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Abstract

In this paper, using the first five Lyapunov quantities, we solve
the center problem for cubic differential systems with two affine
invariant straight lines one of which has transversal algebraic
multiplicity two.
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1 Introduction
We consider the real cubic differential systems of the form

i = y+ax?+cry+ fy? +kad+maty+pry?+ry® = P (z,y),
§ = —(x+ga +dry+by* +s2® + g’y +nay* + ly’) = Q (z,y), (1)
ged(P,Q) =1,

and the vector fields X = P(z, y)a% + Q(z, y)a%.

The straight line £ = ax+py+v =0, o, 3,7 € Cis called invariant
for the system (1) if there exists a polynomial K, € C[z,y] such that
the identity aP(x,y) + BQ(x,y) = (ax + By +7) K (x,y), (z,y) € R?,
ie., X(£) = L(x,y)Kr(z,y), (r,y) € R2, holds.

If m,(L) (respectively, mq(L)) is the greatest natural number such
that £7(8)  (respectively, £™()) divides X(£) (respectively, F(X) =
P -X(Q) — Q- X(P)), then we say that £ has parallel multiplicity
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(algebraic multiplicity, or in brief, multiplicity) m,(L) (respectively,
mq(L)). Wehave 1 <my,(L) <3, 1 <my(L) < 7and my(L) < me(L).
If my(L) > my(L), then we say that £ has transversally multiplicity
mi(L) = mq(L) —mp(L) + 1.

Some notions on multiplicity (algebraic, integrable, infinitesimal,
geometric) of an invariant algebraic line and its equivalence for poly-
nomial differential systems are given in [1].

The cubic systems with parallel multiple invariant straight lines
(with the line at infinity and an affine real invariant straight line of
total multiplicity four) were investigated in [3], [5] (in [6]).

Let £ to be an invariant straight line for (1). A function f =
exp (%), 1 < j < me(L)—1,9 € Clz,y], deg(g) < j, is called
exponential factor) of the system (1) if there exists a polynomial
Ky € Clz,y], deg(Kf) < 2 such that the identity X(f) = f - K¢(z,y)
holds.

The critical point (0,0) of the system (1) is either a focus or a
center. The problem of distinguishing between a center and a focus is
called the problem of the center.

A critical point (0, 0) is a center for (1) if and only if the system has
a nonconstant analytic first integral F'(x,y) (integrating factor u(z,y))
in a neighborhood of (0,0). Also, (0, 0) is a center iff all Lyapunov quan-
tities L; vanish (see, [3]). If F(z,y) (u(z,y)) has the form for ... f%,
where f;, 1 < j < ¢ are invariant straight lines and f;, 6 < j < o are
exponential factors, then the system (1) is called Darboux integrable.

2 Condition of existence invariant straight lines

Denote (x,y) = z(s2® + (¢ — a)z?y + (n — ¢ — Day® + (1 — f)y?).

Let L1, L2 be invariant straight lines for (1) and m,(£1) > 2. The
case my,(L1) > 2 was investigated in [2].

Without lose of generality, we consider £ = z — 1. Suppose that
my(L1) > 2. Then 22 divides x(z,y). The direct calculus show that the
straight lines L1 =x—1=0, Ly =ax —y+ [ = 0,8 # 0 are invariant
for (1) and m;(L£1 > 2 if and only if at least one of the following three
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series of conditions hold

b=—(a+ faf+ f3%)/B,d = ((a+ B) (e — 28 — cB) —1)/B,
m:—c—l,g:(a—ﬂ—aaﬂ—aﬂz)/ﬁ,k:—a,l:f, (2)
n=(a+2ﬁ+cﬁ)/ﬁ,p=—f,qZ(l—OzQ—i—aﬁ—aﬁ)/B,
T’ZO,S:—Q/,B;

a=—(a+B)2+c+ fa+ fB),b=—(a+ fap+ [3%)/B,
r=0,9=Q2fa+ (c+2)(1+dB)+ (a+B)(dfB — (c+2)

(a =28 —cB)) — fla+ B)*(a—48 = 2¢8) + f*Bla+ B)?)/
(fﬁ)vk: _avl:fvn: _(1_a2+d6+ca/8)/527p: _fv
q=—(dfB?+2B8(d+a+28)+ (c+2)(1 —a?)+cB(d+3a+ (3)
48) + Bla + B) (2 + AfB + 2cfB) + f2B%(a + B)2)/(f52),
s=a(fa+2dB+28(a+2B)+ (c+2)(1 —a?) + cB(d + 3a+

4B) — (a+ B)(fla—28)(a+ B) — B(c® + df))+
cfBla+B)?)/(fB%),m=—c—1;

a=—-2+c)(a+p),d=((a+pB)(a—-28—-cB)-1)/8,f=0,
b=-a/f.g=(atablct)(a+p)-qf)/fk=-al=0
m=—-c—1,r=0n=(a+28+ch)/B,p=—Ff,

s = —(a(gB + (a+ B)(a+ 28 +cp)))/B.

3 Problem of the center

In each of the conditions (2) and (3) we calculate the first five Lyapunov
quantities Ly, ..., Ls. Solving the system {L; = 0,Ls = 0, ..., L5 = 0},
we obtain for (1) all the cases of the center in the sets of conditions
(2) and (3). Under the conditions (4) for solving the center problem,
it is necessary and sufficient as the first three Lyapunov quantities to
vanish. In this way, the following Theorem is valid.

Theorem 1. The cubic system (1) with two affine invariant straight
lines of total transversal multiplicity three has at origin (0,0) center
if and only if the first five Lyapunov quantities vanish L1 = 0, Ly =
0,....,Ls =0.
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The system (1) in one of the cases of the existence of the center is
reversible, and in the other cases it is Darboux integrable.
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