
͙͙̆ͪͦͤ͟ AGI

ˢͤͭͦͤ ˴ͦͤͯ΄͙ͤ

˴ΦͺΦ-ͣΦͤΦ
ˤΦͤΦͫΦΣ ͪͯ͟Φ͎ͪͯͨͨ· ζ˽͍͔ͪͦͫͭͪ͊ͤͫͭͤͤ·͚ ͙͔͔ͤͭͭ͟͡͡η AIRI
ˤΦͤΦͫΦΣ ͤ͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡Έ ͔̇ͤͭͪ͊ ˮˮ ˸˥̂ ͙͔͙ͣͤ ˸ΦˤΦ ˶͍ͦͣͦͤͦͫͦ͊
˭͊ͣΦ͔͒͊ͤ͊͟ ͨͦ ͤ͊ͯ;͚ͤͦ ͔ͪ͊͋ͦͭ ̅͊ͯ͟͡Έ͔ͭͭ͊ ˮˮ ˸˥̂ ͙͔͙ͣͤ ˸ΦˤΦ ˶͍ͦͣͦͤͦͫͦ͊
˽͎ͪͦͪ͊ͣͣͤ·͚ ͙͔͒ͪͭͦͪ͟ ̅ͦͤ͒͊ ζˮ͔͔ͤͭͭ͟͡͡η



2

˾͍͙͙͔͊ͭ͘ ͙ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͔ͭͻ͎͙͚ͤͦͦ͡ - Ή͔ͫͨͦͤͤͭ͊͟

˨Φˤ͙͊ͭͦͤ͡ /!Dw ͊͟͟ ͨͪͦ͟͡Ύ͙͔ͭ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ ͙͙͡ ͦ΄͙͙͋͟ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ Ή͔ͫͨͦͤͤ͟ͼ͙͊͡Έͤ·ͻ 
ͨͪͦͼ͔͍ͫͫͦ 

˭͊ͦͤ͟ ˸ͯͪ͊ ς ͪͦͫͭ ͙ͫͦͪͦͫͭ͟ 
͍·;͙͔͙͚ͫͤ͡ CPU

˽͎ͪͦͤͦ͘ ͤ͊ ͋ͯ͒ͯ΅͔͔Κ

ˬ͙ͤ͘Έ ͨͦͤ͊͡ Ή͔ͫͨͦͤͤͼ͙͊͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ όζͫͦ͗ͤ͡·ͻ ͨͪͦͼ͔͍ͤͭͦηύΣ ͊ 
͎ͣͦ͘ ͔ͪ͊͋ͦͭ͊ͭ ͊͟͟ ͣ͊΄͙ͤ͊ ͙͔͚͎ͤͤͦͦ͡ ͔͙ͨͪ͒ͫ͊͊ͤ͘͟Ύ

https://habr.com/ru/articles/470215/
https://habr.com/ru/articles/470215/
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͔̏ͫͨͦͤͤͭ͊͟ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭͫΎ ͙͍ͤͤͦ͊ͼ͙Ύ͙ͣ

https://habr.com/ru/news/t/455864/#comment_20274554

https://habr.com/ru/news/t/455864/#comment_20274554
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˽͙͍͔͙͔ͪͦͤͤͦͤ͟ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪ

The Rising Speed of Technological Adoption

https://www.visualcapitalist.com/rising-speed-technological-adoption/
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͍͙͙̏ͪͫͭ͊͟ ͤ͊ͣ ͍ ͨͦͣͦ΅Έ
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˾͔͍ͦ͡Όͼ͙Ύ ǸǺȂǺȅǵȇǽǷȂȃǸȃ ǝǝ(2022 ͎ͦ͒ύ
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ˢ͍͔͎͔͙ͭͦͪͪͫͫͦͤͤ͊Ύ ͔ͣͦ͒͡Έ

GPT = Generative Pre -Trained Transformer



8Andrej Karpathy https://www.youtube.com/watch?v=zjkBMFhNj_g 

˽ͦͯ͡;͔͙͔ͤ ͙͚ͤ͊ͤ͘ ͙͘ ͔͍ͭͫͭͦ͟ ;͔͔ͪ͘ ͎͔͔͙͍͔ͤͪ͊ͭͤͦ ͦ͋ͯ;͔͙͔ͤ

https://www.youtube.com/@AndrejKarpathy
https://www.youtube.com/@AndrejKarpathy
https://www.youtube.com/watch?v=zjkBMFhNj_g
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˸͊ͫ΄͙͍͙͔ͭ͊͋ͪͦ͊ͤ ͔͔͚ͣͦ͒͡

Alec Radford  et.al. Language Models are Unsupervised Multitask Learners. 2019 (GPT-2) 

Tom Brown et. al. Language Models are Few -Shot Learners . 2020 (GPT -3)

Alec Radford et. al. Improving Language Understanding by Generative Pre -Training. 2018 (GPT-1)  

Large Language Model (LLM) = ˣͦ͡Έ΄͊Ύ ̒͘·͍ͦ͊͟Ύ ˸͔ͦ͒͡Έ (ˣ̒˸ύ

https://openai.com/index/better-language-models/
https://openai.com/index/language-models-are-few-shot-learners/
https://openai.com/index/language-models-are-few-shot-learners/
https://openai.com/index/language-models-are-few-shot-learners/
https://openai.com/index/language-unsupervised/
https://openai.com/index/language-unsupervised/
https://openai.com/index/language-unsupervised/
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͔͔̏ͣͪ͒͗ͤͭͤ·͔ όemergent)  ͍͚͍ͫͦͫͭ͊ ͙ͨͪ ͣ͊ͫ΄͙͍͙͙ͭ͊͋ͪͦ͊ͤ



11Andrej Karpathy https://www.youtube.com/watch?v=zjkBMFhNj_g 

ˣ̒˸ ͊͟͟ ͫ͗͊ͭ͊Ύ ͍͔͙ͪͫΎ ͍͔ͫͻ ͔͍ͭͫͭͦ͟ ;͔͍͔ͦ͡;͔͍ͫͭ͊

https://www.youtube.com/@AndrejKarpathy
https://www.youtube.com/@AndrejKarpathy
https://www.youtube.com/watch?v=zjkBMFhNj_g
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ˣ̒˸ ͊͟͟ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͊Ύ ͔ͣͦ͒͡Έ

͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ͊Ύ ͔ͣͦ͒͡Έ Ґ ͫͨͦͫͦ͋ͤ͊ ͔ͪ΄͊ͭΈ ͍ͤͦ·͔ ͊͒͊͘;͙ ͔͋͘ ͍͎ͤͦͦͦ ͦ͋ͯ;͔͙ͤΎ κ ͒ͦͦ͋ͯ;͔͙ͤΎ

˸· ͔ͪ΄͔͊ͣ ͍ͤͦ·͔ ͊͒͊͘;͙ ͫ ͨͦͣͦ΅ΈΌ ˣ̒˸Σ ͙ͦͨͫ·͍͊Ύ ͔͚ ͊͒͊͘;ͯ ͔ͭͫͭͦͣ͟ ͙ ͍͒͊͊Ύ ͙͔ͨͪͣͪ· ͪ͊͋ͦͭ·
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˽͔͍ͪͪ͊΅͔͊ͣ ˣ̒˸ ͍ ;͊ͭ-͋ͦͭ ό͙͔͊ͫͫͫͭͤͭ͊ύ

˨ͦͦ͋ͯ;͔͊ͣ ͔ͣͦ͒͡Έ ͤ͊ ͔͍͔ͣͤͦ͗ͫͭ ͙͔͍ͨͪͣͪͦ ͔ͪ΄͔͙ͤΎ ͪ͊ͤ͘·ͻ ͊͒͊͘;Σ 
ͦͭͦͪ͟·͔ ͎͍͙͙ͨͦ͒ͦͭͦ͡ Ή͔ͫͨͪͭ͟·

Ouyang et.al. Training Language Models to Follow Instructions with Human Feedback, 2022 (InstructGPT)

https://arxiv.org/abs/2203.02155
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˻͋ͯ;͔͙͔ͤ ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡

Ouyang et.al. ¢ǊŀƛƴƛƴƎ [ŀƴƎǳŀƎŜ aƻŘŜƭǎ ǘƻ Cƻƭƭƻǿ LƴǎǘǊǳŎǘƛƻƴǎ ǿƛǘƘ IǳƳŀƴ CŜŜŘōŀŎƪΣ нлнн όLƴǎǘǊǳŎǘDt¢ύ

Å ˻͋ͯ;͔͙͔ͤ ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡ 
(Reinforcement Learning , RL) Ґ ͨͦ͒ͻͦ͒ ͟ 
ͦ͋ͯ;͔͙ͤΌΣ ͎ͦ͒͊͟ ͯ ͤ͊ͫ ͔ͤͭ ζ͍͙ͨͪ͊͡Έ͎ͤͦͦη 
͍͔ͦͭͭ͊Σ ͤͦ ͔ͫͭΈ ͫͨͦͫͦ͋ ͦͼ͔͙ͤͭΈ ͊͟;͔͍ͫͭͦ 
͍͔ͦͭͭ͊ ͙͙͡ ͍͙ͫͪ͊ͤͭΈ ͍͔ͦͭͭ· ͎͒ͪͯ ͫ 
͎͒ͪͯͦͣ

Å ˣ͎͊ͦ͒͊ͪ͡Ύ RL ͣ · ͔ͣͦ͗ͣ ͯ;͙ͭΈͫΎ ͔ͪ΄͊ͭΈ 
͊͒͊͘;͙Σ ͒͡Ύ ͦͭͦͪ͟·ͻ ͯ ͤ͊ͫ ͔ͤͭ ͎͍ͦͭͦ·ͻ 
͒͊ͤͤ·ͻ ͙͙͡ ͙ͻ ͙ͫ͡΄ͦͣ͟ ͣ͊ͦ͡

https://arxiv.org/abs/2203.02155
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˻͋ͯ;͔͙͔ͤ ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡ ͙ ͙͎͙ͦͪͤ͊͡ΈͤͦͫͭΈ

˸͔ͦ͒͡Έ AlphaGo ͯ;͙͊ͫ͡Έ ͙͎ͪ͊ͭΈ ͫ͊ͣ͊ ͫ ͚ͫͦ͋ͦΣ ͙ ͍ͦ ͍͔ͪͣΎ ͣ͊ͭ;͊ ͫ ˶͙ ˿͔͔͒ͦͣ͡ ͔ͫ͒͊͊͡͡ 
͙͎͙ͦͪͤ͊͡Έͤ·͚ ͻͦ͒ (ζ̆ͦ͒ ЅотηύΣ ͦͭͦͪ͟·͚ ͔ͤ ͔ͫ͒͊͡͡ ͋· ;͔͍͔ͦ͟͡
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˾͊ͫͫͯ͗͒͊Ό΅͙͔ ͔͙ͣͦ͒͡

˾͔͙͊ͫͫͯ͗͒ͤΎ Ґ ζ͒ͯͣ͊ͭΈ ͒ͦ͡Έ΄͔ηΣ ͍ͦ͋ͦͫͤͦ·͍͊Ύ ͊͗͒͟·͚ ΄͎͊ ͨͦͯ͡;͔͙ͤΎ ͔ͪ΄͔͙ͤΎ
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˻͋ͯ;͔͙͔ͤ ͔͙ͪ͊ͫͫͯ͗͒ͤΎͣ ;͔͔ͪͦ͋ͯ͘;͔͙͔ͤ ͫ ͔͔͙͔ͨͦ͒ͪͨͤͣ͟͡ 

͙̇͟͡ ͪ͊͋ͦͭ DeepSeek -V3 ͙ 
DeepSeek -R1 ͋·͡ ζSputnik moment η 
͒͡Ύ ͙ͣͪ͊ ͍ ͙ͦ͋͊ͫͭ͡ ˮˮ

ˤ͔ͫ ˮˮ-͙͙͊͋ͦͪ͊ͭͦͪ͡ ͙͙ͪ͊͋ͪ͊͘͡ Ή͙ͭ 
ͪ͊͋ͦͭ·

2 ͍ͦͫͤͦͤ·ͻ ͔ͣͦͣͤͭ͊Υ

Å˿͔͎͙͙ͭͪ͊ͭ ͦ͋ͯ;͔͙ͤΎ ͔͙ͪ͊ͫͫͯ͗͒ͤΎͣ

Å̂ͣͤ·͔ ͔͙ͪ͊͊͘͡ͼ͙͙ ͎͙ͣͤͦͻ 
͔ͣͻ͙͍͊ͤͣͦ͘Σ ͍͟͡Ό;͊Ύ ͦ͋ͯ;͔͙͔ͤ ͫ 
͙͔͚ͨͦͤ͗ͤͤͦ ͙͋ͭͤͦͫͭΈΌΣ ͦͭͦͪ͟·͔ ͔ͪͦ͘͟ 
͍ͨͦ·͙͙ͫ͡ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͦ͋ͯ;͔͙ͤΎ

˿͔͎͙͙ͭͪ͊ͭ

Å͙̉ͫͭ·͚ RL

ÅSFT ͤ͊ ͼ͔ͨͦ;͊͟ͻ ͔͙͚ͪ͊ͫͫͯ͗͒ͤ

Å˨͙͙ͫͭ͡͡Ύͼ͙Ύ ͔͔͚ͣͦ͒͡ ͤ͊ ͼ͔ͨͦ;͊͟ͻ 
͔͙͚ͪ͊ͫͫͯ͗͒ͤ

DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning (DeepSeek, Jan 2025)

https://arxiv.org/abs/2501.12948
https://arxiv.org/abs/2501.12948
https://arxiv.org/abs/2501.12948
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ζˢ͎͊-͔ͣͦͣͤͭη

DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning (DeepSeek, Jan 2025)

https://arxiv.org/abs/2501.12948
https://arxiv.org/abs/2501.12948
https://arxiv.org/abs/2501.12948
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˽͔͔ͪͻͦ͒ ͟ ͣͯ͡Έ͙ͭͣͦ͒͊͡Έͤ·ͣ ͔ͣͦ͒͡Ύͣ



20

˸ͯ͡Έ͙ͭͣͦ͒͊͡Έͤ·͔ ͔͙ͣͦ͒͡

ˮ͍͔͔͊ͣ͘͟͡ ͙ͤ͊ͤ͘Ύ ͙͘ ͡Ό͋·ͻ ͒͊ͤͤ·ͻ ͙ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͣ͡ ͍͙͍͊ͣͦͫ͘Ύ͙͘ ͔ͣ͗͒ͯ ͙͙ͤͣ
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ˮ͔͙ͦ͋ͪ͊͗ͤ͘Ύ Ҍ ͔ͭͫͭ͟ Ґ ͯ;͔͙͙͋ͤ͟ 
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˽͙͙͔ͦͤͣ͊ͤ ͺ͙͙͙͘͟ ͙ͨͪͻ͙ͦ͒ͭ ͙͘ ͍͙͔͒ͦ

https://physics - iq.github.io/  

https://physics-iq.github.io/
https://physics-iq.github.io/
https://physics-iq.github.io/
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˽͔͔ͪͻͦ͒ ͟ ͎͔͊ͤͭ͊ͣ

Å ˢ͎͔ͤͭ· ς Ήͭͦ ˮˮ-͔͙ͣͦ͒͡Σ ͫͨͦͫͦ͋ͤ·͔ ͟ ͔͙ͪ͊ͫͫͯ͗͒ͤΌΣ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡Ό ͙ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ό ͫ 
͔͙͔ͦͪͯ͗ͤͣ͟ ͒͡Ύ ͔ͪ΄͔͙ͤΎ ͔͔͖ͦͨͪ͒ͤͤ͡·ͻ ͊͒͊͘;Σ ͦͭͦͪ͟·͔ ͙ͣ ͖͊͒͊ͭ͘ ͨͦ͡Έ͍͔ͦ͊ͭ͘͡Έ 

Å ˽ͦ ͙ͪͯͫͫ͟ Ήͭͦ ζͫͯ͋Ά͔ͭͤͦͫͭ͟ΈηΣ ͭΦ͔Φ ˢ͎͔ͤͭ Ґ ˿ͯ͋Ά͔ͭ͟ 

Å ˿ͯ͋Ά͔ȳͭͤͦͫͭ͟Έ τ ͍͚͍ͫͦͫͭͦ ͙͙͍͙ͤ͒͒͊ ͋·ͭΈ ͫͯ͋Ά͔ͭͦͣ͟ ͙͍͙͊ͭͤͦͫͭ͟Τ ͙͔͙͔ͨͪͣͤͭ͡Έͤͦ ͟ ;͔͍͔ͦͯ͟͡ τ 
ͫͨͦͫͦ͋ͤͦͫͭΈ ͍·ͫͭͯͨ͊ͭΈ ͎͔͊ͤͭͦͣ όͫͯ͋Ά͔ͭͦͣ͟ύ ͔͚͍͙͒ͫͭΎ ͙ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͔͔ͦͨͪ͒͡ΎͭΈ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ 
͍͔͚ͫͦ͋ͫͭͤͤͦ ͙͍͙͊ͭͤͦͫͭ͟Σ ͔ͤ ͍͙͚ͫͦ͒ͣͦ ͟ ͍͔ͤ΄͔ͤͣͯ ͫͦͼ͙͊͡Έͤͦͣͯ ͍͔͚͍͙ͦ͒ͫͭ͘Ό όˤ͙͙͔͙ͨ͒͟Ύύ

https://huggingface.co/learn/agents -course/en/unit1/what -are-agents

https://huggingface.co/learn/agents-course/en/unit1/what-are-agents
https://huggingface.co/learn/agents-course/en/unit1/what-are-agents
https://huggingface.co/learn/agents-course/en/unit1/what-are-agents
https://huggingface.co/learn/agents-course/en/unit1/what-are-agents
https://huggingface.co/learn/agents-course/en/unit1/what-are-agents
https://huggingface.co/learn/agents-course/en/unit1/what-are-agents
https://huggingface.co/learn/agents-course/en/unit1/what-are-agents


24

͙́ͪ ͍͙͒͊ ͙͔͍ͤͫͭͪͯͣͤͭͦ

https://machinelearningmastery.com/mastering - llm- tool - calling - the -complete - framework - for -connecting -
models - to - the - real-world/  

https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
https://machinelearningmastery.com/mastering-llm-tool-calling-the-complete-framework-for-connecting-models-to-the-real-world/
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˻͋ͯ;͔͙͔ͤ ͎͔͊ͤͭ͊ ͍ ͔͔ͫͪ͒


