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Tokamak GOLEM & Vojtěch Svoboda



Topit malým Sluncem/hvězdou ??



Výzva



Vize: Jaderná elektrárna - slučovaćı/fúzńı

Praha (∼ 1 GW): ročně ∼ dodávka D-T směsi

Vypiplat technologii



1952 ”Operation Ivy - Mike” Prvńı test vod́ıkové bomby

˙ credit:YouTube:Ivy Mike Countdown and detonation

Toto neńı vhodná technologie

https://youtu.be/Q3ezhvCzWCM


Hledá se vhodná fúzńı technologie

Podḿınky:

Zaȟrát na ∼ 100 000 000 ◦C & udržet po dobu ∼ 30 let



Oȟrev plazmatu



Tři možné cesty jak udržet plazma pro fúzi

Lawsonovo kritérium: nτE ≥ 1.5 · 1020 s
m3 (2× 6 > 11 ‖ 6× 2 > 11)



Inerciálńı fúze

˙ credit:mext.jp

Velká výzva

http://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu2/056/shiryo/__icsFiles/afieldfile/2012/06/14/1322076_03.pdf


Magnetické udržeńı: magnetická nádoba

Muśıme ji ale svinout do kruhu (zbavit se podstav)

záchranný kruh/duše pneumatiky/donut



Náš ćıl: vytvǒrit µSlunce v pozemských podḿınkách



Magnetické udržeńı vyžaduje toroidálńı geometrii
Svinutá magnetická nádoba



Muśıme to celé uḿıstit do reaktorové nádoby - komory



Toroidálńı magnetické pole udržuje plazma



Transformátorová akce vytvǒŕı a zaȟreje plazma



Vše dohromady - voilà tokamak



Milestones to Fusion Power Plant



1997: Světový fúzńı rekord @ JET (EU)

P ≈ 15 MW, Q ≈ 0.65, ∆T ≈ 3 s



ITER (jižńı Francie) ≈ 18 miliard EUR

Mise:

P ≈ 500 MW, Q ≈ 10, ∆T ≈ 10 minut, konkurenceschopná cena elekťriny



Př́ıspěvek České republiky: tokamak
COMPASS@IPP.CAS.CZ



Velké ambice ....



Tokamak GOLEM



The GOLEM tokamak for education - historical background



GOLEM



Plasma in Tokamak (GOLEM) - the least to do
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Plasma in Tokamak (GOLEM) - the least to do
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Tokamak GOLEM - schematic experimental setup
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Let’s make a discharge



Tokamak GOLEM - experimentálńı schéma
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Hands on tokamak



Tokamak GOLEM - vzdálené ř́ızeńı: 2009-2019 inventura

Studenti z TU Eindhoven, operuj́ıćı tokamak, 650 km vzdušnou čarou

Demonstrace: Ghent University 09; Bochum University 13; Garching 13; Lemvig
High School 14; Instituto Tecnologico Costa Rica 10; Armidale University 17.
Zimńı a letńı školy: French Training Course & EM 12-14,16-19; Bangkok 16-19;
TU Eindhoven 11,15-19;TU Kobehaven 14,15,18;Grenoble TU 15, University of
Belgrade 15-18; BUTE Budapest 10,12-18; University of Padova 14,16,18; TU
Torino 16-18, St. Peterburg University 18-19. Kharkov University 19
Pracovńı seminá̌re Kiten: 14,16,18; Observatorium Valasske Mezirici 14; Islamabad
14.
Ostatńı: Global Tokamak Experiment 10.



Poplatek: pohlednice z ḿısta vzdáleného ř́ızeńı



GOLEM



Děkuji za pozornost

Tokamak TM1
@Kurchatov Institute near Moscow

~1960-1977

Tokamak GOLEM
@Czech Technical University, Prague

2007-

SCIENCE                                SCIENCE                           EDUCATION
                                                                         & education                                              & science

Tokamak CASTOR
@Institue of Plasma Physics, Prague

1977-2007

... with the biggest
          control room 
                 in the world ..



Tokamak GOLEM @ Wikipedia ..
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Frantǐsek Žácek, Lukáš Matěna, Jan Stockel, Jan Mlyná̌r, Jaroslav Krbec,
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XX/YY: TM-1



XX/YY: CASTOR



12/07: Last minutes at the IPP Prague



12/07: First minutes at the CTU Prague



07/09: First plasma in the tokamak GOLEM



09/09: Tokamak and tokamak



11/11: NP laureat at tokamak GOLEM



05/16: The youngest tokamak (GOLEM) operator, Adam
(7 years).



0916: ITER DG, Mr. Bernard Bigot (Shot #22185)

Quotation from Czech Television Hydepark

I am very pleased with the GOLEM ...



09/19 Paper model ABC



2010: Tokamak GOLEM



2011: The tokamak COMPASS with NBI



2016: ITER segment



2017: First Spitzer Stellarator



10/15: Trojan horse - #20000



11/17: GOLEM tokamak ”mapping”

Tokamak GOLEM



Základńı (̌rádová) statistika k 30.11.2012

Počet dńı od instalace: 1815.

Počet operačńıch dńı: ≈ 438.

Počet hodin: ≈ 1954

Počet shot̊u: 10417.

Počet shot̊u − > plazma: ≈ 7600.

Pr̊uměrná délka výboje: ≈ 7 ms.

Celková delka trváńı plazmatu: < 60 s.


