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1928.G.Gamov -the theory
1930.Olifant,Kurchatov,Sinelnikov

exp.- proton beam,Li target
1932.Bucharin proposals to Gamov.

Gamov left USSR
20 years pausa

1930s The Beginning1930s The Beginning



1946   J.Tompson,M.Blecman - DD, 9MWthermal,
torus , 500 kA.

1944-46  Los Alamos E.Fermi, E. Teller, J.Tac, C.Ulam

1948  P.Tonemann exp.J=27 kA.

1951  X.Peron March 21

1951 L.Spitzer Stellarator B=2T, beta=50%  april

1957  ZETA

Mid-1940s to Mid-1950sMid-1940s to Mid-1950s



1950s-Fusion in the Soviet Union1950s-Fusion in the Soviet Union

1950  O.Lavrentiev July

1950  A.Sacharov, E.Tamm  Linear B=5T, beta=1 aug

1951  Stalin sign Order for MTR may 5

R=12m,a=2m,B=5T,n=10 14 ,T=100kev,W=880 Mw.

1952 Neutrons from pinch!

1955  First tokamak - TMP

1952









Opening Soviet Fusion toOpening Soviet Fusion to

the Westthe West

1956  Harwell April

1956  Stockholm L.Artsimovich,I.Golovin

1957 Venice  Ionized Phenomena in Gases

1958  Geneva   Stellarator,but Bohm diffusion!



1960s- Emergence of 1960s- Emergence of TokamaksTokamaks
1961  Ioffe bars

1965  Culham  Artsimovitch: Our confinment 10 tims better!
Spitzer: It is not principal.

1968  Novosibirsk   T-3   Tel=1kev  No Bohm!

1969 The 2nd  Workshop on thoroidal systems in
Dubna.D.Robinson reports on measurment of the Tel on
Tokamak T-3. TRIUMPH OF TOKAMAKS.

1975   T-10 and PLT



T10



T10



T7



Tuman



T15



____  ITER



The Birth of ITERThe Birth of ITER
1978   INTOR agreement

1985   Paris meeting may

1985 Geneva Sammit november

1988  ITER conceptual desing  april

1990  CDA  succesefuly concluded december

1992  EDA start,Canada @ Kasachstan join in association



1988 EDA end, but party decided cut prize by half.
EDA continues up to 2001

1999 US leave projec

2001 ITER FEAT project finish.

2005 Cadarache site decigion.



__________ ______________ __________ __ ____ 21.11.2006

The signatories of the ITER Agreement



_ _______-__________ _______ ____ _____ _____ ________ ______

More than a half of the world population lives in “ITER countries”



____ _________ _ ________, _______

ITER is constructed in Cadarache, France



______ _____________ ____

ITER construction Schedule



______ ____________ _ ____________ ____

ITER operation and research Schedule
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______ _________ ______ ____ ______ _ _____ _______

First ITER Council Meeting held in the Castle of Cadarache

____ __ ______       Memory photo









Z-pinch as a Pioneer of ControlledZ-pinch as a Pioneer of Controlled

Nuclear FusionNuclear Fusion

Harwell, 1956. Igor Kurchatov opens theHarwell, 1956. Igor Kurchatov opens the

Soviet Fusion ProgramSoviet Fusion Program

This program at that moment was

based, in particular, on Z-pinches.

Z-pinch, compared to magnetic traps,

is to more extent dynamical system.

Nevertheless, it has provided the base

to develop the toroidal

quasi-steady traps, to wit, tokamaks.
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DynamicsDynamics
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StabilityStability
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EXPERIMENTS ON THE PROLONGED PLASMA EXPERIMENTS ON THE PROLONGED PLASMA 

CONFINEMENT WITH THE FUSION CHAMBER MAGOCONFINEMENT WITH THE FUSION CHAMBER MAGO 

Physical scheme of MAGO 
chamber operation 

Plasma chamber MAGO-IX 



Prospect of ignition in the Z-pinch neckProspect of ignition in the Z-pinch neck

ICT photographs in the optical range (1,2)

and VUV-SXR range (3,4,5)



1. Gas-Puff Liners1. Gas-Puff LinersNozzleNozzle

ValveValve

InstabilityInstability

Stabilization by the applied longitudinal magnetic fieldStabilization by the applied longitudinal magnetic field

FAST Z-PINCHES     FAST Z-PINCHES     (Smirnov, Rudakov, Quintenz, 

 Cuneo, Deeney, Matzen, McDaniel, Mehlhorn, Olson…)



Dynamic Hohlraum
(TRINITI)

Double-ended
vacuum Hohlraum

(SANDIA)

2. HOHLRAUM. HIGH-CURRENT WIRE ARRAYS2. HOHLRAUM. HIGH-CURRENT WIRE ARRAYS

  DRIVERDRIVER

  DRIVERDRIVER



NUMBER OF UNITS:   8

CURRENT PULSE:     4 __,  90 ns

Load- WIRE ARRAYS:

ENERGY 100 kJ

PULSE DURATION   6-10 ns

FAST INTENSIVELY RADIATING Z PINCHES DRIVENFAST INTENSIVELY RADIATING Z PINCHES DRIVEN

BY PULSED POWER GENERATOR ANGARA-5-1BY PULSED POWER GENERATOR ANGARA-5-1
SRC RF TRINITI, TROITSK

Intensively radiating Z pinches of the matter with high

atomic number is a driver for ICF on base of the indirect

ICF targets compression
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Double Liner Implosion Dynamics
Vmax  (5 7) .107 cm/s

Rout = 16 mm  mout = 100 …g/cm  (Xe)

 rin =   2 mm  min = 200 …g/cm  (foam)

Anode

Cathode

 60 ns before pinch

45 ns before pinch

Laser shadow pictures

15 ns before strike

1 ns after strike Cathode

Cathode

Cathode

Anode

Anode

Anode

ANGARA-5-1, TRINITI



Z

Time
(…s)

x rays
~1.8 MJ

Marx

11.4 MJ

water

vacuum

Modular

High Efficiency (> 15% wall-

plug to x-rays)

Low cost (< $30/J)

Laser-triggered pressurized
gas switches

Technology is possibly rep-
rateable at 0.1 Hz with fast-
cycling Marx

Z/ZRZ/ZR  Pulsed Power MachinePulsed Power Machine



““ZZ”” ,SANDIA National Laboratories ,SANDIA National Laboratories

1.8 MJ in SXR range; 200 TW



MAGNETIC 
AMPLIFIERS

ENGINES 
TKD-200

MAGNETIC 
COMPRESSORS

TRANSFORMERS

POS

LINER

TIN-900

Estore = 3 GJ  �  Eout = 30 MJ �  E   = 10-15 MJ

T = 6 s                T = 150 ns         T = 10 ns

32*2 MODULES

BAIKAL, THE  NEW  GENERATION  OF  PULSEDBAIKAL, THE  NEW  GENERATION  OF  PULSED

POWER  MACHINESPOWER  MACHINES
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AT PRESENT MOMENT, Z-PINCH PROVIDES MAXIMALAT PRESENT MOMENT, Z-PINCH PROVIDES MAXIMAL

ENERGY OF X-RAY PULSEENERGY OF X-RAY PULSE
The level of energy achieved is close to that necessary for ignition

(~ 10 MJ)
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 The basic functional elements 
of ZP-3 reactor chamber 

I = 60 MA - for ignition.
I = 90 MA - for IFE power plant.
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