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Let
G(eo) = {t,e: t € R, e €[0,e0], 0 € RT}.

Definition 1. We say that a function f(t,¢), in general a complex-valued, belongs to the class
Sm(€0), m € NU{0} if:

1) f:G(e) — C;
2) f(t,e) € C™(G(gp)) with respect to ¢;

3) df(t,e)/dtk =k fi(t,e) (0 <k <m),

m
def *
Ifllm= ) sup £ (t,€)] < +oo.

k=0 G(c0)

Definition 2. We say that a function f(t,,0) belongs to the class F}, . (c0) (m € NU{0}) if this
function can be represented as

fte,0) = > falt,e)e™,

and
1) fu(t,e) € Sp(eo), 0 € R;
2)

00
follm+ D Inl" I fallm < 400 (1=0,1,2,...).
n=-—00

(n#0)

If the function f(t,e,0) is real, then f_,(t,e) = fu(t,¢).

We denote
£ llmo =Y lfnllm.

n=—oo

For any f € F,%’oo(ég), we introduce the linear operators:

21

Lalf(t.26)) = 5 [ 200 a0, nez,

0
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in particular,

2T
Tolf(t,e,0)] = ;ﬂ/f(m’g)de’
0
If(te,0) = Wema_
(n20)

We note some properties of the functions of the class Fj, . (c0). Let u(t,e,6), v(t,e,6) belongs
to the class F, | (o), and k = const.

1) u(t,e, @) is 2mw-periodic with respect to 6.

2)
olu t,e, 0
(aal) € Froole0) (1=0,1,2,...),
OFu(t, e, 0
(gtk) € er—l,oo(go) (k‘ = 1, L 7m)‘

3) Tulult,,0)] € Sm(e0) (n € Z).

4)
dult, e, 0)

Iu(t,e,0)] € F,?%oo(fo)a I[ o0

] = u(t,e,0) — To[u(t,e,0)] € F§ (<o)

5) ||kullme = k] - [|w]lm,o-
6) llu+vlmeo < llullmeo + [[v]m.o-

7)

m
1 OFu
e = 32 | Gt oo

8)
[wvllmo < 2™ [ullm.o - [[0]lm.o-

9) If u, v are real, then u(t,e,0 + v(t,e,0)) € ng,oo(So)-
10) The chains of includes are true:

F{ o(20) D Ff o o(20) D+ D F8 (c0),  Soleo) D Si(e0) D -+ D Sple0).

Definition 3. We say that a vector f = colon(fy,..., fn) belongs to the class F’fn,oo(go) (or
Sm(eo)) if f; € F,fl,oo(ao) (relatively, f; € Sm(e0)) (j=1,...,N).

Definition 4. We say that a matrix (ajk);,_1 belongs to the class Fgwo(so) (or Spu(eo)) if
ajr € FY . (g0) (relatively, a;, € Sm(e0)) (j,k=1,...,N).
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Consider the system of differential equations:

9 At e)+ pP (L, ) + f(1 e, 0),

@ _ (t,e) + pa(t,e,0)
dt =w b l’l/ b ) b
where (t,€) € G(eo), © = colon (z1,...,2n), A = diag (A1, ..., An) € Sm(e0), P = (Pjk)j 1w €
F? _ (e0), scalar real functions w € S, (o), Gi(nf)w >0,ac¢€ F%oo(sg), pe (0,up) CRT.
€0

m,00

We study the problem of the conditions of existence of integral manifold x(¢,e,6, ) of the
system (1), belongs to the class an*m(f-:o), where m* < m.

Lemma 1. There exists p1 € (0, uo) such that for all p € (0, 1) there exists the real reversible
transformation

0=+ pu(t e o, u), (2)
where v € Fy, (€0), reducing the system (1) to the kind

9 (Alte) + uQ(t e, oo )z + g(t, 20, ),
dt (3>

d
di: = w(t,e) + pb(t,e, u) + pef(t,e, 0, 1),

where Q = P(t,e,p 4+ pv(t,e,o,p1)) € Fiooleo), g = f(tie,o + po(t,e, o, 1)) € Finoo(o), b €
Sm(€0); B € Fyy_1 (€0)-

Lemma 2. There exists po € (0, u1) such that for all p € (0, o) there exists the chain of reversible
transformations of kind

¢:¢1+M€w1(t,€,¢17ﬂ), (4>
77/)1 = 1/}2 + M62w2(t7 €, ¢27 :u)a (5>
wml—Q == wml—l + /’LEmlilwml—l(ta g, ¢m1—17 :u’)7 (6)

where my; < m, wy, € F;npk_k (o) (E=1,...,my — 1), reducing the system (3) to the kind:

dx

E — (A(t,&) + [LRmI,l(t,€,1,[}m1,1, M))ZE + hmlfl(t7€7¢m1fl7:u’)a
dwm -1 il k ~ (7)
Ttl = (/J(t,é:) + [Lb(t,E,/,L) + 2 Z € /Bk(t757/~jJ) + /’Lgmlﬁmlfl(taga zzz)ml*lnu)v

=1

where Rpy—1 € FY™Y (20), 1 € FL™71 (20), Bi € Smon(20)s Bt € FoM=' (g)

m—mi—+1 m—mi+1 m—mji,00

(kzl,...,ml—l).
Theorem. Let the elements \j(t,e) (j =1,...,N) of matriz A(t,e) in system (1) be such that

inf |ReX;(t,e)]>~v>0 (j=1,...,N).
G(eo)

Then there exists p* € (0, po) such that for all p € (0, u*) the system (1) has the integral manifold
T(t,e,0, 1) € FO _ (c0), where 2my < m (m1 € NU{0}).

mi,00



132  International Workshop QUALITDE — 2015, December 27 — 29, 2015, Tbilisi, Georgia

Proof. Based on Lemmas 1, 2, we reduce the system (1) to the kind (7). We denote

Q[) = %ijlfl’
R(t,E,I/J”U,) = le—l(t767¢m1—17/~1')7 h(ﬂ&%ﬂ) = hm1—1<t757¢m1—1aﬂ)’

mi1—1

w1 (t7 €, N) = W(t, EO) + /,Lb(t, & ,U’) =+ Z Ekﬁk(ta €, ,U,) +e™ Eml—l(t7 €, wml—h ,u’)
=1

Based on condition of Theorem and property 10) of the functions of class Fgwo(eo), we can

state that R(t,e, v, pn), h(t,e, v, u) € Ffﬁl,oo(eo), wi(t,e, 1) € Sm,(g0). Then we write the system
(7) in kind

d
d% = (A(t,e) + pR(t, e, p))x + h(t,e,9, p),

& (8)
% = wl(tv &, M)

With the system (8) consider the system

B0 _ Aty + hit 2, )

(9)
%—w(te )
dt = will, & ).

Based on the results [1] and condition of Theorem, we can state that the system (9) has the
integral manifold zo(t, e,, 1) € Finy 00(€0). And there exists K € (0,400) such that

[0l 0 < B[Pl - (10)

We seek the integral manifold of system (8) by the method of succesive approximations, defining
as an initial approximation xg, and the subsequents approximations defining from the systems:

dxs
S = At 2)wag + h(t e, ¥, 0) + pR(L 2,0, pas,

%:wl(t,a,u), s=0,1,2,....

Based on inequality (10) and using the ordinary technicue of the contraction mapping principle
[2], it is easy to show that there exists u3 € (0, o) such that for all u € (0, ug) all approximations x4

belong to the class Fi, o0(£0), and process (11) converges by the norm || - ||, to integral manifold
x(tye, ¢, p) € Ffﬁl,oo(so) of the system (8).

Based on the reversibility of the transformations (2), (4)—(6), we can state the existence of the
integral manifold Z(¢,e,0, u) € F,f‘:wo(z—:g) of the system (1) for sufficiently small values u. O
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