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Over the past decade new regimes of tokamak operation have been identified, whereby electrostatic and magnetic turbulence
responsible for anomalous transport, can be externally suppressed, leading to improved confinement. Although turbulence
measurements have been performed on many confinement devices, the insight gained from these experiments is relatively
limited. To make further progress in the understanding of plasma turbulence in relation to improved confinement and transport
barriers, an extensive experimental and theoretical research programme should be undertaken. The present INTAS project
investigates the correlations between on the one hand the occurrence of transport barriers and improved confinement in the
tokamaks TEXTOR & T-10 and Tore Supra as well as on the smaller-scale tokamaks FT-2, TUMAN-3M and CASTOR, and on
the other hand electric fields, modified magnetic shear and electrostatic and magnetic turbulence using advanced diagnostics with
high spatial and temporal resolution. This is done in a strongly coordinated way and exploiting the complementarity of TEXTOR
and T-10 and the backup potential of the other tokamaks, which together have all the relevant experimental tools and theoretical

expertise. Advanced theoretical models and numerical simulations are used to check the experimental results.
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1. INTRODUCTION

Local zones (called edge transport barriers ETBs,
respectively internal transport barriers ITBs) with reduced
transport are intensively studied in tokamaks. The
understanding and reduction of turbulent transport in
magnetic confinement devices is not only an academic task,
but also a matter of practical interest, since high confinement
is chosen as the regime for ITER and possible future reactors
because it reduces size and cost.

Generally speaking, turbulence comes in two classes:
electrostatic and magnetic turbulence. Over the last
decade, step by step new regimes of plasma operation
have been identified, whereby turbulence can be
externally controlled, which led to better and better
confinement.The physical picture that is generally given
is that by spinning up the plasma, it is possible to create
flow velocity shear large enough to tear turbulent eddies
apart before they can grow, thus reducing electrostatic
turbulence. This turbulence stabilization concept has the

universality, needed to explain ion transport barriers at
different radii seen in limiter-and divertor tokamaks,
stellarators, reversed field pinches, mirror machines and
linear devices with a variety of discharge- and heating
conditions and edge biasing schemes. The electron heat
conduction, however, which normally is one to two orders
above the collisional lower limit, remained strongly
anomalous also in the regime with suppressed
electrostatic turbulence. In that case it became the
dominant heat loss channel. From this, it is conjectured
that magnetic turbulence drives the anomalous electron
heat conduction.

The investigation of the correlations between on the one
hand the occurrence of transport barriers and improved
confinement in magnetically confined plasmas, and on the
other hand electric fields, modified magnetic shear and
electrostatic and magnetic turbulent fluctuations necessitates
the use of various active means to externally control plasma
transport. It also requires to characterize fluctuations of
various important plasma parameters inside and outside
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transport barriers and pedestal regions with high spatial and
temporal resolution using advanced diagnostics, and to
elucidate the role of turbulence driving and damping
mechanisms, including the role of the plasma edge
properties. The experimental findings have to be compared
with advanced theoretical models and numerical simulations.

The Consortium of the INTAS project 05-100008-8046
with 14 partner institutions disposes of 6 tokamaks (the
medium-size and similar tokamaks TEXTOR in Jiilich and
T-10 in Moscow, the long pulse large French tokamak Tore
Supra in Cadarache, as well as the smaller-scale tokamaks
FT-2, TUMAN-3M in St. Petersburg and CASTOR in
Prague), equipped with advanced diagnostics with high
spatial and temporal resolution. Research activities which are
a continuation and extension of a previous INTAS project [1]
are strongly coordinated and exploit the complementarity of
TEXTOR (mainly ion heating, Dynamic Ergodic Divertor,
DED) and T-10 (electron heating, Heavy Ion Beam Probe,
HIBP) as well as the backup potential of the other tokamaks
which dispose of turbulence diagnostics and/or means of
active control of plasma transport which are complementary
to those of T-10 and TEXTOR, and which provide important
backup information that is very difficult to obtain on larger
tokamaks. Furthermore, strong theoretical and modelling
support is provided.

The most important results obtained in the
investigations of the physical mechanisms underlying
different types of transport barriers are presented in
Section 2. In Section 3 the modeling of plasma dynamics
in ohmically heated FT-2 discharges with the global full f
gyrokinetic particle-in-cell code ELMFIRE is outlined.

2. TRANSPORT BARRIERS: PHYSICAL
MECHANISMS
2.1. ELECTRON INTERNAL TRANSPORT
BARRIERS AND SELF-ORGANIZATION
Recent research in the T-10 and TEXTOR devices has
concentrated on understanding the physical mechanisms
that are responsible for the generation of electron internal
transport barriers (e-ITBs) and also 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 [2] into an ‘universal’ profile shape, in
agreement with the plasma minimum free energy
principle. If Vp exceeds a certain critical value,
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.

From previous experiments on T-10 [3] we know that
ITBs form near the rational surfaces with low numbers m
and n, and that the fluctuation spectrum in this region
does not exhibit the usual peaks and its broadband
component has lower amplitude and shorter correlation
lengths. We tried to investigate the specific effects in
these ITB regions with the help of HIBP diagnostic. We
still did not see any effects on plasma potential and its
fluctuation in the region where we suppose the ITB to
occur. However, the accuracy of determination of the
ITB position at the deepest position available for the
plasma potential analysis was not good enough.

Therefore, further experiments with deeper HIBP
penetration into the plasma core are needed. The
multichannel Thomson scattering diagnostic shows that
the structure of the rational surface (with low n,m) is
very complicated, especially when the ITB is formed
there. Local regions with enhanced Te are registered. For
the investigation of this phenomenon we need more than
one laser pulse per discharge, what we have on
TEXTOR and hope to have on T-10 in the future. To-day
results show that the effect may be asymmetric in
poloidal  direction. Further progress in these
investigations may be important to understand the ITB
formation physics.

The tokamak plasma self-organization is a fundamental
turbulent plasma phenomenon, which leads to the
formation of self-consistent pressure profile. This
phenomenon was investigated in T-10 tokamak by means
of different experiments[4,5]. It was shown that
normalized pressure profile  pn(r)=p(r,8)/p(0,f), s
independent on plasma densities in wide range of its
values. Also it was shown that pn(7) is independent on the
auxiliary ECR heating power and its deposition profile.
Experiments show that the pn(7) depends only on the value
of ¢ at the plasma edge, and only weakly on the average
plasma density, and on the deposited power and its radial
distribution. The shape of pn(r) depends on the total plasma
current, but not on j(r) [5]. Special experiments, in
particular with rapid current ramp-up show that the pn(7)
conservation is established during a time #,<0.1tg, with tg
the energy confinement time. As a result of these
experimental investigations it can be concluded that the
self-consistent pressure profile pn(r) in tokamaks is linked
to the equilibrium of a turbulent plasma. Strongly turbulent
plasma can regulate its pressure profile due to its possibility
to change in a wide range transport coefficients changing
the level of instabilities and their coherency. However,
pn(r) exists everywhere, except in the regions where ITBs
occur. In these regions fluctuation coherency decreases,
and more steep pressure gradient are allowed. Tokamaks
with elongated plasma cross section were compared
tokamaks with circular cross section like T-10 using the
model developed by Yu.N. Dnestrovskij. [6] The results
appears to be in a good accordance.

2.2. TRANSPORT BARRIERS INDUCED
BY AN ERGODIC DIVERTOR IN TEXTOR

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 external magnetic field breaks up the magnetic field lines
structure and causes an ergodization of the plasma edge [7].
The strength and radial range of the perturbation field can be
widely varied.

One main effect of the DED is the modification of the
radial electric field. The ergodization of the magnetic field
lines leads to an increased electron loss rate which charges the
plasma edge more positively. The application of the DED
increases the rotation in the scrape-off-layer, where the
original rotation is in the ion diamagnetic drift direction. Since
the rotation at radii smaller than the limiter radius is in the
electron diamagnetic drift direction, the DED slows down the
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rotation. The inversion point of the radial electric field (as well
as the poloidal rotation velocity) is shifted further inside. This
effect does not depend on the DED configuration (m/n= 3/1 or
12/4), but on the field strength of the perturbation field. Note
that this conclusion concerns only DC DED operation; the AC
DED scenarios are the subject of future work.

The data obtained in a single discharge with by the
fast scanning Gundestrup probe (Fig. 1) clearly
demonstrate the effects of DED on the plasma edge
parameters [1].
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Fig. 1. Radial profiles (#99777) of the (a) toroidal flow vV 4
(b) poloidal flow Vv, (c) electron temperature T, (d) electron
density 1, (e) floating potential ¢f and, (f) radial electric

field E _ before (thin line) and during (thick line) DED in

TEXTOR. The vertical dashed line marks the position of the
Last Closed Flux Surface(LCFS). The dashed-dotted line
indicates the end of the reliability of the Gundestrup probe data

The influence of the DED on edge turbulence and
turbulence-induced transport has been investigated in
TEXTOR by Langmuir probes under three different static
DED configurations [8]. Common features are observed.
With DED, the edge equilibrium profiles are altered and
the resultant positive E, is in agreement with modelling.
In the ergodic zone, the potential fluctuations are strongly
reduced and the local turbulent flux changes direction
from radially outwards to inwards. In the same zone, the
turbulence properties are profoundly modified by energy
redistribution in frequency spectra, suppression of large-
scale structures and reduction of the radial and poloidal
correlation lengths for all frequencies. Meanwhile, the
fluctuation poloidal phase velocity changes sign from the
electron to ion diamagnetic drift, consistent with the
change of the £, xB flow, whereas the slight radially
outward propagation of fluctuations is hindered by the
DED. In the laminar region, the turbulence correlation is
found to react to the observed reduced flow shear.

The radial profiles of electrostatic Reynolds stress and
fluctuation-driven particle flux have been measured in the
plasma boundary using a multi-array of fast reciprocating
Langmuir probes during the static 6/2 and 3/1 mode DED
operation on TEXTOR [9]. In the ohmic discharge phase
before DED, a large radial gradient of Reynolds stress is
observed around the flow shear region, suggesting the
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importance of turbulence-driven flows in the plasma edge.
With DED, it is shown that the magnetic ergodization
may suppress the Reynolds stress at the plasma boundary
and thus rearrange the profile of poloidal momentum.

2.3. IMPACT OF MHD ACTIVITY ON EDGE
TRANSPORT BARRIERS IN TUMAN-3M
AND FT-2

The influence of low frequency magnetohydrodynamic
(MHD) activity bursts during ohmic H-mode in the
TUMAN-3M tokamak [10] has been studied focusing on the
measurements of plasma fluctuation poloidal velocity
performed by microwave Doppler reflectometry. During the
MHD burst a transient deterioration of improved confinement
was observed. As shown in Fig. 2 the plasma fluctuation
poloidal rotation observed before the MHD burst in the
vicinity of the edge transport barrier was in the direction of
plasma drift in the negative radial electric field.
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Fig 2. Time evolution of the signals measured in a shot virtually
without MHD activity (dotted line) and in a shot with a sharp
MHD in TUMAN-3M:

a) line averaged plasma density measured along central chord;
b) Da. emission intensity; c) magnetic probe signal with MHD
burst; d) magnetic island poloidal velocity derived from magnetic
probe signal evolution (thick grey curve) and the Doppler
velocities, e) cut-off radii (dotted line, microwave frequency
23.5 GHz and solid line, microwave frequency 24.68 GHz)

During the MHD activity the measured poloidal velocity
was drastically decreased and even changed its sign. Radial
profiles of the poloidal velocity measured in a series of
reproducible tokamak shots exhibited the plasma fluctuation
rotation in the ion diamagnetic drift direction at the location of
the peripheral transport barrier. The positive E, perturbation at
the plasma edge obviously leads to a transient deterioration of
the H-mode transport barrier.

According to the HIBP diagnostic the potential in the
central region of TUMAN-3M also changed sign and
became positive during MHD events while normally it is
negative. There exists experimental evidence that MHD
activity is associated with the growth of a magnetic island
at a flux surface in the core a few centimeters inside the
LCFS, as well as the growth of smaller islands at g=4 and
q=2 surfaces, and formation of a stochastic layer in the
LCFS vicinity.



A model for the origin of the positive radial electric field
during the rise of the MHD activity is put forward, based on
the assumption of the existence of a strong radial flux of
electrons associated with the formation of an ergodic layer.
The radial electron flux requires the same radial flux of ions
to provide quasi-neutrality. To create the positive radial ion
current the radial electric field should become more positive.
This situation is similar to edge biasing experiments and a
corresponding theory has been already developed before. A
similar model has been used recently to explain the observed
dependence of the radial electric field on the level of
ergodization during experiments with DED on TEXTOR. In
the extreme case, when the electron conductivity associated
with the stochastic layer dominates over the ion conductivity
which occurs in the TUMAN-3M experiments, the radial
electric field should become positive inside the stochastic
layer. The radial ion current generates toroidal rotation in the
co-current direction by the toroidal jxB torque, so the
ergodic layer becomes the source of the toroidal momentum.
The co-current toroidal rotation should be transported
outside the ergodic layer to the core by the turbulent
viscosity thus creating the co-current toroidal rotation in the
center of a tokamak. The co-current toroidal rotation makes
the radial electric field more positive also outside the ergodic
layer and for sufficiently large toroidal rotation the radial
electric field becomes positive also in the central regions in
accordance with the observations.

The influence of the MHD activity on edge transport
barrier has also been studied on the FT-2 tokamak with
enhanced power level of Lower Hybrid Heating
(Prau=2Pop= 180 kW). Two types of discharge with strong
and weak MHD activity near rational surface q = 4 have been
observed in the post-heating stage. The different MHD
behavior is accompanied by a different character of the plasma
density increase during the RF pulse and different
displacement of the plasma column along the major radius. In
the presence of MHD activity burst, there appears a strong
perturbation of the velocity derived from Doppler frequency
shift. A sharp decrease in the velocity of rotation in the
electron diamagnetic drift direction occurred, and moreover, a
reversal of velocity took place in case of strong MHD activity.
The original mechanism of such velocity evolution may be
fast plasma displacement along the major radius or/and the
MHD development itself. In any case the most plausible
reason for the occurrence of rotation in the ion diamagnetic
drift direction is a dramatic change in the electron—ion balance.
It could be caused by the parallel escape of the fast electrons to
the limiter due to magnetic flux surface distortion or
displacement. The hard X-ray burst might be an indication of
this fast electron loss. The effect is similar to the impact of an
ergodic divertor on plasma rotation.

Close connection between the rotation of the scattering
fluctuations and their level has been observed in the
experiments. Approximately over the whole frequency range
(up to 1MHz) fluctuation suppression is observed slightly before
the velocity inversion occurred due to the cut-off movement
through last closed flux surface. It can be assumed that the
fluctuation suppression is due to strong shear of plasma rotation.

The actual derived velocity with respect to the laboratory
frame is the sum of the fluctuation phase velocity and the
plasma rotation velocity. Therefore, it is useful to compare the
Doppler reflectometry data with those of another measurement.
In the FT-2 tokamak experiment the plasma poloidal velocity

was measured also using Doppler spectroscopy of impurity ion
lines and the velocity was determined from the ion radial force
balance. The radial profiles of the poloidal plasma velocity are
compared with the profiles of the velocity derived from the
Doppler reflectometry measurements [1]. The profiles were
close to each other at the end of the Lower Hybrid Heating pulse
and in the post -heating stage. However, the differences between
the profiles are bigger than the diagnostic uncertainty for the
ohmic heating stage and for the beginning of the RF pulse,
requiring further analysis.

3. GYROKINETIC FULL F PARTICLE
SIMULATION OF FT-2

Plasma dynamics in ohmically heated FT-2 discharges were
modelled with the global full f gyrokinetic particle-in-cell code
ELMFIRE [11,12]. With this code, one has been able for the
first time to model a tokamak discharge with turbulence and
neoclassical dynamics present at the same time. The code can
follow the plasma density, temperature, and various moments of
the distribution function of ions (including oxygen impurity
ions) and electrons together with the electrostatic potential in a
dense spatio-temporal grid in toroidal configuration. The code
can extract the heat and particle losses as well as specify the
power deposition. It can Fourier analyse the mode spectrum in
turbulence and isolate the effect of the slowly varying
neoclassical fields and transport. The code outputs the particle
and heat diffusivities as well as the Reynolds stress.

ELMFIRE was further developed and applied in the study
of dynamics of the radial electric field in the FT-2 tokamak. The
diagnostics of the ELMFIRE code variables and their
correlation analysis were used together with the frequency shift
in the Doppler reflectometric signal at the outer plasma regions
of the FT-2 tokamak plasma in ohmic plasma heating
conditions.

The neoclassical radial electric field and the concomitant
ExB poloidal flow were evaluated. In the plasma code, the field
was found to agree with the neoclassical estimate but at the outer
edge, the field was somewhat clamped, probably due to the
Reynolds stress effects arising from the turbulence. At the outer
edge, the correlation analysis of the turbulence was used
together with a synthetic Doppler reflectometry model to extract
the modelled spectrum of the frequency of the reflected signal.
The shift in the spectrum was interpreted as to arise from the
plasma ExB flow and from the phase velocity (in electron
diamagnetic direction) of the major drift modes responsible for
the microwave reflection in the reflectometry. Agreement of the
reflectometry frequency shift between the experiment and
ELMFIRE prediction for ohmic FT-2 plasma discharge was
found. Moreover, the estimated phase velocity of the modes
from ELMFIRE was found to agree with the corresponding
flux-tube gyrokinetic code GS2 (in ballooning eigenmode
approximation) result for the same wave vector of fluctuations
under same plasma conditions. Agreement between the
ELMFIRE calculated radial electric field and an analytical
neoclassical estimate was found in ohmic core plasmas.

4. CONCLUSIONS AND OUTLOOK

The experimental and theoretical investigation of the
correlations between on the one hand the occurrence of
transport barriers and improved confinement, and on the other
hand electric fields, modified magnetic shear and electrostatic
and magnetic turbulence in tokamaks is of crucial importance,
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POJIb TYPBYJIEHTHOCTHU U 3JIEKTPUYECKOI'O ITOJISI B ®OPMUPOBAHUU TPAHCIIOPTHbBIX
BAPBEPOB 1 YCTAHOBJIEHUU YJIYUHIEHHOI'O YAEPKAHUA B IIJTIABME TOKAMAKOB:
CPABHEHHUE JAHHBIX OT PA3BHBIX YCTAHOBOK
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C. Ileppunos, A. Ilempos, A. Ilonos, /1. Lllenyxun, P. Illypvizun, C. Conoamos, A. Cmenanos, Y. Xu
B mocnennue mecars eT ObUIM IOIyYeHbI HOBBIE PEXXUMBI paOOTHI TOKAMAKOB, B KOTOPBIX AJIEKTPOCTATHUECKAs] 1 MarHUTHAs
TypOyJIEeHTHOCTb, OTBETCTBEHHAsl 32 AHOMAJBHBII IIEPEHOC, MOTJIA IOJABISATHCS ITYyTEM BHEIIHEr0 BO3NEHCTBHSA, U TEM CaMbIM
JOCTUTAJIOCh YIIy4ILIEHHOEe yaepikanue. HecMoTpst Ha TO, 4TO HcciIenoBaHus TypOyJICHTHOCTH ITPOBOJIMIMCH HA MHOTHX yCTaHOBKAX,
MOHMMAaHUE OJTUX IPOLECCOB OCTaéTCS BEChbMa OrPAaHWYEHHBIM. J[Is NOCTMXKEHHWS HalbHEWIIero Imporpecca B IIOHUMaHHU
IUIA3MEHHOM TYpOYJIEHTHOCTH C TOYKH 3PEHHs YJIYy4YIICHHOTO YIEpXKaHHsS U TPAHCIIOPTHBIX 0apbepoB HEOOXOIMMbI HHTEHCHBHBIE
SKCHEpHUMEHTaJbHbIE U TeopeTHueckue wuccienoanus. IIpoext INTAS HampaBieH Ha BBISICHEHHE KOPPEISLIMUA MEXIY
BO3HMKHOBEHHEM TPAHCIOPTHBIX 0apbhepoB M yiydlleHHoro yzaepxkanus B Tokamakax TEXTOR, T-10 u Tore Supra, a taxke B
Tokamakax Masbsix pazmepoB OT-2, TYMAH-3M u CASTOR, ¢ o1HO#T CTOPOHBI, U SIEKTPUIECKUMHU MOSIMU, MOAU(PHUINPOBAHHBIM
MarHUTHBIM IMIMPOM U 3JIEKTPOCTATHIECKON M MarHUTHOHW TypOYJIEHTHOCTBIO, C APYTOH CTOPOHBI, C HCIIOIb30BAHMEM IIEPETOBBIX
JMaTHOCTUYECKHUX CPEJCTB C BBICOKUM IIPOCTPAHCTBEHHBIM M BPEMEHHBIM paspemeHueM. McciienoBaHus MpOBOISTCS C BBICOKOM
CTENeHbI0 KOOPANHAIIMY PadOT M MCHOJIb30BaHHEM B3auMoponoiaseMoct ycraHoBok TEXTOR u T-10, 1 BO3MOKHOCTEH ApyTHX
TOKaMaKOB, YTO B COBOKYITHOCTH OOECIIEYHT HEOOXOIUMYIO SKCIIEPUMEHTAIBHYIO M TEOPETHYECKylo HpoBepKy. s mpoBepku
9KCIIEPUMEHTAIIBHBIX PE3yJIbTaTOB OyIyT UCIIOJIb30BaHbl HOBBIE TEOPETHYECKHE MOJEIH M YUCICHHOE MOJICINPOBAHHE.

POJIb TYPBYJIEHTHOCTI M EJTEKTPUYHOI'O MOJISI Y ®OPMYBAHHI TPAHCIIOPTHUX BAP'E€PIB
I BCTAHOBJIEHHI INIOJININEHOT'O YTPUMAHHA B IIJIA3MI TOKAMAKIB:
IHOPIBHAHHA JAHUX BIJI PI3BHUX YCTAHOBOK

G. Van Oost, B. Bynanin, A.J.H. Donné, €. I'ycaxos, A. Krimer-Flecken, JI. Kpynnix, J. Heikkinen, O. Menvnuros, K. Pazymosa, B. Pojcancokuil,
J. Stockel, M. Tendler, M. Van Schoor, B. Bepuikos, J. Zajac, A. Anmyxos, B. Andpecs, /1. Ackunasi, I. bonoapenko, A. /Tnecmposcokuii,
JI. Enicees, JI. €cunos, C. I pawun, A. Iypuenxo, G.M.D. Hogeweij, M. Kanmop, €. Kasecsa, T. Kiviniemi, C. Xpeomos, /]. Kynpuerko,
T. Kurki-Suonio, C. Jlawyn, C. Jledeoes, S. Leerink, C. /lucenxo, F. Ogando, C. Ilepghinos, A. Ilempos, A. Ilonos, /1. LLlenyxin, P. Illypucin,
C. Conoamos, A. Cmenanos, Y. Xu

3a ocTaHHI JecATh pPOKiB OyJI0 OTPUMAaHO HOBI PEKHMH pPOOOTH TOKaMakiB, y SKHX JIEKTPOCTaTH4HA 1 MarHiTHa
TypOyJIeHTHICTh, BiANOBiNANIbHA 32 AHOMAJBHUI IEPEHOC, MOTJA 3arjiyllaTHCS MUIIXOM 30BHIIIHBOTO BIUIMBY, 1 THM CaMHM
JocsTanocs MOJNIIeHe yTpUMaHHs. He3Bakaroun Ha Te, 0 JOCHIIKEHHS TypOyJIeHTHOCTI IPOBOIMIIUCS Ha 0araTboX yCTaHOBKAX,
PO3YMIHHSI IUX IPOLECIB 3aJHIIAETHCS JOCHUTh OOMEXeHHMM. s OCSATHEHHS NOJajbIIOro IPOTPecy B PO3yMIiHHI IIa3MOBOI
TypOyJIEHTHOCTI 3 MOy HONINIIEHOTO YTPUMAHHS 1 TPAHCIOPTHHUX Oap'epiB HEOOXiMHI IHTEHCHBHI EKCIIEPHMEHTANbHI i
teopernuHi pocmimkenHs. [Ipoekt INTAS crnpsmoBano Ha 3'scyBaHHS KOpeislil MiXK BHHUKHEHHSM TPaHCIIOPTHHX Oap'epiB i
nosinmenoro yrpuManss B tokamakax TEXTOR, T-10 i Tore Supra, a Takox y Tokamakax Maiaux posmipis @T-2, TYMAH-3M u
CASTOR, 3 ogHoro 0OOKy, i €NEKTPUYHUMHU MOJSIMH, MOAU(IKOBAHMM MArHITHHUM IIHPOM 1 €JIEKTPOCTaTHYHOK i MAarHiTHOIO
TypOyJeHTHICTIO, 3 iHIIOr0 OOKY, 3 BUKOPHCTaHHSM MEPEIOBHX AIarHOCTUYHHMX 3ac00iB 3 BUCOKHM IIPOCTOPOBUM i THMYacOBHUM
po3nineHHsiM. J{ocmiKeHHS TPOBOAATHCS 3 BUCOKUM CTYIICHEM KOOpAMHAMLIi POOIT 1 BUKOPHCTAHHSAM B3a€MOJOMOBHIOBAHOCTI
ycraHoBoK TEXTOR 1 T-10, i MoXIHMBOCTE# iHIIMX TOKaMakiB, IO B CYKYHMHOCTI 3a0e3MeYnTh HEOOXiJHY E€KCIEPHUMEHTAIbHY i
TEOPETUYHY MepeBipKy. s mepeBipKkr eKCIIEPUMEHTAIBHIX PE3yJbTATIB Oy/i¢c BUKOPHCTAHO HOBI TEOPETUYHI MOJEII 1 YUCEIbHE
MOJIETIOBaHHS.
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