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1. INTRODUCTION
We will consider the set of real polynomials
F(z,Q) = {an(g)2" + an—1(q)2" ™" + - + ar(q)z + ao(q) } ,

where ¢ = (q1,¢2,---,qx) € Q C RF, Q is a compact set, a;(¢): Q@ — R (i = 0,1,
..y, an(q) # 0 for each g € Q.
Let 0 € R and ¢ > 0.

Definition 1. We shall say that the real polynomial
f@) = apa”™ +an12" "+t aw tag = ap(z — 1) (@ —x2) - (@ —xa) (1)

where ap # 0, is Hurwitz stable if Re(x;) <0 (i=1,2,...,n). The polynomial (1)
is called o-Hurwitz stable if Re(x;) < —o (i=1,2,...,n).

Definition 2. The set of the polynomials F(x,Q) is called o-Hurwitz stable if each
polynomial g(x) € F(x,Q) is o-Hurwitz stable.
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Consider the interval polynomial

n=l oy [ay,a1]x + [ag, Gol,

G(x) = [y, nl2" + [a,_1, Gn1]
and the set of the polynomials
W(z) = {f(z) = anz" + ap_ 12" ' + -+ a1z +ao: a; € {a;,a} (i=0,1,...,n)}.
The following theorem is true
Theorem 1 (Bhattacharyya, Chapellat, Keel [2]). The interval real polynomial

G(‘,E) = [Qn7an}xn + [anlﬂanfl]xn_l +...+ [Qhal}x + [Q0760}7

where 0 & [a,,, @n], is o-Hurwitz stable if and only if the set of the polynomials W (z)
1s o-Hurwitz stable.

Let

f(2) = anz™ + an12" . F a1z 4 ag = an(z — x1) (2 — 22) - (T — 20,

where a,, # 0.
Denote by H(f) the Hurwitz matrix for the polynomial f(z), i.e.
On-1  Gn 0 0 0 0
H(f) = Up—3 Qp—2 Gp_1 ay 0 0
) O ...... 0 ...... 0 ............... 0 .. .a.o.
It is easy to see that H(f) € R™*™.
Consider the real polynomials
fi(@) = afa" + a2 4+ 0w 4 af (2)
for j =1,2,...,m, where aly) #0(j=1,2,...,m), and the convex combinations of

these polynomials

C(fr, fas - fm) = {ar fi(@) + a2 fo(@) + -+ + am fm(2):
a; >0 (1=12,....m), a1 +azs+ -+ ay =1}

In this paper we give the necessary and sufficient condition for o-Hurwitz stability

of the convex combination C(f1, fo, ..., fm)-

We assume that the polynomials (2) are Hurwitz stable. Hence, follows that
there exists the inverse matrix H~1(f;) (j = 1,2,...,m).

Let

Ne (HTYH()  (B=1,2,...,n;5 0,5 =1,2,...,m; j <4)

denote the eigenvalues of the matrix H~'(f;)H(f;).
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The following theorems are true:
Theorem 2 (Bialas [3]). If the real polynomials
ful@) =alla” + a2 et oo 4o+ af,

falz) = agf)x” + af_)lxnfl 4+ 4 a§2)x + aé2),

where aﬁ} #0, a,(f) # 0, are Hurwitz stable, then the convexr combination

C(f1, f2) ={aa fi(®) + aafo(x): a1 >0, a2 >0, a1 + ag =1}

is Hurwitz stable if and only if

Me(H Y () H(f2)) € (—00,0)  (k=1,2,...,n).

Theorem 3 (Bartlett, Hollot, Huang [1]). If the polynomials (2) are Hurwitz
stable, then the convexr combination

C(f1, fas -y ) = {ar fi(@) + aafo(@) + .o+ am fin(2):
a; >0 (j=1,2,....,m), a1 +as+ -+ a, =1}

3)

is Hurwitz stable if and only if the convex combinations C(f;, f;) are Hurwitz stable
foreachi,j=1,2,...,m;i<j.

2. MAIN RESULT
Let
f(m) = apx" + anflxn_l + -+ a1z + ao,
where a,, # 0.
It is easy to note that for &« € R we have
9(s) = f(s+ @) =bps" +bp15" " + -+ bis + by,

where

bO = f(a)7
1dif@)

i! d$i r=o

bi

(i=1,2,...,n).

As it is easy to see, we have the following result.
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Lemma 1. The real polynomial
f(@) = apa™ + ap_12" '+ -+ a1z + ag,
where a, # 0, is o-Hurwitz stable if and only if the polynomial
g(s) = f(s —0)
is Hurwitz stable.
Now, we will prove

Theorem 4. If the polynomials (2) are o-Hurwitz stable, then the convex combination

O, for- e Fun) = {01 fo(@) + 02 fol@) + -+ fon (@)
a; >0 (j=1,2,....,m), a1 +as+ -+ ay =1}
18 o-Hurwitz stable if and only if
Ak(Hil(g’L)H(g])) ¢(—O0,0> (k: 1,27,71) (4)
fori,j=1,2,...,m; i<j, where gi(s) = fi(s —6),9;(s) = fi(s —9).
Proof. From Lemmal, it follows that the convex combination C(f;, f;) is o-Hurwitz
stable if and only if the convex combination C(g;,g;) is Hurwitz stable.

However, from Theorem 2 and 3 follows that the set C(g;, g;) is Hurwitz stable
if and only if the conditions (4) holds. This completes the proof of Theorem 4. [
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