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ON THE PROPERTY OF PARTIAL UNIFORM GLOBAL ATTAINABILITY
OF LINEAR CONTROL SYSTEMS

IRINA INTS, ALEKSANDR KOZLOV
Polotsk State University, Belarus

In this paper we consider the problem of global Lyapunov reducibility of linear differential systems and
shows the main results available to solve this problem. With entered our concept of partial uniform global
attainability, we obtain a solution of this problem for three-dimensional systems with discontinuous and rapidly
varying coefficients.

Consider a linear non-stationary control system
x=A(t)x+B(t)u, xOR", uOR™, t>0, Q)

with locally integrable and integrally bounded matoefficients A and B. Closing the system (1) with the
control defined in the form of a linear feedback
u=U(@)x, (2)

whereU is a measurable and boundg@dxn) — matrix, we obtain a closed system
x=(AQ)+BHU )%, xOR", t>0, 3

coefficients are also locally integrable and inédigr bounded. Along with (3) we also consider abitaary
system

z=C(t)z, zOR", t>0, 4)

with measurable integrally bounded matrix coeffitseC.

The problem of global Lyapunov reducibility of linear system (3) is to construct for a system (1) a
measurable and bounded control (2) that the lirgatem (3), closed this control will be asymptdtica
equivalent [1, c. 56 - 57] to system (4). This mefh, c. 57 - 58] that there will be a linear trfamsation
relating system (3) and (4)

x=L(t)z,
matrix which satisfies

sup(| L[|+ L) |+ L) D) < 0.

There|| O — is spectral (operator) norm of matrices [2,55]3i.e. matrix norm induced by the Euclidean

norm.

The problem of global Lyapunov reducibility wasrfarated [3] by representatives of the Izhevslosthf
mathematics Tonkov E.L. and Zaitsev V.A. in tlaelye90th years of the 20th century. Professomkde E.L.
proposed to seek a solution to this problem asgyumiiform complete controllability of system (1).

Definition 1 [3, 4]. The system (1) isuniformly completely controllable if there are numbers

0>0, y>D0,thatfor anyt, >0 and x,JR" in interval[t,, t, + 0] there is a measurable and bounded control
u at all td[t, t,+o] satisfying the inequality| u(t) [< Y| %, || and transforming the vector of the initial
condition x(t,) = x, of the system (1) to zero on this interval.
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In 1999, using this approach by Professors Mak& ¢t and Popova S.N. has been proved [5] global
Lyapunov reducibility of a two-dimensional syste®) (vith piecewise continuous and bounded coeffisien
the case of piecewise uniform continuity of the nixaB .

Definition 2 [6]. Let M, is space of reahxm matrices with spectral (operator) norm; then therix
function B:[0,+») — M, piecewise uniformly continuous on the positive semiaxis, if it satisfies the doling
conditions:

1) the functionB is piecewise continuous and bounded on the pessmiaxis;

2) there exists a numbek >0, that the length of each interval of continuity (jTJ ON) of the
function B satisfies the inequalitV J.| 2A;

3) for any € >0 there exists sucid = 3(¢) > 0, that for eachjOJ and for allt,sC1,, satisfying the
inequality [t -5 < 8, the relation || B(t) - B(s) | < &. is true.

Remark. In view of Definition 2, the system (1) with a p@avise uniformly continuous matrix of the
control can be called slowly varying systems.

Later, on the basis of the results of [5] Popowé. Shown [6] that fom -dimensionalw-periodic system
(1) (which obviously is a slowly varying system)ifenm complete controllability is sufficient for ¢hglobal
Lyapunov reducibility of the corresponding a closgdtem (3).

It should also be noted that in solving the probte#rglobal Lyapunov reducibility [1, 3, 5-7] byadsics
condition piecewise uniform continuity of the matrB plays an important role. The refusal of this dtod
leads to unlimited growth of the desired conttd(t) for t - o, but this is unacceptable on the basis of
formulation of the problem. In this connection #hés the question of transferring the results ols@diby the
classics on the system (3) with discontinuous apdidiy oscillating coefficients, i.e. solution toet problem of
the global Lyapunov reducibility for systems (3}wiocally integrable and integrally bounded cazéfints.

We also note that problem of global Lyapunov wlility of linear system (3) is a generalizatioh the
problem of global control Lyapunov's exponents {8]this system, which is responsible for its asywtipt
stability, i.e. availability of the system (3) pey of the global Lyapunov reducibility is a seféint condition
for global controllability of Lyapunov charactdicsexponents of the system. In the turn geneaatibm of the
global Lyapunov reducibility of (3) is the probleshuniform global reachability [7].

Definition 3. [7]. Let M, :=M,. For any r>1 we denote the set of matrices

G(r):={HOM, :detH >1/r,||H || <r}.

The system (3) is calledniformly globally attainable, if for some T >0 for any r >1 there exists a
numberd =d(r) > 0, that for each matrixH OG(r) and randomt, > 0 in the interval[t,, t, +T] there exists
a piecewise continuous and bounded contdol satisfying ||U ||<d for all tO[t,, t,+T] in which for the
Cauchy matrixX (t,s), t,s> 0 of the system (3) with this control is providedietity X (t, +T,t,) =H.

Individual results for solving the problem of unife global attainability were obtained by V.A. Zaits
[7], E.K. Makarov and S.N. Popova [5]. However, deneral solution of this problem to date has feand.

It is known [7] that the presence of the systemp{@perties of uniform global attainability is affszient
condition for its global Lyapunov reducibility. lthis study, we found that for three-dimensionaltsys a
sufficient condition for the global Lyapunov redbitity is a weaker condition than the uniform glbba
attainability — availability of the system (3) peagies of partial uniform global attainability.

Definition 4. The system (3) ipartially uniformly globally attainable set of matrices G(r) with respect
to subsets § 0 GL,(R) of non-singular square (nxn)- matrices, if for someT >0 atallr >1 andt, >0
there exists a matrixF 0§, that for any matrix H O G(r) there is a numbed =d(r) >0 and a controlJ,
satisfying the inequality|U || < d for all tO[t,, t,+T], which for the Cauchy matriX (t,s), t,s> 0 of the
system (3) with this control satisfies, (t, + T,t,) = FHF ™.

Definition 5. Let G,(r) is the set of upper triangular matrices®fr). Then the system (3) jsartially
uniformly globally attainable if it is partially uniformly globally attainablset G, (r) with respect to a plurality
of orthogonal(nxn) - matricesO(n) .

Thus we proved

Theorem 1. Let n=3, m{1,2,3}. If the system (3) with locally integrable and integrally bounded
coefficients partially uniformly globally attainable, then it is globally Lyapunov reducible.

Also, we found that the property of uniform compleontrollability of system (1), in turn, is a daiént
condition for the partial uniform global attainatyilof the corresponding closed system (3), i.evpd
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Theorem 2. Let n=3, m{1,2,3}. If the system (1) with locally integrable and integrally bounded

coefficients uniformly completely controllable, then the system (3) has the property of partial uniform global
attainability.

From theorems 1 and 2, the main result of this work

Theorem 3. Let n=3, m{1,2,3}. If the system (1) with locally integrable and integrally bounded

coefficients are uniformly completely controllable, the corresponding closed system (3) is globally Lyapunov
reducible.

The work was performed within the framework of tBelarusian Republic Foundation for Basic
Research (grant number F13M-055).
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PULSE MODULATION FOR ULTRA-WIDEBAND COMMUNICATION SYSTEM S

MIKHAIL IVANOU, VALERIJ CHERTKOV
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The basic types of pulse modulation used for ultra-wideband communication systems are considered. The
interactions between a modulated signal and additive white Gaussian noise are analyzed. The most noiseproof
and optimum types of modulation for practical implementation are defined.

The fundamental direction is to increase the chiaoapacity for wireless telecommunication systems.
Data transmission rate is proportional to the widthsignal spectrum. So, for example, sufficienamel
bandwidth makes 8 kHz for a voice signal, 180 kelzHigh-quality transmission of music, 5 MHz fodeb [1].
The ideal case is to have a universal communicativennel which can be used to transmit any kind of
information, which implies a large bandwidth. Chahtransmission ultra-wideband (UWB) communication
systems or “impulse radio” has a similar property.

Information transfer in UWB communication systerascarried out by means of short pulses of sub-
nanosecond duration. One of the major advantagasVéB systems is the lack of direct interferencenalg
propagating with his reflections on various obje@bort pulses extend through different obstadbesause
attenuation happens not in the entire range. UW4Besys can operate with low average total transavitgp due
to the high effective gain, so these systems dainmietfere with other wireless devices operatinghia same
band. Since the energy of the UWB signal is disteld in a wide range, the task of detection anerdefption
becomes almost impossible. [2]

For the “mpulse radio” can be used various typesmofulation: PPM, PAM, OOK, BPSK [3-4].
Therefore, the organization of UWB communicatiosteyn appears task of choosing the optimal typeutsiep
modulation. The solution must satisfy the followicmnditions:

- high noise immunity;

— ease of implementation of the modulating demodutegiquipment;

- high data rate.

In the case of Pulse Position Modulation (PPM) gidal “1” and a logical “0” encoded different
positions relative to the reference pulse (Figa)). ©On-Off Keying (OOK) implies the presence of ghoulses
at “1” and their absence at “0” (Fig. b)). In case of Pulse Amplitude Modulation (PAM) “&hd “0” coded
varying amplitude of ultra-short pulses (Figd)( In the case of Binary Phase Shift Keying (BP3Klpgical
“0” and a logical “1” corresponds to a certain phas the pulse: Qor 187 (Fig. 1 @)) [4].

144



