
Mě̌reńı základńıch paramet̊u
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5. Experiment: Zpracováńı namě̌rených dat
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Tokamak
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Geometrie tokamaku

R0 - Major Radius (velký poloměr), a - Minor Radius (malý
poloměr)
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Tokamak

Magnetický indukčńı tok:

Φ = B · S · cos(α)

Faradaẙuv zákon
elektromagnetické
indukce:

Ui = −N
∆Φ

∆t
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Pr̊uraz plazmatu

Vznik primárńıho
elektronu: kosmické
zá̌reńı p̌redionizace

Následuje lavinovitá
ionizace

Závislost pr̊urazného
napět́ı na tlaku popsána
Paschenovým zákonem

Tokamak GOLEM



Plazma v magnetickém poli

Lorentzova śıla

F = q(E + v × B) (1)

kde E je intenzita elektrického pole, v rychlost částice a B
velikost magnetické indukce.

Larmor̊uv poloměr

Z rovnosti odsťredivé a Lorentzovy śıly dostaneme pro částici o
hmotnosti m a náboji q

r =
mvk
Bq

(2)

kde vk je rychlost kolmá na magnetické pole B .
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Plazma v magnetickém poli

Drifty

Driftová rovnice popisuje pohyb gyračńıho sťredu kolmo na
magnetické pole B

vD =
Fext × B − µB ×∇B −mR̈ × B

QB2
(3)

kde Fext je śıla působ́ıćı na gyračńı sťred, R̈ p̌redstavuje druhou
časovou derivaci polohy gyračńıho sťredu a µ = mvk

2B
je

magnetický moment.

KULHÁNEK, P., Teorie plazmatu, studijńı text pro FJFI ČVUT, 2008,

http://www.aldebaran.cz/studium/fpla.pdf
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Udržeńı plazmatu uprosťred nádoby

Drift částic v toroidálńım magnetickém poli
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Udržeńı plazmatu uprosťred nádoby

Jak odstranit drift?
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Udržeńı plazmatu uprosťred nádoby

Jak odstranit drift?

Nějakým způsobem propojit spodek a vřsek plazmatu aby
se potenciály mohly pr̊uběžně vyrovnávat
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Udržeńı plazmatu uprosťred nádoby
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Udržeńı plazmatu uprosťred nádoby

Jak odstranit drift?

Nějakým způsobem propojit spodek a vřsek plazmatu aby
se potenciály mohly pr̊uběžně vyrovnávat

Řešeńı: vytvǒreńı šroubovicovitého magnetického pole

Tokamak: proud plazmatem

Stelarátor: vytvǒreńı pole pomoćı systému vněǰśıch ćıvek
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Udržeńı plazmatu uprosťred nádoby

Poloidálńı ćıvky

Soustava vodič̊u, kterými
procházej́ı proudy r̊uznými
směry
Jsou vinuty podél komory v
toroidálńım směru
Tlak magnetického pole:

p =
B2

2µ0

(4)
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Poloidálńı ćıvky - COMPASS
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Tvar plazmatu

Vlevo: Limiterová konfigurace. Vpravo Divertorová konfigurace
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Tvar plazmatu - Divertorová konfigurace
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Oȟrev plazmatu
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Oȟrev plazmatu - ohmický oȟrev

Jouleovo teplo

Q = UIt [J] (5)

Teplo vznikaj́ıćı pr̊uchodem proudu vodičem o konečné
vodivosti.

Vodivost plazmatu

σ(Te) = 1.544 · 103
T

3/2
e

Zeff

[S/m] (6)

kde Te je elektronová teplota a Zeff efektivńı náboj plazmatu.
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Oȟrev plazmatu - mikrovlnný oȟrev

Rezonančńı frekvence

ω =
qB

m
(7)

ECRH - Electron Cycloctron Resonance Heating
ICRH - Ion Cyclotron Resonance Heating
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ICRH

ωi ≈ deśıtky MHz
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ICRH - Jet
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ECRH

ωe ≈ 28B GHz, generováńı pomoćı gyrotronu

Tokamak GOLEM



ECRH
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Vlečeńı proudu plazmatem - LHCD

ωLHCD ≈ GHz, generováńı pomoćı klystronu

Tokamak GOLEM



Vlečeńı proudu plazmatem - LHCD
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Vlečeńı proudu plazmatem - LHCD
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Vlečeńı proudu plazmatem - LHCD
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Oȟrev plazmatu - svazkový oȟrev
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Oȟrev plazmatu - svazkový oȟrev
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Oȟrev plazmatu - svazkový oȟrev
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Zdroje energie - setrvačńıky

Nap̌r. JET, COMPASS
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Zdroje energie - ze śıtě

Nap̌r. MAST, Tore Supra, polovina JET
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Zdroje energie - JET
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Chlazeńı
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Kryotechnika

Systém chlazeńı, zkapalňováńı a rozvodů tekutých plynů. V
praxi se použ́ıvá duśık a helium.
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Vakuové čerpáńı
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Turbomolekulárńı vývěvy
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Kryovývěvy
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Př́ıprava vakua
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Ř́ızeńı experimentu
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