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Abstract

Based on segmented disc dynamo, a new four-dimensional chaotic generalized generator system
was proposed. The author studies Pitchfork fork, Hopf fork and zero-zero Hopf fork, gives the
proof that Pitchfork fork and periodic solution exist in the system under different conditions, and
gives the numerical simulation of Pitchfork fork.
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1. 58

MR A R R DR, AER— T ERE RIS T IS R R, TR H A RIS
TR NG SRHEET S B TIEEL, B 1963 4 Lorenz 5] N5 — PNEUEY BRI A 1], #2581
GRS K IFIRIR NIRRT AT . 2542, 2 SCRIVRIE R A REPE[2]-[10], FEMCEERE - 1979 4,
O. E. Rossler & X$2H THVET M S, FE4H T HA UL EIE Lyapunov 8 5 U 4E IR R4, @
TRTAE N — PP LLTRIETE R R 1 h 14T, (8 LREN A b EiR i B R IN 7 BT &, B
BRG P F AR RN TR RS R 45 Ik, DU4E H G RS0 TR 7E R S A 1 25 25 ),
NT B ER AR AR (ARG = LE R B, 25Tz I8 P R UL 11-[ 1S RIFATREAS, J5 oK Moffa
[16]3&H T —FBr B AR AL, 12k LAY o] I DL R 53 7 R AR AR «

X=r(Y-X) (1)
Y=mX-(1+m)Y + XZ )
Z=g[1+mx* - (1+m)XY | 3)

X B X()AY(0)ZF 7 T A2 [m F0 5 AL A H A 5 R OB R, Z() 3R B B R, [ s s AR
TR, @RI RE, rAm o IR 2, BT H ik 1) FiL R R . Moffat )& HINL 2008 1 BE xt
FERERFEOR, SRS R LI B Rl R ) R, FRATTRT DAZEQR) S I R “—Z” SRASHUX B EEHE, A
F{E, Moffatidh 47 AL bRAR e :

)?:(gm)%é, Y=(gm)%§, Z=(Z—‘ij/r, t=rt 4)
X'=Y-X (5)
Y'za()?—f)+7)_(+)?z (6)
Z':—nz+)?()?—ﬂ)7) (7)

75 F2(1)~(3)38 A

Hr, n=v/ra=(1+ m)/r,ﬂ =1+1/m,y=(g/v- 1)/r o« Moffat F] FH b 5 F2 40 4R 50 R vl i 4k

Pitchfork 43 L Hl Hopf 73 X & A8 Z 40k I R G847 e BB A 2 LIRS o SR o3 IOt 2 B+
FATT o B A BH AR 2R M R R ] M FR S TEAL BRI ARG VRADIRES . (R, 43 XS FERI T4 55 ) AR e 1
JrH AR R O EEMAEH . P A AN SO R YR AR AR, B A O AR R AR, mrAE R
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pitchfork 73 X s 24-F4i7 g — % 2 HE RRAE(E R e A8 e VER, Hopf 73 SCKHAES) ) R G0 F A A IR BR A
tpe A P AR AR I — X 2l R R (B A R (N, R AT i H B 0-0 Hopf 73 X o
AL F TR FE T Moffat #2 K RS, XL U DY 4E3T BYBR I 28 45 S A gk
ITWTFE, 1321 LURHE RS T pitchfork 7r X« % Hopf 7 X UL & JAMRAE R % -Hopf T4 T 19 73 3 [ &
2. BRERGRHAEXRMER
21, BRARY
X = b(y - x) +kw
y=dx+cy+xz
z=—nz+bx(x - pz)
W=—sw+k,xz—x
TG~ R 4 — Rk BRI RS R A LR35
He (x,y,2,w) R b>0,>0,c<0,d>0,n>0,5s>0,k>0, bs’—cs’+ck+ks<0, k,eR. HFK
43(8) 1) Lyapunov RELE 1, AW R 50(8) & R

®)

0.8 L L] Al Al Ll L A AJ
Sk S R.
0'4 A A A A A A A A A
6 6.1 62 63 64 6.5 6.6 6.7 6.8 6.9 7
d
0.2 T
Y o1t
0 A A A A
6 6.1 62 63 64 6.5 66 67 68 6.9 7
d
0.1 T T v T T T T T T
-0.3 4
6 6.1 62 63 64 6.5 6.6 6.7 6.8 6.9 7
d
-2 v v v v v v v v
3_2.5;—/\#_/\/\/-
23 " N " N L . " "
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d

Figure 1. Lyapunov coefficient diagram of system (8)

& 1. &%:(8)HY Lyapunov RE[E
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b(y—x)+kw:0
dx+cy+xz=0
—nz+bx(x—ﬂz)=0
—sw+k,xz—x=0
HATAT AR RGU(8) A T4 11 S, =(0,0,0,0) H.2Y bes +bds + ck > 0 B, RGE(8)H T34 AT £l

dkk, +bs+k bes+bds+ck __ b(ck, +dk, +1)
Sy, = Ex,%x, - ,— S FX o
—ckk, + bs —ckk, + bs —ckk, + bs

$t o n(bcs+bds+ck)
~ Xy =
A\ b(Bdkk, +bps + ckk, — bs + Sk

UMW RGOV THT R S = (x,y,2,w) » ATAFUN N HER LLAERE -

-b b 0 %
d+z c x 0

J, = ©)
b(—ﬂy+x)+bx -bxff -n 0
kyz—1 0 fkx -—s

AT AL, —J,|=0 (Bt 1, e R™ RAMESEAERE), WL RFAE (. #F S S, 5 iE]

|Mr4ﬁqujh,ﬁﬁ%&ﬁgmﬁﬁﬁ%mﬁ%;N?%%%ﬁ%=m&am,%%%,%w%
Zi(8) e 5 LA AR Oy
-b b 0
7 < d ¢ 0 0 10
1o 0 -n 0 (19
-1 0 0 -s
BRI A SRS AE T FE N
p(A)=—(A+n)-¢,(1)=0 (11)
(ol(i):b0/1+bcs+bd/1+bds—bﬂz—bﬁs+cﬁz+C/1s—/13—/12s+ck—kﬂ (12)

B, RADBHE AR = —n s EIEE MRS TR RSHE, RERERRY, 7
53 UK VT S, TR A X HT DL B B B d B S5, S, MR RER

3. Pitchfork 47X

—bes —ck
S

(—Sb+SC—S2) i\/s(bzs —2bcs —2bs* + c*s +2¢s? + 8 —4dck —4ks)
/13,4 = 5 ’
s
R 2R i S AR i, B OwE e B XEi, &b HES, 143 Pitchfork 70 XL R &

i,

EE1 Hd=d"= I, RGUBWEZEFH 5 S, =(0,0,0,0) HHIL T —A Pitchfork 43X, Tfii .
Md<d I, - ANAFEETPH SRS, =(0,0,0,0) fEd =d” M 2d>d i, K I =P R
Sy =(0,0,0,0) K AZRASE T, SN ATERE TR0 S, , fE d = d” BIH M

Y d Ny XZSH, Hd=d"= I, RRAEJTARAE AT RS, AR 4 =0, 4 =-n,

—bes —ck
bs
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k(c—&)(bcs—cs2+ck+ks)

- 0 s(bcs—czs+cﬂ3s+26k—kﬁ.3)(b+/?3)
—bs+k 0

R MK ERER Y= b |, V=] | V= ck(c—k=2)(bs +k) :
0 1 bs(cs(b—c+ﬂg)+k(20—ﬂg))

0
1 0
(. 1 .
k(c—l4)(bcs—cs2+ck+ks)
s(bcs—czs+c/13s+2ck—k/14)(b+/14)
Vo= ck(c—k—/14)(bs+k)
) bs(cs(b—c+ﬂ4)+k(2c—/14))
0
L 1 =
RAE[17], 2
§d=y+eET=[VI,V2,V3,V4] (13)
s

H A
[x,y,z,w]T = 7‘[)cl,)c2,)c3,x4]T (14)
X, A 0 0 0} x Ied
L |0 A4 0 Ofx| (g
)'c3_00—n0x3+g3 (15)
x, 0 0 0 O x| |&
£=0

MHTIEA3). (14H RGQ)HeH A

Hrp

~ k(c—ﬂj)(bcs—cs2+ck+ks) B k(c—l4)(bcs—cs2+ck+ks)
T les(b-cr a)rk(e—2)) b+ 4) " * s(es(b—ct )+ k(2e—2))(b+ )
ck(c—A,—k)(bs+k) ck(c—A,—k)(bs+k)

5T bs(cs(b—c+ﬂg)+k(2c—/lj)) T bs(cs(b—c+ﬁ4)+k(20—l4)) ;

b(rax; + rx, —sx ) (kytinyx, — kg, — en + &1y = 1, + 1, )

& = )
bnr, + brs — bryr; — br,s — brys + brys + kr, — kr,

g = —(r,x3 + X, — SX, )(b,Blgx3 +bpr,x, —bfsx, — brx, —br,x, + bsx, — Bkx, ) s

(rx; + 1x, — sx, ) (bkyrysx, — blyrysx, + kkyrx, + ber, + bes + bryx, + bsx,)

& =" )
bnr, + brs — bryr, — br,s — brys + brys + kr, — kr,

(rx; + 1x, — sx, ) (bkyrsx, — byrsx, + kkyrix, + ber, + bes + brx, + bsx, )

=
brr, + brs — bryry — bry,s — brys + brys + kry — kr,

R E B A, N T HREAS)FE DI LRE, EEEEx Me 1778 HLERN
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W.(0)= {(xl,xz,x3,x4,£) eR|x,=h (x1.€),x5 = hy(x,€),x; = hy(x,,€),
x| < 8.|e] < 8,h,(0,0)=0,Dh,(0,0) = 0,i =1,2,3}

Hdr s f1 6 750 /NH Dhy(x,6) /& b AT i =1,2,3 s B3RO LI REER, &
X, =h (xl,g) =a,x; +a,x,+a,e” + 0(3)
X, =hy(x,6)=bx; +bxe+be’ +0(3) (16)
x, =hy(x,6)=cx] +exe+ e’ +0(3)

Horbo(3) R AIA =B x;, x e, x,6%, & YR m i (Bl x;' xe, x7 e, x,6° e)

M =0, NABRFIE N 2

N(h(x.£))=D, h-g —Bh—g=0 (17)
_%_
h, 221 g -n 0 0
;E\:EP’ h(xl,é‘) hz ’Dx]h: 82 ,8=| g ’B— 0 ﬂg 01,
x
h, 5_/1: &4 0 0 4
| Ox, |
K16y RN(17), LB DI R 8, AT 2]
g =SB =bs+BY) 0 o
n
b =0,b, = sbls +n) by=0 (18)
A (brir, + bris — bryr; — brys — brys + brys + kry — kry )
6 0., = sb(s+1)
Ay (brr, + bris — bryr, — brys — brys + brys + kr; — krz)
PRI T FE(16) AT U5
) s(bBs—bs+ pk)x}
,=h(x,8)=ax +0(3)=— +0(3)
n
sb(s+r)xe
=hy(x,&)=bx,e+0(3) =~ +0(3 19
B =ha(oe) =bne ol3) A5 (b(rir = rns )+ (ri =1y =13 + 1, ) bs + k(i = 1)) °) 9
sb(s+rl)xl£
=hy(x,6)= 3)= 3
206 = +o(3) Ay (D(riry =13 ) + (7 rz—rg+a)bS+k(r1—rz))+o()

BHBRHAQNRNTRAAS) M %, =g, , BRIEZEA AP ORE, BRATTE
F(x,

4
{{c £)+o(4) "
=0
F(xl’k) B : (rIgXb2 +rexc, —sxl)
b(rlr4 +HS =Kl —KHS — 1S+ 1,8 )+kr1 _
/\¢I

n

‘[((kzrz%—km) (ri=1))s(bps - bS+ﬁk)

—6‘1”14—8}"2}
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P45 7> AR [18], & B UEAF LA R SR A BRI, X3 R G2 (20) B P4 5 (x,,¢) = (0,0) 7E
g=0(d=d°)57i7i€ET* I pitchfork 73 X .
Rl e B 1 1540

F F °’F
F(0,0):O,a— :O,a— =O,a—2 =0
*11(0.0) 0¢ (0,0) Ox; (0,0)
O’F | _ bs(r,—1,) £0 @
6x188|(0 0 bnr, + brs — bryr, — br,s — brys + brys + kr, — kr,
63F| _ 6bs’(bBs —bs+ Bk)(kyrir, —kyryrs =1 +13) 20
a)c]3 |(0’0) n(brr, +brs — bryr; — brys — brys + brys + kry — kr )

BUEEB N THIEER 1, WS Hb=1c=-2,=2.1=4k=10,s=05k =0 WRIFEEL 1 k&
“hes=ck _y,, RYUS)TE S, s~ T Pitchfork 47 X, X UEHITE d = d° MY 17 A AN BOR A e 1

A)
RAT A 15 d =d° M — ANAFRE BT 5 S, 75 S A A P A AR P17 05 S,, S, Fil—
T8 WP 05, o 11 2 B iy d° 1 35~48 Z R HI 4 UL 24K, B 2 13 9r X MTE d > 42 4k, Hod <42
WS, RAFRER, 2d>4a28f, SANREMHS,S, BICAATRER: X5EH 1 ZieHE.

d=d’=

50 T T T
unstable equilibrium point
40F | = = —stable equilibrium point
30F
20+
10+
- \
< 0
A
10+
-20
30k
40+
_50 A i A
36 38 40

Figure 2. Pitchfork bifurcation at d = d° = 42 of system (8)
E 2. &% ®)7E d=d" =42 4aY Pitchfork 43X

4. Hopf 7 X
L d 5y XZH, FERF R ARG ()T S, =(0,0,0,0) ) Hopf 73 X H, 5644 Hopf 7 X HJHEAH
it

EIE—A s x = f(x,u),xeR", ueR
#7 I KA Hopf 40 X, IR [Ty 2 DA 2644 [19]-[26]:
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a) W f(xg. ) =0, TEELLHEFE Df (x0, 11) A — X5 2 FEARFFAEAE o (u)|ﬂ:#0 il (pz(,u)|ﬂ:#0 , KR
n—2 MEHEE SRS,

l@ﬁﬁﬁ%ﬁ:%ﬁﬁi%%%iﬁm@h@») 0.

H=Ho

F2 ok, %t Hopf 40 XA %A B —R0IE .

Yo, HOFRRQ DB RS
(b-i—s)(bc—bs—c2 +cs—k)

(c=b)b

RGUSYE S, . HITHE R LUHE R Rk A Ja A — 0 4l R AR R A (AN 7 A 3F 2 SRR AE

d:d =

0

2 2
%g=$MM%=—an=—s+c—b;quwzJ—bg oL (23)

B, 2P a)RoT,
HU, WIFRAEb), D14, = Fio WM, o' (1) 1 d Rl 19

da(d)| bA +bs
dd | 327 +2(b—c+s)A+(k+bs—cs—bd —bc)

24

)
2b(b—c)(b+c)’

p=Re(A'(d =
( ( ))|d:d° 4(c - b)2 o + (2b2 —4bc+2bs +2c* - 2cs)2

>0 (25)

BEZF )il 2 . I RSL(R)TE S, b K E Hopf 737, T % Az e Y 28— A Lyapunov 241/,
FrifoE, Tl E .
FH 2 T RHE®), (b>0,>0,c<0,d>0,n>0,5>0,k>0, bs’—cs’+ck+ks<0, k,eR), %
RGLE S, /e HI5E—4 Lyapunov RE 1, 7[RI A
1 2(bc —bs—c’+cs —k)4 (b+s)(b—c)k'p? (bs4 —6bs’ @ + b —cs* +6¢s’ 0’ — co' + ks’ —3ksa)2)
5 3
20 ((b—c)4 b*&* +(bs—cs +k)2 (b —0)2 bz)n((b—c)2 o’ +(bs—cs +k)2)

1=

(bc —bs—c*+cs— k)4 (b + s)(b - c)k4b2 (s2 +o° )(bns2 —bnw’ —4bsw® — cns® + cnw* + desw* + kns — kaz)

((b—c)4 b’ +(bs —cs +k)2 (b—c)2 bz)((b—c)2 ©° +(bs—cs+k)2>3 (nz +4a)2)

2k4b(bs —cs+ k)3 <s3 - 3sa)2) k4b(bc —bs—c*+cs— k)3 (s2 + o’ )(ns - 2a)2)
n((b - c)2 o + (bs —cs+ k)z )3 ((b - c)z o + (bs —cs+ k)2 )3 (nz + 4w2)

+

1) WL >0, REE)ES, R Hopt 440, 48 SRAKGEN, T HYNd<d,, 4,0, R4
FERGTE AT KL S, FAEAFAE — AR E IR IR .

2) k1 <0, RGQME S, KA Hopf 7325, 708 FRFSER, TWH%d >d,, SELd N, REHE
AFEIE T KL S, BT AAAE — Mg BINER A .
(b+s)(bc—bs—c2 +cs—k)

MR B0 MAES LR, Md=d, =
(c—b)b

y
’
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22
CHIHEEN 4, = i, 2 = i, Ay = —n, Ay = —s +c—b » m:\/_’” cs” ¥k vhs

b-c
-b b 0 k]
(b+s)(bc—bs—cz+cs—k) o o
CF A= (c—b)b ¢
0 0 —n O
L -1 0 0 -5

(s—ia))k(bc—bs—c2 +cs—k)
(b—c)2 ©° +(bs—cs+k)2
((bs+k—cs)—(b—c)ia))(bc—bs—c2 +cs—k)(b+s)(b—c)kb ’

q =
(b—c)'b’a’ +(bs+k—cs) (b—c) b
0
L 1 |
I (s+ia))k(bc—bs—c2 +cs—k) ]
(b—c)2 o’ +(bs—cs+k)2
p= ((bs+k —cs)+(b—c)ia))(bc—bs —c*+es —k)(b +5)(b—c)kb
(b—c)4 b’ +(bs +k—cs)2 (b —c)2 b?
0
L 1 |
0 0
X1y X3 0
B B = R C X, y,z)= ,
(x y) bl:xlz +x32 _ﬂ(x1Y3 +x3)’1):| ( 7 ) 0
k, (x,y3 +x3y1) 0
_ . i
0
A'B(q.9)= b(s—ia))zkz(bc—bs—c2+cs—k)2 ,
n((b—c)2 o’ +(bs—cs+k)2)2
L 0 |
0
0

(20iE - 4) " B(¢,q)=| b(s—i0) k*(be—bs—c* +es—k)
(2ia)+n)((b—c)2 @ +(bs—cs+ kY|

0

WHBEAR L = Rel (p.C(0:0.9) - 2(p.B(0.47B(0.7))) + (p.B(7.(200E - 4) ' B(0.9))) |

RIATTHE S 258 — > Lyapunov R4/, g # A TR,
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D, B b=1,c=-13249,=0.1,n =20,k =10,5 =0.4675,k, =0, W d =8.9424, [, =0.4962,
K3 FR, Ui RGO R — MR AT (-1.1235,-0.7869,-3.1376,0.0967 ) FIAFE EARFRIE .

4 e e e S % 3.
0 ) |
/ 1 1
A_2 /' | B
N_4v 0 ‘
6 [ 1
\ 10
8 . ] /O/
6 4 A "
S R S S S 2 Wi i
o s 6 4 2 0 24 6 810 ® 2 T % Y
y(®) %

Figure 3. A unstable limit cycle of the system (8) with initial condition (—1.1235,—0.7869,—3.1376,0.0967) for
(b,c.d, B.n,k,s,k,)=(1,-1.3249,8.9424,0.1,20,10,0.4675,0)

B 3. RGO RIMIAFM (-1.1235,-0.7869,-3.1376,0.0967) TEH B S

(b,c.d, B.nk,s,k,)=(1,-1.3249,8.9424,0.1,20,10,0.4675,0) THIFF2ERPRER

5. Zero-Zero-Hopf X
XFT(8) AT LA FRARTE N BT i T X
X =F,(t,x)+&F (t,x)+&F, (1, X,¢) (26)
Hrhee(-¢)¢) He RADNUIES, F,F,F, =& _BrEst S 4 H & G e U E s
F,F:RxQ—R"F,: RxQx(-¢g,,6,) > R" s H-NEENAMT, QR LH—ADIFE. R4
W, BIFLRGEQ6) T TR X, L EER BT IARS
X =F,(t,x) 27)
AT BEX(6,X,) —RBREQRDIE X (0,X,) =X, =X (T,X,) IR, BN
fift X (T,X,) AT Lhid
Y =D, F,(t.X(1,X,))Y (28)
& My (1) NERIER RGEQE)IFEATEE . RAFAE—ATFERE VL CI(v) < Q, fEFX T4
X, eCI(V), WHE—NREQDIIAMM X (1.X,) . HhES CI(V)RRZQDIAMMES, BHRZ
HNRGQDWFELE. B, KT TR 7> SO SRR X (6,X,)) 20 EEES (V) h, X h
AN EEZA H .
EH 3 [20] BHE A RIFE VIlE CL(v) c QERN TE—A X, e CL(V) HIff X (t,X,) 2 T A
IR, AN e %L

F(X,)= %J'OTM;L (t.X,)F(t.X(t.X,))dt, F:CI(V)—> R"

i AL PRIR -
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1) B X eV R F(X7) =0 Hdet((0F/ax,)(X"))#0 . WA RGEQO)MFIWIMR X (1,2)
H13 2 e > 0MH X(t,e) > X

2) JIAR X (t,) HORSE VT B % LR (OF JoxX, ) (X ) FOREAE (24 th

1% BRI 281, HART] IL[26].

EH 4 Lk =0n=0s=-b+ck=(-c—d)(c—b)b/c Hbd[c—2bd —c* <0, WAHRE A LK
HL R 55(8) (1] 0-0-Hopf T 2.«

WE: il HAS RGB)E S, FIARFETTFEAN

P(/l):—(ﬂ,+n)(bcs+bafs+ck+(bc+ba?—bs+cs—k)/1+(—b+c—s)/12 —/13)

- —c—d)(c-b)b 2 L s
i—'l%%ﬁl‘ﬁmﬁkz:0,n:0,s:—b+c,k:w, b pa—c <o, EHEARK KR

Cc C

2
o,o,ii\/—(ﬂ—zbd—czj , SEF 4 1FIF.
C
TESR H R GU(8)TE L fi b 0-0-Hopf 70 X J5, £ N RN T IR 7R 1% P4 b 2 5 A B AR A7 e, E
S 25 H T R SRR B A7 A0 PR R T i A 2R
SEHS 4 n(—b+c)(bes+bds +ck)(b’d —2bed —¢*) =0 H
D=b'd(c+d)-4b'cd(c+d)+b'c(cs(~2¢+5)+2d" (3c+5)+d(6c” +5” ~2k))
-|-4c4k(c2 —cs +k)-|—2b3c2 (—(c+d)(2d(c+s)+s(—4c+ 35))+(4d —c+s)k)
+b202(IOczs(—c+s)+d2(c+s)2+cd(cz—80s+11s2)+20(4c—5s)k—2d(50+s)k+k2>

+2bc’ (ZC(C + d)(c - s)s + (Zd(c + s) + c(—SC + 7s))k —2k2)

M D=0, 7SR RG (S w THAbA —A 0-0-Hopf 43 X, TEIXAN P A m A A g, H
4D, >0,D,>0,D,>0,D, >0 EAVEREM: Hrh D,,i=1234 BEETZWHRIR.

—c—d)(c-b)b %
UEBA : Zﬁi‘i”}ﬁﬁﬁ(n,s,k)—)[8nl,—b+c+5sl,w+5k1J, ot g RASDMIEL, n,,s,.k,

c
FEAETH, W SO RGN
x=b(y—x)+(-c—d)(c—b)bw/c+ekw
y=dx+cy+xz
Z=—enz+ bx(x - Bz) (29)

w=—x+(b—c)w—esw

Ak, b /&\(x,y,z,w)T :(8u,8v,£p,8q)T , AREFIRA X = (x,y,z,w)T LR (u,V,p,Q)T )
| 22 4 (29)38 TN

X =F,(t,x)+¢eF/(t,x)
b(y—x)+(—c—d)(c—b)bw/c kw
dx +cy Xz (30)
= +e
0 —n,z + bx(x - ﬂz)
—x+(b-c)w —sW
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fEEE R 3 HRR T 77, X RGBT I
ZRET RS,

X =F,(t,x), X =(X0,50:Z0sWy) (31)
WEFLGOIIBIE R, 5N X (6,X,) = (x(2), »(2),x (1), w(2)) i 2

a,x, +a,y, +a;w, ax, +asy, +agw,
x(t)z 20T DY T O,y(t) Sal I 0 (t) 2 W ()

1
— (a7x0 +agy, + agwo)
ca ca’ a

Hofa=[~(Bdfc-2bd - ),
=(b-c)c® —abesin(at)+ b(bd — ¢* - 2cd ) cos(at) ,

a, =(c—b)bc +abesin(at)+b(bc - c* )cos(at),

a,=b(b—c)(c+d)(—c+asin(at)+ccos(at)),

a, =dec(c - b) +acdsin(at) + cd (b — c)cos(at).

as =bd (b—c)+ac’sin(at) - c(bd - ¢*)cos(at),

a,=(c+d)(b-c)bd —(c+d)(b—c)bdcos(at),

a; =c* —acsin(at)—c*cos(at),

ay =—bc + beeos(at),

ay =—be(c+d)+ac(b—c)sin(at)+(b’d +bc’ —bed - c*)cos(at)

EFERNE, RECGHITAWRE X, =0 i X (¢, X,) 2N, SHEMFERMT =2n/a, XTH

BLOOIIR X (,X,), WL RGY = D, F, (£, X (1,X,)) RIZEARFERE M, (1) 50 TR

a a 0 a
1 |a, a; 0 a

Mxo(t):cat2 0 0 ca®> 0

a, ag 0 a
Horbra) =2acsin(at), THHEEH 3 TSR

T

F(X,)= IMXO(tX)F(tX(tX))dt (F(X0), B (X)), Fy (X,). Fy (X))
Hort F (X)), Fy (X, ). B (X, ), Fy (X ) BB =T W%
BRI TR F(X,) =0, 58] = AR

S,=(0,0,0,0), S, = [i(b—c)g%’id(c—b)s%j
C

bes, + bds, + ck, £S5,
b(b-c) 0
fift S, =(0,0,0,0) X W1 I s W4 £y X T T35 PIAME S, B L«
F(S,)=F(5.)=0
n(b(c+d)s+ck)D

2(b—c)’(b’d ~2bcd - ) *0

der((0F/2,)(5.)) = dex{ (0 /o, )(5.)) =
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Bt RIEEE 3, REGOFEFA WA T = 2n/a MR X (1) W X_(t,6) 32 & >0 HH
X (0.6) > S, FIX (0.6) > S Rir. FARLGO)RALQOMAETY, Fi LR LG0)H AN X, (1.e) X
SiT RGQON AWM £X. (1.) -

SR N T W K A PR AR I R VKR L R S S 4% LR (0F/0X, )(S,) . RS H A
(0F X, )(S. ) IIHFIE ik Jy

P(S.)=A "+’ +c,A° + e d +¢, (32)
Hrbe,ey,0q,0, BUATT LR
S

¢ 1 0

q 1

Dy=c¢,D, = e ¢ Dy=|c; ¢, ¢|,Dy=c,Dy

3 2

0 ¢ ¢

R4 Routh-Hurwitz #E), 7E D, >0,D,>0,D,>0 1 D, >0 HH T, ZFEh 2 W32 MG RN
FLsEs, RIS AE X, (0,6) > S, Al X_(0,6) > S_TEJR A 2R 1), €3 5 Ik,
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F(X,)=- (—cb(3bzcd —b*d* —4bc*d + 2bcd” - 204)x020 +cb’ (2b2d —2bed —c* — czd)yoz0
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