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Vojtěch Svoboda

18. listopadu 2011



Outline of the talk

1 Úvod
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Energetické poťreby lidstva



Ročńı spoťreba 1GW elektrárny (zhruba Praha)



Základńı princip tepelné elektrárny

Otázka zńı

?? Č́IM TOPIT ??
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3 Konkrétńı implementace - Tokamak GOLEM
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Spoutáńı energie hvězd

Nejvhodněǰśı kandidát v pozemských podḿınkách:

2
1D(10keV) +3

1 T(10keV) ⇒4
2 He(3.5MeV) + n(14.1MeV)

−→ Udržet & Zapálit & Zaȟrát & Diagnostikovat ←−



Uvolněńı vazebné energie I



Uvolněńı vazebné energie II



Problém: částice souhlasného náboje se odpuzuj́ı

Coulombův zákon:
FE = 1

4πε0

Q1 Q2
r2

2
1D(10keV) +3

1 T(10keV) ⇒4
2 He(3.5MeV) + n(14.1MeV)



Plazma



Tři způsoby udržeńı plazmatu



Geometrie udržeńı plazmatu



Magnetické udržeńı - Tokamaky



Budoućı reaktor



Obsah

1 Úvod
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Tokamak GOLEM - historie



Tokamak GOLEM - inženýrské schéma



Vsuvka - LC obvod



Tokamak GOLEM - základ



Tokamak GOLEM + čerpaćı systém (100 kPa → 1 mPa)



Tokamak GOLEM + napouštńı pracovńım plynem
(H2 či He)



Tokamak GOLEM + B (toroidálńı magnetické pole)
Udržeńı plazmatu



Tokamak GOLEM + CD (toroidálńı elektrické pole)
Oȟrev plazmatu



Tokamak GOLEM + pomoc pr̊urazu neutrálńıho plynu
vytvǒreńı plazmatu



Tokamak GOLEM + základńı stabilizace plazmatu
vertikálńım magnetickým polem



Diagnostika na tokamaku GOLEM

Diagnostika realizována s pomoćı:



Napojeńı systému na internet

Control PC

WWW server

HTML & CGI scripts

WWW control 
interface 

Virtual control room
(remote participation)

WINDOWS via putty

LINUX via ssh
or ssh+X tunnel 

(advanced mode)

internet

*Magnetic confinement
*Breakdown pulse
*Current drive
*Plasma stabilisation

-Plasma ingnition & maintaining

-Vacuum & H  management
-Baking system
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OpenSSH server

OpenSSH server

SSH control 
interface

Data presentation

HTML (www pages)

Data handling

*wget
*gnuplot
*idl
*mathematica
*matlab
*etc...

Tokamak room



Virtuálńı model tokamaku GOLEM

Tokamak & Kondenzátorovna

Rozklad do jednotlivých součást́ı & Pohled do komory



Virtuálńı veĺın tokamaku GOLEM
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Compass



JET



Výboj v tokamaku



Joint European Torus (diagnostika)

Compact, VUV camera

Active phase
neutral particle
analyser

14MeV Neutron
spectrometer

14MeV Neutron spectrometerDivertor spectroscopy

Neutron activation

2.5MeV Time-of-flight neutron spectrometer

Reciprocating probe (a)

Charge exchange
recombination
spectroscopy

Reciprocating
probe (b)

High energy neutral particle analyser

Bolometer cameras
Hard X-ray monitors

Neutron yield profile monitor and FEB

Hard X-ray
monitors

Compact, re-entrant
soft x-ray camera

Compact, in-vessel
soft x-ray camera

Time-resolved neutron yield monitor

CCD Viewing and RecordingNeutron activation

High resolution X-ray
crystal spectroscopy

JG99.68/3c

Bolometer
cameras

Endoscope

2/3

1/2

8/1

7/8

8/1
6/7

5/6

7/8

4/5

3/4

Active phase
soft X-ray cameras

O-mode microwave interferometer

X-ray pulse height spectrometer

VUV spatial scan

VUV spatial scan

50kV lithium atom beam

VUV and XUV spectroscopy of divertor plasma

Fast ion and alpha-particle diagnostic

LIDAR Thomson scattering

Divertor LIDAR Thomson scattering

Laser injected trace elements

Multichannel far infrared interferometer

Grazing incidence XUV
broadband spectroscopy

Bragg rotor x-ray spectroscopy;
VUV broadband spectroscopy

Electron cyclotron emission heterodyne

Active phase
soft X-ray cameras

14MeV Neutron
spectrometer

Fast ion and alpha-particle diagnostic
2.5MeV Time-of-flight neutron spectrometer

Edge LIDAR Thomson scattering

CCD viewing and
recording

Neutron activation

Time resolved
neutron yield monitor

Divertor
spectroscopy

H-alpha and visible
light monitors BremHard X-ray monitors

E-mode reflectometer

Correlation
reflectometer

Divertor gas analysis
using Penning gauge

2.5MeV Neutron spectrometer

The challenge of characterising extreme conditions of nuclear fusion plasmas both spatially and temporally
has inspired JET to produce an impressive array of diagnostic techniques. Drawing from fields as diverse
as neutronics, spectroscopy, lasers and microwaves, JET is a leader in the art of measurement.”

Andrea Murari, Task Force Leader - Diagnostics.



Fúzńı výkon JETu (DT palivo)



ITER



Tokamak.cz



Zimńı škola fyziky plazmatu - Marianská 2011
(Tokamak, žrejmě COMPASS, s NBI )

Děkuji za pozornost

http://golem.fjfi.cvut.cz,
jste zváni
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