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Y N h B KRAFEIF X E). & UG 4k R
d(h,e) := P.(h) — h = eI(h) + o(c?),
(1.2)

Hrp P.(h) 79 Poincar eBLS T h BE, W e B RE I(h) ATRRA

I(h) = j{ f(@,y)dz — g(x,y)dy, h € 5,
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Horozov %5 Bl ] Picard-Fuchs HFFEVHER T B(n) < 5n + 15. %-F Hamilton BA%L
H(z,y) = azx® + by? — z* + ca’y® + y*,

Bzite W SEER T B(n) < 90n+24. X1 Hamilton % H (z,y) = 14?+U(z) ,degU(z) = 4
i, BB B AEM T B(n) < Tn+ 5. %FF 4 ¥ Hamilton B&#%L

H(z,y) = 2> +y* + ax* + ba*y® + cy?

JE 3555 O 19 2AH B Abelian B4 I(h) BIAREEER, AT a > 0,6 =0 fl c =0 i I(h)
Z AN B S X F Hamilton B6%

H(z,y) = 2" +y° — 2 + az®y’ + y*,a > -2,
RIBIHAE T ER T B(n) < 2[271] + 12[252] 4 23. % Hamilton p&%K
1 b
H(.’E,y) = 53/2 + gxz + Z$4 + gxﬁu
AN EESE B SER] T B(n) < 54n — 13. % Hamilton &t
H(z,y) = 2* + cx’ + ¢,

3K BESE P AERA T B(2n +2) = B(2n + 1) < 2[2] + 3[252] + 4.

ARICHFFE T R Hamilton BR%L
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H — — 4 — 4 - — 8 R 12 = E g _— 1.
(x,y) 4:18 +4y 8£L‘ +72$ h,h e <0, 12), (1.3)
FENE () ) 3
[b - _yB’
3 (1.4)
y=%(6—6x4+$8).
FEZHRK f(z,y)= > ayatyVT Mg(z,y) = > bya® Ty B TR
1<4i+4j+1<n 1<4i+4j+1<n

3

Abelian #1453 I(h) FRIANE LT (FER). % P(z,y)=—v°, Q(z,y)=% (6 — 62" + 28) .
P(z,y)=0 A Q(z,y)=0 W3 £%: (1.4) HHAZF 1 01(— V3 +/3,0),0 (0,0),0; ( V3 + 3, 0),
c’ (7\4/3 B 0) C ({‘/3 — V3, 0). AR ARG

opr 9P
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(V3=V3,0), # = AL 010,01 MIANIERSE T], 0, T W1k 1 FER.
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O = {@n) [H@y) = jo' + 3" — 3o° + o' =h7x<—m,he(07§>}7
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(5571/)‘H($7y) oyt gt e —V3—VB<a <y he( >}
F’li:{ z,9) ‘H z,9) = 3ot + 3yt - gt et = he > V3B he(oﬁl/;)}

B Q

T he s = (0,53) BITERMERSL D EONIRIT I 6, A3 24 5

EIE 1.1 X Hamilton FR%L
Hr,y) =lat+ iy =L+ ha'? = hhex = (0,45),
FEFIAREL Ty E,B(n) < 7[22] +5, Hf n = max{deg f,degg} Hn=4k+1,k € N,.
2 Abelian 24 I(h) BORELEH

TERIMIPRIE T, L, 2Ry T 7

_ _ 47 + 1 o
(%f“ww:—?kfx%%wa (2.1)
Th 47+ 1 Jp,

FrLL Abelian #453 (1.2) /RN

I(h) :jg L(z,y)dz, (2.2)

K L(a,y) = >0 cya™y™t i M j RARTc; = <3§E ai; + bz‘j)-
1<4it4;4+1<n

X heX, id
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FITA
I(h) = Z cijlaigjri(h).

1<4i4+4j+1<n
M, Abelian #27) I(h) HIAAEE *’JTEBTEW/\%IIE H.
4k — 7,4k — 3) A KL, (h)(L+m = 4k — 11,4k — 7 B 4k — 3) LA 5.

IE 7E3 (1.3) MsmRImXT o KRS

1 0
23— 2"+ 6$ +y383yc 0, (2.4)
2730 (2.4) Msm RIS LA b~y Yt IR Ty KT 2 BP RIS
6(4i — 11)

Lyiaj1 = 61g—a4541 — 6145-8 4541 + Lyi—12,45+5, (2.5)

45+5
Hrpi > 3, 550 (1.3) MumlAsfe bl a*y* =2, I Ty, KT o Bl fS

1 1
Ly aj1 = 4hdy; a5-3 — Laiyaai—3 + §I4i+874j—3 - 1_8141+12 45-3- (2.6)

iz (2.5) A&
6(4i+ 1)

Lyiv12,45-3 = 614548 453 — 614544453 + 11 Lyiaj41- (2.7)
JER (2.7) AN (2.6) 772
45 +1
Ligje1 = g [24hLsi 4—3 — Alsitaaj—3 + Luivs.aj—s)- 08
44,45+1 8(@'+3j+1)[ 4i,45—3 444,453 4i+8,4j—3] (2.8)
Ht (2.6) A
1
Liazajes = Ahlsicazaj01 = Laiosajn + §I4i74,4j+1 - 1_8—[4i,4j+1- (2.9)
fEk (2.9) AR (2.5) W73
fw (2.10)
1 , . . . .
:m[m(m — 1) hly 194541 — 36(20 + 25 — 3) Luisajs1 + 945 +8j — 1) Lyi_g.4541]-

e (2.5) L (4,5) = (3,k — 1) Alf3

6
Lo aj—3 = 61g ap—3 — 614 a—3 + %—HIO,MH- (2.11)
e (2.8) HHL (4,7) = (2,k — 1) A[f3
4k — 3
I ak—3 = ———[24h1s a7 — 4112 47 + T16,4k—7]- (2.12)

24k
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X (2.10) A1
Tyiv8.45-3 (2.13)
1 ) . ) ) )
:m[72(42 — 3)hI4i,474j,3 — 36(22 + 2] — 1)[41'143;3 + 9(42 + 8] — 1)]41'4,474]',3].
1
I o =—————(72h1§ 4jo_7 — 2k — 1) 14 45— k—5)Ig4p_7]. 2.14
12,4k—7 13k = 2)[ 0,4k—7 — 36( Maak—7 + 9(8k — 5)Is 41,7 ( )
L6 an—7 Im[%ohﬂmkq —36(2k + 1)Ig a7 + 98k — 1) 112 ap—7]. (2.15)
4(3k —4)
AR (2.8) PRI (1,5) = (0,k), (1, k—1),(2,k —2), Z£R (2.10) TE (4,5) = 3,k —
3),(4,k—4), -+, (k—1,1),(k,0), FBEE (2.11),(2.12),(2.14),(2.15) F1 (2.16) 715
AJ = B,
Hr T = (Ioakr1, Loan—3, Isak—7, Do an—11, Tie ak—15, s Lak—a5, Lag.1)s
1 st - ey 0 0 0 0]
0 1 — s e — 4] S(Skig) 0 0 0
0 0 1 *%[m —4] 0 0 0
0 0 0 1 0 0 0
A=1y 0 0 0 1 0 0|’
0 0 0 0 0 1 0
Lo o0 0 0 0 0 1 |
8(*3’;—111) {24}110,41%3 + %mhfo,%J + [iiﬁéiiﬂ h— (21%2;(735;%,2;?31;3(,4;)73) ]I4,4k77} |
s s hlo.ak—7 + (24h — =) Ia.ax—7]
8(43’2:73) [525 hlo,an—11 + (24h — 220 I 411
B m[72h10,4k711 —36(2k — 3) Iy ar—11 + 9(8k — 11)Ig 4 11]

1

737 [360 14,4515 — 36(2k — 3)Is,ar—15 + 9(8k — 15) 12,45 -15]
m[72(4k - 15)h14k716,5 - 36(2k) — 3)I4k—12,5 + 9(4]{) -+ 3)141978,5]

1 [72(4k — 1) hlak 12,1 — 36(2k — 3) Lax—s,1 + 9(4k — 1) La—a,1]

B detA =1, H B FTRINEH Ln(h)(1+m = 4k — 7,4k —3) F1 b1y, (h)(I+m =

4k — 11,4k — 7 5% 4k — 3). FrLA, 513 2.1 KoL
5|38 2.2 7F (1.2) FEHK n > 5, X Hamilton &Y (1.3),1(h) W[RRN

I(h) = a(h)lo1(h) + B(R) 141 (h) + v (h)Is 1 (h),

(2.17)
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HA a(h),B(h),y(h) ZRkT h 2R deg a(h) < [%] = k,deg{B(h),v(h)} < ["7*1] _
1=4k—1. Hk Zdega(h) /D LSk —1 & degB(h) Al deg~y(h) K/ 5.
WE N AECEAGNEER. Xt (2.8) A1z (2.10) 775

5 9

1—075(]1) 32 [24}1[0 1 — 4[4 1+ Ig 1] Io)g(h) 56 [24}1[0 5 — 414 5+ Ig 5]
13 1

Inq3(h) = 20 —[24hlyg — 4149 + Ig 9], L4 5(h) = §[24h14,1 —4lg 1 + I124],
9 5

Iio(h) = 6 [24hf4 5 —4g 5 + I1o5], Is5(h) = 8[241"6[8 1 — 4621 + L),

1 1
Iso(h) :§[24h18)5 — 4L 5 + Ligs), L121(h) = 1_6[72h10’1 — 108141 + 9915 1],

1
55 72005 — 18015 + 171155,

1
116,5(h) :3—2[360}1]475 — 252[8,5 + 207[1275]. (218)

1
Ilﬁﬁl(h) :2—0{360h1471 - 180]871 + 135[1271], 11275(}11) -

FrLA, 24 k= 1,2, 3 BFE58 80T.
Bk <d—10, Mln=4k+1<4d -3 W ,I(h) = §. L(x,y)dr REFRK

I(h) = a"(h) o1 (h) + 8" ()11 (h) + 7" (h)Is 1 (h), (2.19)

Het degan(h) < [272] =k <d—1,deg{B"(h),y""(h)} < [22] - 1=k—-1<d-2.
Mk =d W, |EHE 2.1 fix (2.19) 715

> Awlm+h Y Bl

l+m<4k—3 l+m<4k—3
=3 (h) Lo, (h) + B4 () Laa (h) + 7472 (R) Is 1 ()

+ (a7 (W) Io 1 (h) + B2 () Lua (h) + 12 (W) Is 1 (h))
=a(h)lo,1(h) + B(h)1s,1(h) + y(h)Is1(h).

ot deg{a®=%(h), a3 (h)} < d—1,deg{B*~*(h), 81" 7> (h),v**=3(h), =3 (h)} < d—2,
Ay B By, RATEHEL. L,

deg a(h) < max{dega?®=3(h),deg ;% 3(h) +1} < d =k,
deg B(h) < max{deg 4**~3(h),deg 3, * *(h) +1} <d— 1=k — 1,
degvy(h) < max{degy*=3(h),degv*3(h) +1} <d—- 1=k — 1.

Frbh, SHEER k€ N, , 512 2.2 p{o7.
3 Picard-Fuchs 5% Riccati 5%

AATAERA Io1,141,1s,1 Wi /2 1) Picard-Fuchs J7F2FIAHKCH Riccati JFE.
5132 3.1 X} Hamilton pR%L (1.3), MI&E V = (I, [41, Is1)T /2 Picard-Fuchs 7%

RV = (Bh+ )V, (3.1)
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Hrp
24 0 O 0 —4 0 8 0 0
B=| 2% 24 0 |,c=|0 -Z 3 | R=| -2 16 0
99 297 513 99
9 18 24 0 -2 o3 ~9 18 %
SE eSS (13) ST h kG
Jy 1
9 _ 1 3.2
o P (3.2)
MR (2.3) W5 I'giajn = (45 + 1) §, a¥y™ " dw, BIFTAR
1
Ly a3 = mj/zli,zlj-i-l- (3.3)
2 (3.3) fRA (2.8) W[13
1
I4i,4j+1 = m[24hll4i,4j’+l — 41/4i+4,4j+1 + I/4i+8,4j+1]~ (34)
E3 (3.4) A (4, 5) = (0,0), (1,0) 1 (2,0) w3
1
Iy, = §(24h1/071 — 4[’4,1 + I/g)l>,
1
Iy, = 1—6(24h1/4,1 —A4I's 1+ I'121), (3.5)
1
18,1 = ﬁ(24h1/871 — 41/1271 + I/16,1)-
i (2.18) "
I'igq = %(72]071 + 72hI'g; — 108141 4+ 9915 1), (3.6)
I'g1 = 55 (%2101 + 3601s 4+ 20T o1 + 360hTsy — 35517, + 1958, ). '
X (3.6) FRAR (3.5) RIFTRLE IR ML, IEEE.
513 8.2 X &G (1.4), Loq,0u1 M Iy T2
Iy, ar1(h) ai2(h) I
D(h) ‘[4/1/,1 = G,Ql(h) GQQ(h) [ I?’l ] , (37)
4,1

Ig, asi(h) asa(h)
7N I:I:l

D(h) = 288h(48h% — 1),

ar1(h) = —9216h2 — 288h + 144, a12(h) = —48h — 36,

ag1(h) = 144h(1 4 12h) — 324h(16h + 5) 4 1188h, ag(h) = —288h(16h + 5) + 1728h,

as1(h) = 3456h? + 324h(12h — 11) — 3564h(4h — 1), a3 (h) = 288h(12h — 11) — 5184h(4h — 1).
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W 7EK (3.1) Wkt h SR

(R— B)V' = (Bh+C)V", (3.8)
/\I:I:l
~16 0 0
R-B=| -9 -8 0.
—2 36 0

H (3.8) Al (3.7). UEHE.

SE O (3.8) #ES (3.7) B, BT ZMERE (Bh+O) MEREHH R K, REE A, Al
#2580 Maple J#EATAH OGS, #2/7 W17 R : Linear Algebra:-MatrixInverse(rtable(1..3, 1..3, [[—4x
hy,—=4,1],[(1/7) x kx h,—4xh —9/7 x k,27/28 x k — 1], [—(4/T * k) * h + (3/28 % (k?)) * h, k %
h+36/7xk —27/28 % (k?), —4 x h + 81/112 % (k*) — 48/7 * k]| ,subtype=Matrix)).

s (3.3) T 1), (h) = jqé Yo — 3 y~dady # 0, BRI,
Ty int(I'p)
515 3.3 % Hamilton B# (1.3) w(h) = 7203 /2 Riceati J7F2
D(h)w’(h) = —a12(h)w2(h) + [agz(h) — all(h)}w(h) + agl(h). (39)

T () = TR RO s (3.7) HIRTHR (3.9). HEEE.

4 FELLERAIEPA
B (2.17) A1 (3.1) AT 1%
I'(h) = ar(h) Iy, (h) + Bi(h) Iy, (h) + 71 (h)Ig 1 (R), (4.1)

Hrp degay(h) < k,deg{Bi(h), (M)} <k —1.
5138 4.1 # Q= {h|y(h) =0,h € T}, MH h € 2\Q I, 253k

r'(h) M
<71<h>> ~ D(h)y1%(h) (4.2)
o, Ho
M(h) = aa(h) Iy, (h) + B2(h) I} 1 (h), (4.3)

deg as(h) <2k + 1,deg B2(h) < 2k.
WE 1 (4.1) A1 (3.7) WT7S

[on ()11 (h) + B (M) (h) + 7 () IS, (h)]
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Hr

as(h) = D(h)[«
B2(h) = D(h)[B

(h)%(h) - a1<h)7/1<h)] + a11<h)0¢1<h)71(h) + azl(h)ﬁl(h)%(h) + asl(h)ﬁ(h),
(h)y(h) = Bi(h)y' 1 (h)] + ara(h)ar (h)yi(h) + aga(R)B1(h)y1(h) + as2(h)vi (h).

X =~

HH degay(h) < 2k + 1,deg Ba(h) < 2k. IEEE.

HI'(h) < #M(R) + #7 (h) + 1. (4.4)

32 4.3 % Hamilton B¥ (1.3),W(h) = 7% Wi/2 Riccati Jif#

15,1 (h

D(h)B2(h)W'(h) = Ro(h)W?(h) + Ri(h)W (h) + Ra(h), (4.5)
Hor

Ro(h) = — ara(h), Ri(h) = D(h)B'y(h) + [aza(h) — a11(h)]B2(h) + 2a12(h)as(h),
Ry(h) =D(h)[e 53(h)B2(h) — aa(h)By(h)] — lasa(h) — ai1(k)]aa(h)B2(h) — ara(h)as(h)
+ as1 (h) 2 (h), deg Ry(h) < 4k + 3.

iE R (4.3) AT

JirEA
W(h) = o/5(h) + By(h)w(h) + B2(h)w' (),

Al 442X (3.9) BIATFEHIE.

5138 4.4 B 5% S = (a,0) C X, W h € Bo B, #W (h) < #62(h) + #R2(h) + 1.
HRIE #(h) TR (h) £ S0 BTSN GHEXD .

EIE 1.1 BUIERR 435I H 51 4.1 M5 4.3 715 deg Ba(h) < 2k,deg Ry(h) < 4k + 3.
MBI 2 4.4 7743

£W (R) < 6k + 4.

M (4.1) W15 degyi(h) < k—1. M5 4.2 7[5

n—1
4.
~ K

#I’(h)§7k+4:7[

R, X he X = (o, ﬁ) HAEFIBIPRR Ty B, B(n) < 7[2%51] + 5. 8 1.1 iF 5,
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THE NUMBER OF ZEROS OF ABELIAN INTEGRALS OF A

CLASS OF HAMILTONIAN SYSTEM WITH ELEVEN DEGREE
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(School of Mathematics and Computer Science, Ningzia Normal University, Guyuan Ningzia 756099,

China)

Abstract: In this paper, we study the number of zeros of Abelian integral for a class of

Hamiltonian system under perturbations of a polynomials with degree n(n =4k+ 1,k € N;). By
using Picard-Fuchs equation method, we derive the upper bound of the number of zeros of Abelian
integrals for this class of perturbed Hamiltonian systems (taking into account the multiplicity).
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