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Bogdanov-Takens Singularity in Comprehensive National Power Model
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2. Department of Mathematics Daqing Normal College Daqing 163712 China)

Abstract: In this paper using coefficients as parameters the stability and singularity of the comprehensive na—
tional power model are studied. By center manifold theory and Lyapunov function the instability of the equilibrium
point of the model is proved. It is found that the equilibrium point is Bogdanov-Takens singularity. Applying revers—
ible linear transformations the normal forms with universal unfolding parameters of the comprehensive national pow—
er model is obtained. Furthermore the topology structures of the model near Bogdanov-Takens singularity are giv—
en. The associated development situations of the comprehensive national power for some topological structures are
discussed. Finally some numerical simulations are performed to support the analytic results.

Key words: comprehensive national power; Bogdanov-Takens singularity; normal form; stability

P,=(C+E+M) x(S+W) P, C
0 E M S
w
( ) . 1992
1981 ‘

12011 -12-12

: (11251G0011)

(1978—) E-mail: jnwang2006@ yaboo. com. cn;

(1972—)



4 Bogdanov-Takens 115
_ Y, 2
d p‘(l_ﬁ)
Y . 1997
( M )—By
dy
= —yy+8(m-x)x 1
x( 1) =X( X( 1) | 5
_x(1) () _a
Xo X(1) ( y( 1) u(t) = I v(t) = I a—B
_Y M m
) b_,Bc_ﬁ d—Ms—Bt
dx s t
de
du
(M -x) df—au(l—u) -v
x(t) M a t (1)
. -By %:—bv+c(d—u)u
B Yy 2
Y ;8(m 2 —L(O‘4;5) <m<M
—x)x (x(1) <m) ab - cd
(1) (1) E = (00) E = (%7
(x(2) >m) x( 1) : ab —cd ab —cd (a+y)’
Hopf (ab—c)( _ab—c)) 485 - ab =
. cd E1=(0 O)
(1)
. 2007 : (1)
A +(b-a)A—ab+cd=0 (2)
Hopf 1  ab=cd b=a A=0
4 . 2009 (2) ,
1 ab=cd b#a (1)
: b<a
(1)
- A=a-b>0 (1) ;

2
Bogdanov — Takens

b>a 8
(1)
u=x+y v=ax +by (1)

_c-ab 2
b g Xty

dx
dr

dy a’ - 2
5= (b-a)y+ i —A{a+y)



116

y=h(x) =a,x* +b,x° +o(x)

a’-c
(b-a)’
b _2(d’ =¢) (a® +ab-2¢)
L=

a; =

3
(b-a) (3)
c—ab, a —-c
b—a1 +(b—(l)2w +
2(a’ =¢) (a” +ab—=2¢) 3,2
(b—a)4 LL} . (4)
V=(b-a)u
(4)
dV
520

2 Bogdanov-Takens
Bogdanov — Takens

2 (1) b d

e & b=a+
2 2
e, d="1+2 p=q 4="% (1)
c ¢ c
(0 0) Bogdanov — Takens
(0 0) Bogdanov — Takens
2 g & (1)
@—au—v—auz
de
J (5)
di;—(a +e)u—(a+g)v—cu’
7
L=+ v=ax
a

17
dv
de =7
) (7)
d*}tfz(asl—gz)x—81y+(c—a2)x2—2axy
_ 4a’ _ 8a’
x = 2 Y= 2 2 Y T =
c-a (c-a’)
2
czaa (7) X=X y=y t=71
de _ O
dr =7 5| .
ﬂ_4a2(a81—82) _Zael +x2—x5
dt_ (c_a2)2 A C_az)/ yl:l
_ 2a°(ag, — &,)
X =X — (c_;Z)Zz (8)
X=X
dx
de =7
. (9

T ey T -y
uy =4a*(ag, —&,) /(e -d’)

w, =2a’(ag, —&,) /(c—-a’)? =2ag,/(c-a’)

(9) 9 (3)
9 1
3 (e &)
(8) x-y
&
-& 0
. (0 0)
1) TBz{(gl ‘92) ‘6‘z=a31}
2)H* ={(&, &) le, =0 &, >0;
3a’ —¢
£ =75 —¢ e, >0}
9a” -7
NP ={(s &) le="5 "
a
2
g, <0; &, _19(;2a 7081 g, >0}
TB TB
yH®  Hopf
P
(e, &) (00) 0
10 1( ) 3



(¢) b=0.01;d=0.050 5

(1)

4 Bogdanov-Takens 117
e b=0.01 +£,;d=0.0005 +5,;
P
@ ! %TB TB:e,=0.0lg;H g, =0 &, >0;
Vi H :g,=-9.985¢, &, >0;
N &K P e, = —69.95548, &, <0
T P e, = —11.650 8, &, >0.
W e \ (0 -
8 :
\@« ¥ SN 1) &, =0.01; &, =0.000 1 1 7B
( 2 (a)).
2) g, =0.1; & =0.15 1 I
1 (8)
( 2
(b)).
3)e, =0; &, =0.01 1 H?
( 2 (c))-
(1) a=0.01;c=0.2 4) g, = -0.001; &, =0.069 955 4 1 P
( 2 (d)).
x107
VSNV AU RPN SURUPOR OSSO SRS B y/ ]
2 .......
1 o s
= 0 {(,_ : :‘ '/;/\ =
1 b i vt
-2
A il L
-0.01 -0.006 -0.002 0002 0006 0.0
(a) b=0.02;d=000 1
0.01 : AP D I H 0.1 05 JUURUUOR PUURUROR USRIV UOPUOPIR: FUVRUORD L SO PO el
; ‘ z ; ‘ $Y

0.008|-4----t--f--te e Vo St RS e

0006 -3 / 0.06F- jﬂ\ g

0004 e : § 0.04 ‘ :

0.002}- f 0.02/§ TS e :
-0.002 A\ e B —o.ozg-ﬂ_ e \
~0.004}- e B ; ~0.04FN i j

i \ = i ; )
~0.006/- o -0.06 e
~0.008 ~0.08 S
—0.04-002 0 002 004 006 008 0.1 02-01 0 01 02 03 04 05 06

(d) =0.009;d=0.350 277

(1)

2 Hopf N N
Bogdanov — Takens
Bogdanov — Takens



118

17
: 5 Michaelis — menten
. J .
2010 15(2):102 -105.
6 Smith J.
2011 16(3): 98 - 103.
7  FARIAT MAGALHES LT. Normal Forms for Retarded Function—
al Differential Equations and Applications to Bogdanov-Takens Sin—
gularity J . Journal of Differential Equations 1995 122(2):
201 -224.
8 M .
1 J. 1992( 1) :
1996:1 - 18.
13 -19.
9 M .
2 J
1997: 129 - 152.
1997 12(1): 29 -36.
3 Hoof | 10 JIANG W YUAN Y. Bogdanov-Takens Singularity in Van der
) o ’ Pol’ s Oscillator with Delayed Feedback J . Physical D 2007
2007(3): 1 -4.
4 | 227(2): 149 - 161.

2009 1(3): 247 -251.

( 113 )

6 YANG Donghui. Existence and Uniqueness of Positive Solutions to
a Fourth-order Nonlinear Singular the Beam Equation J . Chinese
Journal of Engineering Mathematics 2009 26( 5) : 890 —894.

7 YAO Qingliu. Positive Solution for Eigenvalue Problems of Fourth—
order Elastic Beam Equations ]

2004 17: 237 -243.

. Applied Mathematics Letters

8  ZHANG Xinguang LIU Lishan. Positive Solutions of Fourth-order
Multi-point Boundary Value Problems with Bending Term J . Ap-
plied Mathematics And Computation 2007 194(2): 321 -332.

9 BAI Zhanbing HUANG Bingjia GE Weigao. The lIterative Solu—
tions for Some Fourth-order p-Laplace Equation Boundary Value
Problems J . Applied Mathematics Letters 2006 19(1): 8
-14.

10 YAO Qingliu Existence and Multiplicity of Positive Solutions to a
Singular Elastic Beam Equation Rigidly Fixed at Both Ends J .
Nonlinear Analysis: Theory Methods & Applications 2008 69
(8):2683 —2694.

11 YANG Bo Estimates of Positive Solutions to a Boundary Value

12

13

Problem for the Beam Equation J
matical Analysis 2007 2( 1)

. Communication in Mathe—
c 13 -21.

LIN Xiao Ning LI Xiao Yue JIANG Daqing. Existence and U-
niqueness of Solutions for Singular Fourth-erder Boundary Value
Problems J . Journal of Computational And Applied Mathemat—
ics 2006 196:155 - 161.

AGARWA R P MEEHAN M OREGAN D. Fixed Point Theory
and Applications M . Cambridge University Press 2001: 20
-32.

J. 2008(5) : 115 - 117.
J. 2007(4) : 484 —486.

GUO D LAKSHMIKANTHAM V. Nonlinear Problems in Ab-
stract Cones M . Academic Press San Diego 1988: 121 —125.



