
Soviet-era science, translated into English

ON ONE METHOD FOR
THE SYNTHESIS OF A
NOISE-SUBSTITUTED
SYSTEM WITH
VARIABLE
STRUCTURE
K. K. ZHILTSOV, P. A. ILOKHIN, A. V. LANYSHIN

1968

SovietRxiv

View the original and related papers at https://sovietrxiv.org/items/ru-196801.86110

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the original.

https://sovietrxiv.org/items/ru-196801.86110


Abstract
Full Text
UDC 62.503.2

CYBERNETICS AND CONTROL THEORY
K. K. ZHILTSOV, P. A. ILOKHIN, A. V. LANYSHIN

ON ONE METHOD FOR THE SYNTHESIS
OF A NOISE-SUBSTITUTED SYSTEM WITH
VARIABLE STRUCTURE
(Presented by Academician B. N. Petrov on 5 X 1967)

The possibility is considered of constructing a system with variable structure in
the presence of noise, specified in the form of a random stationary process with
a normal distribution law, which acts on the logic-forming block.

In the absence of noise, the motion of the system with variable structure is
described by the system of differential equations (1)

𝑑x
𝑑𝑡 = f(x, 𝜓);

x = (𝑥1, … , 𝑥𝑛); 𝜓 = (𝜓1, … , 𝜓𝑛−1); f = (𝑓1, … , 𝑓𝑛);

𝑓𝑖 = 𝑥𝑖+1 (𝑖 = 1, 2, … , 𝑛 − 1); 𝑓𝑛 = −
𝑛

∑
𝑖=1

𝑎𝑖𝑥𝑖 −
𝑛−1
∑
𝑖=1

𝜓𝑖(x)𝑥𝑖; (1)

𝜓𝑖(x) = {𝜔𝑖, 𝑔𝑥𝑖 > 0,
𝜆𝑖, 𝑔𝑥𝑖 < 0, (𝑖 = 1, 2, … , 𝑛 − 1);

𝑔 =
𝑛

∑
𝑖=1

𝑐𝑖𝑥𝑖; (2)

𝜔𝑖, 𝜆𝑖, 𝑐𝑖 are constant quantities; 𝑐𝑛 = 1; 𝑎𝑖 are time-varying coefficients.

After the representative point reaches the hyperplane 𝑔 = 0, under satisfaction
of the conditions of the sliding mode, the motion of the system is described by
the equation
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𝑛
∑
𝑖=1

𝑐𝑖𝑥𝑖 = 0. (3)

When additive random noise acts through the signal channels 𝑥𝑖 (𝑖 = 1, … , 𝑛)
on the logic-forming block, the conditions for existence of the sliding mode are
violated, as a result of which the character of the system motion changes. It
can be approximately described by a system of nonlinear differential equations
written for mathematical expectations. These equations are obtained on the
basis of the method of statistical linearization (2), taking into account complete
filtering of the random component along the system loop

𝑑m/𝑑𝑡 = f(m, m𝜓),

m = (𝑚1, … , 𝑚𝑛); m𝜓 = (𝑚𝜓1, … , 𝑚𝜓(𝑛−1)); f = (𝑓1, … , 𝑓𝑛);

𝑓𝑖 = 𝑚𝑖+1 (𝑖 = 1, 2, … , 𝑛 − 1); 𝑓𝑛 = −
𝑛

∑
𝑖=1

𝑎𝑖𝑚𝑖 −
𝑛−1
∑
𝑖=1

𝑚𝜓𝑖(m)𝑚𝑖;

𝑚𝜓𝑖 = 𝑚−
𝑖

2 [4Φ (𝑚𝑖
𝜎𝑖

) Φ (𝑚𝑔
𝜎𝑔

) + Φ (𝑚𝑔
𝜎𝑔

) 1√
2𝜋 𝑒− 1

2 (𝑚𝑖/𝜎𝑖)2 + 𝜌𝑖𝑔Φ (𝑚𝑖
𝜎𝑖

) 1√
2𝜋 𝑒− 1

2 (𝑚𝑔/𝜎𝑔)2]+𝑚+
𝑖

2 ;
(4)

𝑚+
𝑖 = 𝑚𝑖(𝜔𝑖 + 𝜆𝑖); 𝑚−

𝑖 = 𝑚𝑖(𝜔𝑖 − 𝜆𝑖);

𝑚𝑖, 𝑚𝜓𝑖, 𝑚𝑔 are the mathematical expectations of the signals 𝑥𝑖, 𝜓𝑖, 𝑔; 𝜌𝑖𝑔 is
the coefficient of mutual correlation between 𝑥𝑖 and 𝑔; 𝜎2

𝑖 , 𝜎2
𝑔 are the variances

of the noise acting in the channels 𝑥𝑖 and 𝑔,

Φ(𝑦) = 1√
2𝜋 ∫

𝑦

0
𝑒−𝑡2/2 𝑑𝑡.

For

|𝑚𝑖/𝜎𝑖| → ∞, |𝑚𝑔/𝜎𝑔| → ∞
(4) degenerates into (1).
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Fig. 1

Figure 1: Fig. 1

The paper considers the practically most important case, when

|𝑚𝑖/𝜎𝑖| → ∞, |𝑚𝑔/𝜎𝑔| is small

Analysis shows that in this case, in the automatic control system described by
(4), self-oscillations may arise, and the amplitude of the self-oscillations increases
with increasing 𝜎2

𝑔.

Fig. 1

Effective filtering of noise acting in the channels 𝑥𝑖 and 𝑔, using linear elements
with a transfer function of the form

𝑊1(𝑝) = 𝑀(𝑝)/𝑁(𝑝), (5)

where

𝑀(𝑝) =
𝑚

∑
𝑖=1

𝑏𝑖𝑝𝑖−1, 𝑁(𝑝) =
𝑞

∑
𝑖=1

𝑑𝑖𝑝𝑖−1, 𝑞 − 𝑚 − 𝑛 ≪ 1, (6)

leads to inadmissible phase lags in the signals 𝑥𝑖 and 𝑔. In the present paper it
is proposed to reduce the noise level at the input of the nonlinear logic device
by synthesizing variable-structure systems in accordance with the structural
diagram of Fig. 1.

In this case the phase lag in the signals 𝑥𝑖, 𝑔 is compensated by means of a lead
element with transfer function 𝑊2(𝑝) = 1/𝑊1(𝑝) in the forward path. It is not
difficult to see that, in the space of the variables 𝑦𝑖 in Fig. 1, in the absence
of disturbances 𝑧(𝑡) = 0, both the sliding-mode conditions and the equation of
motion in the sliding mode coincide with (3). In the presence of disturbances,
their level, by choosing the structure and the parameters of the filter 𝑊1(𝑝), can
be reduced to a small value, which ensures motion close to (3).

Then the equation of motion in the sliding mode with respect to the variables
𝑥𝑖 is written in the form

𝑘
∑
𝑖=1

𝜉𝑖𝑥𝑖 = 0, 𝑘 = (𝑛 − 1)(𝑞 − 1) + 1, (7)

where
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𝜉𝑖 =
𝑖

∑
𝑘=1

𝑏𝑘𝑑𝑖−𝑘+1.

In the special case 𝑀(𝑝) = 𝑏1, the equations of motion in the spaces 𝑥𝑖 and 𝑦𝑖
in the sliding mode coincide.
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