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In this paper it is proved that the problem of s@#is of non-resonant linear non-stationary consiys-
tem with locally integrable and integrally boundemkfficients and disturbance is solved if the upyereral
exponent of Bohl of the system (7) is globally milatole, i.e if this linear system has the progesf uniform
global quasi-attainability or the property of uoifn full controllability.

Consider the non-stationary control system withuisance
x=At)x+ B(hu+ W), XJR", WR", VR", t0, (1)

and locally integrable and integrally bounded fil,252] matrix coefficienté& andB. In this systemu = u(t) is

measurable and bounded controlv = W(t) is measurable and bounded vector-function witerew distur-

bance.
For allt > 0 denote

f(t) = B(t)u(t) + w(t).
Then the system (1) can be written as
x= A x+ f(), xOR", fOR", t=0. 2

Definition 1 [2] Equation(2) iscalled a resonancef there is an initial conditiorx(t,) = X, and bounded
at t >t, the function f (t), that the solution ok(t) generated non-boundary on the half-linet,; equation is

not a resonant or non-resonagslled sustained in the sense of bounded inpatintbed output.
It is known [2, p.295], that a necessary and sigfficcondition for the stability of the equatior) (@ the
sense of bounded input - bounded output is thereql stability of the system

x=Atx xOR", t=0, 3)

i.e. on valid
Theorem 1[2, p. 295]Equation(1) non-resonance then and only then, when the sy@gm exponen-
tially stability.

Definition 1 it follows that the resonant case there are intttmditions that the solutions generated by
them are unbounded with bounded control actiongrd&fbre, the resonance system difficult to impletmes:
sulting in the construction of control systemsssally primarily the problem of ensure non-resomanc

For the system (1) we take as a contravector function

u(t) =U(t)x+ (1), 4)

whereU andv — some measurablgnx n) - matrix and(mx21)- vector respectively.
Than system (1) can be written as

x=(A)x+ BOOU(Y) x+ By w W) XIR", VR", WR" 20, ()

Definition 2 [2, p. 293] The problem of finding a measurable &ounded(mx n) -matrix of function
U(t), t>0, at which the closed-loop system (5) with a conf#lis non-resonant (has only bounded solutions
with measurable and bounded input action(it) and external disturbances(t) ) is the problem of synthesis
of non-resonant system
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Theorem limplies that this problem is solvable if therestgia measurable bounded control
U=U(), t=0, (6)
what system
x=(A)x+ B(YU(9) x XIR", 0, )7

is exponentially stability.
It is well known (see e.qg. [3, p.61]), that for teeponential stability of linear non-stationary teys (3)
(and, therefore, (5)) corresponds to the upperiab@eneral exponent)

Q°(A) = lim 1supInH X ((k+ )T ,KT)|
T+ T N

(Here X(t,s), t,s>0, is Cauchy matrix of system (3), afi] are in brackets to demonstrate how its operator

matrix (spectral) norm), pioneered by P. Bohl [@jd, much later, but independently of it, K.P. Rists/ [5].
This exponent provides for Cauchy matrix of sys{@juniform bound

I X(t,9) < D, exp(Q° (A)+&)(t- 9)).

where D, >0 constant depending on the and therefore negativity means that there is éotmi asymptotic
(exponent) stability [3, p. 61].

Upper general exponent Babf(A) (also, e.g., as well as the characteristic expsneh Lyapunov
A=AAOR, I =1, irregularities coefficients of Lyapunov, GrobmaPerron, correctness properties and

reducibility of systems [3,p.46-80] and others)ytihepresent many of the asymptotic invariants roddir differ-
ential systems (3), i.e. variables or properties #ne saved under Lyapunov’s transformations.

Definition 3 [3, p. 57] Transformation of Lyapunov of the systéh is called a linear transformation
y = L(t)x, square(nxn) - matrix is a matrixL(t) whose for everyt > 0 is reversible, piecewise continuously

differentiable and thus satisfies the condition:

supl ) It t;o‘élpllfl tOH tEOSUFIiIF (9o

Definition 4 [3, p. 182-183]The problem of global control of asymptotic invatia(A+ BU) of the sys-

tem(7) is to find such a measurable and bounded cbf@}, that the system (7) with the this contrdll wave a
pre-assigned value of this invariant. For exammensidering this problem as an asymptotic invariant

i(A+BU) the upper general exponent of Babf(A+ BU) system (7), we obtain a problem of global control

of the upper general exponent of Bohl.
In the case of a positive decision of the lattaybpem, we have an opportunity with the help of some

measurable and bounded control action (6) providesgative exponer@’(A+ BU) of the system (7) (more-

over, can choose this exponent value itself), #mdas, the exponential stability of the system (Whjch means
that non-resonantly of the equation (5). Thereftitere is a sufficient condition for the solvalyiliif the prob-
lem of synthesis of non-resonant system:

Theorem 2If the upper general exponent of Bohl of the syg#®ns globally controllable, then the prob-
lem of synthesis of non-resonant system (5) isbtav
Consider linear control system (1) without the pres of disturbancéw(t) =0, t>0)

x=Atx+BHu XIR", WR", t0. (8)

Definition 5 [6,7] The systen8) is uniformly full controllableif there are numbergr >0 and y>0,
that for any t,>0 and x,0R" there is a measurable and bounded contrlt,t,+o] - R", for all
tO[t,. t, + 0] , satisfying the inequalityf u(t) I< y|| %, || and carrying the vector of the initial positior(t,) = x,
(8) to zero on this segment.
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Initially V. A. Zaytsev systems (8) with piecewisentinuous and bounded matrix coefficieAteind B
and piecewise continuous [8] and the bounded cb{@)das been established following

Theorem 3 [8]If the systen(8) with piecewise continuous and bounded coefficisntmiformly full con-
trollable, then the upper general exponent of Biftthe systen(i7) is globally controllable
On the basis of this theorem, ahldeorem 2we obtain

Corollary 1 If the systen{8) with piecewise continuous and bounded coefficientsiformly full con-
trollable, then the problem of synthesis of noreresit systen®) is solvable

For the same systems (8) with a locally integraimié integrally bounded coefficients, which are adésed
in this article, A. A. Kozlov and L.V. Ints in [9jas been proved for the following two-dimensiorze

Theorem 4 [9]Let n=2. If the systen8) is uniformly full controllable, then the upper gealeexponent
of Bohl of the systel) is globally controllable
From it follows fromTheorem 2 as above, directly follows

Corollary 2 Let n=2. If the systen{8) with locally integrable and integrally boundedusiformly full
controllable, then the problem of synthesis of nesenant systeifb) is solvable.

In the case of an arbitrary phase space dimensi®2, for the systems (8) with a locally integrable and
integrally bounded coefficients global controlldlyilof the upper general exponent of Bohl succeddesktab-
lishing [9] with a stronger than uniform full contiability, condition - the evenly global quasiaitiability of
the system (7).

Definition 6 [9]. The systen(7) has the property of uniform global quasi-attainékilif for someT >0
whenevert, >0 and anyr >0 and 0<p <1 there orthogonalnxn) - matrix F = F([t,,t,+T];r,0) and is
independent of thé, value of 8= 6(r, p) >0, such that for any upper triang{@x n) -Matrix H with positive
diagonal elements, satisfying the inequalitj¢$ — E||< rand detH > p, there is a measurable and bounded on
the interval[t,, t,+T] controlU =U (t), satisfying for allt O[t,,t,+T] assessmentU(t)|<& and guarantees
for the CachyX, (t,s) matrix system (7) the equality, (t, + T,t) = X(t,+ T, t) FHF .

Thereis a

Theorem 5[9]. If the systen{8) is uniformly globally quasi-attainable, then thpper general exponent
of Bohl of the systefT) is globally controllable.
Then, byTheorem 2and the last statement is executed

Corollary 3. If the systen8) is uniformly globally quasi-attainable, the probieof synthesis of non-
resonant systerfd) is solvable

Acknowledges.This report has been performed with the finansigdport of State Program of Science
Research («Convergence-2020», project 1.2.01).

REFERENCES

1. bbuios, b.®. Teopus nokasareneii JIanyHoBa U €€ NpHIOKEHHs K BonpocaM yctoiiuusoctr / B.®. Beuios,
P.2. Bunorpan, J[.M. I'pooman. — M., 1966. —57@.

2. Taiimyn, V1.B. BeeieHue B Teopuio TMHERHBIX HecTanuoHapHbIX cucteM / M.B. aiimyn. — Munck, 1999.
— 409 c.

3.  Makapos, E.K. YnpariseMOCTh aCHMITOTHYECKHX HHBAPUAHTOB HECTAIMOHAPHBIX JIMHEHHBIX cHCTeM /
E.K. Makapos, C.H. ITonoBa. — Mumnck : benapyc. naByka, 2012. — 408.

4. Bohl, P. Uber Differentialgleichungen / P. BahU. reine und angew. Math. — 1913. — Bd.144. — S.
284-318.

5. Tepcuackwuii, K.II. O6 ycroitunBocTu nmxeHus no nepeomy npudmmkento / K.II. Tlepcunckuii // Matewm.
coopuuk. — 1933. —T. 40,Ne 3. —C. 284-292.

6. Toukos, E.JI. Kpurepuii paBHOMEPHO# yIpaBIIeMOCTH U CTAOMIH3AIMS JIMHECHHON PEKYPPEHTHOM cUCTe-
mel [ EJI. Tonkos // Iuddepeni. ypasuenus. — 1979. -T.15,Ne 10. —C. 1804-1813.

7. Kalman, R.E. Contribution to the theory of omingontrol / R.E. Kalman // Boletin de la Sociedddte-
matika Mexicana. — 1960. — Vol.Be 1. — P. 102-119.

8. 3aiiues, B.A. O6 ynpasnenun nokasareiasmu Jlsmynoa u o A -npusoaumoctu / B.A. 3aiiues // BectHuk
VY amyprckoro ya-ta. — 2000. —Ne 1. —C. 35-44,

9. Kozlov, A. A. On the global Lyapunov reducibjlibf two-dimensional linear systems with locallytan
grable coefficients / A.A Kozlov, I.V. Ints // Défential Equation. — V. 52. — 2016. Ne. 6. — P. 699—
721.

278



