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1. INTRODUCTION

In the theory of linear systems of differential equations is well known prob-
lem of the construction for the linear homogeneous system of the differential

equations

dx
pri A(t)z, (1)

where x = colon(x1, ..., x,), A(t) = (a;i(t)) Lyapunov’s transformation

jJ{;:l’in?
z = L(t)y,
which leads the system (1) to the triangular kind

dy
i
where T'(t) = (bjk(t))j,k:17w bin(t) =0 (5 < k) [1-4].

In this paper, we assume, that the system (1) already reduced to a kind,

T(t)y,

close to triangular:
dx

o = (T(t) + nPO)z, )
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where p — small parameter, and the matrix P(t) has a some special kind. And

we study the problen on bringing the system (2) to a purely triangular form

dy
i D(t)y,
where D(t) = (d; (t))j’k:L—n, djr =0 (5 <k).

This paper continues the research, begun in the paper [5|. The basic no-
tation and definitions of the paper [5] are retained. As in the paper [5], 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.

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

equations:
dx
o = (Blt,e) + P12, ), 3)
where x = colon(zy, x9, x3),
bii(t,€) 0 0
B(t,e) = bgl<t,€) bao(t, e 0 )
631 (t, 6) bgz(t, 8) bgg(t, 8)

bjk(ta 5) € S(m7€0) (]7 k= 17273)7 P(t7€70) = (p]k(ta £, 9))j,k=1,2,37pjk(t7 £, 9) €
F(m;€0;0)7 IS (Oalu()) C RT.

We assume that

bj .(t’ 5) - bk’k(tv 5) = imjk(to(tv 5)7 (4)

mji € Z, mj; = 0, mjp = —myj (Jj,k = 1,2,3), o(t,e) — the function that
appears in the definition of the class F'(m;e;6).

We study the problem of the existence of a transformation of kind
= (E+p¥(teb,pm)y, (5)

y = colon(y1, y2,y3), F — unit matrix of third order, ¥ — matrix of third order
with elements from F(l;e1;60) (0 < 1 < m, 0 < g1 < &), which leads at
sufficiently small p the system (3) to the kind:

dy
=K
o = K20, 1)y, (6)
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where K = (kjk(tv‘S?HaH))j,k:mv kjk =0 (] < k)v kjk(ta'S?eau) S F(l;gl;e)'
That is, the same problem is considered as in work [5], but, taking into

account conditions (4), in the resonance case, in contrast to [5].

2. AUXILIARY RESULTS

Lemma. Let we have the system

dv 1
2= (A(t, 9+ Qi eml) v @
=1
v = colon(vy, v2,v3), ¢ € N,
imiap(t,e)  —csa(t,e) 0
A(t,e) = 0 imisp(t, €) 0 (8)
0 ca1(t,e)  imasp(t,€)

mji € N, ¢ji(t,e) € S(m;eo), and @(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;eo; 6).

Then there exists p1 € (0, po), such that for all p € (0, u1) there exists the

Lyapunov’s transformation of kind

v= (E + zq: Ui (t,e, 0);/) w, 9)

=1

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

d q q
d%) = (A(t, )+ > Ut o)+ Vilt,e,0)p' + p T Wit e, 0, u)) w,
=1 =1

(10)
where Uj(t, ) — the matrices with elements from S(m;eg), Vi, W — the matrices
with elements from F(m — 1;£¢;0).

Proof. We substitute the expression (8) into system (7), and require that
the transformed system has the kind (9). We obtain the next chain of matrix

differential equations for detemining matrices ¥y, ..., W:

% = A(t,e)¥1 = U1A(t,€) + Qu(t.e,0) = Ui(t.e) —eValt,e,0),  (11)
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a,

-1
o = Alt,e) U = WAt €) + Qult, e, 0) - ; Qu¥iy—

-1 -1
= UL (te) =Y U Vi (te,0) = Ui(t,e) —Vi(t,e,0), 1 =2,q. (12)
v=1 v=1

where Wy = (¢ )ih=128 Q= (Gelie=r2a, U = (wp)in=res Vo=

Then the matrix W at sufficiently small values p is determined from the

equation:

q q-1
(E +> \qul) W=> | > Q% VUs|p~
=1

s=0 | o4+d=s+q+1

—

q—

YT ww)w (13)

s=0 \o+d=s+q+1
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We consider the equation (11). In the component it looks like this:

U

1
1§t11 = _632(t’ 5)¢%1 + qh(t7 &€, 0) - Uh(t, 5) - 6’0%1(75, &, 0)’

dip} .
2;2 = i(mz — ma3)(t, )iy — caa(t, €) (Vay — ¥iy) — can(t, )vis+

+qio(t, e,0) — uly(t, e) — eviy(t, e, 0),

iy —i(m _ t 1, — t !
a = 12 — ma23)p(t, €)is — c32(t, €) g+

+qis(t,e,0) — uls(t, e) — evis(t, e, 0),

U

1
G = i(mas — mu2)@(t, €)id + ghy (te,0) — udy (t,€) — cvdy (t,e.0),

dply _ 1 1 1 9) — 1 1 0
dat _632(t’5)¢21 C2l(t7€)w32+q22(ta5’ ) ull(tag) 87)22(t757 )a

Was — i(mag — t,e) ks + aby(t,e,0) — ubs(t,€) — evly(t,e,0
at 13 m23)90( ,€)¢23+(]23( 1€ ) u23( >€) 5U23( = )a

d’/’él — z(m — t 1 t )
g = i(maz —ma2)p(t, €)vg) + ca1(t, €)g +

+q§1(t, £,0) — uél(t, ) — 51}%1(1&, £,0),

U

1
V32

G2 = i(maz — mag)p(t, €)Yl + a1 (t,€) (Vg — Vis) + c3a(t, )3, +

+q§2(t, g,0) — u}n(t, ) — sv%z(t, £,0),

d 1
G = o (t, )k + aly(t €, 0) — uly(t, ) — cvy(t, e, 0).

(14)
Define %lk, ujl.k, vjl-k by the following expression:

o0

Fn[ql (t € 9)] i
. . o 210, €, nb(t,e)
Va1 (t,€,0) Z i(mi1z —miz — n)p(t,€) ‘

bl
n=-—o0o0
(n#my13—m12)

u%l(tv 8) = I‘77"b13—m12 [Q%l (t/€7 9)]’
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1 s d Llqd (t,e,0 in
’U%l(t,&e) _ = Z (Z( [ 21( )] (t 6)) e G(t,a)’

e = dt\i(miz —miz —n)p

(n#mi3—m1g)

2 Talal,(t e, 0) — c3a(t, e)vbdy (t,6,0)] .,
Shteo = Y Lolm )m@?;(g) V(.00 inore)
"oy

uly (t,e) = Tolaii (t,€,0) — caa(t, e)v3, (¢, &, 0)],

1 & d [(Tulgh(t,e,0) — calt,e)bd, (t,e,0)]\
1 _ _ = “ 11\ < ) 21\" <> inf(t,e)
vni(te,9) € n:zoo dt < inp(t,e) c ’
(n+0)
> Talgd (t,e,0) + ca1(t, e)vd (t,€,0)]
1 te,0)=— 31. 21 emt9(t,s)7
Vi ) nz_oo i(mag — miz2 — n)p(t,e)

(n#ma3z—m12)

uél (tv 5) = Fm23—m12 [qh (t7 &, 9) - 032(tv 5)¢%1 (tv & '9)]’

1 s r,[qk 1 A
vdi(t,e,0) = - 3 d ( (g3, (t,€,0) + ca (1, 6)1/121(t,6,9)}> gindlte)

= dt i(mag — mi2 — n)p(t, e)
(n#mg3—mi2)
- Tnlgss(t,e,0)] :
1 _ n1423\" <» nb(t,e)
t,e,0) = - e ,
Vaslthe,9) 2 i(m13 —maz — n)p(t,€)

n=—odo
(n#m13—ma3)

u%3 (ta 5) = Fm13*m23 [Q%?) (tv &, G)L

1 s d Tnlgas(t,e, 0 in
vl(t,e,0) = : S - <i( 925, €, 0)] >e ote),

mig — mag — n)p(t, €)

n=—oo
(n#m13—mg3)

Ly lg33(t,€,0) + o (t,e)pas(t, e, 0)]

! 331" = ) 23\" <> inf(t,e)

t,e,0)= E

vsaltre.0) ne_ ine(t, ) € ’
(n#£0)

u%>3 (t7 5) = F0 [Q§3 (ta g, 0) + c21 (ta 5)¢%3 (tv €, 9)}3

1 & d [Tulgis(t,e,0) + car(t, e)bds(t,g,0)]\
1 _ _ = el n433\" <> ) 23\ < ind(t,e)
’U33(t¢579) c n:ZOO dt < ingp(t,e) € )
(n#0)
- Fn[ql (tv €, 9) + 632(t’ 8)77[)1 (tv g, 0) — (21 (ta 5)¢1 (tv €, 9)} in
Ut e, 0) = > = ¢§;< P 23 (o),
"m0

U%Q(ta 5) = FU[Q%Q (t) &, 6) + 632(t7 5)1/}%1 (tv & 9) —C21 (t7 5)1/}%3(757 &, 9)]7
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1 & d (Tulgas(t,e,0) + caalt,e)d, (t,e,0) — car(t, e)bds(t, e, N\
1 _ = “ 22\ < ) 21\" <> ’ 23\" <> nb(te)
U22(t’570) c n:ZOO dt < ingo(t,s) e )
(n7#0)
o Dulasa(t e,0) + ot ) (3 — ¥33) + conlt, )vsi]
Lt e, 0) = — 3215 €, %) ) 22 33 EV3U pind(te)
Vi ) nz_:oo i(maz — miz —n)p(t,e)

(n#mo3—m13)

ué2(t> 5) = szs*mls [Q?{Q(L g, 9) + C2l(t7 5)(¢%2 - wi’lﬁ) + 632(ta 5)¢%1]?

1 — d (Tnlgia(t,e,0) + car(t, €)(V3y — ¥33) + caalt, )z ]
1 _ 2 a 32 22 33 310\ ind(te)
vsa(t:£.6) Z dt ( i(mas — miz — n)p(t,e) ‘ 7

n=—oo
(n#mg3—my3)

o0

Fn[ql (t,e’;‘,@) — 632(t7€>w1 (t7570)] i
1 — 13 23 nb(t,e)
'¢13(t757 9) Z ’i(m12 — Mgy — n)go(t,a) €

I

n=—oo
(n#mi3—m23)

u%:s(tv 5) = Dnig—mas [q%?)(tv &, 6) - 632(t7 Eﬁ/’%g(h &, 9)]7

o0

Z i (Fn [q%?) (t> &, 9) —C32 (ta 6>¢%3 (t7 &, 9)} ) eind(t.e)
e oo dt i(mlg — Ma3 — n)gp(t, 6) ’
(n#mig—ma3)

1
U%g(t,g, 9) = g

e}

¢%2(t75’9) == Z

n=—oo
(n#mig—m13)

u%?(ta 5) = Fm12*m13[Q%2(tv & 9) - 032(t’ 5)(@&52 - w%l) —C21 (ta 5)#&3]’

U%Q(t £, 0) = 1 i i Tolgla(t €, 0) — caa(t,€) (P30 — i) — can(t, 5)¢%3] oinf(te)
T & oo dt i(mlz —mi3 — n)(p(t, 8)
(n#m1z—m13)

Colgia(t ,0) — caa(t, €) (W — ¥11) — ear(t, €)¢1) oinf(te)
i(mi2 —mi3 —n)p(t,e)

)

All the elements of matrix U; belongs to the class S(m;ep). All the elements
of matrix ¥y belongs to the class F'(m;ep;0). All the elements of matrix V;
belongs to the class F(m — 1;¢0;0).

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;0), all the elements of matrix U,
belongs to the class S(m;ep), all the elements of matrix V; belongs to the class
F(m —1;¢0;0) (I =1,q). Matrix W are determined from the equations (13).

Lemma are proved.
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3. PROBLEM SOLVING METHOD AND BASIC RESULTS.
We seek the transformation of the kind:
= (E+p¥(te0,pm)y, (15)
y = colon(y1, y2,y3), F — unit matrix of third order,

0 1/)12(1:78767,“) ¢13<t,6767ﬂ)
U(t,e,0,u) =1 0 0 Pas(t,e,0,1) |
0 0 0

Yk € F(mi;e1;0) (0 <my <m; 0 < e < egp), which leads the system (3) to

the kind:
dy _

dt - (B(t,é) —I—,uD(t,e,G,u))y, (16)
where
dll(tvg)ea /J“) 0 0
D(ta 5797/-1') = d21(t787eau) d22(t7€797u) 0

ds1 (t, &, 07 ,u) d32(t7 &, ‘9a ,U) d33(t7 g, 97 :u)

We substitute the expression (15) into system (3), and require that the
transformed system has the kind (16). We obtain the next system of the
differential equations for detemining 12, Y13, Y23:

dlﬁ;z = Kia(t,€,0,v12,113, 023, 1),

d’lg;s - K13(t7€797¢127¢137¢237M)7 (17)

dzﬁtzs = Ka3(t,e,0,v12,113, Y23, 1),
where
Ko = (m11 — ma2)e(t, €)1a — bsa(t, €)13 + pia(t, e, 0)+

+pbar (t, &)Ut + pbsa(t, €)Yh121a3—
— 21 (t, &, 0)1% + pPbs1 (t, €)biythas + 1’ paa(t, €, 0) 112903+

+uPbs1 (t, €)1t +pPpaa(t, €, 0) 13+ psi (t, €, 0)igas+u’par (¢, €, 0)1b12t13,
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Ki3 = (m11 — ma3)e(t, €)1z + pis(t, €,0) + p(pri(t, €, 0) — pss(t,€,0)) b1z +
+upra(t, €, 0)hos — pubis(t, €)vis — pbsa(t, €)t13thas—
—u’p3i(t, €, 0)0Ts — 1 psa(t, €, 0)13ths,
Koz = (maz — ma3)p(t, €)ta3 + ba1(t, €)b13 + pas(t, €,0) + pup21(t, €, 0) 12+
+u(p22(t, €, 0) — p3s(t, €, 0))bas — ubsi(t, €)h13thas—
—1ibsa (L, €)W35 — uPpsi(t, e, O)h1stbas — pPpsalt, e, 0)3s.
In this case d;i(t,e,0, 1) (j > k) has a kind:

d31 (ta &, 0) = P31 (t) g, 0)7

dsa(t,e,0, 1) = p32(t, €,0) + b31(t, €)1z + ppsi(t, &, 0) 12,

ds3(t, €, 0, ) = p33(t, e, 0)+b31(t, €)P13+b32(t, €)has+u(psi(t, €, 0)13+ps2(t, €, 0)1a3),
do1(t,€,0, ) = p21(t,€,0) — ba1(t,€)P13 — upsi(t, €, 0) a3,

doa(t,€,0, 1) = paa(t, €,0)—ba1(t,€)h12—bs2(t, €)Paz+up21(t, €, 0) 12— pdsa(t, €, 0, 1) a3,

dii(t,e,0, 1) = p1i(t,e,0)—bai(t,e)h12—b31(t, €)v13—p(dai(t, €, 0, p)Y12+p31(t, €, 0)113).

(18)
Together with the system (17) we consider the auxiliary system:
QD(t, 5)% - K12 (t) €, 07 5127 513) 5237 H)a
@(t,&)% = K13(t7579)612751375237“)) (19)

QD(t, g)dg% - K23<t) €, 07 §127 6137 5237 H)u

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
[6], we construct the partial sums of the series in degrees of the small parameter

representing the 27-periodic with respect to 6 solution of the system (19):

Enlt e, 0,p) = Ey(t,e,0) + pfy(t,e,0) + ...+ p* 71 (t,e,0),  (20)
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where & (t,¢,6) (s = 0,2¢ —1) — 27-periodic with respect to 6 functions.

Regarding these functions, we obtain the chain of the system of the differential

equations: % _ imlzg% " pm(i i)e)’
dgés = im3€ls + %, (21)
dfz?f’ = imag&dy + (p 513 + %;0),
d(% = imiatiy - bj;z(g 8)) &+ cp(tl,e)F”(t’E’0’5?2’5?3’533)’
djgg = imusdly + (p(tl?(g)Fli’)(t?E’ 0,1, €13, €93), (22)
djzlf = ima3éss + bil(ga;)) s + <p(t1, 5 Foz(t,e,0,6%, 6% €9,
where

Fra(t,e,0, &0, E73, €93) = ba1 (t,€) (€02)” + baa(t, £) €033,
F13(t78,9,§?2,€?3,§[2)3) =
= (p11(t,e,0) — p3a(t, e, 0))E03 + pra(t, €, 0)E55 — bai (t,€)(E75)" — baz(t, €)&7560s,
Fas(t,€,0,&05, €05, 9) =
= (p22(t,,0) — p33(t, e, 0))E93 + pai(t, €, 0)E0, — baa(t,€)(635)° — ba1 (¢, €)&75€9s,

tz-:)

Ll — imaags, - ey Sist
+osy Pla(te 0,605,605, &5, €12 €15 €55,
% = lm13§[1)3+
+@ iS(t75797€(1)27§?37€(2)37 te 7§12 ’ f?;_17 53_1)7
% = 1m23&53 + (F, ts) ISTRE

+@ g3(t757656[1)2,§?37£(2)37'"a€12 7513 9 23 )7 5:2737"')2(171'
(23)
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P§,, Q%5, Ry — polynomials from &Y, ... ,553_1 with coefficients from the class
F(m;eo;6).

Theorem. Let the system (17) such that:

1) there exists the such functions §;k(t,5,6’,u), Dt e, 0,p) (4, =
1,2,3;5 < k;l = 1,2,3) belongs to the class F(m;eo;0), that the transforma-

tion

VYik = it 6,0, 1) + Pjr1(t €, 0, p)ora + Pjra(t, €, 0, )13 + Pjrs(t, €, 0, p)oas
(24)

I k=1,2,3;7 <k,

leads the system (17) to a kind:

do 9
7 (Alts —l—lZ;Ults >a+5g(t89ﬂ)+uq(t59u)

q
+e (Z Vilt,e, 9)ul> o+ It L(t,e,0,p) + pH(t,£,0,0,1),  (25)
=1

where o = colon(o12, 013, 023),

imlg(p(t,é) —bggt, 8) 0
Aq(t,e) = 0 imi3p(t, €) 0 :
0 b21 (t, 8) imgggo(t, 6)

Ui(t,e) (I =1,q) — matrices with elements from S(m;eg), g = colon(g1, g2, 93),
gj(t,e,0,n) € F(m — 1;e0;0) (j = 1,2,3), ¢ = colon(cy, 2, ¢3), cj(t,e,0, 1) €
F(m;eo;0), Vi(t,e,0) (I =1,q) — matrices with elements from F(m — 1;e0;6),

L(t,e, 0, u) — matriz with elements from F(m;eq;0), the components of vector-
function H — polynomials in respect to o192, 013, 093, containing terms not lower
than second order with respect theese variables, with coefficients, belongs to the
class F(m;ep;0);

2)the eigenvalues \j(t, e, p) (j = 1,2,3) of the matriz

q
Ult,e,p) = Ai(te) + ) Uit el
=1
such that
Gi?f) [ReA;(t,€,0)] > vou® (70 >0, 0<go <q);
€0
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3) for the matriz U(t,e, u) there exists the matrix Y (t,e, 1) such that
a) inf |detY (¢, e, > 0,
) it [dety (t,c.10)

b) YUY = A(t,e, ) — diagonal matriz.

Then there exists pu1 € (0, po), €1(p) € (0, po) such that for all p € (0, p1)
and for all € € (0,e1(p)) there exists the transformation of the kind (15), whose
coefficients ;i (t, e,0, 1) (j < k) belongs to the class F(m — 1;e2(p);0), which
leads the system (3) to a triangular kind (16), where d;i(t,€,0, 1) (j > k) are
determines by the formulas (18).

Proof is complete analogous to the proof of the Theorem 3 from |[5].

Now for different relationships between mj;, we get for the system (17)
more specific conditions of existence of the transformation (24). We will check
only condition 1) of the theorem, assuming conditions 2) and 3) to be satisfied.

Case 1. mip # mig, mig 7 ma3, M1z 7 Ma3.

Consider a generating system (21). Under the conditions

27
f p13(t,e,0) e~ msfdg = 0,
0

2 )
f (plg(t, g, 9) — bgg (t, €)X13(t, g, 9)) e_”’m@dﬁ = O, (26)
0
2 )
f (p12(t7 g, 0) + b21 (t7 5)X13 (t7 &, 6)) e*lmggede = 07
0
where
- Fn[p13(t7€79)] ind
t,e,0)= - e, 27
et = 2, e 27
(n#mq3)

the system (21) has a family of the 27-periodic on 6 solutions:
5?3(7575, 0) = x13(t,&,0) + M13(t,5)eim13‘9,
(t,2,0) = x12(t,€,0) — ara(t,€)e™3% + Myy(t, £)e™™2?,
0 t,g,e = Y23 t,&-’e + ags(t, e eim139 —|—M23 t e einge,
23 X

where
oo

Xlg(t,E, 9) = Z

n=-—oo
(n#mq3)

Fn [plQ (t7 g, 9) - b32(t7 6)X13(t7 g, 0)] ein@
i(n —mi2)p(t,e)

)



On the Reduction of the Linear System 43

b32(t,€)M13(t,€)
i(mlg — mlg)(p(t, 8) ’

a19 (t, 6) =

o0

Fn[p23(t7€70) + b21(t75)X13(t7579)] inf
t 9 — m
wlhed = 3, i(n —ma)(t.c) )

n=—oo

(n#ma3)
bgz(t, E)Mlg(t, 8)

i(mag — ma3)p(t,e)’

and M3(t,e), Mia(t,e), Mas(t,e) — the function from the class S(m;ep), which

defined from the next system of the equations:

a23 (t7 5) =

2
Rgl) (tv g, Ml?v Ml?n MQB) = /F13 (tv g, ‘9’ 6?2, 6(1)33 583) e—im139d0 = Oa
0

2m
Rgl)(ta €, M12a Ml37 M23) — / (F12 (ta g, 97 5?27 5?35 583) - b32(t7 8)X13(t7 g, ‘9)) e—im129d9 = 07
0
2
Rgl)(ta €, M12a M137 M23) == / (F23 (tu g, 97 5?27 5?35 583) + b21(t7 €)X13(t7 g, ‘9)) e_im239d9 =0.
0
(28)
We assume, that the system (28) has a solution Mj(t,¢), such that
1 1 1
| o (RY R, RY)
inf |det > 0. (29)

G(eo) O(M2, M3, Ma3)

Then, in accordance with the small parameter method, all systems (23) will
have a solution, belongs to the class F'(m;eg; ). Consequently, the functions
Zk(t,e,0, 1) in (20) will also belongs to the class F'(m;eo; 0).

Thus, the functions {;‘k (t,e,0, 1) in the theorem are defined, and the sub-
stitution

Vik = Ep(t,e,0, 1) + iy, (5 < k) (30)
leads the system (17) to the kind:

1 q
=1

+ut Lt e, 0, p)yt 4+ p¥l(t e, 0,91, p), (31)
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where 1! = colon (115, 113, 135), elements of the matrices K;, L' (I =1, ¢q) and
the vector ¢! belongs to the class F(m;eg;6), and the elements of vector g!
belongs to the class F(m — 1;e€9;0). The components of the vector-function
Ul are the polynomials in respect to elements of vector ¢! with coefficients
from the class F'(m;ep; ), and containing the terms not lover second order in
respect theese variables.

Based on the lemma, using the transformation of kind

q
Pl = (E +) Wy(te, 9>m> o (32)
=1
we will lead the system (31) to the kind (25).
Case 2. mio = M13, M13 75 mos.
In this case under the conditions
21

f plg(t,6, 0) e‘im139d0 = 0,
0

(33)
2w )
f (pgg(t, g, 9) + bay (t, €)X13(t, g, 9)) e~ im2sf g — 0,
0
where x13(t,€,0) are defined by formula (27), the system (21) has a family of

the 27-periodic on # solutions:

5(1)3@:5, 0) = x13(t,e,0) + M13(t,€)eim139’

>~ T — M 1m130]
f?Q(t,E,H) _ Z n[plQ(t7€70) b32(t7€>(X13(t7670) + 13(t,€)€ ] €Zn9+,

Mt i(n —mi2)p(t,e)

(n#m13)

—|—M12(t, 5)6im120,

o0 F M im130 .
583(t7€,0) _ Z n[pl?(t7670) + b21(t7€>(X13(t7670) + 13(t,5)€ ] €¢n9+

i(n —mas)p(t,e)

n=-—o0o
(n#ma3)

+Mos (t, 5)6im230,
where x13(t, €,0) are defined by formula (27),

21

1 .
Mys(t,e) = ———— t.e.0) — bolt t. e, 0))e 2049

13( 55) 27Tb32(t,5) /(P12( y €y ) 32( aS)X( y €y ))6 3
0
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and Mja(t,e), Mas(t,e) — functions of class S(m;eg), which defined from the

next system of equations:
2) 2w )
Rl (t7 £, M127 M23) - f F13 (t') g, 07 5927 5?37 583) e*lml?)edg = 07
0

2
R§2) (t,e, Mio, Mag) = [ (Fas (t,e,0,6%,80, %) + bar(t,€)x13(t, €,0)) e 2040 = 0.
0
(34)
We assume, that the system (34) has a solution Mja(t,e), Mas(t,e) such
that

inf deta (R?)’ Rg))

—2 1 > 0. 35
G(eo) O(Mia, Ma3) (35)

Further reasonings are the same as in case 1.
Case 3. mo3 = MM13, M12 7& mos.

In this case under the conditions

2T
f p13(t,e,0) e~ st gy =,
0

2 )
f (plg(t, g, 9) — bgg(t, €)X13(t, g, 0)) 6_Zm129d9 = 0,

0
where x13(t, €,0) are defined by formula (27), the system (21) has a family of

the 27-periodic on # solutions:

5[1)3@75; 9) = X13(t,€,9) + Mlg(tjg)eiml307
— Iy t,e,0) — b3a(t t.e.0) + Mya(t.e)eimsd
Ehalte,0)= > [p12(t,€,0) — baa(t, €) (xas(t, €, 0) + Mis(t,e)e’™ ]

: einﬁ_i_’
i(n —miz)p(t,€)

n=-—00
(n#m13)

+Mio (t, €)€im129,

o Dulpas(t,e,0) + bai(t,6) (xas(t, &, 0) + Mu(t,e)e™™3%]
> = = — ’ > ) inf
(n#ma3)

+Mos (t, E)eim%@,
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where x13(t,€,0) are defined by formula (27),

27

1 .
/(m?’(t’e’e) +boa(t,€)x(t, &, 0))e”"230dp,

Mis(t,e) = ———F
13( ’6) 27Tb21(t,5)
0

and Mia(t,e), Mas(t,e) — functions of class S(m;ep), which defined from the

next system of equations:

2w )
Rgs) (tv g, M127 M23) — f F13 (tv g, 65 6[1)2, 6?37 5(2)3) e_lmlgede = 07
0

R§3) (t,e, M12, Ma3) =

21 ) )
= f (F12 (t,E, 9,6(1]2,6?3,683) — bgg(t,s) (Xlg(t,&‘,(g) + Mlg(t,é‘)elmmé’)) e—im120 Jp — ().

0
(37)
We assume, that the system (37) has a solution Mia(t,e), Mas(t,e) such
that

inf deta <R§3), Rgg))

—_— 2| > 0. 38
G(eo) O(Mi2, M>3) (38)

Further reasonings are the same as in case 1.
Case 4. mio = M3, M12 75 mais.

In this case under the conditions
27 )
f p13(t7 €, 0) e—zm130d0 = 05
0

27

f (plg(t, g, 9) — b3g (t, E)Xlg(t, g, 9)) e—im2f gy — 0, (39)
0

2 )
f (p23(t, g, 9) = bgl(t, €)X13(t, g, 9)) e—zm230d9 = 0,
0

where x13(t,€,0) are defined by formula (27), the system (21) has a family of

the 27-periodic on # solutions:

§?3(t757 9) = X13(t,€,9) + M13(t’5)eim1397
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N Lnlpi2(t,e,0) — b3a(t,e)(x13(t, €, 0) + Mys(t,e)ei™3?] .
" = — d U ? inf
512(2‘:7 67 9) - n:Zoo Z(n _ m12)(p(t7 6) e +7
(n#m12)

+M12(t, 8)6im129,

- im130 )
E(t,e,0) = Z Dylpos(t e, 0) + bai(t e)(xas(t, €, 0) + Mis(t, e)e ] Jint

i(n — mas)e(t,e) *

n=—00
(n#ma3)

+M23(t, E)eim2397
where x13(¢, €, 0) are defined by formula (27), and Mis(t, ), Mys(t,e) Mas(t, )

— functions of class S(m;egp), which defined from the next system of equations:

2 )
R§4) (t7 g, M127 M137 MQS) = f F13 (t7 £, 97 5(1)27 &?37 583) e—lm139d9 = 07
0

R§4)(t,E,M12,M13,M23) =

2 .
= [ (Fi2 (t,2, 0,0, €05, €93) — baa(t, €)xa3(t,,0)) e7™2%df = 0, (40)
0
R§4)(t,€,M127M13,M23) =
2w ;
=/ (F23 (t, = 975?235?3@83) + b21(ta5)X13(t75’9)) emma0dg = 0,
0

We assume, that the system (37) has a solution Mis(t,e), Miys(t,e)
Mo3(t,€) such that

o (R, R~ RYY)

inf |det > 0. 41
G(eo) O(Mya, My3, Ma3) (41)
Further reasonings are the same as in case 1.
Case 5. mi2 = mi3 = mg3 = m.
In this case under the conditions
27 )
[ p13(t,e.0) e ™mPdp =0,
0
(42)

2w
(t,E,@) (t,s,@) —im@ J—
Of (p§§2(t,e) + 5 ) e”"™%df = 0,
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the system (21) has a family of the 27-periodic on 6 solutions:
03(t,,0) = x13(t, €, 0) + Mys(t, )™,

> n , ,0 —b , , ’(9 , im0 o
= 3 S

n=—00
(n#m)

+,

+M;a(t, 5)€im0,

0 im1360 )
583(75, e, 9) _ Z Fn[pgg(t, g, 0) + b21 (t, 8) (Xlg(t, g, 0) + Mlg(t, 6)6 ] eme_’_

2 iln—m)p(t,)
(n#m)

+Mos (t, E)eim97
where x13(t, £,0) are defined by formula (27),
2w

1 .
/ (pas(t,e,0) + bay (t,€)x(t, ,0))e” ™ do,

Ms(t,e) = —————
13( 75) 27['()21@,6)
0

and Mia(t,€), Mas(t,e) — functions of class S(m;ep), which defined from the

next system of equations:

2w )
RES) (t, g, Ml?a M23) = f F13 (ta g, 07 5?27 5(1)37 5(2)3) e—lm@d@ = Oa
0

RY)(t,e, My, Mas) = (43)
2m )
= f (F23 (t) €, 97 5(1)25 5[1)3) 683) + b21 (t7 5)X13(t7 &, 9)) e_lmgde = 0)
0

We assume, that the system (37) has a solution Mja(t,e), Mas(t,e) such
that

inf deta (Rf’), Rg))

—2 1 > 0. 44
G(eo) (M2, Ma3) (44)

Further reasonings are the same as in case 1.
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4. CONCLUSION

Thus, for the system (2) the conditions of the existence of the transforma-
tion 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 resonant cases.

LJozones C. A.
IIPO 3BEAEHHS JIHIMHOI CUCTEMU AU®EPEHLIAJIbHUX PIBHSIHb 3 KOE®®ILIEHTAMU
KOJIMBHOT'O THUITY A0 TPUKYTHOI'O BUIJISIIYB PEBOHAHCHOMY BUIIAJKY

Pesrome

s miniitHol ogHOPiMHOI mudepeHIialabHOl cucTeMH, KoedimieHTH Kol 300pakKyBaHi y BU-
It abCoJTIOTHO Ta PiBHOMIpHO 30i2KHUX psaaiB Pyp’e 3 MOBIABHO 3MIHHUME KoedirieHTaMu
Ta YaCTOTOI, OJEPXKAHO YMOBU ICHYBAHHSI ITEPETBOPEHHSI, II0 MPUBOJIUTH IO CUCTEMY JI0
TPUKYTHOTO BUIJISITY B PE30HAHCHOMY BUIIAJIKY

Karouosi caosa: ainiting dugpepenuyiasvhi cucmemu, mpukymuul euzaad, padu Dyp’e, no-

BLADHO 3MIHHL NAPAMEMPU.

II[ézones C. A.
O NPUBE/IEHUM JIMHENHON CUCTEMBI JU®PEPEHIIMAJILHBIX YPABHEHUN C KODOOUIU-
EHTAMU OCIHWIJIMPYIOIIETO TUTIA K TPEVIOJIbHOMY BHU/IY B PE3OHAHCHOM CJIVUAE

Pesrome

s nuneliHoOM onmHOPOIHON Aud depeHImanbHOi crucTeMbl, KOahGUInueHTs KOTOPOi Ipe-
CTaBUMBI B BHJIe a0COJIIOTHO X PABHOMEPHO CXOIAIIIXCA PsA10B Pypbe ¢ MeIJIEHHO MEHSIIOIIN-
Mucst Ko3dduimeHTaMu 1 9acTOTOM, IOJIyU€Hbl YCIOBUs CyIIEeCTBOBAHUS IPeo0pa3oBaHusl,
NIPUBOJAIIETO 3Ty CUCTEMY K TPEYTOJIbHOMY BHU/Yy B HEPE30HAHCHOM CiIydae.

Kmouesvie crosa: aunetinoe oupdeperyuarvroe cucmemot, mpey2osvrsl sud, padv. Dypoe,

MEOAEHHO MEHANOUUECA NAPAMEIMPL.
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