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͍͙͋ͪ͜ ͨ͊ͭ͡ͺ͙ͦͪͣ Google Cloud Platform Ύ͟ ͦ͋ϥΊͭ͊͟ ͍͙͍;͔ͤͤΎΦ  

˽͍ͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͍ͦͫͤͦͤ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͻͣ͊ͪͤͦ͝ ͨ͊ͭ͡ͺ͙ͦͪͣ ͒͡Ύ ͙͍ͪͦͪͦ͋ͤ͘͟͜ Google Cloud PlatformΦ ˹͍͔͔͊͒ͤͦ 
͚ͤ͊͋͜͡Έ΄ ͨͦͨͯ͡Ύͪͤ͜ ͒͡Ύ ͙ͪͦͪͦ͋͘͟ ͔͍͙ͫͪͫ͜ ͭ͊ ͔͙ͪͫͯͪͫ Google Cloud Platform ς ͻ͙͎ͦͫͭͤΣ ͫͻ͍͙ͦ΅͔ ͙͒͊ͤͻΣ ͔͔ͣͪ͗ͯΣ ͍͔͙͟͜͡ 
͒͊ͤ͜Σ ͣ͊΄͙͔ͤͤ ͍ͤ͊;͊ͤͤΎΦ ˤ͙͍͙͊͗ͣ͡ ͔͊ͫͨͭͦͣ͟ ͍͙͋ͦͪͯ Ί ͚ͭͦ ͺ͊ͭ͟Σ ΅ͦ Google Cloud Platform ͨͪ͊ͼΌΊ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ 
͔͍ͫͪͫͤͦ͜͝ ͔ͣͦ͒͜͡ "˽͊ͭ͡ͺͦͪͣ͊ Ύ͟ ͔͍ͫͪͫ͜ όtŀŀ{ύ"Φ ̂ ͍ͦͫͤͦͯ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΌ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ Google 
Cloud Platform ͔ͨͦ͊͒ͤͦ͟͡ ͔͙͚ͨͪͦͭͤ͟ ͔ͣͭͦ͒Φ ˻͎͍͋ͪͯͤͭͦ͊ͤͦ ͍ͨͪͦ͒ͤͯ͜ ͪͦ͡Έ ͼΈ͎ͦͦ ͔ͣͭͦ͒ͯ ͨ͒͜ ;͊ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͙ͪͦͪͦ͋͘͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΦ  

˹͍͊;͊ͤͤΎ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͯ ͔ͣ͗͊ͻ ͔͎ͦͪͣͦͦ͟ ͣͦ͒ͯ͡Ύ ͔ͫͨͼͯͪͫͯ͟ Ϧ˻͍͙ͫͤͦ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ϦΦ 
˾͎ͦ͘͡Ύͤͯͭͦ ͍ͦͫͤͦͤ͜ ͔ͭͻ͎ͤͦͦ͜͡;ͤ͜ ͔͙͊ͫͨͭ͟Σ ΅ͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͣͯͭ͟ΈͫΎ ͯ ͔ͨͪͦͭͤͦ͟-ͦͪ͜Ί͍ͤͭͦ͊ͤͦͣͯ ͯͪͫ͟͜ ǿŜō-
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΦ ˽͔ͪͦͭ͟ ͫͨͪΎ͍ͣͦ͊ͤͦ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͙ͭ͊͟ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ˱˴-
͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ς ͒͊ͭͤͫͭ͘͜Έ ͪͦͪͦ͋͘͡Ύ͙ͭ ͭ͊ ͎͙ͪͦͦͪͭ͊ͭ͘ ͔ͨͪͦͭ͟ ͯ ͻ͚ͣ͊ͪͤ͜ ͤ͜ͺͪ͊ͫͭͪͯͭͯͪ͟͜Σ ͯͣͤͤ͜Ύ ͍͙͋ͯ͒ͯ͊ͭ 
͔͍͔ͫͪͪͤͯ ͭ͊ ͟͜͡ΊͤͭͫΈͯ͟ ;͙͙͊ͫͭͤ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͍ͨͤͦ͝ ͍͙ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ό͙ͤ͊ͨͪ͊͒͟͡ WŀǾŀ{ŎǊƛǇǘύΣ ͤ͊ͤͤ͘Ύ ͚ͤ͊͋͜͡Έ΄ 
͍͙͒ͦͣ͜ͻ ΄͍͊͋ͦͤ͜͡ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͭ͊ ͝ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟ΎΣ ͍͙ͤ͊;͙͟ ͍͙͍͙ͦͤͯ͊ͭ͟ ͔ͨͪͦͭ͟ ͤ͊ ͫͯ;͚͊ͫͤ͜ ͎͚ͨͪͦͪ͊ͣͤ͜ ͨ͊ͭ͡ͺͦͪͣ͜ 
Node.js. 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͻͣ͊ͪͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͻͣ͊ͪͤ͜ ͦ͋;͙͔ͫͤͤ͡ΎΣ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ Google Cloud PlatformΣ ͔͔ͨͪͦͭͤ͟ 
͍ͤ͊;͊ͤͤΎΦ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˹͊ͯ͊͟ ͍͙͍ͪͦ͊͘ΊͭΈͫΎ ΄͍͙͙͙͒ͣ͟ ͔͙ͭͣͨ͊ͣΦ ˶͔͒Έ ͔ͤ ΅ͦ͒ͤΎ ͙ͣ ͒ͤ͊͘͜ΊͣͦͫΈ ͨͪͦ ͍͔ͫͭͦͪͤͤΎ 

͍͙ͤͦͻ ͙͍ͨͪͫͭͪͦ͝Σ ͨͪͦ ͙ͪ͊͒͊͟͡Έͤͦ ͤ͜΄͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͍͙ͪ͜΄͔ͤͤΎ ͙ͭͻ ;͙ ͤ͜΄͙ͻ ͔ͨͪͦ͋ͣ͡Φ ˶Ό͒Ύͣ ͫͭ͊ΌͭΈ ͒ͦͫͭͯͨͤ͜ ͍ͤͦ͜Σ ͫͯ;͊ͫͤ͜ 
͔ͭͻ͎ͤͦͦ͜͡͝Φ 

˹͔͍͊͗͊͘Ό;͙ ͤ͊ ͔ͭΣ ΅ͦ ͻͣ͊ͪͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͔͗ ͔ͤ ͣͦ͗ͤ͊ ͍͍͙͊͗͊ͭ ͍ͤͤͦ͊͜ͼ͜ΊΌ ͫΈ͎͔ͦͦ͒ͤͤΎΣ ͍͙ͦͤ ͍ͨͪͦ͒ͦ͗ͯΌͭΈ 
͚͙͊ͣ͊ͭ͘ ;͜͡Έ͔ͤ ͣͫ͜ͼ͔ ͯ ͎͋͊͊ͭΈͦͻ ͎͊ͯ͘͡Ύͻ ͡Ό͒ͫΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˹͙͊ͨͪ͊͒͟͡Σ ͙ͣ ͍͙͙͍ͦͪͫͭͦͯ͟Ίͣͦ ͻͣ͊ͪͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͯ 
͔͋ͯ͒ͤͤͦͣͯ ͙͗ͭͭ͜Σ ͍ͤ͊ͭ͜Έ ͔ͤ ͨͦͣ͜;͊Ό;͙ ͼΈ͎ͦͦΦ ˢ͔͒͗ ͎͋͊͊ͭͦ ͘ ͤ͊ͫ Ί ͙͍͙͙͊ͭͤͣ͟ ͙͍ͦͪͫͭͯ͊͟;͙͊ͣ ͍ͨͪͦ͒ͯͭ͟͜ ͦͪͨͦͪ͊͟ͼ͜͝ Google: 
Gmail, Google ˨͔͙ͦͯͣͤͭ͟Σ ͙́͊͋͡ͼ͜ ͭ͊ ˽͔͔ͪͤͭ͊͘ͼ͜͝ τ ͔ͯͫ ͼ͔ Ί ͻ͙͙ͣ͊ͪͤͣ ͔͍͙ͫͪͫ͊ͣ͜Σ Ύ͟͜ ͍͊͒ͦͦ͘͡ΈͤΎΌͭΈ ͤ͊΄͜ ͔͙ͨͦͭͪ͋ ͯ 
ͪͯ͘;ͤͦͫͭ͜ ͚ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜  ͒ͦͫͭͯͨͯ ͒ͦ ͦ͋;͙ͫ͡Ό͍͊͡Έ͙ͤͻ ͔͍ͪͫͯͪͫ͜Σ ΅ͦΣ ͔͔ͫͪ͒ ͤ͜΄͎ͦͦΣ ͍͒ͦͦ͘͡ΎΊ ͊ͦ͘΅͍͙͊͒͗ͯ͊ͭ ;͊ͫΦ 

˿Έ͎ͦͦ͒ͤ͜ ͍͔ͫ ͋͜͡Έ΄͔ ͔͍͍ͫͪͫ͜͜ ͪͦͣ͘͜΅ͯΊͭΈͫΎ ͔ͤ ͤ͊ ͺ͙͘͜;͙ͤͻ ͔͍͔ͫͪͪ͊ͻ ͊͘ ͪ͊ͻͯͤͦ͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟ 
ͦͣͨ͊ͤ͟͜͝-͙ͪͦͪͦ͋ͤ͊͘͟Σ ͊ ͯ ͍͔͙͙͟͡ͻ ͦ͋;͙ͫ͡Ό͍͊͡Έ͙ͤͻ ͒͊ͭ͊-ͼ͔ͤͭͪ͊ͻΣ Ύ͟͜ ͤ͊͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͼ͜ ͔͙ͪͫͯͪͫ 
͒͡Ύ ͍͙͊ͫͤ͡ͻ ͼ͔͚͜͡ ͜ ͍͔ͭͤͤ͜͡Ύ ͍͙͊ͫͤ͡ͻ ͔͚͒͜ ͙͡΄͔ ͊͘ ͍͙ͯͣͦ ͤ͊Ύ͍ͤͦͫͭ͜ ͘ΩΊ͒ͤ͊ͤͤΎ ͘ ͔͔͔ͣͪ͗Ό ˱͔͔ͤͭͪͤͭΦ ˭͍͊͒Ύ͙͟ ͚ͭ͊͟͜ 
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ͪͯ͘;ͤͦͫͭ͜ ͭ͊ ͔ͦͤͦͣ͟͜͝ ͔͍ͪͫͯͪͫ͜ ό͔ͤ ͙͡΄͔ ;͍͙͊ͫͦͻΣ ͊ ͚ ͺ͍͙ͤ͊ͤͫͦ͜ͻ ͭ͊ ͡Ό͒ͫΈ͙͟ͻύ ͻͣ͊ͪͤ͜ ͙͊ͫͦ͋͘ ͙ͤ͊͋ͯ͡ ΄͙͎ͪͦͦͦ͟ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͚ ͯ ͫͺ͔ͪ͜ ͙ͪͦͪͦ͋͘͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΦ 

̂ ͍͘ϥΎͯ͘͟ ͘ ͼ͙ͣ ͔ͨͪͦ͋ͣ͊͡ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ό ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ 
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ Ί ͊ͭͯ͊͟͡ΈͤͦΌΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ͔́ͣ͊ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͯ ͨͪ͊ͼΎͻ ͤ͊͘;ͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͍ͤ͊ͯͦ͟ͼ͍͜Φ 
˽͙ͭ͊ͤͤΎ ͻ͙ͣ͊ͪͤͻ ͦ͋;͙͔ͫͤ͡Έ ͯ ͙͔ͫͫͭͣ͜ ͍͙ͦͫͭ͜ ͒ͦͫ͒͗ͯ͜͡ΌͭΈ ˤΦ̑Φ x ͙͍ͦ͟Σ ́ΦˢΦ ʕ ͊͊͟͡Ό͟Σ ˻Φ˥Φ ˥ ͍͊ͯͤͦ͊͘͡Σ ˾Φ˿Φ ˥ ͔͍͙ͯͪ;Σ 
˿Φ˥Φ ˶ ͙͍͙͍ͭͤͦ͊Σ ˭Φ˿Φ ˿ ͔͚͔͍͒͊ͣͭͦ͊Σ ˿Φ˻Φ ˿͔͔͍ͣͪͦ͜͟Σ ˢΦ˸Φ ˿ ͭͪΌ͟Σ ˸Φ˽Φ ̊ ͙΄ͤ͊͟͜ ͭ͊ ͤ͜Φ ˭͔ͦͪͣ͊͟Σ ˹ΦˤΦ ˸ ͔ͦͪ͘ ͭ͊ 
˻Φ˥Φ ˴ ͯ͘Έͣͤͫ͜Έ͊͟ ͯ ͍ͫͦΊͣͯ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͪͤͦ͋͘͜͜;ͤͦ ͍͙͍ͫͭ͜͡ΌΌͭΈ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ 
͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ώ1].  

̂ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͭ͊ͦ͗͟ ͔͔͍ͨͪ͊͗͊Ί ͔͙ͨͪͦ͋ͣ͊ͭ͊͟͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͭͻ͎͚ͤͦͦ͜͡ ͻ͙ͣ͊ͪͤͻ ͦ͋;͙͔ͫͤ͡ΈΣ Ύ͟ 
͊ͫͦ͋ͯ͘ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΦ ˹͙͊ͨͪ͊͒͟͡Σ ͍͊ͭͦͪ ͨͯ͋͊͜͟͡ͼ͜͝ [˻΄͙͋͊͟Η ˮͫͭͦ;͙ͤ͟ ͫͫ·͙͟͡ ͔ͤ ͚͔ͤ͊͒ͤΦ] ͔ͨͪͦͭͯ͟Ί 
͔͍ͪͫͤͯ͜ ͔ͣͦ͒͡Έ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡Φ ˽͔͙ͪͦ͋ͣ͡ ͍͙͍;͔ͤͤΎ ͪͯ͘;ͤͦͫͭ͜ ͔ͤͭͪ͜ͺ͔͚ͫͯ 
͙͍ͦͪͫͭͯ͊͟;͊ ͔͍͍ͫͪͫ͜͜ Google Suite ŦƻǊ 9ŘǳŎŀǘƛƻƴ ͒ͦͫ͒͗ͯ͜͡Ί ˸͊ͯͪ͜ ˩͔͊͋ͭ͘͜͡ ˣͪ͊ͯͤΦ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͝͝ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͒ͦͦ͒ΎͭΈΣ ΅ͦ 
͊ͤ͊͘͘;͔ͤ͜ ͙ͫͯ͗͋͡ Google Suite ͔͎ͦ͟͡ ͍ͦͨ͊ͤͦͯΌͭΈͫΎ ͋͜͡Έ΄ͫͭ͜Ό ͙͍ͦͪͫͭͯ͊͟;͍͜ ώ˻΄͙͋͊͟Η ˮͫͭͦ;͙ͤ͟ ͫͫ·͙͟͡ ͔ͤ ͚͔ͤ͊͒ͤΦ]. 
͍ͦͫ͒͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͻͣ͊ͪͦ-ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͒͡Ύ ͙͙ͨ͒ͭͪͣ͜͟ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͍͙͊͒͊͟͡;͍͜ ͍͋ͯ ͙͙͚ͦͨͫ͊ͤ ˴. ˾ ͔ͦ͋ͪͭͫͦͤͦͣ (C. Robertson) [˻΄͙͋͊͟Η ˮͫͭͦ;͙ͤ͟ ͫͫ·͙͟͡ ͔ͤ ͚͔ͤ͊͒ͤΦ]. 

̂ ͒ͦͫ ͔͒͗ͤͤ͜͡ ͜ [7] ͍ͨͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͔͔͍͎͙ͨͪ͊Σ Ύ͟͜ ͙͍ͦͪͫͭͯ͊͟;͜ ͣͦ͗ͯͭΈ ͙͙ͦͭͪͣ͊ͭΣ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͙͍ͣͦ͗ͦͫͭ͜͡ 
͔͎ͤͭͪ͊͜ͼ͜͝ ͻ͙ͣ͊ͪͤͻ ͔͍͍ͫͪͫ͜͜ ͭ͊ ͙͔ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͤ͊;͊ͤͤΎͣ ͤ͊ ͍ͦͫͤͦ͜ ͔͙ͫͣ͊ͤͭ;ͤͦ͝ ͔ͣͦ͒͜͡Φ ˢ͍͙ͭͦͪ ͍͊ͯ͘͟ΌͭΈ ͤ͊ 
͔͔͔͚͋ͨͦͫͪ͒ͤ͘͜ ͙͙͍͙͚ͨͦͭͤ͘ ͍͙͍ͨ͡ ͤ͊ ͎͙͍͔ͦͤͭͤ͟͜ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜Φ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͘ ͍͔͙͔̂ͤͪͫͭͭͯ͜ ˣ͔͎ͪ͊͒͊͡ 
ͪͦͪͦ͋͘͡ΎΊ ͔͎ͫͭͪ͊ͭ͜Ό ͍͙ͪͦͭͯ͘͟ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎ ΄͡Ύͻͦͣ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͙͍ͦͪͨͦͪ͊ͭͤͦ͟͝ ͻ͙ͣ͊ͪΦ 

˽͔ͪͦͭ ͋͜͡Έ΄ͫͭ͜Έ ͘ ͔͒ͦͫ͒͗ͤ͜͡Έ ͦͪ͘͜Ί͍ͤͭͦ͊ͤ͜ ͤ͊ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͤ͊;͊ͤͤΎͣΣ ͪͯ͘;ͤͫͭ͜Ό 
͔͎͋ͪ͊ͤͤ͘͜Ύ ͙͒͊ͤͻΣ ͍ͨͦͫΌ͒ͤͫͭ͜Ό ͒ͦͫͭͯͨͯ ͒ͦ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜Φ ˽ͦ͊͘ ͍͎ͯ͊ͦΌ ͋͜͡Έ΄ͦͫͭ͜ ͔͒ͦͫ͒͗ͤ͜͡Έ ͙͊͘͡΄͊ΊͭΈͫΎ ͔ͨͪͦ͋ͣ͊͡ 
͍ͤ͊;͊ͤͤΎ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ Ύ͟ ͦ͋ϥΊͭ͊͟ ͍͙͍;͔ͤͤΎΣ ͔ͦͪͣ͊͘͟ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΌΦ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ͨͦ͡Ύ͎͊Ί ͯ ͍͙͍;͔ͤͤ͜ ͪͦ͜͡ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͨͪͦͼ͔ͫ͜ ͙ͪͦͪͦ͋͘͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͨ͊ͭ͡ͺ͙ͦͪͣ Google Cloud Platform ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͻ͙ͣ͊ͪͤͻ ͍͊ͫͭͦͫͯͤ͘͟͜ ͭ͊ ͔ͪͦͪͦ͋ͤͤ͘͜͡ 
͔ͨͪͦͭͤͦ͟͝ ͔͙͙ͣͭͦ͒͟ ͍͙͍;͔ͤͤΎ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͘͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ͊ͤ͊͘͘;͔͙ͤͻ ͍͊ͫͦ͋͘͜Φ 

˸͔͙ͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˽͒͜ ;͊ͫ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Έ ͭ͊͟͜ ͔͙ͣͭͦ͒Υ ͊ͤ͊͘͜͡ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;ͤͦ͝, ͔ͭͻͤ͜;ͤͦ͝ 
͔͙ͭͪ͊ͭͯͪ͜͡ ͭ͊ ˱͔͔ͤͭͪͤͭ-͔͔͒͗ͪ͡ ͯ ͎͊ͯ͘͜͡ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΌΣ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡. ˢ͍͙ͭͦͪ͊ͣ ͋ͯͦ͡ 
͚͔͒ͫͤͤͦ͘͜ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͭ͊ ͍͍͒ͨͦ͒ͤͯ͜͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔ͣͭͦ͒ͯ ͔͍ͨͪͦͭ͟͜ ͙ͨͪ ͍͙͍;͔ͤͤ͜ 
ͻͣ͊ͪͤͦ͝ ͨ͊ͭ͡ͺ͙ͦͪͣ Google Cloud Platform.  

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ̒͟ ͨͦ͊ͯ͘͟Ί ͊ͤ͊͘͜͡ ͨͯ͋͊͜͟͡ͼ͚͜ ͭ͊ ͍ͫͭ͊ͤ͒͊ͪͭ͜ ͍ͤ͊;͊ͤͤΎΣ ͍͙ͪͦͭͦ͘͟ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ 
͎͊ͯ͘͜͡ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ Ί ;͙ ͚͍͙͍ͤ͊͊͗͜͡΄ͦΌ ͍ͫ͊͒ͦͦ͟͡Ό ͨͪͦͼ͔ͫͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͎͊ͯ͘͜͡ ˱˴́ ͭ͊ ͯ;͙͔͍ͭ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ 
[˻΄͙͋͊͟Η ˮͫͭͦ;͙ͤ͟ ͫͫ·͙͟͡ ͔ͤ ͚͔ͤ͊͒ͤΦ], [2], [3]. ˾͍͙ͦͭͦ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͻ͙ͣ͊ͪͤͻ ͦ͋;͙͔ͫͤ͡Έ ͍͙ͫͭ͊ͭΈ ͍͙͎͙ͣͦ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ 
͍͎ͣͫͭͦͦͦ͜ ͭ͊ ͔͙ͣͭͦ͒;͎ͤͦͦ ͍͔ͤ͊ͨͦͤͤͤΎ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜Φ  

˽͎͍͒ͦͭͦ͊͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͒ͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͙ͨͦͤͤ͊ ͙ͣ͊ͭ ͔͔͔͍͙͚ͤͨͪͪͤ 
ͻ͔͊ͪ͊ͭͪ͟Σ ͭͦ͋ͭͦ ͚͒ͫͤ͘͜Ό͍͙͊ͭͫΎ ͔ͨͦͭ͊ͨͤͦ ͍ͯͨͪͦ͒ͦ͗ ͯͫΈ͎ͦͦ ͔ͭͪͣͤͯ͜ ͍ͤ͊;͊ͤͤΎΣ ͊ ͝͝ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͍ͪͤ͜Ύ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͍͊ͫͦ͋͘͜ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎΦ ˹͊ ͦ͗ͤͦͣͯ͟ ͭͪΈͦͻ ͔͍ͭ͊ͨ͜ ͍ͤ͊;͊ͤͤΎ ͔͔ͨͪ͒͋͊;͊Ίͣͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͔͙ͫͭͯ͒ͤͭ͊ͣ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͊ ͪͤͦͣͯ͘͜ ͍ͪͤ͜͜ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ [3]. 

¶ ͔ͭ͊ͨ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͭͻ͎͚ͤͦͦ͜͡ ͻ͙ͣ͊ͪͤͻ ͦ͋;͙͔ͫͤ͡Έ Ύ͟ ͊ͫͦ͋ͯ͘ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

¶ ͔ͭ͊ͨ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͊͊͒ͣ͟͜;͙ͤͻ ͻͣ͊ͪ Ύ͟ ͦ͋ΩΊͭ͊͟ ͍͙͍;͔ͤͤΎΦ  

¶ ͔ͭ͊ͨ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͤ͊͋ͯͭͻ ͤ͊ͤ͘Έ ͘͜ ͔͔ͨͦͨͪ͒ͤ͜ͻ ͔͍ͭ͊ͨ͜ ͘ ͔ͣͭͦΌ ͍͔ͫͭͦͪͤͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͙͊ͫͤ͡ͻ ͻ͙ͣ͊ͪͤͻ ͔͍͍ͫͪͫ͜͜. 
˿͔͔ͪ͒ ͻ͙ͣ͊ͪͤͻ ͍͊ͫͦ͋͘͜Σ ΅ͦ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍͙͙ͦͪͫͭ͊ͤ͟͜ Ύ͟ ͦ͋ϥΊͭ͟ ͍͙͍;͔ͤͤΎ ͙͍ͦͫͦ͋ͦ͡͝ ͍͎͙ͯ͊ ͎͍͊ͫͯͦͯ͘͡Ί ͻͣ͊ͪͤ͊ 

ͨ͊ͭ͡ͺͦͪͣ͊ ͦͣͨ͊ͤ͟͜͝ Google (Google Cloud Platform). ˽͊ͭ͡ͺͦͪͣ͊ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͤ͊͋ͦͪͯ ͺ͙͘͜;͙ͤͻ ͙͍͍͊ͭ͟͜ όͦͣͨ͟ΩΌ͔͙ͭͪΣ 
͗ͦͪͫͭ͟͜ ͙͙͒ͫ͟ ͭͦ΅ͦύ ͭ͊ ͍ͪͭͯ͊͜͡Έ͙ͤͻ ͔͍ͪͫͯͪͫ͜ ό͍ͪͭͯ͊͜͡Έͤ͜ ͣ͊΄͙͙ͤύΣ Ύ͟͜ ͣͫͭ͜ΎͭΈͫΎ ͯ ͒͊ͭ͊-ͼ͔ͤͭͪ͊ͻ ͦͣͨ͊ͤ͟͜͝ Google Inc. 
˥͔͎ͦͪ͊ͺ͜;ͤͦ ͍͙ͦͤ ͪͦͭ͊͘΄͍ͦ͊ͤ͜ ͯ ͙ͪͤ͘͜ͻ ;͙͊ͫͭͤ͊ ͍ͫͭͯ͜Υ ͔̇ͤͭͪ͊͡Έ͚ͤ͜ ˢ͔͙ͣͪͼ͜Σ ˭͊ͻ͚͒ͤ͜͜ ͍̐ͪͦͨ͜ ͭ͊ ˿ͻ͚͒ͤ͜͜ ˢ͘͜͝Φ ͙͚́͊͟ 
ͪͦͨͦ͒͘͜͡ ͔͍ͪͫͯͪͫ͜ ͤ͊͒͊Ί ͪΎ͒ ͔͔͍͎ͨͪ͊Σ ͍͟͡Ό;͊Ό;͙ ͔͔͍͍ͪͪͯ͊ͤͤ͘Ύ ͤ͊ ͍͙ͨ͊͒ͦ͟ ͋ͦ͘Ό ͙͔͙ͫͫͭͣ ͭ͊ ͔ͣͤ͘΄͔ͤͤΎ ;͊ͫͯ ͍͍͒ͨͦ͒͜͜͜ ͤ͊ 
͙͙͊ͨͭ͘ ͙͍ͦͪͫͭͯ͊͟;͊ ΄͡Ύͻͦͣ ͨͦ΄ͯͯ͟ ͚͙ͤ͊͋͗͡;͙ͻ ͔͍ͪͫͯͪͫ͜Φ 

DƻƻƎƭŜ /ƭƻǳŘ tƭŀǘŦƻǊƳ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ͙͙ͪͤͣ͘͜ ͔͙ͤͫͭͪͯͣͤͭ͊ͣ͜ ͒͡Ύ ͦ͋;͙͔ͫͤ͡Έ ͜ ͻ͙͎ͦͫͭͤͯΥ DƻƻƎƭŜ !ǇǇ 
9ƴƎƛƴŜΣ /ƻƴǘŀƛƴŜǊ 9ƴƎƛƴŜΣ DƻƻƎƭŜ /ƻƳǇǳǘŜ 9ƴƎƛƴŜΦ ˱ͫͤͯΊ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͦ͋ͪ͊ͭ ͔͍ͪͦ͊ͤͯ͟ ͨ͊ͭ͡ͺͦͪͣͯ ͒͡Ύ ͙ͪͦͪͦ͋͘͟Σ ΅ͦ 
͍͙͙͍ͦͪͫͭͦͯ͟Ί ͔ͭͻ͎ͤͦͦ͜͡͝ ͔͚͔͙ͦͤͭͤͪ͊͘͟ͼ͜͝ ͒͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͋͜͡Έ΄ͦ͝ ͎ͤͯ;ͦͫͭ͟͜ ͊͋ͦ ͍͙͙ͫͭͦͪͭ ͍͊ͫͤͯ͡Σ ͙ͣ͊ͫͣ͊͟͡Έͤͦ 
ͦͤͭͪͦ͟͡Έ͍ͦ͊ͤͯΣ ͻͣ͊ͪͤͯ ͤ͜ͺͪ͊ͫͭͪͯͭͯͪͯ͟Φ ˭ ͼ͙ͣ ͪ͜΄͔ͤͤΎͣΣ ͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͘ϥΎ͍͡ΎΌͭΈͫΎ ΄͙ͪͦ͟͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͔͙ͪͫͯͪͫ͊ͣΣ ͊ ͘ ͤ͜΄͎ͦͦΣ ς Ύ͟΅ͦ ͍ ͼΈͦͣͯ ͔ͤͣ͊Ί ͔͙ͨͦͭͪ͋Σ ͨ͊ͭ͡ͺͦͪͣ͊ ͔ͣͦ͗ ͍͘Ύ͙ͭ ͍͔ͫ ͍ͯͨͪ͊ͤͤ͜͡Ύ 
ͤ͜ͺͪ͊ͫͭͪͯͭͯͪͦ͟Ό ͤ͊ ͔͔ͫ͋Φ ̂ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟ ͙͊͘͡΄͊ΊͭΈͫΎ ͚͙͊ͣ͊ͭͫ͘Ύ ͭ͜͡Έ͙͟ ͪͦͪͦ͋ͦ͘͟Ό ͍͒ͦ͒͊ͭ͟͜ ώоϐΦ 

DƻƻƎƭŜ /ƭƻǳŘ tƭŀǘŦƻǊƳ ͨͪͦͨͦͤͯΊ ͚ͤ͊͋͜͡Έ΄ ͨͦͨͯ͡Ύͪͤ͜ ͒͡Ύ ͙ͪͦͪͦ͋͘͟ ͔͍͙ͫͪͫ͜ ͭ͊ ͔͙ͪͫͯͪͫΣ ͊ ͔ͫ͊ͣΥ 

¶ ͦ͋;͙ͫ͡Ό͍͊͡Έͤ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͭ͊ ͻ͙͎ͦͫͭͤΤ 

¶ ͫͻ͍͙ͦ΅͔ ͙͒͊ͤͻΤ 

¶ ͔͔ͣͪ͗ͯΤ 

¶ ͍͔͙͟͜͡ ͒͊ͤ͜Τ 

¶ ͣ͊΄͙͔ͤͤ ͍ͤ͊;͊ͤͤΎΦ 
˾͎ͦ͘͡Ύ͔ͤͣͦ ͝ͻ ͔͒ͭ͊͡Έͤ͜΄͔Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͦ͋;͙ͫ͡Ό͍͊͡Έ͙ͤͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͭ͊ ͻ͙͎ͦͫͭͤͯ ͔ͣͦ͗ ͍͍͙͒͋ͯ͊ͭͫ͜Έ ͤ͊ ͍ͦͫͤͦ͜ 

͔͔͍͔͎͋ͫͪͪͤͦͦ͘ ͔͔͍͙ͫͪ͒ͦ΅͊ ό/ƭƻǳŘ CǳƴŎǘƛƻƴǎύΣ ͔͍ͪͦ͊ͤͦ͟͝ ͙ͨͪ͊͒ͤͦ͟͡͝ ͨ͊ͭ͡ͺ͙ͦͪͣ ό!ǇǇ 9ƴƎƛƴŜύ ͊͋ͦ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͔͚͔͙ͦͤͭͤͪ͊͘͟ͼ͜͝ όYǳōŜǊƴŜǘŜǎ 9ƴƎƛƴŜύΦ 

˨͡Ύ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͙͒͊ͤͻ D/t ͤ͊͒͊Ί ͍ͨͦͤͫͭ͜Ό ͔͍͙͚ͪͦ͊ͤ͟ ͔͍ͫͪͫ͜ ͔ͪ͡Ύͼ͚͙ͤ͜ͻ ͋͊͘ ͙͒͊ͤͻ ͯ /ƭƻǳŘ {ǇŀƴƴŜǊΣ Ύ͙͚͟ ͨͪͦͨͦͤͯΊ 
͎͔ͯͦ͒͗ͤͫͭ͘͜Έ ͭͪ͊ͤ͊͘͟ͼ͚͜ ͯ ͎ͦ͋͊͡͡Έͤͦͣͯ ͣ͊ͫ΄ͭ͊͋͜Σ ͙͙͊ͨͭ͘ {v[ ͭ͊ ͍͙͊ͭͦͣ͊ͭ;ͤ͜ ͙ͫͤͻͪͦͤͤ͜ ͔ͪͨ͊͜͟͡ͼ͜͝ ͒͡Ύ ͋͜͡Έ΄ ͍͙ͫͦͦ͟͝ 
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͚ͤ͊͒ͤͦͫͭ͜͜Φ ˸ͦ͗ͤ͊ ͚ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͙͘;ͤͯ ͋͊ͯ͘ ͙͒͊ͤͻ {v[ ͯ /ƭƻǳŘ {v[Σ Ύ͊͟ ͙ͨ͒ͭͪͣͯ͜Ί Ύ͟ aȅ{v[Σ ͭ͊͟ ͜ tƻǎǘƎǊŜ{v[Φ ˴ͪͣ͜ 
͎ͭͦͦΣ Ί ͍͒͊ ͍͙͊ͪ͊ͤͭ͜ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͙͒͊ͤͻ ͯ ͺͦͪͣ͊ͭ͜ bƻ{v[Υ /ƭƻǳŘ 5ŀǘŀǎǘƻǊŀƎŜ ͭ͊ /ƭƻǳŘ .ƛƎǘŀōƭŜΦ 

˸͔͔͔͍ͪ͗͜ ͔͍͙ͫͪͫ͜ D/t ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͍͋͊͊ͤͫͯ͊ͤͤ͡Ύ ͍͔ͤ͊͊ͤͭ͊͗ͤΈ ΄͡Ύͻͦͣ ͪͦͨͦ͒ͯ͘͜͡ ͭͪ͊ͺͯ͜͟ ͣ͗͜ ͔͍͔͙ͫͪͪ͊ͣ 
͚͙ͤ͊͋͗͡;͎ͦͦ ͔͎ͪͦͤͯ͜Σ ͤ͊͒͊ΌͭΈ ͻ͙͚ͣ͊ͪͤ ͔͍ͫͪͫ͜ 5b{ ͭ͊ ͪͦ͘΄͙͔͙͚ͪͤ ͍͘ΩΎͦ͘͟ ͒͡Ύ ͨ͒͜͟͡Ό;͔ͤͤΎ ͫͤͯ͜Ό;ͦ͝ ͔͔ͣͪ͗͜ ͒ͦ ͔͍ͪͫͯͪͫ͜ 
GCP. 

˿͔͍͙ͪͫ͜ .ƛƎ Řŀǘŀ ό͍͔͙͟͜͡ ͒͊ͤ͜ύ ͍͒ͦͦ͘͡ΎΌͭΈ ͦ͋ͪͦ͋͡Ύ͙ͭ ͭ͊ ͍͔͙ͪͭ͊ͭͫ͘Έ ͒ͦ ͍͔͙͙͟͡ͻ ͙͒͊ͤͻ ͍ ͻͣ͊ͪ͜Σ ΅ͦ͋ ΄͍͙͒ͦ͟ 
͙͍͙ͦͭͪͣͯ͊ͭ ͍͍͒ͨͦ͒͜͜͜ ͤ͊ ͫ͊͒ͤ͟͜͡ ͙͙͊ͨͭ͘ ΄͡Ύͻͦͣ ͊ͤ͊ͯ͘͜͡Σ ͔ͨ͊ͭͤͦ͟͝ ͭ͊ ͍ͨͦͭͦͦͦ͟͝ ͙ͦ͋ͪͦ͋͟ ͙͒͊ͤͻ ͭ͊ ͙͊ͫͤͻ͎ͪͦͤͤͦͦ ͦ͋ͣͤͯ͜ 
͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ͙ͣΦ 

GCP Cloud APL ͨͪͦͨͦͤͯΊ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͨͦͭͯ͗ͤ͜ ͎͙ͨͦͫͯ͡ ͘ ͣ͊΄͙͎ͤͤͦͦ ͍ͤ͊;͊ͤͤΎΦ ˽͔͔ͦͨͪ͒ͤΈͦ ͎͍͔ͨ͒ͦͭͦͤ͜͜͡ ͔ͣͦ͒͜͡ 
ͤ͊͒͊ΌͭΈ !tL-͔ͤͭͪ͜ͺ͔͚͙ͫΣ Ύ͟͜ ͍͔͗ ͙͍ͦͨͭͣͦ͊ͤ͘͜͜ ͒͡Ύ ͔͙ͦͤͪͭͤ͟͟ͻ ͎ͨͪͦͪ͊ͣΦ ˴ͪͣ͜ ͎ͭͦͦΣ ͣͦ͗ͤ͊ ͍ͫͭͦͪΌ͍͙͊ͭ ͍͊ͫͤ͜͡ 
͍͔͙ͦͣ͊ͫ͟͡΄ͭ͊͋ͤ͜ ͫ͊͒ͤ͟͜͡ ͔ͣͦ͒͜͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͺ͔͚͍ͪͣͦͪͯ͟ ¢ŜƴǎƻǊCƭƻǿΦ 

˻ͭͦ͗, DƻƻƎƭŜ /ƭƻǳŘ tƭŀǘŦƻǊƳ ͨͪͦͨͦͤͯΊ ;͙ͣ͊ͦ͡ ͎ͨͦͫͯ͡ ͭ͊ ͔͍ͪͫͯͪͫ͜ ͒͡Ύ ͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͚ ͙͙ͨ͒ͭͪͣ͜͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ 
͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ;͙͊ͫͭͤ͊ ͘ Ύ͙͟ͻ ͔ͣͦ͗ ͙͋ͯͭ ͍͙͙ͦͪͫͭ͊ͤ͊͟ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͯͪͫ͟͜ ͘ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΦ ˨ͦ ͙ͨͪ͊͒ͯ͟͡Σ DƻƻƎƭŜ !ǇǇ 
9ƴƎƛƴŜ ͍͒ͦͦ͘͡ΎΊ ͋͜͡Έ΄͔ ͔͔͙͙ͦͫͪ͒ͭͫ͘Έ ͔ͫ͊ͣ ͤ͊ ͨͪͦͼ͔ͫ͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͊ ͔ͤ ͤ͊ ͍ͯͨͪ͊ͤͤ͜͜͡ ͔͙ͪͫͯͪͫ͊ͣΦ DƻƻƎƭŜ !ǇǇ 9ƴƎƛƴŜ 
ͨͪ͊ͼΌΊ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͔͍ͫͪͫͤͦ͜͝ ͔ͣͦ͒͜͡ ζ˽͊ͭ͡ͺͦͪͣ͊ Ύ͟ ͔͍ͫͪͫ͜ όtŀŀ{ύηΣ ΅ͦ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍ͫͭͦͪΌ͍͙͊ͭ ͪͤ͘͜͜ ͣͦ͋͜͡Έͤ͜ ͚ 
͍͔͋-͙͒ͦ͒͊ͭ͟Φ !ǇǇ 9ƴƎƛƴŜ ͔͔͋ͪ ͤ͊ ͔͔ͫ͋ ͋͜͡Έ΄ͯ ;͙͊ͫͭͤͯ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͔͙ͪͫͯͪͫ͊ͣΦ ˹͙͊ͨͪ͊͒͟͡Σ Ύ͟΅ͦ ͊ͫͭͦͫͯͤͯ͘͟ ͨͦͭͪ͋ͤͦ͜ 
͋͜͡Έ΄͔ ͦ͋;͙ͫ͡Ό͍͊͡Έ͙ͤͻ ͔͍ͪͫͯͪͫ͜ ͯ ͍͘ΩΎͯ͘͟ ͘͜ ͋͘͜͡Έ΄͔ͤͤΎͣ ͭͪ͊ͺͯ͜͟ ͤ͊ ͚ͫ͊ͭ͜Σ DƻƻƎƭŜ ͍͙͊ͭͦͣ͊ͭ;ͤͦ ͣ͊ͫ΄ͭ͊͋ͯΊ ͙͔ͫͫͭͣͯΣ ΅ͦ͋ 
͙ͤ͊͒͊ͭ ͔ͤͦ͋ͻ͒ͤ͜͜ ͨͦͭͯ͗ͤͦͫͭ͜Φ 

˿͍ͭͦͪΌΌ;͙ ͒ͦ͒͊ͭͦ͟ ͤ͊ !ǇǇ 9ƴƎƛƴŜΣ ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟Υ 

¶ ͔ͫͭ͊ͤ͒͊ͪͭͤ ͔͔͍͙ͫͪ͒ͦ΅͔ ͙ͪͦͪͦ͋͘͟Τ 

¶ ͎ͤͯ;͔͟ ͔͔͍͙ͫͪ͒ͦ΅͔ ͘͜ ͋͜͡Έ΄ ͪͦ͘΄͙͔͙͙ͪͤͣ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣΤ 

¶ ͍͙͊ͭͦͣ͊ͭ;͔ͤ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͻ͙͎ͦͫͭͤͦͣΣ ͣ͊ͫ΄͍ͭ͊͋ͯ͊ͤͤΎͣΣ ͙͎ͣͦͤͭͦͪͤͦͣ͜ ͭ͊ ͍ͫ͜ΊΌ ͤ͜ͺͪ͊ͫͭͪͯͭͯͪͦ͟Ό ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͔͍͍ͫͪͫ͜͜ Google; 

¶ !ǇǇ 9ƴƎƛƴŜ {5Y ͒͡Ύ ͙ͪͦͪͦ͋͘͟ ͜ ͔͍ͭͫͭͯ͊ͤͤΎ ͤ͊ ͦ͊͟͡͡Έ͚ͤ͜ ͣ͊΄͙ͤ͜Τ 

¶ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͙͒͊ͤͻΣ ΅ͦ ͒ͦͫͭͯͨͤ͜ Ύ͟ ͯ ͫͭ͊ͤ͒͊ͪͭͤͦͣͯΣ ͭ͊͟ ͜ ͍ ͎ͤͯ;ͦͣͯ͟ ͔͔͍͙ͫͪ͒ͦ΅͜ όDƻƻƎƭŜ 
/ƭƻǳŘ {v[Σ Ύ͙͚͟ ͙ͨ͒ͭͪͣͯ͜Ί aȅ{v[ ͭ͊ tƻǎǘƎǊŜ{v[Σ !ǇǇ9ƴƎƛƴŜ 5ŀǘŀǎǘƻǊŀƎŜΣ Ύ͙͚͟ Ί ͫͻ͍͙ͦ΅͔ͣ bƻ{v[ ͭ͊ DƻƻƎƭŜ /ƭƻǳŘ {ǘƻǊŀƎŜΣ 
΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͍͔͙͡;͔͙ͤ͘ͻ ͺ͚͍͊͜͡ύΤ 

¶ Cloud Security Scanner ͒͡ Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͍͙͍͔͚ͪ͊ͦͫͭ͘͡ ͙͔͙ͫͫͭͣ ͔͔͙͋ͨ͘͟ ͭ͊ ͙͔͙ͫͫͭͣ ͍ ͼͦͣͯ͜͡Φ 
˿͔ͭ͊ͤ͒͊ͪͭͤ ͔͔͍͙ͫͪ͒ͦ΅͔Σ ͯ ͍ͨͦͪͤ͜Ύͤͤ͜ ͘͜ ͎ͤͯ;͙ͣ͟Σ Ί ͔͋ͦ͘͟΄͍͙ͭͦͤͣΦ ˽͔ͪͦͭΣ ͨͫ͜͡Ύ ͔ͪΊͫͭͪ͊ͼ͜͝ DƻƻƎƭŜ ͨͪͦͨͦͤͯΊ 

͙͙ͫͦͪͫͭ͊ͭͫ͟Ύ ͙ͨͪͦ͋ͤͣ ͔ͨͪͦ͒ͦͣ͜Σ Ύ͙͚͟ ͙͍ͭͪ͊Ί м ͪ͜͟Φ ˹͊ ;͊ͫ ͼΈ͎ͦͦ ͔ͨͪͦ͒ͯ͜ ͭ͊ͦ͗͟ ͤ͊͒͊ΌͭΈͫΎ ͍ͪͭͯ͊͜͡Έͤ͜ олл ͍͒ͦ͊ͪ͜͡ ˿̊ˢΣ 
Ύ͟͜ ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͒͡Ύ ͙ͦͨ͊ͭ͡ ͊͘ ͔ͦͪͣ͟͜ ͎͙ͨͦͫͯ͡Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͯͪͫͯ͟ ͯͫ͜ ͔͙ͫͭͯ͒ͤͭ ͣͦ͗ͯͭ͘Έ 
͙͍͙ͦͪͫͭͯ͊ͭͫ͟Ύ ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͎͙ͨͦͫͯ͊ͣ͡ D/tΦ 

̅ͦͪͣͯΌ;͙ ͯͪͫ͟ ǿŜō-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͙ͣ ͔͔͙͙ͦͫͪ͒͘͡ ͍͎ͯ͊ͯ ͤ͊ ͔ͦͣͨͫͤͦͣͯ͟͟͡ 
ͨ͒͜ͻͦ͒͜ ͭ͊ ͔ͨͪͦͭͤͦͣͯ͟ ͍ͤ͊;͊ͤͤ͜Φ ̆ͦ;͊ ͔ͣͭͦ͒ ͔͍ͨͪͦͭ͟͜ ͯ ͔͎͎ͨ͒͊ͦ͜ͼ͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͙͒ͦͫͭΈ ͍͒͊ͤͦΣ ͍ͤ͜ ͙͊͘͡΄͊ΊͭΈͫΎ ͙ͦ͒ͤͣ ͘ 
͚ͤ͊ͪ͊͟΅͙ͻ ͔͍ͣͭͦ͒͜ ͙͍͎͊ͭͤͦͦ͟ ͭ͊Σ ΅ͦ ͚͎͍ͤ͊ͦͦͤ͜͡΄͔Σ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍ͤ͊;͊ͤͤΎΦ 

˽ͦ͊͒͊͟͡Ό;͙ͫΈ ͤ͊ ͪ͊ͤ͜΄͔ ͙ͦͭͪͣ͊ͤ͜ ͘ ͍ͯͪͫ͟͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍͋͊ͦ͘͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͔ͫͭͯ͒ͤͭ͊ͣ ͨͪͦͨͦͤͯΊͣ  ͦ
͍͙͊ͫͭͦͫͯ͊ͭ͘ ͝ͻ ͍ ͔ͦͣͨͫ͟͟͜͡ ͭ͊ ͍͙͒ͦ͋ͯ͊ͭ͘ ͍ͤͦ͜Σ ͊ ͔ͫ͊ͣΥ ͪͦͪͦ͋͘͡Ύ͙ͭ ͭ͊ ͎͙ͪͦͦͪͭ͊ͭ͘ ͔ͨͪͦͭ͟ ͯ ͻ͚ͣ͊ͪͤ͜ ͤ͜ͺͪ͊ͫͭͪͯͭͯͪ͟͜Σ ͍͙͋ͯ͒ͯ͊ͭ 
͔͍͔ͫͪͪͤͯ ͭ͊ ͟͜͡ΊͤͭͫΈͯ͟ ;͙͙͊ͫͭͤ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙͡΄͔ ͦ͒ͤ͜Ί͝ ͍͙ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ WŀǾŀ{ŎǊƛǇǘΣ ͚͙͙ͦͤ͊ͦͣͭͫ͘Έ ͘ ͚ͤ͊͋͜͡Έ΄ 
͍͙͙͒ͦͣͣ͜ ΄͙͊͋ͦͤ͊ͣ͡ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͭ͊ ͍ͤ͊;͙͙ͭͫΈ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͝ͻΣ ͙͊ͨͯͫ͊ͭ͘͟ ͔ͨͪͦͭ͟ ͤ͊ ͫͯ;͚͊ͫͤ͜ ͎͚ͨͪͦͪ͊ͣͤ͜ 
ͨ͊ͭ͡ͺͦͪͣ͜ bƻŘŜΦƧǎ τ ͜ ͍͔ͫ ͼ͔ ͍ ͔ͣ͗͊ͻ ͎ͦ͒ͤͦͦ ͔ͨͪͦͭͯ͟Φ ͔́͊͟ ͔͔ͦͣͨͫͤ͟͟͡ ͪ͜΄͔ͤͤΎ ͍͒ͦͦ͘͡ΎΊ ͺ͍͙ͦͪͣͯ͊ͭ ͼ͔ͫͤ͜͜͡ ͋͊;͔ͤͤΎ 
ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ǿŜō-͒ͦ͒͊ͭͯ͟Φ 

˽͍͙͚ͪͦͨͦͤͦ͊ͤ ͙ͤ͊ͣ ͣͦ͒ͯ͡Έ Ϧ˾ͦͪͦ͋͘͟ ͊ͻ͙ͣ͊ͪͤͻ ͍͒ͦ͒͊ͭ͟͜Ϧ ͔ͫͨͼͯͪͫͯ͟ Ϧ˻͍͙ͫͤͦ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Ϧ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ 
͟͜͡Έͦ͟ͻ ͎ͦ͜͡;͙ͤͻ ;͙͊ͫͭͤΣ ͯ Ύ͙͟ͻ ͨͦΊ͒ͤ͊ͤͦ ͍͒ͤͦͫͤͦ͜ ͔͍͔͙ͤ͊͟͡ ;͙͊ͫͭͤ͊ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͘ ͍͔͙͙ͣ͟͡ ͊͟ͼ͔ͤͭͦͣ ͤ͊ 
͔ͣ͊ͭͪ͊͜͡Σ ͔ͤͦ͋ͻ͙͚͒ͤ͜ ͒͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͔ͫ͊ͣ ͙ͨͪ͊ͭ͟;͙ͤͻ ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟Φ ˾ͦͨͦ͘;͙͊ͭ ͍͙͍;͔ͤͤΎ ͯͪͫͯ͟ ͨͪͦͨͦͤͯΊͣͦ ͘ 
ͦ͘ ͚͔ͤ͊ͦͣͤͤ͡Ύ ͘ ͻ͙͙ͣ͊ͪͤͣ ͨ͊ͭ͡ͺ͙ͦͪͣ͊ͣΣ ΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͒͡Ύ ͙ͪͦͪͦ͋͘͟Σ ͔ͦͪͣ͊͘͟ ͘ DƻƻƎƭŜ /ƭƻǳŘ tƭŀǘŦƻǊƳΦ 
˽͙ͪ͊ͭ͟;ͤ͊ ;͙͊ͫͭͤ͊ ͪͦͨͦ͘;͔ͤͭΈͫΎ ͘ ͤ͊͊͡΄͍ͭͯ͊ͤͤΎ ͔͔͍͙ͫͪ͒ͦ΅͊ ͭ͊ ͍͔ͫͭͦͪͤͤΎ ͔ͨͪͦͭͯ͟Σ ͦͤ͟ͺ͎ͯͪ͊͜ͼ͜͝ ͻͣ͊ͪͤͦ͝ ͙͋͊͘ ͙͒͊ͤͻΦ 
˹͙͊ͫͭͯͨͤͣ ͔ͭ͊ͨͦͣ ͔͋ͯ͒ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͔ͪΊͫͭͪ͊ͼ͜͝ ͭ͊ ͍ͻͦ͒ͯ ͍ ͙͔ͫͫͭͣͯ ͙͍ͦͪͫͭͯ͊͟;͍͜Φ ˽ͫ͜͡Ύ ͼΈ͎ͦͦ ͍͊ͪͭͦ ͔͔͙͙ͦͫͪ͒ͭͫ͘Έ ͤ͊ 
͊ͪͻ͔ͭͭͯͪ͜͟͜ ͔ͨͪͦͭͯ͟ ͭ͊ ͪͦͪͦ͋͘ͼ͜ ͍͎ͦͫͤͦͤͦͦ ͺͯͤ͟ͼͦͤ͊ͯ͜͡Φ 

˿͔ͭͯ͒ͤͭ͊ͣ ͨͪͦͨͦͤͯΊͭΈͫΎ ͙͙ͪͦͪͦ͋ͭ͘ ͔͔͔ͣͤ͒͗ͪ ͍ͦͤͭ͊ͭ͟͟͜Σ ͍͙ͦͫͤͦͤͣ ͺͯͤ͟ͼͦͤ͊ͦͣ͜͡ Ύ͎ͦͦ͟ ͔͋ͯ͒ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͍͙͍͊ͭͦͪͦ͊ͤͦͣͯ͘ ͙͍ͦͪͫͭͯ͊͟;͔͍͜ ͍ͫͭͦͪΌ͍͙͊ͭΣ ͔͔͎ͨͪ͡Ύ͙͒͊ͭΣ ͔͎͍͙ͪ͒͊ͯ͊ͭ ͭ͊ ͍͙͒͊͡Ύ͙ͭ ͙͙͊ͨͫ͘Φ ́͊ͦ͗͟ ͔͔ͨͪ͒͋͊;͔ͤ͊ ͺͯͤ͟ͼ͜Ύ 
͍͍͔͒ͨͪ͊ͤͤ͜͡Ύ ͍͔ͨͦ͒ͦͣͤ͜͡Έ ͤ͊ ͔͔ͭͪͦͤͤͯ͟͡ ͨͦ΄ͭͯ ͙ͦ͋ͪ͊ͤͣ ͦͤͭ͊ͭ͊ͣ͟͟Φ ͙͚́͊͟ ͍͙͚͋͊ͦ͘ ͺͯͤ͟ͼͦͤ͊͜͡ ͍͙͒ͦͦͭ͘͡Έ ͯ ͔ͦͣͨͫ͟͟͜͡ 
͍͙͊ͫͭͦͫͯ͊ͭ͘ ͤ͊͋ͯͭ͜ ͪ͊ͤ͜΄͔ ͍ͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͫͯ;͊ͫͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Φ ˤ͔͋-͒ͦ͒͊ͭͦ͟ ͘ ͔͔ͨͪͪ͊ͻ͍͙͙ͦ͊ͤͣ ͍͙΅͔ 
ͺͯͤ͟ͼ͜Ύ͙ͣ ͔ͨͦ͊͗͟Σ Ύ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔͒Ύ͟͜ ͻͣ͊ͪͤ͜ ͙ͨͪͦ͒ͯͭ͟ D/tΣ ͊ ͔ͫ͊ͣΥ DƻƻƎƭŜ !ǇǇ 9ƴƎƛƴŜ ǎǘŀƴŘŀǊŘ ŜƴǾƛǊƻƴƳŜƴǘΣ 
Google Cloud SQL, Google Cloud Datastore, Google Cloud Storage, Google Cloud Pub/Sub. 

˨͡Ύ ͎ͭͦͦΣ ΅ͦ͋ ͎͙ͪͦͦͪͤͯͭ͘ ͯ !ǇǇ 9ƴƎƛƴŜ ͍͔͗ ͤ͊Ύ͍͙͚ͤ ͦ͊͟͡͡Έ͙͚ͤ ͒ͦ͒͊ͭͦ͟Σ ͒ͦͫͭ͊ͭͤΈͦ ͍͙͙ͫͭͦͪͭ ͔ͨͪͦͭ͟ ͯ ͦͤͫͦ͟͜͡ 
DƻƻƎƭŜ /ƭƻǳŘ tƭŀǘŦƻǊƳ ͭ͊ ͍͙͙ͦͤ͊ͭ͟ ͦ͒ͤͯ ͦͣ͊ͤ͒ͯ͟ ͘ Google Cloud SDK. ˽͔ͪͦͭ ͒͡Ύ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔͍͎ͨͪ͊ ͔ͤ ͙͡΄͔ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͦ͋;͙ͫ͡Ό͍͊͡Έ͙͙ͤͣ ͔͙ͪͫͯͪͫ͊ͣΣ ͊ ͚ ͨͪͦͼ͔ͫͯ ͙ͪͦͪͦ͋͘͟ ͤ͊ ͻͣ͊ͪ͜Σ GCP ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͎͙ͪͦͦͪͤͯͭ͘ ͔ͨͪͦͭ͟ ͭ͊͟Σ 
΅ͦ͋ ͚͎ͦͦ ͣͦ͗ͤ͊ ͋ͯͦ͡ ͔͎͍͙ͪ͒͊ͯ͊ͭ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͘ ͍ͤ͊͜͟ ͔͋ͪ͊ͯͪ͊͘Φ ˾ͦͪͦ͋͘͡ΎΌ;͙ ͒ͦ͒͊ͭͦ͟ ͯ ͙͚ͭ͊͟ ͫͨͦͫ͋͜Σ ͣͦ͗ͤ͊ 
͙͙ͯͤͤͯͭ͟ ͔ͨͦͭͤͼ͚͙ͤ͜ͻ ͔ͨͪͦ͋ͣ͡ ͘͜ ͔ͤ͒ͦͫͭ͊ͭͤΈͦΌ ͟͜͡Έͫͭ͟͜Ό ͦ͋;͙ͫ͡Ό͍͊͡Έ͙ͤͻ ͔͍ͪͫͯͪͫ͜ ͤ͊ ͦͣͨ͟ΩΌ͔ͭͪ͊ͻ ͔͍ͫͭͯ͒ͤͭ͜Σ ͘͜ 
͍͒ͫͯͭͤͫͭ͜͜Ό ͔͍͎ͨͤͦͦ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͊͋ͦΣ Ύ͟ ;͊ͫͭͦ ͍͋ͯ͊Ί ͨ͒͜ ;͊ͫ ͔͙͍ͦͭͤͦ͟͟͡͝ ͙ͪͦͪͦ͋͘͟ ͔ͨͪͦͭͯ͟Σ ͔ͤͫͯͣͫͤͫͭ͜͜Ό 
ͦ͒ͯ͟ ͘ ͔͍ͨͤͦΌ ͔ͦͨͪ͊ͼ͚ͤͦ͜Ό ͙͔ͫͫͭͣͦΌΦ ͔̇ ͔ͣͦ͗ ͔͔͊͋ͨ͘͘;͙͙ͭ ͪͦͪͦ͋͊͘͟ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔ͤͫͭͪͯͣͤͭͯ͜ Google Cloud 
Shell τ ͔ͤͭͪ͜ͺ͔͚ͫͯ ͎ͦͣ͊ͤ͒ͤͦͦ͟ ͪΎ͒͊͟Σ Ύ͙ͣ͟ ͣͦ͗ͤ͊ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟Ύ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͘ ͔͋ͪ͊ͯͪ͊͘ ͜ Ύ͎ͦͦ͟ ͔ͤ ͨͦͭͪ͋ͤͦ͜ 
͍͍ͫͭ͊ͤͦ͡Ό͍͙͊ͭ ͤ͊ ͟͜͡ΊͤͭͫΈͯ͟ ͣ͊΄͙ͤͯ. ˤͤ͜ ͤ͊͒͊Ί ͍͍͙͚͋ͯ͒ͦ͊ͤ ͔ͪ͒͊ͭͦͪ͟ ͦ͒ͯ͟Σ ΅ͦ ͚Σ ͍͔͊ͫͤ͡Σ ͍͒ͦͦ͘͡ΎΊ ͙͙ͨͫ͊ͭ ͦ͒͟ 
͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͯ ͍ͤ͜͟͜ ͔͋ͪ͊ͯͪ͊͘Φ 

˾ͦͪͦ͋͊͘͟ ͯ Google Cloud Platform ͙ͫͨͪΎΊ ͭ͊ͦ͗͟ ͙͒ͦͭͪͣ͊ͤͤΌ ͦ͒ͤ͜Ί͝ ͘ ͍͙͎ͣͦ ͔ͨͪͦͭͤͦ͟͝ ͔͙͙ͣͭͦ͒͟ τ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͎͍ͪͯͨͦͦ͝ ͺ͙ͦͪͣ ͙ͪͦ͋ͦͭΦ ˸ͦ͗ͤ͊ ͙͒ͦ͒͊ͭ ͍͙ͤͦͻ ͯ;͙͍͊ͫͤ͟͜ ͔ͨͪͦͭͯ͟ ͭ͊ ͙ͨͪͤ͊͘;͙͙ͭ ͣ͝ ͔͍ͨͤ͜ ͪͦ͜͡Σ ΅ͦ͋ ͍͙ͤ͊͘;͙͙ͭ ͫͭͯͨͤ͜Έ 



PHYSICAL & MATHEMATICAL EDUCATION    issue 4(18), 2018 
.  

10 

͒ͦͫͭͯͨͯΦ ˿͊ͣ͊ ͗ ͫͭͪͯͭͯͪ͊͟ ͔ͨͪͦͭͯ͟ ͔ͪͦͪͦ͋ͤ͊͘͡ ͙ͭ͊ͣ͟ ;͙ͤͦͣΣ ΅ͦ͋ ͚͎ͦͦ ͺͯͤ͟ͼͦͤ͊͜͡ ͣͦ͗ͤ͊ ͋ͯͦ͡ ͙͙ͪͦ͒ͭ͘͜͡ ͤ͊ ͟͜͡Έ͊͟ ͔ͤ 
ͤ͊͒ͭͦ ͔͙͊͗ͤ͘͡ͻ ͣ͗͜ ͫͦ͋ͦΌ ͍͙ͫ͊͒ͦ͟͡ͻ ό˾͙ͫͯͤͦ͟ мύΦ ˤ ͔ͣ͗͊ͻ ͦ͒ͤ͜Ί͝ ͎͙ͪͯͨ ͙͙ͭ͊ͣ͟ ͔͙͙ͦͪͣͣ͟ ͣͦ͒ͯ͡Ύ͙ͣ ͣͦ͗ͯͭΈ ͙͋ͯͭΥ 

¶ ˿͍͔ͭͦͪͤͤΎ ͙͔͙ͫͫͭͣ ͔ͪΊͫͭͪ͊ͼ͜͝ ͭ͊ ͍ͻͦ͒ͯ ͙͍ͦͪͫͭͯ͊͟;͍͜Φ 

¶ ˿͍͔ͭͦͪͤͤΎΣ ͍͒ͦ͒͊͊ͤͤΎ ͭ͊ ͔͔͎ͨͪ͡Ύ͒ ͍ͦͤͭ͊ͭ͟͟͜Φ 

¶ ˻͎ͪ͊ͤ͊͘͜ͼ͜Ύ ͍͍͔͒ͨͪ͊ͤͤ͜͡Ύ ͍͔ͨͦ͒ͦͣͤ͜͡Έ ͤ͜΄͙ͣ ͦͤͭ͊ͭ͊ͣ͟͟Φ 

 
˾͙ͫ. мΦ ˣ͍͊ͦ͘͜ ͍ͫ͊͒ͦ͟͜͡ ͔ͨͪͦͭͯ͟ 

 
˽͍ͪͦͨͦͤͦ͊ͤ͊ ͙ͤ͊ͣ ͔ͨͪͦͭͤ͊͟ ͔͙ͣͭͦ͒͊͟ ͔͍ͪ͊ͦͯ͘͜͡ΊͭΈͫΎ ͯ ͔͒͟͜͡Έ͊͟ ͍͙ͨͦͫ͒ͦͤ͜͡ͻ ͔͍ͭ͊ͨ͜Υ 
1. ˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽͒͜ ;͊ͫ ͼΈ͎ͦͦ ͔ͭ͊ͨͯ ͔ͫͭͯ͒ͤͭ͊ͣ ͍ͨͦ͒ͦͣ͜͡ΎΌͭΈͫΎ ͍͊͒͊ͤͤ͘Ύ ͯͪͫͯ͟Σ ͍͙ͤ͊͘;͊ΊͭΈͫΎΣ Ύ͙ͣ͟ 

͍͙͔ͨͦͤͤ ͙͋ͯͭ ͔ͪͯ͘͡Έͭ͊ͭΦ ́͊ͦ͗͟ ͺͦͪͣͯΌͭΈͫΎ ͎͙ͪͯͨ ͭ͊ ͍͙ͤ͊͘;͊ΌͭΈͫΎ ͍ͦ͋ͦΩΎ͙͘͟ ͎ͦ͗ͤͦͦ͟ ͯ;͙͊ͫͤ͊͟Φ 
2. ˿͍͔ͭͦͪͤͤΎ ͨ͊ͤͯ͡ ͙ͪͦͪͦ͋͘͟ ͔ͨͪͦͭͯ͟ ͭ͊ ͍͙͍ͫͯ͊ͤͤΎ ͙ͨͪͦͨͦ͘ͼ͚͜ ΅ͦ͒ͦ ͍ͫͨͦͫͦ͋͜ ͍͙ͪ͜΄͔ͤͤΎ ͍͊͒͊ͤ͘ΈΦ 
3. ˽͙ͪ͊ͭ͟;ͤ͊ ͪͦ͋ͦͭ͊Σ ͨ͒͜ ;͊ͫ Ύͦ͟͝ ͔͍ͪ͊ͦͯ͘͜͡ΌͭΈͫΎ ͍͔ͨͦͫͭ͊ͤ͜͡ ͪ͊ͤ͜΄͔ ͍͊͒͊ͤͤ͘Ύ. 
4. ˽͔͔ͪͤͭ͊͘ͼ͜Ύ ͔ͨͪͦͭͯ͟Σ ͔͒ ͔͙ͫͭͯ͒ͤͭ ͙͙͒ͭͣͯͭ͜͡ΈͫΎ ͍͙ͫͦͣ͝ ͙͒ͦ͋ͯͭ͊ͣ͘͟Φ 
˻ͭͦ͗Σ ͣͫͭ͘͜ ͯͪͫͯ͟ ͨͦΊ͒ͤͯΊ ͍͒͊ ͍͊͘Ί͍ͣͦͨͦϥΎ͊ͤ͘͜ ͔͙ͦͣͨͦͤͤͭ͟Υ ͔͔͙ͭͦͪͭ;͙͚ͤ ͜ ͙ͨͪ͊ͭ͟;͙͚ͤΦ ͔͔͙́ͦͪͭ;ͤ͊ ;͙͊ͫͭͤ͊ 

ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͦͫͤͦ ͙ͪͦ͋ͦͭ ͘ ͻ͙͙ͣ͊ͪͤͣ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ ͍͙ͤ͊;ͦ͟ ͊ͤ͊ͯ͘͜͡ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ ˽͙ͪ͊ͭ͟;ͤ͊ ;͙͊ͫͭͤ͊ 
͍ͨͦϥΎ͊ͤ͊͘ ͘ ͺ͍ͦͪͣͯ͊ͤͤΎͣ ͍͙ͤ͊;ͦ͟ ͙ͪͦ͋ͦͭ ͘ ͍͙͙ͤͦͣ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ ͙ͤ͊ͨͫ͊ͤͤΎͣ ͎ͨͪͦͪ͊ͣ ͦ͒ͤ͜ΊΌ ͘ ͔͙ͦͤͪͭͤ͟͟ͻ ͍ͣͦ 
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͍͙ͪ͜΄͔ͤͤΎͣ ͔ͤ ͍͔͔͙͒ͦͪͣͤ͜͟͡ͻ ͊͒͊͘;Σ ͊ ͍͔ͨͦͪͦͦ͟͟ ͍͔ͫͭͦͪͤͤΎ ͼ͎ͦͦ͜͡ ͔ͨͪͦͭͯ͟Φ ͔́͊͟ ͔͔ͦͣͨͫͤ͟͟͡ ͪ͜΄͔ͤͤΎ 
͍͒ͦͦ͘͡ΎΊ ͺ͍͙ͦͪͣͯ͊ͭ ͼ͔ͫͤ͜͜͡ ͋͊;͔ͤͤΎ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ǿŜō-͒ͦ͒͊ͭͯ͟Φ 

̒͟ ͤ͊ͫ͒ͦ͜͟͡Σ ͨͫ͜͡Ύ ͍͔͊ͪ͘΄͔ͤͤΎ ͯͪͫͯ͟Σ ͔͙ͫͭͯ͒ͤͭ ͙ͦͭͪͣ͊ΌͭΈ ͍͙͚͊ͫͤ͡ ͻ͙͚ͣ͊ͪͤ ͔͍ͫͪͫ͜Σ ͨ͒͜ ;͊ͫ ͙ͪͦͪͦ͋͘͟ Ύ͎ͦͦ͟ ͍͙ͦͤ 
͙ͦͭͪͣ͊ΌͭΈ ͍͙ͤ͊;͙͟ ͙ͪͦ͋ͦͭ ͘ ͨ͒͜ͻ͙ͦ͒͊ͣ ͭ͊ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ Ύ͟͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͨ͒͜ ;͊ͫ ͙ͪͦͪͦ͋͘͟ ͔ͪ͊͡Έ͙ͤͻ ͔͍ͨͪͦͭ͟͜Φ 

ˤ͙͍͙ͫͤͦ͟Φ ˻ͫ͟͜͡Έ͙͟ ͻͣ͊ͪͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͚͊ͤ͘Ύ͙͡ ͍͎͔͊ͦͣ ͣͫ͜ͼ͔ ͯ ͪͦͪͦ͋͘ͼ͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ͭͦ ͔ͨͪͦ͋ͣ͊͡ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ Ί ͊ͭͯ͊͟͡ΈͤͦΌ ͭ͊ ͔ͨͦͭͪ͋ͯΊ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙͍;͔ͤͤΎΦ 
˭͍͊͒Ύ͙͟ ͪͦͪͦ͋͘ͼ͜ ͤ͊ ͻ͚ͣ͊ͪͤ͜ ͨ͊ͭ͡ͺͦͪͣ͜ ͘ΩΎ͍͡ΎΊͭΈͫΎ ͙͍ͣͦ͗ͫͭ͜͡Έ ͔ͺ͔͙͍ͭͤͦ͟ ͭ͊ ͘ ͣͤͣ͊͜͜͡ΈͤͦΌ ͯ;͊ͫͭΌ ͍ ͍ͯͨͪ͊ͤͤ͜͜͡ 
ͤ͜ͺͪ͊ͫͭͪͯͭͯͪͦ͟Ό ͍ͫͭͦͪΌ͍͙͊ͭ ͎ͨͪͦͪ͊ͣͤ͜ ͙ͨͪͦ͒ͯͭ͟Φ ˤ͍͒ͨͦ͒ͤͦ͜͜ ͦͫͭ͊ͤͤ͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͯ ͎͊ͯ͘͜͡ ͻ͙ͣ͊ͪͤͻ ͦ͋;͙͔ͫͤ͡Έ ͣ͊ΌͭΈ ͙͋ͯͭ 
͍͔͒ͦ͋ͪ͊͗ͤ͜͜ ͯ ͣͫͭ͘͜͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ Ϧлмп.09Φ ˿͔͔ͪ͒ͤΎ ͍ͦͫͭ͊͜Φ ˱ͤͺ͙ͦͪͣ͊ͭ͊͟ϦΦ ˽͍͍ͪͦ͜΄͙ ͊ͨͪͦ͋͊ͼ͜Ό 
ͻͣ͊ͪͤͦ͝ ͨ͊ͭ͡ͺ͙ͦͪͣ DƻƻƎƭŜ /ƭƻǳŘ tƭŀǘŦƻǊƳ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Σ ͔ͣͦ͗ͣͦ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ ͍ͦͤ͊ Ί ͔ͺ͔͙͍͙ͭͤͣ͟ 
͊ͫͦ͋ͦͣ͘ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͫͨ͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Φ 

̒͟ ͨͦ͒͊͡Έ΄͙͚ ͤ͊ͨͪΎͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͊ͪͭͦ ͎ͪͦ͘͡Ύ͙ͤͯͭ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͻͣ͊ͪͤͦ͝ ͨ͊ͭ͡ͺ͙ͦͪͣ ͘ ͙͍ͣͦ͗ͫͭ͜͡Ό 
ͤ͊͊͡΄͍ͭͯ͊ͤͤΎ ͔͔͍͙ͫͪ͒ͦ΅͊ ͨ͒͜ ͔͙ͨͦͭͪ͋ ͭ͊ ͍͎ͨͦͤͦͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͤ͜ͺͪ͊ͫͭͪͯͭͯͪͦ͟ΌΦ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˸͔ͦͪ͘ ˹Φ ˤΦ, ˴ͯͣͤͫ͘͜Έ͊͟ ˻Φ ˥Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͔͙͊ͫͨͭ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͻ͙ͣ͊ͪͤͻ ͦ͋;͙͔ͫͤ͡Έ. ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͍ͦͫͭ͜͜Φ 
нлммΦ ЅΦ фΦ ˿Φ нлς29. 

2. ˸͔ͦͪ͘ ˹Φ ˤΦ, ˣ͙͊͟͡ ˹Φ ˾ Φ  ̊͡Ύͻ͙ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͤ͜ͺ͙͍ͦͪͣ͊ͭ͟͜. ˱ͤͺ͙ͦͪͣ͊ͭ͊͟ 
ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΦ 2015. Ѕ мΦ ˿Φ у-17. 

3. ˾͊ͣͫΈ͙͚͟ ̑Φ˿Φ, ˻͔ͫ͟͡Ό͟ ʕ Φ˽Φ ˸͔ͦ͒͡Έ ͍ͤ͊;͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡. 
˹͍͙͚͊ͯͦ͟ ;͙͊ͫͦͨͫ ˹˽̂ ͣ͜Φ ˸Φ ˽Φ ˨͎͍ͪ͊ͦͣ͊ͤͦ͊Φ ˿͔ͪΦ Ѕ нΦ ˴ͦͣͨΩΌ͔ͭͪͤ -ͦͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͙͔͙ͫͫͭͣ ͍ͤ͊;͊ͤͤΎΦ 2018. ЅнлΦ 
˿Φ 28-31. 
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THE APPLICATION OF CLOUD TECHNOLOGIES IN THE PROCESS OF FUTURE COMPUTER {/L9b/9 ¢9!/I9w{Ω TRAINING 

Mariia Abramyk, Svitlana Leshchuk, Vasyl Oleksiuk 
Ternopil V. Hnatiuk National Pedagogical University, Ternopil, Ukraine 

Abstract. This article discusses the main aspects of using cloud technologies, their place and advantages in everyday life 
and professional activity. The principles of appropriate training of future computer science teachers to the application of cloud 
computing technologies are proposed ς systematic, stepwise, continuity. The stages of the application of cloud computing 
technologies are defined as a means of organizing educational and cognitive activity, as an object of study, and as a means of 
developing information and educational resources. Accordingly, the content of the training should reflect the basic service 
models of cloud computing technologies. The choice of the Google Cloud Platform as a learning object is proved. The main 
features of the Google Cloud Platform for developers are analyzed, andthe most popular for development services and resources 
at Google Cloud Platform are computing, storage, networking, big data, and machine learning. An important aspect of the 
choice is that the Google Cloud Platform works in accordance with the service model "Platform as a Service". The basis of the 
learning technique for programming using the Google Cloud Platform is project method. The leading role of this method in 
forming of competencies of software development is proved. The training is proposed to be carried out within the framework of 
a separate module of the special course "Fundamentals of cloud technologies". The main technological aspects that will be used 
in the project oriented course of web-programming are considered. The main technological aspects that will be used in the 
project oriented course of web-ǇǊƻƎǊŀƳƳƛƴƎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘΦ ¢ƘŜ ǇǊƻƧŜŎǘ ƛǎ ŀƛƳŜŘ ŀǘ ŦƻǊƳƛƴƎ ŦǳǘǳǊŜ ŎƻƳǇǳǘŜǊ ǎŎƛŜƴŎŜ ǘŜŀŎƘŜǊǎΩ 
of such professional ICT competencies - the ability to design and deploy a project in a cloud infrastructure, the ability to build 
server and client parts using a specific programming language, knowledge programming templates and their use, skills to 
perform project on the platform Node.js. 

Key words: cloud technologies, cloud computing, programming, Google Cloud Platform, project-based learning. 
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͙ͪͤͦ͟ ͔͔͙ͭͪͦͤ͟͜͟͡ ͭ͊ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ 

˽͙ͪ ͤ͊Ύ͍ͤͦͫͭ͜ ΄͙͎ͪͦͦͦ͟ ͔ͫͨͭͪͯ͟ ͙͔ͫͫͭͣ ͭ͊ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͣͫͭ͘͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͔͍ͤ͗ͤͪ͜͜-
͔͎͎͍ͨ͒͊ͦ͜ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˽͙͔ͪ͊͒ͤ͟͡ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎη ͯͫ͊͒ͤ͟͡ΌΊͭΈͫΎ ͎͋͊͊ͭΈͣ͊ ͙͙ͨͦ͊ͤ͊ͣ͘͟͟Φ ˭ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͍͙ͨͦͤͤͦ ͙͋ͯͭ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͚ͤ͊͋͜͡Έ΄ ͊ͭͯ͊͟͡Έ͙͙ͤͣ ͤ͊ ͙͚͒͊ͤ ;͊ͫ ͔͙ͣͭͦ͒͊ͣ ͭ͊ ͙͊ͫͦ͋͊ͣ͘ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͊ ͘ ͤ͜΄͎ͦͦ ͋ͦͯ͟ ς ͔ͤͦ͋ͻ͒ͤͦ͜ 
͔͔ͨͪ͒͋͊;͙͊ͭ ͔͔ͭͤ͒ͤͼ͜͝ ͍͙ͪͦͭͯ͘͟ ͫͯ;͙͊ͫͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͊ ͔͔͙͍ͨͪͫͨͭͯ͟Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˣ͎͊͊ͭͦ ͍ͤ͊ͯͦ͟ͼ͍͜ ͎ͪͦ͘͡Ύ͙͒͊͡ ͔͙ͨͪͦ͋ͣ͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙͍ͨͪͫͭͪͦ͝ ͨ͒͜ 
;͊ͫ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΣ ͝ͻ ͙ͪͦͪͦ͋͘͟ ͭ͊ ͙ͦͨͫ ͍͙ͤͦͻ ͙͍ͨͪͫͭͪͦ͝Φ ̂ͪ͊ͤͫ͟͝Έ͟͜ ͍;͔ͤ͜ ό˥Φ ˴ ͦͫͭΌ͟Σ ̐Φ ˸͔ͪ͜͡ΎͤΣ ˤΦ ˸ͦ͡Ύͦ͟Σ 
˸Φ ˿ ͣͯ͡ΈͫͦͤΣ ˤΦ ˾͙͋͊͊͟͡Σ ˤΦ ˶͙ͦͤ͘ͼΎΣ ˽Φ ˽ ͔͔͔͙ͪͨ͡ͼΎΣ ˻Φ ˽ͪͦͫͯͪ͊͟Σ ́Φ ͔́ͪͭΎ͟ύ ͙͙ͪͦͪͦ͋͘͡ ͔ͭͦͪ͜Ό ͭ͊ ͙ͨͪ͊ͭͯ͟͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
ͦͤͫͭͪͯͭͦͪͫ͟͟Έͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͫͺͦͪͣͯ͡Ό͍͙͊͡ ͔ͦͤͪͭͤ͟͟͜ ͨ͒͜ͻ͙ͦ͒Σ ͔͍ͨͤ͜ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͙͔͙ͫͫͭͣΣ ͙͚͙ͨͪͦͣ 
ͼ͔ͫͨͪ͜͡Ύ͍͎ͣͦ͊ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˽͙ͭ͊ͤͤΎ ͍͙ͪͦͭͯ͘͟ ͔ͭͻͤ͜;͎ͤͦͦ ͭ͊ ͍ͭͦͪ;͎ͦͦ ͙͔ͣͫͤͤ͡Ύ ͍͊͒͘Ύ͙͟ 
ͦͤͫͭͪͯͭͦͪͫ͟͟Έ͚͟͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͚ͤ͊͘΄ͦ͡ ͍ͫͦΊ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͯ ͨͪ͊ͼΎͻ ˥Φ s ͡Έͭ΄͔ͯͪ͡͡Σ ˢΦ ˨͍͙͔͊͒ͤͦ͟Σ ˤΦ ˸ ͦ͡Ύͦ͟Σ ˱Φ ˾͚ͦͭͣ͊ͤΣ 
˽Φ ̒ ͦ͋ͫͦͤ͊͟Σ Ύ͟͜ ͎͍͙ͨ͒ͦͭͯ͊͜͡ ͼ͜͜͡ ͙͔͙ͫͫͭͣ ͒͡Ύ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ ͔͍͙͙ͪͫͭ;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ͦͤͫͭͪͯͭͦͪ͟͟͜ ͭ͊ ͍͙ͤ͊ͻ͙͍͒ͤ͜͟͜Φ ˱ͤ΄͜ 
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͙͙͒ͦͫ͒ͤ͜͟͡ ͎ͪͦ͘͡Ύ͙͒͊͡ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͔ͤ ͭ͜͡Έ͙͟ Ύ͟ ͊ͫ͋͘͜ ͍͔ͫͭͦͪͤͤΎ ͔͙ͦͤͪͭͤ͟͟ͻ ͍͙͍ͪͦ͋͜Σ ͔͊͡ ͚ Ύ͟ ͨͪͦͼ͔ͫ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ 
͍ͭͦͪ;͙ͻ ͊͒͊͘; ό˶Φ ˤ͔͙͍ͪ͗ͦͫ͟Έ͊͟Σ ˶Φ ˥ ͍ͯͪͦ͊Σ ˢΦ ˩ ͍ͫ͊ͯͦ͡Σ ˥Φ ˴ͦͫͭΌ͟Σ ́Φ ˴ ͯ͒ͪΎ͍ͼ͔͍Σ ˻Φ ˸͊ͭΌ΄ͤ͟͜Σ ̐Φ ˸͔ͪ͜͡ΎͤΣ ˱Φ ͙̒ͣ͊ͤͫ͟Έ͊͟ύΦ 
˾͍͙ͦͭͦ͘͟ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ό˨Φ x ͎ͦͦΎ͍͔ͤͫ͡Έ͊͟ύΣ ͔͔͙͔͍ͫͨͪͣͤͭͯ͊ͤͤ͟Ύ ͘ ͔ͣ͊ͭͪ͊ͦͣ͜͡ ό˩Φ ̅͡Έͦͪͤ͊͜Σ ˸Φ ˽ͦ͒͒ΈΎ͍ͦ͟ύΣ 
͍͙͙͔ͤͤͤͤ͟Ύ Ύ͍͙ͫͪ͊͟ͻ ͔ͣͦͼ͚͜ ό˻Φ ˭ ͔͊ͨͦͪͦ͗ͼΈύ ͍͒ͦͦ͘͡ΎΊ ͍͍͙͊͗͊ͭ ͦͣͨ͟ΩΌ͔͔ͭͪͤ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͭ͊ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͎ͣͦͯͭͤͣ͜ 
͊ͫͦ͋ͦͣ͘ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;ͦͫͭ͜Φ 

͔͔͙́ͦͪͭ;͙ͤͣ ͭ͊ ͔͙ͣͭͦ͒;͙ͤͣ ͍ͦͫͤͦ͊ͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͔͎͎ͨ͒͊ͦ͊ 
ͯ ͍ͫͦ͝ͻ ͪͦ͋ͦͭ͊ͻ ͙ͨͪ͒͜͡Ύ͙͡ ͍͎ͯ͊ͯ ͍;͔ͤ͜ ˽Φ ˢͭ͊ͣ͊ͤ;ͯ͟Σ ˤΦ ˣ͙͍ͦ͟ ώ4ϐΣ ˹Φ ˿͙ͦͫͤͼΈ͊͟Σ ̐Φ ˿͙͍ͣͪͤͦ͊-͙́ͪ͋ͯ͡ΈͫΈ͊͟Σ ˸Φ ̊ ͯͭ ώ8], 
˽Φ s ͔ͤ͒ͪΣ ̅Φ ˶ͦͭΣ ˬΦ-˽Φ ͚́͊͊ͪ ώ1ϐΣ ˢΦ ˴͔ͦͪͤ͒Ύ͔͍ͫ ώ9ϐΣ ˨͗Φ ˤ͜͡ΈΎͣͫ ώ7ϐΣ ˿Φ ˸ͦͤ͟ ώ11Τ нлϐΣ Ύ͟͜ ͚͙͊ͣ͊ͫ͘͡Έ ͍͙͍;͔ͤͤΎͣ ͙͔ͫͫͭͣ 
͔͍ͪͯ͊ͤͤ͟Ύ ͙͊ͫͦ͋͊ͣ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ ͊ ͭ͊ͦ͗͟ ͔ͭͻͤ͜;͙͙ͤͣ ͙͔͙ͫͫͭͣ͊ͣ ͭ͊ ͔͙ͦͣͨͫ͊ͣ͟͟͡Φ  

̂ ͍͚ͣ͊ͫͦ͜ ͍ͫ͒ͦͣͦͫͭ͜͜ ͍ͫͦͦ͡ ζͪͦ͋ͦͭη ͊ͫͦͼ͜ΌΊͭΈͫΎ ͍ ͍ͦͫͤͦͤͦͣͯ ͘ ͍͙͙ͤ͊ͯͦͣ͟ ͒ͦͫΎ͎͔ͤͤͤΎ͙ͣ ͭ͊ ͔͒͜Ύ͙ͣ ̆̆-̆̆˱ ͫͭͦͭ͜͡ΈΦ 
˻͙͍ͫͦ͋ͦ͡ ;͊ͫͭͦ ͼ͔͚ ͔ͭͪͣͤ͜ ͭͪ͊ͨ͡ΎΊͭΈͫΎ ͯ ͍ͭͦͪ͊ͻ ͍ͤ͊ͯͦͦ͟͝ ͺ͙͙͊ͤͭ͊ͫͭ͟ ς ͪͦͣ͊ͤ͊ͻ ˢ͚͔͊͘͟ ˢ͍ͣͦ͊͘͜Φ ˾͙ͦ͋ͦͭ ς ͼ͔ ͙͍ͨͪͦͣͫͦ͜͡ 
͊͋ͦ ͔͙ͣ͒;ͤ͜ ͙͊ͨ͊ͪ͊ͭΣ ͍ͪͦ͘͜- ͊͋ͦ ͡Ό͙͒ͤͦͨͦ͒͋ͤ͜͜ ͘ ͔͙ͪ͊ͣͤ͟͡ͻ ͙͍ͪͦ͟͜͡ ͦͣͨ͊ͤ͟͜͝ .ƻǎǘƻƴ 5ȅƴŀƳƛŎǎ ώоΤ мтϐΦ ˻͒ͤ͊͟Σ Ύ͟ ͜ ͎͋͊͊ͭͦ 
ͤ͜΄͙ͻ ͍͔͙͙͟͡ͻ ͔͚͒͜ ͡Ό͍͒ͫͭ͊Σ ͦͤ͟ͼ͔ͨͼ͜Ύ ͍͙͍͙͊ͭͦͣ͊ͭͦ͊ͤ͘ͻ ͔ͣͻ͍͊ͤͣ͘͜͜Σ ͙͒͊ͭͤ͘ͻ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͙͍͙ͦͤͯ͊ͭ͟ ͪͤ͘͜͜ ͔ͦͨͪ͊ͼ͜͝Σ 
͘ϥΎ͍͙͊ͫ͡Ύ ͎ͤ͊͋͊͊ͭͦ ͪ͊ͤ͜΄͔ ͜ ͚ͨͪͦ΄͊͡ ͙͍͙͚ͭͪ͊͡ ΄͡Ύͻ ͍͎ͫͦͦ ͍͙ͪͦͭͯ͘͟ ώнϐΦ ˿ͯͭͭΊ͍͙͙ͣ Ί ͙ͪͦͪͦ͋͘͟ ͯ ͫͺ͔ͪ͜ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ 
͔ͪͦ͋ͦͭͦͭͻͤ͜;͙ͤͻ ͜ ͔ͣͻ͙͊ͭͪͦͤͤͻ ͙͔ͫͫͭͣΦ ˱͔͔ͤͭͭͯ͊͟͡͡Έͤ͜ ͍ͫ͊ͣͦͤ͊;͊͡Έͤ͜ ͍ͯͨͪ͊ͤͫ͜͡Έ͟͜ ͙͔͙ͫͫͭͣ ͨͪ͊ͼΌΌͭΈ ͤ͊ ͙ͨͪͤͼ͙ͨ͊ͻ 
ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͣͦͯ͘͟ ς ͍ ͙ͦͤͯ͟ΌͭΈ ͫ͊͒ͤ͟͜͡ ͔ͣͻ͊ͤ͜;ͤ͜ ͔ͦͨͪ͊ͼ͜͝ ͘ ͭͦ;ͤͫͭ͜ΌΣ ͔ͤ͒ͦͫΎ͗ͤͦΌ ͒͡Ύ ͡ Ό͙͙͒ͤ ώнΤ рΤ муϐΦ  

˻͔ͭ͗Σ ͪͦͪͦ͋͊͘͟ ͭ͊ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍͙͍͙͊ͭͦͣ͊ͭͦ͊ͤ͘ͻ ͔ͭͻͤ͜;͙ͤͻ ͙͔ͫͫͭͣ Ί ͊ͭͯ͊͟͡Έ͙͙ͤͣ ͭ͊ ͔ͨͦͭͪ͋ͯΌͭΈ ͙ͨ͡Έ͎ͤͦͦ 
͎ͪͦ͘͡Ύ͒ͯΣ ͔ͦͪͣ͊͘͟ ͯ ͫͺ͔ͪ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ ˨͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͭͻͤ͜;͎ͤͦͦ ͍͙΄ͯ ͪͦͪͦ͋͊͘͟ ͭ͊ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍ͪͦ͋ͦͭ͜ ͒͡Ύ ͙ͪͤ͘͜ͻ ͫͺ͔ͪ 
͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤ ͍ͻ͙ͦ͒ͭΈ ͯ ͣͫͭ͘͜ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Φ ˢ͔͡Σ ͤ͊ ͗͊͡ΈΣ ͍ ͙͔ͫͫͭͣ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͔͍ͤ͗ͤͪ͜͜-͔͎͎͍ͨ͒͊ͦ͜ 
΅͔ ͔ͤ ͒ͦͫͭ͊ͭͤΈͦ ͙͔ͨͪ͒ͤͦ͜͡ ͍͎͙ͯ͊ ͔ͫ͊ͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ό ͨ͊ͭ͡ͺ͙ͦͪͣ !ǊŘǳƛƴƻ ͍ ͨͪͦͼ͔ͫ͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ 
͙͒ͫͼ͙ͨͤ͜͡. 

˸͔ͭ͊ ͫͭ͊ͭͭ͜: ͍͔͙ͨͪͦͫͭ ͊ͤ͊͘͜͡ ͊ͨ͊ͪ͊ͭͤͦ͝ ͍ͫ͊͒ͦͦ͟͡͝ ͨ͊ͭ͡ͺ͙ͦͪͣ !ǊŘǳƛƴƻ ͊͘ ͺͯͤ͟ͼͦͤ͊͜͡Έ͙͙ͤͣ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ ͭ͊ 
͔ͭͻͤ͜;͙͙ͤͣ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Σ ͍͔͙ͤ͊ͫͭ ͙͙ͨͪ͊͒͟͡ ͔͙ͪͦͪͦ͋ͤ͘͡ͻ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜ ͭ͊ ͍͙ͤ͊͘;͙͙ͭ ͔͔͙͍͙ͨͪͫͨͭ͟ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͎͒͊ͤͦͦ ͙ͨͪͫͭͪͦΌ ͭ͊ ͙ͫͣͯ͡Ύͭͦͪͯ ¢ƛƴƪŜǊŎŀŘ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͔͍ͤ͗ͤͪ͜͜-͔͎͎͍ͨ͒͊ͦ͜. 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡. ˾͔ͦ͋ͦͭͦͭͻͤ͊͜͟ ς ͙ͨͪ͊͒ͤ͊͟͡ ͤ͊ͯ͊͟Σ ΅ͦ ͚͊ͣ͊͘ΊͭΈͫΎ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎͣΣ ͪͦͪͦ͋ͦ͘͟ΌΣ 
͍͙͋ͯ͒ͤ͜ͼ͍ͭͦͣΣ ͔ͫͨͯ͊ͭ͊͟͡ͼ͜ΊΌ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͍ͪͦ͋ͦͭ͜Σ ͊ ͭ͊ͦ͗͟ ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ ͙͔ͫͫͭͣ ͒͡Ύ ͝ͻ ͦͤͭͪͦ͟͡ΌΣ ͔͎ͫͤͫͦͪͤͦͦ όͤ͊ 
͍ͦͫͤͦ͜ ͍͙ͻ͙͒ͤ͜ͻ ͙͎͍ͫͤ͊͜͡ ͒͊ͭ;͙͍͟͜ύ ͍͎ͦͪͦͭͤͦͦ͘ ͍͘ϥΎͯ͘͟ ͜ ͙ͦ͋ͪͦ͋͟ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍͙͍͙͊ͭͦͣ͊ͭͦ͊ͤ͘ͻ ͔ͭͻͤ͜;͙ͤͻ ͙͔ͫͫͭͣ ό͍ͪͦ͋ͦͭ͜ύΦ 
ˤͦͤ͊ ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͤ͊ ͍͔ͫͭͦͪͤͤΎ ͍ͪͦ͋ͦͭ͜ ͜ ͔ͪͦ͋ͦͭͦͭͻͤ͜;͙ͤͻ ͙͔ͫͫͭͣ ͔͍ͪͯ͊ͤͤ͟ΎΣ ͙ͨͪͤ͊͘;͔͙ͤͻ ͒͡Ύ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ ͙ͫ͊͒ͤ͟͡ͻ 
͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͨͪͦͼ͔͍ͫ͜ ͜ ͔ͦͨͪ͊ͼ͚͜Σ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͙ͭ͊͟ͻΣ ΅ͦ ͍͙ͦͤͯ͟ΌͭΈͫΎ ͍ ͔͔͔͍͙ͤ͒ͭͪͣͤͦ͊ͤ͜ͻ ͍ͯͣͦ͊ͻΣ ͒͡Ύ ͙͊ͣͤ͘͜ ͡Ό͙͙͒ͤ 
ͨ͒͜ ;͊ͫ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͙͊͗͟ͻΣ ͙͍͙ͯͭͦͣ͡ͻ ͜ ͔͔͔ͤ͋ͨ͘;͙ͤͻ ͪͦ͋ͭ͜ ώмсϐΦ 

́͊͟͜ ͍͙͍ͫ͊ͣͦͪͦ͊͘Ό;͜ ͙ͨͪͫͭͪͦ͝ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͒͜ΌͭΈ ͫΈ͎ͦͦ͒ͤ͜Σ ͍ ͍ͦͫͤͦͤͦͣͯΣ ͤ͊ ͍ͦͫͤͦ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͪͤ͘͜ͻ 
͎͍͙ͨͪͦͪ͊ͣͦ͊ͤͻ ͣͪͦͨͪͦ͜͟ͼ͔͍ͫͦͪ͜ ͜ ͔͚͙ͤͪͦͤͤͻ ͔͔ͣͪ͗͊ͻΣ Ύ͟͜ ͍͙͎ͣ͊͊ΌͭΈ ͔͔ͨͦͨͪ͒ͤΈ͎ͦͦ ͙͍͎ͭͪ͊ͦͦ͡ ͜ ͙͒ͦͫͭΈ ͎ͫ͊͒ͤͦͦ͟͡ 
ͤ͊͊͡΄͍ͭͯ͊ͤͤΎ ς ͍ͤ͊;͊ͤͤΎΦ ́ͦͣͯ ͤ͊ ͔ͨͪ΄͙͚ ͨ͊ͤ͡ ͔ͯͫ ͋͜͡Έ΄͔ ͍͙ͻ͙ͦ͒ͭΈ ͒͊ͭͤͫͭ͘͜Έ ͍ͪͦ͋ͦͭ͜ ͒ͦ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͍ ͍͙ͤ͊ͦ͟͡΄ͤΈͦͣͯ 
͔͔͍͙ͫͪ͒ͦ΅͜Σ ͒ͦ ͍ͪͦͨͤ͊͊ͤͤ͘͘͜Ύ ͍͙ͦ͋ͫͭ͊ͤͦ͟ ͜ ͍͙͋ͦͪͯ ͤ͜͜͡͝ ͍͔͙ͨͦ͒ͤ͜͟ ͍ ͼΈͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜Σ Ύ͔͟ ͙͒ͦͫͭΈ ΄͍͙͒ͦ͟ ͣͤ͘͜ΌΊͭΈͫΎΦ 
˹͙͊ͨͪ͊͒͟͡Σ ͼ͔ ͫͭ͊Ί ͦ;͔͍͙͙͒ͤͣ ͙ͨͪ ͎ͪͦ͘͡Ύ͒͜ ͍͊͒͊ͤͤ͘Ύ ͍ͨͦͭͯ͊ͤͤ͜͡Ύ ͒ͪͦͤͯ ς ͭ͊͊͜͟͡ ͔͋͘ ͯ;͊ͫͭ͜ ͡Ό͙͙͒ͤ-ͨͦͭ͊͜͡Σ ͜ ͙͍ͦͫͦ͋ͦ͡ 
͙ͨͪ ͍ͨͦͭͯ͊ͤͤ͜͜͡ ͊͋ͦ ͔͍ͪͯ͊ͤͤ͟͜ ͍͔͊ͭͦͣͦ͋ͣ͜͡ ͔͋͘ ͍ͭͪͯ;͊ͤͤΎ ͡Ό͙͙͒ͤ ώмнΤ мпϐΦ ͔̇ ͔͒ͯ͗ ͙͚ͨͦͭͯ͗ͤ ͙͚ͨͪͫͭͪ͜Σ ͙͍ͦͫͦ͋ͦ͡ ͍ 
͍ͯͣͦ͊ͻ ͪͦͫͭ͊ͤͤ͘Ύ ͎͙͊ͪͦ͘͘ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͙͙ͭͪͦͪͫͭ;͙ͤͻ ͍͊ͭ͟͜ ͤ͊ ͔͔͔ͤ͋ͨ͘;͙ͤͻ ͦ͋ϥΊͭ͊͟ͻ ͯ ͍͘ϥΎͯ͘͟ ͘ ͍͚ͫ͜Έ͍͙͙ͦͣ͟ ͦͤ͟ͺ͙ͭ͊ͣ͜͟͡Σ 
ͪͦͫͭ͊ͤͤ͘Ύͣ ͙ͨͦͭ͜͡;͎ͤͦͦΣ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦΣ ͔͎͚͎ͪͤͦͦ͜͜͡ ͜ ͔ͦͤͦͣ͟͜;͎ͤͦͦ ͔͔ͫͭͪͣͣͯ͘͟͜Φ ́͊ͦ͗͟ ͨͪͦͫ͒͗ͯ͜͡ΊͭΈͫΎ ͙͔ͨͪͦͪͭͭ͜ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύ͔͒ͪͤͦ͝ ͭ͊ ͪ͊͒͊͜ͼ͚ͤͦ͜͝ ͔͔͙͋ͨ͘͟ ͤ͊ ͦ͋ϥΊͭ͊͟ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͊ͭͦͣͤͦ͝ ͔͔͎ͤͪ͜͝Σ ͙ͨͪ ͍͔ͨͦͦ͒͗ͤͤ͜ ͘ 
͍͒ͨͪ͊͜ͼΈ͍͙ͦ͊ͤͣ ͙͍ͨ͊ͦͣ͡ ͭ͊ ͍͔͔ͨͪͦ͒ͤͤ͜ ͪͦ͋ͭ͜ ͘ ͔͔͔ͨͦͨͪ͒͗ͤͤΎ ͜ ͍͒͊͜͟͜͡ͼ͜͝ ͍͙ͤ͊͒͘;͚͊ͤͦ͝ ͔͔͔͙ͤ͋ͨ͘͟ Ύ͔͎͒ͪͤͦͦ ͜ 
ͪ͊͒͊͜ͼ͚͎ͤͦͦ͜ ͻ͔͊ͪ͊ͭͪͯ͟Σ ͨͦ΄ͯͯ͟ ͎͔͙͊ͯ͋ͤ͘͡ͻ ͡Ό͔͚͒Σ ͎͊ͨͦ͋͊ͤͤ͘͜Ύ ͜ ͍͙Ύ͍͔ͤͤ͡Ύ ͍͙ͫͦ͜͡ͻ ͔ͨͦ͗͗Σ ͍͔͔͚ͨͦͤ ͭ͊ ͤ͜΄͙ͻ ͍͊ͭ͊ͣ͘͟͟͜͜͡ 
[7; 14]. 

˹͊ ͫΈ͎ͦͦ͒ͤ͜΄͚ͤ͜ ͔͒ͤΈ !ǊŘǳƛƴƻ ΊΣ ͣ͊͋ͯͭΈΣ ͚ͤ͊ͨͦͨͯ͡Ύͪͤ͜΄ͦΌ ͊ͨ͊ͪ͊ͭͤͦ͝ ͨ͊ͭ͡ͺͦͪͣͦΌ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻͤ͜ͼ͜Σ 
͙͍ͨͪͦͭͦͭͨͯ͊ͤͤΎ ͜ ͍͔ͫͭͦͪͤͤΎ ͎ͪͤͦͦ͘͜ ͪͦ͒ͯ ͔͍ͨͪͦͭ͟͜Φ ˹͊ ͍͒ͣͤͯ͜͜ ͍͒͜ tL/ ͔͍ͣͪͦͦͤͭͪͦͪ͜͟͟͜͡Σ !ǊŘǳƛƴƻ ͣ͊Ί ͨͪͦͫͭͯ ͍ͣͦͯ 
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍͙͎ͫͦͦͦ͟ ͍ͪͤ͜Ύ ͜ ͙͚ͨͪͦͦͪ͘ ͫͨͦͫ͋͜ ͍͔͊͊ͤͭ͊͗ͤͤ͘Ύ ͎ͨͪͦͪ͊ͣΦ ˽͎͍ͪͦͪ͊ͣͦ͊ͤ͊ ͨ͊ͭ͡ͺͦͪͣ͊ ͘ ͍͙͙͒ͪͭͣ͜͟ ͦ͒ͦͣ͟Σ 
͙ͨͪͤ͊͘;͔ͤ͊ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙͍ͨͪͫͭͪͦ͝Σ ͍͙͙ͦͫͤͦͤͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ Ύͦ͟͝ Ί ͨ͊ͭ͊͡ ͍͍͔͔͒ͤͤΎ-͍͙͍͔͔͒ͤͤΎ ͜ 
͔͔͍͙ͫͪ͒ͦ΅͔ ͙ͪͦͪͦ͋͘͟ ͤ͊ ͍ͣͦ͜ tǊƻŎŜǎǎƛƴƎκ²ƛǊƛƴƎ !ǊŘǳƛƴƻΣ !ǊŘǳƛƴƻ ͔ͣͦ͗ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ Ύ͟ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͍͙͊ͭͦͤͦͣͤͻ 
͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͦ͋ϥΊ͍ͭ͟͜Σ ͭ͊͟ ͜ ͨ͒͜͟͡Ό;͙͊ͭͫΎ ͒ͦ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ΅ͦ ͍͙ͦͤͯ͟ΊͭΈͫΎ ͤ͊ ͦͣͨ͟ϥΌ͔ͭͪ͜Φ ˤͦͤ͊ 
͍͙͒ͤͦͫͭ͜ΈͫΎ ͒ͦ ͙ͦ͒ͤͦͨ͊ͭͤ͡ͻ ͦͣͨ͟ϥΌ͔͍ͭͪ͜ ͭ͊ ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͤ͊ ͭͫͤͯ͜ ͍͊͘Ίͣͦ͒͜Ό ͘ ͍͙ͤ͊ͦ͟͡΄ͤͣ͜ ͍ͫͭͦͣ͜ ώмоΤ мсΤ мфΤ нлϐΣ ͭͦͣͯ 
ͼΎ ͨ͊ͭ͡ͺͦͪͣ͊ Ί ͙ͦ͒ͤͣ ͘͜ ͚ͤ͊ͪͯ͘;ͤ͜΄͙ͻ ͍͊ͫͦ͋͘͜ ͍͙͍;͔ͤͤΎ ͍ͦͫͤͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͙͍ͨͪͫͭͪͦ͝ ͤ͊ ͔ͣͪͦͦͤͭͪͦͪ͊͜͟͟͡ͻ ό˸˴ύΦ 
!ǊŘǳƛƴƻ ͔ͣͦ͗ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ Ύ͟ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͍͙͊ͭͦͤͦͣͤͻ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͦ͋ΩΊ͍ͭ͟͜Σ ͭ͊͟ ͜ ͨ͒͜͟͡Ό;͙͊ͭͫΎ ͒ͦ 
͔ͨͪͫͦͤ͊͡Έ͎ͤͦͦ ͦͣͨ͟ΩΌ͔ͭͪ͊ όCƭŀǎƘΣ tǊƻŎŜǎǎƛƴƎΣ aŀȄa{tΣ a!¢[!.ύΦ ˽͊ͭ͊͡ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ˸˴ !ǘƳŜƭ !±w ό!¢ƳŜƎŀонуt ͊͋ͦ 
!¢ƳŜƎŀнрслύ ͜ ͔͔͔͍ͣͤͭ͜͡ ͍ͦ͋ΩΎ͙͘͟ ͒͡Ύ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͭ͊ ͔͎ͤͭͪ͊͜ͼ͜͝ ͘ ͤ͜΄͙͙ͣ ͫͻ͔͙ͣ͊ͣΦ ˤ ˸˴ ͔͔ͨͦͨͪ͒ͤΈͦ ͨͪͦ΄͙͍͊ΊͭΈͫΎ 
͊͘ ͍͍͊ͤͭ͊͗ͯ͊; ό.ƻƻǘ[ƻŀŘŜǊύΣ ͭͦͣͯ ͎ͨͪͦͪ͊ͣ͊ͭͦͪ ͔ͤ ͙͚ͨͦͭͪ͋ͤ͜Φ ˽͙͊ͭ͡ ͎ͨͪͦͪ͊ͣͯΌͭΈͫΎ ;͔͔ͪ͘ ¦{.-ͨͦͪͭ ͍͊͒͘Ύ͙͟ ͣͪͦͫ͜͟ͻ͔ͣ͜ 
͔͔͍ͨͪͭͦͪΌ͍͊;͊ ¦{.-to-{ŜǊƛŀƭ C¢5L C¢нонwΣ ͊͋ͦ ͯ ͍͔ͪͫ͜͝ ͨ͊ͭ͡ͺ͙ͦͪͣ !ǊŘǳƛƴƻ ¦ƴƻΣ ͍ Ύͦͫͭ͟͜ ͔͔͍ͨͪͭͦͪΌ͍͊;͊ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ 
˸˴ ¢ƳŜƎŀу¦нΦ ͔́͊͟ ͪ͜΄͔ͤͤΎ ͒͊Ί ͎ͣͦͯ͘ ͎͍͙ͨͪͦͪ͊ͣͯ͊ͭ ͔͔͍ͨͪͭͦͪΌ͍͊; ͭ͊͟Σ ΅ͦ͋ ͨ͊ͭ͡ͺͦͪͣ͊ ͍͒ͪ͊ͯ͘͜ ͍ͪͦͨͤ͊͊͊ͫ͘͘͜͡Ύ Ύ͟ 
ͣ͊ͤͨͯ͜͡ΎͭͦͪΣ ͊͋ͦ ͤ͜΄͙͚ ͙͚ͨͪͫͭͪ͜ ͊͘ ͨͦ͋͊͗͊ͤͤΎͣ ͙ͪͦͪͦ͋ͤ͊͘͟ ͘͜ ͍ͫͣ͊͜ ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͍͙͙͒ͦ͒͊ͭͦͣ͟ ͙͎͙ͫͤ͊͊ͣ͡ ͔͍ͪͯ͊ͤͤ͟ΎΦ 
˽͙͊ͭ͡ ͍͒ͦͦ͘͡ΎΌͭΈ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͋͜͡Έ΄ͫͭ͜Έ ͍͙͍͍ͦ͒͜ ˸˴ ͯ ͍ͦͤ͘͜΄ͤ͜ͻ ͫͻ͔ͣ͊ͻΦ ˹͊ ͫΈ͎ͦͦ͒ͤ͜ ͒͡Ύ !ǊŘǳƛƴƻ Ί ͍͔͙͊͟͡ ͟͜͡Έͫͭ͟͜Έ 
͍ͣͦ͒ͯ͜͡ ͪͦ͘΄͙͔ͪͤͤΎ ͘ ͎͙͙ͨͪͦͪ͊ͣͤͣ ͔͙͋͋ͦͭ͊ͣ͜͜͟͡ ͫͨͪΎ͔͗ͤͤΎΣ ΅ͦ ͍͟͡Ό;͊ΌͭΈ ͪͤ͘͜͜ ͔͙ͫͤͫͦͪΥ ͔͔͙ͭͣͨͪ͊ͭͯͪ ό5{му.нлύ ͜ 
͙ͭͫͯ͟ ό.atмулύΤ a9a{ ς ͔͙ͫͤͫͦͪ ͪͯͻͯΥ ͔͔͔͙͊ͫͪͦͣͭͪ͟͡ ό!5·[опрύ ͜ ͎͙ͪͦͫͦͨ͜͟ ό[оDпнлл5ύΤ ͙͔͒ͫͨ͡͝ ό[/5пуупύΤ ͍ͪͦͦ͟͟͜ 
͍͙͎͙͒ͯͤΤ D{a ͜ 9ǘƘŜǊƴŜǘ ς ͣͦ͒ͯ͜͡ ͭͦ΅ͦΦ ˱͔͎͍͔ͤͭͪͦ͊ͤ ͔͔͍͙ͫͪ͒ͦ΅͔ ͙ͪͦͪͦ͋͘͟ ͍ !ǊŘǳƛƴƻ Ί ͔͋ͦ͘͟΄͍͙ͭͦͤͣ ͪͦͫͫ͟-
ͨ͊ͭ͡ͺ͍͙ͦͪͣͦͣ ͎͙ͨͪͦͪ͊ͣͤͣ ͔͔͊͋ͨ͘͘;͔ͤͤΎͣ ͘ ͍͙͙͒ͪͭͣ͜͟ ͍͙ͻ͙͒ͤͣ͜ ͦ͒ͦͣ͟ ͒͡Ύ ˻˿ ²ƛƴŘƻǿǎΣ aŀŎƛƴǘƻǎƘ h{· ͜ [ƛƴǳȄΣ 
͍͔͙ͫͭͦͪͤͣ ͤ͊ ͍ͣͦ͜ WŀǾŀΣ Ύ͔͟ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋ ͔ͪ͒͊ͭͦͪ͟ ͦ͒ͯ͟Σ ͦͣͨ͟͜͡Ύͭͦͪ ͜ ͣͦ͒ͯ͡Έ ͔͔ͨͪ͒͊;͜ ͨͪͦ΄͙͍͙͟ ͍ ͨ͊ͭͯ͡Φ ˿͔͔͍͙ͪ͒ͦ΅͔ 
͙ͪͦͪͦ͋͘͟ ͍͔ͨͦ͋ͯ͒ͦ͊ͤ ͤ͊ ͍ͣͦ͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ tǊƻŎŜǎǎƛƴƎ ͜ ͔͍͔ͫͨͪͦͭͦ͊ͤ͟ ͒͡Ύ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͨͦ;͍͊ͭ͟͜ͼΎ͙ͣ ͔͙ͫͭͯ͒ͤͭ͊ͣΣ 
Ύ͟͜ ͔͚ͤͤ͊ͦͣ͘͜ ͘ ͪͦͪͦ͋ͦ͘͟Ό ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒͡Ύ ͍͍͙͋ͯ͒ͦ͊ͤͻ ͙͔ͫͫͭͣΦ ˸͍ͦ͊ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ tǊƻŎŜǎǎƛƴƎ 
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͙͍ͨͪͫͭͪͦ͝ !ǊŘǳƛƴƻ ͍ͨͦ͋ͯ͒ͦ͊ͤ͊ ͤ͊ ͙͙ͫͤͭ͊ͫͫ͟͜ ͍ͣͦ /κ/ҌҌΣ ͍ͫͦͣͨͦͤͦ͊ͤ͊͟ ͘ ͔͋͋ͦͭͦ͜͜͟͡Ό !±w [ƛōŎ ͜ ͍͒ͦͦ͘͡ΎΊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ 
͋ͯ͒Έ-Ύ͟͜ ͝͝ ͺͯͤ͟ͼ͜͝ ώмфΤ нлϐΦ  

˽ͪͦͫͭͦͭ͊ ͭ͊ ͎͋͊͊ͭͦͺͯͤ͟ͼͦͤ͊͜͡Έͤͫͭ͜Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͪͦ͋ͦͭͦͭͻͤ͜;͙ͤͻ ͔͍ͦͣͨͫ͟͟͜͡ ͍͙͒ͦͦ͊͘͡͡ ͍ͪͦͨͦͫ͘Ό͙͙͒ͭ 
͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡Έ ͼ͜ΊΌ ͔ͭͣͦΌΦ ˽ͦ ͍͚ͫ͜ ̂ͪ͊ͤ͟͜͝ ͍͔͗ ͍͒͊ͤͦ ͍͙͙ͫͭͦͪ͡ ͎͙ͯͪͭ͟ ͒͡Ύ ͔͚͒ͭ͜ ͭ͊ ͍ͨ͒ͭ͜͜͟͜͡ ͍ͦͣ͜͟ ͍͒͜ о ͍ͪͦ͟͜ ͒ͦ мт ͍ͪͦ͟͜ 
͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͤͦ͊ͣ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ όͭ͊͋͡Φ мύ ώмрϐΦ  

͙́͊͋͡ͼΎ м. 
˥͙ͯͪͭ͟ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͒͡Ύ ͣͦͦ͒͜͡ ͤ͊ ̂ͪ͊ͤ͟͜͝ 

˹͍͊͊͘ ˤ͜͟ ό͍ͪͦ͟͜ύ ˽͙ͦͫ͊ͤͤ͡Ύ 

͔̇ͤͭͪ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ .ƻǘŜƻƴ ό̅ͪ͊ͤ΄͙͊͘ύ ͍͒͜ с ͒ͦ мс  http://edu.boteon.com/ 

Robo Code ͍͒͜ у ͒ͦ мс  https://robocode.pro 

͔́ͻͤ͜;ͤ͊ ͫͭͯ͒͜Ύ ζˤ͙ͤ͊ͻ͙͒ͤ͜͟η ό̅ͪ͊ͤ΄͙͊͘ύ ͍͒͜ о ͒ͦ мс  http://vynahidnyk.org/ 

wƻōƻΦIƻǳǎŜ όͫͨ͜͡Έ͙͚ͤ ͔ͨͪͦͭ͟ ͘ ζ͙̇ͭͪͯͫη ς ζ˶͊͋ͦͪ͊ͭͦͪ͜Ύ ͚ͣ͊͋ͯͭͤΈ͎ͦͦηύ ͍͒͜ с ͒ͦ мс  https://www.robo.house/uk 

Robot School ͍͒͜ п ͒ͦ мс  http://robotschool.com.ua/ 

˴͙ͯͪͫ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍͒͜ ˢ͔͊͒ͣ͟͜͝ ͨͪͦͺ͔͚ͫ͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍͒͜ с ͒ͦ мс  http://academyua.com/ 
 

́͊ͦ͗͟ ͒͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͎͒͊ͤͦͦ ͤ͊ͨͪΎͣͯ ͍ ̂ͪ͊ͤ͟͜͝ Ί ͍͙΄͜Σ Ύ͟͜ ͣ͊ΌͭΈ ͔ͭͻͤ͜;͔ͤ ͫͨͪΎ͍ͣͯ͊ͤͤΎΥ 
˹͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔ͭͻͤ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͙̂ͪ͊ͤ͟͝ ζ˴͙͍ͫ͝Έ͙͚͟ ͔ͨͦͭ͜͡ͻͤ͜;͙͚ͤ ͙ͤͫͭͭͯͭ͜ηΤ ˹͊ͼͦͤ͊͜͡Έ͙͚ͤ ͍͊͊͜ͼ͚͙͚ͤ͜ ͍͔͙͔ͯͤͪͫͭͭ͜Τ 
˴͍͎ͪͦͦͪ͊͒ͫ͜Έ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔ͭͻͤ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜Τ ˿ͻ͒ͤͦͯͪ͊ͤͫ͜͟͝Έ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˤ͙͙ͦͦ͒ͣͪ͊͡ 
˨͊͡ΎΤ ˴͙͍ͪͦͪ͘͜Έ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜Τ ˹͊ͼͦͤ͊͜͡Έ͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ζ˶Έ͍͍ͫ͜Έ͊͟ ͔ͨͦͭ͜͡ͻͤ͊͜͟ηΦ ˻͙͙ͭͪͣ͊ͭ ͍ͦͫͭͯ͜ ͯ 
͙ͭ͊͟ͻ ͊͊͒͊͘͟͡ͻ ͔ͤͨͪͦͫͭͦΦ ˹͊ ͼ͔ Ί ͎͋͊͊ͭͦ ͙ͨͪ;͙ͤΣ ͦ͒ͤ͊ ͘ Ύ͙͟ͻ ς ͍͙͙͚ͫͦ͟ ͙͚ͦͤͯͪͫͤ͟͟ ͋͊͡ ͭ͊ ͍͊ͪͭͫͭ͜Έ ͍ͤ͊;͊ͤͤΎΦ ́ͦͣͯ ͫͭ͊Ί 
͙ͨͭ͊ͤͤΎ ͨͪͦ ͍͍͒ͨͦ͒ͤͯ͜͜ ͔͔ͤ͗ͤͪͤͦ͜-͔͎͎ͨ͒͊ͦ͜;ͤͯ ͍ͦͫͭͯ͜ ͍ ͤ͜΄͙ͻ ͍͙΄͊ͻΦ  

˨͙ͫͼ͙ͨͤ͊͜͡ ζ˽͙͔ͪ͊͒ͤ͟͡ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎη Ί ͦ͒ͤ͜ΊΌ ͘ ͍͙͋͊ͦ͘ͻ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ 
ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͨͪͦͺ͜͡Ό ˣ͔ͪ͒ΎͤͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ˸͔ͭͦΌ ͝͝ Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚͙ͫͤ͜ͻ 
͔͔ͦͣͨͭͤ͟ͼ͚͜ ͭ͊ ͍͔ͫͭͦͪͤͤΎ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͤͦ͋ͻ͎͒ͤͦͦ͜ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͫͯ;͊ͫͤ͜ ͎ͨͪͦͪ͊ͣͤ͜ ͙ͨͪͦ͒ͯͭ͟Σ ͔͔͍͙ͫͪ͒ͦ΅͊ ͙ͪͦͪͦ͋͘͟ ͜ 
͍͙ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΦ 

ˤ͙͊͒͊͟͡;͊ͣ ͘ ͙͎ͨͪ͊͒ͤͦͦ͟͡ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙ͪ͜΄͙͙ͭ ͭ͊͟͜ ͍͊͒͊ͤͤ͘ΎΥ ͺ͍ͦͪͣͯ͊ͤͤΎ ͊ͭͯ͊͟͡Έ͎ͤͦͦ 
͍͎ͤ͊ͯͦͦͦ͟ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͔͔ͭͪͦͤͤͯ͟͡ ͦ͋;͙ͫ͡Ό͍͊͡Έͤͯ ͔ͭͻͤͯ͜͟ ͍ ͼͦͣͯ͜͡ ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͊͘Ίͣͦ͒͜͝ ͘ ͔ͤΌ ͔ͦͪͣ͊͘͟Τ ͍͙͍;͔ͤͤΎ 
͔ͫͨͼ͍͙͊ͦ͊ͤ͘͜͜͡ͻ ͎͙ͨͪͦͪ͊ͣͤͻ ͍ͨͪͦ͒ͯͭ͟͜ ͭ͊ ͔͔͍͙ͫͪ͒ͦ΅ ͙ͪͦͪͦ͋͘͟Τ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͊ͭͯ͊͟͡Έ͙͙ͤͣ ͍͙ͣͦ͊ͣ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ 
͍͙͎ͫͦͦͦ͟ ͍ͪͤ͜ΎΤ ͍ͤ͊;͊ͤͤΎ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΤ ͙ͨͪ͒͋͊ͤͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͙ͤ͊;ͦ͟ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͜ 
͙ͪͦͪͦ͋͘͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΤ ͍ͨͦͪͤ͜ΎͤͤΎ ͜ ͔͙͚ͦͣͨͫͤ͟͟͡ ͊ͤ͊͘͜͡ ͔͔͍͎ͨͪ͊ ͜ ͔͍ͤ͒ͦ͜͟͜͡ ͣͦ͒ͯ͡Έ͎ͤͦͦ ͜ ͦ͋ϥΊͭͤͦ͟-
ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΤ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͣͯ͡Έ͙͔͚͙ͭͣ͒ͤ͜ͻΣ ͎͍͙ͪͦ͜ͻ ͭ͊ ͍ͪͦ͊͗͊͘͡Έ͙ͤͻ ͙͔ͫͫͭͣΤ ͍͙ͦͫͤͦ ͙͍ͨͪͦͣͫͦͦ͡͝ 
͙ͪͦͪͦ͋͘͟ ͎ͨͪͦͪ͊ͣ ώсϐΦ ́ͦͣͯΣ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͼΎ ͙͒ͫͼ͙ͨͤ͊͜͡ ͚ͤ͊͋͜͡Έ΄ ͨ͒͜ͻ͙ͦ͒ͭΈ ͒͡Ύ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͨ͊ͭ͡ͺ͙ͦͪͣ !ǊŘǳƛƴƻΣ ͔͒ 
͙ͨͪ͊ͭ͟;ͤ͊ ;͙͊ͫͭͤ͊ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍ͨͦϥΎ͊ͤ͊͘ ͘ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύͣ ͜ ͪͦͪͦ͋ͦ͘͟Ό ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ς ͼ͔ ͚ͤ͊ͪ͊͟΅͔ 
ͨͦΊ͒ͤ͊ͤͤΎ ͍͒ͦͻ ͤ͊ͯ͟Υ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͜ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ 

˹͊ ͺ͊ͯ͟͡Έ͔ͭͭ͜ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝Σ ͦͣͨ͟ΩΌ͔ͭͪͤͦ͝ ͭ͊ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ˣ͔ͪ͒ΎͤͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͋ͯͦ͡ ͍͍͔ͨͪͦ͊͒͗ͤͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͨ͊ͭ͡ͺͦͪͣ !ǊŘǳƛƴƻ ͍ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͙͒ͫͼ͙͙ͨͤ͜͡ 
ζ˽͙͔ͪ͊͒ͤ͟͡ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎηΦ ͍̉͊ͫͭͦͦ͟ ͼ͔ ͋ͯͦ͡ ͙ͫͭͣͯ͡Έ͍ͦ͊ͤͦ ͣ͗ͤ͊ͪͦ͒ͤͦ͜Ό ͍ͫͨͨͪ͊͜ͼ͔Ό ͘ ˢ͍͙ͭͦͤͦͣͤͣ ͍͔͙͔ͯͤͪͫͭͭͦͣ͜ 
˽͔ͯ͋͊͡ ͍ ˸͔͙ͫ͟ͼ͜Φ 

˾͎ͦ͘͡Ύ͔ͤͣͦ ͙ͨͪ͊ͭ͟;͙͚ͤ ͔͊ͫͨͭ͟Φ ˽͙ͪͤͼ͙ͨ ͍͔ͫͭͦͪͤͤΎ ͔͍ͨͪͦͭ͟͜ ͤ͊ !ǊŘǳƛƴƻ ς ͣͦ͒ͯ͡Έͤͫͭ͜ΈΦ ˤ͔ͫΈ ͙͚ͨͪͫͭͪ͜ Ί 
ͦͤͫͭͪͯͭͦͪͦͣ͟͟Σ Ύ͙͚͟ ͋ͪ͊ͤͦ͘͜ ͘ ͙ͨͪͦͫͭͻ ͔͔͔͍ͣͤͭ͜͡Φ ˨͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔ͨͪͦͭͯ͟ ͔͍ͤͦ͋ͦΩΎ͍ͦͦ͘͟ ͙ͣ͊ͭ ͨ͊Ύ͡Έ͙ͤ͟Σ ͙ͯͣͭ͜ ͙͙ͪͦ͋ͭ 
͍͔ͭͪ͊ͤͤ͡Ύ ͙ͨ͊ͭ͡Σ ͙͒ͦͫͭΈ ͙ͣ͊ͭ ͍͋͊ͦ͘͜ ͤ͊ͤͤ͘Ύ͙ͣ ͍ ͎͊ͯ͘͜͡ ͔͔͙ͭͪͦͤ͟͜͟͡ ͭ͊ ͔͒͜Ό ͍͎͊ͫͤͦͦ͡ ͔ͨͪͦͭͯ͟Φ  

˽͡Ό͙ͫ Arduino: ͣ ͦ͒ͯ͡Έͤ͊ ͨ͊ͭ͡ͺͦͪͣ͊Τ ͙ͤ͘Έ͊͟ ͼͤ͊͜Τ ͍͙͋ͪ͜ ͍͎͒ͦ͒͊ͭͦͦͦ͟ ͎͊ͨ͊ͪ͊ͭͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ό͍͒͜ ͚ͤ͊ͨͪͦͫͭ͜΄͙ͻ 
͍͍ͫͭͦ͒ͦ͒͜͜͜͡ ͒ͦ ͒͊ͭ;͙͍͟͜ ͪͯͻͯ ͜ [95 ς ͙͔͍͒ͫͨ͡͝ύΤ ͍͙ͫͦ͊͟ ͨͦͨͯ͡Ύͪͤͫͭ͜ΈΣ ΅ͦ ͒͊Ί ͍͔͙ͯ͟͡ ͟͜͡Έͫͭ͟͜Έ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͫͻ͔ͣΣ 
ͤͫͭͪͯ͜͟ͼ͚͜Τ ͔ͤ ͣ͊Ί ͔͙ͨͦͭͪ͋ ͍ ͚͚ͨͦͫͭͤ͜͜ ͚ͨ͊ͼ͜ ͔͔͚͒ͭ͊͡ ͜ ͘ϥΊ͒ͤ͊ͤΈΤ ͦͣͨ͊ͭͤ͟͟͜ ͙ͨ͊ͭ͡Τ ͍͙͋ͪ͜ ͨ͊ͭ͡ ͨ͒͜ ͪͤ͘͜͜ ͙͙ͭͨ ͍͊͒͊ͤ͘ΈΤ ͔͎ͦ͟͡ 
͎ͨͪͦͪ͊ͣͯΊͭΈͫΎΤ ͪͯ͘;͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔ ͙ͪͦͪͦ͋͘͟Τ ͍͔ͦ͋ͤͦͤͤ͡Ύ ͜ ͍͔ͫͭͦͪͤͤΎ ͍͙ͤͦͻ ͨ͊ͭ͡ ͨ͒͜ ͪͤ͘͜͜ ͙͙ͭͨ ͜ ͤ͊ͨͪΎ͙ͣΤ ͔͎ͦ͟͡ 
͘ΩΊ͙͒ͤ͊ͭͫΎ ͘ ˽˭ ͤ͊ ˽˴Φ 

˸͙ͤͯͫ͜ Arduino: ͣ͊͊͡ ͦ͋;͙ͫ͡Ό͍͊͡Έͤ͊ ͒͊ͭͤͫͭ͘͜ΈΤ ͒͡Ύ ͙͍͙ͨͪͦͣͫͦ͡ͻ ͍͙͍ͪͦ͋͜ ͔ͤ ͨ͒͜ͻ͙ͦ͒ͭΈΤ ͣͦ͗ͤ͊ ͔͎ͦ͟͡ ;͔͔ͪ͘ ͻ͙͔͋ͤ 
ͨ͒͜ϥΊ͒ͤ͊ͤͤΎ ͫͻ͔͙ͣ ͙͊ͣͤͯͭ͘͟ ͙ͦͤͭ͊ͭ͟͟ ͤ͊ ͨ͊ͭ͜͡ ͊͋ͦ ͤ͜΄͙ͻ ͔ͦͣͨͦͤͤͭ͊͟ͻΦ ́ͦͣͯ ͤ͊ ͎͒ͦͨͦͣͦͯ ͙ͨͪͻͦ͒ΎͭΈ ͍͔͋-͔͍͙ͫͪͫ͜Φ 
˹͙͊ͨͪ͊͒͟͡Σ ͙ͫ ͣͯ͡Ύͭͦͪ ς ͼ͔ ͙͚ͨͪͫͭͪ͜ ͊͋ͦ ͔͍ͫͪͫ͜Σ Ύ͙͚͟ ͣͭͯ͜͜Ί ͔͍ͨͤ͜ ͺͯͤ͟ͼ͜͝ ͤ͜΄ͦ͝ ͙͔͙ͫͫͭͣΣ ͔͊͡ ͔ͤ ͔͔ͨͪͭͤ͒ͯΊ ͤ͊ ͍͔ͫͭͦͪͤͤΎ 
ͭͦ;ͤͦ͝ ͦͨ͟͜͝Φ ͔̇ ͔͒Ύ͔͟ ͍ͪͭͯ͊͜͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔Σ ͍ Ύͦͣͯ͟ ͣͦ͗ͤ͊ ͔ͣͦ͒͡Ό͍͙͊ͭ ͤ͜΄ͯ ͙͔ͫͫͭͣͯΦ ˩ͣͯ͡Ύͭͦͪ ς ͼ͔ ͍ͨͦͤͦͼ͚ͤͤ͜͜ 
͎͊ͤ͊ͦ͡Σ ͙͚͒͊ͭͤ͘ ͙͙͊ͣͤͭ͘͜ ͙͎ͦͪͤ͊͜͡Φ ˹͙͊ͣ ͋ͯͦ͡ ͦ͋ͪ͊ͤͦ ¢ƛƴƪŜǊŎŀŘΣ Ύ͙͚͟ ͙ͫͣͯ͡ΌΊ ͪͦ͋ͦͭͯ ͔͔ͭͪͦͤͤͦ͟͡͝ ͫͻ͔͙ͣ ͭ͊ ͔ͦͤͭͪͦͪ͊͟͡Φ 
˽͙ͪ ͼΈͦͣͯ ͍ͤ͜ Ί ͔ͣͯ͡Ύͭͦͪͦͣ !ǊŘǳƛƴƻΣ Ύ͙͚͟ ͔ͪ͊ͯ͘͜͡Ί ͙ͨͪ͊ͭ͟;ͤͦ ͍ͫ͜ ͍͋͊ͦ͘͜ ͺͯͤ͟ͼ͜͝ !ǊŘǳƛƴƻ L59 ς ͍͒͜ ͔͔͍͙ͫͪ͒ͦ΅͊ 
͔͎͍ͪ͒͊ͯ͊ͤͤΎ ͭ͊ ͦͣͨ͟͜͡Ύͭͦͪ͊ ͒ͦ ͣͦͤͭͦͪͯ͜ ͨͦͪͭͯ ͙ ͨ͒͜͟͡Ό;͔ͤͤΎ ͔͋͋ͦͭ͜͜͟͡Φ ¢ƛƴƪŜǊŎŀŘ ς ͼ͔ ͚ͦͤ͊ͤ͡ ͔͍ͫͪͫ͜Σ ͨͪͦͫͭ͊ ͜ 
͔͋ͦ͘͟΄͍ͭͦͤ͊ ͨ͊ͭ͡ͺͦͪͣ͊ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ о5-͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͭͦͣͯ ΅ͦ Ί ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͔ͫͭͦͪͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͫͻ͔ͣ ͜ 
ͨ͒͜͟͡Ό;͔ͤͤΎ ͝ͻ ͒ͦ ͙ͫͣͯ͡Ύͭͦͪ͊ ͍ͪͭͯ͊͜͡Έͤͦ͝ ͙ͨ͊ͭ͡ !ǊŘǳƛƴƻ ώмлΤ 20]. 

˾͎ͦ͘͡Ύ͔ͤͣͦ ͙͍ͣͦ͗ͦͫͭ͜͡ ͙ͫͣͯ͡Ύͭͦͪ͊ ¢ƛƴƪŜǊŎŀŘΦ ˿͙ͨͫͦ͟ ͍͎ͦͫͤͦͤͦͦ ͺͯͤ͟ͼͦͤ͊ͯ͜͡ ͭ͊ ͙͙ͦͪͫͤ͟ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ 
Tinkercad CircuitsΥ ͚ͦͤ͊ͤ͡ ͨ͊ͭ͡ͺͦͪͣ͊Τ ͒͡Ύ ͙ͪͦ͋ͦͭ ͔ͨͦͭͪ͋ͤ͜ ͔͔ͤͭͪͤͭ͜Τ ͪͯ͘;͙͚ͤ ͎ͪ͊ͺ͜;͙͚ͤ ͔ͪ͒͊ͭͦͪ͟ ͒͡Ύ ͍ͯ͊͘͜͡Έͤͦ͝ 
͍͙ͨͦ͋ͯ͒ͦ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͫͻ͔ͣΤ ͤ͊͋ͪ͜ ͔͔ͨͦͨͪ͒ͤΈͦ ͍͍͔͙ͫͭ͊ͤͦͤ͡ͻ ͔͔͚ͣͦ͒͡ ͚ͤ͊͋͜͡Έ΄ ͨͦͨͯ͡Ύ͙ͪͤͻ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͔͍ͦͣͨͦͤͤͭ͟͜Σ 
͍͍͙͒ͫͦͪͭͦ͊ͤ͜ͻ ͊͘ ͙͙ͭͨ͊ͣ ͔͍ͦͣͨͦͤͤͭ͟͜Τ ͙ͫͣͯ͡Ύͭͦͪ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͫͻ͔ͣΣ ͊͘ ͎͒ͦͨͦͣͦͦΌ Ύ͎ͦͦ͟ ͣͦ͗ͤ͊ ͨ͒͜͟͡Ό;͙͙ͭ ͍͔͙͚ͫͭͦͪͤ 
͍ͪͭͯ͊͜͡Έ͙͚ͤ ͙͚ͨͪͫͭͪ͜ ͒ͦ ͍ͪͭͯ͊͜͡Έ͎ͤͦͦ ͔͔͒͗ͪ͊͡ ͙͍͔͗ͤͤ͡Ύ ͜ ͔͙͙ͨͪͦͫͭ͗ͭΣ Ύ͟ ͍ͦͤͦ ͔͋ͯ͒ ͨͪ͊ͼΌ͍͙͊ͭΤ ͙ͫͣͯ͡Ύͭͦͪ ͒͊ͭ;͙͍͟͜ ͭ͊ 
͔͍ͤͫͭͪͯͣͤͭ͜͜ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͍͙͍ͨͯ͡Φ ̐ ͙͍ͣͦ͗ͦͫͭ͜͡ ͣͤ͘͜Ό͍͙͊ͭ ͨͦ͊͗͟;͙͙͟ ͒͊ͭ;͙͍͟͜Σ ͔͙͙ͫͭ͗ͭ ͊͘ ͙ͭͣΣ Ύ͟ ͤ͊ ͙ͤͻ ͔͎ͪ͊ͯΊ 
͙͔ͫͫͭͣ͊Τ ͍͍͙͚͋ͯ͒ͦ͊ͤ ͔ͪ͒͊ͭͦͪ͟ !ǊŘǳƛƴƻ ͘ ͣͦͤͭͦͪͦͣ͜ ͨͦͪͭͯ ͜ ͙͍ͣͦ͗ͫͭ͜͡Ό ͎͔ͤ͊͊ͦ͒͗ͤͤ͡ΎΤ Ί ͍͔͗ ͔ͪͦͪͦ͋ͤ͘͜͡ ͒͡Ύ 
͎ͪͦͦͪͭ͊ͤͤ͘Ύ ͔͙ͨͪͦͭ͟ !ǊŘǳƛƴƻ ͘͜ ͫͻ͔͙ͣ͊ͣ ͜ ͦ͒ͦͣ͟Τ ͍ͯ͊͘͜͡Έ͙͚ͤ ͔ͪ͒͊ͭͦͪ͟ ͦ͒ͯ͟ !ǊŘǳƛƴƻΤ ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͎ͤͭͪ͊͜ͼ͜͝ ͘ ͔ͪ΄ͭͦΌ 
ͺͯͤ͟ͼͦͤ͊͜͡Έͤͫͭ͜Ό ¢ƛƴƪŜǊŎŀŘ ͜ ΄͍͙͎͒ͦͦ͟ ͍͔ͫͭͦͪͤͤΎ ͒͡Ύ ͍͊΄͎ͦͦ ͙ͨͪͫͭͪͦΌ ͦͪͨͯͫͯ͟ ͭ͊ ͤ͜΄͙ͻ ͙͍͙ͦͤͫͭͪͯͭͤ͟͟ͻ ͔͔͔͍ͣͤͭ͜͡Τ 
͍͔ͫͭͦͪͤ͊ ͔ͣͦ͒͡Έ ͔ͣͦ͗ ͙͋ͯͭ ͍͒ͪ͊ͯ͘͜ ͍͍͔͒ͨͪ͊ͤ͊͜͡ ͤ͊ о5-͙͔ͨͪͤͭͪΤ ͍͍͋ͯ͒ͦ͊ͤ͜ ͨ͒ͪͯ͜;͙͙ͤ͟ ͜ ͍͔͙͡;͔͔ͤ͘ ͍͍͙͍ͫͨͭͦ͊ͪͫͭͦ͜ ͘ 
͔ͦ͟͟͡ͼ͜ΊΌ ͎͍͙ͦͭͦͻ ͔͍ͨͪͦͭ͟͜Φ 
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˥͍͔ͦͦͤ͡Σ ΅ͦ ͔ͤ ͨͦͭͪ͋ͤͦ͜ ͍͍͙͊͊ͤͭ͊͗ͯ͊ͭ͘ !ǊŘǳƛƴƻ L59Σ ͔ͤ ͨͦͭͪ͋ͤͦ͜ ΄͙ͯ͊ͭ͟ ͜ ͍͙͊͟;͍͙ͯ͊ͭ ͨͦͨͯ͡Ύͪͤ͜ ͔͙͋͋ͦͭ͜͜͟͡ ͜ 
ǎƪŜǘŎƘΣ ͔ͤ ͨͦͭͪ͋ͤͦ͜ ͙͙͋ͪ͊ͭ͘ ͫͻ͔ͣͯ ͜ ͨ͒͜͟͡Ό;͙͊ͭ ͨ͊ͭͯ͡ ς ͍ ͔ͫ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͍͒ͪ͊ͯ͘͜ ͤ͊ ͚ͦ͒ͤ͜ ͫͭͦͪͤ͜ͼ͜Φ  

˽͡Ό͙ͫ ¢ƛƴƪŜǊŎŀŘΤ ͔͋ͦ͘͟΄͍͙͚ͭͦͤ ͚ͦͤ͊ͤ͡ ͔͍ͫͪͫ͜Τ ͚ͤ͊ͨͦͨͯ͡Ύͪͤ͜΄͜ ͔͙ͦͣͨͦͤͤͭ͟ ͒͡Ύ !ǊŘǳƛƴƻ ͍͔͗ Ί ͯ ͙ͫͣͯ͡Ύͭͦͪ͜Τ 
͎͋͊͊ͭͦ ͫͻ͔ͣ ͍͔ͫͭͦͪͤͦ όͣͦ͗ͤ͊ ͝ͻ ͙͍͙͒ͦͨͫͯ͊ͭ ͜ ͣͤ͘͜Ό͍͙͊ͭύΤ ͙͙͒ͭͫ͜͡Ύ ͔ͨͪͦͭͦͣ͟ ͘ ͤ͜΄͙͙ͣ ͡Ό͒Έ͙ͣΤ ͚͔ͨͦͫͭͤ͜ ͍͔ͦͤͦͤͤ͡Ύ ͙ 
͍͔͒ͦͨͦͤͤͤΎΤ ͍ͤͦ͜͟ ͙ͤ͊ͨͫ͊ͤͤΎ ͦ͒ͯ͟ ͔ͤ ͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͍͒͜ ͍ͤ͊͜͟ !ǊŘǳƛƴƻ L59Φ 

˸͙ͤͯͫ͜ ¢ƛƴƪŜǊŎŀŘΥ ͔ͤ  ͍͙ͫͭ͊;͊Ί ͔͍ͦͣͨͦͤͤͭ͟͜Σ Ύ͟͜ ͍ͫͭͦͪΌΌͭΈͫΎ ΄͍͙͒΄͔Σ ͤ͗͜ ͍͙͎ͫͭ͊ΌͭΈ ͍͙͙ͫͭͦͪͭ ͙ͫͣͯ͡Ύͭͦͪ ͼΈ͎ͦͦ 
͔ͦͣͨͦͤͤͭ͊͟Φ 

ˤ͙ͻͦ͒Ύ;͙ ͘ ͍͔͔͎ͨͪͦ͒ͤͦͦ ͊ͤ͊ͯ͘͜͡ ͊ͨ͊ͪ͊ͭͤͦ͝ ͍ͫ͊͒ͦͦ͟͡͝ ͨ͊ͭ͡ͺ͙ͦͪͣ !ǊŘǳƛƴƻ ͊͘ ͺͯͤ͟ͼͦͤ͊͜͡Έ͙͙ͤͣ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ ͭ͊ 
͔ͭͻͤ͜;͙͙ͤͣ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Σ ͙ͤ͊ͣ ͋ͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͔ͦͣͨͫ͟͟͡ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜ ͘ ͙ͨͪ͊ͭ͟;͙͙ͤͣ ͍͊͒͊ͤͤ͘Ύ͙ͣ ͒͡Ύ 
͚ͣ͊͋ͯͭͤ͜ͻ ͔͔͍ͤ͗ͤͪ͜͜-͔͎͎͍ͨ͒͊ͦ͜ ͘͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ Arduino IDE ͭ͊ ͙ͫͣͯ͡Ύͭͦͪͯ ¢ƛƴƪŜǊŎŀŘ ͯ ͍͚ͫͦ͝ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ 
͙ͨͪ͊͒͟͜͡ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˽͙͔ͪ͊͒ͤ͟͡ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎηΦ 

ˣͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͊͋ͦͪ͊ͭͦͪͤ͜͡ ͙ͪͦ͋ͦͭΥ ζ˽͒͜ΩΊ͒ͤ͊ͤͤΎ ͯ͡Έ͍͍͎ͭͪ͊ͯͦͦͦ͘͟ ͔͒͊ͦͣͪ͊͟͜͡ ͒ͦ ͙ͨ͊ͭ͡ !ǊŘǳƛƴƻη ό͔ͣͭ͊Υ 
͍ͤ͊;͙͙ͭͫΎ ͘ΩΊ͍͙͒ͤͯ͊ͭ ͯ͡Έ͍͍͙͚ͭͪ͊ͯͦ͘͟ ͔͒͊ͦͣͪ͟͜͡ ͘ ͨ͊ͭͦ͡Ό !ǊŘǳƛƴƻ ͭ͊ ͦ͋ͪͦ͋͡Ύ͙ͭ ͒͊ͤ͜Σ Ύ͟͜ ͙ͦͭͪͣ͊ͤ͜ ͍͒͜ ͯ͡Έ͍͍͎ͭͪ͊ͯͦͦͦ͘͟ 
͔͒͊ͦͣͪ͊͟͜͡ύΦ  

˾͎ͦ͘͡Ύͤͯͭͦ ͙ͨͭ͊ͤͤΎ ͨ͒͜ΩΊ͒ͤ͊ͤͤΎ ͒͊ͭ;͙͊͟ ͔͒͊ͦͣͪ͊͟͜͡ ͒ͦ ͙ͨ͊ͭ͡ !ǊŘǳƛƴƻΣ ͙ͦͭͪͣ͊ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͙ͤ͊ͨͫ͊ͤͤΎ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟Τ ͯ ͍͊͒͊ͤͤ͘Ύͻ ͍͙͎ͫͦͦͦ͟ ͍ͪͤ͜Ύ ͨͦͭͪ͋ͤͦ͜ ͔͍͙ͣͦ͒ͪͤͯ͊ͭ͘͜ ͎͙͚ͨͪͦͪ͊ͣͤ ͦ͒͟ύΤ ζ˽͒͜ΩΊ͒ͤ͊ͤͤΎ 
͒͊ͭ;͙͊͟ ͍͍͎ͯͦͦͦ͘͟ ͙͎ͫͤ͊ͯ͡ ͭ͊ ͙ͤͦͨ͟͟ ͒ͦ ͙ͨ͊ͭ͡ !ǊŘǳƛƴƻη ό͔ͣͭ͊Υ ͍ͤ͊;͙͙ͭͫΎ ͘ΩΊ͍͙͒ͤͯ͊ͭ ͒͊ͭ;͙͟ ͍͍͎ͯͦͦͦ͘͟ ͙͎ͫͤ͊ͯ͡ ͭ͊ ͤͦͨͯ͟͟ ͘ 
ͨ͊ͭͦ͡Ό !ǊŘǳƛƴƻύΦ ˾͎ͦ͘͡Ύ͒͊ΌͭΈͫΎ ͙ͨͭ͊ͤͤΎ ͨ͒͜ΩΊ͒ͤ͊ͤͤΎ ͒͊ͭ;͙͊͟ ͍͍͎ͯͦͦͦ͘͟ ͙͎ͫͤ͊ͯ͡ ͭ͊ ͙ͤͦͨ͟͟ ͒ͦ ͙ͨ͊ͭ͡ !ǊŘǳƛƴƻΣ ͙ͦͭͪͣ͊ͤͤΎ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙ͤ͊ͨͫ͊ͤͤΎ ͭ͊ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜Ύ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟ ό͙ͪͫΦ мύ. 

 

 

˾͙ͫΦ 1. ˽ ͒͜ΩΊ͒ͤ͊ͤͤΎ ͯ͡Έ͍͍͎ͭͪ͊ͯͦͦͦ͘͟ ͔͒͊ͦͣͪ͊͟͜͡ ͭ͊ ͒͊ͭ;͙͊͟ ͍͍͎ͯͦͦͦ͘͟ ͙͎ͫͤ͊ͯ͡ ͒ͦ ͙ͨ͊ͭ͡ !ǊŘǳƛƴƻ 
 

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͫͯ;͙͊ͫͤͻ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ 
͔ͭͻͤ͜;͙ͤͻ ͍͊ͫͦ͋͘͜ ͯ ͨͪͦͼ͔ͫ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͔͍ͤ͗ͤͪ͜͜-͔͎͎͍ͨ͒͊ͦ͜Σ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͔͙ͣͭ ͭ͊ ͼ͔͚͜͡ ͍ͤ͊;͊ͤͤΎΣ 
͍͙͒ͦͦͭ͘͡Έ ͫͺ͍͙ͦͪͣͯ͊ͭ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͍͍͒ͨͦ͒ͤ͜͜͜ ͍͙͙ͤ͊͟ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͙ͫͭͣͯ͡Ό͍͙͔͊ͭͣ ͊͘ͼ͍͔͊ͤͦͫͭ͜͟͜͡ ͒ͦ ͔ͭͻ͙ͤ͜͟ ͭ͊ 
͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͙ͫͨͪΎ͙͔ͭͣ ͍͙ͪͦͭͯ͘͟ ͎ͦ͜͡;͎ͤͦͦ ͭ͊ ͎͙͊ͦͪͭͣ͜͡;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΦ ˭͔ͦͪͣ͊͟Σ ͊ͫͦ͋ͦͣ͘ !ǊŘǳƛƴƻ ͣͦ͗ͤ͊ ͍ͤ͊;͙͙ͭ 
͔͍ͫͭͯ͒ͤͭ͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͙΄ͯ ͪͦͪͦ͋͘͡Ύ͙ͭ ͫͯ;͊ͫͤ͜ ͔ͪͦ͋ͦͭͦͭͻͤ͜;ͤ͜ ͔͙ͨͪͦͭ͟Σ Ύ͟͜ ͙͍͊ͭͯ͘͟͜ΌͭΈ ͍ͭͦͪ;͜ ͒͋ͤͦͫͭ͘͜͜ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͺ͊ͻ͍͜ͼ͍͜Φ ˿͔͊ͣ ͼ͔ ͒͊Ί ͙ͣ͊ͫͣ͊͟͡Έ͔ͤ ͪͦͯͣͤͤ͘͜ΎΣ Ύ͟ ͍ͫͭͦͪΌ͍͙͊ͭ Ύ͔ͫͤ͟͜ ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͜ ͍ͦ͒ͤͦ;͊ͫ ͙͍ͪͦͪ͊͘͟Ί 
͙͍ͣͦ͗ͦͫͭ͜͡ ͒͡Ύ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˽͙͔ͪ͊͒ͤ͟͡ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎηΦ ˾ͦ͋ͦͭ͊ ͍ ͦͣ͊ͤ͒͟͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͎ͦ͜͡;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ 
͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͊͘ͼ͍͔͊ͤͦͫͭ͜͟͜͡ ς ͔ͯͫ ͼ͔ ͍͙ͤ͊͘;͊Ί ͔͔͙͍͙ͨͪͫͨͭ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͎͒͊ͤͦͦ ͙ͨͪͫͭͪͦΌ ͭ͊ ͙ͫͣͯ͡Ύͭͦͪͯ ¢ƛƴƪŜǊŎŀŘ ͯ 
ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͔͍ͤ͗ͤͪ͜͜-͔͎͎͍ͨ͒͊ͦ͜. 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˢ͔ͤ͒ͪ ˽ΦΣ ˴ͦͺͣ͊ͤ ˬΦ-˸ΦΣ ͚́͊͊ͪ ˬΦ-˽Φ ˴͙͍͙͔ͦͤͫͭͪͯͪͦ͊ͤ ͍ͪͦ͋ͦͭͦΦ ˸͍ͦͫ͊͟Σ мфусΦ олс ͫΦ  
2. ˢ͙͙͍ͤͫͣͦ ˤΦˤΦ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡Φ ˮ͙ͫͭͦͪΎ ͍͙͙ͪ͊ͭ͘Ύ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡Φ ¦w[Υ 
ƘǘǘǇǎΥκκǎƛǘŜǎΦƎƻƻƎƭŜΦŎƻƳκǎƛǘŜκŀƴƛǎƛƳƻǾƪƘǾκƭŜŀǊƴƛƴƎκƛƛǎκƭŜŎǘǳǊŜκǘŜƳŀм ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ Υ мфΦммΦнлмуύΦ 

3. ˣ͙͚͊ͪͫ͟ ˢΦˣΦ ˹͔͚ͪͦͤͤ·͔ ͔͙ͫͭΥ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘Σ ͍͔͙͔ͯͨͪ͊ͤ͡Σ ͙ͨͪͤΎ͙͔ͭ ͔ͪ΄͔͙͚ͤΦ ˸͍ͦͫ͊͟ Υ ͙̅ͤ͊ͤͫ· ͙ ͙͙ͫͭ͊ͭͫͭ͊͟Σ нллпΦ мтс ͫΦ 
4. ˣ͙͍ͦ͟ ˤΦ ̑Φ ˸͔ͦ͒͜͡ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ ͍͙͒ͪͭͦ͜͟͝ ͍͙ͦͫͭ͜ Υ ͎ͣͦͤͦͪ͊ͺ͜ΎΦ ˴͙͍͝ Υ ˢͭ͊͜͟Σ нллуΦ суп ͫΦ  
5. ˣͦͫͭͪͦͣ ˹Φ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡Φ ̏ͭ͊ͨ·Φ ͎̂ͪͦ͘·Φ ˿͔͎͙͙ͭͪ͊ͭ нлмсΦ ¦w[Υ ƘǘǘǇΥκκǿǿǿΦǊǳƭƛǘΦƳŜκōƻƻƪǎκƛǎƪǳǎǎ ǘǾŜƴƴȅƧ-

intellekt-etapy-ugrozy-strategii-read-421315-мΦƘǘƳƭ ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ Υ мфΦммΦнлмуύΦ 
6. ˣ͔ͪͯͫͤͼ͍ͦ ˹Φ˽ΦΣ ˾͙͊ͣ͡Έ ˢΦ̆Φ ͙́ͪͦ;ͤ·͔ ̏ˤ˸ ζ˿͔ͭͯͤΈη ͙ ζ˿͔ͭͯͤΈ тлηΦ ¦w[Υ http://www.computer-

museum.ru/histussr/setun_b.htm ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ Υ мфΦммΦнлмуύΦ 
7. ˤ͙͡ΈΎͣͫ ˨͗Φ ˽͎͙͔ͪͦͪ͊ͣͣͪͯͣ·͔ ͪͦ͋ͦͭ·Φ ˿͔ͦ͒͊ͣ͘ ͪͦ͋ͦͭ· ͒͡Ύ ͍͔͚ͫͦ ͒ͦͣ͊΄͔͚ͤ ͔͚ͣ͊ͫͭͪͫͦ͟Φ ˸͍ͦͫ͊͟ Υ ˹́ ˽͔ͪͫͫΣ 
нллсΦ нпл ͫΦ 

8. ˥͚ͯͪ͗͜ ˢΦ˸ΦΣ ˻͍ͪͦ͊͡ ˱ΦˤΦΣ ̊ͯͭ ˸Φ˱ΦΣ ˿͍͊ͣͫͦͤͦ ˤΦˤΦ ˭͙͊ͫͦ͋ ͍ͤ͊;͊ͤͤΎ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ό͔͔͙ͭͦͪͭͦ͟ 
- ͣ ͔͎ͭͦ͒ͦͦ͜͡;ͤ͜ ͍͙ͦͫͤͦύ Υ ˹͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟Φ ˴͙͍͝Σ нллмΦ фр ͫΦ 

9. ˴͔ͦͪͤ͒Ύ͔͍ͫ ˢΦˮΦ ͔͔͙́ͦͪͭ;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͔ͪͦ͋ͦͭͦͭͻ͙͙ͤ͟Φ ˴͙͎ͤ͊ мΦ нллсΦ оуо ͫΦ 
10. ˴͔͍ͦͨͤͦ͟ ˤΦ˹Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͔͙ͭͣ͊ͭ;͔͚ͫͦ͟ ͙ͦ͋ͪ͊͋ͦͭ͟ ͒͊ͤͤ·ͻ ˨˭˭Υ 
Ή͔ͭͪͦͤͤ͟͡·͔ ͔͙ͣͭͦ͒;͔͙͔ͫ͟ ͙ͯ͊͊ͤ͘͟Ύ ͟ ͚͊͋ͦͪ͊ͭͦͪͤͦ͡ ͔ͪ͊͋ͦͭΦ нлмлΦ ¦w[Υ ǿǿǿΦǎǎŀǳΦǊǳκŦƛƭŜǎκŜŘ 
ǳŎŀǘƛƻƴκƳŜǘƻŘψмκ˴͔͍ͦͨͤͦ͟҈нлˤΦ˹Φ˿͍͔͔ͦͪͣͤͤ·͔҈нл͔ͣͭͦ͒·ΦǇŘŦΦ ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ Υ мфΦммΦнлмуύΦ 

11. ˸ͦͤ͟ ˿Φ ˽͎͙͔ͪͦͪ͊ͣͣͪͯͣ !ǊŘǳƛƴƻΥ ͍ͦͫͤͦ· ͪ͊͋ͦͭ· ͫͦ ͔ͫͭ͟;͙͊ͣΦ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪ Υ ˽͙͔ͭͪ ˽͔ͪͫͫΣ нлмсΦ мтр ͫΦ  
12. ˽͔͍ͪ·͚ ͍ ͙͔ͣͪ ͪͦ͋ͦͭ ͯ;͙͔ͭ͡ΈΚ ¦w[Υ ƘǘǘǇΥκκǊƻōƻǘƛƴƎΦǊǳκсму-pervyjj-v-mire-robot-ǳŎƘƛǘŜƭΦƘǘƳƭ ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ Υ 

19.11.2018). 
13. ˽͔͙ͭͤ ˤΦˢΦ ˽͔ͪͦͭ͟· ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͔ͦͤͭͪͦͪ͊͟͡͡ !ǊŘǳƛƴƻΦ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪ Υ ˣ̆ˤ-˽͔͔͎ͭͪ͋ͯͪΣ нлмпΦ плл ͫΦ 
14. ˿͔ͣΈ ͫ͊ͣ·ͻ ͔͔͙͍ͨͪͫͨͭͤ͟·ͻ ͍ͪͦ͋ͦͭͦ ¦w[Υ ƘǘǘǇΥκκǿǿǿΦǾƻƪǊǳƎǎǾŜǘŀΦǊǳκŀǊǘƛŎƭŜκнлмпфл ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ Υ мфΦммΦнлмуύΦ 

http://www.computer-museum.ru/histussr/setun_b.htm
http://www.computer-museum.ru/histussr/setun_b.htm
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15. ˿͙ͭ͊ͪ;͔ͤͦ͟ ˣΦ˩ΦΣ ˿͙ͭ͊ͪ;͔ͤͦ͟ ˩ΦˣΦΣ ͔͔͍̊ͣͭͦ͊ ˢΦ˨Φ ˿͍͔ͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͎͍͙ͨͦ͒ͦͭͦ͟ 
͔͍ͫͭͯ͒ͤͭͦ ͤ͊ ͍͔ͦͫͤͦ ͙͔ͫͫͭͣͤͦ-ͦ͋Ά͔͎ͭͤͦͦ͟ ͨͦͻ͒ͦ͒͊Φ нллфΦ ЅΦ пΦ  

16. ˿·ͪΎ͙ͣͤ͟ ˤΦˮΦ ˮͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͚͍ͯͫͭͪͦͫͭ͊ ͙ ͙͔ͫͫͭͣ· ͍ ͔ͪͦ͋ͦͭͦͭͻ͙͔ͤ͟ ͙ ͔ͣͻ͙͔͊ͭͪͦͤ͟ Υ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋Φ ́ͦͣͫ͟ Υ 
͙͒͘Φ ͎́ͦͣͫͦͦ͟ ͯͤ-ͭ͊Σ нлмсΦ рнп ͫΦ 

17. ́ͦͨ-р ͯ͡;΄͙ͻ ͙͙͍ͪͦ͋ͦͭͪͦ͊ͤͤ͘·ͻ ͔͍͔͔͚ͨͪͨͦ͒͊͊ͭ͡ ͙ͣͪ͊ ¦w[Υ ƘǘǘǇǎΥκκǊƻōƻǘ-ex.ru/ru/article/top-5-luchshih-
robotizirovannih-prepodavateley-ƳƛǊŀ ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ Υ мфΦммΦнлмуύΦ 

18. ͙͍̊ͯͣͦ͡ ˤΦ˹Φ ˽͙ͪͤͼ͙ͨ· ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͎ͣͦ͊͘Φ нлмрΦ муу ͫΦ 
19. bŀƴƻ ˽͊ͭ͡· ˢ͙ͪ͒ͯͤͦ ¦w[Υ ƘǘǘǇΥκκŀǊŘǳƛƴƻΦǳŀκǊǳκƘŀǊŘǿŀǊŜκbŀƴƻΦͭ ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ Υ мфΦммΦнлмуύ. 
20. ahbY {Φ tǊƻƎǊŀƳƳƛƴƎ !ǊŘǳƛƴƻ Υ DŜǘǘƛƴƎ {ǘŀǊǘŜŘ ²ƛǘƘ {ƪŜǘŎƘŜǎΦ нлммΦ фту ͫΦ 
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USING THE ARDUINO PLATFORM FOR PROFESSIONAL TRAINING OF FUTURE ENGINEERS-TEACHERS 
Ganna Alieksieieva, Pavlo Babych 

Berdiansk State Pedagogical University, Ukraine 
Abstract. The article deals with the formation of robotics as an applied science and gives an examples of developments 

in the field of intelligent robotic and mechatronic systems. Intelligent self-learning management systems operate on the 
principles of brain functioning - perform complex mechanical operations with precision unattainable to a person, so the subject 
of the research is relevant and timely. 

The article deals with the issues related to the content of the training of future engineer teachers of the Berdyansk State 
Pedagogical University on the example of the discipline "Applied programming". The necessity of introducing the Arduino 
platform into the educational process is proved. The analysis of the hardware component of the Arduino platform is based on 
functional capabilities and technical characteristics, here are disclose hardware capabilities, advantages and specifications. 
Today, the Arduino platform is one of the easiest ways to learn the basics of programming devices on microcontrollers that are 
focused on close interaction with the outside world. Examples of developed laboratory work on discipline "Applied 
Programming" (Examined: connecting an ultrasonic range finder to an Arduino board, connecting an audio signal sensor and 
buttons to the Arduino board) are demonstrated using the Arduino IDE software and the prospects for using this device and 
simulator Tinkercad in the educational activities of future engineers-teachers on the example of the Berdyansk State 
Pedagogical University. 

The elements of the methodology of using the appropriate technical means in the process of training future specialists in 
the field of IT in accordance with the goals and objectives of education are considered, which will allow students to formulate 
appropriate programming skills, stimulate interest in technology and modeling, and promote the development of logical and 
algorithmic thinking. 

 The prospects of microprocessor board usage during the educational process of students of pedagogical higher 
education are determined. 

Key words: higher education, robotics, innovative technologies, programming, Arduino.  
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ό͍ͦͫͭͤ͜Ί ˱͔͔ͤͭͪͤͭ-͔͔͍͙ͫͪ͒ͦ΅͔ ͒͡Ύ ͡Ό͔͚͒ ͘ ͍͙͊͒͊ͣ ͦͪͯ͘Σ ͜ ͒͡Ύ ͡Ό͔͚͒Σ Ύ͟͜ ͍ͦͫͣ͘͜ ͍͙͙ͭͪ͊ͭ͡ ͪ͘͜ ͘͜ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ 
͍ͤ͊;͊ͤͤΎ ͦͣͨ͟ΩΌ͔͙ͭͪͤͣ ͔ͭͻ͎ͤͦͦ͜͡ΎͣΣ ͔͒ ͔͙ͭͣ ͣ͊ΌͭΈ ͊ͯ͒ͦ͜ ͭ͊ ͍͔͒ͦ͜ ͍ͫͯͨͪͦ͒͜Σ ͒ͦ͒͊ΊͭΈͫΎ ͔͙ͣͭͦ͒;͙͚ͤ ͔ͣ͊ͭͪ͊͜͡Σ 
Ύ͙͚͟ ;͍͊ͫͭͦͦ͟ ͤ͊͒͊Ί 5!L{¸-ͺͦͪͣ͊ͭύΦ ˤ͙͙͙͒͜͡͡ ͟͡Ό;͍ͦ͜ ͤ͊ͨͪΎ͙ͣ͟ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎ ͍ ͫͺ͔ͪ͜ ͍͙ͦͫͭ͜Σ ΅ͦ ͍ 
ͫͯͯͨͤͦͫͭ͟͜ ͫͯ͗͊ͭ͡Έ ͤ͊ͦ;ͤͦΌ ͜͡Όͫͭͪ͊ͼ͜ΊΌ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜͝ ͍ͤ͊;͊ͤͤΎΣ ͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͜ ͒ͦͫͭͯͨͤͦͫͭ͜ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ 
͍ͤͤͦ͊͜ͼ͚͜ Ύ͟ ͍͙ͦͫͤͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͨͦ ͤ͜΄͙͚Φ  

˹͍͔͔͊͒ͤͦ ͍ͦͫͤͦͤ͜ ͺ͙͊ͭͦͪ͟ ͯͫͨ͜΄͎ͤͦͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ Ŝ-͍͙ͦͫͭ͜ ͍ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ ͍ ͍ͯͣͦ͊ͻ 
ͤ͜͟͡Ό͘͜͝Φ ˤ͙Ύ͍͔ͤͦ͡Σ ΅ͦ ͊͘ ͦͫͭ͊ͤͤ͜ ͙ͪͦ͟ ͦͣͨ͟ΩΌ͔͙ͭͪ͊͘ͼ͜Ύ ͍͙΄͍͜ ͤ͊͘;ͤͦ ͍͙ͨͤͯ͊͡͡ ͤ͊ ΄͍͙͒ͫͭ͟͜ΈΣ ͒ͦͫͭͯͨͤͫͭ͜Έ ͭ͊ ͤ͜΄͜ 
͙͙ͨͦ͊ͤ͘͟͟ ͍ͤ͊;͊ͤͤΎΣ ͊ ͭ͊ͦ͗͟ ͤ͊ ͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡Έ ͔͍ͫͭͯ͒ͤͭ͜ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Φ 

 ʕ ͙ͤ͊͘;͔ͤͦ ͔͔ͭͤ͒ͤͼ͜͝ ͍͙ͪͦͭͯ͘͟ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍ ͦ͋͊ͫͭ͜͡ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎ ͍ ͍ͯͣͦ͊ͻ ͤ͜͟͡Ό͘͜͝ ͭ͊ ͔͔ͨ͒ͪͫͤ͊͜͟͡ 
͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͙ͪͦͪͭͭ͘͟Ύ ͍͒ͦͫ͒ͯ͜ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ΅ͦ͒ͦ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ 
͔ͫͨͼ͊͜͡Έ͙ͤͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͔͙ͣͭͦ͒͟ ͯ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͘͜ ͙͍͙͙ͦͫͦ͋ͣ͡ ͔͙ͨͦͭͪ͋͊ͣΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͍ ͙΅͊ ͍ͦͫͭ͊͜Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͔͔͔ͭͪͦͤͤ͟͡ ͍ͤ͊;͊ͤͤΎΣ ͤ͜͟͡Ό͙͍͙͚ͤ͘ ͍͚ͦͫͭͤ͜͜ ͨͪͦͫͭͪ͜Φ 
 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˾͔͊͜͡͝ ͫΈ͎͔ͦͦ͒ͤͤΎ ͍ͫ͒͜;͊ͭΈ ͨͪͦ ͍ͫͭͯͨ ͙̂ͪ͊ͤ͟͝ ͯ ͺ͊ͯ͘ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ Ύͦͣͯ͟ 

͍͙͍͊ͫͭ͊͡ ͤ͊͘;ͤ͊ ͟͜͡Έͫͭ͟͜Έ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͔͔͒͗ͪ͡ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ ˤ ͼ͙ͻ ͍ͯͣͦ͊ͻ ͔͔ͨͪ͒ ͍͙ͦͫͭͤͣ͜͜ ͙͊͊͒͊ͣ͘͟͡ ͍͙ͫͭ͊ͭΈͫΎ ͍͊͒͊ͤͤ͘Ύ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͊͟ ͯͫͨ͜΄ͤͦ ͔ͪ͊ͯ͘͜͡Ί ͔͔ͫ͋ ͍ ͚ͦ͋ͪ͊ͤ͜ ͨͪͦͺ͔ͫ͜͝ ͍ ͍ͯͣͦ͊ͻ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ˭ͪͦͫͭ͊ͤͤΎ 
͟͜͡Έͦͫͭ͟͜ ͡Ό͔͚͒ ͘͜ ͙͍͙͙ͦͫͦ͋ͣ͡ ͔͙ͨͦͭͪ͋͊ͣ ͍ ͍ͫͭ͜͜Σ ͔ͦͪͣ͊͘͟ ͣͦͦ͒͜͡Σ Ύ͟͜ ͔ͨͦͭͪ͋ͯΌͭΈ ͒ͦ͋ͯͭͭ͘Ύ Ύͫͤͦ͟͜͝ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙͍͔ͨͪͦ͘͡ 
͒ͦ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͙͎ͣͦ ͒ͦ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͘ ͙ͨͭ͊ͤΈ ͍͔ͫͭͦͪͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͍ͯͣͦ ͒͡Ύ ͒ͦͫͭͯͨͯ ͜ ͍ͫͯͨͪͦͦ͒ͯ ͍ͤ͊;͊ͤͤΎ 
͔͍ͫͭͯ͒ͤͭ͜ ͘͜ ͙ͨͫͻͦͺ͙͘͜;͙͙ͤͣ ͨͦͪͯ΄͔ͤͤΎ͙ͣΣ ͔ͦͪͣ͊͘͟Σ ͍͙͊͒͊ͣ ͦͪͯ͘Φ ́͊͟Σ ͊͘ ͙͙͒͊ͤͣ ˤ͔͍ͫͫͭͤ͜Έͦ͝ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͦͻ͙ͦͪͦͤ 
͍͒ͦͪͦ͘ΩΎ ͟͜͡Έͫͭ͟͜Έ ͔ͤͪ͘Ύ;͙ͻ ͯ ͍ͫͭ͜͜ ͪͦͫͭ͊͘Ί ͙͙ͨͪ͋ͤͦ͘͡ ͤ͊ м ͣͤ͡Φ ͦͫ͋͜ ΅ͦͪͦͯ͟Φ ˭͊ͪ͊͘ ͯ ͍ͫͭ͜͜ ς пр ͣ͜͡Έ͚͍ͦͤ͜ ͙ͫͨ͜͡ͻ ͡Ό͔͚͒ ͜ 
мор ͣͤ͡Φ ς ͘ ͨͦ ͎͙͊ͤͣ ͦͪͦͣ͘Σ ͊ ͒ͦ нлрл ͪͦͯ͟ ͼΎ ͟͜͡Έͫͭ͟͜Έ ͔ͣͦ͗ ͫΎ͎͙ͤͯͭ ммр ͣ͜͡Έ͚͍ͦͤ͜Φ ˤ ̂ͪ͊ͤ͟͜͝ ͦͺ͜ͼ͚ͤͦ͜ ͔͊ͪ͘Ί͍ͫͭͪͦ͊ͤͦ 
ͨͦͤ͊͒ тл ͙ͭͫΦ ͡Ό͔͚͒ ͘͜ ͍͙͊͒͊ͣ ͦͪͯ͘Σ ͊͘ ͔ͤͦͺ͜ͼ͚͙͙ͤͣ͜ ͙͙͒͊ͤͣ ͝ͻͤΎ ͟͜͡Έͫͭ͟͜Έ ͙ͯͭͪ;͜ ͋͜͡Έ΄͊Φ  

˽͔ͪͦ͋ͣ͊ͣ͡ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͫͺ͔ͪͯ ͍͙ͦͫͭ͜ ͙͍ͨͪͫΎ;͔ͤͦ ͤ͊͘;ͤͯ ͟͜͡Έͫͭ͟͜Έ ͔͍͙͒ͪ͗͊ͤͻ 
͎ͨͪͦͪ͊ͣ ͜ ͔͍ͨͪͦͭ͟͜ ό˭͙͊ͦͤ͟ ͙̂ͪ͊ͤ͟͝ ζ˽ͪͦ ͍ͦͫͭͯ͜η όнлмт ͪΦύ ώмϐΣ ζ˽ͪͦ ͍͙΅ͯ ͍ͦͫͭͯ͜η όнлму ͪΦύ ώнϐΣ ζ˹͊ͼͦͤ͊͜͡Έͤ͊ ͔͎ͫͭͪ͊ͭ͜Ύ 
͍͙ͪͦͭͯ͘͟ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝ ͤ͊ ͔ͨͪͦ͒͜ ͒ͦ нлнм ͪͦͯ͟η όнлмо ͪΦύ ώоϐΣ ζ˿͔͎ͭͪ͊ͭ͜Ύ ͍͙ͪͦͭͯ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍ ̂ͪ͊ͤ͟͜͝η 
όнлмо ͪΦύ ώпϐύΣ Ύ͟͜ ͫͨͪΎ͍ͣͦ͊ͤͦ ͤ͊ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͯͣͦ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͫͯ;͙͊ͫͤͻ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ 
͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ͭ͊ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͍ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ ̇͜ ͭ͊ ͤ͜΄͜ 
͙͍ͤͦͪͣ͊ͭͤͦ-͍͍ͨͪ͊ͦ͜ ͔͙͒ͦͯͣͤͭ͟ ͍ͫ͒͜;͊ͭΈΣ ΅ͦ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍͙͍ͫͦͦ͊͟͟͜͡ͺ͍͙ͦ͊ͤ͜͟ͻ ͺ͊ͻ͍͜ͼ͍͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ 
͍ͯͣͦ͊ͻ ͍͙ͪͦͭͯ͘͟ ͫͯ;͙͊ͫͤͻ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙͍ͣͦ͗͊͡ ͊͘ ͍ͯͣͦ ͦͫͤ͊΅͔ͤͤΎ ͍ͦͫͭͤ͜͜ͻ ͍͊͊͒͘͟͜͡ 
͔͔͙͙ͭͪͦͤͤͣ͟͡ ͙͊ͫͦ͋͊ͣ͘ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍͍͙͒ͨͦ͒ͤͣ͜͜ ͎͙ͨͪͦͪ͊ͣͤͣ ͔͔͊͋ͨ͘͘;͔ͤͤΎͣΦ ˶Ό͙͒ͤ͊ ͘͜ ͙͍͙͙ͦͫͦ͋ͣ͡ ͔͙ͨͦͭͪ͋͊ͣΣ ͯ 
ͭͦͣͯ ;͙ͫ͜͡Σ ͨͦͪͯ΄͔ͤͤΎ͙ͣ ͦͪͯ͘Σ ͍ ͍ͦͫͭͤ͜͜ͻ ͊͊͒͊͘͟͡ͻ ͔ͨͦͭͪ͋ͯΊ ͙͍͎ͭͪ͊ͦͦ͡ ͜ ͎ͫ͊͒ͤͦͦ͟͡ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͙ͦͭͪͣ͊ͤͤΎ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ  
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˻͒ͤ͊͟Σ ͨͪͦͼ͔ͫ ͦͣͨ͟ΩΌ͔͙ͭͪ͊͘ͼ͜͝ ͭ͊ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜͝ ͙ͭͪ͊͒ͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͣ͊Ί ͙ͫͭ͊ͭ ͍ͤͦͦΌ ͨ͊ͭ͡ͺͦͪͣͦΌ ͒͡Ύ 
͍͔ͫͭͦͪͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͍ͯͣͦ ͒ͦͫͭͯͨͯ ͜ ͍ͫͯͨͪͦͦ͒ͯ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͙͍͙͙ͦͫͦ͋ͣ͡ ͔͙ͨͦͭͪ͋͊ͣΦ ζ˱ͤ͟͡Ό͙͍͔ͤ͘ ͍ͤ͊;͊ͤͤΎ Ί 
͍ͦͫͤͦͦΌ ͜ ͚ͤ͊͋͜͡Έ΄ ͔ͺ͔͙͍ͭͤͦ͟Ό ͺͦͪͣͦΌ ͒ͦ͋ͯͭͭ͘Ύ Ύͫͤͦ͟͜͝ ͍͙ͦͫͭ͜ ͡Ό͒Έ͙ͣ ͘ ͙͍͙͙ͦͫͦ͋ͣ͡ ͔͙ͨͦͭͪ͋͊ͣΦ ˢ͔͡ ͼΎ ͺͦͪͣ͊ 
͍ͤ͊;͊ͤͤΎ ͔ͦ͋ͣ͗ͯΊͭΈͫΎ ͔͔͍͙ͨͪ͊͗ͤͣ ͦͻ͔ͦͨͤͤ͡Ύͣ ͔͚͒ͭ͜ ͘ ͨͦͪͯ΄͔ͤͤΎ͙ͣ ͙ͨͫͻͦͺ͙͘͜;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͜ 
ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͙ͨͪ ͫͤͯ͜Ό;͚͜ ͎ͤ͊͊͡Έ͚ͤ͜ ͔ͨͦͭͪ͋͜ ͚͎ͦͦ ΄͙͎ͪͦͦͦ͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͯ ˤ˹˭η ώрϐΦ 

ˤ͙͙ͤ͊͟͡ ͔ͨͦͭͪ͋͊ ͍ ͫͦͼ͊͜͡Έͤͦͣͯ ͙͊ͨͭ͘͜ ͤ͊ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜Ό ͍͙΅ͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͔ͣͭ͊ Ύͦ͟͝ ς ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ 
͍ͤ͊;͊ͤͤΎ ͔ͫͭͯ͒ͤͭ͊Σ Ύ͙͚͟ ͣ͊Ί ͍͐ͪͯͤͭͦͤ͜ ͺ͊ͻ͍ͦ͜ ͤ͊ͤͤ͘Ύ ͭ͊ ͍ͦͦ͒͜͡Ί ˱˴́Σ ͚͒ͫͤ͘͜ΌΊ ͍ͫͦΌ ͨͪͦͺ͔͚ͫͤͯ͜ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͎͙͋ͦͦ͟͡ 
͍ͯͫ͒ͦͣ͜͡ΌΌ;͙ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍ͦ͋ͦΩΎͦ͘͟ ͜ ͫͦͼ͊͜͡Έͤͯ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜ΈΦ ˱ ͙ͦ͒ͤͣ ͘͜ ΄͡Ύͻ͍͜ Ί ͙͊ͫͦ͋͘ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎΦ ˤ 
ͫͺ͔ͪ͜ ͍͙ͦͫͭ͜ ͍͙Ύ͍͔ͤͦ͡ ͋͘͜͡Έ΄͔ͤͤΎ ͪͦ͜͡ ͎͙ͨͪͦͪ͊ͣͤͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͭ͊ ͍ͨͪͦ͒ͯͭ͟͜Φ ˻͔ͭ͗Σ ͫͯ;͊ͫͤ͊ ͍͙΅͊ ΄ͦ͊͟͡ ͎ͦͫͭͪͦ 
͔ͨͦͭͪ͋ͯΊΥ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍͋͊ͦͦ͘͝ ͍͙ͦͫͭ͜ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͍ ͎͊ͯ͘͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͭ͊ ͫͯ;͙͊ͫͤͻ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ ͔͔͍ͨͪ͊͟͜͡ͺ͊͜͟ͼ͜Ό ͍͙͊͒͊͟͡;͍͜ ͯ ͎͊ͯ͘͜͡ ͔͔͍͙ͨͪ͒ͦͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ ͦͣͨ͟ϥΌ͔͙ͭͪ͊͘ͼ͜Ό 
͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΤ ͔͔ͨͪͦ͋͊͒ͤ͊ͤͤ͡Ύ ͍ͤ͊;͊͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͘ ͔ͭͻͤ͜;͙͙ͤͣ ͔͙ͣͭͦ͒͊ͣ ͦͣͨ͟ϥΌ͔͙ͭͪ͊͘ͼ͜͝Τ ͍͔ͫͭͦͪͤͤΎ 
Ί͙͎͒ͤͦͦ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͔͔͍͙ͫͪ͒ͦ΅͊ ͒͡Ύ ͔͎ͤͭͪ͊͜ͼ͜͝ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͯ ˸͙͚͗ͤ͊ͪͦ͒ͤ͜ ͨͪͦͫͭͪ͜Τ ͍͔ͫͭͦͪͤͤΎ Ί͙͎͒ͤͦͦ 
͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͫͭͦͪͯ ͍ ̂ͪ͊ͤ͟͜͝ ͤ͊ ͍ͦͫͤͦ͜ ͔͔͍͙ͨͪ͒ͦͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ ͍͙ͨ͒͜΅͔ͤͤΎ ͪͦ͜͡ ͙̂ͪ͊ͤ͟͝ ͯ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
͎ͨͪͦͪ͊ͣ͊ͻΣ ͍ͨͦϥΎ͙͊ͤ͘ͻ ͘͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎͣ ͎͔͙͍͙ͨͪͦͪͫͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͍ͦͫͭͯ͜Φ ˭͔ͦͪͣ͊͟ ͼ͔ ͫͭͦͫͯΊͭΈͫΎ 
ͤ͜͟͡Ό͙͍ͤͦ͘͝ ͍͙ͦͫͭ͜Φ  

ˢͤ͊͘͜͡ ͫͭ͊ͤͯ ͔͒ͦͫ͒͗ͤͦͫͭ͜͜͡ ͦͤ͊͘;͔ͤͦ͝ ͔͙ͨͪͦ͋ͣ͡ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͔ͭΣ ΅ͦ ͍ ̂ͪ͊ͤ͟͜͝Σ ͤ͊ ͗͊͡ΈΣ ͙ͨ͒ͭͪͣ͊͜͟ ͍ ͤ͜͟͡Ό͘͜͝ ͭ͊ 
͍ͫͯͨͪͦͦ͒͜ ͡Ό͙͙͒ͤ-͍ͤ͊͒͊͜͜͡ ͯ ͍ͤ͊;͊ͤͤ͜ ͨͪͦͭΎ͎ͦͣ ͯͫΈ͎ͦͦ ͙͗ͭͭΎ ΅͔ ͔ͤ͒ͦͫͭ͊ͭͤΈͦ ͔͒ͦͫ͒͗ͤ͊͜͡Φ ˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͼ͔ ͊ͭͯ͊͟͡Έͤͦͫͭ͜ 
͍ͤ͊͋ͯ͊Ί ͔ͨͪͦ͋ͣ͊͡ ͍͙͍;͔ͤͤΎ ͙͙͒͒͊ͭ͟;͙ͤͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͪͦͪͦ͋͊͘͟ ͔͙͙ͣͭͦ͒͟ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ 
͍ ͍ͯͣͦ͊ͻ ͤ͜͟͡Ό͙͍ͤͦ͘͝ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ ́ͦͣͯ ͊ͭͯ͊͟͡ΈͤͦΌ ͫͭ͊Ί ͔ͨͪͦ͋ͣ͊͡ ͍͙ͤ͊͘;͔ͤͤΎ ΄͡Ύͻ͍͜ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍ͤ͊;͊ͤͤΎ 
͔͍ͫͭͯ͒ͤͭ͜ ͘ ͍͙͊͒͊ͣ ͦͪͯ͘ ͍ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙͊ͫͦ͋͊ͣ͘ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˩ͺ͔͙͍ͭͤͫͭ͟͜Έ ͨͪͦͼ͔ͫͯ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼΎ ͤ͊͘;ͤͦΌ ͣͪͦ͜Ό ͔͙͊͗ͭ͘͡Έ ͔ͤ 
͙͡΄͔ ͍͒͜ ͦ͋ͫΎ͎͍͜ ͍͔͍ͤͫͭͯ͊ͤͤ͜Ύ ͯ ͦͣͨ͟ΩΌ͔ͭͪͤ͜ ͔ͭͻͤ͜;ͤ͜ ͜ ͎ͨͪͦͪ͊ͣͤ͜ ͙͊ͫͦ͋͘Σ ͊ ͜ ͍͒͜ ͍ͪͤ͜Ύ ͦͣͨ͟ΩΌ͔ͭͪͤͦ ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ 
͔͙ͣͭͦ͒;͎ͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΦ ˿ͯͭͭΊ͍͊ ͪͦ͡Έ ͙ͨͪ ͼΈͦͣͯ ͔͙ͤ͊͗ͭ͡Έ ͔͔͙ͭͪͦͤͤͣ͟͡ ͍ͦͫͭͤͣ͜͜ ͔ͪͫͯͪͫ͊ͣΣ Ύ͟͜ 
΄͍͙͒ͦ͟ ͙ͨͪͦͤ͊͟ΌͭΈ ͍ ͯͫ͜ ͫͺ͔͙ͪ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͜ ͍ ͍ͦͫͭͯ͜Σ ͔͒ ͙͍͊ͭͤͦ͟ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͔͔ͭͪͦͤͤ͟͜͡ ͍ͦͫͭͤ͜͜ 
͔͙ͪͫͯͪͫ Ύ͟ ͊ͫ͋͘͜ ͍ͤ͊;͊ͤͤΎΦ ˽͔ͪͦͭ ͔͔͍ͨͪ͊͗ͤ͊ ;͙͊ͫͭͤ͊ ͙͒ͫͼ͙ͨͤ͜͡ ͍͙͍;͊ΊͭΈͫΎ ͘ ͔͔͙ͦ͋ͣ͗ͤͣ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡Σ ͭͦͣͯ ΅ͦ ͍͒ͫͯͭͤ͜Ύ ͙͔ͫͫͭͣ͊ ͼ͔ͫͨͪ͜͡Ύ͍͎ͣͦ͊ͤͦͦ ͒ͦ͋ͦͪͯ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜Φ 

͍͔̂ͨͪͦ͊͒͗ͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ ͯ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͯ ͪΎ͒͜ ͨͪ͊ͼΈ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͭ͊ 
͙͊ͦͪ͒ͦͤͤ͘͟ͻ ͍͍͊ͭͦͪ͜ ͭ͊ Ί ͔͔ͨͪ͒ͣͭͦͣ ͔͚͎ͫͪͦͤͦͦ͘ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͤ͊ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;͙ͤͻ ͭ͊ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͙ͤͻ 
ͦͤ͟ͺ͔͔ͪͤͼ͜ΎͻΣ ͊ ͭ͊ͦ͗͟ ͯ ͺ͊ͻ͍͙ͦͻ ͔͙ͨͪͦ͒͜;͙ͤͻ ͍͙͒͊ͤͤΎͻΦ ˭͔ͦͪͣ͊͟Σ ͔͔͙ͭͦͪͭ;ͤ͜ ͭ͊ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤ͜ ͨ͒͜ͻ͙ͦ͒ ͍ ͎͍ͨ͒ͦͭͦ͜ͼ͜ 
͍;͙͔ͭ͡Ύ ͎ͪͦ͘͡Ύ͙͒͊͡ ́Φ ˨͔͔ͪ͊͟Σ ˻Φ ˶͍͔͊ͪͤͭΈΊ͍͊Σ ̑Φ ˶Ύ͚ͤͤͦΣ ˻Φ ˹͊͋ͦ͊͟Σ ˤΦ ˽ͪͦ΄ͤ͟͜Σ ˹Φ ˾͔͚͒͜Σ ˻Φ ˿͔͔͎ͣͤͦΣ ˸Φ ˿ ͔ͦ͒͊ͭͤͦ͟͡Σ 
.ʕ ˿ ͔ͭͪ͡Έ͍ͤͦ͜͟ ͭ͊ ͤ͜΄͜Τ ͪͤ͘͜͜ ͔͙͊ͫͨͭ͟ ͔͙ͨͪͦ͋ͣ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͎ͪͦ͘͡Ύ͙͒͊ͫ͡Ύ ͯ 
ͪͦ͋ͦͭ͊ͻ ˶Φ ˣ͔ͪͫͤͦ͟͜͝Σ ˤΦ ˨͔ͣΩΎ͔ͤͤͦ͟Σ ˸Φ ˭ͦͦ͡;͔͍ͫΈͦ͟͝Σ ˹Φ ˸͔ͦͪ͘Σ ˤΦ ˻ ͔ͫ͟͡Ό͊͟Σ ˸Φ ˾ ͊ͺ͊͡ΈͫΈͦ͟͝Σ ˥Φ ͙̇͋ͦ͟ ͭ͊ ͤ͜΄͙ͻΤ ͔ͦͪͣ͟͜ 
͔͙͊ͫͨͭ͟ ͎͎͋͊͊ͭͦͪ͊ͤͤͦ͝ ͔͙ͨͪͦ͋ͣ͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͭ͊ ͍͔ͫͭͦͪͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ ͔͒ͦͫ͒͗ͤͦ͜͡ ͯ ͨͪ͊ͼΎͻ 
˹Φ x ͙͊͟͡Σ ˶Φ ˣ͍ͦͯͫͦͦ͜͡͝Σ ˶Φ ˣ͔ͪͫͤͦ͟͜͝Σ ˤΦ ˤ͔͔ͣ͋ͪΣ ˶Φ ˥͙ͪͯͤ͘Σ ˻Φ ˴ ͯ͘Έͣͤͫ͜Έͦ͟͝Σ ˶Φ ˴ ͯͻ͊ͪΣ ˹Φ ˸͔ͦͪ͘Σ ˤΦ ˻͔ͫ͟͡Ό͊͟Σ ˱Φ ˾͔ͦ͋ͪͭΣ 
˭Φ ˿ ͔͚͔͍͒͊ͣͭͦͦ͝Σ ˻Φ ˿͔͔ͣͤ͜ͻͤͦ͜͝Σ ̐Φ˸Φ ˿͙͍ͣͪͤͦͦ͝-͙́ͪ͋ͯ͡Έͫͦ͟͝ ͭ͊ ͤ͜΄͙ͻΤ ͙͙͒͒͊ͭ͟;ͤ͜ ͔͙ͨͪͦ͋ͣ͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ˱͔͔ͤͭͪͤͭ-
͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͍ͦͫͭ͜͜ ͭ͊ ͍͒ͦͫ͒͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ˱͔͔ͤͭͪͤͭ-͔ͭͻ͎͚ͤͦͦ͜͡ 
͍͙͍ͫͭ͜͡Ό͍͙͊͡ ˤΦ ˴ ͯͻ͔͊ͪͤͦ͟Σ ˤΦ ˻ ͚͙ͤ͜͟͡Σ ̑Φ ˽ ͔͍ͪͤ͜Σ ˻Φ ˽ ͦ͊ͭ͡Σ ˢΦ ̆ ͯͭͦͪͫΈ͙͚͟Σ ˤΦ ̊ ͔͍;͔ͤͦ͟ ͭ͊ ͤ͜΄͜ ͙͙͒ͦͫ͒ͤ͜͟͡Φ 

˻͙͍ͫͦ͋ͦͫͭ͜͡ ͤ͜͟͡Ό͙͍͎ͤͦͦ͘ ͍ͤ͊;͊ͤͤΎ ͯ ˤ˹˭ ͙͍ͪͦͪ͊͘͟ΌͭΈͫΎ ͯ ͨͪ͊ͼΎͻ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͍ͤ͊ͯͦ͟ͼ͍͜ ό̑Φ x ͎ͦͤͫ͜Έͦ͟͝Σ 
˻Φ ˨ ͍ͦͦ͜͟͝-͍̅͊ͦͪͫΈͦ͟͝Σ ˢΦ ˴ ͦͯͨ͊͡Ί͍ͦ͝Σ ́Φ ˽ ͜;͎ͯͤͦ͜͝Σ ˹Φ ˿ ͦͺ͚͜Σ ˢΦ ̊ ͔͍ͼ͍ͦ͊ ͭ͊ ͤ͜ΦύΣ ͔͊͡ ͊ͤ͊͘͜͡ ͼ͙ͻ ͨͪ͊ͼΈ ͨͦ͊ͯ͘͟ΊΣ ΅ͦ 
͔͍ͤͨͦͤͦΌ ͣͪͦ͜Ό ͍͙͍;͔ͤͦ ͍͒ͦͫ͒͜ ͤ͜͟͡Ό͙͍͎ͤͦͦ͘ ͍ͤ͊;͊ͤͤΎ ͍ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ˤ˹˭Υ ͔ͤ ͔ͪͦͪͦ͋ͤͦ͘͡ ͺ͙ͦͪͣ ͜ ͔͙ͣͭͦ͒ ͍͊͘Ίͣͦ͒͜͝ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͙͍͍ͦͭ͟͟͜͡ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͘ ͍͙͊͒͊ͣ ͦͪͯ͘Σ ΅ͦ ͯͫ͊͒ͤ͟͡ΌΊ ͝ͻ ͊͒͊ͨͭ͊ͼ͜Ό ͯ ˤ˹˭ ͭ͊ 
͙ͫͭͪͣͯΊ ͒ͦͫͭͯͨ ͒ͦ ͒ͦ͋ͯͭͭ͘Ύ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͜ ͔͙͍ͯͤͣͦ͗͡͡ΌΊ ͤ͊ͫͭͯͨͤͫͭ͜ΈΣ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͜ ͔͔͔͍͋ͨͪͪͤͫͭ͘͜Έ ͍ͤ͊;͊͡Έͤͦ-
͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΦ ˾͙ͦ͋ͦͭ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͙͒ͦͫ͒ͤ͊͜͟͡ ̑Φ ́ ͯ͊͡΄͍͜͜͡ ͙͍ͨͪͫΎ;͔ͤ͜ ͔͔͙ͭͦͪͭ;͙ͤͣ ͜ ͔͙ͣͭͦ͒;͙ͤͣ ͊ͫ͊͒͊ͣ͘ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͦͣͨ͟ΩΌ͔ͭͪͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͦͫ͋͜ ͘ ͨͦͪͯ΄͔ͤͤΎͣ ͦͪͯ͘ ώсϐΦ ˻͒ͤ͊͟ ͔ͨͪͦ͋ͣ͊͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-
ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͔ͦͤͭͫͭ͟͟͜ ͤ͜͟͡Ό͙͍ͤͦ͘͝ ͍͙ͦͫͭ͜ ˤ˹˭ ͍ ͍͚ͦͫͭͤ͜͜ ͔ͭͦͪ͜͝ ͜ ͙ͨͪ͊ͭ͟ͼ͜ ͔ͪͦͪͦ͋ͤ͊͘͡ ͔ͤ͒ͦͫͭ͊ͭͤΈͦΦ 

˭ͪͯ;ͤͫͭ͜Έ ͭ͊ ͨͪͦͫͭͦͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜Σ ͤ͊Ύ͍ͤͫͭ͜Έ ͯ ͙ͤͻ ͔͍ͤͫͭͪͯͣͤͭ͜͜ ͨͦ΄ͯͯ͟Σ ͊ͤ͊ͯ͘͜͡Σ 
͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͍ͣͫͭͯ͜ ͭ͊ ͨͦ͒͊͡Έ΄͎ͦͦ ͚͎ͦͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟ΎΣ ͒ͦͫͭͯͨͤͫͭ͜Έ ͭ͊ ͔͋ͦ͘͟΄͍ͭͦͤͫͭ͜ΈΣ ͙͍ͣͦ͗ͫͭ͜͡Έ  
͍ͫͭͦ ͔ͪͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ ͒͡Ύ ͙͙ͨ͒ͭͪͣ͜͟ ͍͊ͫͤͦ͡͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͒ͦͦ͒ͭΈ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͝ͻ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͘ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 

ˤͦ͒ͤͦ;͊ͫ ͔͙ͨͪͦ͋ͣ͡ ͊ͯ͘͡;͔ͤͤΎ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ Ύ͟ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͔ͫ͊ͣ ͒͡Ύ ͦͫ͋͜ ͘ ͨͦͪͯ΄͔ͤͤΎͣ 
ͦͪͯ͘ ͙͊͘͡΄͊ΌͭΈͫΎ ͜ ͔ͨͦͭͪ͋ͯΌͭΈ ͋͜͡Έ΄ ͎͙͎͋ͦͦͦ͟͡ ͍͙͍;͔ͤͤΎΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Υ ͙ͦͨͪ͡Ό͔͒ͤͤͤΎ ͍͒ͦͫ͒ͯ͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͊ͫͦ͋͘͜ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͙͍͙͙ͦͫͦ͋ͣ͡ 
͔͙ͨͦͭͪ͋͊ͣ ͍ ˣ͔ͪ͒ΎͤͫΈͦͣͯ͟ ͔͍͒ͪ͗͊ͤͦͣͯ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͍͔͙͔ͯͤͪͫͭͭ͜͜Φ  

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ς ͼ͔ ͨͪͦͼ͔ͫΣ Ύ͙͚͟ ͍͙͙͍ͦͪͫͭͦͯ͟Ί ͔ͨ͊ͭ͟ ͔͍ͤͫͭͪͯͣͤͭ͜͜ ͜ 
͔͍ͣͭͦ͒͜ ͒͡Ύ ͋ͦͪͯ͘Σ ͙ͦ͋ͪͦ͋͟ ͭ͊ ͔͔ͨͪ͒͊;͜ ͙͒͊ͤͻ ό͔͍͙ͨͪͤͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ύ ͒͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͍ͤͦͦ͝ Ύͦͫͭ͟͜ ͨͪͦ ͫͭ͊ͤ ͦ͋ϥΊͭ͊͟ ͊͋ͦ 
ͨͪͦͼ͔ͫͯ όͤ͜ͺ͙͍͙͚ͦͪͣ͊ͭͤ ͨͪͦ͒ͯͭ͟ύώтϐΦ ˻ͫͭ͊ͤͤͣ͜ ;͊ͫͦͣ ͔ͭͪͣͤ͜ Ϧͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Ϧ Ί ͙ͫͤͦͤͣͦͣ͜ Ϧͦͣͨ͟ϥΌ͔͙ͭͪͤͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ϦΣ ;͔͔ͪ͘ ͔ͭΣ ΅ͦ ͍ͫ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ ͔ͪ͊͡Έͤͦͣͯ ;͊ͫ͜Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͍ͨͦϥΎ͊ͤ͘͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ 
ͦͣͨ͟ϥΌ͔ͭͪ͊Φ ˽͔ͪͦͭ ͔ͭͪͣͤ͜ Ϧͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Ϧ ͎ͤ͊͋͊͊ͭͦ ΄͙ͪ΄͙͚ ͜ ͍͟͡Ό;͊Ί Ϧͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Ϧ Ύ͟ ͔͔͔ͣͤͭ͡Φ ̂ 
͚ͭͦ ͔͗ ;͊ͫ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͍͊ͫͤͦ͊ͤ͘͜ ͤ͊ ͍͍͔ͨͪͦ͊͒͗ͤͤ͜ ͔͔͍͙ͨͪ͒ͦͻ ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ ͭ͊ ͔͔͔͍͙ͣͪ͗ͻ ͔͍ͤͫͭͪͯͣͤͭ͜͜Σ 
ͺͦͪͣͯΌͭΈ ͔ͭͪͣͤ͜ Ϧͫͯ;͊ͫͤ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Ϧ ώуϐΦ 

˱Φ ˾ ͔ͦ͋ͪͭ ώфϐ ͍͊ͯ͘͟Ί ͤ͊ ͔͔͍ͨͪ͒ͦ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͭ͊ ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ Ύ͟͜ ͍͟͡Ό;͊ΌͭΈ ͍ ͔͔ͫ͋ ͎͔ͨͪͦͪ͊ͣͤ 
͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ͊ͨ͊ͪ͊ͭͤ͜ ͙͊ͫͦ͋͘ ͭ͊ ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎΤ ͔ͭͻͤ͜;ͤ͜ ͔͙ͣͭͦ͒ ͜ ͙͊ͫͦ͋͘Σ ΅ͦ ͨͪ͊ͼΌΌͭΈ ͤ͊ ͋͊͘͜ 
ͣͪͦͨͪͦ͜͟ͼ͔͍ͫͦͪ͜Σ ͦͣͨ͟ϥΌ͔ͭͪͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͊ ͭ͊ͦ͗͟ ͙͊ͫͦ͋͘ ͍ͣ͊ͫͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͜ ͔͔͍ͨͪ͒ͦ͜ ͔͔ͨͪ͒͊;͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͦ͋ͣͤ͜ 
ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΤ ͔͙ͣͭͦ͒ ͋ͦͪͯ͘Σ ͍͍͔͒ͭͦͪͤͤ͜ΎΣ ͙ͤ͊ͦͨ͟;͔ͤͤΎΣ ͔͔͔͋ͪ͗ͤͤ͘ΎΣ ͦ͋ͪͦ͋͊͟Σ ͔͔ͨͪ͒͊;͊ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͜ ͒ͦͫͭͯͨͯ ͒ͦ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔͍ͪͫͯͪͫ͜ ͍ ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ ͔͔ͣͪ͗͊ͻ ό͍ ͭͦͣͯ ;͙ͫ͜͡ ͎ͦ͋͊͡͡Έ͚ͤ͜ύΦ ˭͙͊ͫͦ͋ ͫͯ;͙͊ͫͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͜ 
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ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͍͟͡Ό;͊ΌͭΈ ͍ ͔͔ͫ͋ ͦͣͨ͟ϥΌ͔͙ͭͪΣ ͔ͨͪͫͦͤ͊͡Έͤ͜ ͦͣͨ͟ϥΌ͔͙ͭͪΣ ͔ͦͣͨͭ͟͟͡ ͦͣͨ͟ϥΌ͔͎ͭͪͤͦͦ 
͔ͭͪͣͤ͊͜͡Έ͎ͤͦͦ ͦ͋͊͒ͤ͊ͤͤ͡Ύ ͍ͫ͜ͻ ͍͊ͫ͟͜͡Σ ͦ͊͟͡͡Έ͙ͤͻ ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ ͔͔ͣͪ͗Σ ͍͍͔͔͒ͤͤΎκ͍͙͍͔͔͒ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͙ͫͨͦͫͦ͋ 
͍͍͔͔͒ͤͤΎ ͭ͊ ͙ͦ͋ͪͦ͋͟ ͔ͭͫͭͯ͟ ͜ ͎ͪ͊ͺ͜;ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͙ͫͨͦͫͦ͋ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͍͔͙ͦ͟͡͝ ͟͜͡Έͦͫͭ͟͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ ˴ͦͣͨϥΌ͔ͭͪ ς ͼ͔ 
͙͚ͨͪͫͭͪ͜ ͒͡Ύ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͙͒͊ͤͻ ͘ ͎ͪ͊ͺ͜;͎ͤͦͦ ͊͋ͦ ͍͍͎ͯͦͦͦ͘͟ ͯΎ͍͔ͤͤ͡Ύ ͙͒͊ͤͻ ͍ ͼ͙ͺ͍͙͚ͪͦ ͜ ͍͙ͤ͊ͨ͊͟Τ ͔͙ͤͫͭͪͯͣͤͭ͜ ͭ͊ 
͙ͨͪͫͭͪͦ͝ ͒͡Ύ ͙ͪͦ͋ͦͭ ͘ ͍͊ͯ͒ͦͯ͊͘͜͜͡ΈͤͦΌ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ όͤ͊ ͋͊͘͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͣͯ͡Έ͙͔ͭͣ͒͊͜ ͭ͊ ͍ͪͭͯ͊͜͡Έͤͦ͝ ͔ͪ͊͡Έͤͦͫͭ͜ύΤ ͙͔͙ͫͫͭͣ 
΄ͭͯ;͎ͤͦͦ ͔͔ͤͭͭͯ͜͟͡Τ ͎ͪ͊ͺ͜;ͤ͜ ͦͣͨ͟ϥΌ͔ͭͪͤ͜ ͙͔͙ͫͫͭͣΣ ͎ͨͪͦͪ͊ͣͤ͜ ͙͔͙ͫͫͭͣ ό͍͙ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͭͪ͊ͤͫ͡Ύ͙ͭͦͪΣ ͦͣͨ͟͜͡Ύ͙ͭͦͪΣ 
͔ͦͨͪ͊ͼ͚ͤ͜͜ ͙͔͙ͫͫͭͣΣ ͔͙ͨ͊ͭ͟ ͙͙ͨͪ͊͒ͤ͟͡ͻ ͎ͨͪͦͪ͊ͣύ ͭ͊ ͤ͜΄͜Τ ͫͯ;͊ͫͤ͜ ͔͙ͣͭͦ͒ ͍͘ϥΎͯ͘͟ ͙ͤ͊ͨͪ͊͒͟͡Σ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͍͊͘Ίͣͦ͒͜Ό 
ͤ͜ͺͦͪͣ͊ͼ͜͝ ͦ͊͟͡͡Έ͎ͤͦͦ ͙͍ͦͪͫͭͯ͊͟;͊ ό͍ ͪ ͊ͣ͊͟ͻ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͊͋ͦ ͍ͯͫͭ͊ͤͦύΦ 

˹͊ ͒ͯͣͯ͟ ͔͔͍ͫͨͪͭ͟͜ ώмлϐ ͘ ͔ͦͤͦͣ͟͜;͎ͤͦͦ ͭ͊ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͔ͣͤ͒͗ͣͤͭͯΣ ͒͡Ύ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͔͍͙ͨͪ͒ͦͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͔ͤͦ͋ͻ͒ͤͦ͜Υ 

ï ͍͔ͫͭͦͪͤͤΎ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͎͊ͨ͊ͪ͊ͭͤͦͦ ͭ͊ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣΣ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ 
ͤͦͪͣ͊͡Έ͔ͤ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͫͺ͔͙ͪ ͍͙ͦͫͭ͜Τ 

ï ͎͍͙͊ͪ͊ͤͭͯ͊ͭ ͍͙͙ͪͦ͋ͤ;ͯ ͭ͊ ͔ͭͻ͎ͤͦͦ͜͡;ͤͯ ͋͊ͯ͘ ͒͡Ύ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͙ͨͪ͊ͭ͟͟ ͍ ͪ͊ͣ͊͟ͻ ͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ ͪͦͨͦ͒ͯ͘͜͡ ͨͪ͊ͼ͜ 
͍ ͔͍͙͒ͪ͗͊ͤͻ ͔͙ͦͤͯͪͤͭͤ͟͟ͻ ˱́-͔ͭͻ͎ͤͦͦ͜͡Ύͻ ͭ͊ ͔ͪͫͯͪͫ͊ͻΤ 

ï ͎͍͙͊ͪ͊ͤͭͯ͊ͭ ͙͔͙͚ͨͪͦͪͭͭͤ͜ ͍͙ͪͦͭͦ͘͟ ͔͔͍ͨͪ͒ͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭ͊ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ͤ͊ͤ͘ΈΤ 
ï ͔͔͊͋ͨ͘͘;͙͙ͭ ͔͔͎͍ͨͪͨ͒ͦͭͦͯ͜͟ ͍͊͟͜͡ͺ͍͎ͦ͊ͤͦͦ͜͟ ͔ͨͪͫͦͤ͊ͯ͡Τ 
ï ͔͔͊͋ͨ͘͘;͙͙ͭ ͙͗ͭͭΎ ͍ͨͦͤͦͣͯ ͍͍͔ͨͪͦ͊͒͗ͤͤΌ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͍ͦͫͭͤ͜͜Σ ͍ͤ͊ͯͦ͟͜ ͭ͊ ͯ͟͡Έͭͯͪͤ͜ ͎͊ͯ͘͜͡Φ 
˸͗ͤ͊ͪͦ͒ͤ͜͜ ͍ͤ͊;͊͡Έͤ͜ ͙͊͊͒͘͟͡ ͪͦͪͦ͋͘͡ΎΌͭΈ ͍ͤͦͯ ͎ͨͪͦͪ͊ͣͯ ΅ͦ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͙͔͍ͪͭͪ͟͜͝ ͒͡Ύ ͔͔ͨͪͻͦ͒ͯ ͤ͊ ͫͯ;͊ͫͤ͜ 

ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Φ ˭͊ ͝ͻ ͒ͯͣͦ͟ΌΣ ΄͍͙͒΄͙͚ ͫͨͦͫ͋͜ ͍͘ϥΎ͙͊ͭ͘ ͤ͊΄ͯ ͪ͊ͤͯ͟͝ ͘ ͍͔͙ͦ͟͡Ό ͍ͦͫͭͤ͜ΈͦΌ ͙͔ͫͫͭͣͦΌ ς ͍͔ͫͭͦͪͤͤΎ 
͍ͯͣͦ ͒͡Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͙̂ͪ͊ͤ͟͝Σ ͔ͣͦ͒͡͡Ό Ύͦ͟Ό Ί ͍͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ ͍͙͊͒͊͟͡;͊ ͭ͊ ͔ͫͭͯ͒ͤͭ͊ ώммϐΦ  

˸͔͍ͤͫͭͪͫͭͦ͜͜ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͋͊;͙ͭΈ ͔ͤ͊͗ͤ͜͡ ΄͡Ύͻ͙ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͙͔͙ͫͫͭͣ ͤ͊ͫͭͯͨͤͦͫͭ͜ ͍͙ͦͫͭ͜ ͨͪͦͭΎ͎ͦͣ ͙͗ͭͭΎ ͯ 
͍͔͙ͦͣͯ͟͡ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͍ͦͫͭͤ͜Έͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜Υ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍͋͊ͦͦ͘͝ ͍͙ͦͫͭ͜ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ 
͍ ͎͊ͯ͘͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͭ͊ ͫͯ;͙͊ͫͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ ͔͔͍ͨͪ͊͟͜͡ͺ͊͜͟ͼ͜Ύ ͍͙͊͒͊͟͡;͍͜ ͯ ͎͊ͯ͘͜͡ ͔͔͍͙ͨͪ͒ͦͻ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ ͦͣͨ͟ϥΌ͔͙ͭͪ͊͘ͼ͜Ύ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΤ ͦ͋͊͒ͤ͊ͤͤ͡Ύ ͍ͤ͊;͊͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͔ͭͻͤ͜;͙͙ͤͣ 
͔͙ͣͭͦ͒͊ͣ ͦͣͨ͟ϥΌ͔͙ͭͪ͊͘ͼ͜͝Τ ͍͔ͫͭͦͪͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͔͔͍͙ͫͪ͒ͦ΅͊ ͒͡Ύ ͔͎ͤͭͪ͊͜ͼ͜͝ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͯ ͔ͣ͗ͤ͊ͪͦ͒ͤ͜ 
͔͔͍͙ͫͪ͒ͦ΅͔Τ ͍͔ͫͭͦͪͤͤΎ Ί͙͒ͤͦ͝ ͙͔͙ͫͫͭͣ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝ ͤ͊ ͍ͦͫͤͦ͜ ͔͔͍͙ͨͪ͒ͦͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ 
͍͙ͨ͒͜΅͔ͤͤΎ ͪͦ͜͡ ͙̂ͪ͊ͤ͟͝ ͯ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͎ͨͪͦͪ͊ͣ͊ͻΣ ͍ͨͦϥΎ͙͊ͤ͘ͻ ͘͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎͣ ͎͔͙͍͙ͨͪͦͪͫͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͍  ͍ͦͫͭͯ͜ ώо - 4].  

˻͍ͫͭ͊͜ ς ͼ͔ ͼ͔ͫͨͪ͜͡Ύ͍͙͚ͣͦ͊ͤ ͨͪͦͼ͔ͫ ͜ ͔ͪͯ͘͡Έͭ͊ͭ ͍͊ͫͦ͘ΊͤͤΎ ͡Ό͙͒ͤͦΌ ͙͔͙͍͙ͫͫͭͣ͊ͭͦ͊ͤ͘ͻ ͤ͊ͤ͘ΈΣ ͍͙ͤ͊;ͦ͟ ͜ ͯͣͤ͜ΈΣ 
͍͙ͪͦͭͦ͘͟ ͪͦͯͣͯ͘ ͜ ͨͦ;ͯͭͭΎΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͎ͫͭͦ͜͡Ύ͒ͯ ͜ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͨͪͦͼ͔͍ͫ͜Φ ˤ͙͍;͔ͤͤΎ Ύ͍͙ͤͻ ͜ ͙ͨͪͻ͍͙ͦ͊ͤͻ ͺͯͤ͟ͼ͚͜ ͍͙ͦͫͭ͜ ͜ 
͍ͤ͊;͊ͤͤΎΣ ͊ ͭ͊ͦ͗͟ ͪͦ͜͡ ˱˴́ ͯ ͝ͻ ͔ͪ͊͊͘͜͡ͼ͜͝ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͨͪͦͼ͔͍ͫ͜ ͎ͦ͋͊͊͘͜͡͡ͼ͜͝ ͭ͊ ͍͙ͪͦ͋ͯ͒ͦ͘ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊ 
͙ͫͨͪΎΊ ͪͦͯͣͤͤ͘͜Ό ͔ͣͻ͍͊ͤͣ͘͜͜ ͔͔͔͍͎͋ͨͪͪͤͦͦ͘ ͜ ͍͎ͣ͊ͫͦͦͦ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͙͔ͫͫͭͣͦΌ ͍͙ͦͫͭ͜ ΄͙͎ͪͦͦͦ͟ ͦ͊͟͡ ͙͍ͦͪͫͭͯ͊͟;͍͜ 
ώмнϐΦ ˽͙͒ͭͪͣ͊͜͟ ͨͪͦͼ͔͍ͫ͜ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜͝ ͍͙ͦͫͭ͜ ͍ ͍ͯͣͦ͊ͻ ͤ͜͟͡Ό͘͜͝ ͍͙͎ͣ͊͊Ί ͙͔͎ͫͫͭͣͤͦͦ ͪͦͯͣͤͤ͘͜Ύ ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟ ͜ ͨͪͦͼ͔͍ͫ͜ 
ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜͝ ͒͡Ύ ͍͋͊͊ͤͫͦ͊ͤͦ͘͡͝ ͙ͣͤ͘͜ ͍ͫ͜ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ͍͙ͦͫͭ͜ ͜ ͍ͤ͊;͊ͤͤΎΦ 

ˤ͙͙ͤ͊͟Ί ͔ͨͦͭͪ͋͊ ͍ Ύͫͤͦ͟͜ ͍͙ͤͦͻ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ ͙ͣ͗͒ͫ͜ͼ͙͙ͨͤ͊ͪͤ͜͡ͻ ͔͒ͦͫ͒͗ͤͤ͜͡ΎͻΣ ΅ͦ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ ͍ 
͔ͦͣͨͫ͟͟͜͡ ͪͤ͘͜͜ ͔͙͊ͫͨͭ͟ ͍͔ͫͭͦͪͤͤΎ ͜ ͍͙ͪͦͭͯ͘͟ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͤ͊ͯͦͦ͟-͍ͦͫͭͤ͜͜ͻ ͍ͨͪͦͫͭͦͪ͜ ͘ ͭͦ;͙͟ ͦͪͯ͘ ͙͔͎ͫͫͭͣͤͦͦ ͨ͒͜ͻͦ͒ͯΦ  

˾͎ͦ͘͡Ύ͔ͤͣͦ ͙ͪͦ͋ͦͭ ͍ ͦ͋͊ͫͭ͜͡ ͦͣͨ͟ϥΌ͔͙ͭͪ͊͘ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͍ ̂ͪ͊ͤ͟͜͝Σ Ύ͟͜ ͙͊͊͘͟͡͡ ͍ͦͫͤͦͯ ͍͎ͤͦͦͦ ͍͎ͤ͊ͯͦͦͦ͟ ͤ͊ͨͪΎͣͯΣ ͍ 
ͪ͊ͣ͊͟ͻ Ύ͎ͦͦ͟ ͍͙͙ͨͪͦͦ͒ͫ͡Ύ ͔ͨͪ΄͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊ͤͤΎΣ ͎͍͙͒͊ͦͦ͜͡ͻ ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͔ͫͫͭͣΣ 
͔͔͚ͣͦ͒͡ ͍ͤ͊;͊ͤͤΎΦ ˿͔͎ͭͪ͊ͭ͜;͙͚ͤ ͤ͊ͨͪΎͣͦ͟ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ ͍ͨͦϥΎ͙͊ͤ͘ͻ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔͔͙͍͙ͨͪͫͨͭͤ͟ͻ ˱˴́Σ ͯͭͦ;ͤΌ͍͍͊ͫΎ 
͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͣͤ͘͜ ͍ ͻͦ͒͜ ͍͙ͪͦͭͯ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ͔͙́ͣ͊ͭ;ͤ͜ ͤ͊ͨͪΎ͙ͣΣ ΅ͦ ͙͙ͨͦͫͯ͗͡͡ ͍͍͒ͨͪ͊ͤͦ͜Ό ͭͦ;ͦ͟Ό 
͒͡Ύ ;͙͔͙ͫͤͤ͡ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ ͪͦͪͦ͋ͦ͘͟ ͍ ̂ͪ͊ͤ͟͜͝Σ ͔͍͔ͨͪ͒ͫͭ͊ͤ͜͡ ͤ͊ ͙ͪͫΦ м ώмоϐΦ  

˹͊ ͨͦ;͍͊ͭͦͦͣͯ͟ ͔ͭ͊ͨ͜ ͎ͦ͊͜͟͡ ͍͙ͪͦͭͯ͘͟ ͔͒ͦͫ͒͗ͤ͜͡Έ ͯ ͤ͊΄͚͜ ͪ͊ͤ͟͜͝ ͍͙ͤ͊͘;͊͊ͫ͡Ύ ͚͙ͨͦͫͭͤͣ͜ ͍͔ͦͤͦͤͤ͡Ύͣ 
͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͙͋͊͘Σ ͨͦΎ͍ͦΌ Ύͫͤͦ͟͜ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͍͙͎ͣ͊͊ͦ͡ ͊ͤ͊ͯ͘͜͡ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ώуϐ  ͝ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͒͡Ύ ͍͊͒͊ͤ͘Έ 
͍ͤ͊;͊ͤͤΎΣ ͍͙ͪͦͭͯ͘͟ ͭ͊ ͊͒͊ͨͭ͊ͼ͜͝Φ ˹͊͒͊͜͡ ͦ͋͊ͫͭ͡Έ ͔͒ͦͫ͒͗ͤ͜͡Έ ͚ͨͦͫͭͤͦ͜ ͪͦ͘΄͙ͪΌ͍͊͊ͫ͡ΎΣ ͍͒͜ ͍͙͍;͔ͤͤΎ ͔͔͚ͣͦ͒͡ ͜ ͔͍ͣͭͦ͒͜ 
͍͍͔͒ͭͦͪͤͤ͜Ύ ͙ͭͪ͊͒ͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ͪ͊ͣ͊͟ͻ ͙͔͙ͫͫͭͣ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͒ͦ ͍͔ͫͭͦͪͤͤΎ ƻƴƭƛƴŜ 
͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͔͍͙ͫͪ͒ͦ΅Σ Ύ͟͜ ͦ͋ΩΊ͒ͤͯΌͭΈ ͪͤ͘͜͜ ͙͔͙ͫͫͭͣ ͙͙ͨ͒ͭͪͣ͜͟ ͍͙ͤͦͻ ͍͙͍͒͜ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ͙́͊ͣ͟ 
;͙ͤͦͣΣ ͔ͫͨͭͪ͟ ͔͒ͦͫ͒͗ͤ͜͡Έ ͦͻͦͨ͡ΌΊ ΄͙͔ͪͦ͟ ͦͦ͟͡ ͔ͨͪͦ͋ͣ͡Σ ΅ͦ ͍͒ͤͦͫ͜ΎͭΈͫΎ ͒ͦ ͎͊ͯ͘͜͡ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ ͔ͭͻͤ͜;͙ͤͻ ͜ ͙͔͙ͫͫͭͣͤͻ 
͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˹͊ ͍ͦͫͤͦ͜ ͼ͙ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͙͋ͯ͡ ͍͔ͫͭͦͪͤ͜ ͊͋ͫͭͪ͊ͭͤ͟͜ ͔ͣͦ͒͜͡ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͨͪͦͫͭͦͪ͜ ͭ͊ ͔͔͙ͭͪͦͤͤ͟͡ͻ 
͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͍ͨͪͦͫͭͦͪ͜Σ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ͤͤͦ͊͜ͼ͚͜Σ Ύ͟͜ ͍ͪ͊ͻ͍ͦͯΌͭΈ ͔͔ͭͤ͒ͤͼ͜͝ ͍͙ͪͦͭͯ͘͟ 
͔ͭͻ͎͚ͤͦͦ͜͡Σ ͊ ͭ͊ͦ͗͟ ͣ͗ͤ͊ͪͦ͒ͤ͜͜ ͭ͊ ͤ͊ͼͦͤ͊͜͡Έͤ͜ ͙ͫͭ͊ͤ͒͊ͪͭ ͍ ͦ͋͊ͫͭ͜͡ ˱˴́ ͜ ͍͙ͦͫͭ͜ ώмп - 15]. 

͔͔͙́ͦͪͭ;ͤͦΌ ͍ͦͫͤͦͦΌ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͜ ͍͔ͫͭͦͪͤͤΎ ͙͔ͫͫͭͣΣ ΅ͦ ͔ͪ͊ͯ͘͜͡ΌͭΈ ͔͔ͪͦͨͦ͒ͤ͘͜͡ ͍ͤ͊;͊ͤͤΎΣ ͙͙ͨͦͫͯ͗͡͡ 
͙ͪͦ͋ͦͭΣ ͍ Ύ͙͟ͻ ͍͙͔͊͒ͤ͟͜͡ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͭ͊ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͙͔ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͤ͊;͊ͤͤΎͣ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͦͤͭͤͭͯ͟ ͯ ͍͙͎͡Ύ͒͜ ͭ͊͟ ͍͙͊ͤ͘ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͦ͋ϥΊ͍ͭ͟͜Φ ˾͎ͦ͘͡Ύͤͯͭͦ ͙͙ͨͪ͊͒͟͡ ͙ͦͨͫͯ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͒͡Ύ ͍͙ͦͫͤͦͤͻ 
͍͊ͫ͟͜͡ ͙͔ͫͫͭͣ ͒͡Ύ ͙͙ͨ͒ͭͪͣ͜͟ ͍͎ͣ͊ͫͦͦͦ ͍ͤ͊;͊ͤͤΎΦ  

˹͔͍͊͗͊͘Ό;͙ ͤ͊ ͔ͭΣ ΅ͦ ͎͋͊͊ͭͦ ͙͔ͫͫͭͣ ͍͊ͫͤͦ͊ͤ͘͜ ͤ͊ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͫͭ͊ͤ͒͊ͪͭ͊ͻΣ ͝ͻ ͙͙ͦͣͨͦͭ͘͟ ͍͙ͤ͊͘;͊ΌͭΈͫΎ ͜ 
͍ͫͭͦͪΌΌͭΈͫΎ ͘ ͙͙ͪͤͣ͘͜ ͼ͜͡Ύ͙ͣ ͜ ͝ͻ ͍͙͍͊ͫͭͦͫͭ͜͡ ͣͦ͗ͯͭΈ ͤ͊͘;ͤͦ ͙͙ͪͤͭͫ͘͜Ύ ͣ͗͜ ͫͦ͋ͦΌΦ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͊ͭͯ͊͟͡Έ͙ͤͣ ͍͊͒͊ͤͤ͘Ύͣ 
Ί ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͨͪͦ͋ͣ͡ ͼ͔ͫͨͪ͜͡Ύ͍͎ͣͦ͊ͤͦͦ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͙͔ͫͫͭͣ ͤ͊ͫͭͯͨͤͦͫͭ͜ ͍͙ͦͫͭ͜Φ 

˾͍͙ͦͭͦ͘͟ ͫͯ;͊ͫͤͦ͝ ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟ ͔͔͔͍͋ͨͪͪͤͦ͘͝ ͍͙ͦͫͭ͜Σ Ύ͟ ͊ͪ͊ͫ͊͟͟ ͎ͦ͋͊͡͡Έ͎ͤͦͦ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͫͭͦͪͯΣ ͣ͊Ί 
͍͙͋͊ͯ͊ͭͫ͘Ύ ͤ͊ ͫͦͼ͊͜͡Έ͙ͤͻΣ ͔ͦͤͦͣ͟͜;͙ͤͻΣ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻΣ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͍ͤͤͦ͊͜ͼ͜ΎͻΣ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ 
͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍ͤ͊;͊ͤͤΎ ͜ ͔͔͔ͣͤ͒͗ͣͤͭͯΣ ͒ͦͫͭͯͨͤͦͫͭ͜ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭ͊ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͪͫͯͪͫ͜Σ ͜Σ ͤ͊ ͍͙ͨ͒͜΅͔ͤͤΎ 
͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭ͜ ͭ͊ ͙͍ͨͪͦ͒ͯͭͤͦͫͭ͟͜ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͜ ͔͙͍ͦͭͤͦ͟͟͡͝ ͙ͪͦ͋ͦͭΦ 
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˾͙ͫΦ м. ́ ͔͙ͣ͊ͭ;ͤ͜ ͤ͊ͨͪΎ͙ͣ  ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ ͪͦͪͦ͋ͦ͘͟ ˱˴́ ͍ ̂ͪ͊ͤ͟͜͝ 
 

˭ ͨͦΎ͍ͦΌ ˱͔͔ͤͭͪͤͭͯ ͜ ͍ ͨͪͦͼ͔ͫ͜ ͍͙ͪͦͭͯ͘͟ ͚͎ͦͦ ͔͍͍ͫͪͫ͜͜Σ ͔ͨͪͦ͋ͣ͊͡ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͎ͣ͊ͫͦͦͦ ͒ͦͫͭͯͨͯ ͒ͦ ͍͙ͦͫͭ͜ ͤ͊͋ͯ͊͡ 
͍͙ͤͦͻ ͙ͪͫΦ ˹͔͍͊͗͊͘Ό;͙ ͤ͊ ͔ͭΣ ΅ͦ ͍ͦͫͤͦͦΌ ;͙͔ͫͤͤͦͫͭ͜͡ ͙ͨͦ͟ ΅ͦ ͙͊͘͡΄͊ΌͭΈͫΎ ͍͔ͯͤͪͫ͊͜͡Έͤ͜ ͪ͜΄͔ͤͤΎΣ ͍͙͚ͦͫͤͦͤ ͊͟ͼ͔ͤͭ 
ͣ͘͜΅ͯΊͭΈͫΎ ͍͒͜ ͍͎ͣ͊ͫͦͦͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͦ͊͟͡͡Έ͙ͤͻ ͍ͨͪͦ͒ͯͭ͟͜ ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͔͔͙͍͙ͨͪͫͨͭͤ͟ͻ ͔͙ͪͦͨͦ͒ͤ͘͜͡ͻ ͪ͜΄͔ͤΈΣ ͍ͯͣͦ 
͒͡ Ύ ͍͊͘Ίͣͦ͒͜͝ ͍ͨͪͦ͒ͯͭ͟͜Σ ͤ͊͒͊ͤͤΎ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͦͫͯ͡Φ ˿͔͊ͣ ͼ͜ ͍͙ͯͣͦΣ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ Ί ͎͍ͦͦͤͦ͡Ό ͙͍ͦͫͦ͋ͫͭ͜͡Ό ͫͯ;͎͊ͫͤͦͦ 
ͨ͒͜ͻͦ͒ͯ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͤ͜͟͡Ό͘͜͝ ͍ ͍͙΅͚͜ ͍ͦͫͭ͜͜Φ ͔̇ ͔͔ͨͪͻ͒͜ ͒ͦ ͔͔͔͍ͣͪ͗ͦ͝ ͔ͣͦ͒͜͡ ͦ͋ͣͤͯ͜ ͔ͦͤͭͤͭͦͣ͟ ͜ ͤ͊͒͊ͤͤΎ 
͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͦͫͯ͡Σ ͍ ͪ͊ͣ͊͟ͻ Ύ͎ͦͦ͟ ͍͍͒͋ͯ͊͜ΊͭΈͫΎΥ 

мύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͎ͤͦͦͦ ͍͎ͫͭͦ͜͡Ύ͒ͯ ͙͍ͦͪͫͭͯ͊͟;͍͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙͍ͣͦͭ͊ͼ͜͝ ͒ͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͒͡Ύ 
͍͎͊ͫͤͦͦ͡ ͍͙ͪͦͭͯ͘͟ ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ ͦͣ͟ͺͦͪͭͤͦͫͭ͜ ͍ͫͤͯ͊ͤͤ͜Ύ ͍ ͍ͤͦͦͣͯ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦͣͯ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͜Τ 

нύ ͍͙ͪͦͭͦ͘͟ ͔͔ͤͭͪͤͭ͜-ͤ͜ͺͪ͊ͫͭͪͯͭͯͪ͟Σ ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ώмлϐ ͤ͊ ͙ͨ͒ͭͪͣͯ͜͟ ͍͎ͣ͊ͫͦͦͦ ͍ͤ͊;͊ͤͤΎΣ Ύ͟͜ ͔͔͊͋ͨ͘͘;͊ͭΈ 
͙ͨ͒ͭͪͣͯ͜͟ ͜ ͙͚ͫͭ͊͡ ͍͙ͪͦͭͦ͘͟ ͤ͒ͯͫͭͪ͜͜͝ ͍ͦͫͭͤ͜͜ͻ ͎ͨͦͫͯ͡Τ 

оύ ͨͦ͒͊͡Έ΄͙͚ ͍͙ͪͦͭͦ͘͟ ͨͪͦͼ͔͎ͫͤͦͦ ͜ ͎ͫͭͪͯͭͯͪͤͦͦ͟ ͨ͒͜ͻ͍ͦ͒͜ ͒ͦ ͍͙ͪ͜΄͔ͤͤΎ ͍͊͒͊ͤ͘Έ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔ͺ͔͙͍ͭͤͦ͟͝ 
͍͊͘Ίͣͦ͒͜͝ ͙͍ͦͪͫͭͯ͊͟;͍͜ ͘ ͍ͤ͊;͊͡Έ͙ͤͣ ͫ ͔͔͍͙ͪ͒ͦ΅͔ͣΤ 

пύ ͍͔ͫͭͦͪͤͤΎ ͜ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͍͙ͤͦͻ ͙͍ͭͨ͜ ͎͍͔͍͋͊͊ͭͦͪͤͦ͜͝ ͍͊͘Ίͣͦ͒͜͝ ͍͒ͦ͒͊ͭ͟͜Σ ͎͊͊͘͡Έ͙ͤͻ ͜ ͙͙ͨͪ͊͒ͤ͟͡ͻ ͔͍͍ͫͪͫ͜͜Σ ͊ ͭ͊ͦ͗͟ 
ͤ͜ͺͪ͊ͫͭͪͯͭͯͪ͟Τ 

рύ ͪͦͪͦ͋͊͘͟ ˱́-͍ͫͭ͊ͤ͒͊ͪͭ͜ ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͚͜Τ 
сύ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ύ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͨ͊ͭ͡ͺͦͪͣ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎ ͍͒͜ ͙͙͒͒͊ͭ͟;ͤͦ ͔͚ͤͭͪ͊͡Έ͙ͤͻ ͒ͦ ͙͙͒͒͊ͭ͟;ͤͦ 

ͼ͔ͫͨͪ͜͡Ύ͍͙ͣͦ͊ͤͣΤ 
тύ ͍͔ͫͭͦͪͤͤΎ ͣͯ͡Έ͙͔͙ͭͦͣͨͦͤͤͭͤ͟ͻ ͍ͤ͊;͊͡Έͤͦ-͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͔͔͍͙ͫͪ͒ͦ΅ ͘ ͍͍͙͙͋ͯ͒ͦ͊ͤͣ ͺͯͤ͟ͼ͜Ύ͙ͣ ͫͦͼ͊͜͡Έ͎ͤͦͦ 

͍ͤ͊;͊ͤͤΎΤ 
уύ ͍͔ͫͭͦͪͤͤΎ ͔͔͙ͭͦͪͭͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ͝ ͨ͊ͭ͡ͺ͙ͦͪͣ ͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͔ͯͤͪͫ͊͜͡Έ͙ͤͻ ͨ͒͜ͻ͍ͦ͒͜Σ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ͻ ͯ 

͍͙͎͡Ύ͒͜ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͔ͦͤͭͤͭͯ͟Τ 

˽͔ͪͫͦͤ͊͡Έ͙͚ͤ
˴ͦͣͨ'Ό͔ͭͪͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝͝ 

͍ͤ͊;ͤ͊ͤͤΎ

˻͍ͫͤͦͤ͜ ͍͊͒͊ͤͤ͘Ύ

˴ͦͣͨ'Ό͔͙ͭͪ͊͘ͼ͜͝ ͍ͤ͊;͊ͤͤΎ

˶ͦ͊͟͡Έͤ͜ ͍ͤ͊;͊͡Έͤ͜ 
͎͙ͨͪͦͪ͊ͣ

˱͔͔ͤͭͪͤͭ
˨͙ͫͭ͊ͤͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ 

͍ͤ͊;͊ͤͤΎ

˴ͦͤͼ͔ͨͼ͜Ύ ͎ͤͯ;͙͟ͻ 
͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡

˨͙ͫͭ͊ͤͼ͚ͤ͜͜ ͙ͯͪͫ͟

˸ͯ͡Έ͙͔ͭͣ͒͊͜
͔́ͻ͎ͤͦͦ͜͡͝ ͣͯ͡Έ͙͔ͭͣ͒͊͜ ͍ 

͍ͤ͊;͊ͤͤ͜
˸͔͙ͭͦ͒͊͟ ͍͔ͫͭͦͪͤͤΎ 
͍ͤ͊;͊͡Έͤͦ͝ ͣͯ͡Έ͙͔ͭͣ͒͜͝

˩͔͔ͭͪͦͤͤ͟͡ ͍ͤ͊;͊ͤͤΎ
ˣ͎͊͊ͭͦͼ͜͡Έ͍ͦ͜ ͔͔ͭͪͦͤͤ͟͜͡ 

͔͔͍͙ͫͪ͒ͦ΅͊

˸͔͙ͭͦ͒Σ ͔ͣͦ͒͜͡Σ ͔ͭͻ͎ͤͦͦ͜͡͝ 
͍͔ͫͭͦͪͤͤΎ ͔͔͎ͭͪͦͤͤͦͦ͟͡ 

͔͔͍͙ͫͪ͒ͦ΅͊

˱͔͔ͤͭͪͤͭ-͔͍͙ͫͪͫ͜Σ ͔͔͔͍ͣͪ͗͜ 
ͫͨ͜͡Έ͙ͤͦͭ

˩͔ͭͪͦͤͤ͟͜͡ ͍ͤ͊ͯͦͦ͟-͍ͦͫͭͤ͜͜ 
͙ͨͪͦͫͭͦͪ

͔́ͻ͎ͤͦͦ͜͡Ύ ͙͙ͨ͒ͭͪͣ͜͟ 
͍ͤ͊ͯͦͦ͟-͍ͦͫͭͤ͜͜ͻ ͊͘ͻ͍ͦ͒͜

˸ͦ͋͜͡Έͤͫͭ͜ΈΣ 
͔͙͍ͤͭͪ͊ͭͤͫͭ͜͟͜ΈΣ ͙ͫͭ͊ͤ͒͊ͪͭ

͔͔͙́ͦͪͭ;ͤ͜ ͍͙ͦͫͤͦ 
͔͔͔͍͎͋ͨͪͪͤͦͦ͘ 

͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎ
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фύ ͍͔ͫͭͦͪͤͤΎ ͔ͭͻ͎͚ͤͦͦ͜͡ ͒͡Ύ ͙͙ͨ͒ͭͪͣ͜͟ ͔ͪͦͨͦ͒ͤͦ͘͜͡͝ ͙ͪͦ͋ͦͭ ͘ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΣ ͔͙ͪͫͯͪͫ͊ͣ ͜ ͤ͊ͤͤ͘Ύ͙ͣΣ ΅ͦ 
͙ͨ͒ͭͪͣͯ͜ΌͭΈ ͨͪ͊ͣ͒ͯ͜͜ ͔͎͚ͫͭͪ͊ͭ͜ ͍ͤ͊;͊ͤͤΎΣ ͊ ͭ͊ͦ͗͟ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜͝ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎ ͒͡Ύ 
͍͙ͨ͒͜΅͔ͤͤΎ ͙͍ͣͦͭ͊ͼ͜͝ ͭ͊ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΤ 

млύ ͙͍͊ͭ͊͘͟͜ͼ͜Ύ ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙ͤͦͻ ͨ͒͜ͻ͍ͦ͒͜ ͍ ͦ͋͊ͫͭ͜͡ ͔͔͙͋ͨ͘͟ ͜ ͊͘ͻ͙ͫͭͯ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͍ ͭͦͣͯ ;͙ͫ͜͡Σ 
͔ͨͪͫͦͤ͊͡Έ͙ͤͻ ͙͒͊ͤͻΣ ͍͙ͪͦͭͦ͘͟ ͍͊ͫͦ͋͘͜ ͊ͤ͊ͯ͘͜͡ ͍͔͙͙͟͡ͻ ͙͒͊ͤͻ ώмсϐΦ 

˾͎ͦ͘͡Ύ͔ͤͣͦ ͍͒ͦͫ͒͜ ͭ͊ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͙ͪͦ͋ͦͭ ͍͙͊͒͊͟͡;͍͜ ͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝Σ ͦͣͨ͟ΩΌ͔ͭͪͤͦ͝ 
ͭ͊ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ˣ͔ͪ͒ΎͤͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍ͫͭͦͫͦͤͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͫͯ;͙͊ͫͤͻ 
ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͤ͜͟͡Ό͙͍ͤͦͣͯ͘ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͫͭͦͪ͜ ͍͙΅͎ͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡Φ 

ˣͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͍ͦͫͭͤ͜Ί ˱͔͔ͤͭͪͤͭ-͔͔͍͙ͫͪ͒ͦ΅͔ ζ˾˻˭˾˻ˣ˴ˢ ˱˹́˩˾˹˩́-ˤ˱́˾ˮ˹ˮ  ˹ˢ ˶˻˴ˢ˶̎˹˻˸̂ t/η ό͙ͪͫΦ нύ ͒͡Ύ 
͡Ό͔͚͒ ͘ ͍͙͊͒͊ͣ ͦͪͯ͘Σ ͜ ͒͡Ύ ͡Ό͔͚͒Σ Ύ͟͜ ͍ͦͫͣ͘͜ ͍͙͙ͭͪ͊ͭ͡ ͪ͘͜ ͘ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͦͣͨ͟ΩΌ͔͙ͭͪͤͣ ͔ͭͻ͎ͤͦͦ͜͡ΎͣΦ  

 
 

 ˾ ͙ͫΦ н. ˻ ͍ͫͭͤ͜Ί ˱ ͔͔ͤͭͪͤ -͔͔͍͙ͭͫͪ͒ͦ΅͔ ζ˾˻˭˾˻ˣ˴ˢ ˱˹́˩˾˹˩́-ˤ˱́˾ˮ˹ˮ  ˹ˢ ˶˻˴ˢ˶̎˹˻˸̂ t/η 
 

˿͚͊ͭ ͣ͊Ί ͫͭͪͯͭͯͪͤ͟͜ ͙ͨ͒ͪͦ͒͘͜͜͡ ͘ ͔ͭͣΥ ̂˾˻˴ м ζˤ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍ͪͭͯ͊͜͡Έ͎ͤͦͦ ͔͍͔ͫͪͪ͊ 5ŜƴǿŜǊη ό͙ͪͫΦ оύΤ ̂˾˻˴ н 
ζˤ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͙͎͒ͯͤ͊ ²hw5tw9{{η ό͙ͪͫΦ пύΤ ̂˾˻˴ о ζˤ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ΄͊͋ͦͤͯ͡η ό͙ͪͫΦ 5); ̂˾˻˴ п ζˤ͍͔ͫͭ͊ͤͦͤͤ͡Ύ 
͍͔͒ͦͨͦͤͤΈη ό͙ͪͫΦ сύΤ ̂˾˻˴ р ζˤͯ͊͊͘͘͜͜͡ͼ͜Ύ ͚ͫ͊ͭ͊η ό͙ͪͫΦ 7).  

 

 
  

˾͙ͫΦ оΦ ̂ ˾˻˴ м ζˤ͍͔ͫͭ͊ͤͦͤͤ͡Ύ 
͍ͪͭͯ͊͜͡Έ͎ͤͦͦ ͔͍͔ͫͪͪ͊ 5ŜƴǿŜǊη 

˾͙ͫΦ пΦ ̂ ˾˻˴ н ζˤ͍͔ͫͭ͊ͤͦͤͤ͡Ύ 
͍͙͎͒ͯͤ͊ ²hw5tw9{{η 

˾͙ͫΦ рΦ ̂ ˾˻˴ о ζˤ͍͔ͫͭ͊ͤͦͤͤ͡Ύ 
΄͊͋ͦͤͯ͡η 

 

  

˾͙ͫΦ сΦ ̂ ˾˻˴ п ζˤ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͔͒ͦͨͦͤͤΈη ˾͙ͫΦ тΦ ̂ ˾˻˴ р ζˤͯ͊͊͘͘͜͜͡ͼ͜Ύ ͚ͫ͊ͭ͊η 
 
˴ͦ͗ͤ͊ ͔ͭͣ͊ ͍ͨͦͤͫͭ͜Ό ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͔͙ͣͭͦ͒;ͤͦΣ ͣ͊Ί ͊ͯ͒ͦ͜ ͍ͫͯͨͪͦ͒͜Σ ͍͔͒ͦ͜ ͔ͣ͊ͭͪ͊͜͡Σ ͭ͊ ͤ͊͒͊Ί ;͍͊ͫͭͦͯ͟ ͎ͣͦͯ͘ 

ζ5!L{¸η ͺͦͪͣ͊ͭͯΦ ˤ͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͪͤ͘͜͜ ͎͍ͨͪͦͪ͊͊;͜ ͣͦ͗ͤ͊ ͙͙͙ͯͨͤͭ͘Σ ͊͋ͦ ͨͪͦͫͯ͡ͻ͙͊ͭ ͔͒͟͜͡Έ͊͟ ͍ͪ͊͘͜ ͙͊ͨͫ͘Σ ΅ͦ ͨͦͪ͊͟΅͙ͭΈ 
Ύͫͭ͟͜Έ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘ΈΦ ˤ͔͒ͦ͜-ͯͪͦ͟ ͣ͊Ί ͔͍͔͙͙͚ͤ͟͡ ͪͦͣͪ͘͜Σ ΅ͦ ͔ͤ ͒͊Ί ͎͙ͣͦ͘ ͍ͭͦͣ͡Ό͍͙͊ͭͫΎΣ ͊ ͍͊ͭͦͪͫΈ͙͚͟ ͙͚͒͊ͤ͘ ͦ͗ͤͦ͟͝ 
͔͙ͭͣ ͍͍͒ͭͦͪ͜ΌΊ ͦͣ͟ͺͦͪͭ ͭ͊ ͔͎ͫͭ͟͜͡Έ ͍ ͙ͦͭͪͣ͊ͤͤ͜ ͍ͤͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͍͙͊͒͊ͣ ͦͪͯ͘Φ ˹͔ ͙͔͍͙͚ͫͤͭͦ͊ͤ͘Σ ͊ ͔ͫ͊ͣ 
͙͎ͦͪͤ͊͜͡Έ͙͚ͤ ͎͍͙͚ͦͦͫͦ͡ ͍͊ͭͦͪͫΈ͙͚͟ ͍ͫͯͨͪͦ͒͜ ͤ͊͊͡΄͍ͭͦͯΊ ͤ͊ ͙ͨͪΊ͙͚ͣͤ ζ͎͒͊ͦ͜͡η ͘ ͦͣͨ͟ΩΌ͔ͭͪͦͣΦ 

̂ ͔ͨͪ΄ͦͣͯ ͍͔͒ͦ͜-ͯͪͦͼ͜ ͔͙ͫͭͯ͒ͤͭ ͍ͤ͊;͊ΌͭΈͫΎ ͍͍ͫͭ͊ͤͦ͡Ό͍͙͊ͭ ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 5ŜƴǿŜǊΣ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
Ύ͎ͦͦ͟ ͣͦ͗ͤ͊ ͍ͫͭͦͪΌ͍͙͊ͭ ͋ͯ͒Έ-Ύ͟͜ ͚͙ͫ͊ͭΣ ͙͊ͪͭ͟͟Σ ͙͋͊͘ ͙͒͊ͤͻ ͭ͊ ͤ͜΄͔Σ ͍ͤ͊ͭ͜Έ ͔͋͘ ͨ͒͜͟͡Ό;͔ͤͤΎ ͒ͦ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭΦ 5ŜƴǿŜǊ 
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͙ͨ͒ͭͪͣͯ͜Ί ͍͔ͯͫΈ ͍͙͚͋͊ͦ͘ ͔ͨ͊ͭ͟ ͜ ͪͤ͘͜͜ ͔ͨ͊ͭͤ͟͜ ͪͦ͘΄͙͔ͪͤͤΎ ͭ͊ Ί ͙͒ͪͯ͜͡Ό;͙ͣ ͯ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ͍͊͒͘Ύ͙͟ ͚͎ͦͦ ͍ͦͫͤͦͤͦͣͯ 
ͺͯͤ͟ͼͦͤ͊ͯ͜͡Φ  

˨͎͙͚ͪͯ ͍͔͒ͦ͜-ͯͪͦ͟ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͍͔ͫͭͦͪͤͤΎ ͍͎͊ͫͤͦͦ͡ ˱͔͔ͤͭͪͤͭ-͎͙ͣ͊͊ͤͯ͘Φ ˨͡Ύ ͙ͪͦͪͦ͋͘͟ ͚ͫ͊ͭͯ ͋ͯͦ͡ ͦ͋ͪ͊ͤͦ 
͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ²ƻǊŘtǊŜǎǎΣ Ύ͔͟ Ί ͔ͨͪͦͫͭ ͍ ͍͍͔ͫͭ͊ͤͦͤͤ͜͡ ͭ͊ ͤ͊͊͡΄͍ͭͯ͊ͤͤ͜Φ ̇Ύ ͎ͨͪͦͪ͊ͣ͊ ͘ϥΎ͍͙͊ͫ͡Ύ ͍ нлло ͪͦͼ͜ ͜ ͊͘ 
͙͚ͭ͊͟ ͙͚ͦͪͦͭ͟͟ ͔ͨͪͦ͒͜Σ ͤ͊͋ͪ͊͊͡ ͍͔͙ͯ͟͡ ͨͦͨͯ͡Ύͪͤͫͭ͜Έ ͔ͤ ͭ͜͡Έ͙͟ ͔͔ͫͪ͒ ͎͍ͨͪͦͪ͊ͣͫͭ͜͜Σ ͊ ͚ ͔͔ͫͪ͒ ͙ͨͪͦͫͭͻ  ͙͍ͦͪͫͭͯ͊͟;͍͜Φ ˭͊ͪ͊͘ 
͒͡Ύ ͔ͤ͝ ͋ͯͦ͡ ͍͔ͫͭͦͪͤͦ ͋͜͡Έ΄ мл ллл ͙ͪͤ͘͜ͻ ΄͍͊͋ͦͤ͜͡ ͭ͊ ͍͔͒ͦͨͦͤͤΈΣ Ύ͟͜ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͒ͦͨͦͣͦ͗ͯͭΈ ͍͙͘;͚͊ͤͦͣͯ 
͙͍ͦͪͫͭͯ͊͟;ͯ ͔͎͡΄͔ ͤ͊͘ͻ͙͙ͦ͒ͭ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͤ͊ ͫͭͦͪͤ͊͜͟ͻ ͚ͫ͊ͭͯΦ 

˨͡Ύ ͍͔ͫͭͦͪͤͤΎ ͍͎͊ͫͤͦͦ͡ ͚ͫ͊ͭͯΣ ͔͍ͤͦ͋ͦϥΎ͍ͦͦ͘͟ ͙͍͙ͨͪ͒ͯͣͯ͊ͭ ΅ͦͫΈ ͯͤ͊͜͟͡Έ͔ͤΦ ˨͙ͦͫͭΈ ͍͘Ύ͙ͭ ͎͍͙͚ͦͭͦ ΄͊͋ͦͤ͡ ͭ͊  
ͭͪͦͻ͙ ͍͙͎͍͙͒ͦͪͯ͊ͭ͜͟Φ ͔͚́ͪͭ͜ ͍͔͒ͦ͜-ͯͪͦ͟Υ  ͍͔͊͊ͤͭ͊͗ͤͤ͘Ύ ΄͊͋ͦͤͯ͡ ²ƻǊŘtǊŜǎǎ ͭ͊ ͚͎ͦͦ ͍͍͔ͫͭ͊ͤͦͤͤ͡ΎΦ 

˻͍ͫͤͦͤ͊ ͔ͣͭ͊ ;͔͍͔͎ͭͪͭͦͦ ͯͪͦͯ͟ ς ͍͔ͫͭͦͪͤͤΎ ͍͎͊ͫͤͦͦ͡ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͎͙ͣ͊͊ͤͯ͘ ό͔-͎͙ͣ͊͊ͤ͘Σ Ŝ-ǎƘƻǇύΦ ͔̇ ͚ͫ͊ͭΣ ͘ Ύ͎ͦͦ͟ 
ͣͦ͗ͤ͊ ͍͙͙͋ͪ͊ͭ ͭ͊ ͍͙͙͊ͣͦͭ͘ ͙͚ͨͦͭͪ͋ͤ͜ ͍ͭͦ͊ͪ ;͙ ͎ͨͦͫͯͯ͡Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͎ͪͦ΄͍ͦ͜ ͪͦͪ͊͘ͻ͙ͯͤ͟ ͤ͊ ͍͒ͣͤͯ͜͜ ͍͒͜ ͚͍ͫ͊ͭ͜Σ Ύ͟͜ 
ͤ͊͒͊ΌͭΈ ͎͙ͨͦͫͯ͡ ͔͋ͦ͘͟΄͍ͭͦͤͦΦ  

˨͡Ύ ͼΈ͎ͦͦ ͔͔ͫͪ͒ ͙ͣͤͦ͗ͤ ͍͔͒ͦͨͦͤͤΈΣ ͣͦ͗ͤ͊ ͚͙ͤ͊ͭ͘ ͚͔ͤ͊ͤͦ͋ͻ͒ͤ͜͜΄͜ ͒͡Ύ ͤ͊΄͎ͦͦ ͚ͫ͊ͭͯΦ ͔̇ ͟͡Ό;͍͙͚ͦ ͺ͊ͭͦͪ͟ 
͍ͫΈ͎ͦͦ ͺͯͤ͟ͼͦͤ͊ͯ͜͡ ͔͔ͤͭͪͤͭ͜-͎͙ͣ͊͊ͤͯ͘Φ ˤ͙͍͊͗͜͡ ͔͔͔͙ͣͤͭ͡ ͔͔ͤͭͪͤͭ͜-͎͙ͣ͊͊ͤͯ͘ ς ͍͔ͦͤͦͤͤ͡Ύ ͤ͊Ύ͍͎ͤͦͦ ͙͔͊ͫͦͪͭͣͤͭͯ 
ό͙ͨͪͦ͒ͯͭ͟κ͍͙ͭͦ͊ͪ ͭ͊ ͝ͻ ͟͜͡Έͫͭ͟͜ΈύΣ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙͒ͦ͒͊͊ͭ ͍͙ͭͦ͊ͪ ͒ͦ ζͦ͟΄͙ͯ͟ηΣ ͍ͻ͒͜ ͒͡Ύ ͔͊ͪ͘Ί͍͙ͫͭͪͦ͊ͤͻ ͙͍ͦͪͫͭͯ͊͟;͍͜Φ ̂ 
͔͒Ύ͙͟ͻ ͍͙ͨ͊͒͊͟ͻ ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙͔ͫͫͭͣͯ ͙ͦͨ͊ͭ͡ ;͔͔ͪ͘ ͔͔ͤͭͪͤͭ͜ ό͔͔ͭͪͦͤͤ͟͜͡ ͎ͪͦ΄͜ύΣ ͯ ͨͪͦͫͭ͜΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ 
ͦͨ͊ͭ͊͡ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͍͙͘;͚͙͙͊ͤͣ ͎ͪ͜΄͙ͣ ;͔͔ͪ͘ ͋͊ͤ͟ ͤ͊ ͪ͊ͻͯͤͦ͟Σ ͍͙͚ͪͦ͒ͪͯͦ͊ͤ͘͟ ͘ ͚ͫ͊ͭͯΦ ˻ͨ͊ͭ͊͡ ;͔͔ͪ͘ ͔͔ͤͭͪͤͭ͜ 
͔͔ͨͪ͒͋͊;͊Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͔ͫͭͦͪͤͤΎ ͟͜͡Έͦ͟ͻ ͍͙ͦ͋ͦ͜͟͡ͻ ͙͍͊ͨͫ͘͜ ό͙͚ͨͪͤ͊ͣͤ͜ ͍͒ͦͻύΣ ͔͊͡ ͯ ͔͒Ύ͙͟ͻ ͍͙ͨ͊͒͊͟ͻ ͙͔͙ͫͫͭͣ ͙ͦͨ͊ͭ͡ 
ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍ͨͦϥΎ͙͙͊ͤͣ͘ ͘ ͎͙ͣ͊͊ͤͦͣ͘Φ ˤ͔ͫ ͼ͔ ͔͔ͨͪ͒͋͊;͔ͤͦ ͯ ͼΈͦͣͯ ͍͔͒ͦ͜-ͯͪͦͯ͟ ;͔͔ͪ͘ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͔͍͙ͨͤͻ ͍͔͒ͦͨͦͤͤΈΦ 

̂ ͋͜͡Έ΄ ͔ͦͣͨͫͤͦͣͯ͟͟͡ ͍͊ͪ͊ͤͭ͜͜Σ ͎ͨͪͦͪ͊ͣ͊ ˱͔͔ͤͭͪͤͭ-͎͙ͣ͊͊ͤͯ͘ ς ͼ͔ ͙͔ͫͫͭͣ͊ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͣͫͭͦͣ͜ ͚ͫ͊ͭͯΣ Ύ͊͟ ͍͔͗ ͣ͊Ί 
͙ͨ͒ͭͪͣͯ͜͟ ͙͍ͫͪͨͭ͟͜Σ ͤ͊͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍ ͦ -͚͍ͤ͊ͤͦͦͣͯ͡ ͔͙ͪ͗ͣ͜ ͍ ͔ͣ͗͊ͻ ͤ͊Ύ͍͎ͤͦͦ ͙͔͊ͫͦͪͭͣͤͭͯ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍ͯͨ͟͜͡Ό 
͙ͨͦͭͪ͋ͤ͜ͻ ͍͍ͭͦ͊ͪ͜Φ 

˭͍͔͊ͪ΄͊͡Έ͙͚ͤ ͔ͭ͊ͨ ͍͔ͫͭͦͪͤͤΎ ͚ͫ͊ͭͯΣ Ί ͚͎ͦͦ ͙ͦͨͭͣ͊͘͜ͼ͜Ύ ͭ͊ ͍ͯ͊͊͘͘͜͜͡ͼ͜ΎΦ ˨͍ͦ͒͊͊ͤͤΎ ͊ͪͭͦ͟͟Σ ͙ͦͨͫΣ ͙ͦͤ͜͟͟ ͭ͊ ͤ͜΄͔ 
͍͙͍ͨ͊͡Ί ͤ͊ ͙͚ͫͨͪͤΎͭͭΎ ͙͍ͦͪͫͭͯ͊͟;͊Σ Ύ͙͚͟ ͍͍͒͒͊͜͜Ί ˱͔͔ͤͭͪͤͭ-͎͙ͣ͊͊ͤ͘Φ 

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟Φ ˾͔͊͊͘͜͡ͼ͜Ύ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͨ͒͜ͻ͍ͦ͒͜ ͙ͫͭͪͣͯΊͭΈͫΎ ͔ͤͪ͜ͼ͜ΊΌ 
͙͔͙ͫͫͭͣ ͍͙ͦͫͭ͜Σ Ύ͊͟ ͍͙ͦͤͯ͟Ί ͣͦͤͦͨͦ͡Έͤͯ ͪͦ͡Έ ͯ ͍͙ͤ͊ͤͤ͘͜ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͤ͊;͊ͤͤΎΦ ˽͒͜ ͍͙͍ͨͦͣ͡ ͔͍ͪͦ͡Όͼ͚͙ͤ͜ͻ ͣͤ͘͜ ͯ ͫͺ͔ͪ͜ 
˱˴́ ͔ͤ ͭ͜͡Έ͙͟ ͘ϥΎ͍͙͊ͫ͡Ύ ͙͍ͣͦ͗ͫͭ͜͡Έ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͙ͤͦͻ ͍͙͍͒͜ ͜ ͺͦͪͣ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͊ ͚ ͪͦͫ͊͘͡ ͙͒ͤ͊ͣ͊͜͟ ͍͙͎ͣͦ ͒ͦ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͺ͊ͻ͍͜ͼ͍͜Σ ΅ͦ ͍͙͎ͣ͊͊Ί ͔͔͔͍͎͋ͨͪͪͤͦͦ͘ ͍͔ͦͤͦͤͤ͡Ύ ͤ͊ͤ͘Έ ͜ ͍͙ͤ͊;ͦ͟Φ ̂ ͍͘ϥΎͯ͘͟ ͘ ͼ͙ͣΣ ͍ͤͦ͜ ͔ͣͦ͒͜͡ 
͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎ ͍͙ͨͦͤͤ͜ ͙ͨͦ͒ͦ͊ͭ͡ ͍͍͒ͫͭ͊͊ͤͤ͜Ύ ͔͔͚ͣͦ͒͡ ͙ͭͪ͊͒ͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜ ͍͒͜ ͔͙ͨͦͭͪ͋ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͭ͊ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͤ͊ͤ͘ΈΣ ͍͙͊ͨͪͦͨͦͤͯ͊ͭ͘ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ͜ ͪ͜΄͔ͤͤΎ ͒͡Ύ ͍͙ͤͦͻ ͍͙͍͒͜ ͜ ͍ͯͣͦ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

˻͙͍ͫͦ͋ͦ͡ ͼ͔ ͫͭͦͫͯΊͭΈͫΎ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͙ͨ͒ͭͪͣͯ͜ΌͭΈ ͤ͜΄ͯ ͔ͦͤͦͣ͟͜;ͤͯ ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͯ͜ ͔ͣͦ͒͡Έ ͔͔ͨͪ͒͊;͜ ͤ͊ͤ͘ΈΣ 
ͦͼͤ͜Ό͍͊ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͤ͊;͊͡Έͤͦ͝ ͫͨ͜͡Έ͙ͤͦͭ ͜ ͍͊͘Ίͣͦ͒͜͝ ͣ͗͜ ͚͎ͦͦ ;͔͙ͤ͊ͣ͡ ͍ ͍ͯͣͦ͊ͻ ͤ͜͟͡Ό͘͜͝Φ ˿ͯͭͭΊ͍͊ ͪͦ͡Έ 
͙ͨͪ ͼΈͦͣͯ ͔͋ͯ͒ ͍͍͔͔͒͒ͤ͊͜ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͣ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤͣ͜ ͔ͭͻ͎ͤͦͦ͜͡ΎͣΣ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜Ό ͨͪͦͼ͔ͫͯ 
͍ͤ͊;͊ͤͤΎΣ ͊͒͊ͨͭ͊ͼ͜Ό ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͣͫͭ͘͜ ͒ͦ ͔ͨͦͭͪ͋ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔ͫͭͯ͒ͤͭ͊Σ ͦ͋ͪͦ͋ͯ͟ ͙͒͊ͤͻ ΅ͦ͒ͦ ͨͪͦͼ͔ͫͯ 
͍ͤ͊;͊ͤͤΎ ͜ ͎͋͊͊ͭͦ ͤ͜΄͎ͦͦΦ ˿͔͊ͣ ͍ ͼΈͦͣͯ ͤ͊ͨͪΎͣͯ͟ ͔͔͔ͦͫͪ͒͗ͤ͘͜ ͔͔͙͍ͨͪͫͨͭͤ͟͜ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ ͦ͋͊ͫͭ͜͡ 
͔͔͔͍͎͋ͨͪͪͤͦͦ͘ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎΣ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͍͔ͫͭͦͪͤͤΎ ͔͔͚ͣͦ͒͡ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͒͡Ύ ͊͡Έ͔͙͍͎ͭͪͤ͊ͭͤͦͦ ͨ͒͜ͻͦ͒ͯ 
͒ͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔͔͔͍͋ͨͪͪͤͦ͘͝ ͍͙ͦͫͭ͜Φ 

͙́͊ͣ͟ ;͙ͤͦͣ ͔͔ͪͦͪͦ͋ͤ͘͡ ͍ͦͫͭͤ͜Ί ˱͔͔ͤͭͪͤͭ-͔͔͍͙ͫͪ͒ͦ΅͔ ζ˾˻˭˾˻ˣ˴ˢ ˱˹́˩˾˹˩́-ˤ˱́˾ˮ˹ˮ  ˹ˢ ˶˻˴ˢ˶̎˹˻˸̂ t/η ͒͡Ύ 
͡Ό͔͚͒ ͘ ͍͙͊͒͊ͣ ͦͪͯ͘ ͍͍͒ͨͦ͒͊͜͜Ί ͙ͨͪͤͼ͙ͨ͊ͣ ͙͔͙ͫͫͭͣ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͤ ͍͊;͊ͤͤΎ ώмуϐΥ 

- ͤ ͔͔͔͍ͨͪͪͤͦͫͭ͜ ς ͘ ͔͔͊͋ͨ͘;͔ͤͤΎ ͍ͫ͜ͻ ͔͍ͭ͊ͨ͜ ͭ͊ ͍͙͍͒͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ˤ˹˭ ό͔͔͙ͭͦͪͭ;ͤͦ͝Σ ͙ͨͪ͊ͭ͟;ͤͦ͝ύΤ 
- ͍ͪ͊ͻ͍ͯ͊ͤͤΎ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͨͪͦͼ͔ͫ͜ ͙ͪͦͪͦ͋͘͟ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͯͪͫͯ͟ ͔͔ͨͪ͒͋͊;͊Ί ͣͦ͒ͯ͜͡Σ 

͔͎͊͒͊͒͘͘͜͡Έ ͪͦͪ͊͘ͻ͍ͦ͊ͤ͜ ͤ͊ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͔͍ͫͭͯ͒ͤͭ͜ ͊͘ ͭͪΈͦͣ͊ ͍ͪͤ͜Ύ͙ͣΥ ͙ͨͫͻͦͺ͎ͦͦ͘͜͜͜͡;͙ͤͣΣ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͣ ͜ 
ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙ͤͣΣ ͊ ͭ͊ͦ͗͟ ͊͘ ͍͔ͪͤͣ͜ ͝ͻ ͍͋͊ͦͦ͘͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜ ό͒͡Ύ ͦͫ͋͜ ͘ ͍͙͊͒͊ͣ ͦͪͯ͘ 
͍ͦ͋ͦΩΎ͍ͦ͊͘͟ ͤ͊Ύ͍ͤͫͭ͜Έ ͊ͯ͒ͦ͜-͔ͣ͊ͭͪ͊ͯ͜͡Σ ͔ͣ͊ͭͪ͊ͯ͜͡Σ Ύ͙͚͟ ͔ͣͦ͗ ͙͋ͯͭ ͙͚ͪͦͨͤ͊ͤ͘͘͜ ͙͔͙ͫͤͭ͊ͭͦͪ͊ͣ͘ ͍͙ͣͦύΤ 

- ͔͎ͤͭͪ͊͜ͼ͜͝ ς ͍͔ͫͭͦͪͤͤΎ ͍ͪͭͯ͊͜͡Έͤͦ͝ ͔͔ͭͪͦͤͤͦ͟͡͝ ͔͙͋͋ͦͭ͜͜͟͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ ͍ͯͪͫ͟͜Σ ͍͋͊ͤ͟͜ ͙͒͊ͤͻ ͭ͊ ͋͊͘ 
ͤ͊ͤ͘Έ ͘͜ ͊͘ͻ͙ͫͭͦͣ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͍͊ͭͦͪͫΈ͙͟ͻ ͍ͨͪ͊Φ 

͙́͊ͣ͟ ;͙ͤͦͣ ͤ͊ ͍ͦͫͤͦ͜ ͍͒ͦͫ͒ͯ͜ ͙ͣ ͍͙ͤ͊͘;͙͙͡ ͍ͦͫͤͦͤ͜ ͍͙ͯͣͦ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͙͍͙͙ͦͫͦ͋ͣ͡ 
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͍ͤͦͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙ͣ ͔ͣͦ͗ͣͦ͘ ͍͙ͨ͒͜΅͙͙ͭ Ύͫͭ͟͜Έ ͍ͤ͊;͊ͤͤΎΣ Ύ͟ ͒͡Ύ ͍͙͘;͚͎͊ͤͦͦ ͔ͫͭͯ͒ͤͭ͊Σ ͭ͊͟ ͜ ͒͡Ύ ͤ͜͟͡Ό͙͍ͤͦ͘͝ ͺ͙ͦͪͣ 
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EXPERIENCE IN USING E-LEARNING TOOLS IN INCLUSIVE EDUCATIONAL SPACE OF HIGHER SCHOOL 

Anna Alekseeva, Oleksandr Antonenko, Kostiantyn Zhadan, Maksym Lyfenko 
Berdiansk State Pedagogical University, Ukraine 

Abstract. Issues that are considered in the article are related with e-learning in higher education establishments. In the 
current context informative-communication technologies changed the market competition of IT-specialists substantially, 
providing participants of the market with absolutely new instruments and channels of influence on consciousness of mass 
audience in the region of educational services. The analysis of theoretical research and program developments in industry of e-
learning are provided, it  is proved that there are strong tendencies of efficiency of introduction of e-learning during life which 
requires system transformation of organizational and pedagogical bases of learning. Results of research of inclusive problem in 
higher education by the example of weak-eyed students of Berdyansk State Pedagogical University by means of e-learning are 
provided. The examples of developments are described (an educational cyberspace for weak-eyed people, and for blind people in 
professional studies of computer technologies, where themes have audio and video accompaniment, DAISY-format gives 
partially methodical material). The key trends of e-learning in the region of education are selected, that in total serves as the 
striking example of transformation of learning from one hand, and availability of technological innovations as basis of 
experimental researches on the other hand. 

The basic factors of successful introduction of e-education are given in higher education establishments, in particular in 
the conditions of inclusion. It is discovered that in the last few years computerization of universities considerably influenced on 
speed, availability and other indexes of learning, and also on the personal interest of students in educational process. 

Tendencies of researches are defined in the region of e-learning in the conditions of inclusion and underline necessity of 
opening of experience of higher educational establishments in relation to introduction of computer technologies and special 
didactics methods in the process of learning of students with the special needs. 

Key words: higher education, information technologies, e-learning, inclusive educational environment. 
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͙͍͔͚ͣͦ͗ͦͫͭ͡Σ ̈́  ͦ͘ ͔͔͊͋ͨ͘;ͯΌͭΈ ͯ ͫͨ͜΄͔ͤ ͒ ͦͫΎ͎͔ͤͤͤΎ ͣ ͔͙ͭΦ 
              ˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͨͪͦͺ͔͚͙͚ͫͤ͜ ͍͙ͪͦͭͦ͘͟Σ ͙ͨͪͤͼ͙͙ͨ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟Σ ͍͙͚ͯͪͫͦ͟ ͜ ͍͙͚ͣ͗ͯͪͫͦ͜͟ ͔͙ͨͪͦ͒͜ 
͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝Σ  ͙ͫͤ͒ͪͦͣ ͔ͣͦͼ͚͎ͤͦͦ͜ ͍͙͎ͦͪ͊ͤͤΎΦ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˻͍͔ͤͦͤͤ͡Ύ ͣͫͭͯ͘͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ όͨͪͦͺ͔͚ͫͤͦ͜-͔ͭͻͤ͜;ͤͦ͝ύ ͍͙ͦͫͭ͜ ͯ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͒ͦ 

͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜ ͍ͯͣͦ͘͡ΌΊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͙ͤͦͻ ͎͔͙͍͙ͨͪͦͪͫͤͻ ͨ͒͜ͻ͍ͦ͒͜ ͜ ͔͍ͣͭͦ͒͜ ͒ͦ ͔ͪ͊͊͘͜͡ͼ͜͝ ͊ͭͯ͊͟͡Έ͙ͤͻ ͍͊͒͊ͤ͘Έ 
ͯ ͫͺ͔ͪ͜ ͔͎͎͙ͨ͒͊ͦ͜͟Σ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ ͨͪ͊ͼ͍͙͙ͤ͊ͣ͜͟ ͍͊͊͒͘͟͜͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ όͨͪͦͺ͔͚ͫͤͦ͜-͔ͭͻͤ͜;ͤͦ͝ύ ͍͙ͦͫͭ͜ 
͍ͤͦͭͤ͜͜ͻ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͜ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ̂ͫͨ͜΄͔ͤ ͍͙ͪ͜΄͔ͤͤΎ ͼ͙ͻ ͍͊͒͊ͤ͘Έ ͙͍͔ͣͦ͗͡ ͊͘ ͍͙ͯͣͦ Ύͫͤͦ͟͜͝ ͙͔͙ͫͫͭͣ 
͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͤ͊ ͍ͦͫͤͦ͜ ͫͯ;͙͊ͫͤͻ ͎͎͊ͤ͒ͪ͊ͦ͜;͙ͤͻ ͔͔͚ͣͦ͒͡ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟Τ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ 
ͣͫͭͯ͘͜ ͍͎ͯͪͫͦͦͦ͟ ͔ͨͪͦ͒ͯ͜ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝Σ ͚͎ͦͦ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜͝Τ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͍ 
͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫΤ ͔͙ͣͭͦ͒;ͤͦ ͍͎ͫͨ͊ͤͦ͊ͤͦͦ͡ ͍͎ͣ͗ͯͪͫͦͦͦ͜͟ ͔ͨͪͦ͒ͯ͜Φ  

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˤ ̂ͪ͊ͤ͟͜͝ ͫͤͯ͜ΌͭΈ ͪͤ͘͜͜ ͺ͙ͦͪͣ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͔͎͎͍ͨ͒͊ͦ͜Σ Ύ͟͜ ͍͙ͨͦͤͤ͜ 
͙ͫͨͪΎ͙ͭ ͍͔͊͒ͦͦͤͤ͘͡Ό ͝ͻ ͔͔͍ͤͭͪͫ͜͜ ͯ ͚ͨͦͫͭͤͦͣͯ͜ ͍͙ͨ͒͜΅͔ͤͤ͜ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍ͪͤ͜ΎΦ ˹͍͊ͯͦ͟ͼ͜ ό˶Φ ˶ ͙͍͙͍ͭͤͦ͊Σ ˹Φ ˾ ͔͚͒͜Σ 
˱Φ ˿ ͚͊ͣͦ͡Ό͔͍͙͟;Σ ˿Φ ́ ͦͦ͡;ͦ͟ ͭ͊ ͤ͜Φύ ͙ͨͪ͒͜͡ΎΌͭΈ ͍͎ͯ͊ͯ ͼΈͦͣͯ ͙ͨͭ͊ͤͤΌ ͜ ͒ͦͫ͒͗ͯ͜͡ΌͭΈ ͔͙ͨͪͦ͋ͣ͡ ͔͔͔͍͎ͤͨͪͪͤͦͦ 
ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͔͎͎͍ͨ͒͊ͦ͜Σ ͍͙ͤ͊͘;͊ΌͭΈ ͍ͦͫͤͦͤ͜ ͔͙ͦͣͨͦͤͤͭ͟ όͨͪͦͺ͔͚͙͚ͫͤ͜ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙͚ͤ ͍͙ͪͦͭͦ͘͟Σ ͨͪͦͺ͔͚͙͚ͫͤ͜ 
͍͊͘Ί͍͙ͣͦͪͦͭͦ͘͟Σ ͨͪͦͺ͔͚͙͚ͫͤ͜ ͔͙͍͙͚ͦͭͤ͟͟͡ ͍͙ͪͦͭͦ͘͟ύ ͜ ͺ͙ͦͪͣ ό͙͊ͯ͒ͭͦͪͤ͜ ͭ͊ ͙ͨͦ͊͊ͯ͒ͭͦͪͤ͘͜ ͊ͤ͘ΎͭͭΎΣ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ 
͙ͨͪ͊ͭ͊͟͟Σ ͍ͫͭ͊͗ͯ͊ͤͤΎΣ ͔͔ͦͪͫͨͦͤ͒ͤͭͫ͟Έ͊͟ ͺͦͪͣ͊Σ ͙͒ͫͭ͊ͤͼ͚ͤ͊͜Σ ͍ͤ͊ͨͫͭ͊͜ͼͦͤ͊ͪ͜Σ ͔ͤ͒͜͡Έͤ͊ ΄ͦ͊͟͡Σ ͍͔;ͪͤ͜Ύ ΄ͦ͊͟͡Σ ͔͎͍ͭͪͤͤͦ͜͜ 
͍ͤ͊;͊ͤͤΎύΦ ˭ͣͫͭ͜ ͍ͯͪͫ͟͜ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͍͙͎͙ͣͦ͊ͣ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͒ͦ ͍͊ͫͦ͋͘͜Σ ͺͦͪͣ ͜ ͔͍ͣͭͦ͒͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͎͎͍ͨ͒͊ͦ͜ 
ͤ͊ ͍ͦͫͤͦ͜ ͍ͤͦͭͤ͜͜ͻ ͍ͦͫͭͤ͜Έͦ-ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͎ͨͪͦͪ͊ͣ ώнΣ пϐΦ 9Φ ±ƛƭƭŜƎŀǎ-wŜƛƳŜǊǎΣ ͚͙͍͒ͫͤ͘͜΄͙ ͤ͊ ͍͔͊ͣͦͤͤ͘͡Ύ ̑˹˩˿˴˻ ͊ͤ͊͘͜͡ 
͍͍ͫͭͦͦ͜͝ ͔͙ͭͪ͊ͭͯͪ͜͡Σ ͍͙͔͙ͦͪͣ͊͟͡ ͻ͔͊ͪ͊ͭͪͤ͟͜ ͙͙ͪͫ ͫͯ;͎͊ͫͤͦͦ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͔͎͎͍ͨ͒͊ͦ͜ ͜ ͊ͤ͊͘͘;͙͊͡Σ ΅ͦ Ί͙͒ͤͦ͝ 
͔ͣͦ͒͜͡ ͼΈ͎ͦͦ ͍͎͙͍͎͒ͦͦͭͪ͊ͦͦ͡ ͨͪͦͼ͔ͫͯ ͍ ͙ͪͤ͘͜ͻ ͪ͊ͤ͊͟͝ͻ ͔ͤ ͫͤͯ͜Ί ώрϐΦ  
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 ˹ ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͔ͨͦͭͪ͋ͯΊ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͨͪͦ͋ͣ͊͡ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͔͎͎͍ͨ͒͊ͦ͜ ͔͙ͦͪͣ͟ͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ ͯ 
ͭͦͣͯ ;͙ͫ͜͡ ͜ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ͤ͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͔͙͙ͦͪͫͭ͟͡ ͫͭͪͯͭͯͪͤͦ͟-ͺͯͤ͟ͼͦͤ͊͜͡Έͤͯ ͔ͣͦ͒͡Έ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ 
͍͙ͪͦͭͯ͘͟ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ ͙͔ͫͫͭͣ͜ ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ ͍͙ͦͫͭ͜Φ 

˸͔͙ͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͔͔͙ͭͦͪͭ;ͤ͜ ό͊ͤ͊͘͜͡Σ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΣ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜ΎύΣ  ͔͙ͣͨͪ͜;ͤ͜ ό͙͍ͦͨͭͯ͊ͤͤΎύΣ ͙͙ͫͭ͊ͭͫͭ;ͤ͜ 
ό͍ͨͦͪͤ͜Ύ͡Έ͙͚ͤ ͊ͤ͊͘͜͡ύΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˽ͦ͒͊ͤ͊ ͫͭͪͯͭͯͪͤͦ͟-ͺͯͤ͟ͼͦͤ͊͜͡Έͤ͊ ͔ͣͦ͒͡Έ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍͙͊͒͊͟͡;͍͜ 
͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ ͙͔ͫͫͭͣ͜ ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ ͍͙ͦͫͭ͜ ˭͊ͨͦͪ͘͜Έ͎ͦͦ͟ ͔͎ͪͦͤͯ͜ Ί ͼ͙ͫͤͣ͜͜͡ 
͍͔ͯͭͦͪͤͤΎͣΣ ΅ͦ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘͜ ͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͜ ͍͊͘Ί͍͔͙ͣͦͯͣͦͤ͘͡ͻ ͍͋ͦ͟͜͡Υ ͼ͔ͨͦ͊͒͊ͤͤ͜͟͡͡ΎΣ ͍͎ͣͫͭͦͦͦ͘͜Σ 
͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͭ͊ ͎͙͒͊ͤͦͫͭͦ͜͟-͔ͪͯ͘͡Έ͙͍͎ͭ͊ͭͤͦͦ ό͒ͦ͒͊ͭͦ͟ мύΦ ˤ͙͔͒ͤ͜͜͡ ͺͯͤ͟ͼͦͤ͊͜͡Έͤ͜ ͔͙ͦͣͨͦͤͤͭ͟ ͔͔ͨͪͻͦ͒ΎͭΈ ͯ ͫͭͪͯͭͯͪͤ͟͜Φ 
˸͔ͦ͒͡Έ Ί ͍͙͒ͪͭͦ͜͟ΌΣ ͙͒ͤ͊ͣ͜;ͤͦΌΣ ͍͙͍͊ͪ͊ͭͤͦ͜ΌΤ ͍ͦͤ͊ ͔͎ͤͭͪͯ͜Ί ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͯΣ ͍ͣͫͭͦͯ͘͜Σ ͨͪͦͼ͔ͫͯ͊͡Έͤͯ ͚ ͎͙͒͊ͤͦͫͭ͜;ͤͯ 
͍͙ͦͫͤͦΣ ͍͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ Ύ͙͟ͻ ͍͒ͦ͋ͪ͊͗͊͜Ί ͔ͣͭͯ ͭ͊ ͔ͪͯ͘͡Έͭ͊ͭΦ ˽͔͍ͪͦͭͯ͊ͤͤ͟Ύ ͼ͜Ί͝ ͔ͣͦ͒͜͡ ͍͍͒͋ͯ͊ͦͫ͜͡Ύ ͊͘ ͙ͨͪͤͼ͙ͨͦͣ 
ͣͦ͊͘͝;ͤͦͫͭ͜Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͋ͦ͡;ͤͦ-ͣͦ͒ͯ͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ͒ͦ ͍͙ͨͦ͋ͯ͒ͦΦ ˴͔ͦ͗ͤ ͋ͦ͟͡ ͍͟͡Ό;͊Ί ͙͍ͣͦͭ͊ͼ͚ͤͦ͜-ͦͪ͜Ί͍ͤͭͯ͊͡Έ͙͚ͤΣ 
͍͙͚ͣͫͭͦ͘͜Σ ͨͪͦͼ͔ͫͯ͊͡Έ͙͚ͤΣ ͦͼͤͤͦ͜-͔ͪͺ͔͙͍͙͚ͫͤ͟͡ ͔͙ͦͣͨͦͤͤͭ͟Σ Ί͒ͤͫͭ͜ΈΣ ͍͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ ͜ ͍͊͘Ί͍͔ͣͦͯͣͦͤͫͭ͘͜͡Έ Ύ͙͟ͻ 
͍ͯͣͦ͘͡ΌΌͭΈ ͨͪͦͺ͔͚͙͚ͫͤ͜ ͍͙ͪͦͭͦ͘͟ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ ͙͔ͫͫͭͣ͜ ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ 
͍͙ͦͫͭ͜Φ 

˸͔ͭͦΌ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔ͣͦ͒͜͡ Ί ͨͪͦͺ͔͚͙͚ͫͤ͜ ͍͙ͪͦͭͦ͘͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͊ͤ͊͘͘;͔ͤͦ͝ ͔͎͊ͭͦͪ͟͜͝ ͤ͊ ͍ͪͤ͜͜ ͫͯ;͙͊ͫͤͻ 
͍͙͎ͣͦΦ 

˨͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͼ͜Ί͝ ͔͙ͣͭ ͨͦͭͪ͋ͤͦ͜ ͍͙͙ͦͤ͊ͭ͟ ͭ͊͟͜ ͍͊͒͊ͤͤ͘ΎΥ  
1) ͍͙͊ͭͯ͊ͯ͊ͭ͘͟͜͡ ͨͪͦͼ͔ͫ ͙͍ͣͦͭ͊ͼ͜͝ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͍ͦͫͭͤ͜Έͦ͝ 

͒͜Ύ͡Έͤͦͫͭ͜Τ  
2) ͫͺ͍͙ͦͪͣͯ͊ͭ ͯ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͙͔ͫͫͭͣͯ ͺ͊ͻ͍͙ͦͻ ͜ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ 

ͤ͊ͤ͘Έ ΄͡Ύͻͦͣ ͨͦΊ͒ͤ͊ͤͤΎ ͍ͤ͊;͊͡Έͤͦ͝ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭΤ  
3) ͔͔͊͋ͨ͘͘;͙͙ͭ ͤ͊͋ͯͭͭΎ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͍͒ͦͫ͒ͯ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 
˽͍͙͙ͪͦ͒ͤͣ͜ ͙ͨͪͤͼ͙͙ͨ͊ͣ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ 

ͨͫ͜͡Ύ͙͚͒ͨͦͣͤ͜͡ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͍ͦͫͭ͜͜ Ί ͭ͊͟͜Υ 
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ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͍͙͍ͨͯ͡ ͦ͋ΩΊ͙͍͙ͭͤ͟ͻ ͺ͍͊ͭͦͪ͟͜ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͔͙ͫͫͭͣ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͤ͊ͤ͘ΈΣ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ  ͫͯ;͙͊ͫͤͻ ͔͔͙ͭͦͪͭ;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͯ ͎͊ͯ͘͜͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͍͙ͦͫͭ͜Φ 

2. ˽ ͙ͪͤͼ͙ͨ ͔͔͔͍ͤͨͪͪͤͦͫͭ͜Σ ͎͒ͤͦ͘͜ ͘ Ύ͙ͣ͟ ͨͪͦͺ͔͚͙͚ͫͤ͜ ͍͙ͪͦͭͦ͘͟ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͯ ͨͫ͜͡Ύ͙͚͒ͨͦͣͤ͜͡ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͍ͦͫͭ͜͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ Ύ͟ ͯ ͍͙͚ͯͪͫͦ͟Σ ͭ͊͟ ͜ ͯ ͍͙͚ͣ͗ͯͪͫͦ͜͟ ͔ͨͪͦ͒͜Σ ͊ ͭ͊ͦ͗͟ ͨ͒͜ ;͊ͫ 
͚ͨͦͫͭͤͦ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 
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4. ˽ ͙ͪͤͼ͙ͨ ͫͯ͋ΩΊͭͤͦͫͭ͟͜Σ Ύ͙͚͟ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͯ ͍͙ͤ͊ͤͤ͘͜ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
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͊͘ͻ͍ͦ͒͜Φ 
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͍͙͍͊͗ͦ͡͝ ͔͙ͣͭΣ ͦͪ͘͜Ί͍ͤͭͦ͊ͤͦ͝ ͤ͊ ͨͪͦͺ͔͚͙͚ͫͤ͜ ͍͙ͪͦͭͦ͘͟Φ  

сΦ ˽͙ͪͤͼ͙ͨ ͎͚͎͊ͪͣͦͤͤͦͦ͜ ͨͦΊ͒ͤ͊ͤͤΎ ͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͭ͊ ͔͙ͤͭͪ͊͒ͼ͚͙ͤ͜ͻΣ ͙͍͙͊ͭͤ͟ͻ ͺͦͪͣ ͜ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͙͒ͦͪͦͫ͡ͻΣ 
Ύ͙͚͟ ͔͔ͨͪ͒͋͊;͊Ί ͔͔ͨͪͻ͒͜ ͍͒͜ ͙͒ͫͼ͙ͨͤ͊ͪͤͦ͜͡͝ ͔ͣͦ͒͜͡ ͍ͤ͊;͊ͤͤΎ ͒ͦ ͙͔ͫͫͭͣͤͦ͝Τ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͘͜Ί͍͙͚ͤͭͦ͊ͤ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ 
͍ ͔ͣ͗͊ͻ ͍͎ͯͪͫͦͦͦ͟ ͔ͨͪͦ͒ͯ͜Τ ͍ͭͦͪ;ͯ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͨͪͦͺ͔͚ͫͤͦ͜ ͫͨͪΎ͍ͣͦ͊ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͎͎͍ͨ͒͊ͦ͜Φ 

˻͔͔ͪͫͤ͟͜͡ ͍͊͒͊ͤͤ͘Ύ ͭ͊ ͙ͨͪͤͼ͙͙ͨ ͒͊ΌͭΈ ͎ͣͦͯ͘ ͪ͊ͼͦͤ͊͜͡Έͤͦ ͍͙ͨͦ͋ͯ͒ͯ͊ͭ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͜ ͺͦͪͣͯΌͭΈ ͍͙͚ͣͫͭͦ͘͜ 
͋ͦ͟͡Σ Ύ͙͚͟ ͔͔ͨͪ͒͋͊;͊Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͊͊͒͘͟͜͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
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3) ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͨͪͦͼ͔ͫͯ ͫ͊ͣͦͦͼͤ͜Ό͍͊ͤͤΎ ͔͎͎͙ͨ͒͊ͦ͊ͣ ͍͎͊ͫͤͦͦ͡ ͍͒ͦͫ͒ͯ͜Σ ͔͚͒͋ͤͦͫͭ͘͜Σ ͔ͫͨͼ͙ͺ͜;͙ͤͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͜ 

Ύ͔͚ͦͫͭ͟Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͒͡Ύ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͍ ͍ͯͣͦ͊ͻ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͨͪͦͺ͔ͭͻ͍͙ͦͫͭ͜Φ 
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͍ͯͣͦ͊ͻ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͨͪͦͺ͔ͭͻ͍͙ͦͫͭ͜ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͫͯ;͎͊ͫͤͦͦ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Τ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ 
͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͫͯ;͙͊ͫͤͻ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͯ;͙͍͊ͫͤ͟͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ ͔̋ 
͙ͦ͒ͤͣ ͙ͨͦ͊ͤͦͣ͘͟͟ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͼΈ͎ͦͦ ͋ͦͯ͟͡ Ί ͍͔ͪͤ͜Έ ͫ͊ͣͦͦͼ͙ͤ͜͟ ͔͎͎͙ͨ͒͊ͦ͊ͣ ͍͎͊ͫͤͦͦ͡ ͫͯ͋ΩΊ͙͍͎ͭͤͦͦ͟ ͍͒ͦͫ͒ͯ͜ 
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͔́ͻ͎ͤͦͦ͜͡;͙͚ͤ ͋ͦ͟͡ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͍ͦͫͤͦͤ͜ ͤ͊ͨͪΎ͙ͣ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͎ͣͫͭͦͦͦ͘͜ ͋ͦͯ͟͡ ͚ ͦͻͦͨ͡ΌΊ ͍͙͚ͯͪͫͦ͟ ͭ͊ 
͍͙͚ͣ͗ͯͪͫͦ͜͟ ͔͙ͨͪͦ͒͜ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Φ ˽͙ͪ ͚͎ͦͦ 
ͪͦͪͦ͋͘ͼ͜ ͙͍ͦͫͦ͋ͯ͡ ͍͎ͯ͊ͯ ͙ͣ ͔͔͙͙ͦͫͪ͒͘͡ ͤ͊ ͎͋͊͊͘;͔ͤͤ͜ ͣͫͭͯ͘͜ ͍ͯͪͫ͟͜ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ΄͡Ύͻͦͣ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ 
͔ͫͨͼ͍ͯͪͫ͟͜ ͊͘ ͍͙͋ͦͪͦͣ ͫͯ͡ͻ͊;͍͜ ζ˾͔͊͊͘͜͡ͼ͜Ύ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜ ˭˽́˻ηΣ ζ˾͍͙ͦͭͦ͘͟ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ ͺ͊ͻ͍ͦͦ-ͦͪ͜Ί͍ͤͭͦ͊ͤͦͣͯ 
͍ͦͫͭͤ͜Έͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ηΣ ζ˾͔͊͊͘͜͡ͼ͜Ύ ͔͚͒͜ ͔͎͎͙ͨ͒͊ͦ͜͟ ͔͍ͨ͊ͪͭͤͪͫͭ͊ ͯ ͫͯ;͊ͫͤͦͣͯ ˭˽́˻ηΣ ζ˩ͺ͔͙͍ͭͤ͟͜ ͔͙ͣͭͦ͒ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͍ͣͦͭ͊ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜ ˭˽́˻ηΣ ζˤ͍͔ͨͪͦ͊͒͗ͤͤΎ ͣͦ͒ͯ͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͍ ͙͔ͫͫͭͣ͜ 
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͙͍ͣͦͭ͊ͼ͜͝ ͒ͦ 
͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 

˭
˸
˱
˿
́
˻
ˤ
ˮ
˯
 

ˣ
˶
˻
˴

 

͍̅ͦͪͣͯ͊ͤͤΎ ͔͙ͨͦͭͪ͋ ͍ 
͍͔ͦͤͦͤͤ͜͡Σ ͎͋͊͊͘;͔ͤͤ͜Σ 
͍͔ͦͤͦͤͤ͜͡ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͤ͘ΈΣ 
ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟ 

˽͎͙͔ͦ͋ͤͤ͡͡Ύ ͤ͊ͤ͘Έ ͫͯ;͊ͫͤͦ͝ 
͙͍ͤͦͪͣ͊ͭͤͦ͝ ͙͋͊͘ ͘ 
ͦͼͤ͜Ό͍͊ͤͤΎΣ ͙ͨͫͻ͎ͦͦͦ͡-
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͦͤ͟ͼ͔ͨͼ͚͜ ͍͙͍ͨͯ͡ 
ͦͼ͙ͤ͜͟ ͤ͊ ͍͙ͪͦͭͦ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ 

˭͔͔͊͋ͨ͘;͔ͤͤΎ ͤ͊͋ͯͭͭΎ 
͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͍͒ͦͫ͒ͯ͜ ͒͡Ύ 
͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨ ͪͦͼ͔ͫͯ 
͍ ͍ͯͣͦ͊ͻ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͫ ͔͙ͫͭͣ 
ͨͪͦͺ͔ͭͻ͍͙ͦͫͭ͜ 

́
˩
̆
˹
˻
˶
˻
˥
˱
̉
˹
ˮ
˯
 

ˣ
˶
˻
˴

 

̅˻˾˸ˮ ˱ ˸˩́˻˨ˮ 

 

 

˽˾ˮ˹̇ˮ˽ˮ ͤ ͍͊ͯͦͦͫͭ͟͜Σ ͔͔͔͍ͤͨͪͪͤͦͫͭ͜Σ ͔ͦͣͨͫͤͦͫͭ͟͟͜͡ ͭ͊ Ί͒ͤͦͫͭ͜Σ ͫͯ͋ϥΊͭͤͦͫͭ͟͜Σ ͔ͦͤͭͫͭͤͦͫͭ͟͟͜Σ 
͎͚͎͊ͪͣͦͤͤͦͦ͜ ͨͦΊ͒ͤ͊ͤͤΎ ͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͜ ͔͙ͤͭͪ͊͒ͼ͚͙ͤ͜ͻ ͺͦͪͣ ͜ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͙͒ͦͪͦͫ͡ͻ 

 

˴̂˾˿˻ˤˮ˯ ˽˩˾˱˻˨ 
 ˻ ͍ͫͭͤ͜Έͦ-ͨͪͦͺ͔͚ͫͤ͊͜ ͎ͨͪͦͪ͊ͣ͊ ͍ͯͪͫ͟͜ ͍͙ͨ͒͜΅͔ͤͤΎ 
͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͍͙͊͒͊͟͡;͍͜ ͨ ͪͦͺ͔͚ͫͤͦ͜͝ όͨͪͦͺ͔͚ͫͤͦ͜-
͔ͭͻͤ͜;ͤͦ͝ύ ͍͙ͦͫͭ͜ 

˸˱ˬ˴̂˾˿˻ˤˮ˯ ˽˩˾˱˻˨ 
 ς ͔͎͙ͭͪͤͤ͜ ζˤͤͯͭͪ͜΄͚ͤ͜ ͙͎ͣͦͤͭͦͪͤ͜ Ύͦͫͭ͟͜ 
͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͊͊͒͘͟͜͡ ˽́˻ηΣ ζ˽͔͎͎͒͊ͦ͊͜͟ 
͔͍ͨ͊ͪͭͤͪͫͭ͊ ͍ ͫͯ;͊ͫͤͦͣͯ ͊͊͒͘͟͜͡ ˽́˻ηΣ 
ζ˿ͦͼ͊͜͡Έ͔ͤ ͔͍ͨ͊ͪͭͤͪͫͭͦ Ύ͟ ͔͔͔ͣͤͭ͡ ͒ͯ͊͡Έͤͦ͝ 
͙͔͙ͫͫͭͣ ͍ͤ͊;͊ͤͤΎη 
 ς ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͜ ͔͙ͫͣͤ͊ͪ͜Σ ͍͔͙͋ͤ͊ͪ͜Σ ͦͤ-͚͊ͤ͡ 
ͦͤͫͯ͟͡Έ͍ͭͯ͊ͤͤΎΣ ͍ͪͭͯ͊͜͡Έͤ͜ ͔͙ͣͭͦ͒;ͤ͜ ͦ͋ΩΊ͒ͤ͊ͤͤΎΣ 
͔͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫ άˣ͎ͦ͡ ͊͟ͺ͔͙͒ͪ ͎͎͙͊ͤ͒ͪ͊ͦ͜͟έ 

˻˾˥ˢ˹˱˭ˢ̇˱˯˹˻-˽˩˨ˢ˥˻˥˱̉˹˱ ̂˸˻ˤˮ 

ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͣͫͭͯ͘͜ ͍ͯͪͫ͟͜ ͍͙ͨ͒͜΅͔ͤͤΎ 
͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͤ͊ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ 
͍͙͊͒͊͟͡;͙͊ͣ ͼ͔͚ͤͤͦͫͭ͜Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ 
͒͡Ύ ͯͫͨ͜΄ͤͦ͝ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝  

͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
͍͙ͫ͊ͣͦͦͫͭ͜ ͍͙͊͒͊͟͡;͍͜ ͯ ͍͙͚ͯͪͫͦ͟ ͜ 
͍͙͚ͣ͗ͯͪͫͦ͜͟ ͔͙ͨͪͦ͒͜ ͤ͊ ͊ͫ͊͒͊͘ͻ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ 

͊ͭͯ͊͊͘͟͜͡ͼ͜Ύ ͔͎͎͙ͨ͒͊ͦ͊ͣ ͔͙ͨͦͭͪ͋ 
ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ΄͡Ύͻͦͣ 
͍͔ͫͭͦͪͤͤΎ ͔ͪͺ͔͙͍͎ͫͤͦͦ͟͡ ͍ͦͫͭͤ͜Έ͎ͦͦ 
͔͔͍͙ͫͪ͒ͦ΅͊ 

˨
˱
ˢ
˥
˹
˻
˿
́
ˮ
˴
˻

-˾
˩
˭
̂
˶
̎
́
ˢ
́
ˮ
ˤ
˹
ˮ
˯
 

ˣ
˶
˻
˴

 

˾˩˭̂˶̎́ˢ́Υ ͫ ͺ͍ͦͪͣͦ͊ͤ͊ ͨͪͦͺ͔͚ͫͤ͊͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͔͔͙ͭͦͪͭ;ͤͦ͝ 

͎͍͙ͨ͒ͦͭͦ͜͟ όͤ͊ ͍͙ͫͦͦͣͯ͟ ͭ͊ ͒ͦͫͭ͊ͭͤΈͦͣͯ ͍ͪͤ͜Ύͻύ 

˴˾ˮ́˩˾˱˲Υ 

 

 

 

˸͙͍ͦͭ͊ͼ͚ͤͦ͜-
ͦͪ͜Ί͍ͤͭͯ͊͡Έ͙͚ͤΥ 

 

ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ 
͔͙ͨͦͭͪ͋ ͯ ͎͋͊͊͘;͔ͤͤ͜Σ 
͍͔ͨͦͤͦͤͤ͜͡ 
ͨͪͦͺ͔͚ͫͤͦ͜-
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͤ͘Έ 

˭͍͙͚ͣͫͭͦ͜Υ 
 

ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͙͔͙ͫͫͭͣ 
ͤ͊ͤ͘Έ  ͘ ͔͔͙ͭͦͪͭ;͙ͤͻ ͜ 
͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͍ͦͫͤͦ 
ͨͪͦͺ͔͚ͫͤͦ͜-
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜  

˽ͪͦͼ͔ͫͯ͊͡Έ͙͚ͤΥ 
 

ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͯͣͤ͜Έ ͜ 
͍͙ͤ͊;ͦ͟ ͘ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ 
͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͍ 
͍ͯͣͦ͊ͻ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ 
ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͙͔͙ͫͫͭͣ 
ͨͪͦͺ͔ͭͻ͍͙ͦͫͭ͜ 

˻ͼͤͤͦ͜-
͔ͪͺ͔͙͍͙͚ͫͤ͟͡Υ 

 

ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ 
ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ 
ͫ͊ͣͦͦͼͤ͜Ό͍͊͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ 
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˽͎ͪͦͪ͊ͣ͊ ͔ͫͨͼͯͪͫͯ͟ ͋͜͡Έ΄ ͔͒ͭ͊͡Έͤͦ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͍ ͍ͦͫͭͤ͜Έͦ-ͨͪͦͺ͔͚͚ͫͤ͜͜ ͎ͨͪͦͪ͊ͣ͜ ͍ͯͪͫ͟͜ ͍͙ͨ͒͜΅͔ͤͤΎ 
͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Σ Ύ͊͟ ͔ͣͦ͗ ͔͍͙ͪ͊ͯ͊ͭͫ͘͜͡Ύ ͜ ͍ ͙͒ͫͭ͊ͤͼ͚ͤͦͣͯ͜ 
ͺͦͪͣ͊ͭ͜Φ  

̂ ͙͔ͫͫͭͣ͜ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͔ͪ͊ͯ͘͜͡ΌͭΈͫΎ ͍ͫ͜ ͙ͭͪ ͍ͪͤ͜͜ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈΥ ͔͙ͨͪͦͫͣͤ͊ͪ͜Σ ͔͙ͫͣͤ͊ͪ͜Σ 
͔ͫͨͼ͔͙ͫͣͤ͊ͪ͜Φ  

˿͙͔ͫͭͣ͊ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͪͤ͘͜ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ Ύ͟͜ ͒͊ΌͭΈ ͎ͣͦͯ͘ 
͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͍ͭͦͪ;͜Σ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ ͭ͊ ͎͍ͪͦ͜͜ ͺ͙ͦͪͣ ͔ͨͪͦͭͤͦ͟͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͨΦ 1.8 ͙͍͎́ͨͦͦͦ ͔ͨͦͦ͗ͤͤ͡Ύ ͨͪͦ ͔͊ͭͫͭ͊ͼ͜Ό ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜Σ ͍͔͔͎͊ͭͪ͒͗ͤͦͦ͘ ͤ͊͊ͦͣ͘͟ 
˸͔͍ͤͫͭͪͫͭ͊͜͜ ͍͙ͦͫͭ͜ ͜ ͙ͤ͊ͯ͟ ͙̂ͪ͊ͤ͟͝ лсΦмлΦнлмл ͪ Φ Ѕ фолΣ ͔͊ͪ͘Ί͍͎ͫͭͪͦ͊ͤͦͦ ͍ ˸͔͍ͤͫͭͪͫͭ͜͜͜ Ό͙ͫͭͼ͜͝ ͙̂ͪ͊ͤ͟͝ мпΦмнΦнлмл ͪ Φ ͊͘ 
Ѕ мнррκмуррлΣ ͍ͯͣͦͦΌ ;͔͎͍ͪͦͦ͝ ͔͊ͭͫͭ͊ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ Ί ͍ͦ͋ͦΩΎ͍͔ͦ͘͟ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͔ͤ ͪ͒͜΄͔ ͎ͦ͒ͤͦͦ ͪ͊ͯ͘ ͤ͊ 
ͨΩΎͭΈ ͍ͪͦ͟͜ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ώоϐΦ ˤͪ͊ͻ͍ͦͯΌ;͙ ͼΌ ͔ͫͨͼ͙ͺͯ͜͟ ͍͊͘Ίͣͦ͒͜͝ ͫͯ͋ΩΊ͍ͭ͟͜ ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ ͍͙ͦͫͭ͜Σ ͙ͣ 
͎ͪͦ͘͡Ύ͒͊Ίͣͦ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͜ ͍͙ͪͦͭͯ͘͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-
͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ ͍͙͚ͣ͗ͯͪͫͦ͜͟ ͔ͨͪͦ͒͜Φ ˱͘ ͼ͜ΊΌ ͔ͣͭͦΌ ͍͊ͨ͊ͤͦ͊ͤͦ͘͡ ͙ͤͯ͘͟ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͎͍ͭͪͤͤ͜͜ 
ζˤͤͯͭͪ͜΄͚ͤ͜ ͙͎ͣͦͤͭͦͪͤ͜ Ύͦͫͭ͟͜ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ηΣ ζ˽͔͎͎͒͊ͦ͊͜͟ ͔͍ͨ͊ͪͭͤͪͫͭ͊ ͍ ͫͯ;͊ͫͤͦͣͯ ͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜ηΣ 
ζ˿ͦͼ͊͜͡Έ͔ͤ ͔͍ͨ͊ͪͭͤͪͫͭͦ Ύ͟ ͔͔͔ͣͤͭ͡ ͒ͯ͊͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͍ͤ͊;͊ͤͤΎη.  

̂ ͍͘ΩΎͯ͘͟ ͘ ͙ͭͣΣ ΅ͦ ͔͎͎ͨ͒͊ͦ ͒ͦͯ͡;͊ΊͭΈͫΎ ͒ͦ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ͍͔͎ͫͭͦͪͤͦͦ ͎͋͊͊ͭΈͣ͊ ͫͯ͋ΨΊ͙ͭ͊ͣ͟Σ ͙ͤ͊ͣ 
͋ͯͦ͡ ͍ͨͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͍͒ͤͦ͜΄͔ͤͤΎ ͔͎͎͍ͨ͒͊ͦ͜ ͒ͦ ͙ͪͦ͋ͦͭΣ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ ͘ ͔͎͙ͦ͊ͣ͟͡ ͜ ͊͒ͣͤͫͭͪ͊͜͜ͼ͜ΊΌΦ ̂;͙͙͊ͫͤ͊ͣ͟ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͫͭ͊͡ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͨͪ͊ͼ͍͙͙ͤ͜͟ ͍͊͊͒͘͟͜͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ όͨͪͦͺ͔͚ͫͤͦ͜-͔ͭͻͤ͜;ͤͦ͝ύ ͍͙ͦͫͭ͜Σ Ύ͟͜ ͨͪͦͻ͙͙ͦ͒͡ 
͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͤ͊ ͊͟ͺ͔͒ͪ͜ ͎͎͙͊ͤ͒ͪ͊ͦ͜͟ ͍ ͦͣͯͤ͊͟͡Έͤͦͣͯ ͊͊͒͘͟͜͡ ζ˭͊ͨͦͪ͘͜Έ͙͚͟ ͙͚ͦ͋͊ͫͤ͡ ͙ͤͫͭͭͯͭ͜ ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜η ˭͊ͨͦͪ͘͜Έͦ͟͝ ͦ͋͊ͫͤͦ͡͝ ͙ͪ͊͒Φ ˭ ͔ͣͭͦΌ ͍͙Ύ͍͔ͤͤ͡Ύ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͺ͍͊ͭͦͪ͟͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͔͎͎͍ͨ͒͊ͦ͜ 
͙ͫͤ͒ͪͦͣͯ ͔ͣͦͼ͚͎ͤͦͦ͜ ͍͙͎ͦͪ͊ͤͤΎ ͋ͯͦ͡ ͙ͦͨͭ͊ͤͦ тп ͙ͦͫͦ͋ ͯ ͍͜ͼ͜ ͍͒͜ ну ͒ͦ тн ͍ͪͦ͟͜Φ ˨͡Ύ ͘ϥΎ͍ͫͯ͊ͤͤΎ ͍ͪͤ͜Ύ ͔ͣͦͼ͚͎ͤͦͦ͜ 
͍͙͎ͦͪ͊ͤͤΎ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͙͍ͦͨͭͯ͊͡Έ͙ͤ͟ ˤΦˤΦ ˣ͚ͦ͊͟Σ Ύ͙͚͟ ͣ͊Ί уп ͍͔͔ͭͪ͒͗ͤΈΦ ˻͒ͤͦͤ͊͘;͔ͤ όͭ͊͟ ;͙ ͤ͜ύ ͍͒ͤͦ͜΄͔ͤͤΎ 
͔͔͍ͪͫͨͦͤ͒ͤͭ͜ ͒ͦ ͼ͙ͻ ͍͔͔ͭͪ͒͗ͤΈ ͍͒ͦͦ͘͡ΎΊ ͍͙ͤ͊͘;͙͙ͭ ͙ͭͪ ͺ͙͊͘ ͍͙ͪͦͭͯ͘͟ ͔ͫͭͪͫͯΥ ͔ͣͦͼ͚ͤ͊͜ ͎ͤ͊ͨͪͯ͊Σ ͔͙͔ͪͫͭͤ͘ͼ͜ΎΣ 
͍͙͔ͫͤ͊͗ͤͤΎΦ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͙͍ͦͨͭͯ͊ͤͤΎ ͍͔͔ͤ͊͒ͤ͜ ͍ ͙ͭ͊͋͡ͼ͜ мΦ  

͙́͊͋͡ͼΎ мΦ 
˽ͪͦΎ͍ ͙ͫͤ͒ͪͦͣͯ ͔ͣͦͼ͚͎ͤͦͦ͜ ͍͙͎ͦͪ͊ͤͤΎ ͯ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͍͊͊͒͘͟͜͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ 

 όͨͪͦͺ͔͚ͫͤͦ͜-͔ͭͻͤ͜;ͤͦ͝ύ ͍͙ͦͫͭ͜  

 ˩ͣͦͼ͚ͤ͊͜ ͎ͤ͊ͨͪͯ͊ ˾͔͙͔ͫͭͤ͘ͼ͜Ύ ˤ͙͔ͫͤ͊͗ͤͤΎ 
˿͙ͤ͒ͪͦͣ ͔ͣͦͼ͚͎ͤͦͦ͜ 

͍͙͎ͦͪ͊ͤͤΎ 

 ˴͜͡Έͫͭ͟͜Έ % ˴͜͡Έͫͭ͟͜Έ % ˴͜͡Έͫͭ͟͜Έ % ˴͜͡Έͫͭ͟͜Έ % 

˿ͺ͍͙͚ͦͪͣͦ͊ͤ 
͙ͫͣͨͭͦͣ  

1 28,38 7 50 26 35,14 24 32,43 

˿͙ͣͨͭͦͣΣ ΅ͦ 
ͫ͊͒͊͟͡ΊͭΈͫΎ 

6 48,65 4 18,92 22 29,72 39 52,7 

˹͔ͫͺ͍͙͚ͦͪͣͦ͊ͤ 
͙ͫͣͨͭͦͣ 

17 22,97 3 31,08 26 35,14 11 14,87 

˾͊ͦͣ͘ 24 100 14 100 74 100 74 100 

 
˽͔͔͍ͪ͊͗ͤ͊ ͋͜͡Έ΄ͫͭ͜Έ όстΣрт ҈ύ ͍͙͊͊͘͟͡ ͤ͊ ͍͒ͫͯͭͤͫͭ͜͜Έ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͔͊͡ ͊ͤ͊͘͘;͙͙͡ ΅ͦ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͫͭ͊͗ 

ͫ͊͒͊͟͡Ί ͋͜͡Έ΄͔ мл ͍ͪͦ͟͜Φ ˭ ͍͔͔͙ͤ͊͒ͤͻ ͯ ͙ͭ͊͋͡ͼ͜ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͣͦ͗ͤ͊ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ ͔ͣͦͼ͚ͤ͊͜ ͎ͤ͊ͨͪͯ͊ ͍͙͍͊ͫͭ͊͡ 
͋͜͡Έ΄ͦͫͭ͜ ͙͙ͦͨͭ͊ͤͻ όпуΣср ҈ύΣ ͜ ͚͔ͣ͊͗ ͯ ͎ͦ͗ͤͦͦ͟ ͔ͭͪͭΈ͎ͦͦ ͔͎͎ͨ͒͊ͦ͊ ͼ͔͚ ͙ͫͣͨͭͦͣ ͺͦͪͣͯΊͭΈͫΎΦ ˹͔͔͔͋ͨ͘;ͤͫͭ͜Έ ͎͒͊ͤͦͦ 
͙ͫͣͨͭͦͣͯ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͍ ͨͦ͒͊͡Έ΄ͦͣͯ ͍͙ͪͦͭͯ͘͟ ͙ͫͤ͒ͪͦͣͯ ͔ͣͦͼ͚͎ͤͦͦ͜ ͍͙͎ͦͪ͊ͤͤΎΣ ͊ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ϥΎ͍͡ΎΊͭΈͫΎ 
͍͒͜;ͯͭͭΎ ͔͍͔ͤ͊͒ͦͦͤͦͫͭ͘͜͡ ͍ͫͦΊΌ ͨͦͫ͊͒ͦΌΣ ͍ͦ͋ͦϥΎ͙͊ͣ͘͟Τ ͺͦͪͣͯΊͭΈͫΎ ͙͍͙͚ͭͪͦ͗ͤ ͭ͊ ͔͔͙͍͙͚͒ͨͪͫͤ ͫͭ͊ͤΣ ΅ͦ ͨͦͤ͊͘;͊ΊͭΈͫΎ ͤ͊ 
͙͙ͣ͗ͦͫͦ͋ͫͭͫͤ͜͜ͻ ͍͙͒ͤͦͫͤ͊͜ͻ ͯ ͔͙͍ͦͭ͟͟͜͡Φ  

ˣ͜͡Έ΄ͫͭ͜Έ ͔͔͍ͪͫͨͦͤ͒ͤͭ͜ όрл ҈ύ ͍͙Ύ͍͡ΎΌͭΈ ͔ͤ͊͒ͣͪͤ͜ ͔ͣͦͼ͚͔ͤ͜ ͔ͤ͊ͨͪͯ͗ͤͤΎΣ ΅ͦ ͍ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͙͍͙ͨͪͦ͒ͭΈ ͒ͦ 
͍͙͍͙͋ͪͦ͜͟ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍ͦͤͭ͊ͭ͟͟͜Σ ͔ͣͤ͘΄͔ͤͤΎ ͦ͋ͫΎ͎͍͜ ͺͯͤ͟ͼͦͤ͊͜͡Έ͙ͤͻ ͍ͦ͋ͦΨΎ͍͘͟͜Σ ͍ͨͦΨΎ͙͊ͤ͘ͻ ͘ ͍ͦͤͭ͊ͭͯ͊ͤͤ͟͟Ύͣ ͘ ͤ͜΄͙͙ͣ 
͡Ό͒Έ͙ͣΦ ˨͜͝ ͼ͙ͻ ͔͎͎͍ͨ͒͊ͦ͜ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͔ͣͤ͘΄͔ͤͤΎ ͔͔͎͔͙ͤͪͭ;͙ͤͻ ͊ͭͪ͊ͭ͘Φ 

˩ͣͦͼ͚͔ͤ͜ ͍͙͔ͫͤ͊͗ͤͤΎΣ Ύ͟ ͫͺ͍͙͚ͦͪͣͦ͊ͤ ͙ͫͣͨͭͦͣΣ ͙͍͔ͭͨͦ ͒͡Ύ орΣмп ҈ ͭ͊ Ύ͟ ͚ͭͦΣ ΅ͦ ͣ͊Ί ͔͔ͭͤ͒ͤͼ͜Ό ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜Σ 
͒͡Ύ нфΣтн ҈Φ ˨͡Ύ ͙ͭ͊͟ͻ ͔͎͎͍ͨ͒͊ͦ͜ Ί ͻ͔͙͊ͪ͊ͭͪͤͣ͟ ͍͙͟͡Ό;͔ͤͤΎ ͔ͣͦͼ͚͜ ͘͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˤ͙ͦͤ ͔ͤ ͒͊ͭͤ͘͜ ͒ͦ ͔ͣͨ͊ͭ͜͝Σ 
͍͙͟͡Ό;͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͎͙͒ͦͨͦͣͦ ͤ͜΄͙ͣ ͫͯ͋ΨΊͭ͊ͣ͟ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ ˾͔͎͍͊ͯ͊ͤͤΎ ͔͋͘ ͨͦ;͍ͯͭͭ͜ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͒ͺͦͪͣ͊ͼ͜͝ ͜ ͙ͤ͊ͤͦͫͭΈ ΄͙ͦ͒͟ ͫͯ͋ΨΊͭͯ͟ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΦ  

˿ͺ͍͙͚ͦͪͣͦ͊ͤ ͙ͫͤ͒ͪͦͣ ͔ͣͦͼ͚͎ͤͦͦ͜ ͍͙͎ͦͪ͊ͤͤΎ ͣ͊ΌͭΈ онΣпо ҈ ͔͔͍ͪͫͨͦͤ͒ͤͭ͜Σ ͊ рнΣт ҈ ͣ͊ΌͭΈ ͔͔ͭͤ͒ͤͼ͜Ό ͚͎ͦͦ 
ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜Φ ˢ ͼ͔ ͋͜͡Έ΄ͫͭ͜Έ ͙͙ͦͨͭ͊ͤͻΦ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͨͪ͊ͼ͍͙͙ͤ͜͟Σ Ύ͟͜ ͍͍͚͜΄͙͡ ͒ͦ ͼ͙ͻ ͤ͊͘;͔ͤΈΣ ͔͒ͣͦͤͫͭͪͯΌͭΈ ͍͙͟͡Ό;͔ͤͤΎ 
͔ͣͦͼ͚͜ ͤ͊ ͙ͨͫͻ͍͍ͦͭͪ͊ͣͯ͊͡Έͤ͜ ͍͙͍͙ͨ͡Φ ̂ ͒͊ͤͦ͝ ͔͎͊ͭͦͪ͟͜͝ ͔͔͍ͪͫͨͦͤ͒ͤͭ͜ ͊͘ͺ͍ͫͦ͊ͤ͜͟͜ ͭͪͯ͒ͤͦ΅͜ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
͙ͤ͊͘͟Ί ͋͊͗͊ͤͤΎ ͍͙͙ͭͦͪͭ ͜ ͙͍͙ͦͭͪͣͯ͊ͭ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͒͜ ͍ͫͦΊ͝ ͨͪ͊ͼ͜Φ  

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͤ͜΄͙ͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͍ͫ͒͜;͊ͭΈ ͨͪͦ ͔ͭΣ ΅ͦ ͫͤͯ͜Ί ͍͊͘Ί͍ͣͦ͘ΨΎͦ͘͟ ͣ͗͜ ͍͒ͤͦ͜΄͔ͤͤΎͣ ͒ͦ ͙ͪͦ͋ͦͭΣ ͒ͦ ͯ;͍ͤ͜ ͜ 
͔͙͙ͦͪͣͣ͟ ͙͙ͫͣͨͭͦͣ͊ͣ ͚ ͍͔ͪͤͣ͜ ͔ͣͦͼ͚͎ͤͦͦ͜ ͍͙͎ͦͪ͊ͤͤΎΦ ˽͔͎͎͙͒͊ͦΣ ΅ͦ ͔͍͙ͪ͊ͯ͊͘͜͡͡ ͔͔ͫ͋ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
͍͔͊͒ͦͦͤ͘͜͡ ͝͝ ͣͫͭͦͣ͘͜ ͭ͊ ͯͫͨ͜ͻ͙͊ͣΣ ͔ͣͤ΄ ͨ͒͒͊ͤ͜͜ ͍͙͎ͦͪ͊ͤͤΌ ͚ ͨͪͦΎ͍͡ΎΌͭΈ ͙͔ͦͫͦ͋ͫͭͫͤ͜ ͊͋ͦ ͔͚ͤͭͪ͊͡Έ͔ͤΣ ͪ͒͜΄͔ ς 
͔͎͙͊ͭͦͪ͟;͔ͤ ͍͒ͤͦ͜΄͔ͤͤΎ ͒ͦ ͯ;͍ͤ͜Φ ̂ ͔͎͎͍ͨ͒͊ͦ͜Σ Ύ͟͜ ͔ͤ ͔͍ͪ͊ͦ͊ͤ͘͜͜͡ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͚ ͣ͊ΌͭΈ ͭͪͯ͒ͤͦ΅͜ ͯ ͍͊͘Ί͙ͣͤ͊ͻ 
͘͜ ͔͎͙ͦ͊ͣ͟͡Σ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͺ͍ͦͪͣͯ͊ͤͤΎ ͋͜͡Έ΄ ͍͙͙ͫͦ͟ͻ ͙͍ͨͦ͊ͤ͘͟͟͜ ͍͙͎ͦͪ͊ͤͤΎ ͜Σ Ύ͟ ͤ͊ͫ͒ͦ͜͟͡Σ ͨͪͦΎ͍ ͔͔ͫͯͨͪ;͙͍͎ͦͦ͡ ͚ 
͔͎͙͊ͭͦͪ͟;͎ͤͦͦ ͍͒ͤͦ͜΄͔ͤͤΎ ͒ͦ ͯ;͍ͤ͜ ώмΣ ͫΦ фпϐΦ  

̂ ͍͘ΩΎͯ͘͟ ͘ ͼ͙ͣΣ ͍͍͊͗͊Ίͣͦ ͊͘ ͔ͤͦ͋ͻ͔͒ͤ͜ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͜ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;͙ͤͻ ͔͍ͫͣͤ͊ͪ͜͜Σ ͍͔͍͋ͤ͊ͪ͜͜Σ 
͚ͦͤ͊ͤ͡-ͦͤͫͯ͟͡Έ͍ͭͯ͊ͤΈ ͘͜ ͔͙ͨͪͦ͋ͣ͡ ͔ͣͦͼ͚͎ͤͦͦ͜ ͍͙͎ͦͪ͊ͤͤΎ ͭ͊ ͙͍ͣͦͭ͊ͼ͜͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

ˤͪ͊ͻ͍ͦͯΌ;͙ ͔ͭΣ ΅ͦ ͋͜͡Έ΄ͫͭ͜Έ ͔͔͍ͪͫͨͦͤ͒ͤͭ͜ ͔ͤ ͣ͊ΌͭΈ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜ ͔͔ͨͪ͒͋͊;͊Ίͣͦ ͨ͒͜ ;͊ͫ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ 
͊ͤ͘ΎͭΈ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͯ ͚ ͔͙ͣͭͦ͒;ͤͯ ͦ͋ͪͦ͋ͯ͟ ͚ͤ͊͋͜͡Έ΄ ͙ͫ͊͒ͤ͟͡ͻ ͙ͨͭ͊ͤΈ ΅ͦ͒ͦ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͊͒͊ͤ͘ΈΣ 
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͍͙ͪ͜΄͔ͤͤΎ ͙ͨͭ͊ͤΈ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͙ͤͫͭ͊ͤ͒͊ͪͭͤͣ ͍ͭͦͪ;͙ͣ ΄͡ΎͻͦͣΣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͊ͤ͊ͯ͘͜͡ ͍ͤ͊;͊͡Έͤͦ-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ 
͙ͫͭͯ͊ͼ͚͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͍͙͍;͔ͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ͔͔͙́ͦͪͭ;͙͚ͤ ͨͦ;͊ͭͦ͟ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ 
͊ͤ͘ΎͭΈ ͒͊Ί ͎ͣͦͯ͘ ͍͙͙ͨͪͦͦ͒ͭ ͭ͊͟͜ ͊ͤ͘ΎͭͭΎ ͍ ͙͒ͫͭ͊ͤͼ͚ͤͦͣͯ͜ ͺͦͪͣ͊ͭ͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͙ͫͨͪΎΊ  
͍ͫ͊ͣͦͦͫͭ͜͜ ͘ ͔ͨͪͦ͋ͣ͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͍͔ͫͭͦͪͤͤΌ ͔ͪͺ͔͙͍͎ͫͤͦͦ͟͡ ͔͔͍͙ͫͪ͒ͦ΅͊ ͔͎͎͍ͨ͒͊ͦ͜ ͊ͤ͊͘͘;͔ͤͦ͝ ͔͎͊ͭͦͪ͟͜͝Φ 

 ˻ ͔ͭ͗Σ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͋ͦͯ͟͡ ͔ͣͦ͒͜͡ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊Υ 
1) ͍͙ͪͦͭͦ͘͟ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͯͣͤ͜Έ ΅ͦ͒ͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
2) ͍͒ͨͪ͊͜ͼΌ͍͊ͤͤΎ ͍͙ͤ͊;ͦ͟ ͘͜ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͦͤͭͪͦ͟͡Έͤͦ-͍͙ͣͪ͜Ό͍͊͡Έ͙ͤͻ ͍͊ͫͦ͋͘͜Τ  
3) ͍͒ͨͪ͊͜ͼΌ͍͊ͤͤΎ ͍͙ͤ͊;ͦ͟ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ ͔͎͎͍ͨ͒͊ͦ͜ ͜ ͯ;͍ͤ͜Τ 
4) ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͣͤ͜Έ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͙͊ͤ͊ͭ͜͡;ͤͯ ͭ͊ ͔ͦͪ͟͟ͼ͚ͤͯ͜ ͒͜Ύ͡Έͤͫͭ͜Έ ͊͘ ͙ͤ͊ͫ͒͊ͣ͜͟͡ ͙͎͍͙ͣͦͤͭͦͪͤͦ͜ͻ ͨͪͦͼ͔͒ͯͪΤ  
5) ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͍͙͋ͦͪͯ ͍͙͊͒͊͟͡;͙͊ͣ ͚ͤ͊͋͜͡Έ΄ ͙ͨͪ͒͊ͭͤͦ͝ ͒͡Ύ ͙ͤͻ ͺ͙ͦͪͣ ͔ͪͺ͔͙͍ͫͤͦ͟͡͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ 

͚ͤ͊ͪ͊͟΅͔ ͍͍͒ͨͦ͒͊͊͜͜͡ ͋ ͝ͻ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͣ ͙͍ͦͫͦ͋ͦͫͭ͡Ύͣ ͜ ͤ͊ͻ͙͊ͣ͡Τ 
6) ͺ͍ͦͪͣͯ͊ͤͤΎ ͭ͊ ͍͙ͪͦͭͦ͘͟ ͔ͪͺ͔͙͍͙ͫͤ͟͡ͻ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͔͎͎͍ͨ͒͊ͦ͜Τ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͍ͣͤ͜Έ ͦ͋ΩΊ͙͍ͭͤͦ͟ ͚ ͙͙ͪͭ͟;ͤͦ 

ͼͦͤ͜Ό͍͙͊ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͊ͫͤͦ͡͝ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͍ͣͤ͜Έ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͍͙͚͊ͫͤ͡ ͨͦ;ͯͭͭΊ͍͙͚ ͍͒ͦͫ͒͜Σ ͘ΩΎ͍͍͙ͫͦͯ͊ͭ 
͙ͨͪ;͙͙ͤ ͚͎ͦͦ ͍͙͙͔ͤͤͤͤ͟ΎΣ ͍ͯͫ͒ͦͣ͜͡Ό͍͙͊ͭ ͍͘ΩΎͦ͘͟ ͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͻ͔͊ͪ͊ͭͪͦͣ͟ ͔͔͙͍ͨͪ͗͊ͤΈΣ ΅ͦ ͝͝ 
͍͍͙ͫͯͨͪͦͦ͒͗ͯ͊͡Τ 

7) ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͔͙ͨͦͭͪ͋ ͍ ͍ͫ͊ͣͦͦͫͭ͜͜Φ  
˨͎͙͊ͤͦͫͭͦ͜͟-͔ͪͯ͘͡Έ͙͍͙͚ͭ͊ͭͤ ͋ͦ͟͡ ͔ͣͦ͒͜͡ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͔͙ͦͣͨͫͤͣ͟͟͡Σ ͔͎ͤͭͪ͊͜͡Έ͙ͤͣ ͙͔ͪͭͪ͟͜Ίͣ ς ͫͺ͍ͦͪͣͦ͊ͤͦΌ 

ͨͪͦͺ͔͚ͫͤͦ͜Ό ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Ό ͤ͊ ͒ͦͫͭ͊ͭͤΈͦͣͯ ;͙ ͍͙ͫͦͦͣͯ͟ ͍ͪͤ͜ΎͻΦ ˴͔͙ͦͣͨͦͤͤͭ͊ͣ ͼΈ͎ͦͦ ͔͎ͤͭͪ͊͜͡Έ͎ͤͦͦ ͙͔ͪͭͪ͟͜Ό Ί 
͙͍ͣͦͭ͊ͼ͚ͤͦ͜-ͦͪ͜Ί͍ͤͭͯ͊͡Έ͙͚ͤΣ ͍͙͚ͣͫͭͦ͘͜ ͨͪͦͼ͔ͫͯ͊͡Έ͙͚ͤΣ ͦͼͤͤͦ͜-͔ͪͺ͔͙͍͙͚ͫͤ͟͡ ͙͔ͪͭͪ͟͜͝Σ Ύ͟͜ ͍͙ͤ͊͘;͊ΌͭΈͫΎ ͙͙ͨͦ͊ͤ͊ͣ͘͟͟Φ  

˽͙͙ͦ͊ͤ͊ͣ͘͟͟ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͙͍ͣͦͭ͊ͼ͚ͤͦ͜-ͦͪ͜Ί͍ͤͭͯ͊͡Έ͎ͤͦͦ ͙͔ͪͭͪ͟͜Ό Ί ͔ͨͦͭͪ͋͊ ͯ ͎͋͊͊͘;͔ͤͤ͜Σ ͍͔ͨͦͤͦͤͤ͜͡ 
ͨͪͦͺ͔͚ͫͤͦ͜-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͤ͘ΈΤ ͍͎ͣͫͭͦͦͦ͘͜ ς ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͙͔͙ͫͫͭͣ ͤ͊ͤ͘Έ ͘ ͔͔͙ͭͦͪͭ;͙ͤͻ ͜ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͍ͦͫͤͦ 
ͨͪͦͺ͔͚ͫͤͦ͜-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ ͨͪͦͼ͔ͫͯ͊͡Έ͙͚ͤ ς ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͘ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ 
͍ ͍ͯͣͦ͊ͻ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͨͪͦͺ͔ͭͻ͍͙ͦͫͭ͜Φ   

˿ͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͼ͙ͻ ͙͍ͨͦ͊ͤ͘͟͟͜ ͜ ͍͙ͤ͊͘;͊Ί ͍͔ͪͤ͜Έ ͙͙͒ͤ͊ͣ͜͟ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͙͔ͪͭͪ͟͜Ό ς ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Σ ͭ͊ ͍͊ͯ͘͟Ί ͤ͊ Ύͫͤ͟͜͜ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͍ 
ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͜ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͨͪͦͺ͔͚͙͚ͫͤ͜ ͍͙ͪͦͭͦ͘͟ 
͔͎͎͍ͨ͒͊ͦ͜Φ 

˻͙͍ͫͦ͋ͫͭ͜͡Ό ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͍ ͨͫ͜͡Ύ͙͚͒ͨͦͣͤ͜͡ ͍ͦͫͭ͜͜ Ί ͝͝ ͔͊͗ͤͫͭ͘͜͡Έ ͍͒͜ ͫͯͯͨͤͦͫͭ͟͜ ͦ͋ΩΊ͙͍͙ͭͤ͟ͻ ͜ ͫͯ͋ΩΊ͙͍͙ͭͤ͟ͻ ͙ͨͪ;͙ͤ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Φ ́ͦͣͯΣ 
͔͍͋ͫͯͣͤͤͦ͘͜Σ ͍͙͔͒ͤ͜͜͡ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ - ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͣͫͭͯ͘͜ ͍ͯͪͫ͟͜ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͤ͊ 
͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͍͙͊͒͊͟͡;͙͊ͣ ͼ͔͚ͤͤͦͫͭ͜Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͒͡Ύ ͯͫͨ͜΄ͤͦ͝ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝Σ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
͍͙ͫ͊ͣͦͦͫͭ͜ ͍͙͊͒͊͟͡;͍͜ ͯ ͍͙͚ͯͪͫͦ͟ ͜ ͍͙͚ͣ͗ͯͪͫͦ͜͟ ͔͙ͨͪͦ͒͜ ͤ͊ ͊ͫ͊͒͊͘ͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͊ͭͯ͊͊͘͟͜͡ͼ͜Ύ ͔͎͎͙ͨ͒͊ͦ͊ͣ 
͔͙ͨͦͭͪ͋ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ΄͡Ύͻͦͣ ͍͔ͫͭͦͪͤͤΎ ͔ͪͺ͔͙͍͎ͫͤͦͦ͟͡ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ - ͙ͫͨͪΎ͙ͭͣͯͭΈ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ό 
ͨͪͦͼ͔ͫ͊ͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͜ ͍͙ͪͦͭͯ͘͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͍ ͨͫ͜͡Ύ͙͚͒ͨͦͣͤ͜͡ ͍ͦͫͭ͜͜Φ 

ˤ͙͍͙ͫͤͦ͟Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͍ ͨͫ͜͡Ύ͙͚͒ͨͦͣͤ͜͡ ͍ͦͫͭ͜͜ Ί ͼ͔ͫͨͪ͜͡Ύ͍͙ͣͦ͊ͤͣΣ ͎͍͙ͦͪ͊ͤͦ͊ͤͣ͘͜Σ ͼ͙ͫͤͣ͜͜͡ ͨͪͦͼ͔ͫͦͣΣ ͫͨͪΎ͍͙ͣͦ͊ͤͣ ͤ͊ ͊ͭͯ͊͊͘͟͜͡ͼ͜Ό 
͙͍ͣͦͭ͊ͼ͜͝ ͒ͦ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͔͙ͫͫͭͣ ͺ͊ͻ͍͙ͦͻ ͜ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͤ͊ͤ͘ΈΣ ͤ͊͋ͯͭͭΎ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͍͒ͦͫ͒ͯ͜ ͘ 
͍͙ͦͤ͊ͤͤ͟Ύ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˻͔͔ͪͫͤ͟͜͡ ͙ͨͪͤͼ͙͙ͨ ό͍ͤ͊ͯͦͦͫͭ͟͜Σ ͔͔͔͍ͤͨͪͪͤͦͫͭ͜Σ ͔ͦͣͨͫͤͦͫͭ͟͟͜͡Σ 
͎͚͎͊ͪͣͦͤͤͦͦ͜ ͨͦΊ͒ͤ͊ͤͤΎ ͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͭ͊ ͔͙ͤͭͪ͊͒ͼ͚͙ͤ͜ͻ ͙͍͙͊ͭͤ͟ͻ ͺͦͪͣ ͜ ͔͍ͣͭͦ͒͜ύ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ 
ͨͪͦͼ͔ͫͯ ͤ͊ ͊ͫ͊͒͊͘ͻ ͙͔ͫͫͭͣͤͦ͝ ͔ͣͦ͒͜͡ ͍ͤ͊;͊ͤͤΎ  ͜ ͔͔ͨͪ͒͋͊;͊ΌͭΈ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͔͎͎͍ͨ͒͊ͦ͜ ͊ͤ͊͘͘;͔ͤͦ͝ ͔͎͊ͭͦͪ͟͜͝ 
͎͊͊͘͡Έ͙ͤͻΣ ͨ ͪͦͺ͔͚͙ͫͤ͜ͻ ό͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻύΣ ͅ ͊ͻ͍͙ͦͻ ό͔͔͙ͨͪ͒ͣͭͤͻύ  ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Φ ˾͔͊͊͘͜͡ͼ͜Ύ ͍͎ͣͫͭͦͦͦ͘͜ ͋ͦͯ͟͡ 
ͫͭͪͯͭͯͪͤͦ͟-ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦ͝ ͔ͣͦ͒͜͡ ͙ͫͨͪΎΊ ͎͋͊͊͘;͔ͤͤΌ ͜ ͍͔ͨͦͤͦͤͤ͡Ό ͙͔͙ͫͫͭͣ ͤ͊ͤ͘Έ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-
͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟  ΅ͦ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͙͍ͪͦ͋ͭͤ͜͟͜ ͍ ͍ͯͣͦ͊ͻ 
͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͨͪͦͺ͔ͭͻ͍͙ͦͫͭ͜ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͫͯ;͎͊ͫͤͦͦ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Τ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͍͚ͦͫͭͤ͜͜ 
ͨͪͦͼ͔ͫ ͫͯ;͙͊ͫͤͻ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͯ;͙͍͊ͫͤ͟͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ ͔́ͻ͎ͤͦͦ͜͡;͙͚ͤ 
͋ͦ͟͡ ͔ͣͦ͒͜͡ ͔ͨͪͦͭͯ͟Ί ͔ͪ͊͊͘͜͡ͼ͜Ό ͍͎ͣͫͭͦͦͦ͘͜ ͋ͦͯ͟͡ ͜ ͣ͊Ί ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͤ͊ ͍͙ͪͦͭͦ͘͟ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͯͣͤ͜ΈΦ  ˨͎͙͊ͤͦͫͭͦ͜͟-
͔ͪͯ͘͡Έ͙͍͙͚ͭ͊ͭͤ ͋ͦ͟͡ ͔ͣͦ͒͜͡ ͍͒ͦͦ͘͡ΎΊ ͍͙ͤ͊͘;͙͙ͭ ͍͔ͪͤ͜Έ ͙͙͒ͤ͊ͣ͜͟ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ Ύ͙͚͟ Ί 
͍ͫ͒͜;͔ͤͤΎͣ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍͙͊͒͊͟͡;͍͜ ͔͔͍ͨͪ͒ͣͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͔͔͙ͭͦͪͭ;ͤͦ ͎͍͙ͨ͒ͦͭͦ͜͟Φ  

˭ ͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜  ͔͎͎͍ͨ͒͊ͦ͜ ͊ͤ͊͘͘;͔ͤͦ͝ ͔͎͊ͭͦͪ͟͜͝ ͤ͊ ͒ͦͫͭ͊ͭͤΈͦͣͯ ͭ͊ ͍͙ͫͦͦͣͯ͟ 
͍ͪͤ͜Ύͻ ͍͙͍͊͗ͦ͡ ͍͙͙ͫͭͦͪͭ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͍ ͯͫ͜ͻ ͫͭͪͯͭͯͪͤͦ͟-ͺͯͤ͟ͼͦͤ͊͜͡Έ͙ͤͻ ͍͙ͫ͊͒ͦ͟͡ͻ ͔͙ͣͭͦ͒;ͤͦ͝ 
͙͔͙ͫͫͭͣΥ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͍ ͙͔ͫͫͭͣ͜ ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ ͍͙ͦͫͭ͜Σ ͔͙ͣͭͦ͒;ͤͦ͝ ͙ͪͦ͋ͦͭ ͍ ͍͙͚ͣ͗ͯͪͫͦ͜͟ ͔ͨͪͦ͒͜Σ 
͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͍ͫ͊ͣͦͦͫͭͤ͜Έͦ͝ ͙ͪͦ͋ͦͭ.  

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡  

1. ˴͍ͯͪ͊ͨͦ͊ ˮΦ ˢΦ ˿͙͔ͫͭͣ͊ ͦͭͤͦ΄͔͙͚ͤ ͍ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ. ˽ ͙ͫͻ͎͙ͦͦ͡;͔͙͚ͫ͟ ͗ͯͪͤ͊͡Φ  нллфΦ ЅоΦ .˿ 84-95.  
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STRUCTURAL-FUNCTIONAL MODEL OF PROFESSIONAL DEVELOPMENT OF TEACHERS OF PROFESSIONAL AND THEORETICAL 

PREPARATION SUBJECTS IN THE POSTAL EDUCATION SYSTEM 
Olena Babkova 

Zaporizhzhia regional institute of postgraduate pedagogical education, Ukraine 
Abstract. The article presents the structural-functional model of professional development of teachers of vocational 

andtheoretical training subjects in the system of post-graduate education, which has target, content, technological, diagnostic 
and productive blocks. The criteria for the effectiveness of each implementation are defined. The model has been tested and 
implemented in Zaporozhye region. 

The author outlines the main principles of professional development, which allow to rationally construct the educational 
process and foresee the formation of general, professional (psychological pedagogical), professional (substantive) competencies 
of teachers. The integral criterion of the formed professional competence, the components of which are: motivational, 
substantive procedural, evaluative and reflexive criteria, is determined. The indicators of the formation of each component are 
presented: motivational - the need for enrichment, renewal of vocational and pedagogical knowledge; meaningful - the 
formation of a system of knowledge on the theoretical and methodological foundations of vocational and pedagogical activities; 
procedural - the formation of skills and skills in designing the educational process in the context of reforming the national 
system of vocational education. It has been determined that the professional development of teachers of vocational and 
theoretical training courses in postgraduate education is a purposeful, organized, coherent process with components of 
professional competence (motivational, substantive, procedural, evaluative and reflexive), which are necessary for the 
successful implementation of educational activities, which are carried out in the course and internship periods, and involves the 
creation of organizational and pedagogical conditions as a set of objective opportunities that ensure successful achievement of 
the goal. 

Keywords: professional development, principles of professional development, coursework and between courses of 
advanced training, emotional burnout syndrome. 
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͎ͦ͋͊͊͘͜͡͡ͼ͜͝ ͭ͊ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͔͔ͫͪ͒ ͔͙͎͍͙ͣ͊ͪͭͤͦ͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͔͔͍͎ͨͪ͊͊ ͤ͊͒͊ΊͭΈͫΎ ͔͔ͤͭͪͤͭ͜-͔͙͎ͣ͊ͪͭͤͯ͟Σ Ύ͟ ͦ͒ͤͦͣͯ 
͘͜ ͒͜Ί͍͙ͻ ͍͊ͫͦ͋͘͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͔͙ͦͤͯͪͤͭͤ͟͟ͻ ͔͔͍͎ͨͪ͊Φ  

ˤ͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͔ͤͭͪͤͭ͜-͔͙͎͍͙ͣ͊ͪͭͤͦ͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͒͜Ύ͡Έͤͫͭ͜Έ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͫͭ͊Ί ͔͙ͤͣͤͯ;͙ͣ ͺ͊ͭͦͪͦͣ͟Σ 
Ύ͙͚͟ ͙ͭͣ ͔ͤ ͔ͣͤ΄ ͔ͨͦͭͪ͋ͯΊ ͝ͻ ͊͒͊ͨͭ͊ͼ͜͝ ͒ͦ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͒͜Ύ͡Έͤͦͫͭ͜ ͊͊͒ͯ͘͟͡Σ ͔͔͍͙ͨͪͪ͜͟ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͭ͊ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͭͻ ;͙ ͤ͜΄͙ͻ ͔͔ͤͭͪͤͭ͜-͔͙͎͍͙ͣ͊ͪͭͤͦ͟ͻ ͍͙ͫ͊͒ͦ͟͡ͻΦ  

˽ͦ;͍͙͙͊ͭͦͣ͟ ͔͙ͭ͊ͨ͊ͣ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔ͤͭͪͤͭ͜-͔͙͎ͣ͊ͪͭͤͯ͟ Ί ͍͙ͤ͊͘;͔ͤͤΎ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͼ͜͡Έ͍ͦͦ͝ 
͙͊ͯ͒ͭͦͪ͜͝ ͊͊͒ͯ͘͟͡ ͍͙ͦͫͭ͜ ͭ͊ ͨͦ΄͍͙͚ͯͦ͟ ͔͙͎ͣ͊ͪͭͤ͟Σ ͫͨ͜͡ΈͤͦΌ ͍ͫ͊͒ͦͦ͟͡Ό ͒͡Ύ Ύ͙͟ͻ Ί ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ 
ͼ͜͡Έ͍ͦͦ͝ ͙͊ͯ͒ͭͦͪ͜͝Φ ˤ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͣ͗͜ ͚ͤ͊͋͜͡Έ΄ ͍͙͍͙͙͗͊ͤͣ ͔͙ͭͪͣͤ͊ͣ͜ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͜ ͤ͊͋ͦͪͦͣ 
͟͡Ό;͍͙ͦͻ ͍ͫ͜͡ ͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫͯ ͊͊͒ͯ͘͟͡ Ί ͍ͦͫͤͦͦΌ ͒͡Ύ ͔͎͍ͦͪͯ͊ͤͤ͟Ύ ͔͔ͤͭͪͤͭ͜-͔͙͎͍ͣ͊ͪͭͤͦͦ͟͝ ͔͎ͫͭͪ͊ͭ͜͝ ͊͊͒ͯ͘͟͡ ͍͙΅ͦ͝ 
͍͙ͦͫͭ͜ ͘ ͔ͣͭͦΌ ͋͘͜͡Έ΄͔ͤͤΎ ͊ͯ͘͡;͔ͤͤΎ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜Φ  
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ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˭͎͊͊͡Έ͙ͤͣ ͙ͨͭ͊ͤͤΎͣ ͔͔ͤͭͪͤͭ͜-͔͙͎ͣ͊ͪͭͤͯ͟ ͙͍ͨͪͫΎ;͔ͤͦ ͨͪ͊ͼ͜ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͭ͊ 
͙͊ͦͪ͒ͦͤͤ͘͟ͻ ͍ͤ͊ͯͦ͟ͼ͍͜Υ ˿͍͔͊͡ΈΊ͍͊ ̐ ΦΣ ˴ͯͤ͘Ίͼ͍ͦͦ͝ ˹ ΦΣ ˴͔ͦͭͪ͊͡ ̅ ΦΣ ˶Ύ΄͔ͤͦ͟ ˥ ΦΣ ˱͍͍͊ͤͦͦ͝ ́ ΦΣ ˸ͦͭ͊͟͡Ό͊͟ ˾ ΦΣ ˱͡͡Ύ΄͔ͤ͊͟ ˿ ΦΣ 
ˤ͔͚ͪͭ͊ͣ͊ ˴ ΦΣ ͔͍̅ͤ͊͜͟ ̒ ΦΣ ˥͍ͦͯ͋ͦ͊͟͡ ˩ ΦΣ ˶͙͍ͭͦ;͔ͤͦ͟ ˱ ΦΣ ˽͙͙ͨ͡;ͯ͊͟ ʕ ΦΣ ˸͎͍ͦͦͦ͘ ́͝ ΦΣ ͔͙́ͪͭ;͎ͤͦͦ ˻ ΦΣ ˿͔͔͍ͣͤͦͦ͝ s ΦΣ ˿ͤͫ͊ͪ͜;ͯ͟ ˱ ΦΣ 
˸ͦͪͦ͘ ˶ ΦΣ ̉ͯͻ͚ͪ͊ ˹ ΦΣ ˣ͍͊ͭ͊ͦͦ͡͝ ˻ Φ ˻͔͊ͤ͒ͪ͟͡ ˸ ΦΣ ˾͔ͦͣ͊ͤͤͦ͟ ˻ Φ Σ ˣ͚ͦ;ͯ͟ ˱ ΦΣ ˣͯ΄ͯΊ͍ͦ͝ ˶ Φ ͭ͊ ͤ͜΄͙ͻΦ 

˸͔͙͎͍͊ͪͭͤͦ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͤ͊ ͙ͪͤͯ͟ ͍ͦͫͭͤ͜͜ͻ ͎ͨͦͫͯ͡ ͍͙͍͔ͫͭͤͦ͜͡ ͍ ͪͦ͋ͦͭ͊ͻ ˣ͊΄͜ ˱ ΦΣ ˸͎͙͍ͦͦͦ͡͝ s ΦΣ ˾͔΄͔͍ͭͤͦͦ͜͟͝ ˱ ΦΣ 
˨ͣ ͙͍ͭͪ͜ s ΦΣ ˤ͊ͪ͜͟;ͯ͟ ˻ ΦΣ ˴͊ͤ͜͜͡;͔ͤͦ͟ ˻ ΦΣ ˽͚͙ͦͭ ˱ ΦΣ ˶͍ͫͦͦ͜͝ ˹ ΦΣ ˿͎͍͊ͤͦͦ͜͝ ˻ ΦΣ ˽͊΄ͯͫ͟ ˹ ΦΣ ˽͊΄ͯͫ͟ ʕ Φ ˽ͦ΄͍͙͚ͯͦ͟ ͔͙͎ͣ͊ͪͭͤ͟ 
͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ˱͡͡Ύ΄͔ͤͦ͟ ˹ ΦΣ ˱͍͔͊ͤͤͦ͟ ˶ ΦΣ ˬ͊͋͊͡ ˱ ΦΣ ˥͙͎͍͙ͪͦͪͦ; ʕ ΦΣ ͔͔́ͪ΅͔ͤͦ͟  ʕ ΦΣ ˶͙͙ͤͤ͟ ̑ ΦΦ  

˹͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͤ͊Ύ͍ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͙͋͊͘ ͍͍͔ͫͭ͊ͤͦͤͦ͡Σ ΅ͦ ͔ͭͻ͎ͤͦͦ͜͡͝ ͔͔ͤͭͪͤͭ͜-͔͙͎ͣ͊ͪͭͤͯ͟ ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͍ 
ͫͭ͊͒͜͝ ͔͙͍͎ͤͭͤͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟Σ ΅ͦ ͙ͫͨͪ;͙͙ͤͦ͡ ͍͒ͫͯͭͤͫͭ͜͜Έ ;ͭͦ͜͟ ͔͔͎ͦͪͫͤͦͦ͟͡ ͔͎ͭͪͣͤͦͦ͜͜͡;͎ͤͦͦ ͊ͨ͊ͪ͊ͭͯ ͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ 
͎͊ͯ͘͜͡Φ ̒͟ ͤ͊ͫ͒ͦ͜͟͡Σ ͔͎ͭͪͣͤͦͦ͜͜͡Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔ͤͭͪͤͭ͜-͔͙͎ͣ͊ͪͭͤͯ͟ ͭ͊ͦ͗͟ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͍ ͫͭ͊͒͜͝ ͍͙ͪͦͭͯ͘͟ ͭ͊ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡ΎΣ 
΅ͦ ͨͦΎͫͤΌΊ ͍ͫͤͯ͊ͤͤ͜Ύ ͙͙ͣͤͦ͗ͤ ͔͍ͭͪͣͤ͜͜ ͭ͊ ͍͙ͤ͊͘;͔ͤΈ ͒͡Ύ ͎ͦ͒ͤͦͦ ͜ ͎ͭͦͦ ͗ ͨͦͤΎͭͭΎΦ ˹͙͊ͨͪ͊͒͟͡Σ ͍͒ͫͯͭͤ͜Ί ;͔ͭ͜͟ 
͔͍ͪͦͣ͗ͯ͊ͤͤ͘Ύ ͫͺ͔ͪ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ͫͦͦͫͨͦͯ͡͡;͔ͤΈ ζͨͦ΄͍͙͚ͯͦ͟ ͔͙͎ͣ͊ͪͭͤ͟η ͭ͊ ζͨͦ΄͍ͯͦ͊͟ ͙ͦͨͭͣ͊͘͜ͼ͜ΎηΦ ˤ ͚͒͊ͤ͜ ͪͦ͋ͦͭ͜ 
͔͋ͯ͒ͣͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔ͭ͊͟ ͍͙ͤ͊͘;͔ͤͤΎΥ ζͨͦ΄͍ͯͦ͊͟ ͙ͦͨͭͣ͊͘͜ͼ͜Ύ ς ͔ͦͣͨͫ͟͟͡ ͊͘ͻ͍ͦ͒͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔͔ͤͭͪͤͭ͜-
͔ͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͨͦΎ͍ͯ ͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫͯ ͊͘ ͙͊ͨͭͦͣ͘ ͙͍ͦͪͫͭͯ͊͟;͊ ͤ͊ ͍͔ͪͻͤ͜ͻ ͙ͨͦ͘ͼ͜Ύͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ 
͔͋ͦ͘͟΄͍͎ͭͦͤͦͦ ͨͦ΄ͯͯ͟ ͍ ͨͦ΄͍͚ͯͦ͟͜ ͙͔ͫͫͭͣ͜ηΦ  

˻͒ͤ͜ΊΌ ͘͜ ͍͙ͫ͊͒ͦ͟͡ͻ ͨͦ΄͍ͯͦͦ͟͝ ͙ͦͨͭͣ͊͘͜ͼ͜͝ Ί ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͣͫͭͯ͘͜ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͼ͜͡Έ͍ͦͦ͝ ͙͊ͯ͒ͭͦͪ͜͝Φ ̒͟ ͍͒ͦͣͦ͜Σ 
͔͎ͭͪͣͤͦͦ͜͜͡Ύ ͭ͊ ;͊ͫͭͦͭ͊ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ Ί ͍ͦͫͤͦͦΌ ͒͡Ύ ͔͎͍ͦͪͯ͊ͤͤ͟Ύ ͔ͦͤͭͤͭͯ͟ ͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫͯΦ ˤ͍͒ͨͦ͒ͤͫͭ͜͜͜Έ ͣ͗͜ 
͚ͤ͊;͊ͫͭ͜΄͔ ͍͙͍͗͊ͤͦΌ ͔͎ͭͪͣͤͦͦ͜͜͡ΊΌ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͼ͜͡Έ͍ͦͦ͝ ͙͊ͯ͒ͭͦͪ͜͝ ͍ ͨͦͨͯ͡Ύ͙ͪͤͻ ͨͦ΄͍͙ͯͦ͟ͻ ͙͔ͫͫͭͣ͊ͻ ͭ͊ 
ͤ͊͋ͦͪͦͣ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͍ ͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫ͜ ͟͡Ό;͍͙ͦͻ ͍ͫ͜͡ Ί ͙ͦ͒ͤͣ ͘͜ ;͙͙͍ͤͤ͟͜ ͨͦΎ͍͙ ͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫͯ ͤ͊ ͔ͨͪ΄͚͜ ͫͭͦͪͤ͜ͼ͜ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͋ͦ͘͟΄͍͎ͭͦͤͦͦ ͨͦ΄ͯͯ͟Φ ˤ͔ͪͻͤ͜ ͙ͨͦ͘ͼ͜͝ ͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫͯ ͍ ͔ͪͯ͘͡Έͭ͊ͭ͊ͻ ͔͋ͦ͘͟΄͍͎ͭͦͤͦͦ ͨͦ΄ͯͯ͟ ͋͘͜͡Έ΄ͯΌͭΈ 
͚͍ͣͦͪͤͫͭ͜͜Έ ;͙͊ͫͭͦͭ ͚͎ͦͦ ͍͍͍͒͒ͯ͊ͤ͜͜Έ ͙͍ͦͪͫͭͯ͊͟;͙͊ͣ ͜Σ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͚͍ͣͦͪͤͫͭ͜͜Έ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͍ͦͪͫͭͯ͊͟;͙͊ͣ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ 
͍͙͙͊ͫͤ͊ͣ͟͡ ͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫͯ ͼ͔͚͜͡Φ 

˿͍ͭͦͫͦͤͦ ͊͊͒ͯ͘͟͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͊ͤ͊͘͘;͔͔ͤ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͋͘͜͡Έ΄͔ͤͤΎ ͟͜͡Έͦͫͭ͟͜ ͍͍͍͒͒ͯ͊ͤ͜͜Έ ͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫͯ 
͊͊͒ͯ͘͟͡ ͼ͜͡Έ͍ͦͦΌ ͙͊ͯ͒ͭͦͪ͜ΊΌ ͜Σ Ύ͟ ͤ͊ͫ͒ͦ͜͟͡Σ ͋͘͜͡Έ΄͔ͤͤΎ ͟͜͡Έͦͫͭ͟͜ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͊͊͒ͯ͘͟͡Φ ̒͟ ͍͙͍ͫͤͦͦ͟Σ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͍͒͜ ͭ͊ 
;͙͊ͫͭͦͭ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍͙ͨͤͻ ͔͍ͭͪͣͤ͜͜ ͍ ͨͦ΄͍͙ͯͦ͟ͻ ͙͊ͨͭ͊͘ͻ ͼ͜͡Έ͍ͦͦ͝ ͙͊ͯ͒ͭͦͪ͜͝ ͭ͊Σ ͤ͊ ͍ͦͫͤͦ͜ ͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Σ 
͔͎͍ͦͪͯ͊ͤͤ͟Ύ ͤ͊͋ͦͪͯ ͟͡Ό;͍͙ͦͻ ͍ͫ͜͡ ͔͔ͤͭͪͤͭ͜-͔͍ͪͫͯͪͫ͜ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ Ί ͊ͭͯ͊͟͡Έ͙ͤͣ ͍͊͒͊ͤͤ͘Ύͣ ͨͦ;͍͎͊ͭͦͦͦ͟ ͔ͭ͊ͨͯ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔ͤͭͪͤͭ͜-͔͙͎ͣ͊ͪͭͤͯ͟Φ  

̒͟ ͍͒ͦͣͦ͜Σ ͨͦ΄͍͙͚ͯͦ͟ ͙͊ͨͭ͘ ς ͼ͔ ͍ͫͦͦ͡Σ ͊͋ͦ ͍ͫͦͦͫͨͦͯ͡͡;͔ͤͤΎΣ Ύ͟͜ ͙͍ͦͪͫͭͯ͊͟; ͍͙͙͍ͦͪͫͭͦͯ͟Ί ͘ ͔ͣͭͦΌ ͨͦ΄ͯͯ͟ 
ͨͦͭͪ͋ͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍ ˱͔͔ͤͭͪͤͭ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͦ͒ͤ͜Ί͝ ͘͜ ͨͦ΄͍͙ͯͦ͟ͻ ͙͔ͫͫͭͣΦ ˥͙ͪ΄͍͊ͤͦ͊ ˱ Φ ̑ ΦΣ ͔̋ͪ͋͊͟ ˿ Φ ˿ Φ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ 
͍ͫͦͦͫͨͦͯ͡͡;͔ͤͤΎ ζͤ͜ͺͦͪͣ͊ͼ͚͙͚ͤ͜ ͙͊ͨͭ͘ηΥ ζ˱ͤͺͦͪͣ͊ͼ͚͙͚ͤ͜ ͙͊ͨͭ͘ ͔͍ͨͪ͒ͫͭ͊͡ΎΊ ͫͦ͋ͦΌ ͫͺͦͪͣͯ͡Έ͍ͦ͊ͤͯ ͤ͊ ͙͚ͨͪͪͦ͒ͤ͜ ͍ͣͦ͜ 
ͤͦ͜ͅ ͪͣ͊ͼ͚ͤͯ͜ ͔ͨͦͭͪ͋ͯη ώмΣ ͫΦ орϐΦ ˭͊ͤ͊͘;͔͔ͤ ΅͔ ͪ͊͘ ͍͔ͨ͒ͭͪ͒͗ͯ͜Ί ͍͒ͫͯͭͤͫͭ͜͜Έ ͔ͯͫͭ͊ͤͦ͡͝ ͔͎ͭͪͣͤͦͦ͜͜͡͝ ͍ ͙ͨͭ͊ͤͤΎͻΣ ΅ͦ 
͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎΦ ˤ͙͍͊͗ͫͭ͜͡Έ ͨͪͦͼ͔͍ͫ͜ ͨͦ΄͍ͯͦͦ͟͝ ͙ͦͨͭͣ͊͘͜ͼ͜͝ ͍͒ͤ͊͘͜;͊ΌͭΈ ˱Φ ˻ Φ ˬ ͊͋͊͡ ͜ ˤΦ ˱ Φ ˥ ͙͎͍͙ͪͦͪͦ; ͍͔ͫͭͪ͒͗ͯΌ;͙Σ ΅ͦ 
ͨ͒͋ͪ͜͜ ͍͙ͨͪ͊͡Έ͙ͤͻ ͟͡Ό;͍͙ͦͻ ͍ͫ͜͡ ς ͼ͔ ͔ͨͪ΄͙͚ ͍͙͚ͦͫͤͦͤ ͔ͣͦͣͤͭ ͨͦ΄͍ͯͦͦ͟͝ ͙ͦͨͭͣ͊͘͜ͼ͜͝Σ Ύ͙͚͟ ͔ͨͦͭͪ͋ͯΊ ͔ͤ ͨͪͦͫͭͦ 
ͪͦͯͣͤͤ͘͜Ύ ͼ͜͡Έ͍ͦͦ͝ ͙͊ͯ͒ͭͦͪ͜͝Σ ͊ ͪͦͯͣͤͤ͘͜Ύ ͔ͫͨͼ͙ͺ͜;ͤͦͫͭ͜ ͨͦ΄ͯͯ͟ ͙͙ͤͣ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍ ͎ͦ͋͊͡͡Έ͚ͤ͜ ͔͔ͣͪ͗͜ ώнϐΣ ͪͦͯͣ͘͜Ό;͙ ͨ͒͜ 
͟͡Ό;͍͙͙ͦͣ ͍͙ͫͦ͊ͣ͡ ͨͦ΄͍ͯͦ͟͜ ͔͙ͭͪͣͤ͜Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡ ς ͼ͔ ͍ͫͦ͊͡ ͭ͊ ͍ͫͦͦͫͨͦͯ͡͡;͔ͤͤΎΣ Ύ͟͜ ͊͘ ͔͍͙͙ͨͤͣ ͍͙͙ͨͪ͊͊ͣ͡ ͪͦͣ͘͜΅ͯΌͭΈͫΎ ͍ ͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫ͜ ͜ Ύ͟͜ 
͍͙ͨͦͤͤ͜ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͍͍͙͒ͨͦ͒͊ͭ͜͜ ͣͫͭͯ͘͜ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜Φ ̒͟ ͍͒ͤ͊͘͜;͊ͦͫ͡ΎΣ ͔ͤͪ͒ͦ͜͟ ͍ͫͦ͊͡ ͭ͊ ͍ͫͦͦͫͨͦͯ͡͡;͔ͤͤΎ 
ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͭ͊ͦ͗͟ ͙͍ͤ͊͊͘ΌͭΈ ͟͡Ό;͍͙͙ͦͣ ͍͙ͫͦ͊ͣ͡Σ ͔ͨͪͦͭ ͍ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͔͒Ύ͊͟ ͔͍͍ͤ͒ͨͦ͒ͤͫͭ͜͜͜Έ 
͍ͫͭͦͫͦͤͦ ͨͦ΄͍ͯͦͦ͟͝ ͙ͦͨͭͣ͊͘͜ͼ͜͝ ͦ͋ΩΊͭ͊͟ ͊͘ ͟͡Ό;͍͙͙ͦͣ ͍͙ͫͦ͊ͣ͡Σ Ύ͙͚͟Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͔͍͙ͨͤͣ ͔͔ͤͭͪͤͭ͜-
͔ͪͫͯͪͫͦͣΦ ˹͙͊ͨͪ͊͒͟͡Σ ζ˽͒͜ ͟͡Ό;͍͙͙ͦͣ ͍͙ͫͦ͊ͣ͡ ͪͦͯͣ͘͜ΌͭΈ ͙͙͊ͨͭ͘Σ Ύ͟͜ ͙͍ͦͪͫͭͯ͊͟;͜ ͍͍ͦ͒ΎͭΈ ͯ ͨͦ΄͍͙ͯͦ͟ͻ ͙͔ͫͫͭͣ͊ͻΣ ͙ͦ͟͡ 
΄ͯ͊͟ΌͭΈ ͔͍ͨͤͯ ͤ͜ͺͦͪͣ͊ͼ͜Ό ΅ͦ͒ͦ ͼ͍͊ͦ͜͟͝ ͣ͝ ͔͙ͭͣΣ ͍ͭͦ͊ͪͯ ͊͋ͦ ͎͙ͨͦͫͯ͡Φ ˿͙ͭͦͪͤ͜͟Σ ͔͔͍ͪ͊ͤͭͤ͜͡ ͒ͦ ͼ͙ͻ ͙͍͊ͨͭ͘͜ ͭ͊ Ύͫͤͦ͟͜ 
͙͍ͦͨͭͣͦ͊ͤ͘͜͜ ͨ͒͜ ͙ͤͻΣ ͨͦ΄͍ͯͦ͟͜ ͙͔͙ͫͫͭͣ ͋ͯ͒ͯͭΈ ͍͙ͨͦ͊ͯ͊ͭ͘͟ ͍͙΅͔Σ ͤ͗͜ ͙ͫͭͦͪͤ͜͟ ͙ͭͻ ͚͍ͫ͊ͭ͜Σ ͍͙͙͊ͫͤ͟͡ Ύ͙͟ͻ ͔ͤ ͙͙͙ͨͪ͒͜͡͡ 
͔ͤ͊͗ͤͦ͡͝ ͍͎͙ͯ͊ ͼΈͦͣͯ ͙ͨͭ͊ͤͤΌη ώоϐΦ ˭ ͔ͣͭͦΌ ͔͍ͪͦͣ͗ͯ͊ͤͤ͘Ύ ͔͎ͭͪͣͤͦͦ͜͜͡͝Σ ΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͍ ͨͦ΄͍͙ͯͦ͟ͻ ͙͊ͨͭ͊͘ͻ ͜ ͍ 
͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫ͊ͻΣ ͔͋ͯ͒ͣͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͫͦͦͫͨͦͯ͡͡;͔ͤͤΎ ζ͟͡Ό;͍ͦ͜ ͍ͫͦ͊͡η ͍ͫͭͦͫͦͤͦ ͔ͦͤͭͤͭͯ͟ ͔͔ͤͭͪͤͭ͜-͔͍ͪͫͯͪͫ͜Σ ͊ 
ζͨͦ΄͍ͯͦ͊͟ ͔͎ͭͪͣͤͦͦ͜͜͡ΎηΣ ζͨͦ΄͍ͯͦ͟͜ ͔͙ͭͪͣͤ͜η ς ͫ ͍ͭͦͫͦͤͦ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜Φ 

˱ͤͺͦͪͣ͊ͼ͚͙͚ͤ͜ ͨͦ΄ͯ͟ ͊͘ ͙͊ͨͭͦͣ͘ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͨͦ΄͍ͯͦͦ͟͝ ͙͔͙ͫͫͭͣΦ ˽ͦ΄͍ͯͦ͊͟ ͙͔ͫͫͭͣ͊ ς ͼ͔ 
͎ͨͪͦͪ͊ͣͤͦ-͙͚͊ͨ͊ͪ͊ͭͤ ͔ͦͣͨͫ͟͟͡ ͘ ͍͔͋-͔ͤͭͪ͜ͺ͔͚ͫͦͣΣ ͙ͨͪͤ͊͘;͔͙͚ͤ ͒͡Ύ ͨͦ΄ͯͯ͟ ͔͔ͤͭͪͤͭ͜-͔͍ͪͫͯͪͫ͜Σ ΅ͦ ͣͫͭ͜ΎͭΈ ͍ͫͦͦ͡ ͊͋ͦ 
͍ͫͦͦͫͨͦͯ͡͡;͔ͤͤΎΣ ͍͔͔͒ͦ͋ͪ͊͗ͤ͜ ͍ ͨͦ΄͍ͯͦͦͣͯ͟ ͙͊ͨͭ͘͜ ͙͍ͦͪͫͭͯ͊͟;͊Σ ͍͍͔͔͒ͤͦͣͯ ͯ ͨͦ΄͍͙͚ͯͦ͟ ͪΎ͒ͦ͟ ͙͔͙ͫͫͭͣΦ ̒͟ ͍͙ͨͪ͊ͦ͡Σ 
ͨͦ΄͍ͯͦ͟͜ ͙͔͙ͫͫͭͣ ͣ͊ΌͭΈ ͔͍͙͚ͨͤ ͤ͊͋ͪ͜ ͺ͍͊ͭͦͪ͟͜ ͍ͪ͊ͤ͗ͯ͊ͤͤΎ ͔͔ͤͭͪͤͭ͜-͔͍ͪͫͯͪͫ͜ ͊͘ ͔͍͙ͨͤͣ ͨͦ΄͍͙ͯͦͣ͟ ͙͊ͨͭͦͣ͘Σ ͙ͦ͒ͤͣ ͘͜ 
Ύ͙͟ͻ Ί ͍͍͒ͨͦ͒ͤͫͭ͜͜͜Έ ͣ͗͜ ͨͦ΄͍ͯͦͦ͟Ό ͔͎ͭͪͣͤͦͦ͜͜͡ΊΌ ͜ ͤ͊͋ͦͪͦͣ ͟͡Ό;͍͙ͦͻ ͍ͫ͜͡ ͔͔ͤͭͪͤͭ͜-͔ͪͫͯͪͫͯΦ ˶͍͔͊ͪͤΌ͟ ˾ Φ ˸ Φ 
͊͟ͼ͔͍͍ͤͭͯ͊ ͍͎ͯ͊ͯ ͤ͊ ͍͙͍͊͗ͦͫͭ͜͡ ͨͦ΄͍͎ͯͦͦͦ͟ ͔͙͎ͣ͊ͪͭͤͯ͟ ͒͡Ύ ͍͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜Υ ζΧͨͦ΄͍ͯͦ͟͜ ͙͔͙ͫͫͭͣ ͍͙ͦͤͯ͟ΌͭΈ ͪͦ͡Έ 
͔͍ͪͯ͊ͤͤ͟Ύ ͙ͨͦͨͭͦͣ ͙͍ͦͪͫͭͯ͊͟;͍͜ ͤ͊ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͭ͊ ͔͎ͪͯ͡ΌΌͭΈ ͝͝ ͙ͨͪͦͨͦ͘ͼ͜ΌΣ ͫͨͪΎ͍ͣͦͯΌ;͙ ͙͍ͦͪͫͭͯ͊͟;͍͜ ͤ͊ ͦ͒ͤ͜ ͚͙ͫ͊ͭ ͭ͊ 
͙͊͘͡΄͊Ό;͙ ͨͦ͊͘ ͍͎ͯ͊ͦΌ ͤ͜΄͜Φ ˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͼ͔ ͨͦ΄͍͙͚ͯͦ͟ ͔͙͎ͣ͊ͪͭͤ͟ ς ͚ͤ͊͋͜͡Έ΄ ͔ͺ͔͙͍͙͚ͭͤ͟ ͫͨͦͫ͋͜ ͔͔͒ͦͤͫͤͤΎ 
͔͙͎͍ͣ͊ͪͭͤͦͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ ͍͔͙͔ͯͤͪͫͭͭ͜ ͒ͦ ΄͙ͪͦͦ͟͝ ͜ ͨͦͭͪ͋ͤͦ͜͝ ͙͊ͯ͒ͭͦͪ͜͝η [4, c. 90].  

˭͊ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͊ͤ͊ͯ͘͜͡ ͔͔͒͗ͪ͡Έͤͦ͝ ͙͋͊͘ ͣ͊Ίͣͦ ͍͔͔ͨ͒ͭͪ͒͗ͤͤ͜Ύ ͍͙͍͊͗ͦͫͭ͜͡ ͨͦ΄͍͎ͯͦͦͦ͟ ͔͙͎ͣ͊ͪͭͤͯ͟ ͭ͊ 
͙ͦͨͭͣ͊͘͜ͼ͜͝Σ ͭͦ͋ͭͦ Ύͫͤͯ͟͜ ͦͼͤͯ͜͟ ͊ͤ͊͘͘;͔͎ͤͦͦΣ ͔͊͡ ͙ͨͪ͊ͭ͟;ͤͦ ͍͒ͫͯͭͤ͜͜ ͟͜͡Έͫͤ͟͜͜ ͙͙ͨͦ͊ͤ͘͟͟Σ ͊ ͔ͫ͊ͣ ς ͟͜͡Έͫͤ͊͟͜ ͦͼͤ͊͜͟ ͍͙͍ͨͯ͡ 
;͙͊ͫͭͦͭ ͔͍͙ͨͤͻ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͼ͜͡Έ͍ͦͦ͝ ͙͊ͯ͒ͭͦͪ͜͝ ͤ͊ ͟͜͡Έͫͭ͟͜Έ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ  

˸͔ͭͦΌ ͫͭ͊ͭͭ͜ Ί ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͣ͗͜ ;͊ͫͭͦͭͦΌ ͚ͤ͊͋͜͡Έ΄ ͻ͔͙͊ͪ͊ͭͪͤ͟ͻ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͼ͜͡Έ͍ͦͦ͝ 
͙͊ͯ͒ͭͦͪ͜͝ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͭ͊ ͟͜͡Έͫͭ͟͜Ό ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜Σ ͊ ͭ͊ͦ͗͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘͜ ͔͔ͤͭͪͤͭ͜-͔͍ͫͪͫͯ͜ 
Google Trends ͒ ͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ;͙͊ͫͭͦͭ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜Φ  

˸͔͙ͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ˱͔͔ͤͭͪͤͭ-͔͍ͫͪͫ͜ DƻƻƎƭŜ ¢ǊŜƴŘs ς ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ;͙͊ͫͭͦͭ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͼ͜͡Έ͍ͦͦ͝ 
͙͊ͯ͒ͭͦͪ͜͝ ͊͊͒ͯ͘͟͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ ˸͔͙ͭͦ͒ ͔ͭͦͪ͜͝ ͚͍ͣͦͪͤͦͫͭ͜͜ ͭ͊ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͙͙͙ͫͭ͊ͭͫͭ͟ ͒͡Ύ ͟͜͡Έ͙ͫͤ͟͜ͻ ͦͼͤͦ͜͟Φ  

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˨͡Ύ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ;͙͊ͫͭͦͭ ͨͦΎ͍͙ ͙͍͊ͨͭ͘͜ ͼ͜͡Έ͍ͦͦ͝ ͙͊ͯ͒ͭͦͪ͜͝ ͋ͯͦ͡ ͍͙͙ͦͪͫͭ͊ͤͦ͟ 
͚ͤ͊͋͜͡Έ΄ ͨͦͨͯ͡Ύͪͤͯ ͍ ̂ͪ͊ͤ͟͜͝ ͨͦ΄͍ͯͦͯ͟ ͙͔ͫͫͭͣͯ ͦͪͨͦͪ͊͟ͼ͜͝ GoogleΦ ˭͎͒ͤͦ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͣ Kantar TSN ͨͦ΄͍ͯͦ͊͟ ͙͔ͫͫͭͣ͊ 
Google ͍͙ͤ͊ͤ͊͘ ͚ͤ͊͋͜͡Έ΄ ͍͍͍͙͒͒ͯ͊ͤͣ͜͜ ͚ͫ͊ͭͦͣ ͍ ̂ͪ͊ͤ͟͜͝ ͍͎͊͊͘͜͡ ͜ ͚ͤ͊͋͜͡Έ΄ ͨͦͨͯ͡ΎͪͤͦΌ ͨͦ΄͍ͯͦͦ͟Ό ͙͔ͫͫͭͣͦΌ ͔ͦͪͣ͊͘͟ 
ώрϐΦ ˭͊ ͙ͨͦ͊ͤͦͣ͘͟͟ ͦͻ͔ͦͨͤͤ͡Ύ ͙͊ͯ͒ͭͦͪ͜͝ ͍ нлму ͪ Φ Google ͚͊ͣ͊͘Ί ͍ͨͪͦ͒ͤͯ͜ ͙ͨͦ͘ͼ͜ΌΦ ͚́ͦ ͺ͊ͭ͟Σ ΅ͦ ͚ͤ͊͋͜͡Έ΄ ͍͍͍͙͒͒ͯ͊ͤͣ͜͜ 
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͚ͫ͊ͭͦͣ ͍ ̂ͪ͊ͤ͟͜͝ Ί ͚ͫ͊ͭ ͨͦ΄͍ͯͦͦ͟͝ ͙͔͙ͫͫͭͣ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͔ͭΣ ΅ͦ ͙͍ͦͪͫͭͯ͊͟;͜ ͚ͤ͊;͊ͫͭ͜΄͔ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ˱͔͔ͤͭͪͤͭ ͒͡Ύ 
ͨͦ΄ͯͯ͟ ͨͦͭͪ͋ͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ΅ͦ ΅͔ ͪ͊͘ ͍͔ͨ͒ͭͪ͒͗ͯ͜Ί ͒ͦͼ͜͡Έͤͫͭ͜Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔ͤͭͪͤͭ͜-͔͙͎͍͙ͣ͊ͪͭͤͦ͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ 
͒͜Ύ͡Έͤͦͫͭ͜ ͊͊͒ͯ͘͟͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ  

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ Ύͦͫͭ͟͜ ͨͦ΄͍ͯͦͦ͟͝ ͙͔͙ͫͫͭͣ DƻƻƎƭŜΣ ͙ͫͨͪ;͙ͤΎΊ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͍ Ύͦͫͭ͟͜ ͔ͤͫͭͪͯͣͤͭͯ͜ ͔͒ͦͫ͒͗ͤ͜͡Έ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔͔ͤͭͪͤͭ͜-͔͍ͫͪͫ͜ DƻƻƎƭŜ ¢ǊŜƴŘs ͦͪͨͦͪ͊͟ͼ͜͝ Google [6]. Google Trends ͍͒ͦͦ͘͡ΎΊ ͙͙ͦͭͪͣ͊ͭ ͒͊ͤ͜ ΅ͦ͒ͦ 
ͨͦͨͯ͡Ύͪͤͦͫͭ͜ ͭ͊ ͔ͫͦͤͤͦͫͭ͘͜ ͔͍͙ͨͤͻ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͍ ͙͔ͫͫͭͣ͜ GoogleΣ ͦͼ͙͙ͤͭ͜ ͍͙͍ͨ͡ ͎͔͎ͦͪ͊ͺ͜;͙ͤͻ ͙͒͊ͤͻ ͤ͊ ;͊ͫͭͦͭͯ ͝ͻ 
ͨͦΎ͍͙ ͭͦ΅ͦΦ ˤ ͔͍ͫͪͫ͜͜ Google Trends ͚ͤ͊͋͜͡Έ΄͊ ;͊ͫͭͦͭ͊ ͙͍͊ͨͭ͘͜ ͙͚ͨͪͣ͊ΊͭΈͫΎ ͊͘ млл҈Σ ͊ ͔ͪ΄ͭ͊ ;͊ͫͭͦͭ ͍͒ͦ͋ͪ͊͗͊͜ΊͭΈͫΎ 
͍͍͒ͨͦ͒ͤͦ͜͜ ͯ ͍͒ͫͦͭ͊͜͟ͻ ͒ͦ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͤ͊͘;͔ͤͤΎΦ 

˭͎͒ͤͦ͜ ͙ͦͨͪ͡Ό͔͙͒ͤͤͣ ͙͒͊ͤͣ ΅ͦ͒ͦ ͍ͫͭͯͨͤͦ͝ ͊ͣͨ͊ͤ͟͜͝ нлму ͪͦͯ͟ ͚ͤ͊͋͜͡Έ΄ͦΌ ͨͦͨͯ͡Ύͪͤͫͭ͜Ό ͔͔ͫͪ͒ ͍͙͍ͫͭͯͨͤ͟͜ 
͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙͍ͦͪͫͭͯ͊͊ͫ͟͡Ύ ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έ ζ͎̅ͦͦ͜͜͡͡ΎηΦ ˴͜͡Έͫͭ͟͜Έ ͊͘Ύ͍ ͤ͊ ͍͊͊ͤͯ͘͟ ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έ ͍ ͪͤ͘͜͜ ;͍͊ͫͦ͜ 
͔͙ͨͪͦ͒͜ ͙͍ͦ͊͊ͫ͟͡͡Ύ ͍ ͔ͣ͗͊ͻ ͍͒͜ рфтуф ώтϐ ͒ͦ тффоп ΄ͭΦ [8ϐΦ ˭͊ ͨͦ΄͍͙ͯͦͣ͟ ͙͊ͨͭͦͣ͘ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έ ͺ͎ͦͦ͜͜͡͡Ύη ͍ DƻƻƎƭŜ 
¢ǊŜƴŘǎ ͔ͤ ͚ͤ͊͘΄ͦͫ͡Ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͒͡Ύ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͍ ͍͘ΩΎͯ͘͟ ͘ ͙ͤ͘Έͦ͟;͊ͫͭͦͭͤͫͭ͜Ό ͙͊ͨͭͯ͘ ͒͡Ύ ͎͒͊ͤͦͦ ͔ͤͫͭͪͯͣͤͭͯ͜ [9]. 
˾͊ͦͣ͘ ͘ ͙ͭͣΣ ͔ͭͪͣͤ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη ͣͦ͗ͤ͊ ͍͍͙͊͗͊ͭ ͎͊͊͘͡ΈͤͦΌ ͍ͫ͊͒ͦͦ͟͡ΌΣ ͊͋ͦ Ύ͒ͪͦͣ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜Σ Ύ͟͜ ͫͭͦͫͯΌͭΈͫΎ 
ͨͦ΄ͯͯ͟ ͔͍͙ͨͤͻ ͍͙͍͒͜ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ ͭ͊ ͙͙͒ͦͫ͒ͭ͜͡ ;͊ͫͭͦͭͯ ͚͎ͦͦ ͨͦΎ͍͙ Ύ͟ ͎ͯ͊͊͘͡Έ͔͎ͤͤͦͦ ͙͊ͨͭͯ͘Φ 

˨͔ͦͫ͒͗ͤͤ͜͡Ύ ;͙͊ͫͭͦͭ ͨͦ΄͍͎ͯͦͦͦ͟ ͙͊ͨͭͯ͘ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη ͍͙ͨͪͦͦ͒ͦͫ͡Ύ ͘ ͔ͨͪͦ͒ͦͣ͜ м ͪ ͜͟Σ ͭ͊ ͍͒͜ лмΦлмΦму ͪ  ͒ͦ 
31.08.18 ͪ Φ ό͙ͪͫΦ мύΦ ˭͎͒ͤͦ͜ ͙͙ͦͭͪͣ͊ͤͣ ͙͒͊ͤͣ ͙ͣ͊ͫͣ͊͟͡Έͤ͊ ;͊ͫͭͦͭ͊ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͙ͨͪͨ͊͒͊Ί ͤ͊ ͡ ͙͔ͨͤΈΦ  

DƻƻƎƭŜ ¢ǊŜƴŘǎ ͍͒ͦͦ͘͡ΎΊ ͍͍͙͒ͫ͒ͯ͊ͭ͜͜͟͡ ͣͤ͘͜Ό͍͊ͤͤΎ ͙ͨͦ͊ͤ͊͘͟͟ ͨͦ ͦ͋͊ͫͭ͡Ύͻ ͙̂ͪ͊ͤ͟͝ ό͙ͪͫΦ нΣ ͭ͊͋͡Φ мύΦ ˹͚͊͋͜͡Έ΄͊ 
;͊ͫͭͦͭ͊ ͙͍͊ͨͭ͘͜ ͙ͨͪͨ͊͒͊Ί ͤ͊ ͔̆ͣ͡Έ͙ͤͼΈͯ͟Σ ˾͍͔ͤͤͫ͜Έͯ͟Σ ͔́ͪͤͦͨ͜͡ΈͫΈͯ͟Σ ˤ͙ͤͤ͜ͼΈͯ͟ ͭ͊ ͔͍͔̉ͪͤ͜ͼΈͯ͟ ͦ͋͊ͫͭ͜͡Φ 

́͊͋͡Φм ͭ͊ͦ͗͟ ͙ͣͫͭͭ͜Έ ͒͊ͤ͜ ΅ͦ͒ͦ ͟͜͡Έͦͫͭ͟͜ ͙ͨͦ͒͊ͤͻ ͊͋ͭͯͪ͜͜Ί͙ͤͭ͊ͣ ͊͘Ύ͍ ͤ͊ ноΦлтΦму ͪ ΦΣ ΅ͦ ͍͔͔ͤ͊͒ͤ͜ ͯ ͫͭ͊ͭͭ͜ ώтϐΦ 
˾ͦͨͦ͒͘͜͡ ;͊ͫͭͦͭ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͭ͊ ͟͜͡Έͦͫͭ͟͜ ͙ͨͦ͒͊ͤͻ ͊͘Ύ͍ ͨͦ ͦ͋͊ͫͭ͡Ύͻ ͙̂ͪ͊ͤ͟͝ ͍͔͔ͤ͊͒ͤͦ ͤ͊ ͙ͪͫΦ оΦ ˨͡Ύ ͪͯ͘;ͤͦͫͭ͜ 
͍͍͔ͫͨͫͭ͊ͤͤ͜͡Ύ ͪΎ͍͒͜ ͔͔͔ͫͨͦͫͭͪ͗ͤΈ ͙ͣ͊ͫͣ͊͟͡Έͤ͊ ͟͜͡Έͫͭ͟͜Έ ͙ͨͦ͒͊ͤͻ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͙͚ͨͪͣ͊͊ͫ͡Ύ ͊͘ млл҈Σ ͊ ͔ͪ΄ͭ͊ ͤ͊͘;͔ͤΈ 
ͪͦͪ͊͘ͻ͍͍ͦͯ͊͊ͫ͡Ύ ͨͪͦͨͦͪͼ͚ͤͦ͜Φ ˭͎͒ͤͦ͜ ͍͔͔͙ͤ͊͒ͤͻ ͙͒͊ͤͻΣ ͙ͣ͊ͫͣ͊͟͡Έͤ͊ ͟͜͡Έͫͭ͟͜Έ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͋ͯ͊͡ ͊͘ͺ͍ͫͦ͊ͤ͊͜͟ ͯ 

ͣΦ ˴ ͙Ί͍͜Φ ͔̇ ͤ͊͘;͔ͤͤΎ ͋ͯͦ͡ ͔͔͍͔͔ͨͪͪͤ͜ ͊͘ ͍͙ͨͪ͊ͦͣ͡ оsΣ ͍͔͔͔͒ͤͫͤ͜ ͒ͦ ͊ͤͦͪͣ͊͡Έ͙ͤͻ ͜ ͍͙͟͡Ό;͔͔ͤ ͘ ͨͦ͒͊͡Έ΄͙ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ 
ˢ͎ͤ͊ͦ͜͡;ͤͦ ͙͋ͯ͡ ͍͙͟͡Ό;͔ͤ͜ ͘ ͨͦ͒͊͡Έ΄͙ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͤ͊͘;͔ͤͤΎ ;͊ͫͭͦͭ ͨͦΎ͍͙ ͔ͭͪͣͤͯ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη ͨͦ ͍̆͊ͪͫ͟͜Έ͚͟͜Σ 
˶Έ͍͍ͫ͜Έ͚͟͜Σ ˨͔͍ͤͨͪͦͨͭͪͦͫ͜Έ͚͟͜Σ ˻͔͒ͫΈ͚͟͜Σ ˤ͙ͤͤ͜ͼΈ͚͟͜ ͭ͊ ˭͊ͨͦͪ͘͜Έ͚͟͜ ͦ͋͊ͫͭ͡ΎͻΦ ˥ͪ͊ͺ͜;͔ͤ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͔ͭͪͤ͒ͯ ;͙͊ͫͭͦͭ ͨͦΎ͍͙ 
͔ͭͪͣͤͯ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη ͨͫ͜͡Ύ ͍͙͟͡Ό;͔ͤͤΎ ͊ͤͦͪͣ͊͡Έ͙ͤͻ ͙͒͊ͤͻ ͍͔͔ͤ͊͒ͤͦ ͤ͊ ͙ͪͫΦпΦ 

 

 
˾͙ͫΦ мΦ ˨͙ͤ͊ͣ͊͜͟ ͨͦ΄͍͎ͯͦͦͦ͟ ͙͊ͨͭͯ͘ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη ͊͘ ͔ͨͪͦ͒͜ ͘ лмΦлмΦму ͨͦ омΦлуΦму ͪΦ 

 
 

 
˾͙ͫΦ нΦ ˻͋͊ͫͭ͜͡ ͙̂ͪ͊ͤ͟͝ ͘ ͚ͤ͊͋͜͡Έ΄ͦΌ ;͊ͫͭͦͭͦΌ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͘ ͔ͭͪͣͤͦͣ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη 
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˾͙ͫΦ оΦ ˾ͦͨͦ͒͘͜͡ ;͙͊ͫͭͦͭ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη ͭ͊ ͟͜͡Έͦͫͭ͟͜ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ 
 

 
˾͙ͫΦ пΦ ˾ͦͨͦ͒͘͜͡ ;͙͊ͫͭͦͭ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη ͭ͊ ͟͜͡Έͦͫͭ͟͜ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͊͘ ͍͙͟͡Ό;͔ͤͤΎͣ 

͊ͤͦͪͣ͊͡Έ͙ͤͻ ͤ͊͘;͔ͤΈ 
͙́͊͋͡ͼΎ м. 

̉͊ͫͭͦͭ͊ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͘ ͔ͭͪͣͤͦͣ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη ͭ͊ ͟͜͡Έͫͭ͟͜Έ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͨͦ ͦ͋͊ͫͭ͡Ύͻ ͙̂ͪ͊ͤ͟͝ 
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͔̆ͣ͡Έ͙ͤͼΈ͊͟  100 85 10653 5,0 ͔͎͍̉ͪͤͫ͜͜Έ͊͟ 50 58 7322 3,4 

˾͍͔ͤͤͫ͜Έ͊͟ 98 100 11080 5,2 ˴͙͍ͫ͝Έ͊͟ 50 45 5302 2,5 

͔́ͪͤͦͨ͜͡ΈͫΈ͊͟ 95 84 12197 5,7 ͣΦ˴͙͍͝ 50 43 214560 100,0 

ˤ͙ͤͤ͜ͼΈ͊͟ 89 92 19706 9,2 ˽͍ͦͭ͊ͫ͡Έ͊͟ 41 48 11571 5,4 

͔͍͔̉ͪͤ͜ͼΈ͊͟ 85 59 14703 6,9 ˨͔͍ͤͨͪͦͨͭͪͦͫ͜Έ͊͟ 34 30 46754 21,8 

ˤ͙ͦͤͫ͡Έ͊͟ 78 99 10398 4,8 ͍̆͊ͪͫ͟͜Έ͊͟ 30 28 87183 40,6 

˶Έ͍͍ͫ͜Έ͊͟ 76 71 70936 33,1 ˸͙͍ͦ͊ͫ͟͡͝Έ͊͟ 28 22 9589 4,5 

ˬ͙͙ͭͦͣͪͫΈ͊͟ 76 79 8804 4,1 ͔̆ͪͫͦͤͫΈ͊͟ 26 31 7147 3,3 

˱͍͊ͤͦ-͍̅ͪ͊ͤͫ͟͜Έ͊͟ 69 79 15335 7,1 ˭͊ͨͦͪ͘͜Έ͊͟ 25 29 19621 9,1 

˿ͯͣͫΈ͊͟ 69 60 8255 3,8 ˻͔͒ͫΈ͊͟ 24 26 42276 19,7 

͔̉ͪ͊ͫ͟Έ͊͟ 67 60 12142 5,7 ˶͎ͯ͊ͤͫΈ͊͟ 21 17 3517 1,6 

˴͍͎ͪͦͦͪ͊͒ͫ͜Έ͊͟ 63 34 4160 1,9 ˨͔ͦͤͼΈ͊͟ 13 9 7309 3,4 

˭͊͊ͪͨ͊ͭͫ͟Έ͊͟ 63 53 7444 3,5      
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˹͍͙͊͘ ͔͚ͦ͋͊ͫͭ͡
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̉͊ͫͭͦͭ͊ ͊͘ ͔ͨͪͦ͒͜ 
12.10.17 - 12.10.18

̉͊ͫͭͦͭ͊ ͊͘ ͔ͨͪͦ͒͜ 
01.01.18 - 31.08.18

˴͜͡Έͫͭ͟͜Έ ͊͘Ύ͍ ͤ͊ 
23.07.18, %
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˹͍͙͊͘ ͔͚ͦ͋͊ͫͭ͡

˾ͦͨͦ͒͘͜͡ ;͊ͫͭͦͭ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͭ͊ ͟͜͡Έͦͫͭ͟͜ ͙ͨͦ͒͊ͤͻ ͊͘Ύ͍ ͊͘ ͍͙͟͡Ό;͔ͤͤΎͣ т ͦ͋ϥΊ͍ͭ͟͜

̉͊ͫͭͦͭ͊ ͊͘ ͔ͨͪͦ͒͜ 
12.10.17 -
12.10.18

̉͊ͫͭͦͭ͊ ͊͘ ͔ͨͪͦ͒͜ 
01.01.18 -
31.08.18

˴͜͡Έͫͭ͟͜Έ ͊͘Ύ͍ ͤ͊ 
23.07.18, %



̅˱˭ˮ˴˻-˸ˢ́˩˸ˢ́ˮ̉˹ˢ ˻˿ˤ˱́ˢ ό̅˸˻ύ    ͍ ͙ͨͯͫ͟ 4(18), 2018 
.  

35 

ˤ ͭ͊͋͡Φн ͍͔͔ͤ͊͒ͤͦ ͙ͣ͊ͭͪͼΌ ͙ͨ͊ͪͤͻ ͔ͦ͟ͺ͜ͼ͜Ί͍ͤͭ͜ ͔ͦͪ͟͡Ύͼ͜͝Φ ˸͗͜ ͤ͊͘;͔ͤͤΎ͙ͣ ;͊ͫͭͦͭ ͨͦΎ͍͙ ͔ͭͪͣͤͯ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη 
͊͘ ͪͤ͘͜͜ ;͍͊ͫͦ͜ ͔͙ͨͪͦ͒͜ ͍͙Ύ͍͔ͤͦ͡ ͙͚ͭͫͤ͜ ͚͙͚ͤͤ͜͜͡ ͔ͦͪ͟͡Ύͼ͚͙͚ͤ͜ ͍͘ϥΎͦ͘͟Σ Ύ͙͚͟ ͍͔ͫ ͗ ͙ͭ͊͟ ͔ͤ ͙ͤ͊͋͗͊͡ΊͭΈͫΎ ͒ͦ м όr=0,8954). 
˭͊ͤ͊͘;͔͔ͤ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͔ͭΣ ΅ͦ ;͙͊ͫͭͦͭ ͨͦΎ͍͙ ͔ͭͪͣͤͯ͜ ͘ ͔ͫͪͨͤΎ нлму ͪΦ ͨͦ ͍͔͗ͦͭͤΈ нлму ͪ Φ ͔ͤ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͟͜͡Έͫͭ͟͜Έ ͊͘Ύ͍Σ 
͙ͨͦ͒͊ͤͻ ͊͘ ͍ͫͭͯͨͤͦΌ ͊ͣͨ͊ͤ͟͜ΊΌ нлму ͪΣ ΅ͦ ͍͙ͨͤͯͦ͡͡ ͔ͤ ͔ͣͤ͘΄͔ͤͤΎ ͤ͊͘;͔ͤͤΎ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ͊ ͨ͊ͪͤͦ͝ ͔ͦͪ͟͡Ύͼ͜͝Φ ˹͊Ύ͍ͤͫͭ͜Έ 
͋͜͡Έ΄ ͎ͭͫͤͦͦ͜ ͚͎ͤͤͦͦ͜͜͡ ͔ͦͪ͟͡Ύͼ͚͎ͤͦͦ͜ ͍͘ΩΎͯ͘͟ ͣ͗͜ ;͊ͫͭͦͭͦΌ ͙͍͊ͨͭ͘͜ ͜ ͟͜͡Έͫͭ͟͜Ό ͙ͨͦ͒͊ͤͻ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͊͘ ͔ͨͪͦ͒͜ ͍͒͜ 
лмΦлмΦму ͨͦ омΦлуΦму ͪΦ όrҐлΣруунύ ͍ ͍ͨͦͪͤ͜Ύͤͤ͜ ͘ ͪ͜;͙ͤͣ ͔ͨͪͦ͒ͦͣ͜ όrҐлΣрплмύ ͍͔ͨ͒ͭͪ͒͗ͯ͜Ί ͔͔ͨͦͨͪ͒ͤ͜ ͍͙͍͙ͫͤͦ͟Φ ˥ͪ͊ͺ͜;ͤ͊ 
͔͊͗ͤͫͭ͘͜͡Έ ͟͜͡Έͦͫͭ͟͜ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͍͒͜ ;͙͊ͫͭͦͭ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͼ͜͡Έ͍ͦͦ͝ ͙͊ͯ͒ͭͦͪ͜͝ ͍͔͔ͤ͊͒ͤ͊ ͤ͊ ͙ͪͫΦ рΦ ̒͟ ͙ͨͦ͊͊͘͟͡ 
͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͣ͗͜ ͟͜͡Έͫͭ͟͜Ό ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͜ ;͊ͫͭͦͭͦΌ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͘ ͔ͭͪͣͤͦͣ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη 
͍͙Ύ͍͔ͤͦ͡ ͙͙ͫͭ͊ͭͫͭ;ͤͦ ͤ͊͘;ͯ΅ͯ ό͘ ͍͔ͪͤͣ͜ ͚ͤ͊͒ͤͦͫͭ͜͜ ʰҐлΣлрύ ͚ͤͤͯ͜͜͡ ͔͊͗ͤͫͭ͘͜͡Έ ό͔ͦ͟ͺ͜ͼ͜Ίͤͭ ͨ͊ͪͤͦ͝ ͔ͦͪ͟͡Ύͼ͜͝ r = 0,5852). 
ˣ͙͘͡Έͦ͟ оп҈ ͟͜͡Έͦͫͭ͟͜ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͍͔ͦ͋ͯͣͦͤͦ͡ ;͊ͫͭͦͭͦΌ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͘ ͔ͭͪͣͤͦͣ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜ΈηΦ ́ͦ͋ͭͦΣ оп҈ 
ͼ͜͡Έ͍ͦͦ͝ ͙͊ͯ͒ͭͦͪ͜͝Σ Ύ͊͟ ͚͒ͫͤ͘͜Ό͍͊͊͡ ͨͦ΄ͯ͟ ͍͍͒ͨͦ͒ͤͦ͜͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ;͔͔ͪ͘ ˱͔͔ͤͭͪͤͭΣ ͒ͦͫΎ͎͙͡ ͍͔ͨͦͫͭ͊ͤͦ͡͝ ͼ͜͜͡ ς ͙ͨͦ͒͊͡ 
͊͘Ύ͍͙ ͒ͦ ͊͊͒ͯ͘͟͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ  

͙́͊͋͡ͼΎ н. 
˸͙͊ͭͪͼΎ ͙ͨ͊ͪͤͻ ͔ͦ͟ͺ͜ͼ͜Ί͍ͤͭ͜ ͔ͦͪ͟͡Ύͼ͜͝ 

˹͍͊͊͘ ͙͍ͨͦ͊ͤ͘͟͟͜ 
̉͊ͫͭͦͭ͊ ͊͘ ͔ͨͪͦ͒͜ 
12.10.17 - 12.10.18 

̉͊ͫͭͦͭ͊ ͊͘ ͔ͨͪͦ͒͜ 
01.01.18 - 31.08.18 

˴͜͡Έͫͭ͟͜Έ ͊͘Ύ͍ ͤ͊ 
23.07.18, % 

̉͊ͫͭͦͭ͊ ͊͘ ͔ͨͪͦ͒͜ мнΦмлΦмт - 12.10.18 1 0,8954 0,5401 

̉͊ͫͭͦͭ͊ ͊͘ ͔ͨͪͦ͒͜ лмΦлмΦму - 31.08.18 0,8954 1 0,5852 

˴͜͡Έͫͭ͟͜Έ ͊͘Ύ͍ ͤ͊ ноΦлтΦмуΣ ҈ 0,5401 0,5852 1 

 

 

˾͙ͫΦ рΦ ˴͔ͦͪ͡Ύͼ͚ͤ͊͜ ͔͊͗ͤͫͭ͘͜͡Έ ͟͜͡Έͦͫͭ͟͜ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͍͒͜ ;͙͊ͫͭͦͭ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ 
 
ˤ͙͍͙ͫͤͦ͟Φ ˻͙ͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍ͫ͒͜;͊ͭΈ ͨͪͦ ͔ͭΣ ΅ͦ ͤ͊͘;ͤ͊ ͟͜͡Έͫͭ͟͜Έ ͼ͜͡Έ͍ͦͦ͝ ͙͊ͯ͒ͭͦͪ͜͝ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ 

͍͔ͪͭ͊͘ΊͭΈͫΎ ͊͘ ͨͦ΄ͯͦͣ͟ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͍͊͊͒͘͟͜͡ ͒ͦ ˱͔͔ͤͭͪͤͭͯΦ ͎̂͊͊͘͡ΈͤΌΌ;͙ͣ ͨͦ΄͍͙ͯͦͣ͟ ͔ͭͪͣͤͦͣ͜Σ Ύ͙͚͟ 
ͼ͔ ͍͔ͨ͒ͭͪ͒͗ͯ͜ΊΣ Ί ͔ͭͪͣͤ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜ΈηΦ ˤ͍͒ͨͦ͒ͤͦ͜͜Σ ͔͔ͨͪ͜͟͡ ͟͡Ό;͍͙ͦͻ ͍ͫ͜͡ ͔͔ͤͭͪͤͭ͜-͔͍ͪͫͯͪͫ͜ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ 
͍͙͔ͨͦͤͤ ͙͙ͣͫͭͭ͜ ͔͙ͭͪͣͤ͜Σ Ύ͟͜ ͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͍͙ͤ͊͘ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ͊͊͒ͯ͘͟͡Σ ͊ ͔͔ͤͭͪͤͭ͜-͔͙͎͍ͣ͊ͪͭͤͦ͊͟ ͔͎ͫͭͪ͊ͭ͜Ύ ͍͙ͨͦͤͤ͊ 
͍͟͡Ό;͙͊ͭ ͨͦ΄͍͙͚ͯͦ͟ ͔͙͎ͣ͊ͪͭͤ͟ ͭ͊ ͨͦ΄͍ͯͦͯ͟ ͙ͦͨͭͣ͊͘͜ͼ͜ΌΦ ˻͔͔͒ͪ͗͊ͤ ͍ͪͤ͜ΎͤͤΎ ͚ͤͤͦ͜͜͡͝ ͔ͦͪ͟͡Ύͼ͚ͤͦ͜͝ ͔͊͗ͤͦͫͭ͘͜͡ 
͍͒ͦͦ͘͡ΎΊ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘ ͚͍ͣͦͪͤͯ͜ ͟͜͡Έͫͭ͟͜Έ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͊͘ ͤ͊͘;͔ͤͤΎͣ ;͙͊ͫͭͦͭ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜Φ ˨͡Ύ ˴͙Ί͍͊Σ 
͍̆͊ͪͫ͟͜Έͦ͟͝Σ ˶Έ͍͍ͫ͜Έͦ͟͝Σ ˨͔͍ͤͨͪͦͨͭͪͦͫ͜Έͦ͟͝Σ ˻͔͒ͫΈͦ͟͝Σ ˤ͙ͤͤ͜ͼΈͦ͟͝ ͭ͊ ˭͊ͨͦͪ͘͜Έͦ͟͝ ͔͚ͦ͋͊ͫͭ͡ ;͊ͫͭͦͭ͊ ͨͦ΄͍͎ͯͦͦͦ͟ ͙͊ͨͭͯ͘ ͘ 
͔ͭͪͣͤͦͣ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη ͔ͤ Ί ͍͙ͦͫͤͦͤͣ ;͙͙ͤͤͦͣ͟ ͟͜͡Έͦͫͭ͟͜ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜Σ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ ͚ͤͤͦ͜͜͡͝ ͔ͦͪ͟͡Ύͼ͜͝ ͣ͗͜ 
͍͙͙͒ͦͫ͒͗ͯ͊ͤͣ͜͡ ͙͙ͨͦ͊ͤ͊ͣ͘͟͟ ͍͙Ύ͍͙͍ͫΎ ͙͙ͫͭ͊ͭͫͭ;ͤͦ ͔ͤͤ͊͘;ͯ΅͙ͣΦ ˻͋͊ͫͭ͜͡Σ ͒͡Ύ Ύ͙͟ͻ ͤ͊͘;͔ͤͤΎ ;͊ͫͭͦͭ ͨͦ΄͍͎ͯͦͦͦ͟ ͙͊ͨͭͯ͘ 
͘ ͔ͭͪͣͤͦͣ͜ ζ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έη ͍͙Ύ͍͙͙ͫ͡Ύ ͊ͤͦͪͣ͊͡Έ͙͙ͤͣΣ ͣͦ͗ͤ͊ ͍͔͙͒ͤͫͭ͜ ͒ͦ ́˻˽ ͔͚ͦ͋͊ͫͭ͡ ͊͘ ͼ͙ͣ ͙ͨͦ͊ͤͦͣ͘͟͟Φ ˨ͦ ͫ͊͒ͯ͟͡ 
;͙͙͊ͫͭͤ ͍͙͟͡Ό;͔͙ͤͻ ͔͎͍ͪͦͤ͜͜ ͍ͻͦ͒ΎͭΈ ͙͊͊͒͘͟͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ Ύ͟͜ ͍͔͔͒ͤͫͤ͜͜ ͒ͦ ́˻˽ мл ͊͘ ͟͜͡Έͫͭ͟͜Ό ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ώмлϐΦ 
˻ͪͣ͟͜ ͼΈ͎ͦͦΣ ͤ͊Ύ͍ͤͫͭ͜Έ ͤ͊͘;ͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͤ͊ ͝ͻ ͔͙ͭͪͭͦͪ͜͝ ͭ͊ͦ͗͟ ͔ͣͦ͗ ͙͋ͯͭ ;͙͙ͤͤͦͣ͟ ͤ͊͘;͎ͤͦͦ 
͋͘͜͡Έ΄͔ͤͤΎ ͟͜͡Έͫͭ͟͜͜ ͊͘Ύ͍ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜Φ 

˱͔͔ͤͭͪͤͭ-͔͍ͫͪͫ͜ DƻƻƎƭŜ ¢ǊŜƴŘǎ ͒ͦͼ͜͡Έͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͒͡Ύ ͎ͯ͊͊͘͡Έ͔͙ͤͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ ͦͫ͟͜͡Έ͙͟ ;͊ͫͭͦͭ͊ 
ͨͦ΄͍͎ͯͦͦͦ͟ ͙͊ͨͭͯ͘ ͘ ͍ͤ͊ͦ͘Ό ͔ͦͤͪͭͤͦ͟͟͝ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͒͡Ύ ͎͒͊ͤͦͦ ͔͍ͫͪͫͯ͜ Ί ͔ͤ͒ͦͫͭ͊ͭͤΈͦΌΦ  

˽͔͔͙͍͙ͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟Φ ˹͊ͨͪΎ͙ͣ͊ͣ ͨͦ͒͊͡Έ΄͙ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ Ί ͍͙Ύ͍͔ͤͤ͡Ύ ͤ͜΄͙ͻ ͍͙͍͍͙ͨͦ͡ͻ 
;͙͙͍ͤͤ͟͜ ͯͫͨ͜΄ͤͦͫͭ͜ ͊͊͒ͯ͘͟͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͤ͊ ͙ͪͤͯ͟ ͍ͦͫͭͤ͜͜ͻ ͎ͨͦͫͯ͡ ͭ͊ ͦͼͤ͊͜͟ ͔ͫͭͯͨͤΎ ͝ͻ ͍͙͍ͨͯ͡Σ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͍͔͚ͣͦ͗ͦͫͭ͡ 
ͭ͊ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͔ͤͭͪͤͭ͜-͔͍͍ͫͪͫ͜͜ ͔͙͎͍͎ͣ͊ͪͭͤͦͦͦ͟ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͒͡Ύ ͍͙͊͊ͤ͘͟ͻ ͼ͔͚͜͡Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˥͙ͪ΄͍͊ͤͦ͊ ˱Φ ̑ΦΣ ͔̋ͪ͋͊͟ ˿Φ˿Φ ˾͍͙ͦͭͦ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͨͦ΄ͯͯ͟ ͭ͊ ͤ͊͘͜͡ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ Semantic WEB. 
˿͙͔ͫͭͣ͊ ͙ͦ͋ͪͦ͋͟ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ нллфΦ ˤ͙ͨͯͫ͟ сόулύΦ ˿Φ оп-42.  

2. ˬ͊͋͊͡ ˱Φ˻ΦΣ ˥͙͎͍͙ͪͦͪͦ; ˤΦ˱Φ ˸ͫ͜ͼ͔ ͨͦ΄͍ͯͦͦ͟͝ ͙ͦͨͭͣ͊͘͜ͼ͜͝ ͍ ͙͔ͫͫͭͣ͜ ͔͙͎͍͙ͣ͊ͪͭͤͦ͟ͻ ͤ͊ͤ͘ΈΦ URL: http://chtei -
knteu.cv.ua/herald_ru/content/download/archive/2010/v3/NV-2010-V3_30.pdf ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘ΎΥ млΦмлΦнлмуύΦ 

3. ͍͙͙͚̊͒͟ ͨ͒͋ͪ͜͜ ͟͡Ό;͍͙ͦͻ ͍ͫ͜͡ ͒͡Ύ ͚ͫ͊ͭ͊ ;͔͔ͪ͘ ͚ͦͤ͊ͤ͡-͔͍͙ͫͪͫ͜Φ URL: https://lemarbet.com/ua/otkrytie-internet-
magazina/bystryj-podbor-klyuchevyh-slov-dlya-sajta-cherez-onlajn-ǎŜǊǾƛǎȅκ ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘ΎΥ млΦмлΦнлмуύΦ 

4. ˶͍͔͊ͪͤΌ͟ ˾Φ˸Φ ˸͔͙͎͍͙͚͊ͪͭͤͦ͟ ͊ͤ͊͘͜͡ ͍͔͋-͚͍ͫ͊ͭ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡Σ ΅ͦ ͤ͊͒͊ΌͭΈ ͍ͦͫͭͤ͜͜ ͎͙ͨͦͫͯ͡ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ 
͔͔ͤͭͪͤͭ͜-͔ͭͻ͎͚ͤͦͦ͜͡Φ ˹͍͙͚͊ͯͦ͟ ͍͙ͫͤ͜͟ ˽͍ͦͭ͊ͫ͡Έ͎ͦͦ͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔͙ͦͤͦͣ͟͜͟ ͜ ͭ ͎͍ͦͪ͜͜͡Φ нлмоΦ ЅрόсмύΦ ˿Φуу-93. 

y = 0,4628x + 34,199
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̉͊ͫͭͦͭ͊ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͘ ͔ͭͪͣͤͦͣ͜ Ϧ͔ͫͨͼ͊͜͡Έͤͫͭ͜ΈϦ

˭͔͊͗ͤͫͭ͜͡Έ ͟͜͡Έͦͫͭ͟͜ ͊͘Ύ͍ ͍͒͜ ;͙͊ͫͭͦͭ ͨͦ΄͍͙ͯͦ͟ͻ 
͙͍͊ͨͭ͘͜

http://chtei-knteu.cv.ua/herald_ru/content/download/archive/2010/v3/NV-2010-V3_30.pdf
http://chtei-knteu.cv.ua/herald_ru/content/download/archive/2010/v3/NV-2010-V3_30.pdf
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5. ˾͔͚͙͎ͭͤ ͨͦͨͯ͡Ύ͙ͪͤͻ ͚͍ͫ͊ͭ͜ ͊͘ ͔͔ͫͪͨͤΈ нлмуΦ URL: https://tns-ua.com/news/reyting-populyarnih-saytiv-za-serpen-2018 
ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘ΎΥ млΦмлΦнлмуύΦ 

6. Google Trends. URL: https://trends.google.com.ua/trends/?geo=UA (͒͊ͭ͊ ͘ ͍͔͔ͪͤͤͤΎ: 12.10.2018). 
7. ˿͍͍ͨ͊ͦͫ͜͟Έ͙͚͟ ˻ΦΥ ͨͪͦ ͫͯͣͤͯ ͙͙ͫͭ͊ͭͫͭͯ͟ ͍ͫͭͯͨͤͦ͝ ͊ͣͨ͊ͤ͟͜͝Φ URL: http://osvita.ua/blogs/61456/ ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘ΎΥ 

12.10.2018). 
8. ́˻-˽мл ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ͭ͊ ˤ˹˭Σ Ύ͟͜ ͙ͦ͋ͪ͊͡ ͍͙͙ͫͭͯͨͤ͟ ͼΈ͎ͦͦ ͪ͜;Φ URL: https://pedpresa.ua/193617-top-10-spetsialnostej-

ta-vnz-yaki-obyraly-vstupnyky-tsogorich.html ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘ΎΥ мнΦмлΦнлмуύΦ 
9. ˥͊ͪͤ͊͜ ˿Φ˸Φ ˸͙͍ͦ͗ͦͫͭ͜͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͔ͤͭͪͤͭ͜-͔͍ͫͪͫͯ͜ Google Trends ͒͡Ύ ͊ͤ͊ͯ͘͜͡ ͨͦ΄͍͙ͯͦ͟ͻ ͙͍͊ͨͭ͘͜ ͼ͜͡Έ͍ͦͦ͝ 
͙͊ͯ͒ͭͦͪ͜͝ ͊͊͒ͯ͘͟͡ ͍͙ͦͫͭ͜Φ ˿ͯ;͊ͫͤ͊ ͔͎͎ͨ͒͊ͦ͊͜͟ ͭ͊ ͙ͨͫͻ͎ͦͦ͜͡ΎΥ ͔͎ͣͭͦ͒ͦͦ͜͡ΎΣ ͔ͭͦͪ͜Ύ ͜ ͙ͨͪ͊ͭ͊͟͟Υ ͔͙ͣ͊ͭͪ͊͜͡ 
ͣ͗ͤ͊ͪͦ͒ͤͦ͜͝ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤͦ͝ ͦͤ͟ͺ͔͔ͪͤͼ͜͝Φ όͣΦ˴͙͍͝Σ ну-нф ͍͔͔ͪͫͤΎ нлму ͪΦύΦ ˴͙͍͝Υ ͍͚́͊ͪͫ͜Έ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ 
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˤΦ˱Φˤ͔ͪͤ͊͒ͫΈ͎ͦͦ͟Σ нлмуΦ ˿Φ уп-86 
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STUDY OF RELATIONSHIP BETWEEN THE FREQUENCY OF SEARCH QUERY OF THE TARGET AUDIENCE IN HIGHER EDUCATION 

INSTITUTIONS AND TOTAL NUMBER OF PROSPECTIVE STUDENTS 
S. M. Harina 

{ǘŀǘŜ {ŎƛŜƴǘƛŦƛŎ Lƴǎǘƛǘǳǘƛƻƴ ζ/ŜƴǘŜǊ ŦƻǊ LƴƴƻǾŀǘƛǾŜ aŜŘƛŎŀƭ ¢ŜŎƘƴƻƭƻƎƛŜǎη ƻŦ ǘƘŜ bŀǘƛƻƴŀƭ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ ƻŦ ¦ƪǊŀƛƴŜ 
N. T. Tveresovska 

National University of Life and Environmental Sciences of Ukraine 
Abstract. Existing competition in educational services market and necessity to increase the competitiveness of higher 

education institutions through development and implementation of Internet marketing strategies. 
Search engine optimization of internet-resources in higher education institutions and quantitative assessment of its 

effectiveness. Study of the possibility of using Google Trends web service for search engine optimization in higher education 
institution and assessment of its effectiveness. 

Frequency of queries containing "speciality" query term was determined by regions of Ukraine at different time periods. 
Dependence number of entrance application form obtained from prospective students in higher education institutions on search 
queries frequency was established; regression linear mathematical model was developed. Results obtained show importance of 
conducting search engine optimization by higher education institutions in order to increase the number of prospective students, 
and they can be used to predict the number of entrance applications from prospective students. 

Quantitative evaluation of search optimization results was carried out for the first time; namely dependence of the 
number of entrance applications from the prospective students in higher education institutions on search queries frequency of 
the target audience is established. Possibility and limits on the use of Google Trends internet service for the analysis of frequency 
of the search queries with the term "specialty" were studied. 

It has been established that the study of search queries frequency of target audience with Google Trends internet service 
is one of the principal directions in search engine optimization in higher education institutions. Further studies should be aimed 
at determining the number and frequency of searches for a target audience, possibility and quantitative assessment of 
effectiveness of internet marketing tools relating to the higher education institutions. 

Keywords: Internet Marketing, Higher Education Institution, Search Engine Optimization. 
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͎ͦͦͦ͘͜͡͝ ͔́ͪͤͦͨ͜͡ΈͫΈ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˤ͙͙ͦͦ͒ͣͪ͊͡ ˥ͤ͊ͭΌ͊͟Φ 

̂ ͪͦ͋ͦͭ͜ ͙ͦͨͫ͊ͤͦ ͙ͦͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΥ ͔ͣͦ͒͡Έ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ;͍͙͊ͫͦͻ ͪΎ͍͒͜ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͎ͨͪͦͤͦͯ͘ 
;͙͔ͫ͡Έͤͦͫͭ͜ ͔ͦͪͣͦ͟͝ ͨͦͨͯ͡Ύͼ͜͝Σ ΅ͦ ͍͙͒ͤͦͫͭ͜ΈͫΎ ͒ͦ ͊ͫͯ͟͡ ͍͔͎͔͚͙͊ͭͦͪͪͫͤ͜ͻ ͔͔͚ͣͦ͒͡Σ ͭ͊ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ 
;͍͙͊ͫͦͻ ͪΎ͍͒͜ ;͙͔ͫ͡Έͤͦͫͭ͜ ͨͦͨͯ͡Ύͼ͚͜ ͔ͦͪͣͦ͟͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͙ͦͤ͘Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔ͣͦ͒͡ΈΣ ͎ͨͪͦͤͦ͘Σ ͨͦͨͯ͡Ύͼ͜ΎΣ ͎͔͔͍ͤͪͯ͊ͤͤΎΣ ͫͭͦͻ͙͊ͫͭ;͙͚ͤ ͪͦͨͦ͒͘͜͡Σ ͔͎ͦͦ͟͜͡;͙͚ͤ ͙͎ͣͦͤͭͦͪͤ͜Σ 
͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΦ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ  ʕͯͫ͜ͻ ͍͙ͨ͊͒͊͟ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍ͪͫͯͪͫ͜ ͙͍͗ͦ͝ ͙͙ͨͪͪͦ͒ ͍͙ͨͦͤͤͦ ͍͙͋͊ͯ͊ͭͫ͘Ύ ͤ ͊͒͊ͭͤͦͫͭ͘͜ 

ͨͦͨͯ͡Ύͼ͜͝ ͒  ͔͎ͦͫ͊ͣͦͪͯ͡Ύͼ͜͝ ͍ͫͦΊ͝ ;͙͔ͫ͡Έͤͦͫͭ͜  ͒͜  ͍͎ͦͨͦͫͭͯͨͦͦͦ ͍͍͔͒ͤͦͤͤ͜͡Ύ ͎͋ͦͦ͜͜͡;͎ͤͦ ͔ͦͨͦͭͤͼ͊ͯ͜͡ ͨͫ͜͡Ύ ͍͙ͯ͡;͔ͤͤΎ ͔͍ͨͤͦ͝ 
͟͜͡Έͦͫͭ͟͜ ͙ͦͫͦ͋ͤΦ ˤ͙ͤ͊͘;͔ͤͤΎ ͤͦͪͣ ͍͙ͯ͡;͔ͤͤΎ ͙ͦͫͦ͋ͤ ͭ ͊ ͙͋ͦͣ͊ͫ͜  ͘ ͨͦͨͯ͡Ύͼ͜͝ Ί ͼ͔ͤͭͪ͊͡Έ͙ͤͣ ͍͊͒͊ͤͤ͘Ύͣ 
͙͙͍ͨͪͪͦ͒ͦͦͪͫͭͯ͊ͤͤ͟Ύ ͭ ͊ ͔͎ͦͦ͟͜͡;͎ͤͦͦ ͙͎ͣͦͤͭͦͪͤͯ͜Σ ͍͙͍͙͊͗ͣ͡ Ί ͭ͊ͦ͗͟ ͍͙ͤ͊͘;͔ͤͤΎ ͎ͨͦͪͦͯ ͚ͫͭͦͫͭ͜͟͜ ͨͦͨͯ͡Ύͼ͜͝ ͨ ͦ
͍͒ͤͦ͜΄͔ͤͤΌ ͒  ͎͔͎ͦ͊ͤͭͪͦͨͦͤͤͦͦ ͍͙͍ͨͯ͡Φ ˽͔͔͍͙ͪ΅͔ͤͤΎ ͙͙͒ͦͨͯͫͭͣͻ ͤͦͪͣ ͔ͫͨͯ͊ͭ͊͟͡ͼ͜͝ ͨͦͨͯ͡Ύͼ͚͜ ͔ͣͦ͗ ͙͍͔͙ͨͪͫͭ͘ ͒  ͦ͝͝ 
͙͔ͤͤͤͤ͘͟ΎΦ 

˽ͦͨͯ͡Ύͼ͜Ύ ͙͍͙͗ͻ ͎͍ͦͪ͊ͤͣ͘͜͜ ͙ͨͪ͊ͭ͟;ͤͦ ͍͙͊͗͒͘ ͍͙ͫͭͯͨ͊Ί Ύ ͍ͦͫͤͦͤ͊͟ ͙͙ͦ͒ͤͼΎ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͭ ͔͍͊ͪͯ͊ͤͤ͟Ύ ͝͝ 
͍͙ͪͦͭͦͣ͘͟. ˭͍͊͒͊ͤͤΎ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͤ͊͘;͔ͤΈ ;͍͎͊ͫͦͦͦ ͪΎ͒ͯ Ί ͍ͦͫͤͦͦΌ ͔͎ͪͯ͡Ό͍͊ͤͤΎ ;͙͔ͫ͡Έͤͦͫͭ͜ ͔͙ͦͪͣ͟ͻ 
͎͋ͦͦ͜͜͡;͙ͤͻ ͨ ͦͨͯ͡Ύͼ͚͜Φ 
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˹  ͊ͫΈ͎ͦͦ͒ͤ͜΄͚ͤ͜ ͔͒ͤΈ ͫͤͯ͜Ί ͔͋͘͜͡; ͔͔͚ͣͦ͒͡ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ;͍͙͊ͫͦͻ ͪΎ͍͒͜Υ ͔͎͔͚ͪͪͫͤ͜͜  ͍͔͎͔͚͊ͭͦͪͪͫͤ͜͜͜ ͔ͣͦ͒͜͡Σ 
͔͚͔͔͔͍ͤͪͦͣͪ͗͜ ͔ͣͦ͒͜͡Σ ͔ͣͦ͒͜͡ ͔͔ͫͨͦͤͤ͟ͼ͊͜͡Έ͎ͤͦͦ ͎͍͊͒͗ͯ͊ͤͤ͘͡ΎΣ ͣͦ ͔͒͜͡ ͤ ͊͋͊͘͜ ͊ͤ͡ͼΌ͎͍͜ ˸͍͊ͪͦ͊͟Σ ͙͊ͫ͟͡ͺ͊͜͟ͼ͚ͤ͜͜ 
͔ͣͦ͒͜͡ ͭ ͊ͤ͜Φ ˹͚͊͋͜͡Έ΄ ͨͦͨͯ͡Ύ͙͙ͪͤͣ  ͜΄͙ͪͦͦ͟ ͍͙͙͍͍͙͙ͦͪͫͭͦͯ͊ͤͣ͟ Ί ͙͊ͫ͟͡ ͍͔͎͔͚͙͊ͭͦͪͪͫͤ͜ͻ  ͔͚͔͔͔͍͙ͤͪͦͣͪ͗͜ͻ ͔͔͚ͣͦ͒͡ 
[15]. ˴ ͦ͗ͤ͊ ͜ ͘ ͜ ͫͤͯΌ;͙ͻ ͣ ͔͔͚ͦ͒͡ ͣ ͊Ί ͨ ͔͔͍͎͙ͪ͊ ͜  ͤ ͔͙͒ͦ͜͟͡Σ Ύ͟͜ ͫ ͯͭͭΊ͍ͦ ͣ ͦ͗ͤ͊ ͘ ͙͙͙ͤͭ͘Σ ͍ ͪͤͦ͜ ͨ ͍͒͋ͪ͊͜͜΄  ͙͎ ͊ͯ͘͡ΈΦ 

˽͍ͦͫͭ͊ͤͦ͊͟ ͊͒͊͘;͜Φ ˹͔ͻ͚͊ ͯ ͔͒Ύͦͣͯ͟ ͔͔͍͙ͫͪ͒ͦ΅͜ ͫͤͯ͜Ί ͨͦͨͯ͡Ύͼ͜Ύ ͦͣ͊͟ͻ͙ͦ͊ͨ͘͡Έ͙ͤͻ ͙ͪͦͫͤ͡Φ ˻͔͔͋ͣ͗ͤΈ ΅ͦ͒ͦ 
ͨͦ͡΅͜ ͪͦͭ͊͘΄͍ͯ͊ͤͤΎ ͙ͦͫͦ͋ͤ ͙ͤ͊͊͒͊ͭ͟͡ ͔ͤ ͔͋ͯ͒ͣͦΦ 

˽ͪͦͭΎ͎ͦͣ ͙͍͎ͭͪ͊ͦͦ͡ ;͊ͫͯ ͍͔͔͒ͭΈͫΎ ͔͎ͦͦ͟͜͡;͙͚ͤ ͙͎ͣͦͤͭͦͪͤ͜Σ  ͍͔ͪͯ͘͡Έͭ͊ͭ͜ Ύ͎ͦͦ͟ ͋ͪ͊ͤͦ͘͜ ͒͊ͤ͜ ͨͪͦ ͟͜͡Έͫͭ͟͜Έ ͙ͦͫͦ͋ͤ 
ͨͦͨͯ͡Ύͼ͜͝ ͦͣ͊͟ͻ͙ͦ͊ͨ͘͡Έ͙ͤͻ ͙ͪͦͫͤ͡  ͯ͊ͤ͊͘͘;͔ͤ͜ ͙ͨͪͦͣ͗͜͟ ;͊ͫͯΦ ˤ͙͍͙͊͗ͣ͡ Ί ͔ͭΣ ΅  ͦͺ͍ͫͯ͊ͤͤ͜͟Ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͙͎ͣͦͤͭͦͪͤͯ͜ 
͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͜ ͘ ͘ ͙͊͒͊ͤͣ ͨ ͔ͪͦ͒ͦͣ͜Σ ͯ  ͤ ͊΄ͦͣͯ ͍ ͙ͨ͊͒ͯ͟ τ ̈́ ͦͪ͜;ͤͦΦ 

˨͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͔ͣͦ͒͜͡ ͍͙ͤ͊͘;͙ͣͦ ͍ͻ͒ͤ͜͜ ͒͊ͤ͜Υ ͨͦͤ͊͘;͊͟ ;͊ͫͯΤ ͟͜͡Έͫͭ͟͜Έ ͙ͪͦͫͤ͡Τ ͔ͨͪͦ͒͜ ͤ͊ Ύ͙͚͟ 
͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙͙ͦͤ͊ͭ͟ ͎ͨͪͦͤͦ͘Φ 

˾͔ͯ͘͡Έͭ͊ͭͦͣ ͙ͪͦ͋ͦͭ ͔ͣͦ͒͜͡ ͣ͊Ί ͙͋ͯͭ ͎ͪ͊ͺ͜͟ ͎ͨͪͦͤͦͯ͘ ͟͜͡Έͦͫͭ͟͜ ͙ͦͫͦ͋ͤ ͨͦͨͯ͡Ύͼ͜͝Σ ͔͊͗ͤͦ͘͡ ͍͒͜ ͔͍͎ͨͤͦͦ ;͍͎͊ͫͦͦͦ 
͔͍ͤͭͪ͊ͯ͜͡Φ  

ˢͤ ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽͒͜ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύͣ ͪͦͯͣ͘͜ΌͭΈ ͔͔ͨͪ͒͋͊;͔ͤͤΎ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͍͙ͤ͊ͯͦ͟ͻ ͔͍ͣͭͦ͒͜Φ ˭͎͒ͤͦ͜ ͙ͪͦ͋ͦͭ ώммϐ ͨͪͦͼ͔͙ͫΣ ͔͔͙͍͙ͨͪͫͨͭ͟ Ύ͙͟ͻ ͔ͤͦ͋ͻ͒ͤͦ͜ ͔͔ͨͪ͒͋͊;͙͊ͭΣ ͚ͤ͊;͊ͫͭ͜΄͔ ͙ͦͨͫͯΌͭΈͫΎ 
;͍͙͙͊ͫͦͣ ͪΎ͙͒͊ͣΣ ͭͦ͋ͭͦ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Ό ͤ͊͘;͔ͤΈ ͔͒Ύ͙͟ͻ ͍͔͙͡;͙ͤΣ ͙͙ͦͭͪͣ͊ͤͻ ͍ ͔͍ͨͤ͜ ͔͙ͣͦͣͤͭ ;͊ͫͯΦ ͍͙͚̉͊ͫͦ ͪΎ͒ ͍͟͡Ό;͊Ί 
͍ ͔͔ͫ͋ ͍͒͊ ͍ͦ͋ͦϥΎ͍ͦ͘͟͜ ͔͔͔͙ͣͤͭ͡ τ ͨͦͤ͊͘;ͯ͟ ;͊ͫͯ ͜ ͤ͊͘;͔ͤͤΎ ͙ͨͦ͊ͤ͊͘͟͟ ͪΎ͒ͯΣ ͙͔ͦͭͪͣ͊ͤ ͙ͭͣ ;͙ ͤ͜΄͙ͣ ͫͨͦͫͦ͋ͦͣΦ ˴͔ͦ͗ͤ 
;͍͙͚͊ͫͦ ͪΎ͒ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͍͙͍͋ͪͦ͊͜͟ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͘ ͔ͤͫͤ͟͜;͔ͤͤͦ͝ ͨͦͨͯ͡Ύͼ͜͝Σ ΅ͦ ͎͔͔ͤͪͯΊͭΈͫΎ ͫͭͦͻ͙͊ͫͭ;͙ͤͣ ͨͪͦͼ͔ͫͦͣΣ ͤ͊ 
Ύ͙͚͟ ͍͙͍ͨ͊͡ΌͭΈ ͔͋͘͜͡; ͺ͍͊ͭͦͪ͟͜ ώммϐΦ 

˻͒ͤ͊ ͘ ͙͊ͫ͟͡ͺ͊͜͟ͼ͚͜ ;͍͙͊ͫͦͻ ͪΎ͍͒͜ ͍͔͔ͤ͊͒ͤ͊ ͍ ͪͦ͋ͦͭ͜ ώмлϐΦ ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͼ͜Ί͝ ͙ͪͦ͋ͦͭΣ ;͍͊ͫͦ͜ ͪΎ͙͒ ͪͦͪͤ͘͘͜ΎΌͭΈͫΎ 
͊͘ ͫͨͦͫͦ͋ͦͣ ͍͙ͤ͊͘;͔ͤͤΎ ͤ͊͘;͔ͤͤΎ ό͔͍ͤͭͪ͊͜͡Έͤ͜ ;͍͊ͫͦ͜ ͪΎ͙͒Σ ͔ͣͦͣͤͭͤ͜ ;͍͊ͫͦ͜ ͪΎ͙͒ύΣ ;͍͙͊ͫͦͣ ͪͦͦͣ͟͟ ό͍͍͔ͪͤͦ͒͒͊ͤ͜͜͜͡ 
ͪΎ͙͒Σ ͔͍͍͔ͤͪͤͦ͒͒͊ͤ͜͜͜͡ ͪΎ͙͒ύΣ ͨ͊ͣϥΎͭͭΌ ό;͍͊ͫͦ͜ ͪΎ͙͒ ͘ ͍͎͒ͦͦΌ ͨ͊ͣΩΎͭͭΌΣ ;͍͊ͫͦ͜ ͪΎ͙͒ ͘ ͦͪͦͭͦ͟͟Ό ͨ͊ͣΩΎͭͭΌύ ͜ 
ͫͭ͊ͼͦͤ͊ͪͤͫͭ͜͜Ό όͫͭ͊ͼͦͤ͊ͪͤ͜͜ ;͍͊ͫͦ͜ ͪΎ͙͒Σ ͔ͤͫͭ͊ͼͦͤ͊ͪͤ͜͜ ;͍͊ͫͦ͜ ͪΎ͙͒ ύΦ 

˥͙ͦͪͦͤͭ͘ ;͊ͫͯΣ ͤ͊ Ύ͙͚͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙ͤ͊͘;͙͙ͭ ͤ͊͘;͔ͤͤΎ ;͍͎͊ͫͦͦͦ ͪΎ͒ͯΣ ͙͍ͤ͊͊͘ΊͭΈͫΎ ;͊ͫͦͣ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ώммϐΦ 
˭͔͊͗ͤͦ͡ ͍͒͜ ;͊ͫͯ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͍͊͒͊ͤͤ͘Ύ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΣ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͒͜͡ΎͭΈͫΎ ͤ͊ ͤ͊ͫͭͯͨͤ͜ ͔͎͊ͭͦͪ͟͜͝ ͔͍ͭͪͣͤͦͦͫͭ͜͜Υ 
͍͎͍͔͒ͦͦͫͭͪͦͦ͟ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΤ ͔͔ͫͪ͒ͤΈ͍͔ͦͫͭͪͦͦ͟ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΤ ͍͔ͦͪͦͭͦͫͭͪͦͦ͟͟͟ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΦ 

˥͍ͦͦͪΎ;͙ ͨͪͦ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ;͍͙͊ͫͦͻ ͪΎ͍͒͜Σ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙͙ͪͦͪͤͭ͘͘͜ ͍͒͊ ͍͊͘Ί͍ͣͦͨͦϥΎ͊ͤ͘͜ ͨͦͤΎͭͭΎ τ ͔ͣͭͦ͒ 
͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͭ͊ ͔ͣͦ͒͡Έ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΦ ˸͔ͭͦ͒ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͚͒͜Σ Ύ͟͜ ͨͦͭͪ͋ͤͦ͜ ͙͙ͪͦ͋ͭ͘ ͒͡Ύ 
͙ͦͭͪͣ͊ͤͤΎ ͔ͣͦ͒͜͡ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ;͍͎͊ͫͦͦͦ ͪΎ͒ͯΦ ˸͔ͦ͒͡Έ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͼ͔ ͺͯͤ͟ͼͦͤ͊͜͡Έ͔ͤ ͯΎ͍͔ͤͤ͡ΎΣ Ύ͔͟ ͔͍͊͒͊ͭͤͦ͟ 
͙ͦͨͫͯΊ ;͍͙͚͊ͫͦ ͪΎ͒ ͜ Ί ͍ͦͫͤͦͦΌ ͒͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͤ͊͘;͔ͤΈ ͨͪͦͼ͔ͫͯΦ ̉͊ͫͭͦΣ ͊͗ͯ͟;͙ ͨͪͦ ͔ͣͦ͒͜͡ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΣ 
͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͔ͭͪͣͤ͜ ͔ͣͦ͒͡Έ ͔ͫͭͪ͊ͨͦ͟͡Ύͼ͜͝ ώрϐΦ 

˭͎͒ͤͦ͜ ͙ͪͦ͋ͦͭ ώнϐΣ ͍ ͙͚͒͊ͤ ;͊ͫ ͤ͊ͪ͊ͻ͍ͦͯΊͭΈͫΎ ͨͦͤ͊͒ млл ͍͊ͫ͟͜͡ ͔͔͚ͣͦ͒͡Φ ͙̉ͫͦ͡ ͎͊͊͘͡Έ͙ͤͻ ͍͊ͫ͟͜͡ ͔͔͚ͣͦ͒͡Σ Ύ͟͜ ͍ ͙ͭͻ 
;͙ ͤ͜΄͙ͻ ͍͊ͪ͊͜ͼ͜Ύͻ ͍ͨͦͭͦͪΌΌͭΈͫΎ ͍ ͤ͜΄͙ͻΣ ͎ͤ͊͋͊͊ͭͦ ͔ͣͤ΄͔Φ ͙̉͊ͫͭͤ͊ ͔͔͚ͣͦ͒͡ ͜ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͔͍ͣͭͦ͒͜ ͍͙͒ͤͦͫͭ͜ΈͫΎ ͒ͦ 
͔͙ͦͪͣ͟ͻ ͨͪͦͼ͔͒ͯͪ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΦ ͙̉͊ͫͭͤ͊ ͔͍ͣͭͦ͒͜ ͔͍ͨͪ͒ͫͭ͊͡ΎΊ ͤ͊͋ͪ͜ ͔͙ͦͪͣ͟ͻ ͙͚͍ͨͪͦͣ͜Σ ΅ͦ ͍͒ͪͤ͘͜͜ΎΌͭΈͫΎ ͍͒͜ ͍͙͋͊ͦ͘ͻ 
͊͋ͦ ͙ͦ͒ͤ ͍͒͜ ͎ͦ͒ͤͦͦ ͟͜͡Έͫͭ͟͜Ό ͙͚͍ͨͪͦͣ͜ ͜ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Ό ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΦ 

ˤ ͙͊ͤ͊ͭ͜͡;ͤͦͣͯ ͎ͦ͡Ύ͒͜ ώнϐ ͍ͫ͜ ͔͙ͣͭͦ͒ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͨͦ͒͜͡ΎΌͭΈͫΎ ͤ͊ ͍͒͜ ͎͙ͪͯͨΥ ͙͍ͤͭͯͭͤ͜͜͝ ͭ͊ ͺ͍ͦͪͣ͊ͦ͊ͤ͘͜͜͡Φ 
˱͙͍͔ͤͭͯͭͤ͝ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͭͦ͒͜Σ ͙ͦ͟͡ ͦ͋ϥΊͭ͟ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͊͋ͦ ͊ͤ͊͒ͭͦ͘ ͙͚ͨͪͦͫͭΣ ͊͋ͦΣ ͍͙ͤ͊ͨ͊͟Σ 

ͤ͊ͫͭ͜͡Έ͙͟ ͙͚ͫ͊͒ͤ͟͡Σ ΅ͦ ͙͊ͤ͊ͭ͜͡;ͤͦ ͍ͪ͊ͻ͍͙ͯ͊ͭ ͍͙͍ͨ͡ ͍ͦͤ͘͜΄ͤ͜ͻ ͺ͍͊ͭͦͪ͟͜ ͔͙͍ͤͣͦ͗ͦ͡Φ ͍̅ͦͪͣ͊ͦ͊ͤ͘͜͜͡ ͔͙ͣͭͦ͒ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ 
͔ͣͦ͒͜͡ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΦ ˤ ͎ͦ͡Ύ͒͜ ώуϐ ͔ͣͦ͒͜͡ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͨͦ͒͜͡ΎΌͭΈͫΎ ͤ͊ ͙͙ͫͭ͊ͭͫͭ;ͤ͜ ͔ͣͦ͒͜͡ ͜ ͫͭͪͯͭͯͪͤ͟͜ ͔ͣͦ͒͜͡Φ 

̂ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͔ͣͦ͒͡Ύͻ ͺͯͤ͟ͼͦͤ͊͜͡Έͤ͊ ͔͊͗ͤͫͭ͘͜͡Έ ͣ͗͜ ͚͙ͣ͊͋ͯͭͤͣ͜ ͭ͊ ͺ͙͊ͭ͟;͙͙ͤͣ ͤ͊͘;͔ͤͤΎ͙ͣ ;͍͎͊ͫͦͦͦ ͪΎ͒ͯΣ ͊ 
ͭ͊ͦ͗͟ ͍ͦͤ͘͜΄͙ͤͣ͜ ͺ͙͊ͭͦͪ͊ͣ͟ ͊͒͊ͤ͊͘ ͙͊ͤ͊ͭ͜͡;ͤͦΦ ˨ͦ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͔͔͚ͣͦ͒͡ ͔ͤ͊͗͊ͭ͡Έ ͭ͊͟͜ ͎͙ͪͯͨΥ ͔͎͔͚ͪͪͫͤ͜͜ ͔ͣͦ͒͜͡Τ 
͍͔͎͔͚͊ͭͦͪͪͫͤ͜͜ ͔ͣͦ͒͜͡Τ ͔ͣͦ͒͜͡ ͔͔ͫͨͦͤͤ͟ͼ͊͜͡Έ͎ͤͦͦ ͎͍͊͒͗ͯ͊ͤͤ͘͡ΎΦ 

̂ ͙ͫͭͪͯͭͯͪͤ͟ͻ ͔ͣͦ͒͡Ύͻ ͺͯͤ͟ͼͦͤ͊͜͡Έͤ͊ ͔͊͗ͤͫͭ͘͜͡Έ ͣ͗͜ ͚͙ͣ͊͋ͯͭͤͣ͜ ͭ͊ ͺ͙͊ͭ͟;͙͙ͤͣ ͤ͊͘;͔ͤͤΎ͙ͣ ;͍͎͊ͫͦͦͦ ͪΎ͒ͯΣ ͊ 
ͭ͊ͦ͗͟ ͍ͦͤ͘͜΄͙ͤͣ͜ ͺ͙͊ͭͦͪ͊ͣ͟ ͊͒͊ͤ͊͘ ͫͭͪͯͭͯͪͤͦ͟Φ ˨ͦ ͙ͫͭͪͯͭͯͪͤ͟ͻ ͔͔͚ͣͦ͒͡ ͔ͤ͊͗͊ͭ͡Έ ͭ͊͟͜ ͎͙ͪͯͨΥ ͔͚͔͔͔͍ͤͪͦͣͪ͗͜ ͔ͣͦ͒͜͡Τ 
͔ͣͦ͒͜͡ ͤ͊ ͋͊͘͜ ͊ͤ͡ͼΌ͎͍͜ ˸͍͊ͪͦ͊͟Τ ͔ͣͦ͒͜͡ ͤ͊ ͋͊͘͜ ͙͊ͫ͟͡ͺ͊͜͟ͼ͚ͤͦ͜-͔͎͔͚͙ͪͪͫͤ͜ͻ ͔͔͍͒ͪΦ 

˴ͪͣ͜ ͎ͭͦͦΣ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͒ͤ͊͘͜;͙͙ͭΣ ΅ͦ ͒͡Ύ ͍ͯ͘Έ͔ͦͫͨ͟ͼ͍͙͊ͦ͊ͤ͘͜͜͡ͻ ͍͊͒͊ͤ͘Έ ͤͦ͒͜͜ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͙͍ͦͫͦ͋͜͡ ͔ͣͦ͒͜͡ 
͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΦ  

˱ͫͤͯΊ ͎͋͊͊ͭͦ ͊͒͊͘;Σ Ύ͟͜ ͔ͨͦͭͪ͋ͯΌͭΈ ͍͙͍;͔ͤͤΎ ͍͙͒ͤͦͫͤ͜ ͣ͗͜ ͍͒ͦͣ͊ ͜ ͋͜͡Έ΄͔ ͙͙ͣͤͤͣ͘͜Φ ˨͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͙ͭ͊͟ͻ ͍͊͒͊ͤ͘Έ 
͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͔͎͔͚͙͚ͪͪͫͤ͜ ͊ͤ͊͘͜͡ ώмлϐΦ ˤ ͙͚͒͊ͤ ;͊ͫ ͔͎͔ͪͪͫ͜Ύ ͙ͦͭͪͣ͊͊͡ ΄͙͔ͪͦ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΣ ͍͟͡Ό;͊Ό;͙ ͍͊͒͊ͤͤ͘Ύ 
͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͭ͊ ͍ͯͨͪ͊ͤͤ͜͡ΎΦ ˸͔ͭͦΌ ͔͎͔͚͎ͪͪͫͤͦͦ͜ ͊ͤ͊ͯ͘͜͡ Ί ͍͙ͤ͊͘;͔ͤͤΎ ͔͊͗ͤͦͫͭ͘͜͡ ͣ͗͜ ͍͙ͻ͒ͤͦ͜Ό ͣͤͤͦ͘͜Ό ͜ ͔͋͘͜͡;;Ό 
͍ͦͤ͘͜΄ͤ͜ͻ ͺ͍͊ͭͦͪ͟͜ ό͔͎͔͍ͪͪͫͦͪ͜ύΦ ˽͙ͪ ͼΈͦͣͯ ͔ͦ͟ͺ͜ͼ͜Ί͙ͤͭ ͔͎͔ͪͪͫ͜͝ ͣͦ͗ͯͭΈ ͍͙ͤ͊͘;͙͊ͭͫΎ ͊͘ ͔ͣͭͦ͒ͦͣ ͚͔ͤ͊ͣͤ΄͙ͻ ͍͍͊͒ͪ͊ͭ͟͜ 
ώмлϐ ͊͋ͦ ͔ͣͭͦ͒ͦͣ ͙ͣ͊ͫͣ͊͟͡Έͤͦ͝ ͍ͨͪ͊͒ͦͨͦ͒͋ͤͦͫͭ͜͜ ώоϐΦ 

̂ ͪΎ͒͜ ͪͦ͋ͭ͜ ώсΣмпΣмрϐ ͊ͤ͊͘͘;͔ͤͦΣ ΅ͦ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜΄͚ͤ͜ ͔͒ͤΈ ͚ͤ͊͋͜͡Έ΄ ͨͦ΄͙͔͙͙ͪͤͣ ͔ͣͦ͒͡Ύ͙ͣ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ Ί 
͍͔͎͔͚͊ͭͦͪͪͫͤ͜͜ ͔ͣͦ͒͜͡ ό!wLa!·ύΣ ͊ ͭ͊ͦ͗͟ ͔͚͔͔͔͍ͤͪͦͣͪ͗͜ ͔ͣͦ͒͜͡ ό!bbύΦ ̂ ͫͭ͊ͭͭ͜ ώпϐΣ ͔ͦͪͣ͊͘͟Σ ͍͔ͫͭͪ͒͗ͯΊͭΈͫΎΥ ζ²ƛǘƘƻǳǘ ŀ 
doubt ARIMA (X) and GRACH modeling methodologies are the most popular methodologies for forecasting time series. Neural 
nŜǘǿƻǊƪǎ ŀǊŜ ƴƻǿ ǘƘŜ ōƛƎƎŜǎǘ ŎƘŀƭƭŜƴƎŜǊǎ ǘƻ ŎƻƴǾŜƴǘƛƻƴŀƭ ǘƛƳŜ ǎŜǊƛŜǎ ŦƻǊŜŎŀǎǘƛƴƎ ƳŜǘƘƻŘǎηΦ (ˣ͔͘ ͍͍ͫͯͣͤ͜͜ ͔ͣͦ͒͜͡ !wLa! ό·ύ ͜ 
D!w/I Ί ͚ͤ͊ͨͦͨͯ͡Ύͪͤ͜΄͙͙ͣ ͒͡Ύ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ;͍͙͊ͫͦͻ ͪΎ͍͒͜Φ ˤ ͙͚͒͊ͤ ;͊ͫ ͎͍ͦͦͤͯ͡ ͔ͦͤͯͪͤ͟͟ͼ͜Ό ͙͒͊ͤͣ ͔ͣͦ͒͡Ύͣ 
ͫ͊͒͊͟͡ΌͭΈ ͔ͣͦ͒͜͡ ͤ͊ ͍ͦͫͤͦ͜ !bN.) 

˸͔ͭͦΌ ͙ͪͦ͋ͦͭ Ί ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͣͤ͘͜ ;͙͔ͫ͡Έͤͦͫͭ͜ ͦͣ͊͟ͻ-͙͊ͨ͘͡Ό͍͊;͍͜  ͍͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͟͜͡Έͦͫͭ͟͜ ͎ͪͯͨ ͙ͪͦͫͤ͡ 
͍͙͔͒ͤͦ͜͡͝ ͭ ͔͙ͪͭͦͪ͜͝ ͣ ͔͙ͭͦ͒͊ͣ ͣ ͔͙͊ͭͣ͊ͭ;͎ͤͦͦ ͣ ͔ͦ͒͡Ό͍͊ͤͤΎΦ 

˸͔͙ͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ  ʕ ͪͦ͋ͦͭ͜ ͍͙͙ͦͪͫͭ͊ͤ͟͜ ͔͙ͣͭͦ͒ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͊ͤ͊ͯ͘͜͡ ;͍͙͊ͫͦͻ ͪΎ͍͒͜ Σ 
͔͎͔͚͎ͪͪͫͤͦͦ͜ ͊ ͤ͊ͯ͘͜͡Σ ͣ ͔͙ͭͦ͒ ͊ ͎͙ͦͪͭͣ͊͘͜͡ͼ͜͝ ͜  ͨ ͎͍ͪͦͪ͊ͣͯ͊ͤͤΎΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˤ ͪͦ͋ͦͭ͜ ͔ͪͦ͋ͤͦ͘͡ ͫͨͪͦ͋ͯ ͎͍͙ͫͨͪͦͤͦͯ͊ͭ͘ ;͙͔ͫ͡Έͤͫͭ͜Έ ͨͦͨͯ͡Ύͼ͜͝ ͍ ͍ͯͣͦ͊ͻ 
͔͍͎ͤͪͤͦͣͪͤͦͦ͜͜ ͪͦͨͦ͒ͯ͘͜͡ ͍͙͍͒͜ ͜ ͔͍ͪͫͯͪͫ͜Σ ͊ ͭ͊ͦ͗͟ ͍͔͙ͨͪͦͫͭ ;͙͔ͫ͡Έ͔ͤ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͍͙ͣͦ͗͡ͻ ͫͼ͔͍ͤ͊ͪ͜͝ ͍ͫͤͯ͊ͤͤ͜Ύ ͍͙͒ͯ ͯ 
͊͒͊ͤͦͣͯ͘ ͔͍ͤͭͪ͊͜͜͡ ;͊ͫͯΦ 

˸͔ͦ͒͡Έ !wLa! ό!ǳǘƻǊŜƎwŜǎǎƛǾŜLƴǘŜƎǊŀǘŜŘaƻǾƛƴƎ!ǾŜǊŀƎŜύΣ Ύ͊͟ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͍ͪͤ͜ΎͤͤΎͣ 
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 ЎὈώ В •ЎὈώ В — , ͒  ͔ͯ ὔπȟ„ ȟ (1) 

͍͙ͫͭͯͨ͊Ί Ύ͟ ͙ͦ͒ͤ ͘ ͚ͤ͊͋͜͡Έ΄ ͨͦ΄͙͔͙ͪͤͻ ͔͍ͣͭͦ͒͜ ͊ͤ͊ͯ͘͜͡ ͙͒͊ͤͻ ͭ͊ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙ͪͦͭͯ͘͟ ͨͦͨͯ͡Ύͼ͜͝Φ 
˾͎ͦ͘͡Ύ͒͊Ό;͙ ͙͒ͤ͊ͣͯ͜͟ ;͙͔ͫ͡Έͤͦͫͭ͜ ͨͦͨͯ͡Ύͼ͚͜Σ ͔͎͙ͦͦ͟͡ ͔͔ͤ͊ͫ͊ͣͨͪ͒ ͎ͤ͊ͣ͊͊ΌͭΈͫΎ ͙ͪͦͯͣͭ͘͘͜ ͝͝ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜͜Σ ͙ͨͪ 

Ύ͚͟͜ ͟͜͡Έͫͭ͟͜Έ ͙ͦͫͦ͋ͤ ͔͊͗ͤͦ͘͡ ͍͒͜ ;͍͎͊ͫͦͦͦ ͔͍ͤͭͪ͊ͯ͜͡ ͙͍ͦ͊͟͡ΊͭΈͫΎ ͘ ͔͍͙͙ͨͤͣ ͔͙ͨͪͦ͒͊ͣ͜Σ ͜ ͨͦΎ͙͙ͫͤͭ ͙ͪͤ͘͜ͼΌ ͣ͗͜ ͙͙ͭͨ͊ͣ 
͙͒ͤ͊ͣ͜͟Φ  

˴͊ͺ͔͒ͪ͊ ͙͋ͦͭ͊ͤ͜͟ ͭ͊ ͎ͦͦͦ͘͜͡͝ ͔́ͪͤͦͨ͜͡ΈͫΈ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˤ͙͙ͦͦ͒ͣͪ͊͡ 
˥ͤ͊ͭΌ͊͟ ͤ͊͒͊͊͡ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͨͪͦ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͙ͪͤ͘͜ͻ ͎ͪͯͨ ͙͊ͨ͘͡Ό͍͊;͍͜ ˭͊ͻ͎͒ͤͦͦ͜ ˽ͦ͒͜͡͡Ύ ό͊ ͭ͊ͦ͗͟ ;͊ͫͭͯ͟ ͍ ҈ ͍͒͜ 
͎͊͊͘͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͔͊ͪ͘Ί͍͙ͫͭͪͦ͊ͤͻ ͦͣ͊͟ͻ ͤ͊ ͙ͪͤ͘͜ͻ ͎ͪͯͨ͊ͻ ͙ͪͦͫͤ͡ ό ͊͘ ͨͦ͒͋ͤͫͭ͜͜Ό ͍͙͋ͯ͒ͦ ͍͍ͭ͟͜͜ ͜ ͫͯͼ͍ͭ͜ΈύύΦ ˽͔ͪͦ͒͜ ;͊ͫͯ 
ͦͻͦͨ͡ΌΊ нллл-нлмт ͙ͪͦ͟Φ 

͙́͊͋͡ͼΎ 1.  
ˤͻ͒ͤ͜͜ ͒͊ͤ͜ 

˥͙ͪͯͨ ͙ͪͦͫͤ͡      ͙̉͊ͫͭ͟ ͙ͪͤ͘͜ͻ 
͎ͪͯͨ 

͙͊ͨ͘͡Ό͍͊;͍͜Σ ҈ 

COL  DC  HA  LEP  VAR  

I ͎ ͪͯͨ͊ 
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͜
͡
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͟
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͡
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͟
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ͭ
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2 ͒ ͜͡Ύͤ͊͟           

Euphorbia amygaloides L. 4 12.5 10 31.25 9 28.12 7 21.87 2 6.25 

Filipendula vulgaris L  6 13,04 4 8,69 21 45,65 6 13,04 9 19,56 

II ͎ ͪͯͨ͊           

м ͒͜͡Ύͤ͊͟           

Leucanthemum vulgare 
Lam.  

0 13,88 17 11,80 21 14,58 38 26,38 48 26,38 

Hieracium pilosella L.  2 3,84 9 17,30 11 21,15 7 13,46 23 44,23 

н ͒͜͡Ύͤ͊͟           

Leucanthemum vulgare 
Lann  

19 17,24 11 10,0 44 40,0 12 10,90 24 21,81 

Hieracium pilosella L.  11 16,41 2 2,98 22 32,83 10 14,92 22 32,83 

III ͎ ͪͯͨ͊           

м ͒͜͡Ύͤ͊͟           

Ranunculus acris L.  0 0,0 1 20,1 1 20,6 0 0.0 3 60.04 

н ͒͜͡Ύͤ͊͟            

Rosa canina L. 28 18,42 28 18,42 24 15,78 36 23,68 36 23,68 

Rosa centifolia L. 6 14,28 12 28,57 9 21,42 7 16,66 8 19,04 

IV ͎ ͪͯͨ͊           

м ͒͜͡Ύͤ͊͟            

Trifolium pratense L.  2 14,11 8 9,41 38 44,70 13 15,29 14 16,47 

Anthyllis macrocephpala 
Wend  

7 13,20 11 20,75 3 5,66 11 20,75 21 39,62 

Thymus marschallianus  
Willd. 

0 0,0 2 13,33 1 6,66 6 40,01 6 14,02 

н͒͜͡Ύͤ͊͟            

Trifolium pratense L.  6 5,40 18 16,21 36 32,43 30 27,02 21 18,91 

Salvia pratensis L.  5 7.35 10 14.70 42 61.76 1 1.74 10 14.0 

 
ˤ ͪͦ͋ͦͭ͜ ͙ͣ ͍͙ͫͨͪͦ͋ͯ͊͡ ͍͔͙ͨͪͦͫͭ ;͙͔ͫ͡Έ͔ͤ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͍͙ͣͦ͗͡ͻ ͫͼ͔͍ͤ͊ͪ͜͝ ͍ͫͤͯ͊ͤͤ͜Ύ ͍͙͒ͯ ͯ ͊͒͊ͤͦͣͯ͘ ͜ ͔͍ͤͭͪ͊͜͡ 

;͊ͫͯ όнлму τ нлнр ͪͪΦύΦ ˸͔ͭͦΌ ;͙͍͎ͫͦͦͦ͡ ͔͔͙͔ͫͨͪͣͤͭͯ͟ Ί ͊ͤ͊͘͜͡ ͙ͫͭ͊ͭ;͙ͤͻ ͙͒͊ͤͻ ͭ͊ ͍ͨͦ͋ͯ͒ͦ͊ ͎ͨͪͦͤͦͯ͘Φ 
˨͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͔ͣͦ͒͜͡ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͍ͻ͒ͤ͜͜ ͒͊ͤ͜Σ ͍͔͔ͤ͊͒ͤ͜ ͯ ͙ͭ͊͋͡ͼ͜ мΣ Ύ͟͜ ͔͎͙͔͋ͪ͊ͭͣͣͦ͘͜ ͯ ͔ͦͪͣͦͣͯ͟ ͔͒ͦͯͣͤͭ͟͜ Φcsv. 

˨͡Ύ ͪ͊͟΅͎ͦͦ ͍ͯ͊͘͜͡Έ͎ͤͦͦ ͙͚ͫͨͪͤΎͭͭΎ ͍ͯ͊ͯ͘͘͜͜͡Ίͣͦ ͒͊ͤ͜ ͯ ͍͙͎͡Ύ͒͜ ͎ͪ͊ͺͯ͜͟ ό͙ͪͫͯͤͦ͟ мύΦ 
˽͙ͪ ͍ͨͦ͋ͯ͒ͦ͜ ͎ͪ͊ͺͯ͜͟ ͤ͊ ͍ͦͫͤͦ͜ ͙ͨͦ͒͊ͤͻ ͙͒͊ͤͻ ͣͦ͗ͤ͊ ͙͙ͨͦͣͭͭ͜ ͔͒Ύ͟͜ Ύ͍ͤ͜ ΄͙͊͋ͦͤ͡Φ ͍͙͚̉͊ͫͦ ͪΎ͒ ͣ͊Ί ͦ;͔͍͙͒ͤͯ 

͔ͫͦͤͤͫͭ͘͜Έ ͜ ͔͍͙ͤͤ͊͘;͔͙͚ͤ ͎͊͊͘͡Έ͙͚ͤ ͔ͭͪͤ͒ ͤ͊ ͋͘͜͡Έ΄͔ͤͤΎ ͊͋ͦ ͤ͊ ͔ͣͤ͘΄͔ͤͤΎΦ 
˸͔ͦ͒͡Έ !wLa! ό!ǳǘƻǊŜƎwŜǎǎƛǾŜ LƴǘŜƎǊŀǘŜŘ aƻǾƛƴƎ !ǾŜǊŀƎŜύΣ Ύ͟ ͋ͯͦ͡ ͫ͊͊ͤͦ͘͟ ͍͙΅͔Σ ͙ͦ͒ͤ  ͘ ͚ͤ͊͋͜͡Έ΄ ͨͦ΄͙͔͙ͪͤͻ 

͔͍ͣͭͦ͒͜ ͊ͤ͊ͯ͘͜͡ ͭ͊ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ;͍͙͊ͫͦͻ ͪΎ͍͒͜Φ ̇Ύ ͔ͣͦ͒͡Έ ͍͒ͦͦ͘͡ΎΊ ͦ͋ͪͦ͋͡Ύ͙ͭ ͒͊ͤ͜ ;͍͎͊ͫͦͦͦ ͪΎ͒ͯΣ ͒͡Ύ ͪ͊͟΅͎ͦͦ 
ͪͦͯͣͤͤ͘͜Ύ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͼΈ͎ͦͦ ͪΎ͒ͯ ͊͋ͦ ͗ ͒͡Ύ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͚͎ͦͦ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙ͪͦͭͯ͘͟Φ 

!wLa! ͍͙͙͍ͦͪͫͭͦͯ͟Ί ͙ͭͪ ͍͙ͦͫͤͦͤͻ ͔͙ͨ͊ͪ͊ͣͭͪ όǇΣ ŘΣ ǉύΣ Ύ͟͜ ͍͙ͪ͊͗͊ΌͭΈͫΎ ͼ͙͙ͣ͜͡ ;͙͙ͫ͊ͣ͡Φ ˾͊ͦͣ͘ ͼ͜ ͙ͭͪ ͔͙ͨ͊ͪ͊ͣͭͪ 
͍ͪ͊ͻ͍ͦͯΌͭΈ ͔ͫͦͤͤͫͭ͘͜ΈΣ ͔͔ͭͤ͒ͤͼ͜Ό ͭ͊ ΄ͯͣ ͯ ͤ͊͋ͦͪ͊ͻ ͙͒͊ͤͻΥ Ǉ τ ͨͦͪΎ͒ͦ͟ ͍͔͎͔͊ͭͦͪͪͫ͜͝ ό!wύΣ Ύ͙͚͟ ͍͒ͦͦ͘͡ΎΊ ͙͒ͦ͒͊ͭ 
͔͔ͨͦͨͪ͒ͤ͜ ͤ͊͘;͔ͤͤΎ ;͍͎͊ͫͦͦͦ ͪΎ͒ͯΤ Ř τ ͨͦͪΎ͒ͦ͟  ͔͎͍ͤͭͪͯ͊ͤͤ͜Ύ όͨͦͪΎ͒ͦ͟ ͍͔͚͒ͣͤͤͦͫͭ͜͜ ͍͙ͻ͎͒ͤͦͦ͜ ;͍͎͊ͫͦͦͦ ͪΎ͒ͯύΣ Ύ͙͚͟ 
͒ͦ͒͊Ί ͍ ͔ͣͦ͒͡Έ ͨͦͤΎͭͭΎ ͙ͪͤ͘͜ͼΈ ;͍͙͊ͫͦͻ ͪΎ͍͒͜ ό͍͙ͤ͊͘;͊Ί ͟͜͡Έͫͭ͟͜Έ ͙͙ͣͤͯ͡ͻ ;͍͙͊ͫͦͻ ͭͦ;ͦ͟Σ Ύ͟͜ ͨͦͭͪ͋ͤͦ͜ ͍͙͔͙͙ͪͫͭ͟͡ ͘ 
ͨͦͭͦ;͎ͤͦͦ ͤ͊͘;͔ͤͤΎύΤ ǉ τ ͨͦͪΎ͒ͦ͟ ͎ͣͤͤͦͦ͘͜ ͔͔ͫͪ͒ͤΈ͎ͦͦ όa!ύΣ Ύ͙͚͟ ͍͒ͦͦ͘͡ΎΊ ͍͍͙͙ͫͭ͊ͤͦͭ ͙ͨͦͣͯ͟͡ ͔ͣͦ͒͜͡ Ύ͟ ͚ͤͤͯ͜͜͡ 
ͦͣ͋ͤ͊͟͜ͼ͜Ό ͚͔͙ͤ͊͒ͤ͘ͻ ͪ͊ͤ͜΄͔ ͤ͊͘;͔ͤΈ ͙ͨͦͣͦ͟͡Φ 
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˾͙ͫΦ мΦ ̋ͦͪ͜;ͤ͜ ͙͙ͨͦ͊ͤ͘͟͟ ͟͜͡Έͦͫͭ͟͜ ͙ͦͫͦ͋ͤ ͨͦͨͯ͡Ύͼ͜͝ 

 
˨͡Ύ ͍ͪ͊ͻ͍ͯ͊ͤͤΎ ͔ͫͦͤͤͦͫͭ͘͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͔ͫͦͤͤ͊͘ ͔ͣͦ͒͡Έ !wLa! τ !wLa! όǇΣ ŘΣ ǉύ όtΣ 5Σ vύ ǎΦ ́ͯͭ όǇΣ ŘΣ ǉύ τ 

͔͔ͤͫͦͤͤ͘͜ ͔͙ͨ͊ͪ͊ͣͭͪΣ ͙ͦͨͫ͊ͤ͜ ͍͙΅͔Σ ͊ όtΣ 5Σ vύ ͫ͒ͯ͜͡ΌͭΈ ͙ͭͣ ͙ͫ͊ͣͣ ͍͙ͤ͊͘;͔ͤͤΎͣΣ ͔͊͡ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͒ͦ ͔ͫͦͤͤͦ͘͝ 
͍ͫ͊͒ͦͦ͟͡͝ ;͍͎͊ͫͦͦͦ ͪΎ͒ͯΦ ˽͔͊ͪ͊ͣͭͪ s ͍ ͙ͤ͊͘;͊Ί ͔͙ͨͪͦ͒͜;ͤͫͭ͜Έ ͙ͭͣ;͍͎͊ͫͦͦͦ ͪΎ͒ͯΦ 

˥͍͔ͦͦͤ͡ ͙ͨͪ ͨ͒͋ͦͪ͜͜ ͙͒͊ͤͻ ;͍͙͊ͫͦͻ ͪΎ͍͒͜ ͍ ͔͚ͫͦͤͤ͘͜ ͔ͣͦ͒͜͡ !wLa! ς ͚͙ͤ͊ͭ͘ ͤ͊͘;͔ͤͤΎ !wLa! όǇΣ ŘΣ ǉύ όtΣ 5Σ vύǎΣ Ύ͟͜ 
͙ͦͨͭͣͯ͘͜ΌͭΈ ͔ͤͦ͋ͻ͙͚͒ͤ͜ ͙ͨͦ͊ͤ͘͟͟ ώмоϐΦ ˿͙ͦͪͫͭ͊͟ΊͣͦͫΎ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ ͍͙ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ Python 3. 

˨͡Ύ ͦ͗ͤͦ͟͝ ͦͣ͋ͤ͊͟͜ͼ͜͝ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͺͯͤ͟ͼ͜Ύ {!wLa!· όύ ͘ ͣͦ͒ͯ͡Ύ ǎǘŀǘǎƳƻŘŜƭǎ ͔ͣͦ͗ ͙ͨ͒͋ͪ͊ͭ͜͜ ͍ͤͦͯ ͔ͫͦͤͤͯ͘ ͔ͣͦ͒͡Έ 
!wLa! ͜ ͦͼ͙͙ͤͭ͜ ͝͝ ͎͊͊͘͡Έͤͯ Ύͫͭ͟͜ΈΦ ˻͙ͨͭͣ͊͡Έ͙ͤͣ ͤ͊͋ͦͪͦͣ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͔͋ͯ͒ ͚ͭͦΣ ͍ Ύͦͣͯ͟ ͨͦͭͪ͋ͤ͜͜ ͙͔ͪͭͪ͟͜͝ ͚ͤ͊͋͜͡Έ΄ 
͙͍ͨͪͦ͒ͯͭͤ͟͜Φ ˨͡Ύ ͨͦ;͊ͭͯ͟ ͎͔͔ͤͪͯ͘Ίͣͦ ͪͤ͘͜͜ ͦͣ͋ͤ͊͟͜ͼ͜͝ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͒͡Ύ ͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͔ͣͦ͒͜͡Φ ˻͙ͭͪͣ͊ΊͣͦΥ 

SARIMAX: (0, 0, 1) x (0, 0, 1, 1) SARIMAX: (0, 0, 1) x (0, 1, 0, 1) 
SARIMAX: (0, 1, 0) x (0, 1, 1, 1) SARIMAX: (0, 1, 0) x (1, 0, 0, 1) 
͔͔́ͨͪ ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͔͔ͤ͊͒ͤ͜ ͍͙΅͔ ͤ͊͘;͔ͤͤΎ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͒͡Ύ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ ͨͪͦͼ͔ͫͯ ͦͼ͙ͤ͜͟ ͔͔͚ͣͦ͒͡ 

!wLa! ͨͦ ͙ͪͤ͘͜ͻ ͦͣ͋ͤ͊͟͜ͼ͜ΎͻΦ ̂ ͙͙ͫͭ͊ͭͫͭͼ͜ ͜ ͣ͊΄͙ͤͤͦͣͯ ͍ͤ͊;͊ͤͤ͜ ͼ͔͚ ͨͪͦͼ͔ͫ ͍͙͚͒ͦͣ͜ Ύ͟ ͨͦ΄ͯ͟ ͨͦ ͫͭ͜ͼ͜ ͔͍ͨ͊ͪ͊ͣͭͪ͜ 
όͫͭ͜;͙͚͊ͫͭ ͨͦ΄ͯ͟Σ ͊͋ͦ ͙ͦͨͭͣ͊͘͜ͼ͜Ύ ͎͔͔͍ͨͪͨ͊ͪ͊ͣͭͪ͜͜ύΦ 

˽͙ͪ ͦͼͤ͜ͼ͜ ͜ ͍ͨͦͪͤ͜Ύͤͤ͜ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͔͔͚ͣͦ͒͡Σ ΅ͦ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͙ͪͤͣ͘͜ ͔ͨ͊ͪ͊ͣͭͪ͊ͣΣ ͍ͪ͊ͻ͍ͦͯΊͭΈͫΎΣ ͤ͊ͫ͟͜͡Έ͙͟ ͭ͊ ;͙ 
ͤ͜΄͊ ͔ͣͦ͒͡Έ ͍͍͒ͨͦ͒͊͜͜Ί ͙͒͊ͤͣ ͜ ͤ͊ͫ͟͜͡Έ͙͟ ͭͦ;ͤͦ ͍ͦͤ͊ ͒͊ͭͤ͊͘ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘ ͚ͣ͊͋ͯͭͤ͜ ͭͦ;͙͟ ͙͒͊ͤͻΦ ˤ͙͙ͦͪͫͭ͊͟Ίͣͦ 
ͤ͊͘;͔ͤͤΎ !L/ ό!ƪŀƛƪŜ LƴŦƻǊƳŀǘƛƻƴ /ǊƛǘŜǊƛƻƴύΣ Ύ͔͟ ͨ͒͜ͻ͙ͦ͒ͭΈ ͒͡Ύ ͙ͪͦ͋ͦͭ ͘ ͔ͣͦ͒͡Ύ͙ͣ !wLa! ͤ͊ ͍ͦͫͤͦ͜ ǎǘŀǘǎƳƻŘŜƭǎΦ !L/ 
ͦͼͤ͜ΌΊΣ ͤ͊ͫ͟͜͡Έ͙͟ ͔͒ͦ͋ͪ ͔ͣͦ͒͡Έ ͍͍͒ͨͦ͒͊͜͜Ί ͙͒͊ͤͣΣ ͔͋ͪͯ;͙ ͒ͦ ͍͎͙ͯ͊ ͎͊͊͘͡Έͤͯ ͫ͊͒ͤͫͭ͟͜͡Έ ͔ͣͦ͒͜͡Φ ͙̉ͣ ͔ͣͤ΄͔ ͺͯͤ͟ͼ͚͜ 
͍͙͙͍ͦͪͫͭͦͯ͟Ί ͔ͣͦ͒͡ΈΣ ΅ͦ͋ ͒ͦͫΎ͎͙ͭ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͙͒͊ͤͣΣ ͙ͭͣ ͍͙΅͔ ͝͝ ͙ͨͦ͊ͤ͘͟͟ !L/Φ ́ͦͣͯ ͨͦͭͪ͋ͤͦ͜ ͚͙ͤ͊ͭ͘ ͔ͣͦ͒͡Έ ͘ 
͚͔ͤ͊ͣͤ΄͙ͣ ͤ͊͘;͔ͤͤΎͣ !L/Φ ˻͙ͭͪͣ͊Ίͣͦ ͙͚ͤ͊ͫͭͯͨͤ ͔͚͙͎ͪͭͤ AIC: 
ARIMA(0, 0, 0)x(0, 0, 1, 1)1 ς AIC:148.29899978908392 ARIMA(0, 0, 0)x(0, 1, 1, 1)1 ς AIC:102.94718692564297 
ARIMA(0, 0, 0)x(1, 0, 0, 1)1 ς AIC:146.2317687939189 ARIMA(0, 0, 0)x(1, 0, 1, 1)1 ς AIC:135.6660592077362 
ARIMA(0, 0, 0)x(1, 1, 0, 1)1 ς AIC:134.1258271541158 ARIMA(0, 0, 0)x(1, 1, 1, 1)1 ς AIC:104.57685046797204 
ARIMA(0, 0, 1)x(0, 0, 0, 1)1 ς AIC:148.29899978908392 ARIMA(0, 0, 1)x(0, 0, 1, 1)1 ς AIC:131.27788725448374 
ARIMA(0, 0, 1)x(0, 1, 0, 1)1 ς AIC:102.94718692564297 ARIMA(0, 0, 1)x(0, 1, 1, 1)1 ς AIC:92.30509676592155 
ARIMA(0, 0, 1)x(1, 0, 0, 1)1 ς AIC:136.22015448146146 ARIMA(0, 0, 1)x(1, 0, 1, 1)1 ς AIC:98.2132166995818 
ARIMA(0, 0, 1)x(1, 1, 0, 1)1 ς AIC:104.57685256927105 ARIMA(0, 0, 1)x(1, 1, 1, 1)1 ς AIC:91.83854655265941 
ARIMA(0, 1, 0)x(0, 0, 1, 1)1 ς AIC:102.94718692564297 ARIMA(0, 1, 0)x(0, 1, 1, 1)1 ς AIC:88.13723840124091 
ARIMA(0, 1, 0)x(1, 0, 0, 1)1 ς AIC:134.1258271541158 ARIMA(0, 1, 0)x(1, 0, 1, 1)1 ς AIC:104.57685046797204 
ARIMA(0, 1, 0)x(1, 1, 0, 1)1 ς AIC:120.29834947836284 ARIMA(0, 1, 0)x(1, 1, 1, 1)1 ς AIC:90.29379761618745 
ARIMA(0, 1, 1)x(0, 0, 0, 1)1 ς AIC:102.94718692564297 ARIMA(0, 1, 1)x(0, 0, 1, 1)1 ς AIC:92.30509676592155 
ARIMA(0, 1, 1)x(0, 1, 0, 1)1 ς AIC:88.13723840124091 ARIMA(0, 1, 1)x(0, 1, 1, 1)1 ς AIC:79.3109038843379 
ARIMA(0, 1, 1)x(1, 0, 0, 1)1 ς AIC:104.57685256927105 ARIMA(0, 1, 1)x(1, 0, 1, 1)1 ς AIC:91.83854655265941 
ARIMA(0, 1, 1)x(1, 1, 0, 1)1 ς AIC:90.13417686760877 ARIMA(0, 1, 1)x(1, 1, 1, 1)1 ς AIC:80.85960112318928 
ARIMA(1, 0, 0)x(0, 0, 0, 1)1 ς AIC:146.2317687939189 ARIMA(1, 0, 0)x(0, 0, 1, 1)1 ς AIC:135.66740926163638 
ARIMA(1, 0, 0)x(0, 1, 0, 1)1 ς AIC:134.1258271541158 ARIMA(1, 0, 0)x(0, 1, 1, 1)1 ς AIC:104.57685258131143 
ARIMA(1, 0, 0)x(1, 0, 0, 1)1 ς AIC:136.78082542663327 ARIMA(1, 0, 0)x(1, 0, 1, 1)1 ς AIC:132.78989081819952 
ARIMA(1, 0, 0)x(1, 1, 0, 1)1 ς AIC:104.94804248473625 ARIMA(1, 0, 0)x(1, 1, 1, 1)1 ς AIC:106.38879380291672 
ARIMA(1, 0, 1)x(0, 0, 0, 1)1 ς AIC:135.6660592077362 ARIMA(1, 0, 1)x(0, 0, 1, 1)1 ς AIC:98.20884618255582 
ARIMA(1, 0, 1)x(0, 1, 0, 1)1 ς AIC:104.57685046797204 ARIMA(1, 0, 1)x(0, 1, 1, 1)1 ς AIC:91.83854655270733 
ARIMA(1, 0, 1)x(1, 0, 0, 1)1 ς AIC:132.78989078367994 ARIMA(1, 0, 1)x(1, 0, 1, 1)1 ς AIC:122.09498275588795 
ARIMA(1, 0, 1)x(1, 1, 0, 1)1 ς AIC:106.38877215418364 ARIMA(1, 0, 1)x(1, 1, 1, 1)1 ς AIC:94.12877425155493 
ARIMA(1, 1, 0)x(0, 0, 0, 1)1 ς AIC:134.1258271541158 ARIMA(1, 1, 0)x(0, 0, 1, 1)1 ς AIC:104.57685258131143 
ARIMA(1, 1, 0)x(0, 1, 0, 1)1 ς AIC:120.29834947836284 ARIMA(1, 1, 0)x(0, 1, 1, 1)1 ς AIC:90.15369285516911 
ARIMA(1, 1, 0)x(1, 0, 0, 1)1 ς AIC:104.94804248473625 ARIMA(1, 1, 0)x(1, 0, 1, 1)1 ς AIC:106.38879380291672 
ARIMA(1, 1, 0)x(1, 1, 0, 1)1 ς AIC:90.13832766150763 ARIMA(1, 1, 0)x(1, 1, 1, 1)1 ς AIC:92.13292492659687 
ARIMA(1, 1, 1)x(0, 0, 0, 1)1 ς AIC:104.57685046797204 ARIMA(1, 1, 1)x(0, 0, 1, 1)1 ς AIC:91.83854655270733 
ARIMA(1, 1, 1)x(0, 1, 0, 1)1 ς AIC:90.29379761618745 ARIMA(1, 1, 1)x(0, 1, 1, 1)1 ς AIC:80.85960112201649 
ARIMA(1, 1, 1)x(1, 0, 0, 1)1 ς AIC:106.38877215418364 ARIMA(1, 1, 1)x(1, 0, 1, 1)1 ς AIC:94.12877425155493 
ARIMA(1, 1, 1)x(1, 1, 0, 1)1 ς AIC:92.14517919739546 ARIMA(1, 1, 1)x(1, 1, 1, 1)1 ς AIC:83.28456890562482 
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ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͙͎ͦͭͪͣ͊ͤͦͦ ͍͙͍ͫͤͦͯ͟Σ !wLa!όлΣ мΣ мύȄόлΣ мΣ мΣ мύ ς ͙ͦͭͪͣͯΊͣͦ ͚͔ͤ͊ͣͤ΄͙͚ ͙ͨͦ͊ͤ͘͟͟ !L/ όтфΦомύΦ 
˻͔ͭ͗Σ ͼ͜ ͔͙ͨ͊ͪ͊ͣͭͪ ͣͦ͗ͤ͊ ͍͍͙͊͗͊ͭ ͙ͦͨͭͣ͊͡Έ͙͙ͤͣΦ 

ˤ͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͨͦ΄ͯ͟ ͨͦ ͫͭ͜ͼ͜Σ ͙ͣ ͍͙ͤ͊͘;͙͙͡ ͙ͦͨͭͣ͊͡Έ͙͚ͤ ͤ͊͋ͪ͜ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͒͡Ύ ͔ͫͦͤͤͦ͘͝ ͔ͣͦ͒͜͡ ͙͒͊ͤͻ 
;͍͎͊ͫͦͦͦ ͪΎ͒ͯΦ ̇Ό ͔ͣͦ͒͡Έ ͣͦ͗ͤ͊ ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͋͜͡Έ΄ ͔͒ͭ͊͡ΈͤͦΣ ͍͍ͨͦ͋ͯ͒ͯ͊΄͙ ͫͭͪͯͭͯͪͯ͟ ͔ͣͦ͒͜͡ ό͙ͪͫͯͤͦ͟ нύ ͭ͊ 
͍͍͒ͨͦ͒ͤ͜͜͜ ͎ͪ͊ͺ͙͜͟ ό͙ͪͫͯͤͦ͟ оύΦ 

 
˾͙ͫΦ нΦ ˸͔ͦ͒͡Έ ARIMA 

 

 
˾͙ͫΦ 3. ˻ ͙ͨͭͣ͊͡Έ͙͚ͤ ͤ͊͋ͪ͜ ͨ ͔͍͊ͪ͊ͣͭͪ͜ 

 
˹͊ ͎ͪ͊ͺ͊͜͟ͻΣ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ͻ ͤ͊ ͙ͪͫͯͤͯ͟ нΣ оΣ ͍͔͒ͦ͋ͪ͊͗ͤͦ͜ ͙ͦͨͭͣ͊͡Έͤͦ ͙͚ͨ͒͋ͪ͊ͤ͜͜ ͤ͊͋ͪ͜ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͒͡Ύ 

͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘͝ ͔ͫͦͤͤͦ͘͝ ͔ͣͦ͒͜͡Φ ̇͜ ͎ͪ͊ͺ͙͜͟ ͍͒ͦͦ͘͡ΎΌͭΈ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟ ͨͪͦ ͔ͭΣ ΅ͦ ͦ͋ͪ͊ͤ͊ ͔ͣͦ͒͡Έ ό͍͊͒ͦ͘͜͡Έͤͦύ 
ͨ͒͜ͻ͙ͦ͒ͭΈ ͒͡Ύ ͊ͤ͊ͯ͘͜͡ ͜ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͙͒͊ͤͻ ;͍͙͊ͫͦͻ ͪΎ͍͒͜Φ 

˻͔ͭ͗Σ ͍ͨͦ͋ͯ͒ͦ͊ͤͦ ͔ͣͦ͒͡Έ ;͍͙͊ͫͦͻ ͪΎ͍͒͜Σ ͊͘ ͎͒ͦͨͦͣͦͦΌ Ύͦ͟͝ ͣͦ͗ͤ͊ ͎͍͙ͫͨͪͦͤͦͯ͊ͭ͘ ͒͊ͤ͜Φ 
˽ͦͭͪ͋ͤͦ͜ ΅͔ ͍ͨͦͪͤ͜Ύ͙ͭ ͎͍ͨͪͦͤͦͦ͊ͤ͘͜ ͤ͊͘;͔ͤͤΎ ͘ ͔ͪ͊͡Έ͙͙ͤͣ ͤ͊͘;͔ͤͤΎ͙ͣ ;͍͎͊ͫͦͦͦ ͪΎ͒ͯ ͊͒͘͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͭͦ;ͤͦͫͭ͜ 

͎͍ͨͪͦͤͦ͘͜Φ ́ͦͣͯ ͍͔͔ͨͪͦ͒ͣͦ ͍͔͙ͪͺ͊͜͟ͼ͜Ό ͔ͣͦ͒͜͡ ͤ͊ ͔ͨͪͦ͒͜ ͘ нлмо ͪͦͯ͟ ͨͦ нлмт ͪ͜͟ ό͙ͪͫͯͤͦ͟ пύΦ 
 

 
˾͙ͫΦ пΦ ˿͍͍͔ͨͫͭ͊ͤͤ͜͡Ύ ͔ͪ͊͡Έ͙ͤͻ ͙͒͊ͤͻ ͘ ͙͙͙ͦͭͪͣ͊ͤͣ ͎͙ͨͪͦͤͦ͊ͣ͘ 

 
˻͙ͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍ͫ͒͜;͊ͭΈΣ ΅ͦ ͍ͨͦ͋ͯ͒ͦ͊ͤ͊ ͔ͣͦ͒͡Έ ͘ ͍͙ͫͦͦ͟Ό ͭͦ;ͤͫͭ͜Ό ͙ͪͦ͋ͭΈ ͎ͨͪͦͤͦ͘Φ ˻͔ͭ͗Σ ͣͦ͗ͤ͊ 

͎͍͙ͫͨͪͦͤͦͯ͊ͭ͘ ͚ͣ͊͋ͯͭͤ͜ ͤ͊͘;͔ͤͤΎΦ  
˨͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͎ͨͪͦͤͦͯ͘ ;͙͔ͫ͡Έͤͦͫͭ͜ ͨͦͨͯ͡Ύͼ͜͝ ͍͙ͭͦ͊ͨ͘͟͜͟͡ΌΌ;͙ͻ ͦͣ͊͟ͻ ͍͙͙ͦͪͫͭ͊͟Ίͣͦ ͍ͻ͒ͤ͜͜ ͒͊ͤ͜ ͍͔͔ͤ͊͒ͤ͜ ͯ 

͙ͭ͊͋͡ͼ͜ мΦ 

˭ͤ͊;͔ͤͤΎ 

̉
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˾͙ͫΦ рΦ ̋ͦͪ͜;ͤ͜ ͙͙ͨͦ͊ͤ͘͟͟ ͟͜͡Έͦͫͭ͟͜ ͙ͦͫͦ͋ͤ ͨͦͨͯ͡Ύͼ͜͝ 

 

 
˾͙ͫΦ сΦ ˽͎ͪͦͤͦ͘ ;͙͔ͫ͡Έͤͦͫͭ͜ ͨͦͨͯ͡Ύͼ͜͝ ͤ͊ нлму ς нлнр ͪͪΦ 

 
˾͔ͯ͘͡Έͭ͊ͭ ͙͎ͦͭͪͣ͊ͤͦͦ ͎ͨͪͦͤͦͯ͘ ͯ ;͙͍͚ͫͦ͜͡ ͺͦͪͣ͜ ͍͔͔ͤ͊͒ͤͦ ͯ ͙ͭ͊͋͡ͼ͜ нΦ  

͙́͊͋͡ͼΎ нΦ  
˾͔ͯ͘͡Έͭ͊ͭ ͎ͨͪͦͤͦͯ͘ 

͍̉͊ͫͦ͊ ͨͦͤ͊͘;͊͟ όͪ͜͟ύ 
˴͜͡Έͫͭ͟͜Έ ͙ͦͫͦ͋ͤ ͨͦͨͯ͡Ύͼ͜͝ 
ͦͣ͊͟ͻ͙ͦ͊ͨ͘͡Έ͙ͤͻ ͙ͪͦͫͤ͡  

ό͙͙ͦ͒ͤͼΈύ 

2018 323 

2019 342 

2020 361 

2021 366 

2022 365 

2023 354 

2024 346 

2025 338 

 
˻͙ͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͒ͦͦ͘͡ΎΌͭΈ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͒͊ͤ͊ ͨͦͨͯ͡Ύͼ͜Ύ ͒ͦͫΎ͎͔ͤ ͍͎ͫͦͦ ͨͯ͜͟ ͯ нлнм ͪͦͼ͜Σ ͨͫ͜͡Ύ ;͎ͦͦ 

͔͋ͯ͒ ͍ͨͦͫͭͯͨͦͦ ͔ͣͤ͘΄͍͙ͯ͊ͭͫΎ ͒ͦ нлнп ͪͦͯ͟Σ ͊ ͯ нлнр ͪͦͼ͜ ͦ;ͯ͜͟ΊͭΈͫΎ ͍ͤͦͯ͘ ͋͘͜͡Έ΄͔ͤͤΎ ͙ͦͫͦ͋ͤ ͨͦͨͯ͡Ύͼ͜͝ 
ͦͣ͊͟ͻ͙ͦ͊ͨ͘͡Έ͙ͤͻ ͙ͪͦͫͤ͡Φ 

ˤ͙͍͙ͫͤͦ͟Φ ˾͔͙͚ͦͪͦ͋ͤ͘͡ ͔ͣͭͦ͒ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͤ͊ ͋͊͘͜ ͔ͣͦ͒͜͡ ARIMA ͔͍͙͚ͪ͊ͦ͊ͤ͘͜͡ ͯ ͍͙͎͡Ύ͒͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ 
͒ͦ͒͊ͭͯ͟Σ ΅ͦ ͍͙ͦͤͯ͟Ί ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ;͙͔ͫ͡Έͤͦͫͭ͜ ͨͦͨͯ͡Ύͼ͜͝ ͤ͊ ͍ͦͫͤͦ͜ ΅ͦͪ͜;͙ͤͻ ͙͒͊ͤͻ ͙͎ͣͦͤͭͦͪͤͯ͜Φ ˽͎͍ͪͦͤͦͯ͊ͤͤ͘Ύ 
;͍͙͊ͫͦͻ ͪΎ͍͒͜ ͙͙͒ͤ͊ͣ͜͟ ͨͦͨͯ͡Ύͼ͚͜ ͍ ͋͜͡Έ΄ͦͫͭ͜ ͍͙͍ͨ͊͒͟͜ ͔͙͗ͭ͡Έ ͍ ͒͊ͨ͊ͦͤ͘͜͜ р τ мл҈Σ ΅ͦ ͊͘ ͦͼ͙ͤ͊ͣ͜͟ ͺ͊ͻ͍͜ͼ͍͜ Ί 
͍͙͔ͫͦͦ͟ͺ͔͙͍͙ͭͤͣ͟Φ  

˻͙ͭͪͣ͊ͤ͜ ͤ͊ͫͭͯͨͤ͜ ͍ͦͫͤͦͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΥ ͔ͣͦ͒͡Έ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ;͍͙͊ͫͦͻ ͪΎ͍͒͜ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͎ͨͪͦͤͦͯ͘ ;͙͔ͫ͡Έͤͦͫͭ͜ 
͔ͦͪͣͦ͟͝ ͨͦͨͯ͡Ύͼ͜͝Σ ΅ͦ ͍͙͒ͤͦͫͭ͜ΈͫΎ ͒ͦ ͊ͫͯ͟͡ ͍͔͎͔͚͙͊ͭͦͪͪͫͤ͜ͻ ͔͔͚ͣͦ͒͡Τ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ;͍͙͊ͫͦͻ ͪΎ͍͒͜ 
;͙͔ͫ͡Έͤͦͫͭ͜ ͨͦͨͯ͡Ύͼ͚͜ ͔ͦͪͣͦ͟͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͙ͦͤ͘Σ Ύ͟͜ ͍͔ͨ͒ͭͪ͒͗ͯ͜ΌͭΈ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔ͣͦ͒͜͡Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
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OF FORECASTING OF NUMBERS INSECTS FOR POLLINATE DEPENDING ON QUANTITY GROUPS PLANTS 
 OF SEPARATE ECOLOGICAL ZONE 

Inna Hrod 
Ternopil V. Hnatiuk National Pedagogical University, Ternopil, Ukraine 
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Abstract. In environmental monitoring programs an important place is devoted to development methods of modeling 
population dynamics, opportunities to study and assess the state of ecosystems, groups and populations. Numbers are an 
accessible integral characteristic of populations, with which many other parameters are closely linked. Therefore, in theoretical 
and practical ecology the question of studying the dynamics of the number the paramount importance is given. 
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That is why, under constant control development and dynamics of change quantities Species of the population and on 
condition correctly implemented forecast the population may exist for a long time and keep your productivity. 

An attempt was made to predict the population size in conditions of uneven distribution of species and resources, to 
conduct a numerical study of possible scenarios of species existence in a given time interval. 

The purpose of the work is study of the change in the number of insect pollinators depending on the number groups of 
plants of the allocated territory methods of mathematical modeling. 

The article is considered development of a modified model and forecasting method number of population of the 
depending on a certain time interval. Methods of mathematical modeling, time series analysis, regression analysis, methods of 
algorithmization and programming are used. 

For building forecast about population quantities insects, for pollinate plants, data about correlation of different groups 
of pollinators of the West Podillya provided by the Department of Botany and Zoology of V. Hnatiuk Ternopil National 
Pedagogical University were used. 

The work is described the results: obtained model of forecasting of time series to build a forecast of the size of a 
separate population and results of forecasting of time series number of populations separate ecological zone. 

Keywords: model, forecast, population, generation, stochastic distribution, environmental monitoring, prognostication. 
 
  






































































































































































































































































































