
ʉʦʩʪʦʷʥʠʝ ʠ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ   ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ ʠ ʨʦʣʴ

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ɸʛʝʥʩʪʚʘ ʧʦ ɸʪʦʤʥʦʡ ʕʥʝʨʛʠʠ

( ʄɸɻɸʊʕ )  

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʎʝʥʪʨ ʗʜʝʨʥʦʛʦ ʆʙʨʘʟʦʚʘʥʠʷ ʅʀʗʋ (ʄʀʌʀ),

ʎʝʥʪʨ ʋʧʨʘʚʣʝʥʠʷ ʗʜʝʨʥʳʤʠ ɿʥʘʥʠʷʤʠ ʀɸʊʕ ʅʀʗʋ ʄʀʌʀ ,

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʉʦʶʟ ɺʝʪʝʨʘʥʦʚ ɸʪʦʤʥʦʡ ʕʥʝʨʛʝʪʠʢʠ ʠ ʇʨʦʤʳʰʣʝʥʥʦʩʪʠ

ʧʨʦʬ. ɺ.ʄ.ʄʫʨʦʛʦʚ

ʆʙʥʠʥʩʢ   , 26 ʠʶʥʷ  2017 ʛ. 



ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʗʜʝʨʥʦʡ ʕʥʝʨʛʝʪʠʢʠ



Energy 2016

1.3 B people
no access to energy

2.6 B people
rely on biomass

1 B people
no health care

due to energy poverty



ʄʠʨʦʚʘʷ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʢ 2017 ʛʦʜʫ

(ʈʅʎ ʂʀ) 

ʉʆʉʊʆʗʅʀɽ:

439-450ʜʝʡʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ ɸʕʉ (ʚ 2012ï2017 ʛʛ. ) ʩʫʤʤʘʨʥʦʡ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 375,9-391,9 ɻɺʪ(ʵ)  

61ʙʣʦʢʦʚ ʩʪʨʦʷʪʩʷ ʚ 15ʩʪʨʘʥʘʭ.

ʉʆɹʓʊʀʗ 2016 ʛ.:

10 ʷʜʝʨʥʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʝʪʠ: 5 ïʚ ʂʠʪʘʝ, ʧʦ ʦʜʥʦʤʫ ïʚ  

ʖʞʥʦʡ ʂʦʨʝʝ, ʉʐɸ, ʇʘʢʠʩʪʘʥʝ  ʠ ʈʦʩʩʠʠ. 

ʅʘʯʘʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʝʭ̫ʜʝʨʥʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ:  ʚ ʂʠʪʘʝ (2) ʠ ʇʘʢʠʩʪʘʥʝ .

ʆʢʦʥʯʘʪʝʣʴʥʦ ʦʩʪʘʥʦʚʣʝʥʦ 6ʷʜʝʨʥʳʭ ʵʥʝʨʛʦʙʣʦʢ (4-ʗʧʦʥʠʷ,1-ʉʐɸ,

ʦʜʠʥ ïɻʝʨʤʘʥʠʷ )

ʊʫʩʧʡʫʞʤʵʪʫʛʧ ʨʧ ʜʧʝʙʥ

ʆʙʰʙʤʧ ʪʫʩʧʡʫʞʤʵʪʫʛʙ ʨʧ ʜʧʝʙʥ

ʈʧʝʣʤʷʰʞʦʡʞ ʣ ʪʞʫʡ ʨʧ ʜʧʝʙʥ
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Status of Current Operating NPPs
Å Operating Nuclear Power Plants: 450

Å Nuclear Power Plants under construction: 61

Å Power Plants recently connected to grid

Source: IAEA PRIS Data Base



Reactors Connected to Grid
Highest number of reactors connected to grid Since 1990!

10, 

1990

10, 

2016

Source: IAEA PRIS Data Base

China: 5/10
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Ref.: Energy, Electricity and Nuclear Power Estimates for the Period up to 2050, 2015 Edition, 
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Classification of Reactor Type

CoolantModerator

Nuclear

Reactors

Light

Water

(LW)

Heavy

Water

(HW)

Gas

Liquid

Metal

LW

FR(ɹʅ)

LW
PHWR

HW

Graphite

(None)

Reactor Type

PWR(ɺɺʕʈ)

BWR(ʈɹʄʂ)

LWGRLW

GCR

Innovative reactors could be of any type or even the ones not listed here



Major Types

BWR
20%

FBR
<1%

GCR
2%

LWGR
3%

PHWR
6%

PWR
69%

Total Net Electrical Capacity

Major contribution by PWRs

Global Share of Nuclear ~ 11%Source: IAEA PRIS Data Base



ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʨʘʟʚʠʪʠʷ ʗʜʝʨʥʦʡ ʕʥʝʨʛʝʪʠʢʠ
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ˢ͍͙͊ͪΎ ͤ͊ ͙́ͪ-˸͚͊͡-ˢ͚͔͔ͤ͒͡



͔̉ͪͤͦ͋·͡Έͫ͊͟Ύ ͍͙͊͊ͪΎ



ɿʘʱʠʪʥʳʝ ʦʙʦʣʦʯʢʠ 

ʨʝʘʢʪʦʨʦʚ-ʧʦʩʣʝ ʘʚʘʨʠʠ
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ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ

ɻʘʨʘʥʪʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ

ï̫ ʜʝʨʥʦʡ 

ïʨʘʜʠʘʮʠʦʥʥʦʡ 

ïɻ ʢʦʣʦʛʠʯʝʩʢʦʡ

ïʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ (ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ)





ʆʊʅʆʉʀʊɽʃʔʅʆɽ ʕʅɽʈɻɽʊʀʏɽʉʂʆɽ ʉʆɼɽʈɾɸʅʀɽ 

ʇʈʀʈʆɼʅʓʍ  ʊʆʇʃʀɺʅʓʍ ʈɽʉʋʈʉʆɺ

ʫʛʦʣʴ- 8,7%

U-238 - 86,7%

ʛʘʟ- 3,4%

ʥʝʬʪʴ- 0,8%

U-235 - 0,4%



High Estimate1100ɻɺʪ

Low Estimate  415 ɻɺʪ

Currant Capacity379 ɻɺʪ

NP Development in Different Regions



ʀʩʪʦʨʠʷ ʈʘʟʚʠʪʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʗʜʝʨʥʦʡ 

ʕʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ ʠ ʚ 

ʤʠʨʝ

(1910ï2017ʛʛ.)



150  ʃʝʪ  ɸʢʘʜʝʤʠʢʫ ɺʣʘʜʠʤʠʨʫ 

ʀʚʘʥʦʚʠʯʫ ɺʝʨʥʘʜʩʢʦʤʫ ï

ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʫ  ʫʯʝʥʠʷ ʦ  

ʙʠʦʩʬʝʨʝ

ʅʘ ʦʙʱʝʤ ʩʦʙʨʘʥʠʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ  ʈʦʩʩʠʠ 

ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ ʚʳʩʪʫʧʠʣ ʩ ʜʦʢʣʘʜʦʤ 

çɿʘʜʘʯʘ ʜʥʷ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʷè, ʚ ʢʦʪʦʨʦʤ 

ʠʟʣʦʞʠʣ ʮʝʣʫʶ ʧʨʦʛʨʘʤʤʫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʧʦʠʩʢʠ ʫʨʘʥʦʚʳʭ ʨʫʜ ʠ ʦʚʣʘʜʝʥʠʝ 

ʵʥʝʨʛʠʝʡ ʘʪʦʤʥʦʛʦ ʨʘʩʧʘʜʘ.

26 ʤʘʨʪʘ 1910ʛʦʜʘ



ʄʝʞʜʫʥʘʨʦʜʥʳʡʉʦʶʟɺʝʪʝʨʘʥʦʚ

ɸʪʦʤʥʦʡ ʕʥʝʨʛʝʪʠʢʠʠ

ʇʨʦʤʳʰʣʝʥʥʦʩʪʠ(ʄʉɺɸʕʇ)-

ʫʥʠʢʘʣʴʥʘʷ ʜʣʷ

ʈʦʩʩʠʠ ʤʝʞʜʫʥʘʨʦʜʥʘʷ

ʦʙʱʝʩʪʚʝʥʥʘʷʷʜʝʨʥʘʷʦʨʛʘʥʠʟʘʮʠʷ

ʦʙʲʝʜʠʥʷʶʱʘʷ ʚʝʪʝʨʘʥʦʚ-

ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ11 ʩʪʨʘʥɺʦʩʪʦʯʥʦʡ

ɽʚʨʦʧʳʠʈʦʩʩʠʠ. ʋʥʠʢʘʣʴʥʘʷ- ʪ.ʢ.

ʵʪʦʝʜʠʥʩʪʚʝʥʥʘʷʤʝʞʜʫʥʘʨʦʜʥʘʷ

ʦʙʱʝʩʪʚʝʥʥʘʷʷʜʝʨʥʘʷʦʨʛʘʥʠʟʘʮʠʷ

ʩʫʯʘʩʪʠʝʤʈʦʩʩʠʠ(ʩʨʝʜʠʙʦʣʝʝ70

ʜʨʫʛʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ

ʦʙʱʝʩʪʚʝʥʥʳʭʦʨʛʘʥʠʟʘʮʠʡ)

ʘʢʢʨʝʜʠʪʦʚʘʥʥʘʷʧʨʠɻʝʥʝʨʘʣʴʥʦʡ

ʂʦʥʬʝʨʝʥʮʠʠʄɸɻɸʊʕ,,ʪ.ʝ.

ʦʬʠʮʠʘʣʴʥʦʧʨʠʟʥʘʥʥʘʷʄɸɻɸʊʕ.

.



ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʫʣʴʪʫʨʘ 

ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ

ʗʜʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʷʜʝʨʥʦʝ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ïɻ ʪʦ 

ʛʣʘʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ ʷʜʝʨʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ.

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʙʣʝʤʘ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʳʣʘ 

ʧʦʣʥʦʩʪʴʶ  ʦʩʦʟʥʘʥʘ  ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ, ʘ  ʢʫʣʴʪʫʨʘ ʷʜʝʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʣʘ ʥʝʨʘʟʜʝʣʴʥʦʡ ʯʘʩʪʴʶ ʷʜʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï

ʦʪ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ  ʜʦ ʧʦʣʥʦʛʦ 

ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ïʩʠʪʫʘʮʠʷ ʩ ʚʥʝʜʨʝʥʠʝʤ ʢʫʣʴʪʫʨʳ 

ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʩʣʦʞʥʦʡ .

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʦ ʜʦʣʞʥʦ ʙʳʣʦ ʙʳ ʙʳʪʴ ʩʪʦʣʴ ʞʝ  ʚʘʞʥʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʪ ʙʫʜʫʱʝʝ ʨʘʟʚʠʪʠʝ 

ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ.



ɹʦʝʩʡʙʦʧʛ ɹ., ʃʬʨʩʡʸʦʧʛ ɻ., ʃʬʨʯʧʛ ʁ., ʅʬʩʧʜʧʛɻ.

ʅʞʟʝʬʦʙʩʧʝʦʴʢ ʏʞʦʫʩ ʘʝʞʩʦʧʜʧ ʇʚʩʙʠʧʛʙʦʡʸ (ʅʏʘʇ)

ʏʞʦʫʩ ʨʧ ʌʨʩʙʛʤʞʦʡʷ ʘʝʞʩʦʴʥʡ ʀʦʙʦʡʸʥʡ (ʏʌʘʀ ʁɹʋʖ)

ʆʙʯʡʧʦʙʤʵʦʧʜʧ ʁʪʪʤʞʝʧʛʙʫʞʤʵʪʣʧʜʧ ʘʝʞʩʦʧʜʧ ʌʦʡʛʞʩʪʡʫʞʫʙ (ʆʁʘʌ ʅʁʍʁ)

ʅʞʟʝʬʦʙʩʧʝʦʴʢ ʊʧʷʠ ɻʞʫʞʩʙʦʧʛ ɹʫʧʥʦʧʢ ʖʦʞʩʜʞʫʡʣʡ ʡ ʈʩʧʥʴʱʤʞʦʦʧʪʫʡ (ʅʊɻɹʖʈ)

ʈʆʃʔ ɺɽʊɽʈɸʅʉʂʀʍ ʆɹʒɽɼʀʅɽʅʀʁ ɺ 

ɼɽʗʊɽʃʔʅʆʉʊʀ  ʇʆ  ʉʆʍʈɸʅɽʅʀʖ ʀ 

ʋʇʈɸɺʃɽʅʀʖ ʗɼɽʈʅʓʄʀ ɿʅɸʅʀʗʄʀ 



ɸ. ɹʝʣʳʡ ʚ ʩʚʦʝʡ ʧʦʵʤʝ 

"ʇʝʨʚʦʝ ʩʚʠʜʘʥʠʝ" (1921 ʛ.).

25

"ʄʠʨ ʨʚʘʣʩʷ ʚ ʦʧʳʪʘʭ 

ʂʶʨʠ

ɸʪʦʤʥʦʡ, ʣʦʧʥʫʚʰʝʶ 

ʙʦʤʙʦʡ

ʅʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʪʨʫʠ

ʅʝʚʦʧʣʦʱʝʥʥʦʡ 

ʛʝʢʘʪʦʤʙʦʡ".



ʉʆɺʄɽʉʊʅʆɽ ɿɸʗɺʃɽʅʀɽ

"ʆʙʨʘʟʦʚʘʥʠʝʷʚʣʷʝʪʩʷʠʤʧʝʨʘʪʠʚʦʤʜʣʩ̫ʦʜʝʡʩʪʚʠʷʨʘʟʦʨʫʞʝʥʠʶʠ

ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ, ʠ,ʩʣʝʜʦʚʘʪʝʣʴʥʦ,ʜʣ ʩ̫ʦʟʜʘʥʠʷʤʠʨʘʙʝʟ

ʷʜʝʨʥʦʛʦʦʨʫʞʠʷ. ʆʙʨʘʟʦʚʘʥʠʝʧʨʠʚʠʚʘʝʪʟʥʘʥʠʷʠʢʨʠʪʠʯʝʩʢʦʝ

ʤʳʰʣʝʥʠʝʣʶʜʷʤʠʦʪʜʝʣʴʥʳʤ ʣʠʯʥʦʩʪʷʤ. ʆʙʨʘʟʦʚʘʥʠʝʤʦʞʝʪ

ʧʦʚʳʩʠʪʴʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴʦʙʱʝʩʪʚʝʥʥʦʩʪʠ,ʚ ʦʩʦʙʝʥʥʦʩʪʠ

ʙʫʜʫʱʠʭʧʦʢʦʣʝʥʠʡ,ʦ ʪʨʘʛʠʯʝʩʢʠʭʧʦʩʣʝʜʩʪʚʠʷʭʧʨʠʤʝʥʝʥʠʷ

ʷʜʝʨʥʦʛʦʦʨʫʞʠʷ. ʆʙʨʘʟʦʚʘʥʠʝʤʦʞʝʪʪʘʢʞʝʧʦʜʚʠʛʥʫʪʴʣʶʜʝʡʠ

ʦʪʜʝʣʴʥʳʭʣʠʯʥʦʩʪʝʡ,ʛʨʘʞʜʘʥʤʠʨʘʚʥʝʩʪʠʩʚʦʡʚʢʣʘʜʚʜʝʣʦ

ʨʘʟʦʨʫʞʝʥʠʷʠʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷñ.

ʉʦʚʤʝʩʪʥʦʝʟʘʷʚʣʝʥʠʝʧʦʚʦʧʨʦʩʘʤʨʦʣʠʦʙʨʘʟʦʚʘʥʠʷʚʦʙʣʘʩʪʠʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷʠʨʘʟʦʨʫʞʝʥʠʷ

ʩʜʝʣʘʣʥʘʟʘʩʝʜʘʥʠʠɻʣʘʚʥʦʛʦʢʦʤʠʪʝʪʘʠʪʦʛʦʚʦʡʂʦʥʬʝʨʝʥʮʠʠʧʦɼʅʗʆ2010ʛ. 11ʤʘ2̫010ʛ. ɽʛʦ

ʇʨʝʚʦʩʭʦʜʠʪʝʣʴʩʪʚʦʛ-ʥɸʢʠʦʉʘʜʘ,ʏʨʝʟʚʳʯʘʡʥʳʡʠʇʦʣʥʦʤʦʯʥʳʡʇʦʩʦʣ,ʇʦʩʪʦʷʥʥʳʡʧʨʝʜʩʪʘʚʠʪʝʣʴ

ʗʧʦʥʠʠʥʘʂʦʥʬʝʨʝʥʮʠʠʧʦʨʘʟʦʨʫʞʝʥʠʶ.

ʆʪ ʠʤʝʥʠ 40 ʩʪʨʘʥ -ɹʛʪʫʩʙʤʡʡ, ɹʛʪʫʩʡʡ, ɺʧʤʜʙʩʡʡ, ɺʩʙʠʡʤʡʡ, ʃʙʦʙʝʴ, ʐʡʤʡ, ʃʧʤʬʥʚʡʡ, ɾʜʡʨʫʙ, 

ʖʪʫʧʦʡʡ, ɼʩʬʠʡʡ, ɼʞʩʥʙʦʡʡ, ɼʩʞʯʡʡ, ɼʛʙʫʞʥʙʤʴ, ɻʞʦʜʩʡʡ, ʁʦʝʧʦʞʠʡʡ, ʁʩʙʣʙ, ʁʩʤʙʦʝʡʡ, ʁʫʙʤʡʡ, 

ʘʨʧʦʡʡ, ʃʙʠʙʮʪʫʙʦʙ, ʃʴʩʜʴʠʪʫʙʦʙ, ʄʡʫʛʴ, ʆʙʥʡʚʡʡ, ʆʧʛʧʢ ʀʞʤʙʦʝʡʡ, ʆʧʩʛʞʜʡʡ, ʅʞʣʪʡʣʡ, ʅʧʦʜʧʤʡʡ, 

ʈʙʨʬʙ-ʆʧʛʧʢɼʛʡʦʞʡ, ʈʞʩʬ, ʍʡʤʡʨʨʡʦ, ʈʧʤʵʱʡ, ʈʧʩʫʬʜʙʤʡʡ, ʌʩʬʜʛʙʸ, ʉʧʪʪʡʡ, ʊʙʥʧʙ, ʑʩʡ-ʄʙʦʣʡ, 

ʑʛʞʯʡʡ, ʑʛʞʢʯʙʩʡʡ, ʋʙʡʤʙʦʝʙ, ʜʧʪʬʝʙʩʪʫʛʙ ʋʧʦʜʙ.



˽͔͍ͪ͊Ύ ͼ͔ͨͤ͊Ύ ͔ͪ͊͟ͼ͙Ύ
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1951 - 65 Years ago - Experimental Breeder ReactorïI. By illuminating four light bulbs

EBRïI became theworldôsfirst electricity-generating nuclear power plant



ˤͪ͘·͍ ͙͙͙́ͪͤͭΣ лΦлмс ͔ͫͯͤ͒͟ ͔ͨͦͫ͡ 
͔͒ͭͦͤ͊ͼ͙͙
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˽͔͍ͪ͊Ύ ͍ ͙͔ͣͪ ˢ̏˿



ˢ̏˿ ͙͙͎̊ͨͨͤͨͦͪͭ



͔̒͒ͪͤ·͔ ͊ͨ͊ͫ͘· 
˿̊ˢ ͙ ˿˿˿˾

32



͔̒͒ͪͤ͊Ύ ͎ͦͤ͊͟ ͍͔͙͚ͦͦͪͯ͗ͤ
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USS NAUTILUS (SSN-571)
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ʇʝʨʚʘʷ ʚ ʤʠʨʝ ʘʪʦʤʥʘʷ ʧʦʜʚʦʜʥʘʷ ʣʦʜʢʘ, ʩʧʫʱʝʥʥʘʷ ʥʘ ʚʦʜʫ ʚ ʉʐɸ 

ʚ 1954 ʛʦʜʫ



˾͙͚ͦͫͫͫ͊͟Ύ ζˢͯ͊͟͡η
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ˮͫͨ·͙ͭ͊ͤΎ Ύ͔͎͒ͪͤͦͦ ͙ͦͪͯ͗Ύ ͍ ͙͔ͣͪ 
͍ 1945-1998

36



˾͔;Έ ͚͔̏ͤ͘ͻ͊ͯΉͪ͊
ζˢͭͦͣ ͒͡Ύ ͙ͣͪ͊η
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˸͔͔͗͒ͯͤ͊ͪͦ͒ͤͦ ˢ͎͔͍ͤͭͫͭͦ ͨͦ 
ˢ͚ͭͦͣͤͦ ͔͎͙͙̏ͤͪ ς˸ ˢ˥ˢ́̏
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˴ͦͤͺ͔͔ͪͤͼ͙Ύ ˻˻˹ ͍ ˬ͔͔͍͔ͤΥ 
1955, 1958, 1964, 1971.
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ʈʦʣʴ  ʗʜʝʨʥʦʡ ʕʥʝʨʛʝʪʠʢʠ (ʦʮʝʥʢʠ)

-ʇʠʦʥʝʨʳ  ʨʘʟʚʠʪʠʷ ʗʕ :ʆʩʚʦʝʥʠʝ ʗʕ  

ʦʙʝʩʧʝʯʠʪ  çɿʦʣʦʪʦʡ ʚʝʢè ʯʝʣʦʚʝʯʝʩʪʚʘ.

-çʊʨʠ-ʄʘʡʣ ɸʡʣʵʥʜè -çʏʝʨʥʦʙʳʣʴè + 

çʌʫʢʫʩʠʤʘè  : ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ïʥʝ 

ʦʧʨʘʚʜʘʣʘ  ʦʞʠʜʘʥʠʡ .

- 21-ʳʡ ʚʝʢ :  ʗʜʝʨʥʘʷ ʵʥʝʨʛʠʷ  ʤʦʞʝʪ  

(ʚʤʝʩʪʦ-ʜʦʣʞʥʘ )  ʩʪʘʪʴ ʯʘʩʪʴʶ ʙʫʜʫʱʝʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʤʠʨʝ.
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ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʨʘʥ ʦʪ ʠʤʧʦʨʪʘ ʵʥʝʨʛʠʠ



ʕʅɽʈɻʀʗ, ʇʆʊʈɽɹʃʗɽʄɸʗ ɺ ʄʀʈɽ

ʉʩʳʣʢʘ: IEA



ʈʆʉʊ ʏɽʃʆɺɽʏɽʉʂʆʁ ʇʆʇʋʃʗʎʀʀ ʉ 1 ɻ. ʅ.ʕ.



ɼʀʅɸʄʀʂɸ ʇʆʂɸɿɸʊɽʃɽʁ (ʂʈɸʊʅʆʉʊʔ ʈʆʉʊɸ)



ʈɽʉʋʈʉʓ



˸͔͔͗͒ͯͤ͊ͪͦ͒ͤͦ ˢ͎͔͍ͤͭͫͭͦ ͨͦ 
ˢ͚ͭͦͣͤͦ ͔͎͙͙̏ͤͪ ς˸ ˢ˥ˢ́̏
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ɼɺɽ ʆʉʅʆɺʅʓɽ ʄɽɾɼʋʅɸʈʆɼʅʓɽ ʀʅʀʎʀɸʊʀɺʓ



IV ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʬʦʨʫʤ(GIF)

üʄʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʝʢʪ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 13 ʯʣʝʥʦʚ) ʜʣʷ 
ʧʦʜʜʝʨʞʢʠ R&D, ʚ ʩʨʦʢʠʦʪ15 ʜʦ 20 ʣʝʪ ʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʪʝʭʥʠʯʝʩʢʦʡʟʨʝʣʦʩʪʠ ʢ 2030 ʛ.

ü4ʦʙʣʘʩʪʠ GIF ʦʮʝʥʢʠ:

Vʫʩʪʦʡʯʠʚʦʩʪʴ

Vɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ

Vɻ ʢʦʥʦʤʠʢʘ

Vʅʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʥʠʝ ʠ 
ʬʠʟʠʯʝʩʢʘʷ ʟʘʱʠʪʘ

üʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʝʡ

üɻ ʣʝʢʪʨʠʯʝʩʪʚʦ, ʚʦʜʦʨʦʜ

üʆʧʨʝʩʥʝʥʠʝ ʚʦʜʳ, ʪʝʧʣʦ E.U.

ʋʩʪʘʚ GIF

ʧʝʨʚʳʝ 11 ʩʪʨʘʥ

ʌʪʫʙʛ GIF ʨʧʝʨʡʪʙʦ ʛ 2001, Sw 2002, ɾʛʩʙʫʧʥ

2003, + ʦʧʛʴʞ ʰʤʞʦʴ: 

ʃʡʫʙʢ ʡ ʉʧʪʪʡʸ(ʦʧʸʚʩʵ2006)



Generation IV designs

SCWR

LFR

GFR

VHTR

MSR

SFR



ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʈʦʩʩʠʠ



ʈʝʘʢʪʦʨʥʦʝ ʜʨʝʚʦ ʦʪʨʘʩʣʠ

ɕ
ɔ
Ɋ
Ɉ
ɔ
Ɋ
ɓ
ɡ
ɋ

ʌ-1

ʉʦʟʜʘʥʦ 614ʨʝʘʢʪʦʨʦʚ

(ʨʘʙʦʪʘʝʪ 233ʨʝʘʢʪʦʨʘ)

ɗ
ɘ
Ɇ
ɜ
Ɏ
ɔ
ɓ
Ɇ
ɖ
ɓ
ɡ
ɋ
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ɼʝʨʝʚʦ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʉʉʉʈ



˽͔͍ͪ͊Ύ ͍ ͙͔ͣͪ ˢ̏˿



ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʘʢʪʦʨʳ
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2 ȻȰȫȵȽȹȻȫ

1964

1965

1966

1971

1977

1980

1984

2006

2013

1969

1972

1980

2015

1973

1979

1983

ɺɺʕʈ-1000 

ʂʫʜʘʥʢʫʣʘʤ ʀʥʜʠʷ

ɺɺʕʈ-1000 

ʊʷʥʴʚʘʥʴ ʂʠʪʘʡ

ɺɺʕʈ-1000 

ɿʘʧʦʨʦʞʩʢʘʷ-1

ɺɺʕʈ-1000 

ʖ-ʋʢʨʘʠʥʩʢʘʷ-1

ɺɺʕʈ-440 ʃʦʚʠʩʘ 

ʌʠʥʣʷʥʜʠʷ

ɺɺʕʈ-440 ʅɺɸʕʉ-3

ɺɺʕʈ-365 ʅɺɸʕʉ-2

ɺɺʕʈ-70 ɻɼʈ

ɺʂ-50 ɺʦʜʦ-ʚʦʜʷʥʦʡ ʢʠʧʷʱʠʡ

ɺɺʕʈ-210 ʅɺɸʕʉ-1

IȺȹȵȹȶȰȸȳȰ 

16 ȻȰȫȵȽȹȻȹȭ

ȌȹȶɇɃȫɊ ȼȰȻȳɊ 

24 ȻȰȫȵȽȹȻȫ

ȗȫȶȫɊ ȼȰȻȳɊ 

4 ȻȰȫȵȽȹȻȫ

IIȺȹȵȹȶȰȸȳȰ 

19ȻȰȫȵȽȹȻȹȭ

çʇʝʨʚʘʷ ʚ ʤʠʨʝè ɸʕʉ

1963

1954

çɸʨʙʫʩè 750 ʢɺʪ(ʵʣ.) 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʟʘʤʝʜʣʠʪʝʣʴ-

ʪʝʧʣʦʥʦʩʠʪʝʣʴ

ɺ
ʦ
ʜ
ʦ-
ʚ
ʦ
ʜ
ʷ
ʥ
ʳ
ʝ

ɹʅ-800 

ɹɽʃɸʕʉ-4

ɹʅ-350 

ʂʘʟʘʭʩʪʘʥ 

ʛ.ʐʝʚʯʝʥʢʦ

ɹʅ-600 

ɹɽʃɸʕʉ-3

ʈɹʄʂ-1500 (1300) 

ʀʛʥʘʣʠʥʩʢʘʷ-1

ʈɹʄʂ-1000 

ʃɸʕʉ-1

ʈɹʄʂ-1000 

ʃɸʕʉ-3

IȺȹȵȹȶȰȸȳȰ 

6 ȻȰȫȵȽȹȻȹȭ

IIȺȹȵȹȶȰȸȳȰ 

9ȻȰȫȵȽȹȻȹȭ

ɻ
ʨ
ʘ
ʬ
ʠ
ʪ
ʦ

-ʚ
ʦ
ʜ
ʷ
ʥ
ʳ
ʝ
 
ʢ
ʠ
ʧ
ʷ
ʱ
ʠ
ʝ

ʅ
ʘ
 
ʙ
ʳ
ʩ
ʪ
ʨ
ʳ
ʭ
 
ʥ
ʝ
ʡ
ʪ
ʨ
ʦ
ʥ
ʘ
ʭ

ʚʦʜʦʛʨʘʬʠʪʦʚʳʝ ʢʘʥʘʣʴʥʳʝ 

ʨʝʘʢʪʦʨʳ
1964

1967

ɸʄɹ-100 ɹɽʃɸʕʉ-1

ɸʄɹ-200 ɹɽʃɸʕʉ-2
ʚʦʜʥʦ-ʛʨʘʬʠʪʦʚʳʡ ʛʝʪʝʨʦʛʝʥʥʳʡ 

ʨʝʘʢʪʦʨ ʢʘʥʘʣʴʥʦʛʦ ʪʠʧʘ

1974 ʕɻʇ-6 ɹʀʃɸʕʉ-1

ȜȹȲȯȫȸȹ 94ȻȰȫȵȽȹȻȫ

țȫȬȹȽȫȰȽ 70ȻȰȫȵȽȹȻȹȭ

ɺɺʕʈ-1000 ʅɺɸʕʉ-5
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ɸʕʂ -ʦʜʠʥ ʠʟ ʥʝʤʥʦʛʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʪʨʘʥʳ, ʢʦʪʦʨʳʡ 

ʦʙʣʘʜʘʝʪ ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʫʩʣʫʛʘʤʠ.

ʂʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ɸʕʂ ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʠ ʜʘʣʴʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ïʟʥʘʯʠʪʝʣʴʥʦ (ʚ ʨʘʟʳ) ʨʘʩʰʠʨʠʪʴ ʵʢʩʧʦʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʦʩʩʠʡʩʢʠʭ 

ʷʜʝʨʥʳʭ  ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʡ ʠ ʫʩʣʫʛ.

ʇʨʦʙʣʝʤʘ ʩʳʨʴʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʢʩʧʦʨʪʘ.

ʕʢʩʧʦʨʪ ʈʦʩʩʠʠ ʚ 2008 (2007) ʛʦʜʫ

ʄʘʰʠʥʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ, (ʚ ʪ.ʯ. ʦʨʫʞʠʝ1,4%; ʷʜʝʨʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ~0,8%) - 6,5% (5,8%)

ɼʨʫʛʠʝ ʪʦʚʘʨʳ, ʚʢʣʶʯʘʷ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ 

ʪʦʚʘʨʳ ʠ ʩ/ʭʩʳʨʴʝï

7,6% (10%)

ʉʳʨʴʝ (ʥʝʬʪʴ ʠʥʝʬʪʝʧʨʦʜʫʢʪʳ,

ʛʘʟ,ʤʝʪʘʣʣʳ,ʜʨʝʚʝʩʠʥʘ,ʫʛʦʣʴ,

ʢʦʢʩ) ï85,9% (84,2%)

ʉʪʨʫʢʪʫʨʘ ʵʢʩʧʦʨʪʘ ʌʨʘʥʮʠʠ ʚ 2007 ʛʦʜʫʕʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʩʘʤʦʣʝʪʳ, ʩʫʜʘ, ʣʦʜʢʠ - 43%

ɼʨʫʛʠʝ ʪʦʚʘʨʳ, ʚʢʣʶʯʘʷ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ ʪʦʚʘʨʳ 

ʠ ʩ/ʭ ʩʳʨʴʝ

ʉʳʨʴʝ (ʨʫʜʳ, ʤʝʪʘʣʣʳ, 

ʜʨʝʚʝʩʠʥʘ, ʧʨʦʜʫʢʮʠʷ 

ʭʠʤ. ʧʨʦʤ., ʜʨʘʛ. ʢʘʤʥʠ, 

ʩʦʣʠ, ʭʣʦʧʦʢ) - 31,7% 

ʉʪʨʫʢʪʫʨʘ ʵʢʩʧʦʨʪʘ ʂʠʪʘʷ ʚ 2007 ʛʦʜʫ

ʄʘʰʠʥʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ï

57,1%

ʉʳʨʴʝ (ʥʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʯʝʨʥʳʝ ʠ ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ, 

ʜʨʝʚʝʩʠʥʘ, ʧʨʦʜʫʢʮʠʷ ʭʠʤ. ʧʨʦʤ., 

ʜʨʘʛ. ʢʘʤʥʠ ʠ ʤʝʪʘʣʣʳ) - 22,5%

ɼʨʫʛʠʝ ʪʦʚʘʨʳ, ʪʢʘʥʠ, 

ʩ/ʭ ʩʳʨʴʝ - 20,4%

ɺʘʞʥʝʡʰʘʷ ʥʘ ʩʝʛʦʜʥʷ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ïʩʥʠʞʝʥʠʝ 

ʩʳʨʴʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʢʩʧʦʨʪʘ ʩʪʨʘʥʳ.



ʈʘʟʚʠʪʠʝ ʗʜʝʨʥʦʡ ʕʥʝʨʛʝʪʠʢʠ ʜʣʷ ʈʌ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʈʌ.

ʉʳʨʴʝʚʦʡ ʭʘʨʘʢʪʝʨ ʵʢʦʥʦʤʠʢʠ ʈʌ ʝʝ ʛʣʘʚʥʳʡ ʝʝ ʥʝʜʦʩʪʘʪʦʢ -ʅʘ ʵʢʩʧʦʨʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʪʘʚʣʷʶʪʩʷ ʩʳʨʴʝʚʳʝ ʪʦʚʘʨʘ ʠ ʪʦʚʘʨʳ 

ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʝʜʝʣʘ
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ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʦʚʘʨʦʚ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʝʜʝʣʘ (ʩʪʘʣʴ, ʘʣʶʤʠʥʠʡ, ʥʝʦʙʨʘʙʦʪʘʥʥʘʷ 

ʜʨʝʚʝʩʠʥʘ, ʧʨʠʤʠʪʠʚʥʳʝ ʫʜʦʙʨʝʥʠʷ) ʩʪʦʷʪ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʜʝʰʝʚʦ, ʦʜʥʘʢʦ 

ʪʨʝʙʫʶʪ ʤʥʦʛʦ ʵʥʝʨʛʠʠ ʜʣʷ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ.

ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʥʠʟʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʈʌ, ʢʘʢ ʠ ʣʶʙʦʡ 

ʜʨʫʛʦʡ ʩʳʨʴʝʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʪʦʚʘʨʦʚ ʥʘʯʘʣʴʥʦʛʦ 

ʧʝʨʝʜʝʣʘ.



ʈʘʟʚʠʪʠʝ ʘʪʦʤʥʳʭ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʟʘʤʝʪʥʦ 

ʫʣʫʯʰʠʪʴ ʩʪʨʫʢʪʫʨʫ ʈʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ.

ʄʠʨʦʚʦʡ ʨʳʥʦʢ ʘʪʦʤʥʳʭ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʡ ʵʪʦ ʙʦʣʴʰʦʡ

ʙʠʟʥʝʩ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʩʝʢʪʦʨʘ.  ʉʨʝʜʥʷʷ ʮʝʥʘ 1 ʢʛ 

ʘʪʦʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʦʪ 10 ʜʦ  20$/ʢʛ.  

ɺʩʝʛʜʘ ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʠʩʴ 2 ʟʘʜʘʯʠ.

1. ʆʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʠʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ. (ɿʜʝʩʴ ʤʳ ʠʤʝʝʤ 

ʤʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚ).

2. ɿʘʤʝʪʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʨʦʩʩʠʡʩʢʠʭ ʘʪʦʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʤʠʨʦʚʦʤ ʨʳʥʢʝ.

ɸʤʙʠʮʠʠ ʈʦʩʩʠʠ ʥʘ ʨʳʥʢʝ ʘʪʦʤʥʳʭ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʡ 

ʦʮʝʥʠʚʘʶʪʩʷ  ʚ 20% ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ. 



ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʈʦʩʩʠʠ

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ

ɼʦʙʳʯʘ ʫʨʘʥʘ
ʆʙʦʛʘʱʝʥʠʝ ʠ 
ʢʦʥʚʝʨʩʠʷʌʘʙʨʠʢʘʮʠʷ ʪʦʧʣʠʚʘ

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʠ ʩʦʦʨʫʞʝʥʠʝ 

ɸʕʉ

ʆʙʨʘʱʝʥʠʝ ʩ ʈɸʆ 

ʠ ʆʗʊ

ʇʨʦʠʟʚʦʜʩʪʚʦ 
ʛʘʟʦʚʳʭ 
ʮʝʥʪʨʠʬʫʛ

ɻʝʥʝʨʘʮʠʷ

NPP ʢɺʪ.ʯ

ɿʘʢʘʟʯʠʢ-ʟʘʩʪʨʦʡʱʠʢ

ʈʫʜʘ ʆʙʦʛʘʱʝʥʥʳʡ ʫʨʘʥʊʚʵʣʳ ʠ ʊɺʉ ɸʕʉ ʕʥʝʨʛʠʷ

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʧʝʨʝʜʝʣʳ ʦʪʨʘʩʣʠ

ʈʘʟʨʘʙʦʪʢʘ 
ʠ ʨʘʟʚʠʪʠʝ 
ʪʝʭʥʦʣʦʛʠʡ

59



ʂʘʨʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʩʪʨʦʷʱʠʭʩʷ 

ʵʥʝʨʛʦʙʣʦʢʦʚ ɸʕʉ ʈʦʩʩʠʠ

60

10 ɼʝʡʩʪʚʫʶʱʠʭ ɸʕʉ

35 ɼʝʡʩʪʚʫʶʱʠʭ ʵʥʝʨʛʦʙʣʦʢʘ

1 ʕʥʝʨʛʦʙʣʦʢ ʥʘ ʵʪʘʧʝ ʧʫʩʢʘ

5 ʉʪʨʦʷʱʠʭʩʷ ʵʥʝʨʛʦʙʣʦʢʦʚ

26,3 ɻɺʪ ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ

196,4ʤʣʨʜ.ʢɺʪ.ʯ/ 

18,3%

ɺʳʨʘʙʦʪʘʥʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 2016 ʛʦʜʫ /ʜʦʣʷ ɸʕʉ ʚ ʵʥʝʨʛʝʪʠʢʝ ʈʦʩʩʠʠ



ʋʨʦʚʝʥʴ ʛʣʦʙʘʣʠʟʘʮʠʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ

61

Ȝȣȋ

ȟȻȫȸɁȳɊ

ȪȺȹȸȳɊțȹȼȼȳɊ

ȎȰȻȷȫȸȳɊ
5
ȼȽȻȫȸ

țȹȼȼȳɊ

ȟȻȫȸɁȳɊ

ȪȺȹȸȳɊȕȳȽȫȴ

ȓȸȯȳɊ

5
ȼȽȻȫȸ

Rosatom

URENCO

USEC

EURODIF

CNNC

JNFL
6

ȵȹȷȺȫȸȳȴ

ʧʨʦʠʟʚʦʜʷʪ 70% 

ʷʜʝʨʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʤʠʨʘ

ʠʤʝʶʪ 

ʧʨʦʜʚʠʥʫʪʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦ 

ʙʳʩʪʨʳʤ 

ʨʝʘʢʪʦʨʘʤ 

ʚʝʜʫʪ 

ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʦʙʦʛʘʱʝʥʠʝ 

ʫʨʘʥʘ

ȟȻȫȸɁȳɊ

ȍȰȶȳȵȹȬȻȳȽȫȸȳɊ

țȹȼȼȳɊ

ȪȺȹȸȳɊ

ȓȸȯȳɊ

ȕȳȽȫȴ

6 ȼȽȻȫȸ

PWR

BWRWER

3 ȽȳȺȫ 

ȶȰȮȵȹȭȹȯȸɆɀȻȰȫ

ȵȽȹȻȹȭ

ʠʤʝʶʪ ʤʦʱʥʦʩʪʠ ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʘ

ʩʦʩʪʘʚʣʷʶʪ 

80% 

ʨʝʘʢʪʦʨʥʦʛʦ 

ʧʘʨʢʘ ʤʠʨʘ



ʉʇɸʉʀɹʆ ɿɸ ɺʅʀʄɸʅʀɽ

http://icne.iate.obninsk.ru/

http://cnkm.iate.obninsk.ru/

VMMurogov@mephi.ru

http://icne.iate.obninsk.ru/
http://cnkm.iate.obninsk.ru/
mailto:VMMurogov@mephi.ru
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ɼɺɽ ʆʉʅʆɺʅʓɽ ʄɽɾɼʋʅɸʈʆɼʅʓɽ ʀʅʀʎʀɸʊʀɺʓ



IV ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʬʦʨʫʤ(GIF)

üʄʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʝʢʪ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 13 ʯʣʝʥʦʚ) ʜʣʷ 
ʧʦʜʜʝʨʞʢʠ R&D, ʚ ʩʨʦʢʠʦʪ15 ʜʦ 20 ʣʝʪ ʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʪʝʭʥʠʯʝʩʢʦʡʟʨʝʣʦʩʪʠ ʢ 2030 ʛ.

ü4ʦʙʣʘʩʪʠ GIF ʦʮʝʥʢʠ:

Vʫʩʪʦʡʯʠʚʦʩʪʴ

Vɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ

Vɻ ʢʦʥʦʤʠʢʘ

Vʅʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʥʠʝ ʠ 
ʬʠʟʠʯʝʩʢʘʷ ʟʘʱʠʪʘ

üʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʝʡ

üɻ ʣʝʢʪʨʠʯʝʩʪʚʦ, ʚʦʜʦʨʦʜ

üʆʧʨʝʩʥʝʥʠʝ ʚʦʜʳ, ʪʝʧʣʦ E.U.

ʋʩʪʘʚ GIF

ʧʝʨʚʳʝ 11 ʩʪʨʘʥ

ʌʪʫʙʛ GIF ʨʧʝʨʡʪʙʦ ʛ 2001, Sw 2002, ɾʛʩʙʫʧʥ

2003, + ʦʧʛʴʞ ʰʤʞʦʴ: 

ʃʡʫʙʢ ʡ ʉʧʪʪʡʸ(ʦʧʸʚʩʵ2006)



Generation IV designs

SCWR

LFR

GFR

VHTR

MSR

SFR



IV ʧʦʢʦʣʝʥʠʝ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ

ʪʝʭʥʦʣʦʛʠʡ

Source: Idaho National Laboratory



ʈʝʘʢʪʦʨ, ʦʭʣʘʞʜʘʝʤʳʡ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʦʡ (SCWR)
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ

Áɺʦʜʥʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ
ʥʘʭʦʜʠʪʩʷ ʚ 
ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʷʭ (374C, 22.1 
ʄʇʘ)

Áʊʝʤʧʝʨʘʪʫʨʘ ʥʘ 
ʚʳʭʦʜʝ 550C

Á1,700 ʄɺʪ(ʵ)

Áɺʝʨʩʠʠ ʩ ʪʨʫʙʘʤʠ ʠʣʠ 
ʢʦʨʧʫʩʦʤ ʧʦʜ 
ʜʘʚʣʝʥʠʝʤ

Áʋʧʨʦʱʝʥʥʳʡ ʙʘʣʘʥʩ 
ʩʪʘʥʮʠʠ

ʇʣʶʩʳ

Áʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʯʪʠ 
45% ʩ ʚʝʣʠʢʦʣʝʧʥʦʡ 
ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ 68

http://www.gen-4.org/Technology/systems/index.htm



ʏʊʆ ʜʘʩʪ ʧʝʨʝʭʦʜ ʥʘ  ʉʂɼ  :

1. ʉʥʠʞʝʥʠʝ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ.

ʋʜʝʣʴʥʘʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ, ʪ/ʄɺʪ.ʵʣ.

ɹʅ-800 ɹʅ-900    ɹʅ-1800 ɺɺʕʈ-1000 ɺɺʕʈ-1500 ʉʂɼ-
1

9,04 5,34 4,50 3,21 3,75 ʛʧʛ             1,44

3,31 ʚʧʛ

ʆʙʲʝʤʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʩʦʢʨʘʱʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ

ʉʥʠʞʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʤʦʥʪʘʞ (ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦʦʙʦʨʫʜʦʚʘʥʠʷ,
ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ 

ʜʨ.)

2. ʇʨʠʤʝʥʝʥʠʝ ʩʝʨʠʡʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ(ʪʫʨʙʠʥʳ, ʧʦʜʦʛʨʝʚʘʪʝʣʠ
ʠ ʧʨʦʯʝʝ).

3. ʉʥʠʞʝʥʠʝ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.

4.ʇʦʚʳʰʝʥʠʝ ʂʇɼ ʩ 33-35% ʜʦ 40-43% ʠ ʙʦʣʝʝ.

5. ɺʦʟʤʦʞʥʦʩʪʴ ʩʞʠʛʘʥʠʷ ʄɸ ʠ ʥʘʨʘʙʦʪʢʠ ʠʟʦʪʦʧʦʚ.
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ȕȹȸɁȰȺɁȳɊ ȻȰȫȵȽȹȻȫ ȍȍȨț-Ȝȕȏ

ɼʚʫʭʢʦʥʪʫʨʥʘʷ ʈʋ
ʆʜʥʦʢʦʥʪʫʨʥʘʷ 

ʈʋ

ʆʜʠʥʘʢʦʚʳʡ 

ʨʝʘʢʪʦʨ:

Å25Mʇa;

Åɹʳʩʪʨʦʨʝʟʦ-

ʥʘʥʩʥʳʡ ʩʧʝʢʪʨ

2 ʢʦʥʪʫʨ: 24 Mʇa

(ʘʥʘʣʦʛ ɹɸʕʉ-1) 

70

(ʘʥʘʣʦʛ ɹɸʕʉ-2) 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ

Áɻʝʣʠʝʚʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ

Áʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ 
>900C

Á250 ʄɺʪ(ʵ)

Áʏʘʩʪʠʮʳ ʪʦʧʣʠʚʘ ʤʦʛʫʪ ʙʳʪ 
ʢʘʢ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤʠ, ʪʘʢ 
ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ

ʇʣʶʩʳ

Áʇʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ

Áʇʨʠʤʝʥʝʥʠʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʧʣʘ

Áɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʘʩʩʠʚʥʦʡ 
ʙʝʟʦʧʘʩʥʦʩʪʠ

Áɺʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ 
ʚʳʩʦʢʦʡ ʪʝʧʣʦʚʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ http://www.gen-4.org/Technology/systems/index.htm

ʆʯʝʥʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʘʢʪʦʨ 

(VHTR)



ʅʘʪʨʠʝʚʳʡ ʙʳʩʪʨʳʡ ʨʝʘʢʪʦʨ (SFR)
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ

Áʅʘʪʨʠʝʚʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ

Áʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ 550C

Á600-1,500 ʄɺʪ(ʵ)ʜʣʷ 
ʙʦʣʴʰʦʛʦ ʨʝʘʢʪʦʨʘ ʠʣʠ

Á300-600 ʄɺʪ(ʵ)ʜʣʷ ʩʨʝʜʥʝʛʦ

Á50 ʄɺʪ(ʵ) ʜʣʷ ʤʘʣʝʥʴʢʦʛʦ 
ʤʦʜʫʣʷ

Áʄʝʪʘʣʣʠʯʝʩʢʦʝ ʪʦʧʣʠʚʦ ʩ 
ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʦʡ MOX ʪʦʧʣʠʚʦʩ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ 
ʦʩʘʜʦʯʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ

ʇʣʶʩʳ

·ɺʳʩʦʢʘʷ ʪʝʧʣʦʚʘʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ

·ʇʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʥʠʜʦʚ  ʠʟ 
ʨʝʘʢʪʦʨʦʚ ʥʘ ʣʝʛʢʦʡ ʚʦʜʝ

·ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ
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