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Abstract—A method is proposed for finding reachable values of the output vector, taking into
account constraints on the input and output signals during the control process for linear discrete
systems with variable parameters. The developed algorithm overcomes the computational lim-
itations of traditional approaches when working with high-order models. The method is based
on sequential analysis of the output vector components by reducing them to linear program-
ming problems. Its application is demonstrated using the example of the Globus-M2 spherical
tokamak plasma model, where the possibility of determining attainable plasma configurations
under constraints on the control voltages and currents is shown.
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1. INTRODUCTION

The problem of determining reachability sets (RS) for dynamical systems is central in control
theory [1–3]. Classical approaches to determining the RS for systems with controls belonging to
a given set, described in [1, 4–8], face significant computational difficulties when analyzing high-
order system models typical of modern applications, including plasma control systems in tokamaks.
The main limitations of traditional methods stem from the exponential growth of computational
complexity, the need to construct convex hulls in high-dimensional spaces, limited applicability
to systems with variable parameters and constraints on output signals, which makes accurate
determination of the RS computationally challenging for high-order plant models. This paper
proposes an iterative approach that enables efficient finding of points inside the RS for systems
with tens of state variables, takes into account parametric changes in the model, and obtains
practically useful estimates for engineering applications.

The method for computing the reachability set in the problem formulation described below in (6)
was proposed in [4–6], where it was shown that using dynamic programming a multi-step estimate
of the RS can be reduced to a recurrent computation of one-step estimates. The latter, in turn,
reduce to constructing the convex hull of a set of points in an n-dimensional space corresponding
to the dimension of the state vector.

In [4–6], modifications of the simplex method are used to construct the convex hull. An alterna-
tive approach is based on space partitioning, similar to the quicksort algorithm [9]. Although this
method has no fundamental restrictions on the class of models, it requires significant computational
resources [4] when the state vector dimension is high. This is because the number of hyperfaces of
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a d-polytope with N vertices can reach [9, 10]:

F (d,N) =











2N

d
C

d/2−1
N−d/2−1, for even d,

2C
⌊d/2⌋−1
N−⌊d/2⌋−1, for odd d,

(1)

where ⌊·⌋ denotes the floor function, Ck
n = n!

k!(n−k)! is the binomial coefficient. Thus, F (d,N) =

O(N ⌊d/2⌋), which indicates an exponential growth in complexity as the number of vertices increases.

The method of [1, 7, 8] is based on approximating the RS by sets of simple structure, namely
ellipsoids. Such a description is efficient for small phase space dimensions (n = 2, 3), but for large
dimensions this method is laborious and provides a very incomplete representation of the reachable
set [1, 7, 11].

This computational complexity makes it impractical to apply the algorithm to models with tens
of state variables, including tokamak models and their control systems [12–14]. In this paper,
an approach is proposed that overcomes this limitation by sequentially estimating the RS along
the components of the output vector using the simplex method for solving linear programming
problems [15–17]. Although the simplex method has exponential complexity in the worst case,
in practice it exhibits polynomial convergence on average [17]. The price for increased efficiency
is obtaining not full information about the RS but only its cross-sections. However, this method
allows finding reachable points under given control constraints.

In [18, 19] a different approach is applied, consisting of two ideas: estimating the reachability
set in steady-state and dividing the multidimensional RS into upper and lower estimates. The
methodology based on considering the steady state is applicable to stationary and quasi-stationary
plants, in which the characteristic time of parameter variation is orders of magnitude higher than the
characteristic time of transients. The approach of dividing the RS into upper and lower estimates
is illustrative and efficient for multidimensional plants. The upper estimate of the RS is described
around the real reachability set, and the lower estimate is inscribed inside it. Thus, all points inside
the lower estimate are reachable, and no points outside the upper estimate are reachable. However,
in the case of strong coupling between channels and asymmetric constraints on the control and/or
initial states, such an approach leads to an expansion of the “gray area” between the upper and
lower estimates for points about which it is impossible to say whether they are reachable or not.
This is illustrated in Section 4 in Fig. 1.

Further, Section 2 presents the problem statement. Section 3 describes preliminary computations
allowing one to obtain the matrix relationship between the system outputs, given the inputs and
initial conditions. Section 4 provides a sequential upper estimate of the reachability set based
on previous results and compares the sequential estimate with the upper and lower estimates
from [18, 19]. In Section 5 the sequential estimate is applied to a model example, showing that
the results agree with those obtained by the method of [4–6]. Section 6 finds the dynamics of
reachability sets with respect to plasma shape for models of the Globus-M2 tokamak with variable
parameters and verifies these results in numerical experiments. The Conclusion summarizes the
main results of the work.

2. PROBLEM STATEMENT

Consider a discrete-time plant model in the state space of dimension n, with p inputs and two
groups of outputs of dimensions m and r, with variable parameters:

xk+1 = Akxk +Bkuk,

yk = Ckxk +Dkuk,

ỹk = C̃kxk + D̃kuk,

(2)
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574 KRUZHKOV

where k ∈ [1, T ], the matrices Ak, Bk, Ck, C̃k, Dk, D̃k have appropriate dimensions, xk is the
state vector, uk is the control vector, yk and ỹk are output vectors. The following constraints are
considered:

• on the initial state vector

X1 = {x : x ∈ R
n, x

(i)
min 6 x(i) 6 x(i)max, i ∈ [1, n]}, x1 ∈ X1; (3)

• on the controls at each step

P = {u : u ∈ R
p, u

(i)
min 6 u(i) 6 u(i)max, i ∈ [1, p]}, uk ∈ P ; (4)

• on the second group of output vectors at each step

F = {ỹ : ỹ ∈ R
r, ỹ

(i)
min 6 ỹ(i) 6 ỹ(i)max, i ∈ [1, r]}, ỹk ∈ F. (5)

The superscript x(i) denotes the i-th element of the vector x.

By the state reachability set in system (2) with constraints (3), (4), (5) at the end of the T th
step, similarly to [2–4], we shall call the set

G(xmin, xmax, umin, umax, ỹmin, ỹmax, T ) = {xT : xT ∈ R
n ∀k ∈ [1, T − 1],

xk+1 = Akxk +Bkuk, ỹk = C̃kxk + D̃kuk, x1 ∈ X1, uk ∈ P, ỹ ∈ F}.
(6)

By the output reachability set we shall call the set

Y (xmin, xmax, umin, umax, ỹmin, ỹmax, T ) = {yT : yT ∈ R
m,

yT = CTxT +DTuT , xT ∈ G(xmin, xmax, umin, umax, ỹmin, ỹmax, T ), uT ∈ P}.
(7)

In [4] it is shown that set (6) under constraints of the form (3), (4) is a convex polyhedron with
a finite number of vertices. By similar reasoning one can show that (7) under constraints of the
same type is also a convex polyhedron with a finite number of vertices.

3. DERIVATION OF INPUT-OUTPUT MATRIX RELATION

Let us find the matrix relation between the initial state vector x1, the control actions ui and
the state vector at the kth step for model (2). Since xk+1 = Akxk +Bkuk, the state vector can be
computed according to the formula:

x2 = A1x1 +B1u1,

x3 = A2x2 +B2u2 = A2(A1x1 +B1u1) +B2u2,

. . .

xk = Ak−1 · · ·A1x1 +Ak−1 · · ·A2B1u1 +Ak−1 · · ·A3B2u2 + · · ·+Bk−1uk−1.

(8)

Using the relation yk = Ckxk +Dkuk, we obtain the output vector values

y1 = C1x1 +D1u1,

y2 = C2x2 +D2u2 = C2(A1x1 +B1u1) +D2u2,

. . .

yk = Ck(Ak−1 · · ·A1x1 +Ak−1 · · ·A2B1u1 + · · · +Bk−1uk−1) +Dkuk.

(9)

Combining the vectors of initial values and control signals at all steps up to the kth inclusive into
a column vector

Uk = [x⊤1 , u
⊤
1 , . . . , u

⊤
k ]

⊤ (10)
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and introducing the notation

Mk = [CkAk−1 · · ·A1, CkAk−1 · · ·A2B1, CkAk−1 · · ·A3B2, . . . , CkBk−1,Dk], (11)

we obtain the matrix relation between all control signals, the initial state, and the output vector
at the kth step:

yk = MkUk, (12)

where Mk ∈ R
m×(kp+n), Uk ∈ R

(kp+n). Similarly, we find the values of the second group of output
signals over the steps [1, k]

ỹ1 = C̃1x1 + D̃1u1,

ỹ2 = C̃2x2 + D̃2u2 = C̃2(A1x1 +B1u1) + D̃2u2,

. . .

ỹk = C̃k(Ak−1 · · ·A1x1 +Ak−1 · · ·A2B1u1 + · · · +Bk−1uk−1) + D̃kuk.

(13)

Introduce the notation

M̃k = [C̃kAk−1 · · ·A1, C̃kAk−1 · · ·A2B1, C̃kAk−1 · · ·A3B2, . . . , C̃kBk−1, D̃k],

Hk =















M̃1, 0r×p(k−1)

M̃2, 0r×p(k−2)

. . .

M̃k−1, 0r×p

M̃k















, Ỹk =















ỹ1
ỹ2
. . .

ỹk−1

ỹk















= HkUk,
(14)

where 0r×p is a zero matrix of the corresponding dimension.

When computing the dynamics of the RS, a recurrent representation of the formulas for com-
puting the matrix relation is also convenient:

M1 = D1,H1 = M̃1 = D̃1,

Mk = [CkQk,Dk], M̃k = [C̃kQk, D̃k], k ∈ [2, T ],

Hk =

[

Hk−1, 0r(k−1)×p

M̃k

]

,

(15)

where Qk is an auxiliary matrix computed iteratively

Q2 = [A1, B1],

Qk = [Ak−1Qk−1, Bk−1], k ∈ [3, T ].
(16)

4. SEQUENTIAL ESTIMATION OF THE REACHABILITY SET
OVER OUTPUT COMPONENTS

Knowing the matrix relation (12), one can perform a multidimensional estimate of the reacha-
bility set. One approach is to divide the reachability set into upper and lower estimates, as shown
in [18]. In this splitting, the upper estimate is a hyperrectangle circumscribed around set (7), and
the lower estimate is a hypercube centered at the origin inscribed into set (7) in the m-dimensional
space. This approach is illustrative; however, in the general case a large gap arises between the
upper and lower estimates, leading to considerable uncertainty when estimating the reachability
set. This is clearly shown in Fig. 1 for the two-dimensional case.
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576 KRUZHKOV

Fig. 1. Illustration of the lower and upper estimates of the reachability set in the two-dimensional case. The
dashed line y2 = 4 shows fixing the value of one of the outputs, then the dash-dotted line corresponds to the
reachability set with respect to the y1 coordinate.

A more informative approach can be the sequential finding of an upper estimate followed by
fixing the value of one of the outputs within the admissible range, after which a new upper estimate
can be found taking into account the fixed output. This procedure can be repeated as many times
as there are outputs in the considered system.

Let us consider in more detail the process of constructing a sequential estimate of the reachability
set. The first step of the algorithm for finding a sequential estimate of the reachability set is to find
an upper estimate of the reachability set over all components of the output vector. This estimate
can be found by solving m problems for the maximum

max{y
(i)
T = M

(i)
T UT : ỸT = HTUT , x1 ∈ X1, uk ∈ P, ỹk ∈ F, k ∈ [1, T ], i ∈ [1,m]} (17)

and minimum

min{y
(i)
T = M

(i)
T UT : ỸT = HTUT , x1 ∈ X1, uk ∈ P, ỹk ∈ F, k ∈ [1, T ], i ∈ [1,m]}, (18)

where M
(i)
k is the row of matrix Mk. Problems (17), (18) are linear programming problems that can

be solved by the simplex method [15], the interior-point method [20], etc. Generally speaking, the
systems of equations (17), (18) may be inconsistent; let us consider the conditions for the existence
of a solution.

A solution exists if one of the two statements holds: only constraints on the initial state and
controls (3), (4) are given, r = 0, or the upper and lower constraints on the initial conditions,
controls, and outputs have opposite signs. In the first case, systems (17), (18) always have at
least one solution, since there are no constraints on the output signals, and at least one input

signal, for example u
(i)
k = u

(i)
min, i ∈ [1, n], is realizable, and consequently at least one output signal

is realizable. In the presence of constraints on a part of the outputs (5) and for r 6= 0, a sufficient

AUTOMATION AND REMOTE CONTROL Vol. 87 No. 7 2026



AN APPROACH TO FINDING POINTS INSIDE THE REACHABLE SET 577

(but not necessary) condition for the existence of a solution is



















x
(i)
min 6 0 6 x

(i)
max, i ∈ [1, n],

u
(i)
min 6 0 6 u

(i)
max, i ∈ [1, p],

ỹ
(i)
min 6 0 6 ỹ

(i)
max, i ∈ [1, r].

(19)

This can be easily verified by substituting the zero vector as the control signal at each step. Such
an additional constraint condition is natural for linear systems.

Thus, for each component of the output vector an interval is found in which it can vary y
(i)
T min 1 6

y
(i)
T 6 y

(i)
T max 1, i ∈ [1,m]. The user is offered to choose one of the components and fix its value.

Without loss of generality, assume that the value of the first component is fixed: y
(1)
T = y(1).

Consider the second step of the algorithm. To find the upper estimate for the remaining (m− 1)
components, it is necessary to solve the following problems: for the maximum







y
(1)
T = M

(1)
T UT ,

max{y
(i)
T = M

(i)
T UT : ỸT = HTUT , x1 ∈ X1, uk ∈ P, ỹ ∈ F, k ∈ [1, T ]i ∈ [2,m]}

(20)

and for the minimum






y
(1)
T = M

(1)
T UT ,

min{y
(i)
T = M

(i)
T UT : ỸT = HTUT , x1 ∈ X1, uk ∈ P, ỹ ∈ F, k ∈ [1, T ]i ∈ [2,m]}.

(21)

Thus, at the second step new estimates will be found y
(i)
T min 2 6 y

(i)
T 6 y

(i)
T max 2, i ∈ [2,m]. Having

performed the remaining steps of the algorithm in a similar way, after m steps, we obtain the
problem







yT = MTUT ,

ỸT = HTUT , x1 ∈ X1, uk ∈ P, ỹk ∈ F, k ∈ [1, T ],
(22)

where yT ∈ Y (xmin, xmax, umin, umax, ỹmin, ỹmax, T ) is a realizable value of the output vector. Prob-
lems (20), (21, (22) are also linear programming problems, and they have a solution because the
equality-type constraint on the output signal added at each step is consistent with the other equa-
tions, since it satisfies the constraints of the analogous problem at the previous step. The solution
to problem (22) is the vector U∗

T ∈ R
(kp+n), containing the initial conditions x∗1 ∈ X1 and the open-

loop control u∗k ∈ P , j ∈ [1, T ], realizing the output yT .

5. EXAMPLE

Let us demonstrate the algorithm on the example considered in [6]. The plant model is:



























xk+1 =

[

0.8877 −0.012

0.0258 0.4215

] [

cos π
18(k − 1) sin π

36(k − 1)

− sin π
36(k − 1) cos π

18(k − 1)

]

xk +

[

1 0.5

0 1

]

uk;

yk =

[

1 0

0 1

]

xk;

(23)

constraints on the control actions and the initial state vector:

|x
(1)
1 | 6 5, |x

(2)
1 | 6 5, |u(1)| 6 1, |u(2)| 6 1.5. (24)
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578 KRUZHKOV

Fig. 2. Reachability set obtained by the method of [6] (dark circles) and by the method described in this
paper (squares and diamonds).

In [6] the state reachability set is considered, while in this paper we consider the output reacha-
bility set. To enable comparison, in model (23) the output matrix is the identity matrix. Thus, the
state vector equals the output vector. In this example there are no constraints on the output signals,
r = 0. After seventy time steps the state reachability set found by the method of [4, 6] is shown
in Fig. 2 with round markers and filling. The algorithm proposed in this paper gives at the first

step an estimate of the reachability set over each component: x
(i)
min 6 x(i) 6 x

(i)
max, i ∈ [1, 2], thus

obtaining a rectangle circumscribed around the reachability set. The first step of finding the reacha-
bility set is shown in Fig. 2 with square markers, −3.6276 6 x(1) 6 3.6276, −2.7982 6 x(2) 6 2.7982.

At the second step the user fixes one of the vector components, for example: x(2) = x
(2)
fix = 0, and

the algorithm allows finding the changed estimate of the reachability set over the remaining com-
ponent of the state vector (which equals the output vector in this example). In Fig. 2 the second
step is shown with diamond-shaped markers, −2.9178 6 x(1) 6 2.9178. At the final step the user
can specify a correct value of the remaining component, and the algorithm will compute one of the
possible open-loop controls realizing the obtained output vector at the given time step.

Thus, by successive approximations over each component of the output (state) vector, a point
inside the reachability set and an open-loop control realizing the achievement of this point were
found.

6. ESTIMATION OF THE REACHABILITY SET FOR THE GLOBUS-M2 TOKAMAK

The method described above for obtaining the reachability set was applied to find possible
plasma shape configurations in the Globus-M2 tokamak (Ioffe Institute, St. Petersburg). Linear
models with variable parameters and constraints on input and output signals were considered.

AUTOMATION AND REMOTE CONTROL Vol. 87 No. 7 2026



AN APPROACH TO FINDING POINTS INSIDE THE REACHABLE SET 579

6.1. Experimental Signals

In the Globus-M2 tokamak [21, 22] voltages and currents in the control coils are measured, as
well as signals from magnetic diagnostic loops during the plasma discharge. The measurement
time step is 0.1 ms. The control coils are the central solenoid, the horizontal and vertical field
coils, two poloidal field coils, and a correction coil. The magnetic diagnostics consists of twenty-one
loops mounted on the vacuum vessel surface and measures the poloidal magnetic flux. Using the
coil signals and the magnetic diagnostics, the plasma shape in the divertor discharge phase was
reconstructed with the same time step of 0.1 ms [23]. By plasma shape we mean 24 gaps between
the tokamak limiter wall and the plasma boundary along directions with a step of 15◦ (Fig. 3).

Fig. 3. Vertical cross-section of the Globus-M2 tokamak. Arrows indicate 24 directions along which the 24
gaps g1–g24 between the tokamak limiter and the plasma boundary are measured.

AUTOMATION AND REMOTE CONTROL Vol. 87 No. 7 2026
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Thus, experimental signals from the control coils were obtained with a 0.1 ms step over the time
interval 0.15–0.24 s:

UPF, k = [UHFC, k, UV FC, k, UCS, k, UCC, k, UPF1, k, UPF3, k]
⊤,

IPF k = [IHFC, k, IV FC, k, ICS, k, ICC, k, IPF1, k, IPF3, k]
⊤

and the gaps between the plasma boundary and the tokamak limiter Gk = [g1, k, . . . , g24, k]
⊤, as

well as the vertical position of the plasma column center Z, reconstructed from the magnetic
measurements. Hereafter we will refer to these signals as experimental or scenario signals.

6.2. Model

To assess the capability of the tokamak to obtain plasma configurations, its linear model was
built. The Globus-M2 tokamak models [12, 13] are constructed from the experimental data of
discharges nos. 41 805, 41 835, and 41 867 in deviations from the experimental signals in discrete
time with variable parameters:

xk+1= Akxk +Bkδuk,

δyk = Ckxk,

δỹk = C̃kxk,

(25)

where x ∈ R
17, δu = [δUHFC , δUV FC , δUCS , δUCC , δUPF1, δUPF3]

⊤ ∈ R
6 are deviations from the

scenario voltages in the control coils, δy = [δg1, . . . , δg24]
⊤ ∈ R

24 are changes in the shape relative
to the scenario signals, δỹ = [δZ, δIHFC , δIV FC , δICS , δICC , δIPF1, δIPF3]

⊤ ∈ R
7 are changes in the

vertical plasma position and currents in the control coils. The matrices of the stationary linear
models Âi, B̂i, Ĉi are computed over the time interval from 0.13 to 0.24 s with a step of 1 ms and
interpolated linearly:

Ak =
10− (k − 1)%10

10
Â⌊k−1

10
⌋+1 +

(k − 1)%10

10
Â⌊k−1

10
⌋+2, (26)

where ⌊·⌋ denotes rounding down, % is the remainder of division. The matrices B and C are
computed analogously.

6.3. Constraints on the Control Signals

Consider deviations from the control signals under the following constraints:

• zero initial conditions x
(j)
1 = 0, j ∈ [1, 17];

• deviations on the control coil voltages |δu(j)| 6 100 V, j ∈ [1, 6];
• deviations on the unstable vertical position of the plasma column center |δZ| 6 1 cm;
• deviations on the currents in the control coils |δIHFC | 6 500 A, |δIV FC | 6 500 A, |δICS | 6

5 kA, |δICC | 6 500 A, |δIPF1| 6 500 A, |δIPF3| 6 500 A.

The voltages in the control coils vary in the range ±1.6 kV, typical values of currents in the HFC,
VFC, CC coils are 0.5 kA, PF1—1.5 kA, PF3—3 kA, the current in the CS coil varies from 0.5
to 2.5 kA. Typical values of the vertical displacement are on the order of 1 cm (Fig. 4). Therefore,
one can consider the deviations from the scenario values small and apply linear plasma models for
subsequent computations.

Thus, the model equations (25) and the constraints at each step satisfy the problem state-
ment (2), (3), (4), (5) and condition (19). At the same time, the approach to computing the RS
described in [4–6] is inapplicable to these models, since it requires constructing the convex hull of
points in a space whose dimension equals the number of model states, in this case 17. In such a

AUTOMATION AND REMOTE CONTROL Vol. 87 No. 7 2026



AN APPROACH TO FINDING POINTS INSIDE THE REACHABLE SET 581

Fig. 4. Simulation result of the plasma with a modified control realizing after 30 ms deviations in the shape
components δg7 = −5 cm, δg19 = −5 cm, additionally elongating the plasma vertically under constraints on
the vertical plasma displacement, voltages and currents in the control coils. Dashed lines—scenario, solid
lines—deviated signals, halftone—admissible deviations. Discharge no. 41 805.

space the points form a d-polytope having at least N = 2d vertices, according to (1) F (d) ∼ 23d/2

hyperfaces, and at each step this number increases proportionally to the number of inputs. Thus,
the method described in Sections 2, 3, 4 becomes relevant.

6.4. Plasma Shape Reachability Set

Let us analyze the possibility of changing the shape components g7 and g19—the upper and
lower points of the plasma. By changing these quantities one can influence the plasma vertical
elongation. Decreasing the gaps between the plasma and the vacuum vessel wall corresponds to
increasing elongation. The initial value of the state vector is assumed to be zero.

Using the proposed algorithm, we obtain for the model of discharge no. 41 805 that after 30 ms
(300 time steps) the system outputs δg7 and δg19 are constrained within the intervals:

−7.9 6 δg7 6 7.9; −8.6 6 δg19 6 8.6, (27)

where the deviation values are expressed in centimeters. At the second step we fix δg7 = −5.0 cm,
then we obtain:

δg7 = −5.0; −8.6 6 δg19 6 −2.9. (28)

At the last step we can fix the value δg19 = −5.0 cm and obtain an open-loop control, the output
deviation values of 5 cm. The dynamics of the system with the found open-loop control are shown
in Fig. 4.

Thus, it is shown that using the poloidal field coils it is possible to increase the vertical elongation
of the plasma in the existing configuration of the Globus-M2 tokamak.

AUTOMATION AND REMOTE CONTROL Vol. 87 No. 7 2026
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Fig. 5. Change in the reachability set during the divertor discharge phase. Light gray shows the reachability
set with respect to the deviation for the gap δg7, dark gray—for the gap δg19, under the condition δg7 = −5 cm,
at those time instants where such a condition is feasible. Time is given from the start of the divertor phase.

Let us analyze the change in the reachability sets over these shape components with time.
Consider plasma discharges no. 41 805, 41 835, 41 867. Compute the possible deviation in δg7.
If the deviation in δg7 can be equal to −5 cm, we fix it and find the reachability set with respect
to δg19. The result is shown in Fig. 5, the time is given from the beginning of the divertor phase.
A strong coupling between the opposite gaps is visible; a deviation of the δg7 component inevitably
leads to a deviation of the δg19 component in the same direction.

7. CONCLUSION

The paper proposes a method for finding points lying inside a multidimensional reachability set
for linear discrete-time systems with variable parameters. A computationally efficient algorithm
has been developed that allows sequentially estimating cross-sections of the reachability set over the
output vector components, finding points inside the RS using linear programming problems. The
method has been applied to the plasma control problem in the Globus-M2 tokamak, which made it
possible to find attainable plasma configurations under given control constraints, to demonstrate
the possibility of increasing the vertical elongation of the plasma, and to analyze the change in the
RS during the plasma discharge. The numerical experiments performed demonstrate consistency of
the results with known methods for low-dimensional cases, practical applicability of the approach
for systems with dozens of state variables, and the ability to account for variable parameters.

The proposed approach opens new possibilities for analysis and synthesis of control systems for
complex dynamic plants, where traditional methods for constructing the RS become inapplicable
due to high computational complexity. The developed algorithm can be useful both for theoretical
studies of controllability properties of dynamical systems and for solving applied control problems
for complex engineering objects.
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