
It should be emphasized that, in contrast to many other results on
the stability of non-autonomous systems (see, e.g., [2,3,5,6]), we do not
require that lim

t→∞
‖γ̇(t)‖ → 0 to prove the attractivity property. In this

talk, we extend the approach of [1] to a general class of non-autonomous
systems and discuss applications of the obtained results to such control
problems as dynamical optimization and trajectory tracking.
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Introduction. In modern control systems, almost all algorithms are
implemented in digital form. At the same time the PID algorithm has a
number of limitations. The problem of integral saturation is emerged if
there is limitation of the control action; response speed problem; adapt-
ing the settings when changing the dynamic characteristics of the object.

1. Receiving formulas for calculating regulators. Calculation
of many digital controllers is much more algorithmized. One such option
is a deadbeat controller [1]. This controller is characterized by high
response speed. However, this is achieved by forming a high value of the
control action, which is difficult to implement under applied conditions.
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At the same time, it is possible to achieve the regulator’s correspondence
to the technological norms by increasing the time of the transient process.
In [1] the expressions of choosing a primary pulse were obtained. We
extend it to several time steps.

w(k) = 1 ∀ k = 0, 1, 2, .... (1)

For the case b0 = 0, the z-transformations of the main, controlled and
control variables have the following equations

w(z) =
1

1− z−1
. (2)

Let

y(z)

w(z)
= p1z

−1 + p2z
−2 + ... + pmz

−m; (3)

u(z)

w(z)
= q0 + q1z

−1 + q2z
−2 + ... + qmz

−m, (4)

where u(z) – regulator output; y(z) – output parameter; m – order. The
condition for constructing a deadbeat controller, regardless the number
of given time steps, is not changed:

b1z
−1 + ... + bmz

−m

1 + a1z−1 + ... + amz−m
=

p1z
−1 + ... + pmz

−m

q0 + q1z−1 + ... + qmz−m
. (5)

2. Formulas for the regulator. For two time steps one has

qm = uSP (am − am−1a1) + am−2D2; (6)

pm = uSP (bm − bm−1a1) + bm−2D2, (7)

where

D2 = qC − uSP + a1uSP ; qC =
1∑m
k=1 bk

. (8)

For three time steps the version for calculating the settings is

qm = uSP (am − am−1a1 + am−2E1)− am−3E0; (9)

pm = uSP (bm − bm−1a1 + bm−2E1)− bm−3E0, (10)

where
E0 = uSP (1− a1 + a2

1 − a2)− qC ; E1 = a2
1 − a2. (11)
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We obtain an expression for the regulator from condition for a time
uSP = u(0) = u(1), for two time uSP = u(0) = u(1) = u(2) and for three
time steps uSP = u(0) = u(1) = u(2) = u(3). Then, respectively

uSP =
qC

1− a1
; uSP =

qC
1− a2

1 − a2 − a1
; (12)

uSP =
qC

1 + a1(a1 − a2
1 − 2a2 − 1)− a2 − a3

. (13)

3. Conclusion. The obtained expressions were checked for some
variants of object transfer functions. The increasing of the steps number
that are specified by the conditions makes it possible to substantially
increase the robustness of the system with a deadbeat digital regulator.
When using three time steps the robustness’s system approaches the
proportional-integral-differential controller [2].
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The evolution of states of dynamical systems of particles (hard
spheres) can be described by the BBGKY hierarchy of equations [1, 2].
However, in some cases, simpler approaches can be applied to one-
dimensional system of hard spheres. The main feature of such a sys-
tem is that there is no change in the speed distribution function. This
function is specified by an initial distribution that is the Maxwell speed
distribution:

ϕ(v) =
1√
2πσ

e−
v2

2σ2
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