮʠʥʘʣʳײ ץʡʳʤʜʘʨʜʳש 

ʧʨʘʢʪʠʢʘʣʳץ ץʳʟʤʝʪʽʥʝ ʪᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪʪʽ ʝʥʛʽʟʫ ץʘʞʝʪʪʽʛʽ ʪʫʨʘʣʳ ʤᴅʩʝʣʝʣʝʨ ʙʝʣʩʝʥʜʽ 

ʪװʨʜʝ ʪʘʣץʳʣʘʥʘ ʙʘʩʪʘʜʳ. ʆʪʘʥʜʳץ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫʜʘסʳ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩץʘʨʫ ʧʨʘʢʪʠʢʘʩʳʥʳש 

ʘסʳʤʜʘסʳ ʞʘʡ-ʢװʡʽʥ ʪʘʣʜʘʫ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘסʘʣʘʫʜʳ, ʨᴅʩʽʤʜʝʨʜʽ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʪᴅʫʝʢʝʣʜʝʨʜʽ 

ʙʘʩץʘʨʫʜʳש ʤʘʟʤײʥʳʥ ʙʽʨʽʟʜʝʥʜʽʨʫ װʰʽʥ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʞװʡʝʩʽʥʝ ʪᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪʪʽ 

ʝʥʛʽʟʫ װʰʽʥ ʞװʡʝʣʽ ᴅʜʽʩʥʘʤʘʣʳץ ʪᴅʩʽʣʜʽ ᴅʟʽʨʣʝʫʜʽש ʘʩʘ ץʘʞʝʪʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʊᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪ ʩʘʣʘʩʳʥʜʘסʳ ʰʝʪʝʣʜʽʢ ʞᴅʥʝ ʨʝʩʝʡʣʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽ ʞᴅʥʝ ʜʝʥʩʘʫʣʳץ 

ʩʘץʪʘʫ ʩʘʣʘʩʳʥʜʘסʳ ץʳʟʤʝʪʢʝ ʪᴅʫʝʢʝʣʛʝ ʙʘסʜʘʨʣʘʥסʘʥ ʪᴅʩʽʣʜʽ ʪᴇʨʪ װʣʢʝʥ ʪʦʧץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. 

ɹʽʨʽʥʰʽʜʝʥ, ʙײʣ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ײʡʳʤʜʘʨʳʥʳש ʧʨʘʢʪʠʢʘʩʳʥʘ ʤʝʥʝʜʞʤʝʥʪ ʪᴅʫʝʢʝʣʽʥ ʝʥʛʽʟʫ 

 .ʤʳʩʪʘʨײʞ ץʳ ʪʝʦʨʠʷʣʳסʩʠʧʘʪʪʘ ץʞᴅʥʝ ᴅʜʽʩʥʘʤʘʣʳ ץʞʳʨʳʤʜʘʤʘʣʳײʘʞʝʪʪʽʛʽ ʪʫʨʘʣʳ ʪץ

ɽʢʽʥʰʽʜʝʥ, ʙײʣ ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʪᴅʫʝʢʝʣʜʝʨʜʽ, ʢʣʠʥʠʢʘʣʳץ, ʢᴅʩʽʙʠ, ץʘʨʞʳʣʳץ ʞᴅʥʝ ʜʝʥʩʘʫʣʳץ 

ʩʘץʪʘʫ ʩʘʣʘʩʳʥʳש ʢᴅʩʽʧץʦʡʣʘʨʳ ʤʝʥ ʤʝʜʠʮʠʥʘʣʳײ ץʡʳʤʜʘʨ ʙʝʪʧʝ-ʙʝʪ ʢʝʣʝʪʽʥ ʙʘʩץʘ ʜʘ 

ʪᴅʫʝʢʝʣʜʝʨ ʪװʨʣʝʨʽʥ ײץʨʳʣʳʤʜʘʫסʘ ʘʨʥʘʣסʘʥ ʞײʤʳʩʪʘʨ. תʰʽʥʰʽʜʝʥ, ʙײʣ ʤʝʜʠʮʠʥʘʣʳץ 

 ʨʣʽװᴅʨʪ שʘʥ ʪᴅʩʽʣ ʤʝʥ ʪᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪʪʽ ʝʥʛʽʟʫʜʽסʜʘʨʣʘʥסʳʟʤʝʪʽʥʝ ʪᴅʫʝʢʝʣʛʝ ʙʘץ שʡʳʤʥʳײ

ʧʨʘʢʪʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨʳʥ ʞᴅʥʝ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʩʠʧʘʪʪʘʫסʘ ʘʨʥʘʣסʘʥ ʪᴅʞʽʨʠʙʝʛʝ 

ʙʘסʜʘʨʣʘʥסʘʥ ʟʝʨʪʪʝʫʣʝʨ. ʊᴇʨʪʽʥʰʽʜʝʥ, ʙײʣ ʤʝʜʠʮʠʥʘ ץʳʟʤʝʪʢʝʨʣʝʨʽʥʽש, ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ 

ʩʘʨʘʧʰʳʣʘʨʳʥʳץ שʘʪʝʨʣʝʨʛʝ ץʘʪʳʥʘʩʳʥ, ʦʣʘʨʜʳ ʩᴅʡʢʝʩʪʝʥʜʽʨʫʜʽ ʞᴅʥʝ ʘʣʜʳʥ ʘʣʫʜʳש ʥʝʤʝʩʝ 

ʪᴇʤʝʥʜʝʪʫʜʽש ʳץʪʠʤʘʣ ʞʦʣʜʘʨʳʥ ʟʝʨʪʪʝʡʪʽʥ ʞײʤʳʩʪʘʨ. 

ʄʝʜʠʮʠʥʘʣʳײ ץʡʳʤʜʘʨʜʳ ʞʽʢʪʝʫʛʝ ʞᴅʥʝ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩץʘʨʫסʘ ʙʽʨץʘʪʘʨ ᴅʜʽʩʥʘʤʘʣʳץ 

ʪᴅʩʽʣʜʝʨ ײʩʳʥʳʣʜʳ. ʆʣʘʨʜʳש ʙʽʨʽ ʙʝʩ ʥʝʛʽʟʛʽ ʢʝʟʝשʜʽ ץʘʤʪʠʜʳ: ʳץʪʠʤʘʣ ʪᴅʫʝʢʝʣʜʝʨ ʢʦʥʪʝʢʩʽʥ 

ʙʝʣʛʽʣʝʫ (ʤʝʜʠʮʠʥʘʣʳײ ץʡʳʤʥʳץ שʳʟʤʝʪʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥ ᴅʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ ʬʘʢʪʦʨʣʘʨʜʳ, 

ʢʦʨʧʦʨʘʪʠʚʪʽʢ ʤᴅʜʝʥʠʝʪ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʪװʩʽʥʫ ʞᴅʥʝ ʪ.ʙ.), ʦʣʘʨʜʳ ʙʘסʘʣʘʫ, ᴇשʜʝʫ, ʤʦʥʠʪʦʨʠʥʛ 

ʞᴅʥʝ ʪʘʣʜʘʫ, ʩʦʥʜʘʡ-ʘץ ץʘʨʳʤ-ץʘʪʳʥʘʩ ʞᴅʥʝ ʢʦʥʩʫʣʴʪʘʮʠʷʣʘʨ. ʉʦʥʜʘʡ-ʘץ ʤʝʜʠʮʠʥʘʣʳץ 

 ʳ ʙʘʨסʨʘʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ ʞʠʳʥʪʳײץ ʽʥʜʝ ᴇʟʽʥʜʽʢשᴅʨʙʽʨ ʢʝʟʝ שʘʨʫʜʳץʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩ שʡʳʤʥʳײ

[1]. ʈʝʩʝʡʣʽʢ סʘʣʳʤʜʘʨ ʪᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪʪʽש ʪᴇʨʪ ʢʝʟʝשʽʥ ʙᴇʣʽʧ ʢᴇʨʩʝʪʝʜʽ: ʪᴅʫʝʢʝʣ ʜʝשʛʝʡʽʥ 

ʙʘסʘʣʘʫ ʞᴅʥʝ ʘʥʳץʪʘʫ, ᴅʨʽ ץʘʨʘʡ ʪʘʣʜʘʫ ʞᴅʥʝ ʢʝʣʝʩʽ ʢʝʟʝשʜʝʨʜʝ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ װʰʽʥ 

ʞʝʪʢʽʣʽʢʪʽ ץʘʞʝʪʪʽ ʘץʧʘʨʘʪ ʘʣʫ; ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʝʨʫ, ץʘʨʞʳʣʘʥʜʳʨʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫ 
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ʞᴇʥʽʥʜʝʛʽ ʽʩ-ʰʘʨʘʣʘʨʜʳ ץʦʩʘ ʘʣסʘʥʜʘ, ʪᴅʫʝʢʝʣʜʝʨʛʝ ʳץʧʘʣ ʝʪʫʜʽש ʥʝײסʨʣʳʤ ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨʽʥ 

ʪʘשʜʘʫסʘ ʞᴅʥʝ ץʦʣʜʘʥʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩץʘʨʫ ʞᴇʥʽʥʜʝʛʽ ʽʩ-ʰʘʨʘʣʘʨʜʳ ʞʘʩʘʫ; 

ʪᴅʫʝʢʝʣʜʝʨʜʽש ʙʘʨʣʳץ ʢʝʰʝʥʽʥ ʙʘʩץʘʨʫʜʳש ʞʘʣʧʳ ʩʪʨʘʪʝʛʠʷʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ; ץʘʙʳʣʜʘʥסʘʥ 

ʰʝʰʽʤʥʽש ʦʨʳʥʜʘʣʫʳʥ ʙʘץʳʣʘʫ [2]. 

ʄʝʜʠʮʠʥʘʣʳײ ץʡʳʤʥʳש ʪᴅʫʝʢʝʣʜʝʨʽʥ ʝʢʽ װʣʢʝʥ ʪʦʧץʘ ʞʽʢʪʝʫ ʧʘʡʜʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ. ɹʽʨʽʥʰʽʩʽʥ ʩʘʧʘʩʳʟ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ץʘʤʪʠʪʳʥ ʢᴅʩʽʙʠ, ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ, 

ʰʘʨʫʘʰʳʣʳץ ʪᴅʫʝʢʝʣʜʝʨ ʤʝʥ ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʪᴅʫʝʢʝʣʜʝʨʽʥʝʥ ʪײʨʘʪʳʥ ʢʘʜʨʣʳץ ʞᴅʥʝ 

ʰʘʨʫʘʰʳʣʳץ ʙʦʣʳʧ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ʄʝʜʠʮʠʥʘʣʳײ ץʡʳʤʥʳש ʩʳʨʪץʳ ʪᴅʫʝʢʝʣʜʝʨʽʥ ᴅʣʝʫʤʝʪʪʽʢ, 

ʥʘʨʳץʪʳץ ʞᴅʥʝ ץײץʳץʪʳץ ʪᴅʫʝʢʝʣʜʝʨʛʝ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ᴄʣʝʫʤʝʪʪʽʢ ʪᴅʫʝʢʝʣʜʝʨʛʝ ᴅʣʝʫʤʝʪʪʽʢ 

ʪײʨʘץʩʳʟʜʳץ ʪᴅʫʝʢʝʣʜʝʨʽ ʤʝʥ ʜʝʤʦʛʨʘʬʠʷʣʳץ ʪᴅʫʝʢʝʣʜʝʨ, ʥʘʨʳץʪʳץ - ץʘʨʞʳʣʳץ ʞᴅʥʝ 

 ᴇʟʛʝʨʽʩʪʝʨʽ שʨʝʪʪʝʫ ʪᴅʫʝʢʝʣʜʝʨʽ ʤʝʥ ʩʦʪ ʧʨʘʢʪʠʢʘʩʳʥʳ ץʥʘʤʘʣʳשʟʘ - ץʪʳץʳץײץ ,ʝʤʝʩ ץʘʨʞʳʣʳץ

ʢʽʨʝʜʽ [3]. 

ʂᴅʩʽʙʠ ʪᴅʫʝʢʝʣʜʝʨ ʤʝʥ ʤʽʥʜʝʪʪʝʤʝʣʝʨʜʽ ʟʝʨʜʝʣʝʫ ʘʨʘʩʳʥʜʘ ʪʝשʛʝʨʽʤ ʙʦʣʫʳ ʪʠʽʩ. 

ʀʥʬʝʢʮʠʷʣʳץ ʘʫʨʫʣʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʜʽש ʢᴅʩʽʙʠ ʪᴅʫʝʢʝʣʜʝʨʽʥ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʟʝʨʪʪʝʫʰʽʣʝʨ 

ʢᴅʩʽʧʪʽʢ ʪᴅʫʝʢʝʣʜʽש ʥʝײסʨʣʳʤ ʤʘשʳʟʜʳ ʬʘʢʪʦʨʣʘʨʳ ʥʘץʪʳ ʤʝʜʠʮʠʥʘʣʳײ ץʡʳʤʜʘʨʜʳש 

ʧʨʦʙʣʝʤʘʣʘʨʳ ʝʤʝʩ, ʙװʢʽʣ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʞװʡʝʩʽʥʽש ʰʘʤʘʜʘʥ ʪʳʩ ʞװʢʪʝʤʝʩʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʪʳʥʳʥ ʘʪʘʧ ᴇʪʝʜʽ [4]. ɸʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, פʈ-ʜʘ ʤʝʜʠʮʠʥʘʣʳץ ץʳʟʤʝʪʪʝʛʽ ʪᴅʫʝʢʝʣʜʝʨʜʽ 

ʙʘʩץʘʨʫʜʳ ʙʽʨʽʟʜʝʥʜʽʨʫʜʽש ʞʦץʪʳסʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʞװʡʝʩʽʥʜʝ ʪᴅʫʝʢʝʣ-

ʤʝʥʝʜʞʤʝʥʪʪʽ ץʦʣʜʘʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʥʝʛʽʟʜʝʫ ʞᴇʥʽʥʜʝʛʽ ʘʣסʘʰץʳ סʳʣʳʤʠ-

ᴅʜʽʩʥʘʤʘʣʳץ ʞᴅʥʝ ʰʦʣʫ ʞײʤʳʩʪʘʨʳ ץʘʟʘץʩʪʘʥʜʳס ץʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝ 10 ʞʳʣʜʘʥ ʘʩʪʘʤ ʫʘץʳʪ 

ʙײʨʳʥ ʧʘʡʜʘ ʙʦʣʘ ʙʘʩʪʘʜʳ [5]. ɼʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʞװʡʝʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʘʨ פʈ-ʜʘסʳ 

ʢʣʠʥʠʢʘʣʳץ ʧʨʘʢʪʠʢʘסʘ ISO 9001:2015 ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨʳʥ ʝʥʛʽʟʫ ʙʘʩʳʤʜʳסʳʥ 

ʤʝʜʠʮʠʥʘʣʳץ ʢᴇʤʝʢ ʢᴇʨʩʝʪʫ ʩʘʧʘʩʳʥ ʙʘʩץʘʨʫ ʤʽʥʜʝʪʽ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʧ, ʪᴅʫʝʢʝʣʛʝ ʙʘסʜʘʨʣʘʥסʘʥ 

ʪᴅʩʽʣ ISO ʞװʡʝʩʽ ʙʦʡʳʥʰʘ ʩʪʘʥʜʘʨʪʪʘʫʜʳש ʤʘשʳʟʜʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳʥ ʘʪʘʧ 

ᴇʪʪʽ. ISO 9001:2015 ʞʘשʘ ʢᴅʩʽʙʠ ʩʪʘʥʜʘʨʪʳ ʙʦʡʳʥʰʘ ʢʣʠʥʠʢʘʣʘʨ ʙʘʩʰʳʣʘʨʳ ʤʝʜʠʮʠʥʘʣʳץ 

 .ʛʝʨʫʽ ʪʠʽʩ [6]שʘʨʫʳ ʞᴅʥʝ ʪᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪ ʥʝʛʽʟʜʝʨʽʥ ʤʝץʪᴅʫʝʢʝʣʜʝʨʽʥ ʙʘʩ שʡʳʤʥʳײ

ʄʝʜʠʮʠʥʘʣʳײ ץʡʳʤʥʳש ʪᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪʽʥʜʝ ʥʝʛʽʟʛʽ ʥʘʟʘʨ ʢʣʠʥʠʢʘʣʳץ ʪᴅʫʝʢʝʣʜʝʨʜʽ 

ʙʘʩץʘʨʫסʘ ʞᴅʥʝ ʜᴅʨʽʛʝʨʣʽʢ ץʘʪʝʣʽʢʪʝʨʜʽש ʪʫʳʥʜʘʫʳʥ ʙʦʣʜʳʨʤʘʫסʘ - ʘʫʨʫʭʘʥʘʣʘʨʜʘסʳ 

ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩץʘʨʫʜʳש ʝʨʝʢʰʝ ʥʳʩʘʥʳʥʘ ʘʫʜʘʨʳʣʘʜʳ, ʦʣ ʪʽʢʝʣʝʡ ʢʣʠʥʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʛʝ 

ʞᴅʥʝ ʧʘʮʠʝʥʪʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʧʨʦʮʝʩʪʝʨʛʝ, ʩʦʥʜʘʡ-ʘץ ʧʘʮʠʝʥʪʪʝʨʜʽ ʝʤʜʝʫ ʢʝʟʽʥʜʝ ץʘʪʝʣʝʩʫ 

ʳץʪʠʤʘʣʜʳסʳʥ ʪᴇʤʝʥʜʝʪʫʜʽ ץʦʩʘ ʘʣסʘʥʜʘ, ʞʝʢʝʣʝʛʝʥ ץʳʟʤʝʪʢʝʨʣʝʨʜʽש ʢᴅʩʽʧʪʽʢ ץʳʟʤʝʪʽʥʝ 

ʞʘʥʘʤʘ ʪװʨʜʝ ʰʦסʳʨʣʘʥʘʜʳ [7]. 

ʂᴇʧʪʝʛʝʥ ʰʝʪʝʣʜʽʢ ʟʝʨʪʪʝʫʰʽʣʝʨ ʤʝʜʠʮʠʥʘʣʳײ ץʡʳʤʜʘʨʜʳץ שʳʟʤʝʪʽʥ ʙʘʩץʘʨʫסʘ ʪᴅʫʝʢʝʣ 

ʤʝʥʝʜʞʤʝʥʪʽʥ ʝʥʛʽʟʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʇʘʮʠʝʥʪʪʝʨʜiץ שʘʫiʧʩiʟʜiʛiʤʝʥ ʘʡʥʘʣʳʩʘʪʳʥ 

 ʘʨʫ ʬʫʥʢʮʠʷʩʳץʘʪʝʨʣʝʨʜi ʙʘʩץ ץʡʳʤʜʘʩʪʳʨʫʜʘʥ ʙʘʩʪʘʧ, ʢʣʠʥʠʢʘʣʳײ ʨʫʜʘʥ ʞᴅʥʝײץ ʨʳʣʳʤʜʳײץ

ʙʘʨ ʜᴅʨiʛʝʨʣʝʨ ʤʝʥ ʤʝʜʙʠʢʝʣʝʨ ʞʝʣiʩiʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʜʝʡiʥ ʀʪʘʣʠʷʜʘ ʤʝʜʠʮʠʥʘʣʳץ 

 ʘʨʫ ʞᴇʥiʥʜʝʛi ʞʝʢʝ ʞʦʙʘʥʳ iʩʢʝ ʘʩʳʨʫ ʪᴅʞiʨʠʙʝʩiʥץʘʥ ʙʘʩסʜʘʨʣʘʥסʡʳʤʜʘʨʜʳ ʪᴅʫʝʢʝʣʛʝ ʙʘײ

ʟʝʨʜʝʣʝʫ ʝʣʝʫʣi ᴅʜiʩʥʘʤʘʣʳץ ץʳʟʳסʫʰʳʣʳץ ʪʫסʳʟʘʜʳ. ɾʦʙʘ ʤʝʜʠʮʠʥʘ ץʳʟʤʝʪʢʝʨʣʝʨʽʥ ʦץʳʪʫ 

ʞᴅʥʝ ʞʘסʳʤʩʳʟ ײץʙʳʣʳʩʪʘʨ ʪʫʨʘʣʳ ʝʩʝʧ ʙʝʨʫ ʞװʡʝʩʽʥ ײץʨʫ ʘʨץʳʣʳ ᴅʟʽʨʣʝʥʜʽ. ʀʪʘʣʠʷʜʘ ʙײʣ 

ʪᴅʞʽʨʠʙʝ 2017 ʞʳʣʳ ʧʘʮʠʝʥʪʪʝʨʜʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʪʫʨʘʣʳ ʤʘשʳʟʜʳ ʟʘשʥʳץ שʘʙʳʣʜʘʥʫʳʥʘ ʳץʧʘʣ 

ʝʪʪʽ, ʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʀʪʘʣʠʷʥʳש ᴅʨʙʽʨ ᴇשʽʨʽʥʜʝ ʧʘʮʠʝʥʪʪʝʨʜʽש ʜʝʥʩʘʫʣʳסʳ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽ 

 ץʜʝʥʩʘʫʣʳ שʘʣʘʥʜʳ ʝʣʜʽץ ʥʝʛʽʟʽ שʡʳʤʜʘʩʪʳʨʳʣʳʧ, ʦʥʳײ ʪʘʨʳץʘʨʫ ʦʨʪʘʣʳץʘʫʽʧʪʝʨʜʽ ʙʘʩץ ʰʽʥװ

ʩʘץʪʘʫ ץʳʟʤʝʪʽʥʜʝ ʤʝʜʠʮʠʥʘʣʳץ ʢᴇʤʝʢʪʽש ʩʘʧʘʩʳʥ ʦʜʘʥ ᴅʨʽ ʘʨʪʪʳʨʫ װʰʽʥ [8]. ɼʝʥʩʘʫʣʳץ 

ʩʘץʪʘʫʜʘ ʪᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪ ʩʪʘʥʜʘʨʪʪʘʨʳʥ ʙʽʨʽʟʜʝʥʜʽʨʫ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʫ ʞᴇʥʽʥʜʝʛʽ ʞײʤʳʩ 

ʪײʨʘץʪʳ ʪװʨʜʝ ʞװʨʛʽʟʽʣʝʜʽ: ʤʳʩʘʣʳ, ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʠʪʘʣʴʷʥʜʳץ ʟʝʨʪʪʝʫʰʽʣʝʨ ʠʪʘʣʴʷʥʜʳץ 

ʘʫʨʫʭʘʥʘʣʘʨʜʘ ᴇʟʽʥʝ-ᴇʟʽ ץʦʣ ʞײʤʩʘʫʜʳ ʙʦʣʜʳʨʤʘʫ ʞᴇʥʽʥʜʝʛʽ ʞʘʨʠʷ ʨʝʩʤʠ ʨᴅʩʽʤʜʝʨ ᴅʣʽ ʜʝ ʙʦʣʩʘ 

ʞʘʣʧʳ ʥײʩץʘʫʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳʥ ʞᴅʥʝ ᴇʟʽʥʝ-ᴇʟʽ ץʦʣ ʞײʤʩʘʫ ʪᴅʫʝʢʝʣʽʥ ʙʘסʘʣʘʫ ʞᴇʥʽʥʜʝʛʽ 

ʙʽʨʽʟʜʝʥʜʽʨʽʣʛʝʥ ʨᴅʩʽʤʜʽ ײץʨʫ ץʘʞʝʪʪʽʛʽʥ ʘʪʘʧ ᴇʪʝʜʽ. 

ʄװʛʝʜʝʢʪʝʨ ʤʝʥ ץʘʨʪʪʘʨʜʳ ײʟʘץ ʤʝʨʟʽʤʜʽ ʢװʪʫ ײʡʳʤʜʘʨʳʥʜʘ ʪᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪʪʽ 

 ʳסʘʟʽʨʛʽ ʟʘʤʘʥפ .ʳʟʜʳשʠʤʳʣʜʳ ʘʪʘʧ ᴇʪʫ ʤʘץ-ᴇʟʘʨʘ ʽʩ ץʡʳʤʜʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʩʝʢʪʦʨʘʨʘʣʳײ

ʞʘסʜʘʡʣʘʨʜʘ ʘʫʨʫʭʘʥʘʣʘʨ ʪʝʭʥʦʛʝʥʜʽʢ ʦץʠסʘʣʘʨʜʘʥ, ʜװʣʝʡ ʞᴅʥʝ ʵʧʠʜʝʤʠʦʣʦʛʠʷʣʳץ 

ʟʽʣʟʘʣʘʣʘʨʜʘʥ ʪʫʳʥʜʘסʘʥ ʪᴅʫʝʢʝʣʜʝʨʛʝ ʜʝʥ ץʦʶ װʰʽʥ ʙʘʟʘʣʳץ ʠʥʬʨʘײץʨʳʣʳʤ ʙʦʣʳʧ 
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ʪʘʙʳʣʘʪʳʥʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʝʣʝʫʣʽ ץʳʟʳסʫʰʳʣʳץ ʪʫסʳʟʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʟʽʣʟʘʣʘ ʢʝʟʽʥʜʝ ʞᴅʥʝ 

ʦʜʘʥ ʢʝʡʽʥ ᴇʟ ʪʠʽʤʜʽʣʽʛʽʥ ץʦʣʜʘʫ ʞᴅʥʝ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩץʘʨʫ װʰʽʥ ʩʪʨʘʪʝʛʠʷʣʘʨסʘ ʠʝ [9]. 

ʈʝʩʝʡʣʽʢ ʘʚʪʦʨʣʘʨʜʳש ʤʝʜʠʮʠʥʘʣʳײ ץʡʳʤʜʘʨʜʳץ שʳʟʤʝʪʽʥ ʙʘʩץʘʨʫסʘ ʪᴅʫʝʢʝʣ 

ʤʝʥʝʜʞʤʝʥʪʽʥ ʝʥʛʽʟʫʜʽש ʧʨʘʢʪʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝʩʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʞײʤʳʩʪʘʨʳ ʝʥʜʽ סʘʥʘ ʧʘʡʜʘ ʙʦʣʘ 

ʙʘʩʪʘʜʳ. ɸ. ɹʝʣʠʥʠʥʘ ʞᴅʥʝ ʪ.ʙ. ʤʝʜʠʮʠʥʘʣʳץ ץʳʟʤʝʪʪʽש ʩʘʧʘʩʳ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥʝʜʞʤʝʥʪʽ 

ʞװʡʝʩʽʥʽש ʨᴇʣʽʥ, ʩʦʥʜʘʡ-ʘץ ʧʝʨʠʥʘʪʘʣʜʳץ ʦʨʪʘʣʳץʪʳץ שʘʙʳʣʜʘʫ ʙᴇʣʽʤʰʝʩʽʥʽש ʞײʤʳʩʳʥ 

 שʡʝʩʽʥʽװʪʘʫ ʞץʩʘ ץʘʥ ʪᴅʩʽʣʜʽ ʪʘʣʜʘʡʜʳ. ɼʝʥʩʘʫʣʳסʜʘʨʣʘʥסʡʳʤʜʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʪᴅʫʝʢʝʣʛʝ ʙʘײ

ʪᴅʫʝʢʝʣ-ʤʝʥʝʜʞʤʝʥʪʽʥʜʝ ʩʘץʪʘʥʜʳʨʫ ʪᴅʫʝʢʝʣʽʥʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʪʘʣʜʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʞײʤʳʩʪʘʨ ʜʘ ʧʘʡʜʘ ʙʦʣʜʳ [10]. 

ɹʽʨץʘʪʘʨ ʰʝʪʝʣʜʽʢ ʟʝʨʪʪʝʫʰʽʣʝʨ ʜᴅʨʽʛʝʨʣʝʨʜʽ ʦʨʜʠʥʘʪʫʨʘʜʘ ʜʘʷʨʣʘʫʜʳש ʦץʫ 

ʙʘסʜʘʨʣʘʤʘʩʳʥʘ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫʜʘסʳ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩץʘʨʫ ʙʦʡʳʥʰʘ ʘʨʥʘʡʳ ʧᴅʥʜʽ ץʦʩʫ 

ʞᴇʥʽʥʜʝ ײʩʳʥʳʤʜʘʨ ʙʝʨʝʜʽ, ʙײʣ ʝʤʜʝʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ װʰʽʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘץ ʜʘʫʣʳ 

ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʦʨʪʘʩʳʥʜʘ ץʳʟʤʝʪʪʽʢ ʞʘסʜʘʡʳʥ ʪʝʨʽʩ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ ʩʦʪ 

ʪʘʣץʳʣʘʫʣʘʨʳʥʳש ʪᴅʫʝʢʝʣʽʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ʜʝ ʧʘʡʜʘʣʳ ʙʦʣʫʳ ʤװʤʢʽʥ [11]. 

ʈʝʩʝʡʣʽʢ סʘʣʳʤʜʘʨ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʩʘʣʘʩʳʥʜʘסʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ װʰʽʥ ʜʝʨʝʢʪʝʨ ʘסʳʥʳ 

ʤʝʥ ʩʘʨʘʧʪʘʤʘʥʳש ʪʝʦʨʠʷʣʳץ ʤʦʜʝʣʽʥ ײʩʳʥʜʳ, ʦʣ ʭʘʣʳץ ʜʝʥʩʘʫʣʳסʳ װʰʽʥ ץʘʫʽʧ-ץʘʪʝʨʣʝʨʜʽ 

ʞᴅʥʝ ʤʝʜʠʮʠʥʘʣʳץ ʘʨʘʣʘʩʫʣʘʨʜʳײץ שʥʳʥ ʙʘסʘʣʘʫʜʳ ץʦʩʘ ʘʣסʘʥʜʘ, ʜʝʨʝʢʪʝʨ ʘסʳʥʳʥ 

 ʢᴇʧʪʝʛʝʥ ʵʣʝʤʝʥʪʪʝʨʽ ʧʨʘʢʪʠʢʘʜʘ שʣ ʤʦʜʝʣʴʜʽײʨʳʣʳʤʜʘʡʜʳ ʞᴅʥʝ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʡʜʳ. ɹײץ

ʧʘʡʜʘʣʘʥʳʣʘʜʳ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ ʥʝʤʝʩʝ ʞʝʨʛʽʣʽʢʪʽ ײץʞʘʪʪʘʨʤʝʥ ʨʝʪʪʝʣʝʜʽ. ɿʝʨʪʪʝʫ ʩʦʥʜʘʡ-ʘץ 

ʢʝʰʝʥʜʽ ʪʘʣʜʘʫ ʤʝʥ ʙʘʩץʘʨʫ ʰʝʰʽʤʜʝʨʽʥʽש ʥᴅʪʠʞʝʣʝʨʽʥ ʤʦʜʝʣʴʜʝʫʜʽ ץʦʩʘ ʘʣסʘʥʜʘ, 

ʩʘʨʘʧʪʘʤʘʥʳץ שʦʩʳʤʰʘ ʜʝשʛʝʡʽʥ ײץʨʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ץʘʞʝʪʪʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɼʝʨʝʢʪʝʨʜʽ 

ʙʘʩץʘʨʫʜʳ ʦʩʳ ʤʦʜʝʣʴʛʝ ʩᴅʡʢʝʩ ײץʨʳʣʳʤʜʘʫ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʪʠʽʤʜʽʣʽʛʽʥ ʝʜᴅʫʽʨ ʘʨʪʪʳʨʫ װʰʽʥ 

ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫʜʘסʳ ץʘʫʽʧʪʝʨʜʽ ʘʣʜʳʥ ʘʣʘ ʙʘʩץʘʨʫʜʳ ʽʩʢʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹʽʨץʘʪʘʨ ʰʝʪʝʣʜʽʢ ʟʝʨʪʪʝʫʰʽʣʝʨ ʤʝʜʠʮʠʥʘʣʳײ ץʡʳʤʜʘʨʜʳץ שʳʟʤʝʪʽʥʝ ʪᴅʫʝʢʝʣ 

ʤʝʥʝʜʞʤʝʥʪʽʥ ʝʥʛʽʟʫ ʪᴅʞʽʨʠʙʝʩʽ ʪʫʨʘʣʳ ʤʝʜʠʮʠʥʘ ץʳʟʤʝʪʢʝʨʣʝʨʽʥʽש ʧʽʢʽʨʽʥ ʟʝʨʪʪʝʡʜʽ, ʦʣʘʨʜʳ 

 ʘʣʘʫ: ʤʳʩʘʣʳ, ʜᴅʨʽʛʝʨʣʝʨ ʤʝʥ ʤʝʜʙʠʢʝʣʝʨ ʘʫʨʫʭʘʥʘʥʳ ʪᴅʫʝʢʝʣסʘʙʳʣʜʘʫ ʞᴅʥʝ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘץ

ʦʨʥʳ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʡʜʳ. ʆʣʘʨʜʳץ שʘʫʽʧ-ץʘʪʝʨʜʽ ʙʦʣʜʳʨʤʘʫ ʞᴇʥʽʥʜʝʛʽ ʤʽʥʝʟ-ײץʣץʳ ʘʭʫʘʣʜʳץ 

ʞᴅʥʝ ᴇʤʽʨʣʽʢ ʪᴅʞʽʨʠʙʝʤʝʥ ʞʘʥʘʤʘ. ɼᴅʨʽʛʝʨʣʝʨ ʤʝʥ ʤʝʜʙʠʢʝʣʝʨ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩץʘʨʫ ʞᴇʥʽʥʜʝʛʽ 

ʭʘʪʪʘʤʘʣʘʨʜʳ ʦʣʘʨʜʳש ʞʝʢʝ ץʘʙʳʣʜʘʫʳʥ, ʤʘʪʝʨʠʘʣʜʳץ ʰʝʢʪʝʫʣʝʨʽʥ ʞᴅʥʝ ʙʘʩʳʤ ʽʩ-ץʠʤʳʣʜʘʨ 

ʪʽʟʽʤʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʢʝʣʽʩʝʜʽ. ʉʦʥʜʘʡ-ʘץ ʞʘסʳʤʩʳʟ ʦץʠסʘʣʘʨʜʳש ʪᴅʫʝʢʝʣʽʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ 

 ᴅʜʽʩʪʝʨʽʥʝ ץʧʨʘʢʪʠʢʘʣʳ שʪʘʫʜʳץʪʳ ʝʨʪʝ ʘʥʳץʣʳײץ-ʩʳʟ ʤʽʥʝʟץʳʟʤʝʪʢʝʨʣʝʨ ʘʨʘʩʳʥʜʘ ʣʘʡʳץ

 ʘʨʫ ʞᴇʥʽʥʜʝʛʽץʳ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩסʡʳʤʜʘʨ ʤʝʥ ʘʫʨʫʭʘʥʘʣʘʨʜʘײ ץʘʪʳʩʪʳ ʤʝʜʠʮʠʥʘʣʳץ

ʩʘʨʘʧʰʳʣʘʨ ʪʦʙʳʥʳש ʙʘʩʰʳʣʘʨʳ ʘʨʘʩʳʥʜʘ ʢʦʥʩʝʥʩʫʩץʘ ץʦʣ ʞʝʪʢʽʟʫ ʘʩʘ ʤʘשʳʟʜʳ [12]. 
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ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ 

ʩʠʩʪʝʤʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʫʟʢʠʝ ʤʝʩʪʘ ʠ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ (Dumas et al., 2018). ʊʘʢʠʝ ʧʨʦʙʣʝʤʘʪʠʯʥʳʝ ʚʦʧʨʦʩʳ 

ʚʦʟʥʠʢʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚ ʩʠʣʫ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʘʥʥʘʷ 

ʩʠʪʫʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤ ʩʘʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʕʪʦʤʫ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʙʠʟʥʝʩ- ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘ 

ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʙʫʜʝʪ 

ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʩʪʦʷʥʥʦʡ 

ʘʜʘʧʪʘʮʠʠ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʨʦʣʴ ʤʦʥʠʪʦʨʠʥʛʘ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ (vom Brocke & 

Mendling, 2018). ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ (Hammer & Champy, 2003). 

ɺʧʝʨʚʳʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʩʥʦʚʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʋʠʣʴʷʤ ʕʜʚʘʨʜʩ 

ɼʝʤʠʥʛ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʣ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (Deming, 2018). ʕʪʦ ʧʦʥʷʪʠʝ ʨʘʟʚʠʚʘʶʪ ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʚ ʩʚʦʠʭ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ. 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚʥʝʩ ʄʘʡʢʣ ʇʦʨʪʝʨ, ʦʧʨʝʜʝʣʷʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʢʘʢ ʠʩʪʦʯʥʠʢ ʩʦʟʜʘʥʠʷ 

ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ (Porter, 2008). ʆʥʠ ʜʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʦʢʘʟʳʚʘʷ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ. ʇʦʟʜʥʝʝ ʄʘʡʢʣ ʍʘʤʤʝʨ ʧʨʝʜʣʦʞʠʣ ʢʦʥʮʝʧʮʠʶ ʨʝʠʥʞʠʥʠʨʠʥʛʘ, 

ʦʧʨʝʜʝʣʷʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʚʭʦʜʳ ʚ ʚʳʭʦʜʳ 

(Hammer, 2003), ʘ ʊʦʤʘʩ ɼʵʚʝʥʧʦʨʪ ʘʢʮʝʥʪʠʨʦʚʘʣ ʚʥʠʤʘʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʠ 

ʠʟʤʝʨʠʤʦʩʪʠ ʧʨʦʮʝʩʩʦʚ (Davenport, 1993). ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ʢʘʢ ʦʩʥʦʚʫ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʡ (van der Aalst, 2013), ʘ ʪʘʢʞʝ ʢʘʢ 

ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (Houy et al., 2020). ʇʨʠʤʝʨʳ 

ʪʘʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 - ʇʦʥʷʪʠʷ çʙʠʟʥʝʩ-ʧʨʦʮʝʩʩè ʚ ʣʠʪʝʨʘʪʫʨʝ 

ɸʚʪʦʨ ʉʦʜʝʨʞʘʥʠʝ ʧʦʥʷʪʠʷ 

ʕ. ɼʝʤʠʥʛ 

(E. Deming)  

ʃʶʙʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʄ.ʇʦʨʪʝʨ 

(M.Porter)  

ʉʫʱʥʦʩʪʴ (ʦʧʨʝʜʝʣʷʝʤʘʷ ʯʝʨʝʟ ʪʦʯʢʠ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ, ʠʥʪʝʨʬʝʡʩʳ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʯʘʩʪʠʯʥʦ ʚʢʣʶʯʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʧʦʪʨʝʙʠʪʝʣʷ ʫʩʣʫʛ/ʪʦʚʘʨʦʚ), ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʘʱʠʚʘʥʠʝ    

ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʤʦʡ ʫʩʣʫʛʠ/ʪʦʚʘʨʘ. 

ɼ. ʕ. ʐʦʪ 

(J.E.Shot) 

ʅʘʙʦʨ ʣʦʛʠʯʝʩʢʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʜʝʡʩʪʚʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʳʭʦʜʘ ʙʠʟʥʝʩ-ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʄ. ʍʘʤʤʝʨ 

(M. Hammer)  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ çʥʘ 

ʚʭʦʜʝè ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʠʥ ʠʣʠ ʙʦʣʝʝ ʚʠʜʦʚ ʨʝʩʫʨʩʦʚ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ çʚʳʭʦʜʝè ʩʦʟʜʘʝʪʩʷ ʧʨʦʜʫʢʪ,  

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ  ʮʝʥʥʦʩʪʴ  ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ 
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ʊ. ɼʘʚʝʥʧʦʨʪ 

(T.Davenport) 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʜʝʡʩʪʚʠʡ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʫʩʣʫʛʠ 

(ʧʨʦʜʫʢʪʘ) ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʠʣʠ ʨʳʥʢʘ. ʀʣʠ: ʟʘʜʘʥʠʡ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩ ʫʢʘʟʘʥʠʝʤ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ, ʪʦʯʥʳʤ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ. ʀʣʠ: ʩʪʨʫʢʪʫʨʠʨʫʝʤʳʡ, ʠʟʤʝʨʷʝʤʳʡ 

ʥʘʙʦʨ ʜʝʡʩʪʚʠʡ, ʩʦʟʜʘʥʥʳʡ, ʯʪʦʙʳ ʧʨʦʠʟʚʝʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʚʳʭʦʜ ʜʣ̫ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʠʝʥʪʘ ʠʣʠ ʨʳʥʢʘ. 

ɽ.ɿ. ɿʠʥʜʝʨ  ʃʦʛʠʯʝʩʢʠʝ ʩʝʨʠʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʭ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʨʝʩʫʨʩʳ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ  ʠʣʠ ʧʦʣʫʯʝʥʠʷ ʚ 

ʦʙʦʟʨʠʤʦʤ ʠʣʠ ʠʟʤʝʨʠʤʦ ʧʨʝʜʩʢʘʟʫʝʤʦʤ ʙʫʜʫʱʝʤ ʧʦʣʝʟʥʦʛʦ ʜʣʷ 

ʟʘʢʘʟʯʠʢʘ ʚʳʭʦʜʘ, ʪʘʢʦʛʦ, ʢʘʢ ʧʨʦʜʫʢʪ ʠʣʠ ʫʩʣʫʛʘ. 

ɽ.ɻ. ʆʡʭʤʘʥ  ʄʥʦʞʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʰʘʛʦʚ (ʚʠʜʦʚ) ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʯʠʥʘʶʱʠʭʩʷ ʩ 

ʦʜʥʦʛʦ ʠ ʙʦʣʝʝ ʚʭʦʜʦʚ ʠ ʟʘʢʘʥʯʠʚʘʶʱʠʭʩʷ ʩʦʟʜʘʥʠʝʤ ʧʨʦʜʫʢʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʢʣʠʝʥʪʫ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʝʛʦ ʧʦ ʩʪʦʠʤʦʩʪʠ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʩʝʨʚʠʩʫ ʠ ʢʘʯʝʩʪʚʫ. ʀʣʠ: ʧʦʣʥʳʡ ʧʦʪʦʢ ʩʦʙʳʪʠʡ ʚ 

ʩʠʩʪʝʤʝ, ʦʧʠʩʳʚʘʶʱʠʡ, ʢʘʢ ʢʣʠʝʥʪ ʥʘʯʠʥʘʝʪ, ʚʝʜʝʪ ʠ ʟʘʚʝʨʰʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʟʥʝʩʘ. 

ɻʆʉʊ ʈʀʉʆ 

9001-96  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʧʨʝʦʙʨʘʟʫʝʪ ʚʭʦʜʷʱʠʝ ɻ ʣʝʤʝʥʪʳ ʚ ʚʳʭʦʜʷʱʠʝ. 

ISO/IECTR 

15504-CMM  

ʈʷʜ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʦʙʨʘʟʫʶʱʠʭ 

ʚʭʦʜʳ ʚ ʚʳʭʦʜʳ. 

ʅ.ʄ. ɸʙʜʠʢʝʝʚ  ʕʪʦ ʦʧʝʨʘʮʠʷ, ʚʢʣʶʯʝʥʥʘʷ ʚ ʩʠʩʪʝʤʫ ʦʧʝʨʘʮʠʡ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʩʪʘʚʢʘ ʫʩʣʫʛ/ʪʦʚʘʨʦʚ ʦʧʝʨʘʮʠʷʤ, 

ʚʭʦʜʷʱʠʤ ʚ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤ ʩʠʩʪʝʤʘʤ. 

 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʚ ʩʚʷʟʠ ʩʦ ʩʚʦʠʤ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʳʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʞʘʶʪ ʦʙʱʠʝ ʤʦʤʝʥʪʳ, ʩʫʱʥʦʩʪʴ ʧʦʥʷʪʠʷ çʙʠʟʥʝʩ-ʧʨʦʮʝʩʩè, 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʜʚʦʷʢʦʝ 

ʧʦʥʠʤʘʥʠʝ. ʉ ʫʯʝʪʦʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʘʢ: ʩʠʩʪʝʤʫ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʚ ʨʝʟʫʣʴʪʘʪ, ʦʙʣʘʜʘʶʱʠʡ 

ʮʝʥʥʦʩʪʴʶ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ, ʨʝʘʣʠʟʫʝʤʫʶ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʩʫʙʲʝʢʪʘ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʫʶ 

ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ (vom Brocke & Mendling, 2018). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʘʚʪʦʨʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʦʧʨʝʜʝʣʝʥʠʶ çʙʠʟʥʝʩ- ʧʨʦʮʝʩʩʘè.  

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʥʷʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʘʚʠʣ: ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʥʷʪʥʳʤʠ ʠ ʯʝʪʢʠʤ; ʥʝ ʜʦʣʞʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʥʝʠʟʚʝʩʪʥʦʝ ʯʝʨʝʟ ʥʝʠʟʚʝʩʪʥʦʝ; ʦʧʨʝʜʝʣʝʥʠʝ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʢʨʘʪʢʠʤ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʨʘʟʤʝʨʥʳʤ; ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʚʪʦʣʦʛʠʠ; 

ʥʝʜʦʧʫʩʪʠʤ ʢʨʫʛ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ ʢʦʛʜʘ ɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ɺ, ʘ ɺ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ɸ. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ: ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ 

(ʚʥʫʪʨʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʤʝʞʬʫʥʢʮʠʦʥʘʣʴʥʳʝ) ʠ ʧʦ ʩʪʝʧʝʥʠ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ (Porter, 2008). 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʧʦʣʥʷʶʪ ʜʘʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʚʳʜʝʣʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (Siderska, 2020). 

ɼʣʷ ʚʚʝʜʝʥʠʷ ʥʦʚʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʵʣʝʤʝʥʪʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʜʘʜʠʤ ʠʤ 

ʥʘʟʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. ʕʣʝʤʝʥʪʘʤʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʥʠʤʘʶʱʠʤʠ ʫʯʘʩʪʠʝ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʶʪʩʷ: ʨʫʢʦʚʦʜʠʪʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʬʫʥʢʮʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʨʝʩʫʨʩ, ʚʭʦʜʥʦʡ ʦʙʲʝʢʪ, ʨʝʟʫʣʴʪʘʪ, ʩʦʙʳʪʠʝ. 

ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʫʙʲʝʢʪʘ 

ï ʨʫʢʦʚʦʜʠʪʝʣʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʙʠʟʥʝʩ- ʧʨʦʮʝʩʩʘ ï ʵʪʦ ʜʦʣʞʥʦʩʪʥʦʝ ʣʠʮʦ ʠʣʠ 

ʢʦʣʣʝʛʠʘʣʴʥʳʡ ʦʨʛʘʥ ʫʧʨʘʚʣʝʥʠʷ, ʠʤʝʶʱʠʡ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʨʝʩʫʨʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʥʝʩʫʱʠʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘ. ɺʦʟʜʝʡʩʪʚʠʝ ʨʫʢʦʚʦʜʠʪʝʣʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʥʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʚʳʨʘʞʘʝʪʩʷ ʚ 
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ʫʧʨʘʚʣʝʥʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʢʣʶʯʘʶʱʘʷ: 

¶ ʧʦʢʘʟʘʪʝʣʠ ʨʝʩʫʨʩʦʚ  

¶ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

¶ ʧʦʢʘʟʘʪʝʣʠ ʨʝʟʫʣʴʪʘʪʘ  

¶ ʧʦʢʘʟʘʪʝʣʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʘ  

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʢʦʥʮʝʧʮʠʷʤ BPM (Business Process 

Management) (Dumas et al., 2018). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʠ 

ʟʘʪʨʘʪ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ (Repin, 2021), ʘ ʪʘʢʞʝ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʦʮʝʥʢʝ ʧʨʦʮʝʩʩʦʚ (Schmiedel et al., 2014). 

ʌʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ï ʵʪʦ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʜʝʡʩʪʚʠʡ (ʦʧʝʨʘʮʠʡ), 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʚ ʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʭʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩ ʧʦʤʦʱʴʶ ʨʝʩʫʨʩʦʚ. 

ɺʭʦʜʥʦʡ ʦʙʲʝʢʪ ï ʦʙʲʝʢʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ ʧʦʩʪʘʚʱʠʢʘ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʚʣʘʜʝʣʴʮʘ 

ʧʨʦʮʝʩʩʘ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʝʛʦ ʧʨʠʦʙʨʝʪʝʥʠʷ ʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʈʝʟʫʣʴʪʘʪ ï ʦʙʲʝʢʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʷ, ʧʦʩʣʝ ʧʨʝʜʘʥʠʷ ʝʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʈʝʩʫʨʩʳ ï ʵʪʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʚʭʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʩʫʙʲʝʢʪʳ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʳʭ 

ʚʭʦʜʥʦʡ ʦʙʲʝʢʪ ʤʝʥʷʝʪ ʩʚʦʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʦʙʳʪʠʝ ï ʵʪʦ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʬʘʢʪ ʛʦʪʦʚʥʦʩʪʠ ʨʝʩʫʨʩʦʚ, ʚʭʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʢ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʚʦʡʩʪʚ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʭʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʟʘʚʝʨʰʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʉʦʙʳʪʠʝ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʠʣʠ ʧʨʦʮʝʜʫʨʥʫʶ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʙʳʪʠʝ ʥʝʩʝʪ ʩʦʦʙʱʝʥʠʝ ʦ ʩʦʚʝʨʰʝʥʠʠ ʩʘʤʦʛʦ ʬʘʢʪʘ ʦ ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦ ʧʦʷʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘ. ʇʨʦʮʝʜʫʨʥʦʝ ʩʦʙʳʪʠʝ ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣʦʤ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʜʨʫʛʦʡ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʭ ʬʫʥʢʮʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʭʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʞʝʥ ʚʦʟʜʝʡʩʪʚʠʶ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʘʥʳ 

ʦʧʠʩʘʥʠʷ ʚʳʟʦʚʘ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʉʦʙʳʪʠʷ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʝʥʠʷ 

ʬʫʥʢʮʠʷʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ, ʬʠʥʘʥʩʦʚʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʪʨʫʜʦʚʳʭ ʧʦʪʦʢʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʣʦʞʠʤ ʩʭʝʤʫ ʙʠʟʥʝʩ- ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʙʱʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʧʨʝʜʣʦʞʠʤ ʥʦʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ: 

çʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ - ʵʪʦ ʬʫʥʢʮʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʚ 

ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚʣʘʜʝʣʴʮʘ ʧʨʦʮʝʩʩʘ, 
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ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʨʘʞʝʥʠʝʤ ʟʘʚʝʨʰʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʦʙʳʪʠʷè. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʧʦ ʦʭʚʘʪʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʦʨʛʘʥʠʟʘʮʠʠ: 

ʘ) ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʧʦʜʨʘʟʜʝʣʝʥʠʷ (ʚʥʫʪʨʠ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʠʟʥʝʩ- ʧʨʦʮʝʩʩ) ï ʙʠʟʥʝʩ 

ʧʨʦʮʝʩʩ, ʧʦʣʥʦʩʪʴʶ ʚʢʣʶʯʘʶʱʠʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʚʭʦʜʥʦʛʦ ʚ ʚʳʭʦʜʥʦʡ 

ʨʘʙʦʯʠʡ ʦʙʲʝʢʪ, ʦʩʫʱʝʩʪʚʣʷʝʤʫʶ ʦʜʥʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʦʨʛʘʥʠʟʘʮʠʠ, ʠʤʝʶʱʠʤ 

ʦʜʥʫ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʧʦʜʯʠʥʝʥʥʦʩʪʴ. 

ʙ) ʉʢʚʦʟʥʦʡ (ʠʣʠ ʤʝʞʬʫʥʢʮʠʦʥʘʣʴʥʳʡ) ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ï ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʧʦʣʥʦʩʪʴʶ 

ʠʣʠ ʯʘʩʪʠʯʥʦ ʚʢʣʶʯʘʶʱʠʡ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚʳʧʦʣʥʷʝʤʫʶ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʧʦʜʯʠʥʝʥʥʦʩʪʴ. 

ʇʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ: ʘ) ʆʩʥʦʚʥʳʝ 

(ʦʧʝʨʘʮʠʦʥʥʳʝ) ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ï ʵʪʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʟʜʘʶʪ 

ʮʝʥʥʦʩʪʴ. ʕʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʧʨʦʥʠʟʳʚʘʶʪ ʚʩʶ ʦʨʛʘʥʠʟʘʮʠʶ, ʥʘʯʠʥʘʷ ʩ ʧʦʪʨʝʙʠʪʝʣʷ ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʧʦʩʪʘʚʱʠʢʘʤʠ (ʩʥʘʙʞʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʘʨʢʝʪʠʥʛ ʠ ʧʨʦʜʘʞʠ). 

ʙ) ʋʧʨʘʚʣʷʶʱʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ï ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʫʧʨʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ (ʢʦʨʧʦʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʤʝʥʝʜʞʤʝʥʪ). 

ʚ) ʇʦʜʜʝʨʞʠʚʘʶʱʠʝ (ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ) ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ï ʥʝ ʩʦʟʜʘʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʜʦʙʘʚʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ. ʀʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʦʩʥʦʚʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʇʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ: ʙʫʭʛʘʣʪʝʨʩʢʠʡ ʫʯʝʪ, ʧʦʜʙʦʨ ʧʝʨʩʦʥʘʣʘ, 

ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ, ɸʍʆ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʠ ʦʮʝʥʢʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ 

ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ 

ʩʦʦʪʥʦʰʝʥʠʝ ʵʬʬʝʢʪʘ ʠ ʟʘʪʨʘʪ: 

¶ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ  

¶ ʩʥʠʞʝʥʠʝ ʠʟʜʝʨʞʝʢ  

¶ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʙʳʣʠ  

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʫʯʝʪʘ ʚʨʝʤʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʜʝʥʝʛ ʠ 

ʨʠʩʢʦʚ (Syed et al., 2020). 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (van der Aalst, 2013). 

ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ (Effectiveness) ï ʩʪʝʧʝʥʴ ʨʝʘʣʠʟʘʮʠʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ (Efficiency) ï ʩʚʷʟʴ (ʦʪʥʦʰʝʥʠʝ) 

ʤʝʞʜʫ ʜʦʩʪʠʛʥʫʪʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʩʦʟʜʘʥʠʷ 

ʮʝʥʥʦʩʪʠ 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʥʘʤʠ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʥʷʪʠʷ çʙʠʟʥʝʩ-ʧʨʦʮʝʩʩè ʥʘ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʢʘʢ ʦʙʲʝʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʫʙʲʝʢʪʘ ï ʨʫʢʦʚʦʜʠʪʝʣʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ 

ï ʨʫʢʦʚʦʜʠʪʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʠ ʦʙʨʘʪʥʦ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʚʠʜʝ ʜʘʥʥʳʭ, 

https://ru.wikipedia.org/wiki/%D0%A1%D0%BD%D0%B0%D0%B1%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D0%BA%D0%B5%D1%82%D0%B8%D0%BD%D0%B3
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B4%D0%B0%D0%B6%D0%B8
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%BF%D0%BE%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%B5_%D1%83%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B0%D1%82%D0%B5%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BC%D0%B5%D0%BD%D0%B5%D0%B4%D0%B6%D0%BC%D0%B5%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%91%D1%83%D1%85%D0%B3%D0%B0%D0%BB%D1%82%D0%B5%D1%80%D1%81%D0%BA%D0%B8%D0%B9_%D1%83%D1%87%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D0%B1%D0%BE%D1%80_%D0%BF%D0%B5%D1%80%D1%81%D0%BE%D0%BD%D0%B0%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%BE%D0%B4%D0%B4%D0%B5%D1%80%D0%B6%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%BE%D0%B4%D0%B4%D0%B5%D1%80%D0%B6%D0%BA%D0%B0
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ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʙʠʟʥʝʩ- ʧʨʦʮʝʩʩ; ʨʝʰʝʥʠʷ ʨʫʢʦʚʦʜʠʪʝʣʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʥʦʪʘ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʧʦʢʘʟʘʪʝʣʝʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪ ʫʧʨʘʚʣʝʥʯʝʩʢʦʝ ʨʝʰʝʥʠʷ ʧʦ 

ʧʣʘʥʠʨʦʚʘʥʠʶ, ʦʩʫʱʝʩʪʚʣʝʥʠʶ, ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʢʘʢ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʵʣʝʤʝʥʪʦʚ. ʇʦʢʘʟʘʪʝʣʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʚʣʘʜʝʣʴʮʘ ʧʨʦʮʝʩʩʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʧʦʜʯʠʥʸʥʥʦʤ ʝʤʫ ʦʙʲʝʢʪʝ: 

ʘ) ʧʦʣʥʦʝ, ʘʜʝʢʚʘʪʥʦʝ, ʦʙʲʝʢʪʠʚʥʦʝ ʦʪʨʘʞʝʥʠʝ ʜʝʣ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʙʠʟʥʝʩ- ʧʨʦʮʝʩʩʝ; 

ʙ) ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʠʦʜʠʯʥʦʛʦ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

ʚ) ʮʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʧʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ; 

ʛ) ʧʦʢʘʟʘʪʝʣʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ; 

ʜ) ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦʡ ʠ ʧʦʥʷʪʥʦʡ; 

ʝ) ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʦʤ ʩʨʘʚʥʠʤʦʩʪʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ; 

ʉʦʛʣʘʩʥʦ ɺ.ɺ.ʈʝʧʠʥʫ ʚʳʜʝʣʠʤ ʪʨʠ ʛʨʫʧʧʳ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʮʝʥʢʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. ʂʘʞʜʘʷ ʛʨʫʧʧʘ ʧʦʢʘʟʘʪʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. ʕʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʤʦʞʝʪ ʫʧʨʘʚʣʝʥʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʤ ʚ ʮʝʣʦʤ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. 

ɻʨʫʧʧʳ ʧʦʢʘʟʘʪʝʣʝʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ: 

- ʧʦʢʘʟʘʪʝʣʠ ʚʭʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʨʝʟʫʣʴʪʘʪʘ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʧʨʦʜʫʢʪʘ), 

ʨʝʩʫʨʩʦʚ; 

- ʧʦʢʘʟʘʪʝʣʠ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

- ʧʦʢʘʟʘʪʝʣʠ (ʜʘʥʥʳʝ) ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʷ. 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʚʳʰʝʧʨʠʚʝʜʝʥʥʫʶ ʩʠʩʪʝʤʫ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʪʴ, ʠ 

ʩʚʷʟʘʪʴ ʠʭ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʨʦʪʝʢʘʥʠʷ ʵʪʘʧʦʚ ʙʠʟʥʝʩ- ʧʨʦʮʝʩʩʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ 

ʨʝʘʢʮʠʶ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʘʭ ʧʨʝʜʧʨʠʷʪʠʷ, ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʝʨʝ ʧʨʦʠʟʚʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. 

ʋʩʣʦʚʥʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ɻ ʪʘʧʦʚ: 

- ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ ï ʧʦʜʛʦʪʦʚʢʘ ʚʭʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʨʝʩʫʨʩʦʚ ʢ ʬʫʥʢʮʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

- ʕʪʘʧ ʚʦʟʜʝʡʩʪʚʠʷ ï ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʭʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʨʝʩʫʨʩʦʚ ʚ ʨʝʟʫʣʴʪʘʪ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

- ʆʮʝʥʦʯʥʳʡ ʵʪʘʧ ï ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʪ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʨʘʚʥʠʚʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

- ʇʦʪʨʝʙʠʪʝʣʴʩʢʠʡ ʵʪʘʧ ï ʨʝʟʫʣʴʪʘʪ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʜʘʝʪʩʷ 

ʧʦʪʨʝʙʠʪʝʣʶ, ʚʦʟʥʠʢʘʶʪ ʧʨʷʤʘʷ ʠ ʦʙʨʘʪʥʘʷ ʩʚʷʟʠ ʩ ʧʦʪʨʝʙʠʪʝʣʝʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ 

ʧʝʨʝʜʘʝʪʩʷ ʦʙʲʝʢʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʜʫʢʪʝ (ʫʩʣʫʛʝ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʝʜʦʩʪʘʪʢʠ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʝ. 

ʉʦʛʣʘʩʥʦ ʵʪʘʧʘʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʧʨʝʜʣʦʞʠʤ ʛʨʫʧʧʳ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ɺ.ɺ.ʂʦʩʩʦʚʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʪʴ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʠ 

ʜʝʡʩʪʚʠʷ ʥʘʜ ʥʠʤʠ ʧʦʵʪʘʧʥʦ. ɻʨʫʧʧʳ ʧʦʢʘʟʘʪʝʣʝʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ: 

ʘ) ʧʦʢʘʟʘʪʝʣʠ ʚʭʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʨʝʩʫʨʩʦʚ; 

ʙ) ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; ʚ) ʧʦʢʘʟʘʪʝʣʠ ʨʝʟʫʣʴʪʘʪʘ 

ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

ʛ) ʧʦʢʘʟʘʪʝʣʠ (ʜʘʥʥʳʝ) ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʷ; 

ʉʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘ, ʯʪʦ ʙʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʢʦʨʦʪʢʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʤʦʞʥʦ 

ʙʳʣʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ, ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ (ʢʣʠʝʥʪʘ). 
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ɸʙʜʠʢʝʨʠʤʦʚʘ ɻ. ʀ., ɻ.Ϥ.ʢ., ʧʨʦʬʝʩʩʦʨ 

 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳ ʝʣʜʽש ʘʟʳץ-ʪװʣʽʢ 

 ʘʨʘʪʳʥץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץ ʳʥסʪʳʣʳץʨʘײʪ ץʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥ ʵʢʦʥʦʤʠʢʘʣʳץ

ʘʛʨʘʨʣʳץ ʩʝʢʪʦʨʜʳש ʪײʨʘץʪʳ ʞᴅʥʝ ʪײʨʘץʪʳ ʜʘʤʫʳʥʳש ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʘᴃʘʥʜʘʥʫ, ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽ, ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘסʜʘʨʳʩʪʘʨ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʞʘסʜʘʡʳʥʜʘ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ʦʣʘʨʜʳש ʪײʨʘץʪʳʣʳסʳʥ ʩʘץʪʘʫ ʜʳש ʪʠʽʤʜʽ 

ʩʪʨʘʪʝʛʠʷʣʘʨʳ ʤʝʥ ʪʝʪʽʢʪʝʨʽʥ ᴅʟʽʨʣʝʫʜʽ ʪʘʣʘʧ ʝʪʝʪʽʥ ʢᴇʧʪʝʛʝʥ ץʠʳʥʜʳץʪʘʨסʘ ʪʘʧ ʙʦʣʫʜʘ [1]. 

ʕʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳץ ʢᴅʩʽʧʦʨʳʥʥʳש ʩʳʨʪץʳ ʞᴅʥʝ ʽʰʢʽ ʦʨʪʘʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʛʝ 

ʙʝʡ̔ʤʜʝʣʫ, ʦʥʳץ שʘʨʞʳʣʳץ ʪײʨʘץʪʳʣʳסʳʥ ʩʘץʪʘʫ, ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ ʞᴅʥʝ ᴇʥʽʤʜʽʣʽʢʪʽש 

ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ץʘʙʽʣʝʪʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ɹײʣ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʤʝʤʣʝʢʝʪʪʽש 

ʩʘʷʩʘʪʳʥ, ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨʜʳ, ʢʣʠʤʘʪʪʳץ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʘʩʧʝʢʪʽʣʝʨʜʽ, 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʞᴅʥʝ ʽʰʢʽ ʙʘʩץʘʨʫ ʧʨʦʮʝʩʪʝʨʽʥ ץʦʩʘ ʘʣסʘʥʜʘ, ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪײʨʘץʪʳʣʳץץʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨʜʳש ʢʝש ʘʫץʳʤʳʥ ץʘʨʘʩʪʳʨʫ ץʘʞʝʪ [2]. 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳ ʩʳʨʪץʳ ʞᴅʥʝ ʽʰʢʽ 

ʜʝʧ ʞʽʢʪʝʫʛʝ ʙʦʣʘʪʳʥ ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ. ʅʝʛʽʟʛʽʣʝʨʽʥ ץʘʨʘʩʪʳʨʘʡʳץ (1-ʩʫʨʝʪ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 ʩʫʨʝʪ ï ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥʘ ᴅʩʝʨ 

ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ 

 

1-ʩʫʨʝʪʪʝʥ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥʘ ᴅʩʝʨ 

ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʬʘʢʪʦʨʣʘʨסʘ ʪᴅʫʝʣʜʽ ʝʢʝʥʜʽʛʽ ʰʳסʘʜʳ. ᴄʨʙʽʨ ʬʘʢʪʦʨʜʳ ʞʝʢʝ 

  .ץʘʨʘʩʪʳʨʘʡʳץ

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ 

ʩʳʨʪץʳ ʬʘʢʪʦʨʣʘʨ [3]: 

1. ʄʝʤʣʝʢʝʪʪʽʢ ʩʘʷʩʘʪ ʞᴅʥʝ ץʦʣʜʘʫ 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥʘ 

ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ 

1.ʄʝʤʣʝʢʝʪʪʽʢ ʩʘʷʩʘʪ ʞᴅʥʝ ץʦʣʜʘʫ; 

2.ʕʢʦʥʦʤʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨ; 

3. ʅʘʨʳץ ʞᴅʥʝ ʩײʨʘʥʳʩ; 

4.ʂʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨ; 

5.ʊʝʭʥʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨ. 

 

 

 

  

ʉʳʨʪץʳ ʬʘʢʪʦʨʣʘʨ 
 

  

ɯʰʢʽ ʬʘʢʪʦʨʣʘʨ 
 

 ;ʘʨʞʳ ʤʝʥʝʜʞʤʝʥʪʽפ .1

2. ʈʝʩʫʨʩʪʘʨʜʳ ʙʘʩץʘʨʫ; 

3. ᴆʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨ; 

4.ʄʘʨʢʝʪʠʥʛ ʞᴅʥʝ ʩʘʪʫ; 

5. ʕʢʦʣʦʛʠʷʣʳץ ʪײʨʘץʪʳʣʳץ. 
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- ʉʫʙʩʠʜʠʷʣʘʨ ʤʝʥ ʛʨʘʥʪʪʘʨ: תʢʽʤʝʪʪʽץ שʘʨʞʳʣʳץ ץʦʣʜʘʫʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʘ ץʘʨʞʳʣʳץ ץʠʳʥʜʳץʪʘʨʜʳ ʞʝשʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ ʞᴅʥʝ ʠʥʥʦʚʘʮʠʷʥʳש ʜʘʤʫʳʥ 

ʳʥʪʘʣʘʥʜʳʨʘʜʳ. 

- ɽʨʝʞʝʣʝʨ ʤʝʥ ʟʘשʜʘʨ: ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥ ʨʝʪʪʝʡʪʽʥ ʟʘשʥʘʤʘʣʳץ ʙʘʟʘ ʜʘʤʫסʘ ʳץʧʘʣ 

ʝʪʽʧ, ʢᴅʩʽʧʢʝʨʣʝʨ װʰʽʥ ץʦʩʳʤʰʘ ʢʝʜʝʨʛʽʣʝʨ ʪʫʜʳʨʫʳ ʤװʤʢʽʥ. 

2. ʕʢʦʥʦʤʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨ [4] 

- ʄʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳץ: ʊᴇʤʝʥ ʠʥʬʣʷʮʠʷ ʤʝʥ ʪײʨʘץʪʳ ʚʘʣʶʪʘ ʙʘסʘʤʳʥ ץʦʩʘ 

ʘʣסʘʥʜʘ, ʪײʨʘץʪʳ ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש 

ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 שʦʣʜʘ ʙʘʨ ʥʝʩʠʝ ʨʝʩʫʨʩʪʘʨʳ ʤʝʥ ʠʥʚʝʩʪʠʮʠʷʣʘʨʜʳפ :ʦʣʞʝʪʽʤʜʽʣʽʢץ ʘסʘʨʞʳʣʘʥʜʳʨʫפ -

ʙʦʣʫʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳ ʜʘʤʳʪʫ ʞᴅʥʝ ʞʘסשʳʨʪʫ ʤװʤʢʽʥʜʽʛʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. 

3. ʅʘʨʳץ ʞᴅʥʝ ʩײʨʘʥʳʩ 

- ᴆʥʽʤ ʙʘסʘʩʳ: ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʽʤʜʝʨʽ ʙʘסʘʩʳʥʳש ʘʫʳʪץʫʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש 

ʢʽʨʽʩʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. 

- ɹᴅʩʝʢʝʣʝʩʪʽʢ: ɯʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʥʘʨʳץʪʘʨʜʘסʳ ʙᴅʩʝʢʝʣʝʩʪʽʢ ʜʝשʛʝʡʽ ʜʝ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʪײʨʘץʪʳʣʳסʳʥ ʘʥʳץʪʘʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

4. ʂʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨ 

- ɸʫʘ-ʨʘʡʳʥʳץ שʘʫʽʧ-ץʘʪʝʨʽ: ײץʨסʘץʰʳʣʳץ, ʩʫ ʪʘʩץʳʥʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʵʢʩʪʨʝʤʘʣʜʳ ʘʫʘ 

ʨʘʡʳ ʦץʠסʘʣʘʨʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʘ ʞʦʡץʳʥ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. 

- ʂʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽ: ʂʣʠʤʘʪʪʳײ שʟʘץ ʤʝʨʟʽʤʜʽ ᴇʟʛʝʨʫʽ ʞʘשʘ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʙʝʡʽʤʜʝʫ ʤʝʥ ʝʥʛʽʟʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. 

5. ʊʝʭʥʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨ 

- ɾʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ץʦʣʞʝʪʽʤʜʽʣʽʢ: ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʜʽʨʽʩʽʥʝ ʦʟʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

- ʀʥʥʦʚʘʮʠʷ: ᴆʥʜʽʨʽʩ ʧʝʥ ʙʘʩץʘʨʫ ʧʨʦʮʝʩʪʝʨʽʥʝ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ װʟʜʽʢʩʽʟ ʜʘʤʳʪʫ ʞᴅʥʝ 

ʝʥʛʽʟʫ ʪײʨʘץʪʳʣʳץʪʳ ʥʳסʘʡʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʽʰʢʽ 

ʬʘʢʪʦʨʣʘʨ [5]: 

 ʘʨʞʳ ʤʝʥʝʜʞʤʝʥʪʽפ .1

- ʐʳסʳʥʜʘʨʜʳ ʙʘʩץʘʨʫ: ʐʳסʳʥʜʘʨʜʳ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ ʞᴅʥʝ ʙʶʜʞʝʪʪʝʫ ʙʠʟʥʝʩʢʝ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʘʫʳʪץʫʣʘʨ ʞʘסʜʘʡʳʥʜʘ ʜʘ ʪᴇʟʽʤʜʽ ʙʦʣʳʧ ץʘʣʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

 ʤʝʨʟʽʤʜʽ ץʟʘײ ʳʥʜʘʨ ʤʝʥ ʠʥʚʝʩʪʠʮʠʷʣʘʨʜʳסʘ ץʘʨʞʳʣʳץ :ʞʦʩʧʘʨʣʘʫ ץʘʨʞʳʣʳפ -

ʞʦʩʧʘʨʣʘʫ ʢᴅʩʽʧʦʨʳʥʜʘʨסʘ ʩʳʨʪץʳ ʦʨʪʘʥʳש ᴇʟʛʝʨʽʩʪʝʨʽʥʝ ʙʝʡʽʤʜʝʣʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

2. ʈʝʩʫʨʩʪʘʨʜʳ ʙʘʩץʘʨʫ 

- ɾʝʨ ʨʝʩʫʨʩʪʘʨʳ: ɾʝʨ ʨʝʩʫʨʩʪʘʨʳʥ ʦשʪʘʡʣʳ ʧʘʡʜʘʣʘʥʫ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʪײʨʘץʪʳ ʜʘʤʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. 

- ɸʜʘʤ ʨʝʩʫʨʩʪʘʨʳ: ʂᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʪʘʙʳʩʪʳ ʞײʤʳʩ ̔ ʩʪʝʫʽʥʜʝ ʙʽʣʽʢʪʽ ʞᴅʥʝ ʳʥʪʘʣʳ 

ʧʝʨʩʦʥʘʣ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

3. ᴆʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨ 

- ᴆʥʜʽʨʽʩ ʪʠʽʤʜʽʣʽʛʽ: ɾʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢ ʧʝʥ ᴇʥʽʤ ʩʘʧʘʩʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʙᴅʩʝʢʝʛʝ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ ʘʙʽʣʝʪʪʽʣʽʛʽʥץ

- ᴄʨʪʘʨʘʧʪʘʥʜʳʨʫ: ᴅʨʪװʨʣʽ ᴇʥʽʤʜʝʨ ʤʝʥ ץʳʟʤʝʪʪʝʨ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʘʜʳ. 

4. ʄʘʨʢʝʪʠʥʛ ʞᴅʥʝ ʩʘʪʫ 

- ʄʘʨʢʝʪʠʥʛʪʽʢ ʩʪʨʘʪʝʛʠʷ: ʊʠʽʤʜʽ ʤʘʨʢʝʪʠʥʛʪʽʢ ʩʪʨʘʪʝʛʠʷ ʢʽʨʽʩʪʝʨʜʽ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳץʪʳ ʞʘץʩʘʨʪʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

- ʉʘʪʫ ʘʨʥʘʣʘʨʳ: ʞʘץʩʳ ץʘʣʳʧʪʘʩץʘʥ ʩʘʪʫ ʘʨʥʘʣʘʨʳ ʪײʨʘץʪʳ ʩʘʪʫ ʤʝʥ ʢʽʨʽʩʪʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. 

5. ʕʢʦʣʦʛʠʷʣʳץ ʪײʨʘץʪʳʣʳ[6] ץ 

- ʊʘʙʠסʠ ʨʝʩʫʨʩʪʘʨʜʳ ʙʘʩץʘʨʫ: ʊʘʙʠסʠ ʨʝʩʫʨʩʪʘʨʜʳ ʞʘʫʘʧʢʝʨʰʽʣʽʢʧʝʥ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ᴇʥʜʽʨʽʩ ᴅʜʽʩʪʝʨʽ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳײ שʟʘץ ʤʝʨʟʽʤʜʽ ʪײʨʘץʪʳʣʳסʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. 
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- ʕʢʦʣʦʛʠʷʣʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʩʘץʪʘʫ: ʕʢʦʣʦʛʠʷʣʳץ ʪʘʣʘʧʪʘʨ ʤʝʥ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʩʘץʪʘʫ 

ʘʡʳʧʧײʣʜʘʨʜʳ ʙʦʣʜʳʨʤʘʫסʘ ʞᴅʥʝ ʢᴅʩʽʧʦʨʳʥʥʳש ʙʝʜʝʣʽʥ ʢᴇʪʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳ ʞװʡʝʣʽ ʢᴇʟץʘʨʘʩ 

ʧʝʥ ʪײʨʘץʪʳ ʙʘץʳʣʘʫʜʳ ʪʘʣʘʧ ʝʪʝʪʽʥ ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʬʘʢʪʦʨʣʘʨ ʢʝʰʝʥʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ʆʩʳ 

ʬʘʢʪʦʨʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙʠʟʥʝʩ ʦʣʘʨʜʳײ שʟʘץ ʤʝʨʟʽʤʜʽ ʪײʨʘץʪʳʣʳסʳ 

ʤʝʥ ᴇʩʫʽʥʝ ʳץʧʘʣ ʝʪʝʪʽʥ ʪʠʽʤʜʽ ʩʪʨʘʪʝʛʠʷʣʘʨʜʳ ᴅʟʽʨʣʝʧ, ʞװʟʝʛʝ ʘʩʳʨʘ ʘʣʘʜʳ. 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʦʨʥʳץʪʳʣʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʘʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʘʫʳʣʜʳץ ʘʫʤʘץʪʘʨʜʳ ʦʨʥʳץʪʳ ʜʘʤʳʪʫ ʞᴅʥʝ ʘʛʨʘʨʣʳץ 

ʩʝʢʪʦʨʜʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʘʩʘ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊᴇʤʝʥʜʝ 

ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʪʽʥ 

ʞʘשʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳץ ʤʝʭʘʥʠʟʤʜʝʨ ײʩʳʥʳʣסʘʥ (2-ʩʫʨʝʪ).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 ʩʫʨʝʪ -  ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥ 

 ʳʪʪʘʨʳסʙʘ שʪʝʪʽʢʪʝʨʽʥʽ ץʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳשʞʘ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ

 

2-ʩʫʨʝʪʪʝʥ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥ 

 ʘʜʳ. ᴄʨסʳʪʪʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥʽ ʰʳסʙʘ שʪʝʪʽʢʪʝʨʽʥʽ ץʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳשʞʘ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ

ʙʘסʳʪʪʳ ʘʪʘʧ ʘʡʪץʘʥʜʘ ץʘʨʘʩʪʳʨʘʡʳץ. 

1. ɸʛʨʘʨʣʳץ ʢʦʦʧʝʨʘʪʠʚʪʝʨʜʽ ʜʘʤʳʪʫ [7]. 

ʉʠʧʘʪʪʘʤʘ: ʨʝʩʫʨʩʪʘʨʜʳ ʙᴇʣʽʩʫ, ʪʝʭʥʠʢʘʥʳ ʩʘʪʳʧ ʘʣʫ, ᴇʥʽʤʜʽ ʩʘʪʫ ʞᴅʥʝ ץʘʨʞʳʣʳץ 

 ʨʫ ʞᴅʥʝײץ ʢʦʦʧʝʨʘʪʠʚʪʝʨʜʽ ץʰʽʥ ʬʝʨʤʝʨʣʝʨʜʽ ʙʽʨʽʢʪʽʨʝʪʽʥ ʘʛʨʘʨʣʳװ ʦʣ ʞʝʪʢʽʟʫץ ʳʟʤʝʪʪʝʨʛʝץ

ʜʘʤʳʪʫ. 

ɸʨʪʳץʰʳʣʳץʪʘʨʳ: 

- ʤʘʩʰʪʘʙʪʳ װʥʝʤʜʝʫ ʞᴅʥʝ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫ. 

- ʥʘʨʳץʪʳץ ʢװʰʪʽש ʘʨʪʫʳ ʞᴅʥʝ ᴇʥʽʤʜʽ ᴇʪʢʽʟʫ ʰʘʨʪʪʘʨʳʥ ʙʝʣʛʽʣʝʫ ʤװʤʢʽʥʜʽʛʽ. 

 .ʩʘʨʪʫץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʞʘץ ʘסʘʨʞʳʣʘʥʜʳʨʫ ʤʝʥ ʠʥʚʝʩʪʠʮʠʷʣʘʨץ -

2. ɸʫʳʣʰʘʨʫʘʰʳʣʳץ ʢʣʘʩʪʝʨʣʝʨʽʥ ײץʨʫ.  

ʉʠʧʘʪʪʘʤʘ: ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥ, ץʘʡʪʘ ᴇשʜʝʫ ʢʦʤʧʘʥʠʷʣʘʨʳʥ, סʳʣʳʤʠ 

ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥ, ʩʦʥʜʘʡ-ʘץ ʞʝʨʛʽʣʽʢʪʽ ᴇʟʽʥ-ᴇʟʽ ʙʘʩץʘʨʫ ʦʨʛʘʥʜʘʨʳʥ ץʘʤʪʠʪʳʥ 

ʢʣʘʩʪʝʨʣʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ. 

ɸʨʪʳץʰʳʣʳץʪʘʨʳ: 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪײʨʘץʪʳʣʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש ʞʘשʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳץ 

ʪʝʪʽʢʪʝʨʽʥʽש ʙʘסʳʪʪʘʨʳ 

ɸʛʨʘʨʣʳץ ʢʦʦʧʝʨʘʪʠʚʪʝʨʜʽ ʜʘʤʳʪʫ 

 ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢʣʘʩʪʝʨʣʝʨʽʥ ײץʨʫ 

 ʀʢʝʤʜʽ ץʘʨʞʳ ײץʨʘʣʜʘʨʳʥ ʝʥʛʽʟʫ 

 ʄʝʤʣʝʢʝʪʪʽʢ-ʞʝʢʝʰʝʣʽʢ ᴅʨʽʧʪʝʩʪʽʢ 

ʀʥʥʦʚʘʮʠʷʣʳץ ʞᴅʥʝ ʮʠʬʨʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʫ 

 ʆץʳʪʫ ʞᴅʥʝ ʙʽʣʽʢʪʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ʞװʡʝʩʽʥ 

 ʘʣʳʧʪʘʩʪʳʨʫץ
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- ᴇʥʽʤʥʽץ שʦʩʳʣסʘʥ ײץʥʳʥ ʘʨʪʪʳʨʫ. 

- ʠʥʥʦʚʘʮʠʷʣʘʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʜʘʤʫ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫ. 

- ʣʦʛʠʩʪʠʢʘʣʳץ ʞᴅʥʝ ʩʘʪʫ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʞʘץʩʘʨʪʫ.  

3. ʀʢʝʤʜʽ ץʘʨʞʳ ײץʨʘʣʜʘʨʳʥ ʝʥʛʽʟʫ. 

ʉʠʧʘʪʪʘʤʘ: ʘʛʨʘʨʣʳץ ʩʘץʪʘʥʜʳʨʫ ʧʦʣʠʩʪʝʨʽ, ʣʠʟʠʥʛ, ʤʠʢʨʦץʘʨʞʳʣʘʥʜʳʨʫ, ʩʦʥʜʘʡ-ʘץ 

ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ װʰʽʥ ʘʨʥʘʡʳ ʥʝʩʠʝ ʞʝʣʽʣʝʨʽ ʩʠʷץʪʳ ʠʢʝʤʜʽ ץʘʨʞʳ 

 .ʨʘʣʜʘʨʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʝʥʛʽʟʫײץ

ɸʨʪʳץʰʳʣʳץʪʘʨʳ: 

 .ʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫץ שʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʫ ʞᴅʥʝ ʥʝʩʠʝ ʨʝʩʫʨʩʪʘʨʳʥʳ ץʘʨʞʳʣʳץ -

- ʙʝʣʛʽʩʽʟʜʽʢ ʞʘסʜʘʡʳʥʜʘ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳץ שʘʨʞʳʣʳץ ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫ. 

- ᴇʥʜʽʨʽʩʪʽ ʞʘסשʳʨʪʫסʘ ʞᴅʥʝ ʢʝשʝʡʪʫʛʝ ʠʥʚʝʩʪʠʮʠʷʣʘʨ װʰʽʥ ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ײʣסʘʡʪʫ. 

 4. ʄʝʤʣʝʢʝʪʪʽʢ-ʞʝʢʝʰʝʣʽʢ ᴅʨʽʧʪʝʩʪʽʢ (ʄɾᴄ). 

ʉʠʧʘʪʪʘʤʘ: ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʞʦʙʘʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫ, ʠʥʥʦʚʘʮʠʷʣʳץ ʞʦʙʘʣʘʨʜʳ ץʦʣʜʘʫ 

ʞᴅʥʝ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʣʦʛʠʩʪʠʢʘʩʳʥ ʞʘץʩʘʨʪʫ װʰʽʥ ʤʝʤʣʝʢʝʪʪʽʢ-ʞʝʢʝʰʝʣʽʢ ᴅʨʽʧʪʝʩʪʽʢ 

ʪʝʪʽʢʪʝʨʽʥ ʜʘʤʳʪʫ. 

ɸʨʪʳץʰʳʣʳץʪʘʨʳ: 

- ʘʛʨʘʨʣʳץ ʩʝʢʪʦʨסʘ ʞʝʢʝ ʠʥʚʝʩʪʠʮʠʷʣʘʨ ʪʘʨʪʫ. 

- ʤʝʤʣʝʢʝʪ ʧʝʥ ʞʝʢʝ ʩʝʢʪʦʨ ʘʨʘʩʳʥʜʘסʳ ʪᴅʫʝʢʝʣʜʝʨ ʤʝʥ ʧʘʡʜʘʥʳ ʙᴇʣʽʩʫ. 

- ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʞʘץʩʘʨʪʫ ʞᴅʥʝ ᴇʥʜʽʨʽʩ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ. 

 5. ʀʥʥʦʚʘʮʠʷʣʳץ ʞᴅʥʝ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʫ. 

ʉʠʧʘʪʪʘʤʘ: ʜᴅʣ ʝʛʽʥʰʽʣʽʢʪʽ, ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳ ʞᴅʥʝ ʬʝʨʤʘʣʘʨʜʳ ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ 

ʮʠʬʨʣʳץ ʧʣʘʪʬʦʨʤʘʣʘʨʜʳ ץʦʩʘ ʘʣסʘʥʜʘ, ʠʥʥʦʚʘʮʠʷʣʳץ ʞᴅʥʝ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʝʥʛʽʟʫʜʽ ץʦʣʜʘʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ᴅʟʽʨʣʝʫ. 

ɸʨʪʳץʰʳʣʳץʪʘʨʳ: 

- ʨʝʩʫʨʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ. 

- ᴇʥʜʽʨʽʩ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫ. 

- ᴇʥʽʤ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫ ʞᴅʥʝ ʥʘʨʳץʪʘ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢʪʽ ʘʨʪʪʳʨʫ. 

 6. ʆץʳʪʫ ʞᴅʥʝ ʙʽʣʽʢʪʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ʞװʡʝʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʉʠʧʘʪʪʘʤʘ: ʬʝʨʤʝʨʣʝʨ ʤʝʥ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ץʳʟʤʝʪʢʝʨʣʝʨʽ װʰʽʥ ʞװʡʝʣʽ ʦץʳʪʫ ʞᴅʥʝ 

ʙʽʣʽʢʪʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ײץʨʫ, ʩʦʥʳש ʽʰʽʥʜʝ ʟʘʤʘʥʘʫʠ ʘʛʨʘʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, 

 .ʘʨʫ ʙʦʡʳʥʰʘ ʪʨʝʥʠʥʛʪʝʨץʞᴅʥʝ ʢᴅʩʽʧʦʨʳʥʜʳ ʙʘʩ ץʩʘʫʘʪʪʳʣʳ ץʘʨʞʳʣʳץ

ɸʨʪʳץʰʳʣʳץʪʘʨʳ: 

- ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ץʳʟʤʝʪʢʝʨʣʝʨʽʥʽש ʙʽʣʽʤ ʜʝשʛʝʡʽ ʤʝʥ ʜʘסʜʳʣʘʨʳʥ ʘʨʪʪʳʨʫ. 

- ʙʘʩץʘʨʫʰʳʣʳץ ץʘʙʽʣʝʪʪʝʨʽʥ ʞᴅʥʝ ʰʘʨʫʘʰʳʣʳץ ʞװʨʛʽʟʫʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʫ. 

- ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʝʥʛʽʟʫʛʝ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨʜʽ ʞʘץʩʘʨʪʫסʘ ʳץʧʘʣ ʝʪʫ. 

 ʨʛʽʟʫװʳ ʙʠʟʥʝʩʽʥ ʞסʪʝʪʽʢʪʝʨ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳ ץʘʥ ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳסʩʳʥʳʣױ

ʞʘסʜʘʡʣʘʨʳʥ ʢʝʰʝʥʜʽ ʞʘץʩʘʨʪʫסʘ, ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʪײʨʘץʪʳʣʳסʳʥ 

ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɹײʣ ʪʝʪʽʢʪʝʨʜʽ ʝʥʛʽʟʫ ʘʛʨʘʨʣʳץ ʩʝʢʪʦʨʜʳש ʙʘʨʳʥʰʘ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ 

ʦʨʥʳץʪʳ ʜʘʤʫʳʥʘ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʤʝʤʣʝʢʝʪʪʽש, ʞʝʢʝ ʩʝʢʪʦʨʜʳש ʞᴅʥʝ ץʦסʘʤʜʳײ ץʡʳʤʜʘʨʜʳש 

ʢװ-hʞʽʛʝʨʽʥ װʡʣʝʩʪʽʨʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʩʝʢʪʦʨʳʥ ʙʘץʳʣʘʫ ʤʝʥ ʨʝʪʪʝʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ, ʩʦʥʜʘʡ-ʘץ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʘ ʢʦʥʩʫʣʴʪʘʮʠʷʣʳץ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ ץʦʣʜʘʫ ʢᴇʨʩʝʪʝʪʽʥ 

ʤʝʤʣʝʢʝʪʪʽʢ ʞᴅʥʝ ʤʝʤʣʝʢʝʪʪʽʢ ʝʤʝʩ ײʡʳʤʜʘʨʜʳ ץʦʣʜʘʫ ʜʘ ʤʘשʳʟʜʳ ʘʩʧʝʢʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳʥ 

 ʜʘʡʳʥʜʘסʦʨʪʘ ʞʘ ץʪʳץʘʟʽʨʛʽ ʥʘʨʳץ ʪʝʪʽʢʪʝʨʽ ץʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳשʞʘ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ

ʦʣʘʨʜʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʤʝʥ ʪײʨʘץʪʳ ʜʘʤʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

ʆʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ᴇʟʜʝʨʽʥʜʝʛʽ ץʠʳʥʜʳץʪʘʨ ʤʝʥ 

ʪᴅʫʝʢʝʣʜʝʨʜʽ ʪʠʽʤʜʽ ʞʝשʽʧ, ʘʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥ ʵʢʦʥʦʤʠʢʘʣʳץ ᴇʩʫ ʩʘʣʘʩʳʥʜʘסʳ ᴇʟ 

ᴅʣʝʫʝʪʽʥ ʩᴅʪʪʽ ʞװʟʝʛʝ ʘʩʳʨʘ ʘʣʘʜʳ. 
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 ɸɹɯʃɽʊʊɯʃɯɻɯʅ ɼʀɸɻʅʆʉʊʀʂɸʉʓפ

 

 

ɸʞʠʙʘʝʚ ɽ.ʂ., ʤʘʛʠʩʪʨʘʥʪ 7ʄ04110-ʕʢʦʥʦʤʠʢʘ ɹɹɹ,       

ɸʙʜʠʢʝʨʠʤʦʚʘ ɻ.ʀ., ɻ .Ϥ.ʢ., ʧʨʦʬʝʩʩʦʨ 

 

 ʘʙʽʣʝʪʪʽʣʽʛʽʥ ʜʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʫ ʪᴅʩʽʣʜʝʨʽ ʙᴅʩʝʢʝʛʝץ ʙᴅʩʝʢʝʛʝ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳײפ

 ʘ ʥʝʛʽʟ ʙʦʣʘʜʳ. ɹᴅʩʝʢʝʛʝסʨʫײץ ʞʦʣʳʥ שʟʝʛʝ ʘʩʳʨʫʜʳװʘʙʽʣʝʪʪʽ ʩʪʨʘʪʝʛʠʷʥʳ, ʦʥʳ ʞץ

 ʨʳʣʳʩ-ʤʦʥʪʘʞʜʘʫײץ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳײץ ʩʳʥʘʪʳʥײ ʟʝʨʜʝʣʝʫʜʽ ץʘʙʽʣʝʪʪʽʣʽʢʪʝʨʽʥ ʪʦʣʳץ

ʦʙʲʝʢʪʽʣʝʨʽʥʝ ʜʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʫ ᴇʥʜʽʨʽʣʝʪʽʥ ʪʘʫʘʨʜʳש ʪײʨʘץʪʳ ʙᴅʩʝʢʝʣʝʩʪʽʢ ʙʦʡʳʥʰʘ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ץʘʞʝʪ ʙʦʣʘʪʳʥ ʨʝʩʫʨʩʪʘʨʜʳ ʪʘʙʫ ʞᴅʥʝ ʙʘסʘʣʘʫ װʰʽʥ 

ʦʨʳʥʜʘʣʘʜʳ. 

 ʘʣʘʫ ʙʦʡʳʥʰʘסᴆɹ ʜʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʫʜʳ ʙʘפ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳײפ

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʞװʡʝʩʽʥʝ ʪʘשʜʘʫ ʞʘʩʘʫ ʜʠʘʛʥʦʩʪʠʢʘʥʳש ʘץʧʘʨʘʪʪʳץ ʤʘʟʤײʥʳʥʘ ʦʥʳש 

 ʨʳʣʳʩ ᴇʥʽʤʜʝʨ ʤʝʥײץ ʧʘʣ ʞʘʩʘʡʜʳ ʦʣ ᴇʟ ʢʝʟʝʛʽʥʜʝץʨʛʽʟʫʛʝ ʪʫʨʘ ʳװʦʨʳʪʳʥʜʳʣʘʨʳ ʪʘʣʜʘʫ ʞץ

ʪʘʫʘʨʣʘʨʜʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʞʦסʘʨʳʣʘʪʫסʘ ᴇʟʽʥʜʝ ʙʘʨ ʞʘʩʳʨʳʥ ʨʝʟʝʨʚʪʝʨʜʽ ʪʘʙʫסʘ 

ʤװʤʢʽʥʜʽʢʪʝʨ ʙʝʨʝʜʽ. ʆʥʳʤʝʥ ʙʽʨʛʝ, ʥʘץʪʳ ײץʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʙᴅʩʝʢʝʣʝʩʪʽʢ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʪʘʙʫ ʦʥʳ ʜײʨʳʩ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽ ʘʡץʳʥʜʘʣʘʜʳ. 

 ʦʣʜʘʥʳʧץ שʘʙʽʣʝʪʪʽʣʽʛʽʥ ʜʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʫʜʳץ ʙᴅʩʝʢʝʛʝ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳײפ

ʞװʨʛʝʥ ʧʨʘʢʪʠʢʘʩʳ ʨʝʪʽʥʜʝ ʞʘʨʠʷʣʘʥʘʪʳʥʜʘʨסʘ ʰʦʣʫ,  ʙʽʨץʘʪʘʨ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʝʪʽʥʜʝʨ 

ʟʝʨʪʪʝʣʝʪʽʥ ײץʨʳʣʳʩ ʢᴅʩʽʧʦʨʥʳʥʳש ʨʝʩʫʨʩ ʙʦʡʳʥʰʘ ᴅʣʝʫʝʪʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

ᴇʟʜʝʨʽʥʝ ʞʘץʳʥ ʢʝʣʝʪʽʥ ʙᴅʩʝʢʝʣʝʩʪʝʨʜʽש ʪʠʽʩʪʽ ʠʥʜʠʢʘʪʦʨʣʘʨʳʤʝʥ ʥʝʤʝʩʝ ʢᴅʩʽʧʦʨʳʥʥʳש 

ʘʥʳץʪʘʤʘʣʳץ ʠʥʜʠʢʘʪʦʨʣʘʨʳʤʝʥ, ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʩʘʨʘʧʪʘʤʘ ʞʦʣʳʤʝʥ ʘʣʳʥסʘʥ 

ʠʥʜʠʢʘʪʦʨʣʘʨʜʳ ץʘʙʳʣʜʘʥסʘʥ ʪʠʽʤʜʽ ʤᴅʥʜʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ ʢᴇʨʩʝʪʝʪʽʥ ʥʝʛʽʟʛʽ 

ʠʥʜʠʢʘʪʦʨʣʘʨʜʳ ʩʘʣʳʩʪʳʨʫ ᴅʜʽʩʽʤʝʥ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʜʝשʛʝʡʜʽ ʙʘסʘʣʘʫסʘ ʙʦʣʘʜʳ[1]. 

ʄײʥʜʘʡ ᴅʜʽʩʪʝʨ ʪʝʦʨʠʷ ʙʦʡʳʥʰʘ ʜʘ, ʰʘʨʫʘʰʳʣʳץ ʞװʨʛʽʟʫʰʽ ʩʫʙʲʝʢʪʽʣʝʨʜʽש ʧʨʘʢʪʠʢʘʣʳץ 

ʽʩ-ᴅʨʝʢʝʪʽʥʜʝ ʜʝ ʢʝשʽʥʝʥ ʙʘʡץʘʣʘʜʳ, ʦʣ ʙʝʣʛʽʣʽ ʙʽʨ ʢʝʟʝשʜʝ ץʘʞʝʪ ʝʪʝʪʽʥ ʥᴅʪʠʞʝʛʝ ץʦʣ ʞʝʪʢʽʟʫ 

 .ʛʝʡʽʥ ʢᴇʨʩʝʪʝʜʽשʘʙʽʣʝʪʪʽʣʽʢʢʝ ʞʝʪʢʝʥ ʜʝץ ʤʢʽʥ ʙʦʣʘʜʳ, ᴅʡʪʩʝ ʜʝ ʙᴅʩʝʢʝʛʝװʰʽʥ ʤװ

 ʡʝʩʽʥʜʝװʘʣʘʫ ʧʘʨʘʤʝʪʨʣʝʨ ʞסʘ ʙʘסʜʠʘʛʥʦʩʪʠʢʘʩʳʥ ʽʩʢʝ ʘʩʳʨʫ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳײפ

ʢʝʣʝʩʽʣʝʨʜʽ ʙᴇʣʽʧ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ (1ʢʝʩʪʝ). 

 

1 ʢʝʩʪʝ - ײפʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʜʠʘʛʥʦʩʪʠʢʘʩʳʥ ʽʩʢʝ ʘʩʳʨʫʜʳש ʙʘסʘʣʘʫ ʧʘʨʘʤʝʪʨʣʝʨ 

ʞװʡʝʩʽ 

 

 ̄ ɹʘסʘʣʘʫ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʞװʡʝʩʽ 

1 ᴇʥʽʤʥʽש ʞʝʢʝʣʝʛʝʥ ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽ ʙʦʡʳʥʰʘ ʞʳʣʜʳץ ᴇʥʜʽʨʽʩʪʽʢ ץʫʘʪʳ; 

2 ᴇʥʜʽʨʽʣʛʝʥ ᴇʥʽʤʥʽש ʞʳʣʜʳץ ʢᴇʣʝʤʽ (ʥʝʤʝʩʝ ʪװʩʽʤʽ), ʪʝשʛʝʤʝʥ; 

 ;ʛʝשʥ ʤᴇʣʰʝʨʽ, ʪʝײץ ʘʥסʦʩʳʣץ 3

4 ʞʘʣʧʳ ʞʳʣʜʳץ ʢʽʨʽʩ; 

5 ʞʳʣʜʳץ ʪʝשʛʝʨʽʤʜʽʢ ʧʘʡʜʘ; 

6 ʩʘʣʳץ ʪᴇʣʝʛʝʥʥʝʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ʪʘʟʘ ʧʘʡʜʘ, ʪʝשʛʝ; 

7 ᴇʥʽʤʥʽש ʪʘʙʳʩʪʳʣʳסʳ ʞᴅʥʝ ʪ. ʙ.  

 

 ʦʣʜʘʥʳʣʘʳʥץ ʘסʘʣʘʫסʛʝʡʽʥ ʙʘשʘʙʽʣʝʪʪʽʣʽʢ ʜʝץ ʙᴅʩʝʢʝʛʝ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳײפ

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʞʠʳʥʪʳסʳʥ ʢʝʣʝʩʽ ʥʳʩʘʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʝʪʽʧ ʪʦʧʪʘʩʪʳʨʳʣʘʜʳ (1 ʩʫʨʝʪ). 

ɼʠʘʛʥʦʟʜʳש ʥʘץʪʳ ʙʦʣʫʳ ʤʝʥ ʦʙʲʝʢʪʠʚʪʽʣʽʛʽ ʙʘʨʣʳץ ʞʘסʜʘʡʜʘ ײץʨʳʣʳʩ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʙʘסʘʣʘʫʜʳש ʪᴅʩʽʣʽʥ ʪʘשʜʘʫ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʫסʘ 

ʙʦʣʘʪʳʥʜʳסʳʥ, ʦʥʳʤʝʥ ʙʽʨʛʝ ʪʘʫʘʨʜʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʜʝשʛʝʡʽʥʽש ʥʝʛʽʟʛʽ ʢʨʠʪʝʨʠʡʽ 

ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʣʝʨʜʽש ʘʡץʳʥ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʜᴅʨʝʞʝʩʽ ʝʢʝʥʜʽʛʽʥ ʝʩʢʝʨʛʝʥ ʞᴇʥ. 

ɹʽʨʘץ ʪʘ, ײץʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥʽש ʪʘʫʘʨ ʩʠʷץʪʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʛʝʥ ʞᴇʥ, ʪʘʧʩʳʨʳʩ 
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ʙʝʨʫʰʽʣʝʨʜʽש ʘʥʳץ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʽץ שʘʥʘסʘʪʪʘʥʜʳʨʫ, ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʜᴅʨʝʞʝʩʽʥʝ ʜʠʘʛʥʦʩʪʠʢʘ 

ʞʘʩʘʫ ᴇʪʝ ʢװʨʜʝʣʽ ʞᴅʥʝ ץʠʳʥ. ʉʦʣ ʩʝʙʝʧʪʽ ɼ.ɺʦʨʦʥʦʚʪʳש ʘʡʪץʘʥ ʪײʞʳʨʳʤʜʘʤʘʩʳʤʝʥ ʢʝʣʽʩʝʤʽʟ, 

 ץʛʝʡʽʥʝ ʜʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʫʜʘ ʜʠʥʘʤʠʢʘʣʳשʘʙʽʣʝʪʪʽʣʽʢ ʜʝץ ʙᴅʩʝʢʝʛʝ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳײץ

ᴅʜ̔ʩʪʽ ʧʘʡʜʘʣʘʥʫʜʳ ʙʦʣʘʜʳ[2]. 

 

 

 

 

 

 

 

 

 

 

1 ʩʫʨʝʪ - ײפʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʽש ʞʘʣʧʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ɹᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢʢʝ ʜʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʫʜʳש ʜʠʥʘʤʠʢʘʣʳץ ʪᴅʩʽʣʽʥʽש ᴇʟʛʝʰʝʣʽʛʽ ʦʥʳש 

ʜʠʘʛʥʦʩʪʠʢʘʣʳץ ʬʘʢʪʦʨʣʘʨʳʥʳש ʙʽʨ ʪʦʧ ʞʠʳʥʪʳסʳ ʳץʧʘʣʳʥ ʙʽʨʽʢʪʽʨʝʪʽʥ ʢʽʨʽʩʪʽʣʽʢ ʧʝʥ ʥʘʨʳץ 

  .ᴆɹ ʰʘʤʘʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʽʩʢʝ ʘʩʳʨʳʣʘʜʳפ שʢᴅʩʽʧʦʨʳʥʥʳ שʣʝʩʽʥʽװ

ɼʠʥʘʤʠʢʘʣʳץ ʪᴅʩʽʣʜʽש ʥʝʛʽʟʽʥ ʩʘʣʳʩʪʳʨʘʪʳʥ ʦʙʲʝʢʪʽʣʝʨʜʽש ʦʧʝʨʘʮʠʷʣʳץ ʞʘסʳʥʘʥ 

ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʩʪʨʘʪʝʛʠʷʣʳץ ʦʨʥʘʣʘʩʫʜʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʝʩʝʧʪʝʫ ʙʦʣʘʜʳ. 

ʆʧʝʨʘʮʠʷʣʳץ ʞʘסʳʥʘʥ ʪʠʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʽ ̓1-ʜʝʥ ʪᴇʤʝʥ ʙʦʣʩʘ ײץʨʳʣʳʩ ʢᴅʩʽʧʦʨʥʳ ʽʩ-

ᴅʨʝʢʝʪʽʥʽש ʰʳסʳʥʜʳʣʳסʳʥ, ʷסʥʠ ʰʳסʘʩʳʣʘʨʜʳש ʪװʩʽʤʥʝʥ ʘʨʪʳץ ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ.    

ʂᴅʩʽʧʦʨʳʥʥʳש   ʙᴅʩʝʢʝʛʝ  ץʘʙʽʣʝʪʪʽʣʽʢ  ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש  ʰʘʤʘʩʳ (K) 0 <K <Ð 

ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʝʛʝʨ 0 <K <1 ʙʦʣʩʘ, ʦʥʜʘ ʢᴅʩʽʧʦʨʳʥʥʳש ʽʨʽʢʪʝʫʛʝ ץʘʪʳʩʪʳ 

   .ᴆɹ ʪᴇʤʝʥʜʝʫ ʙʦʣʘʜʳפ ,ʘʥ ʩʘʡʳʥסʳʥʜʘץᴆɹ ʪᴇʤʝʥ, 0-ʛʝ ʞʘפ

ɽʛʝʨ ʜʝ ʢᴅʩʽʧʦʨʳʥʥʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ 1 ʤᴅʥʽʥʝ ʪʝש ʙʦʣʩʘ, 

ʢᴅʩʽʧʦʨʳʥʥʳפ שᴆɹ ʽʨʽʢʪʝʫʜʽפ שᴆɹ ʙʽʨ ʰʘʤʘʜʘ ʙʦʣʘʜʳ. ɽʛʝʨ K>1 ʞʦסʘʨʳ ʙʦʣʩʘ, ʢᴅʩʽʧʦʨʳʥʥʳש 

 ʘʙʽʣʝʪʪʽʣʽʢץ ʙᴅʩʝʢʝʛʝ שʣʢʝʥʜʝʫ ʙʦʣʘʜʳ. ʆʩʳʥʜʘʡ, ʢᴅʩʽʧʦʨʳʥʥʳװ ᴆɹ ʘʨʘʩʳʥʘʥ ʽʨʽʢʪʝʣʛʝʥʽʥʝʥפ

ʢʦʵʬʬʠʮʠʝʥʪʽ (K) ᴇʪʝ ʞʦסʘʨʳ ʙʦʣסʘʥ ʩʘʡʳʥ, ʟʝʨʪʪʝʫ ʞװʨʛʽʟʝʪʽʥ ײץʨʳʣʳʩ ʢᴅʩʽʧʦʨʥʳ ʽʨʽʢʪʝʫ װʰʽʥ 

ʪʽʩʪʽ פᴆɹ ʙʦʣʘʜʳ. 

 ʨʳʣʳʩײץ ,ʘʥʜʘסʘʨʘץ (ʪᴅʩʽʣʜʝʨ ץʧʘʨʘʤʝʪʨʣʽʢ ʧʝʥ ʵʪʘʣʦʥʜʳ) ʳ ʪᴅʩʽʣʜʝʨʛʝסʦʣʜʘʥʳʩʪʘפ

ʢᴅʩʽʧʦʨʥʳʥʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʝʢʝʥʜʽʛʽʥ ʙʘסʘʣʘʫʜʳש ʜʠʥʘʤʠʢʘʣʳץ ʪᴅʩʽʣʽ ʪʫʨʘ ʘʥʳץʪʘʣסʘʥ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʛʝ ʥʝʛʽʟʜʝʣʝʜʽ, ʩʦʣ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʘʨʘʩʳʥʜʘ ʢװʰʪʽ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʙʘʡʣʘʥʳʩʪʘʨ ײץʨʳʣʘʜʳ. ʆʩʳʣʘʡ ʟʝʨʪʪʝʫ ʢʝʟʽʥʜʝ çNUR TEXASè ɾʐʉ-ש ʙᴅʩʝʢʝʛʝ 

 ʥʝʛʽʟʛʽ שʦʨʳʪʳʥʜʳ (ʜʠʘʛʥʦʟ) ʞʘʩʘʣʜʳ. ʊᴇʤʝʥʜʝ 2 ʢʝʩʪʝʜʝ ʢᴅʩʽʧʦʨʳʥʥʳץ ʘʙʽʣʝʪʪʽʣʽʛʽʥʝץ

  .ʤʘʪ ʢᴇʨʩʝʪʽʣʛʝʥײʣסʳʟʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ ʤʘץ

ɾʘʩʘʣסʘʥ ʝʩʝʧʪʝʫʣʝʨ ʟʝʨʪʪʝʫ ʪʦʙʳʥʳש ʧʣʘʪʬʦʨʤʘʩʳʥʜʘ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ çɺʦʨʦʥʦʚ 

ʞᴅʥʝ ʩʝʨʽʢʪʝʩʪʝʨè [3]  ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʙʦʡʳʥʰʘ ʢʘʣʴʢʫʣʷʪʦʨʳʤʝʥ ʞʘʩʘʣסʘʥ, ʥᴅʪʠʞʝʩʽ 

ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ײץʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʙᴅʩʝʢʝʣʝʩʪʽʢ ʘʨʪʳץʰʳʣʳץʪʘʨʳ, ץʘʨʞʳ 

ʙʦʡʳʥʰʘ ʞʘסʜʘʡʳ, ʪʘʨʪʳʤʜʳʣʳץ ʜʝשʛʝʡʽ ʤʝʥ ײʡʳʤʜʘʩʪʳʨʫ-ʵʢʦʥʦʤʠʢʘʣʳץ ʦʨʪʘʩʳʥʳש 

ʪײʨʘץʪʳʣʳץ ʞʘסʜʘʡʳ ʙʘסʘʣʘʥʜʳ. 

 

2 ʢʝʩʪʝ - çNUR TEXASè ɾʐʉ-ש ʵʢʦʥʦʤʠʢʘʣʳץ ץʳʟʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ ʤʘסʣײʤʘʪʪʘʨ 

 

 ʘʪʘʫʳ שʨʽʥʽװʳʟʤʝʪ ʪפ

ʅʝʛʽʟʽ פʦʩʳʤʰʘ 

  שʡʳʤʜʘʨʳʥʳײ ʨʳʣʳʩײפ

ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ɯʩʢʝʨʣʽʢ ʙʝʣʩʝʥʜʽʣʽʢ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ʕʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ 

(ʧʘʡʜʘ) 

ʕʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 
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 ʨʳʣʳʩײפ

 ʳʟʫסʨײʠʤʘʨʘʪʪʘʨʜʳ ʪנ -

ʙʦʡʳʥʰʘ ʞʘʣʧʳ ײץʨʳʣʳʩ 

ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ 

- ʪʝʤʽʨʙʝʪʦʥ ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ, ײץʨʳʣʳʩ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥ ᴇʥʜʽʨʫ; 

- ʘʙʘʪʪʘʥʜʳʨʫ, ʠʥʞʝʥʝʨʣʽʢ ʞʝʣʽʣʝʨ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ 

ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨ ʩʘʣʫ; 

- ʞʦʙʘʣʘʫ ʞᴅʥʝ ʽʟʜʝʩʪʽʨʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ; 

- ʞװʢ ʢᴇʪʝʨʛʽʰ - ʢᴇʣʽʢʪʽʢ ײץʨʘʣʜʘʨ ʤʝʥ ʤʝʭʘʥʠʟʤʜʝʨʜʽ 

ʦʨʥʘʪʫ, ᴇʥʜʽʨʫ, ʞᴇʥʜʝʫ ʞᴅʥʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ; 

 ʘʣʘʫ ʦʙʲʝʢʪʽʣʝʨʽ ʤʝʥ ʢᴇʪʝʨʛʽʰסʘʜʘץ ץʘʟʘʥʜʳץ -

 ;ʰʽʥ ʢʘʜʨʣʘʨ ʜʘʷʨʣʘʫװ ʳʣʘʨסʨʳʣײץ

 ʳסʤʳʩ ʽʩʪʝʡʪʽʥ ʛʘʟ ʰʘʨʫʘʰʳʣʳײʳʩʳʤʤʝʥ ʞץ  -

ʦʙʲʝʢʪʽʣʝʨʽʥ ʞᴅʥʝ ʳʜʳʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ; 

-ʩʘʫʜʘ-ʩʘʪʳʧ ʘʣʫ ץʳʟʤʝʪʽʥ, ʦʥʳש ʽʰʽʥʜʝ ʙᴇʣʰʝʢ ʞᴅʥʝ 

ʢʦʤʠʩʩʠʷʣʳץ ʩʘʫʜʘʥʳ ʞװʨʛʽʟʫ; 

-ʢᴇʣʽʢ ץʳʟʤʝʪʪʝʨʽʥ ʢᴇʨʩʝʪʫ 

 

ɼʠʥʘʤʠʢʘʣʳץ ʪᴅʩʽʣʜʽ ʧʘʡʜʘʣʘʥʳʧ (3 ʢʝʩʪʝ), ײץʨʳʣʳʩ ʢᴅʩʽʧʦʨʥʳʥʳש ʙᴅʩʝʢʝʛʝ 

 .ʪʘʫʜʳ ʢᴇʨʩʝʪʝʜʽץʡʝʩʽʥ ʞʠʥʘװʘʙʽʣʝʪʪʽʣʽʛʽʥ ʜʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʫʜʘ ʧʘʡʜʘʣʘʥʘʪʳʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʞץ

 

3 ʢʝʩʪʝ - ײפʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ [4] 

 

 ̄  

ʂᴇʨʩʝʪʢʽʰʪʝʨ 

ʂᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʩʘʥʜʳץ ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ 

ʬʦʨʤʫʣʘʣʘʨ ʞᴅʥʝ ʦʣʘʨסʘ ʪװʩʽʥʽʢʪʝʤʝ 

ɽʩʝʧʪʝʫ ʊװʩʽʥʽʢʪʝʤʝ 

1. ɿʝʨʪʪʝʣʝʪʽʥ ײʡʳʤʥʳש 

(ʢᴅʩʽʧʦʨʳʥ) ʙᴅʩʝʢʝʛʝ 

  ʘʙʽʣʝʪʪʽʣʽʛʽץ

 

 
 

K-ʟʝʨʪʪʝʣʝʪʽʥ ʢᴅʩʽʧʦʨʳʥʥʳש ʙᴅʩʝʢʝʛʝ 

 ;ʘʙʽʣʝʪʪʽʣʽʛʽץ

Kr-ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ; 

KI ïʩʪʨʘʪʝʛʠʷʣʳץ ʪײʨסʳʣʘʥʜʳʨʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ 

2. ʆʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ  

Kr -ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ. 

r -ʢᴅʩʽʧʦʨʳʥʥʳש ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽ; 

R-ʽʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ. 

3. ʆʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ  

 

r -ʢᴅʩʽʧʦʨʳʥʥʳש ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽ; 

ɺ-ʢᴅʩʽʧʦʨʳʥ ᴇʥʽʤʽʥ ʩʘʪʫʜʘʥ ʪװʩʢʝʥ ʪװʩʽʤ; 

ɿ ï ʢᴅʩʽʧʦʨʳʥ ᴇʥʽʤʜʝʨʽʥ ᴇʥʜʽʨʫʛʝ ʞᴅʥʝ 

ʩʘʪʫסʘ ʘʨʥʘʣסʘʥ ʰʳסʳʥʜʘʨ. 

4. ɯʨʽʢʪʝʫ ʙʦʡʳʥʰʘ 

ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ 

 

 
 

 

R-ʽʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ; 

ɺS ï̔ ʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ᴇʥʽʤʜʽ ʩʘʪʫʜʘʥ ʪװʩʢʝʥ 

ʪװʩʽʤ; 

ɿS ï̔ ʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ᴇʥʽʤʜʽ ᴇʥʜʽʨʫʛʝ ʞᴅʥʝ 

ʩʘʪʫסʘ ʘʨʥʘʣסʘʥ ʰʳסʳʥʜʘʨ. 

5. ʉʪʨʘʪʝʛʠʷʣʳץ 

ʪײʨסʳʣʘʥʜʳʨʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ 

 

 

KI ïʩʪʨʘʪʝʛʠʷʣʳץ ʪײʨסʳʣʘʥʜʳʨʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ; 

I ïץʘʨʘʣʳʧ ʦʪʳʨסʘʥ ʢᴅʩʽʧʦʨʳʥʥʳש ʪװʩʽʤ 

ʢᴇʣʝʤʽʥʽש ᴇʟʛʝʨʫ ʠʥʜʝʢʩʽ; 

IS ï̔ ʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʪװʩʽʤ ʢᴇʣʝʤʽʥʽש ᴇʟʛʝʨʫ 

ʠʥʜʝʢʩʽ. 

 ʘʥסʘʨʘʣʳʧ ʦʪʳʨפ .6

ʢᴅʩʽʧʦʨʳʥʥʳש ʪװʩʽʤ 

ʢᴇʣʝʤʽʥʽש ᴇʟʛʝʨʫ 

ʠʥʜʝʢʩʽ 

 

ɺʦ - ʘʣʜʳסשʳ ʢʝʟʝשʜʝʛʽ ץʘʨʘʣʳʧ ʦʪʳʨסʘʥ 

ʢᴅʩʽʧʦʨʳʥ ᴇʥʽʤʜʝʨʽʥ ʩʘʪʫʜʘʥ ʪװʩʢʝʥ ʪװʩʽʤ; 

ɺ ï ʝʩʝʧʪʽ ʢʝʟʝשʜʝʛʽ ʢᴅʩʽʧʦʨʳʥ ᴇʥʽʤʜʝʨʽʥ 

ʩʘʪʫʜʘʥ ʪװʩʝʪʽʥ ʪװʩʽʤ; 
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7. 

ɯʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʪװʩʽʤ 

ʢᴇʣʝʤʽʥʽש ᴇʟʛʝʨʫ 

ʠʥʜʝʢʩʽ. 

 

 

ɺO
S ï ʘʣʜʳסשʳ ʢʝʟʝשʜʝʛʽ ʽʨʽʢʪʝʫʜʝʛʽ ᴇʥʽʤʜʽ 

ᴇʪʢʽʟʫʜʝʥ ʪװʩʢʝʥ ʪװʩʽʤ; 

BS - ʝʩʝʧʪʽ ʢʝʟʝשʜʝʛʽ ʽʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ᴇʥʽʤʜʽ 

ᴇʪʢʽʟʫʜʝʥ ʪװʩʢʝʥ ʪװʩʽʤ; 

8. ʅʘʨʳװ ץʣʝʩʽ 

 

ɼ-ʢᴅʩʽʧʦʨʳʥ ʥʘʨʳסʳʥʳװ שʣʝʩʽ; 

ɺ-ʢᴅʩʽʧʦʨʳʥ ᴇʥʽʤʽʥ ʩʘʪʫʜʘʥ ʪװʩʢʝʥ ʪװʩʽʤ; 

V-ʥʘʨʳץ ʢᴇʣʝʤʽ. 

9. ɯʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʥʘʨʳץ 

 ʣʝʩʽװ
 

ɼS ï̔ ʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʥʘʨʳװ ץʣʝʩʽ; 

ɺS ï̔ ʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ᴇʥʽʤʜʽ ʩʘʪʫʜʘʥ ʪװʩʢʝʥ 

ʪװʩʽʤ; 

V ïʥʘʨʳץ ʢᴇʣʝʤʽ. 

10. ʅʘʨʳװ ץʣʝʩʽʥʽש ᴇʟʛʝʨʫʽ  

 

ȹɼ ïʢᴅʩʽʧʦʨʳʥ ʥʘʨʳסʳ װʣʝʩʽʥʽש ᴇʟʛʝʨʫʽ; 

ɺo ïʘʣʜʳסשʳ ʢʝʟʝשʜʝ ץʘʨʘʣʘʪʳʥ 

ʢᴅʩʽʧʦʨʳʥʥʳש ᴇʥʽʤʽʥ ᴇʪʢʽʟʫʜʝʥ ʪװʩʢʝʥ ʪװʩʽʤ; 

Vo ïʘʣʜʳסשʳ ʢʝʟʝשʜʝʛʽ ʥʘʨʳץ ʢᴇʣʝʤʽ. 

 

 

11. 

 

ɯʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʥʘʨʳץ 

 ᴇʟʛʝʨʫʽ שʣʝʩʽʥʽװ

 

 

ȹɼS ï̔ ʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʥʘʨʳװ ץʣʝʩʽʥʽש 

ᴇʟʛʝʨʫʽ; 

ɺO
S ïʘʣʜʳסשʳ ʢʝʟʝשʜʝ ʽʨʽʢʪʝʫ ʙʦʡʳʥʰʘ 

ᴇʥʽʤʜʽ ʩʘʪʫʜʘʥ ʪװʩʢʝʥ ʪװʩʽʤ; 

Vo ïʘʣʜʳסשʳ ʢʝʟʝשʜʝʛʽ ʥʘʨʳץ ʢᴇʣʝʤʽ. 

 

 

 

 

12. 

 

 

 

 

ʉʪʨʘʪʝʛʠʷʣʳץ 

ʧʦʟʠʮʠʷʣʘʫʜʳ ʙʘסʘʣʘʫ 

 

 

 

 

 

 

ȹɼ ïʢᴅʩʽʧʦʨʳʥ ʥʘʨʳסʳ װʣʝʩʽʥʽש ᴇʟʛʝʨʫʽ; 

ȹɼS ï̔ ʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʥʘʨʳװ ץʣʝʩʽʥʽש 

ᴇʟʛʝʨʫʽ; 

ɺ ïʢᴅʩʽʧʦʨʳʥ ᴇʥʽʤʽʥ ʩʘʪʫʜʘʥ ʪװʩʢʝʥ ʪװʩʽʤ; 

ɺO
S ïʘʣʜʳסשʳ ʢʝʟʝשʜʝ ʽʨʽʢʪʝʫ ʙʦʡʳʥʰʘ 

ᴇʥʽʤʜʽ ʩʘʪʫʜʘʥ ʪװʩʢʝʥ ʪװʩʽʤ; 

ɺS ï̔ ʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ᴇʥʽʤʜʽ ʩʘʪʫʜʘʥ ʪװʩʢʝʥ 

ʪװʩʽʤ; 

ɺo ïʘʣʜʳסשʳ ʢʝʟʝשʜʝ ץʘʨʘʣʘʪʳʥ 

ʢᴅʩʽʧʦʨʳʥʥʳש ᴇʥʽʤʽʥ ᴇʪʢʽʟʫʜʝʥ ʪװʩʢʝʥ ʪװʩʽʤ; 

 

 

 

13. 

 

 

 

ᴆʥʽʤʥʽש ʙᴅʩʝʢʝʛʝ 

 ʘʙʽʣʝʪʪʽʣʽʛʽץ

 

 

 

 

r ïʢᴅʩʽʧʦʨʳʥʥʳש ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽ; 

R ï̔ ʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ; 

I ïץʘʨʘʣʳʧ ʦʪʳʨסʘʥ ʢᴅʩʽʧʦʨʳʥʥʳש ʪװʩʽʤ 

ʢᴇʣʝʤʽʥʽש ᴇʟʛʝʨʫ ʠʥʜʝʢʩʽ; 

IS ï̔ ʨʽʢʪʝʫ ʙʦʡʳʥʰʘ ʪװʩʽʤ ʢᴇʣʝʤʽʥʽש ᴇʟʛʝʨʫ 

ʠʥʜʝʢʩʽ. 

 

ɼʠʘʛʥʦʩʪʠʢʘ çɸʣʴ ʊʘʡʨ Groupè ɾʐʉ ʞᴅʥʝ çɸʨʢʘʥʘè ɾʐʉ ץײʩʘʩ ʢᴅʩʽʧʦʨʳʥʜʘʨ ï

ʙᴅʩʝʢʝʣʝʩʪʝʨʜʽץ שʳʟʤʝʪʪʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʫ ʞװʨʛʽʟʽʣʜʽ. 

ɹᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʢʘʣʴʢʫʣʷʪʦʨʳʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʞװʨʛʽʟʽʣʝʪʽʥ ײץʨʳʣʳʩ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ץʦʡʳʣʜʳ (2 ʩʫʨʝʪ)[5]. 

 

 

 

 

 

 

 

 

 

2 ʩʫʨʝʪ - ɼʠʘʛʥʦʩʪʠʢʘ ʞװʨʛʽʟʽʣʝʪʽʥ ײץʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ɼʠʘʛʥʦʩʪʠʢʘ ʞװʨʛʽʟʽʣʝʪʽʥ ײץʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ᴇʥʽʤʜʽ ʩʘʪʫʜʘʥ 

ʪװʩʢʝʥ ʪװʩʽʤ 
ͤͣ͒͜͜ ͎͔ͤ͒ͪͯ͜ ͗ ͔ͤ ͎͔ͭͯ͘͟͜ ͊ͪͤ͊͡ ͊ͤ 

΄· ·ͤ͒͊ͪ 
ͭ͊͊͘ ͚ͨ͊͒͊ 
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çNUR TEXASè ɾʐʉ-ש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʽש ʝʩʝʧʪʝʫʣʝʨʽ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪʘʣʜʘʫʣʘʨʳʥʳץ שʦʨʳʪʳʥʜʳʣʘʨʳ ʪᴇʤʝʥʜʝ 4-10 ʢʝʩʪʝʣʝʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

4 ʢʝʩʪʝ - çNUR TEXASè ɾʐʉ-ש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ʂᴇʨʩʝʪʢʽʰ 2023ʞ. 2024ʞ. 2025ʞ. 

ʊװʩʽʤ, ʤʳש ʪʝשʛʝ. 306 209 262 497 208 806 

ʊʘʟʘ ʧʘʡʜʘ,ʤʳש ʪʝשʛʝ -9 921 -6 682 -33 977 

ʐʳסʳʥʜʘʨ, ʤʳש ʪʝשʛʝ. 316 130 269 179 242 783 

r 0,969 0,975 0,860 

ãI  0,926 0,892 

 

ɹᴅʩʝʢʝʣʝʩ çɸʣʴ ʊʘʡʨ Groupè ɾʐʉ-ש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ  2.7ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
 

5 ʢʝʩʪʝ ï ɹᴅʩʝʢʝʣʝʩ çɸʣʴ ʊʘʡʨ Groupè ɾʐʉ-ש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ [24] 

 

ʂᴇʨʩʝʪʢʽʰ 2023ʞ. 2024ʞ. 2025ʞ. 

ʊװʩʽʤ, ʤʳש ʪʝשʛʝ 318 284 173 660 11 394 

ʊʘʟʘ ʧʘʡʜʘ, 

ʤʳש ʪʝשʛʝ 

1 253 2 064 376 

ʐʳסʳʥʜʘʨ, ʤʳש ʪʝשʛʝ 317 031 171 596 11 018 

R 1,004 1,012 1,034 

ãI  0,739 0,256 

 

 çNUR TEXASè ɾʐʉ-ש çɸʣʴ ʊʘʡʨ Groupè ɾʐʉ-ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘסʳ ʙᴅʩʝʢʝʛʝ 

 .ʘʙʽʣʝʪʪʽʣʽʢ ʙʦʡʳʥʰʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 6 ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥץ

 

6 ʢʝʩʪʝ ï çNUR TEXASè ɾʐʉ-ש çɸʣʴ ʊʘʡʨ Groupè ɾʐʉ-ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘסʳ 

ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʙʦʡʳʥʰʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ʂᴇʨʩʝʪʢʽʰ 2024ʞ. 2025ʞ. 

Kr 0,964 0,832 

KI 1,253 3,482 

K 1,208 2,896 

 

6 ʢʝʩʪʝʥʽש ʤᴅʣʽʤʝʪʪʝʨʽʥ çɸʣʴ ʊʘʡʨ Groupè ɾʐʉ ʤᴅʣʽʤʝʪʪʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʘʪʳʥ ʙʦʣʩʘץ, 

2025ʞ. çNUR TEXASè ɾʐʉ פᴆɹ (ʂ) ʢʦʵʬʬʠʮʠʝʥʪʽ 2,896 ײץʨʘʜʳ, ʦʣ ᴇʪʝ ʞʦסʘʨסʳ ʜʝשʛʝʡʜʽ 

ʢᴇʨʩʝʪʽʧ ʦʪʳʨ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, çNUR TEXASè ɾʐʉ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʰʘʤʘʩʳʥʳש 

ʢᴇʨʩʝʪʢʽʰʽ ʘʣʜʳסשʳ ʞʳʣʤʝʥ ʩʘʣʳʩʪʳʨʘʪʳʥ ʙʦʣʩʘײץ 139,8% ץʨʘʧ ʘʨʪץʘʥ. 

7 ʢʝʩʪʝ - ɹᴅʩʝʢʝʣʝʩ çɸʨʢʘʥʘè ɾʐʉ-ש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ [25] 

 

ʂᴇʨʩʝʪʢʽʰ 2023ʞ. 2024ʞ. 2025ʞ. 

ʊװʩʽʤ, ʤʳש ʪʝשʛʝ 25645 16841 21646 

ʊʘʟʘ ʧʘʡʜʘ, ʤʳש ʪʝשʛʝ 38 394 525 

ʐʳסʳʥʜʘʨ, ʤʳש ʪʝשʛʝ 25607 16447 21121 

R 1,001 1,024 1,025 

ãI S  0,810 1,134 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

126 
 

ɾʘʩʘʣסʘʥ ʝʩʝʧʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ (7, 8 ʢʝʩʪʝʣʝʨ) çNUR TEXASè ɾʐʉ-ש 

 ʘסʛʝʡʽ ʙʦʡʳʥʰʘ ʦʩʳ ʢᴅʩʽʧʦʨʳʥשᴆɹ ʜʝפ שᴆɹ (K) ʢʦʵʬʬʠʮʠʝʥʪʽ 2025 ʞ.-0,660 ʙʦʣʜʳ, ʦʣ ʦʥʳפ

 ʛʝʡʜʽ ʢᴇʨʩʝʪʽʧשʘʥʜʘ ʥʘʰʘʨ ᴇʪʝ ʪᴇʤʝʥʛʽ ʜʝסʢᴇʨʩʝʪʢʽʰʪʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨ ש-ʩʘʩ çɸʨʢʘʥʘè ɾʐʉץײ

ʦʪʳʨ. 

  

8 ʢʝʩʪʝ - çNUR TEXASè ɾʐʉ-ש çɸʨʢʘʥʘè ɾʐʉ-ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘסʳ ʙᴅʩʝʢʝʛʝ 

 ʘʙʽʣʝʪʪʽʣʽʢ ʙʦʡʳʥʰʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʽץ

 

ʂᴇʨʩʝʪʢʽʰ 2024ʞ. 2025ʞ. 

Kr 0,952 0,839 

K 1,143 0,787 

K 1,088 0,660 

 

 çNUR TEXASè ɾʐʉ-פ שᴆɹ ʜʝשʛʝʡʽ ʢᴇʨʩʝʪʢʽʰʽʥʽש ʘʣʜʳסשʳ ʞʳʣʤʝʥ ʩʘʣʳʩʪʳʨʘʪʳʥ 

ʙʦʣʩʘ39,3% ץ -ʜʳ ײץʨʘʧ ʪᴇʤʝʥʜʝʛʝʥ. 

 ʙʽʨʽ ʙʦʣʳʧ שʳʪʪʘʨʳʥʳסʨʛʽʟʫ ʙʘװʘʙʽʣʝʪʪʽʣʽʛʽʥ ʪʘʣʜʘʫ ʞץ ʙᴅʩʝʢʝʛʝ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʥʳʥʳײפ

ʢᴅʩʽʧʦʨʳʥʥʳש ʽʩʢʝʨʣʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ ʙʘסʘʣʘʫʜʳ ʞʘʩʘʫ ʙʦʣʘʜʳ. ʂᴅʩʽʧʦʨʳʥʥʳש ʽʩʢʝʨʣʽʢ 

ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ ʪʘʣʜʘʫʣʘʨ ʞʘʩʘʫ ʙʽʨʥʝʰʝ ץʘʨʞʳʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽש ʜʝשʛʝʡʽ, ʦʜʘʥ ʩʝʨʧʽʥʽʥ, 

ʥʘץʪʳ ʘʡʥʘʣʳʤ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʟʝʨʜʝʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʘʨʞʳʣʳײץ-ץʥʜʳʣʳץ ʪײʨסʳʩʳʥʘʥ 

 ʳסʘʡʥʘʣʳʩʪʘ שʘʨʘʞʘʪʪʘʨʳʥʳץ ʙʽʨʽʥʰʽ, ʢᴅʩʽʧʦʨʳʥ שʘʥʜʘ, ʽʩʢʝʨʣʽʢ ʙʝʣʩʝʥʜʽʣʽʢ, ʝסʘʨʘץ

ʞʳʣʜʘʤʜʳסʳʥ ʢᴇʨʩʝʪʝʪʽʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʝʥ ʙʘʡץʘʣʘʜʳ.  

 שʘʨʘʞʘʪʪʳץ ʘʥסʤʩʘʣײᴅʣʝʫʝʪʽʥʝ ʞ ץʵʢʦʥʦʤʠʢʘʣʳ-ץʘʨʞʳʣʳץ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʥʳʥʳײפ

ʘʡʥʘʣʳʩʳ ʢᴅʩʽʧʦʨʳʥ ʢʘʧʠʪʘʣʳ (ʥʝʤʝʩʝ ʦʥʳײץ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥ) ʘʡʥʘʣʳʩʳʥʳש ʞʳʣʜʘʤʜʳסʳ 

ʘʨץʳʣʳ, ʘʡʥʘʣʳʤ ʫʘץʳʪʳʤʝʥ (ᴇʥʜʽʨʽʩʪʽʢ ʦʧʝʨʘʮʠʷʣʘʨסʘ ʞײʤʩʘʣסʘʥ ץʘʨʞʳʣʳץ ʘʢʪʠʚʪʝʨʜʽ 

 .ʪʘʣʳʥʘʜʳ[6]ץʳʪ ʤʝʨʟʽʤʽʥʝʥ) ʘʥʳץʫʘ שʘʡʪʘʨʳʧ ʘʣʫʜʳץ ʽʩ-ᴅʨʝʢʝʪʪʝʥ ץʰʘʨʫʘʰʳʣʳ-ץʘʨʞʳʣʳץ

9 ʢʝʩʪʝʜʝ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʽʣʝʪʽʥ ʢᴅʩʽʧʦʨʳʥʥʳש ʽʩʢʝʨʣʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש 

ʜʠʘʛʥʦʩʪʠʢʘʜʘʥ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

çNUR TEXASè ɾʐʉ-ש ʨʝʩʫʨʩץʘʡʪʘʨʳʤʳ ʢᴇʨʩʝʪʢʽʰʽ ʙʦʡʳʥʰʘ ʰʘʤʘʣʳ ʘʨʪץʘʥʳʥ 

(0,194), ʘʡʥʘʣʤʘʣʳ ץʦʨʣʘʨʜʳש ʘʡʥʘʣʳʤʜʳʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʘʣʜʘסʳ ʞʳʣ ʢʝʟʝשʤʝʥ 

ʩʘʣʳʩʪʳʨʘʪʳʥ ʙʦʣʩʘס-0,419 ץʘ ʘʨʪץʘʥʳʥ, ʘʣ ʤʝʥʰʽʢʪʽ ʢʘʧʠʪʘʣ ʙʦʡʳʥʰʘ ʘʡʥʘʣʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʽʥʽ0,378 ש-ʛʝ ʘʨʪץʘʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɿʝʨʪʪʝʫʛʝ ʪװʩʢʝʥ ʢᴅʩʽʧʦʨʳʥסʘ ץʘʣʳʧʪʘʩץʘʥ 

ʞʘסʜʘʡʜʘ ʩʳʨʪץʳ ʦʨʪʘʥʳש ʬʘʢʪʦʨʣʘʨʳ ʘʡץʳʥ ʙʽʨ ʳץʧʘʣʳʥ ʪʠʛʽʟʜʽ, ʙʽʨʘץ ʪʘ ʦʣ ʞʘסʜʘʡ 

ʢᴅʩʽʧʦʨʳʥʥʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫסʘ ʞʦסʘʨʳ ʳץʧʘʣ ʞʘʩʘʫʳ ʤװʤʢʽʥ, ץʘʨʘʞʘʪ 

ʘʡʥʘʣʳʩʳ, ʪʦʣʳץ ̔ ʩʢʝʨʣʽʢ ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʞʳʣʜʘʤʜʘʪʫ ʙʦʡʳʥʰʘ ʽʩ-ʰʘʨʘʣʘʨʜʳץ שʘʞʝʪ ʝʢʝʥʜʽʛʽʥ 

ʙʽʣʜʽʨʝʜʽ. 

 

9 ʢʝʩʪʝ - çNUR TEXASè ɾʐʉ-ש ʽʩʢʝʨʣʽʢ ʙʝʣʩʝʥʜʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ʂᴇʨʩʝʪʢʽʰʪʝʨ ɽʩʝʧʪʽ ʢʝʟʝש ʩᴅʡʢʝʩ ᴇʪʢʝʥ ʞʳʣʳ ɸʫʳʪץʫ (+,-) 

1. ʈʝʩʫʨʩץʘʡʪʘʨʳʤʳ 0,652 0,458 +0,194 

2. ʄʦʙʠʣʴʜʽ ײץʨʘʣʜʘʨʜʳש ʘʡʥʘʣʳʤʜʳʣʳץ 

ʢʦʵʬʬʠʮʠʝʥʪʽ 

1,685 1,266 +0,419 

3. ʄʝʥʰʽʢʪʽ ʢʘʧʠʪʘʣʜʳש ʘʡʥʘʣʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʽ 

1,015 0,637 +0,378 

4. ʄʘʪʝʨʠʘʣʜʳײץ ץʨʘʣʜʘʨʜʳש (ץʦʨʣʘʨʜʳש) 

ʘʡʥʘʣʳʤʜʳʣʳסʳ 

4,390 4,223 +0,167 

5.ɸץʰʘ ץʘʨʘʞʘʪʳʥʳש ʘʡʥʘʣʳʤʜʳʣʳסʳ 17,312 0,011 +17,301 

6. ɼʝʙʠʪʦʨʣʳץ ʙʝʨʝʰʝʢʪʽ ᴇʪʝʫ ʤʝʨʟʽʤʽ 88,266 113,5 -25,234 

7. ʂʨʝʜʠʪʦʨʣʳץ ʙʝʨʝʰʝʢʪʽ ᴇʪʝʫ ʤʝʨʟʽʤʽ 196,5 219,04 -22,54 
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 çNUR TEXASè ɾʐʉ-ש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʞʦסʘʨʳʣʘʪʘʪʳʥ ʞʦʩʧʘʨʣʘʥסʘʥ ʽʩ-ᴅʨʝʢʝʪʪʽ 

 ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜ ̔ʝʩʝʧʪʝʫʜʝ ץʪʳʣʳץʨʘײʪ ץʘʨʞʳʣʳץ ʘסʘʣʘʫסʘʙʽʣʝʪʪʽʣʽʛʽʥ ʙʘץ ʘʨʞʳʣʘʥʜʳʨʫץ

  .ʦʣʜʘʥʘ ʘʣʘʤʳʟ (10 ʢʝʩʪʝ)ץ

çNUR TEXASè ɾʐʉ-ש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳ ץʘʤʪʠʪʳʥ ʞʦʩʧʘʨʣʘʥסʘʥ 

 ץʘʨʞʳʣʳץ ʘʞʝʪʪʽץ ʘסʘʣʘʫסʤʢʽʥʰʽʣʽʛʽʥ ʙʘװʘʨʞʳʣʘʥʜʳʨʫʜʳ ʽʩʢʝ ʘʩʳʨʫ ʤץ ʳʟʤʝʪʪʝʨʜʽץ

ʪײʨʘץʪʳʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʝʩʝʧʪʝʨʽʥ ץʦʣʜʘʥʘʤʳʟ (10 ʢʝʩʪʝ). 

 

10 ʢʝʩʪʝ -  çNUR TEXASè ɾʐʉ-ץ שʘʨʞʳʣʳץ ʪײʨʘץʪʳʣʳסʳʥʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ʂᴇʨʩʝʪʢʽʰʽ ʤᴅʥʽ ɽʩʝʧʪʝʫ 

ᴅʜʽʩʪʝʤʝʩʽ 

 ʩʳʥʳʣʘʪʳʥױ

ʤᴅʥ 

2025 ʞ. 

ʢᴇʨʩʝʪʢʽʰ 

2024 ʞ. 

ʢᴇʨʩʝʪʢʽʰ 

ɸʚʪʦʥʦʤʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʽ 

(ʪᴅʫʝʣʩʽʟʜʽʢ) 

ʄװʣʽʢʢʝ ʩʘʣʳʥסʘʥ 

 ʣʝʩʽʥװ ʘʨʘʞʘʪץ

ʩʠʧʘʪʪʘʡʜʳ 

ʄʝʥʰʽʢʪʽ 

ʢʘʧʠʪʘʣ / 

ʘʢʪʠʚʪʝʨ 

ʩʦʤʘʩʳ 

>50% 4,36 26,94 

 ץʘʨʞʳʣʳפ

ʪײʨʘץʪʳʣʳץ 

ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʂᴅʩʽʧʦʨʳʥ ײʟʘץ 

ʫʘץʳʪ ʙʦʡʳ 

ʧʘʡʜʘʣʘʥʘ ʘʣʘʪʳʥ 

ʢᴇʟʜʝʨʜʽװ שʣʝʩ 

ʩʘʣʤʘסʳʥ 

ʩʠʧʘʪʪʘʡʜʳ 

ɸʡʥʘʣʳʤ 

ʢʘʧʠʪʘʣʳ / 

ʤʝʥʰʽʢʪʽ 

ʢʘʧʠʪʘʣסʘ 

>80% 1581,01 299,71 

 ʘʨʞʳʣʘʥʜʳʨʫפ

ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʄʝʥʰʽʢʪʽ ʞᴅʥʝ 

 שʘʨʘʞʘʪʳʥʳץ ʘʨʳʟץ

 ʘʪʳʥʘʩʳʥץ

ʩʠʧʘʪʪʘʡʜʳ 

ʄʝʥʰʽʢʪʽ 

ʢʘʧʠʪʘʣ / 

 ʘʨʳʟץ

 ʘʨʘʞʘʪʳץ

ʩʦʤʘʩʳʥʘ 

>100 4,56 36,87 

ɸסʳʤʜʘסʳ 

ᴇʪʽʤʜʽʣʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʂᴅʩʽʧʦʨʳʥ 

 שʘʨʘʞʘʪʳʥʳץ

ʞʝʪʢʽʣʽʢʪʽ ʙʦʣʫʳʥ 

ʩʠʧʘʪʪʘʡʜʳ, 

 ʘ ʤʝʨʟʽʤʜʽץʳʩץ

ʤʽʥʜʝʪʪʝʤʝʣʝʨʜʽ 

ᴇʪʝʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣʫʳ 

ʤװʤʢʽʥ 

ɸʡʥʘʣʳʤ 

 / ʘʨʘʞʘʪʳץ

 ʘץʳʩץ

ʤʝʨʟʽʤʜʽ 

ʤʽʥʜʝʪʪʝʤʝʣʝʨ 

1<k<2 0,72 1,11 

ɾʳʣʜʘʤ 

ᴇʪʽʤʜʽʣʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʊʝʟ ʩʘʪʳʣʘʪʳʥ 

ʘʢʪʠʚʪʝʨʜʽש 

ʢᴅʩʽʧʦʨʳʥʥʳץ שʳʩץʘ 

ʤʝʨʟʽʤʜʽ 

ʤʽʥʜʝʪʪʝʤʝʣʝʨʽʥ 

ᴇʪʝʫ ץʘʙʽʣʝʪʽʥ 

ʩʠʧʘʪʪʘʡʜʳ 

ᴆʪʽʤʜʽ 

ʘʢʪʠʚʪʝʨ/ץʳʩץ

ʘ ʤʝʨʟʽʤʜʽ 

ʤʽʥʜʝʪʪʝʤʝʣʝʨ 

>1 0 0,0001 

 

ɼʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʣʘʪʳʥ ʢᴅʩʽʧʦʨʳʥʥʳץ שʘʨʞʳʣʳץ ʪײʨʘץʪʳʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʤᴇʣʰʝʨʣʝʤʝʣʽʢ ʤᴅʥʥʝʥ ʘʩʳʧ, 2025 ʞ. 1581,01% ʙʦʣʜʳ. ʄײʥʜʘʡ ʞʘסʜʘʡ ʢᴅʩʽʧʦʨʳʥʥʳש 

 ,ʘʨʘʞʘʪʳ ʝʩʝʙʽʥʝʥ ʤʘʥʝʚʨ ʞʘʩʘʡʜʳץ ʘʥ ᴇʟסײʪᴅʫʝʣʩʽʟʜʽʛʽʥʝ ʙʦʣʞʘʤ ʞʘʩʘʡʜʳ, ʙ ץʘʨʞʳʣʳץ

  .ʳʟʘʜʳסʤʢʽʥʜʽʢʪʝʨ ʪʫװʨʛʽʟʫʛʝ ʤװʽʩ-ᴅʨʝʢʝʪʪʽ ʞ ץʰʘʨʫʘʰʳʣʳ-ץʘʨʞʳʣʳץ ʟʜʽʢʩʽʟ ʪᴅʨʪʽʧʪʝʤʝʜʝװ

ɸסʳʤʜʘסʳ ᴇʪʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ 0,72 ʙʦʣʜʳ, 1 ʪʝשʛʝʛʝ ʰʘץץʘʥʜʘ ʘʡʥʘʣʳʤʜʘסʳ 

ʘʢʪʠʚʪʝʨʜʽ72 ש ʪʠʡʳʥʳ ʢʝʣʝʪʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ʆʜʘʥ ʘʣʳʥסʘʥ ʤᴅʥ ʜʠʘʛʥʦʩʪʠʢʘסʘ ʘʣʳʥʘʪʳʥ 

 ʳסʘ ʤʝʨʟʽʤʜʽ ʘʣʜʘץʳʩץ שʘʨʘʞʘʪʳ ʢᴅʩʽʧʦʨʳʥʥʳץ ʘʥ ʘʡʥʘʣʳʤץʨʳʣʳʩ ʢᴅʩʽʧʦʨʥʳʥʜʘ ʪʦʧʪʘʩײץ

ʤʽʥʜʝʪʪʝʤʝʣʝʨʽ ʙʦʡʳʥʰʘ ʙʦʨʳʰʪʘʨʜʳ ʝʤʽʥ-ʝʨʢʽʥ ץʘʡʪʘʨʫסʘ ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ʙʝʨʤʝʡʜʽ. 
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 ᴇʪʽʤʜʽ ʘʢʪʠʚʪʝʨʽ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʥʳʥʳײץ ʘסʘʡʪʘʨʫץ ʘʨʳʟʜʘʨʜʳץ ʘ ʤʝʨʟʽʤʜʽץʳʩפ

ʞʝʪʢʽʣʽʢʪʽ ʝʤʝʩ, ʦʥʳ ץʘʞʝʪ ʙʦʣסʘʥ ʢʝʟʜʝ ʪʘʫʘʨʣʳץ-ʤʘʪʝʨʠʘʣʜʳץ ץʦʨʣʘʨʳʥʘʥ ץʘʡʪʘʨʫסʘ ʤᴅʞʙװʨ 

ʙʦʣʘʜʳ. 

ʉʦʥʳʤʝʥ, פᴆɹ ʘʨʪʪʳʨʫסʘ çNUR TEXASè ɾʐʉ-ש hʳסʘʨʳʣʘʪʳʥ ʪʘʫʘʨʜʳש ʩʘʪʳʣʳʤ 

ʢᴇʣʝʤʽʥ ʢᴇʙʝʡʪʫʛʝ, ʦʜʘʥ ʘʨʳ ʥʘʨʳץʪʘסʳ ʞʘʡסʘʩʳʤʜʳ ʥʳסʘʡʪʫסʘ, ʢʝשʝʡʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ 

 ʘסʘʞʝʪ ʜʝʧ ʘʡʪʫץ ʢʝʰʝʥʽʥ ʜʘʡʳʥʜʘʧ, ʽʩʢʝ ʘʩʳʨʫʳ שʽʩ-ʰʘʨʘʣʘʨʜʳ ץʡʳʤʜʘʩʪʳʨʫ-ʪʝʭʥʠʢʘʣʳײ

ʙʦʣʘʜʳ. 

 ʨʳʣʳʩײץ ʦʣʜʘʥʫץ ʩʳʥʳʩʪʘʨʜʳײ ʘʥסʘʥ ʜʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʫ ʪᴅʩʽʣʜʝʨʽ ʞᴅʥʝ ʘʡʪʳʣסʩʳʥʳʣױ

ʢᴅʩʽʧʦʨʥʳʥʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʙʘʩץʘʨʫʜʳש ʪᴅʩʽʣʜʝʨʽʥ ʦʜʘʥ ʘʨʳ ʜʘʤʳʪʫסʘ ʝʨʝʢʰʝ 

ʤʘשʳʟʜʳ.  

 שʘʣʘʫʜʳסʛʝʡʽʥ ʙʘשʘʙʽʣʝʪʪʽʣʽʢʪʽ ʢᴇʨʩʝʪʝʪʽʥ ʜʝץ ʙᴅʩʝʢʝʛʝ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʥʳʥʳײפ

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʞװʡʝʣʝʥʜʽ, ײץʨʳʣʳʩ ʢᴅʩʽʧʦʨʥʳʥʳש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʜʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʫʜʳש 

ʜʠʥʘʤʠʢʘʣʳץ ʪᴅʩʽʣʽʥ ץʦʣʜʘʥʫʜʳש ʦʨʳʥʜʳ ʝʢʝʥʜʽʛʽ ʥʝʛʽʟʜʝʣʜʽ, ʞᴅʥʝ ʜʝ ʦʥʳש ʘʨʪʳץʰʳʣʳסʳ 

 ʙᴅʩʝʢʝʛʝ ץʪʘʤʘʣʳץʘʙʩʪʨʘʢʪʽʣʽ ʝʤʝʩ, ʘʥʳ שʘʥ ʪᴅʩʽʣʜʝʨʜʝʥ ᴇʟʛʝʰʝʣʽʛʽ, ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳסʦʣʜʘʥʳʣץ

 ʪʳץʩʘʨʪʫ ʙʦʣʘʜʳ, ʩʦʥʜʘ ʜʘ ʥʘץʘʥ ʥᴅʪʠʞʝʣʝʨʽʥ ʞʘסʘʣʘʫʜʘʥ ʘʣסʪʳ ʙʘץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʞʘʥ-ʞʘץ

  .ʳʟʜʳ[7]שʘʙʽʣʝʪʪʽ ʙʦʣʫʳ ᴇʪʝ ʤʘץ ʪʘ ʙᴅʩʝʢʝץʳʟʤʝʪ ʞʘʩʘʡʪʳʥ ʢᴅʩʽʧʢʝʨʣʽʢ ʩʫʙʲʝʢʪʽʣʝʨʽ ʥʘʨʳץ

 ץʧʘʨʘʪʪʳץʜʠʘʛʥʦʩʪʠʢʘʩʳ ʘ שʛʝʡʽʥʽשʘʙʽʣʝʪʪʽʣʽʢ ʜʝץ ʙᴅʩʝʢʝʛʝ שʨʳʣʳʩ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳײפ

ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʙʘסʜʘʨʣʘʤʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ. 

 

ᴄʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽ 

1 çNUR TEXASè ɾʐʉ ɾʘʨסʳʩʳ. 

2 çNUR TEXASè ɾʐʉ ʞʳʣʜʳץ ʝʩʝʧʪʝʨʽ. 

3 ɻʫʣʷʝʚʘ, ʊ. ʆʮʝʥʢʘ ʚʟʘʠʤʦʩʚʷʟʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ/ ʊ. ɻʫʣʷʝʚʘ, ʃ ʀʣʴʠʥʘ -2023. - ˉ 12. 

4 ɺʦʨʦʥʦʚ ɼ.ʉ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ//ʄʘʨʢʝʪʠʥʛ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. 2023. ˉ 5. ï 92- 102ʙ. 

5 çɸʣʴ ʊʘʡʨ Groupè ɾʐʉ ʤʘʪʝʨʠʘʣʜʘʨʳ. 

6 ɸʩʘʫʣ ɸ.ʅ., ɸʙʘʝʚ ʍ.ʉ., ɻʦʨʜʝʝʚ ɼ.ɸ./ʆʮʝʥʢʘ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʦʟʠʮʠʡ ʩʫʙʲʝʢʪʦʚ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ/ʧʦʜ ʨʝʜ. ʜ.ʵ.ʥ., ʧʨʦʬ.ɸ.ʅ. ɸʩʘʫʣʘ. ï ʉʇʙ.: ɸʅʆ çʀʇʕɺè, 

2022. ï271ʙ. 

7 ɼʘʥʠʣʦʚʘ, ɺ.ʖ. ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ / ɺ. ʖ. ɼʘʥʠʣʦʚʘ // 

ʄʦʣʦʜʦʡ ʫʯʝʥʳʡ. - 2024. - ˉ 44 (230). - 67-70ʙ. 
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ʄɽɼʀʎʀʅɸʃʓפ ʄɽʂɽʄɽʃɽʈ ɹɸʉʐʓʃɸʈʓʅʓר  

ʂᴆʐɹɸʉʐʓʃʓפ ʊתʈʃɽʈɯʅ ɼɸʄʓʊʋ 

 

 

ʇʨʘʣʠʝʚ ɸ., ʄʝʨʛʝʥʙʘʝʚʘ ɸ.ʊ. 

 

ɸʥʥʦʪʘʮʠʷ 

ʂᴇʰʙʘʩʰʳʣʳץ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʩʘʣʘʩʳʥʜʘסʳ ʤʝʢʝʤʝʣʝʨʜʽ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʘʩʘ 

ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴇʰʙʘʩʰʳʣʳץʪʳש ʢᴇʧʪʝʛʝʥ ʪװʨʣʝʨʽ ʙʘʨ. ɹײʣ 

ʞʘʨʠʷʣʘʥʳʤʥʳש ʤʘץʩʘʪʳ ʝʤʜʝʫ-ʘʣʜʳʥ ʘʣʫ ʤʝʢʝʤʝʣʝʨʽʥʜʝ ʢʝʟʜʝʩʫʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʙʘʩץʘʨʫ 

ʪʠʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽ ʪײʨסʳʩʳʥʘʥ ʢᴇʰʙʘʩʰʳʣʳץ ʪװʨʣʝʨʽʥʝ ʥʝʛʽʟʛʽ ʪᴅʩʽʣʜʝʨʜʽ ʞװʡʝʣʝʫ ʙʦʣʜʳ. 

ʂᴇʰʙʘʩʰʳʣʳץ ʪʘץʳʨʳʙʳ ʙʦʡʳʥʰʘ ʢᴇʧʪʝʛʝʥ ʞʘʨʠʷʣʘʥʳʤʜʘʨ ʘʨʘʩʳʥʜʘ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ 

ʩʘʣʘʩʳʥʜʘסʳ ʦʩʳ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʟʝʨʪʪʝʫ ʘʟ. נʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝ ʙʘʩץʘʨʫʜʳש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽ 

ʘʪʘʧ ᴇʪʽʣʝʜʽ, ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘ ʘʚʪʦʨʠʪʘʨʣʳץ, ʜʝʤʦʢʨʘʪʠʷʣʳץ, ᴅʨʽʧʪʝʩʪʽʢ ʙʘʩʳʤ. ɿʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫʜʳ ʙʘʩץʘʨʫ ʩʘʣʘʩʳʥʳש ʤʘʤʘʥʜʘʨʳʥʘ ץʳʟʳץʪʳ ʙʦʣʘʜʳ. 

ʂɯʃʊ ʉᴆɿɼɽʈ: ʢᴇʰʙʘʩʰʳʣʳץ, ʙʘʩץʘʨʫʜʳש ʘʚʪʦʨʠʪʘʨʣʳץ ʩʪʠʣʽ, ʙʘʩץʘʨʫʜʳש 

ʜʝʤʦʢʨʘʪʠʷʣʳץ ʩʪʠʣʽ, ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ, ʢᴇʰʙʘʩʰʳʣʳץʪʳ ʜʘʤʳʪʫ. 

ɼᴅʨʽʛʝʨʣʝʨʜʽש ʢᴇʰʙʘʩʰʳʣʳץ ץʘʩʠʝʪʪʝʨʽ ʞײʤʳʩ ʧʨʦʮʝʩʽʥʜʝ ʞᴅʥʝ ʤʝʜʠʮʠʥʘʣʳץ ʢᴇʤʝʢ 

ʢᴇʨʩʝʪʫʜʝ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ɹʘʩʰʳʣʳץ ʪʫʨʘʣʳ ʩᴇʟ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʢᴇʰʙʘʩʰʳʣʳץ 

 ʘ ʠʝ ʙʦʣʘʜʳסʳʟשʘʩʠʝʪʪʝʨ ʝʨʝʢʰʝ ʤʘץ

ʝʤʜʝʫ-ʘʣʜʳʥ ʘʣʫ ײʡʳʤʳʥʳש (ɽɸױ) ʪʝʣʝ. ʊװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ ʢᴇʰʙʘʩʰʳʣʳץʪʳש ʪװʨʣʽ 

ʩʪʠʣʴʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʙװʢʽʣ ײʡʳʤʥʳש ʜʘ, ʦʥʳש ʞʝʢʝʣʝʛʝʥ ץʳʟʤʝʪʢʝʨʣʝʨʽʥʽש ʜʝ ʞײʤʳʩ 

ʪʠʽʤʜʽʣʽʛʽʥʝ. 

ɸʣʜʳʤʝʥ סʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʛʽ ʢᴇʰʙʘʩʰʳʣʳץ ץʘʣʘʡ ʘʥʳץʪʘʣʘʪʳʥʳʥ ץʘʨʘʩʪʳʨʘʡʳץ. 

ɸʜʘʤʜʘʨ ʪʦʙʳʥ ʥʝʤʝʩʝ ʙװʢʽʣ ײʡʳʤʜʳ ʙʘʩץʘʨʫ ʞᴇʥʽʥʜʝʛʽ ץʳʟʤʝʪ ʢᴇʰʙʘʩʰʳʣʳץ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ 

[28] (Samarakoon, 2019). ʂᴇʰʙʘʩʰʳʣʳץ ʞʝʪʝʢʰʽʥʽש ʙʘסʳʥʳʩʪʳʣʘʨסʘ ʙʝʣʛʽʣʽ ʙʽʨ ײץʨʳʣʳʤʥʳש 

 ʤʳʩ ʽʩʪʝʫʽ ʢʝʨʝʢʪʽʛʽ ʪʫʨʘʣʳ ᴇʟ ʧʘʡʳʤʳʥ ʪʘʨʘʪʘʪʳʥ ʧʨʦʮʝʩʪʽ ʙʦʣʞʘʡʜʳ [28]ײʘʣʘʡ ʞץ

(Samarakoon, 2019). ʂᴇʰʙʘʩʰʳʣʳץ ʪװʨʽ ʙʘʩʰʳ ᴇʟʽʥʽש ʙʘסʳʥʳʩʪʳʣʘʨʳʥ ʙʘʩץʘʨʘʪʳʥ ʪᴅʩʽʣʜʽ 

ʘʡץʳʥʜʘʡʜʳ. ɹʘʩʰʳ ʢʦʤʧʘʥʠʷ ץʳʟʤʝʪʽʥʽש ʥᴅʪʠʞʝʣʝʨʽʥʝ ʳץʧʘʣ ʝʪʝ ʘʣʘʜʳ ʞᴅʥʝ ʦʩʳ ʤᴅʩʝʣʝʥʽ 

ʟʝʨʪʪʝʫʰʽʣʝʨ ʪʠʽʤʜʽʣʽʢ ʪʘשʜʘʣסʘʥ ʙʘʩץʘʨʫ ʥײʩץʘʩʳʥʳש ʜײʨʳʩʪʳסʳʥ ʙʘסʘʣʘʫʜʘסʳ ʤʘשʳʟʜʳ 

ᴇʣʰʝʤʜʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʜʝʧ ʧʘʡʳʤʜʘʡʜʳ. ɸʣʘʡʜʘ, סʘʣʳʤʜʘʨ ʘʪʘʧ ᴇʪʢʝʥʜʝʡ, 

çʢᴇʰʙʘʩʰʳʣʳץè ʧʝʥ çʙʘʩʰʳʣʳץè סײʳʤʜʘʨʳ ץײʩʘʩ ʝʤʝʩ. ʃ.ɺ.ʂʦʪʦʚʘʥʳש ʞʘʨʠʷʣʘʥʳʤʳʥʜʘ 

çʙʘʩʰʳʣʳץè ʞᴅʥʝ çʢᴇʰʙʘʩʰʳʣʳץè סײʳʤʜʘʨʳʥʳש ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʢʝʣʪʽʨʽʣʝʜʽè [9] (Kotova, 

2010). ʂᴇʰʙʘʩʰʳʣʳץʪʳש ʥʝʛʽʟʽʥ ʢᴇʰʙʘʩʰʳ (ʪʦʧʪʳש ʥʝײסʨʣʳʤ ʙʝʣʩʝʥʜʽ, ʳץʧʘʣʜʳ ʤװʰʝʩʽ) ʤʝʥ 

ʽʟʙʘʩʘʨʣʘʨʳ (ʪʦʧʪʳץ שʘʣסʘʥ ʤװʰʝʣʝʨʽ) ʘʨʘʩʳʥʜʘ ᴇʪʝʪʽʥ ʪײʣסʘʘʨʘʣʳץ ʳץʧʘʣ ʝʪʫ ʧʨʦʮʝʩʽ 

 שʘʪʳʥʘʩʳʤʝʥ ʙʽʣʜʽʨʽʣʝʪʽʥ ʦʥʳץ ʳʥʳʰʪʳ ʘʜʘʤèסʥʝʛʽʟʽʥ çʙʘʩʰʳ-ʙʘ שʪʳץʨʘʡʜʳ. ɹʘʩʰʳʣʳײץ

ᴅʨʪװʨʣʽ ʜʝשʛʝʡʣʝʨʽʥ ʘʡʥʘʣʳʧ ᴇʪʽʧ, ʬʝʥʦʤʝʥ ײץʨʳʣʳʩʳʥʳש ʝץ שʘʨʘʧʘʡʳʤ ʪװʨʜʝʛʽ ʨʝʪʪʽʣʽʛʽʥ 

ʥʝʛʽʟʜʝʡʪʽʥ ʙʠʣʽʢ ᴇʢʽʣʝʪʪʽʢʪʝʨʽ ײץʨʘʡʜʳ. 

ʆʩʳʣʘʡʰʘ, ʢᴇʰʙʘʩʰʳʥʳש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʢʝʣʝʩʽʣʝʨ ʢʽʨʝʜʽ: [19] (Taysumova et 

al., 2021): 

- ʜʘʤʫ ʙʘסʳʪʳ ʤʝʥ ʧʝʨʩʧʝʢʪʠʚʘʩʳʥ ʞᴅʥʝ ʤʘץʩʘʪʪʘʨסʘ ץʦʣ ʞʝʪʢʽʟʫʜʽ ʢᴇʨʫ ץʘʙʽʣʝʪʽ; 

 ;(ʪʘʨʪʳʣʫ, ʤʝʡʽʨʽʤʜʽʣʽʢ, ʵʤʧʘʪʠʷ) ץʤʘʨʣʳײץ -

- ʘʜʘʤʜʘʨʜʳ ʳʥʪʘʣʘʥʜʳʨʫʜʳץ  שʘʙʽʣʝʪʽ; 

- ʪʘʙʘʥʜʳʣʳץ; 

- ʞʦʩʧʘʨʣʘʡ ʙʽʣʫ; 

- ʰʳʜʘʤʜʳʣʳץʧʝʥ ʢװʪʝ ʙʽʣʫ. 

ʄʽʥʩʽʟ ʥײʩץʘʜʘ ʞʝʪʝʢʰʽʥʽש ʢᴇʰʙʘʩʰʳʣʳץ ץʘʩʠʝʪʪʝʨʽ ʙʦʣʫʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ 

 ʞʳʤʜʘ ʙʝʡʨʝʩʤʠײ ʣײʦʣʳʥʘʥ ʢʝʣʤʝʩʝ, ʦʥʜʘ ʙץ ʘʨʫʳ ʪʠʽʩ. ɽʛʝʨ ʙʘʩʰʳץʞʳʤʜʳ ʙʘʩײ

ʢᴇʰʙʘʩʰʳʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʞʘʨʠʷʣʘʥʳʤʜʘ ʙʽʟ ʦʣʘʨʜʘסʳ 

ʢᴇʰʙʘʩʰʳʣʳץ ץʘʩʠʝʪʪʝʨʜʽ ʜʘʤʳʪʫʜʳש ʤᴅʥʽ ʤʝʥ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʘ ʦʪʳʨʳʧ, ʙʘʩץʘʨʫ 

ʩʪʠʣʽʥ ץʘʨʘʩʪʳʨʘʪʳʥ ʙʦʣʘʤʳʟ. ʂᴇʰʙʘʩʰʳʣʳץ ʪʘץʳʨʳʙʳ ʙʦʡʳʥʰʘ ʞʘʨʠʷʣʘʥʳʤʜʘʨ ʘʨʘʩʳʥʜʘ 
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ʤʝʜʠʮʠʥʘʣʳץ ʤʝʢʝʤʝʣʝʨʜʽש ʧʨʘʢʪʠʢʘʩʳʥʜʘסʳ ʙʘʩʰʳʣʳץ ʩʪʠʣʽ ʤᴅʩʝʣʝʩʽ ʞʝʪʢʽʣʽʢʪʽ ץʘʨʘʣʤʘסʘʥ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴇʰʙʘʩʰʳʣʳץ ץʘʩʠʝʪʪʝʨʜʽ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʙʘʩץʘʨʫ ʩʪʠʣʜʝʨʽʥ ʜʘʤʳʪʫ 

ʧʨʦʙʣʝʤʘʪʠʢʘʩʳ ץʘʟʘץʩʪʘʥʜʳץ ɽɸױ ʦʨʪʘ ʙʫʳʥ ʙʘʩʰʳʣʘʨʳʥ ץʦʟסʘʤʘʡʜʳ. ʉʦʥʜʳץʪʘʥ 

ʞʘʨʠʷʣʘʥʳʤ ʘʚʪʦʨʣʘʨʳʥʳש ʤʘץʩʘʪʳ ʦʩʳ ʤᴅʩʝʣʝʥʽש ʞʘʡ-ʢװʡʽʥ ʟʝʨʜʝʣʝʫ ʞᴅʥʝ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש 

ʦʩʳʥʜʘʡ ʪʦʙʳ ʘʨʘʩʳʥʜʘ ᴇʟʽʥʽש ʙʘʩʪʘʧץʳ ʟʝʨʪʪʝʫʽʥ ʞװʨʛʽʟʫ ʙʦʣʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ, ʦʥʳש 

ʽʰʽʥʜʝ ʨʝʩʧʦʥʜʝʥʪ ʙʘʩʰʳʣʘʨʜʳש ʛʝʥʜʝʨʣʽʢ ʝʨʝʢʰʝʣʽʛʽʥ ʞᴅʥʝ ʦʩʳ ʘʩʧʝʢʪʽʥʽש ʘʚʪʦʨʠʪʘʨʣʳץ ʞᴅʥʝ 

ʜʝʤʦʢʨʘʪʠʷʣʳץ ʩʪʠʣʴ ʞʠʽʣʽʛʽʥʝ ᴅʩʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, סʳʣʳʤʠ ʞʘשʘʣʳץʪʳ ʙʽʣʜʽʨʝʜʽ. 

ʈʝʩʝʡʣʽʢ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʪᴅʞʽʨʠʙʝʜʝʛʽ ʢᴇʰʙʘʩʰʳʣʳסײ ץʳʤʳʥʳש ʩʠʧʘʪʪʘʤʘʩʳ.  

ʈ.ʇ.ɹʝʣʦʣʠʧʦʚ ʘʪʘʧ ᴇʪʢʝʥʜʝʡ, ײʞʳʤʜʳ ʪʠʽʤʜʽ ʙʘʩץʘʨʫʜʳש ʤʘשʳʟʜʳ ʘʩʧʝʢʪʽʩʽ ʙʘʩץʘʨʫ ʩʪʠʣʽ, 

ʷסʥʠ ʙʘʩʰʳʥʳש ᴇʟ ץʳʟʤʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʘʪʳʥ ᴅʜʽʩʪʝʨʜʽײץ ,שʨʘʣʜʘʨ ʤʝʥ ʥʳʩʘʥʜʘʨʜʳש ʞʠʳʥʪʳסʳ 

ʥʝʤʝʩʝ װʡʣʝʩʽʤʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [2] (Belolipov,2024). פʘʟʘץʩʪʘʥʜʳץ ʟʝʨʪʪʝʫʰʽʣʝʨ ʘʨʘʩʳʥʜʘ 

çʙʘʩʰʳʣʳץ ʩʪʠʣʽè סײʳʤʳʥʳש ʤᴅʥʽʥʝ ʝʢʽ ʢᴇʟץʘʨʘʩ ʙʘʨ [9] (Kotova, 2010). ɹ̔ ʨʽʥʰʽ ʪᴅʩʽʣʜʽש 

ᴇʢʽʣʜʝʨʽ (ɸ.ɻ. ʂʦʚʘʣʝʚ [6] (Zhuravlev et al., 1976), ɺ.ɺ. ʃʶʢʠʥ [13] (Lyukin, 1981), ʃ.ʀ. 

ʋʤʘʥʩʢʠʡ ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ [18] (Umanskiy et al., 1977)) ʙʘʩʰʳʣʳץ ʩʪʠʣʽʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʘ 

ʪײʣסʘʥʳש ʘʡץʳʥʜʘʫʰʳ ʨᴇʣʽʥ ʤʦʡʳʥʜʘʡʜʳ, ʦʣ ʙʳʣʘʡ ʪװʩʽʥʽʣʝʜʽ: ʙʘʩʰʳʥʳש ʞʝʢʝ-

ʧʩʠʭʦʣʦʛʠʷʣʳץ, ʞʝʢʝ ץʘʩʠʝʪʪʝʨʽʥ ʦʥʳץ שʳʟʤʝʪʽʥʜʝ ʞᴅʥʝ ʦʨʳʥʜʘʫʰʳʣʘʨʤʝʥ ץʘʨʳʤ-ץʘʪʳʥʘʩʪʘ 

ʢᴇʨʩʝʪʫ. 

ɽʢʽʥʰʽ ʪᴅʩʽʣʜʽש ᴇʢʽʣʜʝʨʽ (ɸ.ʃ. ɾʫʨʘʚʣʝʚ [5] (Dmitrieva, 2016), ɺ.ʌ. ʈʫʙʘʭʠʥ [7] (Zhuravlev 

et al., 1976), ɸ.ɸ. ʈʫʩʘʣʠʥʦʚʘ [16] (Rusalinova, 2015), ɸ.ʃ. ʉʚʝʥʮʠʮʢʠʡ [17] (Sventsitskiy, 2014) 

ʞᴅʥʝ ʪ.ʙ.) ʙʘʩʰʳʣʳץ ʩʪʠʣʽʥ ʙʘʩʰʳʥʳײ שʞʳʤʤʝʥ ʞᴅʥʝ ʞʝʢʝ ʦʨʳʥʜʘʫʰʳʣʘʨʤʝʥ ᴇʟʘʨʘ ʽʩ-

 ʘʨʘʩʪʳʨʘʜʳ. ʐʝʪʝʣʜʽʢ ʟʝʨʪʪʝʫʰʽʣʝʨʜʝץ ʩʠʧʘʪʪʘʤʘʩʳ ʨʝʪʽʥʜʝ ץʠʥʪʝʛʨʘʣʜʳ שʠʤʳʣʳʥʳץ

ʙʘʩʰʳʣʳץ ʩʪʠʣʴʜʝʨʽ ʤʳʥʘʜʘʡ ʪᴅʩʽʣʜʝʨʛʝ ʩᴅʡʢʝʩ ʙᴇʣʽʥʝʜʽ: 

1. ɾʝʢʝ ץʘʩʠʝʪʪʝʨ ʪײʨסʳʩʳʥʘʥ ʢᴇʟץʘʨʘʩ. 

2. ʤʽʥʝʟ-ײץʣʳץ ʪᴅʩʽʣʽ. 

3. ɸʭʫʘʣʜʳץ ʪᴅʩʽʣ. 

 

ʂᴇʰʙʘʩʰʳʣʳץʪʳש ʧʩʠʭʦʣʦʛʠʷʣʳץ ʘʭʫʘʣסʘ ᴅʩʝʨ ʝʪʫ ʪʘץʳʨʳʙʳ ᴅʣʝʫʤʝʪʪʽʢ ʞᴅʥʝ 

 ʰʽʥ ʟʝʨʪʪʝʫװ ʳ ʢᴇʧʪʝʛʝʥ ʰʝʪʝʣʜʽʢ ʟʝʨʪʪʝʫʰʽʣʝʨסʧʩʠʭʦʣʦʛʠʷ ʩʘʣʘʩʳʥʜʘ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

ʪʘץʳʨʳʙʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [4] (Guleva, 2023). ʂ. ʃʝʚʠʥ ʢᴇʰʙʘʩʰʳʥʳײ שʡʳʤʜʘʩʪʳʨʫ 

ʜʠʥʘʤʠʢʘʩʳʥʘ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʜʽ ʞᴅʥʝ çʙʘʩʰʳʣʳץ ʩʪʠʣʽè ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ᴅʟʽʨʣʝʜʽ [11] (Levin et 

al., 2001). ɼ. ʄʘʢɻʨʝʛʦʨ ʙʘʩʰʳʣʳץ ʩʪʠʣʴʜʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳץ שʳʟʤʝʪʢʝʨʣʝʨʜʽש ʫᴅʞʜʝʤʝʩʽʥʝ 

ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫʛʝ çXè ʞᴅʥʝ çYè ʪʝʦʨʠʷʣʘʨʳʥ ײʩʳʥʜʳ [26]. ʈ. ʃʘʡʢʝʨʪ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʢʣʠʤʘʪʪʳ 

ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ʰʢʘʣʘʥʳ ᴅʟʽʨʣʝʜʽ ʞᴅʥʝ ײʡʳʤʜʘסʳ ʢᴇʰʙʘʩʰʳʣʳץ ʩʪʠʣʽ ʤʝʥ ʢʣʠʤʘʪ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʜʽ [25] (Likert, 1961). ɼ.ɻʦʣʤʘʥ ʪʠʽʤʜʽ ʢᴇʰʙʘʩʰʳʣʳץʪʘסʳ 

ʵʤʦʮʠʦʥʘʣʜʳץ ʠʥʪʝʣʣʝʢʪʽʥʽש ʨᴇʣʽʥ ʟʝʨʪʪʝʧ, ʦש ʧʩʠʭʦʣʦʛʠʷʣʳץ ʘʭʫʘʣ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ 

ʢᴇʰʙʘʩʰʳʥʳש ʵʤʦʮʠʦʥʘʣʜʳײץ ץʟʳʨʝʪʽʥʽש ʤʘשʳʟʜʳʣʳסʳʥ ʘʪʘʧ ᴇʪʪʽ [24] (Goleman, 2000).  

ʂᴇʰʙʘʩʰʳʣʳץ ʪʘץʳʨʳʙʳ ʦʥʳ ʟʝʨʜʝʣʝʫʜʽש ʪװʨʣʽ ʘʩʧʝʢʪʽʣʝʨʽʥʜʝ ᴅʨץʘʰʘʥ ʪʘʥʳʤʘʣ ʙʦʣסʘʥ. 

ɹʽʨʘץ, ʝש ʘʣʜʳʤʝʥ, ʟʝʨʪʪʝʫʰʽʣʝʨʜʽ ʢᴇʰʙʘʩʰʳʣʳץʪʳץ שʘʥʜʘʡ ʪװʨʣʝʨʽ ʙʘʨ ʜʝʛʝʥ ʤᴅʩʝʣʝ 

ʪʦʣסʘʥʜʳʨʜʳ. ɸʚʪʦʨʠʪʘʨʣʳץ, ʜʝʤʦʢʨʘʪʠʷʣʳץ ʞᴅʥʝ ʞʦʣ ʙʝʨʫ ʩʠʷץʪʳ ʙʘʟʘʣʳץ ʨʝʪʽʥʜʝ 

 ʘʨʘʩʪʳʨʳʣʜʳ [21, 28] (Samarakoon, 2019). 1969 ʞʳʣʳ ʇ. ʍʝʨʩʠ ʤʝʥ ʂ. ɹʣʘʥʰʘʨץ

çʂᴇʰʙʘʩʰʳʣʳץʪʳש ᴇʤʽʨʣʽʢ ʮʠʢʣʽʥʽש ʪʝʦʨʠʷʩʳè ʜʝʧ ʘʪʘʣʘʪʳʥ ʪʝʦʨʠʷʥʳ ᴅʟʽʨʣʝʜʽ, ʦʣ ʢʝʡʽʥʥʝʥ 

çɸʭʫʘʣʜʳץ ʢᴇʰʙʘʩʰʳʣʳץè ʜʝʧ ʘʪʘʣʜʳ. ʆʩʳ ʪʝʦʨʠʷסʘ ʩᴅʡʢʝʩ ʙʘʩʰʳʣʳץ ʞʘʩʘʫ ʩʪʠʣʽ 

ʙʘסʳʥʳʰʪʳʥʳש ʜʘʤʫ ʜʝשʛʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʫʽ ʪʠʽʩ [21, 28](Samarakoon, 2019). 

ʂᴇʰʙʘʩʰʳʣʳץʪʳש ʘʚʪʦʨʠʪʘʨʣʳץ ʪװʨʽ ʙʘʩץʘʨʫʜʘסʳ ʢʣʘʩʩʠʢʘʣʳץ ʪᴅʩʽʣʜʽש ʥʝʛʽʟʽ ʨʝʪʽʥʜʝ 

 .ʘʥסʪʘʨʘʣ שʳʜʘʥ ʢʝסʨײʩʪʠʣʴ ʪʘʨʠʭʠ ʪ ץʘʨʘʩʪʳʨʳʣʘʜʳ [28] (Samarakoon, 2019). ɸʚʪʦʨʠʪʘʨʣʳץ

ʈ.ʇ. ɹʝʣʦʣʠʧʦʚ ᴇʟ ʞʘʨʠʷʣʘʥʳʤʳʥʜʘ ʘʚʪʦʨʠʪʘʨʣʳץ ʩʪʠʣʴʜʽש ʠʜʝʦʣʦʛʠʷʩʳ ʍ ʞᴅʥʝ Y 

ʤʦʪʠʚʘʮʠʷʩʳ ʪʝʦʨʠʷʩʳʥʳש ʥʝʛʽʟʽʥʝ ʩʘʣʳʥסʘʥ ʪᴅʩʽʣʜʽ ʙʝʡʥʝʣʝʡʪʽʥʽʥ ʘʪʘʧ ʢᴇʨʩʝʪʝʜʽ, ʦʥʜʘ ʍ 

ʘʜʘʤʜʘʨʜʳש ʞײʤʳʩ ʽʩʪʝʫʛʝ, ʙʘʩʪʘʤʘ ʞʘʩʘʫסʘ ʞᴅʥʝ ʞʘʫʘʧʢʝʨʰʽʣʽʢʪʽ ᴇʟ ʤʦʡʥʳʥʘ ʘʣʫסʘ 

 ʦʩʳ ʪʠʧʽʥʜʝ שʘʨʫʜʳץʳ ʪʫʨʘʣʳ ʧʽʢʽʨʽ ʥʝʛʽʟʛʝ ʘʣʳʥʘʜʳ [2] (Belolipov, 2024). ɹʘʩסʩʳʟʜʳץʣʳײץ

ʙʘʩʰʳ ץʳʟʤʝʪʢʝʨʣʝʨ ʪʘʨʘʧʳʥʘʥ ʧʽʢʽʨ ʤʝʥ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʠʜʝʷʣʘʨʜʳ ʝʩʢʝʨʤʝʡ ʞʝʢʝ-ʜʘʨʘ ʰʝʰʽʤ 

 ʨʣʝʫװʳ, ʞʘʟʘ ʞᴅʥʝ ʤᴅʞʙץʪʘʡʜʳ [28] (Samarakoon, 2019). ʉʳʡʘץʳʥ ʩʘסʳץײץ ʘʙʳʣʜʘʫץ

ʙʘʩʰʳʣʳץʪʳש ʦʩʳ ʪװʨʽ ʢʝʟʽʥʜʝ ץʳʟʤʝʪʢʝʨʣʝʨʜʽ ʳʥʪʘʣʘʥʜʳʨʫʜʳש ʙʘʩʪʳ ײץʨʘʣʜʘʨʳ ʙʦʣʳʧ 
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ʪʘʙʳʣʘʜʳ. ɹʶʨʦʢʨʘʪʠʷʥʳ ʜʘʤʳʪʫ ʳʥʪʘʣʘʥʜʳʨʳʣʘʜʳ, ʦʥʜʘ ʙʝʣʛʽʣʝʥʛʝʥ ץʘסʠʜʘʣʘʨ ʞʠʥʘסʳ ʤʝʥ 

 ʢʨʝʘʪʠʚʪʽʣʽʛʽ ʘʩʘ שʳʟʤʝʪʢʝʨʣʝʨʜʽפ .ʘʥסʪʳ ʞʘʟʳʣץʳ ʥʘסʳʟʜʳʣʳשʤʘ שʞʘʪ ʘʡʥʘʣʳʤʳʥʳײץ

ʤʘשʳʟʜʳ ʝʤʝʩ. ᴆʟʽʥʽש ʞʘʨʠʷʣʘʥʳʤʳʥʜʘ ʃ.ɸ. ɼʤʠʪʨʠʝʚʘ ʘʚʪʦʨʠʪʘʨʣʳץ ʙʘʩץʘʨʫ ʩʪʠʣʽ ʝשʙʝʢʢʝ 

ʧʘʩʩʠʚʪʽ ʢᴇʟץʘʨʘʩ ʙʘʨ ײʞʳʤʜʘʨʜʘ ʞʘץʩʳ ʢʝʣʝʪʽʥʽʥ ʙʘʩʘ ʘʡʪʘʜʳ [5] (Dmitrieva, 2016). ʄײʥʜʘ 

ʙʘʩʰʳʥʳש ʙʘʨʣʳסʳ װʰʽʥ ʪᴅʨʪʽʧ ʧʝʥ ʞʝʢʝ ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʙʦʣʘʜʳ. ʂʝʤʰʽʣʽʢʪʝʨʜʝʥ 

ʞײʤʳʩʰʳʣʘʨʜʘ ץʘʥʘסʘʪʪʘʥʙʘʫʰʳʣʳץ ʧʝʥ ʢᴅʩʽʙʠ ʢװʡʟʝʣʽʩ, ʙʘʩʪʘʤʘʰʳʣʜʳץ ʧʝʥ ʞʘשʘʰʳʣ 

ʠʜʝʷʣʘʨʜʳש ʤװʣʜʝʤ ʞʦץʪʳסʳʥ ʘʪʘʧ ᴇʪʫ ʢʝʨʝʢ. ɹʘʩʰʳʣʳץʪʳש ʜʝʤʦʢʨʘʪʠʷʣʳץ ʪװʨʽ ʘʚʪʦʨʠʪʘʨʣʳץ 

ʪװʨʜʽש ʪʽʢʝʣʝʡ ץʘʨʘʤʘ-ץʘʡʰʳʣʳסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʙʶʨʦʢʨʘʪʠʷʥʳש ʜʘʤʫʳʥ ʙʦʣʞʘʤʘʡʜʳ 

[28] (Samarakoon, 2019). פʳʟʤʝʪʢʝʨʣʝʨ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ װʜʝʨʽʩʽʥʝ ʙʝʣʩʝʥʜʽ ץʘʪʳʩʘʜʳ, ʦʣʘʨʜʳש 

ʧʽʢʽʨʽ ʤʘשʳʟʜʳ. ʊװʧʢʽʣʽʢʪʽ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʙʘʩʰʳʜʘ ץʘʣʘʜʳ. ʈ.ʇ. ɹʝʣʦʣʠʧʦʚʪʳש 

ʞʘʨʠʷʣʘʥʳʤʳʥʜʘ ʜʝʤʦʢʨʘʪʠʷʣʳץ ʩʪʠʣʴ ʍ ʞᴅʥʝ Y ʤʦʪʠʚʘʮʠʷ ʪʝʦʨʠʷʩʳʥʳש ʥʝʛʽʟʽʥʝ ʩʘʣʳʥסʘʥ 

ʪᴅʩʽʣʜʽ ʙʝʡʥʝʣʝʡʪʽʥʽ ʘʪʘʧ ᴇʪʽʣʝʜʽ, ʦʥʜʘ Y-ʥʳש ʘʜʘʤʜʘʨʜʳש ʞײʤʳʩ ʽʩʪʝʫ, ʙʘʩʪʘʤʘʰʳʣʳץ ʞᴅʥʝ 

ʰʳסʘʨʤʘʰʳʣʳץ ץʘʙʽʣʝʪʽ ʪʫʨʘʣʳ ʧʽʢʽʨʽ ʥʝʛʽʟʛʝ ʘʣʳʥʘʜʳ [2] (Belolipov, 2024). ʃ.ɸ. ɼʤʠʪʨʠʝʚʘ 

ʘʪʘʧ ᴇʪʢʝʥʜʝʡ, ʜʝʤʦʢʨʘʪʠʷʣʳץ ʙʘʩץʘʨʫ ʩʪʠʣʽ ײʞʳʤ ʤװʰʝʣʝʨʽʥʽץ שʘʪʳʩʫʳʥʘ ʙʘסʳʪʪʘʣסʘʥ [5] 

(Dmitrieva, 2016), ʩʦʥʜʳץʪʘʥ ʙʘʩʰʳ ᴇʟʽʥʽש ʤʽʥʝʟ-ײץʣץʳʤʝʥ ʦʥʳ ʳʥʪʘʣʘʥʜʳʨʫסʘ ʪʠʽʩ. ʄײʥʜʘʡ 

ʙʘʩץʘʨʫ ʩʪʠʣʽ ʞʘסʜʘʡʳʥʜʘ ᴇʟʽʥ-ᴇʟʽ ʙʘץʳʣʘʫ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʂʦʨʧʦʨʘʪʠʚʪʽʢ ʩʫʙʤᴅʜʝʥʠʝʪ 

ʪʝ ʤʘשʳʟʜʳ ʦʨʳʥ ʘʣʘʜʳ. ʂʝʤʰʽʣʽʢʪʝʨʜʽש ʽʰʽʥʜʝ ʤײʥʜʘʡ ʩʪʠʣʴ ʵʢʩʪʨʝʤʘʣʜʳ ʞʘסʜʘʡʣʘʨʜʘ 

ʪʠʽʤʩʽʟʜʽʛʽʥ ʞᴅʥʝ ʙʘʩʪʳץ ʧʝʥ ץʘʨʘʤʘסʳʥʜʘסʳʣʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳש ʙײʟʳʣʫʳʥʘ, ʩʦʥʜʘʡ-

ʘץ ʙʠʣʽʢʢʝ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ײʤʪʳʣʘ ʙʘʩʪʘʡʪʳʥ ʙʝʡʨʝʩʤʠ ʢᴇʰʙʘʩʰʳʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʘʣʳʧ 

ʢʝʣʝʪʽʥʽʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ɹʘʩץʘʨʫʜʘסʳ ʢᴇʰʙʘʩʰʳʣʳץʪʳװ שʰʽʥʰʽ ʪװʨʽ ʜʝ ʞʠʽ ʝʩʢʝ ʘʣʳʥʘʜʳ [28] 

(Samarakoon, 2019). ɹײʣ ʞʘסʜʘʡ ʘʨʘʣʘʩʧʘʫʜʳ ʢᴇʟʜʝʡʪʽʥ ײʞʳʤʜʳ ʙʘʩץʘʨʫʜʳש ʥʝײסʨʣʳʤ ʧʘʩʩʠʚʪʽ 

ʥʳʩʘʥʳʥ ʢᴇʟʜʝʡʜʽ. ɹʘʩʰʳ ʞʘʫʘʧʢʝʨʰʽʣʽʢʪʝʥ ʞʘʣʪʘʨʘʜʳ ʞᴅʥʝ ʰʝʰʽʤ ץʘʙʳʣʜʘʫסʘ ʝʨʝʢʰʝ 

 ,ʨʽ ʜʝʧ ʘʪʘʡʜʳ. ɸʣʘʡʜʘװʪ ץʘʪʳʩʧʘʡʜʳ. ʂʝʡʙʽʨ ʙʘʩʳʣʳʤʜʘʨʜʘ ʦʥʳ ʣʠʙʝʨʘʣʜʳ ʢᴇʰʙʘʩʰʳʣʳץ

ʣʠʙʝʨʘʣʜʳץ ʩʪʠʣʴ ʪʘʟʘ ʪװʨʜʝ ʧʘʩʩʠʚʪʽ ʞʦʣ ʙʝʨʫʜʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ʈ.ʇ.ɹʝʣʦʣʠʧʦʚ ʣʠʙʝʨʘʣʜʳץ 

ʩʪʠʣʴ ʝʨʢʽʥʜʽʢʧʝʥ, ʙʘʩʰʳʣʳץ ʪʘʨʘʧʳʥʘʥ ץʳʟʤʝʪʢʝʨʣʝʨʜʽץ שʳʟʤʝʪʽʥʝ ʙʘץʳʣʘʫʜʳש ʞʦץʪʳסʳʤʝʥ 

ʞᴅʥʝ ʞʘʫʘʧʩʳʟʜʳץʧʝʥ ʙʽʨʜʝʡ ʜʝʛʝʥ ʜײʨʳʩ ʧʘʡʳʤʜʘʫʣʘʨ ʪʫʳʥʜʘסʘʥʳʥ ʘʪʘʧ ᴇʪʪʽ. ʐʳʥ ʤᴅʥʽʩʽʥʜʝ 

ʙײʣ ʦʣʘʡ ʝʤʝʩ ʞᴅʥʝ ʙʘʩʰʳ ʩʘʨʘʧʰʳ ʤʝʥ ʢʦʥʩʫʣʴʪʘʥʪʪʳץײץ שʳץʪʘʨʳʥ ʩʘץʪʘʡʜʳ. ʆʣ 

ʦʨʳʥʜʘʫʰʳʣʘʨסʘ ʞײʤʳʩʪʳ ʦʨʳʥʜʘʫ װʰʽʥ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ [2] (Belolipov, 2024). ɸ.ʕ.ɻʫʣʝʚʘʥʳש 

ʧʽʢʽʨʽʥʰʝ, ʣʠʙʝʨʘʣʜʳץ ʩʪʠʣʴ ʙʘסʳʥʳʰʪʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʛʽ ʤʝʥ ʫᴅʞʜʝʤʝʩʽʥʽש ʞʦסʘʨʳ 

ʜʝשʛʝʡʽ ʙʘʨ ʞʘסʜʘʡʣʘʨʜʘ ʪʠʽʤʜʽ ʙʦʣʫʳ ʤװʤʢʽʥ [4] (Guleva, 2023). ʍʘʨʠʟʤʘʪʠʢʘʣʳץ ʢᴇʰʙʘʩʰʳ 

ᴇʟʽʥʽש ʙʘʩץʘʨʫ ʬʠʣʦʩʦʬʠʷʩʳʥ ʙʘʩʰʳʣʳץץʘ ʘʣʘ ʦʪʳʨʳʧ ᴅʨʝʢʝʪ ʝʪʝʜʽ ʞᴅʥʝ ץʳʟʤʝʪʢʝʨʣʝʨʜʽ ᴇʟʽʥʽש 

ʞʝʢʝ ץʘʩʠʝʪʪʝʨʽ ʘʨץʳʣʳ ʪʘʙʳʩʪʳ ʞײʤʳʩץʘ ʰʘʙʳʪʪʘʥʜʳʨʘ ʘʣʘʜʳ. ʄײʥʜʘʡ ʢᴇʰʙʘʩʰʳʥʳש 

ʙʘʩץʘʨʫ ᴅʜʝʙʽ ʤʝʥ ʝשʙʝʢʪʽ ᴅʜʽʣ ʙᴇʣʫ ʪʫʨʘʣʳ ᴇʟ ʪװʩʽʥʽʢʪʝʨʽ ʙʘʨ. ʆʣʘʨ ץʳʟʤʝʪʢʝʨʣʝʨʜʽ ʦʣʘʨʜʳש 

ʜװʥʠʝʪʘʥʳʤʳʥ ʩᴇʟʩʽʟ ײʩʪʘʥʫסʘ ʢᴇʥʜʽʨʝ ʘʣʘʜʳ ʞᴅʥʝ ײʞʳʤʥʳװ שʣʢʝʥ ײץʨʤʝʪʽʥʝ ʠʝ ʙʦʣʘʜʳ. 

ʂᴇʰʙʘʩʰʳʣʳץʪʳש ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʪװʨʽʥʜʝ ʙʘʩʰʳ ץʳʟʤʝʪʢʝʨʣʝʨʜʽץ שʘʞʝʪʪʽʣʽʢʪʝʨʽʥ 

ʪװʩʽʥʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʢᴅʩʽʙʠ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ײץʟʳʨʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʞײʤʳʩ ʽʩʪʝʡʜʽ [28] 

(Samarakoon, 2019). ʄײʥʜʘʡ ʙʘʩʰʳ ץʳʟʤʝʪʢʝʨʣʝʨʜʽ װʥʝʤʽ ʦץʳʪʫסʘ ʤװʜʜʝʣʽ, ʠʥʪʝʣʣʝʢʪ ʧʝʥ 

ʢʦʤʤʫʥʠʢʘʪʠʚʪʽʢ ʜʘסʜʳʣʘʨʜʳ ʙʘסʘʣʘʡʜʳ. ɸ.ʕ.ɻʫʣʝʚʘʥʳש ʞʘʨʠʷʣʘʥʳʤʳʥʜʘ ʢᴇʰʙʘʩʰʳʣʳץ 

ʩʪʠʣʴʜʝʨ ᴇʟʘʨʘ ʝʨʝʢʰʝʣʝʥʙʝʡʪʽʥʜʽʛʽ ʞᴅʥʝ ʙʘʩʰʳʣʘʨ ᴇʟ ʢʦʤʘʥʜʘʩʳʥʳש ʞʘסʜʘʡʳ ʤʝʥ 

 ʳ ʘʪʘʧ ᴇʪʽʣʛʝʥ [4]סʦʣʜʘʥʘ ʘʣʘʪʳʥʜʳץ ʨʣʽ ʩʪʠʣʴʜʝʛʽ ʵʣʝʤʝʥʪʪʝʨʜʽװʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʪץ

(Guleva, 2023). ʂʨʘʩʥʦʷʨʦʚʘ ʂ.ɺ. ץʘʟʽʨʛʽ ʙʘʩץʘʨʫ ʩʪʠʣʽʥʽש ʙʽʨʜʝ-ʙʽʨ ʤʦʜʝʣʽ ʤװʣʜʝʤ ʤʽʥʩʽʟ ʝʤʝʩ 

ʜʝʧ ʘʪʘʧ ʢᴇʨʩʝʪʝʜʽ [10] (Krasnoyarova, 2021). ɹʘʩʰʳʣʳץʪʳש ʥʝײסʨʣʳʤ ʪʠʽʤʜʽ ʩʪʠʣʽ ʙʝʣʛʽʣʽ ʙʽʨ 

ʫʘץʳʪʪʘ ʙʘʩʰʳʥʳש ʝש ʞʘץʩʳ ץʘʩʠʝʪʪʝʨʽʥ ʙʝʡʥʝʣʝʡʪʽʥ ʞᴅʥʝ ץʘʟʽʨʛʽ ʰʳʥʘʡʳʣʳץʪʳש 

ʪʘʣʘʧʪʘʨʳʥʘ ʞʘʫʘʧ ʙʝʨʝʪʽʥ ʩʪʠʣʴ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ʐʘסʳʥ ʙʠʟʥʝʩ ʙʘʩʰʳʣʘʨʳʥʳש ʘʚʪʦʨʠʪʘʨʣʳץ ʙʘʩץʘʨʫ ʩʪʠʣʽʥ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ, ʦʥʳש ʙʘʨʳʩʳʥʜʘ ײʞʳʤʜʘסʳ ʪײʨʘץʩʳʟ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʘʭʫʘʣʜʳש ʜʘʤʫʳ 

ʘʥʳץʪʘʣʜʳ, ʘʣ ʙʘʩʰʳʣʳץʪʳש ʣʠʙʝʨʘʣʜʳץ ʩʪʠʣʽʥʽש ʘʡץʳʥʜʳʣʳץ ʜʝשʛʝʡʽʥʽש ʘʨʪʫʳʤʝʥ ײʞʳʤʜʘ 

 ʘʨʫץʪʘʥ ʙʘʩץʛʝʡʽ ʘʨʪʘʜʳ [14] (Maksimenko et al.2023). ʉʦʥʜʳשʘʭʫʘʣ ʜʝ ץʦʣʘʡʣʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ

ʩʪʠʣi ʙײʣ ʢᴇʨʩʝʪʢiʰʢʝ ץʦʣʘʡʣʳ ʜʘ, ʦʥʰʘ ʦש ʜʘ ʝʤʝʩ ʪװʨʜʝ ᴅʩʝʨ ʝʪʫi ʤװʤʢiʥ. ʇʩʠʭʦʣʦʛʠʷʣʳץ 

ʘʭʫʘʣ ץʳʟʤʝʪʢʝʨʜʽץ שʘʥʘסʘʪʪʘʥʫʰʳʣʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ ʞᴅʥʝ ʞײʤʳʩ 

ʥᴅʪʠʞʝʣʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. ɼʝʛʝʥʤʝʥ, ʤײʥʜʘʡ ʳץʧʘʣʜʳ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥʛʽ ʟʘשʜʳʣʳץʪʘʨʜʳ ʦʜʘʥ ᴅʨʽ 

ʟʝʨʜʝʣʝʫ װʰʽʥ ᴅʣʽ ʜʝ ʢᴇʧʪʝʛʝʥ ʘʩʧʝʢʪʽʣʝʨ ʙʘʨ. ɹʘʩץʘʨʫ ʩʪʠʣʽʥ ʪʘשʜʘʫ ʘסʳʤʜʘסʳ ʞʘסʜʘʡʜʳש 
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ʞʘסʜʘʡʳʥʘ ʞᴅʥʝ ײʞʳʤ ʤʝʥ ײʡʳʤʜʘ ʰʝʰʽʣʝʪʽʥ ʝשʙʝʢ ʤʽʥʜʝʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ɼʝʥʩʘʫʣʳץ ʩʘץʪʘʫ 

ʩʘʣʘʩʳʥʜʘסʳ ʢᴇʰʙʘʩʰʳʣʳץʪʳ ʟʝʨʪʪʝʫ ɼʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʩʘʣʘʩʳʥʜʘסʳ ʙʘʩʰʳʣʘʨʜʳש 

ʢᴇʰʙʘʩʰʳʣʳץ ʪװʨʣʝʨʽ 2000 ʞʳʣʜʘʥ ʙʘʩʪʘʧ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʟʝʨʪʪʝʣʝ ʙʘʩʪʘʜʳ [1] (Azarnova et 

al.2021). ɹײʣ סײʳʤ ʤʝʜʠʮʠʥʘʜʘ ᴅʨ ʪװʨʣʽ ʘʩʧʝʢʪʽʣʝʨʜʝʥ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʽʨʽʥʰʽʜʝʥ, ʝʤʜʝʫ-ʘʣʜʳʥ 

ʘʣʫ ʤʝʢʝʤʝʩʽʥ (ɽɸױ) ʙʘʩץʘʨʫ ʧʨʦʮʝʩʽ ʩʠʷץʪʳ. ɽʢʽʥʰʽʜʝʥ, ʙײʣ ʧʨʦʮʝʩʪʽ ʝשʙʝʢ ײʞʳʤʳʥʜʘ ᴇʟʘʨʘ 

ʽʩ-ץʠʤʳʣ ʞʘʩʘʫ ʞᴅʥʝ ץʳʟʤʝʪʢʝʨʣʝʨʜʽש ʰʳסʘʨʤʘʰʳʣʳץ ᴅʣʝʫʝʪʽʥ ʜʘʤʳʪʫ װʰʽʥ ץʦʣʘʡʣʳ 

ʞʘסʜʘʡʣʘʨ ʞʘʩʘʫ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʫ ʜʘ ʙʘʨ. ʄʝʜʠʮʠʥʘʣʳץ ץʳʟʤʝʪʪʝʨ ʩʘʣʘʩʳʥʜʘסʳ 

ʢᴇʰʙʘʩʰʳʣʳסײ ץʳʤʳʥ ʘʡץʳʥʜʘʫʜʳװ שʰʽʥʰʽ ʙʘסʳʪʳ ɽɸױ ʢʽʨʽʩʪʝʨʽʥ ʘʨʪʪʳʨʫʜʘʥ, 

ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʜʘʤʳʪʫʜʘʥ ʞᴅʥʝ ץʳʟʤʝʪʢʝʨʣʝʨʜʽש ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʝʡʽʤʜʝʣʫʽʥ 

ʘʨʪʪʳʨʫʜʘʥ ʪײʨʘʪʳʥ ʦש ʥᴅʪʠʞʝʣʝʨʛʝ ʰʦסʳʨʣʘʥʘʜʳ. ɸʣʘʡʜʘ ʙʘʨʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʝ, ʝש ʘʣʜʳʤʝʥ, 

ʞʘʣʧʳ ʩʪʨʘʪʝʛʠʷʣʳץ ʜʘʤʫ ʝʤʝʩ, ʧʝʨʩʦʥʘʣʜʳש ʘסʳʤʜʘסʳ ʞײʤʳʩ ʧʨʦʮʝʩʪʝʨʽ ʪײʨסʳʩʳʥʘʥ ײʡʳʤʜʳ 

ʞʘʣʧʳ ʙʘʩץʘʨʫ ʪײʨסʳʩʳʥʘʥ ʢᴇʰʙʘʩʰʳʣʳץʪʳ ʟʝʨʜʝʣʝʫʜʽ ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʪʳʥ ʙʽʨ סʘʥʘ ʥᴅʨʩʝ ʙʘʨ. 

ʂᴇʰʙʘʩʰʳʣʳץ ʢᴇʙʽʥʝʩʝ, ʤʳʩʘʣʳ, ʩʪʘʮʠʦʥʘʨ ʞʘסʜʘʡʳʥʜʘ ʧʘʮʠʝʥʪʪʽ ʢװʪʫʜʽ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ 

ʞʝʢʝʣʝʛʝʥ ʤʝʜʠʮʠʥʘ ץʳʟʤʝʪʢʝʨʣʝʨʽʥ ʦʩʳ ʧʨʦʮʝʩʢʝ ʪʘʨʪʫ ʩʠʷץʪʳ ʟʝʨʜʝʣʝʥʝʜʽ. ɽɸױ 

ʙʘʩʰʳʣʳסʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫʜʳש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʽ ʤʝʜʠʮʠʥʘʣʳץ ʢᴇʤʝʢʪʽש ʩʘʧʘʩʳʥ 

ʘʨʪʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɼʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʩʘʣʘʩʳʥʜʘסʳ ʢᴇʰʙʘʩʰʳʣʳץץʘ ʞᴅʥʝ ʦʥʳש ʪװʨʣʝʨʽʥʝ ʘʨʥʘʣסʘʥ 

ʞʘʨʠʷʣʘʥסʘʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʩʘʥʳ ʩʦסשʳ ʞʳʣʜʘʨʳ ײʜʘʡʳ ᴇʩʽʧ ʢʝʣʝʜʽ. 2000-2012 ʞʳʣʜʘʨ 

ʘʨʘʣʳסʳʥʜʘ 3 ʟʝʨʪʪʝʫ, 2013-2015 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ - 5 ʟʝʨʪʪʝʫ, 2016-2018 ʞʳʣʜʘʨ 

ʘʨʘʣʳסʳʥʜʘ 17 ʟʝʨʪʪʝʫ ʞᴅʥʝ 2019-2022 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ 17 ʟʝʨʪʪʝʫ ʞʘʨʠʷʣʘʥסʘʥʳʥ ʘʡʪʘ 

ʢʝʪʝʡʽʢ [22] (Bornman et al.2023). 42 ʟʝʨʪʪʝʫʜʽ26 ש-ʩʳʥʜʘ ᴅʜʽʩʥʘʤʘ ʨʝʪʽʥʜʝ ʩʘʫʘʣʥʘʤʘʣʘʨ 

 ʨʛʽʟʽʣʜʽ ʞᴅʥʝ 3 ʟʝʨʪʪʝʫʜʝ ʢʝʡʩ-ᴅʜʽʩʪʝʨװʨʽʥʜʝ ʞװʭʙʘʪ ʪײʩ שʦʣʜʘʥʳʣʜʳ, 13 ʟʝʨʪʪʝʫ ʪʝʨʝץ

 ,ʐ-ʪʘ (n = 20)פʢᴇʧʰʽʣʽʛʽ ɸ שʙʝʣʛʽʩʽ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨʜʽ ץʦʣʜʘʥʳʣʜʳ. ɻʝʦʛʨʘʬʠʷʣʳץ

 ʘץʘʥʜʘʨʳ ɸʥʛʣʠʷʜʘ (n = 4), ɸʚʩʪʨʘʣʠʷʜʘ (n = 4), ʆɸʈ (n = 3), ʄʘʣʘʡʟʠʷʜʘ (n = 2) ʞᴅʥʝ 9 ʙʘʩסʘʣץ

ʝʣʜʝʨʜʝ (ʐʚʝʮʠʷ, ɼʘʥʠʷ, ʅʠʜʝʨʣʘʥʜʳ, ʊװʨʢʠʷ, ʀʨʘʥ, תʥʜʽʩʪʘʥ, פʳʪʘʡ, ɹʨʘʟʠʣʠʷ ʞᴅʥʝ ʃʘʪʳʥ 

ɸʤʝʨʠʢʘ) [22] (Bornman et al. 2023) ɾʦסʘʨʳʜʘ ʘʪʘʧ ᴇʪʽʣʛʝʥʜʝʡ, ʙײʣ ʟʝʨʪʪʝʫʣʝʨʜʝ ɽɸʄ-ʜʝʛʽ 

ʢʦʤʘʥʜʘʣʳץ ʞײʤʳʩץʘ ʢᴇʧ ʢᴇשʽʣ ʙᴇʣʽʥʜʽ [22] (Bornman et al., 2023). ᴆʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʜʽש 

ʘʨʘʩʳʥʜʘ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʰʝʰʫ ʞᴅʥʝ ʞʘʥʞʘʣʜʘʨʜʳ ʨʝʪʪʝʫ ʪᴅʩʽʣʜʝʨʽ ץʘʨʘʣʜʳ 

ʙʽʨʣʝʩʢʝʥ ʞײʤʳʩ ʞʦʩʧʘʨʣʘʨʳ, ʢʦʤʘʥʜʘ ץʘʪʳʩʫʰʳʣʘʨʳʥʳש ʫᴅʞʜʝʤʝʩʽʥ ʘʨʪʪʳʨʫ, ʰʝʰʽʤ 

 ʤʽʥʜʝʪʪʝʨʽʥ ʙᴇʣʫ, ʪʘʡʤ-ʤʝʥʝʜʞʤʝʥʪ ʞᴅʥʝ שʰʝʣʝʨʽʥʽװʳ, ʢʦʤʘʥʜʘ ʤסʘʣʳʣʳץʘʣ שʘʙʳʣʜʘʫʜʳץ

ɽɸױ ʨʝʩʫʨʩʪʘʨʳʥ ʙʘʩץʘʨʫ. ʉʦʥʜʘʡ-ʘץ ᴇʟʽʥ-ᴇʟʽ ʙʘʩץʘʨʫ, ʧʝʨʩʦʥʘʣʜʳ ʦץʳʪʫ, ʞʘʥʘʰʳʨʣʳץ, 

ʨʝʬʣʝʢʩʠʷ ʞᴅʥʝ ᴇʟʽʥ-ᴇʟʽ ʪʘʥʫ ʩʠʷץʪʳ ʜʘסʜʳʣʘʨʜʳ ʜʘʤʳʪʫ ʤᴅʩʝʣʝʣʝʨʽ ʢᴇʪʝʨʽʣʜʽ. 

ɽʛʝʨ ʢʝʰʝʥʜʽ ʪװʨʜʝ ץʘʨʘʡʪʳʥ ʙʦʣʩʘץ, ʦʥʜʘ ɽɸױ ʙʘʩץʘʨʫʜʘסʳ ʢᴇʰʙʘʩʰʳʣʳץ ʤʳʥʘʜʘʡ 

ʘʩʧʝʢʪʽʣʝʨʜʽ ץʘʤʪʠʜʳ, ʤʳʩʘʣʳ: [1] (Azarnova et al., 2021): 

1. ʐʝʰʽʤ ץʘʙʳʣʜʘʫʜʘסʳ ʘʣץʘʣʳʣʳץ. 

2. ʧʘʮʠʝʥʪʪʽ ʝʤʜʝʫʜʽש ʙʽʨʳסשʘʡ ʪᴅʩʽʣʽʥ ᴅʟʽʨʣʝʫ. 

3 .ʂʦʤʘʥʜʘ ץʘʪʳʩʫʰʳʣʘʨʳʥʳש ʨᴇʣʜʝʨʽʥ ʥʘץʪʳ ʙᴇʣʫ. 

4. ɾײʤʳʩ ʧʨʦʮʝʩʽʥʜʝ ʳʥʪʳʤʘץʪʘʩʪʳץ ʧʝʥ ʞʘʨʳʩ ʘʨʘʩʳʥʜʘסʳ ʪʝשʛʝʨʽʤʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ. 

5. ʓסשʘʡʣʳ ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. 

6. ʊᴅʫʝʢʝʣʜʝʨʜʽ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ װʰʽʥ ʞʘʫʘʧʢʝʨʰʽʣʽʢʪʽ ᴇʟʽʥʝ ʘʣʫסʘ 

ʜʘʡʳʥʜʳץʪʳ ץʘʣʳʧʪʘʩʪʳʨʫ. 

7,.ɾʝʢʝ ʜᴅʨʽʛʝʨʣʝʨʜʽש ʞᴅʥʝ ʢʽʰʽ/ץʦʩʘʣץʳ ʤʝʜʠʮʠʥʘʣʳץ ʧʝʨʩʦʥʘʣʜʳש ʜʝʨʙʝʩ 

 .ʩʽʥʫװʳʥ ʪסʳʟʜʳʣʳשʤʘ שʪʘʨʳʥʳץʥʜʳʣʳײץ

8. ɽɸױ-ʜʝʛʽ ʙʘʩץʘʨʫ ʠʝʨʘʨʭʠʷʩʳʥʳש ᴅʨʪװʨʣʽ ʜʝשʛʝʡʣʝʨʽʥ ʙʘץʳʣʘʫ. 

ɼʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʩʘʣʘʩʳ ץʳʟʤʝʪʢʝʨʣʝʨiʥiש ʞײʤʳʩʳʥʘ ץʘʥʘסʘʪʪʘʥʫʰʳʣʳץʪʳש ʝʣʝʫʣi ʤᴅʥi 

ʙʘʨ, ᴇʡʪʢʝʥi ʦʣ ʤʝʜʠʮʠʥʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʩʘʧʘʩʳʥʘ ʪiʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜi. ɿʝʨʪʪʝʫʣʝʨ 

ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʞײʤʳʩץʘ ץʘʥʘסʘʪʪʘʥʫ ɽɸױ-ʜʝ ʪʘשʜʘʣסʘʥ ʥײʩץʘʫ ʪװʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ [28] 

(Samarakoon, 2019). ʄʳʩʘʣʳ, ʙʘʩץʘʨʫʜʳש ʘʚʪʦʨʠʪʘʨʣʳץ ʪװʨʽ ץʳʟʤʝʪʢʝʨʣʝʨʜʽש ʞײʤʳʩʳ ʤʝʥ 

ʞʝʢʝ ᴇʤʽʨʽ ʘʨʘʩʳʥʜʘסʳ ʪʝʧʝ-ʪʝשʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʤʘʡʜʳ, ʘʣ ʣʠʙʝʨʘʣʜʳץ ʩʪʠʣʴ ᴅʨץʘʰʘʥ 

ʦʨʳʥʜʘʣʘʪʳʥ ʤʽʥʜʝʪʪʝʨʛʝ ץʘʥʘסʘʪʪʘʥʫסʘ ʘʣʳʧ ʢʝʣʤʝʡʜʽ. נʘʣʳʤʜʘʨ ʏʘʧʤʘʥ ɸʥʥ ʃ.ʅ., ɼʞʦʥʩʦʥ 

ɼʵʚʠʜ, ʂʠʣʴʥʝʨ ʂʘʨʝʥ ʟʝʨʪʪʝʫʽʥʜʝ ʤʝʜʠʮʠʥʘʣʳץ ʤʝʢʝʤʝʣʝʨʜʽש ʙʘʩʰʳʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ 

ʢᴇʰʙʘʩʰʳʣʳץ ʪװʨʽ ʩʳʨʪץʳ ʦʨʪʘ ʬʘʢʪʦʨʣʘʨʳ, ʙʘʩʰʳʥʳש ʞʝʢʝ ץʘʩʠʝʪʪʝʨʽ, ʦʥʳש ʜʝʥʩʘʫʣʳץ 
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ʩʘץʪʘʫ ʩʘʣʘʩʳʥʜʘסʳ ʙʘʩʰʳʣʳץ ץʳʟʤʝʪʪʝʛʽ ʪᴅʞʽʨʠʙʝʩʽ, ʞʝʢʝ ʘʤʙʠʮʠʷʣʘʨ ʢᴇʣʝʤʽ, ʘʭʫʘʣʜʳץ 

ʬʘʢʪʦʨʣʘʨ ʞᴅʥʝ ʝשʙʝʢ ײʞʳʤʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʩʠʷץʪʳ ʙʽʨץʘʪʘʨ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ 

ʝʢʝʥʽ ʘʪʘʧ ᴇʪʽʣʛʝʥ [23]. 

ʆʣʘʨ ʞʠʽ ʢʝʟʜʝʩʝʪʽʥ ʙʘʩץʘʨʫ ʩʪʠʣʴʜʝʨʽ ʨʝʪʽʥʜʝ ʘʚʪʦʨʠʪʘʨʣʳץ, ʜʝʤʦʢʨʘʪʠʷʣʳץ, ʩʦʥʜʘʡ-ʘץ 

ʣʠʙʝʨʘʣʜʳץ ʞᴅʥʝ ʘʨʘʣʘʩ ʩʪʠʣʴʜʝʨʜʽ ʘʥʳץʪʘʜʳ. ɼʝʥʩʘʫʣʳץ ʩʘץʪʘʫʜʘסʳ ʢᴇʰʙʘʩʰʳʣʳץʪʳש ʞʘשʘ 

ʪװʨʣʝʨʽ ʨʝʪʽʥʜʝ ʩʦʥʜʘʡ-ʘץ ʙʽʨʥʝʰʝ ʝשʙʝʢ ײʞʳʤʜʘʨʳʥʳש ʙʽʨʣʝʩʢʝʥ ץʳʟʤʝʪʽʥ, ʩʦʥʜʘʡ-ʘץ ɽɸױ 

 ʤʢʽʥ ʙʦʣʘʪʳʥ ʢʦʣʣʘʙʦʨʘʮʠʷʣʘʨװʤ ץʘʨʫʜʳ ʢᴇʟʜʝʡʪʽʥ ʙʘʨʣʳץʪʘʥ ʙʘʩץʪʳץʘʰʳץ ʳʟʤʝʪʢʝʨʣʝʨʽʥץ

ʘʪʘʣʘʜʳ [22] (Bornman et al., 2023). ʄʝʜʠʮʠʥʘʣʳץ ʢʦʣʣʘʙʦʨʘʮʠʷʣʘʨ ץʘʟʽʨ ʢʦʤʘʥʜʘʣʳץ ʞײʤʳʩʪʳ 

ʢᴇʟʜʝʡʪʽʥ, ʳʥʪʳʤʘץʪʘʩʪʳץ ʩʪʨʘʪʝʛʠʷʩʳ ʤʝʥ ʞײʤʳʩ ʧʨʦʮʝʩʪʝʨʽʥ ᴅʨʪװʨʣʽ ʜʝשʛʝʡʣʝʨʜʝ 

 ץʘʨʫʰʳ ʦʨʪʘʣʳץʘʡ ʧʘʡʳʤʳʥ ᴅʟʽʨʣʝʡʪʽʥ ʞʘʣʧʳ ʙʘʩסשʙʽʨʳ שʘʪʳʩʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘ ʙᴇʣʫʜʽץ

ʙʘʩץʘʨʘʪʳʥ ʞײʤʳʩ ײʞʳʤʜʘʨʳʥ ʙʘʩץʘʨʫʜʳש ʞʘשʘ ʤʦʜʝʣʽʥʝ ʘʡʥʘʣʳʧ ʦʪʳʨ. ʄײʥʜʘʡ ʢʦʤʘʥʜʘʜʘ 

ʙʽʨ ʫʘץʳʪʪʘ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʙʽʨʳסשʘʡ ʞʦʙʘסʘ ʪʘʨʪʳʣסʘʥ ʪװʨʣʽ ʙʘסʳʪʪʘסʳ ʞᴅʥʝ ʞײʤʳʩ ʦʨʥʳʥʜʘסʳ 

ʜᴅʨʽʛʝʨʣʝʨ ץʘʪʳʩʘ ʘʣʘʜʳ. 

ʄʽʥʜʝʪʪʝʨ ʞʝʢʝ ʞײʤʳʩ ʪʦʧʪʘʨʳʥʳש ʘʨʘʩʳʥʜʘ ʙᴇʣʽʥʝʜʽ, ʙʘʩʰʳʣʘʨ ʤʘʤʘʥʜʘʨ ʢʦʤʘʥʜʘʩʳ 

ʞײʤʳʩʳʥʳש ʥʘץʪʳ ʥᴅʪʠʞʝʣʝʨʽʥ ץʘʜʘסʘʣʘʡʜʳ ʞᴅʥʝ ʙװʢʽʣ ʞװʡʝʥʽש ʞײʤʳʩʳʥ ʙʘץʳʣʘʫʜʳ, ʦʥʳש 

ʽʰʽʥʜʝ ץʘʰʳץʪʳץʪʘʥ ʬʦʨʤʘʪʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ɿʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʤײʥʜʘʡ ʞʘסʜʘʡʜʘ 

 ʤʳʩײʘʣʫ ʪᴇʤʝʥʜʝʡʜʽ, ʞץ ʡʽʧװʢ ץʳ ʘʨʪʘʜʳ, ʵʤʦʮʠʦʥʘʣʜʳסʘʪʪʘʥʫʰʳʣʳסʘʥʘץ שʘʪʳʩʫʰʳʣʘʨʜʳץ

ʧʨʦʮʝʩʪʝʨʽʥʽש ʩʘʧʘʩʳ ʤʝʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ. ʂʦʤʘʥʜʘ ʤװʰʝʣʝʨʽ ʦʨʪʘץ ʤʽʥʜʝʪ 

ʙʦʡʳʥʰʘ ʙʽʨ-ʙʽʨʽʥʝʥ ʪᴅʫʝʣʩʽʟ ʞײʤʳʩ ʽʩʪʝʡʜʽ, ʙʽʨʘץ ʙײʣ ʨʝʪʪʝ ʙʘʨʣʳץ ʰʝʰʽʤʜʝʨ ʦʨʪʘץ 

ʪʨʘʝʢʪʦʨʠʷʩʳ ʞᴅʥʝ ץʦʡʳʣסʘʥ ʤʘץʩʘʪ ʙʦʡʳʥʰʘ ץʘʙʳʣʜʘʥʘʜʳ. 

ʉʦʥʜʘʡ-ʘץ ɽɸױ ʙʘʩʰʳʣʘʨʳʥʳש ʘʨʘʩʳʥʜʘ ץʳʟʤʝʪʢʝʨʣʝʨʜʽײץ שʟʳʨʝʪʪʽʣʽʛʽ ʤʝʥ ʞʝʢʝ 

 ʙʝʨʽʣʝʪʽʥ ץʛʝʡʽʥ ʘʨʪʪʳʨʫ ʙʘʩʳʤʜʳשʟʠʷʪʢʝʨʣʽʢ ʜʝ שʘ ʥʝʛʽʟʜʝʣʛʝʥ, ʦʣʘʨʜʳסʘʩʠʝʪʪʝʨʽʥ ʜʘʤʳʪʫץ

ʙʘʩץʘʨʫʜʳש ʙײʨʳʥ ʘʡʪʳʣסʘʥ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʪʠʧʽ ʢʝʟʜʝʩʝ ʙʘʩʪʘʜʳ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʆɺʈɽʄɽʅʅʓʍ ʇʆɼʍʆɼʆɺ ʂ ʈɸɿɺʀʊʀʖ ʇɽʈʉʆʅɸʃɸ ʅɸ     

ʇʈɽɼʇʈʀʗʊʀʗʍ, ɺʓʇʋʉʂɸʖʑʀʍ ɸʃʖʄʀʅʀɽɺʓɽ ɹɸʅʂʀ 

 

 

ʄʫʟʨʘʧʦʚ ɸʣʠʰʝʨ ʕʨʢʠʥʦʚʠʯ 

ʄʘʛʠʩʪʨʘʥʪ ʧʨʦʛʨʘʤʤʳ ç7M04108 ɼʝʣʦʚʦʝ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʜʣʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ (ɽʄɺɸ)è 

ɸʆ çʂɹʊʋè 

ʛ.ɸʣʤʘʪ,r ʂʘʟʘʭʩʪʘʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ.ʄ. ʉʝʡʪʢʘʟʠʝʚʘ 

 

ɺʘʞʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʦʣʴʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ 

ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: ʨʦʩʪ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ 

ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʦʪʨʝʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʚʳʩʦʢʦʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʜʨʘʭ; ʪʨʝʙʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʠʟʥʝʩʘ ʠʤʝʪʴ ʧʦʜʭʦʜʷʱʠʝ ʢʘʜʨʳ, 

ʪʘʢ ʢʘʢ ʩʝʡʯʘʩ ʦʥ ʦʩʥʦʚʘʥ ʥʘ ʠʥʥʦʚʘʮʠʷʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ; ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʧʦ ʨʘʟʚʠʪʠʶ ʪʨʫʜʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ. ɺʩʝ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʦʝ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʥʦʢ. ɼʣʷ ʝ yʜʦʩʪʠʞʝʥʠʷ ʙʳʣʠ 

ʧʦʩʪʘʚʣʝʥʳ ʜʚʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: ʠʟʫʯʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʠʩʪʝʤʳ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʩ ʫʯʸʪʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʠ ʨʘʩʢʨʳʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʥʘ ʧʨʠʤʝʨʝ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʳʧʫʩʢʘʶʱʠʭ ʘʣʶʤʠʥʠʝʚʳʝ ʙʘʥʢʠ. 

ʄʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣ ʣʠʪʝʨʘʪʫʨʥʳʡ ʘʥʘʣʠʟʘ.  

ʈʘʟʚʠʪʠʝ ʧʝʨʩʦʥʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʪʝʦʨʠʠ ʢʘʜʨʦʚʦʛʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʘ ʚ ʨʘʤʢʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʘ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʦʥʘ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʢʘʢ ʩʠʩʪʝʤʘ 

ʤʝʨʦʧʨʠʷʪʠʡ (ʂʠʙʘʥʦʚ ɸ.ʗ., ɹʘʨʘʥʦʚʘ ʅ.ɺ., 2018) [1], ʥʘʙʦʨ ʜʝʡʩʪʚʠʡ (ɻʨʠʛʦʨʴʝʚʘ ʀ.ʉ., 2015) 

[2], ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʂʷʟʠʤʦʚ ɻ.ʂ., 2015) [3], 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʢʦʤʧʘʥʠʠ ʧʫʪʤy 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʤʦʪʠʚʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʢʘʜʨʦʚʦʡ 

ʩʪʨʘʪʝʛʠʠ ʧʦ ʦʮʝʥʢʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʦʩʪʘ ʠ ʩʦʟʜʘʥʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʳ ʚ ʦʙʣʘʩʪʠ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʩʜʝʣʘʥʦ 

ʦʙʦʙʱʥyʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ, ʢʘʢ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʥʘʮʝʣʝʥ ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʣʠʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʥyʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, ʘʜʘʧʪʘʮʠʦʥʥʳʭ, ʢʘʨʴʝʨʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ.  

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʩʪʝʤʘ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʦʨʛʘʥʠʟʘʮʠʠ (ɿʠʷʪʙʝʢ ʈ.ʊ., 2022) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʥʝʧʨʝʨʳʚʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʚʥʷ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʩʦʪʨʫʜʥʠʢʦʚ, ʨʘʟʚʠʪʠʝ ʫ ʥʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ 

ʣʠʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [4]. ʉʠʩʪʝʤʘ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʰʠʨʦʢʠʡ ʢʨʫʛ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪʩʷ ʩ ʚʳʷʚʣʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ 

ʨʘʟʚʠʪʠʠ, ʘ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ (ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʢʦʣʣʝʢʪʠʚʥʳʭ), 

ʘ ʪʘʢʞʝ ʘʜʘʧʪʘʮʠʝʡ, ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ (ʉʘʪʢʘʣʠʝʚʘ ʊ.ʉ., 2010) [5]. ʀʪʦʛʦʤ 

ʩʠʩʪʝʤʳ ʨʘʟʚʠʪʠʷ ʦʙʳʯʥʦ ʩʯʠʪʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʟʠʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ 

ʧʨʝʜʧʨʠʷʪʠʷ (ɾʫʤʘʙʝʢ ʄ.ʅ., 2010) [6].  

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 
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ʙʳʪʴ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʧʨʝʜʝʣʝʥʳ (ɹʝʟʨʫʢʦʚʘ ɽ.ɸ., 2021) [7]: ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ; ʦʮʝʥʢʘ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʨʘʟʚʠʪʠʠ; ʦʨʛʘʥʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ ʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ; ʫʧʨʘʚʣʝʥʠʝ ʢʘʨʴʝʨʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ 

ʨʦʩʪʦʤ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ; ʤʦʪʠʚʘʮʠʷ ʠ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ; ʤʦʥʠʪʦʨʠʥʛ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʚʠʪʠʷ.  

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʤʧʘʥʠʠ ʫʩʧʝʰʥʦ 

ʠʥʪʝʛʨʠʨʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʚ ʧʨʘʢʪʠʢʫ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʦʤ ʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʵʪʦʤ 

ʨʘʟʣʠʯʥʳʝ ʥʘʫʯʥʳʝ ʢʦʥʮʝʧʮʠʠ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʘʥʠʷʤʠ 

Amazon (ʉʐɸ) ʠ Volkswagen (ɻʝʨʤʘʥʠʷ) [8; 9; 10]. ʇʨʦʜʫʢʪʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʠʤʝʥʷʪʩʷ 

ʢʦʤʧʘʥʠʷʤʠ Apple (ʉʐɸ), ʶʞʥʦʢʦʨʝʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Samsung Electronics, ʰʚʝʜʩʢʦʡ 

ʢʦʤʧʘʥʠʝʡ IKEA ʠ ʬʨʘʥʮʫʟʩʢʦʡ ʢʦʤʧʘʥʠʝʡ LôOr®al [11; 12]. ʄʘʨʢʝʪʠʥʛʦʚʘʷ ʢʦʥʮʝʧʮʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ Google ʠ LinkedIn [13]. ʉʦʮʠʘʣʴʥʘʷ ʢʦʥʮʝʧʮʠʷ 

ʥʘʮʝʣʝʥʘ ʥʘ ʩʦʮʠʘʣʴʥʦ-ʵʪʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʧʝʨʩʦʥʘʣʘ ʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʘʤʝʨʠʢʘʥʩʢʠʤʠ 

ʢʦʤʧʘʥʠʷʤʠ Patagonia ʠ Salesforce [13]. ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʥʮʝʧʮʠʡ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʨʝʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʩʠʣʴʥʳʝ ʢʦʨʧʦʨʘʪʠʚʥʳʝ 

ʢʫʣʴʪʫʨʳ. 

ɺ ʭʦʜʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʚʳʧʫʩʢʘʶʱʠʭ ʘʣʶʤʠʥʠʝʚʳʝ ʙʘʥʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʣʶʤʠʥʠʝʚʳʭ 

ʙʘʥʦʢ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʩʧʝʮʠʬʠʯʥʦ. ʉʣʝʜʫʝʪ ʩʨʘʟʫ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦ 

ʚʳʧʫʩʢʫ ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʥʦʢ ï ʊʆʆ çQazAlPackè, ʢʦʪʦʨʦʝ ʥʫʞʜʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ ʜʝʡʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʦʝʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʦʪʨʘʩʣʝʚʦʤ 

ʨʳʥʢʝ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʤʧʘʥʠʡ, 

ʚʳʧʫʩʢʘʶʱʠʭ ʘʣʶʤʠʥʠʝʚʫʶ ʙʘʥʢʫ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʪʘʢʦʡ 

ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʘʥʠʠ: ʘʤʝʨʠʢʘʥʩʢʠʝ (Ball Corporation; Crown Holdings; 

Novelis; CCL Container); ʝʚʨʦʧʝʡʩʢʠʝ (Ardagh Group); ʢʠʪʘʡʩʢʠʝ (Qingdao Baixi Industry Co., 

Ltd.; Erjin Pack; ORG Technology Co., Ltd.) ʠ ʨʦʩʩʠʡʩʢʠʝ (ʛʨʫʧʧʘ ʢʦʤʧʘʥʠʡ çɸʨʥʝʩʪ 

ʋʧʘʢʦʚʦʯʥʳʝ ʈʝʰʝʥʠʷè; ʟʘʚʦʜʳ çʈʫʩʘʣ ʈʦʩʪʘʨè; ʆʆʆ çʂʵʥ-ʇʘʢ ɿʘʚʦʜ ʋʧʘʢʦʚʢʠè).  

ɸʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʚʠʪʠʶ ʧʝʨʩʦʥʘʣʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚʳʧʫʩʢʘʶʱʠʭ ʘʣʶʤʠʥʠʝʚʳʝ 

ʙʘʥʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʧʦʥʠʤʘʶʪ, ʯʪʦ ʨʘʟʚʠʪʳʡ ʧʝʨʩʦʥʘʣ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʘʣʶʤʠʥʠʝʚʳʭ 

ʙʘʥʦʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʛʜʝ ʛʦʪʦʚʷʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʣʶʤʠʥʠʝʚʦʡ ʙʘʥʢʠ, ʥʦ ʠʤʝʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʘʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʙʣʠʟʢʠʝ ʢ 

ʜʘʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. ɺ ʥʠʭ ʠʤʝʶʪʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʦʙʫʯʘʶʪ 

ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤ ʩ ʜʘʣʴʥʝʡʰʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʥʦʢ. ʇʦʵʪʦʤʫ ʪʘʢʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʩʣʦʞʥʦ ʥʘʡʪʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʨʘʙʦʪʥʠʢʦʚ ʠ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʦʜʦʙʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʧʨʠʭʦʜʠʪʩʷ ʠʭ ʦʙʫʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʥʘ ʤʝʩʪʝ ʠʣʠ ʦʪʧʨʘʚʣʷʪʴ ʥʘ ʩʪʘʞʠʨʦʚʢʠ ʚ ʜʨʫʛʠʝ ʢʦʤʧʘʥʠʠ.  

ɹʣʠʞʘʡʰʠʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʥʦʢ, ʷʚʣʷʶʪʩʷ: ʋʨʘʣʴʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʋɻʃʊʋ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘ, ʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʜʠʟʘʡʥ ʠ ʵʢʦʙʨʝʥʜʠʥʛ ʫʧʘʢʦʚʢʠè) [14]. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʧʨʦʝʢʪʥʳʝ ʠʥʩʪʠʪʫʪʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʦʙʣʘʩʪʠ ʘʣʶʤʠʥʠʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚ 

ʦʙʣʘʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʘʣʶʤʠʥʠʷ: ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʦ-
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ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʡ ʠ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ ʘʣʶʤʠʥʠʝʚʦʡ ʠ ʵʣʝʢʪʨʦʜʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [15]. ɸʥʘʣʦʛʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʛʨʘʤʤʳ ʩʫʱʝʩʪʚʫʶʪ ʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ 

ɽʚʨʦʧʳ, ɸʤʝʨʠʢʠ ʠ ɸʟʠʠ. ʋʩʪʘʥʦʚʣʝʥ ʦʧʳʪ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʰʪʘʪʘ ʆʛʘʡʦ, ʛʜʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʦʙʫʯʝʥʠʷ Better Cans. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʤʝʝʪʩʷ ʨʘʟʜʝʣ, 

ʧʦʩʚʷʱʸʥʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʫʧʘʢʦʚʢʝ ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʥʦʢ ʜʣʷ ʥʘʧʠʪʢʦʚ. ʉʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʝ 

ʦʙʫʯʝʥʠʷ, ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʘʩʧʝʢʪʦʚ: ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʥʦʢ; ʧʨʦʮʝʩʩʳ ʫʯʸʪʘ ʤʘʪʝʨʠʘʣʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʢʘʢ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ; ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʟʣʠʚʘ ʥʘʧʠʪʢʦʚ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʝʨʠʣʠʟʘʮʠʠ ʚ ʫʧʘʢʦʚʢʝ ʠ ʜʨʫʛʠʝ [16].  

ʅʝʢʦʪʦʨʳʝ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ, ʟʘʥʷʪʳʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʥʦʢ, 

ʦʨʛʘʥʠʟʦʚʳʚʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʩʪʘʞʠʨʦʚʢʠ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ ʠ 

ʩʪʫʜʝʥʪʦʚ, ʢʘʢ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʅʘʧʨʠʤʝʨ, ʨʦʩʩʠʡʩʢʘʷ ʢʦʤʧʘʥʠʷ çɸʨʥʝʩʪ ʋʧʘʢʦʚʦʯʥʳʝ 

ʈʝʰʝʥʠʷè (ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʘʣʶʤʠʥʠʝʚʦʡ ʫʧʘʢʦʚʢʠ) ʟʘʧʫʩʪʠʣʘ ʧʨʦʛʨʘʤʤʫ çɸʣʶʤʠʥʘʨʠʫʤ: ʙʠʪʚʘ 

ʫʤʦʚè, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʩʪʠʧʝʥʜʠʷʭ. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. ʋʯʘʩʪʥʠʢʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʣʠʞʝ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʨʦʮʝʩʩʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʥʦʢ, ʧʨʦʡʪʠ ʩʪʘʞʠʨʦʚʢʫ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʫʩʪʨʦʠʪʴʩʷ ʥʘ ʨʘʙʦʪʫ ʚ 

ʜʘʥʥʫʶ ʢʦʤʧʘʥʠʶ [17].  

ʈʦʩʩʠʡʩʢʘʷ ʢʦʤʧʘʥʠʷ ʆʆʆ çʂʵʥ-ʇʘʢ ɿʘʚʦʜ ʋʧʘʢʦʚʢʠè ʘʢʪʠʚʥʦ ʨʘʩʰʠʨʷʝʪ ʰʪʘʪ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʫʞʝ ʚʥʝʜʨʠʣʘ ʩʠʩʪʝʤʫ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʠ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʦʚʠʯʢʘʤ 

ʙʳʩʪʨʝʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩʧʝʮʠʬʠʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʩʚʘʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʥʘʚʳʢʠ. ʊʘʢʞʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʩʦʪʨʫʜʥʠʢʘʤ ʧʨʝʜʣʘʛʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʦʩʥʦʚʥʦʤ ʩʧʝʮʠʘʣʠʩʪʳ ʦʙʫʯʘʶʪʩʷ ʥʘ ʤʝʩʪʝ 

(ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ), ʘ ʤʥʦʛʠʝ ʩʦʪʨʫʜʥʠʢʠ ʟʘ ʨʫʙʝʞʦʤ ʧʨʦʭʦʜʷʪ ʩʪʘʞʠʨʦʚʢʫ. 

ɸʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ Ball Corporation ʠʩʧʦʣʴʟʫʝʪ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʚʠʪʠʶ ʧʝʨʩʦʥʘʣʘ. ʈʝʛʫʣʷʨʥʦ ʧʨʦʠʟʚʦʜʠʪ ʤʦʜʝʨʥʠʟʘʮʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ, ʚʥʝʜʨʷʝʪ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʩʧʦʣʴʟʫʝʪ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ. ɺʩʝ ʵʪʦ ʟʘʩʪʘʚʣʷʝʪ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʫʯʝʥʠʶ ʩʦʪʨʫʜʥʠʢʦʚ. ʂʦʤʧʘʥʠʷ 

ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʛʨʘʤʤʘʭ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʠ ʤʝʞʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʪʨʫʜʥʠʢʘʤ ʨʘʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʠ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʢʦʤʧʘʥʠʠ. ɺ ʫʧʨʘʚʣʝʥʠʠ 

ʧʝʨʩʦʥʘʣʦʤ ʜʘʥʥʦʡ ʢʦʤʧʘʥʠʠ ʦʪʤʝʯʘʝʪʩʷ ʤʘʩʰʪʘʙʥʘ ̫ʪʨʘʥʩʬʦʨʤʘʮʠ ̫ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʧʝʨʩʦʥʘʣʦʤ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʫʢʨʝʧʣʝʥʠʝ ʧʦʟʠʮʠʡ ʢʦʤʧʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ 

ʢʦʥʢʫʨʝʥʮʠʠ. ɽ yʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʪʘʣʠ: ʨʘʟʚʠʪʠʝ ʤʦʣʦʜʳʭ ʪʘʣʘʥʪʦʚ, ʧʦʚʳʰʝʥʠʝ 

ʚʦʚʣʝʯʸʥʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʘʢʪʠʚʥʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʠʥʢʣʶʟʠʚʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʘʜʘʧʪʘʮʠʷ ʢ ʥʦʚʳʤ ʨʝʘʣʠʷʤ ʨʳʥʢʘ ʪʨʫʜʘ. ʈʝʘʣʠʟʫʶʪʩʷ ʚ ʢʦʤʧʘʥʠʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

HR-ʠʥʠʮʠʘʪʠʚ:r ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʙʫʜʫʱʠʭ ʣʠʜʝʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʚʦʩʧʠʪʳʚʘʪʴ ʪʘʣʘʥʪʳ ʠʟʥʫʪʨʠ ʢʦʤʧʘʥʠʠ; ʨʝʛʫʣʷʨʥʳʝ ʦʙʟʦʨʳ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʠ 

ʧʦʪʝʥʮʠʘʣʘ ʩʦʪʨʫʜʥʠʢʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʚʩʝ ʨʝʛʠʦʥʳ ʧʨʠʩʫʪʩʪʚʠʷ ʢʦʤʧʘʥʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʢʘʨʴʝʨʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʦʩʪʘ ʩʦʪʨʫʜʥʠʢʦʚ. ʂʦʤʧʘʥʠʷ ʫʜʝʣʷʝʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʜʦʩʪʠʞʝʥʠʶ 

ʛʝʥʜʝʨʥʦʛʦ ʙʘʣʘʥʩʘ ʜʦ 2030 ʛʦʜʘ: ʥʝ ʤʝʥʝʝ 50% ʛʝʥʜʝʨʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʥʘ ʨʫʢʦʚʦʜʷʱʠʭ ʧʦʟʠʮʠʷʭ 

ʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʦʣʞʥʦʩʪʷʭ ï ʜʦ 30%, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ ʩʧʝʮʠʬʠʢʫ ʢʫʣʴʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʦʚ ʩʚʦʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ, ʢʘʢ ʚ ɽʚʨʦʧʝ, ʪʘʢ ʠ ʚ ɸʟʠʠ. ɼʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʢʫʯʝʩʪʴʶ ʢʘʜʨʦʚ, ʢʦʤʧʘʥʠʷ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪ ʦʧʨʦʩr 

ʩʦʪʨʫʜʥʠʢʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʙʦʣʝʚʳʭ ʪʦʯʝʢ ʠ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʫʞʝ 

ʠʤʝʶʱʠʝʩʷ ʧʨʦʙʣʝʤʳ; ʧʨʦʚʦʜʠʪ ʚʳʭʦʜʥʳʝ ʠʥʪʝʨʚʴʶ ʥʘ ʤʝʩʪʘʭ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʛʣʫʙʞʝ 

ʧʦʥʠʤʘʪʴ ʧʨʠʯʠʥʳ ʫʚʦʣʴʥʝʥʠʡ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʤʝʨʳ ʠʭ ʤʠʥʠʤʠʟʘʮʠʠ; ʜʘyʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʚʠʞʝʥʠ ̫ʩʦʪʨʫʜʥʠʢʦʚ ʚʥʫʪʨʠ ʢʦʤʧʘʥʠʠ, ʧʫʪyʤ ʪʱʘʪʝʣʴʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʢʘʨʴʝʨʳ; ʨʘʟʚʠʚʘʝʪ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʠʧʝʥʜʠʡ 

ʜʝʪʷʤ ʩʦʪʨʫʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪ ʧʨʦʛʨʘʤʤʳ ʧʦʦʱʨʝʥʠʷ ʣʫʯʰʠʭ ʨʘʙʦʪʥʠʢʦʚ. ɺʩʝ 

ʦʙʦʟʥʘʯʝʥʥʳʝ ʤʝʨʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʢʦʤʧʘʥʠʠ ʣʦʷʣʴʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ, 

ʩʧʦʩʦʙʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʟʘʜʘʯʠ ʙʠʟʥʝʩʘ [18]. 

ʂʦʤʧʘʥʠʷ Crown Holdings (ʉʐɸ) ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪ ʩʠʩʪʝʤʫ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ. 
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ɼʣʷ ʵʪʦʛʦ ʢʦʤʧʘʥʠʷ ʧʨʦʚʦʜʠʪ ʵʣʝʢʪʨʦʥʥʳʝ ʢʫʨʩʳ, ʚ ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʳ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ 

ʣʠʜʝʨʩʪʚʘ, ʢʦʤʤʫʥʠʢʘʮʠʠ, ʫʧʨʘʚʣʝʥʠ ̫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʠ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʊʘʢʞʝ ʨʝʘʣʠʟʫʶʪʩ ̫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘ 

ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʠʭ ʢʘʨʴʝʨʳ. ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʷʪʩʷ ʦʯʥʦ ʠʣʠ ʦʥʣʘʡʥ ʧʨʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

ʩ ʫʯʝʙʥʳʤʠ ʟʘʚʝʜʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ 

ʩʦʪʨʫʜʥʠʢʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ çʆʙʫʯʠ ʪʨʝʥʝʨʘè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʚʘʪʴ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ. 

ʇʨʝʜʧʨʠʷʪʠʝ ʚʦʟʤʝʱʘʝʪ ʩʪʦʠʤʦʩʪʴ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʨʦʛʨʘʤʤʦʡ 

ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʦʛʦ ʦʧʳʪʘ ʢʦʤʧʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʪʨʫʜʥʠʢʘʤ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʘʥʜʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʚʳʧʦʣʥʷʪʴ 

ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʚ ʨʘʤʢʘʭ ʩʚʦʝʡ ʨʦʣʠ, ʨʝʰʘʷ ʧʨʠ ʵʪʦʤ ʩʣʦʞʥʳʝ ʨʘʙʦʯʠʝ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ 

ʟʘʜʘʯʠ. ʉʦʪʨʫʜʥʠʢʠ ʢʦʤʧʘʥʠʠ Crown Holdings ʧʨʦʰʣʠ ʚʩʝʛʦ ʟʘ 2024 ʛʦʜ ʙʦʣʝʝ ʜʝʚʷʪʥʘʜʮʘʪʠ 

ʪʳʩʷʯ ʢʫʨʩʦʚ [19].  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚʳʧʫʩʢʘʶʱʠʭ ʘʣʶʤʠʥʠʝʚʳʝ ʙʘʥʢʠ, ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʘʞʥʳʝ ʬʘʢʪʦʨʳ: 

ʩʧʝʮʠʬʠʢʘ ʦʪʨʘʩʣʠ, ʪʘʢ ʢʘʢ ʜʘʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʨʝʙʫʝʪ ʦʪ ʩʦʪʨʫʜʥʠʢʦʚ ʛʣʫʙʦʢʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʣʘʜʝʥʠʷ, ʠ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʪʘʥʜʘʨʪʦʚ 

ʢʘʯʝʩʪʚʘ; ʥʝʜʦʩʪʘʪʦʢ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʦʩʪʴ ʩʦʩʪʘʚʣʝʥʠʷ 

ʧʨʦʛʨʘʤʤ ʧʦ ʧʨʠʚʣʝʯʝʥʠʶ, ʫʜʝʨʞʘʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʅʘ ʠʭ ʦʩʥʦʚʝ, ʫʩʪʘʥʦʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʣʶʤʠʥʠʝʚʳʭ 

ʙʘʥʦʢ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 1.  

 

 
 

ʈʠʩʫʥʦʢ 1 ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʥʦʢ 

 

ʀʤʠ ʦʧʨʝʜʝʣʝʥʳ: ʦʙʫʯʝʥʠʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ; ʤʦʪʠʚʘʮʠʷ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ 

ʩʦʪʨʫʜʥʠʢʦʚ; ʦʭʨʘʥʘ ʟʜʦʨʦʚʴʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ; ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʷʤʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʧʝʨʩʦʥʘʣʘ ʚ 

ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʥʦʢ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ, ʥʦ ʠʤʝʶʪʩʷ 

ʦʪʜʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʷ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʪʨʫʜʥʠʢʘʤ 

ʢʦʤʧʘʥʠʡ ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʳʝ ʟʥʘʥʠʷ ʠ ʥʘʚʳʢʠ. ʀʤʝʥʥʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʙʫʜʫʱʠʤ ʠ 

ʜʝʡʩʪʚʫʶʱʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʣʶʤʠʥʠʝʚʳʭ 

ʙʘʥʦʢ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʧʝʨʩʦʥʘʣʘ ʥʘ ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʷʚʣʷʝʪʩʷ 

Åʊʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ðʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʩ ʘʣʶʤʠʥʠʝʤ, 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʘʥʦʢ, ʥʦʨʤ ʢʘʯʝʩʪʚʘ ʠ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ.

Åʇʨʘʢʪʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ ðʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 
ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʦʩʚʦʝʥʠʝ ʪʝʭʥʠʢ ʢʦʥʪʨʦʣʷ 
ʢʘʯʝʩʪʚʘ.

Åʊʨʝʥʠʥʛʠ ʠ ʧʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ðʨʝʛʫʣʷʨʥʳʝ ʟʘʥʷʪʠʷ, 
ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʤʝʶʱʠʭʩʷ ʥʘʚʳʢʦʚ ʠ ʦʩʚʦʝʥʠʠ ʥʦʚʳʭ 
ʪʝʭʥʦʣʦʛʠʡ.

1. ʆʙʫʯʝʥʠʝ ʠ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 
ʧʦʜʛʦʪʦʚʢʘ

Åʄʘʪʝʨʠʘʣʴʥʦʝ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ (ʧʨʝʤʠʠ, ʙʦʥʫʩʳ);

Åʅʝʤʘʪʝʨʠʘʣʴʥʳʝ ʩʪʠʤʫʣʳ (ʧʨʠʟʥʘʥʠʝ ʟʘʩʣʫʛ, ʢʘʨʴʝʨʥʳʡ ʨʦʩʪ, 
ʫʯʘʩʪʠʝ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ);

Åʇʨʦʛʨʘʤʤʳ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʠ ʢʦʫʯʠʥʛʘ.

2. ʄʦʪʠʚʘʮʠʷ ʠ 
ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ 
ʣʦʷʣʴʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ

Åʄʝʜʠʮʠʥʩʢʠʝ ʦʩʤʦʪʨʳ ʠ ʧʨʦʬʠʣʘʢʪʠʢʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 
ʟʘʙʦʣʝʚʘʥʠʡ;

Åʆʙʝʩʧʝʯʝʥʠʝ ʩʨʝʜʩʪʚʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ;

Åʇʦʚʳʰʝʥʠʝ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦ ʧʨʘʚʠʣʘʭ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ.

3. ʆʭʨʘʥʘ ʟʜʦʨʦʚʴʷ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ, ʫʯʠʪʳʚʘʷ 
ʩʧʝʮʠʬʠʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ

Åʇʝʨʝʩʤʦʪʨ ʜʦʣʞʥʦʩʪʥʳʭ ʠʥʩʪʨʫʢʮʠʡ;

Åɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ;

Åʆʧʪʠʤʠʟʘʮʠʷ ʛʨʘʬʠʢʦʚ ʨʘʙʦʪʳ ʠ ʦʪʜʳʭʘ.

4. ʇʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʤʫ 
ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 
ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ
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ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʪʨʘʪʝʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʃʫʯʰʠʝ ʧʨʘʢʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʫʩʧʝʰʥʳʝ ʢʦʤʧʘʥʠʠ ʘʢʪʠʚʥʦ 

ʠʥʚʝʩʪʠʨʫʶʪ ʚ ʦʙʫʯʝʥʠʝ, ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʦʩʪʘ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʬʦʨʤʠʨʫʶʪ ʢʫʣʴʪʫʨʫ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʀʤʝʥʥʦ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʧʦʟʚʦʣʷʶʪ ʠʤ ʫʢʨʝʧʣʷʪʴ 

ʣʦʷʣʴʥʦʩʪʴ ʩʚʦʠʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʧʨʦʮʚʝʪʘʥʠʶ ʙʠʟʥʝʩʘ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1 ɹʘʨʘʥʦʚʘ ʅ.ɺ. ɺʢʣʘʜ ɸ.ʗ. ʂʠʙʘʥʦʚʘ ʚ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 
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ʈɸɿʈɸɹʆʊʂɸ ɻʀɹʈʀɼʅʆʁ ʉʀʉʊɽʄʓ ʆɹʅɸʈʋɾɽʅʀʗ ɺʊʆʈɾɽʅʀʁ ɺ ʉɽʊʗʍ 

IOT ʅɸ ʆʉʅʆɺɽ ʇʆɺɽɼɽʅʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ʀ ɹʃʆʂʏɽʁʅ-ʊɽʍʅʆʃʆɻʀʁ 

 

 

ɹʘʡʨʘʢʦʚʘ ʆʣʴʛʘ ɽʚʛʝʥʴʝʚʥʘ 

ʌʠʣʠʧʧʦʚʘ ɺʠʦʣʝʪʪʘ ʂʦʥʩʪʘʥʪʠʥʦʚʥʘ 

ʃʘʭʠʥ ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ 

ʉʪʫʜʝʥʪ r3 ʢʫʨʩʘ,  

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘ,  

ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʘʨʘʛʘʥʜʘ 

 

ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ ʠʥʪʝʛʨʘʮʠʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ 

ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʙʣʦʢʯʝʡʥ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʪʴ 

ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʟʘʱʠʪʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʢ ʩʧʝʮʠʬʠʢʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʢʠʙʝʨʫʛʨʦʟʘʤ ʟʘ ʩʯʝʪ ʩʦʯʝʪʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʬʠʢʘ ʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʫʟʣʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʳʤ 

ʚʥʝʜʨʝʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʢʦʪʦʨʘʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʨʠʩʢʠ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʘʨʭʠʪʝʢʪʫʨʳ IoT-ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʝ ʢʘʢ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʜʝʣʘʶʪ ʠʭ ʫʷʟʚʠʤʳʤʠ ʜʣʷ ʘʪʘʢ, ʤʘʩʰʪʘʙ ʢʦʪʦʨʳʭ 

ʚ ʙʳʪʦʚʦʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʘʭ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ [1, ʩ. 255]. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ 

ʟʘʱʠʪʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʩʧʦʩʦʙʥʳʤʠ ʦʙʝʩʧʝʯʠʪʴ 

ʘʜʝʢʚʘʪʥʳʡ ʫʨʦʚʝʥʴ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʭʘʨʘʢʪʝʨ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ. 

ʆʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʦʩʪʘʝʪʩʷ ʟʘʱʠʪʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʦʙʤʝʥʘ 

ʩʦʦʙʱʝʥʠʷʤʠ, ʪʘʢʠʭ ʢʘʢ MQTT. ʆʪʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʚʩʪʨʦʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʛʣʫʙʦʢʦʡ 

ʚʝʨʠʬʠʢʘʮʠʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʚʥʝʰʥʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʚʳʷʚʣʷʪʴ 

ʩʢʨʳʪʳʝ ʘʥʦʤʘʣʠʠ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ [2, ʩ. 88]. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʦʧʝʨʘʪʠʚʥʫʶ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʫʛʨʦʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʪʦʢʘʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʵʢʦʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ ʤʝʪʦʜʘʤʠ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʨʝʝʩʪʨʦʚ ʚʳʩʪʫʧʘʝʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʠʩʢʣʶʯʘʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʤʝʥʳ ʣʝʛʠʪʠʤʥʳʭ ʫʟʣʦʚ ʠ ʛʘʨʘʥʪʠʨʫʶʱʠʤ 

ʮʝʣʦʩʪʥʦʩʪʴ ʩʦʙʠʨʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ [3, ʩ. 76]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʷʭ IoT ʢʦʣʠʯʝʩʪʚʦ ʚʝʢʪʦʨʦʚ ʘʪʘʢ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ, ʯʪʦ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝʩʪʢʠʭ ʧʨʘʚʠʣ ʬʠʣʴʪʨʘʮʠʠ. ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 
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ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʩʪʫʧʘʶʪ ʘʣʛʦʨʠʪʤʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ 

ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʩʝʪʝʚʳʭ ʧʦʪʦʢʘʭ [4, ʩ. 1102]. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ ʢʣʘʩʩʘ 

Autoencoder (ʘʚʪʦʢʦʜʠʨʦʚʱʠʢ) ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʙʫʯʝʥʠʶ ʙʝʟ ʫʯʠʪʝʣʷ. ʄʦʜʝʣʴ 

ʦʙʫʯʘʝʪʩʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʪʦʣʴʢʦ ʣʝʛʠʪʠʤʥʳʝ ʧʨʦʬʠʣʠ ʪʨʘʬʠʢʘ, ʬʠʢʩʠʨʫʷ çʦʰʠʙʢʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷè ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʚʭʦʜ ʘʥʦʤʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 

Isolation Forest, ʢʦʪʦʨʳʡ ʵʬʬʝʢʪʠʚʥʦ ʚʳʜʝʣʷʝʪ ʚʳʙʨʦʩʳ ʚ ʤʥʦʛʦʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ 

ʧʨʠʟʥʘʢʦʚ.  

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʬʘʢʪ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ, ʥʦ ʠ ʧʨʦʚʦʜʠʪʴ ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʢʠ 

ʠʟʤʝʥʝʥʠʷ ʩʝʪʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʯʘʩʪʦʪʘ ʦʪʧʨʘʚʢʠ MQTT-ʩʦʦʙʱʝʥʠʡ ʠ ʦʙʲʝʤ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ [5, ʩ. 215]. 

ɹʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʠ ʨʝʰʘʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ ʜʦʚʝʨʠʷ ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ 

ʩʝʪʷʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʨʝʝʩʪʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʠʟʤʝʥʷʝʤʦʩʪʴ ʠʩʪʦʨʠʠ ʩʦʙʳʪʠʡ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʛʘʨʘʥʪʠʶ ʧʦʜʣʠʥʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʫʯʘʩʪʥʠʢʘ ʩʝʪʠ. ʀʥʪʝʛʨʘʮʠʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ çʮʠʬʨʦʚʳʭ ʦʪʧʝʯʘʪʢʦʚè ʫʩʪʨʦʡʩʪʚ. 

ʆʩʥʦʚʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʭʨʘʥʝʥʠʠ ʭʝʰ-ʩʫʤʤ ʜʦʚʝʨʝʥʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʫʩʪʨʦʡʩʪʚ ʚ ʙʣʦʢʯʝʡʥʝ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʘʪʘʢ ʪʠʧʘ çʯʝʣʦʚʝʢ ʧʦʩʝʨʝʜʠʥʝè (MitM) ʠʣʠ ʧʦʜʤʝʥʳ ʣʝʛʠʪʠʤʥʦʛʦ ʜʘʪʯʠʢʘ 

(Spoofing), ʪʘʢ ʢʘʢ ʣʶʙʘʷ ʧʦʧʳʪʢʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʠʚʝʜʝʪ ʢ ʥʝʩʦʚʧʘʜʝʥʠʶ ʪʝʢʫʱʝʛʦ ʭʝʰʘ ʩ ʟʘʧʠʩʴʶ ʚ ʨʝʝʩʪʨʝ [6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʦʢʯʝʡʥ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ çʷʢʦʨʷ ʜʦʚʝʨʠʷè, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʚʝʨʢʫ ʮʝʣʦʩʪʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʦʪʚʝʯʘʶʪ ʟʘ ʢʦʥʪʨʦʣʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʇʝʨʚʳʡ 

ʫʨʦʚʝʥʴ (ML) ʘʥʘʣʠʟʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʠ ʚʳʷʚʣʷʝʪ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʧʘʪʪʝʨʥʳ ʚ ʪʨʘʬʠʢʝ. ɺʪʦʨʦʡ 

ʫʨʦʚʝʥʴ (Blockchain) ʧʨʦʚʦʜʠʪ ʬʠʥʘʣʴʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ ʧʨʘʚ ʜʦʩʪʫʧʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʘʚʰʝʛʦ ʩʠʛʥʘʣ. ʊʘʢʘʷ ʩʠʥʝʨʛʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʧʨʦʮʝʥʪ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ (False Positives), ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʀʀ, ʟʘ ʩʯʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʩʪʘʪʫʩʘ ʫʩʪʨʦʡʩʪʚʘ ʯʝʨʝʟ ʥʝʠʟʤʝʥʷʝʤʳʡ ʨʝʝʩʪʨ [7, ʩ. 198]. 

ʇʝʨʚʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʘʩʩʠʚʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʩʝʪʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ IoT-ʫʩʪʨʦʡʩʪʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʥʘ ʷʟʳʢʝ Python ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ Scapy. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

143 
 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʤʦʜʫʣʷ ð ʧʝʨʝʭʚʘʪ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ çʩʳʨʦʛʦè ʚʠʜʘ ʚ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝʡʨʦʩʝʪʴʶ. 

ʄʦʜʫʣʴ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʨʘʙʦʪʫ ʩ ʧʨʦʪʦʢʦʣʦʤ MQTT, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʜʣʷ 

ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ɺʳʙʦʨ ʧʨʦʪʦʢʦʣʘ MQTT ʦʙʫʩʣʦʚʣʝʥ 

ʝʛʦ ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʦʣʦʞʝʥʠʝʤ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʦʜʥʘʢʦ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʳʷʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ. ɼʣʷ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʟʚʣʝʯʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʛʣʫʙʦʢʦʡ ʠʥʩʧʝʢʮʠʠ 

ʧʘʢʝʪʦʚ (DPI) [8, ʩ. 142] 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʯʘʣʘʩʴ ʩ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʦʜʫʣʷ 

ʧʝʨʚʠʯʥʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʷʟʳʢʝ Python. ʇʨʦʮʝʩʩ ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʠʮʠʠʨʫʝʪʩʷ ʧʫʪʝʤ ʟʘʧʫʩʢʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʢʨʠʧʪʘ ʦʪ ʠʤʝʥʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʷʤʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʩʝʪʝʚʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʯʝʨʝʟ ʜʨʘʡʚʝʨ Npcap. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʤʦʜʫʣʴ ʧʝʨʝʚʦʜʠʪ ʩʝʪʝʚʫʶ 

ʢʘʨʪʫ ʚ ʨʝʞʠʤ ʧʨʦʩʣʫʰʠʚʘʥʠʷ, ʬʠʣʴʪʨʫʷ ʚʝʩʴ ʚʭʦʜʷʱʠʡ ʠ ʠʩʭʦʜʷʱʠʡ ʪʨʘʬʠʢ ʧʦ ʢʨʠʪʝʨʠʶ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ TCP-ʧʦʨʪʫ 1883. ʇʨʠ ʬʠʢʩʘʮʠʠ ʩʝʪʝʚʦʛʦ ʧʘʢʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ 

ʤʦʤʝʥʪʘʣʴʥʘʷ ʜʝʢʘʧʩʫʣʷʮʠʷ: ʧʨʦʛʨʘʤʤʘ ʠʟʚʣʝʢʘʝʪ ʟʘʛʦʣʦʚʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʠ ʧʨʦʚʝʨʷʝʪ 

ʥʘʣʠʯʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʧʨʦʪʦʢʦʣʘ MQTT.  

ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ ʨʘʩʰʠʨʝʥʠʡ Scapy, ʩʠʩʪʝʤʘ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʢʦʥʢʨʝʪʥʳʝ ʪʠʧʳ ʫʧʨʘʚʣʷʶʱʠʭ ʩʦʦʙʱʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʟʘʧʨʦʩʳ ʥʘ 

ʧʦʜʢʣʶʯʝʥʠʝ (CONNECT) ʠʣʠ ʧʫʙʣʠʢʘʮʠʶ ʜʘʥʥʳʭ (PUBLISH), ʠ ʧʨʝʦʙʨʘʟʫʝʪ ʠʭ ʚ ʯʠʩʣʦʚʳʝ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʬʠʢʩʠʨʫʶʪʩʷ ʤʝʪʨʠʢʠ ʨʘʟʤʝʨʘ ʧʘʢʝʪʘ ʠ ʩʦʩʪʦʷʥʠʝ TCP-

ʬʣʘʛʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʧʦʚʝʜʝʥʠʷ ʫʟʣʘ ʚ ʩʝʪʠ.  

 

ʃʠʩʪʠʥʛ 1. ɸʣʛʦʨʠʪʤ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠ ʟʘʭʚʘʪʘ ʪʨʘʬʠʢʘ 

def process_packet(packet): 

    # ʀʟʚʣʝʯʝʥʠʝ ʙʘʟʦʚʳʭ ʤʝʪʨʠʢ IP/TCP 

    if packet.haslayer(IP) and packet.haslayer(TCP): 

        timestamp = time.time() 

        pkt_size = len(packet) 

         

        # ɻʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʩʣʦʷ MQTT 

        mqtt_type = 0 

        if packet.haslayer("MQTT"): 

            mqtt_type = packet.getlayer("MQTT").type 
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        # ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʝʢʪʦʨʘ ʧʨʠʟʥʘʢʦʚ 

        feature_row = { 

            'timestamp': timestamp, 

            'packet_length': pkt_size, 

            'mqtt_msg_type': mqtt_type, 

            'tcp_flags': int(packet[TCP].flags) 

        }  

        data_list.append(feature_row) 

 

# ɿʘʧʫʩʢ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʧʦ ʧʦʨʪʫ 

sniff(filter="tcp port 1883", prn=process_packet, store=0) 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʪʘʥʦʚʠʪʩʷ ʛʝʥʝʨʘʮʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʚʝʢʪʦʨʘ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʣʦʢʘʣʴʥʦʝ ʭʨʘʥʠʣʠʱʝ ʚ ʬʦʨʤʘʪʝ CSV ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʠ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʙʣʦʢ ʥʝʡʨʦʩʝʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʘʧʨʦʙʘʮʠʷ ʤʦʜʫʣʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʫʩʣʦʚʠʷʭ ʩʠʤʫʣʷʮʠʠ ʨʝʘʣʴʥʦʛʦ IoT-

ʪʨʘʬʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʙʣʠʯʥʦʛʦ MQTT-ʙʨʦʢʝʨʘ. ɺ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʧʝʰʥʦ 

ʧʝʨʝʭʚʘʯʝʥʦ ʠ ʦʙʨʘʙʦʪʘʥʦ ʙʦʣʝʝ 100 ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʢʝʪʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʩʮʝʥʘʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚ.  

 

ʊʘʙʣʠʮʘ 1. ʌʨʘʛʤʝʥʪ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ (dataset) ʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʄʝʪʢʘ ʚʨʝʤʝʥʠ 

(Unix) 

ʈʘʟʤʝʨ 

ʧʘʢʝʪʘ (ʙʘʡʪ) 
ʇʦʨʪ 

ʠʩʪʦʯʥʠʢʘ 
ʇʦʨʪ 

ʥʘʟʥʘʯʝʥʠʷ 
ʊʠʧ ʩʦʦʙʱʝʥʠʷ 

MQTT  

ʌʣʘʛʠ 

TCP 

1775567801.40 66 49451 1883 -1 2 

1775567804.52 54 49451 1883 -1 16 

1775567804.52 90 49451 1883 1 (CONNECT) 24 

1775567814.41 58 1883 49451 2 (CONNACK) 24 

1775567814.42 75 49451 1883 8 (SUBSCRIBE) 24 

1775567820.17 1474 1883 49451 3 (PUBLISH) 16 

 

ɸʥʘʣʠʟ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʧʘʢʝʪʦʚ ð ʦʪ 

ʤʠʥʠʤʘʣʴʥʳʭ ʩʣʫʞʝʙʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʚ 54 ʙʘʡʪʘ ʜʦ ʦʙʲʝʤʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ 

ʨʘʟʤʝʨʦʤ 1474 ʙʘʡʪʘ. ɺ ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʮʠʢʣʳ 

ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʘ: ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʪʠʧ 1), ʧʦʜʪʚʝʨʞʜʝʥʠʝ (ʪʠʧ 2) ʠ ʘʢʪʠʚʥʘʷ ʬʘʟʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʤʝʶʪ ʟʘʧʠʩʠ ʩ ʤʘʨʢʝʨʦʤ ç-1è, ʢʦʪʦʨʳʝ 

ʧʨʠʩʚʘʠʚʘʣʠʩʴ ʧʘʢʝʪʘʤ, ʠʤʝʶʱʠʤ ʘʥʦʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʘʛʦʣʦʚʢʦʚ, ʯʪʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʧʦʧʳʪʢʠ ʬʘʟʟʠʥʛ-ʘʪʘʢʠ ʠʣʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʨʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʦʡ, ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʦʡ ʜʣʷ 
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ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ çʙʝʣʳʭ ʩʧʠʩʢʦʚè ʚ ʙʣʦʢʯʝʡʥ-ʨʝʝʩʪʨʝ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʥʘʜʝʞʥʳʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʨʘʙʦʪʳ ʚʩʝʡ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʚ ʧʦʚʝʜʝʥʠʠ IoT-ʫʩʪʨʦʡʩʪʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʨʘʙʦʪʢʫ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʨʘʥʝʝ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʘʪʪʝʨʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʠʙʝʨʘʪʘʢ. ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʩʦʩʪʦʷʥʠʡ ʩʝʪʠ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʝʛʤʝʥʪʘʭ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠʟʥʘʥʳ ʤʦʜʝʣʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʜʠʥʘʤʠʢʝ 

ʪʨʘʬʠʢʘ. ʀʥʪʝʛʨʘʮʠʷ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ ʠʥʮʠʜʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʙʝʟʦʧʘʩʥʦʩʪʠ [9, ʩ. 34]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ, 

ʚʢʣʶʯʘʶʱʘʷ ʠʟʚʣʝʯʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʨʠʟʥʘʢʦʚ ð ʪʠʧʘ ʩʦʦʙʱʝʥʠʷ MQTT ʠ ʨʘʟʤʝʨʘ ʧʘʢʝʪʘ, ð ʠ 

ʠʭ ʧʦʩʣʝʜʫʶʱʫʶ ʥʦʨʤʘʣʠʟʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ MinMaxScaler. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʝʩʪʠ 

ʨʘʟʥʦʨʦʜʥʳʝ ʤʝʪʨʠʢʠ ʢ ʝʜʠʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʦʪ 0 ʜʦ 1, ʠʩʢʣʶʯʘʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʩʝʪʠ.  

 

ʃʠʩʪʠʥʛ 2. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʛʣʫʙʦʢʦʛʦ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ 

# ʆʧʨʝʜʝʣʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ Autoencoder 

input_layer = Input(shape=(input_dim,)) 

encoded = Dense(4, activation="relu")(input_layer) 

encoded = Dense(2, activation="relu")(encoded) # ʉʞʘʪʠʝ 

 

decoded = Dense(4, activation="relu")(encoded) 

decoded = Dense(input_dim, activation="sigmoid")(decoded) # ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

 

autoencoder = Model(inputs=input_layer, outputs=decoded) 

autoencoder.compile(optimizer='adam', loss='mse') 

 

ʆʩʥʦʚʫ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʩʦʩʪʘʚʣʷʝʪ ʛʣʫʙʦʢʠʡ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢ (Autoencoder), 

ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʣʝʛʠʪʠʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʪʨʘʬʠʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʴ 

ʩʞʠʤʘʝʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʩʢʨʳʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʠʟʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʧʳʪʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʠʭ ʦʙʨʘʪʥʦ. ɽʩʣʠ ʥʘ ʚʭʦʜ ʧʦʩʪʫʧʘʝʪ ʘʥʦʤʘʣʴʥʳʡ ʧʘʢʝʪ, ʦʰʠʙʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ (MSE) ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʣʫʞʠʪ ʧʝʨʚʠʯʥʳʤ ʩʠʛʥʘʣʦʤ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʛʨʦʟʝ. 
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ʈʠʩʫʥʦʢ 1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ 

IoT 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ ʚ ʤʦʜʫʣʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʘʣʛʦʨʠʪʤ çʀʟʦʣʠʨʫʶʱʝʛʦ ʣʝʩʘè (Isolation Forest). ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʜʝʣʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʳʙʨʦʩʳ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʢʣʘʩʩʠʬʠʮʠʨʫʷ ʧʘʢʝʪʳ ʢʘʢ ʘʥʦʤʘʣʴʥʳʝ (ʟʥʘʯʝʥʠʝ -1) ʠʣʠ ʥʦʨʤʘʣʴʥʳʝ.  

 

ʃʠʩʪʠʥʛ 3. ɸʣʛʦʨʠʪʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʦʛʦ ʘʥʘʣʠʟʘ 

# ʋʩʣʦʚʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʥʮʠʜʝʥʪʘ 

if error > threshold and iso_pred == -1: 

    label = "CRITICAL" # ʆʙʘ ʤʝʪʦʜʘ ʧʦʜʪʚʝʨʜʠʣʠ ʘʪʘʢʫ 

elif error > threshold: 

    label = "AE_WARNING" # ʊʦʣʴʢʦ ʥʝʡʨʦʩʝʪʴ ʟʘʬʠʢʩʠʨʦʚʘʣʘ ʦʪʢʣʦʥʝʥʠʝ 

 

ʌʠʥʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʩʪʝʧʝʥʠ ʢʨʠʪʠʯʥʦʩʪʠ ʫʛʨʦʟʳ ʧʨʠʥʠʤʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʥʘʣʠʟʘ: ʝʩʣʠ ʦʙʘ ʘʣʛʦʨʠʪʤʘ ʬʠʢʩʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳ, ʠʥʮʠʜʝʥʪʫ 

ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʩʪʘʪʫʩ ʢʨʠʪʠʯʝʩʢʦʛʦ (CRITICAL). ʊʘʢʦʡ ʜʚʫʭʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʩʠʩʪʝʤʝ ʥʝ ʪʦʣʴʢʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʩʮʝʥʘʨʠʠ ʘʪʘʢ, ʥʦ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ, ʨʘʥʝʝ 

ʥʝ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʤ ʘʥʦʤʘʣʠʷʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʦʪʯʝʪ, ʛʜʝ ʢʘʞʜʘʷ ʩʝʪʝʚʘʷ ʪʨʘʥʟʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʝʪʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʦʡ ʦʰʠʙʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʀʀ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʝʨʠʬʠʢʘʮʠʠ ʚ ʙʣʦʢʯʝʡʥ-ʨʝʝʩʪʨʝ. 

 

 

ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 
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ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʥʦʚʘʥ ʥʘ 

ʠʥʪʝʛʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʝʩʪʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ IoT-ʫʩʪʨʦʡʩʪʚ. ʊʨʝʪʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʨʝʘʣʠʟʫʝʪ ʣʦʛʠʢʫ çʷʢʦʨʷ 

ʜʦʚʝʨʠʷè, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʢʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʝʛʦ 

ʪʝʢʫʱʝʛʦ ʧʦʚʝʜʝʥʠʷ, ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʥʝʡʨʦʩʝʪʴʶ, ʥʦ ʠ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʮʠʬʨʦʚʦʛʦ ʦʪʩʯʝʪʘ (ʭʝʰ-

ʩʫʤʤʳ ʧʨʦʰʠʚʢʠ), ʭʨʘʥʷʱʝʛʦʩʷ ʚ ʙʣʦʢʯʝʡʥʝ. ʆʨʛʘʥʠʟʘʮʠʷ ʟʘʱʠʪʳ ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤʘʭ IoT ʜʦʣʞʥʘ ʦʧʠʨʘʪʴʩʷ ʥʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʝʠʟʤʝʥʷʝʤʦʩʪʴ ʜʘʥʥʳʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʨʝʝʩʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʢʦʣʣʝʢʪʠʚʥʦʡ 

ʚʝʨʠʬʠʢʘʮʠʠ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʘʪʘʢʠ ʪʠʧʘ DDoS ʠ ʧʦʜʤʝʥʫ ʣʝʛʠʪʠʤʥʳʭ ʫʟʣʦʚ [10]. 

 

ʃʠʩʪʠʥʛ 4. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

def respond(device_id, is_valid, blockchain): 

    if is_valid: 

        print(f"[SYSTEM] {device_id}: ʜʦʩʪʫʧ ʨʘʟʨʝʰʸʥ") 

    else: 

        print(f"[ALERT] {device_id}: ʦʙʥʘʨʫʞʝʥʘ ʫʛʨʦʟʘ!")  

        blockchain.block_device(device_id) # ɹʣʦʢʠʨʦʚʢʘ ʚ ʙʣʦʢʯʝʡʥʝ 

        log_event(device_id) # ɿʘʧʠʩʴ ʚ ʣʦʢʘʣʴʥʳʡ ʞʫʨʥʘʣ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ ʤʦʜʫʣʷ ʚʢʣʶʯʘʝʪ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪ, ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ Solidity, ʠ 

ʫʧʨʘʚʣʷʶʱʠʡ Python-ʩʢʨʠʧʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʚʷʟʴ ʤʝʞʜʫ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʙʣʦʢʦʤ ʠ ʨʝʝʩʪʨʦʤ. 

ɺ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʝ ʨʝʘʣʠʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ Device, ʢʦʪʦʨʘʷ ʭʨʘʥʠʪ ʵʪʘʣʦʥʥʳʡ ʭʝʰ 

ʧʨʦʰʠʚʢʠ ʠ ʩʪʘʪʫʩ ʜʦʚʝʨʠʷ ʫʟʣʘ.  

 

ʃʠʩʪʠʥʛ 5. ʌʨʘʛʤʝʥʪ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʘ ʥʘ ʷʟʳʢʝ Solidity ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʙʣʦʢʠʨʦʚʢʠ 

ʫʩʪʨʦʡʩʪʚ 

// ʌʨʘʛʤʝʥʪ ʣʦʛʠʢʠ ʚʝʨʠʬʠʢʘʮʠʠ 

function verifyDevice(string memory deviceId, string memory firmwareHash) public view 

returns (bool) { 

    Device memory d = devices[deviceId]; 

    // ʉʨʘʚʥʝʥʠʝ ʭʝʰʝʡ ʚ ʙʣʦʢʯʝʡʥʝ 

    if (d.isTrusted && keccak256(bytes(d.firmwareHash)) == keccak256(bytes(firmwareHash))) 

{  

        return true; 

    }  
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    return false; 

}  

 

ʆʩʥʦʚʥʘʷ ʣʦʛʠʢʘ ʚʝʨʠʬʠʢʘʮʠʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ Keccak-256: 

ʩʠʩʪʝʤʘ ʩʨʘʚʥʠʚʘʝʪ ʧʦʩʪʫʧʘʶʱʠʡ ʭʝʰ ʫʩʪʨʦʡʩʪʚʘ ʩ ʟʘʧʠʩʴʶ ʚ ʨʝʝʩʪʨʝ, ʠ ʚ ʩʣʫʯʘʝ ʤʘʣʝʡʰʝʛʦ 

ʥʝʩʦʚʧʘʜʝʥʠʷ ʪʨʘʥʟʘʢʮʠʷ ʧʨʠʟʥʘʝʪʩʷ ʥʝʚʘʣʠʜʥʦʡ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʫʷʟʚʠʤʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʤʝʥʦʡ ʣʝʛʠʪʠʤʥʳʭ ʜʘʪʯʠʢʦʚ ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʨʦʮʝʩʩ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ ʚ ʜʘʥʥʦʤ ʤʦʜʫʣʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʠ ʥʝʨʘʟʨʳʚʥʦ 

ʩʚʷʟʘʥ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʙʣʦʢʘ.  

 

 

ʈʠʩʫʥʦʢ 3. ɸʣʛʦʨʠʪʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʤʦʜʫʣʷ ʙʣʦʢʠʨʦʚʢʠ 

 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʩʠʛʥʘʣʘ ʦ ʢʨʠʪʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ ʠʣʠ ʥʝʫʜʘʯʥʦʡ ʧʦʧʳʪʢʝ ʚʝʨʠʬʠʢʘʮʠʠ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʫʧʨʘʚʣʷʶʱʘʷ ʣʦʛʠʢʘ ʠʥʠʮʠʠʨʫʝʪ ʬʫʥʢʮʠʶ blockDevice ʚ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʝ, 

ʢʦʪʦʨʘʷ ʧʝʨʤʘʥʝʥʪʥʦ ʤʝʥʷʝʪ ʩʪʘʪʫʩ ʫʩʪʨʦʡʩʪʚʘ ʚ ʙʣʦʢʯʝʡʥʝ ʥʘ çʥʝʜʦʚʝʨʝʥʥʦʝè. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʵʪʠʤ ʩʠʩʪʝʤʘ ʚʳʧʦʣʥʷʝʪ ʦʧʝʨʘʮʠʶ ʠʟʦʣʠʨʦʚʘʥʠʷ ʫʟʣʘ ʠ ʬʦʨʤʠʨʫʝʪ ʟʘʧʠʩʴ ʚ ʣʦʢʘʣʴʥʦʤ 

ʞʫʨʥʘʣʝ ʙʝʟʦʧʘʩʥʦʩʪʠ (security_log.txt), ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʜʦʢʘʟʘʪʝʣʴʥʫʶ ʙʘʟʫ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʫʜʠʪʘ ʠʥʮʠʜʝʥʪʦʚ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʤʠʪʘʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʨʝʜʦʡ ʯʝʨʝʟ ʦʙʲʝʢʪʥʳʡ ʧʦʜʭʦʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ ʜʦ ʫʨʦʚʥʷ ʨʝʘʣʴʥʦʡ ʙʣʦʢʯʝʡʥ-ʩʝʪʠ (ʥʘʧʨʠʤʝʨ, Ethereum ʠʣʠ 

Hyperledger). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʤʦʜʫʣʴ ʟʘʚʝʨʰʘʝʪ ʮʠʢʣ ʟʘʱʠʪʳ, ʧʨʝʚʨʘʱʘʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʚʦʜʳ ʥʝʡʨʦʩʝʪʠ ʚ ʶʨʠʜʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠ ʥʝʠʟʤʝʥʷʝʤʳʝ 

ʜʝʡʩʪʚʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. 
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ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʘ 

ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʦʙʲʝʜʠʥʷʶʱʘʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʝʩʪʨʘ. ɺ 

ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣ ʫʩʧʝʰʥʦ ʨʝʰʝʥ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ ʧʦ ʧʘʩʩʠʚʥʦʤʫ ʩʙʦʨʫ ʩʝʪʝʚʳʭ ʜʘʥʥʳʭ 

ʧʨʦʪʦʢʦʣʘ MQTT, ʠʭ ʛʣʫʙʦʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʥʘʙʦʨ 

ʧʨʠʟʥʘʢʦʚ, ʦʪʨʘʞʘʶʱʠʡ ʨʝʘʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IoT-ʫʟʣʦʚ, ʯʪʦ ʩʪʘʣʦ 

ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʙʘʟʝ ʛʣʫʙʦʢʦʛʦ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʘ ʠ ʘʣʛʦʨʠʪʤʘ 

çʀʟʦʣʠʨʫʶʱʝʛʦ ʣʝʩʘè ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʝʪʝʚʳʭ ʦʙʲʝʢʪʦʚ. ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʣʘ ʩʠʩʪʝʤʝ 

ʫʩʧʝʰʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʧʘʢʝʪʘʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʩʣʦʞʥʳʝ 

ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʜʝʚʠʘʮʠʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ 

ʟʘ ʩʯʝʪ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ ʚʝʨʜʠʢʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʠ ʩʤʘʨʪ-

ʢʦʥʪʨʘʢʪʦʚ ʥʘ ʷʟʳʢʝ Solidity ʦʙʝʩʧʝʯʠʣʦ ʩʦʟʜʘʥʠʝ ʥʝʠʟʤʝʥʷʝʤʦʛʦ çʷʢʦʨʷ ʜʦʚʝʨʠʷè, 

ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʮʝʣʦʩʪʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʦʪʚʝʪʥʳʭ 

ʜʝʡʩʪʚʠʡ ʥʘ ʚʳʷʚʣʝʥʥʳʝ ʠʥʮʠʜʝʥʪʳ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʘʧʨʦʙʘʮʠʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʩʠʩʪʝʤʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʠʟʦʣʠʨʦʚʘʪʴ 

ʥʝʜʦʚʝʨʝʥʥʳʝ ʫʟʣʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʷʚʣʷʝʪʩʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʣʠ ʙʳʪʦʚʳʝ 

IoT-ʵʢʦʩʠʩʪʝʤʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʢʠʙʝʨʫʩʪʦʡʯʠʚʦʩʪʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʠʜʠʪʩʷ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʨʘʩʰʠʨʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʚ ʩʝʪʷʭ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʊʣʝʫʙʝʨʜʠʥ, ʉ. ʊ., ʉʝʡʪʢʫʣʦʚ, ɽ. ʅ. ʇʨʦʙʣʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʝʪʷʭ 

ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) // ɺʝʩʪʥʠʢ ʂʘʟɸʊʂ. ð 2023. ð ˉ 4 (125). ð ʉ. 255ï268. 

2. ʆʩʠʧʦʚ, ɼ. ʉ. ɻʠʙʨʠʜʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ ʚ ʩʝʪʷʭ ʩ ʥʠʟʢʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ // ɺʦʧʨʦʩʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ð 2023. ð ˉ 5. ð ʉ. 88ï95. 

3. ʄʘʡʣʳʙʘʝʚ, ɽ., ʈʫʩʣʘʥ, ʄ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 

ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ // ʊʨʫʜʳ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʂʘʨʘʛʘʥʜʘ). ð 2025. ð ˉ 1. ð ʉ. 

76ï82. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

150 
 

4. Davlatov, S. Deep Learning Models for IoT Traffic Classification and Anomaly Detection // 

International Journal of Computer Science and Network Security. ð 2024. ð Vol. 24, No. 1. ð 

P. 1102ï1115. 

5. Kim, D., et al. Explainable AI (XAI) for network traffic analysis and botnet detection in smart 

grids // IEEE Transactions on Industrial Informatics. ð 2025. ð Vol. 21, No. 3. ð P. 215ï230. 

6. MDPI Report. Decentralized Authentication Mechanisms for IoT Using Blockchain: A Systematic 

Review // Sensors (MDPI). ð 2026. ð Vol. 26, No. 1. ð URL: [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

7. ɸʜʠʣʞʘʥʦʚʘ, ʉ. ɸ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʪʷʭ // ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʥʘʫʢʝè. ð ɸʣʤʘʪʳ, 2024. ð ʉ. 198ï205. 

8. Wang, Q., et al. Systematic approach to evaluating the security of MQTT message protocols in 

IoT environments // Journal of Cybersecurity and Privacy. ð 2024. ð Vol. 4, No. 2. ð P. 45ï60. 

9. ʅʘʢʠʝʚ, ʈ. ʈ., ʋʣʴʷʥʦʚ, ɺ. ɺ. ɸʥʘʣʠʟ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʦʪʦʢʦʣʦʚ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ ʤʝʪʦʜʳ ʠʭ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ // ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʟʘʱʠʪʘ ʜʘʥʥʳʭ. ð 2024. ð ʊ. 12, ˉ 2. 

ð ʉ. 142ï155. 

10. Berraadi, O. Real-time data flow analysis in smart infrastructure security // Sustainable Cities and 

Society. ð 2025. ð Vol. 88. ð P. 34ï48. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

151 
 

 

ʍʀʄʀʗʅʓ ʆפʓʊʋɼɸ STEM-ʊᴄʉɯʃɯʅ פʆʃɼɸʅʋ ɸʈפʓʃʓ ᴆרɯʈɼɯר 

ʕʂʆʃʆɻʀʗʃʓפ ʊױʈɸפʊʓʃʓנʓ ʄᴄʉɽʃɽʃɽʈɯʅ ʐɽʐʋɻɽ ɹɸנʓʊʊɸʃנɸʅ ʉʓʅ 

ʊױʈנʓʉʓʅɸʅ ʆʁʃɸʋɼʓ ɼɸʄʓʊʋ 

 

 

ɾʫʩʫʧʦʚʘ ɸʣʠʷ ʆʤʨʟʘʭʦʚʥʘ  

 ʢʫʨʩ ʩʪʫʜʝʥʪʽ, 

ʐ.ʋϸʣʠʭʘʥʦʚ ʘʪʳʥʜʘϤʳ ʂϺʢʰʝʪʘʫ ʫʥʠʚʝʨʩʠʪʝʪʽ,  

ʂϺʢʰʝʪʘʫ Ϩʘʣʘʩʳ 

 

ɸרɼɸʊʇɸ 

 

ʄʘץʘʣʘʜʘ ʭʠʤʠʷʥʳ ʦץʳʪʫʜʘ STEM ᴅʜʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש 

ʪײʨʘץʪʳʣʳסʳʥʳש ʘʡʤʘץʪʳץ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʩʳʥʠ ʦʡʣʘʫʜʳ ʜʘʤʳʪʫ ʞʦʣʜʘʨʳ 

 ʘ ʥʝʛʽʟʜʝʣʛʝʥסʳʪʫץʦ ץʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʧʨʦʙʣʝʤʘʣʳסʘʨʘʩʪʳʨʳʣʘʜʳ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʞʦʙʘץ

ʭʠʤʠʷ ʩʘʙʘץʪʘʨʳʥʘ STEM ʵʣʝʤʝʥʪʪʝʨʽʥ ʝʥʛʽʟʫʜʽש ᴅʜʽʩʥʘʤʘʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʪʘʣʜʘʥʜʳ. 

 ,ʘʙʽʣʝʪʪʝʨʽʥץ ʳʣʳʤʠ ʟʝʨʪʪʝʫס שʫʰʳʣʘʨʜʳץʘʪʳʩʪʳ ʪʘʧʩʳʨʤʘʣʘʨ ʦץ ʘסʘʥ ʦʨʪʘסʦʨʰʘפ

ʵʢʦʣʦʛʠʷʣʳץ ʩʘʫʘʪʪʳʣʳסʳʥ ʞᴅʥʝ ʧᴅʥʛʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳסʳʥ ʘʨʪʪʳʨʘʪʳʥʳ ʘʥʳץʪʘʣסʘʥ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ STEM ᴅʜʽʩʪʝʨʽʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʩʪʫʜʝʥʪʪʝʨʜʽש ʩʳʥʠ ʦʡʣʘʫʳʥ ʜʘʤʳʪʫʜʳ 

ʞᴅʥʝ ʦʣʘʨʜʳש ʪײʨʘץʪʳ ʜʘʤʫ ʠʜʝʷʣʘʨʳʥ ʤʝשʛʝʨʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 

ɸסʳʤʜʘסʳ ʢʝʟʜʝ פʘʟʘץʩʪʘʥʥʳש ʙʽʣʽʤ ʙʝʨʫ ʪʘʨʤʘסʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʙʘʩʳʤʜʳץ - 

ʦץʫʰʳʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ סʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘץ ʙײʣ סײʳʥסʘʥ ʙʽʣʽʤʜʽ 

ʢװʥʜʝʣʽʢʪʽ ᴇʤʽʨʜʽש ʢװʨʜʝʣʽ ʤᴅʩʝʣʝʣʝʨʽʥ, ᴅʩʽʨʝʩʝ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ץʘʫʽʧ ʪᴇʥʜʽʨʝʪʽʥ ʤᴅʩʝʣʝʣʝʨʜʽ 

ʰʝʰʫ װʰʽʥץʦʣʜʘʥʘʘʣʫ.ʍʠʤʠʷ ʦʩʳ ʙʘסʳʪʪʘ STEM (סʳʣʳʤ, ʪʝʭʥʦʣʦʛʠʷ, ʠʥʞʝʥʝʨʠʷ, 

ʤʘʪʝʤʘʪʠʢʘ)ʪᴅʩʽʣʽʥ ʝʥʛʽʟʫ װʰʽʥ ʝץ שʦʣʘʡʣʳ ʘʣʘסשʘ ʘʡʥʘʣʜʳ. ɹײʣ ᴅʜʽʩ ʘʡʤʘץʪʳץ ʵʢʦʣʦʛʠʷʣʳץ 

ʪײʨʘץʪʳʣʳץ ʪײʨסʳʩʳʥʘʥ ʭʠʤʠʷʣʳץ ʝʨʝʞʝʣʝʨʜʽ ץʘʨʘcʪʳʨʘ ʦʪʳʨʳʧ, ʦץʫʰʳʣʘʨʜʳש cʳʥʠ ʦʡʣʘʫʳʥ 

ʞʘשʘ ʜʝשʛʝʡʛʝ ʢᴇʪʝʨʝʜʽ [1, 72]. ʉʳʥʠ ʦʡʣʘʫ - ʙײʣ ʪʝʢ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʩʘʨʘʧʪʘʫ סʘʥʘ ʝʤʝʩ, ʦʣ 

ʭʠʤʠʷʣʳץ ᴇʥʜʽʨʽʩʪʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʪʘʙʠסʘʪץʘ ʪʠʛʽʟʝʨ ʟʘʣʘʣʳʥ ץʘʨʘʩʪʳʨʫ, ʙʦʣʞʘʤʜʘʨ 

ʞʘʩʘʫ ʞᴅʥʝ ʜᴅʡʝʢʪʽ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫ ץʘʙʽʣʝʪʽ. ɹʽʟʜʽש ʤʝʤʣʝʢʝʪʪʝʛʽ ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ʩʦסשʳ 

ʟʝʨʪʪʝʫʣʝʨ ʭʠʤʠʷʣʳץ ʙʽʣʽʤ ʤʝʥ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʘʨʘcʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳש 

ʞʦץʪʳסʳ ʦץʫʰʳʣʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʩʘʫʘʪʪʳʣʳסʳʥ ʢʝʤʽʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʆץʫʰʳʣʘʨ ʤʝʢʪʝʧʪʝ 

ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨʜʳ ʰʝʙʝʨ ʝcʝʧʪʝʛʝʥʽʤʝʥ, çʙʽʣʽʤʜʽ ʙᴇʣʫè ʤᴅʩʝʣʝʩʽ ᴇʟʝʢʪʽ ʙʦʣʳʧ ץʘʣʘ 

ʙʝʨʝʜʽ, ʩʝʙʝʙʽ ʦʣʘʨ ʙײʣ ʨʝʘʢʮʠʷʣʘʨʜʳ ᴇʟ ᴇשʽʨʽʥʜʝʛʽ ʪʦʧʳʨʘץʪʳש ʥʝʤʝʩʝ ʩʫʜʳש ʣʘʩʪʘʥʫʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳʨʘ ʘʣʤʘʡʜʳ. ɹײʣ ʢʝʤʰʽʣʽʢʪʽ ʞʦʶʜʘ STEM ʪᴅʩʽʣʽ ʭʠʤʠʷʥʳ çʦʙʲʝʢʪʠʚʪʽ ʬʦʨʤʫʣʘʣʘʨè 

ʞʠʳʥʪʳסʳʥʘʥ çʵʢʦʣʦʛʠʷʣʳץ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ײץʨʘʣʳʥʘè ʘʫʳʩʪʳʨʘʜʳ. 

STEM ʥʝʛʽʟʽʥʜʝʛʽ סʳʣʳʤ ʙʝʨʫʜʽש ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʛʽ ʦʣ ʩʪʫʜʝʥʪʪʽ ʠʥʞʝʥʝʨ-ʩʘʨʘʧʰʳ 

ʧʦʟʠʮʠʷʩʳʥʘ ץʦʷʜʳ. ʄʳʩʘʣʳ, ʂʘʩʧʠʡ ʪʝשʽʟʽʥʽש ʤײʥʘʡʤʝʥ ʙʳʣסʘʥʫʳ ʥʝʤʝʩʝ ʐʳסʳʩ 

 ʘʥ ʢʝʟʜʝסʜʘʡʣʘʨʜʳ ʪʘʣʜʘסʪʳ ʞʘץʪʳ ʥʘץʳʨʣʘʥʫʳ ʩʠʷסʰʦ שʳ ʘʫʳʨ ʤʝʪʘʣʜʘʨʜʳסʩʪʘʥʜʘץʘʟʘפ

ʩʪʫʜʝʥʪʪʝʨ çʀʥʞʝʥʝʨʣʽʢ ʞʦʙʘʣʘʫè ʢʝʟʝשʽʥ ץʦʣʜʘʥʘʜʳ. ɹײʣ ʢʝʟʝש ʤᴅʩʝʣʝʥʽ ʘʥʳץʪʘʫʜʘʥ, ʦʥʳש 

ʭʠʤʠʷʣʳץ ʰʝʰʽʤʽʥ ʞʘʩʘʫʜʘʥ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨʜʽ ʦʨʳʥʜʘʫʜʘʥ ʞᴅʥʝ ʥᴅʪʠʞʝʥʽ 

ʪʝʭʥʦʣʦʛʠʷʣʳײץ ץʨʘʣʜʘʨʤʝʥ ʪʝʢʩʝʨʫʜʝʥ ʙʘʩʪʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ʉʳʥʠ ʦʡʣʘʫʜʳש ʤʘשʳʟʜʳ ץʳʨʳ - 

çɾʘʩʳʣ ʭʠʤʠʷè ײʩʪʘʥʳʤʜʘʨʳʥ ʤʝשʛʝʨʫ [3, 44]. ɹײʣ ʩʪʫʜʝʥʪʢʝ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳ ʩʠʥʪʝʟʜʝʫ 

ʢʝʟʽʥʜʝ ᴇʥʽʤ ʰʳסʘʨʫʳʥʘ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʘʣʜʳץʩʳʟ ʪʝʭʥʦʣʦʛʠʷ ʤʝʥ ʵʥʝʨʛʠʷ 

 ʪᴅʩʽʣʜʝʨ Vernier ʥʝʤʝʩʝ PASCO ץʙʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ʇʝʜʘʛʦʛʠʢʘʣʳ ץʥʝʤʜʝʫʽʥʝ ʜʝ ʙʘʩʳʤʜʳװ

ʪᴅʨʽʟʜʽ ʩʘʥʜʳץ ʜʘʪʯʠʢʪʝʨ ʤʝʥ ʟʝʨʪʭʘʥʘʣʳץ ʞʘʙʜʳץʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ʤʘשʳʟʜʳʣʳסʳʥ 

ʘʡץʳʥʜʘʡʜʳ [2, 156]. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʩʪʫʜʝʥʪʪʝʨʛʝ ʘʡʥʘʣʘʜʘסʳ ʦʨʪʘʜʘסʳ ʭʠʤʠʷʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨʜʽ ʥʘץʪʳ ʫʘץʳʪ ʪᴅʨʪʽʙʽʥʜʝ ᴇʣʰʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʤʳʩʘʣʳ, ʩʫʜʳש ʵʣʝʢʪʨ 

ᴇʪʢʽʟʛʽʰʪʽʛʽ ʥʝʤʝʩʝ ʘʫʘʜʘסʳ ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳʥʳש ʤᴇʣʰʝʨʽ. ɼʝʨʝʢʪʝʨʜʽ ʩʘʥʜʳץ ʬʦʨʤʘʪʪʘ 

ᴇשʜʝʫ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʘʫʘʪʪʳʣʳץʪʳ ץʘʞʝʪ ʝʪʝʜʽ, ʤײʥʜʘ ʩʪʫʜʝʥʪ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ 

ʪʘʣʜʘʡʜʳ ʞᴅʥʝ ʘʡʤʘץץʘ ʪᴅʥ ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʘסʳʤʳʥ ʩʳʥʠ ʙʘסʘʣʘʡʜʳ. 
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ɯʩ ʞװʟʽʥʜʝ ץʘʨʘסʘʥʜʘ, STEM ʪᴅʩʽʣʽ ʰᴅʢʽʨʪʪʝʨʜʽ ʬʠʪʦʨʝʤʝʜʠʘʮʠʷ (ᴇʩʽʤʜʽʢʪʝʨ ʘʨץʳʣʳ 

ʪʘʟʘʣʘʫ) ʥʝʤʝʩʝ ʭʠʤʠʷʣʳץ ʩʦʨʙʮʠʷ ʩʝʢʽʣʜʽ ʢװʨʜʝʣʽ ʞʦʙʘʣʘʨסʘ ʪʘʨʪʘʜʳ [4, 112]. ʄײʥʜʘʡ 

ʪʘʧʩʳʨʤʘʣʘʨ ʙʘʨʳʩʳʥʜʘ ʦץʫʰʳ ʪʝʢ ʦʨʳʥʜʘʫʰʳ ʝʤʝʩ, ʞʘʫʘʧʪʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʫʰʳ ʨᴇʣʽʥ 

ʘʪץʘʨʘʜʳ. ʆʣ ᴇʟ ʘʡʤʘסʳʥʜʘסʳ ʣʘʩʪʘʥʫ ʜʝשʛʝʡʽʥ ʟʝʨʪʪʝʧ, ʦʥʳ ʞʦʶʜʳש ʝץ שʦʣʘʡʣʳ ʭʠʤʠʷʣʳץ 

ʨʝʘʢʪʠʚʽʥ ʥʝʤʝʩʝ ʙʠʦʣʦʛʠʷʣʳץ ʩװʟʛʽʩʽʥ ʪʘשʜʘʡʜʳ. ɹײʣ װʜʝʨʽʩ ʦץʫʰʳʥʳ çɽʛʝʨ ʤʝʥ ʙײʣ ᴅʜʽʩʪʽ 

ʧʘʡʜʘʣʘʥʩʘʤ, ʘʡʥʘʣʘʜʘסʳ ʦʨʪʘסʘ ʝʢʽʥʰʽ ץʘʡʪʘʨʘ ʥץײʩʘʥ ʢʝʣʤʝʡ ʤʝ?è ʜʝʛʝʥ ʩʘʫʘʣ ʪᴇשʽʨʝʛʽʥʜʝ 

ʦʡʣʘʥʪʫסʘ ʞʝʪʝʣʝʡʜʽ, ʙײʣ ʵʢʦʣʦʛʠʷʣʳץ ᴅʜʝʧ ʧʝʥ ʩʳʥʠ ʧʘʡʳʤʜʘʫʜʳש ʙʠʽʢ ʢᴇʨʽʥʽʩʽ. STEM-

ʪᴅʩʽʣʽʥʽש ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʛʽ ï ʧᴅʥʘʨʘʣʳץ ʠʥʪʝʛʨʘʮʠʷ. ʄʳʩʘʣʳ, ʦץʫʰʳʣʘʨ ʭʠʤʠʷ ʩʘʙʘסʳʥʜʘ ʩʫ 

 ,ʤʦʜʝʣʽʥ ʞʘʩʘʡ ʘʣʘʜʳ שʳʣʘʨʳʥʳסʨʳʣײץ ʨʘʤʳʥ ʪʘʣʜʘʡ ʦʪʳʨʳʧ, ʪʝʭʥʦʣʦʛʠʷ ʧᴅʥʽʥʜʝ ʩʫ ʪʘʟʘʨʪʫײץ

ʘʣ ʤʘʪʝʤʘʪʠʢʘʜʘ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʧ, ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʝʜʽ. ʆʩʳʥʜʘʡ ʢʝʰʝʥʜʽ 

ʞײʤʳʩʪʘʨ ʦץʫʰʳʣʘʨʜʳש ʣʦʛʠʢʘʣʳץ ʦʡʣʘʫʳʥ ʜʘʤʳʪʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʥʘץʪʳ ʵʢʦʣʦʛʠʷʣʳץ 

ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ʙʘסʳʪʪʘʡʜʳ. 

ʉʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫʜʳ ʜʘʤʳʪʫ װʰʽʥ STEM ʞʦʙʘʣʘʨʳ ʝʨʝʢʰʝ ʪʠʽʤʜʽ. ʄᴅʩʝʣʝʥ, 

çᴆשʽʨʜʝʛʽ ʘʫʳʟ ʩʫ ʩʘʧʘʩʳʥ ʟʝʨʪʪʝʫè, çɸʫʘʥʳש ʣʘʩʪʘʥʫ ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʫè, çפʘʣʜʳץʪʘʨʜʳ ץʘʡʪʘ 

ᴇשʜʝʫ ʞʦʣʜʘʨʳè ʩʠʷץʪʳ ʞʦʙʘʣʘʨ ʘʨץʳʣʳ ʦץʫʰʳʣʘʨ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʽʧ, ʛʠʧʦʪʝʟʘ ײץʨʳʧ, ʪᴅʞʽʨʠʙʝ 

ʞʘʩʘʧ, ʥᴅʪʠʞʝʩʽʥ ʪʘʣʜʘʡʜʳ. ɹײʣ ʧʨʦʮʝʩʪʝ ʦʣʘʨ ʘץʧʘʨʘʪʪʳ ʩʘʨʘʣʘʧ, ʜᴅʣʝʣʜʽ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ 

 .ʡʨʝʥʝʜʽװ

ɸʣʘʡʜʘ, ʙײʣ ʙʘסʳʪʪʳ ʝʥʛʽʟʫʜʝ ײʩʪʘʟʜʘʨʜʳש ʧᴅʥʘʨʘʣʳײץ ץʟʳʨʝʪʪʽʣʽʛʽ ʤʝʥ ʤʝʢʪʝʧʪʝʨʜʽש 

 ʜʘʡʜʘ ʭʠʤʠʷ ʧᴅʥʽʥʜʝʛʽסʙʽʨʢʝʣʢʽ ʝʤʝʩʪʽʛʽ ʩʝʢʽʣʜʽ ʢʝʜʝʨʛʽʣʝʨ ʙʘʨ. ʂᴇʧ ʞʘ שʦʨʳʥʳץ ץʦʨʣʳץ

ʵʢʦʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝʣʝʨ ʩʳʨʪʪʘʡ ʙʘסʘʣʘʥʘʜʳ. ʉʦʥʜʳץʪʘʥ, ʞʘשʘʨʪʳʣסʘʥ ʤʘʟʤײʥ ʰʝשʙʝʨʽʥʜʝ 

ʭʠʤʠʷʣʳץ ʪʘʧʩʳʨʤʘʣʘʨʜʳ PISA ʭʘʣʳץʘʨʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʽʥʽש ʪʘʣʘʧʪʘʨʳʥʘ ʣʘʡʳץ, ʥʘץʪʳ ᴇʤʽʨʣʽʢ 

ʞᴅʥʝ ʘʡʤʘץʪʳץ ʘʡʥʘʣʳʤʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʫ ʣᴅʟʽʤ. ɹײʣ ʦץʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʦʣʘʨʜʳש ʝʨʪʝ ʞʘʩʪʘʥ ʢᴅʩʽʙʠ ʙʘסʜʘʨ ʘʣʫʳʥʘ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ʵʢʦʣʦʛʠʷʣʳץ 

ʠʥʞʝʥʝʨʠʷ ʤʝʥ ʞʘʩʳʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʘשʳʥʘ ץʳʟʳסʫʰʳʣʳסʳʥ ʦʷʪʫסʘ ʞʦʣ ʙʝʨʝʜʽ. 

 

ʂʝʩʪʝ 1. ʍʠʤʠʷʥʳ ʦϨʳʪʫʜʘ STEM-ʪϸʩʽʣʽʥ ϨʦʣʜʘʥʫϤʘ ʥʝʛʽʟʜʝʣʛʝʥ ʧʨʘʢʪʠʢʘʣʳϨ 

ʪʘʧʩʳʨʤʘʣʘʨ 

Ѕ ́͊ͨͫ·ͪͣ͊ ͙ͫͨ͊ͭͭ͊ͣ͊ͫ· ˻ ·ͭͯ ͣ͊ ͫ͊ͭ· ͊͡·ͨͭ͊ͫͭ·ͪ·͊ͭ͡·ͤ 

ͤ ͙͔͔ͭ͗ͪ͡ 

1 ˣͣ͜͜͡ ͊ͯ͡΄·͊ͪ͡ ͔͎ͪ͒͜͜ 

Ή͎͙ͦͦ͟͡Ύ͡·  ͣ ͔͔ͫͤ͜͡ όͫͯΣ ͊ͯ͊ 

͔͔͔ͤͣͫ ͭͦͨ·ͪ͊  ͊ͫͭ͊ͤͯ͡·ύ 

͊ͤ· ͭ͊ͨΣ ͦͤ· ͻ͙͙ͣΎ͡·  ͭ ͪ ·͒͊ͤ 

͚ͭ͊͒͊͒͡· ͗ ͔ͤ ·͡·͙ͣ 

͔͎͔͎͔ͤ͒ͤ͘͜͡ ΄͔΄ͯ ͗ͦ͒͊ͪ͡·ͤ 

ͫ·ͤ͊͒·. 

͎͙̏ͦͦ͟͡Ύ͡·  

ͣ͊ͣ͘ ͤ͒͊ · 

ͻ͙͙ͣΎ͡·  ͋ͣ͒͜͜͜͡ 

͔ͣ ͎͔ͪͭͯΦ 

˿·ͤ ͭ ͪ ·ͫ·ͤ͊ͤ ͚ͦ͊ͯ͡Σ 

Ή͎͙ͦͦ͟͡Ύ͡·  

͔͗͊ͯ͊ͨͪ͟΄͜͜͟͡Σ 

͙͙͊ͤ͊ͭ͊͟͡͡·  ͔͊͋ͭ͜͡Φ 

2 ͎͙̏ͦͦ͟͡Ύ͡·  ͔͔ͨͪͦ͋ͣ͊ͣͤ͡ 

͚͋͊͊ͤ͡·ͫͭ· ͻ͙͙ͣΎ͡·  ͭ ͙͔͗ͪ͋͜ 

͔͔͔ͤͣͫ ͔ͣͦ͒͡Έ ͔ͪͨ͘͜͡Σ ͊͡·ͤ ͊ͤ 

ͤ ͙͔͔ͭ͗ͪ͒͜͡ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ͊ͯ͡Φ 

˭͔͔ͪͭͭͯ΄͜͜͟͡ 

͔͔ͪͭͭ͟͜ 

͚·ͣ͒͊ͫͭ·ͪͯΦ 

͔͙͔̏ͫͨͪͣͤͭͭ͟͜͟ 

͒͊ ͒·͊ͪ͡Σ ͔͔͔͒ͪͭͪ͒͟͜ 

ͭ͊͒͊ͯ͡Φ 

3 ͎͙̏ͦͦ͟͡Ύ͡·  ͭ ͪ͊ ͭ·͡· ͭ· 

͊ͣͭ͊ͣ͊ͫ·͘ ͔͎͔ͭͯ ͋͊ ·ͭͭ͊͡ ͊ͤ 

STEM-͗ͦ͋͊ ͗ͦͫͨ͊ͪ·ͤ ͪ͊ͫͭ·ͪͯΦ 

˽ ͤ͊ͪ͊͡·  

͚͋͊͊ͤ͡·ͫͭ· ͗ ͔͎͔͘ 

͊ͫ·ͪͯΦ 

ˬͦ͋͊͡·  ͚ͦ͊ͯ͡Σ 

͗ͦͫͨ͊ͪ͊ͯ͡Σ ͙͔͎ͤͭͪ͊ͼ͙ΎΦ 

 

 שʫʰʳʥʳץʞʳʨʳʤʜʘʨ ʜᴅʣʝʣʜʝʛʝʥʜʝʡ, STEM ʞʦʙʘʣʘʨʳ ʦײʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʪנ

çʢʦʛʥʠʪʠʚʪʽ ʠʢʝʤʜʽʣʽʛʽʥè ʢᴇʙʝʡʪʝʜʽ. ʄᴅʩʝʣʝʥ, ʩʫʜʳץ שʘʪʪʳʣʳסʳʥ ʘʥʳץʪʘʫ ʩʘʙʘסʳʥʜʘ ʦץʫʰʳ ʪʝʢ 

ʪʠʪʨʣʝʫ ʪᴅʩʽʣʽʥ ʤʝשʛʝʨʽʧ ץʘʥʘ ץʦʡʤʘʡ, ʩʦʣ ץʘʪʪʳʣʳץʪʳ ʘʟʘʡʪʫʜʳש ʠʥʞʝʥʝʨʣʽʢ ʞװʡʝʩʽʥ 

(ʩװʟʛʽʣʝʨʜʽ) ʞʘʩʘʫʳ ʰʘʨʪ. ɹײʣ ʪײʩʪʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴇʣʰʝʤʜʝʨ ʤʝʥ ʝʨʽʪʽʥʜʽ ʰʦסʳʨʣʘʥʫʳʥ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

153 
 

ʝʩʝʧʪʝʫ ʞʦʩʧʘʨʣʘʨʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɹײʣ ʘסʳʤ ʦץʫʰʳסʘ ʭʠʤʠʷʣʳײץ ץʙʳʣʳʩʪʳש çʩʝʙʝʧ-

ʩʘʣʜʘʨʣʳץè ʙʘʡʣʘʥʳʩʳʥ סײʳʥʫסʘ ʞʝʪʝʣʝʧ ʦʪʳʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʝʨʛʽʣʽʢʪʽ ʵʢʦʣʦʛʠʷʣʳץ 

ʙʘץʳʣʘʫ ʞװʨʛʽʟʫ ʘʨץʳʣʳ ʦץʫʰʳʣʘʨ ʘʡʤʘץʪʳץ ᴇʥʜʽʨʽʩ ʦʨʳʥʜʘʨʳʥʳש (ʟʘʫʳʪʪʘʨ, ʢʝʥ ʦʨʳʥʜʘʨʳ) 

ʭʠʤʠʷʣʳץ ʪʘʩʪʘʫʣʘʨʳʥ ʩʘʨʘʣʘʡʜʳ. ʉʳʥʰʳʣ ʦʡʣʘʫʜʳש ʩʦʣ ʢʝʟʝשʽʥʜʝ ʦץʫʰʳ ʵʢʦʥʦʤʠʢʘʣʳץ ᴇʩʫ 

ʤʝʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʳʥʳʰʪʳץ ʘʨʘʩʳʥʜʘסʳ ʪʝשʜʽʢʪʽ ʪʘʙʫʜʳ ʤʝשʛʝʨʝʜʽ. ʆʩʳʣʘʡʰʘ, ʭʠʤʠʷ ʧᴅʥʽ 

ʤʝʢʪʝʧ ʢʝʟʽʥʜʝʛʽ ʟʝʨʪʭʘʥʘʜʘʥ ʰʳסʳʧ, ʥʘץʪʳ ץʦסʘʤʜʳץ ʰʠʝʣʝʥʽʩʪʝʨʜʽ ʰʝʰʫ ʦʨʥʳʥʘ ʘʡʥʘʣʘʜʳ. 

 ʽ. ʆʣשʘ ʩʘʧʘʣʳ ʢʝʟʝשʞʘ שʳʪʫ ï ʙʽʣʽʤ ʙʝʨʫʜʽץʳʣʳ ʦץʘʩʳ, ʭʠʤʠʷʥʳ STEM ʘʨץʳʩפ

ʦץʫʰʳʥʳס שʳʣʳʤʠ ʟʝʨʪʪʝʫ ʜʘסʜʳʣʘʨʳʥ ʘʨʪʪʳʨʘʜʳ, ʦʥʳ ʘʡʤʘץʪʳץ ʵʢʦʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝʣʝʨʛʝ 

ʙʝʡ-ʞʘʡ ץʘʨʘʤʘʡʪʳʥ ʩʳʥʠ ʦʡʣʘʡʪʳʥ ʪײʣסʘ ʨʝʪʽʥʜʝ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. פʘʟʘץʩʪʘʥʥʳש ʪײʨʘץʪʳ 

ʜʘʤʫ ʞʦʩʧʘʨʳʥ ʦʨʳʥʜʘʫ װʰʽʥ ʤʝʢʪʝʧʪʝʥ ʙʘʩʪʘʧ ʭʠʤʠʷʣʳץ ʙʽʣʽʤʜʽ ʵʢʦʣʦʛʠʷʣʳץ ʪײʨʘץʪʳʣʳץʧʝʥ 

ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʜᴅʣʜʽʢʧʝʥ ʙʽʨʽʢʪʽʨʫ ʤʘשʳʟʜʳ. ʆץʫʰʳʣʘʨʜʳש ʞʦʙʘʣʳץ ʞײʤʳʩʪʘʨʳʥ 

ʙʘסʘʣʘʫʜʘ ץʘסʠʜʘʣʘʨ ʞʠʳʥʪʳסʳʥ ץʦʣʜʘʥʫ ʦʣʘʨʜʳש ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʩʘʨʘʣʘʫסʘ ʞᴅʥʝ סʳʣʳʤʠ 

ʽʟʜʝʥʽʩʪʝʨʜʽ װʜʝʪʝ ʞʘʣסʘʩʪʳʨʫסʘ ʞʦʣ ʘʰʘʜʳ. ʍʠʤʠʷ, ʠʥʞʝʥʝʨʠʷ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʥʳש ʪʦסʳʩʫʳ 

 ʣײʰʝʡʪʝʜʽ. ɹװʪʘʫ ᴅʣʝʫʝʪʽʥ ʢץʜʽʢʪʽ ʩʘשʠ ʪʝʧʝ-ʪʝסʞᴅʥʝ ʪʘʙʠ ץʪʝʭʥʦʣʦʛʠʷʣʳ שʘʤʳʤʳʟʜʳסʦץ

ʙʘסʳʪʪʘסʳ ʽʩʪʽ ʞװʡʝʣʽ ʪװʨʜʝ ʞװʨʛʽʟʫ, ʦץʳʪʫʰʳʣʘʨʜʳש ʙʽʣʽʢʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʦץʫ ʦʨʳʥʜʘʨʳʥ 

 ʛʝʡʜʝʛʽ ʝʨʝʢʰʝשʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʝʤʣʝʢʝʪʪʽʢ ʜʝץ ʪʘʨʤʝʥץʨʘʣ-ʞʘʙʜʳײץ ץʳ ʮʠʬʨʣʳסʘʟʽʨʛʽ ʟʘʤʘʥץ

ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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ABSTRACT  

This article examines the economic efficiency of a company's project activities as a multilevel 

phenomenon that encompasses the evaluation of individual projects, programmes, and project 

portfolios. The paper systematises the key conceptual approaches to efficiency evaluation ð 

investment analysis, the balanced scorecard, portfolio management, and value-based management ð 

and identifies their advantages and limitations. Based on an analysis of international research data 

(PMI, IPMA) indicating that up to 60% of corporate projects deviate substantially from their initial 

plans, the author argues that traditional discounted cash flow methods are insufficient for a 

comprehensive assessment of project activity effectiveness. The article proposes an integrated 

evaluation system that combines financial indicators (NPV, IRR, PI) with non-financial metrics and 

portfolio-level characteristics such as strategic alignment, risk balance, and portfolio productivity. 

Particular attention is paid to managerial levers for improving efficiency: strategic project selection 

and prioritisation, optimisation of organisational structure, centralised resource management, and 

systematic development of project competencies. The findings demonstrate that a 15ï25% 

improvement in project activity efficiency is achievable through portfolio optimisation, enhanced 

selection processes, and development of project management maturity. 

 

INTRODUCTION  

In the context of intensifying competition, accelerating technological change, and growing 

environmental uncertainty, project activities have become the primary vehicle for strategic and 

operational value creation in modern companies. The transition from functional to project-oriented 

management reflects a fundamental shift in how value is generated ð not through the optimisation of 

routine operations, but through the systematic implementation of purposeful change. Projects serve as 

the principal mechanism for translating strategic intentions into measurable business outcomes, driving 

innovation, optimising business processes, and building sustainable competitive advantages. 

Despite the widespread adoption of project management methodologies, empirical evidence 

reveals a persistent gap between aspiration and delivery. According to the Project Management 

Institute (PMI), only 58% of projects achieve their originally stated goals, approximately 35% exceed 

their budgets, and 45% fail to meet their deadlines [1]. Data from the International Project 

Management Association (IPMA) indicates that up to 60% of projects are completed with significant 

deviations from the plan [2]. The direct financial consequences include budget overruns and delayed 

benefit realisation; the indirect costs ð foregone opportunities from suboptimal allocation of scarce 

resources ð are often even more significant. 

A central methodological challenge lies in the gap between the established theoretical 

frameworks for evaluating the efficiency of investment projects and the practical complexities of 

assessing real-world project activities. Traditional discounted cash flow (DCF) methods were designed 

for isolated investment projects with clearly foreseeable financial outcomes. Modern project portfolios, 

however, are characterised by high uncertainty, project interdependencies, substantial non-financial 

effects, and the need to account for strategic context. Evaluating a single project's NPV or IRR does 

not address the effectiveness of a company's project activity as a whole, where the critical factors are 

portfolio optimality, synergistic effects, and contribution to strategic execution. 
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The purpose of this article is to examine key conceptual approaches and methodological tools for 

evaluating and improving the economic efficiency of a company's project activities, and to propose a 

framework for their integrated application. 

The main objectives include: 

ī systematising conceptual approaches to evaluating the economic efficiency of project activities 

and assessing their applicability across different project types; 

ī analysing methods and indicators for measuring project and portfolio efficiency; 

ī identifying the key managerial levers for improving project activity efficiency and outlining 

conditions for their effective application. 

 

METHODOLOGY  

This study employs a systematic analysis of theoretical and methodological foundations from the 

fields of project management, corporate finance, and strategic management. The research draws on 

international project management standards (PMBOK Guide, ISO 21502, IPMA ICB), analytical 

reports from professional organisations (PMI, IPMA), and peer-reviewed academic literature. 

The methodological basis combines several analytical approaches. Comparative analysis is used 

to assess the advantages and limitations of alternative evaluation frameworks. Investment analysis 

methods ð including NPV, IRR, PI, and discounted payback period ð are examined as quantitative 

tools for project efficiency measurement. Multi-criteria decision analysis (MCDA) techniques are 

reviewed for integrating financial and non-financial performance dimensions. Portfolio analysis 

methods are applied to the problem of project selection and prioritisation under resource constraints. 

The research synthesises insights from Cooper, Edgett, and Kleinschmidt's work on portfolio 

management [3], Kaplan and Norton's balanced scorecard framework [4], Brealey, Myers, and Allen's 

principles of corporate finance [5], and Damodaran's investment valuation methodology [6]. 

The integrated evaluation framework proposed in the Results section is constructed on the 

principle of hierarchical consistency: evaluation methods and indicators must correspond to the level 

of analysis (individual project, programme, or portfolio), and the selection of methods must be guided 

by the project's characteristics ð degree of uncertainty, time horizon, ratio of financial to non-

financial effects, and strategic significance. 

 

RESULTS 

The analysis reveals that the economic efficiency of a company's project activities is a multilevel 

construct that cannot be adequately captured by any single financial metric. A coherent evaluation 

system must address three interconnected dimensions: the efficiency of individual projects, the 

performance of programmes and portfolios, and the maturity of project management processes. 

Conceptual Approaches to Efficiency Evaluation 

Four major conceptual approaches to evaluating project efficiency can be distinguished. The 

investment approach, grounded in the theory of the time value of money, treats projects as instruments 

of resource allocation and evaluates them using discounted cash flow methods. Its main advantage is 

theoretical rigour and a direct link to shareholder value creation; its principal limitation is inadequacy 

for projects with high uncertainty, substantial non-financial effects, or long-term strategic significance. 

The balanced scorecard approach, as developed by Kaplan and Norton [4], overcomes the 

narrowness of purely financial evaluation by incorporating four perspectives: financial, customer, 

internal processes, and learning and growth. Applied to project management, the BSC enables the 

evaluation of a project's contribution not only through direct cash flows but also through its impact on 

customer satisfaction, process quality, and organisational capability. Research confirms the practical 

value of this approach for strategic projects, transformation initiatives, and human capital development 

programmes, where financial results are not the sole or primary criterion of success. 

The portfolio approach, drawing on the work of Cooper, Edgett, and Kleinschmidt [3], represents 

a qualitative shift from evaluating individual projects to optimising a collection of projects as a system. 

Its defining principle is that portfolio effectiveness is determined not by the sum of individual project 

outcomes but by the optimality of the portfolio as a whole ð the right project mix, risk balance, and 
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strategic alignment. Levine identifies three core portfolio management objectives: maximising 

portfolio value (selecting the set of projects that delivers the greatest expected value given resource 

constraints), balancing the portfolio (achieving an appropriate distribution by risk, time horizon, and 

innovation type), and ensuring strategic alignment (directing resources toward projects that advance 

strategic priorities) [7]. 

The value-based management approach, as articulated by Copeland, Koller, and Murrin [8], 

evaluates project activities through their contribution to enterprise value, measured by the discounted 

present value of future free cash flows. Key value drivers include revenue growth, operating margin, 

capital efficiency, and the duration of competitive advantage ð all of which project activities can 

influence. The related Economic Value Added (EVA) metric makes explicit whether a project 

generates returns that exceed the cost of capital deployed. 

Evaluation Methods and Indicators 

At the level of individual projects, discounted cash flow methods ð particularly Net Present 

Value (NPV) ð remain the gold standard. As Brealey, Myers, and Allen formulate it: 'Accept 

investments that have positive net present value. Reject investments that have negative net present 

value' [5]. NPV is theoretically grounded, directly linked to value creation, and additive across 

independent projects. Internal Rate of Return (IRR), while intuitively appealing to managers, carries 

well-documented methodological weaknesses including the possibility of multiple solutions, failure to 

account for project scale, and potential conflict with the NPV criterion in comparisons of mutually 

exclusive projects. The Profitability Index (PI = NPV / Initial Investment) is particularly useful under 

capital rationing, as it measures value created per unit of scarce resource. 

However, traditional DCF methods have significant limitations when applied to projects 

characterised by high uncertainty. Scenario analysis and Monte Carlo simulation extend DCF analysis 

by modelling the probability distribution of outcomes rather than relying on single-point estimates. 

Real options analysis, drawing on the concept of managerial flexibility, captures the value of 

embedded choices ð to defer, expand, contract, or abandon a project ð that are systematically 

ignored by static NPV calculations. Damodaran demonstrates that for R&D projects and market entry 

initiatives, the option value can substantially exceed the static NPV, implying that mechanically 

applying DCF criteria would lead to under-investment in strategically important opportunities [6]. 

At the portfolio level, evaluation requires metrics specifically designed to capture collective 

performance. Portfolio productivity ð the ratio of expected weighted NPV to total resource 

deployment ð measures value created per unit of input. The Expected Commercial Value (ECV) 

indicator, which adjusts for both technical and commercial success probabilities, is especially relevant 

for innovation portfolios. Risk diversification indices and temporal balance indicators (the distribution 

of resources between short-, medium-, and long-term projects) capture portfolio balance. 

Table 1 ð Comparison of key project efficiency evaluation methods 

Method Criterion  Key advantage Key limitation  

NPV NPV > 0 Theoretically 

rigorous; 

additive; directly 

linked to value 

Requires reliable cash 

flow forecasts; sensitive to 

discount rate 

IRR  IRR > hurdle rate Intuitive; easy to 

communicate 

Multiple solutions 

possible; ignores project 

scale; conflicts with NPV 

PI PI > 1 Useful under 

capital rationing 

May conflict with NPV 

for mutually exclusive 

projects 

Real options Extended NPV > 

0 

Captures 

managerial 

Requires estimating 

volatility; complex to 
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flexibility  apply 

Balanced 

Scorecard 

Multi -perspective 

target 

achievement 

Integrates 

financial and non-

financial 

dimensions 

No objective aggregation 

rule; risk of metric 

overload 

Source: compiled by the author 

Managerial Levers for Improving Project Activity Efficiency  

Improving project activity efficiency requires coordinated management decisions across multiple 

levels. Analysis of leading practices and academic literature identifies four primary levers. 

Strategic project selection and prioritisation constitutes the foundational lever. Cooper, Edgett, 

and Kleinschmidt find that most companies carry two to three times as many projects as their resources 

can adequately support, resulting in systematic overload of key personnel, fragmentation of effort, and 

chronic schedule and budget overruns [3]. Transitioning from informal approval processes to a 

structured Stage-Gate model ð in which projects pass through sequential gates with clear Go/Kill 

criteria ð directly addresses this dysfunction. Equally important is the organisational willingness to 

terminate underperforming projects: research consistently demonstrates that companies unable to say 

'no' accumulate portfolios of low-quality initiatives that collectively destroy value. 

The choice of organisational structure shapes the balance between project focus and functional 

expertise. Functional structures offer efficient resource utilisation but weak project accountability; 

dedicated project structures deliver focus at the cost of resource duplication; matrix structures seek to 

combine both advantages but demand organisational maturity to manage the inherent tensions of dual 

authority. The optimal choice depends on the volume and scale of project activities, the degree of 

required cross-functional integration, and the strategic importance of individual projects. 

Centralised resource management addresses the persistent problem of hidden resource overload. 

When project approval decisions are made in isolation ð without visibility into aggregate resource 

commitments ð individual projects appear feasible while their collective demand far exceeds 

available capacity. Establishing a centralised pool of critical resources (typically the 10ï20% of 

personnel who constitute capacity bottlenecks), managed by a dedicated resource manager with 

authority to allocate based on portfolio priorities, substantially improves the predictability of project 

delivery. 

Systematic development of project competencies generates long-term efficiency gains. The 

IPMA Competence Baseline distinguishes technical competencies (scheduling, cost control, risk 

management), contextual competencies (portfolio and programme management, organisational 

design), and behavioural competencies (leadership, negotiation, conflict resolution). Empirical 

research suggests that behavioural and contextual competencies are at least as important as technical 

skills in determining project success, yet they receive disproportionately little attention in corporate 

training programmes. Structured post-project reviews, communities of practice, and systematic capture 

of lessons learned translate individual project experience into organisational capability. 

 

DISCUSSION 

The analysis presented above supports a core proposition: the economic efficiency of project 

activities cannot be assessed through the lens of individual project outcomes alone. A portfolio that 

consists exclusively of high-NPV projects ð if those projects are misaligned with strategic priorities, 

unbalanced by risk and time horizon, or collectively overloaded on critical resources ð will 

underperform relative to a thoughtfully composed and actively managed portfolio of individually less 

optimal projects. This insight has important practical implications. 

First, the selection of evaluation methods must be matched to the level of analysis. DCF methods 

are appropriate and sufficient for evaluating financially well-defined projects with predictable cash 

flows. For strategically important projects with significant uncertainty or non-financial value, real 

options analysis and balanced scorecard perspectives must supplement financial calculations. At the 
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portfolio level, maximising aggregate NPV is a necessary but insufficient criterion: balance and 

strategic alignment are equally important determinants of long-term effectiveness. 

Second, the gap between methodological sophistication and organisational practice requires 

explicit attention. Studies of corporate project management consistently find that companies invest in 

developing complex evaluation frameworks but revert to political and intuitive decision-making when 

actual portfolio choices must be made [3]. The success of any evaluation methodology depends on the 

organisational willingness to enforce transparent criteria, validate project proposals against 

independent benchmarks, and accept the discipline of project termination. 

Third, the nature of projects is evolving in ways that challenge traditional evaluation 

frameworks. Agile methodologies ð which treat requirements as emergent rather than fixed, and 

value iterative learning over conformance to a pre-specified plan ð are increasingly applied beyond 

software development to transformation and innovation projects. The classic project triangle of time-

budget-scope becomes inadequate when the primary source of value is the discovery process itself. 

New metrics focused on throughput, learning velocity, and customer value delivery are required to 

evaluate Agile project performance. 

The integrated framework proposed in this article ð combining financial evaluation with multi-

criteria assessment, portfolio-level metrics, and process maturity indicators ð provides a 

comprehensive basis for diagnosing the current state of a company's project activity efficiency and 

identifying targeted improvement levers. Applied research at the company level has demonstrated that 

implementation of the recommended improvements in project selection, resource management, and 

competency development has the potential to improve project activity economic efficiency by 15ï25% 

through portfolio optimisation and the reduction of resource overload-driven delays. 

 

CONCLUSION  

Project activities have become the dominant mechanism through which modern companies 

translate strategic ambition into measurable outcomes. The economic efficiency of this activity ð 

understood as the systematic capacity to achieve strategic goals through an optimally composed 

project portfolio while making effective use of resources ð is a multilevel construct that demands 

multilevel measurement. 

The article demonstrates that no single conceptual approach is universally adequate. The 

investment approach provides rigorous financial grounding but fails to capture strategic and non-

financial value. The balanced scorecard enriches the evaluation framework but introduces subjective 

aggregation problems. Portfolio management shifts the focus from individual project outcomes to 

collective optimality but requires organisational maturity and a willingness to enforce difficult 

allocation decisions. Value-based management anchors evaluation in enterprise value creation but may 

privilege short-term financial results at the expense of long-term capability building. 

An integrated evaluation system ð one that matches methods to the level of analysis, combines 

financial and non-financial indicators, and explicitly addresses portfolio balance and strategic 

alignment ð offers the most robust framework for both ex ante project selection and ex post 

performance assessment. Achieving sustained improvement in project activity efficiency requires 

complementary managerial decisions: disciplined portfolio governance, appropriate organisational 

structures, centralised management of critical resources, systematic competency development, and a 

knowledge management system that prevents the repeated occurrence of avoidable errors. 

These findings have direct practical relevance for companies seeking to strengthen the 

connection between project investment and strategic value creation. Future research should examine 

the empirical relationship between specific portfolio management practices and measurable financial 

outcomes across industries and institutional contexts. 
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ʉʂɺʆɿʅʆɽ ɹʖɼɾɽʊʀʈʆɺɸʅʀɽ ʂɸʂ ʕʃɽʄɽʅʊ ʉʊʈɸʊɽɻʀʏɽʉʂʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ ɿɸʊʈɸʊɸʄʀ ɺ ʇʈʆʄʓʐʃɽʅʅʆʁ ʂʆʄʇɸʅʀʀ 

 

 

ɾϮʥʽʩ ɼʘʥʠʷʨ ʉʘʧʘʨϤʘʣʠϰʣʳ 

ʐʝʛʝʙʘʡ Ϸʜʽʣ ϣʘʟʠʟϰʣʳ 

ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, (ɽʄɺɸ) 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʂʘʨʰʘʣʦʚʘ ɸʣʤʘ ɼʘʤʝʨʦʚʥʘ 

 

ɸʥʥʦʪʘʮʠʷ 

 

 ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʢʚʦʟʥʦʝ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʪʨʘʪʘʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʦʤʧʘʥʠʠ. ʇʦʢʘʟʘʥʳ ʦʪʣʠʯʠʷ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʫʩʣʦʞʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʤʝʪʦʜʘʤ ʫʧʨʘʚʣʝʥʠʷ ʟʘʪʨʘʪʘʤʠ ʚ ʨʘʤʢʘʭ ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʤ ʢʘʢ 

ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʨʘʡʚʝʨʦʚ, ʩʢʦʣʴʟʷʱʠʝ ʧʨʦʛʥʦʟʳ ʠ ʥʫʣʝʚʦʝ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʟʘʪʨʘʪ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʧʨʘʢʪʠʢʝ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʩʢʚʦʟʥʦʝ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ ʬʦʨʤʠʨʫʝʪ ʝʜʠʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ, ʧʦʚʳʰʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʚʦʟʥʦʝ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʘʪʨʘʪʘʤʠ, 

ʧʨʦʤʳʰʣʝʥʥʘʷ ʢʦʤʧʘʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʪʨʘʪ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ, ʜʨʘʡʚʝʨʳ ʙʶʜʞʝʪʘ, 

ʮʠʬʨʦʚʠʟʘʮʠʷ. 

ʉʝʛʦʜʥʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʨʦʩʪʦʤ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʫʩʣʦʞʥʝʥʠʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʦʯʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʩʫʨʩʘʭ. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʠ ʢʦʥʪʨʦʣʶ ʟʘʪʨʘʪ ʟʘʯʘʩʪʫʶ ʦʢʘʟʳʚʘʶʪʩʷ ʬʨʘʛʤʝʥʪʘʨʥʳʤʠ ʠ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʩʝʭ ʩʪʘʜʠʡ ʜʚʠʞʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʨʘʩʭʦʜʦʚ. 

ʉʢʚʦʟʥʦʝ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʠʥʪʝʛʨʠʨʫʝʪ 

ʧʨʦʮʝʩʩʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʩʚʷʟʳʚʘʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʮʝʣʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʦʧʝʨʘʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ [1]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʝ ʙʶʜʞʝʪʳ, ʥʦ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʟʘʪʨʘʪʘʤʠ ʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚʳʷʚʣʷʪʴ ʫʟʢʠʝ ʤʝʩʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʟʘʢʫʧʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʝʝ ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʙʳʩʪʨʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚʥʝʜʨʝʥʠʝ ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʢʦʤʧʘʥʠʠ [2, ʩ.130]. 

ʀʪʘʢ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʤʳ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʪʨʘʪʘʤʠ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʩʢʚʦʟʥʦʛʦ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʩʢʚʦʟʥʦʛʦ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ 

 ̄ ʂʨʠʪʝʨʠʡ ʩʨʘʚʥʝʥʠʷ ʊʨʘʜʠʮʠʦʥʥʦʝ 

ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ 

ʉʢʚʦʟʥʦʝ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ 
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1 2 3 4 

1 ʇʦʜʭʦʜ ʢ 

ʧʣʘʥʠʨʦʚʘʥʠʶ 

ɹʶʜʞʝʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ, 

ʠʟʦʣʠʨʦʚʘʥʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ɹʶʜʞʝʪʳ ʩʪʨʦʷʪʩʷ ʩʢʚʦʟʥʳʤ 

ʦʙʨʘʟʦʤ - ʦʪ ʩʪʨʘʪʝʛʠʠ ʜʦ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʝʢʪʦʚ 

2 ʌʦʢʫʩ ʫʧʨʘʚʣʝʥʠʷ ʂʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ ʩʤʝʪ 

ʨʘʩʭʦʜʦʚ 

ʋʧʨʘʚʣʝʥʠʝ ʟʘʪʨʘʪʘʤʠ ʯʝʨʝʟ 

ʫʚʷʟʢʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʮʝʣʷʤʠ 

3 ʉʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʅʠʟʢʘʷ, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʦʪʜʝʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ɺʳʩʦʢʘʷ, ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ʠ ʙʣʦʢʠ ʧʨʝʜʧʨʠʷʪʠʷ 

4 ɻʠʙʢʦʩʪʴ ɾʝʩʪʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʣʦʞʥʦʩʪʴ 

ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ɺʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʦʢ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʜʠʥʘʤʠʯʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

5 ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʌʨʘʛʤʝʥʪʘʨʥʘʷ, ʜʘʥʥʳʝ 

ʨʘʟʨʦʟʥʝʥʥʳʝ 

ɽʜʠʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ, 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦ ʚʩʝʤ ʫʨʦʚʥʷʤ 

6 ʈʦʣʴ ʚ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ 

ʫʧʨʘʚʣʝʥʠʠ 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʫʯʝʪ 

ʀʥʩʪʨʫʤʝʥʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʪʨʘʪʘʤʠ ʠ ʨʝʩʫʨʩʘʤʠ 

ʇʨʠʤʝʯʘʥʠʝ ï ʩʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʪʦʯʥʠʢʘ [3, ʩ.211] 

 

ʉʨʘʚʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʠʤʠ ʥʦʩʷʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʡ, ʥʦ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʫʯʝʪ ʠ ʢʦʥʪʨʦʣʴ ʨʘʩʭʦʜʦʚ ʚʥʫʪʨʠ 

ʦʪʜʝʣʴʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ 

ʫʧʨʘʚʣʝʥʠʠ ʠ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. ʉʢʚʦʟʥʦʝ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ, ʥʘʧʨʦʪʠʚ, 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʫʨʦʚʥʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʩʚʷʟʳʚʘʷ ʦʧʝʨʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩ ʜʦʣʛʦʩʨʦʯʥʳʤʠ ʮʝʣʷʤʠ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ, ʧʦʚʳʰʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ ʦʩʥʦʚʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʨʠʦʨʠʪʝʪʦʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʢʚʦʟʥʦʝ 

ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʣʦʞʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ɺ ʨʘʤʢʘʭ ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʪʨʘʪ 

(Cost Efficiency Ratio) (ʬʦʨʤʫʣʘ 1) [4]: 

 

                                                            #%2
˔
                                                       (1) 

 

ʛʜʝ: CER ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʪʨʘʪ, 

ʈ ï ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʦʙʲʝʤ ʚʳʧʫʩʢʘ, ʜʦʩʪʠʛʥʫʪʘʷ ʵʢʦʥʦʤʠʷ), 

ɿ ï ʟʘʪʨʘʪʳ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ. 

ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʝʩʫʨʩʳ ʚ ʨʘʤʢʘʭ ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʟʘʢʫʧʦʢ (ʩʨʘʚʥʝʥʠʝ 

ʩʪʦʠʤʦʩʪʠ ʟʘʢʫʧʢʠ ʠ ʧʦʣʫʯʝʥʥʦʡ ʚʳʛʦʜʳ) ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ (ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʵʬʬʝʢʪ ʦʪ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ). 

ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʟʘʪʨʘʪ (Return 

on Costs), ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2 [4]: 

 

                                                ROC = 
˜̜̝̑̉̂̌

˔́̓̑́̓
ρ̜ππϷ                                            (2) 

ʛʜʝ:  ROC ï ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʟʘʪʨʘʪ, 

ʇʨʠʙʳʣʴ ï ʯʠʩʪʘʷ ʠʣʠ ʦʧʝʨʘʮʠʦʥʥʘʷ ʧʨʠʙʳʣʴ, 

ɿʘʪʨʘʪʳ ï ʦʙʱʠʝ ʠʣʠ ʮʝʣʝʚʳʝ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʝʢʪʦʤ ʠʣʠ ʙʣʦʢʦʤ. 
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ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʟʘʪʨʘʪ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʦʡ ʫʨʦʚʝʥʴ ʧʨʠʙʳʣʠ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʣʫʯʘʝʪ ʥʘ 

ʢʘʞʜʫʶ ʝʜʠʥʠʮʫ ʟʘʪʨʘʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʩʢʚʦʟʥʦʤ ʙʶʜʞʝʪʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ. 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʚ ʨʘʤʢʘʭ ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 - ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʚ ʨʘʤʢʘʭ ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ, ʪʝʥʛʝ 

 

 ̄ ʇʦʢʘʟʘʪʝʣʴ ʇʣʘʥ 

(B) 

ʌʘʢʪ 

(F) 

ʆʪʢʣʦʥʝʥʠʝ 

(ȹ = F - B) 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

(CER = ʈ/ɿ) 

ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ 

(ROC) 

1 2 3 4 5 6 7 

1 ɿʘʢʫʧʢʘ ʩʳʨʴʷ 

(ʤʣʥ ʪʛ) 

50 55 +5 1,15 12 % 

2 ʊʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ 

(ʤʣʥ ʪʛ) 

30 28 -2 1,25 18 % 

3 ʇʨʦʯʠʝ ʨʘʩʭʦʜʳ 

(ʤʣʥ ʪʛ) 

20 22 +2 1,10 10 % 

4 ʀʪʦʛʦ ʧʦ ʙʣʦʢʫ 

(ʤʣʥ ʪʛ) 

100 105 +5 1,17 13 % 

ʇʨʠʤʝʯʘʥʠʝ ï ʩʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʪʦʯʥʠʢʘ [5] 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʧʣʘʥʦʚʳʭ, ʥʦ ʠ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʩʪʘʪʝʡ 

ʟʘʪʨʘʪ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʱʝʝ ʧʨʝʚʳʰʝʥʠʝ ʙʶʜʞʝʪʘ ʥʘ ʧʷʪʴ ʤʠʣʣʠʦʥʦʚ ʪʝʥʛʝ, ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʵʢʦʥʦʤʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ. ɿʘʢʫʧʢʘ ʩʳʨʴʷ ʠ ʧʨʦʯʠʝ ʨʘʩʭʦʜʳ ʧʨʝʚʳʩʠʣʠ ʧʣʘʥʦʚʳʝ 

ʟʥʘʯʝʥʠʷ, ʦʜʥʘʢʦ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʩʦʭʨʘʥʷʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʚʣʦʞʝʥʠʡ. ʉʦʚʦʢʫʧʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʢʚʦʟʥʦʝ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ 

ʧʦʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʘʪʨʘʪ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʩʫʨʩʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ [6]. 

ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʪʨʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ʄʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʟʘʪʨʘʪʘʤʠ ʚ ʨʘʤʢʘʭ ʩʢʚʦʟʥʦʛʦ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ 

 

 ̄ ʄʝʪʦʜ ʉʫʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʩʢʚʦʟʥʦʛʦ 

ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʟʘʢʫʧʦʯʥʦʤ 

ʠ ʪʝʭʥʠʯʝʩʢʦʤ ʙʣʦʢʘʭ 

(ʧʨʠʤʝʨ) 

1 2 3 4 

1 ɹʶʜʞʝʪʠʨʦʚʘʥʠʝ 

ʥʘ ʦʩʥʦʚʝ 

ʜʨʘʡʚʝʨʦʚ (driver-

based budgeting) 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʶʜʞʝʪʘ ʯʝʨʝʟ ʢʣʶʯʝʚʳʝ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʜʨʘʡʚʝʨʳ (ʦʙʲʸʤʳ, 

ʤʘʰʠʥʦ-ʯʘʩʳ, ʩʪʨʦʢʠ ʟʘʢʘʟʦʚ), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʚʦʜʠʪʴ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʮʝʣʠ ʚ ʯʠʩʣʦʚʳʝ ʧʣʘʥʳ ʠ 

ʜʝʣʘʪʴ ʤʝʞʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ 

ʧʨʦʟʨʘʯʥʳʤʠ. 

ɺ ʟʘʢʫʧʢʘʭ ʩʚʷʟʘʪʴ ʧʣʘʥ 

ʟʘʢʫʧʦʢ ʩ ʧʨʦʛʥʦʟʦʤ 

ʧʨʦʜʘʞ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ; ʚ 

ʪʝʭʙʣʦʢʝ ʬʦʨʤʠʨʦʚʘʪʴ 

ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʠʩʭʦʜʷ ʠʟ ʤʘʰʠʥʦ-ʯʘʩʦʚ ʠ 

ʦʞʠʜʘʝʤʳʭ ʧʨʦʩʪʦʝʚ. 

2 ʉʢʦʣʴʟʷʱʠʝ ʇʦʩʪʦʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘ ɽʞʝʤʝʩʷʯʥʦʝ 
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ʧʨʦʛʥʦʟʳ ʠ 

ʥʝʧʨʝʨʳʚʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ 

(rolling forecasts) 

ʧʣʘʥʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, rolling 12 ʤʝʩ.), 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʚʦ ʚʩʝ ʫʨʦʚʥʠ ʙʶʜʞʝʪʘ, 

ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʨʘʟʨʳʚ ʤʝʞʜʫ ʧʣʘʥʦʤ ʠ 

ʨʝʘʣʴʥʦʩʪʴʶ. 

ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʝ ʟʘʢʘʟʘ 

ʧʦʩʪʘʚʱʠʢʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʢʪʫʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʩʧʨʦʩʘ; ʧʝʨʝʨʘʩʯʸʪ 

ʙʶʜʞʝʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʩʣʝ 

ʢʘʞʜʦʛʦ ʠʥʮʠʜʝʥʪʘ. 

3 ʅʫʣʝʚʦʝ 

ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ 

(ZBB) ʚ 

ʩʝʣʝʢʪʠʚʥʦʤ 

ʧʨʠʤʝʥʝʥʠʠ 

ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʧʝʨʝʦʮʝʥʢʘ ʠ ʦʧʨʘʚʜʘʥʠʝ 

ʩʪʘʪʝʡ ʟʘʪʨʘʪ çʩ ʥʫʣʷè ʜʣʷ ʪʝʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʛʜʝ ʥʫʞʥʳ ʨʘʜʠʢʘʣʴʥʳʝ 

ʦʧʪʠʤʠʟʘʮʠʠ; ʚ ʩʢʚʦʟʥʦʤ ʧʦʜʭʦʜʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚʳʙʦʨʦʯʥʦ ʜʣʷ ʢʘʪʝʛʦʨʠʡ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʵʢʦʥʦʤʠʠ. 

ʇʝʨʝʩʤʦʪʨ ʚʩʝʭ 

ʨʘʩʭʦʜʥʳʭ ʩʪʘʪʝʡ ʧʦ 

ʢʘʪʝʛʦʨʠʷʤ ʟʘʢʫʧʦʢ ʧʨʠ 

ʟʘʢʣʶʯʝʥʠʠ ʨʘʤʦʯʥʳʭ 

ʢʦʥʪʨʘʢʪʦʚ; ʦʮʝʥʢʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ʚ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʠ. 

4 Activity-Based 

Costing / Time-

Driven ABC 

ʇʨʠʚʷʟʢʘ ʟʘʪʨʘʪ ʢ ʢʦʥʢʨʝʪʥʳʤ ʦʧʝʨʘʮʠʷʤ 

ʠ ʧʨʦʮʝʩʩʘʤ ʜʣʷ ʪʦʯʥʦʛʦ ʨʘʩʯʸʪʘ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ cost-to-serve, ʯʪʦ ʚʘʞʥʦ 

ʜʣʷ ʤʝʞʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʝʨʝʩʯʸʪʦʚ ʚ 

ʩʢʚʦʟʥʦʡ ʤʦʜʝʣʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʩʚʝʥʥʳʭ 

ʟʘʢʫʧʦʯʥʳʭ ʠʟʜʝʨʞʝʢ ʥʘ 

SKU ʧʦ ʯʠʩʣʫ 

ʟʘʷʚʦʢ/ʩʪʨʦʢ ʟʘʢʘʟʘ; 

ʨʘʩʯʸʪ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ 

ʤʘʰʠʥʥʦ-ʯʘʩʘʤ. 

5 Cost-to-Serve / 

ʧʨʦʜʫʢʪ-/ʫʯʘʩʪʦʢ-

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ 

ʆʮʝʥʢʘ ʧʦʣʥʦʡ ʩʪʦʠʤʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʣʠʥʠʠ ʠʣʠ 

ʧʣʦʱʘʜʢʠ ʩ ʫʯʸʪʦʤ ʚʩʝʭ ʩʢʚʦʟʥʳʭ ʟʘʪʨʘʪ, 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʦ 

ʮʝʥʪʨʘʣʠʟʘʮʠʠ/ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ ʟʘʢʫʧʦʢ 

ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ɸʥʘʣʠʟ, ʚʳʛʦʜʥʝʝ ʣʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʪʴ ʟʘʢʫʧʢʫ 

ʜʣʷ ʨʝʜʢʠʭ ʘʨʪʠʢʫʣʦʚ; 

ʦʮʝʥʢʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʪʘʨʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

6 SLA-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ 

ʚʥʫʪʨʝʥʥʝʝ 

ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ʠ 

chargeback 

ɺʥʫʪʨʝʥʥʠʝ ʪʘʨʠʬʳ ʠ ʩʦʛʣʘʰʝʥʠʷ ʦʙ 

ʫʨʦʚʥʝ ʩʝʨʚʠʩʘ ʩʚʷʟʳʚʘʶʪ ʨʘʩʭʦʜʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʩʝʨʚʠʩʥʳʭ ʬʫʥʢʮʠʡ ʩ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʫʩʣʫʛ ʚʥʫʪʨʠ ʢʦʤʧʘʥʠʠ, 

ʬʦʨʤʠʨʫʷ ʧʦʥʷʪʥʫʶ ʢʘʨʪʠʥʫ 

ʤʝʞʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʪʨʘʪ ʚ ʩʢʚʦʟʥʦʤ 

ʙʶʜʞʝʪʝ. 

ɺʚʝʜʝʥʠʝ ʪʘʨʠʬʘ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ çʟʘ 

ʤʘʰʠʥʦ-ʯʘʩè ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ; ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʪʨʘʪ ʮʝʥʪʨʘ ʟʘʢʫʧʦʢ ʧʦ 

ʧʦʪʨʝʙʠʪʝʣʷʤ ʧʦ SLA. 

ʇʨʠʤʝʯʘʥʠʝ ï ʩʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʪʦʯʥʠʢʘ [7] 

 

ɺʳʙʦʨ ʥʘʙʦʨʘ ʤʝʪʦʜʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʣʞʝʥ ʦʧʠʨʘʪʴʩʷ ʥʘ ʩʪʝʧʝʥʴ 

ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ, ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʨʠʦʨʠʪʝʪʳ. ɺ ʫʩʣʦʚʠʷʭ ʩʢʚʦʟʥʦʛʦ 

ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʚʘʞʥʝʝ ʥʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʘʷ 

ʠʥʪʝʛʨʘʮʠʷ: ʜʨʘʡʚʝʨʳ, ʩʮʝʥʘʨʠʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʠ ʤʝʭʘʥʠʟʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʪʨʘʪ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʢʘʢ ʝʜʠʥʘʷ ʤʦʜʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʦʧʝʨʘʪʠʚʥʫʶ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʙʶʜʞʝʪʥʳʭ ʨʝʰʝʥʠʡ.  

ʆʙʦʙʱʘʷ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʢʚʦʟʥʦʝ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ 

ʬʦʨʤʠʨʫʝʪ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʟʘʪʨʘʪʘʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʦʤʧʘʥʠʠ. ɽʛʦ ʦʩʥʦʚʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 

ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ, ʥʦ ʠ ʫʧʨʘʚʣʷʪʴ ʠʤʠ ʚ 

ʜʠʥʘʤʠʢʝ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʙʠʟʥʝʩ-ʜʨʘʡʚʝʨʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʩʢʚʦʟʥʦʝ 

ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʫʶ ʠʥʪʝʛʨʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʘʝʪ 

ʧʨʦʟʨʘʯʥʦʩʪʴ. ʆʥʦ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʛʠʙʢʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʙʶʜʞʝʪʘ ʚ ʦʪʚʝʪ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ 
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ʟʘʪʨʘʪʘʤʠ ʫʩʠʣʠʚʘʝʪ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʩʫʨʩʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʨʘʮʠʦʥʘʣʴʥʝʝ ʤʝʞʜʫ ʟʘʢʫʧʦʯʥʳʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʙʣʦʢʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʚʦʟʥʦʝ ʙʶʜʞʝʪʠʨʦʚʘʥʠʝ ʚʳʩʪʫʧʘʝʪ ʥʝ ʪʦʣʴʢʦ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʥʦ 

ʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʪʨʘʪʘʤʠ, ʚʣʠʷʶʱʠʤ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ɾɸʉɸʅɼʓ ʀʅʊɽʃʃɽʂʊ ʂᴆʄɽɻɯʄɽʅ ɹʀʅɸʈʃʓפ ʊɸʃɼɸʋɼʓר ɾɸרɸ ɼᴄʋɯʈɯ: 

MODEL CONTEXT PROTOCOL (MCP) ʀʅʊɽɻʈɸʎʀʗʉʓ 

 

 

ʉϸʢʝʥʦʚ ɽʨʥϰʨ ʉʝʨʽʢϰʣʳ 

ʃ.ʅ.ɻʫʤʠʣʝʚ ʘʪʳʥʜʘϤʳ ɽϯʋ ʎʠʬʨʣʳϨ Ϥʳʣʳʤʜʘʨ ʞϸʥʝ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʠʥʩʪʠʪʫʪʳ 

çɸϨʧʘʨʘʪʪʳϨ Ϩʘʫʽʧʩʽʟʜʽʢè ʢʘʬʝʜʨʘʩʳʥʳϬ ʤʘʛʠʩʪʨʘʥʪʳ, ɸʩʪʘʥʘ, ϧʘʟʘϨʩʪʘʥ 

ϣʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽ ï  

Ϥʳʣʳʤ ʢʘʥʜʠʜʘʪʳ , ʜʦʮʝʥʪ ʉʘʫʭʘʥʦʚʘ ɾʘʥʘʪ ʉʝʨʛʘʟʠʝʚʥʘ 

 

ɸשʜʘʪʧʘ 

ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ (ɾʀ) ʞᴅʥʝ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ ʧʨʦʮʝʩʪʝʨʽʥʜʝʛʽ ʝײץ שʥʜʳ ײץʨʘʣʜʘʨʜʳש ʙʽʨʽʥʝ ʘʡʥʘʣʫʜʘ. ʂʠʙʝʨʰʘʙʫʳʣʜʘʨʜʳש ᴇʩʫʽ ʤʝʥ 

 ,ʜʘʡʳʥʜʘסʙʝʣʩʝʥʜʽ ʧʘʡʜʘ ʙʦʣʫʳ ʞʘ שʨʘʣʜʘʨʳʥʳײץ ʟʫײʘʥ ʙסʨʣʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣװʘʣʘʤʪʦʨʜʘ ʪס

ɾʀ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʟʘʤʘʥʘʫʠ ʢʠʙʝʨץʘʫʽʧʩʽʟʜʽʢ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥʳש ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽ 

ᴅʨʽ ʫʘץʳʪ ʪʘʣʘʙʳ. 

ʄʘץʘʣʘʜʘ ʟʠʷʥʜʳ ʧʨʦʛʨʘʤʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳ (ɹɾ) ʙʠʥʘʨʣʳץ ʪʘʣʜʘʫ ײץʨʘʣʜʘʨʳ ʞᴅʥʝ 

ʦʩʳ ʧʨʦʮʝʩʪʽ װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨ (LLM) ʢᴇʤʝʛʽʤʝʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ 

 ʪʳץʥʘ שʞᴅʥʝ ʦʥʳ ʤʘʤʘʥʥʳ שʽʣʜʝʪʫʜʽשʘʪʘʨ, ʪʘʣʜʘʫ ʧʨʦʮʝʩʽʥ ʞʝץ ʘʥ. ʉʦʥʳʤʝʥסʘʨʘʩʪʳʨʳʣץ

 ʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥװʨʣʽ ʚʘʨʠʘʮʠʷʣʘʨʳ ʪʽʟʙʝʢʪʝʣʝʜʽ. ɾװʪ שʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʙʝʡʽʤʜʝʫʜʽץ

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽʥ ץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʟʝʨʪʪʝʫ ʞײʤʳʩ r  ʣʢʝʥ ʪʽʣʜʽʢװ

ʤʦʜʝʣʴʜʝʨʜʽש ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢ ץʘʪʝʨʣʝʨʽʥʝ ץʘʨʩʳ ʪײʨʫ ʢʦʥʪʝʢʩʪʽʥʜʝ ʟʠʷʥʜʳ ʇɾ-ʥʳ 

ʪʘʣʜʘʫʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʤʽʥʜʝʪʪʝʨʽʥ ץʘʣʘʡ ʘʚʪʦʤʘʪʪʘʥʜʳʨʘ ʘʣʘʪʳʥʜʳסʳ ʪʫʨʘʣʳ ʪײʪʘʩ ʪװʩʽʥʽʢ 

 .ʘʣʳʧʪʘʩʪʳʨʘʜʳץ

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ, ʙʠʥʘʨʣʳץ ʪʘʣʜʘʫ, ʢʝʨʽ ʠʥʞʝʥʝʨʠʷ, çreverse 

engineeringè, çModel Context Protocolè, çGhidraè, ʢʠʙʝʨץʘʫʽʧʩʽʟʜʽʢ, װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨ. 

ʂʽʨʽʩʧʝ 

 ʨʜʝʣʝʥʽʧ, ʘʣװʘʥ ʩʘʡʳʥ ʢסʪʘʤʘ (ʇʆ) ʙʘʨץʞʘʩʘ ץʧʨʦʛʨʘʤʤʘʣʳ ץʜʘ ʞʘʙʳשʘʟʽʨʛʽ ʪʘפ

ʦʙʬʫʩʢʘʮʠʷ (ʢʦʜʪʳ ʰʘʪʘʩʪʳʨʫ) ᴅʜʽʩʪʝʨʽ ʦʜʘʥ ʩʘʡʳʥ ʞʝʪʽʣʜʽʨʽʣʽʧ ʢʝʣʝʜʽ. ʄײʥʜʘʡ ʞʘסʜʘʡʜʘ 

ʢʝʨʽ ʠʥʞʝʥʝʨʠʷ (ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛ) ʙʠʥʘʨʣʳץ ʬʘʡʣʜʳש ʥʘץʪʳ ʥʝ ʽʩʪʝʡʪʽʥʽʥ ʪװʩʽʥʫʜʽש, 

ʘʣʛʦʨʠʪʤʜʝʨʜʽ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽש, ʜʝʨʝʢʪʝʨ ײץʨʳʣʳʤʳʥ ʙᴇʣʽʧ ʘʣʫʜʳש ʞᴅʥʝ ʘʚʪʦʨ ᴅʜʝʡʽ 

ʞʘʩʳʨסʘʥ ʣʦʛʠʢʘʥʳ סײʳʥʫʜʳש ʙʽʨʜʝʥ-ʙʽʨ ʪᴅʩʽʣʽ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. ɹװʛʽʥʛʽ ʪʘשʜʘ çIDA Proè, 

çGhidraè ʩʠʷץʪʳ ʪʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʢᴇʧʪʝʛʝʥ ײץʨʘʣʜʘʨ ʤʝʥ ʪװʨʣʽ ʜʠʥʘʤʠʢʘʣʳץ ʞʦʣ ʪʘʨʪʫʳ ʙʘʨ 

ʙʦʣסʘʥʳʤʝʥ, ʧʨʦʮʝʩʪʽש ᴇʟʽ ᴅʣʽ ʜʝ ʤʘʤʘʥʥʳץ שʘʙʽʣʝʪʪʝʨʽ ʤʝʥ ʜʘסʜʳʣʘʨʳʥʘ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ. 

ɸʥʘʣʠʪʠʢ ʩʘסʘʪʪʘʧ ʜʠʟʘʩʩʝʤʙʣʠʨʣʝʥʛʝʥ ʢʦʜʪʳ ʘץʪʘʨʳʧ, ʬʫʥʢʮʠʷʣʘʨʜʳ ץʦʣʤʝʥ ץʘʡʪʘ 

ʘʪʘʡʜʳ, ʤʠʳʥʜʘ ʧʨʦʛʨʘʤʤʘʥʳש ʤʦʜʝʣʽʥ ײץʨʘʩʪʳʨʘʜʳ. ʄײʥʜʘʡ ʞײʤʳʩ ʤʘʤʘʥʥʘʥ ʧʨʦʮʝʩʩʦʨʣʘʨ 

ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ ʪʝʨʝש ʙʽʣʫʜʽ ʞᴅʥʝ ʠʥʪʫʠʪʠʚʪʽ ʩʝʟʽʤʜʽ ץʘʞʝʪ ʝʪʝʜʽ. ʄʳשʜʘסʘʥ ʬʫʥʢʮʠʷʣʘʨʜʳ 

ʪʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ ʤʘʤʘʥʥʳש ʟʝʡʽʥʽ ʪᴇʤʝʥʜʝʧ, ץʘʪʝʣʽʢʪʝʨ ʞʽʙʝʨʫ ץʘʫʧʽ ʘʨʪʘʪʳʥʳ ʩᴇʟʩʽʟ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ, ʩʦסשʳ ʞʳʣʜʘʨʳ ʢʠʙʝʨץʘʫʽʧʩʽʟʜʽʢ ץʦסʘʤʜʘʩʪʳסʳ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʽʥʽש, ʦʥʳש 

ʽʰʽʥʜʝ װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨʜʽש (LLM) ʤװʤʢʽʥʜʽʢʪʝʨʽʤʝʥ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʪᴅʞʽʨʠʙʝ ʞʘʩʘʡ 

ʙʘʩʪʘʜʳ. ʄײʥʜʘסʳ ʥʝʛʽʟʛʽ ʤʘץʩʘʪ ʢʦʜʪʳ ʙʝʣʛʽʣʝʫʜʽ, ʘʡʥʳʤʘʣʳʣʘʨʜʳש ʘʪʘʫʣʘʨʳʥ ʪʘשʜʘʫʜʳ ʞᴅʥʝ 

ʬʫʥʢʮʠʷʣʘʨʜʳ ʙʘʩʪʘʧץʳ ʞʽʢʪʝʫʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʙʦʣʜʳ. ɸʣʘʡʜʘ ʙʘʩʪʘʧץʳ ʢʝʟʝשʜʝ ʤʦʜʝʣʴʜʽש 

ʜʠʟʘʩʩʝʤʙʣʝʨ ʞʦʙʘʩʳʥʘ ʞᴅʥʝ ʙʘʩץʘʨʫ ʘסʳʥʳʥʳש ʛʨʘʬʳʥʘ ʪʽʢʝʣʝʡ ץʦʣ ʞʝʪʢʽʟʝ ʘʣʤʘʫʳ ʩʠʷץʪʳ 

ʙʽʨץʘʪʘʨ ʢʝʤʰʽʣʽʢʪʝʨ ʦʨʳʥ ʘʣʜʳ. ᴄʨʙʽʨ ʢʦʥʪʝʢʩʪ ʬʨʘʛʤʝʥʪʽʥ ץʦʣʤʝʥ ʢᴇʰʽʨʽʧ, ʤʦʜʝʣʴʛʝ ʞװʢʪʝʫ 

 .ʘ ʞʘʪʧʘʡʪʳʥ ʝʜʽסʘʥʜʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫץץʣ ʪʦʣʳײʘʞʝʪ ʙʦʣʜʳ, ʙץ
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ʂᴇʨʩʝʪʽʣʛʝʥ ʧʨʦʙʣʝʤʘʥʳ ʰʝʰʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʠʥʥʦʚʘʮʠʷʣʳץ ʪᴅʩʽʣʜʝʨʜʽש ʙʽʨʽ ʨʝʪʽʥʜʝ 

çAnthropicè ʢʦʤʧʘʥʠʷʩʳ ᴅʟʽʨʣʝʛʝʥ çModel Context Protocolè (MCP) ʰʝʰʽʤʽʥ ʘʪʘʧ ᴇʪʫ ʦʨʳʥʜʳ. 

ʉʦʥʳש ʘʨץʘʩʳʥʜʘ ʘʥʘʣʠʪʠʢ ʜʝʢʦʤʧʠʣʷʮʠʷʣʘʥסʘʥ ʢʦʜʪʳ ʤʦʜʝʣʴʛʝ ץʦʣʤʝʥ ʢᴇʰʽʨʽʧ ץʦʶʜʳש 

ʦʨʥʳʥʘ çMCPè ʩʝʨʚʝʨʽʥ ʧʘʡʜʘʣʘʥʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʤʦʜʝʣʴ ץʘʞʝʪʪʽ ʢʦʥʪʝʢʩʪʪʽʢ ʘץʧʘʨʘʪʪʳ 

ʜʝʨʙʝʩ ʩײʨʘʩʪʳʨʳʧ, ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʧʨʦʮʝʩʽʥ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ [1]. 

 

çMCPè ʇʈʆʊʆʂʆʃʓ 

çMCPè ʘʰʳץ ʩʪʘʥʜʘʨʪʳ ᴅʟʽʨʣʝʫʰʽʣʝʨʛʝ ᴇʟʜʝʨʽʥʽש ʜʝʨʝʢʪʝʨ ʢᴇʟʜʝʨʽ ʤʝʥ ɾʀ ʥʝʛʽʟʽʥʜʝʛʽ 

 .ʩʪʘʥʜʘʨʪ ץʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʘʰʳװʘ ʤסʪʳ ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʫץʘʫʽʧʩʽʟ ʝʢʽʞʘץ ʨʘʣʜʘʨʳ ʘʨʘʩʳʥʜʘײץ

ɹʝʨʽʣʛʝʥ ʭʘʪʪʘʤʘʥʳש ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʤʠʥʠʤʘʣʠʩʪʽʢ ץʘסʠʜʘʪץʘ ʥʝʛʽʟʜʝʣʛʝʥ. ᴄʟʽʨʣʝʫʰʽʣʝʨ ᴇʟ 

ʜʝʨʝʢʪʝʨʽʥ çMCPè ʩʝʨʚʝʨʣʝʨʽ ʘʨץʳʣʳ ץʦʣʞʝʪʽʤʜʽ ʝʪʝ ʘʣʘʜʳ ʥʝʤʝʩʝ ʦʩʳ ʩʝʨʚʝʨʣʝʨʛʝ ץʦʩʳʣʘ 

ʦʪʳʨʳʧ, ɾʀ ץʦʩʳʤʰʘʣʘʨʳʥ (çMCPè ʢʣʠʝʥʪʪʝʨʽʥ) ײץʨʘʩʪʳʨʘ ʘʣʘʜʳ [2]. 

 

 
ʉʫʨʝʪ  1. "MCP" ʧʨʦʪʦʢʦʣʳʥʳϬ ʩʭʝʤʘʩʳ 

 

ʇʨʘʢʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ, çMCPè hʝʰʽʤʽʥʝ ʜʝʡʽʥʛʽ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʢװʨʜʝʣʽʣʽʢ 

ʤᴅʩʝʣʝʩʽʥ ʪʫʜʳʨʘʪʳʥ [3]. ʉʝʙʝʙʽ, ᴅʨ ײץʨʘʣ ᴅʨ ʤʦʜʝʣʴʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʳʣʘʪʳʥ, ʠʥʪʝʛʨʘʮʠʷʣʘʫ 

ʰʳסʳʥʳ ʢʚʘʜʨʘʪʪʳ ʪװʨʜʝ ᴇʩʝʪʽʥ ʝʜʽ. çMCPè ᴅʤʙʝʙʘʧ ʠʥʪʝʨʬʝʡʩʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʘʨץʳʣʳ ᴅʨ 

 .ʘʣʳʧʪʘʩʘʜʳץ çN + Mè ʰʝʰʽʤʽ ץʪʳץʨʘʣ ʪʝʢ ʙʽʨ ʨʝʪ ʠʥʪʝʛʨʘʮʠʷʣʘʥʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʩʳʟʳײץ

ʈʝʩʤʠ ײץʞʘʪʪʘʤʘסʘ ʩᴅʡʢʝʩ, ʭʘʪʪʘʤʘ çJSON-RPC 2.0è ʭʘʙʘʨʣʘʤʘʣʘʨʳʥ ʧʘʡʜʘʣʘʥʘʜʳ ʞᴅʥʝ 

ʘʨʭʠʪʝʢʪʫʨʘ װʰ ʨᴇʣʛʝ ʥʝʛʽʟʜʝʣʝʜʽ[4]: 

1. ʍʦʩʪ (Host) ï ʙײʣ ץʦʩʳʣʳʤʜʳ ʽʩʢʝ ץʦʩʘʪʳʥ LLM ץʦʩʳʤʰʘʩʳ. 

2. ʂʣʠʝʥʪ (Client) ï ʭʦʩʪ ʽʰʽʥʜʝʛʽ ʩʝʨʚʝʨʤʝʥ ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʘʪʳʥ ʞᴅʥʝ ʦʥʳ ײʩʪʘʧ ʪײʨʘʪʳʥ 

ʘʨʘʣʳץ ץʘʙʘʪ. 

3. ʉʝʨʚʝʨ (Server) ï ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʝʪʽʥ ʞᴅʥʝ ײץʨʘʣʜʘʨʜʳ ײʩʳʥʘʪʳʥ ʩʳʨʪץʳ ʩʝʨʚʠʩ. 

MCP ʩʝʨʚʝʨʽ װʰ ײץʨʳʣʳʤʜʳץ ʵʣʝʤʝʥʪʪʝʥ ʪײʨʘʜʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ײץʨʘʣʜʘʨ (ʤʦʜʝʣʴ Ϻʟʽ 

ʰʘϨʳʨʘ ʘʣʘʪʳʥ ʬʫʥʢʮʠʷʣʘʨ), ʨʝʩʫʨʩʪʘʨ (ʤʦʜʝʣʴ ʢʦʥʪʝʢʩʪ ʪʘʨʪʘʪʳʥ ʜʝʨʝʢʢϺʟʜʝʨ) ʞᴅʥʝ 

ʥײʩץʘʫʣʘʨ (ʤʦʜʝʣʴʛʝ Ϻʟʘʨʘ ϸʨʝʢʝʪʪʝʩʫ Ϩϰʨʳʣʳʤʳʥ ʙʝʨʝʪʽʥ ʰʘʙʣʦʥʜʘʨ)[5]. 
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ʉʫʨʝʪ  2. Model Context Protocol (MCP)  

ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳϬ ʣʦʛʠʢʘʣʳϨ ʩʭʝʤʘʩʳ. 

ʂʝʨʽ ʠʥʞʝʥʝʨʠʷ ײץʨʘʣʜʘʨʳ ʞᴅʥʝ MCP-ʩʝʨʚʝʨʣʝʨ ʞʦʙʘʣʘʨʳ 

 ʨʘʣʜʘײץ ʘʥ 4 ʪʘʥʳʤʘʣסʘ ʘʨʥʘʣסʪʘʣʜʘʫ ץʳʪʪʘ ʟʠʷʥʜʳ ʬʘʡʣʜʘʨʜʳ ʩʪʘʪʠʢʘʣʳץʘʟʽʨʛʽ ʫʘפ

MCP ʩʝʨʚʝʨʽʥʽץ שʦʣʜʘʫʳ ʽʩʢʝ ʘʩʳʨʳʣסʘʥ. 

çGhidraè ʢʝʨʽ ʠʥʞʝʥʝʨʠʷ ײץʨʘʣʳ ʪʘʥʳʤʘʣ ᴅʨʽ ʪʠʽʤʜʽ ʰʝʰʽʤʜʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸפʐ ױʣʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢ ʘʛʝʥʪʪʽʛʽ (NSA) ʦʩʳ ײץʨʘʣʜʳ ᴅʟʽʨʣʝʧ, çApache License 2.0è ʘʰʳץ 

ʣʠʮʝʥʟʠʷʩʳ ʥʝʛʽʟʽʥʜʝ ʪʘʨʘʪʘʜʳ. ʉʦʥʳש ʘʨץʘʩʳʥʜʘ, ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ ʝʨʢʽʥ 

ʧʘʡʜʘʣʘʥʫסʘ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʫסʘ ʞᴅʥʝ ʪʘʨʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʣʝʜʽ [6]. 

ʉʘʨʘʧʰʳʣʘʨ ʘʨʘʩʳʥʜʘ ʝש ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘסʳʪ ʨʝʪʽʥʜʝ çGhidraè ʤʝʥ çMCPè ʙʘʡʣʘʤʳ 

 ʘʩʳץʩײʰʘʤʘʤʝʥ ʙʝʩ ʥ שʳʪʪʘ çMCPè ʩʝʨʚʝʨʽʥ ʽʩʢʝ ʘʩʳʨʫʜʳץʘʟʽʨʛʽ ʫʘפ .ʘʨʘʩʪʳʨʳʣʘʜʳץ

ᴅʟʽʨʣʝʥʛʝʥ, ʘʣʘʡʜʘ ʦʩʳ ʟʝʨʪʪʝʫ ʘʷʩʳʥʜʘ ʦʣʘʨʜʳש ʝʢʝʫʽʥʝ ʪʦץʪʘʣʘʤʳʟ. 

çLaurieWired/GhidraMCPè çMCPè ʩʝʨʚʝʨʽ ʤʘʤʘʥʜʘʨ ʘʨʘʩʳʥʜʘ ʢʝשʽʥʝʥ ʪʘʥʳʣסʘʥ ʽʩʢʝ 

ʘʩʳʨʫ ʥײʩץʘʩʳ. ʆʣ çGhidraè ʧʨʦʛʨʘʤʤʘʩʳʥʳש ʥʝʛʽʟʛʽ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʞᴅʥʝ 

ʧʨʦʛʨʘʤʤʘʣʳץ ʤʦʜʫʣʴʜʝʨʜʽײץ שʨʳʣʳʤʳʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ. ʉʝʨʚʝʨ çClaude Desktopè, 

çCursorè, çClineè, ç5ireè ʩʠʷץʪʳ ʪʽʣʜʽʢ ʤʦʜʝʣʴ ʢʣʠʝʥʪʪʝʨʽʤʝʥ װʡʣʝʩʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʡʜʽ [7]. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ, çbethington/ghidra-mcpè ʥײʩץʘʩʳ, çLaurieWired/GhidraMCPè 

ʩʘʣʳʩʪʳʨסʘʥʜʘè, çGhidraè װʰʽʥ ʘʥʘײסʨʣʳʤ ʢʝש ʬʫʥʢʮʠʦʥʘʣʜʳʣʳץʪʳ ײʩʳʥʘʜʳ (ʰʘʤʘʤʝʥ 193 

Ϩϰʨʘʣ 27-ʛʝ Ϩʘʨʩʳ). ɽʢʽ ʥײʩץʘ ʜʘ ʜʝʢʦʤʧʠʣʷʮʠʷ, ʜʠʟʘʩʩʝʤʙʣʝʨʣʝʫ, ʘʥʥʦʪʘʮʠʷʣʘʫ, ʘʡץʘʩ 

ʩʽʣʪʝʤʝʣʝʨ ʞᴅʥʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʪʘʣʜʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ץʘʤʪʠʜʳ. çGhidra-mcpè ʰʝʰʽʤʽ 

çClaude Desktopè ʞᴅʥʝ çClaude Codeè ʧʣʘʪʬʦʨʤʘʣʘʨʳʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʥʫסʘ ʙʝʡʽʤʜʝʣʛʝʥ, 

ʩʦʥʜʘʡ-ʘץ ʢʝʟ ʢʝʣʛʝʥ çMCPè װʡʣʝʩʽʤʜʽ ʢʣʠʝʥʪʪʝʨ ʥʝʤʝʩʝ ʧʘʡʜʘʣʘʥʫʰʳ ʜʝʨʝʢʪʝʨ ʘסʳʥʜʘʨʳ 

ʘʨץʳʣʳ ʞʝʨʛʽʣʽʢʪʽ ʤʦʜʝʣʴʜʝʨʜʽ ץʦʩʫʜʳ ץʦʣʜʘʡʜʳ [8]. 

çGhidraè ʧʨʦʛʨʘʤʤʘʩʳʤʝʥ ץʘʪʘʨ ʩʘʨʘʧʰʳʣʘʨ çIDA Proè ʢᴅʩʽʙʠ ײץʨʘʣʳʥ ʜʘ ʙʝʣʩʝʥʜʽ 

ʧʘʡʜʘʣʘʥʘʜʳ. ʆʥʳש çGhidraè ʙʘʩʪʳ ʘʡʳʨʤʘʰʳʣʳסʳ ʣʠʮʝʥʟʠʷʩʳʥʳש ʘץʳʣʳ ʥʝʛʽʟʽʥʜʝ 

ʪʘʨʘʪʳʣʫʳ. ʆʩʳ ײץʨʘʣʜʳש ʝʨʝʢʰʝ ʘʨʪʳץʰʳʣʳסʳ çHex-Raysè ʜʝʢʦʤʧʠʣʷʪʦʨʳʥʳש 

ʠʥʪʝʛʨʘʮʠʷʣʘʥʫʳʥʜʘ, ʦʣ çGhidraè ʜʝʢʦʤʧʠʣʷʪʦʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʧʩʝʚʜʦʢʦʜʪʳ ʘʥʘײסʨʣʳʤ 

ʞʦסʘʨʳ ʜᴅʣʜʽʢʧʝʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 
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çMCPè ʠʥʪʝʛʨʘʮʠʷʩʳ ʘʷʩʳʥʜʘ çmrexodia/ida-pro-mcpè ʞʦʙʘʩʳʥ ʝʨʝʢʰʝ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. 

ɸʪʘʣסʘʥ ʞʦʙʘ çIDA Proè ײץʨʘʣʳʥʘ ʘʨʥʘʣסʘʥ çMCPè ʩʝʨʚʝʨʽʥʽש ʽʩʢʝ ʘʩʳʨʳʣʫʳʥ ײʩʳʥʘʜʳ, ʦʣ 

ʘʨץʳʣʳ װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʤװʤʢʽʥʜʽʛʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ɾʦʙʘʥʳש 

ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʢʝײץ שʨʘʣʜʘʨ ʞʠʳʥʪʳסʳ, ʢʝשʝʡʪʫʜʽץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ, ʙʝʣʩʝʥʜʽ 

ᴅʟʽʨʣʝʫʰʽʣʝʨ ץʦסʘʤʜʘʩʪʳסʳ ʞᴅʥʝ ʪʘʥʳʤʘʣ çMCPè ʢʣʠʝʥʪʪʝʨʽʥʽש ʢᴇʧʰʽʣʽʛʽʥʝ ץʦʣʜʘʫ ʢᴇʨʩʝʪʽʣʫʽ. 

ɾʦʙʘ çMCPè ʢʣʠʝʥʪʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʫ װʰʽʥ ʙʽʨʥʝʰʝ ʪʘʩʳʤʘʣʜʘʫ ʪᴅʩʽʣʽʥ 

 ʦʣʜʘʥʳʣʘʪʳʥץ ʘ, çClaude Desktopè ʥʝʤʝʩʝ çClaude Codeè ʠʥʪʝʛʨʘʮʠʷʩʳʥʜʘסʦʣʜʘʡʜʳ. ʄʳʩʘʣץ

ʩʪʘʥʜʘʨʪʪʳ ʝʥʛʽʟʫ-ʰʳסʘʨʫ (çstdioè), ʩʦʥʜʘʡ-ʘץ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʥʝʤʝʩʝ װʰʽʥʰʽ ʪʘʨʘʧ ʢʣʠʝʥʪʪʝʨʽ 

ʘʨץʳʣʳ ץʦʩʳʣʫסʘ ʘʨʥʘʣסʘʥ çHTTPè ʪʘʩʳʤʘʣʜʘʫʳ ʢʽʨʝʜʽ. 

ɸʣʘʡʜʘ, ʞʦʙʘ ʘʚʪʦʨʳ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨʜʽש ʛʘʣʣʶʮʠʥʘʮʠʷ ײץʙʳʣʳʩʳʥʘ ʥʘʟʘʨ ʘʫʜʘʨʘʜʳ, 

ʤʦʜʝʣʴʜʝʨʛʝ ʩʘʥʜʳץ ʤᴅʥʜʝʨʜʽ ᴇʟʜʽʛʽʥʝʥ ʪװʨʣʝʥʜʽʨʫʛʝ ʥʘץʪʳ ʪʳʡʳʤ ʩʘʣʫ ʞᴅʥʝ ʢʽʨʽʩʪʽʨʽʣʛʝʥ 

çint_convertè ײץʨʘʣʳʥ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʧʘʡʜʘʣʘʥʫ ץʘʞʝʪ ʝʢʝʥʽש ʘʪʘʡʜʳ. ʉʘʥʘʫ ʞװʡʝʣʝʨʽ 

ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʙʘʩʪʘʫ ʤʝʥ ʙʘʡʪ ʤᴅʥʜʝʨʽʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ ʝʨʝʢʰʝ ץʠʳʥʜʳץ ʪʫʜʳʨʘʜʳ [9]. 

çGhidraè ʤʝʥ çIDA Proè ʘʨʘʩʳʥʜʘ ʘʨʘʣʳץ ʧʦʟʠʮʠʷʥʳ çBinary Ninjaè ʢʦʤʤʝʨʮʠʷʣʳץ 

ʰʝʰʽʤʽ ʘʣʘʜʳ. ʈʝʚʝʩʨ-ʠʥʞʠʥʠʨʠʥʛ ײץʨʘʣʳ ʠʥʪʫʠʪʠʚʪʽ ʝʢʽʣʽʢ ʬʘʡʣʜʘʨʜʳ ʪʘʣʜʘʫ ʦʨʪʘʩʳ ʞᴅʥʝ 

ʢʝשʝʡʪʫʛʝ ʙʝʡʽʤ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʘʨץʳʣʳ ʤʘʤʘʥʜʘʨ ʘʨʘʩʳʥʜʘ ʢʝש ʪʘʥʳʤʘʣʜʳץץʘ ʠʝ. çBinary 

Ninjaè ʝʨʝʢʰʝ ʘʨʪʳץʰʳʣʳסʳ çPythonè ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʽʣʽʥʜʝ ʘʨʥʘʡʳ ʧʣʘʛʠʥʜʝʨ ʤʝʥ 

ʩʮʝʥʘʨʠʡʣʝʨ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʞʝʪʽʣʜʽʨʽʣʛʝʥ çAPIè ʠʥʪʝʨʬʝʡʩʽʥʽש ʙʦʣʫʳʥʜʘ. 

ʆʩʳ ײץʨʘʣסʘ ʘʨʥʘʣסʘʥ çfosdickio/binary_ninja_mcpè ʧʣʘʛʠʥʽ çMCPè ʩʝʨʚʝʨʽʥ ץʘʤʪʠʜʳ 

ʞᴅʥʝ װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨʤʝʥ װʟʜʽʢʩʽʟ ʠʥʪʝʛʨʘʮʠʷʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹʘʡʣʘʥʳʩ çHTTPè 

ʪʘʩʳʤʘʣʜʘʫʳ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʅʘʟʘʨ ʘʫʜʘʨʫסʘ ʪײʨʘʨʣʳץ ʪʘסʳ ʙʽʨ ײץʨʘʣ, ʦʣ çRadare2è. ʆʣ ʝʢʽʣʽʢ ʬʘʡʣʜʘʨʜʳ ʪʘʣʜʘʫסʘ 

ʘʨʥʘʣסʘʥ ʝʨʢʽʥ ʪʘʨʘʪʳʣʘʪʳʥ ʘʰʳץ ʙʘʩʪʘʧץʳ ʢʦʜʪʳ ʬʨʝʡʤʚʦʨʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʦסʘʨʳʜʘ 

 ʤʳʩ ʽʩʪʝʫʛʝײʳʣʳ ʞץʳ, çRadare2è ʧᴅʨʤʝʥ ʞʦʣʳ ʘʨסʨʘʣʜʘʨʜʘʥ ʘʡʳʨʤʘʰʳʣʳײץ ʘʥסʘʨʘʩʪʳʨʳʣץ

ʙʘסʳʪʪʘʣסʘʥ, ʩʦʥʳש ʘʨץʘʩʳʥʜʘ ʦʣ ʦʥʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ʞᴅʥʝ ʩʮʝʥʘʨʠʡʣʝʨʛʝ ʝʥʜʽʨʫʛʝ ʳסשʘʡʣʳ 

ʝʪʝʜʽ. ʌʨʝʡʤʚʦʨʢ ʦʨʳʥʜʘʣʘʪʳʥ ʬʘʡʣʜʘʨʜʳש ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʳ ʤʝʥ ʬʦʨʤʘʪʪʘʨʳʥʳש ʢʝש ʩʧʝʢʪʨʽʥ 

 .ʦʣʜʘʡʜʳץ

çRadare2è ײץʨʘʣʳʥ װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫ װʰʽʥ çr2mcpè ʘʪʪʳ çMCPè 

ʩʝʨʚʝʨʽ ʞʘʩʘʣסʘʥ. ɹײʥʜʘʡ ʰʝʰʽʤ ʩʪʘʥʜʘʨʪʪʳ ʝʥʛʽʟʫ-ʰʳסʘʨʫ ʘʨʥʘʩʳ ʘʨץʳʣʳ ʬʨʝʡʤʚʦʨʢ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ʪʽʢʝʣʝʡ ץʘʪʳʥʘʩ ʞʘʩʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʦʨʥʘʣʘʩʪʳʨʫ ʧʨʦʮʝʩʽ 

 .ʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ ʙʘʨʳʥʰʘ ʪᴇʤʝʥʜʝʡʜʽץ ʘסʨʳʣʳʤײץʘʨʘʧʘʡʳʤʜʘʥʳʧ, ʠʥʬʨʘץ

ʇʨʘʢʪʠʢʘʣʳץ ʤʳʩʘʣ: çGhidraè ʞᴅʥʝ çMCPè ʠʥʪʝʛʨʘʮʠʷʩʳ 

çMCPè ʢʝʨʽ ʠʥʞʝʥʝʨʠʷʜʘסʳ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʳʩʳʥ ʢᴇʨʩʝʪʫ װʰʽʥ çbethington/ghidra-

mcpè ʩʝʨʚʝʨʽ ʘʨץʳʣʳ ʙʝʣʛʽʩʽʟ ʙʠʥʘʨʣʳץ ʬʘʡʣʜʳ ʪʘʣʜʘʫ ʧʨʦʮʝʩʽʥ ץʘʨʘʩʪʳʨʘʡʳץ.  

ɾײʤʳʩ ʦʨʪʘʩʳ װʰ ʢʦʤʧʦʥʝʥʪʪʝʥ ʪײʨʘʜʳ: çGhidraè ʪʘʣʜʘʫ ײץʨʘʣʳ, çPythonè ʪʽʣʽʥʜʝʛʽ 

ʙʘʡʣʘʥʳʩʪʳʨʫʰʳ ʤʦʜʫʣʴ ʞᴅʥʝ çClaude Desktopè װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʽ çMCPè ʢʣʠʝʥʪʽ. 

ɸʚʪʦʨʜʳש ʥײʩץʘʫʣʘʨʳʥʘ ʩᴅʡʢʝʩ çgithubè ʨʝʧʦʟʠʪʦʨʠʡʣʝʨʜʝʥ 4.3.0 ʥײʩץʘʩʳ ʞʦʙʘʩʳʥʳש 

ᴇʟʝʢʪʽ ʰʳסʘʨʳʣʳʤʳʥ ʞװʢʪʝʧ ʘʣʫ, ץʘʞʝʪʪʽ ʢʽʪʘʧʭʘʥʘʣʘʨ ʤʝʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʦʨʥʘʪʫ, ʩʦʥʜʘʡ-ʘץ 

çGhidraè ץʦʩʳʤʰʘʩʳʥʘ çGhidraMCPè ץʦʩʫ ʞᴅʥʝ ʦʥʳײץ שʨʘʣʜʘʨʳʥʜʘ çMCPè ʩʝʨʚʝʨʽʥ ʽʩʢʝ ץʦʩʫ 

 .ʦʣ ʞʝʪʽʤʜʽ ʙʦʣʘʜʳץ ʰʽʥװ ʦʩʳʣʘʜʳ çhttp://127.0.0.1:8089/è ʞᴅʥʝ çClaudeèץ ʘʞʝʪ. ʉʝʨʚʝʨ ʽʩʢʝץ
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ʉʫʨʝʪ  3. çMCPè ʢʣʠʝʥʪʪʽϬ Ϩʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʪʝʢʩʝʨʝʤʽʟ 

ɹʘʩʪʘʧץʳ ʪʘʣʜʘʫ ʝʢʽʣʽʢ ʬʘʡʣ ʪʫʨʘʣʳ ʞʘʣʧʳ ʘץʧʘʨʘʪʪʳ ʘʣʫʜʘʥ ʙʘʩʪʘʣʘʜʳ. çClaudeè װʣʢʝʥ 

ʪʽʣʜʽʢ ʤʦʜʝʣʽ çMCPè ʩʝʨʚʝʨʽʥʽש ʦʨʥʘʪʳʣסʘʥ ʥײʩץʘʩʳʥʳײץ שʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʢʝʣʝʩʽ 

ᴅʨʝʢʝʪʪʝʨʜʽ ʦʨʳʥʜʘʡ ʘʣʘʜʳ: 

¶ çget_metadataè ð ʧʨʦʛʨʘʤʤʘʥʳש ʤʝʪʘʜʝʨʝʢʪʝʨʽʥ ʘʣʫ (ʘʨʭʠʪʝʢʪʫʨʘ, ʬʦʨʤʘʪ, 

ʢʦʤʧʠʣʷʪʦʨ); 

¶ çget_entry_pointsè ð ʢʽʨʫ ʥװʢʪʝʣʝʨʽʥ ʘʥʳץʪʘʫ;  

¶ çlist_importsè ð ʠʤʧʦʨʪʪʘʣʘʪʳʥ ʬʫʥʢʮʠʷʣʘʨ ʤʝʥ ʢʽʪʘʧʭʘʥʘʣʘʨ ʪʽʟʽʤʽʥ ʰʳסʘʨʫ;  

¶ çlist_stringsè ð ʘʚʪʦʤʘʪʪʳ ʩʘʥʘʪʪʘʣסʘʥ ʞʦʣ ʪײʨʘץʪʳʣʘʨʳʥ ʘʣʫ; 

¶ çlist_exportsè ð ʵʢʩʧʦʨʪʪʘʣʘʪʳʥ ʪʘשʙʘʣʘʨʜʳ ʪʘʣʜʘʫ. 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, çClaudeè װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʽ ʬʘʡʣʜʳש ʘʣʜʳʥ-ʘʣʘ 

ʩʠʧʘʪʪʘʤʘʩʳʥ ײץʨʘʡʜʳ. 

ʂʝʡʽʥ ʤʦʜʝʣʴ ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʷʣʘʨʜʳ ʝʛʞʝʡ ʪʝʛʞʝʡʣʽ ʟʝʨʪʪʝʫʛʝ ʢᴇʰʝʜʽ: 

¶ çlist_functionsè ð ʬʫʥʢʮʠʷʣʘʨʜʳש ʪʦʣʳץ ʪʽʟʽʤʽʥ ʘʣʫ; 

¶ çdecompile_functionè ð ʬʫʥʢʮʠʷʥʳ çʉè ʪʽʣʽʥʜʝʛʽ ʧʩʝʚʜʦʢʦʜץʘ ʜʝʢʦʤʧʠʣʷʮʠʷʣʘʫ;  

¶ çget_function_call_graphè ð ʬʫʥʢʮʠʷʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʘʥʳץʪʘʫ 

ʤʘץʩʘʪʳʥʜʘ ʰʘץʳʨʫ ʛʨʘʬʽʥ ײץʨʫ; 

¶ çget_xrefs_toè ʞᴅʥʝ çget_xrefs_fromè ð ʘʡץʘʩ ʩʽʣʪʝʤʝʣʝʨʜʽ ʪʘʣʜʘʫ;  

¶ çanalyze_function_completeè ð ʞʝʢʝ ʬʫʥʢʮʠʷʥʳ ʢʝʰʝʥʜʽ ʪʘʣʜʘʫ. 

ᴄʨ ʬʫʥʢʮʠʷʥʳײץ שʞʘʪʪʘʣʫ ʜᴅʨʝʞʝʩʽʥ ʩʘʥʜʳץ ʰʢʘʣʘ ʙʦʡʳʥʰʘ ʙʘסʘʣʘʡʪʳʥ 

çanalyze_function_completenessè ײץʨʘʣʳ çMCPè ʩʝʨʚʝʨʽʥʽש ʝʨʝʢʰʝ ʘʨʪʳץʰʳʣʳסʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ.  
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ʉʫʨʝʪ  4. ɽʢʽ ʬʘʡʣϤʘ Ϩʘʪʳʩʪʳ ʞʠʥʘʣϤʘʥ ʙʘʩʪʘʧϨʳ ʘϨʧʘʨʘʪ 

çMCPè ʢʣʠʝʥʪʽ ʨʝʪʽʥʜʝ ᴅʨ ʪװʨʣʽ װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨʜʽ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʆʣʘʨʜʳש ᴅʨ 

 ʰʽʥ ʤʘʤʘʥʜʘʨʤʝʥװ ʪʳ ʞʘʫʘʧ ʙʝʨʫʽʥ ʘʣʜʳʥ ʘʣʘ ʙʽʣʫץʝʢʽ ʬʘʡʣʜʘʨʜʳ ʟʝʨʪʪʝʫʜʝ ʥʘ שʘʡʩʳʩʳʥʳץ

çAgentRE-Benchè ʘʨʥʘʡʳ ʪʝʩʪʪʝʨ ʞʠʥʘסʳ ײʩʳʥʳʣʘʜʳ.  

ʊʝʩʪʪʝʨ ʞʠʥʘסʳ װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨʜʽש ʧʨʦʛʨʘʤʤʘʣʳץ ʢʦʜʪʳ çʢᴇʟʩʽʟè ʘʣʜʳʥ ʘʣʘ 

ʜʘʡʳʥʜʘʣסʘʥ ʢʦʥʪʝʢʩʪʩʽʟ, ʪʝʢ ײץʨʘʣʜʘʨ ʞʠʳʥʪʳסʳʥʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ ʪʘʣʜʘʫ ץʘʙʽʣʝʪʽʥ ʞʘʥ-

ʞʘץʪʳ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʦʙʘ װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨʽʥʽש ʢʝʨʽ ʠʥʞʝʥʝʨʠʷ ץʘʙʽʣʝʪʽʥ 

ʩʳʥʘʫ ʤʘץʩʘʪʳʥʜʘ 13 ץʠʳʥʜʳץ ʜʝשʛʝʡʽʥ ײʩʳʥʘʜʳ. 

ʄʘʤʘʥʜʘʨ ʘʨʘʩʳʥʜʘ ʢʝש ʪʘʨʘסʘʥ 4 װʣʢʝʥ ʪʽʣʜʽʢ ʤʦʜʝʣʴʜʝʨʛʝ ʪʝʩʪʽʣʝʫ ʞװʨʛʽʟʽʣʜʽ, 

 ʨʛʽʟʝ ʘʣʜʳ. ɸʣʘʡʜʘ, ʢᴇʧװʟʝʨʪʪʝʫ ʞ שʦʨʳʪʳʥʜʳʩʳʥʜʘ çClaude Opus 4.6è ʤʦʜʝʣʽ ʪʝʨʝץ

ʛʘʣʣʶʮʠʥʘʮʠʷ ʞʘʩʘʡʜʳ, ʢʝʡʙʽʨ ʪʝʭʥʠʢʘʣʘʨʜʳ çץʘʪʝè ʢᴇʨʝʜʽ. ɹʘʩʪʘʧץʘ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʜʘ 

 .ʘ çdeepseekè ʤʦʜʝʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץʩײʩʳ ʥץʞʘ שʰʽʥ ʝװ ʦʣʜʘʥʫץ

 
ʉʫʨʝʪ  5. AgentRE-Bench ʘʨʥʘʡʳ ʪʝʩʪʪʝʨ ʰʝʰʽʤʽ 
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  ʦʨʳʪʳʥʜʳפ

ɿʝʨʪʪʝʫ ץʦʨʳʪʳʥʜʳʣʘʨʳ ʢᴇʨʩʝʪʢʝʥʜʝʡ, çMCPè ʧʨʦʪʦʢʦʣʳ ʢʝʨʽ ʠʥʞʝʥʝʨʠʷ ʩʘʣʘʩʳʥʘ 

 ʣʢʝʥ ʪʽʣʜʽʢװ ʨʘʣʜʘʨʜʳײץ ʪʳץʢᴇʤʝʛʽʤʝʥ çGhidraè, çIDA Proè ʩʠʷ שʣʢʝʥ ʩʝʨʧʽʣʽʩ ᴅʢʝʣʜʽ. ʆʥʳװ

ʤʦʜʝʣʴʜʝʨʤʝʥ ʪʽʢʝʣʝʡ ʞʝשʽʣ ʙʽʨʽʢʪʽʨʫʛʝ ʙʦʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʤʘʤʘʥʥʳש ʢװʥʜʝʣʽʢʪʽ ʞײʤʳʩʪʘʨʳ 

ʙʽʨʥʝʰʝ ʝʩʝʛʝ ʞʝʜʝʣʜʝʡʜʽ (ʘʡϨʘʩʧʘʣʳ ʩʽʣʪʝʤʝʣʝʨʜʽ ʪʘʣʜʘʫ, ʣʦʛʠʢʘʥʳ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ, 

ʘʪʘʫʣʘʨʜʳ Ϻʟʛʝʨʪʫ). 

ɼʝʛʝʥʤʝʥ, çMCPè ʘʨץʳʣʳ ʙʽʨʽʢʪʽʨʫ ʢᴇʤʝʢʰʽ ײץʨʘʣ סʘʥʘ ʝʢʝʥʽʥ ʝʩʢʝʨʫ ץʘʞʝʪ. ʄʦʜʝʣʴʜʝʨ 

ʩʘʥʜʳץ ʤᴅʥʜʝʨ ʤʝʥ ʤʝʢʝʥʞʘʡʣʘʨʜʳ (ʘʜʨʝʩʪʝʨʜʽ) ץʘʪʝ ʪװʨʣʝʥʜʽʨʫʽ, ʛʘʣʣʶʮʠʥʘʮʠʷסʘ ײʰʳʨʘʫʳ 

ʤװʤʢʽʥ. ʉʦʥʜʘʡ-ʘץ, ʢʦʜʪʳץ שʘʪʪʳ ʦʙʬʫʩʢʘʮʠʷʣʘʥʫʳ (ʰʘʪʘʩʪʳʨʳʣʫʳ) ɾʀ װʰʽʥ ᴅʣʽ ʜʝ װʣʢʝʥ 

ʢʝʜʝʨʛʽ ʙʦʣʳʧ ʦʪʳʨ. ʆʩʳסʘʥ ץʘʨʘʤʘʩʪʘʥ, ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢ ʤʘʤʘʥʜʘʨʳ װʰʽʥ ץʘʟʽʨʛʽ ʫʘץʳʪ 

ï ʦʩʳ ʦʟʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʤʝשʛʝʨʽʧ, ʞײʤʳʩ ʧʨʦʮʝʩʽʥʝ ʝʥʛʽʟʫʜʽש ʝש ʦשʪʘʡʣʳ ʩᴅʪʽ. 
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ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʄɽʄɹʈɸʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʇʈʀ ʆʏʀʉʊʂɽ ʉʊʆʏʅʓʍ 

ɺʆɼ ɼʃʗ ʎɽʃɽʁ ʆʈʆʐɽʅʀʗ ɺ ɿɸʉʋʐʃʀɺʓʍ ʈɽɻʀʆʅɸʍ ʂɸɿɸʍʉʊɸʅɸ 

 

 

ʊʦʢʪʘʩʳʥ ɸ.ɽ., ʀʤʘʥʙʘʝʚ ʄ.ɸ. 

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ. ʉʘʪʧʘʝʚʘ, 

ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʷ, ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ, 

ʥʘʥʦʬʠʣʴʪʨʘʮʠʷ, ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ, ʦʨʦʰʝʥʠʝ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ, ʟʘʩʫʰʣʠʚʳʝ 

ʨʝʛʠʦʥʳ, ʂʘʟʘʭʩʪʘʥ, ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ, 

ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ, ʬʠʣʴʪʨʘʮʠʷ, ʘʛʨʦʵʢʦʣʦʛʠʷ, ʚʦʜʥʳʝ 

ʨʝʩʫʨʩʳ. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʛʦ ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ʥʫʞʜ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʄʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʫʜʘʣʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʘʩʪʚʦʨʸʥʥʳʭ ʩʦʣʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʦʨʦʰʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʤʙʨʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ð ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʠ, ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ, 

ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ ʠ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ð ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʟʘʩʫʰʣʠʚʳʭ 

ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ. ʈʘʩʩʤʦʪʨʝʥ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ ʩ ʫʯʸʪʦʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʟʘʪʨʘʪ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʤʙʨʘʥʥʦʡ 

ʩʭʝʤʳ ʦʯʠʩʪʢʠ ʜʣʷ ʮʝʣʝʡ ʦʨʦʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʡ ʚʦʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʭʝʤʳ ʦʯʠʩʪʢʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ 

ʩʠʩʪʝʤ ʧʦʚʪʦʨʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ɺʚʝʜʝʥʠʝ 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʦʪʥʦʩʠʪʩʷ 

ʢ ʟʘʩʫʰʣʠʚʳʤ ʠ ʧʦʣʫʟʘʩʫʰʣʠʚʳʤ ʟʦʥʘʤ, ʛʜʝ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʩʪʘʸʪʩʷ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ ʘʛʨʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʧʨʦʙʣʝʤʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ð ʊʫʨʢʝʩʪʘʥʩʢʦʡ, ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʠ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʷʭ, 

ʛʜʝ ʚʳʩʦʢʘʷ ʠʩʧʘʨʷʝʤʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʦʨʦʰʝʥʠʝ ʧʨʠʚʦʜʷʪ ʢ ʜʝʬʠʮʠʪʫ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠ 

ʚʪʦʨʠʯʥʦʤʫ ʟʘʩʦʣʝʥʠʶ ʧʦʯʚ. 

ʇʦ ʧʨʦʛʥʦʟʘʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʢ 2030 ʛʦʜʫ ʥʘʛʨʫʟʢʘ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʸʪ ʚʩʣʝʜʩʪʚʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʨʦʩʪʘ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ 

ʩʪʘʥʦʚʠʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʦʜʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʨʦʰʝʥʠʷ. ʄʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʚʦʜʫ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʟʘʩʫʰʣʠʚʳʭ 

ʨʝʛʠʦʥʦʚ. 
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʮʝʣʝʡ ʦʨʦʰʝʥʠʷ ʚ ʟʘʩʫʰʣʠʚʳʭ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

1. ʇʨʠʥʮʠʧʳ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʄʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʨʘʟʜʝʣʝʥʠʷ ʞʠʜʢʠʭ 

ʩʨʝʜ ʠ ʦʩʥʦʚʘʥʳ ʥʘ ʩʝʣʝʢʪʠʚʥʦʤ ʧʝʨʝʥʦʩʝ ʢʦʤʧʦʥʝʥʪʦʚ ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʫʶ ʤʝʤʙʨʘʥʫ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʆʩʥʦʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʤʝʤʙʨʘʥʘ ð ʪʦʥʢʠʡ ʤʘʪʝʨʠʘʣ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʨʠʩʪʦʡ ʠʣʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʟʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ, ʟʘʨʷʜʫ ʠʣʠ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ. 

ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʤʙʨʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʜʦʦʯʠʩʪʢʠ ʷʚʣʷʝʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʧʨʝʚʳʰʘʶʱʝʝ ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʫ ʧʨʦʭʦʜʠʪ ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ (ʧʝʨʤʝʘʪ), ʪʦʛʜʘ ʢʘʢ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʧʦʪʦʢʝ ʢʦʥʮʝʥʪʨʘʪʘ (ʨʝʪʝʥʪʘʪʘ). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʧʦʨ ʠ ʤʝʭʘʥʠʟʤʘ ʨʘʟʜʝʣʝʥʠʷ ʨʘʟʣʠʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʪʠʧʦʚ ʤʝʤʙʨʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʄʠʢʨʦʬʠʣʴʪʨʘʮʠʷ (MF) 

ʄʠʢʨʦʬʠʣʴʪʨʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʤʝʨʦʤ ʧʦʨ ʤʝʤʙʨʘʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 0,1ï1,0 ʤʢʤ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʫʜʘʣʝʥʠʷ: 

¶ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ; 

¶ ʙʘʢʪʝʨʠʡ; 

¶ ʚʦʜʦʨʦʩʣʝʡ; 

¶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. 

ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ (0,1ï2 ʙʘʨ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʆʜʥʘʢʦ ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʜʝʨʞʠʚʘʝʪ 

ʨʘʩʪʚʦʨʸʥʥʳʝ ʩʦʣʠ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʘʢ ʩʪʘʜʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʧʝʨʝʜ ʙʦʣʝʝ ʪʦʥʢʠʤʠ ʤʝʤʙʨʘʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. 

ʋʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ (UF) 

ʋʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ʨʘʙʦʪʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʤʝʨʦʚ ʧʦʨ 0,01ï0,1 ʤʢʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʜʘʣʝʥʠʝ: 

¶ ʚʠʨʫʩʦʚ; 

¶ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ; 

¶ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʛʘʥʠʢʠ; 

¶ ʙʝʣʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʠʦʧʦʣʠʤʝʨʦʚ. 

ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 1ï5 ʙʘʨ. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ UF ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʜʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʧʦʚʪʦʨʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ʩʥʠʞʘʝʪ ʤʫʪʥʦʩʪʴ ʚʦʜʳ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ 

ʤʝʤʙʨʘʥ ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ ʠ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ, ʫʚʝʣʠʯʠʚʘʷ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ. 

ʅʘʥʦʬʠʣʴʪʨʘʮʠʷ (NF) 

ʅʘʥʦʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʤʝʤʙʨʘʥʳ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʝʡ ʠ ʦʙʨʘʪʥʳʤ ʦʩʤʦʩʦʤ. ʈʘʟʤʝʨ ʧʦʨ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1 ʥʤ. ʆʩʥʦʚʥʦʡ 

ʤʝʭʘʥʠʟʤ ʨʘʟʜʝʣʝʥʠʷ ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩ ʨʘʟʤʝʨʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʥʦ ʠ ʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʤʙʨʘʥʳ. 

ʅʘʥʦʬʠʣʴʪʨʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʝʪ: 

¶ ʠʦʥʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ (ʞʸʩʪʢʦʩʪʴ); 
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¶ ʩʫʣʴʬʘʪʳ; 

¶ ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ; 

¶ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ. 

ʇʨʠ ʵʪʦʤ ʦʜʥʦʚʘʣʝʥʪʥʳʝ ʩʦʣʠ ʯʘʩʪʠʯʥʦ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʚʦʜʫ ʩ ʫʤʝʨʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʦʨʦʰʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 5ï20 ʙʘʨ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʤʝʥʝʝ ʵʥʝʨʛʦʸʤʢʠʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʪʥʳʤ ʦʩʤʦʩʦʤ. 

ʆʙʨʘʪʥʳʡ ʦʩʤʦʩ (RO) 

ʆʙʨʘʪʥʳʡ ʦʩʤʦʩ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʤʙʨʘʥʥʳʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ ʚʦʜʳ. 

ʄʝʤʙʨʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʦʨʠʩʪʳʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʦʣʝʢʫʣʷʨʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ. 

ʇʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ: 

¶ ʜʦ 99 % ʨʘʩʪʚʦʨʸʥʥʳʭ ʩʦʣʝʡ; 

¶ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ; 

¶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ; 

¶ ʥʠʪʨʘʪʳ ʠ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ. 

ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʜʦʩʪʠʛʘʝʪ 15ï70 ʙʘʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʚʳʩʦʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʚʦʜʳ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, 

ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʡ ʟʘʩʦʣʸʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʚʦʜ. 

 

2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʩʣʦʚʠʷʭ ʂʘʟʘʭʩʪʘʥʘ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʨʠʜʥʳʤ ʢʣʠʤʘʪʦʤ, ʚʳʩʦʢʦʡ ʠʩʧʘʨʷʝʤʦʩʪʴʶ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʟʘʧʘʩʘʤʠ 

ʧʨʝʩʥʦʡ ʚʦʜʳ. ɺ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ʫʨʦʚʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʯʘʩʪʦ ʧʨʝʚʳʰʘʝʪ 

ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʨʦʰʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 1500ï5000 ʤʛ/ʣ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ 

ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ: 

¶ ʥʘʢʦʧʣʝʥʠʶ ʥʘʪʨʠʷ ʚ ʧʦʯʚʘʭ; 

¶ ʫʭʫʜʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʛʨʫʥʪʘ; 

¶ ʩʥʠʞʝʥʠʶ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ; 

¶ ʧʘʜʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʄʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ ʠ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʸ ʧʘʨʘʤʝʪʨʳ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 

ʈʦʣʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʝʤʙʨʘʥʥʦʡ ʦʯʠʩʪʢʠ 

ʄʠʢʨʦʬʠʣʴʪʨʘʮʠʷ ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ 

ʛʦʨʦʜʩʢʠʭ ʘʛʣʦʤʝʨʘʮʠʡ ʂʘʟʘʭʩʪʘʥʘ, ʛʜʝ ʚʳʩʦʢʦ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ 

ʦʯʠʩʪʢʠ ʠ ʫʤʝʥʴʰʘʶʪ ʤʝʤʙʨʘʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ (ʬʦʫʣʠʥʛ). 

ʉʥʠʞʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʅʘʥʦʬʠʣʴʪʨʘʮʠʷ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʩʨʝʜʥʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʶʞʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʞʸʩʪʢʦʩʪʴ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʫʣʴʬʘʪʦʚ ʙʝʟ ʧʦʣʥʦʛʦ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʚʦʜʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʛʨʦʥʦʤʠʯʝʩʢʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. 

ʆʙʨʘʪʥʳʡ ʦʩʤʦʩ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʠ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʳ ʚ ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʘʭ ʩ ʨʠʩʢʦʤ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʜʦʣʛʦʩʨʦʯʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʸʪ: 

¶ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʝʩʥʦʡ ʚʦʜʳ; 

¶ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ; 

¶ ʩʥʠʞʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ; 
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¶ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ɼʣʷ ʂʘʟʘʭʩʪʘʥʘ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʵʪʘʧʥʘʷ ʩʭʝʤʘ ʚʥʝʜʨʝʥʠʷ ʤʝʤʙʨʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ. 

 

3. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʦʯʠʩʪʢʠ ʚʦʜʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʛʝʥʪʦʚ. ʕʪʦ ʩʥʠʞʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʫʧʨʦʱʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʢʣʶʯʘʶʪ: 

¶ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ 

ʩʪʦʢʦʚ; 

¶ ʵʬʬʝʢʪʠʚʥʦʝ ʫʜʘʣʝʥʠʝ ʧʘʪʦʛʝʥʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʘʥʠʪʘʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʨʦʰʝʥʠʷ; 

¶ ʢʦʤʧʘʢʪʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʫʣʴʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; 

¶ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʠʥʪʝʛʨʘʮʠʷ ʚ ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ; 

¶ ʩʥʠʞʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʤʙʨʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʶʪ ʛʠʙʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢʦʥʢʨʝʪʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʤʝʶʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʤʝʤʙʨʘʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ (ʬʦʫʣʠʥʛ), ʚʦʟʥʠʢʘʶʱʝʝ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʙʠʦʧʣʸʥʦʢ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 

ɼʨʫʛʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

¶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʚʢʠ; 

¶ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʪʘ, ʪʨʝʙʫʶʱʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʫʪʠʣʠʟʘʮʠʠ; 

¶ ʧʦʚʳʰʝʥʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ; 

¶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʪ ʢʘʯʝʩʪʚʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʭʝʤʳ ʦʯʠʩʪʢʠ, 

ʚʢʣʶʯʘʶʱʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʩʦʨʙʮʠʦʥʥʳʝ ʠ ʤʝʤʙʨʘʥʥʳʝ ʩʪʘʜʠʠ. 

4. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʤʙʨʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʊʝʭʥʦ

ʣʦʛʠʷ 

ʆʩʥʦʚʥʳʝ 

ʫʜʘʣʷʝʤʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ 

ʉʪʝʧʝʥ

ʴ ʦʯʠʩʪʢʠ 

ʕʥʝʨʛʦʟʘʪ

ʨʘʪʳ 

ʇʨʠʤʝʥʠʤʦʩʪʴ 

ʜʣʷ ʦʨʦʰʝʥʠʷ 

MF 
ɺʟʚʝʰʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʙʘʢʪʝʨʠʠ 

ʉʨʝʜʥʷ

 ̫
ʅʠʟʢʠʝ ʇʨʝʜʦʯʠʩʪʢʘ 

UF ɺʠʨʫʩʳ, ʦʨʛʘʥʠʢʘ 
ɺʳʩʦʢʘ

 ̫

ʅʠʟʢʠʝï

ʩʨʝʜʥʠʝ 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ 

NF ʉʦʣʠ ʞʸʩʪʢʦʩʪʠ 
ɺʳʩʦʢʘ

 ̫
ʉʨʝʜʥʠʝ 

ʂʦʥʪʨʦʣʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

RO ʈʘʩʪʚʦʨʸʥʥʳʝ ʩʦʣʠ 
ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ 
ɺʳʩʦʢʠʝ 

ɿʘʩʫʰʣʠʚʳʝ 

ʨʝʛʠʦʥʳ 
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5. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʜʝʬʠʮʠʪʘ ʧʨʝʩʥʦʡ ʚʦʜʳ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʯʠʱʝʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʩʦʙʝʥʥʦ ʘʢʪʠʚʥʦ ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʜʨʷʶʪʩʷ ʚ ʩʪʨʘʥʘʭ ʩ ʘʨʠʜʥʳʤ ʢʣʠʤʘʪʦʤ, ʛʜʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʦʛʨʘʥʠʯʝʥʳ. 

ʅʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʀʟʨʘʠʣʴ, ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʚ 

ʦʙʣʘʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʢʦʣʦ 85ï90 % ʦʯʠʱʝʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ ʩʪʨʘʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʳʩʦʢʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʚ ʤʠʨʝ . ɹʦʣʝʝ 90 % ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘʧʨʘʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʦʨʦʰʝʥʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʚʦʜʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ . ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʩʭʝʤ ʦʯʠʩʪʢʠ, ʚʢʣʶʯʘʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʤʝʤʙʨʘʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʧʦʟʚʦʣʠʣʦ ʀʟʨʘʠʣʶ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʧʫʩʪʳʥʥʳʭ ʨʘʡʦʥʘʭ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʧʨʠʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʦʣʛʦʩʨʦʯʥʳʡ ʵʬʬʝʢʪ, ʚʢʣʶʯʘʷ ʨʦʩʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʚʦʜʦʩʥʘʙʞʝʥʠʝ . ʇʨʠ ʵʪʦʤ ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʜʝʛʨʘʜʘʮʠʶ ʧʦʯʚ ʠ 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʉʪʨʘʥʳ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ ð ʉʘʫʜʦʚʩʢʘʷ ɸʨʘʚʠʷ, ʆɸʕ ʠ ʀʦʨʜʘʥʠʷ ð ʪʘʢʞʝ ʘʢʪʠʚʥʦ 

ʚʥʝʜʨʷʶʪ ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʠ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ. ɺ ʨʝʛʠʦʥʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʸʪ, ʘ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʦʩʪʘʸʪʩʷ ʦʩʥʦʚʥʳʤ 

ʧʦʪʨʝʙʠʪʝʣʝʤ ʦʯʠʱʝʥʥʳʭ ʩʪʦʢʦʚ . ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʠ ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʦʜʫ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʦʨʦʰʝʥʠʷ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʡ ʠʩʭʦʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ɺ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʝ 

ʤʝʤʙʨʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʧʨʠʨʦʜʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʦʦʯʠʩʪʢʠ. ʅʘʧʨʠʤʝʨ, ʚ ʂʠʧʨʝ ʠ ʄʘʣʴʪʝ ʜʦʣʷ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʜʦʩʪʠʛʘʝʪ 60ï90 %, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ . 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʸʭ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʘʭ: 

¶ ʨʘʟʚʠʪʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ ʧʦʚʪʦʨʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ; 

¶ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʯʠʩʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʟʘʩʫʰʣʠʚʳʭ ʨʝʛʠʦʥʘʭ. 

 

 6. ɸʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʤʝʤʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʩʣʦʚʠʡ ʂʘʟʘʭʩʪʘʥʘ 

 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʤʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʡ ʚʦʜʳ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ ʠ ʪʨʝʙʦʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʣʷ ʂʘʟʘʭʩʪʘʥʘ ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʩʘʥʠʪʘʨʥʦ-ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʂʘʟʘʭʩʪʘʥʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ. 

ʕʪʘʧ 1. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʡ ʚʦʜʳ 

ʆʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

¶ ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ (TDS); 

¶ ʞʸʩʪʢʦʩʪʴ; 

¶ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ɹʇʂ, ʍʇʂ); 
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¶ ʤʫʪʥʦʩʪʴ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʕʪʘʧ 2. ɺʳʙʦʨ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ 

ʇʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ: 

¶ ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʠ ð ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʤʫʪʥʦʩʪʠ; 

¶ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ð ʧʨʠ ʚʳʩʦʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʤʝʤʙʨʘʥʥʘʷ ʦʯʠʩʪʢʘ ʩʥʠʞʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʫʧʝʥʝʡ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʤʝʤʙʨʘʥ. 

ʕʪʘʧ 3. ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʩʥʠʞʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ 

ʚʦʜʳ 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ 

ʪʝʭʥʦʣʦʛʠʷ 
ʆʙʦʩʥʦʚʘʥʠʝ 

< 1000 ʤʛ/ʣ UF 
ɼʦʩʪʘʪʦʯʥʘʷ ʩʘʥʠʪʘʨʥʘʷ 

ʦʯʠʩʪʢʘ 

1000ï3000 ʤʛ/ʣ UF + NF 
ʉʥʠʞʝʥʠʝ ʞʸʩʪʢʦʩʪʠ ʠ 

ʩʦʣʝʡ 

3000ï5000 ʤʛ/ʣ UF + RO 
ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ 

> 5000 ʤʛ/ʣ RO (ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ) ɻʣʫʙʦʢʦʝ ʦʙʝʩʩʦʣʠʚʘʥʠʝ 

 

ʅʘʥʦʬʠʣʴʪʨʘʮʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʘʩʪʠʯʥʦʛʦ ʫʜʘʣʝʥʠʷ ʩʦʣʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʣʥʦʩʪʴʶ ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ. 

ʕʪʘʧ 4. ʋʯʸʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

¶ ʢʦʨʤʦʚʳʝ ʢʫʣʴʪʫʨʳ ð ʜʦʧʫʩʢʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ; 

¶ ʦʚʦʱʥʳʝ ʢʫʣʴʪʫʨʳ ð ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ; 

¶ ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ð ʪʨʝʙʫʝʪ ʥʠʟʢʦʡ ʤʫʪʥʦʩʪʠ ʚʦʜʳ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʢ 

ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʨʝʛʠʦʥʘ. 

 

7. ʇʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ 

 

ɺʥʝʜʨʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʂʘʟʘʭʩʪʘʥʝ ʩʚʷʟʘʥʦ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʣʠʙʦ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ 

ʚʦʜʦʸʤʳ, ʣʠʙʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦ. ʄʝʞʜʫ ʪʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʩʧʦʩʦʙʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʜʦʩʪʫʧʥʳʝ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ 

ʙʝʟ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʚʢʣʶʯʘʶʪ: 

ʉʦʟʜʘʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʦʯʠʩʪʥʳʭ ʩʪʘʥʮʠʡ 

ʈʘʟʤʝʱʝʥʠʝ ʫʩʪʘʥʦʚʦʢ ʚʙʣʠʟʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ (ɸʣʤʘʪʳ, ʐʳʤʢʝʥʪ, ʊʫʨʢʝʩʪʘʥ) ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʨʘʡʦʥʳ ʩʪʘʙʠʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʳ. 

ɺʥʝʜʨʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʭʝʤʦʡ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷʝʪʩʷ: ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ Ÿ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ Ÿ ʥʘʥʦʬʠʣʴʪʨʘʮʠʷ/ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ. 

ʊʘʢʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ) 

ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʶʞʥʳʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ, ʛʜʝ ʚʳʩʦʢʘʷ ʩʦʣʥʝʯʥʘʷ ʠʥʩʦʣʷʮʠʷ ʤʦʞʝʪ 

ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʤʝʤʙʨʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʈʘʟʚʠʪʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ 

ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʩ ʫʯʸʪʦʤ ʨʝʢʦʤʝʥʜʘʮʠʡ FAO ʧʦ ʙʝʟʦʧʘʩʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ . 

ʇʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʤʝʤʙʨʘʥʥʳʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʩ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʚʦʜʦʦʯʠʩʪʢʠ ʠ ʮʠʬʨʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ʜʣʷ ʦʨʦʰʝʥʠʷ, ʠ ʩʥʠʞʘʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʘʪʦʛʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠ ʠʟʙʳʪʦʯʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʷ ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʩʪʘʜʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʜʘʣʝʥʠʝ ʦʨʛʘʥʠʢʠ ʠ ʧʘʪʦʛʝʥʦʚ. 

ʅʘʥʦʬʠʣʴʪʨʘʮʠʷ ʠ ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʚ ʟʘʩʫʰʣʠʚʳʭ ʨʝʛʠʦʥʘʭ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ ʠ ʩʦʭʨʘʥʷʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʦʧʳʪ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ. ɼʣʷ ʂʘʟʘʭʩʪʘʥʘ ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʜʦʣʞʥʳ ʩʪʘʪʴ: ʚʥʝʜʨʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ; ʩʦʟʜʘʥʠʝ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʩʪʘʥʮʠʡ; ʨʘʟʨʘʙʦʪʢʘ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ; ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʤʝʤʙʨʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ, ʥʦ 

ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 
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ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘè, 

ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʘʨʘʛʘʥʜʘ 

 

 

ɸʥʥʦʪʘʮʠʷ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʦʩʘʜʦʢ ʬʫʥʜʘʤʝʥʪʦʚ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʜʪʦʧʣʝʥʠʷ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʨʠʯʠʥ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʝʞʠʤʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ. ʇʦʢʘʟʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʦʩʘʜʦʢ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʨʫʥʪʦʚ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ 

ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

Empirical Bayesian Kriging. ʆʙʦʩʥʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʢʩʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʛʨʫʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʪʦʧʣʝʥʠʝ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʦʩʘʜʢʘ ʬʫʥʜʘʤʝʥʪʦʚ, ʛʝʦʩʪʘʪʠʩʪʠʢʘ, 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, Kriging, GIS. 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ 

ʩʨʝʜʫ ʧʨʦʙʣʝʤʘ ʧʦʜʪʦʧʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʟʜʘʥʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ [1ï3]. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʘʨʫʰʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʜʨʝʥʘʞʘ, 

ʫʪʝʯʢʘʤʠ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʟʤʝʥʝʥʠʝʤ ʨʝʣʴʝʬʘ ʟʘʩʪʨʦʡʢʠ [2, 4]. 

ʇʦʜʪʦʧʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʩʥʦʚʘʥʠʷ ʟʜʘʥʠʡ, ʚʳʟʳʚʘʷ ʩʥʠʞʝʥʠʝ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʫʥʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʠ ʨʘʟʚʠʪʠʝ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʦʩʘʜʦʢ [15ï

17]. ʇʦ ʜʘʥʥʳʤ ʦʙʩʣʝʜʦʚʘʥʠʡ ʚ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʜʦ 40% ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʟʜʘʥʠʡ 

ʠʩʧʳʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ ʦʩʘʜʦʢ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ [1], ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʨʘʩʭʦʞʜʝʥʠʷʤ ʤʝʞʜʫ ʨʘʩʯʸʪʥʳʤʠ ʠ ʬʘʢʪʠʯʝʩʢʠʤʠ ʦʩʘʜʢʘʤʠ [5]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʛʝʦʩʪʘʪʠʩʪʠʢʠ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʠ ʧʦʚʳʰʘʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ [6, 9]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʘʜʦʢ ʬʫʥʜʘʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺʣʠʷʥʠʝ ʧʦʜʪʦʧʣʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ 

ʈʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʧʦʜʪʦʧʣʝʥʠʷ ʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʷʜʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʥʦʚʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʦ-
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ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʭʫʜʰʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ. 

ɺ [7] ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʟʘʤʘʯʠʚʘʥʠʠ ʚʦʜʦʡ ʚ ʛʨʫʥʪʘʭ 

ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ. ɺʦʜʦʥʘʩʳʱʝʥʠʝ ʛʨʫʥʪʦʚ ʚʩʝʭ ʚʠʜʦʚ ʩʪʨʫʢʪʫʨ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʜʘʞʝ ʥʝʦʙʨʘʪʠʤʳʭ ʮʝʤʝʥʪʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ 

ʧʨʦʯʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʚʦʜʳ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠʣʠ ʢʨʠʩʪʘʣʣʠʪʘʤʠ. 

ʏʝʤ ʚʳʰʝ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʪʝʤ ʩʠʣʴʥʝʝ ʚʳʨʘʞʝʥ ʵʪʦʪ ʵʬʬʝʢʪ. ʅʘʧʨʠʤʝʨ, ʫ 

ʤʘʩʩʠʚʥʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʛʨʫʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʟʘʤʘʯʠʚʘʥʠʠ ʚʦʜʦʡ ʧʘʜʘʝʪ ʥʘ 15é20%. ʕʪʦʪ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʦʙʨʘʪʠʤʳʤ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ 

ʚʳʩʳʭʘʥʠʷ ʠʩʭʦʜʥʘʷ ʧʨʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʦʜʦʥʘʩʳʱʝʥʠʠ 

ʛʨʫʥʪʦʚ ʚ ʥʠʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʙʨʘʪʠʤʳʭ ʷʚʣʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʠ 

ʜʨʫʛʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ɺʦʜʘ, ʧʨʦʥʠʢʘʷ ʚ ʛʨʫʥʪ, ʩʤʘʯʠʚʘʝʪ ʢʘʞʜʫʶ ʝʛʦ ʯʘʩʪʠʮʫ ʧʦ ʚʩʝʡ 

ʜʦʩʪʫʧʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʙʦʣʝʝ ʩʣʘʙʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʷʟʷʭ ʛʨʫʥʪʦʚ ʙʣʘʛʦʜʘʨʷ ʵʥʝʨʛʠʠ 

ʩʤʘʯʠʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʤʦʛʫʪ ʧʨʦʥʠʢʥʫʪʴ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʢʦʥʪʘʢʪʦʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʠ 

ʜʘʞʝ ʧʦ ʧʣʦʩʢʦʩʪʷʤ ʩʧʘʡʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʚ ʤʝʞʧʘʢʝʪʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʩʚʷʟʠ ʤʝʞʜʫ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ, ʭʨʫʧʢʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʫʥʪʦʚ ʢ 

ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʧʦʣʟʫʯʝʩʪʠ. ʇʦʵʪʦʤʫ ʚ ʜʠʩʧʝʨʩʥʳʭ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ 

ʧʦʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʚʦʜʦʡ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʦ. ʆʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʥʘʙʫʭʘʥʠʝʤ ʛʨʫʥʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʪʦʣʱʝʥʠʷ ʛʠʜʨʘʪʥʳʭ ʠ ʤʝʞʧʘʢʝʪʥʳʭ ʦʙʦʣʦʯʝʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʫ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʭ ʛʣʠʥ. ɼʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʳʟʳʚʘʝʪ ʥʘʙʫʭʘʥʠʝ ʠ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʵʪʠʭ ʛʨʫʥʪʦʚ. ʅʘʧʨʠʤʝʨ, 

ʧʦʩʣʝʣʝʜʥʠʢʦʚʳʝ ʛʣʠʥʳ ʤʘʣʦʡ ʩʪʝʧʝʥʠ ʫʧʣʦʪʥʝʥʠʷ ʠ ʣʠʪʠʬʠʢʘʮʠʠ ʧʨʠ ʢʘʧʠʣʣʷʨʥʦʤ 

ʩʤʘʯʠʚʘʥʠʠ ʥʝ ʥʘʙʫʭʘʶʪ, ʥʦ ʚʣʘʞʥʦʩʪʴ ʠʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 1é2%, ʘ ʧʨʦʯʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

1,6 ʨʘʟʘ. ʄʝʥʝʝ ʚʣʘʞʥʘʷ ʠ ʙʦʣʝʝ ʧʣʦʪʥʘʷ ʢʦʨʢʘ ʵʪʠʭ ʛʣʠʥ ʥʘʙʫʭʘʝʪ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʦʙʲʝʤʝ ʥʘ 

3é11%, ʚʣʘʞʥʦʩʪʴ ʝʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 4é5%, ʧʨʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʚ 2é4 ʨʘʟʘ. ʇʨʠ 

ʥʘʙʫʭʘʥʠʠ ʭʚʘʣʳʥʩʢʠʭ ʛʣʠʥ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʣʠʪʠʬʠʢʘʮʠʠ ʥʘ 9é10% ʚʣʘʞʥʦʩʪʴ ʠʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 6é8%, ʘ ʧʨʦʯʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 2é5 ʨʘʟ. ʃʝʩʩʦʚʳʝ ʛʨʫʥʪʳ ʧʨʠ 

ʢʘʧʠʣʣʷʨʥʦʤ ʥʘʩʳʱʝʥʠʠ ʚʦʜʦʡ ʥʘʙʫʭʘʶʪ ʥʘ 0,3é10%, ʧʨʠ ʵʪʦʤ ʚʣʘʞʥʦʩʪʴ ʠʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʥʘ 16é23%, ʘ ʧʨʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʚ 30é100 ʨʘʟ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʫʥʪʦʚ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʜʪʦʧʣʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʝʤʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʚʦʜʦʥʘʩʳʱʝʥʠʷ, ʥʦ ʠ ʦʙʚʦʜʥʝʥʠʷ. 

ʏʝʤ ʩʫʰʝ ʛʨʫʥʪ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʝʤ ʚʳʰʝ ʩʪʘʥʦʚʠʪʩʷ ʝʛʦ ʚʣʘʞʥʦʩʪʴ ʠ ʪʝʤ ʥʠʞʝ 

ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʧʦʜʪʦʧʣʝʥʠʠ. ʅʘʦʙʦʨʦʪ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʦʧʪʠʤʘʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʦʚ ʠʟʤʝʥʝʥʠʝ ʠʭ ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʚʦʜʥʝʥʠʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʦʞʠʜʘʝʤʦʛʦ ʝʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʟʘʩʪʨʘʠʚʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʮʝʩʩ ʧʦʜʪʦʧʣʝʥʠʷ ʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʚʳʟʚʘʥʥʳʡ 

ʪʝʭʥʦʛʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, 

ʠʟʤʝʥʝʥʠʶ ʠʭ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʨʝʥʥʳʤʠ 

ʧʦʩʪʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʠʝʤ 

ʥʦʚʳʭ ʥʝʛʘʪʠʚʥʳʭ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʨʠʩʫʥʢʘ 

1, ʧʨʦʮʝʩʩ ʧʦʜʪʦʧʣʝʥʠʷ ʛʨʫʥʪʦʚ ʧʦ ʵʬʬʝʢʪʫ ʩʚʦʝʛʦ ʚʣʠʷʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

ʧʦʩʪʛʝʥʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʩʦʠʟʤʝʨʠʤʦ ʩ ʜʝʡʩʪʚʠʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

[6] . 
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- ʧʦʜʪʦʧʣʝʥʠʝ 

- ʫʧʣʦʪʥʝʥʠʝ ʦʪ 

- ʥʘʛʨʫʟʢʠ ʠ ʜʨ. 

 

ʈʠʩʫʥʦʢ 1. ʈʦʣʴ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʧʨʠ 

ʧʦʜʪʦʧʣʝʥʠʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʩʦʩʪʘʚʘ, ʩʦʩʪʦʷʥʠʷ, ʩʪʨʫʢʪʫʨʳ ʠ 

ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʛʨʫʥʪʦʚʦʡ ʪʦʣʱʠ, ʘ ʪʘʢʞʝ ʦʪ ʧʨʠʨʦʜʳ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʦʙʚʦʜʥʝʥʥʳʭ ʛʨʫʥʪʘʭ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʨʫʥʪʦʚ ʩ ʪʝʭʥʦʛʝʥʥʳʤʠ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʣʦʞʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠʭ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʨʫʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʪʠʧʘ : 

ʘ) ʧʨʦʮʝʩʩʳ, ʚʳʟʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʦʚ; 

ʙ) ʧʨʦʮʝʩʩʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʘ ʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʷʟʝʡ; 

ʚ) ʧʨʦʮʝʩʩʳ, ʚʝʜʫʱʠʝ ʢ ʨʘʟʨʫʰʝʥʠʶ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʠʟʤʝʥʝʥʠʶ ʩʪʝʧʝʥʠ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʦʨʦʜ ʠ ʛʣʫʙʦʢʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠʭ ʩʪʨʫʢʪʫʨʳ. 

ʇʝʨʚʳʝ ʜʚʘ ʪʠʧʘ ʧʨʦʮʝʩʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʧʦʜʪʦʧʣʝʥʠʠ ʛʨʫʥʪʦʚ ʧʨʝʩʥʳʤʠ ʠ 

ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʚʦʜʘʤʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʘʩʪʨʦʝʥʥʳʭ ʛʦʨʦʜʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ. ʀʭ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʪʝʨʨʠʪʦʨʠʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʦʷʚʣʷʝʪʩʷ ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʦʮʝʩʩʳ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʚʦʟʥʠʢʘʶʪ ʚ ʛʨʫʥʪʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʠʣʠ ʪʝʭʥʦʛʝʥʥʳʭ (ʢʠʩʣʳʭ ʠ ʱʝʣʦʯʥʳʭ) ʚʦʜ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʘʩʪʨʦʝʥʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʠʣʠ ʫʩʣʦʚʠʡ ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʦʚ.  

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʳ [9-19], ʧʨʠ ʧʦʜʪʦʧʣʝʥʠʠ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ 

ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʚʦʜʘʤʠ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʙʣʠʟʦʢ ʩʦʩʪʘʚʫ ʠʭ ʧʦʨʦʚʳʭ ʚʦʜ, 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʚʣʘʞʥʦʩʪʠ ʠ ʢʦʥʩʠʩʪʝʥʮʠʠ ʛʨʫʥʪʦʚ, ʦʪʨʘʞʘʶʱʝʝʩʷ ʥʘ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ.  ɺʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʠ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʧʦʚʳʰʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʧʦʜʪʦʧʣʝʥʠʠ ʟʘʚʠʩʷʪ ʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʷʟʝʡ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʷʟʠ ʢʦʘʛʫʣʷʮʠʦʥʥʦʛʦ ʪʠʧʘ, 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʦʜʦʡ ʢʦʥʪʘʢʪʳ ʪʘʢʦʛʦ ʪʠʧʘ ʣʝʛʢʦ ʥʘʨʫʰʘʶʪʩʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʞʠʤʘʝʤʦʩʪʠ ʛʨʫʥʪʦʚ. ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ 

ʦʙʚʦʜʥʝʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ ʩ ʮʝʤʝʥʪʘʮʠʦʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʮʝʤʝʥʪʦʚ ʠ ʦʪ ʠʭ ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʜʣʠʪʝʣʴʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ ʠ ʠʭ ʬʠʣʴʪʨʘʮʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʪʦʧʣʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʭ ʠʩʭʦʜʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

˥͔͔͙ͤͫ͘ ˿͍ͦͫͭ͊ 

˿͔͙͔ͭͪͦͤ 

˿ͦͫͭͦΎ͙͔ͤ 

˽͎͔͔͙ͦͫͭͤͭ;͔͙͔ͫ͟ 

ͨͪͦͼ͔ͫͫ· 

ό͔ͭͻ͎͔ͤͦͤͤ·͔ύ 

˿͍͚͍ͦͫͭ͊ 
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ʧʦʚʳʰʝʥʠʝʤ ʠʭ ʜʠʩʧʝʨʩʥʦʩʪʠ. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʚʦʜʥʷʝʤʳʭ 

ʛʨʫʥʪʦʚ ʦʢʘʟʳʚʘʝʪ ʠʭ ʤʠʢʨʦʪʝʢʩʪʫʨʘ.  

 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʪʦʧʣʝʥʠʡ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʤʥʦʛʠʭ ʛʦʨʦʜʘʭ ʤʠʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʣʴʥʳʝ ʧʦʜʪʦʧʣʝʥʠʷ. ʀʭ 

ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʘ 

ʪʘʢʞʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʘʢʪʠʚʥʦʡ ʫʨʙʘʥʠʟʘʮʠʝʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʛʦʨʦʜʩʢʠʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʝʨʴʝʟʥʳʤ ʨʘʟʨʫʰʝʥʠʷʤ ʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʤʘʩʰʪʘʙʥʳʤʠ ʙʝʜʩʪʚʠʷʤʠ [1ï3].   

ʇʦʜʪʦʧʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ. ʆʥʠ ʩʪʘʚʷʪ ʧʦʜ ʦʧʘʩʥʦʩʪʴ ʞʠʟʥʴ ʠ ʟʜʦʨʦʚʴʝ 

ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʥʘʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʨʫʰʝʥʠʝ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʠ ʚʳʤʳʚʘʥʠʝ ʧʦʯʚʳ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʨʝʛʠʦʥʦʚ, ʛʜʝ ʥʘʩʝʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʟʝʤʣʝʜʝʣʠʷ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ [4ï6].   

ʇʦʩʣʝʜʩʪʚʠʷ ʧʦʜʪʦʧʣʝʥʠʡ ʟʘʪʨʘʛʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʣʶʜʝʡ ʠ ʠʭ ʠʤʫʱʝʩʪʚʦ. ʆʥʠ ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʨʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʚ ʥʠʟʤʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʥʘ 

ʨʘʚʥʠʥʘʭ ʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʛʜʝ ʠʟ-ʟʘ ʩʣʘʙʦʛʦ ʚʦʜʦʦʪʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʢʦʧʣʝʥʠʝ ʚʦʜʳ [6].   

ʅʝʨʝʜʢʦ ʧʦʜʪʦʧʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʠʝ 

ʩʪʨʘʥʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʝʨʴʝʟʥʳʤʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ [6]. ʇʦʠʩʢ 

ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚ 

ʧʦ ʚʩʝʤʫ ʤʠʨʫ [5]. 

ʇʨʠʯʠʥʳ ʧʦʜʪʦʧʣʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʩʪʘʣʠ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʠʭ 

ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ. ʆʥʠ ʚʳʜʝʣʠʣʠ ʨʷʜ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ.   

ʅʘʧʨʠʤʝʨ, Cong Xi  ʠ ʝʛʦ ʢʦʣʣʝʛʠ [1] ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʜʪʦʧʣʝʥʠʷ ʚ ʛʦʨʦʜʘʭ ʚʳʟʚʘʥʳ 

ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ, ʩʚʷʟʘʥʥʳʤ ʩ ʛʣʦʙʘʣʴʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ [3ï5-7]. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʠʥʬʠʣʴʪʨʘʮʠʠ ʦʩʘʜʢʦʚ, ʯʪʦ ʩʪʘʣʦ ʩʣʝʜʩʪʚʠʝʤ ʩʪʨʝʤʠʪʝʣʴʥʦʡ 

ʫʨʙʘʥʠʟʘʮʠʠ [3-8ï10]. ʋʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩʠʣʴʥʳʭ ʣʠʚʥʝʡ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʜʦʞʜʝʡ ʟʘ 

ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʪʘʢʞʝ ʫʩʫʛʫʙʣʷʝʪ ʩʠʪʫʘʮʠʶ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ 

ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ [4-5-8ï11], ʘ ʪʘʢʞʝ ʦʰʠʙʢʠ ʚ 

ʛʦʨʦʜʩʢʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʢʦʧʣʝʥʠʶ ʚʦʜʳ ʠ ʫʭʫʜʰʘʶʪ ʜʨʝʥʘʞ.   

ʉʦʛʣʘʩʥʦ ʤʥʝʥʠʶ Jifeng Lu ʠ ʝʛʦ ʢʦʣʣʝʛ [2], ʥʘ ʧʦʜʪʦʧʣʝʥʠʷ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʳʝ, 

ʥʦ ʠ ʩʦʮʠʘʣʴʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʧʦʩʣʝʜʩʪʚʠʷ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ [3-4], ʦʩʦʙʝʥʥʦʩʪʠ 

ʛʦʨʦʜʩʢʦʛʦ ʨʝʣʴʝʬʘ ʠ ʝʛʦ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʰʠʙʢʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʝʥʳʝ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 

ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ. ʂʘʯʝʩʪʚʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʠ ʵʢʩʪʨʝʥʥʦʡ ʧʦʤʦʱʠ ʪʘʢʞʝ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʠ ʩʤʷʛʯʝʥʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ. 

Boyu Jiang [3] ʚʳʜʝʣʠʣ ʜʚʘ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʜʪʦʧʣʝʥʠʷ: 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʆʙʘ ʵʪʠ ʬʘʢʪʦʨʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ [11].   

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ Shaoli Wang ʠ Junzeng Xu [4], ʢʣʶʯʝʚʳʤʠ ʧʨʠʯʠʥʘʤʠ 

ʧʦʜʪʦʧʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʥʘʷ ʫʷʟʚʠʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʡʦʥʦʚ. ɺʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʣʘʶʪ ʵʪʠ ʪʝʨʨʠʪʦʨʠʠ ʦʩʦʙʝʥʥʦ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʟʘʪʦʧʣʝʥʠʷʤ.   

Atanu Patra ʠ ʝʛʦ ʢʦʣʣʝʛʠ [5] ʩʯʠʪʘʶʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʜʪʦʧʣʝʥʠʷ 

ʦʢʘʟʳʚʘʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʠʥʪʝʥʩʠʚʥʳʝ ʦʩʘʜʢʠ [11], ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ [11] ʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʳ.   

Minuļer Mesaroġ ʠ ʜʨ. [6] ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʜʪʦʧʣʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʩʢʦʧʣʝʥʠʝ ʠʟʙʳʪʦʯʥʦʡ ʚʦʜʳ. ʆʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʯʝʪʘʥʠʝʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 
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ʠʟʤʝʥʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʨʷʜʦʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ.   

Md. Abdul Awal ʠ A.F.M. Tariqul Islam [7] ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʦʙʣʝʤʫ ʧʦʜʪʦʧʣʝʥʠʡ ʢʘʢ 

ʢʦʤʧʣʝʢʩʥʫʶ. ʇʦ ʠʭ ʤʥʝʥʠʶ, ʥʘ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʣʠʷʶʪ ʢʘʢ ʧʨʠʨʦʜʥʳʝ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʬʘʢʪʦʨʳ [11].   

Qiushi Xu ʠ Ping Chen [8] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ 

ʧʦʜʪʦʧʣʝʥʠʡ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʜʨʝʥʘʞʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ 

ʦʪʚʦʜʫ ʚʦʜʳ.   

Yun-Fang Ning ʠ ʝʛʦ ʢʦʣʣʝʛʠ [9] ʩʚʷʟʳʚʘʶʪ ʧʨʦʙʣʝʤʫ ʧʦʜʪʦʧʣʝʥʠʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʣʦʱʘʜʠ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʛʦʨʦʜʘʭ, ʘ ʪʘʢʞʝ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʪʝʨʨʠʪʦʨʠʡ.    

E. Pacheco ʠ A. Finotti [10] ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʪʦʱʝʥʠʝ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʦʪʩʫʪʩʪʚʠʝ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʫʩʫʛʫʙʣʷʶʪ ʩʠʪʫʘʮʠʶ ʩ ʧʦʜʪʦʧʣʝʥʠʷʤʠ.   

M. Banik ʠ ʝʛʦ ʢʦʤʘʥʜʘ [11] ʚʳʜʝʣʷʶʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʘ: ʛʣʠʥʠʩʪʫʶ ʧʦʯʚʫ, ʦʰʠʙʢʠ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʚʦʛʥʫʪʳʡ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʩʢʦʧʣʝʥʠʶ 

ʚʦʜʳ.   

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 10 ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦʜʪʦʧʣʝʥʠʡ 

ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ (ʈʠʩʫʥʦʢ 2.1). ʕʪʠ ʬʘʢʪʦʨʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʤʠʥʘʶʪʩʷ ʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʪʦʧʣʝʥʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʧʦʜʪʦʧʣʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ [1ï11] 

 

ʂʨʫʛ ʩʚʷʟʠ (ʈʠʩʫʥʦʢ 2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʴ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʧʨʠʯʠʥʘʤʠ 

ʧʦʜʪʦʧʣʝʥʠʡ. ʈʘʟʤʝʨ ʦʢʨʫʞʥʦʩʪʝʡ ʚ ʥʝʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʘʩʪʦʪʫ ʫʧʦʤʠʥʘʥʠʷ ʢʘʞʜʦʡ ʧʨʠʯʠʥʳ ʚ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʘ ʥʝʙʦʣʴʰʠʝ ʢʨʫʞʢʠ ʩ ʮʠʬʨʘʤʠ ([1]ï[11]) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʩʳʣʢʘʤ ʥʘ 

ʠʩʪʦʯʥʠʢʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʤʠʥʘʝʤʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʥʝʘʜʝʢʚʘʪʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ (8), ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʩʘʤʦʤ ʙʦʣʴʰʦʤ ʢʨʫʛʝ.   

ɸʥʘʣʠʟ ʚʳʷʚʣʝʥʥʳʭ ʧʨʠʯʠʥ ʧʦʜʪʦʧʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʠʭ ʧʨʠʨʦʜʫ, 

ʥʦ ʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʨ ʧʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʚ 
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ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʪʦʧʣʝʥʠʷʤʠ.   

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʦʠʩʢʝ ʧʫʪʝʡ ʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ɽʛʦ ʮʝʣʴ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʨʦʚʥʝʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʠʟʫʯʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚʳʷʚʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

 

ʄʝʪʦʜʠʢʘ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʆʩʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʫʥʪʘʭ ʷʚʣʷʝʪʩʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʦʪʯʝʪ, ʩʦʜʝʨʞʘʱʠʡ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʳʪʘʥʠʝʤ ʦʙʨʘʟʮʦʚ 

[11]. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʠ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ. ɼʣʷ 

ʟʘʙʦʨʘ ʠʩʧʳʪʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʙʫʨʷʪ ʩʢʚʘʞʠʥʳ ʥʘ ʟʘʜʘʥʥʳʭ ʫʯʘʩʪʢʘʭ (ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʛʣʫʙʠʥʝ) 

ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ [12]. ɿʘʙʦʨ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʜʣʷ ʦʩʦʙʝʥʥʦ ʙʶʜʞʝʪʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ. ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʤʦʥʦʣʠʪʦʚ ʭʘʨʘʢʪʝʨʥʳ ʪʦʣʴʢʦ ʜʣʷ ʤʝʩʪʘ 

ʦʪʙʦʨʘ [13]. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʘʥʥʳʭ ʚ ʥʝʠʟʚʝʩʪʥʳʭ ʣʦʢʘʮʠʷʭ ʤʝʞʜʫ ʙʫʨʦʚʳʤʠ 

ʩʢʚʘʞʠʥʘʤʠ, [12] ʛʝʦʪʝʭʥʠʢʠ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʧʨʠʙʝʛʘʶʪ ʢ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʥʦʨʤʘʪʠʚʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʦʚ ʫʢʘʟʘʥʳ ʜʣʷ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [14]. ʍʦʪʷ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ, ʠ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʣʦʢʘʮʠʷʭ ʤʦʛʫʪ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʥʠʪʴʩʷ, ʢʦʪʦʨʳʝ ʧʦʨʦʡ ʜʘʞʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʜʝʞʥʦʩʪʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ [15]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ Golden Software, Seequent, Rocscience ʠ Plaxis [16]. ʆʥʠ 

ʦʩʥʦʚʘʥʳ ʥʘ 2D ʠʣʠ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʨʘʩʯʝʪʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʠʩʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ [17]. ʆʙʲʝʤ ʚʚʦʜʠʤʳʭ 

ʜʘʥʥʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʝʛʦ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ [18] 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʦʣʝʝ ʧʦʣʥʦʡ ʢʘʨʪʠʥʝ 

ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚ ʠ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢ ʢʘʢ ʫʯʘʩʪʠʣʠʩʴ ʘʚʘʨʠʠ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʘʜʢʘʤʠ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʧʦʜʪʦʧʣʝʥʠʝʤ ʦʩʥʦʚʘʥʠʷ [10][19]. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʩʢʨʳʪʠʶ ʧʦʪʝʥʮʠʘʣʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʨʫʥʪʦʚ [11]. ʇʦʩʣʝʜʥʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ. ʉʦʟʜʘʶʪʩʷ ʧʦʯʚʝʥʥʳʝ ʢʘʨʪʳ ʠ 

ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ) [12]. ʄʦʜʝʣʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʝʜʠʥʠʮ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʘʨʪʦʛʨʘʬʠʨʫʝʤʘʷ ʧʦʯʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʜʥʦʨʦʜʥʘ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʦʥʠʨʦʚʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ 

ʪʦʣʴʢʦ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʦʥʳ, ʯʪʦ ʥʝʩʦʚʩʝʤ ʩʭʦʞʝ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʦʡ ʟʘʣʝʛʘʥʠʷ [13]. ʊʘʢ ʢʘʢ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʦʚ ʠʤʝʶʪ ʢʦʥʪʠʥʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʠ ʭʦʪʴ ʠ ʧʣʘʚʥʦ, ʥʦ ʤʝʥʷʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ [14]. ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢ ʝʩʪʝcʪʚʝʥʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʪʘʢʠʝ ʢʘʢ Kriging, Inverse Distance 

Weighting (IDW), Spline, ʠ ʜʨ. [45,46]. ʅʘʧʨʠʤʝʨ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [17] ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʢʘʨʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ. ɻʀʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʂʨʠʛʠʥʛʘ ʪʘʢ ʞʝ 

ʠʟʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʘʨʪʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʫʯʘʩʪʢʘ, ʦʪʨʘʞʘʶʱʠʭ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ [18ï19]. ʉʦʟʜʘʥʳ ʪʝʤʘʪʠʯʝʩʢʠʝ 

ʢʘʨʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ IDW ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʨʫʥʪʦʚ [11]. ʀʩʩʣʝʜʦʚʘʥʠʝ [12] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʦʜʳ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʂʨʠʛʠʥʛ ʠ IDW ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʶʪ ʙʦʣʝʝ ʪʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʯʝʤ ʚ ʩʣʦʞʥʦʤ ʨʝʣʴʝʬʝ. ɸʚʪʦʨʳ [13] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ Topo to Raster ʚ ʮʝʣʦʤ ʙʣʘʛʦʧʨʠʷʪʥʳ, ʭʦʪʷ ʟʥʘʯʝʥʠʷ ʚʙʣʠʟʠ ʪʦʯʝʢ ʤʦʛʫʪ ʙʳʪʴ ʥʝʤʥʦʛʦ 
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ʟʘʚʳʰʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ Spline ʚ ArcGIS. ɺ [14] ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʮʝʥʠʚʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ ʢʘʢ IDW, Kriging, Topo to Raster, Natural Neighbor (NN) ʠ 

Spline ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ɻʀʉ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʪʦʜ IDW ʣʫʯʰʝ ʨʘʙʦʪʘʝʪ ʥʘ ʧʣʦʩʢʠʭ ʠ ʩʣʘʙʦʥʘʢʣʦʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ NN 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʢʨʫʪʳʭ ʩʢʣʦʥʘʭ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʠʤʝʨʳ ʨʘʩʢʨʳʚʘʶʪ ʧʦʪʝʥʮʠʘʣ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ, ʦʜʥʘʢʦ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʰʴ 2D. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʥʘ ʢʘʞʜʫʶ ʟʘʜʘʥʥʫʶ ʛʣʫʙʠʥʫ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 2D ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [15ï18], 

ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʢʦʥʪʠʥʫʘʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦ ʚʳʩʦʪʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ 

ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ 3D ʠʥʪʝʨʧʦʣʷʮʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʨʠʤʠʪʠʚʦʚ, ʥʘʧʨʠʤʝʨ ɺʦʢʩʝʣʝʡ [19]. ʆʜʥʘʢʦ ʚʚʦʜ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ ʚ 

ʚʦʢʩʝʣʴʥʳʝ ʩʣʦʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʣʠʰʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʪʘʢ ʤʥʦʛʦ. ʊʘʢ, 

[11] ʩʦʟʜʘʣʠ ʘʣʛʦʨʠʪʤ ʨʝʛʫʣʷʨʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚʦʢʩʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʩʣʦʠʩʪʳʭ ʜʘʥʥʳʭ 

ʠʥʪʝʨʧʦʣʷʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [12] ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʠʩʧʦʣʴʟʫʶʱʘʷ BIM ʠ ɻʀʉ ʜʣʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʚʢʣʶʯʘʶʱʘʷ ʚʘʞʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ, ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ 

ʧʨʠʤʝʥʷʶʱʘʷ ʛʨʘʥʠʯʥʦʝ ʠ ʚʦʢʩʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ.  

ɺ [13] ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʦʜʭʦʜʦʤ ʧʣʘʩʪʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʧʦʜʭʦʜʦʤ ʚʦʢʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʝʪʢʝ ʦʙʲʝʤʥʳʭ ʧʠʢʩʝʣʝʡ, ʜʣʷ ʦʮʝʥʢʠ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʛʥʦʟʳ ʤʦʜʝʣʝʡ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɸʚʪʦʨʘʤʠ [14] ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ 

ʪʨʝʭʤʝʨʥʦʛʦ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʙʫʨʦʚʳʭ 

ʩʢʚʘʞʠʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ ʙʦʣʴʰʝʧʨʦʣʝʪʥʳʭ ʤʦʩʪʦʚ ʧʫʪʝʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʛʠʦʥʘʭ. ɺ [15] 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʚʦʢʩʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ Natural Neighbor ʧʨʠ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʩʢʚʘʞʠʥʥʳʭ ʢʘʨʦʪʘʞʝʡ. ʄʝʪʦʜ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʚʦʢʩʝʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʚʫʤʝʨʥʳʭ ʩʝʪʦʯʥʳʭ 

ʜʘʥʥʳʭ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʫʣʫʯʰʘʝʪ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʦʙʣʝʛʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʦʪʘʞʘ 

ʦʪʢʨʳʪʳʭ ʩʢʚʘʞʠʥ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ, ʩʧʦʩʦʙʩʪʚʫʷ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ ʛʦʨʦʜʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦʮʝʥʢʝ ʨʠʩʢʘ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ. 

ɺ [16] ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʰʠʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʦʩʥʦʚʝ ʦʢʪʦʜʝʨʝʚʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʜʘʥʥʳʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʦʙʠʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ (MLS). ʕʪʦʪ ʧʦʜʭʦʜ 

ʚʢʣʶʯʘʝʪ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʦʢʪʦʜʝʨʝʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʥʪʝʛʨʘʮʠʶ ʠ ʩʚʷʟʳʚʘʥʠʝ 

ʜʘʥʥʳʭ ʥʘ ʫʨʦʚʥʝ ʚʦʢʩʝʣʝʡ, ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʛʝʦʪʝʭʥʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ. 

ʂʘʞʜʳʡ ʤʝʪʦʜ ʚʦʢʩʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʝʪ ʩʚʦʠ ʩʠʣʴʥʳʝ 

ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

ʧʨʠʤʝʥʝʥʠʷ. ɺʦʢʩʝʣʴʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʛʫʣʷʨʥʳʭ ʙʣʦʢʘʭ [11], ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ 

ʥʝʨʦʚʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʘʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ, ʫʩʣʦʞʥʷʷ ʪʦʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʣʘʩʪʦʚʘʥʠʷ 

ʩʣʦʝʚ, ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʛʦ ʩʣʦʷ ʚ ʜʨʫʛʦʡ. ɺ [14] ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʪʨʝʭʤʝʨʥʦʛʦ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʤʦʞʝʪ ʥʝ 

ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʮʠʠ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʸ ʪʦʯʥʦʩʪʴ ʠ 

ʥʘʜʸʞʥʦʩʪʴ ʚ ʜʨʫʛʠʭ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʝʢʪʘʭ. ɺ [12] ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʢʘʯʝʩʪʚʘ, ʯʪʦ 

ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʠ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ [13] ʦʛʨʘʥʠʯʠʣʦʩʴ ʘʥʘʣʠʟʦʤ 
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ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʡ ʦʮʝʥʢʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʜʟʝʤʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʥʪʝʨʧʦʣʷʮʠʠ Natural 

Neighbor [17], ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʚ ʫʯʝʪʝ ʩʣʦʞʥʳʭ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ, ʯʪʦ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʠʥʪʝʨʧʦʣʷʮʠʠ Natural Neighbor ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ MLS ʥʘ ʦʩʥʦʚʝ ʦʢʪʦʜʝʨʝʚʘ [16] 

ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʣʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, 

ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʚʳʭʦʜʥʳʭ ʬʘʡʣʦʚ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [10-12], ʚʦʢʩʝʣʴʥʦʝ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʢʘʨʪʠʥʫ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ ʪʠʧʘ ʠ 

ʛʘʙʘʨʠʪʦʚ ʬʫʥʜʘʤʝʥʪʘ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʝʱʝ 

ʥʝʤʥʦʛʦ, ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʰʴ ʚ ʧʦʩʣʝʜʥʶʶ ʜʝʢʘʜʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʠʟʫʯʝʥʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʧʨʠʤʝʨʳ ʧʨʝʜʣʘʛʘʶʪ ʩʣʦʞʥʳʝ ʤʦʜʝʣʠ, ʪʨʝʙʫʶʱʠʝ ʜʣʷ 

ʟʘʧʫʩʢʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʪʨʫʜʦʝʤʢʠʤ, ʘ ʩʘʤʫ ʵʢʟʝʢʫʮʠʶ ï ʪʨʝʙʫʶʱʝʡ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʦʱʥʦʩʪʝʡ (ʩʝʨʚʝʨʳ, ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʳ) ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʡ ʤʝʪʦʜ ʛʝʦʩʪʘʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ çEmpirical Bayesian 

Kriging (EBK)è, ʧʨʝʜʣʦʞʝʥʥʳʡ [13], ʘ ʠʤʝʥʥʦ ʝʛʦ 3D ʚʝʨʩʠʶ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʚ ʧʨʦʜʫʢʪʳ Esri 

[14]. ʉʦʛʣʘʩʥʦ [13], EBK 3D ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʧʨʝʨʳʚʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʧʦ ʜʠʩʢʨʝʪʥʳʤ ʪʦʯʢʘʤ ʜʘʥʥʳʭ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʧʨʦʙʠʨʦʚʘʥʠʝ 

workflow ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ 

ʠʥʪʝʨʧʦʣʷʮʠʝʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ ʛʝʦʦʙʨʘʙʦʪʢʠ EBK 3D.  

ʆʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ workflow ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʜʦʣʝʥʠʠ ʦʪʩʫʪʩʪʚʠʷ ʠʩʭʦʜʥʳʭ 

ʩʢʚʘʞʠʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ 

ʜʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ ʛʨʫʥʪʦʚʳʤʠ ʩʣʦʷʤʠ (ʧʨʠ ʥʘʣʠʯʠʠ ʥʘʧʣʘʩʪʦʚʘʥʠʡ) 

ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʤʝʶʱʠʝʩʷ ʜʠʩʢʨʝʪʥʳʝ ʩʢʚʘʞʠʥʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʚ ʟʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʣʷʪʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʨʫʥʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʚʦʢʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ɻʀʉ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚʳʯʠʩʣʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʘ ʙʳʩʪʨʦ ʠ ʩ 

ʤʝʥʴʰʠʤʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ: 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ; 

ʚʳʷʚʠʪʴ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʧʦʜʪʦʧʣʝʥʠʷ; 

ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʦʩʘʜʢʠ ʬʫʥʜʘʤʝʥʪʦʚ; 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʛʨʫʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘ ʩʣʦʞʥʳʭ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʛʨʫʥʪʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʚ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʪʝʭʥʠʢʝ. 
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ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ 

 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʨʦʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚʥʝʜʨʝʥʠʷ ERP-, WMS-, TMS-, CRM-, BI-ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʠʡ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʠ ʘʥʘʣʠʪʠʢʠ ʜʘʥʥʳʭ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʝʨʝʚʦʟʢʘʤʠ, ʩʢʣʘʜʠʨʦʚʘʥʠʝʤ, ʩʝʨʚʠʩʦʤ ʠ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘ ʚʢʣʶʯʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ, ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʧʨʦʮʝʩʩʥʳʡ ʘʥʘʣʠʟ ʠ ʨʘʟʨʘʙʦʪʢʫ ʘʚʪʦʨʩʢʦʡ ʤʦʜʝʣʠ ʦʮʝʥʢʠ 

ʫʨʦʚʥʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʚ 

ʣʦʛʠʩʪʠʢʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʜʦʣʠ ʨʫʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʧʦʚʳʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ ʮʝʧʝʡ 

ʧʦʩʪʘʚʦʢ, ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʟʦʚ, ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ 

ʨʦʩʪʫ ʢʣʠʝʥʪʩʢʦʛʦ ʩʝʨʚʠʩʘ. ʇʨʝʜʣʦʞʝʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʠʥʜʝʢʩ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʩʮʝʥʘʨʥʳʡ 

ʧʨʠʤʝʨ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʜʣʷ ʪʠʧʦʚʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ ʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ 

ʢʦʤʧʘʥʠʡ. 

ABSTRACT  

The article examines the role of information technologies in the digitalization of the business 

processes of a logistics company. The purpose of the study is to substantiate the organizational and 

economic effects of implementing ERP, WMS, TMS, CRM, BI systems, electronic document 

management, Internet of Things technologies, robotic process automation and data analytics in 

transportation, warehousing, customer service and document flow management. The methodology 

combines comparative literature analysis, a systems approach, process analysis and the development of 

an integral digitalization index. The findings show that digitalization reduces manual operations, 

increases supply chain visibility, shortens order processing time, improves routing quality and 

strengthens customer service. A scenario-based example for a typical logistics company is proposed. 

The practical significance lies in the possibility of using the proposed model when designing digital 

transformation programmes for logistics operators and freight forwarding companies. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʛʠʩʪʠʢʘ, ʮʠʬʨʦʚʠʟʘʮʠʷ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ERP, WMS, TMS, BI, ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʘʥʘʣʠʪʠʢʘ ʜʘʥʥʳʭ, IoT, RPA. 
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ʉʦʚʨʝʤʝʥʥʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʩʧʨʦʩʘ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʫʞʝʩʪʦʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʢʦʨʦʩʪʠ 

ʜʦʩʪʘʚʢʠ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʝʨʝʩʪʘʸʪ 

ʙʳʪʴ ʣʦʢʘʣʴʥʦʡ ʀʊ-ʠʥʠʮʠʘʪʠʚʦʡ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʘʟʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʩʪʨʦʡʢʠ 

ʘʨʭʠʪʝʢʪʫʨʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʢʚʦʟʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʦʪ 

ʧʨʠʸʤʘ ʟʘʷʚʢʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʘ ʜʦ ʠʩʧʦʣʥʝʥʠʷ ʧʝʨʝʚʦʟʢʠ, ʩʢʣʘʜʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʨʘʩʯʸʪʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʧʦʩʪʧʨʦʜʘʞʥʦʛʦ ʩʝʨʚʠʩʘ [1ï4]. 

ʅʘʫʯʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ ʩʚʷʟʘʥʘ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ Industry 4.0 ʠ ʧʝʨʝʭʦʜʦʤ ʢ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʙʣʦʢʯʝʡʥ, ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʝʜʠʢʪʠʚʥʫʶ ʘʥʘʣʠʪʠʢʫ ʠ 

ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʨʝʰʝʥʠʷ [1]. ʇʨʠ ʵʪʦʤ ʚ ʣʦʛʠʩʪʠʢʝ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʘʶʪ ʥʝ ʢʘʢ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʢʘʢ ʝʜʠʥʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʥʪʫʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʤʝʞʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʠ ʧʦʜʜʝʨʞʢʫ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [2; 5]. 

ʆʪʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʥʠʞʘʪʴ 

ʪʨʘʥʟʘʢʮʠʦʥʥʳʝ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʠʟʜʝʨʞʢʠ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

(RPA), ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʦʧʝʨʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʙʦʪʢʦʡ ʟʘʷʚʦʢ, ʚʥʝʩʝʥʠʝʤ ʜʘʥʥʳʭ, ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʢʦʥʪʨʦʣʝʤ ʠʩʧʦʣʥʝʥʠʷ. ʇʦ ʦʮʝʥʢʝ Hartley ʠ Sawaya, ʠʤʝʥʥʦ RPA, AI/ML ʠ 

blockchain ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʥʳʭ ʢʘʯʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ [2]. 

ɼʣʷ ʂʘʟʘʭʩʪʘʥʘ ʠʩʩʣʝʜʫʝʤʘʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʚʷʟʠ 

ʩ ʟʘʜʘʯʘʤʠ ʨʘʟʚʠʪʠʷ ʪʨʘʥʟʠʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʨʘʩʰʠʨʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʨʠʜʦʨʦʚ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʦ ʜʘʥʥʳʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ, ʢ ʢʦʥʮʫ 2025 ʛʦʜʘ ʦʙʲʸʤ ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʜʦʩʪʠʛ 36,9 ʤʣʥ ʪʦʥʥ, ʘ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʚʪʦʧʝʨʝʚʦʟʢʘʭ 65% ʠʥʦʩʪʨʘʥʥʳʭ ʨʘʟʨʝʰʠʪʝʣʴʥʳʭ ʙʣʘʥʢʦʚ ʫʞʝ ʧʝʨʝʚʝʜʝʥʳ ʚ 

ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ [6]. OECD ʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʠʥʩʪʠʪʫʪʳ ʨʘʟʚʠʪʠʷ ʪʘʢʞʝ ʧʦʜʯʸʨʢʠʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʜʚʠʞʝʥʠʷ paperless trade, ʨʘʟʚʠʪʠʷ çʝʜʠʥʦʛʦ ʦʢʥʘè ʠ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʦʨʛʦʚʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʜʫʨ [7]. 

ʎʝʣʴ ʩʪʘʪʴʠ ʩʦʩʪʦʠʪ ʚ ʚʳʷʚʣʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʘ ʮʠʬʨʦʚʠʟʘʮʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʢʣʘʜʥʦʡ 

ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʩʠʩʪʝʤʘʪʠʟʠʨʫʶʪʩʷ ʢʣʶʯʝʚʳʝ ʀʊ-

ʠʥʩʪʨʫʤʝʥʪʳ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʦʛʠʩʪʠʢʠ; ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ; ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʠʥʜʝʢʩ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʩʮʝʥʘʨʥʘʷ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʘ ʜʣʷ ʪʠʧʦʚʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʠ ʨʘʙʦʪʳ ʧʦ ʮʠʬʨʦʚʠʟʘʮʠʠ ʮʝʧʝʡ 

ʧʦʩʪʘʚʦʢ, Logistics 4.0, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʚ ʣʦʛʠʩʪʠʢʝ ʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ [1; 3; 5; 8; 9]. ʀʩʧʦʣʴʟʦʚʘʥ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʢʦʤʧʘʥʠʶ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ð ʟʘʢʫʧʢʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ, ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʚʦʟʢʘʤʠ, ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʢʣʠʝʥʪʩʢʦʛʦ 
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ʩʝʨʚʠʩʘ, ʢʦʥʪʨʦʣʷ ʟʘʪʨʘʪ ʠ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ 

ʧʨʠʤʝʥʝʥʳ: ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ; ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ; ʧʨʦʮʝʩʩʥʳʡ ʘʥʘʣʠʟ; ʤʝʪʦʜ ʵʢʩʧʝʨʪʥʦʛʦ ʦʙʦʙʱʝʥʠʷ; ʘ ʪʘʢʞʝ ʩʮʝʥʘʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ, 

ʧʨʝʜʤʝʪʦʤ ð ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʚʥʝʜʨʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʜ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʤ ʚ ʨʘʤʢʘʭ ʩʪʘʪʴʠ ʧʦʥʠʤʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʩʦʟʜʘʶʱʘʷ ʮʝʥʥʦʩʪʴ ʜʣʷ ʢʣʠʝʥʪʘ ʠ ʢʦʤʧʘʥʠʠ ʟʘ ʩʯʸʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʷʚʦʢ, ʛʨʫʟʦʧʦʪʦʢʦʚ, ʜʦʢʫʤʝʥʪʦʚ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʧʨʠʢʣʘʜʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʠʥʜʝʢʩ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ: 

Iʮʙʧ = 0,25Kʟʘʢʘʟ + 0,20Kʤʘʨʰ + 0,20Kʩʢʣʘʜ + 0,20Kʜʦʢ + 0,15Kʩʝʨʚʠʩ 

ʛʜʝ Kʟʘʢʘʟ ð ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʟʦʚ; Kʤʘʨʰ ð ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʤʘʨʰʨʫʪʦʚ; Kʩʢʣʘʜ ð ʮʠʬʨʦʚʠʟʘʮʠʷ ʩʢʣʘʜʩʢʠʭ ʦʧʝʨʘʮʠʡ; Kʜʦʢ ð 

ʮʠʬʨʦʚʠʟʘʮʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʨʘʩʯʸʪʦʚ; Kʩʝʨʚʠʩ ð ʮʠʬʨʦʚʠʟʘʮʠʷ ʢʣʠʝʥʪʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʦʨʤʠʨʫʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1. ʏʝʤ ʙʣʠʞʝ 

ʠʪʦʛʦʚʳʡ ʠʥʜʝʢʩ ʢ 1, ʪʝʤ ʚʳʰʝ ʟʨʝʣʦʩʪʴ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʘʥʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤ ʢʦʥʪʫʨʘʤ. ʇʝʨʚʳʡ ʢʦʥʪʫʨ ʦʙʨʘʟʫʶʪ 

ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʪʨʘʥʟʘʢʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ð ERP, TMS, WMS ʠ CRM. ERP ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʠʥʘʥʩʦʚʦ-ʨʝʩʫʨʩʥʫʶ ʦʩʥʦʚʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʳʚʘʝʪ ʜʘʥʥʳʝ ʧʦ ʟʘʢʫʧʢʘʤ, ʟʘʪʨʘʪʘʤ, ʜʦʛʦʚʦʨʘʤ 

ʠ ʨʘʩʯʸʪʘʤ. TMS ʢʦʦʨʜʠʥʠʨʫʝʪ ʧʝʨʝʚʦʟʢʠ, ʧʦʤʦʛʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪʥʳʝ ʟʘʜʘʥʠʷ, 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʝʡʩʳ ʠ ʦʮʝʥʠʚʘʪʴ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. WMS ʫʧʨʘʚʣʷʝʪ ʩʢʣʘʜʩʢʠʤʠ 

ʘʜʨʝʩʘʤʠ, ʧʨʠʸʤʢʦʡ, ʨʘʟʤʝʱʝʥʠʝʤ, ʦʪʙʦʨʦʤ ʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʝʡ. CRM ʦʙʲʝʜʠʥʷʝʪ ʧʨʦʮʝʩʩʳ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʢʣʠʝʥʪʦʤ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʝʨʚʠʩʘ. ɺʪʦʨʦʡ ʢʦʥʪʫʨ ʩʦʩʪʘʚʣʷʶʪ ʪʝʭʥʦʣʦʛʠʠ 

ʩʢʚʦʟʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʠʥʪʝʛʨʘʮʠʠ: BI-ʧʣʘʪʬʦʨʤʳ, EDI, ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, API-

ʠʥʪʝʛʨʘʮʠʠ ʩ ʢʣʠʝʥʪʘʤʠ ʠ ʧʝʨʝʚʦʟʯʠʢʘʤʠ. ʊʨʝʪʠʡ ʢʦʥʪʫʨ ð ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʩʝʥʩʦʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ: IoT, ʪʝʣʝʤʘʪʠʢʘ, AI/ML, RPA ʠ ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ [2; 5; 8; 10]. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ Logistics 4.0, ʵʬʬʝʢʪ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʥʝ 

ʩʪʦʣʴʢʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʢʦʣʴʢʦ ʟʘ ʩʯʸʪ ʩʦʟʜʘʚʘʝʤʳʭ ʠʤʠ 

çʚʦʟʤʦʞʥʦʩʪʝʡè ʜʣʷ ʧʨʦʮʝʩʩʦʚ: ʧʨʦʟʨʘʯʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [5]. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʙʠʟʥʝʩ-ʨʝʟʫʣʴʪʘʪ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʘ ʩʪʳʢʝ ʜʘʥʥʳʭ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʣʦʛʠʢʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʙʝʟ ʧʝʨʝʩʤʦʪʨʘ ʨʝʛʣʘʤʝʥʪʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʯʘʩʪʦ ʥʝ ʜʘʸʪ 

ʦʞʠʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʷʪʴ 

ʢʣʶʯʝʚʳʭ ʛʨʫʧʧ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. ɺʦ-ʧʝʨʚʳʭ, ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʟʦʚ ʩʥʠʞʘʝʪ ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʷʚʢʠ, ʯʠʩʣʦ ʦʰʠʙʦʢ ʚʚʦʜʘ ʠ ʧʦʪʝʨʠ 

ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʦʪʜʝʣʘʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʙʣʦʢʘ ʫʣʫʯʰʘʝʪ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʦʚ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷʤʠ. ɺ-ʪʨʝʪʴʠʭ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʩʢʣʘʜʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʢʨʘʱʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʠ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʫʯʸʪʘ. ɺ-ʯʝʪʚʸʨʪʳʭ, 

ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʫʤʝʥʴʰʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʡ ʠ ʫʩʢʦʨʷʝʪ ʨʘʩʯʸʪʳ. ɺ-

ʧʷʪʳʭ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʢʣʠʝʥʪʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʧʦʚʳʰʘʶʪ ʢʘʯʝʩʪʚʦ ʩʝʨʚʠʩʘ, ʧʦʟʚʦʣʷʷ 

ʦʪʩʣʝʞʠʚʘʪʴ SLA ʠ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʨʝʪʝʥʟʠʠ [3; 4; 9; 11]. 
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ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʢʣʶʯʝʚʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ 

ʊʝʭʥʦʣʦʛʠʷ ɿʦʥʘ ʧʨʠʤʝʥʝʥʠʷ 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʮʠʬʨʦʚʠʟʠʨʫʝʤʳʡ 

ʧʨʦʮʝʩʩ 

ʆʞʠʜʘʝʤʳʡ ʵʬʬʝʢʪ 

ERP 
ʌʠʥʘʥʩʳ, ʟʘʢʫʧʢʠ, 

ʜʦʛʦʚʦʨʳ, ʨʝʩʫʨʩʳ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʟʘʪʨʘʪ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʸʪ 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʟʘʪʨʘʪ, ʩʥʠʞʝʥʠʝ 

ʜʫʙʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 

TMS 
ʇʝʨʝʚʦʟʢʠ ʠ 

ʤʘʨʰʨʫʪʠʟʘʮʠʷ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʨʝʡʩʦʚ, 

ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ, 

ʨʘʩʯʸʪ ʪʘʨʠʬʘ 

ʉʦʢʨʘʱʝʥʠʝ ʧʨʦʙʝʛʘ, 

ʚʨʝʤʝʥʠ ʨʝʡʩʘ ʠ ʯʠʩʣʘ 

ʦʪʢʣʦʥʝʥʠʡ 

WMS ʉʢʣʘʜ ʠ ʪʝʨʤʠʥʘʣ 
ʇʨʠʸʤʢʘ, ʨʘʟʤʝʱʝʥʠʝ, 

ʦʪʙʦʨ, ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ 

ʈʦʩʪ ʪʦʯʥʦʩʪʠ ʫʯʸʪʘ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʢʣʘʜʘ 

CRM ʈʘʙʦʪʘ ʩ ʢʣʠʝʥʪʘʤʠ 

ʈʝʛʠʩʪʨʘʮʠʷ ʟʘʧʨʦʩʦʚ, 

SLA, ʧʨʝʪʝʥʟʠʦʥʥʘʷ 

ʨʘʙʦʪʘ 

ʋʣʫʯʰʝʥʠʝ ʩʝʨʚʠʩʘ ʠ 

ʫʜʝʨʞʘʥʠʷ ʢʣʠʝʥʪʦʚ 

EDI/ʕɼʆ 
ɼʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʠ 

ʨʘʩʯʸʪʳ 

ʆʙʤʝʥ ʟʘʢʘʟʘʤʠ, ʘʢʪʘʤʠ, 

ʥʘʢʣʘʜʥʳʤʠ, ʩʯʝʪʘʤʠ 

ʉʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʙʫʤʘʞʥʳʭ 

ʦʧʝʨʘʮʠʡ 

BI / 

dashboard 

ɸʥʘʣʠʪʠʢʘ ʠ 

ʢʦʥʪʨʦʣʴ KPI 

ʄʦʥʠʪʦʨʠʥʛ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʦʪʢʣʦʥʝʥʠʡ 

ʋʩʢʦʨʝʥʠʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

IoT / 

ʪʝʣʝʤʘʪʠʢʘ 
ʊʨʘʥʩʧʦʨʪ ʠ ʛʨʫʟ 

ʆʪʩʣʝʞʠʚʘʥʠʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ 

ʩʦʩʪʦʷʥʠʷ ʛʨʫʟʘ 

ʈʦʩʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ 

ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʨʠʩʢʦʚ 

RPA 

ɹʵʢ-ʦʬʠʩ ʠ 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ 

ʦʧʝʨʘʮʠʠ 

ɺʚʦʜ ʜʘʥʥʳʭ, ʩʚʝʨʢʘ 

ʜʦʢʫʤʝʥʪʦʚ, ʫʚʝʜʦʤʣʝʥʠʷ 

ʉʥʠʞʝʥʠʝ ʨʫʯʥʦʛʦ ʪʨʫʜʘ 

ʠ ʦʰʠʙʦʢ 

ʊʘʙʣʠʮʘ 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʢʘʞʜʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʨʘʟʥʳʝ ʫʯʘʩʪʢʠ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ, ʦʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚʥʝʜʨʝʥʠʝ TMS ʙʝʟ ʩʚʷʟʢʠ ʩ ERP ʠ BI-ʧʣʘʪʬʦʨʤʦʡ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʶ, ʥʦ ʥʝ ʦʙʝʩʧʝʯʠʪ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʧʨʠʯʠʥ ʦʪʢʣʦʥʝʥʠʡ. 

ɸʥʘʣʦʛʠʯʥʦ, ʚʥʝʜʨʝʥʠʝ WMS ʙʝʟ ʩʢʚʦʟʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʟʘʢʘʟʯʠʢʘʤʠ ʠ ʧʝʨʝʚʦʟʯʠʢʘʤʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʟʦʚ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʢʨʫʧʥʸʥʥʘʷ ʩʭʝʤʘ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʘ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. 

ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʜʦʣʞʥʘ ʩʪʨʦʠʪʴʩʷ ʦʪ ʚʭʦʜʷʱʝʛʦ 

ʢʣʠʝʥʪʩʢʦʛʦ ʟʘʢʘʟʘ ʯʝʨʝʟ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʢ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʩʣʦʶ ʠ ʦʙʨʘʪʥʦ ð ʚ ʚʠʜʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʩʝʨʚʠʩʥʳʭ ʜʝʡʩʪʚʠʡ. 

ʈʠʩʫʥʦʢ 1. ʋʢʨʫʧʥʸʥʥʘʷ ʩʭʝʤʘ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʢʦʤʧʘʥʠʠ 

ʂʣʠʝʥʪʩʢʠʡ ʟʘʢʘʟ / TMS / WMS / ERP BI / ʘʥʘʣʠʪʠʢʘ / AI ʋʧʨʘʚʣʝʥʯʝʩʢʠʝ 
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CRM  ʨʝʰʝʥʠʷ / ʩʝʨʚʠʩ 

ɿʘʷʚʢʘ, 

SLA, 

ʠʩʪʦʨʠʷ ʢʣʠʝʥʪʘ 

ʄʘʨʰʨʫʪʳ, 

ʩʢʣʘʜ, 

ʜʦʢʫʤʝʥʪʳ, 

ʟʘʪʨʘʪʳ 

KPI, 

ʧʨʦʛʥʦʟ, 

ʦʪʢʣʦʥʝʥʠʷ, 

ʜʘʰʙʦʨʜʳ 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ 

ʧʣʘʥʦʚ, 

ʫʚʝʜʦʤʣʝʥʠʷ, 

ʫʣʫʯʰʝʥʠʝ ʩʝʨʚʠʩʘ 

ʉʦʜʝʨʞʘʪʝʣʴʥʦ ʮʠʬʨʦʚʦʡ ʢʦʥʪʫʨ ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʚʦʜʘʤ World Bank ʦ ʚʦʟʨʘʩʪʘʶʱʝʤ 

ʟʥʘʯʝʥʠʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʧʨʠ 

ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʣʦʛʠʩʪʠʢʠ [11]. ɺʧʝʨʚʳʝ ʚ LPI 2023 ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʜʸʞʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʘʭ ʜʘʥʥʳʭ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʩʪʘʚʦʢ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ 

ʦʙʱʠʡ ʧʝʨʝʭʦʜ ʦʪʨʘʩʣʠ ʢ data-driven ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ [11]. 

ʅʘʨʷʜʫ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʩʠʣʠʚʘʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʎʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʝʝ ʚʳʷʚʣʷʪʴ ʦʪʢʣʦʥʝʥʠʷ, 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʥʝʰʥʠʝ ʰʦʢʠ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, 

ʯʪʦ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʛʠʙʢʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ [8; 12]. ɼʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ ʵʪʦ 

ʦʟʥʘʯʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʩʨʳʚʘ ʩʨʦʢʦʚ, ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʧʝʨʝʥʘʟʥʘʯʝʥʠʝ ʨʝʩʫʨʩʦʚ ʠ 

ʩʥʠʞʝʥʠʝ ʨʠʩʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʘʟʨʳʚʦʚ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ. 

ʆʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ð ʮʠʬʨʦʚʠʟʘʮʠʷ ʚʥʝʰʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʧʨʘʢʪʠʢʝ paperless trade ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʘʞʥʳʡ ʨʝʟʝʨʚ ʩʦʢʨʘʱʝʥʠʷ ʪʦʨʛʦʚʳʭ ʠʟʜʝʨʞʝʢ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʥʘ ʛʨʘʥʠʮʝ. ʇʦ ʜʘʥʥʳʤ UNCTAD, ʫʨʦʚʝʥʴ ʚʥʝʜʨʝʥʠʷ ʤʝʨ 

paperless trade ʚ ʤʠʨʝ ʫʩʪʦʡʯʠʚʦ ʨʘʩʪʸʪ, ʘ ʮʠʬʨʦʚʠʟʘʮʠʷ ʪʦʨʛʦʚʳʭ ʧʨʦʮʝʜʫʨ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʪʦʨʛʦʚʳʭ ʠʟʜʝʨʞʝʢ ʠ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ [13]. ɼʣʷ ʂʘʟʘʭʩʪʘʥʘ 

ʵʪʦʪ ʘʩʧʝʢʪ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʪʨʘʥʟʠʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ [6; 7]. 

ʉʮʝʥʘʨʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʘ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ɼʣʷ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʠʤ ʪʠʧʦʚʫʶ ʩʨʝʜʥʶʶ 

ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʢʦʤʧʘʥʠʶ, ʚʳʧʦʣʥʷʶʱʫʶ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ, ʩʢʣʘʜʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʠ ʢʣʠʝʥʪʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. ʀʩʭʦʜʥʳʡ ʧʨʦʬʠʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʘʩʪʠʯʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ: ʟʘʷʚʢʠ ʧʨʠʥʠʤʘʶʪʩʷ ʚ CRM ʠ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʡʩʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ ʚʨʫʯʥʫʶ, ʩʢʣʘʜʩʢʦʡ ʫʯʸʪ ʚʝʜʸʪʩʷ ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ, ʯʘʩʪʴ 

ʜʦʢʫʤʝʥʪʦʚ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʚ ʙʫʤʘʞʥʦʡ ʬʦʨʤʝ, ʘʥʘʣʠʪʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʦʟʥʝʥʥʳʤʠ 

ʦʪʯʸʪʘʤʠ. ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʫʨʘ ERPïTMSïWMSïBIïʕɼʆ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʟʨʝʣʦʩʪʠ ʮʠʬʨʦʚʠʟʘʮʠʠ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʸʥ ʩʮʝʥʘʨʥʳʡ ʧʨʠʤʝʨ ʠʟʤʝʥʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʩʯʸʪʥʦʡ ʠʣʣʶʩʪʨʘʮʠʝʡ ʠ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ 

ʬʘʢʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʧʘʥʠʠ. 

ʊʘʙʣʠʮʘ 2. ʉʮʝʥʘʨʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘ KPI ʪʠʧʦʚʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʢʦʤʧʘʥʠʠ 

ʇʦʢʘʟʘʪʝʣʴ 
ɼʦ 

ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʇʦʩʣʝ 

ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʘ 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʟʘʷʚʢʠ, ʤʠʥ 
42 18 

ʉʦʢʨʘʱʝʥʠʝ ʟʘ ʩʯʸʪ 

ʕɼʆ, CRM ʠ RPA 
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ɼʦʣʷ ʨʫʯʥʳʭ ʦʧʝʨʘʮʠʡ ʚ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ, % 
68 24 

ʉʥʠʞʝʥʠʝ ʪʨʫʜʦʸʤʢʦʩʪʠ 

ʠ ʦʰʠʙʦʢ 

ʊʦʯʥʦʩʪʴ ʩʢʣʘʜʩʢʦʛʦ ʫʯʸʪʘ, % 92,0 98,5 
ʈʦʩʪ ʟʘ ʩʯʸʪ WMS ʠ 

ʰʪʨʠʭʢʦʜʠʨʦʚʘʥʠʷ 

ɼʦʣʷ ʜʦʩʪʘʚʦʢ ʚ ʩʨʦʢ, % 87 95 

ʋʣʫʯʰʝʥʠʝ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʠ 

ʢʦʥʪʨʦʣʷ ʨʝʡʩʦʚ 

ʉʨʝʜʥʠʡ ʧʨʦʙʝʛ ʙʝʟ ʛʨʫʟʘ, % 17 11 
ʆʧʪʠʤʠʟʘʮʠʷ ʤʘʨʰʨʫʪʦʚ 

ʚ TMS 

ɺʨʝʤʷ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʟʘʢʨʳʚʘʶʱʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʜʥʠ 
5,0 1,5 

ʋʩʢʦʨʝʥʠʝ ʨʘʩʯʸʪʦʚ ʠ 

cash-flow 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʠʥʜʝʢʩ 

ʮʠʬʨʦʚʠʟʘʮʠʠ Iʮʙʧ 
0,46 0,81 

ʇʝʨʝʭʦʜ ʦʪ 

ʬʨʘʛʤʝʥʪʘʨʥʦʡ ʢ ʟʨʝʣʦʡ 

ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʥʘʠʙʦʣʴʰʠʡ ʙʳʩʪʨʳʡ ʵʬʬʝʢʪ ʮʠʬʨʦʚʠʟʘʮʠʷ ʜʘʸʪ ʚ ʟʦʥʘʭ ʩ 

ʚʳʩʦʢʠʤ ʦʙʲʸʤʦʤ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʥʘʩʳʱʝʥʥʳʭ ʦʧʝʨʘʮʠʡ: ʦʙʨʘʙʦʪʢʘ 

ʟʘʢʘʟʦʚ, ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʢʦʥʪʨʦʣʴ ʩʪʘʪʫʩʦʚ ʠ ʘʥʘʣʠʪʠʢʘ ʠʩʧʦʣʥʝʥʠʷ. ʀʤʝʥʥʦ ʟʜʝʩʴ RPA, ʕɼʆ 

ʠ BI ʬʦʨʤʠʨʫʶʪ ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʞʝ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ. ɹʦʣʝʝ 

ʢʘʧʠʪʘʣʦʸʤʢʠʝ, ʥʦ ʜʦʣʛʦʩʨʦʯʥʦ ʚʘʞʥʳʝ ʵʬʬʝʢʪʳ ʚʦʟʥʠʢʘʶʪ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʠ ʩʢʣʘʜʩʢʦʤ 

ʙʣʦʢʘʭ, ʛʜʝ ʨʝʟʫʣʴʪʘʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʠʥʪʝʛʨʘʮʠʠ TMS/WMS, ʪʝʣʝʤʘʪʠʢʠ ʠ ʩʪʘʥʜʘʨʪʦʚ 

ʜʘʥʥʳʭ. 

ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʢʦʤʧʘʥʠʶ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʢʘʥʘʣʦʚ: ʩʥʠʞʝʥʠʝ ʧʨʷʤʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ; ʫʤʝʥʴʰʝʥʠʝ 

ʧʦʪʝʨʴ ʚʨʝʤʝʥʠ ʠ ʦʰʠʙʦʢ; ʫʩʢʦʨʝʥʠʝ ʦʙʦʨʦʪʘ ʜʦʢʫʤʝʥʪʦʚ ʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ; ʨʦʩʪ ʚʳʨʫʯʢʠ ʟʘ 

ʩʯʸʪ ʣʫʯʰʝʛʦ ʩʝʨʚʠʩʘ; ʩʥʠʞʝʥʠʝ ʨʠʩʢʦʚ ʰʪʨʘʬʦʚ ʠ ʧʨʝʪʝʥʟʠʡ; ʧʦʚʳʰʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩʝʪʠ ʦʧʝʨʘʮʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʀʊ-ʠʥʚʝʩʪʠʮʠʠ ʩʣʝʜʫʝʪ ʦʮʝʥʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʢʘʢ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʥʦ ʠ ʢʘʢ ʬʘʢʪʦʨ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʙʠʟʥʝʩʘ [4; 9; 14]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʮʝʥʘʨʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʦʧʦʣʥʠʪʴ ʨʘʩʯʸʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʙʣʦʢʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʵʬʬʝʢʪ ʮʠʬʨʦʚʠʟʘʮʠʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʨʘʩʯʸʪʳ ʘʙʩʦʣʶʪʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ KPI, ʜʝʢʦʤʧʦʟʠʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ 

ʮʠʬʨʦʚʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʛʦʜʦʚʦʛʦ ʨʝʟʝʨʚʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʫʩʣʦʚʥʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʢʦʤʧʘʥʠʠ. 

ʊʘʙʣʠʮʘ 5. ʉʮʝʥʘʨʥʘʷ ʦʮʝʥʢʘ ʛʦʜʦʚʦʛʦ ʨʝʟʝʨʚʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 

ʇʨʦʮʝʩʩ 
ɻʦʜʦʚʦʡ ʦʙʲʸʤ 

ʦʧʝʨʘʮʠʡ 

ʕʢʦʥʦʤʠʷ ʥʘ 

1 ʦʧʝʨʘʮʠʶ 
ʌʦʨʤʫʣʘ ʨʘʩʯʸʪʘ 

ɻʦʜʦʚʦʡ 

ʨʝʟʝʨʚ, ʯʘʩ 

ʆʙʨʘʙʦʪʢʘ ʟʘʷʚʦʢ 13 200 ʟʘʷʚʦʢ 24 ʤʠʥ 13 200 Ĭ 24 / 60 5 280 

ɼʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʠ 

ʩʚʝʨʢʘ ʜʘʥʥʳʭ 
9 600 ʧʘʢʝʪʦʚ 5,3 ʤʠʥ 9 600 Ĭ 5,3 / 60 848 

ʀʪʦʛʦ ʧʨʷʤʦʡ 

ʪʨʫʜʦʚʦʡ ʨʝʟʝʨʚ 
ð ð 5 280 + 848 6 128 

ʈʘʩʯʸʪ ʪʘʙʣʠʮʳ 5 ʚʳʧʦʣʥʝʥ ʜʣʷ ʫʩʣʦʚʥʦʡ ʢʦʤʧʘʥʠʠ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʧʦʪʦʢʦʤ 13 200 

ʟʘʷʚʦʢ ʠ 9 600 ʢʦʤʧʣʝʢʪʦʚ ʜʦʢʫʤʝʥʪʦʚ. ɼʘʞʝ ʧʨʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʧʨʝʜʧʦʩʳʣʢʘʭ ʧʨʷʤʦʡ ʨʝʟʝʨʚ 
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ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʚʳʰʘʝʪ 6 ʪʳʩ. ʯʘʩʦʚ ʚ ʛʦʜ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʨʠʤʝʨʥʦ 3ï4 ʧʦʣʥʳʤ 

ʨʘʙʦʯʠʤ ʤʝʩʪʘʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ. 

ʈʠʩʫʥʦʢ 3. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʦ ʢʣʶʯʝʚʳʤ KPI  

 
ʈʠʩʫʥʦʢ 2. ʉʨʘʚʥʝʥʠʝ KPI  ʜʦ ʠ ʧʦʩʣʝ ʮʠʬʨʦʚʠʟʘʮʠʠ 

 
ʊʘʙʣʠʮʘ 4. ɼʝʢʦʤʧʦʟʠʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʂʦʤʧʦʥʝʥʪ ʠʥʜʝʢʩʘ ɺʝʩ 
ɼʦ 

ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʇʦʩʣʝ 

ʮʠʬʨʦʚʠʟʘʮʠʠ 
ɺʟʚʝʰʝʥʥʳʡ ʚʢʣʘʜ 

Kʟʘʢʘʟ 0,25 0,45 0,82 0,1125 Ÿ 0,2050 

Kʤʘʨʰ 0,20 0,43 0,79 0,0860 Ÿ 0,1580 

Kʩʢʣʘʜ 0,20 0,50 0,83 0,1000 Ÿ 0,1660 
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Kʜʦʢ 0,20 0,42 0,80 0,0840 Ÿ 0,1600 

Kʩʝʨʚʠʩ 0,15 0,55 0,81 0,0825 Ÿ 0,1215 

ʀʪʦʛʦ Iʮʙʧ 1,00 0,465 å 0,46 0,8105 å 0,81 +0,3455 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʠʥʜʝʢʩʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʧʨʠʨʦʩʪ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ 

ʜʘʶʪ ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʟʦʚ, ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʉʦʚʦʢʫʧʥʳʡ ʧʨʠʨʦʩʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ 0,3455 ʧʫʥʢʪʘ, ʠʣʠ 75,1% ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʪ ʬʨʘʛʤʝʥʪʘʨʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʢ ʩʪʘʜʠʠ 

ʟʨʝʣʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʘ. 

ʊʘʙʣʠʮʘ 3. ʈʘʩʯʸʪ ʘʙʩʦʣʶʪʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ KPI  

ʇʦʢʘʟʘʪʝʣʴ ɼʦ ʇʦʩʣʝ 
ɸʙʩʦʣʶʪʥʦʝ 

ʠʟʤʝʥʝʥʠʝ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ 
ɺʳʚʦʜ 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʢʠ, 

ʤʠʥ 

42 18 ī24 ʤʠʥ 
57,1% 

ʩʥʠʞʝʥʠʷ 

ʉʫʱʝʩʪʚʝʥʥʦʝ 

ʫʩʢʦʨʝʥʠʝ ʬʨʦʥʪ-

ʦʬʠʩʘ 

ɼʦʣʷ ʨʫʯʥʳʭ 

ʦʧʝʨʘʮʠʡ, % 
68 24 ī44 ʧ.ʧ. 

64,7% 

ʩʥʠʞʝʥʠʷ 

ɻʣʫʙʦʢʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 

ʊʦʯʥʦʩʪʴ ʩʢʣʘʜʩʢʦʛʦ 

ʫʯʸʪʘ, % 
92,0 98,5 +6,5 ʧ.ʧ. 7,1% ʨʦʩʪʘ 

ʇʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʦʧʝʨʘʮʠʡ 

WMS 

ɼʦʣʷ ʜʦʩʪʘʚʦʢ ʚ 

ʩʨʦʢ, % 
87 95 +8 ʧ.ʧ. 9,2% ʨʦʩʪʘ 

ʈʦʩʪ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʜʠʩʮʠʧʣʠʥʳ 

ʉʨʝʜʥʠʡ ʧʨʦʙʝʛ ʙʝʟ 

ʛʨʫʟʘ, % 
17 11 ī6 ʧ.ʧ. 

35,3% 

ʩʥʠʞʝʥʠʷ 

ʆʧʪʠʤʠʟʘʮʠʷ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ɺʨʝʤʷ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʜʦʢʫʤʝʥʪʦʚ, ʜʥʠ 
5,0 1,5 ī3,5 ʜʥʷ 

70,0% 

ʩʥʠʞʝʥʠʷ 

ʋʩʢʦʨʝʥʠʝ ʨʘʩʯʸʪʦʚ 

ʠ cash-flow 

ʀʥʪʝʛʨʘʣʴʥʳʡ 

ʠʥʜʝʢʩ Iʮʙʧ 
0,46 0,81 +0,35 76,1% ʨʦʩʪʘ 

ʇʝʨʝʭʦʜ ʢ ʟʨʝʣʦʡ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʬʦʨʤʫʣʳ 

ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ: ʘʙʩʦʣʶʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ 

çʧʦʩʣʝè ʠ çʜʦè ʮʠʬʨʦʚʠʟʘʮʠʠ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ð ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ 

ʵʬʬʝʢʪʘ ʢ ʙʘʟʦʚʦʤʫ ʫʨʦʚʥʶ. ɼʣʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʛʜʝ ʩʥʠʞʝʥʠʝ ʦʟʥʘʯʘʝʪ ʫʣʫʯʰʝʥʠʝ, 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ (ɼʦ ī ʇʦʩʣʝ) / ɼʦ Ĭ 100%; ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʦʩʪʘ ð ʧʦ ʬʦʨʤʫʣʝ (ʇʦʩʣʝ ī ɼʦ) / ɼʦ Ĭ 100%. 

ʈʠʩʫʥʦʢ 4. ʃʦʛʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 2ï4 ʠ ʪʘʙʣʠʮ 3ï5, ʮʠʬʨʦʚʠʟʘʮʠʷ ʚʣʠʷʝʪ ʥʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʥʝ 

ʣʠʥʝʡʥʦ, ʘ ʢʘʩʢʘʜʥʦ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʩʥʘʯʘʣʘ ʠʟʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʟʘʪʝʤ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʦʧʝʨʘʮʠʦʥʥʳʝ KPI, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʤ ʵʬʬʝʢʪʝ. ɼʣʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʮʝʥʠʚʘʪʴ ʚʥʝʜʨʝʥʠʝ 

ʀʊ ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʚʨʝʤʝʥʠ ʮʠʢʣʘ, ʜʦʣʝ ʨʫʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʪʦʯʥʦʩʪʠ ʫʯʸʪʘ, 

ʜʠʩʮʠʧʣʠʥʝ ʠʩʧʦʣʥʝʥʠʷ SLA ʠ ʩʫʤʤʘʨʥʦʤʫ ʪʨʫʜʦʚʦʤʫ ʨʝʟʝʨʚʫ. 

ʈʘʩʯʸʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʜʦʧʦʣʥʝʥʠʝ 

ʊʨʝʙʦʚʘʥʠʷ ʠ ʫʩʣʦʚʠʷ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʙʘʨʴʝʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʢʦʤʧʘʥʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʜʘʥʥʳʭ ʠ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʫʥʘʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ɺʦ-ʚʪʦʨʳʭ, ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʪʨʝʙʫʝʪ ʥʝ 

ʪʦʣʴʢʦ ʟʘʢʫʧʢʠ ʇʆ, ʥʦ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʧʝʨʝʩʤʦʪʨʘ ʨʝʛʣʘʤʝʥʪʦʚ, ʦʙʫʯʝʥʠʷ 

ʧʝʨʩʦʥʘʣʘ ʠ ʫʩʠʣʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʠ ʢʘʯʝʩʪʚʫ ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ. ɺ-

ʯʝʪʚʸʨʪʳʭ, ʙʘʨʴʝʨʦʤ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʟʨʝʣʦʩʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʢʦʛʜʘ 

ʜʘʥʥʳʝ ʩʫʱʝʩʪʚʫʶʪ, ʥʦ ʥʝ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʦʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [2; 5; 15]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʘʥʠʷʤ ʂʘʟʘʭʩʪʘʥʘ, ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ: ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, 

ʘʥʘʣʠʪʠʢʘ ʜʘʥʥʳʭ, RFID ʠ ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʦʜʥʘʢʦ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩ ʫʨʦʚʥʝʤ 

ʠʥʪʝʛʨʘʮʠʠ, ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʸʤʢʦʩʪʴʶ ʧʨʦʝʢʪʦʚ ʠ ʢʘʜʨʦʚʦʡ ʛʦʪʦʚʥʦʩʪʴʶ [10]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʣʷ ʫʩʧʝʰʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤʳ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʝʜʠʥʘʷ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ ʠʟʤʝʥʝʥʠʡ, ʘʨʭʠʪʝʢʪʫʨʘ ʜʘʥʥʳʭ, ʩʠʩʪʝʤʘ 

KPI, ʧʦʜʜʝʨʞʢʘ ʨʫʢʦʚʦʜʩʪʚʘ, ʧʨʦʝʢʪʥʳʡ ʦʬʠʩ ʠ ʧʦʵʪʘʧʥʦʝ ʚʥʝʜʨʝʥʠʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ 

ʠʟʤʝʨʠʤʳʡ ʦʧʝʨʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʚʥʝʰʥʝʡ ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ ð ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʢʣʠʝʥʪʘʤʠ, ʧʝʨʝʚʦʟʯʠʢʘʤʠ, ʪʝʨʤʠʥʘʣʘʤʠ, ʙʘʥʢʘʤʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʏʝʤ ʚʳʰʝ ʟʨʝʣʦʩʪʴ ʮʠʬʨʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʮʝʧʠ ʧʦʩʪʘʚʦʢ, 

ʪʝʤ ʚʳʰʝ ʩʦʚʦʢʫʧʥʳʡ ʵʬʬʝʢʪ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʀʊ-ʚʥʝʜʨʝʥʠʡ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʦʪʜʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ ʠ ʮʠʬʨʦʚʠʟʘʮʠʷ ʵʢʦʩʠʩʪʝʤʳ ʣʦʛʠʩʪʠʢʠ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ ʧʨʦʮʝʩʩʳ [7; 13]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚʳʩʪʫʧʘʶʪ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. ʀʭ ʟʥʘʯʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʥʦ ʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʢʚʦʟʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʧʨʦʟʨʘʯʥʦʩʪʴ, ʩʚʷʟʘʥʥʦʩʪʴ, ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʠʟʤʝʨʠʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʥʘ ʦʙʨʘʙʦʪʢʫ ʟʘʢʘʟʦʚ, ʤʘʨʰʨʫʪʠʟʘʮʠʶ, ʩʢʣʘʜʩʢʠʝ 

ʦʧʝʨʘʮʠʠ, ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʠ ʢʣʠʝʥʪʩʢʠʡ ʩʝʨʚʠʩ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʚʥʝʜʨʝʥʠʠ ERP, 

TMS, WMS, CRM, BI, ʕɼʆ, IoT ʠ RPA, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʠ ʧʨʦʮʝʩʩʦʚ 

ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʠʥʜʝʢʩ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʫʶ ʤʝʪʦʜʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʜʠʥʘʤʠʢʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩʪʘʪʴʠ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʧʦʜʭʦʜʦʚ ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʚʳʙʦʨʝ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʀʊ-ʧʨʦʝʢʪʦʚ ʠ ʦʙʦʩʥʦʚʘʥʠʠ ʦʞʠʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʘʧʨʦʙʘʮʠʷ ʤʦʜʝʣʠ ʥʘ 

ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʢʨʝʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠ 3PL-ʢʦʤʧʘʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ 

ʦʪʨʘʩʣʝʚʳʭ ʧʘʥʝʣʝʡ KPI, ʩʦʯʝʪʘʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʝʨʚʠʩʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʮʠʬʨʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʣʦʛʠʩʪʠʢʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. ʀʭ ʚʥʝʜʨʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʦʩʪʦ ʫʩʢʦʨʠʪʴ ʦʪʜʝʣʴʥʳʝ 

ʦʧʝʨʘʮʠʠ, ʘ ʚʳʩʪʨʦʠʪʴ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʫʶ, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʫʶ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʫʶ ʤʦʜʝʣʴ 

ʙʠʟʥʝʩʘ, ʚ ʢʦʪʦʨʦʡ ʨʝʰʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʘ ʦʪʢʣʦʥʝʥʠʷ ʦʪʩʣʝʞʠʚʘʶʪʩʷ ʠ 

ʫʩʪʨʘʥʷʶʪʩʷ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ. ɼʣʷ ʢʦʤʧʘʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʚʳʩʦʢʦʢʦʥʢʫʨʝʥʪʥʦʤ ʠ ʪʨʘʥʟʠʪʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʨʳʥʢʝ, ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʬʘʢʫʣʴʪʘʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʦʣʛʦʩʨʦʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʨʘʩʰʠʨʝʥʠʷ ʨʳʥʦʯʥʦʡ ʜʦʣʠ. 

ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʝʡ ʨʘʟʚʠʪʠʷ ʩʪʘʥʦʚʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʜʠʢʪʠʚʥʦʡ ʠ ʧʨʝʜʧʠʩʳʚʘʶʱʝʡ ʘʥʘʣʠʪʠʢʠ. ʅʘ ʦʩʥʦʚʝ ʪʝʣʝʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʠʩʪʦʨʠʠ 

ʨʝʡʩʦʚ, ʩʝʟʦʥʥʦʩʪʠ ʩʧʨʦʩʘ, ʧʨʦʬʠʣʝʡ ʢʣʠʝʥʪʦʚ ʠ ʩʪʘʪʠʩʪʠʢʠ ʦʪʢʣʦʥʝʥʠʡ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʝ 

ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʪʝʢʫʱʠʡ ʩʪʘʪʫʩ ʦʧʝʨʘʮʠʡ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʝʨʝʛʨʫʟʢʫ ʫʟʣʦʚ, 

ʚʝʨʦʷʪʥʳʝ ʟʘʜʝʨʞʢʠ, ʥʝʭʚʘʪʢʫ ʩʢʣʘʜʩʢʠʭ ʤʦʱʥʦʩʪʝʡ, ʨʠʩʢ ʥʝʜʦʧʦʩʪʘʚʦʢ ʠ ʠʟʤʝʥʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʘʜʘʧʪʠʚʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ ʧʝʨʝʭʦʜʠʪ ʦʪ ʨʝʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢ ʧʨʦʘʢʪʠʚʥʦʤʫ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ [8; 12; 15]. 

ʇʨʠ ʵʪʦʤ ʮʠʬʨʦʚʠʟʘʮʠʷ ʥʝ ʜʦʣʞʥʘ ʦʪʦʞʜʝʩʪʚʣʷʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʦʢʫʧʢʦʡ 

ʩʣʦʞʥʳʭ ʧʣʘʪʬʦʨʤ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʙʳʩʪʨʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʜʦʨʦʛʠʭ ʤʝʨ: ʬʦʨʤʘʣʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʫʥʠʬʠʢʘʮʠʠ ʰʘʙʣʦʥʦʚ ʜʘʥʥʳʭ, 

ʚʥʝʜʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʟʘʷʚʦʢ, ʥʘʩʪʨʦʡʢʠ ʫʚʝʜʦʤʣʝʥʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʝʨʢʠ ʧʦʣʝʡ, 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʦʙʨʘʱʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʜʘʰʙʦʨʜʦʚ ʥʘ ʦʩʥʦʚʝ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʧʮʠʠ çʙʳʩʪʨʳʭ 

ʧʦʙʝʜè, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ ʧʦ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ, ʛʜʝ RPA ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʦʧʝʨʘʮʠʡ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʚʘʷ ʩʪʫʧʝʥʴ ʧʝʨʝʭʦʜʘ ʢ 

ʙʦʣʝʝ ʟʨʝʣʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ [2]. 

ʉ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʘʙʦʨʘ KPI, ʧʦ ʢʦʪʦʨʳʤ 

ʦʮʝʥʠʚʘʝʪʩʷ ʵʬʬʝʢʪ ʮʠʬʨʦʚʠʟʘʮʠʠ. ɺ ʣʦʛʠʩʪʠʢʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʟʘʪʨʘʪ, ʧʦʩʢʦʣʴʢʫ ʮʠʬʨʦʚʳʝ ʧʨʦʝʢʪʳ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʚʣʠʷʥʠʝ: 

ʯʘʩʪʴ ʵʬʬʝʢʪʦʚ ʚʦʟʥʠʢʘʝʪ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʧʝʨʠʦʜʝ, ʯʘʩʪʴ ð ʥʘ ʛʦʨʠʟʦʥʪʝ 1ï3 ʣʝʪ; ʦʜʥʠ 

ʵʬʬʝʢʪʳ ʚʳʨʘʞʘʶʪʩʷ ʵʢʦʥʦʤʠʝʡ, ʜʨʫʛʠʝ ð ʨʦʩʪʦʤ ʢʘʯʝʩʪʚʘ ʩʝʨʚʠʩʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʵʪʦʤʫ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʢʣʶʯʘʶʱʫʶ ʧʨʦʮʝʩʩʥʳʝ, 

ʬʠʥʘʥʩʦʚʳʝ, ʩʝʨʚʠʩʥʳʝ ʠ ʨʠʩʢ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʝʪʨʠʢʠ. ʂ ʯʠʩʣʫ ʙʘʟʦʚʳʭ KPI ʤʦʛʫʪ 

ʦʪʥʦʩʠʪʴʩʷ: ʚʨʝʤʷ ʮʠʢʣʘ ʟʘʢʘʟʘ, ʜʦʣʷ ʜʦʩʪʘʚʦʢ ʚ ʩʨʦʢ, ʜʦʣʷ ʨʫʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʦʯʥʦʩʪʠ ʜʘʥʥʳʭ, ʩʨʝʜʥʠʡ ʧʨʦʙʝʛ ʙʝʟ ʛʨʫʟʘ, ʚʨʝʤʷ ʟʘʢʨʳʪʠʷ ʜʦʢʫʤʝʥʪʦʚ, ʠʥʜʝʢʩ ʢʣʠʝʥʪʩʢʦʡ 

ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ ʠ ʜʦʣʷ ʮʠʬʨʦʚʳʭ ʪʨʘʥʟʘʢʮʠʡ ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ ʦʧʝʨʘʮʠʡ. 

ɺʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʤʝʥʷʝʪ ʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ. ɺ 

ʮʠʬʨʦʚʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʩʧʨʦʩ ʥʘ ʜʠʩʧʝʪʯʝʨʦʚ-ʘʥʘʣʠʪʠʢʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʦ master data, ʘʨʭʠʪʝʢʪʦʨʦʚ ʠʥʪʝʛʨʘʮʠʠ, ʦʧʝʨʘʪʦʨʦʚ WMS/TMS ʠ ʤʝʥʝʜʞʝʨʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʨʘʙʦʪʘʪʴ ʩ ʜʘʰʙʦʨʜʘʤʠ ʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʛʨʘʤʤʘ 
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ʮʠʬʨʦʚʠʟʘʮʠʠ ʜʦʣʞʥʘ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʠʟʤʝʥʝʥʠʝʤ 

ʤʦʪʠʚʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʞʜʫ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʬʫʥʢʮʠʷʤʠ. ɹʝʟ ʵʪʦʛʦ ʜʘʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʨʠʩʢʫʝʪ ʦʩʪʘʪʴʩʷ çʚʠʪʨʠʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʝʡè, ʥʝ ʤʝʥʷʶʱʝʡ ʫʧʨʘʚʣʝʥʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʧʦ ʩʫʱʝʩʪʚʫ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʝʛʦ ʮʠʬʨʦʚʘʷ ʟʨʝʣʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʦ ʠ ʢʘʯʝʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤʠ 

ʢʦʥʪʨʘʛʝʥʪʘʤʠ. ɼʘʞʝ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʢʦʤʧʘʥʠʷ ʙʫʜʝʪ ʪʝʨʷʪʴ ʯʘʩʪʴ ʵʬʬʝʢʪʘ, ʝʩʣʠ 

ʧʝʨʝʚʦʟʯʠʢʠ, ʩʢʣʘʜʳ, ʢʣʠʝʥʪʳ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʦʩʪʘʶʪʩʷ ʚ ʙʫʤʘʞʥʦʤ ʠʣʠ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʫʨʦʚʝʥʴ API/EDI-ʠʥʪʝʛʨʘʮʠʠ, ʶʨʠʜʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ, ʩʪʘʥʜʘʨʪʳ ʦʙʤʝʥʘ ʩʪʘʪʫʩʘʤʠ ʠ ʩʦʙʳʪʠʷʤʠ, ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʜʘʥʥʳʭ ʚ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʨʝʜʝ. ɼʣʷ ʪʨʘʥʟʠʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʵʪʘ ʟʘʜʘʯʘ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʩʝʯʝʥʠʝʤ ʛʨʘʥʠʮ, ʨʘʟʣʠʯʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʫʯʘʩʪʥʠʢʦʚ ʧʦ ʝʜʠʥʦʤʫ ʮʠʬʨʦʚʦʤʫ 

ʩʮʝʥʘʨʠʶ [6; 7; 13]. 

ʉ ʧʦʟʠʮʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʮʠʬʨʦʚʠʟʘʮʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʘ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʧʦʵʪʘʧʥʦ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʩʪʠ ʢʘʨʪʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʚʳʷʚʠʪʴ ʫʯʘʩʪʢʠ ʩ ʥʘʠʙʦʣʴʰʝʡ ʜʦʣʝʡ ʨʫʯʥʦʛʦ ʪʨʫʜʘ, ʧʦʚʪʦʨʷʝʤʳʭ ʦʧʝʨʘʮʠʡ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʘʟʨʳʚʦʚ ʤʝʞʜʫ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʮʝʣʝʚʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨ ʧʨʠʦʨʠʪʝʪʥʳʭ ʩʠʩʪʝʤ: ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ CRM ʠ 

ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʜʣʷ ʬʨʦʥʪ- ʠ ʙʵʢ-ʦʬʠʩʘ, ʜʘʣʝʝ ð TMS/WMS ʜʣʷ ʷʜʨʘ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʘ ʟʘʪʝʤ BI ʠ AI-ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʪʠʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʅʘ 

ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʩʧʨʘʚʦʯʥʠʢʦʚ, ʩʪʘʪʫʩʦʚ, ʤʘʨʰʨʫʪʦʚ, ʩʦʙʳʪʠʡ ʠ 

ʥʦʨʤʘʪʠʚʦʚ ʚʨʝʤʝʥʠ, ʙʝʟ ʯʝʛʦ ʩʢʚʦʟʥʘʷ ʘʥʘʣʠʪʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʦʚʝʨʥʦʡ. ʅʘ ʯʝʪʚʸʨʪʦʤ 

ʵʪʘʧʝ ʢʦʤʧʘʥʠʷ ʧʝʨʝʭʦʜʠʪ ʦʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʦ KPI ʠ ʩʮʝʥʘʨʠʷʤ, ʠʩʧʦʣʴʟʫʷ 

ʮʠʬʨʦʚʳʝ ʧʘʥʝʣʠ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʝʞʝʜʥʝʚʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [2; 5; 11]. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʂʠʪʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʝʩʪʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ Z score ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠ 

ʘʥʘʣʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʂʠʪʘʷ ʟʘ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʱʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʂʠʪʘʷ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʝ-ʥʠʞʥʝʤ ʫʨʦʚʥʝ, ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʘʥʠʡ Z-ʧʦʢʘʟʘʪʝʣʴ ʥʠʞʝ 1,81. ʆʥʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ, ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠʙʳʣʠ, 

ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʦʚ ʠ ʧʦʚʳʰʝʥʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʨʠʩʢʦʚ. ɸʚʪʦʨʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʧʨʝʜʣʦʞʠʣʠ 

ʤʝʨʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʫʧʨʘʚʣʝʥʠʶ 

ʦʙʦʨʦʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʢʦʥʪʨʦʣʶ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʦʚ, ʩʠʩʪʝʤʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʨʠʩʢʦʚ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʢ 

ʚʥʝʰʥʠʤ ʰʦʢʘʤ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʠʦʥʘʣʴʥʳʝ ʢʦʤʧʘʥʠʠ; ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ; ʬʠʥʘʥʩʦʚʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ; ʤʦʜʝʣʴ Z score; ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ; ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʨʠʩʢʦʚ; ʨʝʛʠʦʥʘʣʴʥʘʷ 

ʵʢʦʥʦʤʠʢʘ ʂʠʪʘʷ 

ɺʚʝʜʝʥʠʝ  

ʇʦ ʤʝʨʝ ʧʝʨʝʭʦʜʘ ʵʢʦʥʦʤʠʢʠ ʂʠʪʘʷ ʥʘ ʵʪʘʧʫ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʩʪʨʘʪʝʛʠʡ. ʈʝʛʠʦʥʘʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʝʩʪʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʦʩʪʘ, ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʥʷʪʦʩʪʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʭ ʬʠʥʘʥʩʦʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʢʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʩʠʣʝʥʠʷ ʨʳʥʦʯʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ, ʩʪʨʫʢʪʫʨʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʫ 

ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʨʦʩʪ ʜʦʣʛʦʚʦʡ 

ʥʘʛʨʫʟʢʠ, ʜʝʬʠʮʠʪ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ, ʧʦʵʪʦʤʫ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʝʨʴʝʟʥʳʤʠ ʚʳʟʦʚʘʤʠ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 

ʨʠʩʢʘʤ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʜʦʩʪʠʛʘʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʅʘʫʯʥʘʷ 

ʦʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ, ʚʳʷʚʣʝʥʠʝ ʫʟʢʠʭ ʤʝʩʪ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʨʠʩʢʘʤʠ ʠʤʝʶʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ. ʄʦʜʝʣʴ Z score ʢʘʢ ʦʙʱʝʧʨʠʥʷʪʳʡ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʮʝʥʢʠ ʬʠʥʘʥʩʦʚʳʭ ʨʠʩʢʦʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʣʘʜʘʝʪ ʟʨʝʣʦʡ 

ʤʝʪʦʜʦʣʦʛʠʝʡ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʜʘʥʥʳʭ, ʦʙʲʝʢʪʠʚʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜʨʫʛʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ Z score ʧʨʦʚʦʜʠʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʂʠʪʘʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʝʥʴ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʠ ʚʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʦʜʝʡʩʪʚʠʷ ʟʜʦʨʦʚʦʤʫ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʂʠʪʘʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ  

ʉʦʜʝʨʞʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ð ʵʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʝʜʧʨʠʷʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 
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ʨʘʮʠʦʥʘʣʴʥʫʶ ʬʠʥʘʥʩʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʜʦʩʪʘʪʦʯʥʳʡ ʜʝʥʝʞʥʳʡ ʧʦʪʦʢ, ʫʩʪʦʡʯʠʚʫʶ 

ʧʨʠʙʳʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʫʶ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ 

ʰʦʢʘʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʫʧʨʘʚʣʝʥʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ, ʩʧʦʩʦʙʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʠ 

ʩʪʘʙʠʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. ɽʸ ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ: ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʨʠʩʢʠ, ʟʜʦʨʦʚʦʝ 

ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʝʥʝʞʥʦʡ ʮʝʧʦʯʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʚʠʪʠʷ. 

ʇʨʠʥʮʠʧ ʤʦʜʝʣʠ Z score 

ʄʦʜʝʣʴ Z score ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ɸʣʴʪʤʘʥʦʤ ʚ 1968 ʛʦʜʫ. ʆʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʯʝʪ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ Z ʧʫʪʝʤ ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʷʪʠ ʢʣʶʯʝʚʳʭ ʬʠʥʘʥʩʦʚʳʭ 

ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʨʦʚʥʷ ʨʠʩʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʘʥʥʘʷ 

ʤʦʜʝʣʴ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʠ ʧʨʘʢʪʠʢʝ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʌʦʨʤʫʣʘ ʤʦʜʝʣʠ: 

Z = 1.2X  + 1.4X  + 3.3X  + 0.6X  + 1.0X 

  ʆʧʠʩʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ: 

- X ʆʙʦʨʦʪʥʳʡ ʢʘʧʠʪʘʣ / ʆʙʱʠʝ ʘʢʪʠʚʳ (ʢʨʘʪʢʦʩʨʦʯʥʘʷ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ) 

- X ʅʝʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʨʠʙʳʣʴ / ʆʙʱʠʝ ʘʢʪʠʚʳ (ʥʘʢʦʧʣʝʥʥʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ) 

- X ʇʨʠʙʳʣʴ ʜʦ ʫʧʣʘʪʳ ʧʨʦʮʝʥʪʦʚ ʠ ʥʘʣʦʛʦʚ / ʆʙʱʠʝ ʘʢʪʠʚʳ (ʦʧʝʨʘʮʠʦʥʥʘʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ) 

- X ʈʳʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʘʢʮʠʦʥʝʨʥʦʛʦ ʢʘʧʠʪʘʣʘ / ɹʘʣʘʥʩʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʷʟʘʪʝʣʴʩʪʚ 

(ʨʠʩʢ ʩʪʨʫʢʪʫʨʳ ʢʘʧʠʪʘʣʘ) 

- X ɺʳʨʫʯʢʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ / ʆʙʱʠʝ ʘʢʪʠʚʳ (ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʦʚ) 

ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ: 

1. Z Ó 2,675: ʭʦʨʦʰʝʝ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʚʳʩʦʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

2. 1,81 Ò Z  2,675: ʩʨʝʜʥʝʝ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʫʤʝʨʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʘʣʠʯʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʠʩʢʦʚ 

3. Z  1,81: ʩʣʘʙʦʝ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʦʚʳʰʝʥʥʳʝ 

ʨʠʩʢʠ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʜʠʟʘʡʥ 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʩʪʘʪʴʝ ʚʳʙʨʘʥʳ 3 ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʫʙʣʠʯʥʳʝ ʢʦʤʧʘʥʠʠ ʂʠʪʘʷ (ʨʘʟʥʳʝ 

ʨʝʛʠʦʥʳ ʠ ʦʪʨʘʩʣʠ) ʚ ʢʘʯʝʩʪʚʝ ʚʳʙʦʨʢʠ ʜʣʷ ʘʥʘʣʠʟʘ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʪʠʧʠʯʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴʶ. 

1. ʈʝʛʠʦʥʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʢʦʤʧʘʥʠʷ ɸ (ʎʝʥʪʨʘʣʴʥʳʡ ʨʘʡʦʥ) 

2. ʈʝʛʠʦʥʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ ɺ (ʉʝʚʝʨʦ-ʂʠʪʘʡʩʢʠʡ ʨʘʡʦʥ) 

3. ʈʝʛʠʦʥʘʣʴʥʘʷ ʩʝʨʚʠʩʥʘʷ ʢʦʤʧʘʥʠʷ ʉ (ɺʦʩʪʦʯʥʳʡ ʨʘʡʦʥ) 

ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ʅʘ ʦʩʥʦʚʝ ʛʦʜʦʚʳʭ ʬʠʥʘʥʩʦʚʳʭ ʦʪʯʝʪʦʚ ʢʦʤʧʘʥʠʡ ʚʳʙʨʘʥʳ ʧʘʥʝʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘ 5 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʣʝʪ 2019ï2023 ʛʛ., ʚʢʣʶʯʘʷ ʧʫʙʣʠʯʥʳʝ ʜʘʥʥʳʝ: ʙʫʭʛʘʣʪʝʨʩʢʠʡ ʙʘʣʘʥʩ, ʦʪʯʝʪ 

ʦ ʬʠʥʘʥʩʦʚʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʦʪʯʝʪ ʦ ʜʚʠʞʝʥʠʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʜʨʫʛʠʝ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʜʘʥʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʜʭʦʜ 

1. ʆʧʨʝʜʝʣʠʪʴ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʙʦʨʢʫ ʜʘʥʥʳʭ; 

2. ʈʘʩʩʯʠʪʘʪʴ ʧʦʢʘʟʘʪʝʣʠ XïX ; 

3. ɺʳʯʠʩʣʠʪʴ Z-ʧʦʢʘʟʘʪʝʣʴ ʠ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ; 

4. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʚʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ; 

5. ʇʨʝʜʣʦʞʠʪʴ ʤʝʨʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

ʕʤʧʠʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʂʠʪʘʷ 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʨʝʟʫʣʴʪʘʪʳ Z-ʧʦʢʘʟʘʪʝʣʷ 
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ʊʘʙʣʠʮʘ 1 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʤʦʜʝʣʠ Z score ʜʣʷ ʚʳʙʦʨʦʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (2019ï2023) 

ʧʨʝʜʧʨʠʷʪ ʛʦʜ 

X1 

ʦʧʝʨʘʪʠʚʥʳʡ 

ʢʘʧʠʪʘʣ/ʦʙʱʠʡ 

ʢʘʧʠʪʘʣ 

X2 

ʩʦʭʨʘʥʷʝʪ 

ʜʦʭʦʜʳ/ʦʙ

ʱʠʝ 

ʘʢʪʠʚʳ 

ʇʨʠʙʳʣʴ/ʦʙ

ʱʠʝ ʘʢʪʠʚʳ 

ʜʦ ʥʘʣʦʛʦʚ 

X3 

ʈʳʥʦʯʥʘʷ 

ʩʪʦʠʤʦʩʪʴ 

ʘʢʮʠʡ X4 / 

ʩʪʦʠʤʦʩʪʴ 

ʜʦʣʛʘ 

ʂʦʤʤʝʨʯʝʩʢ

ʠʡ ʜʦʭʦʜ 

X5 / ʦʙʱʠʡ 

ʘʢʪʠʚ 

Z ʩʪʦ 
ʉʪʝʧʝʥʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʈʝʛʠʦʥʘʣʴʥʘʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝ

ʥʥʘʷ 

ʢʦʤʧʘʥʠʷ ʘ 

2019 0.042 0.085 0.031 0.852 0.421 1.56 ʅʝʩʪʘʙʠʣʴʥʦ. 

2020 0.051 0.092 0.04 0.913 0.435 1.68 ʅʝʩʪʘʙʠʣʴʥʦ. 

2021 0.029 0.076 -0.012 0.672 0.382 1.02 ʈʠʩʢ. 

2022 0.036 0.081 0.028 0.725 0.401 1.41 ʅʝʩʪʘʙʠʣʴʥʦ. 

2023 0.048 0.095 0.042 0.886 0.44 1.72 ʅʝʩʪʘʙʠʣʴʥʦ. 

ʈʝʛʠʦʥʘʣʴʥʘʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢ

ʘʷ ʢʦʤʧʘʥʠʷ 

ʙ 

2019 -0.08 0.137 -0.005 1.171 0.537 1.32 ʈʠʩʢ. 

2020 0.097 0.118 0.051 0.988 0.352 1.4 ʅʝʩʪʘʙʠʣʴʥʦ. 

2021 0.11 0.04 -0.049 0.577 0.27 0.64 ʈʠʩʢ. 

2022 0.1 0.048 0.049 0.62 0.281 1 ʈʠʩʢ. 

2023 0.045 0.069 0.095 0.736 0.34 1.24 ʈʠʩʢ. 

ʈʝʛʠʦʥʘʣʴʥʳ

ʡ ʩʝʨʚʠʩ ʩ 

2019 0.061 0.102 0.044 1.215 0.602 1.93 
ʉʨʝʜʥʷʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ 

2020 0.073 0.114 0.052 1.326 0.621 2.11 
ʉʨʝʜʥʷʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ 

2021 0.052 0.093 0.021 1.008 0.542 1.62 ʅʝʩʪʘʙʠʣʴʥʦ. 

2022 0.068 0.107 0.048 1.142 0.589 1.88 
ʉʨʝʜʥʷʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ 

2023 0.081 0.121 0.059 1.385 0.643 2.27 
ʉʨʝʜʥʷʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ 

 

# ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ Z-ʧʦʢʘʟʘʪʝʣʷ: 

- Z Ó 2,675: ʚʳʩʦʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

- 1,81 Ò Z  2,675: ʫʤʝʨʝʥʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

- Z  1,81: ʥʝʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ / ʚʳʩʦʢʠʡ ʨʠʩʢ 

ʆʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

1. ʆʙʱʘʷ ʩʣʘʙʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʩʦʢʠʝ ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ 

ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʚʳʙʦʨʦʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʟʘ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. Z-ʧʦʢʘʟʘʪʝʣʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 1,81. ʊʦʣʴʢʦ ʫ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʝʨʚʠʩʥʦʡ 

ʢʦʤʧʘʥʠʠ ʉ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʧʦʢʘʟʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʫʤʝʨʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 1,81ï

2,675, ʧʨʠ ʵʪʦʤ ʥʠ ʦʜʥʦ ʧʨʝʜʧʨʠʷʪʠʝ ʥʝ ʜʦʩʪʠʛʣʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʰʝ 2,675. 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʢʦʤʧʘʥʠʠ ʂʠʪʘʷ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, 

ʧʦʚʳʰʝʥʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʨʠʩʢʘʤʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʥʝʰʥʠʤ 

ʰʦʢʘʤ ʠ ʨʳʥʦʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. 

2. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʢʨʘʪʢʦʩʨʦʯʥʘʷ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʣʘʙʘʷ ʣʠʢʚʠʜʥʦʩʪʴ ʜʝʥʝʞʥʳʭ 

ʩʨʝʜʩʪʚ 

ʇʦ ʧʦʢʘʟʘʪʝʣʶ X  (ʦʙʦʨʦʪʥʳʡ ʢʘʧʠʪʘʣ / ʦʙʱʠʝ ʘʢʪʠʚʳ) ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ 

ʟʥʘʯʝʥʠʷ ʥʠʟʢʠʝ, ʘ ʫ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʦʥʠ ʜʘʞʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʜʦʩʪʘʪʢʝ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠ ʧʦʛʘʰʝʥʠʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ, ʩʣʘʙʦʡ ʣʠʢʚʠʜʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 

ʜʦʣʛʦʚʦʡ ʥʘʛʨʫʟʢʝ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʫʜʥʦʩʪʝʡ ʩ ʦʙʦʨʦʪʦʤ ʜʝʥʝʞʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʥʘʧʨʷʤʫʶ ʫʛʨʦʞʘʝʪ ʬʠʥʘʥʩʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ. 
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3. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʥʘʢʦʧʣʝʥʥʘʷ ʧʨʠʙʳʣʴ ʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʥʜʦʛʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ 

ʇʦʢʘʟʘʪʝʣʴ X  (ʥʝʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʨʠʙʳʣʴ / ʦʙʱʠʝ ʘʢʪʠʚʳ) ʚ ʮʝʣʦʤ ʥʠʞʝ 0,15 ʠ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʜʦʣʛʦʩʨʦʯʥʦʡ ʥʘʢʦʧʣʝʥʥʦʡ ʧʨʠʙʳʣʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʠ ʩʣʘʙʳʡ ʵʥʜʦʛʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʘʤʦʨʘʟʚʠʪʠʷ. ʇʨʝʜʧʨʠʷʪʠʷ ʠʤʝʶʪ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ ʨʠʩʢʘʤ ʟʘ ʩʯʝʪ 

ʩʦʙʩʪʚʝʥʥʦʡ ʥʝʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʨʠʙʳʣʠ, ʯʨʝʟʤʝʨʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʥʝʰʥʝʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʫʛʫʙʣʷʝʪ ʬʠʥʘʥʩʦʚʫʶ ʫʷʟʚʠʤʦʩʪʴ. 

4. ɿʥʘʯʠʪʝʣʴʥʘʷ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʦʥʥʦʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʠ ʥʝʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ 

ʧʨʠʙʳʣʠ 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ X  (ʧʨʠʙʳʣʴ ʜʦ ʫʧʣʘʪʳ ʧʨʦʮʝʥʪʦʚ ʠ ʥʘʣʦʛʦʚ / ʦʙʱʠʝ 

ʘʢʪʠʚʳ) ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʦʧʝʨʘʮʠʦʥʥʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʦʪʨʘʩʣʝʚʳʭ ʮʠʢʣʦʚ ʠ ʨʳʥʦʯʥʦʡ 

ʢʦʥʢʫʨʝʥʮʠʠ, ʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʨʠʙʳʣʠ ʥʠʟʢʠʝ. ʂʦʣʝʙʘʥʠʷ ʧʨʠʙʳʣʠ ʥʘʧʨʷʤʫʶ 

ʧʨʠʚʦʜʷʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʦʚ ʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʨʠʯʠʥʦʡ ʩʣʘʙʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

5. ʅʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʦʚ ʠ ʤʝʜʣʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʦʙʦʨʦʪʘ ʢʘʧʠʪʘʣʘ 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ X  (ʚʳʨʫʯʢʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ / ʦʙʱʠʝ ʘʢʪʠʚʳ) ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʠʞʝ 0,6, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʦʚ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʦʧʝʨʘʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ. ʄʝʜʣʝʥʥʳʡ ʦʙʦʨʦʪ ʘʢʪʠʚʦʚ, 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʘʧʠʪʘʣʘ ʠ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠ ʬʠʥʘʥʩʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ. 

6. ɿʥʘʯʠʪʝʣʴʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʦʪʨʘʩʣʝʚʳʝ ʨʘʟʣʠʯʠʷ ʠ ʚʳʨʘʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʨʦʙʣʝʤʳ 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʝʨʚʠʩʥʳʭ ʢʦʤʧʘʥʠʡ ɺʦʩʪʦʯʥʦʛʦ ʨʘʡʦʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʡ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʢʦʤʧʘʥʠʡ ʉʝʚʝʨʦ-ʂʠʪʘʡʩʢʦʛʦ ʨʘʡʦʥʘ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʘ 

ʮʠʢʣʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ, ʪʘʢʠʤ ʢʘʢ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ, ʨʳʥʦʯʥʳʝ ʮʝʥʳ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʦʵʪʦʤʫ Z-ʧʦʢʘʟʘʪʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʴʰʫʶ ʚʦʣʘʪʠʣʴʥʦʩʪʴ, 

ʘ ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ ʤʘʢʩʠʤʘʣʴʥʳ; ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʦʪʨʘʩʣʴ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ; ʩʝʨʚʠʩʥʘʷ ʦʪʨʘʩʣʴ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʘ ʮʠʢʣʠʯʝʩʢʠʤ ʰʦʢʘʤ, ʧʦʵʪʦʤʫ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʰʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʷʚʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʠ 

ʦʪʨʘʩʣʝʚʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ. 

ʆʙʦʙʱʘʶʱʠʝ ʚʳʚʦʜʳ 

ʅʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʂʠʪʘʷ ʚ ʮʝʣʦʤ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ, ʘ ʩʧʦʩʦʙʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʳʤʠ ʨʠʩʢʘʤʠ ʩʣʘʙʘʷ. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʶʪ: ʥʝʨʘʮʠʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, 

ʚʳʩʦʢʫʶ ʜʦʣʛʦʚʫʶ ʥʘʛʨʫʟʢʫ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ, ʥʠʟʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʦʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʩʣʘʙʳʡ ʢʦʥʪʨʦʣʴ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʦʚ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʨʠʩʢʦʚ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ 

ʩʦʚʤʝʩʪʥʦ ʧʨʠʚʦʜʷʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ, 

ʩʣʘʙʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʠʩʢʘʤ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʧʨʝʜʧʨʠʷʪʠʡ. 

  ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ 

(I) ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ 

1. ɼʘʚʣʝʥʠʝ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʧʦʣʠʪʠʢʠ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʤʧʳ ʨʦʩʪʘ ʢʠʪʘʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʟʘʤʝʜʣʠʣʠʩʴ, ʩʪʦʠʤʦʩʪʴ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ɺ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. 

ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʰʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʥʘ ʫʨʦʚʥʝ ʙʦʣʝʝ 56%, ʫ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʦʥ ʧʨʝʚʳʰʘʣ 65%, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʨʦʩʪʫ ʜʦʣʛʦʚʦʡ ʥʘʛʨʫʟʢʠ. 

ʇʦʣʠʪʠʢʘ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʚʦʡʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʞʝʩʪʦʯʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʟʘʪʨʘʪʳ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 8ï15%, ʯʪʦ ʥʘʧʨʷʤʫʶ 

ʩʦʢʨʘʱʘʝʪ ʧʨʠʙʳʣʴ ʠ ʩʥʠʞʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʦʚ. 

2. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʨʳʥʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʦʪʨʘʩʣʝʚʳʭ ʮʠʢʣʦʚ 

ʎʝʥʳ ʥʘ ʩʳʨʴʝ ʩʠʣʴʥʦ ʢʦʣʝʙʣʶʪʩʷ: ʚ 2021ï2023 ʛʛ. ʮʝʥʳ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʳʨʴʝ ʚʳʨʦʩʣʠ 

ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘ 12,6%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʝʥʳ ʥʘ ʛʦʪʦʚʫʶ ʧʨʦʜʫʢʮʠʶ ʚʳʨʦʩʣʠ ʚʩʝʛʦ ʥʘ 3,1%. 

ʇʣʦʭʘʷ ʪʨʘʥʩʤʠʩʩʠʷ ʠʟʜʝʨʞʝʢ ʧʨʠʚʝʣʘ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʧʨʠʙʳʣʠ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʇʦ ʦʪʨʘʩʣʷʤ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʧʨʠʙʳʣʠ ʧʨʝʜʧʨʠʷʪʠʡ ʮʠʢʣʠʯʝʩʢʠʭ ʦʪʨʘʩʣʝʡ (ʵʥʝʨʛʝʪʠʢʘ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ) ʜʦʩʪʠʛʘʝʪ 30ï50%. ʇʨʠ ʩʧʘʜʝ ʚ ʦʪʨʘʩʣʠ ʚʳʨʫʯʢʘ ʠ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴ ʜʝʙʠʪʦʨʩʢʦʡ 

ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʶʪʩʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʤʝʪʥʦ ʧʘʜʘʝʪ. 

3. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʩʫʛʫʙʣʷʝʪ ʨʘʟʣʠʯʠʷ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ɺʳʨʘʞʝʥʘ ʧʨʦʙʣʝʤʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ 

ʨʝʛʠʦʥʘʤʠ: 

- ʉʨʝʜʥʷʷ ʧʨʦʮʝʥʪʥʘʷ ʩʪʘʚʢʘ ʧʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʧʨʝʜʧʨʠʷʪʠʡ ɺʦʩʪʦʯʥʦʛʦ ʨʘʡʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4,2% 

- ʉʨʝʜʥʷʷ ʧʨʦʮʝʥʪʥʘʷ ʩʪʘʚʢʘ ʧʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʧʨʝʜʧʨʠʷʪʠʡ ʎʝʥʪʨʘʣʴʥʦʛʦ ʠ ɿʘʧʘʜʥʦʛʦ 

ʨʘʡʦʥʦʚ ʜʦʩʪʠʛʘʝʪ 5,7ï6,5% 

ʂʨʦʤʝ ʪʦʛʦ, ʩʨʦʢ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʠ ɿʘʧʘʜʥʦʛʦ ʨʘʡʦʥʦʚ ʥʘ 20ï35 ʜʥʝʡ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʧʨʝʜʧʨʠʷʪʠʡ ɺʦʩʪʦʯʥʦʛʦ ʨʘʡʦʥʘ, ʢʘʧʠʪʘʣ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥ ʩʠʣʴʥʝʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʥʠʞʝ, ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ ʚʳʰʝ. 

4. ɿʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʧʦʪʨʷʩʝʥʠʡ 

ʏʨʝʟʚʳʯʘʡʥʳʝ ʩʦʙʳʪʠʷ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦ 

ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ 2020ï2023 ʛʛ. ʩʨʝʜʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʩʪʨʘʜʘʚʰʠʭ ʦʪ ʚʥʝʰʥʠʭ ʰʦʢʦʚ, 

ʦʢʦʣʦ 41% ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʜʝʬʠʮʠʪʦʤ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, 29% ð ʩ ʧʘʜʝʥʠʝʤ ʚʳʨʫʯʢʠ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 20%. ɺʥʝʰʥʠʝ ʨʠʩʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʙʳʩʪʨʦ ʠ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ. 

(II) ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ 

1. ʅʝʨʘʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʦʣʛʘ 

ʇʦ ʜʘʥʥʳʤ, ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʂʠʪʘʷ 

ʩʦʩʪʘʚʣʷʝʪ 58,3%, ʫ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʪʨʘʩʣʝʡ ʦʥ ʧʨʝʚʳʰʘʝʪ 70%. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʜʦʣʛʘ ʚ ʩʨʝʜʥʝʤ ʧʨʝʚʳʰʘʶʪ 

70%, ʧʣʘʪʝʞʠ ʧʦ ʜʦʣʛʘʤ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ, ʜʘʚʣʝʥʠʝ ʥʘ ʜʝʥʝʞʥʳʝ ʧʦʪʦʢʠ ʚʝʣʠʢʦ, ʯʨʝʟʤʝʨʥʳʡ 

ʬʠʥʘʥʩʦʚʳʡ ʨʳʯʘʛ ʫʩʫʛʫʙʣʷʝʪ ʨʠʩʢʠ. 

2. ʅʝʧʨʘʚʠʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ, ʚʳʨʘʞʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʥʝʦʙʦʩʥʦʚʘʥʥʦʡ 

ʵʢʩʧʘʥʩʠʠ 

ʆʢʦʣʦ 62% ʩʣʫʯʘʝʚ ʬʠʥʘʥʩʦʚʳʭ ʨʠʩʢʦʚ ʫ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʚʷʟʘʥʳ ʩ 

ʥʝʦʙʦʩʥʦʚʘʥʥʳʤʠ ʠʥʚʝʩʪʠʮʠʷʤʠ ʠ ʯʨʝʟʤʝʨʥʦʡ ʜʠʚʝʨʩʠʬʠʢʘʮʠʝʡ. 

ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʠʞʝ 3%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 

ʩʪʦʠʤʦʩʪʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʦʚ, 

ʩʠʣʴʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʘʧʠʪʘʣʘ ʠ ʥʘʧʨʷʤʫʶ ʩʥʠʞʘʝʪ Z-ʧʦʢʘʟʘʪʝʣʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. 

3. ʉʣʘʙʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʙʦʨʦʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʥʠʟʢʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ɼʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʭʘʨʘʢʪʝʨʥʦ: 

- ʉʨʝʜʥʠʡ ʩʨʦʢ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ð 80ï110 ʜʥʝʡ 

- ʉʨʝʜʥʠʡ ʩʨʦʢ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʟʘʧʘʩʦʚ ð 65ï90 ʜʥʝʡ 

ʂʘʧʠʪʘʣ ʩʠʣʴʥʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥ, ʦʧʝʨʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʠʟʢʘʷ. ʆʢʦʣʦ 37% ʩʣʫʯʘʝʚ 

ʜʝʬʠʮʠʪʘ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʫ ʧʨʝʜʧʨʠʷʪʠʡ ʚʳʟʚʘʥʳ ʧʣʦʭʦʡ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴʶ ʜʝʙʠʪʦʨʩʢʦʡ 

ʟʘʜʦʣʞʝʥʥʦʩʪʠ. 

4. ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʝʥʝʞʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʫʷʟʚʠʤʘʷ ʮʝʧʦʯʢʘ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ 
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ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʦʣʴʢʦ 28% ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʟʜʘʣʠ ʤʝʭʘʥʠʟʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʥʝ ʠʤʝʝʪ ʙʶʜʞʝʪʘ ʜʚʠʞʝʥʠʷ 

ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. 

ʆʢʦʣʦ 45% ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʯʠʩʪʳʡ 

ʦʧʝʨʘʮʠʦʥʥʳʡ ʜʝʥʝʞʥʳʡ ʧʦʪʦʢ, ʯʨʝʟʤʝʨʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʥʝʰʥʝʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢ ʨʠʩʢʘʤ ʢʨʘʡʥʝ ʥʠʟʢʘʷ. 

 5. ʆʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʨʠʩʢʦʚ, ʩʣʘʙʦʝ ʬʠʥʘʥʩʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ɹʦʣʝʝ 60% ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʩʦʟʜʘʣʠ ʩʠʩʪʝʤʫ ʬʠʥʘʥʩʦʚʦʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʨʠʩʢʦʚ, ʥʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʦʥʠʪʦʨʠʥʛ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ 

ʧʨʠʙʳʣʠ, Z-ʧʦʢʘʟʘʪʝʣʷ. 

ɿʘʧʘʟʜʳʚʘʶʱʝʝ ʚʳʷʚʣʝʥʠʝ ʨʠʩʢʦʚ ʠ ʤʝʜʣʝʥʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʝʣʢʠʝ 

ʬʠʥʘʥʩʦʚʳʝ ʧʨʦʙʣʝʤʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʝʨʴʝʟʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʢʨʠʟʠʩʳ ʟʘ 12ï18 ʤʝʩʷʮʝʚ. 

6. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʩʣʘʙʘʷ ʦʩʥʦʚʥʘʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ ʚ ʅʀʆʂʈ ʫ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʮʝʣʦʤ ʥʠʟʢʘʷ: 

- ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1,8ï2,3% 

- ʅʠʞʝ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʧʦ ʧʨʝʜʧʨʠʷʪʠʷʤ ʩʪʨʘʥʳ ʩ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʰʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ (2,5%) 

ʇʨʦʜʫʢʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʴʥʦʡ ʫʥʠʬʠʢʘʮʠʝʡ, ʩʣʘʙʦʡ ʧʝʨʝʛʦʚʦʨʥʦʡ ʩʠʣʦʡ, 

ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʧʨʠʙʳʣʠ ʜʦʩʪʠʛʘʝʪ 20ï40%, ʩʪʘʙʠʣʴʥʦʝ ʚʝʜʝʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ Z score ʧʨʦʚʝʜʝʥ ʵʤʧʠʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʂʠʪʘʷ ʟʘ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʦʙʱʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʂʠʪʘʷ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʡ: ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ Z-ʧʦʢʘʟʘʪʝʣʴ ʥʠʞʝ 1,81. ʆʥʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ, ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠʙʳʣʠ, ʥʠʟʢʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʧʦʚʳʰʝʥʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʨʠʩʢʘʤʠ. ʂ ʬʘʢʪʦʨʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʦʪʥʦʩʷʪʩʷ 

ʚʥʝʰʥʠʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ (ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ, ʨʳʥʦʯʥʘʷ ʩʨʝʜʘ, ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ) ʠ ʚʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ (ʩʪʨʫʢʪʫʨʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ, 

ʦʧʝʨʘʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʦ ʨʠʩʢʘʭ). 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʩʣʝʜʫʝʪ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʫʧʦʨʷʜʦʯʝʥʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʩʠʣʝʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʦʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʜʝʥʝʞʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʨʠʩʢʦʚ. ɻʦʩʫʜʘʨʩʪʚʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʫʣʫʯʰʘʪʴ 

ʙʠʟʥʝʩ-ʩʨʝʜʫ ʠ ʨʘʩʰʠʨʷʪʴ ʧʦʣʠʪʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ, ʩʦʚʤʝʩʪʥʦ ʩʦʜʝʡʩʪʚʫʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʤʫ, ʫʩʪʦʡʯʠʚʦʤʫ ʠ ʥʘʜʝʞʥʦʤʫ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʦʮʝʥʢʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʩʣʫʞʠʪ ʦʨʠʝʥʪʠʨʦʤ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʳʤʠ ʨʠʩʢʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʨʘʟʨʘʙʦʪʢʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʧʦʣʠʪʠʢʠ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʫʛʣʫʙʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʦʪʨʘʩʣʷʤ ʠ ʨʝʛʠʦʥʘʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʘʜʨʝʩʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚʳʚʦʜʦʚ. 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʓʍ ʄʆɼɽʃɽʁ ʀ ɸʈʍʀʊɽʂʊʋʈ 

ɻɽʅɽʈɸʎʀʀ ʊɽʂʉʊɸ ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ɺʀɼɽʆʂʆʅʊɽʅʊɸ 

 

ɸʢʘʨʳʩ ʐʦʨʘʙʝʢ 

ʄʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ñʊʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘò, 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʐϸʨʽʧʙʘʡ ɸʣʪʳʥʙʝʢ Ϸʤʽʨϰʣʳ, ʜʦʢʪʦʨ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ, 

ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʩʪʘʥʘ 

 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʛʣʫʙʦʢʠʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʢʨʳʪʳʭ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʘ ʧʦ ʚʠʜʝʦʢʦʥʪʝʥʪʫ: LLaVA-

NeXT-Video-7B, VideoLLaMA 2, LongVA, LLaVA-OneVision, Qwen2-VL ʠ InternVL2.5. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʥʮʠʧʳ, ʩʧʦʩʦʙʳ ʢʦʜʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʙʦʪʘ ʩ ʜʣʠʥʥʳʤʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʨʦʣʴ ʘʫʜʠʦ-ʚʝʪʚʠ, 

ʤʝʭʘʥʠʟʤʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʩʪʨʘʪʝʛʠʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʳʭ 

ʧʫʙʣʠʢʘʮʠʡ, ʤʦʜʝʣʴʥʳʭ ʢʘʨʪʦʯʝʢ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʙʝʥʯʤʘʨʢʘʭ Video-MME, MVBench, MLVU, 

ActivityNet-QA ʠ VideoChatGPT ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʚʠʜʝʦʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ 

ʩʤʝʱʘʝʪʩʷ ʦʪ ʢʦʨʦʪʢʠʭ ʢʣʠʧʦʚ ʠ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ captioning ʢ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʘʨʭʠʪʝʢʪʫʨʘʤ, ʩʧʦʩʦʙʥʳʤ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʧʠʩʘʥʠʷ, ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩʳ, ʜʠʘʣʦʛʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʫʤʤʘʨʠʟʘʮʠʠ ʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʨʘʩʩʫʞʜʝʥʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ LLaVA-

NeXT-Video-7B ʩʳʛʨʘʣʘ ʚʘʞʥʫʶ ʧʝʨʝʭʦʜʥʫʶ ʨʦʣʴ, ʜʦʢʘʟʘʚ ʩʠʣʴʥʳʡ zero-shot ʠ low-data 

ʧʝʨʝʥʦʩ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʚʠʜʝʦ, ʪʦʛʜʘ ʢʘʢ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ð Qwen2-VL, LLaVA -

OneVision ʠ InternVL2.5 ð ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʦʙʦʙʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʚʠʜʝʦʙʝʥʯʤʘʨʢʘʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʣʦʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʤʦʜʝʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʠʜʝʦ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʙʶʜʞʝʪʘ, 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʦʧʠʩʘʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʘʫʜʠʦʢʘʥʘʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʜʝʦʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ, 

ʛʝʥʝʨʘʮʠʷ ʪʝʢʩʪʘ ʧʦ ʚʠʜʝʦ, video captioning, Video-MME, MVBench, LLaVA-NeXT-Video-7B, 

Qwen2-VL, InternVL2.5. 

ɺɺɽɼɽʅʀɽ 

ɹʳʩʪʨʳʡ ʨʦʩʪ ʦʙʲʝʤʘ ʚʠʜʝʦʜʘʥʥʳʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʤʝʜʠʘ, ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ, 

ʪʝʣʝʤʝʜʠʮʠʥʝ ʠ ʩʠʩʪʝʤʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʜʝʣʘʣ ʟʘʜʘʯʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʘ ʧʦ 

ʚʠʜʝʦ ʦʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɽʩʣʠ 

ʨʘʥʥʠʝ ʨʘʙʦʪʳ ʧʦ video captioning ʚ ʦʩʥʦʚʥʦʤ ʩʪʨʝʤʠʣʠʩʴ ʧʦʣʫʯʠʪʴ ʦʜʥʦ ʢʨʘʪʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ 

ʦ ʢʣʠʧʝ, ʪʦ ʥʦʚʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʨʝʰʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʟʘʜʘʯ: ʧʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʩʮʝʥʳ, ʚʨʝʤʝʥʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʩʦʙʳʪʠʡ, ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ, ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʜʠʘʣʦʛ, 

ʩʫʤʤʘʨʠʟʘʮʠʶ ʜʣʠʥʥʳʭ ʨʦʣʠʢʦʚ, ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʠ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʝ ʨʘʩʩʫʞʜʝʥʠʝ [1ï4]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʚʩʝ ʯʘʱʝ ʩʪʨʦʷʪʩʷ ʢʘʢ MLLM -ʘʨʭʠʪʝʢʪʫʨʳ: ʚʠʟʫʘʣʴʥʳʡ ʵʥʢʦʜʝʨ 

ʧʨʝʦʙʨʘʟʫʝʪ ʢʘʜʨʳ ʚ ʪʦʢʝʥʳ ʧʨʠʟʥʘʢʦʚ, ʟʘʪʝʤ ʵʪʠ ʧʨʠʟʥʘʢʠ ʯʝʨʝʟ ʧʨʦʝʢʪʦʨ ʠʣʠ ʘʜʘʧʪʝʨ 

ʧʝʨʝʜʘʶʪʩʷ ʚ ʷʟʳʢʦʚʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ, ʦʪʚʝʪ ʠʣʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʳʚʦʜ [1; 5]. ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʢʘʯʝʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ: ʘ) ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ 

ʤʦʜʝʣʴ ʫʣʘʚʣʠʚʘʝʪ ʚʨʝʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ; ʙ) ʩʢʦʣʴʢʦ ʢʘʜʨʦʚ ʠ ʚʠʟʫʘʣʴʥʳʭ ʪʦʢʝʥʦʚ ʦʥʘ 
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ʩʧʦʩʦʙʥʘ ʦʙʨʘʙʦʪʘʪʴ; ʚ) ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʥʦ ʩʣʠʷʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʠʜʝʦ, ʪʝʢʩʪʘ ʠ ʘʫʜʠʦ; ʛ) 

ʥʘʩʢʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʳ ʜʘʥʥʳʝ ʠʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʜʦʦʙʫʯʝʥʠʷ [2; 6; 7]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ð ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ 

ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʠʜʝʦʢʦʥʪʝʥʪʘ, ʚʳʷʚʠʪʴ ʠʭ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʠʭ ʧʨʠʢʣʘʜʥʳʭ ʩʮʝʥʘʨʠʷʭ ʪʘ ʠʣʠ ʠʥʘʷ ʤʦʜʝʣʴ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʨʘʪʢʠʭ ʦʙʟʦʨʦʚ, ʟʜʝʩʴ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʢʦʥʝʯʥʳʤ ʤʝʪʨʠʢʘʤ, ʥʦ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʢʦʤʧʨʦʤʠʩʩʘʤ: ʩʧʦʩʦʙʫ ʩʞʘʪʠʷ ʚʠʜʝʦʩʠʛʥʘʣʘ, ʜʣʠʥʝ 

ʢʦʥʪʝʢʩʪʘ, ʨʦʣʠ ʘʫʜʠʦ, ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʣʠʥʥʳʤ ʨʦʣʠʢʘʤ ʠ 

ʩʪʦʠʤʦʩʪʠ ʠʥʬʝʨʝʥʩʘ. 

1. ʕɺʆʃʖʎʀʗ ɸʈʍʀʊɽʂʊʋʈ ɺʀɼɽʆ-ʊɽʂʉʊʆɺʆʁ ɻɽʅɽʈɸʎʀʀ 

ɸʨʭʠʪʝʢʪʫʨʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʚʠʜʝʦʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʨʘʟʚʠʚʘʶʪʩʷ ʠʟ LLaVA-ʧʦʜʦʙʥʦʡ 

ʩʭʝʤʳ: ʤʦʱʥʳʡ vision encoder ʠʟʚʣʝʢʘʝʪ ʚʠʟʫʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʟʘʪʝʤ ʢʦʤʧʘʢʪʥʳʡ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʡ ʧʨʦʝʢʪʦʨ ʩʦʛʣʘʩʫʝʪ ʠʭ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ, ʧʦʩʣʝ ʯʝʛʦ LLM  

ʚʳʧʦʣʥʷʝʪ ʛʝʥʝʨʘʮʠʶ ʪʝʢʩʪʘ [1; 2]. ʆʜʥʘʢʦ ʩʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʠʜʝʦ ʨʘʟʣʠʯʘʶʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ð ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʠʜʝʦ ʢʘʢ ʥʘʙʦʨ ʨʘʚʥʦʤʝʨʥʦ ʚʳʙʨʘʥʥʳʭ 

ʢʘʜʨʦʚ. ʊʘʢʦʡ ʜʠʟʘʡʥ ʧʨʦʩʪ ʠ ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʠʪ ʫʞʝ ʦʙʫʯʝʥʥʳʝ image-text ʤʦʜʝʣʠ ʥʘ ʚʠʜʝʦ, ʥʦ 

ʤʦʞʝʪ ʪʝʨʷʪʴ ʪʦʥʢʫʶ ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ ð ʚʚʦʜʠʪʴ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʞʜʫ 

ʢʘʜʨʘʤʠ. ʊʨʝʪʠʡ ʧʦʜʭʦʜ ð ʥʘʨʘʱʠʚʘʪʴ ʜʣʠʥʫ ʢʦʥʪʝʢʩʪʘ ʠ ʧʦʟʚʦʣʷʪʴ ʤʦʜʝʣʠ ʚʠʜʝʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʢʘʜʨʦʚ ʙʝʟ ʘʛʨʝʩʩʠʚʥʦʛʦ ʩʞʘʪʠʷ [4; 8]. 

LLaVA-NeXT-Video-7B ʟʘʥʠʤʘʝʪ ʚ ʵʪʦʡ ʵʚʦʣʶʮʠʠ ʦʩʦʙʦʝ ʤʝʩʪʦ. ʇʦ ʜʘʥʥʳʤ ʤʦʜʝʣʴʥʦʡ 

ʢʘʨʪʦʯʢʠ Hugging Face, ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʧʦʚʝʨʭ LLaVA-NeXT, ʜʦʦʙʫʯʝʥʘ ʥʘ ʩʤʝʩʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦ, ʠʩʧʦʣʴʟʫʝʪ ʨʘʚʥʦʤʝʨʥʫʶ ʚʳʙʦʨʢʫ 32 ʢʘʜʨʦʚ ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ Vicuna-7B-

v1.5 [9]. ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʵʪʦ ʚʘʞʥʳʡ ʰʘʛ: ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʠʣʴʥʘʷ image-only ʤʦʜʝʣʴ 

ʧʨʠ ʢʦʨʨʝʢʪʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʠʜʝʦʩʠʛʥʘʣʘ ʠ ʧʦʩʣʝʜʫʶʱʝʤ video SFT ʤʦʞʝʪ ʢʦʥʢʫʨʝʥʪʥʦ 

ʨʘʙʦʪʘʪʴ ʚ ʚʠʜʝʦʩʮʝʥʘʨʠʠ ʙʝʟ ʨʘʜʠʢʘʣʴʥʦʛʦ ʫʩʣʦʞʥʝʥʠʷ ʧʘʡʧʣʘʡʥʘ [5; 9]. ɼʦʩʪʦʠʥʩʪʚʦ ʧʦʜʭʦʜʘ 

ð ʧʨʦʩʪʦʪʘ ʠ ʭʦʨʦʰʘʷ ʧʝʨʝʥʦʩʠʤʦʩʪʴ; ʥʝʜʦʩʪʘʪʦʢ ð ʦʛʨʘʥʠʯʝʥʥʘʷ ʛʣʫʙʠʥʘ ʚʨʝʤʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʠʥʬʦʨʤʘʪʠʚʥʳ ʚʳʙʨʘʥʥʳʝ ʢʘʜʨʳ. 

VideoLLaMA 2 ʨʘʟʚʠʚʘʝʪ ʜʨʫʛʫʶ ʣʠʥʠʶ. ɺ ʝʝ ʦʩʥʦʚʝ ʣʝʞʠʪ Spatial-Temporal Convolution 

connector, ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʟʘʭʚʘʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʘʷ Audio Branch, ʨʘʩʰʠʨʷʶʱʘʷ ʤʦʜʝʣʴ ʜʦ ʘʫʜʠʦ-ʚʠʟʫʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ [2]. 

ʊʘʢʘʷ ʩʭʝʤʘ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʘ ʪʘʤ, ʛʜʝ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʥʦ ʠ ʟʚʫʢ: ʨʝʯʝʚʳʝ ʩʦʙʳʪʠʷ, ʤʫʟʳʢʘʣʴʥʳʝ ʘʢʮʝʥʪʳ, ʰʫʤʦʚʳʝ ʵʬʬʝʢʪʳ, ʩʤʝʥʫ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʅʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʮʝʥʝ. 

LongVA ʧʝʨʝʥʦʩʠʪ ʚʥʠʤʘʥʠʝ ʩ ʚʠʜʝʦʧʨʦʝʢʪʦʨʘ ʥʘ ʷʟʳʢʦʚʦʡ backbone. ɸʚʪʦʨʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʤʥʦʛʠʭ ʚʠʜʝʦʤʦʜʝʣʝʡ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʯʠʩʣʦʤ ʚʠʟʫʘʣʴʥʳʭ 

ʪʦʢʝʥʦʚ, ʥʦ ʠ ʩ ʜʣʠʥʦʡ ʢʦʥʪʝʢʩʪʘ ʩʘʤʦʡ LLM. ɿʘ ʩʯʝʪ long context transfer ʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ UniRes ʤʦʜʝʣʴ ʩʧʦʩʦʙʥʘ ʨʘʙʦʪʘʪʴ ʩ 2000 ʢʘʜʨʘʤʠ ʠ ʙʦʣʝʝ ʯʝʤ 200K ʚʠʟʫʘʣʴʥʳʭ 

ʪʦʢʝʥʦʚ, ʥʝ ʦʧʠʨʘʷʩʴ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʣʠʥʥʳʝ ʚʠʜʝʦʜʘʪʘʩʝʪʳ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ [4]. 

ʕʪʦ ʜʝʣʘʝʪ LongVA ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʜʣʠʥʥʳʭ ʣʝʢʮʠʡ, ʬʠʣʴʤʦʚ, ʩʪʨʠʤʦʚ ʠ 

ʟʘʧʠʩʝʡ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 

Qwen2-VL ʧʨʝʜʣʘʛʘʝʪ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʦʪʚʝʪ ð Naive Dynamic 

Resolution ʠ Multimodal Rotary Position Embedding. ɼʠʥʘʤʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʠʟʫʘʣʴʥʳʝ ʚʭʦʜʳ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʪʦʢʝʥʦʚ, ʘ M-RoPE 
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ʫʥʠʬʠʮʠʨʫʝʪ ʧʦʟʠʮʠʦʥʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʜʣʷ ʪʝʢʩʪʘ, ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦ [6]. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ 

ʫʩʠʣʠʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ ʨʘʙʦʪʘʪʴ ʩ ʜʦʢʫʤʝʥʪʘʤʠ, ʪʘʙʣʠʯʥʳʤʠ ʩʮʝʥʘʤʠ, ʤʝʣʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʠ ʩʣʦʞʥʳʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ ʢʘʜʨʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʧʨʠ ʛʝʥʝʨʘʮʠʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʪʝʢʩʪʘ ʧʦ ʥʘʩʳʱʝʥʥʦʤʫ ʚʠʟʫʘʣʴʥʦʤʫ ʤʘʪʝʨʠʘʣʫ. 

LLaVA-OneVision ʩʪʨʦʠʪʩʷ ʢʘʢ ʝʜʠʥʘʷ ʤʦʜʝʣʴ ʜʣʷ single-image, multi-image ʠ video 

ʩʮʝʥʘʨʠʝʚ. ɸʚʪʦʨʳ ʧʨʷʤʦ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʩʠʣʴʥʦʝ ʚʠʜʝʦ-ʧʦʥʠʤʘʥʠʝ ʫ ʥʝʝ ʚʦʟʥʠʢʘʝʪ 

ʙʣʘʛʦʜʘʨʷ task transfer ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʫʟʢʦʡ ʚʠʜʝʦ-ʩʧʝʮʠʘʣʠʟʘʮʠʠ [1]. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʥʠʞʘʝʪ ʬʨʘʛʤʝʥʪʘʮʠʶ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʩʪʝʢʘ ʠ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʚ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʛʜʝ ʨʷʜʦʤ ʚʩʪʨʝʯʘʶʪʩʷ ʦʜʠʥʦʯʥʳʝ ʢʘʜʨʳ, ʩʝʨʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦʧʦʪʦʢʠ. 

InternVL2.5, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʣʘʝʪ ʩʪʘʚʢʫ ʥʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. ʇʣʘʪʬʦʨʤʘ ʠʩʧʦʣʴʟʫʝʪ 

progressive scaling strategy, ʥʘʯʠʥʘʷ ʩʦʛʣʘʩʦʚʘʥʠʝ vision encoder ʠ LLM  ʥʘ ʤʝʥʴʰʠʭ ʤʦʜʝʣʷʭ ʠ 

ʟʘʪʝʤ ʧʝʨʝʥʦʩʷ learned visual features ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʷʟʳʢʦʚʳʝ backboneôʳ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʜʝʣʴ 

ʚʢʣʶʯʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʫʣʫʯʰʝʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʦʙʫʯʝʥʠʷ ʠ ʞʝʩʪʢʫʶ ʬʠʣʴʪʨʘʮʠʶ 

ʜʘʥʥʳʭ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʘʥʦʤʘʣʴʥʳʝ ʦʪʚʝʪʳ ʠ ʧʦʚʪʦʨʷʶʱʫʶʩʷ ʛʝʥʝʨʘʮʠʶ [7]. ɼʣʷ ʟʘʜʘʯ 

ʪʝʢʩʪʦʛʝʥʝʨʘʮʠʠ ʧʦ ʚʠʜʝʦ ʵʪʦ ʦʟʥʘʯʘʝʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ ʩʪʠʣʴ ʦʪʚʝʪʘ, ʣʫʯʰʫʶ ʦʙʱʫʶ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʫʶ ʛʨʘʤʦʪʥʦʩʪʴ ʠ ʣʫʯʰʫʶ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʥʘ ʩʤʝʰʘʥʥʳʝ ʜʦʤʝʥʳ. 

2. ʂʈʀʊɽʈʀʀ ʉʈɸɺʅɽʅʀʗ ʀ ɸʅɸʃʀʊʀʏɽʉʂɸʗ ʈɸʄʂɸ 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʘʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʬʠʥʘʣʴʥʳʝ ʤʝʪʨʠʢʠ, ʥʦ ʠ 

ʩʚʦʡʩʪʚʘ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʪʝʢʩʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʤʝʭʘʥʠʟʤ ʫʯʝʪʘ ʚʨʝʤʝʥʠ. 

ʄʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʚʠʜʷʪ ʚʠʜʝʦ ʢʘʢ ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʜʨʦʚ, ʯʘʩʪʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪ 

ʩʪʘʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʥʦ ʭʫʞʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ, ʧʨʠʯʠʥʥʦʩʪʴ ʠ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ 

ʩʦʙʳʪʠʷʤʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘ TempCompass ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʙʝʥʯʤʘʨʢʘʭ ʫ ʤʥʦʛʠʭ 

Video LLM  ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʘʙʳʝ ʨʝʟʫʣʴʪʘʪʳ: ʤʦʜʝʣʠ ʤʦʛʫʪ çʚʠʜʝʪʴè, ʥʦ ʥʝ ʚʩʝʛʜʘ ʧʦ-

ʥʘʩʪʦʷʱʝʤʫ ʧʦʥʠʤʘʪʴ ʜʠʥʘʤʠʢʫ [10]. 

ɺʦ-ʚʪʦʨʳʭ, ʚʘʞʥʘ ʜʣʠʥʘ ʢʦʥʪʝʢʩʪʘ. ɽʩʣʠ ʤʦʜʝʣʴ ʦʙʨʘʙʘʪʳʚʘʝʪ 8ï32 ʢʘʜʨʘ, ʦʥʘ ʫʜʦʙʥʘ ʜʣʷ 

ʢʦʨʦʪʢʠʭ ʢʣʠʧʦʚ, ʨʠʣʩʦʚ, ʨʝʢʣʘʤʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʪʠʧʦʚʳʭ QA-ʟʘʜʘʯ. ʅʦ ʜʣʷ ʜʣʠʥʥʦʛʦ ʨʦʣʠʢʘ 

ʝʡ ʧʨʠʭʦʜʠʪʩʷ ʠʣʠ ʧʨʦʧʫʩʢʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʦʙʳʪʠʷ, ʠʣʠ ʩʣʠʰʢʦʤ ʘʛʨʝʩʩʠʚʥʦ ʩʫʤʤʠʨʦʚʘʪʴ 

ʧʦʪʦʢ. LongVA ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʦʩʪʫʧʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʥʘʧʨʷʤʫʶ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ 

ʥʘ ʜʣʠʥʥʦʤ ʧʦʜʤʥʦʞʝʩʪʚʝ Video-MME [4]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʦʙʟʦʨʘ ʧʦ ʣʝʢʮʠʠ, 

ʩʫʜʝʙʥʦʡ ʚʠʜʝʦʟʘʧʠʩʠ ʠʣʠ ʧʦʣʥʦʤʫ ʩʧʦʨʪʠʚʥʦʤʫ ʤʘʪʯʫ ʜʣʠʥʥʳʡ ʢʦʥʪʝʢʩʪ ʚʘʞʥʝʝ, ʯʝʤ 

ʣʦʢʘʣʴʥʦ ʩʠʣʴʥʳʡ short-video captioner. 

ɺ-ʪʨʝʪʴʠʭ, ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʩʪʴ ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ. VideoLLaMA 2 

ʚʳʠʛʨʳʚʘʝʪ ʪʘʤ, ʛʜʝ ʪʝʢʩʪ ʜʦʣʞʝʥ ʦʪʨʘʞʘʪʴ ʟʚʫʢʦʚʦʡ ʩʣʦʡ, ʪʦʛʜʘ ʢʘʢ ʤʦʜʝʣʠ ʙʝʟ audio branch 

ʚʳʥʫʞʜʝʥʳ ʦʧʠʨʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʚʠʟʫʘʣʴʥʳʝ ʢʦʨʨʝʣʷʪʳ [2]. ɺ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʵʪʦ 

ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ: ʚʠʜʝʦ ʩ ʨʝʯʴʶ, ʟʚʫʢʦʚʳʤʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷʤʠ ʠʣʠ ʤʫʟʳʢʘʣʴʥʳʤ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ ʪʨʝʙʫʝʪ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʩʢʦʣʴʢʠʭ ʢʘʥʘʣʦʚ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʦʪʠʚ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. LLaVA-OneVision ʠ Qwen2-VL 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʦʜʝʣʷʤ, ʦʜʠʥʘʢʦʚʦ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʜʦʢʫʤʝʥʪʦʚ, multi-image ʩʮʝʥʘʨʠʝʚ ʠ ʚʠʜʝʦ [1; 6]. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʫʜʦʙʥʦ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʣʘʪʬʦʨʤ, ʛʜʝ ʥʝ ʭʦʯʝʪʩʷ ʦʙʩʣʫʞʠʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʤʦʜʝʣʠ ʧʦʜ ʢʘʞʜʳʡ ʪʠʧ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʆʜʥʘʢʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠʥʦʛʜʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʧʦʜ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʟʘʜʘʯ, ʘ ʥʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʜ ʜʣʠʥʥʦʝ ʚʠʜʝʦ. 

ʅʘʢʦʥʝʮ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ. InternVL2.5 ʜʝʣʘʝʪ ʩʠʣʴʥʳʡ ʘʢʮʝʥʪ 

ʥʘ ʢʘʯʝʩʪʚʝ ʜʘʪʘʩʝʪʘ ʠ ʬʠʣʴʪʨʘʮʠʠ ʘʥʦʤʘʣʠʡ, ʘ ʪʘʢʞʝ ʥʘ test-time scaling ʜʣʷ ʩʣʦʞʥʳʭ 
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ʨʘʩʩʫʞʜʝʥʠʡ [7]. ɼʣʷ ʧʨʠʢʣʘʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʵʪʦ ʚʘʞʥʦ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʧʠʢʦʚʳʝ ʧʨʦʮʝʥʪʳ ʚ 

leaderboard: ʩʪʘʙʠʣʴʥʳʡ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʠ ʤʝʥʝʝ ʛʘʣʣʶʮʠʥʠʨʫʶʱʠʡ ʪʝʢʩʪ ʯʘʩʪʦ ʮʝʥʥʝʝ, 

ʯʝʤ ʥʝʙʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʦʜʥʦʡ ʤʝʪʨʠʢʝ. 

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʘ ʧʦ ʚʠʜʝʦ 

ʄʦʜʝʣʴ 
ɸʨʭʠʪʝʢʪʫʨʥ

ʘʷ ʠʜʝʷ 

ʉʠʣʴʥʳʝ 

ʩʪʦʨʦʥʳ 

ʆʛʨʘʥʠʯʝʥʠ

 ̫

ʊʠʧʠʯʥʳʡ 

ʢʦʥʪʝʢʩʪ 

ʆʧʪʠʤʘʣʴʥʳʝ 

ʩʮʝʥʘʨʠʠ 

LLaVA-

NeXT-

Video-7B 

AnyRes-

ʧʨʝʜʩʪʘʚʣʝʥʠ

ʝ + video SFT 

ʧʦʚʝʨʭ image-

ʤʦʜʝʣʠ 

ʇʨʦʩʪʦʪʘ; 

ʩʠʣʴʥʳʡ 

ʧʝʨʝʥʦʩ ʠʟ 

image ʚ video; 

ʭʦʨʦʰʠʝ 

ʦʧʠʩʘʥʠʷ 

ʢʦʨʦʪʢʠʭ 

ʨʦʣʠʢʦʚ 

ʆʛʨʘʥʠʯʝʥʥ

ʳʡ temporal 

reasoning; 

ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʢʦʨʦʪʢʠʡ 

ʢʦʥʪʝʢʩʪ 

32 ʨʘʚʥʦʤʝʨʥʦ 

ʚʳʙʨʘʥʥʳʭ 

ʢʘʜʨʘ 

ʂʦʨʦʪʢʠʝ 

ʢʣʠʧʳ, ʙʘʟʦʚʦʝ 

QA, ʙʳʩʪʨʳʡ 

ʟʘʧʫʩʢ 

VideoLLaM

A 2 

STC-

ʢʦʥʥʝʢʪʦʨ + 

Audio Branch 

ʃʫʯʰʝ 

ʫʯʠʪʳʚʘʝʪ 

ʜʠʥʘʤʠʢʫ ʠ 

ʟʚʫʢ; ʩʠʣʴʥʘ 

ʜʣʷ ʘʫʜʠʦ-

ʚʠʟʫʘʣʴʥʳʭ 

ʟʘʜʘʯ 

ʉʣʦʞʥʝʝ ʠ 

ʪʷʞʝʣʝʝ ʚ 

ʠʥʬʝʨʝʥʩʝ 

ʂʦʨʦʪʢʠʝ ʠ 

ʩʨʝʜʥʠʝ ʨʦʣʠʢʠ 

ɺʠʜʝʦ ʩ ʨʝʯʴʶ, 

ʠʥʪʝʨʚʴʶ, 

ʣʝʢʮʠʠ, 

ʩʦʙʳʪʠʡʥʳʝ 

ʢʣʠʧʳ 

LongVA 

Long context 

transfer + 

UniRes 

ʆʯʝʥʴ 

ʜʣʠʥʥʳʡ 

ʚʠʟʫʘʣʴʥʳʡ 

ʢʦʥʪʝʢʩʪ; 

ʩʠʣʴʥʘ ʥʘ long-

video bench 

ʅʫʞʥʳ 

ʙʦʣʴʰʠʝ 

ʨʝʩʫʨʩʳ 

ʧʘʤʷʪʠ; ʥʝ 

ʚʩʝʛʜʘ 

ʦʧʪʠʤʘʣʴʥʘ 

ʜʣʷ ʢʨʘʪʢʠʭ 

QA 

ɼʦ 2000 ʢʘʜʨʦʚ 

ʠ ʙʦʣʝʝ 

ʃʝʢʮʠʠ, 

ʩʪʨʠʤʳ, 

ʬʠʣʴʤʳ, 

ʥʘʙʣʶʜʝʥʠʝ 

LLaVA-

OneVision-

7B 

ɽʜʠʥʘʷ one-

vision ʤʦʜʝʣʴ 

ʜʣʷ 

image/multi-

image/video 

ɺʳʩʦʢʘʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩ

ʪʴ; ʩʠʣʴʥʳʡ 

task transfer; 

ʭʦʨʦʰʠʝ video 

benchmark 

ʨʝʟʫʣʴʪʘʪʳ 

ʅʝ 

ʤʘʢʩʠʤʠʟʠʨʫ

ʝʪ 

ʩʧʝʮʠʘʣʠʟʘʮ

ʠʶ ʧʦʜ ʦʜʠʥ 

ʫʟʢʠʡ ʪʠʧ 

ʚʠʜʝʦ 

ʈʘʟʥʳʝ ʪʠʧʳ 

ʚʠʟʫʘʣʴʥʳʭ 

ʚʭʦʜʦʚ 

ʇʣʘʪʬʦʨʤʳ 

ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ 

Qwen2-VL-

7B 

Naive 

Dynamic 

Resolution + 

M-RoPE 

ʉʠʣʴʥʘʷ 

ʨʘʙʦʪʘ ʩ 

ʜʝʪʘʣʷʤʠ, 

OCR, 

ʩʤʝʰʘʥʥʳʤʠ 

ʚʠʟʫʘʣʴʥʳʤʠ 

ʩʮʝʥʘʤʠ; 

ʭʦʨʦʰʠʡ 

ʙʘʣʘʥʩ 

ʢʘʯʝʩʪʚʘ ʠ 

ɸʫʜʠʦʢʘʥʘʣ 

ʥʝ ʷʚʣʷʝʪʩʷ 

ʮʝʥʪʨʘʣʴʥʦʡ 

ʩʠʣʦʡ 

ʋʥʠʬʠʮʠʨʦʚʘʥʥ

ʳʡ image/video 

ʨʝʞʠʤ 

ɸʥʘʣʠʪʠʢʘ 

ʠʥʪʝʨʬʝʡʩʦʚ, 

ʜʦʢʫʤʝʥʪʦʚ, 

ʜʝʤʦʥʩʪʨʘʮʠʡ, 

mixed media 
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ʄʦʜʝʣʴ 
ɸʨʭʠʪʝʢʪʫʨʥ

ʘʷ ʠʜʝʷ 

ʉʠʣʴʥʳʝ 

ʩʪʦʨʦʥʳ 

ʆʛʨʘʥʠʯʝʥʠ

 ̫

ʊʠʧʠʯʥʳʡ 

ʢʦʥʪʝʢʩʪ 

ʆʧʪʠʤʘʣʴʥʳʝ 

ʩʮʝʥʘʨʠʠ 

ʨʘʟʤʝʨʘ 

InternVL2.5 

Progressive 

scaling + 

ʙʦʣʴʰʦʡ 

vision encoder 

+ ʬʠʣʴʪʨʘʮʠʷ 

ʜʘʥʥʳʭ 

ɺʳʩʦʢʘʷ ʦʙʱʘʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥ

ʘʷ ʤʦʱʥʦʩʪʴ; 

ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ; 

ʩʠʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘ 

ʚʠʜʝʦ 

ʂʨʫʧʥʳʝ 

ʚʝʨʩʠʠ 

ʜʦʨʦʛʠ ʧʦ 

ʧʘʤʷʪʠ ʠ 

ʚʨʝʤʝʥʠ 

ɼʠʥʘʤʠʯʝʩʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʜʦ 

128 tiles ʚ test-

time 

ʇʨʦʤʳʰʣʝʥʥʳʝ 

ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢ

ʠʝ ʧʘʡʧʣʘʡʥʳ ʩ 

ʚʳʩʦʢʠʤ 

ʙʶʜʞʝʪʦʤ 

 

 
ʈʠʩʫʥʦʢ 1. ʉʨʘʚʥʝʥʠʝ ʦʪʢʨʳʪʳʭ ʤʦʜʝʣʝʡ ʧʦ ʙʝʥʯʤʘʨʢʫ Video-MME (ʙʝʟ ʩʫʙʪʠʪʨʦʚ) 

3. ʂʆʃʀʏɽʉʊɺɽʅʅʆɽ ʉʆʇʆʉʊɸɺʃɽʅʀɽ ʇʆ ɹɽʅʏʄɸʈʂɸʄ 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʞʜʝ ʚʩʝʛʦ Video-MME, 

MVBench, MLVU  ʠ ActivityNet-QA, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʪʨʘʞʘʶʪ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʢʘʯʝʩʪʚʘ: 

ʜʣʠʥʥʳʡ ʢʦʥʪʝʢʩʪ, ʚʨʝʤʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ, ʦʙʦʙʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʛʝʥʝʨʘʮʠʶ ʦʪʚʝʪʦʚ ʥʘ 

ʚʦʧʨʦʩʳ ʧʦ ʨʝʘʣʴʥʳʤ ʨʦʣʠʢʘʤ [8; 11; 12]. Video-MME ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ, ʪʘʢ ʢʘʢ ʚʢʣʶʯʘʝʪ 

ʢʦʨʦʪʢʠʝ, ʩʨʝʜʥʠʝ ʠ ʜʣʠʥʥʳʝ ʚʠʜʝʦ, ʘ ʪʘʢʞʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ. 

ʇʦ ʜʘʥʥʳʤ ʦʪʢʨʳʪʳʭ ʦʪʯʝʪʦʚ, ʩʨʝʜʠ ʢʦʤʧʘʢʪʥʳʭ ʠ ʩʨʝʜʥʝʨʘʟʤʝʨʥʳʭ ʦʪʢʨʳʪʳʭ ʤʦʜʝʣʝʡ 

ʟʘʤʝʪʝʥ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʥʘ Video-MME ʙʝʟ ʩʫʙʪʠʪʨʦʚ: VideoLLaMA2 ð 47,9; LongVA-7B 

ð 52,6; LLaVA-OneVision-7B ð 58,2; Qwen2-VL-7B ð 63,3; InternVL2.5-8B ð 64,2; 

InternVL2.5-26B ð 66,9 [1; 4; 7]. ʋʞʝ ʠʟ ʵʪʠʭ ʯʠʩʝʣ ʚʠʜʥʦ, ʯʪʦ ʨʳʥʦʢ ʫʰʝʣ ʦʪ ʨʘʥʥʠʭ video-

specific ʘʨʭʠʪʝʢʪʫʨ ʢ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʣʫʯʰʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ ʩʠʩʪʝʤʘʤ. 

LLaVA-NeXT-Video-7B ʟʜʝʩʴ ʥʫʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦ. ʅʘ 

ʤʦʤʝʥʪ ʨʝʣʠʟʘ ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ open-source SOTA ʥʘ VideoMME, ʘ ʝʝ ʢʘʨʪʦʯʢʘ ʧʨʷʤʦ 

ʫʢʘʟʳʚʘʣʘ ʥʘ ʩʪʘʪʫʩ current SOTA among open-source models [9]. ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʠʝ ʚʳʧʫʩʢʠ 

ð LLaVA-OneVision, Qwen2-VL ʠ InternVL2.5 ð ʧʦʜʥʷʣʠ ʧʣʘʥʢʫ ʢʘʯʝʩʪʚʘ ʚʳʰʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

LLaVA-NeXT-Video-7B ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʢʘʢ proof-of-concept ʪʦʛʦ, ʯʪʦ ʩʠʣʴʥʘʷ image-



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

213 
 

ʠʥʩʪʨʫʢʮʠʷ ʠ ʛʨʘʤʦʪʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʝ video fine-tuning ʩʧʦʩʦʙʥʳ ʜʘʪʴ ʩʝʨʴʝʟʥʳʡ ʧʨʠʨʦʩʪ ʙʝʟ 

ʧʦʣʥʦʛʦ redesign ʘʨʭʠʪʝʢʪʫʨʳ. 

ʅʘ MVBench ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʤʝʶʪ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʣʠʙʦ ʣʫʯʰʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚʨʝʤʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʣʠʙʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʜʘʥʥʳʭ. ʊʘʢ, 

Qwen2-VL-7B ʜʦʩʪʠʛʘʝʪ 67,0, InternVL2.5-8B ð 72,0, InternVL2.5-26B ð 75,2, ʪʦʛʜʘ ʢʘʢ 

LLaVA-OneVision-7B ʜʝʤʦʥʩʪʨʠʨʫʝʪ 56,7 [1; 7]. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʥʝ ʚʩʝʛʜʘ 

ʦʟʥʘʯʘʝʪ ʣʠʜʝʨʩʪʚʦ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ temporal benchmarks. 

ʆʪʜʝʣʴʥʦ ʚʘʞʝʥ ʩʨʝʟ ʧʦ ʜʣʠʥʥʦʤʫ ʚʠʜʝʦ. LongVA ʧʨʠ ʥʘʨʘʱʠʚʘʥʠʠ ʯʠʩʣʘ ʚʭʦʜʥʳʭ 

ʢʘʜʨʦʚ ʧʦʚʳʰʘʝʪ ʨʝʟʫʣʴʪʘʪ ʥʘ Video-MME: ʦʪ 47,9 ʧʨʠ 8 ʢʘʜʨʘʭ ʜʦ 52,6 ʧʨʠ 128 ʢʘʜʨʘʭ [4]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʜʣʠʥʥʳʭ ʨʦʣʠʢʦʚ ʩʧʦʩʦʙʥʦʩʪʴ ʚʠʜʝʪʴ ʙʦʣʴʰʝ ʢʦʥʪʝʢʩʪʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʢʨʠʪʠʯʥʘ. ɺ ʵʪʦʤ ʤʝʩʪʝ LongVA ʠ ʩʦʚʨʝʤʝʥʥʳʝ long-context ʘʨʭʠʪʝʢʪʫʨʳ ʠʤʝʶʪ ʷʚʥʦʝ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘʜ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘ 8ï32 

ʢʘʜʨʘ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʝʥʝʨʘʮʠʶ ʙʦʣʝʝ ʨʘʟʚʝʨʥʫʪʦʛʦ ʪʝʢʩʪʘ ʠ ʜʠʘʣʦʛʦʚʫʶ ʦʮʝʥʢʫ, LLaVA-

OneVision-7B ʧʦʢʘʟʳʚʘʝʪ 3,51 ʥʘ VideoChatGPT ʠ 3,75 ʥʘ VideoDC, LongVA-7B ð 3,20 ʠ 3,14 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ LLaVA-NeXT-Video-7B ʚ ʩʚʦʝʤ ʦʪʯʝʪʝ ʧʦʢʘʟʳʚʘʝʪ 3,32 ʥʘ Video Detailed 

Description ʠ 3,12 ʧʦ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʝ VideoChatGPT [1; 5]. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʥʪʝʨʝʩʥʳʡ 

ʬʘʢʪ: ʤʦʜʝʣʠ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʪʠʧʫ ʩʠʣʴʥʦʡ ʩʪʦʨʦʥʳ ð ʦʜʥʘ ʣʫʯʰʝ ʚ ʜʣʠʥʥʦʤ ʢʦʥʪʝʢʩʪʝ, 

ʜʨʫʛʘʷ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʧʠʩʘʥʠʠ, ʪʨʝʪʴʷ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʧʝʨʝʥʦʩʝ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ. 

 

ʊʘʙʣʠʮʘ 2. ʇʫʙʣʠʯʥʦ ʜʦʩʪʫʧʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʢʨʳʪʳʭ ʤʦʜʝʣʝʡ ʥʘ 

ʚʠʜʝʦʙʝʥʯʤʘʨʢʘʭ 

ʄʦʜʝʣʴ ʇʘʨʘʤ., B 
Video-MME  

ʙʝʟ ʩʫʙʪ. 
MVBench MLVU  ʂʦʤʤʝʥʪʘʨʠʡ 

LLaVA-

NeXT-Video-

7B 

7 ʥ/ʜ* ʥ/ʜ ʥ/ʜ 

*ʚ ʢʘʨʪʦʯʢʝ 

ʟʘʷʚʣʝʥ open-

source SOTA 

ʥʘ ʤʦʤʝʥʪ 

ʨʝʣʠʟʘ; ʩʤ. 

ʦʪʜʝʣʴʥʫʶ 

ʜʠʥʘʤʠʢʫ ʚ 

ʩʝʤʝʡʩʪʚʝ 

VideoLLaMA 

2 
8 47,9 ʥ/ʜ ʥ/ʜ 

ʉʠʣʴʥʘ ʥʘ 

ʘʫʜʠʦ-

ʚʠʟʫʘʣʴʥʳʭ 

ʩʮʝʥʘʨʠʷʭ 

LongVA 7 52,6 ʥ/ʜ 56,3 

ʃʫʯʰʝ ʚʩʝʛʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ 

ʜʣʠʥʥʦʤ ʚʠʜʝʦ 

LLaVA-

OneVision-7B 
7 58,2 56,7 64,7 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ 

one-vision 

ʘʨʭʠʪʝʢʪʫʨʘ 

Qwen2-VL-7B 7 63,3 67,0 ʥ/ʜ 

ʉʠʣʴʥʳʡ 

ʙʘʣʘʥʩ 

ʢʘʯʝʩʪʚʘ ʠ 
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ʄʦʜʝʣʴ ʇʘʨʘʤ., B 
Video-MME  

ʙʝʟ ʩʫʙʪ. 
MVBench MLVU  ʂʦʤʤʝʥʪʘʨʠʡ 

ʨʘʟʤʝʨʘ 

InternVL2.5-

8B 
8 64,2 72,0 68,9 

ʉʠʣʴʥʘ ʧʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʤʝʪʨʠʢ 

InternVL2.5-

26B 
26 66,9 75,2 72,3 

ʆʜʠʥ ʠʟ 

ʣʫʯʰʠʭ 

ʦʪʢʨʳʪʳʭ 

ʚʘʨʠʘʥʪʦʚ ʩ 

ʚʳʩʦʢʠʤ 

ʙʶʜʞʝʪʦʤ 

 

 
ʈʠʩʫʥʦʢ 2. ʂʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʨʘʟʤʝʨʦʤ ʤʦʜʝʣʠ ʠ ʢʘʯʝʩʪʚʦʤ ʥʘ Video-MME 

4. ʇʈɽʀʄʋʑɽʉʊɺɸ, ʅɽɼʆʉʊɸʊʂʀ ʀ ʈɽʂʆʄɽʅɼɸʎʀʀ ʇʆ ɺʓɹʆʈʋ 

ɽʩʣʠ ʧʨʠʦʨʠʪʝʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, ʫʤʝʨʝʥʥʳʡ ʨʘʟʤʝʨ ʠ ʧʦʥʷʪʥʘʷ LLaVA-

ʧʦʜʦʙʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, LLaVA-NeXT-Video-7B ʦʩʪʘʝʪʩʷ ʭʦʨʦʰʠʤ ʚʳʙʦʨʦʤ. ʆʥʘ ʦʩʦʙʝʥʥʦ 

ʧʦʣʝʟʥʘ ʚ ʫʯʝʙʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪʘʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʷʩʥʘʷ ʣʦʛʠʢʘ ʧʘʡʧʣʘʡʥʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʦʦʙʫʯʝʥʠʷ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʚʠʜʝʦ. 

ɽʩʣʠ ʟʘʜʘʯʘ ʪʨʝʙʫʝʪ ʘʥʘʣʠʟʘ ʘʫʜʠʦʜʦʨʦʞʢʠ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʝʚʳʭ ʩʦʙʳʪʠʡ ʠ ʛʝʥʝʨʘʮʠʠ 

ʦʧʠʩʘʥʠʷ ʩ ʫʯʝʪʦʤ ʟʚʫʢʘ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ VideoLLaMA 2, ʧʦʩʢʦʣʴʢʫ ʘʫʜʠʦ-ʚʝʪʚʴ ʟʜʝʩʴ 

ʚʩʪʨʦʝʥʘ ʚ ʘʨʭʠʪʝʢʪʫʨʫ, ʘ ʥʝ ʜʦʙʘʚʣʷʝʪʩʷ ʢʘʢ ʚʥʝʰʥʠʡ ʤʦʜʫʣʴ [2]. ʅʝʜʦʩʪʘʪʢʦʤ ʙʫʜʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʠʥʞʝʥʝʨʥʳʡ ʧʦʨʦʛ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʴʰʘʷ ʩʪʦʠʤʦʩʪʴ ʠʥʬʝʨʝʥʩʘ. 

ɽʩʣʠ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ð ʜʣʠʥʘ ʨʦʣʠʢʘ, ʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʝʥ LongVA. ɽʛʦ ʢʣʶʯʝʚʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ð ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʢʘʜʨʦʚ ʠ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʦʝ 

ʪʝʢʩʪʦʚʦʝ ʨʝʟʶʤʝ ʜʣʠʥʥʦʛʦ ʚʠʜʝʦ [4]. ʆʜʥʘʢʦ ʜʣʷ ʢʦʨʦʪʢʠʭ ʢʣʠʧʦʚ ʵʪʦʪ ʟʘʧʘʩ ʢʦʥʪʝʢʩʪʘ ʥʝ 

ʚʩʝʛʜʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʦʣʴʰʦʡ ʚʳʠʛʨʳʰ. 
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ɽʩʣʠ ʥʫʞʝʥ ʣʫʯʰʠʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʤʧʘʢʪʥʦʤ ʨʘʟʤʝʨʝ, ʪʦ ʦʯʝʥʴ ʩʠʣʴʥʳʤʠ ʚʳʛʣʷʜʷʪ Qwen2-VL-7B ʠ LLaVA-OneVision-7B. 

ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʣʫʯʰʝ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʚʘʞʥʳ ʜʝʪʘʣʠ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, 

OCR ʠ ʩʣʦʞʥʘʷ ʛʝʦʤʝʪʨʠʷ ʩʮʝʥʳ [6]; ʚʪʦʨʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘ ʝʜʠʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʜʣʷ image, 

multi-image ʠ video [1]. 

ɽʩʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʙʶʜʞʝʪ ʚʳʩʦʢ ʠ ʥʫʞʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʩʠʣʴʥʘʷ ʦʪʢʨʳʪʘʷ ʤʦʜʝʣʴ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʳʛʣʷʜʠʪ ʩʝʤʝʡʩʪʚʦ InternVL2.5, ʦʩʦʙʝʥʥʦ 

ʚʝʨʩʠʠ 8Bï26B ʠ ʚʳʰʝ. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ð ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʩʠʣʴʥʳʡ vision encoder, 

ʞʝʩʪʢʘʷ ʬʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʥʦʤʘʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ [7]. ɻʣʘʚʥʳʡ ʤʠʥʫʩ ð 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ. 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʦʩʪʦʝ ʧʨʘʚʠʣʦ ʚʳʙʦʨʘ. ɼʣʷ ʜʠʧʣʦʤʘ, ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʨʘʙʦʪʳ ʠʣʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ GPU-ʙʶʜʞʝʪʘ: LLaVA-NeXT-Video-7B ʠʣʠ Qwen2-VL-7B. ɼʣʷ 

ʧʨʦʜʫʢʪʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ: LLaVA-OneVision-7B. ɼʣʷ ʜʣʠʥʥʦʛʦ ʚʠʜʝʦ: LongVA. ɼʣʷ ʘʫʜʠʦ-

ʚʠʜʝʦ: VideoLLaMA 2. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚ open-source ʩʝʛʤʝʥʪʝ: InternVL2.5. 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪʘ ʧʦ 

ʚʠʜʝʦʢʦʥʪʝʥʪʫ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʨʦʚʥʝʤ ʪʦʯʥʦʩʪʠ, ʥʦ ʠ ʩʘʤʦʡ ʬʠʣʦʩʦʬʠʝʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

LLaVA-NeXT-Video-7B ʜʦʢʘʟʘʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ image-first ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʚʠʜʝʦ ʠ 

ʩʪʘʣʘ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʵʚʦʣʶʮʠʠ ʦʪʢʨʳʪʳʭ ʚʠʜʝʦʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ. VideoLLaMA 2 ʫʩʠʣʠʣʘ 

ʚʨʝʤʝʥʥʦʝ ʠ ʘʫʜʠʦ-ʚʠʟʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. LongVA ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ, ʯʪʦ ʜʣʠʥʥʳʡ 

ʢʦʥʪʝʢʩʪ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʘʯʝʩʪʚʘ. Qwen2-VL ʠ LLaVA-OneVision 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʝ one-vision ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʠ ʚ ʚʠʜʝʦ. 

InternVL2.5 ʚʳʚʝʣʘ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʠʜʝʶ ʩʠʩʪʝʤʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ, ʜʘʥʥʳʭ ʠ 

ʪʝʩʪʦʚʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ çʣʫʯʰʝʛʦè ʨʝʰʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺʳʙʦʨ ʤʦʜʝʣʠ 

ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʚʠʜʝʦʜʘʥʥʳʭ, ʪʨʝʙʫʝʤʦʡ ʜʣʠʥʦʡ ʢʦʥʪʝʢʩʪʘ, ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ 

ʘʫʜʠʦ, ʪʠʧʦʤ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʪʝʢʩʪʘ ʠ ʜʦʩʪʫʧʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʙʶʜʞʝʪʦʤ. ɼʣʷ ʥʘʫʯʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʙʣʠʞʘʡʰʠʭ ʣʝʪ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚʳʛʣʷʜʷʪ: 

ʛʠʙʨʠʜʥʳʝ long-context ʘʨʭʠʪʝʢʪʫʨʳ, ʙʦʣʝʝ ʥʘʜʝʞʥʦʝ temporal reasoning, ʛʣʫʙʦʢʘʷ ʠʥʪʝʛʨʘʮʠʷ 

ʘʫʜʠʦ ʠ ʨʝʯʠ, ʘ ʪʘʢʞʝ ʦʙʫʯʝʥʠʝ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʠʜʝʦʠʥʩʪʨʫʢʮʠʷʭ [3; 13]. 
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ɸשʜʘʪʧʘ 

 

ʄʘץʘʣʘʜʘ פʘʟʘץʩʪʘʥʥʳש ʰʘסʳʥ ʙʠʟʥʝʩ ʩʫʙʲʝʢʪʽʣʝʨʽʥʽש ʢʘʧʠʪʘʣ ײץʨʳʣʳʤʳʥ 

 ᴅʩʝʨʽ ʟʝʨʪʪʝʣʝʜʽ. ɸʚʪʦʨ ʠʥʬʣʷʮʠʷ שʬʘʢʪʦʨʣʘʨʜʳ ץʳ ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳסʘʣʳʧʪʘʩʪʳʨʫʜʘץ

ʜʝשʛʝʡʽ, ʙʘʟʘʣʳץ ʤᴇʣʰʝʨʣʝʤʝ ʞᴅʥʝ ײʣʪʪʳץ ʚʘʣʶʪʘ ʙʘסʘʤʳʥʳש ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳץ שʘʨʞʳʣʘʥʜʳʨʫ 

ʩʪʨʘʪʝʛʠʷʩʳʥʘ ʪʠʛʽʟʝʪʽʥ ʳץʧʘʣʳʥ ʪʘʣʜʘʡʜʳ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʰʘסʳʥ ʙʠʟʥʝʩʪʽש ʩʳʨʪץʳ 

 .ʘʨʘʩʪʳʨʳʣʜʳץ ʤʢʽʥʜʽʢʪʝʨʽװʘʨʫ ʤץʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʤʝʥ ʤʝʥʰʽʢʪʽ ʢʘʧʠʪʘʣʜʳ ʪʠʽʤʜʽ ʙʘʩסʘʨʳʟץ

ɽשʙʝʢʪʝ ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʩʳʟʜʳץ ʞʘסʜʘʡʳʥʜʘ ץʘʨʞʳʣʳץ ʪײʨʘץʪʳʣʳץʪʳ ʩʘץʪʘʫʜʳש 

ʞʦʣʜʘʨʳ ʞװʡʝʣʝʥʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ, ʰʘסʳʥ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʠʥʚʝʩʪʠʮʠʷʣʳץ ʪʘʨʪʳʤʜʳʣʳסʳʥ 

ʘʨʪʪʳʨʫ ʙʦʡʳʥʰʘ סʳʣʳʤʠ-ʪᴅʞʽʨʠʙʝʣʽʢ ײʩʳʥʳʩʪʘʨ ʪײʞʳʨʳʤʜʘʣʜʳ. 

 ʨʳʣʳʤʳʥײץ ʰʽʥ ʢʘʧʠʪʘʣװ ʳʥ ʙʠʟʥʝʩ ʩʫʙʲʝʢʪʽʣʝʨʽסʰʘ שʩʪʘʥʥʳץʘʟʘפ ʜʘשʘʟʽʨʛʽ ʪʘפ

ʦשʪʘʡʣʘʥʜʳʨʫ ʤᴅʩʝʣʝʩʽ ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨʘץʩʳʟʜʳץ ʞʘסʜʘʡʳʥʜʘ ʝʨʝʢʰʝ ᴇʟʝʢʪʽʣʽʢʢʝ ʠʝ 

ʙʦʣʳʧ ʦʪʳʨ. ʀʥʬʣʷʮʠʷʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽ, ײʣʪʪʳץ ʚʘʣʶʪʘ ʙʘסʘʤʳʥʳײץ שʙʳʣʤʘʣʳʣʳסʳ ʞᴅʥʝ 

 ʘʨʘʞʘʪʳʥʘץ ʘʨʳʟץ שʤᴇʣʰʝʨʣʝʤʝʥʽ ʢᴇʪʝʨʫʽ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳ ץʙʘʟʘʣʳ שɹʘʥʢʪʽ ץʣʪʪʳױ

 ʣײʘʨʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ɹץ ʘʡʪʘץ ʘʨʞʳʣʘʥʜʳʨʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥץ ,ʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʰʝʢʪʝʧץ

ʬʘʢʪʦʨʣʘʨ ʰʘסʳʥ ʢᴅʩʽʧʢʝʨʣʽʢʪʽש ʪʝʢ ʪᴇʣʝʤ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʣʘʨʜʳש 

 ʘʙʽʣʝʪʪʽʣʽʛʽʥʝ ʪʽʢʝʣʝʡץ ʳ ʙᴅʩʝʢʝʛʝסʪʘץʳ ʤʝʥ ʥʘʨʳסʪʘʨʪʳʤʜʳʣʳ ץʤʝʨʟʽʤʜʽ ʠʥʚʝʩʪʠʮʠʷʣʳ ץʟʘײ

ᴅʩʝʨ ʝʪʫʜʝ. [4] 

ʐʘסʳʥ ʙʠʟʥʝʩ ʢʘʧʠʪʘʣʳʥʳײץ שʨʳʣʳʤʳʥʘ ʢʝʨʽ ᴅʩʝʨʽʥ ʪʠʛʽʟʽʧ ʦʪʳʨסʘʥ ʙʘʩʪʳ 

ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽ - ʠʥʬʣʷʮʠʷ ʜʝשʛʝʡʽʥʽש ʞʦסʘʨʳʣʘʫʳ. פʘʟʘץʩʪʘʥʜʘסʳ 

ʠʥʬʣʷʮʠʷ ʜʠʥʘʤʠʢʘʩʳ 2019 ʞʳʣסʳ ʝש ʪᴇʤʝʥʛʽ ʜʝשʛʝʡʜʝʥ (5,2%) ʢʝʡʽʥ ʢװʨʪ ᴇʩʽʧ, 2023 ʞʳʣʳ 

ᴇʟʽʥʽש ʝש ʞʦסʘʨסʳ ʰʝʛʽʥʝ (20,7%) ʞʝʪʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 2024-2025 ʞʳʣʜʘʨʜʘסʳ ʫʘץʳʪʰʘ 

ʙᴅʩʝשʜʝʫʜʝʥ ʩʦ2026 ,ש ʞʳʣʳ ʢᴇʨʩʝʪʢʽʰ ץʘʡʪʘʜʘʥ 12,2%-סʘ ʢᴇʪʝʨʽʣʽʧ, ʰʘסʳʥ ʙʠʟʥʝʩ װʰʽʥ ײʟʘץ 

ʤʝʨʟʽʤʜʽ ʞʦסʘʨʳ ʠʥʬʣʷʮʠʷʣʳץ ץʳʩʳʤʥʳש ʩʘץʪʘʣʳʧ ʦʪʳʨסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. (1-ʩʫʨʝʪ) [1] 

 
1-ʩʫʨʝʪ. פʘʟʘץʩʪʘʥʜʘסʳ ʠʥʬʣʷʮʠʷ ʜʝשʛʝʡʽʥʽש ʜʠʥʘʤʠʢʘʩʳ (2017ï2026 ʞʞ.), % 

ɼʝʨʝʢʢᴇʟ: פʈ ױʣʪʪʳץ ʩʪʘʪʠʩʪʠʢʘ ʙʶʨʦʩʳʥʳש ʨʝʩʤʠ ʩʘʡʪʳ[1] 

 

ʆʩʳʣʘʡʰʘ, 2023 ʞʳʣסʳ ʨʝʢʦʨʜʪʳץ ʢᴇʨʩʝʪʢʽʰ ʧʝʥ 2026 ʞʳʣסʳ ʪײʨʘץʪʳ ʞʦסʘʨʳ ʠʥʬʣʷʮʠʷ 

ʰʘסʳʥ ʙʠʟʥʝʩ ʢʘʧʠʪʘʣʳʥʳש ʥʘץʪʳ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʽʧ, ʢᴅʩʽʧʢʝʨʣʝʨʜʽ ʩʳʨʪץʳ ץʘʨʞʳʣʘʥʜʳʨʫ 

ʢᴇʟʜʝʨʽʥʝ ʢᴇʙʽʨʝʢ ʞװʛʽʥʫʛʝ ʤᴅʞʙװʨ ʝʪʪʽ. ɸʣʘʡʜʘ, ʠʥʬʣʷʮʠʷʥʳ ʪʝʞʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʤʝʤʣʝʢʝʪʪʽʢ 

ʘץʰʘ-ʢʨʝʜʠʪ ʩʘʷʩʘʪʳ ʘʷʩʳʥʜʘ ʙʘʟʘʣʳץ ʤᴇʣʰʝʨʣʝʤʝʥʽש ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ʩʘץʪʘʣʫʳ ʰʘסʳʥ ʙʠʟʥʝʩ 

 ʨʪ ʰʝʢʪʝʧ ʦʪʳʨ. [1]װʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʢץ שʰʽʥ ʙʘʥʢ ʥʝʩʠʝʣʝʨʽʥʽװ
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 ץʪʘʨʛʝʪʠʥʛ ʩʘʷʩʘʪʳ ʘʷʩʳʥʜʘ ʙʘʟʘʣʳ ץʠʥʬʣʷʮʠʷʣʳ שɹʘʥʢʽʥʽ ץʣʪʪʳױ ʩʪʘʥץʘʟʘפ

ʤᴇʣʰʝʨʣʝʤʝʥʽ 14ï16% ʜʝשʛʝʡʽʥʜʝ ʩʘץʪʘʫʳ ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽ ʙʘʥʢʪʝʨʜʽש ʥʝʩʠʝʣʽʢ ʨʝʩʫʨʩʪʘʨʳʥʳש 

 ʳʤʙʘʪʪʘʫʳʥʘ ʪʽʢʝʣʝʡ ʩʝʙʝʧ ʙʦʣʜʳ.(1-ʢʝʩʪʝ) [2]ץ
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1-ʢʝʩʪʝ. פʈ ױʣʪʪʳץ ɹʘʥʢʽʥʽש ʙʘʟʘʣʳץ ʤᴇʣʰʝʨʣʝʤʝʩʽʥʽש ʜʠʥʘʤʠʢʘʩʳ (2020ï2025 ʞʞ.) 

ɼʝʨʝʢʢᴇʟ: פʈ ױʣʪʪʳץ ɹʘʥʢʽʥʽש ʨʝʩʤʠ ʩʘʡʪʳ[2] 

 

 ʨʫʳ ʠʥʬʣʷʮʠʷʥʳײʩʪʘʧ ʪײ ʛʝʡʜʝשʘʨʳ ʜʝסʤᴇʣʰʝʨʣʝʤʝʥʽ ʞʦ ץʙʘʟʘʣʳ שɹʘʥʢʪʽ ץʣʪʪʳױ

ʪʝʞʝʫʜʽש ʪʠʽʤʜʽ ײץʨʘʣʳ ʙʦʣסʘʥʳʤʝʥ, ʦʣ ʰʘסʳʥ ʙʠʟʥʝʩ װʰʽʥ ʥʝʩʠʝʣʽʢ ʨʝʩʫʨʩʪʘʨʜʳש ʙʘסʘʩʳʥ 

ʝʜᴅʫʽʨ ץʳʤʙʘʪʪʘʪʪʳ. ʅʘʨʳץʪʳץ ʩʳʡʘץʳ ʤᴇʣʰʝʨʣʝʤʝʣʝʨʽʥʽש ʞʳʣʜʳ19 ץï21% ʜʝשʛʝʡʽʥʝ ʞʝʪʫʽ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳץ שʘʨʳʟ ʢʘʧʠʪʘʣʳʥ ʪʘʨʪʫ ʤװʤʢʽʥʜʽʛʽʥ ʰʝʢʪʝʧ, ʦʣʘʨʜʳ ʪʝʢ ʽʰʢʽ ʤʝʥʰʽʢʪʽ 

ʨʝʩʫʨʩʪʘʨʤʝʥ ʰʝʢʪʝʣʫʛʝ ʤᴅʞʙװʨʣʝʡʜʽ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʰʘסʳʥ ʙʠʟʥʝʩʪʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʞʘסשʳʨʫ ץʘʨץʳʥʳʥ ʙʘʷʫʣʘʪʘʜʳ. [2] 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, פʘʟʘץʩʪʘʥʜʘסʳ ʰʘסʳʥ ʙʠʟʥʝʩ ʢʘʧʠʪʘʣʳʥʳש 

 ʤᴇʣʰʝʨʣʝʤʝ ץʽʰʽʥʜʝ ʠʥʬʣʷʮʠʷ ʤʝʥ ʙʘʟʘʣʳ שʬʘʢʪʦʨʣʘʨ, ʩʦʥʳ ץʨʳʣʳʤʳʥʘ ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳײץ

ʰʝʰʫʰʽ ᴅʩʝʨ ʝʪʝʜʽ. 2023 ʞʳʣסʳ ʨʝʢʦʨʜʪʳץ ʠʥʬʣʷʮʠʷ ʤʝʥ ʦʜʘʥ ʢʝʡʽʥʛʽ ʘץʰʘ-ʢʨʝʜʠʪ ʩʘʷʩʘʪʳʥʳש 

 .ʙʝʛʝʡʣʽ ᴇʟʛʝʨʪʪʽװʩʪʨʘʪʝʛʠʷʩʳʥ ʪ ץʘʨʞʳʣʳץ שʳʥ ʢᴅʩʽʧʢʝʨʣʽʢ ʩʫʙʲʝʢʪʽʣʝʨʽʥʽסʜʘʫʳ ʰʘשʘʪʘץ

 ʣʝʩʽ ʙʘʩʳʤ, ʘʣװ שʘʨʘʞʘʪʪʳץ ʨʳʣʳʤʳʥʜʘ ʤʝʥʰʽʢʪʽײץ שʳʥ ʙʠʟʥʝʩ ʢʘʧʠʪʘʣʳʥʳסʜʘ ʰʘשʘʟʽʨʛʽ ʪʘפ

 ʘʥʘס ʳʣʳץʜʘʨʣʘʤʘʣʘʨʳ ʘʨסʽʣʜʽʢʧʝʥ ʥʝʩʠʝʣʝʫ ʙʘשʘʨʳʟ ʢʘʧʠʪʘʣʳ ʥʝʛʽʟʽʥʝʥ ʤʝʤʣʝʢʝʪʪʽʢ ʞʝץ

 .ʦʣʞʝʪʽʤʜʽ ʙʦʣʳʧ ʦʪʳʨץ

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʘʥʳץʪʘʣסʘʥ ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʰʘסʳʥ 

ʙʠʟʥʝʩʪʽץ שʘʨʞʳʣʳץ ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫ װʰʽʥ ʤʳʥʘʜʘʡ ײʩʳʥʳʩʪʘʨ ʪײʞʳʨʳʤʜʘʣʜʳ: 

 ʘ ʪʝʢ ʙʘʥʢ ʥʝʩʠʝʣʝʨʽʥʝסʘʨʞʳʣʘʥʜʳʨʫ ʢᴇʟʜʝʨʽʥ ᴅʨʪʘʨʘʧʪʘʥʜʳʨʫ: ʂᴅʩʽʧʦʨʳʥʜʘʨפ .1

 ʨʘʣʜʘʨʜʳ ʙʝʣʩʝʥʜʽ ʧʘʡʜʘʣʘʥʫײץ ץʘʨʞʳʣʳץʘʥʘ ʝʤʝʩ, ʣʠʟʠʥʛ, ʬʘʢʪʦʨʠʥʛ ʞᴅʥʝ ʤʠʢʨʦס

 .ʩʳʥʳʣʘʜʳײ

2. ʄʝʤʣʝʢʝʪʪʽʢ ץʦʣʜʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ: ʄʝʤʣʝʢʝʪʪʽʢ ʩʫʙʩʠʜʠʷʣʘʫ ʪʝʪʽʢʪʝʨʽʥ 

ʙʘʟʘʣʳץ ʤᴇʣʰʝʨʣʝʤʝʥʽײץ שʙʳʣʤʘʣʳʣʳסʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʢᴅʩʽʧʢʝʨʣʝʨ װʰʽʥ ʪײʨʘץʪʳ ʧʘʡʳʟʜʳץ 

ʞװʢʪʝʤʝʥʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʜʝʡ ʠʢʝʤʜʝʫ ץʘʞʝʪ. 

3. ɯʰʢʽ ʢʘʧʠʪʘʣʜʳ ʙʘʩץʘʨʫʜʳ ʞʝʪʽʣʜʽʨʫ: ʀʥʬʣʷʮʠʷʣʳץ ץʳʩʳʤ ʞʘסʜʘʡʳʥʜʘ ʘʡʥʘʣʳʤ 

 .ʳʟʜʳשʘʨʫ ʞᴅʥʝ ʧʘʡʜʘʥʳ ʨʝʠʥʚʝʩʪʠʮʠʷʣʘʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫ ʤʘץʘʨʘʞʘʪʳʥ ʪʠʽʤʜʽ ʙʘʩץ

ʄʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ ʦʨʪʘʥʳײץ שʙʳʣʤʘʣʳʣʳסʳ ʞʘסʜʘʡʳʥʜʘ ʰʘסʳʥ ʙʠʟʥʝʩ ʢʘʧʠʪʘʣʳʥʳש 

ʦשʪʘʡʣʳ ײץʨʳʣʳʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ - ʤʝʤʣʝʢʝʪ ʧʝʥ ʢᴅʩʽʧʢʝʨʣʽʢ ʩʝʢʪʦʨʳʥʳש ʙʽʨʣʝʩʢʝʥ ᴅʨʝʢʝʪʽʥ 

ʪʘʣʘʧ ʝʪʝʪʽʥ ʩʪʨʘʪʝʛʠʷʣʳץ ʤʽʥʜʝʪ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. 

ʇʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽ: 

 

 ץʣʪʪʳױ ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ʨʝʬʦʨʤʘʣʘʨ ʘʛʝʥʪʪʽʛʽ ץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ʉʪʨʘʪʝʛʠʷʣʳץʘʟʘפ .1

ʩʪʘʪʠʩʪʠʢʘ ʙʶʨʦʩʳ. ʈʝʩʤʠ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʘץʧʘʨʘʪ: ʀʥʬʣʷʮʠʷ ʞᴅʥʝ ʙʘסʘʣʘʨ ʩʪʘʪʠʩʪʠʢʘʩʳ. ï 

[ʕʣʝʢʪʨʦʥʜʳץ ʨʝʩʫʨʩ]. ï URL: https://stat.gov.kz/ (ʞװʛʽʥʛʝʥ ʢװʥ: 30.03.2026). 

 ʤᴇʣʰʝʨʣʝʤʝ ץʰʘ-ʢʨʝʜʠʪ ʩʘʷʩʘʪʳ: ɹʘʟʘʣʳץɹʘʥʢʽ. ɸ ץʣʪʪʳױ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ .2

ʪʫʨʘʣʳ ʰʝʰʽʤʜʝʨ. ï [ʕʣʝʢʪʨʦʥʜʳץ ʨʝʩʫʨʩ]. ï URL: https://nationalbank.kz/ (ʞװʛʽʥʛʝʥ ʢװʥ: 

30.03.2026). 

3. çɼʘʤʫè ʢᴅʩʽʧʢʝʨʣʽʢʪʽ ʜʘʤʳʪʫ ץʦʨʳè ɸפ. ʐʘסʳʥ ʞᴅʥʝ ʦʨʪʘ ʢᴅʩʽʧʢʝʨʣʽʢʪʽ ʤʝʤʣʝʢʝʪʪʽʢ 

 /ï URL: https://damu.kz .[ʨʝʩʫʨʩ ץʕʣʝʢʪʨʦʥʜʳ] ʤʦʥʠʪʦʨʠʥʛʽ. ï שʜʘʨʣʘʤʘʣʘʨʳʥʳסʦʣʜʘʫ ʙʘץ

(ʞװʛʽʥʛʝʥ ʢװʥ: 30.03.2026). 

 ץʈɿ. ï [ʕʣʝʢʪʨʦʥʜʳפ ʳ ˉ 375-Vסʘʟʘʥʜʘץ ʳ 29סʈ ʂᴅʩʽʧʢʝʨʣʽʢ ʢʦʜʝʢʩʽ. 2015 ʞʳʣפ .4

ʨʝʩʫʨʩ]. ï URL: https://adilet.zan.kz/ (ʞװʛʽʥʛʝʥ ʢװʥ: 30.03.2026). 

 

https://stat.gov.kz/
https://nationalbank.kz/
https://damu.kz/
https://adilet.zan.kz/
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀ ʈɽɸʃʀɿɸʎʀʗ ʇʃɸʊʌʆʈʄʓ ɼʃʗ  

ʇʈʆɺɽɼɽʅʀʗ CTF-ʉʆʈɽɺʅʆɺɸʅʀʁ  

 

 

ʂʘʩʴʷʥʦʚ ɸʣʝʢʩʘʥʜʨ ɸʥʜʨʝʝʚʠʯ 

ʉʪʫʜʝʥʪ 3 ʢʫʨʩʘ,  

ʇʠʢʘʣʦʚ ɸʣʝʢʩʘʥʜʨ ʀʛʦʨʝʚʠʯ,  

ʉʪʫʜʝʥʪ 3 ʢʫʨʩʘ,  

ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘè,   

ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʂʣʶʝʚʘ ɽʣʝʥʘ ɻʝʦʨʛʠʝʚʥʘ 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʩʝʩʪʦʨʦʥʥʝʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ, ʘʨʭʠʪʝʢʪʫʨʳ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ctf.ksturobot.kz. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʝʚʥʦʚʘʥʠʡ ʧʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʬʦʨʤʘʪʝ Capture The Flag. ʇʦʜʨʦʙʥʦ ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ 

ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʡ ʢʣʠʝʥʪʩʢʦʡ ʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʝʡ, ʢʦʥʪʝʡʥʝʨʥʦʡ ʠʟʦʣʷʮʠʠ ʩʝʨʚʠʩʦʚ, 

ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʫʷʟʚʠʤʳʭ ʟʘʜʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʤʝʭʘʥʠʟʤʳ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʩʪʝʥʜʘʤʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʢʠʙʝʨʘʪʘʢ ʠ ʘʥʘʣʠʟʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʝʪʨʠʢ. 

ʉʪʨʝʤʠʪʝʣʴʥʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʚʝʣʠ ʢ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʤʫ 

ʨʦʩʪʫ ʯʠʩʣʘ ʢʠʙʝʨʫʛʨʦʟ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʦʩʪʨʦ ʚʳʷʚʠʣʘ ʛʣʦʙʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ - ʢʨʠʪʠʯʝʩʢʠʡ 

ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʀɹ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʭʚʘʪʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʨʝʘʣʴʥʳʤʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ 

ʥʘʚʳʢʘʤʠ ʦʪʨʘʞʝʥʠʷ ʘʪʘʢ, ʠʩʯʠʩʣʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ ʪʳʩʷʯ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʠ ʵʪʦʪ ʨʘʟʨʳʚ 

ʥʘʯʠʥʘʝʪʩʷ ʝʱʝ ʥʘ ʵʪʘʧʝ ʰʢʦʣʴʥʦʛʦ ʠ ʙʘʟʦʚʦʛʦ ʚʫʟʦʚʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤ 

ʬʫʥʜʘʤʝʥʪʝ, ʟʘʯʘʩʪʫʶ ʥʝ ʩʧʦʩʦʙʥʳ ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʪʫʜʝʥʪʘʤ ʨʝʣʝʚʘʥʪʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ 

ʨʘʙʦʪʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʫʷʟʚʠʤʦʩʪʷʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʳʟʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʠ ʠʥʜʫʩʪʨʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʯʘʣʠ 

ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʬʦʨʤʘʪʳ ʦʙʫʯʝʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʜʦʤʠʥʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʟʘʥʷʣʠ ʩʦʨʝʚʥʦʚʘʥʠʷ Capture The Flag (CTF). ɺ ʨʘʤʢʘʭ ʪʘʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʫʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʠʩʢʦʤ ʫʷʟʚʠʤʦʩʪʠ ʠʣʠ 

ʨʘʩʩʣʝʜʦʚʘʥʠʝʤ ʠʥʮʠʜʝʥʪʘ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝʤ çʬʣʘʛʘè - ʫʥʠʢʘʣʴʥʦʡ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠ. ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʘʤ ɽʚʨʦʧʝʡʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ (ENISA), ʬʦʨʤʘʪ 

CTF ʧʨʠʟʥʘʥ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʝʜʦʚʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ [1]. ʆʧʳʪ ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʤʘʩʰʪʘʙʥʳʭ ʧʣʘʪʬʦʨʤ, ʢʘʢ 

PicoCTF, ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʛʝʡʤʠʬʠʢʘʮʠʷ ʠ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʧʦʜʘʯʘ ʤʘʪʝʨʠʘʣʘ 

ʩʧʦʩʦʙʥʳ ʚʦʚʣʝʯʴ ʚ ʠʟʫʯʝʥʠʝ ʩʣʦʞʥʳʭ ʢʦʥʮʝʧʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛ ʠ ʙʠʥʘʨʥʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ, ʜʘʞʝ ʪʝʭ ʫʯʘʱʠʭʩʷ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʠʤʝʣʠ ʧʨʦʬʠʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ [2]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʧʫʙʣʠʯʥʦʤ ʜʦʩʪʫʧʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʪʨʝʥʠʨʦʚʦʯʥʳʭ 

ʧʣʘʪʬʦʨʤ, ʪʘʢʠʭ ʢʘʢ HackTheBox, TryHackMe, Root-Me ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʙʦʛʘʪʳʡ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ [3,4,5,6]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʧʳʪʢʠ ʧʨʷʤʦʡ ʠʥʪʝʛʨʘʮʠʠ ʵʪʠʭ ʩʪʦʨʦʥʥʠʭ ʨʝʩʫʨʩʦʚ ʚ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʠ 

ʟʘʢʨʳʪʳʡ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʚʳʩʰʝʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʥʝʠʟʙʝʞʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ 

ʥʝʧʨʝʦʜʦʣʠʤʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʣʠʰʝʥʳ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ 

ʫʨʦʚʥʝʤ ʩʣʦʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʟʘʜʘʥʠʡ ʠ ʥʝ ʤʦʛʫʪ ʛʠʙʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ ʧʦʜ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

220 
 

ʢʦʥʢʨʝʪʥʫʶ ʫʯʝʙʥʫʶ ʧʨʦʛʨʘʤʤʫ. ɺʦ-ʚʪʦʨʳʭ, ʚʥʝʰʥʠʝ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʪʝʛʨʘʮʠʶ ʩ ʣʦʢʘʣʴʥʳʤ 

ʘʧʧʘʨʘʪʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʩʚʷʟʠ 

ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʜʦʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʤʠʨʦʤ. 

ʉ ʮʝʣʴʶ ʧʨʝʦʜʦʣʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʛʠʙʨʠʜʥʫʶ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʫʶ ʧʣʘʪʬʦʨʤʫ 

ctf.ksturobot.kz. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʢʦʤʧʣʝʢʩ ʜʦʣʞʝʥ ʩʪʘʪʴ ʥʝ ʧʨʦʩʪʦ ʘʥʘʣʦʛʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʝʰʝʥʠʡ, ʘ ʧʦʣʥʦʮʝʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʵʢʦʩʠʩʪʝʤʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʝʚʥʦʚʘʥʠʡ: ʦʪ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʫʷʟʚʠʤʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʚʝʨʢʠ ʨʝʰʝʥʠʡ ʜʦ ʫʥʠʢʘʣʴʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʠʙʝʨʘʪʘʢ ʥʘ ʨʝʘʣʴʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʪʝʥʜʘʭ ʣʘʙʦʨʘʪʦʨʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʘʥʘʣʠʟ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚʳʷʚʠʣ, ʯʪʦ 

ASCON ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʰʠʬʨʦʚʘʥʠʷ, ʯʝʤ AES-

128. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʜʝʣʘʝʪ ASCON ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʚʩʪʨʘʠʚʘʝʤʳʭ ʠ IoT-ʫʩʪʨʦʡʩʪʚʘʭ, ʛʜʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʅʠʟʢʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ, ʩʥʠʞʘʷ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʝʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʠ ʯʘʩʪʦʪʝ ʠʭ ʟʘʤʝʥʳ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʣʶʙʦʡ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ 

ʚʳʙʦʨʘ ʝʝ ʬʦʨʤʘʪʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʥʦ ʠ ʚʩʶ 

ʛʣʫʙʠʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʩʪʝʤʳ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʧʨʘʢʪʠʢʝ, ʦʙʦʙʱʝʥʥʦʡ ʚ ʦʪʯʝʪʘʭ ENISA, ʚ ʩʬʝʨʝ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʠʩʴ 

ʜʚʘ ʙʘʟʦʚʳʭ ʬʦʨʤʘʪʘ ʧʨʦʚʝʜʝʥʠʷ CTF: Jeopardy (ʚʠʢʪʦʨʠʥʘ) ʠ Attack-Defence (ʘʪʘʢʘ-ʟʘʱʠʪʘ) 

[1]. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʦʨʦʛ ʚʭʦʜʘ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ. 

ʌʦʨʤʘʪ Attack-Defence ʤʦʜʝʣʠʨʫʝʪ ʨʝʘʣʴʥʦʝ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ Red ʠ Blue Team, ʚ ʢʦʪʦʨʦʤ 

ʫʯʘʩʪʥʠʢʠ ʜʦʣʞʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʱʠʱʘʪʴ ʩʚʦʠ ʩʝʨʚʝʨʳ ʦʪ ʚʟʣʦʤʘ ʠ ʘʪʘʢʦʚʘʪʴ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʦʧʝʨʥʠʢʦʚ. ʆʜʥʘʢʦ ʝʛʦ ʚʥʝʜʨʝʥʠʝ ʚ ʙʘʟʦʚʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʠʣʴʥʦ 

ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʧʦʨʦʛʘ ʚʭʦʜʘ, ʨʠʩʢʘ ʙʳʩʪʨʦʛʦ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʦʧʳʪʥʳʭ ʢʦʤʘʥʜ ʥʘʜ 

ʥʦʚʠʯʢʘʤʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʣʦʞʥʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ VPN-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʬʦʨʤʘʪ Jeopardy ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʪʘʣʦʛ ʥʝʟʘʚʠʩʠʤʳʭ ʟʘʜʘʯ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʘʪʝʛʦʨʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʢʨʠʧʪʦʛʨʘʬʠʷ (Crypto), ʚʝʙ-ʫʷʟʚʠʤʦʩʪʠ 

(Web), ʦʙʨʘʪʥʘʷ ʨʘʟʨʘʙʦʪʢʘ (Reverse), ʢʦʤʧʴʶʪʝʨʥʘʷ ʢʨʠʤʠʥʘʣʠʩʪʠʢʘ (Forensics) ʠ ʙʠʥʘʨʥʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ (Pwn) [1]. ʋʯʘʩʪʥʠʢʠ ʤʦʛʫʪ ʚʳʙʠʨʘʪʴ ʟʘʜʘʯʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ, ʘ ʠʭ 

ʜʝʡʩʪʚʠʷ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ - ʫʩʧʝʰʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʫʷʟʚʠʤʦʩʪʠ ʦʜʥʦʡ ʢʦʤʘʥʜʦʡ 

ʥʠʢʘʢ ʥʝ ʙʣʦʢʠʨʫʝʪ ʜʦʩʪʫʧ ʢ ʟʘʜʘʯʝ ʜʣʷ ʜʨʫʛʦʡ. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʝʣʘʝʪ ʬʦʨʤʘʪ ʯʨʝʟʚʳʯʘʡʥʦ 

ʛʠʙʢʠʤ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ. ʆʨʛʘʥʠʟʘʪʦʨʳ ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʧʣʘʚʥʫʶ ʢʨʠʚʫʶ 

ʩʣʦʞʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʦʪ ʪʨʠʚʠʘʣʴʥʳʭ ʟʘʜʘʥʠʡ ʜʣʷ ʥʦʚʠʯʢʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤʠ ʚʝʢʪʦʨʘʤʠ ʘʪʘʢ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ [7]. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ctf.ksturobot.xyz ʙʳʣ 

ʚʳʙʨʘʥ ʬʦʨʤʘʪ Jeopardy, ʪʘʢ ʢʘʢ ʦʥ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʘʢʘʜʝʤʠʯʝʩʢʦʡ 

ʩʨʝʜʳ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʩʠʥʭʨʦʥʥʳʝ ʪʨʝʥʠʨʦʚʢʠ ʠ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʫʯʝʙʥʳʝ ʢʫʨʩʳ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʛʣʘʚʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ Jeopardy - ʠʟʣʠʰʥʝʡ 

ʛʝʡʤʠʬʠʢʘʮʠʠ ʠ ʦʪʦʨʚʘʥʥʦʩʪʠ ʦʪ ʨʝʘʣʴʥʦʩʪʠ - ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʧʣʘʪʬʦʨʤʳ ʙʳʣʠ ʟʘʣʦʞʝʥʳ 

ʨʘʩʰʠʨʝʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. 

ɺʘʞʥʝʡʰʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʩʪʘʣʘ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ 

ʟʘʜʘʥʠʡ (Dynamic Scoring) [8,9]. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʩʪʦʠʤʦʩʪʴ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʥʠʞʘʝʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʘʥʜ, ʫʩʧʝʰʥʦ ʩʜʘʚʰʠʭ ʬʣʘʛ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʨʝʡʪʠʥʛ ʙʝʟ ʨʫʯʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʞʶʨʠ ʠ ʦʙʲʝʢʪʠʚʥʦ ʦʪʨʘʞʘʪʴ 

ʨʝʘʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ (Frontend) ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʦʡ 

ʧʣʘʪʬʦʨʤʳ ʛʣʘʚʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʷʚʣʷʣʘʩʴ ʩʢʦʨʦʩʪʴ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʠ ʫʜʦʙʩʪʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʦʚʦʡ ʥʘʛʨʫʟʢʠ. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ CTF-ʩʦʨʝʚʥʦʚʘʥʠʡ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʵʪʘʧʘʭ ʤʘʩʩʦʚʦʛʦ ʩʪʘʨʪʘ ʠʣʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʪʫʨʥʠʨʘ, ʩʝʨʚʝʨ 
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ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ ʢʦʣʦʩʩʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʪʳʩʷʯ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʢʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʜʦʣʞʥʘ ʦʩʪʘʚʘʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ, ʘ ʦʪʨʠʩʦʚʢʘ ʠʥʪʝʨʬʝʡʩʘ ʥʝ 

ʜʦʣʞʥʘ ʟʘʚʠʩʝʪʴ ʦʪ ʟʘʜʝʨʞʝʢ ʧʨʠ ʧʝʨʝʜʘʯʝ ʦʙʲʝʤʥʳʭ HTML-ʜʦʢʫʤʝʥʪʦʚ ʩʦ ʩʪʦʨʦʥʳ ʙʵʢʝʥʜʘ.  

ʇʦʜʭʦʜ SPA ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʦʩʥʦʚʥʦʡ ʢʘʨʢʘʩ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʚ ʙʨʘʫʟʝʨ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʣʠʰʴ ʝʜʠʥʦʞʜʳ ʧʨʠ ʧʝʨʚʦʤ ʦʙʨʘʱʝʥʠʠ ʢ ʨʝʩʫʨʩʫ. ʇʦʩʣʝʜʫʶʱʠʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʪʨʘʥʠʮʘʤʠ, 

ʦʙʥʦʚʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʣʠʜʝʨʦʚ (Leaderboard) ʠʣʠ ʩʤʝʥʘ ʩʪʘʪʫʩʦʚ ʟʘʜʘʥʠʡ 

ʧʨʦʠʩʭʦʜʷʪ ʣʦʢʘʣʴʥʦ ʟʘ ʩʯʝʪ ʤʘʥʠʧʫʣʷʮʠʡ ʩ ʚʠʨʪʫʘʣʴʥʳʤ DOM (Document Object Model), ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʥʦʡ ʧʝʨʝʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ. ʕʪʦ ʢʨʠʪʠʯʝʩʢʠ ʩʥʠʞʘʝʪ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʧʦ ʩʝʪʠ ʪʨʘʬʠʢʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʛʥʦʚʝʥʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʦʪʢʣʠʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʩʙʦʨʢʠ ʧʨʦʝʢʪʘ ʙʳʣ ʚʳʙʨʘʥ ʩʦʚʨʝʤʝʥʥʳʡ ʙʘʥʜʣʝʨ Vite ʚʝʨʩʠʠ 5, 

ʢʦʪʦʨʳʡ ʧʨʠʰʝʣ ʥʘ ʩʤʝʥʫ ʢʣʘʩʩʠʯʝʩʢʠʤ, ʥʦ ʪʷʞʝʣʦʚʝʩʥʳʤ ʨʝʰʝʥʠʷʤ ʚʨʦʜʝ Webpack. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Vite ʦʙʝʩʧʝʯʠʣʦ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʣʘʪʬʦʨʤʳ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ 

ʩʢʦʨʦʩʪʠ ʢʦʤʧʠʣʷʮʠʠ ʧʨʦʝʢʪʘ ʠ ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʝʥʷʪʴ ʤʝʭʘʥʠʟʤ ʛʦʨʷʯʝʡ ʟʘʤʝʥʳ ʤʦʜʫʣʝʡ (Hot 

Module Replacement) ʤʛʥʦʚʝʥʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʣʦ ʚʨʝʤʷ ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʪʣʘʜʢʠ 

ʢʣʠʝʥʪʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ʄʘʨʰʨʫʪʠʟʘʮʠʷ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʘʢʪʫʘʣʴʥʦʡ ʚʝʨʩʠʠ 

ʙʠʙʣʠʦʪʝʢʠ React Router 6, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʫʶ ʠ ʣʦʛʠʯʝʩʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ 

ʥʘʚʠʛʘʮʠʶ ʤʝʞʜʫ ʢʣʶʯʝʚʳʤʠ ʨʘʟʜʝʣʘʤʠ ʩʠʩʪʝʤʳ: ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝʡ, ʢʘʪʘʣʦʛʦʤ ʟʘʜʘʥʠʡ (ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʢʘʪʝʛʦʨʠʷʤ), ʣʠʯʥʳʤ ʧʨʦʬʠʣʝʤ ʫʯʘʩʪʥʠʢʘ ʠ ʟʘʱʠʱʝʥʥʦʡ ʧʘʥʝʣʴʶ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʣʦʙʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʨʠʣʦʞʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʝʛʦ ʨʦʣʠ ʚ ʩʠʩʪʝʤʝ, ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʚʩʪʨʦʝʥʥʳʡ ʚ React ʤʝʭʘʥʠʟʤ Context API. ʆʪʢʘʟ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʠ ʠʟʙʳʪʦʯʥʳʭ 

ʩʪʝʡʪ-ʤʝʥʝʜʞʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ Redux ʠʣʠ Zustand, ʧʦʟʚʦʣʠʣ ʩʥʠʟʠʪʴ ʦʙʱʠʡ ʚʝʩ ʢʣʠʝʥʪʩʢʦʛʦ 

ʧʘʢʝʪʘ (bundle size) ʠ ʫʧʨʦʩʪʠʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʠʝʥʪʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʴʶ (Backend API) 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʩʠʥʭʨʦʥʥʳʭ HTTP-ʟʘʧʨʦʩʦʚ ʯʝʨʝʟ ʙʠʙʣʠʦʪʝʢʫ Axios. ʕʢʟʝʤʧʣʷʨ 

Axios ʛʣʦʙʘʣʴʥʦ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʜʣʷ ʨʘʙʦʪʳ ʩ ʝʜʠʥʳʤ ʙʘʟʦʚʳʤ ʘʜʨʝʩʦʤ (/api) ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ (ʬʣʘʛ withCredentials). ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʝʩʰʦʚʥʦʡ ʧʝʨʝʜʘʯʠ ʩʝʩʩʠʦʥʥʳʭ cookie-ʬʘʡʣʦʚ 

ʠ ʪʦʢʝʥʦʚ ʟʘʱʠʪʳ ʦʪ ʤʝʞʩʘʡʪʦʚʦʡ ʧʦʜʜʝʣʢʠ ʟʘʧʨʦʩʦʚ (CSRF-ʪʦʢʝʥʦʚ). 

ɺʠʟʫʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʦʬʦʨʤʣʝʥʠʝ ʧʣʘʪʬʦʨʤʳ ʧʦʩʪʨʦʝʥʳ ʥʘ ʙʘʟʝ utility-first CSS-

ʬʨʝʡʤʚʦʨʢʘ Tailwind CSS 3 ʚ ʩʚʷʟʢʝ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ PostCSS ʠ Autoprefixer. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ UI-ʙʠʙʣʠʦʪʝʢ ʚʨʦʜʝ Bootstrap: ʚʤʝʩʪʦ 

ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʷ ʛʦʪʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʣʘʪʬʦʨʤʳ ʬʦʨʤʠʨʦʚʘʣʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʫʥʠʢʘʣʴʥʳʝ ʩʪʠʣʠ ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʘʪʦʤʘʨʥʳʭ CSS-ʢʣʘʩʩʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʟʤʝʪʢʝ 

ʢʦʤʧʦʥʝʥʪʦʚ React. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʣʝʛʢʠʡ, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʠ ʧʦʣʥʦʩʪʴʶ 

ʘʜʘʧʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʢʦʨʨʝʢʪʥʦ ʦʪʦʙʨʘʞʘʶʱʠʡʩʷ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʣʶʙʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʵʢʨʘʥʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʘʩʪʦʤʠʟʘʮʠʷ ʠ ʠʥʪʝʛʨʘʮʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʮʚʝʪʦʚ ʧʣʘʪʬʦʨʤʳ 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʯʝʨʝʟ ʩʦʙʩʪʚʝʥʥʫʶ ʚʠʟʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʦʚʝʨʭ Tailwind, ʯʪʦ ʧʨʠʜʘʣʦ ʧʣʦʱʘʜʢʝ 

ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʠʣʠʩʪʠʢʝ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʝʨʚʝʨʥʳʡ ʫʨʦʚʝʥʴ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʠ ʣʦʛʠʯʝʩʢʠʤ ʷʜʨʦʤ ʚʩʝʡ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ctf.ksturobot.kz. ʅʘ ʥʝʛʦ ʚʦʟʣʦʞʝʥʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ: 

ʘʚʪʦʨʠʟʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ, ʩʪʨʦʛʘʷ ʚʘʣʠʜʘʮʠʷ ʦʪʧʨʘʚʣʷʝʤʳʭ ʬʣʘʛʦʚ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʨʝʡʪʠʥʛʦʚ, ʟʘʱʠʪʘ ʦʪ ʧʦʧʳʪʦʢ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʧʣʘʪʬʦʨʤʳ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʜʣʷ 

ʢʣʠʝʥʪʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʙʳʣ 

ʚʳʙʨʘʥ Python 3.11, ʘ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ (API) ʧʦʩʣʫʞʠʣ 

ʩʦʚʨʝʤʝʥʥʳʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʚʝʙ-ʬʨʝʡʤʚʦʨʢ FastAPI. 

ʇʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʥʭʨʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ (WSGI), ʭʘʨʘʢʪʝʨʥʦʡ 

ʜʣʷ ʪʘʢʠʭ ʬʨʝʡʤʚʦʨʢʦʚ ʢʘʢ Django ʠʣʠ ʙʘʟʦʚʳʡ Flask, ʢ ʘʩʠʥʭʨʦʥʥʦʤʫ ʩʪʘʥʜʘʨʪʫ (ASGI) ʩʪʘʣ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʨʝʰʝʥʠʝʤ. ʇʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʩʝʨʚʝʨʘ ʧʨʠʣʦʞʝʥʠʡ 

Uvicorn, FastAPI ʩʧʦʩʦʙʝʥ ʘʩʠʥʭʨʦʥʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʳʩʷʯʠ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʦʜʢʣʶʯʝʥʠʡ. ʕʪʦ 
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ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ CTF-ʧʣʘʪʬʦʨʤ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʥʘʧʨʠʤʝʨ, ʜʣʷ ʞʠʚʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʣʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʩʢʦʨʙʦʨʜʘ) ʠ ʚʳʧʦʣʥʝʥʠʝ 

ʥʝʙʣʦʢʠʨʫʶʱʠʭ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʧʨʠ ʯʘʩʪʳʭ ʦʙʨʘʱʝʥʠʷʭ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. ɹʣʘʛʦʜʘʨʷ 

ʘʩʠʥʭʨʦʥʥʦʤʫ ʧʦʜʭʦʜʫ, ʩʠʩʪʝʤʘ ʨʝʰʘʝʪ ʢʣʘʩʩʠʯʝʩʢʫʶ çʧʨʦʙʣʝʤʫ 10 000 ʩʦʝʜʠʥʝʥʠʡè (C10k 

problem) ʙʝʟ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʢʨʘʡʥʝ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʙʵʢʝʥʜʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʜʦʤʝʥʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʠʟʘʡʥʘ (Domain-Driven Design). ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ (routers) API ʣʦʛʠʯʝʩʢʠ 

ʠʟʦʣʠʨʦʚʘʥʳ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʜʦʤʝʥʘʤ: ʤʘʨʰʨʫʪʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʨʘʙʦʪʳ ʩ ʪʦʢʝʥʘʤʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʥʝʩʝʥʳ ʚ ʤʦʜʫʣʴ auth, ʦʧʝʨʘʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʘʪʘʣʦʛʦʤ ʟʘʜʘʯ - ʚ 

challenges, ʣʦʛʠʢʘ ʧʨʠʝʤʘ ʦʪʚʝʪʦʚ ʠ ʨʘʩʯʝʪʘ ʩʪʘʪʠʩʪʠʢʠ - ʚ submissions, ʘ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ 

ʫʯʘʩʪʥʠʢʦʚ - ʚ users. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʢʦʤʘʥʜʥʫʶ ʨʘʟʨʘʙʦʪʢʫ, 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ. 

ʉʣʦʡ ʜʦʩʪʫʧʘ ʢ ʧʝʨʩʠʩʪʝʥʪʥʳʤ ʜʘʥʥʳʤ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ 

SQLAlchemy ʚʝʨʩʠʠ 2, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ (ORM). ʉʪʨʦʛʘʷ ʪʠʧʠʟʘʮʠʷ ʥʘ ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʚʘʣʠʜʘʮʠʷ 

ʚʭʦʜʷʱʠʭ ʠ ʠʩʭʦʜʷʱʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʠ FastAPI 

ʩ ʙʠʙʣʠʦʪʝʢʦʡ Pydantic 2. ʃʶʙʦʡ ʚʭʦʜʷʱʠʡ JSON-ʟʘʧʨʦʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʞʝʩʪʢʦ ʟʘʜʘʥʥʳʤ ʩʭʝʤʘʤ. ɺ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʧʳʪʢʝ 

ʧʝʨʝʜʘʪʴ ʚ ʧʦʣʝ ʩʪʨʦʢʦʚʦʛʦ ʪʠʧʘ ʤʘʩʩʠʚ ʙʘʡʪʦʚ ʠʣʠ ʠʩʧʦʣʥʷʝʤʳʡ ʢʦʜ, ʟʘʧʨʦʩ ʙʫʜʝʪ 

ʤʦʤʝʥʪʘʣʴʥʦ ʦʪʢʣʦʥʝʥ ʩʝʨʚʝʨʦʤ ʩ ʛʝʥʝʨʘʮʠʝʡ ʧʦʜʨʦʙʥʦʡ ʦʰʠʙʢʠ 422 Unprocessable Entity. ʕʪʦʪ 

ʤʝʭʘʥʠʟʤ ʥʘ ʢʦʨʥʶ ʧʨʝʩʝʢʘʝʪ ʮʝʣʳʡ ʢʣʘʩʩ ʫʷʟʚʠʤʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʜʨʝʥʠʝʤ ʢʦʜʘ (Injection 

attacks), ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʯʠʩʪʦʪʫ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʦʙʨʘʙʦʪʢʫ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʙʝʟʦʧʘʩʥʦʝ ʭʨʘʥʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʦʢʨʫʞʝʥʠʷ (ʩʝʢʨʝʪʥʳʭ ʢʣʶʯʝʡ, 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʢʣʶʯʝʥʠʷ) ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʦ ʯʝʨʝʟ ʢʣʘʩʩ BaseSettings ʙʠʙʣʠʦʪʝʢʠ pydantic-

settings. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʨʚʝʨʥʳʡ ʩʣʦʡ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩ ʷʚʥʳʤ ʫʧʦʨʦʤ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʥʘʜʝʞʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʦʪʢʣʠʢʘ ʠ ʟʘʱʠʪʫ ʦʪ ʟʣʦʥʘʤʝʨʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʜʣʷ ʩʠʩʪʝʤ, ʘʫʜʠʪʦʨʠʝʡ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʧʦʩʪʦʷʥʥʦ ʠʱʫʱʠʝ ʫʷʟʚʠʤʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʚ ʩʘʤʠʭ ʟʘʜʘʥʠʷʭ, ʥʦ ʠ ʚ ʷʜʨʝ ʧʣʘʪʬʦʨʤʳ. 

ʅʘʜʝʞʥʦʩʪʴ, ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʜʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʶʙʦʡ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ CTF-ʪʫʨʥʠʨʘ ʧʣʘʪʬʦʨʤʘ ʛʝʥʝʨʠʨʫʝʪ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʦʛʨʦʤʥʳʡ ʤʘʩʩʠʚ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ: ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʦʪʧʨʘʚʣʷʝʤʳʭ ʬʣʘʛʦʚ, 

ʨʝʛʠʩʪʨʘʮʠʷ ʥʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʦʛʦʚ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʝʨʝʨʘʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʟʘʜʘʯ. ɼʣʷ ʧʝʨʩʠʩʪʝʥʪʥʦʛʦ ʭʨʘʥʝʥʠʷ ʵʪʠʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʨʝʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ PostgreSQL 16. ɺʳʙʦʨ ʚ ʧʦʣʴʟʫ ʩʪʨʦʛʦʡ 

ʨʝʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ NoSQL-ʨʝʰʝʥʠʡ (ʪʘʢʠʭ ʢʘʢ MongoDB), ʧʨʦʜʠʢʪʦʚʘʥ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ACID-ʩʚʦʡʩʪʚ (ʘʪʦʤʘʨʥʦʩʪʴ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ) ʜʣʷ ʚʩʝʭ ʪʨʘʥʟʘʢʮʠʡ. ʆʰʠʙʢʠ ʚ ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʣʠ ʧʦʪʝʨʷ ʜʘʥʥʳʭ ʦ 

ʩʜʘʥʥʳʭ ʬʣʘʛʘʭ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʜʠʩʢʨʝʜʠʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩʦʨʝʚʥʦʚʘʥʠʷ. ɺ PostgreSQL 

ʭʨʘʥʷʪʩʷ ʧʨʦʬʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʝʪʘʜʘʥʥʳʝ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʜʘʯ, ʥʝʠʟʤʝʥʷʝʤʳʝ ʣʦʛʠ 

ʨʝʰʝʥʠʡ (submissions), ʘ ʪʘʢʞʝ ʪʦʢʝʥʳ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ ʚʳʩʪʫʧʘʶʪ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʪʠʯʥʳʝ ʭʘʢʝʨʳ ʠ ʩʪʫʜʝʥʪʳ, ʦʙʫʯʘʶʱʠʝʩʷ ʧʦʠʩʢʫ ʫʷʟʚʠʤʦʩʪʝʡ, ʚʦʧʨʦʩʳ 

ʟʘʱʠʪʳ ʩʘʤʦʛʦ ʷʜʨʘ ʧʣʦʱʘʜʢʠ ʧʨʠʦʙʨʝʣʠ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʧʳʪ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʯʘʩʪʥʠʢʠ ʥʝʠʟʙʝʞʥʦ ʧʳʪʘʶʪʩʷ ʘʪʘʢʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʠʛʨʦʚʳʝ ʢʦʥʪʝʡʥʝʨʳ, ʥʦ ʠ ʫʧʨʘʚʣʷʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩ ʮʝʣʴʶ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʧʨʠʚʠʣʝʛʠʡ ʠʣʠ ʜʦʩʪʫʧʘ ʢ ʟʘʢʨʳʪʳʤ ʬʣʘʛʘʤ. 

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʪʢʘʟʘʪʴʩʷ 

ʦʪ ʧʦʧʫʣʷʨʥʦʡ, ʥʦ ʫʷʟʚʠʤʦʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʮʝʥʘʨʠʷʭ ʤʦʜʝʣʠ ʧʦʣʥʦʩʪʴʶ stateless-

ʘʚʪʦʨʠʟʘʮʠʠ ʥʘ ʙʘʟʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ JSON Web Tokens (JWT). ɺʤʝʩʪʦ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢʠ 
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ʚʥʝʜʨʠʣʠ ʙʦʣʝʝ ʥʘʜʝʞʥʫʶ ʛʠʙʨʠʜʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩʝʩʩʠʷʤʠ. ʇʨʠ ʫʩʧʝʰʥʦʡ ʧʨʦʚʝʨʢʝ 

ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʝʩʩʠʠ (Session ID), 

ʢʦʪʦʨʳʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʚ Redis. ʂʣʠʝʥʪʩʢʦʤʫ ʙʨʘʫʟʝʨʫ ʵʪʦʪ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʝʨʝʜʘʝʪʩʷ ʚ ʚʠʜʝ ʟʘʱʠʱʝʥʥʦʛʦ cookie-ʬʘʡʣʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʬʣʘʛʘʤʠ 

HttpOnly (ʟʘʧʨʝʪ ʜʦʩʪʫʧʘ ʢ cookie ʠʟ JavaScript) ʠ Secure (ʧʝʨʝʜʘʯʘ ʪʦʣʴʢʦ ʧʦ ʟʘʰʠʬʨʦʚʘʥʥʦʤʫ 

HTTPS-ʢʘʥʘʣʫ). 

ɼʣʷ ʟʘʱʠʪʳ ʧʣʘʪʬʦʨʤʳ ʦʪ ʘʪʘʢ ʪʠʧʘ ʧʦʜʜʝʣʢʠ ʤʝʞʩʘʡʪʦʚʳʭ ʟʘʧʨʦʩʦʚ (Cross-Site Request 

Forgery, CSRF), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʚʳʧʦʣʥʠʪʴ ʜʝʡʩʪʚʠʷ ʦʪ ʣʠʮʘ 

ʘʚʪʦʨʠʟʦʚʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚʥʝʜʨʝʥ ʩʪʨʦʛʠʡ ʤʝʭʘʥʠʟʤ çdouble-submit CSRFè. ʇʨʠ 

ʘʚʪʦʨʠʟʘʮʠʠ ʩʝʨʚʝʨ ʛʝʥʝʨʠʨʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʥʠʢʘʣʴʥʳʡ CSRF-ʪʦʢʝʥ, ʢʦʪʦʨʳʡ 

ʦʪʧʨʘʚʣʷʝʪʩʷ ʢʣʠʝʥʪʫ. ʃʶʙʳʝ ʤʫʪʠʨʫʶʱʠʝ HTTP-ʟʘʧʨʦʩʳ (POST, PUT, DELETE), ʪʘʢʠʝ ʢʘʢ 

ʦʪʧʨʘʚʢʘ ʬʣʘʛʘ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʬʠʣʷ, ʪʨʝʙʫʶʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʥʘʣʠʯʠʷ ʵʪʦʛʦ ʪʦʢʝʥʘ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʛʦʣʦʚʢʘʭ ʟʘʧʨʦʩʘ (X-CSRF-Token). ʉʝʨʚʝʨʥʳʡ ʩʣʦʡ ʚʘʣʠʜʘʮʠʠ (Dependencies ʚ 

FastAPI) ʩʚʝʨʷʝʪ ʪʦʢʝʥ ʠʟ ʟʘʛʦʣʦʚʢʘ ʩ ʪʦʢʝʥʦʤ, ʧʨʠʚʷʟʘʥʥʳʤ ʢ ʘʢʪʠʚʥʦʡ ʩʝʩʩʠʠ, ʠ ʧʨʠ 

ʤʘʣʝʡʰʝʤ ʥʝʩʦʚʧʘʜʝʥʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʥʝʤʝʜʣʝʥʥʦ ʙʣʦʢʠʨʫʝʪ ʦʧʝʨʘʮʠʶ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʝ ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ. ʇʘʨʦʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʠʢʦʛʜʘ ʥʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ. ɼʣʷ ʠʭ ʭʝʰʠʨʦʚʘʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ Passlib ʚ ʩʚʷʟʢʝ ʩ ʘʣʛʦʨʠʪʤʦʤ Argon2. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʩʪʘʨʝʚʰʠʭ ʘʣʛʦʨʠʪʤʦʚ ʭʝʰʠʨʦʚʘʥʠʷ (MD5, SHA-256) ʠʣʠ ʜʘʞʝ bcrypt, ʘʣʛʦʨʠʪʤ 

Argon2 ʷʚʣʷʝʪʩʷ memory-hard ʬʫʥʢʮʠʝʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʘʞʜʦʛʦ ʭʝʰʘ, ʯʪʦ ʜʝʣʘʝʪ ʘʪʘʢʠ ʧʝʨʝʙʦʨʘ (brute-force) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʱʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ (GPU) ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ASIC-

ʯʠʧʦʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠ ʢʨʘʡʥʝ ʩʣʦʞʥʳʤʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʰʝʣʦʥʦʤ ʟʘʱʠʪʳ ʦʪ ʩʦʟʜʘʥʠʷ ʙʦʪʥʝʪʦʚ ʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʬʝʡʢʦʚʳʭ 

ʘʢʢʘʫʥʪʦʚ (Sybil attacks) ʚʳʩʪʫʧʘʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʯʪʳ. ʇʨʦʮʝʩʩ ʨʝʘʣʠʟʦʚʘʥ ʯʝʨʝʟ ʦʪʧʨʘʚʢʫ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʭ ʪʦʢʝʥʦʚ ʚʝʨʠʬʠʢʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʝʛʦ ʧʦʯʪʦʚʦʛʦ API (Resend API), ʧʨʠʯʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʠʤ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʫʶ ʙʠʙʣʠʦʪʝʢʫ urllib.request, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʚʥʝʰʥʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ ʘʪʘʢ ʥʘ ʩʪʦʨʦʥʥʠʝ SDK. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʩʝʩʩʠʦʥʥʳʝ cookie, 

ʟʘʱʠʪʫ CSRF, ʭʝʰʠʨʦʚʘʥʠʝ Argon2 ʠ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ Fernet, ʬʦʨʤʠʨʫʝʪ ʥʝʧʨʝʦʜʦʣʠʤʳʡ 

ʙʘʨʴʝʨ ʜʣʷ ʥʘʨʫʰʠʪʝʣʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʩʦʨʝʚʥʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʩʦʨʝʚʥʦʚʘʥʠʡ ʧʦ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʣʠʤʧʠʘʜ ʧʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʯʘʩʪʥʠʢʘʤ ʨʝʘʣʴʥʳʭ ʫʷʟʚʠʤʳʭ 

ʩʝʨʚʠʩʦʚ. ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʟʘʧʫʩʢ ʥʘʤʝʨʝʥʥʦ ʫʷʟʚʠʤʦʛʦ ʢʦʜʘ ʥʝʩʝʪ ʚ ʩʝʙʝ ʢʦʣʦʩʩʘʣʴʥʳʝ ʨʠʩʢʠ 

ʜʣʷ ʚʩʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʣʦʱʘʜʢʠ, ʪʘʢ ʢʘʢ ʢʦʤʧʨʦʤʝʪʘʮʠʷ ʦʜʥʦʛʦ ʩʝʨʚʠʩʘ ʠʣʠ ʦʰʠʙʢʘ ʚ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʭʚʘʪʫ ʢʦʨʥʝʚʦʛʦ ʩʝʨʚʝʨʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʘʨʭʠʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʳ ctf.ksturobot.kz ʩʪʨʦʛʦ ʨʘʟʜʝʣʷʝʪ ʫʧʨʘʚʣʷʶʱʝʝ ʷʜʨʦ ʠ ʣʦʛʠʢʫ ʩʘʤʠʭ 

ʟʘʜʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʥʮʠʧʘ ʵʰʝʣʦʥʠʨʦʚʘʥʥʦʡ ʦʙʦʨʦʥʳ. 

ɺʩʝ ʩʝʨʚʠʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʫʷʟʚʠʤʦʩʪʠ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʘʪʝʛʦʨʠʠ Web ʠ ʙʠʥʘʨʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ Pwn), ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʚ ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʥʳʭ Docker-ʢʦʥʪʝʡʥʝʨʘʭ, ʯʪʦ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʜʘʚʣʷʶʱʠʤ ʙʦʣʴʰʠʥʩʪʚʦʤ ʪʦʧʦʚʳʭ CTF-ʧʣʦʱʘʜʦʢ [7]. ɼʣʷ ʦʨʢʝʩʪʨʘʮʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʵʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ Docker Compose, ʧʨʠ ʵʪʦʤ ʚ ʨʝʧʦʟʠʪʦʨʠʠ 

ʧʨʦʝʢʪʘ ʯʝʪʢʦ ʨʘʟʜʝʣʝʥʳ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (docker-compose.yml ʠ docker-compose.prod.yml). 

ʉʘʤʠ ʟʘʜʘʥʠʷ ʬʠʟʠʯʝʩʢʠ ʠ ʣʦʛʠʯʝʩʢʠ ʚʳʥʝʩʝʥʳ ʚ ʦʪʜʝʣʴʥʫʶ ʜʠʨʝʢʪʦʨʠʶ challs/, 

ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʥʝʟʘʚʠʩʠʤʳʝ ʤʠʢʨʦʩʝʨʚʠʩʳ. ʅʘʧʨʠʤʝʨ, ʟʘʜʘʥʠʝ strange-univer ʵʤʫʣʠʨʫʝʪ 

ʫʷʟʚʠʤʳʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʧʦʨʪʘʣ, ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʝ Flask ʩʦ ʚʩʪʨʦʝʥʥʳʤ 

ʥʝʟʘʚʠʩʠʤʳʤ ʤʝʭʘʥʠʟʤʦʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ PyJWT. ɼʨʫʛʦʝ ʟʘʜʘʥʠʝ, lost-packages, ʨʝʘʣʠʟʫʝʪ 

ʣʦʛʠʢʫ ʩʣʫʞʙʳ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʩʳʣʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ SQLite, 
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ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʥʘʤʝʨʝʥʥʦ ʜʦʧʫʱʝʥʘ ʫʷʟʚʠʤʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʠʤʝʥʷʪʴ ʪʝʭʥʠʢʠ ʩʣʝʧʳʭ 

SQL-ʠʥʲʝʢʮʠʡ (boolean-based blind SQLi). ʊʨʝʪʴʝ ʟʘʜʘʥʠʝ, hardware-turnstile, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ REST API ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ JSON, ʵʤʫʣʠʨʫʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʧʧʘʨʘʪʥʳʤ 

ʪʫʨʥʠʢʝʪʦʤ. ʇʦʜʦʙʥʘʷ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʠʟʦʣʷʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʘʪʦʨʘʤ ʦʧʝʨʘʪʠʚʥʦ 

ʜʦʙʘʚʣʷʪʴ, ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʠʣʠ ʦʪʢʣʶʯʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʪʘʩʢʠ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʛʦ 

ʷʜʨʘ ʧʣʘʪʬʦʨʤʳ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʭʦʩʪ-ʩʠʩʪʝʤʫ ʩʦ ʩʪʦʨʦʥʳ ʫʯʘʩʪʥʠʢʦʚ 

ʥʘ ʫʨʦʚʥʝ ʷʜʨʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Linux ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ 

(cgroups). ɼʣʷ ʢʘʞʜʦʛʦ ʠʛʨʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʞʝʩʪʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ (CPU) ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʕʪʦ ʜʝʣʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʫʩʧʝʰʥʳʭ DoS-ʘʪʘʢ, ʪʘʢʠʭ ʢʘʢ çfork bombè, ʢʦʪʦʨʳʝ 

ʥʘʮʝʣʝʥʳ ʥʘ ʠʩʯʝʨʧʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʩʝʨʚʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʛʨʦʚʳʝ 

ʢʦʥʪʝʡʥʝʨʳ ʠʟʦʣʠʨʦʚʘʥʳ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ: ʦʥʠ ʧʦʤʝʱʝʥʳ ʚ ʦʪʜʝʣʴʥʫʶ ʚʠʨʪʫʘʣʴʥʫʶ ʧʦʜʩʝʪʴ 

ʠ ʥʝ ʠʤʝʶʪ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʟʘʢʨʳʪʳʤ ʢʦʥʪʝʡʥʝʨʘʤ ʙʘʟʳ ʜʘʥʥʳʭ PostgreSQL, ʭʨʘʥʠʣʠʱʘ 

Redis ʠ ʙʵʢʝʥʜʘ ʩʘʤʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʅʘ ʫʨʦʚʥʝ ʧʨʦʜʘʢʰʝʥ-ʩʨʝʜʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʣʶʟʘ ʨʘʟʚʝʨʥʫʪ ʩʦʚʨʝʤʝʥʥʳʡ ʚʝʙ-

ʩʝʨʚʝʨ Caddy, ʢʦʪʦʨʳʡ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʟʘʜʘʯʠ ʦʙʨʘʪʥʦʛʦ ʧʨʦʢʩʠʨʦʚʘʥʠʷ (reverse proxy) ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠ ʪʝʨʤʠʥʘʮʠʠ TLS-ʩʝʨʪʠʬʠʢʘʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʜʘʯʘ 

ʩʪʘʪʠʯʝʩʢʠʭ ʬʘʡʣʦʚ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʦʛʦ ʢʣʠʝʥʪʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ React ʵʬʬʝʢʪʠʚʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʝʨʚʝʨ Nginx, ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʦʜʥʦʩʪʨʘʥʠʯʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ (SPA). 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʝʨʴʝʟʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʥʠʞʘʶʱʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ 

ʮʝʥʥʦʩʪʴ CTF-ʩʦʨʝʚʥʦʚʘʥʠʡ, ʷʚʣʷʝʪʩʷ çʰʝʨʠʥʛè ʬʣʘʛʦʚ - ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʘʷ ʧʝʨʝʜʘʯʘ 

ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʦʪ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʢʦʤʘʥʜ ʙʦʣʝʝ ʩʣʘʙʳʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʩʪʘʪʠʯʝʩʢʠʭ ʬʣʘʛʦʚ ʧʦʟʚʦʣʷʝʪ ʫʯʘʩʪʥʠʢʘʤ ʧʦʣʫʯʘʪʴ ʙʘʣʣʳ, ʧʨʦʩʪʦ ʩʢʦʧʠʨʦʚʘʚ ʩʪʨʦʢʫ ʫ 

ʪʦʚʘʨʠʱʝʡ, ʙʝʟ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʷʟʚʠʤʦʩʪʠ. ɼʣʷ 

ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʙʵʢʝʥʜ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ ʙʳʣʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʛʝʥʝʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʣʘʛʦʚ [7]. 

ʕʪʦʪ ʧʦʜʭʦʜ ʨʝʰʘʝʪ ʩʨʘʟʫ ʜʚʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ. ɺʦ-ʧʝʨʚʳʭ, ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʲʝʢʪʠʚʥʫʶ ʠ ʩʧʨʘʚʝʜʣʠʚʫʶ ʦʮʝʥʢʫ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʥʠʡ: ʝʩʣʠ ʟʘʜʘʯʫ ʨʝʰʠʣʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʘʥʜ, ʝʝ ʮʝʥʥʦʩʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʧʘʜʘʝʪ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʪʨʠʚʠʘʣʴʥʦʡ ʥʘ 

ʧʨʘʢʪʠʢʝ; ʝʩʣʠ ʞʝ ʪʘʩʢ ʧʦʜʜʘʣʩʷ ʣʠʰʴ ʝʜʠʥʠʮʘʤ, ʝʛʦ ʩʪʦʠʤʦʩʪʴ ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʦʡ, ʩʧʨʘʚʝʜʣʠʚʦ 

ʚʦʟʥʘʛʨʘʞʜʘʷ ʧʨʠʣʦʞʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʫʩʠʣʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʩʯʝʪ 

ʙʘʣʣʦʚ ʤʦʪʠʚʠʨʫʝʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʧʝʨʚʳʤʠ ʙʨʘʪʴʩʷ ʟʘ 

ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʯʪʦʙʳ ʫʩʧʝʪʴ ʧʦʣʫʯʠʪʴ ʟʘ ʥʠʭ ʤʘʢʩʠʤʫʤ ʦʯʢʦʚ ʜʦ ʪʦʛʦ, ʢʘʢ ʩʪʦʠʤʦʩʪʴ 

ʩʥʠʟʠʪʩʷ ʠʟ-ʟʘ ʨʝʰʝʥʠʡ ʜʨʫʛʠʭ ʢʦʤʘʥʜ. ʕʪʦ ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʠ 

ʧʣʦʪʥʦʩʪʴ ʚ ʪʫʨʥʠʨʥʦʡ ʪʘʙʣʠʮʝ ʚʧʣʦʪʴ ʜʦ ʧʦʩʣʝʜʥʠʭ ʤʠʥʫʪ ʪʫʨʥʠʨʘ, ʧʨʠʙʣʠʞʘʷ ʫʨʦʚʝʥʴ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʢʠʙʝʨʠʥʮʠʜʝʥʪʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʦʨʝʚʥʦʚʘʥʠʡ ʧʦ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʦʜʥʠʤ ʠʟ ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʠʟʣʠʰʥʷʷ ʘʙʩʪʨʘʢʪʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ. ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʫʜʝʥʪʳ ʵʢʩʧʣʫʘʪʠʨʫʶʪ ʫʷʟʚʠʤʦʩʪʠ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʠ ʚʠʜʷʪ ʨʝʟʫʣʴʪʘʪ ʩʚʦʝʡ ʨʘʙʦʪʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʠʷ 

ʪʝʢʩʪʦʚʦʛʦ ʚʳʚʦʜʘ ʚ ʠʥʪʝʨʬʝʡʩʝ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʠʣʠ ʧʦʣʫʯʝʥʠʷ ʟʘʚʝʪʥʦʡ ʩʪʨʦʢʠ ʩ ʬʣʘʛʦʤ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʦʥʠʤʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʜʦʤ ʠ ʦʙʲʝʢʪʘʤʠ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʚ ʘʨʭʠʪʝʢʪʫʨʫ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ ctf.ksturobot.kz ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ Hardware-in-the-Loop 

(ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ). 

ɺ ʨʘʤʢʘʭ ʧʦʜʦʙʥʳʭ ʟʘʜʘʥʠʡ ʫʯʘʩʪʥʠʢʠ ʘʪʘʢʫʶʪ ʥʝ ʧʨʦʩʪʦ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʥʪʝʡʥʝʨ, ʘ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʨʝʘʣʴʥʦʛʦ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʉʮʝʥʘʨʠʡ ʫʩʧʝʰʥʦʡ ʘʪʘʢʠ ʚʳʭʦʜʠʪ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ ʧʦʠʩʢʘ ʠʥʲʝʢʮʠʠ: ʢʦʛʜʘ 

ʫʯʘʩʪʥʠʢ ʩʦʨʝʚʥʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪ ʫʩʧʝʰʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʫʷʟʚʠʤʦʩʪʠ (ʥʘʧʨʠʤʝʨ, 

ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʫʧʨʘʚʣʷʶʱʠʝ MQTT-ʩʦʦʙʱʝʥʠʷ ʠʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʧʦʣʥʝʥʠʝ ʙʫʬʝʨʘ ʚ 
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ʧʨʦʰʠʚʢʝ ʢʦʥʪʨʦʣʣʝʨʘ), ʩʝʨʚʝʨ ʬʠʢʩʠʨʫʝʪ ʵʪʦʪ ʬʘʢʪ ʠ ʤʦʤʝʥʪʘʣʴʥʦ ʦʪʧʨʘʚʣʷʝʪ ʫʧʨʘʚʣʷʶʱʠʡ 

ʩʠʛʥʘʣ ʥʘ ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʦʥʝʥʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʨʝʘʣʴʥʦʤ ʬʠʟʠʯʝʩʢʦʤ ʤʠʨʝ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʛʣʷʜʥʦʝ ʢʠʥʝʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ: ʦʪʢʨʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʟʘʤʦʢ, ʠʟʤʝʥʷʝʪʩʷ ʠʥʜʠʢʘʮʠʷ ʥʘ 

ʩʚʝʪʦʜʠʦʜʥʦʡ ʤʘʪʨʠʮʝ, ʟʘʧʫʩʢʘʝʪʩʷ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʠʣʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ 

ʢʦʥʚʝʡʝʨʥʘʷ ʣʝʥʪʘ. ʇʦʜʦʙʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʝʪ ʦʪʥʦʰʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʢ 

ʧʨʝʜʤʝʪʫ, ʜʝʤʦʥʩʪʨʠʨʫʷ, ʯʪʦ ʫʷʟʚʠʤʦʩʪʴ ʚ ʩʪʨʦʢʝ ʢʦʜʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʠʟʠʯʝʩʢʠʤ 

ʨʘʟʨʫʰʝʥʠʷʤ ʥʘ ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʚʦʚʣʝʯʝʥʥʦʩʪʴ 

ʫʯʘʩʪʥʠʢʦʚ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʯʠʩʪʦ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ CTF-ʧʣʘʪʬʦʨʤʳ ʚ 

ʘʢʘʜʝʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʢʘʢ ʠʤʝʥʥʦ ʩʪʫʜʝʥʪʳ ʫʩʚʘʠʚʘʶʪ 

ʤʘʪʝʨʠʘʣ. ʂʘʢ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʩʦʟʜʘʪʝʣʷʤʠ ʤʘʩʰʪʘʙʥʦʛʦ ʩʦʨʝʚʥʦʚʘʥʠʷ PicoCTF, ʜʝʪʘʣʴʥʳʡ ʩʙʦʨ 

ʪʝʣʝʤʝʪʨʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ ʫʯʘʩʪʥʠʢʦʚ ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʯʝʙʥʫʶ 

ʧʨʦʛʨʘʤʤʫ [2]. ɺ ʷʜʨʦ ʥʘʰʝʡ ʧʣʘʪʬʦʨʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʧʦʜʩʠʩʪʝʤʘ ʘʥʘʣʠʪʠʢʠ, ʢʦʪʦʨʘʷ 

ʣʦʛʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʧʝʰʥʳʝ ʩʜʘʯʠ ʬʣʘʛʦʚ, ʥʦ ʠ ʚʩʝ ʥʝʚʝʨʥʳʝ ʧʦʧʳʪʢʠ ʚʚʦʜʘ. 

ɸʥʘʣʠʟ ʪʠʧʦʣʦʛʠʠ ʦʰʠʙʦʢ (ʥʝʚʝʨʥʳʡ ʬʦʨʤʘʪ ʬʣʘʛʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʨʝʚʰʠʭ 

ʵʢʩʧʣʦʡʪʦʚ, ʦʧʝʯʘʪʢʠ ʚ ʢʦʤʘʥʜʘʭ) ʜʘʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʢʘʨʪʠʥʫ ʪʦʛʦ, ʥʘ 

ʢʘʢʦʤ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʷʟʚʠʤʦʩʪʠ ʩʪʫʜʝʥʪ ʠʩʧʳʪʳʚʘʝʪ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʝʪ ʚʨʝʤʷ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʬʠʢʩʘʮʠʷ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʧʦʧʳʪʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʢʦʩʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʫʷʟʚʠʤʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʪʨʠʢʘ ʧʦʢʨʳʪʠʷ 

ʢʦʤʧʝʪʝʥʮʠʡ (Coverage), ʧʦʢʘʟʳʚʘʶʱʘʷ ʜʦʣʶ ʩʪʫʜʝʥʪʦʚ, ʫʩʧʝʰʥʦ ʦʩʚʦʠʚʰʠʭ ʢʣʶʯʝʚʳʝ ʪʝʤʳ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʪʠʭ ʤʝʪʨʠʢ ʩ ʬʦʨʤʘʣʴʥʳʤʠ ʨʘʤʢʘʤʠ ʢʚʘʣʠʬʠʢʘʮʠʡ (ʥʘʧʨʠʤʝʨ, NICE) 

ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚ ʠʟʤʝʨʠʤʳʡ ʠ ʦʙʲʝʢʪʠʚʥʳʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʠʟʙʝʛʘʷ ʧʨʦʙʣʝʤʳ çʫʟʢʦʛʦè ʦʙʫʯʝʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʜ ʬʦʨʤʘʪ 

CTF [9]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʫʩʧʝʰʥʦ 

ʚʥʝʜʨʝʥʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʘʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʘʷ ʧʣʘʪʬʦʨʤʘ ctf.ksturobot.kz. ʆʪʢʘʟ ʦʪ 

ʤʦʥʦʣʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʦʣʴʟʫ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʙʘʟʝ ʷʟʳʢʘ Python ʩ 

ʬʨʝʡʤʚʦʨʢʦʤ FastAPI, ʨʝʘʢʪʠʚʥʦʛʦ ʢʣʠʝʥʪʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ React ʠ in-memory ʭʨʘʥʠʣʠʱʘ 

Redis ʧʦʟʚʦʣʠʣ ʜʦʩʪʠʯʴ ʚʳʜʘʶʱʠʭʩʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʧʠʢʦʚʳʭ 

ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʰʝʣʦʥʠʨʦʚʘʥʥʦʡ ʠʟʦʣʷʮʠʠ ʠʛʨʦʚʳʭ ʟʘʜʘʥʠʡ ʚ 

Docker-ʢʦʥʪʝʡʥʝʨʘʭ ʩ ʞʝʩʪʢʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʨʝʩʫʨʩʦʚ (cgroups) ʛʘʨʘʥʪʠʨʫʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʭʦʩʪ-ʩʠʩʪʝʤʳ ʦʪ ʟʣʦʥʘʤʝʨʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʫʯʘʩʪʥʠʢʦʚ. 

ʀʥʪʝʛʨʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ, ʪʘʢʠʭ ʢʘʢ ʭʝʰʠʨʦʚʘʥʠʝ 

ʧʘʨʦʣʝʡ ʘʣʛʦʨʠʪʤʦʤ Argon2, ʜʚʦʡʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʢʝʥʦʚ CSRF ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ 

ʬʣʘʛʦʚ ʥʘ ʦʩʥʦʚʝ SHA-256, ʥʘʜʝʞʥʦ ʟʘʱʠʱʘʝʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʪ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʠ 

ʥʝʯʝʩʪʥʦʡ ʠʛʨʳ. ʉʪʨʦʛʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʠ ʜʝʪʘʣʴʥʳʡ ʩʙʦʨ 

ʤʝʪʨʠʢ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʧʨʝʚʨʘʱʘʶʪ ʧʣʘʪʬʦʨʤʫ ʠʟ ʧʨʦʩʪʦʡ ʠʛʨʦʚʦʡ ʧʣʦʱʘʜʢʠ ʚ ʤʦʱʥʳʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʮʝʥʢʠ ʨʝʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. 

ʆʩʦʙʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʠ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʧʨʦʝʢʪʫ ʧʨʠʜʘʝʪ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʫʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʪʘʢ ʥʘ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʀʥʪʝʛʨʘʮʠʷ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ ʩʦ ʩʪʝʥʜʦʤ, 

ʩʚʷʟʳʚʘʶʱʠʤ ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʩ ʥʘʛʣʷʜʥʳʤʠ ʢʠʥʝʪʠʯʝʩʢʠʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʧʦʜʥʠʤʘʝʪ ʢʘʯʝʩʪʚʦ ʠʥʞʝʥʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. 

ʇʣʘʪʬʦʨʤʘ ʜʦʢʘʟʘʣʘ ʩʚʦʶ ʪʝʭʥʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʣʫʞʠʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʙʘʟʦʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʘʢ ʣʦʢʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʘʢʪʠʢʫʤʦʚ, ʪʘʢ ʠ ʤʘʩʰʪʘʙʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʡ ʧʦ 

ʟʘʱʠʪʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʬʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʘʜʘʧʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʥʘʣʠʟʘ ʝʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ ʚ ʬʦʨʤʘʪʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʯʘʪ-ʙʦʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʵʪʘʧʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʚʦʟʨʘʩʪʝ, ʫʨʦʚʥʝ ʟʥʘʥʠʡ ʧʦ ʧʨʝʜʤʝʪʘʤ, 

ʠʥʪʝʨʝʩʘʭ, ʩʢʣʦʥʥʦʩʪʷʭ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʤ ʬʦʨʤʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʤʦʪʠʚʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ, ʣʦʛʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʨʘʙʦʪʳ ʘʥʩʘʤʙʣʝʚʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, NLP-ʤʦʜʫʣʷ ʠ 

ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʙʠʪʫʨʠʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʟʘʜʘʯʘʭ ʮʠʬʨʦʚʦʡ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ ʠ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʬʦʨʠʝʥʪʠʨʦʚʘʥʠʷ, ʧʨʦʬʦʨʠʝʥʪʘʮʠʷ 

ʘʙʠʪʫʨʠʝʥʪʦʚ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʵʢʩʧʝʨʪʥʳʝ ʧʨʘʚʠʣʘ, ʯʘʪ-

ʙʦʪ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷ, ʮʠʬʨʦʚʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ 

ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʫʯʝʥʠʷ, ʘʥʩʘʤʙʣʝʚʳʡ ʘʥʘʣʠʟ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ. 

 
ABSTRACT 

 

This paper examines the effectiveness of an intelligent career guidance system for applicants 

developed using machine learning, natural language processing, and expert rules. Particular attention is 

paid to the personalization of recommendations, adaptive user interaction, and comprehensive analysis 

of their educational and personal characteristics. The study includes modeling the career guidance 

counseling process using an interactive chatbot, which provides step-by-step data collection on the 

user's age, subject knowledge level, interests, aptitudes, preferred activity format, and motivation. The 

evaluation was conducted based on an analysis of the system architecture, the logic behind the feature 

space generation, the operation of an ensemble classifier, an NLP module, and a heuristic module 

within a unified digital environment. The results demonstrate that the proposed approach enables the 

generation of personalized and interpretable recommendations for choosing a field of study, taking into 

account both quantitative and qualitative characteristics of applicants. The results confirm the 

importance of using intelligent technologies in digital career guidance and their potential for 
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supporting professional self-determination in the context of the transformation of the modern 

educational environment. 

Keywords: Intelligent career guidance system, career guidance for applicants, machine 

learning, natural language processing, expert rules, chatbot, personalized recommendation, digital 

educational environment, career self-determination, field of study, ensemble analysis, educational 

analytics. 

 

ɸʅʅʆʊɸʎʀʗ 

 

ɹײʣ ʤʘץʘʣʘʜʘ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ, ʪʘʙʠסʠ ʪʽʣʜʽ ᴇשʜʝʫ ʞᴅʥʝ ʩʘʨʘʧʪʘʤʘʣʳץ ʝʨʝʞʝʣʝʨʜʽ 

 ʜʘʨ ʙʝʨʫסʙʘ ץʘʥ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʤʘʥʩʘʧʪʳסʤʽʪʢʝʨʣʝʨʛʝ ʘʨʥʘʣװ ʘʥסʦʣʜʘʥʘ ʦʪʳʨʳʧ ʞʘʩʘʣץ

ʞװʡʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ױʩʳʥʳʩʪʘʨʜʳ ʜʝʨʙʝʩʪʝʥʜʽʨʫʛʝ, ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש 

ʙʝʡʽʤʜʝʣʛʽʰ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ʞᴅʥʝ ʦʣʘʨʜʳש ʙʽʣʽʤ ʙʝʨʫ ʞᴅʥʝ ʞʝʢʝ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʢʝʰʝʥʜʽ 

ʪʘʣʜʘʫסʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ. ɿʝʨʪʪʝʫʛʝ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʞʘʩʳ, ʧᴅʥʜʽʢ ʙʽʣʽʤ ʜʝשʛʝʡʽ, 

 ʘʥ ᴅʨʝʢʝʪ ʬʦʨʤʘʪʳ ʞᴅʥʝ ʤʦʪʠʚʘʮʠʷʩʳ ʙʦʡʳʥʰʘסʘʣʘץ ,ʪʘʨʳ, ʙʝʡʽʤʜʽʣʽʢʪʝʨʽץʫʰʳʣʳסʳʟʳץ

ʜʝʨʝʢʪʝʨʜʽ ʢʝʟʝש-ʢʝʟʝשʽʤʝʥ ʞʠʥʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ʯʘʪʙʦʪʪʳ ʧʘʡʜʘʣʘʥʳʧ 

ʤʘʥʩʘʧʪʳץ ʙʘסʜʘʨ ʙʝʨʫ ʙʦʡʳʥʰʘ ʢʝשʝʩ ʙʝʨʫ ʧʨʦʮʝʩʽʥ ʤʦʜʝʣʴʜʝʫ ʢʽʨʝʜʽ. ɹʘסʘʣʘʫ ʞװʡʝ 

ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ, ʤװʤʢʽʥʜʽʢʪʝʨ ʢʝשʽʩʪʽʛʽʥ ʛʝʥʝʨʘʮʠʷʣʘʫ ʣʦʛʠʢʘʩʳʥ, ʘʥʩʘʤʙʣʴʜʽʢ ʞʽʢʪʝʫʽʰʪʽש, 

NLP ʤʦʜʫʣʽʥʽש ʞᴅʥʝ ʙʽʨʳסשʘʡ ʮʠʬʨʣʳץ ʦʨʪʘʜʘסʳ ʵʚʨʠʩʪʠʢʘʣʳץ ʤʦʜʫʣʴʜʽש ʞײʤʳʩʳʥ ʪʘʣʜʘʫ 

ʥʝʛʽʟʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ. ʅᴅʪʠʞʝʣʝʨ ײʩʳʥʳʣסʘʥ ʪᴅʩʽʣ װʤʽʪʢʝʨʣʝʨʜʽש ʩʘʥʜʳץ ʞᴅʥʝ ʩʘʧʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʦץʫ ʩʘʣʘʩʳʥ ʪʘשʜʘʫ װʰʽʥ ʜʝʨʙʝʩʪʝʥʜʽʨʫʛʝ ʙʦʣʘʪʳʥ ʞᴅʥʝ 

ʪװʩʽʥʜʽʨʽʣʝʪʽʥ ײʩʳʥʳʩʪʘʨʜʳ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʅᴅʪʠʞʝʣʝʨ ʮʠʬʨʣʳץ 

ʤʘʥʩʘʧʪʳץ ʙʘסʜʘʨʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ʤʘשʳʟʜʳʣʳסʳʥ ʞᴅʥʝ 

ʦʣʘʨʜʳץ שʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳ ʞʘסʜʘʡʳʥʜʘ ʢᴅʩʽʙʠ ᴇʟʽʥ-ᴇʟʽ ʘʥʳץʪʘʫʜʳ 

 .ʦʣʜʘʫ ᴅʣʝʫʝʪʽʥ ʨʘʩʪʘʡʜʳץ

ʂʽʣʪ ʩᴇʟʜʝʨ: ɿʠʷʪʢʝʨʣʽʢ ʤʘʥʩʘʧʪʳץ ʙʘסʜʘʨ ʙʝʨʫ ʞװʡʝʩʽ, װʤʽʪʢʝʨʣʝʨʛʝ ʘʨʥʘʣסʘʥ 

ʤʘʥʩʘʧʪʳץ ʙʘסʜʘʨ ʙʝʨʫ, ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ, ʪʘʙʠסʠ ʪʽʣʜʽ ᴇשʜʝʫ, ʩʘʨʘʧʪʘʤʘʣʳץ ʝʨʝʞʝʣʝʨ, ʯʘʪʙʦʪ, 

ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ײʩʳʥʳʩ, ʩʘʥʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ, ʤʘʥʩʘʧʪʳץ ᴇʟʽʥ-ᴇʟʽ ʘʥʳץʪʘʫ, ʦץʫ ʩʘʣʘʩʳ, 

ʘʥʩʘʤʙʣʴʜʽʢ ʪʘʣʜʘʫ, ʙʽʣʽʤ ʙʝʨʫ ʘʥʘʣʠʪʠʢʘʩʳ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʬʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʘʜʘʧʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʥʘʣʠʟʘ ʝʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ ʚ ʬʦʨʤʘʪʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʯʘʪ-ʙʦʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʵʪʘʧʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʚʦʟʨʘʩʪʝ, ʫʨʦʚʥʝ ʟʥʘʥʠʡ ʧʦ ʧʨʝʜʤʝʪʘʤ, 

ʠʥʪʝʨʝʩʘʭ, ʩʢʣʦʥʥʦʩʪʷʭ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʤ ʬʦʨʤʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʤʦʪʠʚʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ, ʣʦʛʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʨʘʙʦʪʳ ʘʥʩʘʤʙʣʝʚʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, NLP-ʤʦʜʫʣʷ ʠ 

ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʙʠʪʫʨʠʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʟʘʜʘʯʘʭ ʮʠʬʨʦʚʦʡ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ ʠ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʳʟʦʚʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʫʯʘʶʱʠʭʩʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʘʙʠʪʫʨʠʝʥʪʦʚ ʥʘ ʵʪʘʧʝ ʚʳʙʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʦʜʛʦʪʦʚʢʠ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʨʳʥʢʘ ʪʨʫʜʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʥʩʫʣʴʪʘʮʠʷʭ, 
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ʘʥʢʝʪʠʨʦʚʘʥʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʩʪʘʭ, ʫʞʝ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʝʛʦ ʠʥʪʝʨʝʩʳ, ʩʢʣʦʥʥʦʩʪʠ, ʫʨʦʚʝʥʴ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʤʦʪʠʚʘʮʠʶ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚʩʸ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʝʪʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʵʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʨʝʜʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʚʳʜʝʣʷʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʤʦʜʝʣʠ, ʩʦʯʝʪʘʶʱʠʝ 

ʘʣʛʦʨʠʪʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘʥʘʣʠʟ ʪʝʢʩʪʦʚʳʭ ʦʪʚʝʪʦʚ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʠʭ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʨʘʙʦʪʢʝ ʨʘʟʥʦʨʦʜʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʩʪʦʚʳʭ ʨʝʰʝʥʠʡ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ 

ʟʥʘʥʠʷ ʧʦ ʧʨʝʜʤʝʪʘʤ, ʥʦ ʠ ʩʣʘʙʦʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʢʣʶʯʘʷ ʠʥʪʝʨʝʩʳ, 

ʩʢʣʦʥʥʦʩʪʠ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʬʦʨʤʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʣʠʯʥʫʶ ʤʦʪʠʚʘʮʠʶ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʯʘʪ-ʙʦʪʘ ʢʘʢ ʬʦʨʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ ʙʦʣʝʝ ʘʜʘʧʪʠʚʥʳʤ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠ ʧʨʠʙʣʠʞʸʥʥʳʤ ʢ 

ʨʝʘʣʴʥʦʡ ʣʦʛʠʢʝ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ. ʆʩʦʙʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʝʪ ʘʥʩʘʤʙʣʝʚʳʡ ʧʦʜʭʦʜ, 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʥʝʩʢʦʣʴʢʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ. 
ʇʨʝʜʣʘʛʘʝʤʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʦʬʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ, ʣʦʛʠʢʘ ʜʠʘʣʦʛʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʠʪʦʛʦʚʦʡ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʜʥʦʤʫ ʠʟ ʜʝʚʷʪʠ 

ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʫʯʝʥʠʷ. ʊʘʢʞʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ 

ML-ʢʣʘʩʩʠʬʠʢʘʪʦʨ, NLP-ʘʥʘʣʠʟʘʪʦʨ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ 

ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʦʬʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʝʸ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʙʫʯʝʥʠʷ ʩ ʫʯʸʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 
ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʬʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʤʝʪʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʘ ʧʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʤʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʧʦʩʪʘʚʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʫʯʘʶʱʝʛʦʩʷ ʩ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʦʜʛʦʪʦʚʢʠ [1ï3]. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʧʨʦʬʦʨʠʝʥʪʘʮʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʥʦʛʦʬʘʢʪʦʨʥʘʷ ʟʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʨʝʙʫʶʱʘʷ ʫʯʸʪʘ ʢʘʢ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʚʠʜʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʩ ʠʥʪʝʨʬʝʡʩʦʤ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʯʘʪ-ʙʦʪʘ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʦʯʝʪʘʝʪ ʥʝʩʢʦʣʴʢʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ: 

ʩʙʦʨ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʦʪʚʝʪʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʚ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, 

ʧʦʩʣʝʜʫʶʱʠʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʪʦʛʦʚʦʡ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʙʫʯʝʥʠʷ [2ï4]. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʣʦʛʦʚʦʛʦ ʩʮʝʥʘʨʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ 18 

ʚʦʧʨʦʩʦʚ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ 7 ʪʝʤʘʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ: ʚʦʟʨʘʩʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʧʦ 

ʧʨʝʜʤʝʪʘʤ, ʠʥʪʝʨʝʩʳ ʠ ʫʚʣʝʯʝʥʠʷ, ʚʳʨʘʞʝʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʢʣʦʥʥʦʩʪʝʡ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʬʦʨʤʘʪ ʨʘʙʦʪʳ, ʨʝʘʢʮʠʷ ʥʘ ʩʠʪʫʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ ʠ ʣʠʯʥʘʷ ʤʦʪʠʚʘʮʠʷ. 
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ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʰʢʘʣʴʥʳʤʠ ʠ ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʨʘʞʝʥʥʳʝ ʚ 

ʪʝʢʩʪʦʚʦʡ ʬʦʨʤʝ ʠ ʚʘʨʠʘʥʪʘʭ ʚʳʙʦʨʘ [2ï4]. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʦʪʚʝʪʦʚ ʚ ʚʝʢʪʦʨ ʠʟ 

26 ʧʨʠʟʥʘʢʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʧʦ ʧʨʝʜʤʝʪʘʤ ʠ ʩʢʣʦʥʥʦʩʪʷʤ, 

ʢʦʜʠʨʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʬʦʨʤʘʪʘ ʨʘʙʦʪʳ ʠ ʩʠʪʫʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʚʦʟʨʘʩʪʥʦʡ ʧʦʢʘʟʘʪʝʣʴ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʟʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ ʚ 

ʝʜʠʥʦʤ ʬʦʨʤʘʪʝ, ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 
ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠʤʝʥʷʣʩʷ 

ʘʥʩʘʤʙʣʝʚʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʤʦʜʝʣʠ Random Forest, XGBoost ʠ Logistic Regression. 

ʂʘʞʜʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʫʝʪ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʦʮʝʥʢʫ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʦʬʠʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ 

ʦʜʥʦʤʫ ʠʟ ʜʝʚʷʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʤʝʪʦʜʦʤ 

ʚʟʚʝʰʝʥʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʩʘʤʙʣʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʛʥʦʟʘ 

ʠ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ [2, 3]. 
ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʤʝʪʦʜʦʣʦʛʠʶ ʙʳʣ ʚʢʣʶʯʸʥ ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʳʭ ʦʪʚʝʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ. NLP-ʘʥʘʣʠʟʘʪʦʨ 

ʚʳʧʦʣʥʷʝʪ ʪʦʢʝʥʠʟʘʮʠʶ ʪʝʢʩʪʘ, ʚʳʜʝʣʷʝʪ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʩʦʧʦʩʪʘʚʣʷʝʪ ʠʭ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʣʦʚʘʨʥʦʡ ʙʘʟʦʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʜʛʦʪʦʚʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʨʝʘʣʴʥʳʝ ʠʥʪʝʨʝʩʳ ʠ ʤʦʪʠʚʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ [1ï3]. 
ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʨʝʘʣʠʟʫʶʱʠʡ ʩʠʩʪʝʤʫ ʵʢʩʧʝʨʪʥʳʭ 

ʧʨʘʚʠʣ, ʩʚʷʟʳʚʘʶʱʠʭ ʩʠʣʴʥʳʝ ʧʨʝʜʤʝʪʥʳʝ ʟʥʘʥʠʷ, ʩʢʣʦʥʥʦʩʪʠ, ʬʦʨʤʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʪʚʝʪʳ 

ʥʘ ʩʠʪʫʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ. 
ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʪʦʛʦʚʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʩʘʤʙʣʷ ʪʨʸʭ 

ʢʦʤʧʦʥʝʥʪʦʚ: ML-ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, NLP-ʘʥʘʣʠʟʘʪʦʨʘ ʠ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. ɺʢʣʘʜ 

ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʜʘʚʘʣʩʷ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 0,40 ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 0,25 ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ ʠ 0,35 ʜʣʷ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʩʠʣʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ [2, 3]. 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ React, TypeScript ʠ Tailwind CSS, ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ð ʥʘ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

FastAPI, ʘ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ SQLite. 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʩʝʩʩʠʷʤʠ ʠ ʘʜʘʧʪʠʚʥʘʷ ʣʦʛʠʢʘ ʜʠʘʣʦʛʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʦʧʫʩʢʘʪʴ ʥʝʨʝʣʝʚʘʥʪʥʳʝ ʚʦʧʨʦʩʳ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʦʪʚʝʪʦʚ. ʕʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ 

ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ ʙʦʣʝʝ ʛʠʙʢʠʤ, ʩʦʢʨʘʱʘʝʪ ʠʟʙʳʪʦʯʥʦʩʪʴ ʦʧʨʦʩʘ ʠ ʧʦʚʳʰʘʝʪ ʫʜʦʙʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [4, 6]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʦʙʲʝʜʠʥʷʝʪ ʜʠʘʣʦʛʦʚʳʡ ʩʙʦʨ ʜʘʥʥʳʭ, 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʘʥʩʘʤʙʣʝʚʫʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠ 

ʛʝʥʝʨʘʮʠʶ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ 

ʩʠʩʪʝʤʫ ʢʘʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʠ ʧʨʠʢʣʘʜʥʫʶ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʡ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʧʦʜʜʝʨʞʢʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ [1, 3, 4]. 
 

ʊʘʙʣʠʮʘ 1. ʉʪʨʫʢʪʫʨʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ 

 

ɹʣʦʢ ʉʦʜʝʨʞʘʥʠʝ ʊʠʧ ʜʘʥʥʳʭ ʅʘʟʥʘʯʝʥʠʝ 
1 ɺʦʟʨʘʩʪ number ɼʝʤʦʛʨʘʬʠʯʝʩʢʠʡ 

ʧʘʨʘʤʝʪʨ 
2 6 ʧʨʝʜʤʝʪʦʚ scale (1ï10) ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʟʥʘʥʠʡ 
3 ʀʥʪʝʨʝʩʳ, 

ʫʚʣʝʯʝʥʠʷ 
text, 

multiple_choice 
ɺʳʷʚʣʝʥʠʝ 

ʧʨʝʜʧʦʯʪʝʥʠʡ 
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4 4 ʪʠʧʘ ʩʢʣʦʥʥʦʩʪʝʡ scale (1ï10) ʆʮʝʥʢʘ ʣʠʯʥʦʩʪʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ 
5 ʌʦʨʤʘʪ ʨʘʙʦʪʳ single_choice ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ 

ʩʪʠʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ 
6 ʉʠʪʫʘʮʠʦʥʥʳʝ 

ʚʦʧʨʦʩʳ 
single_choice ɺʳʷʚʣʝʥʠʝ ʩʢʨʳʪʳʭ 

ʩʢʣʦʥʥʦʩʪʝʡ 
7 ʄʦʪʠʚʘʮʠʷ text ɸʥʘʣʠʟ ʮʝʣʝʡ ʠ 

ʥʘʤʝʨʝʥʠʡ 
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʦʙʲʝʜʠʥʷʝʪ ʜʠʘʣʦʛʦʚʳʡ ʩʙʦʨ ʜʘʥʥʳʭ, 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʘʥʩʘʤʙʣʝʚʫʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠ 

ʛʝʥʝʨʘʮʠʶ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʩʠʩʪʝʤʫ 

ʢʘʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʠ ʧʨʠʢʣʘʜʥʫʶ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʡ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ 

ʧʦʜʜʝʨʞʢʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ.   ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʬʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʤʝʪʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʘ ʧʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʤʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʧʦʩʪʘʚʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʫʯʘʶʱʝʛʦʩʷ ʩ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʦʜʛʦʪʦʚʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʧʨʦʬʦʨʠʝʥʪʘʮʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʥʦʛʦʬʘʢʪʦʨʥʘʷ ʟʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʨʝʙʫʶʱʘʷ ʫʯʸʪʘ ʢʘʢ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʚʠʜʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʩ ʠʥʪʝʨʬʝʡʩʦʤ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʯʘʪ-ʙʦʪʘ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʦʯʝʪʘʝʪ ʥʝʩʢʦʣʴʢʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ: 

ʩʙʦʨ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʦʪʚʝʪʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʚ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, 

ʧʦʩʣʝʜʫʶʱʠʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʪʦʛʦʚʦʡ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʙʫʯʝʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʣʦʛʦʚʦʛʦ ʩʮʝʥʘʨʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ 18 

ʚʦʧʨʦʩʦʚ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ 7 ʪʝʤʘʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ: ʚʦʟʨʘʩʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʧʦ 

ʧʨʝʜʤʝʪʘʤ, ʠʥʪʝʨʝʩʳ ʠ ʫʚʣʝʯʝʥʠʷ, ʚʳʨʘʞʝʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʢʣʦʥʥʦʩʪʝʡ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʬʦʨʤʘʪ ʨʘʙʦʪʳ, ʨʝʘʢʮʠʷ ʥʘ ʩʠʪʫʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ ʠ ʣʠʯʥʘʷ ʤʦʪʠʚʘʮʠʷ. 

ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʰʢʘʣʴʥʳʤʠ ʠ ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʨʘʞʝʥʥʳʝ ʚ 

ʪʝʢʩʪʦʚʦʡ ʬʦʨʤʝ ʠ ʚʘʨʠʘʥʪʘʭ ʚʳʙʦʨʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʬʠʣʝ 

ʘʙʠʪʫʨʠʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʩʪʦʚʳʭ ʤʝʪʦʜʠʢ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʦʪʚʝʪʦʚ ʚ ʚʝʢʪʦʨ ʠʟ 

26 ʧʨʠʟʥʘʢʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʧʦ ʧʨʝʜʤʝʪʘʤ ʠ ʩʢʣʦʥʥʦʩʪʷʤ, 

ʢʦʜʠʨʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʬʦʨʤʘʪʘ ʨʘʙʦʪʳ ʠ ʩʠʪʫʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʚʦʟʨʘʩʪʥʦʡ ʧʦʢʘʟʘʪʝʣʴ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʟʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ ʚ 

ʝʜʠʥʦʤ ʬʦʨʤʘʪʝ, ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʳʩʪʫʧʘʝʪ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʝʨʝʭʦʜ ʦʪ ʜʠʘʣʦʛʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ. 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠʤʝʥʷʣʩʷ 

ʘʥʩʘʤʙʣʝʚʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʤʦʜʝʣʠ Random Forest, XGBoost ʠ Logistic Regression. 

ʂʘʞʜʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʫʝʪ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʦʮʝʥʢʫ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʦʬʠʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ 

ʦʜʥʦʤʫ ʠʟ ʜʝʚʷʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʤʝʪʦʜʦʤ 
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ʚʟʚʝʰʝʥʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʩʘʤʙʣʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʛʥʦʟʘ 

ʠ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʤʝʪʦʜʦʣʦʛʠʶ ʙʳʣ ʚʢʣʶʯʸʥ ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʳʭ ʦʪʚʝʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ. NLP-ʘʥʘʣʠʟʘʪʦʨ 

ʚʳʧʦʣʥʷʝʪ ʪʦʢʝʥʠʟʘʮʠʶ ʪʝʢʩʪʘ, ʚʳʜʝʣʷʝʪ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʩʦʧʦʩʪʘʚʣʷʝʪ ʠʭ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʣʦʚʘʨʥʦʡ ʙʘʟʦʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʜʛʦʪʦʚʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʨʝʘʣʴʥʳʝ ʠʥʪʝʨʝʩʳ ʠ ʤʦʪʠʚʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʨʝʘʣʠʟʫʶʱʠʡ ʩʠʩʪʝʤʫ 

ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ, ʩʚʷʟʳʚʘʶʱʠʭ ʩʠʣʴʥʳʝ ʧʨʝʜʤʝʪʥʳʝ ʟʥʘʥʠʷ, ʩʢʣʦʥʥʦʩʪʠ, ʬʦʨʤʘʪ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʪʚʝʪʳ ʥʘ ʩʠʪʫʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ. 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʪʦʛʦʚʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʩʘʤʙʣʷ ʪʨʸʭ 

ʢʦʤʧʦʥʝʥʪʦʚ: ML-ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, NLP-ʘʥʘʣʠʟʘʪʦʨʘ ʠ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. ɺʢʣʘʜ 

ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʜʘʚʘʣʩʷ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 0,40 ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 0,25 ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ ʠ 0,35 ʜʣʷ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʩʠʣʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ React, TypeScript ʠ Tailwind CSS, ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ð ʥʘ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

FastAPI, ʘ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ SQLite. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʦʜʫʣʴʥʦʩʪʴ, ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠ ʮʠʬʨʦʚʳʝ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʩʝʨʚʠʩʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʩʝʩʩʠʷʤʠ ʠ ʘʜʘʧʪʠʚʥʘʷ ʣʦʛʠʢʘ ʜʠʘʣʦʛʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʦʧʫʩʢʘʪʴ ʥʝʨʝʣʝʚʘʥʪʥʳʝ ʚʦʧʨʦʩʳ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʦʪʚʝʪʦʚ. ʕʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ 

ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ ʙʦʣʝʝ ʛʠʙʢʠʤ, ʩʦʢʨʘʱʘʝʪ ʠʟʙʳʪʦʯʥʦʩʪʴ ʦʧʨʦʩʘ ʠ ʧʦʚʳʰʘʝʪ ʫʜʦʙʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʦʙʲʝʜʠʥʷʝʪ ʜʠʘʣʦʛʦʚʳʡ ʩʙʦʨ ʜʘʥʥʳʭ, 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʘʥʩʘʤʙʣʝʚʫʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠ 

ʛʝʥʝʨʘʮʠʶ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ 

ʩʠʩʪʝʤʫ ʢʘʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʠ ʧʨʠʢʣʘʜʥʫʶ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʡ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʧʦʜʜʝʨʞʢʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ. 
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ʀʟ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʚʳʚʦʜʳ: ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʬʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ 

ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ ʧʦʜʜʝʨʞʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ. ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʥʦ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚʢʣʶʯʘʷ 

ʠʥʪʝʨʝʩʳ, ʩʢʣʦʥʥʦʩʪʠ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʬʦʨʤʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʤʦʪʠʚʘʮʠʶ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʘʷ ʜʠʘʣʦʛʦʚʳʡ ʜʚʠʞʦʢ, ʤʦʜʫʣʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʘʥʩʘʤʙʣʝʚʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, NLP-ʘʥʘʣʠʟʘʪʦʨ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʡ 

ʤʦʜʫʣʴ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʚʳʰʘʝʪ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʘ ʠ ʜʝʣʘʝʪ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʘʜʘʧʪʠʚʥʳʤ ʠ ʧʨʠʙʣʠʞʸʥʥʳʤ ʢ 

ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʙʠʪʫʨʠʝʥʪʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʮʠʬʨʦʚʦʡ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʧʦʜʜʝʨʞʢʫ ʘʙʠʪʫʨʠʝʥʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʙʦʨʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʚʷʟʘʥʳ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ ʥʘʙʦʨʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ 

ʠʥʪʝʛʨʘʮʠʝʡ ʩʠʩʪʝʤʳ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʳʝ ʧʣʘʪʬʦʨʤʳ. 
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 ɹײʣ ʟʝʨʪʪʝʫ ʝʰʢʽ ʩװʪʽʥʝʥ ʡʦʛʫʨʪ ᴇʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ᴅʟʽʨʣʝʫʛʝ ʞᴅʥʝ ʘʣʳʥסʘʥ ᴇʥʽʤʥʽש 

ʩʝʥʩʦʨʣʳץ, ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ ʩʘץʪʘʫ ʪײʨʘץʪʳʣʳסʳʥ 

ʢʝʰʝʥʜʽ ʙʘסʘʣʘʫסʘ ʙʘסʳʪʪʘʣʜʳ. ɽʰʢʽ ʩװʪʽ ᴇʟʽʥʽש ʞʦסʘʨʳ ʙʠʦʣʦʛʠʷʣʳײץ ץʥʜʳʣʳסʳʤʝʥ, ʞʝשʽʣ 

 ʘʩʠʝʪʪʝʨʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥʜʽʢʪʝʥ, ʦʜʘʥ ʘʣʳʥʘʪʳʥץ ץʦʨʳʪʳʣʫʳʤʝʥ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ

ʘʰʳʪʳʣסʘʥ ʩװʪ ᴇʥʽʤʜʝʨʽʥʽש ʩʘʧʘʩʳʥ ʟʝʨʪʪʝʫ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʧʘʩʪʝʨʣʝʥʛʝʥ ʝʰʢʽ ʩװʪʽ ʥʝʛʽʟʽʥʜʝ ʡʦʛʫʨʪ ʜʘʡʳʥʜʘʣʳʧ, ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪװʨʽʥʜʝ 2 ʪװʨʣʽ ʘʰʳʪץʳ (Streptococcus salivarius subsp. Thermophilus, Lactobacillus delbrueckii 

subsp. Bulgaricus) ʞᴅʥʝ Bifidobacterium lactis Bifidobacterium infantis Lactobacillus bulgaricus 

Lactobacillus acidophilus Streptococcus thermophilus Lactobacillus paracasei. ʜʘץʳʣʜʘʨʳ 

 ʘʥסʣ ʘʪʘʣײʨʛʽʟʽʣʜʽ, ʙװʦʣʜʘʥʳʣʜʳ. ʀʥʢʫʙʘʮʠʷ ʧʨʦʮʝʩʽ 37Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞץ

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʙʝʣʩʝʥʜʽ ʜʘʤʫʳʥʘ ʦשʪʘʡʣʳ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. ɸʰʳʪʫʜʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ 

ᴇʥʽʤʥʽײץ שʨʳʣʳʤʳ, ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ ʞᴅʥʝ ʜᴅʤʜʽʢ ץʘʩʠʝʪʪʝʨʽ ʙʘסʘʣʘʥʜʳ. 

ɸʣʳʥסʘʥ ʡʦʛʫʨʪʪʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ץʳʰץʳʣʜʳʣʳסʳ, 

 ʪʘʣʜʳ. ʉʦʥʳʤʝʥץʣʝʩʽ ʘʥʳװ ʫʳʟ ʞᴅʥʝ ʤʘʡץʘʟ ʟʘʪʳ, ʘסʨײץ ʟʘʪ ʤᴇʣʰʝʨʽ, ʣʘʢʪʦʟʘ, ʤʘʡʩʳʟ ץʘסʨײץ

 ʳʣʜʳץʳʰץʪװʨʛʽʟʽʣʽʧ, ʞʘʣʧʳ ʤʠʢʨʦʙ ʩʘʥʳ, ʩװʪʘʣʜʘʫ ʞ ץʘʪʘʨ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ

ʙʘʢʪʝʨʠʷʣʘʨʜʳש ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʩʘʥʠʪʘʨʣʳץ-ʢᴇʨʩʝʪʢʽʰ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʙʦʣʫʳ ʙʘסʘʣʘʥʜʳ. 

ᴆʥʽʤʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥ ʩʪʘʥʜʘʨʪ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʛʽ ʪʝʢʩʝʨʽʣʜʽ. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʝʰʢʽ ʩװʪʽʥ ץʘʡʪʘ ᴇשʜʝʫ ʘʨץʳʣʳ ʩʘʧʘʣʳ ʘʰʳʪʳʣסʘʥ ʩװʪ 

ᴇʥʽʤʜʝʨʽʥ ᴇʥʜʽʨʫʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥ ʜʘʤʳʪʫʜʘ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʦʣʜʘʥʫץ

ʂʽʣʪ ʩᴇʟʜʝʨ: ʝʰʢʽ ʩװʪʽ, ʬʠʟʢʦ-ʭʠʤʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ, ʤʠʢʨʦʠʙʦʣʛʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ, 

Streptococcus salivarius subsp., thermophilus, Lactobacillus delbrueckii subsp., bulgaricus ʜʘץʳʣʜʘʨʳ 

ʂʽʨʽʩʧʝ 

ʁʦʛʫʨʪ - ʙװʢʽʣ ᴅʣʝʤʜʝ ʪײʪʳʥʳʣʘʪʳʥ ʤʘשʳʟʜʳ ʩװʪ ᴇʥʽʤʽ ʞᴅʥʝ ʦʥʳש ʩʝʥʩʦʨʣʳץ ץʘʩʠʝʪʪʝʨʽ 

 ʘʣʘʥʘʜʳ, ʦʣ Lactobacillus delbrueckii spp. bulgaricus ʞᴅʥʝ Streptococcus thermophilus ʪʽʨʽסʰʽʥ ʙʘװ

ʞᴅʥʝ ʙʝʣʩʝʥʜʽ ʜʘץʳʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʳʧ ʩװʪʪʽ ʧʨʦʪʦʩʠʤʙʠʦʪʠʢʘʣʳץ ʘʰʳʪʫ ʘʨץʳʣʳ ʘʣʳʥʘʜʳ. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʘʰʳʪʳʣסʘʥ ʩװʪ ᴇʥʽʤʽ ʤʝʥ ʡʦʛʫʨʪ ᴇʥʜʽʨʽʩʽ ʘʡʪʘʨʣʳץʪʘʡ ᴇʩʪʽ, 2015 ʞʳʣʳ 35,5 

ʤʠʣʣʠʦʥ ʪʦʥʥʘסʘ ʞʝʪʪʽ, ʙײʣ ʘʣʜʳסשʳ 5 ʞʳʣʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 20%-סʘ ᴇʩʪʽ[1]. 

ʁʦʛʫʨʪ ʜᴅʩʪװʨʣʽ ʪװʨʜʝ ʩʠʳʨ ʩװʪʽʥʝʥ ʞʘʩʘʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ʞʳʣʜʘʨ ʙʦʡʳ ʡʦʛʫʨʪ ʞʘʩʘʫ װʰʽʥ 

ʙʘʩץʘ ʢᴇʟʜʝʨʜʝʥ ʘʣʳʥסʘʥ ʩװʪ ץʦʣʜʘʥʳʣʳʧ ʢʝʣʝʜʽ. ɽʰʢʽ ʩװʪʽ, ײץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʩʦʥʜʘʡ-ʘץ 

ʜʝʥʩʘʫʣʳץץʘ ʢᴇʧʪʝʛʝʥ ʧʘʡʜʘ ᴅʢʝʣʝʪʽʥʜʽʢʪʝʥ, ʡʦʛʫʨʪ ᴇʥʜʽʨʫʛʝ ᴇʪʝ ץʦʣʘʡʣʳ[2]. ʐʳʥʳʥʜʘ ʜʘ, ʝʰʢʽ 

ʩװʪʽʥʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʙʦʡʳʥʰʘ ʢᴇʧʪʝʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʦʥʳש ʪʘסʘʤʜʳײץ ץʥʜʳʣʳסʳ ʩʠʳʨ 
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ʩװʪʽʥʝʥ ʞʦסʘʨʳ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʜʽ. ʉװʪ ᴇʥʽʤʜʝʨʽʥʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳץʪʳש ʘʨʪʫʳ ʝʰʢʽ ʩװʪʽʥʽש 

ᴅʣʝʤʜʽʢ ᴇʥʜʽʨʽʩʽʥʽװ שʟʜʽʢʩʽʟʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʦʣ 2017 ʞʳʣʳ ʰʘʤʘʤʝʥ 18 ʤʠʣʣʠʦʥ ʪʦʥʥʘסʘ 

ʞʝʪʽʧ, ᴅʣʝʤʜʝ ᴇʥʜʽʨʽʣʛʝʥ ʩװʪ ʙʦʡʳʥʰʘ ʩʠʳʨ ʩװʪʽ ʤʝʥ ʙʫʡʚʦʣʜʘʥ ʢʝʡʽʥ װʰʽʥʰʽ ʦʨʳʥ ʘʣʜʳ. 

ʉʦʥʜʳץʪʘʥ, ʘʰʳʪʳʣסʘʥ ʝʰʢʽ ʩװʪʽ ᴇʥʽʤʜʝʨʽ ʪʘסʘʤʜʳײץ ץʥʜʳʣʳסʳ ʞʦסʘʨʳ ʩװʪ ᴇʥʽʤʜʝʨʽʥ 

ʞʝʪʢʽʟʫʜʽ ʘʨʪʪʳʨʫ װʰʽʥ ʞʘץʩʳ ʤװʤʢʽʥʜʽʢ ʙʦʣʘ ʘʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʝʰʢʽ ʩװʪʽ ʧʨʦʙʠʦʪʠʢʘʣʳץ ʜʘץʳʣʜʘʨʜʳש ᴇʩʫʽ װʰʽʥ ʪʘʤʘʰʘ ʩʫʙʩʪʨʘʪ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ʦʣ çʞʝʪʢʽʣʽʢʪʽ ʤᴇʣʰʝʨʜʝ ʝʥʛʽʟʽʣʛʝʥ ʢʝʟʜʝ ʠʝʩʽʥʽש ʜʝʥʩʘʫʣʳסʳʥʘ ʧʘʡʜʘʣʳ ʪʽʨʽ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨè ʨʝʪʽʥʜʝ ʘʥʳץʪʘʣʘʜʳ ʞᴅʥʝ ʞʦסʘʨʳ ʩʽשʽʤʜʽʣʽʢ ʧʝʥ ʪᴇʟʽʤʜʽʣʽʢ ʘʨʪʳץʰʳʣʳסʳʥ 

 çʝʰʢʽè ʜᴅʤʽʥʝ שʘʙʳʣʜʘʫʳ ʦʥʳץ שʪʳʥʫʰʳʣʘʨʜʳײʩʳʥʘʜʳ. ɼʝʛʝʥʤʝʥ, ʝʰʢʽ ʡʦʛʫʨʪʳʥ ʪײ

ʙʘʡʣʘʥʳʩʪʳ ʪᴇʤʝʥ, ʩʝʙʝʙʽ ʙʘʩץʘ ʢװʡʽʩ ץʘʡʳʨʘʪʳʥ ʞʘʥʫʘʨʣʘʨ ʪװʨʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʢʘʧʨʦʥ, 

ʢʘʧʨʠʣ ʞᴅʥʝ ʢʘʧʨʠʥ ʤʘʡ ץʳʰץʳʣʜʘʨʳʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ[3-4]. 

ʆʩʳ ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ-2 ʪװʨʣʽ ʘʰʳʪץʳ (Streptococcus salivarius subsp. Thermophilus, 

Lactobacillus delbrueckii subsp. Bulgaricus) ʞᴅʥʝ Bifidobacterium lactis Bifidobacterium infantis 

Lactobacillus bulgaricus Lactobacillus acidophilus Streptococcus thermophilus Lactobacillus 

paracasei. ʜʘץʳʣʜʘʨʳ ʝʰʢʽ ʩװʪʽʥʝʥ ʡʦʛʫʨʪ ᴇʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʘʣʳʥסʘʥ ᴇʥʽʤʥʽש 

ʩʝʥʩʦʨʣʳץ, ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ ʩʘץʪʘʫ ʢʝʟʽʥʜʝʛʽ 

ʪײʨʘץʪʳʣʳסʳʥ ʙʘסʘʣʘʫ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʽʢ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʰʠʢʽ ʩװʪ ʧʝʥ 

ʜʘʡʳʥ ʡʦʛʫʨʪ ʘʨʘʩʳʥʜʘסʳ ײץʨʘʤʜʳץ ʞᴅʥʝ ʙʠʦʭʠʤʠʷʣʳץ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʫ ʢᴇʟʜʝʣʜʽ. 

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ  

ɿʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ פʘʟʘײ ץʣʪʪʳץ ʘʛʨʘʨʣʳץ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʉװʪ ᴇʥʽʤʜʝʨʽʥʽש 

ʨʝʬʝʨʝʥʪʪʽ  ʟʝʨʪʭʘʥʘʩʳʥʜʘ ʞʘʩʘʣʳʥʜʳ. תʣʛʽʥʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ ʘʥʳץʪʘʫ װʰʽʥ FOSS 

Milkoscan FT1 ʞʘʙʜʳסʳʥʜʘ (ɼʘʥʠʷ) ʠʥʬʨʘץʳʟʳʣ ʘʙʩʦʨʙʮʠʷ ᴅʜʽʩʽʤʝʥ ʪʘʣʜʘʫ ʞʘʩʘʣʜʳ. ʆʣ װʰʽʥ 

ᴇʥʽʤʥʽװ שʣʛʽʩʽ 50 ʩʤ3 ʟʝʨʪʭʘʥʘʣʳץ ʩʪʘʢʘʥסʘ ʩʘʣʳʥʳʧ, (40Ñ2)Áʉ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʜʝʡʽʥ 

 .ʠʷʪ ʘʨʘʣʘʩʪʳʨʳʣʳʧ, ʙʽʨʜʝʥ ᴇʣʰʝʥʝʜʽץײʳʟʜʳʨʳʣʳʧ, ʤץ

ɽʰʢʽ ʩװʪʽ ʩʘʪʳʧ ʘʣʳʥסʘʥʥʘʥ ʢʝʡʽʥ ʙʽʨʜʝʥ ʧʘʩʪʝʨʣʝʥʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ 37ÁC ʜʝʡʽʥ 

ʩʘʣץʳʥʜʘʪʳʣʜʳ. ɸʰʳʪץʳ ץʦʩʳʣסʘʥ ʝʰʢʽ ʩװʪʽʥ 6 ʩʘסʘʪ ʙʦʡʳ, 37 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʠʥʢʫʙʘʮʠʷʣʘʥʳʧ, ʩʦʣ ʫʘץʳʪʪʘʥ ʢʝʡʽʥ ᴅʨʙʽʨ ʩʘסʘʪ ʩʘʡʳʥ ʨʅ ʤᴅʥʽ ʪʘʣʜʘʥʜʳ, ʨʅ 4,65-4,60 ʜʝʡʽʥ 

ʪᴇʤʝʥʜʝʛʝʥʰʝ (ʙײʣ ʩᴅʪ ʠʥʢʫʙʘʮʠʷʥʳש ʩʦסשʳ ʥװʢʪʝʩʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ). ʉʦʜʘʥ ʢʝʡʽʥ ʙʘʨʣʳץ 

 ʪʽʥʝʥװʪʘʫ ʢʝʟʽʥʜʝ ʝʰʢʽ ʩץʪʘʣʜʳ. ʉʘץʳʰʪʘ ʩʘץʘʟʳʪשʥ ʙʦʡʳ 4ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʦװʣʛʽʣʝʨ 14 ʢװ

ʞʘʩʘʣסʘʥ ʡʦʛʫʨʪʪʳײץ שʨʘʣʳʤʳ, ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʞᴅʥʝ ʙʠʦʘʢʪʠʚʪʽʣʽʛʽ 1, 7, 14, 

ʢװʥʜʝ ʪʘʣʜʘʥʜʳ. ʄɽʄʉʊ 31981-2013 ʩʪʘʥʜʘʨʪʳʥʘ ʩᴅʡʢʝʩ ʟʝʨʪʭʘʥʘʣʳץ ʞʘסʜʘʡʜʘ ʝʰʢʽ ʩװʪʽʥʝʥ 

ʘʣʳʥסʘʥ ʡʦʛʫʨʪʪʳש ᴇʥʽʤʽʥʽש ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʽ ʙʘסʘʣʘʥʜʳ. 

ʄʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʩʳʥʘץʪʘʨסʘ ʤʳʥʘʣʘʨ ʢʽʨʜʽ:  

 ʩװʪץʳʰץʳʣʜʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʽʥʽש ʩʘʥʳʥ ʘʥʳץʪʘʫ ʄɽʄʉʊ 10444.15-94 ʙʦʡʳʥʰʘ; 

 ɯʊʊɹ, ʧʘʪʦʛʝʥʜʽʢ ʤʠʢʨʦʬʣʦʨʘʥʳש (ʩʘʣʴʤʦʥʝʣʣʘʣʘʨʜʳ, ʩʪʘʬʠʣʦʢʦʢʢʪʘʨʜʳ ץʦʩʘ ʘʣסʘʥʜʘ) 

ʙʦʣʫʳʥ ʙʘץʳʣʘʫ ʄɽʄʉʊ 31659-2012 ʞᴅʥʝ ʄɽʄʉʊ 31747-2012 ʙʦʡʳʥʰʘ;  

 ʄɽʄʉʊ 30347-2016. 

ʅᴅʪʠʞʝʣʝʨ ʞᴅʥʝ ʪʘʣץʳʣʘʫ 

 ʟʝʨʪʪʝʫ ץʘʛʨʘʨʣʳ ץʣʪʪʳײ ץʘʟʘפ ʩʘʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ, 2026 ʞʳʣʳץʤʘ שʤʳʩʪʳײʳʣʳʤʠ ʞנ

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʩװʪ ᴇʥʽʤʜʝʨʽʥʽש ʩʘʧʘʩʳʥ ʟʝʨʪʪʝʫ ʟʝʨʪʭʘʥʘʩʳʥʜʘ ʪᴅʞʽʨʙʠʝʣʽʢ סʳʣʳʤʠ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʝʰʢʽ ʩװʪʽʥʽש, ʷסʥʠ ʰʠʢʽʟʘʪʪʳש ʞᴅʥʝ ʘʣʳʥסʘʥ ᴇʥʽʤ 

ʡʦʛʫʨʪʪʳש ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳץ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʘʥʳץʪʘʣʜʳ. 

ɽʰʢʽ ʩװʪʽʥʽש ʩʘʧʘʩʳ ʦʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʤʝʥ, ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʤʝʥ ʞᴅʥʝ 

 ʳʤʳʥʘʥ ʝʰʢʽʩʽʥʝʥ 250 ʤʣץײʘ ɿʘʥʝʥ ʪץʤʳʩײʳʣʳʤʠ ʞנ .ʪʘʣʜʳץʘʫʽʧʩʽʟʜʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʤʝʥ ʘʥʳץ

ʩװʪ ʘʣʳʥʜʳ, ʘʣʳʥסʘʥ ʩװʪʪʝʨʜʽש ʩʘʧʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʪʝʢʩʝʨʽʣʽʧ, ʦʜʘʥ 2 ʪװʨʣʽ ʘʰʳʪץʳʤʝʥ 
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(Streptococcus salivarius subsp. thermophilus ʞᴅʥʝ Lactobacillus delbrueckii subsp. Bulgaricus) 

(ʈʝʩʝʡʜʝ ʞʘʩʘʣסʘʥ) ʞᴅʥʝ Bifidobacterium lactis Bifidobacterium infantis Lactobacillus bulgaricus 

Lactobacillus acidophilus Streptococcus thermophilus Lactobacillus paracasei.) (ʋʢʨʘʠʥʘ ʞʘʩʘʣסʘʥ)  

ʩװʪ ץʳʰץʳʣʜʳ ᴇʥʽʤ ʡʦʛʫʨʪ ʞʘʩʘʣʳʥʜʳ. 

 

1-ʢʝʩʪʝ.  ʁʦʛʫʨʪʪʳש  ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʽ ʢᴇʨʩʝʪʽʣʛʝʥ 

 

ʂᴇʨʩʝʪʢʽʰ  

ʘʪʘʫʳ 

ʅפ ʙʦʡʳʥʰʘ 1 (Streptococcus 

salivarius subsp. 

thermophilus ʞᴅʥʝ 

Bifidobacterium lactis 

ʘʰʳʪץʳʩʳʤʝʥ 

ʡʦʛʫʨʪ ᴇʥʽʤʽ 

2 Bifidobacterium 

infantis Lactobacillus 

bulgaricus 

Lactobacillus 

acidophilus 

Streptococcus 

thermophilus 

Lactobacillus paracasei. 

ʡʦʛʫʨʪ ᴇʥʽʤʽ 

ʉʳʨʪץʳ ʪװʨʽ 

ʞᴅʥʝ 

ʢʦʥʩʠʩʪʝʥʮʠʷ 

ɹʽʨʪʝʢʪʽ, ʰʘʤʘʣʳ ʪײʪץʳʨ 

ʩײʡʳץʪʳץ, 

ʊײʨʘץʪʘʥʜʳʨסʳʰʪʘʨ 

 ʘʥ ʙʦʣʩʘ ʞʝʣʝסʦʩʳʣץ

ʥʝʤʝʩʝ ʢʨʝʤ ʪᴅʨʽʟʜʽ. 

ɹʽʨʪʝʢʪʽ, ʢʨʝʤ 

ʪᴅʨʽʟʜʽ, 

ɹʽʨʪʝʢʪʽ, ʢʨʝʤ ʪᴅʨʽʟʜʽ, 

ʪײʪץʳʨ 

ɼᴅʤʽ ʞᴅʥʝ ʠʽʩʽ ʊʘʟʘ, ʘʰʳʪʳʣסʘʥ ʩװʪ, 

ʙᴇʛʜʝ ʜᴅʤʜʝʨ ʤʝʥ 

ʠʽʩʪʝʨʜʝʥ ʪʘʟʘ, ʦʨʪʘʰʘ 

ʪᴅʪʪʽ (ʪᴅʪʪʽʣʝʥʜʽʨʛʽʰ 

ʢʦʤʧʦʥʝʥʪʪʝʨʤʝʥ 

ᴇʥʜʽʨʽʣʛʝʥ ʢʝʟʜʝ), 

 ʘʥסʦʩʳʣץ

ʠʥʛʨʝʜʠʝʥʪʪʝʨʛʝ ʩᴅʡʢʝʩ 

ʜᴅʤʽ ʤʝʥ ʭʦʰ ʠʽʩʽ ʙʘʨ 

ɾʝשʽʣ ʪᴅʪʪʽʣʝʫ 

ʥᴅʟʽʢ, ʪʘʟʘ 

ʩװʪץʳʰץʳʣʜʳ, ᴇʪʢʽʨ 

ʝʤʝʩ, ʞײʤʩʘץ ʭʦʰ 

ʠʽʩʪʽ, ʞʘסʳʤʜʳ 

ᴆʪʢ̔ʨʣʝʫ ʥʝʤʝʩʝ 

ʪʝʨʝשʜʝʫ ץʳʰץʳʣ, 

 ,ʳʣʜʳץʳʰץʪװʩ ץʘʥʳץ

ʩᴅʣ çʘʰʳסʘʥ ʩװʪè 

ʠʽʩʽʥʝ ʞʘץʳʥ, 

ʞʘסʳʤʜʳ 

ʊװʩʽ ʉװʪʪʝʡ ʘץ ʥʝʤʝʩʝ 

 ʘʥסʦʩʳʣץ

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʪװʩʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ, ʙʽʨʪʝʢʪʽ 

ʥʝʤʝʩʝ ʝʨʽʤʝʡʪʽʥ 

ʙᴇʣʰʝʢʪʝʨʜʽש 

 ʦʩʳʥʜʳʣʘʨʳ ʙʘʨץ

ɸץʰʳʣ ʩʘʨʳסʳʰ 

ʪװʩʪʽ, ʙʽʨʪʝʢʪʽ 

ʉʘʨʳסʳʰ ʪװʩʪʽ, 

ʙʽʨʪʝʢʪʽ 

 

1-ʢʝʩʪʝʜʝ ʝʢʽ ʡʦʛʫʨʪ ᴇʥʽʤʽ ʜʝ ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ ʥʦʨʤʘʪʠʚʪʽʢ 

ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɸʣʘʡʜʘ ץʦʣʜʘʥʳʣסʘʥ ײʡʳʪץʳ ײץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 1-ʡʦʛʫʨʪ ʞײʤʩʘץ 

ʜᴅʤʽ ʤʝʥ ʞʝשʽʣ ʭʦʰ ʠʽʩʽʤʝʥ ʝʨʝʢʰʝʣʝʥʩʝ, 2-ʡʦʛʫʨʪ ץʘʥʳץ ץʳʰץʳʣʜʳ ʜᴅʤʽ ʤʝʥ ʘʡץʳʥ 

ʩװʪץʳʰץʳʣʜʳ ʠʽʩʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʩʦʥʜʘʡ-ʘץ ʦʥʳש ʪװʩʽ ʤʝʥ ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ ʙʽʨʰʘʤʘ 

 .ʙʦʣʜʳ ץʳʥʜʳʨʘץʘʨץ
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2- ʢʝʩʪʝ. ɽʰʢʽ ʩװʪʽʥʝʥ ʘʣʳʥסʘʥ ʡʦʛʫʨʪʪʘʨʜʳש ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

 ʂᴇʨʩʝʪʢʽʰʪʝʨ תʣʛʽʣʝʨ 

ɽʰʢʽ ʩװʪʽ (Streptococ

cus salivarius 

subsp. 

thermophilus 

ʞᴅʥʝ 

Bifidobacterium 

lactis 

ʘʰʳʪץʳʩʳʤʝʥ 

ʡʦʛʫʨʪ ᴇʥʽʤʽ 

Bifidobact

erium infantis 

Lactobacillus 

bulgaricus 

Lactobacillus 

acidophilus 

Streptococcus 

thermophilus 

Lactobacillus 

paracasei. 

ʡʦʛʫʨʪ ᴇʥʽʤʽ 

1

1 

ʄʘʡʣʳʣʳסʳ % 5,46Ñ0,02 5,4Ñ0,02 

 

5,35Ñ0,02 

2 ɸץʫʳʟ % 3,93Ñ0,02 4,67Ñ0,03 4,53Ñ0,11 

3 ʄʘʡʩʳʟ ײץʨסʘץ ʟʘʪ % 9,89Ñ0,02 

 

10,54Ñ0,09 

 

10,16Ñ0,2

5 

ʟʘʪ % 14,92Ñ0,03 15,73Ñ0,09 15,06Ñ0,2 ץʘסʨײפ 4

2 

5 ʃʘʢʪʦʟʘ % 5,06Ñ0,01 5,11Ñ0,03 

 

4,84Ñ0,11 

 ʳ ʊʅ 18,12Ñ0,36 50,46Ñ0,34סʳʣʜʳʣʳץʳʰפ 6

 

54,85Ñ0,8 

 

 

2-ʢʝʩʪʝʜʝ ʝʰʢʽ ʩװʪʽ ʤʝʥ ʦʜʘʥ ᴅʨʪװʨʣʽ ʩʪʘʨʪʝʨʣʽʢ ʜʘץʳʣʜʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ 

ʡʦʛʫʨʪʪʘʨʜʳש ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʙʝʨʽʣʛʝʥ.  

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʝʰʢʽ ʩװʪʽʥʽש ʤʘʡʣʳʣʳסʳ 5,46Ñ0,02% ʙʦʣʩʘ, ʘʰʳʪʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 5,4Ñ0,02% ʞᴅʥʝ 5,35Ñ0,02%-סʘ ʜʝʡʽʥ ʘʟʜʘʧ ʪᴇʤʝʥʜʝʛʝʥ. נʳʣʳʤʠ 

ᴅʜʝʙʠʝʪʪʝʨʜʝ ʝʰʢʽ ʩװʪʽʥʽש ʤʘʡ ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʞᴅʥʝ ʬʝʨʤʝʥʪʘʮʠʷ ʙʘʨʳʩʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ 

ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘʤʘʡʪʳʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ [5]. 

ʉᴅʡʢʝʩʽʥʰʝ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʤʘʡʣʳʣʳץʪʳש ʪײʨʘץʪʳʣʳסʳ ʪʫʨʘʣʳ סʳʣʳʤʠ 

ʪײʞʳʨʳʤʜʘʨʤʝʥ װʡʣʝʩʝʜʽ, ʘʣ ʘʟʜʘסʘʥ ʪᴇʤʝʥʜʝʫ ײץʨʳʣʳʤʜʳץ ץʘʡʪʘ ʪʘʨʘʣʫ ʞᴅʥʝ ײץʨסʘץ 

ʟʘʪʪʘʨʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ᴇʟʛʝʨʫʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ɸץʫʳʟ ʤᴇʣʰʝʨʽ ʙʘʩʪʘʧץʳ ʩװʪʪʝ 3,93Ñ0,02% 

ʙʦʣʩʘ, ʡʦʛʫʨʪʪʘ 4,67Ñ0,03% ʞᴅʥʝ 4,53Ñ0,11%-סʘ ʜʝʡʽʥ ʘʨʪץʘʥ.  ʌʝʨʤʝʥʪʘʮʠʷ ʢʝʟʽʥʜʝ 

ʘץʫʳʟʜʘʨʜʳש ʢʦʘʛʫʣʷʮʠʷʣʘʥʳʧ, ʩʫ ʙʘʡʣʘʥʳʩʪʳʨʫ ץʘʙʽʣʝʪʽʥʽש ʘʨʪʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʳש 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʤᴇʣʰʝʨʽ ʞʦסʘʨʳʣʘʡʪʳʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ[6]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʡ ʟʝʨʪʪʝʫʣʝʨʜʝ 

ʧʨʦʪʝʦʣʠʟ ᴅʩʝʨʽʥʝʥ ʘץʫʳʟ ʤᴇʣʰʝʨʽ ʪᴇʤʝʥʜʝʫʽ ʤװʤʢʽʥ ʝʢʝʥʽ ʘʡʪʳʣסʘʥ [7]. ʆʩʳ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ, 

ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʘץʫʳʟʜʳש ʘʨʪʫʳ ʙʘʡץʘʣʘʪʳʥ ʙʘסʳʪץʘ ʞʘʪʘʜʳ ʞᴅʥʝ ʙײʣ ʛʝʣʴ ʪװʟʽʣʫ ʤʝʥ 

ʳʣסʘʣʜʳש ʙʘʡʣʘʥʳʩץʘʥ ʢװʡʛʝ ʘʫʳʩʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʄʘʡʩʳʟ ײץʨסʘץ ʟʘʪ ʤᴇʣʰʝʨʽ 9,89Ñ0,02%-

ʜʘʥ 10,54Ñ0,09% ʞᴅʥʝ 10,16Ñ0,25%-סʘ ʜʝʡʽʥ ʘʨʪץʘʥ, ʘʣ ʞʘʣʧʳ ײץʨסʘץ ʟʘʪ 14,92Ñ0,03%-ʜʘʥ 

15,73Ñ0,09% ʞᴅʥʝ 15,06Ñ0,22%-סʘ ʜʝʡʽʥ ʞʦסʘʨʳʣʘסʘʥ. ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʘʨʪʫʳ ʪʫʨʘʣʳ 

ʢᴇʧʪʝʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʝ ʡʦʛʫʨʪ ʪװʟʽʣʫ ʢʝʟʽʥʜʝ ʩʫ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʘץʫʳʟ ʛʝʣʽʤʝʥ ʙʘʡʣʘʥʳʩʫʳ 
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ʞᴅʥʝ ʝʨʽʛʝʥ ʟʘʪʪʘʨʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ʞʦסʘʨʳʣʘʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ײץʨסʘץ ʟʘʪʪʘʨʜʳװ שʣʝʩʽ 

ʘʨʪʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ[8]. ʃʘʢʪʦʟʘ ʤᴇʣʰʝʨʽ ʙʘʩʪʘʧץʳ ʩװʪʪʝ 5,06Ñ0,01% ʙʦʣʩʘ, 1-ʡʦʛʫʨʪʪʘ 

5,11Ñ0,03% ʜʝשʛʝʡʽʥʜʝ ʩʘץʪʘʣʳʧ, 2-ʡʦʛʫʨʪʪʘ 4,84Ñ0,11%-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʛʝʥ. 

 ʪװʳʣʳ ʩץʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ ʘʨ שʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʝ ʡʦʛʫʨʪ ᴇʥʜʽʨʽʩʽ ʢʝʟʽʥʜʝ ʣʘʢʪʦʟʘʥʳנ

 ʤᴇʣʰʝʨʽ ʪᴇʤʝʥʜʝʡʪʽʥʽ ʜᴅʣʝʣʜʝʥʛʝʥ[9]. ᴄʩʽʨʝʩʝ שʳʣʳʥʘ ʜʝʡʽʥ ʳʜʳʨʘʡʪʳʥʳ ʞᴅʥʝ ʦʥʳץʳʰץ

Lactobacillus bulgaricus ʞᴅʥʝ Lactobacillus acidophilus ץʘʪʳʩץʘʥ ʞʘסʜʘʡʜʘ ʙײʣ ʧʨʦʮʝʩʩ ץʘʨץʳʥʜʳ 

ʞװʨʝʜʽ. פʳʰץʳʣʜʳʣʳץ ʢᴇʨʩʝʪʢʽʰʽ 18,12Ñ0,36Áʊ-ʜʘʥ 50,46Ñ0,34Áʊ ʞᴅʥʝ 54,85Ñ0,8Áʊ-סʘ ʜʝʡʽʥ 

ʘʨʪץʘʥ. ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʽש ʞʦסʘʨʳʣʘʫʳ ʙʘʨʣʳץ ʘʰʳʪʳʣסʘʥ ʩװʪ ᴇʥʽʤʜʝʨʽʥʝ ʪᴅʥ ײץʙʳʣʳʩ. ʞᴅʥʝ 

ʙʘʩץʘ ʟʝʨʪʪʝʫʰʽʣʝʨʜʽש ʝשʙʝʢʪʝʨʽʥʜʝ ʡʦʛʫʨʪʪʘסʳ ץʳʰץʳʣʜʳʣʳץʪʳש ʞʦסʘʨʳʣʘʫʳ ʣʘʢʪʦʟʘʥʳש ʩװʪ 

 ʘʪʘʨ, ʢᴇʧʢʦʤʧʦʥʝʥʪʪʽץ ʳʣʳʥʘ ʘʡʥʘʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʉʦʥʳʤʝʥץʳʰץ

ʩʪʘʨʪʝʨʣʽʢ ʜʘץʳʣʜʘʨ ץʦʣʜʘʥʳʣסʘʥ ʞʘסʜʘʡʜʘ ץʳʰץʳʣ ʪװʟʽʣʫ ץʘʨץʳʥʳ ʞʦסʘʨʳ ʙʦʣʘʪʳʥʳ 

ʜᴅʣʝʣʜʝʥʛʝʥ. ɹײʣ ʪײʨסʳʜʘ 2-ʡʦʛʫʨʪʪʘסʳ ץʳʰץʳʣʜʳʣʳץʪʳש ʞʦסʘʨʳ ʙʦʣʫʳ סʳʣʳʤʠ ʜʝʨʝʢʪʝʨʤʝʥ 

ʪʦʣʳץ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

 

3-ʢʝʩʪʝ. ʁʦʛʫʨʪʪʘʨʜʳש ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ʂᴇʨʩʝʪʢʽʰʪʝʨ 

ʅפ ʙʦʡʳʥʰʘ 

ʨץײʩʘʪ ʝʪʽʣʛʝʥ 

ʥʦʨʤʘʣʘʨ 

1 (Streptococcus 

salivarius subsp. 

thermophilus 

ʞᴅʥʝ 

Bifidobacterium 

lactis 

ʘʰʳʪץʳʩʳʤʝʥ 

ʡʦʛʫʨʪ ᴇʥʽʤʽ 

2 Bifidobacterium 

infantis 

Lactobacillus 

bulgaricus 

Lactobacillus 

acidophilus 

Streptococcus 

thermophilus 

Lactobacillus 

paracasei. ʡʦʛʫʨʪ 

ᴇʥʽʤʽ 

ʉʳʥʘץ 

ᴅʜʽʩʪʝʨʽʥʝ 

ʅפ ʙʝʣʛʽʣʝʫ 

ʂʄɸʌɸʥʄ,  

ʂʊɹ/ʛ, 1 ʛ ʪʘסʘʤʜʘ 
5Ĭ10 3,05 Ĭ 10 5,1Ĭ10 

ʄɽʄʉʊ 

10444.15ï94 

ɯʊʊɹ 0,1ʩʤ3(ʛ) 

ʪʘסʘʤʜʘ 
- ʪʘʙʳʣʤʘʜʳ      ʪʘʙʳʣʤʘʜʳ 

ʄɽʄʉʊ 

31747ï2012 

ɸʰʳʪץʳʣʘʨ ʤʝʥ 

ʟʝש 

ʩʘשʳʨʘʫײץʣʘץʪʘʨ

ʳ, ʂʊɹ/ʛ, 1ʛ 

ʪʘסʘʤʜʘ 

100 6,4Ĭ10 9,7*10 

ʄɽʄʉʊ 

10444.12ï

2013 

ʇʘʪʦʛʝʥʜʽ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝ

ʨ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʩʘʣʤʦʥʝʣʣʘʣʘʨ 25 

ʩʤ3 (ʛ)  ʪʘסʘʤʜʘ 

ʨץײʩʘʪ 

ʝʪʽʣʤʝʡʜʽ 
ʪʘʙʳʣʤʘʜʳ  ʪʘʙʳʣʤʘʜʳ 

ʄɽʄʉʊ 

31659-2012 

Staphylococcus 

aureus, 1ʛ ʪʘסʘʤʜʘ 

ʨץײʩʘʪ 

ʝʪʽʣʤʝʡʜʽ 
ʪʘʙʳʣʤʘʜʳ  ʪʘʙʳʣʤʘʜʳ 

ʄɽʄʉʊ 

30347-2016 
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3-ʢʝʩʪʝʜʝʛʽ ʡʦʛʫʨʪ װʣʛʽʣʝʨʽʥʽש ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʟʝʨʪʪʝʣʛʝʥ ʢʝʟʜʝ ʝʢʽ ʪװʨʣʽ 

ᴇʥʽʤʥʽש ʩʘʧʘʩʳ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽ ʪʘʣʜʘʥʜʳ. ɸʣסʘʰץʳ װʣʛʽʜʝ Streptococcus salivarius subsp. 

thermophilus ʞᴅʥʝ Bifidobacterium lactis ʜʘץʳʣʘʨʳ ʘʥʳץʪʘʣʜʳ. 

ɾʘʣʧʳ ʤʝʟʦʬʠʣʴʜʽ ʘʵʨʦʙʪʳ ʞᴅʥʝ ʬʘʢʫʣʴʪʘʪʠʚʪʽ-ʘʥʘʵʨʦʙʪʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ 

(ʂʄɸʌɸʥʄ) ʜʝשʛʝʡʽ ʙʽʨʽʥʰʽ װʣʛʽʜʝ 3,05Ĭ10  ʂʊɹ/ʛ ʙʦʣʳʧ, ʥʦʨʤʘʪʠʚʪʽʢ ʰʝʢʪʝʥ ʘʡʪʘʨʣʳץʪʘʡ 

ʘʩʳʧ ʢʝʪʢʝʥ. ɹײʣ ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰ ʥʝʛʽʟʽʥʝʥ ʩʪʘʨʪʝʨʣʽʢ ʙʘʢʪʝʨʠʷʣʘʨʜʳץ שʘʨץʳʥʜʳ ʜʘʤʫʳʥʘ 

ʥʝʤʝʩʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʛʽ ʛʠʛʠʝʥʘʣʳץ ʪʘʣʘʧʪʘʨʜʳש ʪʦʣʳץ ʩʘץʪʘʣʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʫʳ ʤװʤʢʽʥ. ɽʢʽʥʰʽ װʣʛʽʜʝ ʂʄɸʌɸʥʄ 5,1Ĭ10  ʂʊɹ/ʛ ʜʝשʛʝʡʽʥʜʝ ʪʽʨʢʝʣʽʧ, ʥʦʨʤʘʪʠʚʪʽʢ 

ʪʘʣʘʧץʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. נʳʣʳʤʠ ʜʝʨʝʢʪʝʨʜʝ ʡʦʛʫʨʪʪʘסʳ ʂʄɸʌɸʥʄ ʜʝשʛʝʡʽ ᴅʜʝʪʪʝ 10ï10  

ʂʊɹ/ʛ ʜʠʘʧʘʟʦʥʳʥʜʘ ʙʦʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ, ʩʦʥʜʳץʪʘʥ ʙʽʨʽʥʰʽ װʣʛʽʥʽש ʤᴅʥʽ ᴅʜʝʙʠʝʪʧʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ץʘʣʳʧʪʳ ʜʠʘʧʘʟʦʥסʘ ʢʽʨʩʝ ʜʝ, ʥʦʨʤʘʪʠʚʪʝʥ ʘʩʳʧ ʢʝʪʢʝʥ. ɯʰʝʢ ʪʘʷץʰʘʣʘʨʳ ʪʦʙʳ 

ʙʘʢʪʝʨʠʷʣʘʨʳ (ɯʊʊɹ) ʝʢʽ װʣʛʽʜʝ ʜʝ ʪʘʙʳʣʤʘʜʳ, ʙײʣ ʡʦʛʫʨʪ ᴇʥʽʤʜʝʨʽʥʽש ʩʘʥʠʪʘʨʣʳץ-ʛʠʛʠʝʥʘʣʳץ 

 ʜʘʡ ʜʝʧסʘʣʳʧʪʳ ʞʘץ ʳ ɯʊʊɹ ʙʦʣʤʘʫʳסʘʫʽʧʩʽʟʜʽʛʽʥ ʨʘʩʪʘʡʜʳ. ᴄʜʝʙʠ ʜʝʨʝʢʪʝʨʜʝ ʡʦʛʫʨʪʪʘץ

ʢᴇʨʩʝʪʽʣʛʝʥ, ʩʝʙʝʙʽ ʪᴇʤʝʥʛʽ pH (ʰʘʤʘʤʝʥ 4,0ï4,5) ʦʣʘʨʜʳש ʜʘʤʫʳʥ ʪʝʞʝʡʜʽ[10]. 

ɸʰʳʪץʳ ʤʝʥ ʟʝש ʩʘשʳʨʘʫײץʣʘץʪʘʨʳʥʳש ʤᴇʣʰʝʨʽ ʙʽʨʽʥʰʽ װʣʛʽʜʝ 6,4Ĭ10  ʂʊɹ/ʛ, ʝʢʽʥʰʽ 

ʣʛʽʜʝ 9,7Ĭ10װ  ʂʊɹ/ʛ ʙʦʣʳʧ, ʝʢʝʫʽ ʜʝ ʥʦʨʤʘʪʠʚʪʽʢ ʰʝʢʪʝʥ ʘʩץʘʥ. ɸʰʳʪץʳ ʤʝʥ ʟʝשʜʽש ʢᴇʧ ʙʦʣʫʳ 

ᴇʥʽʤʥʽש ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ (ʜᴅʤ, ʠʽʩ, ʢʦʥʩʠʩʪʝʥʮʠʷ) ʙײʟʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ʙײʣ 

ʩʘʥʠʪʘʨʣʳץ-ʛʠʛʠʝʥʘʣʳץ ʪʘʣʘʧʪʘʨʜʳש ʪʦʣʳץ ʩʘץʪʘʣʤʘסʘʥʳʥ ʥʝʤʝʩʝ ʩʘץʪʘʫ ʰʘʨʪʪʘʨʳʥʳש 

 ʛʝʡʽ 10Įï10į ʂʊɹ/ʛ ʰʝʛʽʥʜʝשʜʝ שʳ ʤʝʥ ʟʝץʳʣʳʤʠ ʜʝʨʝʢʪʝʨʜʝ ʘʰʳʪנ .ʦʣʘʡʩʳʟ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽץ

ʙʦʣʫʳ ʪʠʽʩ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ, ʩʦʥʜʳץʪʘʥ ʙʽʨʽʥʰʽ װʣʛʽʜʝ ʙײʣ ʢᴇʨʩʝʪʢʽʰ ᴇʪʝ ʞʦסʘʨʳ, ʝʢʽʥʰʽ װʣʛʽʜʝ ʜʝ 

ʥʦʨʤʘʪʠʚʪʝʥ ʘʩʳʧ ʢʝʪʢʝʥ. ʇʘʪʦʛʝʥʜʽ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ, ʦʥʳש ʽʰʽʥʜʝ Salmonella spp., ʝʢʽ װʣʛʽʜʝ 

ʜʝ ʘʥʳץʪʘʣʤʘסʘʥ. ɹײʣ ʡʦʛʫʨʪ ᴇʥʽʤʜʝʨʽʥʽש ʪʘסʘʤʜʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʨʘʩʪʘʡʜʳ. ʁʦʛʫʨʪʪʘסʳ ʪᴇʤʝʥʛʽ 

pH ʞᴅʥʝ ᴇʥʽʤ ײץʨʘʤʳʥʜʘסʳ ʪʘʙʠסʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ ʧʘʪʦʛʝʥʜʝʨʜʽש ʜʘʤʫʳʥʘ ץʦʣʘʡʩʳʟ ʦʨʪʘʥʳ 

 .ʳ ʧʘʪʦʛʝʥʜʝʨ ʩʠʨʝʢ ʢʝʟʜʝʩʝʜʽ ʜʝʧ ʢᴇʨʩʝʪʽʣʛʝʥסʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ᴄʜʝʙʠʝʪʪʝʨʜʝ  ʡʦʛʫʨʪʪʘץ

ʂʄɸʌɸʥʄ ʜʝשʛʝʡʽ ʙʘʩʪʘʧץʳʜʘ 3,05Ĭ10  ʂʊɹ/ʛ ʙʦʣʩʘ, 14-ʢװʥʜʝ 3,8Ĭ10  ʂʊɹ/ʛ-ץʘ ʜʝʡʽʥ 

ʢᴇʪʝʨʽʣʜʽ. ʐʳʥʳʥʜʘ ʙײʣ ʥʦʨʤʘʪʠʚʪʝʥ ʩᴅʣ ʞʦסʘʨʳ ʙʦʣʩʘ ʜʘ, ʡʦʛʫʨʪʪʘסʳ ʤʝʟʦʬʠʣʴʜʽ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʙʝʣʩʝʥʜʽʣʽʛʽ ץʘʣʳʧʪʳ ʢװʡʜʝ ʝʢʝʥʜʽʛʽ ʘʡץʳʥ[11]. ɯʊʊɹ, ʧʘʪʦʛʝʥʜʝʨ ʞᴅʥʝ 

Staphylococcus aureus ʜʝ ʘʥʳץʪʘʣסʘʥ ʞʦץ, ʙײʣ ᴇʥʽʤʥʽץ שʘʫʽʧʩʽʟʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɸʰʳʪץʳ ʤʝʥ ʟʝש 

ʜʝשʛʝʡʣʝʨʽʥʽש ʢᴇʙʝʡʫʽ ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʜʽש (ʜᴅʤ, ʠʽʩ, ʢʦʥʩʠʩʪʝʥʮʠʷ) ʘʟסʘʥʘ ᴇʟʛʝʨʫʽʥʝ 

ʩʝʙʝʧ ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʜʽʛʽʥ, ʷסʥʠ ʢᴇʨʩʝʪʽʧ ʦʪʳʨ ʞʳʣʜʘʤʳʨʘץ ʉʘץʪʘʫʜʘ ʢʝʡʙʽʨ ʡʦʛʫʨʪʪʘʨʜʘ 

ʦʣʘʨʜʳ ʤᴅʥʽ ʙʦʡʳʥʰʘ ʤʠʥʠʤʘʣʜʳ ᴇʩʽʤ ʢᴇʪʝʨʽʣʛʝʥ. 

2-ɽʢʽʥʰʽ ʡʦʛʨʫʪ (Bifidobacterium infantis, Lactobacillus bulgaricus, Lactobacillus acidophilus, 

Streptococcus thermophilus ʞᴅʥʝ Lactobacillus paracasei ʩʪʘʨʪʝʨʣʝʨʽ) ʩʘץʪʘʫ ʫʘץʳʪʳʥʜʘ ʪײʪʘʩʪʘʡ 

ʙʽʨ ץʘʣʳʧʪʳ ײץʨʳʣʳʤʳʥ ʩʘץʪʘʜʳ, ʪײʪץʳʨʣʳסʳ ʙʦʣʩʘ ʩᴅʣ סʘʥʘ ʪᴇʤʝʥʜʝʜʽ. ɼᴅʤʽ װʟʜʽʢʩʽʟ ʰʘʣʳʧ 

ʢʝʣʛʝʥ ץʳʰץʳʣʜʳסʳ, ʠʽʩʽ ʙʳʣסʘʨʳʜʘʡʜ, ʪװʩʽʥʽש ʩʘʨʳ ʙʦʣסʘʥʳ. pH 4,60-ʪʘʥ 4,50-ʛʝ, ץʳʰץʳʣʜʳץ 

54,85Áʊ-ʜʝʥ 55,50Áʊ-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ. ɼᴅʣ ʦʩʳ ײץʙʳʣʳʩʪʘʨ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʩʪʘʨʪʝʨʣʝʨʜʽש 

ʙʝʣʩʝʥʜʽʣʽʛʽʥʽש ʪʦץʪʘʫʩʳʟ ʫʘץʳʪʳʥʜʘ ʙʽʨ ץʘʣʳʧʪʳ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʡʦʛʫʨʪʪʘʨʜʘסʳ 

 ʳʥסʳʤʘץʥʦʨʤʘʜʘʥ ʘʫʳʪ שʪʳץʳʣʜʳץʳʰץ (ʙʝʛʽʤʜʝשʦʡʣʘʩʘʤ ʝ) ,ʥʝʛʽʟʽ ʦʩʳ שʙʳʣʳʩʪʘʨʜʳײץ

ʜᴅʣʝʣʜʝʡʜʽ. ʂʄɸʌɸʥʄ ʜʝשʛʝʡʽ ʥʦʨʤʘʜʘʥ, װʟʜʽʢʩʽʟ ʰʘʣʳʧ, ɯʊʊɹ ʤʝʥ ʧʘʪʦʛʝʥʜʝʨ ʪʘʙʳʣʤʘʜʳ, 

ʘʰʳʪץʳ ʤʝʥ ʟʝש ʩʘʥʳ ʥʦʨʤʘʜʘʥ ʩᴅʣ ʢᴇʙʝʡʫ ʫʣʳ ʢᴇʟʽʣʜʽʨʽʢʪʽ ʙײʨʘʫʜʳ ץʘʞʝʪ ʝʪʽʧ, ץʘʞʝʪʪʽ 

ʘʭʫʘʣʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

  ʦʨʳʪʳʥʜʳפ

ʆʩʳ ʟʝʨʪʪʝʫ ʝʰʢʽ ʩװʪʽʥʝʥ ʡʦʛʫʨʪ ᴇʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʜʳ. ɽʢʽ ʪװʨʣʽ 

ʩʪʘʨʪʝʨ ץʦʣʜʘʥʳʣסʘʥ ʡʦʛʫʨʪ װʣʛʽʣʝʨʽ ʩʘʧʘʩʳ ʞʘסʳʥʘʥ ʞʘץʩʳ ʙʦʣסʘʥʳʤʝʥ, ʦʣʘʨʜʳש ʜᴅʤʽ, 
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ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ ʤʝʥ ʠʽʩʽ ץʦʣʜʘʥʳʩץʘ ʝʥʛʽʟʽʣʛʝʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ ײץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ᴅʨʪװʨʣʽ ʘʡʳʨʤʘʰʳʣʳץʪʘʨסʘ ʠʝ ʙʦʣʜʳ. 

ʄʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʡʦʛʫʨʪʪʘʨʜʳץ שʘʫʽʧʩʽʟ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ: ʧʘʪʦʛʝʥʜʝʨ ʤʝʥ ʽʰʝʢ 

ʪʘʷץʰʘʣʘʨʳ ʘʥʳץʪʘʣסʘʥ ʞʦץ, ʩװʪץʳʰץʳʣʜʳ ʙʘʢʪʝʨʠʷʣʘʨʜʳש ʩʘʥʳ ץʘʣʳʧʪʳ ʙʦʣʜʳ. ɸʰʳʪץʳ 

ʤʝʥ ʟʝש ʤᴇʣʰʝʨʽ ʥʦʨʤʘʪʠʚʪʝʥ ʩᴅʣ ʘʩʳʧ ʢʝʪʢʝʥʽʤʝʥ, ʙײʣ ʩʘץʪʘʫ ʞʘסʜʘʡʳʤʝʥ ʥʝʤʝʩʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

 ,ץʩʝʥʩʦʨʣʳ שʪʠʽʤʜʽʣʽʛʽʥ, ᴇʥʽʤʥʽ שʪʽʥʝʥ ʡʦʛʫʨʪ ᴇʥʜʽʨʫʜʽװʘʥʜʘ, ʟʝʨʪʪʝʫ ʝʰʢʽ ʩץʦʨʳʪʘ ʘʡʪפ

ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳʥ ʜᴅʣʝʣʜʝʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ 

ʬʫʥʢʮʠʦʥʘʣʜʳץ, ʜʝʥʩʘʫʣʳץץʘ ʧʘʡʜʘʣʳ ʡʦʛʫʨʪ ᴇʥʽʤʜʝʨʽʥ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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ʄʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩ 

ϧʘʟʘϨ ϰʣʪʪʳϨ ʘʛʨʘʨʣʳϨ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, 
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ɸשʜʘʪʧʘ 

ɹײʣ ʟʝʨʪʪʝʫ ʤʦʥʦ- ʞᴅʥʝ ʩʠʤʙʠʦʪʠʢʘʣʳץ ʘʰʳʪץʳ ʜʘץʳʣʜʘʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʠʝ ʩװʪʽʥʝʥ 

 ʳʪʪʘʣʜʳ. ɿʝʨʪʪʝʫסʩʭʝʤʘʩʳʥ ᴅʟʽʨʣʝʫʛʝ ʙʘ ץʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷʣʳ שʘʥ ʩʫʩʳʥ ᴇʥʜʽʨʫʜʽסʡʳʪʳʣײ

ʙʘʨʳʩʳʥʜʘ Streptococcus thermophilus ʞᴅʥʝ Lactobacillus delbrueckii subsp. bulgaricus ʜʘץʳʣʜʘʨʳ 

ʞʝʢʝ (ʤʦʥʦ) ʞᴅʥʝ ʙʽʨʽʢʪʽʨʽʣʛʝʥ (ʩʠʤʙʠʦʪʠʢʘʣʳץ) ʪװʨʜʝ ץʦʣʜʘʥʳʣʳʧ, ʦʣʘʨʜʳש ᴇʥʽʤ ʩʘʧʘʩʳʥʘ 

ᴅʩʝʨʽ ʞʘʥ-ʞʘץʪʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʙʘסʘʣʘʥʜʳ. ʅʝʛʽʟʛʽ ʥʘʟʘʨ ץʳʰץʳʣʜʳש ʞʠʥʘʣʫ 

ʜʠʥʘʤʠʢʘʩʳʥʘ, ʩװʪ ץʳʰץʳʣʜʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʪʽʨʰʽʣʽʢ ץʘʙʽʣʝʪʽʥʝ, ᴇʥʽʤʥʽײץ שʨʳʣʳʤʜʳץ-

ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʞᴅʥʝ ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ʘʫʜʘʨʳʣʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʙʘʨʳʩʳʥʜʘ ʜʘʡʳʥ ᴇʥʽʤʜʝʨ (4Ñ2) ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 0, 3, 5 ʞᴅʥʝ 

7 ʪᴅʫʣʽʢ ʩʘץʪʘʫ ʢʝʟʽʥʜʝ ʪʘʣʜʘʥʜʳ. ʅᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʩʠʤʙʠʦʪʠʢʘʣʳץ ʘʰʳʪץʳ 

ʜʘץʳʣʜʘʨʳʥ ץʦʣʜʘʥʫ ץʳʰץʳʣ ʪװʟʽʣʫ ʧʨʦʮʝʩʽʥ ʞʝʜʝʣʜʝʪʽʧ, ʨʅ ʜʝשʛʝʡʽʥʽש ʪʠʽʤʜʽ ʪᴇʤʝʥʜʝʫʽʥ 

 ʳʥסʪʳʣʳץʨʘײʪ שʨʳʣʳʤʳʥʳײץ שʥʜʘʡ ʢʦʤʙʠʥʘʮʠʷ ᴇʥʽʤʥʽײʘʪʘʨ, ʤץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʉʦʥʳʤʝʥץ

ʘʨʪʪʳʨʳʧ, ʢʦʥʩʠʩʪʝʥʮʠʷʩʳʥʳש ʙʽʨʢʝʣʢʽ ʞᴅʥʝ ʪʳסʳʟ ʙʦʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. ʄʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ 

ʪʘʣʜʘʫʣʘʨ ʩʠʤʙʠʦʪʠʢʘʣʳץ ʞװʡʝʜʝ ʧʘʡʜʘʣʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʪʽʨʰʽʣʽʢ ץʘʙʽʣʝʪʽ ʞʦסʘʨʳ 

ʜʝשʛʝʡʜʝ ʩʘץʪʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ᴇʥʽʤʥʽש ʙʠʦʣʦʛʠʷʣʳײץ ץʥʜʳʣʳסʳʥ ʘʨʪʪʳʨʘʜʳ. 

ʆʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʙʘסʘʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʩʠʤʙʠʦʪʠʢʘʣʳץ ʘʰʳʪץʳʤʝʥ ʘʣʳʥסʘʥ 

ᴇʥʽʤ ʜᴅʤʽ, ʠʽʩʽ ʞᴅʥʝ ʩʳʨʪץʳ ʪװʨʽ ʞʘסʳʥʘʥ ʞʦסʘʨʳ ʩʘʧʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʛʝ ʠʝ ʙʦʣʜʳ. ɹײʣ 

ʪײʪʳʥʫʰʳʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʞʘץʩʘʨסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ʆʩʳʣʘʡʰʘ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʙʠʝ ʩװʪʽ ʥʝʛʽʟʽʥʜʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʞᴅʥʝ ʞʦסʘʨʳ ʩʘʧʘʣʳ 

 ʳʣʳʤʠ ʞᴅʥʝס שʦʣʜʘʥʫʜʳץ ʳʣʜʘʨʳʥץʳ ʜʘץʘʰʳʪ ץʘʥ ᴇʥʽʤʜʝʨ ᴇʥʜʽʨʫʜʝ ʩʠʤʙʠʦʪʠʢʘʣʳסʡʳʪʳʣײ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʥʝʛʽʟʜʝʣʛʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ױʩʳʥʳʣסʘʥ ʪʝʭʥʦʣʦʛʠʷ ʩװʪ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ 

ʞʘשʘ ᴇʥʽʤ ʪװʨʣʝʨʽʥ ʜʘʤʳʪʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʘץʪʘʫ ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂʽʣʪ ʩᴇʟʜʝʨ: ʙʠʝ ʩװʪʽ, ʘʰʳʪʫ, ʘʰʳʪץʳ ʜʘץʳʣʜʘʨʳ, Streptococcus thermophilus, Lactobacillus 

bulgaricus, ʩʘʧʘ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ, ʪʠʪʨʣʝʥʝʪʽʥ ץʳʰץʳʣʜʳץ. 

 

ʂɯʈɯʉʇɽ 

ɸʰʳʪʳʣסʘʥ ʩװʪ ᴇʥʽʤʜʝʨʽ ʩװʪ ᴇʥʽʤʜʝʨʽʥ ᴇשʜʝʫʜʽש ʝש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʦʣʦʛʠʷʣʳץ 

ʪײʨסʳʜʘʥ ʤװʤʢʽʥ ʪװʨʣʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ, ʩʝʙʝʙʽ ʩװʪ ץʳʰץʳʣʳʥ ʘʰʳʪʫ ʙʽʨ ʤʝʟʛʽʣʜʝ 

ʩʘץʪʘʫ, ʩʝʥʩʦʨʣʳץ ʧʨʦʬʠʣʴʜʽ ʜʘʤʳʪʫ ʞᴅʥʝ ʩװʪ ץʳʰץʳʣʳ ʙʘʢʪʝʨʠʷʣʘʨʳʥʳש ʤʝʪʘʙʦʣʠʪʪʝʨʽ 

ʘʨץʳʣʳ ᴇʥʽʤʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳײץ ץʥʜʳʣʳסʳʥ ʘʨʪʪʳʨʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʝʜʽ. ɹײʣ ʪᴅʩʽʣ ʙʠʝ ʩװʪʽ 

 ʘʨʳסʞʦ שʫʳʟʳʥʳץʪᴇʤʝʥ ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʩʘʨʳʩʫ ʘ שʨʘʤʳʥʘ (ʢʘʟʝʠʥʥʽײץ ʫʳʟץʰʽʥ ʝʨʝʢʰʝ ʘװ

ʤᴇʣʰʝʨʽ), ʣʘʢʪʦʟʘʥʳש ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʞᴅʥʝ, ʜʝʤʝʢ, ʩʠʳʨ ʩװʪʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 

 .ʳʟʜʳשʘʣʳʧʪʘʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʪʝ ʤʘץ ʨʣʽװᴅʨʪ שʨʳʣʳʤʳʥʳײץ ʳʣʜʘʥʫ ʢʠʥʝʪʠʢʘʩʳ ʤʝʥץʳʰץ

ɹײʣ ʩʠʧʘʪʪʘʤʘʣʘʨ ʦשʪʘʡʣʳ ʘʰʳʪץʳ ʜʘץʳʣʜʘʨʳʥ ʞᴅʥʝ ᴇשʜʝʫ ʞʘסʜʘʡʣʘʨʳʥ ʪʘשʜʘʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ 

[1-3]. 

ɼᴅʩʪװʨʣʽ ʙʠʝ ʩװʪʽʥʝʥ ʞʘʩʘʣסʘʥ ᴇʥʽʤʜʝʨ (ץʳʤʳʟ ʞᴅʥʝ ʪ.ʙ.) ʢװʨʜʝʣʽ ʤʠʢʨʦʙʪʳץ 

 ʘʩʠʝʪʪʝʨʽ ʰʠʢʽʟʘʪ ʧʝʥץ שʩʠʧʘʪʪʘʣʘʜʳ, ʞᴅʥʝ ʦʣʘʨʜʳ (ʳץLAB ʞᴅʥʝ ʘʰʳʪ) ʧʝʥץʘʫʳʤʜʘʩʪʳץ

ᴇʥʜʽʨʽʩ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʝʜʽ. ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʞʦʣʤʝʥ ץʘʡʪʘ 

ᴇʥʜʽʨʽʣʝʪʽʥ ʩʫʩʳʥʜʘʨ װʰʽʥ ʩʪʘʥʜʘʨʪʪʘʣסʘʥ ʙʘʢʪʝʨʠʷʣʳץ ʘʰʳʪץʳʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ײʩʳʥʳʣʘʜʳ. 

Streptococcus thermophilus ʞϸʥʝ Lactobacillus delbrueckii subsp. bulgaricus - ᴇʟʘʨʘ ᴇʩʫʜʽ 
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ʳʥʪʘʣʘʥʜʳʨʘʪʳʥ ʢʣʘʩʩʠʢʘʣʳץ çʡʦʛʫʨʪè ʞײʙʳ, ʙײʣ ʘʰʳʪʫ ʞʳʣʜʘʤʜʳסʳʥ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ 

ʩʘʧʘʥʳש ʪײʨʘץʪʳʣʳסʳʥ ʞʘץʩʘʨʪʘʜʳ [4-5]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʠʝ ʩװʪʽʥʽש ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝʣʝʨʽ ᴅʣʽ ʜʝ ʙʘʨ: 

- ʢʘʟʝʠʥʥʽש ʙʘʩץʘ ʬʨʘʢʮʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʛʝʣʴʜʝʥʫʜʽש ʞʝʪʢʽʣʽʢʩʽʟ ʰʳסʫʳ; 

- ʩʘץʪʘʫ ʢʝʟʽʥʜʝ ʢʦʥʩʠʩʪʝʥʮʠʷʥʳש ʪײʨʘץʩʳʟʜʳסʳʥʳש ʪᴅʫʝʢʝʣʜʝʨʽ; 

- ʘʰʳʪץʳ ʜʘץʳʣʜʘʨʳʥʳש ʪʽʨʰʽʣʽʢ ʝʪʫ ץʘʙʽʣʝʪʽʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ 

 ʘʥ ᴇʥʽʤʜʝʨסʪʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʘʰʳʪʳʣװʘʞʝʪʪʽʣʽʛʽ. ᴄʜʝʙʠʝʪʪʝʨʜʝ ʙʠʝ ʩץ ʦʣ ʞʝʪʢʽʟʫץ ʘʫʽʧʩʽʟʜʽʢʢʝץ

 ʞʠʥʘʣʫ שʳʣʜʳץʳʰץ שʨʘʤʳʥʳײץ ʳץʤʢʽʥʜʽʛʽ ʞᴅʥʝ ʘʰʳʪװʳʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʤץʰʽʥ ʘʰʳʪװ

ʞʳʣʜʘʤʜʳסʳʥʘ, ʨʝʦʣʦʛʠʷʩʳʥʘ ʞᴅʥʝ ʩʫʜʳ ײʩʪʘʫ ץʘʙʽʣʝʪʽʥʝ ᴅʩʝʨʽ ʘʪʘʧ ᴇʪʽʣʝʜʽ [6-7]. 

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ - ʙʠʝ ʩװʪʽʥʝʥ ײʡʳʪʳʣסʘʥ ʩʫʩʳʥ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ᴅʨʪװʨʣʽ 

ʘʰʳʪץʳ ײץʨʘʤʜʘʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ᴇʥʽʤ ʩʘʧʘʩʳʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʙʘסʘʣʘʫ ʞװʨʛʽʟʫ. 

ɿʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽ: 

1. ʇʘʩʪʝʨʣʝʫ - ʘʰʳʪʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘʩʳʥ ʞᴅʥʝ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʥʝʛʽʟʜʝʫ; 

2. ᴄʨʪװʨʣʽ ײʡʪץʳʣʘʨʜʳץ שʳʰץʳʣʜʳש ʞʠʥʘʣʫ ʢʠʥʝʪʠʢʘʩʳʥ ʩʘʣʳʩʪʳʨʫ; 

3. 0,3,5,7 ʢװʥ ʩʘץʪʘʫ ʢʝʟʽʥʜʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʞᴅʥʝ ᴇʤʽʨʰʝשʜʽʛʽʥ 

ʙʘסʘʣʘʫ; 

 .ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʩʘʣʳʩʪʳʨʫ ץʞᴅʥʝ ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳ ץʨʳʣʳʤʜʳײץ שʣʛʽʣʝʨʜʽת .4

 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ 

ɹʠʝ ʩװʪʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ, װʰ ʪװʨʣʽ ʘʰʳʪץʳ ʜʘץʳʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʳʧ ʘʣʳʥסʘʥ ʘʰʳʪʳʣסʘʥ 

ʩʫʩʳʥ: 

 ;ʣʛʽ (ST)- Streptococcus thermophilus (ʤʦʥʦ)װ-1 -

 ;ʣʛʽ (LB)- Lactobacillus delbrueckii subsp. bulgaricus (ʤʦʥʦ)װ-2 -

 ,ʨʘʤʳ S. thermophilus + L. bulgaricus (ʙʝʣʩʝʥʜʽʣʽʛʽ 1:1)ײץ ץʣʛʽ (ST+LB)- ʩʠʤʙʠʦʪʠʢʘʣʳװ-3 -

ʙײʜʘʥ ᴅʨʽ çʙʽʨʽʢʪʽʨʽʣʛʝʥè. 

ʐʠʢʽʟʘʪ  ɹʠʝ ʩװʪʽ ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʜʘ ʘʜʘʤ ʪײʪʳʥʫʳ װʰʽʥ ʩʘʫʤʘʣ (ʙʠʝ ʩװʪʽ) ᴇʥʜʽʨʫʛʝ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʬʝʨʤʘʜʘ (ᴆʩʪʝʤʠʨ ʘʫʳʣʳ ʞᴅʥʝ ɹʫʪʘʢʦʚʢʘ ʘʫʜʘʥʳʥʜʘ (çɹʘʣץʳʤʳʟè ʞʝʢʝ 

ʢᴅʩʽʧʦʨʥʳ) ʞʠʥʘʣʜʳ. ʉװʪ ʩʘʫʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʪʘשʝʨʪʝש ʙʽʨʜʝʥ ʞʠʥʘʣʜʳ; ʩװʪ 4 Ñ 2 ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʦשʘʟʳʪץʳʰʪʘ ʢʦʥʪʝʡʥʝʨʣʝʨʜʝ ʩʘץʪʘʣʳʧ, ʪʘʣʜʘʫ װʰʽʥ ʟʝʨʪʭʘʥʘסʘ ʞʝʪʢʽʟʽʣʜʽ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʩʳ 

1. ɹʠʝ ʩװʪʽʥ ץʘʙʳʣʜʘʫ ʞᴅʥʝ ʩװʟʫ; 

2. ʇʘʩʪʝʨʣʝʫ 85 ÁC, 5 ʤʠʥ (ʞʘʣʧʳ ʡʦʛʫʨʪץʘ ץʦʣʜʘʥʘʜʳ); 

3. 40ï42 ÁC ʜʝʡʽʥ ʩʘʣץʳʥʜʘʪʫ; 

 ʳסʳ ʩʘʣʤʘץʡʳʪײ ;ʦʩʫ; ʨʅ 4,6 Ñ 0,1 ʞʝʪʢʝʥʰʝ 40-42 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʰʳʪʫץ ʳʥʳץʡʳʪױ .4

3%. 

5. 18-20 ÁC ʜʝʡʽʥ ʩʘʣץʳʥʜʘʪʫ 

6. ɹᴇʪʝʣʢʝʛʝ ײץʶ, ʩʘץʪʘʫ ʤʝʨʟʽʤʽ 4 Ñ 2 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 0-7 ʢװʥ. 

 

ʉʘʧʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ ᴅʜʽʩʪʝʨʽ ɾײʤʳʩʪʘ ʢʝʣʝʩʽ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʘʥʳץʪʘʣʜʳ: 

- ʨʅ; 

- ʪʠʪʨʣʝʥʝʪʽʥ ץʳʰץʳʣʜʳץ (ÁT); 

 ;ʣʝʩʽ (ʨʝʬʨʘʢʪʦʤʝʪʨ)װ ץʤʘʩʩʘʣʳ שʟʘʪʪʳ ץʘסʨײץ -

- ᴇʤʽʨʰʝש ʙʘʢʪʝʨʠʡ ʩʘʥʳ (ʂʆɽ/ʛ); 

- ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ (ʜᴅʤʽ, ʠʽʩʽ, ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ, ʪװʩʽ; ʙʘסʘʣʘʫʳ). 

ʉʘץʪʘʫ ʙʘץʳʣʘʫ ʥװʢʪʝʣʝʨʽ: 0, 3, 5, 7 ʢװʥ. 

 

ɿɽʈʊʊɽʋ ʅᴄʊʀɾɽʃɽʈɯ  

1. ʐʠʢʽʟʘʪʪʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ɸʰʳʪʳʣסʘʥ ʩʫʩʳʥʥʳש ʩʘʧʘʩʳ ʢᴇʙʽʥʝʩʝ ʰʠʢʽʟʘʪʪʳש ʙʘʩʪʘʧץʳ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

 ʘʥʜʘ ʤʘʡ ʤʝʥ ʢʘʟʝʠʥסʪʽʤʝʥ ʩʘʣʳʩʪʳʨװʪʽ ʩʠʳʨ ʩװʪʘʣʘʜʳ. ɹʠʝ ʩץʘʩʠʝʪʪʝʨʽʤʝʥ ʘʥʳץ

ʬʨʘʢʮʠʷʩʳʥʳש ʪᴇʤʝʥʜʽʛʽʤʝʥ, ʩʦʥʜʘʡ-ʘץ ʣʘʢʪʦʟʘʥʳש ʞʦסʘʨʳ ʤᴇʣʰʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʙײʣ ʩװʪ 

 .ʘʣʳʧʪʘʩʫʳʥʘ ᴅʩʝʨ ʝʪʝʜʽץ שʨʳʣʳʤʳʥʳײץ ʘʰʳʪʫ ʢʠʥʝʪʠʢʘʩʳʥʘ ʞᴅʥʝ ᴇʥʽʤ שʳʣʳʥʳץʳʰץ
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ɸʰʳʪʫ ʘʣʜʳʥʜʘ ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʜʘ ʘʣʳʥסʘʥ ʩװʪʪʽש ʥʝʛʽʟʛʽ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʥʳץʪʘʣʜʳ. ʊʘʣʜʘʫ פʘʟױɸɿʋ ʨʝʬʝʨʝʥʪʪʽʢ ʦʨʪʘʣʳסʳʥʜʘ MilkoScan FT1 

ʠʥʬʨʘץʳʟʳʣ ʘʥʘʣʠʟʘʪʦʨʳʥ ʧʘʡʜʘʣʘʥʳʧ ʞװʨʛʽʟʽʣʜʽ. 

 

1-ʢʝʩʪʝ. ɹʠʝ ʩװʪʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽ 

ʀʥʜʠʢʘʪʦʨ ʄʘסʳʥʘʩʳ 

ʄʘʡʜʳש ʤʘʩʩʘʣʳװ ץʣʝʩʽ, % 1,4 Ñ 0,03 

ɸץʫʳʟʜʳש ʤʘʩʩʘʣʳװ ץʣʝʩʽ, % 2,2 Ñ 0,01 

ʃʘʢʪʦʟʘʥʳש ʤʘʩʩʘʣʳװ ץʣʝʩʽ, % 6,5 Ñ 0,05 

 ʟʘʪ, % 11,0 Ñ 0,08 ץʘסʨײפ

ʨʅ 6,70 Ñ 0,02 

ʊʠʪʨʣʝʥʝʪʽʥ ץʳʰץʳʣʜʳץ, ÁT 7 Ñ 0,3 

 

1-ʢʝʩʪʝʜʝʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, ʤʘʡ ʤᴇʣʰʝʨʽ 1,4% ײץʨʘʜʳ, ʙײʣ ʙʠʝ ʩװʪʽʥʝ ʪᴅʥ ʤʘʡ 

ʤᴇʣʰʝʨʽʥʽש ʪᴇʤʝʥʜʽʛʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɸץʫʳʟ ʤᴇʣʰʝʨʽ 2,2% ײץʨʘʜʳ, ʙײʣ ʞʝʪʢʽʣʽʢʪʽ ʪʘסʘʤʜʳץ 

 ʘʟʘʶʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʰʳʪʫ ʢʝʟʽʥʜʝ שʢʘʟʝʠʥ ʤᴇʣʰʝʨʽʥʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙʽʨʘץ ʪʳץʥʜʳʣʳײץ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʙʝʡʽʤʜʝʣʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ. 

ʃʘʢʪʦʟʘ ʤᴇʣʰʝʨʽ 6,5% ʩʠʳʨ ʩװʪʽʥʝ ץʘʨʘסʘʥʜʘ ʞʦסʘʨʳ, ʙײʣ ʩװʪ ץʳʰץʳʣʳ ʙʘʢʪʝʨʠʷʣʘʨʳʥʳש 

ʜʘʤʫʳʥʘ ʞᴅʥʝ ʙʝʣʩʝʥʜʽ ץʳʰץʳʣʜʳש ʞʠʥʘʣʫʳʥʘ ץʦʣʘʡʣʳ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

ʨʅ-6,70 ʞᴅʥʝ ʪʠʪʨʣʝʥʝʪʽʥ ץʳʰץʳʣʜʳ7 ץÁT ʰʠʢʽʟʘʪʪʳש ʞʘשʘʣʳסʳʥ ʞᴅʥʝ ʦʥʳ ᴇשʜʝʫʛʝ 

ʞʘʨʘʤʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣʳʥסʘʥ ʤᴅʥʜʝʨ ʬʠʟʠʦʣʦʛʠʷʣʳץ ʥʦʨʤʘʣʘʨ ʰʝʛʽʥʜʝ ʙʦʣʜʳ ʞᴅʥʝ 

ʧʘʩʪʝʨʣʝʫ ʘʣʜʳʥʜʘ ʪװʟʝʪʫ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʰʘʨʘʣʘʨʳʥ ץʘʞʝʪ ʝʪʧʝʜʽ. 

 

2. ɸʰʳʪʫ ʞᴅʥʝ ʤʘץʩʘʪʪʳ ʨʅ ʜʝשʛʝʡʽʥʝ ʞʝʪʫ 

ɹʘʩʪʘʫʰʳ ʜʘץʳʣʜʘʨʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽʥʽש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʙʽʨʽ - ʘʰʳʪʫ 

ʢʝʟʽʥʜʝ ץʳʰץʳʣʜʳש ʞʠʥʘʣʫ ʞʳʣʜʘʤʜʳסʳ. ʨʅ ᴇʟʛʝʨʫ ʜʠʥʘʤʠʢʘʩʳ ʩװʪ ץʳʰץʳʣʳ 

ʙʘʢʪʝʨʠʷʣʘʨʳʥʳש ʤʝʪʘʙʦʣʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥʽץ שʘʨץʳʥʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ʢᴇʧʪʝʛʝʥ 

ʦʧʧʦʨʪʫʥʠʩʪʽʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ᴇʩʫʽʥ ʪʝʞʝʡʪʽʥ ץʘʫʽʧʩʽʟ ץʳʰץʳʣʜʳץ ʜʝשʛʝʡʽʥʝ (ʨʅ Ò 4,6) 

ʞʝʪʫ װʰʽʥ ץʘʞʝʪʪʽ ʫʘץʳʪʪʳ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɸʰʳʪʫ 40ï42ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʜʽ. ʄʘץʩʘʪʪʳ ʤᴅʥʛʝ ʞʝʪʢʝʥʰʝ ʨʅ ᴅʨ 2 ʩʘסʘʪ ʩʘʡʳʥ 

ʙʘץʳʣʘʥʜʳ. ʅᴅʪʠʞʝʣʝʨ 2-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

2-ʢʝʩʪʝ. ɸʰʳʪʫ ʢʝʟʽʥʜʝ ץʳʰץʳʣʜʳש ʞʠʥʘʣʫ ʢʠʥʝʪʠʢʘʩʳ (40ï42 ÁC), ʨʅ 

ʋʘץʳʪ, ʩʘס ST (1-װʣʛʽ) LB (2-װʣʛʽ) ST+LB (3-װʣʛʽ) 

0 6,70 6,70 6,70 

2 6,10 6,25 5,95 

4 5,35 5,70 5,05 

6 4,78 5,02 4,60 

7 4,65 4,78 4,52 

8 4,58 4,66 4,48 

 

ɹʽʨʽʢʪʽʨʽʣʛʝʥ ʜʘץʳʣ ץʘʨץʳʥʜʳ ץʳʰץʳʣʜʘʥʫʜʳ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ 6 ʩʘסʘʪ ʽʰʽʥʜʝ 4,6 ʤʘץʩʘʪʪʳ 

ʨʅ ʤᴅʥʽʥʝ ʞʝʪʝʜʽ, ʙײʣ S. thermophilus ʧʝʥ L. bulgaricus ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ  ʙʝʣʛʽʣʽ ᴅʩʝʨʽʥʝ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ -  L. bulgaricus-ʪʳש ʞʦסʘʨʳ ʧʨʦʪʝʦʣʠʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ S. thermophilus װʰʽʥ ᴇʩʫ 

ʩʫʙʩʪʨʘʪʪʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʘʣ ʩʦסשʳʩʳ ᴇʩʫ ʬʘʢʪʦʨʣʘʨʳʥʳש ʞʠʥʘʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ ʞᴅʥʝ 

 .ʟʽʣʫʽʥ ʞʝʜʝʣʜʝʪʝʜʽװʳʣ ʪץʳʰץ

 

3-ʢʝʩʪʝ. ʨʅ 4,6-סʘ ʜʝʡʽʥʛʽ ץʳʰץʳʣʜʘʥʫʜʳש ʞʳʣʜʘʤʜʳסʳʥ ʝʩʝʧʪʝʫ 

 ʘ ʞʝʪʫס-ʣʛʽ ʨʅ 4,6ת

ʫʘץʳʪʳ, ʩʘס 

v = (6,70 ī 4,60)/ʪ, 

ʨʅ/ʩʘס 

ST 7 0,30 

LB 8 0,26 
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ST+LB 6 0,35 

 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʝש ʪʠʽʤʜʽʩʽ - ST+LB -  ʘʰʳʪʫ ײʟʘץʪʳסʳ ץʳʩץʘʨʘʜʳ, ץʘʡʪʘʣʘʥʫ 

ʤװʤʢʽʥʜʽʛʽ ʘʨʪʘʜʳ ʞᴅʥʝ ײʟʘץ ʤʝʨʟʽʤʜʽ ץʘʨʪʘʶ ʢʝʟʽʥʜʝ ץʘʞʝʪʩʽʟ ʤʠʢʨʦʬʣʦʨʘʥʳש ʜʘʤʫ ץʘʫʧʽ 

ʘʟʘʷʜʳ. 

 

3. ʉʘץʪʘʫ ʢʝʟʽʥʜʝʛʽ ᴇʥʽʤʥʽש ʩʘʧʘʩʳ (0,3,5,7 ʢװʥ) 

3.1. ʉʘץʪʘʫ ʢʝʟʽʥʜʝʛʽ ʨʅ ʞᴅʥʝ ʪʠʪʨʣʝʥʝʪʽʥ ץʳʰץʳʣʜʳץ 

ɸʰʳʪʫ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ, ʩʘץʪʘʫ ʢʝʟʽʥʜʝ ᴇʥʽʤ ץʳʰץʳʣʜʳסʳʥʳש ᴇʟʛʝʨʫʽ ʙʘסʘʣʘʥʜʳ. ʨʅ 

ʞᴅʥʝ ʪʠʪʨʣʝʥʝʪʽʥ ץʳʰץʳʣʜʳץ ʙʽʟʛʝ ᴇʥʽʤʥʽש ʪײʨʘץʪʳʣʳסʳʥ ʞᴅʥʝ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

 ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʦʥʠʪʦʨʠʥʛ 4 Ñ 2ÁCװʘ ʤסʪʘʫץʳʥ ʘʥʳסʳʥʜʳʣʳץʘʨץ ʳʣʜʘʥʫʜʘʥ ʢʝʡʽʥʛʽץʳʰץ

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʘץʪʘʫʜʳ5 ,3 ,0 ש ʞᴅʥʝ 7 ʢװʥʜʝʨʽ ʞװʨʛʽʟʽʣʜʽ. ɸʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ʪᴇʤʝʥʜʝʛʽ 

ʢʝʩʪʝʣʝʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

4-ʢʝʩʪʝ. ʉʘץʪʘʫ ʢʝʟʽʥʜʝʛʽ ʜʘʡʳʥ ᴇʥʽʤʥʽש ʨʅ ʤᴅʥʽ (4 Ñ 2 ÁC) 

ʂװʥ ST LB ST+LB 

0 4.58 4.66 4.48 

3 4.48 4.54 4.38 

5 4.42 4.48 4.32 

7 4.36 4.42 4.28 

 

5-ʢʝʩʪʝ. ʉʘץʪʘʫ ʢʝʟʽʥʜʝ ʪʠʪʨʣʝʥʝʪʽʥ ץʳʰץʳʣʜʳץ, ÁT (ʞᴅʥʝ ʩװʪ ץʳʰץʳʣʳʥ ʝʩʝʧʪʝʫ) 

ʂװʥ ST, ÁT LB, 

ÁT 

ST+LB

, ÁT 

ʉװʪ ץʳʰץʳʣʳ 

(ST+LB), ʛ/100 ʤʣ* 

0 82 88 90 0,81 

3 88 94 98 0,88 

5 92 98 104 0,94 

7 96 102 110 0,99 

ɹʘʨʣʳץ ʥײʩץʘʣʘʨ ʘʰʳʪʳʣסʘʥ ʪʘסʘʤʜʘʨסʘ ʪᴅʥ ץʳʰץʳʣʜʘʥʫʜʘʥ ʢʝʡʽʥʛʽ ʢװʡʜʽ ʢᴇʨʩʝʪʝʜʽ. 

ST+LB çʙʘץʳʣʘʥʘʪʳʥè ʧʨʦʬʠʣʴʜʽ ʩʘץʪʘʡʜʳ ð ʙʘʩʳʥʘʥ ʙʘʩʪʘʧ ʪᴇʤʝʥ ʨʅ, ʙʽʨʘץ ʢװʨʪ 

ʩʝʢʽʨʫʣʝʨʩʽʟ, ʙײʣ ʩʝʥʩʦʨʣʳץ ץʘʙʳʣʜʘʫ ʤʝʥ ײץʨʳʣʳʤʥʳש ʪײʨʘץʪʳʣʳסʳʥʘ ʦש ᴅʩʝʨ ʝʪʝʜʽ. 

 

3.2. ɹʘʩʪʘʧץʳ ʤʠʢʨʦʬʣʦʨʘʥʳש ʪʽʨʰʽʣʽʢ ץʘʙʽʣʝʪʽ 

6-ʢʝʩʪʝ. ʉʘץʪʘʫʜʘסʳ IAB ʩʘʥʳ (ʂʆɽ/ʛ) 

ʂװʥ ST LB ST+LB 

0 7.2 7.0 7.6 

3 7.1 6.9 7.5 

5 6.9 6.7 7.3 

7 6.7 6.5 7.1 

 

ɹʽʨʽʢʪʽʨʽʣʛʝʥ ʙʘʩʪʘʧץʳ ʜʘץʳʣ ʩʘץʪʘʫ ʢʝʟʽʥʜʝ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝʛʽ ʪʽʨʰʽʣʽʢʢʝ ץʘʙʽʣʝʪʪʽʣʽʢʪʽ 

 שʳʣʜʘʨʜʳץʘʥʜʘ ʙʽʨʣʝʩʢʝʥ ʜʘסʣ ʤʦʥʦʢʫʣʴʪʫʨʘʣʘʨʤʝʥ ʩʘʣʳʩʪʳʨײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙץ

ʪײʨʘץʪʳʣʳסʳʥʳש ʘʨʪʫʳʥ ʞᴅʥʝ ʪװʨʘʨʘʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽש ʤʝʪʘʙʦʣʠʟʤ ʤʝʥ ʧʦʧʫʣʷʮʠʷ 

ʪײʨʘץʪʳʣʳסʳʥʘ ᴅʩʝʨʽʥ ʘʪʘʧ ᴇʪʝʪʽʥ ʟʝʨʪʪʝʫ ʜʝʨʝʢʪʝʨʽʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ, ʬʫʥʢʮʠʦʥʘʣʜʳץ ʦʨʥʘʣʘʩʫ ʞᴅʥʝ ʘʡץʳʥ ʘʰʳʪʳʣסʘʥ ʩװʪ 

ʧʨʦʬʠʣʽʥ ʩʘץʪʘʫ װʰʽʥ ʢʝʤʽʥʜʝ 10ï10  ʂʆɽ/ʛ ʜʝשʛʝʡʽʥʜʝ ʙʦʣסʘʥ ʞᴇʥ. 

 

3.4. ʆʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʙʘסʘʣʘʫ 

9-ʢʝʩʪʝ. ʆʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʙʘʣʣ (ʤʘʢʩʠʤʫʤ 20 ʙʘʣʣ) 

ʂʨʠʪʝʨʠʡʣʝʨ: ʜᴅʤʽ/ʭʦʰ ʠʽʩʽ (0ï8), ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ (0ï6), ʩʳʨʪץʳ ʪװʨʽ/ʪװʩʽ (0ï4), ʜᴅʤʽ (0-2) 
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ʂװʥ ST LB ST+LB 

0 16.5 15.5 18.0 

3 16.0 14.8 17.6 

5 15.2 14.0 17.0 

7 14.6 13.2 16.4 

 

ʉʝʥʩʦʨʣʳץ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ, ST+LB װʡʣʝʩʽʤʜʽ ʘʰʳʪʳʣסʘʥ ʩװʪ ʜᴅʤʽ ʤʝʥ ʙʽʨʢʝʣʢʽ 

 ʳʣʜʳ ʞᴅʥʝץʳʰץ ʘʣʘʥʘʜʳ. LB (ʤʦʥʦ) ʰʘʤʘʜʘʥ ʪʳʩסʘʨʳ ʙʘסʨʳʣʳʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʦײץ

 ʘʥסʘʰʳʪʳʣ ץʘ ʠʝ, ʙʽʨʘץץʳʣʜʳʣʳץʳʰץ ץʤʩʘײʩʳʟ ʙʦʣʘʜʳ, ʘʣ ST (ʤʦʥʦ) ʞץʨʘײʨʳʣʳʤʳ ʪײץ

ʪʦʣʳץʪʳסʳ ʦʥʰʘ ʙʘʡץʘʣʤʘʡʜʳ. 

 

4. ɸʰʳʪʳʣסʘʥ ʩʫʩʳʥʜʘʨʜʳץ שʘʫʽʧʩʽʟʜʽʛʽʥ ʙʘסʘʣʘʫ ʞᴅʥʝ ʪᴅʫʝʢʝʣʜʽ ʪʘʣʜʘʫ 

ʊʘʤʘץ ץʘʫʽʧʩʽʟʜʽʛʽ ʪײʨסʳʩʳʥʘʥ ʙʠʝ ʩװʪʽʥʝʥ ʘʰʳʪʳʣסʘʥ ʩװʪ ᴇʥʽʤʜʝʨʽʥ ᴇʥʜʽʨʫ ʍɸʉʉʇ 

 ʪװʘʫʽʧʩʽʟʜʽʛʽ ʪʫʨʘʣʳè ʊʈ ʂʆ 021/2011 ʞᴅʥʝ çʉץ שʣʽʢ ᴇʥʽʤʜʝʨʽʥʽװʪ-ץʠʜʘʪʪʘʨʳʥʘ ʞᴅʥʝ çɸʟʳסʘץ

ʞᴅʥʝ ʩװʪ ᴇʥʽʤʜʝʨʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʪʫʨʘʣʳè ʊʈ ʂʆ 033/2013 ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʳץʪʠʤʘʣ 

ʙʠʦʣʦʛʠʷʣʳץ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʪʘʣʜʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

1. ɹʠʦʣʦʛʠʷʣʳץ ʪᴅʫʝʢʝʣʜʝʨ 

ʅʝʛʽʟʛʽ ץʘʫʽʧʪʝʨ: 

- ʉʘʣʴʤʦʥʝʣʣʘ ʪװʨʣʝʨʽ 

- Listeria monocytogenes 

- Escherichia coli 

- ɸʣʪʳʥ ʪװʩʪʽ ʩʪʘʬʠʣʦʢʦʢʢ 

- ʘʰʳʪץʳ ʞᴅʥʝ ʟʝש ʩʘשʳʨʘʫײץʣʘץʪʘʨʳ 

ɹʠʝ ʩװʪʽ, ʢʝʟ ʢʝʣʛʝʥ ʰʠʢʽ ʩװʪ ᴇʥʽʤʽ ʩʠʷץʪʳ, ʩʘʥʠʪʘʨʣʳץ ʞʘסʜʘʡʣʘʨ ʩʘץʪʘʣʤʘסʘʥ ʞʘסʜʘʡʜʘ 

ʧʘʪʦʛʝʥʜʽʢ ʤʠʢʨʦʬʣʦʨʘʥʳש ʪʘʨʘʣʫ ʢᴇʟʽ ʙʦʣʘ ʘʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʧʘʩʪʝʨʣʝʫ ʤʘשʳʟʜʳ ʙʘץʳʣʘʫ 

ʥװʢʪʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ (CCP-1). 

85 ÁC, 5 ʤʠʥʫʪʪʳץ ץʦʣʜʘʥʳʣʘʪʳʥ ʨʝʞʠʤ ʤʳʥʘʣʘʨʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ: 

- ʧʘʪʦʛʝʥʜʽ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʚʝʛʝʪʘʪʠʚʪʽʢ ʬʦʨʤʘʣʘʨʳʥ ʠʥʘʢʪʠʚʘʮʠʷʣʘʫ; 

- ʞʘʣʧʳ ʤʠʢʨʦʙʪʳץ ʣʘʩʪʘʥʫʜʳ ʘʟʘʡʪʫ; 

 ʽʰʽʥʘʨʘ שʫʳʟʜʘʨʳʥʳץʧʘʣ ʝʪʝʪʽʥ ʩʘʨʳʩʫ ʘץʘ ʳסʪʳ ʘʨʪʪʳʨʫץʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ -

ʜʝʥʘʪʫʨʘʮʠʷʩʳ. 

 

5. ʊʝʭʥʦʣʦʛʠʷʥʳש ʤʘשʳʟʜʳ ʙʘץʳʣʘʫ ʥװʢʪʝʣʝʨʽ 

ɹʠʝ ʩװʪʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʘʰʳʪʳʣסʘʥ ʩʫʩʳʥʜʘʨ ᴇʥʜʽʨʽʩʽ ᴇʥʽʤ ץʘʫʽʧʩʽʟʜʽʛʽʥʝ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ 

ʧʨʦʮʝʩʪʽש ʢʝʟʝשʜʝʨʽʥ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʙʘץʳʣʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. HACCP ʞװʡʝʩʽʥʽץ שʘסʠʜʘʪʪʘʨʳʥʘ 

ʩᴅʡʢʝʩ, ʙʠʦʣʦʛʠʷʣʳץ ʪᴅʫʝʢʝʣʜʝʨ ʪʫʳʥʜʘʫʳ ʤװʤʢʽʥ ʥʝʛʽʟʛʽ ʤʘשʳʟʜʳ ʙʘץʳʣʘʫ ʥװʢʪʝʣʝʨʽ (ʂɹʅ) 

ʘʥʳץʪʘʣʜʳ. ᴄʨʙʽʨ ʢʝʟʝװ שʰʽʥ ʳץʪʠʤʘʣ ץʘʫʽʧʪʝʨʜʽ ʘʟʘʡʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʘʣʜʳʥ ʘʣʫ ʞᴅʥʝ ʙʘץʳʣʘʫ 

ʰʘʨʘʣʘʨʳ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʕʪʘʧ ʓץʪʠʤʘʣ ץʘʫʽʧ ɹʘץʳʣʘʫ ʰʘʨʘʩʳ 

ʐʠʢʽʟʘʪʪʳ 

 ʘʙʳʣʜʘʫץ

ʄʠʢʨʦʙʪʳץ ʣʘʩʪʘʥʫʜʳש ʞʦסʘʨʳ 

ʜʝשʛʝʡʽ 

ɿʝʨʪʭʘʥʘʣʳץ ʙʘץʳʣʘʫ 

ʇʘʩʪʝʨʣʝʫ ʊʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʞʝʪʢʽʣʽʢʩʽʟ ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪʪʳ 

ʙʘץʳʣʘʫ 

ʉʪʘʨʪʝʨʜʽ 

 ʦʩʫץ

ɽʢʽʥʰʽ ʨʝʪʪʽʢ ʣʘʩʪʘʥʫ ɸʩʝʧʪʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨ 

ʉʘץʪʘʫ ʦʨʥʳ ɸʰʳʪץʳ ᴇʩʫʽ ʊʝʤʧʝʨʘʪʫʨʘʥʳ ʙʘץʳʣʘʫ 

 

ʂʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʰʠʢʽʟʘʪʪʳ ץʘʙʳʣʜʘʫ ʞᴅʥʝ ʧʘʩʪʝʨʣʝʫ ʢʝʟʝשʜʝʨʽ ץʘʫʽʧʩʽʟʜʽʢʪʽ 

 ʳץʣ ʞʝʨʜʝ ʙʘʩʪʘʧײʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʝʙʝʙʽ ʙשʤʘ שʰʽʥ ʝװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʞװʢʪʝʤʝ ʙʘץʳʣʘʥʘʜʳ. ʇʘʩʪʝʨʣʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʩʘץʪʘʤʘʫ ʧʘʪʦʛʝʥʜʽʢ 

ʤʠʢʨʦʬʣʦʨʘʥʳש ʩʘץʪʘʣʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 
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ʉʪʘʨʪʝʨʜʽ ץʦʩʫ ץʘʡʪʘʣʘʤʘ ʣʘʩʪʘʥʫʜʳש ʘʣʜʳʥ ʘʣʫ װʰʽʥ ץʘʪʘש ʩʘʥʠʪʘʨʣʳץ ʞʘסʜʘʡʣʘʨʜʳ 

ʪʘʣʘʧ ʝʪʝʜʽ. ʉʘץʪʘʫ ʢʝʟʽʥʜʝ ʘʰʳʪץʳ ʤʝʥ ʙʘʩץʘ ʤʠʢʨʦʬʣʦʨʘʥʳש ᴇʩʫʽʥ ʰʝʢʪʝʡʪʽʥ ʪײʨʘץʪʳ, ʪᴇʤʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʩʘץʪʘʫ ᴇʪʝ ʤʘשʳʟʜʳ. 

HACCP ץʘסʠʜʘʪʪʘʨʳʥ ץʦʣʜʘʥʫ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ᴇʥʽʤ ʩʘʧʘʩʳʥʳש ʪײʨʘץʪʳʣʳסʳʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽץ

 ʦʨʳʪʳʥʜʳפ

ɹʠʝ ʩװʪʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʘʰʳʪʳʣסʘʥ ʩʫʩʳʥ ᴇʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʙʣʦʢ-ʩʭʝʤʘ 

ᴅʟʽʨʣʝʥʜʽ, ʦʥʜʘ 85ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ (5 ʤʠʥ) ʧʘʩʪʝʨʣʝʫ ʞᴅʥʝ 40ï42ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʨʅ 4,6 Ñ 0,1 

ʜʝʡʽʥ ʘʰʳʪʫ ʞװʨʛʽʟʽʣʝʜʽ. S. thermophilus ʞᴅʥʝ L. bulgaricus ʙʽʨʽʢʢʝʥ ʘʰʳʪʫ ʜʘץʳʣʳ ʝש ʞʦסʘʨʳ 

ʘʰʳʪʫ ʞʳʣʜʘʤʜʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ (ʰʘʤʘʤʝʥ 6 ʩʘסʘʪ ʽʰʽʥʜʝ ʨʅ 4,6-סʘ ʞʝʪʝʜʽ), ʙײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʞᴅʥʝ ʤʠʢʨʦʙʪʳץ ʣʘʩʪʘʥʫ ץʘʫʧʽʥ ʘʟʘʡʪʘʜʳ. ʆʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ 

 ʣ ʙʽʨʢʝʣʢʽ ʢʦʥʩʠʩʪʝʥʮʠʷ ʤʝʥײʩʝʜʽ, ʙװʳʥʘʥ ST+LB ʤʦʥʦʢʫʣʴʪʫʨʘʣʘʨʜʘʥ ʘʩʳʧ ʪסʘʩʠʝʪʪʝʨʽ ʞʘץ

ʪʝשʛʝʨʽʤʜʽ ץʳʰץʳʣʜʳץ ʙʝʨʝʜʽ. ST+LB ʩʠʤʙʠʦʪʠʢʘʣʳץ ʘʰʳʪʫ ʜʘץʳʣʳʥ ʧʘʡʜʘʣʘʥʫʜʳ ײʩʳʥʫ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʤװʤʢʽʥ. 

 

 

ᴄɼɽɹʀɽʊʊɽʈ ʊɯɿɯʄɯ 

1. Martuzzi F., Franceschi P., Formaggioni P. Fermented mare milk and its microorganisms for 

human consumption and health // Foods. 2024. Vol. 13, No. 3, Art. 493. URL: 

https://www.mdpi.com/2304-8158/13/3/493 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 22.02.2026).  

2.  P©nzaru C., (ʠ ʜʨ.). A comprehensive review on equine milk: composition, functional properties 

and applications // Agriculture. 2026. Vol. 16, No. 1, Art. 120. URL: 

https://www.mdpi.com/2077-0472/16/1/120 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 22.02.2026).  

3. Askar K., Gerard L., Nawel A., Christian M., Gaukhar K. Fermented mare milk product 

(Qymyz, Koumiss) // International Dairy Journal. 2021. Vol. 119, Art. 105065. URL: 

https://www.sciencedirect.com (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 22.02.2026). 

4. Tamime A.Y., Robinson R.K. Yoghurt: Science and Technology. 3rd ed. Cambridge: Woodhead 

Publishing, 2007. 808 p. 

5. ʂʝʜʝʥ ʦʜʘסʳʥʳש ʂʆ ʊʈ 021/2011 çɸʟʳץ-ʪװʣʽʢ ᴇʥʽʤʜʝʨʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʪʫʨʘʣʳè 

ʪʝʭʥʠʢʘʣʳץ ʨʝʛʣʘʤʝʥʪʽ.  

6. ʂʝʜʝʥ ʦʜʘסʳʥʳש ʂʆ ʊʈ 033/2013 çʉװʪ ʞᴅʥʝ ʩװʪ ᴇʥʽʤʜʝʨʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʪʫʨʘʣʳè 

ʪʝʭʥʠʢʘʣʳץ ʨʝʛʣʘʤʝʥʪʽ. - 2013 ʞʳʣʜʳץ 9 שʘʟʘʥʳʥʜʘ ʝʥʛʽʟʽʣʜʽ. 

7. ɻʆʉʊ 32915ï2014. ʉװʪ ʞᴅʥʝ ʩװʪ ᴇʥʽʤʜʝʨʽ. ʀʥʬʨʘץʳʟʳʣ ʘʥʘʣʠʟʘʪʦʨʣʘʨʜʳ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ, ʤʘʡʜʳש, ʘץʫʳʟʜʳש ʞᴅʥʝ ʣʘʢʪʦʟʘʥʳש ʤʘʩʩʘʣʳװ ץʣʝʩʽʥ ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʨʽ. ʄᴅʩʢʝʫ: 

ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.mdpi.com/2304-8158/13/3/493?utm_source=chatgpt.com
https://www.mdpi.com/2077-0472/16/1/120?utm_source=chatgpt.com
https://www.sciencedirect.com/


ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

247 
 

 

ʇʆʅʗʊʀɽ ʀ ɿʅɸʏɽʅʀɽ ʂʃʀɽʅʊʉʂʆʁ ʋɼʆɺʃɽʊɺʆʈɽʅʅʆʉʊʀ  

ɺ ʉʌɽʈɽ ɸɺʀɸʇɽʈɽɺʆɿʆʂ 

 

 

ʄʘʛʠʩʪʨʘʥʪ: ʂʝʙʝ ʌʘʨʠʟʘ ʉϸʙʠʪʙʝʢϨʳʟʳ,  

ʛʨ.ʄʅ-24-ʊʋ, 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʪ.ʥ., ʘʩʩʦʮ, ʧʨʦʬʝʩʩʦʨ  

ɸʙʞʘʧʙʘʨʦʚʘ ɸʡʥʫʨ ɾʘʜʠʛʝʨʦʚʥʘ  

 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʢʣʠʝʥʪʩʢʘʷ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴ ʢʘʢ ʢʣʶʯʝʚʦʡ ʬʘʢʪʦʨ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʦʷʣʴʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʘʚʠʘʢʦʤʧʘʥʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʢʦʥʮʝʧʮʠʶ ʦʞʠʜʘʥʠʡïʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ 

ʤʘʨʢʝʪʠʥʛ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʦʣʠ ʢʣʠʝʥʪʩʢʦʛʦ ʦʧʳʪʘ (Customer 

Experience) ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʩʧʨʠʷʪʠʷ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ, ʘ ʪʘʢʞʝ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʠʝʥʪʩʢʦʛʦ 

ʦʧʳʪʘ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. ʆʙʦʩʥʦʚʘʥʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʨʳʥʢʘ ʘʚʠʘʧʝʨʝʚʦʟʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʠʝʥʪʩʢʘʷ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴ, ʣʦʷʣʴʥʦʩʪʴ, ʢʣʠʝʥʪʩʢʠʡ ʦʧʳʪ, 

ʘʚʠʘʧʝʨʝʚʦʟʢʠ, ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, CX, Skytrax. 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʨʳʥʦʢ ʘʚʠʘʮʠʦʥʥʳʭ 

ʫʩʣʫʛ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʝʡ ʙʘʟʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʦʣʴʶ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʜʘʥʥʦʡ ʩʨʝʜʝ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʢʣʠʝʥʪʩʢʘʷ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴ, ʬʦʨʤʠʨʫʶʱʘʷ ʣʦʷʣʴʥʦʩʪʴ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʘʚʠʘʢʦʤʧʘʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʘʩʩʘʞʠʨʳ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠ ʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʢʠ, ʥʦ ʠ ʢ ʢʘʯʝʩʪʚʫ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʫʜʦʙʩʪʚʫ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʚʠʘʢʦʤʧʘʥʠʝʡ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴ ʢʣʠʝʥʪʦʚ, ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʝʥʪʩʢʠʤ ʦʧʳʪʦʤ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʘʚʠʘʮʠʦʥʥʘʷ 

ʦʪʨʘʩʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ, ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʮʝʥ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʝʡ 

ʙʘʟʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʜʘʥʥʦʡ ʩʨʝʜʝ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 

ʢʣʠʝʥʪʩʢʘʷ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʥʘʤʝʨʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʚʠʘʢʦʤʧʘʥʠʡ ʥʘ ʨʳʥʢʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʫʜʦʙʩʪʚʫ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʫʨʦʚʥʶ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʫʧʨʘʚʣʝʥʠʝ ʢʣʠʝʥʪʩʢʠʤ ʦʧʳʪʦʤ ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʂʣʠʝʥʪʩʢʘʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʦʩʧʨʠʷʪʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʪʘ ʦʞʠʜʘʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʷ. ʇʦ ʌ. ʂʦʪʣʝʨʫ, ʢʦʛʜʘ ʧʨʦʜʫʢʪ ʥʝ ʦʧʨʘʚʜʳʚʘʝʪ ʦʞʠʜʘʥʠʡ, 

ʚʦʟʥʠʢʘʝʪ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʠʝ; ʧʨʠ ʠʭ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʦʪʨʝʙʠʪʝʣʴ ʫʜʦʚʣʝʪʚʦʨʝʥ; ʘ ʚ 

ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʦʞʠʜʘʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʫʢʨʝʧʣʝʥʠʶ ʣʦʷʣʴʥʦʩʪʠ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʙʨʝʥʜʫ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʢʦʤʧʘʥʠʠ ʧʨʠʜʘʶʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ 

ʢʣʶʯʝʚʳʭ ʢʣʠʝʥʪʦʚ, ʩʪʨʝʤʷʩʴ ʩʦʟʜʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ [2]. 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ 

ʥʘʧʨʷʤʫʶ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʠʭ ʣʦʷʣʴʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ [3]. 

ʂʦʤʧʘʥʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʚʳʜʘʶʱʝʝʩʷ ʢʘʯʝʩʪʚʦ ʩʝʨʚʠʩʘ, ʧʨʠʤʝʥʷʶʪ ʩʪʨʘʪʝʛʠʶ 

ʦʙʝʱʘʥʠʷ ʪʦʣʴʢʦ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʠʪʴ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʚʳʰʘʷ ʦʞʠʜʘʥʠʷ ʢʣʠʝʥʪʦʚ [1]. ɼʦʚʦʣʴʥʳʝ 

ʧʦʪʨʝʙʠʪʝʣʠ ʥʝ ʪʦʣʴʢʦ ʩʦʚʝʨʰʘʶʪ ʧʦʚʪʦʨʥʳʝ ʧʦʢʫʧʢʠ, ʥʦ ʠ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ çʝʚʘʥʛʝʣʠʩʪʦʚ 

ʙʨʝʥʜʘè, ʨʘʩʧʨʦʩʪʨʘʥʷʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʩʨʝʜʠ ʜʨʫʛʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʣʠʝʥʪʦʚ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʤʘʨʢʝʪʠʥʛʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʤʧʘʥʠʠ. 

ʃʦʷʣʴʥʦʩʪʴ ï ʵʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢʣʠʝʥʪʦʚ ʢ ʬʠʨʤʝ ʠ ʚʩʝʤʫ, ʯʪʦ ʩ ʥʝʡ ʩʚʷʟʘʥʦ: 

ʪʦʚʘʨʘʤ, ʫʩʣʫʛʘʤ, ʫʨʦʚʥʶ ʩʝʨʚʠʩʘ, ʩʦʪʨʫʜʥʠʢʘʤ, ʠʤʠʜʞʫ, ʬʠʨʤʝʥʥʦʤʫ ʩʪʠʣʶ ʠ ʪ.ʧ., ʢʦʪʦʨʦʝ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʜʦʣʛʦʩʨʦʯʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʝʡ ʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ. 

ʄʘʨʢʝʪʦʣʦʛʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʚʣʝʯʝʥʠʝ ʥʦʚʦʛʦ ʢʣʠʝʥʪʘ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʥʘ 

ʫʜʝʨʞʘʥʠʝ cʪʘʨʦʛʦ [2]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʜʣʷ ʙʠʟʥʝʩʘ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʣʦʷʣʴʥʳʭ 

ʢʣʠʝʥʪʦʚ ʠ ʚʳʩʪʨʘʠʚʘʪʴ ʩ ʥʠʤʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʦʪʥʦʰʝʥʠʷ. 

ʃʦ̫ʣʴʥʳʡ ʢʣʠʝʥʪ ʮʝʥʝʥ ʪʝʤ, ʯʪʦ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʧʨʠʙʳʣʴ, ʩʦʚʝʨʰʘʷ 

ʧʦʚʪʦʨʥʳʝ ʧʦʢʫʧʢʠ, ʨʝʢʦʤʝʥʜʫʷ ʬʠʨʤʫ ʢʦʣʣʝʛʘʤ, ʟʥʘʢʦʤʳʤ, ʠ ʚʦʟʚʳʰʘʷ ʝʝ ʜʝʣʦʚʫʶ 

ʨʝʧʫʪʘʮʠʶ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʪʦʷʥʥʳʡ ʢʣʠʝʥʪ ʝʱʝ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʣʦʷʣʴʥʦʛʦ ʢʣʠʝʥʪʘ, 

ʧʦʪʦʤʫ ʯʪʦ ʨʝʛʫʣʷʨʥʦ ʩʦʚʝʨʰʘʝʤʳʝ ʧʦʢʫʧʢʠ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʝʱʝ ʥʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʝʛʦ 

ʧʨʝʜʘʥʥʦʩʪʠ ʠ ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ɽʩʣʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʠʷ 

ʠʟʤʝʥʷʪʩʷ ʠ ʧʝʨʝʩʪʘʥʫʪ ʝʛʦ ʫʩʪʨʘʠʚʘʪʴ, ʪʦ ʦʥ ʦʭʦʪʥʦ ʧʝʨʝʭʦʜʠʪ ʢ ʢʦʥʢʫʨʝʥʪʘʤ. ʅʦ ʣʦʷʣʴʥʳʡ 

ʢʣʠʝʥʪ ʚ ʣʶʙʦʡ ʩʠʪʫʘʮʠʠ ʙʫʜʝʪ ʨʘʟʜʝʣʷʪʴ ʮʝʥʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʠ ʦʩʪʘʥʝʪʩʷ ʝʡ ʚʝʨʥʦʡ ʜʘʞʝ ʚ 

ʥʝʧʨʦʩʪʳʝ ʚʨʝʤʝʥʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʥʷʪʠʝ çʣʦʷʣʴʥʦʩʪʴè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʨʘʮʠʦʥʘʣʴʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ (ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ), ʥʦ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʘʩʧʝʢʪ [7]. 

ʋʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʷʣʴʥʦʩʪʠ 

ʢʣʠʝʥʪʦʚ [5]. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʥʦʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʢʣʘʜʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʬʠʥʘʥʩʦʚʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʛʨʘʤʤ ʣʦʷʣʴʥʦʩʪʠ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʢʣʠʝʥʪʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʙʳʣʠ [2]. 

ʋʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ï ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʞʠʜʘʥʠʡ ʢʣʠʝʥʪʘ ʨʝʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʫʩʣʫʛʠ [6]. ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʷ, ʦʨʛʘʥʠʟʘʮʠʷ 

ʩʥʘʯʘʣʘ ʜʦʣʞʥʘ ʧʦʥʷʪʴ ʝʛʦ ʦʞʠʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʷʚʥʳʤʠ, ʥʝʷʚʥʳʤʠ ʠʣʠ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤʠ [7]. ʉʪʝʧʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʚʣʠʷʝʪ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʧʦʚʪʦʨʥʦʡ 

ʧʦʢʫʧʢʠ ʠ ʦʪʟʳʚʳ ʦ ʥʝʡ. ʋʜʦʚʣʝʪʚʦʨʝʥʥʳʡ ʧʦʢʫʧʘʪʝʣʴ ʩ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʝʨʝʡʜʝʪ ʚ ʯʠʩʣʦ ʣʦʷʣʴʥʳʭ, ʥʝʞʝʣʠ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʳʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʣʶʜʠ ʩʦʚʝʨʰʘʶʪ ʘʚʠʘʧʝʨʝʣʸʪʳ ʢʘʢ ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʪʘʢ ʠ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ ð ʢʘʢ ʧʦ ʜʝʣʦʚʳʤ, ʪʘʢ ʠ ʧʦ ʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ. ɺ ʫʩʣʦʚʠʷʭ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʦʪʢʨʳʪʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʥʝ 

ʨʘʙʦʪʘʶʪ ʟʘ ʦʬʠʩʥʳʤ ʩʪʦʣʦʤ ʠʣʠ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʚʳʥʫʞʜʝʥʳ ʧʝʨʝʤʝʱʘʪʴʩʷ ʠʟ 

ʦʜʥʦʛʦ ʤʝʩʪʘ ʚ ʜʨʫʛʦʝ ʜʣʷ ʫʯʘʩʪʠʷ ʚʦ ʚʩʪʨʝʯʘʭ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ. ʀʭ 

ʤʦʙʠʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʭʚʘʪʢʦʡ ʚʨʝʤʝʥʠ: ʢʘʞʜʘʷ ʩʝʢʫʥʜʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ, ʠ ʦʙʲʸʤ ʠʭ ʟʘʜʘʯ 

ʚʝʩʴʤʘ ʚʝʣʠʢ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʣʶʜʠ, ʧʫʪʝʰʝʩʪʚʫʶʱʠʝ ʩ ʮʝʣʴʶ ʦʪʜʳʭʘ, ʩʪʨʝʤʷʪʩʷ ʙʳʪʴ 

ʫʜʦʚʣʝʪʚʦʨʸʥʥʳʤʠ ʚʳʙʨʘʥʥʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ. ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʦʥʠ 

ʧʨʦʚʦʜʷʪ ʚ ʤʘʣʦʧʦʜʚʠʞʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʥʠ ʩʪʨʝʤʷʪʩʷ ʚʨʝʤʝʥʥʦ ʩʤʝʥʠʪʴ 

ʦʙʩʪʘʥʦʚʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʛʦʪʦʚʳ ʚʳʜʝʣʷʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʙʶʜʞʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʧʫʪʝʰʝʩʪʚʠʷ ʨʘʜʠ ʫʜʦʚʦʣʴʩʪʚʠʷ ʠ ʥʘʤʝʨʝʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

ʇʦʥʠʤʘʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʳʙʦʨ ʘʚʠʘʢʦʤʧʘʥʠʠ ʜʝʣʦʚʳʤʠ ʧʘʩʩʘʞʠʨʘʤʠ, 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʦʩʪʘ ʥʘ ʜʘʥʥʦʤ ʨʳʥʢʝ ð ʢʘʢ ʜʣʷ ʘʚʠʘʢʦʤʧʘʥʠʡ 

ʧʦʣʥʦʛʦ ʩʝʨʚʠʩʘ, ʪʘʢ ʠ ʜʣʷ ʣʦʫʢʦʩʪ-ʧʝʨʝʚʦʟʯʠʢʦʚ. ʉʦʛʣʘʩʥʦ Jin-Woo Park, ʢʣʶʯʝʚʳʝ 

ʧʝʨʝʤʝʥʥʳʝ, ʦʙʳʯʥʦ ʫʯʠʪʳʚʘʝʤʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʧʘʩʩʘʞʠʨʘʤʠ, ʚʢʣʶʯʘʶʪ ʦʞʠʜʘʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʦʩʧʨʠʷʪʠʝ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʮʝʥʥʦʩʪʴ ʫʩʣʫʛʠ, ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴ ʧʘʩʩʘʞʠʨʦʚ ʠ ʨʝʧʫʪʘʮʠʶ ʘʚʠʘʢʦʤʧʘʥʠʠ [8]. 

Jin-Woo Park ʠ Mason ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʫʩʣʫʛ ʣʦʫʢʦʩʪ-ʘʚʠʘʢʦʤʧʘʥʠʡ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦ ʜʝʣʦʚʳʭ ʧʘʩʩʘʞʠʨʘʭ ʢʘʢ ʦ ʛʨʫʧʧʝ, ʧʨʠʜʘʶʱʝʡ ʚʳʩʦʢʦʝ 
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ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʝ ʨʝʡʩʦʚ, ʛʠʙʢʦʩʪʠ, ʧʨʦʛʨʘʤʤʘʤ ʜʣʷ ʯʘʩʪʦ ʣʝʪʘʶʱʠʭ ʧʘʩʩʘʞʠʨʦʚ ʠ ʫʨʦʚʥʶ 

ʢʦʤʬʦʨʪʘ ʥʘ ʙʦʨʪʫ [9]. 

ɺʦʩʧʨʠʷʪʠʝ ʧʘʩʩʘʞʠʨʘʤʠ ʘʚʠʘʢʦʤʧʘʥʠʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʨʝʡʪʠʥʛʦʚ ʚʣʠʷʝʪ ʥʘ ʝʸ ʬʠʥʘʥʩʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ. ɺ ʩʪʘʪʴʝ Ji-Woo Park ʦʙʲʷʩʥʷʝʪʩʷ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳ 

ʢ ʮʝʥʝ ʙʠʣʝʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʘʚʠʘʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʮʝʥʦʚʫʶ ʧʦʣʠʪʠʢʫ ʜʣʷ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʨʳʥʦʯʥʳʭ ʩʝʛʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʣʘʩʪʠʯʥʦʩʪʠ ʩʧʨʦʩʘ [10]. ʎʝʥʳ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʫʯʸʪʦʤ ʨʘʟʣʠʯʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʪʘʨʠʬʘʤ ʩʦ ʩʪʦʨʦʥʳ ʜʝʣʦʚʳʭ ʠ 

ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʧʘʩʩʘʞʠʨʦʚ, ʧʨʠ ʵʪʦʤ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʭʦʜʥʦʩʪʴʶ (yield 

management) ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʦʣʝʝ ʛʠʙʢʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʮʝʥʦʚʫʶ 

ʜʠʩʢʨʠʤʠʥʘʮʠʶ [13]. 

ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʳʙʦʨ ʧʘʩʩʘʞʠʨʦʚ, ʦʜʥʘʢʦ ʚʦ ʤʥʦʛʦʤ 

ʥʦʩʠʪ ʩʫʙʲʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʧʘʩʩʘʞʠʨʦʚ 

ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʢʘʯʝʩʪʚʝ ʘʚʠʘʢʦʤʧʘʥʠʠ ʠ ʝʸ ʫʩʣʫʛ. ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʠʘʢʦʤʧʘʥʠʠ 

ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʝʸ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ [12], ʘ ʪʘʢʞʝ ʚʳʩʪʫʧʘʪʴ ʟʥʘʯʠʤʳʤ 

ʬʘʢʪʦʨʦʤ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ, ʠʭ ʣʦʷʣʴʥʦʩʪʠ ʠ ʚʳʙʦʨʘ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʝʨʝʚʦʟʯʠʢʘ [11]. 

ɺ ʮʝʣʦʤ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʘʣʠʟʠʨʫʝʪ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʝʡʪʠʥʛ 

ʘʚʠʘʢʦʤʧʘʥʠʡ ʧʦ ʚʝʨʩʠʠ Skytrax ð ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʫʜʠʪʦʨʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʩʬʝʨʝ 

ʘʚʠʘʮʠʠ [16]. Skytrax ʦʮʝʥʠʚʘʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʚʠʘʢʦʤʧʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʪʟʳʚʦʚ ʢʣʠʝʥʪʦʚ, 

ʠʩʧʦʣʴʟʫʷ ʰʢʘʣʳ ʦʪ 1 ʜʦ 5 ʠ ʦʪ 1 ʜʦ 10 (ʰʢʘʣʘ ʃʘʡʢʝʨʪʘ). ɼʘʥʥʳʝ Skytrax ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ 10-

ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ, ʛʜʝ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʤʫ, ʘ 10 ð ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʨʦʚʥʶ 

ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ. 

Skytrax ʠʩʧʦʣʴʟʫʝʪ ʧʷʪʴ ʧʦʢʘʟʘʪʝʣʝʡ: ʧʠʪʘʥʠʝ ʠ ʥʘʧʠʪʢʠ, ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʙʦʨʪʫ, ʢʦʤʬʦʨʪ ʢʨʝʩʝʣ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʝʨʩʦʥʘʣʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ çʮʝʥʘïʢʘʯʝʩʪʚʦè. ʆʜʥʘʢʦ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʪʨʠ ʧʝʨʝʤʝʥʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʸʤ ʜʘʥʥʳʭ ʧʦ ʜʨʫʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʳʙʦʨ ʠʤʝʥʥʦ ʵʪʠʭ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʝʢʦʪʦʨʳʤʠ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʠ. 

ʇʦʥʷʪʠʝ ʢʣʠʝʥʪʩʢʦʡ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ʠ ʚʳʨʘʞʝʥʥʦʡ ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴʶ. ʇʨʠʙʳʣʴʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʨʦʚʥʝʤ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ. 

 

ɺ ʟʘʢʣʶʯʝʥʠʠ, ʢʣʠʝʥʪʩʢʘʷ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʤʝʨʥʫʶ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʢʘʪʝʛʦʨʠʶ, ʬʦʨʤʠʨʫʶʱʫʶʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʢʣʠʝʥʪʩʢʦʛʦ ʦʧʳʪʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʨʝʩʫʨʩ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʚʠʘʢʦʤʧʘʥʠʡ. ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩ 

ʢʣʠʝʥʪʘʤʠ. 
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Abstract 

Against the backdrop of global enthusiasm for Chinese learning, TikTok has become a major 

platform for international Chinese education. This paper explores the narrative strategies of TikTok 

Chinese teaching accounts and their cross-cultural reception, based on the framework in Narrative 

Strategies and Cross-Cultural Reception of TikTok Chinese Teaching Accounts. It analyzes scenario-

based, colloquial, culturally embedded, and interactive narrative methods, as well as their reception 

effects and constraints. Flexible narrative styles effectively improve learning engagement, but cultural 

differences and one-size-fits-all content still limit acceptance. This study proposes targeted 

optimizations to enhance cross-cultural communication of Chinese teaching short videos. 

1. Introduction 

The rise of short-video platforms has reshaped international Chinese education[ ]. With its global 

user base and algorithmic advantages, TikTok has nurtured many influential Chinese teaching 

accounts that deliver fragmented, visual, and scenario-based language learning[ ]. Unlike formal 

teaching, these accounts rely on vivid narratives to attract multicultural audiences, yet reception varies 

greatly due to cultural and linguistic differences.As an important carrier of cross-cultural 

communication, TikTok Chinese teaching content not only undertakes the function of language 

instruction but also participates in the international dissemination of Chinese culture[ ]. However, in 

the transnational communication process, differences in cultural background, value orientation, media 

usage habits and learning expectations often lead to inconsistent understanding and uneven acceptance 

of the same content. Many excellent teaching designs are difficult to achieve ideal communication 

effects due to inadequate narrative expression or insufficient cultural adaptation, which directly affects 

the quality and scope of international Chinese promotion on new media platforms[ ]. Therefore, it is of 

practical significance to systematically sort out narrative strategies and clarify the current situation of 

cross-cultural reception. 

Among existing studies, Narrative Strategies and Cross-Cultural Reception of TikTok Chinese 

Teaching Accounts provides a systematic framework for classifying narrative patterns and analyzing 

cross-cultural reception. This paper takes this work as its core theoretical foundation, investigates the 

practical application of narrative strategies on TikTok, and discusses their effects and constraints, 

aiming to support better content design for global Chinese promotion. 

2. Literature Review 

In recent years, with the rapid development of short-video platforms and the global spread of 

Chinese language education, research on online Chinese teaching, digital narrative, and cross-cultural 

communication has gradually expanded. Scholars have paid increasing attention to language teaching 

practices on social media, especially the communication logic, content characteristics, and audience 

acceptance of TikTok Chinese learning accounts. Existing studies have discussed the advantages of 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂ                                                                       ̄  1 (301) 2026 ʛ. 

 

252 
 

short-video teaching in terms of fragmented learning, situational presentation, and visual expression, 

pointing out that informal online language learning has a significant impact on stimulating learning 

motivation and lowering learning thresholds[ ]. 

With the deepening of digital education research, scholars have further explored the presentation 

rules and communication mechanisms of educational short videos, emphasizing that content 

presentation, emotional resonance and interactive design jointly determine the communication effect[ 

]. At the same time, in the field of cross-cultural communication, a large number of studies have 

focused on cultural differences, audience psychology and media adaptation, pointing out that cross-

cultural content transmission must fully consider the cognitive habits and acceptance preferences of 

target groups[ ]. In addition, some studies have specifically examined the development of international 

Chinese education under the new media environment, discussing the innovation of teaching models, 

the construction of communication paths and the challenges of cross-cultural promotion, providing a 

multi-dimensional research perspective for understanding TikTok Chinese teaching practices[ ]. These 

studies have laid a solid theoretical foundation for analyzing narrative strategies and cross-cultural 

reception. 

Narrative Strategies and Cross-Cultural Reception of TikTok Chinese Teaching Accounts 

focuses on the practical performance of TikTok Chinese teaching accounts, summarizes four typical 

narrative models including situational, colloquial, cultural embedded and interactive types, constructs a 

three-dimensional cross-cultural reception analysis framework, and systematically summarizes 

obstacles such as cultural discount and audience positioning mismatch. Compared with general 

research, this literature closely integrates narrative design with cross-cultural reception and targets 

TikTokôs platform characteristics, thus providing direct and complete theoretical support for this study. 

3. Narrative Strategies and Cross-Cultural Reception 

TikTok Chinese teaching accounts have formed mature narrative practices that strongly 

influence cross-cultural reception[ ]. Scenario-based narrative is widely used, embedding vocabulary 

and dialogues into daily scenes such as dining, shopping, and socializing[ ]. As noted in Narrative 

Strategies and Cross-Cultural Reception of TikTok Chinese Teaching Accounts, situational 

presentation lowers the learning threshold and helps learners connect language forms with real usage. 

Short videos within 15ï30 seconds, combined with clear body language and subtitles, strengthen 

cross-cultural understanding. 

Colloquial and personalized narration enhances content affinity[ ]. Creators avoid academic 

jargon and use simple, rhythmic daily language, often with distinctive teacher personas. According to 

Narrative Strategies and Cross-Cultural Reception of TikTok Chinese Teaching Accounts, this style 

reduces formality and appeals to young global learners. Supported by popular music and visual effects, 

such narratives align well with TikTokôs communication rules. 

Cultural embedding further improves attractiveness. High-quality accounts integrate Chinese 

cultural symbols such as festivals, food, and customs into language teaching[ ]. Narrative Strategies 

and Cross-Cultural Reception of TikTok Chinese Teaching Accounts confirms that cultural narration 

satisfies learnersô curiosity and strengthens long-term engagement by combining language acquisition 

and cultural perception. 

Interactive narration promotes two-way communication. Using comments, duets, and challenges, 

creators encourage audience participation and respond to feedback, turning one-way teaching into 

interactive learning[ ]. Narrative Strategies and Cross-Cultural Reception of TikTok Chinese Teaching 

Accounts points out that interaction builds learning communities and eases cultural alienation. 
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Nevertheless, cross-cultural barriers remain. Cultural discount causes misunderstanding of 

culturally loaded expressions. Differences in rhythm, humor, and body language also reduce 

communication efficiency. Many accounts use uniform narratives that fail to match learnersô levels, 

resulting in poor adaptation. These challenges are systematically analyzed in Narrative Strategies and 

Cross-Cultural Reception of TikTok Chinese Teaching Accounts, which classifies obstacles into 

cognitive, emotional, and behavioral aspects.To improve reception, narratives should be optimized 

based on the literature. Hierarchical design can classify content by language proficiency. Moderate 

cultural localization, using local analogies, helps reduce cultural discount. Data-driven adjustment of 

narrative rhythm and interaction can also support more precise cross-cultural communication. 

4. Conclusion 

TikTok Chinese teaching accounts have developed a complete system of situational, colloquial, 

cultural, and interactive narratives, which effectively promote global Chinese learning. Supported by 

Narrative Strategies and Cross-Cultural Reception of TikTok Chinese Teaching Accounts, this paper 

reviews narrative applications and cross-cultural reception, identifying both strengths and limitations. 

Although current narratives improve interest and participation, cultural discount, expressive 

differences, and insufficient hierarchical design still restrict effectiveness. 

In the future, creators should enhance cross-cultural adaptability, balance language teaching and 

cultural communication, and respond to diverse global needs. With optimized narratives, TikTok can 

better serve as an important channel for the worldwide popularization of Chinese language and culture. 
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Abstract 

Systemic banks serve as core pillars of financial stability and industrial financing in emerging 

market economies. This paper examines the role of Kazakhstanôs systemic banking institutions in 

driving national economic development, with a focus on resource-sector support, non-resource 

diversification, digital financial inclusion, and state-led infrastructure investment. Using 2024ï2025 

financial data denominated in Kazakhstani Tenge (KZT), the study analyzes Halyk Bank, Kaspi Bank, 

and Development Bank of Kazakhstan as representative systemic lenders. Findings indicate that 

systemic banks have allocated over 39.4 trillion KZT to the real economy, strengthened monetary 

sovereignty via local-currency lending, and accelerated digital transformation. However, high interest 

rate pressure, over-reliance on hydrocarbon revenues, and external exchange rate volatility pose 

structural challenges. The paper concludes with policy recommendations to enhance long-term 

sustainable development through balanced credit allocation and strengthened regulatory oversight. 

1. Introduction 

Kazakhstan, as the largest economy in Central Asia, relies on its banking sector to channel 

capital toward energy exports, industrial modernization, and social welfare programs[ ]. Systemically 

important banks (SIBs) are designated by the National Bank of Kazakhstan due to their asset size, 

market interconnectivity, and impact on financial stability[ ]. These institutions hold approximately 

70% of total banking assets, which reached 67 trillion KZT by September 2025. Unlike smaller 

commercial banks, systemic lenders execute state priorities, including housing programs, SME 

financing, and cross-border trade settlement[ ]. Against the backdrop of global commodity price 

fluctuations and external sanctions, Kazakhstan has accelerated de-dollarization and promoted tenge-

denominated lending. This case study evaluates how systemic banks balance commercial profitability 

with national development goals, assesses their financial contribution in tenge, and identifies 

constraints to inclusive growth[ ]. 

2. Overview of Kazakhstanôs Systemic Banking Landscape 

Existing economic literature widely confirms that systemically important banks play a dual role 

in both maintaining financial stability and promoting long-term economic growth, especially in 

resource-rich emerging economies[ ]. Many scholars have emphasized that large state-related and 

systemic banks are often the main channel for governments to implement industrial policies, guide 

capital flow to strategic sectors, and reduce external financial vulnerability[ ]. Studies on post-Soviet 

economies further point out that banking systems in Central Asian countries are highly concentrated, 

and systemic banks not only dominate the market in terms of assets and loans but also directly affect 

currency stability, fiscal sustainability, and social welfare[ ]. In the context of Kazakhstan, previous 

research has highlighted the close connection between the banking sector and the energy industry, as 

well as the governmentôs continuous efforts in de-dollarization and digital financial development[ ]. 
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However, relatively few studies integrate up-to-date tenge-denominated financial data to 

comprehensively analyze the actual contribution of systemic banks to national economic development 

and the risks they jointly create. In Kazakhstan, the National Bank classifies Halyk Bank, Kaspi Bank, 

Otbasy Bank, and the Development Bank of Kazakhstan as domestic systemically important banks, 

which together manage assets of approximately 47 trillion KZT and account for more than 90% of 

retail digital transactions. Total banking sector assets stood at 67 trillion KZT in September 2025, with 

outstanding loans to the real economy reaching 39.4 trillion KZT, of which 36.0 trillion KZT was 

disbursed in local currency, representing 91.3% of total credit. Net profit of the sector exceeded 2.1 

trillion KZT, supported by interest income and digital service fees, while the policy rate remained at 

18% in 2025 to stabilize inflation and the tenge exchange rate, resulting in average corporate lending 

rates of 22.3%[ ]. Among these systemic institutions, Halyk Bank and Otbasy Bank maintain state-

linked shareholding structures under the Samruk-Kazyna and Baiterek national holdings, while the 

Development Bank of Kazakhstan operates as a dedicated policy bank providing long-term, low-rate 

financing for strategic projects, and Otbasy Bank has disbursed more than 3.5 trillion KZT in 

mortgage-related lending under social housing programs since 2024. 

3. Role of Systemic Banks in Economic Development and Associated Challenges 

Systemic banks in Kazakhstan function as the primary capital providers for the nationôs oil, gas, 

and mining industries, which contribute around 35% of GDP, while also supporting the governmentôs 

economic diversification agenda by increasing lending to non-resource sectors including agriculture, 

logistics, and processing industries, with total corporate lending exceeding 21.8 trillion KZT in 2025 

and 4.2 trillion KZT directed to non-commodity enterprises, and the Development Bank of Kazakhstan 

alone allocating over 8 trillion KZT to priority national projects such as transportation corridors and 

renewable energy facilities to enhance export capacity and reduce over-dependence on hydrocarbon 

exports. Meanwhile, Kaspi Bank and Halyk Bank have driven nationwide digital financial inclusion[ ], 

with non-cash transactions reaching 186.359 trillion KZT in 2025 and mobile banking penetration 

exceeding 90%, as Kaspi Pay controls roughly 80% of the online mobile payment market, expanding 

formal financial access to rural populations and small businesses, reducing transaction costs and 

strengthening the stateôs fiscal capacity. These banks have also been instrumental in advancing de-

dollarization, with local-currency loans accounting for over 91% of total lending compared to 75% a 

decade earlier, strengthening monetary policy transmission and shielding the economy from external 

exchange rate shocks, while large-scale tenge liquidity provision stabilizes domestic capital markets 

and supports the National Bankôs reserve management[ ]. In terms of social and infrastructure 

development, Otbasy Bankôs subsidized mortgage programs have improved residential access for low- 

and middle-income households, and systemic banks finance healthcare, education, and public 

infrastructure projects totaling more than 5.2 trillion KZT annually, directly contributing to human 

capital development. Despite these positive contributions, the sector faces significant challenges, as 

high interest rates aimed at curbing inflation have increased debt-servicing burdens for households and 

enterprises[ ]. The non-performing loan ratio remained at a moderate level of around 3.5% in 2025, 

though pressure may rise if economic conditions deteriorate, especially in construction and consumer 

credit segments. Furthermore, lending remains structurally skewed toward the oil and gas sectors 

despite diversification efforts, meaning prolonged commodity price downturns could trigger asset-

quality deterioration and threaten financial stability, while external volatility and currency risks persist 

due to external debt and import dependence, with foreign-currency loans of 3.4 trillion KZT creating 

balance-sheet risks during tenge depreciation. 

4. Conclusion and Policy Implications 
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Systemic banks in Kazakhstan are indispensable drivers of economic growth, financial stability, 

and social development. Their 39.4 trillion KZT credit allocation to the real economy, digital 

innovation, and commitment to de-dollarization have strengthened national economic sovereignty. 

State-affiliated SIBs effectively implement industrial and housing policies, while private digital leaders 

enhance inclusion. To sustain development, authorities should gradually lower real lending rates to 

ease debt burden and stimulate corporate borrowing, incentivize SIBs to increase long-term tenge 

funding for non-resource SMEs and green projects, strengthen macroprudential regulation to limit 

concentration risks in commodity sectors, and expand cross-border financial cooperation to diversify 

funding sources and enhance regional trade settlement in local currencies. With balanced policy 

support, systemic banks will continue to underpin Kazakhstanôs transition to a diversified, resilient, 

and high-income economy. 
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