
˾͙͚͙͔ͦͫͫͫ͟ ͊ͭͦͣͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ 
тр ͔ͭ͡ ͙͚͚ͪͦͫͫͫͦ͟ ͚͊ͭͦͣͤͦ 

ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡

˴ͦͪͤͦͯͻ͍ͦ ˤ͙͙͚͊ͫ͡ ˹͙͔͍͙ͦ͊͟͡;
˹ˮ̒̂ ˸ˮ̅ˮ
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ˢͪͣΎͤͫ͊͟Ύ ˢ̏˿
  

11.02.2021 ˾͙͚͙͔ͦͫͫͫ͟ ͊ͭͦͣͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ тр ͔ͭ͡ ͙͚͚ͪͦͫͫͫͦ͟ ͚͊ͭͦͣͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡                                ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ2

˽͔ͦͫͭͪͦͤͤ͊Ύ ͫ мфсф ͨͦ мфтт ͎ͦ͒· ͍͙͙͋͘͡ ͎ͦͪͦ͒͊ ˸͔ͼ͊ͣͦͪ. 
͍͔̂ͫͭ͊ͤͦͤͤ͊͡Ύ ͔͍ͭͨͦ͊͡Ύ ͣͦ΅ͤͦͫͭΈ ͎ͦ͒ͤͦͦ ͋ͦ͊͟͡ ˤˤ̏˾-440 ςͭ ͙ͨ ˤ-нмо ͍ͫͦͫͭ͊͡Ύ͔ͭ мотр ˸ˤͭΣ Ή͔͙ͭͪ͟͡;͔ͫ͊͟Ύ 
ͣͦ΅ͤͦͫͭΈ τплтΣр ˸ˤͭΦ ˿͔͔͎͍͔ͪ͒ͤͦ͒ͦͦ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪΣ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ 
͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͔ͪͣͦͤͭͤ·ͻ ͙͚͊ͣͨ͊ͤ͟Σ ͤ͊ ˢˢ̏˿ ͙͔ͨͪͣͪͤͦ ͒ͦ нΣср ͙͙ͣ͊ͪ͒͊͡͡ ͟ˤͭϊ;.
ˤ нлмф ͎ͦ͒ͯ ˢ̏˿ ͍·ͪ͊͋ͦͭ͊͊͡ оп҈ ͍͔͚ͫ ͙͍͙͚ͨͪͦͦ͒ͣͦ͘ ͍ ˢ͔͙͙ͪͣͤ Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪΦ
˩͍ͪͦͫͦΌ͘ ͙͍ͤ͊ͫͭ͊͊͡ ͤ͊ ͔͍ͦͤͫͪ͊͟ͼ͙͙ ͙͋ͦ͡ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ ˢ̏˿ ͙ ͋·͡ ͎͍ͦͭͦ ͔͍͔͋ͦͣ͒ͤͦ͘͘͘ ͍·͔͙͒ͭ͡Έ ͤ͊ Ήͭͦ 
нлл ͣͤ͡ ͔͍ͪͦ ό͔͔͎͍ͨͪͦͦͪ· ζ˩͍ͪͦ͊ͭͦͣη-˸͙ͤΉ͔͎ͤͪͦ ˢ͔͙͙ͪͣͤΣ нллт ͎ΦύΦ ˤ͔͍͙͙ͨͦͫ͒ͫͭ͡ ˩˿ ͔ͭ͊͗͟ ͊͘Ύ͍͡Ύ͡Σ ;ͭͦ 
ζ͔͍ͤͦͣͦ͗ͤͦ͘ ͯͯ͡;΄͙ͭΈ ͤ͊ͫͭͦ͡Έͦ͟Σ ;ͭͦ͋· ͦͤ͊ ͨͦͤͦͫͭ͡ΈΌ ͍͔͍͍ͫͦͦͭͭͫͭͦ͊͊͡ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͣ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ 
͔͙͋ͦͨ͊ͫͤͦͫͭ͘η ͙ ͍͙ͨͦͫͭ͊͡ ͍͙͔ͯͫͦ͡ ͦ ͔͖ ͊ͪ͘͟·͙͙ͭΦ
˽͔ͪͦ͋ͣ͊͡ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͤ͊ͻ͔͙͙ͦ͗͒ͤ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ Ή͔͎͙͙ͤͪ ͙ ͔͔͔͙͙ͦͨͪ͒ͤ͡ ͍ͫͪͦͦ͟ 
͊ͪ͘͟·͙ͭΎ ͫͭ͊ͤͼ͙͙Φ ˾͔΄͔͙͔ͤͣ ͍ͦͨͪͦͫ͊ ͎ͣͦͦ͡ ͋· ͫͭ͊ͭΈ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭͦ ͍͚ͤͦͦ ˢ̏˿Σ ͙ͫͭͦͣͦͫͭΈ ͚ͦͭͦͪͦ͟Σ ͨͦ 
͔ͤͦͭͦͪ͟·ͣ ͦͼ͔ͤ͊ͣ͟Σ ͍͙ͫͦͫͭ͊ͭ р ͣͪ͒͡ ͍͒ͦ͊ͪͦ͡͡Φ

˥͔͔ͤͪ͊͡Έͤ·͚ ͙͔͒ͪͭͦͪ͟ ˸ˢ˥ˢ́̏ General Yukiya Amano 
͍ͦ ͍͔ͪͣΎ ͔ͨͦͫ΅͔͙ͤΎ ˢ̏˿ ͍ 2019͎Φ



ˢͭͦͣͤ·͚ ͔ͨͪͦͭ͟ ˿˿˿˾-͙͔ͫͦ͒͊ͤ͘ ˽͔͍͎ͪͦͦ ͎͍͎͊ͤͦͦ͡ ͍͔͙ͯͨͪ͊ͤ͡Ύ ό˽˥̂ύ 
͙ͨͪ ˿͍͔͔ͦͭ ͤ͊ͪͦ͒ͤ·ͻ ͙͍ͦͣͫͫ͊ͪͦ͟ ˿˿˿˾ 

с ͙ ф ͍͎͊ͯͫͭ͊ мфпр ͎ͦ͒͊ 

ˢͭͦͣͤ·͔ ͙͍͙͋ͦͣ͋͊ͪ͒ͪͦ͟ ͙͙̆ͪͦͫͣ· ͙ ˹͎͙͊͊ͫ͊͟ -͍͒͊ ͔͙͍͔͒ͤͫͭͤͤ·ͻ ͍ ͙͙͙ͫͭͦͪ ;͔͍͔ͦ͡;͔͍ͫͭ͊ ͫͯ͡;͊Ύ 
͔͍͎͋ͦͦͦ ͙͔͔͙ͨͪͣͤͤΎ Ύ͔͎͒ͪͤͦͦ ͙ͦͪͯ͗Ύ

========================

нл ͍͎͊ͯͫͭ͊ мфпр

˽͍͔͙͔ͦͫͭ͊ͤͦͤͣ͡ ˥˴˻ Ѕфуутͫͫ ͦͭ нл ͍͎͊ͯͫͭ͊ мфпр ͎ͦ͒͊ ό͔ͫͦ͒͊ͭͫ͘Ύ ͦͫͦ͋·͚ ͎ͦͪ͊ͤ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ͪ͊͋ͦͭ͊ͣ 
ͨͦ ͯͪ͊ͤͯ -˿͔ͨͼ͙͊͡Έͤ·͚ ͙͔ͦͣͭͭ͟ ͙ͨͪ ˥˴˻ ˿˿˿˾Σ ͫͦͫͭͦΎ΅͙͚ ͙͘ ͍·ͫ΄͙ͻ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͔͒Ύ͔͔͚ͭ͡ ͙ 
ͯ;͔ͤ·ͻ-ͺ͙͙͍ͦ͘͟Φ 

͙̏ͭͣ ͔͗ ˽͍͔͙͔ͦͫͭ͊ͤͦͤͣ͡ ͋·ͦ͡ ͫͦ͒͊ͤͦ͘ ͙ ˽͔͍͔ͪͦ ͎͍͔͊ͤͦ͡ ͍͔͙͔ͯͨͪ͊ͤ͡ ό˽˥̂ύ ͙ͨͪ ˿͍͔͔ͦͭ ͤ͊ͪͦ͒ͤ·ͻ 
͙͍ͦͣͫͫ͊ͪͦ͟ ˿˿˿˾͍ͦ ͎͍͔͊͡ ͫ ˣΦ˶Φ ˤ͙͍͊ͤͤͦ͟·ͣ όмуут-1962).

нс ͙ΌͤΎ мфро  ˸͙͙͔͍ͤͫͭͪͫͭͦ ͔͔͎ͫͪ͒ͤͦ ͣ͊΄͙͔͙ͤͦͫͭͪͦͤΎ ˿˿˿˾ ό˸͙͔ͤͫͪ͒ͣ͊΄˿˿˿˾ύ

˿ мфуф ͎Φ ˸͙͙͔͍ͤͫͭͪͫͭͦ ͚͊ͭͦͣͤͦ Ή͔͎͔͙͙ͤͪͭ͟ ͙ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ό˿˿˿˾ ͙ ˾̅ύΣ ͔͔̅͒ͪ͊͡Έ͔ͤͦ ͎͔͍͊ͤͭͫͭͦ ͨͦ 
͚͊ͭͦͣͤͦ Ή͔͎͙ͤͪ

ф ͣ͊ͪͭ͊ нллп - ͔͔̅͒ͪ͊͡Έ͔ͤͦ ͎͔͍͊ͤͭͫͭͦ ͨͦ ͚͊ͭͦͣͤͦ Ή͔͎͙͙ͤͪ ό˾ͦͫ͊ͭͦͣύ 

р ͔͒͊͋ͪ͟Ύ нллт ͎Φ ˤ͙ͫͭͯͨ͡ ͍ ͙ͫͯ͡ ͔͔̅͒ͪ͊͡Έͤ·͚ ͊ͦͤ͘͟ Ѕ омт-̅˭ ζ˻ ˥͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͦͪͨͦͪ͊͟ͼ͙͙ ͨͦ 
͚͊ͭͦͣͤͦ Ή͔͎͙͙ͤͪ ζ˾ͦͫ͊ͭͦͣη (www.rosatom.ru/about/) 

11.02.2021 ˾͙͚͙͔ͦͫͫͫ͟ ͊ͭͦͣͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ тр ͔ͭ͡ ͙͚͚ͪͦͫͫͫͦ͟ ͚͊ͭͦͣͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡                                ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ3

http://www.rosatom.ru/about/


͔̒͒ͪͤ͊Ύ ͺ͙͙͊͘͟ ͙ ͔ͭͻ͙ͤ͊͟Υ ͙ͫͭͯ͊ͼ͙Ύ ͟ мфоф -1940

11.02.2021 ˾͙͚͙͔ͦͫͫͫ͟ ͊ͭͦͣͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ тр ͔ͭ͡ ͙͚͚ͪͦͫͫͫͦ͟ ͚͊ͭͦͣͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡                                ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ4

1933Υ ˨͗Φ ͔͍͙̉͒͟Φ ˻ͭͪ͟·͙͔ͭ ͔͚ͤͭͪͦͤ͊Φ 
.˨ ˮ ͍͔͊ͤͤͦ͟ ͙ ˤ. ˥ ͔͚͔͔͎ͤ͋ͪ͘(͔͍͙͙ͤ͊ͫͣͦ͘ύ ͔͙͙ͨͪ͒ͦ͗͡͡ ͨͪͦͭͦͤ-͔͚ͤͭͪͦͤͤͯΌ ͔ͣͦ͒͡Έ Ύ͒ͪ͊

1938Υ ˻ͭͭͦ ̆͊ͤ ͙ ͙̅ͪͼ ̊ͭͪ͊ͫͫͣ͊ͤͤ. ˻ ͭͪ͟·͙͔ͭ ͔͔͙͒ͤ͡Ύ ͯͪ͊ͤ͊. 
˹͙͡Έͫ ˣͦͪ ͙ ˨͗ͦͤ ͙͔̂ͪ͡͡Φ ˴͔͊ͨ͡Έͤ͊Ύ ͔ͣͦ͒͡Έ Ύ͒ͪ͊.

1939Υ ˶͔ͦ ˿ͼ͙͊ͪ͒͡ ͙Σ ͔͍͙͙ͤ͊ͫͣͦ͘Σ ̒ΦˣΦ ˭͔͡Έ͍͙͒ͦ;Σ ̑ΦˣΦ ͙̆͊ͪͭͦͤΣ ˢΦˮΦ ˶͔͚͙͚ͨͯͤͫ͟Φ ˨͔͔͙͔ͤ͡ ͯͪ͊ͤ͊ ͙ ͼ͔ͨͤ͊Ύ ͔ͪ͊͟ͼ͙ΎΦ
˶Φ ˿ͼ͙͊ͪ͒͡ ͒ͦ͊͊͘͟͡Σ ;ͭͦ ͍ ͨͪͦͼ͔͔ͫͫ ͔͔͙͒ͤ͡Ύ Ύ͔͒ͪ ͯͪ͊ͤ͊ ͙ͯ͘͡;͊ΌͭͫΎ ͍͙ͭͦͪ;ͤ·͔ ͔͚ͤͭͪͦͤ·Φ 
͔̇ͨͤ͊Ύ ͔ͪ͊͟ͼ͙Ύ ͤ͊ 235¦Υ ͙͔͒Ύ ͙ͫͦ͒͊ͤ͘Ύ  ͎͊ͭͦͣͤͦͦ ͙ͦͪͯ͗Ύ ό˿̊ˢ ͙ ˿˿˿˾ύ

1940Υ ͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έ͔ͤͦ ͍͔͔͙͔ͨͦ͒ͭͪ͗͒ͤ ͎ͫͨͦͤͭ͊ͤͤͦͦ ͔͔͙͒ͤ͡Ύ ͯͪ͊ͤ͊Υ ˴ΦˢΦ ˽͔ͭͪ͗͊͟ ͙ ˥Φ˹Φ ͔͍̅ͪͦ͡Φ

1941Υ ˥͚ͪͯͨͨͦ ˣ͔͙ͪ͟͡ ό˥͔ͤͤ͡ ˿͙͎͙͋ͦͪ ͒ͪΦύΦ ˻ͭͪ͟·͙͔ͭ ͙ͨͯͭͦͤ͡Ύ ͙ ͙ͦͭͦͨ͊͘ 239Pu
1941 :˻ͭͪ͟·ͭͦΣ ;ͭͦ ͔͔ͣ͒ͤͤ͡·͔ ͔͚ͤͭͪͦͤ· ͍·͘·͍͊Όͭ ͔͔͙͔͒ͤ͡ ͙ͦͭͦͨ͊͘ 239PuΦ ˨͔͔͙͔ͤ͡ ͍·͍͔ͫͦ͋ͦ͗͒͊ͭ ͋ͦ͡Έ΄͔

͔͚͍ͤͭͪͦͤͦ ͙Σ ͔͍͔ͫ͒ͦ͊ͭ͡͡ΈͤͦΣ ͔ͭ͊͗͟ ͊͟͟ ͙ 235U -͔ͣͦ͗ͭ ͍·͍͊ͭ͘Έ Ύ͔͒ͪͤͯΌ ͼ͔ͨͤͯΌ ͔ͪ͊͟ͼ͙Ό. 
1940Υ ˸͔ͣͦͪ͊ͤ͒ͯͣ ˾ͯ͒ͦ͡Έͺ ˽͚͔͙͊ͪͫ͊͡ ˻ͭͭͦ ͙̅ͪ΄ζ͊˻ ͦͤͫͭͪͯ͟͟ͼ͙͙ Ϧ͔ͫͯͨͪ͋ͦͣ͋·η ό͒͡Ύ Ύ͔͎͒ͪͤͦͦ ͔͋ͦ͊ͪ͘Ύ͒͊

͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍͔͎ͫͦ р ͎͟ 235UΣ ͊ ͣͦ΅ͤͦͫͭΈ ͎ͭ͊ͦͦ͟ ͊ͪ͘Ύ͒͊ ͔͋ͯ͒ͭ Ή͍͙͍͔͊ͤͭͤ͊͟͡ ͍͒ͯͣ ͭ·ͫΎ;͊ͣ ͭͦͤͤ ͙͙͒ͤ͊ͣͭ͊ύΣ
͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡·͚ ˤ͔ͦͤͤͦͣͯ ͙͙͔͍ͣͤͫͭͪͫͭͯ ˤ͔͙͙͙͙ͦ͋ͪͭ͊ͤ͟͡Φ

˽͙ͪͻͦ͒ ˥͙͔ͭͪ͊͡ ͙ ͤ͊ͼ͙͍ͫͭͦ ͟ ͍͙͊ͫͭ͡Φ 
˸͍͊ͫͫͦ͊Ύ Ή͙͎ͣͪ͊ͼ͙Ύ ό͍ ͭͦͣ ;͙͔ͫ͡ ͯ;͔ͤ·ͻύ ͙͘ ˥͔͙͙ͪͣ͊ͤΦ



2 ͊ ͍͎ͯͫͭ͊ 1939: ͨ ͙ͫΈͣͦ ˢ͡Έ͔͋ͪͭ͊ ͚̏ͤ΄͔͚ͭͤ͊ ˽͔͙͔ͪ͒ͤͭͯ͘ ˿̊ˢ 
̅Φ ˾͍͔ͯ͘͡Έͭͯ ͊͟͟ ζ͍͚ͫͨͯͫͦͦ͟ ͪ͟Ό;ͦ͟η ˸͊ͤͻΉ͔͎ͭͭͤͫͦͦ͟ ͔ͨͪͦͭ͊͟ 

(Manhattan project)

11.02.2021 ˾͙͚͙͔ͦͫͫͫ͟ ͊ͭͦͣͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ тр ͔ͭ͡ ͙͚͚ͪͦͫͫͫͦ͟ ͚͊ͭͦͣͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡                                ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ5

ˢ͡Έ͔͋ͪͭ ͚̏ͤ΄͔͚ͭͤ ͙ ˶͔ͦ ˿ͼ͙͊ͪ͒͡ 
͎͍ͦͭͦΎͭ ͙ͨͫΈͣͦ ͙̅ͪ͊ͤͤͯ͟͡ ˾͍͔ͯ͘͡Έͭͯ
(atomicheritage.org)



˸͊ͤͻΉ͔͙͚ͭͭͤͫ͟ ͔ͨͪͦͭ͟(˿̊,s ʕ ͔͙͙͙ͦ͋ͪͭ͊ͤ͟͡Ύ͙ ˴͊ͤ͊͒͊) ͙  
͙͔ͫͦ͒͊ͤ͘ Ύ͔͎͒ͪͤͦͦ ͙ͦͪͯ͗Ύ-1

11.02.2021 ˾͙͚͙͔ͦͫͫͫ͟ ͊ͭͦͣͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ тр ͔ͭ͡ ͙͚͚ͪͦͫͫͫͦ͟ ͚͊ͭͦͣͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡                                ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ6

130,000 ͯ ;͙͍͊ͫͭͤͦ͟& ͙ͫͭͦͣͦͫͭΈ~ US$2 ͣ ͪ͒͡
(;ͭͦ Ή͍͙͍͔͊ͤͭͤͦ͟͡ $23 ͣ ͪ͒͡ ͍2019)

> 90 % -͙͔ͫͭͪͦͭ͡Έ͍ͫͭͦ ͍͍͊ͦ͒ͦ͘ ͙ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͔͒͡Ύ΅͙ͻͫΎ ͔͙͍ͣ͊ͭͪ͊ͦ͡, 
< 10 % -ͤ͊ ͙͍͙͔ͦͤͫͭͪͯͪͦ͊ͤ͟ ͙ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͙ͦͪͯ͗Ύ ό͋ͦͣ͋ύ.

ˢ͍͎ͯͫͭ όͦͭ͟Ύ͋ͪΈύ1939
9ƛƴǎǘŜƛƴΩǎ ƭŜǘǘŜǊ ǘƻ tǊŜǎƛŘŜƴǘ wƻƻǎŜǾŜƭǘΥ ͍̂ͪ͊ͤͦ·͚ ˴͙͔ͦͣͭͭ S-1

˿͔ͤͭΎ͋ͪΈ1942
˸͊ͤͻΉ͔͙͚ͭͭͤͫ͟ ͔ͨͪͦͭ͟(͙͔ͫͦ͒͊ͤ͘ Ύ͔͎͒ͪͤͦͦ ͙ͦͪͯ͗Ύ)

16 ͙ Ό͡Ύ1945
ˮͫͨ·͙͔͍ͭ͊ͤ ˢ͎͊ͣͦͦͪ͒ͦ͡Σ ˹ΈΌ ˸͔͙ͫ͊͟͟Σ A-͊ͪ͘Ύ͒͊
(͍͔ͦ͒ͦͦ͟ ͍͙͔ͤ͊͊ͤ͘ Trinity, ͟ ͙͡;͊͟ The Gadget)

-ͤ͊;͊ͦ͡ ˢ͚ͭͦͣͤͦ ̏ͪ· ( the Atomic Age)

ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͤ͊ ͔͔͋ͦ͡ ;͔ͣ ол ͨͦ͡΅͊͒͊͟ͻ
͍˿ ̊ˢΣ ˤ͔͙͙͙ͦ͋ͪͭ͊ͤ͟͡Ύ ͙ ˴͊ͤ͊͒͊Φ 



̂;͙͙͊ͫͭͤ͟ ˸͊ͤͻΉ͔͎ͭͭͤͫͦͦ͟ ͔ͨͪͦͭ͊͟(˿̊,s ʕ ͔͙͙͙ͦ͋ͪͭ͊ͤ͟͡Ύ ͙ 
˴͊ͤ͊͒͊): ͡ ͯ;΄͙͔ ͯͣ· όάōŜǎǘ ōǊŀƛƴǎέ)
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Niels Henrik David Bohr Nobel Prize in Physics (1922)
Otto Robert Frisch
James Franck Nobel Prize for Physics (1925)
Leo Szilard
Albert Allen Bartlett
Isidor Isaac Rabi Nobel Prize in Physics (1944)
Klaus Emil Julius Fuchs
Victor Weisskopf
Richard Feynman Nobel Prize in Physics (1965)
J. Robert Oppenheimer 
Enrico Fermi Nobel Prize (1938)
Ernest O. Lawrence Nobel Prize in Physics (1939)
Sir Rudolf Peierls
Arthur Compton Nobel Prize for Physics (1927)
James Bryant Conant
VannevarBush
Edward Teller 
Hans Bethe Nobel Prize in Physics(1967)
John von Neumann Von Neumann
Edwin McMillan   Nobel Prize in Chemistry (1951)
Glenn T. Seaborg  Nobel Prize in Chemistry (1951)
Ernest Thomas Sinton Walton Nobel Prize in Physics (1951)
Sir John Cockcroft Nobel Prize in Physics (1951)

˸͊ͪͭ1940Σ ͍͔ͫͭͪ;͊ ͍ ˣ͔͙ͪ͟͡, ˴ ͙͊͡ͺ͙ͦͪͤΎ: Ernest O. Lawrence, Arthur H. 
Compton, VannevarBush, James B. Conant, Karl T. Compton, and Alfred L. Loomis



˸͊ͤͻΉ͔͙͚ͭͭͤͫ͟ ͔ͨͪͦͭ͟(˿̊,s ʕ ͔͙͙͙ͦ͋ͪͭ͊ͤ͟͡Ύ͙ ˴͊ͤ͊͒͊) ͙  
͙͔ͫͦ͒͊ͤ͘ Ύ͔͎͒ͪͤͦͦ ͙ͦͪͯ͗Ύ-2
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˨͍ͦ͋ͪͦͦ͡Έͤ͊Ύͼ͔͚͙ͤͯͪ͊͊ͭͦͣͤͦͤ͘ͺͦͪͣ͊ͼ͙͙ͤ͊;͊͊ͫ͡Έ͔΅͔
͒ͦ ˸͊ ͤͻΉ͔͙͚ͭͭͤͫ͟ ͔ͨͪͦͭ͟. 

ˤ мфпл ͎ͦ͒ͯ ͤ͊ͯ;ͤ·͔ ͗ͯͪͤ͊͡· ͤ͊;͙͊͡ ͙ͨͪͦͫͭΈ ˹͊ͼ͙ͦͤ͊͡ΈͤͯΌ ͔͙͊͊͒ͣ͟Ό 
ͤ͊ͯ͟ ζͦ;͙͙ͫͭͭΈη ͫͭ͊ͭΈ͙Φ ͙̂͡ΈΎͣ ˶Φ ˶͔ͦͯͪͤͫ ͙͘ The New York TimesΣ ͦͭͦͪ͟·͚
͙ͤ͊ͨͫ͊͡ ͫͭ͊ͭΈΌ ͦ ͔͔͙͙͒ͤ͡ ͊ͭͦͣ͊ ͍ The Saturday Evening Postͦͭ  т ͔ͫͤͭΎ͋ͪΎ мфпл ͎ͦ͒͊Σ
͔ͨͦ͗͘ ͯͤ͊͘͡Σ ;ͭͦ ͍ мфпо ͎ͦ͒ͯ ͍͙͔ͨͪ͊ͭ͡Έ͍͔ͫͭͤͤ·͔ ;͙͍͙͙ͤͦͤ͟ ͙͙ͨͪͦͫ͡ ͙͙͔͔͚͋͋ͦͭ͊ͪ͟͡ ͨͦ 
͍͔͚ͫ ͔ͫͭͪ͊ͤ ͫͤΎͭΈ Ήͭͦͭ ͍·ͨͯͫ͟Φ 
˻͒ͤ͊ͦ͟ ͍ ˿˿˿˾ ͔͙͙͊ͣͭ͘͡ ζ͙ͭ΄͙ͤͯηΦ ˤ ͔͔͊ͨͪ͡ мфпн ͎Φ ͺ͙͙͘͟-Ύ͔͒ͪ΅͙͟ ˥͔͎͙͚ͦͪ ͔͍̅ͪͦ͡ 
͙ͤ͊ͨͫ͊͡ ˿͙ͭ͊ͤͯ͡ ͦ͋ ͍͙͙ͦͭͫͯͭͫͭ ͔͚ͫͭ͊ͭ ͦ ͔͔͙͙͒ͤ͡ Ύ͔͒ͪ ͍ ͔͙͙͊ͣͪ͊ͤͫ͟͟ͻ ͗ͯͪͤ͊͊͡ͻΤ 
Ήͭͦ ͙͍͔ͨͪͦ͡ ͟ ͭͦͣͯΣ ;ͭͦ ˿͍͔͙͚ͦͭͫ͟ ˿ͦΌ͘ ͤ͊;͊͡ ͪ͊ͪ͊͋ͦͭͯ͘͟ ͍͔͎ͫͦ͋ͫͭͤͤͦͦ ͔ͨͪͦͭ͊͟ 
͚͊ͭͦͣͤͦ ͋ͦͣ͋·Φ

˿͔͔ͪͭͤͦͫͭ͟Έ

ˤ1945 Life article ͦͼ͔͙ͤ͊͡Σ;ͭͦ͒ͦ͋ ͙͍͙͙ͦͣ͋͊ͪ͒ͪͦͦ̆ͪͦͫͣ͟·͙˹͎͙͊͊ͫ͊͟
ζ͍͔ͪͦΎͭͤͦΣ͔ͤ͋ ͔͔͔ͦͤͫͦ͟͡͡Έ͙͟ͻ͔͒ͫΎ͍ͭͦ͟;͔͍͔͍͍ͦ͟͡ ͔͚ͫͫͭ ͔͙͍͔ͪ͊ͤͤ͊ͫ͘͡Έ
ͫͣ·ͫ͡˸͊ͤͻΉ͔͎͔ͭͭͤͫͦͦͨͪͦͭ͊͟͟Σ͙Σ͍ͦͣͦ͗ͤͦ͘Σͭͦ͡Έͦͭ͟·ͫΎ;͎͙͊͒ͪͯͻͤ͊͊͘͡,
;ͭͦ͋·͍͊ͦ͡ ͍͔͡;͔͍ͤ͊ͪ ͊͋ͦͭͯζ͙ͫ͊ͭͦͣ͊ͣη.
˿͙ͭ͊ͤͦ͊͊ͫ͘͟͡͡Ύ͍͔ͯͪͫ͟˸͊ͤͻΉ͔͎͔͔ͭͭͤͫͦͦͨͪͦͭ͊͒͊͗ͪ͊͟͟ ͤΈ΄͔͔͙͔ͨͪ͒ͤͭ͊͘
˿̊ˢ́ͪͯͣΉͤ͊ό;ͭͦͦ͋ΆΎͫͤΎͦͫ͡Έ͔͔͊ͫͪ͘͟;͔ͤͤͦͫͭΈΌ͔ͨͪͦͭ͊͟τ́ͪͯͣΉͤͯͤ͊ͦ͘͡
͔͙ͤͣ͡΄Έ͍1945͎ͦ͒ͯΣ͍͔͙͔ͫͭ͊ͨͪ͒ͤͭͦͣ͘)



˥ͦͤ͊͟ ͍͒ͯͻ ͍͔ͫͪͻ͔͍͒ͪ͗͊ ͊͘ ό͙͍ͨͪͦͭύ ͙͙ͣͦͤͦͨͦ͡ ͤ͊ 
͔͊ͭͦͣͤͦ ͙͔ͦͪͯ͗ ͍ пл-ͻ ͎ͦ͒͊ͻ нл ͍͔͊͟

11.02.2021 ˾͙͚͙͔ͦͫͫͫ͟ ͊ͭͦͣͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ тр ͔ͭ͡ ͙͚͚ͪͦͫͫͫͦ͟ ͚͊ͭͦͣͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡                                ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ9

˿̊ˢ
˻ͭ͟Ύ͋ͪΈ1939
˽͙ͫΈͣͦ ͚̏ͤ΄͔͚ͭͤ͊ ˽͔͙͔ͪ͒ͤͭͯ͘ ˾͍͔ͯ͘͡Έͭͯ : ̂ ͍ͪ͊ͤͦ·͚ ˴͙͔ͦͣͭͭ S-1,

˿͔ͤͭΎ͋ͪΈ1942
˸͊ͤͻΉ͔͙͚ͭͭͤͫ͟ ͔ͨͪͦͭ͟ ό͙͔ͫͦ͒͊ͤ͘ Ύ͔͎͒ͪͤͦͦ ͙ͦͪͯ͗Ύύ

16 ͙ Ό͡Έ1945
ˮͫͨ·͙͔͍ͭ͊ͤ ˢ͎͊ͣͦͦͪ͒ͦ͡Σ ˹ΈΌ ˸͔͙ͫ͊͟͟Σ A-͊ͪ͘Ύ͒͊
(͍͔ͦ͒ͦͦ͟ ͍͙͔ͤ͊͊ͤ͘ Trinity, ͟ ͙͡;͊͟ The Gadget)
-ͤ͊;͊ͦ͡ ˢ͚ͭͦͣͤͦ ̏ͪ· ( the Atomic Age)

˿˿˿˾
ну ͔ͫͤͭΎ͋ͪΎ мфпн
˿͔͔͔ͪͭͤͦ͟ ͍͔͙͔ͨͦͫͭ͊ͤͦͤ͡ ˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͔ͦͣͭͭ͊͟ 
ͦ͋ͦͪͦͤ· ό˥˴˻ύ Ѕнорнͫͫ ζ˻͋ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͪ͊͋ͦͭ ͨͦ ͯͪ͊ͤͯη

20 ͊ ͍͎ͯͫͭ͊1945
-˿͔ͨͼ͙͊͡Έͤ·͚ ˴͙͔ͦͣͭͭ ͙ͨͪ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤͦͣ ˴͙͔͔ͦͣͭͭ 
˻͋ͦͪͦͤ· ˿˿˿˾ ό˶. x ͔͙ͪΎ ςͤ ͊;͊͡Έ͙ͤ͟ ˴͙͔ͦͣͭͭ.
-˽͔͍͔ͪͦ ͎͍͔͊ͤͦ͡ ͍͔͙͔ͯͨͪ͊ͤ͡ ͙ͨͪ ˿͍͔ͦͤ͊ͪͦͣ͟ ˿˿˿˾ 
όˤ͙͍͊ͤͤͦ͟ -ͤ͊;͊͡Έ͙ͤ͟ ͍͔͙ͯͨͪ͊ͤ͡Ύύ

29 ͊ ͍͎ͯͫͭ͊ 1949
ˮͫͨ·͙͔ͭ͊ͤ ͔͍͚ͨͪͦ ͚͊ͭͦͣͤͦ ͋ͦͣ͋· ˾˨˿-1 (ͤ͊ ͍͔ͦͫͤͦ Pu-239)



11.02.2021 ˾͙͚͙͔ͦͫͫͫ͟ ͊ͭͦͣͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ тр ͔ͭ͡ ͙͚͚ͪͦͫͫͫͦ͟ ͚͊ͭͦͣͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡                                ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ10

ˢͭͦͣͤ·͚ ˽͔ͪͦͭ͟ ˿˿˿˾

ʀʛʦʨʴ ɺʘʩʠʣʴʝʚʠʯ ʂʫʨʯʘʪʦʚ
(1903 ï1960), ʘʢʘʜʝʤʠʢ ɸʅ ʉʉʉʈ, 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ
ʉʦʚʝʪʩʢʦʛʦ ɸʪʦʤʥʦʛʦ ʇʨʦʝʢʪʘ

ʃʘʚʨʝʥʪʠʡ ʇʘʚʣʦʚʠʯ ɹʝʨʠʷ

(1889 - 1953)

ɿʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ

ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʉʉʉʈ,

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ

ʉʦʚʝʪʩʢʠʡ ʘʪʦʤʥʳʡ ʧʨʦʝʢʪ 

ɸʥʜʨʝʡ ʉʘʭʘʨʦʚ(ʩʣʝʚʘ) ʠ ʀʛʦʨʴ ʂʫʨʯʘʪʦʚ



˶͙͔͒ͪ· ˢ͎ͭͦͣͤͦͦ ͔ͨͪͦͭ͊͟ ˿˿˿˾

ɸʙʨʘʤ ʀʩʘʘʢʦʚʠʯ ɸʣʠʭʘʥʦʚ
(1905 ï1970)

ʘʢʘʜʝʤʠʢ ɸʅ ʉʉʉʈ
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ʠ 
ʩʦʟʜʘʥʠʷ ʨʝʘʢʪʦʨʦʚ ʥʘ ʪʷʞʝʣʦʡ ʚʦʜʝ ʚ 
ʨʘʤʢʘʭ ʉʦʚʝʪʩʢʦʛʦ ɸʪʦʤʥʦʛʦ ʧʨʦʝʢʪʘ

ʀʩʘʘʢʂʠʢʦʠʥ
(1908-1984)

ɸʢʘʜʝʤʠʢ ɸʅ ʉʉʉʈ

ʛʘʟʦʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʦʙʦʛʘʱʝʥʠʷ 235U 

ʮʝʥʪʨʠʬʫʞʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠʟʦʪʦʧʦʚ 

ʅʠʢʦʣʘʡ ʉʝʤʝʥʦʚ
(1896 ï1986)

ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ (1956)
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ʖʣʠʡ ɹʦʨʠʩʦʚʠʯ ʍʘʨʠʪʦʥ
(1904-1996) 

ɸʢʘʜʝʤʠʢ ɸʅ ʉʉʉʈ

ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʠ ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ

ʂɹ-11 (ɸʨʟʘʤʘʩ-16) - ɺʅʀʀʕʌ

ʨʘʟʨʘʙʦʪʯʠʢ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ

https://scientificrussia.ru/data/shared/AP/75_let_atomnoj_promyshlennosti/38560854416_fa05000308_c.jpg


˿͙͔ͦ͒͊ͤ͘ ͙ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͔͍ͨͪ·ͻ ͍͔͙ͫͦͭͫ͟ͻ ͊ͭͦͣͤ·ͻ ͤ͊ ͍͔ͦͫͤͦ
235U ͙ 239Pu
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ʅʘʨʘʙʦʪʢʘ ʜʝʣʷʱʠʭʩʷ ʚʝʱʝʩʪʚ ʜʣʷ ʘʪʦʤʥʳʭ ʙʦʤʙ: 235U ʠ 239Pu
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1. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ : 235U (0.72%) ʠ 238U (99.27%)

ʊʨʝʙʫʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ ʫʨʘʥʘ ʧʦ ʠʟʦʪʦʧʫ 235U ʩ 0.72% ʜʦ > 93% ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ (ʜʝʩʷʪʢʠ ʠ 

ʩʦʪʥʠ ʢʛ ʠʟʦʪʦʧʘ 235U)

2. ʇʣʫʪʦʥʠʡ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ. 

239Pu (╣Ⱦ = 2.41ʭ104ʣʝʪ)

238U(n,ɔ)239U (23.5 ʤʠʥ)O
ɼ

239Np (2.35 ʩʫʪ) ᴼ
ɼ

239Pu

ʊʨʝʙʫʝʪʩʷ ʦʙʣʫʯʝʥʠʝ ʫʨʘʥʘ ʚ ʠʥʪʝʥʩʠʚʥʦʤ ʧʦʪʦʢʝ ʥʝʡʪʨʦʥʦʚ (ʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ!)

ɺʳʛʨʫʞʝʥʥʳʝ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ  ʫʨʘʥʦʚʳʝ ʙʣʦʯʢʠʧʦʜʚʝʨʛʘʶʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʣʫʪʦʥʠʷ (ʨʘʜʠʦʭʠʤʠʷ)

ʀʟʦʪʦʧ ůʪʝʧʣ(ʙʘʨʥ)ůʙʳʩʪʨ(ʙʘʨʥ)

ʏʠʩʣʦ 

ʥʝʡʪʨʦʥʦʚ

ʥʘ ʘʢʪ ʜʝʣʝʥʠʷ

ʂʨʠʪʠʯʝʩʢʘʷ 

ʤʘʩʩʘ*, ʢʛ

ʈʘʜʠʫʩ 

ʩʬʝʨʳ*, 

ʩʤ

239Pu 742,5 1,8 2,871 6* 4.5*

235U 582,2 2,0 2,418 50* 9*



ñɿʘʨò̫ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ:

ʦʪ ʤʠʣʣʠʛʨʘʤʤ ʢ ʪʦʥʥʘʤ

ʄʘʥʭʵʪʪʝʥʦʚʩʢʠʡʧʨʦʝʢʪ (ʉʐɸ) ʠ ʉʦʚʝʪʩʢʠʡ ɸ-ʧʨʦʝʢʪ: 

Å ʨʘʟʜʝʣʝʥʠʝ 235U (0.73%) ʠ238U (99.27%) ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʪʦʤʥʦʡ ʙʦʤʙʳ(235U ʜʦ93.5%)

Å ʇʨʦʠʟʚʦʜʩʪʚʦ239Pu ʩ ʧʦʤʦʱʴʶ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ: 238U(n,ɔ)239U Ÿ239NpŸ239Pu.

ʉʦʟʜʘʥʠʝ ʚʦʜʦʨʦʜʥʦʡ ʙʦʤʙʳ

Å ʈʘʟʜʝʣʝʥʠʝ6Li (7.53%) ʠ7Li (92.47% ) ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʷʜʝʨʥʦʡ ʙʦʤʙʳ(ʠ ʙʫʜʫʱʠʭ 

ʧʨʠʤʝʥʝʥʠʡ ʚ ʪʝʨʤʦʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ)
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ʂʘʢ ʥʘʨʘʙʦʪʘʪʴ 235U ʜʣʷ ʘʪʦʤʥʳʭ ʙʦʤʙ 

11.02.2021 ʈʦʩʩʠʡʩʢʠʝ ʘʪʦʤʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: 75 ʣʝʪ ʨʦʩʩʠʡʩʢʦʡ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ                                ʂʦʨʥʦʫʭʦʚ ɺ.ʅ.15

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ:
235U (0.72%), 238U (99.27%) ʠ 234U (0.0054%) 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʪʦʤʥʦʡ ʙʦʤʙʳ ʥʘ ʫʨʘʥʝʪʨʝʙʫʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ ʫʨʘʥʘ 

ʧʦ ʠʟʦʪʦʧʫ 235U ʩ 0.72% ʜʦ > 93% ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ 

(ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʢʛ ʠʟʦʪʦʧʘ 235U)



˿ͯ΅͔͍ͫͭͯΌ΅͙͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͎ͦ͋ͦ͊΅͔͙ͤΎ ͯͪ͊ͤ͊Σ ͙͔ͣΌ΅͙͔ 
͙ͨͪ͊ͭ͟;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ 
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1. ̏ ͔͎͙͔ͭͪͦͣ͊ͤͭͤͦ͟͡ ͔͔͙͔ͪ͊͒ͤ͘͡
нΦ ˥͍͊ͦ͊͘Ύ ͙͒ͺͺ͙ͯ͘Ύ
оΦ ͔͙̇ͤͭͪͺ͎͙͍͙͔ͯͪͦ͊ͤ
пΦ ˢΉ͙͙ͪͦ͒ͤ͊ͣ;͔͔ͫͦ͟ ͔͔͙͔ͪ͊͒ͤ͘͡
рΦ ˻͙ͨͭ;͔͙͔ͫ͟ ό͔͊ͪͤ͘͡·͔ύ ͔ͣͭͦ͒·Φ
όˢˤ˶ˮ˿ ͙ ˸˶ˮ˿ύ
сΦ ͙͙̅ͦ͘͟-ͻ͙͙ͣ;͔͔ͫͦ͟ ͔͔͙͔ͪ͊͒ͤ͘͡
7. IRC-͔͔͙͔ͪ͊͒ͤ͘͡ ͨ͊ͣ͘͡·Φ 

˽˾ˮ˸˩̉ˢ˹ˮ˩Φ ˿͔͎ͦ͒ͤΎ ͔ͦͣͣͪ͟;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙͔ͣΌͭ ͭͦ͡Έͦ͟ ͙͒ͺͺ͙ͯ͘Ύ ͎͊͊͘ ͙ ͼ͔͙ͤͭͪͺ͎͙͍͙͔ͯͪͦ͊ͤΦ .



͙͙̅͘;͔͙͚ͫ͟ ͙ͨͪͤͼ͙ͨ Ή͔͎͙͎ͭͪͦͣ͊ͤͭͤͦͦ͟͡ όͣ͊ͫͫ-
͔͔͙ͫͨͭͪͦͣͭͪ͟;͔͎ͫͦͦ͟ύ ͔͔͙ͪ͊͒ͤ͘͡Ύ ͙͍ͦͭͦͨͦ͘ 
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1913ςͨ ͔͍͔ͪͦ ͨͪΎ͔ͣͦ ͤ͊͋͡Ό͔͙͔͒ͤ ͙ͫͭ͊͋͡Έͤ·ͻ ͙͍ͦͭͦͨͦ͘(20Ne and 22Ne) i͍ 
Ή͔͙͔ͫͨͪͣͤͭ͊͟ͻ ͫ ζ͊ͭͦ͒ͤ͟·͙ͣ ͯ͡;͙͊ͣη Joseph John  ThomsonandFrancis Aston. 
1919ςˮ ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙͍ͦͭͦͨͦ͘. ˽ ͔͍ͪ·͚ ͣ͊ͫͫ-͔͔ͫͨͭͪͦͣͭͪ͟Francis Aston. 
ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͙͍ͦͭͦͨͦ͘ ͻͦͪ͊͡ όор ͙ отύΣ ͋ͪͦͣ͊ όтф ͙ умύ ͙ ͙ͪͨͭͦͤ͊͟ όтуΣ улΣ унΣ уоΣ 
уп ͙ усύΣ ͒ͦ͊͘͟·͍͊Ό΅͊ΎΣ ;ͭͦ Ή͙ͭ ͙ͨͪͪͦ͒ͤ·͔ Ή͔͔ͣͤͭ͡· ͫͦͫͭͦΎͭ ͙͘ ͙ͦͣ͋ͤ͊͟ͼ͙͙ 
͙͍ͦͭͦͨͦ͘Φ ˹͔͔͍ͦ͋ͫ͊͟͡Ύ ͔͙ͨͪͣΎ мфнн ͎ͦ͒͊Φ 
1918, Arthur Jeffrey Dempsterͫ ͙͍ͦͤͫͭͪͯͪͦ͊͟͡ ͍͚ͫͦ ͔͍ͨͪ·͚ ͣ͊ͫͫ-͔͔ͫͨͭͪͦͣͭͪ͟ ͙ 
ͪ͊ͪ͊͋ͦͭ͊͘͡ ͍ͦͫͤͦ· ͔͙͙ͭͦͪ ͙ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͣ͊ͫͫ-͔͔͍ͫͨͭͪͦͣͭͪͦ͟Σ ͦͭͦͪ͟·͔ 
͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͨͦ ͔͚ͫ ͔͒ͤΈΦ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ˨͔͔͙͍͔͙ͣͨͫͭͪ͊ͨͪ͡ ͍ мфор ͎ͦ͒ͯ ͟ ͦͭͪ͟·͙ͭΌ 
͙ͦͭͦͨ͊͘ ͯͪ͊ͤ͊ ¦-235. 

˾͙͊͒ͯͫ R͔͙͙ͭͪ͊ͭͦͪ͟ ͙ͦͤ͊ ͣ͊ͫͫ· M͙ Ή͔͎͙͙ͤͪ ͍ ͎͙ͣ͊ͤͭͤ·ͻ ͨͦ͡ΎͻΥ

˩͙ͫ͡ ͙ͦͤ· ͍͔ͨͦͪͤͯͭ· ͍ ͎͙ͣ͊ͤͭͤͦͣ ͔ͨͦ͡ ͤ͊ ͎ͯͦ͡ мулo͙ ͨͦͨ͊͒͊Όͭ ͍ ͔ͦͭͦͪ͟͟͡͡ ό͙͔͙ͨͪͣͤ͟ ͙͍ͦͤͦύΣ ͭͦ ͪ͊ͫͫͭͦΎ͙͔ͤ ͔ͣ͗͒ͯ ;͙͊ͫͭͼ͙͊ͣ ͫ ͚ͣ͊ͫͫͦ M
͙ a Ҍ ҟa ͤ͊ Ήͭͦͣ ͔͔ͦͭͦͪ͟͟͡͡ ό͍ͣ͊ͫͫͦ͊Ύ ͙͔͙͒ͫͨͪͫΎ dύ ͔͋ͯ͒ͭ 

˨ͦͫͭͯͨͤ·͚ ͙ͦͤͤ·͚ ͭͦ͟Σ ͎͙ͦͪ͊ͤ;͙͍͔͊ͣ·͚ ͔͒ͺ͙ͦͯͫͪͯ͟Ό΅͙ͣΉͺͺ͔ͭͦͣ͟ ͊͘ ͫ;͔ͭ ͦ͋Ά͔͎ͣͤͦͦ ͊ͪ͘Ύ͒͊ ͙͎ͦͤͤͦͦ ͨͯ;͊͟Σ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͔͒ͫΎ͙ͭ͟ ͣ .s
235¦ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈ ͚ͦ͒ͤͦ ͣ͊΄͙ͤ· ͙ͨͪ ͍·͔͔͙͙͒ͤ͡ ͔͙ͫͣͫ ͙ͨͪͪͦ͒ͤ·ͻ ͙͍ͦͭͦͨͦ͘ ͯͪ͊ͤ͊ -͔͒ͫΎ͙ͭ͟ ͎ͣ ͍ ͙ͫͯͭ͟. 
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˽͙ͪͤͼ͙ͨ Ή͔͎͙͎ͭͪͦͣ͊ͤͭͤͦͦ͟͡ ͔͔͙ͪ͊͒ͤ͘͡Ύ ͙ͫͭ͊͋͡Έͤ·ͻ 
͙͍ͦͭͦͨͦ͘ όͤ͊ ͙͔͔ͨͪͣͪ ͍͙ͯͫͭ͊ͤͦ͟ ˿̂-20)
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ɼʠʩʧʝʨʩʠʷd ɽʄ ʫʩʪʘʥʦʚʢʠ(ʊ.ʝ. ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʯʢʘʤʠ ʠʦʥʦʚ):

d = 2DR = R(DM/M) 

ʅʘʧʨʠʤʝʨ, ʚʝʣʠʯʠʥʘd ʜʣʷ ʠʟʦʪʦʧʦʚCa (ʫʩʪʘʥʦʚʢʘ ʉʋ20) ʧʨʠʤʝʨʥʦ 25 ʤʤ

2R = 1800 ʤʤ

ʀʩʪʦʯʥʠʢ ʠʦʥʦʚʇʨʠʝʤʥʠʢ

H ïʤʘʛʥʠʪʥʦʝ ʧʦʣʝ

ɼʠʩʧʝʨʩʠʷdï

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʫʯʢʘʤʠ ʠʦʥʦʚ)

d

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʕʄ ʤʝʪʦʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʚʩʝʛʦ ʦʪ 2 ʜʦ 20%. ʅʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ ʉʘʩʦʩʪʘʚʣʷʝʪ 4,5%. 



˽ͪͦͣ·΄͔ͤͤ͡·͚ ͔ͫͨ͊ͪ͊ͭͦͪ ˿̂нл ͤ͊ ̅˥̂˽ ̏̆˽ ό˶͔͚ͫͤͦΣ 
˿͍͔͍ͪ͒ͦͫ͊͟͡Ύ ͦ͋͡ΦύΥ р-͙ͭ Ή͔ͭ͊͗ͤͦ ͙͔͒͊ͤ͘ ͙ ͎͙ͣ͊ͤͭ ͍͔ͫͦͣ оллл ͭΗ 
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˴͊ͯͭͪͦͤ͡·Y-12 ˴ ͔ͦͣͨͫ͊͟͡ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ό˻͟-˾͙͒͗) 
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RAY SMITH

ʕʪʦ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ. . .. . ʮʝʣʳʡ ʛʦʨʦʜ ʩʫʱʝʩʪʚʫʝʪ ʚ ʪʘʡʥʝ .. . . 60000 ʘʢʨʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʜʣʷ ʦʜʥʦʡ ʩʚʝʨʭʩʝʢʨʝʪʥʦʡ ʮʝʣʠ . . . ʦʪʢʨʳʪʠʝ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʦ, 

ʯʪʦ ʤʦʞʝʪ ʧʦʣʦʞʠʪʴ ʢʦʥʝʮ ʤʠʨʦʚʦʡ ʚʦʡʥʝ.

ʊʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʥʦ ʵʪʦ ʧʨʘʚʜʘ... 

The Y-12 electromagnetic plant

Manhattan Project ïElectromagnetic project costs 

through 31 December 1946 [86]

Site
Cost (1946 

USD)

Cost (2019 

USD)

% of 

total

Construction $304 million $3.98 billion 53%

Operations $240 million $3.15 billion 41.9%

Research $19.6 million $258 million 3.4%

Design $6.63 million $86.9 million 1.2%

Silver 

Program
$2.48 million $32.5 million 0.4%

Total $573 million $7.51 billion



ˢ͡Έͺ͊I ͙  ˣ͔ͭ͊ζ͙ͨͨͦ͒ͪͦͣ· όracetracks)͍ ˻ -͟˾͙͒͗
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Alpha I Racetrack. ˴ ͊͡Όͭͪͦͤ·͔ͪ͊ͫͨͦͦ͗ͤ͡· ͍͎ͦͪͯ͟ ͦ͟͡Έͼ͊ όм ͤͦΎ͋ͪΎ мфпо ͎Φύ
˽͍ͦͫͭ͊͊͟ м ͣ͊ͪͭ͊ мфпп ͎Φ ό͎ͦ͋ͦ͊΅͔͙͔ͤ ͨͦ 235¦ ͒ͦ мо-15%).
˻͍͊͡Έͤ͊Ύ ͺͦͪͣ͊Σ ͦ͋ͪ͊ͯ͘Ό΅͊Ύ ͊ͣͤͯͭͯ͘͟Ό ͎͙ͣ͊ͤͭͤͯΌ ͔ͨͭ͡Ό ͙͚͒ͤͦ͡ от ͣΣ 
΄͙͙͚ͪͤͦ но ͣ ͙ ͍·͚ͫͦͭͦ пΣс ͣ ό͍ ͺ͔ͦͪͣ ͔͎͍͚͋ͦͦ ͙͒ͦͪͦ͗͟Τ ͦͭͫΌ͒͊ ͙ 
͍͙͔ͤ͊͊ͤ͘ύ 

Beta racetrack. 
т ͙ΌͤΎ мфпп ͎ͦ͒͊ Y-12͙͍͔ͨͪͦ͘͡ ͔͍ͨͪͯΌ ͍ͨͦͫͭ͊ͯ͟ ͔͚͎ͦͪͯ͗ͤͦͦ 
ͯͪ͊ͤ͊Σ ͎ͦ͋ͦ͊΅͔͎ͤͤͦͦ ͒ͦ уф҈ ͨͦ 235U. 



Y-мн ˴͔ͦͣͨͫ͟͡ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 
(͊ͯͭͪͦͤ͟͡·͍ ˻͟-˾͙͒Σ͗ ˿̊ˢ)
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ʇʨʦʠʟʚʝʜʝʥʦ ʚ 1945 ʛʦʜʘ 50 ʢʛ 235U

ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʘʪʦʤʥʦʡ ʙʦʤʙʳ,

ʩʙʨʦʰʝʥʥʦʡ ʥʘ ʍʠʨʦʩʠʤʫ

Mark I çʄʘʣʳʰè (Little Boy ð ʘʥʛʣ.) 

ʕʪʦʙʳʣʘʙʦʤʙʘçʧʫʰʝʯʥʦʡèʩʭʝʤʳ,ʨʘʙʦʪʘʚʰʘʷʥʘ

ʦʙʦʛʘʱʸʥʥʦʤʫʨʘʥʝ. çʇʫʰʝʯʥʦʡèʩʭʝʤʫʥʘʟʚʘʣʠʧʦʪʦʤʫ,

ʯʪʦ ʧʦ ʜʣʠʥʝ ʙʦʤʙʳ ʧʨʦʭʦʜʠʣ ʦʨʫʜʠʡʥʳʡ ʩʪʚʦʣ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʫʨʘʥʦʚʘʷ çʧʫʣʷè ʚʳʩʪʨʝʣʠʚʘʣʘʩʴ ʚ 

ʫʨʘʥʦʚʫʶ çʤʠʰʝʥʴè.



˨͙ͺͺ͙ͯ͘Ύκ͙͔ͫͭ;͔͙͔ͤ ͎͊͊͘Υ ͍ͦͫͤͦ͊ ͎͙͊ͦ͒͘ͺͺ͙͚ͯͦͤͤͦ͘ 
͔ͭͻ͎͙͙ͤͦͦ͡ ͎ͦ͋ͦ͊΅͔͙ͤΎ 235U 
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˴͔͍ͤͯ͒ͫͤͦͫ͊͟Ύ͙͒ͺͺ͙ͯ͘Ύ ͦͤ͊͘;͔͊ͭ ͙͒ͺͺ͙ͯ͘ΌΣ ͦͭͦͪ͊͟Ύ ͙ͨͪͦͫͻ͙ͦ͒ͭΣ ͎ͦ͒͊͟ 
ͣ͊ͫ΄ͭ͊͋ͤ͊Ύ ͙͒ͤ͊͡ ͙͔ͫͫͭͣ· ͍͙ͫͪ͊ͤͣ͊ ͙͙͡ ͔ͣͤΈ΄͔Σ ;͔ͣ ͙͒ͤ͊͡ ͍͎ͫͦ͋ͦ͒ͤͦͦ ͔͎ͨͪͦ͋͊ 
ͯ;͍͊ͫͭͯΌ΅͙ͻ ;͙͊ͫͭͼΥ ͙͔ͤ͊ͨͪͣͪΣ ͍ ͙͚͒ͤͤͦ͡ ͔ͨͦͪ ͫ ͙ͯͣ͘͟ ͙͔͒͊ͣͭͪͦͣ όн ҏ50 ͤ )ͣ, 
ͨͦͭͦͣͯ ;ͭͦ ͔ͣͦͯ͟͡͡· ;͊ͫͭͦ ͙͍ͫͭ͊͊͟͡ΌͭͫΎ ͫͦ ͔͚ͫͭͤͦ͟ ͨͦͪ·.
˿͔ͪ͒ͤΎΎ ͫͦͪͦͫͭ͟ΈӶὺͣ ͔ͦͯ͟͡͡· ͫ ͚ͣ͊ͫͫͦ M͙ͨͪ ͔͔͔ͭͣͨͪ͊ͭͯͪT 

˨͙ͺͺ͙ͯ͘Ύ Ήͭͦ ͨͪͦͼ͔ͫͫͨͪͦͼ͔ͫͫ ͔͔͔ͨͪͣ΅͔͙ͤΎ ;͙͊ͫͭͼ ͙͘ ͙ͦ͋͊ͫͭ͡ ͫ ͍·͚ͫͦͦ͟ 
ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͔͚ ͍ ͦ͋͊ͫͭ͡Έ ͫ ͙͚ͤͦ͘͟ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͔͚Φ ˿ͦͪͦͫͭ͟Έ Ή͎ͭͦͦ ͍͙͔͙͒͗ͤΎ ͍͙͙͊ͫͭ͘ ͦͭ 
͔͔ͭͣͨͪ͊ͭͯͪ·Σ ͍Ύ͙ͦͫͭ͘͟ ͔ͫͪ͒· ͙ ͔ͪ͊ͣͪ͊͘ όͣ͊ͫͫ·ύ ;͙͊ͫͭͼΦ ˨͙ͺͺ͙ͯ͘Ύ ͙͍͙ͨͪͦ͒ͭ ͟ 
͔͔ͨͦͫͭͨͤͤͦͣͯ ͔ͫͣ΄͙͍͙͊ͤΌ ͔͙ͫͣͫ ͙ ͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ ͔ͦ͋ͪ͊ͯͭ͘ ͎͎͔ͦͣͦͤͤͯΌ ͔ͫͣͫΈΦ 

̏ͺͺ͙ͯ͘Ύ -Ήͭͦ ͨͪͦͼ͔ͫͫΣ ͙ͨͪ ͦͭͦͪͦͣ͟ ͎͊͘ ͍·ͻ͙ͦ͒ͭ ͙͘ ͔͚͔ͦͤͭͤͪ͊͟ ;͔͔ͪ͘ ͍͔͙͔ͦͭͪͫͭΣ 
͙͔͒͊ͣͭͪ ͎ͦͭͦͪͦͦ͟ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔ͣͤΈ΄͔ ͙͒ͤ͡· ͍͎ͫͦ͋ͦ͒ͤͦͦ ͔͎ͨͪͦ͋͊ ͔ͣͦͯ͟͡͡ ό͊͟͟ 
ͭͦ;͔;͔ͤͦ ͍͔͙͔ͦͭͪͫͭύΦ ͔̂ͭ;͊͟ ͎͊͊͘ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͙͘-͊͘ ͙ͪ͊ͤ͘ͼ· ͍͔͙͚͒͊ͤ͡ ͔ͣ͗͒ͯ 
͔͚͔ͦͤͭͤͪͦͣ͟ ͙ ͍͔ͤ΄͔͚ͤ ͔͚ͫͪ͒ͦΦ ˥͍͊ͦ͊͘Ύ ͙͒ͺͺ͙ͯ͘Ύ ͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͔͊ͦͤ͘͟ ˥ͪΉͣ͊Φ

ἠἩἼἭἷἮἭἮἮἽἻἱἷἶἷἮἯἩἻ

ἠἩἼἭἷἮἭἮἮἽἻἱἷἶἷἮἯἩἻ

╜

╜

ʅʘʧʨʠʤʝʨ, ʚ ʷʱʠʢʝ ʩ ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʡ ʤʝʤʙʨʘʥʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʩʤʝʩʴ ʜʚʫʭ 

ʛʘʟʦʚ, ʙʦʣʝʝ ʣʝʛʢʠʝ ʤʦʣʝʢʫʣʳ ʙʫʜʫʪ ʚʳʭʦʜʠʪʴ ʠʟ ʢʦʥʪʝʡʥʝʨʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʙʦʣʝʝ 

ʪʷʞʝʣʳʝ ʤʦʣʝʢʫʣʳ. ɻʘʟ, ʧʦʢʠʜʘʶʱʠʡ ʢʦʥʪʝʡʥʝʨ, ʥʝʩʢʦʣʴʢʦ ʦʙʦʛʘʱʝʥ ʙʦʣʝʝ 
ʣʝʛʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʘ ʦʩʪʘʪʦʯʥʳʡ ʛʘʟ ʥʝʩʢʦʣʴʢʦ ʦʙʝʜʥʝʥ. 

v RT M= 8 p



˿͔͙ͦ͒͊ͭ͘͡ ͎͙͊ͦ͒͘ͺͺ͙͚ͯͦͤͤͦ͘ ͔ͭͻ͎͙͙ͤͦͦ͡ ͎ͦ͋ͦ͊΅͔͙ͤΎ 235U 
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Isaak KonstantinovichKikoin
1908-1984

Academician of Academy of Science of USSR 
one of founders of the KurchatovAtomic Energy Institute

- the first Soviet nuclear reactor (1946)and the Soviet atomic 
bomb project (1949))

- R&D on gas kinetic technology of 235U enrichment and later ς
centrifuge separation of isotopes

- S. Sobolev, Ya. Smorodinsky. Theory of the diffusion selecting 
machine and of cascade of separators1951 

- Yu. Kagan. Theory of process of selection of gaseous mixtures 
inside porous mediums 1950-52

Gustav Ludwig Hertz
1887 ς1975

TechnischeHochschule Berlin ("THB") 
now Technical University of Berlin

Siemens-ForschungslaboratoriumII

Klaus Emil Julius Fuchs Sir Rudolf Ernst Peierls Sir Francis Simon
1911-1988                                                    1907ς1995                         1893ς1956

Gaseous diffusion process (later called the K-25 project) 
http://militera.lib.ru/memo/usa/groves/08.html

The Tube Alloys program in Britain and Canada was the first nuclear weapons project
https://en.wikipedia.org/wiki/Tube_Alloys

http://militera.lib.ru/memo/usa/groves/08.html
https://en.wikipedia.org/wiki/Tube_Alloys


˥͙͊ͦ͒͘ͺͺ͙ͯͦͤͤ͘·͚ ͍͊ͦ͒͘ ͍ ˻͟-˾͙͔͒͗
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Oak Ridge Gaseous Diffusion Plant



˥͙͊ͦ͒͘ͺͺ͙͔ͯͦͤͤͦ͘ ͎ͦ͋ͦ͊΅͔͙͔ͤ 235¦ ͍ ˿˿˿˾ ό1)
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˸͔͊ͭ͟ ͍͙ͯͫͭ͊ͤͦ͟ ˻˴-т όͣ͊ͫ΄ͭ͊͋ мΥрлύΦ
˽͔͍ͪ·͚ ͨͪͦͣ·΄͔ͤͤ͡·͚ ͎͙͊ͦ͒͘ͺͺ͙ͯͦͤͤ͘·͚ ͍͊ͦ͒͘ ͍ ˿˿˿˾ 

ˤ мфрл-͔ ͎ͦ͒· ˿˿˿˾ ͪ͊ͫ΄͙͙ͪ͡ ͍͙ͫͦ ͙͒ͺͺ͙ͯͦͤͤ͘·͔ ͣͦ΅͙ͤͦͫͭ ͔ͭͪͣΎ ͍͙͊ͦ͒͊ͣ͘ ό̂̏̆˴Σ ̏̆˭Σ ˿̆˴ύΣ ͔ͭͣ ͫ͊ͣ·ͣ ͍͔͙ͯ͡;͙͍ 
͔͔͙͔ͨͦͭͪ͋ͤ͡ Ή͔͎͙͙ͤͪ ͎͙͔ͦ͋ͦ͊ͭͭ͡Έͤ·͙ͣ ͔͙ͦͣͨͫ͊ͣ͟͟͡ ͒ͦ о҈ ͦͭ ͍͔͚ͫ Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ ͍ ˿˿˿˾! 

͙͙́ͨ;ͤ·͚ ͎͙͊ͦ͒͘ͺͺ͙ͯͦͤͤ͘·͚ ͊ͫ͊͒͟͟Σ ͙͍ͨͪͦͦ͒͘Ύ΅͙͚ ͯͪ͊ͤ
͒͡Ύ ͚͊ͭͦͣͤͦ Ή͔͎͔͙͙ͤͪͭ͟ ͫ ͎ͦ͋ͦ͊΅͔͙͔ͤͣ ͒ͦ р҈ ͔͙ͫͦ͒ͪ͗ͭ 
͔͔͋ͦ͡   мллл Ή͍ͭ͊ͨͦΦ ̂ ͚͊͗͒ͦ͟ ͔͙ͫͭͯͨͤ ͔ͫͭΈ ͣͦ΅ͤ·͚ 
͔ͦͣͨͪͫͫͦͪ͟Φ ˽͙ͪ͊ͭ͟;͔͙ͫ͟ ͍ͫΎ Ή͔͎͙ͤͪΎΣ ͔ͨͦͭͪ͋͡Ύ͔ͣ͊Ύ ͍ 
͔͊ͫ͊͒͟͟Σ ͔͔ͨͪͦ͋ͪ͊ͯͭͫ͘Ύ ͍ ͔ͭͨͦ͡Σ ͔ͦͭͦͪͦ͟ ͒ͦ͗ͤ͊͡ ͍͙ͦͭͦ͒ͭΈͫΎ 
ͦͻ͊͗͒͊͡Ό΅͔͚ ͍͚ͦ͒ͦΦ 



˥͙͊ͦ͒͘ͺͺ͙͔ͯͦͤͤͦ͘ ͎ͦ͋ͦ͊΅͔͙͔ͤ нор¦ ͍ ˿˿˿˾ ό2)

11.02.2021 ˾͙͚͙͔ͦͫͫͫ͟ ͊ͭͦͣͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ тр ͔ͭ͡ ͙͚͚ͪͦͫͫͫͦ͟ ͚͊ͭͦͣͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡                                ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ27

Ni ͭ ͪͯ͋͊͟D15 ͣ &ͣͭͦ͡΅͙͚ͤͦ ͔͙ͫͭͤ͟0.15 ͣ &͙͚ͣ͒ͤͤͦ͡550 ͣ ͣ
́ͦ͡΅͙ͤ͊ ͔͙͔ͪ͊͒ͭ͘͡͡Έ͎ͤͦͦ ͫͦ͡Ύ0,01 ͣ ͣ
˨͙͔͊ͣͭͪ ͨͦͪ лΣлм ˃ͣ
˨͍͔͙͔͊ͤ͡ ͒ 3ͦ00ͣͣͪ ͭΦͫͭ.
˽ͦ͡΅͊͒Έ 400 ͣ 2

˾͔ͫͯͪͫ ͔͋͘ ͔͎͔͔ͪͤͪ͊ͼ͙1͙0 ͡ ͔ͭ

˴͡Ό;͔͍·͙ͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ Ύ;͔͚͙͟κ͔͙ͫͭͯͨͤ ͔͔͙ͪ͊͒ͤ͘͡Ύ Ύ͍͡ΎΌͭͫΎ ͙ͨͦͪͫͭ·͚ ͺ͙͡Έͭͪ ͙ ͔ͦͣͨͪͫͫͦͪ͟

˨͡Ύ ͨͪͦ͊͟;͙͟UF6͋·͙͡ ͫͦ͒͊ͤ͘· ͍͔ͫͪͻ͍͍ͯͦ͘͟·͔ ͔ͦͣͨͪͫͫͦͪ͟·ͫ
͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈΌ ͦͭ 8 ͎ /͔ͫ͒ͦ͟25 ͟ /͎͔͙ͫ͟ ͒ͦ60 ͣ 3/͔ͫ͟(͙͊ͫ͊͟͡Έ͎ͤͦͦ ͙ͭͨ͊) 
˿ͦͪͦͫͭ͟Έ ͍ͯ͊͘͟ ͍UF6Ғ ул Ƴκǎ



˥͍͊ͦ͊͘Ύ ͼ͔͙ͤͭͪͺ͎ͯ͊ ͒͡Ύ ͔͔͙ͪ͊͒ͤ͘͡Ύ ͙͍ͦͭͦͨͦ͘ ͯͪ͊ͤ͊ 
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˥͊͘ ͍ ͼ͔͙ͤͭͪͺ͎͔ͯ ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ ͙͙͒ͤ͊ͣ;͔ͫͦͣ͟ ͍͍͔͙͙ͪ͊ͤͦͫΣ ͔ͦͭͦͪͦ͟ ͍͍͔ͯͪ͊ͤͦ΄͙͍͔͊ͭ ͼ͔͔ͤͭͪͦ͋͗ͤͯΌ ͙ͫͯ͡Σ 
ͦͭͦͪ͊͟Ύ ͙͙͔ͨͪ͗ͣ͊ͭ ͎͊͘ ͟ ͔͔ͫͭͤ͟ ͪͦͭͦͪ͊Σ ͙ ͙ͫͯ͡ ͙͒ͺͺ͙͙ͯ͘Σ ͦͭͦͪ͊͟Ύ ͔͙ͫͭͪͣͭͫΎ ͍͔ͪ͊ͤͦͣͪͤͦ ͔͔͙ͪ͊ͫͨͪ͒ͭ͡Έ 
͎͊͘ ͨͦ ͍͔ͫͣͯ ͦ͋Ά͔ͣͯ ͪͦͭͦͪ͊Φ ˿͎ͦ͊ͫͤͦ͡ ͊ͦͤͯ͘͟ ˣͦ͡Έͼͣ͊ͤͯΣ ͤ͊ ͔͙ͨͪͺ͔͙͙ͪ ͙ͨͦͦͫͭ͡ ͪͦͭͦͪ͊ ͎͊͘ ͎ͦ͋ͦ͊΅͔ͤ 
ͭΎ͔͚͗ͦ͡ ͺͪ͊͟ͼ͙͔͚ 238UF6Σ ͙͔͋͗͡ ͟ ͙ͦͫ ͫ 235UF6)
̅͊ͭͦͪ͟ ͔͔͙ͪ͊͒ͤ͘͡Ύ0h͙ ͔͔ͨͪ͒͡ ͔͙͔ͪ͊͒ͭ͘͡͡Έ͚ͤͦ ͙ͫͨͦͫͦ͋ͤͦͫͭ ʵ¦ͨ ͙͍ͪͦͭͦͭͦ;͚ͤͦ ͼ͔͙ͤͭͪͺ͎͙ͯ όͨͦ ˽Φ 
˨͙ͪ͊ͯ͟ ͙ ͙͍ͦͨͯ͋ͦ͊ͤ͟͡ ͊͟͟ ;͊ͫͭΈ ͙͎͙ͤ͟ ˴͊ͪ͊͡ ˴ͦΉͤ͊Σ мфрм ͎Φύ:

͎͒x͔1 x͙2 ς͟ ͦͤͼ͔ͤͭͪ͊ͼ͙͙ ͔ͦͣͨͦͤͤͭ͊͟ 1 ͙ 2, ͫ ͍͔͍͔ͦͦͭͭͫͭͤͤͦ, ͙ a ςͪ ͙͊͒ͯͫ ͪͦͭͦͪ͊.

͎͒L͔ς͒ ͙ͤ͊͡ ͪͦͭͦͪ͊, ҟaςͪ ͙͊ͤ͘ͼ͊ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͣ͊ͫͫ ͔ͪ͊͒͘͡Ύ͔ͣ·ͻ ͙͍ͦͭͦͨͦ͘, ́ -ͨͦͭͤͦͫͭ͡Έ 
ͪ͊͋ͦ;͔͎ͦ ͎͊͊͘, Dς͟ ͦΉͺͺ͙ͼ͙͔ͤͭ ͙ͫ͊ͣͦ͒ͺͺ͙͙ͯ͘, ɻ U - is ͪ ͔͙͔͊͒ͭ͘͡͡Έͤ͊Ύ ͫͨͦͫͦ͋ͤͦͫͭΈ ͍ ͣͦ͡Ύͻ ͍ ͔͙͙͒ͤͼͯ 
͍͔͔͙ͪͣͤ .
˽͔ͦͫ͡ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͙͍ͨͪͦͭͦͭͦ͊͟Υ Ήͭͦͭ ͍͔͙͍ͦͤͭͤ͟͟·͚ ͨͦͭͦ͟ ͔͔͙ͨͪͤͦͫͭ ͔͔͋ͦ͡ ͔͎͙͚͟͡ ͙ͦͭͦͨ͘ ͍ ͍͔ͪͻͤΌΌ 
;͊ͫͭΈ ͼ͔͙ͤͭͪͺ͎͙ͯΣ ͊ ͔͔͋ͦ͡ ͭΎ͔͗͡·͚ ͙ͦͭͦͨ͘ -͍ ͙ͤ͗ͤΌΌΦ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͭͦͣͯΣ ;ͭͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ͔͍͎ͦͫͦͦ 
͔͔͙ͪ͊͒ͤ͘͡ΎΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͎ͤ͊ͣͤͦͦ ͋ͦ͡Έ΄͔Σ ;͔ͣ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ͙ͪ͊͒͊͡Έ͎ͤͦͦ ͔͔͙ͪ͊͒ͤ͘͡ΎΣ ͔͔ͦͨͪ͒͡Ύ͔ͣ·͚ 
͍͔͙͔ͯͪ͊ͤͤͣ ͍·΄͔Φ 
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ϝ ˴͊ͫ͊͒͟ ͼ͔͙ͤͭͪͺ͎ͯ ͔ͤ ͔͔ͭͪ͋ͯͭ ͔͍ͦͣͨͪͫͫͦͪͦ͟Φ
ϝ ́ͪͯ͋· ˽͙ͭͦ ͒͡Ύ ͍·ͻ͍ͦ͒ͦ ͺͪ͊͟ͼ͙͙ ͫͦ͒͊͘Όͭ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡Σ 
͒ͦͫͭ͊ͭͦ;͔ͤͦ ͒͡Ύ ͙͍͙ͭͪ͊ͤͫͨͦͪͭͪͦ͟ ͎͊͊͘ ͟ ͔ͫ͒ͯ͡Ό΅͙ͣ ͼ͔͙ͤͭͪͺ͎ͯ͊ͣΦ
ϝ ̏ͺͺ͔ͭ͟ ͍·͋ͦͪ͊ ͼ͔͙ͤͭͪͺ͎͙ͯ ͍͙͙͊ͫͭ͘ ͦͭ ͊͋ͫͦ͡Ό͚ͭͤͦ ͙ͪ͊ͤ͘ͼ· 
͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͣ͊ͫͫΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͦͤ Ήͺͺ͔͙͍͔ͭͤ͟ ͒͡Ύ ͡Ό͋·ͻ ͭΎ͔͗͡·ͻ 
Ή͔͔͍ͣͤͭͦ͡Φ
ϝ ͔̉ͣ ͙͔͔͒ͤͤ͡ ͼ͔͙ͤͭͪͺ͎ͯ͊Σ ͔ͭͣ ͍·΄͔ ͔͔ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈΣ ͤͦ ΦΦΦ 

͔͔͔̇ͤͭͪͦ͋͗ͤͦ ͔͙͔ͯͫͦͪͤ͟ ͒ͦ рллллл Ǝ
Ǿ ό͙͔͚ͤͤ͊͡Ύ ͫͦͪͦͫͭ͟Έ ͪͦͭͦͪ͊ύ Ґ нрл ҏолл ͣ κ ͔ͫ͟ ό͒ͦ слл ͣκ͔ͫ͟ύ 
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The centrifugal force



ζ˴ͦͪͦͭ͊͟Ύ ͙͙͒ͦͪͭ͟;͔ͫ͊͟Ύη ͎͍͊ͦ͊͘Ύ ͼ͔͙ͤͭͪͺ͎ͯ͊ ͒͡Ύ 
͔͔͙ͪ͊͒ͤ͘͡Ύ ͙͍ͦͭͦͨͦ͘ 
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238UF6

́Ύ͔͗͊͡Ύ ͺͪ͊͟ͼ͙Ύ

UF6͙͙͔ͨͭ͊ͤ

235UF6 ͡ ͔͎͊͟Ύ ͺͪ͊͟ͼ͙Ύ

́ͪͯ͋͊͟ ˽͙ͭͦ 
͒͡Ύ ͊͋ͦͪ͊͘ 
͎͊͊͘

ˤ͔ͤͯͭͪͤͤΎΎ ͨͦͦͫͭ͡Έ 
ͪͦͭͦͪ͊ ͫ UF6͎͊ͦͣ͘

˿ͭ͊͡Έͤ͊Ύ ͙͎͊͡ ͫ 
͎͙͙͋ͣ͟ ͨͦ͒΄͙͙ͨͤͦͣ͟ ˿͔͒ͦ͡

˾ͦͭͦͪ

˴ͦͪͨͯͫ

˿ͭ͊ͭͦͪ Ή͔͍͙͎͔ͭͪͦ͒͊ͭ͟͡͡Ύ

˾͙͊͒͊͡Έͤ·͚ ͙ ͎ͪ͊ͪͯͦ͘͘;ͤ·͚ ͔͍͚ͦͫͦ 
͎͙͙ͣ͊ͤͭͦͫͭ͊ͭ;͔͙͚ͫ͟ ͨͦ͒΄͙͙ͨͤ͟ 

͔́ͯͪ͋ͦͣͦͯ͟͡͡Ύͪͤ·͚ 
͍͊ͯͯͣͤ͟·͚ ͤ͊ͫͦͫ



̂ͪ͊͡Έ͙͚ͫ͟ Ή͔ͭͪͦ͟͡ͻ͙͙ͣ;͔͙͚ͫ͟ ͙ͦͣ͋ͤ͊ͭ͟ 
(˹͍ͦͦͯͪ͊͡Έͫ͟, ˿ ͍͔͍ͪ͒ͦͫ͊͟͡Ύ ͦ͋͡Φύ
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˴͊ͫ͊͒͟· ͙ͦͪͦͭ͟͟ͻ ͼ͔͙ͤͭͪͺ͎ͯ, ̏ ̆(˭˭͔͔͎ͤͦͦͪͫ͟͡, ˿ ͙͙͋ͪΈ)
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˴͊ͫ͊͒͟· ͼ͔͙ͤͭͪͺ͎ͯ ͍ ˿̊ˢ, ˥ ͙͙ͦ͊ͤ͒͡͡ ͙ ͙͙̒ͨͦͤ
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Centrifuge   cascades of URENCO

Japanese centrifuges Centrifuges of USA



˸͙͍ͪͦ͊Ύ ͨͪͦͣ·΄͔ͤͤͦͫͭ͡Έ ͨͦ ͙͍͍ͨͪͦͦ͒ͫͭͯ͘ ͙͎ͤͦͦ͋ͦ͊͘͟΅͔͎ͤͤͦͦ 
ͯͪ͊ͤ͊
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˽͙͍ͪͦ͒ͯͭͤͦͫͭ͟Έ ͍͍͊ͦ͒ͦ͘1͍ ͙͙ͣͦͤ͊͡͡ͻ ͙͎͍ͦͪ͊ͣͣͦ͟͡ ͔͙͙͒ͤͼ͊ͻ ͔͙͔ͪ͊͒ͭ͘͡͡Έ͚ͤͦ ͪ͊͋ͦͭ· ˩˾˾2

мΦ ˻͍ͫͤͦͤ·͔ ͙͍͙͔͙ͨͪͦͦ͒ͭ͘͡Φ
нΦ ˩͙͙͒ͤͼ͊ ͔͙͔ͪ͊͒ͭ͘͡͡Έ͚ͤͦ ͪ͊͋ͦͭ· ͍ ͙͎ͦͪ͊ͣͣ͊͟͡ͻ ͙͔ͣͪ͘Ύ͔ͭ ͙ͦ͟͡;͔͍ͫͭͦ ͔͙͔ͪ͊͒ͭ͘͡͡Έ͚ͤͦ ͪ͊͋ͦͭ· όͨͦ͊͘͟·͍͊Ό΅͔͔ Ή͔͎͙ͤͪΌΣ ͙ͫͨͦ͡Έ͔ͯͣͯ͘Ό ͙͎ͨͪͦ͋ͦ͊΅͔͙͙ͤύΣ 
͎ͦ͒͊͟ ͙ͦ͟͡;͔͍ͫͭ͊ ͦͪͣ͊͟ ͙ ͨͪͦ͒ͯͭ͊͟ ͍·ͪ͊͗͊ΌͭͫΎ ͍ ͙͎ͦͪ͊ͣͣ͊͟͡ͻΦ ˩˾˾Σ ͎͟ ό{²ύ ͙͙͡ ͎͟ ¦¢! όͦͭ ͔͔ͤͣͼ͎ͦͦ͟ Urantrennarbeit).
˹͊;͙ͤ͊Ύ ͫͦ млл ͎͟ ͙͎ͨͪͪͦ͒ͤͦͦ ͯͪ͊ͤ͊Σ ͔͔ͭͪ͋ͯͭͫΎ ͦͦͦ͟͡ сл ͎͟ ˩˾˾ ό{²ύ ͒͡Ύ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ мл ͎͟ ͯͪ͊ͤ͊Σ ͎ͦ͋ͦ͊΅͔͎ͤͤͦͦ ͨͦ ¦-нор ͒ͦ пΣ5%.
͙̅͊ͭ͟;͔͙ͫ͟Σ ͦ͋΅͊Ύ ͙ͫͨͦ͡Έ͔ͯͣ͊͘Ύ ͣͦ΅ͤͦͫͭΈ ͍ͫͦͫͭ͊͡Ύ͔ͭ Ғу ͙͙͍ͣͦͤͦ͡͡ ͎͟ ˩˾˾ ό{²ύΦ 

State Firm Technology 20013 2005

USA USEC Diffusion 19.20 19.20

France Consortium Eurodif Diffusion 10.80 10.80

Grate Britain Consortium Urenco Centrifuge 2.00 2.10

Germany Consortium Urenco Centrifuge 1.30 1.80

Netherlands Consortium Urenco Centrifuge 1.50 1.50

Japan Firm JNFL Centrifuge 1.05 1.05

Brazil Institute IPEN Centrifuge 0.10 0.10

China Corporation CNEIC Diffusion 0.60 0.60

China Corporation CNEIC Centrifuge 1.00 1.50

Russia Rosatom Centrifuge 14.00 14.00

Plants of Argentine (0.02 millions of kg SW) and South African Republic 
(0.3 millions of kg SW) were stopped in 1994 and 1995 accordingly

Total 51.553 52.65



˽͔͙ͪ͒ͨͪΎ͙ͭΎ ͨͦ ͎ͦ͋ͦ͊΅͔͙ͤΌ ͯͪ͊ͤ͊ ͙ ͙͍͍ͨͪͦͦ͒ͫͭͯ͘ Ύ͔͎͒ͪͤͦͦ ͙͍ͭͦͨ͊͡ 
͍ͻͦ͒Ύͭ ͍͙͍́ͦͨͤͯ͡Ό ͙ͦͣͨ͊ͤ͟Ό ζ́ˤ̏˶η
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ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʦʙʦʛʘʱʝʥʠʝʤʫʨʘʥʘʟʘʥʠʤʘʶʪʩʷʯʝʪʳʨʝʧʨʝʜʧʨʠʷʪʠʷʈʦʩʘʪʦʤʘ:

×ɸʥʛʘʨʩʢʠʡʵʣʝʢʪʨʦʣʠʟʥʳʡʭʠʤʠʯʝʩʢʠʡʢʦʤʙʠʥʘʪ(ʛ. ɸʥʛʘʨʩʢ,ʀʨʢʫʪʩʢʘʷʦʙʣʘʩʪʴ)

×ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝʦʙʲʝʜʠʥʝʥʠʝçʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡʟʘʚʦʜè

(ʛ. ɿʝʣʝʥʦʛʦʨʩʢ,ʂʨʘʩʥʦʷʨʩʢʠʡʢʨʘʡ)

×ʋʨʘʣʴʩʢʠʡʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡʢʦʤʙʠʥʘʪ(ʛ. ʅʦʚʦʫʨʘʣʴʩʢ,ʉʚʝʨʜʣʦʚʩʢʘʷʦʙʣʘʩʪʴ)

ʉʠʙʠʨʩʢʠʡʭʠʤʠʯʝʩʢʠʡʢʦʤʙʠʥʘʪ(ʛ. ʉʝʚʝʨʩʢ,ʊʦʤʩʢʘʷʦʙʣʘʩʪʴ).

+~ ~ 40% ʤʠʨʦʚʦʛʦʨʳʥʢʘʫʩʣʫʛʧʦʦʙʦʛʘʱʝʥʠʶʫʨʘʥʘ

ʌʘʙʨʠʢʘʮʠʷʷʜʝʨʥʦʛʦʪʦʧʣʠʚʘʠʪʚʵʣ:

ʌʘʙʨʠʢʘʮʠʷʪʦʧʣʠʚʘ- ʵʪʦʧʨʦʮʝʩʩʩʦʟʜʘʥʠʷʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭʩʙʦʨʦʢ(ʊɺʉ)ʜʣʷ̫ʜʝʨʥʳʭʨʝʘʢʪʦʨʦʚ.

×ʇɸʆçʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡʟʘʚʦʜè(ʛ. ʕʣʝʢʪʨʦʩʪʘʣʴ,ʄʦʩʢʦʚʩʢʘʷʦʙʣʘʩʪʴ),

×ʇɸʆçʅʦʚʦʩʠʙʠʨʩʢʠʡʟʘʚʦʜʭʠʤʢʦʥʮʝʥʪʨʘʪʦʚè(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ),

×ɸʆçʏʝʧʝʮʢʠʡʤʝʭʘʥʠʯʝʩʢʠʡʟʘʚʦʜè(ʛ. ɻʣʘʟʦʚ,ʈʝʩʧʫʙʣʠʢʘʋʜʤʫʨʪʠʷ),

×ɸʆçʄʦʩʢʦʚʩʢʠʡʟʘʚʦʜʧʦʣʠʤʝʪʘʣʣʦʚè(ʛ. ʄʦʩʢʚʘ).



11.02.2021 ˾͙͚͙͔ͦͫͫͫ͟ ͊ͭͦͣͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ тр ͔ͭ͡ ͙͚͚ͪͦͫͫͫͦ͟ ͚͊ͭͦͣͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡                                ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹. 35

Zentrotech
St.Petersburg

Centrifuge
facilities


