EpHAA SHEPIrUsA. HAIN BOSMOKHOCTI

E.B.IlIupoxkos, XI-1 Bcepoccuiickas aeTHss mikoa yautenaei uzuku, MI'Y, 6 urons 2023 r.
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JledpexT Mace. DHeprusi CBA3HN
sAapa.

W(A,Z)=(Zm,c*+ N-m,c*) - M(A,Z)c?
rae M(A, Z) — macca agpa.
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Before and After
Fission
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Spent fuel

Uranium




OTKkphITHE JejIeHUd ypaHa
(O.I'an, ®.lITpaccman, 1938 r.)

-
SR

L

\"’7

Hob6enesckas npemMus no xmmMuun, 1944 r.
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Mexanu3m aeaeHns

nuclear fission

neutron

uranium nucleus

fast
neutrons
uranium nucleus
plus neutron

nucleus splitting

two daughter nuclei
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IlepBBIN SACPHBIN PEAKTOP
(O.®epmu, CIIIA, nexadps 1942 1.)










M3o0TOonbI ypaHa




CBoHCcTBA M30TOIOB YPaHAa
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| Iranium-2738 | Iraninim-P38 ke Plitoniim-236
Elactrons










Crenenu o0orameHns

MNatural uranium
> 09.2% U-238

Low-enriched uranium Highly enriched uranium
(reactor grade) (weapons grade)
0.72% U-235 3-4% U-235 90% U-235




OTKpBITHE IIYTOHMSA
(D.Mak-Muiiian, I'.Cudopr,
1940 r.)

Hob6enesckas npemus no xmmuun, 1951 r.
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AlepHast SHEPLETNKA

North America hosts
over 25% of the world's
operating reactors.

o]
© @ ° NEW YORK
@
Los ANGELES& © ’

‘ %MIAMI

] o

South America’s 5 reactors
are split between Brazil and e L
Argentina, with 2 more L)
under construction.

Og

BUENOS AIRES

Germany pledged to
close all nuclear power
plants by 2022.

'~.3 a

MOSCOW

At 51 years, Switzerland's
Beznau Unit 1 reactor is
the oldest operating
reactor in the world.

MUMBAI B}

cape Town @

Africa only has two reactors,
both in South Africa,
though more are planned
on the continent.

Dots with a white ring represent
nuclear reactors built after 2010

China hosts the most new
reactors, with 45 of the
world's 99 reactors less
than 20 years old.

Japan shut down all
reactors following the
2011 Fukushima disaster,
but began restarting
reactors in 2015.




AlepHast SHEPLETNKA

Status of commercial
nuclear power

Building first plan
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ABapuM HA AACPHBIX CHI0BBIX
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Major Nuclear
Disasters of the world
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Ocean

£ ) [February 22, 1977
Jaslovské Bohunice
(Czechoslovakia)

December 7, 1975
Greifswald
{East Germaniy)

April 26, 1986
Chernobyl disaster (Pripyat)
{Ukraine)
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August 9, 2004
Fukui Prefecture
| Uapan) 2

P e

Date

_ October 5, 1966
Manch 11, 2011
August ©, 2004
January 3, 1961
September 30, 1000
Septamber 15, 1984
Manch 17, 1989
February 16, 2002
December 19, 1987
February 20, 1996
May 4, 1986
September 2, 1006
Manch 31, 1987
December 7, 1975
April 11, 1986
February 22, 1977
Manch 9, 1985
March 28, 1979

April 26, 1986

{Fukushima, Japamn)

North
Pacific
Qcean

March 11,2011
Okuma

@ September 30,1000
— B baraki Prefacture
JAPAN  ()apan)
®south Pacific
Ocean
Location Casualty
Michigan, US
Fukushima, Japan
Japan
Idaho, US
Japan
Alabama, US
Maryland, U5
Ohio, US
New York, US
Connecticut, US
Germany
Florida, US
Pennsylvania, Us
East Germany
Massachusetts, US
Czechoslovakia
Alabama, US
Pennsylvania, US
Ukraine
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Cxema neperpeBa peaxiropa




HanbOosee 3HAYNTEIbHBIC ABAPUN HA
CTAHIUSX HA AACPHOM TOILIABE

CCCP, YepHobbinib, anpens 1986 r.






Crenenu o0orameHns

MNatural uranium
> 09.2% U-238

Low-enriched uranium Highly enriched uranium
(reactor grade) (weapons grade)
0.72% U-235 3-4% U-235 90% U-235




Mexanuam menHoOM peaKmn
HCJICHMUS




Kpumuyeckasa macca —
MUHUMAAbHAA Mmacca fenauje2oca eewjecmed,
8 Komopoli npomeKaem He3amyxarouwas yernHas
peakyus 0eneHus

Kputnyeckas macca MMHUManbHa ana chepudeckmx
Ten.

MeTtannuyeckue naytoHnn-239 u ypaH-235 B popme

chepbl UMEIOT KPUTUYECKME MACCbl COOTBETCTBEHHO

T SOnRr,

MNnaytoHun YpaH
239 5

30|CM




XPOHOI0TASA CO3TAHNSA STIECPHOLO
OpPYXKHUSA

B 933 I. - OTKPBITHE MEMIHON PCAKITAN JICTCHUS

" 1940 1. - nHEpBBIC NPEMIOKEHUS 0) CO3AAHNN
«YPAHOBOM OOMOBI

B 942 T. - HauaJio pabOoT O COZMAHMIO SACPHOIO
opyzxus B CIHIA, CCCP u I epmannmn

B [ 6/ureiis 1945 1. - B3phIB HEPBOU SAACPHOU
ooMObI (CIITA)

B 6,9 aBrycra 1945 1. - syiepHbie 00MOAPAUPOBKH
XUPOCUMBI 1 IHaracaku



AnepHbLIA 3aPAT <KIIYIICYHON 0
THIIA




XPOHOI0TASA CO3TAHNSA STIECPHOLO
OpPYXKHUSA

B Mapz 1945 r. - aktuBHU3aMs paboT HO
CO3IaHMI0 saepHoro opyxus B CCCP

" 1946 1. - 3a1yCK IEPBOIO COBEICKONO SIEPHOIO
peaKTopa

B 29 aprycra 1949 r. — B3pbIB HEPBOM COBETCKOMN
suepaor 6omobl (PAC-1)
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Akapgemuk tO.6.XapuTtoH y Mmaketa 6ombbl PAC-1




HbIe ncnbiranusa 1949-1963
IT.
















OHepIrusi CBAZH ATOMHOL0
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OTKpBITHE BO3SMOKHOCTHA CHHTE3A
(I".bere, 1938i1.)




Three deuterium fusion reactions:

1.
+ . .
2 deuterium “'?.,Zﬁﬁg,ﬁg"

high-energy helium-3
helium-4

2.
o-0—@—@-
high-ene
2 deuterium tritium gp.nr_:d:rjnn;”IIr

high-energy
helium-4

3.
2 deuterlum gamma ray

high-energy helium-4
helium-4




KyJ/ioHOBCKHI ODapbep npu
CUHTe3e

Dlistance (fm)




OHEPINsA — TeMueparypa
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BoM0a «ClIoNKAaY




JMenmepua JATHs




XPOHOJIOTHAA CO3TAHNSA
TCPMOSACPHOL 0 OPY KA

Konei 40-x 1oa0B-HauaJIo Pa3padoTKH
Tepmosiicpaoro opyxusa B CCCP u CIIIA

Maw 1951 r-riepBoe HclbitaHve TEPMOSICPHOIO
ycrpoycisa (CIITA)

ABryct 1953 I.-B3phIB [IEPBOX TEPMOSAEPHON
o0oMoBL (CCCP)

deBpaib 1954 r-B3pbIB HEPBOM OOMOBI
COBpPEMEHHOr0 Thia (aByxdazHas, CIIA)

Hos0ps 1961 r-uchsirasaue camon MOUMIHON B
ncropun TepmosiaepHon 6omosl (CCCP)



Cutaway of thermonuclear warhead

primary fission trigger

= deuterium-tritium
gas

[ plutonium-239

I beryllium
O chemical
gxplosive

secondary fusion device

uranium=-235 [

lithium deuteride
{fusion fuel)

frarT uranium-238 or 235 [

uranium-23g case
neutron generator




AMmepuKaHCKoe UCnbITaHue
Castle Bravo 28.02.1954 (atonn Bukuuu)

5M1- cuHTéa
10 Mt - élheneuue
ypaHa-2

KpaTtep: % ameTp 2 Km,
rnybuHa 75




Ecim Obl MBI HE HOCIICIINIIN C
BOJOPOJHOM OOMOOM, C BBICOKOM
BEPOSTHOCTBIO CEMUac MbI BCE
TOBOPHIIM ObI HO-pyccKH. 1looToMy 4
HU 0 4€M HE COXKaJeIo.

DOnBapn 1emrep,

OIWH U3 CO3JIaTelIe aMEPUKAHCKOIO
SACPHOTO ¥ TEPMOSIACPHOTO OPYKHUS
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IIpo6iieMbl yIIpaB/IsieMoro
TepMOsi/IEPHOI0 CHHTE3A

Central Magnets

Confinmng ./ j
Magnets Energy Recovery

Modules




TOKAMAK (TOpougaasnass KAmepa c
MAranTHBIME KaTymkamn )

LOedTepuii

. Mnaszma

3n. MarHnTel
TennoHOCHUTENE




MarHuTHOe yaeprXaHue nsasmbl
* TOKAMAK

nonovganbHbie

TOK nnasmbl *

Mnasma nonowpansHoe  topoupanbHoe TOK
MarHuTHoe none MarHuTHoe TOpPMAAnkHBIX
none KaTyLlek

Cxema npuHumMnuansHelx y3nos TOKAMAKa




Tokamak T-15 KypuyaToBcKOro

NnacTnryra
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ITER — npoMbIIeHHBIN (HET)
TePMOSIAPHBIN peaKkTop
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Proton

Neutron Tritium nucleus (t)

O muon OO Deuterium nucleus (d)

(2) Productionof P t ?
many tp atoms

d

(3) Production of dtp dtp molecules
muonic molecules

(1) Muon injection

(4) Nuclear fusions

produce a particles
(5) Free muons and neutrons
are recycled

Reactivation
Nuclear
fusion o

m
(6) About 1% of liberated 1 . )
muons become stuck a particles (helium nuclei)
to helium nuclei
1%

Sticking
ap particles (muonic helium atoms)




«XO0JOOHBLIN CHHTE3)




pe: Ciniaa. Yrofed cOASTE YONODHS AR AGEMHONT CHITELS Dy TR TORIWIHD,
CATE pad GONuUan TesnepaTypa.



Teopust 00pazoBaHNs XUMHYECKUX

3JIEMEHTOB B 3Be3aax (Y.dayJep u ap.,
1955)

# .,

y

Hobenesckas npemus, 1983 r.
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«KHM3HB» MacCUBHOM 3Be3IbI

12¢ 4 12¢ —» 20Ne + 4He

ITpumep peaknuum "ropeHns”

JIepoa
He,N THIEP

He,C,22Ne
0,C
0,Ne,Mg

51,5

Fe,Ni core




OCHOBHbIe 3Tanbl 3BONOUUA MaccuBHOM (> 25M ;) 3Besgbl

OcTaToK —

HeMWTpoHHas 3Be3pa
Wnn yépHas fbipa

B3pp g caeprﬂﬁo“

lopenye xene3?




biarogapro 3a BHUMaHue!
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