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NMpumepHbLIN NnNaH

 Kak paboTtaeT Tokamak

 TepmoagepHble peakumn n Kputepun JloycoHa

 [lytb ITER - TOKamaku ¢ ymepeHHbIM MarHUTHbLIM MOJSIEM
* Tokamaku C CUNbHbIM MarHUTHbLIM Nofem

* Cdepunyeckne Tokamaku

 Crtennapatopbl

*  OTKpbITble MarHUTHbIE FIOBYLLIKA

« PesloMe: YTO BHyLLAEeT HaM ONTUMM3M / MOBOAbI AN COMHEHUI



1. Kak paboTaeT Tokamak (TOpouganbHaa MAruutHas Kamepa, 1957)

KaTtyluku ana cosaaqms "
TOPOMAAnNLHOM i . BHewwHue
Mar{uTHOro nons KaTYLLIKM
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IIpuHuKun padoTsl TOKaMaKa



1. Kak paboTaeT Tokamak (TOpouganbHaa MAruutHas Kamepa, 1957)
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1. Kak paboTaeT Tokamak (TOpouganbHaa MAruutHas Kamepa, 1957)
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1. Kak paboTaeT Tokamak

Toka Mak

«YCOBEPLUEHCTBOBAHHbLIN»
(advanced) Tokamak

Central solenoid

«Knaccuyeckmm» Tokamak

Translormar cols

Wertical field coll

Plzama currant

Poloidal field coil Vacuum vessel
Divertor cassette

Plasma Torokdal fiald coil
Magnetic fiald ling



1. Kak paboTaeT Tokamak (advanced tokamaks)

DEMO Fusion Reactor Core - Central solenoid
Toroidal field coil Blanket segment

Breeding /\
Blanket
400-550°C Blanket
Vertical f
Manifold i’l
i IH Vessel
=7
Neutron ==l
Shield it
~320°C l'.; Poloidal field coil Vacuum vessel
t) Divertor Divertor cassette
Vacuum
Vessel
e Magnet

agnetic lines of  toroidal magnetic
force field directions




1. Kak paboTaeT Tokamak (advanced tokamaks)
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1 Ka K a 6 o I ae I o Ka M a K H m o d e 10P PUBLISHING PLasMA PrYsics AND CONTROLLED Fusion
I -
L] p Plasma Phys. Control. Fusion 49 (2007) B1-B33 doi:10.1088/0741-3335/49/12B/S01

,El,ononHMTeanbM Harpes nnasmbl NPMBOAUT A quarter-century of Hemode studics
K cTabunusaunn MOM-TypOyneHTHOCTM Nnasmbl
(1982, ASDEX, high-confinement mode)
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2. TepmosigepHble peakuuu n Kputepum JloycoHa

» [enTepnn-TpUTUYMHbIN LUKI J{i :/u H
D + 3T — 5He (3.5 MeV) + )n (14.1 MeV) / \1;’
‘Xa, J “He + 3.5 M3B
gh + 3Ll — 5T + 5He n + 14,1 M:B
1 1

fy - 3 4

* [Tobo4YHbIE peakunu
D+D—-T +'H

D+D —3He +n

D + °He — “He + H

» Camasi nepcnektuBHasi 0e3HEUTPOHHAas peakuus
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‘Ip + 11B _ 120
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2. TepmosigepHble peakuuun n kputepuu JloycoHa (1955)

» Bbixoa T/9 peakumnu Q P i ext (scientific gain)

Q=1 nonoxurenpHeli Bexo (breakeven)

QO =00 3axuranue (1gnition)

aw w
- BanaHc aHeprum — = Dout Lot + 1 s Pris —— B CTaLMOHAPHOM peakTope
4 T
3nT
0= (next/Q_I_nfus) n <GU>Equ__ — Q(HT,T) umu Q(l’lTT,T)
4 e
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2. TepmosipepHble peakun u Kputepum JloycoHa (2021)
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2. TepmosigepHble peakuumn n kputepuu JloycoHa (2021)
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2. TepmosigepHble peakuuu n Kputepum JloycoHa

1997

2013
2016
2018

2021
2022
2022
2022

PekopAabl

Fusion energy gain Q

Fusion power P,

Lawson criterion n7T (tokamak)
Plasma pressure nT

Lawson criterion nTT (stellarator)
Confinement time 1

Temperature x time 7T (tokamak)

Tokamak fusion energy

Lawson criterion n1T (ST)

0.69

16 MW
1.53%102" eVes/m3

2.05 atm

6x1022 eVes/m3

0.2s

3x10% eVes

1.2x10° eVes

59 MJ

6x1021 eVes/m3
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T ~14 keV
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JET

ST-40 77?7

14

https://en.wikipedia.org/wiki/Fusion_power#cite _note-256




2. TepmosgepHble peakumm m Kputepum JloycoHa
Yto onpepensiet pasmep (CTOUMOCTL) peakTtopa?
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FIGURE 1. Fusion gain Q plotted against toroidal field on axis By and major radius Ry. Gain
Q 1s calculated with the empirical scaling methods presented in §4, keeping € = 0.31, x; = 15

1.75. 8sep = 0.54, ¢* = 3.05. impurity content and Hog > = 1 constant, and limiting operation

. . . . Creely, J. Plasma Phys. 86, 865860502 (2020
to below 0.9n6. In order to compare these calculated contours with specific design points, other y y (2020)



3. Myt ITER - TOKamMaku ¢ yMepeHHbIM MarHUTHbIM NMoOnem

ITER International Thermonuclear Experimantal Reactor
MexxayHapoaHbIn TepMosiAepPHbIN 3KCMEePUMEHTarNbHbIN peakTop

1988-2001 KOHUENUNS, UHXEHEPHbIN NPOEKT

2005 BbIbpaHo mecTo: Kagapaw, ®paHuma

2007-2019 NoAroToBKa Nyiowankm n CTpoUTeNbCTBO MHAPPACTPYKTYpPLI
2020 28 vonsi Havyanacb cbopka peakTopa U3 KOMMOHEHTOB
2025 nepeas nnasma

2035 Ha4ano D-T akcnepMMeHTOB

* OcHosHas uenb: Q>1 B TeveHnn 1000 cek n Q=10 6e3 pekynepaumn aHeprmm

« [lpoekT BOOpan B cebsi Bce ny4ywiee, 4to 6bino Ha 2001 r.

« YacTb TexHonorum He cyuwecteoBana B 2001 r., HO cenyac cyLiecTytoT!

 MarHutHasa cuctema ncnosnb3yeT ny4ywune goctynHbie B 2001 r. HTCI Nb2Sn n NbTi
— UMEHHO 3TO orpaHn4uno mariutHoe none (13 T B katywkax n 5.2 T B UeHTpe Kamepbl)
n onpeaenuno pasmepbl U CTOUMOCTb MaLUUHbI

16



3. Myt ITER - TOKamMaku ¢ yMepeHHbIM MarHUTHbIM NMoOnem

P.MBT P ,MBT Q Ry, M a, M By, T 3anyck, roa
JET 24 16 0.67 3 1.25 3.45 1983
ITER 50 500 10 6.2 2.0 5.3 2025
EU-DEMO 80 2000 25 >7 >2 6T 2051




3. Myt ITER - TOKamMaku ¢ yMepeHHbIM MarHUTHbIM NMoOnem

ITER International Thermonuclear Experimantal Reactor
MexxayHapoaHbIn TepMosiAepPHbIN 3KCMEePUMEHTaNbHbIN peakTop
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3. Myt ITER - TOKaMaku ¢ ymMepeHHbIM MarHUTHbIM NMosem

Progress of Machine Delivery, Installation and Assembly

Central Column installation in the Pit TF Coils #12 and #13 in SSAT#2 VVTS #6: Insulation Test

19



3. Myt ITER - TOKaMaku ¢ ymMepeHHbIM MarHUTHbIM NMosem

Successful Installation of PF Coil #5 on 16 September 2021




3. Myt ITER - TOKaMaku ¢ ymMepeHHbIM MarHUTHbIM NMosem

CyuwiecTBeHHbIN NPOrpecc u peanusauus B Xerese paHee He CyLeCcTBYHOLWUX
TexHu4yeckux peweHun ana ITER ctumynupyet Bce TepmMmosifepHoe HanpaBneHue

 [MraHTCKMe MarHUTHbIE KaTyLLKN
» ONeMeHTbl NeEPBON CTEHKN U OMBEPTOpA
» ctounmkn ansa CBY Harpesa nnasmbl (170 My, TMBT rupoTpoOHblI HENPEPLIBHOIO AEUCTBUSA)

* IcToOuHMKM Ons Harpesa nnasmbl atTomapHbiMn nydkamu (1 MaB, 16 MBT HenpepbIBHO)

First wall panel:

Thermal load (nomin./max.) : 2/9 MW/m?;
Number of thermal cycles : 30 000;
Panel dimensions : 2 x 1-1,5x 0.35m3;
Weight : 1000 kg;

Composition : SS-CuCrZr-Be (8 mm).



4. TokaMakuy ¢ CUNTbHbIM MarHUTHbLIM NoOJiemM

OcHoBHas npobnema HanpaeneHnsa NTOP — konoccanbHble pa3mMepbl U CTOMMOCTb —
ecTb crieacteue ncrons3osaHus Nb,Sn v NbTi cBepxnpoBOOHMKOB A5 MarHUTHbLIX KaTyLUek

CepeanHa 2010x  npopsiB B pa3paboTtke BTCI1 nneHok ReBCO (rare-earth barium copper oxide)

2021 NpoMbILLNEHHOE Npon3BoacTBo SuperOx B Poccumn
(OO0 «C-UNHHOBaunn», Mockea) 2/3 MUpoBOro pblHKa!

[TosiBUIacb BO3MOXKHOCTbL YBENUYNTL MarHUTHOE rnoJsie Ha KaTywkax o 30 T (>2 pa3s)

MoLWHbIN TONYOK AnA paSPaGOTKI/I KOMMNaKTHbIX peaKTopoB C CUJIbHbIM MarHUTHbIM NoJiIeM

CLUA okasanucbk rotoBbl Jiydlle BCEX...
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2. TepmosgepHble peakumm m Kputepum JloycoHa
Yto onpepensiet pasmep (CTOUMOCTL) peakTtopa?
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FIGURE 1. Fusion gain Q plotted against toroidal field on axis By and major radius Ry. Gain
Q 1s calculated with the empirical scaling methods presented in §4, keeping € = 0.31, x; = 23

- . : . , B o L e
175, dsep = 0.54, ¢* = 3.05, impurity content and Hog y» = | c'onstant,' and lulmtmg .operatlon Creely, J. Plasma Phys. 86, 865860502 (2020)
to below 0.9n6. In order to compare these calculated contours with specific design points, other



4. TokaMakuy ¢ CUNTbHbIM MarHUTHbLIM NoOJiemM

P.MBT P ,MBT Q Ry, M a, M By, T 3anyck, roa

JET 24 16 0.67 3 1.25 3.45 1983
ITER 50 500 10 6.2 2.0 5.3 2025
SPARC 25 140 11 1.85 0.57 12.2 2025

SPARC as Soon as Possible ARC

2014 «ctyneH4deckumny» npoekt ARC fusion reactor 8 MIT (REBCO 23T)

2018-2021 npoektnposaHne SPARC (YBCO 30T)

2021 pekopaHbIi 06BEM YacTHbIX MHBecTuUMn $1.8b ot CFS

2021-2025 KOHCTpyupoBaHue

2021 OEeMOHCTpaLud nepBon NONMHOpPasMepHOU KaTyLLKK

2025 nepsagq nfasma

2025+sp Havyano D-T akcnepumeHToB, Q>2

https://cfs.energy/technology




4. TokaMakuy ¢ CUNTbHbIM MarHUTHbLIM NoOJiemM

P.MBT P, ,MBT Q Ry, M
JET 24 16 0.67 3
ITER 50 500 10 6.2
SPARC 25 140 11 1.85

By, T
3.45

12.2

3anyck, rog
1983
2025
2025




4. TokaMakuy ¢ CUNTbHbIM MarHUTHbLIM NoOJiemM
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AHOHCHBI... https://www.ga.com/ga-announces-plans-for-fusion-pilot-plant

General Atomics Announces Plans for Fusion Pilot Plant

‘II- GENERAL ATOMICS

Innovative concept leverages decades of expertise in fusion research and development

San Diego, Oct. 20 - Today, General Atomics (GA) announced a new concept for a fusion pilot plant (FPP)

GAMBL - GA Modular Blanket

1y Xong o)
W SiC

0% 100%

Graded SiC/W composite protects T
blanket from plasma

SIC inboard = ‘ F
blanket modules ﬁ
— i —

SiC structural supports
hold blanket modules

i]e

» SiC 6naHkeT (kapbua KpeMHus) ¢ oxnaxgeHmem xXuakum metansiom (Li+...)

* MarHnTHasa cuctema — odeHb noxox Ha ARC ?7??

* MMKPOBOJSTHOBBLIW HarpeBs nnasmsol

BpunnuaHToBbIN YCrex Kapbuaa KpeMHusA - PocTex

Apr 29, 2022 — Kapbwa KpeMHMA — 3T0 CBEpXTBEPALIAN KPUCTANN C 04eHb BLICOKOW

TEepMHyeC HGFI, XMMHYECKONA W pa,EI,HE.LI.HDHHGﬁ CTOHKOCTEH. Ero HEBO3MOMKHO pacnNnaBruTh OaHe. .



Kutaun

P.MBT P, ,MBT Q Ry, M a, M By, T 3anyck, roa

ITER 50 500 10 6.2 2.0 5.3 2025
EU-DEMO 80 2000 25 >7 >2 6T 2051
CFETR ? 1000 an 7.2 2.2 ? >2040
EAST, J-TEXT, HL-2M OEeNCTBYIOT 3 O4YEeHb XOPOLUMX TOKaMaKa
CFETR Chinese Fusion Engineering Testing Reactor (koHuenT)

3axuranue, 1 BT mowHoOCTH,

NOOKITIOYEHNE B SNTIEKTPUYECKYIO CETb,

BOCMNPOWN3BOACTBO TPUTUSA
CRAFT BcnomoratenbHbin anst CFETR, Ha4aTo ctpouTtenscteo B 2019 (6 ner)

BEST Burning Plasma Experimental Superconducting Tokamak

aHoOHcKpoBaHO Ha4vano ctpoutenbcTea 2022, nepsas nnasma 2026, D-T B 2031
Q=1(cw)/5 — npumepHo NPIP no uenam, Ho Ha BTCM?7?7? 28




Poccus

P.MBT P, ,MBT Q Ry, M a, M By, T 3anyck, roa
ITER 50 500 10 6.2 2.0 5.3 2025
SPARC 25 140 11 1.85 0.57 12.2 2025
TRT 40 50 >1 215 0.57 8 ?2??
T-10, ©T-2, TymaH, J1-2M, 'mobyc-M2, T-15M OEACTBYIOT UNM MOAEPHU3NPYIOTCSH
TPT Tokamak ¢ peakTopHbIMKU TexHonornsamu (koHuent 2019-2021, npoekTnpoBaHme...)

Llenb: oTpaboTka HOBENLLMX TEXHOMOIMM KoTopbiX HET B UTOPe:
. BTCI1 katyLwukn
. NUTUEBbIE 3rIEMEHTbI MepPBOW CTEHKU U OMBEPTOP
. BOCMNPOWN3BOLCTBO TPUTUSA
. CUCTEMbI OONONHUTENBHOro Harpesa nnasmbl (Hanpumep 170 My -> 230 W)

. ANarHOCTUKN N CUCTEMbI ynpaBiieHUAa And KOMMeEpPYECKOro peakrTopa

29



5. Cchepunyeckme Tokamakum

« Passutue ngem «komnakTHOro Tokamaka»
 [1nasma 6onee yctonumBa npu A=R/a ~1

+ TpebyeTcsl MEHbLUEE MarHUTHOE nosne
+ BO3MOXHa npamas KoHBepcus aHeprum Bs T
— HY>XeH OONbLWUNA TOK, 3TO TPYAHO HO BO3MOXHO!

[lpowe n gewesne «bonbLINX» TOKAMaKOB
* [1lo kKakum NpaBunam macwTabupyroTcsa 4O peakTopa?

Pegasus START Globus-M Globus-M2  ST40 MAST NSTX MAST-U NSTX-U

Aspect ratio 1.2 1.3 1.5 1.5 1.7 1.3 15 1.56 1.7

Major radius R (m) 0.35 0.3 0.34 0.36 0.40 0385 0.89 0.82 0.94
Minor radius a (m) 0.29 0.23 0.23 0.24 024 065 0.61 0.53 0.55
Plasma elongation k 2.6 1.8 2.0 2.0 2.5 2.1 25 2.5 2.75
Plasma triangularity 4 0.50 0.50 0.50 0.30 0.35 050 0.70 0.50 0.50
Plasma current (MA) 0.15 0.30 0.25 0.5 200 1.2 1.5 2.00 2.00
Toroidal field at R(T) 0.17 0.23 0.5 1.0 300 | 052 0.55 0.78 1.00
Max. pulse length (s) 0.05 0.05 0.2 0.7 2.0 0.7 1.85 5.0 5.0
Auxiliary heating power (MW) 0.0 0.8 1.0 2.0 (NB), 5.0 3.0 6.0(NB), 5.0(7.5) 12.0(NB)

1.0 (RF) 6.0 (HHFW) 6.0 (HHFW)




5. Cdepunyeckme Ttokamaku (BennkodputaHus)

MAST Upgrade
STEP

ST25-HTS
ST40
ST80-HTS

MoaepHu3npoBaHHbin Mega Ampere Spherical Tokamak, 3anyweH B 2020
Spherical Tokamak for Energy Production, UKAEA
rocygapCTBEHHbLIN NPOEKT T/8 anekTpocTaHumm knacca DEMO

2019-2024 koHuenuusa, 2032-2040 nocTtpouka

B8
L]

TOKAMAK ENERGY Tokamak Energy”"
2014 nepBblit Tokamak 13 BTCIT 2021 £117m
2017 3anyck, 2019 T=1.2keV, 2022 T=10 keV ???

2026 3aBeplueHNE CTpoUTENBLCTBA, NpPoTOoTUN peaktopa ¢ BTCI

1.2
O -5T40

1 0 bt - Artsimovich for $T40 Qﬁ"
\ = A ® - START
e e

T BT 0.0 0.5 1.0 15 2.0 25



6. Ctennapatopbl

P.MBT P, ,MBT Q Ry, M a, M By, T 3anyck, roa
JET 24 16 0.67 3 1.25 3.45 1983
ITER 50 500 10 6.2 2.0 5.3 2025
Wendelstein 7X 14 : . 5.5 0.53 3 2015

dusumka
* Bcé marHnTHoe none cosgaeTcs BHELWWHUMU HennaHapHbIMU KaTyLlKamMu
* MoxeT 6bITb ONTUMM3NPOBAH — KaK MOXHO 6onbLle BHYTPEHHUX CUMMETPUI

* [MpMHUMNMAnNbLHO CTauMOHAPHOEe YCTPOWCTBO

Ha npaktuke

* Ha oauH war oTcTtaloT OT TOKaMaKoB
* O4yeHb CMNOXHbI C VIH)KGHGpHOVI TOYKU 3peEHNA N OYEeHb Jopormne

» O4eHb xopoLlo paboTaloT cpasdy nocne co6opku (Nyylle Yem oXunaanochb B pacyeTax)
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MogxodsT Kak pe3epBHbIN BapnaHT 3HEPreTUYEeCKoro T/a peaktopa, bonbliue HM ans vero!



Ctennapartop Wendelstein 7X, NpandcBanba, lepmaHus

outer vessel ports and domes
-L.J
..:.11'.; -lll_.-: Q. " w.pﬂ-'

iu “

L.--‘*

plagar cmfs A
4 o7 :..l H1

central support ring

“sma vessel

Pekopa (2018)

1 =200 ms
T.=4 keV,
n=0.81020m=3

A d e Py )
g . . r ;
e ki ¥

vacuum field

Poincaré sections Bpems paspsaga 30 MuH
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7. OTKprTbIe MarHUTHbIE JTOBYLUKUA

2/ /c‘rﬂf—r(
NoE 7&&/’/{(4 -

= h/oéxf e_tra
£)P0FONE b 67X /m/‘e/g
@cziry ¢ 9#7/@&&14

* [Mpolue, nerye KOHTPONMPOBaTbL HEYCTOMYMBOCTU, HO BOoMbLUME NPOAOINbHbIE NOTEPY

* T/a peakuum Ha BbLICTPLIX MOHAxX OT atoMapHbIX Ny4koB (E~15-50 keV BmecTto T~5-15 keV)

* I'IyT|/| KapAunHalibHOrro yriyvweHuna yaep>xXaHma BOoJib MarHUTHOTO non4 .

1) yaoepxaHue onpegensetcsa Bmax / Bmin, ymeHblunTe Bmin 3a cyet guamarHetmsama

2) Mcnonb3oBaTb MHOIO «MPOGOK» NocnegoBaTeNbHO

Ny4YoK HEUTpanos

komnakTHbIi Topouna (FRC)

ECRH line 1——
300 kW

Plasma
collector

Fastions

N |

¥

NB injector
// 8x 625 kW
Neutral beam

ECRH line 2
400 kW

Microwave
beam

N Central cell

) - ) I i
ri ; e ' . & | & .
X | ' )D:
’ | 7 TN /
Limiter’ | Diam. 0 I 0 Magnetic /
I : g Thomson =iz Gas valve
| Vortex | scattering
L o confinement o—- N NBdump Arcplasmagun
voltage g o Expander tank
—_—
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M
7. OTKpbITble MarHUTHbIe noByLwku (Tri Alfa Energy) t a3 e(J
TECHNOLOGIES

Inner divertors: Neutral beams: ~21 MW, ~30 ms o
high vacuum pumping =

Formation sections:
~15 mWhb trapped flux

Outer divertors:
high vacuum pumping

Plasma gun and
biasing electrodes:
high voltage & long
pulse capability

Confinement vessel:
skin time <3 ms

Magnet system:
field ramp & active control

Details can be found in: H. Gota et al., Nucl. Fusion 59, 112009 (2019)

35
Funding $1.2 billion

2021 npoaemMoHCTpUpoBaH yCTOﬁqMBbIﬁ pa3pan ¢ AnnTenbHOCTLIO 30 MC,

T~5k3B, T,x0.6 k3B, n>101M3 n <f>>1



7. OTKpbITble MarHuTHble noywku (MAP CO PAH)

['AJ1 (rasognHamunyeckas nosyLlka):
mModesrib UCToyHuka D-D HenTpoHOB
T/ peakuyum Ha BbICTPbIX MOHax (10 kaB)

10 mc, n=10%° M3, T~ 200 3B, T .~ 0.6 k3B

ECRH line 1——
300 kW

oooooo

NB dump Arc plasma gun
Expander tank

KOT (koMnakTHbIn OCECUMMETPUYHLIA TOPOUA):
BO3MOXHOCTb «Haka4aTb» KOT nyykamu

o B

o [OJ1-HB n CMOIJIA: mHoronpobo4Hble cucTeMbl AN
nogaBneHnst NPoAobHbIX NOTEPb YacTUL, U SHEPTUK

O6nacTb ynepxanus TpaHCnopTHas cekums BLIXOAHOW PaCMpHTE

‘ miacsiad 'Jl”””““”l/Lm

— ”’T%”I =

|

"‘ Co3paHue dmsnyeckon 6asbl Ans 36
OTKPbITbIX NTOBYLUEK C PeaKTOPHOro Knacca
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7. OTKpbITble MarHuTHble noywku (MAP CO PAH)

[AMJ1 (rasoanHammyeckaa MHoronpobo4Hasa foByLUKa)
* ctouHuk D-D HenTpoHOB

» lccnegoBaHme TexHonornn ansa craymoHapHoro D-D peaktopa

Paclumputen LieHTpanbHasa cekums co MHoronpo6ou
cBepxrnposogAaLLLIMMn Hble Nnbo
MarHUWTHbIMUA I'Ip06KaMVI BNWHTOBbIE
cekuumn
tetetei=i=t
Mpobkn
Tan 1
JTa BTC) NBI
(3CKM3HbIE NPOEKT)
MNornotuTt
v env
My4KoB
«Tennble»

KaTyLUKKN

Pacwwupunt
env

PaccTtosiHne mexay
npobkamum

Pagunyc nnasmebl

MarHuTHoe none:
B LEHTpE
B Npobkax

AJNIUTENbHOCTb
nmnynsca

AToMapHas
nHxekums (HO)

cyMMapHas
MOLLIHOCTb

ANUTENbHOCTb
paboTbl

SHeprnA HeVITpaHOB

JlononHUTENbHbIN
OUPH:

4YacTtoTa

cymMmmapHast
MOLLHOCTb

ANUTENBHOCTb
nMmnynbca

CUHTEe3 BCeX AOCTUXEHUU

~10 m

10 - 30
CM

0-15Tn
0o 20 Tn
2-4c

~ 22 MBT

30 kaB

170 My
4 MBT

2¢C



8. PazButue ngen «marintHaa mmuweHb» (magnetic target fusion)
gener’alfusion_ As of 2021, General Fusion had received $430 million in funding

Plasma Injectors

Hydraulic Rams Core Liquid drain

Injectors =

ty s://generalfuion.com/fusion-technology



9. Pe3romMe: YTO BHyLWlaeT HaM oNTUMMU3M / noBoAbLI AN COMHEHUN

* [Nepexon B BTCI1 kaTywikam — 60fiee KOMNakTHbIN 1 OELWEBLIN peakTop
* KOHCTpYKUUA U MaTepuarbl NePBON CTEHKM — KOMMEPYECKUN peaKkTop

« CTabunbHoe pa3BUTNE CUCTEM BHELLUHEIo HarpeBa rjia3mMbl
+

* «[MpakTnyeckoe» NoHMMaHue UMK PEXUMOB C YIy4LLEeHHbIM yaepXaHnemM nnasmbi

* YBEPEHHOCTb B peanusauumn “advanced” cueHapueB, NCMNOMb3YHOLLUX NpenMyLLecTBa
TOYHOro NPodUNUPOBaHUS Nfia3Mbl, CUCTEMbI OOpaTHbLIX CBA3EN U yripaBreHns
ropeHnem paspsia B peaktope B pexume pearnbHOro BpeMeEHM

» Pa3BuTtne KoHUenuumn, anbTepHaTUBHbIX TOKaMakam
— pe3epBHbIN BapuaHT aHepreTnyeckoro TH peakropa
— CBEPXMOLLUHbIA NCTOYHUK TH HENTPOHOB

* MacwTabnpyemMocTb TEXHOSIOMMN
* dn3mka TepMOSOEPHOro ropeHns — Kak noBnusAT anbda-vyactuusl npu Q>>1

39
« Cnekynsauum, SKOHOMUYeCcKasi peHTabenbHOCTb C Y4ETOM Pa3BUTUSI SHEPTETUKM



https://en.wikipedia.org/wiki/China_Fusion_Engineering_Test Reactor

Economic viability [edit]

Prior to the introduction of renewable energy sources such as solar and wind power, fusion was touted as the future of clean and net

zero carbon energy.['%l However, the introduction, greater widespread application, and utilisation of renewable energy has drastically
altered the energy landscape. For instance, renewables are projected to supply 74% of the global energy by 2050.[1) Moreover, with

renewable energy prices falling, the economic viability of fusion power has been brought to the forefront of the discourse of the future

economics of energy.[m]

Presently, economists suggest fusion power is unlikely to be as cheap as $400

renewable energy.['?l Fusion plants, much like fission plants, will have large Levelized cost of energy:

start up and capital costs as the cost of the materials, machinery and $300 megcf,ﬁ';  RGuT /Ga[\sh_sgzzl:er)
infrastructure required to construct these fusions plants is likely to be $200 / Therma "
exorbitant. Moreover, the operation and maintenance of these highly ot
specialised plants are likely to be costly as well.[10 While the operation and $100 E:::lr:r;;il
construction costs of the CFETR are not well known, an EU DEMO fusion o - Wind
concept is projected to have a levelized cost of energy (LCOE) of 'mlml o '20'15' - Izglzg S0lar paneis
$121/Mwh.['Z] Levelized Cost of Energy (LCOE) for various sources of =

Furthermore, economists suggest that fusion energy becomes $16.5/ MWh STy A M S G R 2T Gy

more costly for every $1 billion increase in the price of fusion technology.['0!
This high LCOE is largely a result of high capital costs incurred in the construction of fusion plants.[10]

In contrast, the LCOE of renewables appears substantially lower. For instance, the LCOE of solar energy appears to be $40-$46/
MWh, onshore wind is estimated at $29-$56/ MWh, and offshore wind is approximately $92/ MWh.['3] As such, these cost-effective

options appear to be the more economically viable ones.[10]
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