ML I RFFRCARFFR,H 37 £, 5 14,2017 F 1 A
Journal of Zhejiang Sci-Tech University (Natural Sciences)

Vol. 37, No. 1, Jan. 2017

DOI:10. 3969/j. issn. 1673-3851. 2017. 01. 019

— KU EBEFTHRAEERAEZNITE

TR, ELH
(Mt I RFEFR, M 310018)

W OE. T X ELEE24% .08 Carleman A ML F R R ELE R R AHNL AL T B LWL M Z %, 73
MNP AARRAZ iR ELE AT T AR T EAT, AL UMM EREF LTI ETH, XETR BT E S ki
RieZ2 B ERHBEAP R AALERERF S NEZAANERB, B N TUAHAEALRERF LI I EZLEWGE

ABHEH KT EI P TUAAERF LMW RF TSR

BOAMMBETZEENHE LT AL L EHLAHM

BEBRFERZIRRNGALNRLEL AR T RGER, AL LERAFAUKSI T X EBLRZAAN I N FRREL

A,

FER: L BRLE LA BN EE8F T F T % ;Carleman F &

hESES: 017514

0 51 &

1E MUY BEAE JE O 5T AR LM oo O R AT BT B
AR T AZ —, IEMIEEB O M FE N
BT A E ARLAE B J7 R (4 IE MUE LKA R
fasF s, HRTENSME R TRZ IR IE
WU 09 A RO07 3 a0 B EE T A BLET
FRESETAE, XEe Tk EEIE T RAEER
B B 1 AR LR B 53 J7 R I IE LB L (H 02 2 5 i AR
B BR ] A BE [7] IR 25 A B A 3 8 45 A8 B A8 4t
SR o T R 2 Bk v B 7 22 A e P BBl o O R A 3
T RO I g 2 R o TR I BT S 4 Al L
O3 75 RRAE AT A ZRBOE M o & CRIGEB A AR P 3oy
7 ) I IE AU B S5 1) A, sk O T R F 5T B A
UEILAE A B, s Algaba 5550 R I 22 56 5 L 45 &
AR T3 A 1Y 2 R G 1Y <P AE-RE B R IO T
—RPET SURE R G IR T R G 5T R
fift B TERLIR V53 K Hfige At T AR [R) 5 Allgaba 450
FI 4GS I L85 B AR AL R J7 R A £ R S
SPAR-FERLM R OESE T — I R AL R GE L OF Rtk T

R H . 2016—04—07 RO 46 R H 8 . 2017 —01—03
FATH . WA ARRHIEL T H (LY15A010021)

MNHERARAEES: A

XEHS: 1673-3851 (2017) 01-0116-06

1M 2R GE AV TR O3 A 1) TE IR 3 55 B FL Ak vl B
] B 5 Algaba S5 I 22 45 5 5 vk 45 & AR e e it
oy 75 R AU R G ST AE-FE O L BE ST TR AR AR
LRI T5 R U ST IR 0 M (9 1E BB 315 B A
IF 1 5 A= A e S R Carleman 7 kit T

x 2?
U( j+ e
hY Ay*

B IEHTE .

ARICHFIA Carleman F iR 5T 55 b — 2R BB B9
I A5 AR L o R

) ()
y y

(8 TE R AL B T O 45 A 3 1 A5 AR R AR e
TRG(2) MR FF IR RS (D 1Rk
R — s PR AR SCR Sk (11 v B8 & i1
U E AR AR R G (D FIEMIE .

1 EMEHES

1"1 — 1‘% +X(Il 912)

To = a5 Yz 0 x0)

PR A . ZRBE1992—) 2 I R FE VRN, B BF 5 2 220 A S 0 O R 1 BRI R BT 5T



% 1H

By VR

F o )T SCERSE T TR ST IE MR TR 17

Hf Xz 2) = OC| (21,20 | Y () ,25) =
O] (zy ) |, BRRELGE (3 B— 1B R
G ARSCRRN T USSR G808 Hy PSS & 1) &
WFFIRZ T2 ], 78 H, Pk £ — 4 br o 5
xhat H.q = (q1.9.).q. € NJBI g /2 2 AR
Wlgl=qg+q =FFKCRBHEF 2 <2, BESH
FHLFE X I AR A (ah ak g g = RYPOIOLR
PEATHER I H, P RIbRAEIEIC A .
Ty el = 2 e ey = ah s
KABAFH BN d, =k + 1,18 m, = (i .é,
eel DT H, PARFITTR TS

Plxysxy) = (Bisfoeef, dm,.
L H =@ H, WH AR m = Gni .m] .m] .
)T IEH RS (D) TEX AR T RN -
T,(D) =

ko _k ko
€] — Xy1s€; —

O O D, D, D Do D
O O O D, D; D,,» Dy
O O O O D; Do D;iys
O O O O O D, D
o 0o O O O O D
O 0O O O O (0] (0]

o 0o O O O (0] (0]

O 0O O O O (0] (0]

4)
Hip:Dyy = (1 vy Oj.
0 0 0 1

W al., NAG) TEHE g M FREP 252 AR
Bog=1.2,k =4,5,,0=0,1,,k, 0,

B (aio aii aék)

Dy =, ) P
Ao Ai.p—1 Aok
k= 4,5,,
A0 M om) Fom A= (A s+, 4,0 HEBER B A 26
=L Dy, € M(2.d,)

22 0 TE AR B 1B EAUE ) — D PR
FECLRM RGN k— 1 B IERIE 285 FEK £ BY IE
BB WX R G (3, M T ZABE C 4R £+ 1
BB BUE 7525 5K k4 2 BY IE BT O A SCfan
1y E R

(a1 x2) = (x1x) " (21,2
Horb o8 (g vy ETFR Y 2 48 b IRSFIR Z 0 0]
Y. 0 H B H™ MhRIERE T M RR 558 .

(m) [gol (x1 522 )] (171 + & (2, ,12)}
m,) = —
e xy + & (xy,23)

1 1
Ap-1.1  Ap—2.2

2 2
Ap-1.1  dAp2.2

©2 (.171 s Lo )

=m, +E;m,,
xf
olm,) = ¢| 212,
= (g @y 1)V (@ (@1 5D (21 520 (@ (@ 520D

=m; +E;,  qimy + E; 5umyy

211 O
/ﬁ\:':':' By pomyy = | 2 a1 |Eymy. —ﬂiﬂﬁv
0 21‘2

GD(mi) =m; +E . ami TE s omyyp + o0+

E. . vrami +E..m;

Horr

. i
) 0
G—Dxi i
Eiprimp iy = E,m,.
- . Cy
x5 G—Dax x5
0 . i1
y

T RS o AT DL R SRR
LU

m,
m
e(m) = ¢ =T,(p)m,

ms;

Hrfr,

T, (p) =

L O O - E, O 0 e 0 0

o I, o O E, ., (0] e Eyg o o (0]

0O 0 I, - O 0 E;pp - O - E.

BAEXT (3) MO E AR A o ik m', = o(m,) . N
ALHE m" = (m'{ sm'} )" W2 H iy —4
EHm =T, (p)m,
KR RGE ) WA IERIE, WiltS e =2.3f
Bk 42 = 4 B, 5.
O O D, D,
T (D) = 00 0 D ,
0O 0 O
O0 0 O
I, E. O O
O I, E, E,
T, (¢) = )
O O I, E,
O 0 0 I,

H . E, e M(2,d,) BRI .d, = 3. WAl



118 W B T R % ¥ 2017 4E B 37 &
GRCE JIELA D, H I A7 AE A N EERIL X RIA R SE(3) IIERL
I, —E, E.,E, —E,E.E, —E,) B 4 SrR I A EE SR E A 44,
o (o — O I. —E; E.E, —E, ’ YRSB4 ke = 3,97 £+ 2 = 5 By =X, B .
0 0] I, —E, O O D,y D, D
O O o) I, O 0 O D, D,
Jit LA (D) =0 0O 0 O D/,
O O D, D, OO0 O 0 O
o or (T (o = |20 0 Py 00 0 0 0
00 O O I, O E, O O
00 O O o1, O E, O
Hrp.D'\, =D, — (D,E, —E.D.). RE5(3) FM T,(e) =10 O I, O E;
FWRAE 2R AE R E, 15 D'y, & R e o o0 o I, O
a@zﬁ%ﬁ@wem%ﬁmam(% b O j e e ok
YR 13 Z MR TR
% I, O —E, O E,E;
2.0 0 0 O O I, 0] —E,, 0]
D,=10 1 0 1 0, T '(@=|0 0 I, o E; |,
00 0 0 2 O 0 O I, o)
BT LA O 0 O o) I
2bk, b1, O bl 205, NI}
Frela = (2550 B0 b 21)32} 0 0 D, D, D,
v OO0 O D, D
W 3, 3, 0 0 T (T (TP (@ ={0 O O O Dy |,
By 2k F B 2bh b 26, 0 0o o o0 O
L I R R R 00 0 0 0
0 0 3% W, 3, Hp.D'\; =D;— (D;E;; —E; Dy . B 7R 1050 B
I . ﬂq(b%o b%, [)12 bfa)cﬂi]
3 3L, 3, 0 0 b bn bz bos
DB = [ 0 0 3, 30 35@}' 300000
Fp b 02 01 0 0 ’
DLE. —E.D, — 0010 2 0
B 2N 3L b — 20, 00000
{21)50 — 0% 3bh, 20k b J Pl
& B E RS, — [3@0 208, bl by 2b) 31;})3).
3b5,  2b% b, bi 20, 3b%
Mo = alo bl = abi bh = ak. %
1 36k, 36 3bL, 3bh O 0
b3, Z—?aio 08 =— a4k ,bE, = ?agg,
y B = ’
D'\, =D, — (D.E;, —E;,D,,) = 0 0 3% 3b% 3b%, 3b
0 0 0 al+—al ab+Zah B L)
Z Z o1, I [35;0 36 3bL, 3bh 0 0 )
0 0 0 ais+ 2a;5 CIM_‘_?agQ 13835 0 0 365 3L 3L 30 ’



% 1H

A

F o )T SCERSE T TR ST IE MR TR 119

T
D.E,; —E,.D,; =
0 by, 2bi, B, —0y —2, —30,
( B — W W —b, W b, 0 )

1
/?\ E13 EF’E"J?D%%%IJ% :/7%1 - ai] vb%z - 4o ab(l):;

2
1 1 2 2
_ dgzs Jfau 2 aso ;92 agq 2 2
- 79&;0 - ybyy =— b1, =— Az —
3 3 2
2
dso ,)I_IIJ
’
D, =
1 1 1 1 1
ap 0 0 0 iy +az ags +ax +tan
b
2 2 2 2 2 2
0 0 0 ay—tayn an+ta;+ta Ao

J LA AT LA SE 3 B RS S ) E 43 D' IEA 64
RT3 R R G (3 B IERIE 5 IR FF Ik 21005
MR HAEES R EREZ A 6 1.

B, k=4 B Bk 4 2 IR

T (D) =

0O 0 D, D, D Do
0O 0 0 D, Do Do
o 0 0o o Diivi Do |s
o 0o 0o o 0 D
o0 0o 0o o 0 0
o 0o 0o o 0 0
T (¢) =
L o O E. 0 0
O 1. 0 ~ O E O
Ce . B
o o L. 0 0 o0
0o o o I, 0 o0
o o 0O 0 L. O
0 o 0O 0 0 L
e e R
TS () =
L 0 « 0 —E, O
0O 1. 0 = 0 —E.,,
o o L, O 0
0o o o I 0
0 o o o0 I
o o o o 0

TR
T (@ TH? (DT ' () =

O O D; Dy, Dy i

O O O D, Dy

o 0o O O D |
o 0 O O (0]

o 0o O O (0]

o 0o O O (0]

/ﬁ\:':'j :D/l.k+2 =D — DysEs 0 —EyDy ). ﬁﬁﬁ
SKEYFEFE Ey 2
[bio b;ﬂ.l 1);72.2 bi.k*l /)(l)k]

2 2 2 2 2 "
b b1 Disz e DY b

Dk.lc+’ -
k 0 0 0 0 0
0 (k—1D 0 1 0 =« 0
0 0 (k—2) 0 2 :
. . . 0
0 0 0O 0 0 &
X
E; ., =
30k 301 bk o 3b 0 0
0 0 30 3 30l b

it LA
DyE; ., —ED,;., =
1 1 1 1
{(Hz.o Crt1.1 Cl.kt1 (O.k+2)
b

2 2 2 2
Crt2,0  Crt1a Clet1 Cokt2

Hrpr
chiso = (3—k)blyschig = (3— (k—1))b} .
e = (3—(b—2))b} 5.5
by = (3— (B —3)bis; — biygschoy =
(3—(k—4))bt .y —2bk 5.5 »
chss =3 —(h—5))bk 55— 3b} 5.5+

-

s =— (B—5)b) s,

Chipes = Dby — (b — )DL,y s

o =20 — (B —3)b} i ss

e = 3bh — (B —2)b},

el == = Dbl s sl =— kbl s

(b —1)bi1.1»

2 _ 2 2 _
Cirzo = kb s =—



120 W B T Kk % % R

2017 4F B 37 %

s = 3biy — (B —2)bi 5.5 »

(b —3)b7 3.5,
iz = bign — (R — b 1
sy = (B—5)bi 5.5
s = (3 — (b —4))b] s
G = 3 — (k=305
= @B —(k—2)b5,,,
G = B—(k—1))bS 4y sty = (3—ER)BE,.
AR Ey PRTER A

2 _ 2
Ci1.s = 2010 —

2
* 2b2.k 29
2
— bl

1
b1 = mazlrﬂ,l sbp 2y = 5 _kaiz ’
W25 € 1 Dy RT3 HEOC R, fig 3 4 th B 3
bty Doy BIME ; FE2
bllzo - ﬁahz 0
MR Ey W55 —17 L&D IO R HL
2 2
biy =— Clw/;z.o sbi, =— Ziki'll ,
W HT 25 5 1) Dy e R B 3R 38 4 OC R BB 36 41 11 B 3
OF 1 b5 s POAE s FE4>
1

bon = (3— /’e)aO e

MRAG Ey M58 AT 840 F NIl 45 4
D\ =Dy — (DLE,,, —EuD,..)
0 0 0 = 0 x x

[o 0 0 = % = OJ’
Hr. « FoRWEANENICE, TUD 0 E
A ANIERT X R Y =485, RE (3 W IERIE
e+ 2 G REIMA M &G PIEFESB ARG RE
A4,

ZE B AR RS () WIEMEEHNT .

EBE 1 FIEEA NG ) XL m &R
Gt A 3 5 1 A AR R R S TE U S 4 GF

WZMA RGP IETSHAR G R EZA 4135 K5F
KZMAX RGP IEFZHARGEREZH 6 . M
T = 6.5 USFRZIA RSP IEES MR R
ZH 41

2 %

ZIKI*'JFH Carleman ?)%l‘i’ﬂﬁﬁ(fﬁ“% T 5'3
ISR S R G IERUTE 0 E B R AT R Ak, A
S ZHA g h i ZA 6 WHEE, mHE

(57 Z I ) i i 20 A 4 BUEE L R
H BT A 8RR U A A B AR . K S SRR LR
fib 73 T R 1 AT AR 5 A [l A BF 5

S %30k

[1] CHOW S N, DRACHMAN B, WANG D. Computation
of normal forms [J]. Journal of Computational and
Applied Mathematics,1990,29(2) :129-143.

[2] BRUNO A D. Local Method in Nonlinear Differential
Equations[ M]. Berlin:Springer-Verlag,1989:1-38.

[3] CHEN G T, DORA J D. Further reduction of normal
forms for dynamical systems[ J]. Journal of Differential
Equations,2000,166(1) :79-106.

[4] ELPHICK C, TIRAPEGUI E, BRACHET M E, et al.
A simple global characterization for normal forms of
singular vector fields[J]. Physica D,1987,29(1/2):95-
127.

[5] CHUA L O, KOKUBU H. Norma forms for nonlinear
vector fields: part i: theory and algorithm [J]. IEEE
Transaction. Circuits and Systems, 1988, 35 (7): 863-
880.

[6] CHOW S N, HALE ] K. Methods of Bifurcation
Theory[ M]. New York : Springer-Verlag, 1982: 401-
442,

[7] TAKENS F. Singularities of wvector fields [ ] ].
Publications Mathématiques de [I'Institut des Hautes
études Scientifiques,1974,43(1) :47-100.

[8] ALGABA A, GARCIA C, GINE J. Analytic
integrability for some degenerate planar systems [ ] ].
Communications on Pure and Applied Analysis,2013,12
(6):2797-2809.

[9] ALGABA A, GARCIA C, GINE J. Analytic
integrability for some degenerate planar vector fields[]].

Journal of Dynamics and Differential Equations, 2014,
257(2) :549-565.

[10] ALGABA A, GARCIA C, GINE J. The center
problem: a view from the normal form theory[]].
Journal of Mathematical Analysis and Applications.
2016,434(1) :680-697.

(110 A8, s 4 A, — JEIB L7 T &R 48 19 IEAUB 1 5

(). R B 3 2, 2016,5(1) :98-111.



% 13 BRI R ST ARG IE MBI R 121

Computation of Normal Forms for a Type of Generalized

Planar Saddle-node System
LI Mengxiao, HUANG Tusen
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: For a type of generalized saddle-node system, nonlinear system is transformed to linear
system on the infinite dimension by using the method of Carleman linearization. In this way, the recursive
relation among the terms in the matrix the system is obtained and then its normal forms are computed. At
the same time, the corresponding nearly identical transformation of variables is given. The calculation
method and results in this paper generalize the computation of normal forms for non-linear differential
equations with non-zero linear part in the classic theory of normal forms to that with zero linear part. The
corresponding nearly identical transformation of variables can be directly gained from the calculation
process, which solves the problem that classical theory of normal forms can explain the existence of nearly
identical transformation of variables only in theory but cannot give the specific transformation. The results
in this paper lay a foundation for simplify analyses of the dynamical behaviors of such type of degenerate
system.

Key words: generalized saddle-node system; normal form; nearly identical transformation of

variables; Carleman’s method
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