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Onpenenﬂm MHOXKECCTEBA
0y ={yeB| w0 euv(y}}, 04=0~,={geB"|Vyeh_, gy=0}.

3amaauM B COMpPAXKEHHOM TNpocTpaHcTee B* cuctemy 0* OTHOUIEHHHA 3KBUBAJNCHTHOCTH, CYNTAA DhyuK-
uyonamst f, g v*(7y)-oxsuBanentabivy, ecom f — g € 05. Cucrema U* oTHOWIEHME SKBUBAJEHTHOCTH
IMEMEHTOB NPOCTPaHCTBa B ofinanaer BCeMH NepedHCICHHBIMA BBIIIE CBOHCTBAMMU.

T e o peM a. Feau aunetinoiti onepamop F : B — B soavmeppoe na cucmeme W, mo conpascennnedi
onepamop F* : B* — B* bydem soavmeppossim wa cucmese 0™,

JHUTEPATYPA

1. 2Kyrosexut E.C. HenpepbiBHas 3aBHCHMOCTS OT NAPAMETPOR peilleuutil ypapHeHui Boasreppa //
Mar. cbopuux. 2006. T. 197. N¢ 10. C. 33-56.

BJIATOIZAPHOCTH: Pabora sninonsena npu nogaepxke Pocendickoro @Ponna @yrmaMeHTATBHEIX
Hcenenopanuit {rpant Nt 04-01-00324) u Hoppeeskckoro KOMHTETa NG PA3BHTHIO YHHBEPCUTETCKOR HayKu
u obpasosaung ~ NUFU (nmpoext Nt PRO 06/02).
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POSITIVE INVARIANCE AND PERIODIC SOLUTIONS FOR DIFFERENTIAL
INCLUSION WITH NON-CONVEX RIGHT-HAND SIDE

© E. Panasenko

The talk is concerned with the non-autonomous ordinary differential inclusion in finite dimensional
space with periodic, compact, but non necessarily convex valued right-hand side. It is shown that if for
such an inclusion there exists a strongly positively invariant set 91, then there exists a periodic solution
of the inclusion which stays in 91.

Let R™ be a Buclidian space with the scalar product {z, 4}, z,¥ € R", usual norm |z| = /{x&,y), and
metric px,y) = |z —y|, and let comp({R™) stand for a set of all compact subsets of R*. By AC([to, t1], R")
we denote the space of all absolutely continuous functions z : [tp, 1] — R™ with the norm ||z]|lac =

l2(to)] + f a0t

t
Consider an ordinary differential inclusion
& € Ft, z), (1)

where F : R x B® — comp(R™) satisfies Caratheodory conditions. As a solution of (1} on an interval
I C R we suppose a function z € AC(I, R™) satisfying inclusion (1} for a.e. t € I, so we deal with the
Caratheodory type solutions. '

Let a map M : R — comp(R"™) be continuous and denote a set

Mm={(t,z) e Rx R" : x € M(t}}, - (2

which represents the graph of M. The set 9% is called strongly positively invariant under inclusion (1) if
for every point zg = {f9,z0) € M any solution t — z(¢, zo) of the Cauchy problem for (1) with initial
condition z(tg) = xo satisfies (¢, z(¢, 20)) € IN for every t = {y.
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The sufficient conditions for the set 9 to be strongly positively invariant under inclusion can be
expressed in terms of so-called Lyapunov functions. Let r > 0 and let 9" = {(t,z) e RxR™ : z € M7 (1)}
denote a closed r-neighborhood of the set 90t. We say that continuous function V : 0" — R is a Lyapunov
function with respect to the set M i V(t,x) = 0 for (t,z} € 3M and V(¢,x) > 0 for (¢,z} € M\IM. If the
Lyapunov function V in addition is locally lipschitz, we can consider the generalized Clarke derivative
(see, e.g. [1]) of V at the point {¢,z} in the direction {1,h) € R x R™ which is defined as follows:

VPo(t,z; h) = limsup VW +0,y+0h) - V(ﬁ,y)'

(0.9~ (t2) J
§—+0+
The relation V2(t,z) = max V°(¢, z;h) we will call the derivative of function V with respect to inclusion

heF(t,z)
(1).
Theoreml Let us have a Lyopunov function (t,z) — V(i,z), {t,z) € D", which is locally
lipschitz. If for some € € (0,7] the inegquality V2(t,z) € 0 holds for any (¢,z) € ZJJIE\BJ? then the set 93?
is strongly positively invariant.

We suppose now an ordinary differential inclusion
e Fite), FE+T,z)=F(,x) (3)
under the following assumptions:
(P1) F: R x R® — comp(R™) satisfies Caratheodory conditions;

(P2) there exists continuous, T-periodic map M : R — comp(R™) such that M{0) is convex and the
corresponding set 9N (see (2)) is strongly positively invariant under inclusion (3};

(P3) there exists an integrable function & : R — R, such that for a.e. ¢ € R and each z,y € M(t)

dist(F (¢, z), F(t,1)) < k{H)|z —y|.

Theorem?2. Let the maps F and M satisfy the conditions (P1)— (P3). Then there exists a periodic
solution t — z(t) for the problem (8) such that x(t) € M(t) for all 1.
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K IMNPOBJIEME OBYYEHNIA JOKA3ATEJIBCTBY
B KYPCE TEOMETPHUH OCHOBHOM IIKOJIEI

© C.H. Ilerpynuna

B Meronuueckoit mureparype ANd YYHTENel MaTeMATHKH, YIeOHAKAX METOINKH MPenoaBanvsa MaTe-
MATHKH JIJIA TeIBY30B BbLAEIHAIOT CieAyONEe CIocODE PAcCyACIeHHHA NPH NOKA3aTeALCTBE (MU I0UCKe
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