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Achieving the fusion power in Joint European Torus (JET)
tokamak in the operation with the deuterium and tritium mixture
plasma and the possible next step in the controlled fusion device
International Tokamak Experimental Reactor (ITER) stimulate
the further study of the fusion plasma in a toroidal magnetic
trap of the reactor grade. Among many problems, there is a
problem on the effect of heating injection and the different fueling
scenarios on the power and particle balances of fusion plasma [1-4].
Minimization of power injection is considered in a lot of works
(for example, see [1]). In this work, we would like to accent how
the different fueling scenarios can lead to more optimal operation
scenarios of the fusion reactor, including ITER. In our study, we
use the system of balance equations [2,3] which is modified here
with the time variation of particle fueling scenarios including not
only fluctuations. We apply this system for the analysis of the
D—+T fusion products evolution in time in the tokamak reactor
ITER and the D+D fusion products evolution in time in the
torsatron/heliotron Large Helical Device [4-8]. There exist the
analyses of plasma parameters in a fusion reactor for a steady state
(see, e.g, [9]) and the temporal evolution of plasma parameters
on the way (access) to ignition [10]. In this work, we develop this
approach further.

1. Power and Particle Balance Equations Set
for D+T Case

The following system of equations is used to describe the
temporal evolution of plasma parameters averaged over
the volume (the density of deuterium ions 7ip, density of
tritium ions 7p, density of thermal alpha-particles 7,
plasma energy W, and density of impurity ions 7, with
charge number 2):

dnp o np

W:SD_TLDTLT <JU>DT_;’ (1)
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Here, x = aLI is the dimensionless radial variable,

apl is the plagma radius, bars denote the averaging
over the volume; Sp and St are the source terms
which give us the fuel rates; 7,, 7,, and 7z are,
respectively, the lifetimes of thermal alpha-particles,
deuterium and tritium, and impurity ions; Peyt is the
external heating power, V is the plasma volume, P,y
is the density of ohmic heating power, P, is the power
density released in the form of charged particles, Pjoss
is the plasma conduction loss power density, Pyrems 1S
the bremsstrahlung power density, Psync is the power
density of synchrotron radiation; Simpz is the impurity
ion source, avz_1 and ayz are the recombination rates,
and Sz_7 and Sz are the ionization rates. Here, only
one species of impurity ions is taken into account, but
the system of equations can be generalized to the case
of several species of impurities.
If the plasma density 7z, is induced as

Ne =np +nr+ 2N, + Znz, (6)

then the equation of evolution of the plasma density after

the substituting of (1)—(3) takes the form

dny
dt ’

. o
Me _ gop— "DHNT _ oMa

Z
dt Tp Ta *

(7)
where Spr = Sp + St.
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If the plasma energy density is taken in the form
__ 3 _ _ _
W = S[(p + 77 +7a)Ti + 0 Te + 2T 7], (8)

then the derivative with respect to time becomes

dW 34 1 dn. dng, 1 dny
— =T, = _ e = _ 7)==
g ol T Y A
3dT; 1 1
= 1+ —).—7 — —2Z)n
5 d1 [( +%)ne n‘”L(vz nzl, (9)
where v, = ; and vz = TTZ

Let us introduce the parameters

n n
fo=-2, fr=—=,
Te Te
Na ng
fo=—, fz=—. (10)
Tle Tle

Then the evolution equation of the plasma temperature
takes the form
T, 2

X
dt 31+ -+ fz(5; = Z) = fo)Te

P, ext
\%

X( +Poh+Poz*])lossfpbremsfjgsync)*

oT; y
31+ -+ f2(5; = Z) — fa)ne

1 dn. 1 diy  dig
14+ — — —zpEZ Ty
XA+ )+ (=D — ]

(11)

The plasma parameter profiles after averaging over
the radial coordinate are assumed [3,4] as

T, — T;(0) W, = n¢(0) Tl = na(o)'
1+ar 1+ a, 1+ a,

(12)

In our further calculations, we use the profile
parameters a,, = 0.5 and ap = 1.

Under the assumptions about the profiles, the
equations for the plasma parameters n.(0), 7;(0), and
the thermal alpha-particle fraction f,(0) at the center
of the confinement volume transform to the following
form:

d”;t(o) = Spr(l + a,) — ne(0) <W+
428

+2
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(15)

Equation (6) transforms into the following one:

fp+fr+2fa+Zfz,=1

Now it is possible to compare this system of equations
(13)-(15) with the analogous system of the evolution
equations in [1]. The difference is as follows. We take
into account the impurities density 72z under the charge
neutrality condition, which implies to Z.g, the alpha
particles fraction. The fraction f,(0) enters in the
different way, which leads to the different form of the
plasma energy balance equation. This is a consequence
of the different form of W taken here. We took the
contribution of thermal alpha-particles into account in
(8). We do not multiply the derivative ‘g—g by the
coefficient of 2; the magnitude f,(0) is present in the
denominator of the expressions on the right-hand side of
Eq. (15) for the evolution of the plasma temperature T;.
If there is the removal of thermal alpha particles (in this
case, % < 0), then their contribution should lead to
a decrease of the temperature T;. However at the same
time, the decrease of f, should cause the increase of Tj,
because of its presence in the denominator. So we can
conclude that there are two competitive mechanisms,

(16)
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and it is necessary to find the “operating windows”
within which the removal of thermal alpha particles is
favorable for the achieving the ignition boundary. This
is done in [4].

In the following calculations, we omit the terms
proportional to ddﬁ—tz. The impurity ion density enters as
a parameter in the bremsstrahlung power [see Eq. (21)].

In our calculations, we take fz equal to 1.

2. Models of D+T Fusion Product Rate,
Radiation and Transport Losses

For the further analysis, we chose the following models
for alpha-particle power input and the radiation and
transport losses.

The reaction rate is used in the following form [9,11]:

2.57 x 10718 19.98U/3\ [m3
(ov) pp = T2/375/6 exXp |\ =73 ~ | (17)

where

U =1 —T;(0.02507 + T;(0.00258 — 0.00006197;))/

/(1 4 T5(0.066 + 0.008127)). (18)

From the literature, the following expression for the
thermal reaction rate is well known [13]:

1 19.94Y [m?
_ —18
<0"U>DT =3.68 x 10 m exp (_1—'1/3> |:Se(j:| 3

(19)

where the temperature T is measured in keV.

Let’s make some estimation for the energies releasing
and outgoing from a plasma volume during the ignition
and the ignited operation. We will have the alpha
heating power due to fusion reactions in the plasma
volume. It basically depends on the plasma density and
the reaction rate (ov) . . Bremsstrahlung energy losses
due to collisions of plasma electrons with ions mainly
depend on the plasma density and the effective charge
number. The power of plasma conduction losses depends
on temperature and has a strong inverse dependence
on the effective energy confinement time. The quantity
Pircoming 1s the sum of all incoming powers, like fusion
power and auxiliary heating power.

The alpha-particle power is calculated by the
expression

(20)

P, =5.6 x 107n(0)%fp fr (ov) ppr {W] ;

m3
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and the bremsstrahlung power Pyiems is given as
o

Pirems = 5.4 x 10737 Zgn(0)%/T.(0) [m?’ (21)

Here, we calculate the effective charge state as follows:

Zoff = —— (22)
The plasma conduction loss power P, is given as
follows:

Ploss = g x 1.6 x 1079(1 + fp +fT)M [W] ,

TE E
(23)

where the temperature 7; .(0) is measured in keV, and
the density n(0) in [m~3]. Profile parameters are not
shown here, but they are taken in the account in
numerical calculations.

The thermal reaction rate (ov) ,p is a key parameter
which defines the fusion power density released in the
high-temperature D+T plasma. There is a minimum on
the U(T) function, as a result of which we have inflection
on the energy dependence curve of alpha particles. Here,
we can see a simple dependence between the effective
energy confinement time and the conductive losses in
the fusion plasma. The greater is 7z, the smaller the
conductive losses power density in the plasma. As a
result, we get a better confinement of energy in the fusion
plasma volume.

Bremsstrahlung losses from plasma are more than
twenty times smaller than conductive losses in non
dusty plasma with effective charge number up to 5. But
with increase in the effective charge number due to the
presence of a heavy high-charge impurity in plasma, we
will get a rapid increase of the bremsstrahlung power
density.

We have the second-power dependence of the
effective charge number on bremsstrahlung power losses,
which means that the introduction of impurities with
Z of about 10 leads to the about two-order increase in
bremsstrahlung power losses.

The confinement time 75 can be estimated by the
ITER98P scaling

7_IETERQSP = 0.0365 M0‘2]£'97R1'93 (a/R)O.Q?)

k,Oﬁ?

—19410.41 0.08 p—0.63
elongation (no x 10 ) Bt P, ’

heat

(24)

where M is measured in atom mass units, plasma
current [, — in MA, major plasma radius R — in meters,

429



A.V. EREMIN, A.A. SHISHKIN

Eclongation — Plasma elongation, plasma density n in m3,

magnetic field in T, Peat external heating in MW. In our
calculations, we take g equal to 1.8 sec [3] and use the
relations 7, = 107, 7 = 107g,7. = 1. We neglect the
impurity ion temperature effect, and so 7y is taken equal

1—2fa
to zero, fp = fr = 2+8§z'

3. Plasma Parameter Evolution Under
Different Fueling Scenarios for D+T
Case in Tokamak Reactor

In the present work, we obtain the dependence of the
plasma ignition boundary on such plasma parameters
as the density, temperature, fraction of alpha-particles,
and operation path (the time evolution of the plasma
parameters n.(0) and 7;(0)) for different ignition
regimes. The careful control of the plasma density by
fuelling Spr is necessary. Real time measurements of
the plasma density and the ion temperature during
the heating phase are needed to get the desirable
operating point on the n — T plane (POPCON).
The thermally stable ignition regime can be reached
by controlling the alpha particles fraction f, and
the plasma ion temperature 7T;. If the helium ash
confinement time changes, then the helium ash density
and the plasma density change together. Without
diagnostics of which plasma parameters, like the helium
ash fraction or energy confinement time, are changed
during the ignition and the ignited operation, it’s
easier to operate the plasma ignition path by the
feedback control of the heating power and the fuelling
of deuterium and tritium by monitoring the fusion
power.

It also possible to control the ignition process by
changing Z.g in plasma due to the injection of an
impurity pellet, which increases bremsstrahlung power
losses Pyrems and leads to a slower plasma temperature
increase during the ignition.

On the plasma operation graphs, Fig 1,a,c and Fig.
1,b,d, we present the simulation results for fueling and
input power different scenarios. Basically, the following
difference can be noted: for the Fig. 1,b,d we have a lower
DT fueling rate than that for the Fig. 1,a,c.

Auxiliary heating powers in both series are equal.
Such fueling scenario has a strong influence on the
destination plasma parameters. Due to this, we have the
steady-state temperature for the first fueling scenario of
about 5 keV higher than that for the second one.

Let’s take a look on the plasma operation path with
different fueling source operations scenarios. Figures
1,a,c and 1,b,d present the temporal evolution of the

430

plasma density, alpha ash fraction f, (in tens of
percents), and plasma temperature T; (tens of keV) for
different fueling scenarios.

The operation paths (plasma density versus plasma
temperature) on the background of the POPCON (Fig.
2) show us the consequence of the stages of plasma
heating and density increase due to the fuel coming and
heating. It is easy to note that the operation paths under
different fuelling scenarios reach the ignition region
in different ways. A smaller value of Spr causes the
operation path position to be placed on the n — T plane
at smaller values of plasma density and temperature.
This means that we need a less external power and can
operate in the region of lower densities. So we can use a
simpler fuel and power injection system under the easier
plasma operation.

4. Power and Particle Balance Equations Set
for D+D Case

We study the following fusion plasma processes in Large
Helical Device:

T(1.01 MeV) + p(3.3 MeV)
3He(0.82 MeV) + n(2.45 MeV).

D+D — (25)

There are two channels for the reaction with almost
equal probability. There is a possible secondary reaction
of D plasma with D+D fusion products T'(1.01 MeV)
and 3He(0.82 MeV) with higher fusion rate:

D+T —
D-’-JHG —

1He(3.5 MeV) 4+ n(14.1 MeV),

+He(3.6 MeV) + p(14.7 MeV). (26)

In our numerical model, we take into account
primary and secondary reactions. In the secondary
reaction process, we neglect the difference in the
products energies and assume that we have one reaction
with the same reaction rate and products with averaged
energies.

The following system of equations is used to describe
the temporal evolution of the plasma parameters such as
the density of source deuterium plasma ions 7 p, density
of thermal fusion products 7ip g (tritium and helium-
3), and plasma energy W:
np

dnp o
Tk Sp — TLD<O'U>DD(p7n) — g—

(27)

—NpNT ;He <W>D—T,3Hea
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Fig. 1. Temporal evolution of the plasma parameters in the ITER D-T fusion reaction: a — n, fo,7; for the fueling power Pext =
50 =75 MW and the fueling source density Spr = (0.25 < 0.65) x 101 m~3s™1, b — n, fo, T} for the fueling power Pext = 50 + 75 MW
and the fueling source density Spr = (0.3+0.5) x 10 m™3s™!, ¢~ Ppr, Pioss, Porems; Prusion, SDT, Pext for Spr = (0.25+0.65) x 1019
m73sfl, d — Ppr, Pioss, Porems, Prusion, SDT s Pext for Sppr = (0.3 - 0.5) x 1019 m—3s~1

dirgbe o

dt =np <W>DD_
I
—TMpPNT 3 He(OU) D—T 5 He — %BHH‘E, (28)
,3He
dW Pext 3 ﬁDTD
- = Pp — P rems ~ o 29
at % + Fp b 2 18 (29)

Here, z = r/apl is the dimensionless radial variable, ap,
is the plasma radius, bars denote the averaging over the
volume; Sp is the source term which gives us the fuel
rate, Tp, Tr,He are the particle confinement times: the
deuterium 7p, T and 3He fusion products (77 4mc). We
assume that Py is the external heating power, V is
the plasma volume, Pp is the power density released
in the form of charged particles, P, is the plasma

conduction loss power density (Ploss = %%), Prroms

is the bremsstrahlung power density. All three heating

ISSN 0503-1265. Ukr. J. Phys. 2008. V. 53, N 5

schemes are taken into account as P..t = Picrr +
Pgcon + Pypr with the time dependence written below.
We use the system of evolution equations (3)—(5), as it
was described in [1, 6]

5. Model of D+D Fusion Product Rate and
Transport Losses in Large Helical Device

The reaction rate for the D-+D fusion reaction is used in
the following form [13]:

1 18.76\ [m?
— _ —20
(30)

where the temperature 7' is measured in keV.
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Fig. 2. Operation path (plasma density
temperature) on the background of the POPCON

versus plasma

Let’s make some estimation for the energies releasing
and outgoing from a plasma volume during the ignition
and the ignited operation. We have the particles heating
power due to fusion reactions in the plasma volume.
It basically depends on the plasma density and the
reaction rate (G0) ;, . Bremsstrahlung energy losses due
to collisions of plasma electrons with ions mainly depend
on the plasma density and the effective charge number.
The plasma conduction losses power depends on the
temperature and has a strong inverse dependence on
the effective energy confinement time. The quantity
Picoming is the sum of all incoming powers, like the
fusion power and auxiliary heating power.

We calculated the power releasing in the form of
charged particles due to fusion processes in plasma by
the expression

Pp =3.3x 10"}, (o) [ (31)

W
md |’
the bremsstrahlung power Piems by formula (21), and
the effective charge state by formula (22).

The plasma conduction loss power Pgs is given as
following;:
W
m3 |’

(32)

T
Ploss - § x 1.6 X 10_19 (n(o) + 'flp+n(0)) (0)
2 o

where the temperature T; .(0) is measured in keV, and
the density n(0) in [m~3].

The thermal reaction rate (ov) ,, is a key parameter
which defines the fusion power density released in a high-
temperature fusion plasma. We have to note that it’s

432

much easier to get the steady ignited operation in a low-
temperature region for D+D plasma. The reason for it is
a very rapid increase of conduction power density losses
in the confinement volume with temperature. But the
power release due to fusion processes in plasma is many
times smaller than losses, because the thermal reaction
rate for the D+D reaction is too small in the reachable
temperature region.

Here, we can see the simple dependence between the
effective energy confinement time and the conductive
losses in fusion plasma. The greater is 7z, the smaller
the conductive losses power density in plasma. As a
result, we get a better confinement of energy in the fusion
plasma volume. At the present time, it is possible to get
the energy confinement time on Large Helical Device up
to 7 = 0.36 s.

Bremsstrahlung losses from plasma are more than
twenty times smaller than conductive losses in a plasma
with effective charge number up to 5. But with increase
in the effective charge number, which means the
presence of a heavy high-charge impurity in plasma,
we will get a rapid increase of the bremsstrahlung
power density. We have the strong dependence of
bremsstrahlung power losses on the effective charge
number, which means that the introduction of impurities
with Z of about 10 leads to the about two-order increase
of bremsstrahlung power losses.

The energy confinement time 75 of about 1 sec
demonstrates a desirable level of power losses. Due
to different dependences of the incoming and outgoing
powers from plasma, we have to understand that we need
to find such operation region, where we have optimal
values of each dependence.

The confinement time 7 is estimated by the
international ISS95 stellarator scaling [12]:

TIESSQ5 = 0.0079 a2.21R0.65P};eg.t59

(nO X 10_19)0'5133'831,8'/%, (33)

where major plasma radius R — in m, plasma density n
in m™3, magnetic field in T, Pheat external heating in
MW. In our following calculations, we take 75 equal to
0.36 s [12].

6. Plasma Parameter Evolution Under
Different Fueling Scenarios for D+D
Case in Large Helical Device

The numerical calculations for different fueling and
power injection scenarios were aimed to obtain optimal
regions of the plasma operation. We have studied the
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Fig. 3. Temporal evolution of the plasma parameters in the Large Helical Device D+D fusion reaction: a — (n, fa, T;) for Pext = 3 MW

and the fueling power density Sp = 0.5 x 1029 m~3s~! with steady state operation, b — (n, fo,T;) for Pext = 3 MW and the fueling

power density Sp = 0.5 x 101 m—3s~1!

with steady state operation, ¢ — (Pp, Ploss; Poremss Prusions SDs Pext) for the fueling power

density Sp = 0.5 x 1020 m™3s~1, d — (Pp, Ploss) Porems, Prusion, SD, Pext) for the fueling power density Sp = 0.5 x 101? m—3s~!

influence of different fueling scenarios on steady state
parameters, modeled the evolution of plasma parameters
(plasma density, temperature, fusion products rate) with
different fueling scenarios of the removal of products,
and investigated the steady state operation under the
different density fueling and power injection schemes.

We observe the fusion D+D plasma operation for
150 sec, which is long enough for the steady state
operation establishment. It was shown in the previous
investigations that a steady state established for such a
period stays stable in future. Thus, such a period of the
plasma observation is enough indicative. This does not
too simplify the model and, on the other hand, does not
result in a significant growth of the numerical solution
time for the system of evolution equations.

ISSN 0503-1265. Ukr. J. Phys. 2008. V. 53, N 5

In our model, we consider that fuel goes to
the confinement volume by the periodic injection of
deuterium pellets in plasma and assume the uniform
distribution of injected particles and the heating power
at the plasma center and on the periphery. Thus, on the
numerical solution of the system of equations describing
the time evolution of the plasma parameters, we did not
consider differences in the profiles of the fuel density and
temperatures, due to their nonhomogeneity in various
regions of plasma. We assumed that the distributions
of injected fuel and power are isotropic over the total
plasma volume.

The results of numerical calculations of the above-
stated system of equations describing the time evolution
of plasma parameters are given in Figs. 3 and 4. In
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Fig. 3,a,b, we represent the density of the basic plasma
n(0) in m~? and the density of fusion products f,4, (T’
and 3He) formed as a result of the thermonuclear D+D
reaction.

On the second series of each graph, the initial plasma
parameters (the injected density of source fuel ions Sp
in m™3s™! and the power of external heating of plasma
Pyt in W) are given. In Fig. 3,¢,d, we show the results
of numerical modeling for all power densities allocated
in plasma: thermonuclear fusion Pp, density of energy
leaving plasma due to bremsstrahlung losses Pirems in
W /m3, plasma conductivity losses Plgs in W/m?, and
total thermonuclear power allocated in the whole volume
of the experimental device Prygion in W.

Let’s examine the behavior of plasma at initial
parameters and the structure of input power and fuel
in the case corresponding to graphs in Fig.3. Our
purpose in this case is to reach the basic plasma
density high enough, the higher ratio of D+D fusion
products in plasma, and temperature of the basic
plasma up to 10 keV. For this purpose, we use the
high density of particles introduced in plasma Sp =
1 x 10' m=3s~! and the power density entered into
plasma of the order 3 MW/s. Such an input of the
initial parameters enables us to avoid the level of
losses in plasma, when they would considerably exceed
a positive effect given due to the contribution of the
energy of fusion products and a power injected from
the outside. The smooth escalation of the input density
from 0.6 x 10' to 1 x 10! m™3s™! at the initial stage
of ignition at a constant power of external heating
allows us to obtain the significant jump of the plasma
temperature in time at the initial stage of ignition
due to a high concentration of energy in the plasma
volume.

We would like to note that the input of fuel particles
(source term Sp) in the form of “steps in time” (Fig.
3,c,d) gives us the opportunity to slowly decrease the
plasma energy per density unit. As a result of such
injection scheme of particles, we get lower parameters,
more effective heating, and the optimum ratio for
incoming and outgoing powers from the experimental
device.

7. Effect of the Use of the Analytical
Expression for Confinement Time
7r Instead of 7 Scaling

In spite of that fact, the use of 7 in the form of

scaling is wide-spread [1, 3] and [14, 15]. There exists
also the analysis of the plasma access to ignition with
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the analytical expression of 7 with a dependence on
temperature and density (see, e.g., [2]). Here, we assume
the physical mechanism of transport which appropriates
to the neoclassical plateau regime.

We assume the next expression for 7z in a plasma
confinement volume for the plateau case:

2 2
aleB L

plateau __ 4
TE =94 x 10 W

(34)
From the comparison of Fig. 4 and Fig. 1,b,d, it is
easy to see that the transition from 7g scaling to
Tglateau by the lifetime in the analytical form [see
Eq.(34)] causes additional fluctuations of parameters
of plasma, but the steady state is established finally.
The plasma parameters appear approximately similar
in two considered cases. The energy exhausted in the
form of charged particles appears above up to 1.5 times,
and the thermonuclear power Prusion allocated in the
confinement volume appears proportionally above. The
bremsstrahlung power Py ems also appears greater by 1.5
times than that in the case without taking into account
the analytical dependence of 75.

8. Conclusions

1. We have established the effect of a change of the
fuel source Spr in time on the plasma parameters in
the steady state. We should note that, in the case of
a smaller fuel rate (Fig. 1), the steady state is formed
on the level of the lower value of the helium ash
(approximately 12 % see Fig. 1,q,c) instead of 15 % (Fig.
1,b,d). The fusion power is somewhat smaller, namely
Prusion & 1 GW in the case of the smaller fuel rate (Fig.
1,d) in comparison with the Prgion ~ 1.5 GW in the
previous case (Fig. 1,c¢).

2. Plasma operation paths (the temporal evolution of
plasma parameters n.(0) and 7°(0) ) on the background
of POPCON line (see Fig. 2) can distinguish noticeably
under the different scenarios of fueling. The plasma
operation path for Spr = 0.45 x 10! m~3s~! in Fig. 2
leads to lower values of the temperature 7'(0) and the
plasma density n.(0) under the desired value of the
output fusion power Prsion-

3. It is shown in Fig. 4 that, on Large Helical
Device, we can get fusion products with the density
fnp = 0.8 x 10" m™3 for the next operating parameters:
the external heating power of 3 MW, source fueling
density Sp = 0.5 x 10%2° m™3s7!, ion’s temperature
T = 1.1keV, and plasma density n = 1 x 10?° m—3. For
another fueling and heating scheme (source fueling
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Fig. 4. Temporal evolution of plasma parameters in the ITER
D-+T fusion reaction for the analytical dependence Tglateau case:

the 1st graph — n, fo,T; for the fueling power Pext = 50+ 75 MW
and the fueling source density Spr = (0.3 +0.5) x 101 m—3s1;
the 2nd graph — Pp, Ploss, Poremss Prusion, SDT, Pext for Spr =
(0.3 +0.5) x 101 m—3s~1

density Sp = 0.5x10' m™3s~!, ion temperature T = 13
keV, plasma density n = 1 x 10! m~3), the density
of fusion products fn, = 0.4 x 10" m™3 is obtained.
Such results take place for the steady state plasma
operation regime and are observed for the 150-sec period.
Nowadays, there is a technical possibility to inject the
3-MW heating power into the confinement volume on
Large Helical Device.

4. The use of the analytical expression for the
confinement time 7 instead of the 7p scaling causes
additional fluctuations of plasma parameters, but the
steady state is finally established with the parameters

ISSN 0503-1265. Ukr. J. Phys. 2008. V. 53, N 5

similar to those for the 7p scaling. Here, we restrict
ourselves with the transport model of the neoclassical
plateau regime. A more detailed study will be presented
elsewhere.
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A.V. EREMIN, A.A. SHISHKIN

JUHAMIKA TTPOAYKTIB TEPMOSAJIEPHOI'O
CHUHTE3Y D+T TA D+D AJId PISBHUX
CIHEHAPIIB YBEJIEHHSI ITAJIUBA

B TOPOITAJIBHUX TTACTKAX

3 MATHITHUM YTPUMAHHSAM

0.B. Epvomin, 0.0. Hluwxin
Peszmowme

OTrpumanus TepMosinepHol moryxkHOCTi Ha npucrposax JET npu
poboTi 3 HEHTEPIEBO-TPUTIEBOIO CYMIIIIIIO, & TAKOXK MaiOyTHii
EeKCIIEPUMEHT 3 KEePOBAHOro TepMosijepHoro cunredy D+T Ha
ITER cruMynooTh PO3BUTOK IOJAJBIINX JOCII2KEHb TEPMO-
SIJIEPHO] TIJIa3MU B TOPOIMAJILHBIX MAarHiTHUX ITacTKax pPeaKkTOp-
Horo maciraly. ITopsin 3 Gesmiudro 3aBmanb y Iiil obsacTi icHye
TAaKOXK HEBHDIIlIeHe IUTAHHS IIOJ0 BIIUBY CXEMH BBEJIEHHS I10-
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TY2KHOCTI Ta pi3HHX cleHapilB momadi majgmBa Ha GajlaHC eHepril
it 9acTHHOK y TepMosiaepHiil miuasmi [1-4]. Iozai6ui gocniskenns,
NIpUCBAYEH] MiHiMi3allil IOTY>KHOCTI, III0 BBOSUTHCH, PO3IIAIAI0TE-
cs B psaal pobit (mms., Hanpukiaaz, [1]). ¥V niit pobori 3pobieno
aKIEHT Ha BUBYEHHI TOrO, sIKMil caMe CIeHapiil yBeIeHHs Iajiu-
Ba MOXKE IIPUBECTHU JIO HAMOJIBIN ONTHUMAJIBHUX CIEHApilB poboTn
TepMosiiepHoro peakropa, 3okpema ITER. ns posrisiay BUKO-
PHUCTOBYETBCSI CHCTeMa piBHsAHB Gasnancy |2, 3|, mommdikosana 3
ypaxyBaHHSIM 3MiHM B 4aci clieHapilB yBeJeHHs YaCTUHOK B 00’eM
peakTopa. Posruisig mpoBeseHO st eBOJIIONIT POAYKTIB CUHTE3Y
D+T na toxkamamni ITER, a Tako:X mpoayKTiB TepMOsiIepHOI pe-
akuil D+D ma Topcarponi LHD [4-8]. Bimomi pizui mocmimkenus
nmapaMerpiB IUIA3MH B TEPMOSIAEPHOMY PEAKTOPI JJjisl JIOCATHEH-
Hsl CTAIIMOHAPOrO PEXKHMMy ropinvsa (nuB., Hanpukaaz, [9]) i ga-
COBOI eBOJIIONIT ITapaMeTpiB IIa3MU Ha HLIAXY A0 006JiacTi ropiH-
us [10]. ¥V uiit pobori HaBeJEHO MOJAJIBIIMNA POZBUTOK TaKOI MO-
neJti.
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