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ʅʆʈʄɸʊʀɺʊɯʂ ʉɯʃʊɽʄɽʃɽʈ 

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ʢʝʣʝʩʽʜʝʡ ʤʝʤʣʝʢʝʪʪʽʢ ײץʞʘʪʪʘʨסʘ ʩʽʣʪʝʤʝʣʝʨ 

ʞʘʩʘʣʜʳ: 

çɹʽʣʽʤ ʪʫʨʘʣʳè פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳ2007 ש ʞʳʣסʳ 27 ʰʽʣʜʝʜʝʛʽ ˉ 

319 ɿʘשʳ. 

çɾʦסʘʨʳ ʞᴅʥʝ ʞʦסʘʨʳ ʦץʫ ʦʨʥʳʥʘʥ ʢʝʡʽʥʛʽ ʙʽʣʽʤ ʙʝʨʫʜʽש ʤʝʤʣʝʢʝʪʪʽʢ 

ʞʘʣʧʳסʘ ʤʽʥʜʝʪʪʽ ʩʪʘʥʜʘʨʪʪʘʨʳʥ ʙʝʢʽʪʫ ʪʫʨʘʣʳè פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

 .ʳסʡʨʳײʳ 20 ʰiʣʜʝʜʝʛi ˉ 2 ʙסʞʳʣ 2022 שʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʽʥʽסʳʣʳʤ ʞᴅʥʝ ʞʦנ

çʇʝʜʘʛʦʛè ʢᴅʩʽʧʪʽʢ ʩʪʘʥʜʘʨʪʳʥ ʙʝʢʽʪʫ ʪʫʨʘʣʳè פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

ʆץʫ-ʘסʘʨʪʫ ʤʠʥʠʩʪʨʽʥʽש ʤ.ʘ. 2022 ʞʳʣסʳ 15 ʞʝʣʪʦץʩʘʥʜʘסʳ ˉ 500 ʙײʡʨʳסʳ.  

çפʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʞʦסʘʨʳ ʙʽʣʽʤʜʽ ʞᴅʥʝ סʳʣʳʤʜʳ ʜʘʤʳʪʫʜʳש 

2023 ï 2029 ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ʙʝʢʽʪʫ ʪʫʨʘʣʳè פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳ תʢʽʤʝʪʽʥʽ2023 ש ʞʳʣסʳ 28 ʥʘʫʨʳʟʜʘסʳ ˉ 248 ץʘʫʣʳʩʳ. 

çɾʦסʘʨʳ ʞᴅʥʝ ʞʦסʘʨʳ ʦץʫ ʦʨʥʳʥʘʥ ʢʝʡʽʥʛʽ ʙʽʣʽʤ ʙʝʨʫ ײʡʳʤʜʘʨʳ 

 ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ɹʽʣʽʤץʘʟʘפ ʠʜʘʣʘʨʳʥ ʙʝʢʽʪʫ ʪʫʨʘʣʳèסʘץ ʣʛʽʣʽʢװ שʳʟʤʝʪʽʥʽץ

ʞᴅʥʝ סʳʣʳʤ ʤʠʥʠʩʪʨʽʥʽ2018 ש ʞʳʣסʳ 30 ץʘʟʘʥʜʘסʳ ˉ 595 ʙײʡʨʳסʳ. 

 ʩʘʪʪʘʨʳץʪʳ ʜʘʤʫ ʤʘץʨʘײʳ ʪסʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘץʘʟʘפ
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ɸʅʓפʊɸʄɸʃɸʈ 

 

ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ (VM) ï ʢʦʤʧʴʶʪʝʨʜʽש ʬʠʟʠʢʘʣʳץ 

 ʘʥסʨʜʝ ʞʘʩʘʣװʪ ץʤʳʩ ʽʩʪʝʡ ʘʣʘʪʳʥ, ʧʨʦʛʨʘʤʤʘʣʳײʳʣʘʨʳʥʘʥ ʪᴅʫʝʣʩʽʟ ʞסʨʳʣײץ

ʦץʰʘʫʣʘʥסʘʥ ʦʧʝʨʘʮʠʷʣʳץ ʦʨʪʘ.  

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ï ʧʘʡʜʘʣʘʥʫʰʳʥʳ ʞʘʩʘʥʜʳ ʮʠʬʨʣʳץ 

ʦʨʪʘסʘ ʚʠʨʪʫʘʣʜʳ ʪװʨʜʝ ʪʦʣʳץʪʘʡ ʝʥʛʽʟʫʛʝ ʘʨʥʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷ. 

ɺʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷ (VT) ï ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ײץʨʳʣסʘʥ, ʥʘץʪʳ ʥʝʤʝʩʝ ʞʘʩʘʥʜʳ ʦʨʪʘʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫ 

ʞᴅʥʝ ʙʘʩץʘʨʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞװʡʝʣʝʨ ʞʠʳʥʪʳסʳ.  

ɺʠʨʪʫʘʣʠʟʘʮʠʷ (Virtualization) ï ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʩʘʣʘʩʳʥʜʘסʳ 

 ʪʘʫץʩʘ ,שʤʳʩʘʣʳ, ʩʝʨʚʝʨʣʝʨʜʽ) שʨʝʩʫʨʩʪʘʨʜʳ ץʤᴅʥʽ ï ʬʠʟʠʢʘʣʳ שʳʤ, ʦʥʳסײ

ʞװʡʝʣʝʨʽʥʽש ʥʝʤʝʩʝ ʞʝʣʽʣʽʢ ײץʨʳʣסʳʣʘʨʜʳש) ʧʨʦʛʨʘʤʤʘʣʳץ ʜʝשʛʝʡʜʝ ʣʦʛʠʢʘʣʳץ 

ʙᴇʣʽʢʪʝʨʛʝ ʙᴇʣʽʥʫʽ ʘʨץʳʣʳ ʙʽʨʥʝʰʝ ʪᴅʫʝʣʩʽʟ ʞײʤʳʩ ʦʨʪʘʣʘʨʳʥ ײץʨʫ.  

ɸʧʧʘʨʘʪʪʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ (Hardware Virtualization) ï ʬʠʟʠʢʘʣʳץ 

ʢʦʤʧʴʶʪʝʨʜʽש ʨʝʩʫʨʩʪʘʨʳʥ (ʧʨʦʮʝʩʩʦʨ, ʞʝʜʝʣ ʞʘʜ, ʜʠʩʢ ʞᴅʥʝ ʪ.ʙ.) ʙʽʨ ʥʝʤʝʩʝ 

ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘ ʙᴇʣʽʩʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷ.  

ɹʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ (Software 

Virtualization) ï ʙײʣ ʙʝʣʛʽʣʽ ʙʽʨ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʜʝ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʥʝʤʝʩʝ 

ʪʦʣʳץ ʧʨʦʛʨʘʤʤʘʣʳץ ʦʨʪʘʣʘʨʜʳ ʦץʰʘʫʣʘʥסʘʥ ʪװʨʜʝ ʽʩʢʝ ץʦʩʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷ.  

ʉʝʨʚʝʨʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ (Server Virtualization) ï ʙʽʨ ʬʠʟʠʢʘʣʳץ 

ʩʝʨʚʝʨʜʝ ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ ʩʝʨʚʝʨʣʝʨʜʽ ʦʨʥʘʣʘʩʪʳʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳ.  

ɾײʤʳʩ װʩʪʝʣʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ (Desktop Virtualization) ï 

ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʞײʤʳʩ ʦʨʪʘʩʳʥ (ʞײʤʳʩ װʩʪʝʣʽ, ץʦʣʜʘʥʙʘʣʘʨ ʞᴅʥʝ ʜʝʨʝʢʪʝʨ) 

ʦʨʪʘʣʳץ ʩʝʨʚʝʨʜʝ ʩʘץʪʘʫ ʘʨץʳʣʳ ʢʝʟ ʢʝʣʛʝʥ ײץʨʳʣסʳʜʘʥ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷ.  

ɾʝʣʽʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ (Network Virtualization) ïʬʠʟʠʢʘʣʳץ ʞʝʣʽ 

ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʧʨʦʛʨʘʤʤʘʣʳץ ʪװʨʜʝ ʙʽʨʥʝʰʝ ʣʦʛʠʢʘʣʳץ ʞʝʣʽʣʝʨʛʝ ʙᴇʣʽʧ, 

ʦʣʘʨʜʳ ʪᴅʫʝʣʩʽʟ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷ.  

ʉʘץʪʘʫ ʞװʡʝʣʝʨʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ (Storage Virtualization) ï ʙʽʨʥʝʰʝ 

ʩʘץʪʘʫ ײץʨʳʣסʳʣʘʨʳʥ (ʜʠʩʢʪʝʨʜʽ, RAID ʤʘʩʩʠʚʪʝʨʽʥ ʞᴅʥʝ ʪ.ʙ.) ʙʽʨ ʣʦʛʠʢʘʣʳץ 

ʨʝʩʫʨʩ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʫ ʘʨץʳʣʳ ʜʝʨʝʢʪʝʨʜʽ ʪʠʽʤʜʽ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʪʝʭʥʦʣʦʛʠʷ. 

 ץʳʥʜʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ (Heavyweight Virtualization) ï ʪʦʣʳץʘʨפ

ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʩʽ ʤʝʥ ʦץʰʘʫʣʘʥסʘʥ ʨʝʩʫʨʩʪʘʨʳ ʙʘʨ ʪʦʣʳץץʘʥʜʳ ʚʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʣʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ.  

ɾʝשʽʣ ʚʠʨʪʫʘʣʠʟʘʮʠʷ (Lightweight Virtualization) ï ʢʦʥʪʝʡʥʝʨʣʝʨ ʩʠʷץʪʳ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ, ʦʣʘʨ ʥʝʛʽʟʛʽ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʥʽ ʦʨʪʘץ 

ʧʘʡʜʘʣʘʥʘʜʳ, ʨʝʩʫʨʩʪʳ ʘʟ ץʘʞʝʪ ʝʪʝʜʽ ʞᴅʥʝ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʊʦʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ (Full Virtualization) ï ʛʠʧʝʨʚʠʟʦʨ ʘʨץʳʣʳ ʭʦʩʪ-

ʞװʡʝʥʽש ʙʘʨʣʳץ ʨʝʩʫʨʩʪʘʨʳʥ ʵʤʫʣʷʮʠʷʣʘʫ ʘʨץʳʣʳ ץʦʥʘץ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʥʽ 

ᴇʟʛʝʨʽʩʩʽʟ ʽʩʢʝ ץʦʩʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ᴅʜʽʩ.  

ʇʘʨʘʚʠʨʪʫʘʣʠʟʘʮʠ  ̫ (Paravirtualization) ï ץʦʥʘץ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ 
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ʛʠʧʝʨʚʠʟʦʨʤʝʥ ʪʽʢʝʣʝʡ ᴅʨʝʢʝʪʪʝʩʫ װʰʽʥ ʘʨʥʘʡʳ ᴇʟʛʝʨʪʽʣʛʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʽ.  

ɸʧʧʘʨʘʪʪʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ (Hardware Virtualization) ï ʦʨʪʘʣʳץ 

ʧʨʦʮʝʩʩʦʨ (CPU) ʤʝʥ ʙʘʩץʘ ʜʘ ײץʨʳʣסʳʣʘʨʜʳש ʘʧʧʘʨʘʪʪʳץ ʜʝשʛʝʡʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ץʦʣʜʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ᴅʜʽʩ.  
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ɹɽʃɻɯʃɽʋʃɽʈ ʄɽʅ פʓʉפɸʈʊʋʃɸʈ 
 

UNESCO 

 

 

- United Nations Educational, Scientific and Cultural Organization 

(ɹʽʨʽʢʢʝʥ ײʣʪʪʘʨ ײʡʳʤʳʥʳש ʙʽʣʽʤ, סʳʣʳʤ ʞᴅʥʝ ʤᴅʜʝʥʠʝʪ ʞᴇʥʽʥʜʝʛʽ 

 (ʡʳʤʳײ

VM - virtual machine (ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ) 

VR - virtual reality (ʚʠʨʪʫʘʣʜʳ ʰʳʥʜʳץ) 

VT - virtual technology (ʚʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷ) 

ɸʂʊ - ʘץʧʘʨʘʪʪʳץ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ɹױױ - ʙʽʨʽʢʢʝʥ ײʣʪʪʘʨ ײʡʳʤʳ 

DIT - digital information technology (ʮʠʬʨʣʳץ ʘץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ) 

AR - augmented reality (ʪʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʜʳץ) 

ɸפʐ - ɸʤʝʨʠʢʘ ײפʨʘʤʘ ʐʪʘʪʪʘʨʳ 

IT - information technology (ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ) 

ʆɾ - ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨ 

VDI - virtual desktop infrastructure (ʚʠʨʪʫʘʣʜʳ ʞײʤʳʩ װʩʪʝʣʽ 

ʠʥʬʨʘײץʨʳʣʳʤʳ) 

AI - artificial intelligence (ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ) 

ʂʝɸפ - ʢʦʤʤʝʨʮʠʷʣʳץ ʝʤʝʩ ʘʢʮʠʦʥʝʨʣʽʢ ץʦסʘʤʳ 

ISA -Industry Standard Architecture (ʥײʩץʘʫʣʘʨ ʞʠʥʘסʳʥʳש 

  ʘʨʭʠʪʝʢʪʫʨʘʩʳ) 

HAL  - hardware abstraction layer (ʘʧʧʘʨʘʪʪʳץ ʘʙʩʪʨʘʢʮʠʷ ʜʝשʛʝʡʽ) 

LXC - Linux Containers (ʢʦʥʪʝʡʥʝʨʣʝʫʜʽש ʽʰʢʽ ʞװʡʝʩʽ) 

PLV - Programming language-level virtualization (ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʽʣʽ 

  ʜʝשʛʝʡʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ) 

JVM - Java Virtual Machine (Java ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʩʳ) 

CLR   - Common Language Runtime (ʞʘʣʧʳ ʪʽʣʜʽ ʦʨʳʥʜʘʫʰʳ ʦʨʪʘ) 

SDN - Software-Defined Networking (ʧʨʦʛʨʘʤʤʘʤʝʥ ʘʥʳץʪʘʣסʘʥ ʞʝʣʽ) 

AWS   - Amazon Web Services Amazon (ʚʝʙ-ץʳʟʤʝʪʪʝʨʽ) 

IaaS          

 

- Infrastructure-as-a-Service (ʧʣʘʪʬʦʨʤʘʣʘʨ ʠʥʬʨʘײץʨʳʣʳʤʜʳ 

 (ʳʟʤʝʪ ʨʝʪʽʥʜʝץ 

PaaS        -Platform as a Service (ʧʣʘʪʬʦʨʤʘ ץʳʟʤʝʪʽ ʨʝʪʽʥʜʝ) 

Process 

VMs)  

- Process virtual machine (װʜʝʨʽʩ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʳ) 

QEMU - Quick Emulator (ᴅʨ ʪװʨʣʽ ײץʨʳʣסʳʣʘʨʜʳש ʵʤʫʣʷʪʦʨʳ) 

System 

VMs 

- System virtual machine (ʞװʡʝʣʽʢ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ) 

Hosted 

VMs) 

- Hosted virtual machine (ʢʣʘʩʩʠʢʘʣʳץ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ) 

KVM  

 

-Kernel-based Virtual Machine (ʷʜʨʦסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʚʠʨʪʫʘʣʜʳ 

ʄʘʰʠʥʘ) 

NFV - Network Functions Virtualization (ʞʝʣʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʜʳ 

ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ) 
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ABI -Application Binary Interface (ץʦʣʜʘʥʙʘʣʳ ʝʢʽʣʽʢ ʠʥʪʝʨʬʝʡʩ) 

OS  -Operating System (ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ) 

CPU -ʉentral processing unit (ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨ) 

RAM -Random Access Memory (ʞʝʜʝʣ ʞʘʜʳ) 

LAN -Local Area Network (ʞʝʨʛʽʣʽʢʪʽ ʞʝʣʽ) 

NASA -National Aeronautics and Space Administration (ʘʵʨʦʥʘʚʪʠʢʘ 

ʞᴅʥʝ סʘʨʳʰ ʢʝשʽʩʪʽʛʽʥ ʟʝʨʪʪʝʫ ײʣʪʪʳץ ʙʘʩʢʘʨʤʘʩʳ) 

GPS - Global Positioning System (ʞʘᴃʘʥʜʳץ ʧʦʟʠʮʠʷʣʘʫ ʞװʡʝʩʽ) 

MR -Mixed reality (ʘʨʘʣʘʩ ʰʳʥʜʳץ) 

LMS - learning management system (ʦץʳʪʫʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ) 

PNL -Portable network labs (ʧʦʨʪʘʪʠʚʪʽ ʞʝʣʽʣʽʢ ʟʝʨʪʭʘʥʘʣʘʨ) 

SOLO - Structure of the Observed Learning Outcome (ʙʘץʳʣʘʥʘʪʳʥ ʦץʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʽײץ שʨʳʣʳʤʳ) 

ʎɹʈ - ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ 
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ʂɯʈɯʉʇɽ 

 

ɿʝʨʪʪʝʫʜʽש ᴇʟʝʢʪʽʣʽʛʽ. פʘʟʽʨʛʽ ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʢʝשʽʩʪʽʛʽ ʘץʧʘʨʘʪʪʳץ-

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʞᴅʥʝ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳץ שʘʨץʳʥʜʳ ʜʘʤʫʳʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ. ɹײʣ ʢʝʟʝש ʙʽʣʽʤ ʙʝʨʫ ײʡʳʤʜʘʨʳʥʳש ʦץʫ-ʪᴅʨʙʠʝ װʜʝʨʽʩʽʥʽש 

ʪʠʽʤʜʽʣʽʛʽʥʝ ʞᴅʥʝ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ ʜʘʷʨʣʳסʳʥʘ ʪʽʢʝʣʝʡ ʳץʧʘʣ 

ʝʪʫʜʝ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʳʟʤʝʪʪʝ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʤʝʥ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ʪʠʽʤʜʽ ץʦʣʜʘʥʘ ʘʣʘʪʳʥ, ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ײץʟʳʨʝʪʪʽ 

ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽ ʜʘʷʨʣʘʫʜʳ ʞʝʪʽʣʜʽʨʽʧ ʦʪʳʨʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ. 

ɸʪʘʣʤʳʰ ץʘʞʝʪʪʽʣʽʢʪʽ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʞʦסʘʨʳ ʙʽʣʽʤʜʽ ʞᴅʥʝ 

 :ʞʳʨʳʤʜʘʤʘʩʳʥʜʘײʘʥ ʪסʘ ʘʨʥʘʣסʞʳʣʜʘʨ 2023-2029 שʳʣʳʤʜʳ ʜʘʤʳʪʫʜʳס

çʎʠʬʨʣʘʥʜʳʨʫʜʳש ᴅʣʝʤʜʽʢ ʠʤʧʝʨʘʪʠʚʪʝʨʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ץʘʟʘץʩʪʘʥʜʳץ 

ʞʦסʘʨʳ ʞᴅʥʝ ʞʦסʘʨʳ ʦץʫ ʦʨʥʳʥʘʥ ʢʝʡʽʥʛʽ ʙʽʣʽʤ ʙʝʨʫ ײʡʳʤʜʘʨʳ ʮʠʬʨʣʳץ 

ʵʢʦʞװʡʝʩʽ ʙʘʨ çsmart-ʫʥʠʚʝʨʩʠʪʝʪʪʝʨè ʤʦʜʝʣʽʥʝ ʢᴇʰʫʽ ʪʠʽʩè  ʜʝʧ ʥʘץʪʳ 

ʘʡʪʳʣסʘʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ [1].    

ᴄʣʝʤʜʽʢ ʞᴅʥʝ ײʣʪʪʳץ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝʛʽ ᴅʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨ ʤʝʥ ʮʠʬʨʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜᴅʩʪװʨʣʽ ʦץʳʪʫ ʤʦʜʝʣʴʜʝʨʽʥ ץʘʡʪʘ 

 ,ʘʙʽʣʝʪʪʝʨʽʥ ʜʘʤʳʪʘʪʳʥץ ץʪʘʥʳʤʜʳ שʘʞʝʪ ʝʪʝʜʽ. ɹʽʣʽʤ ʘʣʫʰʳʥʳץ ʘʨʘʫʜʳץ

ʰʳסʘʨʤʘʰʳʣʳץ ʦʡʣʘʫסʘ, סʳʣʳʤʠ ʧʘʡʳʤʜʘʫʣʘʨ ʞʘʩʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʞʘשʘ 

ʤʘʟʤײʥʜʘסʳ ʙʽʣʽʤ ʙʝʨʫ ð ʙװʛʽʥʛʽ ʢװʥʥʽש ᴇʟʝʢʪʽ ʪʘʣʘʙʳ. ʉʦʥʜʳץʪʘʥ ʙʦʣʘʰʘץ 

ʤסײʘʣʽʤʜʝʨʜʽש ʮʠʬʨʣʳץ ʦʨʪʘʜʘ ʢᴅʩʽʙʠ ᴅʨʝʢʝʪ ʝʪʫʛʝ, ʚʠʨʪʫʘʣʜʳ ײץʨʘʣʜʘʨ ʤʝʥ 

ʨʝʩʫʨʩʪʘʨʜʳ ʪʝʢ ʧʘʡʜʘʣʘʥʫסʘ סʘʥʘ ʝʤʝʩ, ʦʣʘʨʜʳ ײץʨʘʩʪʳʨʳʧ, ʦץʳʪʫ װʜʝʨʽʩʽʥʝ 

ʙʝʡʽʤʜʝʫʛʝ ʜʘʡʳʥ ʙʦʣʫʳ ʘʩʘ ʤʘשʳʟʜʳ. UNESCO, [2] ʤᴅʣʽʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ, 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ץʦʣʜʘʥʫ ʦץʫ ʦʨʪʘʩʳʥ 

ʢʝשʝʡʪʫʛʝ, ʮʠʬʨʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ, ʩʦʥʜʘʡ-ʘץ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʞʝʢʝ ʦץʫ ʪʨʘʝʢʪʦʨʠʷʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ץʦʣʘʡʣʳ ʞʘסʜʘʡ 

ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ץʪʳ ʬʠʟʠʢʘʣʳץʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʨʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʥʘנ

ʨʝʩʫʨʩʪʘʨʜʳש ʮʠʬʨʣʳץ ʙʘʣʘʤʘʩʳʥ ײץʨʫ ʞᴅʥʝ ʦʥʳ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʟʘʤʘʥʘʫʠ IT-ʰʝʰʽʤʜʝʨʜʽש ʞʠʳʥʪʳסʳ ʨʝʪʽʥʜʝ 

 ʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤײʩʪʘʥʜʘʨʪʪʘʨ ʘʷʩʳʥʜʘ ʙ ץʘʨʘʣʳץʘʨʘʩʪʳʨʳʣʘʜʳ [3]. ʍʘʣʳץ

ʙʝʨʫ ʞװʡʝʩʽʥʜʝ ʦץʫ װʜʝʨʽʩʽʥ ʞʘסשʳʨʪʫסʘ, ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ 

ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝʪʽʥ ʤʘשʳʟʜʳ ײץʨʘʣ ʨʝʪʽʥʜʝ 

ʪʘʥʳʣʳʧ ʦʪʳʨ [4]. 

ʇʘʥʜʝʤʠʷʜʘʥ ʢʝʡʽʥʛʽ ʢʝʟʝשʜʝ ɹױױ-ʥʳש ʙʽʣʽʤ, סʳʣʳʤ ʞᴅʥʝ ʤᴅʜʝʥʠʝʪ 

 שʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ, ʩʦʥʳ ץʜʝʨʽʩʽʥʜʝ ʮʠʬʨʣʳװ ʡʳʤʳ UNESCO  [5] ʙʽʣʽʤ ʙʝʨʫײ

ʽʰʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ײץʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʫ ʙʽʣʽʤ ʙʝʨʫʜʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ, 

ʠʢʝʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʠʥʢʣʶʟʠʚʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ʪʠʽʤʜʽ ʪʝʪʽʢʪʝʨʽʥʽש ʙʽʨʽ ʝʢʝʥʜʽʛʽʥ 

ʝʨʝʢʰʝ ʘʪʘʧ ʢᴇʨʩʝʪʝʜʽ. 

ʎʠʬʨʣʳץ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʩʘʣʘʩʳʥʜʘסʳ ʞʝʪʝʢʰʽ ʩʘʨʘʧʰʳʣʘʨʜʳש 

ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝʛʽ ʤʘשʳʟʜʳʣʳסʳʥ ʘʡʨʳץʰʘ ʙʘסʘʣʘʡʜʳ. 
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ʄᴅʩʝʣʝʥ, ɸʂʊ ʩʘʣʘʩʳʥʜʘסʳ ʪʘʥʳʤʘʣ ʟʝʨʪʪʝʫʰʽʣʝʨ Dunleavy M.,               

Dede C., Mitchell R. [6] ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʜʳש ʜᴅʩʪװʨʣʽ ʦץʳʪʫ ʰʝʢʘʨʘʩʳʥ 

ʢʝשʝʡʪʽʧ, ʪᴅʞʽʨʠʙʝʣʽʢ ʞᴅʥʝ ʠʤʤʝʨʩʠʚʪʽ ʙʽʣʽʤ ʙʝʨʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ ʘʨץʳʣʳ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥʳʥ ʞᴅʥʝ ʙʽʣʽʤʜʽ ʤʝשʛʝʨʫ ʜʝשʛʝʡʽʥ 

ʞʘץʩʘʨʪʘʪʳʥʳʥ ʘʡץʳʥʜʘʡʜʳ. ɾʦסʘʨʳʜʘסʳ ʘʚʪʦʨʣʘʨʜʳ ʪʘʣʜʘʡ ʢʝʣʝ ʙʽʟ 

ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨ ʙʝʣʩʝʥʜʽʣʽʢ ʧʝʥ ʜʘסʜʳʥʳ ʜʘʤʳʪʘʪʳʥ ʪᴅʞʽʨʠʙʝʣʽʢ, ʠʤʤʝʨʩʠʚʪʽ 

ʙʽʣʽʤ ʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʫ ʘʨץʳʣʳ ʜᴅʩʪװʨʣʽ ʦץʳʪʫʜʳש ʰʝʢʘʨʘʩʳʥ ʢʝשʝʡʪʝʜʽ 

ʜʝʛʝʥ ʪײʞʳʨʳʤסʘ ʢʝʣʜʽʢ. 

Mitra S. [7] ʟʝʨʪʪʝʫʽʥʜʝ ʪʝʭʥʦʣʦʛʠʷʥʳ ʪʝʢ ײץʨʘʣ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʪʨʘʝʢʪʦʨʠʷʩʳʥ ʘʡץʳʥʜʘʡʪʳʥ ʤʘשʳʟʜʳ ʬʘʢʪʦʨ ʨʝʪʽʥʜʝ 

 ʫ ʞʦʣʳʤʳʟʜʳץʦ שʨʘʣ ʝʤʝʩ. ʆʣ ʙʽʟʜʽײץ ʘʥʘס ʘʨʘʩʪʳʨʘʜʳ. ɸʚʪʦʨ çʊʝʭʥʦʣʦʛʠʷ ʞʘʡץ

 ʘʥ ʢʝʟʜʝסʩʳ ʞʦʙʘʣʘʥץʳʪʫ ʦʨʪʘʣʘʨʳ ʞʘץʘʣʳʧʪʘʩʪʳʨʘʜʳ. ɺʠʨʪʫʘʣʜʳ ʦץ

ʘʚʪʦʥʦʤʠʷסʘ, ץʳʟʳסʫʰʳʣʳץ ʧʝʥ ʙʽʣʽʤʜʽ ʪʝʨʝשʜʝʧ ʘʣʫסʘ ʳץʧʘʣ ʝʪʝʜʽè, ï ʜʝʧ ʘʪʘʧ 

ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʜʘʡ ʘץ, ʚʠʨʪʫʘʣʜʳ ʦʨʪʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʜʝʨʙʝʩʪʽʛʽʥ 

ʘʨʪʪʳʨʘʪʳʥ, ʽʟʜʝʥʽʩʢʝ ʞʝʪʝʣʝʡʪʽʥ ʞᴅʥʝ ʙʽʣʽʤʜʽ ʪʝʨʝש ʤʝשʛʝʨʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʜ .r 

Klopfer E. [8] ʝשʙʝʛʽʥʜʝ ʩʠʤʫʣʷʮʠʷ ʤʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ʪʠʽʤʜʽ ײץʨʘʣ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʘʜʳ. ʆʥʳש ʧʽʢʽʨʽʥʰʝ: çʉʠʤʫʣʷʮʠʷ 

ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ץʫʘʪʪʳ ײץʨʘʣ ï ʦʣʘʨ ʦץʫʰʳʣʘʨסʘ 

ʢװʨʜʝʣʽ ʞװʡʝʣʝʨʜʽ ʟʝʨʪʪʝʫʛʝ, ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞװʨʛʽʟʫʛʝ ʞᴅʥʝ ץʘʫʽʧʩʽʟ ʦʨʪʘʜʘ 

ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʰʝʰʫ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽè. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪᴅʞʽʨʠʙʝʣʽʢ ʜʘסʜʳʣʘʨʳʥ, ʞװʡʝʣʽ ʦʡʣʘʫ 

 .ʘʨʘʜʳץʳʟʜʳ ʨᴇʣ ʘʪשʘʣʳʧʪʘʩʪʳʨʫʜʘ ʤʘץ ʘʙʽʣʝʪʽʥ ʞᴅʥʝ ʟʝʨʪʪʝʫ ʙʝʣʩʝʥʜʽʣʽʛʽʥץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, Khan S. [9] ᴇʟ ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʙʽʣʽʤʛʝ ʪʝץ שʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝʛʽ ᴅʣʝʫʝʪʽʥ 

ʝʨʝʢʰʝ ʘʪʘʧ ᴇʪʝʜʽ. ʆʣ: çʎʠʬʨʣʳץ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ײץʨʘʣʜʘʨ ʙʽʣʽʤ ʙʝʨʫʜʽ 

ʜʝʤʦʢʨʘʪʠʷʣʘʥʜʳʨʘʜʳ. ʆʣʘʨ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʤʘʟʤײʥסʘ ץʦʣ ʞʝʪʢʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ ʞᴅʥʝ ʦץʫʰʳʣʘʨסʘ ᴇʟ ץʘʨץʳʥʳʤʝʥ ʞװʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽè, ï ʜʝʧ 

ʢᴇʨʩʝʪʝʜʽ. ɹʽʟʜʽש ʟʝʨʪʪʝʫʽʤʽʟʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʽʣʽʤ ʙʝʨʫ 

 ʳʥʳʤʝʥ ʙʽʣʽʤ ʘʣʫʳʥץʘʨץ ʞʝʢʝ שʫʰʳʣʘʨʜʳץʳʪʫʜʳ ʙʝʡʽʤʜʝʡʜʽ, ʦץʜʝʨʽʩʽʥʜʝ ʦװ

ʞᴅʥʝ ʙʽʣʽʤʛʝ ץʦʣ ʞʝʪʽʟʫʜʝ ʪʝש ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪʠʽʤʜʽ ʤʝʭʘʥʠʟʤ 

ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʡʜʳ, ʚʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʦץʫ ʤʘʟʤײʥʳʥ ʠʢʝʤʜʽ ʪװʨʜʝ 

 ʘסʘʞʝʪʪʽʣʽʢʪʝʨʛʝ ʩᴅʡʢʝʩʪʝʥʜʽʨʫʛʝ ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨץ ʳʪʫ ʦʨʪʘʩʳʥ ʞʝʢʝץʘ, ʦסʩʳʥʫײ

 .ʜʘʡ ʞʘʩʘʡʜʳסʦʣ ʞʝʪʢʽʟʫʛʝ ʞʘץ ʪʘʥץʘʰʳץ

 ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ץʜʘʤʫʳ ʢᴅʩʽʙʠ ʜʘʷʨʣʳ שʡʝʩʽʥʽװʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫ ʞפ

 ʳʟ ʙʘʡʣʘʥʳʩʪʳ. ɾʘʣʧʳ ʙʽʣʽʤסʳʨʪʫ ʪʘʣʘʧʪʘʨʳʤʝʥ ʪʳסשʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʞʘס

ʙʝʨʫ ʩʘʷʩʘʪʳʥʳש ᴇʟʝʢʪʽ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ï ʙʦʣʘʰʘץ ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʫ 

 ʢᴅʩʽʙʠ שʳʣʳ ʦʣʘʨʜʳץʨʘʥʳʩʪʘʨʳʥʘ ʙʝʡʽʤʜʝʫ ʘʨײʩ שʳʥʳסʙʝʢ ʥʘʨʳשʜʝʨʽʩʽʥ ʝװ

 ʣ ᴇʟ ʢʝʟʝʛʽʥʜʝײʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʘʨʪʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹץ ʟʳʨʝʪʪʽʣʽʛʽʥײץ

ʦץʳʪʫ ʬʦʨʤʘʣʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫʜʽ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨʜʽ 

ʟʘʤʘʥʘʫʠ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩʪʝʥʜʽʨʫʜʽ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥʘ ʠʥʥʦʚʘʮʠʷʣʳץ 

ʪᴅʩʽʣʜʝʨʜʽ ʝʥʛʽʟʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ. 

ɿʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʧʘʨʘʜʠʛʤʘʩʳ װʟʜʽʢʩʽʟ ʢᴅʩʽʙʠ ʜʘʤʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʞᴅʥʝ 

ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʰʳסʘʨʤʘʰʳʣʳץ ᴅʣʝʫʝʪʽʥ ʘʰʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʦʨʪʘ 

 ʘʥסʨײʫ ʦʨʳʥʜʘʨʳ ʘʣʜʳʥʜʘ ʪץʘʨʳ ʦסʘʣʳʧʪʘʩʪʳʨʫʜʳ ʢᴇʟʜʝʡʜʽ. ʆʩʳ ʦʨʘʡʜʘ, ʞʦץ
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ʤʘשʳʟʜʳ ʤʽʥʜʝʪʪʝʨʜʽש ʙʽʨʽ ï ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ʙʝʡʽʤʜʝʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ, ʦʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʪʝʭʥʠʢʘ ʤʝʥ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʪʠʽʤʜʽ ץʦʣʜʘʥʘ ʘʣʘʪʳʥ ʙʽʣʽʢʪʽ ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʫ. 

ɹʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥ ʙʝʣʩʝʥʜʽʨʫ, ʞʘשʘ ʦץʳʪʫ ʬʦʨʤʘʣʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽʥ ʝʥʛʽʟʫ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ᴇʟʜʽʛʽʥʝʥ ʽʟʜʝʥʽʧ, סʳʣʳʤʠ ʥʝʛʽʟʜʝ ʙʽʣʽʤ ʘʣʫʳʥʘ, ʢᴅʩʽʙʠ 

 ʘʨʘʩץʳʥʘ ʩʘʥʘʣʳ ʢᴇʟסʤʘʤʘʥʜʳ ץʪʘʨʳʥ ʜʘʤʳʪʫʳʥʘ ʞᴅʥʝ ʙʦʣʘʰʘץʫʰʳʣʳסʳʟʳץ

 ʘʟʽʨʛʽץ ʜʝʨʽʩʽʥ ʞʝʪʽʣʜʽʨʫ ïװ ʫץʩʘʪʪʘ ʦץʧʘʣ ʝʪʝʜʽ. ʆʩʳ ʤʘץʘʣʳʧʪʘʩʪʳʨʫʳʥʘ ʳץ

ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש ʙʘʩʪʳ ʙʘʩʳʤʜʳץʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ  ʪʘʙʳʣʘʜʳ. 

ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ 

ʞʘʩʘʫסʘ װʡʨʝʪʫ ʙʘʨʳʩʳʥʜʘ ʝש ʘʣʜʳʤʝʥ ʦʣʘʨʜʳש ʬʦʨʤʘʣʴʜʳ ʩʠʧʘʪʪʘʫ 

ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ץʘʞʝʪ. ɹײʣ ï ʚʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴʜʝʫ ᴅʜʽʩʪʝʨʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ʙʽʣʽʤ, ʽʩʢʝʨʣʽʢ ʞᴅʥʝ ʜʘסʜʳʣʘʨ ʞװʡʝʩʽʥ ʠʛʝʨʫʜʽש ʘʣסʳ ʰʘʨʪʳ ʝʢʝʥʽ 

ʘʥʳץ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʥʝʛʽʟʛʽ ʘʣʛʦʨʠʪʤʜʽʢ ײץʨʳʣʳʤʜʘʨʜʳ ʤʝשʛʝʨʫ, 

ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ 

ʝʩʝʧʪʝʨʜʽ ʰʝʰʫ, ʢʦʤʧʴʶʪʝʨʣʽʢ ײץʨʳʣסʳʣʘʨ ʤʝʥ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ 

ʞײʤʳʩ ʽʩʪʝʫ, ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʽʣʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ï ʤʘשʳʟʜʳ ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʝʨʜʽש 

 ʚʠʨʪʫʘʣʜʳ שʙʳʣʳʩʪʘʨʜʳײץ ʜʳʣʘʨ ʦʙʲʝʢʪʽʣʝʨ ʤʝʥסʨʘʡʜʳ. ʆʩ rʜʘײץ ʘʪʘʨʳʥץ

ʤʦʜʝʣʽʥ ײץʨʫʜʘ ʪʠʽʤʜʽ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʟʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝʣʝʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ, ʢᴅʩʽʙʠ ʧʨʘʢʪʠʢʘʣʳץ ʝʩʝʧʪʝʨʜʽ ʢʦʤʧʴʶʪʝʨ ʘʨץʳʣʳ 

ʰʝʰʫ ʞᴅʥʝ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʪʘʣʜʘʧ, ʪʠʽʤʜʽ ץʦʣʜʘʥʫ ï ʙʦʣʘʰʘץ ʤʘʤʘʥʥʳש 

ʢᴅʩʽʙʠ ʜʝשʛʝʡʽʥ ʘʡץʳʥʜʘʡʪʳʥ ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʀʥʬʦʨʤʘʪʠʢʘ סʳʣʳʤʳ ʤʘʪʝʤʘʪʠʢʘ, ʣʦʛʠʢʘ ʞᴅʥʝ ʬʠʟʠʢʘ ʩʠʷץʪʳ 

 ,ʩʘʣʘ. ʆʣ ʘʙʩʪʨʘʢʪʽʣʽ ʦʡʣʘʫ ץʳ ʧᴅʥʘʨʘʣʳסʳʟ ʙʘʡʣʘʥʳʩʪʘסʳʣʳʤʜʘʨʤʝʥ ʪʳס

ʞʦʙʘʣʘʫ, ʘʜʘʤ ʤʝʥ ʢʦʤʧʴʶʪʝʨ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽ ʪװʩʽʥʫ, 

 .ʘʙʽʣʝʪʪʝʨʜʽ ʜʘʤʳʪʫʜʳ ʢᴇʟʜʝʡʜʽץ ʡʝʣʝʨʜʽ ʞʘʩʘʫ ʩʳʥʜʳװʘʡʣʳ ʞסשʘ ʳסʦʣʜʘʥʫʰʳץ

 ʘʪʘʨ, ᴅʣʝʫʤʝʪʪʽʢ ʘʩʧʝʢʪʽʣʝʨʜʽץ ʳʣʳʤʤʝʥס ʜʘ ʠʥʬʦʨʤʘʪʠʢʘ ʠʥʞʝʥʝʨʣʽʢשʘʟʽʨʛʽ ʪʘפ

 .ʘʣʳʧʪʘʩʳʧ ʢʝʣʝʜʽץ ʳʪ ʨʝʪʽʥʜʝסʳʣʳʤʠ ʙʘס ʘʤʪʠʪʳʥ ʢᴇʧʩʘʣʘʣʳץ

ʉʘʥʜʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʜᴅʫʽʨʽʥʜʝ ʦץʳʪʫ װʜʝʨʽʩʽ ʙײʨʳʥסʳʜʘʥ ʜʘ ʪʠʽʤʜʽ ᴅʨʽ 

 ץʩʪʽ. ɺʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ (VT), ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳװʦʣʞʝʪʽʤʜʽ ʙʦʣʘ ʪץ

(VR), ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ (VM) ʞᴅʥʝ ʮʠʬʨʣʳץ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש 

(DIT) ʠʥʪʝʛʨʘʮʠʷʩʳ ʙʽʣʽʤ ʙʝʨʫʜʽש ʵʚʦʣʶʮʠʷʣʳץ ʜʘʤʫʳʥʜʘסʳ ʞʘשʘ ʢʝʟʝש ʨʝʪʽʥʜʝ 

 ʨʣʽ ʩʘʣʘʣʘʨʜʘ ʠʤʤʝʨʩʠʚʪʽ ᴅʨʽ ʠʥʪʝʨʘʢʪʠʚʪʽװʨʘʣʜʘʨ ʪײץ ʘʥסʘʨʘʩʪʳʨʳʣʘʜʳ. ɸʪʘʣץ

ʦץʳʪʫ ʪᴅʞʽʨʠʙʝʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʫʜʝ. 

ʊʘʨʠʭʠ ʪײʨסʳʜʘ ʘץʧʘʨʘʪʪʳ ʩʘץʪʘʫ ʤʝʥ ʙʽʣʽʤ ʘʣʫʜʳש ʥʝʛʽʟʛʽ ײץʨʘʣʳ ʢʽʪʘʧʪʘʨ 

ʙʦʣʩʘ, ʙװʛʽʥʛʽ ʪʘשʜʘ ʦʣʘʨʜʳש ʦʨʥʳʥ ʵʣʝʢʪʨʦʥʜʳ ʨʝʩʫʨʩʪʘʨ ʘʣʤʘʩʪʳʨʫʜʘ. ɸʣʘʡʜʘ, 

ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽ ᴅʣʽ ʜʝ ʜᴅʩʪװʨʣʽ ï ʬʘʢʪʽʥʽ ʞʘʪʪʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪᴅʩʽʣʜʝʨʜʝʥ 

ʘʣʳʩʪʘʡ ʘʣʤʘʡ ʦʪʳʨ. ʆץʫ װʜʝʨʽʩʽʥʜʝ ʘץʧʘʨʘʪʪʳש ʢᴇʧʪʽʛʽ ʩʪʫʜʝʥʪʪʝʨʜʽ ʰʘʨʰʘʪʳʧ, 

ʤʦʪʠʚʘʮʠʷʥʳש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ɹײʣ ʦʣʘʨʜʳש ʧᴅʥʛʝ ץʳʟʳסʫʰʳʣʳסʳʥ 

ʪᴇʤʝʥʜʝʪʽʧ, ʙʽʣʽʤ ʤʘʟʤײʥʳʥ ʪʝʨʝש ʪװʩʽʥʫʛʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʜʽ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʠʥʬʦʨʤʘʪʠʢʘ ʢʫʨʩʪʘʨʳʥʜʘ  ʚʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴʜʝʫ ʤʝʥ 

ʪʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ ʟʘʤʘʥʘʫʠ ײץʨʘʣʜʘʨʜʳש ʙʽʨʽ ʨʝʪʽʥʜʝ ʪʘʥʳʣʘʜʳ. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʛʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳסʳʥ ʘʨʪʪʳʨʳʧ ץʘʥʘ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʩʝʧʪʽʛʽʥץ ʜʳʣʘʨʤʝʥסʜʘ ץʤʩʘײʦʨʪʘʜʘ ʞ ץʦʡʤʘʡ, ʦʣʘʨʜʳ ʮʠʬʨʣʳץ
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ʪʠʛʽʟʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽ ʢᴅʩʽʙʠ 

ʜʘʷʨʣʘʫ װʜʝʨʽʩʽʥʜʝ ʦץʳʪʫ ʤʘʟʤײʥʳ ʤʝʥ ᴅʜʽʩʪʝʨʽʥ ʧᴅʥʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ץʘʨʘʡ 

ʙʝʡʽʤʜʝʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʧ ʦʪʳʨ. ɸʣʘʡʜʘ ʙײʣ ʙʘסʳʪʪʘסʳ ʟʝʨʪʪʝʫʣʝʨ ᴅʣʽ ʜʝ 

ʞװʡʝʣʽ ץʘʨʘʩʪʳʨʳʣʤʘסʘʥ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʙʽʣʽʤ ʙʝʨʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫʜʘ 

 .ʘʞʝʪ ʝʪʝʜʽץ ʳʣʳʤʠ ʥʝʛʽʟʜʝʫʜʽס ʦʩʳʤʰʘץ

ʊʘץʳʨʳʧʪʳש ʟʝʨʪʪʝʣʫ ʜʝשʛʝʡʽ. ɺʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ (VT), 

ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR), ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ (VM) ʞᴅʥʝ ʪʦʣʳץʪʳʨʳʣסʘʥ 

ʰʳʥʘʡʳʣʳץ (AR) ץʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש ʜʘʤʫʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ װʣʝʩ ץʦʩʳʧ 

ʦʪʳʨ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʽʣʽʤʜʽ ץʘʙʳʣʜʘʫʳʥ, ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫʽʥ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʜʝ ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨ 

ʘʰʘʜʳ. נʘʣʳʤʜʘʨ Rizzo A., Gambino G., Sardo P., Rizzo, V. [10], Uzun Y., Gozel 

O. [11], ʂʦʣʝʜʘʯʢʠʥ ɸ.ɸ. [12], ʈʫʟʘʢʦʚʘ ʆ.ɸ., ɻʨʠʥʴ ɽ.ʉ. [13], Smith J., Nair R. 

[14], Wang H. [15] ʞᴅʥʝ ʙʘʩץʘʣʘʨ ᴇʟ ʝשʙʝʢʪʝʨʽʥʜʝ ʘʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʠʥʬʦʨʤʘʪʠʢʘ ʠʥʞʝʥʝʨʠʷʩʳʥʜʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʥʝʛʽʟʽ ʨʝʪʽʥʜʝ 

ʩʠʧʘʪʪʘʡʜʳ. ʆʣʘʨʜʳש ʧʽʢʽʨʽʥʰʝ, VT, VM, VR ʞᴅʥʝ AR ײץʨʘʣʜʘʨʳ ʙʦʣʘʰʘץ 

ʤʘʤʘʥʜʘʨʜʳ ʠʥʥʦʚʘʮʠʷʣʳץ ʦʨʪʘʜʘ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʜʘʡʳʥʜʘʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

 .ʳʪ ʙʝʣʩʝʥʜʽ ʟʝʨʪʪʝʣʫʜʝסʣ ʙʘײʳʣʳʤʠ ʦʨʪʘʜʘ ʜʘ ʙס ץʩʪʘʥʜʳץʘʟʘפ

Sarsimbayeva S. M., Mukasheva M.U., Kornilov U.V., Omirzakova A.A., [16],  

Shyndaliyev N. T., Shynatay G. [17],  ʂʝʨʽʤʙʘʝʚ ʅ.ʅ., ʪ.ʙ. [18],  ʀʟʤʘʛʘʤʙʝʪʦʚʘ ʈ., 

 .ʘʨʩʳʙʘʝʚʘ ʈ., ɸʡʪʞʘʥʦʚʘ  ɽ. [19], ɿʫʣʧʳʭʘʨ ɾ.ɽ., ɸʟʘʤʘʪ ɸ.ɸ., ʆʨʘʟʙʘʝʚʘ ɹ.ɸפ

[20], ʋʜʝʨʙʘʝʚʘ ʅ.ʂ., ʂʘʨʝʣʭʘʥ ʅ., ɼʘʫʨʝʥʙʝʢʦʚ ʂ.ʂ. ʞᴅʥʝ ɿʘʢʠʨʦʚʘ ɸ.ɹ. [21] 

ʩʳʥʜʳ סʘʣʳʤʜʘʨ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʝ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥʫʳ, ʦץʳʪʫ ʪʠʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʠʤʤʝʨʩʠʚʪʽ ʪᴅʞʽʨʠʙʝʥʽש ʨᴇʣʽ ʞᴇʥʽʥʜʝ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʧ, ʦʣʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʳʥ ʜᴅʣʝʣʜʝʛʝʥ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʠʥʞʝʥʝʨʠʷ, ʬʠʟʠʢʘ, 

ʛʝʦʤʝʪʨʠʷ, ʪʫʨʠʟʤ ʞᴅʥʝ ʤʫʟʝʡ ʽʩʽ ʩʠʷץʪʳ ʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʜʘ. 

ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʧᴅʥʘʨʘʣʳץ ᴅʣʝʫʝʪʽ ʤʝʥ ץʦʣʜʘʥʫ ʘʷʩʳ ʦʣʘʨʜʳש ʙʽʣʽʤ ʤʝʥ 

ʪᴅʞʽʨʠʙʝʥʽ ʙʽʨʽʢʪʽʨʝʪʽʥ ץʫʘʪʪʳ ײץʨʘʣסʘ ʘʡʥʘʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɸʣʘʡʜʘ, ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽ ʮʠʬʨʣʳץ-ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ץʦʣʜʘʥʳʧ ʦץʳʪʫ ʤᴅʩʝʣʝʩʽ ʪʦʣʳץ ʜʝשʛʝʡʜʝ ʟʝʨʪʪʝʣʤʝʛʝʥ. 

ɾʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʤʝʥ ʦץʫʣʳץʪʘʨʳʥʜʘ ʙײʣ 

ʙʘסʳʪʪʳש ʞװʡʝʣʽ ʤʘʟʤײʥʜʳײץ ץʨʳʣʳʤʳ, ᴅʜʽʩʪʝʤʝʣʽʢ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ-

ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʤʝʩʽ ʞʝʪʢʽʣʽʢʩʽʟ. ʉᴅʡʢʝʩʽʥʰʝ, ץʘʟʽʨʛʽ ʢʝʟʝשʜʝ ʢʝʣʝʩʽ ץʘʨʘʤʘ-

 :ʘʣʘʜʳץʪʘʨ ʙʘʡץʘʡʰʳʣʳץ

- ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ʦץʳʪʫʜʳש 

ᴇʟʝʢʪʽʣʽʛʽ ʤʝʥ ʦʩʳ ʙʘסʳʪʪʘסʳ ʙʽʨʳסשʘʡ ʪײʞʳʨʳʤʥʳש ʙʦʣʤʘʫʳ; 

- ʮʠʬʨʣʳץ-ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ײץʨʘʣʜʘʨʳ 

ʘʨץʳʣʳ ʢᴅʩʽʙʠ ʜʘʷʨʣʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʥʽש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ; 

- ʧʝʜʘʛʦʛʠʢʘʣʳװ ץʜʝʨʽʩʪʝ ʠʥʥʦʚʘʮʠʷʣʳײץ ץʨʘʣʜʘʨʜʳ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽʛʽ ʤʝʥ 

ʙʽʣʽʤ ʤʘʟʤײʥʳʥʜʘ ץʦʣʜʘʥʫ ʘʨʘʩʳʥʜʘסʳ ʘʣʰʘץʪʳץ. 

ʆʩʳ ץʘʡʰʳʣʳץʪʘʨ ʥʝʛʽʟʽʥʜʝ çɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ 

ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫסʘ ʦץʳʪʫ 

ᴅʜʽʩʪʝʤʝʩʽè ʪʘץʳʨʳʙʳʥʜʘסʳ ʟʝʨʪʪʝʫʜʽ ʞװʨʛʽʟʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ. 
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ɿʝʨʪʪʝʫʜʽש ʥʳʩʘʥʳ. ɾʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤסײʘʣʽʤʽʥ ʜʘʷʨʣʘʫ װʜʝʨʽʩʽ. 

ɿʝʨʪʪʝʫʜʽש ʧᴅʥʽ. ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ ʮʠʬʨʣʳץ ʙʽʣʽʤ 

ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ.  

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ. ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ ʮʠʬʨʣʳץ ʙʽʣʽʤ 

ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʥʝʛʽʟʜʝʧ,  ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥ ʞʘʩʘʫ. 

ɿʝʨʪʪʝʫʜʽס שʳʣʳʤʠ ʙʦʣʞʘʤʳ: ɽʛʝʨ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʦץʫ 

 ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʜʝʨʽʩʽʥʜʝ ʮʠʬʨʣʳװ

 ʟʝʛʝװʡʝʣʽ ʪʠʽʤʜʽ ʞװʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʜʝʨʽ ᴅʜʽʩʪʝʤʝʩʽʥ ʞס שʦʣʜʘʥʫʜʳץ

ʘʩʳʨʳʣʩʘ, ʦʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ʜʘʷʨʣʳסʳ ʤʝʥ ʙʽʣʽʤ ʩʘʧʘʩʳ ʘʨʪʘʜʳ, 

ᴇʡʪʢʝʥʽ ʙײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥ ʟʘʤʘʥʘʫʠ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ 

ʞʝʪʽʣʜʽʨʫʛʝ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʠʥʬʦʨʤʘʪʠʢʘ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ-

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʩʘʣʘʩʳʥʜʘסʳ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɿʝʨʪʪʝʫʜʽש ʤʽʥʜʝʪʪʝʨʽ. ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʥʳʩʘʥʳ, ʧᴅʥʽ, ʤʘץʩʘʪʳ, 

ʙʦʣʞʘʤʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨ ʘʥʳץʪʘʣʜʳ: 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʜʘʷʨʣʳץʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש 

ʭʘʣʳץʘʨʘʣʳץ ʞᴅʥʝ ʦʪʘʥʜʳץ ʪᴅʞʽʨʠʙʝʣʝʨʽʥ ʪʘʣʜʘʫ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽʥ 

ʘʥʳץʪʘʫ; 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʜʘʷʨʣʘʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʥʝʛʽʟʜʝʫ; 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʦץʳʪʫ ʤʦʜʝʣʽʥ  ײץʨʫ; 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʙʦʡʳʥʰʘ ʜʘʷʨʣʘʫʜʳש ᴅʜʽʩʪʝʤʝʩʽʥ ʞʘʩʘʫ; 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʜʘʷʨʣʘʫʜʳש 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʘʨʳ ʥᴅʪʠʞʝʣʝʨʽ ʘʨץʳʣʳ ʪʘʣʜʘʫ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ 

 .ʩʳʥʳʩʪʘʨ ᴅʟʽʨʣʝʫײ

ɿʝʨʪʪʝʫʜʽש ʞʝʪʝʢʰʽ ʠʜʝʷʩʳ. ɾʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʮʠʬʨʣʳץ ʙʽʣʽʤ 

ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ײץʨʫ ʙʘʨʳʩʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ 

 שʘʨʫʜʳץʳʥʜʘʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʙʘʩץʜʝʨʽʩʽʥʜʝ ʪʫʳʥʜʘʡʪʳʥ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʡװ

 ʪʠʽʤʜʽʣʽʛʽʥ שʜʝʨʽʩʽʥʽװ ʫץʳʣʳ ʦץʘʣʳʧʪʘʩʪʳʨʫ ʘʨץ ʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʽʥס

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫ ʰʘʨʪʪʘʨʳʥ ᴅʟʽʨʣʝʫץ

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ᴅʜʽʩʥʘʤʘʣʳץ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ. ɿʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ סʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʦʨʠʷʣʘʨ ʤʝʥ ᴅʜʽʩʥʘʤʘʣʳײ ץʩʪʘʥʳʤʜʘʨסʘ, 

ʩʦʥʜʘʡ-ʘץ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʛʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ 

ʩʘʣʘʩʳʥʜʘסʳ ʟʘʤʘʥʘʫʠ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʛʝ ʩװʡʝʥʽʣʜʽ. ɿʝʨʪʪʝʫ פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳ ʞʦסʘʨʳ ʙʽʣʽʤ ʙʝʨʫʜʽש ʤʝʤʣʝʢʝʪʪʽʢ ʞʘʣʧʳסʘ ʤʽʥʜʝʪʪʽ ʩʪʘʥʜʘʨʪʳʥʘ, 

ʙʽʣʽʤ ʙʝʨʫʜʝ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫʜʳש ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʨʽʥʝ, 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʳʪʫ װʜʝʨʽʩʽʥʜʝ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ 
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 ʢᴅʩʽʙʠ שʘʣʽʤʜʝʨʜʽסײʠʥʬʦʨʤʘʪʠʢʘ ʤ ץʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʨʛʝ ʞᴅʥʝ ʙʦʣʘʰʘס

 ץʘʥ ʪᴅʞʽʨʠʙʝʣʽʢ-ʧʝʜʘʛʦʛʠʢʘʣʳסʳʪʪʘʣסʘ ʙʘסʘʣʳʧʪʘʩʪʳʨʫץ ʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥײץ

ʪᴅʩʽʣʜʝʨʛʝ ʥʝʛʽʟʜʝʣʜʽ.  

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ. ɿʝʨʪʪʝʫʜʝ ʢʝʰʝʥʜʽ ʪᴅʩʽʣ ץʦʣʜʘʥʳʣʳʧ, ʪʝʦʨʠʷʣʳץ, 

ʵʤʧʠʨʠʢʘʣʳץ ʞᴅʥʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʞװʡʝʣʝʥʛʝʥ ʪװʨʜʝ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, סʳʣʳʤʠ ʜʝʨʝʢʢᴇʟʜʝʨʜʽ ʽʨʽʢʪʝʫ ʤʝʥ ʪʘʣʜʘʫ װʜʝʨʽʩʽʥʜʝ PRISMA 

ᴅʜʽʩ ̔ץʦʣʜʘʥʳʣʜʳ. 

ʊʝʦʨʠʷʣʳϨ ϸʜʽʩʪʝʨ ʥʝʛʽʟʽʥʜʝ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝʛʽ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʤᴅʩʝʣʝʩʽʥ ʟʝʨʜʝʣʝʫ ʙʘʨʳʩʳʥʜʘ 

ʟʝʨʪʪʝʫ ʪʝʦʨʠʷʣʳץ ʜʝשʛʝʡʜʝ ʪʝʨʝש ʪʘʣʜʘʥʜʳ. ɹײʣ ʙʘסʳʪʪʘ ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ 

 ʳסʘʟʽʨʛʽ ʟʘʤʘʥץ ,ʨʛʽʟʽʣʽʧװʡʝʣʽ ʰʦʣʫ ʞװʙʝʢʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞשʝ שʘʣʳʤʜʘʨʜʳס

 שʘʨʘʩʪʳʨʳʣʜʳ. ɿʝʨʪʪʝʫʜʽץ ʥʝʛʽʟʜʝʨ ץʞʳʨʳʤʜʘʤʘʣʳײʳʪʪʘʨ ʤʝʥ ʪסʳʣʳʤʠ ʙʘס

ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʽʥ ײץʨʘʡʪʳʥ ᴅʜʝʙʠʝʪʪʝʨ ʟʘʤʘʥʘʫʠ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʢᴇʟץʘʨʘʩʪʘʨʤʝʥ 

ʩʘʙʘץʪʘʩʪʳʨʳʣʘ ʪʘʣʜʘʥʳʧ, ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʢʝשʽʩʪʽʛʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ᴇʟʝʢʪʽ ʘʩʧʝʢʪʽʣʝʨʽʥ ʘʰʳʧ ʢᴇʨʩʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʜʽ. ɸץʧʘʨʘʪʪʳץ ʜʝʨʝʢʢᴇʟʜʝʨ PRISMA ᴅʜʽʩʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʘʣʜʳʥ ʘʣʘ 

ʘʥʳץʪʘʣסʘʥ ʢʨʠʪʝʨʠʡʣʝʨ ʥʝʛʽʟʽʥʜʝ ʽʨʽʢʪʝʣʽʧ, ʩʢʨʠʥʠʥʛ ʞᴅʥʝ ʘʥʘʣʠʪʠʢʘʣʳץ ʪʘʣʜʘʫ 

ʩʘʪʳʣʘʨʳʥʘʥ ᴇʪʪʽ.  

ʕʤʧʠʨʠʢʘʣʳϨ ϸʜʽʩʪʝʨ ʪײʨסʳʩʳʥʜʘ  ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʤʝʥ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʫ ʪᴅʞʽʨʠʙʝʩʽ ʟʝʨʪʪʝʣʜʽ. 

ʉʘʫʘʣʥʘʤʘ ʞװʨʛʽʟʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢᴇʟץʘʨʘʩʪʘʨʳ, ץʘʙʳʣʜʘʫʳ ʤʝʥ 

ʪᴅʞʽʨʠʙʝʣʝʨʽ ʞʠʥʘץʪʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳץ שʘʣʳʧʪʘʩʫ 

ʜʝשʛʝʡʽʥ ʙʘסʘʣʘʫ ʞᴅʥʝ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪ ײʡʳʤʜʘʩʪʳʨʳʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪ ʙʘʨʳʩʳʥʜʘ ʘʨʥʘʡʳ 

ᴅʟʽʨʣʝʥʛʝʥ ʞײʤʳʩ ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ (Syllabus) ʤʝʥ ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣʜʘʨ 

ʧʘʡʜʘʣʘʥʳʣʳʧ, ʦʣʘʨʜʳש ʥᴅʪʠʞʝʣʽʣʽʛʽ ʧʨʘʢʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʽʣʜʽ. 

ʉʪʘʪʠʩʪʠʢʘʣʳϨ ϸʜʽʩʪʝʨ ʘʨrץʣʳ ʘʣʳʥסʘʥ ʩʘʥʜʳץ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʞᴅʥʝ 

ʪʘʣʜʘʫ װʰʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ-ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʜʳ. ᴄʜʽʩʪʽש 

ʢᴇʤʝʛʽʤʝʥ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʚʘʣʠʜʪʽʣʽʛʽ ʙʘסʘʣʘʥʳʧ, 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʳץʧʘʣʜʳש ʪʠʽʤʜʽʣʽʛʽ ʜᴅʣʝʣʜʝʥʜʽ. ʉʪʘʪʠʩʪʠʢʘʣʳץ ᴇשʜʝʫ װʰʽʥ 

Google Forms, Excel ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ץʦʣʜʘʥʳʣʳʧ, ʤᴅʣʽʤʝʪʪʝʨʜʽש ʦʨʪʘʰʘ 

ʤᴅʥʜʝʨʽ, ʩʪʘʥʜʘʨʪʪʳץ ʘʫʳʪץʫʣʘʨʳ, ʢʦʨʨʝʣʷʮʠʷʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʳ ʤʝʥ ʙʦʣʞʘʤʜʳ 

ʪʝʢʩʝʨʫ װʰʽʥ ɺʠʣʢʦʢʩʦʥ t-ʢʨʠʪʝʨʠʡʽ ץʦʣʜʘʥʳʣʜʳ. 

ɿʝʨʪʪʝʫʜʽש ʢʝʟʝשʜʝʨʽ. ɿʝʨʪʪʝʫ ʞײʤʳʩʳ װʰ ʥʝʛʽʟʛʽ ʢʝʟʝשʜʝ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. 

ɹʽʨʽʥʰʽ ʢʝʟʝש (2018ï2019 ʦץʫ ʞʳʣʳ) ʟʝʨʪʪʝʫʜʽש ᴅʜʽʩʥʘʤʘʣʳץ ʞᴅʥʝ 

ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽʥ ʘʡץʳʥʜʘʫסʘ ʙʘסʳʪʪʘʣʜʳ. ɹײʣ ʢʝʟʝשʜʝ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʤʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʤᴅʩʝʣʝʣʝʨʽ ʙʦʡʳʥʰʘ ʦʪʘʥʜʳץ 

ʞᴅʥʝ ʰʝʪʝʣʜʽʢ סʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʨʛʝ ʞװʡʝʣʽ ʰʦʣʫ ʞװʨʛʽʟʽʣʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫ ʪᴅʞʽʨʠʙʝʩʽ, ʢᴅʩʽʙʠ ʜʘʷʨʣʳץץʘ 

 ʫץʘʨʳ ʦסʜʘʨʣʘʤʘʣʘʨʳ ʤʝʥ ʞʦסʦʡʳʣʘʪʳʥ ʤʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨ, ʙʽʣʽʤ ʙʝʨʫ ʙʘץ

ʦʨʳʥʜʘʨʳʥʳש ʦץʫ ʞʦʩʧʘʨʣʘʨʳ ʪʘʣʜʘʥʜʳ. ɿʝʨʪʪʝʫʜʽש ʙʘʩʪʳ ײʩʪʘʥʳʤʜʘʨʳ ʤʝʥ 

ʙʘrסʪʪʘʨʳ ʥʘץʪʳʣʘʥʳʧ, ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʳש ᴅʜʽʩʪʝʤʝʩʽ 

ᴅʟʽʨʣʝʥʜʽ. ʂᴅʩʽʙʠ ʧᴅʥʜʝʨʜʽ ʦץʳʪʫʜʳש ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʽ ʤʝʥ ʦʣʘʨʜʳס שʳʣʳʤʠ 
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ʟʝʨʪʪʝʣʫ ʜʝשʛʝʡʽ ʙʘסʘʣʘʥʳʧ, ʘʡץʳʥʜʘʫʰʳ ʵʢʩʧʝʨʠʤʝʥʪʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ 

ʞʠʥʘץʪʘʣʳʧ, ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. 

ɽʢʽʥʰʽ ʢʝʟʝש (2019ï2020 ʦץʫ ʞʳʣʳ) ʙʽʣʽʤ ʙʝʨʫʜʽש ʢᴇʧʜʝשʛʝʡʣʽ 

 ʥʳ ʤʝʥײʳʪʫ ʤʘʟʤץʳ ʦסʨʳʣʳʤʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʠʥʬʦʨʤʘʪʠʢʘ ʩʘʣʘʩʳʥʜʘײץ

ᴅʜʽʩʪʝʤʝʩʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣʜʳ. ɹײʣ ʢʝʟʝשʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʦץʳʪʫ ʤʘʟʤײʥʳ ʤʝʥ ᴅʜʽʩʪʝʤʝʣʽʢ 

ʪᴅʩʽʣʜʝʨ ʘʥʳץʪʘʣʳʧ, ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ᴅʟʽʨʣʝʫ ʙʘʨʳʩʳʥʜʘ 

 ʳʪʫץʘʥ ʦסʦʣʜʘʥʳʣʘʪʳʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʤʦʜʝʣʴʜʝʫʛʝ ʘʨʥʘʣץ

 שʘʪʘʨ, ʘʨʥʘʡʳ ʧᴅʥʜʝʨʜʽץ ʞʳʨʳʤʜʘʣʜʳ. ʉʦʥʳʤʝʥײʥʳ ʪײʨʳʣʳʤʳ ʤʝʥ ʤʘʟʤײץ

ʤʘʟʤײʥʳ ʞʝʪʽʣʜʽʨʽʣʽʧ, ʦץʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʽʣʜʽ. פʘʣʳʧʪʘʩʪʳʨʫʰʳ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʵʢʩʧʝʨʠʤʝʥʪ ײʡʳʤʜʘʩʪʳʨʳʣʳʧ, ʦʥʳש ʰʝשʙʝʨʽʥʜʝ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʣʤʝʥ ʪʝʢʩʝʨʽʣʜʽ. 

 ʪᴅʞʽʨʠʙʝʣʽʢ שʟʝʨʪʪʝʫʜʽ (ʫ ʞʳʣʜʘʨʳץ2020ï2024 ʦ) שʰʽʥʰʽ ʢʝʟʝת

 ʦʨʳʪʳʥʜʳʣʘʫץ ʳʣʳʤʠ ʥʝʛʽʟʜʝʫ ʞᴅʥʝס ʪʘʧ, ʥᴅʪʠʞʝʣʝʨʜʽץʦʨʳʪʳʥʜʳʣʘʨʳʥ ʞʠʥʘץ

ʢʝʟʝשʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʪʘʣסʘʥ ʢʝʟʝשʜʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ 

ʘʨʥʘʣסʘʥ ʘʨʥʘʡʳ ʧᴅʥʜʝʨʜʽ ʦץʳʪʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʤʝʥ ʜʠʜʘʢʪʠʢʘʣʳץ 

ʤʘʪʝʨʠʘʣʜʘʨʳ ʞʝʪʽʣʜʽʨʽʣʽʧ, ʦץʫ װʜʝʨʽʩʽʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

 ʢᴅʩʽʙʠ שʳʪʫ ᴅʜʽʩʪʝʤʝʩʽ ʝʥʛʽʟʽʣʜʽ. ᴄʟʽʨʣʝʥʛʝʥ ᴅʜʽʩʪʝʤʝʥʽץʘ ʥʝʛʽʟʜʝʣʛʝʥ ʦסʦʣʜʘʥʫץ

ʜʘʷʨʣʳץ ʩʘʧʘʩʳʥʘ ᴅʩʝʨʽ ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʦʣʤʝʥ ʪʝʢʩʝʨʽʣʽʧ, ʘʣʳʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨ ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʘʨץʳʣʳ ᴇשʜʝʣʜʽ. ʉʦסשʳ ʥᴅʪʠʞʝʣʝʨ ʥʝʛʽʟʽʥʜʝ 

 ʘʥסʩʳʥʳʤʜʘʨ ʞʘʩʘʣʳʧ, ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣײ ʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢס

ᴅʜʝʙʠʝʪʪʝʨ ʞװʡʝʣʝʥʽʧ, ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ סʳʣʳʤʠ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ 

ʨᴅʩʽʤʜʝʣʜʽ. 

ɿʝʨʪʪʝʫʜʽש ʙʘʟʘʩʳ. ɿʝʨʪʪʝʫ ʞײʤʳʩʪʘʨr ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ 

 ʩʪʘʥץʘʟʘפ ʩʪʽʢװʪשʳ ʆסʩʪʘʥ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ, ᴆ. ɾᴅʥʽʙʝʢʦʚ ʘʪʳʥʜʘץʘʟʘפ

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ ʞᴅʥʝ ʍ.ɸ. ʗʩʩʘʫʠ ʘʪʳʥʜʘסʳ ʍʘʣʳץʘʨʘʣʳץ ץʘʟʘץ-

ʪװʨʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ. 

ɿʝʨʪʪʝʫʜʽס שʳʣʳʤʠ ʞʘשʘʣʳסʳ: 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʜʘʷʨʣʳץʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש 

ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ ʘʥʳץʪʘʣʜʳ; 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʜʘʷʨʣʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽ 

ʥʝʛʽʟʜʝʣʜʽ; 

- ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ 

ʦץʳʪʫ ʤʦʜʝʣʽ  ײץʨʳʣʜʳ; 

-   ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʙʦʡʳʥʰʘ ʜʘʷʨʣʘʫʜʳש ᴅʜʽʩʪʝʤʝʩʽ ʞʘʩʘʣʜʳ; 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʢʝʰʝʥʜʽ ʜʘʷʨʣʘʫʜʳש 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʘʨʳʥʳש ʦש ʥᴅʪʠʞʝʣʝʨʽ ʘʣʳʥʜʳ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ 

 .ʩʳʥʳʩʪʘʨ rᴅʟʽʨʣʝʥʜʽײ

ɿʝʨʪʪʝʫʜʽש ʪʝʦʨʠʷʣʳץ ʤʘשʳʟʜʳʣʳסʳ: ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ 

ʠʥʬʦʨʤʘʪʠʢʘ ʧʝʜʘʛʦʛʪʝʨʽʥ ʜʘʷʨʣʘʫʜʘ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 
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ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳ ʟʝʨʪʪʝʫ,  ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ  ʧʝʜʘʛʦʛʪʽש ʮʠʬʨʣʳץ 

 ʪʘʨʳʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʥʝʛʽʟʽʥʜʝץʟʳʨʝʪʪʽʣʽʛʽ ʜʘʷʨʣʳײץ

 ʪʘʣʫʳ ʤʝʥ ʘʨʥʘʡʳץʘʥʳ שʥʝʛʽʟʜʝʨʽʥʽ ץᴅʜʽʩʥʘʤʘʣʳ-ץʪʝʦʨʠʷʣʳ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ

ʧᴅʥʜʝʨʜʽש ʤʘʟʤײʥʳʥʳש ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʘ ʩᴅʡʢʝʩ ʞʝʪʽʣʜʽʨʽʣʽʧ, ʦץʳʪʫ 

ᴅʜʽʩʪʝʤʝʩʽʥʽײ שʩʳʥʳʣʫʳ ʠʥʬʦʨʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʳש ʪʝʦʨʠʷʩʳ ʤʝʥ  ᴅʜʽʩʪʝʤʝʩʽ, 

ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷ ʩʘʣʘʣʘʨʳʥʘ ץʦʩʳʣסʘʥ װʣʝʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.   

ɿʝʨʪʪʝʫʜʽש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ: 

1. ʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʨʽʢʪʽʨʝ 

 .ʘʤʪʘʤʘʣʘʨ ᴅʟʽʨʣʝʥʜʽץ ץʘʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳסʳʪʪʘʣסʘ ʙʘסʦʣʜʘʥʫץ

2. çauezovvr.ct.wsè ʚʠʨʪʫʘʣʜʳ ʘץʧʘʨʘʪʪʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ʤסײʘʣʽʤʜʝʨʛʝ 

ʘʨʥʘʣסʘʥ ʦץʳʪʫ ʘʣʘשʳ ʨʝʪʽʥʜʝ ײץʨʳʣʳʧ, ʞʦסʘʨʳ ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥʜʳ. ɹײʣ ʞʦʙʘ ʘʚʪʦʨʣʳץײץ ץʳץʧʝʥ ץʦʨסʘʣʳʧ, פʈ ᴄʜʽʣʝʪ 

ʤʠʥʠʩʪʨʣʽʛʽʥʽ52331ˉ ש ʪʽʨʢʝʫ ʢʫᴅʣʽʛʽʤʝʥ (09.12.2024 ʞ.) ʙʝʢʽʪʽʣʜʽ. 

3. çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜr  ʧʨʠʥʮʠʧʪʝʨʽè ʘʪʪʳ ʢᴇʣʝʤʽ 6,75 ץ

ʙʘʩʧʘ ʪʘʙʘץʪʘʥ ʪײʨʘʪʳʥ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣ ʞʘʨʳץ ʢᴇʨʜʽ (ʐʳʤʢʝʥʪ:             ʄ. 

ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆפɿʋ, 2025). 

4. ɾװʨʛʽʟʽʣʛʝʥ סʳʣʳʤʠ ʟʝʨʪʪʝʫʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ װʰ ʞʦסʘʨʳ ʞᴅʥʝ 

ʞʦסʘʨʳ ʦץʫ ʦʨʥʳʥʘʥ ʢʝʡʽʥʛʽ ʙʽʣʽʤ ʙʝʨʫ ײʡʳʤʳʥʜʘ (ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ 

 ʩʪʘʥץʘʟʘפ ʩʪʽʢװʪשʳ ʆסʩʪʘʥ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ᴆ. ɾᴅʥʽʙʝʢʦʚ ʘʪʳʥʜʘץʘʟʘפ

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ ʞᴅʥʝ ʍ.ɸ. ʗʩʩʘʫʠ ʘʪʳʥʜʘסʳ ʍʘʣʳץʘʨʘʣʳץ ץʘʟʘץ-

ʪװʨʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ) ʪʠʽʩʪʽ ʧᴅʥʜʝʨʜʽש ʤʘʟʤײʥʳ ʞʘשʘʨʪʳʣʳʧ, ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ 

ʢʝשʝʡʪʽʣʜʽ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʜᴅʣʝʣʜʽʛʽ ʤʝʥ ʥʝʛʽʟʜʽʣʽʛʽ: 

ʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫʜʝ 

 ʥᴅʪʠʞʝʣʝʨʽ, ʙʽʣʽʤ שʪʠʽʤʜʽʣʽʛʽʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʝʢʩʝʨʫʜʽ שʦʣʜʘʥʫʜʳץ

ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʳʥʳש ʞʝʪʽʣʜʽʨʽʣʫʽ, ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʦץʫ 

 .ʜʝʨʽʩʽʥʝ ʝʥʜʽʨʽʣʫʽװ

 :ʠʜʘʣʘʨסʘץ ʩʳʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽײ ʘסʘʫסʦʨפ

1. ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʜʘʷʨʣʳץʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש 

ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ: 

1.1 ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ 

ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ 

ʜʘʷʨʣʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽ; 

1.2 ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥʽש ʤʦʜʝʣʽ. 

2. ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʙʦʡʳʥʰʘ ʜʘʷʨʣʘʫʜʳש ᴅʜʽʩʪʝʤʝʩʽ ʞʘʩʘʣʜʳ: 

2.1 ɹ̔ ʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʘʩʧʝʢʪʽʣʝʨʽ: 

çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜr ʧʨʠʥʮʠʧʪʝʨʽè ʘʪʪ r ץ ʦץʫ ᴅʜʽʩʪʝʤʝʣʽʢ 

 ,ʪʝʭʥʦʣʦʛʠʷʣʘʨè ץʢʦʤʤʫʥʠʢʘʮʠʷʣʳ-ץʧʘʨʘʪʪʳץʘʨʳʣʳʧ, çɸסʨʘʣʳ ʙʘʩʧʘʜʘʥ ʰʳײץ

çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, ç3D ʤʦʜʝʣʴʜʝʫ 

ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʧᴅʥʜʝʨʽ ʤʘʟʤײʥʜʘʨʳʥʘ 
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ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ, ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʘץʳʨʳʧʪʘʨʳʥʳש ʝʥʜʽʨʽʣʫʽ;  

2.2 ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ  çauezovvr.ct.wsè 

ʘץʧʘʨʘʪʪʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʞʘʩʘʣʫʳ; 

2.3 ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʜʘʫʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘ ʥʝʛʽʟʽʥʜʝ ʥʘץʪʳʣʘʥʜʳ: 

Cisco Packet Tracer, PNETLab: Lab is Simple ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨ ʤʝʥ CoSpaces 

Edu, EngageVR ʞᴅʥʝ Spatial ʦʨʪʘʣʘʨʳʥʜʘ ʞʦʙʘʣʳץ ʞײʤʳʩʪʘʨ ʦʨʳʥʜʘʣʜʳ. 

3. ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʜʘʷʨʣʘʫʜʳש 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʘʨʳʥʳש ʦש ʥᴅʪʠʞʝʣʝʨʽ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ ײʩʳʥʳʩʪʘʨʳ: 

3.1  ɺʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʤʦʜʝʣʽ;  

- ʦץʳʪʫ ʤʘʟʤײʥʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ ʞʘשʘʨʪʳʣʳʧ, ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʞʘשʘ 

ʧᴅʥʜʝʨ ʤʝʥ ʦץʫ ʤʦʜʫʣʴʜʝʨʽ ʝʥʛʽʟʽʣʜʽ; 

- ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳץ שʦʣʜʘʥʳʩʪʘסʳ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ 

ʪʦʣʳץʪʳʨʳʣʳʧ, ʮʠʬʨʣʳץ ʦʨʪʘסʘ ʙʝʡʽʤʜʝʣʛʝʥ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝʰʝʥʜʝʨ 

ᴅʟʽʨʣʝʥʜʽ. 

3.2  ᴄʜʽʩʪʝʤʝʣʽʢ ײʩʳʥʳʩʪʘʨ 

- ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫʜʽש ʪʠʽʤʜʽ ʞʦʣʜʘʨʳ ײʩʳʥʳʣʜʳ; 

 ʙʽʣʽʤ ץʨʘʣʜʘʨ ʧʝʜʘʛʦʛʠʢʘʣʳײץ ʘʥ ʤʦʜʝʣʴʜʝʨ ʤʝʥ ᴅʜʽʩʪʝʤʝʣʽʢסʩʳʥʳʣײ -

ʙʝʨʫʜʽש ʤʘʟʤײʥʳʥ ʞʘשʘʨʪʫסʘ ʞᴅʥʝ ʦץʳʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣʜʳ. 

4. ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ, ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʘʨʳʥʳש ʦש ʥᴅʪʠʞʝʣʝʨʽ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʪʘʣץʳʣʘʥʫʳ ʞᴅʥʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ: 

1. ʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʤʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʥʝʛʽʟʽʥʜʝ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʤʦʜʝʣʽ ᴅʟʽʨʣʝʥʽʧ, ʦʥʳײץ שʨʳʣʳʤʳ 

ʤʝʥ ʤʘʟʤײʥʳ סʳʣʳʤʠ ʥʝʛʽʟʜʝʣʜʽ. 

2. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤʝʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥʳש 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ 

 ʩʘʪʳʥʜʘ ʢʝʣʝʩʽץʦʣʜʘʫ ʤʘץ ʣ ᴅʜʽʩʪʝʤʝʥʽײʩʳʥʳʣʜʳ. ɹײ ʘʣʳʧʪʘʩʪʳʨʫ ᴅʜʽʩʪʝʤʝʩʽץ

ʧʨʦʛʨʘʤʤʘʣʳץ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣʜʘʨ ᴅʟʽʨʣʝʥʜʽ: 

2.1. ʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʤʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫסʘ ʘʨʥʘʣסʘʥ çauezovvr.ct.wsè ʘץʧʘʨʘʪʪʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʦʨʪʘʩʳ ʞʘʩʘʣʜʳ; 

2.2. çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʘʪʪʳ ʦץʫ-

ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣ ᴅʟʽʨʣʝʥʽʧ, ç6ɺ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ 

ʙʦʡʳʥʰʘ ʦץʳʪʳʣʘʪʳʥ ʢʝʣʝʩʽ ʧᴅʥʜʝʨʛʝ ʝʥʛʽʟʽʣʜʽ: çɸץʧʘʨʘʪʪʳץ-

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ 

ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨè, ʩʦʥʜʘʡ-ʘץ ʤʘʛʠʩʪʨʘʪʫʨʘʥʳש ç7ʄ01535 ï STEM ʙʽʣʽʤ ʙʝʨʫè 

ʞᴅʥʝ ç7ʄ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʘʷʩʳʥʜʘסʳ 
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çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʽʥʽש ʦץʫ ʞײʤʳʩ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ (Syllabus) ʟʝʨʪʪʝʫ ʪʘץʳʨʳʙʳʥʘ ʩᴅʡʢʝʩ ʤʘʟʤײʥʜʳץ 

ʪʦʣʳץʪʳʨʫʣʘʨʤʝʥ ʞʘשʘʨʪʳʣʜʳ. 

3. ʂᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ ʙʘסʘʣʘʫסʘ ʘʨʥʘʣסʘʥ ʢʝשʝʡʪʽʣʛʝʥ ʪʘʢʩʦʥʦʤʠʷ 

ʞʘʩʘץʪʘʣʜʳ. ɹײʣ ʪʘʢʩʦʥʦʤʠʷ ɹʣʫʤ ʞᴅʥʝ SOLO ʪʘʢʩʦʥʦʤʠʷʩʳʥʳש 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʤʝʥ ץʘʪʘʨ ʘʚʪʦʨʣʳץ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʜʝשʛʝʡʣʝʨʜʽ ץʘʤʪʠ 

ʦʪʳʨʳʧ, ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʤʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ץʘʣʳʧʪʘʩץʘʥ ʜʘסʜʳʣʘʨʜʳ ʙʘסʘʣʘʫ 

 .ʘʪʪʘʥʜʳʨʘʜʳסʘʥʘץ ʘʞʝʪʪʽʣʽʢʪʝʨʽʥץ

4. ʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʤʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥʝ ץʘʪʳʩʪʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ײʩʳʥʳʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪ ʙʘʨʳʩʳʥʜʘ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʜʝ ײʩʳʥʳʣסʘʥ ʤʦʜʝʣʴ ʤʝʥ 

ᴅʜʽʩʪʝʤʝʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʜʽ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩ̔ ʥ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫ ʞᴅʥʝ ʝʥʜʽʨʫ: 

ɿʝʨʪʪʝʫ ʪʘץʳʨʳʙʳʥʳש ʘʷʩʳʥʜʘ פʈ נʞɾɹʄ נʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ ʙʽʣʽʤ 

ʩʘʣʘʩʳʥʜʘ ʩʘʧʘʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʤʠʪʝʪʽ ײʩʳʥסʘʥ ʨʝʩʧʫʙʣʠʢʘʣʳץ 

ʙʘʩʳʣʳʤʜʘʨʜʘ ʤʘץʘʣʘʣʘʨ ʞʘʨʳץ ʢᴇʨʜʽ. ʅʘץʪʳʣʘʧ ʘʡʪץʘʥʜʘ, ʜʠʩʩʝʨʪʘʮʠʷʣʳץ 

ʞײʤʳʩʪʳש ʥʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨʽ ʤʝʥ ץʦʨʳʪʳʥʜʳʣʘʨʳ ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ 

 שʢᴇʨʜʽ. ʆʥʳ ץʨʽʥʜʝ ʞʘʨʳװʘʣʘ ʪץʳʣʳʤʠ ʤʘס ʳ 10סʳʣʳʤʠ ʙʘʩʳʣʳʤʜʘʨʜʘ ʙʘʨʣʳס

ʽʰʽʥʜʝ 2 ʤʘץʘʣʘ ʉʢʦʧʫʩ (Scopus) ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳʥʜʘ, 4 ʤʘץʘʣʘ ï פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳ נʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽʥʽנ שʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ 

ʙʽʣʽʤ ʩʘʣʘʩʳʥʜʘסʳ ʩʘʧʘʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʤʠʪʝʪʽ ײʩʳʥʘʪʳʥ סʳʣʳʤʠ 

ʙʘʩʳʣʳʤʜʘʨ ʪʽʟʙʝʩʽʥʝ ʝʥʝʪʽʥ ʞʫʨʥʘʣʜʘ ʞᴅʥʝ 4 ʤʘץʘʣʘ ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-

ʧʨʘʢʪʠʢʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʳʥʜʘ ʞʘʨʠʷʣʘʥסʘʥ. 

1) Scopus ʙʘʟʘʩʳʥʜʘסʳ ʤʘץʘʣʘ: 

- Seidaliyeva G.O., Seidaliyeva G.O., Ydyrysbayev D., Zhakypbekova G., 

Sydykhov B., Adoption of Distance Education and Mobile Technology by University 

Students. International Journal of Interactive Mobile Technologies (iJIM), 2022, 

17(23), pp. 4-16, ʇʨʦʮʝʥʪʠʣʴ - 62 (Q2). 

    - Ydyrysbayev D., Kakimova L.Sh, Boken G.S., Slambekov Y.T., Urmatova A., & 

Orazbaev E. Determining the digital transformation in education in the society 5.0 

process. International Journal of Emerging Technologies in Learning (iJET), 17(18), 

pp.136-145. ʇʨʦʮʝʥʪʠʣʴ ï 86 (Q1). 

 שʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽʥʽסʳʣʳʤ ʞᴅʥʝ ʞʦנ ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ (2

 ʘʥסʩʳʥײ ʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʤʠʪʝʪʽץ ʘʨʳ ʙʽʣʽʤ ʩʘʣʘʩʳʥʜʘ ʩʘʧʘʥʳסʳʣʳʤ ʞᴅʥʝ ʞʦנ

ʞʫʨʥʘʣʜʘʨʜʘ ʞʘʨʠʷʣʘʥסʘʥ ʤʘץʘʣʘʣʘʨ ʪʽʟʽʤʽ: 

    - ʉʳʜʳץʦʚ ɹ.ɼ., ʓʜʳʨʳʩʙʘʝʚ ɼ.ʋ., ʄʦʰץʘʣʦʚ ɸ.פ. ɹʽʣʽʤʜʽ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ 

ʞʘסʜʘʡʳʥʜʘ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫסʘ 

ʜʘʡʳʥʜʘʫʜʳש ʪʝʦʨʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ. ɸʙʘʡ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʍʘʙʘʨʰʳʩʳ, ʌʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ סʳʣʳʤʜʘʨʳ 

ʩʝʨʠʷʩʳ, ˉ1(65), ɸʣʤʘʪʳ, 2019 ɹ. 117-121. 

    - ʓʜʳʨʳʩʙʘʝʚ ɼ.ʋ. ʂʝʤʝʣʙʝʢʦʚʘ ɾ.ʉ., ʀʙʨʘʛʠʤʦʚ ʆ.ʄ., ɹʫʨʢʠʪʙʘʝʚʘ ʅ.ʉ., 

ʄʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ CLIL ʥʘ ʫʨʦʢʘʭ ʠʥʬʦʨʤʘʪʠʢʠ// 
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çפʘʟʘץʩʪʘʥʥʳס שʳʣʳʤʳ ʤʝʥ ᴇʤʽʨʽè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʢᴇʧʰʽʣʽʢ ʞʫʨʥʘʣ,  

ˉ5/3, ɸʩʪʘʥʘ, 2019. ɹ.119-123. 

    - ʉʳʜʳʭʦʚ ɹ.ɼ., ʓʜʳʨʳʩʙʘʝʚ ɼ.ʋ. ʉʘʥʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ʞʦʙʘʣʘʫסʘ 

ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽ ʜʘʷʨʣʘʫʜʳש ʜʠʜʘʢʪʠʢʘʣʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ, פʘʟʘץʩʪʘʥʥʳס שʳʣʳʤʳ ʤʝʥ ᴇʤʽʨʽ. - ˉ2/2 2020. ɸʩʪʘʥʘ, -ʙ. 370-

374. 

- ʉʳʜʳץʦʚ ɹ. ɼ., ʓʜʳʨʳʩʙʘʝʚ ɼ. ʋ., ɹʘʪʳʨʭʘʥ ɿ.ᴄ., ɹʽʣʽʤ ʙʝʨʫʜʽ 

ʮʠʬʨʣʘʥʜʳʨʫ ʞʘסʜʘʡʳʥʜʘ ʚʠʨʪʫʘʣʜʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ. ɸʙʘʡ 

ʘʪʳʥʜʘסʳ פʘʟױʇʋ-ʥʽש ʍɸɹɸʈʐʓʉʓ, çʌʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ סʳʣʳʤʜʘʨʳè 

ʩʝʨʠʷʩʳ, ˉ2(74), 2021 ʞ., 61ï67. doi:https://doi.org/10.51889/2021-2.1728-7901.07. 

3) ʍʘʣʳץʘʨʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ ʞʘʨʠʷʣʘʥסʘʥ ʤʘץʘʣʘʣʘʨ ʪʽʟʽʤʽ: 

- ʓʜʳʨʳʩʙʘʝʚ ɼ. ʋ., ʉʳʜʳʭʦʚ ɹ.ɼ., ɸʣʜʝʰʦʚ ʉ.ɽ. ɸץʧʘʨʘʪʪʳץ- 

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ 

 שʳʣʳʤ ʤʝʥ ʨʫʭʘʥʠʷʪʪʳס ʽʩʪʽʢʪʝʛʽשʫʣʘʨʳ-17: ᴄʣʝʤʜʽʢ ʢʝץʦʣʜʘʥʫ// çᴄʫʝʟʦʚ ʦץ

ʞʘשʘ ʩʝʨʧʽʣʽʩʪʝʨʽè ʘʪʪʳ ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʪᴅʞʽʨʠʙʝʣʽʢ ʢʦʥʬʝʨʝʥʮʠʷ 

ʝשʙʝʢʪʝʨʽ. ʐʳʤʢʝʥʪ: ʄ.ᴄʫʝʟʦʚ ʘʪ.ʆפʄʋ, 2019.ʊ.3(1). ɹ.172-176. 

- ʓʜʳʨʳʩʙʘʝʚ ɼ. ʋ., ʅʳʩʘʥʦʚ ɽ.ɸ., ɸʣʜʝʰʦʚ ʉ.ɽ., ɹʫʨʢʠʪʙʘʝʚʘ ʅ.ʉ., 

ɻʘʩʘʥʦʚʘ ɿ.ɸ. ʉʘʥʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʙʘץʳʣʘʫ ʞᴅʥʝ 

 ʫʣʘʨʳ-18: ɸʙʘʡץʡʳʤʜʘʩʪʳʨʫ// ᴄʫʝʟʦʚ ʦײ ʘʣʘʫ ᴅʨʝʢʝʪʪʝʨʽʥסʘʜʘץ

 ʨʘʩʳè ʘʪʪʳײʨʫʭʘʥʠ ʤ שʣʳ ɸʙʘʡʜʳױʞʳʣ ʪʦʣʫʳʥʘ ʦʨʘʡ ç 175 שʣʳʥʳײʥʘʥʙʘʡײפ

ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʪᴅʞʽʨʠʙʝʣʽʢ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ. ʐʳʤʢʝʥʪ: ʄ.ᴄʫʝʟʦʚ 

ʘʪ.ʆפʄʋ, 2020.ʊ.2. ɹ.250-254. 

- ʓʜʳʨʳʩʙʘʝʚ ɼ. ʋ., ʉʳʜʳʭʦʚ ɹ. ɼ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ 

ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ //ɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʤʘʪʝʤʘʪʠʢʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʦʣʝ. 

ï 2021. ï ʉ. 574-577. 

- ʓʜʳʨʳʩʙʘʝʚ ɼ. ʋ., ʉʳʜʳʭʦʚ ɹ.ɼ., ɹʘʪʳʨʭʘʥ ɿ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʫʯʠʪʝʣʝʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ//ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʢ 70-ʣʝʪʥʦʤʫ ʜʦʢʪʦʨʘ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨʘ ɸʣʠʝʚʘ ʐʘʨʰʝʥʘʣʳ. ʉʧʝʮʠʘʣʴʥʳʡ ʚʳʧʫʩʢ ɺɽʉʊʅʀʂ ʂʳʨʛʳʟʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʀ.ɸʨʘʙʘʝʚʘ. ɹʠʰʢʝʢ,2021.ʉ.177-180. 

4) ʆץʫ ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣ. 

      - ʓʜʳʨʳʩʙʘʝʚ ɼ.ʋ., ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽ, 

ʦץʫ ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣ, ᴄʣʝʤ ʙʘʩʧʘʩʳ, ʐʳʤʢʝʥʪ, 2025. ï 108 ʙ. 

5) ɸʚʪʦʨʣʳץ ʢʫᴅʣʽʢ: 

        - ʓʜʳʨʳʩʙʘʝʚ ɼ. ʋ., ʅʳʩʘʥʦʚ ɽ.ɸ. çɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

 ʳè VR, AR, 3D ʤʦʜʝʣʴʜʝʫʜʽשʳʪʫ ʘʣʘץʘʥ ʦסʘʣʽʤʜʝʨʛʝ ʘʨʥʘʣסײʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ʤץ

 ץʘʥ ʧʣʘʪʬʦʨʤʘ//ɸʚʪʦʨʣʳסʘ ʘʨʥʘʣסʡʨʝʥʫʛʝ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ʞʘʩʘʫװ

ʘʣʘʪʳʥ ʦʙ̡סʦʨץ ʧʝʥץʳץײץ ʝʢʪʽʣʝʨʛʝ ץײץʳץʪʘʨʜʳש ʤʝʤʣʝʢʝʪʪʽʢ ʪʽʟʽʣʽʤʛʝ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʝʥʛʽʟʫ ʪʫʨʘʣʳ 2024 ʞʳʣסʳ ï ʞʝʣʪʦץʩʘʥ ˉ52331 ʢʫᴅʣʽʢ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʟʝʨʪʪʝʫ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש çʀʥʬʦʨʤʘʪʠʢʘè ʢʘʬʝʜʨʘʩʳʥʜʘ ʦʨʳʥʜʘʣʳʧ, ʪʘʣץʳʣʘʥʳʧ 

  .ʩʳʥʳʣʜʳײ ʘסʘʫסʦʨץ
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ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳײץ שʨʳʣʳʤ .r ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ 

ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ʤʝʥ ʤiʥʜʝʪʪʝʨiʥʝ ʩʘʡ ʢiʨiʩʧʝʜʝʥ, ʥʝʛiʟʛi 3 ʙᴇʣʽʤʥʝʥ, 

 .ʨʘʜʳײʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪiʟiʤiʥʝʥ ʪסʦʨʳʪʳʥʜʳ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʳʣץ

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳײץ שʨʳʣʳʤʳʥʳש I ʙᴇʣʽʤʽʥʜʝ ʞʦסʘʨʳ ʦץʫ 

ʦʨʥʳʥʜʘ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש 

ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ, ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ, ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ, ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ץʘʨʘʩʪʳʨʳʣʳʧ, ʦʩʳ ʩʘʣʘʜʘʜʘסʳ 

ʭʘʣʳץʘʨʘʣʳץ ʞᴅʥʝ ʦʪʘʥʜʳץ ʪᴅʞʽʨʠʙʝʣʝʨʛʝ ʪʘʣʜʘʫ ʞʘʩʘʣʳʥʜʳ.  

ɯɯ ʙᴇʣʽʤʜʝ - ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʜʘʫʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘ ʥʝʛʽʟʽʥʜʝ ʥʘץʪʳʣʘʫ ʞᴅʥʝ  

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽ 

ʜʘʷʨʣʘʫʜʳש ʤʦʜʝʣʽ ʤʝʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ 

ʘʩʧʝʢʪʽʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ.  

ɯɯɯ ʙᴇʣʽʤʜʝ - ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʜʘʷʨʣʳסʳʥʜʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ, ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽ ײʡʳʤʜʘʩʪʳʨʫ ᴅʜʽʩʪʝʨʽ ʞᴅʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

ʞװʟʝʛʝ ʘʩʳʨʫ ʙʦʡʳʥʰʘ ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ 

ʙʘʷʥʜʘʣסʘʥ. 
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1 ɾʆנɸʈʓ ʆפʋ ʆʈʅʓʅɼɸ ʎʀʌʈʃʓפ ɹɯʃɯʄ ɹɽʈʋɼɽ 

ɺʀʈʊʋɸʃʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅ פʆʃɼɸʅʋɼʓר 

ʊɽʆʈʀʗʃʓפ ʅɽɻɯɿɼɽʈɯ 
 

1.1 ɾʦסʘʨʳ ʦץʫ ʦʨʥʳʥʜʘ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ 

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʜʘʷʨʣʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽ 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳ ץʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝ ʦץʫ װʜʝʨʽʩʽʥʽש 

ʠʢʝʤʜʽʣʽʛʽʥ, ʞʝʢʝʣʝʥʜʽʨʽʣʫʽʥ ʞᴅʥʝ ץʘʰʳץʪʳץʪʘʥ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʘʨץʳʣʳ ʦץʳʪʫʜʳש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫʜʳש ʤʘשʳʟʜʳ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ʢʝשʽʥʝʥ 

 ץʘʥʜʘ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʮʠʬʨʣʳסʳʜʘʥ ʘʣסʨײʪ ץʦʣʜʘʥʳʣʫʜʘ. ᴄʜʽʩʥʘʤʘʣʳץ

ʪʨʘʥʩʬʦʨʤʘʮʠʷʥʳש ʘʞʳʨʘʤʘʩ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʦʣ 

ʢʦʥʩʪʨʫʢʪʠʚʠʟʤ, ʙʽʣʽʤ ʘʣʫʰʳסʘ ʙʘסʜʘʨʣʘʥסʘʥ ʦץʳʪʫ, ʠʥʪʝʨʘʢʪʠʚʪʽ ʙʽʣʽʤ ʙʝʨʫ, 

ʩʦʥʜʘʡ-ʘץ ʘʜʘʧʪʠʚʪʽ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʩʠʷץʪʳ ʟʘʤʘʥʘʫʠ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʪʝʦʨʠʷʣʘʨʤʝʥ ᴇʟʘʨʘ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʦץʳʪʫ װʜʝʨʽʩʽʥʽש 

ᴅʜʽʩʥʘʤʘʣʳץ ʤʦʜʝʣʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ 

ʳʥʪʘʣʘʥʜʳʨʫסʘ, ʞʝʢʝ ʦץʫ ʪʨʘʝʢʪʦʨʠʷʩʳʥ ᴇʟʜʽʛʽʥʝʥ ײץʨʫʳʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʦʨʪʘʜʘ ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʣʤʝʥ ʙʽʣʽʤʜ ̔ʠʛʝʨʫʽʥʝ ץʦʣʘʡʣʳ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ.ɿʝʨʪʪʝʫ 

ʘʷʩʳʥʜʘ ʞװʡʝʣʽ ᴅʜʝʙʠ ʰʦʣʫ ʞװʨʛʽʟʽʣʜʽ, ʦʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ץʘʟʽʨʛʽ סʳʣʳʤʠ 

ʞײʤʳʩʪʘʨʜʳ ʩʘʨʘʣʘʧ, ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ ʦʣץʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ 

ʙʦʣʘʰʘץ ʟʝʨʪʪʝʫʣʝʨʛʝ ʙʘסʳʪ ʩʽʣʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʐʦʣʫ PRISMA ᴅʜʽʩʽʥʝ 

ʩװʡʝʥʝ ʦʪʳʨʳʧ, 2018ï2024 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ Scopus, Google Scholar, IEEE 

Xplore ʞᴅʥʝ PubMed ʜʝʨʝʢץʦʨʣʘʨʳʥʜʘ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʣסʘʥ ʢʽʣʪʪʽʢ ʩᴇʟʜʝʨ 

ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ, ʙʘʩʪʘʧץʳʜʘ 42 ʤʘץʘʣʘ ʽʨʽʢʪʝʣʽʧ ʘʣʳʥʳʧ, ʢʝʡʽʥ 

ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝʛʽ 591 ʞʘʨʠʷʣʘʥʳʤ ʘʥʳץʪʘʣʜʳ (1-ʢʝʩʪʝ).  
 

ʂʝʩʪʝ 1 - ʊʘשʜʘʣסʘʥ ʢʽʣʪʪʽʢ ʩᴇʟʜʝʨ 
 

ʉʠʧʘʪʪʘʤʘʩʳ ɼʝʨʝʢʪʝʨ 

ʙʘʟʘʩʳ 

ʂʽʣʪʪʽʢ ʩᴇʟʜʝʨ 

ɾʳʣʳ ʉʘʥʳ 

2018-2020 42 Scopus, 

Google 

Scholar, 

IEEE Xplore, 

PubMed 

( TITLE-ABS-KEY ( kazakh )  AND  TITLE-ABS-KEY 

( "virtualization technologies" ) )  AND  PUBYEAR  >  

2018  AND  PUBYEAR  <  2020  AND  ( EXCLUDE ( 

SUBJAREA ,  "digital education" )  OR  EXCLUDE ( 

SUBJAREA ,  "computer science" )  OR  EXCLUDE ( 

SUBJAREA ,  "education" ) )  

2020-2024 591 Scopus, 

Google 

Scholar, 

IEEE Xplore, 

PubMed 

( TITLE-ABS-KEY ( ñvirtualization technologiesò )  OR  

TITLE-ABS-KEY ( "digital education" )  AND  TITLE-

ABS-KEY ( "computer science" )  

OR  TITLE-ABS-KEY ( "education") OR  TITLE-ABS-

KEY  

( teaching AND methodology) )  AND  PUBYEAR  >  

2020  AND  PUBYEAR  <  2025 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 
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ʉʘʣʘʣʳץ ʩװʟʛʽʜʝʥ ʩʦש, ʢʦʤʧʴʶʪʝʨʣʽʢ סʳʣʳʤʜʘʨ ʤʝʥ ʧʝʜʘʛʦʛʠʢʘ ʩʘʣʘʩʳʥʘ 

 .ʜʘʣʜʳשʘ ʪʘסʪʘʣʜʘʫ שʘʣʘ ʪʝʨʝץʘʪʳʩʪʳ 192 ʤʘץ

ɿʝʨʪʪʝʫ ʰʝשʙʝʨʽʥʜʝ 2020ï2024 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ Scopus, Google Scholar, 

IEEE Xplore ʞᴅʥʝ PubMed ʜʝʨʝʢץʦʨʣʘʨʳʥʘʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥʜʝ ץʦʣʜʘʥʫסʘ ʙʘסʳʪʪʘʣסʘʥ 591 

 :ʘʣʘ ʽʨʽʢʪʝʣʜʽ (1-ʩʫʨʝʪ). ɯʨʽʢʪʝʫ ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ ʪʘʣʘʧʪʘʨ ʝʩʢʝʨʽʣʜʽץʳʣʳʤʠ ʤʘס

ʤʘץʘʣʘʥʳש ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝ ʞʘʟʳʣʫʳ, ʪʘץʳʨʳʧʧʝʥ ʩᴅʡʢʝʩʪʽʛʽ, ʘʰʳץ 

 ,ץʘʪʳʩʳ ʞʦץ ʘץʳʨʳʧץʙʽʨʝʛʝʡʣʽʛʽ. ʊʘ שʥʥʳײʦʣʞʝʪʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʤʘʟʤץ

 ʘʥ ʤʘʪʝʨʠʘʣʜʘʨ ʘʣʳʧסʘ ʪʽʣʜʝ ʞʘʟʳʣץʦʣʞʝʪʽʤʩʽʟ ʥʝʤʝʩʝ ʙʘʩץ ,ʘʡʪʘʣʘʥʘʪʳʥץ

ʪʘʩʪʘʣʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ, 34 ʤʘץʘʣʘ ʘʣʳʥʙʘʡ, ʩʦסשʳ ʪʘʣʜʘʫסʘ 192 ʞʘʨʠʷʣʘʥʳʤ 

ʝʥʛʽʟʽʣʜʽ. 

 
 

 

ʉʫʨʝʪ 1 - PRISMA ʙʦʡʳʥʰʘ ʤʘץʘʣʘʣʘʨʜʳ ʽʨʽʢʪʝʫ װʜʝʨʽʩʽ 

 
ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 

 

2-ʩʫʨʝʪʪʝ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʜʝʨʝʢʢᴇʟʜʝʨʜʽײץ שʞʘʪ ʪװʨʣʝʨʽ 

ʙʦʡʳʥʰʘ װʣʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹʠʙʣʠʦʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ סʳʣʳʤʠ 

ʤʘץʘʣʘʣʘʨ ʙʘʩʳʤʜʳץץʘ ʠʝ ʙʦʣʳʧ, ʞʘʣʧʳ ʜʝʨʝʢʢᴇʟʜʝʨʜʽ50,6% ש-ʳʥ ײץʨʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤʘʪʝʨʠʘʣʜʘʨʜʳ15,4% ש-ʳ סʳʣʳʤʠ ʦץʫʣʳץʪʘʨʜʘʥ, 15,7%-ʳ 

ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽʥʝʥ, ʘʣ 0,5%-ʳ ʦʥʣʘʡʥ ʢᴇʟʜʝʨʜʝʥ ʘʣʳʥסʘʥ. ɹײʣ 

ʤᴅʣʽʤʝʪʪʝʨ סʳʣʳʤʠ ʤʘץʘʣʘʣʘʨʜʳש ʦʩʳ ʩʘʣʘʜʘסʳ ʥʝʛʽʟʛʽ ʘץʧʘʨʘʪ ʢᴇʟʽ ʝʢʝʥʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. 
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 ʉʫʨʝʪ 2 - ɾʘʨʠʷʣʘʥסʘʥ ײץʞʘʪ ʪװʨʣʝʨʽ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

3-ʩʫʨʝʪʪʝ ʟʝʨʪʪʝʫʣʝʨ ץʘʤʪʳסʘʥ ʙʽʣʽʤ ʩʘʣʘʣʘʨʳ ʙʦʡʳʥʰʘ ײץʞʘʪʪʘʨʜʳש 

 ʣʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʊʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʝ ʩᴅʡʢʝʩ, ʙʘʩʳʤ ʙᴇʣʽʛʽʥ ʢʦʤʧʴʶʪʝʨʣʽʢװ

 ʳʣʳʤʜʘʨ (26,6%), ʠʥʞʝʥʝʨʠʷ (15,9%) ʞᴅʥʝ ʙʠʟʥʝʩ ʧʝʥ ʤʝʥʝʜʞʤʝʥʪ (6,1%)ס

ʩʘʣʘʣʘʨʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨ ײץʨʘʡʜʳ. ɹײʣ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʪװʨʣʽ 

ʩʘʣʘʣʘʨʜʘ ʪʠʽʤʜʽ ץʦʣʜʘʥʳʣʳʧ ʞʘʪץʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. פʘʣסʘʥ ʙʘסʳʪʪʘʨʜʘ 

ʚʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʩʠʨʝʢ ʧʘʡʜʘʣʘʥʳʣסʘʥʳʤʝʥ, ʦʣʘʨʜʳװ שʣʝʩʽ ʜʝ 

ʜʠʘʛʨʘʤʤʘʜʘ ʧʘʡʳʟʜʳץ ʢᴇʨʩʝʪʢʽʰʧʝʥ ʙʝʨʽʣʛʝʥ. 

 
 ʉʫʨʝʪ 3 -  ɹʽʣʽʤ ʩʘʣʘʣʘʨʳ ʙʦʡʳʥʰʘ ײץʞʘʪʪʘʨ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
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4-ʩʫʨʝʪʪʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʘ ץʘʪʳʩʪʳ ᴅʨʪװʨʣʽ ʝʣʜʝʨʜʝ 

ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʩʘʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ʊʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ɸפʐ-ʪʳש ʙײʣ 

ʩʘʣʘʜʘ ʞʝʪʝʢʰʽ ʦʨʳʥʜʘ ʝʢʝʥʽʥ, ʷסʥʠ ʝש ʢᴇʧ סʳʣʳʤʠ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʽʣʛʝʥʽʥ 

ʘʡסʘץʪʘʡʜʳ. ʆʜʘʥ ʢʝʡʽʥ ʀʩʧʘʥʠʷ ʤʝʥ תʥʜʽʩʪʘʥ ʟʝʨʪʪʝʫ ʙʝʣʩʝʥʜʽʣʽʛʽʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʘʪʘʣסʘʥ ʝʣʜʝʨʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʘ ʜʝʛʝʥ סʳʣʳʤʠ ץʳʟʳסʫʰʳʣʳץʪʳש ʞʦסʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʩʝ, 

 שʨʛʽʟʫʜʽװʳʪʪʘ ʟʝʨʪʪʝʫ ʞסʘʥ ʙʘסʳ ʘʪʘʣסʘʟʜʳ שʳ ʟʝʨʪʪʝʫʣʝʨʜʽסʩʪʘʥʜʘץʘʟʘפ

ᴇʟʝʢʪʽʣʽʛʽ ʤʝʥ ײʣʪʪʳץ ʤʘשʳʟʜʳʣʳסʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 

 

 
 

ʉʫʨʝʪ  4 ï ɺʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʦʡʳʥʰʘ ʰʝʪʝʣʜʝʨʜʝʛʽ ʞʘʨʠʷʣʘʥʳʤʜʘʨ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ 
 

PRISMA ᴅʜʽʩ ̔ ʥʝʛʽʟʽʥʜʝ ʽʨʽʢʪʝʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʦʩʳ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ 

ʞײʤʳʩʪʳש ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʝʥ ʞװʡʝʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ (VT), ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʞᴅʥʝ 

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ (VM) ï ʩʘʥʜʳץ ʞᴅʥʝ ʝʩʝʧʪʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʩʘʣʘʩʳʥʜʘ 

ᴅʨʪװʨʣʽ סײʳʤʜʘʨʜʳ ʙʽʣʜʽʨʝʪʽʥ ʪʝʨʤʠʥʜʝʨ. ᴄʨץʘʡʩʳʩʳ ᴇʟʽʥʜʽʢ ʤʘץʩʘʪʪʘʨסʘ ʞᴅʥʝ 

 ʝʨʝʢʰʝʣʽʛʽ ï ʚʠʨʪʫʘʣʜʳ ץʦʨʪʘ שʘʥʳʤʝʥ, ʦʣʘʨʜʳסʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳʥʘ ʠʝ ʙʦʣץ

ʦʨʪʘʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ. ɸʣʘʡʜʘ, ʬʫʥʢʮʠʦʥʘʣʜʳסʳ, ʽʩʢʝ ʘʩʳʨʳʣʫ 

ʪᴅʩʽʣʜʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳש ᴅʩʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʂʝʣʪʽʨʽʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʙʝʣʛʽʣʽ ʙʽʨ ʤʘץʩʘʪʪʘʨסʘ ץʳʟʤʝʪ 

ʝʪʝʜʽ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʧʨʠʥʮʠʧʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʪװʩʽʥʫ װʰʽʥ ʦʣʘʨʜʳש ʘʥʳץʪʘʤʘʣʘʨʳ, 

 ʥʝʛʽʟʜʝʨʽ ʟʝʨʪʪʝʣʫʽ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ,ʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽײץ

 ʙʽʣʽʤ ʙʝʨʫ, ʦʡʳʥ ʠʥʜʫʩʪʨʠʷʩʳ ʞᴅʥʝ ʢᴅʩʽʙʠ שʘʞʝʪ. ʊʘʣʜʘʫ ᴅʨʙʽʨ ʪʝʭʥʦʣʦʛʠʷʥʳץ

ʜʘʡʳʥʜʳץʪʘסʳ ʨᴇʣʽʥ ʥʘץʪʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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ʂʝʩʪʝ 2 - ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳסײ שʳʤʳ ʞᴅʥʝ ʞʽʢʪʝʣʫʽ 

 

ɸʪʘʫʳ ɸʚʪʦʨʣʘʨ ɸʥʳץʪʘʤʘʩʳ פʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳ ɸʨʪʳץʰʳʣʳץʪʘʨʳ 

1 2 3 4 5 

ɺʠʨʪʫʘʣ

ʜʳ 

ʤʘʰʠʥʘ

ʣʘʨ 

(VM) 

Smith J.,  

Nair R. [14], 

Wang H. [15]  

 

ʌʠʟʠʢʘʣʳץ ʢʦʤ-

ʧʴʶʪʝʨʣʝʨʜʽש 

ʧʨʦʛʨʘʤʤʘʣʳץ 

ʵʤʫʣʷʮʠʷʩʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʣʘʨ ʙʽʨʥʝʰʝ 

ʦʧʝʨʘʮʠʷʣʳץ 

ʞװʡʝʥʽש ʙʽʨ 

ʬʠʟʠʢʘʣʳץ 

 ʘʪʘʨץ ʳʜʘסʨʳʣײץ

ʞײʤʳʩ ʽʩʪʝʫʽʥʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, 

ʞװʡʝʥʽש 

ʠʢʝʤʜʽʣʽʛʽʥ, 

 ʘʫʽʧʩʽʟʜʽʛʽʥ ʞᴅʥʝץ

ʨʝʩʫʨʩʪʘʨʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ-

ʣʘʨ ʩʝʨʚʝʨʣʽʢ ʦʨʪʘʜʘ 

ʞײʤʳʩ ʞװʢʪʝ-ʤʝʣʝʨʽʥ 

ʙʽʨʽʢʪʽʨʫ ʞᴅʥʝ ʨʝʩʫʨʩ-

ʪʘʨʜʳ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ 

ʤʘץʩʘʪʳʥʜʘ ʢʝשʽʥʝʥ 

-ʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʜʘʡץ

ʘץ, ʦʣʘʨ ʧʨʦʛʨʘʤʤʘ-

ʣʳץ ץʘʤʪʘʤʘ ᴅʟʽʨʣʝʫ 

ʞᴅʥʝ ʪʝʩʪʽʣʝʫ װʜʝʨʽ-

ʩʽʥʜʝ ʤʘשʳʟʜʳ ʨᴇʣ 

ʘʪץʘʨʘʜʳ, ᴅʟʽʨʣʝʫʰʽ-

ʣʝʨʛʝ ʙʽʨʥʝʰʝ ʬʠʟʠʢʘ-

ʣʳײץ ץʨʳʣסʳʥʳ ץʘʞʝʪ 

ʝʪʧʝʡ, ᴅʨʪװʨʣʽ 

ʦʨʪʘʣʘʨʜʳ ʙʽʨ ʞʝʨʜʝ 

ʤʦʜʝʣʴʜʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ-

ʣʘʨ ץʦʣʜʘʥʙʘʣʘʨ ʤʝʥ 

ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ-

ʣʝʨʜʽ ʦץʰʘʫʣʘʫ 

ʘʨץʳʣʳ ʞװʡʝ ץʘʫʽʧʩʽʟ-

ʜʽʛʽʥ ʢװʰʝʡʪʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨ 

ʢʨʦʩʩ-ʧʣʘʪʬʦʨʤʘʣʳץ 

 ʡʣʝʩʽʤʜʽʣʽʢʪʽװ

 ,ʘʤʪʘʤʘʩʳʟ ʝʪʽʧץ

ʩʝʥʽʤʜʽʣʽʢʪʽ 

ʘʨʪʪʳʨʘʜʳ, ʙײʣ 

ʦʣʘʨʜʳ ʟʘʤʘʥʘʫʠ 

ʝʩʝʧʪʝʫ 

ʠʥʬʨʘײץʨʳʣʳʤʳʥʜʘ 

ʤʘשʳʟʜʳ ʪʝʭʥʦʣʦʛʠʷסʘ 

ʘʡʥʘʣʜʳʨʘʜʳ. 

ɺʠʨʪʫʘʣ

ʜʳ 

ʰʳʥʘʡʳ

ʣʳץ 

(VR) 

ʀʟʤʘʛʘʤʙʝʪʦʚ

ʘ ʈ., 

 ʘʨʩʳʙʘʝʚʘפ

ʈ.ɸ. ɽ. [19], 

ɿʫʣʧʳʭʘʨ 

ɾ.ɽ.,  

ɸʟʘʤʘʪ ɸ.ɸ., 

ʆʨʘʟʙʘʝʚʘ 

ɹ.ɸ.[20], 

ʋʜʝʨʙʘʝʚʘ 

ʅ.ʂ., 

ʂʘʨʝʣʭʘʥ ʅ., 

ɼʘʫʨʝʥʙʝʢʦʚ 

ʂ.ʂ. ʞᴅʥʝ 

ɿʘʢʠʨʦʚʘ ɸ.ɹ. 

[21] 

ʀʤʤʝʨʩʠʚʪʽ 

ʪʝʭʥʦʣʦʛʠʷ, ʦʣ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨס

ʘ ʠʤʠʪʘʮʠʷʣʘʥסʘʥ 

ʦʨʪʘʣʘʨʜʘ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ 

ʤװʤʢʽʥʜʽʛʽʥ 

 ʣײʩʳʥʘʜʳ. ɹײ

ʪʝʭʥʦʣʦʛʠʷ 

ʙʘʩʳʥʘ 

ʦʨʥʘʪʳʣסʘʥ 

ʜʠʩʧʣʝʡʣʝʨ 

(HMD), ץʦʟסʘʣʳʩ 

ʩʝʥʩʦʨʣʘʨʳ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ʝʥʛʽʟʫ 

 ʳʣʘʨʳסʨʳʣײץ

ʘʨץʳʣʳ װʰ 

ᴇʣʰʝʤʜʽ ʢʝשʽʩʪʽʢʪʽ 

ʟʝʨʪʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳ-

ʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘ-

ʩʳʥʜʘ ʠʥʪʝʨʘʢʪʠʚʪʽ 

ʞᴅʥʝ ʠʤʤʝʨʩʠʚʪʽ 

ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ײʩʳʥʫ 

ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳ-

ʣʘʨʜʳש ʪװʩʽʥʫ ʜʝשʛʝ-

ʡʽʥ ʞᴅʥʝ ץʘʪʳʩʫʳʥ 

ʘʨʪʪʳʨʫ װʰʽʥ ʢʝשʽʥʝʥ 

 ʦʣʜʘʥʳʣʘʜʳ (Sousa etץ

al., 2024; 

Izmagambetova, 2024). 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, VR 

ʩᴅʫʣʝʪ, ʤʝʜʠʮʠʥʘ 

ʞᴅʥʝ ʦʡʳʥ-ʩʘʫʳץ 

ʠʥʜʫʩʪʨʠʷʩʳʥʜʘ ʜʘ 

 ʥʜʘײʦʣʜʘʥʳʣʘʜʳ, ʤץ

ʦʣ ʙʽʣʽʤ ʙʝʨʫ ʤʝʥ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʦץʳʪʫסʘ 

ʘʨʥʘʣסʘʥ 

ʩʠʤʫʣʷʮʠʷʣʘʨʜʳ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

VR 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ 

 ʘʫʽʧʩʽʟ ʦʨʪʘʜʘץ

ʜʘסʜʳʣʘʨʜʳ ʤʝשʛʝʨʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʫ 

ʘʨץʳʣʳ ʦץʳʪʫ ʤʝʥ 

ʪᴅʞʽʨʠʙʝʣʽʢ 

ʜʘʡʳʥʜʳץʪʳ 

ʞʝשʽʣʜʝʪʝʜʽ. ʉʦʥʳʤʝʥ 

 ʨʜʝʣʽװʘʪʘʨ, ʢץ

ʜʝʨʝʢʪʝʨ ʤʝʥ 

ʧʨʦʮʝʩʪʝʨʜʽ 

ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫʜʳ 

 ,ʦʣʜʘʡ ʦʪʳʨʳʧץ

 ʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨס

ʤʝʥ ʜʠʟʘʡʥ ʩʘʣʘʩʳʥʜʘ 

 ʨʘʣ ʨʝʪʽʥʜʝײץ ʥʜʳײץ

 .ʳʟʤʝʪ ʝʪʝʜʽץ
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2-ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

1 2 3 4 5 

ɺʠʨʪʫʘʣ

ʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦ

ʛʠʷʣʘʨ 

Kerimbayev 

N.,  

Nurdaulet N., 

Akramova A., 

Abdykarimova 

S. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ï 

ʙײʣ ʥʘץʪʳ ʘʧʧʘ-

ʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨ-

ʜʳ ʣʦʛʠʢʘʣʳץ, 

ʚʠʨʪʫʘʣʜʳ ʪװʨʛʝ 

ʘʡʥʘʣʜʳʨʫ ʧʨʦʮʝ-

ʩʽ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷ 

ʦץʫ ʢʝשʽʩʪʽʛʽʥ 

ʮʠʬʨʣʳץ ʦʨʪʘʜʘ 

 .ʡʳʤʜʘʩʪʳʨʘʜʳײ

- ʆʥʣʘʡʥ ʙʽʣʽʤ ʙʝʨʫ 

- LMS (Moodle, 

Canvas) 

- ʂʦʨʧʦʨʘʪʠʚʪʽʢ ʦץʳʪʫ 

- ɸץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

 ʦʣʞʝʪʽʤʜʽʣʽʢפ -

(ʠʥʪʝʨʥʝʪ ʘʨץʳʣʳ ʢʝʟ 

ʢʝʣʛʝʥ ʞʝʨʜʝʥ ʦץʫסʘ 

ʤװʤʢʽʥʜʽʢ) 

- ʋʘץʳʪ ʧʝʥ ʨʝʩʫʨʩʪʳ 

 ʥʝʤʜʝʫװ

- ʀʥʪʝʨʘʢʪʠʚʪʽʣʽʢ 

- ɾʝʢʝ ʦץʳʪʫ 

ʪʨʘʝʢʪʦʨʠʷʩʳ 

ɺʠʨʪʫʘʣ

ʜʳ 

ʪʝʭʥʦʣʦ

ʛʠʷ (VT) 

Sarsimbayeva 

S.M., 

Mukasheva 

M.U., Kornilov 

U.V., 

Omirzakova 

A.A., 

Shyndaliyev 

N.T., Shynatay 

G. [17],  

ɺʠʨʪʫʘʣʜʳ 

ʦʨʪʘʣʘʨʜʳ, ʩʦʥʳש 

ʽʰʽʥʜʝ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ (VR) 

ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʣʘʨʜʳ 

(VM) ײץʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ᴅʨʪװʨʣʽ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʙʽʨʽʢʪʽʨʝʪʽʥ ʢʝש 

 ʪʳץʣ ʥʘײʳʤ. ɹסײ

ʧʨʦʮʝʩʪʝʨ ʤʝʥ 

ʦʨʪʘʣʘʨʜʳ 

ʠʤʠʪʘʮʠʷʣʘʫ װʰʽʥ 

ʮʠʬʨʣʳץ 

 ʨʘʣʜʘʨʜʳײץ

ʧʘʡʜʘʣʘʥʫʜʳ 

 .ʘʤʪʠʜʳץ

ɺʠʨʪʫʘʣʜʳ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʠʟʥʝʩ, 

ʙʽʣʽʤ ʙʝʨʫ, ʜʝʥʩʘʫʣʳץ 

ʩʘץʪʘʫ ʞᴅʥʝ ʤʘʰʠʥʘ 

ʞʘʩʘʫ ʩʠʷץʪʳ 

ʢᴇʧʪʝʛʝʥ ʩʘʣʘʣʘʨʜʘ 

 .ʦʣʜʘʥʳʣʘʜʳץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʝʩʝʧʪʝʫ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ 

ʤʘץʩʘʪʳʥʜʘ 

ʠʤʤʝʨʩʠʚʪʽ 

ʪᴅʞʽʨʠʙʝʣʝʨ ʤʝʥ 

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ 

ʘʨץʳʣʳ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץʪʳ 

ʧʘʡʜʘʣʘʥʫʜʳ 

 .ʘʤʪʠʜʳץ

ɺʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦ-

ʛʠʷʣʘʨ ʤʦʜʝʣʴʜʝʫ, 

ʪʘʣʜʘʫ ʞᴅʥʝ 

ʳʥʪʳʤʘץʪʘʩʪʳץʪʳ 

ʞʝʪʽʣʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ 

 ʨʘʣʜʘʨʤʝʥײץ

 ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

ʘʨץʳʣʳ ᴇʥʽʤʜʽʣʽʢ ʧʝʥ 

ʠʥʥʦʚʘʮʠʷʥʳ 

ʘʨʪʪʳʨʘʜʳ. ʉʦʥʳʤʝʥ 

 ʘשʘʪʘʨ, ʦʣ ʞʘץ

ʜʘסʜʳʣʘʨ ʤʝʥ 

ʙʽʣʽʤʜʝʨʜʽ ʜʘʤʳʪʫסʘ 

ʳץʧʘʣ ʝʪʽʧ, ᴅʨʪװʨʣʽ 

ʩʝʢʪʦʨʣʘʨʜʘ 

ʙᴅʩʝʢʝʣʝʩʪʽʢ 

ʘʨʪʳץʰʳʣʳץʪʘʨʜʳ 

 ʘסʘʣʳʧʪʘʩʪʳʨʫץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 

 

ʆʩʳʣʘʡʰʘ, ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ (VM) ʝʩʝʧʪʝʫ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ 

ʨʝʩʫʨʩʪʘʨʜʳ ʙʘʩץʘʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ, ʘʣ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʠʤʤʝʨʩʠʚʪʽ 

ʪᴅʞʽʨʠʙʝʣʝʨ ʤʝʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ʙʘʩʘ ʥʘʟʘʨ ʘʫʜʘʨʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ (VT) ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʧʝʥ ʚʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʣʘʨʜʳ ץʘʤʪʠʪʳʥ ʞʘʣʧʳ ʪʝʨʤʠʥ, ʦʣ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʜʳץ שʦʣʜʘʥʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥʽש ʢʝש ʘʫץʳʤʳʥ ʩʠʧʘʪʪʘʡʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ 

ʮʠʬʨʣʳץ ʢʝשʽʩʪʽʢʪʝʛʽ ᴇʟʽʥʜʽʢ ʨᴇʣʽʥ ʘʥʳץʪʘʡʪʳʥ ʝʨʝʢʰʝ ʘʨʪʳץʰʳʣʳץʪʘʨ ʤʝʥ 

ʪʝʭʥʠʢʘʣʳץ ץʠʳʥʜʳץʪʘʨסʘ ʠʝ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʪʘʨʳʥ ʘʙʩʪʨʘʢʮʠʷʣʘʫ ʞᴅʥʝ 

ʙʘʩץʘʨʫ ʘʨץʳʣʳ ʞװʡʝʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʟʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞװʡʝʩʽʥʽש ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷ 

ʙʽʨ ʬʠʟʠʢʘʣʳײץ ץʨʳʣסʳʜʘ ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ ʤʝʥ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘ 
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 ,ʳʥʜʘʨʜʳ ʘʟʘʡʪʫסʰʳ ץʨʳʣʳʤʜʳײץʤʢʽʥʜʽʢ ʙʝʨʝ ʦʪʳʨʳʧ, ʠʥʬʨʘװʘ ʤסʨʫײץ

ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʙᴇʣʫ ʞᴅʥʝ ʤʘʩʰʪʘʙʪʘʫʜʳ ʞʝשʽʣʜʝʪʫ ʩʝʢʽʣʜʽ 

ʘʨʪʳץʰʳʣʳץʪʘʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ.  
 

ʂʝʩʪʝ 3 ï נʘʣʳʤʜʘʨʜʳש ʚʠʨʪʫʘʣʠʟʘʮʠʷ סײʳʤʳ ʪʫʨʘʣʳ ʧʽʢʽʨʽ 
 

ɸʚʪʦʨʣʘʨ  ɺʠʨʪʫʘʣʠʟʘʮʠʷ ï ʙײʣé 

Dittner, R., & Rule, D. 

(2007) [22] 

ʢʦʤʧʴʶʪʝʨʜʽש ʘʧʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʳʥ ʙʽʨʥʝʰʝ ʦʨʳʥʜʘʫ ʦʨʪʘʩʳʥʘ 

ʙᴇʣʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʣʘʪʬʦʨʤʘ, ʦʣ ʘʧʧʘʨʘʪʪʳץ 

ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳײץ ץʨʘʣʜʘʨʜʳ ʦץʰʘʫʣʘʫ, ʫʘץʳʪʪʳ ʙᴇʣʽʩʫ ʞᴅʥʝ 

ʵʤʫʣʷʮʠʷʣʘʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

Olzak, T., Boomer, J., 

Keefer, R.M., & 

Sabovik, J. (2009) [23] 

ʨʝʩʫʨʩʪʘʨʜʳ ʙʽʨʥʝʰʝ ʦץʰʘʫʣʘʥסʘʥ ʦʨʳʥʜʘʫ ʦʨʪʘʣʘʨʳʥʘ ʙᴇʣʝʪʽʥ, 

ʠʢʝʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʪʳʥ ʞᴅʥʝ ʙʠʟʥʝʩ װʰʽʥ ʤʘשʳʟʜʳ ʞװʡʝʣʝʨʜʽ 

ʙʘʩץʘʨʫ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʝʪʽʥ ʩʝʨʚʝʨʣʝʨʜʽש ʥʝʤʝʩʝ ʢʣʠʝʥʪʪʝʨʜʽש 

ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ. 

Masood A. et al. (2015) 

[24] 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ץʘʞʝʪʪʽ ץʳʟʤʝʪʪʝʨʜʽ ץʘʰʳץʪʘʥ ʙʘʩץʘʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ, ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʤʘʩʰʪʘʙʪʘʣʫʳʥ ʞᴅʥʝ 

ʞʘʙʜʳץʪʳש ʪʠʽʤʜʽʨʝʢ ʧʘʡʜʘʣʘʥʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴅʜʽʩ. 

Hamdani, H., & 

Siahaan, A.P.U. (2016) 

[25] 

ʬʠʟʠʢʘʣʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʘʙʩʪʨʘʢʮʠʷʣʘʫ ᴅʜʽʩʽ, ʦʣ ʙʽʨ ʬʠʟʠʢʘʣʳץ 

ʞװʡʝʜʝ ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳש ʙʽʨ ʫʘץʳʪʪʘ ʞײʤʳʩ 

ʽʩʪʝʫʽʥʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

Huang, D., & Wu H. 

(2018) [26]  

ʝʩʝʧʪʝʫ ײץʨʳʣסʳʣʘʨʳʥʳש, ʩʘץʪʘʫ ʞװʡʝʣʝʨʽʥʽש ʞᴅʥʝ ʞʝʣʽʣʽʢ 

ʨʝʩʫʨʩʪʘʨʜʳש ʚʠʨʪʫʘʣʜʳ ʥײʩץʘʣʘʨʳʥ ʞʘʩʘʫ װʜʝʨʽʩʽ. 

Srivastava D.K. et al. 

(2023) [27] 

ʬʠʟʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʘʙʩʪʨʘʢʮʠʷʣʘʫ ʞᴅʥʝ ʦʣʘʨʜʳ ᴅʨʪװʨʣʽ 

ʜʝשʛʝʡʣʝʨʜʝ ʣʦʛʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨ ʨʝʪʽʥʜʝ ײʩʳʥʫ װʜʝʨʽʩʽ, ʩʦʥʳש 

ʽʰʽʥʜʝ ʝʩʝʧʪʝʫ, ʩʘץʪʘʫ ʞᴅʥʝ ʞʝʣʽʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʣʦʛʠʢʘʣʳץ 

ʨʝʩʫʨʩ ʨʝʪʽʥʜʝ ײʩʳʨʫ. 

Arun K.R,  

Radhika B. (2023) [28] 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʥʽש ʘʧʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʳʥ ʙʽʨʥʝʰʝ 

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨסʘ ʣʦʛʠʢʘʣʳץ ʙᴇʣʫ ʘʨץʳʣʳ ʦʥʳש ʚʠʨʪʫʘʣʜʳ 

ʥײʩץʘʩʳʥ ʞʘʩʘʫ װʜʝʨʽʩʽ. 

Vitanova M.K. et al. 

(2023) [29] 

ʙװʢʽʣ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʥʽש ʞײʤʳʩʳʥ ʵʤʫʣʷʮʠʷʣʘʡʪʳʥ ʞᴅʥʝ ʙʽʨ 

ʬʠʟʠʢʘʣʳײץ ץʨʳʣסʳʜʘ ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳ ʽʩʢʝ 

 .ᴅʜʽʩ ץʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʧʨʦʛʨʘʤʤʘʣʳװʘ ʤסʦʩʫץ

da Silva G.S. et al. 

(2024) [30] 

ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ᴅʩʽʨʝʩʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞʝʣʽʣʝʨ 

ʩʘʣʘʩʳʥʜʘ, ʧʨʘʢʪʠʢʘʣʳץ ʦץʳʪʫ װʰʽʥ װʥʝʤʜʽ ʞᴅʥʝ ʠʢʝʤʜʽ ʚʠʨʪʫʘʣʜʳ 

ʦʨʪʘʣʘʨʜʳ ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʩʪʨʘʪʝʛʠʷ. 

Temirova, A.B., & 

Israilov, A.R. (2024). 

[31] 

ʞʝʣʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʜʳש ʚʠʨʪʫʘʣʜʳ ʜʘʥʘʣʘʨʳʥ ʞʘʩʘʫסʘ ʞᴅʥʝ 

ʦʣʘʨʜʳ ʙᴇʣʝʢ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʨʝʪʽʥʜʝ ʽʩʢʝ ץʦʩʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷ. 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 
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ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʙײʣʪʪʳץ ʝʩʝʧʪʝʫʣʝʨ, ʜʝʨʝʢʪʝʨ ʦʨʪʘʣʳץʪʘʨʳ ʞᴅʥʝ ɸʂʊ 

ʠʥʬʨʘײץʨʳʣʳʤʜʘʨʳ װʰʽʥ ʤʘשʳʟʜʳ ʰʝʰʽʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ʛʠʧʝʨʚʠʟʦʨʣʘʨ 

ʘʨץʳʣʳ ʘʧʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʜʠʥʘʤʠʢʘʣʳץ ʪװʨʜʝ ʙʘʩץʘʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʞװʡʝʣʽʢ ʦʨʪʘʣʘʨʜʳ ʠʢʝʤʜʽ ʨʝʧʣʠʢʘʮʠʷʣʘʫסʘ ʞᴅʥʝ ץʘʫʽʧʩʽʟ 

ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ɹʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ץʘʰʳץʪʘʥ ʦץʳʪʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳʥ, 

ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫʜʘ ʞᴅʥʝ ʙʦʣʘʰʘץ ʤʘʤʘʥʜʘʨʜʳש ʮʠʬʨʣʳץ 

 .ʦʣʜʘʥʳʣʘʜʳ.Kizza J.Mץ ʨʘʣ ʨʝʪʽʥʜʝײץ ʘʣʳʧʪʘʩʪʳʨʫʜʘ ʪʠʽʤʜʽץ ʟʳʨʝʪʪʽʣʽʛʽʥײץ

[32] ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʢʽ ʥʝʛʽʟʛʽ ʩʘʥʘʪץʘ 

ʙᴇʣʽʧ ʢᴇʨʩʝʪʢʝʥ. ʆʣʘʨ: 

ɸʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʙײʣ ʝʩʝʧʪʝʫ 

ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳ ʦשʪʘʡʣʳ 

ʧʘʡʜʘʣʘʥʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ. ɸʧʧʘʨʘʪʪʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʛʠʧʝʨʚʠʟʦʨ 

ʘʨץʳʣʳ ʙʽʨ ʬʠʟʠʢʘʣʳײץ ץʨʳʣסʳʜʘ ʙʽʨʥʝʰʝ ʪᴅʫʝʣʩʽʟ ʩʝʨʚʝʨʣʽʢ ʥʝʤʝʩʝ ʢʣʠʝʥʪʪʽʢ 

ʞװʡʝʣʝʨʜʽ ץʘʪʘʨ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ᴅʜʽʩ ʘʧʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ 

ʪʠʽʤʜʽ ʙᴇʣʽʧ, ʞװʡʝʣʽʢ ʦʨʪʘʣʘʨʜʳ ʦץʰʘʫʣʘʫ ʤʝʥ ʙʘʩץʘʨʫʜʳ ʞʝשʽʣʜʝʪʝʜʽ. 

ʇʨʦʛʨʘʤʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ץʦʣʜʘʥʳʩʪʘסʳ 

ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ ʰʝʛʽʥʜʝ ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʥʳ ʽʩʢʝ ץʦʩʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʄײʥʜʘʡ ʦʨʪʘʜʘ ʧʨʦʛʨʘʤʤʘʣʳץ ʢʦʥʪʝʡʥʝʨʣʝʨ ʤʝʥ ʦץʰʘʫʣʘʥסʘʥ ʚʠʨʪʫʘʣʜʳ 

ʞװʡʝʣʝʨ ץʦʣʜʘʥʳʣʘʜʳ, ʨʝʩʫʨʩʪʘʨʜʳ ʙᴇʣʫʜʽ ʦשʪʘʡʣʘʥʜʳʨʳʧ, ʞװʡʝʣʽʢ ץʘʫʽʧʩʽʟʜʽʢ 

ʧʝʥ ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʜʳ. 

ɾʘʣʧʳ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʛʠʧʝʨʚʠʟʦʨ ʥʝʛʽʟʽʥʜʝʛʽ ʧʨʦʛʨʘʤʤʘʣʳײץ ץʨʘʣʜʘʨʜʳש 

ʢᴇʤʝʛʽʤʝʥ ʘʧʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʜʠʥʘʤʠʢʘʣʳץ ʙʘʩץʘʨʫ ʘʨץʳʣʳ ʙʽʨʥʝʰʝ 

ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʥʽש ʙʽʨ ײץʨʳʣסʳʜʘ ץʘʪʘʨ ʞײʤʳʩ ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʢʝʰʝʥʜʽ װʜʝʨʽʩ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʬʠʟʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ 

ʘʙʩʪʨʘʢʮʠʷʣʘʫ ʘʨץʳʣʳ ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨ ʤʝʥ ץʦʣʜʘʥʙʘʣʘʨʜʳש ʙʽʨ 

ʘʧʧʘʨʘʪʪʳץ ʧʣʘʪʬʦʨʤʘʥʳש ʥʝʛʽʟʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞװʡʝʣʝʨ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ ײʩʳʥʳʣסʘʥ ʪʘʢʩʦʥʦʤʠʷ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳ ʝʢʽ ʥʝʛʽʟʛʽ 

ʢʨʠʪʝʨʠʡ ʙʦʡʳʥʰʘ ʞʽʢʪʝʡʜʽ: ʘʙʩʪʨʘʢʮʠʷ ʜʝשʛʝʡʽ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʥʳש 

ʪװʨʽ. ɹײʣ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳש ᴅʨʪװʨʣʽ ʢʦʥʮʝʧʪʫʘʣʜʳ 

ʜʦʤʝʥʜʝʨʜʝʛʽ ʨᴇʣʽʥ ʘʡץʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʦʣʘʨʜʳש ʵʚʦʣʶʮʠʷʣʳץ ʜʘʤʫʳʥ 

ʞᴅʥʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʘʙʩʪʨʘʢʮʠʷ ʜʝשʛʝʡʣʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʢʘʜʝʤʠʷʣʳץ ʞᴅʥʝ 

ᴇʥʜʽʨʽʩʪʽʢ ʦʨʪʘʜʘ ʪʠʽʤʜʽ ץʦʣʜʘʥʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ʂʝʣʪʽʨʽʣʛʝʥ ʤʦʜʝʣʴ (5-ʩʫʨʝʪ) ʘʙʩʪʨʘʢʮʠʷ ʜʝשʛʝʡʣʝʨʽ ʤʝʥ VM 

ʪʘʢʩʦʥʦʤʠʷʣʳץ ʪᴅʩʽʣʜʝʨʽʥ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ ʠʥʥʦʚʘʮʠʷʣʳװ ץʣʝʩ ץʦʩʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ײʩʳʥʳʣסʘʥ ʤʦʜʝʣʴ ʞʘשʘ ʪʘʢʩʦʥʦʤʠʷʥʳש ʜʠʘʛʨʘʤʤʘʩʳʥʜʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʘ (VT) ʥʘץʪʳ ʤʳʩʘʣʜʘʨ ʢʝʣʪʽʨʫ ʞᴅʥʝ ʦʣʘʨʜʳ 

ʢʝשʝʡʪʫ ʘʨץʳʣʳ ʟʝʨʪʪʝʫʛʝ ץʦʩʳʤʰʘ ʤʘשʳʟʜʳʣʳץ ʙʝʨʝʜʽ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʽʨʥʝʰʝ ʥʝʛʽʟʛʽ ʢʘʪʝʛʦʨʠʷסʘ ʙᴇʣʽʥʝʜʽ: 

- ʩʝʨʚʝʨʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ, ʬʠʟʠʢʘʣʳץ ʩʝʨʚʝʨʜʽ ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ 

ʩʝʨʚʝʨʛʝ ʙᴇʣʽʧ, ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ; 
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- ʞײʤʳʩ װʩʪʝʣʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ, ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ 

ʢʦʤʧʴʶʪʝʨʣʝʨʽʥ ץʘʰʳץʪʘסʳ ʩʝʨʚʝʨʣʝʨʜʝʛʽ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʤʝʥ ʘʣʤʘʩʪʳʨʫ 

ʘʨץʳʣʳ ʙʘʩץʘʨʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʘʜʳ; 

- ʞʝʣʽʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ, ʜᴅʩʪװʨʣʽ ʞʝʣʽʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʜʘ ʙʽʨʥʝʰʝ 

ʚʠʨʪʫʘʣʜʳ ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ;  

- ʩʘץʪʘʫ ʞװʡʝʣʝʨʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ, ᴅʨʪװʨʣʽ ʞʝʣʽʣʝʨʜʝʛʽ ʣʦʛʠʢʘʣʳץ 

ʩʘץʪʘʫ ʙʽʨʣʽʢʪʝʨʽʥ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ ʜʝʨʝʢʪʝʨʜʽ ʙʘʩץʘʨʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʘʜʳ.  

ᴄʨʪװʨʣʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪװʨʣʝʨʽ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʦʨʪʘʩʳʥʜʘ 

ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ, ʙʘʩץʘʨʫ װʜʝʨʽʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ 

ʦʧʝʨʘʮʠʷʣʳץ ʠʢʝʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ. פʦʣʜʘʥʳʩʪʘסʳ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ץʘʨץʳʥʜʳ ʞᴅʥʝ ʞʝשʽʣ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʙʦʣʳʧ ʝʢʽ 

ʥʝʛʽʟʛʽ ʪװʨʛʝ ʞʽʢʪʝʣʝʜʽ [33]. 

 ʵʤʫʣʷʮʠʷʣʘʫʜʳ ץʨʘʣʜʘʨʜʳ ʪʦʣʳײץ ץʳʥʜʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʘʧʧʘʨʘʪʪʳץʘʨפ

 ץᴇʟ ʦʧʝʨʘʮʠʷʣʳ שʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ᴅʨʙʽʨ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʥʳץ

ʞװʡʝʩʽʥ ʙʘʩץʘʨʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʪᴅʩʽʣ ʞʦסʘʨʳ ʦץʰʘʫʣʘʫ ʜʝשʛʝʡʽʥ 

 .ʦʣʜʘʡʜʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʘʧʧʘʨʘʪʪʳץ

ɾʝשʽʣ ʚʠʨʪʫʘʣʠʟʘʮʠʷ, ʢʝʨʽʩʽʥʰʝ, ʥʝʛʽʟʛʽ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ ʷʜʨʦʩʳʤʝʥ 

ʙʽʨʛʝ ʦʨʥʘʣʘʩץʘʥ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ץʦʣʜʘʥʘʜʳ, ʦʣ װʜʝʨʽʩʪʝʨʜʽש ʦץʰʘʫʣʘʥʫʳʥ 

 ʨʣʽװʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʂʦʥʪʝʡʥʝʨʣʝʨ ʙʽʨʜʝʡ ʷʜʨʦʥʳ ʙᴇʣʽʩʝʪʽʥʜʽʢʪʝʥ, ʦʣʘʨ ʜᴅʩʪץ

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨסʘ ץʘʨʘסʘʥʜʘ ʨʝʩʫʨʩʪʘʨʜʳ ʘʟ ʪײʪʳʥʘʜʳ ʞᴅʥʝ ʞʳʣʜʘʤ 

ʞײʤʳʩ ʽʩʪʝʡʜʽ.  

 

 
 

ʉʫʨʝʪ 5 - Sep¼lveda-Rodr²guez L.E. et al. ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʪʘʢʩʦʥʦʤʠʷʩʳ, 1 ʙʝʪ 
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ʉʫʨʝʪ 5, 2 ʙʝʪ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [33]. 

 

ʂʝʣʪʽʨʽʣʛʝʥ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ᴅʩʽʨʝʩʝ ʙײʣʪʪʳ ʝʩʝʧʪʝʫʣʝʨ ʩʠʷץʪʳ 

ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ʦʨʪʘʣʘʨʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ, 

ʩʝʙʝʙʽ ʦʣ ʝʩʝʧʪʝʫ ץʫʘʪʳʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʞᴅʥʝ ʦʧʝʨʘʮʠʷʣʳץ ʰʳסʳʥʜʘʨʜʳ 

ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳ - ʝʩʝʧʪʝʫ 

ʨʝʩʫʨʩʪʘʨʳʥʳש ʚʠʨʪʫʘʣʜʳ ʥײʩץʘʩʳʥ ײץʨʫ ʘʨץʳʣʳ ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʣʳץ 

ʞװʡʝʣʝʨʜʽש ʙʽʨ ʬʠʟʠʢʘʣʳץ ʤʘʰʠʥʘʜʘ ץʘʪʘʨ ʞײʤʳʩ ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ᴅʜʽʩ, ʩʦʥʜʘʡ-ʘץ, ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽש ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʨʝʩʫʨʩʪʘʨʜʳ 

ʪʠʽʤʜʽ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʙʽʨʥʝʰʝ ʥʝʛʽʟʛʽ ᴅʜʽʩʪʝʨʛʝ 

ʙᴇʣʽʥʝʜʽ [34]: 

ʊʦʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ץʦʥʘץ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʩʽ (ʆɾ) ʭʦʩʪ ʞװʡʝʥʽש 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʥסʘʥ ʦʨʪʘʜʘ ʞײʤʳʩ ʽʩʪʝʧ ʞʘʪץʘʥʳʥʘʥ ʤװʣʜʝʤ ʭʘʙʘʨʩʳʟ ʙʦʣʘʜʳ. 

ɹײʣ ᴅʜʽʩʪʝ ʛʠʧʝʨʚʠʟʦʨ ʙʘʨʣʳץ ʘʧʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʵʤʫʣʷʮʠʷʣʘʡʜʳ, ץʦʥʘץ 

ʞװʡʝʛʝ ʤʦʜʠʬʠʢʘʮʠʷ ץʘʞʝʪ ʝʪʧʝʡʜʽ. 

ʇʘʨʘʚʠʨʪʫʘʣʠʟʘʮʠʷ ץʦʥʘץ ʆɾ ʛʠʧʝʨʚʠʟʦʨʤʝʥ ʪʠʽʤʜʽ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ װʰʽʥ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, 

ʩʝʙʝʙʽ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ ʪʽʢʝʣʝʡ ʛʠʧʝʨʚʠʟʦʨסʘ ʘʨʥʘʡʳ ʠʥʪʝʨʬʝʡʩʪʝʨ ʘʨץʳʣʳ 

ʩײʨʘʥʳʩʪʘʨ ʞʽʙʝʨʝ ʘʣʘʜʳ. 

ɸʧʧʘʨʘʪʪʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʚʠʨʪʫʘʣʠʟʘʮʠʷ װʜʝʨʽʩʽʥ ʞʳʣʜʘʤʜʘʪʫ װʰʽʥ Intel 

VT-x ʞᴅʥʝ AMD-V ʩʠʷץʪʳ ʘʧʧʘʨʘʪʪʳץ ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʘʜʳ. ɿʝʨʪʪʝʡ 

ʢʝʣʝ ʙʽʟ ʘʪʘʣסʘʥ ᴅʜʽʩ ʛʠʧʝʨʚʠʟʦʨʜʳש ʞײʤʳʩʳʥ ʦשʪʘʡʣʘʥʜʳʨʳʧ, ץʦʥʘץ 

ʞװʡʝʣʝʨʜʽש ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥʳʥ, ʦʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ  

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽ ᴅʨʪװʨʣʽ ʧʘʡʜʘʣʘʥʫʰʳ ʪʘʣʘʧʪʘʨʳʥʘ ʞᴅʥʝ ʞװʡʝ 
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ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʘ ʩᴅʡʢʝʩ ʙʝʡʽʤʜʝʣʽʧ, ʠʥʬʨʘײץʨʳʣʳʤʥʳש ʤʘʩʰʪʘʙʪʘʣʫʳʥ, 

 .ץʪʘʜʳץʘʥʳʥ ʘʥʳסʳʪʪʘʣסʘ ʙʘסʩʘʨʪʫץʘʨʫ ʪʠʽʤʜʽʣʽʛʽʥ ʞʘץʘʫʽʧʩʽʟʜʽʛʽʥ ʞᴅʥʝ ʙʘʩץ

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʽʨ ʬʠʟʠʢʘʣʳץ ʘʧʧʘʨʘʪʪʳץ ʧʣʘʪʬʦʨʤʘʜʘ 

ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ ʝʩʝʧʪʝʫ ʦʨʪʘʣʘʨʳʥ ײץʨʫסʘ ʞᴅʥʝ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ᴅʜʽʩʪʝʨ ʞʠʳʥʪʳסʳ. ɸʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷ ʘʧʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫסʘ, ʞװʡʝʣʽʢ ʦץʰʘʫʣʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞᴅʥʝ ʠʥʬʨʘײץʨʳʣʳʤʥʳש 

ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ʆʩʳ ʟʝʨʪʪʝʫʜʝ ײʩʳʥʳʣסʘʥ ʪʘʢʩʦʥʦʤʠʷ 

ʤʦʜʝʣʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ 

ʞʘʩʘץʪʘʤʘʥʳש ᴅʨʪװʨʣʽ ץʘʙʘʪʪʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʘʨʭʠʪʝʢʪʫʨʘʣʳץ ʞʽʢʪʝʫ ʘʨץʳʣʳ 

ʞװʡʝʣʝʡʜʽ. ʂʝʣʪʽʨʽʣʛʝʥ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳ 

ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʪʝʨʝשʽʨʝʢ ʪװʩʽʥʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

Kampert P. [35] ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ᴅʨʪװʨʣʽ ʜʦʤʝʥʜʝʨʽʥ ץʘʤʪʠʪʳʥ 

 ʳʪʪʘʨסʨʘʤʳʥʘ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ʙʘײץ שʘʥ (6-ʩʫʨʝʪ), ʦʥʳסʩʳʥײ ʤʦʜʝʣʴʜʽ ץʨʳʣʳʤʜʳײץ

ʢʽʨʝʜʽ: 

ʉʝʨʚʝʨʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ - ʬʠʟʠʢʘʣʳץ ʩʝʨʚʝʨʜʝ ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ 

ʩʝʨʚʝʨʣʝʨʜʽ ʦʨʥʘʣʘʩʪʳʨʫ ʘʨץʳʣʳ ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʪʘʨʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ. 

ϧʦʣʜʘʥʙʘʣʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ - ʧʨʦʛʨʘʤʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳ ʥʝʛʽʟʛʽ 

ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʜʝʥ ʪᴅʫʝʣʩʽʟ ʽʩʢʝ ץʦʩʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʫ. 

ɾϰʤʳʩ Ϯʩʪʝʣʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ - ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʞײʤʳʩ ʦʨʪʘʩʳʥ 

 .ʘʫʽʧʩʽʟʜʽʢʪʽ ʘʨʪʪʳʨʫץ ʘʨʫ ʤʝʥץʳʣʳ ʙʘʩץʳ ʩʝʨʚʝʨʣʝʨʜʝ ʦʨʥʘʣʘʩʪʳʨʫ ʘʨסʪʘץʘʰʳץ

 

 
 

ʉʫʨʝʪ 6 - ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ Kampert P. 

ʪʘʢʩʦʥʦʤʠʷʩʳ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [35] . 
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ʉʘϨʪʘʫ ʞϮʡʝʣʝʨʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ - ʬʠʟʠʢʘʣʳץ ʩʘץʪʘʫ ʨʝʩʫʨʩʪʘʨʳʥ 

ʙʽʨʽʢʪʽʨʫ ʞᴅʥʝ ʙʘʩץʘʨʫ װʰʽʥ ʣʦʛʠʢʘʣʳץ ʜʝʨʝʢ ʩʘץʪʘʫ ץʘʙʘʪʪʘʨʳʥ ײץʨʫ. 

ɾʝʣʽʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ - ʬʠʟʠʢʘʣʳץ ʞʝʣʽʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʜʘ ʙʽʨʥʝʰʝ 

ʚʠʨʪʫʘʣʜʳ ʞʝʣʽʣʝʨʜʽ ײץʨʫ ʞᴅʥʝ ʙʘʩץʘʨʫ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ᴅʨʪװʨʣʽ ʜʦʤʝʥʜʝʨʽʥ ץʘʤʪʠʪʳʥ װʣʛʽ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʩʘʣʘʩʳʥʜʘסʳ ʞʝʪʝʢʰʽ ʚʝʥʜʦʨʣʘʨ ʤʝʥ ʦʣʘʨʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʰʝʰʽʤʜʝʨʽʥ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʥʝʛʽʟʛʽ ʜʘʤʫ ʪʝʥʜʝʥʮʠʷʣʘʨʳʥ ʘʥʳץʪʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

ɹײʣ ʪᴅʩʽʣ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʙʘסʘʣʘʫ ʤʝʥ ʪʘשʜʘʫʜʘ ʘʢʘʜʝʤʠʷʣʳץ 

ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʦʨʪʘʣʘʨ װʰʽʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. 

Chiueh S.N.T. [36] ʟʝʨʪʪʝʫʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨʜʽש ʘʙʩʪʨʘʢʮʠʷʩʳʥʳש ʙʝʩ ʪװʨʣʽ ʜʝשʛʝʡʽʥʝ ʞʽʢʪʝʣʽʧ, ᴅʨ 

ʜʝשʛʝʡʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽ ʞװʡʝʣʽ ʪװʨʜʝ ʩʠʧʘʪʪʘʣסʘʥ: 

1) ʅײʩץʘʫʣʘʨ ʞʠʥʘסʳʥʳש ʘʨʭʠʪʝʢʪʫʨʘʩʳ (ISA) ʜʝשʛʝʡʽ ï ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʦʩʳ ʜʝשʛʝʡʜʝ ISA-ʥʳ ʵʤʫʣʷʮʠʷʣʘʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ, ʙײʣ ʚʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʣʘʨסʘ ʥʘץʪʳ ʘʧʧʘʨʘʪʪʳץ ʦʨʪʘʜʘ ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥʜʘʡ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɸʧʧʘʨʘʪʪʳץ ʩᴅʡʢʝʩʩʽʟʜʽʢ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʵʤʫʣʷʮʠʷ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

2) ɸʧʧʘʨʘʪʪʳץ ʘʙʩʪʨʘʢʮʠʷ ʜʝשʛʝʡʽ (HAL) ï ʭʦʩʪ ʞװʡʝʤʝʥ ʙʽʨʜʝʡ ISA 

 ʛʝʡʜʝ ʙʽʨʥʝʰʝ ʪᴅʫʝʣʩʽʟשʣ ʜʝײʟʝʛʝ ʘʩʘʜʳ. ɹװʜʘʡʜʘ ʞסʦʣʜʘʥʳʣʘʪʳʥ ʞʘץ

ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʨʝʪʽʥʜʝ ʦץʰʘʫʣʘʥסʘʥ ʢװʡʜʝ ץʘʪʘʨ 

ʽʩʢʝ ץʦʩʳʣʘʜʳ. 

3) ʆʧʝʨʘʮʠʷʣʳץ ʞװʡʝ ʜʝשʛʝʡʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ï ʞװʡʝʣʽʢ ʰʘץʳʨʫ 

ʠʥʪʝʨʬʝʡʩʽ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʘʜʳ. ʂʦʥʪʝʡʥʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨ (ʤʳʩʘʣʳ, 

Docker, LXC) ʦʩʳ ʜʝשʛʝʡʛʝ ʞʘʪʘʜʳ ʞᴅʥʝ ʷʜʨʦ ʜʝשʛʝʡʽʥʜʝʛʽ ʦץʰʘʫʣʘʫʜʳ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

4) ʂʽʪʘʧʭʘʥʘ ʜʝשʛʝʡʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ï ץʦʣʜʘʥʙʘʣʘʨ ʤʝʥ ʦʧʝʨʘʮʠʷʣʳץ 

ʞװʡʝ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʧʘʡʜʘʣʘʥʫʰʳ ʢʝשʽʩʪʽʛʽʥʜʝʛʽ ʢʽʪʘʧʭʘʥʘʣʘʨ 

ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. ʄײʥʜʘʡ ʪᴅʩʽʣʛʝ Wine ʩʠʷץʪʳ ʰʝʰʽʤʜʝʨ ʤʳʩʘʣ ʙʦʣʘ ʘʣʘʜʳ, 

ʦʣ Windows API-ʥʳ Linux ʦʨʪʘʩʳʥʜʘ ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

5) ʇʨʦʛʨʘʤʤʘʣʘʫ ʪʽʣʽ ʜʝשʛʝʡʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ (PLV) ï ץʦʣʜʘʥʙʘʣʳ 

ʜʝשʛʝʡʜʝ ʦʨʳʥ ʘʣʳʧ, ʧʨʦʛʨʘʤʤʘʥʳש ʦʨʳʥʜʘʣʫ ʙʘʨʳʩʳʥʜʘ ʦץʰʘʫʣʘʥʫʳʥ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. Java Virtual Machine (JVM) ʤʝʥ .NET Common Languageץ

Runtime (CLR) ʦʩʳ ʜʝשʛʝʡʜʝʛʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʞʘʪʘʜʳ. 

ɼʝʛʝʥʤʝʥ, Chiueh S.N.T. [36] ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש  

ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʳʥʳש ʥʝʛʽʟʽʥ ץʘʣʘʜʳ, ʦʣʘʨʜʳש ʤʦʜʝʣʽ ʘʙʩʪʨʘʢʮʠʷʥʳש ʙʽʨ 

ʜʝשʛʝʡʽʥʜʝ ʙʦʣʘʪʳʥ ᴅʨʪװʨʣʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪװʨʣʝʨʽʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ 

 ʛʝʡʜʝ ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽ ʤʝʥשʘʨʘʩʪʳʨʤʘʡʜʳ. ᴄʨ ʜʝץ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʜʘʤʳʧ ʢʝʣʝ ʞʘʪץʘʥʜʳץʪʘʥ, ʞʽʢʪʝʫ ʞװʡʝʥʽץ שʘʟʽʨʛʽ ʢװʨʜʝʣʽʣʽʛʽʥ 

ʪʦʣʳץ ʙʝʡʥʝʣʝʡ ʘʣʤʘʡʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʦסשʳ ʞʳʣʜʘʨʳ ʧʘʡʜʘ ʙʦʣסʘʥ ʞʘשʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʩʫ ץʘʞʝʪ. ʄʳʩʘʣʳ: 

ɸʧʧʘʨʘʪʪʳϨ ʜʝϬʛʝʡʜʝ: Intel VT-x ʞᴅʥʝ AMD-V ʘʧʧʘʨʘʪʪʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

 ʛʝʡʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷשʜʝʪʢʽʰʪʝʨʽ ʛʠʧʝʨʚʠʟʦʨ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʪᴇʤʝʥ ʜʝװ

ʞװʢʪʝʤʝʩʽʥ ʘʟʘʡʪʘʜʳ. 
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ʆʧʝʨʘʮʠʷʣʳϨ ʞϮʡʝ ʜʝϬʛʝʡʽʥʜʝ: Docker ʤʝʥ Kubernetes ʩʠʷץʪʳ 

ʢʦʥʪʝʡʥʝʨʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʦץʰʘʫʣʘʧ, 

ʙʘʩץʘʨʫ ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. 

ɾʝʣʽʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ: SDN (Software-Defined Networking) ʞʝʣʽʣʽʢ 

ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʧʨʦʛʨʘʤʤʘʣʳץ ʪװʨʜʝ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʠʥʥʦʚʘʮʠʷʣʳץ ʪᴅʩʽʣ, ʙײʣ ʞʝʣʽʣʽʢ ʩʘʷʩʘʪʪʘʨʜʳ ʦʨʪʘʣʳץʪʘʥ ʙʘʩץʘʨʫסʘ ʞʘסʜʘʡ 

ʞʘʩʘʡʜʳ. 

ɹϰʣʪʪʳϨ ʚʠʨʪʫʘʣʠʟʘʮʠʷ: AWS, Google Cloud, Microsoft Azure ʩʳʥʜʳ 

ʧʣʘʪʬʦʨʤʘʣʘʨ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ץʳʟʤʝʪ ʨʝʪʽʥʜʝ (IaaS) ʞᴅʥʝ ʧʣʘʪʬʦʨʤʘ ץʳʟʤʝʪʽ 

ʨʝʪʽʥʜʝ (PaaS) ײʩʳʥʘ ʦʪʳʨʳʧ, ʘʫץʳʤʜʳ ʤʘʩʰʪʘʙʪʘ ʚʠʨʪʫʘʣʜʳ ʨʝʩʫʨʩʪʘʨʜʳ 

 .ʘʣʳʧʪʘʩʪʳʨʘʜʳץ ʪʠʽʤʜʽ ʤʦʜʝʣʽʥ שʩʳʥʫʜʳײ

ʆʩʳʣʘʡʰʘ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʟʘʤʘʥʘʫʠ IT-ʠʥʬʨʘײץʨʳʣʳʤ 

ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ץʘʡʪʘ ץʘʨʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫ ץʘʞʝʪ, ʙײʣ ʦʥʳץ שʦʣʜʘʥʫ ʘʷʩʳ 

ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʥʘץʪʳ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 
 

 

ʉʫʨʝʪ 7 - ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʙʦʡʳʥʰʘ Smith J.E., Nair R. 

ʊʘʢʩʦʥʦʤʠʷʩʳ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [37] . 

 

Smith J.E., Nair R. [37] ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʢʽ ʥʝʛʽʟʛʽ ʩʘʥʘʪץʘ ʙᴇʣʝʪʽʥ ʪʘʢʩʦʥʦʤʠʷʣʳץ ʤʦʜʝʣʴ ײʩʳʥʜʳ (7-

ʩʫʨʝʪ): 

 ʜʝʨʽʩ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʳ (Process VMs): ʢᴇʧʪʘʧʩʳʨʤʘʣʳת (1

ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨʜʽ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳץ ʵʤʫʣʷʪʦʨʣʘʨʜʳ ץʘʤʪʠʜʳ. ɽʛʝʨ 

 ʣ ʪᴅʩʽʣײʡʝʩʽʤʝʥ ʙʽʨʜʝʡ ʙʦʣʩʘ, ʙװʦʣʜʘʫ ʢᴇʨʩʝʪʽʣʝʪʽʥ ISA ʭʦʩʪ ʞץ

ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʘʣʘʥסʘʥ ʞװʡʝ (multiprogrammed system) ʜʝʧ ʘʪʘʣʘʜʳ. ɽʛʝʨ 

ᴅʨʪװʨʣʽ ʘʨʭʠʪʝʢʪʫʨʘʣʘʨ ץʦʣʜʘʥʳʣʩʘ, ʦʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʜʠʥʘʤʠʢʘʣʳץ 
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ʵʤʫʣʷʪʦʨʣʘʨ ʥʝʤʝʩʝ ʝʢʽʣʽʢ ʘʫʜʘʨʤʘʰʳʣʘʨ (binary translators) ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. ʄʳʩʘʣʜʘʨ: Java Virtual Machine (JVM), Microsoft .NET CLR, QEMU. 

2) ɾװʡʝʣʽʢ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ (System VMs): ʙʽʨ ʬʠʟʠʢʘʣʳץ ʩʝʨʚʝʨʜʝ 

ʙʽʨʥʝʰʝ ʪᴅʫʝʣʩʽʟ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨʜʽש ʙʽʨ ʫʘץʳʪʪʘ ʞײʤʳʩ ʽʩʪʝʫʽʥʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ɾװʡʝʣʽʢ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʝʢʽʛʝ ʙᴇʣʽʥʝʜʽ: 

- ʢʣʘʩʩʠʢʘʣʳץ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ (Hosted VMs) ï ʥʝʛʽʟʛʽ ʦʧʝʨʘʮʠʷʣʳץ 

ʞװʡʝʥʽװ שʩʪʽʥʜʝ ʛʠʧʝʨʚʠʟʦʨ ʘʨץʳʣʳ ʽʩʢʝ ץʦʩʳʣʘʜʳ (ʤʳʩʘʣʳ, VMware 

Workstation, VirtualBox); 

- ᴅʨʪװʨʣʽ ISA װʰʽʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ (Codesigned VMs) ï ᴅʨʪװʨʣʽ 

ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʜʳ ץʦʣʜʘʡʪʳʥ ʞװʡʝʣʝʨ (ʤʳʩʘʣʳ, Transmeta Code Morphing 

Software). 

ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ᴅʨʪװʨʣʽ ʜʦʤʝʥʜʝʨʽʥ ץʘʤʪʠʪʳʥ װʣʛʽ (7-ʩʫʨʝʪ) ʥʝʛʽʟʛʽ 

ʢʝʤʰʽʣʽʢʪʝʨʽ ʘʙʩʪʨʘʢʮʠʷ ʜʝשʛʝʡʣʝʨʽʥ ʝʩʝʧʢʝ ʘʣʤʘʡʜʳ, [37] ײʩʳʥסʘʥ ISA, HAL, 

OS ʜʝשʛʝʡʣʝʨʽ ʩʠʷץʪʳ ʞװʡʝʣʽʢ ʞʽʢʪʝʫʣʝʨ ץʘʨʘʩʪʳʨʳʣʤʘסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʳ ʞʦװ ,ץʣʛʽʥʽש ʞʘʣʧʳ 

ʢʘʪʝʛʦʨʠʷʣʘʨʜʳ ʩʠʧʘʪʪʘסʘʥʳʤʝʥ, ᴅʨʙʽʨ ʩʘʥʘʪʪʘסʳ ʥʘץʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʰʝʰʽʤʜʝʨ ʤʝʥ ʦʣʘʨʜʳש ʜʘʤʫ ʜʠʥʘʤʠʢʘʩʳʥ ץʘʤʪʳʤʘʡʜʳ. ʉʦʥʜʘʡ-ʘץ, ʙײʣ 

ʤʦʜʝʣʴʜʽש ʢʝשʝʡʪʫ ץʘʞʝʪʪʽʣʽʛʽ: 

 ʘʟʽʨʛʽ ʛʠʧʝʨʚʠʟʦʨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ (KVM, VMware ESXi, Microsoftץ -

Hyper-V) ʤʦʜʝʣʴʛʝ ʠʥʪʝʛʨʘʮʠʷʣʘʥʫʳ ʢʝʨʝʢ; 

- ʢʦʥʪʝʡʥʝʨʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ (Docker, LXC) ʞᴅʥʝ ʙײʣʪʪʳץ ʧʣʘʪʬʦʨʤʘʣʘʨ 

(AWS, Azure, Google Cloud) ʩʠʷץʪʳ ʞʘשʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽʥ ץʦʩʫ ץʘʞʝʪ; 

- ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʘʧʧʘʨʘʪʪʳץ ʜʝשʛʝʡʜʝʛʽ ʞʝʪʽʣʜʽʨʫʣʝʨʽ (Intel VT-x, 

AMD-V) ʤʝʥ ʞʝʣʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷʩʳ (SDN, NFV) ʜʘ ʤʦʜʝʣʴʜʝ ʝʩʢʝʨʽʣʛʝʥʽ 

ʤʘשʳʟʜʳ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʽʢʪʝʫʜʽש ʟʘʤʘʥʘʫʠ ʪᴅʩʽʣʽ ᴅʨʪװʨʣʽ 

ʜʝשʛʝʡʣʝʨʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪװʨʣʝʨʽʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʩʠʧʘʪʪʘʧ, ʦʣʘʨʜʳש 

ʪʝʭʥʠʢʘʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʫʛʝ ʙʘסʳʪʪʘʣʫʳ ʪʠʽʩ. 

Alliance S. [38] ʟʝʨʪʪʝʫʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ײץʨʳʣʳʤʜʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʢʝשʝʡʪʽʣʛʝʥ ʪʘʢʩʦʥʦʤʠʷ ײʩʳʥʳʣʜʳ. ɹײʣ ʞʽʢʪʝʫ ʞװʡʝʩʽ ʘʣʜʳסשʳ 

 ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ץʨʣʝʨʽʥ ʘʨʭʠʪʝʢʪʫʨʘʣʳװʣʛʽʛʝ [37] ʥʝʛʽʟʜʝʣʽʧ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪװ

ʩᴅʡʢʝʩ ʞװʡʝʣʝʫ ʞᴅʥʝ ʥʘץʪʳʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʞʝʪʽʣʜʽʨʽʣʛʝʥ. ɾʽʢʪʝʣʫ ʪᴇʤʝʥʜʝʛʽ 

ʥʝʛʽʟʛʽ ʢʘʪʝʛʦʨʠʷʣʘʨʜʘʥ ʪײʨʘʜʳ: 

- ɻʠʧʝʨʚʠʟʦʨʣʘʨ (Hypervisor Type I ʞᴅʥʝ Type II): Type I ʛʠʧʝʨʚʠʟʦʨʣʘʨʳ 

ʪʽʢʝʣʝʡ ʘʧʧʘʨʘʪʪʳץ ʜʝשʛʝʡʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ ʞᴅʥʝ ʦʣʘʨ ʜʝʨʙʝʩ ʦʧʝʨʘʮʠʷʣʳץ 

ʞװʡʝʩʽʟ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ (ʤʳʩʘʣʳ, VMware ESXi, Microsoft 

Hyper-V, Xen). ɸʣ Type II ʛʠʧʝʨʚʠʟʦʨʣʘʨʳ ʥʝʛʽʟʛʽ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ װʩʪʽʥʜʝ 

ʦʨʳʥʜʘʣʘʜʳ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳ ʜʝשʛʝʡʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ 

(ʤʳʩʘʣʳ, VMware Workstation, VirtualBox, Parallels). 

- ʆʧʝʨʘʮʠʷʣʳץ ʞװʡʝ ʜʝשʛʝʡʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʞᴅʥʝ װʡʣʝʩʽʤʜʽʣʽʢ 

 ʨʘʣʜʘʨʳ (OS Virtualization and OS Translators): ʂʦʥʪʝʡʥʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨײץ

(ʤʳʩʘʣʳ, Docker, LXC) ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ ʷʜʨʦʩʳʥ ʦʨʪʘץ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʦץʰʘʫʣʘʥסʘʥ ʦʨʪʘʤʝʥ ʙʽʨʥʝʰʝ ץʳʟʤʝʪʪʽ ץʘʪʘʨ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʣ OS 

Translator ײץʨʘʣʜʘʨʳ ʪװʨʣʽ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨ ʘʨʘʩʳʥʜʘ װʡʣʝʩʽʤʜʽʣʽʢʪʽ 
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 ʡʝʜʝװʘ ʞץʳʣʳ Windows API ʠʥʪʝʨʬʝʡʩʽʥ ʙʘʩץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ (ʤʳʩʘʣʳ, Wine ʘʨץ

ʽʩʢʝ ʘʩʳʨʫ). 

- ISA ʞᴅʥʝ ABI ʘʫʜʘʨʤʘʰʳʣʘʨʳ (Instruction Set Architecture ʞᴅʥʝ 

Application Binary Interface Translators): ISA ʘʫʜʘʨʤʘʰʳʣʘʨʳ ᴅʨʪװʨʣʽ 

ʘʨʭʠʪʝʢʪʫʨʘʜʘסʳ ʢʦʤʘʥʜʘʣʘʨʜʳ ʵʤʫʣʷʮʠʷʣʘʡʜʳ (ʤʳʩʘʣʳ, QEMU, Rosetta 2), ʘʣ 

ABI ʘʫʜʘʨʤʘʰʳʣʘʨʳ ʦʨʳʥʜʘʣʘʪʳʥ ʬʘʡʣʜʘʨʜʳש ᴅʨʪװʨʣʽ ʧʣʘʪʬʦʨʤʘʣʘʨʜʘ ʞײʤʳʩ 

ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ (ʤʳʩʘʣʳ, Windows Subsystem for Linux, Binary 

Compatibility Layers). 

- ɾʦסʘʨʳ ʜʝשʛʝʡʣʽ ʪʽʣʜʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ (High-Level Language 

Virtualization): ʇʨʦʛʨʘʤʤʘʣʘʫ ʪʽʣʜʝʨʽʥʝ ʪᴅʥ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʜʳ ץʘʤʪʠʜʳ, ʦʣʘʨ 

ʙʝʣʛʽʣʽ ʙʽʨ ʪʽʣʜʝ ʞʘʟʳʣסʘʥ ʧʨʦʛʨʘʤʤʘʣʘʨʜʳ ʦʨʳʥʜʘʣʘʪʳʥ ʦʨʪʘʜʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫסʘ ʥʝʤʝʩʝ ʢʦʤʧʠʣʷʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (ʤʳʩʘʣʳ, Java 

Virtual Machine (JVM), .NET Common Language Runtime (CLR)). 

 

 
 

ʉʫʨʝʪ 8 - ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ Alliance S. ʊʘʢʩʦʥʦʤʠʷʩʳ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [38].  

 

8-ʩʫʨʝʪʪʝ ײʩʳʥʳʣסʘʥ ʤʦʜʝʣʴʜʽש ʥʝʛʽʟʛʽ ᴅʣʩʽʟ ʪײʩʪʘʨʳʥʳש ʙʽʨʽ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʪװʨʣʽ ʘʙʩʪʨʘʢʮʠʷ ʜʝשʛʝʡʣʝʨʽʥ ʝʩʢʝʨʤʝʡʪʽʥʜʽʛʽ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, 

[36] ʝשʙʝʛʽʥʜʝ ʩʠʧʘʪʪʘʣסʘʥ ISA (Instruction Set Architecture), HAL (Hardware 

Abstraction Layer), ʞᴅʥʝ OS (Operating System) ʜʝשʛʝʡʣʝʨʽ ʪᴅʨʽʟʜʽ ʞװʡʝʣʽʢ ʞʽʢʪʝʫ 

ʘʪʘʣסʘʥ ʤʦʜʝʣʴʜʝ ץʘʤʪʳʣʤʘסʘʥ. תʣʛʽ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʜʘʤʫ 
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ʢʦʥʪʝʢʩʽʥʜʝ ʪʦʣʳץʪʳʨʳʣʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʩʘʣʘʩʳʥʜʘסʳ ʩʦסשʳ 

ʞʝʪʽʩʪʽʢʪʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʤʦʜʝʣʴʛʝ ʪᴇʤʝʥʜʝʛʽ ʙʘסʳʪʪʘʨ ʙʦʡʳʥʰʘ ʞʘשʘʨʪʫʣʘʨ 

ʝʥʛʽʟʫ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

ɹʣʦʢʯʝʡʥʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ: ץʘʫʽʧʩʽʟ ʞᴅʥʝ ʩʝʥʽʤʜʽ ʦʨʪʘ ײץʨʫ 

ʤʘץʩʘʪʳʥʜʘ ʚʠʨʪʫʘʣʜʳ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ʦץʰʘʫʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ 

(ʤʳʩʘʣʳ, ʙʣʦʢʯʝʡʥ ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ). 

ɾʝʣʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷʩʳ (SDN, NFV): ʧʨʦʛʨʘʤʤʘʣʳץ ʘʥʳץʪʘʣʘʪʳʥ ʞʝʣʽʣʝʨ 

(SDN) ʤʝʥ ʞʝʣʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʜʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ (NFV) ʘʨץʳʣʳ 

ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʙʘʩץʘʨʫʜʳש ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ. 

ɹϰʣʪʪʳϨ ʞϸʥʝ ʰʝʪʢʽ ʝʩʝʧʪʝʫ ʚʠʨʪʫʘʣʠʟʘʮʠʷʩʳ (Cloud & Edge Computing 

Virtualization): ʙײʣʪʪʳץ ʧʨʦʚʘʡʜʝʨʣʝʨ (AWS, Google Cloud, Microsoft Azure) ʤʝʥ 

ʰʝʪʢʽ ײץʨʳʣסʳʣʘʨʜʘ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʤʝʥ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ ʪʠʽʤʜʽ 

ʦʨʥʘʣʘʩʪʳʨʫ ʤʝʥ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫ. 

ʆʩʳʣʘʡʰʘ, Alliance S. [38] ʪʘʢʩʦʥʦʤʠʷʩʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʪʝʨʝשʽʨʝʢ ʞʽʢʪʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʢʝʥʽʤʝʥ, ʟʘʤʘʥʘʫʠ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ ʪʦʣʳץ ʙʝʡʥʝʣʝʫ װʰʽʥ ʞʘשʘʨʪʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. 

Kusnetzky D. [39] ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ʞʝʪʽ ʜʝשʛʝʡʣʽ ʤʦʜʝʣʴ ʘʨץʳʣʳ ʞʽʢʪʝʫʜʽ 

 :ʛʝʡʣʝʨ ʢʽʨʝʜʽשʘʥ ʢʝʣʝʩʽ ʜʝסʩʳʥʜʳ (9-ʩʫʨʝʪ), ʦײ

1) ɺʠʨʪʫʘʣʠʟʘʮʠʷϤʘ Ϩʦʣ ʞʝʪʢʽʟʫ - ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ 

ʜʝשʛʝʡʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʜʝʨʽ. 

2) ϧʦʣʜʘʥʙʘʥʳ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ - ʧʨʦʛʨʘʤʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳ 

ʢʦʥʪʝʡʥʝʨʣʝʫ ʞᴅʥʝ ʠʟʦʣʷʮʠʷʣʘʫ ᴅʜʽʩʪʝʨʽ. 

3) ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ϺϬʜʝʫ - ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʪʘʨʳʥ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ, ʦʥʳש 

ʽʰʽʥʜʝ ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨ (CPU) ʞᴅʥʝ ʞʝʜʝʣ ʞʘʜʳ (RAM) ʜʝשʛʝʡʽʥʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ. 

4) ɾʝʣʽʥʽ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ - ʚʠʨʪʫʘʣʜʳ LAN, SDN (Software-Defined 

Networking) ʞᴅʥʝ ʙʘʩץʘ ʞʝʣʽʣʽʢ ʩʝʛʤʝʥʪʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ. 

5) ʉʘϨʪʘʫʜʳ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ - ʜʝʨʝʢʪʝʨ ץʦʡʤʘʣʘʨʳʥ ʙʽʨʽʢʪʽʨʫ, ʙᴇʣʰʝʢʪʝʫ 

ʞᴅʥʝ ʣʦʛʠʢʘʣʳץ ʙʘʩץʘʨʫ ʤʝʭʘʥʠʟʤʜʝʨʽ. 

6) ɺʠʨʪʫʘʣʠʟʘʮʠʷʣʘʥϤʘʥ ʞϮʡʝʣʝʨʜʝʛʽ Ϩʘʫʽʧʩʽʟʜʽʢ - ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ 

(VM) ʤʝʥ ʢʦʥʪʝʡʥʝʨʣʝʨ ʘʨʘʩʳʥʜʘ ʩʝʥʽʤʜʽ ʦץʰʘʫʣʘʫ ʪʝʪʽʢʪʝʨʽʥ ʽʩʢʝ ʘʩʳʨʫ, 

ʩʦʥʜʘʡ-ʘץ ʜʝʨʝʢʪʝʨʜʽש ʪײʪʘʩʪʳסʳ ʤʝʥ ײץʧʠʷʣʳʣʳסʳʥ ʩʘץʪʘʫ ᴅʜʽʩʪʝʨʽ. 

7) ɺʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʜʳ ʙʘʩϨʘʨʫ- ʚʠʨʪʫʘʣʜʳ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ ʤʘץʩʘʪʳʥʜʘ ʦʨʢʝʩʪʨʘʮʠʷʣʘʫ ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳ ʜʠʥʘʤʠʢʘʣʳװ ץʣʝʩʪʽʨʫ 

 .ʨʘʣʜʘʨʳײץ
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ʉʫʨʝʪ 9 - Kusnetzky D. ײʩʳʥסʘʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʤʦʜʝʣʽ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [39] . 
 

Kusnetzky D. [39] ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʥʘʪʳʥ ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʘʫץʳʤʳʥ 

ʢʝשʝʡʪʫ ʤʘץʩʘʪʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʘʢʩʦʥʦʤʠʷʩʳʥʘ ץʦʩʳʤʰʘ ʩʘʥʘʪʪʘʨʜʳ 

ʝʥʛʽʟʫʜʽ ײʩʳʥʘʜʳ. ɸʣʘʡʜʘ, ʦʥʳש ʤʦʜʝʣʽ ᴅʨʙʽʨ ʜʝשʛʝʡʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ (VT) ʪʫʨʘʣʳ ʥʘץʪʳ ʘץʧʘʨʘʪʪʳ ץʘʤʪʳʤʘʡʜʳ. ɹײʣ 

ʤᴅʩʝʣʝ ʤʦʜʝʣʴʜʽש ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʳʣʫ ʰʝʛʽʥ ʪʘʨʳʣʪʘʜʳ ʞᴅʥʝ ʦʥʳ 

ʪʝʭʥʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʦʣʳץʪʳʨʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʪʫʜʳʨʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, [39] ʤʦʜʝʣʽ ʙʽʨ ʜʝשʛʝʡʜʝʛʽ ᴅʨʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʘʞʳʨʘʪʧʘʡʜʳ, ʙײʣ ʦʥʳײץ שʨʳʣʳʤʜʳץ ʥʘץʪʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ʄʳʩʘʣʳ, 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ᴇשʜʝʫ ʜʝשʛʝʡʽʥʜʝ I ʞᴅʥʝ II ʪʠʧʪʽ ʛʠʧʝʨʚʠʟʦʨʣʘʨʜʘ 

 ʪʳץʪʘʨ ʥʘץʳ ʘʡʳʨʤʘʰʳʣʳסʦʣʜʘʥʳʣʘʪʳʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ (VM) ʘʨʘʩʳʥʜʘץ

ʢᴇʨʩʝʪʽʣʤʝʛʝʥ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʤʦʜʝʣʴ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש 

ʞʽʢʪʝʣʫʽ ʤʝʥ ʦʣʘʨʜʳש ʦʨʳʥʜʘʣʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʥʘץʪʳʣʘʫ װʰʽʥ ץʦʩʳʤʰʘ 

ʪʝʭʥʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. 

ɹײʣ ʰʝʢʪʝʫʣʝʨ 9-ʩʫʨʝʪʪʝʛʽ ײʩʳʥסʘʥ ʞװʡʝʥʽש ʪײʞʳʨʳʤʜʘʤʘʣʳץ 

ʤʘשʳʟʜʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʧʝʩʝ ʜʝ, ʦʥʳש ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʳʣʫʳʥ ʞʝʪʽʣʜʽʨʫ 

 שʦʣʜʘʥʳʣʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʞᴅʥʝ ʦʣʘʨʜʳץ ,ʨʣʝʨʽʥװʰʽʥ ʛʠʧʝʨʚʠʟʦʨ ʪװ

ʘʨʭʠʪʝʢʪʫʨʘʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʥʘץʪʳʣʘʫʜ  rץʘʞʝʪ ʝʪʝʜʽ. 

Pessolani P.A. ʞᴅʥʝ ᴅʨʽʧʪʝʩʪʝʨʽ [40] ᴇʟ ʟʝʨʪʪʝʫʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞװʡʝʣʽ ʪװʨʜʝ ʞʽʢʪʝʫ ʤʘץʩʘʪʳʥʜʘ ʦʣʘʨʜʳ ʙʝʩ ʥʝʛʽʟʛʽ 

ʢʘʪʝʛʦʨʠʷסʘ ʙᴇʣʽʧ ץʘʨʘʩʪʳʨʜʳ. ɹײʣ ʞʽʢʪʝʫ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʘʨʭʠʪʝʢʪʫʨʘʣʳץ 

ʜʝשʛʝʡʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʥʘץʪʳ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ʥʝʛʽʟʜʝʣʝʜʽ: 

1) ɸʧʧʘʨʘʪʪʳϨ ʜʝϬʛʝʡʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʩʘʥʘʪץʘ ʘʨʥʘʡʳ ʞʘʙʜʳץʪʳץ 

 ʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨװʳʣʳ ʞץʜʝʪʢʽʰʪʝʨ ʤʝʥ ʧʨʦʮʝʩʩʦʨʣʘʨ ʘʨװ
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ʞʘʪʘʜʳ. ʄײʥʜʘʡ ʪᴅʩʽʣʜʝ ʬʠʟʠʢʘʣʳײץ ץʨʳʣסʳʥʳש ʨʝʩʫʨʩʪʘʨʳ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘ 

ʪʽʢʝʣʝʡ ʤʦʜʝʣʴʜʝʥʝʜʽ. 

2) ʇʘʨʘʚʠʨʪʫʘʣʠʟʘʮʠʷ ʛʠʧʝʨʚʠʟʦʨ ʤʝʥ ץʦʥʘץ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ 

ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ ʷʜʨʦʩʳʥ ץʦʣʜʘʥʘʪʳʥ ᴅʜʽʩ. ɹײʣ ʪᴅʩʽʣ ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫʤʝʥ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʘʪʘʨ, ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫץ

3) ʆʧʝʨʘʮʠʷʣʳϨ ʞϮʡʝ ʜʝϬʛʝʡʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʦʨʪʘץ ʷʜʨʦ ʥʝʛʽʟʽʥʜʝ 

ʞײʤʳʩ ʽʩʪʝʡʪʽʥ, ʦץʰʘʫʣʘʥסʘʥ ʢʦʥʪʝʡʥʝʨʣʽʢ ʦʨʪʘ ײʩʳʥʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

(ʤʳʩʘʣʳ, Docker, LXC). ɹײʣ ʤʦʜʝʣʴʜʝ ᴅʨʙʽʨ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘ ʪᴅʫʝʣʩʽʟ ʞײʤʳʩ 

ʽʩʪʝʡʜʽ, ʘʣʘʡʜʘ ʙʽʨ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ ʷʜʨʦʩʳʥ ʙᴇʣʽʩʝʜʽ. 

4) ϧʦʣʜʘʥʙʘʣʳϨ ʜʝϬʛʝʡʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʥʘץʪʳ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ 

ʚʠʨʪʫʘʣʜʳ ʪװʨʜʝ ʦʨʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ ᴅʜʽʩʪʝʨʜʽ ץʘʤʪʠʜʳ. ɹסײʘʥ ʵʤʫʣʷʮʠʷ, 

ʜʠʥʘʤʠʢʘʣʳץ ʘʫʜʘʨʤʘ ʞᴅʥʝ ʞʦסʘʨʳ ʜʝשʛʝʡʣʽ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʳ ʞʘʪʘʜʳ, ʦʣʘʨ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʦʩʫץ ʰʘʫ ʽʩʢʝץʦʣʜʘʥʙʘʣʘʨʜʳ ʦץ

5) ʊʦʣʳϨ ʦʧʝʨʘʮʠʷʣʳϨ ʞϮʡʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʩʳ ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʣʳץ 

ʞװʡʝʥʽ ʙʽʨ ʬʠʟʠʢʘʣʳץ ʩʝʨʚʝʨʜʝ ʙʽʨ ʫʘץʳʪʪʘ ʽʩʢʝ ץʦʩʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪʦʣʳץ 

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ɹײʣ ʥʝʛʽʟʛʽ ʩʘʥʘʪʪʘʨ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʜʝשʛʝʡʣʝʨʽʥʽש ʘʙʩʪʨʘʢʮʠʷʩʳʥ 

ʩʠʧʘʪʪʘʡʪʳʥ ץʦʩʳʤʰʘ ʽʰʢʽ ʩʘʥʘʪʪʘʨʜʳ ץʘʤʪʠʜʳ. ᴄʨʙʽʨ ʽʰʢʽ ʩʘʥʘʪ ʙʝʣʛʽʣʽ ʙʽʨ 

ʪʝʭʥʠʢʘʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʛʝ ʩᴅʡʢʝʩ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽʥ ʪʦʧʪʘʩʪʳʨʘʜʳ. ɹײʣ 

ʪʘʢʩʦʥʦʤʠʷ (10-ʩʫʨʝʪ) ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʘʨʭʠʪʝʢʪʫʨʘʣʳץ 

 ʨʣʽװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ᴅʨʪװʘ ʤסʘʨʘʩʪʳʨʫץ ʪʳץʨʳʣʳʤʳʥ ʞʘʥ-ʞʘײץ

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽʥʽץ שʦʣʜʘʥʳʣʫ ʘʷʩʳʥ ʥʘץʪʳ ʩʠʧʘʪʪʘʡʜʳ. 

 
 

ʉʫʨʝʪ 10 - ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ Pessolani P. A. et al. 

ʊʘʢʩʦʥʦʤʠʷʩʳ 
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Pessolani P.A. et al. [40] ײʩʳʥסʘʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש 

ʪʘʢʩʦʥʦʤʠʷʩʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽʥ ײץʨʳʣʳʤʜʘʫ ʪײʨסʳʩʳʥʘʥ ʤʘשʳʟʜʳ 

ʙʦʣסʘʥʳʤʝʥ, ʦʥʳש ʙʽʨץʘʪʘʨ ʰʝʢʪʝʫʣʝʨʽ ʙʘʨ. ʆʣʘʨ: 

- ʊʘʢʩʦʥʦʤʠʷ ᴅʨʙʽʨ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳץ שʘʡ ʘʙʩʪʨʘʢʮʠʷ 

ʜʝשʛʝʡʽʥʝ ʞʘʪʘʪʳʥʳʥ ʥʘץʪʳ ץʘʨʘʩʪʳʨʤʘʡʜʳ. ɹײʣ ʤᴅʩʝʣʝ, ᴅʩʽʨʝʩʝ, ʘʧʧʘʨʘʪʪʳץ, 

ʞװʡʝʣʽ, ʞᴅʥʝ ץʦʣʜʘʥʙʘʣʳ ʜʝשʛʝʡʣʝʨʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽʥʽש ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʳʥ ʪװʩʽʥʫʜʽ ץʠʳʥʜʘʪʘʜʳ. 

- ɾװʡʝ ʪʝʢ ʞʦסʘʨʳ ʜʝשʛʝʡʣʽ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʜʳ ʩʠʧʘʪʪʘʫʤʝʥ ʰʝʢʪʝʣʽʧ, 

ʥʘץʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʤʳʩʘʣʜʘʨ ʢʝʣʪʽʨʤʝʡʜʽ. ɹײʣ ʦʥʳ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫ 

ʪײʨסʳʩʳʥʘʥ ʪʦʣʳץ ʝʤʝʩ ʝʪʝʜʽ. ʄʳʩʘʣʳ, ʛʠʧʝʨʚʠʟʦʨʣʘʨʜʳש (I ʞᴅʥʝ II ʪʠʧ) ʥʘץʪʳ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʥʝʤʝʩʝ ʢʦʥʪʝʡʥʝʨʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽ 

ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʙʝʨʽʣʤʝʛʝʥ. 

- ʊʘʢʩʦʥʦʤʠʷ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʥʝʛʽʟʛʽ ʩʘʥʘʪʪʘʨʳʥ ײʩʳʥסʘʥʳʤʝʥ, 

ʦʣʘʨʜʳש ʽʰʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ VR ʪװʨʣʝʨʽʥ ʘʞʳʨʘʪʫ ʞʦʣʜʘʨʳʥ ʥʘץʪʳ 

ʢᴇʨʩʝʪʧʝʡʜʽ. ʄʳʩʘʣʳ, ʆɾ ʜʝשʛʝʡʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʤʝʥ ʧʨʦʮʝʩʩ ʜʝשʛʝʡʽʥʜʝʛʽ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʜʘ ץʘʥʜʘʡ VM ʪʠʧʪʝʨʽ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥʳ ʪʫʨʘʣʳ ʥʘץʪʳ 

ʘʥʳץʪʘʤʘʣʘʨ ʙʝʨʽʣʤʝʛʝʥ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, Pessolani P.A. ʪʘʢʩʦʥʦʤʠʷʩʳʥ ʞʝʪʽʣʜʽʨʫ װʰʽʥ ʦʥʳש 

ᴅʨʙʽʨ ʩʘʥʘʪʳʥ ʥʘץʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʤʳʩʘʣʜʘʨʤʝʥ ʪʦʣʳץʪʳʨʫ, ʘʙʩʪʨʘʢʮʠʷ 

ʜʝשʛʝʡʣʝʨʽʥ ʞװʡʝʣʽ ʪװʨʜʝ ʢᴇʨʩʝʪʫ ʞᴅʥʝ ᴅʨʙʽʨ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʩʘʥʘʪʳʥʜʘ 

 .ʘʞʝʪץ ʨʣʝʨʽʥ ʞʽʢʪʝʫװʦʣʜʘʥʳʣʘʪʳʥ VM ʪץ

P®k G., Butty§n L., Bencs§th B. [41] ʟʝʨʪʪʝʫʽʥʜʝ [37] ʞᴅʥʝ [38] ʞײʤʳʩʪʘʨʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳʥʳש ʢʝשʝʡʪʽʣʛʝʥ ʪʘʢʩʦʥʦʤʠʷʩʳʥ 

 ,ʪʳʣʘʧץʣʛʽʣʝʨʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʩʘʥʘʪʪʘʨʳʥ ʥʘװ שʘʥ (11-ʩʫʨʝʪ). ʆʣʘʨʜʳסʩʳʥײ

 ʰʝʢʪʝʫʣʝʨʽʥ שʳ ʟʝʨʪʪʝʫʣʝʨʜʽסשʳʣʳ ʘʣʜʳץʨʘʤʜʘʩʪʘʨʜʳ ʝʥʛʽʟʫ ʘʨײץ ʦʩʳʤʰʘץ

ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʞʝʪʽʣʜʽʨʽʣʛʝʥ. ʂʝʣʪʽʨʽʣʛʝʥ ʪʘʢʩʦʥʦʤʠʷ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʢʽ ʥʝʛʽʟʛʽ ʩʘʥʘʪץʘ ʙᴇʣʝʜʽ: ʞװʡʝʣʽʢ ʞᴅʥʝ װʜʝʨʽʩʪʽʢ ʚʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʣʘʨʳ.  

ʊʘʢʩʦʥʦʤʠʷʥʳש ʙʽʨʽʥʰʽ ʜʝשʛʝʡʽ ʢʝʣʝʩʽ ʦʥ ʩʘʥʘʪʪʳ ץʘʤʪʠʜʳ: ʤʦʙʠʣʴʜʽ 

ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ; ʤᴅʣʽʤʝʪʪʝʨ, ʞʘʜ; ʞײʤʳʩ װʩʪʝʣʽ; ʩʘץʪʘʫ; ʩʝʨʚʝʨ; 

ʞʝʣʽ; ץʦʣʜʘʥʙʘ; ʪʦʨ; ʢʣʘʩʪʝʨʣʝʫ. 

ʊʘʢʩʦʥʦʤʠʷʥʳש ʝʢʽʥʰʽ ʜʝשʛʝʡʽ ʩʝʨʚʝʨ ʩʘʥʘʪʳʥʘʥ ʘʣʳʥסʘʥ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ 

ʪװʨʣʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ: ʵʤʫʣʷʮʠʷ; ʭʦʩʪʪʘʣסʘʥ ʆɾ; ʘʧʧʘʨʘʪʪʳץ ʜʝשʛʝʡʜʝʛʽ 

ʛʠʧʝʨʚʠʟʦʨ; ʧʘʨʘʚʠʨʪʫʘʣʠʟʘʮʠʷ; ʢʦʥʪʝʡʥʝʨʣʝʫ; ʛʠʙʨʠʜʪʽ ʤʦʜʝʣʴ. 

ʊʘʢʩʦʥʦʤʠʷʥʳװ שʰʽʥʰʽ ʜʝשʛʝʡʽ ʘʧʧʘʨʘʪʪʳץ ʜʝשʛʝʡʜʝʛʽ ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣ 

ʩʘʥʘʪʳʥʘʥ ʘʣʳʥסʘʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪװʨʣʝʨʽʥ ʪʠʧʪʝʨ ʘʨץʳʣʳ ʩʠʧʘʪʪʘʡʜʳ. 
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ʉʫʨʝʪ 11 - ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ P®k G., Butty§n L., Bencs§th B. 

ʪʘʢʩʦʥʦʤʠʷʩʳ 
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ʉʫʨʝʪ 12 - ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ Ameen R.Y., Hamo A.Y.   
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Ameen R.Y., Hamo A.Y. [42] ײʩʳʥסʘʥ ʪʘʢʩʦʥʦʤʠʷ  Kampert P. A [35] ʞᴅʥʝ 

Pessolani P. A. [40] ʝשʙʝʢʪʝʨʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʝʨʪʪʝʫʜʝ 

 ʳʣʳ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ ʩʘʥʘʪʪʘʨʳʥץʨʳʣʳʤ ʘʨײץ ץʛʝʡʣʽ ʠʝʨʘʨʭʠʷʣʳשʰ ʜʝװ

ʞװʡʝʣʝʫ ײʩʳʥʳʣסʘʥ. ɸʣʘʡʜʘ, ʙײʣ ʪʘʢʩʦʥʦʤʠʷʥʳש ʛʨʘʬʠʢʘʣʳץ ʢᴇʨʽʥʽʩʽ ʘץʧʘʨʘʪʪʳ 

 ʜʝʩʪʽʨʽʣʤʝʛʝʥʜʽʛʽשʪʝ שʘʥʳʤʝʥ, ʦʥʳסʪʳ ʪᴅʩʽʣʽ ʙʦʣץʳʟʳץ שʨʳʣʳʤʜʘʫʜʳײץ

ʙʘʡץʘʣʘʜʳ. ʉʝʙʝʙʽ ʦʣ ʪʝʢ ʩʝʨʚʝʨ ʩʘʥʘʪʳʥʳש ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʩʠʧʘʪʪʘʤʘʩʳʥʘ ʙʘʩʘ 

ʥʘʟʘʨ ʘʫʜʘʨʘʜʳ, ʘʣ ʙʘʩץʘ ʩʘʥʘʪʪʘʨ ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʜʝ ץʘʨʘʩʪʳʨʳʣʤʘסʘʥ. 

Abdulhamid S.M., Latiff M.S.A., Bashir M.B. [43] ײʩʳʥסʘʥ ʪʘʢʩʦʥʦʤʠʷ ʝʢʽ 

ʜʝשʛʝʡʜʝʥ ʪײʨʘʜʳ, ʙʽʨʘץ ʦʥʳש ʠʝʨʘʨʭʠʷʣʳײץ ץʨʳʣʳʤʳ ʪʦʣʳץ ʘʰʳʣʤʘסʘʥ, ʪʝʢ ʙʽʨ 

ʜʝשʛʝʡ ʘʥʳץ ʙʘʡץʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʨʙʽʨ ʩʘʥʘʪʪʳש ʩʠʧʘʪʪʘʤʘʩʳ ʞʝʪʢʽʣʽʢʪʽ 

ʜʝשʛʝʡʜʝ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʙʘʷʥʜʘʣʤʘסʘʥ, ʩʦʥʜʘʡ-ʘץ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʘ ʥʘץʪʳ ʤʳʩʘʣʜʘʨ ʢʝʣʪʽʨʽʣʤʝʛʝʥ. ʂʝʣʪʽʨʽʣʛʝʥ ʪʘʢʩʦʥʦʤʠʷ (13-

ʩʫʨʝʪ) ʪʦʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ, ʆɾ ʜʝשʛʝʡʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ, ʘʧʧʘʨʘʪʪʳץ 

ʜʝשʛʝʡʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ, ʧʘʨʘʚʠʨʪʫʘʣʠʟʘʮʠʷ, ץʦʣʜʘʥʙʘʣʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ, 

ʨʝʩʫʨʩ ʚʠʨʪʫʘʣʠʟʘʮʠʷʩʳ ʞᴅʥʝ ʩʘץʪʘʫ ʞװʡʝʣʝʨʽʥ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ ʩʠʷץʪʳ 

ʩʘʥʘʪʪʘʨʜʳ ץʘʤʪʠʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʝʨʪʪʝʫ ʪʦʨʜʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʞᴅʥʝ 

ʙײʣʪʪʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʩʠʷץʪʳ ץʦʩʳʤʰʘ ʩʘʥʘʪʪʘʨʜʳ ʜʘ ץʘʨʘʩʪʳʨʘʜʳ [41]. 

 

 
 

ʉʫʨʝʪ 13 - ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ. Abdulhamid S.M., Latiff M.S.A., 

Bashir M.B. ʪʘʢʩʦʥʦʤʠʷʩʳ. 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [43]  
ɸʪʘʣסʘʥ ʩʘʥʘʪʪʘסʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙײʣʪʪʳץ ʝʩʝʧʪʝʫ 

ʠʥʬʨʘײץʨʳʣʳʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʥʝʛʽʟʜʝʣʝʜʽ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ 

ʩײʨʘʥʳʩץʘ ʩᴅʡʢʝʩ ʚʠʨʪʫʘʣʜʳ ʨʝʩʫʨʩʪʘʨʜʳ ʜʠʥʘʤʠʢʘʣʳץ ʪװʨʜʝ ײʩʳʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

Li X.F. [44] ʞװʨʛʽʟʛʝʥ ʟʝʨʪʪʝʫʜʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳש (VM) ʪᴇʨʪ 

ʥʝʛʽʟʛʽ ʪװʨʽ ʞװʡʝʣʝʥʽʧ ʩʠʧʘʪʪʘʣסʘʥ. ʆʥʜʘʡ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʜʝשʛʝʡʽʥʝ ʞᴅʥʝ ʦʨʳʥʜʘʣʫ ʦʨʪʘʩʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʝʜʽ: 

1) ʊʦʣʳץ ISA ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʩʳ (Type-1) ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝ ʤʝʥ ʦʥʳש 

 ʘʥʜʘʡסʨײʤʳʩ ʽʩʪʝʧ ʪײʨʘʣʜʘ ʞײץ ץʘʧʧʘʨʘʪʪʳ ץʪʳ ʬʠʟʠʢʘʣʳץʦʣʜʘʥʙʘʣʘʨʳʥ ʥʘץ

ʪʦʣʳץ ISA ʜʝשʛʝʡʽʥʜʝ ʵʤʫʣʷʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄײʥʜʘʡ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʠʧʽ ʘʧʧʘʨʘʪʪʳץ ʜʝשʛʝʡʜʝʛʽ ʪʦʣʳװ ץʡʣʝʩʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 
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2) ABI ʜʝשʛʝʡʽʥʜʝʛʽ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ (Type-2) ABI (Application Binary 

Interface) ʜʝשʛʝʡʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ, ʷסʥʠ ץʦʥʘץ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʜʝʛʽ װʜʝʨʽʩʪʝʨ 

ʞʝʨʛʽʣʽʢʪʽ ABI-ʤʝʥ װʡʣʝʩʽʤʜʽ ʧʨʦʛʨʘʤʤʘʣʘʨʤʝʥ ʙʽʨʽʢʪʽʨʽʣʽʧ, ʦʨʳʥʜʘʣʘʜʳ. ɹײʣ 

ʪᴅʩʽʣ ᴇʥʽʤʜʽʣʽʢʪʽ ʩʘץʪʘʡ ʦʪʳʨʳʧ, װʡʣʝʩʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

3) ɺʠʨʪʫʘʣʜʳ ISA ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʩʳ (Type-3) ʘʨʥʘʡʳ ʦʨʳʥʜʘʣʫ ʫʘץʳʪʳ 

ʤʝʭʘʥʠʟʤʜʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʚʠʨʪʫʘʣʜʳ ISA ʜʝשʛʝʡʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

ʄʦʜʝʣʴ ʢʦʜʪʘʣסʘʥ ץʦʣʜʘʥʙʘʣʘʨʜʳש ᴅʨʪװʨʣʽ ʘʧʧʘʨʘʪʪʳץ ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʜʘ 

ʦʨʳʥʜʘʣʫʳʥ ʞʝשʽʣʜʝʪʝʜʽ. 

4) ʇʨʦʛʨʘʤʤʘʣʘʫ ʪʽʣʽʥʝ ʙʘסʳʪʪʘʣסʘʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ (Type-4) ʙʝʣʛʽʣʽ 

ʙʽʨ ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʽʣʽʥʜʝ ʞʘʟʳʣסʘʥ ʢʦʜʪʳ ʦʨʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ. ʄײʥʜʘʡ 

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʝʤʝʩʝ ʢʦʤʧʠʣʷʮʠʷ ʘʨץʳʣʳ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʽʩʢʝ ץʦʩʘʪʳʥ ʦʨʳʥʜʘʣʫ ʫʘץʳʪʳ ץʦʟסʘʣʪץʳʰʳʥ ץʦʣʜʘʥʘʜʳ 

(ʤʳʩʘʣʳ, Java Virtual Machine ʥʝʤʝʩʝ .NET CLR). 

ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳ ʪᴇʨʪ ʥʝʛʽʟʛʽ ʪʠʧʢʝ ʞʽʢʪʝʛʝʥ̔ʤʝʥ, ʦʣʘʨʜʳש ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʳʥ ʢᴇʨʩʝʪʝʪʽʥ ʠʝʨʘʨʭʠʷʣʳײץ ץʨʳʣʳʤ ײʩʳʥʳʣʤʘסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʪװʩʽʥʫʜʽ ʞʝשʽʣʜʝʪʫ ʤʘץʩʘʪʳʥʜʘ ʪʽʨʝʢ ʩʳʟʙʘʣʘʨ ʢʝʣʪʽʨʽʣʤʝʛʝʥ. ɹײʣ ʞʽʢʪʝʫ ʙײʨʳʥ 

 ʘʨʘʩʪʳʨʤʘʡʜʳ, ʦʩʳʣʘʡʰʘ ʞʘʣʧʳץ ʢᴇʧʰʽʣʽʛʽʥ שʘʥ ʪʘʢʩʦʥʦʤʠʷʣʘʨʜʳסʩʳʥʳʣײ

ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ ʞװʡʝʩʽʥʜʝʛʽ ʦʣʘʨʜʳש ʦʨʥʳ ʤʝʥ ʙʘʡʣʘʥʳʩʳʥ ʥʘץʪʳʣʘʫ 

 .ʘʞʝʪʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽץ

Bugnion E., Nieh J., Tsafrir D. [45] ʟʝʨʪʪʝʫʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨסʘ 

(VM) ץʘʪʳʩʪʳ סײʳʤʜʘʨʜʳ ײץʨʳʣʳʤʜʘʫסʘ ʘʨʥʘʣסʘʥ ʝʢʽ ʜʝשʛʝʡʣʽ ʪʘʢʩʦʥʦʤʠʷʥʳ 

  .ʩʳʥʜʳ (14-ʩʫʨʝʪ)ײ

ɹʽʨʽʥʰʽ ʜʝשʛʝʡ ʘʙʩʪʨʘʢʮʠʷסʘ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ 

ʢʘʪʝʛʦʨʠʷʣʘʨʜʳ ץʘʤʪʠʜʳ: ʪʽʣʛʝ ʥʝʛʽʟʜʝʣʛʝʥ VM (Language-based VM), ʞװʡʝʣʽʢ 

ʜʝשʛʝʡʜʝʛʽ VM (System-level VM), ʞʝשʽʣ VM (Lightweight VM) ʪʘʢʩʦʥʦʤʠʷ. 

ɽʢʽʥʰʽ ʜʝשʛʝʡ ʧʣʘʪʬʦʨʤʘʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʛʝ ץʘʪʳʩʪʳ ʞᴅʥʝ ʞװʡʝʣʽʢ 

ʜʝשʛʝʡʜʝʛʽ VM-ʜʝʥ ʘʣʳʥסʘʥ ʝʢʽ ʥʝʛʽʟʛʽ ʩʘʥʘʪʪʳ ץʘʤʪʠʜʳ: ʤʘʰʠʥʘ ʩʠʤʫʣʷʪʦʨʳ 

(Machine Simulator), ʛʠʧʝʨʚʠʟʦʨ (Hypervisor). 

 

 
 

ʉʫʨʝʪ 14 - ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ Bugnion E., Nieh J., Tsafrir D. 

ʪʘʢʩʦʥʦʤʠʷʩʳ 
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [45].  
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ʆʩʳʣʘʡʰʘ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʬʠʟʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʘʙʩʪʨʘʢʮʠʷʣʘʫ ʘʨץʳʣʳ 

ʦʣʘʨʜʳ ʣʦʛʠʢʘʣʳץ ʙʽʨʣʽʢʪʝʨ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʟʘʤʘʥʘʫʠ 

ʪʝʭʥʦʣʦʛʠʷ. ɼʝʛʝʥʽʤʝʥ, ʦʣ ʙײʣʪʪʳץ ʝʩʝʧʪʝʫʣʝʨ, ʞʝʣʽʣʽʢ ʙʘʩץʘʨʫ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ 

ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʳʧ, ʞװʡʝʥʽש ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ, ʩʦʥʜʘʡ-ʘץ ʨʝʩʫʨʩʪʘʨʜʳ ʦשʪʘʡʣʳ ʧʘʡʜʘʣʘʥʫʜʳ 

 שʡʝʥʽװʞ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʣʳץ

ʙʽʨ ʘʧʧʘʨʘʪʪʳץ ʧʣʘʪʬʦʨʤʘʜʘ ץʘʪʘʨ ʞײʤʳʩ ʽʩʪʝʫʽʥ ʤװʤʢʽʥ ʝʪʽʧ, ʝʩʝʧʪʝʫ 

ʨʝʩʫʨʩʪʘʨʳʥ ʪʠʽʤʜʽ װʣʝʩʪʽʨʫ ʞᴅʥʝ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ 

 ,ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽʥʝ ʘʡʥʘʣʳʧ שʨʳʣʳʤʳʥʳײץʘʪʘʨ, ʦʣ ʟʘʤʘʥʘʫʠ IT-ʠʥʬʨʘץ

 ʪʳץʥʝʤʜʝʫ ʩʠʷװ ʪʳ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʵʥʝʨʛʠʷʥʳץʳʤʜʳʣʳץʰʝʡʪʫ, ʘʫװʘʫʽʧʩʽʟʜʽʢʪʽ ʢץ

ʤʘשʳʟʜʳ ʘʨʪʳץʰʳʣʳץʪʘʨ ײʩʳʥʘʜʳ.  

ɿʝʨʪʪʝʫ ʪʘʢʩʦʥʦʤʠʷʣʳײץ ץʨʳʣʳʤʜʳ ײʩʳʥʘʜʳ ʞᴅʥʝ VM-ʜʽש ʪʠʽʤʜʽ 

ʦʨʳʥʜʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʩᴅʫʣʝʪʪʽʢ ץʦʣʜʘʫ ʪʝʪʽʢʪʝʨʽʥʝ ʥʘʟʘʨ 

ʘʫʜʘʨʘʜʳ. ɿʝʨʪʪʝʫ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫʜʳ ʞʽʢʪʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳץ 

 .ʧʘʣ ʝʪʝʪʽʥʽʥ ʩʠʧʘʪʪʘʡʜʳץʘʣʘʡ ʳץ ʦʩʳʣʫ ʪʠʽʤʜʽʣʽʛʽʥʝץ VM ʽʩʢʝ שʨʘʣʜʳײץ

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʳ 

ʦשʪʘʡʣʘʥʜʳʨʳʧ, ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫ ʞᴅʥʝ ʞװʡʝʥʽש ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʩʠʷץʪʳ 

ʙʽʨץʘʪʘʨ ʘʨʪʳץʰʳʣʳץʪʘʨʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɸʣʘʡʜʘ, ʦʣʘʨʜʳ ץʦʣʜʘʥʫ 

ʙʘʨʳʩʳʥʜʘ ץʘʫʽʧʩʽʟʜʽʢ ץʘʪʝʨʣʝʨʽ, ᴇʥʽʤʜʽʣʽʢʢʝ ᴅʩʝʨ ʝʪʝʪʽʥ ץʦʩʳʤʰʘ ʞװʢʪʝʤʝʣʝʨ 

ʞᴅʥʝ ʙʘʩץʘʨʫʜʳש ʢװʨʜʝʣʽʣʽʛʽ ʩʠʷץʪʳ ʤᴅʩʝʣʝʣʝʨ ʪʫʳʥʜʘʡʜʳ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʪʘשʜʘʫ ײʡʳʤʥʳש ʥʘץʪʳ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ, ᴇʥʽʤʜʽʣʽʢ ʪʘʣʘʧʪʘʨʳʥʘ 

ʞᴅʥʝ ʩʪʨʘʪʝʛʠʷʣʳץ ʤʘץʩʘʪʪʘʨʳʥʘ ʥʝʛʽʟʜʝʣʫʽ ʪʠʽʩ. ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳװ שʜʝʤʝʣʽ 

ʜʘʤʫʳ ʦʥʳ ʟʘʤʘʥʘʫʠ IT ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽʥʝ ʘʡʥʘʣʜʳʨʳʧ, 

ʝʩʝʧʪʝʫ ʦʨʪʘʣʘʨʳʥʜʘסʳ ʠʥʥʦʚʘʮʠʷʣʘʨ ʤʝʥ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ɼʘʤʳʧ ʢʝʣʝ ʞʘʪץʘʥ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʙʽʨʛʝ ʙʽʟ װʡʨʝʥʛʝʥ ʩʳʥʳʧ ʦʨʪʘʣʘʨʳ ʙʽʨʪʽʥʜʝʧ 

ʞʘשʘ ʦץʫ ʦʨʪʘʣʘʨʳʥʘ ʦʨʳʥ ʙʝʨʫʜʝ [46]. ɹʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʦץʫ 

 ʳʣʳ ʠʢʝʤʜʽ ʞᴅʥʝץʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʘʨ ץʜʝʨʽʩʽʥʝ ʮʠʬʨʣʳװ

ʘʫץʳʤʜʳ ʦץʫ ʦʨʪʘʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ, ʙײʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ᴅʜʽʩʪʝʨʽ 

ʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʞʘץʩʘʨʪʘʜʳ [47]. 

VMware, Packet Tracer ʞᴅʥʝ GNS3 ʩʠʷץʪʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ײץʨʘʣʜʘʨʳ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨסʘ ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ ʤʝשʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʦʣʘʨʜʳ 

ʩʘʣʘʣʳץ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩʪʝʥʜʽʨʫʛʝ ʞᴅʥʝ ʥʘץʪʳ ʞʝʣʽʣʽʢ ʩʮʝʥʘʨʠʡʣʝʨʜʽ 

ʤʦʜʝʣʴʜʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞʝʣʽʣʽʢ ʘʨʭʠʪʝʢʪʫʨʘʥʳ ʞʦʙʘʣʘʫ, 

ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫ ʞᴅʥʝ ʘץʘʫʣʘʨʜʳ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ʙʦʡʳʥʰʘ ʪᴅʞʽʨʠʙʝʣʽʢ 

ʦץʳʪʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʩʝʨʚʝʨʣʝʨʜʽ 

ʙʽʨʽʢʪʽʨʫʜʽ ʦשʪʘʡʣʘʥʜʳʨʘʜʳ, ץʫʘʪ ʪײʪʳʥʫ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

ʰʳסʳʥʜʘʨʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ 

ʳץʧʘʣ ʝʪʝʜʽ, ʙײʣ ᴅʩʽʨʝʩʝ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳ װʰʽʥ ʤʘשʳʟʜʳ [48]. ʆʩʳʣʘʡʰʘ, 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʽש IT-ʠʥʬʨʘײץʨʳʣʳʤʳʥ 

ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝ ʦץʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʙʽʨץʘʪʘʨ ʘʨʪʳץʰʳʣʳץʪʘʨ ײʩʳʥסʘʥʳʤʝʥ, ᴇʥʽʤʜʽʣʽʢʢʝ ᴅʩʝʨ 

ʝʪʫʽ ʞᴅʥʝ ץʘʫʽʧʩʽʟʜʽʢ ץʘʪʝʨʣʝʨʽ ʩʠʷץʪʳ ץʠʳʥʜʳץʪʘʨʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ. ɹײʣ 

ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ װʰʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ 
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ʳץʪʠʤʘʣ ʦʩʘʣʜʳץʪʘʨʜʳ ʞʦʶ ʙʘסʳʪʳʥʜʘ װʟʜʽʢʩʽʟ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ᴅʟʽʨʣʝʤʝʣʝʨ 

 ʝʩʝʧʪʝʫʣʝʨʤʝʥ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʣʪʪʳײʙ שʘʪʘʨ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳץ ʘʞʝʪ. ʉʦʥʳʤʝʥץ

ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʤʝʥ ʠʥʪʝʛʨʘʮʠʷʩʳ ᴅʨʪװʨʣʽ ʩʝʢʪʦʨʣʘʨʜʘ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫסʘ 

ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳ ʥʝײסʨʣʳʤ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫסʘ ʳץʧʘʣ ʝʪʝʪʽʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ 

ʜʘʤʫ ʙʘסʳʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

ʂʝʩʪʝ 4 ï ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ 

 

ɸʚʪʦʨʣʘʨ ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ 

Sheety A. [49] 

ʞᴅʥʝ  

Siahaan A.P.U. 

[50] 

ʈʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ װʥʝʤʜʽʣʽʢ: ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʙʽʨ 

ʬʠʟʠʢʘʣʳץ ʩʝʨʚʝʨʜʝ ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳ ʽʩʢʝ ץʦʩʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʘʧʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʦשʪʘʡʣʳ ʧʘʡʜʘʣʘʥʫʜʳ 

 ʳʣʳ ʨʝʩʫʨʩʪʘʨʜʳ ʙʽʨʽʢʪʽʨʫ ʞᴅʥʝץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʘʨץ

ʜʠʥʘʤʠʢʘʣʳץ ʙᴇʣʫ IT-ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʰʳסʳʥʜʘʨʳʥ ʘʡʪʘʨʣʳץʪʘʡ 

ʘʟʘʡʪʘʜʳ.  

Di Pietro R., 

Lombardi F. [51] 

ɾʘץʩʘʨʪʳʣסʘʥ ץʘʫʽʧʩʽʟʜʽʢ ʞᴅʥʝ ʦץʰʘʫʣʘʫ: ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʜᴅʩʪװʨʣʽ ʢʦʥʪʝʡʥʝʨʣʝʫʛʝ ץʘʨʘסʘʥʜʘ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝʛʽ 

 ʩʳʥʘʜʳ. ɺʠʨʪʫʘʣʜʳײ ʤʢʽʥʜʽʢʪʝʨʽʥװʰʘʫʣʘʫ ʤץʘʫʽʧʩʽʟʜʽʢ ʧʝʥ ʦץ

ʤʘʰʠʥʘʣʘʨʜʳש ᴅʨʝʢʝʪʽʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʙʘץʳʣʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ ʤװʤʢʽʥʜʽʛʽ 

ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢ ʪʘʣʘʧʪʘʨʳʥ ʢװʰʝʡʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʙʘʩץʘʨʫ ʤʝʥ ʤʦʥʠʪʦʨʠʥʛʪʽ ʞʝʪʽʣʜʽʨʽʧ, ʙײʣʪʪʳץ 

 .ʧʘʣ ʝʪʝʜʽץʘ ʳסʛʝʡʽʥ ʘʨʪʪʳʨʫשʘʫʽʧʩʽʟʜʽʢ ʜʝץ ʳʟʤʝʪʪʝʨʜʝʛʽץ

Amankwah R., 

Asianoa R., 

Birago B. [52] 

ʞᴅʥʝ  

Sharma S. et al. 

[53]  

ʀʢʝʤʜʽʣʽʢ ʞᴅʥʝ ʘʫץʳʤʜʳʣʳץ: ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʜʠʥʘʤʠʢʘʣʳץ 

ʤʘʩʰʪʘʙʪʘʫʜʳ ץʦʣʜʘʡʜʳ, ײʡʳʤʜʘʨסʘ ᴇʟʛʝʨʝʪʽʥ ʝʩʝʧʪʝʫ ʪʘʣʘʧʪʘʨʳʥʘ ʪʝʟ 

ʙʝʡʽʤʜʝʣʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣʪʪʳ ʝʩʝʧʪʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʜʘ 

ʩײʨʘʥʳʩץʘ ʩᴅʡʢʝʩ ʨʝʩʫʨʩʪʘʨʜʳ ʞʳʣʜʘʤ ʙᴇʣʫ ʞᴅʥʝ ץʘʡʪʘ ʙᴇʣʫ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʄײʥʜʘʡ ʠʢʝʤʜʽʣʽʢ IT-ʠʥʬʨʘײץʨʳʣʳʤʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʞʝʜʝʣ 

ᴇשʜʝʫ ץʘʙʽʣʝʪʽʥ ʞʘץʩʘʨʪʘʜʳ. 

Sheety A. [49] ɸʧʘʪʪʘʥ ʢʝʡʽʥʛʽ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʞᴅʥʝ ʙʠʟʥʝʩʪʽװ שʟʜʽʢʩʽʟʜʽʛʽ: 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʞװʡʝʣʽʢ ʘץʘʫʣʘʨ ʥʝʤʝʩʝ ʘʧʘʪʪʳ ʞʘסʜʘʡʣʘʨ ʢʝʟʽʥʜʝ 

ʜʝʨʝʢʪʝʨ ʤʝʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳ ʞʳʣʜʘʤ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ 

ʤװʤʢʽʥʜʽʛʽʥ ײʩʳʥʘʜʳ. ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳש ʩʫʨʝʪʪʝʨʽʥ (image) 

ʞᴅʥʝ ʢʣʦʥʜʘʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, 

ʞװʡʝʣʝʨʜʽװ שʟʜʽʢʩʽʟ ʞײʤʳʩ ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

Kushwaha S., 

Yadav A. K., 

Verma H. N. [54] 

ᴆʟ ײץʨʳʣסʳשʳʟʜʳ ᴅʢʝʣʫ ʩʘʷʩʘʪʳʥ ץʦʣʜʘʫ: ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʢʝʟ ʢʝʣʛʝʥ 

 ʤʢʽʥʜʽʛʽʥװʦʣ ʞʝʪʢʽʟʫ ʤץ ʘʫʽʧʩʽʟץ ʤʳʩ ʦʨʪʘʩʳʥʘײʳʜʘʥ ʞסʨʳʣײץ

 ʜʳ ʧʘʡʜʘʣʘʥ" ʩʘʷʩʘʪʳʥשʳסʨʳʣײץ שʥʽשʳʣʳ "ᴆʟʽץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʘʨץ

 ,ʧʝʥ ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʳʧ ץʪʘʩʪʳץʡʳʤ ʽʰʽʥʜʝʛʽ ʳʥʪʳʤʘײ ʣײʦʣʜʘʡʜʳ. ɹץ

 ʳʜʘʥסʨʳʣײץ ʤʳʩ ʽʩʪʝʫʛʝ ʞᴅʥʝ ʢʝʟ ʢʝʣʛʝʥײʪʘʥ ʞץʘʰʳץ ʳʟʤʝʪʢʝʨʣʝʨʛʝץ

ʞײʤʳʩ װʜʝʨʽʩʽʥʝ ץʘʪʳʩʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 
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ʆʩʳʣʘʡʰʘ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ IT-ʠʥʬʨʘײץʨʳʣʳʤʥʳש ʪʠʽʤʜʽʣʽʛʽʥ, ץʘʫʽʧʩʽʟʜʽʛʽʥ 

ʞᴅʥʝ ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʤʝʥ ץʘʪʘʨ, ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʳʧ, ײʡʳʤʜʘʨʜʳש ʙʠʟʥʝʩ-

 .ʧʘʣ ʝʪʝʜʽץʘ ʳסʪʘʡʣʘʥʜʳʨʫשʜʝʨʽʩʪʝʨʽʥ ʦװ

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ, 

ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫ ʞᴅʥʝ ץʘʫʽʧʩʽʟʜʽʢ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫ ʩʠʷץʪʳ ʤʘשʳʟʜʳ 

ʘʨʪʳץʰʳʣʳץʪʘʨ ײʩʳʥʘʜʳ. ɸʣʘʡʜʘ, ʙײʣ ʪʝʭʥʦʣʦʛʠʷ ᴇʥʽʤʜʽʣʽʢʢʝ ᴅʩʝʨ ʝʪʝʪʽʥ 

 ʪʳ ʙʝʣʛʽʣʽ ʙʽʨץʪʘʨʳ ʩʠʷץʘʫʽʧʩʽʟʜʽʢ ʦʩʘʣʜʳץ ץʢʪʝʤʝ, ʩʦʥʜʘʡ-ʘװʦʩʳʤʰʘ ʞץ

 .ʨʝʜʽװʘʪʘʨ ʞץ ʪʘʨʤʝʥץʠʳʥʜʳץ

 

ʂʝʩʪʝ 5 - ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʢʝʤʰʽʣʽʢʪʝʨʽ 

 

ɸʚʪʦʨʣʘʨ ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʢʝʤʰʽʣʽʢʪʝʨʽ 

Vitanova M.K. et 

al. [29] 

ᴆʥʽʤʜʽʣʽʢʢʝ ᴅʩʝʨ ʝʪʝʪʽʥ װʩʪʝʤʝ ʰʳסʳʥʜʘʨ: ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳש 

ᴇʥʽʤʜʽʣʽʛʽ ʛʠʧʝʨʚʠʟʦʨ ʘʨץʳʣʳ ʙʘʩץʘʨʳʣʘʪʳʥ ץʦʩʳʤʰʘ ʝʩʝʧʪʝʫ 

ʞװʢʪʝʤʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʪᴇʤʝʥʜʝʫʽ ʤװʤʢʽʥ. ɹײʣ ᴅʩʽʨʝʩʝ ʞʦסʘʨʳ 

ᴇʥʽʤʜʽʣʽʢ ʪʘʣʘʧ ʝʪʝʪʽʥ ץʦʣʜʘʥʙʘʣʘʨ װʰʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʰʝʢʪʝʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɻʠʧʝʨʚʠʟʦʨ ʨʝʩʫʨʩʪʘʨʜʳ ʙᴇʣʫʜʽ ʙʘʩץʘʨסʘʥʳʤʝʥ, ʦʣ ץʦʩʳʤʰʘ 

ʧʨʦʮʝʩʩʦʨʣʳץ ʞᴅʥʝ ʞʘʜʳ ʞװʢʪʝʤʝʩʽʥ ʪʫʜʳʨʳʧ, ʞװʡʝʥʽש ʞʘʣʧʳ 

ᴇʥʽʤʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʫʽ ʤװʤʢʽʥ. 

ʈʝʩʫʨʩʪʘʨסʘ ץʦʣʞʝʪʽʤʜʽʣʽʢ ץʘץʪʳסʳʩʪʘʨʳ: ʙʽʨ ʬʠʟʠʢʘʣʳץ ʩʝʨʚʝʨʜʝ 

ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ (VM) ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʞʘסʜʘʡʜʘ, 

ʨʝʩʫʨʩʪʘʨʜʳ ʜײʨʳʩ ʙᴇʣʤʝʫ ᴇʥʽʤʜʽʣʽʢʪʽש ʪᴇʤʝʥʜʝʫʽʥʝ ʘʣʳʧ ʢʝʣʫʽ ʤװʤʢʽʥ. 

ɽʛʝʨ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ VM ʞװʡʝ ʨʝʩʫʨʩʪʘʨʳʥ ʘʨʪʳץ ʪײʪʳʥʩʘ, ʙʘʩץʘ 

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳש ʞײʤʳʩʳ ʪʝʞʝʣʫʽ ʤװʤʢʽʥ. ɹײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ 

 ʘʨʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳץʢʪʝʤʝʥʽ ʙʘʩװʰʽʥ ʞװ

ʪʠʽʤʜʽ ʙᴇʣʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ. 

Alouane M., El 

Bakkali H. [55] 

ʞᴅʥʝ 

Pearce M., 

Zeadally S.,  

Hunt R. [56] 

 ʪʘʨʳʥץʰʳʣʳץʘʫʽʧʩʽʟʜʽʢ ʘʨʪʳץ ʪʘʨʳ: ʚʠʨʪʫʘʣʠʟʘʮʠʷץʘʫʽʧʩʽʟʜʽʢ ʦʩʘʣʜʳפ

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʤʘʡʜʳץ ʘʫʽʧʩʽʟʜʽʢʪʽץ ץʘʥʳʤʝʥ, ʪʦʣʳסʩʳʥײ

ɻʠʧʝʨʚʠʟʦʨʣʳץ ʰʘʙʫʳʣʜʘʨ, ʢʝʨʽ ʠʥʞʝʥʝʨʠʷ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʞᴅʥʝ 

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʦץʰʘʫʣʘʫʜʳש ʙײʟʳʣʫʳ 

ʢʠʙʝʨץʘʫʽʧʩʽʟʜʽʢʢʝ ʝʣʝʫʣʽ ץʘʪʝʨ ʪᴇʥʜʽʨʝʜʽ. ɹײʣʪʪʳץ ʦʨʪʘʜʘ ʞײʤʳʩ 

ʽʩʪʝʡʪʽʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ װʰʽʥ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

 .ʘʥʳʩ ʰʘʨʘʣʘʨʳʥ ʪʘʣʘʧ ʝʪʝʜʽסʦʨץ ʦʩʳʤʰʘץ

Sheety A. [49] ɹʘʩץʘʨʫʜʳש ʢװʨʜʝʣʽʣʽʛʽ: ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʜʳ ʙʘʩץʘʨʫ ʢװʨʜʝʣʽ װʜʝʨʽʩ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʞʦסʘʨʳ ʙʽʣʽʢʪʽ ʤʘʤʘʥʜʘʨ ʤʝʥ ʘʨʥʘʡʳ ʙʘʩץʘʨʫ 

 ʛʝʡʽשʘʞʝʪ ʝʪʝʜʽ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʝʥʛʽʟʛʝʥ ʘʙʩʪʨʘʢʮʠʷ ʜʝץ ʨʘʣʜʘʨʳʥײץ

ʞװʡʝʣʽʢ ʘץʘʫʣʘʨʜʳ ʘʥʳץʪʘʫ ʞᴅʥʝ ʪװʟʝʪʫ װʜʝʨʽʩʽʥ ץʠʳʥʜʘʪʘʜʳ. ʉʦʥʳʤʝʥ 

 ʳʥʘ ʢʝʨʽסʪʳʣʳץʨʘײʞʘʣʧʳ ʪ שʡʝʥʽװʘʨʫ ʞץʘʪʘʨ, ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʩʽʟ ʙʘʩץ

ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 

 

ʆʩʳ ʢʝʤʰʽʣʽʢʪʝʨʛʝ ץʘʨʘʤʘʩʪʘʥ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʜʘʤʫʳ 

ʤʝʥ ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳ ʦʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʳʧ, ץʦʣʜʘʥʫ ʘʷʩʳʥ ʢʝשʝʡʪʫʜʝ. 
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ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʳץʰʳʣʳץʪʘʨ 

 ʨʜʝʣʽʣʽʛʽװʢ שʪʘʨʳ ʜʘ ʙʘʨ. ʊʝʭʥʦʣʦʛʠʷʥʳץʠʳʥʜʳץ ʙʝʣʛʽʣʽ ʙʽʨ שʘʥʳʤʝʥ, ʦʥʳסʩʳʥײ

ʤʝʥ ʳץʪʠʤʘʣ ץʘʫʽʧʩʽʟʜʽʢ ʦʩʘʣʜʳץʪʘʨʳ ʦʥʳ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ ʤʝʥ ʩʝʥʽʤʜʽ ץʦʨסʘʥʳʩ 

ʰʘʨʘʣʘʨʳʥ ץʘʞʝʪ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʳץ ʨʝʩʫʨʩ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ 

 ʦʡʳʣʘʪʳʥץ ʘʨʳ ʪʘʣʘʧסʘʥʳʤʝʥ, ᴅʩʽʨʝʩʝ ᴇʥʽʤʜʽʣʽʢʢʝ ʞʦסʥʝʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨװ

ʦʨʪʘʣʘʨʜʘ ץʦʩʳʤʰʘ ʞװʢʪʝʤʝ ʪʫʜʳʨʳʧ, ʞװʡʝʥʽש ʞʘʣʧʳ ᴇʥʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨ ʝʪʫʽ 

ʤװʤʢʽʥ. 

ɸʣʘʡʜʘ, ʦʩʳ ץʠʳʥʜʳץʪʘʨסʘ ץʘʨʘʤʘʩʪʘʥ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʠʢʝʤʜʽʣʽʢ, 

ʘʫץʳʤʜʳʣʳץ ʞᴅʥʝ ʘʧʘʪʪʘʥ ʢʝʡʽʥʛʽ ʞʳʣʜʘʤ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʦʥʳ 

ʟʘʤʘʥʘʫʠ IT-ʠʥʬʨʘײץʨʳʣʳʤʳʥʜʘ ʪʘʧʪʳʨʤʘʩ ʪʝʭʥʦʣʦʛʠʷסʘ ʘʡʥʘʣʜʳʨʘʜʳ. ʊʠʽʤʜʽ 

ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʦʟʳץ ץʘʫʽʧʩʽʟʜʽʢ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ᴅʣʝʫʝʪʽʥ ʪʦʣʳץ ʽʩʢʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץץʘ (VR) ʪʦʣʳץʪʘʡ ʝʥʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʫʰʳ ʘʨʥʘʡʳ ʞʘʙʜʳץʪʘʨ ʢʝʰʝʥʽʥ ץʦʣʜʘʥʘʜʳ. ɹײʣ ʢʝʰʝʥʛʝ ᴅʨ ʢᴇʟʛʝ 

ʘʨʥʘʣסʘʥ ʜʝʨʙʝʩ ʜʠʩʧʣʝʡʣʝʨʽ ʙʘʨ ʘʨʥʘʡʳ ʰʣʝʤ, ʙʘʩʪʳש ʢʝשʽʩʪʽʢʪʝʛʽ ʦʨʥʘʣʘʩʫʳʥ 

ʘʥʳץʪʘʡʪʳʥ ʩʝʥʩʦʨʣʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ײץʣʘץץʘʧʪʘʨ, ʪʘʢʪʠʣʴʜʽ ʢʝʨʽ ʙʘʡʣʘʥʳʩ 

ʞװʡʝʩʽ ʙʘʨ ʵʣʝʢʪʨʣʽʢ ʞʠʣʝʪ, ʩʦʥʜʘʡ-ʘץ ʘʨʥʘʡʳ ʩʝʥʩʦʨʣʳץ ץʦʣסʘʧʪʘʨ ʤʝʥ ʘʷץ 

ʢʠʽʤʜʝʨ ʞʘʪʘʜʳ. 

 ʘʤʪʠʪʳʥ ʚʠʨʪʫʘʣʜʳ ʙᴇʣʤʝʣʝʨ ʚʠʨʪʫʘʣʜʳץ ʽʥʝʥשʽʩʪʽʢʪʽ ʢʝשʘʥ ʢʝסʦʨʰʘפ

ʰʳʥʘʡʳʣʳץץʘ ʝʥʫʜʽש ʪʘסʳ ʙʽʨ ᴅʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ ʞװʡʝʣʝʨʜʝ 

 ʪʘʣʘʜʳ, ʘʣץʵʢʨʘʥʜʘʨʤʝʥ ʞʘʙʜʳ ץʘʣʘʨ, ʝʜʝʥ ʞᴅʥʝ ʪᴇʙʝ ʧʨʦʝʢʮʠʷʣʳסʘʙʳʨץ

 ʘʨʥʘʡʳ (ʘʣʳʩʳסʦʟץ שʨʘʣʜʘʨʳʥʳײץ ʤʳʩʘʣʳ, ʢᴇʣʽʢ) ʘʣʳʩ ʧʝʥ ʜʳʙʳʩʪʘʨסʦʟץ

ʞװʡʝʣʝʨ ʘʨץʳʣʳ ʠʤʠʪʘʮʠʷʣʘʥʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʘʚʠʘʮʠʷ, סʘʨʳʰ, ʢᴇʣʽʢ ʞᴅʥʝ 

ʷʜʨʦʣʳץ ʵʥʝʨʛʝʪʠʢʘ ʩʘʣʘʣʘʨʳʥʜʘסʳ ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʫ ʤʘץʩʘʪʳʥʜʘ 

 ʫʣʘʨʳʥסʦʥʜʳʨʫ ʞʘʪʪʳץ ʘʨʳʰ ʢʝʤʝʣʝʨʽʥס ʘʨʳʰʢʝʨʣʝʨס ,ʦʣʜʘʥʳʣʘʜʳ. ʄʳʩʘʣʳץ

ʦʨʳʥʜʘʡ ʘʣʘʜʳ, ʘʣ ʭʠʨʫʨʛʪʘʨ ʢװʨʜʝʣʽ ʦʧʝʨʘʮʠʷʣʘʨסʘ ʜʘʡʳʥʜʳץ ʞװʨʛʽʟʝ ʘʣʘʜʳ. 

ʊʦʣʳץ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʞװʡʝʣʝʨʽʥʝʥ ʙᴇʣʝʢ, ʞʘʨʪʳʣʘʡ ʙʘʪʳʨʫʰʳ 

VR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʧʘʡʜʘʣʘʥʫʰʳ 

 ʰʳʥʘʡʳ ᴅʣʝʤʤʝʥ שʽʩʪʽʢʪʽשʰʘʫʣʘʥʙʘʡ, ʚʠʨʪʫʘʣʜʳ ʢʝץʦ ץʘʥ ʦʨʪʘʜʘʥ ʪʦʣʳסʦʨʰʘץ

ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʪװʨʽʥ ץʘʙʳʣʜʘʡʜʳ. ʄײʥʜʘʡ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʙʽʨʽ ʘʜʘʤʥʳש 

ʚʠʨʪʫʘʣʜʳ ʢʝשʽʩʪʽʢʢʝ çʪʝʨʝʟʝè ʘʨץʳʣʳ ץʘʨʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞװʡʝʣʝʨ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʝש ʢʝש ʪʘʨʘʣסʘʥ ᴅʜʽʩ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʪʝʣʝʜʠʜʘʨ 

ʥʝʤʝʩʝ ʢʦʤʧʴʶʪʝʨ ʤʦʥʠʪʦʨʳ ʘʨץʳʣʳ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʥʳ ץʘʙʳʣʜʘʫʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

 

1.2 ɾʦסʘʨʳ ʦץʫ ʦʨʥʳʥʜʘ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʭʘʣʳץʘʨʘʣʳץ ʞᴅʥʝ ʦʪʘʥʜʳץ ʪᴅʞʽʨʠʙʝʩʽ 

ɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʙװʢʽʣ ᴅʣʝʤʜʝ ץʘʨץʳʥʜʳ ʜʘʤʳʧ, ʤʘשʳʟʳ 

ʘʨʪʫʜʘ. ʐʝʪʝʣʜʽʢ ʞᴅʥʝ ץʘʟʘץʩʪʘʥʜʳץ ʪᴅʞʽʨʠʙʝʣʝʨ ʙײʣ ʪʝʭʥʦʣʦʛʠʷʥʳש ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʩʽʥʝ ʝʥʛʽʟʽʣʫʽ ʤʝʥ ʦʥʳש ᴅʩʝʨʽʥ ʞʘʥ-ʞʘץʪʳ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ - ʦץʫ ʦʨʪʘʩʳʥ ʠʢʝʤʜʽ, ʘʫץʳʤʜʳ ʞᴅʥʝ 

 .ʘʤʪʠʜʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳ ץʰʽʥ ʮʠʬʨʣʳװ ʦʣʞʝʪʽʤʜʽ ʝʪʫץ
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 ʞᴅʥʝ (VR) ץʩʪʘʥʜʘ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʘʟʘפ

ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ (ɸʂʊ) ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥʳʧ, ʦץʳʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʤʝʥ ʭʘʣʳץʘʨʘʣʳץ ʙᴅʩʝʢʝʛʝ 

 ʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʽʣʽʤץ ʳʪʳ ʨʝʪʽʥʜʝסʙʘ ץʧʝʨʩʧʝʢʪʠʚʘʣʳ שʰʝʡʪʫʜʽװʘʙʽʣʝʪʪʽʣʽʢʪʽ ʢץ

ʙʝʨʫ װʜʝʨʽʩʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʜᴅʩʪװʨʣʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

 ץʳʣʳ ʠʥʥʦʚʘʮʠʷʣʳץʦʣʜʘʥʫ ʘʨץ ʣʛʽʣʝʨʜʽ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʧ, ʮʠʬʨʣʳװ

ᴅʜʽʩʪʝʤʝʣʝʨʜʽ ʝʥʛʽʟʫʛʝ ʳץʧʘʣ ʝʪʫʜʝ. 

ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ, ᴅʩʽʨʝʩʝ, ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʞʘסʜʘʡʣʘʨʳʥʘ ʞʝʜʝʣ 

ʙʝʡʽʤʜʝʣʫʜʽ ʪʘʣʘʧ ʝʪʢʝʥ ʞʘᴃʘʥʜʳץ ʧʘʥʜʝʤʠʷ ʢʝʟʽʥʜʝ ʘʡץʳʥ ʢᴇʨʽʥʜʽ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR), ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ 

ʧʣʘʪʬʦʨʤʘʣʘʨʳ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʞײʤʳʩ װʩʪʝʣʽ ʠʥʬʨʘײץʨʳʣʳʤʜʘʨʳ (VDI) 

ʩʠʷץʪʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʢʝש ʘʫץʳʤʳʥ ץʘʤʪʠʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש 

ᴅʨץʘʡʩʳʩʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʘ ᴇʟʽʥʜʽʢ װʣʝʩ ץʦʩʳʧ, ʦץʳʪʫ װʜʝʨʽʩʽʥʽש 

 .ʩʘʨʪʪʳץʘʪʳʩʫʳʥ ʞᴅʥʝ ʞʝʢʝʣʝʥʜʽʨʽʣʫʽʥ ʞʘץ ,ʦʣʞʝʪʽʤʜʽʣʽʛʽʥץ

ɼʝʛʝʥʤʝʥ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ʝʥʛʽʟʫ ʙʝʣʛʽʣʽ ʙʽʨ ץʠʳʥʜʳץʪʘʨʤʝʥ ʜʝ 

ʙʘʡʣʘʥʳʩʪʳ. ʆסʘʥ ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʰʝʢʪʝʫʣʝʨ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ʙʝʡʽʤʜʝʣʫ 

 .ʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʤᴅʩʝʣʝʣʝʨʽ ʞʘʪʘʜʳשʘʞʝʪʪʽʣʽʛʽ ʞᴅʥʝ ʞʘץ

ʆʩʳסʘʥ ץʘʨʘʤʘʩʪʘʥ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ ʨᴇʣʽ ʘʨʪʳʧ, 

ʦץʳʪʫʜʳש ʠʥʥʦʚʘʮʠʷʣʳץ ʤʦʜʝʣʽʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʘסʳ ʤʘשʳʟʜʳ ʬʘʢʪʦʨסʘ 

ʘʡʥʘʣʫʜʘ. 

ɺʠʨʪʫʘʣʜʳ ʦϨʳʪʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳ Moodle ʞᴅʥʝ Google Workspace ʩʠʷץʪʳ 

ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳ ʠʢʝʤʜʽ ʞᴅʥʝ ʘʫץʳʤʜʘʥʜʳʨʳʣʘʪʳʥ ʦץʫ ʦʨʪʘʩʳʥ 

 ʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥʘץʣ ʧʣʘʪʬʦʨʤʘʣʘʨ ʦײʘʨʘʜʳ. ɹץʳʟʜʳ ʨᴇʣ ʘʪשʨʫʜʘ ʤʘײץ

 ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ שʦʡʤʘʡ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץ ʘʥʘץ ʽʣʜʝʪʽʧשʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʞʝץ

ʞᴅʥʝ ʙʽʨʣʝʩʢʝʥ ʦץʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʘʨʪʪʳʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʜʝʨʙʝʩʪʽʛʽʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʽʧ, ʦץʳʪʫ װʜʝʨʽʩʽʥ ʞʝʢʝʣʝʥʜʽʨʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [47]. ɹʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʙײʣ 

ʙʝʡʽʤʜʝʣʛʽʰʪʽʢʪʽ, ʘʫץʳʤʜʳʣʳץʪʳ ʞᴅʥʝ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʪʳʥ ʟʘʤʘʥʘʫʠ 

ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʠʥʪʝʛʨʘʮʠʷʣʘʫ װʜʝʨʽʩʽ. ʆʣ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥ 

ʞʝʪʽʣʜʽʨʽʧ, ʤסײʘʣʽʤʜʝʨ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʘʜʳ. ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ 

Moodle ʩʠʷץʪʳ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳ ʙײʣʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ 

ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʢʝʟʜʝ ʙʽʨʣʝʩʢʝʥ ʦץʳʪʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʞʝʪʽʣʜʽʨʽʧ, ʦץʫʰʳʣʘʨʜʳש 

ʜʝʨʙʝʩʪʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ʄײʥʜʘʡ ʩʪʨʘʪʝʛʠʷʣʳץ ʢᴇʟץʘʨʘʩ ʞʘᴃʘʥʜʘʥʫ 

ʤʝʥ ʤᴅʜʝʥʠ ᴅʨʪװʨʣʽʣʽʢʪʽ ʝʩʢʝʨʝʪʽʥ ʢᴅʩʽʙʠ ʦʨʪʘ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʙײʣ 

ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש ʠʢʝʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʦʥʳש ʟʘʤʘʥʘʫʠ ʝשʙʝʢ ʥʘʨʳסʳʥʘ ʙʝʡʽʤʜʝʣʫ 

 .ʰʝʡʪʝʜʽװʘʙʽʣʝʪʽʥ ʢץ

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʦץʳʪʫ װʜʝʨʽʩʽʥʝ ʠʤʤʝʨʩʠʚʪʽ 

ʵʣʝʤʝʥʪʪʝʨʜʽ ʝʥʛʽʟʽʧ, ʦץʫʰʳʣʘʨʜʳש ʧᴅʥʜʽʢ ʤʘʪʝʨʠʘʣʜʳ ʪʝʨʝשʽʨʝʢ ʪװʩʽʥʫʽʥʝ 

rץʧʘʣ ʝʪʝʜʽ. VR ʢᴇʤʝʛʽʤʝʥ ʦץʫʰʳʣʘʨ ʚʠʨʪʫʘʣʜʳ ʤײʨʘʞʘʡʣʘʨסʘ ʙʘʨʫ, סʳʣʳʤʠ 

ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʪʘʨʠʭʠ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ ʩʠʷץʪʳ ʠʥʪʝʨʘʢʪʠʚʪʽ ʽʩ-ᴅʨʝʢʝʪʪʝʨʛʝ 

 ʳ ʤʝʥסʫʰʳʣʳסʳʟʳץ שʣ ʪʝʭʥʦʣʦʛʠʷ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײʘʪʳʩʘ ʘʣʘʜʳ. ɹץ

ʰʳסʘʨʤʘʰʳʣʳץ ץʘʙʽʣʝʪʪʝʨʽʥ ʜʘʤʳʪʳʧ, ʦץʫ װʜʝʨʽʩʽʥ ʥʝײסʨʣʳʤ ʪʘʨʪʳʤʜʳ ʝʪʝʜʽ 

[57].  



 

48 
 

ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʽʣʽʤ ʙʝʨʫ 

 ʳʪʫ ʦʨʪʘʩʳʥץʩʘʪʳʥʜʘ ʠʤʤʝʨʩʠʚʪʽ ʞᴅʥʝ ʠʥʪʝʨʘʢʪʠʚʪʽ ʦץʜʝʨʽʩʽʥ ʞʝʪʽʣʜʽʨʫ ʤʘװ

 ʳʤʜʘʨʜʳסײ ʨʜʝʣʽװʘ ʢסʣ ʪʝʭʥʦʣʦʛʠʷ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨײʘʣʳʧʪʘʩʪʳʨʘʜʳ. ɹץ

ʪʝʨʝשʽʨʝʢ ʤʝשʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʩʠʤʫʣʷʮʠʷʣʘʨ, ʚʠʨʪʫʘʣʜʳ ʤײʨʘʞʘʡʣʘʨסʘ 

ʵʢʩʢʫʨʩʠʷʣʘʨ ʞᴅʥʝ ʪʘʨʠʭʠ ʦץʠסʘʣʘʨʜʳ ʮʠʬʨʣʳץ ʪװʨʜʝ ץʘʡʪʘ ʞʘסשʳʨʪʫ ʩʠʷץʪʳ 

ʦץʫ ᴅʜʽʩʪʝʨʽʥ ײʩʳʥʘʜʳ. VR ʥʝʛʽʟʽʥʜʝʛʽ ʦץʳʪʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ װʜʝʨʽʩʽʥʝ 

 .ʰʝʡʪʝʜʽװʤʦʪʠʚʘʮʠʷʩʳʥ ʢ ץʪʘʥʳʤʜʳ שʳʥ ʘʨʪʪʳʨʳʧ, ʦʣʘʨʜʳסʫʰʳʣʳסʳʟʳץ

VR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ᴅʨʝʢʝʪʽʥʝ ʪʽʢʝʣʝʡ ץʘʪʳʩʫʳʥ 

 ʘסʘʣʳʧʪʘʩʪʳʨʫץ ʜʳʣʘʨʜʳסʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʪᴅʞʽʨʠʙʝʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʜʘץ

ʳץʧʘʣ ʝʪʝʜʽ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʙʽʣʽʤʥʽש ʪʠʽʤʜʽ ʤʝשʛʝʨʽʣʫʽʥʝ ʞᴅʥʝ ײʟʘץ ʤʝʨʟʽʤʜʽ ʝʩʪʝ 

ʩʘץʪʘʣʫʳʥʘ ʦש ᴅʩʝʨ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, VR ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʩʝʨʣʽ, ʙʝʡʥʝʣʽ 

ʞᴅʥʝ ʠʥʪʫʠʪʠʚʪʽ ʜʝשʛʝʡʜʝ ײʡʳʤʜʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɸʣʘʡʜʘ, ʘʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʥʳ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʝ ʢʝשʽʥʝʥ ʝʥʛʽʟʫ ʙʽʨץʘʪʘʨ 

ʤᴅʩʝʣʝʣʝʨʤʝʥ ײʰʪʘʩʘʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, VR ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫʛʝ ץʘʞʝʪʪʽ ʞʦסʘʨʳ 

ʙʘʩʪʘʧץʳ ץʘʨʞʳʣʳץ ʰʳסʳʥʜʘʨ, ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʪʘʣʘʧʪʘʨʜʳש ʢװʨʜʝʣʽʣʽʛʽ 

ʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʢʘʜʨʣʘʨʜʳ ʘʨʥʘʡʳ ʜʘʷʨʣʘʫ ץʘʞʝʪʪʽʣʽʛʽ ʦʩʳ ʩʘʣʘʜʘסʳ ʥʝʛʽʟʛʽ 

 ʨʜʝ ʰʝʰʫ VRװʡʝʣʽ ʪװʣ ʢʝʜʝʨʛʽʣʝʨʜʽ ʞײʘʪʘʨʳʥʜʘ. ɹץ ʪʘʨץʠʳʥʜʳץ

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ ᴅʣʝʫʝʪʽʥ ʪʦʣʳץ ʽʩʢʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ ʦץʳʪʫ ʪᴅʩʽʣʜʝʨʽ ʞʘשʘʨʪʳʣʳʧ, ʦץʫ ʦʨʪʘʩʳʥʳש ʠʥʥʦʚʘʮʠʷʣʳץ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʞϰʤʳʩ Ϯʩʪʝʣʽ ʠʥʬʨʘϨϰʨʳʣʳʤʳ (VDI) ʰʝʰʽʤʜʝʨʽ ʩʪʫʜʝʥʪʪʝʨ 

ʤʝʥ ʦץʳʪʫʰʳʣʘʨסʘ ʥʝʛʽʟʛʽ ʧʨʦʛʨʘʤʤʘʣʳײץ ץʨʘʣʜʘʨ ʤʝʥ ʨʝʩʫʨʩʪʘʨסʘ ץʘʰʳץʪʘʥ 

 שʨʣʽ ʢʦʤʧʴʶʪʝʨʣʽʢ ʟʝʨʪʭʘʥʘʣʘʨʜʳװʣ ʜᴅʩʪײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹװʦʣ ʞʝʪʢʽʟʫʛʝ ʤץ

ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʰʝʢʪʝʫʣʝʨʽʥ ʞʝשʽʣʜʝʪʽʧ, ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ װʜʝʨʽʩʽʥ 

ʦשʪʘʡʣʘʥʜʳʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, VDI ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʰʳסʳʥʜʘʨʳʥ 

ʘʟʘʡʪʳʧ, IT ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʙʘʩץʘʨʫʜʳ ʞʝשʽʣʜʝʪʝʜʽ.  

Taguchi T.M. ʞᴅʥʝ Dos Santos C.E. [58] ʞװʨʛʽʟʛʝʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʳ ʙʽʣʽʤ 

ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ, ʘʪʘʧ ʘʡʪץʘʥʜʘ COVID-19 

ʧʘʥʜʝʤʠʷʩʳ ʢʝʟʝשʽʥʜʝ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫʜʳש ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫ ײץʨʘʣʳ 

ʨʝʪʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʞײʤʳʩ װʩʪʝʣʽ ʠʥʬʨʘײץʨʳʣʳʤʳʥ (VDI) ץʦʣʜʘʥʫ ʪᴅʞʽʨʠʙʝʩʽʥ 

 ץʪʝʭʥʠʢʘʣʳ שʘʨʘʩʪʳʨʘʜʳ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ VDI ʪʝʭʥʦʣʦʛʠʷʩʳʥʳץ

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʦʥʳש ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʩʪʫʜʝʥʪʪʝʨʽʥʝ ʬʠʟʠʢʘ 

ʧᴅʥʽ ʙʦʡʳʥʰʘ ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩʪʘʨʜʳ ץʘʰʳץʪʘʥ ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ ʪʘʣʜʘʥʘʜʳ. ɸʪʘʣסʘʥ ʪᴅʩʽʣ ʦץʳʪʫ ʦʨʪʘʩʳʥʳש ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘ ʦʪʳʨʳʧ, ʜᴅʩʪװʨʣʽ ʢʦʤʧʴʶʪʝʨʣʽʢ ʟʝʨʪʭʘʥʘʣʘʨʜʳש 

ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʰʝʢʪʝʫʣʝʨʽʥ ʝשʩʝʨʫʛʝ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ. ᴄʩʽʨʝʩʝ ʙʶʜʞʝʪʽ 

ʰʝʢʪʝʫʣʽ ʤʝʤʣʝʢʝʪʪʽʢ ʙʽʣʽʤ ʙʝʨʫ ײʡʳʤʜʘʨʳ װʰʽʥ VDI ʞװʡʝʩʽʥ ʝʥʛʽʟʫ ʘʧʧʘʨʘʪʪʳץ 

ʨʝʩʫʨʩʪʘʨʜʳ ʦשʪʘʡʣʳ ʧʘʡʜʘʣʘʥʫסʘ, ʩʦʥʜʘʡ-ʘץ ץʘʰʳץʪʳץʪʘʥ ʙʽʣʽʤ ʙʝʨʫʜʽש 

 ʳʟʜʳ ʰʝʰʽʤשʤʘ ץʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʩʪʨʘʪʝʛʠʷʣʳװʝʡʪʫʛʝ ʤשʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʢʝץ

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʆʩʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʳʧ, ʙʽʣʽʤʜʽ ʠʛʝʨʫ ʜʝשʛʝʡʽʥ ʞʘץʩʘʨʪʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʜʘʤʳʪʫסʘ ʞᴅʥʝ ʙʽʣʽʤ 

ʙʝʨʫʜʽש ʠʥʢʣʶʟʠʚʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 
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ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʞᴅʥʝ ʪʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʘʡʳʣʳץ (AR) 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʠʥʪʝʨʘʢʪʠʚʪʽ ʞᴅʥʝ ʠʤʤʝʨʩʠʚʪʽ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ʝʥʛʽʟʫ ʘʨץʳʣʳ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ ʢװʨʜʝʣʽ ʧᴅʥʜʝʨʜʽ ʤʝשʛʝʨʫʜʽ 

ʞʝשʽʣʜʝʪʝʜʽ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʦץʫʰʳʣʘʨʜʳש ʤʘʪʝʨʠʘʣʜʳ ʪʝʨʝשʽʨʝʢ ʪװʩʽʥʫʽʥʝ 

ʞᴅʥʝ ʦʥʳ ʧʨʘʢʪʠʢʘʣʳץ ʪײʨסʳʜʘ ץʦʣʜʘʥʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ [59]. ɹײʣ ʟʝʨʪʪʝʫ 

ʞײʤʳʩʳʥʜʘ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʞᴅʥʝ ʪʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʘʡʳʣʳץ 

(AR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʩʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʢװʨʜʝʣʽ 

 ʘסʳʪʫʜʳ ʳʥʪʘʣʘʥʜʳʨʫץʘ ʞᴅʥʝ ʙʽʨʣʝʩʢʝʥ ʦסʩʘʨʪʫץʩʽʥʫʜʽ ʞʘװʳʤʜʘʨʜʳ ʪסײ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʠʤʤʝʨʩʠʚʪʽ ʦץʫ ʪᴅʞʽʨʠʙʝʩʽʥ ײʩʳʥʘʜʳ. 

ɸʣʘʡʜʘ, ʟʝʨʪʪʝʫʜʝ VR ʞᴅʥʝ AR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʠʽʤʜʽ ʝʥʛʽʟʫʛʝ ץʘʪʳʩʪʳ 

ʙʽʨץʘʪʘʨ ץʠʳʥʜʳץʪʘʨ, ʩʦʥʳש ʽʰʽʥʜʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʠʥʬʨʘײץʨʳʣʳʤסʘ 

 ʘʞʝʪʪʽʣʽʛʽ ʘʪʘʧץ ʳʪʫʰʳʣʘʨʜʳ ʘʨʥʘʡʳ ʜʘʷʨʣʘʫץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ ʞᴅʥʝ ʦץ

ᴇʪʽʣʝʜʽ. ʆʩʳ ʰʝʢʪʝʫʣʝʨʛʝ ץʘʨʘʤʘʩʪʘʥ, VR ʞᴅʥʝ AR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʦץʫ װʜʝʨʽʩʽʥ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʫסʘ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫʜʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ ʤʝʥ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ 

 .ʣʢʝʥ ᴅʣʝʫʝʪʢʝ ʠʝװ

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʳ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʝ ʝʥʛʽʟʫ ʧʨʦʙʣʝʤʘʣʘʨʜʳ 

ʰʝʰʫ, ʞװʡʝʣʽ ʦʡʣʘʫ ʞᴅʥʝ ʢʦʛʥʠʪʠʚʪʽʢ ʜʘסʜʳʣʘʨʜʳ ʜʘʤʳʪʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

ʉʦʥrʤʝʥ ץʘʪʘʨ, VR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫʜʘ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ, ʩʝʙʝʙʽ ʦʣʘʨ ʥʘץʪʳ ʞʘסʜʘʡʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʜʘסʜʳʣʘʨʜʳ ʞʝʪʽʣʜʽʨʫ ʤװʤʢʽʥʜʽʛʽʥ ײʩʳʥʘʜʳ [60]. ɿʝʨʪʪʝʫ 

ʞײʤʳʩʳʥʜʘ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫ ʪʘʣץʳʣʘʥʳʧ, ʦʥʳש ʦץʫ װʜʝʨʽʩʽʥ ʞʝʪʽʣʜʽʨʫʜʝʛʽ ᴅʣʝʫʝʪʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ, ץʠʷʣʜʳ, ʝʩʪʝ ʩʘץʪʘʫ 

 ʡʝʣʽ ʦʡʣʘʫ ʤʝʥװʧʘʣ ʝʪʽʧ, ʞץʘ ʳסʜʝʨʽʩʪʝʨʜʽ ʜʘʤʳʪʫװ ʘʙʽʣʝʪʽʥ ʞᴅʥʝ ʢʦʛʥʠʪʠʚʪʽʢץ

ʠʥʥʦʚʘʮʠʷʣʳץ ʰʝʰʽʤʜʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹײʣ ʟʝʨʪʪʝʫʣʝʨ ʞײʤʳʩʳ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʽש ʤʘשʳʟʜʳʣʳסʳʥ 

ʘʡץʳʥʜʘʡʜʳ, ᴇʡʪʢʝʥʽ ʪᴇʨʪʽʥʰʽ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʨʝʚʦʣʶʮʠʷ ʞʘסʜʘʡʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫ 

ʣʘʥʜʰʘʬʪʳ ץʘʨץʳʥʜʳ ᴇʟʛʝʨʽʧ, ʜᴅʩʪװʨʣʽ ʪᴅʩʽʣʜʝʨ ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʫʜʘ. ʄʝʜʠʮʠʥʘ, 

ʢᴇʣʽʢ ʞᴅʥʝ ʤʘʰʠʥʘ ʞʘʩʘʫ ʩʘʣʘʣʘʨʳʥʜʘסʳ ʤʳʩʘʣʜʘʨ VR ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ʜʘʤʳʪʫסʘ ʦש ᴅʩʝʨʽʥ ʢᴇʨʩʝʪʽʧ, ʦʥʳש ʪᴅʞʽʨʠʙʝʣʽʢ 

ʦץʳʪʫʜʳ ʞʝʪʽʣʜʽʨʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ʞʦסʘʨʳ ᴅʣʝʫʝʪʢʝ ʠʝ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʟʘʤʘʥʘʫʠ ʝשʙʝʢ ʥʘʨʳסʳ 

ʪʘʣʘʧ ʝʪʝʪʽʥ ʜʘסʜʳʣʘʨʜʳ ʤʝשʛʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ʆʣ ʙʝʡʽʤʜʝʣʛʽʰʪʽʢʪʽ ʜʘʤʳʪʳʧ, 

ʤᴅʜʝʥʠ ᴅʨʪװʨʣʽʣʽʢʢʝ ʥʘʟʘʨ ʘʫʜʘʨʫ ʘʨץʳʣʳ ʞʘᴃʘʥʜʘʥסʘʥ ʞײʤʳʩ ʢװʰʽʥʽש 

 ʣ ᴅʩʽʨʝʩʝײʘʣʳʧʪʘʩʪʳʨʘʜʳ. ɹץ ʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥץ

ʭʘʣʳץʘʨʘʣʳץ ʳʥʪʳʤʘץʪʘʩʪʳץ ʧʝʥ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʞװʡʝʣʝʨʽ ʜʘʤʳסʘʥ ץʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ ʙʽʣʽʤ ʙʝʨʫ ʧʘʨʘʜʠʛʤʘʩʳ װʰʽʥ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [47].  

ʆʩʳʣʘʡʰʘ, ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʤʝʥ ʠʤʤʝʨʩʠʚʪʽ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ʦץʳʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʘʢʘʜʝʤʠʷʣʳץ ʞʝʪʽʩʪʽʢʪʝʨʽ ʤʝʥ ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʝʨʽʥ ʜʘʤʳʪʫסʘ ʘʡʪʘʨʣʳץʪʘʡ װʣʝʩ 

 .ʦʩʘʜʳץ

ɹʘʨʣʳץ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʪʦʣʳץץʘʥʜʳ ʝʥʛʽʟʫʛʝ ʙʽʨץʘʪʘʨ ץʠʳʥʜʳץʪʘʨ 
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ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʜʽ. ʆʣʘʨʜʳש ʽʰʽʥʜʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʥʳש 

ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ ʞᴅʥʝ ʤסײʘʣʽʤʜʝʨʜʽ ʘʨʥʘʡʳ ʜʘʷʨʣʘʫ ץʘʞʝʪʪʽʣʽʛʽ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [61]. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʪʦʣʳץ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ 

ʤʝʢʝʤʝʣʝʨ IT ʠʥʬʨʘײץʨʳʣʳʤʳʥ ʞʝʪʽʣʜʽʨʫʤʝʥ ץʘʪʘʨ, ʦץʳʪʫʰʳʣʘʨ ʤʝʥ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʪʠʽʤʜʽ ץʦʣʜʘʥʫ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫʳ ʪʠʽʩ 

[58]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʮʠʬʨʣʳץ ʪʝשʩʽʟʜʽʢ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ʢʝשʽʥʝʥ ʝʥʛʽʟʫʜʝʛʽ ʙʘʩʪʳ ʢʝʜʝʨʛʽʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. 

ɹʘʨʣʳץ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץ שʘʞʝʪʪʽ ʪʝʭʥʦʣʦʛʠʷסʘ ʪʝץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ 

 ʰʽʥװ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ שʳʪʫ ʪᴅʞʽʨʠʙʝʩʽʥʽץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʚʠʨʪʫʘʣʜʳ ʦץ

ʤʘשʳʟʜʳ ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʝ, ᴅʩʽʨʝʩʝ ʰʘʣסʘʡ 

ʥʝʤʝʩʝ ʞʝʪʢʽʣʽʢʩʽʟ ץʘʤʪʳʣסʘʥ ʘʡʤʘץʪʘʨʜʘ, ʦʣʘʨʜʳש ʘʫץʳʤʳʥ ʢʝשʝʡʪʫʛʝ ʞᴅʥʝ 

ʩʘʧʘʣʳ ʙʽʣʽʤ ʙʝʨʫʜʽ ʢʝשʽʨʝʢ ʘʫʜʠʪʦʨʠʷסʘ ץʦʣʞʝʪʽʤʜʽ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [62]. 

ɹײʣ ᴅʩʽʨʝʩʝ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʤʦʜʝʣʴʜʝʨʽ ʤʝʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʨʝʩʫʨʩʪʘʨʳʥ ʜʘʤʳʪʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

ɾʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʤʝʜʠʮʠʥʘ, ʢᴇʣʽʢ ʞᴅʥʝ 

ʠʥʞʝʥʝʨʠʷ ʩʠʷץʪʳ ʩʘʣʘʣʘʨʜʘ ʪʘʙʳʩʪʳ ץʦʣʜʘʥʳʣʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ 

ʞᴅʥʝ ʢʦʛʥʠʪʠʚʪʽʢ ײץʟʳʨʝʪʪʝʨʽʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ [60]. 

ThingLink ʩʠʷץʪʳ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ײץʨʘʣʜʘʨʳ ʜʝʥʝ ʰʳʥʳץʪʳʨʫ 

ʧᴅʥʜʝʨʽʥʜʝ ʠʥʪʝʨʘʢʪʠʚʪʽ ʞᴅʥʝ ʪʘʨʪʳʤʜʳ ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ʞʘʩʘʫסʘ, 

 ʘסʜʳʣʘʨʜʳ ʜʘʤʳʪʫסʜʘ ץʘ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳסʩʘʨʪʫץʩʽʥʫʜʽ ʞʘװʳʤʜʘʨʜʳ ʪסײ

ʢᴇʤʝʢʪʝʩʝʜʽ [63]. 

 ʳ ʨᴇʣʽסʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ שʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳפ

ʘʨʪʳʧ, ʦʥʳש ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳ ʟʘʤʘʥʘʫʠ ᴅʣʝʤʥʽש ʪʘʣʘʧʪʘʨʳʥʘ ʜʘʘʷʨʣʘʫʜʘסʳ 

ʤʘשʳʟʳ ʢװʰʝʡʽʧ ʢʝʣʝʜʽ. ɼʝʛʝʥʤʝʥ, ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʰʝʢʪʝʫʣʝʨ, 

ʦץʳʪʫʰʳʣʘʨʜʳ ʜʘʷʨʣʘʫ ץʘʞʝʪʪʽʣʽʛʽ ʞᴅʥʝ ʮʠʬʨʣʳץ ʪʝשʩʽʟʜʽʢ ʩʠʷץʪʳ ʤᴅʩʝʣʝʣʝʨ 

ʙײʣ ʪʝʭʥʦʣʦʛʠʷʥʳש ʪʦʣʳץ ᴅʣʝʫʝʪʽʥ ʞװʟʝʛʝ ʘʩʳʨʫʜʘ ʥʝʛʽʟʛʽ ʢʝʜʝʨʛʽʣʝʨ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʩʳ ץʠʳʥʜʳץʪʘʨʜʳ ʝשʩʝʨʫ װʰʽʥ ʢʝʰʝʥʜʽ ʩʪʨʘʪʝʛʠʷʣʳץ ʪᴅʩʽʣʜʝʨ, ʦʥʳש 

ʽʰʽʥʜʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʢʝשʝʡʪʫ ʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ץʘʞʝʪ. ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ᴅʣʝʫʝʪʽ 

ʜʘʫʩʳʟ, ᴇʡʪʢʝʥʽ ʦʣ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥ ʘʥʘײסʨʣʳʤ ʠʢʝʤʜʽ, ʠʥʪʝʨʘʢʪʠʚʪʽ ʞᴅʥʝ 

ʤʘʟʤײʥʜʳ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʰʝʪʝʣʜʽʢ ʞᴅʥʝ ץʘʟʘץʩʪʘʥʜʳץ ʪᴅʞʽʨʠʙʝʣʝʨ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʪʠʽʤʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʫʜʳש ᴅʨʪװʨʣʽ 

ʞʦʣʜʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ. פʘʟʘץʩʪʘʥʜʘ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳ, 

ʪʦʣʳץʪʳʨʳʣסʘʥ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (AR/VR), ʩʦʥʜʘʡ-ʘץ ʚʠʨʪʫʘʣʜʳ 

ʞײʤʳʩ װʩʪʝʣʽ ʠʥʬʨʘײץʨʳʣʳʤʜʘʨʳ (VDI) ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ 

ʢʝשʝʡʪʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ װʜʝʨʽʩʽʥʝ ץʘʪʳʩʫʳʥ ʘʨʪʪʳʨʫʜʘ. 

Turdybek A.A., Abdildaeva A.A. [64] ʟʝʨʪʪʝʫʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 

(VR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ ץʦʣʜʘʥʳʣʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽ 

 ʳʪʫʜʳ ʪʝʢ ʚʠʨʪʫʘʣʜʳץʪʘʥ ʦץʪʳץʘʰʳץ ʘʥ. ɸʚʪʦʨʣʘʨ ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝסʘʨʘʩʪʳʨʳʣץ

ʠʥʪʝʨʘʢʪʠʚʪʽ ʬʦʨʤʘʪʪʘ ײʡʳʤʜʘʩʪʳʨʫ ץʘʞʝʪʪʽʛʽʥ ʘʪʘʧ ᴇʪʝʜʽ. ɽʢʽʥʰʽʜʝʥ, 
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ʩʘʙʘץʪʘʨʜʳ ʘʨʥʘʡʳ ʙʝʡʽʤʜʝʣʛʝʥ ʦץʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳ ʘʨץʳʣʳ ʞװʨʛʽʟʫʜʽש 

ʤʘשʳʟʜʳʣʳסʳ ʢᴇʨʩʝʪʽʣʝʜʽ. תʰʽʥʰʽʜʝʥ, ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʙʘʩʳʤ ʙᴇʣʽʛʽ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫסʘ ץʘʨʩʳ ʝʤʝʩʪʽʛʽ ʘʥʳץʪʘʣסʘʥ. ʆʩʳ ʪײʞʳʨʳʤʜʘʨסʘ 

ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʟʝʨʪʪʝʫʰʽʣʝʨ ʦʥʣʘʡʥ ʩʘʙʘץʪʘʨʜʳ ʩʘʧʘʣʳ ʧʣʘʪʬʦʨʤʘʣʘʨ ʥʝʛʽʟʽʥʜʝ 

ʞװʟʝʛʝ ʘʩʳʨʫ ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫʜʳש ʤʘשʳʟʜʳ ʬʘʢʪʦʨʳ ʝʢʝʥʜʽʛʽʥ 

 .ʦʨʳʪʳʥʜʳʣʘʡʜʳץ

ɸʣʘʡʜʘ, ʘʪʘʣʤʳʰ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʢʝשʽʥʝʥ ʝʥʛʽʟʫ װʰʽʥ ץʘʨʞʳʣʘʥʜʳʨʫ 

ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ, ʙʽʣʽʢʪʽ ʤʘʤʘʥʜʘʨ ʜʘʷʨʣʘʫ ʞᴅʥʝ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʞʘסשʳʨʪʫ 

 ʩʘʪʳʥʜʘ ʢʝʰʝʥʜʽץʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʝʡʽʤʜʝʫ ʤʘ שʩʧʦʨʪʪʳ ץʩʪʘʥʜʳץʘʟʘפ .ʘʞʝʪץ

ʪᴅʩʽʣ ʤʝʥ ʞװʡʝʣʽ ʩʪʨʘʪʝʛʠʷʥʳ ᴅʟʽʨʣʝʫ ʤʘשʳʟʜʳ. 

Abeldina Z. et al. [65] ʟʝʨʪʪʝʫʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ײץʨʘʣʜʘʨʜʳש ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʥʫʳ ץʘʨʘʩʪʳʨʳʣʳʧ, פʘʟʘץʩʪʘʥʥʳש ʵʣʝʢʪʨʦʥʜʳ ʦץʳʪʫ 

ʞװʡʝʩʽʥ ʜʘʤʳʪʫʜʘסʳ, ᴅʩʽʨʝʩʝ Platonus ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʩʽʥ 

ʝʥʛʽʟʫʜʝʛʽ ʢװʰ-ʞʽʛʝʨʽ ʪʘʣʜʘʥסʘʥ. ɿʝʨʪʪʝʫʜʝ ץʘʰʳץʪʘʥ ᴇʪʢʽʟʽʣʝʪʽʥ ʟʝʨʪʭʘʥʘʣʳץ 

ʩʘʙʘץʪʘʨ ʤʝʥ ʙײʣʪʪʳץ ʝʩʝʧʪʝʫʣʝʨʜʽש ʦץʳʪʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʘסʳ ʨᴇʣʽ ʘʪʘʧ 

ʢᴇʨʩʝʪʽʣʽʧ, ʰʝʪʝʣʜʽʢ ʪʘʙʳʩʪʳ ʪᴅʞʽʨʠʙʝʣʝʨʛʝ ʩװʡʝʥʫ ץʘʞʝʪʪʽʣʽʛʽ ʘʡץʳʥʜʘʣסʘʥ. 

 ʜʘʨʣʘʤʘʩʳסʤʝʤʣʝʢʝʪʪʽʢ ʙʘ שʩʪʘʥʜʘ ʙʽʣʽʤ ʙʝʨʫʜʽ ʜʘʤʳʪʫʜʳץʘʟʘפ

ʵʣʝʢʪʨʦʥʜʳץ ʦץʳʪʫ ʞװʡʝʩʽʥ ʢʝשʝʡʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʩʪʨʘʪʝʛʠʷʣʳץ ʰʘʨʘʣʘʨʜʳ 

 ʳʣʳץʳʥ e-learning ʧʣʘʪʬʦʨʤʘʣʘʨʳ ʘʨ-90% שʪʳץʘʥ ʙʘʩʪʘʤʘ ʭʘʣʳסʘʤʪʠʜʳ. ɸʪʘʣץ

 ʨʳʣʳʤʜʳײץʠʥʬʨʘ ץʳ ʮʠʬʨʣʳסʩʘʪ ʝʪʽʧ, ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘץʘʤʪʫʜʳ ʤʘץ

ʞʘסשʳʨʪʫ ʤʝʥ ʟʘʤʘʥʘʫʠ ʵʣʝʢʪʨʦʥʜʳץ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ᴅʟʽʨʣʝʫʜʽ ʢᴇʟʜʝʡʜʽ. 

ɼᴅʩʪװʨʣʽ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʽװ שʡʣʝʩʽʤʜʽ ʪװʨʜʝ ץʦʣʜʘʥʳʣʫʳ ʙʽʣʽʤ 

ʙʝʨʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʞʝʪʽʣʜʽʨʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ װʜʝʨʽʩʽʥʝ ʙʝʣʩʝʥʜʽ ץʘʪʳʩʫʳ 

ʤʝʥ ץʘʥʘסʘʪʪʘʥʫʰʳʣʳץ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʘʜʳ . 

Platonus ʩʝʢʽʣʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʽש ʝʥʛʽʟʽʣʫʽ 

ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʜᴅʩʪװʨʣʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽש ʪʠʽʤʜʽ 

ʠʥʪʝʛʨʘʮʠʷʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʜʳ. ɸʪʘʣסʘʥ ʞװʡʝ ᴅʩʽʨʝʩʝ 

ʞʘʨʘʪʳʣʳʩʪʘʥʫ ʙʘסʳʪʳʥʜʘסʳ ʧᴅʥʜʝʨʜʝ, ʩʦʥʳש ʽʰʽʥʜʝ ʬʠʟʠʢʘ ʢʫʨʩʳʥʜʘ, 

ʦץʳʪʫʜʳש ʩʘʧʘʩʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ʘʡץʳʥ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ʪʘʥʳʣʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ײץʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʪʘʥʳʤʜʳץ ץʘʙʽʣʝʪʪʝʨʽʥ ʜʘʤʳʪʫסʘ ʞᴅʥʝ ʦץʫ װʜʝʨʽʩʽʥʝ ʙʝʣʩʝʥʜʽ ץʘʪʳʩʫʳʥ 

ʳʥʪʘʣʘʥʜʳʨʫסʘ ʳץʧʘʣ ʝʪʝʪʽʥʽ ʜᴅʣʝʣʜʝʥʜʽ. ʆʩʳ ʙʘסʳʪʪʘסʳ ʰʘʨʘʣʘʨ פʘʟʘץʩʪʘʥʥʳש 

ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥ ʮʠʬʨʣʘʥʜʳʨʫ ʞᴅʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʩʘʣʘʩʳʥʜʘסʳ ײʟʘץ 

ʤʝʨʟʽʤʜʽ ʩʪʨʘʪʝʛʠʷʣʳץ ʙʘסʜʘʨʳʥ ʘʡץʳʥʜʘʡʜʳ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʞʦʣʳʥʜʘסʳ ʤʘשʳʟʜʳ ץʘʜʘʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [64, 

ʙ. 12515]. 

ʅʘʭʙʘʝʚʘ ɻ.ʉ., ɹʝʨʝʛʦʚʘʷ ʆ.ɸ. [66] ʟʝʨʪʪʝʫʽʥʜʝ ʞʦסʘʨʳ ʙʽʣʽʤ ʙʝʨʫʜʽ 

ʵʣʝʢʪʨʦʥʜʳ ʠʥʪʝʨʥʘʮʠʦʥʘʣʜʘʥʜʳʨʫʜʳש ʈʝʩʝʡ ʤʝʥ פʘʟʘץʩʪʘʥ ʫʥʠʚʝʨʩʠʪʝʪʪʝʨʽ 

 ʧʝʨʩʧʝʢʪʠʚʪʽ ʬʦʨʤʘʩʳ ʝʢʝʥʜʽʛʽ ʘʪʘʧ שʪʳץʪʘʩʪʳץʳʥʪʳʤʘ ץʘʨʘʣʳץʰʽʥ ʭʘʣʳװ

ᴇʪʽʣʛʝʥ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ץʘʟʘץʩʪʘʥʜʳץ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʵʣʝʢʪʨʦʥʜʳ 

ʠʥʪʝʨʥʘʮʠʦʥʘʣʜʘʥʜʳʨʫʜʳ ʜʘʤʳʪʫ ᴅʣʝʫʝʪʽʥ ʠʝʣʝʥʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɿʝʨʪʪʝʫ 

ʞʝʨʛʽʣʽʢʪʽ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ ʪᴅʞʽʨʠʙʝʥʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ 

ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ װʰʽʥ ʚʝʙ-ʨʝʩʫʨʩʪʘʨʜʳ ʪײʨʘץʪʳ ʞʘשʘʨʪʫ, ʰʝʪ ʪʽʣʜʝʨʽʥʝ ʘʫʜʘʨʫ 

ʞᴅʥʝ ʮʠʬʨʣʳץ ʤʘʨʢʝʪʠʥʛ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫʜʽש ʤʘשʳʟʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 
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Ulman M. et al. [67] ʟʝʨʪʪʝʫʽʥʜʝ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳץ שʘʟʘץʩʪʘʥʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʩʳ ʪʘʣʜʘʥʳʧ, 

ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨʜʳש ʨᴇʣʽʥʝ ʝʨʝʢʰʝ ʤᴅʥ ʙʝʨʽʣʛʝʥ. ɹײʣ ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʦʨʪʘʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ סʳʣʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞװʨʛʽʟʫʛʝ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ 

ʪײʞʳʨʳʤʜʘʤʘʣʘʨʜʳ ʟʝʨʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩʪʘʨʜʳ 

ʤʦʜʝʣʴʜʝʡʜʽ. ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨʜʳש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʨʝʪʽʥʜʝ 

STEM ʧᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʙʝʨʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʞʘץʩʘʨʫʳ, ʩʦʥʜʘʡ-ʘץ 

ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʳʥʪʳʤʘץʪʘʩʪʳץ ʧʝʥ ʟʝʨʪʪʝʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʽש ʢʝשʝʶʽ ʘʪʘʧ 

ᴇʪʽʣʛʝʥ. ɹײʣ ʪᴅʩʽʣ ʙʽʣʽʤ ʙʝʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʘʨʪʪʳʨʳʧ, ײʣʪʪʳץ ʦץʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʤʝʥ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʮʠʬʨʣʳץ ʤʘʟʤײʥʜʳ ʜʘʤʳʪʫסʘ ʳץʧʘʣ 

ʝʪʝʜʽ. 

Nurbekova Z., Nurbekov B. [68] ʟʝʨʪʪʝʫʽʥʜʝ פʘʟʘץʩʪʘʥʜʘסʳ ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʩʽʥ ʮʠʬʨʣʘʥʜʳʨʫ װʜʝʨʽʩʽ ץʘʨʘʩʪʳʨʳʣʳʧ, ʦʥʳש ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʨᴇʣʽ ʪʘʣʜʘʥסʘʥ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥʳש 

 ʳʣʘʫ ʪʝʪʽʢʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʩʘʧʘʥʳ ʙʘץ

 ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʪʝʨʽ ʙʦʣʳʧ שʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳʥʳ ץʮʠʬʨʣʳ שʩʪʘʥʥʳץʘʟʘפ

ʪʘʙʳʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɽʉ Erasmus+ ʙʘסʜʘʨʣʘʤʘʩʳ ץʦʣʜʘʫ ʢᴇʨʩʝʪʝʪʽʥ HIEDTEC 

ʞʦʙʘʩʳ (2018ï2022) ʤסײʘʣʽʤʜʝʨʜʽש ʙʽʣʽʢʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ 

ʙʝʨʫ ʦʨʪʘʣʘʨʳʥʜʘ ʩʘʧʘʥʳ ʙʘץʳʣʘʫʜʳש ʪʠʽʤʜʽ ʪʝʪʽʢʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ. ɹײʣ ʙʘʩʪʘʤʘ ʙʽʣʽʤ ʙʝʨʫʜʽש ʮʠʬʨʣʳץ ʵʢʦʞװʡʝʩʽʥ ʜʘʤʳʪʫʜʘ ʤʘשʳʟʜʳ 

ʨᴇʣ ʘʪץʘʨʘʜʳ. 

ɼʶʩʝʤʙʝʢʦʚʘ ʄ., ɸʤʘʥʪʘʝʚ ɽ., ɸʙʜʳʨʘʭʤʘʥʦʚ ʊ. [69] ʟʝʨʪʪʝʫʽʥʜʝ 

ʧʘʥʜʝʤʠʷסʘ ʙʘʡʣʘʥʳʩʪʳ ʦʥʣʘʡʥ ʦץʳʪʫסʘ ʞʝʜʝʣ ʢᴇʰʫ ʪײʨסʳʩʳʥʘʥ פʘʟʘץʩʪʘʥʜʘסʳ 

ʙʽʣʽʤ ʙʝʨʫʜʽש ʮʠʬʨʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳ ʪʘʣʜʘʥסʘʥ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʦץʫ 

 ʳʪʫץʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʵʣʝʢʪʨʦʥʜʳ ʦ ץʮʠʬʨʣʳ שʜʝʨʽʩʽʥʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳװ

ʞװʡʝʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫʜʳ ץʘʤʪʠʪʳʥʳʥ ʞᴅʥʝ ץʘʰʳץʪʘʥ ʦץʳʪʫסʘ ʢᴇʰʫ ʙʘʨʳʩʳʥʜʘ 

ʦʥʳש ʤʘשʳʟʜʳʣʳסʳ ʘʨʪץʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ʄʝʤʣʝʢʝʪ ʧʝʥ ʙʠʟʥʝʩ ץʘʫʳʤʜʘʩʪʳסʳ 

 ʳʪʳ ʨʝʪʽʥʜʝסʙʘʩʳʤ ʙʘ שʩʘʨʪʫʜʳץʳ ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʞʘסʩʪʘʥʜʘץʘʟʘפ

ʮʠʬʨʣʘʥʜʳʨʫʜʳש ʨᴇʣʽʥ ʝʨʝʢʰʝ ʘʪʘʧ ᴇʪʽʧ, ʩʦʥʳש ʽʰʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳץ שʦʣʜʘʥʫʜʳץ שʘʰʳץʪʘʥ ʦץʳʪʫסʘ ʢᴇʰʫ ʢʝʟʽʥʜʝ ʪʫʳʥʜʘסʘʥ 

ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ װʰʽʥ ʰסײʳʣ ʰʘʨʘʣʘʨ ץʘʙʳʣʜʘʜʳ. 

ɸʤʘʥʪʘʝʚ ɽ.ᴄ., ɼʶʩʝʤʙʝʢʦʚʘ ʄ.ʂ., ɾʘʥʧʝʡʽʩʦʚʘ פ.ɼ. [70] ʟʝʨʪʪʝʫʽʥʜʝ 

 שʘʨʘʩʪʳʨʳʣʳʧ, ʦʥʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳ ץʮʠʬʨʣʳ שʳ ʙʽʣʽʤ ʙʝʨʫʜʽסʩʪʘʥʜʘץʘʟʘפ

ʧʘʥʜʝʤʠʷ ʢʝʟʝשʽʥʜʝ ʦʥʣʘʡʥ ʦץʳʪʫסʘ ʞʝʜʝʣ ʢᴇʰʫ ʘʨץʳʣʳ ץʘʨץʳʥ ʘʣסʘʥʳ 

ʪʘʣʜʘʥסʘʥ. ɿʝʨʪʪʝʫʜʝ ʪʝʭʥʦʣʦʛʠʷסʘ ץʦʣʞʝʪʽʤʜʽʣʽʢ ʧʝʥ ʮʠʬʨʣʳץ ʩʘʫʘʪʪʳʣʳץʪʳש 

ʦʩʳ ᴇʪʧʝʣʽ ʢʝʟʝשʜʝ ʢʝʟʜʝʩʢʝʥ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨ ʝʢʝʥʜʽʛʽ ʘʪʘʧ ᴇʪʽʣʛʝʥ. תʢʽʤʝʪ ʧʝʥ 

ʙʠʟʥʝʩ ץʘʫʳʤʜʘʩʪʳסʳ ʙʽʣʽʤ ʙʝʨʫʜʽ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫʜʳ ʽʣʛʝʨʽʣʝʪʫ ʘʨץʳʣʳ ʙײʣ 

ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ װʰʽʥ ʞʝʜʝʣ ʰʘʨʘʣʘʨ ץʘʙʳʣʜʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʝʨʪʪʝʫ 

ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʩʘʧʘʩʳʥ װʟʜʽʢʩʽʟ ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʽʧ, ʚʠʨʪʫʘʣʜʳ 

ʦʨʪʘʜʘסʳ ʙʽʣʽʤ ʙʝʨʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʞʘץʩʘʨʪʫ װʰʽʥ ʙʦʣʘʰʘץ ʜʘʤʫ ʙʘסʳʪʪʘʨʳʥ 

ʘʡץʳʥʜʘʡʜʳ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʳʪʫ װʜʝʨʽʩʽʥʜʝ ʘʡʪʘʨʣʳץʪʘʡ 

ʘʨʪʳץʰʳʣʳץʪʘʨ ײʩʳʥסʘʥʳʤʝʥ, ʮʠʬʨʣʳץ ʞᴅʥʝ ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʪʝʧʝ-

ʪʝשʜʽʢʪʽ ʩʘץʪʘʫ ʤʘשʳʟʜʳ. ʎʠʬʨʣʳײץ ץʨʘʣʜʘʨʜʳש ʙʘʩʳʤ ץʦʣʜʘʥʳʣʫʳ ʪʽʢʝʣʝʡ 
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ʧʝʜʘʛʦʛʠʢʘʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽש ʤʘשʳʟʜʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʧʝʫʽ ʪʠʽʩ, ʩʝʙʝʙʽ ʦʣ 

ʞʝʢʝ ʪײʣסʘʣʳץ ץʘʩʠʝʪʪʝʨʜʽ ʜʘʤʳʪʫ ʤʝʥ ʢʝʰʝʥʜʽ ʙʽʣʽʤ ʙʝʨʫ ʪᴅʞʽʨʠʙʝʩʽʥ 

  .ʘʨʘʜʳץʘʣʳʧʪʘʩʪʳʨʫʜʘ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץ

 ץʘʥ ʮʠʬʨʣʳץʨʛʽʟʽʣʽʧ ʞʘʪװʡʝʩʽʥʜʝ ʞװʙʽʣʽʤ ʙʝʨʫ ʞ שʩʪʘʥʥʳץʘʟʘפ

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʞʘᴃʘʥʜʳװ ץʨʜʽʩʪʝʨʤʝʥ װʡʣʝʩʽʤ ʪʘʧץʘʥʳʤʝʥ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʤʝʥ 

ʦץʳʪʫʰʳʣʘʨʜʳש ᴅʨʪװʨʣʽ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥ ץʘʥʘסʘʪʪʘʥʜʳʨʫ װʰʽʥ ʞʘʥ-ʞʘץʪʳ 

ʞʦʩʧʘʨʣʘʫ ʤʝʥ ʪʠʽʤʜʽ ʽʩʢʝ ʘʩʳʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ɹʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʞʘᴃʘʥʜʳץ ʘʫץʳʤʜʘ 

ʤʘשʳʟʜʳ װʨʜʽʩʢʝ ʘʡʥʘʣʳʧ, ᴅʨʪװʨʣʽ ʝʣʜʝʨ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʙʽʣʽʤ 

ʞװʡʝʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫ װʰʽʥ ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨʜʽ ץʦʣʜʘʥʫʜʘ. ɹײʣ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʦץʳʪʫ ʦʨʪʘʩʳʥ ʙʝʡʽʤʜʝʣʛʽʰ, ʘʫץʳʤʜʳ ʞᴅʥʝ ץʦʣʞʝʪʽʤʜʽ ʝʪʽʧ ײץʨʫ ץʘʞʝʪʪʽʣʽʛʽʥʝʥ 

ʪʫʳʥʜʘʡʜʳ, ʞʝʢʝ ʙʽʣʽʤ ʙʝʨʫ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥ ץʘʥʘסʘʪʪʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʢᴇʧʪʝʛʝʥ שʡʝʣʝʨʽ ᴇʤʽʨʜʽװʞ (VR) ץʳʪʪʘ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʘʟʽʨʛʽ ʫʘפ

ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʜʘʤʫʳ ʤʝʥ ʝʥʛʽʟʽʣʫʽ 

ʘʣסʘʰץʳʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ɸפʐ-ʪʳש ɸʵʨʦʥʘʚʪʠʢʘ ʞᴅʥʝ סʘʨʳʰ ʢʝשʽʩʪʽʛʽʥ 

ʟʝʨʪʪʝʫ ײʣʪʪʳץ ʙʘʩץʘʨʤʘʩʳ (NASA) ʪʘʨʘʧʳʥʘʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. NASA 

ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʳ סʘʨʳʰ ʢʝʤʝʣʝʨʽ ʤʝʥ ᴅʩʢʝʨʠ ײʰʘץʪʘʨʜʳײ שʰץʳʰʪʘʨʳʥ 

ʦץʳʪʫ, ץʦʥʫ ʪʝʭʥʠʢʘʩʳʥ ʤʝשʛʝʨʪʫ, ᴅʫʝʜʝ ʞʘʥʘʨʤʘʡ ײץʶ װʜʝʨʽʩʽʥ ʞʘʪʪʳץʪʳʨʫ 

ʞᴅʥʝ ᴇʟʛʝ ʜʝ ʢװʨʜʝʣʽ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫ ʤʘץʩʘʪʳʥʜʘ ץʦʣʜʘʥʜʳ. ʉʦʥʳʤʝʥ 

 ʘʨʳסʘʫʽʧʪʽ ʥʝʤʝʩʝ ʞʦץ ʘסʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʘʜʘʤ ץʘʪʘʨ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ

ʜᴅʣʜʽʢʪʽ ʪʘʣʘʧ ʝʪʝʪʽʥ ʞײʤʳʩʪʘʨʜʳ ץʘʰʳץʪʘʥ ʙʘʩץʘʨʳʣʘʪʳʥ ʨʦʙʦʪʪʘʨ ʘʨץʳʣʳ 

ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ϧʦʟϤʘʣʳʩʪʳ ʪϮʩʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʘʜʘʤʥʳץ שʠʤʳʣʜʘʨʳʥ ʮʠʬʨʣʳץ 

ʬʦʨʤʘʪʪʘ ʪʽʨʢʝʧ, ʦʣʘʨʜʳ װʰ ᴇʣʰʝʤʜʽ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʛʝ ʪʘסʘʡʳʥʜʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ᴅʜʽʩ ʘʥʠʤʘʮʠʷ, ʢʦʤʧʴʶʪʝʨʣʽʢ ʦʡʳʥʜʘʨ ʞᴅʥʝ 

ʢʠʥʝʤʘʪʦʛʨʘʬʠʷ ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ץʦʟסʘʣʳʩʪʳ 

ʪװʩʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʘʥʠʤʘʮʠʷʣʳץ ʬʠʣʴʤʜʝʨʜʝʛʽ ʢʝʡʽʧʢʝʨʣʝʨʜʽש ʰʳʥʘʡʳ 

 .ʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʘʣʳʩʳʥסʦʟץ

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʳש ʞʘʨʥʘʤʘ ʩʘʣʘʩʳʥʜʘסʳ ץʦʣʜʘʥʳʣʫʳ ʜʘ ʪʠʽʤʜʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴅʩʽʨʝʩʝ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʩʝʥʜʽʨʫ ʢʝʟʝשʜʝʨʽʥʜʝ ʦʥʣʘʡʥ-ʞʘʨʥʘʤʘ 

 ʢᴇʤʝʛʽʤʝʥ שʪʳץʙʽʨʽʥʝ ʘʡʥʘʣʫʜʘ. ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳ שʨʘʣʜʘʨʳʥʳײץ

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ʞʳʣʞʳʤʘʡʪʳʥ ʤװʣʽʢ ʦʙʲʝʢʪʽʣʝʨʽʥ, ʦץʫ ʦʨʳʥʜʘʨʳʥ, 

ʤʫʟʝʡʣʝʨʜʽ, ʪײʨסʳʥ װʡʣʝʨ ʤʝʥ ʜʝʤʘʣʳʩ ʘʡʤʘץʪʘʨʳʥ ץʘʰʳץʪʘʥ ʟʝʨʪʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʽʣʝʜʽ. ʄʳʩʘʣʳ, Google Maps ץʦʩʳʤʰʘʩʳ ʘʨץʳʣʳ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ 

ʙʝʣʛʽʣʽ ʙʽʨ ʘʡʤʘץʪʘʨ ʤʝʥ ץʦʥʘװץʡʣʝʨʜʽ ʚʠʨʪʫʘʣʜʳ ʪװʨʜʝ ʰʦʣʫ ʞʘʩʘʧ, ʊװʨʢʠʷ, 

ʀʪʘʣʠʷ, ɻʨʝʢʠʷ ʩʠʷץʪʳ ʝʣʜʝʨʜʝʛʽ ʪʫʨʠʩʪʽʢ ʥʳʩʘʥʜʘʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʘʣʳʧ, ʪʫʨ 

ʩʘʪʳʧ ʘʣʫ ʰʝʰʽʤʽʥ ץʘʙʳʣʜʘʡ ʘʣʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳײץ ץʨʘʣʜʘʨʳʥʳש ʪʘסʳ ʙʽʨ ʤʘשʳʟʜʳ ʘʨʪʳץʰʳʣʳסʳ 

 ʣײʘʙʽʣʝʪʽ. ɹץ ʝʡʪʫשʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝװʤ שʘʣʜʳʥ ʘʣʫ ʞᴅʥʝ ʘʜʘʤʥʳ שʘʪʝʣʽʢʪʝʨʜʽץ

ᴅʩʽʨʝʩʝ ʠʥʞʝʥʝʨʠʷ ʤʝʥ ײץʨʳʣʳʩ ʩʘʣʘʣʘʨʳʥʜʘ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʳʩʘʣʳ, 

 ʘʣʳʤʜʘʨʳ ʞʝʨʘʩʪʳ ʠʥʞʝʥʝʨʣʽʢס שʳ ʅʦʪʪʠʥʛʝʤ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽסʣʳʙʨʠʪʘʥʠʷʜʘױ

ʞʝʣʽʣʝʨʽʥ ʞᴇʥʜʝʫʛʝ ʞײʤʩʘʣʘʪʳʥ ʰʳסʳʥʜʘʨʜʳ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʪʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ ʞʦʙʘʥʳ ᴅʟʽʨʣʝʜʽ. ɹײʣ ʞʦʙʘ ʢʦʤʤʫʥʘʣʜʳץ ץʳʟʤʝʪʢʝʨʣʝʨʛʝ GPS 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʢʝשʽʩʪʽʢʪʽʢ ʙʘסʜʘʨʣʘʫ ʞװʡʝʣʝʨʽ ʤʝʥ ʚʠʨʪʫʘʣʜʳ 
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ʰʳʥʘʡʳʣʳץ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞʝʨ ʘʩʪʳʥʜʘסʳ ʠʥʬʨʘײץʨʳʣʳʤʜʳ 

ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, ʦʩʳʣʘʡʰʘ ʢװʨʜʝʣʽ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ 

ʜᴅʣʜʽʢʧʝʥ ʞװʨʛʽʟʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ, ʩʦʥʳש ʽʰʽʥʜʝ ʘʨʘʣʘʩ 

ʰʳʥʘʡʳʣʳץ (MR) ʞᴅʥʝ ʪʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʘʡʳʣʳץ (AR), ʢʦʤʧʴʶʪʝʨʜʝ 

ʩʘץʪʘʣסʘʥ ʢʘʨʪʦʛʨʘʬʠʷʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʘץʧʘʨʘʪʪʘʨʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʥʘץʪʳ 

ʛʝʦʛʨʘʬʠʷʣʳץ ʢʦʦʨʜʠʥʘʪʪʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. 

 ,ʟʝʨʪʪʝʫʣʝʨʜʝ ץʘʨʭʝʦʣʦʛʠʷʣʳ שʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳײʳʣʳʤʠ ʟʝʨʪʪʝʫʰʽʣʝʨ ʙנ

ʛʝʦʣʦʛʠʷʣʳץ ʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥʜʘ ʞᴅʥʝ ʤʘʨʢʰʝʡʜʝʨʣʽʢ ץʳʟʤʝʪʪʝ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʜʽʛʽʥ ʢʝשʝʡʪʫʜʽ ʤʘץʩʘʪ ʝʪʝʜʽ. 

ɸʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʽש ʙʽʨʽ 3D ʛʨʘʬʠʢʘʩʳʥʘʥ 

ʘʡʳʨʤʘʰʳʣʳסʳ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʙʘʡץʘʫʰʳ ʨᴇʣʽʥʝʥ 

ʰʳסʳʧ, ʦץʠסʘʣʘʨסʘ ʙʝʣʩʝʥʜʽ ץʘʪʳʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹײʣ ץʘʪʳʩʫ ᴅʩʝʨʽʥ 

ʢװʰʝʡʪʽʧ, ʦʙʲʝʢʪʽʣʝʨʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʤװʤʢʽʥʜʽʛʽʥ ײʩʳʥʘʜʳ. 

ʂᴇʨʫ ʪᴅʞʽʨʠʙʝʩʽ ʪײʨסʳʩʳʥʘʥ ʘʣסʘʥʜʘ, ʩʪʝʨʝʦʬʦʪʦʛʨʘʬʠʷ ʤʝʥ ʩʪʝʨʝʦʢʠʥʦ 

ʢʝʩʢʽʥʥʽװ שʰ ᴇʣʰʝʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʩʝ, ʘʣ ʛʦʣʦʛʨʘʬʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʥʳʩʘʥʜʳ ᴅʨʪװʨʣʽ ʙײʨʳʰʪʘʥ ʢᴇʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʣ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץʪʳש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ ʧʘʡʜʘʣʘʥʫʰʳʥʳ ʮʠʬʨʣʳץ ʢʝשʽʩʪʽʢʢʝ 

ʪʦʣʳץʪʘʡ ʝʥʛʽʟʫ ץʘʙʽʣʝʪʽ. ɹײʣ װʜʝʨʽʩʪʽ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʘʨʥʘʡʳ ʞʘʙʜʳץʪʘʨ 

 ʥʝʤʝʩʝ ʽʰʽʥʘʨʘ ʙʦʣʫʳ ץʛʝʡʽ ʪʦʣʳשʘ ʝʥʫ ʜʝסʦʣʜʘʥʳʣʘʜʳ. ɺʠʨʪʫʘʣʜʳ ʦʨʪʘץ

ʤװʤʢʽʥ, ʙײʣ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʰʳʥʘʡʳ ᴅʣʝʤ ʤʝʥ ʚʠʨʪʫʘʣʜʳ ʢʝשʽʩʪʽʢ ʘʨʘʩʳʥʜʘסʳ 

ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʛʽʥ ʘʥʳץʪʘʡʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʞᴅʥʝ ʙʘʩץʘ ʮʠʬʨʣʳײץ ץʨʘʣʜʘʨʜʳ ץʦʣʜʘʥʫ, 

ᴅʩʽʨʝʩʝ, ʠʤʤʝʨʩʠʚʪʽ ʪᴅʞʽʨʠʙʝʣʝʨ ʘʨץʳʣʳ ʙʝʣʩʝʥʜʽʣʽʢ ʧʝʥ ʤʦʪʠʚʘʮʠʷʥʳ 

ʘʨʪʪʳʨʫʜʘ, ʰʝʪ ʪʽʣʜʝʨʽʥ ʤʝשʛʝʨʫʜʝ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʥᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʫʜʝ.  

ʆʩʳʣʘʡʰʘ, ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʦץʫ װʜʝʨʽʩʽʥ ʞʝʪʽʣʜʽʨʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʜʳ ײץʨʫ װʰʽʥ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫ. ɹײʣ ʪᴅʩʽʣ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʢʝשʝʡʪʫ, ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʦץʳʪʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʰʳסʳʥʜʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ ʩʠʷץʪʳ 

ʘʨʪʳץʰʳʣʳץʪʘʨ ײʩʳʥסʘʥʳʤʝʥ, ʙʘʩʪʘʧץʳ ʰʳסʳʥʜʘʨ ʤʝʥ ʜʝʥʩʘʫʣʳץץʘ ʳץʪʠʤʘʣ 

ᴅʩʝʨʣʝʨ ʩʝʢʽʣʜʽ ץʠʳʥʜʳץʪʘʨʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ (6-ʢʝʩʪʝ). 

 

ʂʝʩʪʝ 6 - ɹʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ 

 

ɸʩʧʝʢʪʽʣʝʨ ɹʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ 

1 2 

ɹʝʣʩʝʥʜʽʣʽʢ ʧʝʥ 

ʤʦʪʠʚʘʮʠʷʥʳש ʘʨʪʫʳ 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʮʠʬʨʣʳײץ ץʨʘʣʜʘʨ 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʞᴅʥʝ ʪʘʨʪʳʤʜʳ ʦץʫ ʪᴅʞʽʨʠʙʝʩʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʤʦʪʠʚʘʮʠʷʩʳʥ ʘʨʪʪʳʨʘʜʳ. ᴄʩʽʨʝʩʝ, 

ʟʝʡʽʥ ʪʘʧʰʳʣʳסʳ ʙײʟʳʣʳʩʪʘʨʳ ʙʘʨ ʩʪʫʜʝʥʪʪʝʨ װʰʽʥ 

ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʦץʫ װʜʝʨʽʩʽʥʝ 

 .ʘ ʢᴇʤʝʢʪʝʩʝʜʽסʪʘʫץʪʳ ʩʘץʫʰʳʣʳסʳʟʳץ
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6-ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 

 ʦʣʞʝʪʽʤʜʽʣʽʢ ʞᴅʥʝפ

ʠʥʢʣʶʟʠʷ 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʤװʤʢʽʥʜʽʛʽ ʰʝʢʪʝʫʣʽ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʩʘʧʘʣʳ 

ʙʽʣʽʤ ʘʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʢʝשʝʡʪʽʧ, ʠʥʢʣʶʟʠʚʪʽ ʙʽʣʽʤ ʙʝʨʫ 

ʦʨʪʘʩʳʥ ײץʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʦʣʘʨʜʳץ שʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʙʝʡʽʤʜʝʣʽʧ, ʦץʳʪʫ 

 .ʦʣʞʝʪʽʤʜʽ ᴅʨʽ ʪʠʽʤʜʽ ʝʪʝʜʽץ ʨʣʳʤײסʜʝʨʽʩʽʥ ʥʝװ

ʄᴅʜʝʥʠ ʞᴅʥʝ 

ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʝʥʫ 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳװ ץʡʨʝʥʫʰʽʣʝʨʛʝ ʪʽʣʜʽ ʤʝשʛʝʨʫʛʝ 

 ʣ ᴅʜʽʩ ʙʽʣʽʤײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹװʘ ʝʥʫʛʝ ʤסʘʞʝʪʪʽ ʪʽʣʜʽʢ ʦʨʪʘץ

ʘʣʫʰʳʣʘʨʜʳש ʥʘץʪʳ ᴇʤʽʨʣʽʢ ʞʘסʜʘʡʣʘʨʜʳ ʤʦʜʝʣʴʜʝʡʪʽʥ 

ʢʦʥʪʝʢʩʪʝ ʪʽʣʜʽʢ ʜʘסʜʳʣʘʨʜʳ ʞʝʪʽʣʜʽʨʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. 

ɾʝʪʽʣʜʽʨʽʣʛʝʥ ʦץʳʪʫ 

ʪᴅʞʽʨʠʙʝʩʽ 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʞᴅʥʝ ʙʘʩץʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʠʤʤʝʨʩʠʚʪʽ, ʠʥʪʝʨʘʢʪʠʚʪʽ ʦʨʪʘʣʘʨʜʳ 

 ʜʝʨʽʩʽʥʝװ ʫץʦ שʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץ

 ʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ᴅʩʽʨʝʩʝײʳʥ ʘʨʪʪʳʨʘʜʳ. ɹסʫʰʳʣʳסʳʟʳץ

ʞʘʨʘʪʳʣʳʩʪʘʥʫ ʞᴅʥʝ ʛʫʤʘʥʠʪʘʨʣʳץ ʧᴅʥʜʝʨʜʝ, ʤʳʩʘʣʳ, 

 ʛʝʨʫʜʽשʳʤʜʘʨʜʳ ʤʝסײ ʨʜʝʣʽװʳʣʳʤ ʤʝʥ ʪʘʨʠʭʪʘ ʢס

ʞʝשʽʣʜʝʪʝʜʽ. ɹʽʣʽʤ ʘʣʫʰʳʣʘʨ ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʤʝʥ ץʦʣ ʞʝʪʢʽʟʝ 

ʘʣʤʘʡʪʳʥ ʪᴅʞʽʨʠʙʝʣʝʨʛʝ ʚʠʨʪʫʘʣʜʳ ʪװʨʜʝ ץʘʪʳʩʫ 

ʤװʤʢʽʥʜʽʛʽʥʝ ʠʝ ʙʦʣʘʜʳ. 

 ʦʣʞʝʪʽʤʜʽʣʽʢ ʞᴅʥʝפ

ʠʢʝʤʜʽʣʽʢ 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʢʝʟ ʢʝʣʛʝʥ ʞʝʨʜʝ ץʦʣʞʝʪʽʤʜʽ ʦץʳʪʫ 

ʧʣʘʪʬʦʨʤʘʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʙʽʣʽʤ ʙʝʨʫ 

 ʫץʘʨʳ ʦסʳʤʜʳ ʝʪʝʜʽ. ᴄʩʽʨʝʩʝ, ʞʦץʘʫ שʜʝʨʽʩʽʥ ʠʢʝʤʜʽ ᴅʨʽ ʢʝװ

ʦʨʳʥʜʘʨʳ װʰʽʥ ʙײʣ ʪᴅʩʽʣ ʪʠʽʤʜʽ, ʩʝʙʝʙʽ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ 

ʩʪʘʥʜʘʨʪʪʘʣסʘʥ ʞײʤʳʩ װʩʪʝʣʽ ʠʥʪʝʨʬʝʡʩʪʝʨʽʥʝ ץʘʰʳץʪʘʥ ץʦʣ 

ʞʝʪʢʽʟʝ ʘʣʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʘʨʥʘʡʳ ʬʠʟʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨסʘ 

ʜʝʛʝʥ ץʘʞʝʪʪʽʣʽʢ ʘʟʘʷʜʳ. 

ʊʠʽʤʜʽʣʽʢʪʽש ʘʨʪʫʳ ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʤʝʥ ʙײʣʪʪʳץ ʝʩʝʧʪʝʫʣʝʨʜʽ ץʦʣʜʘʥʫ 

ʘʨץʳʣʳ ʦץʫ ʦʨʳʥʜʘʨʳ ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʰʳסʳʥʜʘʨʜʳ 

 ʘʨʪʘ ʘʣʘʜʳ. ʉʝʨʚʝʨʣʽʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽץʳʩץ

ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʬʠʟʠʢʘʣʳץ ʩʝʨʚʝʨʣʝʨʜʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʳʧ, ʞʘʣʧʳ ʰʳסʳʥʜʘʨʜʳ ʪᴇʤʝʥʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʞᴅʥʝ 

ʙʽʨʣʝʩʢʝʥ ʦץʳʪʫ 

ɺʠʨʪʫʘʣʜʳ ʦʨʪʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʦץʳʪʫ 

ʤװʤʢʽʥʜʽʛʽʥ ײʩʳʥʳʧ, ʙʽʨʣʝʩʢʝʥ ʦץʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʜʘʤʳʪʘʜʳ. 

ɹײʣ ʪᴅʩʽʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʢװʰʝʡʪʽʧ, 

ʢʦʥʩʪʨʫʢʪʠʚʠʩʪʽʢ ʦץʳʪʫ ʪʝʦʨʠʷʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

ʢʦʥʪʝʢʩʪʪʽʢ ʞᴅʥʝ ʳʥʪʳʤʘץʪʘʩʪʳץ ʥʝʛʽʟʽʥʜʝʛʽ ʦץʳʪʫסʘ ʳץʧʘʣ 

ʝʪʝʜʽ 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 
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ʂʝʩʪʝ 7 ï ɹʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʳץʪʠʤʘʣ ץʠʳʥʜʳץʪʘʨʳ 

ʤʝʥ ʰʝʰʽʤʜʝʨʽ 

 

ɸʩʧʝʢʪʽʣʝʨ ɹʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʳץʪʠʤʘʣ ץʠʳʥʜʳץʪʘʨʳ 

ʤʝʥ ʰʝʰʽʤʜʝʨʽ 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʢʝʜʝʨʛʽʣʝʨ ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʮʠʬʨʣʳײץ ץʨʘʣʜʘʨʜʳ 

ʝʥʛʽʟʫ ʨʝʩʫʨʩʪʘʨʳ ʰʝʢʪʝʫʣʽ ʘʡʤʘץʪʘʨ װʰʽʥ ץʠʳʥʜʳץ 

ʪʫʜʳʨʫʳ ʤװʤʢʽʥ, ʩʝʙʝʙʽ ʙײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʜʘʤʳסʘʥ 

ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʞᴅʥʝ ʪײʨʘץʪʳ ʠʥʪʝʨʥʝʪ ʙʘʡʣʘʥʳʩʳʥ 

ʪʘʣʘʧ ʝʪʝʜʽ. ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫʜʽש ʞʝʪʽʩʪʽʛʽ ץʘʞʝʪʪʽ 

ʞʘʙʜʳץʪʘʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʢʝשʽʥʝʥ ץʦʣʞʝʪʽʤʜʽʣʽʢʧʝʥ 

ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ 

ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫ ʞᴅʥʝ 

 ʦʣʜʘʫץ

ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʘʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʧʝʥ ʮʠʬʨʣʳץ 

ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ װʰʽʥ ʪʠʽʩʪʽ ʜʘʷʨʣʳץ ʧʝʥ ᴅʜʽʩʪʝʤʝʣʽʢ ץʦʣʜʘʫ ץʘʞʝʪ. ɹײʣ 

ʮʠʬʨʣʳײץ ץʨʘʣʜʘʨʜʳ ʙʽʣʽʤ ʙʝʨʫ ʤʘץʩʘʪʪʘʨʳʥʘ 

ʩᴅʡʢʝʩʪʝʥʜʽʨʝ ʦʪʳʨʳʧ ײץʨʘʩʪʳʨʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʠʽʤʜʽ ʝʥʛʽʟʫ 

ʞʦʣʜʘʨʳʥ װʡʨʝʪʫʜʽ ץʘʤʪʠʜʳ. 

ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש  

ʤʦʪʠʚʘʮʠʷʩʳ ʞᴅʥʝ ץʘʪʳʩʫ 

ʜʝשʛʝʡʽ 

VR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤʦʪʠʚʘʮʠʷʥʳ ʘʨʪʪʳʨʫʳ ʤװʤʢʽʥ 

ʙʦʣסʘʥʳʤʝʥ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʩʘץʪʘʫ ʞᴅʥʝ 

ʦץʳʪʫ ʥᴅʪʠʞʝʣʝʨʽʥʝ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ װʰʽʥ ץʦʩʳʤʰʘ 

ʟʝʨʪʪʝʫʣʝʨ ץʘʞʝʪ. ɺʠʨʪʫʘʣʜʳ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʽײ שʟʘץ 

ʤʝʨʟʽʤʜʽ ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʫ ʤʘץʩʘʪʳʥʜʘ ʵʤʧʠʨʠʢʘʣʳץ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʦʪʳʨ. 

ɹʘʩʪʘʧץʳ ʰʳסʳʥʜʘʨ ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫ ʘʡʪʘʨʣʳץʪʘʡ ץʘʨʞʳʣʳץ 

ʨʝʩʫʨʩʪʘʨʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ɸʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ 

 ʘʨʳ ʙʦʣʫʳ ʙʽʣʽʤ ʙʝʨʫסʞʦ שʥʳʥʳײץ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

ʤʝʢʝʤʝʣʝʨʽʥʜʝ ʙײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʢʝשʽʥʝʥ ץʦʣʜʘʥʫʜʳ 

ʰʝʢʪʝʫʽ ʤװʤʢʽʥ. 

ʊʝʭʥʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨ ɺʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫʜʝ ʞʘʙʜʳץʪʳש 

ʪײʨʘץʪʳʣʳסʳ, ʮʠʬʨʣʳץ ʨʝʩʫʨʩʪʘʨʜʳש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ ʞᴅʥʝ 

ʦץʳʪʫʰʳʣʘʨʜʳש ʜʘʡʳʥʜʳסʳ ʩʠʷץʪʳ ʤᴅʩʝʣʝʣʝʨ ʢʝʜʝʨʛʽ 

ʢʝʣʪʽʨʫʽ ʤװʤʢʽʥ. ɹײʣ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ װʰʽʥ ʙʽʨʳסשʘʡ 

ʩʪʘʥʜʘʨʪʪʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʢʘʜʨʣʘʨʜʳ ʞʘʥ-ʞʘץʪʳ ʦץʳʪʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ. 

ɼʝʥʩʘʫʣʳץ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ 

ʘʩʧʝʢʪʽʣʝʨ 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʳ ײʟʘץ ʫʘץʳʪ ʧʘʡʜʘʣʘʥʫ ʢᴇʟʜʽש 

ʰʘʨʰʘʫʳ, ʙʘʩ ʘʡʥʘʣʫ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷסʘ ʪᴅʫʝʣʜʽʣʽʢ ʩʝʢʽʣʜʽ 

ʜʝʥʩʘʫʣʳץץʘ ʙʘʡʣʘʥʳʩʪʳ ʤᴅʩʝʣʝʣʝʨʛʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʠʤʤʝʨʩʠʚʪʽ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘ ײʟʘץ ʫʘץʳʪ 

ʙʦʣʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ᴅʣʝʫʤʝʪʪʽʢ ʜʘסʜʳʣʘʨʳʥʘ ᴅʩʝʨ ʝʪʽʧ, 

ʙʝʪʧʝ-ʙʝʪ ץʘʨʳʤ-ץʘʪʳʥʘʩ ʜʝשʛʝʡʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ ʳץʧʘʣ ʝʪʫʽ 

ʤװʤʢʽʥ. 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 
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ɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʦץʳʪʫ װʜʝʨʽʩʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʩʪʝʨ 

ʝʥʛʽʟʛʝʥʽʤʝʥ, ʦʥʳײ שʟʘץ ʤʝʨʟʽʤʜʽ ʩʘʣʜʘʨʳʥ ʝʩʢʝʨʫ ʤʘשʳʟʜʳ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʢʝʰʝʥʜʽ ʙʽʣʽʤ ʙʝʨʫ ʪᴅʞʽʨʠʙʝʩʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʜᴅʩʪװʨʣʽ 

ᴅʜʽʩʪʝʨʤʝʥ ʪʝשʜʝʩʪʽʨʽʣʫʽ ʪʠʽʩ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʝʭʥʦʣʦʛʠʷʥʳש ʜʘʤʫʳʤʝʥ ʙʽʨʛʝ 

ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʳ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʧʝʥ ʙʽʨʽʢʪʽʨʫ ʦץʳʪʫ װʜʝʨʽʩʽʥ ʦʜʘʥ 

ᴅʨʽ ʞʝʢʝʣʝʥʜʽʨʫʛʝ ʞᴅʥʝ ʦץʳʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʣʘʡʜʘ, ʙײʣ 

ʠʥʥʦʚʘʮʠʷʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ץʦʣʞʝʪʽʤʜʽ ʨʝʩʫʨʩʪʘʨʜʳ ʜײʨʳʩ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ 

ʦץʳʪʫʰʳʣʘʨʜʳש ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʙʝʡʽʤʜʝʣʫ ץʘʙʽʣʝʪʽʥʝ ʪʽʢʝʣʝʡ 

ʙʘʡʣʘʥʳʩʪʳ [71]. 

 שʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤ ʙʝʨʫʜʽפ

 ʧʘʣ ʝʪʝʪʽʥץʘ ʳסʦʣʞʝʪʽʤʜʽʣʽʛʽʥ, ʪʠʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫץ

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʙʘסʳʪʪʘʨʜʳש ʙʽʨʽ. ɸʣʘʡʜʘ, ʦʥʳ ʪʘʙʳʩʪʳ ʝʥʛʽʟʫ 

 ʘʥסʳʪʪʘʣסʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ʙʘ ץʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳ ץʪʝʭʥʠʢʘʣʳ ,ץʘʨʞʳʣʳץ

ʢʝʰʝʥʜʽ ʩʪʨʘʪʝʛʠʷʥʳ ʪʘʣʘʧ ʝʪʝʜʽ (7-ʢʝʩʪʝ). 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ץʘʨʘʤʘʩʪʘʥ, 

ʮʠʬʨʣʳץ ʪʝשʩʽʟʜʽʢ, ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʰʝʢʪʝʫʣʝʨ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʝʥʛʽʟʫʛʝ ʘʡʪʘʨʣʳץʪʘʡ ʠʥʚʝʩʪʠʮʠʷ ץʘʞʝʪʪʽʣʽʛʽ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʮʠʬʨʣʳץ ʦץʳʪʫ ײץʨʘʣʜʘʨʳ ʠʥʥʦʚʘʮʠʷʣʳץ 

ʤװʤʢʽʥʜʽʢʪʝʨ ײʩʳʥסʘʥʳʤʝʥ, ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʨʝʩʫʨʩʪʘʨʜʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ ʤʝʥ 

ʦץʳʪʫʰʳʣʘʨʜʳש ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʙʝʡʽʤʜʝʣʫ ץʘʙʽʣʝʪʽʥʝ ʪᴅʫʝʣʜʽ. 

ʆʩʳʣʘʡʰʘ, ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ʩᴅʪʪʽ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ 

ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ᴅʣʝʫʝʪʽ ʤʝʥ ʰʝʢʪʝʫʣʝʨʽʥ ʝʩʢʝʨʝʪʽʥ ʪʝשʛʝʨʽʤʜʽ ʞᴅʥʝ 

ʩʪʨʘʪʝʛʠʷʣʳץ ʪᴅʩʽʣ ץʘʞʝʪ. 

 

1.3 ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ 

ʆʨʪʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪᴅʩʽʣ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש ʪײʡʳץ ᴅʨʽ ʩʳʟʳץʪʳץ 

 ʣײʘʨʘʩʪʳ ʙʽʣʜʽʨʝʜʽ. ɹץʢᴇʟ ץʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳסʳʪʪʘʣסʘ ʙʘסʨʳʣʳʤʳʥʘʥ ʘʨʳʣʫײץ

ʪᴅʩʽʣ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʽʰʢʽ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʩʦʥʜʘʡ-ʘץ ʦʥʳש ᴇʟʽʥʜʽʢ ʙʽʣʽʤ 

ʘʣʫ, ᴇʟʽʥ-ᴇʟʽ ʪᴅʨʙʠʝʣʝʫ ʞᴅʥʝ ʞʝʢʝ ʜʘʤʫסʘ ײʤʪʳʣʳʩʳʥ ʳʥʪʘʣʘʥʜʳʨʫסʘ 

ʥʝʛʽʟʜʝʣʝʜʽ. ɸʪʘʣסʘʥ ʪᴅʩʽʣ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥ ʞʘʥʘʤʘ ʙʘʩץʘʨʫʜʳש ʪʝʦʨʠʷʩʳ ʤʝʥ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʤײʥʜʘ ʦʨʪʘʥʳש ʜʠʘʛʥʦʩʪʠʢʘʣʳץ, ʞʦʙʘʣʳץ 

ʞᴅʥʝ ʥᴅʪʠʞʝʛʝ ʙʘסʳʪʪʘʣסʘʥ ץʳʟʤʝʪʽ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ. ɹײʣ ʢʦʥʪʝʢʩʪʝ çʦʨʪʘè 

 שʨʫ ᴅʨʝʢʝʪʪʝʨʽʥʽײץʩʽʥʜʽʨʽʣʝʜʽ: ʙʽʨʽʥʰʽʜʝʥ, ʦʣ ʦʨʪʘװʳʤʳ ʢᴇʧᴇʣʰʝʤʜʽ ʩʠʧʘʪʪʘ ʪסײ

ᴇʥʽʤʽ; ʝʢʽʥʰʽʜʝʥ, ʦץʳʪʫ ʤʝʥ ʪᴅʨʙʠʝʣʝʫʜʽש ʙʝʣʩʝʥʜʽ ײץʨʘʣʳ; Ϯʰʽʥʰʽʜʝʥ, ʙʽʣʽʤ ʙʝʨʫ 

 ,ʝʩʪʽʨʫʰʽשʢʦʤʧʦʥʝʥʪʪʽʢ ʥʝʛʽʟʽ ʨʝʪʽʥʜʝ ʪʘʥʳʣʳʧ, ʪʝ-ץʨʳʣʳʤʜʳײץ שʜʝʨʽʩʽʥʽװ

ʞʘʥʘʤʘ ʞᴅʥʝ ʜʝʣʜʘʣʜʳץ ʬʫʥʢʮʠʷʣʘʨʜʳ ʘʪץʘʨʘʜʳ. 

ɹײʣ ʪᴅʩʽʣʜʽש ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʽʥ ʦʥʳש ʧʨʘʛʤʘʪʠʢʘʩʳ, ʷסʥʠ ʦʥʳש ᴅʣʝʫʝʪʽʥ 

ʽʩʢʝ ʘʩʳʨʫסʘ ʘʨʥʘʣסʘʥ ײץʨʳʣʳʤʜʳץ ʝʨʝʞʝʣʝʨ ʞʠʳʥʪʳסʳ ײץʨʘʡʜʳ. ʆʨʪʘסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʪᴅʩʽʣ װʰ ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢʝʟʝשʥʝʥ ʪײʨʘʜʳ [72]: 

- ʦʨʪʘʥʳ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ: ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʪʘʣʜʘʫ 

ʞᴅʥʝ ʙʘסʘʣʘʫ; 

- ʦʨʪʘʥʳ ʞʦʙʘʣʘʫ: ʙʽʣʽʤ ʙʝʨʫ ʢʝשʽʩʪʽʛʽʥ ײץʨʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ᴅʟʽʨʣʝʫ; 
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- ʦʨʪʘʥʳ ץʘʣʳʧʪʘʩʪʳʨʫ: ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʝʣʩʝʥʜʽ ᴅʨʝʢʝʪʪʝʩʪʽʛʽʥ 

 .ʡʳʤʜʘʩʪʳʨʫײ ʜʘʡʣʘʨʜʳסʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʘץ

 ʆʨʪʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪᴅʩʽʣ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʠʥʥʦʚʘʮʠʷ ʨʝʪʽʥʜʝ ʘʣסʘʰ ʨʝʪ ʖ.ʉ. 

ʄʘʥʫʡʣʦʚʪʳש ʜʦʢʪʦʨʣʳץ ʜʠʩʩʝʨʪʘʮʠʷʩʳʥʜʘ ײʩʳʥʳʣסʘʥ [73], ʘʣ ɻ.ɻ. ʐʝʢʘ ʙײʣ 

ʪᴅʩʽʣʜʽ ʞʘשʘʣʳץ ʨʝʪʽʥʜʝ ᴇʟʽʥʽש ʢʘʥʜʠʜʘʪʪʳץ ʜʠʩʩʝʨʪʘʮʠʷʩʳʥʜʘ ʩʠʧʘʪʪʘסʘʥ [74]. 

 ʪʘʣʳʧ, ʦʥʳץʳʣʳʤʠ ʥʝʛʽʟʜʝʨʽ ʘʥʳסʞʘʣʧʳ שʣ ʪᴅʩʽʣʜʽײʘʟʽʨʛʽ ʟʝʨʪʪʝʫʣʝʨʜʝ ʙפ

ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʳʟʤʝʪʪʝ ץʦʣʜʘʥʫ ʞʦʣʜʘʨʳ ʘʡץʳʥʜʘʣסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʽʣʽʤ 

ʙʝʨʫ ʦʨʪʘʩʳ ʦʨʪʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪᴅʩʽʣʜʽש ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʽ ʨʝʪʽʥʜʝ װʥʝʤʽ 

ʥʘץʪʳʣʘʥʳʧ ʢʝʣʝʜʽ. 

ɹʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ʧʝʜʘʛʦʛʠʢʘ, ʧʩʠʭʦʣʦʛʠʷ סʳʣʳʤʜʘʨʳʥʳש ʪװʡʽʩʫ 

ʥװʢʪʝʩʽʥʜʝ ץʘʣʳʧʪʘʩץʘʥ ʢʝʰʝʥʜʽ סײʳʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ץʘʟʽʨʛʽ סʳʣʳʤʠ 

ʧʘʨʘʜʠʛʤʘ ʘʷʩʳʥʜʘ ʞʘʥ-ʞʘץʪʳ ʟʝʨʪʪʝʣʽʧ ʢʝʣʝʜʽ.   

ɹײʣ ʜʠʜʘʢʪʠʢʘʣʳץ ʢʘʪʝʛʦʨʠʷ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ, ʪײʣסʘʣʳץ 

ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʜʘʤʫʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʞʘסʜʘʡʣʘʨ ʤʝʥ ʨʝʩʫʨʩʪʘʨ 

ʞʠʳʥʪʳסʳʥ ץʘʤʪʠʜʳ. ɹʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ï ʦץʫ, ʪᴅʨʙʠʝ ʞᴅʥʝ ʜʘʤʳʪʫʰʳ 

 ʡʝʩʽ ʨʝʪʽʥʜʝװʞ שʰʘʨʪʪʘʨʜʳ ץʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳסʳʪʪʘʣסʡʣʝʩʪʽʨʫʛʝ ʙʘװ ʳʟʤʝʪʪʝʨʜʽץ

ʪʘʥʳʣʘʜʳ. נʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝ ʙײʣ סײʳʤ ᴅʨʪװʨʣʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʨʜʘ 

ʩʠʧʘʪʪʘʣʘʜʳ: çʧʝʜʘʛʦʛʠʢʘʣʳץ ʬʝʥʦʤʝʥè, çʧʝʜʘʛʦʛʠʢʘʣʳץ ʠʥʥʦʚʘʮʠʷè, ʩʦʥʜʘʡ-ʘץ 

çʞʝʢʝ ʪײʣסʘʥʳץ שʘʣʳʧʪʘʩʫʳʥʘ ʳץʧʘʣ ʝʪʝʪʽʥ ᴅʣʝʫʤʝʪʪʽʢ ʞᴅʥʝ ʢʝשʽʩʪʽʢʪʽʢ-ʟʘʪʪʳץ 

ʦʨʪʘè ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣסʘʥ [75]. ɹ̔ ʣʽʤ ʘʣʫʰʳ ʤʝʥ ʙʽʣʽʤ ʙʝʨʫʰʽʥʽש ᴇʟʘʨʘ ʽʩ-

 ʡʝ ʨʝʪʽʥʜʝװʞ ץʧʝʜʘʛʦʛʠʢʘʣʳ ץʘʣʳʧʪʘʩʘʪʳʥ ʜʠʥʘʤʠʢʘʣʳץ ʠʤʳʣʳ ʥᴅʪʠʞʝʩʽʥʜʝץ

ʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʪʠʧʦʣʦʛʠʷʩʳ ʦʥʳש ʢᴇʧᴇʣʰʝʤʜʽʣʽʛʽ ʤʝʥ 

ᴇʟʛʝʨʤʝʣʽʣʽʛʽʥ ʙʝʡʥʝʣʝʡʜʽ. ɹײʣ ʦʨʪʘʣʘʨ ʜᴅʩʪװʨʣʽ, ʚʠʨʪʫʘʣʜʳ, 

ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ, ʪʘʨʘʣסʘʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʬʦʨʤʘʣʘʨסʘ ʞʽʢʪʝʣʝʜʽ. ʄײʥʜʘʡ 

ʪʠʧʦʣʦʛʠʷ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʪʠʽʤʜʽ ʦץʳʪʫ ʦʨʪʘʩʳʥ 

ʞʦʙʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

çʆץʫ ʦʨʪʘʩʳè סײʳʤʳ סʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ᴅʜʝʙʠʝʪʪʝ çʙʽʣʽʤ ʙʝʨʫ 

ʦʨʪʘʩʳʥʳשè ײץʨʳʣʳʤʜʳץ ʙʘסʳʥʳʰʪʳ ʢʦʤʧʦʥʝʥʪʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ.  

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ï ʦץʳʪʫ װʜʝʨʽʩʽʥʽש ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʛʽʥ, 

ʠʢʝʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʙʝʡʽʤʜʝʣʛʽʰʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ, ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʰʳסʘʨʤʘʰʳʣʳץ ᴅʣʝʫʝʪʽʥ ʜʘʤʳʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʦʨʪʘ. ʆʣ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʽש ʙʘʨʣʳץ ץʘʪʳʩʫʰʳʣʘʨʳ ʙʽʨʽʛʽʧ ץʘʣʳʧʪʘʩʪʳʨʘʪʳʥ 

ʞᴅʥʝ ʧʘʡʜʘʣʘʥʘʪʳʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞʝʣʽʣʝʨʜʽש ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʙʽʨʽʢʪʽʨʝʜʽ. ɹײʣ ʦʨʪʘ ʮʠʬʨʣʳײץ ץʨʘʣʜʘʨ ʤʝʥ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʦץʳʪʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʞʘשʘ 

ʜʠʜʘʢʪʠʢʘʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ײʩʳʥʘʜʳ. ɸʰʳץ ʞװʡʝ ʨʝʪʽʥʜʝ ʦʣ ʙʘʨʣʳץ 

 ʰװ ʡʳʤʜʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝײ ʳʣʳץʙʽʨʣʝʩʢʝʥ ʽʩ-ᴅʨʝʢʝʪʽ ʘʨ שʘʪrʩʫʰʳʣʘʨʜʳץ

ʥʝʛʽʟʛʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʽ ץʘʤʪʠʜʳ: 

- ʄʘʟʤϰʥʜʳϨ ʢʦʤʧʦʥʝʥʪ ײץʨʳʣʳʤʜʳץ ʘץʧʘʨʘʪʪʳץ-ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש 

ʤʘʟʤײʥʳʥ ץʘʤʪʠʜʳ. 

- ϯʡʳʤʜʘʩʪʳʨʫʰʳʣʳϨ ʢʦʤʧʦʥʝʥʪ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʬʦʨʤʘʣʘʨʳʥ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ, ʦץʫ-ʪᴅʨʙʠʝ װʜʝʨʽʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

- ʊʝʭʥʦʣʦʛʠʷʣʳϨ ʢʦʤʧʦʥʝʥʪ ʘʨʥʘʡʳ ᴅʟʽʨʣʝʥʛʝʥ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ ʤʝʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ײץʨʘʣʜʘʨ ʞʠʳʥʪʳסʳʥʘ ʥʝʛʽʟʜʝʣʝʜʽ. 
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ɺʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʦʨʪʘʩʳ ʦʥʣʘʡʥ ʙʽʣʽʤ ʙʝʨʫ ץʘʫʳʤʜʘʩʪʳסʳʥʳש ʤʘשʳʟʜʳ 

 ʜʝʨʽʩʽʥװ ʣ ʦʨʪʘ ʙʽʣʽʤ ʙʝʨʫײʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹ שʵʣʝʤʝʥʪʪʝʨʽʥʽ ץʨʳʣʳʤʜʳײץ

ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ʞװʟʝʛʝ ʘʩʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤסײʘʣʽʤʜʝʨʽ ʧʘʡʜʘʣʘʥʘʪʳʥ ʵʣʝʢʪʨʦʥʜʳץ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝʰʝʥʜʝʨ ʤʝʥ ʮʠʬʨʣʳץ 

ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥʘʥ ʪײʨʘʜʳ. פʘʟʽʨʛʽ ʪʘשʜʘ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʞᴅʥʝ ץʦʣʜʘʥʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʝʢʽ 

ʥʝʛʽʟʛʽ ʪװʨʛʝ ʞʽʢʪʝʣʝʜʽ [76]: 

1) ʀʤʠʪʘʮʠʷʣʳץ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʰʳʥʘʡʳ ᴅʣʝʤʥʽש ʪᴅʫʝʣʩʽʟ 

ʙʝʡʥʝʩʽʥ ʞʘʩʘʡ ʦʪʳʨʳʧ, ʧʘʡʜʘʣʘʥʫʰʳʥʳ ʙʘʣʘʤʘ ʦʨʪʘסʘ ʪʘʨʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ. 

2) ʀʥʪʝʨʘʢʪʠʚʪʽ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʧʘʡʜʘʣʘʥʫʰʳסʘ ʦʩʳ ʙʝʡʥʝʥʽ 

ʰʳʥʘʡʳʣʳץʧʝʥ ʩʘʣʳʩʪʳʨʫסʘ, ʦʙʲʝʢʪʽʣʝʨʜʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ 

ʦʥʳ ʪװʨʣʝʥʜʽʨʫʛʝ ʞᴅʥʝ ʘʣʳʥסʘʥ ʘץʧʘʨʘʪ ʥʝʛʽʟʽʥʜʝ ʦʡʣʘʫ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʀʥʪʝʨʘʢʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ çʘʰʳץè ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʘʨʜʳ ʙʽʣʽʤ 

ʩʘʣʘʩʳʥʘ ʝʥʛʽʟʫ װʰʽʥ ץʦʣʜʘʥʳʣʳʧ, ʙʽʣʽʤ ʙʝʨʫ ʤʘץʩʘʪʳʥʜʘ ʪװʨʣʽ ʧᴅʥʜʝʨ ʤʝʥ 

ʩʘʣʘʣʘʨʜʘ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʢʝשʝʡʪʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʦʨʪʘʣʘʨʳʥ ʜʘʤʳʪʫ ɸʂʊ-סʘ ʥʝʛʽʟʜʝʣʛʝʥ. ʆʣʘʨ 

ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʤʝʥ ץʘʪʘʨ, ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ʜʘ 

 ʦʣʜʘʥʫ ʤʳʥʘʜʘʡ ʥʝʛʽʟʛʽץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʜʳ ץʘʤʪʠʜʳ. ɹʽʣʽʤ ʙʝʨʫʜʝ ʮʠʬʨʣʳץ

ʙʘסʳʪʪʘʨʜʳ ץʘʤʪʠʜʳ: 

- ᴅʨʪװʨʣʽ ʜʝשʛʝʡʜʝʛʽ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʪʝʨʽʥʜʝ ץʦʣʜʘʥʫ װʰʽʥ ʮʠʬʨʣʳץ 

ʨʝʩʫʨʩʪʘʨʜʳ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʫ; 

- ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ץʦʣʜʘʥʫ ᴅʜʽʩʪʝʨʽʥ ʜʘʤʳʪʫ ʞᴅʥʝ ʪʝʩʪʽʣʝʫ; 

- ʦץʳʪʫʰʳʣʘʨʜʳש ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ. 

 ʧʘʣʳץʡʝʩʽʥʝ ʳװʙʽʣʽʤ ʙʝʨʫ ʞ שʳʪʫ ʦʨʪʘʩʳʥʳץʳʪʪʘ ʚʠʨʪʫʘʣʜʳ ʦץʘʟʽʨʛʽ ʫʘפ

ʘʨʪʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ װʜʝʨʽʩʽʥʝ ץʘʪʳʩʫʳʥ ʙʝʣʩʝʥʜʽʨʫ, ʙʽʣʽʤ ʙʝʨʫ 

ʨʝʩʫʨʩʪʘʨʳʥʘ ʢʝץ שʦʣʞʝʪʽʤʜʽʣʽʢ ʞᴅʥʝ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫ װʰʽʥ ʞʘשʘ 

ʤװʤʢʽʥʜʽʢʪʝʨ ײʩʳʥʘʜr  ʪʳ ʜʘʤʫץʨʘײʳ ʪסʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘץʘʟʘפ .

ʤʘץʩʘʪʪʘʨʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʙʝʩ ʙʘסʳʪʪʳש ʙʽʨʽʥʜʝ çʈʝʩʫʨʩʪʘʨʜʳ ʞײʤʳʣʜʳʨʫ, 

ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʜʝʧ ʘʪʘʧ ʢᴇʨʩʝʪʢʝʥ [77] .    

 ,ʘʪʘʨץ ʳʤʳʤʝʥסײ ᴅʜʽʩʥʘʤʘʜʘ çʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳè ץʘʟʽʨʛʽ ʧʝʜʘʛʦʛʠʢʘʣʳפ

ʦץʫ װʜʝʨʽʩʽʥʽש ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳײץ ץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥ ʩʠʧʘʪʪʘʡʪʳʥ 

çʘץʧʘʨʘʪʪʳץ-ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳè, çʘץʧʘʨʘʪʪʳץ-ʧᴅʥʜʽʢ ʦץʳʪʫ ʦʨʪʘʩʳè ʩʠʷץʪʳ 

ʪʝʨʤʠʥʜʝʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ סײʳʤʜʘʨ ʮʠʬʨʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʞװʡʝʣʽ 

ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʙʝʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ʆʣʘʨ 

ʜᴅʩʪװʨʣʽ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʦץʫ ʦʨʪʘʣʘʨʳʥ ʙʽʨʽʢʪʽʨʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ʦץʫ װʜʝʨʽʩʽʥʝ ץʘʪʳʩʫ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ʆʩʳ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ, ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʦʨʪʘʩʳ ʪʝʢ ʧʨʦʛʨʘʤʤʘʣʳץ 

 ʟʝʛʝװʜʝʨʽʩʪʽ ʞװ ץʘʣʜʳʤʝʥ, ʧʝʜʘʛʦʛʠʢʘʣʳ שʘʤʩʳʟʜʘʥʜʳʨʫʤʝʥ ʰʝʢʪʝʣʤʝʡ, ʝץ

ʘʩʳʨʫסʘ ʘʨʥʘʣסʘʥ ʘץʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳײץ שʨʳʣʳʤʜʘʥסʘʥ ʞʠʳʥʪʳסʳ ʨʝʪʽʥʜʝ 

 ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ץʘʥ ʦʨʪʘ ʮʠʬʨʣʳסʘʨʘʩʪʳʨʳʣʘʜʳ. ɸʪʘʣץ

ʥʝʛʽʟʽʥʜʝ ʦץʳʪʫ װʜʝʨʽʩʽʥ ײʡʳʤʜʘʩʪʳʨʫ ʤʝʥ ʞʝʪʽʣʜʽʨʫʜʽש ʪʠʽʤʜʽ ײץʨʘʣʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 
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ɹײʣ, ᴅʩʽʨʝʩʝ, ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʜʽ ʜʘʷʨʣʘʫ ʞװʡʝʩʽʥʜʝ 

ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʤʝשʛʝʨʫ ʤʝʥ ʦʣʘʨʜʳ ʪʠʽʤʜʽ 

 ʳʪʫץʳʟʜʳ. ɺʠʨʪʫʘʣʜʳ ʦשʰʘ ʤʘץʘʣʳʧʪʘʩʪʳʨʫʜʘ ʘʡʨʳץ ʜʳʣʘʨʳʥסʦʣʜʘʥʫ ʜʘץ

ʦʨʪʘʩʳʥʳש ʤʘʟʤײʥʜʳץ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʞװʡʝʣʽ ʪװʨʜʝ ʠʛʝʨʫ 

ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ᴇʟʝʢʪʽ ʙʘסʳʪʳ ʨʝʪʽʥʜʝ 

 .ʘʨʘʩʪʳʨʳʣʘʜʳץ

ʆʩʳ ʟʝʨʪʪʝʫ ʘʷʩʳʥʜʘ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧᴅʥʜʽʢ ʦץʳʪʫ ʦʨʪʘʩʳ ʜᴅʩʪװʨʣʽ ʞᴅʥʝ 

ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʣʘʨʳʥʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʢʝשʽʩʪʽʛʽ ʨʝʪʽʥʜʝ 

 ץʨʳʣʳʤʜʳײץ שʳʪʫ ʦʨʪʘʩʳʥʳץʥʜʘʡ ʪᴅʩʽʣ ʦײʘʨʘʩʪʳʨʳʣʘʜʳ (15-ʩʫʨʝʪ). ʄץ

ʢװʨʜʝʣʽʣʽʛʽ ʤʝʥ ʜʠʥʘʤʠʢʘʣʳץ ʩʠʧʘʪʳʥ ʘʰʫסʘ, ʩʦʥʜʘʡ-ʘץ ʦʥʳש ʦץʳʪʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʝ ʳץʧʘʣ ʝʪʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʞʘʥ-ʞʘץʪʳ ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

  
ʉʫʨʝʪ 15 - ʆץʫ ʦʨʪʘʣʘʨʳʥʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

ᴄʜʽʩʪʝʤʝʣʽʢ ʪʝʦʨʠʷʥʳש ʜʘʤʫʳ ʤʝʥ ᴅʜʽʩʥʘʤʘʣʳץ ʙʽʣʽʤʥʽש ʢʝשʝʶʽ ʦץʳʪʫʜʳש 

ʪʝʦʨʠʷʣʳץ ʤʦʜʝʣʽʥ ʢװʨʜʝʣʝʥʜʽʨʝʜʽ. ɹײʣ ʤʦʜʝʣʴ ʦץʫ ʧᴅʥʽʥ ʙʝʡʥʝʣʝʫʜʝ ʞʘשʘ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʝʥʛʽʟʽʣʫʽʤʝʥ ʞᴅʥʝ ʦץʳʪʫ ʞװʡʝʩʽʥʽײץ שʨʳʣʳʤʳʥʜʘ ʞʘשʘ 

ʙʘʡʣʘʥʳʩʪʘʨʜʳץ שʘʣʳʧʪʘʩʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʄײʥʜʘʡ ᴇʟʛʝʨʽʩʪʝʨ ʦץʳʪʫʜʳש 

ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʩʽʥ ʪʝʨʝשʽʨʝʢ ʪװʩʽʥʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ סʳʣʳʤ ʤʝʥ 

ʥʘץʪʳ ᴅʜʽʩʥʘʤʘʣʳץ ʪʝʦʨʠʷ ʘʷʩʳʥʜʘ ʥʝʛʽʟʜʝʣʛʝʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʽװ שʥʝʤʽ 

ʜʘʤʳʧ ʦʪʳʨʘʪʳʥ ʪʝʦʨʠʷʣʳץ ʤʦʜʝʣʽʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ [78, ʙ. 273]. 

ʆץʳʪʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʩʽʥ ʪװʩʽʥʜʽʨʫʜʽש ʙʽʨ ʥײʩץʘʩʳ ʨʝʪʽʥʜʝ 

ʚʠʨʪʫʘʣʜʳ ʦץʫ ʦʨʪʘʩʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʆץʳʪʫ ʦʨʪʘʩʳʥʳש ʝʢʽ ʥʝʛʽʟʛʽ ʬʦʨʤʘʩʳʥ 

ʥʘץʪʳ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʩʽʥʽש ʠʥʪʝʨʧʨʝʪʘʮʠʷʩʳ 

ʨʝʪʽʥʜʝ ײʩʳʥʘʜʳ. ɹײʣ ʠʜʝʷ ʥʝʛʽʟʽʥʜʝ ʙʽʟ ʦץʳʪʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʥʘץʪʳ 

ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʜʳס שʳʣʳʤʠ ʪײʨסʳʜʘʥ ʥʝʛʽʟʜʝʣʛʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש 

ʤʘשʳʟʜʳʣʳסʳʥ ʘʪʘʧ ᴇʪʝʤʽʟ. ʆʩʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʦץʳʪʫ װʜʝʨʽʩʽʥ ʞװʟʝʛʝ ʘʩʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʥʝʛʽʟʛʽ ץʘסʠʜʘʣʘʨʜʳ ʘʥʳץʪʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ʅʘץʪʳ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʦʨʪʘʣʘʨʳʥ ʩʘʣʳʩʪʳʨʫ װʰʽʥ ʙʽʨץʘʪʘʨ 

ʢʨʠʪʝʨʠʡʣʝʨʜʽ ץʘʨʘʩʪʳʨʫ ץʘʞʝʪ (8-ʢʝʩʪʝ). ɹײʣ ʢʨʠʪʝʨʠʡʣʝʨʛʝ ʪײʣסʘʘʨʘʣʳץ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʪʽʢ ʜʝשʛʝʡʽ, ץʘʙʳʣʜʘʫ ʜᴅʨʝʞʝʩʽ, ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ץʘʪʳʩʫʰʳʣʘʨʜʳש 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʩʠʧʘʪʳ ʞᴅʥʝ ʦץʳʪʫ ײץʨʘʣʜʘʨʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʞʘʪʘʜʳ. 
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ʂʝʩʪʝ 8 - ʇᴅʥ ʙʦʡʳʥʰʘ ʦץʫ ʦʨʪʘʩʳʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʩʠʧʘʪʪʘʤʘʩʳ 

 

ʉʘʣʳʩʪʳʨʫ 

ʢʨʠʪʝʨʠʡʣʝʨʽ 

(ʤװʤʢʽʥʜʽʢʪʝʨʽ) 

ʅʘץʪʳ ʦץʫ ʦʨʪʘʩʳ ɺʠʨʪʫʘʣʜʳ ʦץʫ ʦʨʪʘʩʳ 

ʊײʣסʘʘʨʘʣʳץ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʜʝשʛʝʡʽ 

 ʳʪʫʰʳץʦ) שʘʪʳʩʫʰʳʣʘʨʜʳפ

ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש) 

ʞʝʢʝ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ. ɾʘʣʧʳ, çʘʜʘʤ-

ʘʜʘʤè ʞװʡʝʩʽʥʜʝʛʽ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ ʜʝשʛʝʡʽ çʘʜʘʤ-

ʪʝʭʥʠʢʘè ʞװʡʝʩʽʥʝ ץʘʨʘסʘʥʜʘ 

ʞʦסʘʨʳ. 

çɸʜʘʤ-ʪʝʭʥʠʢʘ-ʘʜʘʤè ʞװʡʝʩʽ 

 ʘʣʳʧʪʘʩʘʜʳ. ʀʥʪʝʨʥʝʪץ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ çʙʽʨʣʝʩʢʝʥ ʙʽʣʽʤè 

ʞװʡʝʩʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɹʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש 

 ʛʝʡʽשʘʙʳʣʜʘʫ ʜʝץ

ʕʤʦʮʠʷʣʳץ ᴅʩʝʨ ʝʪʫ ʜᴅʨʝʞʝʩʽ 

ʦץʳʪʫʰʳʥʳש ʢᴅʩʽʙʠʣʽʛʽʥʝ, 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʞʝʢʝ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʞᴅʥʝ ʦץʫ 

 ʢᴇʨʥʝʢʽ שʜʝʨʽʩʽʥʽװ

ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʽʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. 

ʀʥʪʝʨʘʢʪʠʚʪʽ ʘץʧʘʨʘʪʪʳץ-

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʧʘʡʜʘʣʘʥʫʰʳ ᴅʨʝʢʝʪʪʝʨʽʥʝ ʞʝʜʝʣ ʞᴅʥʝ 

ʩᴅʡʢʝʩ ʞʘʫʘʧ ʙʝʨʫ ʘʨץʳʣʳ ʵʤʦʮʠʷʣʳץ 

ᴅʩʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɹʽʣʽʤ ʙʝʨʫ 

 ʜʝʨʽʩʽʥʝװ

 שʘʪʳʩʫʰʳʣʘʨʜʳץ

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʜʝשʛʝʡʽ 

ʆץʳʪʫʜʳש ʩᴅʡʢʝʩ ᴅʜʽʩʪʝʨʽ 

ʤʝʥ ʬʦʨʤʘʣʘʨʳ ʘʨץʳʣʳ 

ʙʘʨʣʳץ ץʘʪʳʩʫʰʳʣʘʨʜʳש 

ʪײʨʘץʪʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ. 

ɿʘʤʘʥʘʫʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʦץʳʪʫʰʳ ʤʝʥ ʙʽʣʽʤ 

ʘʣʫʰʳ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩ-

ʪʽʢʪʽ ʪʝʢ ʜᴅʩʪװʨʣʽ ʘʫʜʠʪʦʨʠʷʣʳץ 

ʫʘץʳʪʧʝʥ ʰʝʢʪʝʤʝʡ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ װʰʽʥ ʳסשʘʡʣʳ ʢʝʟ 

ʢʝʣʛʝʥ ʫʘץʳʪʪʘ ʞᴅʥʝ ʞʝʨʜʝ ʞװʟʝʛʝ 

ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʆץʳʪʫ ײץʨʘʣʜʘʨʳ ɸץʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨ פʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʢʝשʽʥʝʥ 

 ʦʣʜʘʥʳʣʘʪʳʥ ʞʝʣʽʣʽʢ ʙʽʣʽʤ ʙʝʨʫץ

ʨʝʩʫʨʩʪʘʨʳʥʳץ שʘʪʘʨʳʥʘ ʤʫʣʴʪʠʤʝ-

ʜʠʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ, ʮʠʬʨʣʳץ ʦץʫ 

ʨʝʩʫʨʩʪʘʨʳ, ʠʥʪʝʨʘʢʪʠʚʪʽ ʦץʳʪʫ 

ʦʨʪʘʣʘʨʳ, ʪʘץʳʨʳʧʪʳץ ʚʝʙ-ʩʘʡʪʪʘʨ, 

ʙʣʦʛʪʘʨ, ʬʦʨʫʤʜʘʨ, ʠʥʪʝʨʥʝʪ-

ʩʝʨʚʠʩʪʝʨ,  ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ 

ʥʝʛʽʟʽʥʜʝʛʽ ʞװʡʝʣʝʨ,ʩʦʥʜʘʡ-ʘץ ʦץʳʪʫʜʳ 

ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ (Learning 

Management Systems ï LMS) ʞʘʪʘʜʳ. 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 

 

ʅʘץʪʳ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʦʨʪʘʣʘʨʳʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʳ ץʘʟʽʨʛʽ 

ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש ʘץʧʘʨʘʪʪʘʥʜʳʨʫ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʘʥʜʳʨʫ 

 ʩʫʙʲʝʢʪʽʣʝʨʽ שʳʪʫʜʳץʨʜʽʩʪʝʨ ʦװ ʣײʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹץʨʜʽʩʪʝʨʽʥʝʥ ᴇʪʽʧ ʞʘʪװ

ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽ ʞᴅʥʝ ʧᴅʥʜʽ ʤʝשʛʝʨʫ ײץʨʘʣʜʘʨʳʥʳש ᴅʨʪװʨʣʽ 
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ʜʝשʛʝʡʣʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʪʝʢ ʥʘץʪʳ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʦץʫ ʦʨʪʘʣʘʨʳʥ ץʘʪʘʨ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʨʘʩʪʳʨʫ סʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘץ 

ʦʣʘʨʜʳש ʙʽʨʽʢʪʽʨʽʣʫʽʥʽץ שʘʞʝʪʪʽʣʽʛʽ ʪʫʨʘʣʳ ʘʡʪʫ ʤʘשʳʟʜʳ. ʆʩʳ ʟʝʨʪʪʝʫ ʥʝʛʽʟʽʥʜʝ 

ʙʽʟ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʥʘץʪʳ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʦץʫ ʦʨʪʘʣʘʨʳʥʳש ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ ץʘסʠʜʘʣʘʨʳʥ ʪײʞʳʨʳʤʜʘʡʤʳʟ.  

ɺʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʦʨʪʘʩʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʛʝʦʛʨʘʬʠʷʣʳץ ʰʝʢʪʝʫʣʝʨʛʝ 

 ʤʢʽʥʜʽʢװʤʳʩ ʽʩʪʝʫʛʝ ʤײʘʨʘʤʘʩʪʘʥ ʞʦʙʘʣʘʨʜʘ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʛʝ ʞᴅʥʝ ʙʽʨʣʝʩʽʧ ʞץ

ʙʝʨʫ ʘʨץʳʣʳ ʙʽʨʣʝʩʢʝʥ ʦץʫʜʳ ʜʘʤʳʪʘʜʳ. ɹײʣ ᴅʩʽʨʝʩʝ ʢװʨʜʝʣʽ ʩʮʝʥʘʨʠʡʣʝʨʜʽ ʙʽʨʛʝ 

ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʪʳʥ ʧᴅʥʘʨʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʝ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ [79]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʦʨʪʘʣʘʨʳ COVID-19 ʧʘʥʜʝʤʠʷʩʳ ʢʝʟʽʥʜʝ 

ʢʝשʽʩʪʽʢʪʽʢ ʞᴅʥʝ ʫʘץʳʪʰʘ ʢʝʜʝʨʛʽʣʝʨʜʽ ʝשʩʝʨʫʜʝ ᴇʟʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʜʽ. 

ʆʣʘʨ ʤסײʘʣʽʤʜʝʨ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘסʳ װʟʜʽʢʩʽʟ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽ 

 שʦʣʞʝʪʽʤʜʽ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳץ ʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʠʥʢʣʶʟʠʚʪʽ ʞᴅʥʝץ

 ʦʣʜʘʥʫץ ʳʪʫ ʦʨʪʘʩʳʥץʧʘʣ ʝʪʝʜʽ [80]. ʆʩʳʣʘʡʰʘ, ʚʠʨʪʫʘʣʜʳ ʦץʘʣʳʧʪʘʩʫʳʥʘ ʳץ

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʳʥʪʳʤʘץʪʘʩʪʳץ ʧʝʥ ʘʢʘʜʝʤʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, 

ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʙʽʨʣʝʩʢʝʥ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʧᴅʥʘʨʘʣʳץ ʞʦʙʘʣʘʨʜʘסʳ ץʘʪʳʩʫʳʥ 

ʢʝשʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʙʽʣʽʤ ʙʝʨʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳץ ʪᴅʩʽʣ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ, ʩʦʥʳש ʽʰʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʞᴅʥʝ ʠʥʪʝʨʘʢʪʠʚʪʽ 

ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨ, ʤסײʘʣʽʤʜʝʨʜʽש ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳ ʤʝʥ ʢᴅʩʽʙʠ 

 ʤʢʽʥʜʽʢʪʝʨʽʥװʳʪʫ ʤץʘʥ ʠʤʤʝʨʩʠʚʪʽ ʦסʘ ʘʨʥʘʣסʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ʜʘʤʳʪʫײץ

 ʦʡʤʘʡ, ʰʳʥʘʡʳץ ʘʥʘץ ʳʪʫʜʳ ʞʝʪʽʣʜʽʨʽʧץʦ ץʣ ᴅʜʽʩ ʪʝʢ ʧʨʘʢʪʠʢʘʣʳײʩʳʥʘʜʳ. ɹײ

ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʞʝʜʝʣ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʘʨץʳʣʳ ʜᴅʩʪװʨʣʽ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʽש 

ʰʝʢʪʝʫʣʝʨʽʥ ʝשʩʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ʄסײʘʣʽʤʜʝʨʜʽ ʜʘʷʨʣʘʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ʝʥʛʽʟʫ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʜʘʤʳʧ ʢʝʣʝʜʽ, ʘʣ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ 

ʦʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʳץʪʠʤʘʣ ץʠʳʥʜʳץʪʘʨʳʥ ʘʡץʳʥʜʘʫʜʘ. 

ɺʠʨʪʫʘʣʜʳ hr ʥʘʡʳʣʳץ ʠʥʬʦʨʤʘʪʠʢʘ ʩʘʣʘʩʳʥʜʘ ʪᴅʞʽʨʠʙʝʣʽʢ ʦץʳʪʫʜʳ 

 ʫץʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ ʠʤʤʝʨʩʠʚʪʽ ʦ שʦʣʜʘʡ ʦʪʳʨʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץ

ʦʨʪʘʩʳʥ ײʩʳʥʘʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʛʝ ץʘʫʽʧʩʽʟ ʞᴅʥʝ 

ʙʘץʳʣʘʥʘʪʳʥ ʦʨʪʘʜʘ ʪᴅʞʽʨʠʙʝ ʞʘʩʘʧ, ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʛʝ, ʩʦʥʜʘʡ-ʘץ 

ʧʨʘʢʪʠʢʘʣʳץ ץʘʙʽʣʝʪʪʝʨʽ ʤʝʥ ʩʳʥʠ ʦʡʣʘʫʳʥ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [80]. 

ɹʽʟʜʽש ʟʝʨʪʪʝʫ ʞײʤʳʩʳʩʳʤʳʟʜʘ VR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʠʥʬʦʨʤʘʪʠʢʘ 

ʩʘʣʘʩʳʥʜʘ ץʦʣʜʘʥʫ ʤᴅʩʝʣʝʩʽ ץʘʨʘʩʪʳʨʳʣʳʧ, ʦʣʘʨʜʳש ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤסײʘʣʽʤʜʝʨʽʥʽש ʧʨʘʢʪʠʢʘʣʳץ ʜʘʷʨʣʳסʳʥ ʞʝʪʽʣʜʽʨʫʜʝʛʽ ʨᴇʣʽ ʪʘʣʜʘʥʘʜʳ. 

ʀʤʤʝʨʩʠʚʪʽ ʞᴅʥʝ ʠʥʪʝʨʘʢʪʠʚʪʽ ʦץʳʪʫ ʪᴅʞʽʨʠʙʝʩʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʘʨץʳʣʳ 

ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʩʳʥʠ ʦʡʣʘʫ 

 ʘʪʘʨ, ʟʝʨʪʪʝʫ ʚʠʨʪʫʘʣʜʳץ ʧʘʣ ʝʪʝʜʽ. ʉʦʥʳʤʝʥץʘ ʳסʘʙʽʣʝʪʪʝʨʽʥ ʜʘʤʳʪʫץ

ʰʳʥʘʡʳʣʳץ, ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ (AI) ʞᴅʥʝ ʪʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʘʡʳʣʳץ (AR) 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʪʘʣʜʘʡʜʳ. ʄײʥʜʘʡ ʠʥʪʝʛʨʘʮʠʷ 

ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʘ ʤסײʘʣʽʤʜʝʨʥ̔ ʜʘʷʨʣʘʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ 
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ʘʨʪʪʳʨʳʧ, ʦץʫ װʜʝʨʽʩʽʥ ʞʝʢʝʣʝʥʜʽʨʫʛʝ ʞᴅʥʝ ץʘʫʽʧʩʽʟ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘ 

ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ ʤʝשʛʝʨʫʛʝ ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨ ʘʰʘʜʳ. 

ɹʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʤʦʜʫʣʴʜʝʨʽʥ ʥʘץʪʳ ʫʘץʳʪ 

ʨʝʞʠʤʽʥʜʝ ʞʘשʘʨʪʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץ שʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʞʘשʘ 

ʩʮʝʥʘʨʠʡʣʝʨʜʽ ץʦʩʫ ʥʝʤʝʩʝ ץʦʣʜʘʥʳʩʪʘסʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʘʨץʳʣʳ ʦץʳʪʫ 

 ץʣ ᴅʜʽʩ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳײʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʜʳ. ɹץ ᴇʟʝʢʪʽʣʽʛʽʥ שʜʝʨʽʩʽʥʽװ

ʦץʳʪʫ ʤʦʜʝʣʽʥʽש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ץʘʨץʳʥʜʳ ʜʘʤʳʧ ʞʘʪץʘʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʨʪʘסʘ 

ʩᴅʡʢʝʩʪʽʛʽʥ ʘʨʪʪʳʨʘʜʳ (16-ʩʫʨʝʪ). ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʦץʳʪʫʜʳש 

 :ʨʘʜʳײʛʝʡʜʝʥ ʪשʰ ʥʝʛʽʟʛʽ ʜʝװ ʤʦʜʝʣʽ ץʨʳʣʳʤʜʳײץ

- ʥʘץʪʳ ʜʝשʛʝʡ ʦץʫ ʤʘʟʤײʥʳ ʤʝʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ʪᴅʞʽʨʠʙʝʥʽ ץʘʤʪʠʜʳ; 

- ʧʣʘʪʬʦʨʤʘʣʳץ ʜʝשʛʝʡ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤʝʥ 

ʙײʣʪʪʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʙʽʨʽʢʪʽʨʝʜʽ; 

- ʧʨʘʢʪʠʢʘʣʳץ ʜʝשʛʝʡ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪᴅʞʽʨʠʙʝʣʽʢ ʜʘסʜʳʣʘʨʳʥ 

ʜʘʤʳʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ. 

 

 
 

ʉʫʨʝʪ 16 - VR ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʫ 
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [81] . 

 

ɺʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘסʳ ʰʳʥʘʡʳʣʳץ, ʧʣʘʪʬʦʨʤʘ ʧʨʘʢʪʠʢʘ, ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʪʠʽʤʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʫסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʞװʡʝʣʽ ʪᴅʩʽʣʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹײʣ ʪᴅʩʽʣ ʦץʳʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ 

ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʜʘʷʨʣʳץ ʜʝשʛʝʡʽʥ ʞʦסʘʨʳʣʘʪʫסʘ ʳץʧʘʣ 

ʝʪʝʜʽ. 

ɿʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

 ʢᴅʩʽʙʠ שʘʣʽʤʜʝʨʽʥʽסײʠʥʬʦʨʤʘʪʠʢʘ ʤ ץʳʪʫ ᴅʜʽʩʪʝʨʽ ʙʦʣʘʰʘץʦʣʜʘʥʘʪʳʥ ʤʠʢʨʦʦץ
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ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫʜʘ ʪʠʽʤʜʽ ײץʨʘʣ ʨʝʪʽʥʜʝ ʪʘʥʳʣʘʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʙʽʣʽʤʽʥ 

ʞʝʪʽʣʜʽʨʫʜʝ, ʢᴅʩʽʙʠ ʙʽʣʽʢ ʧʝʥ ʜʘסʜʳʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʘ - ʙײʣ ᴅʜʽʩ ʦץʳʪʫ 

ʜʘסʜʳʣʘʨʳʥ, ʩʳʥʳʧʪʳ ʙʘʩץʘʨʫ ץʘʙʽʣʝʪʪʝʨʽʥ, ʩʦʥʜʘʡ-ʘץ ʢᴅʩʽʙʠ ʩʝʥʽʤʜʽʣʽʢʪʽ 

ʘʨʪʪʳʨʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʄײʥʜʘʡ ᴅʜʽʩʪʝʤʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤסײʘʣʽʤʜʝʨʽʥʝ ᴅʨʪװʨʣʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʩʮʝʥʘʨʠʡʣʝʨʜʽ ʩʪʨʝʩʩʪʽʢ ʞʘסʜʘʡʣʘʨʩʳʟ 

ʤʦʜʝʣʴʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʦʣʘʨʜʳ ʥʘץʪʳ ʦץʫ װʜʝʨʽʩʽʥʜʝ ʪʫʳʥʜʘʡʪʳʥ ʢװʨʜʝʣʽ 

ʞʘסʜʘʡʣʘʨסʘ ʘʣʜʳʥ ʘʣʘ ʜʘʷʨʣʘʡʜʳ. ʆʩʳ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ ʙʦʣʘʰʘץ 

ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ץʦʣʜʘʥʫ ʘʨʥʘʡʳ 

 ץʳʪʫʜʘ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʘʣʽʤʜʝʨʜʽ ʦסײʘʥʳʤʝʥ, ʞʘʣʧʳ ʤסʘʨʘʩʪʳʨʳʣʤʘץ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʨᴇʣʽʥ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʤʠʢʨʦʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʽש ʪʠʽʤʜʽʣʽʛʽ 

ʢᴇʨʩʝʪʽʣʝʜʽ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʩʳʥʳʧʪʳ ʙʘʩץʘʨʫ 

ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʛʝ, ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝʪʽʥʽʥ ʨʘʩʪʘʡʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʩʠʤʫʣʷʮʠʷʣʘʨʳʥʳש ʤסײʘʣʽʤʜʝʨʜʽ ʥʘץʪʳ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨסʘ ʜʘʡʳʥʜʘʫʜʘסʳ ʤʘשʳʟʜʳʣʳסʳ ʘʪʘʧ ᴇʪʽʣʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʤװʤʢʽʥʜʽʢʪʝʨʽ ʠʥʬʦʨʤʘʪʠʢʘ 

ʧᴅʥʽʤʝʥ ץʘʪʘʨ, ᴅʨʪװʨʣʽ ʘʢʘʜʝʤʠʷʣʳץ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ, ʙײʣ ʦʥʳ 

ʤסײʘʣʽʤʜʝʨʜʽ ʜʘʷʨʣʘʫʜʘ ᴅʤʙʝʙʘʧ ײץʨʘʣ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʥʝʛʽʟ ʙʝʨʝʜʽ. 

Yilmaz O. ʞᴅʥʝ Hebebci M.T. [82] ʞװʨʛʽʟʛʝʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ 

ʤסײʘʣʽʤʜʝʨʜʽ ʢᴅʩʽʙʠ ʜʘʷʨʣʘʫ װʜʝʨʽʩʽʥʜʝ, ᴅʩʽʨʝʩʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤסײʘʣʽʤʜʝʨʽ װʰʽʥ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨ ʤʝʥ ʩʠʤʫʣʷʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

 ʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘʨʘʩʪʳʨʳʣʘʜʳ. ɸʪʘʣץ ʪʳץᴅʣʝʫʝʪʽ ʞʘʥ-ʞʘ שʦʣʜʘʥʫʜʳץ

ʧʝʜʘʛʦʛʪʝʨʜʽש ʢᴅʩʽʙʠ ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʫʘץʳʪʪʳ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ 

ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ, ʩʦʥʜʘʡ-ʘץ ʩʳʥʳʧʪʳ ײʡʳʤʜʘʩʪʳʨʫ ץʘʙʽʣʝʪʪʝʨʽʥ 

ʞʝʪʽʣʜʽʨʫʛʝ ʝʣʝʫʣʽ װʣʝʩ ץʦʩʘʜʳ. ɹײʣ ʬʘʢʪʦʨʣʘʨ ʪʠʽʤʜʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝʥʽ 

ʞװʡʝʣʽ ʪװʨʜʝ ץʘʣʳʧʪʘʩʪʳʨʫʜʘ ʤʘשʳʟʜʳ ʦʨʳʥ ʘʣʘʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʙʦʡʳʥʰʘ, ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ײץʨʘʣʜʘʨʳʥ ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ ʠʥʪʝʛʨʘʮʠʷʣʘʫ 

ʦץʳʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʦש ᴅʩʝʨ ʝʪʝʜʽ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʣʘʰʘץ 

ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʢᴅʩʽʙʠ ʜʘʷʨʣʳסʳʥ ʥʳסʘʡʪʫʜʘ, ᴅʩʽʨʝʩʝ ʩʳʥʳʧʪʘסʳ 

ʥʘץʪʳ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨʜʳ ʰʝʰʫʛʝ ʜʘʡʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ, ʪʠʽʤʜʽ ᴅʜʽʩ 

ʨʝʪʽʥʜʝ ʙʘסʘʣʘʥʘʜʳ. 

ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʦץʳʪʫ װʜʝʨʽʩʽʥ ʞʝʪʽʣʜʽʨʫʜʽש ʠʥʥʦʚʘʮʠʷʣʳץ ʪᴅʩʽʣʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝʥʽ ʙʘʡʳʪʳʧ, ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ɸʣʘʡʜʘ, 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʘʙʳʩʪʳ ʝʥʛʽʟʫ ʤץײʠʷʪ ʞʦʩʧʘʨʣʘʫ ʤʝʥ 

ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʙᴇʣʫʜʽ, ʩʦʥʜʘʡ-ʘץ ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʵʪʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨʜʽ 

ʰʝʰʫ װʰʽʥ ʪײʨʘץʪʳ ץʦʣʜʘʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. ʆʩʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʙʽʣʽʤ ʙʝʨʫ 

ʪᴅʞʽʨʠʙʝʩʽʥʝ ײʟʘץ ʤʝʨʟʽʤʜʽ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ ʞᴅʥʝ ʪʠʽʤʜʽ ᴅʜʽʩʪʝʤʝʣʝʨʜʽ ᴅʟʽʨʣʝʫ 

ʦʣʘʨʜʳש ʪײʨʘץʪʳ ʜʘʤʫʳ ʤʝʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʤʘשʳʟʜʳ 

ʰʘʨʪʳ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ 

ʜʘʷʨʣʘʫʜʘ ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤ ʤʝʥ ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ ʞʝʪʽʣʜʽʨʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ ʜʠʥʘʤʠʢʘʣʳץ ʞᴅʥʝ ʠʢʝʤʜʽ ʦץʳʪʫ ᴅʜʽʩʽʥ ײʩʳʥʘʜʳ. ɾʳʣʜʘʤ ʜʘʤʳʧ 
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ʢʝʣʝ ʞʘʪץʘʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʨʪʘʜʘ ʦץʳʪʫʜʳש ʠʥʥʦʚʘʮʠʷʣʳץ ʪᴅʩʽʣʜʝʨʽ ʝʨʝʢʰʝ 

ᴇʟʝʢʪʽʣʽʢʢʝ ʠʝ ʙʦʣʳʧ ʦʪʳʨ. ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ʪװʨʣʽ ʤʦʜʝʣʴʜʝʨ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʳʨʫסʘ ʙʦʣʘʜʳ, ʩʦʥʳש ʽʰʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʙײʣʪʪʳץ ʟʝʨʪʭʘʥʘʣʘʨ, ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ (VR) ʤʦʜʝʣʴʜʝʫʣʝʨʽ ʞᴅʥʝ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʦץʳʪʫ ʦʨʪʘʣʘʨʳʤʝʥ 

ʠʥʪʝʛʨʘʮʠʷ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʛʽʥ 

ʜʘʤʳʪʫʜʳש ʪʠʽʤʜʽ ײץʨʘʣʜʘʨʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

Gaspar A. ʞᴅʥʝ ʪ.ʙ. [83] ʟʝʨʪʪʝʫʽʥʜʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ 

ʜʘʷʨʣʘʫʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ 

ʪʘʣʜʘʥʘʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʦץʳʪʫʰʳʣʘʨסʘ ʞʝʢʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʤʝʥ 

ʞʝʣʽʣʝʨʜʽ ʙʘʩץʘʨʫ ʤװʤʢʽʥʜʽʛʽʥ ײʩʳʥʘ ʦʪʳʨʳʧ, ʧʨʘʢʪʠʢʘʣʳץ, ʧʨʦʙʣʝʤʘʣʳץ ʞᴅʥʝ 

ʰʳʥʘʡʳ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʫסʘ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. ʄײʥʜʘʡ ʪᴅʞʽʨʠʙʝ ʙʦʣʘʰʘץ 

ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʞװʡʝʣʽʢ ᴅʢʽʤʰʽʣʝʥʜʽʨʫ ʤʝʥ ʞʝʣʽʣʽʢ ʘʨʭʠʪʝʢʪʫʨʘ 

ʥʝʛʽʟʜʝʨʽʥ ʪʝʨʝשʽʨʝʢ ʤʝשʛʝʨʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʤסײʘʣʽʤʜʝʨ ʘʨʘʩʳʥʜʘסʳ ʳʥʪʳʤʘץʪʘʩʪʳץʪʳ 

ʢװʰʝʡʪʽʧ, ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽ ʞʝשʽʣʜʝʪʽʧ, ʠʥʥʦʚʘʮʠʷʣʳץ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʩʪʨʘʪʝʛʠʷʣʘʨʜʳ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. Xen Worlds, VNetLab ʞᴅʥʝ SOFTICE 

ʩʠʷץʪʳ ʧʣʘʪʬʦʨʤʘʣʘʨ ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ 

 ʳʪʫ ᴅʜʽʩʪʝʨʽʥץʳ ʦסʩʳʥʳʧ, ʠʥʬʦʨʤʘʪʠʢʘ ʩʘʣʘʩʳʥʜʘײ ʥʝʤʜʽ ʰʝʰʽʤʜʝʨװ

ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʛʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ 

ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ.  

 

 
 

ʉʫʨʝʪ 17 - ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʟʘʤʘʥʘʫʠ ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ʨᴇʣʽ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [83] 

 

ɸʚʪʦʨʣʘʨ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʙʘʣʘʤʘʣʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʩʪʨʘʪʝʛʠʷʣʘʨʜʳ ʩʘʧʘʣʳ ʪװʨʜʝ ʞʝʪʽʣʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ (17-ʩʫʨʝʪ), ʦʩʳʣʘʡʰʘ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ ʦץʫ װʜʝʨʽʩʽʥ ʞʘץʩʘʨʪʘ ʘʣʘʪʳʥʳʥ 

ʙʦʣʞʘʡʜʳ. 
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ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫ ʙʘʨʳʩʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʳץ שʘʪʘʨʳʥʜʘ ʞʦʙʘʣʳץ 

ʞײʤʳʩʪʘʨʜʳ ʦʨʳʥʜʘʫ ʤװʤʢʽʥʜʽʛʽ, ʘʨʥʘʡʳ ʩʮʝʥʘʨʠʡʣʝʨ ʤʝʥ ʧʨʦʛʨʘʤʤʘʣʳץ 

 ,ʦʣʞʝʪʽʤʜʽʣʽʢץ ʘ (VM)סʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨץ

ʩʦʥʜʘʡ-ʘץ ʨʝʩʫʨʩʪʳץ ʰʝʢʪʝʫʣʝʨʽ ʙʘʨ ʝʣʜʝʨ װʰʽʥ װʥʝʤʜʽ ʞᴅʥʝ ʠʢʝʤʜʽ ʦץʳʪʫ 

ʰʝʰʽʤʜʝʨʽʥ ײʩʳʥʫ ʤװʤʢʽʥʜʽʛʽ ʘʪʘʧ ᴇʪʽʣʝʜʽ [84]. ɸʪʘʣסʘʥ ᴅʜʽʩ ʧʨʦʬʝʩʩʦʨʣʘʨסʘ ʦץʫ 

ʢʫʨʩʪʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫʜʘ ʘʨʥʘʡʳ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʥסʘʥ ʚʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫסʘ, ʙʽʨʣʝʩʢʝʥ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ץʳʟʤʝʪʽʥ ʞʝשʽʣʜʝʪʫʛʝ, 

ʩʦʥʜʘʡ-ʘץ ʦץʫ װʜʝʨʽʩʽʥʜʝʛʽ ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ʪʠʽʤʜʽ ʙʘʩץʘʨʫסʘ ʞʘסʜʘʡ 

ʞʘʩʘʡʜʳ. ɹײʣ, ᴇʟ ʢʝʟʝʛʽʥʜʝ, ʙʽʣʽʤ ʙʝʨʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʩʘʧʘʣʳ ʞʝʪʽʣʜʽʨʫʛʝ ʩʝʧʪʽʛʽʥ 

ʪʠʛʽʟʝʜʽ. ɺʠʨʪʫʘʣʜʳ ʠʥʬʨʘײץʨʳʣʳʤʜʘʨ ᴅʨʪװʨʣʽ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ʪʠʽʤʜʽ ץʦʣʜʘʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ʦשʪʘʡʣʘʥʜʳʨʫʤʝʥ ץʘʪʘʨ, ʦץʫ 

 ʧʘʣ ʝʪʝʜʽ. ʉʦʥʳʤʝʥץʨʳʣʳʤʳʥ ʞʝʪʽʣʜʽʨʫʛʝ ʳײץ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ שʜʝʨʽʩʽʥʽװ

 ץʨʛʽʟʫ ʤʝʥ ʠʥʥʦʚʘʮʠʷʣʳװʨʳʣʳʤʜʘʨ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞײץʥʜʘʡ ʠʥʬʨʘײʘʪʘʨ, ʤץ

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪᴅʩʽʣʜʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʘʨʥʘʣסʘʥ ʠʢʝʤʜʽ ʧʣʘʪʬʦʨʤʘ ʨʝʪʽʥʜʝ 

  .ʘʨʘʜʳץʳʟʤʝʪ ʘʪץ

ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫʜʳש 

 ʩʘʨʪʫץʳʣʘʫʜʳ ʞʘץʫ ʦʨʪʘʩʳʥ ʙʘץʳ, ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʙᴇʣʫ ʞᴅʥʝ ʦסʦʣʘʡʣʳʣʳץ

ʘʪʘʧ ᴇʪʽʣʝʜʽ [85]. ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳש ʙײʣʪʪʳץ ʦʨʪʘʜʘ ʦʨʥʘʣʘʩʪʳʨʳʣʫʳ 

ʦץʳʪʫʰʳʣʘʨסʘ ʬʠʟʠʢʘʣʳץ ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨʜʳש ʰʝʢʪʝʫʣʝʨʽʥʝʥ ʪʳʩ 

ʢʝשʝʡʪʽʣʛʝʥ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʝʥ ᴅʨʪװʨʣʽ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨʛʝ 

 ʣ ᴅʜʽʩ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹװʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ ʦʣʞʝʪʽʤʜʽʣʽʢʪʽץ

ʙʘʩץʘʨʫסʘ ʳץʧʘʣ ʝʪʽʧ, ʦץʫʰʳʣʘʨʜʳש ʠʥʬʦʨʤʘʪʠʢʘʜʘסʳ ʪװʨʣʽ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ 

ʙʝʡʽʤʜʝʣʝʪʽʥ ץʘʫʽʧʩʽʟ ʞᴅʥʝ ʩʝʥʽʤʜʽ ʦץʫ ʪᴅʞʽʨʠʙʝʩʽʥ ײʩʳʥʘʜʳ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ 

ʙʽʣʽʤ ʙʝʨʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʞʘשʘ ʜʝשʛʝʡʛʝ ʢᴇʪʝʨʝʪʽʥ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʳײץ ץʨʘʣ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷ ʥʘץʪʳ ʞᴅʥʝ ʢװʨʜʝʣʽ ʠʥʬʦʨʤʘʪʠʢʘ 

ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳʥ ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʦץʳʪʫ װʜʝʨʽʩʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ʞᴅʥʝ ʪʘʨʪʳʤʜʳ ʦʨʪʘʥʳ ײʩʳʥʘʜʳ (19-ʩʫʨʝʪ). 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪᴅʞʽʨʠʙʝʣʝʨ ʦץʳʪʫ ʤʝʥ ʦץʫʜʘסʳ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ װʰʽʥ 

ʤʘשʳʟʜʳ ʩʘʥʘʣʘʪʳʥ ץʘʪʳʩʫ ʩʝʟʽʤʽ, ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʢ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳץ ʙʝʡʽʤʜʝʣʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɹײʣ ʘʩʧʝʢʪʽʣʝʨ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʛʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ ʜʘʤʳʪʫסʘ, ʩʳʥʠ ʦʡʣʘʫ ץʘʙʽʣʝʪʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝ 

 .ʧʘʣ ʝʪʝʜʽץʘ ʳסʘʣʳʧʪʘʩʪʳʨʫץ ʘʫʽʧʩʽʟ ʦʨʪʘʜʘ ʢᴅʩʽʙʠ ʙʝʡʽʤʜʝʣʫ ʪᴅʞʽʨʠʙʝʩʽʥץ
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ʉʫʨʝʪ 18 ï ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʙʦʣʘʰʘץ 

ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫ ʤʦʜʝʣʽ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [85] . 
 ʜʘʡʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫסʧʘʨʘʪʪʘʥʜʳʨʫ ʞʘץʘ ץʳ ʞʘᴃʘʥʜʳסʘʤʜʘסʦץ ʘʟʽʨʛʽפ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʜʘʤʳʪʫʜʳש ᴇʟʝʢʪʽ ʞᴅʥʝ ʧʝʨʩʧʝʢʪʠʚʘʣʳץ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ 

ʨʝʪʽʥʜʝ ʦץʫ װʜʝʨʽʩʽʥʜʝ, ᴅʩʽʨʝʩʝ ʟʘʤʘʥʘʫʠ ʤʘʤʘʥʜʘʨʜʳ ʢᴅʩʽʙʠ ʜʘʷʨʣʘʫ ʰʝשʙʝʨʽʥʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ [86]. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ çʧʝʜʘʛʦʛ ï ʙʽʣʽʤ ʘʣʫʰʳè ʞװʡʝʩʽʥʜʝʛʽ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽ 

 ʳʤʜʳץʘʫ שʰʽʥ ʢʝװ ʘʨʫץʜʝʨʽʩʽʥ ʪʠʽʤʜʽ ʙʘʩװ ʫץʘʪʘʨ, ʞʘʣʧʳ ʦץ ʡʳʤʜʘʩʪʳʨʫʤʝʥײ

ʤʽʥʜʝʪʪʝʨʜʽ ʽʩʢʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ץʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʳʧ 

ʞʘʪץʘʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʘʪʘʧ ᴇʪʫ ʦʨʳʥʜʳ. ɸʪʘʣסʘʥ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʽש ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʦץʳʪʫ ʩʘʧʘʩʳʥ 

ʞʘץʩʘʨʪʫסʘ ʝʣʝʫʣʽ ʳץʧʘʣ ʝʪʝʜʽ. ʆʣʘʨʜʳץ שʘʪʘʨʳʥʘ ʢʝʣʝʩʽʜʝʡ ʰʝʰʽʤʜʝʨ ʞʘʪʘʜʳ 

[87]: 

- ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ: ʤʳʩʘʣʳ, VMWare, VirtualBox, Xen ʞᴅʥʝ ʪ.ʙ., ʦʣʘʨ 

ʦץʳʪʫ ʞᴅʥʝ ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ ᴅʨʪװʨʣʽ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨ ʤʝʥ 

ʧʨʦʛʨʘʤʤʘʣʳץ ʦʨʪʘʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ; 

- ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ: ʙײʣ ʩʘʥʘʪץʘ ᴅʨʪװʨʣʽ ʦץʳʪʫʜʳ ʙʘʩץʘʨʫ 

ʞװʡʝʣʝʨʽ (LMS) ʢʽʨʝʜʽ, ʦʣʘʨ ץʘʰʳץʪʳץʪʘʥ ʞᴅʥʝ ʘʨʘʣʘʩ ʬʦʨʤʘʪʪʘסʳ ʦץʳʪʫ 

 ;ʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳײץ ʡʳʤʜʘʩʪʳʨʫʜʘ ʪʠʽʤʜʽײ ʜʝʨʽʩʽʥװ

- ɹϰʣʪʪʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨ: ʤʳʩʘʣʳ, Google Workspace ץʳʟʤʝʪʪʝʨʽ, 

ʛʨʘʬʠʢʘʣʳץ ʢʝʩʢʽʥʜʝʨʜʽ ᴇשʜʝʫ, ʧʨʝʟʝʥʪʘʮʠʷ ᴅʟʽʨʣʝʫ, ײץʞʘʪʪʘʨסʘ ʦʨʪʘץ 

 ʘʥסʘ ʘʨʥʘʣסʪʘʣʘʨץʘʪʘʨ ʠʥʪʝʨʘʢʪʠʚʪʽ ʪʘץ ʩʳʥʫ, ʩʦʥʳʤʝʥײ ʦʣʞʝʪʽʤʜʽʣʽʢץ

ʰʝʰʽʤʜʝʨ ʩʠʷץʪʳ ץʦʣʜʘʥʙʘʣʘʨ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. 
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ɸʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʢʝשʽʥʝʥ ʝʥʛʽʟʽʣʫʽ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʤסײʘʣʽʤʥʽש, 

ᴅʩʽʨʝʩʝ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʽʥʽש ʢᴅʩʽʙʠ ʜʘʷʨʣʳסʳʥ ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪʪʽʣʽʛʽʥ 

ʥʘץʪʳʣʘʡ ʪװʩʝʜʽ. ɹײʣ ʘʩʧʝʢʪ ʠʥʬʦʨʤʘʪʠʢʘ ʤʝʥ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ (ɸʂʊ) ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽ ʘʷʩʳʥʜʘ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ ʞᴅʥʝ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʽ ʮʠʬʨʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʫ װʜʝʨʽʩʽʥʽש ᴇʟʝʢʪʽ 

ʙʘסʳʪʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, פʘʟʘץʩʪʘʥʜʳץ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ײץʟʳʨʝʪʪʽʣʽʢʢʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ʙʽʣʽʤ ʙʝʨʫ ʧʘʨʘʜʠʛʤʘʩʳʥʳש ʢʝשʽʥʝʥ ʝʥʛʽʟʽʣʫʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʦʩʳ 

ʤᴅʩʝʣʝʣʝʨʜʽ ʦץʳʪʫ װʜʝʨʽʩʽʥʜʝ ײץʟʳʨʝʪʪʽʣʽʢʢʝ ʙʘסʳʪʪʘʣסʘʥ ʦץʳʪʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʘשʘʨʪʫ ץʘʞʝʪ. ɹײʣ, ʝש ʘʣʜʳʤʝʥ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʽʣʽʤʽʥ 

ʪᴅʞʽʨʠʙʝʣʽʢ ץʦʣʜʘʥʫסʘ ʙʘסʜʘʨʣʘʡʪʳʥ ʙʝʣʩʝʥʜʽ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ʄײʥʜʘʡ ʪᴅʩʽʣ 

ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ 

ʳץʧʘʣ ʝʪʽʧ, ʦʣʘʨʜʳש ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ ץʘʙʽʣʝʪʽʥ ʜʘʤʳʪʘʜʳ. 

 ʘʣʽʤʜʝʨʽʥ ʢᴅʩʽʙʠ ʜʘʷʨʣʘʫסײʠʥʬʦʨʤʘʪʠʢʘ ʤ ץʜʝʛʽ ʙʦʣʘʰʘשʘʟʽʨʛʽ ʢʝʟʝפ

ʪʝʦʨʠʷʩʳ ʤʝʥ ʧʨʘʢʪʠʢʘʩʳ çʢᴅʩʽʙʠ-ʧʝʜʘʛʦʛʠʢʘʣʳײץ ץʟʳʨʝʪʪʽʣʽʢè ʞᴅʥʝ çʢᴅʩʽʙʠ-

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʽʩ-ᴅʨʝʢʝʪʢʝ ʜʘʡʳʥʜʳץè סײʳʤʜʘʨʳʥʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʘʜʳ. ɹײʣ 

 שʡʝʣʽ ʩʠʧʘʪʪʘʡ ʦʪʳʨʳʧ, ʦʣʘʨʜʳװʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʽʥ ʞ שʘʣʽʤʥʽסײʘʟʽʨʛʽ ʤץ ʳʤʜʘʨסײ

ʤʘʟʤײʥʜʳײץ ץʨʳʣʳʤʳʥ, ʜʝשʛʝʡʣʽʢ ʞʽʢʪʝʤʝʩʽʥ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪװʨʣʝʨʽʥ 

ʘʡץʳʥʜʘʡʜʳ [88]. 

ɸʪʘʣסʘʥ ʤᴅʩʝʣʝʛʝ ץʘʪʳʩʪʳ סʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʟʝʨʪʪʝʫʣʝʨʛʝ ʪʘʣʜʘʫ ʞʘʩʘʫ 

ʙʘʨʳʩʳʥʜʘ ʂʦʟʳʨʝʚ ɺ.ɸ., ʧʝʥ ʈʘʜʠʦʥʦʚʘ ʅ.ʌ., [89], ɺʝʨʙʠʮʢʠʡ ɸ.ɸ., ʞᴅʥʝ 

ʃʘʨʠʦʥʦʚʘ ʆ.ɻ., [90], ʄʘʨʢʦʚʘ ɸ.ʂ., [91] ʤסײʘʣʽʤʥʽש ʢᴅʩʽʙʠ ʽʩ-ᴅʨʝʢʝʪʢʝ ʜʘʡʳʥ 

ʙʦʣʫʳ ʦʥʳש ʢᴅʩʽʙʠ ʙʽʣʽʢʪʽʣʽʛʽʥ ʞʝʪʽʣʜʽʨʫʜʽש ʽʨʛʝʣʽ ʢʝʟʝשʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɹײʣ ʪײʞʳʨʳʤ ᴅʩʽʨʝʩʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫ 

ʞװʡʝʩʽʥʜʝ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ. ɹʽʣʽʤ ʙʝʨʫʜʽ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʞʘסʜʘʡʳʥʜʘ 

ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʽʥʽש ʢᴅʩʽʙʠ ʽʩ-ᴅʨʝʢʝʪʽ ʢʝשʝʡʪʽʣʛʝʥ ʤʘʟʤײʥסʘ ʠʝ ʙʦʣʘʜʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʳש ʦץʫ ʦʨʥʳʥʜʘ ʦץʫ-ʪᴅʨʙʠʝ װʜʝʨʽʩʽʥʜʝ ʘץʧʘʨʘʪʪʳץ-

ʦץʳʪʫ ʞװʡʝʣʝʨʽʥʽש ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ 

ʜʘסʜʳʣʘʨʳʥ ʤʝשʛʝʨʫʽ ʤʘשʳʟʜʳ ʤʽʥʜʝʪʪʝʨʜʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ʘʡץʳʥʜʘʣʘʜʳ. ɹײʣ 

ʙʘסʳʪ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʮʠʬʨʣʳײץ ץʟʳʨʝʪʪʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʙʽʣʽʤ 

ʙʝʨʫ ʤʘʟʤײʥʳʥ ʞʘסשʳʨʪʫ װʨʜʽʩʪʝʨʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. 

ɸץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽ סײʳʤʳ ʂʘʨʘʢʦʟʦʚ ʉ.ɼ. ʞᴅʥʝ 

ʃʦʧʘʪʢʠʥ ɺ.ʄ. [92] ײʩʳʥסʘʥ ʘʥʳץʪʘʤʘסʘ ʥʝʛʽʟʜʝʣʝ ʦʪʳʨʳʧ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹײʣ 

ʘʥʳץʪʘʤʘסʘ ʩᴅʡʢʝʩ, ʘʪʘʣסʘʥ ʞװʡʝʣʝʨ ʪײʣסʘʥʳץ ,שʦסʘʤʥʳש ʞᴅʥʝ ʤʝʤʣʝʢʝʪʪʽש 

ʘץʧʘʨʘʪʪʳץ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥ ץʘʥʘסʘʪʪʘʥʜʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ, ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש 

ʫʘץʳʪ ʙʦʡʳʥʰʘ ᴇʟʛʝʨʝʪʽʥ (ʜʠʥʘʤʠʢʘʣʳץ) ʘץʧʘʨʘʪʪʳץ ʤʦʜʝʣʽʥ ץʦʣʜʘʫʜʳ 

 ץʧʨʦʛʨʘʤʤʘʣʳ ,שʪʘʨʜʳץʞʘʙʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʝʩʝʧʪʝʫ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ

 ᴇʟʘʨʘ שʳʟʤʝʪ ʢᴇʨʩʝʪʫʰʽ ʧʝʨʩʦʥʘʣʜʳץ ʡʝʣʽʢװʞᴅʥʝ ʞ שʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽץ

ʙʘʡʣʘʥʳʩץʘʥ ʞʠʳʥʪʳסʳ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʣʘʜʳ. ɸʪʘʣסʘʥ ʞװʡʝ ʘץʧʘʨʘʪʪʳ 

ʞʠʥʘץʪʘʫ, ʩʘץʪʘʫ, ᴇשʜʝʫ ʞᴅʥʝ ʪʘʨʘʪʫ װʜʝʨʽʩʪʝʨʽʥ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʙʝʨʫ 

 ʘʤʪʘʤʘʩʳʟץ ʪʠʽʤʜʽʣʽʛʽʥ שʘʨʫʜʳץʘ ʞᴅʥʝ ʦʥʳ ʙʘʩסʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ שʳʟʤʝʪʽʥʽץ

ʝʪʫʛʝ ʘʨʥʘʣסʘʥ. 
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ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽʥʽש ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʘʨʘʩʪʳʨʘ ʦʪʳʨʳʧ, ʙʽʟ ʦʩʳ ʞװʡʝʣʝʨʜʽש ʜᴅʩʪװʨʣʽ ʙʽʣʽʤ ʙʝʨʫ 

 שʳʜʘ, ʦʣʘʨʜʳסʨײʣ ʪײʦʣʜʘʥʳʣʫʳʥʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʘʤʳʟ. ɹץ ʜʝʨʽʩʽʥʜʝװ

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʟʝʨʪʪʝʫ ʤʘשʳʟʜʳ, ʩʝʙʝʙʽ ʦʣʘʨ 

ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝ ʦץʳʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ʆʩʳʣʘʡʰʘ, ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʘ ᴇʟʝʢʪʽ ʞᴅʥʝ ʩײʨʘʥʳʩץʘ 

ʠʝ ײץʨʘʣʜʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʢᴅʩʽʙʠ ץʳʟʤʝʪʽʥʜʝ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽʥ ʦץʳʪʫʜʳש ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ 

ʜʘʡʳʥʜʳסʳʥ ʜʘʤʳʪʫ ʤᴅʩʝʣʝʩʽ ᴅʣʽ ʜʝ ʪʦʣʳץץʘʥʜʳ ʰʝʰʽʤʽʥ ʪʘʧʧʘסʘʥ ᴇʟʝʢʪʽ 

ʙʘסʳʪʪʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ץʦʨʳʪʳʥʜʳ ʩʦסשʳ ʦʥʞʳʣʜʳץʪʘ 

ʦʨʳʥʜʘʣסʘʥ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ ʘʨץʳʣʳ 

ʨʘʩʪʘʣʘʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʙײʣ ʤᴅʩʝʣʝ ʢʝʣʝʩʽ ʟʝʨʪʪʝʫʣʝʨʜʝ ץʘʨʘʩʪʳʨʳʣסʘʥ: 

ʂʘʠʧʦʚʘ ɾ.ʄ. [93], ɹʫʟʘʫʙʘʢʦʚʘ ʂ.ɼ., ɹʝʜʝʣʙʘʝʚʘ ɸ.ɽ. [94], Turganbayeva A.R., 

Turgantay A.A. [95], ɹʝʡʩʝʤʙʘʝʚʘ ɸ.ɸ., ʋʪʝʤʫʨʘʪʦʚʘ ɹ.ʉ., ɸʭʤʝʪʞʘʥʦʚʘ ɼ.ʉ. [96], 

Shekerbekova S.T., Bakytbekova Z. [97], ʐʦʣʧʘʥʢʫʣʦʚʘ ɻ.ʂ., ɽʨʤʝʢʦʚʘ ʄ. [98], 

ʋʩʝʥʦʚʘ ɻ.ʉ., ʄʘʡʛʝʣʴʜʠʝʚʘ ʐ.ʄ., ɼʠʫʘʥʦʚʘ ʈ.ʂ. [99], ʂʫʜʘʙʘʝʚʘ ɸ.ʂ. [100] 

ʞᴅʥʝ ʙʘʩץʘʣʘʨ. ɸʪʘʣסʘʥ ʟʝʨʪʪʝʫʣʝʨʜʝ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʘץʧʘʨʘʪʪʳץ-

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʤʝשʛʝʨʫʽ ʤʝʥ ʦʣʘʨʜʳ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ 

ʪʠʽʤʜʽ ץʦʣʜʘʥʫסʘ ʜʘʡʳʥʜʳסʳ ʤᴅʩʝʣʝʣʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥʳʤʝʥ, ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝʛʽ ʦץʳʪʫʜʳש ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʞװʡʝʣʽ ʪװʨʜʝ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʫ ʘʩʧʝʢʪʽʣʝʨʽ ʪʦʣʳץ ʟʝʨʪʪʝʣʤʝʛʝʥ. ɹײʣ 

ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʢᴅʩʽʙʠ ʜʘʷʨʣʳסʳʥ ʞʝʪʽʣʜʽʨʫʜʝ ʞʘשʘ 

 .ʳʨʣʘʨʜʳ ᴅʟʽʨʣʝʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽסײʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʪס

ɹײʣ ʟʝʨʪʪʝʫ ʞײʤʳʩʳ 2018ï2024 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥʜʽʢʪʝʥ, 

ʦʩʳ ʢʝʟʝשʜʝ ץʦʣʜʘʥʳʣסʘʥ ʤʝʤʣʝʢʝʪʪʽʢ ʙʽʣʽʤ ʙʝʨʫ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʞʘʥ-ʞʘץʪʳ 

ʪʘʣʜʘʫ ʞʘʩʘʣʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʢʝʣʝʩʽ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨ ץʘʨʘʩʪʳʨʳʣʜʳ: 

ç6ɺ01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʞʦסʘʨʳ ʙʽʣʽʤʥʽש 

(ʙʘʢʘʣʘʚʨʠʘʪ ʜʝשʛʝʡʽ) ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʰʝשʙʝʨʽʥʜʝ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤʘʤʘʥʜʘʨʳʥ ʜʘʷʨʣʘʫסʘ ץʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨʜʳ ʘʡץʳʥʜʘʡʜʳ. 

ç7ʄ01535-STEM ʙʽʣʽʤ ʙʝʨʫè ʞᴅʥʝ ç7ʄ01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʤʘʛʠʩʪʨʘʪʫʨʘ ʜʝשʛʝʡʽʥʜʝʛʽ ʞʦסʘʨʳ ʙʽʣʽʤʥʽש ʙʽʣʽʤ ʙʝʨʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ ʩᴅʡʢʝʩ ᴅʟʽʨʣʝʥʽʧ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʘʛʠʩʪʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫʜʽש 

ʥʝʛʽʟʛʽ ץʘסʠʜʘʣʘʨʳʥ ʞᴅʥʝ ʤʘʟʤײʥʜʳץ ʙʘסʳʪʪʘʨʳʥ ץʘʤʪʠʜʳ.  

ɸʪʘʣסʘʥ ʩʪʘʥʜʘʨʪʪʘʨʜʳש ʪʘʣʜʘʫʳ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ 

ʢᴅʩʽʙʠ ʜʘʷʨʣʘʫ ʞװʡʝʩʽʥʜʝʛʽ ʥʦʨʤʘʪʠʚʪʽʢ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʪװʩʽʥʫʛʝ, ʩʦʥʜʘʡ-ʘץ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ײץʨʳʣʳʤʜʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʨʜʳ ʘʥʳץʪʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ç6ɺ01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʘסʳʪʳ ʙʦʡʳʥʰʘ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ץʦʣʜʘʥʳʣʳʧ 

ʞװʨʛʝʥ ʤʝʤʣʝʢʝʪʪʽʢ ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳש ʝʨʝʢʰʝʣʽʛʽ ʙʦʣʘʰʘץ 

ʤʘʤʘʥʥʳש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʢʝ ʠʝ ʙʦʣʫʳ ʪʫʨʘʣʳ ʪʘʣʘʧʪʳש ʝʥʛʽʟʽʣʫʽ. ɸʪʘʧ 

ʘʡʪץʘʥʜʘ, ʧʝʜʘʛʦʛʪʘʥ çʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʘץʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ, ʪʘשʜʘʣסʘʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʽש ʥʘץʪʳ ʩʘʧʘʩʳʥ 
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 ʟʳʨʝʪʪʽʣʽʛʽ ʪʘʣʘʧײץ ʩʘʪʳʥʜʘ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʘ ʙʽʣʫè ʢᴅʩʽʙʠץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʘץ

ʝʪʽʣʝʜʽ. ɹײʣ ʪʘʣʘʧ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫʜʳש 

ʤʘשʳʟʜʳʣʳסʳʥ ʢᴇʨʩʝʪʽʧ, ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʤʝʥ ץʘʪʘʨ, ʙʘʨʣʳץ 

ʧᴅʥ ʤסײʘʣʽʤʜʝʨʽ װʰʽʥ ʜʝ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽʥʽש ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʤʝשʛʝʨʫʜʽ ᴇʟʝʢʪʽ ʝʪʝʜʽ. ʆʩʳʣʘʡʰʘ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ʢʘʜʨʣʘʨʜʳ 

ʜʘʷʨʣʘʫ ʙʘʨʳʩʳʥʜʘ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʪʠʽʤʜʽ ץʦʣʜʘʥʫ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ 

ʙʽʣʽʤ ʙʝʨʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ʢʝשʽʥʝʥ ʝʥʛʽʟʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ç6ɺ01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳש ʤʘʟʤײʥʳ 

ʞʘשʘʨʪʳʣסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʘʟʘʣʳץ ʤʦʜʫʣʴ ʘʡʪʘʨʣʳץʪʘʡ ץʳʩץʘʨʪʳʣʳʧ, ʦסʘʥ 

ʪʝʢ ʥʝʛʽʟʛʽ ʧᴅʥʜʝʨ ʝʥʛʽʟʽʣʛʝʥ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʥʦʨʤʘʪʠʚʪʽʢ-ץײץʳץʪʳץ 

 ʪʘʣʜʘʫʳ ʤʝʥ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ שʤʳʩʳʥʜʘ ʦʣʘʨʜʳײʣ ʟʝʨʪʪʝʫ ʞײʞʘʪʪʘʨʜʳ ʙײץ

  .ʨʛʽʟʽʣʤʝʛʝʥװʘʨʘʩʪʳʨʳʣʫʳ ʞץ

ç6ɺ01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥ 

ʤסײʘʣʽʤʥʽש ʙʘʨʣʳץ ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʽʥ ʪʦʣʳץ ʩʠʧʘʪʪʘʡ ʘʣʤʘʡʜʳ, ᴇʡʪʢʝʥʽ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʧץʳʨʣʳ ʩʠʧʘʪץʘ ʠʝ ʞᴅʥʝ ʦʥʳש ʙʘʨʣʳץ ʘʩʧʝʢʪʽʣʝʨʽʥ ʙʽʨ 

ʟʝʨʪʪʝʫ ʘʷʩʳʥʜʘ ץʘʤʪʫ ʤװʤʢʽʥ ʝʤʝʩ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ 

ʤסײʘʣʽʤʥʽש ʢᴅʩʽʙʠ ʽʩ-ᴅʨʝʢʝʪʽʥʽש ʙʘʩʳʤ ʙʘסʳʪʪʘʨʳʥʘ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ [101], ʘʪʘʧ 

ʘʡʪץʘʥʜʘ, ʪᴅʨʙʠʝʣʽʢ, ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʞᴅʥʝ ʙʘʩץʘʨʫʰʳʣʳץ ץʳʟʤʝʪ 

ʪװʨʣʝʨʽʥʝ. ɾװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʥʝʛʽʟʛʽ ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨ ʤʝʥ ʦʣʘʨʜʳ 

ʞװʟʝʛʝ ʘʩʳʨʫסʘ ץʘʞʝʪʪʽ ץʦʩʘʣץʳ ʪʘʧʩʳʨʤʘʣʘʨ ʘʥʳץʪʘʣʜʳ (19-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 19 - ʇʝʜʘʛʦʛʪʽש ʢᴅʩʽʙʠ ץʳʟʤʝʪʽʥʽש ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽ ʤʝʥ ʦʣʘʨʜʳ 

ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʘʨʥʘʣסʘʥ ʤʽʥʜʝʪʪʝʨʜʽש ʞʽʢʪʝʣʫʽ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [101].  
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20-ʩʫʨʝʪʪʝ ײʩʳʥʳʣסʘʥ ײץʨʳʣʳʤסʘ ʩᴅʡʢʝʩ, ʙʘʨʣʳץ ʪʘʧʩʳʨʤʘʣʘʨ ʪᴇʨʪ ᴇʟʘʨʘ 

ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ ʜʝשʛʝʡʛʝ ʙᴇʣʽʥʛʝʥ. 

ɹʽʨʽʥʰʽ (ʽʰʢʽ) ʜʝϬʛʝʡ ʪᴅʨʙʠʝʣʽʢ, ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʞᴅʥʝ ʙʘʩץʘʨʫʰʳʣʳץ 

 ʢᴅʩʽʙʠ שʘʣʽʤʥʽסײʤ ץʛʝʡʜʝ ʙʦʣʘʰʘשʣ ʜʝײʘʤʪʠʜʳ. ɹץ ʳʪʪʘʨʳʥסʙʘʩʳʤ ʙʘ שʳʟʤʝʪʪʽץ

 ʪʘʨ ʤʝʥץʥʜʳʣʳײץ ץʧʝʜʘʛʦʛʠʢʘʣʳ ץʧʘʣ ʝʪʝʪʽʥ ʙʘʟʘʣʳץʘʣʳʧʪʘʩʫʳʥʘ ʳץ

ʢᴇʟץʘʨʘʩʪʘʨ ʞװʡʝʩʽ ץʘʣʳʧʪʘʩʘʜʳ. 

ɽʢʽʥʰʽ ʜʝϬʛʝʡ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʧʨʦʮʝʩʩʫʘʣʜʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ץʘʤʪʳʧ, ʢᴅʩʽʙʠ ʽʩ-ᴅʨʝʢʝʪʪʽש ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽʥ ʥʘץʪʳʣʘʡʜʳ. ɹײʣ 

ʜʝשʛʝʡ ʦץʫ װʜʝʨʽʩʽʥ ʞʦʙʘʣʘʫ, ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ʞװʟʝʛʝ ʘʩʳʨʫʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ 

ᴅʜʽʩʪʝʨ ʤʝʥ ʪᴅʩʽʣʜʝʨʜʽײץ שʨʳʣʳʤʜʳץ ʵʣʝʤʝʥʪʪʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ. 

ϭʰʽʥʰʽ ʜʝϬʛʝʡ ʤסײʘʣʽʤʥʽש ʢᴅʩʽʙʠ ʽʩ-ᴅʨʝʢʝʪʽʥ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ 

ʘʡץʳʥʜʘʣʘʪʳʥ ʥʘץʪʳ ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʜʽש ʤʘʟʤײʥʳʥ ʘʰʘʜʳ. ʄײʥʜʘ ʦץʳʪʫ 

ʤʘʟʤײʥʳ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץ שʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʩʘʡ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʰʝʰʽʤʜʝʨ 

 .ʘ ʠʝ ʙʦʣʘʜʳץץʟʳʨʝʪʽ ʙʘʩʳʤʜʳײץ ʘʙʳʣʜʘʫץ

ʊϺʨʪʽʥʰʽ (ʩʳʨʪϨʳ) ʜʝϬʛʝʡ ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʜʝʥ ʪʫʳʥʜʘʡʪʳʥ ʥʘץʪʳ ʦץʫ 

ʤʽʥʜʝʪʪʝʨʽʥ ץʘʤʪʠʜʳ. ɹײʣ ʜʝשʛʝʡ ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʳʟʤʝʪʪʽש ʥᴅʪʠʞʝʩʽʥ ʙʘסʘʣʘʫ, 

ʨʝʬʣʝʢʩʠʷ ʞʘʩʘʫ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʞʝʪʽʩʪʽʢʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʩʠ̫ץʪʳ ʩʳʨʪץʳ, ʥʘץʪʳ ᴅʨʝʢʝʪʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ʆʩʳ ײץʨʳʣʳʤʜʳץ ʥʝʛʽʟʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʢʦʥʪʝʢʩʪʽʢ ʦץʳʪʫ ᴅʜʽʩʥʘʤʘʩʳʥ 

 ʡʝʣʝʨʽʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫװʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞ ץʧʘʨʘʪʪʳץʳʣʳ ʘץʦʣʜʘʥʫ ʘʨץ

ʩʘʣʘʩʳʥʜʘ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥʽש ʢᴅʩʽʙʠ ʽʩ-ᴅʨʝʢʝʪʽʥ 

 ʘʥ ʤʦʜʝʣʴסʩʳʥʳʣױ .ʳʪʫ ᴅʜʽʩʪʝʤʝʩʽ ᴅʟʽʨʣʝʥʜʽ [90]ץʘʥ ʦסʳʪʪʘʣסʘ ʙʘסʘʣʳʧʪʘʩʪʳʨʫץ

(20-ʩʫʨʝʪ) ʘʷʩʳʥʜʘ ᴅʜʽʩʪʝʤʝʥʽש ʤʳʥʘʜʘʡ ʥʝʛʽʟʛʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽ ʘʡץʳʥʜʘʣסʘʥ: 

ʤʘץʩʘʪʪʳץ ʙʣʦʢ, ʤʘʟʤײʥʜʳץ ʙʣʦʢ, ʜʠʘʛʥʦʩʪʠʢʘʣʳץ ʞᴅʥʝ ʨʝʬʣʝʢʩʠʷʣʳץ ʙʣʦʢʪʘʨ. 

ɹײʣ ʤʦʜʝʣʴʜʽס שʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʜʝʨʽ ʢʦʥʪʝʢʩʪʽʢ ʦץʳʪʫ 

ʪײʞʳʨʳʤʜʘʤʘʩʳʥʘ, ʦץʫ װʜʝʨʽʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʤʦʜʫʣʴʜʽʢ ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ, 

ʩʦʥʜʘʡ-ʘץ ʙʝʣʩʝʥʜʽ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʝ ʩװʡʝʥʛʝʥ. ɸʪʘʣסʘʥ ᴅʜʽʩʪʝʨ ץʘʪʘʨʳʥʘ 

ʠʥʬʦʨʤʘʪʠʢʘʥʳ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽ, ʢʝʡʩ-ʩʪʘʜʠ, ʽʩʢʝʨʣʽʢ ʦʡʳʥʜʘʨ [102], ʞᴅʥʝ 

ʵʣʝʢʪʨʦʥʜʳץ ʧʦʨʪʬʦʣʠʦ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ [103] ʞʘʪץʳʟסʘʥ. 

 

 
 

ʉʫʨʝʪ 20 - ʂʦʥʪʝʢʩʪʽʢ ʦץʳʪʫ ʥʝʛʽʟʽʥʜʝ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ 

ʧʘʡʜʘʣʘʥʫʜʘ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥʽש ʢᴅʩʽʙʠ ץʳʟʤʝʪʽʥ 

 ʤʦʜʝʣʽ שʘʣʳʧʪʘʩʪʳʨʫ ᴅʜʽʩʪʝʤʝʩʽʥʽץ
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ᴄʟʽʨʣʝʥʛʝʥ ʦץʳʪʫ ʤʦʜʝʣʽ ʤʘʤʘʥ ץʳʟʤʝʪʽʥʽש ʤʦʜʝʣʽʥʝ ʥʝʛʽʟʜʝʣʝʪʽʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ. ʄʦʜʝʣʴʜʽײץ שʨʳʣʳʤʳ ʢʝʣʝʩʽʜʝʡ ײʡʳʤʜʘʩʪʳʨʳʣסʘʥ: 

- ʢᴅʩʽʙʠ ץʳʟʤʝʪʪʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʥʝʛʽʟʛʽ ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨ ʘʥʳץʪʘʣʘʜʳ; 

- ʙײʣ ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨ ʤʘʟʤײʥʜʳץ ʢʦʤʧʦʥʝʥʪʪʽ ʜʘʤʳʪʫʜʘסʳ ʤʘץʩʘʪʪʘʨʜʳש 

ʥʝʛʽʟʽʥ ײץʨʘʡʜʳ; 

- ᴅʨʙʽʨ ʢᴅʩʽʙʠ ʤʽʥʜʝʪ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʢʽʰʽʛʽʨʽʤ ʦץʫ ʪʘʧʩʳʨʤʘʣʘʨʳʥʘ ʙᴇʣʽʥʝʜʽ. 

ʙײʣ ʦץʫ ʪʘʧʩʳʨʤʘʣʘʨʳ ʙʝʣʛʽʣʽ ʙʽʨ ʤʘʟʤײʥʜʳ ʠʛʝʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ץʘʥʜʘʡ ʙʽʣʽʤ ʤʝʥ 

ʜʘסʜʳʣʘʨ ץʘʣʳʧʪʘʩʘʪʳʥʳʥ ʘʡץʳʥʜʘʡʜʳ; 

- ʢᴅʩʽʙʠ ʞᴅʥʝ ʦץʫ ʤʽʥʜʝʪʪʝʨʽʥʽש ʥʝʛʽʟʽʥʜʝ ʦץʳʪʫ ʤʘʟʤײʥʳ ʙʝʣʛʽʣʽ ʙʽʨ 

 .ʩʳʥʳʣʘʜʳײ ʨʽʥʜʝװʤʦʜʫʣʴʜʝʨ ʪ ץʨʳʣʳʤʜʳײץ

ʆʩʳʣʘʡʰʘ, ײʩʳʥʳʣסʘʥ ʦץʳʪʫ ʤʦʜʝʣʽ ʣʦʛʠʢʘʣʳײץ ץʨʳʣʳʤʜʘʣסʘʥ ʞᴅʥʝ 

ʦץʳʪʫ ʤʘʟʤײʥʳʥ ʢᴅʩʽʙʠ ץʳʟʤʝʪ ʪʘʣʘʧʪʘʨʳʤʝʥ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ץʘסʠʜʘʪʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. 

ᴄʨʙʽʨ ʦץʫ ʤʦʜʫʣʽʥ ʤʝשʛʝʨʫ װʜʝʨʽʩʽ ʢʝʡʩ-ʩʪʘʜʠ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ. ɹײʣ ᴅʜʽʩ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײ שʩʳʥʳʣסʘʥ ʪʝʦʨʠʷʣʳץ 

ʤʘʪʝʨʠʘʣʜʳ ʤʝשʛʝʨʫʽʤʝʥ ץʘʪʘʨ, ʪʠʽʩʪʽ ʧʨʘʢʪʠʢʘʣʳץ ʞᴅʥʝ ʟʝʨʪʭʘʥʘʣʳץ 

ʞײʤʳʩʪʘʨʜʳ ʦʨʳʥʜʘʫʳʥ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨסʘ ײʩʳʥʳʣסʘʥ ʩʠʪʫʘʮʠʷʣʳץ ʝʩʝʧʪʝʨʜʽ 

ʪʘʣʜʘʧ, ʰʝʰʫʽʥ ץʘʤʪʳסʘʥ. ʉʪʫʜʝʥʪʪʝʨ ʪʘʨʘʧʳʥʘʥ ʰʝʰʽʣʛʝʥ ʢʝʡʩ ʤᴅʩʝʣʝʣʝʨʽʥʽש 

ʥᴅʪʠʞʝʣʝʨʽ ʙʘסʘʣʘʥʳʧ, ʦʣʘʨʜʳש ʵʣʝʢʪʨʦʥʜʳץ ʧʦʨʪʬʦʣʠʦʩʳʥʘ ʝʥʛʽʟʽʣʛʝʥ, ʙײʣ 

ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʜʽץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽʥ ʪʽʨʢʝʫʛʝ ʞᴅʥʝ ʙʘץʳʣʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʛʝʥ. 

ʇʦʨʪʬʦʣʠʦʥʳ ץʦʨסʘʫ ʞᴅʥʝ ʦʥʳש ʩʘʧʘʣʳץ ʙʘסʘʣʘʥʫʳ ʢʨʝʜʠʪʪʽʢ ʩʘʙʘץ 

ʙʘʨʳʩʳʥʜʘ ʦʡʳʥ ᴅʜʽʩʪʝʨʽʥ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ʽʩʢʝʨʣʽʢ ʦʡʳʥʜʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹײʣ װʜʝʨʽʩ ʙʘʨʳʩʳʥʜʘ ᴅʨʙʽʨ ʩʪʫʜʝʥʪ ᴇʟ ʜʘʡʳʥʜʘסʘʥ ʦץʫ-

ᴅʜʽʩʪʝʤʝʣʽʢ ᴇʥʽʤʽʥ ʽʰʽʥʘʨʘ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫʛʝ, ʤסײʘʣʽʤ ײʩʳʥסʘʥ ʩײʨʘץʪʘʨ 

ʥʝʛʽʟʽʥʜʝ ʧʦʨʪʬʦʣʠʦʩʳʥ ᴇʟʽʥʜʽʢ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʩʳʥʳʧʪʘʩʪʘʨʳʥʳש ʩʘʨʘʧʪʘʤʘʣʳץ 

 ʤʳʩʪʳײʘʪʘʨ, ʩʪʫʜʝʥʪʪʝʨ ʞץ ʤʢʽʥʜʽʢ ʘʣʘʜʳ. ʉʦʥʳʤʝʥװʘ ʤסʦʨʳʪʳʥʜʳʩʳʥ ʘʣʫץ

ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ײʩʳʥʳʩʪʘʨ ʤʝʥ ʪʽʣʝʢʪʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʣʳʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨʜʽ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʘʣʘʜʳ. ʆʩʳʣʘʡʰʘ, ᴅʨʙʽʨ 

ʩʪʫʜʝʥʪ ʘʣסʘ ץʦʡʳʣסʘʥ ʤʘץʩʘʪʪʘʨ ʤʝʥ ʤʽʥʜʝʪʪʝʨʜʽש ʦʨʳʥʜʘʣʫ ʜʝשʛʝʡʽʥ, 

ʞײʤʳʩʪʳש ʩʘʧʘʩʳʥ, ץʦʣʜʘʥʳʣסʘʥ ᴅʜʽʩʪʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʥʝʛʽʟʜʽʣʽʛʽʥ 

ʩʘʨʘʧʪʘʫסʘ ʞᴅʥʝ ʪʠʽʩʪʽ ץʦʨʳʪʳʥʜʳʣʘʨ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʘʣʘʜʳ. 

 ʫ ʞʝʪʽʩʪʽʛʽץʪʽʣʝʪʽʥ ʦװʦʣʜʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢץ ʘʥ ᴅʜʽʩʪʝʤʝʥʽסʩʳʥʳʣʳʧ ʦʪʳʨױ

ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʽʥʽש ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽʥ 

 ץʛʝʡʽʥʜʝʛʽ ʢᴅʩʽʙʠ-ʧʝʜʘʛʦʛʠʢʘʣʳשʨʜʝʣʽʣʽʢ ʜʝװʨʣʽ ʢװʦʣʜʘʥʫ ʩʘʣʘʩʳʥʜʘ ᴅʨʪץ

ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ʜʘʡʳʥ ʙʦʣʫʳ (21-ʩʫʨʝʪ). ɹײʣ ʜʘʡʳʥʜʳץ ʙʝʣʛʽʣʽ ʙʽʨ ʜʝשʛʝʡʜʝ 

 .ʘʤʪʠʜʳץ ʟʳʨʝʪʪʝʨʜʽײץ ʘʥץʘʣʳʧʪʘʩץ
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ʉʫʨʝʪ 21ï ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʽʥʽש ʮʠʬʨʣʳץ ʦץʳʪʫ 

ʦʨʪʘʩʳʥ ʧʘʡʜʘʣʘʥʫ ʜʘʷʨʣʳסʳʥʳש ʜʝשʛʝʡʣʽʢ ײץʨʳʣʳʤʳ 

 
ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

 ʙʝʨʽʥʜʝ ʰʝʰʽʣʝʪʽʥ ʢᴅʩʽʙʠ ʙʽʣʽʤשʰʝ שʛʝʡʣʝʨ ʤʝʥ ʦʣʘʨʜʳשʘʥ ʜʝסʩʳʥʳʣױ

ʙʝʨʫ ʤʽʥʜʝʪʪʝʨʽ, ʝש ʘʣʜʳʤʝʥ, ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥʝ 

ʙʘסʳʪʪʘʣסʘʥ. ɸʣʘʡʜʘ ʞʦסʘʨʳʜʘ ʘʪʘʧ ᴇʪʽʣʛʝʥʜʝʡ, ʙײʣ ᴅʜʽʩʪʝʤʝʣʽʢ װʣʛʽʥʽ ʧᴅʥʜʽʢ-

ᴅʜʽʩʪʝʤʝʣʽʢ ײץʟʳʨʝʪʪʽʣʽʢʪʽ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʤʝשʛʝʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʙʘʩץʘ ʧᴅʥ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫ 

ʙʘʨʳʩʳʥʜʘ ʜʘ ʙʝʡʽʤʜʝʧ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʞʘסʜʘʡʜʘ ʦץʳʪʫ װʜʝʨʽʩʽ 

ʥʝʛʽʟʛʽ ʞᴅʥʝ ʞʘʣʧʳ ʜʝשʛʝʡʣʝʨʜʝ, ʩʦʥʜʘʡ-ʘץ ʘʨʥʘʡʳ ʜʝשʛʝʡʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, 

ʘʣʘʡʜʘ ʙײʣ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ ץʘʨʘסʘʥʜʘ ʰʝʢʪʝʫʣʽ ʢᴇʣʝʤʜʝ ʽʩʢʝ ʘʩʘʜʳ. 

ɸʪʘʣסʘʥ ʰʝʢʪʝʫʣʝʨ, ʥʝʛʽʟʽʥʝʥ, ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽʥ 

ᴅʢʽʤʰʽʣʝʥʜʽʨʫ ʩʘʣʘʩʳʥʜʘסʳ ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʜʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ʇᴅʥ ʤסײʘʣʽʤʜʝʨʽ װʰʽʥ ʙײʣ ʢʫʨʩ ʰʝשʙʝʨʽʥʜʝʛʽ ᴅʢʽʤʰʽʣʽʢ ʤʽʥʜʝʪʪʝʨʜʽש ʰʝʢʪʝʣʛʝʥ 

ʬʫʥʢʮʠʦʥʘʣʳʥ ץʘʤʪʠʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʙײʣ ʤʽʥʜʝʪʪʝʨʛʝ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: 

ʢʫʨʩʪʳש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʦʨʥʘʪʫ, ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ʨᴇʣʜʝʨ ʤʝʥ 

 ʘʨʪʫ ʞᴅʥʝשʡʳʤʜʘʩʪʳʨʫ, ʢʫʨʩʪʳ ʞʘײ ʫ ʪʦʧʪʘʨʳʥץʘʡʳʥʜʘʫ, ʦסʪʘʨʜʳ ʪʘץʳץײץ

ʜʝʨʝʢʪʝʨʜʽש ʨʝʟʝʨʚʪʽʢ ʢᴇʰʽʨʤʝʣʝʨʽʥ ʞʘʩʘʫ. 

ʆץʳʪʫʜʳש ʢװʪʽʣʝʪʽʥ ʥᴅʪʠʞʝʩʽʥ ʙʘסʘʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʙʽʟ ʤʘʤʘʥʥʳש 

ʜʘʡʳʥʜʳץ ʜʝשʛʝʡʣʝʨʽʥ (ץʦʣʘʡʩʳʟ, ʪᴇʤʝʥ, ʰʝʢʪʝʫʣʽ, ʞʝʪʢʽʣʽʢʪʽ, ʞʦסʘʨʳ) 

ʘʡץʳʥʜʘʫ ᴅʜʽʩʪʝʤʝʩʽʥ ײʩʳʥʘʤʳʟ. ɹײʣ ᴅʜʽʩʪʝʤʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʽʥʽש 

ʢᴅʩʽʙʠ ʜʘʡʳʥʜʳסʳʥ ʜʘʤʳʪʫʜʳש ʥʝʛʽʟʛʽ ʢʨʠʪʝʨʠʡʣʝʨʽ ʤʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

 ʛʝʡʽʥשʜʝ ץʢᴅʩʽʙʠ ʜʘʡʳʥʜʳ שʘʣʽʤʜʝʨʽʥʽסײʠʥʬʦʨʤʘʪʠʢʘ ʤ ץʘʤʪʠʜʳ. ɹʦʣʘʰʘץ

ʙʘסʘʣʘʫ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ʘʩʧʝʢʪʽʣʝʨ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ: 
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- ʢϸʩʽʙʠ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʜʝʛʽ ʙʽʣʽʤʜʽʣʽʢ ʦץʫ װʜʝʨʽʩʽʥʜʝ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽʥʽש ʥʝʛʽʟʽʥʜʝ ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ץʘʞʝʪʪʽ ᴅʨʝʢʝʪʪʝʨʜʽ 

ʤʝשʛʝʨʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʧʨʘʢʪʠʢʘʣʳץ ץʳʟʤʝʪʪʝ ʪʠʽʤʜʽ ץʦʣʜʘʥʫ ץʘʙʽʣʝʪʽ; 

- ʢϸʩʽʙʠ ʙʘϤʜʘʨʣʘʥʫ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש 

ʘץʧʘʨʘʪʪʘʥʜʳʨʳʣʫʳ ʤʝʥ ʚʠʨʪʫʘʣʜʘʥʜʳʨʳʣʫʳ ʞʘסʜʘʡʳʥʜʘ ʧᴅʥʜʽʢ ʩʘʣʘʜʘסʳ 

ʢᴅʩʽʙʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʽʩ-ᴅʨʝʢʝʪʢʝ ʙʘסʜʘʨʣʘʥʫ ʜʝשʛʝʡʽ; 

- Ϥʳʣʳʤʠ-ʪʝʭʥʦʣʦʛʠʷʣʳϨ ʥʝʛʽʟʜʝʨʜʽ ʤʝשʛʝʨʫ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤʝʥ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ᴅʟʽʨʣʝʫ 

ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ץʦʣʜʘʥʙʘʣʳ ʙʽʣʽʤʜʝʨʜʽץ שʘʣʳʧʪʘʩʫ 

ʜᴅʨʝʞʝʩʽ; 

- ʤʘϨʩʘʪʪʳʣʳϨ ᴇʟʽʥʽש ʢᴅʩʽʙʠ ʽʩ-ᴅʨʝʢʝʪʽʥʝ ʥʘץʪʳ ʤʘץʩʘʪ ץʦʷ ʙʽʣʫ, 

ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʽʥʽש ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʽʥ ʰʝʰʫʜʝ ʦʣʘʨʜʳײץ שʨʳʣʳʤʳʥ 

ʘʥʳץʪʘʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʦʨʳʥʜʘʫ װʰʽʥ ʪʠʽʤʜʽ ʽʩ-ᴅʨʝʢʝʪʪʝʨ ʪʽʟʙʝʛʽʥ ʞʘʩʘʫ; 

- ʽʩ-ϸʨʝʢʝʪʪʝʨʜʽ ʤʝϬʛʝʨʫ ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫ ʙʘʨʳʩʳʥʜʘ ץʘʞʝʪʪʽ 

 ;ʛʝʡʽשʘʣʳʧʪʘʩʪʳʨʫ ʜʝץ ʪᴅʞʽʨʠʙʝʥʽ ץʜʳʣʘʨʜʳ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳסʘʙʽʣʝʪʪʝʨʜʽ, ʜʘץ

- ʪʠʽʤʜʽʣʽʢ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽʥ ץʦʣʜʘʥʫ ʩʘʣʘʩʳʥʜʘסʳ 

ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʜʝʛʽ ʥᴅʪʠʞʝʣʽʣʽʢ ʜʝשʛʝʡʽ [104]. 

ɹײʣ ʢʨʠʪʝʨʠʡʣʝʨ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ʢᴅʩʽʙʠ ʜʘʷʨʣʳסʳʥ ʞʘʥ-ʞʘץʪʳ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʛʽʥ ʜʘʤʳʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʦץʫ 

 .ʪʘʡʜʳ (9-ʢʝʩʪʝ)ץʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳ שʜʝʨʽʩʽʥʽװ

 

ʂʝʩʪʝ 9 ï ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫʜʘסʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʳʪʫ ʤʘʟʤײʥʳʥʳש ʤʦʜʫʣʴʜʽʢ ײץʨʳʣʳʤʳ 

 
ʄʦʜʫʣʴ ʘʪʘʫʳ ʄʘʟʤײʥʳ 

1 2 

ɸץʧʘʨʘʪʪʳץ-ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʩʽʥʽש ʥʝʛʽʟʜʝʨʽ 

ʊʘʨʘʪʳʣסʘʥ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝʛʽ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʘסʠʜʘʪʪʘʨ; ʞװʡʝ ײץʨʳʣʳʤʳ (ʥʳʩʘʥʜʘʨ, 

ʵʣʝʤʝʥʪʪʝʨ, ʥʘʚʠʛʘʮʠʷ); ʝʥʛʽʟʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ (ʩʝʨʚʝʨʜʝʛʽ ץʘʣʪʘ 

 ,ʡʝʣʝʨʽ (LMS)װʘʨʫ ʞץʳʪʫʜʳ ʙʘʩץʨʳʣʳʤʳ, ʚʝʙ-ʩʘʡʪʪʘʨ, ʦײץ

Web-CD ʪʝʭʥʦʣʦʛʠʷʩʳ); ʦץʫ װʜʝʨʽʩʽʥʜʝ ץʦʣʜʘʥʫ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש 

ʥʝʛʽʟʜʝʨʽ 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ סײʳʤʳ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʪװʩʽʥʽʢʪʝʨʽ; ʘʧʧʘʨʘʪʪʳץ 

ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ; ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʜʘʤʫ 

ʪʘʨʠʭʳ ʤʝʥ ʵʚʦʣʶʮʠʷʩʳ; ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳש 

 ʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʪʝʨʽ; ʚʠʨʪʫʘʣʠʟʘʮʠʷײʨʳʣʳʤʳ ʞᴅʥʝ ʞײץ

ʪװʨʣʝʨʽ (ʩʝʨʚʝʨʣʽʢ, ʞʝʣʽʣʽʢ, ʞײʤʳʩ װʩʪʝʣʽ, ץʦʩʳʤʰʘ 

ʜʝשʛʝʡʽʥʜʝ); ʛʠʧʝʨʚʠʟʦʨʣʘʨ (ʪװʨʣʝʨʽ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʩʠʧʘʪʪʘʤʘʩʳ); ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʰʝʢʪʝʫʣʝʨʽ; ʙײʣʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʳ; ʙʽʣʽʤ ʙʝʨʫʜʝ ץʦʣʜʘʥʫ; 

VirtualBox ʥʝʤʝʩʝ VMware ʢᴇʤʝʛʽʤʝʥ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘ ײץʨʫ; 

 .ʘʫסʦʨץ ʘʫʽʧʩʽʟʜʽʢ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽץ
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9-ʢʝʩʪʝʥʽש ʞʘʘʣסʘʩʳ 

 
1 2 

ɸץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ 

ʙʝʨʫ ʞװʡʝʣʝʨʽʥʽש 

ʤʫʣʴʪʠʤʝʜʠʷʣʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ᴅʟʽʨʣʝʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ɿʝʨʪʪʝʣʝʪʽʥ ʤʘʪʝʨʠʘʣʜʳ ʢᴇʨʩʝʪʫ ʞᴅʥʝ ʙʝʢʽʪʫʛʝ ʘʨʥʘʣסʘʥ 

ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳײץ ץʨʘʣʜʘʨ; ʵʣʝʢʪʨʦʥʜʳץ 

ʦץʫʣʳץʪʘʨʜʳ ᴅʟʽʨʣʝʫ (ʢʝʟʝשʜʝʨʽ, ײץʨʳʣʳʤʳ, ʤʘʟʤײʥʜʳץ 

ʪʘʣʘʧʪʘʨʳ, ʨᴅʩʽʤʜʝʫ ʩʪʘʥʜʘʨʪʪʘʨʳ); ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ʦץʫ װʜʝʨʽʩʽʥ 

 .ʡʳʤʜʘʩʪʳʨʫײ

ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ᴇʟʽʥʜʽʢ ʞײʤʳʩʳʥ 

 ʘʥסʘ ʘʨʥʘʣסʡʳʤʜʘʩʪʳʨʫײ

ʤʫʣʴʪʠʤʝʜʠʷʣʳץ 

 ʨʘʤʜʘʩʪʘʨʜʳ ᴅʟʽʨʣʝʫײץ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ʕʣʝʢʪʨʦʥʜʳץ ʨʝʩʫʨʩʪʘʨʜʳ (ʵʣʝʢʪʨʦʥʜʳץ ʢʽʪʘʧʭʘʥʘʣʘʨ, 

ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʪʘʨ ʞᴅʥʝ ʪ.ʙ.) ᴇʟʽʥʜʽʢ ʞײʤʳʩץʘ ʙʝʡʽʤʜʝʫ; 

ʧʽʢʽʨʪʘʣʘʩ װʰʽʥ ʘʨʥʘʣסʘʥ ʨʝʩʫʨʩʪʘʨʜʳ ץʦʣʜʘʥʫ (ʬʦʨʫʤʜʘʨ, 

ʯʘʪʪʘʨ, ʵʣʝʢʪʨʦʥʜʳץ ʧʦʰʪʘ, ʢʦʤʤʫʥʠʢʘʮʠʷʣʳײץ ץʨʘʣʜʘʨ). 

ɹʽʣʽʤ, ʽʩʢʝʨʣʽʢ ʞᴅʥʝ 

ʜʘסʜʳʣʘʨʜʳ ʙʘסʘʣʘʫסʘ 

ʘʨʥʘʣסʘʥ ʤʫʣʴʪʠʤʝʜʠʷʣʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ᴅʟʽʨʣʝʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ɹʘסʘʣʘʫ ʞᴅʥʝ ʙʘץʳʣʘʫ ʪװʨʣʝʨʽ ʤʝʥ ᴅʜʽʩʪʝʨʽ, ʦʣʘʨʜʳש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʰʝʢʪʝʫʣʝʨʽ; ʪʝʩʪʽʣʝʫ ᴅʜʽʩʪʝʨʽ (ʞʘʣʧʳ 

ʩʠʧʘʪʪʘʤʘʩʳ, ײץʨʳʣʫ ʢʝʟʝשʜʝʨʽ, ʪʘʧʩʳʨʤʘ ʪװʨʣʝʨʽ, ʪʘʣʘʧʪʘʨ); 

ʪʝʩʪʽʣʝʫ ײץʨʘʣʜʘʨʳ (ʦʥʣʘʡʥ ʪʝʩʪʽʣʝʫ, LMS ʤװʤʢʽʥʜʽʢʪʝʨʽ); 

ʙʘץʳʣʘʫ ʤʘʪʝʨʠʘʣʜʘʨʳ (ʢʨʦʩʩʚʦʨʜʪʘʨ, ʘʥʳץʪʘʤʘʣʳץ ʞʘʟʙʘʣʘʨ 

ʞᴅʥʝ ʪ.ʙ.). 

ɸץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʽʣʽʤ 

ʙʝʨʫ ʞװʡʝʣʝʨʽ ʢᴇʤʝʛʽʤʝʥ 

ʦץʳʪʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳ 

ɼᴅʩʪװʨʣʽ ʞᴅʥʝ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫʜʘ ʞװʡʝʣʝʨʜʽ ץʦʣʜʘʥʫ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ; ʦץʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʫ ʢʝʟʝשʜʝʨʽ (ʞʝʨʛʽʣʽʢʪʽ 

ʪʝʩʪʽʣʝʫ, ʩʝʨʚʝʨʛʝ ʦʨʥʘʣʘʩʪʳʨʫ, ᴅʜʽʩʪʝʤʝʣʽʢ ʥײʩץʘʫʣʳץ 

ᴅʟʽʨʣʝʫ); ʦץʳʪʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʤʝʣʝʨʽ. 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [86, ʙ. 212]. 

 

ʆʩʳ ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʜʝ ʦץʫ 

ʤʘʟʤײʥʳʥ ʞʝʪʽʣʜʽʨʫʜʽש ʢʝʣʝʰʝʛʽ ʙʘʨ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʨʝʪʽʥʜʝ ʦץʳʪʫʜʳ 

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ᴅʢʽʤʰʽʣʝʥʜʽʨʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʢʝʰʝʥʜʽ ʟʝʨʜʝʣʝʫ ײʩʳʥʳʣʘʜʳ. ɹײʣ 

ʤʘץʩʘʪʪʘ ʟʝʨʪʪʝʫ ʘʷʩʳʥʜʘ çʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʞᴅʥʝ 

ʦʥʳ ᴅʢʽʤʰʽʣʝʥʜʽʨʫè ʘʪʪʳ ʤʦʜʫʣʴ ᴅʟʽʨʣʝʥʽʧ, ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʙʽʨʣʝʩʪʽʢ ײץʨʘʣʳ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʜʳ. ɸʪʘʣסʘʥ ʤʦʜʫʣʴ ʙʽʣʽʤ ʙʝʨʫ ʢʝשʽʩʪʽʛʽʥʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʥסʘʥ ʞװʡʝʣʝʨʜʽ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ ʪʝʪʽʢʪʝʨʽʥ ʤʝשʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 

 ץʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳ ץʪʝʦʨʠʷʣʳ שʘʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʤʦʜʝʣʴʜʽסʩʳʥʳʣױ

ʥʝʛʽʟʜʝʤʝʩʽ çʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽè 

ʞᴅʥʝ ᴆ. ɾᴅʥʽʙʝʢʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש çʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʘʷʩʳʥʜʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 2018ï2024 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ ʍ.ɸ. ʗʩʩʘʫʠ 

ʘʪʳʥʜʘסʳ ʍʘʣʳץʘʨʘʣʳץ ץʘʟʘץ-ʪװʨʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʘʪʘʣסʘʥ ʤʦʜʝʣʴʜʽש ʙʦʣʘʰʘץ 

ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʘץʧʘʨʘʪʪʳץ-ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽʥ ץʦʣʜʘʥʫסʘ 

 .ʳʣʳ ʪʝʢʩʝʨʽʣʜʽץʪʘʨ ʘʨץʡʨʝʪʫʜʝʛʽ ʪʠʽʤʜʽʣʽʛʽ ʪᴅʞʽʨʠʙʝʣʽʢ ʩʳʥʘװ

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙײʣ ᴅʜʽʩʪʝʤʝʣʽʢ ʪᴅʩʽʣʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʪʽ, ᴅʩʽʨʝʩʝ 

ʦץʳʪʫʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫ ʞᴅʥʝ ʦʣʘʨʜʳש ᴅʢʽʤʰʽʣʝʥʜʽʨʫ ʤᴅʩʝʣʝʣʝʨʽʥ 

ʤʝשʛʝʨʫ ʪײʨסʳʩʳʥʘʥ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ ʜʘʷʨʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ 

ʝʪʝʪʽʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʜʽ. 
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ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʳץ ʤʦʜʫʣʴʜʝʨ ʥʘץʪʳ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ ʠʤʠʪʘʮʠʷʣʘʫ 

ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʙʘʩץʘʨʳʣʘʪʳʥ ʦʨʪʘʜʘ ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ 

ʠʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʪᴅʩʽʣ, ᴅʩʽʨʝʩʝ, ʠʥʞʝʥʝʨʣʽʢ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ 

ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩʪʘʨʜʳ ʜᴅʣ ץʘʡʪʘʣʘʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʞʦסʘʨʳ 

ʪʠʽʤʜʽʣʽʢʢʝ ʠʝ. ɺʠʨʪʫʘʣʜʳ ʩʠʤʫʣʷʪʦʨʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʙʽʣʽʤʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝ ʜʘʡʳʥʜʳץ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʨʝʩʫʨʩʪʳץ ʰʳסʳʥʜʘʨʳ ʞʦסʘʨʳ ʪᴅʞʽʨʠʙʝʣʽʢ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ 

ʦʨʳʥʜʘʫʜʳ ʞʝשʽʣʜʝʪʝʜʽ [105]. 

ʆʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨʜʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʤʝʥ ʪʦʣʳץ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫʜʳ 

ʙʽʨʽʢʪʽʨʫ ʞʘʥ-ʞʘץʪʳ ʦץʫ ʦʨʪʘʩʳʥ ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʛʠʙʨʠʜʪʽ ʪᴅʩʽʣ 

ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨʜʽ ץʦʣʜʘʫ ʘʨץʳʣʳ ʞʘʜʪʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ 

ʳץʧʘʣ ʝʪʝʜʽ, ʩʦʥʜʳץʪʘʥ ʦʥʳ ʢʠʙʝʨץʘʫʽʧʩʽʟʜʽʢ ʩʘʣʘʩʳʥʜʘסʳ ʙʽʣʽʤ ʙʝʨʫʜʝ ʢʝשʽʥʝʥ 

 ʘʫʽʧʩʽʟʜʽʢץ ʘ ʞʝʣʽʣʽʢסʥʜʘʡ ʧʣʘʪʬʦʨʤʘʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨײʘ ʙʦʣʘʜʳ. ʄסʦʣʜʘʥʫץ

ʩʘʣʘʩʳʥʜʘ ʪᴅʞʽʨʠʙʝ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʰʳʥʘʡʳ ʞʝʣʽʣʽʢ ʤʦʜʝʣʴʜʝʫʣʝʨʜʽ 

ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ [106]. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙײʣʪʪʳץ ʝʩʝʧʪʝʫʣʝʨʤʝʥ ʞᴅʥʝ ʘʰʳץ 

ʙʘʩʪʘʧץʳ ʢʦʜʪʳ ʧʨʦʛʨʘʤʤʘʣʳץ ʞʘʩʘץʪʘʤʘʤʝʥ װʡʣʝʩʽʧ, ʪʝשʰʝʣʝʪʽʥ ʚʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʣʘʨסʘ ץʘʰʳץʪʘʥ ץʦʣʞʝʪʽʤʜʽʣʽʢ ײʩʳʥʘʜʳ. ɹײʣ ʪᴅʩʽʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ 

ʛʝʦʛʨʘʬʠʷʣʳץ ʦʨʥʘʣʘʩʫʳʥʘ ʪᴅʫʝʣʩʽʟ ʦץʫסʘ ʞᴅʥʝ ʞʦʙʘʣʳץ ʞײʤʳʩʪʘʨʜʳ ץʘʰʳץʪʘʥ 

ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʣʜʳʥ ʘʣʘ ʦʨʥʘʪʳʣסʘʥ ʧʨʦʛʨʘʤʤʘʣʳץ ʞʘʩʘץʪʘʤʘ 

ʤʝʥ ʩʮʝʥʘʨʠʡʣʝʨʜʽ ץʦʣʜʘʥʫ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳ ʠʢʝʤʜʽ ᴅʨʽ װʥʝʤʜʽ ʦץʳʪʫ 

 ʜʘʡʣʘʨʜʘ ʦʥʣʘʡʥ ʞᴅʥʝסʨʘʣʳʥʘ ʘʡʥʘʣʜʳʨʘʜʳ, ᴅʩʽʨʝʩʝ ʨʝʩʫʨʩ ʰʝʢʪʝʫʣʽ ʞʘײץ

ʦʬʬʣʘʡʥ ʦץʳʪʫʜʳ ʦשʪʘʡʣʘʥʜʳʨʫʜʘ ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ [107]. 

ɹʘʢʘʣʘʚʨʠʘʪ ʜʝשʛʝʡʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʢʫʨʩʪʘʨʳʥ 

 ,ʦʡʤʘʡץ ʘʥʘץ ʙʝʨʽʧ ץʰʳʣʳץʘ ʙᴅʩʝʢʝʣʝʩʪʽʢ ʘʨʪʳסʘ ʝʥʛʽʟʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʦʣʜʘʥʫץ

ʙײʣʪʪʳץ ʝʩʝʧʪʝʫʣʝʨ ʩʠʷץʪʳ ʩʘʙʘץʪʘʩ ʩʘʣʘʣʘʨʜʘ ʪʝʨʝשʜʝʪʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ װʰʽʥ 

ʥʝʛʽʟ ץʘʣʘʡʜʳ. ɿʝʨʪʭʘʥʘʣʳץ ʩʘʙʘץʪʘʨʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʽʧ, ʦʣʘʨʜʳש ʢװʨʜʝʣʽ 

ʞװʡʝʣʝʨʜʽ ʪװʩʽʥʫʽʥ ʞʘץʩʘʨʪʘʜʳ [108]. 

ʇʦʨʪʘʪʠʚʪʽ ʞʝʣʽʣʽʢ ʟʝʨʪʭʘʥʘʣʘʨ (PNL) ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ 

ʚʠʨʪʫʘʣʜʘʥʜʳʨʳʣסʘʥ ʞʝʣʽʣʽʢ ʦʨʪʘʜʘ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʢʣʠʝʥʪ-

ʩʝʨʚʝʨ ץʦʩʳʤʰʘʣʘʨʳʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʳʟʤʝʪʪʝʨʜʽ ʪʝʩʪʽʣʝʫ װʜʝʨʽʩʽʥ 

ʞʝשʽʣʜʝʪʝʜʽ. PNL ʞʝʣʽʣʽʢ ʦʧʝʨʘʮʠʷʣʘʨ ʤʝʥ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨʜʳ ʟʝʨʪʪʝʫ װʰʽʥ 

ʧʦʨʪʘʪʠʚʪʽ ʞᴅʥʝ ʠʢʝʤʜʽ ʦץʫ ʦʨʪʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ᴇʟ ʙʝʪʽʥʰʝ ʙʽʣʽʤ ʘʣʫ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ [109]. 

 ʘסʡʝʣʝʨʽ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨװʤ ʞᴅʰʽʛʽʥ (sandbox) ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʞײפ

ʨʝʩʫʨʩʪʘʨסʘ ʘʡʪʘʨʣʳץʪʘʡ ʠʥʚʝʩʪʠʮʠʷʩʳʟ ʥʘץʪʳ ᴅʣʝʤ ʩʮʝʥʘʨʠʡʣʝʨʽʥ 

ʠʤʠʪʘʮʠʷʣʘʡʪʳʥ ʧʨʘʢʪʠʢʘʣʳץ ʦץʳʪʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳʥ ײʩʳʥʘʜʳ. ʆץʫ ʞʦʩʧʘʨʳʥ 

ʙʘʩץʘʨʫ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʪʝʨʤʠʥʘʣʜʳ ʙʘץʳʣʘʫ ʤʦʜʫʣʴʜʝʨʽʥʽש ʠʥʪʝʛʨʘʮʠʷʩʳ ʙʽʣʽʤ 

ʙʝʨʫ װʜʝʨʽʩʽʥ ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫסʘ ʞᴅʥʝ ʦʥʳש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ 

[110]. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʥᴅʪʠʞʝʩʽ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ 

ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʩʘʧʘʣʳ, ץʦʣʞʝʪʽʤʜʽ ʞᴅʥʝ ʠʢʝʤʜʽ ʦץʫ ʦʨʪʘʩʳʥ 

 ץʘʪʘʨ ʪʝʭʥʠʢʘʣʳץʜʝʨʽʩ ʙʽʨװ ʣײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɼʝʛʝʥʤʝʥ, ʙװʘ ʤסʘʣʳʧʪʘʩʪʳʨʫץ
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ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʢʝʜʝʨʛʽʣʝʨʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, 

ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʰʳסʳʥʜʘʨʜʳש ʞʦסʘʨʳ ʙʦʣʫʳ ʞᴅʥʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤסײʘʣʽʤʽʥʽש ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʙʝʡʽʤʜʝʣʫ ץʘʞʝʪʪʽʣʽʛʽ ʩʠʷץʪʳ ʤᴅʩʝʣʝʣʝʨʜʽ 

 .ʘʤʪʠʜʳץ

ɺʠʨʪʫʘʣʜʘʥʜʳʨʳʣסʘʥ ʦץʫ ʤʦʜʫʣʴʜʝʨʽʥʽש ʪʠʽʤʜʽʣʽʛʽ, ʝש ʘʣʜʳʤʝʥ, 

ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʜʳש ʩʘʧʘʩʳʥʘ, ʦʣʘʨʜʳש ʦץʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽʥʝ ʞᴅʥʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש 

ʦʩʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʪʠʽʤʜʽ ʝʥʜʽʨʫ ʙʽʣʽʢʪʽʣʽʛʽʥʝ ʪʽʢʝʣʝʡ 

ʪᴅʫʝʣʜʽ. 

ɸʣʜʘסʳ ʢʝʟʝשʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʦʜʘʥ ᴅʨʽ ʜʘʤʫʳ ʙʽʣʽʤ 

ʙʝʨʫ ᴅʜʽʩʪʝʤʝʣʝʨʽʥʽש ʞʝʪʽʣʫʽʥʝ ʳץʧʘʣ ʝʪʽʧ, ʦץʫ װʜʝʨʽʩʽʥʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ ʤʝʥ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ ʞʘשʘ ʮʠʬʨʣʳץ ʧʣʘʪʬʦʨʤʘʣʘʨʜʳש ʢʝש ʪʘʨʘʣʫʳʥʘ ʞʦʣ 

ʘʰʘʜʳ. 

 

1 -ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɿʝʨʪʪʝʫʜʽש ʙʽʨʽʥʰʽ ʙᴇʣʽʤʽʥʜʝ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʨʽ ʞʘʥ-ʞʘץʪʳ 

ʟʝʨʜʝʣʝʥʛʝʥ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ סײʳʤʳ ʟʘʤʘʥʘʫʠ ʧʝʜʘʛʦʛʠʢʘʣʳײץ ץʨʘʣ ʨʝʪʽʥʜʝ 

 ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʙʝʡʽʤʜʝʣʛʽʰʪʽʛʽʥ שʜʝʨʽʩʽʥʽװ ʳʪʫץʦ שʘʨʘʩʪʳʨʳʣʳʧ, ʦʥʳץ

 ʪʘʥ ʙʽʣʽʤ ʙʝʨʫʜʽ ʽʩʢʝ ʘʩʳʨʫץʪʳץʘʰʳץ ʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʞᴅʥʝץ

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʫʜʝʛʽ ʤʘשʳʟʜʳʣʳסʳ ʩʠʧʘʪʪʘʣסʘʥ. ᴄʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʤʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʢʦʥʩʪʨʫʢʪʠʚʠʟʤ, ʠʥʪʝʨʘʢʪʠʚʪʽ ʦץʳʪʫ, ʙʽʣʽʤ 

ʘʣʫʰʳסʘ ʙʘסʜʘʨʣʘʥסʘʥ ʞᴅʥʝ ʘʜʘʧʪʠʚʪʽ ʦץʳʪʫ ʪʝʦʨʠʷʣʘʨʳʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʪᴅʩʽʣʜʝʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʝʥ 

ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥʳש ʙʝʡʽʤʜʝʣʛʽʰʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʤʘשʳʟʜʳ ʨᴇʣ 

ʘʪץʘʨʘʜʳ. 

PRISMA ᴅʜʽʩ ̔ʥʝʛʽʟʽʥʜʝ ʞװʨʛʽʟʽʣʛʝʥ ʙʠʙʣʠʦʤʝʪʨʠʷʣʳץ ʰʦʣʫ 2018ï2024 

ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ Scopus, Google Scholar, IEEE Xplore ʞᴅʥʝ PubMed ʩʠʷץʪʳ 

ʞʝʪʝʢʰʽ ʜʝʨʝʢץʦʨʣʘʨʜʘסʳ סʳʣʳʤʠ ʞʘʨʠʷʣʘʥʳʤʜʘʨʜʳ ץʘʤʪʳʜʳ. ɹײʣ ʰʦʣʫ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʩʘʣʘʩʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨʜʽש ʩʘʣʘʘʨʘʣʳץ ʩʠʧʘʪʳʥ, ʞʝʪʝʢʰʽ 

 .ʤʢʽʥʜʽʢ ʙʝʨʜʽװʘ ʤסʳʥʜʘʫץʳʪʪʘʨʜʳ ʘʡסʪʘʨʜʳ ʞᴅʥʝ ʙʘʩʳʤ ʙʘץʳʣʳʤʠ ʦʨʪʘʣʳס

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽʥʝ ï ʚʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʣʘʨ (Virtual Machines, VM), ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (Virtual Reality, VR) 

ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ (Virtual Technologies, VT) ï ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʽʧ, ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ, ץʦʣʜʘʥʫ ʘʷʩʳ ʞᴅʥʝ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʞװʡʝʣʝʥʛʝʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʦʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ, 

ʧʘʨʘʚʠʨʪʫʘʣʠʟʘʮʠʷ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳץ ʜʝשʛʝʡʜʝʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽ סʳʣʳʤʠ 

ʪײʨסʳʜʘʥ ʩʠʧʘʪʪʘʣʳʧ, ʦʣʘʨʜʳש ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝ ץʦʣʜʘʥʳʣʫ ᴅʣʝʫʝʪʽ 

ʥʝʛʽʟʜʝʣʛʝʥ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʮʠʬʨʣʳץ ʙʽʣʽʤ 

ʙʝʨʫ ʞװʡʝʩʽʥʽש ʤʘשʳʟʜʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽʥʝ ʘʡʥʘʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʦץʫ װʜʝʨʽʩʽʥ ʞʘסשʳʨʪʫסʘ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ 

ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʝʨʜʽ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝʪʽʥ ʪʠʽʤʜʽ 

ʧʝʜʘʛʦʛʠʢʘʣʳײץ ץʨʘʣ ʨʝʪʽʥʜʝ ʜᴅʣʝʣʜʝʥʜʽ. 
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2 ɹʆʃɸʐɸפ ʀʅʌʆʈʄɸʊʀʂɸ ʄנױɸʃɯʄɼɽʈɯʅ ʎʀʌʈʃʓפ 

ɹɯʃɯʄ ɹɽʈʋɼɽ ɺʀʈʊʋɸʃʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅ 

 ʓʊʋ ᴄɼɯʉʊɽʄɽʉɯפɸ  ʆנʆʃɼɸʅʋפ

 

2.1 ɹʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʦץʫ-

ᴅʜʽʩʪʝʤʝʣʽʢ ʘʩʧʝʢʪʽʣʝʨʽ 

ɸפʐ-ʪʘ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦץʳʪʫ ײץʨʘʣʜʘʨʳʥ ʝʥʛʽʟʫ XX 

 ʜʘʨʣʘʤʘʣʘʨʳʥסʳʪʫ ʙʘץʳ ʘʫʜʠʦʚʠʟʫʘʣʜʳ ʦץʘʰסʞʳʣʜʘʨʳʥʜʘ ʘʣ-1930 שʘʩʳʨʜʳס

ᴅʟʽʨʣʝʫʤʝʥ ʙʘʩʪʘʣʜʳ. ɹײʣ ײץʨʘʣʜʘʨ 1940-ʞʳʣʜʘʨʳ ʤʝʢʪʝʧʪʝʨʜʝ ʢʝשʽʥʝʥ 

 .ʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳץ ʨʜʝװʡʝʣʽ ʪװʘ ʝʥʽʧ, ʙʽʣʽʤ ʙʝʨʫ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ʞץʦʣʜʘʥʳʩץ

1950-ʞʳʣʜʘʨʜʳש ʦʨʪʘʩʳʥʘʥ ʙʘʩʪʘʧ ʦץʳʪʫ װʜʝʨʽʩʽʥʜʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪᴅʩʽʣʜʝʨʜʽ 

ʧʘʡʜʘʣʘʥʫ װʨʜʽʩʽ ץʘʣʳʧʪʘʩʳʧ, ʦʥʳש ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʽ ʙʘסʜʘʨʣʘʤʘʣʘʥסʘʥ ʦץʳʪʫ 

ʪײʞʳʨʳʤʜʘʤʘʩʳʥʘ ʩװʡʝʥʜʽ. ʆʩʳ ʢʝʟʝשʜʝ ʦץʫ ʤʘץʩʘʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʘʨʥʘʡʳ 

ᴅʟʽʨʣʝʥʛʝʥ ʘʫʜʠʦʚʠʟʫʘʣʜʳ ײץʨʘʣʜʘʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʳʧ, ʢʝʨʽ ʙʘʡʣʘʥʳʩ 

 ץʫ ʤʘʰʠʥʘʣʘʨʳ, ʣʠʥʛʘʬʦʥʜʳץʳʣʘʨʳ, ʵʣʝʢʪʨʦʥʜʳ ʢʘʙʠʥʝʪʪʝʨ, ʦסʨʳʣײץ

ʟʝʨʪʭʘʥʘʣʘʨ ʤʝʥ ʪʨʝʥʘʞʝʨʣʘʨ ʪᴅʨʽʟʜʽ ײץʨʘʣʜʘʨ ʦץʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʽʣʜʽ. 1970-

ʞʳʣʜʘʨʳ ʦץʳʪʫʜʘ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʘʩʧʝʢʪʽʣʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ ʜʘʤʳʜʳ. ʆʩʳ ʢʝʟʝשʜʝ ʙʝʡʥʝʪʽʨʢʝʛʽʰʪʝʨ, 

ʢʘʜʨʣʳץ ʢʘʨʫʩʝʣʴʜʽ ʧʨʦʝʢʪʦʨʣʘʨ, ʤʫʣʴʪʠʵʢʨʘʥʜʳ ʞװʡʝʣʝʨ, ʵʣʝʢʪʨʦʥʜʳ ʪʘץʪʘʣʘʨ 

ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨ ץʦʣʜʘʥʳʩץʘ ʝʥʜʽ. 1980-

ʞʳʣʜʘʨʳ ʜʠʩʧʣʝʡʣʽʢ ʢʘʙʠʥʝʪʪʝʨ ײʡʳʤʜʘʩʪʳʨʳʣʳʧ, ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʩʘʥʳ ʤʝʥ ʩʘʧʘʩʳ ʘʨʪʪʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʙʝʡʥʝʞװʡʝʣʝʨ ʦץʫ ʪᴅʞʽʨʠʙʝʩʽʥʝ ʝʥʛʽʟʽʣʽʧ, ʦץʳʪʫ װʜʝʨʽʩʽʥʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʜʳ. 1990-ʞʳʣʜʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʤʫʣʴʪʠʤʝʜʠʷʣʳײץ ץʨʘʣ-

ʞʘʙʜʳץʪʘʨ ʢʝשʽʥʝʥ ʪʘʨʘʣʳʧ, ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥ ʚʠʟʫʘʣʜʳ ʞᴅʥʝ ʠʥʪʝʨʘʢʪʠʚʪʽ 

ʪװʨʜʝ ʞʝʪʢʽʟʫʜʽש ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨʽ ץʘʣʳʧʪʘʩʪʳ [111]. 

 ʞᴅʥʝ שʪʳץʞʘʙʜʳ ץʜʝʨʽʩʽʥʜʝ ʧʨʦʝʢʮʠʷʣʳװ ʳʪʪʘ ʙʽʣʽʤ ʙʝʨʫץʘʟʽʨʛʽ ʫʘפ

ʠʥʪʝʨʘʢʪʠʚʪʽ ʙʘʩץʘʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʽש ʬʫʥʢʮʠʷʣʘʨʳʥ ʙʽʨʽʢʪʽʨʝʪʽʥ 

ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʪʘץʪʘʣʘʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦץʫʰʳʣʘʨʜʳש 

ʟʝʨʪʪʝʣʝʪʽʥ ײץʙʳʣʳʩʪʘʨ ʤʝʥ װʜʝʨʽʩʪʝʨʜʽ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ץʘʙʳʣʜʘʫʳʥ 

ʞʘץʩʘʨʪʘʪʳʥ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʝʥʛʽʟʽʣʫʜʝ. 

ʆʩʳ ʨʝʪʪʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ Red Hat Academy ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʟʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ ʚʠʨʪʫʘʣʜʳ ʦץʫ ʦʨʪʘʩʳʥʜʘ ʞײʤʳʩʪʘʨ ʞװʨʛʽʟʽʣʜʽ. ɹײʣ ʦʨʪʘ ʥʝʛʽʟʽʥʝʥ 

ʦʥʣʘʡʥ ʟʝʨʪʭʘʥʘʣʘʨ ʤʝʥ ʢʫʨʩʪʘʨ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ 

Linux ʞװʡʝʩʽʥ ʙʘʩץʘʨʫ, ʧʨʦʛʨʘʤʤʘʣʘʫ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ɯʊ ʜʘסʜʳʣʘʨʳʥ ʤʝשʛʝʨʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨ ʰʳʥʘʡʳ ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥ 

ʠʤʠʪʘʮʠʷʣʘʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ץʦʣʜʘʥʳʩʪʘסʳ ʧʨʦʛʨʘʤʤʘʣʳץ 

 .ʜʘʡ ʞʘʩʘʜʳסʘ ʞʘסʨʘʣʜʘʨʤʝʥ ʪᴅʞʽʨʠʙʝ ʞʘʩʘʫײץ

ɹײʣ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʞװʡʝʩʽ ʦץʫ װʜʝʨʽʩʽʥ ʙʘʨʳʥʰʘ ʪʠʽʤʜʽ ʞᴅʥʝ ʳסשʘʡʣʳ 

ʝʪʪʽ, ᴇʡʪʢʝʥʽ ʩʪʫʜʝʥʪʪʝʨ ᴅʣʝʤʥʽש ʢʝʟ ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʝʥ ʦʥʣʘʡʥ ʪװʨʜʝ ץʘʪʳʩʘ 

ʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʥʣʘʡʥ ʢʫʨʩʪʘʨ ʤʝʥ ʪʨʝʥʠʥʛʪʝʨ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥʘ 

ʳסשʘʡʣʳ ץʦʣ ʞʝʪʢʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ᴇʟ ʫʘץʳʪʳʥ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʳʧ, ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ ʧʨʘʢʪʠʢʘʤʝʥ ײʰʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 
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ʄʳʩʘʣʳ, ʪʘʨʠʭ ʩʘʙʘץʪʘʨʳʥʜʘ ʪʝʢ ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʵʥʮʠʢʣʦʧʝʜʠʷʣʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʝʣʛʽʣʽ ʙʽʨ ʪʘʨʠʭʠ ʢʝʟʝשʜʽ ʦץʳʧ-ʟʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʤײʨʘʞʘʡʣʘʨʜʳש ʚʝʙ-ʧʣʘʪʬʦʨʤʘʣʘʨʳʥʘ ʢʽʨʽʧ, 

ʚʠʨʪʫʘʣʜʳ ʵʢʩʢʫʨʩʠʷ ʞʘʩʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʬʠʟʠʢʘ ʩʘʙʘץʪʘʨʳʥʜʘ ʜʘ 

 .ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ שʳʪʪʘʨʜʳסʘ ʙʘשʣ ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ʞʘײʦʣʜʘʥʳʣʫʜʘ, ʙץ

ʄʳʩʘʣʳ, VirtuLab ʚʠʨʪʫʘʣʜʳ ʦץʫ ʟʝʨʪʭʘʥʘʩʳ (http://www.virtulab.net/) [112] ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨסʘ ʝʢʽ ʞᴅʥʝ װʰ ᴇʣʰʝʤʜʽ ʢʝשʽʩʪʽʢʪʝ ʬʠʟʠʢʘ, ʩʦʥʜʘʡ-ʘץ ʭʠʤʠʷ, ʙʠʦʣʦʛʠʷ, 

ʵʢʦʣʦʛʠʷ ʞᴅʥʝ ʘʩʪʨʦʥʦʤʠʷ ʧᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ʚʠʨʪʫʘʣʜʳ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞʘʩʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (22-ʩʫʨʝʪ). ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩʪʘʨʜʳ ʜᴅʨʽʩ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥʘ ץʦʩʳʤʰʘ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʧ, ʩʘʙʘץ ʙʘʨʳʩʳʥʜʘ ʢᴇʨʩʝʪʫʛʝ 

ʙʦʣʘʜʳ. 

 

 
 

 

ʉʫʨʝʪ 22 - VirtuLab ʚʠʨʪʫʘʣʜʳ ʦץʫ ʟʝʨʪʭʘʥʘʩʳʥʘʥ ʢᴇʨʽʥʽʩ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [112] . 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʫ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʦʡʣʘʫ ᴅʨʝʢʝʪʽʥ ʙʝʣʩʝʥʜʽʨʫʛʝ, ʞʘשʘ ʘץʧʘʨʘʪʪʳ ײץʨʳʣʳʤʜʳץ 

ʪװʨʜʝ ץʘʙʳʣʜʘʫסʘ ʞᴅʥʝ ʠʛʝʨʫʛʝ ʳʥʪʘʣʘʥʜʳʨʘʪʳʥ QualiMe ʚʠʨʪʫʘʣʜʳ ʦץʫ ʦʨʪʘʩʳ 

ᴅʟʽʨʣʝʥʛʝʥ [113]. ɸʪʘʣסʘʥ ʦʨʪʘ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʞʝʢʝ ʦץʫ ʪʨʘʝʢʪʦʨʠʷʩʳʥ 

 ,ʪʘʧץʪʘʨʜʳ ʘʥʳץʳʣʳץʙʽʣʽʤʽʥʜʝʛʽ ʦʣ שʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʦʥʳװʘ ʤסʘʣʳʧʪʘʩʪʳʨʫץ

ʦʣʘʨʜʳ ʞʦʶסʘ ʙʘסʳʪʪʘʣסʘʥ ʪװʟʝʪʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. QualiMe ʙʽʣʽʤ 

ʙʝʨʫ ʧʣʘʪʬʦʨʤʘʩʳʥʳש çʈʝʩʫʨʩʳè ʙᴇʣʽʤʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʬʦʨʤʘʪʪʘ ᴅʟʽʨʣʝʥʛʝʥ ʦץʫ 

ʤʘʪʝʨʠʘʣʜʘʨʳ ײʩʳʥʳʣסʘʥ (https://www.quali.me/ru.html) [114]. ɸʪʘʧ ʘʡʪץʘʥʜʘ, 

ʞʘʟʳץʪʳץ ʛʝʦʤʝʪʨʠʷ ʤʝʥ ʩʪʝʨʝʦʤʝʪʨʠʷ (ʢʝשʽʩʪʽʢʪʽʢ ʤʦʜʝʣʴʜʝʨ), ʘʣʛʝʙʨʘ ʞᴅʥʝ 

ʞʦסʘʨʳ ʤʘʪʝʤʘʪʠʢʘ ʧᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ʠʥʪʝʨʘʢʪʠʚʪʽ 3D-ʤʦʜʝʣʴʜʝʨ ʤʝʥ 

ʘʥʠʤʘʮʠʷʣʘʨ ᴅʟʽʨʣʝʥʽʧ (23-ʩʫʨʝʪ), ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʜʽʢ ʙʽʣʽʤʽʥ ʙʝʢʽʪʫʛʝ 

ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʧʨʘʢʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʤʝשʛʝʨʫʽʥʝ ʞʘסʜʘʡ 

ʞʘʩʘʡʜʳ. ɹײʣ ʚʠʨʪʫʘʣʜʳ ʦץʫ ʦʨʪʘʩʳ ʤʘʪʝʤʘʪʠʢʘʣʳסײ ץʳʤʜʘʨ ʤʝʥ 

ʪʝʨʤʠʥʦʣʦʛʠʷʥʳ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ ʘʨץʳʣʳ ʢװʨʜʝʣʽ ʪʝʦʨʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ 

ʪװʩʽʥʫʜʽ ʞʝשʽʣʜʝʪʝʜʽ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢʦʛʥʠʪʠʚʪʽʢ ץʘʙʽʣʝʪʪʝʨʽʥ 

ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 



 

80 
 

 
 

ʉʫʨʝʪ 23 - quali.me ʦʨʪʘʩʳʥʘʥ ʢᴇʨʽʥʽʩ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [114] . 

ʉʦʥʜʘʡ-ʘץ, ʬʠʟʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽש ᴅʨʪװʨʣʽ ʘʩʧʝʢʪʽʣʝʨʽʥ ץʘʤʪʠʪʳʥ 

ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥ ʢᴇʧʪʝʛʝʥ ʙʘסʜʘʨʣʘʤʘʣʘʨ 

ᴅʟʽʨʣʝʥʛʝʥ. ɹײʣ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʦץʫʰʳʣʘʨ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʢװʨʜʝʣʽ 

ʬʠʟʠʢʘʣʳײץ ץʙʳʣʳʩʪʘʨʜʳ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʟʝʨʪʪʝʫ ʤװʤʢʽʥʜʽʛʽʥ ײʩʳʥʘʜʳ. 

ʄʳʩʘʣʳ, PhET Interactive Simulations ʞᴅʥʝ Interactive Physics ʩʠʷץʪʳ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ ʚʠʨʪʫʘʣʜʳ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞװʨʛʽʟʫʛʝ ʞᴅʥʝ ʦʣʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ 

ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʠʥʪʫʠʪʠʚʪʽ ʠʥʪʝʨʬʝʡʩʧʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ 

(https://phet.colorado.edu/en/simulations/browse) [115]. ɹײʣ ʨʝʩʫʨʩʪʘʨ ʦץʳʪʫʰʳʣʘʨ 

ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʥʘץʪʳ ʟʝʨʪʭʘʥʘʣʳץ ʞʘסʜʘʡʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫʛʝ, 

ʛʠʧʦʪʝʟʘʣʘʨʜʳ ʪʝʢʩʝʨʫʛʝ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʟʘשʜʘʨʜʳש ᴅʩʝʨʽʥ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ 

ʟʝʨʪʪʝʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ (24-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 24- PhET ʦʨʪʘʩʳʥʘʥ ʢᴇʨʽʥʽʩ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [115] . 

ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨʜʳ ʦץʫ װʜʝʨʽʩʽʥʜʝ ʢʝʣʝʩʽ ʤʘץʩʘʪʪʘʨʜʘ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʜʳ: 

- ʥʘץʪʳ ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩʪʘʨסʘ ʜʘʡʳʥʜʳץ ʞװʨʛʽʟʫ; 

- ʦץʳʪʫʰʳʥʳש ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ʙʘʷʥʜʘʫ װʜʝʨʽʩʽʥʜʝ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ 

ʢᴇʨʩʝʪʫ; 

- ʧᴅʥʜʝʨʜʽ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ; 

- ʧᴅʥʜʝʨʜʽ ᴇʟ ʙʝʪʽʥʰʝ ʤʝשʛʝʨʫ; 

- ʦץʫ-ʟʝʨʪʪʝʫ ʞᴅʥʝ סʳʣʳʤʠ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ ʦʨʳʥʜʘʫ ʞᴅʥʝ ʪ.ʙ. 
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ɸʣʘʡʜʘ, ʢʝʡʙʽʨ ʧʝʜʘʛʦʛʪʝʨ ʚʠʨʪʫʘʣʜʳ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ ʥʝʤʝʩʝ ʬʠʟʠʢʘʣʳץ 

 ʦʣʜʘʥʫ ʪʝʢ ʚʠʨʪʫʘʣʜʳ ʥᴅʪʠʞʝʛʝ ʘʣʳʧ ʢʝʣʝʜʽ ʜʝʧץ ʜʝʨʽʩʪʝʨʜʽ ʤʦʜʝʣʴʜʝʫʜʽװ

ʝʩʝʧʪʝʡʜʽ. ʆʣʘʨʜʳש ʧʽʢʽʨʽʥʰʝ, ʩʪʫʜʝʥʪʪʝʨ ʥʘץʪʳ ᴅʣʝʤ ʪʫʨʘʣʳ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫ 

 ʣ ʧʽʢʽʨ ʙʝʣʛʽʣʽ ʙʽʨײʘʞʝʪ [116]. ɹץ ʤʳʩʪʘʨ ʦʨʳʥʜʘʫʳײʰʽʥ ʪʽʢʝʣʝʡ ʪᴅʞʽʨʠʙʝʣʽʢ ʞװ

ʜᴅʨʝʞʝʜʝ ʦʨʳʥʜʳ. ɼʝʛʝʥʤʝʥ, ʢʝʡʙʽʨ ʬʠʟʠʢʘʣʳײץ ץʙʳʣʳʩʪʘʨʜʳ ʥʘץʪʳ ʞʘסʜʘʡʜʘ 

 שʞʘʨʳʣʳʩʪʳ ץʘʫʽʧʪʽ. ʄʳʩʘʣʳ, ʷʜʨʦʣʳץ ʤʢʽʥ ʝʤʝʩ ʥʝʤʝʩʝװʘʡʪʘ ʞʘʩʘʫ ʤץ

ʩʘʣʜʘʨʳʥ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʟʠʷʥ ʢʝʣʪʽʨʤʝʩʪʝʥ ʟʝʨʪʪʝʫ ʤװʤʢʽʥ ʝʤʝʩ. ʆʩʳʥʜʘʡ 

ʞʘסʜʘʡʣʘʨʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʷʜʨʦʣʳץ ʙʦʤʙʘ ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽʥ, ʩʦʥʜʘʡ-

ʘץ ʷʜʨʦʣʳװ ץʜʝʨʽʩʪʝʨʜʽש ʩʘʣʜʘʨʳʥ ʪװʩʽʥʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʚʠʨʪʫʘʣʜʳ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ץʘʞʝʪ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʙʦʣʘʰʘסʳ ʪʫʨʘʣʳ 

ʟʝʨʪʪʝʫʰʽʣʝʨ ᴅʨʪװʨʣʽ ʢᴇʟץʘʨʘʩʪʘʨ ʙʽʣʜʽʨʫʜʝ. ʄᴅʩʝʣʝʥ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 

ʩʘʣʘʩʳʥʳש ʤʘʤʘʥʳ  ʍʝʡʣʠʛ ʄ. ʞᴅʥʝ ʖʭʚʠʜ ɸ.ɺ. [117] ʙʦʣʘʰʘץʪʳש ʚʠʨʪʫʘʣʜʳ 

ʩʳʥʳʙʳʥ ʙʳʣʘʡ ʩʠʧʘʪʪʘʡʜʳ: çʀʜʝʘʣ ʩʳʥʳʧ ʵʣʝʢʪʨʦʥʜʳ ʞᴅʥʝ ʩʬʝʨʘʣʳץ ʙʦʣʘʜʳ: 

 ʜʝʨʽʩʽʥʝװ ʳʪʫץʳ ʦסʽʩʪʽʢ, ʘʫʘ, ʪʝʨʙʝʣʽʩ, ʪʝʤʧʝʨʘʪʫʨʘ ï ʙʘʨʣʳשʰ ᴇʣʰʝʤʜʽ ʢʝװ

ʙʝʡʽʤʜʝʣʛʝʥ. ʂʝʟ ʢʝʣʛʝʥ ʪʘץʳʨʳʧ ʙʦʡʳʥʰʘ 5000-ʥʘʥ ʘʩʪʘʤ ʬʠʣʴʤ ץʦʣʞʝʪʽʤʜʽ 

ʙʦʣʘʜʳ. ɽʛʝʨ ʩʽʟ ʈʠʤ ʥʝʤʝʩʝ ɽʞʝʣʛʽ ɻʨʝʢʠʷ ʪʫʨʘʣʳ ʦץʳסʳשʳʟ ʢʝʣʩʝ, ʙʽʨ ʩᴅʪʪʝ ʩʦʣ 

ʦʨʪʘʜʘ ʙʦʣʘʩʳʟ!è, - ʜʝʣʽʥʛʝʥ. 

ɸʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, çʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʳש ʘʪʘʩʳè ʨʝʪʽʥʜʝ ʪʘʥʳʣסʘʥ 

ʨʝʞʠʩʩʝʨ ʞᴅʥʝ ᴇʥʝʨʪʘʧץʳʰ, ʢʦʤʤʫʥʠʢʘʮʠʷ ʤʘʛʠʩʪʨʽ ᴅʨʽ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ 

ʩʘʣʘʩʳʥʳש ʤʘʤʘʥʳ ʍʝʡʣʠʛ ʄ. ʦץʫ װʜʝʨʽʩʽʥʝ ʢʝש ʵʢʨʘʥʜʳ ʧʨʦʝʢʮʠʷʣʳץ ʞװʡʝʥʽ 

ʘʣסʘʰ ʙʦʣʳʧ ʝʥʛʽʟʛʝʥ. ɹײʣ ʞװʡʝ ʇʝʥʩʠʣʴʚʘʥʠʷ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש (ɸפʐ) 

ɸʥʥʝʥʙʝʨʛ ʤʝʢʪʝʙʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʞᴅʥʝ ᴅʣʝʤʜʝʛʽ ʘʣסʘʰץʳ ʚʠʨʪʫʘʣʜʳ 

ʪʨʝʥʘʞʝʨʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ Sensorama ץʘסʠʜʘʪʪʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ 

[118]. 

Sensorama ʙװʛʽʥʜʝ ʚʠʨʪʫʘʣʜʳ װʜʝʨʽʩʪʝʨʜʽ ʤʦʜʝʣʴʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʘʣסʘʰץʳ 

ʦץʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʄʫʣʴʪʠʩʝʥʩʦʨʣʳץ (ʤʫʣʴʪʠʤʦʜʘʣʴʜʽ) ʙʘʪʳʨʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫʜʳש ʘʣסʘʰץʳ װʣʛʽʣʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʙײʣ 

 ʳʜʘʥסʨײʳʣʳʤʠ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ ʪס ץʩʦʥʜʘʡ-ʘ ,ץʳ ʪʘʨʠʭʠ, ʪʝʭʥʠʢʘʣʳסʨʳʣײץ

ʝʨʝʢʰʝ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ. Sensorama ʟʘʤʘʥʘʫʠ ʚʠʨʪʫʘʣʜʳ 

ʪʨʝʥʘʞʝʨʣʘʨʜʳש ʧʨʦʪʦʪʠʧʽ ʨʝʪʽʥʜʝ ʪʘʥʳʣʳʧ, ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʜʘʤʫʳʥʘ ʥʝʛʽʟ ץʘʣʘʜʳ. 

 ʳʟʤʝʪʪʝ ʢʝʟʜʝʩʝʪʽʥץ ʫ ʦʨʳʥʜʘʨʳʥʜʘ ʢᴅʩʽʙʠץʘʨʳ ʦסʜʘ ʞʦשʘʟʽʨʛʽ ʪʘפ

ʞʘסʜʘʡʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ʚʠʨʪʫʘʣʜʳ ʪʨʝʥʘʞʝʨʣʘʨ ʤʝʥ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ 

ʦʨʪʘʣʘʨʳʥ ץʦʣʜʘʥʫ ʢʝשʽʥʝʥ ʪʘʨʘʣʜʳ. ʄʳʩʘʣʳ, ʞʳʣʫ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʩʳʥʳש 

 ʘסʤʳʩ ʽʩʪʝʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨײʳʣʘʨʳʥ ʤʦʜʝʣʴʜʝʡʪʽʥ ʪʨʝʥʘʞʝʨʣʝʨʜʝ ʞסʦʥʜʳʨץ

ʠʥʞʝʥʝʨʣʽʢ װʜʝʨʽʩʪʝʨʜʽ ʤʝשʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [119]. 

ʀʥʬʦʨʤʘʪʠʢʘ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʩʘʣʘʩʳʥʜʘ ʙʦʣʘʰʘץ 

ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʫ ʙʘʨʳʩʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ײʡʳʤʜʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ 

ʘʨʥʘʡʳ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʙʝʣʩʝʥʜʽ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ ʙʽʨ ʬʠʟʠʢʘʣʳץ ʢʦʤʧʴʶʪʝʨʜʝ ʙʽʨʥʝʰʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳ 

(ʚʠʨʪʫʘʣʜʳ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽ) ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆץʫ װʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʣʘʨ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ: 

- ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨʜʽץ שʘʪʘʨ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ; 
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- ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣסʳʣʘʨʜʳץ שʦʩʳʣʫʳʥ ʥʝʤʝʩʝ ʢʦʤʧʴʶʪʝʨ ʞʝʣʽʩʽʥʽש 

ʞײʤʳʩʳʥ ʵʤʫʣʷʮʠʷʣʘʫ; 

- ʢʦʤʧʴʶʪʝʨʣʽʢ ʞʝʣʽʥʽ ʙʘʩץʘʨʫ ʥʝʛʽʟʜʝʨʽʥʝ ʦץʳʪʫ ʞᴅʥʝ ʪ.ʙ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʤʝʥ ʦץʳʪʫʰʳʣʘʨ ʫʥʠʚʝʨʩʠʪʝʪʪʝʥ ʪʳʩ 

ʞʝʨʜʝ ʠʥʪʝʨʥʝʪ ʘʨץʳʣʳ סʳʣʳʤʠ ʢʽʪʘʧʭʘʥʘʣʘʨʜʳש ʵʣʝʢʪʨʦʥʜʳ ʞʠʥʘץʪʘʨʳ ʤʝʥ 

ʢʘʪʘʣʦʛʪʘʨʳʥʘ ץʦʣ ʞʝʪʢʽʟʝ ʘʣʘʜʳ [120]. פʘʰʳץʪʳץʪʘʥ ʦץʳʪʫʜʳ ʜʘʤʳʪʫ 

ʤʘץʩʘʪʳʥʜʘ ʘץʧʘʨʘʪʪʳץ-ʙʽʣʽʤ ʙʝʨʫ ʧʦʨʪʘʣʜʘʨʳ ʤʝʥ ʘץʧʘʨʘʪʪʳץ-ʙʽʣʽʤ ʙʝʨʫ 

ʨʝʩʫʨʩʪʘʨʳ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʩץʘ ʝʥʛʽʟʽʣʫʜʝ. ɹײʣ ʧʣʘʪʬʦʨʤʘʣʘʨ ʦץʳʪʫʰʳʣʘʨ ʤʝʥ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʦץʫ ʦʨʥʳʥʘʥ ʪʳʩ ʞʝʨʜʝ ʦץʫ ץʳʟʤʝʪʽʥ ײʡʳʤʜʘʩʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. פʘʟʘץʩʪʘʥʜʘ ʜʘ ʚʠʨʪʫʘʣʜʳ ʢʽʪʘʧʭʘʥʘʣʘʨ סײʳʤʳ ʢʝשʽʥʝʥ 

ʝʥʛʽʟʽʣʫʜʝ. נʳʣʳʤʠ ʞᴅʥʝ ʦץʫ ᴅʜʝʙʠʝʪʪʝʨʽʥʝ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

ʮʠʬʨʣʘʥʜʳʨʳʣסʘʥ ʢʽʪʘʧʭʘʥʘ ʨʝʩʫʨʩʪʘʨʳ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ᴇʟʛʝ ʜʝ ײץʨʘʣʜʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. ʄʳʩʘʣʳ, 

ʢʝʡʙʽʨ ʰʝʪʝʣʜʽʢ ʢʽʪʘʧʭʘʥʘʣʘʨ ʪʝʣʝʵʢʨʘʥʜʘ ʢᴇʨʩʝʪʽʣʽʤ ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

ʧʘʡʜʘʣʘʥʘʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ʢʽʪʘʧ ʩᴇʨʝʣʝʨʽʥʽש ʚʠʟʫʘʣʜʳ 

ʙʝʡʥʝʩʽʥʜʝ ץʦʟסʘʣʳʧ, ץʘʞʝʪʪʽ ʤʘʪʝʨʠʘʣʜʳ ʪʘʫʳʧ, ʦʥʳ ʦץʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʈץײʩʘʪʳ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʧʘʡʜʘʣʘʥʫʰʳ ץʘʞʝʪʪʽ ʤᴅʪʽʥʥʽש ʢᴇʰʽʨʤʝʩʽʥ ʜʝ ʞʘʩʘʡ 

ʘʣʘʜʳ. 

ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳס שʳʣʳʤʠ-ʟʝʨʪʪʝʫ ץʳʟʤʝʪʽʥ ײʡʳʤʜʘʩʪʳʨʫ װʰʽʥ סʳʣʳʤʠ 

 ʣײʨʳʣʘʜʳ. ɹײץ ʪʘʨʜʘ ʘʨʥʘʡʳ ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨץʘʫʳʤʜʘʩʪʳץ

ʧʣʘʪʬʦʨʤʘʣʘʨʜʘ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʞʘʨʠʷʣʘʥʳʧ, ʪʘʣץʳʣʘʫסʘ ײʩʳʥʳʣʘʜʳ, 

ʩʦʥʜʘʡ-ʘץ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ ץʳʟʤʝʪʽʥʽש ᴅʨʪװʨʣʽ ʘʩʧʝʢʪʽʣʝʨʽʥʝ ץʘʪʳʩʪʳ 

ʤʘʪʝʨʠʘʣʜʘʨ ʞʠʥʘץʪʘʣʘʜʳ (ʤʳʩʘʣʳ, ײץʨʘʣʜʘʨʜʳש ʩʠʧʘʪʪʘʤʘʩʳ, 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽש ʙʘʨʳʩʳ, ʦʣʘʨʜʳש ʙʝʡʥʝʞʘʟʙʘʣʘʨʳ ʞᴅʥʝ ʪ.ʙ.). 

 ʽʩʪʽʛʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥשʙʽʣʽʤ ʙʝʨʫ ʢʝ ץʩʪʘʥʜʳץʘʟʘפ

 ʙʽʨʽ [121] ʘʪʘʧ ᴇʪʫʛʝ שʳʣʳ ᴅʟʽʨʣʝʥʛʝʥ ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨʜʳץʦʣʜʘʥʫ ʘʨץ

ʙʦʣʘʜʳ. çBilim Landè ʞʘʫʘʧʢʝʨʰʽʣʽʛʽ ʰʝʢʪʝʫʣʽ ʩʝʨʽʢʪʝʩʪʽʛʽ 

(https://bilimland.kz/kk/courses/simulation) ײʩʳʥסʘʥ ʩʠʤʫʣʷʮʠʷʣʳץ ʦץʫ ʦʨʪʘʩʳ (25-

ʩʫʨʝʪ).  

 
ʉʫʨʝʪ 25 - Bilim Land ʩʠʤʫʣʷʮʠʷʣʳץ ʦʨʪʘʩʳʥʘʥ ʢᴇʨʽʥʽʩ 

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [121] . 
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ɸʪʘʣסʘʥ ʦʨʪʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ װʜʝʨʽʩʽʥʜʝʛʽ ʧʨʘʢʪʠʢʘʣʳץ 

ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʞᴅʥʝ ʧᴅʥʜʽʢ ʙʽʣʽʤʜʽ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʤʝשʛʝʨʫʽʥʝ 

ʘʨʥʘʣסʘʥ ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩʪʘʨ ʤʝʥ ʤʦʜʝʣʴʜʝʫʣʝʨʜʽ ײʩʳʥʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץץʘ ʥʝʛʽʟʜʝʣʛʝʥ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ץʘʟʽʨʛʽ 

ʫʘץʳʪʪʘ ʟʘʤʘʥʘʫʠ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʽʣʽʤ ʙʝʨʫ 

 ʟʝʛʝװʨʫ ʞᴅʥʝ ʞײץ ʦʣʜʘʥʳʣʫʜʘ. ʆʣʘʨ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʣʘʨʜʳץ ʽʥʝʥשʜʝʨʽʩʽʥʜʝ ʢʝװ

ʘʩʳʨʫ ײץʨʘʣʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽʥʽש ʞʠʳʥʪʳסʳʥ ץʘʤʪʠʜʳ, ʙײʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʪᴅʞʽʨʠʙʝ ʘʨץʳʣʳ ʦץʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ 

ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʢʝʣʝʩʽ ʝʢʽ ʥʝʛʽʟʛʽ ʙʘסʳʪʪʘ ץʘʨʘʩʪʳʨʳʣʘʜʳ: 

1) ɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʚʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʚʠʨʪʫʘʣʜʳ ʙʝʡʥʝʣʝʨ ʤʝʥ 

ʦʨʪʘʣʘʨʜʳ ײץʨʫ ʞᴅʥʝ ʦʣʘʨʤʝʥ ʥʝʤʝʩʝ ʦʣʘʨʜʳש ʽʰʽʥʜʝ ʙʝʣʩʝʥʜʽ ᴅʨʝʢʝʪʪʝʩʫ 

ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ᴅʜʽʩʪʝʨ ʤʝʥ ײץʨʘʣʜʘʨʜʳ ץʘʤʪʠʜʳ. 

2) ɺʠʨʪʫʘʣʜʳ ʦϨʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ, ʚʝʙ-ʦץʳʪʫ, 

ʮʠʬʨʣʳ ʥʝʤʝʩʝ ʦʥʣʘʡʥ ʦץʳʪʫʜʳש ʩʠʥʦʥʠʤʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʄײʥʜʘ ʦץʫ 

ʧᴅʥʽ ʤʝʥ ʥʳʩʘʥʳ ʞᴅʥʝ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʢʝשʽʩʪʽʢʪʽʢ ʙᴇʣʽʥʽʩʢʝ ײʰʳʨʘʡʜʳ, 

ʙײʣ ʦץʳʪʫ ʬʦʨʤʘʪʳʥʳש ʝʨʝʢʰʝʣʽʛʽʥ ʘʥʳץʪʘʡʜʳ. 

ɹʽʣʽʤ ʙʝʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʘʣʜʘʫʜʘ ʪʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʘʡʳʣʳץץʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ 

ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʞʠʽ ʢʝʟʜʝʩʝʜʽ. ɸʣʘʡʜʘ, ʙײʣ ʝʢʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʙʘסʳʪʪʳ ʪʝשʝʩʪʽʨʫ 

 .ʩʽʥʽʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳװʘʪʝ ʪץ

Azuma R.T. [122] ʢᴇʟץʘʨʘʩʳʥ ץʦʣʜʘʡ ʦʪʳʨʳʧ, ɻʨʠʥʰʢʫʥ ɸ.ɺ. ʤʝʥ 

ʃʝʚʯʝʥʢʦ ʀ.ɺ. ʪʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ çʥʘץʪʳ ʫʘץʳʪ 

ʨʝʞʠʤʽʥʜʝ ʤʘʪʝʨʠʘʣʜʳץ ᴅʣʝʤʛʝ ʚʠʨʪʫʘʣʜʳ ץʘʙʘʪʪʳש ʠʥʪʝʛʨʘʮʠʷʩʳʥ ʞװʟʝʛʝ 

ʘʩʳʨʘʪʳʥ ʧʨʦʛʨʘʤʤʘʣʳץ-ʘʧʧʘʨʘʪʪʳץ ʢʝʰʝʥè ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʡʜʳ [123, ʙ. 12]. 

ɸʪʘʣסʘʥ ʘʥʳץʪʘʤʘסʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʦץʳʪʫ װʜʝʨʽʩʽʥʜʝʛʽ ʚʠʨʪʫʘʣʜʳʣʳץ 

ʩʪʫʜʝʥʪʢʝ ʟʝʨʪʪʝʣʝʪʽʥ ʧᴅʥʥʽש ʤʘʪʝʨʠʘʣʜʳץ ᴅʣʝʤʜʝʛʽ ʥʘץʪʳ ʦʙʲʝʢʪʽʩʽʥ װʰ 

ᴇʣʰʝʤʜʽ ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ, ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʟʝʨʜʝʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʤװʤʢʽʥʜʽʢ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹײʣ ʪײʨסʳʜʘ 

ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʳש ʥʝʛʽʟʛʽ ʝʨʝʢʰʝʣʽʛʽ ʮʠʬʨʣʳץ ʦʨʪʘʜʘ ʞʘʩʘʣסʘʥ 

ʦʙ̡ʝʢʪʽʣʝʨʤʝʥ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʠʥʪʝʨʘʢʪʠʚʪʽ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʦץʫ ʦʨʪʘʩʳʥ ײʡʳʤʜʘʩʪʳʨʫʜʘ ʞʘʪʳʨ. ɸʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 

ʧʝʥ ʪʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʘʡʳʣʳסײ ץʳʤʜʘʨʳ ᴇʟʘʨʘ ʙʘʣʘʤʘ ʙʦʣʳʧ ʪʘʙʳʣʤʘʡʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳϨ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨ ʢᴇʤʝʛʽʤʝʥ ʞʘʩʘʣסʘʥ ʞᴅʥʝ 

ʦץʫʰʳʥʳש ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʪʦʣʳסʳʤʝʥ ʮʠʬʨʣʳץ ʦʨʪʘ. ɸʣ ʪʦʣʳϨʪʳʨʳʣϤʘʥ ʰʳʥʘʡʳʣʳϨ ʰʳʥʘʡʳ ᴅʣʝʤʛʝ 

ʚʠʨʪʫʘʣʜʳ ʵʣʝʤʝʥʪʪʝʨʜʽ ץʘʙʘʪʪʘʩʪʳʨʫ ʘʨץʳʣʳ ʤʘʪʝʨʠʘʣʜʳץ ʦʨʪʘסʘ ץʦʩʳʤʰʘ 

ʘץʧʘʨʘʪ ʥʝʤʝʩʝ ʦʙʲʝʢʪʽʣʝʨ ʝʥʛʽʟʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʰʝʰʽʤ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɸʪʘʣסʘʥ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ᴅʨʪװʨʣʽ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʤʘץʩʘʪʪʳ ʞᴅʥʝ ʪʠʽʤʜʽ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʦץʳʪʫ 

ʤʘʟʤײʥʳʥ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ ʤʝʥ ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʢʪʽ ʘʨʪʪʳʨʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ 

ʘʪץʘʨʘʜʳ. 

ɹʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

 ᴇʟ שʨʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײץ ʦʣʜʘʥʫ, ᴅʩʽʨʝʩʝ ʘʫʜʠʦʚʠʟʫʘʣʜʳץ

 ʣײʜʘʡ ʞʘʩʘʡʜʳ. ɹסʘ ʝʥʫʽʥʝ ʞʘץץʘʥ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳסʠʷʣʳʥʜʘ ʞʘʩʘʣץ
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ʦץʳʪʫʜʳש ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽʤʝʥ 

ʞʘʥ-ʞʘץʪʳ ʪʘʥʳʩʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹʽʟʜʽש ʢᴇʟץʘʨʘʩʳʤʳʟʰʘ, ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝʛʽ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 

ʘʜʘʤʥʳש ʞʝʢʝ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ, ʦʣ ʦʥʳש ᴇʤʽʨʣʽʢ ʤʘץʩʘʪʪʘʨʳʥʘ, ʙʽʣʽʤʽʥʝ ʞᴅʥʝ 

 ʞʝʢʝ שʳʥʘʥ, ʙʽʣʽʤ ʘʣʫʰʳʥʳסʣ ʦʨʪʘ ʙʽʨ ʞʘײʘʣʳʧʪʘʩʘʜʳ. ɹץ ʘʙʽʣʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩץ

 ʪʳץʝʢʽ ʞʘ שʜʝʨʽʩʽʥʽװ ʳʥʘʥ, ʙʽʣʽʤ ʙʝʨʫסʘʩʠʝʪʪʝʨʽʥʝ ʪᴅʫʝʣʜʽ ʙʦʣʩʘ, ʝʢʽʥʰʽ ʞʘץ

ʪʘʙʠסʘʪʳʥ ʤסײʘʣʽʤ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʆʩʳʣʘʡʰʘ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʦץʳʪʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫʤʝʥ ץʘʪʘʨ, ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳײץ שʨʳʣʳʤʜʳײ ץʡʳʤʜʘʩʫʳʥ ʞʝʪʽʣʜʽʨʫʛʝ 

ʳץʧʘʣ ʝʪʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ץʘʟʽʨʛʽ ʢʝʟʝשʜʝ ץʘʰʳץʪʘʥ ʦץʳʪʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʪʝʢ פʘʟʘץʩʪʘʥʜʘ סʘʥʘ ʝʤʝʩ, ʰʝʪʝʣʜʝ ʜʝ ʠʥʥʦʚʘʮʠʷ ʨʝʪʽʥʜʝ 

 ʨʣʽ ʠʥʪʝʨʘʢʪʠʚʪʽװʘʪʘʨ, ᴅʨʪץ ʘʨʘʩʪʳʨʳʣʤʘʡʜʳ. ʆʣʘʨ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʪʘʨʤʝʥץ

 ʘʤʪʠʜʳ. ʂʦʤʧʴʶʪʝʨʣʽʢץ ʦʣʜʘʥʫʜʳץ ʳʪʫ ʦʨʪʘʣʘʨʳʥץʨʘʣʜʘʨ ʤʝʥ ʦײץ

ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨ ʤʝʥ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʽʣʽʤ ʘʣʫʰʳ ʤʝʥ 

ʦץʳʪʫʰʳסʘ ʦץʫ װʜʝʨʽʩʽʥʝ ץʘʪʳʩʫ װʰʽʥ ʬʠʟʠʢʘʣʳץ ʦʨʥʘʣʘʩʫ ʰʝʢʪʝʫʣʝʨʽʥ 

ʝשʩʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʦץʫ װʜʝʨʽʩʽʥʽש ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʥʫʳʥʳש ʤʘשʳʟʜʳ 

ʢᴇʨʽʥʽʩʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆץʳʪʫ װʜʝʨʽʩʽʥ ʢʦʤʧʴʶʪʝʨʣʝʥʜʽʨʽʣʛʝʥ ʦʨʪʘסʘ ʢᴇʰʽʨʫʜʽש ʪʠʽʤʜʽ 

ʥײʩץʘʣʘʨʳʥʳש ʙʽʨʽ ʠʥʪʝʨʥʝʪ ʞʝʣʽʩʽʥʝ ץʦʩʳʣסʘʥ ʞᴅʥʝ ʞʘשʘʣʳץʪʘʨ ʩʝʨʚʝʨʣʝʨʽ 

ʥʝʛʽʟʽʥʜʝ ײʡʳʤʜʘʩʪʳʨʳʣסʘʥ ʞʝʨʛʽʣʽʢʪʽ ʪʝʣʝʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ. 

ʄײʥʜʘʡ ʪᴅʩʽʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʤʝʥ ʦץʳʪʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽ 

 ʽʩʪʽʢʪʽʢשʜʝʨʽʩʽʥ ʢʝװ ʳʪʫץʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʦװʘ ʤסʡʳʤʜʘʩʪʳʨʫײ ʪʘʥץʪʳץʘʰʳץ

ʰʝʢʪʝʫʣʝʨʜʝʥ ʪᴅʫʝʣʩʽʟ ʞװʨʛʽʟʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. ʂᴇʧ ʞʘסʜʘʡʜʘ ʚʠʨʪʫʘʣʜʳ 

ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʞװʡʝʣʝʨʽʤʝʥ ʪʝשʝʩʪʽʨʽʣʽʧ 

 ʘʟʽʨʛʽ ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʪᴅʞʽʨʠʙʝʩʽ ʢᴇʨʩʝʪʽʧץ ,ʘʨʘʩʪʳʨʳʣʘʜʳ. ɸʣʘʡʜʘץ

ʦʪʳʨסʘʥʜʘʡ, ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫ ᴅʨʜʘʡʳʤ ʢװʪʽʣʝʪʽʥ 

ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʝ ʙʝʨʤʝʡʜʽ. ɹײʣ ʞʘסʜʘʡ ʦץʳʪʫ ʤʘʟʤײʥʳʥʳש ʞʝʪʢʽʣʽʢʩʽʟ 

ʙʝʡʽʤʜʝʣʫʽʤʝʥ, ʧʝʜʘʛʦʛʪʝʨʜʽש ʮʠʬʨʣʳײץ ץʟʳʨʝʪʪʽʣʽʛʽʥʽש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽʤʝʥ 

ʥʝʤʝʩʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ᴇʟʽʥʜʽʢ ʦץʫ ʜʘסʜʳʣʘʨʳʥʳש ʪᴇʤʝʥʜʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʫʳ ʤװʤʢʽʥ. 

ʄײʥʜʘʡ ʪʠʽʤʩʽʟʜʽʢʪʽש ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ ʦץʳʪʫʰʳʣʘʨ ʤʝʥ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳץ שʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʞװʡʝʩʽʥʝ ʜʝʛʝʥ ʩʝʥʽʤʩʽʟʜʽʛʽ. ɹײʣ ᴅʩʽʨʝʩʝ 

 .ʘʣʘʜʳץʽʥʜʝ ʙʘʡשʘʟʽʨʛʽ ʜʘʤʫ ʢʝʟʝץ שʡʝʩʽʥʽװʳ ʙʽʣʽʤ ʙʝʨʫ ʞסʩʪʘʥʜʘץʘʟʘפ

ʆץʳʪʫʰʳʣʘʨ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʞʘסʜʘʡʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ᴇʟʽʥʜʽʢ ʦץʫ 

 ץʘʜʘʣʜʳ ץʡʳʤʜʘʩʪʳʨʘ ʘʣʤʘʡʪʳʥʳʥ ʞᴅʥʝ ʘʢʘʜʝʤʠʷʣʳײ ʜʝʨʽʩʽʥ ʪʠʽʤʜʽװ

ʧʨʠʥʮʠʧʪʝʨʽʥ ʩʘץʪʘʡ ʘʣʤʘʡʪʳʥʳʥ ʙʦʣʞʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤסײʘʣʽʤ 

ʩʪʫʜʝʥʪʧʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʘ ʘʣʤʘʡʪʳʥʜʳץʪʘʥ, ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש 

ʦʙʲʝʢʪʠʚʪʽʣʽʛʽʥʝ ʢװʤᴅʥʜʘʥʫʳ ʤװʤʢʽʥ. 

ʆʩʳסʘʥ ʦʨʘʡ, ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ 

 ,ץʩʘʪʳʥʜʘ ʧʝʜʘʛʦʛʠʢʘʣʳץʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʤʘ שʳʪʫʜʳץʪʘʥ ʦץʪʳץʘʰʳץ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ װʡʣʝʩʪʽʨʫ ʤʘשʳʟʜʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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çʂʣʘʩʩʠʢʘʣʳץ ʧʝʜʘʛʦʛʠʢʘ ʙʽʣʽʤ ʘʣʫʰʳʥʳ ʥʝ ʥʘץʪʳ ᴅʣʝʤʛʝ, ʥʝ ʚʠʨʪʫʘʣʜʳ 

ʦʨʪʘʥʳש ʰʝשʙʝʨʽʥʜʝ ײץʨʳʣʘʪʳʥ ʞʘʩʘʥʜʳ ʰʳʥʘʡʳʣʳץץʘ ʙʘסʳʪʪʘʡʜʳ. ɼʝʛʝʥʤʝʥ, 

ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʢʝשʽʩʪʽʛʽ ʪʝʢ ʙʝʣʛʽʣʽ ʙʽʨ ʙʽʣʽʤʜʽʢ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʠʛʝʨʫʤʝʥ 

ʰʝʢʪʝʣʤʝʡʜʽ, ʦʣ ʪײʣסʘʥʳש ʰʳסʘʨʤʘʰʳʣʳץ ᴅʣʝʫʝʪʽʥ ʜʘʤʳʪʫסʘ ʜʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽè - ʜʝʧ ʢᴇʨʩʝʪʢʝʥ [117, ʙ. 41]. ʉʦʥʜʘʡ-ʘץ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʢʝשʽʩʪʽʢʪʝʨʽ - 

ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤʘʣʘʨ, ʩʠʤʫʣʷʮʠʷʣʘʨ, ʦʡʳʥʜʘʨ, ץʦʩʳʤʰʘ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ð ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʰʳסʘʨʤʘʰʳʣʳץ ץʘʙʽʣʝʪʽʥ 

ʜʘʤʳʪʫסʘ װʣʢʝʥ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɽʛʝʨ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש ʤʘץʩʘʪʳ ʦʨʳʥʜʘʫʰʳʣʘʨʜʳ ʜʘʡʳʥʜʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʙʦʣʩʘ, ʦʥʜʘ ʦʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʧᴅʥʜʽʢ ʙʽʣʽʤ ʙʝʨʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʢʣʘʩʩʠʢʘʣʳץ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʘ ʘʣʘʜʳ. ɸʣ ʝʛʝʨ ʤʘץʩʘʪ ʰʳסʘʨʤʘʰʳʣʳץ 

ʪײʨסʳʜʘʥ ʦʡʣʘʡʪʳʥ ʞʝʢʝ ʪײʣסʘʥʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʩʘ, ʦʥʜʘ ʤײʥʜʘʡ ʪᴅʩʽʣ 

ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʧʝʜʘʛʦʛʠʢʘ ʢʨʝʘʪʠʚʪʽ ʩʠʧʘʪʪʘ ʙʦʣʫʳ ץʘʞʝʪ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ʞʘשʘ ʙʽʣʽʤʜʽ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʘשʘ 

ʜʝשʛʝʡʜʝʛʽ ʝʨʢʽʥ ʦʡʣʘʫʜʳ ʤʝשʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ, ʙʽʣʽʤ ʘʣʫʰʳʥʳש ᴇʟʽʥʜʽʢ 

ʨʝʬʣʝʢʩʠʷʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʘʪʳʥ ʦץʳʪʫ ʢʝשʽʩʪʽʛʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ [124]. 

ɹʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʦʨʪʘʜʘ ʞʘʩʘʥʜʳ ʰʳʥʘʡʳʣʳץʪʳש ʝʣʝʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʠʥʪʝʛʨʘʪʠʚʪʽ ᴅʜʽʩ. ʆʣ ʧʨʦʛʨʘʤʤʘʣʳײץ ץʨʘʣʜʘʨ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ 

 ʜʝʨʽʩʽʥʝװ ʫץʦ שʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʥʳץʦʣʜʘʥʫ ʘʨץ ʡʣʝʩʽʤʜʽװ ʳʣʘʨʜʳסʨʳʣײץ

ʙʝʣʩʝʥʜʽ ץʘʪʳʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʳש ʢᴇʤʝʛʽʤʝʥ 

ʦץʫʰʳ ʟʝʨʪʪʝʣʝʪʽʥ ʥʳʩʘʥʜʘʨ ʤʝʥ ײץʙʳʣʳʩʪʘʨʤʝʥ ʪʽʢʝʣʝʡ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʛʝ, 

ʘץʧʘʨʘʪʪʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʝʨʝש ʤʝשʛʝʨʫʛʝ ʞᴅʥʝ ʦץʫ ʙʘʨʳʩʳʥʜʘ ʤʘשʳʟʜʳ 

ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʘʣʘʜʳ. ʄײʥʜʘʡ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʦץʫ װʜʝʨʽʩʽʥʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʙʽʣʽʤ ʤʝʥ ʪᴅʨʙʠʝ ʞװʡʝʩʽʥ ʪװʙʝʛʝʡʣʽ 

ᴇʟʛʝʨʪʫʜʽש ᴅʣʝʫʝʪʽʥ ײʩʳʥʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʽש ʚʠʨʪʫʘʣʜʳ 

ʘץʧʘʨʘʪʪʳץ-ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʳײץ שʨʘʤʜʘʩ ʙᴇʣʽʛʽ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʘʜʳ. ɹײʣ ʦʨʪʘסʘ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʽש ʢʝʟ ʢʝʣʛʝʥ ʩʫʙʲʝʢʪʽʩʽ ï 

ʦץʫʰʳ, ʩʪʫʜʝʥʪ ʥʝʤʝʩʝ ʙʽʣʽʤ ʘʣʫʰʳ, ʩʦʥʜʘʡ-ʘץ ʦץʳʪʫʰʳ, ʪʨʝʥʝʨ ʥʝʤʝʩʝ ʤסײʘʣʽʤ 

ʞʘʨʪʳʣʘʡ ʝʥʝʜʽ. ʆץʫ װʜʝʨʽʩʽʥʝ ץʘʪʳʩʫʰʳʣʘʨ װʰʽʥ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ 

ʦʣʘʨʜʳש ʢᴅʩʽʙʠ ץʳʟʤʝʪʽʥʽש ʤʘץʩʘʪʪʘʨʳ ʤʝʥ ʬʫʥʢʮʠʷʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʘʥʳץʪʘʣʘʜʳ. 

ʇʝʜʘʛʦʛ (ʤסײʘʣʽʤ, ʦץʳʪʫʰʳ, ʪʨʝʥʝʨ) װʰʽʥ ʥʝʛʽʟʛʽ ʤʘץʩʘʪ  ʦץʳʪʫ װʜʝʨʽʩʽʥ 

 ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ שʘʥ ʩᴅʡʢʝʩ, ʦʥʳסʘʨʫ. ʆʩʳץʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ʙʘʩײ

ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥ ᴅʟʽʨʣʝʫ, ʦץʫ װʜʝʨʽʩʽʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ʦץʫ ᴅʨʝʢʝʪʽʥ ʨʝʪʪʝʫ 

ʩʝʢʽʣʜʽ ʦץʳʪʫʰʳʣʳץ ץʳʟʤʝʪʪʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʘסʳʪʪʘʣʘʜʳ, ʘʣ ʙʽʣʽʤ ʘʣʫʰʳ 

(ʩʪʫʜʝʥʪ, ʦץʫʰʳ, ʤʘʛʠʩʪʨʘʥʪ) װʰʽʥ ʥʝʛʽʟʛʽ ʤʘץʩʘʪ ð ʦץʫ, ʷסʥʠ ʞʘשʘ ʙʽʣʽʤʜʽ 

ʤʝשʛʝʨʫ, ʧʨʘʢʪʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝ ʞʠʥʘץʪʘʫ ʞᴅʥʝ ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ ʜʘʤʳʪʫ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʦʥʳש ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ʦץʫ ʨʝʩʫʨʩʪʘʨʳʥʘ 

 ʫץʜʝʨʽʩʽʥ ʞʝʢʝʣʝʥʜʽʨʫʛʝ ʞᴅʥʝ ᴇʟʽʥʜʽʢ ʦװ ʫץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ, ʦץ ʦʣʞʝʪʽʤʜʽʣʽʢʪʽץ

ᴅʨʝʢʝʪʽʥ ץʦʣʜʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɸʪʘʣסʘʥ ʝʢʽ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʥʳש ʧʝʜʘʛʦʛʢʝ ʞᴅʥʝ 

ʙʽʣʽʤ ʘʣʫʰʳסʘ ʙʘסʳʪʪʘʣסʘʥ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ ʞʘʣʧʳ 

ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ײץʨʘʡʜʳ (26-ʩʫʨʝʪ). ɹײʣ ʦʨʪʘʥʳש ʪʠʽʤʜʽʣʽʛʽ ʦץʳʪʫ 
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 ץʡʳʤʜʘʩʫʳʥʘ ʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳײ ץʨʳʣʳʤʜʳײץ ,ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʛʽʥʝ שʜʝʨʽʩʽʥʽװ

 .ʡʣʝʩʽʤʜʽʣʽʛʽʥʝ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳװ שʨʘʣʜʘʨʜʳײץ

 

 
 

ʉʫʨʝʪ 26 ï ʆץʫ װʜʝʨʽʩʽʥʽש ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʤʦʜʝʣʽ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 

 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ᴅʨʙʽʨ ʪײʣסʘʥʳש ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ʙʽʣʽʤ ʙʝʨʫ 

 ʘʣʳʧʪʘʩʘʜʳץ ʠʤʳʣʳ ʥᴅʪʠʞʝʩʽʥʜʝץ-ᴇʟʘʨʘ ʽʩ שʩʫʙʲʝʢʪʽʣʝʨʽʥʽ ץʙʘʨʣʳ שʜʝʨʽʩʽʥʽװ

ʞᴅʥʝ ʦʩʳ ʪײʣסʘʥʳש ʞʘʥ-ʞʘץʪʳ ʜʘʤʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ʃʫʙʢʦʚʪʳש ʈ.ɺ. ʧʘʡʳʤʜʘʫʳʥʰʘ [125], ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʜʘ 

ʝʨʢʽʥ, ʙʝʣʩʝʥʜʽ ʞᴅʥʝ ʰʳסʘʨʤʘʰʳʣʳץ ʪײʨסʳʜʘʥ ʜʘʤʳסʘʥ ʪײʣסʘʥʳװ שʟʜʽʢʩʽʟ ᴇʟʽʥ-

ᴇʟʽ ʞװʟʝʛʝ ʘʩʳʨʫʳ ʤʝʥ ʞʝʢʝ ʜʘʤʫʳ ʢʝʣʝʩʽ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ʠʝ ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʣʝʨʽʥʽש ʪʠʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʫʽʥʝ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ: 

- ʘʰʳϨʪʳϨ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʰʝʢʪʝʫʩʽʟ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, 

ʦץʫ ʨʝʩʫʨʩʪʘʨʳ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʝʨʢʽʥ ʪʘʨʘʣʫʳʥ ץʦʣʜʘʫ; 

- ʘʫϨʳʤʜʳʣʳϨ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʢʝשʝʶ ʤװʤʢʽʥʜʽʛʽ, ʞʘשʘ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʤʝʥ ʦץʫ ʤʘʟʤײʥʳʥ ʦשʘʡ ʝʥʛʽʟʫʛʝ ʙʝʡʽʤʜʽʣʽʛʽ; 

- ʠʥʪʝʛʨʘʮʠʷʣʳʣʳϨ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ᴇʟʛʝ ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʣʝʨʽʤʝʥ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʰʝʰʽʤʜʝʨʤʝʥ װʡʣʝʩʽʤʜʽ ʞײʤʳʩ 

ʽʩʪʝʫʽ; 

- ʪʝʭʥʦʣʦʛʠʷʣʳϨ ʙʝʡʽʤʜʽʣʽʢ ץʦʣʜʘʥʳʣʘʪʳʥ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ 

 ʘ ʩᴅʡʢʝʩʪʽʛʽסʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʢʦʤʤʫʥʠʢʘʮʠʷʣʳ-ץʧʘʨʘʪʪʳץʘʟʽʨʛʽ ʘץ שʨʘʣʜʘʨʳʥʳײץ

ʞᴅʥʝ ʦʣʘʨʜʳװ שʥʝʤʽ ʞʘשʘʨʪʳʣʫ ʤװʤʢʽʥʜʽʛʽ. 
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ʉʫʨʝʪ 27 ï Sensorama Studio ʦʨʪʘʩʳ  

 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [126] . 

ɸʪʘʣסʘʥ ʩʠʧʘʪʪʘʤʘʣʘʨʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʞʝʢʝ ʙʽʣʽʤ 

ʪʨʘʝʢʪʦʨʠʷʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʞᴅʥʝ װʟʜʽʢʩʽʟ ʙʽʣʽʤ ʘʣʫ ʞʘסʜʘʡʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ. 

Sensorama Studio ʠʤʤʝʨʩʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ, 3D ʤʦʜʝʣʴʜʝʫʜʽ ʞᴅʥʝ 360 

ʙʝʡʥʝʥʽ ʞʘʩʘʫʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ץʦʣʜʘʥʙʘʣʘʨʜʳ ᴅʟʽʨʣʝʫʛʝ ʤʘʤʘʥʜʘʥסʘʥ 

ʦʨʪʘʩʳ ʙʘʨ [126]. 

Labster ʙײʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʘʨʥʘʣסʘʥ ʮʠʬʨʣʳײץ ץʨʘʣʜʘʨʜʳש ʢʝש 

ʞʠʳʥʪʳסʳʥ ײʩʳʥʘʪʳʥ ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩ ʞᴅʥʝ סʳʣʳʤʠ ʤʦʜʝʣʴʜʝʫ 

ʧʣʘʪʬʦʨʤʘʩʳ. ʇʣʘʪʬʦʨʤʘ ᴅʨʪװʨʣʽ ʧᴅʥʜʽʢ ʩʘʣʘʣʘʨʜʘ, ʩʦʥʳש ʽʰʽʥʜʝ ʭʠʤʠʷ, 

ʙʠʦʣʦʛʠʷ, ʤʝʜʠʮʠʥʘ, ʬʠʟʠʢʘ, ʛʝʦʛʨʘʬʠʷ ʞᴅʥʝ ʵʢʦʣʦʛʠʷ ʙʘסʳʪʪʘʨʳʥʜʘ 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩʪʘʨʜʳ ײʩʳʥʘʜʳ [127]. Labster ʧʣʘʪʬʦʨʤʘʩʳʥʳש 

ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʳש ʙʽʨʽ ʟʝʨʪʭʘʥʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘ 

 ʜʝʨʽʩʽʥʜʝ ʛʝʡʤʠʬʠʢʘʮʠʷװ ʫץʤʢʽʥʜʽʛʽ. ʆװʳʥʩʳʟ ʦʨʳʥʜʘʫ ʤסʘʫʽʧʩʽʟ ʞᴅʥʝ ʰʳץ

ʵʣʝʤʝʥʪʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʜʘסʜʳʣʘʨʤʝʥ 

 .ʜʘʡ ʞʘʩʘʣʘʜʳסʘ ʞʘסʰʪʘʩʪʳʨʫײ

 

 
 

ʉʫʨʝʪ 28 - Labster ʧʣʘʪʬʦʨʤʘʩʳ  
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [127] . 
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ɹײʣ ʧʣʘʪʬʦʨʤʘ ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʳץ ʞײʤʳʩʪʘʨ ʤʝʥ ʛʝʡʤʠʬʠʢʘʮʠʷ 

ᴅʜʽʩʪʝʨʽʥ ᴇʟ ʧᴅʥʜʝʨʽʥʝ ʝʥʛʽʟʫʛʝ ʤװʜʜʝʣʽ ʦץʳʪʫʰʳʣʘʨ װʰʽʥ ʜʝ ץʳʟʳץʪʳ ʙʦʣʫʳ 

ʤװʤʢʽʥ. Labster ײʩʳʥʘʪʳʥ ᴇʥʽʤʜʝʨʜʽש ʪʦʣʳץ ʪʽʟʽʤʽʤʝʥ 

https://www.labster.com/simulations ʩʽʣʪʝʤʝ ʘʨץʳʣʳ ʪʘʥʳʩʫסʘ ʙʦʣʘʜʳ. 

 

2.2 ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥʽש ʤʦʜʝʣʽ 

 ʞʝʜʝʣ שʧʨʦʛʨʝʩʪʽ ץʘʟʽʨʛʽ ᴅʣʝʫʤʝʪʪʽʢ-ʤᴅʜʝʥʠ ʣʘʥʜʰʘʬʪʪʘ ʪʝʭʥʦʣʦʛʠʷʣʳפ

 ʰʝʶʽ ʞᴅʥʝ ʤᴅʜʝʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʨ ʙʽʣʽʤ ʙʝʨʫװʢ שʧʘʨʘʪ ʘʣʤʘʩʫʜʳץʳʥʳ, ʘץʘʨץ

ʞװʡʝʩʽʥʽש ʞʘשʘ ʞʘסʜʘʡʣʘʨסʘ ʙʝʡʽʤʜʝʣʫ ץʘʞʝʪʪʽʣʽʛʽʥ ᴇʟʝʢʪʝʥʜʽʨʫʜʝ. çʀʥʜʫʩʪʨʠʷ, 

ʠʥʥʦʚʘʮʠʷ ʞᴅʥʝ ʠʥʬʨʘײץʨʳʣʳʤ - ʮʠʬʨʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʢʝשʝʡʪʫ ʞᴅʥʝ 

ʙʽʣʽʤ ʩʘʣʘʩʳʥʜʘ ʠʥʥʦʚʘʮʠʷʣʳץ ʰʝʰʽʤʜʝʨʜʽ ʝʥʛʽʟʫè  - פʈ ʪײʨʘץʪʳ ʜʘʤʫ 

ʤʘץʩʘʪʪʘʨʳʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ [128, 129]. ɹײʣ װʜʝʨʽʩʪʝʨ ̔ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש 

 ץʥʜʳײʤʘʟʤ שʧʘʣ ʝʪʽʧ, ʦʥʳץʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳʥʘ ʳ ץʨʳʣʳʤʜʳײץ

ʥʝʛʽʟʜʝʨʽʥ ʞʘסשʳʨʪʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ץʘʣʳʧʪʘʩʘʪʳʥ 

ʮʠʬʨʣʳץ ʙʽʣʽʤ ʢʝשʽʩʪʽʛʽ. ʄײʥʜʘʡ ʦʨʪʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʦץʫ ʨʝʩʫʨʩʪʘʨʳʥʘ ʞʝʜʝʣ 

ᴅʨʽ װʟʜʽʢʩʽʟ ץʦʣʞʝʪʽʤʜʽʣʽʢʧʝʥ ץʘʪʘʨ, ʦץʫ ᴅʨʝʢʝʪʽʥʽש ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʞᴅʥʝ ʠʢʝʤʜʽ 

 ʘʪʳʥʘʩʳ ʙʽʣʽʤ ʙʝʨʫץʘʨʘ שʳʪʫʜʳץʨʣʽ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʦװʩʳʥʘʜʳ. ɼᴅʩʪײ ʣʛʽʣʝʨʽʥװ

 ʘ ʞᴅʥʝסʩʘʪʪʘʨץʤʘ ץʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ, ʧʝʜʘʛʦʛʠʢʘʣʳ ץʨʳʣʳʤʜʳײץ שʡʳʤʳʥʳײ

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʞʝʢʝ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʘʥʳץʪʘʣʘʜʳ. ʕʣʝʢʪʨʦʥʜʳץ 

ʦץʳʪʫ (e-learning) ʜᴅʩʪװʨʣʽ ʙʝʪʧʝ-ʙʝʪ ʦץʳʪʫʜʳ ʪʦʣʳסʳʤʝʥ ʘʣʤʘʩʪʳʨʫʜʳ 

ʢᴇʟʜʝʤʝʩʝ ʜʝ, ʦʥʳש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ץʦʣʜʘʥʳʩ ʘʫץʳʤʳʥʳש ʢʝשʝʶʽ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʙײʣ ʬʦʨʤʘʪʪʳ ʦץʫ װʜʝʨʽʩʽʥʽש ʘʞʳʨʘʤʘʩ ʢʦʤʧʦʥʝʥʪʽ ʨʝʪʽʥʜʝ 

 .ʪʘʡʜʳ [130]ץʘסʘʥʳʥ ʘʡסʘʙʳʣʜʘʡ ʙʘʩʪʘץ

ɹײʣ סײʳʤʜʘʨ ʦץʳʪʫ װʜʝʨʽʩʽʥ ʠʥʪʝʨʥʝʪ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʢʦʤʤʫʥʠʢʘʮʠʷ 

 ʘ ʥʝʛʽʟʜʝʣʛʝʥ. ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳסʟʝʛʝ ʘʩʳʨʫװʳʣʳ ʞץʨʘʣʜʘʨʳ ʘʨײץ

ʘʷʩʳʥʜʘ ʚʝʙ-ʢʦʥʬʝʨʝʥʮʠʷʣʘʨ, ʙʝʡʥʝ ʩʘʙʘץʪʘʨ, ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ, 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʪʘʧʩʳʨʤʘʣʘʨ ʞᴅʥʝ ʦץʳʪʫʜʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ ʩʠʷץʪʳ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ.  

ɿʝʨʪʪʝʫ ʞײʤʳcʳʥʜʘ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ ʦʩʳ ʙᴇʣʽʤʥʽש ʤʘץʩʘʪʳ ʚʠʨʪʫʘʣʜʳ 

ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʝʥʛʽʟʫʜʽש ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʜʝʨʽʥ ʞʘʥ-ʞʘץʪʳ 

ʟʝʨʪʪʝʫ. ɸʪʘʣסʘʥ ʤʘץʩʘʪʪʳ ʽʩʢʝ ʘʩʳʨʫ ʢʝʣʝʩʽ סʳʣʳʤʠ ʤʽʥʜʝʪʪʝʨʜʽש ʦʨʳʥʜʘʣʫʳʥ 

ʪʘʣʘʧ ʝʪʝʜʽ: 

- ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʤʘʟʤײʥʜʳץ ʥʝʛʽʟʜʝʨʽʥ 

ᴅʟʽʨʣʝʫ; 

- ʦʥʳ ʽʩʢʝ ʘʩʳʨʫסʘ ʘʨʥʘʣסʘʥ ʧʨʘʢʪʠʢʘʣʳץ-ʧʘʨʘʜʠʛʤʘʣʳץ ʤʦʜʝʣʴ 

 ;ʨʘʩʪʳʨʫײץ

- ʦץʫ װʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʦʥʳש 

ʪײʨʘץʪʳ ʞײʤʳʩ ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ סʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ 

 ;ʩʳʥʳʤʜʘʨ ᴅʟʽʨʣʝʫײ

- ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʝʥʜʽʨʫʜʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ 

ʰʝʢʪʝʫʣʝʨʽʥ ʞװʡʝʣʽ ʪװʨʜʝ ʪʘʣʜʘʫ. 
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ɿʝʨʪʪʝʫ ʞײʤʳʩʳ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳײץ שʨʳʣʳʤʜʳץ ʞᴅʥʝ 

ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʜʝʨʽʥ ʘʥʳץʪʘʫסʘ, ʦʥʳ ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʢʝשʽʩʪʽʛʽʥʝ ʪʠʽʤʜʽ 

ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʞʦʣʜʘʨʳʥ ʟʝʨʜʝʣʝʫʛʝ, ʩʦʥʜʘʡ-ʘץ ʦʥʳש ʧʨʘʢʪʠʢʘʣʳץ ʽʩʢʝ ʘʩʳʨʳʣʫ 

ʪʝʪʽʢʪʝʨʽʥ ʥʝʛʽʟʜʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʝʥʛʽʟʫ ʤᴅʩʝʣʝʣʝʨʽ ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ 

ʟʝʨʪʪʝʫʰʽʣʝʨ ʪʘʨʘʧʳʥʘʥ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ץʦʣʜʘʥʙʘʣʳ ʪײʨסʳʜʘ ʙʝʣʩʝʥʜʽ 

ʟʝʨʪʪʝʣʫʜʝ. נʳʣʳʤʠ ʝשʙʝʢʪʝʨʜʝ ʙײʣ ʦʨʪʘ ʥʝʛʽʟʽʥʝʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ, ʪʝʭʥʠʢʘʣʳץ, 

ᴅʣʝʫʤʝʪʪʽʢ-ʤᴅʜʝʥʠ, ʧʩʠʭʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʘʩʧʝʢʪʽʣʝʨ ʪײʨסʳʩʳʥʘʥ 

 ʙʽʣʽʤ ʙʝʨʫ שʘʨʘʩʪʳʨʳʣʘʜʳ [131]. ɿʝʨʪʪʝʫʰʽʣʝʨ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳץ

-ʽʩ ץʳʪʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ, ʧʝʜʘʛʦʛʠʢʘʣʳץʜʝʨʽʩʽʥʜʝʛʽ ʨᴇʣʽʥ, ʦװ

ᴅʨʝʢʝʪʪʝ ʞʝʣʽʣʽʢ ײץʨʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʪᴅʩʽʣʜʝʨʽʥ ʪʘʣʜʘʫʜʘ. ɹײʣ ʦʨʪʘ ʦץʫ-ʪᴅʨʙʠʝ 

 שʳʪʫʜʳץʘʨʘʩʪʳʨʳʣʳʧ, ʦץ ʨʘʣ ʨʝʪʽʥʜʝײץ ʳʟʜʳשʡʳʤʜʘʩʪʳʨʫʜʘ ʤʘײ ʜʝʨʽʩʽʥװ

ʠʢʝʤʜʽʣʽʛʽʥ, ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʛʽʥ ʞᴅʥʝ ʞʝʢʝ ʦץʳʪʫ ʪʨʘʝʢʪʦʨʠʷʣʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. 

ʌʨʦʣʦʚʘ ʉ.ɺ. ʤʝʥ ʇʝʨʝʚʦʱʠʢʦʚʘ ɽ.ʅ. ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ çʮʠʬʨʣʳץ 

ʧʣʘʪʬʦʨʤʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ ʤʝʥ ץʦʣʜʘʥʫ ʙʘסʘʣʘʫ ʨᴅʩʽʤʽʥʽש ʦʙʲʝʢʪʠʚʪʽʣʽʛʽ ʤʝʥ ʞʘʥ-

ʞʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʞʝʢʝ ʞʝʪʽʩʪʽʢʪʝʨʽʥ 

ʜʠʥʘʤʠʢʘʣʳץ ʪװʨʜʝ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽè - ʜʝʧ ʢᴇʨʩʝʪʽʣʛʝʥ [132]. 

ɾʦסʘʨʳʜʘ ʩʠʧʘʪʪʘʣסʘʥ ʟʝʨʪʪʝʫʣʝʨ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ 

 ʳʥ ʜʘסʳʟʜʳʣʳשʤʘ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥʽײץ ץʪʝʭʥʠʢʘʣʳ שʘʣʳʧʪʘʩʪʳʨʫʜʘ ʦʥʳץ

ʘʡץʳʥʜʘʡʜʳ. ɹײʣ ʙʘסʳʪ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʜʘʤʫʳ, ʚʝʙ-ץʦʩʳʤʰʘʣʘʨʜʳ 

ʞʦʙʘʣʘʫ ʞᴅʥʝ ᴅʟʽʨʣʝʫ, ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʣʘʨʳʥ ʙʘʩץʘʨʫ, ʩʝʨʚʝʨʣʽʢ ʞװʡʝʣʝʨʜʽ 

ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫ, ʩʦʥʜʘʡ-ʘץ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʤʝʥ ʙײʣʪʪʳץ 

ʠʥʬʨʘײץʨʳʣʳʤʜʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʩʠʷץʪʳ ʢʝʰʝʥʜʽ ʪʝʭʥʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨʜʽ 

 ʟʜʽʢʩʽʟʜʽʛʽʥװ שʜʝʨʽʩʽʥʽװ ʫץʡʣʝʩʫʽ ʦװ ʪʠʽʤʜʽ שʨʘʤʜʘʩ ʵʣʝʤʝʥʪʪʝʨʜʽײץ ʘʤʪʠʜʳ. ʆʩʳץ

 ʫץʘ ʞᴅʥʝ ʦסʳʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫץʦʡʤʘʡ, ʦץ ʘʥʘץ ʘʤʪʘʤʘʩʳʟ ʝʪʽʧץ

ʤʘʪʝʨʠʘʣʜʘʨʳʥʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ ʤʝʥ ʞװʡʝʣʽʢ ʪײʨʘץʪʳʣʳסʳʥ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʉᴅʡʢʝʩʽʥʰʝ, ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʪʝʭʥʠʢʘʣʳץ 

ʠʥʬʨʘײץʨʳʣʳʤʳ ʦʥʳש ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʧʘʡʜʘʣʘʥʫʰʳʣʳץ 

ʪᴅʞʽʨʠʙʝʩʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ᴅʣʝʫʤʝʪʪʽʢ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʛʝ ʳץʧʘʣʳ 

ʝʨʝʢʰʝ ʟʝʨʪʪʝʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ. ɹײʣ ʘʩʧʝʢʪ ʘʷʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʚʠʨʪʫʘʣʜʳ 

 ʳסʜʝʨʽʩʽ ʞᴅʥʝ ʞʝʣʽʣʽʢ ʦʨʪʘʜʘװ ʘʪʳʩʫʳ, ᴅʣʝʫʤʝʪʪʽʢ ʙʝʡʽʤʜʝʣʫץ ʘסʪʘʨץʘʤʜʘʩʪʳסʦץ

ʢʦʤʤʫʥʠʢʘʮʠʷ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʪʘʣʜʘʥʘʜʳ. 

ɻʨʷʟʥʦʚʘ ɽ.ɺ. ʘץʧʘʨʘʪʪʳץ ץʦסʘʤʜʘסʳ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʽש ʦʨʥʳʥ ʟʝʨʪʪʝʡ 

ʦʪʳʨʳʧ, ʢʝʣʝʩʽʜʝʡ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʡʜʳ: çʎʠʬʨʣʳץ ʧʘʨʘʜʠʛʤʘ ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʩʽʥʝ ʙʽʨץʘʪʘʨ ʞʘשʘ ʪʘʣʘʧʪʘʨ ץʦʷʜʳ, ʦʥʳש ʽʰʽʥʜʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʢʘʜʨʣʘʨʜʳש 

ʮʠʬʨʣʳץ ʦʨʪʘסʘ ʙʝʡʽʤʜʝʣʫ ʜʘʡʳʥʜʳסʳ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʞʘשʘ ʦץʫ 

ʬʦʨʤʘʪʪʘʨʳʥʘ ʠʢʝʤʜʝʣʫʽ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʙʘʩץʘʨʫ ײץʨʳʣʳʤʜʘʨʳʥʳש 

ʥʦʨʤʘʪʠʚʪʽʢ-ץײץʳץʪʳץ ʙʘʟʘʥʳ ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪʪʽʣʽʛʽè [133]. 

ɺʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʤʦʪʠʚʘʮʠʷʩʳʥʘ, ʢʦʛʥʠʪʠʚʪʽʢ 

 ʳʪʪʘסʣ ʙʘײʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. ɹץʫ ʞʝʪʽʩʪʽʢʪʝʨʽʥʝ ʘʡʪʘʨʣʳץʜʝʨʽʩʪʝʨʽʥʝ ʞᴅʥʝ ʦװ

ʟʝʨʪʪʝʫʰʽʣʝʨ ʦʥʣʘʡʥ ʦץʳʪʫʜʳש ʧʩʠʭʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ, ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ᴇʟʽʥ-ᴇʟʽ ʨʝʪʪʝʫ ץʘʙʽʣʝʪʽʥ ʞᴅʥʝ ʩʘʥʜʳץ ʦʨʪʘʜʘסʳ ʪʘʥʳʤʜʳץ 



 

90 
 

ʞװʢʪʝʤʝʥʽ ʪʘʣʜʘʡʜʳ [134]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦץʳʪʫ װʜʝʨʽʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ 

 ʳ ʢʝʨʽ ʙʘʡʣʘʥʳʩʪʳסʳʪʫʰʳʣʘʨ ʤʝʥ ʩʪʫʜʝʥʪʪʝʨ ʘʨʘʩʳʥʜʘץʰʽʥ ʦװ

 .ʳ ʘʪʘʧ ᴇʪʽʣʝʜʽסʳʟʜʳʣʳשʤʘ שʡʳʤʜʘʩʪʳʨʫʜʳײ

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ ʙʽʣʽʤ ʙʝʨʫ 

 ʳʪ ʦʥʣʘʡʥסʣ ʙʘײʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. ɹסʪʳʣʳץʨʘײʪ ץʘʨʞʳʣʳץ שʡʳʤʜʘʨʳʥʳײ

ʢʫʨʩʪʘʨʜʳ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ץʦʣʜʘʫ ʰʳסʳʥʜʘʨʳʥ ʙʘסʘʣʘʫ, ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʧʣʘʪʬʦʨʤʘʣʘʨʳʥ ʤʦʥʝʪʠʟʘʮʠʷʣʘʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʦʥʣʘʡʥ 

ʦץʳʪʫʜʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʪʘʣʜʘʫ ʤᴅʩʝʣʝʣʝʨʽʥ ץʘʤʪʠʜʳ [135]. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʪʘʙʳʩʪʳ ʝʥʛʽʟʽʣʫʽ ʤʝʥ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʳʣʫʳ ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ, ʩʦʥʳש ʽʰʽʥʜʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ᴅʜʽʩʥʘʤʘʣʘʨ, ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤʜʝʨ, ᴅʣʝʫʤʝʪʪʽʢ-ʤᴅʜʝʥʠ ʙʝʡʽʤʜʝʣʫ, 

ʧʩʠʭʦʣʦʛʠʷʣʳץ ץʦʣʜʘʫ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʛʽʟʜʝʤʝʣʝʨ. ɹײʣ ʙʘסʳʪʪʘסʳ ʢʝʰʝʥʜʽ 

ʟʝʨʪʪʝʫʣʝʨ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש ʮʠʬʨʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳʥ ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝ 

ʦʥʳש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ᴅʣʝʫʝʪʽ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ 

ʙʘסʘʣʘʥסʘʥʳʤʝʥ, ʟʝʨʪʪʝʫʰʽʣʝʨ ʙײʣ ʩʘʣʘʜʘ ʙʽʨץʘʪʘʨ ʤʘשʳʟʜʳ ץʘʡʰʳʣʳץʪʘʨ ʤʝʥ 

ʤᴅʩʝʣʝʣʝʨʜʽש ʙʘʨ ʝʢʝʥʽʥ ʘʪʘʧ ᴇʪʝʜʽ. ʅʝʛʽʟʛʽ ʧʨʦʙʣʝʤʘʣʘʨʜʳש ʙʽʨʽ ʮʠʬʨʣʳץ ʙʽʣʽʤ 

ʙʝʨʫ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʞʝʪʢʽʣʽʢʩʽʟ ʜʘʤʫʳ. ʂᴇʧʪʝʛʝʥ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʽʣʤʝʛʝʥ, ʘʣ ʢʝʡʙʽʨץ ץʦʣʜʘʫʤʝʥ ʪʦʣʳץ ץʘʞʝʪʪʽ ʪʝʭʥʠʢʘʣʳץ

ʫʥʠʚʝʨʩʠʪʝʪʪʝʨʜʝ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ װʰʽʥ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʨʝʩʫʨʩʪʘʨ ʞʝʪʢʽʣʽʢʩʽʟ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ 

 ץʪʳץʳץײץ-ʞᴅʥʝ ʥʦʨʤʘʪʠʚʪʽʢ ץʧʝʜʘʛʦʛʠʢʘʣʳ ,ץʨʳʣʳʤʜʳײץʠʥʬʨʘ שʰʽʥ ʦʥʳװ

ʘʩʧʝʢʪʽʣʝʨʽʥ ʞװʡʝʣʽ ʪװʨʜʝ ʜʘʤʳʪʫ ץʘʞʝʪ. 

 שʜʝʨʽʩʽʥʽװ ʳʪʪʘ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʣʘʨʳ ʙʽʣʽʤ ʙʝʨʫץʘʟʽʨʛʽ ʫʘפ

ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽʥʝ ʘʡʥʘʣʳʧ, ʦʥʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʢʝשʝʡʪʫʛʝ, ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ 

ʞᴅʥʝ ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʫʜʝ. ɼʝʛʝʥʤʝʥ, ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ 

ʙʝʨʫ ʦʨʪʘʣʘʨʳʥ ʪʘʙʳʩʪʳ ʝʥʛʽʟʫ ʢʝʰʝʥʜʽ ʢᴇʟץʘʨʘʩʪʳ, ʞװʡʝʣʽ ᴅʜʽʩʥʘʤʘʥʳ ʞᴅʥʝ 

ʥʘץʪʳ ᴅʨʝʢʝʪʪʝʨ ʪʽʟʙʝʛʽʥ ʪʘʣʘʧ ʝʪʝʜʽ. ʆʩʳ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ ʘץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʥʝʛʽʟʽʥʜʝ ʪʠʽʤʜʽ ʞᴅʥʝ ʪײʨʘץʪʳ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥ 

 ʧʘʣ ʝʪʝʪʽʥ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʣʘʨʳʥ ʝʥʛʽʟʫץʘ ʳסʡʳʤʜʘʩʪʳʨʫײ

ᴅʜʽʩʪʝʤʝʩʽʥʽש ʥʝʛʽʟʛʽ ʘʩʧʝʢʪʽʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʣʘʨʳʥ ʝʥʛʽʟʫ ᴅʜʽʩʪʝʤʝʩʽ ʙʽʨʥʝʰʝ ʢʝʟʝשʜʝʨʜʽ 

 :ʘʤʪʠʜʳץ

1) ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʘ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤסײʘʣʽʤʜʝʨʽʤʝʥ ץʦʩʘ ᴇʟʛʝ ʜʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʤʝʥ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥ ʪʘʣʜʘʫ, ʞʘʥ-

ʞʘץʪʳ ʟʝʨʪʪʝʫ; 

2) ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʘ ץʦʣʜʘʥʫסʘ ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʳץ 
 ;ʤʢʽʥʜʽʢʪʝʨװʤ ץʘʤʪʘʤʘ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ

3) ʆʨʪʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʦץʫ ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝʰʝʥ. 

 ɹײʣ ʟʝʨʪʪʝʫ ץʘʥʜʘʡ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʪװʨʽ ʤʘץʩʘʪʪʳ 

ʘʫʜʠʪʦʨʠʷ װʰʽʥ ʙʘʨʳʥʰʘ ʧʘʡʜʘʣʳ ᴅʨʽ ʪʠʽʤʜʽ ʙʦʣʘʪʳʥʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ.  
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ɹʘʩʪʘʧץʳ ʢʝʟʝשʜʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʤʝʥ ץʦʩʘ ᴇʟʛʝ ʜʝ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨ ץʘʪʳʩʫʳʤʝʥ ʩʘʫʘʣʥʘʤʘ ʞװʨʛʽʟʫ ײʩʳʥʳʣʘʜʳ. ɹײʣ ʟʝʨʪʪʝʫ ʦʣʘʨʜʳש 

ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʜʘסʜʳʣʘʨʳʥ, ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʞᴅʥʝ 

ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ (ɸʂʊ) ʩʘʣʘʩʳʥʜʘסʳ ײץʟʳʨʝʪʪʽʣʽʢ 

ʜʝשʛʝʡʽʥ ʙʘסʘʣʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ʉʘʫʘʣʥʘʤʘ ײץʨʳʣʳʤʳ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ 

ʙᴇʣʽʤʜʝʨʜʝʥ ʪײʜʳ: 

- ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ײץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʪᴅʞʽʨʠʙʝʩʽ; 

- ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ץʘʥʜʘʡ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʦʣʘʡʣʳ; 

- ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ ʜʝשʛʝʡʽ ʤʝʥ ʜʘסʜʳʣʘʨʳ. 

ɾʘʣʧʳ ʵʢʩʧʝʨʠʤʝʥʪʪʝ ɽʬʨʝʤʦʚ ʆ.ʖ., ʆʣʴʭʦʚʩʢʠʡ ɼ.ɺ., ɹʫʭʘʨʦʚʘ ɻ.ɼ., 

ʅʦʚʠʢʦʚ ɸ.ʄ. [136, 137, 138, 139] ʝשʙʝʢʪʝʨʽʥ ʥʝʛʽʟʛʝ ʘʣʜʳץ. 

ɾʠʥʘʣסʘʥ ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʥʘץʪʳ ʤʘץʩʘʪʪʳ ʘʫʜʠʪʦʨʠʷʥʳש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʩʘʡ ʢʝʣʝʪʽʥ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʪװʨʣʝʨʽʥ 

ʘʡץʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʪʫʘʜʳ. ʄʳʩʘʣʳ, ʝʛʝʨ ʩʘʫʘʣʥʘʤʘ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 

ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ץʘʪʳʩʫʰʳʣʘʨʜʳש ʙʘʩʳʤ ʙᴇʣʽʛʽ ɸʂʊ ײץʨʘʣʜʘʨʳʥ ʞʦסʘʨʳ 

ʜʝשʛʝʡʜʝ ʤʝשʛʝʨʛʝʥ ʪᴅʞʽʨʠʙʝʣʽ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʩʘ, ʦʥʜʘ 

ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʧʣʘʪʬʦʨʤʘʣʘʨʜʳ, ʙײʣʪʪʳץ ʩʝʨʚʠʩʪʝʨʜʽ ʥʝʤʝʩʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʘʡʳʣʳץ ʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʝʥʛʽʟʫ ʦʨʳʥʜʳ 

ʙʦʣʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʝʥʛʽʟʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʙʘסʘʣʘʫ ʦʥʳש ʙʽʣʽʤ ʙʝʨʫ 

 ʘʣʘʫ ʤʳʥʘʜʘʡ ʘʩʧʝʢʪʽʣʝʨʜʽסʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʘװʘ ʤסʳʥʜʘʫץʧʘʣʳʥ ʘʡץʜʝʨʽʩʽʥʝ ʳװ

 :ʘʤʪʠʜʳץ

- ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʞʦʩʧʘʨʣʘʥסʘʥ ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥʝ ץʦʣ ʞʝʪʢʽʟʫ ʜʝשʛʝʡʽ; 

- ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʛʝ ʜʝʛʝʥ ʳʥʪʘʩʳ 

ʤʝʥ ץʳʟʳסʫʰʳʣʳסʳʥʘ ᴅʩʝʨʽ; 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʦץʫ װʜʝʨʽʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʘסʳ 

 ;ʛʝʡʽשʘʪʪʘʥʫ ʜʝסʘʥʘץ

- ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʞʘʣʧʳ ץʦʣʘʡʣʳʣʳסʳ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʝʥʛʽʟʫ ʙʽʨʪʽʥʜʝʧ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʪʠʽʩ. ɹײʣ 

ʨʝʪʪʝ ʘʫʜʠʪʦʨʠʷʥʳש ʩײʨʘʥʳʩʪʘʨʳ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨ ʞᴅʥʝ ʦץʳʪʫ 

 ʘʥ ʥᴅʪʠʞʝʣʝʨסʜʝ ʘʣʳʥשʘʞʝʪ. ᴄʨ ʢʝʟʝץ ʛʝʡʽ ʝʩʢʝʨʽʣʫʽשʜʝʨʽʩʽʥʝ ʙʝʡʽʤʜʝʣʫ ʜʝװ

ʥʝʛʽʟʽʥʜʝ ʪװʟʝʪʫʣʝʨ ʝʥʛʽʟʽʣʽʧ, ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ 

ʦʥʳש ʙʽʣʽʤ ʩʘʧʘʩʳʥʘ ʳץʧʘʣʳ װʟʜʽʢʩʽʟ ʙʘסʘʣʘʥʳʧ ʦʪʳʨʜʳ, ʩʘʫʘʣʥʘʤʘ ʥᴅʪʠʞʝʣʝʨʽ 

ʪʘʣʜʘʥʳʧ ʦʪʳʨʜʳ. 

ɾʘʣʧʳ, ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʣʘʨʳʥ ʩᴅʪʪʽ ʝʥʛʽʟʫ װʰʽʥ ʤʘץʩʘʪʪʳ 

ʘʫʜʠʪʦʨʠʷʥʳש ʩײʨʘʥʳʩʪʘʨʳʥ ʞʘʥ-ʞʘץʪʳ ʪʘʣʜʘʫ, ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʽʨʽʢʪʝʫ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ, ʩʦʥʜʘʡ-ʘץ ʦץʫ װʜʝʨʽʩʥ̔ʝ ʢʝʟʝש-ʢʝʟʝשʽʤʝʥ ʙʝʡʽʤʜʝʫ 

ʪʘʣʘʧ ʝʪʽʣʝʜʽ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʝ 

ʠʥʪʝʛʨʘʮʠʷʣʘʫ װʜʝʨʽʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʦʥʳש ʩʘʧʘʣʳ ᴅʨʽ ץʦʣʞʝʪʽʤʜʽ 

ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʪʠʽʤʜʽ ʝʥʛʽʟʫ װʰʽʥ ʦʥʳש ʪʝʭʥʠʢʘʣʳץ 

ʪʘʣʘʧʪʘʨʳʥ ᴅʟʽʨʣʝʫ, ײץʨʳʣʳʤʳʥ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʞʦʙʘʣʘʫ, 

ʩʦʥʜʘʡ-ʘץ ʧʘʡʜʘʣʘʥʫ ʪᴅʨʪʽʙʽʥ ʘʡץʳʥʜʘʫ ʘʩʘ ʤʘשʳʟʜʳ. ʄײʥʜʘʡ ʦʨʪʘʥʳש 

ʪײʞʳʨʳʤʜʘʤʘʩʳ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ץʘסʠʜʘʪʪʘʨסʘ ʥʝʛʽʟʜʝʣʫʽ ʪʠʽʩ: 
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- ʠʢʝʤʜʽʣʽʢ ʞᴅʥʝ ʘʫץʳʤʜʳʣʳץ ʞװʡʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ᴅʨʪװʨʣʽ 

 ʰʽʥ ʠʢʝʤʜʽװ ʜʘʨʣʘʤʘʣʘʨʳʥʘ ʙʝʡʽʤʜʝʣʫʽסʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʙʘץ

ʞᴅʥʝ ʦשʘʡ ʤʘʩʰʪʘʙʪʘʣʘʪʳʥ ʙʦʣʫʳ ץʘʞʝʪ; 

- ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʪᴅʩʽʣ ᴅʨʙʽʨ ʧʘʡʜʘʣʘʥʫʰʳʥʳץ שʘʞʝʪʪʽʣʽʢʪʝʨʽ ʤʝʥ 

 ;ʦʣʜʘʫʳ ʪʠʽʩץ ʘʨʘʩʪʳץʘʣʘʫʣʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞʝʢʝ ʢᴇʟץ

- ʧʘʡʜʘʣʘʥʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ ʧʣʘʪʬʦʨʤʘʥʳש ʠʥʪʝʨʬʝʡʩʽ ʠʥʪʫʠʪʠʚʪʽ 

ʪװʩʽʥʽʢʪʽ, ʣʦʛʠʢʘʣʳץ ʞʘסʳʥʘʥ ײʡʳʤʜʘʩʪʳʨʳʣסʘʥ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳ װʰʽʥ 

ʳסשʘʡʣʳ ʙʦʣʫʳ ץʘʞʝʪ; 

- ʦʥʣʘʡʥ ʞᴅʥʝ ʦʬʣʘʡʥ ʬʦʨʤʘʪʪʘʨʜʳװ שʡʣʝʩʽʤʽ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʦʥʣʘʡʥ ʞᴅʥʝ ʦʬʣʘʡʥ ʦץʳʪʫ ʪװʨʣʝʨʽʥʽש ʪʠʽʤʜʽ 

ʠʥʪʝʛʨʘʮʠʷʩʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʽ ʪʠʽʩ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫ װʰʽʥ ʙʽʨץʘʪʘʨ 

ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨʜʳש ʩʘץʪʘʣʫʳ ץʘʞʝʪ: 

- ʢʦʤʧʴʶʪʝʨʣʽʢ ʞʘʙʜʳץ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʪʠʽʩ ʞᴅʥʝ 

ᴅʨʪװʨʣʽ ײץʨʳʣסʳʣʘʨʤʝʥ (ʢʦʤʧʴʶʪʝʨʣʝʨ, ʧʣʘʥʰʝʪʪʝʨ, ʩʤʘʨʪʬʦʥʜʘʨ) ʞᴅʥʝ 

ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨʤʝʥ (Windows, macOS, Linux, Android, iOS) ʪʦʣʳץ 

 ;ʘʙʽʣʝʪʪʽ ʙʦʣʫʳץ ʤʳʩ ʽʩʪʝʫʛʝײʡʣʝʩʽʤʜʽ ʞװ

- ʙʘʡʣʘʥʳʩ ײץʨʘʣʜʘʨʳ ʢʝש ʞʦʣʘץʪʳ ʠʥʪʝʨʥʝʪʢʝ ץʦʣʜʘʫ ʢᴇʨʩʝʪʫʽ ʪʠʽʩ, ʙײʣ ᴇʟ 

ʢʝʟʝʛʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʪײʨʘץʪʳ ʞᴅʥʝ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʘ ʞʝʪʢʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ, ᴅʩʽʨʝʩʝ ʩʠʥʭʨʦʥʜʳ ʦץʳʪʫ ʬʦʨʤʘʪʪʘʨʳ װʰʽʥ; 

- ʙʽʣʽʤ ץʦʨʳ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʙʦʣʫʳ ʢʝʨʝʢ, ʦʣ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ʦץʫ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥ, ʮʠʬʨʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʞᴅʥʝ ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʢʦʥʪʝʥʪʪʽ ʞʳʣʜʘʤ 

ʽʟʜʝʫ, ʩʘץʪʘʫ ʞᴅʥʝ ʘʣʤʘʩʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ; 

- ʦץʳʪʫ ײץʨʘʣʜʘʨʳ ʙʝʡʥʝʢʦʥʬʝʨʝʥʮʠʷʣʘʨ, ʚʝʙʠʥʘʨʣʘʨ, ʠʥʪʝʨʘʢʪʠʚʪʽ 

ʢʫʨʩʪʘʨ, ʪʘʧʩʳʨʤʘʣʘʨ ʞװʡʝʩʽ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ᴅʜʽʩʪʝʨʽʥ 

 .ʘ ʙʝʡʽʤʜʝʣʫʽ ʪʠʽʩסʦʣʜʘʫץ

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ʪʠʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʫʽ װʰʽʥ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ 

 :ʘʞʝʪץ ʨʫʳײʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪ ץʨʳʣʳʤʜʳײץ

- ʞʝʢʝ ʢʘʙʠʥʝʪ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʞʝʢʝ ʜʝʨʝʢʪʝʨʽ, ʪʽʨʢʝʣʛʝʥ ʢʫʨʩʪʘʨʳ, ʦץʫ 

 ʳʪʫץʪʘʣʘʜʳ. ɾʝʢʝ ʢʘʙʠʥʝʪ ʦץʧʘʨʘʪʪʘʨʳ ʩʘץʘ ʜʘ ʜʝʨʙʝʩ ʘץʞʘʪʪʘʨʳ ʞᴅʥʝ ʙʘʩײץ

 ;ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʳʣʘʫץʫ ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʙʘץʜʝʨʽʩʽʥ ʞʝʢʝʣʝʥʜʽʨʫʛʝ ʞᴅʥʝ ʦװ

- ʦץʫ ʤʦʜʫʣʴʜʝʨʽ ʙʝʣʛʽʣʽ ʙʽʨ ʢʫʨʩʪʘʨ ʤʝʥ ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ 

ʩᴅʡʢʝʩ ײץʨʳʣʳʤʜʘʣסʘʥ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ץʘʤʪʠʜʳ. ʆץʫ ʤʦʜʫʣʴʜʝʨʽ ʤʘʟʤײʥʥʳש 

ʞװʡʝʣʽʣʽʛʽ ʤʝʥ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʤʦʜʫʣʴʜʽʢ ʪᴅʩʽʣʛʝ ʥʝʛʽʟʜʝʣʫʽ 

ʪʠʽʩ; 

- ʙʘסʘʣʘʫ ʞװʡʝʩʽ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʙʽʣʽʤ ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʫ ʞᴅʥʝ ʦץʫ 

 ʰʽʥ ʪʝʩʪʽʣʝʫ, ʪʘʧʩʳʨʤʘʣʘʨ ʞᴅʥʝ ᴇʟʽʥ-ᴇʟʽװ ʳʣʘʫץʨʜʝ ʙʘװʡʝʣʽ ʪװʣʛʝʨʽʤʽʥ ʞװ

ʙʘסʘʣʘʫ ײץʨʘʣʜʘʨʳ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ; 

- ʢʦʤʤʫʥʠʢʘʮʠʷ ײץʨʘʣʜʘʨʳ ʦץʫ װʜʝʨʽʩʽʥʝ ץʘʪʳʩʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʯʘʪʪʘʨ, ʬʦʨʫʤʜʘʨ ʞᴅʥʝ ʭʘʙʘʨ ʘʣʤʘʩʫ ʞװʡʝʣʝʨʽʥ 

 ʳ ʢʝʨʽ ʙʘʡʣʘʥʳʩʪʳסʳʪʫʰʳ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳ ʘʨʘʩʳʥʜʘץʨʘʣʜʘʨ ʦײץʘʤʪʠʜʳ. ʆʩ rץ

ʥʳסʘʡʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ; 
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- ʢʫʨʩʪʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽ ʢʫʨʩʪʘʨ ʤʝʥ ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ʞʦʩʧʘʨʣʘʫ, 

 ʘʨʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥץʘʥ ᴅʢʽʤʰʽʣʽʢ-ʙʘʩסʘ ʘʨʥʘʣסʳʣʘʫץʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ʙʘײ

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʡʣʝʩʪʽʨʫʛʝ ʤװ ʜʝʨʽʩʽʥ ʪʠʽʤʜʽװ ʫץʡʝ ʦװʣ ʞײʘʤʪʠʜʳ. ɹץ

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʪʠʽʤʜʽ ᴅʨʽ ץʘʫʽʧʩʽʟ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ʢʝʣʝʩʽ 

ʤʽʥʜʝʪʪʽ ʝʨʝʞʝʣʝʨʜʽ ʩʘץʪʘʫ ץʘʞʝʪ [140, ʙ. 53].  

ɹʽʟʜʽש ʞʘסʜʘʡʜʘ:  

 ʧʠʷײץ ʣʦʛʠʥʽ ʤʝʥ ʧʘʨʦʣʽ שʘʫʽʧʩʽʟ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʘʡʜʘʣʘʥʫʰʳʥʳץ -

ʩʘץʪʘʣʫʳ ʪʠʽʩ ʞᴅʥʝ ʦʣʘʨʜʳ װʰʽʥʰʽ ʪײʣסʘʣʘʨסʘ ʙʝʨʫʛʝ ʞʦʣ ʙʝʨʽʣʤʝʡʜʽ; 

- ʵʪʠʢʘʣʳץ ʥʦʨʤʘʣʘʨʜʳ ʩʘץʪʘʫ ʦץʫ װʜʝʨʽʩʽʥʜʝ ᴅʜʝʧ ʝʨʝʞʝʣʝʨʽʥ ʩʘץʪʘʫ 

ʤʽʥʜʝʪʪʽ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ץʦʨʣʘʫ, ץʦʨץʳʪʫ, ʢʝʤʩʽʪʫ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʜʝʩʪʨʫʢʪʠʚʪʽ 

ᴅʨʝʢʝʪʪʝʨʛʝ ʪʳʡʳʤ ʩʘʣʳʥʘʜʳ; 

- ʘʚʪʦʨʣʳץײץ ץʳץʪʘʨʜʳ ʩʘץʪʘʫ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʨץײʩʘʪʩʳʟ ʢᴇʰʽʨʫ, ᴇשʜʝʫ ʥʝʤʝʩʝ ʪʘʨʘʪʫסʘ ʞʦʣ ʙʝʨʽʣʤʝʡʜʽ; 

- ʘʢʘʜʝʤʠʷʣʳץ ʪᴅʨʪʽʧ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʙʝʣʛʽʣʝʥʛʝʥ ʤʝʨʟʽʤʜʝ ʦʨʳʥʜʘʫ ʞᴅʥʝ 

ʙʝʢʽʪʽʣʛʝʥ ʦץʫ ʢʝʩʪʝʩʽʥʝ ʩʘʡ ᴅʨʝʢʝʪ ʝʪʫ ʪʘʣʘʧ ʝʪʽʣʝʜʽ; 

- ʢʦʤʤʫʥʠʢʘʮʠʷ ʤᴅʜʝʥʠʝʪʽ ʤסײʘʣʽʤʜʝʨ ʤʝʥ ᴅʢʽʤʰʽʣʽʢ ץʳʟʤʝʪʢʝʨʣʝʨʛʝ 

ʞװʛʽʥʛʝʥ ʢʝʟʜʝ ʩʳʧʘʡʳ ᴅʨʽ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ץʘʨʳʤ-ץʘʪʳʥʘʩ ʥʦʨʤʘʣʘʨʳ ʩʘץʪʘʣʫʳ 

 ;ʘʞʝʪץ

- ʞװʡʝʥʽ ʤʘץʩʘʪʪʳ ʧʘʡʜʘʣʘʥʫ ʦץʫ ʧʣʘʪʬʦʨʤʘʩʳʥ ʞʘʨʥʘʤʘ ʪʘʨʘʪʫסʘ ʥʝʤʝʩʝ 

ʢʦʤʤʝʨʮʠʷʣʳץ ʤʘץʩʘʪʪʘ ʧʘʡʜʘʣʘʥʫסʘ ʪʳʡʳʤ ʩʘʣʳʥʘʜʳ; 

- ʜʝʨʙʝʩ ʞᴅʥʝ ײץʧʠʷ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫ ʞʝʢʝ ʥʝʤʝʩʝ ײץʧʠʷ ʩʠʧʘʪʪʘסʳ 

ʘץʧʘʨʘʪʪʳװ שʰʽʥʰʽ ʪײʣסʘʣʘʨסʘ ʙʝʨʽʣʫʽʥʝ ʞʦʣ ʙʝʨʽʣʤʝʫʽ ʪʠʽʩ; 

- ʧʘʡʜʘʣʘʥʫʰʳ ʤᴅʣʽʤʝʪʪʝʨʽʥʽש ᴇʟʝʢʪʽʣʽʛʽ ʞʝʢʝ ʢʘʙʠʥʝʪʪʝʛʽ ʘץʧʘʨʘʪʪʳש 

ʜײʨʳʩʪʳסʳ ʤʝʥ ᴇʟʝʢʪʽʣʽʛʽ װʥʝʤʽ ʞʘשʘʨʪʳʣʳʧ ʦʪʳʨʫʳ ץʘʞʝʪ; 

- ʟʘשʤʝʥ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʢʦʥʪʝʥʪʢʝ ʪʳʡʳʤ ʩʘʣʫ ʵʢʩʪʨʝʤʠʟʤ, ʟʦʨʣʳץ-

ʟʦʤʙʳʣʳץ, ʢʝʤʩʽʪʫʰʽʣʽʢ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʪʳʡʳʤ ʩʘʣʳʥסʘʥ ʤʘʟʤײʥʜʳ ʪʘʨʘʪʫסʘ ץʘʪʘש 

ʪʳʡʳʤ ʩʘʣʳʥʘʜʳ. 

ɹʽʟ ײץʨסʘʥ çauezovvr.ct.wsè ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʜʘ ʦʩʳʥʜʘʡ  ʝʨʝʞʝʣʝʨ ʞᴅʥʝ 

 ʥʳײʤʘʟʤ שʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥʽץʦʩʳʤʰʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʦץ

ʙʦʡʳʥʰʘ: 

- ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʦץʳʪʫ ײץʨʘʣʳ 

ʨʝʪʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ (VM) - VirtualBox, VMWare, Hyper-V ʞᴅʥʝ ʪ.ʙ.; 

- ʚʠʨʪʫʘʣʜʳ ʦץʫ ʦʨʪʘʣʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ ʙײʣʪʪʳץ 

ʧʣʘʪʬʦʨʤʘʣʘʨ - Google Cloud, Aws, Azure ʞᴅʥʝ ʪ.ʙ.; 

- ʧʨʦʛʨʘʤʤʘʣʘʫ, ʢʠʙʝʨץʘʫʽʧʩʽʟʜʽʢ ʞᴅʥʝ ʞװʡʝʣʽʢ ᴅʢʽʤʰʽʣʝʥʜʽʨʫ ʦץʳʪʫ 

ʙʦʡʳʥʰʘ ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨ - Cisco Packet Tracer, Netlab, Cloudlabs ʞᴅʥʝ 

ʪ.ʙ.; 

- ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʤʦʪʠʚʘʮʠʷʩʳʥ ʘʨʪʪʳʨʫ װʰʽʥ ʚʠʨʪʫʘʣʜʳ 

ʦʨʪʘʣʘʨʜʘ ʛʝʡʤʠʬʠʢʘʮʠʷʥʳ ץʦʣʜʘʥʫ; 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʤʦʜʫʣʴʜʝʨ ʤʝʥ ʪʝʩʪʪʝʨʜʽ ʞʘʩʘʫ װʰʽʥ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ 

ʢʫʨʩʪʘʨʳʥ ᴅʟʽʨʣʝʫ; 

- ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳ ʩʝʨʚʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ װʡʨʝʪʫ װʰʽʥ ʚʠʨʪʫʘʣʜʳ 

ʩʝʨʚʝʨʣʝʨ ʤʝʥ ʙײʣʪʪʳץ ץʦʡʤʘʣʘʨ ʙʦʡʳʥʰʘ ʧʨʘʢʪʠʢʫʤʜʘʨ ʞʘʩʘʫ. 
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ɺʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ײץʨʫ װʰʽʥ ʩᴅʡʢʝʩ ʧʣʘʪʬʦʨʤʘʥʳ ʥʝʤʝʩʝ 

ʧʨʦʛʨʘʤʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳ ʪʘשʜʘʫ ץʘʞʝʪ. ɹײʣ ʨʝʪʪʝ ץʘʞʝʪʪʽ ʣʠʮʝʥʟʠʷʣʘʨʜʳ 

ʘʥʳץʪʘʧ, ʩʝʨʚʝʨʣʽʢ ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ ʽʨʽʢʪʝʫ 

ʤʘשʳʟʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʧʣʘʪʬʦʨʤʘʩʳʥ ʪʘשʜʘʫ ʢʝʟʽʥʜʝ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ 

ʢʨʠʪʝʨʠʡʣʝʨʜʽ ʝʩʢʝʨʫ ץʘʞʝʪ [141, 142]: 

- ʬʫʥʢʮʠʦʥʘʣʜʳʣʳץ ʧʣʘʪʬʦʨʤʘ ʦץʫ װʜʝʨʽʩʽʥʽש ʙʘʨʣʳץ ʥʝʛʽʟʛʽ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ï ʢʫʨʩʪʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ, ʪʝʩʪʽʣʝʫ ʞװʡʝʩʽʥ, ʚʝʙʠʥʘʨʣʘʨʜʳ, 

ʙʝʡʥʝʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʳ, ʠʥʪʝʨʘʢʪʠʚʪʽ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʦץʫ 

 ;ʘʤʪʘʤʘʩʳʟ ʝʪʫʽץ ʡʳʤʜʘʩʪʳʨʫʜʳײ ʨʘʣʜʘʨʳʥ ʪʠʽʤʜʽײץ

 ץʳ ʧʘʡʜʘʣʘʥʫʰʳ ʠʥʪʝʨʬʝʡʩʽ ʙʦʣʘʰʘסʘʨʘʧʘʡʳʤʜʳʣʳץ שʦʣʜʘʥʫʜʳץ -

ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨ ̔ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ װʰʽʥ ʠʥʪʫʠʪʠʚʪʽ ʪװʩʽʥʽʢʪʽ, 

 ʜʝʨʽʩʽʥʝװ ʫץʣ ʦײʘʞʝʪ. ɹץ ʘʡʣʳ ʙʦʣʫʳסשʞᴅʥʝ ʳ ץʳʥʘʥ ʣʦʛʠʢʘʣʳסʨʳʣʳʤʳ ʞʘײץ

ʞʳʣʜʘʤ ʙʝʡʽʤʜʝʣʫʜʽ ʞᴅʥʝ ʧʣʘʪʬʦʨʤʘʤʝʥ ʝʨʢʽʥ ʞײʤʳʩ ʽʩʪʝʫʜʽ ʞʝשʽʣʜʝʪʝʜʽ; 

 ʫץʘ, ʦסʘʫסʦʨץ ʞʝʢʝ ʜʝʨʝʢʪʝʨʽʥ שʘʫʽʧʩʽʟʜʽʢ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳץ -

ʤʘʟʤײʥʳʥʳש ʪײʪʘʩʪʳסʳʥ ʩʘץʪʘʫסʘ ʞᴅʥʝ ʧʣʘʪʬʦʨʤʘʥʳװ שʟʜʽʢʩʽʟ ᴅʨʽ ʪײʨʘץʪʳ 

ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʟʘʤʘʥʘʫʠ ץʘʫʽʧʩʽʟʜʽʢ ʰʘʨʘʣʘʨʳʤʝʥ 

ʞʘʙʜʳץʪʘʣʫʳ ʪʠʽʩ; 

 ʰʽʥ ᴅʟʽʨʣʝʫʰʽʣʝʨװ ʳʟʤʝʪʽ ʧʣʘʪʬʦʨʤʘʥʳ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨץ ʦʣʜʘʫץ -

ʪʘʨʘʧʳʥʘʥ ʥʝʤʝʩʝ ץʘʫʳʤʜʘʩʪʳץ ʥʝʛʽʟʽʥʜʝʛʽ ʪʝʭʥʠʢʘʣʳץ ץʦʣʜʘʫ ʢᴇʨʩʝʪʫ 

ʤװʤʢʽʥʜʽʛʽ ץʘʨʘʩʪʳʨʳʣʫʳ ץʘʞʝʪ. ɹײʣ ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ʪʫʳʥʜʘʡʪʳʥ ʪʝʭʥʠʢʘʣʳץ 

ʤᴅʩʝʣʝʣʝʨʜʽ ʞʝʜʝʣ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɺʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ײʡʳʤʜʘʩʪʳʨʫʜʘ ʧʘʡʜʘʣʘʥʫʰʳʥʳש 

 ʧʣʘʪʬʦʨʤʘʥʳ ץʩʘʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʙʽʨʥʝʰʝ ʧʨʦʛʨʘʤʤʘʣʳץʘʞʝʪʪʽʣʽʢʪʝʨʽ ʤʝʥ ʤʘץ

ʪʘשʜʘʫסʘ ʙʦʣʘʜʳ. ɹײʣ ʨʝʪʪʝ ʦץʫ ʦʨʥʳʥʳש ʙʶʜʞʝʪʽ ʤʝʥ ʪʘʣʘʧʪʘʨʳ ʝʩʢʝʨʽʣʫʽ ʪʠʽʩ. 

ɽש ʪʘʥʳʤʘʣ ʧʣʘʪʬʦʨʤʘʣʘʨ ʤʳʥʘʣʘʨ: 

Moodle-ʘʰʳץ ʙʘʩʪʘʧץʳ ʢʦʜʳ ʙʘʨ ʪʝʛʽʥ ʦץʫ ʞᴅʥʝ ʢʫʨʩʪʘʨʜʳ ʙʘʩץʘʨʫ 

ʧʣʘʪʬʦʨʤʘʩʳ. ʆʣ ʚʠʨʪʫʘʣʜʳ ʩʳʥʳʧʪʘʨʜʳ, ʙʣʦʛʪʘʨʜʳ, ʬʦʨʫʤʜʘʨʜʳ, ʯʘʪʪʘʨʜʳ 

ʞᴅʥʝ ʩʳʥʘץʪʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. Moodle ʢᴇʧʪʝʛʝʥ ʧʣʘʛʠʥʜʝʨ 

ʘʨץʳʣʳ ʙʝʡʥʝ ʘʨʥʘʣʘʨ, ʚʝʙ-ʢʦʥʬʝʨʝʥʮʠʷʣʘʨ, ʦץʫ ʩʝʩʩʠʷʣʘʨʳ ʩʠʷץʪʳ 

 .ʨʘʣʜʘʨʤʝʥ ʙʽʨʽʢʪʽʨʽʣʝʜʽײץ

Blackboard-ʦץʳʪʫ ʞᴅʥʝ ʢʫʨʩʪʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽ, ʦʣ ʚʠʨʪʫʘʣʜʳ ʩʳʥʳʧʪʘʨʜʳ, 

 ʪʘʣʘʨʳʥ ʞᴅʥʝץʪʘʨʜʳ, ʬʦʨʫʤʜʘʨʜʳ, ʯʘʪʪʘʨʜʳ, ʭʘʙʘʨʣʘʥʜʳʨʫ ʪʘץʘʫʳʤʜʘʩʪʳץ

ʝʤʪʠʭʘʥʜʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʜʘʡ-ʘץ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

 .ʳʣʘʫ ʬʫʥʢʮʠʷʩʳ ʙʘʨץʣʛʝʨʽʤʽʥ ʙʘװ

Canvas -ʙײʣʪץʘ ʥʝʛʽʟʜʝʣʛʝʥ ʧʣʘʪʬʦʨʤʘ, ʦʣ ʚʠʨʪʫʘʣʜʳ ʩʳʥʳʧʪʘʨʜʳ ײץʨʫסʘ, 

ʩʪʫʜʝʥʪʪʝʨʜʽ ץʘʫʳʤʜʘʩʪʳץʪʘʨסʘ ʙʽʨʽʢʪʽʨʫʛʝ ʞᴅʥʝ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʤʝʥ, 

ʪʘʧʩʳʨʤʘʣʘʨʤʝʥ, ʙʘסʘʣʘʨʤʝʥ ʘʣʤʘʩʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

Edmodo-ʤסײʘʣʽʤʜʝʨ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʘץʧʘʨʘʪ, ʧʽʢʽʨʣʝʨ ʞᴅʥʝ 

ʪʘʧʩʳʨʤʘʣʘʨ ʘʣʤʘʩʫסʘ, ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʙᴇʣʽʩʫʛʝ ʞᴅʥʝ ʦʥʣʘʡʥ ʪʝʩʪʽʣʝʫʜʝʥ 

ᴇʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʙʽʣʽʤ ʙʝʨʫ ʧʣʘʪʬʦʨʤʘʩʳ. 

Schoology - ʟʘʤʘʥʘʫʠ ʦץʫ ʞᴅʥʝ ʢʫʨʩʪʳ ʙʘʩץʘʨʫ ʧʣʘʪʬʦʨʤʘʩʳ (LMS), ʦʣ 

ʚʠʨʪʫʘʣʜʳ ʩʳʥʳʧʪʘʨʜʳ, ʦץʫ ʢʫʨʩʪʘʨʳʥ ʞᴅʥʝ ʘʢʘʜʝʤʠʷʣʳץ ʪʦʧʪʘʨʜʳ 
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 ʫץʦ ץʨʛʽʟʫʛʝ, ʞʦʙʘʣʘʨ ᴅʟʽʨʣʝʫʛʝ, ʩʦʥʜʘʡ-ʘװʘ, ʦʥʣʘʡʥ ʪʝʩʪʽʣʝʫʜʽ ʞסʡʳʤʜʘʩʪʳʨʫײ

ʨʝʩʫʨʩʪʘʨʳʥ ʞʘʨʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɸʪʘʣסʘʥ ʧʣʘʪʬʦʨʤʘʣʘʨʜʳש ʞᴅʥʝ ʩʦסʘʥ ץײʩʘʩ ʙʘʩץʘ ʞװʡʝʣʝʨ ʙʽʣʽʤ ʙʝʨʫ 

 ʫץʩʳʥʘʜʳ. ʆײ ʤʢʽʥʜʽʢʪʝʨװʤ ץʨʣʽ ʬʫʥʢʮʠʦʥʘʣʜʳװʡʳʤʜʘʩʪʳʨʫʜʘ ᴅʨʪײ ʜʝʨʽʩʽʥװ

ʦʨʳʥʜʘʨʳ ᴇʟʜʝʨʽʥʽש ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʘץʩʘʪʪʘʨʳ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʧʣʘʪʬʦʨʤʘʥʳ ʪʘשʜʘʧ, ʦʥʳ ʦץʫ װʜʝʨʽʩʽʥʝ ʪʠʽʤʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʡ 

ʘʣʘʜʳ. ɹʽʟʜʽש ʟʝʨʪʪʝʫ ʞʘסʜʘʡʳʥʜʘ CoSpaces Edu, EngageVR ʞᴅʥʝ Spatial 

ʦʨʪʘʣʘʨʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ᴇʟʜʝʨʽʥʽש ʞʦʙʘʣʳץ ʞײʤʳʩʪʘʨʳʥ ʞʘʩʘʜʳ. 

ʆץʫ װʜʝʨʽʩʽʥ ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ 

ʦʨʪʘʩʳʥʳש ʤʘʟʤײʥʳ, ʙʝʡʥʝʩʘʙʘץʪʘʨ, ʪʝʩʪ ʪʘʧʩʳʨʤʘʣʘʨʳ, ʚʠʟʫʘʣʜʳ ʤʘʪʝʨʠʘʣʜʘʨ 

ʞᴅʥʝ ᴇʟʛʝ ʜʝ ʦץʫ ʨʝʩʫʨʩʪʘʨʳʥ ײץʨʘʩʪʳʨʳʣʜʳ. ɹײʣ ʤʘʟʤײʥʥʳש ʩʘʧʘʩʳ ʤʝʥ 

ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʛʽ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ ʞᴅʥʝ ʦץʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨʽ  ʝʪʪʽ. 

ʂʦʥʪʝʥʪʪʽ ᴅʟʽʨʣʝʫʜʽ ʙʘʩʪʘʤʘʩ ʙײʨʳʥ, ʝש ʘʣʜʳʤʝʥ, ʢʫʨʩʪʳש ʤʘץʩʘʪʳ ʤʝʥ 

ʪʘץʳʨʳʙʳʥ ʥʘץʪʳ ʘʥʳץʪʘʜ .r ʄʘץʩʘʪʪʳ ʘʫʜʠʪʦʨʠʷʥʳץ שʘʞʝʪʪʽʣʽʢʪʝʨʽʥ ʝʩʢʝʨʽʧ, 

ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʞװʡʝʣʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʤʝʥ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʝʧʢʝ ʘʣʫ ʤʘשʳʟʜʳ ʙʦʣʜʳ. 

ʂʫʨʩʪʳש ʤʘץʩʘʪʳ ʤʝʥ ʪʘץʳʨʳʙʳ ʘʥʳץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʦץʫ ʤʘʪʝʨʠʘʣʳʥʳש 

ʤʘʟʤײʥʳʥ ᴅʟʽʨʣʝʫ װʜʝʨʽʩʽʥʝ ʢᴇʰʫ ץʘʞʝʪ. ʆץʫ ʤʘʪʝʨʠʘʣʳ ʢʝʣʝʩʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ 

 :ʘʤʪʠʜʳ [143]ץ

- ʙʝʡʥʝʩʘʙʘϨʪʘʨ ץʘʰʳץʪʳץʪʘʥ ʦץʠʪʳʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ װʰʽʥ ʦץʫ 

ʤʘʪʝʨʠʘʣʳʥʳש ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ; ɹʝʡʥʝʩʘʙʘץʪʘʨ ʤʘʟʤײʥʜʳץ 

ʞʘסʳʥʘʥ ʙʘʡ, ײץʨʳʣʳʤʳ ʞʘסʳʥʘʥ ʪʘʨʪʳʤʜʳ ʙʦʣʫʳ ʪʠʽʩ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ 

ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ (ʤʳʩʘʣʳ, ʘʩʠʥʭʨʦʥʜʳ ץʘʪʳʩʫ, ʵʢʨʘʥ ʘʣʜʳʥʜʘסʳ 

ʫʘץʳʪʪʳש ʰʝʢʪʝʫʣʽʛʽ, ʤʫʣʴʪʠʤʝʜʠʘʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨ) ʝʩʢʝʨʫʽ ץʘʞʝʪ; 

- ʪʝʩʪ ʪʘʧʩʳʨʤʘʣʘʨʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘץʳʨʳʧʪʳ ʤʝשʛʝʨʫ ʜʝשʛʝʡʽʥ 

ʙʘסʘʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ; ʆʣʘʨ ᴅʨʪװʨʣʽ ʬʦʨʤʘʪʪʘ ײʩʳʥʳʣʫʳ ʤװʤʢʽʥ: ʢᴇʧ 

ʪʘשʜʘʫʣʳ ʩײʨʘץʪʘʨ, ʩᴅʡʢʝʩʪʝʥʜʽʨʫ, ʘץʠץʘʪ/ʞʘʣסʘʥ, ʘʰʳץ ʩײʨʘץʪʘʨ ʞᴅʥʝ ʪ.ʙ. 

ʪʝʩʪʽʣʝʨʜʽ ᴅʨʙʽʨ ʪʘץʳʨʳʧʪʳ ʘʷץʪʘסʘʥ ʩʦש ʥʝʤʝʩʝ ʙװʢʽʣ ʢʫʨʩʪʳ ץʦʨʳʪʳʥʜʳʣʘʫ 

 ;ʘ ʙʦʣʘʜʳסʦʣʜʘʥʫץ ʰʽʥװ

- ʧʨʝʟʝʥʪʘʮʠʷʣʘʨ ʪʝʦʨʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʳ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ײʩʳʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ; ɹײʣ ײץʨʘʣ ʦץʫ ʤʘʟʤײʥʳʥ ײץʨʳʣʳʤʜʘʫסʘ ʞᴅʥʝ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳץ שʘʙʳʣʜʘʫʳʥ ʞʝשʽʣʜʝʪʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ; 

- ʚʝʙʠʥʘʨʣʘʨ ʦץʳʪʫʰʳʣʘʨ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘ ʪʽʢʝʣʝʡ ץʘʨʳʤ-

 ʘסʳʪ ʨʝʞʠʤʽʥʜʝ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʘʣʫץʪʳ ʫʘץʘʥ. ʆʣʘʨ ʥʘסʘ ʘʨʥʘʣסʘʪʳʥʘʩ ʦʨʥʘʪʫץ

ʞᴅʥʝ ʩײʨʘץ-ʞʘʫʘʧ ʬʦʨʤʘʪʳʥʜʘ ʪʘʣץʳʣʘʫ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ; 

- ʢʝʡʩ-ʪʘʧʩʳʨʤʘʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʘʥʘʣʠʪʠʢʘʣʳץ ʦʡʣʘʫ ץʘʙʽʣʝʪʽ ʤʝʥ 

ʧʨʘʢʪʠʢʘʣʳץ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʥʘץʪʳ ʥʝʤʝʩʝ 

ʤʦʜʝʣʴʜʽʢ ʞʘסʜʘʡʣʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʦץʫ ײץʨʘʣʳ; 

- ʢʨʦʩʩʚʦʨʜʪʘʨ ʤʝʥ ʦϨʫ ʦʡʳʥʜʘʨʳ ʛʝʡʤʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʪʝʨʽʥ ץʦʣʜʘʥʫ 

ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʤʦʪʠʚʘʮʠʷʩʳʥ ʘʨʪʪʳʨʫסʘ, ʤʘʪʝʨʠʘʣʜʳ ץʳʟʳץʪʳ 

ᴅʨʽ ʞʝשʽʣ ʪװʨʜʝ ʤʝשʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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ʆץʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʜʘʡʳʥʜʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʪʝʢʩʝʨʫ 

ʤʘשʳʟʜʳ. ɹײʣ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʘץʧʘʨʘʪʪʳ ץʘʥʰʘʣʳץʪʳ ʪʠʽʤʜʽ ʞʝʪʢʽʟʝʪʽʥʽʥ, 

 ʳʪʫץʪʠʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘ ʦ שʳʪʫ ᴅʜʽʩʪʝʨʽʥʽץʘʥ ʦסʦʣʜʘʥʳʣץ

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʪʘʫץʘ ʙʦʣʘʪʳʥʳʥ ʘʥʳסʪʘʡʣʘʥʜʳʨʫשʘʣʘʡ ʦץ ʜʝʨʽʩʽʥװ

ɹʽʟʜʽש ʞײʤʳʩʳʤʳʟʜʘ ʚʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʢʦʥʪʝʥʪʽ ᴅʟʽʨʣʝʥʽʧ 

 ʙʽʣʽʤʜʽ שʘʨʘʩʪʳ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץʢᴇʟ ץʘʨʤʘʰʳʣʳסʡʣʝʩʽʤʜʽ ʪᴅʩʽʣʜʽ, ʰʳװ

ʤʝשʛʝʨʫʽʥʝ ʙʘʨʳʥʰʘ ʪʠʽʤʜʽ ʳץʧʘʣ ʝʪʝʪʽʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʞʘʩʘʫ ץʘʨʘʩʪʳʨʳʣʜʳ. 

ɺʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ᴅʟʽʨʣʝʫ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʦʥʳ ʪʝʩʪʽʣʝʫ 

ʞᴅʥʝ ʞײʤʳʩ ʨʝʞʠʤʽʥʜʝ ʽʩʢʝ ץʦʩʫ ץʘʞʝʪ. ɹײʜʘʥ ʩʦש ʦʥʳש ʪʠʽʤʜʽʣʽʛʽ ʙʘסʘʣʘʥʳʧ, 

 ʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʩᴅʡʢʝʩץ שʘʣʽʤʜʝʨʜʽסײʜʘʡʜʘ ʩʪʫʜʝʥʪʪʝʨ ʤʝʥ ʤסʘʥ ʞʘסʘʞʝʪ ʙʦʣץ

ʪװʟʝʪʫʣʝʨ ʝʥʛʽʟʽʣʫʽ ʪʠʽʩ. 

ɾʦʙʘʥʳ ʞװʟʝʛʝ ʘʩʳʨʫ ʙʘʨʳʩʳʥʜʘ ʚʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש 

ʩʘʧʘʩʳ ʤʝʥ ʪײʨʘץʪʳ ʞײʤʳʩ ʽʩʪʝʫʽʥ ʙʘץʳʣʘʫ ʤʘשʳʟʜʳ. ɹײʣ ʢʝʣʝʩʽ ʢʝʟʝשʜʝʨʜʽ 

 :ʘʤʪʠʜʳץ

- ʪʝʩʪʽʣʝʫ װʜʝʨʽʩʽʥʜʝ ʞװʡʝʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳסʳ, ʠʥʪʝʨʬʝʡʩʽ ʞᴅʥʝ 

ʪʝʭʥʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳ ʪʝʢʩʝʨʽʣʝʜʽ. ɹײʣ ʢʝʟʝשʜʝ ʘʥʳץʪʘʣסʘʥ ץʘʪʝʣʝʨ ʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨ ʞʦʡʳʣʳʧ, ʞװʡʝʥʽש ʜײʨʳʩ ʞײʤʳʩ ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ץʘʞʝʪ; 

- ʞװʡʝʥʽ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ʦץʳʪʫʰʳʣʘʨ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʘʨʥʘʡʳ 

ʪʨʝʥʠʥʛʪʝʨ ᴇʪʢʽʟʫ ץʘʞʝʪ. ɹײʣ ʦʣʘʨסʘ ʧʣʘʪʬʦʨʤʘʥʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʤʝʥ ʪʘʥʳʩʫסʘ, ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ײץʨʘʣʜʘʨʳʥ ʜײʨʳʩ ץʦʣʜʘʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾװʡʝ ʽʩʢʝ ץʦʩʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʦʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʞװʡʝʣʽ ʪװʨʜʝ ʙʘסʘʣʘʫ 

ʤʘשʳʟʜʳ. ɹײʣ װʰʽʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʧʽʢʽʨʣʝʨʽ ʤʝʥ ײʩʳʥʳʩʪʘʨʳʥ ʞʠʥʘʫ; 

ʩʘʫʘʣʥʘʤʘʣʘʨ ʞװʨʛʽʟʫ; ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץ שʘʪʳʩʫ ʜʝשʛʝʡʽ ʤʝʥ ʦץʫ װʣʛʝʨʽʤʽʥ 

ʪʘʣʜʘʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ɾʦʙʘʥʳ ʪʠʽʤʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʳסשʘʡʣʳ ʞᴅʥʝ ʩʘʧʘʣʳ  

ʦץʳʪʫ ʦʨʪʘʩʳʥ ײʩʳʥʫʤʝʥ ץʘʪʘʨ, ʤסײʘʣʽʤʜʝʨʜʽש ʞײʤʳʩʳʥ ʞʝשʽʣʜʝʪʽʧ, ʩʘʙʘץʪʘʨʜʳ 

ʜʘʡʳʥʜʘʫ ʤʝʥ ᴇʪʢʽʟʫ װʜʝʨʽʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʘʜʳ. 

ɺʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʦʥʳש ʤʘʟʤײʥʳʥ 

 ʘʥ ʪʨʝʥʠʥʛʪʝʨסʘ ʘʨʥʘʣסʘʣʽʤʜʝʨ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסײʨʫ ʙʦʡʳʥʰʘ ʤײץ

 ʜʝʨʜʽ ʦʨʳʥʜʘʫʳשʘʪʳʩʫʰʳʣʘʨ ʢʝʣʝʩʽ ʢʝʟʝץ ʩʳʥʳʣʘʜʳ. ʊʨʝʥʠʥʛʢʝײ ʡʳʤʜʘʩʪʳʨʫײ

 :ʘʞʝʪץ

- ʦϨʳʪʫ ʤʘϨʩʘʪʳ ʤʝʥ ʤʽʥʜʝʪʪʝʨʽʥ ʘʡϨʳʥʜʘʫ ʚʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʦʨʪʘʩʳʥ (ʤʳʩʘʣʳ, Moodle, Blackboard ʞᴅʥʝ ʪ.ʙ.) ץʦʣʜʘʥʫ ץʘʞʝʪʪʽʣʽʛʽ ʤʝʥ ʦʥʳש 

ʪʠʽʤʜʽʣʽʛʽ ʘʥʳץʪʘʣʘʜʳ; 

- ʦϨʫ ʞʦʩʧʘʨʳʥ Ϩϰʨʫ ʪʨʝʥʠʥʛʪʽש ʤʘʟʤײʥʳ, ץʘʨʘʩʪʳʨʳʣʘʪʳʥ ʪʘץʳʨʳʧʪʘʨ, 

ʩʘʙʘץʪʘʨʜʳש ʫʘץʳʪʳ ʤʝʥ ᴇʪʢʽʟʽʣʫ ʬʦʨʤʘʪʳ ʝʥʛʽʟʽʣʫʽ ʪʠʽʩ; 

- ʪϸʞʽʨʠʙʝʣʽ ʤʘʤʘʥʜʘʨʜʳ ʪʘʨʪʫ ʚʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ 

 ץʝʩʪʝʨʽ ʤʝʥ ʧʨʘʢʪʠʢʘʣʳשʢʝ שʳʪʫʰʳʣʘʨʜʳץʦʣʜʘʥʫʜʘ ʪᴅʞʽʨʠʙʝʩʽ ʙʘʨ ʦץ

ʥײʩץʘʫʣʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ײʩʳʥʳʣʘʜʳ; 

- ʦϨʳʪʫʰʳʣʘʨ ʤʝʥ ʩʪʫʜʝʥʪʪʝʨʜʽ ʜʘʷʨʣʘʫ ʦץʳʪʫ װʜʝʨʽʩʽʥʜʝ ᴅʨʪװʨʣʽ 

ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ: ʜᴅʨʽʩʪʝʨ, ʧʨʘʢʪʠʢʘʣʳץ ʩʘʙʘץʪʘʨ, ʚʝʙʠʥʘʨʣʘʨ, 

ʙʝʡʥʝʦץʫʣʳץʪʘʨ ʞᴅʥʝ ʪ.ʙ.; 
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- ʦϨʫ ʥϸʪʠʞʝʣʝʨʽʥ ʙʘϤʘʣʘʫ ץʘʪʳʩʫʰʳʣʘʨʜʳש ʙʽʣʽʤʽʥ ʞᴅʥʝ ʪʨʝʥʠʥʛʪʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ װʰʽʥ ʪʝʩʪʽʣʝʫ ʞᴅʥʝ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʘʣʫ ײʩʳʥʳʣʘʜʳ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʘ ʘʨʥʘʣסʘʥ ʩʘʧʘʣʳ ʦץʫ ʢʦʥʪʝʥʪʽʥ ᴅʟʽʨʣʝʫ 

ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʢʝʣʝʩʽ ʢʝʟʝשʜʽʢ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫ ץʘʞʝʪ: 

- ʥʝʛʽʟʛʽ ϨʘϤʠʜʘʣʘʨʜʳ ʪʘʣʜʘʫ ʢʦʥʪʝʥʪ ᴅʟʽʨʣʝʫ ʙʘʨʳʩʳʥʜʘ ץʦʣʞʝʪʽʤʜʽʣʽʢ, 

 ᴇʟʝʢʪʽʣʽʛʽ ʤʝʥ ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʛʽ שʥʥʳײʳ, ʤʘʟʤסʘʨʘʧʘʡʳʤʜʳʣʳץ שʦʣʜʘʥʫʜʳץ

ʩʠʷץʪʳ ʤʘשʳʟʜʳ ʜʠʜʘʢʪʠʢʘʣʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘסʠʜʘʣʘʨ ʝʩʢʝʨʽʣʫʽ ʪʠʽʩ. 

ɹײʣ ץʘסʠʜʘʣʘʨ ʦץʫ װʜʝʨʽʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʙʝʣʩʝʥʜʽ ץʘʪʳʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘסʳʪʪʘʣʘʜʳ; 

-ʢʦʥʪʝʥʪ Ϩϰʨʫ ʤʘϨʩʘʪʪʘʨʳʥ ʘʥʳϨʪʘʫ ᴅʟʽʨʣʝʥʝʪʽʥ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש 

ʥʘץʪʳ ʤʘץʩʘʪʳ ʘʡץʳʥʜʘʣʫʳ ץʘʞʝʪ. ʆʣʘʨ ʦʥʣʘʡʥ ʢʫʨʩʪʘʨ, ʙʝʡʥʝʩʘʙʘץʪʘʨ, 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʪʘʧʩʳʨʤʘʣʘʨ ʥʝʤʝʩʝ ʧʨʝʟʝʥʪʘʮʠʷʣʘʨ ʪװʨʽʥʜʝ ײʩʳʥʳʣʫʳ ʤװʤʢʽʥ. 

ɹײʣ ʢʝʟʝשʜʝ ʦץʳʪʫ ʥᴅʪʠʞʝʣʝʨʽ ʤʝʥ ʤʘץʩʘʪʪʳ ʘʫʜʠʪʦʨʠʷ ʜʘ ʝʩʢʝʨʽʣʝʪʽʥ ʥʝʛʽʟʛʽ 

ʬʘʢʪʦʨʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ; 

- ʢʦʥʪʝʥʪ ʧʽʰʽʤʽʥ ʪʘϬʜʘʫ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʜʘʡʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ʙʝʡʥʝ, 

ʘʫʜʠʦ, ʤᴅʪʽʥʜʽʢ ײץʞʘʪʪʘʨ, ʛʨʘʬʠʢʘʣʳץ ʠʣʣʶʩʪʨʘʮʠʷʣʘʨ ʞᴅʥʝ ʘʥʠʤʘʮʠʷʣʳץ 

ʵʣʝʤʝʥʪʪʝʨ ʩʠʷץʪʳ ʪװʨʣʽ ʤʫʣʴʪʠʤʝʜʠʘʣʳץ ʬʦʨʤʘʪʪʘʨʜʳ ץʦʣʜʘʥʫ ײʩʳʥʳʣʘʜʳ. 

ɹײʣ ʪᴅʩʽʣ ʦץʫʰʳʣʘʨʜʳש ʦץʫ ʩʪʠʣʽʥʝ ʩᴅʡʢʝʩ ᴅʨʪװʨʣʽ ץʘʙʳʣʜʘʫ ʘʨʥʘʣʘʨʳʥʘ 

ʙʘrסʪʪʘʣסʘʥ; 

- ʦϨʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ϸʟʽʨʣʝʫ ʤᴅʪʽʥʜʝʨ, ʠʥʬʦʛʨʘʬʠʢʘ, ʙʝʡʥʝ ʦץʫʣʳץʪʘʨ, 

ʩʣʘʡʜʪʳץ ʧʨʝʟʝʥʪʘʮʠʷʣʘʨ ʞᴅʥʝ ᴇʟʛʝ ʜʝ ʮʠʬʨʣʳץ ʨʝʩʫʨʩʪʘʨ ʜʘʡʳʥʜʘʣʘʜʳ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʘʟʤײʥʜʳץ ʪʦʣʳץʪʳסʳ, ײץʨʳʣʳʤʜʳץ ʘʡץʳʥʜʳʣʳסʳ ʞᴅʥʝ 

ʢᴇʨʥʝʢʽʣʽʛʽ ʪײʨסʳʩʳʥʘʥ ʩʘʧʘʣʳ ʙʦʣʫʳ ʪʠʽʩ; 

- ʩʘʧʘʥʳ ʙʘϤʘʣʘʫ ʞϸʥʝ ʪʝʩʪʽʣʝʫ ʜʘʡʳʥʜʘʣסʘʥ ʦץʫ ʢʦʥʪʝʥʪʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ 

ʙʘסʘʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʦʥʳ ʩʪʫʜʝʥʪʪʝʨ ʪʦʙʳʥʜʘ ʧʠʣʦʪʪʳץ ʬʦʨʤʘʪʪʘ ʩʳʥʘץʪʘʥ 

ᴇʪʢʽʟʫ ײʩʳʥʳʣʘʜʳ. ɹײʣ ʙʘסʘʣʘʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ, ʦץʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʳסשʘʡʣʳʣʳסʳ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ; 

- ʢʦʥʪʝʥʪʪʽ ʞʘʨʠʷʣʘʫ ᴅʟʽʨʣʝʥʛʝʥ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ 

ʮʠʬʨʣʳץ ʧʣʘʪʬʦʨʤʘʣʘʨʜʘ, ʚʠʨʪʫʘʣʜʳ ʩʳʥʳʧ ʞװʡʝʣʝʨʽʥʜʝ ʥʝʤʝʩʝ ʙʽʣʽʤ ʙʝʨʫ 

 ʘסʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨײʘʞʝʪ. ɹץ ʨʝʩʤʠ ʚʝʙ-ʩʘʡʪʪʘʨʳʥʜʘ ʦʨʥʘʣʘʩʪʳʨʫ שʡʳʤʜʘʨʳʥʳײ

ʤʘʪʝʨʠʘʣʜʘʨסʘ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʦץʫ װʜʝʨʽʩʽʥ 

 .ʽʣʜʝʪʝʜʽשʡʳʤʜʘʩʪʳʨʫʜʳ ʞʝײ

ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʦץʳʪʫʰʳʣʘʨ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʚʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ 

ʙʝʨʫ ʦʨʪʘʩʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝ ʦץʫ װʜʝʨʽʩʽʥʽש 

ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ ʢʝʰʝʥʜʽ ᴅʜʽʩʪʝʤʝʣʽʢ 

ʪᴅʩʽʣʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ɹײʣ ʪᴅʩʽʣ ʰʝשʙʝʨʽʥʜʝ ʦʙʲʝʢʪʠʚʪʽ ʞᴅʥʝ ʩʫʙʲʝʢʪʠʚʪʽ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʞװʡʝʣʽ ʪװʨʜʝ ʞʠʥʘץʪʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹʘסʘʣʘʫ 

 ʘʥ ʢʝʨʽ ʙʘʡʣʘʥʳʩʪʳסʳʪʫʰʳʣʘʨ ʪʘʨʘʧʳʥʘʥ ʘʣʳʥץʜʝʨʽʩʽ ʩʪʫʜʝʥʪʪʝʨ ʤʝʥ ʦװ

 ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʙʲʝʢʪʠʚʪʽװʘ ʤסʘʣʘʫסʩʘʧʘʩʳʥ ʙʘ שʜʝʨʽʩʽʥʽװ ʫץʨʳʣʳʤʜʘʧ, ʦײץ

ʢᴇʨʩʝʪʢʽʰʪʝʨ ץʘʪʘʨʳʥʘ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: 

- ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦʨʳʥʜʘסʘʥ ʪʘʧʩʳʨʤʘʣʘʨʳʥʳש ʩʘʥʳ ʤʝʥ ʩʘʧʘʣʳץ 

ʜʝשʛʝʡʽ; 

- ʦץʫ ʢʫʨʩʳʥ ʤʝשʛʝʨʫʛʝ ʞײʤʩʘʣסʘʥ ʫʘץʳʪ ʤᴇʣʰʝʨʽ; 
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- ʘʷץʪʘʣסʘʥ ʢʫʨʩʪʘʨʜʳש ʩʘʥʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʦʣʳץ ʦʨʳʥʜʘʣʫ ʢᴇʨʩʝʪʢʽʰʽ; 

- ʧʣʘʪʬʦʨʤʘʥʳש ʙʝʣʩʝʥʜʽ ʧʘʡʜʘʣʘʥʳʣʫ ʜʝשʛʝʡʽ (ʢʽʨʫ ʞʠʽʣʽʛʽ, 

ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ ʫʘץʳʪʳ, ʪʘʧʩʳʨʤʘ ʪʘʧʩʳʨʫ ץʘʨץʳʥʜʳʣʳסʳ ʞᴅʥʝ 

ʪ.ʙ.). 

ʉʫʙʲʝʢʪʠʚʪʽ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʢʝʣʝʩʽ ʘʩʧʝʢʪʽʣʝʨʜʽ ץʘʤʪʠʜʳ: 

- ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ װʜʝʨʽʩʽʥʝ ץʘʥʘסʘʪʪʘʥʫ ʜʝשʛʝʡʽ; 

- ʦץʳʪʫʰʳʣʘʨʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽש ʩʘʧʘʩʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽ; 

- ʦץʫ ʙʘʨʳʩʳʥʜʘ ץʘʣʳʧʪʘʩץʘʥ ʢʦʤʤʫʥʠʢʘʪʠʚʪʽʢ ʞᴅʥʝ ʢʦʛʥʠʪʠʚʪʽʢ 

ʜʘסʜʳʣʘʨ; 

- ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʦʣʜʘʫʜʳש ʞʝʪʢʽʣʽʢʪʽʣʽʢ ʜʝשʛʝʡʽ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʵʤʦʮʠʦʥʘʣʜʳץ ʪᴅʞʽʨʠʙʝʩʽ. 

ʂʝʨʽ ʙʘʡʣʘʥʳʩ ʞʠʥʘʫ ᴅʜʽʩʪʝʨʽ ʘʣʫʘʥ ʪװʨʣʽ ʙʦʣʫʳ ʪʠʽʩ ʞᴅʥʝ ʤʳʥʘʣʘʨʜʳ 

 :ʘʤʪʠʜʳץ

- ʦʥʣʘʡʥ ʞᴅʥʝ ʦʬʣʘʡʥ ʬʦʨʤʘʪʪʘסʳ ʩʘʫʘʣʥʘʤʘʣʘʨ; 

- ʬʦʢʫʩ-ʪʦʧʪʘʨ ʞᴅʥʝ ʪʝʨʝשʜʝʪʽʣʛʝʥ ʞʝʢʝ ʩײʭʙʘʪʪʘʨ; 

- ʩʘʥʜʳץ (ʣʦʛ-ʬʘʡʣʜʘʨ, ʦץʫ ʘʥʘʣʠʪʠʢʘʩʳ) ʞᴅʥʝ ʩʘʧʘʣʳץ (ʧʽʢʽʨʣʝʨ, 

ʩʠʧʘʪʪʘʤʘʣʳץ ʞʘʫʘʧʪʘʨ) ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʠʥʘʫ ײץʨʘʣʜʘʨʳ. 

ʂʝʨʽ ʙʘʡʣʘʥʳʩ ʪʝʢ ʦץʫ װʜʝʨʽʩʽ ʘʷץʪʘʣסʘʥ ʩʦס שʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʥʳש 

ᴅʨʪװʨʣʽ ʢʝʟʝשʜʝʨʽʥʜʝ ʜʝ ʞװʡʝʣʽ ʪװʨʜʝ ʞװʨʛʽʟʽʣʫʽ ʪʠʽʩ. ɹײʣ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʘסʘʣʘʫסʘ, ʦץʳʪʫ װʜʝʨʽʩʽʥʝ ʙʝʡʽʤʜʝʣʛʝʥ 

ʪװʟʝʪʫʣʝʨ ʝʥʛʽʟʫʛʝ ʞᴅʥʝ ʞʘʣʧʳ ʦץʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾʠʥʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʫʽ ʪʠʽʩ, ʦʥʳש 

ʤʘץʩʘʪʳ ï ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ, ʢʫʨʩʪʘʨʜʳ ʞᴅʥʝ ʞʘʣʧʳ ʚʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʦʨʪʘʩʳʥ ʞʝʪʽʣʜʽʨʫ. ɹʘסʘʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʽʣʽʤ ʙʝʨʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʜʘʤʳʪʫ, 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ װʣʛʝʨʽʤʽʥ 

ʘʨʪʪʳʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʫʳ ץʘʞʝʪ. 

ɹײʣ ʪᴅʩʽʣ ʚʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʙʽʣʽʤ 

ʙʝʨʫ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʞʝʪʽʣʜʽʨʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ סʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂʝʨʽ ʙʘʡʣʘʥʳʩ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש ʜʘʤʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳʥ 

ʘʥʳץʪʘʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʆʣ ʧʣʘʪʬʦʨʤʘ ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫʤʝʥ ץʘʪʘʨ, 

ʦʥʳש ʤʘʟʤײʥʜʳץ, ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫ 

ʙʘסʳʪʪʘʨʳʥ ʘʡץʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʠʥʘʣסʘʥ ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʢʝʣʝʩʽ 

ʩʪʨʘʪʝʛʠʷʣʳץ ʜʘʤʫ ʙʘסʳʪʪʘʨʳʥ ץʘʨʘʩʪʳʨʫ ײʩʳʥʳʣʘʜʳ: 

- Ϩʦʩʳʤʰʘ ʦϨʫ ʨʝʩʫʨʩʪʘʨʳʥ ϸʟʽʨʣʝʫ ץʘʪʳʩʫʰʳʣʘʨʜʳש ʩײʨʘʥʳʩʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ץʦʩʳʤʰʘ ʢʫʨʩʪʘʨ ʤʝʥ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʜʘʡʳʥʜʘʫ ʦץʫ 

ʤʘʟʤײʥʳʥʳש ʘʫץʳʤʳʥ ʢʝשʝʡʪʽʧ, ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʽש ʙʝʡʽʤʜʝʣʛʽʰʪʽʛʽʥ 

ʘʨʪʪʳʨʘʜʳ; 

- ʢʦʤʤʫʥʠʢʘʮʠʷʣʳϨ Ϩϰʨʘʣʜʘʨʜʳ ʞʝʪʽʣʜʽʨʫ ʩʪʫʜʝʥʪʪʝʨ ʤʝʥ ʦץʳʪʫʰʳʣʘʨ 

ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽ ʥʳסʘʡʪʫ װʰʽʥ ʯʘʪ, ʬʦʨʫʤ, ʙʝʡʥʝʙʘʡʣʘʥʳʩ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ʙʘʡʣʘʥʳʩ ײץʨʘʣʜʘʨʳʥ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʞᴅʥʝ ʠʥʪʝʨʬʝʡʩʪʽʢ ʪײʨסʳʜʘʥ 

ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪ; 
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- ʧʨʘʢʪʠʢʘʣʳϨ ʜʘϤʜʳʣʘʨʜʳ ʜʘʤʳʪʫ ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨ, ʤʦʜʝʣʴʜʝʫ 

ʞᴅʥʝ ʩʠʤʫʣʷʮʠʷ ײץʨʘʣʜʘʨʳʥ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץ שʦʣʜʘʥʙʘʣʳ 

ʙʽʣʽʤʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʟʝʨʪʪʝʫʰʽʣʽʢ ץʘʙʽʣʝʪʽʥ ʜʘʤʳʪʫ ʤװʤʢʽʥʜʽʛʽ ʘʨʪʘʜʳ; 

- ʙʘϤʘʣʘʫ ʞϮʡʝʣʝʨʽʥ ʞʝʪʽʣʜʽʨʫ ʦʥʣʘʡʥ ʪʝʩʪʽʣʝʫ, ʦץʫ ʞʝʪʽʩʪʽʢʪʝʨʽʥʽש 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫʳ ʞᴅʥʝ ʦץʫ װʜʝʨʽʩʽʥ ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ײץʨʘʣʜʘʨʜʳ ʝʥʛʽʟʫ ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʤʦʥʠʪʦʨʠʥʛʽʣʝʫʜʽ 

ʞʝשʽʣʜʝʪʝʜʽ; 

- ϸʢʽʤʰʽʣʽʢ ʙʘʩϨʘʨʫ Ϩϰʨʘʣʜʘʨʳʥ ʜʘʤʳʪʫ ʚʠʨʪʫʘʣʜʳ ʩʳʥʳʧʪʘʨʜʳש 

ʤʘʟʤײʥʳʥ ʙʘʩץʘʨʫסʘ ʞᴅʥʝ ʦץʫ װʜʝʨʽʩʽʥ ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ 

 ;ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ ʡʣʝʩʽʤʜʽʣʽʛʽʥװ שʫ ʦʨʪʘʩʳʥʳץʨʘʣʜʘʨʜʳ ʞʝʪʽʣʜʽʨʫ ʦײץ

- ϨʘʫʳʤʜʘʩʪʳϨ Ϩϰʨʫ ʞϸʥʝ ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʳʥʪʘʣʘʥʜʳʨʫ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʙʝʣʩʝʥʜʽ ץʘʪʳʩʫʳʥ ʘʨʪʪʳʨʫ, ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʤʝʭʘʥʠʟʤʜʝʨʽʥ 

ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʤʝʥ ʦץʳʪʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘ ʳʥʪʳʤʘץʪʘʩʪʳץ 

ʦʨʥʘʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ץʘʫʳʤʜʘʩʪʳץ ʬʫʥʢʮʠʦʥʘʣʳʥ ʝʥʛʽʟʫ ײʩʳʥʳʣʘʜʳ; 

- ʦϨʳʪʫ ʪʠʽʤʜʽʣʽʛʽʥ ʪʘʣʜʘʫ ץʘʪʳʩʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ, ʦץʫ 

ʥᴅʪʠʞʝʣʝʨʽʥ ʞᴅʥʝ ʤʽʥʝʟ-ײץʣʳץʪʳװ ץʣʛʽʣʝʨʽʥ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ᴅʜʽʩʪʝʤʝʣʝʨʜʽ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫ 

ʤװʤʢʽʥʜʽʛʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ï 

ʟʘʤʘʥʘʫʠ ץʦסʘʤʥʳש ʪʘʣʘʧʪʘʨʳʥʘ ʩʘʡ ʙʽʣʽʤ ʙʝʨʫʜʽש ʙʘʩʳʤ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ. 

ɹײʣ ʤʦʜʝʣʴ ʦץʳʪʫ ʰʳסʳʥʜʘʨʳʥ ʪᴇʤʝʥʜʝʪʫʛʝ, ʙʽʣʽʤʛʝ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫסʘ 

ʞᴅʥʝ ʞʘשʘ ʜʘסʜʳʣʘʨʜʳ ʤʝשʛʝʨʫ ʤװʤʢʽʥʜʽʛʽʥ ʢʝשʝʡʪʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘ ʦץʳʪʫ װʜʝʨʽʩʽʥ ʜʘʨʘʣʘʥʜʳʨʫ ʤװʤʢʽʥʜʽʛʽ ᴅʨʙʽʨ 

ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʞʝʢʝ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʝʥ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʠʢʝʤʜʝʣʛʝʥ 

ʙʽʣʽʤ ʙʝʨʫ ʪʨʘʝʢʪʦʨʠʷʩʳʥ ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ɸʣʘʡʜʘ, ʤײʥʜʘʡ ʦʨʪʘʥʳ ʪʠʽʤʜʽ ʝʥʛʽʟʫ װʰʽʥ ʙʘʨʣʳץ ʢʝʟʝשʜʝʨ ï ʤסײʘʣʽʤʜʝʨ 

ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳ ʜʘʷʨʣʘʫ, ʞװʡʝʥʽ ʪʝʭʥʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʦʨʥʘʪʫ, ʤʘʟʤײʥʜʳ 

ʙʝʡʽʤʜʝʫ ʞᴅʥʝ ʪײʨʘץʪʳ ץʦʣʜʘʫ ʢᴇʨʩʝʪʫ ï ʞװʡʝʣʽ ʪװʨʜʝ ײʡʳʤʜʘʩʪʳʨʳʣʫʳ ʪʠʽʩ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʝʥʛʽʟʫ ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʟʽʨʣʝʫ 

ʙʘʨʳʩʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʩʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽ, ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʽש ʪװʨʣʝʨʽ ʞᴅʥʝ 

ʤʘץʩʘʪʪʳ ʘʫʜʠʪʦʨʠʷʥʳש ʥʘץʪʳ ץʘʞʝʪʪʽʣʽʢʪʝʨʽ ʞʘʥ-ʞʘץʪʳ ʝʩʢʝʨʽʣʫʽ ץʘʞʝʪ. 

ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʝʥʛʽʟʫ ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥ 

ʞʘסשʳʨʪʫʜʳש ʤʘשʳʟʜʳ ʙʘסʳʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʬʦʨʤʘʪ ʙʽʨץʘʪʘʨ 

ʘʨʪʳץʰʳʣʳץʪʘʨʤʝʥ ץʘʪʘʨ, ʽʩʢʝ ʘʩʳʨʫ ʙʘʨʳʩʳʥʜʘ ʪʫʳʥʜʘʡʪʳʥ ʝʣʝʫʣʽ 

 .ʘʤʪʠʜʳ (10-ʢʝʩʪʝ)ץ ʪʘʨʜʳ ʜʘץʠʳʥʜʳץ

 

ʂʝʩʪʝ 10 ï ɺʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʝʥʛʽʟʫʜʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ 

 ʪʘʨʳץʠʳʥʜʳץ

 
ɸʨʪʳץʰʳʣʳץʪʘʨʳ פʠʳʥʜʳץʪʘʨʳ 

1 2 

Ϩʦʣʞʝʪʽʤʜʽʣʽʢ ʠʥʪʝʨʥʝʪʢʝ ץʦʩʳʣʫ 

ʤװʤʢʽʥʜʽʛʽ ʙʘʨ ʢʝʟ ʢʝʣʛʝʥ ʛʝʦʛʨʘʬʠʷʣʳץ 

ʥװʢʪʝʜʝʥ ʙʽʣʽʤ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ  

ʢʘʜʨʣʳϨ ʜʘʷʨʣʳϨʪʳϬ ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ 

ʦץʳʪʫʰʳʣʘʨ ʤʝʥ ᴅʢʽʤʰʽʣʽʢ ץʳʟʤʝʪʢʝʨʣʝʨʜʽ 

ʞʘשʘ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʪʠʽʤʜʽ  
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10-ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 
1 2 

ʙʽʣʽʤ ʙʝʨʫʜʽ ʠʥʢʣʶʟʠʚʪʽ ʞᴅʥʝ ʙʘʨʳʥʰʘ ʢʝש 

ʘʫʜʠʪʦʨʠʷסʘ ץʦʣʞʝʪʽʤʜʽ ʝʪʝʜʽ. 

ʧʘʡʜʘʣʘʥʫסʘ ʦץʳʪʫ ץʘʞʝʪʪʽʣʽʛʽ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʛʝ 

ʘʡʥʘʣʫʜʘ. 

ʠʢʝʤʜʽʣʽʢ ʦץʫ ʢʝʩʪʝʩʽʥ ʜʝʨʙʝʩ ײץʨʫסʘ, ʪװʨʣʽ 

ʫʘץʳʪ ʙʝʣʜʝʫʣʝʨʽʥʜʝʛʽ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʤʝʥ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʛʝ, ʩʦʥʜʘʡ-ʘץ ʦץʫ װʜʝʨʽʩʽʥ 

ʩʪʫʜʝʥʪʪʽש ʞʝʢʝ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ 

ʙʝʡʽʤʜʝʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

ʪʝʭʥʠʢʘʣʳϨ ʤϸʩʝʣʝʣʝʨ ʧʨʦʛʨʘʤʤʘʣʳץ ʞᴅʥʝ 

ʘʧʧʘʨʘʪʪʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘʡʣʘʥʳʩʪʳ 

ʰʳסʳʥʜʘʨ ʞʦסʘʨʳ ʙʦʣʫʳ ʤװʤʢʽʥ, ʙײʣ 

ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʠʥʚʝʩʪʠʮʠʷʥʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʢ ʮʠʬʨʣʳײץ ץʨʘʣʜʘʨ 

(ʙʝʡʥʝ, ʘʫʜʠʦ, ʯʘʪʪʘʨ, ʬʦʨʫʤʜʘʨ ʞᴅʥʝ ʪ.ʙ.) 

ʘʨץʳʣʳ ʦץʳʪʫ װʜʝʨʽʩʽʥ ʞʘʥʜʘʥʜʳʨʳʧ, 

ʦץʳʪʫʰʳ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳ ʘʨʘʩʳʥʜʘסʳ 

ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣʜʳ ʢװʰʝʡʪʝʜʽ. 

ʰʝʢʪʝʫʣʽ Ϩʦʣʞʝʪʽʤʜʽʣʽʢ ʠʥʪʝʨʥʝʪ ʞʝʣʽʩʽʤʝʥ 

 ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʤʝʛʝʥ ʥʝʤʝʩʝ ʮʠʬʨʣʳץ

 ʦʣ ʞʝʪʢʽʟʝ ʘʣʤʘʡʪʳʥץ ʘסʳʣʘʨסʨʳʣײץ

ʘʡʤʘץʪʘʨʜʘסʳ ʞᴅʥʝ ʤװʤʢʽʥʜʽʛʽ ʰʝʢʪʝʫʣʽ 

ʪײʣסʘʣʘʨ װʰʽʥ ʦץʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʰʝʢʪʝʫʣʽ 

ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ; 

ʜʘʨʘʣʘʥʜʳʨʫ ʦץʫ ʤʘʟʤײʥʳʥ ʩʪʫʜʝʥʪʪʽש 

 ʫץʛʝʡʽ ʤʝʥ ʦשʪʘʨʳ, ʙʽʣʽʤ ʜʝץʫʰʳʣʳסʳʟʳץ

 ,ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʳʥʳʥʘ ʙʝʡʽʤʜʝʫʛʝ ʤץʘʨץ

ʙײʣ ʞʝʢʝ ʦץʫ ʪʨʘʝʢʪʦʨʠʷʣʘʨʳʥ 

 .ʜʘʡ ʞʘʩʘʡʜʳסʘ ʞʘסʘʣʳʧʪʘʩʪʳʨʫץ

ϸʣʝʫʤʝʪʪʽʢ ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʢʪʽϬ ʪϺʤʝʥʜʝʫʽ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʪʽʢʝʣʝʡ ץʘʨʳʤ-

 ᴅʣʝʫʤʝʪʪʽʢ שʘʟʘʶʳ ʦʣʘʨʜʳ שʘʪʳʥʘʩʪʳץ

ʙʝʡʽʤʜʝʣʫʽʥʝ ʢʝʨʽ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. 

ʪʠʽʤʜʽʣʽʢ ײץʨʳʣʳʤʜʘʣסʘʥ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ 

ʝʥʛʽʟʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ 

ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ 

ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʤʘʟʤϰʥʜʳ ʙʘʩϨʘʨʫ ʤϸʩʝʣʝʣʝʨʽ װʣʢʝʥ ʢᴇʣʝʤʜʝʛʽ 

ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʞװʡʝʣʝʫ ʤʝʥ ײץʨʳʣʳʤʜʘʫ 

ʙʘʨʳʩʳʥʜʘ ץʠʳʥʜʳץʪʘʨ ʪʫʳʥʜʘʡʜʳ, ʩʦʥʜʘʡ-

ʘץ ʘʢʘʜʝʤʠʷʣʳץ ʘʜʘʣʜʳץʪʳש ʙײʟʳʣʫ ץʘʫʧʽ 

(ʧʣʘʛʠʘʪ, ʞʘʣסʘʥ ʘץʧʘʨʘʪ ʪʘʨʘʪʫ) ʘʨʪʘʜʳ; 

Ϯʥʝʤʜʽʣʽʢ ʤʘʪʝʨʠʘʣʜʳץ ʰʳסʳʥʜʘʨʜʳ 

ʘʟʘʡʪʘ ʦʪʳʨʳʧ, ʙʽʣʽʤ ʙʝʨʫʜʽ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʝʪʝʜʽ. 

ʜʝʨʝʢʪʝʨ Ϩʘʫʽʧʩʽʟʜʽʛʽ ʞʝʢʝ ʘץʧʘʨʘʪʪʳש 

 ʘʤʪʘʤʘʩʳʟ ʝʪʫ ï ʭʘʢʝʨʣʽʢץ ʘʫʽʧʩʽʟʜʽʛʽʥץ

ʰʘʙʫʳʣʜʘʨ ʤʝʥ ʜʝʨʝʢʪʝʨʜʽש ʟʘשʩʳʟ 

ʧʘʡʜʘʣʘʥʳʣʫ ץʘʫʧʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʤʘשʳʟʜʳ 

ʤᴅʩʝʣʝ; 

- ʦϨʫ Ϯʜʝʨʽʩʽʥ ʙʘϨʳʣʘʫʜʳϬ ʰʝʢʪʝʫʣʽʣʽʛʽ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ᴇʟʽʥʜʽʢ ʞײʤʳʩʳʥ ᴅʜʽʣ ʙʘסʘʣʘʫ 

ʞᴅʥʝ ʦץʫ ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʪʦʣʳץץʘʥʜʳ ʙʘץʳʣʘʫ 

ʤװʤʢʽʥʜʽʛʽ ʢʝʡ ʞʘסʜʘʡʣʘʨʜʘ ʰʝʢʪʝʫʣʽ ʙʦʣʫʳ 

ʤװʤʢʽʥ. 

 

 ʰʽʥװ ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʪʠʽʤʜʽ ʝʥʛʽʟʫפ

ʦʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʞʘʥ-ʞʘץʪʳ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʪʫʳʥʜʘʫʳ ʤװʤʢʽʥ 

ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩץʘʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʩʪʨʘʪʝʛʠʷʣʘʨʜʳ ᴅʟʽʨʣʝʫ ץʘʞʝʪ. ɹײʣ װʜʝʨʽʩʪʝ 

ʞװʡʝʣʽ ʜʘʷʨʣʳץ, ʠʥʩʪʠʪʫʮʠʦʥʘʣʜʳץ ץʦʣʜʘʫ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʥʳש 

ʞʝʪʢʽʣʽʢʪʽʣʽʛʽ ʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʙʝʡʽʤʜʝʣʫ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʥʝʛʽʟʜʝ ʽʩʢʝ ʘʩʳʨʫסʘ ʘʨʥʘʣסʘʥ ʞײʤʳʩ ʤʦʜʝʣʽ ᴅʟʽʨʣʝʥʜʽ. ɹײʣ װʣʛʽ 

ʞװʡʝʥʽ ʢʝʟʝש-ʢʝʟʝשʽʤʝʥ ʝʥʛʽʟʫ ᴅʜʽʩʪʝʤʝʩʽʥ, ʦʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ ʪʝʪʽʢʪʝʨʽʥ 

ʞᴅʥʝ ʦץʫ װʜʝʨʽʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʙʦʡʳʥʰʘ ʧʨʘʢʪʠʢʘʣʳײ ץʩʳʥʳʩʪʘʨʜʳ ץʘʤʪʠʜʳ. 

ʄʦʜʝʣʴ ʥʘץʪʳ ʦץʫ ʤʘץʩʘʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʙʝʡʽʤʜʝʣʽʧ, ʧʝʜʘʛʦʛʠʢʘʣʳװ ץʜʝʨʽʩʪʽש 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʪʘʡʣʘʥʜʳʨʫשʨʳʣʳʤʳʥ ʦײץ
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ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʚʠʨʪʫʘʣʜʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʝʥʛʽʟʫʛʝ ᴅʩʝʨ ʝʪʝʪʽʥ 

ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨ ʞʘʥ-ʞʘץʪʳ ʩʘʨʘʣʘʥʳʧ, ץʦʣʜʘʥʳʩʪʘסʳ ᴅʜʽʩʪʝʤʝʣʝʨ ʤʝʥ 

ʪᴅʞ̔ʨʠʙʝʣʽʢ ʰʝʰʽʤʜʝʨ ʪʘʣʜʘʥʜʳ. ʆʩʳ ʥʝʛʽʟʜʝ ײʩʳʥʳʣסʘʥ ʞײʤʳʩ ʤʦʜʝʣʽ ʙʽʣʽʤ 

ʙʝʨʫ ײʡʳʤʜʘʨʳʥʘ ʮʠʬʨʣʳץ ʦץʳʪʫ ײץʨʘʣʜʘʨʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ 

ʙʽʣʽʤ ʙʝʨʫ ʪʘʣʘʧʪʘʨʳʥʘ ʙʝʡʽʤʜʝʣʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ʄסײʘʣʽʤʜʝʨ װʰʽʥ ʙײʣ װʣʛʽ 

ᴅʨʪװʨʣʽ ʙʽʣʽʤ ʙʝʨʫ ײʡʳʤʜʘʨʳʥʜʘ ʪʠʽʤʜʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʩʪʨʘʪʝʛʠʷʣʘʨʜʳ ʞװʟʝʛʝ 

ʘʩʳʨʫʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥ ᴅʤʙʝʙʘʧ ײץʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ʦץʫ 

ʤʘʟʤײʥʳʥʳש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ װʜʝʨʽʩʽʥʝ ʙʝʣʩʝʥʜʽ 

 ʽʥʝʥשʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʢʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʮʠʬʨʣʳץ ʘʪʳʩʫʳʥץ

ʝʥʛʽʟʫʛʝ ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨ ʘʰʘʜʳ. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʦץʫ-ʪᴅʨʙʠʝ װʜʝʨʽʩʽʥʜʝ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽ ʞװʟʝʛʝ ʘʩʳʨʫ 

ʤʘץʩʘʪʳʥʜʘ ɸʂʊ ײץʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʫ ᴇʟʝʢʪʽʣʽʛʽ ʘʨʪʘ ʪװʩʢʝʥʽ ʙʘʡץʘʣʘʜʳ. 

ɹʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽ ʢᴅʩʽʙʠ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥʜʝ ɸʂʊ ץʦʣʜʘʥʫסʘ ʦץʳʪʫʜʳש 

ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʩʽ ʥʘץʪʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫʜʳ ʦץʳʧ-װʡʨʝʥʫʤʝʥ ץʘʪʘʨ, 

ʤסײʘʣʽʤʥʽש ʙʦʡʳʥʘ ᴇʟʽʥʽש ʢᴅʩʽʙʠ  ʽʩ-ᴅʨʝʢʝʪʽʥʜʝ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʪʘשʜʘʫ 

ʤʝʥ ץʦʣʜʘʥʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʞʘסʜʘʡʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʳʪʪʘʣʫʳ ʪʠʽʩ 

[144]. ɹײʣ ʨʝʪʪʝ, ʙʽʨʽʥʰʽʜʝʥ, ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʙʽʣʽʤ ʙʝʨʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳʥ 

(ʤʳʩʘʣʳ, פʘʟʘץʩʪʘʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ çBilimLandè ʞᴅʥʝ çKundelik.kzè 

ʙʽʨʳסשʘʡ ʙʽʣʽʤ ʙʝʨʫ ʞʝʣʽʣʝʨʽ), ʝʢʽʥʰʽʜʝʥ, ʜᴅʩʪװʨʣʽ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

 ʞᴅʥʝ (ʜʘʨʣʘʤʘʣʘʨʳסʧʦʰʪʘ, ʦʥʣʘʡʥ ʙʘʡʣʘʥʳʩ ʙʘ ץʵʣʝʢʪʨʦʥʜʳ) ʨʘʣʜʘʨʜʳײץ

 ,ʳʟʤʝʪʪʝʨʜʽ (ᴅʣʝʫʤʝʪʪʽʢ ʞʝʣʽʣʝʨץ-ʦʣʞʝʪʽʤʜʽ ʠʥʪʝʨʥʝʪץ ʘסʰʽʥʰʽʜʝʥ, ʞʘʣʧʳװ

ʚʝʙʠʥʘʨ ᴇʪʢʽʟʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳ ʞᴅʥʝ ʪ.ʙ.) ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʤʘשʳʟʜʳ ʨᴇʣ 

ʘʪץʘʨʘʜʳ. 

ɿʝʨʪʪʝʫʽʤʽʟʜʽש ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʜʝʨʽʥʽש ʙʽʨʽ ʨʝʪʽʥʜʝ çauezovvr.ct.wsè ʘʪʪʳ 

ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨr ᴅʟʽʨʣʝʥʽʧ, ʦץʫ װʜʝʨʽʩʽʥʜʝ ʪʠʽʤʜʽ ץʦʣʜʘʥʳʣʜʳ. 

ɸʪʘʣסʘʥ ʨʝʩʫʨʩ ʙʝʡʥʝʤʘʪʝʨʠʘʣʜʘʨ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ᴇʟʜʽʛʽʥʝʥ ʞײʤʳʩ ʽʩʪʝʫʽʥʝ 

ʘʨʥʘʣסʘʥ ʪʘʧʩʳʨʤʘʣʘʨ, ʘʚʪʦʨʣʘʨʤʝʥ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʤʝʥ ʢʝʨʽ ʙʘʡʣʘʥʳʩ 

ʦʨʥʘʪʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʘʨ ʦץʫ ʦʨʪʘʩʳʥ ץʘʤʪʠʜʳ.  

çɸץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ 

ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ 

ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʞᴅʥʝ çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ 

ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʜʝʨʽʥ ʦץʳʪʫʜʘ ץʦʣʜʘʥʳʣסʘʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʥײʩץʘʫ ʤʝʥ ʦץʫ ײץʨʘʣʳ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ ʪʝʨʝשʜʝʪʫʛʝ ʙʘסʳʪʪʘʣʩʘ, ʧʨʘʢʪʠʢʘʣʳץ 

ʪʘʧʩʳʨʤʘʣʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʳ ʦʣʘʨʜʳש ʢᴅʩʽʙʠ ʙʽʣʽʛʽ 

ʤʝʥ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ɹײʣ ʪʝʦʨʠʷ ʤʝʥ ʧʨʘʢʪʠʢʘʥʳװ שʡʣʝʩʽʤʜʽ 

ʠʥʪʝʛʨʘʮʠʷʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪʠʽʤʜʽ ʧʝʜʘʛʦʛʠʢʘʣʳײץ ץʨʘʣ. 

 ,ʘʥʜʘץʘ ʠʝ. ɸʪʘʧ ʘʡʪסʪʘʨץʰʳʣʳץʘʪʘʨ ʘʨʪʳץʦʨʪʘ ʙʽʨ ץʘʥ ʮʠʬʨʣʳסʩʳʥʳʣױ

ʪʽʨʢʝʫʜʝʥ ᴇʪʢʝʥ ʢʝʟ ʢʝʣʛʝʥ ץʦʣʜʘʥʫʰʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ (VT), 

ʚʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ (VR, AR), 3D ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʙײʣʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʦʡʳʥʰʘ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʤʘʪʝʨʠʘʣʜʘʨסʘ ץʦʣ ʞʝʪʢʽʟʝ ʘʣʘʜʳ ʞᴅʥʝ 

ʦʣʘʨʜʳ ᴇʟ ʙʝʪʽʥʰʝ ʤʝשʛʝʨʫ ʤװʤʢʽʥʜʽʛʽʥʝ ʠʝ ʙʦʣʘʜʳ (29-ʩʫʨʝʪ). 
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ʉʫʨʝʪ 29 ï ʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʳʥʳש ʙʘʩʪʳ ʙʝʪʽ 

 
ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 

 

29 ʞᴅʥʝ 30 - ʩʫʨʝʪʪʝʨʜʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʪʽʨʢʝʣʫ ʞᴅʥʝ ʞװʡʝʛʝ ʢʽʨʫ 

 ʘʤʪʘʤʘʩʳʟץ ʘʫʽʧʩʽʟʜʽʛʽʥץ שʜʝʨ ʧʣʘʪʬʦʨʤʘʥʳשʣ ʢʝʟʝײʜʝʨʽʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹװ

ʝʪʫʤʝʥ ץʘʪʘʨ, ᴅʨʙʽʨ ʧʘʡʜʘʣʘʥʫʰʳ װʰʽʥ ʞʝʢʝ ʦץʳʪʫ ʪʨʘʝʢʪʦʨʠʷʩʳʥ ʘʥʳץʪʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 
ʉʫʨʝʪ 30 ï ʊʽʨʢʝʣʫ ʙʝʪʽ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 

 
ʉʫʨʝʪ 31 ï ʇʦʨʪʘʣסʘ ʝʥʫ ʙʝʪʽ 

 
ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

33-ʩʫʨʝʪ ʞװʡʝʥʽש ʥʝʛʽʟʛʽ ʞײʤʳʩ ʽʩʪʝʫ ץʘסʠʜʘʣʘʨʳʥ ʩʠʧʘʪʪʘʡʜʳ, ʦʥʜʘ 

ᴅʨʪװʨʣʽ ʦץʫ ײץʨʘʣʜʘʨʳ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳײ שʩʳʥʳʣʫʳ ץʘʨʘʩʪʳʨʳʣסʘʥ. 
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ʉʫʨʝʪ 32 ï ɹʘʩʪʳ ʙʝʪʪʝʛʽ ʞײʤʳʩ װʣʛʽʣʝʨʽ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 

 

33-ʩʫʨʝʪ ʧʣʘʪʬʦʨʤʘʥʳ ᴅʟʽʨʣʝʫʰʽ ʘʚʪʦʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ץʘʤʪʳʧ, ʦʥʳש 

 .ʳʥʜʘʡʜʳץʳʣʳʤʠ ʥʝʛʽʟʜʝʤʝʩʽ ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʡס

 
 

ʉʫʨʝʪ 33 ï ɸʚʪʦʨ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

32 ʞᴅʥʝ 33-ʩʫʨʝʪʪʝʨ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ 

ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ. 
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ʉʫʨʝʪ 34 ï VR ʦץʳʪʫ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

VR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʦץʫ װʜʝʨʽʩʽʥʜʝ ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʢ ʜʝשʛʝʡʽʥ 

ʘʨʪʪʳʨʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʛʝ ʳץʧʘʣ 

ʝʪʝʜʽ. 

 

 
 

ʉʫʨʝʪ 35 ï VR ʙʦʡʳʥʰʘ ʙʝʡʥʝ-ʩʘʙʘץʪʘʨ ʙʝʪʪʝʨʽʥʝʥ ʢᴇʨʽʥʽʩ 
 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 

 

35-ʩʫʨʝʪ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʙᴇʣʽʤʽʥ ʢᴇʨʩʝʪʝʜʽ, ʦʣ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש 

ʧʽʢʽʨʣʝʨʽ ʤʝʥ ײʩʳʥʳʩʪʘʨʳʥ ʞʠʥʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʧʣʘʪʬʦʨʤʘ 

ʞײʤʳʩʳʥʳש ʩʘʧʘʩʳʥ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʦץʳʪʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ 

ʤʘשʳʟʜʳ ײץʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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ʉʫʨʝʪ 36 ï ʂʝʨʽ ʙʘʡʣʘʥʳʩ ʙᴇʣʽʤʽ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

ʆʩʳʣʘʡʰʘ, ʙײʣ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨr ʚʠʨʪʫʘʣʜʳ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʦץʳʪʫ װʜʝʨʽʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫסʘ, ʠʥʢʣʶʟʠʚʪʽ ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʩʽʥ ʜʘʤʳʪʫסʘ, ʜʝʨʙʝʩʪʝʥʜʽʨʽʣʛʝʥ ʦץʳʪʫ ʪʨʘʝʢʪʦʨʠʷʣʘʨʳʥ ײץʨʫסʘ ʞᴅʥʝ 

ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʢʝʰʝʥʜʽ ʧʣʘʪʬʦʨʤʘ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʜʳ. 

ɿʝʨʪʪʝʫ ʪʘץʳʨʳʙʳ ʘʷʩʳʥʜʘ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ ʤʘשʳʟʜʳ ʘʩʧʝʢʪʽʣʝʨʜʽש ʙʽʨʽ ð 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʫ װʜʝʨʽʩʽʥ ʞʝʪʽʣʜʽʨʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ 

 ץʢʦʤʤʫʥʠʢʘʮʠʷʣʳ-ץʧʘʨʘʪʪʳץʜʘ ʘשʘʟʽʨʛʽ ʪʘפ .ʘʨʘʩʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʙʽʣʽʤ ʙʝʨʫ ʩʘʧʘʩʳʥʘ ʦש ᴅʩʝʨ ʝʪʝʪʽʥʽ ʦʪʘʥʜʳץ ʞᴅʥʝ 

ʭʘʣʳץʘʨʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨ ʘʨץʳʣʳ ʜᴅʣʝʣʜʝʥʛʝʥ. ʆʩʳ ʪײʨסʳʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥ ʞʘסשʳʨʪʫʜʳש ʟʘʤʘʥʘʫʠ ʪʝʪʽʛʽ ʨʝʪʽʥʜʝ 

ʪʠʽʤʜʽ ץʦʣʜʘʥʫ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɺʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʧʝʥ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʠʥʪʝʛʨʘʮʠʷʩʳ,  AI ʢᴇʤʝʛʽʤʝʥ ʠʥʪʝʨʘʢʪʠʚʪʽ 

ʦʨʪʘʣʘʨ ʞʘʩʘʫ, ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʘʨץʳʣʳ ʚʠʨʪʫʘʣʜʳ ʘʛʝʥʪʪʝʨʜʽ ʜʘʤʳʪʫ - ʦץʫ 

 ʘסʡʳʤʜʘʩʪʳʨʫײ ʜʝʨʽʩʽʥ ʠʥʪʝʨʘʢʪʠʚʪʽ, ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʞᴅʥʝ ʠʢʝʤʜʽ ʝʪʽʧװ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʥʜʘʡ-ʘץ ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤ ʤʝʥ ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ 

ʪʠʽʤʜʽ ײʰʪʘʩʪʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ץʦסʘʤʥʳש ᴅʣʝʫʤʝʪʪʽʢ-

ʵʢʦʥʦʤʠʢʘʣʳץ ʩײʨʘʥʳʩʪʘʨʳʥʘ ʩʘʡ ʞʦסʘʨʳ ʙʽʣʽʢʪʽ ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʫʜʘ ʙʽʣʽʤ 

ʙʝʨʫ ʞװʡʝʩʽʥʽש ʙʝʡʽʤʜʝʣʛʽʰ ʞᴅʥʝ ʠʢʝʤʜʽ ײץʨʘʣʜʘʨʳʥʳש ʙʽʨʽ ʨʝʪʽʥʜʝ ץʘʣʳʧʪʘʩʳʧ 

ʢʝʣʝʜʽ. ɹײʣ ᴅʜʽʩ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʝ ᴇʟʛʝʨʤʝʣʽ ʝשʙʝʢ ʥʘʨʳסʳʥʘ ʩʘʡ ʦץʳʪʫ 

ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʜʝʨ ʢʝʟʽʥʜʝ ʙʝʡʽʤʜʝʫʛʝ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʨʜʝ ʜʘʤʳʪʫװʩʘʪʪʳ ʪץʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ʤʘײץ

ʃʦʜʘʪʢʦ ɽ.ɸ. [145] ʟʝʨʪʪʝʫʽʥʜʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʦʜʝʣʴ ʧʩʠʭʠʢʘʣʳץ ʞװʡʝʥʽ 

ʠʤʠʪʘʮʠʷʣʘʡʪʳʥ ײץʨʳʣʳʤ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʆʣ ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽʥʽש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ, ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞᴅʥʝ ץʘסʠʜʘʪʪʘʨʳʥ ʙʝʡʥʝʣʝʡʪʽʥ, ʦʥʳש ʽʰʢʽ 

 ʡʝ ʙʦʣʳʧװʤʳʩ ʽʩʪʝʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʞײʡʳʤʜʘʩʪʳʨʳʣʫʳ ʤʝʥ ʞײ

ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʦʜʝʣʴ ʙʝʣʛʽʣʽ ʙʽʨ ᴅʣʝʫʤʝʪʪʽʢ-ʤᴅʜʝʥʠ 

ʪᴅʞʽʨʠʙʝʥʽ ʩʠʧʘʪʪʘʡʪʳʥ ʤᴅʜʝʥʠ ʬʦʨʤʘ ʨʝʪʽʥʜʝ ײʩʳʥʳʣʘʜʳ. 

ʊʠʪʢʠʥ ɼ.ɸ. [146] ʞװʨʛʽʟʛʝʥ ʟʝʨʪʪʝʫʽʥʜʝ çʀʥʬʦʨʤʘʪʠʢʘè ʞᴅʥʝ 

çɸץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥʽש ʢᴅʩʽʙʠ 
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 שʳʪʫʜʳץʜʝʨʽʩʽʥ ʦװ ʩʘʪʳʥʜʘ ᴇʟʽʥ-ᴇʟʽ ʪʝʢʩʝʨʫץʟʳʨʝʪʪʽʣʽʛʽʥ ʜʘʤʳʪʫ ʤʘײץ

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʦʜʝʣʽʥʽײץ שʨʳʣʳʤʳ ʞʘʥ-ʞʘץʪʳ ʪʘʣʜʘʥסʘʥ. ɸʚʪʦʨ ײʩʳʥסʘʥ 

ʤʦʜʝʣʴ ʪᴇʨʪ ʥʝʛʽʟʛʽ ײץʨʳʣʳʤʜʳץ ʙʣʦʢʪʘʥ ʪײʨʘʜʳ: סʳʣʳʤʠ-ʪʝʦʨʠʷʣʳץ, 

ʤʘʟʤײʥʜʳײ ,ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʞᴅʥʝ ʪʠʽʤʜʽʣʽʢ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝʛʽ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʦʜʝʣʴ ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ ᴇʟʽʥ-ᴇʟʽ ʜʘʤʳʪʫʳʥʘ ץʦʣʘʡʣʳ ʞʘסʜʘʡ 

ʞʘʩʘʧ, ʦʣʘʨʜʳװ שʟʜʽʢʩʽʟ ʢᴅʩʽʙʠ ʙʽʣʽʤ ʘʣʫʳʥʘ ʞᴅʥʝ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ʞװʡʝʣʽ 

ʪװʨʜʝ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽ ʜᴅʣʝʣʜʝʥʛʝʥ. ɹײʣ ʤʦʜʝʣʴ ɸʂʊ ʩʘʣʘʩʳʥʜʘ 

ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʧʝʜʘʛʦʛ ʤʘʤʘʥʜʘʨʜʳש ʢᴅʩʽʙʠ ʰʝʙʝʨʣʽʛʽʥ ʞʝʪʽʣʜʽʨʫʜʽש ʪʠʽʤʜʽ 

 שʘʣʽʤʜʝʨʜʽסײʘʨʘʩʪʳʨʳʣʘʜʳ. ɿʘʧʦʨʦʞʢʦ ɺ.ɺ. [147] ʟʝʨʪʪʝʫʽʥʜʝ ʤץ ʨʘʣʳ ʨʝʪʽʥʜʝײץ

ʢᴅʩʽʙʠ ᴇʟʽʥ-ᴇʟʽ ʜʘʤʳʪʫʳʥ ʢʝʰʝʥʜʽ ʪװʨʜʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ, ʦʣʘʨʜʳװ שʟʜʽʢʩʽʟ 

ʢᴅʩʽʙʠ ʙʽʣʽʤ ʘʣʫʳʥʘ ʞᴅʥʝ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʪʽʥ ʪʦסʳʟ ʥʝʛʽʟʛʽ 

ʙʣʦʢʪʘʥ ʪײʨʘʪʳʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʦʜʝʣʴ ᴅʟʽʨʣʝʥʛʝʥ. ɹײʣ ʤʦʜʝʣʴ ʤסײʘʣʽʤʜʝʨʜʽש 

ʢᴅʩʽʙʠ ᴇʩʫʽʥ ʞװʡʝʣʽ ʪװʨʜʝ ײʡʳʤʜʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ײץʨʳʣʳʤʜʳץ-

ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʨʜʽ ץʘʤʪʠʜʳ. ɹʽʟʜʽש ʟʝʨʪʪʝʫ ʞײʤʳʩʳʤʳʟʜʳש ʧʨʘʢʪʠʢʘʣʳץ 

ʙᴇʣʽʛʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ 

ʤʦʜʝʣʽʥʽש ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʢʦʤʧʦʥʝʥʪʽ ʢʝʣʝʩʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ-ʜʠʜʘʢʪʠʢʘʣʳץ 

 :ʘ ʥʝʛʽʟʜʝʣʝʜʽסʠʜʘʣʘʨסʘץ

- ʦϨʫ Ϯʜʝʨʽʩʽʥ ʞϮʡʝʣʽʢ ʪϰʨϤʳʜʘʥ Ϩʘʨʘʩʪʳʨʫ - ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥ ʙʽʨʪײʪʘʩ 

ʞװʡʝ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʧ, ʦʥʳײץ שʨʳʣʳʤʜʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽ (ʤʘץʩʘʪ, ʤʘʟʤײʥ, 

ᴅʜʽʩʪʝʨ, ײץʨʘʣʜʘʨ, ʥᴅʪʠʞʝʣʝʨ) ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʙʘסʳʪʪʘʣʘʜʳ; 

- ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʦϨʳʪʫ-ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʞʝʢʝ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʝʥ 

 ʳʪʫ ʪʠʽʤʜʽʣʽʛʽʥץʥʳʥ ʙʝʡʽʤʜʝʫ ʦײʫ ʤʘʟʤץʘʞʝʪʪʽʣʽʢʪʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʦץ

ʘʨʪʪʳʨʫʜʳש ʥʝʛʽʟʛʽ ʰʘʨʪʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ; 

- ʚʠʨʪʫʘʣʠʟʘʮʠʷ Ϩϰʨʘʣʜʘʨʳʥ ʪʠʽʤʜʽ Ϩʦʣʜʘʥʫ - ʮʠʬʨʣʳץ ʦʨʪʘʜʘ 

ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʢ ʧʝʥ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʫ ʤʘץʩʘʪʳʥʜʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʤʘץʩʘʪʪʳ ʪװʨʜʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫ; 

- ʪʘʥʳʤʜʳϨ ϨʳʟʳϤʫʰʳʣʳϨʪʳ ʳʥʪʘʣʘʥʜʳʨʫ - ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ 

 ʜʳʣʘʨʳʥסʜʝʨʽʩʽʥʝ ʜʝʛʝʥ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ᴇʟʜʽʛʽʥʝʥ ʙʽʣʽʤ ʘʣʫ ʜʘװ

 ;ʦʣʜʘʥʫץ ᴅʜʽʩʪʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʰʽʥ ʤʦʪʠʚʘʮʠʷʣʳװ ʘʣʳʧʪʘʩʪʳʨʫץ

- ʠʢʝʤʜʽʣʽʢ ʧʝʥ ʙʝʡʽʤʜʝʣʛʽʰʪʽʢ - ʦץʫ װʜʝʨʽʩʽʥʽײץ שʨʳʣʳʤʳ ʤʝʥ ʤʘʟʤײʥʳʥ 

ʥʘץʪʳ ʞʘסʜʘʡʣʘʨסʘ ʩʘʡ ʙʝʡʽʤʜʝʧ, ʦץʳʪʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ᴇʟʽʥ-ᴇʟʽ ʞʝʪʽʣʜʽʨʫʽʥʝ 

ʞʘסʜʘʡ ʞʘʩʘʫ; 

- ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳϬ ʦϨʫ ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ - ʞװʡʝʣʽ ʪװʨʜʝ 

ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʜʝʨ ʢʝʟʽʥʜʝ ץʦʣʜʘʫ ʢᴇʨʩʝʪʫ; 

- ʤʦʜʝʣʴʜʽϬ ʪʠʽʤʜʽʣʽʛʽʥ ʙʘϤʘʣʘʫ ʞϸʥʝ ʞʝʪʽʣʜʽʨʫ - ʦץʳʪʫ ʩʘʧʘʩʳʥ װʟʜʽʢʩʽʟ 

ʙʘץʳʣʘʫ ʞᴅʥʝ ʤʦʜʝʣʴʜʽ ʧʨʘʢʪʠʢʘʜʘ ץʦʣʜʘʥʫ ʥᴅʪʠʞʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ʦʥʳש 

 .ʳʣʳ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫץʨʳʣʳʤʳʥ ʞʝʪʽʣʜʽʨʫ ʘʨײץ

ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʘץʧʘʨʘʪʪʳ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʞײʤʳʩ ʙʝʨʫʰʽʣʝʨʜʽש 

ʪʘʣʘʧʪʘʨʳ ʤʝʥ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʤʘʤʘʥ ʜʘʷʨʣʘʫ ʤʦʜʝʣʽʥʽש ʪʠʽʤʜʽʣʽʛʽ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ ʜʝʛʝʥ 

 ,ʘʞʝʪʪʽ ᴅʜʽʩʪʝʨʜʽץ ʰʽʥװ ʣ ʤʦʜʝʣʴ ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʫײʘ ʢʝʣʜʽʢ. ɹסʦʨʳʪʳʥʜʳץ

ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ, ʩʦʥʜʘʡ-ʘץ ʙʽʣʽʤʽʥ  

ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʜʘסʜʳʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʘʪʳʥ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʢʝʰʝʥʽʥ ץʘʤʪʫʳ 
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ʪʠʽʩ. ɹʦʣʘʰʘץ çʀʥʬʦʨʤʘʪʠʢʘè ʤʘʤʘʥʜʘʨʳʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʘ 

ʦץʳʪʫ ʤʦʜʝʣʽʥ ʝʥʛʽʟʫ ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʪʝʨ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ: 

- ʝϬʙʝʢ ʥʘʨʳϤʳʥʳϬ ʪʘʣʘʧʪʘʨʳʥ ʪʘʣʜʘʫ - ʞײʤʳʩ ʙʝʨʫʰʽʣʝʨ ʪʘʨʘʧʳʥʘʥ 

ʤʘʤʘʥʜʘʨסʘ ץʦʡʳʣʘʪʳʥ ʢᴅʩʽʙʠ ʪʘʣʘʧʪʘʨ ʤʝʥ ײʩʳʥʳʩʪʘʨ ʘʥʳץʪʘʣʳʧ, ʦʣʘʨʜʳ ʦץʫ 

ʙʘסʜʘʨʣʘʤʘʩʳʥʘ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʞʦʣʜʘʨʳ ץʘʨʘʩʪʳʨʳʣʜʳ; 

- ʥʦʨʤʘʪʠʚʪʽʢ-ϨϰϨʳϨʪʳϨ ʥʝʛʽʟʜʝʨʜʽ ʩʘʨʘʣʘʫ-ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ 

ʥʦʨʤʘʪʠʚʪʽʢ-ץײץʳץʪʳײץ ץʞʘʪʪʘʨ ʞװʡʝʣʝʥʽʧ, ʦʣʘʨʜʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫ ʢʦʥʪʝʢʩʪʽʥʜʝ ʦץʫ װʜʝʨʽʩʽʥʝ ʙʝʡʽʤʜʝʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ 

ʟʝʨʪʪʝʣʜʽ; 

- ʦϨʳʪʫ ʤʦʜʝʣʽʥʽϬ ʤʘϨʩʘʪʳ ʤʝʥ Ϩϰʨʳʣʳʤʳʥ ʥʘϨʪʳʣʘʫ - ʤʦʜʝʣʴʜʽש 

ʤʘץʩʘʪʪʳץ ʙʘסʳʪʪʳʣʳסʳ, ײץʨʳʣʳʤʜʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʤʝʥ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʘʡץʳʥʜʘʣʜʳ; 

- ʦϨʫ-ϸʜʽʩʪʝʤʝʣʽʢ ʞϸʥʝ ʘϨʧʘʨʘʪʪʳϨ-ʧʨʦʛʨʘʤʤʘʣʳϨ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ 

ʞϮʡʝʣʝʫ - ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʪʠʽʤʜʽ ʝʥʛʽʟʫ 

 ץʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץᴅʜʽʩʪʝʨ, ʦ ץʘʞʝʪʪʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʰʽʥװ

 ;ʨʳʣʳʤʜʘʣʜʳײץ ʨʘʣʜʘʨײץ

- ʮʠʬʨʣʳϨ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ʧʘʡʜʘʣʘʥʫ - ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʢᴅʩʽʙʠ ʜʘʷʨʣʳסʳʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ 

ʟʘʤʘʥʘʫʠ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʧʘʡʜʘʣʘʥʳʣʜʳ; 

- ʤʦʜʝʣʴʜʽϬ ϨϰʨʳʣʳʤʜʳϨ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʞϸʥʝ ʙʘϤʘʣʘʫ ʢʨʠʪʝʨʠʡʣʝʨʽʥ 

ʘʥʳϨʪʘʫ - ʦץʳʪʫ ʤʦʜʝʣʽʥʽש ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʽ ʤʝʥ ʦʣʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ, 

ʩʦʥʜʘʡ-ʘץ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʙʘסʘʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʩʘʧʘʣʳץ ʞᴅʥʝ ʩʘʥʜʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʝʣʛʽʣʝʥʜʽ; 

- ʢϮʪʽʣʝʪʽʥ ʥϸʪʠʞʝʣʝʨʜʽ ʪϰʞʳʨʳʤʜʘʫ ʞϸʥʝ ʪʠʽʤʜʽʣʽʢʪʽ ʙʘϤʘʣʘʫ - ʦץʳʪʫ 

ʤʦʜʝʣʽʥ ʽʩʢʝ ʘʩʳʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ץʦʣ ʞʝʪʢʽʟʽʣʝʪʽʥ ʥʘץʪʳ ʦץʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʩʠʧʘʪʪʘʣʳʧ, ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʙʘסʘʣʘʥʜʳ. 

 ʡʝʩʽʥʝװʳʪʫ ʞץʘʥ ʪᴅʩʽʣʜʝʨ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦסʩʳʥʳʣױ

ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʘʨץʳʣʳ ʙʦʣʘʰʘץ ʤʘʤʘʥʜʘʨʜʳש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʤʽʥʜʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʙʦʣʘʰʘץ çʀʥʬʦʨʤʘʪʠʢʘè ʤʘʤʘʥʜʘʨʳʥ ʜʘʷʨʣʘʫʜʳש 

 .ʤʦʜʝʣʽ ᴅʟʽʨʣʝʥʜʽ ץʨʳʣʳʤʜʳײץ

 

ʂʝʩʪʝ 11 -  ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʽʥʽש ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ 

 ʳʥסʘ ʜʘʡʳʥʜʳסʦʣʜʘʥʫץ ʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥװ

 ʘʣʳʧʪʘʩʪʳʨʫ ʤʦʜʝʣʽץ

 
 ʂᴅʩʽʙʠ ʜʘʡʳʥʜʳץʪʳ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ:  

1 2 3 

 ʈ çɹʽʣʽʤפ

ʪʫʨʘʣʳè ɿʘשʳ, 

ɾʆʆ ʄɾʄɹʉ, 

ɹʽʣʽʤ ʙʝʨʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ, 

ʎʠʬʨʣʳץ ʙʽʣʽʤ 

ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ 

ʇʝʜʘʛʦʛʠʢʘʣʳץ ʳץʧʘʣ ʝʪʫ ʬʘʢʪʦʨʣʘʨʳ, 

ʙʦʣʘʰʘץ ʤסײʘʣʽʤʥʽש ʞʝʢʝ ʙʝʣʩʝʥʜʽʣʽʛʽ 

ʤʝʥ ʢᴅʩʽʙʠ ʽʩ-ᴅʨʝʢʝʪʽ 

ᴄʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ 

ʩײʨʘʥʳʩʪʘʨ ʞᴅʥʝ ʞײʤʳʩ 

ʙʝʨʫʰʽʣʝʨʜʽש ʪʘʣʘʧʪʘʨʳ 
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11 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 
1 2 3 

ʄʘץʩʘʪʪʳץ ʙʣʦʢ ʄʘϨʩʘʪʳ: ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ ʪʠʽʤʜʽ ʞײʤʳʩ 

ʽʩʪʝʫʽʥʝ ץʘʞʝʪʪʽ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʜʘʡʳʥʜʳסʳʥ 

 .ʘʣʳʧʪʘʩʪʳʨʫץ

ʄʽʥʜʝʪʽ: ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʞʘסʜʘʡʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʛʝ 

 .ʳʥ ʜʘʤʳʪʫסʜʘʡʳʥʜʳ ץʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳ ץʘʞʝʪʪʽ ʪʝʦʨʠʷʣʳץ

ᴄʜʽʩʪʝʤʝʣʽʢ ʙʣʦʢ ɺʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʪʠʽʤʜʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʙʝʨʫ 

ʦʨʪʘʩʳʥ ʮʠʬʨʣʘʥʜʳʨʫסʘ ʥʝʛʽʟʜʝʫ. 

ɼᴅʩʪװʨʣʽ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʟʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ װʡʣʝʩʪʽʨʫ. 

ʄʘʟʤײʥʜʳץ ʙʣʦʢ ʄʦʪʠʚʘʮʠʷʣʳץ-

ʙʝʣʩʝʥʜʽʣʽʢ 

  

ʊʝʭʥʦʣʦʛʠʷʣʳץ 

  

ʈʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ 

- ʙʽʣʽʤ ʘʣʫʰʳʥʳש 

ʪʘʥʳʤʜʳץ 

 ʳ ʤʝʥסʫʰʳʣʳסʳʟʳץ

ʢᴅʩʽʙʠ ʤʘץʩʘʪץʘ 

ʙʘסʳʪʪʘʣסʘʥ ʽʰʢʽ 

ʤʦʪʠʚʘʮʠʷʩʳ; 

- ʮʠʬʨʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʦץʫ 

ʞᴅʥʝ ʙʦʣʘʰʘץ ʢᴅʩʽʙʠ 

 ʘסʦʣʜʘʥʫץ ʳʟʤʝʪʽʥʜʝץ

ʜʝʛʝʥ ʦש ʢᴇʟץʘʨʘʩ ʧʝʥ 

ʙʝʣʩʝʥʜʽ ײʤʪʳʣʳʩ; 

- ʦץʫ װʜʝʨʽʩʽʥʝ 

 ʳסʘʪʳʩʫʜʘץ

ʙʘʩʪʘʤʘʰʳʣʜʳץ, 

ʞʦʙʘʣʘʨסʘ ץʘʪʳʩʫ, 

ʰʳסʘʨʤʘʰʳʣʳץ 

ʪʘʧʩʳʨʤʘʣʘʨʜʳ 

ʦʨʳʥʜʘʫʜʘסʳ ʙʝʣʩʝʥʜʽ 

 ;ʛʝʡʽשʘʪʳʩʫ ʜʝץ

- ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥ 

ʪʘʣʜʘʫ, ᴇʟ ᴅʨʝʢʝʪʪʝʨʽʥ 

ʙʘסʘʣʘʫ ʞᴅʥʝ 

ʞʝʪʽʩʪʽʢʪʝʨʽ ʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽ ʞᴇʥʽʥʜʝ 

 ʦʨʳʪʳʥʜʳ ʞʘʩʘʫץ

 .ʘʙʽʣʝʪʽץ

  

- ᴅʜʽʩʥʘʤʘʣʳץ ʞᴅʥʝ 

ʢʦʤʤʫʥʠʢʘʪʠʚʪʽʢ 

ʙʽʣʽʤʜʝʨʽ; 

- ʘʣʛʦʨʠʪʤʜʝʫ, 

ʧʨʦʛʨʘʤʤʘʣʘʫ, 

ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳ, 

ʞʝʣʽʣʽʢ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞᴅʥʝ 

ʘץʧʘʨʘʪʪʳץ 

 ʘʫʽʧʩʽʟʜʽʢץ

ʙʦʡʳʥʰʘ ʙʽʣʽʤʜʝʨʽ; 

- ʚʠʨʪʫʘʣʠʟʘʮʠʷ, 

ʙײʣʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ, 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ 

ʞᴅʥʝ ץʘʰʳץʪʘʥ ץʦʣ 

ʞʝʪʢʽʟʫ 

ʞװʡʝʣʝʨʽʤʝʥ 

ʞײʤʳʩ ʽʩʪʝʫ 

ʜʘסʜʳʣʘʨʳ; 

- ʮʠʬʨʣʳץ ʙʽʣʽʤ 

ʙʝʨʫ ʦʨʪʘʩʳʥ 

ʞʦʙʘʣʘʫ ʞᴅʥʝ 

ʧʘʡʜʘʣʘʥʫ ץʘʙʽʣʝʪʽ. 

- AI ʢᴇʤʝʛʽʤʝʥ 

ʠʥʪʝʨʘʢʪʠʚʪʽ 

ʦʨʪʘʣʘʨ ʞʘʩʘʫ.  

- ʞʘʩʘʥʜʳ 

ʠʥʪʝʣʣʝʢʪ ʘʨץʳʣʳ 

ʚʠʨʪʫʘʣʜʳ 

ʘʛʝʥʪʪʝʨʜʽ ʜʘʤʳʪʫ 

  

- ʦʨʳʥʜʘʣסʘʥ 

ʪʘʧʩʳʨʤʘʣʘʨʜʳ, ʙʽʣʽʤ 

ʙʝʨʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʞᴅʥʝ 

ʢᴅʩʽʙʠ ʪᴅʞʽʨʠʙʝʥʽ ʩʳʥʠ 

ʪײʨסʳʜʘʥ ʪʘʣʜʘʫ; 

- ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ʞᴅʥʝ 

ʮʠʬʨʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ 

ʪʠʽʤʜʽ ץʦʣʜʘʥʫ 

ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ᴅʟʽʨʣʝʫ; 

- ʢᴅʩʽʙʠ ʜʘʤʫʳʥ ʞᴅʥʝ 

ʦץʫ װʜʝʨʽʩʽʥʜʝʛʽ ʨᴇʣʽʥ 

 ,ʡʳʤʜʘʩʪʳʨʘ ʙʽʣʫײ

ʫʘץʳʪʪʳ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʢᴅʩʽʙʠ 

ʦʨʪʘʜʘ ʙʝʣʩʝʥʜʽʣʽʢ 

ʪʘʥʳʪʫ. 

- ʄʘʰʠʥʘʣʳץ ʦץʳʪʫ 

ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʢᴇʨʫ. 
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11 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 
1 2 3 4 

ʡʳʤʜʘʩʪʳʨʫʰʳʣױ

ʳץ ʙʣʦʢ 

ʇʝʜʘʛʦʛʠʢʘʣʳϨ ʰʘʨʪʪʘʨ: 

- ʙʦʣʘʰʘץ ʤʘʤʘʥʥʳש ʢᴅʩʽʙʠ ץʳʟʤʝʪʢʝ ʜʝʛʝʥ ʪײʨʘץʪʳ ʫᴅʞʽʥ, 

ʧʝʜʘʛʦʛʠʢʘʣʳײץ ץʥʜʳʣʳץʪʘʨʜʳ, ʢᴅʩʽʙʠ ʞʘʫʘʧʢʝʨʰʽʣʽʢʪʽ ʞᴅʥʝ ʦץʳʪʫסʘ 

ʜʝʛʝʥ ʩʘʥʘʣʳ ץʘʪʳʥʘʩʳʥ ʜʘʤʳʪʫ; 

- ʦץʳʪʫʜʳש ʠʥʥʦʚʘʮʠʷʣʳץ ᴅʜʽʩʪʝʨʽʥ, ʞʦʙʘʣʘʫ ץʳʟʤʝʪʽʥ, ʟʝʨʪʪʝʫ 

ʵʣʝʤʝʥʪʪʝʨʽʥ ʝʥʛʽʟʫ; 

- ʧʝʜʘʛʦʛʠʢʘʣʳץ ʜʘʷʨʣʳץʪʳש ʤʘʟʤײʥʜʳץ, ᴅʜʽʩʥʘʤʘʣʳץ, ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʞᴅʥʝ ʨʝʬʣʝʢʩʠʚʪʽʢ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʞװʡʝʣʽ ʪװʨʜʝ ץʘʣʳʧʪʘʩʪʳʨʫ. 

ʇʨʦʮʝʩʩʫʘʣʜʳץ 

ʙʣʦʢ 

ɼʘʡʳʥʜʳץʪʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʢʝʟʝשʜʝʨʽ: 

ʉʘʫʘʪʪʳʣʳϨ  ɼʘʡʳʥʜʳϨ  ϧϰʟʳʨʝʪʪʽʣʽʢ 

ʮʠʬʨʣʳץ ʦʨʪʘʜʘ 

ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ 

ʙʘʩʪʘʧץʳ ʪװʩʽʥʽʢʪʝʨ 

ʤʝʥ ʙʘʟʘʣʳץ ʙʽʣʽʤʜʝʨʽ, 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

 שʦʣʜʘʥʫʜʳץ

ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽʥ 

ʤʝשʛʝʨʫ  

ʚʠʨʪʫʘʣʜʳ 

ʠʥʬʨʘײץʨʳʣʳʤ 

 ʨʫ, ʨʝʩʫʨʩʪʘʨʜʳײץ

ʙʘʩץʘʨʫ, ʞʝʣʽʣʽʢ 

ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʞʘʩʘʫ, 

ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ 

ʦץʳʪʫ ʦʨʪʘʩʳʥ 

ʞʦʙʘʣʘʫ  

ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤ ʤʝʥ 

ʧʨʘʢʪʠʢʘʣʳץ 

ʜʘסʜʳʣʘʨʜʳ ʞװʡʝʣʽ 

ʪװʨʜʝ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʢʝ 

ʞʝʪʫ, ʚʠʨʪʫʘʣʜʳ ʦץʫ 
ʦʨʪʘʩʳʥ ʪʦʣʳץץʘʥʜʳ 

ʞʦʙʘʣʘʫ ʞᴅʥʝ ʙʘʩץʘʨʫ  

ʊʝʭʥʦʣʦʛʠʷʣʳץ 

ʙʣʦʢ 

Ϸʜʽʩʪʝʨ: ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ, ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽ, ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʠʥʘʫ ʞᴅʥʝ 

ʞʠʥʘץʪʘʫ ᴅʜʽʩʪʝʨʽ ʞᴅʥʝ ʪ.ʙ. 

ʈʝʩʫʨʩʪʘʨ: 

ï ʢʦʤʧʴʶʪʝʨʣʽʢ ʦץʳʪʫ ײץʨʘʣʜʘʨʳ ʞᴅʥʝ ʠʥʪʝʨʘʢʪʠʚʪʽ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʞװʡʝʣʝʨʽ; 

ï ʘʨʥʘʡʳ ʢʫʨʩʪʳץ ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʩʳ ʞᴅʥʝ ʦסʘʥ ʩᴅʡʢʝʩ ᴅʟʽʨʣʝʥʛʝʥ 

ʘץʧʘʨʘʪʪʳץ-ᴅʜʽʩʪʝʤʝʣʽʢ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʘʪʝʨʠʘʣʜʘʨʳ; 

ï çauezovvr.ct.wsè ʘʪʪʳ ʧʨʦʛʨʘʤʤʘʣʳץ-ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝʰʝʥ; 

ï ץʦʩʳʤʰʘ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʤʝʥ ʮʠʬʨʣʳץ ʜʠʜʘʢʪʠʢʘʣʳץ 

ʤʘʪʝʨʠʘʣʜʘʨ. 

- ʆץʫ ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʩʳ (Syllabus), ʦץʫ-ᴅʜ̔ʩʪʝʤʝʣʽʢ ʢʝʰʝʥ. 

ϯʡʳʤʜʘʩʪʳʨʫ ʬʦʨʤʘʣʘʨʳ: 

ï ʦץʫ ʤʘʪʝʨʠʘʣʳ ʙʦʡʳʥʰʘ ʜʝʨʙʝʩ ʟʝʨʪʪʝʫ, ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫ 

ʞᴅʥʝ ʨʝʬʣʝʢʩʠʷ ʞʘʩʘʫ; 

ï ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʙʝʡʽʥʜʽ ʢʫʨʩʪʘʨ, ʘʨʥʘʡʳ 

ʞײʤʳʩ ʦץʫ ʙʘסʜʘʨʣʘʤʘʩʳ; 

ï ʞʦʙʘʣʳץ ʪʘʧʩʳʨʤʘʣʘʨ. 

ʇʝʜʘʛʦʛʠʢʘʣʳϨ ʞϸʥʝ ʘϨʧʘʨʘʪʪʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨ: 

ï ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ 

ʢᴇʨʥʝʢʽ, ײץʨʳʣʳʤʜʘʣסʘʥ ʞᴅʥʝ ʠʥʪʝʨʘʢʪʠʚʪʽ ʪװʨʜʝ ײʩʳʥʫ; 

ï ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ ʨʝʩʫʨʩʪʘʨ ʥʝʛʽʟʽʥʜʝ ʦץʫ װʜʝʨʽʩʽʥ 

ʠʢʝʤʜʽ ʞᴅʥʝ ץʦʣʞʝʪʽʤʜʽ ʝʪʽʧ ײʡʳʤʜʘʩʪʳʨʫ; 

ï ʦץʫ ʬʦʨʤʘʣʘʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʳʥʪʳʤʘץʪʘʩʪʳץʪʘ ʞײʤʳʩ ʽʩʪʝʫ, ʠʜʝʷʣʘʨʤʝʥ ʘʣʤʘʩʫ ʞᴅʥʝ ʙʽʨʣʝʩʢʝʥ 

ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ץʘʙʽʣʝʪʪʝʨʽʥ ʜʘʤʳʪʫ; 
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11 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 4 

 ï ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʦʣʘʰʘץ ʢᴅʩʽʙʠ ץʳʟʤʝʪʽʥʽש ʤʘʟʤײʥʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳʨʘ ʦʪʳʨʳʧ, ʦץʫ ʤʘʟʤײʥʳʥ ʧʨʘʢʪʠʢʘʤʝʥ ײʰʪʘʩʪʳʨʫ; 

ɹʘסʘʣʘʫ ʙʣʦʛʳ ʂʨʠʪʝʨʠʡʣʝʨ: 

  

ʂᴇʨʩʝʪʢʽʰʪʝʨ: 

  

ɹʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽ: 

ï ʤʦʪʠʚʘʮʠʷʣʳץ- 

ʙʝʣʩʝʥʜʽʣʽʢ; 

- ʪʝʭʥʦʣʦʛʠʷʣʳץ; 

- ʨʝʬʣʝʢʩʠʷʣʳץ 

ʙʘסʘʣʘʫ. 

  

- ʦץʳʪʫ; 

-ʰʳסʘʨʤʘʰʳʣʳץ; 

- ʢᴅʩʽʙʠʣʽʢ; 

- ʨʝʬʣʝʢʩʠʚʪʽʣʽʢ. 

  

ï ʜʠʘʛʥʦʩʪʠʢʘʣʳץ 

(ʪʝʩʪʪʝʨ, ʩʘʫʘʣʥʘʤʘʣʘʨ 

ʞᴅʥʝ ʪ.ʙ.); 

- ʞʦʙʘʣʳץ; 

- ʙʘץʳʣʘʫ. 

ʊװʟʝʪʫ ʙʣʦʛʳ ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʽʥʽש ʞʝʢʝ ʙʽʣʽʤ ʙʝʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʤʝʥ 

-ʫץʥʳʥ ʙʝʡʽʤʜʝʫ; ʦײʤʘʟʤ שʫ ʤʘʪʝʨʠʘʣʳʥʳץʘʙʽʣʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʦץ

ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣʜʘʨ ʢʝʰʝʥʽʥ ʞʘשʘʨʪʫ; ʩʦʥʜʘʡ-ʘץ ʦץʳʪʫʜʳ 

 .ʡʳʤʜʘʩʪʳʨʫ ʬʦʨʤʘʣʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫײ

ʅᴅʪʠʞʝʣʽʢ ʙʣʦʢ ʀʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʽʥʽש ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ʪʠʽʤʜʽ ʞײʤʳʩ 

ʽʩʪʝʫʽʥʝ ץʘʞʝʪʪʽ ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽ ʤʝʥ ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳ 

 .ʘʣʳʧʪʘʩʪʳʨʫץ ʛʝʡʽʥשʜʝ ץʳʟʤʝʪʢʝ ʜʘʡʳʥʜʳץ ʘʣʳʧʪʘʩʳʧ, ʢᴅʩʽʙʠץ

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

 ʙʣʦʢ ץʩʘʪʪʳץʄʘ :ץʪʘʣʘʡʳץᴅʨ ʙᴇʣʽʤʽʥʝ ʪʦ שʘʥ ʤʦʜʝʣʴʜʽסʨʘʩʪʳʨײפ

ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʦץʳʪʫ ʤʦʜʝʣʽʥʽש ʪʝʦʨʠʷʣʳץ-ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʽʥ 

ʘʥʳץʪʘʡʪʳʥ ײץʨʘʤʜʘʩ ʙᴇʣʽʢ. ɹײʣ ʙʣʦʢʪʳש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽ ï ʦץʳʪʫ װʜʝʨʽʩʽʥʽש 

ʤʘץʩʘʪʪʘʨʳ ʤʝʥ ʦסʘʥ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʤʽʥʜʝʪʪʝʨ ʞװʡʝʩʽʥ ʥʘץʪʳʣʘʫ. 

ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʜʘʡʳʥʜʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʨʽʥ ʘʡץʳʥʜʘʫ 

ʞᴅʥʝ ʦʣʘʨʜʳ ʦץʳʪʫ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ʪʠʽʤʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ. ʆʩʳ 

ʤʘץʩʘʪץʘ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ: 

- ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʘʷʩʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

  .ʘʣʳʧʪʘʩʪʳʨʫץ ʪʳץʜʘʷʨʣʳ ץʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳ ץʘ ʞʝʢʝ, ʪʝʦʨʠʷʣʳסʦʣʜʘʥʫץ

- ʟʘʤʘʥʘʫʠ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞᴅʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʛʽʥ ʜʘʤʳʪʫ.  

- ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʥʝʛʽʟʽʥʜʝ ʙʽʣʽʤ ʙʝʨʫ ʩʘʧʘʩʳʥ 

ʘʨʪʪʳʨʫʜʳס שʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʜʝʨʽʥ ᴅʟʽʨʣʝʫ.  

ɸʪʘʣסʘʥ ʤʽʥʜʝʪʪʝʨʜʽ ʞװʡʝʣʽ ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʳʨʫ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ 

ʤסײʘʣʽʤʜʝʨʽʥʽש ʮʠʬʨʣʳץ ʦʨʪʘʜʘ ʢᴅʩʽʙʠ ץʳʟʤʝʪʪʽ ʩʘʧʘʣʳ ʞװʟʝʛʝ ʘʩʳʨʫʳʥʘ, 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ ʠʛʝʨʫʽʥʝ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥ ʞʘסשʳʨʪʫסʘ 

ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

ᴄʜʽʩʪʝʤʝʣʽʢ ʙʣʦʢ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʳʪʫ װʜʝʨʽʩʽʥʝ 

ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʘʨץʳʣʳ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʥʽש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʽʥ ʧʨʘʢʪʠʢʘʣʳץ 
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ʜʘסʜʳʣʘʨʤʝʥ ײʰʪʘʩʪʳʨʫסʘ ʞᴅʥʝ ʦʥʳש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʛʽʥ ʢʝʰʝʥʜʽ ʜʘʤʳʪʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. 

ʄʘʟʤײʥʜʳץ ʙʣʦʢ ʤʦʪʠʚʘʮʠʷʣʳץ-ʙʝʣʩʝʥʜʽʣʽʢ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

ʨʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʝʥ ʪײʨʘʪʳʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ײץʨʳʣʳʤ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳש ʝʨʝʢʰʝʣʽʛʽ ï ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʽʥʽש ʢᴅʩʽʙʠ-

ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʳʟʤʝʪʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳץ שʘʨץʳʥʜʳ 

ʜʘʤʫʳʥʘ ʩᴅʡʢʝʩ ʤʘʟʤײʥʥʳװ שʥʝʤʽ ʞʘשʘʨʳʧ ʦʪʳʨʫʳ. 

 ʘסʡʳʤʜʘʩʪʳʨʫײ ʜʝʨʽʩʽʥ ʩʘʧʘʣʳװ ʙʣʦʢʪʘ ʙʽʣʽʤ ʙʝʨʫ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳױ

ʙʘסʳʪʪʘʣסʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʰʘʨʪʪʘʨ ʢʝʰʝʥʽ ʘʥʳץʪʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦץʫ 

 ʘʣʳʧʪʘʩʫʳʥʘץ ʢᴅʩʽʙʠ שʘʣʽʤʥʽסײʤ ץʘ, ʙʦʣʘʰʘסʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ שʜʝʨʽʩʽʥʽװ

 ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ שʘ ʞᴅʥʝ ʦʣʘʨʜʳסʜʘʡ ʞʘʩʘʫסʦʣʘʡʣʳ ʞʘץ

ʢᴅʩʽʙʠ ʜʘʡʳʥʜʳץ ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. 

ʇʨʦʮʝʩʩʫʘʣʜʳץ ʙʣʦʢ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʜʘʷʨʣʘʫʜʳש ʢʝʟʝשʜʽʢ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳʥ 

ʩʠʧʘʪʪʘʡʪʳʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʦʜʝʣʴʜʽש ʜʠʥʘʤʠʢʘʣʳץ ʙᴇʣʽʛʽ. ɹײʣ ʙʣʦʢ ʦץʳʪʫ 

 ʡʳʤʜʘʩʪʳʨʫ ʬʦʨʤʘʣʘʨʳʥײ ʨʘʣʜʘʨʳʥ, ᴅʜʽʩʪʝʨʽʥ ʞᴅʥʝײץ ,ʥʳʥײʤʘʟʤ שʜʝʨʽʩʽʥʽװ

ʞװʡʝʣʽ ʪװʨʜʝ ʽʩʢʝ ʘʩʳʨʫʜʳ ʢᴇʟʜʝʡʜʽ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʙʣʦʢ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʽʥ ʞװʡʝʣʝʫʛʝ, ʧʨʘʢʪʠʢʘʣʳץ 

ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʞᴅʥʝ ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. 

ɹʘסʘʣʘʫ ʙʣʦʛʳ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʜʘʡʳʥʜʳסʳʥ ʙʘסʘʣʘʫ 

 ,ʘʣʳʧʪʘʩʫ ʢʨʠʪʝʨʠʡʣʝʨʽʥ, ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥץ שʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ץʥʜʳײʰʽʥ ʤʘʟʤװ

ʜʝשʛʝʡʣʝʨʽʥ ʞᴅʥʝ ʙʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽʥ ץʘʤʪʠʜʳ. ɼʘʡʳʥʜʳץ ʜʝשʛʝʡʣʝʨʽ װʰ ʢʘʪʝʛʦʨʠʷ 

ʙʦʡʳʥʰʘ ʩʠʧʘʪʪʘʣʘʜʳ: ʪᴇʤʝʥ, ʦʨʪʘ ʞᴅʥʝ ʞʦסʘʨʳ. 

ʊװʟʝʪʫ ʙʣʦʛʳ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʜʘʡʳʥʜʳסʳʥʳש ʙʘʩʪʘʧץʳ ʞᴅʥʝ 

ʘסʳʤʜʘסʳ ʞʘסʜʘʡʳʥ ʩʘʣʳʩʪʳʨʫ ʥʝʛʽʟʽʥʜʝ ץʘʞʝʪʪʽ ʪװʟʝʪʫ ʰʘʨʘʣʘʨʳʥ ʘʥʳץʪʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. ɹײʣ װʜʝʨʽʩ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʜʘʤʫ ʜʠʥʘʤʠʢʘʩʳʥ ʪʘʣʜʘʫ ʘʨץʳʣʳ 

ʦץʳʪʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʅᴅʪʠʞʝʣʽʢ ʙʣʦʢ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʜʘʡʳʥʜʳסʳʥ 

 ʳʥʜʘʡʜʳ. ʆʣץʜʠʥʘʤʠʢʘʩʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʡ שʜʝʨʽʩʽʥʽװ ʘʣʳʧʪʘʩʪʳʨʫץ

ʙʝʣʛʽʣʝʥʛʝʥ ʤʘץʩʘʪʪʘʨסʘ ʩᴅʡʢʝʩ ץʦʣ ʞʝʪʢʽʟʽʣʛʝʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʩʠʧʘʪʪʘʧ, ʦץʳʪʫ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʘʣʘʫסʳʥ ʙʘסʪʘʙʳʩʪʳʣʳ שʜʝʨʽʩʽʥʽװ

ʆʩʳʣʘʡʰʘ, ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʦץʳʪʫסʘ ʜʘʡʳʥʜʘʫ ʢᴅʩʽʙʠ ʙʽʣʽʤ 

ʙʝʨʫʜʝʛʽ ײץʟʳʨʝʪʪʽʣʽʢ ʪᴅʩʽʣʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʤʦʜʝʣʴ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

 ʘʥ ʞᴅʥʝ ʦʥʳסʳʪʪʘʣסʪʽʣʝʪʽʥ ʥᴅʪʠʞʝʛʝ ʙʘװʤʦʜʝʣʴ ʢ ץʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳסʩʳʥʳʣױ

ʞװʟʝʛʝ ʘʩʳʨʫ װʜʝʨʽʩʽʥ ʙʦʣʘʰʘץʪʘ ʪװʟʝʪʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʄʘʟʤײʥʜʳץ ʙʣʦʢ ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ ʙʘסʘʣʘʫ ʜʝשʛʝʡʽʥ ץʘʤʪʠʜʳ. ʎʠʬʨʣʳץ 

ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ ʞʝʪʽʣʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʢʝשʝʡʪʽʣʛʝʥ ʪʘʢʩʦʥʦʤʠʷ ᴅʟʽʨʣʝʥʜʽ. ɹײʣ 

ʪʘʢʩʦʥʦʤʠʷ ʙʘסʘʣʘʫ װʜʝʨʽʩʽʥ ʙʘץʳʣʘʫ, ᴇʟʛʝʨʪʫ, ײץʨʫ, ײʩʳʥʫ, ץʘʨʘʩʪʳʨʫ, ʞװʟʝʛʝ 

ʘʩʨrʫ ʞᴅʥʝ ץʦʣʜʘʥʫ ʜʝשʛʝʡʣʝʨʽ ʙʦʡʳʥʰʘ ײץʨʳʣʳʤʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʨ 

ʜʝשʛʝʡʛʝ ʩᴅʡʢʝʩ ʙʘסʘʣʘʫ ʢʨʠʪʝʨʠʡʣʝʨʽ ʞʘʩʘץʪʘʣʳʧ, ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʦʩʳ 
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ʢʨʠʪʝʨʠʡʣʝʨ ʥʝʛʽʟʽʥʜʝ ʪᴇʤʝʥ, ʦʨʪʘʰʘ ʞᴅʥʝ ʞʦסʘʨʳ ʜʝשʛʝʡ ʰʢʘʣʘʣʘʨʳʥʘ 

ʩᴅʡʢʝʩʪʝʥʜʽʨʽʣʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʟʽʨʣʝʥʛʝʥ ʙʘסʘʣʘʫ ʞװʡʝʩʽ ʤʘʟʤײʥʜʳץ ʙʣʦʢʪʳש ʥʝʛʽʟʛʽ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ץʘʤʪʠʜʳ: ʤʦʪʠʚʘʮʠʷʣʳץ-ʙʝʣʩʝʥʜʽʣʽʢ (ʙʽʣʽʤ), ʪʝʭʥʦʣʦʛʠʷʣʳץ 

(ʙʽʣʽʛʽ) ʞᴅʥʝ ʨʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ (ʜʘסʜʳʣʘʨ) ʘʩʧʝʢʪʽʣʝʨ. ɹײʣ ʞװʡʝ ʙʘסʘʣʘʫ 

ʢʨʠʪʝʨʠʡʣʝʨʽ ʤʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʘʡץʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (12-ʢʝʩʪʝ). 

 

ʂʝʩʪʝ 12 - ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʙʽʣʽʤʽʥ, 

ʙʽʣʽʛʽ ʤʝʥ ʜʘסʜʳʣʘʨʳʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʢʦʤʧʦʥʝʥʪʪʝʨ, ʢʨʠʪʝʨʠʡʣʝʨʽ ʤʝʥ 

ʢᴇʨʩʝʪʢʽʰʪʝʨ 

 
ʂʦʤʧʦʥʝʥʪ ʂʨʠʪʝʨʠʡ ʂᴇʨʩʝʪʢʽʰʪʝʨ 

1 2 3 

ʄʦʪʠʚʘʮʠʷʣʳץ- 

ʙʝʣʩʝʥʜʽʣʽʢ 

ɺʠʨʪʫʘʣʠʟʘʮʠʷʣʘʥסʘʥ 

ʦʨʪʘʜʘ ʙʽʣʽʤ 

ʤʘʟʤײʥʳʥʳש ʩʘʧʘʩʳ, 

ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʥʽש 

ʤʝשʛʝʨʽʣʫ ʜʝשʛʝʡʽ ʞᴅʥʝ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʢʦʛʥʠʪʠʚʪʽʢ 

ʙʝʣʩʝʥʜʽʣʽʛʽ ʦץʫ 

 .ʪʠʽʤʜʽʣʽʛʽ שʜʝʨʽʩʽʥʽװ

ʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳʥʜʘ 

 שʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳץʩʳʥʳʣʘʪʳʥ ʦײ

ʪʦʣʳץʪʳסʳ ʤʝʥ ײץʨʳʣʳʤʜʳץ 

 ʡʳʤʜʘʩʪʳʨʳʣʫʳ, ʠʥʪʝʨʘʢʪʠʚʪʽײ

ʤʘʟʤײʥʥʳש (ʙʝʡʥʝʤʘʪʝʨʠʘʣʜʘʨ, 

ʘʫʜʠʦʞʘʟʙʘʣʘʨ, ʩʠʤʫʣʷʮʠʷʣʳץ 

ʵʣʝʤʝʥʪʪʝʨ) ʙʦʣʫʳ, ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש 

ʞʘשʘʨʪʳʣʫ ʞʠʽʣʽʛʽ ʤʝʥ ʤʘʟʤײʥʜʳץ 

ᴇʟʝʢʪʽʣʽʛʽ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʘʤʪʠʪʳʥ 

ʧʣʘʪʬʦʨʤʘʣʘʨʜʘסʳ ʦץʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳש ʙʝʣʛʽʣʝʥʛʝʥ ʦץʫ 

ʤʘץʩʘʪʪʘʨʳ ʤʝʥ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩʪʽʛʽ,  

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳ ʪʝʩʪʽʣʝʫ ʞᴅʥʝ ʙʘץʳʣʘʫ 

ʞײʤʳʩʪʘʨʳʥʜʘסʳ ʞʝʪʽʩʪʽʢʪʝʨʽ, ʪʝʦʨʠʷʣʳץ 

ʙʽʣʽʤʥʽש ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʳʣʫʳʥ 

ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ᴅʜʽʩʪʝʨʜʽש (ʢʝʡʩʪʝʨ, 

ʞʦʙʘʣʳץ ʞײʤʳʩʪʘʨ) ʙʦʣʫʳ, ʦץʫ װʜʝʨʽʩʽʥʝ 

ʙʝʣʩʝʥʜʽ ץʘʪʳʩʫ ʢᴇʨʩʝʪʢʽʰʽ, ʠʥʪʝʨʘʢʪʠʚʪʽ 

ʪʘʧʩʳʨʤʘʣʘʨʜʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ ʤʝʥ 

ʪʠʽʤʜʽʣʽʛʽ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ 

 

ɺʠʨʪʫʘʣʜʳ ʦץʳʪʫ 

ʦʨʪʘʩʳʥʜʘ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש 

ʧʨʘʢʪʠʢʘʣʳץ 

ʜʘסʜʳʣʘʨʳʥ 

 .ʛʝʡʽשʘʣʳʧʪʘʩʪʳʨʫ ʜʝץ

AI ʢᴇʤʝʛʽʤʝʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ʦʨʪʘʣʘʨ ʞʘʩʘʫ,  

ʎʠʬʨʣʳץ ʩʠʤʫʣʷʮʠʷʣʘʨ ʤʝʥ ʚʠʨʪʫʘʣʜʳ 

ʟʝʨʪʭʘʥʘʣʘʨʜʳש ʙʦʣʫʳ, ʧʨʘʢʪʠʢʘʣʳץ 

ʙʘסʳʪʪʘסʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳװ שʣʝʩʽ, 

ʞʦʙʘʣʳץ ʞᴅʥʝ ʢʝʡʩʪʽʢ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʽש 

ʝʥʛʽʟʽʣʫ ʜᴅʨʝʞʝʩʽ, ʧʣʘʪʬʦʨʤʘʣʘʨʜʘ 

 שʦʣʜʘʥʳʣʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳץ

ʢᴇʧʪװʨʣʽʣʽʛʽ, ʩʦʥʜʘʡ-ʘץ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʮʠʬʨʣʳײץ ץʟʳʨʝʪʪʽʣʽʛʽʥ 

ʙʘסʘʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ. 

ʈʝʬʣʝʢʩʠʷʣʳץ-

ʙʘסʘʣʘʫ 

ʎʠʬʨʣʳץ ʦʨʪʘʜʘ 

ʵʪʠʢʘʣʳץ ʥʦʨʤʘʣʘʨʜʳ 

ʩʘץʪʘʫ, ᴅʣʝʫʤʝʪʪʽʢ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ ʤᴅʜʝʥʠʝʪʽ 

ʞᴅʥʝ ʮʠʬʨʣʳץ ʙʽʣʽʤ  

ɸʢʘʜʝʤʠʷʣʳץ ʘʜʘʣʜʳץ ʜʝשʛʝʡʽ (ʤʳʩʘʣʳ, 

ʘʚʪʦʨʣʳץײץ ץʳץʪʳ ʩʘץʪʘʫ ʞᴅʥʝ ʧʣʘʛʠʘʪץʘ 

ʞʦʣ ʙʝʨʤʝʫ), ʮʠʬʨʣʳץ ץʘʫʽʧʩʽʟʜʽʢ 

ʝʨʝʞʝʣʝʨʽʥ ʤʝשʛʝʨʫ ʞᴅʥʝ ʦʣʘʨʜʳ 

ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʫ ʜʝשʛʝʡʽ, ʩʦʥʜʘʡ-ʘץ 

ʮʠʬʨʣʳץ ʵʪʠʢʘʣʳץ ʥʦʨʤʘʣʘʨʜʳ ײʩʪʘʥʫ. 
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12 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 
1 2 3 

 ʙʝʨʫʜʽש ᴅʣʝʫʤʝʪʪʽʢ 

ᴅʩʝʨʽ. 

ʢᴇʨʩʝʪʢʽʰʽ, ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘ ʪʦʧʪʳץ 

ʞײʤʳʩ ʧʝʥ ʙʽʨʣʝʩʢʝʥ ʞʦʙʘʣʘʨʜʳ 

 ,ʙʦʣʫʳ שʤʢʽʥʜʽʢʪʝʨʽʥʽװʡʳʤʜʘʩʪʳʨʫ ʤײ

ʠʥʪʝʨʘʢʪʠʚʪʽ ʬʦʨʫʤʜʘʨ ʤʝʥ ʧʽʢʽʨʪʘʣʘʩ 

ʘʣʘשʜʘʨʳʥʘ ץʘʪʳʩʫ ʙʝʣʩʝʥʜʽʣʽʛʽ, ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨ ʤʝʥ ʦץʳʪʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘסʳ 

ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʤʝʭʘʥʠʟʤʜʝʨʽʥʽש ʪʠʽʤʜʽʣʽʛʽ 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ 

 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫʜʝ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʜʽ ʙʘסʘʣʘʫסʘ ʘʨʥʘʣסʘʥ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ץʦʣʜʘʥʫ ʜʝשʛʝʡʣʝʨʽ ʤʝʥ ʦʣʘʨʜʳש ʩʠʧʘʪʪʘʤʘʩʳ ײʩʳʥʳʣʜʳ (13-

ʢʝʩʪʝ). 

 

ʂʝʩʪʝ 13 ï ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʜʝשʛʝʡʣʝʨʽʥʽש ʩʠʧʘʪʪʘʤʘʩʳ 

 
ʂʦʤʧʦʥʝʥʪ ɼʝשʛʝʡ ɼʝשʛʝʡʣʝʨʜʽש ʩʠʧʘʪʪʘʤʘʩʳ 

1 2 3 

ʄʦʪʠʚʘʮʠʷʣʳץ

- ʙʝʣʩʝʥʜʽʣʽʢ 

ʪᴇʤʝʥ ʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʙʽʣʽʤ װʩʪʽʨʪ, 

ʥʝʛʽʟʽʥʝʥ ʘץʧʘʨʘʪʪʳ ʤʝʭʘʥʠʢʘʣʳץ ʝʩʪʝ ʩʘץʪʘʫ ʩʠʧʘʪʳʥʜʘ. 

ʦʨʪʘʰʘ ʄʦʪʠʚʘʮʠʷ ʞʘסʳʤʜʳ ʩʠʧʘʪ ʘʣʘ ʙʘʩʪʘסʘʥ, ʘʣʘʡʜʘ ײץʥʜʳʣʳץ-

ʤʘסʳʥʘʣʳץ ץʘʪʳʥʘʩ ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʜʝ ץʘʣʳʧʪʘʩʧʘסʘʥ. 

ʞʦסʘʨʳ ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʪײʨʘץʪʳ, 

ʞʘסʳʤʜʳ ʤʦʪʠʚʘʮʠʷ ʙʘʨ; ʙʽʣʽʤ ʘʣʫʰʳ ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥʝ 

ʞʦסʘʨʳ ʞʘʫʘʧʢʝʨʰʽʣʽʢʧʝʥ ץʘʨʘʡʜʳ, ײץʥʜʳʣʳץʪʳץ ץʘʪʳʥʘʩ 

ʘʡץʳʥ. 

ʊʝʭʥʦʣʦʛʠʷʣʳ

 ץ

ʪᴇʤʝʥ ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʪʠʧʪʽʢ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʜʝ ʜʝʨʙʝʩʪʽʢ ʙʘʡץʘʣʤʘʡʜʳ. 

ʦʨʪʘʰʘ ʊʠʧʪʽʢ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫ װʰʽʥ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

 ʘʥ; ʜʝʨʙʝʩʪʽʢ ʢᴇʨʽʥʝʜʽ, ʘʣʘʡʜʘץʘʣʳʧʪʘʩץ ʜʳʣʘʨʳסʦʣʜʘʥʫ ʜʘץ

ʰʳסʘʨʤʘʰʳʣʳץ ʵʣʝʤʝʥʪʪʝʨ ʰʝʢʪʝʫʣʽ. 

ʞʦסʘʨʳ ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʰʳסʘʨʤʘʰʳʣʳץʧʝʥ 

 ʤʽʥʜʝʪʪʝʨʜʽ ʪʠʽʤʜʽ ʰʝʰʫ ץʳʣʳ ʧʝʜʘʛʦʛʠʢʘʣʳץʦʣʜʘʥʫ ʘʨץ

 .ʡʳʤʜʘʩʪʳʨʘʜʳײ ʜʝʨʽʩʽʥ ʩʘʧʘʣʳװ ʳʪʫץʘʨʳ; ʦסʘʙʽʣʝʪʽ ʞʦץ

ʈʝʬʣʝʢʩʠʷʣʳץ-

ʙʘסʘʣʘʫ  

ʪᴇʤʝʥ ɺʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʤʦʪʠʚʘʮʠʷ 

ʪʝʨʽʩ ʥʝ ʙʝʡʪʘʨʘʧ ʩʠʧʘʪʪʘ; ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʘ 

 .ץʘʪʳʥʘʩ ᴅʣʩʽʟ ʥʝʤʝʩʝ ʞʦץ ץʪʳץʥʜʳʣʳײץ
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13 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 

 ʦʨʪʘʰʘ ɹʽʣʽʤ ʤʘʟʤײʥʳ ʞʝʪʢʽʣʽʢʪʽ ʪʝʨʝש ʙʦʣסʘʥʳʤʝʥ, ʞװʡʝʣʝʥʙʝʛʝʥ, 

ʤʘʟʤײʥʜʳ ץʦʨʳʪʫ ʞᴅʥʝ ײץʥʜʳʣʳץʪʳץ ʪײʨסʳʜʘʥ ʩʘʥʘʣʳ 

 .ʘʙʳʣʜʘʫ ʞʝʪʢʽʣʽʢʩʽʟץ

ʞʦסʘʨʳ ɹʽʣʽʤ ̔ ʪʝʨʝש, ʞװʡʝʣʝʥʛʝʥ ʞᴅʥʝ ײץʥʜʳʣʳץʪʳץ ʪײʨסʳʜʘʥ 

ʩʘʥʘʣʳ ץʘʙʳʣʜʘʥסʘʥ; ʙʽʣʽʤ ʘʣʫʰʳ ʘʣסʘʥ ʙʽʣʽʤʜʽ ʢᴅʩʽʙʠ 

 .ʦʣʜʘʥʘ ʘʣʘʜʳץ ʨʜʝװʳʟʤʝʪʽʥʜʝ ʦʨʳʥʜʳ ᴅʨʽ ʜᴅʣʝʣʜʽ ʪץ

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 

 

ʅᴅʪʠʞʝʩʽʥʜʝ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʝʨʝש ʤʝשʛʝʨʛʝʥ, ʦʣʘʨʜʳ 

ʦץʫ װʜʝʨʽʩʽʥʜʝ ʪʠʽʤʜʽ ץʦʣʜʘʥʘ ʘʣʘʪʳʥ, ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʝʨʽ ץʘʣʳʧʪʘʩץʘʥ ʙʽʣʽʢʪʽ 

ʤʘʤʘʥ ʜʘʷʨʣʘʫ ʤװʤʢʽʥʜʽʛʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. 

ɿʝʨʪʪʝʫ ʘʷʩʳʥʜʘ ʘʡץʳʥʜʘʫʰʳ ʞᴅʥʝ ץʦʨʳʪʳʥʜʳ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ 

ʞװʨʛʽʟʽʣʽʧ, ʦʣʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʙʘסʘʣʘʥʜʳ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ 

ʘʡץʳʥʜʘʫʰʳ ʵʢʩʧʝʨʠʤʝʥʪ ʢʫʨʩʪʳש ʢʽʨʽʩʧʝ ʙᴇʣʽʤʽʥʜʝ ײʡʳʤʜʘʩʪʳʨʳʣʜʳ, ʘʣ 

 ʘʪʳʩʪʳץ ʘסʦʨʳʪʳʥʜʳ ʵʢʩʧʝʨʠʤʝʥʪ ð ʢʫʨʩ ʙʘʨʳʩʳʥʜʘ ʦʩʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨץ

ʪʘץʳʨʳʧʪʘʨ ʪʦʣʳץ ץʘʤʪʳʣסʘʥʥʘʥ ʢʝʡʽʥ ᴇʪʢʽʟʽʣʜʽ. 

ɹʽʣʽʤ ʘʣʫʰʳʣʘʨ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʘ ʪʽʨʢʝʣʫ ʘʨץʳʣʳ VM, VR, AR 

ʞᴅʥʝ 3D ʤʦʜʝʣʴʜʝʫʜʽ ʤʝשʛʝʨʫʛʝ, ʩʦʥʜʘʡ-ʘץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ʙʦʡʳʥʰʘ ʙʽʣʽʤʜʝʨʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʢʝש ʤװʤʢʽʥʜʽʢʪʝʨʛʝ ʠʝ ʙʦʣʘʜʳ. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʦץʫ װʜʝʨʽʩʽʥʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪᴅʞʽʨʠʙʝʣʽʢ 

ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ, ʢװʨʜʝʣʽ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʜʳ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʪװʩʽʥʫʛʝ 

ʞᴅʥʝ ʠʥʪʝʨʘʢʪʠʚʪʽ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʦץʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ 

ʳץʧʘʣ ʝʪʝʜʽ. 

 

2.3 ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʜʘʫʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘ ʥʝʛʽʟʽʥʜʝ ʥʘץʪʳʣʘʫ  

ʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝ ʘץʧʘʨʘʪʪʳש ʙʘʨʣʳץ ʪװʨʽʥ ᴇשʜʝʫʛʝ ʞʘʫʘʧ ʙʝʨʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʥʳש ʥʝʛʽʟʽʥ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɺʠʨʪʫʘʣʜʳ ʦʨʪʘץ ʳʥסʬʫʥʢʮʠʦʥʘʣʜʳ שʘʣʳʧʪʘʩʪʳʨʳʧ, ʦʥʳץ

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʤʝʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽ ʞװʟʝʛʝ 

ʘʩʳʨʘʪʳʥ ʘʜʘʤ-ʤʘʰʠʥʘ ʠʥʪʝʨʬʝʡʩʽ ʨʝʪʽʥʜʝ ץʳʟʤʝʪ ʝʪʝʜʽ. ɽʥʛʽʟʫ ײץʨʳʣסʳʣʘʨʳ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʽʩ-ᴅʨʝʢʝʪʪʝʨʽ ʤʝʥ ʢʦʤʘʥʜʘʣʘʨʳʥ ʪʽʨʢʝʧ, ʞװʡʝʛʝ ʞʽʙʝʨʝʜʽ, ʘʣ 

ʰʳסʘʨʫ ײץʨʳʣסʳʣʘʨʳ ᴇשʜʝʣʛʝʥ ʘץʧʘʨʘʪʪʳ ʧʘʡʜʘʣʘʥʫʰʳסʘ ʞʝʪʢʽʟʝʜʽ. ɸץʧʘʨʘʪ 

ʘסʳʥʳʥ ᴇשʜʝʫ ʪײʨסʳʩʳʥʘʥ ʘʣסʘʥʜʘ, ʪʦʣʳץץʘʥʜʳ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʞװʡʝʩʽ 

ʙʽʨʥʝʰʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʙᴇʣʽʢʪʝʨʜʝʥ ʪײʨʘʜʳ (37-ʩʫʨʝʪ).  

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʞװʡʝʣʝʨʽʥʽש ʢᴇʧʰʽʣʽʛʽ ʙʝʩ ʥʝʛʽʟʛʽ 

ʢʦʤʧʦʥʝʥʪʪʝʥ ʪײʨʘʜʳ [148]: ʢʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 
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ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳ, ʚʠʨʪʫʘʣʜʳ ʦʨʪʘ, ʝʥʛʽʟʫ ײץʨʳʣסʳʣʘʨʳ ʞᴅʥʝ ʰʳסʘʨʫ 

 .ʳʣʘʨʳסʨʳʣײץ

 
 

ʉʫʨʝʪ 37 - ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʞװʡʝʩʽʥʽײץ שʨʘʤʳ 
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [148] . 

 

ɺʠʨʪʫʘʣʜʳ ʦʨʪʘ ʜʘʡʳʥʜʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʘʣʜʳʤʝʥ ʞװʡʝ ʙʘץʳʣʘʫ 

 ʪʘʨʜʳ ʽʩʢʝץʘʞʝʪʪʽ ʞʘʙʜʳץ ʘ ʜʘץʳʩʳʥ ʞᴅʥʝ ʙʘʩסʨʳʣײץ ʳʩʳʥ, ʜʘʫʳʩסʨʳʣײץ

 ʧʘʨʘʪץʳ ʦʙʲʝʢʪʽʣʝʨʜʝʥ ʘץʳʣʘʨ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʤʝʥ ʩʳʨʪסʨʳʣײץ ʣײʦʩʘʜʳ. ɹץ

ʞʠʥʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʇʘʡʜʘʣʘʥʫʰʳʣʘʨ ʝʥʛʽʟʫ ײץʨʳʣסʳʣʘʨʳ ʘʨץʳʣʳ 

ʚʠʨʪʫʘʣʜʳ ʦʨʪʘסʘ ʢʦʤʘʥʜʘʣʘʨ ʞʽʙʝʨʝʜʽ, ʘʣ ʞװʡʝ ʦʩʳ ʢʦʤʘʥʜʘʣʘʨסʘ ʩᴅʡʢʝʩ ᴅʨʝʢʝʪ 

ʝʪʝʜʽ. ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʬʠʟʠʢʘʣʳץ ʩʝʨʚʝʨʜʝ ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʥʽ 

ʙʽʨ ʫʘץʳʪʪʘ ʦץʰʘʫʣʘʧ ʞײʤʳʩ ʽʩʪʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝ ʦʪʳʨʳʧ, ʚʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ ʞװʡʝʩʽ ʞײʤʳʩʳʥ װʡʣʝʩʪʽʨʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷ. ʆʣʘʨ ʝʩʝʧʪʝʫ ʪʠʽʤʜʽʣʽʛʽ 

ʤʝʥ ʨʝʩʫʨʩʪʘʨʜʳ ʙʘʩץʘʨʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

ʂʦʤʘʥʜʘʣʘʨ ᴇשʜʝʣʛʝʥʥʝʥ ʢʝʡʽʥ, ʢʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝ ʘʣʜʳʤʝʥ ʚʠʨʪʫʘʣʜʳ 

ʦʨʪʘ ʜʝʨʝʢץʦʨʳʥ ʞʘשʘʨʪʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʘסʳʤʜʘסʳ ʢᴇʨʽʥʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʨʝʪʪʝʧ, ʞʘשʘʨʪʳʣסʘʥ ʢʝʩʢʽʥʜʽ ʰʳסʘʨʫ ײץʨʳʣסʳʩʳʥʘ ʞʽʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʧʘʡʜʘʣʘʥʫʰʳסʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʘץʧʘʨʘʪʪʘʨʳ (ʤʳʩʘʣʳ, ʜʳʙʳʩʪʳץ ʥʝʤʝʩʝ 

ʪʘʢʪʠʣʴʜʽ ᴅʩʝʨʣʝʨ) ʙʝʨʽʣʝʜʽ. ɹײʣ װʜʝʨʽʩʪʝʨ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʞװʡʝʩʽ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʚʠʨʪʫʘʣʜʳ ʦʨʪʘ ʩʳʨʪץʳ ʬʠʟʠʢʘʣʳץ ʦʙʲʝʢʪʽʣʝʨʤʝʥ ʜʝ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʝ ʘʣʘʜʳ. ʆʙʲʝʢʪʽʣʝʨʜʝʥ ʘʣʳʥסʘʥ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʘץʧʘʨʘʪʪʘʨʳ 

ʘʨʥʘʡʳ ʙʘץʳʣʘʫ ʞװʡʝʩʽ ʘʨץʳʣʳ ᴇשʜʝʣʝʜʽ ʞᴅʥʝ ʞװʡʝʥʽש ʞײʤʳʩʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʘʫץʳʤʜʳ ʞᴅʥʝ ʢװʨʜʝʣʽ ʤʝʭʘʥʠʢʘʣʳץ 

ʞʘʙʜrץʪʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʞʘשʘ ʪᴅʩʽʣʜʝʨʜʽ ײʩʳʥʘʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷ 

ʢʝʣʝʩʽ ʤʘשʳʟʜʳ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

- ʧʨʠʥʮʠʧʪʝʨʜʽ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʢᴇʨʩʝʪʫ ʞᴅʥʝ ʪװʩʽʥʜʽʨʫ; 

- ʞʘʙʜʳץʪʳש ʬʫʥʢʮʠʷʣʘʨʳʥ ʤʦʜʝʣʴʜʝʫ; 

- ʘץʘʫʣʘʨʜʳ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ʞᴅʥʝ ʘʣʜʳʥ ʘʣʫ; 
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- ʞʦסʘʨʳ ʜᴅʣʜʽʢʪʽ ʪʘʣʘʧ ʝʪʝʪʽʥ ʢװʨʜʝʣʽ ʙᴇʣʰʝʢʪʝʨʜʽ ʪʝʢʩʝʨʫ; 

- ʘʫץʳʤʜʳ ʤʝʭʘʥʠʢʘʣʳץ ʞʘʙʜʳץʪʘʨʜʳ ʢʝʰʝʥʜʽ ʙʘʩץʘʨʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ 

ʙʦʡʳʥʰʘ ʦץʳʪʫ; 

- ʬʠʟʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʰʝʢʪʝʫʣʝʨʜʽ ʘʟʘʡʪʫ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʚʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴʜʝʫ ʦץʳʪʫ ʞװʡʝʣʝʨʽ ʤʘʛʠʩʪʨʘʥʪʪʘʨסʘ 

ʢʝʣʝʩʽ ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ײʩʳʥʘʜʳ: 

- ʚʠʨʪʫʘʣʜʳ ʧʨʦʪʦʪʠʧʪʽ ʞʦʙʘʣʘʫ ʞᴅʥʝ ᴅʟʽʨʣʝʫ; 

- ʚʠʨʪʫʘʣʜʳ ײץʨʘʩʪʳʨʫ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤʦʜʝʣʴʜʝʫ; 

- ʚʠʨʪʫʘʣʜʳ ᴇשʜʝʫ ʞᴅʥʝ ʤʦʜʝʣʴʜʽʢ ʪʘʣʜʘʫ; 

- ʚʠʨʪʫʘʣʜʳ ʵʢʩʧʝʨʠʤʝʥʪ ʞװʨʛʽʟʫ ʞᴅʥʝ ᴇʣʰʝʫ; 

- ʚʠʨʪʫʘʣʜʳ ʪʝʩʪʽʣʝʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ; 

- ʚʠʨʪʫʘʣʜʳ ʠʥʞʝʥʝʨʣʽʢ ʪᴅʞʽʨʠʙʝ ʞװʨʛʽʟʫ. 

ɹײʣ ʪʝʭʥʦʣʦʛʠʷ ᴅʩʽʨʝʩʝ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʩʘʥʜʳץ ʙʘʩץʘʨʫ ʩʪʘʥʦʢʪʘʨʳʥ, ʪʦʣʳץ 

ʙʝʪʪʽ ᴇשʜʝʫ ʞʘʙʜʳץʪʘʨʳʥ, ʘʵʨʦסʘʨʳʰʪʳײ ץʟʳʥ ᴇʣʰʝʤʜʽ ʞʘʙʜʳץʪʘʨʜʳ, 

ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʢʝʰʝʥʜʝʨʜʽ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʢװʨʜʝʣʽ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʞװʡʝʣʝʨʜʽ 

ʦץʪrʫʜʘ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʚʠʨʪʫʘʣʜʳ ʵʢʩʧʝʨʠʤʝʥʪ ʞᴅʥʝ 

ʚʠʨʪʫʘʣʜʳ ʪᴅʞʽʨʠʙʝ ʘʨץʳʣʳ ʤʘʛʠʩʪʨʘʥʪʪʘʨ NC ʧʨʦʛʨʘʤʤʘʣʘʫ ʞᴅʥʝ PLC 

ʧʨʦʛʨʘʤʤʘʣʘʫ ʩʠʷץʪʳ ʪʝʭʥʠʢʘʣʳץ ʢʫʨʩʪʘʨʜʘ ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʝ 

ʘʣʘʜʳ. 

 
 

ʉʫʨʝʪ 38 - ɺʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴʜʝʫ ʞװʡʝʩʽ 

 

ʆʩʳʣʘʡʰʘ, ʚʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʢװʨʜʝʣʽ ʠʥʞʝʥʝʨʣʽʢ 

ʞװʡʝʣʝʨʜʽ ʦץʳʪʫ ʤʝʥ ʟʝʨʪʪʝʫʜʝ ʠʥʥʦʚʘʮʠʷʣʳץ ʪᴅʩʽʣ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʙײʣ 

ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫסʘ, ץʘʫʽʧʩʽʟʜʽʢʪʽ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʪᴅʞʽʨʠʙʝʣʽʢ ʤʘʰʳץʪʘʨʳʥ ʞʝʪʽʣʜʽʨʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ (38 ʞᴅʥʝ 39-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 39 - ɺʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴʜʝʫ ʵʢʩʧʝʨʠʤʝʥʪʽʥʽש ʠʥʪʝʨʬʝʡʩʽ 
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ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [148]. 

ʊᴅʞʽʨʠʙʝ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʚʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴʜʝʫ ʵʢʩʧʝʨʠʤʝʥʪʽ ʙʽʨץʘʪʘʨ 

ʤʘשʳʟʜʳ ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ʠʝ, ʩʦʥʳש ʽʰʽʥʜʝ ʞʦסʘʨʳ ʘʡץʳʥʜʳץ, ʠʥʪʫʠʪʠʚʪʽʣʽʢ, 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ᴅʩʝʨʜʽש ʥʘץʪʳʣʳסʳ ʞᴅʥʝ ץʘʫʽʧʩʽʟʜʽʢ ʜʝשʛʝʡʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳ. 

ɹײʣ ᴅʜʽʩ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʢʝʣʝʩʽ ʜʘסʜʳʣʘʨʜʳ ʪʠʽʤʜʽ ʤʝשʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

- ʞװʡʝʣʝʨʜʽש ʞײʤʳʩ ʧʨʠʥʮʠʧʪʝʨʽʥ ʪʝʨʝש ʪװʩʽʥʫ ʞᴅʥʝ ʠʛʝʨʫ; 

- ʞʘʙʜʳץʪʘʨʜʳ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ײץʨʘʩʪʳʨʫ װʜʝʨʽʩʽʥ װʡʨʝʥʫ; 

- ʢװʨʜʝʣʽ ʤʝʭʘʥʠʢʘʣʳײץ ץʨʳʣʳʤʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʙʘʩץʘʨʫ 

ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ; 

- ʦץʫ װʜʝʨʽʩʽʥʝ ʜʝʛʝʥ ʳʥʪʘʥʳ ʘʨʪʪʳʨʫ; 

- ʠʥʥʦʚʘʮʠʷʣʳץ ʦʡʣʘʫʜʳ ʜʘʤʳʪʫ; 

- ʰʳסʘʨʤʘʰʳʣʳץ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ. 

ʆʩʳʣʘʡʰʘ, ʚʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴʜʝʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʽʣʽʤʽʥ ʪʝʨʝשʜʝʪʽʧ 

 ʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝסʜʘ ץʠʥʞʝʥʝʨʣʽʢ-ʪʝʭʥʠʢʘʣʳ שʦʡʤʘʡ, ʦʣʘʨʜʳץ ʘʥʘץ

ʠʥʥʦʚʘʮʠʷʣʳץ ʰʝʰʽʤʜʝʨ ײʩʳʥʫ ץʘʙʽʣʝʪʽʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʤʳʟʜʘ ʄ.ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʟʝʨʪʪʝʫ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ç6ɺ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè, ç7ʄ01535 ïSTEM ʙʽʣʽʤ ʙʝʨʫè, 

ç7M01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʪʦʧʪʘʨʳʥʜʘ ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ ʞʝʪʽʣʜʽʨʫʜʝʛʽ çɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳè 

ᴅʜʽʩʪʝʤʝʩʽ ײʩʳʥʳʣʘʜʳ ʞᴅʥʝ ʦץʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʽʣʜʽ. 

çɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳè ᴅʜʽʩʪʝʤʝʩʽʥ ץʦʣʜʘʫ װʰʽʥ ʙʽʣʽʤ ʙʝʨʫʜʝ 

 :ʨʜʳײʘʤʪʘʤʘʣʘʨʜʘʥ ʪץ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ ץʘʥ ʧʨʦʛʨʘʤʤʘʣʳסʘ ʘʨʥʘʣסʦʣʜʘʥʫץ

- çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʦץʫ ᴅʜʽʩʪʝʤʝʣʽʢ 

 (VR) ץʨʘʣ: çɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳײץ ʨʘʣ ʜʘʡʳʥʜʘʣʜʳ.  ᴄʜʽʩʪʝʤʝʣʽʢײץ

ʧʨʠʥʮʠʧʪʝʨʽè ʞᴅʥʝ çʂʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ (AR) ʧʨʠʥʮʠʧʪʝʨʽè ʪʘʨʘʫʣʘʨʳʥʘʥ 

ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʙᴇʣʽʤʜʝʨʜʝʥ ʪײʨʜʳ. 

- ç6ɺ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʳש çɸץʧʘʨʘʪʪʳץ - 

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ, ʞᴅʥʝ 

ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʧᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ʦץʫ ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʩʳ (Syllabus) 

ʜʘʡʳʥʜʘʣʳʧ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʤʳʟʜʳש ʪʘץʳʨʳʙʳ ʙʦʡʳʥʰʘ ʞʘשʘ ʪʘץʳʨʳʧʪʘʨʤʝʥ 

ʪʦʣʳץʪʳʨʫʣʘʨ ʝʥʛʽʟʽʣʜʽ (11-ʢʝʩʪʝ). 

- ç7ʄ01535 ïSTEM ʙʽʣʽʤ ʙʝʨʫè, ç7M01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘ çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè  ʧᴅʥʽ 

ʙʦʡʳʥʰʘ ʦץʫ ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʩʳ (Syllabus) ʜʘʡʳʥʜʘʣʜʳ (12-ʢʝʩʪʝ). 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳ ʘʷʩʳʥʜʘ ײʩʳʥʳʣסʘʥ ʧᴅʥʜʝʨʜʽ ʤʝשʛʝʨʫ ʞᴅʥʝ ʞʦסʘʨʳ ʦץʫ 

ʦʨʳʥʜʘʨʳʥʳש ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʳʪʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʪʘʣʜʘʫ װʜʝʨʽʩʽʥʜʝ ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩ ץʘסʠʜʘʪʳ ʙʘʩʰʳʣʳץץʘ 

ʘʣʳʥʜʳ. ɸʪʘʣסʘʥ ץʘסʠʜʘʪʪʳ ʽʩʢʝ ʘʩʳʨʫ ʙʘʨʳʩʳʥʜʘ ʙʽʨץʘʪʘʨ ʧᴅʥʜʝʨ ʘʨʘʩʳʥʜʘ 

ʤʘʟʤײʥʜʳץ ʩᴅʡʢʝʩʪʽʢ ʧʝʥ ᴇʟʘʨʘ ʳץʧʘʣʜʘʩʪʳץʪʳש ʘʡץʳʥ ʙʘʡץʘʣסʘʥʳ ʘʥʳץʪʘʣʜʳ. 

ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʤʘʟʤײʥʜʳץ ʪײʨסʳʜʘ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥʫʳ ʢʝʣʝʩʽ ʧᴅʥʜʝʨʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ: 

çɸץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ 

ʞʝʣʽʣʝʨ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ 



 

118 
 

ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʧᴅʥʜʝʨ. ɹײʣ ʧᴅʥʜʝʨʜʽש ʦץʫ ʤʘʟʤײʥʳ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʤʝשʛʝʨʫʛʝ ץʘʞʝʪʪʽ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʙʽʣʽʤ ʤʝʥ ʜʘסʜʳʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫʜʘ ᴇʟʘʨʘ ʪʦʣʳץʪʳʨʳʧ, ʙʽʨʪײʪʘʩ 

ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʂʝʩʪʝ 14 ï ç6ɺ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ ʦץʫ 

ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ (Syllabus) ʪʦʣʳץʪʳʨʳʣסʘʥ ʪʘץʳʨʳʧʪʘʨ 

 
ɼᴅʨʽʩ ʪʘץʳʨʳʧʪʘʨʳ ʉʘסʘʪ ʩʘʥʳ 

ɼᴅʨʽʩ ɿʝʨʪʭʘʥʘʣ

ʳץ 

1 2 3 

ɸץʧʘʨʘʪʪʳץ - ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

1. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 2 2 

2. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪװʨʣʝʨʽ 2 4 

ʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢ 

1. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 2 2 

2. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪװʨʣʝʨʽ: ʩʝʨʚʝʨʣʽʢ ʞᴅʥʝ ʞʝʣʽʣʽʢ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

4 4 

3. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ᴅʜʽʩʪʝʨʽ 4 4 

4. ɺʠʨʪʫʘʣʠʟʘʮʠʷʜʘסʳ ץʘʫʽʧʩʽʟʜʽʢ ʤᴅʩʝʣʝʣʝʨʽ. ɺʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʣʘʨסʘ ʰʘʙʫʳʣ ʪװʨʣʝʨʽ. ɺʠʨʪʫʘʣʜʳ ʦʨʪʘʥʳ ץʦʨסʘʫ 

ᴅʜʽʩʪʝʨʽ 

4 6 

3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽ 

1. 3D ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ (VR/AR) 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʳ 

2 2 

2. ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨʜʘ 3D ʤʦʜʝʣʴʜʝʥʛʝʥ ײץʨʘʣʜʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫ 

2 4 

3. ɺʠʨʪʫʘʣʜʳ ʪʫʨʣʘʨ ʞʘʩʘʫ װʰʽʥ 3D ʤʦʜʝʣʴʜʝʨʜʽ ʧʘʡʜʘʣʘʥʫ 2 4 

4. VR ʦʡʳʥʜʘʨʳʥʜʘ ʰʳʥʘʡʳ 3D ʦʨʪʘ ײץʨʫ 2 4 

ɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

1. ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʥʝʛʽʟʜʝʨʽ. ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ 

2 2 

2. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪװʨʣʝʨʽ. ʉʝʨʚʝʨʣʽʢ ʞᴅʥʝ ʞʝʣʽʣʽʢ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ. 

2 4 

3. ɹײʣʪʪʳץ ʝʩʝʧʪʝʫʣʝʨ ʞᴅʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 2 4 

4. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʧʣʘʪʬʦʨʤʘʣʘʨʳ 2 6 

5. ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ײץʨʫ (VMware, VirtualBox) 2 6 
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14 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 
 

1 2 3 

6. ɹײʣʪʪʳץ ʩʝʨʚʝʨʣʝʨʜʽ ʙʘʩץʘʨʫ (AWS, Azure) 2 6 

7. Edge computing ʞᴅʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 2 6 

 ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ 

 

ʂʝʩʪʝ 15 ï ç7ʄ01535 ïSTEM ʙʽʣʽʤ ʙʝʨʫè, ç7M01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè 

ʙʦʡʳʥʰʘ ʦץʫ ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʩʳ (Syllabus)  
 

ɼᴅʨʽʩ ʪʘץʳʨʳʧʪʘʨʳ ʉʘסʘʪ ʩʘʥʳ 

ɼᴅʨʽʩ ɿʝʨʪʭʘʥʘʣʳץ 

1 2 3 4 

ʄʦʜʫʣʴ 1. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ ʥʝʛʽʟʜʝʨʽ 

1. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץץʘ ʢʽʨʽʩʧʝ. VR ʞᴅʥʝ AR 

 .ʜʘʤʫ ʪʘʨʠʭʳ שʳʤʜʘʨʳ. VR ʞᴅʥʝ AR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳסײ

ʅʝʛʽʟʛʽ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳ 

2 3 

2. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץʪʳש ʥʝʛʽʟʛʽ 

 ʤʦʜʝʣʴʜʝʫ ʧʨʠʥʮʠʧʪʝʨʽ ץʠʜʘʣʘʨʳ. ʎʠʬʨʣʳסʘץ

2 3 

3. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ ʪװʨʣʝʨʽ. 

ʊʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʘʡʳʣʳץ (AR). ɸʨʘʣʘʩ ʰʳʥʘʡʳʣʳץ (MR). 

ʊʦʣʳץ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘ (VR) 

2 3 

4. VR ʞᴅʥʝ AR ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨʳ. VR ʞᴅʥʝ AR ʧʨʦʛʨʘʤʤʘʣʳץ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫ. Unreal Engine ʞᴅʥʝ Unity ʧʣʘʪʬʦʨʤʘʣʘʨʳץ

WebXR ʞᴅʥʝ ʤʦʙʠʣʴʜʽ AR SDK-ʣʘʨʳ. ɹʘסʜʘʨʣʘʤʘʣʳץ ʤʦʜʝʣʴʜʝʫ 

ᴅʜʽʩʪʝʨʽ 

2 3 

5. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץʪʘסʳ ʛʨʘʬʠʢʘ. 3D 

ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʘʥʠʤʘʮʠʷ. ʂʝשʽʩʪʽʢʪʽʢ ʝʩʝʧʪʝʫʣʝʨ ʞᴅʥʝ 

ʛʝʦʤʝʪʨʠʷ. ʈʝʘʣʠʩʪʽʢ ʪʝʢʩʪʫʨʘʣʘʨ ʤʝʥ ʞʘʨʳץʪʘʥʜʳʨʫ 

2 3 

6. ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪʘ ʧʘʡʜʘʣʘʥʫʰʳ ʠʥʪʝʨʬʝʡʩʽ (UI) ʞᴅʥʝ 

ʪᴅʞʽʨʠʙʝʩʽ (UX). ʀʥʪʫʠʪʠʚʪʽ ʙʘʩץʘʨʫ. פʦʣʜʘʥʫʰʳʥʳש 

ʚʠʨʪʫʘʣʜʳ ʢʝשʽʩʪʽʢʪʝ ʥʘʚʠʛʘʮʠʷʩʳ. UX ʜʠʟʘʡʥʜʘסʳ ʤʘשʳʟʜʳ 

ʧʨʠʥʮʠʧʪʝʨ 

2 3 

7. ʂʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץʪʘסʳ ʛʝʦʧʦʟʠʮʠʷʣʘʫ ʞᴅʥʝ ʦʙʲʝʢʪʽʣʝʨʜʽ 

ʪʘʥʫ. ARMarker ʞᴅʥʝ Markerless AR. ɻʝʦʣʦʢʘʮʠʷ ʥʝʛʽʟʽʥʜʝʛʽ 

ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ. ʄʘʰʠʥʘʣʳץ ʢᴇʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

2 3 

ʄʦʜʫʣʴ 2. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץʪʳץ שʦʣʜʘʥʳʩʳ ʞᴅʥʝ ʙʦʣʘʰʘסʳ 
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15 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 
 

1 2 3 4 

8. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץʪʳץ שʦʣʜʘʥʳʣʫ 

ʩʘʣʘʣʘʨʳ 

2 3 

9. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץʪʘסʳ ʬʠʟʠʢʘ ʞᴅʥʝ 

ʩʝʥʩʦʨʣʳץ ʵʬʬʝʢʪʽʣʝʨ. ʂʝשʽʩʪʽʢʪʝʛʽ ʬʠʟʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʘʨ. 

ɻʘʧʪʠʢʘʣʳץ (ʪʘʢʪʠʣʴʜʽ) ʪʝʭʥʦʣʦʛʠʷʣʘʨ. ɼʳʙʳʩʪʳץ ʵʬʬʝʢʪʽʣʝʨ 

ʞᴅʥʝ 3D-ʘʫʜʠʦ 

2 3 

10. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ ʞװʡʝʣʝʨʽʥʜʝʛʽ 

ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ ʞᴅʥʝ ᴇשʜʝʫ. ɾʝʣʽ ʘʨץʳʣʳ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ (5G, 

Wi-Fi 6). ɹײʣʪʪʳץ ʝʩʝʧʪʝʫʣʝʨ ʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ. ʊᴇʤʝʥ ʢʽʜʽʨʽʩ 

(low-latency) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ. 

2 3 

11. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץʪʘסʳ ץʘʫʽʧʩʽʟʜʽʢ ʞᴅʥʝ 

ʵʪʠʢʘ. ɼʝʨʝʢʪʝʨ ץʘʫʽʧʩʽʟʜʽʛʽ ʞᴅʥʝ ײץʧʠʷʣʳʣʳץ. ʂʠʙʝʨץʘʫʽʧʩʽʟʜʽʢ 

ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʞʝʢʝ ʜʝʨʝʢʪʝʨʽ. ɺʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץʪʳש ʧʩʠʭʦʣʦʛʠʷʣʳץ ᴅʩʝʨʽ 

2 3 

12. ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ ʧʝʥ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʠʥʪʝʛʨʘʮʠʷʩʳ. 

AI ʢᴇʤʝʛʽʤʝʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ʦʨʪʘʣʘʨ ʞʘʩʘʫ.  

2 3 

13. ʄʘʰʠʥʘʣʳץ ʦץʳʪʫ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʢᴇʨʫ. ɾʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ 

ʘʨץʳʣʳ ʚʠʨʪʫʘʣʜʳ ʘʛʝʥʪʪʝʨʜʽ ʜʘʤʳʪʫ 

2 3 

14. Unity ʥʝʤʝʩʝ Unreal Engine ʢᴇʤʝʛʽʤʝʥ ץʘʨʘʧʘʡʳʤ VR/AR 

 .ʦʩʳʤʰʘʩʳʥ ʞʘʩʘʫץ

WebXR ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʚʝʙʢʝ ʘʨʥʘʣסʘʥ 

AR/VR ʪᴅʞʽʨʠʙʝʣʝʨʽʥ ʞʘʩʘʫ. AR-ץʦʣʜʘʥʙʘʣʘʨʜʳ ʤʦʙʠʣʴʜʽ 

 ʘ ʙʝʡʽʤʜʝʫסʳʣʘʨסʨʳʣײץ

2 3 

15. ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץʪʳש ʙʦʣʘʰʘסʳ. AR/VR 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʙʦʣʘʰʘץ ʪʨʝʥʜʪʝʨʽ. ɺʠʨʪʫʘʣʜʳ ʞײʤʳʩ 

ʦʨʳʥʜʘʨʳ ʞᴅʥʝ ץʘʰʳץʪʘʥ ʞײʤʳʩ ʽʩʪʝʫ 

2 3 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 
 

 

ɾʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘסʳ ʦץʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʽʣʽʧ ʦʪʳʨסʘʥ ʙײʣ ʧᴅʥʜʝʨʜʽש 

ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ï ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ 

ʙʽʣʽʤ, ʙʽʣʽʢ ʞᴅʥʝ ʜʘסʜʳʣʘʨʳʥ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʪײʨסʳʜʘ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʘʣʳʧʪʘʩʪʳʨʫʜʳץ

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʤʳʟʜʳש ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʢʝʟʝשʽʥʜʝ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʤʝשʛʝʨʫ ʞᴅʥʝ ץʦʣʜʘʥʫ װʜʝʨʽʩʽ 

ʤʦʪʠʚʘʮʠʷʣʳץ- ʙʝʣʩʝʥʜʽʣʽʢ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʨʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ 

ʥʝʛʽʟʜʝʨʛʝ ʩװʡʝʥʝʪʽʥ ʢʦʤʧʦʥʝʥʪʪʝʨ ʘʥʳץʪʘʣʜʳ. 
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ɹʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨ װʰʽʥ ʙʘʩץʘʨʫʜʳש ʪװʨʽ ʦץʫʰʳʥʳש ʜʘʡʳʥʜʳץ 

ʜᴅʨʝʞʝʩʽʤʝʥ, ʦʥʳש ʤʦʪʠʚʘʮʠʷʩʳʤʝʥ, ʩʦʥʜʘʡ-ʘץ ʦʥʳש ʦץʫ ץʳʟʤʝʪʽʥ ʙʘʩץʘʨʘ 

ʙʽʣʫʤʝʥ ʘʥʳץʪʘʣʘʜʳ.  

ɹײʣ ᴅʜʽʩʪʝʤʝʣʽʢ ʪᴅʩʽʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ ʜʘʡʳʥʜʳץ 

ʜʝשʛʝʡʽʥ ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʦץʳʪʫ ʪʠʽʤʜʽʣʽʛʽʥ ʢʝʰʝʥʜʽ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʜʽ. ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʙʘʩʪʘʧץʳ 

ʙʽʣʽʤʜʝʨʽʥ ʙʘסʘʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʢʝʣʝʩʽ ʩʘʫʘʣʥʘʤʘ ʩײʨʘץʪʘʨʳ ײʩʳʥʳʣʜʳ: 

1) çɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳè סײʳʤʳʤʝʥ ʪʘʥʳʩʩʳʟ ʙʘ? 

2) ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳץ שʘʥʜʘʡ ʪװʨʣʝʨʽʥ ʙʽʣʝʩʽʟ? 

3) ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ ץʦʣʜʘʥʳʣʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ ץʘʥʜʘʡ? 

4) ɹײʨʳʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʳʧ ʢᴇʨʜʽשʽʟ ʙʝ? 

 ?ʳʟשʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʜʳײץ ʫץʘʥʜʘʡ ʚʠʨʪʫʘʣʜʳ ʦפ (5

6) ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘ ץʘʥʜʘʡ 

 ?ʳʟשʘ ʪʘʧ ʙʦʣʜʳסʪʘʨץʠʳʥʜʳץ

7) ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʙʘʡʣʘʥʳʩʪʳ ץʦʩʳʤʰʘ 

ʦץʳʪʫ ץʘʞʝʪ ʜʝʧ ʩʘʥʘʡʩʳʟ ʙʘ? 

8) ɽʛʝʨ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʳʪʫ ʢʫʨʩʳ ײʡʳʤʜʘʩʪʳʨʳʣʩʘ, 

 ?ʘ ʜʘʡʳʥʩʳʟ ʙʘסʘʪʳʩʫץ

9) ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʘʡ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥסʳשʳʟ ʢʝʣʝʜʽ? 

10) ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʙʽʣʽʤ ʙʝʨʫ ʩʘʧʘʩʳʥʘ ʳץʧʘʣʳ 

 ?ʘʥʜʘʡ ʜʝʧ ʦʡʣʘʡʩʳʟץ

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʤʝשʛʝʨʫ ᴅʜʽʩʪʝʨʽʥ 

 ץʳʣʳ ʙʦʣʘʰʘץʛʝʡʽʥ ʘʨʪʪʳʨʫ ʘʨשʜʳ ʜʝסʘʣʳʧʪʘʩʪʳʨʫ, ʙʽʣʽʤ, ʙʽʣʽʢ ʞᴅʥʝ ʜʘץ

ç6ɺ01530-ʀʥʬʦʨʤʘʪʠʢʘè, ç7ʄ01535-STEM ʙʽʣʽʤ ʙʝʨʫè, ç7ʄ01525-ʌʠʟʠʢʘ-

ʀʥʬʦʨʤʘʪʠʢʘ STEM ʥʝʛʽʟʜʝʨʽʤʝʥè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʤʘʤʘʥʜʘʨʳʥ 

ʜʘʷʨʣʘʫ ʢᴇʟʜʝʣʜʽ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥʘ 

ʝʥʛʽʟʫʜʽש ʧʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽ ʢʝʣʝʩʽ 

ʙᴇʣʽʤʜʝʨʜʝ ʞʘʥ-ʞʘץʪʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳץ שʘʨץʳʥʜʳ ʜʘʤʫʳ ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽװ שʡʣʝʩʽʤʜʽ ʧʘʡʜʘʣʘʥʳʣʫʳʥʘ ʥʝʛʽʟʜʝʣʽʧ, 

ʪʠʽʤʜʽʣʽʢʪʽ, ʤʘʩʰʪʘʙʪʘʣʫʜʳ ʞᴅʥʝ װʥʝʤʜʽʣʽʢʪʽ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʜʳ. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʦץʰʘʫʣʘʥסʘʥ ʞᴅʥʝ ʤʘʩʰʪʘʙʪʘʣʘʪʳʥ ʦʨʪʘʣʘʨʜʳ ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʽʧ, ʢװʨʜʝʣʽ ʤʦʜʝʣʴʜʝʫ ʤʝʥ ʪʝʩʪʽʣʝʫ װʜʝʨʽʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫʛʝ, ʩʦʥʜʘʡ-ʘץ ʙʠʟʥʝʩ 

ʦʧʝʨʘʮʠʷʣʘʨʳ ʤʝʥ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʠʥʬʨʘײץʨʳʣʳʤʳʥ 

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʜʽ.  

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʤʘשʳʟʜʳ ʤʽʥʜʝʪʪʝʨʽʥʽש ʙʽʨʽ ï ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʥʝʛʽʟʽʥ ײץʨʘʡʪʳʥ 

ʘʧʧʘʨʘʪʪʳץ-ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ ʘʥʳץʪʘʧ, ʦʣʘʨʜʳץ שʦʣʜʘʥʳʣʫ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʞʘʥ-ʞʘץʪʳ ʩʠʧʘʪʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʩʳ ʤʘץʩʘʪʪʘ ʘʨʥʘʡʳ ʦץʫ 

ʢʫʨʩʳ ᴅʟʽʨʣʝʥʽʧ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʘ ץʘʪʳʩʪʳ ᴇʟʝʢʪʽ 

ʪʘץʳʨʳʧʪʘʨʤʝʥ ʪʦʣʳץʪʳʨʳʣʜʳ. ɸʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʧʨʦʛʨʘʤʤʘʣʳץ ץʦʩʳʤʰʘʣʘʨ ʞᴅʥʝ ᴇʟʛʝ ʜʝ 

 ʘ ʩᴅʡʢʝʩסʜʘʤʫ ץʘʨʳʧ, ʪʝʭʥʦʣʦʛʠʷʣʳשʟʜʽʢʩʽʟ ʞʘװ ʳʪ ᴇʪʝ ʢʝʣʝץʨʘʣʜʘʨ ʫʘײץ
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ʙʝʡʽʤʜʝʣʽʧ ʦʪʳʨʘʜʳ (16-ʢʝʩʪʝ). ʉʦʥʜʳץʪʘʥ ʟʝʨʪʪʝʫʜʽש ʦʩʳ ʙᴇʣʽʤʽʥʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ װʜʝʨʽʩʽʥʽש ʥʝʛʽʟʽʥʜʝ ʞʘʪץʘʥ ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ 

 .ʨʜʽʩʪʝʨʽʥʝ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳװ ʡʽ ʤʝʥ ʜʘʤʫװʘʟʽʨʛʽ ʞʘʡ-ʢץ שʘʤʪʘʤʘʥʳץ

 

ʂʝʩʪʝ 16 - ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪװʨʣʝʨʽ ʤʝʥ ץʦʣʜʘʥʫ ʩʘʣʘʩʳ 

 
ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪװʨʽ פʦʣʜʘʥʫ 

ʩʘʣʘʩʳ 

ɸʧʧʘʨʘʪʪʳץ ʪʘʣʘʧʪʘʨ ɹʘסʜʘʨʣʘʤʘʣʳץ 

 ʨʘʣʜʘʨײץ

ɾʝʣʽʣʽʢ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ  

ɼʝʨʝʢʪʝʨ 

ʦʨʪʘʣʳסʳ, 

ʙײʣʪʪʳץ 

ʝʩʝʧʪʝʫʣʝʨ 

- ɾʝʣʽʣʽʢ ʠʥʪʝʨʬʝʡʩʪʝʨ 

(NIC), ʢʦʤʤʫʪʘʪʦʨʣʘʨ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʣʘʨ 

 -ɸʧʧʘʨʘʪʪʳץ 

ʜʝשʛʝʡʜʝʛʽ SDN 

 ʦʣʜʘʫʳץ

-VMware NSX 

 -Cisco ACI 

- Microsoft Hyper-V 

Network Virtualization 

(HNV) 

ʉʝʨʚʝʨʣʽʢ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ  

ɼʝʨʝʢʪʝʨ 

ʦʨʪʘʣʳץʪʘʨʳ, 

ʙײʣʪʪʳץ 

ʧʣʘʪʬʦʨʤʘʣʘʨ 

- ɾʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʢʝ 

ʠʝ ʧʨʦʮʝʩʩʦʨ (Intel VT-

x, AMD-V) 

 - ɾʝʪʽʣʜʽʨʽʣʛʝʥ ʞʘʜʳ 

(ECC RAM) 

 - ɾʳʣʜʘʤ SSD/NVMe 

ʜʠʩʢʽʣʝʨ 

- VMware vSphere 

- Microsoft Hyper-V 

 -KVM  

 - Xen 

ʆʧʝʨʘʮʠʷʣʳץ ʞװʡʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʩʳ  

 ʦʣʜʘʥʙʘʣʘʨʜʳפ

ʦץʰʘʫʣʘʫ, 

DevOps 

- x86_64 ʘʨʭʠʪʝʢʪʫʨʘʩʳ 

ʙʘʨ ʧʨʦʮʝʩʩʦʨ 

 - ɾʝʜʝʣ ʞʘʜʳ (RAM) 

Ó8GB 

- Docker 

- LXC (Linux 

Containers) 

 - OpenVZ 

 ʦʣʜʘʥʙʘפ

ʚʠʨʪʫʘʣʠʟʘʮʠʷʩʳ  

 ʪʘʥץʘʰʳפ

ʦʣʜʘʥʙʘʣʘʨʤʝץ

ʥ ʞײʤʳʩ ʽʩʪʝʫ 

- CPU Ó 4 cores 

- SSD ʩʘץʪʘʫ ʞװʡʝʩʽ 

- Microsoft App-V 

 - Citrix XenApp 

- VMware ThinApp 

ʉʘץʪʘʫ ʞװʡʝʣʝʨʽʥ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ  

ɼʝʨʝʢʪʝʨʜʽ 

ʪʠʽʤʜʽ ʩʘץʪʘʫ 

ʞᴅʥʝ ʙʘʩץʘʨʫ 

- NVMe SSD ʥʝʤʝʩʝ 

SAN/NAS ʞװʡʝʣʝʨʽ 

 - RAID ץʦʣʜʘʫʳ 

- VMware vSAN 

 -Ceph 

- Microsoft Storage 

Spaces Direct 

ɾײʤʳʩ װʩʪʝʣʽʥ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ) 

 ʪʘʥץʘʰʳפ

ʞײʤʳʩ, ʙʽʣʽʤ 

ʙʝʨʫ 

- GPU ץʦʣʜʘʫʳ 

(NVIDIA GRID, AMD 

MxGPU) 

 - 16GB+ RAM 

- VMware Horizon 

 - Citrix Virtual Apps and 

Desktops 

- Microsoft Windows 

Virtual Desktop 

ɹײʣʪʪʳץ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ  

ɹײʣʪʪʳץ 

ʠʥʬʨʘײץʨʳʣʳʤ

ʜʘʨ 

- ʂʣʘʩʪʝʨʣʽʢ ʩʝʨʚʝʨʣʝʨ 

 - ɸʧʧʘʨʘʪʪʳץ 

ʜʝשʛʝʡʜʝʛʽ ʛʠʧʝʨʚʠʟʦʨ 

-OpenStack 

 -AWS EC2 

- Google Cloud Compute 

Engine 

ɺʠʨʪʫʘʣʜʳ 

ʰʳʥʘʡʳʣʳץ 

ɹʽʣʽʤ ʙʝʨʫ 3D ʰʣʝʤʜʝʨ, ʢᴇʟ 

 ʳʣʘʫץʘʣʳʩʳʥ ʙʘסʦʟץ

 ʳʣʘʨʳסʨʳʣײץ

Google Expeditions, 

Unity 3D + , Oculus VR, 

HoloLens 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 

 

ɸʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ᴇʟʘʨʘ 

ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ ʞװʡʝʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳץʪʘʥ, ʦʣʘʨ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ 
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ʢʝʰʝʥʜʽ ʪװʨʜʝ, ᴇʟʘʨʘ ʳץʧʘʣʜʘʩʪʳסʳ ʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽ ʥʝʛʽʟʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʠʽʤʜʽ ץʦʣʜʘʥʫ װʰʽʥ ʙײʣ ʝʢʽ ײץʨʘʤʜʘʩ ʙʽʨʪײʪʘʩ 

ʞװʡʝ ʨʝʪʽʥʜʝ װʡʣʝʩʽʤʜʽ ץʳʟʤʝʪ ʝʪʫʽ ץʘʞʝʪ, ʩʝʙʝʙʽ ʦʣʘʨʜʳש ʩᴅʡʢʝʩʪʽʛʽ ʦץʳʪʫ 

ʩʘʧʘʩʳʥʘ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʥʳ ץʦʣʜʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʤʳʟʜʘ ʙʽʟ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʫ װʜʝʨʽʩʽʥʝ 

ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʤᴅʩʝʣʝʩʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ 

ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ ץʦʣʜʘʥʫ ʢʝʣʝʩʽ ʙʘסʳʪʪʘʨ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ: 

ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʢװʨʜʝʣʽ ʞᴅʥʝ ץʳʤʙʘʪ 

ʟʝʨʪʭʘʥʘʣʳץ ʞʘʙʜʳץʪʘʨʜʳ ץʘʞʝʪ ʝʪʧʝʡ, ʪᴅʞʽʨʠʙʝʣʝʨ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʨʘʣʜʘʨ: Labster, PhET Interactive Simulations, Cisco Packetײץ ʦʣʜʘʥʳʣʘʪʳʥפ

Tracer, MATLAB Simulink ʞᴅʥʝ ʪ.ʙ. 

 ʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥץʪʝʭʥʦʣʦʛʠʷʣʘʨ ʦ ץʣʪʪʳײʳʪʫ ʞᴅʥʝ ʙץʪʘʥ ʦץʪʳץʘʰʳפ

ʙײʣʪʪʳץ ʧʣʘʪʬʦʨʤʘʣʘʨʜʘ ʦʨʥʘʣʘʩʪʳʨʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʢʝʟ ʢʝʣʛʝʥ 

ʫʘץʳʪʪʘ ʞᴅʥʝ ʢʝʟ ʢʝʣʛʝʥ ײץʨʳʣסʳʜʘʥ ʦץʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 ʨʘʣʜʘʨ: Google Classroom, Moodle, Microsoft Azure forײץ ʦʣʜʘʥʳʣʘʪʳʥפ

Education, AWS Educate, Google Colab ʞᴅʥʝ ʪ.ʙ. 

ʆץʫ װʜʝʨʽʩʽʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʚʠʨʪʫʘʣʜʳ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ 

ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ᴅʨʪװʨʣʽ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨʜʽ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ 

 .ʨʛʽʟʝ ʘʣʘʜʳװʤʳʩ ʞײʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ ʦʨʥʘʪʳʧ, ʦʣʘʨʤʝʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʞץ

 ,ʨʘʣʜʘʨ: VMware Workstation, VirtualBox, Microsoft Hyper-Vײץ ʦʣʜʘʥʳʣʘʪʳʥפ

Proxmox ʞᴅʥʝ ʪ.ʙ. 

ɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʪʦʣʳץʪʳʨʳʣסʘʥ ʰʳʥʘʡʳʣʳץ (VR/AR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʢװʨʜʝʣʽ ʢʦʥʮʝʧʮʠʷʣʘʨʜʳ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫסʘ ʞᴅʥʝ ץʘʫʽʧʩʽʟ 

ʪᴅʞʽʨʠʙʝʣʝʨ ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. פʦʣʜʘʥʳʣʘʪʳʥ ײץʨʘʣʜʘʨ: Google 

Expeditions, Unity 3D+ , Oculus VR, HoloLens ʞᴅʥʝ ʪ.ʙ. 

ɺʠʨʪʫʘʣʜʳ ʞײʤʳʩ װʩʪʝʣʜʝʨʽ ʞᴅʥʝ ץʘʰʳץʪʘʥ ץʘʪʳʥʘʩ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ 

ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘסʳ ץʫʘʪʪʳ ʩʝʨʚʝʨʣʝʨʛʝ ץʘʰʳץʪʘʥ ץʦʩʳʣʳʧ, ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ 

 ʨʘʣʜʘʨ: VMware Horizon, Citrixײץ ʦʣʜʘʥʳʣʘʪʳʥפ .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʦʣʜʘʥʫץ

Virtual Apps, Windows Virtual Desktop ʞᴅʥʝ ʪ.ʙ. 

ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʠʥʪʝʛʨʘʮʠʷʩʳ ʦץʫ װʜʝʨʽʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪᴅʞʽʨʠʙʝʣʽʢ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ. ɹʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʧᴅʥʽʥ ʤʝשʛʝʨʫ װʜʝʨʽʩʽʥʜʝʛʽ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥʽש ʣʦʛʠʢʘʩʳʥ 

ʘʡץʳʥʜʘʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʙʽʨץʘʪʘʨ ᴇʟʝʢʪʽ 

ʤᴅʩʝʣʝʣʝʨ ʢʝʰʝʥʽʥ ʝʩʢʝʨʫ ץʘʞʝʪ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʢʝʣʝʩʽ ʙʘסʳʪʪʘʨ ʙʘʩʰʳʣʳץץʘ 

ʘʣʳʥʫʳ ʪʠʽʩ: 

- ʚʠʨʪʫʘʣʠʟʘʮʠʷ ײץʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʙʦʣʘʰʘץ ʤʘʤʘʥʜʘʨʜʳש 

ʢᴅʩʽʙʠ ʜʘʷʨʣʳסʳ ʙʘʨʳʩʳʥʜʘ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʜʘʡʳʥʜʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ; 

- ʧʝʜʘʛʦʛʠʢʘʣʳץ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʤʝשʛʝʨʫ ʞᴅʥʝ ʦʥʳ ʦץʳʪʫ װʜʝʨʽʩʽʥʜʝ ץʦʣʜʘʥʫ ʜʘסʜʳʣʘʨʳʥ 

ʜʘʤʳʪʫ; 

- ʢᴅʩʽʙʠ ץʳʟʤʝʪʪʝ ʘʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ᴅʜʽʩʪʝʨʽ ʤʝʥ 

ʪᴅʩʽʣʜʝʨʽʥ ʠʛʝʨʫ; 

- ʘץʧʘʨʘʪʪʳץ-ʧᴅʥʜʽʢ ʦʨʪʘʥʳ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʘץʩʘʪʪʘ ײץʨʘʩʪʳʨʫ ʞᴅʥʝ ʦʥʳ 

ʤʘץʩʘʪץʘ ʩʘʡ ײʡʳʤʜʘʩʪʳʨʫ ʙʽʣʽʢʪʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ; 
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- ʦץʫ װʜʝʨʽʩʽʥ ʩʘʧʘʣʳ ᴅʜʽʩʪʝʤʝʣʽʢ ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʮʠʬʨʣʳץ 

ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. 

ɸʪʘʣסʘʥ ʘʩʧʝʢʪʽʣʝʨ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʘʨץʳʣʳ ʦץʳʪʫ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʘ, ʩʦʥʜʘʡ-ʘץ ʦץʫ װʜʝʨʽʩʽʥʽש ʤʘʟʤײʥʜʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʜʝשʛʝʡʜʝ ʞʘסשʳʨʪʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

ɹʽʟʜʽש ʟʝʨʪʪʝʫ ʞײʤʳʩʳʤʳʟʜʘ ʞʦסʘʨʳ ʦץʫ ʦʨʥʳʥʳש ʦץʫ װʜʝʨʽʩʽʥʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫ ʤʘץʩʘʪʳʥʜʘ 2020-2021 ʦץʫ ʞʳʣʳʥʘʥ 

ʙʘʩʪʘʧ ç7ʄ01522 ï ʌʠʟʠʢʘ-ʀʥʬʦʨʤʘʪʠʢʘ STEM ʥʝʛʽʟʜʝʨʽʤʝʥè, ç7ʄ01535 ï 

STEM ʙʽʣʽʤ ʙʝʨʫè ʞᴅʥʝ ç7ʄ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳ2 ש ʢʫʨʩ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʳʥʘ  çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʽʥʽץ שʦʩʳʣסʘʥʳ ʘʪʘʧ ᴇʪʽʣʜʽ. ɹײʣ ʧᴅʥʜʽ ʦץʳʪʫ ʘʷʩʳʥʜʘ 

ʦץʫ ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʩʳ (Syllabus), ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝʰʝʥʜʝʨ ʤʝʥ ʦץʫ 

 ʘʥסʘʨʪʳʣשʞʘ שʜʝʨʽʩʽʥʝ ʝʥʛʽʟʽʣʜʽ. ɽʥʛʽʟʽʣʛʝʥ ʧᴅʥʥʽװ ʫץʨʘʣʜʘʨʳ ᴅʟʽʨʣʝʥʽʧ, ʦײץ

ʤʘʟʤײʥʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ ʤʝשʛʝʨʫʽʤʝʥ ץʘʪʘʨ, ʦʣʘʨʜʳש 

ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ, ᴇʟʜʽʛʽʥʝʥ ʞײʤʳʩ ʞʘʩʘʫסʘ ʜʝʛʝʥ 

ʳʥʪʘʩʳʥ ʘʨʪʪʳʨʫסʘ, ʩʦʥʜʘʡ-ʘץ ʢᴅʩʽʙʠ ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʪᴅʞʽʨʠʙʝʩʽʥ ʜʘʤʳʪʫ 

 .ʘʥסʳʪʪʘʣסʘ ʙʘסʳʥʜʳʨʫסײ ʘʞʝʪʪʽʣʽʛʽʥץ

 ʙʽʨʽ ï שʪʘʨʜʳץʘʣʳשʡʝʩʽʥʜʝʛʽ ᴇʟʝʢʪʽ ʞʘװʳʪʪʘ ʙʽʣʽʤ ʙʝʨʫ ʞץʘʟʽʨʛʽ ʫʘפ

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ ʤᴅʩʝʣʝʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʙʘסʳʪʪʘ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʘʩʧʝʢʪʽʣʝʨ ʢʝשʽʥʝʥ ʪʘʣץʳʣʘʥʫʜʘ. ɸʣʘʡʜʘ, ʘʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

  :ʘʥʜʘץʘʣʘʜʳ. ɸʪʘʧ ʘʡʪץʘʪʘʨ ʧʨʦʙʣʝʤʘʣʘʨ ʜʘ ʙʘʡץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘ ʙʽʨץ

- ʦץʳʪʫʰʳʣʘʨʜʳש ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤʝʥ ʦʣʘʨʜʳש ʙʽʣʽʤ ʙʝʨʫ 

ʩʘʣʘʩʳʥʜʘסʳ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʘʨʳʥʳש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ;  

- ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʦʡʳʥʰʘ ᴇʟʜʽʛʽʥʝʥ ʙʽʣʽʤ ʘʣʫסʘ 

ʜʘʡʳʥʜʳץ ʜʝשʛʝʡʽʥʽש ʪᴇʤʝʥʜʽʛʽ ʞᴅʥʝ ץʘʞʝʪʪʽ ײץʨʘʣʜʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ 

ʜʘסʜʳʣʘʨʳʥʳש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ;  

- ʩʦʥʜʘʡ-ʘץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ײץʨʘʣʜʘʨʳʥ ʦץʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʫʜʝ ʞװʡʝʣʽʣʽʢʪʽש 

ʙʦʣʤʘʫʳ ʩʠʷץʪʳ ʤᴅʩʝʣʝʣʝʨ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʦʪʳʨ. 

ɾʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʘ 

ʦʪʳʨʳʧ ʦץʳʪʫ ï ʪʘʥʳʤʜʳװ ץʜʝʨʽʩʪʽ ʙʝʣʩʝʥʜʽ ʝʪʝʪʽʥ, ʦץʳʪʫʜʳ ʠʥʪʝʨʘʢʪʠʚʪʽ 

ʬʦʨʤʘʪʪʘ ײʡʳʤʜʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʞᴅʥʝ ʜᴅʩʪװʨʣʽ ʦץʳʪʫ ʞװʡʝʩʽʥʜʝ 

ʜʠʜʘʢʪʠʢʘʣʳײץ ץʨʘʣ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥ ʪʠʽʤʜʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪᴅʩʽʣ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʆʩʳ ʤᴅʩʝʣʝʣʝʨ ʪʫʨʘʣʳ ʟʝʨʪʪʝʫʰʽʣʝʨʜʽש ʝשʙʝʢʪʝʨʽʥ 

 ʳʪʫ ᴅʜʽʩʪʝʨʽ ʙʽʣʽʤץʘ ʥʝʛʽʟʜʝʣʛʝʥ ʦסçɹʝʣʩʝʥʜʽ ʞᴅʥʝ ʞʦʙʘ :ץʘʨʘʩʪʳʨʩʘץ

ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ, ʩʳʥʠ ʦʡʣʘʫ ץʘʙʽʣʝʪʽʥ ʞᴅʥʝ ʤʝשʛʝʨʽʣʛʝʥ 

ʙʽʣʽʤʜʽ ʥʘץʪʳ ᴇʤʽʨʣʽʢ ʞʘסʜʘʡʣʘʨʜʘ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʟʘʤʘʥʘʫʠ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʩʪʨʘʪʝʛʠʷʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʝʨ ʜᴅʩʪװʨʣʽ 

ʣʝʢʮʠʷ ʪװʨʽʥʜʝʛʽ ʦץʳʪʫʜʘʥ ʙʘʩ ʪʘʨʪʳʧ, ʙʽʣʽʤ ʘʣʫʰʳסʘ ʙʘסʜʘʨʣʘʥסʘʥ ʞᴅʥʝ 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʦץʳʪʫ ʪᴅʩʽʣʜʝʨʽʥʝ ʥʝʛʽʟʜʝʣʝʜʽè [149] ï ʜʝʧ ʘʪʘʣʳʧ ᴇʪʢʝʥ. 

ɹʝʣʩʝʥʜʽ ʦץʳʪʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ װʜʝʨʽʩʽʥʝ ʪʽʢʝʣʝʡ ץʘʪʳʩʫʳʥ 

ʢᴇʟʜʝʡʪʽʥ ᴅʜʽʩʪʝʨ ʞʠʳʥʪʳסʳ. ʆסʘʥ ʠʜʝʷʣʘʨʤʝʥ ʘʣʤʘʩʫ, ʧʨʦʙʣʝʤʘʣʳץ ʦץʳʪʫ, 

ʘʫʳʩʪʳʨʳʣסʘʥ (ʪᴇשʢʝʨʽʣʛʝʥ) ʩʳʥʳʧ ʤʦʜʝʣʽ ʩʠʷץʪʳ ʪᴅʩʽʣʜʝʨ ʞʘʪʘʜʳ. ʄײʥʜʘʡ 
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ᴅʜʽʩʪʝʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʦץʫ װʜʝʨʽʩʽʥʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʜʝ ʘʨʪʪʳʨʘʜʳ. 

 ,ץʪʘʥʳʤʜʳ שʫʰʳʣʘʨʜʳץʛʝʡʣʝʨʜʝ ʦשʨʣʽ ʜʝװʡʝʩʽ ᴅʨʪװʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫ ʞפ

ʟʠʷʪʢʝʨʣʽʢ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽ ʘʨץʳʣʳ ʙʽʣʽʤ ʤʝʥ ʜʘסʜʳʣʘʨʜʳ ᴇʟ 

ʙʝʪʽʥʰʝ ʤʝשʛʝʨʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʦʙʘʣʳץ ʦץʳʪʫʜʳ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʝʥʛʽʟʫʜʝ 

[150]. ɹײʣ ᴅʜʽʩ ʘʪʘʫʳʥʘ ʩᴅʡʢʝʩ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʽʣʽʤ ʙʝʨʫ ʤʘץʩʘʪʪʘʨʳʥʘ 

ʞʝʪʫʽ ʞʦʙʘʣʘʨʜʳ ʦʨʳʥʜʘʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. ʆʩʳ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ, 

ʞʦʙʘʣʳץ ʦץʳʪʫ ð ץʦʡrʣסʘʥ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫ װʰʽʥ ʙʝʣʛʽʣʽ ʙʽʨ ʽʩ-ᴅʨʝʢʝʪʪʝʨʜʽ 

ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨ ʢʝʰʝʥʽʥ ץʘʤʪʠʪʳʥ ʦץʳʪʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [151]. 

ɾʦʙʘʣʳץ ʽʩ-ᴅʨʝʢʝʪ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʽʥʜʝʪʪʝʨʤʝʥ ð ץʘʞʝʪʪʽ ʙʽʣʽʤ ʤʝʥ 

ʜʘסʜʳʣʘʨʜʳ ʜʘʤʳʪʫ, ʰʳסʘʨʤʘʰʳʣʳץ ʞᴅʥʝ ʘʥʘʣʠʪʠʢʘʣʳץ ʦʡʣʘʫʜʳ 

 ʘʥ ᴇʟʘʨʘסʳʪʪʘʣסʪʳ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ʙʘץʡʣʝʩʝʪʽʥ ʥʘװ ʘʣʳʧʪʘʩʪʳʨʫʤʝʥץ

ʙʘʡʣʘʥʳʩʪʳ ʽʩ-ᴅʨʝʢʝʪʪʝʨ ʢʝʰʝʥʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɾʦʙʘʣʳץ ʦץʳʪʫ 

ʞʦʙʘʣʳץ ᴅʜʽʩ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ, ʙײʣ ᴅʜʽʩʪʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ᴇʟ ʙʝʪʽʥʰʝ 

ʪʘʧʩʳʨʤʘʣʘʨʜʳ (ʞʦʙʘʣʘʨʜʳ) ʦʨʳʥʜʘʫ ʘʨץʳʣʳ ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʜʽש 

ʥʝʛʽʟʜʝʨʽʥ ʤʝשʛʝʨʝʜʽ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʞʦʙʘʣʳץ ʦץʳʪʫ ʫʥʠʚʝʨʩʠʪʝʪ ʜʝשʛʝʡʽʥʜʝʛʽ 

ʙʽʣʽʤ ʙʝʨʫʜʽש ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ʪʘʥʳʣʫʜʘ. ɹײʣ ᴅʜʽʩʪʽש ʥʝʛʽʟʛʽ 

ʘʨʪʳץʰʳʣʳסʳ ð ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʽש ʦʙʲʝʢʪʽʣʝʨʽ ʤʝʥ ʩʫʙʲʝʢʪʽʣʝʨʽ ʘʨʘʩʳʥʜʘ 

ʠʢʝʤʜʽ ʞᴅʥʝ ʪʠʽʤʜʽ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʫʽʥʜʝ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳ 

ʝשʙʝʢ ʥʘʨʳסʳʥʳש ᴇʟʛʝʨʤʝʣʽ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʙʝʡʽʤʜʝʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʫʳʥʜʘ. 

ɾʦʙʘʣʳץ ᴅʜʽʩ, ʝש ʘʣʜʳʤʝʥ, ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫסʘ, ʩʦʥʜʘʡ-ʘץ 

ʘʜʘʤʥʳץ שʦʩʳʤʰʘ ץʘʙʽʣʝʪʪʝʨʽʥ ʜʘʤʳʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ [152]. ɹײʣ ץʘʙʽʣʝʪʪʝʨʛʝ 

ᴇʟʜʽʛʽʥʝʥ ʙʽʣʽʤ ʘʣʫ, ʢʦʤʤʫʥʠʢʘʪʠʚʪʽʢ ʜʘסʜʳʣʘʨʜʳ ʞʝʪʽʣʜʽʨʫ, ʪʦʧʪʳץ ʞײʤʳʩץʘ 

ʙʝʡʽʤʜʽʣʽʢ, ʩʳʥʠ ʦʡʣʘʫ ʞᴅʥʝ ʘʥʘʣʠʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʜʘסʜʳʣʘʨʳ ʞʘʪʘʜʳ. 

ɾʦʙʘʣʳץ ʦץʳʪʫ ᴅʜʽʩʽ ᴇʥʜʽʨʽʩ ʧʝʥ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣ ᴅʩʽʨʝʩʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʪʝʨʜʝ 

ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʽש ʤʘשʳʟʜʳʣʳסʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʤʝʥ ʪװʣʝʢʪʝʨʛʝ 

 .ʩʽʥʜʽʨʽʣʝʜʽװʘʨʳʧ ʦʪʳʨʫʳʤʝʥ ʪשʥʝʤʽ ᴇʟʛʝʨʽʧ, ʞʘװ שʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳץ

ʆʩʳʣʘʡʰʘ, ʞʦʙʘʣʳץ ʦץʳʪʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʽʥ ʧʨʘʢʪʠʢʘʤʝʥ 

 ʘʙʽʣʝʪʪʽʣʽʛʽʥץ ʳ ʙᴅʩʝʢʝʛʝסʳʥʜʘסʙʝʢ ʥʘʨʳשʝ שʰʪʘʩʪʳʨʘ ʦʪʳʨʳʧ, ʦʣʘʨʜʳײ

ʘʨʪʪʳʨʘʜʳ. ɹײʣ ʟʝʨʪʪʝʫʜʝ ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʟʝʨʪʪʝʫ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ç6ɺ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè, ç7ʄ01535 ï STEM ʙʽʣʽʤ ʙʝʨʫè ʞᴅʥʝ 

ç7ʄ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʪʦʧʪʘʨʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʤʘץʩʘʪʳʥʜʘ 

ʞʦʙʘʣʳץ ʦץʳʪʫ ᴅʜʽʩʽ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘʨʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʙʘץʳʣʘʫʣʘʨ ʤʝʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʞʦʙʘʣʳץ ʦץʳʪʫʜʳש ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʜʽʢ ʙʽʣʽʤʜʝʨʽʥ ʪʝʨʝשʜʝʪʽʧ ץʘʥʘ 

 ʤʳʩײʘʙʽʣʝʪʪʝʨʽʥ, ʩʳʥʠ ʦʡʣʘʫʳʥ ʞᴅʥʝ ʪʦʧʪʘ ʞץ ץʘʨʤʘʰʳʣʳסʰʳ שʦʡʤʘʡ, ʦʣʘʨʜʳץ

ʽʩʪʝʫ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʘʡʪʘʨʣʳץʪʘʡ ʳץʧʘʣ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ ʞᴅʥʝ 

 .ʳʣʳ ʜᴅʣʝʣʜʝʥʛʝʥץʪʳ ʤʳʩʘʣʜʘʨ ʘʨץʘʥ ʥʘסʩʳʥʳʣײ
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ʉʫʨʝʪ 39 ï Cisco Packet Tracer ʦʨʪʘʩʳʥʜʘ ʩʠʥʭʨʦʥʜʳ ʞᴅʥʝ ʘʩʠʥʭʨʦʥʜʳ 

ʞʝʣʽʣʝʨʜʽש ʦʨʥʘʣʘʩʫ ʞʦʙʘʣʳץ ʞײʤʳʩʳʥʘʥ ʢᴇʨʽʥʽʩ 
ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ 

 

 
 

ʉʫʨʝʪ 40 - Cisco Packet Tracer ʦʨʪʘʩʳʥʜʘ ײץʨʳʣʳʩ ʤʝʢʝʤʝʩʽʥʽש ʞʝʣʽʣʝʨʽʥʽש ʤʦʜʝʣʽ 

ʘʪʪʳ ʞʦʙʘʣʳץ ʞײʤʳʩʳʥʘʥ ʢᴇʨʽʥʽʩ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

 
 

ʉʫʨʝʪ 41 - PNETLab: Lab is Simple ʞʝʣʽʣʝʨʜʽ ʙײʣʪʧʝʥ ʙʘʡʣʘʥʳʩʳ ʘʪʪʳ ʞʦʙʘʣʳץ 

ʞײʤʳʩʳʥʘʥ ʢᴇʨʽʥʽʩ 
 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
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ʉʫʨʝʪ 42 - PNETLab: Lab is Simple ʞʝʣʽʣʝʨʜʽ ʙʘʧʪʘʫ ʞʦʙʘʣʳץ ʞײʤʳʩʳʥʘʥ 

ʢᴇʨʽʥʽʩ 

 

ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨʜʘ Cisco Packet Tracer (39 ʞᴅʥʝ 40-ʩʫʨʝʪ) ʞᴅʥʝ 

PNETLab: Lab is Simple ʙʘסʜʘʨʣʘʤʘʣʘʨʳ (41 ʞᴅʥʝ 42-ʩʫʨʝʪ) ʘʨץʳʣʳ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨ ʪװʨʣʽ ʞʦʙʘʣʘʨ ᴅʟʽʨʣʝʜʽ. ɹײʣ ʧʣʘʪʬʦʨʤʘʣʘʨ ʞʝʣʽʣʽʢ ײץʨʳʣסʳʣʘʨʜʳ 

ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ, ʩʦʥʜʘʡ-ʘץ 

ʧʨʘʢʪʠʢʘʣʳץ ʪʘʧʩʳʨʤʘʣʘʨ ʘʨץʳʣʳ ʙʽʣʽʤʜʝʨʽʥ ʙʝʢʽʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

MATLAB Simulink ʙʘסʜʘʨʣʘʤʘʩʳ ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ᴅʨʪװʨʣʽ ʞʦʙʘʣʘʨ 

ᴅʟʽʨʣʝʜʽ (43 ʞᴅʥʝ 44-ʩʫʨʝʪ). ɹײʣ ʧʣʘʪʬʦʨʤʘʣʘʨ ʤʦʜʝʣʴʜʝʫ, ʞװʡʝʣʝʨʜʽ ʪʘʣʜʘʫ ʞᴅʥʝ 

ʙʘʩץʘʨʫ װʜʝʨʽʩʪʝʨʽʥ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, 

ʩʦʥʜʘʡ-ʘץ ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʽ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʝʢʽʪʫʛʝ ʞʘסʜʘʡ 

ʞʘʩʘʜʳ. 

 
 

ʉʫʨʝʪ 43- ʉʳʟʳץʪʳ ʝʤʝʩ ʞʝʪʝʢ ʤʦʜʝʣʽ ʘʪʪʳ ʞʦʙʘʣʳץ ʞײʤʳʩʳʥʘʥ ʢᴇʨʽʥʽʩ 
 

 
 

ʉʫʨʝʪ 44 - ʉʳʟʳץʪʳץ ʞᴅʥʝ ʩʳʟʳץʪʳ ʝʤʝʩ ʞװʡʝʥʽ ʤʦʜʝʣʴʜʝʫ ʘʪʪʳ 

ʞʦʙʘʣʳץ ʞײʤʳʩʳʥʘʥ ʢᴇʨʽʥʽʩ 
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ʉʦʥʳʤʝʥ ץʘʪʘʨ, Red Hat Academy ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʟʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ ʚʠʨʪʫʘʣʜʳ ʦץʫ ʦʨʪʘʩʳʥʜʘ ʞײʤʳʩʪʘʨ ʞװʨʛʽʟʽʣʜʽ (45-ʩʫʨʝʪ). ʆʩʳ 

ʘʨʘʣʳץʪʘ CLIL ʪʝʭʥʦʣʦʛʠʷʩʳ ʜʘ ʩᴅʡʢʝʩʽʥʰʝ ץʦʣʜʘʥʳʣʜʳ.  CLIL ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

 ʤʳʩײʨʣʽ ʞװʥʝʛʽʟʽʥʜʝ ᴇʪʽʣʝʜ ʞᴅʥʝ ᴅʨʪ שʳʪʫʜʳץʪʳ ʙʝʣʩʝʥʜʽ ʦץʦʣʜʘʥʫ ʩʘʙʘץ

ᴅʜʽʩʪʝʨʽʥ ʦץʫ װʜʝʨʽʩʽʥʝ ץʦʣʜʘʥʫ ʙʘʨʣʳץ ʪʦʧʪʳ ץʘʤʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: ʞʝʢʝ 

ʞײʤʳʩ, ʪʦʧʪʳץ ʞײʤʳʩ, ʧʨʘʢʪʠʢʣʳץ, ʞײʧʪʳץ, ʜʝʤʦʥʩʪʨʘʮʠʷʣʳץ ʬʨʦʥʪʘʣʴʜʳ 

ʟʝʨʪʪʝʫ ʨʝʬʣʝʢʩʠʷ [153]   ɹײʣ ʦʨʪʘ ʥʝʛʽʟʽʥʝʥ ʦʥʣʘʡʥ ʟʝʨʪʭʘʥʘʣʘʨ ʤʝʥ ʢʫʨʩʪʘʨ 

ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ Linux ʞװʡʝʩʽʥ ʙʘʩץʘʨʫ, 

ʧʨʦʛʨʘʤʤʘʣʘʫ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ɯʊ ʜʘסʜʳʣʘʨʳʥ ʤʝשʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨ ʰʳʥʘʡʳ ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥ ʠʤʠʪʘʮʠʷʣʘʫ ʘʨץʳʣʳ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ץʦʣʜʘʥʳʩʪʘסʳ ʧʨʦʛʨʘʤʤʘʣʳײץ ץʨʘʣʜʘʨʤʝʥ ʪᴅʞʽʨʠʙʝ ʞʘʩʘʫסʘ 

ʞʘסʜʘʡ ʞʘʩʘʜʳ. 

 

 
 

ʉʫʨʝʪ 45 - ɹʽʣʽʤ ʘʣʫʰʳʥʳש Red Hat Academy ʞײʤʳʩ ʘʣʘשʳ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

ɹײʣ ʚʠʨʪʫʘʣʜʳ ʦץʳʪʫ ʞװʡʝʩʽ ʦץʫ װʜʝʨʽʩʽʥ ʙʘʨʳʥʰʘ ʪʠʽʤʜʽ ʞᴅʥʝ ʳסשʘʡʣʳ 

ʝʪʪʽ, ᴇʡʪʢʝʥʽ ʩʪʫʜʝʥʪʪʝʨ ᴅʣʝʤʥʽש ʢʝʟ ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʝʥ ʦʥʣʘʡʥ ʪװʨʜʝ ץʘʪʳʩʘ 

ʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʥʣʘʡʥ ʢʫʨʩʪʘʨ ʤʝʥ ʪʨʝʥʠʥʛʪʝʨ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥʘ 

ʳסשʘʡʣʳ ץʦʣ ʞʝʪʢʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ᴇʟ ʫʘץʳʪʳʥ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʳʧ, ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ ʧʨʘʢʪʠʢʘʤʝʥ ײʰʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

Red Hat Academy ð ʩʝʨʪʠʬʠʢʘʪʪʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʦץʳʪʫ ʘʢʘʜʝʤʠʷʩʳ 

ʘʷʩʳʥʜʘ 100-ʜʝʥ ʘʩʪʘʤ ʩʪʫʜʝʥʪ ɯʊ-ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʞʝʣʽʣʽʢ ʰʝʰʽʤʜʝʨ ʞᴅʥʝ 

ʚʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʦʡʳʥʰʘ ᴅʨʪװʨʣʽ ʢʫʨʩʪʘʨʜʘʥ ʩᴅʪʪʽ ᴇʪʽʧ, ʭʘʣʳץʘʨʘʣʳץ 

ʩʝʨʪʠʬʠʢʘʪʪʘʨסʘ ʠʝ ʙʦʣʜʳ (46 ʘ,ʙ-ʩʫʨʝʪ). ɹײʣ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʢᴅʩʽʙʠ ʙʽʣʽʢʪʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʦʣʘʨʜʳ ʝשʙʝʢ ʥʘʨʳסʳʥʜʘ ʩײʨʘʥʳʩץʘ ʠʝ 

ʜʘסʜʳʣʘʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. 
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                       ʘ                                                                 ʙ 

 

ʉʫʨʝʪ 46 ï ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʩʝʨʪʠʬʠʢʘʪʪʘʨʳ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 

 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ᴇʟʜʝʨʽʥʽש ʞʦʙʘʣʳץ ʞײʤʳʩʪʘʨʳʥ 

VirtualBox, Oracle VMware, ʞᴅʥʝ Hyper-V ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʳʥʜʘ ײʩʳʥʜʳ. 

ʆץʳʪʫ װʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʜʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫ ʙʽʣʽʤʛʝʨʜʽש ʽʰʢʽ ץʦʟסʘʫʰʳ 

ʢװʰʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʫ, ʦʥʳ ʞʘʨʳץץʘ ʰʳסʘʨʫ ʦץʫ װʜʝʨʽʩʽʥʜʝ ʩʘʥʘʣʳ-ʩʘʧʘʣʳ ʙʽʣʽʤʛʝ 

 ʘסʣ ʦʨʪʘʣʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨײʜʘʡ ʞʘʩʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [154]. ɹסʘ ʞʘסʤʪʳʣʫײ

ᴅʨʪװʨʣʽ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨ ʤʝʥ ʧʨʦʛʨʘʤʤʘʣʳץ ʞʘʩʘץʪʘʤʘʣʘʨʜʳ ʚʠʨʪʫʘʣʜʳ 

ʦʨʪʘʜʘ ʦʨʥʘʪʳʧ, ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʘ 

ʞײʤʳʩ ʽʩʪʝʫ ʙʘʨʳʩʳʥʜʘ ʩʪʫʜʝʥʪʪʝʨ ʞʝʣʽʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʜʘʨʜʳ ʤʦʜʝʣʴʜʝʫʜʽ, 

ʩʝʨʚʝʨʣʽʢ ץʦʩʳʤʰʘʣʘʨʜʳ ʦʨʥʘʪʫʜʳ ʞᴅʥʝ ʞװʡʝʣʝʨʜʽ ʙʘʩץʘʨʫ ʙʦʡʳʥʰʘ 

ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ ʞʝʪʽʣʜʽʨʜʽ (47-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 47 ï ʉʘʧʘץ ʄײʭʘʤʝʜᴅʣʽ ɽʇ-20-5ʢ ʪʦʙʳʥʳש ʩʪʫʜʝʥʪʽ  
 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

VirtualBox ʙʘסʜʘʨʣʘʤʘ ʦʨʪʘʩʳʥʜʘ Debian ʆɾ ʦʨʥʘʪʫ װʜʝʨʽʩʽʥʝʥ װʟʽʥʜʽ (48 

ʞᴅʥʝ 49-ʩʫʨʝʪ). 
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ʉʫʨʝʪ 48 - ISO ʜʝʨʝʢʪʝʨʽ ʙʘʨ ʞʘשʘ ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʞʘʩʘʫ ʙʘʨʳʩʳ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

 
 

ʉʫʨʝʪ 49 - ɺʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʥʳש ʽʰʽʥʜʝʛʽ ʪʝʨʤʠʥʘʣʜʳ ʘʰʫ װʜʝʨʽʩʽʥʝʥ װʟʽʥʜʽ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ 

Oracle VMware ʧʣʘʪʬʦʨʤʘʩʳ ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʞʦʙʘʣʳץ 

ʞײʤʳʩʪʘʨʳʥʘʥ װʟʽʥʜʽʣʝʨ ײʩʳʥʳʣʘʜʳ (50-ʩʫʨʝʪ). ɹײʣ ʞײʤʳʩʪʘʨʜʘ ʩʪʫʜʝʥʪʪʝʨ 

ʞʝʣʽʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʜʘʨʜʳ ʤʦʜʝʣʴʜʝʫ, ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳ ʦʨʥʘʪʫ ʞᴅʥʝ 

ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫ, ʩʦʥʜʘʡ-ʘץ ʞװʡʝʣʽʢ ʨʝʩʫʨʩʪʘʨʜʳ ʙʘʩץʘʨʫ ʙʦʡʳʥʰʘ ʜʘסʜʳʣʘʨʳʥ 

ʢᴇʨʩʝʪʪʽ. ױʩʳʥʳʣסʘʥ װʟʽʥʜʽʣʝʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ 

ʪᴅʞʽʨʠʙʝʜʝ ʩᴅʪʪʽ ץʦʣʜʘʥסʘʥʳʥ ʞᴅʥʝ ᴇʟʜʝʨʽʥʽש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ 

ʘʨʪʪʳʨסʘʥʳʥ ʘʡץʳʥ ʢᴇʨʩʝʪʝʜʽ. 
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ʉʫʨʝʪ 50 - Oracle VMware ʘʨץʳʣʳ Debian 12 ʦʨʥʘʪʫ װʜʝʨʽʩʽ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ Hyper-V ʛʠʧʝʨʚʠʟʦʨʳʥ 

 ʣײʤʳʩʪʘʨ ʦʨʳʥʜʘʜʳ (51-ʩʫʨʝʪ). Hyper-V - ʙײʞ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʞʦʙʘʣʳץ

Microsoft ʢʦʤʧʘʥʠʷʩʳʥʳש Windows ʢʦʤʧʴʶʪʝʨʽʥʜʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨʜʳ 

 ʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʛʠʧʝʨʚʠʟʦʨ. ʆʣ ʪʝʩʪʽʣʝʫ, ᴅʟʽʨʣʝʫ ʞᴅʥʝװʘ ʤסʘʨʫץʨʫ ʞᴅʥʝ ʙʘʩײץ

ʩʝʨʚʝʨʣʽʢ ʚʠʨʪʫʘʣʜʘʥʜʳʨʫ װʰʽʥ ʪʠʽʤʜʽ ײץʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʙʽʨ 

ʬʠʟʠʢʘʣʳײץ ץʨʳʣסʳʜʘ ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʥʽ ʙʽʨ ʫʘץʳʪʪʘ ʽʩʢʝ ץʦʩʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʪʫʜʝʥʪʪʝʨ ʙײʣ ʧʣʘʪʬʦʨʤʘʥʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʚʠʨʪʫʘʣʜʳ 

ʦʨʪʘʜʘ ʞװʡʝʣʝʨʜʽ ʙʘʩץʘʨʫ, ʙʘʧʪʘʫ ʞᴅʥʝ ʪʝʩʪʽʣʝʫ ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʜʽ. 

 
 

ʉʫʨʝʪ 51 - Hyper-V ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʰʽʣʽʛʽ ʙʝʪʽʥʝʥ ʢᴇʨʽʥʽʩ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

ɺʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʢʦʥʪʝʥʪ ʞʘʩʘʫסʘ 

ʘʨʥʘʣסʘʥ ʢᴇʧʪʝʛʝʥ ʧʦʨʪʘʣʜʘʨ ʙʘʨ. ɿʝʨʪʪʝʫ ʞײʤʳʩʳ ʙʘʨʳʩʳʥʜʘ ʞײʤʳʩ ʦץʫ 

ʞʦʩʧʘʨʳʥʳש ʪʘץʳʨʳʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʪװʨʣʽ ʙʘסʜʘʨʣʘʤʘʣʘʨʤʝʥ 

ʪʘʥʳʩʳʧ, ʦʩʳ ʦʨʪʘʣʘʨʜʘ ᴇʟʜʝʨʽʥʽש ʞʦʙʘʣʳץ ʞײʤʳʩʪʘʨʳʥ ʦʨʳʥʜʘʜʳ. ɹײʣ 

ʪᴅʞʽʨʠʙʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש VR ʢʦʥʪʝʥʪʽʥ ᴅʟʽʨʣʝʫ, ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʦʨʪʘʣʘʨʜʳ ײץʨʫ ʙʦʡʳʥʰʘ ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 
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ʙʝʨʜʽ, ʩʦʥʜʘʡ-ʘץ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʘʨʪʪʳʨʜʳ. 

CoSpaces Edu, EngageVR ʞᴅʥʝ Spatial ʦʨʪʘʣʘʨʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ᴇʟʜʝʨʽʥʽש 

ʞʦʙʘʣʳץ ʞײʤʳʩʪʘʨʳʥ ʩᴅʪʪʽ ʦʨʳʥʜʘʜʳ. 

CoSpaces Edu ʧʣʘʪʬʦʨʤʘʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ 

(VR) ʞᴅʥʝ ץʦʩʳʤʰʘ ʰʳʥʘʡʳʣʳץ (AR) ʢʦʥʪʝʥʪʽʥ ᴅʟʽʨʣʝʫʛʝ, ʩʦʥʜʘʡ-ʘ3 ץD 

ʤʦʜʝʣʴʜʝʨʜʽ ײץʨʫ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʘʫ ʘʨץʳʣʳ ʠʥʪʝʨʘʢʪʠʚʪʽ ʞʦʙʘʣʘʨʜʳ ʞʘʩʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʘʣʜʳ (52-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 52 - CoSpaces Edu ʧʣʘʪʬʦʨʤʘʩʳʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʰʽʣʽʛʽ ʙʝʪʽʥʝʥ 

ʢᴇʨʽʥʽʩ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 

EngageVR ʦʨʪʘʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʚʠʨʪʫʘʣʜʳ ʦץʫ ʢʝשʽʩʪʽʢʪʝʨʽ ʤʝʥ 

ʠʤʤʝʨʩʠʚʪʽ ʙʽʣʽʤ ʙʝʨʫ ʩʮʝʥʘʨʠʡʣʝʨʽʥ ײץʨʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʜʳ, ʙײʣ ʦʣʘʨʜʳש ʙʽʣʽʤ 

ʙʝʨʫ ʤʘʟʤײʥʳʥ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ ʦץʳʪʫʜʳ ʞʝʪʽʣʜʽʨʫ 

ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʪʳ (53-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 53 - EngageVR ʧʣʘʪʬʦʨʤʘʩʳʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʰʽʣʽʛʽ ʙʝʪʽʥʝʥ 

ʢᴇʨʽʥʽʩ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
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Spatial ʧʣʘʪʬʦʨʤʘʩʳʥʜʘ ʩʪʫʜʝʥʪʪʝʨ ʚʠʨʪʫʘʣʜʳ ʢʝשʽʩʪʽʢʪʝʨʜʽ ʞʦʙʘʣʘʫ ʞᴅʥʝ 

ʦʥʣʘʡʥ ʳʥʪʳʤʘץʪʘʩʪʳץ ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʜʳ. ɹײʣ ʦʨʪʘʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ 

 ʤʳʩ ʽʩʪʝʫ ʞᴅʥʝײʰʽʥ 3D ʦʨʪʘʣʘʨʜʘ ʙʽʨʣʝʩʽʧ ʞװ ʤʳʩ ʽʩʪʝʡʪʽʥ ʪʦʧʪʘʨײʪʘʥ ʞץʘʰʳץ

ʠʜʝʷʣʘʨʜʳ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʤʝשʛʝʨʜʽ (54-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 54 - Spatial ʧʣʘʪʬʦʨʤʘʩʳʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʰʽʣʽʛʽ ʙʝʪʽʥʝʥ ʢᴇʨʽʥʽʩ 

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

ɹײʣ ʧʣʘʪʬʦʨʤʘʣʘʨʜʘ ʞײʤʳʩ ʽʩʪʝʫ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʮʠʬʨʣʳץ 

ʩʘʫʘʪʪʳʣʳסʳʥ, ʞʦʙʘʣʳץ ʦʡʣʘʫʳʥ ʞᴅʥʝ ʢʦʤʘʥʜʘʣʳץ ʞײʤʳʩ ʜʘסʜʳʣʘʨʳʥ 

ʜʘʤʳʪʫסʘ ʘʡʪʘʨʣʳץʪʘʡ ʳץʧʘʣ ʝʪʪʽ. 

 

   
 

ʉʫʨʝʪ 55 ï ʊʘץʳʨʳʧʪʘʨ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦʨʳʥʜʘסʘʥ 

ʞײʤʳʩʪʘʨʳʥʘʥ װʟʽʥʜʽ 
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ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʣʳץ ʬʦʪʦ. 

 ʜʝʨʽʩʽʥʜʝװ ʫץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦפ

 ʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʢᴇʨʥʝʢʽ ᴅʨʽץʘ, ʦסʳʥ ʘʨʪʪʳʨʫסʳʥʜʳʣʳץʘʨץ שʦʣʜʘʥʫ ʦʥʳץ

ʠʥʪʝʨʘʢʪʠʚʪʽ ʪװʨʜʝ ײʩʳʥʫסʘ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ 

ʳʥʪʘʣʘʥʜʳʨʫסʘ, ʩʦʥʜʘʡ-ʘץ ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ʤʘץʩʘʪʪʳ ʪװʨʜʝ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʘʣʳʧʪʘʩʪʳʨʫץ

 

2-ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɿʝʨʪʪʝʫʜʽש ʝʢʽʥʰʽ ʙᴇʣʽʤʽʥʜʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫ 

 ʘʥ ᴅʜʽʩʪʝʤʝʣʽʢסʘ ʘʨʥʘʣסʦʣʜʘʥʫץ ʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥװ

ʥʝʛʽʟʜʝʨ ʞװʡʝʣʝʥʽʧ, ʦʣʘʨʜʳש ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʪʠʽʤʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʥʫ 

ʪʝʪʽʢʪʝʨʽ ʘʡץʳʥʜʘʣʜʳ. ɹײʣ ʙᴇʣʽʤʜʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR), ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʘʡʳʣʳץ (AR) ʞᴅʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ײץʨʘʣʜʘʨʳʥʳש ʦץʫ ʤʘʟʤײʥʳ ʤʝʥ 

ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʝ ʳץʧʘʣʳ ʢʝʰʝʥʜʽ ʪװʨʜʝ ʪʘʣʜʘʥʜʳ. 

ʎʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ײץʨʳʣסʘʥ ʚʠʨʪʫʘʣʜʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʦʨʪʘʩʳʥʳש ʪʝʦʨʠʷʣʳץ ʘʩʧʝʢʪʽʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʳʧ, ʦץʫ װʜʝʨʽʩʽʥ ʙʝʡʽʤʜʝʫʛʝ ʞᴅʥʝ 

ʞʝʢʝʣʝʥʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʦץʫ ʤʦʜʫʣʴʜʝʨʽ ʤʝʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ᴅʜʽʩʪʝʨ 

 ʘסʦʣʜʘʥʫץ ʘʪʘʨ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥץ ʩʳʥʳʣʜʳ. ʉʦʥʳʤʝʥײ

ʙʘסʳʪʪʘʣסʘʥ ʦץʫ ʤʦʜʫʣʴʜʝʨʽ ʤʝʥ ʧᴅʥʜʽʢ ʤʘʟʤײʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʥʝʛʽʟʜʝ 

ʪʦʣʳץʪʳʨʳʣʳʧ, ʪʠʽʩʪʽ ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ ʝʥʛʽʟʽʣʜʽ. 

ɿʝʨʪʪʝʫ ʘʷʩʳʥʜʘ ᴅʟʽʨʣʝʥʛʝʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʦʜʝʣʴ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש 

ʮʠʬʨʣʳץ ʞᴅʥʝ ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ʤʘץʩʘʪʪʳ ʪװʨʜʝ ץʘʣʳʧʪʘʩʪʳʨʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. ɹײʣ ʤʦʜʝʣʴʜʽײץ שʨʳʣʳʤʳʥʜʘ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨ 

 ʘʣʘʫ. ᴄʨ ʢʦʤʧʦʥʝʥʪסʽʩ-ᴅʨʝʢʝʪʪʽʢ ʞᴅʥʝ ʙʘ ,ץʥʜʳײʤʘʟʤ ,ץʩʘʪʪʳץʘʥ: ʤʘסʘʨʘʩʪʳʨʳʣץ

ʘʷʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʜʘ ʢᴅʩʽʙʠ ᴅʨʝʢʝʪ ʞװʨʛʽʟʫ 

ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʘʨʥʘʣסʘʥ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝʰʝʥʜʝʨ ײʩʳʥʳʣʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʚʪʦʨʣʳץ çauezovvr.ct.wsè ʘץʧʘʨʘʪʪʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ 

ʞᴅʥʝ çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʘʪʪʳ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ 

 ʫץʦ שʳ ʧᴅʥʜʝʨʜʽסʫ ʦʨʳʥʜʘʨʳʥʜʘץʘʨʳ ʦסʜʝʨʽʩʽʥʝ ʝʥʛʽʟʽʣʽʧ, ʞʦװ ʨʘʣ ʙʽʣʽʤ ʙʝʨʫײץ

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʞʘשʘʨʪʳʣʜʳ. ױʩʳʥʳʣסʘʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʰʝʰʽʤʜʝʨ ʟʘʤʘʥʘʫʠ 

ʮʠʬʨʣʳץ ʦץʳʪʫ ײץʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʤʝʥ ʙʽʣʽʤ ʙʝʨʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʜᴅʣʝʣʜʝʜʽ. 

 ʜʘʡʳʥʜʘסʙʽʣʽʤ ʙʝʨʫ ʞʘ ץʣ ʙᴇʣʽʤʜʝ ʮʠʬʨʣʳײʦʨʪrʳʥʜʳʣʘʡ ʢʝʣʝ, ʙפ

ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ ʜʘʷʨʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʳס שʳʣʳʤʠ ʪײʨסʳʜʘ ʥʝʛʽʟʜʝʣʛʝʥ 

ᴅʜʽʩʪʝʤʝʣʽʢ ʪᴅʩʽʣʜʝʨʽ ײʩʳʥʳʣʳʧ, ʦʣʘʨʜʳש ʦץʫ װʜʝʨʽʩʽʥʜʝ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ 

ʞʘʥ-ʞʘץʪʳ ʩʠʧʘʪʪʘʣʜʳ. 
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3 ɺʀʈʊʋɸʃʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅ פʆʃɼɸʅʋ 

ɹʆʁʓʅʐɸ ʊᴄɾɯʈʀɹɽʃɯʂ-ʕʂʉʇɽʈʀʄɽʅʊʊɯʂ ɾױʄʓʉʊɸʈ 

ʅᴄʊʀɾɽʃɽʈɯ 
 

3.1 ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʜʘʷʨʣʳסʳʥʜʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ץʦʣʜʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ 

ɺʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʢᴅʩʽʙʠ ʜʘʷʨʣʘʫ 

 ʘʥסʳʪʪʘʣסʦʣʜʘʥʫ ʙʽʣʽʤ ʙʝʨʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘץ ʜʝʨʽʩʽʥʜʝװ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʠʥʪʝʛʨʘʮʠʷʣʘʫʜʳש ʢᴇʧץʳʨʣʳ ᴅʜʽʩʽ. ɺʠʨʪʫʘʣʠʟʘʮʠʷ 

ʦץʳʪʫʰʳʣʘʨסʘ ʬʠʟʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʙʘʡ-ʘץ ʰʳʥʘʡʳ ʦʨʪʘʣʘʨʜʳ 

ʤʦʜʝʣʴʜʝʫʛʝ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

 ץʥʜʘʡ ʪᴅʩʽʣ ʙʦʣʘʰʘײʩʳʥʘʜʳ. ʄײ ʳʤʜʳ ʙʽʣʽʤ ʙʝʨʫ ʰʝʰʽʤʽʥץʥʝʤʜʽ, ʠʢʝʤʜʽ ᴅʨʽ ʘʫװ

ʤסײʘʣʽʤʜʝʨʜʽש ʪʝʭʥʠʢʘʣʳײץ ץʟʳʨʝʪʪʝʨʽʥ ʜʘʤʳʪʫסʘ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʦʣʘʨʜʳש ʳʥʪʳʤʘץʪʘʩʪʳץʪʘ ʞײʤʳʩ ʽʩʪʝʫ ʞᴅʥʝ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ ʩʠʷץʪʳ 

ʤʘשʳʟʜʳ ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʜʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ɹʣʫʤ ʪʘʢʩʦʥʦʤʠʷʩʳ ʙʦʡʳʥʰʘ ʦץʫ ʤʘץʩʘʪʪʘʨʳʥʳש ʜʝשʛʝʡʣʝʨʽʥʝ ʩᴅʡʢʝʩ 

ʩʘʥʘʪʪʘʨסʘ ʙᴇʣʽʥʽʧ ʪʘʣʜʘʥʘʜʳ [155-156]. ɹײʣ ʪᴅʩʽʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ 

ʜʘסʜʳʣʘʨʳʥ ʢʝʟʝש-ʢʝʟʝשʽʤʝʥ ʜʘʤʳʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʣʫʤ ʪʘʢʩʦʥʦʤʠʷʩʳʥʘ 

ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʦʥʳש ʠʝʨʘʨʭʠʷʣʳץ 

ʜʝשʛʝʡʣʝʨʽʤʝʥ ʩᴅʡʢʝʩʪʝʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʪᴅʩʽʣ ץʘʨʘʩʪʳʨʳʣסʘʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʫ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ץʘʨʘʡ ʞʽʢʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄײʥʜʘʡ ʞʽʢʪʝʫ, ᴅʩʽʨʝʩʝ, 

Schrock K. [157] ײʩʳʥסʘʥ Google ץʳʟʤʝʪʪʝʨʽʥʝ ץʘʪʳʩʪʳ ʪʠʽʤʜʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹʝʥʜʞʘʤʠʥ ɹʣʫʤ ᴅʟʽʨʣʝʛʝʥ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥʽש ʠʝʨʘʨʭʠʷʣʳץ ʤʦʜʝʣʴʜʝʨʽ 

ʢʝʡʽʥʥʝʥ ʦʥʳש ʰᴅʢʽʨʪʪʝʨʽ Anderson L.W., Krathwohl D.R. [158] ʪʘʨʘʧʳʥʘʥ 

ʞʝʪʽʣʜʽʨʽʣʜʽ. ɹײʣ ʤʦʜʝʣʴʜʽש ʞʘשʘʨʪʳʣסʘʥ ʥײʩץʘʩʳ ʪᴇʤʝʥʜʝʛʽ ʩʳʟʙʘʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ 

(56-ʩʫʨʝʪ). 
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ɹʣʫʤ ʪʘʢʩʦʥʦʤʠʷʩʳ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʦץʫ ᴅʨʝʢʝʪʽʥʽש ʢʝʟʝש-ʢʝʟʝשʽʤʝʥ 

ʜʘʤʫʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʤʦʜʝʣʴ ʦץʳʪʫ 

 ʠʜʘʪʳ ʙʦʡʳʥʰʘסʘץ ʨʜʝʣʽʛʝèװʽʣʜʝʥ ʢשʘʥ ʞᴅʥʝ ʙʽʨʽʟʜʽ, çʞʝץʪʘʩץʜʝʨʽʩʽʥ ᴇʟʘʨʘ ʩʘʙʘװ

 ʘʨʘʩʪʳʨʘʜʳ. ʆʩʳץ ʨʳʣʳʤ ʨʝʪʽʥʜʝײץ ʨʘʪʳʥײʘʥ ʘʣʪʳ ʩʘʪʳʜʘʥ ʪסʡʳʤʜʘʩʪʳʨʳʣײ

ᴅʜʽʩʥʘʤʘʣʳץ ʪᴅʩʽʣʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤʝʥ 

ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ײץʨʘʣʜʘʨʳʥ ʦץʳʪʫ װʜʝʨʽʩʽʥʝ ʪʠʽʤʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʘʨץʳʣʳ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫסʘ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʙʽʣʽʤ ʤʘʟʤײʥʳʥ ʪʝʨʝש 

ʤʝשʛʝʨʫʛʝ ʞᴅʥʝ ץʦʣʘʡʣʳ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 

ɽʩʪʝ ʩʘץʪʘʫ ʜʝשʛʝʡʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳ ʦץʫ ʤʘʪʝʨʠʘʣʳʥʳש ʤʘʟʤײʥʳʥ ʝʩʢʝ 

ʪװʩʽʨʽʧ, ʥʝʛʽʟʛʽ ʪʝʨʤʠʥʦʣʦʛʠʷʥʳ ץʘʡʪʘʣʘʡ ʘʣʘʜʳ. ʄʳʩʘʣʳ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

 ʩʽʨʫ, çɺʠʨʪʫʘʣʠʟʘʮʠʷ ʜʝʛʝʥʽʤʽʟ ʥʝ?èװʨʣʝʨʽʥ ʝʩʢʝ ʪװʥʝʛʽʟʛʽ ʪ שʳʤʳʥ ʞᴅʥʝ ʦʥʳסײ

ʜʝʛʝʥ ʩײʨʘץץʘ ץʳʩץʘʰʘ ʘʥʳץʪʘʤʘ ʙʝʨʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. ɹײʣ ʜʝשʛʝʡʜʝ ʙʽʣʽʤ 

ʘʣʫʰʳ Google, Wikipedia ʩʠʷץʪʳ ʽʟʜʝʫ ʞװʡʝʣʝʨʽʥ, ᴅʣʝʫʤʝʪʪʽʢ ʞʝʣʽʣʝʨʜʽ, 

ʵʣʝʢʪʨʦʥʜʳץ ʧʦʰʪʘʥʳ, ʙʝʡʥʝ ʞᴅʥʝ ʜʘʫʳʩʪʳץ ʯʘʪʪʘʨʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

 ʪʳ ʦʥʣʘʡʥץQuizlet, Kahoot ʩʠʷ ,ץʧʘʨʘʪʪʳ ʽʟʜʝʧ ʪʘʙʘ ʘʣʘʜʳ. ʉʦʥʜʘʡ-ʘץʘʞʝʪʪʽ ʘץ

ʧʣʘʪʬʦʨʤʘʣʘʨ ʘʨץʳʣʳ ʙʽʣʽʤʽʥ ʙʝʢʽʪʫ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, OpenClass, 

CourseSite ʪᴅʨʽʟʜʽ ʚʠʨʪʫʘʣʜʳ ʩʳʥʳʧʪʘʨʜʘ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʙʘסʘʣʘʫ ʞװʡʝʩʽ 

ʘʨץʳʣʳ ʩʘʫʘʣʥʘʤʘʣʘʨ ײץʨʫסʘ ʙʦʣʘʜʳ. 

ʊװʩʽʥʫ ʜʝשʛʝʡʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳ ʘʣʳʥסʘʥ ʘץʧʘʨʘʪʪʳ ʪװʩʽʥʜʽʨʽʧ, ʞװʡʝʣʝʡ 

ʘʣʘʜʳ. ʄʳʩʘʣʳ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪװʨʣʝʨʽʥ ʩʠʧʘʪʪʘʧ ʙʝʨʫ ʥʝʤʝʩʝ ʦʣʘʨʜʳ ʞʽʢʪʝʫ, 

ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʧʨʦʛʨʘʤʤʘʣʳץ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץʪʳ 

ʪװʩʽʥʜʽʨʫ ʤʝʥ ʩʘʣʳʩʪʳʨʫ. ɹײʣ ʢʝʟʝשʜʝ ʙʽʣʽʤ ʘʣʫʰʳ ײץʞʘʪʪʘʨʤʝʥ ʙʽʨʣʝʩʽʧ ʞײʤʳʩ 

ʞʘʩʘʫ, ʬʦʨʫʤʜʘʨ ʤʝʥ ʯʘʪʪʘʨסʘ ץʘʪʳʩʫ, ʚʠʢʠ-ʩʘʡʪʪʘʨʜʘ ʞײʤʳʩ ʽʩʪʝʫ, YouTube 

ʧʣʘʪʬʦʨʤʘʩʳʥʜʘסʳ ʙʝʡʥʝʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʪʘʥʳʩʫ, Padlet ʧʣʘʪʬʦʨʤʘʩʳʥʜʘ 

ʜʠʘʛʨʘʤʤʘʣʘʨ ײץʨʘʩʪʳʨʫ ʩʠʷץʪʳ ᴅʨʝʢʝʪʪʝʨʜʽ ʦʨʳʥʜʘʡ ʘʣʘʜʳ. 

 ʜʘʷʪʪʘʨʜʘסʪʳ ʞʘץʛʝʨʛʝʥ ʙʽʣʽʤʽʥ ʥʘשʛʝʡʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳ ʤʝשʦʣʜʘʥʫ ʜʝפ

 ʳʣʳץʦʣʜʘʥʘ ʘʣʘʜʳ. ʄʳʩʘʣʳ, VirtualBox ʥʝʤʝʩʝ VMware ʧʣʘʪʬʦʨʤʘʣʘʨʳ ʘʨץ

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ײץʨʫ. ɹײʣ ʜʝשʛʝʡʜʝ VirtualBox, VMware, Screencast-O-Matic, 

OBS Studio ײץʨʘʣʜʘʨʳ, Basecamp ʪᴅʨʽʟʜʽ ʙʽʨʣʝʩʢʝʥ ʞʦʙʘʣʘʨ ʧʣʘʪʬʦʨʤʘʣʘʨʳ, 

ʩʦʥʜʘʡ-ʘץ ʛʨʘʬʠʢʘʣʳץ, ʘʫʜʠʦ ʞᴅʥʝ ʙʝʡʥʝ ʨʝʜʘʢʪʦʨʣʘʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʊʘʣʜʘʫ ʜʝשʛʝʡʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳ סײʳʤʜʘʨ ʤʝʥ ʠʜʝʷʣʘʨʜʳ ײץʨʳʣʳʤʜʘʧ, 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʞװʨʛʽʟʝ ʘʣʘʜʳ. ʄʳʩʘʣʳ, ᴅʨʪװʨʣʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʩʘʣʳʩʪʳʨʫ ʥʝʤʝʩʝ ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ ʤʝʥ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽש 

(VM ʞᴅʥʝ Docker) ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳʥ ʪʘʣʜʘʫ. ɹײʣ ʢʝʟʝשʜʝ Google Docs 

ʜʠʘʛʨʘʤʤʘ ײץʨʘʩʪʳʨʫ ײץʨʘʣʜʘʨʳ, Lucidchart, Miro, Cacoo, MindMeister, ʩʦʥʜʘʡ-

ʘץ ʠʜʝʷʣʘʨʤʝʥ ʘʣʤʘʩʫסʘ ʘʨʥʘʣסʘʥ ʧʣʘʪʬʦʨʤʘʣʘʨ (Editstorm, Wallwisher, Spaaze), 

ʛʨʘʬʠʢʘʣʳץ ʢʘʣʴʢʫʣʷʪʦʨʣʘʨ (Desmos) ʙʝʣʩʝʥʜʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ɹʘסʘʣʘʫ ʜʝשʛʝʡʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳ ץʦʣʜʘʥʳʣסʘʥ ʧʨʦʛʨʘʤʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʜʽש ʪʠʽʤʜʽʣʽʛʽʥʝ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʧ, ʜᴅʣʝʣʜʽ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʡ ʘʣʘʜʳ. ʄʳʩʘʣʳ, 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʪʠʽʤʜʽʣʽʛʽʥʝ ʙʘסʘ ʙʝʨʫ ʥʝʤʝʩʝ ʦʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʪʘʣץʳʣʘʫ. ɹײʣ ʢʝʟʝשʜʝ Instagram, Microsoft Teams, Padlet ʪᴅʨʽʟʜʽ 

ʧʣʘʪʬʦʨʤʘʣʘʨ ʘʨץʳʣʳ ʧʽʢʽʨ ʘʣʤʘʩʫ, ʙʣʦʛ ʞװʨʛʽʟʫ, ʩʦʥʜʘʡ-ʘץ Google Forms 

ʘʨץʳʣʳ ʩʘʫʘʣʥʘʤʘʣʘʨ ʞװʨʛʽʟʽʧ, ʦʣʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ ʤװʤʢʽʥʜʽʛʽ 

 .ʘʨʘʩʪʳʨʳʣʘʜʳץ
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ɾʘʩʘʫ ʜʝשʛʝʡʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳ ᴇʟ ʙʝʪʽʥʰʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʥסʘʥ ᴇʥʽʤ 

ᴅʟʽʨʣʝʡ ʘʣʘʜʳ. ʄʳʩʘʣʳ, Unity ʥʝʤʝʩʝ Unreal Engine ʢᴇʤʝʛʽʤʝʥ VR/AR 

ʩʠʤʫʣʷʮʠʷʣʘʨʳʥ ʞʘʩʘʫ, Cisco Packet Tracer ʘʨץʳʣʳ ʚʠʨʪʫʘʣʜʳ ʞʝʣʽ ײץʨʫ, 

Tinkercad, Autodesk ʘʨץʳʣʳ 3D ʤʦʜʝʣʴʜʝʫ, Moodle ʞᴅʥʝ H5P ʢᴇʤʝʛʽʤʝʥ 

ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘ ʘʨץʳʣʳ ʨʝʩʫʨʩʪʘʨʜʳ װʥʝʤʜʝʫ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, Google 

Expeditions ʞᴅʥʝ ClassVR ʘʨץʳʣʳ ʚʠʨʪʫʘʣʜʳ ʵʢʩʢʫʨʩʠʷʣʘʨ ײʡʳʤʜʘʩʪʳʨʫסʘ 

ʙʦʣʘʜʳ. ɹʽʣʽʤ ʘʣʫʰʳʣʘʨ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʦץʫ ʟʝʨʪʭʘʥʘʩʳʥʳש ʤʦʜʝʣʽʥ ʞʦʙʘʣʘʧ, ʦʥʳ Canva, Prezi, Google Slides 

ʧʣʘʪʬʦʨʤʘʣʘʨʳʥʜʘ ʪʘʥʳʩʪʳʨʳʧ, ץʦʨסʘʫ ʞײʤʳʩʪʘʨʳʥ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. 

 ʛʝʡʣʝʨʽʥʝשʢʦʛʥʠʪʠʚʪʽʢ ʜʝ שʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ɹʣʫʤ ʪʘʢʩʦʥʦʤʠʷʩʳʥʳפ

ʩᴅʡʢʝʩ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʫ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʙʽʣʽʤʜʽ ʞװʡʝʣʝʫʛʝ ʞᴅʥʝ 

ʪʝʨʝשʜʝʪʫʛʝ, ʩʦʥʜʘʡ-ʘץ ʰʳסʘʨʤʘʰʳʣʳץ ץʘʙʽʣʝʪʪʝʨʽʥ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʂʝʩʪʝ 17 ï ɹʣʫʤ ʪʘʢʩʦʥʦʤʠʷʩʳʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʜʘ ץʦʣʜʘʥʫ 

 

ɼʝשʛʝʡ 
ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

 ʦʣʜʘʥʫ ʤʦʜʝʣʽץ

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳʥʜʘ 

ʤʳʩʘʣ  

ɹʽʣʫ  

3D ʤʦʜʝʣʜʝʛʽ ʥʳʩʘʥʜʘʨ ʘʪʘʫʳʥ ʞʘʪʪʘʫ, 

ʚʠʨʪʫʘʣʜʳ ʵʢʩʢʫʨʩʠʷʜʘʥ ʘץʧʘʨʘʪʪ r

ʝʩʢʝ ʩʘץʪʘʫ 

çפʘʫʽʧʩʽʟʜʽʢ ʝʨʝʞʝʣʝʨʽʥ ʘʪʘʧ ʰʳץè, 

çVR ʩʘʙʘץʪʘ ʙʝʨʽʣʛʝʥ סײʳʤʜʘʨʜʳ ʝʩʢʝ 

ʪװʩʽʨè 

ʊװʩʽʥʫ  
ɺʠʨʪʫʘʣʜʳ ʪᴅʞʽʨʠʙʝ ʥʝʛʽʟʽʥʜʝ 

 ʩʽʥʜʽʨʫװʜʝʨʽʩʪʝʨʜʽ ʪװ

çʄʦʜʝʣʴʜʽש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽʥ 

ʩʠʧʘʪʪʘè 

  ʦʣʜʘʥʫפ
ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʜʘ ʘʣʛʦʨʠʪʤʜʽ 

 ʦʣʜʘʥʫץ

çVR ʦʨʪʘʩʳʥʜʘ ʪʘʧʩʳʨʤʘʥʳ ʦʨʳʥʜʘè, 

çɾʝʣʽʥʽ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘè 

ʊʘʣʜʘʫ 
3D ʤʦʜʝʣʴʜʽײץ שʨʘʤʳʥ ʥʝʤʝʩʝ 

 ʘʨʘʩʪʳʨʫץ ʨʜʽʩʪʝʨʜʽ ʙᴇʣʽʧװ

çʂʦʤʧʦʥʝʥʪʪʝʨʜʽש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳʥ 

ʪʘʣʜʘè 

ɹʘסʘʣʘʫ  
ᴄʨʪװʨʣʽ ʚʠʨʪʫʘʣʜʳ ʩʮʝʥʘʨʠʡʣʝʨʜʽ 

ʩʘʣʳʩʪʳʨʫ, ʰʝʰʽʤ ץʘʙʳʣʜʘʫ 

çפʘʡ ᴅʜʽʩ ʪʠʽʤʜʽ ï ʪװʩʽʥʜʽʨè, 

çʉʠʤʫʣʷʮʠʷ ʥᴅʪʠʞʝʩʽʥ ʙʘסʘʣʘè 

ɾʘʩʘʫ  
ᴆʟʽʥʽש VR ʞʦʙʘʩʳʥ ײץʨʫ ʥʝʤʝʩʝ 

ʘʥʠʤʘʮʠʷ ʞʘʩʘʫ 

çBlender-ʜʝ 3D ʤʦʜʝʣʴ ʞʘʩʘè, çUnity-

ʜʝ ʩʠʤʫʣʷʮʠʷ ײץʨʘʩʪʳʨè 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ 

 

1982 ʞʳʣʳ Biggs J.B., Collis K.F. [159] ʙʘʡץʘʫסʘ ʙʦʣʘʪʳʥ ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש 

 ʨʳʣʳʤʳʥ ʩʠʧʘʪʪʘʡʪʳʥ SOLO (Structure of the Observed Learning Outcome)ײץ

ʪʘʢʩʦʥʦʤʠʷʩʳʥ ײʩʳʥʜʳ. ɹײʣ ʤʦʜʝʣʴ ʦץʳʪʫ ʥᴅʪʠʞʝʣʝʨʽʥ ײץʨʳʣʳʤʜʳץ ᴅʨʽ ʞװʡʝʣʽ 

ʪװʨʜʝ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʝʢʽ ʥʝʛʽʟʛʽ ᴇʣʰʝʤʛʝ ʥʝʛʽʟʜʝʣʛʝʥ: ʙʽʣʽʤʥʽש 

ʩʠʧʘʪʳ (ʜʝʢʣʘʨʘʪʠʚʪʽ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ) ʞᴅʥʝ ʢʦʛʥʠʪʠʚʪʽʢ װʜʝʨʽʩʪʝʨʜʽש 

ʜʝשʛʝʡʽ. SOLO ʪʘʢʩʦʥʦʤʠʷʩʳ ʢʦʛʥʠʪʠʚʪʽʢ ʜʘʤʫ ʜʝשʛʝʡʣʝʨʽʥ ʢʝʣʝʩʽʜʝʡ ʞʽʢʪʝʡʜʽ: 

- ʤʦʥʦײץʨʳʣʳʤʜʳץ ʜʝשʛʝʡ ʙʽʣʽʤ ʘʣʫʰʳ ʦץʫ ʤʘʪʝʨʠʘʣʳʥʳש ʙʽʨ סʘʥʘ 

ʘʩʧʝʢʪʽʩʽʥ ʤʝשʛʝʨʝʜʽ; 

- ʧʦʣʠײץʨʳʣʳʤʜʳץ ʜʝשʛʝʡ ʙʽʣʽʤ ʘʣʫʰʳ ʙʽʨʥʝʰʝ ʘʩʧʝʢʪʽʥʽ ʪװʩʽʥʝʜʽ, ʘʣʘʡʜʘ 

ʦʣʘʨ ʘʨʘʩʳʥʜʘ ʣʦʛʠʢʘʣʳץ ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʘ ʘʣʤʘʡʜʳ; 

 ʳסʛʝʡʽ ʙʽʣʽʤ ʘʣʫʰʳ ʙʽʣʽʤ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʘʨʘʩʳʥʜʘשʘʪʳʥʘʩʪʘʨ ʜʝץ -

ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʦʨʥʘʪʳʧ, ʞװʡʝʣʽ ʪװʨʜʝ ʪװʩʽʥʜʽʨʝ ʘʣʘʜʳ; 
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- ʘʙʩʪʨʘʢʮʠʷʣʘʫ ʞᴅʥʝ ʞʘשʘ ʥᴅʨʩʝ ʞʘʩʘʫ ʜʝשʛʝʡʽ ï ʙʽʣʽʤ ʘʣʫʰʳ ʘʣסʘʥ ʙʽʣʽʤʽʥ 

ʞʘʣʧʳʣʘʧ, ʦʥʳ ʞʘשʘ ʢʦʥʪʝʢʩʪʝʨʜʝ ץʦʣʜʘʥʘ ʘʣʘʜʳ, ʷסʥʠ ʰʳסʘʨʤʘʰʳʣʳץ 

ʜʝשʛʝʡʜʝ ʤʝשʛʝʨʝʜʽ. 

SOLO ʪʘʢʩʦʥʦʤʠʷʩʳ ʥʝʛʽʟʽʥʜʝ Biggs J., Tang C., Kennedy G. [160] ʦץʫ 

 ʘʥ çʢʦʥʩʪʨʫʢʪʠʚʪʽ ʩᴅʡʢʝʩʪʝʥʜʽʨʫèסʳʪʪʘʣסʘ ʙʘסʡʳʤʜʘʩʪʳʨʫײ ʜʝʨʽʩʽʥ ʪʠʽʤʜʽװ

(constructive alignment) ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ᴅʟʽʨʣʝʜʽ. ɹײʣ ʪײʞʳʨʳʤʜʘʤʘסʘ ʩᴅʡʢʝʩ, 

ʦץʳʪʫ ʤʘץʩʘʪʪʘʨʳ, ʦץʫ ᴅʨʝʢʝʪʽ ʞᴅʥʝ ʙʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽ ᴇʟʘʨʘ װʡʣʝʩʽʤʜʽ ʙʦʣʫʳ ʪʠʽʩ. 

ʄײʥʜʘסʳ çʢʦʥʩʪʨʫʢʪʠʚʪʽè סײʳʤʳ ᴅʣʝʫʤʝʪʪʽʢ ʢʦʥʩʪʨʫʢʪʠʚʠʟʤ ץʘסʠʜʘʪʪʘʨʳʥʘ 

ʩװʡʝʥʝʜʽ, ʷסʥʠ ʙʽʣʽʤ ʘʣʫʰʳ ð ʙʽʣʽʤʜʽ ʩʳʨʪʪʘʥ ʜʘʡʳʥ ʪװʨʜʝ ץʘʙʳʣʜʘʫʰʳ ʝʤʝʩ, 

ʦʥʳ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ᴇʟʽ ײץʨʘʩʪʳʨʫʰʳ ʪײʣסʘ. ɹʠʛʛʩʪʽש ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ 

ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ץʘסʠʜʘʣʘʨʳʥʳש ɻʦʥʢʦʥʛ ʫʥʠʚʝʨʩʠʪʝʪʪʝʨʽʥʜʝ, ʙʽʣʽʤ 

ʙʝʨʫ ʘʡʤʘץʪʘʨʳʥʜʘ ʞᴅʥʝ ʪװʨʣʽ ʧᴅʥʜʝʨ ʘʷʩʳʥʜʘ ʪʘʙʳʩʪʳ ץʦʣʜʘʥʳʣסʘʥʳ ʥʘץʪʳ 

ʤʳʩʘʣʜʘʨ ʘʨץʳʣʳ ʩʠʧʘʪʪʘʣסʘʥ. 

SOLO ʪʘʢʩʦʥʦʤʠʷʩʳʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʦץʳʪʫ װʜʝʨʽʩʽʥʜʝ 

 ʤʢʽʥʜʽʢװʦʣ ʞʝʪʢʽʟʫʛʝ ʤץ ʘ ʪʠʽʤʜʽסʩʘʪʪʘʨץʤʘ ץʘʪʘʨ ʧʝʜʘʛʦʛʠʢʘʣʳץʦʣʜʘʥʫ ʙʽʨץ

ʙʝʨʜʽ: 

- ɹʽʣʽʤ ʘʣʫʰʳʥʳש ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥ ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʩʘʧʘʣʳץ ʪײʨסʳʜʘʥ 

ʙʘסʘʣʘʫ. SOLO ʪʘʢʩʦʥʦʤʠʷʩʳ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ץʘʥʰʘʣʳץʪʳ 

ʪʝʨʝש ʤʝשʛʝʨʛʝʥʽʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʤʦʜʝʣʴ ʘʨץʳʣʳ ʪʝʢ ʬʘʢʪʽʣʽʢ 

ʙʽʣʽʤ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʥʳײץ שʨʳʣʳʤʳ ʤʝʥ ʤʘʟʤײʥʜʳץ ʙʘʡʣʘʥʳʩʪʘʨʳ ʜʘ 

ʝʩʢʝʨʽʣʝʜʽ. 

- ɾʝʢʝ ʦץʳʪʫ ʪʨʘʝʢʪʦʨʠʷʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ. SOLO ʪʘʢʩʦʥʦʤʠʷʩʳʥʳש 

ʜʝשʛʝʡʣʝʨʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ʤʝשʛʝʨʫ ʜʝשʛʝʡʽ 

ʘʥʳץʪʘʣʘʜʳ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʩʘʨʘʣʘʥסʘʥ ʦץʳʪʫʜʳ ײʡʳʤʜʘʩʪʳʨʫסʘ, ᴅʨʙʽʨ ʙʽʣʽʤ 

ʘʣʫʰʳסʘ ʩᴅʡʢʝʩ ʞʝʢʝ ʦץʳʪʫ ʩʪʨʘʪʝʛʠʷʩʳʥ ʪʘשʜʘʫסʘ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

- ɺʠʨʪʫʘʣʜʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳש ʢװʨʜʝʣʽʣʽʢ ʜʝשʛʝʡʽʥ ʞװʡʝʣʽ ʪװʨʜʝ 

ʞʦʩʧʘʨʣʘʫ. SOLO ʪʘʢʩʦʥʦʤʠʷʩʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ץʘʨʘʧʘʡʳʤʥʘʥ ʢװʨʜʝʣʽʛʝ ץʘʨʘʡ 

(ʤʦʥʦײץʨʳʣʳʤʜʳץ ʜʝשʛʝʡʜʝʥ ʘʙʩʪʨʘʢʮʠʷ ʞᴅʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʝשʛʝʡʽʥʝ ʜʝʡʽʥ) 

ʩʘʪʳʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʪᴅʩʽʣ ʦץʳʪʫ ʤʘʟʤײʥʳʥ ʙʽʨʪʽʥʜʝʧ 

ʪʝʨʝשʜʝʪʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢʦʛʥʠʪʠʚʪʽʢ ʜʘסʜʳʣʘʨʳʥ ʙʽʨʽʟʜʽ ʜʘʤʳʪʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʪʠʽʤʜʽ ʦץʫ ʦʨʪʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. 

ʆʩʳʣʘʡʰʘ, SOLO ʪʘʢʩʦʥʦʤʠʷʩʳʥ ץʦʣʜʘʥʫ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʳʪʫ װʜʝʨʽʩʽʥ ײץʨʳʣʳʤʜʘʫסʘ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʥʘץʪʳ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʞʝʢʝ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʝʪʽʥ 

ʠʢʝʤʜʽ ʦץʳʪʫ ʦʨʪʘʩʳʥ ײץʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

 

ʂʝʩʪʝ 18 ï SOLO ʪʘʢʩʦʥʦʤʠʷʩʳʥʳש ʜʝשʛʝʡʣʝʨʽ ʞᴅʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʜʘ 

 ʦʣʜʘʥʳʣʫʳץ

 
ɼʝשʛʝʡ ʉʠʧʘʪʪʘʤʘʩʳ ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳʥʜʘ ʤʳʩʘʣ 

1 2 3 

ɸʣʜʳʥ ʘʣʘ 

  ץʨʳʣʳʤʜʳײץ

ʙʽʣʽʤ ʘʣʫʰʳ ʪʘץʳʨʳʧʪʳ 

ʪװʩʽʥʙʝʡʜʽ, ʞʘʫʘʧ 

ʞװʡʝʩʽʟ 

3D ʤʦʜʝʣʴʜʽ ʢʝʟʜʝʡʩʦץ ʰʦʣʫ, ʪʘʧʩʳʨʤʘʜʘ ʥʝ 

ʽʩʪʝʫ ʢʝʨʝʢ ʝʢʝʥʽʥ ʪװʩʽʥʙʝʫ 
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18-ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

1 2 3 

ɹʽʨ 

  ץʨʳʣʳʤʜʳײץ

ʙʽʨ סʘʥʘ ʘʩʧʝʢʪʽʥʽ 

ʪװʩʽʥʝʜʽ 

ɺʠʨʪʫʘʣʜʳ ʞװʡʝʜʝ ʙʽʨ ʙʘʪʳʨʤʘʥʳ ʙʘʩʫ ʥʝʤʝʩʝ 

ʙʽʨ ᴅʨʝʢʝʪʪʽ ʦʨʳʥʜʘʫ 

ʂᴇʧ 

  ץʨʳʣʳʤʜʳײץ

ʙʽʨʥʝʰʝ ʘʩʧʝʢʪʽʥʽ ʙʽʣʝʜʽ, 

ʙʽʨʘץ ʙʘʡʣʘʥʳʩʩʳʟ 

ɹʽʨʥʝʰʝ VR ײץʨʘʣʳʥ ʧʘʡʜʘʣʘʥʘ ʘʣʘʜʳ, ʙʽʨʘץ 

ʦʣʘʨʜʳ ʙʽʨʽʢʪʽʨʽʧ ץʦʣʜʘʥʘ ʘʣʤʘʡʜʳ 

ʈʝʣʷʮʠʷʣʳץ  

ʙʘʨʣʳץ ʵʣʝʤʝʥʪʪʝʨ 

ʘʨʘʩʳʥʜʘ ʙʘʡʣʘʥʳʩ 

ʦʨʥʘʪʘʜʳ 

VM ʞװʡʝʣʽʢ ʨʝʩʫʨʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʘʜ r

ɺʠʨʪʫʘʣʜʳ ʞװʡʝʜʝ ʢװʨʜʝʣʽ ʪʘʧʩʳʨʤʘʥʳ ʰʝʰʽʧ, 

ʙᴇʣʽʢʪʝʨʽʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳʨʘ ʘʣʘʜʳ 

ɸʙʩʪʨʘʢʪʽʣʽ 

ʢʝשʝʡʪʽʣʛʝʥ  

ʞʘשʘ ʠʜʝʷʣʘʨ ʤʝʥ 

ʢʝשʝʡʪʽʣʛʝʥ ʪװʩʽʥʽʢ 

 ʘʣʳʧʪʘʩʪʳʨʘʜʳץ

ᴆʟ ʚʠʨʪʫʘʣʜʳ ʞʦʙʘʩʳʥ ʞʘʩʘʧ ʰʳסʘʨʫ 

(ʤʳʩʘʣʳ: AR/VR ʘʨץʳʣʳ ʙʽʣʽʤ ʙʝʨʫ 

ʩʮʝʥʘʨʠʡʽʥ ʞʘʩʘʫ) 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ 

 

 ʳʪʫץʘʥ ʦסʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, SOLO ʪʘʢʩʦʥʦʤʠʷʩʳ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʥפ

 ʜʽʛʽʥשʪʝʨʝ שʛʝʡʽʥ ʞᴅʥʝ ʙʽʣʽʤʥʽשʜʝ ץʪʘʥʳʤʜʳ שʜʝʨʽʩʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳװ

ʩʘʧʘʣʳ ʪװʨʜʝ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪʠʽʤʜʽ ʧʝʜʘʛʦʛʠʢʘʣʳײץ ץʨʘʣ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ʤʦʜʝʣʴ ʦץʫ ʪʘʧʩʳʨʤʘʣʘʨʳʥ ʞװʡʝʣʽ ʞᴅʥʝ ʩʘʪʳʣʳ ʪװʨʜʝ ײץʨʫסʘ 

ʞʘסʜʘʡ ʞʘʩʘʡʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʜʘʨʘʣʘʧ ʦץʳʪʫ ʤʝʥ ʞʦʙʘʣʳץ ʞײʤʳʩ 

ʬʦʨʤʘʣʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫʜʘ ʠʢʝʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. SOLO 

ʪʘʢʩʦʥʦʤʠʷʩʳʥ ץʦʣʜʘʥʫ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥ ײץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫסʘ 

ʥʝʛʽʟʜʝʣʽʧ, ʟʘʤʘʥʘʫʠ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʜʘ ʤʘʟʤײʥʜʳ ʞᴅʥʝ ʤʘץʩʘʪʪʳ 

ʦץʳʪʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʥʝʛʽʟʛʝ ʘʣʘ ʦʪʳʨʳʧ, ʦץʳʪʫ ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʡʪʳʥ 

ᴅʨʪװʨʣʽ ʬʘʢʪʦʨʣʘʨʜʳש ʳץʧʘʣʳʥ ʢʝʰʝʥʜʽ ʪװʨʜʝ ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʪʫʜʳ. ɹʣʫʤ 

ʤʝʥ SOLO ʪʘʢʩʦʥʦʤʠʷʣʘʨʳʥʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ץʘʣʳʧʪʘʩʘʪʳʥ 

ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ ʙʘסʘʣʘʫסʘ ʘʨʥʘʣסʘʥ ʢʝשʝʡʪʽʣʛʝʥ ʪʘʢʩʦʥʦʤʠʷ 

ʞʘʩʘץʪʘʣʜʳ (19-ʢʝʩʪʝ).  
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ʂʝʩʪʝ 19 ï ʂʝשʝʡʪʽʣʛʝʥ ʪʘʢʩʦʥʦʤʠʷ ʤʦʜʝʣʽ 

 
ɹʣʫʤ 

ʪʘʢʩʦʥʦʤʠʷʩʳ 
SOLO ʜʝשʛʝʡʽ פʘʣʳʧʪʘʩʘʪʳʥ ʢᴅʩʽʙʠ ʜʘסʜʳ 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʜʘסʳ ʢᴇʨʽʥʽʩʽ 
ɹʘסʘʣʘʫ ʢʨʠʪʝʨʠʡʣʝʨʽ 

ɹʽʣʫ  
ɸʣʜʳʥ ʘʣʘ 

 ɹʽʨ / ץʨʳʣʳʤʜʳײץ

 ץʨʳʣʳʤʜʳײץ

ɺʠʨʪʫʘʣʠʟʘʮʠʷ סײʳʤʜʘʨʳʥ, 

 ʨʘʣʜʘʨʳʥ ʘʪʘʫײץ

Blender, Unity, VR/AR 

 ʘʪʘʫʣʘʨʳʥ שʨʘʣʜʘʨʳʥʳײץ

ʪʘʥʫ 

ʅʝʛʽʟʛʽ ʪʝʨʤʠʥʜʝʨʜʽ ʜײʨʳʩ 

ʘʪʘʫʳ, ʠʥʪʝʨʬʝʡʩʪʽ ʪʘʥʫʳ 

ʊװʩʽʥʫ  ʂᴇʧ ײץʨʳʣʳʤʜʳץ 
ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʪʝʨʽʥ 

ʪװʩʽʥʜʽʨʫ 
ʆץʳʪʫʜʘ ʚʠʨʪʫʘʣʜʳ ʦʨʪʘʥʳש 

 ʳʟʤʝʪʽʥ ʩʠʧʘʪʪʘʫץ
ʇʨʠʥʮʠʧʪʝʨ ʤʝʥ ʬʫʥʢʮʠʷʣʘʨʜʳ 

ʪװʩʽʥʜʽʨʫʽ 

 ʦʣʜʘʥʫפ
ʂᴇʧ ײץʨʳʣʳʤʜʳץ / 

ʈʝʣʷʮʠʷʣʳץ 
ʇʨʘʢʪʠʢʘʣʳץ ʪʘʧʩʳʨʤʘʣʘʨʜʳ 

ʦʨʳʥʜʘʫ 
ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘ ʥʝʤʝʩʝ 

ʩʠʤʫʣʷʮʠʷ ʞʘʩʘʫ 
ʅײʩץʘʫʣʳץץʘ ʩʘʡ ʞײʤʳʩ ʽʩʪʝʡ 

ʘʣʫʳ 

ʊʘʣʜʘʫ  ʈʝʣʷʮʠʷʣʳץ 
 ʳסʨʘʣʜʘʨ ʘʨʘʩʳʥʜʘײפ

ʘʡʳʨʤʘʰʳʣʳץʪʳ ʪʘʣʜʘʫ 

ɺʠʨʪʫʘʣʜʳ ʦʨʪʘ ʪʠʽʤʜʽʣʽʛʽʥ 

ʙʘסʘʣʘʫʜʘ ʚʠʨʪʫʘʣʜʳ 

ʤʘʰʠʥʘʥʳש ʨᴇʣʽ, ᴇʥʽʤʜʽʣʽʢ.  
VR/AR ץʦʣʜʘʥʫ 

ʩʮʝʥʘʨʠʡʣʝʨʽʥ ʩʘʣʳʩʪʳʨʫ 

ʉʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ, ʜᴅʣʝʣ 

ʢʝʣʪʽʨʫʽ 

ɹʘסʘʣʘʫ  
ʈʝʣʷʮʠʷʣʳץ / 

ɸʙʩʪʨʘʢʪʽʣʽ 

ʢʝשʝʡʪʽʣʛʝʥ 

ʇʝʜʘʛʦʛʠʢʘʣʳץ ʰʝʰʽʤ 

 ʘʙʳʣʜʘʫץ
ɺʠʨʪʫʘʣʜʳ ʦʨʪʘ ʪʠʽʤʜʽʣʽʛʽʥ 

ʙʘסʘʣʘʫ 
ʆץʳʪʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʽʥ 

ʪװʩʽʥʜʽʨʽʧ, ʜᴅʣʝʣʜʝʫʽ 

ɾʘʩʘʫ  
ɸʙʩʪʨʘʢʪʽʣʽ 

ʢʝשʝʡʪʽʣʛʝʥ 
ɾʘשʘ ʦץʫ ʤʘʪʝʨʠʘʣʳ ʤʝʥ 

ʮʠʬʨʣʳץ ʨʝʩʫʨʩ ᴅʟʽʨʣʝʫ 

AR/VR ʢᴇʤʝʛʽʤʝʥ 

ʠʥʪʝʨʘʢʪʠʚʪʽ ʩʘʙʘץ, 

ʩʠʤʫʣʷʮʠʷ ʞʘʩʘʫ 

ɾʦʙʘʣʳץ ʞײʤʳʩ, 

ʰʳסʘʨʤʘʰʳʣʳץ ʞᴅʥʝ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʥʝʛʽʟʜʝʤʝ 

ʢᴇʨʩʝʪʫ 
ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. 
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ɸʪʘʣסʘʥ ʢʝשʝʡʪʽʣʛʝʥ ʪʘʢʩʦʥʦʤʠʷ ʥʝʛʽʟʽʥʜʝ ʙʘסʘʣʘʥʘʪʳʥ ʞʝʪʽʣʜʽʨʽʣʛʝʥ 

ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨ: 

1) ʮʠʬʨʣʳץ ʩʘʫʘʪʪʳʣʳץ ʠʥʪʝʨʬʝʡʩ, ײץʨʘʣ, ʧʣʘʪʬʦʨʤʘ ʤʝשʛʝʨʫʽ; 

2) ʪʘʣʜʘʫ ʞᴅʥʝ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʜʘסʜʳʩʳ ʙʽʨʥʝʰʝ ʪʝʭʥʦʣʦʛʠʷʥʳ 

ʩʘʣʳʩʪʳʨʫ, ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʫ; 

3) ʦץʫ ʤʘʟʤײʥʳʥ ʮʠʬʨʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʫ ʜᴅʩʪװʨʣʽ ʩʘʙʘץʪʘʨʜʳ 

ʚʠʨʪʫʘʣʜʳ ʬʦʨʤʘʪץʘ ʢᴇʰʽʨʫ; 

4) ʦץʳʪʫʜʳ ʤʦʜʝʣʴʜʝʫ ײץʟʳʨʝʪʪʽʣʽʛʽ ʦץʳʪʫ ʩʠʤʫʣʷʮʠʷʣʘʨʳʥ, 3D 

ʤʦʜʝʣʴʜʝʨʽʥ ײץʨʫ; 

5) ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʜʠʟʘʡʥ ʮʠʬʨʣʳץ ʦʨʪʘʜʘ ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣ 

ᴅʟʽʨʣʝʫ: 

6) ʰʳסʘʨʤʘʰʳʣʳץ ʞᴅʥʝ ʟʝʨʪʪʝʫ ʜʘסʜʳʣʘʨʳ ʜʝʨʙʝʩ ʞʦʙʘ ʞʘʩʘʧ, ᴅʜʽʩʪʝʤʝʩʽʥ 

 .ʘʫסʦʨץ

ʆʩʳ ʪʘʢʩʦʥʦʤʠʷ çauezovvr.ct.wsè ʘץʧʘʨʘʪʪʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳʥʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ װʜʝʨʽʩʽʥʜʝ ץʦʣʜʘʥʳʣʜʳ ʞᴅʥʝ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʞʘסʜʘʡʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʳץʧʘʣʳ ʘʨץʳʣʳ ʢᴅʩʽʙʠ 

 .ʤʢʽʥʜʽʢ ʙʝʨʜʽװʘ ʤסʘʣʘʫסʜʘʤʫʳʥ ʢʝʰʝʥʜʽ ʙʘ שʟʳʨʝʪʪʝʨʜʽײץ

 

3.2 ɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʦץʳʪʫʜʘ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽ ײʡʳʤʜʘʩʪʳʨʫ ᴅʜʽʩʪʝʤʝʩʽ 

ʕʢʩʧʝʨʠʤʝʥʪ (ʣʘʪ. experimentum ï ʩʳʥʘʫ, ʪᴅʞʽʨʠʙʝ) ï ʙʘץʳʣʘʫ ʞᴅʥʝ 

ʙʘʩץʘʨʳʣʘʪʳʥ ʞʘסʜʘʡʜʘ ʥʘץʪʳ ײץʙʳʣʳʩʪʘʨʜʳ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ סʳʣʳʤʠ ʪʘʥʳʤ 

ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʪʽש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ï סʳʣʳʤʠ 

ʪʝʦʨʠʷʣʘʨ ʤʝʥ ʙʦʣʞʘʤʜʘʨʜʳש ʜײʨʳʩʪʳסʳʥ ʪᴅʞʽʨʠʙʝ ʘʨץʳʣʳ ʪʝʢʩʝʨʫ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʵʢʩʧʝʨʠʤʝʥʪ סʳʣʳʤʠ ʙʽʣʽʤʥʽש ʰʳʥʘʡʳʣʳסʳʥ ʨʘʩʪʘʫʜʳש ʤʘשʳʟʜʳ 

ʪᴅʩʽʣʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʜʽש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʙʘʩʳʥʜʘ 

 ʨʜʝ ʜᴅʣʝʣʜʝʫװʪ ץʳʥ ʵʤʧʠʨʠʢʘʣʳסʪʳʣʳץʳ ʤʝʥ ʥʘסʨʳʩʪʳײʜ שʘʥ ʙʦʣʞʘʤʥʳסʦʡʳʣץ

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʨʽװʙʽʨʥʝʰʝ ʪ שʵʢʩʧʝʨʠʤʝʥʪʪʽ ץʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʨʜʝ ʧʝʜʘʛʦʛʠʢʘʣʳנ

ʝʨʝʢʰʝʣʝʥʝʜʽ. ʆʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʟʝʨʪʪʝʫ ʤʘץʩʘʪʪʘʨʳ ʤʝʥ ʤʽʥʜʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩ 

 .ʦʣʜʘʥʳʣʘʜʳ [136]ץ

ʊϸʞʽʨʠʙʝʣʽʢ ʧʝʜʘʛʦʛʠʢʘʣʳϨ ʵʢʩʧʝʨʠʤʝʥʪ ʘʨʥʘʡʳ ʞʘʙʜʳץʪʘʣסʘʥ ʦʨʪʘʜʘ, 

ʘʣʜʳʥ ʘʣʘ ʪʘשʜʘʧ ʘʣʳʥסʘʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʪʝʫʰʽ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʘסʜʘʡʜʳ ʪʦʣʳץʪʘʡ ʙʘץʳʣʘʧ, ʟʝʨʪʪʝʫ װʜʝʨʽʩʽʥʝ ץʘʞʝʪʪʽ 

ᴇʟʛʝʨʽʩʪʝʨʜʽ ʝʥʛʽʟʫ ʤװʤʢʽʥʜʽʛʽʥʝ ʠʝ ʙʦʣʘʜʳ. 

ɸʡϨʳʥʜʘʫʰʳ ʵʢʩʧʝʨʠʤʝʥʪ ʟʝʨʪʪʝʣʝʪʽʥ ʧʝʜʘʛʦʛʠʢʘʣʳװ ץʜʝʨʽʩ ʧʝʥ ʦʥʳש 

ʵʣʝʤʝʥʪʪʝʨʽʥʽץ ,שʘʪʳʩʫʰʳʣʘʨʳʥʳש ʥʘץʪʳ ʞʘסʜʘʡʳʥ, ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʞᴅʥʝ 

ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʫ. ɹײʣ ʵʢʩʧʝʨʠʤʝʥʪ ʩʝʙʝʧ-ʩʘʣʜʘʨʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʘʥʳץʪʘʫסʘ 

ʞᴅʥʝ ʟʝʨʪʪʝʫ ʥʳʩʘʥʳʥʳש ʞʘʡ-ʢװʡʽʥ ʩʠʧʘʪʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ 

 ʘ ʩʝʧʪʽʛʽʥסʪʳʣʘʫץʳ ʙʦʣʞʘʤʜʘʨʳʥ ʥʘץʙʘʩʪʘʧ שʘʥ ʜʝʨʝʢʪʝʨ ʟʝʨʪʪʝʫʜʽסʘʪʘʨ, ʘʣʳʥץ

ʪʠʛʽʟʝʜʽ. 

ϧʘʣʳʧʪʘʩʪʳʨʫʰʳ ʵʢʩʧʝʨʠʤʝʥʪ ʟʝʨʪʪʝʫ ʥʳʩʘʥʳʥʜʘ ʙʝʣʛʽʣʽ ʙʽʨ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʜʽ ʥʝʤʝʩʝ ʜʘסʜʳʣʘʨʜʳ ʤʘץʩʘʪʪʳ ʪװʨʜʝ ץʘʣʳʧʪʘʩʪʳʨʫסʘ 



 

142 
 

ʙʘסʳʪʪʘʣסʘʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʞײʤʳʩ. ʕʢʩʧʝʨʠʤʝʥʪ ʘʨʥʘʡʳ ײʡʳʤʜʘʩʪʳʨʳʣסʘʥ 

ʞʘסʜʘʡʣʘʨʜʘ ʞװʨʛʽʟʽʣʽʧ, ʟʝʨʪʪʝʫʰʽ ץʘʪʳʩʫʰʳʣʘʨʜʳש ʽʩ-ᴅʨʝʢʝʪʽʥʝ ʙʝʣʩʝʥʜʽ ʳץʧʘʣ 

ʝʪʝʜʽ. ɹײʣ ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʝʨʝʢʰʝʣʽʛʽ ʪʝʢ סʳʣʳʤʠ ʤʘץʩʘʪʪʘʨʤʝʥ סʘʥʘ ʰʝʢʪʝʣʤʝʡ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦץʫ-ʪᴅʨʙʠʝ װʜʝʨʽʩʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣʫʳ. 

ʆʣʴʭʦʚʩʢʠʡ ɼ.ɺ. ʤʝʥ ʃʦʩʢʫʪʦʚ ɸ.ɸ. [137] ʧʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽ 

 ʟʝʛʝװʩʘʪʳʥʜʘ ʞץʘʨʫ ʤʘסʘ ʰʳץץʳʣʳʤʠ ʙʦʣʞʘʤʜʳ ʜᴅʣʝʣʜʝʫ ʥʝʤʝʩʝ ʞʦס

ʘʩʳʨʳʣʘʪʳʥ ʘʨʥʘʡʳ ײʡʳʤʜʘʩʪʳʨʳʣסʘʥ ʪᴅʞʽʨʠʙʝʣʽʢ ᴅʨʝʢʝʪ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʡʜʳ. 

ɿʝʨʪʪʝʫʰʽʣʝʨʜʽש ʧʽʢʽʨʽʥʰʝ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪ ʙʘʨʳʩʳʥʜʘ ʦץʳʪʫ 

ᴅʨʝʢʝʪʽʥʝ ᴇʟʛʝʨʽʩʪʝʨ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʞʘשʘ ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨ, ʦץʳʪʫ ʬʦʨʤʘʣʘʨʳ ʤʝʥ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫ ʤװʤʢʽʥʜʽʛʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽ ʞװʟʝʛʝ ʘʩʳʨʫʰʳ ð סʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʘʤʘʥ ð 

ʦץʳʪʫ ʞᴅʥʝ ʪᴅʨʙʠʝ װʜʝʨʽʩʽʥʝ ץʘʞʝʪʪʽ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʰʘʨʪʪʘʨʜʳ ʝʥʛʽʟʫ ʘʨץʳʣʳ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ᴅʨʝʢʝʪʽʥʝ ʪʽʢʝʣʝʡ ʳץʧʘʣ ʝʪʝʜʽ. נʳʣʳʤʠ-ʟʝʨʪʪʝʫ 

 ʝʢʽ ʬʦʨʤʘʩʳ שʡʳʤʜʘʩʪʳʨʫʜʳײ ʵʢʩʧʝʨʠʤʝʥʪʪʽ ץʳʟʤʝʪʽʥʜʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ

ʝʨʝʢʰʝʣʝʥʝʜʽ: ʪʦʣʳץ ʤʘʩʰʪʘʙʪʳ ʵʢʩʧʝʨʠʤʝʥʪ ʞᴅʥʝ ʞʝʢʝ ʢʝʟʝשʜʝʨʜʝʥ ʪײʨʘʪʳʥ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ. 

ʇʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽ ײʡʳʤʜʘʩʪʳʨʫ ʙʘʨʳʩʳʥʜʘ ʟʝʨʪʪʝʫʰʽʥʽש 

ʘʣʜʳʥʜʘ ʝʢʽ ʥʝʛʽʟʛʽ ʤʽʥʜʝʪ ʪʫʳʥʜʘʡʜʳ: 

- ʟʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ ʞʘסʜʘʡʜʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʙʘץʳʣʘʫ ʪʦʧʪʘʨ 

ʘʨʘʩʳʥʜʘ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʜײʨʳʩʪʳסʳʥ ʘʥʳץʪʘʫ; 

- ʧʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽש (ʦש ʥʝʤʝʩʝ ʪʝʨʽʩ) ʥᴅʪʠʞʝʣʝʨʽʥ ʝʩʝʧʢʝ ʘʣʫ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽ ʪʠʽʤʜʽ ʞʦʩʧʘʨʣʘʫ װʰʽʥ ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳ ʤʝʥ ʤʽʥʜʝʪʪʝʨʽʥ 

ʥʘץʪʳ ʘʥʳץʪʘʫ, ʵʢʩʧʝʨʠʤʝʥʪ ᴇʪʢʽʟʫ ʰʘʨʪʪʘʨʳʥ ʙʝʣʛʽʣʝʫ, ʟʝʨʪʪʝʣʝʪʽʥ ʤᴅʩʝʣʝʥʽש 

ʙʘʩʪʘʧץʳ ʜʝשʛʝʡʽʥ ʘʡץʳʥʜʘʫ, ʩʦʥʜʘʡ-ʘץ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʞᴅʥʝ ʪᴅʨʙʠʝ 

 ʳʟʜʳ ʙʦʣʳʧשʘʪʳʥʘʩ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʫ ʤʘץ-ʘʨʳʤץ ʜʝʨʽʩʽʥʜʝʛʽ ᴇʟʘʨʘװ

ʪʘʙʳʣʘʜʳ. 

ɹʽʟʜʽש ʟʝʨʪʪʝʫʽʤʽʟ ʘʷʩʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʞײʤʳʩʪʘʨ ʙʘʨʳʩʳʥʜʘ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʞʘשʘ ᴅʜʽʩʪʝʤʝʣʝʨʽ, 

ᴅʜʽʩʪʝʨʽ ʤʝʥ ʬʦʨʤʘʣʘʨʳ ץʦʣʜʘʥʳʣʜʳ. 

ʊᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥʽש 

ʤʘשʳʟʜʳ ʪװʨʣʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʟʝʨʪʪʝʫʽʤʽʟʜʽש 

ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʽʥ ײץʨʘסʘʥ ʙʽʨץʘʪʘʨ סʘʣʳʤʜʘʨʜʳס שʳʣʳʤʠ 

ʝשʙʝʢʪʝʨʽʥʝ ʞᴅʥʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʤᴅʥʽ ʪʫʨʘʣʳ סʳʣʳʤʠ 

ʢᴇʟץʘʨʘʩʪʘʨʳʥʘ ʪʦץʪʘʣʳʧ ᴇʪʢʝʥ ʞᴇʥ. 

ʄᴅʩʝʣʝʥ, ɹʫʭʘʨʝʚʘ ɻ.ɼ. [138] ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʳ 

ʧʝʜʘʛʦʛʠʢʘʣʳװ ץʜʝʨʽʩʪʽ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ, ʢʝʡʽʥʥʝʥ ʦʥʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʤʘץʩʘʪʪʳ ʪװʨʜʝ ʝʥʛʽʟʽʣʝʪʽʥ ᴇʟʛʝʨʽʩʪʝʨ ʞװʡʝʩʽ ʨʝʪʽʥʜʝ 

 ʣײʤʳʩ ʙײʧʽʢʽʨʽʥʰʝ, çʊᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞ שʘʨʘʩʪʳʨʘʜʳ. ʆʥʳץ

ʧʝʜʘʛʦʛʠʢʘʣʳװ ץʜʝʨʽʩʢʝ ʙʽʣʽʤ ʙʝʨʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʝʥʛʽʟʽʣʝʪʽʥ 

ʞᴅʥʝ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʘסʘʣʘʥʫʳ ʤװʤʢʽʥ ᴇʟʛʝʨʽʩʪʝʨ. ɹײʣ ʞײʤʳʩʪʳש ʥᴅʪʠʞʝʣʝʨʽ 

ʘʨץʳʣʳ ʧʝʜʘʛʦʛʠʢʘʣʳװ ץʜʝʨʽʩ ײץʨʳʣʳʤʳʥʘ ʝʥʛʽʟʽʣʛʝʥ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʪʠʽʤʜʽʣʽʢ 

ʜᴅʨʝʞʝʩʽ, ʦʣʘʨʜʳש ʩᴅʪʪʽ ʞװʟʝʛʝ ʘʩʳʨʳʣʫ ʜʝשʛʝʡʽ ʞᴅʥʝ ʢװʪʽʣʝʪʽʥ ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ 

ʞʝʪʢʽʟʽʣʛʝʥʽ ʥʝʤʝʩʝ ʞʝʪʽʣʤʝʛʝʥʽ ʘʥʳץʪʘʣʘʜʳè. 
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ʇʝʜʘʛʦʛʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʝ ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩ ʟʝʨʪʪʝʫ 

ᴅʜʽʩʪʝʨʽʥʽש ʤʘשʳʟʜʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹײʣ ʙʘסʳʪʪʘ 

ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ סʘʣʳʤʜʘʨʜʳש ʢᴇʟץʘʨʘʩʪʘʨʳ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʤᴅʥʽ ʤʝʥ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʘʰʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʅʦʚʠʢʦʚ ɸ.ʄ. [139] ʧʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽ ʟʝʨʪʪʝʫʜʽש ʞʘʣʧʳ 

ʵʤʧʠʨʠʢʘʣʳץ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʡʜʳ, ʘʣ ʊʘʫʙʘʝʚʘ ʐ.ʊ. [161] ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽ ײʡʳʤʜʘʩʪʳʨʫ ʙʘʨʳʩʳʥʜʘ ʦʥʳ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ᴇʪʢʽʟʫ ʢʝʟʝשʜʝʨʽʥʽש 

ʙʦʣʘʪʳʥʳʥ ʘʪʘʧ ᴇʪʝʜʽ. נʘʣʳʤʥʳש ʧʘʡʳʤʜʘʫʳʥʰʘ, ʵʢʩʧʝʨʠʤʝʥʪʪʽ ᴇʪʢʽʟʫʛʝ 

ʜʘʡʳʥʜʳץ ʞײʤʳʩʪʘʨʳ ʙʽʨץʘʪʘʨ ᴅʨʝʢʝʪʪʝʨʜʝʥ ʪײʨʘʜʳ: ʵʢʩʧʝʨʠʤʝʥʪʢʝ ץʘʪʳʩʘʪʳʥ 

ʦʙʲʝʢʪʽʣʝʨʜʽץ שʘʞʝʪʪʽ ʩʘʥʳ ʪʘשʜʘʣʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʥʘץʪʳ ʞʘסʜʘʡʳʥ ʟʝʨʪʪʝʫʛʝ 

ʘʨʥʘʣסʘʥ ʘʨʥʘʡʳ ᴅʜʽʩʪʝʨ ʽʨʽʢʪʝʣʝʜʽ. ᴆʟ ʢʝʟʝʛʽʥʜʝ, ʂʫʰʥʝʨ ʖ.ɿ. [162] 

ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʝʨʝʢʰʝʣʽʛʽʥ ʟʝʨʪʪʝʫʰʽʥʽש ʧʝʜʘʛʦʛʠʢʘʣʳײץ ץʙʳʣʳʩץʘ ʪʽʢʝʣʝʡ 

ʘʨʘʣʘʩʫʳ ʘʨץʳʣʳ ʦʥʳ ʟʝʨʪʪʝʧ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ 

 ʩʽʥʜʽʨʝʜʽ. ʉʦʥʳʤʝʥװʳʪʪʘʣʘʪʳʥʳʤʝʥ ʪסʳ ʪᴅʞʽʨʠʙʝʥʽ ᴇʟʛʝʨʪʫʛʝ ʙʘסʦʣʜʘʥʳʩʪʘץ

 ʵʢʩʧʝʨʠʤʝʥʪʪʽ ץʘʪʘʨ, ʗʢʦʚʣʝʚʘ ɽ.ɺ. ʤʝʥ ʗʢʦʚʣʝʚʘ ʅ.ʆ. [163] ʧʝʜʘʛʦʛʠʢʘʣʳץ

 ʳʥ ʦʙʲʝʢʪʠʚʪʽ ʞᴅʥʝ ʜᴅʣʝʣʜʽ ʪʝʢʩʝʨʫʛʝסʨʳʩʪʳײʜ שʳʣʳʤʠ ʙʦʣʞʘʤʥʳס ʘʥסʩʳʥʳʣײ

ʙʘסʳʪʪʘʣסʘʥ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥʽש ʢʝʰʝʥʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʘʜʳ. 

 ,ʪʘʤʘʣʘʨʳʥ ʩʘʨʘʣʘʡ ʢʝʣʝץʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʘʥʳסʞʦ שʘʣʳʤʜʘʨʜʳנ

ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʤʝʥ ʞװʨʛʽʟʫʜʽש ʥʝʛʽʟʛʽ 

ʪʘʣʘʧʪʘʨʳ ʤʝʥ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʪᴇʤʝʥʜʝʛʽʜʝʡ ץʦʨʳʪʳʥʜʳʣʘʫסʘ ʙʦʣʘʜʳ: 

- ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʳ ײʡʳʤʜʘʩʪʳʨʫ ʙʘʨʳʩʳʥʜʘ 

ʟʝʨʪʪʝʫʰʽ ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽʥʝ ץʘʪʳʩʪʳ ʞʘʥ-ʞʘץʪʳ ʞᴅʥʝ ʥʘץʪʳ ʘץʧʘʨʘʪץʘ ʠʝ 

ʙʦʣʫʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʟʝʨʪʪʝʣʝʪʽʥ ʧʝʜʘʛʦʛʠʢʘʣʳװ ץʜʝʨʽʩʪʽש ʪʽʢʝʣʝʡ ץʘʪʳʩʫʰʳʩʳ 

ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʫʽ ץʘʞʝʪ; 

- ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʤʘץʩʘʪʳ, ʦʥʳש ʥʝʛʽʟʛʽ ᴇʣʰʝʤʜʝʨʽ, ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨʽ 

ʤʝʥ ʟʝʨʪʪʝʫ ײץʨʘʣʜʘʨʳ ʘʣʜʳʥ ʘʣʘ ʥʘץʪʳ ʘʡץʳʥʜʘʣʫʳ ʪʠʽʩ; 

- ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ ʞᴅʥʝ ץʦʡʳʣסʘʥ סʳʣʳʤʠ ʙʦʣʞʘʤʥʳש 

ʜײʨʳʩʪʳסʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʪʠʽʤʜʽ ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣʜʘʨ ʤʝʥ ʙʘסʘʣʘʫ 

ʢʨʠʪʝʨʠʡʣʝʨʽʥ ʜײʨʳʩ ʪʘשʜʘʫ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸʪʘʣסʘʥ ʪʝʦʨʠʷʣʳץ ʝʨʝʞʝʣʝʨʜʽ ʙʘʩʰʳʣʳץץʘ ʘʣʘ ʦʪʳʨʳʧ, ʙʽʟʜʽש ʟʝʨʪʪʝʫ 

ʞײʤʳʩʳʤʳʟʜʳש ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʙᴇʣʽʛʽ װʰ ʢʝʟʝשʛʝ ʙᴇʣʽʥʽʧ 

-ʪᴅʞʽʨʠʙʝʣʽʢ שʤʳʩʳʥʳײʘʥʜʘ, ʟʝʨʪʪʝʫ ʞץʡʳʤʜʘʩʪʳʨʳʣʜʳ. ɸʪʘʧ ʘʡʪײ

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʢʝʟʝשʜʝʨʽ ʪᴇʤʝʥʜʝʛʽʜʝʡ ʞʽʢʪʝʣʜʽ: 

- ʘʡץʳʥʜʘʫʰʳ ʢʝʟʝש; 

 ;שʘʣʳʧʪʘʩʪʳʨʫʰʳ ʢʝʟʝץ -

 .שʦʨʳʪʳʥʜʳ ʢʝʟʝץ -

ᴄʨ ʢʝʟʝשʥʽש ᴇʟʽʥʝ ʪᴅʥ ʤʘץʩʘʪʪʘʨʳ, ʤʽʥʜʝʪʪʝʨʽ ʞᴅʥʝ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽ 

ʘʡץʳʥʜʘʣʳʧ, ʥʘץʪʳ סʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʤʳʟʜʳש ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʢʝʟʝשʽ 2018ï2019 ʦץʫ 

ʞʳʣʳʥʘʥ ʙʘʩʪʘʧ, 2024-2025 ʦץʫ ʞʳʣʜʘʨʳ ʘʨʘʣʳסʳʥʜʘ ʢʝʟʝש-ʢʝʟʝשʽʤʝʥ 

ʞװʨʛʽʟʽʣʜʽ. ʊᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʘʨʜʳש ʙʘʟʘʣʳץ ʘʣʘשʜʘʨʳ ʨʝʪʽʥʜʝ 

ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ᴆ.ɾᴅʥʽʙʝʢʦʚ 

ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ ʞᴅʥʝ ʍ.ɸ.ʗʩʩʘʫʠ 

ʘʪʳʥʜʘסʳ ʍʘʣʳץʘʨʘʣʳץ ץʘʟʘץ-ʪװʨʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ ʪʘשʜʘʣʳʧ ʘʣʳʥʜʳ. 
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ɿʝʨʪʪʝʫ ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʞʘסʜʘʡʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʙʽʣʽʤ, ʙʽʣʽʢ 

ʞᴅʥʝ ʜʘסʜʳʣʘʨʳʥ ʤʘץʩʘʪʪʳ ʪװʨʜʝ ʘʨʪʪʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. ʆʩʳ ʤʘץʩʘʪץʘ ʞʝʪʫ 

ʞᴅʥʝ ײʩʳʥʳʣסʘʥ סʳʣʳʤʠ ʙʦʣʞʘʤʥʳש ʜײʨʳʩʪʳסʳʥ ʥʝʛʽʟʜʝʫ װʰʽʥ ʟʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʝʢʽ ʪʦʧץʘ ʙᴇʣʽʥʜʽ: ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧ ʞᴅʥʝ ʙʘץʳʣʘʫ 

ʪʦʙʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʙʘץʳʣʘʫ ʪʦʙʳ ʨʝʪʽʥʜʝ ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ 

 ʩʪʘʥץʘʟʘפ ʩʪʽʢװʪשʳ ʆסʩʪʘʥ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ,  ᴆ.ɾᴅʥʽʙʝʢʦʚ ʘʪʳʥʜʘץʘʟʘפ

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ ʞᴅʥʝ ʍ.ɸ.ʗʩʩʘʫʠ ʘʪʳʥʜʘסʳ ʍʘʣʳץʘʨʘʣʳץ ץʘʟʘץ-

ʪװʨʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʳ ʪʘשʜʘʣʜʳ. ɹײʣ ʪʦʧʪʘסʳ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʤʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʘʨʥʘʡʳ ᴅʜʽʩʪʝʤʝʣʽʢ ʞײʤʳʩʪʘʨ ײʡʳʤʜʘʩʪʳʨʳʣʜʳ. ɸʣ ʙʘץʳʣʘʫ ʪʦʙʳ ʨʝʪʽʥʜʝ 

ʘʣʳʥסʘʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʜᴅʩʪװʨʣʽ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʙʽʣʽʤ ʘʣʜʳ. 

ʆʩʳʣʘʡʰʘ, ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʢʝʟʝשʽ 

 ʳʣʘʫץʘ ʩᴅʡʢʝʩ ʞʦʩʧʘʨʣʘʥʳʧ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʙʘסʳʣʳʤʠ ʪʘʣʘʧʪʘʨס

ʪʦʧʪʘʨʳʥʳץ שʘʪʳʩʫʳʤʝʥ ʞװʡʝʣʽ ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʝʨʪʪʝʫ ʞײʤʳʩʳ ʘʷʩʳʥʜʘ ç6ɺ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ 

ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʰʝשʙʝʨʽʥʜʝ ʞװʨʛʽʟʽʣʛʝʥ ʢʝʣʝʩʽ ʧᴅʥʜʝʨ ʪᴅʞʽʨʠʙʝʛʝ-

ʙʘסʜʘʨʣʘʥסʘʥ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ: çɸץʧʘʨʘʪʪʳץ-

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ 

ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨè. ʉʦʥʜʘʡ-ʘץ, ç7ʄ01535 ï STEM ʙʽʣʽʤ ʙʝʨʫè ʞᴅʥʝ ç7ʄ01530 ï 

ʀʥʬʦʨʤʘʪʠʢʘè ʤʘʛʠʩʪʨʘʪʫʨʘ ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʘʷʩʳʥʜʘ ʦץʳʪʳʣʘʪʳʥ 

çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʜʝʨʽ ʜʝ ʦʩʳ 

ᴅʜʽʩʥʘʤʘʣʳײ ץʩʪʘʥʳʤʜʘʨ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ɸʪʘʣסʘʥ ʧᴅʥʜʝʨ 

ʰʝשʙʝʨʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ ʢᴅʩʽʙʠ ץʳʟʤʝʪʪʝ ʪʠʽʤʜʽ 

 .ʦʡʳʣʜʳץ ʩʘʪ ʨʝʪʽʥʜʝץʘʣʳʧʪʘʩʪʳʨʫ ʥʝʛʽʟʛʽ ʤʘץ ʜʳʣʘʨʳʥסʦʣʜʘʥʫ ʜʘץ

ɿʝʨʪʪʝʫ ʘʷʩʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩץʘ ʞʘʣʧʳ 

ʩʘʥʳ 322 ʙʽʣʽʤ ʘʣʫʰʳ ץʘʪʳʩʪʳ. ʆʥʳש ʽʰʽʥʜʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧץʘ ï 164 ʙʽʣʽʤ 

ʘʣʫʰʳ, ʘʣ ʙʘץʳʣʘʫ ʪʦʙʳʥʘ ï 158 ʙʽʣʽʤ ʘʣʫʰʳ ʝʥʛʽʟʽʣʜʽ. ʄײʥʜʘʡ ʙᴇʣʫ 

ʵʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʦʙʲʝʢʪʠʚʪʽ ʙʘסʘʣʘʥʫʳʥ 

 ʪʠʽʤʜʽʣʽʛʽʥ שʦʣʜʘʥʫʜʳץ ʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥץ

ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘסʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʘʨʥʘʡʳ ᴅʟʽʨʣʝʥʛʝʥ 

ᴅʜʽʩʪʝʤʝʣʝʨ ʙʦʡʳʥʰʘ ʦץʳʪʳʣʜʳ. ɸʣ ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘסʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ 

ʜᴅʩʪװʨʣʽ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʙʽʣʽʤ ʘʣʜʳ. 

ʆʩʳʣʘʡʰʘ, ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʩʘʣʳʩʪʳʨʫ ʞᴅʥʝ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʞײʤʳʩʪʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ʝʢʽ ʪʦʧʪʳש 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʩʘʨʘʧʪʘʣʳʧ, ʪʘʣʜʘʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʜʽ. 

ɹʽʨʽʥʰʽ ʢʝʟʝש ï ʘʡץʳʥʜʘʫʰʳ (2018ï2019 ʦץʫ ʞʳʣʳ) ʢʝʟʝשʜʝ ʟʝʨʪʪʝʫ 

ʞײʤʳʩʳʥʳש ʪʘץʳʨʳʙʳ, ᴇʟʝʢʪʽʣʽʛʽ, ʤʘץʩʘʪʳ, ʥʳʩʘʥʳ, ʧᴅʥʽ, ʙʦʣʞʘʤʳ, סʳʣʳʤʠ 

ʞʘשʘʣʳסʳ ʞᴅʥʝ ʤʽʥʜʝʪʪʝʨʽ ʥʘץʪʳ ʘʡץʳʥʜʘʣʜʳ. ɿʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ ʤᴅʩʝʣʝ 
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ʙʦʡʳʥʰʘ ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ סʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ᴅʜʝʙʠʝʪʪʝʨ ʤʝʥ 

 ʘʪʘʨ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫץ ʘʣʘʣʘʨ ʽʨʽʢʪʝʣʽʧ, ʪʘʣʜʘʫ ʞʘʩʘʣʜʳ. ʉʦʥʳʤʝʥץʳʣʳʤʠ ʤʘס

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʘʨʥʘʣסʘʥ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥʝ ץʘʪʳʩʪʳ ʰʝʪʝʣ ʞᴅʥʝ 

ʦʪʘʥʜʳץ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʪᴅʞʽʨʠʙʝʣʝʨʽ ʟʝʨʪʪʝʣʽʧ, ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. ʆʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʰʝʪʝʣʜʽʢ סʳʣʳʤʠ ʜᴅʡʝʢʩᴇʟ ʠʥʜʝʢʩʽʤʝʥ 

ʠʥʜʝʢʩʪʝʣʝʪʽʥ ʞʫʨʥʘʣʜʘʨʜʘ סʳʣʳʤʠ ʤʘץʘʣʘʣʘʨ ʨʝʪʽʥʜʝ ʞʘʨʠʷʣʘʥʜʳ. 

ʆʩʳ ʢʝʟʝשʜʝ ʟʝʨʪʪʝʫʜʽש ʥʝʛʽʟʛʽ סײʳʤʜʘʨʳ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʘʨʥʘʣסʘʥ ʘʧʧʘʨʘʪʪʳץ-ʧʨʦʛʨʘʤʤʘʣʳץ ʥʝʛʽʟʜʝʨ 

ʞᴅʥʝ ʟʝʨʪʪʝʫʜʽס שʳʣʳʤʠ ʘʧʧʘʨʘʪʳ ץʘʣʳʧʪʘʩʪʳʨʳʣʜʳ. 

ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ 

ʜʘʡʳʥʜʳסʳʥʳש ʜʝשʛʝʡʽʥ, ʙʽʣʽʤ ʜʝשʛʝʡʽ ʤʝʥ ʤʦʪʠʚʘʮʠʷʩʳʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ 

ʩʘʫʘʣʥʘʤʘʣʘʨ ᴅʟʽʨʣʝʥʽʧ, ʘʡץʳʥʜʘʫʰʳ ʵʢʩʧʝʨʠʤʝʥʪ ײʡʳʤʜʘʩʪʳʨʳʣʜʳ. 

ɸʡץʳʥʜʘʫʰʳ ʵʢʩʧʝʨʠʤʝʥʪ ʝʢʽ ʥʝʛʽʟʛʽ ʙʘסʳʪ ʙʦʡʳʥʰʘ ײʡʳʤʜʘʩʪʳʨʳʣʜʳ: 

ɹʽʨʽʥʰʽ ʙʘסʳʪ ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ʪʘʣʜʘʫ ç6ɺ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè 

ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ çɸץʧʘʨʘʪʪʳץ-

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ 

ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨè, ʩʦʥʜʘʡ-ʘץ ç7ʄ01535 ï STEM ʙʽʣʽʤ ʙʝʨʫè ʞᴅʥʝ ç7ʄ01530 ï 

ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘסʳ çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʜʝʨʽʥʽש ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʙʽʣʽʤ ʙʝʨʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘ ʞʦʩʧʘʨʣʘʥʫ ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʫסʘ ʙʘסʳʪʪʘʣʜʳ. 

ʆʩʳ ʤʘץʩʘʪʪʘ ʘʪʘʣסʘʥ ʧᴅʥʜʝʨʜʽש ʙʽʨʥʝʰʝ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʦץʫ 

ʞʦʩʧʘʨʣʘʨʳʥʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. ʊʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʟʝʨʪʪʝʣʽʧ 

ʦʪʳʨסʘʥ ʧᴅʥʜʝʨʜʽש ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ʝʥʛʽʟʽʣʫ ʜʝשʛʝʡʽ ʤʝʥ ʝʨʝʢʰʝʣʽʢʪʝʨʽ 

ʘʡץʳʥʜʘʣʳʧ, ʦʨʳʥ ʘʣʳʧ ʦʪʳʨסʘʥ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨ ʤʝʥ ʧʨʦʙʣʝʤʘʣʳץ ʘʡʤʘץʪʘʨ 

ʘʥʳץʪʘʣʜʳ. 

ɽʢʽʥʰʽ ʙʘסʳʪ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳʥ ʙʘסʘʣʘʫ 

ç6ɺ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʰʝשʙʝʨʽʥʜʝ ʞװʨʛʽʟʽʣʽʧ 

ʦʪʳʨסʘʥ çɸץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ 

ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ 

ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè, ʩʦʥʜʘʡ-ʘץ ç7ʄ01535 ï STEM ʙʽʣʽʤ ʙʝʨʫè 

ʞᴅʥʝ ç7ʄ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘסʳ çɺʠʨʪʫʘʣʜʳ 

ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʘʣסʘʥ ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʫ ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʫסʘ ʙʘסʳʪʪʘʣʜʳ. 

ɹײʣ ʙʘסʳʪ ʘʷʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ ʧʨʘʢʪʠʢʘʣʳץ 

ʪʘʧʩʳʨʤʘʣʘʨ ʤʝʥ ʥʘץʪʳ ʞʘסʜʘʡʣʘʨʜʘ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʘסʘʣʘʥʳʧ, ʦʣʘʨʜʳש 

ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʳʥʳץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽ ʟʝʨʜʝʣʝʥʜʽ. 

ɸʡץʳʥʜʘʫʰʳ ʵʢʩʧʝʨʠʤʝʥʪ ʢʝʟʝשʽʥʜʝ ʩʘʫʘʣʥʘʤʘ ʞײʤʳʩʳ ʧᴅʥʜʽ ʪʦʣʳץ 

ʤʝשʛʝʨʽʧ ʘʷץʪʘסʘʥ 2-4 ʢʫʨʩ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʳ ʘʨʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽש ʘʡץʳʥʜʘʫʰʳ ʢʝʟʝשʽ ʙʘʨʳʩʳʥʜʘ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʳ ʘʨʘʩʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ (VM, VR ʞᴅʥʝ AR) 

ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʜʝ ץʦʣʜʘʥʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʩʘʫʘʣʥʘʤʘ 

ᴅʟʽʨʣʝʥʜʽ. ʉʘʫʘʣʥʘʤʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 
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ʙʦʡʳʥʰʘ ʙʘʩʪʘʧץʳ ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ, ʧʨʘʢʪʠʢʘʣʳץ ʙʽʣʽʢʪʝʨʽ ʤʝʥ 

ʜʘסʜʳʣʘʨʳʥ ʘʥʳץʪʘʫסʘ ʙʘסʳʪʪʘʣʜʳ. 

ʉʘʫʘʣʥʘʤʘ ʞʘʣʧʳ 11 ʩײʨʘץ ʙʦʡʳʥʰʘ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʪᴇʤʝʥʜʝʛʽ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ: 

- ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʪʫʨʘʣʳ ʭʘʙʘʨʜʘʨ ʙʦʣʫ ʜʝשʛʝʡʽ; 

- VM, VR ʞᴅʥʝ AR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʫ װʜʝʨʽʩʽʥʜʝ ץʦʣʜʘʥʫ ʪᴅʞʽʨʠʙʝʩʽ; 

- ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽ; 

- ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫʜʘ ʢʝʟʜʝʩʝʪʽʥ ץʠʳʥʜʳץʪʘʨ ʤʝʥ ײʩʳʥʳʩʪʘʨ. 

ʉʘʫʘʣʥʘʤʘʥʳ ʞװʨʛʽʟʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʢʝשʽʥʝʥ 

 ʳ Google Forms ʩʝʨʚʠʩʽסʦʣʜʘʥʳʣʘʪʳʥ Google ʜʠʩʢ ʧʣʘʪʬʦʨʤʘʩʳʥʜʘץ

 ʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝײ ʣ ʧʣʘʪʬʦʨʤʘ ʩʘʫʘʣʥʘʤʘʥʳײʦʣʜʘʥʳʣʜʳ (62-ʩʫʨʝʪ). ɹץ

ʜʝʨʝʢʪʝʨʜʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʞʠʥʘץʪʘʫ װʰʽʥ ʪʠʽʤʜʽ ײץʨʘʣ ʨʝʪʽʥʜʝ ʪʘשʜʘʣʜʳ. 

 

 
 

ʉʫʨʝʪ 57 ï Google ʜʠʩʢ ץʳʟʤʝʪʽʥʽש Google form ʙᴇʣʽʤʽ ʘʨץʳʣʳ ʞʘʩʘʣסʘʥ 

ʩʘʫʘʣʥʘʤʘʜʘʥ װʟʽʥʜʽ 
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ʉʘʫʘʣʥʘʤʘסʘ ʞʘʫʘʧ ʞʽʙʝʨʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ʦʥʳש ʥᴅʪʠʞʝʣʝʨʽʥ ʙʽʨʜʝʥ ʢᴇʨʫ 

ʤװʤʢʽʥʜʽʛʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɹײʣ ᴅʜʽʩʪʽש ʘʨʪʳץʰʳʣʳסʳ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʞʘʫʘʧ 

ʙʝʨʫ ʫʘץʳʪʳ ʤʝʥ ʞʘʫʘʧʪʘʨʳʥʳש ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ Google ʢʝʩʪʝʣʝʨʽʥʜʝ ʩʘץʪʘʣʫʳ 

ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽש ʜʘʡʳʥ ʜʠʘʛʨʘʤʤʘʣʘʨ ʪװʨʽʥʜʝ ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʢᴇʨʩʝʪʽʣʫʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʜײʨʳʩ ʞʘʫʘʧʪʘʨʜʳש ʧʘʡʳʟʜʳװ ץʣʝʩʽ ʜʝ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ 

ʝʩʝʧʪʝʣʝʜʽ, ʙײʣ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴇשʜʝʫ 

 ʳ ᴅʨʙʽʨסʰʳʣʳץʳ ʙʽʨ ʘʨʪʳסʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. Google Forms ʪʘװʰʽʥ ʪʠʽʤʜʽ ʤװ

ʦץʳʪʫʰʳʥʳש ʪʝʩʪ ʪʘʧʩʳʨʤʘʣʘʨʳ ʤʝʥ ʩʘʫʘʣʥʘʤʘʣʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫʳ, ᴇʪʢʽʟʫʽ 

ʞᴅʥʝ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʞʳʣʜʘʤ ʘʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ 

ʩʘʫʘʣʥʘʤʘ ʞװʨʛʽʟʫ ʞᴅʥʝ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ װʰʽʥ Google Forms 

ʧʣʘʪʬʦʨʤʘʩʳʥʳש ʦʩʳ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʉʘʫʘʣʥʘʤʘ 

ʥᴅʪʠʞʝʣʝʨʽʥʝ ʪʦץʪʘʣʩʘץ: 
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1) ʩʘʫʘʣʥʘʤʘסʘ ץʘʪʳʩʫʰʳʥʳש ʞʘʩʳ ʘʥʳץʪʘʣʜʳ; 

2) ʙʦʡʳʥʰʘ ʨʝʩʧʦʥʜʝʥʪʪʽש ʪʠʽʩʪʽ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʩʽʥʝ ץʘʪʳʩʪʳʣʳסʳ (ʦץʫ 

ʦʨʥʳʥʳש ʘʪʘʫʳ) ʥʘץʪʳʣʘʥʜʳ; 

3) çʉʽʟʛʝ ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʥʝʤʝʩʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʘʡʳʣʳץ (AR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʪʘʥʳʩ ʧʘ?è ɹײʣ ʩײʨʘץ ʙʦʡʳʥʰʘ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʙʝʨʛʝʥ ʞʘʫʘʧʪʘʨʳʥʘʥ ʚʠʨʪʫʘʣʜʳ (VR) ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʘʡʳʣʳץ (AR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʪʫʨʘʣʳ ʭʘʙʘʨʳ ʙʘʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʩʘʥʳ 

31,71%, ʘʣ 68,29%-ʥʳש ʚʠʨʪʫʘʣʜʳ (VR) ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ (AR) 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʪʫʨʘʣʳ ʤװʣʜʝʤ ʭʘʙʘʨʳ ʞʦץ ʙʦʣʳʧ ʰʳץʪʳ (58-ʩʫʨʝʪ).  

 
ʉʫʨʝʪ 58 ï çʉʽʟʛʝ ʙʽʣʽʤ ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʥʝʤʝʩʝ 

ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ (AR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʪʘʥʳʩ ʧʘ?è ʩʘʫʘʣʥʘʤʘʩʳʥʘ 

 ʞʘʫʘʧʪʘʨʳ שʘʪʳʩʫʰʳʣʘʨʜʳץ
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ɼʝʤʝʢ, 31,71% ʙʽʣʽʤ ʘʣʫʰʳ סʘʥʘ ʚʠʨʪʫʘʣʜʳ (VR) ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʘʡʳʣʳץ (AR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ ʪʘʥʳʩ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ.  

4) çʉʽʟ ʦץʫ ʤʘץʩʘʪʳʥʜʘ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץ (VR) ʥʝʤʝʩʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʘʡʳʣʳץ (AR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʜʳשʳʟ ʙʘ?è ɹײʣ ʩײʨʘץ ʙʦʡʳʥʰʘ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʙʝʨʛʝʥ ʞʘʫʘʧʪʘʨʳʥʘʥ ʦץʫ ʤʘץʩʘʪʳʥʜʘ ʚʠʨʪʫʘʣʜʳ hr ʥʘʡʳʣʳץ 

(VR) ʥʝʤʝʩʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ (AR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥסʘʥʜʘʨ ʩʘʥʳ 

38,71%, ʘʣ 61,29%-ʥʳש ʚʠʨʪʫʘʣʜʳ (VR) ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ (AR) 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʫ ʤʘץʩʘʪʳʥʜʘ ץʦʣʜʘʥʙʘסʘʥ. ɼʝʤʝʢ, 38,71% ʙʽʣʽʤ ʘʣʫʰʳ סʘʥʘ 

ʦץʫ ʤʘץʩʘʪʳʥʜʘ ʚʠʨʪʫʘʣʜʳ ʰr ʥʘʡʳʣʳץ (VR) ʥʝʤʝʩʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʘʡʳʣʳץ 

(AR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥסʘʥ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. 

5) çʆץʫ װʜʝʨʽʩʽʥʜʝ VR ʥʝʤʝʩʝ AR ץʘʥʰʘʣʳץʪʳ ʞʠʽ ץʦʣʜʘʥʜʳשʳʟ?è ɹײʣ 

ʩײʨʘץ ʞʘʫʘʙʳʥʳש ʥᴅʪʠʞʝʩʽʥʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫ ʤʘשʳʟʜʳʣʳסʳʥ ʪװʩʽʥʝʪʽʥʜʽʛʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ᴆʡʪʢʝʥʽ 

ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʞʘʨʪʳʩʳ, ʷסʥʠ 50%-ʳ ʦץʫ װʜʝʨʽʩʽʥʜʝ VR ʥʝʤʝʩʝ AR ʪײʨʘץʪʳ 

ʪװʨʜʝ ץʦʣʜʘʥʘʪʳʥʳʥ ʘʡʪץʘʥ. 
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6) çVR ʥʝʤʝʩʝ AR ʢᴇʤʝʛʽʤʝʥ ץʘʥʜʘʡ ʧᴅʥʜʝʨʜʽ/ʢʫʨʩʪʘʨʜʳ ʦץʳʜʳשʳʟ?è ɹײʣ 

ʩײʨʘץ ʞʘʫʘʙʳʥʳש ʥᴅʪʠʞʝʩʽʥʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʞʘʨʪʳʩʳʥʘʥ ʢᴇʧʰʽʣʽʛʽ, ʷסʥʠ 

57%-ʳ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʜʝʨʽʥ ʪʘשʜʘסʘʥ. 

7) çVR / AR ʧʘʡʜʘʣʘʥʫ ʩʽʟʛʝ ʦץʫʜʘ ץʘʥʰʘʣʳץʪʳ ʪʠʽʤʜʽ ʙʦʣʜʳ?è ɹײʣ ʩײʨʘץ 

ʞʘʫʘʙʳʥʳש ʥᴅʪʠʞʝʩʽʥʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʞʘʨʪʳʩʳ, ʷסʥʠ 50%-ʳ ᴇʪʝ ʪʠʽʤʜʽ ʜʝʧ 

ʞʘʫʘʧ ʙʝʨʛʝʥ. ʉʝʙʝʙʽ, ʦʣʘʨ ʦץʫ װʜʝʨʽʩʽʥʜʝ VR ʥʝʤʝʩʝ AR ʪײʨʘץʪʳ ʪװʨʜʝ 

 .ʘʥסʦʣʜʘʥץ

8) çʆץʳʪʫʜʘ VR / AR ʳסשʘʡʣʳʣʳסʳʥ ץʘʣʘʡ ʙʘסʘʣʘʡʩʳʟ?è ɹײʣ ʩײʨʘץ 

ʞʘʫʘʙʳʥʳש ʥᴅʪʠʞʝʩʽʥʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʞʘʨʪʳʩʳ, ʷסʥʠ 50%-ʳ ᴇʪʝ ʳסשʘʡʣʳ 

ʜʝʧ ʞʘʫʘʧ ʙʝʨʛʝʥ. ʉʝʙʝʙʽ, ʦʣʘʨ ʦץʫ װʜʝʨʽʩʽʥʜʝ VR ʥʝʤʝʩʝ AR ʪײʨʘץʪʳ ʪװʨʜʝ 

 .ʘʥסʦʣʜʘʥץ

9) çʆץʫ װʜʝʨʽʩʽʥʜʝ VR ʞᴅʥʝ AR ʧʘʡʜʘʣʘʥʫʜʳץ שʘʥʜʘʡ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ 

ʢᴇʨʝʩʽʟ?è ɹײʣ ʩײʨʘץ ʞʘʫʘʙʳʥʳש ʥᴅʪʠʞʝʩʽʥʝʥ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ41% ש-ʳ 

çʤʘʪʝʨʠʘʣʜʳ ʪʝʨʝשʽʨʝʢ ʪװʩʽʥʫè ʜʝʩʝ, 38%-ʳ çץʳʟʳץʪʳ ʞᴅʥʝ ʠʥʪʝʨʘʢʪʠʚʪʽʣʽʢè 

ʜʝʧ ʞʘʫʘʧ ʙʝʨʛʝʥ (59-ʩʫʨʝʪ). ʉʝʙʝʙʽ, ʦʣʘʨ ʦץʫ װʜʝʨʽʩʥ̔ʜʝ ʪײʨʘץʪʳ ʪװʨʜʝ ʞᴅʥʝ ᴇʪʝ 

ʪʠʽʤʜʽ ץʦʣʜʘʥסʘʥʜʘʨ. 

 

 
 

ʉʫʨʝʪ 59 - çʆץʫ װʜʝʨʽʩʽʥʜʝ VR ʞᴅʥʝ AR ʧʘʡʜʘʣʘʥʫʜʳץ שʘʥʜʘʡ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʢᴇʨʝʩʽʟ?è ʩʘʫʘʣʥʘʤʘʩʳʥʘ ץʘʪʳʩʫʰʳʣʘʨʜʳש ʞʘʫʘʧʪʘʨʳ 
 

10) çʆץʳʪʫʜʘ VR ʥʝʤʝʩʝ AR ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ץʘʥʜʘʡ ʧʨʦʙʣʝʤʘʣʘʨ ʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʛʝ ʪʘʧ ʙʦʣʜʳשʳʟ?è ɹײʣ ʩײʨʘץ ʞʘʫʘʙʳʥʳש ʥᴅʪʠʞʝʩʽʥʝʥ 

ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ37% ש-ʳ çʘʧʧʘʨʘʪʪʳץ ʘץʘʫʣʘʨè ʜʝʩʝ, 29%-ʳ çʦץʳʪʫʰʳʥʳש 

ʪʠʽʩʪʽ ʜʘʡʳʥʜʳסʳʥʳש ʙʦʣʤʘʫʳè ʜʝʛʝʥ, ʘʣ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ27% ש-ʳ 

çʪʝʭʥʦʣʦʛʠʷʥʳץ שʦʣ ʞʝʪʽʤʜʽʣʽʛʽ ʪᴇʤʝʥè ʜʝʧ  ʞʘʫʘʧ ʙʝʨʛʝʥ (60-ʩʫʨʝʪ). ʉʝʙʝʙʽ, 

ʦʣʘʨ ʦץʫ װʜʝʨʽʩʽʥʜʝ VR ʞᴅʥʝ AR ʪײʨʘץʪʳ ʪװʨʜʝ ץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘ ʦʩʳʥʜʘʡ 

ʧʨʦʙʣʝʤʘʣʘʨסʘ ʪʘʧ ʙʦʣסʘʥ. 
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ʉʫʨʝʪ 60 ï çʆץʳʪʫʜʘ VR ʥʝʤʝʩʝ AR ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ץʘʥʜʘʡ 

ʧʨʦʙʣʝʤʘʣʘʨ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʛʝ ʪʘʧ ʙʦʣʜʳשʳʟ?è ʩʘʫʘʣʥʘʤʘʩʳʥʘ 

 ʞʘʫʘʧʪʘʨʳ שʘʪʳʩʫʰʳʣʘʨʜʳץ

 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

11) çʆץʳʪʫʜʘ VR ʞᴅʥʝ AR ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʥʝʥʽ ᴇʟʛʝʨʪʝʨ ʝʜʽשʽʟ ʥʝʤʝʩʝ 

ʞʘץʩʘʨʪʘʨ ʝʜʽשʽʟ?è ɹײʣ ʩײʨʘץ ʘʰʳץ ʩײʨʘץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʙײʣ 

ʩײʨʘץץʘ ʨʝʩʧʦʥʜʝʥʪʪʝʨ ᴅʨʪװʨʣʽ ʞʘʫʘʧʪʘʨ ʞʘʟסʘʥ. 

ʉʘʫʘʣʥʘʤʘ ʩײʨʘץʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʧ, ʤʳʥʘʜʘʡ ץʦʨʳʪʳʥʜʳסʘ 

ʢʝʣʜʽʢ: 

- ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢᴇʧʰʽʣʽʛʽ ʚʠʨʪʫʘʣʜʳ (VR) ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʘʡʳʣʳץ (AR) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ ʪʘʥʳʩ ʝʤʝʩ ʞᴅʥʝ ʦʣʘʨʜʳ ʦץʫ װʜʝʨʽʩʽʥʜʝ 

ʩʠʨʝʢ ץʦʣʜʘʥʘʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʪʫʨʘʣʳ ʭʘʙʘʨʳ ʙʘʨ ʩʪʫʜʝʥʪʪʝʨ ʩʘʥʳ ʘʟ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣʘʨʜʳ ʢʝשʽʥʝʥ ʥʘʩʠʭʘʪʪʘʫ ʞᴅʥʝ ʦץʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʘ ʝʥʛʽʟʫ 

 ;ʘʣʘʜʳץʘʞʝʪʪʽʛʽ ʙʘʡץ

- VR ʞᴅʥʝ AR ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʞʘץʩʳ ʪװʩʽʥʫʛʝ ʞᴅʥʝ 

ʦץʳʪʫ װʜʝʨʽʩʽʥ ץʳʟʳץʪʳ ᴅʨʽ ʠʥʪʝʨʘʢʪʠʚʪʽ ʝʪʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ʆʣʘʨʜʳ ʪײʨʘץʪʳ 

ʪװʨʜʝ ץʦʣʜʘʥסʘʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʙײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʞʦסʘʨʳ 

ʙʘסʘʣʘסʘʥ; 

- VR ʞᴅʥʝ AR ץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘ ʪʝʭʥʠʢʘʣʳץ ʞʘʙʜʳץʪʘʨʜʳש 

ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ, ʦץʳʪʫʰʳʣʘʨʜʳש ʜʘʡʳʥʜʳסʳʥʳש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ ʞᴅʥʝ 

 ʪʘʣʜʳ. ʆʩʳץʪʘʨ ʨʝʪʽʥʜʝ ʘʥʳץʠʳʥʜʳץ ʦʣʞʝʪʽʤʜʽʣʽʢ ʤᴅʩʝʣʝʣʝʨʽ ʥʝʛʽʟʛʽץ

ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʰʝʰʫ װʰʽʥ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʞʘץʩʘʨʪʫ, ʦץʳʪʫʰʳʣʘʨʜʳ ʘʨʥʘʡʳ 

ʜʘʷʨʣʘʫ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ץʘʞʝʪ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʝʨʪʪʝʫ ʘʷʩʳʥʜʘ çʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ײץʨʫ 

ʙʘʨʳʩʳʥʜʘ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ʠʥʬʦʨʤʘʪʠʢʘ 

ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʥʳץʪʘʫè ʪʘץʳʨʳʙʳʥʜʘ ʩʘʫʘʣʥʘʤʘ ʞװʨʛʽʟʽʣʜʽ. ɸʪʘʣסʘʥ ʩʘʫʘʣʥʘʤʘ ʠʥʬʦʨʤʘʪʠʢʘ 
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ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ᴅʟʽʨʣʝʫ ʙʘʨʳʩʳʥʜʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ (VR/AR ʞᴅʥʝ 3D ʤʦʜʝʣʴʜʝʫ) ץʦʣʜʘʥʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʤʘשʳʟʜʳʣʳסʳʥ ʘʥʳץʪʘʫסʘ ʙʘסʳʪʪʘʣʜʳ. ʉʘʫʘʣʥʘʤʘ 8 ʩײʨʘץʪʘʥ 

ʪײʨʜʳ, ʦʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʮʠʬʨʣʳץ 

ʙʽʣʽʤ ʙʝʨʫʜʽ ץʦʣʜʘʥʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ, ʪʠʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʜʘ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʘʡץʳʥʜʘʫסʘ ʘʨʥʘʣʜʳ (61-ʩʫʨʝʪ).  
 

  
 

ʉʫʨʝʪ 61 - çʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ײץʨʫ ʙʘʨʳʩʳʥʜʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ 

ʤסײʘʣʽʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʥʳץʪʘʫè ʪʘץʳʨʳʙʳʥʜʘ ʩʘʫʘʣʥʘʤʘ 

 
ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ. 
 

ʉʘʫʘʣʥʘʤʘ ʩײʨʘץʪʘʨʳ: 

1) çʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ײץʨʫ ʢʝʟʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʎɹʈ 

 ʳ çʀʥʬʦʨʤʘʪʠʢʘ ʧᴅʥ-75% שʳʥʘ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽסʨʘײʦʣʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽè ʩץ

ʤסײʘʣʽʤʽ װʰʽʥ ʳסשʘʡʣʳè ʜʝʧ ʞʘʫʘʧ ʙʝʨʛʝʥ. 

2) çʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ײץʨʫ ʢʝʟʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʎɹʈ 

 ʳʪʫʰʳ ʤʳʩʘʣʜʘʨץʘʥ VR/AR ʞᴅʥʝ 3D ʤʦʜʝʣʴʜʝʫ ʙʦʡʳʥʰʘ ʦסʩʳʥʳʣײ

 ʳ çʀʥʬʦʨʤʘʪʠʢʘ ʧᴅʥ-68% שʳʥʘ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽסʨʘײʪʳ ʧʘʡʜʘʣʳè ʩץʘʥʰʘʣʳץ

ʤסײʘʣʽʤʽ װʰʽʥ ʳסשʘʡʣʳè ʜʝʧ ʞʘʫʘʧ ʙʝʨʛʝʥ. 

3) çʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ײץʨʫ ʢʝʟʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʎɹʈ 

ʦץʳʪʫ ʥᴅʪʠʞʝʩʽʥʝ ᴅʩʝʨʽè ʩײʨʘסʳʥʘ ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ55% ש-ʳ çʎɹʈ ץʘʤʪʳʣסʘʥ 

ʜʘסʜʳʣʘʨʜʳ ʧʘʡʜʘʣʘʥʘ ʦץʳʪʫ ʘʨץʳʣʳ ʦץʫ ʥᴅʪʠʞʝʩʽ ʘʨʪʪʳè ʜʝʧ ʞʘʫʘʧ ʙʝʨʛʝʥ. 

4) çʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ײץʨʫ ʢʝʟʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʎɹʈ 

ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʜʘסʜʳʣʘʨ ʩʘʙʘץ ʙʝʨʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽè ʩײʨʘסʳʥʘ 

ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽ63% ש-ʳ çʘʣʳʥסʘʥ ʜʘסʜʳʣʘʨ ʩʘʙʘץ ʙʝʨʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʜʳè ʜʝʧ ʞʘʫʘʧ ʙʝʨʛʝʥ. 
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ʉʘʫʘʣʥʘʤʘ ʩײʨʘץʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽʥ ʩʘʨʘʧʪʘʡ ʢʝʣʝ, ʪᴇʤʝʥʜʝʛʽʜʝʡ 

 :ʘ ʙʦʣʘʜʳסʦʨʳʪʳʥʜʳ ʞʘʩʘʫץ

- ʀʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽ װʰʽʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ 

(ʎɹʈ) ץʦʣʜʘʥʫ ʳסשʘʡʣʳ ʞᴅʥʝ ץʦʣʘʡʣʳ ï ʩʘʫʘʣʥʘʤʘ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, 

ʤסײʘʣʽʤʜʝʨʜʽש ʙʘʩʳʤ ʙᴇʣʽʛʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʘʪʳʥ ʎɹʈ-

ʜʳ ᴇʟ ʞײʤʳʩʪʘʨʳʥʘ ʝʥʛʽʟʫʛʝ ʦש ʢᴇʟץʘʨʘʩ ʪʘʥʳʪץʘʥ; 

- VR/AR ʞᴅʥʝ 3D ʤʦʜʝʣʴʜʝʫ ʙʦʡʳʥʰʘ ײʩʳʥʳʣסʘʥ ʦץʳʪʫʰʳʣʳץ ʤʳʩʘʣʜʘʨ 

ʧʘʡʜʘʣʳ ï ʨʝʩʧʦʥʜʝʥʪʪʝʨʜʽש ʢᴇʧʰʽʣʽʛʽ ʙײʣ ײץʨʘʣʜʘʨʜʳש ʦʣʘʨʜʳש ʢᴅʩʽʙʠ 

 ʜʝʨʽʩʽʥ ʞʝʪʽʣʜʽʨʫʛʝװ ʫץʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʦײʳʟʤʝʪʽʥʜʝ ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʘʪʘʧ ᴇʪʢʝʥ, ʙץ

ʳץʧʘʣ ʝʪʝʜʽ; 

- ʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʦץʳʪʫ ʥᴅʪʠʞʝʣʝʨʽʥ 

ʞʘץʩʘʨʪʘʜʳ ʞᴅʥʝ ʩʘʙʘץ ʙʝʨʫ ʪᴅʞʽʨʠʙʝʩʽʥʝ ʦש ᴅʩʝʨ ʝʪʝʜʽ. ʄסײʘʣʽʤʜʝʨʜʽש ʝʜᴅʫʽʨ 

ʙᴇʣʽʛʽ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʜʘסʜʳʣʘʨʜʳש ʦץʳʪʫ 

ʙʘʨʳʩʳʥʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥʳʥ ʞᴅʥʝ ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ 

ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʢʝʥ. ɹײʣ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʜʳש ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ 

ʰʝʙʝʨʣʽʛʽʥ ʜʘʤʳʪʫʜʘ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫʜʘ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʪʳʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ.ʉʦʥʜʳץʪʘʥ ʜʘ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫ 

ʞײʤʳʩʳʥʳש ʪʘץʳʨʳʙʳ çɹʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ 

ʙʝʨʫʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫסʘ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽè ʜʝʧ 

ʪʘשʜʘʧ ʘʣʳʥʳʧ, ץʦʡʳʣסʘʥ ʙʦʣʞʘʤʥʳש ʜײʨʳʩʪʳסʳʥʘ ʢᴇʟ ʞʝʪʢʽʟʽʣʜʽ. 

 

3.3 ɺʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʙʦʡʳʥʰʘ 

ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳץ שʘʣʳʧʪʘʩʪʳʨʫʰʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʢʝʟʝשʽʥʽש ʥʝʛʽʟʛʽ 

ʤʘץʩʘʪʳ ï ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥʽש ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʙʽʣʽʤʜʝʨʽʥ ʢᴅʩʽʙʠ ץʳʟʤʝʪʽʥʜʝ ʪʠʽʤʜʽ ץʦʣʜʘʥʫ 

ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʦʜʝʣʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʞᴅʥʝ ᴅʟʽʨʣʝʥʛʝʥ ᴅʜʽʩʪʝʤʝʣʝʨʜʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʜᴅʣʝʣʜʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʪʘʣסʘʥ ʢʝʟʝש ʘʷʩʳʥʜʘ 

ʦץʫ װʜʝʨʽʩʽʥʝ ʘʨʥʘʡʳ ᴅʟʽʨʣʝʥʛʝʥ ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣʜʘʨ ʤʝʥ ʦץʳʪʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ 

ʝʥʛʽʟʫ ʘʨץʳʣʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘ ʪᴅʞʽʨʠʙʝʣʽʢ ʞײʤʳʩʪʘʨ ײʡʳʤʜʘʩʪʳʨʳʣʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʳש ʤʘʟʤײʥʳ ʨʝʪʽʥʜʝ ç6ɺ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè, 

ç6ɺ01503 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʞװʨʛʽʟʽʣʝʪʽʥ 

çɸץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ 

ʞʝʣʽʣʝʨ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ 

ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʧᴅʥʜʝʨʽʥʽש ʞײʤʳʩ ʦץʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ 

çʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳè ʪʘץʳʨʳʙʳ ʙʦʡʳʥʰʘ ʪʦʣʳץʪʳʨʳʣʳʧ, ʦץʫ-

ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ (syllabus), ʧʨʘʢʪʠʢʘʣʳץ ʞᴅʥʝ ʟʝʨʪʭʘʥʘʣʳץ ʩʘʙʘץʪʘʨʜʳש 

ʥײʩץʘʫʣʳץʪʘʨʳ ᴅʟʽʨʣʝʥʽʧ ʦץʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʽʣʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ç7ʄ01535 ï STEM ʙʽʣʽʤ ʙʝʨʫè ʞᴅʥʝ ç7ʄ01530 ï 

ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʽ ʝʥʛʽʟʽʣʽʧ, ʦסʘʥ ץʘʞʝʪʪʽ ʦץʫ-ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ 

(syllabus), ʧʨʘʢʪʠʢʘʣʳץ ʞᴅʥʝ ʟʝʨʪʭʘʥʘʣʳץ ʩʘʙʘץʪʘʨʜʳש ʥײʩץʘʫʣʳץʪʘʨʳ ʤʝʥ ʦץʫ-

ʢᴇʨʥʝʢʽʣʽʢ ײץʨʘʣʜʘʨʳ ʜʘʡʳʥʜʘʣʜʳ. 
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ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩ ʙʘʨʳʩʳʥʜʘ ʠʥʥʦʚʘʮʠʷʣʳץ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ ʢʝשʽʥʝʥ 

 ʪʘʧʩʳʨʤʘʣʘʨ ץʤʳʩʪʘʨ, ʧʨʘʢʪʠʢʘʣʳײʞ ץʘʥʜʘ, ʞʦʙʘʣʳץʦʣʜʘʥʳʣʜʳ. ɸʪʘʧ ʘʡʪץ

ʞᴅʥʝ ʨʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ 

ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʩʦʥʜʘʡ-ʘץ ʦץʫ װʜʝʨʽʩʽʥʽש ʩʘʧʘʩʳʥ ʞʝʪʽʣʜʽʨʫʛʝ 

ʙʘסʳʪʪʘʣʜʳ. פʘʣʳʧʪʘʩʪʳʨʫʰʳ ʢʝʟʝש ʙʽʨʥʝʰʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʢʝʟʝשʜʝʨʜʝʥ 

ʪײʨʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳʥʜʘ ʥʘץʪʳ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʰʘʨʪʪʘʨ ʤʝʥ 

ᴅʜʽʩʪʝʤʝʣʝʨ ʽʩʢʝ ʘʩʳʨʳʣʜʳ. ʇᴅʥʜʝʨ ʙʦʡʳʥʰʘ ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʽ ʢᴅʩʽʙʠ ץʳʟʤʝʪʪʝ 

-ץʤʦʪʠʚʘʮʠʷʣʳ שʩʘʪʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץʜʳʣʘʨʳʥ ʜʘʤʳʪʫ ʤʘסʦʣʜʘʥʫ ʜʘץ

ʙʝʣʩʝʥʜʽʣʽʢ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʨʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ ʢʦʤʧʦʥʝʥʪʪʝʨʽ 

 ʜʝʨʽʥʜʝשʳ ʢʝʟʝסשʳ ʞᴅʥʝ ʩʦץʙʘʩʪʘʧ שʘʣʳʧʪʘʩʪʳʨʳʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʪʽץ

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʰʘʨʪʪʘʨʜʳש ʦʨʳʥʜʘʣʫ ʜʝשʛʝʡʽ ʪʘʣʜʘʥʜʳ.  

ʕʢʩʧʝʨʠʤʝʥʪ ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ װʰʽʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ 

 ʳסʨʳʩʪʳײʜ שʳʣʳʤʠ ʙʦʣʞʘʤʥʳס ʘʥסʦʡʳʣץ ʦʣʜʘʥʳʣʳʧ, ʟʝʨʪʪʝʫ ʙʘʩʳʥʜʘץ

ʪᴅʞʽʨʠʙʝ ʥᴅʪʠʞʝʣʝʨʽ ʘʨץʳʣʳ ʜᴅʣʝʣʜʝʥʜʽ. ɹʦʣʞʘʤסʘ ʩᴅʡʢʝʩ, ʪᴅʞʽʨʠʙʝʛʝ-

ʙʘסʜʘʨʣʘʡ ʦץʳʪʫ ʪᴅʩʽʣʜʝʨʽʥ ץʦʣʜʘʥʫ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥʽש 

ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʝʨʽʥ ʢᴅʩʽʙʠ ץʳʟʤʝʪʪʝ ʪʠʽʤʜʽ ץʦʣʜʘʥʫ ʜʘסʜʳʣʘʨʳʥ 

 ʘʥסʦʣʜʘʥʳʣץ ʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʕʢʩʧʝʨʠʤʝʥʪ ʙʘʨʳʩʳʥʜʘװʘ ʤסʘʣʳʧʪʘʩʪʳʨʫץ

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʰʘʨʪʪʘʨ ʤʝʥ ʙʘסʘʣʘʫ ʢʨʠʪʝʨʠʡʣʝʨʽ סʳʣʳʤʠ ʞʘʨʠʷʣʘʥʳʤʜʘʨʜʘ 

ʙʘʷʥʜʘʣʳʧ, ʟʝʨʪʪʝʫ ʧᴅʥʽ ʙʦʡʳʥʰʘ ʜʘסʜʳʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש ᴅʜʽʩʪʝʨʽ ʤʝʥ 

ʪᴅʩʽʣʜʝʨʽ ʩʠʧʘʪʪʘʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʦʙʲʝʢʪʠʚʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ ʤʘץʩʘʪʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʜʘʤʫ ʜʠʥʘʤʠʢʘʩʳ ʞװʡʝʣʽ ʪװʨʜʝ ʙʘץʳʣʘʫסʘ 

ʘʣʳʥʳʧ, ʢʝʡʙʽʨ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ 

ʙʘץʳʣʘʫ ʪʦʧʪʘʨʳʥʘ ʙᴇʣʽʥʽʧ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʙʘʨʳʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʤʦʪʠʚʘʮʠʷʩʳʥʳש 

ʪᴇʤʝʥʜʽʛʽ, ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ, ʧᴅʥʜʽʢ 

ʪʝʨʤʠʥʦʣʦʛʠʷʥʳ ʤʝשʛʝʨʫʜʝʛʽ ץʠʳʥʜʳץʪʘʨ ʞᴅʥʝ ʜᴅʩʪװʨʣʽ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʽש 

ᴇʟʝʢʪʽʣʽʛʽʥ ʞʦסʘʣʪʫʳ ʩʠʷץʪʳ ʙʽʨץʘʪʘʨ ʤᴅʩʝʣʝʣʝʨ ʘʥʳץʪʘʣʜʳ. ʆʩʳ ʤᴅʩʝʣʝʣʝʨʜʽ 

ʰʝʰʫ װʰʽʥ ʘʨʥʘʡʳ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʰʘʨʪʪʘʨ ᴅʟʽʨʣʝʥʽʧ, ʪʠʽʤʜʽ ᴅʜʽʩʪʝʤʝʣʝʨ 

 ,ʩʘʪʳʥʜʘ ʩʘʫʘʣʥʘʤʘʣʘʨץʘʣʘʫ ʤʘסʦʣʜʘʥʳʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥ ʙʘץ

ʧʨʘʢʪʠʢʘʣʳץ ʪʘʧʩʳʨʤʘʣʘʨ, ʞʦʙʘʣʳץ ʞײʤʳʩʪʘʨ ʩʠʷץʪʳ ʜʠʘʛʥʦʩʪʠʢʘʣʳײץ ץʨʘʣʜʘʨ 

ʧʘʡʜʘʣʘʥʳʣʳʧ, ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ ʵʢʩʧʝʨʠʤʝʥʪ ʪʠʽʤʜʽʣʽʛʽ ʘʥʳץʪʘʣʜʳ 

(20-ʢʝʩʪʝ). 
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ʂʝʩʪʝ 20 ï ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ʞʝʪʽʣʜʽʨʽʣʝʪʽʥ ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ ʙʘסʘʣʘʫ 

 

ʂʦʤʧʦʥʝʥʪ ɼʘסʜʳ ʩʠʧʘʪʪʘʤʘʩʳ 
ɹʣʫʤ 

ʪʘʢʩʦʥʦʤʠʷʩʳ 

SOLO 

ʪʘʢʩʦʥʦʤʠʷʩʳ 
ɺʠʨʪʫʘʣʠʟʘʮʠʷʜʘסʳ ʢᴇʨʽʥʽʩʽ ɹʘסʘʣʘʫ ʪװʨʽ 

ʄʦʪʠʚʘʮʠʷʣʳץ-

ʙʝʣʩʝʥʜʽʣʽʢ 

ʆץʫסʘ ץʳʟʳסʫʰʳʣʳץ 

ʪʘʥʳʪʫ, סײʳʤʜʘʨʜʳ 

 ʘʙʳʣʜʘʫ, ᴅʨʝʢʝʪʢʝ ʥʠʝʪץ

ʙʽʣʜʽʨʫ. 

ɹʽʣʫ, ʪװʩʽʥʫ 

ɸʣʜʳʥ ʘʣʘ 

 / ץʨʳʣʳʤʜʳײץ

ɹʽʨ 

 ץʨʳʣʳʤʜʳײץ

ɺʠʨʪʫʘʣʜʳ ʧʨʝʟʝʥʪʘʮʠʷʥʳ 

 ʘʨʘʫ, ʪʝʨʤʠʥʜʝʨʤʝʥץ

ʪʘʥʳʩʫ, VR ʵʢʩʢʫʨʩʠʷ. 

ʊʝʩʪ, ʩײʨʘץ-ʞʘʫʘʧ, ʧʦʩʪʝʨ 

 .ʘʫסʦʨץ

ʊʝʭʥʦʣʦʛʠʷʣʳץ 

ʎʠʬʨʣʳײץ ץʨʘʣʜʘʨʜʳ 

 ʦʣʜʘʥʫ, ʪʘʧʩʳʨʤʘץ

ʦʨʳʥʜʘʫ, ʰʝʰʽʤ 

 .ʘʙʳʣʜʘʫץ

 ,ʦʣʜʘʥʫפ

ʪʘʣʜʘʫ 

ʂᴇʧ 

 / ץʨʳʣʳʤʜʳײץ

ʈʝʣʷʮʠʷʣʳץ 

ɺʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʜʘ 

ʪʘʧʩʳʨʤʘ ʦʨʳʥʜʘʫ, 

ʩʠʤʫʣʷʮʠʷ ʞʘʩʘʫ. 

ʇʨʘʢʪʠʢʘʣʳץ ʪʘʧʩʳʨʤʘ, 

ʩʢʨʠʥʰʦʪ, ʙʝʡʥʝץʦʨסʘʫ. 

ʈʝʬʣʝʢʩʠʷʣʳץ-

ʙʘסʘʣʘʫ 

ᴆʟ ʽʩ-ᴅʨʝʢʝʪʽʥ ʙʘסʘʣʘʫ, 

ʰʝʰʽʤ ץʘʙʳʣʜʘʫ, 

 .ʦʨʳʪʳʥʜʳ ʞʘʩʘʫץ

ɹʘסʘʣʘʫ, 

ʞʘʩʘʫ 

ʈʝʣʷʮʠʷʣʳץ / 

ɸʙʩʪʨʘʢʪʽʣʽ 

ʢʝשʝʡʪʽʣʛʝʥ 

ᴆʟ ʞʦʙʘʩʳʥ ʪʘʥʳʩʪʳʨʫ, 

ʥᴅʪʠʞʝʥʽ ʪʘʣʜʘʫ, peer-

review ʞʘʩʘʫ. 

ʂʝʨʽ ʙʘʡʣʘʥʳʩ, SWOT-ʪʘʣʜʘʫ, 

ʞʦʙʘ ץʦʨסʘʫ. 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ 
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ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳʥʘ ʩᴅʡʢʝʩ ç6ɺ01530-ʀʥʬʦʨʤʘʪʠʢʘè 

ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʞװʨʛʽʟʽʣʝʪʽʥ çɸץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, 

ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʧᴅʥʜʝʨʽ, 

ʩʦʥʜʘʡ-ʘץ ç7ʄ01535-STEM ʙʽʣʽʤ ʙʝʨʫè ʞᴅʥʝ ç7ʄ01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ 

ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʦץʳʪʳʣʘʪʳʥ çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʽ ʥʝʛʽʟʽʥʜʝ ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʽ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʫ 

ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʰʘʨʪʪʘʨ ʢʝʟʝש-

ʢʝʟʝשʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ [164]. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʙʘץʳʣʘʫ 

ʪʦʧʪʘʨʜʳ ʽʨʽʢʪʝʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʜʽ. ʊʦʧʪʘʨ ʽʨʽʢʪʝʣʛʝʥʥʝʥ ʢʝʡʽʥ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽ ʥʘץʪʳ ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʘʣʫ ʢʝʟʝשʜʝʨʽ ʘʡץʳʥʜʘʣʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʙʘʨʳʩʳʥʜʘ ʙʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽ ʨʝʪʽʥʜʝ ʙʘץʳʣʘʫ, ʧʨʘʢʪʠʢʘʣʳץ ʞᴅʥʝ 

ʞʦʙʘʣʳץ ʞײʤʳʩʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ. ɸʪʘʣסʘʥ 

ᴅʜʽʩʪʝʨ ʤʘץʩʘʪʪʳ ʙʘץʳʣʘʫ ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ᴅʨʝʢʝʪʽʥ ʢʝʰʝʥʜʽ 

ʪװʨʜʝ ʟʝʨʜʝʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʦʣʳץʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʧᴅʥʜʽ ʞװʨʛʽʟʫʰʽ 

ʦץʳʪʫʰʳʣʘʨʜʳש ʧʽʢʽʨʣʝʨʽ ʤʝʥ ײʩʳʥʳʩʪʘʨʳ ʜʘ ʝʩʢʝʨʽʣʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʜʘʤʫ ʜʠʥʘʤʠʢʘʩʳ ʞװʡʝʣʽ ʪװʨʜʝ ʙʘץʳʣʘʫסʘ ʘʣʳʥʳʧ, ʪʽʨʢʝʣʽʧ 

ʦʪʳʨʜʳ. 

ʇᴅʥʜʽʢ ʜʘסʜʳʣʘʨʜʳץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽʥ ʦʙʲʝʢʪʠʚʪʽ ʪװʨʜʝ ʘʥʳץʪʘʫ װʰʽʥ 

ʵʢʩʧʝʨʠʤʝʥʪ ʙʘʩʪʘʣסʘʥסʘ ʜʝʡʽʥ ʞʘʧʧʘʡ ʩʘʫʘʣʥʘʤʘ ʞװʨʛʽʟʽʣʜʽ. ɹײʣ ʩʘʫʘʣʥʘʤʘ 

ʥᴅʪʠʞʝʣʝʨʽ ʟʝʨʪʪʝʫʜʽש ʘʣʜʳסשʳ ʙᴇʣʽʤʜʝʨʽʥʜʝ ʪʘʣʜʘʥʜʳ. ʉʘʫʘʣʥʘʤʘ 

 ʨʳʥ ç6ɺ01530-ʀʥʬʦʨʤʘʪʠʢʘè, ç7ʄ01535-STEM ʙʽʣʽʤײʡʳʤʜʘʩʪʳʨʳʣʤʘʩ ʙײ

ʙʝʨʫè ʞᴅʥʝ ç7ʄ01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ ʢʝʰʝʥʜʽ 

ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ץʦʡʳʣʘʪʳʥ ʢᴅʩʽʙʠ ʪʘʣʘʧʪʘʨ ʥʘץʪʳʣʘʥʜʳ. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʙʦʣʘʰʘץ ʤʘʤʘʥʜʘʨʜʳש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʽ ʤʝʥ ʞʝʢʝ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʩᴅʡʢʝʩ ᴅʟʽʨʣʝʥʛʝʥ ʤʦʜʝʣʴ ʥʝʛʽʟʽʥʜʝ ʘʣʜʳʥ ʘʣʘ ʪʘʣʜʘʫ 

ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʙʘץʳʣʘʫ ʪʦʧʪʘʨʳʥʜʘסʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʩʘʥʳ, 

ʦץʫ ʪʦʧʪʘʨʳʥʳײץ שʨʘʤʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʙʽʨʽʥʰʽ ʘʢʘʜʝʤʠʷʣʳץ ʢʝʟʝשʜʝʛʽ װʣʛʝʨʽʤʽ 

ʪʘʣʜʘʥʜʳ. ɾʘʣʧʳ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧץʘ 5 ʦץʫ ʪʦʙʳ, ʘʣ ʙʘץʳʣʘʫ ʪʦʙʳʥʘ 4 ʦץʫ 

ʪʦʙʳ ʪʘʨʪʳʣʜʳ (21-ʢʝʩʪʝ). ʊʦʧʪʘʨʜʳש ʽʰʢʽ ײץʨʳʣʳʤʳʥʜʘ ʘʨʥʘʡʳ ʽʨʽʢʪʝʫ 

ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʛʝʥ ʞʦץ, ʙʘʨʣʳץ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʵʢʩʧʝʨʠʤʝʥʪʢʝ ʪʦʣʳץʪʘʡ 

  .ʘʪʳʩʪʳץ

ʕʢʩʧʝʨʠʤʝʥʪʢʝ ץʘʪʳʩץʘʥ ʪʦʧʪʘʨʜʳש ʙʘʩʪʘʧץʳ ʜʘʡʳʥʜʳץ ʜʝשʛʝʡʣʝʨʽʥʽש 

 ʦʣʜʘʥʳʣʜʳ. H0 ʛʠʧʦʪʝʟʘʩʳץ ʰʽʥ H0 ʥᴇʣʜʽʢ ʛʠʧʦʪʝʟʘʩʳװ ʪʘʫץʳʥ ʘʥʳסʩʘʩʪʳץײ

ʙʦʡʳʥʰʘ, ʵʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʘʩʪʘʧץʳ ʢʝʟʝשʜʝʛʽ 

(ʵʢʩʧʝʨʠʤʝʥʪʢʝ ʜʝʡʽʥʛʽ) ʥᴅʪʠʞʝʣʝʨʜʝʥ ʪᴇʤʝʥ ʙʦʣʘʜʳ ʜʝʛʝʥ ʙʦʣʞʘʤ ʘʣʳʥʜʳ. 
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ʂʝʩʪʝ 21 - ʕʢʩʧʝʨʠʤʝʥʪʢʝ ʘʣʳʥסʘʥ ʪʦʧʪʘʨʜʳש ʙʘʩʪʘʧץʳ ʢʝʟʝשʜʝʛʽ װʣʛʝʨʽʤʽ 

(ʵʢʩʧʝʨʠʤʝʥʪʢʝ ʜʝʡʽʥ) 

 
ʊʦʧ ɾʘʣʧʳ 

ʩʪʫʜʝʥʪ 

ʩʘʥʳ 

ʜʝשʛʝʡ 

ʊᴇʤʝʥ ʆʨʪʘʰʘ ɾʦסʘʨʳ 

ʉʪʫʜʝʥʪ 

ʩʘʥʳ 

% ʉʪʫʜʝʥʪ 

ʩʘʥʳ 

% ʉʪʫʜʝʥʪ 

ʩʘʥʳ 

% 

ʕʊ ɽʇ-20-

5ʢ,5ʢʩ 

36 3 8,33 27 75,00 6 16,67 

ɽʇ-20-

17ʢ,17ʢʩ 

22 2 9,09 16 72,73 4 18,18 

01503-

10,20 

34 1 2,94 26 76,47 7 20,59 

01509-

10,20 

35 3 8,57 25 71,43 7 20,00 

ɸɸɾ-

011,012 

37 4 10,81 28 75,68 5 13,51 

ɹʘʨʣʳסʳ 164 13 7,93 122 74,39 29 17,68 

ɹʊ ɽʇ-20-

5ʢ,5ʢʩ 

41 4 9,76 32 78,05 5 12,20 

ɽʇ-20-

17ʢ,17ʢʩ 

34 3 8,82 29 85,29 2 5,88 

01503-

10,20 

41 4 9,76 31 75,61 6 14,63 

ɸɸɾ-

011,012 

42 4 9,52 33 78,57 5 11,90 

ɹʘʨʣʳסʳ 158 15 9,49 125 79,11 18 11,39 

ɽʩʢʝʨʪʫʣʝʨ: ʕʊ ï ʕʢʧʝʨʠʤʝʥʪʪʽʢ ʪʦʙʳ; ɹʊ ï ɹʘץʳʣʘʫ ʪʦʙʳ 

 

ɸʡץʳʥʜʘʫʰʳ ʵʢʩʧʝʨʠʤʝʥʪ ʙʘʨʳʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ç6ɺ01530-

ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʞװʨʛʽʟʽʣʝʪʽʥ çɸץʧʘʨʘʪʪʳץ-

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ 

ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʧᴅʥʜʝʨʽ, ʩʦʥʜʘʡ-ʘץ ç7ʄ01535-STEM ʙʽʣʽʤ ʙʝʨʫè ʞᴅʥʝ 

ç7ʄ01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʦץʳʪʳʣʘʪʳʥ 

çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʽ ʙʦʡʳʥʰʘ ʧᴅʥʜʽʢ 

ʜʘסʜʳʣʘʨʳʥʳש ʙʘʩʪʘʧץʳ ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ʙʽʨץʘʪʘʨ ʙʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽ 

 ʛʝʡʽʥ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫשʜʝ שʜʳʣʘʨʜʳסʘʥʜʘ, ʧᴅʥʜʽʢ ʜʘץʦʣʜʘʥʳʣʜʳ. ɸʪʘʧ ʘʡʪץ

ʢʝʣʝʩʽ ᴅʜʽʩʪʝʨ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ: ʩʘʫʘʣʥʘʤʘ ʞװʨʛʽʟʫ; ʧʨʘʢʪʠʢʘʣʳץ ʞᴅʥʝ 

ʞʦʙʘʣʳץ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʙʘסʘʣʘʫ; ʙʘץʳʣʘʫ ʞװʨʛʽʟʫ. 

ɹʘץʳʣʘʫ ᴅʜʽʩʽ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʽʩ-ᴅʨʝʢʝʪʽʥ ʪʽʢʝʣʝʡ ʦץʫ װʜʝʨʽʩʽʥʜʝ 

 ʳʣʳ ʙʝʨʽʣʛʝʥ ʪʘʧʩʳʨʤʘʣʘʨʜʳץʣ ᴅʜʽʩ ʘʨײʟʝʛʝ ʘʩʳʨʳʣʜʳ. ɹװʳʣʳ ʞץʘʣʘʫ ʘʨסʘʜʘץ

ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥ, ʤʘʪʝʨʠʘʣʜʳ ʠʛʝʨʫ ʜʝשʛʝʡʽʥ, ʩײʨʘץʪʘʨ ץʦʶ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʞᴅʥʝ 

ʞʘʣʧʳ ʩʘʙʘץʪʘסʳ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 
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ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʧʝʜʘʛʦʛʪʘʨ ʤʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʤʝʥ ʩʘʫʘʣʥʘʤʘ ʞײʤʳʩʪʘʨʳ 

ʞװʨʛʽʟʽʣʽʧ, ʙײʣ ʤᴅʣʽʤʝʪʪʝʨ ʵʢʩʧʝʨʠʤʝʥʪʪʽ ʪʠʽʤʜʽ ʞʦʩʧʘʨʣʘʫסʘ ʥʝʛʽʟ ʙʦʣʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽש ʘʡץʳʥʜʘʫʰʳ ʢʝʟʝשʽʥʜʝ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʪᴇʤʝʥʜʝʛʽ 

ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ (22-ʢʝʩʪʝ). 

 

ʂʝʩʪʝ 22 ï ʇʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪ ʙʘʨʳʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʤʦʪʠʚʘʮʠʷʣʳץ-ʙʝʣʩʝʥʜʽʣʽʢ ʢʦʤʧʦʥʝʥʪʽʥʽש ᴇʟʛʝʨʫ ʜʠʥʘʤʠʢʘʩʳ 

 

ʂʦʤʧʦʥ

ʝʥʪ 

ɹʽʣʽʤ 

ʜʝשʛʝ

ʡ ̔
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164 100 158 100 164 100 158 100 164 100 158 100 

 ʆʨʪʘʰʘ ʙʘʣʣ 

 
3,47 3,42 3,56 3,60 4,14 3,67 

ɽʩʢʝʨʪʫʣʝʨ: ʕʊ ï ʕʢʧʝʨʠʤʝʥʪʪʽʢ ʪʦʙʳ; ɹʊ ï ɹʘץʳʣʘʫ ʪʦʙʳ 

 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳ ʘʪʘʣסʘʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʦץʳʪʳʣʘʪʳʥ ʧᴅʥʜʝʨ ʥʝʛʽʟʽʥʜʝ 

ʞװʨʛʽʟʽʣʜʽ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʙʘץʳʣʘʫ ʪʦʧʪʘʨʳʥʳש ʘʣסʘʰץʳ ʞʝʪʽ ʘʧʪʘʣʳץ ʦץʫ 

ʢʝʟʝשʽʥʜʝ ײʩʳʥʳʣסʘʥ ʦץʫ ʤʘʪʝʨʠʘʣʳʥʳש ʤʘʟʤײʥʳ ʙʽʨʜʝʡ ײץʨʳʣʳʤʜʘ 

 ʜʝ ʙʽʣʽʤשʣ ʢʝʟʝײʘʤʪʳʜʳ. ɹץ ʳʨʳʧʪʘʨʜʳץʩʘʩ ʪʘץײ ʡʳʤʜʘʩʪʳʨʳʣʜʳ ʞᴅʥʝײ

ʘʣʫʰʳʣʘʨ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʙʽʨʜʝʡ ʢᴇʣʝʤʜʝ 

ʤʝשʛʝʨʜʽ, ʙײʣ ʵʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥʽש ᴅʜʽʣʝʪʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ.  

ɼʝʛʝʥʤʝʥ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘסʳ ʢʝʡʙʽʨ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש (62-ʩʫʨʝʪ) 

ʙʘץʳʣʘʫ ʪʦʙʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳ ʙʦʣʫʳʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʜʽ 

ʤʝשʛʝʨʫ ʜʝשʛʝʡʽʥʝ ᴅʩʝʨ ʝʪʢʝʥ ʙʽʨץʘʪʘʨ ʬʘʢʪʦʨʣʘʨʤʝʥ ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. ɸʪʘʧ 

ʘʡʪץʘʥʜʘ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧ ʩʪʫʜʝʥʪʪʝʨʽʥʽש ʦץʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʧᴅʥʜʽʢ 

ʙʘʟʘʣʳץ ʙʽʣʽʤʥʽש ʘʣʜʳʥ ʘʣʘ ʠʛʝʨʽʣʫʽ ʦʣʘʨʜʳש ʦץʫ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʦש ʳץʧʘʣʳʥ 

ʪʠʛʽʟʜʽ ʜʝʧ ʧʘʡʳʤʜʘʫסʘ ʥʝʛʽʟ ʙʘʨ. ɸʪʘʣסʘʥ ʝʨʝʢʰʝʣʽʢʪʝʨ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʞʘʥ-

ʞʘץʪʳ ʝʩʢʝʨʽʣʽʧ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʪʘʣʜʘʫ ʞᴅʥʝ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ ʢʝʟʽʥʜʝ 

ʤץײʠʷʪ ʥʘʟʘʨסʘ ʘʣʳʥʜʳ. 
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ʘ) ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘʨʜʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

 
ʙ) ɹʘץʳʣʘʫ ʪʦʧʪʘʨʜʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ʉʫʨʝʪ 62 ï ʄʦʪʠʚʘʮʠʷʣʳץ-ʙʝʣʩʝʥʜʽʣʽʢ ʢʦʤʧʦʥʝʥʪʽʥʽש ʘʡץʳʥʜʘʫʰʳ ʞᴅʥʝ 

 שʜʳʣʘʨʳʥʳסʧᴅʥʜʽʢ ʜʘ שʜʝʨʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳשʘʣʳʧʪʘʩʪʳʨʫʰʳ ʢʝʟʝץ

 ʛʝʡʽשʘʣʳʧʪʘʩʫ ʜʝץ
 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ʞʘʩʘסʘʥ 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʤʦʪʠʚʘʮʠʷʣʳץ-

ʙʝʣʩʝʥʜʽʣʽʢ ʢʦʤʧʦʥʝʥʪʽʥʽץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ᴅʨʙʽʨ ʦץʫ 

ʩʘʙʘסʳʥʜʘ ʞװʡʝʣʽ ʪװʨʜʝ ʙʘץʳʣʘʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʜʽ. ɹײʣ ʨʝʪʪʝ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʛʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳסʳ ʤʝʥ ʦץʫ ᴅʨʝʢʝʪʽʥʝ ʳʥʪʘʩʳʥʳש ʜʝשʛʝʡʽ 

ʪײʨʘץʪʳ ʪװʨʜʝ ʪʽʨʢʝʣʽʧ, ʩʘʨʘʧʪʘʣʜʳ. 

20-ʢʝʩʪʝ ʤʝʥ 67-ʜʠʘʛʨʘʤʤʘʜʘ ײʩʳʥʳʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʩᴅʡʢʝʩ, 

ʘʡץʳʥʜʘʫʰʳ ʢʝʟʝש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʤʦʪʠʚʘʮʠʷʣʳץ-ʙʝʣʩʝʥʜʽʣʽʢ 

ʢʦʤʧʦʥʝʥʪʽʥʽש ʪᴇʤʝʥ ʜʝשʛʝʡʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘ 7,93%-ʜʳ, ʘʣ ʙʘץʳʣʘʫ 

ʪʦʙʳʥʜʘ 6,10%-ʜʳ ײץʨʘʜʳ. ɸʪʘʣסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʝʢʽ ʪʦʧ ʘʨʘʩʳʥʜʘסʳ 

ʘʡʳʨʤʘʰʳʣʳץʪʳש ʰʘʤʘʣʳ ʜʝשʛʝʡʜʝ ʝʢʝʥʽʥ ʘʡסʘץʪʘʡʜʳ. ɹײʣ ʘʡʳʨʤʘʰʳʣʳץʪʳש 

ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ʟʝʨʪʪʝʫʛʝ ʪʘʨʪʳʣסʘʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ 
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ʢʫʨʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʳש ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʳ ʟʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ ʧᴅʥʜʽ 1-ʢʫʨʩʪʳ2 ש-

ʘʢʘʜʝʤʠʷʣʳץ ʢʝʟʝשʽʥʜʝ ʤʝשʛʝʨʩʝ, ʙʘץʳʣʘʫ ʪʦʙʳʥʳש ʩʪʫʜʝʥʪʪʝʨʽ ʘʪʘʣסʘʥ ʧᴅʥʜʽ 2-

ʢʫʨʩʪʳ1 ש-ʘʢʘʜʝʤʠʷʣʳץ ʢʝʟʝשʽʥʜʝ ʦץʳסʘʥ ʙʦʣʘʪʳʥ. ɹײʣ ʬʘʢʪʦʨ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʙʘʩʪʘʧץʳ ʜʘʡʳʥʜʳץ ʜʝשʛʝʡʽ ʤʝʥ ʦץʫ ʤʦʪʠʚʘʮʠʷʩʳʥʳש 

ʘʡʳʨʤʘʰʳʣʳסʳʥʘ ᴅʩʝʨ ʝʪʢʝʥʜʽʛʽ ʙʘʡץʘʣʘʜʳ. 

ʆʨʪʘʰʘ ʜʝשʛʝʡʜʝʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʝ ʜʝ ץײʩʘʩ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ʘʥʳץʪʘʣʜʳ. 

ɸʡץʳʥʜʘʫʰʳ ʢʝʟʝשʜʝ ʤʦʪʠʚʘʮʠʷʣʳץ-ʙʝʣʩʝʥʜʽʣʽʢ ʢʦʤʧʦʥʝʥʪʽʥʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘ 17,68%-ʜʳ ײץʨʘʩʘ, ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 

13,29%-ʜʳ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘסʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʙʘʩʪʘʧץʳ ʤʦʪʠʚʘʮʠʷ ʜʝשʛʝʡʽʥʽש ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʩʪʝʨ ʙʦʣסʘʥʳʥ ʞᴅʥʝ ʪʦʧʪʘʨ 

ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץʪʳש ʰʘʤʘʣʳ ʜʝשʛʝʡʜʝ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 ʜʝ ʪᴇʤʝʥ ʢᴇʨʩʝʪʢʽʰ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘ 6,10%-ʜʳ, ʘʣשʘʣʳʧʪʘʩʪʳʨʫʰʳ ʢʝʟʝפ

ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ 5,06%-ʜr  ʨʘʜʳ. ʆʨʪʘʰʘ ʢᴇʨʩʝʪʢʽʰ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘײץ 

79,00%-ʜʳ, ʘʣ ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ 81,65%-ʜʳ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʢʝʟʝשʥʽש ʩʦשʳʥʜʘ 

ʞʦסʘʨʳ ʜʝשʛʝʡʛʝ ʞʝʪʢʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳװ שʣʝʩʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘ 24,90%, 

ʘʣ ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ 13,29% ײץʨʘʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʽʣʛʝʨʽʣʝʫ ʜʠʥʘʤʠʢʘʩʳ ʙʘʡץʘʣʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʙʘסʘʣʘʫ ʢʝʟʝשʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳװ שʣʛʝʨʽʤ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪץʘʥʳʥ ʜʠʘʛʨʘʤʤʘ (63-ʩʫʨʝʪ) ʘʡץʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ʅʘץʪʳʨʘץ ʘʡʪץʘʥʜʘ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘ ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʢʝ ץʦʣ ʞʝʪʢʽʟʛʝʥ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳװ שʣʝʩʽ 24,73%-ʜʳ ײץʨʘʜʳ, ʘʣ ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 

16,46%-ʜʳ ײץʨʘʜʳ. 

 

 
 

ʉʫʨʝʪ 63 - ʄʦʪʠʚʘʮʠʷʣʳץ-ʙʝʣʩʝʥʜʽʣʽʢ ʢʦʤʧʦʥʝʥʪʽʥʽש ʙʘסʘʣʘʫ ʢʝʟʝשʽʥʜʝ 

ʧᴅʥʜʽʢ ʜʘסʜʳʥʳץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽ 
 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘסʳ ʦש ʜʠʥʘʤʠʢʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ װʜʝʨʽʩʽʥʜʝ 

ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ (VR ʞᴅʥʝ AR ʵʣʝʤʝʥʪʪʝʨʽ) ץʦʣʜʘʥʫʳʤʝʥ ʪʽʢʝʣʝʡ 

ʙʘʡʣʘʥʳʩʪʳ ʜʝʧ ʝʩʝʧʪʝʣʩʝ, ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘסʳ ʜʠʥʘʤʠʢʘ ʜᴅʩʪװʨʣʽ ʪʝʦʨʠʷʣʳץ 

ʙʽʣʽʤʜʽ ʤʝשʛʝʨʫ ʜʝשʛʝʡʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ (23-ʢʝʩʪʝ). 
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ʂʝʩʪʝ 23 - ʂʦʤʧʦʥʝʥʪʪʝʨ ʙʦʡʳʥʰʘ ץʘʣʳʧʪʘʩʫ ʜʠʥʘʤʠʢʘʩʳ 

 

ʂʦʤʧʦʥʝʥʪ 
ɹʽʣʽʤ 

ʜʝשʛʝʡʽ 

ɸʡץʳʥʜʘʫʰʳ ʢʝʟʝפ שʘʣʳʧʪʘʩʪʳʨʫʰʳ ʢʝʟʝפ שʦʨʳʪʳʥʜʳ ʢʝʟʝשʽ 

ʕʊ ɹʊ ʕʊ ɹʊ ʕʊ ɹʊ 

ʉʪʫʜʝʥʪ 

ʩʘʥʳ 
% 

ʉʪʫʜʝʥʪ 

ʩʘʥʳ 
% 

ʉʪʫʜʝʥʪ 

ʩʘʥʳ 
% 

ʉʪʫʜʝʥʪ 

ʩʘʥʳ 
% 

ʉʪʫʜʝʥʪ 

ʩʘʥʳ 
% 

ʉʪʫʜʝʥʪ 

ʩʘʥʳ 
% 

ʄʦʪʠʚʘʮʠʷʣ

ʳץ-

ʙʝʣʩʝʥʜʽʣʽʢ 

ʊᴇʤʝʥ 13 7,93 15 9,49 10 6,10 8 5,06 0 0,00 0 0,00 

ʆʨʪʘʰʘ 122 74,39 125 79,11 123 75,00 129 81,65 130 75,27 132 83,54 

ɾʦסʘʨʳ 29 17,68 18 11,39 31 18,90 21 13,29 34 24,73 26 16,46 

ɹʘʨʣʳסʳ 164 100 158 100 164 100 158 100 164 100 158 100 

 ʆʨʪʘʰʘ ʙʘʣʣ 3,47 3,42 3,56 3,60 4,14 3,67 

ʊʝʭʥʦʣʦʛʠʷʣ

ʳץ 

ʊᴇʤʝʥ 29 17,68 22 13,92 12 7,32 13 8,23 0 0,00 7 4,43 

ʆʨʪʘʰʘ 104 63,41 110 69,62 114 69,51 115 72,78 122 74,39 117 74,05 

ɾʦסʘʨʳ 31 18,90 26 16,46 38 23,17 30 18,99 42 25,61 34 21,52 

ɹʘʨʣʳסʳ 164 100 158 100 164 100 158 100 164 100 158 100 

ʆʨʪʘʰʘ ʙʘʣʣ 2,9 3,48 3,9 3,65 4,17 3,77 

ʈʝʬʣʝʢʩʠʷʣ

ʳץ-ʙʘסʘʣʘʫ 

ʊᴇʤʝʥ 23 14,02 24 15,19 9 5,49 20 12,66 0 0 8 5,06 

ʆʨʪʘʰʘ 116 70,73 112 70,89 121 73,78 114 72,15 124 75,61 123 77,85 

ɾʦסʘʨʳ 25 15,24 22 13,92 34 20,73 24 15,19 40 24,39 27 17,09 

ɹʘʨʣʳסʳ 164 100 158 100 164 100 158 100 164 100 158 100 

ʆʨʪʘʰʘ ʙʘʣʣ 2,7 3,3 3,36 3,46 4 3,6 

ɽʩʢʝʨʪʫʣʝʨ: ʕʊ ï ʕʢʧʝʨʠʤʝʥʪʪʽʢ ʪʦʙʳ; ɹʊ ï ɹʘץʳʣʘʫ ʪʦʙʳ. 
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ʕʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ץʦʣʜʘʥʳʣסʘʥ ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨʜʽש 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʜʽʢ ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʝʜᴅʫʽʨ ʳץʧʘʣ ʝʪʢʝʥʽʥ 

ʢᴇʨʩʝʪʪʽ ʜʝʧ ʪײʞʳʨʳʤʜʘʫסʘ ʙʦʣʘʜʳ. ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʙʘʨʣʳץ ʙʘסʳʪʪʘʨʳ 

ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʞʠʥʘץʪʘʣʳʧ, ç6ɺ01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ 

ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ çɸץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, 

ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʧᴅʥʜʝʨʽ, 

ʩʦʥʜʘʡ-ʘץ ç7ʄ01535-STEM ʙʽʣʽʤ ʙʝʨʫè ʞᴅʥʝ ç7ʄ01530-ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ 

ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʝʪʽʥ çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ 

ʙʽʣʽʤʜʝʨʽʥ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʫ ʜʘסʜʳʣʘʨʳ ʞʘʥ-ʞʘץʪʳ ʪʘʣʜʘʥʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽש ʘʡץʳʥʜʘʫʰʳ ʞᴅʥʝ ץʘʣʳʧʪʘʩʪʳʨʫʰʳ ʢʝʟʝשʜʝʨʽʥʜʝʛʽ 

ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ ʥᴅʪʠʞʝʣʝʨ ʥʝʛʽʟʽʥʜʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʜʽʢ 

ʜʘסʜʳʣʘʨʳʥʳץ שʘʣʳʧʪʘʩʫ ʜʠʥʘʤʠʢʘʩʳ ʤʦʪʠʚʘʮʠʷʣʳץ-ʙʝʣʩʝʥʜʽʣʽʢ, 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʨʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʙʦʡʳʥʰʘ ʙʘסʘʣʘʥʳʧ, 

ʞʠʥʘץʪʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʪʘʣʜʘʫʜʘʥ ᴇʪʢʽʟʽʣʜʽ. ᴄʨʙʽʨ ʢʦʤʧʦʥʝʥʪ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨʜʽש ʦʨʪʘʰʘ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʝʩʝʧʪʝʣʽʧ, ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩʘʥʜʳץ ʞᴅʥʝ ʩʘʧʘʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʜʽʢ ʜʘסʜʳʣʘʨʳʥʳץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽʥʽש ʘʨʪץʘʥʳʥ ʞᴅʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʳש ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

 

 
 

ʉʫʨʝʪ 64 - ʇᴅʥʜʽʢ ʜʘסʜʳʥʳ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש ʥʝʛʽʟʛʽ ʢʝʟʝשʜʝʨʽ 
 

64-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʩʳʟʙʘ ʥʝʛʽʟʽʥʜʝ ᴅʨʙʽʨ ʢʦʤʧʦʥʝʥʪ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ 

ʤᴅʣʽʤʝʪʪʝʨ ʙʽʨʽʢʪʽʨʽʣʽʧ, ʧᴅʥʜʽʢ ʜʘסʜʳʥʳץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʜʽʢ ʜʘסʜʳʣʘʨʳʥʳש ʜʝשʛʝʡʽ 

ʞʠʥʘץʪʘʣסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʥʝʛʽʟʽʥʜʝ װʰ ʪʦʧץʘ ʙᴇʣʽʥʫ ʘʨץʳʣʳ ʩʘʨʘʧʪʘʣʜʳ: 

- ʪᴇʤʝʥ ʜʝשʛʝʡ ʧᴅʥʜʽʢ ʜʘסʜʳʩʳ ʞʝʪʢʽʣʽʢʩʽʟ ץʘʣʳʧʪʘʩץʘʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ; 

- ʦʨʪʘʰʘ ʜʝשʛʝʡ ʧᴅʥʜʽʢ ʜʘסʜʳʩʳ ʽʰʽʥʘʨʘ ץʘʣʳʧʪʘʩץʘʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ; 

- ʞʦסʘʨʳ ʜʝשʛʝʡ ʧᴅʥʜʽʢ ʜʘסʜʳʩʳ ʪʦʣʳץ ץʘʣʳʧʪʘʩץʘʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ. 

ɹײʣ ʪʦʧʪʘʨסʘ ʙᴇʣʫ ʤʦʪʠʚʘʮʠʷʣʳץ-ʙʝʣʩʝʥʜʽʣʽʢ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

ʨʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʦʨʪʘץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ɸʪʘʣסʘʥ ʪᴅʩʽʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʽʥ ʧʨʘʢʪʠʢʘʜʘ ץʦʣʜʘʥʫ ʜʘסʜʳʣʘʨʳʥʳץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽʥ ʥʘץʪʳ 

ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʜʽ. ʕʢʩʧʝʨʠʤʝʥʪʪʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢʦʤʧʦʥʝʥʪʪʽש ʘʡץʳʥʜʘʫʰʳ ʞᴅʥʝ 

 ʘʣʳʧʪʘʩʫץ שʜʳʥʳסʜʝʨʽʥʜʝʛʽ ʥᴅʪʠʞʝʣʝʨʜʽ ʩʘʣʳʩʪʳʨʫ ʧᴅʥʜʽʢ ʜʘשʦʨʳʪʳʥʜʳ ʢʝʟʝץ

ʜʝשʛʝʡʽʥʜʝ ʦש ʜʠʥʘʤʠʢʘ ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʢʦʤʧʦʥʝʥʪʪʽש ʘʡץʳʥʜʘʫʰʳ ʢʝʟʝשʜʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘ 

ʪᴇʤʝʥ ʜʝשʛʝʡ ʢᴇʨʩʝʪʢʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʩʘʥʳ 29 ʩʪʫʜʝʥʪʪʽ ײץʨʘʜʳ. 

 ʳץʳʣʘʫ ʪʦʙʳʥʜʘ ʙʘʩʪʘʧץʣ ʢᴇʨʩʝʪʢʽʰ ʪᴇʤʝʥʜʝʜʽ. ɸʣ ʙʘײʽʥʜʝ ʙשʦʨʳʪʳʥʜʳ ʢʝʟʝפ
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ʢʝʟʝשʜʝ ʪᴇʤʝʥ ʢᴇʨʩʝʪʢʽʰ ʢᴇʨʩʝʪʢʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʩʘʥʳ 22 ʙʦʣʩʘ, ץʦʨʳʪʳʥʜʳ 

ʢʝʟʝשʽʥʜʝ ʦʣʘʨʜʳש ʩʘʥʳ 7-ʛʝ ʪᴇʤʝʥʜʝʜʽ (21-ʢʝʩʪʝ). 

ʆʨʪʘʰʘ ʢᴇʨʩʝʪʢʽʰ ʙʦʡʳʥʰʘ ʜʘ ʦש ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʪʦʧʪʘ ʘʡץʳʥʜʘʫʰʳ ʢʝʟʝשʜʝ ʧᴅʥʜʽʢ ʜʘסʜʳʥʳש ʦʨʪʘʰʘ ʜʝשʛʝʡʽʥ 104 ʙʽʣʽʤ ʘʣʫʰʳ 

ʢᴇʨʩʝʪʩʝ, ץʦʨʳʪʳʥʜʳ ʢʝʟʝשʽʥʜʝ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 122 ʙʽʣʽʤ ʘʣʫʰʳʣʘʨסʘ ʜʝʡʽʥ 

 ,ʜʝ ð 110 ʙʽʣʽʤ ʘʣʫʰʳשʳʥʜʘʫʰʳ ʢʝʟʝץʳʣʘʫ ʪʦʙʳʥʜʘ ʩᴅʡʢʝʩʽʥʰʝ ʘʡץʘʡʜʳ. ɹʘסʣײ

 ʣ ʥᴅʪʠʞʝ ʧᴅʥʜʽʢײʽʥʜʝ ð 117 ʙʽʣʽʤ ʘʣʫʰʳ ʙʦʣʜʳ. ɹשʦʨʳʪʳʥʜʳ ʢʝʟʝץ

ʜʘסʜʳʣʘʨʳʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʛʝ ʢᴇʰʫ ʪʝʥʜʝʥʮʠʷʩʳʥ ʘʡץʳʥʜʘʡʜʳ. 

ɾʦסʘʨʳ ʜʝשʛʝʡ ʢᴇʨʩʝʪʢʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʩʘʥʳʥʳש ᴇʩʫʽ ʜʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘ ʘʡץʳʥʜʘʫʰʳ ʢʝʟʝשʜʝ 31 ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨ ʞʦסʘʨʳ ʜʝשʛʝʡ ʢᴇʨʩʝʪʩʝ, ץʦʨʳʪʳʥʜʳ ʢʝʟʝשʽʥʜʝ ʦʣʘʨʜʳש ʩʘʥʳ 42 ʙʽʣʽʤ 

ʘʣʫʰʳסʘ ʜʝʡʽʥ ʘʨʪʪʳ. ɸʣ ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ ʘʡץʳʥʜʘʫʰʳ ʢʝʟʝשʜʝ 

26 ʙʽʣʽʤ ʘʣʫʰʳʥʳ, ץʦʨʳʪʳʥʜʳ ʢʝʟʝשʽʥʜʝ 34 ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳ ײץʨʘʜʳ (21-

ʢʝʩʪʝ). ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʧᴅʥʜʽʢ ʜʘסʜʳʣʘʨʜʳץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽʥʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʳʥʜʘ ʝʣʝʫʣʽ ʽʣʛʝʨʽʣʝʫ ʙʘʡץʘʣסʘʥʳʥ, ʘʣ 

ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʙʘʷʫ ץʘʨץʳʥʤʝʥ ʞװʨʛʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

H  ʥᴇʣʜʽʢ ʛʠʧʦʪʝʟʘʩʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʝ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ 

ʙʝʣʛʽʣʝʨ ʞʠʳʥʪʳסʳʥʳש ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץʪʳ ʩʘʣʳʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ 

[164,165]. ʄײʥʜʘʡ ʞʘסʜʘʡʜʘ ʧʘʨʘʤʝʪʨʣʽʢ ʝʤʝʩ ʢʨʠʪʝʨʠʡʣʝʨʜʽ ץʦʣʜʘʥʫ ʪʠʽʤʜʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊᴅʫʝʣʩʽʟ ʽʨʽʢʪʝʤʝʣʝʨ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץʪʳ ʙʘסʘʣʘʫ 

 ʙʽʣʽʤ שʦʣʜʘʥʳʣʜʳ. ʉʝʙʝʙʽ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳץ t-ʢʨʠʪʝʨʠʡʽ שʰʽʥ ɺʠʣʢʦʢʩʦʥʥʳװ

ʜʝשʛʝʡʽʥ ʙʘסʘʣʘʫ ʢᴇʙʽʥʝʩʝ ʩʫʙʲʝʢʪʠʚʪʽ ᴇʣʰʝʤʜʝʨʛʝ ʥʝʛʽʟʜʝʣʝʜʽ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʜʝשʛʝʡʜʽש ʜᴅʣʜʽʛʽ װʰʽʥ p Ò 0.05 ʞᴅʥʝ p Ò 0.01 ʤᴅʥʽ 

 .ʟʝʨʪʪʝʫʣʝʨʜʝ ʞʝʪʢʽʣʽʢʪʽ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ ץʣ ʧʝʜʘʛʦʛʠʢʘʣʳײʘʙʳʣʜʘʥʜʳ, ʙץ

2018ï2024 ʦץʫ ʞʳʣʜʘʨʳʥʜʘ ç6ɺ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ ʙʝʨʫ 

ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ çɸץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨ ʤʝʥ ʞʝʣʽʣʝʨ ʞᴅʥʝ ʞʝʣʽʣʽʢ ץʘʫʽʧʩʽʟʜʽʢè, 

ç3D ʤʦʜʝʣʴʜʝʫ ʥʝʛʽʟʜʝʨʽè, çɹʽʣʽʤ ʙʝʨʫʜʝʛʽ ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʧᴅʥʜʝʨʽ, 

ʩʦʥʜʘʡ-ʘץ ç7ʄ01535 ï STEM ʙʽʣʽʤ ʙʝʨʫè ʞᴅʥʝ ç7ʄ01530 ï ʀʥʬʦʨʤʘʪʠʢʘè ʙʽʣʽʤ 

ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʝʪʽʥ çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʧᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʽʣʽʤ ʜʝשʛʝʡʽʥ 

ʙʘסʘʣʘʫ ʙʽʨʥʝʰʝ ʢʝʟʝשʥʝʥ ʪײʨʜʳ ʞᴅʥʝ ʢʝʣʝʩʽ ʞװʡʝʣʽ ʽʩ-ᴅʨʝʢʝʪʪʝʨ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ: 

- ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʪʠʽʩʪʽ ʤᴅʣʽʤʝʪʪʝʨ ʘʨʥʘʡʳ ᴅʟʽʨʣʝʥʛʝʥ 

ʢʝʩʪʝʣʝʨʛʝ ʝʥʛʽʟʽʣʜʽ (20 ʞᴅʥʝ 21-ʢʝʩʪʝʣʝʨ); 

- ʝʢʽʥʰʽ ʞᴅʥʝ ʙʽʨʽʥʰʽ ᴇʣʰʝʤʜʝʨʜʝʛʽ ʞʝʢʝ ʤᴅʥʜʝʨ ʘʨʘʩʳʥʜʘסʳ 

ʘʡʳʨʤʘʰʳʣʳץ ʝʩʝʧʪʝʣʜʽ (ʤʳʩʘʣʳ, çʙʘʩʪʘʧץʳ ʥᴅʪʠʞʝè ï çʩʦסשʳ ʥᴅʪʠʞʝè ʥʝʤʝʩʝ 

ʙʘץʳʣʘʫ ʪʦʙʳ ʤʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץ). ʦʩʳʜʘʥ ʢʝʡʽʥ 

çʪʠʧʪʽʢè ʳסʳʩʫ ʤᴅʥʽ ʘʥʳץʪʘʣʳʧ, ʪʠʽʩʪʽ ʛʠʧʦʪʝʟʘʣʘʨ ʪײʞʳʨʳʤʜʘʣʜʳ. ʄʳʩʘʣʳ, 

ʞʘʣʧʳ ʽʨʽʢʪʝʤʝ ʩʘʥʳ n = 9 + 9 = 18. ʙײʣ ʞʘסʜʘʡʜʘ ʙʘץʳʣʘʫ ʪʦʙʳ i ʩʠʤʚʦʣʳʤʝʥ, 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧ j ʩʠʤʚʦʣʳʤʝʥ ʙʝʣʛʽʣʝʥʜʽ ʥʝʤʝʩʝ ʙʘʩʪʘʧץʳ ʢʝʟʝש ð i, ʩʦסשʳ 

ʢʝʟʝש ð j ʜʝʧ ʰʘʨʪʪʳ ʪװʨʜʝ ʙʝʣʛʽʣʝʥʜʽ; 
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- ʘʡʳʨʤʘʰʳʣʳץ ʤᴅʥʜʝʨʽ ʘʙʩʦʣʶʪʪʽʢ ʰʘʤʘʣʘʨסʘ ʘʡʥʘʣʜʳʨʳʣʳʧ, ʦʣʘʨ ʞʝʢʝ 

ʙʘסʘʥסʘ ʝʥʛʽʟʽʣʜʽ. ɹײʣ װʜʝʨʽʩ ʘʡʳʨʤʘʰʳʣʳץ ʙʝʣʛʽʩʽʥʽש ᴅʩʝʨʽʥ ʙʦʣʜʳʨʤʘʫ ʞᴅʥʝ 

ʜʝʨʝʢʪʝʨʜʽ ʙʽʨʽʟʜʽ ᴇשʜʝʫ װʰʽʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ; 

- ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳש ʘʙʩʦʣʶʪʪʽʢ ʰʘʤʘʣʘʨʳ ʨʝʪʪʝʣʽʧ, ʢʽʰʽʨʝʡʛʝʥ 

ʤᴅʥʜʝʨʛʝ ʩᴅʡʢʝʩ ʨʘʥʛ (ʜᴅʨʝʞʝʣʽʢ ʢᴇʨʩʝʪʢʽʰ) ʙʝʨʽʣʜʽ; 

- ʘʣʳʥסʘʥ ʨʘʥʛʽʣʝʨʜʽץ שʦʩʳʥʜʳʩʳ ʝʩʝʧʪʝʣʽʧ, ʦʣʘʨʜʳש ʩᴅʡʢʝʩʪʽʛʽ ʪʝʢʩʝʨʽʣʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, çʪʠʧʪʽʢ ʝʤʝʩè ʙʘסʳʪʪʘסʳ ʳסʳʩʫ ʤᴅʥʜʝʨʽʥʝ ʝʨʝʢʰʝ ʙʝʣʛʽʣʝʨ 

(ʰʝשʙʝʨ ʥʝʤʝʩʝ ʙʘʩץʘ ʙʝʣʛʽʣʝʫʣʝʨ) ץʦʡʳʣʳʧ, ʙᴇʣʝʢ ץʘʨʘʩʪʳʨʳʣʜʳ. 

ɹײʣ ᴅʜʽʩʪʝʤʝʣʽʢ ʪᴅʩʽʣ ɺʠʣʢʦʢʩʦʥʥʳש t-ʢʨʠʪʝʨʠʡʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʙʽʣʽʤ ʜʝשʛʝʡʽ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץʪʳש ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʤʘשʳʟʜʳʣʳסʳʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ 

ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʜʽʢ ʜʘסʜʳʣʘʨʳʥʳש ʜʘʤʫ ʜʠʥʘʤʠʢʘʩʳʥ ʘʥʳץʪʘʫ 

ʤʘץʩʘʪʳʥʜʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ ʢʝʟʝשʜʝʨʽʥʜʝʛʽ ʥᴅʪʠʞʝʣʝʨ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪʘʣʜʘʥʜʳ. ɹײʣ ᴅʜʽʩ ʞװʨʛʽʟʽʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʪʠʽʤʜʽʣʽʛʽʥ 

ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʦץʫ ʞʝʪʽʩʪʽʢʪʝʨʽʥʜʝʛʽ ᴇʟʛʝʨʽʩʪʝʨʜʽ 

ʘʡץʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɿʝʨʪʪʝʫ ʞʦʩʧʘʨʳʥʘ ʩᴅʡʢʝʩ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʞײʤʳʩʪʳש ᴅʨ ʢʝʟʝשʽʥʜʝ ʙʘʨʣʳסʳ װʰ ʨʝʪ ʙʘץʳʣʘʫ ʞײʤʳʩʳ ײʡʳʤʜʘʩʪʳʨʳʣʜʳ. 

ʆʩʳ ʙʘץʳʣʘʫ ʞײʤʳʩʪʘʨʳʥʜʘסʳ ʙʘʩʪʘʧץʳ ʢʝʟʝש ʤʝʥ ʩʦסשʳ ʢʝʟʝש ʥᴅʪʠʞʝʣʝʨʽʥ 

ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨ 65 ʘ,ʙ -ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɽʩʝʧʪʝʫʣʝʨ ʘʨʥʘʡʳ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʽʧ, ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

ʙʽʣʽʤ ʜʝשʛʝʡʽʥʽש ʘʨʪץʘʥʜʳסʳ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ H  (ʘʣʴʪʝʨʥʘʪʠʚʪʽ) 

ʛʠʧʦʪʝʟʘʩʳ ץʘʙʳʣʜʘʥʜʳ, ᴇʡʪʢʝʥʽ ʵʢʩʧʝʨʠʤʝʥʪ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥʛʽ 

ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʘʩʪʘʧץʳ ʢʝʟʝשʜʝʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʝʥ ʝʜᴅʫʽʨ ʞʦסʘʨʳ ʙʦʣʜʳ. ɾʘʣʧʳ 

ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʵʢʩʧʝʨʠʤʝʥʪʪʝʥ ʢʝʡʽʥʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʘʡʪʘʨʣʳץʪʘʡ 

ʘʨʪץʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʜʽʢ ʙʽʣʽʤ ʜʝשʛʝʡʽʥʽש 

ᴇʩʢʝʥʽʥ ʞᴅʥʝ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ץʦʣʜʘʥʳʣסʘʥ ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ 24-ʢʝʩʪʝʜʝ ʪʦʣʳץʪʘʡ ʙʝʡʥʝʣʝʥʛʝʥ. 

 

 

 
 

ʘ) ʵʢʩʧʝʨʠʤʝʥʪ ʪʦʧʪʘʨʳʥʳש ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ ʢʝʟʝש ʥᴅʪʠʞʝʣʝʨʽʥ 

ʩʘʣʳʩʪʳʨʫ ʥᴅʪʠʞʝʣʝʨʽ 
 

ʉʫʨʝʪ 65 ï ʕʢʩʧʝʨʠʤʝʥʪʪʽש ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ ʢʝʟʝש ʥᴅʪʠʞʝʣʝʨʽ, 1 ʙʝʪ 
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ʙ) ʙʘץʳʣʘʫ ʪʦʧʪʘʨʳʥʳש ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ ʢʝʟʝש ʥᴅʪʠʞʝʣʝʨʽʥ 

ʩʘʣʳʩʪʳʨʫ ʥᴅʪʠʞʝʣʝʨʽ 

 

ʉʫʨʝʪ 65, 2 ʙʝʪ 
 

ʂʝʩʪʝ 24 - ɺʠʣʢʦʢʩʦʥʥʳש ʨʘʥʛʽʣʽʢ ʞʠʳʥʪʳץ ʢʨʠʪʝʨʠʡʽ 

 

 ̄ 
I J  

t1- t2 ɸʙʩʦʣʶʪ ʰʘʤʘ ʈʘʥʛ 
t1- ʜʝʡʽʥ t2- ʢʝʡʽʥ 

1 8 9 -2 2 7 

2 74 79 -5 5 14,5 

3 18 11 6 6 16,5 

4 18 14 4 4 11 

5 63 70 -6 6 16,5 

6 19 16 2 2 7 

7 14 15 -1 1 4,5 

8 71 71 0 0 2 

9 15 14 1 1 4,5 

10 0 0 0 0 2 

11 79 84 -4 4 11 

12 21 16 4 4 11 

13 0 4 -4 4 11 

14 74 74 0 0 2 

15 26 22 4 4 11 

16 0 5 -5 5 14,5 

17 76 78 -2 2 7 

18 24 17 7 7 18 

ɹʘʨʣʳסʳ 171 

ɽʩʢʝʨʪʫ ï ɸʚʪʦʨ ײץʨʘʩʪʳʨʳʣסʘʥ. 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ ʨʘʥʞʠʨʣʝʫ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ. 

ɼᴅʨʝʞʝʣʝʨ (ʨʘʥʛʽʣʝʨ) ʙʘסʘʥʳʥʳץ שʦʩʳʥʜʳʩʳ Вὼ ρχρ ʪʝש. ɹײʣ ʢᴇʨʩʝʪʢʽʰ 

ʙʘץʳʣʘʫ ץʦʩʳʥʜʳʩʳʥ ʝʩʝʧʪʝʫ ʬʦʨʤʫʣʘʩʳ ʙʦʡʳʥʰʘ ʪʝʢʩʝʨʽʣʜʽ: 

Вὼ
ρ ὲὲ

ς
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ʄײʥʜʘסʳ n = 18 ï ʪʘשʜʘʫ ʩʘʥʳ. 

ɹʘסʘʥ ʙʦʡʳʥʰʘ ʞʠʳʥʪʳץ ʧʝʥ ʙʘץʳʣʘʫ ץʦʩʳʥʜʳʩʳʥʳש ʩᴅʡʢʝʩʪʽʛʽ 

ʨʘʥʛʣʝʫʜʽש ʜײʨʳʩ ʞװʨʛʽʟʽʣʛʝʥʽʥ ʞᴅʥʝ ʝʩʝʧʪʝʫʣʝʨʜʽש ʜײʨʳʩʪʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂʝʣʝʩʽ ʢʝʟʝשʜʝ ʪʠʧʪʽʢ ʝʤʝʩ ʙʘסʳʪ ʘʥʳץʪʘʣʜʳ. ɹʽʟʜʽש ʟʝʨʪʪʝʫ ʞʘסʜʘʡʳʥʜʘ ʙײʣ 

ʙʘסʳʪ çʦשè ʙʘסʳʪ ʙʦʣʳʧ ʙʝʣʛʽʣʝʥʜʽ. 

ʕʤʧʠʨʠʢʘʣʳץ t ʤᴅʥʽ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʜʽ: 
ὸ̞̍̐ Вὼ 7*3+14,5*2+16,5*2+11*5+4,5*2+2*2+18=169 

 

ɺʠʣʢʦʢʩʦʥʥʳש t-ʢʨʠʪʝʨʠʡʽ ʢʝʩʪʝʩʽ ʙʦʡʳʥʰʘ n=18 װʰʽʥ ʢʝʣʝʩʽ ʤᴅʥʜʝʨ 

ʘʣʳʥʜʳ: 

tʢʨ = 37 (ʨ Ò 0.05 ʜʝשʛʝʡʽʥʜʝ) 

tʢʨ = 25 (ʨ Ò 0.01 ʜʝשʛʝʡʽʥʜʝ) 

ɹʽʟʜʽש ʟʝʨʪʪʝʫ ʞʘסʜʘʡʳʥʜʘ ʘʣʳʥסʘʥ ʵʤʧʠʨʠʢʘʣʳץ ʤᴅʥ: 
ὸ̞̍̐ ρφω 

ʕʤʧʠʨʠʢʘʣʳץ ʤᴅʥ tʢʨ ʤᴅʥʽʥʝʥ װʣʢʝʥ: 
ὸ̞̍>̐tʢʨ (0,05) 

ɹײʣ ʥᴅʪʠʞʝ ʟʝʨʪʪʝʫ ʜʝʨʝʢʪʝʨʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ ʞᴅʥʝ H  ʥᴇʣʜʽʢ 

ʛʠʧʦʪʝʟʘʩʳ ץʘʙʳʣʜʘʥʙʘʡʪʳʥʳʥ, ʘʣ H  ʘʣʴʪʝʨʥʘʪʠʚʪʽ ʛʠʧʦʪʝʟʘʩʳ ʨʘʩʪʘʣʘʪʳʥʳʥ 

ʙʽʣʜʽʨʝʜʽ. ʗסʥʠ, ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʩʦסשʳ ʥᴅʪʠʞʝʣʝʨʽ ʙʘʩʪʘʧץʳ ʥᴅʪʠʞʝʣʝʨʜʝʥ 

ʝʜᴅʫʽʨ ʞʦסʘʨʳ, ʙײʣ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʳש ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 

3- ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɿʝʨʪʪʝʫʜʽװ שʰʽʥʰʽ ʙᴇʣʽʤʽʥʜʝ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʷʨʣʘʫ 

 ʪʠʽʤʜʽʣʽʛʽʥ שʦʣʜʘʥʫʜʳץ ʜʝʨʽʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥװ

ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪײʨסʳʜʘʥ ʥʝʛʽʟʜʝʫ ʤᴅʩʝʣʝʩʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɹײʣ 

ʙᴇʣʽʤʜʝ ʞװʨʛʽʟʽʣʛʝʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʤʘץʩʘʪʳ, ײץʨʳʣʳʤʳ, 

ʢʝʟʝשʜʝʨʽ ʞᴅʥʝ ץʦʣʜʘʥʳʣסʘʥ ʙʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽ ʞʘʥ-ʞʘץʪʳ ʩʠʧʘʪʪʘʣסʘʥ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʙʘʨʳʩʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨ ʝʢʽ ʪʦʧץʘ ï ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ 

ʙʘץʳʣʘʫ ʪʦʧʪʘʨʳʥʘ ʙᴇʣʽʥʽʧ, ʦץʫ װʜʝʨʽʩʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

 ʫ ʽʩ-ᴅʨʝʢʝʪʽץʡʳʤʜʘʩʪʳʨʳʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘ ʦײ ʳʣʳץʦʣʜʘʥʫ ʘʨץ

ʞʦʙʘʣʳץ ʞᴅʥʝ ʠʥʪʝʨʘʢʪʠʚʪʽ ᴅʜʽʩʪʝʨ ʥʝʛʽʟʽʥʜʝ ײץʨʳʣʳʧ, ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨ 

ʤʝʥ ʮʠʬʨʣʳץ ʦץʳʪʫ ʧʣʘʪʬʦʨʤʘʣʘʨʳ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʜʳ. ɸʣ ʙʘץʳʣʘʫ ʪʦʙʳ 

ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʤʝʥ ʦץʳʪʳʣʜʳ. 

ʇʝʜʘʛʦʛʠʢʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʚʘʣʠʜʪʽʣʽʛʽ 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ʜᴅʣʝʣʜʝʥʜʽ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ɺʠʣʢʦʢʩʦʥʥʳש t-

ʢʨʠʪʝʨʠʡʽ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʵʤʧʠʨʠʢʘʣʳץ ʤᴅʥʜʝʨ ʥᴇʣʜʽʢ ʛʠʧʦʪʝʟʘʥʳש 

 ץʪʠʽʤʜʽʣʽʛʽʥ ʩʪʘʪʠʩʪʠʢʘʣʳ שʘʥ ᴅʜʽʩʪʝʤʝʥʽסʩʳʥʳʣײ ʘʙʳʣʜʘʥʙʘʡʪʳʥʳʥ ʞᴅʥʝץ

ʪײʨסʳʜʘʥ ʨʘʩʪʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʤʦʪʠʚʘʮʠʷʣʳץ-

ʙʝʣʩʝʥʜʽʣʽʢ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʨʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ ʢʦʤʧʦʥʝʥʪʪʝʨʽ 

ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʳʥ ʝʜᴅʫʽʨ ʞʘץʩʘʨʪץʘʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽץ שʦʨʳʪʳʥʜʳʣʘʨʳ ʙʦʡʳʥʰʘ ײʩʳʥʳʣסʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʤʦʜʝʣʴ ʤʝʥ ᴅʜʽʩʪʝʤʝʣʽʢ ʪᴅʩʽʣʜʝʨ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʮʠʬʨʣʳץ ʦʨʪʘʜʘ ʢᴅʩʽʙʠ 

 ʣײʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽ ʜᴅʣʝʣʜʝʥʜʽ. ɹװʘ ʤסʘʣʳʧʪʘʩʪʳʨʫץ ʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ʪʠʽʤʜʽײץ

ʤʦʜʝʣʴʜʝʨ ʦץʫ ʤʘʟʤײʥʳʥʘ ʙʝʡʽʤʜʝʣʽʧ, ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʦץʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʘ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ. 
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 ʆʈʓʊʓʅɼʓפ

 

ɿʝʨʪʪʝʫʜʽש ʞײʤʳʩʳʥʳש ʤʘץʩʘʪʳ ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽ ʤסײʘʣʽʤʜʝʨʽʥ 

ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʠʽʤʜʽ 

 ʞᴅʥʝ ץʪʝʦʨʠʷʣʳ שʘʥ ᴅʜʽʩʪʝʤʝʥʽ ᴅʟʽʨʣʝʧ, ʦʥʳסʳʪʪʘʣסʡʨʝʪʫʛʝ ʙʘװ ʘסʦʣʜʘʥʫץ

ʧʨʘʢʪʠʢʘʣʳץ ʥʝʛʽʟʜʝʤʝʩʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʙʦʣʜʳ. ɹײʣ ʤʘץʩʘʪץʘ ץʦʣ ʞʝʪʢʽʟʫ 

ʙʘʨʳʩʳʥʜʘ ʙʽʨץʘʪʘʨ ᴇʟʝʢʪʽ סʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨ ʰʝʰʽʤʽʥ ʪʘʧʪʳ. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש 

ʞʦסʘʨʳ ʙʽʣʽʤ ʙʝʨʫʜʽ ʮʠʬʨʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʫ ʞʘסʜʘʡʳʥʜʘסʳ ʤʘשʳʟʜʳʣʳסʳʥ 

ʜᴅʣʝʣʜʝʜʽ. ɸʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫ ʢʝשʽʩʪʽʛʽʥʜʝ ʦץʳʪʫʜʳש 

ʠʢʝʤʜʽʣʽʛʽ, ʜʘʨʘʣʳסʳ, ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ 

 ץʮʠʬʨʣʳ שʘʣʽʤʜʝʨʜʽסײʤ ץʘʨʘʩʪʳʨʳʣʜʳ. ᴄʩʽʨʝʩʝ ʙʦʣʘʰʘץ ʨʘʣ ʨʝʪʽʥʜʝײץ

 שʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳ שʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳײʘʣʳʧʪʘʩʪʳʨʫʜʘ ʙץ ʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥײץ

ʦץʫ ʪʨʘʝʢʪʦʨʠʷʩʳʥ ʜʘʨʘʣʘʫסʘ, ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨʜʳ ʤʝשʛʝʨʫʛʝ ʘʡʪʘʨʣʳץʪʘʡ ʳץʧʘʣ ʝʪʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪ-ʤʽʥʜʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʩʽ 

ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʽʣʜʽ: 

1) ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʝ ʝʥʛʽʟʫʜʽש 

ʪʝʦʨʠʷʣʳץ-ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʨʽ ʘʡץʳʥʜʘʣʜʳ: 

- ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʪᴅʞʽʨʠʙʝʣʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, çʚʠʨʪʫʘʣʠʟʘʮʠʷè 

 ;ʡʝʣʝʥʜʽʨʽʣʜʽװʨʳʣʳʤʳ ʞײץ ʤᴅʥʽ ʤʝʥ שʳʤʳʥʳסײ

- ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳש ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽ, ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʞᴅʥʝ ץʦʣʜʘʥʳʣʫ 

ʩʘʣʘʣʘʨʳ סʳʣʳʤʠ ʪײʨסʳʜʘ ʩʠʧʘʪʪʘʣʜʳ; 

- ʟʘʤʘʥʘʫʠ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʦʨʠʷʣʘʨʤʝʥ (ʢʦʥʩʪʨʫʢʪʠʚʠʟʤ, ʙʝʣʩʝʥʜʽ ʦץʳʪʫ, 

ʘʜʘʧʪʠʚʪʽʣʽʢ) ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ ʥʝʛʽʟʜʝʣʜʽ. 

2) ʎʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʤʝʥ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʤʦʜʝʣʴʜʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʦץʳʪʫ ʪײʞʳʨʳʤʜʘʤʘʩʳ ᴅʟʽʨʣʝʥʜʽ: 

- ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽ ʢᴅʩʽʙʠ ʜʘʷʨʣʘʫסʘ ʘʨʥʘʣסʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤʦʜʝʣʴ 

 ,ʙʝʣʩʝʥʜʽʣʽʢ-ץʢʦʤʧʦʥʝʥʪʪʝʨʽ: ʤʦʪʠʚʘʮʠʷʣʳ ץʨʳʣʳʤʜʳײץ שʨʳʣʳʧ, ʦʥʳײץ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʨʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ ʜʝשʛʝʡʣʝʨʽ ʘʥʳץʪʘʣʜʳ. 

3) ʂᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ ʤʦʜʝʣʽ ʞʘʩʘʣʜʳ: 

- ʦץʳʪʫ ʤʘʟʤײʥʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ ʞʘשʘʨʪʳʣʳʧ, ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʞʘשʘ 

ʧᴅʥʜʝʨ ʤʝʥ ʦץʫ ʤʦʜʫʣʴʜʝʨʽ ʝʥʛʽʟʽʣʜʽ; 

- ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳץ שʦʣʜʘʥʳʩʪʘסʳ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ 

ʪʦʣʳץʪʳʨʳʣʳʧ, ʮʠʬʨʣʳץ ʦʨʪʘסʘ ʙʝʡʽʤʜʝʣʛʝʥ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝʰʝʥʜʝʨ 

ᴅʟʽʨʣʝʥʜʽ. 

4) ɺʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʤʦʜʝʣʴʜʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʦץʳʪʫ 

ᴅʜʽʩʪʝʤʝʩʽ ᴅʟʽʨʣʝʥʜʽ ʞᴅʥʝ ʥʝʛʽʟʜʝʣʜʽ: 

- ʚʠʨʪʫʘʣʜʳ ʟʝʨʪʭʘʥʘʣʘʨ, ʠʥʪʝʨʘʢʪʠʚʪʽ ʧʣʘʪʬʦʨʤʘʣʘʨ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ 

ʰʳʥʘʡʳʣʳץ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʧʝʜʘʛʦʛʠʢʘʣʳץ ᴅʣʝʫʝʪʽ ʘʥʳץʪʘʣʜʳ; 
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- çauezovvr.ct.wsè ʘץʧʘʨʘʪʪʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ʞᴅʥʝ çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ 

ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜʳץ ʧʨʠʥʮʠʧʪʝʨʽè ʘʪʪʳ ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣ ʦץʫ װʜʝʨʽʩʽʥʝ 

ʝʥʛʽʟʽʣʜʽ. 

 ʪʠʽʤʜʽʣʽʛʽ ʪᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ שʘʥ ᴅʜʽʩʪʝʤʝʥʽסʩʳʥʳʣױ (5

ʘʨץʳʣʳ ʜᴅʣʝʣʜʝʥʜʽ: 

- ʙʘץʳʣʘʫ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʦʧʪʘʨ ʘʨʘʩʳʥʜʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ 

ʞװʨʛʽʟʽʣʽʧ, ʚʠʨʪʫʘʣʠʟʘʮʠʷʥʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨ ʜʝשʛʝʡʽʥʽש 

ʘʨʪʫʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʜᴅʣʝʣʜʝʥʜʽ; 

- ɺʠʣʢʦʢʩʦʥ t-ʢʨʠʪʝʨʠʡʽ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ 

ʚʘʣʠʜʪʽʣʽʛʽ ʨʘʩʪʘʣʜʳ. 

ɿʝʨʪʪʝʫʜʽש ʪʝʦʨʠʷʣʳץ ʙᴇʣʽʤʽʥʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ סײʳʤʳʥʳש ʤᴅʥʽ, 

 ץʨʣʝʨʽ ï ʚʠʨʪʫʘʣʜʳ ʤʘʰʠʥʘʣʘʨ, ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳװʨʳʣʳʤʳ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʪײץ

ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ï ʩʘʣʳʩʪʳʨʤʘʣʳ ʩʠʧʘʪʪʘ ʪʘʣʜʘʥʳʧ, סʳʣʳʤʠ 

ʥʝʛʽʟʽ ץʘʣʳʧʪʘʩʪʳʨʳʣʜʳ. PRISMA ᴅʜʽʩʥ̔ʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ ʞװʨʛʽʟʽʣʛʝʥ 

ʙʠʙʣʠʦʤʝʪʨʠʷʣʳץ ʰʦʣʫ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨʜʽש ʞʘʡ-

ʢװʡʽʥ ʪʘʣʜʘʫסʘ ʞᴅʥʝ ʟʝʨʪʪʝʫ ʩʘʣʘʩʳʥʳס שʳʣʳʤʠ-ʪʝʦʨʠʷʣʳץ ʘʷʩʳʥ ʢʝשʝʡʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ᴄʜʽʩʪʝʤʝʣʽʢ ʙᴇʣʽʤʜʝ ʦץʳʪʫ ʤʘʟʤײʥʳ, ᴅʜʽʩʪʝʨʽ ʞᴅʥʝ ײץʨʘʣʜʘʨʳ 

ʥʘץʪʳʣʘʥʳʧ, ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ʝʥʛʽʟʽʣʜʽ. ᴄʟʽʨʣʝʛʝʥ çauezovvr.ct.wsè 

ʘץʧʘʨʘʪʪʳץ ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ʙʽʨʥʝʰʝ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʦץʫ װʜʝʨʽʩʽʥʜʝ 

ʧʘʡʜʘʣʘʥʳʣʳʧ, ʦץʳʪʫʜʳש ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʩʠʧʘʪʳʥ ʢװʰʝʡʪʫʛʝ װʣʝʩ ץʦʩʪʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, çɺʠʨʪʫʘʣʜʳ ʞᴅʥʝ ʢʝשʝʡʪʽʣʛʝʥ ʰʳʥʜr -ʫץʧʨʠʥʮʠʧʪʝʨʽè ʘʪʪʳ ʦ ץ

ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣʳ ʠʥʬʦʨʤʘʪʠʢʘ ʧᴅʥʽʥʽש ʤʘʟʤײʥʳʥ ʞʘסשʳʨʪʫʜʘ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ʊᴅʞʽʨʠʙʝʣʽʢ-ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩ ʙʘʨʳʩʳʥʜʘ ʟʝʨʪʪʝʫ ʙʦʣʞʘʤʳ 

ʵʤʧʠʨʠʢʘʣʳץ ʪװʨʜʝ ʪʝʢʩʝʨʽʣʽʧ, ײʩʳʥʳʣסʘʥ ᴅʜʽʩʪʝʤʝʥʽש ʪʠʽʤʜʽʣʽʛʽ ʜᴅʣʝʣʜʝʥʜʽ. 

ɹʘסʘʣʘʫ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʨʝʪʽʥʜʝ ʤʦʪʠʚʘʮʠʷʣʳץ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

ʨʝʬʣʝʢʩʠʷʣʳץ-ʙʘסʘʣʘʫ ᴇʣʰʝʤʜʝʨʽ ʧʘʡʜʘʣʘʥʳʣʳʧ, ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ 

 .ʳʥʜʘʣʜʳץʘʨʪʫʳ ʘʡ שʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥʽײץ

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʝʥ ʘʣʳʥסʘʥ ʥʝʛʽʟʛʽ סʳʣʳʤʠ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ 

ʪײʞʳʨʳʤʜʘʨ: 

- ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤʝʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳʥʳש 

ʠʥʪʝʛʨʘʮʠʷʩʳ ʙʦʣʘʰʘץ ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʝʨʽʥ ʪʠʽʤʜʽ ʜʘʤʳʪʫסʘ 

ʳץʧʘʣ ʝʪʝʜʽ; 

 ʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝסʳʪʫץʡʝʣʽ ʦװʤʦʜʝʣʴ ʞ ץʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳסʩʳʥʳʣײ -

ʟʘʤʘʥʘʫʠ ʮʠʬʨʣʳץ ʦʨʪʘ ʪʘʣʘʧʪʘʨʳʥʘ ʩʘʡ ʙʝʡʽʤʜʝʣʛʝʥ; 

- ʞʘʩʘʣסʘʥ ʧʨʦʛʨʘʤʤʘʣʳץ ʢʝʰʝʥ ʤʝʥ ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣʜʘʨ ʙʽʣʽʤ ʙʝʨʫ 

 ;ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʜʝʨʽʩʽʥ ʠʥʪʝʨʘʢʪʠʚʪʝʥʜʽʨʫʛʝ ʤװ

- ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ᴅʜʽʩʪʝʤʝʥʽש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ 

ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʙʘʣʳ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢᴇʨʩʝʪʪʽ; 

- ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʞʦסʘʨʳ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥ ʞʘסשʳʨʪʫʜʳש 

ʧʝʨʩʧʝʢʪʠʚʘʣʳץ ʙʘסʳʪʳ ʨʝʪʽʥʜʝ ײʩʳʥʳʣʜʳ. 

ϣʳʣʳʤʠ ʤʘϬʳʟʜʳʣʳϤʳ: 
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- ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʮʠʬʨʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʝ ʝʥʛʽʟʫʜʽש 

ʪʝʦʨʠʷʣʳץ-ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʨʽ ʞװʡʝʣʝʥʜʽʨʽʣʜʽ; 

- ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʦץʳʪʫ װʣʛʽʣʝʨʽ ʤʝʥ 

ᴅʜʽʩʪʝʤʝʣʝʨ ʞʘʩʘʣʳʧ, סʳʣʳʤʠ ʘʡʥʘʣʳʤסʘ ʝʥʛʽʟʽʣʜʽ; 

- PRISMA ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʙʠʙʣʠʦʤʝʪʨʠʷʣʳץ ʰʦʣʫ ʟʝʨʪʪʝʫ ʙʘסʳʪʳʥ 

ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʇʨʘʢʪʠʢʘʣʳϨ ʤʘϬʳʟʜʳʣʳϤʳ: 

 ,ʜʝʨʽʩʽʥʝ ʝʥʛʽʟʽʣʽʧװ ʫץʢʝʰʝʥ ʦ ץʘʥ ᴅʜʽʩʪʝʤʝʣʝʨ ʤʝʥ ʧʨʦʛʨʘʤʤʘʣʳסʩʳʥʳʣײ -

ʦץʳʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʞʘסʜʘʡ ʞʘʩʘʜʳ; 

- ʘʚʪʦʨʣʳץ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʢʝʰʝʥʜʝʨ ʦץʳʪʫ ʤʘʟʤײʥʳʥ ʮʠʬʨʣʳץ ʬʦʨʤʘʪץʘ 

ʙʝʡʽʤʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ; 

- ʙʘסʘʣʘʫ ʞװʡʝʩʽʥʜʝ ʢʝשʝʡʪʽʣʛʝʥ ʪʘʢʩʦʥʦʤʠʷ (ɹʣʫʤ, Solo) ץʦʣʜʘʥʳʣʳʧ, 

ʢᴅʩʽʙʠ ʜʘסʜʳʣʘʨʜʳ ʢʝʰʝʥʜʽ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʞʘʩʘʣʜʳ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥ ʞʘʣסʘʩʪʳʨʫ ʙʦʡʳʥʰʘ ᴅʜʽʩʪʝʤʝʣʽʢ ײʩʳʥʳʩʪʘʨ: 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

ʦץʳʪʫʜʘ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʽʥʽ ץʦʣʜʘʥʫ; 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʽש ʚʠʨʪʫʘʣʜʘʫ ײץʟʽʨʝʪʪʽʣʽʢʪʝʨʽʥ 

ʘʨʪʪʳʨʫʜʳ ʥʝʡʨʦ ʞʝʣʽ ײץʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʫ; 

- ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥʝ ʨʦʙʦʪʝʭʥʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽ 

ʦץʳʪʫʜʘ ʚʠʨʪʫʘʣʜʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ. 

 ʧʝʜʘʛʦʛʠʢʘ ʤʝʥ ץʤʳʩ ʮʠʬʨʣʳײʞ ץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʜʠʩʩʝʨʪʘʮʠʷʣʳפ

ʙʽʣʽʤ ʙʝʨʫʜʽ ʚʠʨʪʫʘʣʠʟʘʮʠʷʣʘʫ ʙʘסʳʪʳʥʜʘסʳ סʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʜʽ ʞװʡʝʣʽ 

ʪװʨʜʝ ץʘʣʳʧʪʘʩʪʳʨʳʧ, ʙʦʣʘʰʘץ ʠʥʬʦʨʤʘʪʠʢʘ ʤסײʘʣʽʤʜʝʨʽʥ ʮʠʬʨʣʳץ ʦʨʪʘʜʘ 

ʢᴅʩʽʙʠ ʜʘʷʨʣʘʫʜʳש ʪʠʽʤʜʽ ʞʦʣʜʘʨʳʥ ײʩʳʥʜʳ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ץʘʟʽʨʛʽ ʙʽʣʽʤ 

ʙʝʨʫ ʞװʡʝʩʽʥʽש ʮʠʬʨʣʘʥʫ װʜʝʨʽʩʽʥ ʞʝʜʝʣʜʝʪʫʛʝ ʞᴅʥʝ ʩʘʧʘʣʳ ʢʘʜʨʣʘʨʜʳ ʜʘʷʨʣʘʫ 

ʞװʡʝʩʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʤʘשʳʟʜʳ ץʘʜʘʤ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 
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