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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 —

E = f(X7 w)a

X:(Ila"'axn); ¢:(¢15"'7wn—1); f:<f157fn)7

w;, A;, ¢; are constant quantities; ¢,, = 1; a; are time-varying coeflicients.
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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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Zcixi =0. (3)

When additive random noise acts through the signal channels z; (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, m,),

m = (mq,...,m,); m,, = (M, ~~~amw(n71))§ f=(f1, s fn);

n n—1
fi=miq (i=1,2,...,n—1); fn= —Zaimi — me(m)mi;
i1 i=1

m; m; m m 1 1 2 m; 1 1 2| m
My = L 14P l) [0} ( g) + o ( g) e*E(mq‘,/"i) + i [0} <'L> 6_2(7”9/‘79) +
v 2 |: ( 0; Ug Ug V2w P g g; V2T

mi =m;(w; + \); m; = m;(w; — A;);

m;, m,,;, m, are the mathematical expectations of the signals x;, ¥;, g; p;, is
the coefficient of mutual correlation between z; and g; o7, o7 are the variances
of the noise acting in the channels x; and g,

1Y,
D(y) = — [ e /24t
W) = = /0

For

|m2/oz| — 00, |mg/ag| — o0

(4) degenerates into (1).
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Fig. 1

Figure 1: Fig. 1
The paper considers the practically most important case, when

|m;/o;| — oo, |m,/o,| 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 03.

Fig. 1

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

Wi(p) = M(p)/N(p), (5)

where

g—m—n<Kl1, (6)
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leads to inadmissible phase lags in the signals z; 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 z;, g is compensated by means of a lead
element with transfer function W, (p) = 1/W;(p) in the forward path. It is not
difficult to see that, in the space of the variables y; 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 W, (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
x,; is written in the form

k
Zfixi:Q k:(n_1)<q_1)+17 (7)

where
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& = Z byd; s
k=1

In the special case M(p) = by, the equations of motion in the spaces z; and y,
in the sliding mode coincide.
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