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An extensve (INTAS) resserch programme gtarted in 2002 to investigate the correlations between an the one hand the occurrence of
trangport bariers and improved confinement in the medium-sze tokamaks TEXTOR and T-10 and on the smdler tokamaks FT-2,
TUMAN-3M and CASTOR, and on the other hand dectric fidds, modified magnetic shear and dectrogtatic and magnetic turbuence
using advanced diagnogticswith high spatia and tempord resalution and of various active meansto externdly control plasmatransport .
Thishasbeen donein asrongly coordinated way and explaiting the complementarity of TEXTOR and T-10 and the backup potentid of
thethree other tokamaks, which together havedl therdevant experimentd tods and theoreticd expertise

PACS: 52.55.Fa, 52.30.-q, 52.35Ra, 52.55.-s
1. INTRODUCTION

About a decade ago locd zones (called internd transport
barriers, ITBs) with reduced transport were discovered in
tokamaks. These ITBs can act on the dectron and/or ion
fluid.The understanding and reduction of turbulent transport
in magnetic confinement devices is not only an academic
tak, but dso a matter of practica interest, since high
confinement is chosan as the regime for ITER and posshble
future reactors because it reduces size and cost.

Gengdly spesking, turbulence comes in two cdasses
electrogtaic and magnetic turbulence. Over the last decade,
step by step new regimes of plasma opeaion have been
identified, whereby turbulence can be externaly controlled,
which led to beter and better confinement.The physicd
picture thet is genedly given is tha by spinning up the
plasma, it is possble to create flow veocity shear large
enough to tear turbulent eddies apart before they can grow,
thus reducing dectrogaic turbulence This turbulence
stahilization concept has the universaity, needed to explain
ion transport bariers at different radii seen in limiter-and
divertor tokamaks, sdlarators reversed fidd pinches, mirror
machines and linear devices with a variety of discharge- and
heating conditions and edge biasing schemes The eectron
heat conduction, however, which normdly is one to two
orders above the collisona lower limit, remained strongly
anomaous dso in the regime with suppressed dectrodatic
turbulence In that case it became the dominant heet loss
channd. From this; it is conjectured that magnetic turbulence
drives the anomal ous electron heat conduction..

Although turbulence measurements have been performed
on many magnetic confinement devices during the last
decades, the additiond ingght gained from these experiments
is reatively limited. This can be attributed to a numbe of

reesons. Frdly, only a very coarse spatid resolution was
achieved in many measurements of eectric fidds and
turbulence. Secondly, S multaneous measurements of different
fluctuating quantities (temperature, dengity, eectric potentia
and magnetic fidd) a the same location, needed for a
quantitative estimation of the energy and particle transport due
to turbulence were only performed in avery limited number of
cases. Thirdly, theoretical models were often only predicting
theglobal level of turbulence aswell asthe scaing of thisleve
with varying plasma parameters

The invedtigation of the correlations between on the one
hand the occurrence of transport barriers and improved
confinement in magneticaly confined plasmas, and on the
othe hand dectric fidds modified magnetic shear and
electrogtatic and magnetic turbulent fluctuations necessitates
the use of various active means to externdly control plasma
trangport. It dso requiresto characterize fluctuations of various
important plasma parameters indde and outdde transport
bariers and pedesa regions with high spatid and tempord
resolution using advanced diagnodtics, and to ducidatetherole
of turbulence driving and damping mechanisms, induding the
role of the plasma edge propeties. The experimentd findings
have to be compared with advanced theoreticadl modds and
numericd smulaions

The Consortium of the INTAS prgject 2001-2056 disposes of
5 tokamaks (the medium-size and similar tokameks TEXTOR
and T-10, and the smdler-scde tokamaks FT-2, TUMAN-3M
and CASTOR), equipped with advanced diagnogtics with high
spatid and tempord resdution. Research activities are srongly
coordinated and exploit the complementarity of TEXTOR
(mainly ion hedting, Dynamic Ergodic Diveta) and T-10
(dectron hedting, Heavy lon Beam Probe, HIBP) as well as the
backup potentid of the three ather tokamaks, which together have
al the rdevant experimentd tods and theordticd expatise A
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bgantiad  effot was made for the improvement and
devdopment of diagnogtics which were necessary for the
successful  execution of the proect: HIBF1],corrdation
reflectometry (CR) [2,3], Doppler reflectometry [4], corrdative
enhanced scatering [5)], fluctuation reflectometry theory [6,7],
advanced Gundestrup probe[8].

The most important results obtained in the
investigations of the physica mechanisms underlying
different types of transport barriers are presented in
Section 2. The results of studies on turbulence
characteristics are discussed in Section 3.

2. TRANSPORT BARRIERS: PHY SICAL
MECHAMISMS
2.1. ELECTRON INTERNAL TRANSPORT
BARRIERS

Recent research in the T-10 and TEXTOR devices has
concentrated on understanding the physical mechanisms
that are responsible for the generation of dectron interna
transport barriers (e-1TBs) and aso on finding out in
which way they are related to the concept of profile
consistency, in which the plasma pressure and
temperature profiles have a tendency to organize
themselves [9] into an ‘universa’ profile shape, in
agreement with the plasma minimum free energy
principle. If Np exceeds a certain critica vaue,
instabilities connected with the pressure gradient will
counteract the formation of an even steeper gradient. The
radial distribution of transport coefficients is determined
by the necessity to maintain the self-consistent pressure
profile under different external impacts.

Previous work [10] has shown that e-ITBs are formed
when dg/dr is low in the vicinity of rational magnetic
surface with low m and n values. The investigation of
effects bound with ITB formation was continued in T-10
experiments in 2005. For this purpose experiments with a
rapid plasma current ramp up were performed. In this
case, due to (b, + 1i/2) ~U/I,> a rapid change of the
magnetic surface densities in the central part of plasma
takes place, while current penetration in this region occurs
only after t>50ms. So confinement changes observed in
the plasma core are the result of a magnetic surface
density change only. The results are under analysis [11].

Experiments with Internal Transport Barier (ITB)
formation and the maintenance of sdf-consgtent plasma
profiles under the action of Electron Cyclotron Resonance
Hesting and Current Drive ECRH/ECCD were performed at
T-10. Thereaults are gill being analyzed. A joint andysis of
T-10 and TEXTOR experimental results enabled to anayze
effects bound with plasma sdlf-organization. It was shown
that the plasma pressure profiles obtained in different
operationd regimes and even in various tokamaks may be
represented by a single typica curve, cdled the sdf-
consistent pressure or canonicd profile, aso often referred to
asprofileresilience or profile giffness.

The investigation of self-consigent profile effects was
carried out under different experimental conditions, such as
regimes with plasma densty near the Greenwad limit and
regimes with deuterium pellet injection. It can be concluded
that the effect takes place in awide region of plasma density
up to that, which leads to disruption. The conditions
described by this sdlf-consgtent profile areredlized in a very
short time, less than the experimental time resolution

Dt3 2...4 ms. During ECRH it is redized by a plasma
density redigribution: n. decreases in the plasma hesating
zone. Thisimplies that the famous “density pump out” isthe
result of plasma sdf-consstent organization. Experimentally
this means that, when one tries to distort the sdlf-cond stent
pressure profile, the heat (cald) pulse spreads much more
quickly than can be expected from trangport coefficients,
cdculaed from a radia power baance However, in ITB
regions Np can largely exceed that from the self-consistent
pressure profile.

The work at TEXTOR has made it aso possible to
give an answer to a long-standing question why the
electron temperature profiles during off-axis Electron
Cyclotron Resonance Heating (ECRH) in the late
Rijnhuizen Tokamak Project are hollow. These
experiments have been repeated in TEXTOR with amuch
more advanced set of diagnostics and the conclusion is
that during the first 100 ms of off-axis ECRH application,
the ohmic input power in the plasma core drops below the
power lost by the electronsto theionsvia collisions.

Rational surfaces thus play a key role in the
establishment of eITBs, as has been observed in
stellarators, too. However, this does not exclude a
possible supporting role of ExB shear in ITB formation
near rational surfaces. Recent work on DIII-D and
gyrokinetic simulations [12] hint a possible synergy
between ExB shear and effects of rational surfaces. Large
profile corrugations in eectron temperature gradients at
lowest-order singular surfaces lead to the buildup of a
huge zonal flow ExB shear layer which provides a trigger
for the low power ITB observed in DIII-D.

2.2. TRANSPORT BARRIERS INDUCED BY DED
INTEXTOR

The influence of a magnetic perturbation field,
generated by the Dynamic Ergodic Divertor (DED), on
the turbulence and transport properties is studied and
compared to plasmas without such a field perturbation.
The externa magnetic field bresks up the magnetic field lines
structure and causes an ergodization of the plasma edge [13].
The drength and radid range of the perturbation field can be
widely varied. Together with tangential neutral beam injection
in co-and counter—current directions, the turbulent transport
has been invedtigated.

One main effect of the DED is the modification of the
radial eectric fidd. The ergodization of the magnetic field
lines leads to an increased eectron loss rate which charges
the plasma edge more positively. The application of the DED
increases the rotation in the scrape-off-layer, where the
origind rotation is in the ion diamagnetic drift direction.
Sincethe rotation at radii smaller than the limiter radiusisin
the electron diamagnetic drift direction, the DED dows
down the rotation. The inversion point of the radid dectric
fidd (as wdl as the poloidal rotation veocity) is shifted
further indde. This effect does not depend on the DED
configuration (m/n= 3/1 or 12/4), but on the fidd strength of
the perturbation fild. Note that this concluson concerns
only DC DED operation; the AC DED scenarios are the
subject of future work.

The data obtained in a sngle discharge with by the fast
scanning Gundestrup probe (Fig. 1) dearly demongrate the
effects of DED on the plasma edge parameters.
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The combination of counter-current neutra beam injection
and the DED can lead to the formation of atrangport barrier a the
plasma edge [14]. The turbulence rotation is decreased a the
barrier, which again demongrates the braking effect of the DED.
The accderation of rotation by counter neutrd beam injection and
braking by the DED yidds an incease in the vdodty sheer a
rla= 09. At the barie, the levd of densty fluctuations is
condant, the turbuence decorrdation time is increesed and the
turbulence wavelength is decressed. The evduation of turbulent
diffuson usng a random wak modd yidds the redudion of
trangport by about 50 % within the barrier.
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Fig. 1. Radial profiles (#99777) of the (a) toroidal flow V; ,
(b) poloidal flow V , (c) dectrontemperature T, (d) electron
density N, (€) floating potential f ; and, (f) radial dectric

fied E, before (thin line) and during (thick line) DED in
TEXTOR. Thevertical dashed line marksthe position of the
Last Closed Flux Qurface(LCFS). The dashed-dotted line
indicatesthe end of the rdiahility of the Gundestrup probe data

2.3 TRANSPORT BARRIERS DURING OH
DISCHARGES IN TUMAN-3M

The influence of low frequency magnetchydrodynamic
(MHD) ativity bursts during chmic H-modein the TUMAN-3M
tokamak [4] has been sudied focusing on the measurements of
plasma fluctuation poloidd veocity performed by microwave
Doppler reflectometry. During the MHD burd a trandent
Oeterioration of improved confinement was obsarved. As shown
in Fg. 2 the plagma fluctuation poloidd rotation observed before
the MHD burg in the vidnity of the edge transport barrier wasin
the direction of plasma drift in the negative radid dectric fidd.
During the MHD activity the measured poloida velocity was
drastically decreased and even changed itssign. Radid profiles
of the poloida velocity measured in a saries of reprodudble
tokamak shats exhibited the plasma fluctuation rotation in the
ion diameagnetic drift direction at the location of the peripherd
transgport barrier.

The postive E; peturbation at the plasma edge obvioudy
leads to a transent deterioration of the H-mode transport
barier. On the other hand, the inward propagation of the
postive dectric field increases the shear of plasma ratation
deeper in the core Such a displacement of the shear pattern to
the core region might cause a transport barrier shift towards
theinner region of the plasma column.
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Fig 2 Timeevolution of the sgnals measured in a shot virtually
without MHD activity (dotted line) and in a shat with a sharp
MHD in TUMAN-3M:

a) lineaveraged plasma densty measured along central chor;
b) Do emissonintensty; ¢) megnetic probesgnal with MHD
burg; d) magneticidand poloidal velocity derived from magnetic
probe sgnal evolution (thick grey curve) and the Doppler
velodities; €) cut-off radii (dotted ling, micronave frequency
23,5 GHzand sdlidline, mcrowave frequency 24.68 GH2)

3. TURBULENCE CHARACTERISTICS
3.1. GEODESIC ACOUSTIC MODES (GAM)

Geodesc Acoudtic Modes (GAM) were investigated on the
T-10 tokamek using the HIBP, carrdation reflectometry (CR) and
multipin Langmuir probe diagnodics [1]. GAM ae tarsond
plasma oglldions with pdoidd wavenumber m=0, a high
frequency branch of Zond Hows (ZF). Regimes with dhmic
hetting and with o+ and off-axis ECRH were sudied. It was
shown that GAM are manly patetid osdllaions but GAM ae
pranounced encugh in the dengty fluctuation to be detected by CR,
meking thelatter toan effectivetod far further sudy of ZHGAM.

Typicaly, the power spectrum (FHg.3) of the HIBP potentid
osaillations exhibits a dominating sdlitary quasi-monochromatic
peek. The frequency of GAM changes in the region of
obsavation and decresses towards the plasma edge After
ECRH switch-on, the frequency increases, corrdating with
growth of the dectron temperature Te. The GAM frequency (see
Fig4) depends on the local T, as fearc/R-Ts which is
consgent with a theoretica scding for GAM, where ¢ is the
sound speed within afactor of unity.

Along with the above mentioned features, predicted for
ZF/IGAM, some additiona characteristicswerefound on T-10:

GAM tend to be more excited near low-gq magnetic
surfaces.

Along with being mainly electrostatic, GAM aso
have some magnetic component.

GAM amplitude has an intermittent character.

GAM exhibit adensity limit.

Characterigtics of GAM observed with O-mode CR in
OH discharges in the plasma edge of TEXTOR tokamak are
smilar to those on T-10. The frequency of the observed
mode obeys the theoreticaly predict ed GAM scaling with
locd temperature and ion mass. The poloidal distribution of



the amplitude of the GAM-induced density fluctuations was
studied. On the basis of measurements at several poloidal
postions a good quditative agreement with theoreticaly
predicted Sn6 (or m = 1) distribution was found.

[\

HIBP

- T
—_ o~
3 Lo Aey £=0.93
= 1 j 'l #30323
g i ‘} ]
Q ,} i
o \
NN ]
0 \u\ ' e S !
T 1
,I‘I ~ CR |
1.0 n L

o
)

power [a.u.]
[=] [=]
- @

L

— -~ B -~

- 1 =i
32l lsat /% Proar  PT095
= | '\‘ #30527
@

% 1 AW AR
= W
0 L 1 L L
0 10 20 30 40
f [kHz]

Fig. 3.Top: Power spectrum of potential oscillations and
total beam current (proportional to the
plasma density) measured by HIBP in T-10;
Middle: Spectrum of plasma density oscill ations measured
by the reflectometer; Bottom: Spectra of floating potential
and ion saturation current oscillations measured
by the Langmuir probe. Parameters of similar shots:
Br=242T,Ip=290kA, q(@ = 25, Ne= 4% 1019 m 3
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The phase coherence over about 90° confirms the long-scale
nature of the observed density oscillations which is dso
consistent with the predicted m = 1 structure. The leve of the
oscillations of turbulence rotation related with the GAM is
found to be in the range 5-10% of the ambient turbulence
rotation, which result in an increase of shearing rate by a
factor of gpproximately 5. The resulting shearing rate is

comparable with the decorrelation rate of ambient
turbulence. It is shown that the fluctuations in the ambient
plasma turbulence level are strongly correlated with those of
the oscillations of turbulence rotation due to the GAM.

Doppler reflectometry has recently been employed to
detect GAM as oscillations of poloidal velocity in the
ASDEX Upgrade tokamak [15]. A similar diagnostic has
been used to reveal GAM oscillations in the TUMAN-3M
tokamak during transition to ohmic H-mode triggered by
impulse gas puffing [16]. The oscillations of poloida
velocity in the GAM frequency region were eval uated via
the averaging of the Doppler frequency shift spectra.

To dudy an influence of the GAM oscillaions on the RMS
levd of plasma scattering fluctuations cross-corrdaion spedrd
analyss has been employed. Quas-coherent osdillations of the
pdoidd vdodty in the GAM frequency region between 20 and
40 kHz were observed. The osdllations were detected for cut-
off locations near the edgetrangpart barrier occurring during the
H-mode There is no quas-coherent osdllation of the poloidal
veodity if the cut-off is located in the SOL. The discovered
corrdation between the plasma fluctuation level and thepolaidd
veodity osdllation indicates an impect of the GAM oscillations
on theplasmaturbulence.

3.2. CORE TURBULENCE INT-10

Turbulence characterigtics were invetigated in detal in OH
and ECRH discharges in T-10 usng corrdaion reflectometry,
HIBP and Langmuir probe arrays [2]. The OH and ECRH
discharges show a didinct trangtion from the core turbulence,
having a complex spectra dructure, to the ungructured one a
the plasmaboundary.

The core turbulence indudes the “Broad Band’ (BB),
“Quasi-Coherent” (QC) features arising dueto the excitation of
rationd surfaces with high pdoidd m-numbers “Low
Frequency” (LF) near zero frequency, and the GAM osdllaions
a 20...30 kHz. All experimentaly messured properties of LF
and HF QC are in a good agreement with the behaviour of the
linear increments of lon Temperature Gradient/Disspative
Trgpped Electron Mode (ITG/DTEM) ingabilities Significant
locd decresse of the turbulence amplitude and coherency wes
obsarved a the edge veodity shear layer and in the core near
g=1radiusa 5...15 msafter ECRH switch-off.

Reflectomery a hdf minor radius shows tha long
wavdength turbulence is replaced by shorter wavdength
turbulence when the densty increases up to hdf of the
Greenwdd densty. The shorter wavelength turbulence is
dominant a higher dendties. This observation offers the
posshility to explan the confinement rise a& low and its
saturation at higher dendities. The second factor, which may
influence the confinement, is the strong decrease of the Te/Ti
ratio with the dengty increase which could dso leed to the
confinement rise.

3.3. TURBULENCE CHARACTERISTICSIN FT-2

The new highly locdized corrdative enhanced scattering
diagnodics is cgpable of deteminating the smal scde
turbulence wave number pectra developed a the FT-2
tokamak and provided dready thefdlowing results[5]:

Two modes are found in the UHR BS spectra under
condltl ons when the threshold for the Electron Temperature
Gradient (ETG) mode ingability [17] is exceeded. TheETG
mode is a possble candidate to explain anoma ous dectron
energy transport.
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- The firg mode has a frequency less than 1 MHz and radid
wave number 25 cm<g<150cm™, and is localized a the
plasma edge and asociated with the ITG mode. Its wave
number spectrum is quickly decaying in a way smilar to
that observed on Tore Supra

- The second mode has a frequency higher than 2 MHz and
radia wave number g>150cm™, and is associated with the
ETG mode. Its phase velodity is twice as high and its
amplitude is growing towards the cantre. In the region of
observationsitsleve is comparable to that of the ITG mode,
but is however much smdler than thet of the latter mode at
theedge

- The possihility of the poloidal ratation profile determination
with the UHR BStechnique is demondrated.

4. CONCLUSION AND OUTLOOK

The drong innovation potentid of thisINTAS project lies
in the field of tokamak physics and tools to contrd plasma
turbulence and eectric fields as wel as in the fied of
advanced plasma diagnogtics This project led to an improved
understanding of the relation between the global confinement
properties of tokamak plasmes and the physcs of the
electrogtatic and magnetic turbulence

Themain god of the coherent approach wasto identify the
mgor physcd laws and ingabilities ruling the transport in
tokamak plasmas in order to incorporate them into theoretical
turbulence modes as well as in andyticd transport models.
Thisis of crucid importance, because the ITER project relies
mostly on scaing laws. A thorough understanding can pave
new ways towards advanced scenarios and therr externd
control, and hence lead to an optimized congtruction of next
generation tokamaks. Any new idess on externad contra of
trangport bariers by means of magnetic and eectrodatic
perturbation on the plasma edge can be easly tested since the
tokamaks in the project can be rdaivey easily modified
according to new idess.

A new INTAS project has sarted in October 2006 with the
same partners plus four ather indtitutions This will in addition

provide advanced theordticd models and numericd
simulations, access to the long pulse tokamak Tore Supra, and
the availability of advanced magndic sensors to sudy
magnetic turbulence indde the plasma
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BJIMSIHUE TYPBYJIEHTHOCTH U EJJEKTPUYECKHUX ITOJIEA HA YCTAHOBJIEHUE YJIYYINEHHOI'O
YIAEPKAHUA IIJIABMbI B TOKAMAKAX
I'. Ban Oocm, B.B. Bynanun, A.2K.I". /lonne, E.3. I'ycakos, A. Kpamep-@nexen, JI.U. Kpynuuk, A. Menvnukos, I1. Ileneman, K.A. Pazymosa,
A. IImoxken, B. Bepuikos, A.b. Anmykoe, B.®@. Auodpees,I.I'. Ackunazu, H.C. bonoapenko, A.JO. [lnecmpoeckuii, JI.I'. Enucees, /1.A. Ecunos,
C.A. I'pawun, A./]. I'ypuenko, I M./]. Xozeeii, C. Axmuwmi, C.M. Xpeomos, /1.B. Kynpuenxo, C.E. JIvicenko, C.B. Ilepghunos, A.B. Ilempos,
A.1O. ITonos, /. Peiizep, C. Conoamos, A.FQ. Cmenanos, I'. Tenecka, A.O. Ypasoaes, I'. Bepoyneze, O. Llummepmann
B 2002 r. no mpoekty INTAS Obutr Ha4daThl OOLIMPHBIE HCCIECIOBAHUS KOPPESLUM MEKIY MOSBICHHEM TPAHCIIOPTHBIX
0apeepoB U YIyYIIEHHOTO yaepskaHus B Tokamakax cpemnux (TEXTOR, T-10) u menpmux (®T-2, TYMAH-3M u CASTOR)
pa3MepoB, C OIHOW CTOPOHBI, M JICKTPUUSCKUMH MOJSMH, MOJU(UIIMPOBAHHBIM MATHUTHBIM IIMPOM U AJIEKTPOCTATHYECKOU H
MarHuTHOW TypOYIEHTHOCTBIO, C JpPYrod CTOPOHBI, TPH HCIOJB30BAHUHM TIEPEIOBBIX METOAOB JHATHOCTHKA C BBICOKUM
IIPOCTPAHCTBEHHBIM M BPEMEHHBIM Pa3pelICHUEM M PA3JIMYHBIX AKTUBHBIX CPEICTB BHEIIHETrO YIIPABJICHUSA IIEPEHOCOM B IUIA3ME.
Bc€ 310 mpoBOAMIOCH MPH HATMYMK CTPOTOi KOOPAMHAIMKA U WCIONb30BaHUM B3auMmuoi pomomasemoctd TEXTOR u T-10 u
MOAJIEPKUBAIOIINX BO3MOXKHOCTEH TpEX IPYrMX TOKAMAaKOB, KOTOPHIE B COBOKYMHOCTH OOECHEYHMIM BCE HaJUIe)kKallue
SKCIIEPUMEHTAJIBHBIE CPEJICTBA U TEOPETUYECKYIO IIPOBEPKY.

BIIJINB TYPBYJIEHTHOCTI TA EJIEKTPUYHHUX ITOJIIB HA YCTAHOBJIEHHSA
MOJIIIIIEHOI'O YTPUMAHHSI IIJIA3SMH B TOKAMAKAX
I'. Ban Oocm, B.B. Bynanin, A.JK.I'. [lonne, €.3. I'ycakos, A. Kpemep-®@nexen, JI.1. Kpynuix, O. Menvnuxos, I1. Ileneman, K.O. Pazymosa,
A. Illmoken, B. Bepukos, O.5. Anmykoe, B.®. Anopees,JI.I'. Ackinaszi, 1.C. Bonoapenxo, O.1O. /Tnecmposcokuit, I.I'. Enicees, J1.0. Ecunos,
C.0. I'pawun, 0./]. I'vpuenko, I.M./]. Xozeeii, C. Axmiuw, C.M. Xpeomos, /I.B. Kynpicuko, C.E. Jlucenxo, C.B. Ilepghinos, O.B. Ilempos,
O.10. Ilonos, /. Peiizep, C. Condoamos, O.1O0. Cmenanos, I'. Tenecka, A.O. Ypasoacs, I'. Bepoyneze, O. [{umepman
VYV 2002 p. 3a npoekrom INTAS 6ynu mouari oOMIMPHI AOCTIIKEHHS KOPENALil MK MOSBICHHAM TPAHCHOPTHUX Oap’epiB i
nosinmieHoro yrpuMants B tokamakax cepeaix (TEXTOR i T-10) ta menmux (®T-2, TYMAH-3M i CASTOR) poswmipis, 3
OJHOTO OOKY, 1 eNEeKTPHYHUMH TIOJSIMU, MOAN(DIKOBAHUM MArHITHUM HIMPOM Ta EIEKTPOCTATUYHOIO I MArHITHOIO TYPOYICHTHICTIO, 3
apyroro OOKy, MpPH 3aCTOCYBaHHI MEPEOBUX METOIB [iarHOCTHKH 3 BHCOKHM IMPOCTOPOBHM Ta YaCOBMM PO3JUICHHSIM Ta
PI3HOMAHITHUX aKTHBHUX 3ac00iB 30BHIIIHROTO KEpPyBaHHs MEPEHOCOM B Iuia3Mmi. Bce e BHKOHYBAmoOCs IMPU HAsSBHOCTI YiTKOI
KOOpAMHALIT Ta 3 BUKOPUCTAHHAM B3aeMHOI gofatkoBocTi TEXTOR i T-10 i miaTpUMyIOYHX MOXKIHBOCTEH TPHOX IHIIIMX TOKAMAKIB,
SIKi B CBOIH CYKYITHOCTI 3a0€3MeU N BCI HAJICXKHI eKCIIePHMEHTAITbHI 3aC00M Ta TEOPETUIHY MEPEBipPKY.
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