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CONTROL OF A NONSQUARE MULTIVARIABLE SYSTEM USING
PSEUDOINVERSE MODEL-BASED STATIC OUTPUT FEEDBACK

Introduction. The paper deals with nonzero set-point regulating the first-order linear dis-
crete-time multivariable system. The case where the number of outputs exceeds the number of
control inputs is considered. It is assumed that arbitrary but bounded unmeasurable distur-
bances are present. The assumption that the elements of the matricies arising in the system
equation are unknown. However, their bounds are assumed to be known a priori. From prac-
tical point of view, it is important to design a simple controller similar to reduced-order or
static output feedback (SOF) controllers. A difficulty associated with this problem is in estab-
lishing the existence of SOF control to be able to cope with a given system. The three differ-
ent problems concerning the optimality, ultimate boundedness and robustness features are
stated and solved.

The purpose of the paper is to answer the question: is there the SOF control based on
the pseudoinverse concept to stabilize some first-order multivariable system with nonsquare
gain matrix?
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Methods. The methods based on the theory of matricies are utilized.

Results. The pseudoinverse model-based control leading to static output feedback is
proposed to reject unmeasured disturbances. The optimality and robustness properties of
such controller are established. Numerical examples and simulation results are presented to
support theoretical study.

Conclusion. The paper shed some light on the existence of the pseudoinverse static out-
put feedback controllers which can either be optimal (in the absence of any uncertainty) or
be robust stable against parameter uncertainties dealing with the linear multivariable first-
order discrete-time system in a hard case when its gain matrix is nonsquare (in contrast to
the known results).

Keywords: discrete time, feedback control methods, pseudoinversion, multivariable control
systems, robustness.

INTRODUCTION

A problem of an efficient control of multivariable systems in the presence of
unmeasurable disturbances stated three decades ago in [1] remains a topic of
meticulous attention of many researches until recently. Their results have been
reported in numerous papers and generalized in several books [2—5] et al.

To reject arbitrary bounded disturbances, the so-called inverse model concept
has been proposed by several authors. Since the beginning of the 21* century, a
significant progress has been achieved utilizing this concept [6, 7] and other works.
Most these works except [7] dealt with continuous-time multivariable systems.
However, this approach is quite unacceptable if the systems to be controlled are
either ill-conditioned or nonsquare. Some researches observed that the inverse-based
controller may be also not feasible for designing some process control systems con-
taining ill-conditioned plants since they may become (almost) noninvertible in the
presence of uncertainties [8]. Also, there exist certain difficulties in order to achieve
a perfect control performance in the case where the number of the plant outputs
exceeds the number of its control inputs. Similar problem falling into this category is
the development of the automatic control system for an artificial heart having three
outputs and two control inputs [9].

It turned out that the so-called Moore-Penrose inverse (pseudoinverse) model-
based approach can be exploited to cope with the noninvertibility of singular
square and any nonsquare systems. This approach has theoretically been substan-
tiated in the papers [10—12] which dealt with problems of rejecting any bounded
disturbances for a wide class of discrete-time multivariable noninvertible memory-
less systems.

From practical point of view, it is important to design a simple controller
similar to reduced-order or static output feedback (SOF) controllers. A difficulty
associated with this problem is in establishing the existence of SOF control to be
able to cope with a given plant [ 13—15]. Nevertheless, it turns out that in the case
of the first-order multivariable system, the pseudoinverse model-based approach
leads straight to SOF control.

In last years, various constructive approaches applicable to linear continu-
ous-time and discrete-time systems with possible uncertainties have been ad-
vanced for establishing conditions under which SOF controllers can exist. Also,
different numerical algorithms for designing these controllers have been pro-
posed in [16-22] et al. Among them, the authors of [16] have obtained some
attractive SOF solvability conditions derived from structural properties of the
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open-loop discrete-time systems. Within the framework of these conditions, they
studied the case where there were more outputs than control inputs. Now, the
question that we need to answer is as follows: is there the SOF control based on
the pseudoinverse concept to stabilize some first-order multivariable system
with nonsquare gain matrix?

The paper extends the ideas of [10—12] to nonzero set-point regulating non-
square discrete-time first-order system in which the number of outputs exceeds
the number of its control inputs. The main effort is focused on deriving condi-
tions under which the optimality, ultimate boundedness and also robustness
properties of resulting closed-loop control system can be achieved.

The purpose of the paper is to answer the question: is there the SOF con-
trol based on the pseudoinverse concept to stabilize some first-order multivari-
able system with nonsquare gain matrix?

PROBLEM FORMULATION

Consider a linear first-order multivariable discrete-time time-invariant system
described by the autoregressive moving average exogenous (ARMAX) model of
the simplest form

yn+l:Ayn+Bun+vn+l’ (1)

where y, € R",u, € R” and v, € R" represent the measured output, control

> n
input and the unmeasurable disturbance vectors, respectively. 4 e R™" and
B eR™" are the fixed square and nonsquare matrices, respectively, given as

a™ g™ pa . pn

A= - - . | and B=| - - . |
1 1 (2)

a™ ™ poh L pm

Let

r<m (3)
mean that the number of control inputs is less than the number of system outputs.
The following assumptions are made.

Al. The elements ¢ and ' of 4 and B having the form (2) may be
unknown. However, the bounds

afﬁiﬁa(”)Saﬁx, (i=1....,m,j=1,...,m), 4)
b <p W <pW - (i=1,...,m, j=1,...,7) (5)

on these elements are known a priori.
A2. The each component of v, is an arbitrary, but bounded in modulus va-

riable satisfying

”vn ”S”V”OO<OO vn:laza"', (6)
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where the well-known definition || z| == sup |z, | of the so-called /,-norm
0 <n <o

of any bounded sequence {z,} denotedas | z|, isused.

A3. {y?} is a bounded nonzero set-point vector sequence such that the desired
y?., is always known at each nth time instant implying | y° | #0 (n=1,2,...)
and | y° ||, <oo. Without loss of generality, it is supposed that each component of

»? may remain constant over a time (finite or infinite).
Defining the output error vector

€, =Yy = Vs 7)
introduce the local control performance index

I L e I 1 )
where | z |, denotes the Euclidean norm (2-norm) of a vector z. This criterion
evaluates the capability of a controller to rejecting the bounded disturbances at
the nth time instant in the worst case.

The following three problems are stated and solved.

Problem 1. Suppose matrices 4 and B are known. Noting that J, of the
form (8) depends only on one past u, , (due to (7) together with (1)), devise the
optimal control which minimizes J,,, with respect to all possible bounded u,,s
at the nth time instant producing

J inf .
et > )

Problem 2. Setting A and B be known, establish conditions guaranteeing
the ultimate boundedness of outputs and control inputs in the form

limsup| y, | <o, limsup| u, |<o.
n—o0 n—o (10

Problem 3. Subject to Assumptions A1-A3, devise the control law under
which the requirements (10) will be satisfied for any 4 and B with the ele-
ments given by the interval constraints (4) and (5), respectively, i.e., the robust-
ness of controller will be achieved.

A PRELIMINARY

Consider the system (1) with no uncertainties with respect to the matrices 4 and
B.Moreover, let (for the time being) B be a nonsingular 7 x » matrix implying
that » = m (instead of (3)). Choose the control law

u, =By, B4y, (11)
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in which B~ denotes the inverse of B, to produce e, ,, = —v,
(lleps; =1 v,uq ). This causes
||en+l ”S ”v”oo’ n=0,1,2,... (12)

It can simply be shown that the controller defined in (11), which may be
called the inverse model-based controller, is optimal (in the sense of (9)). Actu-
ally, any other control law may give | e,,, ||,>| v|l., (instead of (12)) if certain

v, satisfying (6) is present at (n+1)th time instant.

At first sight, it seems that if B is noninvertible then B~' might be replaced by
the Moore-Penrose inverse matrix B " defined by the formula in [23, Theorem 3.4]

v T 27 \-1 pT
B —}513(1)(3 B+86°1,)" B (13)
to design the control law

u,=B"y, ~B 4y, (14)

Nevertheless, such a possibility remains without strict substantiations for
the time being since both the optimality of (14) and the stability of the closed-
loop control system (1) exploiting (14) are not guaranteed as yet. Next section
sheds some light on this possibility.

OPTIMAL STABLE CONTROL DESIGN

In this section, Problems 1 and 2 are solved. Namely, the optimality and the
stability (the ultimate boundedness) of the closed-loop control system containing
the plant (1) and the controller (14) are established in the following theorem.
Theorem 1. Subject to (3), and Assumptions (A2) and (A3), if the control
law (14) is applied to the system (1), then:
a) the optimality properties of the closed-loop control system (1), (14) de-
fined in (9) is ensured with

Jn+lg|| ([m _BB+)(yn0+1_Ayn)||2+89 (15)
where
g=sup v, |, (16)

and [, denotes the N x N identity matrix;
b) the ultimate boundedness of {|| y, |} caused by (14) is guaranteed if

with

q=|U,-BB")A|, (18)
where || P| denotes any norm of some matrix P;
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c¢) under conditions (17) together with (18), the sequence {|| u, |} remains
bounded.

Proof. a) Using (1) together with (7), one has e, = yBH -Ay,—Bu, —v,.,
which causes

el <l J’SH —Ay, —Bu, |, + v, - (19)

Since the sequence {v,} does not depend on {y,}, due to (6), (8) and (16),
the inequality (19) yields
Sy < | Y — Ay, —Bu, |, +¢,

giving

n+l

. < 0 _ _
fﬂ.{rJ —uig]{r I i — Ay,]1=Bu, |, +&. (20)

u

Further, utilizing Theorem 3.4 of [23], it can be concluded that there exists a
vector u, satisfying

I[yen—Av,1=Bu,l,= inf [y, =4y, 1-Bx(°.») |,
2 R"XR" > R" (21)

with any vector-valued operator %. By virtue of (21), this vector is determined

as u, =B+[y2+1 —Ay,] leading directly to the pseudoinverse control of the

form (14). Comparing (21) with (20), one can argue that such control is optimal
since it minimizes the upper bound on J,,, among all possible y(-,-) mapping

the pair (y°, »,) onto u,. Substituting (14) into the right-hand side of (20)

gives this upper bound in the explicit form represented by (15). This establishes
statement a).
b) Substituting (14) into (1), one gets

yn+1 = BB+y2+1 + ([m _BB+)Ayn +Vn+1'
By virtue of (6), this equation produces

| Y I S UBB Y 1 + 1 (L, = BBHYAN ]y, [ +1V o (22)

where  the  well-known  properties | BPz|<| AP || z| and
|z, +z, | <l z, || + +] z, ||of the norm of any matrices F,, P, and of any vectors
z,z,, z, have been utilized.

Using (18), we may rewrite (22) as follows:

| vu 11 BB Y I +q ]y I+ V). - (23)

Iterating (23), we obtain
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| 2 1< 1IBB IV Lo+l v, I+ V1L,
<A+q) [ BB 15" o +4” | yua I 40+ D [ V] 5.
SA+g+q’ +.4g" DV UBBN 1Y N +IvI)+q" [ 2o
These inequalities give that if (17) is satisfied, then

. 1
limsup| v, | Sq(ll BB y" . +1vIl.) <oe.

n—>0

This fact proves statement b).
c¢) Since {| y, |} is shown to be bounded, from (14), the validity of this

statement follows immediately. o
Corollary. Let
I4ll,<1, (24)

where |4, denotes the spectral norm of 4 given by

|4],= max 2,(4" ),
i=l,...,m

and where A, (") represents the ith eigen-value of 4" 4. Then, with the require-

ment (17), the boundedness properties given in statements b) and c) of Theo-
rem 1 are guaranteed.
Proof. According to [23, Exercise 3.7.6], it can be established that

| 1,,—BB" |,=1. This yields
q=I(, —BB")Al,<|1, —BB" |, Al,<| 4, (25)

Due to (24), the last inequality of (25) leads to the condition (17) of Theo-
rem 1 proving the result. ]
Remark 1. Note that, the condition

rank B=r, (26)

implying that B has the full rank, is not necessary.

Remark 2. If rank B satisfies (26), then instead of (13), the simple formula
B* =(B"B)'B" taken, e.g., from [23, Exercise 3.5.3] may be used to calculate
B+

Remark 3. The condition (24) means that the open-loop control system (1)
is asymptotically stable since

izrlnaﬁlli(/ﬁl <[4l
holds producing
max |A;(4)|<L.
i=l,...,m
In this case, 4 is said to be the Schur stable matrix. m|
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AN OBSERVATION

It turns out that the asymptotic stability of (1) is not necessary to ensure ¢ <1.
To illustrate this fact that is not obvious, the following numerical example
will be considered.
Example 1. Let

-035 -035 -0.35 1.2 0.1
A=-020 -1.00 -030|, B=|-0.6 09|
-0.20 -0.20 -0.50 0.6 2.1

In this case, rank B=2, and max_ _,|A(4)[~1.24>1 whereas

| 4], = max; [l,r]Z;’i]\ a®’ | =1.55, where | P|, denotes the column norm of P.
This implies that equation (1) describes the unstable system. Nevertheless, the
calculation of ¢ by (18) gives g =|/(/,, —BB")A|,=0.9<1. Hence, the re-
quirement (17) may be satisfied while the plant is actually unstable.

ROBUSTNESS ANALYSIS

In the case of parameter uncertainty given by (4) and (5), we propose replacing
the control law (14) by
0
un:BgynH_B(;rAOyn (27)

with some fixed matrices 4, = (a\"),,., and B, =(b\"),,.. . Their elements are
chosen as a’ e[a?,a ] and bY e[b?,p¥ ], respectively, to obtain
rank B, =r.

The following robustness result is given in the theorem below.

Theorem 2. Let Assumptions Al to A3 be valid. Then the controller de-
fined in (27) will be robust (in the sense that the boundedness of {| y, |} and

{l u,|I} is guaranteed for any matrices 4 and B having the elements which sat-

isfy (4) and (5), respectively), if (17) is satisfied with
g=max| A-BBj4, .

A€z, (28)

BeZ,

In this expression, Z, and Z, are the bounded sets of all matrices

A=@") and B=(b") having the elements a” e[a?,a” ] and

'min® ““max
b e [br(rf{r)‘, br(rl‘?x], and | -| is any matrix norm (as in (18)).

Proof. Follows immediately from Theorem 1. |
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The result given in Theorem 2 may be reformulated in terms of the linear
programming problems similar to that in [11] as follows.
Define the variables

4D =D N R0, i, =1, m, (29)

k=1

where /1 denotes the corresponding element of the fixed matrix H, = B A4,.

Further, d? is the element of D= A— Z}HO, and find
maxd® and mind @ (30)
subject to the constraints
dp<d® <o, HD<HV <l a1

foreach 1<i<m, 1<j<m.

5 ()

Since (29) describes the functions depending linearly on the variables @’ and

I;(”), e H") that are the elements of the ith row of é, and (31) represent the simple

linear constraints, the problems given by (30), (31) are the simplest linear program-
ming problems. They are solved independently for each pair (7, j) taking into ac-

count that each element of the jth column of D depends only on the elements of

each ith row of 4 and B but not on the elements of other their rows with numbers
k=1,...,m, k+#i. Then the following results can be shown to be valid.

Theorem 3. Subject to Assumptions Al to A3, if

m
D max{|mind” |, | maxd? |} <1 Vj=1,....m
i=1

with mind®? and maxd® giving the solutions to the linear programming prob-
lem (30), (31), then the controller (27) applied to the system (1) guarantees that
the boundedness properties (10) will be achieved in the presence of interval
uncertainties defined by (4), (5).

Proof: Follows the lines of the proof of Corollary to Theorem 2 given in [11].
Due to space limitation, the details are omitted. i

Thus, Theorem 3 specifies the sufficient conditions under which the pseu-
doinverse model-based controller (27) employed to regulating the uncertain
system (1), (4), (5) will be robustly stable. It gives an effective solution to Prob-
lem 3 using a simple computation technique.

Example 2. Let the system to be controlled be described by

-020 -0.15 -0.15 1.2 0.1
A={-0.10 =025 -0.10, and B=|-0.6 09|
-0.15 -0.15 -0.16 0.6 2.1

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2020. Ne 3 (201) 41



Zhiteckii L.S., Azarskov V.N., Sushchenko O.A., Yanovsky F.J., Solovchuk K.Yu.

Assuming that the parameter uncertainty is given as a'"e[-0.28, 0],
ae[-0.2, —0.1], a"Pe[-0.12,0], a*Ve[-0.12,0], a®[-0.28, 0],
aPe[-0.2, -0], a®Ve[-0.2,0], a“Pe[-0.2, —0.1], a®Pe[-0.2, - 0],
b €10.6,1.2], b"? €]0,0.2], b?" €[-0.7,0], b*? €[0.8,1.1],

Y €[0.5,1.2], b©? €[1.9,2.2],
the matrices

-025 -0.10 -0.10 0.8 0.2
A,={-0.15 =010 -0.17| and B,=|-05 1.0
-0.10 -0.15 -0.19 1.0 2.0

yielding (by the formula B* =(B"B)'B" given in Remark 2)

. 1370 -418 172
" 677\-95 272 212

may be chosen to satisfy 4, € =, and B, € 2. Utilizing now Theorem 3 one can

conclude that the value of ¢ determined by (28) via solving the linear-programming
problem is equal to 0.87. This shows that the requirement (17) is satisfied.

SIMULATION

To support the theoretic study, three simulation experiments were con-
ducted. In first simulation experiment, the unstable open-loop control
system with 4 and B given in Example 1 was studied. Its behavior is illus-

trated in Fig. 1, where " =0.1, and «!* =0.1 were chosen.

The second simulation of the optimal closed-loop control system contain-
ing the plant (1) and the controller (14) in the presence of the 1.i.d. pseudoran-

dom ve [~1,1] was conducted. The simulation results for different y’s with
the components determined as y°" =7, »°® =313 =15 at 1<n<40;
y' =2, y@ =7,y =3 at 41<n<60; 'V =3, '@ =7, »* =9 at
61<n <100 are presented in Fig. 2.

00000
1

ey

2-norm-of- ¥,

100000

T T T T — —
0 20 40 ?’I 20 &0 100

Fig. 1. 2-norm of output vector of the open-loop control system releted to Example 1
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.- ol
Control in i
o put i,
=
o
1 L I L 1
0 20 40 N &0 = 100
@ o : 53
Control input u,
o 4
.l.lﬁ -
=
K] T T T T T T
0 20 W 5 60 0 100
8 - Output }'le} and set-point "%
& |
a
L=
e A ] L] ) 1 ] L]
0 20 0 N e 80 100
A - (2 - 2
Output y,~ and set-point y
LT .
o
L= I
T T T T T T
0 20 0 n e 20 100
[ r
o : [(Output }'E;':' and set-point ¥*%
o P"\/‘f\"-’\r—m\"\/\/\v
[
9

1] 20 40 i &0 80 1060

Fig. 2. Control inputs and outputs (solid lines), and set-points (dashed lines) of the
closed-loop control system in the conditions of Example 1
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In the third simulation experiment, the robust closed-loop control sys-
tem with the uncertainties and with the feedback described in Example 2

subject to the same disturbances and y°® =3, »°® =7 %3 =9 was

simulated. Fig. 3 depicts its results. They show that the closed-loop con-
trol system (1), (14) is stable and its performance is satisfactory enough.

=
= : (1
| |C0ntml input u,
L4 )
3
= -
=
T T T T T T
0 2 0 n e 80 100
g T 5
- Control input "
Q
=
<
0 e
]
o -
e -
o . Output },;:11} and set-point y°%
T T T T L] L]
0 20 Ww M e 80 100
L
o -
3 R 3
o Output }'f,::' and set-point v*%
o -
T T T T T T
0 20 Ww ;e 80 100
o |
= -
o -
T 3 . 003
. Output y;” and set-point y"
T T T T T T
0 20 0 M & 80 100

Fig. 3. Control inputs and outputs (solid lines), and set-points (dashed
lines) of the closed-loop control system in the conditions of Example 2
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A DISCUSSION

To compare the pseudoinverse model-based approach proposed above with ex-
isting ones related to the SOF concept, rewrite first the control law (14) as

U, =LegVy = Leg, (32)

selecting the feedforward and feedback terms with gain matrices Ly =B" and
Ly =B A

Now, consider the open-loop discrete-time system described by the standard
state-space model

{xn+l = Ax, + Bu,, +Fvn+l,
(33)

yn zcxn’

where u, e R",y, € R",v, € R” (as before), and x, e R” is the state vector.

AeR”? BeR” I e R and C € R™ are constant matrices. It is not hard

to see that this system reduces to (1) by setting C=1,, ' =1, (p =m).
det (GCA™'B) # 0. (34)

Furthermore, it follows from Theorem 5 of [16] that if (34) together with some
other assumptions hold, and A4 is nonsingular then the SOF control

un Z_LFByn (35)
with

Lz =(GCA™'B)'G (36)

stabilizes the system (33) at yg =[0,...,0]" and minimizes the quadratic criterion
%{_/

m

J=Yy(4)'G"GAy,, 37)

n=0
but not the criterion (8). On the other hand, it can easily be shown that if det 4= 0
and (26) holds (C =1,,) then G may be chosen as G =3B*A4 with an arbitrary f§ >0
to satisfy the requirement (34). According to (36) such a choice of G yielding directly
Lyz =B" A gives that in this case, the SOF control (35) becomes finally the pseudo-

inverse stabilization control having the form (32) in which | y° | =0.

It is interesting to note that, contrary to [16], the pseoduinverse control (32)
may be used to minimize the criterion (8) when A is singular and B has nonfull

rank (Example 1). Nevertheless, the condition | (/,, —BB")A| <1 guaranteeing
the ultimate boundedness of {|| v, |} and {| u, ||} is assumed to be satisfied (in

accordance with Theorem 1 given in [16]). Of course, this condition may not be
satisfied if 4 is not the Schur stable.
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In order to cope with the instability of (1), at least, the two ways may be

proposed. First, if rank B = r, then some » outputs y*, ..., ") might be in-
cluded in the feedback loop to control the system (1) via an inverse model-based

controller similar to (11) with the square submatrix Bl[i,...,i. |1,..., 7] (instead
of B). It can be clarified that remaining outputs will become bounded if and only
if all the m—r diagonal elements of 4 defined as a"“*) with i, #4,, ...,i. satisfy

| @) | <1. Again, this way does not minimize the criterion (8). Second, we may

attempt to design the SOF controller based on the ideas of [16, 19] et al. How-
ever, such way leads to minimization of the criterion similar to (37) but not to
(8) whereas one seems to be more suitable for practical applications dealing with
the problems of the nonzero set-point regulation.

Since most the process control systems remaining stable in their nature and
can be described by model similar to (1) [8], we conclude that the approach pro-
posed here has advantage in comparison with existing ones if the multivariable
systems to be controlled are nonsquare and stable.

CONCLUSIONS

The paper shed some light on the existence of the pseudoinverse static output
feedback controllers which can either be optimal (in the absence of any uncer-
tainty) or be robust stable against parameter uncertainties dealing with the linear
multivariable first-order discrete-time system in a hard case when its gain matrix
is nonsquare (in contrast to the known results).
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*HarionansHuii aBiamiiinnii yaiBepenrer,

np. Jlrobomupa I'y3apa, 1, m. Kuis, 03680, Ykpaina

’ Hamionansauit yaiBepcnrer «IlonTaBchka momitexnika imeni FOpis Konapartioka,
np. IlepmorpaBuesuii, 24, M. [Tonrasa, 36011, Ykpaina

KEPYBAHHS BATATOBUMIPHUMU CUCTEMAMM 3 IIPSIMOKYTHHUMU
MATPULIAMU KOE®ILIECHTIB [IJJCUJIIEHHA HA OCHOBI
INICEBAOOBEPHEHOI'O CTATMYHOI'O 3BOPOTHOTI'O 3B’SI3KY

Beryn. CrarTst cTOCy€eThCsI peryJIFOBaHHS Ha HEHYJILOBOMY 3aJIJaHOMY PiBHI JTiHIHHOT TUCKPETHOT
6araToBUMipHOT CHCTEMH TIEPIIOTO MOPSIIKY. PO3IISIIAETHCS BUTIANOK, KOMM KiTBKICTh BUXITHUX
3MIHHUX NEpPEBUIIY€ KUIBKICTb KaHAIIB Nepefayi kepyBalbHUX Iidl. Ilpumyckaerses, Mo HasB-
HHUMH € JIOBUIBbHI, aie 0OMEeKeHi HeBUMIPIOBaHi 30ypeHHs. BBaXkaeThbes, 110 €IEMEHTH MaTpHUIlb,
sIKi QIrypyroTh y piBHSIHHI CHCTEMH, HEBIZIOMI, OJIHAK arpiopi BIIOMUAMH € IXHi MeXi. 3 MpaKkTHI-
HOI TOYKH 30py BOXKIJIMBO PO3POOUTH MPOCTHI PETyNSATOp, MOomiOHMI 0 perynstopa Tuimy SOF
(static output feedback). TpyaHoIi, MOB'I3aHi 3 MM 3aBIAHHSM, MOJSTAIOTH Y BCTAHOBJICHHI
yMOB icHyBaHHs peryistopa tuiy SOF, 31aTHOrO cripaBuTHCS 3 Takor cucremMoro. [loctasieHo
Ta pO3B’SA3aHO TPH Pi3HI 3aB/IaHH, a caMe: 3a0e3MeUeHHsT ONTUMAIBHOCTI, TPAHUYHOT 0OMEKEHO-
CTi Ta poOACTHOCTI 3aMKHEHOT CUCTEMH KEpYBaHHS.

Meta po60TH — JaTH BIANOBIAb Ha 3allUTaHHA: 4d icHye peryisarop Tury SOF, B oCHOBY
SIKOTO TOKJIa/ICHO KOHIICTIIIIFO MICEeBI000CpHEHHS, abu cTalblTi3yBaTH AesKy 0araTOBUMIpPHY CHC-
TEMy TEpIIOro MOPSAIKY 3 MPSMOKYTHOIO MaTpHULICIO KOe(illieHTIB IiICHIeHHs?

MeTtoan. BUKopuCTOBYIOTBCSI METO/IH, OCHOBAHI Ha TEOPil MaTpPHIIb.

Pe3ysbTaTu. AGH NpUIyIIMTH HEBUMIPIOBAIbHI 30ypEHHS, 3aIIpOIIOHOBAHO KEpyBaHHS, SIKE
0azyeThcs Ha MeToi riceBroodepHeHoi Moeni. [leit MeToa ¢popManbHO MPUBOAUTE JIO peatizaril
CTaTUYHOTO 3BOPOTHOTO 3B“SI3KY. BCTaHOBIEHO YMOBH ONTHMAIBHOCTI Ta POOACTHOCTI TaKOro
perynsitopa. JIiist miATBEpPKEHHST TEOPETHYHOTO JIOCTI/PKEHHS HABE/ICHO YKCIIOBI TPUKIIAIN Ta
PE3yNbTaTH MOJIEIIIOBAHHS.

BucHoBok. CTaTTs MpoJMBa€e JIeIKE CBITJIO HA ICHYBaHHS MCEBIOOOCPHEHHX PEryJIsTOPIB,
IO pealli3yloTh CTATHYHUIA 3BOPOTHHI 3B'A30K, SIKi MOXKYTh OyTH a00 ONTHMaJbHUMH (32 BIICYT-
HOCTI OY/Ib-SIKOi HEBH3HAUYECHOCTI), a00 po0ACTHO CTIMKMMH 10 HEBH3HAUCHOCTI BiJHOCHO Iapa-
METpiB JIiHIMHOI OaraTOBUMIpHOI JUCKPETHOI CUCTEMM IEpIIOro MOPSIKY y BHUIAAKY, KOJMH il
Matpuils Koe(illieHTIB MiJICKICHHS € MPAMOKYTHOIO (Ha BiIMIHY BiJ] BIIOMHX pE3yJIbTaTiB).

Kniouoei cnoea: ouckpemmuii uac, memoou KepyeanHsl 3i 360pOMHUM 38 SI3KOM, Nce8000bepHeH-
H3l, 6azamosUMIpHI cucmemu KepyeauHsi, POOACHHICb.
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