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Poccna. Tokamakun. OCHOBHbIE BEXMU.

1951 - 1960

TOKAMAK (TOpounansuas KAmepa MAruutHas Karyika)

N.E.Tamm  A.J.Caxapos

epmosig B Poccun.
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1971 - 1990

1972 rony JI.A.Apuumosuyem u B./l.Illa¢panoBsIiM npensioxeHa
KOHUENUHS BLITAHYTOIO CeYeHHUsI € MOJIOUAAIBHBIM IHBEPTOPOM.
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Poccus. OCHOBHbIE BeEXu
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Fusion performance

Fusion Power
Input Power

~ Nilizg

Existing experiments have
achieved nTt ~ 1x102t m-3skeV
and Qpr ~ 1

JET and TFTR have produced DT
fusion powers >10MW for

IT]E%Q IS designed to a scale which
should yield Q,; = 10 at a fusion

power of 400 — 500 MW
300 — 500 s - Baseline scenario

for
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Fusion product, n,T, [10* m~skeV]
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JET fusion world records

JET
, -
World’s largest facility - -
Fusion power record
- JET ELM free JE{E"DQZF 2
16MW = TFTR H-mode (1997)
> (1294)
g 101 : JET optimised
= : shear mode (1997)
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ITER — the biggest tokamak ever bullt

Many tokamaks have been
bullt over the past 60 years.
ITER will be twice as big as
the biggest tokamak still
operating (JET, Culham UK)
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Tore Supra (France)

Vomema 25 M3, 1L~ 1TMA V. 80m3, | ~3MA V. 830m3 | =15MA, B,=53T
Prcion O MW Prcion ~16 MW, 1s P cion ~500 MW, 300 - 500’5, Q = 10
tojasma ~ 400'S tojasma ~30 S t jasma ~ 600 —3000's, Q=5

First Fusion plasma experiment



Aerial view of platform - September 2013
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4.1 Progress in Building construction work

December 2016



Tokamak Complex Bioshield raised at full speed
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NTIP. CucteMbl yCTaHOBKU. MarHMTHasa CUcTema.

ITER - Magnet Systems

48 superconducting colls
— 18 Toroidal Field coils

— 6 Central Solenoid modules
— 6 Poloial Field colls
— 9 pairs of Correction Colls

E

System Energy |Peak |Total |Cond Total
GJ Field |MAT |length km weight t

Toroidal 41 11.8 |164 82.2 6540
Field TF

Central 6.4 13.0 |[147 35.6 974
Solenoid

Poloidal 4 6.0 582 |614 2163
Field PF

Correction |- 4.2 3.6 8.2 85
Coils CC
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NTIP. CucteMbl yCTaHOBKU. BUTKKM TOpoMAaanbHOro nong.

Toroidal field coils

Boeing 747-300
(maximum take-off weight ~¥377 t)

16 x9 m, ~360 t
(EU, JP — 18 coils)
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http://image067.mylivepage.ru/chunk67/1488486/1086/Boeing 747-31 1.jpg

NTOP. CBepxnpoBOAHWNKHK

TF Superconducting Strand
Procurement is Largest in History

e Nearly ~450 tons (~90,000 km) of Nb,Sn strands have been produced (100%)
e The largest Nb,Sn strand production ever — pre-ITER world production was ~ 15 t/year.
e Superconductor industry was created in Russia !!!
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TF Strand Production Summary
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RF DA. CBepxnpoBOAHMKN ANS TOpOUAANIbHOIO
[IRI TF Conductor Production In Russia NnosionAanbHOro

=R I
Cabling of 760 m Cu Dummy :

at VNIIKP, RF (Feb. 09)
. |-

Y4YacTHUKM NIPOEKTA:
OAO «TBAJI», AO «UM3»

AO BHUUKII, AO BHUNHM
N®B3, HULI «KypuaroBckuiit UHCTUTYT»

UcnbitaHna B HUL «KypuaTtosckuit UHCTUTYT?

g1 gEEEEL 1N
LR TR

ESCIAEE Cnabhalon ™ £ Lb. A% JARICHEY

iter newsline
Russian TF conductor successfully tested in SULTAN

The results obtained with the TFRF4 (Toroidal Field Russian i
Federation #4) sample show very good agreement with
results of the two last samples TFRF2 and TFRF3, which
demonstrated the relatively good stability of the
conductor during electromagnetic cycling, as well as its
%d durability during the warm-up/cool-down procedure.

MocTaBKku:
-Ha SULTAN (LLBeiinapma) ona ucnbiTaHUn
- B CRIOTEC Co. (UTanua) ana pxkekeTMpoBaHUA
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Progress of TF Coil Winding PBS 11.TF coil

|‘ -
SR A
Transfer )

=

t‘_‘{'_A—;

Insulation wrapping of 7 DPs stacked for
first JA TF Coil was completed in January
Futami Plant of Mitsubishi 2017, which is timely accomplishment of
Heavy Industries one of the IC milestones.
Ltd.(MHD/Mitsubishi

Electric Co.




NTIP. CucteMbl ycTaHOBKU. KaTyLLKa nosionaanbHOro nong.

Poloidal Field Coils e So large that they most must be m

Terminals . manufactured on site

i e PF3:24.5 m dia. & 386 ton

e Building is 250 m long x 45 m wide
and is the first building on site!

» e
''''''

) aBAMueCKAR

TMAPASAUNECKES CHETEME

Banyymmniit obsem
c naSopom nogcrasox
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Manufacture stages of PF-1 Double Pancakes 5> 11PARROL

IC-63 Milestone: Q1 2021_RF, PF Coil: Manufacturing complete for RF PF1 Coil pre /‘g

PE1

The vacuum impregnation
(VPI) of 1st Double Pancake .

The process of interlayer isolation Manufacturing of joint lead

Technology of large superconducting coil manufacture
was created in Russia !!!




- PF2-6 Progress

PF2-5 pre-dummy was wound using PF4 dummy
conductor in September 2016. Dummy DP
windings have been completed both in Cadarache
for PF5 and in ASIPP for PF6 in February 2017.

PF2-5 Pre Dummy DP winding PF5 Dummy DP winding (February 2017)
(September 2016)




NTOP. CnucteMbl ycTaHOBKU. BakyyMHaqa kamepa.

Vacuum Vessel

Weighs about 25% less than the Eiffel
Tower (more with in-vessel components
included)

7300 t
324 m tall
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Vacuum Vessel: Progress of the First Sector #6
(Upper Segment)

October 2016 April 2017



Progress of VV Ports

t.i (J KO VV Ports (PBS15)
&

¢ v" Assembly of inner shells for every Lower Port Stub Extension (LPSE) has been

completed and assembly of outer shells is progressing as scheduled.

v’ In addition, all Lower Port Extensions (LPE) are being manufactured to schedule.

T-rib to Inner Shell assembly of LPSE Outer Shell assembly of LPSE

i (d RF Upper VV Ports

4 Upper VV ports were manufactured in 2017
First UP12 was supplied to HHI (Korea) in

December 2017 and second one in the first half
of 2018
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NTIP. Cncrtembl yctaHoOBKK. [lepBasi cTeHKa— 6aHKeT.

Principal plasma-facing components (PFC)

First wall/blanket - heat exhaust, impurity management, nuclear
shielding

Blanket
modules

Divertor - particle
and heat exhaust
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NTOP. CucteMbl yCcTaHOBKU. [lepBas CTeHKa.

Blanket System

Z=0p
A A
R=3m R=9m
Shield Block FW Panel (separable)
(semi-permanent)
>0%  50% 10% 50%  40%
7 G o B
-
A
o -
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/Modules 1-6 \

\Modules 7-10

~1240 — 2000 mm

Modules 11-18



http://www.iterkorea.org/
http://fusionforenergy.europa.eu/
http://www.iterrf.ru/

RF DA. UT3P. Cuctembl yCTaHOBKW. [TaHENN NEPBOM CTEHKW.

N3roroBureIib:
HUNI DA um.[.B.Edppemona
HUKHUIT um. H.A. Jositexans

MakeT Hecyled KOHCTPYKIUU NEPBOH CTEHKHU
Oo0mumia Bua naneau IHC moayias 8 NTIP Ha ucnuITAaTeJILHOM CTEH/IE

TexHoNOrMmM U NPON3BOACTBEHHDbIE JIMHUM NO CO34aHUIO 3/1IEMEHTOB
6epunnnesoit nepBou cTeHKM cosgaHbl 8 Poccun 11!
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NTIP. CucteMbl ycTaHOBKU. nBepTop.

Divertor assembly

Inner vertical - :
target (CFC/W) 54 divertor assemblies
. (~8.7 tonnes each)
Outer vertical _
target (CFC/W) 4320 actively cooled
Dome heat flux elements

(W) Bakeable to 350°C

First divertor (non-
\ R : _active operation):
T = &’ CFC at strike points
W on the baffles
All-W for nuclear phase

Reflector plates (W) A _ .\ body (SS)

TexHonorum n nponssoacTtBeHHble IMHUU NO CO34aHUIO 9/1EMEHTOB

BonbdppamoBoro guseptopa co3gaHbl 8 Poccumn !
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RF DA. UT3P. Cncrtembl yCTaHOBKWU. TennoBble UCMbITAHUS

HUcnbITAaHUS TPOBOINT:
HUNIDA um./[.B.Edppemona

IDTF — Hayano ucnbiTaHM JA nnacTuH
+ ucnboitaHmna W Ha KCNy

A 800 kW electron injector exposes the components to

the same heat loads - up to 20 MW/m2 - they will face
inside the ITER vacuum vessel.

TpexmepHast MoaeJ b UMUTATOPA
€BPOINEiCKOM UCTIBITATEIbHON COOPKH

JKCnepumeHTabHble CTEHAbI ANA UCNbITAaHUI 3/1eMEHTOB NepPBON CTEHKU U AnBepTopa
co3paHbl B Poccun 11!
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i Progress on Electrical Component Fabrication PBS 4.1.P3.RF.O1

IC-68 Milestone: Q1 2022_RF, Electrical: Complete deliveries to site for Switching Network, Fast
Discharge Units, DC Busbar & Instrumentation ' -

ot |
Aluminum busbars PF / CS, SS at
the assembly site for Bld.32,33

Section of the SNR CS1 Busbars—the components that connect the
resistor assembly superconducting magnets with their power

supply—are capable of carrying 70kA of current. Protetive circuit beaker 33-10/60
Electrical component fabrication and deliveries continue according schedule !!!




NTOP. Cncrtembl YCTaHOBKW. MPOTPOHBI
Components for Electron Cyclotron H&CD System are Under Development

Sources: JA and RF Gyrotrons Launchers: JA and EU Tests
and their Test Facilities '

TL: Tests at USIPO and JAEA test Facilities

B, - :

US ¥ ) Dames
S T ¢ :
y/ RN -~ - "
/] ofhid g o

.....

Friction-free Steering Mechanism

e HV power supplies (55kV, 100A) and (50kV, <1A) (EU, IN)
Microwave Sources (1MW, 170GHz) (EU, IN, JA, RF)
Evacuated waveguide components (US, EU)

Launching Antennas (EU, JA)

Control systems (JA, EU, RF, IN, US)
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NT3IP. Cuctembl YCTAaHOBKU. Tputnesas abpuka.

Tritium Plant

[ storeys

(2 below
ground
level)

L= 80'm
W=25m
H=35m

« A400 s ITER burning plasma will require ~50 g of tritium fuel, but on y
~0.3% will be burned by fusion reactions = T reprocessing mandatory

B cootBetctBun CornaweHunem no UTIP Poccua umeer npaBo Ha 6e3B03me34HYI0 IMLLEH3UIO
ANA BHYTPeHHeu nporpammbl YTC Ha co3aaHHble ana UTIP tputuesblie TexHonorum 11!
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NTOP. CucteMbl ycTaHOBKU. [MopT-niarn ana AnWarHOCTUK

[lopm-nnaau 8EPXHUE Kopnyc eepxnezo A

noom-nnaza

HAuaznocmuvecxud
Jawumusil Gnox

L
\ﬁ‘/ KPUOTEHMALL

Port Plug Test Facility

o
.

[lopm-nnagu s3keamopuasbHble

MopT-nnarn u CTeHabl UCNbITAHUMU NOPT-NNAroB
cospatorca B Poccun (MAD CO PAH u AO «KpunoreHmaw») !!!
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Equatorial Port Plug 11 integration according to Schedule (AP CO PAH)

Integrating things together (Super-Project) PBS 5.5.P1.RF.06
» Joint team working closely together to integrate diagnostics and services VUV-D (KODA|
» Design for Safety / Function/ Reliability / Maintenance o
NAS
— , (xoDA)
Bioshield NPA (RFDA)
VUV-M
Ha (RFDA) RoDA)
¥CRS [INDA)
Electrical
connactors
LEVI (electrical feedtt rough)
Design of DFW, DSM & Closure Plate

g

. , - T
e — SS]I,GLINI»IG" o L
SRR || S
.Zm ne . L,.‘J‘
.| s

Gun-driled haoles

\ il
Mock-up of assembly / disassembly of NPA
with the possibility of remote control

Successful test of gun-drilling
technology for holes of different
diameters trough SS piece two
meters long.

The mock-up of in-vessel neutron The mock-ups of B,C bricks for
shielding for DSM in-vessel neutron shielding



NTIP. Cnctemsl - narHoctunka (Bkiaa Poccnn)

HeUTpOHHbIE

~

(N[OHI/ITOP
MOTOKA
HEUTPOHOB B
AMBEpTOpE

JleTeKTOphI Ha

ocHoBe U-235u
\ U-238 /

(AJIMamblﬁ
CIIEKTPOMeETP
AJIs1 OBICTPBIX
aTOMOB M
HEeNTPOHOB

~N

(Bemeca.m,Haﬂ \

HeHTPOHHasl KaMepa
AJIs1 TOMOrpagun

/[Ba aHaJIM3aTOPA HEMTPAJIOB:
HENPA (0.2 — 2 Mev) u
LENPA (10 — 200 keV)
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TTomHOMacITabHBII

MIPOTOTHUII BHYTPHKaMEPHOH Ha3ep 2J/ 100Hz
ONTHKH

CunexkrpaJjibHoe 00opyaoBaHue:
Moauxpomatop 5-200 eV
IMoauxpomartop 0.3-200 eV
 JlazepHas cucrema:
Nd:YAG 1.0645pm (2 J, 3 ns, 50Hz)
Nd:YLF laser 1.047 pm (2 J, 10 ns, 5Hz)
:YAG laser 0.946 pm (0.1 J, 10 ns, 100 H
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Mporpammbl YTC NapTHépoB. JET (EC)

Haunyywwun pesynsrat JET ¢ ITER-nogo6HOM cTEHKOMK:

30MBT 3MA/2.7T
© OJETC O20MA  @25MA 3
- ®30MA @35MA 2018/ 19
12 + ILW-colour circles bjective
3MA JET Plasmas - L
in (Be,W) wall (2016) /’_ y
9 -©
= ) ] i .
= Old Results from JET
;E With Carbon Wall
6
3|

Ixedp OHreHa 1 ap. - S Anpens 2018 r.
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Fusion power (MW)
o

8}

JET, TFTR. Fusion power

JET DTE2
Target

JET ELM free
H-mode (1997)

JET optimised
r shear mode (1997)

JET steady state
ELMy H-mode (1997)
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D-T kamnanuum Ha JET: DTE3 - 20247

: JET plans at the moment
—1— DTEZ2: 2019-2020

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

DTE3:
Possibly 20247



Mporpammbl MapTHépoB W7-X (EC)

W7-X is a helical axis stellarator with 5-fold symmetry, (8) = 5%

Reached:
30s, 2MW (ECRH), 3*1019m3
Te/Ti=4/2keV

~100 keV ions
: by 3 ions ICRH scheme
& in2*¥10%m3

4s, SMW (ECRH),
7%10%°m3 :
T,T,=4keV
7.~ 0.2s

Coil systems 50/20/10/5: Ry 5.5m

_ o —— a 0.5m
non-planar main coils (5 types) ——

v 30 m®

planar rotational transform, By 9T

horizontal position pulse 30 min

ECRH 10 MW/30 min

NBI 10 MW/10 s
trim compensation of error-fields ICRH 2 MW/10 s

control adjustment of divertor islands




Wendelstein 7-X: OnepauuoHHble ha3bl

W7-X experiments are divided in operation phases. The machine capabilities are
defined by the in-vessel components and available heating [Pedersen 2015,wolf 2016] .

‘@ N

e graphite test divertor

e 5 graphite limiters e graphite/metal first wall e water-cooled divertor
o metal first wall e ECRH 8 MW, 80 MJ e water-cooled first wall
¢ limited wall conditioning e NBI 7MW e ECRH 10 MW, 18 GJ

o ECRH 4 MW, 4 MJ \_ _/ » NBI/ICRH 10/2 MW




High level
milestone

02 4

Electricity
Production

‘
;
Materials

Concept improvements and innovatio

Science & Technology Basis for first FPPs

Back-up strategy: Stellarator | | ||

Stellarator viable

e
for an FPP? » ‘



IHapamerpsr EU-DEMO 1

1 divertor limit /

5 6 7 8 9
Major Radius R [m]

10

Fusion power 2037 MW
Net electric power 500 MW
H&CD power 50 MW
Major radius 9.1 m
Aspect ratio 3.1
Elongation 1.59
Triangularity 0.33
Toroidal magnetic field 57 T
Number of TF coils 18

Edge safety factor 3.2
Plasma current 19.6 MA
Average Greenwald density fraction |1.2
Tungsten concentration 5.0x10°
Energy confinement time 424 s

40




Roadmap _ PEFP
for Chinese MFE

41

Development
CFETR (~2050)
F
1GWe, Power
Plant Validation
(2030 start operation)
, I § Q=1-5, steady state, TBR>1, >200MW, 10dpa
o e S ®
i Y 2021y \ll} DEMO validation, Q>10, CW, 1GW, 50dpa

Q=10, 400s, 500MW, Hybrid burning plasma
Phase | 1/ Q=5, 3000s, 350MW, steady-state burning plasma
[

D EAST Advance PFC, steady-state advanced operation
C=

HI.-2M Advanced divertor, high power H&CD, diagnostics
[

J-TEXT Disruption mitigation, basic plasma
[

2015 2020 2025 2030 2035 2040 2045 2050 2055 2060



A Steady-State, High Performance, High
Radiation CFETR is Demonstrated

. |Phasel  |Phasell |

Qe 3.0 14.9

P... (MW) 169 811 i
I, (MA) 7.6 10 i
Bootstrap fraction 64 84

fe (%)

By 1.9 3.2

Hag 1.3 1.3 "
NB/EC Power 36/20 35/20

(MW)

Neutron wall 0.19 0.92

loading (MW/m2)

Divertor heat load 10.4 25.8

P4 /R (MW/m) 3
lon fraction 0.43/0.43/ 0.43/0.43/ |
Np/NNg/N . 0.05/0.003 0.05/0.003

Ratio to .83 1.03

Greenwald Limit

R=6.7m, B=6T
2 NBs: 100/500
kel

Additional fueling

needed for phase
1
q

1
= Fhasal
= Phasell

o 02z 04 08 08 10



Mporpammbl YTC MapTHépoB.. JT-60SA (AnoHusa, EC)
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JT-60SA Research Regime for DEMO

Goal of JT-60SA: ‘Simultaneous & steady-state
sustainment of the key performances required
for DEMO’ (= highly self regulating)

JT-60SA should decide the practically acceptable
DEMO parameters,
and develop & demonstrate a practical set of
DEMO plasma controls.

We treat ‘the DEMO regime’ as a spectrum.

Superconducting tokamaks
in the World

JT-60SA(A=2.5,p=5.5MA)

€3

.8

51 KSTAR (A=3.6,p=2MA)
lz-ﬁm—’ WEST (A25.6.Ip=0.8MA)

Plasma Current |, 5.5MA
Toroidal Field B, 2.25T
Major Radius R, 2.97m
Minor Radius a, 1.18m
Elongation x, 1.93
Triangularity &, 0.5
Safety Factor qgg 3
Plasma Volume V, 133m3
Flat Top 100 s
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MMpozpammer YTC ﬂapmnépggs FeAuompoHrbl (dnorus - H

Stellarators: LHD Large Helical Device
LHD Toki Japan ' [ aF =

operationil 1998 ~ present

Outer Vertical

Coils Cryostat

outer dinmeter = 13.5m
max field oncorls =6.61

MT-15  Beging China (1957)
Assembly of the Superconducting Coils &
the Cryostat for the Large Helical Device
T Satow S Imagaws H. Tamwa K Takahata
N.Yanag S.Yamada T Mito A Nshimura

Helical Coils

Inner Vertical Supporting

MFS Tok Jspan :
two superconductng helical coils, 3 pairs of i, Coils Structure
pokidel cols., 8 13.5mdie outsde cylinder . Blankets

KIFS pictures from T M0 Fig. 1. Schematsc ilustration of the hedical fusion reactor FFHR-d 1,

winding - 2 P
maching Helical fusion reactor FFHR-d1 b*’é
g LHD-type Helical Fusion Reactor FFHR-d1
y > L3 Maijor radius of Helical coil : 15.6 m

Center Magnetic Field of HC : 47T
Maximum Magnetic Field : 12T

: g Operating Current : 94 kA

o p Stored Magnetic Energy - ~160 GJ

Ainonus pabotaeT Hap

PEeaKTOpOM-reJiImoTPpoOHOM ' Helium gas cooled HTS conductor
Major Specifications
(ot LHD c nonem ~ 3 Tn K FFHR » ‘ ggéfigz:::;:m o4 KA @12

Force-cooled Cable-in- Sendont ! 65 Pos
~ : et onductor size mm X862 mm
c nonem ~16 Tn Ha obmoTKe EonqUIt conductor . Cumeldensity 248 Al
(A h Number of tapes 40
Cabling method Simple Stacking

Mt Addsoe e 36

a2 rren

Indirect-cooled LTS Elackicol lwedation |
conductor Sairkess swul pckat -




Mporpammbl YTC MapTtHépos. CLLUA (DIII-D, NSTX, FSNF, ARC)

ARC : Compact fusion reactor at high field

JETR ~3m ARCR ~ 3.2m
Copper, B =35T REBCO superconductor, B, =9.2 T

*B.N. Sorbom, et al., Fus. Ena. Des., 100{2015)378-405




(~1um)  (~1pm)

Hastedioy
(~S0pm)

ARC U3 nakemob BTCIT AeHm
C PA3beEMHLIMU KOHMAaKmMmaMu

Design parameter Symbol Value
Fusion power Py 525MW
Total thermal power Peot 708 MW
Plant thermal efficiency Netec 0.40
Total electric power P, 283MW
Net electric power Pas 190 MW
LHCD coupled power Py 25MW
ICRF coupled power Py 13.6 MW
Power multiplication factor Q. 30
Major radius Ro 33m
Plasma semi-minor radius a L13m
Plasma elongation X 1.84
Plasma volume v, 141m’
Toroidal magnetic field By 92T
Peak on-coil magnetic field Bunax 23T
Plasma current I, 78MA
Bootstrap fraction Js 0.63
Tritium breeding ratio TBR 11

Avg. temperature m 14keV
Avg. density 13x109m?
On-axis temperature 27 keV
On-axis density 18x10°m*?
Greenwald fraction 067
Toroidal beta 1.9%
Internal inductance 067
Normalized beta 259
Safety factor at rla=0.95 72

Edge safety factor 4.7
Minimum safety factor 35
Fusion power wall loading 2.5MW/m?
Energy confinement time 0.64s
H89 confinement factor 28

H98(y,2) confinement factor
G89 gain factor

1.8
0.14




Travelling wave antenna for DIlI-D proposed by Victor Vdovin

Fig. 1. Photograph of the 12-module low power antenna installed in DIH-D.

J.F. Tooker et al_,
“Development of a high power Helicon system for DIII-D” " .
Fusion Engineering and Design 123 (2017) 228-231 Victor Vdovin



NMporpamma YTC Poccum.
(T-15MA, Mobyc-M2, OTKpbiTble noBywku, TPT, Tmbpuag, rAMIN ...)

HALIMOMANEH WA
‘_lJ MCCNEAORATINRC KM LIEHTP T - 15 MA
Y KYPHYATOBCKMM MHCTHUTYT.

OcHoBHble NnapameTpbl

Boasuwumii paguyc Topa R, m 148
AcnexTHOE OTHOIIEHHE 2.2
Tox maasmer Ip, MA 2.0
BermayTocTs, k 1.9
Kondurypamusa mwiasmsl SN,DN
JAHTeIbHOCTE HMIOYILCA, CEK 10
ToponnaabHoe MarsEuTHOE noae, T 2
3anac MArHHTHOTO NOTOKA B 6

OEHTPAJABHOM COJICHOHTE, Bo

MomHocTs HEAREKIHH HeliTpanos, MBT

MomuocTs I1IP- sarpesa, MBTr

MomuocTs HIIP- sarpesa, MBr

- | |~ |

MomaocTs HI'- marpesa, MBT

Jlutnesan nepseasd CteHKa, AuBepTop, BbITAHYTOE ce4yeHue,
KBA3UCTAUUNOHApPHAA reHepauuna HEMHAYKTUBHOTIO TOKa reiImukoOHamum



| | HALMOMANBH WK -—
MCCNPLNORBATENRCKMA LIEMTP T 15 MA
X

«KYPHATOBCKMM MHCTUTYT.

3J'leKTp0MaI'HHTHaﬂ CHCTeMa H BaKYYMHasl KaMepa
H3roroBjienHe 3aBEPIICHO




Proposal for TWA in T15-MI: inside view

. '1 Two TWA sections
L A \‘ i On top of each other

>
-

-

.

Mpepnoxenne B.J1.BaosnHa, PaspabatbiBaetca HUL, «KN» n 6enbrmnckumum Konneramm



KoHuenuusa npoekra nobyc - M2

Globus-M2, B-max

...............

..................................................................

Globus-M2

t, s

yBenuyeHuve ToponganbHOro MarHUTHOro nons
polTn

yBenuyeHue Toka nnasmbl go 0.5 MA
yBenuyeHune AnuTenbLHOCTU pa3psiga

CHUXeHune FO(*)pVIpOBKVI TOopouAaarnibHoOro
MarHUTHOro nons

eXHU4eCKUii

| A Vodde

[V.K. Gusev et al., Nucl. Fusion 53 (2013) 9, #093013]

3aBepLueHa coopka chepunyeckoro
Tokamaka mobyc-M2.

PU3n4YeCcKnn NycK yCTaHOBKMU
3annaHupoBaH Ha BecHy 2018.

MonHomacwTabHbIN NNa3MeHHbIN
3KCNEepuUMEeHT Ha4YHeTCA A0 KOHua
2018.
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KoHcTpykuua IMC Mmobyc-M2

KoHcTpykumnsa Moobyc-M2 otnunyaetcsa ot Mnobyc-M psaom cyuwecTBeHHbIX AeTarneu

F'MOGKne ToKOBbIe NepeMbIYKU
BblHECE€Hbl U3 30Hbl MaKCUManbHbIX
Harpy3ok

BHewHue nonyButku OTI
N3roToBJieHbl U3 BbICOKOMPOYHOro
MeaHoro cnnaea (6,, > 220 MPa)

Paguyc nonyBuTtkoB yBenunyeH Ha 40
mm A58 CHMXKeHUs roppupoBKu (<
0.4%)

KoHcTpyKunsa ocHOBHbIX OY nameHeHa

KOHCTpYKUMSI LEHTPaNbHOIro CTEePXXHSA
U MHOYKTOPA NONHOCTbLIO U3MEHEeHa

NMonovaanbHbie OY BbINOMHEHbLI
oxJlaxagaemMbIMU

KOHCTpYKUMSA CUNTOBOU CTPYKTYPbI
U3MeHeHa

_ [V.B. Minaey, et al., FEC 2014]
ﬁﬂ\ﬁ.w 4 masa 2018. 100 ner .U.byaxepy, 60 ner U9 CO PAH 53




Fusion in RF.

Thermonuclear
energy plant

2100

Hybrid
Fusion/Fision

2040 - 2050 k

\U

Fusion development

(T-15 h
UVL-2M
Globus-M

\_ 2020 )

f FNS — Tokamak
PeaKTopHbIMM
TexHonormamm

4 mas 2018. 100 ner I'.U.Byakepy, 60 ner UGE CO PAH

R
(i ;i )
: ?\»‘.‘;., ‘ ? I v /"

\_ ~ 2030
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OcHoBHble KoMmnoHeHTbl TPT, KoTopble B HacToALLee Bpema MOryT bbiTb
peannsoBaHbl Koonepauuein poCCUNCKUX NpeanpUATUN

KOMNOHEHT npoekKTa

OcobeHHOCTH

Koonepauwusa co3pgaTtenei

MpoekT (Pasamepbl, MarHuTHoe
none, TOK

Rp=32m, a~1lm
B,=5-61Tn,1,>5MA

HUL «KW», TPUHUTWN,
HUNIDA, HUKNIT

3neKTpoma T’HNUTHaAA CUCTEMA

CeepxnpoBogAauwan: Nb3Sn, NbTi, c
KomnoHeHTamun BTCI

AO «TB3/1», AO «4YM3»,
BHUUKM, BHUMHM, HAL],
«KN», HUND DA

MepBan cTeHKa Be / Li HUNSDA, HUKUIT / TPUHUTMN,
«KpacHaA 3Be3ga»
AvneepTtop Be / Li HUNIDA, HUKUNIT / TPUHUTH,

«KpacHaA 3Be3ga»

,ﬂ,OI’IOI’IHMTefIbeIl‘/JI Harpes
naa3mbl

~40 MBT (Mmxekius aromos, D11H
(170 I'T, 1,5 MBT, 1000 ¢))

NAD CO PAH, NMN® PAH

[eHepauymAa CTauMOHaAPHOro
TOKa

~ 20-30 MBT (UH, lennkoHbl)

NAD CO PAH, HUL, «KN», NOD
PAH, ®TW PAH

JKcnepmMMeHTaIbHbIN
6puaepHbIN BnaHKeT

TBR~1

HUL, «KypuyaToBCKui
NHCTUTYT», HUND DA, HUKNIT

uarHocTuKa niasmol

COBMECTMMOCTb C TEPMOAAEPHbIM
PEaKToOpoOM

HUL, «KW», GTU PAH,
TPUHUTU, UAD CO PAH u ap.

AncTtaHumMoHHoe
obcnyxnBaHue

3ameHa nepBOW CTEHKMK, BaHKeTa,
AnBepTopa

?




International Collaborations
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http://en.wikipedia.org/wiki/File:IPP_logo.png
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=fl8iPAVRQh8aLM&tbnid=gQSvtbsF1vJCRM:&ved=0CAUQjRw&url=http://www.mapsofworld.com/flags/japan-flag.html&ei=Fz6LU8j8OsuoyASvlYCQBg&bvm=bv.67720277,d.aWw&psig=AFQjCNFRSjJAiqhQv02Q6RNkULBKOMr3Hw&ust=1401720712384229

Summary

 ITER - Technological Platform for Fusion Energy and Creator of World Fusion
Industry.

Poccusi MOJITHOLIEHHO B 3TOM y4acTByeT (25 cucrem) U MMeeT NpaBo 0e3B0O3ME3HOI0

HCII0JIb30BAHUSA BCEX TEXHOJIOTui, co3aaHHbIX B [Ipoekre UTIP, 11 cBoelt mporpaMmMbl
YTC.

* Ingeneral ITER in carried out according the Schedule with First Plasma in 2025.

Poccust muaep B yactu codunroaenus rpapuka coopy:xxenus UTIP

« DT experiment commissioning is planning for 2035.

HHapasseabno Poccun Heo0XoauMo pa3BepHYTh BHYTPeHHIOI0 nporpammy Y TC,
KOTOpPAas JTOMOJHHUT TeXHoJoruueckyro miargpopmy UTIP (Li mepBasi cTeHka,
cTanuoHapHasi reHepaunus Toka, BTCII, oiianket, rudpua u ap.)

« Key issues of ITER physics Program are solving in collaboration with international
fusion community.

Poccuu HE00X0AMMO Pa3BMBATh YYaCTHE B KPYIHEHNIINX TEPMOSIAEPHbIX IKCIIEPUMEHTAX
y naptaépoB (JET, JT-60SA, LHD, W-7X)

* Nextstep - DEMO

Bce maptaépsl mo UTIP BexyT nporpammsel mo YTC, paspadarbiBal0OT BApUAHTHI
DEMO.



