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Abstract
The article deals with the stability of a new class of continuous-discrete systems - fuzzy linear hybrid impulse
automata. Sufficient conditions of stability are obtained. Stability and stability resistance on the part of variables are
proved. The cases of cyclic are described. Research conducted by the method of Lyapunov'’s functions.
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Introduction

As suggested by the work of Lyapunov functions method applies to fuzzy hybrid automatic
cyclic. Resistance distinct hybrid machines studied by many authors [1-6]. To investigate the
stability offered to check the condition of Lyapunov functions to reduce interchanges machine. In
[7, 8] the approach does not require finding solutions hybrid machine. This approach is developed
to study the stability of fuzzy impulsive hybrid automata. Fuzzy is considered in terms of [9, 10].

Key definitions and preliminary results
We introduce the following notation.

‘ - - Euclidean norm in the space R? (notation same for alld );
VIV () =V () f (7)), if V:R">Ri f:R' >R or f:R! >R,

1. Definition Fuzzy hybrid machine with fuzzy switching (FHMFS) is a
tuple HA=(Q.,Y, PS, g, w, h, Inv, Init, Jump) , in which
* O - finite set of discrete states;

« Y=R? - a set of continuous states;

« PS=(X2",P) - space of capabilities with the normalized degree opportunities;

« w:R*x X, >R’ - process fuzzy walk in space PS ;

« 2:0xRY >R, h:0xR? 5> R%" - partially defined functions that help given by
continuous machine behavior while in the discrete state; and will mark g =y g(g,y) i
h,=y—>hq.y);

s Inv:Q— Y \{J} - afunction that defines a plurality of discrete invariance condition;

* Init — OxY - a set of initial conditions;

o Jump:OxYxX — 297 - display, which specifies the transition between discrete states;
and the condition InW(q) = Domg, N Domh, forall ge Q.

2. Definition. Orbit phase, which allowed by FHMFS HA is procession y =(7,q, y,x), in
whichxe X,, r=(I)Y,eHT, q: <z’> —Q -displayi y= (y"),.qr> - indexed family of continuous
maps )’ :/, —> Y, such that:

1) y'(t) € Inv(q (7)) forall te[z,,7)),if i€ (r) and besides, y'(z)) € InW(q (7)), if i=N(z) i
7, eU(1);
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2) (@G+1),»"(7,)) € Jump(g (@), y'(z)),x) forall i€ (z)\{N(2)};

3) function ' locally absolutely continuous on [, and satisfies the equation
y'(@)=g(q@),y' ) +h(q@i),y @))w(t,x) for almostall te 1 ;

4) (q(0).y"(0)) € Init . Note that in paragraph 3 features '+ g, (V' (t") i '+ h , (V')
is determined to 1, \{z}, because y' (1) € Inw(gq(i)) for all 7 €[r,,7]) in paragraph 1.

Consider fixed FHMFS HA=(Q.Y, PS, g,w,h, Inv, Init, Jump) .

Let Orb(HA) - set of phase orbit machine HA, ¢, - distribution function process fuzzy
walk w.

3. Definition. Steady state HA called point y. € Y, that:

1) Jump(q,y.,x) < Ox{y.} firall ge Qi xe X;

2) for each y =(r.q,y.x) € Orb, that y°(z,)=y., all display y', i€ (r) are constant and
taking values y.. Let St(HA) - set of stationary states HA .

4. Definition. Steady state y. e St(/HA) called persistent with level of «, where
@ :(0,400) —[0,1) - function defined in a neighborhood of zero, if for any number £>0 is a
number 6 >0, such that, for all phase orbit y=(7,q,y,x)e Orb(HA), where j/'=(y")].e<r> i
T= (],.),.€<r>, that Hyo(ro) —»:|<0 1 P{x}>a(g), the condition
Let St(HA) - set of stationary states HA .

Let DF(R?) - class of all partially defined continuous functions f:R? —R", which are

continuously differentiable on the inside of your domain.
For each partially defined function f:R —>R denoted Infinw 1) partially defined function

g:R—>R, given the conditions

« g(y)=inf{xeR| f(x)<y}, if yeR and a set {xeR|f(x)<y} not empty and
bounded above;

* g(¥) not determined otherwise.

Let HLo(HA,y.) set of tuples (OZ, VDo V,) qEQ), in which
- « :(0,40) —>[0.1) - function defined in a neighborhood of zero,
- (V,),eo - family of functions indexed class DF’ R,

V' (t)—y.| < forall ie(r)itel,.

- (V) e - indexed family of predefined functions v, :R" —R", defined in a neighborhood
of zero (Including zero), and the conditions in which v = Infin ) :
Lol) {».}wO, c DomV, for all geQ, where O, - some open superset In(g), and if

(42-3) € Jump(g,. %) for some .q,€0. y.ye¥ and xeX,, then y<DomV, |
y, € Doqu2 ;

Lo2) v,(0)=0i v, (w)>0 forall we Domv, \{0};

Lo3) V,(».)=0 forall geQ;

Lo4) if ¥ (y)<v,(w) for some y € DomV, and we Domv,, then |y, —y|<w;

Lo5) for all elements geQ, x€X, and yelnv(q), such that P{x}e Domy and
V,(»)>v, (@ (P{x})), defined by the inequality
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V, V) s— ol (P

w

We introduce the following notation (where ¢,,q, € Q,u € (0,1]):
J(q,,9,.u) ={(,»,) | Ix e X : P{x}>

>un(q,,y,) € Jump(q,,y,,x)}
E={(q,,9,) € Ox03x € X : P{x}>0n

A1, ,) (g5, Y,) € Jump(q,, y,,X)}

A0

Theorem 1. (the cyclic stability of stationary states) Let HA - FHMFS a cyclic discrete
switching states ¢, - ¢, —>...— §, — §,. Suppose that for steady state y, € St(HA) there is a tuple

HL=(.(7,) 10+ (V, )0 ) € HLO(HA, 3.).

Suppose the following conditions:

1) for each arc (q,,q,)€ E there is a number 541‘]2 >( and display Sqlqz .10, 5qlq2]—> R*
such that ’9‘1192 0+ = .9(11% (0)=0 for all elements u < D and pairs (y,,y,) € J(q,.4,,u) performed
inequality

SV, (1) <V, W) IV, (0) <v, ().

SV, (1) 8,0 Uy GO) LV, () €00.6,4. 11V, (1) >V, (w@);

2) M4,4,-9,..4,4,) <sp A(g,) , there is s' -condition.

Then steady state y. automaton HA is steady with a level & .

Pulse fuzzy hybrid machines
We prove a theorem on the stability of the stationary states of cyclical pulse FHMFS.

Theorem 2. Let the machine pulse,(V,),., - functions family of class DFg” (R, y,), such,

that O, € DomV, for each ge Q, where O, - some open superset /nv(q), and for all ¢,,q, €0,
yv,», €Y, xeX,, such that (q,,v,) € Jump(q,,y,,x), performed y, € Doqu1 iye Doqu2 .
Let(v,),., - family of display v, :R" -R", such that v, (0)=0i 0<v, (w) <V, (y) forall w>0 i
.=y > w.

Let for all geQ, xe X, i yeInvq) such that P{x}e Domy and V_(y,)>v, (y(P{x}))
performed inequality

V. V0D <= ol (P

w

¥ € DomV,, such that

v, V0
Then let, for all arc (g,.q,)€E there is a number 5q1q2 >0 and display
'9‘11‘12 :[0, é’ql%]—>R+ such that ‘9%‘]2 (0+)=l9qlq,2 (0)=0 and for all elements u< D and payers

»->,) €J(q,.9,,u) inequalities
)V, () <v, (). if V, () <v, (@),
6)V,, (1) <8, . (V, ) f V, (1) €[0.6, 4 11V, (3) > v, ().
Suppose that values d (u,v)eR",i=1,n by all (u,v)e Dx[0,v,, ] and inequality

d (u,v) < max{vq1 (w(u)),v} forall (u,v)e Dx[0,v__ ], where

max
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d,(u,v)= sup{

qu W) €J(G5G5.u) A .
AV, () Smax{y, ().}

Vq3 I (32533) €J(4,,45,u) A
d, (u,v) = sup 5

AV, () S max{v, (w().d, u.v)}
Vi, DN (33) € J(@5.44.0) A '
AV, (v) S max{v, ()., (u,v)}}’ ;
Vo OO, 30) € (561 u) A
V, (v,) <max{v, (y).d,, (u,v)}}‘

Then steady state y. pulse cycle of FHMFS HA stable with level o .

Proof.  We  verify the conditions of the theorem (1). Prove that
(OZ,(Vq )ge0> V) qu)e HLo(HA, y.). The condition of the theorem implies that the conditions Lol,
Lo3, Lo5 run. Conditions Lo2 performed as v (w)>0 atw>0 i v (0)=0. Condition Lo4
V== w,it V() >v,(w).

The condition of the theorem implies the condition (1) Theorem 1.
Verify the condition 2 of the Theorem (1). As mentioned

d.(u,v)eR",i=1,n forall (u,v)e Dx[0,v,, ], then for all arcs (g,,q,), we have
(c(q1)-¢(q1-92))(u.v) =
sups((q1-92)-u,c(q1)(w,v)) = dj(u,v)
where s - display with definition of markup A.
ndn(u’v) =(c(4,)-c(§,.9,)-¢(q,)-¢(§,,95) -
c(q,)-¢(q,,4))u,v) <maxiv, (y(u)),v}
for all (u,v)e Dx[0,v.]. Then max{vq1 ww)).d,(u,v)} < max{vq1 (w(w)),v}, and
c(q,)u,d,(u,v))<c(q,)(u,v) where for all (u,v)e Dx[0,v, ] performed
}'(ququ . ‘q’\n—lq’\nq’\l )(Ll, V) < i(‘?l )(ua V)'
Then, by definition, <, (for fixed a v,,, and set D), performed
/I(QAﬂAz N ‘qn—lqiqu) SS[) ﬁ’(él)
Thus the conditions of the theorem (1) performed as steady state y. of the machine HA
stable with level o .
The theorem is proved.
Letd'<d - natural number, where d - the dimension of space contiguous states HA.
Let L eR* - matrix of rank d’. Consequently p, - pseudo metrics on R?, defined by equity

p,(x,y)=(Lx—Ly) (Lx—Ly).

d;(u,v)= sup{

d,(u,v)= sup{

performed, by the theorem if

The

Definition 5. Steady state y.eSt(HH4) is L -stability with level @, where
a :(0,400) = [0,1) - function, which is defined in a neighborhood of zero, if for any number & >0
there is a number 6 >0, such, that for all phase orbits y =(7.,q,y,x)e Orb(HA), where

=", and 7=(1),,, such that Hyo ()= .
for all ie<z’> and te/,.

<5 i P{x}>a(e), condition p,(y'(1),y.)<¢
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Theorem 3. LetH4 - FHMFS with a cyclic discrete switching states
g4, >4, >...— g, > q,. Let for steady state y. € St(HA) there is a tuple

HL=(0.(7,),.0+(V,) .0 ) € HLO"(HA, y.).

Suppose the following conditions:

1) for each switch g, — ¢, there is a number 6 ady > 0 and display 841% :[0, 5qlq2]—> R*
such that '941‘]2 O+ = '9‘11% (0) =0 and for all elements u € Domy and payers (y,,y,) € J(q,.q,.u)
inequality

-V, (1) =7, @) if V, () <v, (v @),

V02 8,, (7, ) TV, 01 €[0.8,6,1 1 7, (1) > v, (w(w):

2) M4,4,-49,..4,4,) <sp A(q,) , there is s" -condition.

Thus steady state y. machine H4 L -resistant with level o .

Present conditions L - resistant with level & fuzzy impulsive hybrid automata.

Let HLo"(HA, y.) - set of tuples (DZ, V) yeos (V,) qEQ), in which:

- @ :(0,40) —>[0.,1) - function, which is defined in a neighborhood of zero;

- (V,) o - indexed family of functions of class DF R%);

- (V,),e0 - - indexed family of functions v, :R" —R", defined in a neighborhood of zero

(included zero).
Let conditions Lo1, Lo2, Lo3, Lo5 and in addition, such condition (instead Lo4):

Lo4") ifV, (y) <v,(w) for some y € DomV, and we Domv,, then HLy* —LyH <w.

Theorem 4. (about L -resistant steady states not cyclical pulse FHMFS). Let automata HA
not pulse, (V,),., - family of functions of class DF;(R?,y.), such that O, < DomV, for each

qeQ

qe€0Q, ne O, - some open superset Inw(g), and for all ¢,,q,€Q, y,y, €Y, xeX,, such that
(q,.¥,) € Jump(q,, y,,x), performed y, € Doqul and y, € Doqu2 .

Let (Vq)qEQ
such as v (0)=0 and O<v,(w)<V, (y) for all w>0 i yeDomlV,, such that

- family reflections v, :R" ->R",

|Ly. —Ly|>w.
Suppose that for all geQ, xeX, and yelnw(q), such that P{x}e Domy
andV, () > v, (y(P{x})) performed inequality

V. 0 <= ol PV, Vol

Suppose that for all arcs (¢q,,q,)eE, ueD and (3.y,)€J(q.q,.u), such that
Vq1 () =v 0 (w(u)), performed qu (y,) < Ve, (w(u)) . Suppose also, that values d (u,v)eR",i=1,n

definite for all (u,v)e Dx[0,v__ ] and inequality a’n(u,v)SmaX{vq1 (w(uw)),v} performed for all

max

(u,v) e Dx[0,v,,. ], where
Vi, )| (01, 32) €J(41,42,u) A Vi, 3)1(r2,33) € (42,43, u) A
dy(u,v)=sup ; dy(u,v) =sup ;
Vg, () < max g, (), v) AV (v2) < max g, (@), dy ()}
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Vi, a)1(v3,74) €J(43,44,4) A
AV, () < max{vg, (). d (u, v)}};
Vi, DI s 21) €9 (G G1o10) A

AV (p)Smaxivg (), d, (u, V)}}

dy(u,v)= sup{

d,u,v)= sup{

Thus steady state y+ not pulse cycle FHMFS HA is L -resistant with level o .
Proof. We verify the conditions of  the theorem 3). Prove
that (a’,(Vq )geos (V) qeg)e HLo"(HA, y.). The condition of the theorem implies that the conditions

Lol, Lo3, Lo5 run. Conditions Lo2 performed as v, (w)>0 at w>0 i v (0)=0. Condition Lo4'

executed because by theorem if |Ly. —Ly|>w, then ¥, (») > v, (w).

The condition of the theorem implies implementation of the first inequality of condition 1

Theorem (3).
Verify the implementation of the other inequality of condition 1of theorem (3). Granted

5‘11% =V, (0) > 0 and define the mapping '9q1‘12 :[0,6 0wl 1> R" equality

‘9‘11% )= sup{Vq2 M |yve Doqul N

mDoqu2 /\Vq1 (») v}

Note that this value is determined for y. € Doqu1 r\Doqu2 and finite and function qu
locally limited, and set Vql (¥»)<v limited (for v>0) because Vq1 allows unlimited extension.
Because Vq1 (»>0at y#y.,to '9‘11‘]2 (0)=0. Because ‘9‘11‘12 monotonic, then ’9‘/1‘12 (0+) identified.
Verify that 3q1q2 (04+)=0. Really lgf(; '9‘11% (vq1 (¢))=0, Because function Vq1 continuous on its
domain i V‘il (».)=0. But if quqz (0+)#0, then ‘9‘11% (0+)>0 and then Elfo .Slqlq2 (Vq1 (£)>0, it
Yy, (¢)>0 at £ > 0. Consequently ’941% (0+)=0.

If (3,,y,)e€J(q,.q,,u) for some ueD i Vq1 (yl)sé'qlq2 , then y, = y,, automata is not
pulse y, € Doqul mDomV;2 . Then qu ()< 341‘12 (Vq1 () by definition z9qlq2 .

Verify the condition 2 of the Theorem (3). As mentioned d (u,v) eR",i=1,n defined for all
(u,v)e Dx[0,v,,,

(c(q,)-c(q,.9:))u,v) =

=sups((q;.9,),u,c(q)(u,v)) = d, (u,v),

Je s - image from definition markup 4. Then

d,(u,v)=(c(q,)-c(q,.9,)-c(4,)-c(q,,q5) ..

c(q,)-¢(q,>4))u,v) <maxiv, (y(u)),v}

For all (u,v)e Dx[0,v,, ]. Thus max{vql (w(u)).d,(u,v)} < max{vql (w(u)),v}, and then

c(@)(u,d,(u,v)) <c(g)(u,v)

For all (u,v)e Dx[0,v,,. ] performed

M4,9,-4,49,49,)(u,v) < A(q)(u, v).

Then by definition <, (for fixeda v ,, andset D), performed

AM4,95-9,-9,4) <51 A(G))-

Thus conditions of (theorem 3) are satisfied, then steady state y. automata H4 € L -resistant

], then for all arcs (g,,4,),
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with level o7 .

The theorem is proved.

Conclusion
The paper examines the properties of fuzzy hybrid machines. For modeling of fuzziness

used approach based on the theory of possibilities. The questions of stability and resistance on the
part of variables (L-resistance) solutions fuzzy hybrid machines with cyclic changes in local
conditions mentioned. Change happens when states achieved a certain trajectory set. The
corresponding theorems proved.
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