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Introduction. In the theory of linear systems of differential equations is well known problem
of the consruction for the linear homogeneous system of the differential equations

dx
e A(t)x, (1)

where z = colon(z1,...,zn), A(t) = (ajx(t)); x—15 » Lyapunov’s transformation
z = L(t)y,

which leads the system (1) to the triangular kind
dy
dt

where T'(t) = (byk(t))j,kzﬁa bin(t) =0 (j <k) [1-4].

In this paper, we assume, that the system (1) already reduced to a kind, close to triangular:
dz
dt

where p — small parameter, and the matrix P(¢) has a some special kind. And we study the
problem on bringing the system (2) to a purely triangular form

dy
dt
where D(t) = (djk(t)); 417, djx =0 (J <k).
Basic notations and definitions.
Let G(eg) ={t,e: 0<e<ep, t€R}.
Definition 1. We say, that a function p(t,e) belongs to a class S(m;eq)
(meNuU{0}), if
1) p:G(eo) = C, 2) p(t,e) € C"™(G(eo))
3) d*p(t,e)/dtk = kpr(t,e) (0<k<m),

=T(t)y,

— (T(t) + uP (b)), (2)

= D(t)y,

with respect t;

m
1Pl simse) = S~ sup [pi(te)] < +oo.
k=0 G(eo)

Under the slowly varying function we mean the function of the class S(m;ep) .
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Definition 2. We say, that a function f(¢,¢,0(t,e)) belongs to a class F(m;ep;0) (m €
NU{0}), if this function can be represented as:

fte,0(t,e) = Y falt.e)exp (inb(t,e)),

n=—odo
and:

1) fu(t,e) € S(m;eo);
2)

oo
def
HfHF(m§50§9) = Z anHS(m;so) < +o0,

t
3) O(t,e) = fgo(T,&)dT, o(t,e) e RT | o(t,e) € S(m;eo), Gi?f)w(t,a) =p9>0.
0 =

State some properties of the functions of the classes S(m;ep), Fo(m;ep;0) (the proofs are
given in [5]). Let k= const, p,q € S(m;e0), u,v € F(m;ep;6). Then kp, p+q, pg belongs
to the class S(m;ep), ku, u=+wv, uv belongs to the class Fy(m;ep;0), and

1) HkaS(m;eo) = |k| ’ ”pHS(m;Eo) .

2) Hp + QHS(m;so) < Hp”S(m;ao) + HQHSO(m,Eo) .

) HpQHS(m;so) < 2meHS(m;eo)HQHSo(m;so) .
4) HkuHF(m;Eo;G) = ‘k| : ||u||F(m;so;9) .
5) Hu + UHF(m;Eo;Q) < HU’HF(m;EO;H) + HUHF(W’L;Eo;e) .
6) HUUHF(m;ao;O) < 2mHuHF(m;ao;9) ! HUHF(m;aO;@) .
For f(t,e,0) € F(m;eo;0) we denote:

w

27
Tolf] = 217T/f(t,5,9) exp(—ind)dd (n € 7).
0

In particular

2m
1
rolf] = o [ f(t.2.0)ds.
™
0
Definition 3. For the vector u = colon(uy, ..., u,) with elements from the class F(m;eo;0)

we define the norm: .
[l micoey = 2 Nkl Famicoio) -
k=1

Statement of the Problem. We consider the next system of differential equations:

dx
5 = Blte) +puP(te,0)), (3)
where = = colon(z1, ...,zn) , B(t,€) —lower triangular matrix with the elements from S(m;eo),
and P(t,s,@) = (pjk(tagae))j,k:ﬁv pjk:(tvgae) € F(mv 60;9) (]7k = 17”)7 e (Oalu(]) — the
real parameter.

We study the problem of the existence of a transformation of kind

x = (Ep+p¥(teb,p)y, (4)

y = colon(y1, ..., yn), £, — unit matrix of order n, ¥ — matrix with elements from F(l;e;;6)
(0<l; <m, 0<e1 <ep), which leads at sufficiently small p the system (3) to the kind:
dy
E = K(t7€707:u’>)y7 (5)
where K = (kjk(t,s,ﬁ,u))m:ﬁ, kir=0 (j <k), kjp(t,e,0,n) € F(l;e1;0).
We will study this problem for a third-order system (n = 3) so as not to clutter up the

presentation with secondary technical difficulties associated with the dimension of the system.
All fundamental difficulties take place in this case too.
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So, consider the system of the differential equations:

d
== = (B(t,e) + uP(t,.0))z, (6)
x = colon(x1, x2,x3) ,
b11(t,¢€) 0 0
B(t>€) = b21(t7€) b22(t7€) 0 ;
bgl(t,&‘) bgg(t,t’;‘) bgg(t,E)

bjk(t,E) S S(m;€0) (j,k = 1,2,3;j > k), P(t,&‘,@) = (ij(tafae))j,kzl,z& pjk(t,E,H) S
F(m;e;6).

Auxiliary results.

Lemma 1. Let we have the system

dv 1
= (A(u@ £ Qe eml) v ™)
=1
x = colon(x1,x9,x3), ¢ € N,
im12(t,8) —ng(t,&) 0
A(t, 8) = 0 imlg(t,8) 0
0 Cgl(t,é) imgg(t,6)

mjk(t,e) S S(m, 60) , mjk(t,g) c R, Cjk(t,€) (S S(m;eg) , and
inf |ms(t,e) — mia(t,e) —np(t,e)| >~ >0,
G(eo)

inf |mas(t,e) — mia(t,e) — ne(t,e)| > v >0, (8)
G(eo)

inf |mas(t,e) — mas(t,e) —np(t,e)| >~ >0,

G(eo)

n € 7Z, ¢(t,e) — the function in the definition of class F(m;eo;0), the elements of matrices
Q; (I=1,q) belongs to the class F(m;eq;0) .
Then there exists p1 € (0,p0), such that for all p € (0,p1) there exists the Lyapunov’s

transformation of kind
q
v = <E + Z U(t, e, 0)ul> w, 9)

=1
where elemens of matrices V(t,e,0) (I = 1,q) belongs to the class F(m;eo;6), which leads
the system (7) to kind:

q q
% = (A(t, e)+ ZZ; Up(t,e)u! +e lz; Vi(t,e,0)u' + pit W i(t, , 0, ,u)) w, (10)
where Uj(t,e) — the matrices with elements from S(m;eo), Vi, W - the matrices with elements
from F(m —1;¢0;0) .

Proof. We substitute the expression (9) into system (7), and require that the transformed
system has the kind (10). We obtain the next chain of matrix differential equations for detemi-
ning matrices ¥q,...,¥,:

% = A(t,e)U1 — U1 A(t,e) + Q1(t,e,0) — Uy(t,e) — eVi(t, e, ), (11)
@ = A(t,E)\I/l — \IJIA(t,{f) + Ql(t,E; 9) — l_zl Q.Y _,—
dt |
-1 -1
_ Z WU y(te) —¢ Z U, Vi_,(t,e,0) — Ut e) —eVi(t,e,0), | = ﬂ (12)
v=1 v=1

where U = (04 )j k=123, Qi = (¢p)jr=123, U= (uhp)jr=123, Vi = (Vf)jr=123 (=T,9).
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Then the matrix W at sufficiently small values p is determined from the equation:

<E+l§;\pml>wzqi >

(Qa‘I’a - \IlaUﬁ Ms_
s=0

o+0=s5+q+1
q—1
2 2 W (13)
s=0 \o+0=s+g+1
We consider the equation (11). In the component it looks like this:
d 1
% = _632(75’5)1!}%1 + q%l(t’&e) - u%l(tve) - 5”%1@’5’ 9)3
dpiy _ - 1 1 1 1
a = i(maa(t,e) —mas(t,e))biy — es2(t, €) (Yop — Y1) — a1 (t, €)hig+
+qiq(t,€,0) — uly(t, e) — eviy(t, €, 0),
dw%s — _ 1 1
dat 7’(7n12(tv 5) ma3 (tv 5))¢13 €32 (t7 8)wQB—’_
+qi5(t,e,0) — uls(t,e) — evis(t, €, 0),
dipl .
151521 = Z(m13(ta 6) - m12(ta 6))71)%1 + Q%l(ta g, ‘9) - u%l(ta 5) - 5”%1@7 & 9)7
5?2 = caa(t, €)gy — ea1(t, €3y + a3o(ts €,0) — ujy (t,€) — eviy(t, €, 0), (14)
dyl .
2’?3 = Z(mli’:(tv 5) - ng(t, 5))1/)%3 + q%g(t7 €, 0) - u%?;(tv 5) - EU%:;,(t, &, 9)7
dw%l _ z(m t _ 1 1
g = i(mas(t,e) —maa(t, €))hgy + car(t,€)ha +
+q?1>1 (t7 &, 9) - uil%l (tv 5) - E’U%l(t? &, 9)7
1
Wia — (ot e

(ma3(t,e) — mas(t, €))¥3y + can(t, ) (g — ¥33) + ca2(t, )3, +

+q?1)2 (t, g, ‘9) — ’U,%Q (t, 8) — EU%Q(t, g, 49),
dipd
151)53 =21

(tv 5)¢%3 + Q§3 (ta £, 9) - uil’)3 (ta 8) - 57)31;3 (t’ €, 9)
Define ¢;k , ujlk , vjl-k by the following expression:

e )= 3 L lg} (1. ,0)

. ein@(t,s)
Z(mlg(t, 8) — mlg(t, 8) — ng@(t, E))
u%l (t7 6) = 07

1 < d Tylgd(t,e,6
diten =1 > 4 i (t2.0)

el > ein@(t,a)
L= dt \di(mas(t,e) —maa(t, ) — nep(t,e)) ’

= Tolgd(t,e,0
vhiten= Y Trmbed)

n=—oo

n=—oo

)

o0

— €32 (ta 5)77[}%1 (tv & 0)] ein@(t,s)
inp(t,e)
(n#0)

Y

u%l(tv 8) = PO [Q%l (ta &, 9) - CSQ(ta 5)1/]51 (tv g, 0)]7
1 oo

d
vh(t,g,ﬂ):fg Z dt(

em@(t,e)
ing(t,e) ’
(n#0)
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N Tolgdy(t6,0) + car(t,e)dy (t,6,0)]

1 _ 310, 21\ &) inb(t,e)
1/)31(t7 57 9) TLZ_:OO l(ﬂ”bgg(t, 8) — le(t’ 8) — ng@(t, 6)) © ’
uil%l (t7 6) = 07
1 . 1 > i Fn [qél (tv g, 0) + C21 (t7 E)w%l (t7 g, 0)] in@(t,é‘)
USl(ty g, 9) - nzz:oo dt Z(m13(t7 5) — m12(t’ E’) — ng&(t’ 8)) € )

= Tg33(t, ¢, 0)] ;

1 _ 230, &, inb(t,e)
as(t, €, 0) nzz_oo i(mas(t,e) — mas(t,e) — np(t,e)) ¢ ’
uss(t,e) = 0,

1 X d Ty g35(t, ¢, 0)] :
1 " 9) = = 23 ’Ln@(t,&)
vg3(t, €, 0) - n; dt < ((ma3(t,e) — mas(t, e) — np(t,€)) ’ ,
N Tolgds(te,0) +cear(t,e)ds(t,e,0)] 4
P33(t,e,0) = Z s >m<p(t £) e | e,
"r)

uzs(t,€) = Tolgzs(t,,0) + car(t, €)vas(t, e, ),
1 « d (T'y L(t,e, 0 t 1(t.c.0 .
’U%g(t,é‘,e) = —g Z el ( [q33( , €, ) +621( ,5)¢23( y €,y )]) eln@(t,z—:)’

— dt inp(t, )
(n#0)
0 Talgdy(t,e,0) 4 caa(t, e)d, (t,€,0) — cor(t,€)da(t,e,0)]
Lt c.0) = 22\% < ) 21\" <> ) 23\% <) ind(t,e)
Vazlthe,f) nz_:oo inp(t, ) ‘ ’
(n#0)

U%Q(t7 5) =Ty [q%Q(tv &, 0) + €32 <t7 8)1#%1 (t’ & 0) - ch(tv )1/}1 (t & 9)]

1 &= d [(Tulgde(t,e,0) + caalt, o), (t,e,0) — car(t, e)has(t,e,0)]\
1 _ - 22\% < ) 21\% < 23 inb(t,e)
vna(t €, 9) € Z dt ( ing(t,e) c

)

()
o0

1 _ Fn[(k’la(ta £,0) + car(t, e) (gy — ¢33) + caa(t, € Wsl] )
V3y(t,€,0) = Z i(mas(t,e) — mys(t,e) — np(t, e)) e,

udy(t,€) =0,

n=—oo

—  d (Thlgg(te,0) + car(t, ) (V3 — i) + caalt, €)¢3] inb(t,e)
vs2(t,,6) ; dt ( i(mas(t, ) — mas(t, €) — nep(t,€)) ) ’
1 o - Fn [q%?) (t7 g, 0) — (32 (ta 8)1/}%3 (t, £, 9)] inb(t,e)
¢13(t,€,9) — _n:Z:OO i(m12(t,€)—m23(t,€)—ng0(t,€>) € ;

’U%3(7f, 5) = 07

1 _ 1 - d Iy [Q%B(t € 9) - 032(75,5)71):2[3(75,5 0)] nb(t,e)
vis(t,e,0) = 2 2 dt( i(maa(t, e) — mgg(t,s)—ngp(t,s))> ’

e}

1 _ Tolgia(t,€,0) — caa(t, €) (hgy — Piy) — car(t, ©)¥is] inoire)
Yhabef) == 3 i(maa(t, ) — maa(t, ) — ng(t,)) o

uiy(t,e) =0,
’U%Q(t,&‘, 0) = 1 i i Fn{Q%Q(@'Ea 0) — caa(t e) (Ve — Yiy) — e (t,e)dﬁ?)] einf(te)
€ dt i(maa(t,e) —mas(t,e) —np(t,e))
All the elements of matrix U; belongs to the class S(m;eg). All the elements of matrix ¥y

belongs to the class F(m;ep;6). All the elements of matrix Vi belongs to the class F(m —
15€0;0) .
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All the equations (12) are considered similarly to equations (11), and so the matrices ¥y,
U, V, (I=1,q) are determined. And also all the elements of matrix ¥; belongs to the class
F(m;ep;6), all the elements of matrix U; belongs to the class S(m;eg), all the elements of
matrix V; belongs to the class F(m — 1;e0;60) (I =1,q). Matrix W are determined from the
equations (13).

Lemma 1 are proved.

Problem solving method and basic results.

We seek the transformation of the kind:

T = (ES + ,U,\I’(t,E, 67:“’))3]7 (15)

y = colon(y1, y2,y3), E3 — unit matrix of third order,

0 wIQ(ta €, 97 M) 1P13(t> €, 07 /'L)
U(t,e,0,u)=1| 0 0 pos(t,e,0, 1) |,
0 0 0
Vi € F(mise1;6) (0 <1 <m; 0< g1 <eg), which leads the system (6) to the kind:
dy
o = (B(t.e) + uD(t,¢,0, 1))y, (16)
where
dll(tﬁgvenu) 0 0
D(t,e,@,u) = dgl(t,s,é’,,u) dzg(t,e,ﬁ,,u) 0

d3l (tvsve),u) d32(t76797,u) d33(t)5397;u)
We substitute the expression (15) into system (6), and require that the transformed system
has the kind (16). We obtain the next system of the differential equations for detemining

P12, 913, P23 J
Z;z — KlQ(t,5,0,¢12,¢13,@023,#),

dﬁtw = K13(t75707¢127¢135¢237M)7 (17)

W = Kos(t, e, 0,912,913, P23, 1),
where
K9 = (b11(t, ) — baa(t, 8))¢12 — b32(t, )13 +p12(t, g,0)+
+ + pubor (t,€)Y7y + pbsa(t, €)Y1293—
—pPpai(t, €, 0)iy + 17bs1 (t, €)Tythas + p’psa(t, €, 0) 12023+
+ 1731 (t, €)1athis + pPpsa(t, e, 0)1s + ppai (L€, 0)Yiathas + p’psi(t, €, 0) 12913,
Kiz = (bui(t, ) — bss(t,€))¢13 + pis(t,€,0) + u(pri(t. e, 0) — p3s(t, €, 0))rz+
+upia(t, €, 0)has — b1 (t, €)1bis — pbsa(t, €)th13tbas—
—pPpsi(t,e,0)is — 1*paa(t, &, 0)1sibs,
Koz = (baa(t,€) — b3s(t,€))thaz + ba1(t, €)13 + pas(t, €, 0) + pp21(t, €, 0)h12+
+u(paa(t, e, 0) — p3s(t, €,0)) a3 — pbsi(t, €)Y131a3—
—pbsa(t, &)y — 11 psi (t, €, 0)P13tbas — p°paa(t, €, 0) ;.
In this case dji(t,e,0,1) (j > k) has a kind:
d31(t,€,0) = pai(t,e,0),

d3a(t,€,0, 1) = p3a(t,e,0) + b31(t, €)ib1a + pupsi(t, €, 0)ibra,
ds3(t,e,0, 1) = p33(t,e,0) + b31(t, €)13 + bsa(t, €)haz + u(psi(t, €, 0)v13 + psa(t, €, 0)1ha3),

do1(t,e,0, 1) = pa1(t,e,0) — b31(t, €)13 — up31(t, €, 0)as,
dao(t,€,0, 1) = paa(t,g,0) — bar(t, €)h12 — b3a(t, €)a3 + up21(t, €, 0)h12 — pdaa(t, €, 0, p1)as,

dii(t,e,0, 1) = p11(t,e,0) —ba1(t, €)h12—b31(t, €)P13 — p(dar (t, €, 0, p)Y12+p31(t, €, 0)13). (18)

The case 1. |Re(bj;(t,e) — bii(t,e))| >v >0 (j #k).
From the results of the paper [6] follows the theorems.
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Theorem 1. In the case 1 there exists py € (0, o) such that for all p € (0,u1) there exists
unique particular solution ;i (t,e,0, 1) (j < k) of the system (17), all the components of which
belongs to the class F(m;eo;0) .

Theorem 2. In the case 1 there exists p1 € (0, o) such that for all p € (0,u1) there exists
the transformation of the kind (15), whose coefficients i (t,e,6, 1) (j < k) belongs to the class
F(m;eo;0) , which leads the system (6) to the triangular kind (16), where dji(t,e,0,p) (j > k)
are determined by the formulas (18).

The case 2. bj;(t,e) — byi(t,e) = imji(t,e), mjp € R,

é?f) Imjk(t,e) —np(t,e)| >y >0 VneZ.

€0

Together with the system (17) we consider the auxiliary system:

‘P(tv 6) d"éﬂem = KlQ(ta & 95 Q;Z)127 1/113, ¢237 /“L)a

o(t,e) s = Ki3(t,e, 0,19, P13, a3, 1), (19)

QO(t, 6) d’[fl)gs = K23(t7 g, 97 ¢127 ¢137 ¢23: ,u)v

where ¢(t,€) — function in the definition of the class F(m;eo;60), and ¢,e are considered as
constant. Using the method of the small parameter of Poincarais [7], we construct the partial
sums of the series in degrees of the small parameter representing the 2w -periodic with respect
to 6 solution of the system (19):

%ﬁk(@&&#) = 1/’?19(@5,9) +:u‘¢]1k(t55’ 9) +M2q 1¢2q 1( 7579)5 (20)

where w;k(t, g,0) (s =0,2¢ —1) — 2w -periodic with respect to 6 functions. Regarding these
functions, we obtain the chain of the system of the differential equations:

o(t,e)— %2 = imya(t, €)1y — bsa(t, €)1Vl + pr12(t, €, 0),

d 0
p(t, ) Lia

= imlg(t,é“)lﬁ??) —l—p13(t,€,9), (21)

d
(,O(t 5) 5}53 = ngg(t, €)¢33 + b2 (t7 5)#@3 + p23(t7 &, H)a

d
o(t,e) 2)912 = imia(t, €)1y — baa(t, €)Yis+

Py (t e, 0,00, 05,85, . iy i vss ),

d
o(t,e) 353 = 2m13(t,5)w?3+

_ 1
+Q53(t e, 0,00, 05, 935, . iy i vss ),

o(t,¢€) dfé‘“‘ = imas(t, )13z + ba1(t, €)Yis+

+R§3(t,€,0,w?2,¢?3,¢83,,¢12 5 13 7¢ ), 821,27...,2(]—1.

P§,, Q55, B33 — polynomials from Y, ... ,1/123_ with coefficients from the class F'(m;eq;0) .
Consider a generating system (21). In the case 2 this system has unique 27 -periodic with
respect to 6 solution:

Uis(t, e, 0) Z U150t €) exp(ind),

where
Fn[pl?)(t’ €, 9)]
i(ml?) (ta 5) - 7190(13 5)) ’
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Pia(t, €, 0) Z 1/)1271 (t,e) exp(inb),

where i [n(—oo e
0 _ n|P12(%, €, — baa(t, e 3.1 t,e
Yian(t,e) = '(mlg(t SETER)
ARN) Z Q/)2371 (t,e) exp(ind),
where S

0 Iy [p23 (ta g, 9)] + ba (t7 E)w?S,n (t7 5)
¢23,n(t76) = - .
i(mas(t,e) —np(t, e))

and ¥5(t,e,0), ¥5(t,e,0), ¥95(t,e,0) belongs to the class F(m;ep;0).

Similarly, all systems in the chain (22) also have a unique 27 -periodic with respect to 6
solutions, and all components of theese solutions belongs to the class F'(m;eq;0).

Consequently, the functions w*k(t e,0, 1) belongs to the class F(m;ep;0) also.

We make in the system (17) the substitution:

)

We obtain: it
77152 = imaa(t,€)€12 — baa(t, €)&13 +egi2(t, €, 0, 1)+
q
+1%c19(t, €, 0, 1) (Z biai(t, €, 6) > &2 + (Z Clzz(t,€79)ﬂl) §13+
=1

+ (Z diai(t, e, Q)Ml> Cog + T (caa(t, e, 0, p)&ia + Bra(t, €, 0, 1) i+
—1

+712(t7 &, 97 /’L)§23) + MEIQ(ta €, 97 5127 513a 5237 :u)v

d .
% = imas(t, €)&1s +eqs(t, e, 0, p)+
: q
+p*eis(t, e, 0, 1) (Z bigi(t, e, 6) > §12 + (Z ClBl(t,a,Q)Ml) Erat
=1 1:1

+ (Z dizi(t,e, 9)NZ> Ea3 + pT T (auz(t, e, 0, p)€az + Pra(t,e, 0, p)€iz+
=1

+713(t, €, 6, )&a3) + n=13(t, €, 0, &12, &13, €23, 1),

d
23 imas(t, €)8as + b1 (t, €)&13 + €go3(t, €, 0, )+
q
+1*lea3(t, €, 0, 1) (Z basi(t,e,0) )512 + (Z 623l(t,€79)ul> §13+
=1

+ (Z d23l(t7 g, Q)Hl> €23 + ,U’q+1 (a23(t7 g, 97 ,LL)512 + 623(1:) €, 97 M)€13+
=1

+23(t, €, 0, 1)€a3) + uZEa3(t, €, 0, €12, €13, §23, 1), (24)
where g12, 913,923 € F'(m — 1€0;0) , c12, c13, a3, bjkt, Cjkts djkt, Qs Bjks
vik € F(m;e0;0) (j < k), Zi12,Z13,Z23 — polynomials with respect to i2,&13,&23 with coef-
ficients from the class F'(m;ep;0), containing terms not lower than second order with respect

12, &13, 623 -
We introduce & = colon(&12, 13, &23) ,

imlg(t, E) —b32t,€) 0
Al(t,E) = 0 imlg(t,é) 0 s
0 le(t, E) im23 (t, E)
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): COlOH(glg(t, 8797:“’)7913@75797“)7923@ £, 0 M))
) = colon(cia(t, €, 0, 1), c13(t, €, 0, p), cas(t,e,0, 1)),

biau(t,e,0) ciat,e,0) diat,e,0)
Ki(t,e,0) = | bigi(t,e,0) ciz(t,e,0) diz(t,e, 9
basi(t,e,0) cas1(t,€,0) dasi(t,e, 9

=E

0412(t75aeaﬂ) 512t78767:u’) ’}/IQt g, 0 lu’)
L(taeaenu) = 0413(t7€;97/i) 613t7€767lu’) M13t, €, 0 :u) )
0423(t75;97M) 523t7€797/’[’) 723t € 07“)
)

E(t,€,0,&, 1) = colon(Z1a(t, €, 0, &12, €13, €23, 1), Z13(t, €, 0, §12, §13, 23, 1)
523(t7 &, 97 5127 513a §23> /,L)) .
Then the system (24) can be written as:

d
di (A1 (t,e) + ZKz (t,e,0)u' | E+eglt,e,0,p) + p*Ic(t, e, 0, u)+
=1

+pt Lt e, 0, )€ + E(t,,0,6, ). (25)
Based on Lemma 1, using the conditions (8) and the transformation of kind:

q
¢ = (E +) Wi(te, 9);ﬁ> n, (26)

=1
where 7 = colon(n1, 12, 13) , we leads the system (25) to the kind:

d77 1 2q 1
= <A1t€ +lz;Ult5 >n+eg (t,e,0,p) + ple (t,e,0, 1u)+

q
+e (Z Vi(t,e, 0);/) N+ pT T LNt e, 0, 1) + pH (8 €, 0,1, 1), (27)

where Uj(t,e) = diag(uy(t,€), un(t,€), ug(t, €)) , and uj(t,e) € S(m;e0) (j=1,2,3;1=1,q).
Lemma 2. Let the system (27) satisfy the next conditions:
1) the eigenvalues \j(t,e,p) (7 =1,2,3) of the matriz

q
U(tv & ,LL) = A (tu 5‘) + Z Ul(tu €)Ml
=1
such that
Gi?f) |ReA;(t,e,0)| > vop® (v0 >0, 0<qo <q);
€0

2) for the matriz U(t,e,u) there exists the matriz Y (t,e, u) such that
a) inf |detY(¢,e,u)| >0,
G(eo)

b) YUY = A(t,e, u) — diagonal matriz.

Then there exists pa € (0,p0), €1(pn) € (0,e0) such that for all p € (0,u2) and for all
e € (0,e1(p)) there exists the particular solution of the system (27), all the components of which
belongs to the class F(m — 1;e1(p);0) .

Proof. Based on condition 2) of Lemma, we make in the system (27) the substitution:

e+ p
n= " Y(hEnx (28)
We obtain: ot
dx ep® p2atao
E_A(t’g’M)X+€+M2q g (taevenu)—l_mc (t,s,@,u)+
e+ p*

Feda(tie, 0, wx + utT Ot e 0, wx + — 25 X (b 6,0, 0), (29)
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where elements of vector g2 and matrix Ay belongs to the class F(m — 1;2¢;6), elements
of vector ¢? and matrix C belongs to the class F(m;eo;0), elements of vector-function X
belongs to the class F(m;ep;6) in respect to ¢,e,0 and polynomials in respect to elements of
vector x .

Together with the system (29) we consider the linear nonhomogeneous system:

dXO €40 2q+qo0
— = A(t 0 2(t,e,0 E———
o~ AbEX+ S g (e b+
From the results of the paper [6], based on conditions 1) of Lemma, we obtain, that there exists
particular solution x°(t,e,0, 1) of the system (30), all elements of which belongs to the class
F(m — 1;e0;0) , and there exists K € (0,4+00) such that:

A(t,e,0, ). (30)

K epdo p2atao
0 2 2
Xm0 < 7o (= 1o+ 2 12 v ) <

K 2 2
< (1915 0n-se00) + 1€ 1)) -
We construct the process of succesive approximation, defininng as initial approximation x°,

and subsequent approximations defining as solutions from the class F(m — 1;£¢;6) of the sys-
tems:

dyItt , epdo p2atao
_ J+1 2 w2
dt - A(ta&M)X + 5+M2q g (tv‘E)HﬂM) + 6_'_'“2(1 c (t,E,Q,,U,)-f—
. 41 e+ p2e ; .
+EA2(t7€707N)XJ +/"Lq C(t75707u)xj + quil X(t7€707XJ7ILL)7 j - 071727"" (31)

Using an usual techniques contraction mapping principle [8] it is easy to show that there
exists ug € (0,up) and e1(u) = Kop, where Ko — sufficiently small constant, such that for all
p € (0,u3) and for all € € (0,e1(p)) the process (31) converges to the solution x(t,e,6,u) of
the system (29), and all components of this solution belongs to the class F(m — 1;e1(u);0) .

Lemma 2 are proved.

The following statements are an immediate consequences of Lemma 2.

Lemma 3. Let the system (17) be such that:

1) conditions (8) are satisfies;
2) for the system (27), obtained from the system (17) using the transformation (23), (26), all
conditions of Lemma 2 are satisfies.

Then there exists pa € (0,p0), €2(n) € (0,e0) such that for all p € (0,uq4) and for all
e € (0,e2(p)) there exists the particular solution of the system (17), all the components of which
belongs to the class F(m — 1;e9(u);0) .

Theorem 3. Let the system (17) satisfies all conditions of Lemma 3. Then in the case 2 there
exists pq € (0, 10), €2(p) € (0, o) such that for all p € (0,u1q) and for all € € (0,e2(n)) there
exists the transformation of the kind (15), whose coefficients ;i (t,e,0,1u) (j < k) belongs
to the class F(m — 1;ea(p);0), which leads the system (6) to a triangular kind (16), where
dik(t,e,0,p) (j > k) are determines by the formulas (18).

Conclusions. Thus, for the system (2) the conditions of the existence of the transformation
with coefficients are represented as an absolutely and uniformly convergent Fourier-series with
slowly varying coefficients and frequency, which leads it to triangular kind, are obtained in the
non-resonant, cases.
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C.A. ITléroJieB

HU.U. Meuwnuros amuvindazv, Odecca yammuk yrnusepcumems, Odecca, Yxpaura
Pe3oHaHCTBI eMec »KarJaiiia OCHUJUIALUAIIBI TUIITI KO3 PUIMEHTTI ChIZBIKTbI AuddepeHnaabIK,
TeHAeyJIep »KYylheciH ymbypbIUIThI Typre KeJTipy TypaJibl

Ansoranus: Kosddunuenrrepi men xuistikrepi 6asty e3repein, abcomoTTi KoHe GipKAIBIITHI XKUHAKTa1aThIH Oypbe
KarapJiapbl TYPiH/Ie ©PHEKTEJETIH ChI3BIKTHI OipTEeKTI MuddepeHnraliIibiK, TeHIeyIep Kyieci VIIiH OChl YKyiHeHi pe30HAHCTHI
eMec 2Karfaiiia yIOypLIIITE TyPre KeJaTipeTin TypieHaipyain 6ap 60y mapTrapbl aablHFaH.

Tyiiin ce3mep coI3bIKTH quddepeHIaiIbIK XKyiieaep, Pypbe KaTapaapbl.

C. A. ITTérones
Odecckuti HayuoHaAbHBLY Yyrusepcumem umeny M. U. Mevwnukosa, Ykpaura

O mpuBeneHuu JIUHEHHOH cucreMbl nuddepeHnalbHbIX YpaBHeHU ¢ ko3 dunmeHramMu
OCLUJIINPYIOILIErO TUIIA K TPEYyroJbHOMY BHJY B HEPE30OHAHCHOM ClIydae

Annoranus: g nuseiHOR oxHOpOomHON nuddepeHnantbHOl CUCTeMbl, KO3(D@UIMEHTH KOTOPOH MPEICTaBUMBL B
BUJie aOCOJIIOTHO M PABHOMEDPHO CXOAAIMXCs psijioB Pypbe ¢ MEJJIEHHO MEHSIOMUMUCH KOd(hdUIMEHTAMU U 4YaCTOTOM,
[OJIyY€Hbl YCJIOBUS CYIIECTBOBaHUs IPe0bpa30BaHusl, IPUBOIAIIETO 3Ty CUCTEMY K TPEYTOJBLHOMY BHY B HEPE3OHAHCHOM
ciydJae.

KuroueBsblie ciioBa: jmHeitHble JuddepeHiaibable CUCTEMBI, paabl Pypobe.
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