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1952 " Operation Ivy - Mike" Prvni test vodikové bomby

Operation vy - Mike 10.4 Megatons

credit:YouTube:lvy Mike Countdown and detonation

|
Toto neni vhodna technologie



https://youtu.be/Q3ezhvCzWCM

Hledd se vhodnd flzni technologie

Zah¥at na ~ 100 000 000 °C & udrzet po dobu ~ 30 let




Ohf¥ev plazmatu

Radio Frequency Heating




T¥i mozné cesty jak udrzet plazma pro flzi

Lawsonovo kritérium: n7g >1.5-10025 (2x 6> 11 || 6 x 2> 11)

Long-lived low-density
Confinement

Continuous f
onfinement
Inertial Confinement

Gravitational Confinement
in the Sun and Stars

Using Lasers



Inercialni fuze
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Light lon Beam Inertial Confinement Fusion

credit:mext.jp

Velkd vyzva


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

Magnetické udrzeni: magnetickd nddoba

Musime ji ale svinout do kruhu (zbavit se podstav)

zachranny kruh/duse pneumatiky/donut



Nas cil: vytvotit uSlunce v pozemskych podminkach




Magnetické udrzeni vyZaduje toroidaIni geometrii
Svinutd magneticka nadoba




Musime to celé umistit do reaktorové nadoby - komory




ToroiddIni magnetické pole udrzuje plazma




Transformatorova akce vytvofi a zahfeje plazma
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Vse dohromady - voila tokamak
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Milestones to Fusion Power Plant




1997: Svétovy fuzni rekord @ JET (EU)
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P~15 MW, Q ~0.65, AT =3 s



ITER (jizni Francie) ~ 18 miliard EUR

ITER Member Contributions
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Divertor

Correction Coils (18)
- Central Solenoid (6)

P ~ 500 MW, Q ~ 10, AT ~ 10 minut, konkurenceschopna cena elektfiny




Prispévek Ceské republiky: tokamak
COMPASSQIPP.CAS.CZ




Velké ambice ....

Education is the
key to success
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Tokamak GOLEM




The GOLEM tokamak for education - historical background

Kurchatov Institute near Moscow, Culham Centre for Fusion Energy
Soviet Union Great Britain

1960: TM1-MH 1989: COMPASS-D
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Institute of Plasma Physics
Czech republic
CASTOR COMPASS
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Czech Technical University Prg
Czech republic
GOLEM







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 - experimentalni schéma

Tokamak technology setup

LEVEL 1 Preionization (electron gun)
Preion
Topel.

Current drive Control PC

Working Gas
Hydrogen *

Basic plasma diagnostics .,

Toop valtage
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internet

USER
authorization

WWW server
OpenSSH serve

OpenSSH server

Virtual control room
(remote participation)

WWW control
interface

HTML & PHP scripts

SSH control
interface

WINDOWS via putty

LINUX via ssh
or ssh+X tunnel
(advanced mode)

Data presentation

HTML (www pages)

Data handling

*wget
*gnuplot

*idl
*mathematica
*matlab
*etc...




Hands on tokamak
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Tokamak GOLEM - vzdalené ¥izeni: 2009-2019 inventura

Studenti z TU Eindhoven, operujici tokamak, 650 km vzduZnou &arou

m Demonstrace: Ghent University 09; Bochum University 13; Garching 13; Lemvig
High School 14; Instituto Tecnologico Costa Rica 10; Armidale University 17.

m Zimni a letni $koly: 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



Poplatek: pohlednice z mista vzddleného ¥izeni







Dékuji za pozornost

Tokamak TM1 Tokamak CASTOR Tokamak GOLEM
@Kurchatov Institute near Moscow @Institue of Plasma Physics, Prague @Czech Technical University, Prague
1977-2007 2007-
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Tokamak GOLEM @ Wikipedia ..
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Tokamak

From Wikipedia, the free encyclopedia

This article is about the fusion reaction device. For other uses, see Tokamak (disambiguation).

A tokamak (Russian: Toxamar) is 2 device that uses a powerful magnetic field to confine plasma in the shape of a torus. Achieving a stable plasma

it decays into a proton and electron with the emission of energy. When the time comes to actually try to make electricity from a tokamak-based reactor, some of the
neutrons produced in the fusion process would be absorbed by a liquid metal blanket and their kinetic energy would be used in heat-transfer processes to ultimately
turn a generator.

Experimental tokamaks [edit)

Currently in operation [edit]
(in chronological order of start of operations)

- 1960s: TM1-MH (since 1977 Castor; since 2007 Golem'12)) in Prague, Czech Republic. In operation in Kurchatov Institute since
early 19605 but renamed to Castor in 1977 and moved to IPP CAS, 3! Prague; in 2007 moved to FNSPE, Czech Technical University
in Prague and renamed to Golem.14!

1975: T-10, in Kurchatov Institute, Moscow, Russia (formerly Soviet Union); 2 MW

- 1983: Joint European Torus (JET), in Culham, United Kingdom

- 1985: JT-60, in Naka, Ibaraki Prefecture, Japan; (Currently undergoing upgrade to Super, Advanced model)

. 1987: STOR-M, University of Saskatchewan; Canada; first demonstration of alternating current in a tokamak.

1988: Tore Supra /1! at the CEA, Cadarache, France

- 1989: Aditya, at Institute for Plasma Research (IPR) in Gujarat, India

- 1980s: DIII-D,"*®’ in San Diego, USA; operated by General Atomics since the late 1980s

. 1989: COMPASS, 23! in Prague, Czech Republic; in operation since 2008, previously operated from 1989 to 1999 in Culham, United
Kingdom

- 1990: FTU, in Frascati, Italy

- 1991: Tokamak ISTTOK, 17! at the Instituto de Plasmas e Fusao Nuclear, Lisbon, Portugal;
et AemEw
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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

Casové priibéhy signali zietelné ukazuji, Ze doslo k priirazu neutralniho plynu a k
zformovani plazmatu.
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O tom svedci:
1. Rychly pokles napéti na zavit v Case t = 6-7 ms a jeho malé fluktuace.které 1ze vidét az



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

Tokamak GOLEM - Shot Database - 20000

Date:  201510-22-16:00:25
Session:  SessionPreparation
Comment: 20k

Congratulation, you have reached nuclear fusion.

The following explosion destroyed half of Prague and radioactive fallout contaminated whole Europe.

Have a nice day

Analysis

Basic parameters: (compare) Plasma parameters:

+ Gas pressure py:10.25
+ Working gas:

38 mPa (request: 5 mPa) W+ Plasma lfe time 8.7 [ms] (fom 7.5 0 16.2)

Mean toroidal magnetic field BE: 0,22 T we

« Preionization: Upper el gun
+ Chamber temperature: 20,00 C

+ Cp, capaciors charged to: 1696 V, triggered 5.0 as
+ Cpp capacitors charged to: 6 Y, triggered 5.0 s

+ Cep capaciors charged to: 535 V, tiggered 5.0 =5
+ Cs capacitors charged 10: 0 , riggered 5.0 ns *»

+ Probabilty of breakdown: N/A =

+ Time since session beginning: 0:19:25 h

« Mean plasma current: 1.2 kA e
« Mean Uloop: 1241V =

« Break down voltage: 105 V ==
« Ohmic heating power: 17.50 kW,
- o

+ Electron temperature: 13.5 eV W

« Line electon densiy: /A [10:17.m-2) o

Go to shot ‘Golem shot No:20000 -

oo <)

Loop voltage.

(Template source]
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11/17: GOLEM tokamak "mapping”

Tokamak GOLEM

MAPPING FJFI TOKAMAK NnJ17
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Zakladni (¥adova) statistika k 30.11.2012

Pocet dni od instalace: 1815.

Polet operaénich dni: =~ 438.

Polet hodin: ~ 1954

Pocet shotli: 10417.

Pocet shotli — > plazma: = 7600.
Primérnd délka vyboje: ~ 7 ms.

Celkova delka trvani plazmatu: < 60 s.



