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Bifurcations of limit cycles in a reversible quadratic system with a center, a saddle and two
nodes. (English summary)

Commun. Pure Appl. Anad.(2010),no. 3,583-610.

For a class of planar reversible quadratic systems with a center, a saddle and two nodes, the autl
prove that the cyclicity of the period annulus around the center is 2 under a small 1-paramet
guadratic perturbation. The approach involving complete elliptic integrals and a computer algeb
system (in this case, MAPLE) is by now classic.
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Stability of periodic traveling waves for complex modified Korteweg-de Vries equation.
(English summary)

J. Differential Equation248(2010),n0. 10,2608-2627.

The authors prove the existence and stability of periodic traveling-wave solutions for the comple
modified Korteweg-de Vries equation

Uy + 6|u‘2um + Uggr = 0,

whereu is a complex-valued function ¢f, t) € R2. They also prove that the initial value problem
for this equation is locally ill-posed for initial data in the periodic spaCewith s < % in the sense
that the data-to-solution mapping is not uniformly continuous.
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References

1. J. Albert, J.L. Bona, D. Henry, Sufficient conditions for stability of solitary-wave solutions of
model equations for waves, Phys. D 24 (1987) 343-8880887857 (89a:35166)

2. J. Angulo, Nonlinear stability of periodic travelling wave solutions to the &tihger and the
modified Korteweg-de Vries equations, J. Differential Equations 235 (2007) M4R3B309564
(2008d:35189)

3. J. Angulo, J.L. Bona, M. Scialom, Stability of cnoidal waves, Adv. Differential Equations 11
(2006) 1321-1374VIR2276856 (2007k:35391)

4. J. Angulo, F. Natali, Positivity properties of the Fourier transform and the stability of pe-
riodic travelling-wave solutions, SIAM J. Math. Anal. 40 (2008) 1123-114R2452883
(2009i:35262)

5. T.B. Benjamin, The stability of solitary waves, Proc. R. Soc. Lond. Ser. A 328 (1972) 153—-18¢
MR0338584 (49 #3348)

6. B. Birnir, C. Kenig, G. Ponce, N. Svenstedt, On the ill-posedness of the IVP for the generalize
Korteweg-de Vries and nonlinear Sédinger equation, J. Lond. Math. Soc. 53 (1996) 551—
559.MR1396718 (97d:35233)


/mathscinet/pdf/1273302.pdf?pg1=MR&amp;s1=95b:34047&amp;loc=fromreflist
/mathscinet
/leavingmsn?url=http://dx.doi.org/10.1016/j.jde.2010.02.001
/mathscinet/search/mscdoc.html?code=35Q53%2C%2835B10%2C35B35%2C35C07%2C37K45%29
/mathscinet/search/publications.html?pg1=IID&s1=698884
/mathscinet/search/institution.html?code=BG_SHUMI
/mathscinet/search/publications.html?pg1=IID&s1=90925
/mathscinet/search/institution.html?code=BG_AOS_IMI
/mathscinet/search/publications.html?pg1=IID&s1=191210
/mathscinet/search/institution.html?code=BG_AOS_IMI
/mathscinet/search/journaldoc.html?&cn=J_Differential_Equations
/mathscinet/search/publications.html?pg1=ISSI&s1=281160
/mathscinet/search/publications.html?pg1=IID&s1=603625
/mathscinet/pdf/887857.pdf?pg1=MR&amp;s1=89a:35166&amp;loc=fromreflist
/mathscinet/pdf/2309564.pdf?pg1=MR&amp;s1=2008d:35189&amp;loc=fromreflist
/mathscinet/pdf/2309564.pdf?pg1=MR&amp;s1=2008d:35189&amp;loc=fromreflist
/mathscinet/pdf/2276856.pdf?pg1=MR&amp;s1=2007k:35391&amp;loc=fromreflist
/mathscinet/pdf/2452883.pdf?pg1=MR&amp;s1=2009i:35262&amp;loc=fromreflist
/mathscinet/pdf/2452883.pdf?pg1=MR&amp;s1=2009i:35262&amp;loc=fromreflist
/mathscinet/pdf/338584.pdf?pg1=MR&amp;s1=49:3348&amp;loc=fromreflist
/mathscinet/pdf/1396718.pdf?pg1=MR&amp;s1=97d:35233&amp;loc=fromreflist

7. B. Birnir, G. Ponce, N. Svenstedt, The local ill-posedness of the modified KdV equation, Ann
Inst. H. Poinca& Anal. Non Lireaire 13 (1996) 529-5381R1404320 (97e:35152)

8. J.L. Bona, On the stability theory of solitary waves, Proc. R. Soc. Lond. Ser. A 344 (1975
363-374MR0386438 (52 #7292)

9. N. Burq, P. Gerard, N. Tzvetkov, An instability property of the nonlinear &lihger equation
on S, Math. Res. Lett. 9 (2002) 323—-339R1909648 (2003c:35144)

10. M. Grillakis, J. Shatah, W. Strauss, Stability of solitary waves in the presence of symmetry |, .
Funct. Anal. 74 (1987) 160—-19¥R0901236 (889:35169)

11. S. Hakkaev, I.D. lliev, K. Kirchev, Stability of periodic travelling shallow-water waves deter-
mined by Newton’s equation, J. Phys. A 41 (2008), 31MP2451299 (2009m:35429)

12. M. Haragus, Stability of periodic waves for the generalized BBM equation, Rev. Roumaine
Math. Pures Appl. 53 (2008) 445-48@R2474496 (2010e:35236)

13. T. Kato, Quasilinear equations of evolution, with applications to partial differential equations
in: Spectral Theory and Differential Equations, Proc. Symp. Dundee, in: Lecture Notes ir
Math., vol. 448, Springer-Verlag, 1974, pp. 25-MR0407477 (53 #11252)

14. T. Kato, On the Korteweg-de Vries equation, Manuscripta Math. 28 (1979) 89H8¥35697
(80d:35128)

15. C. Kenig, G. Ponce, L. Vega, On the ill-posedness of some canonical dispersive equatiot
Duke Math. J. 106 (2001) 617—-63@R1813239 (2002¢:35265)

16. E.A. Kuznetsov, V.P. Ruban, Hamiltonian dynamics of vortex and magnetic lines in hydrody
namic type systems, Phys. Rev. E 61 (2000) 831-8¥1736469 (2000k:76034)

17. W. Magnus, S. Winkler, Hill's Equation, Tracts in Pure Appl. Math., vol. 20, Wiley-
Interscience, New York, 1976.

18. M. Weinstein, Lyapunov stability of ground states of nonlinear dispersive evolution equation:
Comm. Pure Appl. Math. 39 (1986) 51-68R0820338 (87:35023)

19. M. Weinstein, Existence and dynamic stability of solitary-wave solutions of equations arisini
in long wave propagation, Comm. Partial Differential Equations 12 (1987) MB8886343
(88h:35107)

20. E.P. Zhidkov, 1.D. lliev, K.P. Kirchev, Stability of a solution of the form of a solitary wave for
a nonlinear complex modified Korteweg-de Vries equation, Sibirsk. Mat. Zh. 26 (6) (1985)
39-47 (in RussianMR0816502 (87e:35085)

Note: This list reflects references listed in the original paper as accurately as possible with no
attempt to correct errors.

(© Copyright American Mathematical Society 2011

AMERICAN MATHEMATICAL SOCIETY _ . .
Citations

- (R}
M a th SCI N et Mathemalical Reviews on the Web From References: 5

Article From Reviews: 1


/mathscinet/pdf/1404320.pdf?pg1=MR&amp;s1=97e:35152&amp;loc=fromreflist
/mathscinet/pdf/386438.pdf?pg1=MR&amp;s1=52:7292&amp;loc=fromreflist
/mathscinet/pdf/1909648.pdf?pg1=MR&amp;s1=2003c:35144&amp;loc=fromreflist
/mathscinet/pdf/901236.pdf?pg1=MR&amp;s1=88g:35169&amp;loc=fromreflist
/mathscinet/pdf/2451299.pdf?pg1=MR&amp;s1=2009m:35429&amp;loc=fromreflist
/mathscinet/pdf/2474496.pdf?pg1=MR&amp;s1=2010e:35236&amp;loc=fromreflist
/mathscinet/pdf/407477.pdf?pg1=MR&amp;s1=53:11252&amp;loc=fromreflist
/mathscinet/pdf/535697.pdf?pg1=MR&amp;s1=80d:35128&amp;loc=fromreflist
/mathscinet/pdf/535697.pdf?pg1=MR&amp;s1=80d:35128&amp;loc=fromreflist
/mathscinet/pdf/1813239.pdf?pg1=MR&amp;s1=2002c:35265&amp;loc=fromreflist
/mathscinet/pdf/1736469.pdf?pg1=MR&amp;s1=2000k:76034&amp;loc=fromreflist
/mathscinet/pdf/820338.pdf?pg1=MR&amp;s1=87f:35023&amp;loc=fromreflist
/mathscinet/pdf/886343.pdf?pg1=MR&amp;s1=88h:35107&amp;loc=fromreflist
/mathscinet/pdf/886343.pdf?pg1=MR&amp;s1=88h:35107&amp;loc=fromreflist
/mathscinet/pdf/816502.pdf?pg1=MR&amp;s1=87e:35085&amp;loc=fromreflist
/mathscinet
/leavingmsn?url=http://dx.doi.org/10.3934/dcds.2009.25.511
/mathscinet/search/publications.html?refcit=2525189&amp;loc=refcit
/mathscinet/search/publications.html?revcit=2525189&amp;loc=revcit

MR2525189 (2010h:34074)34C07 (34C05 37G15)

Gautier, Sébastien(F-TOUL3); Gavrilov, Lubomir (F-TOUL3); lliev, lliyaD. (BG-AOS)
Perturbations of quadratic centers of genus one. (English summary)

Discrete Contin. Dyn. Sys25 (2009),no. 2,511-535.

Summary: “We propose a program for finding the cyclicity of period annuli of quadratic system:
with centers of genus one. As a first step, we classify all such systems and determine the esser
one-parameter quadratic perturbations which produce the maximal number of limit cycles. W\
compute the associated Poinedontryagin-Melnikov functions whose zeros control the number
of limit cycles. To illustrate our approach, we determine the cyclicity of the annuli of two particular
reversible systems.”
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Quadratic perturbations of quadratic codimension-four centers. (English summary)
J. Math. Anal. Appl357(2009),no. 1,69-76.

In the space of all quadratic systems, the systems with a center form a union of four irreducib
affine algebraic sets in the space of all quadratic systems. Among them is the codimension-fc
set with a center, a node and a rational first integral.

Up to now nothing was known about the number of limit cycles in the generic codimension-fou
case.
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The authors consider quadratic perturbations of such systems. They prove that the cyclicity
the open period annulus surrounding the center in this case is less than or equal to eight.

They first use an explicit change of coordinates in such a way that the first integral defines gen
ically elliptic curves in the new coordinates. Thus the Poiadaontryagin-Méhikov function is
a complete elliptic integral. However, this function involves a differential of the third kind with
residues depending algebraically on the value of the first integral, and not only polynomially.

The authors show that the Abelian integrals defined by any quadratic perturbation satisfy
Picard-Fuchs equation and they give it explicitly. It involves Picard-Fuchs operators; the solutio
space of one of them is a Chebyshev space.

They prove the cyclicity result by several steps. In particular they make a beautiful reductio
of this equation, assuming that there is a nonvanishing solution, to a very simple linear equatic
Thus they can conclude that if the right-hand side hasros on the interval, then the solutions
have at mosk + 2 zeros on this interval.

The Petrov method in the complex domain applies to show a more general result than announc
and to finish the proof.

Reviewed byMichele Pelletier
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Hakkaev, SevdzhanBG-SHUMI); lliev, lliyaD. (BG-AOS-IMI);

Kirchev, Kiril (BG-AOS-IMI)

Stability of periodic travelling shallow-water waves determined by Newton’s equation.
(English summary)

J. Phys. A1 (2008),no. 8,085203, 31pp.

Considering the nonlinear evolution equation

o ) = v = (V)% + b))

wherea,b: R — R are smooth functions ang(0) = 0, the existence and stability of periodic
travelling wave solutions of the form
u=p(x—vt)

are studied. The above equation includes generalized Benjamin-Bona-Mahony and Camas
Holm equations. Orbital stability of the travelling wave solutions is analyzed using the abstrac
results of M. G. Grillakis, J. Shatah and W. A. Strauss [J. Funct. Adg]1987), no. 1, 160-197;
MR0901236 (889:35169and the Floquet theory for periodic eigenvalue problems.
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MR2183522 (2006h:34065)34C07 (34C08 37C10 37C27 58K10)

Gavrilov, Lubomir (F-TOUL3-LM); lliev, lliyaD. (BG-AOS)

The displacement map associated to polynomial unfoldings of planar Hamiltonian vector
fields. (English summary)

Amer. J. Math127(2005),n0. 6,1153-1190.

In this paper, the authors study the displacement fh&f) — t associated to small one-parameter
polynomial unfoldings of polynomial Hamiltonian vector fields in the plane of the form

{ T = HQ(IMU) +€P($,y,€),
y = _HCE(:E7 y) + 8@((13, Y, 5)7
whereH, P and( are real polynomials i, y with P and() depending analytically on a small
real parametet. The leading term, the generating functidn(¢), has an analytic continuation
in the complex plane and the real zeroes\bft) correspond to the limit cycles bifurcating from
the periodic orbits of the Hamiltonian flow. A geometric description of the monodromy group of
M (t) is given and some sufficient conditions fof (¢) to satisfy a differential equation of Fuchs
or Picard-Fuchs type are formulated.
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The authors investigate the bifurcation of limit cycles of a specific class of integrable non
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Hamiltonian systems under small quadratic perturbations. After a Péincarsformation and

a change of time, the system becomes a reversible cubic Hamiltonian system in which the p
turbation remains polynomial. Then classical methods allow the authors to compute the numb
of zeros of abelian integrals. Thus the authors obtain complete results about the distribution a
the number of limite cycles bifurcating from the two period annuli and they draw the bifurcation
diagram.
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Complete hyperelliptic integrals of the first kind and their non-oscillation. (English
summary)

Trans. Amer. Math. So856(2004),no. 3,1185-1207 glectroniq.

In this paper the authors consider the problem of finding the zeros of the following complet:
abelian integral
I(h) = ( )f(x,y) dz +g(z,y) dy, h € X,
6(h
wheref, g € R[z,y] are real polynomials, anth) C {(x,y) € R?: H(x,y) = h} is a continuous
family of ovals forh € 3. ¥ is a maximal open interval iR on which the continuous family of
ovalsé(h) exists. HereH € R|z, y] is a real polynomial. This problem was called the “weakened
16th Hilbert problem” by Arnold.
The problem is called hyperelliptic i (x,y) = y* + P(x). Progress in solving the weakened
16th Hilbert problem has only considered the “elliptic case” (the complex algebraic ¢Hive
h} is of genus at most one). It was known that, in several cases, the vector4paad abelian
integrals of degred polynomials along the ovals dff obeys the so-called Chebyshev property
(the number of the zeros of each integral is smaller than the dimension of the vectorspace
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In this relation Arnold asked whether thedimensional vector space of abelian integrals

.. g—1
(1) I(h) = / (o tanzt - Fog @ )de -,
5(h) Yy

whered(h) C {(z,y) € R? y*+ P(z) = h}, g = [3(deg P — 1)] > 1, is Chebysheuv.
In this paper the authors prove an interesting result: when2 anddeg P = 5, exceptional
families of ovals{§(h)} exist such that every abelian integral of the form

)= [ ARSI a2
S(h) Y

has at most one simple zero on the inteval he authors also give a negative answer to the initial

guestion posed by Arnold: itis proved that there exist abelian integrals of the form (1) with exactl

[%g] — 1 zeros in a neighborhood of the origin.
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Gavrilov, Lubomir (F-TOUL3-LM); lliev, lliyaD. (BG-AOS)

Two-dimensional Fuchsian systems and the Chebyshev property. (English summary)
J. Differential Equationd.91(2003),n0. 1,105-120.

Fuchsian systems of the forf(h) = A(h)I'(h) for I = (I}, )" and A(h) = Ay + hA; are
considered. Such systems that arise in the dasere abelian integrals of the ford‘}{:h w1 2,
whereH is a polynomial (or rational) Hamiltonian function asng, is a polynomial (respectively,
rational) 1-form.

The following assumptions are imposed: the mattixhas distinct real eigenvaluegst A(h)
has distinct zeroeb, < h; and the identitydet A)" = tr A holds, andl (k) is analytic neah,.
(These assumptions imply that the characteristic exponents of the Fuchsian systém), reear
a=0anda=1.)

The space¥; = {J(h) = P(h)I1(h)+Q(h)I2(h): P,Q € R[R], |J(h)| < const-|h|®, s — oo}
are introduced.

The main result of the paper states that the sggdds Chebyshev with accuraay (which is
explicitly calculated) in the domai@ \ [k, 00); this means that any has at mosflim V; + xk —

1 zeroes there.

Application of this theorem to cases with = y* + 2 — 2®, y* + 2 — zy?, 3y + 32 — 32° +
ry?, 2+ 22 £ oty + 22 2%y, (y? — 22 + x) /2? allows one to re-prove some known results
as well as to obtain some new estimates for the number of limit cycles appearing in perturbatio
of the corresponding Hamiltonian systems.
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MR1924712 (2003f:34056)34C05(34C07 37G15)

Gavrilov, Lubomir (F-TOUL3-LM); lliev, lliyaD. (BG-AQOS)

Bifurcations of limit cycles from infinity in quadratic systems. (English summary)
Canad. J. Math54 (2002),n0. 5,1038-1064.

The paper is devoted to a study of limit cycles of quadratic planar vector fields in the cases whe
these cycles escape to infinity as a parameter of perturbation tends to zero.

After suitable changes of variables and parameters, the problem is eventually reduced tc
perturbation of a time-reversible system of the form —iz 4+ Az? + B2z + CZ°. Here, either
()A=-2,B=2,C=0,(i)A=—-1,B=2,C=1/3, (i) A=2a>+20"+a—1,B=2 (2+
a=a’-b?),C=a+1,(IVVA=C=—-1,B=2,0r(V)A=1,B=0,C=1/3.

The analysis of limit cycles is reduced to a study of the zeroes of corresponding Abelian integral
This analysis is performed for the Bogdanov-Takens system (v), for the isochronousAenter
5, B =2,C = -3, for the linear-like system (i} = —iz(1 + 4 Im z) and for the case (ii). In all
these cases the bourd2 for the number of limit cycles is proved.

In all but the isochronous center case, the result follows from earlier results. In the isochronot
center case the investigation is subtle; it uses such tools such as Picard-Fuchs equations, hype
ometric functions and bifurcation diagrams of zeroes in the complex domain.
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MR1804952 (2003c¢:34029)34C05(34C07 37J99)

Gavrilov, Lubomir (F-TOUL3-LM); lliev, lliyaD. (BG-AQOS)

Second-order analysis in polynomially perturbed reversible quadratic Hamiltonian systems.
(English summary)

Ergodic Theory Dynam. Syster28(2000),no. 6,1671-1686.

In this paper the authors study small polynomial perturbations
Xg+eY

of the Hamiltonian vector field(y, H = 1/2(2* + y*) — 1/32% + axy?, a € (—1/2,0). This
Hamiltonian vector field has a center and a saddle and is reversible.

The displacement function develops##, ¢) = e M + c2My(h) + o(£?).

The authors study the maximal number of isolated zerasfof = small in the case whehl; =
0 andM> # 0. They prove that if degree of is n, then this number i8(n — 1).

Inthe particular case = 2, they prove more. Thatis, they prove that there is a full neighbourhood
U of Xy in the space of quadratic vector fields such that &ng U has at most two limit cycles.
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n the limit cycles available from polynomial perturbations of the Bogdanov-Takens

Hamiltonian. (English summary)

Is

rael J. Math115(2000), 269284.

Summary: “The displacement map related to small polynomial perturbations of the planar Hami
tonian systemiH = 0 is studied in the elliptic cas&/ = 1y* + 122 — 123, An estimate of the
number of isolated zeros for each of the successivenMel functionsMy(h), k=1,2,---,is
given in terms of the order and the maximal degreeof the perturbation. This sets up an upper
bound to the number of limit cycles emerging from the periodic orbits of the Hamiltonian systen
under polynomial perturbations.”
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MR1705462 (2000d:34054)34C05

lliev, lliyaD. (BG-AQS)

The number of limit cycles due to polynomial perturbations of the harmonic oscillator.
Math. Proc. Cambridge Philos. Sot27(1999),no. 2,317-322.

Consider a polynomial vector field (of degregof the type

t=y+ef(r,y;¢), y=—x+eg(z,y;e)
which depends analytically on the small parametdrhe equation for limit cycles can be written
in the formeM;(h) + e2My(h) + - -- = 0 where M;(h) are the Méhikov functions (with the
argument, parametrizing the ovals of the Hamilton function).

The author proves that i#7;. is the first nonzero Mélikov function, then it has no more than
[k(n —1)/2] zeroes (and there are [k(n — 1)/2] limit cycles). For the casek = 1,2,3, n
arbitrary andh = 3, k < 6 there are examples of perturbations wil — 1) /2] limit cycles. In
the caser = 3, k = 6 five cycles are obtained.
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Higher order bifurcations of limit cycles. (English summary)
J. Differential Equationd.54(1999),no. 2,339-363.

In this paper the authors study one-parameter families of asymmetrically perturbed symmetr
Hamiltonian systems of the forin= vy, i = &=(x = 2°%) + A1y + Aox? + A3zy + M2y, with \; =

Ai(e). They claim that for any choice of the sigfts at most two limit cycles bifurcate from any
periodic annulus of the system. The proof is done by studying higher ordemkdelfunctionsi/;.
associated to the problem and showing that they can always be written as a linear combination
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three Abelian integrals. Next the Picard-Fuchs equations of these Abelian integrals are examin

The authors correct a sign mistake in a previous paper of J. M. Jebrane Zothtek [Adv. in
Appl. Math.15(1994), no. 1, 1-12vIR1260295 (94k:34069)eading to a wrong bound on the
number of limit cycles in that paper.

However, the paper under review is incomplete. In fact it treats only (higher ordenikdel
functions and not the displacement function itself. Probably, using R. Roussarie’s results [Bol. So
Brasil. Mat.17(1986), no. 2, 67-10IVMIR0901596 (88i:34061 Nonlinearity2 (1989), no. 1, 73—
117;MR0980858 (90m:58169)it can be shown that all limit cycles are controlled by zeros of
Mel'nikov functions in the neighborhood of a homoclinic loop, but there is no analogous genere
structure theory for a neighborhood of a heteroclinic loop joining two saddle points and for th
figure-eight separatrix.

Note also that a uniform bound for cyclicity of analytic one-parameter families in general doe:
not give cyclicity of a multi-parameter family. This point is not stressed in the paper.

Reviewed byPavao Mardsic
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MR1668195 (2000b:34045)34C05 (34C23 37C27 37G15)

lliev, I. D. (BG-AOS)

On second order bifurcations of limit cycles. (English summary)
J. London Math. Soc. (58 (1998),no. 2,353-366.

A formulais given for the second order Mekov function for a general planar system at a periodic
orbit where the first Mahikov function vanishes. This formula is applied to the problem of the
continuation of periodic orbits for polynomial perturbations of the planar Hamiltonian system
H(z,y) =y?/2—U(x) whereU is a polynomial function. In particular, a method is introduced
for representing the second order Mi&ov function for this case in terms of Abelian integrals.
This result is then used to prove that at most two of the periodic orbits surrounding the center at tl
origin of the Hamiltonian system = vy, § = —z — 2% continue into the perturbed systeim= v,
§ = —x — x>+ ANy + Xoz? + A\3zy + My, The proof uses a clever application of Picard-Fuchs
equations.
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Horozov, Emil (BG-SOFI); lliev, lliyaD. (BG-AOS)

Linear estimate for the number of zeros of Abelian integrals with cubic Hamiltonians.
(English summary)

Nonlinearity11 (1998),no. 6,1521+1537.

In this interesting paper the authors give an explicit Iinear upper bé&l{Bdn) = 5n + 15 for the
maximal numbel’ (3, n) of zeros of Abelian integrals(h f5 g(z,y)dx+ f(z,y)dy, where

§(h) c H~Y(h) is an oval of a cubic polynomialf (z, y) andf g are polynomials of degree
n. This result should be related to an unpublished result of G. S. Petrov and A. Khdyareki
considered the number of zerdéH, n) of Abelian integrals of d-formw = gdx + fdy of degree

n along ovals of a given polynomidl of degreen and proved the existence of an upper bound
for Z(H,n) of the formB(H,n) = ay(deg(H))n + ao(H).

The result of Khorozov and lliev is obtained by studying the Picard-Fuchs system of4order
satisfied by basic Abelian integrals, i.e. integrals forming a basis of the space of Abelian integra
considered as €[] module. It is shown that the second order derivatives of these basic Abeliar
integrals belong to a two-dimensional module. This allows the authors essentially to reduce tl
study of a4-dimensional system to a two-dimensional one and then use standard Riccati equati
arguments. The reason why this is possible here lies in the geometry: the generic fibre of a gene
cubic Hamiltonian is a torus with three points deleted.

In the paper a very interesting conjecture is also formulated stating that the maximal numb:
Z(m,n) of zeros of Abelian integrals dfforms of degree along ovals of a polynomial of degree
m should be bounded by (the dimension of the space of Hamiltonians)+(dimension of the spa
of integrals)—1. Here the dimension of the space of Hamiltonians means the dimension of th
orbit space under the action of the group of affine coordinate changes of the space of alhdegree
Hamiltonians.

Reviewed byPavao Mardsic
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Perturbations of quadratic centers. (English summary)
Bull. Sci. Math.122(1998),n0. 2,107-161.

Since early in this century, conditions characterizing the occurrence of a center in a system
guadratic polynomial differential equations in the plane have been known. Of more recent intere
is the question of the number of limit cycles which can be made to bifurcate from either the
singularity itself or the period annulus surrounding it under small quadratic perturbation. Th
current article is a contribution to this question. In it, the author first of all constructs a list of
the essential quadratic perturbations which will create the maximal number of limit cycles. H
then finds an upper bound for the number of limit cycles which can be produced from the perio
annulus in terms of the number of zeros of certain’Miebv functions. Several special cases are
further examined in more detail.
Reviewed byDouglas S. Shafer
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lliev, lliyaD. (BG-AOS)
Inhomogeneous Fuchs equations and the limit cycles in a class of near-integrable quadratic
systems. (English summary)

Proc. Roy. Soc. Edinburgh Sectl2&7(1997),no0. 6,1207~1217.

The system: = —iz + 422 + 2|z|?> — 222 belongs to the intersection of two strata of the set of
guadratic systems with a center, the stratum of codimensigsually denoted by, and that of
reversible systems. The author shows that a small quadratic perturbation can create3dinmost
cycles in the open annulus filled by closed orbits surrounding the center.

Since the first Mehikov function is identically zero in this case, the author computes the
second Méhikov function. It turns out to be a linear combination3oébelian integrals and one
non-abelian. Thesé integrals together satisfy a system of linear differential equations which
contains a subsystem of ord2r The proof uses the division-differentiation algorithm coupled
with asymptotic estimates at the endpoints of the interval parametrizing the closed orbits in tf
annulus.

Reviewed byDmitri Novikov
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lliev, . D. (BG-AQOS)

Higher-order Melnikov functions for degenerate cubic Hamiltonians. (English summary)
Adv. Differential Equation& (1996),no. 4,689-708.

Summary: “It is shown that, in general, the first four M&ov functions have to be taken into
account in order to obtain definitive results concerning limit cycles in quadratic perturbation:
of Hamiltonian systems in the plane with degenerate cubic Hamiltonians. As an application,
complete proof of the result that no more than two limit cycles can bifurcate out of homoclinic
loops of quadratic Hamiltonian systems is given.”

Reviewed byshi Qing Zhang
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lliev, lliyaD. (BG-AQOS)

The cyclicity of the period annulus of the quadratic Hamiltonian triangle. (English
summary)

J. Differential Equationd.28(1996),no. 1,309-326.

Summary: “The paper studies quadratic Hamiltonian centers surrounded by a separatrix contc
having the form of a triangle. It is proved that in this situation the cyclicity of the period annulus
under quadratic perturbations is equal to three.”
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