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MupoBas saepHas aHepreTtuka K 2017 roay

(PHL, KN)
COCTOSIHUE: CtpouTenbCTBO NO rogam
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Status of Current Operating NPPs

Operating Nuclear Power Plants: 450
Nuclear Power Plants under construction: 61
Power Plants recently connected to grid

Total Number of Reactors: 61
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Reactors Connected to Grid

Highest number of reactors connected to grid Since 1990!

Reactors Connected to the Grid Source:IAEA PRIS Database
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ASSOCIATION Nuclear Grid Connection Rates Required to Meet the
Harmony Target of 1000 GW of New Build by 2050
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Nuclear Capacity 2020 — 2030:
Projections
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Classification of Reactor Type

Moderator Coolant Reactor Type
Light PWR (BB3P)
(LW) BWR (PBEMK)
Heavy L\W
Nuclear — \Water I_— PHWR
Reactors = (HW) HW
LW LWGR
. Graphite —E
Gas GCR
Liquid
L (None) Metal FR (BH)

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



Major Types

Number of Operating Reactors

FBR

Total Net Electrical Capacity

FBR
<1%

GCR
2%

LWGR
3%

Major contribution by PWRs

Source: IAEA PRIS Data Base GIObal Share Of NUC|eaI’ ~ 11%



CoBpeMeHHble Npobriembl
Pa3BUTUA AaepHON OHEPreTUKN



Three Mile Island

15

I | |
L uk
-—

(OO0 LX) voneladn Jo siea) Jopmeay



e et
I s b e
e N PR
'&%&Lﬁ‘ttc







=~
S
Q.
©
an
©
D
=
O
O
-

S
'
T
O
C
O

\O
O
O
N
T
T
s
=
©

™

™.

DEeaKkTOpPOB-

Fukushima E



Heobxoaumble ycrnoBusa ansi KpyrnHomacLliTabHoro
pa3BUTUA AO0epHOU SHeprum

[[apaHTuUn 6e3onacHoCTU
— g4epHon
— paavauoHHOW
— 9KOJ1I0rM4ecKkomn
— HepacnpocTpaHeHne (A0epPHOro OpyXusl)
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In the end of 2005 the total amount of SNF
accumulated worldwide was about 276000
tHM. About 30% of this fuel was reprocessed.
The remaining SNF is stored in at reactor (AR)
pools and away from reactor (AFR) wet and
dry storage facilities. The fraction of SNF being
stored relative to the fraction to be reprocessed
Is expected to increase.
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WORLD SPENT NUCLEAR FUEL ARISING AND
AMOUNT OF SNF REPROCESSED AND STORED
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Projections indicate that the cumulative amount generated in the world by the year 2020 may surpass
440000 tHM of which about 320000 will be in storage. Of this total amount in 2020, the amount in
western Europe will remain about the same (because of reprocessing SNF) and will be around four-fold

in Asia and Africa.

On a regional basis, the picture looks different. About 50% is stored in North and South America
(because there is no reprocessing), 20% in West Europe and the remaining part in East Europe and

Asia and Africa.



OTHOCUTEJIbHOE SHEPITETUYECKOE COOEPXAHUE
MPUPOOHbLIX TOMMUBHbLIX PECYPCOB

U-238 - 86,7%

yronb - 8,7%

ras - 3,4%
HedTb - 0,8%

U-235 - 0,4%




NP Development in Different Regions
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UcTtopua PasButusn
Mcnonb3oBaHuAa AaepHou
JHeprum B Poccum u B
Mupe
(1910 - 2017rr.)



150 Jlet Akagemuky Bnagnmupy
MBaHoBUYY BepHaackomy —
OCHOBOMMOJIOXHUKY Y4YEeHUSA O
ounocdepe
Ha obuwiem cobpaHum Akagemum Hayk Poccum

B.U. BepHaackuun BbICTYNUI C AOKNaO0M
«3agada gHA B obnactu pagus», B KOTOPOM
N3MOXUN LNy NnporpaMmmy reonorm4eckux u

nabopaTopHbIX nccneaoBaHuU, HarnpaBneHHbIX
Ha NOUCKM YPaHOBbLIX pyad 1 oBnageHue
3Heprmen aToMHOro pacnaaa.

26 mapTta 1910 roga



pposepenc 195

H. BepnadcKiu

[IMCBbMA

0 BbICLUEMD OBPA3OBAHIN

Bb POCCIW.




be3onacHOCTb 1 KynbTypa
HepacnpoCcTpaHeHUS

fAaepHasa 6e30nacHOCTbL U AAepHOe HepacrnpocTpaHeHue — 3To
rnmaBHble NPOBEeMbI NosTHOMacLITabHOro A4epHOro 3HEPreTUYECKOro
pasBUTUA.

B To Bpemsa kak npobnema aaepHon 6esonacHocTu Obina
MNOSTHOCTbIO OCO3HaHa MUPOBLIM COODOLLECTBOM, @ KyrnbTypa 94epHOU
6e3onacHOCTK cTarna HepasaernbHOM YacTblo SAEPHON OeATENbHOCTU —
OT KOHCTPYMPOBaAHUSA, CTPOUTENLCTBA N IKCNyaTaunm Ao MofHoro
3aXOPOHEHNSI OTXOA0B — CUTYyaLMsA C BHEAPEHNEM KYIbTYpPbI
HepacnpoCcTpaHeHUs1 OKa3anacb 6onee CrioXXHom .

B To e Bpems, 3TO A0MKHO 6bIfio Obl ObITb CTOMb XXe BaXXHOW
npobriemoun, KotTopasi onpeaensTt dyayuiee passutme
nofiHoMacLITabHON SAePHON 3HEPTETUKM.



,MH IIOIXOmVM K BEJIMKOMY IIepeBOPOTY B XH3HH YeJOBEYECTBA,
C KOTODHM HE MOTYT CpPaBHATHCA BCE MM DaHblle NepexATHe. He
IaJIEeKO BpeMmsa, KOTI'La YeJOBeK IIOJYyYHT B CBOM DYKH aTOMHYKD SHEp-
| THI0, TaKO#l MCTOYHUK CHJIH, KOTODH# macT eMy BO3MOXHOCTH CTpPO-
ITHh CBOK XM3Hb, KAK OH 3aX0YeT. JTO MOXET CIYYHTHCA B Cnmxai-

e TONH, MOXET CIAYYUTHCA yepel CcTojJeTHe. HO ACHO, YTO 3TO
IOJUKHO OHTB.

CymeeT Jiu YeJOBEK BOCIOJL30BATHCA 3TO# CHIOHA, HANpPaBUTE,
ee Ha mol0po, & He Ha CaMOYHMYTOXEHHEe?T

Jopoc Jim OH MO YMEHbA MUCIIOJNH30BATh Ty CHMIYy, KOTODyH He-
N30eXHO MOJLKHA OaTh eMy Hayka?

JUeHHe He IOJUKHH 32KpHBATh IVia3a Ha BO3MOXHHE IOCJEen-—
CTBUS WX HayuyHOil paGoTH, HAYYHOTO Iporpecca. OHA IOJXHH celd
YyBCTBOBATH OTBETCTBEHHHMA 33 BCE NOCJENCTBHSA MX OTKDHTHHA.

OHUW TOJIXHH CBS3aTh CBOK paloTy c Jyume# opranmsammei# Bcero ”
YeJIOBEeYEeCTRa .

B. M. BEPHAICKW! 1922.



"Mup peasicsi 8 onbimax
Kropu

AMmoMHouU, JI0NHy8Wer
6omb60U

Ha anekmpoHHbIe cmpyu
HeesonoweHHoOU
2ekamombou”.

A. Benbin B cBOEN nosme
"lNepBoe cBupaHue” (1921 r.).
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COBMECTHOE 3AABJIEHUE

"Obpa3osaHue s8r1iemcs uMmrnepamugoM 01 coOelcmausi Pas3opyKeHuro U
HepacripocmpaHeHur, U, credogamesibHo, Ori co30aHus Mupa 6e3
A0epHo20 opyxus. ObpaszoeaHue rpususaem 3HaHUA U Kpumu4ecKoe
MbiWeHuUe oosM U omoeribHbIM nu4dHocmsMm. ObpasogaHue MoxXem
rnosbicums  oceedomrieHHocmb obwecmeeHHocmu, 8 0cobeHHocmu
byOywux rioKosieHUU, O mpa2uyeckux rocreocmeusix rpuUMeHeHuUs
A0epHo20 opyxusi. ObpaszogaHue MoOxem makxe rnodsuaHyms rooeu u
omoersibHbIX JUYHocmeu, epaxdaH Mupa eHecmu c80oU 8Knad 8 0erio
pa3opyKeHUs U HepacrpocmpaHeHus”.

CosmecmHoe 3as8/1eHUe no gonpocaMm poru  obpasosaHusi 8 obracmu HepachpOCMpPaHEHUs U Pas3opyKeHus
cOenan Ha 3acedaHuu [n1asHo20 kKomumema umozosoli KoHgepeHyuu no AHAO 2010 2. 11 mas 2010 . Eeo
[Mpesocxodumenscmeo 2-H Akuo Cada, YpessbiyalHbit u lNMonHomoyHbIl [locon, FlocmosiHHbIl npedcmasumenb
AnoHuu Ha KoHgbepeHyuu no pasopyeHur.

OT nmenu 40 ctpaH - ABcTpanuu, ABctpun, bonrapuu, bpasunuu, Kavagbl, Yunu, Konymouu, ErunTa,

ActoHuu, 'py3um, Fepmanuu, 'peunn, NBatemansl, Benrpun, UHaonesunu, Upaka, Upnanauu, Utanuu,
AnoHuun, KasaxcraHa, KbiprbisctaHa, Jlutebl, Hammoun, Hoson 3enanauu, Hopseruu, Mekcuku, MoHronuu,
Manya-Hosowu 'BuHen, Mepy, Pununnuu, Monbwwu, Moptyranuu, Ypyreas, Poccun, Camoa, L pu-JlaHku,
Lseuunu, LBenuapun, Tannanaa, rocygapctea ToHra.
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B3pbis TpuHutu, 0.016 cekyHa nocne
AeToHauuun







A9C lLUunnuHrnopr




ApepHble 3anacbl @

CLLIA u CCCP IARA
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USS NAUTILUS (SSN-571)

[lepBas B MMpe aToMHas noasoAHasa noaka, cnyweHHast Ha sogy B CLUA
B 1954 roay







UcnbiTaHUA AAEPHOro opyXus B mupe
B 1945-1998
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Peub dn3eHxayspa
«ATOM ANAa mupa»
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ORI
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KoHdepeHuna OOH B KeHeBe

, 1958, 1964, 1971.

1955




Ponb ApaepHon QHepreTuku (OLeHKN)

- l'NnoHepbl passutna A3 : OcBoeHne A3
obecneynt «30510TOUN BEK» YyernoBeyecTBa.

- « Tpn-Mann AnnaHg» -«4HepHoObIirnby» +
«Pykycuma» : AgepHaqa aHepreTuka — He
onpasgana oXxugaHuu .

- 21-bI BEK . AoepHas saHeprua MOXeT
(BMeCTO- AofMKHa ) cTaTb YacTbio Oyayulero
9HepreTM4ecKkoro passuTua B MUpe.



Cnpoc Ha 3Hepruro
U BO3MOXXHOCTU NepBUYHbLIX 3HEpropecypcos

BanaHc nepBUYHbLIX 3HEProunCToO4YHUKOB
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O Yrone @ MNapoaxeprus

B Buomacca u OrxoAasb! 0O Apyrue Bo3lo6HoBnseMble

0O AToMHas 3Heprus B HeynoBneTBOpEHHbLIA CNpoc

PocT noTpebneHmns nepBUYHBLIX PECYPCOB K CepeauHe CToneTus

Yronb B 4 pa3a, 6uomacca u otxoasl - B 3 pasa, ruapo3HepreTvka - B 2 pasa,
BO306GHOBMNsAieMasn 3Heprus - B 9 pa3, aTOMHas 3HepreTuka - B 3 pasa.
YepHbIM LIBETOM NoKazaHa o6nacTb «HeyJOBMNeTBOPEHHOro Cnpocan.

POCCHICKWA HAYYHbIA LIEHTP

"KYPYATOBCKUWA UHCTUTYT"



3aBMCUMOCTb CTPaH OT MMMNopTa SHeprun
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Mtoe

OHEPI'UA, NOTPEBNAEMAA B MUPE
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ONHAMUKA NOKA3ATEJIEN (KPATHOCTb POCTA)
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PECYPChbI

PasBenannble 3anachl, | ['omoBasi no0bIua, TyT | Pecypc, et
TyT

Yromns ~ 1013 3-10° ~300-400
Hed1p ~3-1012 4-10° ~30-50
['a3 ~3-1012 3:107 ~50—80

1 TyT (ToHHa ycrmoBHOTO TornBa) = 7-10° kam = 2,94-10%° [Tk
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AOBE OCHOBHbIE MEXOYHAPOOHbLIE UHUWLUUWATUBbDI

IAEA-TECDOC-1434

Methodology for the
assessment of innovative
nuclear reactors and fuel cycles

Reportr of Phase 18 (first part) of the
International Project on Innovative
Nuclear Reactors and Fuel Cycles (INPRO)

GIF-002-00

A Technology Roadmap
for Generation IV
Nuclear Energy Systems

December 2002

Ten Nations Preparing Today for Tomorrow’s Energy Needs

lssued by the
.5, DOE Nuclear Energy Research Advisory Committee
and the Generation IV International Forum




IV MexxayHapoaHbin coopym (GIF)

> MexayHapoaHbI NPOeKT (B HacTosiwee Bpemst 13 4uneHoB) A

nogaepxkn R&D, B cpoku oT 15 go 20 net n anga goCTUXeHUd
TexHuyeckomn 3penoctn kK 2030 r.

> 4 o6nactn GIF OLIEHKMW:

YCTONYNBOCTb =)
BesonacHocTb 1 HaOEXHOCTb o T Y-
3 KO H O MU Ka S United Kingdom
HepacnpocTpaHeHunHne u m
donsundeckas salmTa  Brazi ,
* Ycmae GIF  Switzerland
nepebie 11 cmpaH \
> [MpenHasHadeH anst pasnmyHbIX "~ Canada iﬁs«\

obnacten _ South Korea
>3ﬂeKTpI/NeCTBO, BOOOpOA a

OnpecHeHne Boabl, TENO “ - ‘.\ South Atrica

A
France Japan

YcraB GIF nognucan B 2001, Sw 2002, EBpatom
2003, + HOBbIe YneHbl:
Kutan n Poccus (Hosa6pb 2006)
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ApnepHagqa sHepreTnka Poccumn



PeakTopHoe gpeBo oTpacnu

CospaHo 614 peaktopos

(pabotaer 233 peakTopa)
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[epeBo pa3utnst atomHon aHepreTukn CCCP
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OHepreTnyeckme peakTopsbl

BB3P-1000
Kynaukynam Unaus 2013

BB3P-1000 ©
TsaAHbBaHb Kutan 06 3
- -
®
bonbuas cepus BB3P-1000 g
24 peaxTopa 3anopoxckan-1 1984 ©
Manas cepus BB3P-1000 “
4 peakTopa KO-YkpauHckasn-1 1980 o
BB3P-1000 HBA3C-5 =3
IiNoKONEHME  BB3P-440 Mosuca ©
19 peaKTopoB dunnauua 1977 &
| nokonenue
16 PeakTONOE  ppop 440 HBASC-3 1971
BBIP-365 HBA3C-2 1969
BB3P-70 NP 1966
BK-50 Bogo-BogsiHo kunawuvin 1965
BB3P-210 HBA3C-1 1964
«Apbyc» 750 kBT(an.) 1963

OpraHuyeckuun 3ameagnurenb-
TennoHocuTenb

55
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3 PBMK-1500 (1300)

- 1983 UrHanuHckas-1 2 peaxKTopa
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- BH-600 PBEMK-1000 llnokonexue

A

O 1980 BEJIA3C-3 1979 NNA3C-3 9 peaxkTopos

©

T

1973 PEMK-1000 6 peakTonoB

NNASC-1
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peakTopbl
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NMpobnema cbipbeBON 3aBUCUMOCTU IKCNOPTA.

BaxHeWwana Ha cerogHs cTpaTermyeckas sagada — CHUXKeHue
CbIpbEeBOM 3aBUCMMOCTU IKCNOPTa CTPaHbI.

CtpykTypa 3akcnopTta ®paHuuu B 2007 rogy

AnekTpoobopyaoBaHue,
TpaHCMNOPTHbIE CpeAacTBa,
camoneTbl, cyaa, noaku - 43%

Akcnopt Poccuum B 2008 (2007) roay

Cblpbe (HedTb 1 HecbTenpoayKThI,
ras, MeTannbl, ApeBecuHa, yrosb,
KoKc) — 85,9% (84,2%)

Cbipbe (pyabl, MeTannbl,
ApeBecuHa, NPoAyKUUs
XUM. MPOM., Apar. KaMHM,
conum, xnonok) - 31,7%

Opyrve ToBapbl, BKNoYas
NpoAoBONbCTBEHHbIE TOBapbI
u c/x cbipbe

MawwuHbl, o6opyaoBaHue,
TPaHCNOpPTHbLIEe cCpeacTBa,

CtpykTtypa akcnopTta Kutasa B 2007 roay / ANeKTPOOBOPYAOBAHME —
57,1%

Opyrve ToBapbl, BKntovasi \- MawmHbl, 060pyaoBaHue, TpPaHCMNOPTHLIE

NpPoAOBOSIbCTBEHHbIE cpencTBa, (B T.4. opyxue 1,4%; agepHoe
ToBapbl U C/X Cbipbe — o6opyanoBaHue ~0,8%) - 6,5% (5,8%)
7,6% (10%) Coipbe (HedhTb U HedhTenpoayKTbl,
YepHble U LiBETHbIE MeTannbl, [pyrue ToBapbl, TKaHW,
_ ApeBecuHa, NPOAYKLUSA XUM. MPOM., c/x cbipbe - 20,4%
A3 K OAM H M3 He M H o er Apar. KaMHU u meTannsbl) - 22,5%

KOMMNJIEKCOB CTPaHbl, KOTOPbIN

obGnagaeT KOHKYPEHTHbIMU TEXHOSIOMSAAMU U yCryramu.

KnrouyeBas 3agava ana AJK B cpegHecpo4yHOM M AaribHECPOYHOU nepcneKkTuBee
— 3Ha4YnUTEeNbHO (B pa3bl) pacWMPUTb IKCMOPTHLIA NOTEHLUMAN POCCUUCKUX

ﬂ%%prlX 3HeprOT9XHO.I10rI/Iﬁ n ycnyr.



Pa3Burue ApepHoit JHepreTuku 1jas PD ciaenyer
PACCMATPUBATH B KOHTEKCTE PA3BUTUA SIKOHOMUKHU PD,

CrIpbeBoii xapakTep SKOHOMUKH PO ee rmaBHbIN ee HEOOCTATOK - Ha akcnopTt
NnpenmyLLecTBEHHO NOCTaBNAITCA CbipbeBble TOBapa u ToBaphbl
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[Ipon3BOACTBO TOBAPOB HAYAIBLHOIO Mepeaea (CTalb, ATIOMUHUNA, HE0OOpaboTaHHas
JpEBECHHA, MPUMUTHUBHBIC YIOOPEHUS) CTOSIT HA MUPOBOM PBIHKE JICIIIEBO, OJTHAKO
TpeOyIOT MHOTO SHEPIUHU JIJI UX MPOU3BO/ICTBA.

I1aBHasi NpUYUHA HU3KOM 3HEProdPeKTUBHOCTH IKOHOMUKH PP, kak u 110001
JAPYroi CbIpbeBOH IKOHOMUKH, IPEUMYIIIECTBEHHOE TOBAPOB HAYAJIbHOI'0
nepeneJia.



Pa3BuTHe aTOMHBIX YHEPrOTEXHOJIOIHHA MOXKET 3aMETHO
VIAYYIIUTH CTPYKTYpPY Poccniicko 3KOHOMUKH.

MupoBOi ppIHOK aTOMHBIX SHEPTrOTEXHOJIOTHUNA 3TO OOJIBIION
OM3HEC BHICOKOTEXHOJOTHYHOIo cekTopa. CpeaHsisa meHa 1 Kr
ATOMHOI0 000PYI10BaHUsI HA MHPOBOM pbIHKe 0T 10 10 20 $/kr.

Bceerna akTyaan3nupoBaIvCh 2 3a/1a4H.

1. ObecrneueHUE YHEPrUEl BHYTPEHHETO PhIHKA. (371€Ch MBI UMEEM
MHOTO aJIbTEPHATUB).

2. 3aMETHOE NMPUCYTCTBUE POCCUUCKUX aTOMHBIX TEXHOJIOTUH Ha
MHUPOBOM PBIHKE.

AmMOuumnu Poccun Ha ppIHKEe aTOMHBIX JHEPrOTEXHOJIO0T Uil
oueHuBaTCHA B 20% MHUPOBOIo pbIHKA.



TexHonornyeckas Lenovyka aToMHOW SHEPreTUKn
Poccun
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MpomexyTouHble Nnepepenbi oTpacnu



Tunkl Gnoxos:

1T PEMK-1000 B 5H-600

b arns
' BB3P-1000 | BB3P-1070 8 ON3

@ BB3P-440

KapTa pacnonoxeHusi AeCTBYHOLLUNX U CTPOSILLUXCA
3Heproonokos A3C Poccun
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10 Henctsyrowmnx ASC

35 HencTsyronx aHeprobnoka
1 OHeprobrok Ha aTane nycka
5 Ctposilumxca aHeprobrokos

26,3 BT YcTtaHoBneHHast MOLHOCTb
196%4 MNpA.KBT.Y / BeipabotaHo anekTpoaHeprum B 2016 rogy /gona ASC B aHepreTuke Poccun
18,3%




YpoBeHb rnodanusaunm aaepHon 3Heprum
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npon3eoaat 70%
agepHoun
SNEKTPOIHEPINK
Mupa

NnMerT
NPOaABUHYTbIE
pa3paboTkm no
ObICTPbIM
peakTopam
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Poccua

NMEKT MOLLHOCTU MO
nepepaboTke s0epHOro

Tonnmea
- COCTaBNAT
3 80%
JIETKOBOAHbIXDEA pEeaKTOpHOro
KTOROB napka mupa
WER BWR




CNACbO 3A BHUMAHUE

http://icne.late.obninsk.ru/
http://cnkm.late.obninsk.ru/
VMMurogov@mephi.ru



http://icne.iate.obninsk.ru/
http://cnkm.iate.obninsk.ru/
mailto:VMMurogov@mephi.ru
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AOBE OCHOBHbIE MEXOYHAPOOHbLIE UHUWLUUWATUBbDI

IAEA-TECDOC-1434

Methodology for the
assessment of innovative
nuclear reactors and fuel cycles

Reportr of Phase 18 (first part) of the
International Project on Innovative
Nuclear Reactors and Fuel Cycles (INPRO)

GIF-002-00

A Technology Roadmap
for Generation IV
Nuclear Energy Systems

December 2002

Ten Nations Preparing Today for Tomorrow’s Energy Needs

lssued by the
.5, DOE Nuclear Energy Research Advisory Committee
and the Generation IV International Forum




IV MexxayHapoaHbin coopym (GIF)

> MexayHapoaHbI NPOeKT (B HacTosiwee Bpemst 13 4uneHoB) A

nogaepxkn R&D, B cpoku oT 15 go 20 net n anga goCTUXeHUd
TexHuyeckomn 3penoctn kK 2030 r.

> 4 o6nactn GIF OLIEHKMW:

YCTONYNBOCTb =)
BesonacHocTb 1 HaOEXHOCTb o T Y-
3 KO H O MU Ka S United Kingdom
HepacnpocTpaHeHunHne u m
donsundeckas salmTa  Brazi ,
* Ycmae GIF  Switzerland
nepebie 11 cmpaH \
> [MpenHasHadeH anst pasnmyHbIX "~ Canada iﬁs«\

obnacten _ South Korea
>3ﬂeKTpI/NeCTBO, BOOOpOA a

OnpecHeHne Boabl, TENO “ - ‘.\ South Atrica

A
France Japan

YcraB GIF nognucan B 2001, Sw 2002, EBpatom
2003, + HOBbIe YneHbl:
Kutan n Poccus (Hosa6pb 2006)
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|V noKoneHune aaepHbIX 3HEpPreTu4Yecknx

TeEXHOJIOI'MUA
Neutron Fuel
System Spectrum  Cycle  Size (MWe)  Applications
Very High Temperature  Thermal Open 250 Electricity, hydrogen,
Reactor (VHTR) process heat
Supercritical-Water Thermal,  Open, 1,500 Electricity
Reactor (SCWR) Fast Closed
Gas Cooled Fast Fast Closed  200-1,200 Electricity, hydrogen,
Reactor (GFR) actinide management
Lead Cooled Fast Fast Closed  50-150, Electricity, hydrogen,
Reactor (LFR) 300-600, 1,200 production
Sodium Cooled Fast Fast Closed  300-1,500 Electricity, actinide
Reactor (SFR) management
Molten Salt Fast Closed 1,000 Electricity, hydrogen
Reactor (MSR) production, actinide
management

Source: Idaho National Laboratory



PeakTop, oxnaxgaembiu
csepxxpumqecmu Bogoun (SCWR)

XapakTepucTtukm anto

» BogHbIN TennoHocuTemNb
HaxoOuTCs B
CBEPXKPUTUYECKUX
ycnosuax (374C, 22.1
Mrlla)

» Temnepartypa Ha
Bbixoge 550C

= 1,700 MBT(3)

= Bepcun ¢ Tpybamun mnu %
KOpMnycom nop
OaBrieHneM

* YnpoLleHHbIn BbanaHc
cTaHuuu

[nocobl

» O PEKTUBHOCTb NOYTHU
45% c BenukonenHowm
3 KO H O M |/| L‘l H O CT b |'O http:/lwww.gen-4.org/T: echnologylsystemslindex.h?m8

@JW;TM ter-Cooled Reactor




UTO pact nepexog Ha CKL

1. CHMXeHne KanuTanbHbIX 3aTtpar.

YnenbHas metannoemMmkocTb, T/MBT.an.

BbH-800 BH-900 BH-1800 BBOP-1000 BBOP-1500 CKI-
1
9,04 5,34 450 3,21 3,75 rnr 1,44
3,31 Bnr

OOGbeMbl CTPOUTENBHBLIX PA0OT CoKpaLLlalTCs NPUMEPHO B 2 pa3a

CHmxaloTcsa 3arpaTtbl HA MOHTaX (MeHbLUEee KONMM4YecTBO 00opyaoBaHUS,
YMeHbLUEeHNe anameTpa Tpybonposoaa u

ap.)
2. NpnmeHeHne cepmnHoro obopyaoBaHUs (TypbuHbl, nogorpesaTenu
n ripoyee).

3. CHMXXeHMe CpoKOB CTPOUTESLCTBA.
4. MNoBbiweHne KMo c 33-35% no 40-43% wn bonee.
5. BoamoxHocTb cxkuraHnsa MA n HapaboTKu n3oTonos.



Konnermus peakropa BBOP-CKA

[1ByxKoHTypHas PY OﬂHOKg:/TypHa""

OanHakoBbIn ]
peakTop:

*25MTa;

*bbicTpOopeso-
HaHCHbIN CNEKTP

2 KOHTYp: 24 MMa (aHanor BASC-2)
(ananor BASC-1)
70

70



O4eHb BbICOKOTEMMEpPaATYPHbLIN peaKTop
(VHTR)

XapakTepucTtukm
= [[enneBbIN TENJIOHOCUTENb

* Temnepartypa Ha Bbixoae
>900C

= 250 MBT(3)

= YacTuupbl TONnNuea moryT 6bIT
KaK rpaHynMpoBaHHbIMN, Tak
N NPM3MaTUYECKUMM

[1tocChl
* [Ipon3BoacTBO Bogopoaa

* [lpmeHeHmne
TEXHOMNOrM4ecKoro tenna

» BbICOKMI ypOBEHbL MacCUBHOM
b6esonacHoCTH

= BO3BMOXHOCTb JOCTMXEHUSA
BbICOKOW TEMNIOBOM 21
3@(*)9 KTUBHOCTWA http://www.gen-4.org/Technology/systems/index.htm




HaTtpueBbin ObICTpbIN peakTop (SFR)

XapaKTepUCTUKn
* HaTpuneBbIN TENSIOHOCUTESb

» TemnepaTypa Ha Bbixoge 550C ¢ |

= 600-1,500 MBT(3) ans ( \ Benerator
BOonbLLIOro peakropa unu

= 300-600 MBT(3) ans cpegHero

Generator

Turbine

Cold Plenum

= 50 MBT(3) Ans MarneHbKoro o LI "">
Moayns CITT] *
» MeTannunyeckoe Tonsmeo C

nMpomMeTannypruyeckom
obpaboTkon MOX TONNMBO C
yCOBEPLUEHCTBOBAHHbLIM
OoCaZloMHbIM pasgeneHnem

[nockl

e Bbicokaga TennoBas
9 PEKTUBHOCTb ﬁ

¢ [loTpebrneHne akTMHMOOB U3
peakTopOoB Ha fnerkov Boae

b 3 (bq)e KTUBHOE N po n3 BOD: CTBO http://lwww.gen-4.org/T echnologylsystemslindex.lrrz
aenduieroca matepuana

Heat Sink

—~——

‘ \ Pump

Secondary
Sodium

Pump

\ %jﬁ G oled Fast Reactor

Primary
Sodium
(Cold)

ooooooooooo



BbicTpbin peakTop Ha cBuHUe (LFR)

XapakTepucTuku
= TennoHocuTenb CBMHLOBbLIVN UMK

CBMHLOBO-BUCMYTOBbIN [ Fﬁi
= Temnepartypa Ha Bbixoge 550 — toat-Goole Fast Reactar

800C

» ManeHbkasi nepeHocHasa cuctema
50-150 MBT(3) n

= KpynHasa ctaHuus 300-1,200 MBT(3)

= CpoK Ccrny6bl akTUBHOM 30HbI 0
15-30 net U-Tube Hea

[nochl

Modules (4)
= PacnpegeneHHas BbipaboTka * * f
3-l1e|<TpIAL'IeCTBa Reactor Module/

Fuel Cartridge

Yy,

Electrical
Power

f

Recuperator
——

v;

(Removable) Heat Sink

= Bogopoa v nuTbeBas Boaa Sootn ! '
= 3amMeHsemMasi akTUBHaa 30Ha jalpje! S
peFMOHaﬂbHOVI nepepa60T|<V| Feore
TonnmBa -

TTTITNT
. . i gasagonty
» BbICOKMIN YpOBEHb NACCMBHOWM ﬁ \/wao‘““/
0e30omnacHoOCTH

Inlet
Distributor

Heat Sink

N

“r

7

Reactor

» [lpoTuBOAENCTBUE
pacnpoCcTpaHeHuo NocpenCTBOM

. 73
60” bLIOro Cpo Ka CIl y>K6 bl aKTUBHOU http://lwww.gen-4.org/Technology/systems/index.htm
30HbI



Gas Cooled Fast Reactor (GFR) —bbICTPbIN PEAKTOD C IA30BbIM OXNAXKACHUEM

XapaKTepucTuku Gﬁm
GJ -Cooled Fast Reactor
= He - TennoHocuTenb

» BoIxogHaga Temnepartypa renus - 850C
= [1psAMON ra3oTypOUHHBIN LK '

= MowHocTb 6nokos - 2,400 MWth /
1,100 MWe

» PasnunyHble TOMNMMBHbIE KOMMNO3ULINUN
— Kapbugpbl
— Hutpunasbl
— Okucnbl
[NMpeBocxoactea

» Bbicokasa TepmoanHammyeckad
9P PEKTUBHOCTb

» O (peKTUBHOE MUCMONL3OBAHUE
YpaHOBbLIX PeCypcoB

Generator

'

Recuperator

J
=

x
@
5

H

-]

\I!
I

Control
Rods

2-GAS0807-05

=T
http:/lwww.gen-4.org/Technology/systems/index.htm



PeakTop Ha pacnnaBneHHbIX CONAX
(MSR)

XapakTepucTuku

= TONNMBOM SABASAETCS IS XNOKUN
doTopua ypaHa unu nnyToHus ¢ w
nnTneBbIM, 6epUNINEBLIM, L m ety
HaTPUEBbIM N OPYrUMU
dTopmnoamu

" TemnepaTtypa Ha Bbixoge 700—
800C |

= 1,000 MBT(3) i 1

* Huskoe gasneHue (<0.5 Mll1a) @g
[1ntocChl

= Mano oTxonos

» [lpegoTBpaLlaeT 3BOMOLMIO
TonnuBea

» [lpenaTtcTeue
pacnpoCTpaHeHuto no
CpeaCcTBOM MHBEHTapuU3aunm
HMU3KOYPOBHEBBLIX OENSLLNXCA

Emergency Dump Tanks

75
M aTe p |/| aJ'I 0 B http://lwww.gen-4.org/Technology/systems/index.htm



be3onacHOCTb 1 KynbTypa
HepacnpoCcTpaHeHUS

fAaepHasa 6e30nacHOCTbL U AAepHOe HepacrnpocTpaHeHue — 3To
rnmaBHble NPOBEeMbI NosTHOMacLITabHOro A4epHOro 3HEPreTUYECKOro
pasBUTUA.

B To Bpemsa kak npobnema aaepHon 6esonacHocTu Obina
MNOSTHOCTbIO OCO3HaHa MUPOBLIM COODOLLECTBOM, @ KyrnbTypa 94epHOU
6e3onacHOCTK cTarna HepasaernbHOM YacTblo SAEPHON OeATENbHOCTU —
OT KOHCTPYMPOBaAHUSA, CTPOUTENLCTBA N IKCNyaTaunm Ao MofHoro
3aXOPOHEHNSI OTXOA0B — CUTYyaLMsA C BHEAPEHNEM KYIbTYpPbI
HepacnpoCcTpaHeHUs1 OKa3anacb 6onee CrioXXHom .

B To e Bpems, 3TO A0MKHO 6bIfio Obl ObITb CTOMb XXe BaXXHOW
npobriemoun, KotTopasi onpeaensTt dyayuiee passutme
nofiHoMacLITabHON SAePHON 3HEPTETUKM.



COBMECTHOE 3AABJIEHUE

"Obpa3osaHue s8r1iemcs uMmrnepamugoM 01 coOelcmausi Pas3opyKeHuro U
HepacripocmpaHeHur, U, credogamesibHo, Ori co30aHus Mupa 6e3
A0epHo20 opyxus. ObpaszoeaHue rpususaem 3HaHUA U Kpumu4ecKoe
MbiWeHuUe oosM U omoeribHbIM nu4dHocmsMm. ObpasogaHue MoxXem
rnosbicums  oceedomrieHHocmb obwecmeeHHocmu, 8 0cobeHHocmu
byOywux rioKosieHUU, O mpa2uyeckux rocreocmeusix rpuUMeHeHuUs
A0epHo20 opyxusi. ObpaszogaHue MoOxem makxe rnodsuaHyms rooeu u
omoersibHbIX JUYHocmeu, epaxdaH Mupa eHecmu c80oU 8Knad 8 0erio
pa3opyKeHUs U HepacrpocmpaHeHus”.

CosmecmHoe 3as8/1eHUe no gonpocaMm poru  obpasosaHusi 8 obracmu HepachpOCMpPaHEHUs U Pas3opyKeHus
cOenan Ha 3acedaHuu [n1asHo20 kKomumema umozosoli KoHgepeHyuu no AHAO 2010 2. 11 mas 2010 . Eeo
[Mpesocxodumenscmeo 2-H Akuo Cada, YpessbiyalHbit u lNMonHomoyHbIl [locon, FlocmosiHHbIl npedcmasumenb
AnoHuu Ha KoHgbepeHyuu no pasopyeHur.

OT nmenu 40 ctpaH - ABcTpanuu, ABctpun, bonrapuu, bpasunuu, Kavagbl, Yunu, Konymouu, ErunTa,

ActoHuu, 'py3um, Fepmanuu, 'peunn, NBatemansl, Benrpun, UHaonesunu, Upaka, Upnanauu, Utanuu,
AnoHuun, KasaxcraHa, KbiprbisctaHa, Jlutebl, Hammoun, Hoson 3enanauu, Hopseruu, Mekcuku, MoHronuu,
Manya-Hosowu 'BuHen, Mepy, Pununnuu, Monbwwu, Moptyranuu, Ypyreas, Poccun, Camoa, L pu-JlaHku,
Lseuunu, LBenuapun, Tannanaa, rocygapctea ToHra.



[1BONCTBEHHBLIN XapaKkTep A4epHON TEXHUKKU, 3aKmoYaroLnncs
B BO3MOXHOCTM €€ WCMNOoNnb30oBaHWS B pPaBHOW CTEMNEHU B
MWUPHOM U  BOEHHOW  cdpepe, 4HBNAETCA  OCHOBHbIM
NpoTUBOPEYNEM CyLLECTBYOLLEro pexmma  AOepHoro
HepacrnpocTpaHeHnss M NonHomMacwTabHoro  pas3BUTUS
agepHon aHepretukn (AJ) n eé TonnueBHOro umkna (ATL).
CBsiI3aHHbIM C 3TUM aHTaAroHM3M MexXay HeobXoaMMOCTbHO
PasBUTUA rpaxgaHCcKkon HAJ, pacluMpeHnsa Kpyra CTpaH WU
cdoep ee npunoxeHus, c ogHOM CTOPOHbI, U PUCKOM MNepenaymn
A0EPHbIX  TEXHomormm 1 gendumxca  Martepuanos,
noTeHuMnanbHO MPUMEHUMbIX B BOEHHOW cdpepe, C OpYyrow,
onpenenaeTr OCHOBHYIO Yrpo3y pexumMy HepacrnpoCTpPaHEHMUS.



BospacTtatoLwmn Hakan cutyaumm B 44epHOM HepacnpocTpaHeHuu
B Ha4ane HOBOro ThICAYEeNeTnsa cosrnan ¢ HOBbIM LIMKIOM
BO30OHOBMNEHMSI NHTEPECA K AJ.

C o4HOM CTOPOHDI, -3TO CBA3aHO CO CTPEMIIEHMEM K MCMNONb30BaHUS
A0EpPHbIX TEXHOMOMMM CO CTOPOHbLI HOBbIX CTPaH, PasnunuyHbIX MO CBOEMY
YPOBHIO U XapakTepy MNPOMbILLUNEHHON KYyNbTYpPbI.

C Apyromn CTOpPOHbI,- POCT pUCKa CBA3aH CO CTPEMIIEHNEM K AaribHenwemy
Pa3BUTUIO MHHOBALMOHHbLIX TEXHOSTOMMW: Hanpumep ,AJY Manon MOLHOCTU
0N pa3sBMBaKOLLMXCA CTPaH ; peakTopoB - pa3MHOXUTeENen , pabortatrowmx B
3amMkHyTOM ATL ¢ nepepaboTkon n NOBTOPHLIM UCMONb30BaHNEM AENALLMXCS
MaTepuanos, nNpexae BCEero niyToHUd, BbICOKO 3pPeKTUBHOU TEXHOIOrnm

«LUEeHTpUdykHoro» oborawieHmna 1 T.0. .



O6Ga atn dhaktopa - HeMMHyeMO BeOyT K MOBBLILWEHUKD pPUCKaA SOEPHOro
pacnpocTpaHeHua - MepekniovYeHnsa SOepHbiX 3HaHUW  ,TeXHOSOorun,
mMarepuanos , 060pyaoBaHUS - C MUPHOWU OEATENBHOCTN.

OTO OCOOEHHO OYEBUOHO C Y4YETOM BO3pacCTaHUs Yrpo3bl SOEPHOro U
pagunauuoHHOro TeppopuaMa npu  HabnogaemMoMm  paclumpeHun  cdep
BO3MOXXHOIO MNPUNOXEHNA AOepHOUM HaAyKM W TexXHonormu. HepgonylieHue
pacrnpocTpaHeEHUs HbIHE SABNdeTca 0oriee akTyanbHbIM, 4YeM Korga-nmbo
paHee.

[lp 3TOM cCTaHOBUTCA BCE 0OoOfiee ACHO , YTO TONMBbKO MHCTUTYLUOHHbLIE,
TeXHoNorn4yeckne wnu/m 3anpetutesibHble (KOHTPOSibHbIE) Mepbl
MEXOYHapPOOHbIX OpraHnu3aummn- He co3gatoT NoSIHOM rapaHTUM B 0COBEHHOCTHU C
y4eTOM MOTEHLUMASIbHOM OMNacHOCTM Teppopusma.

Kak otmevyaetca B gokymeHTax MATAT3, okoH4aTtenbHoe pelleHne npobnemol
SAEPHOro HepacrnpocTPpaHEHUs] HA CEerogHsa HESICHO B MNPUHUMNE — Kak B
TEXHUYECKOM, TaKk U B lOpuUaM4eckoM nnaHe. IOTO Haubornee CNOXHbIN
BOMPOC, CTOAWMM nepen NOSIHOMacWTaOHbLIM pa3BUTUEM CTaOUNbLHOW
A0EePHON IHEPreTUKN.
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MexayHapoaHbIn LeHTPp saepHoro oopasoBaHus
HAAY MADU

Odunmanpaeiii caiit MO HUAY MUOU.
http://icne.iate.obninsk.ru/

« HoBocTu no TemaTiKaM SEPHOIO S o
o6pa3oBaHus B —

*  AHanutnyeckue 0630pbl

* Jlekumu n npeseHTaumm

»  [lybnukaumm

»  O630pbl AAEPHBIX TEXHOMOTNA

«  XypHanbl MeponpusaTuii LeHTpa

* Bwupgeo matepuansl

* /I mHoroe gp.

= OMNEKTPOHHBIN nopTan obegHALWMN BCE PECYPChbI
coTpyaHukoB konnektmea MUAO

= CopepxuT oanmKecT OCHOBHbIX HOBOCTEN 1 CODbLITUI
caiToB Bxoaswwx B rpynny MUAO v konner
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" JIpunoxeHne OTOOpaXKaeT TEKYIIEE COCTOSHUE

SleproTaR B 2 S aTOMHOM  JHEPreTUKA B  MHUPE.  aTOMHBIE
. . AJIEKTPUUYECKUE CTaHIUM, OOBEKTHI SIJACPHOIO
e Y g ,.4‘,; 3 ,‘MW.; TOIUIUBHOTO LMKJIA, JeJsIIuecs MaTepuaibl.
g , —5 HmeeTcss BOBMOXKHOCTh (DMIIBTpALIMd OOBEKTOB I10
o e ek THITY, COCTOSHHIO M MECTOIOJOKEeHUIO. J{aHHBIe
it 3t b sticeien o temrtere it ey o €KETHEBHO OOHOBIISIIOTCS HA OCHOBE 0a3 JaHHBIX

———  MATATD.
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https://play.google.com/store/app
= s/details?id=lannp.keynps
"  AHapoiln npuioKeHHe HWHPOPMAITMOHHOTO

pecypca  «OCHOBHBIE  CTaTUCTUYECKHUE
ceeaeHus mo A9C u ATL»
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NUCLEAR DATABASE OF UNIVERCITY
SCIENSE, EDUCATION, HISTORY

HISTORY OF NUCLEAR
SCIENSE AND
TECHNOLOGY

DEVELOPMENT

NUCLEAR DATABASE OF UNIVERCITY
SCIENSE, EDUCATION, HISTORY

FAST BREEDER
REACTORS AND
NUCLEAR FUEL




CucrtemaTnyeckoe nouteHme nekKumn Ons CTyaeHToB

NHCTUTYTa aTOMHON SHEPreTukn U aaepHbIX
TexHonorun HAAY MNOI,

* HCcTuTyTa MexgyHapoaHbix oTHoweHnn HNAY
MU

»  WHocTpaHHbIX cTyaeHToB MATO HAAY MNOU

» CTyOoeHToB ssaepHbIX cneumansHocTen By3os CHI.

CcChUIKH

shttp://0g40.ru/?p=4672
=http://www.iaea.org/INPRO/News/2014/2014-04-25-

inpro.html
=http://lannp.iate.obninsk.ru/index.php?subpage id=49

=http://lannp.iate.obninsk.ru/index.php?subpage id=43

=http://lannp.iate.obninsk.ru/index.php?subpage id=41



http://og40.ru/?p=4672
http://og40.ru/?p=4672
http://og40.ru/?p=4672
http://og40.ru/?p=4672
http://og40.ru/?p=4672
http://og40.ru/?p=4672
http://og40.ru/?p=4672
http://og40.ru/?p=4672
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://www.iaea.org/INPRO/News/2014/2014-04-25-inpro.html
http://lannp.iate.obninsk.ru/index.php?subpage_id=49
http://lannp.iate.obninsk.ru/index.php?subpage_id=43
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41
http://lannp.iate.obninsk.ru/index.php?subpage_id=41

CNACbO 3A BHUMAHUE

http://icne.late.obninsk.ru/
http://cnkm.late.obninsk.ru/
VMMurogov@mephi.ru



http://icne.iate.obninsk.ru/
http://cnkm.iate.obninsk.ru/
mailto:VMMurogov@mephi.ru

