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PR i 5 DI 2 3 A2 25K

H M 20 28 70 FFEACE , 7 SR B T8 )7 28 Golubitsky \Schaeffer 1 Stewart 55| A
3 XA SE 5, 43 XRe e 3] 1ok B2 1Y 5 e sl 1 A S MRS 19 & gL Golu-
bitsky 1 Langford" " #F5% T 1B 4k Hopf 73 X [} 702 FIIFHT. Golubitsky %51 Fl Martinet! ') i}
W T TESRAEM T G B ZF BT, 45 th 1 4 BB XY 38 A 47 22 L. Golubitsky 1 Schaef-
fer " F32] T RAEBORN KT 3 194> )Y 4325 RS B A — A B A 22 W RRTE7E
FHAITFTE R, 0 XSRS R A 9% S8 Futer 2617 R Sitta ™ 25 1T 43 XS HUH X FR
M, BEE T RAEBON KT 15 X 4y 25 50 5 2 Y 4 i TOIRES AR Ry LSRR R
()X P ) 0 225 T R ) 23 26 R U 25, LR 288 5 06 T T ARE D3 Xk, 72 X SHOC
T O(2) W FRAE L FNZEFR A W5 T & A PIALIRZS S B H SO R R 9 5574 43 S
)&,

BB — T RIIRA , 250 XS 58 TAEAS 81 T & B FLSS FZE 35 1 2 Rk A&
AR A — RS A 1 mT LA S AR A T 5 — ZHBR A8 B A8 T i — 2R S A 6 T
G T RIS SR A TFT 8 S 23R Y T T 2 SR AR Ay I 1) R HLTT T
T A AT BRI A8 R o (43 30) [ AR S AR A AR R AR Y, O A
INLAIR G S5 2 FAR 5 B2 ST T A PR AR A A8 5 1 22 40055 48 43 B4 1) R AE 7 A S5 7
THFFYT, A T A YT FE B S5 M. Chen (RT3 ) Al Liang (EEEAR) 4520 WH5E T HUB 454
1/2 ARG (8 73 AT Sy M 58 T 47 (R, 3145 3] 7 P I Z8CT i 5 1T 4. Qin (23
1) Al Chen (BT 40) %P0 BIFSE 1 & A1 AR AS AR R A 43 LS HU 4 SR GE i 23 51k
BRI T SR XSRS IR,

ARSI R 1 2 WEHRIS AL T s BRI S AR &R 8l )27 0 e 4
I EAPIAREAZ TN 4 DS — ARG ) g 2700 SO R A e IS R /Y &5 5
PERLS T S R ISR AR Lt 3 g 2703 SO RE R & AT, W) 383038038 T4 1 e 1 4.

1 RS AR Lt 3 5200 X5 R I3

1.1 mEREHRIELZENETE

TERIFFE 1 B I N5 A8 B R A g 27 PR RN 300 K 2 I I 0 2 45 1 25 8CH % S AR 2 4 5
BRI 2 A A 5 s s I AR A RO — e 3 22 i U JZ A BB T Von Kar-
man MRS  Reddy 125 B 55 U125 T2 3 i8 f% Hamilton JFFRAS 2 T 55 B e 05 A i) AE 26 M 8 ) 2403
YT GG Galerkin VAT B RGP A B FEARL D) J) 2 07 .
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2) I E A RUEAT AU AT SF RO LN et 2, o2 HARZ 87 77, A& Sz
0] 77,

3) SSRGS G R, HRS E AR, A B AN KA, & R Z 68 Y % L6 etk
sl R My 52 1 AR IR AR 24 Tt 2R IE B Be.
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=0l x = a BT NILIE p = p, + picos(£20) BEATERT, X HL, Q) F1.0, 5351 0k Jchil -5 1T
P B AR e B R AR PR W T 8 = 5 B A Y R 58 B 2 A, 558 B SR 45 10 [ 1 A
Bk ILREE N by, WRIREN b, HBh H2 20

W, + py, + Byw, + Big(py = preos(y) Jw, + Bow,w; +

,3]3141?1,02 +B]4w? +B]5wz :317F|COS<Qlt) , (la)
w, +M2w2 + By w, +:826<p0 _pICOS(QZt) )w, +Bzzw?w2 +
Brw, wi +:324w2 +:325w? _B27F2COS<‘Qlt) , (1b)

Ho, w, W —BES IR, w, 58 S AR IR, w, Il u, %%/TXT T RS Y BH
JE, F, Fl Fy FoR 0 BT PR A B ) BORhIRE, B,(i = 1,257 =1,2,---,7) FRMESHL
TIRE(1) TR S A SR A 28035k 0S DGk [ 31 ].
1.2 fE1:2 AERER T RBERERsN HEH BB

I Z REEEEA TR K7 RE (1) TR BELR T S50 s 0 | A5 b 30 0 A 2 M 350 o
/MBI &, 5 I8 R ISR ESEAHR—1 : 2 ARSI R CR T .

20, =0, -0, w, =0, - ¢c0,, 2 =1, (2)

L o, Mo, HAHNZMERGEE —NFE N EAE, o, #lo, HREWIESE, N T
iR EE, A 0, = 1.

BB (1) W — B0l i A

w<x,t,8)—w0(x,T0,T|> +‘9w|(x7T07TI>7 <3>

Hir T,=t,T, =et.

WA o 31
d 9 g oT
— =+ — L4 ..=D, +eD, + -, (4a)
dt oT, oT, ot
dz — 2 _ 12
e (D, +&D, + )" =D, +2&D,D, + -+, (4b)
0 9
H Dy =Dy = o
T o ar, 't aT,

BT RE(3) AT RR (4) FRRATTRE (1) v, R T R P sh 280 & R 2280, 1 B I~
Ttk

" By
) 1
Doxyp + leo =0, (5a)
D(Z)xzo + 2y =05 (5b)
e Br
2 1 1 2
Doxy, + an == 2D¢D x5 = pDyxyy + Ealxl() + Big%1oP1€0S L = Bi3%ip%y ~
:31496?0 _:31595;0 _Blleoxgo + B Fcost, (6a)
Déle + a0y == 2D Dy = myDoxyy + 207,350 + Bygiygp cos i _323x10x§0 -
18249‘20 - stxio - Bzzx?oxzo + By Fycost. (6b)

Ji 2 (5a) M(5b) RS AT LIS an - 2 808,



;T4 kot (78N 509

X =A (T + A (T)e ™2 x,0 = A,(T,)e™* + A, (T,)e 2, (7)

Rt A, FIA, S92 A, R A, (53540,
B iR (7) AT (6a) AT 2 (6b) 452

1 . 1. 1
Doy, + qu = (_ DA, - 7]/*1‘41 + ?0'1/11 +
1 A A 1 i
?BIGPIA] - 3B|4A?A1 - 2312A1A2A2j e + e + Ny s (8a)
Doy, + 2, = (— 2iD,A, - im,A, + 20,4, - 3B,,A%A, -

_ 1 .
2B,AAA, + 2B27F2) e’ +cc + N, (8b)

H e T Ngp 735375 77 18 (8) A Ui PRK ) 52 8080 70 A S 0,
A, FlA, AT LARIR N R AIE R
A =—a, e, A, =iazei“’2. (9)
2 2
THERTTFE(8) Hml LU A K IR 7R o, 4 07 FE (9) AT R (8) , FFHF 9238 5 ;e Al kAT
I3 8 AR AL AR A OGR4 5 R Ry
_ ma, Biepia;sin(2¢)

a, = ) ) > (10a)
o = 012a1 _B16p1a10205(2¢>1) . 3,3:@? +Blzzla§’ (10b)
i Z—MZ;Z _,827F2;in goz’ (100)
aypy == 0y, - 3[3;“@; +B”f“2 —'8”F2;ms 2, (10d)

LT (10) BYZE #0455 T 0, [ I D7 B2 (10a) FJ5 AR (10b) HIHER @, 7EJ7 2 (10c) F
FEE(10d) FEEE @, , 155

Mmyay ? +] 0,a, N 3:814“? +,312a1a§ ? :ﬁfdﬁaf’ (11a)
2 2 4 2 4
2 3 2 2 2 2
Mr@y 3Bra;  Prpaja, Bk
[ 5 ] +[—0’2a2+ g + , j == (11b)
(1) 153

kua? + klzajag + klﬂ?‘l;‘ +,u,2af + 0'?“? + k140'1a41l + leO-la?ag + klsPTaT =0, (12a)
kyaS + kpalay + kyatal + plal + dosa; + ky0,as + kyso,atal + ko F =0, (12b)
K
K

—— ki =3BuBy, ki :3%2, kyy==3B, kis == 2B),, ki :_B?G’

k
11 4

9 3 1
ky = EB;’ ky = 11822324’ by = Iﬁiz’ kyy == 3oy, kos == 2By, kix :_357 .
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1.3 12 ARIRER T RN NEFTES XS0
PAN
4
g=(8.8) €k, ,,
Krh
g = klla? + klza?ai + k13af‘fzl + O'Taf +
k140',a? + leUla?ai +M?a% + klﬁp?a?’
8, = k21ag + kzza%a; + k23a?a§ + 40—3“5 +
k240'2“3 + kzs“ﬂ?“i +,u,§a§ + k26F§’
z= (al,az) , A= (Ul,az,Pl’Fz) .
1.3.1  EMRYmsh ) 5 A2 6 FR 430 % 18]
EE1 ZFg(z,A) WRMIVIZE R (g,1) A FHAYKCER:
RT(g91) = (Mz + M<0-1 ’O-Zspl ’F2> + <F§> )Ez,,\ *

IERR MR SCHR[ 18] h Al 1.4 (55 M 169 11) , R(g,1) BYEMICH 16 4.
(81,0) ,(gz,o) ’(0’g1> ’<07g2) ’ al<gl,a]9g2,u]) ’ a2<gl,a]9g2,u]) ’
(Tl(gl,a] 7g2,a]) , Uz(gl,a, ’gZ,al) > p](é’],ul 7g2,u,l> s F2(gl,u,l ’gl,ul) s

@1(81.0,:82.0,) 5 ©2(&1.0582.0,) s T1(81.0,:82.0,) >
03(81.0y582.0,) s P1(81uy582.0y) s Fol81.0y582.0,) «
TEJTRE(16)
8ia = 6k“a? + 4k12a?a§ + 2k13a1a§ + Z(Tfal + 4k14a'1af +
2k 0 ,a,a) + 2ula, + 2k, pla,,
& = 2ky,a,a; + 4kyalal + 2k,0,a,a;,
8l = ZklzaTaz + 4kl3afa; + 2k150'1afa2,
820y = 6k2]a§ + 4k22a?a; + 2k23a‘:a2 + 80’2&22 +
4,0, + 2k,s0,a a, + 2u5a,.
(M + Mo, ,0,,p,,F,) +{F3))E,_, BEBTTH 24 14>,

(GT,O) ’(a]a2’0> ’(ai’()) ’(Ulal’o) ’ (0'2(11,0> ’(P1a1,0> ’<F2a150> ’
(0'1(12,0> ,(0’2(12,0> 7(p1a2a0> 5(F2a250> 9(F§90) ,(0,&?) ,(0,(11(12) ’
(0,@;) 5(050-1(11) 5(0’0-2a1> 9(O9p1a1> ’(09F2a1) 9(090-1a2) ’

(0’0-2(1‘2) ’(Oaplaz) ’(O’anz) ’(O’Fi) .

(13)

(14a)

(14b)

(14c¢)

(15)

(16)

(17a)
(17b)
(17¢)

(17d)

(18)

Xﬁl%ﬁ?‘l‘%( 17) ,ﬂuﬁiﬂ@ﬁ@iiﬁ 0,a,,0,a,,p,a, Gl Fa, {HFAE T Z2 I 0181,0,°0281,4,>
P181,4, Al F2gl,u] BT 0,0,,0,a,,D,Q, Al Fia, e T 23X 0182,4,79 282,04, P18 1,4, Al

F2g2,a,2 .
R, 7 (18) Al AT Ak 16 A G

(tl?,()) 7(0’](1250) 7<a§50> 7(010’1 ?O) 7(0-20’1 ’0) 7(])10’1 ?O) ’(F2a’1 ’0) 3

(Fg,()) ,(0,@?) ’(Osala2> ,(0,@;) 9(090-10’2> ’(0’0-20’2) ’
(inlaz) 9<O,F2a2) ,(OyFi) .

(19)

Tﬁiﬁ%,% (a’l ’az ’0-1 ’0-2 ’pl ’FZ) = (0’050’0’0’0> Hﬂ"ﬁ*—%( 16>$H( lg)ZI‘Eﬂﬁ :t#/l\

RGBSR A, AP R LA RS .
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EH(20)
u, = ((gl,o) (gz ,0) (ngl) (O,gz) a’1<g1,u17g2,a1)
(810 +80) (81 8r0) T80 8ru) ) xss (21a)

u, = (pl(gl,ul’gZ,al) F2<gl,u2’g2,u2) al<gl,az’g2,az>
a2<g1,(127g2,az> a-](g],az’gZ,az> O-Z(g],a,z?g2,az>

Pi(&1ay8m)  Fa(810 800 ) 1ss (21b)
v, =((aj,0) (F3,0) (0,a7) (0,F3)
(a2,0) (a,a,,0) (0,a,,0) (0,a,,0)) s, (21c)
v = ((par0) (Faa,,0) (0,aya)  (0,a2)
(0.0,0,) (0.05a,) (Opay)  (0.Fya))ls, (214)
¢, 0 0 0 0 0 0
0 ¢, 0 0 C, 0 0 0
0 0 ¢ 0 0 0 0 0
0 0 0 ¢, 0 0 0 0
4=l 0 0 0 0 0 0 o] ° (21e)
O 0 0 0 0 C, 0 0
O 0 0 0 0 0 C, 0
0 0 0 0 0 0 0 ¢,
000 0 0 0 00
000 0 0 0 00
00 0 0 0 0 00
00 0 C 0 0 00
4% 0c, 0 0 0 00| ° (216)
00 0 C. 0 0 00
00 0 0 C 0 00
000 0 0 ¢ 00,
000000 0 0
0 00000 0 0
C, 0000 0 0 0
0 0000C 0 0
40 0000 0 ¢ of ° (2lg)
000000 0 C
0 00000 0 0
0 00000 0 0
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¢, 0 0 O O 0 ¢ O
o ¢, 0 0 0 0 0
o o0 ¢ 0 0 0 0 O
o 0 0 ¢ o0 0 0 O
4%10 0 0 0 ¢ 0 0 0 (21h)
o 0 0 0 o0 ¢ o0 0
¢, 0 0 0 0 0 ¢ O
0 ¢ 0 0 0 0 0 C),,
TEJTRE(21) R
C, =kya, +kpalal + kpas + o) + ko0 +koah +u +kept, (22a)
C, =ky, (22b)
C, = kyas + kyalas + kyal + 405 + kyo,a) + kyso,a) +ul, (22¢)
C, = 6k, a} + dk,a>a} + 2k,a3 + 20 + 4k,0,a] +
2k o, a; + 2ut + 2k, pi, (22d)
Cs = 2kypa,a; + dkyaia, + 2kys0,a,a,, (22e)
Cy = 6kyasy + dhyatal + 2kya) + 805 + 4k,0 a5 + 2ky0,a] + 2u], (22f)
C, =2k,aia, + 4k,a,a) + 2k 0,a,a,. (22¢)
By
my >0, um, >0,k <0,
Ma =a,=0,=0,=p, =F, =00,1535]
C =u>>0,C =k, <0,
C,=pn;>0,C,=2u; >0, (23)
C,=0,C =22 >0,C =0.
XA RE A W RR A
A A,
A= [A3 AJ , (24)
Hrp
uy 0 0 0 O 0 0 0
0 ky O 0 w2 0 0 0O
0 0 w0 0 0 0 0 0
0 0 0 & O 0 0 0
A, = R , (25a)
2u; 0 0 0 O 0 0 0
0 0 0 0 0 2u; O 0
0 0O 0 0 O 0 2u; 0
0 O 0 0 O 0 0 2u

8x8
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000 0 0O0O0OO
000 0 0O0O0O
000 0 0O0O0O
Azzooouﬁoooo ’ (25b)
000 0 0O0O0O
000 0 0O0O0O
000 0 0O0OO
000 0 0 0 0 0,4
000 0O0O0GO 0O
000 O0O0OO0O0
000O0O0O0O0O0
A3:00000000’ (25¢)
000 O0O0O0O0O
000 O0O0OO 0O
000O0O0OO 0O
000 000 0 0)g,
i 0 0 0 0 0 0 0
0 27 0 0 0 0 0 0
0 0 2} 0 0 0 0 0
0 0 0 22 0 0 0 0
A, = (25d)
0 0 0 0 2u2 0 0 0
0 0 0 0 0 2u 0 0
0 0 0 0 0 0 2u} 0
0 0 0 0 0 0 0 2ul

8x8

TE 16x16 WHFE A h 255 RIS 1 4TRSS 5 AT AR 45 2 B FNGS 5 FZRPERE G, S
K26 5 AT FER 5 80 R —4~ 1515 B9 E =M% IRE S5 IEM 15%15 MR 75) 2 (=R

FH.
UEWT5E L.
1.3.2 EFERGME) A 5 7 A2 49 1 4R A
EHE2 4
g(z,A) =h(z,A) +q(z,A), (26)
X
h = (piaj,pia; + kyls), (27a)
q = (k,a} + knaia; + kaias + ora; + ko) +koaia; + kpial,
kya$ + kypaiay + kyala; + 405a; + k0,45 + kyso,aia)) (27b)

AR E] g Fl b J25m A5 .
UERR MR R 1, 2 g(z,A) BUBRMIVIZSE] R (g,1) FI— D m B
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(M + Mo, ,0,,p,,F,) + M{F3))E_,.
XFF WA g, WE KM

(k,a%,0), (kyaial,0),(ksatas,0),(0,k,ad),
(0,kypaia3),(0,kpaja;) € M’E,,,

(03a;,0), (k,o,a},0),(kso,aia3,0),(0,403%a3),(0,ky0,a),
(kpiai,0),(0,kyso,ata;) € M*(o,,0,,p,,F,)E,,,

(At
qge M + Mo, ,0,,p ,F,) +MF).

MR SCHR[ 18 ] g B 4.1 (55 M 185 W) , AT LIS 5] g I b J2 SR AFAN Y.

WEMSE G AE N Iy ieh, g ¥ b BUR.
SIZ 1k ARIR R A 2
D >0
Al
(07k26) X (Mf,o) 7 07(05k26> X (M%,/-’é) # 0,
R AER LA b SN T
h=(a,,a;-F)).
iERA 4
h(z,A) =f(z) + F3-(0,ky) ,
L f(2) = (ula? wlad) ARHESCHER[ 18] R (2.7) (H—JF 402 71) ,

2u’ia, 0

0(h) = = dulila,a,,

0 2u3a,
HRAESCHR[ 18] R TR (2.8) (EB—F 402 1) ,
D =b" - dac = 16uius.
HRw, >0,u, >0, il
D > 0.
EHAERME z, = (1,0) Mz, = (1,1), 2w, =f(z,),i=1,2, 135
w, = (u1,0), wy = (uf,pu3) .
R ky < 0,
(0,kye) % (17,0) # 0, (0,kyg) X (u7,u3) # 0.

(28)

(29a)

(29b)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

FR 9 SCHik[ 18] A2 (2.13) FIEHE 2.3 (25— 404 T1) , (0,k,) 1T 2.1 p9f% 2 v, KL,

h IERUE AT RoR
h=(a,a;-F).

(39)

UEASE I ERFIA A (39) , b Y IE T ity ZA 5 (39) #ME b BYLAEIIURH 2501,

TE3 4
H<al ’az’o-l ’Uz’Pl ’FZ) =
(h(a,,a,,0,,0,,p,,F,) h,(a,,a,,0, ,0,,p,,F,))

Je o SR b B9 —A> 4 ZHOTT, WERWE L 513 1,0 H 2 b (935 5&THT, 24 ALY
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0

hl,a]al hl,alaz hZ,ulal hZ,alaz
0 By e P 0 By e P2y
h, o h].ala] hiv Moo, o N,
det(P) = det # 0, (40)
Bivy Pigyr Pioyy oy, Povry Pane,
h‘l Fy hl,anl h‘l,anz hz Fy hz,anl hz,qu,2
by, R Mg, Mo, ha,. o,
XH (a,,a,,0,,0,,p,,F,)=(0,0,0,0,0,0).
IERR  JEFE P REUEHE RN N
P=(a,a,a,a,a,a)", (41)
X
a; = (0,h 0 sh 000 00 0o 00,) (42a)
a, = (0,h, ey 9h1,uza2 ,O,hzqaza1 ,hz’am) , (42b)
a, = (h, [P UMY PP PR 2‘UM) s (42¢)
a, = (h, oy o P sy P2y P ,hz,(,m) s (42d)
a, = (h, o h, oy hwm,hz,Fz,hz,anl ,hz,ﬁ,m) , (42e)
ag = (hy, hy st Ry R y,) (42f)
¥ h RATTFE(39) ,15

a, =(0,2,0,0,0,0), a, = (0,0,0,0,0,2), a, = (0,0,0,0,0,0),
a, =(0,0,0,0,0,0), a, =(0,0,0,0,0,0), a, = (0,0,0,0,0,0) .
FHRE(43) T AU 2 A @, Tl e, SRR, IRIAFAEANE R Y 4 AR TC G
(0,17a,),(A"ay,0),(A,A), (= A" A"), (44)
LA A AT A EUER o, 0, ,p, B F, 3% 4 N XSBH AT A, B A Z A U
ARIR)L X HE, AT £ 5]

(43)

H=(a, +Aay,+X =A",a} - F, +Xa, +A +A"). (45)
EHRRASHRAFTT(42) 15
det(P) # 0. (46)

B R e R (43) H AU T & @, il e, JEERPETCOE, R det (H) # 0, #ME b B MHETCR
) [ T 2 4 )

(0,A"a,),(A"ay,0) ,(A,A),(=A",A"), (47)
X4 ?'J
=(a; +Aa, +A —A",a; - F, +Xa, +A +A"). (48)
iEEU?%EE.

1.3.3 EMRXEHRAHAFHZAEN AKX TN
EE4 b WZIAS MR
R{(dR),,(Y)) e, (dh), 4 (Y,) by Ay ARy o}
R{(a,,0),(0,a,),(0,F,)}. (49)
ERR HES R (49) 2 T H ARG R
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u Vi) (Bi By (v
’ =B ’ = r ] (50)
u) V) B, B,)\v,

Hrp
wy=((h,,,0) (h,.,0) (h,.,0) (h,.,0) (h, .00 (h,0)),
(51a)
wy=((0,hy,) (0,h,,) (0,hy,) (0,h,,) (0,hy,) (0,hy;)) s
(51b)
vi=((q,,0) (a,,0) (0,,0) (0,,0) (p;,0) (F,,0))., (51c)
vy=((0,a,) (0,a,) (0,0,) (0,0,) (0,p,) (0,F,)).q, (51d)
D, 00 0 00 000000
0 000 0O 000000
Bl=0 00000 ’Bzzoooooo ,
0 000 00 000000
0 000 0O 000000
0 0 0 0 0 0/, 00000 0),,
(51e)
0O 0 0 0 0 0 0O 0 0 0 0 O
000000 0 D, 000 0
000 00O 0 0 000 O
B, = , B, =
000 00O 0 0 000 O
000000 0 0 000 O
0000 0 0),, 00 000 D,
TEJTRE(51e)
D, =2,D,=2,D,=-2. (52)
(u'] u')) BEBEWE (a,,0),(0,a,) FI (0,F,) X 3 P EFRR, HitL
R{(dR), \(Yy) e, (dh), 4 (Y,) by ARy ARy e} =
R{(a,,0),(0,a,),(0,F,) } . (53)
WEBH 58 1.
1.3.4 ABH AN XHARKNG 5 X F G FF bl
WRYGEHE 1,8 FTHNER.
he (M +(F))E, , C(M +Mo,,0,,p,F)+(F))E,,, (54)
R
(a7,0),(0,a3) € M’E,,, (0,F3) e (F})E,,, (55)

BR, 2R RUFIET Mo, ,0,,p,,F,)E,_, FHIR 5 3SR T i

EX1 BT(h1) CE, , AHRRNYE, T(h,1) 15 E_, TRRGELGCIEm ;R b e (h)
C T(h,1), WREEH3, W A7 T(h,1) FRRYEEICE .

5132 h1EE,, PRRGEESET n+m.

IERR ARYEE 1 FUER 3, T(h,1) C E,, AARSRYE, AFTE n NEMETCCHY ] B4 2
(h), 1575
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(h) @p(n)=T(h +1), (56)
K p(n) JE— A BRYET =5 4],
G2, A7 7R m DN TCCRY AN E T(h, 1), 753
T(h+1) @p'(m)=E_,, (57)
A p’ (m) R— A BRYE T2 ],
TR (50)FRATTRE(51) , #5321
(h) @p(n) @p'(m)=E_,. (58)

Bk, (h) T E, , ARG ST n+m, MATEE, , WREE,FFn+m.

UEH 52 k.

L1 n=6-2-m.

UERR MR B 3 AETE 6 ANERIME TGy 1) (HRAE T R (43) P AU 2 MERPETECHY
o, fla, BIEGIH2, (A2 +m+n=6,8n=6-2-m.

UEW 52 k.

FATVRIE & A 2B — o F O B4l (SCHR[ 18 ], 25— 409 51) A48 T 4fr v #b 2
AR T « Fy T3 2SR , A 4508 AR YRR T4 B 2 80 S B W07 12 (18) 3107 7
(19) BRI, & I AL AE B 3 (0 2 S50 — o055 U7 Re 2 i 5d& T4 i oAb /R 8 B« I y
AR ZEAE R, IR0 LR B S B VR TN R E B 3.0 TR BIAN Y B« I y
AR B 28U T B R T R R A AR Y, 75 2 BT AT S

EX 2 &I Ak KB sgn (- ) ERITEAR B WA S BUAE T B4 2300 L, HE R %L
sen( - ) MY AN B pREK

BAR T LIS RZ58  FE 2 SR —ouF R Ty FRAL I TH I, A 4 A T B ek R
ANEOIN 18 B S B0 B AR S T e RS  sgn( - ) BICE &

1.3.5 EMXSHH A FH X5 ARG EETF T

FES5 hTEE,, THRAEEE 4, 7 (32) WS T &

G, = (a} +2e,0,a, +2&,F, —e,p,, a5 — F, + 26 ,0,a, + &,p,), (59a)
2 = (a] +26,0,0, + 26, Fy = eyp,, a3 = F + 26,0 ,a, + &,p,), (59b)

_ /2 2 2
= (a; + 2ep0,a, + €40, —&yp,, a, — F, +2e,F,a, + &,,0, +334P1)y (59¢)

w

— (2 2 2
s = (ay + 2e5F,0, v 640, —eup, a; = F) + 26,5050, +£,0, + e,p,), (59d)

_ /2 2 2
= (a) + 285,00, + 50, —&yp,, a; — F;, + 2e,F,a, + £50, + eyp,), (59)

[

2 2 2
+2e,Fa, + 00, —Eup,, a; — F, + 2640 ,a, + £40, + £4p,), (59f)

2 2 2
+2e,pa, + 285 F, —6,0,, a; - F; +2e,0,a, + ‘9740'1) , (595)

-
1l

—~

_

_ /2 2 2
= (a) + 2e4,0,a, + 284 F, —ey0,, a; = F, + 2epa, + £40,), (5%)

o

2 2 2 .
+280,0,a, + &gp, — £90,, a, — F; + 28 F,a, + egp, +£4,0,), (59)

)
1l

—~

__@

NN N e
1
3.

_ 2 _
o = (ay +28,,F,a, + &,,p, — &,,0,,

2 2 .
a; = F; + 28,050, + &,,p, +&,0,0,), (59))
— 2 —

G, =(a) +2¢,pa, + &,,0, - &,,0,,
2 2
a, = F, +2¢,F,a, + &0, +‘91|40'1)’ (59k)

_ 2
G, = (a) +2&,F,a, +£,0, —&,,0,,
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a, - F% +2e,pa, + &0, + 100 ,) , (591)
G, = (a? + 28,00, + 2e 3, F, - £y,0,, a; - F; + 28,50, +£3,0,), (59m)
G, = (a? +2e,0p1a, + 28, F, —&,,0,, a; - Fi + 26,500, + £,,0,), (59n)
G = (a? + 28,910, + €50, — £,50,,

ai - F% +2¢,5Fa, +&50, + ‘91540'2) > (590)
G = (a? +2e,0Fa, + £,0, — &,40,,

2 2
a; = F; +2&,gpa, + &40, +£,40,), (59p)

a, - F +2e ,F,a, + &,p, + &,2,0,) , (59q)
G, =(a;} +2e,,F,a, +&4p, — €.0,,
a; - F, + 2& 0,0, + €,4p, + €,5,0,), (59r)
K e, =+1,0,-1,i=1,2,-,18,;=1,2,34,
IERA AR SCER[ 18 oy R (2.7) (B 211 BT) , AT A
T(h,1)= (M +M(o,,0,,p,,F,) +(F3))E_, +

R{(alao>5(0’a2>9(09F2> } . (60)
Ir T(h,1) JEAELE T(h,1) TAIRKEAR .
e 7(h,1) = (M* + M{o,,0,,p,,F,) + (F3))E,,, (61)

[
[Ttr T(h,1)]*=R{(a,,0),(a,,0),(c,,0),(c,,0),(p,,0),
(F,,0),(=1,0),(0,a,),(0,a,),(0,0,),(0,0,),(0,p,),(0,1)} (62)
AR 12,858, R{ (a,,0),(0,a,),(0,F,) } M4EE0E 2, INILAFLE (1w T(h,1) ]+ 745
(] () — AL R { (a,,0),(0,a,),(0,F,) }, Bl
(a,,0),(0,a,),(F,,0),(c,,0),(0,0,),(7,,0),

(0,0,),(p,,0),(0,p,),(-1,0),(0,1). (63)
HR A e 3 3, R T FE (63) -
((12,0),(O,Cll),(FZ,O),(O'I,O'I),(O'z,O'z),(pl,pl),<— 1,1) . (64)

Mo, ,0,,p,,F,)E, , WAEBICH 16 1.
(0,a,,0),(0,a,,0),(pa,,0),(Fa,,0),(0,a,0),(5,a,,0),
(p,a,,0),(F,a,,0),(0,0,a,),(0,0,a,),(0,p,a,),
(0,F,a,),(0,0,a,),(0,0,a,),(0,p,a,),(0,F,a,). (65)

TEJTRE(64) H X Tt (a,,0) M1 (0,a,), FEEPIDHIBIZE B, T B, , flifF (B,a,,0)

M (0,B8,a,) KA EMRIEEH 3 MATR(65), (B,a,,0) 5(0,a,,0), (0,a,,0), (p,a,,0),
(Fja,,0) X 4 i LR — DRI K; (0,8,q,) 5(0,0,a,),(0,0,a,),(0,pa,),
(0,F,a,) X 4 D P AL — DAL, (a,,0) F1(0,a,) FHAIER.

TERE(64) T W T mEE (- 1,1), FAAE— TS E y, #i15 (-y,y) KEMRPEER3

MARE(64), (—y,y) B (-0,,0,),(-0,,0,),(=p,,p,) X3 DR PHEE
ROXRH T o ,0,,p, vy BRRSE A LR R4 B RE.
TE b BRESETTHIT 25 (= y,y) B (= pyop) B RYEE L 2, 4715 4 B R %L &,
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g,,8, Me,, Hi15 (e,F,,0),(e,0,,e,0,),(e50,,8,0,) Fl (—e,p,,e,p) KEMEEH3,
2 4 Aoy (‘91F2’O) 7(‘92‘71 ’320'1) ,(‘930'2,330'2> (- E4D11E4Py) 1&/\7‘75@(42) ':F‘,flﬁ
A ] AR R AR TC O iR L1, m = 2.

Hit, 7(h,1) EE:,,,\ FHIFNMEE (6, F,,0) FI( = ep,,e,p)) ,8i( 8,0, ,6,0,) F(-e,p,,
£4p1) ,Eji(‘930'2’83‘72> (- ED1,ED,)

KT FRTS, (e,0,,8,0,) ithE (e,0,,6,0,),(e50,,8,0,) iLhE (e,0,,8,0,) .

MRPEHEE 1, n = 2

MREE 1, 7E T(h,1) W fE7E 2 DNEMETE O m a4 2 Ch) M6 E B 3, e #
(&,F,,0) Fl (= e,p,,e,p,) R T(h,1) 1EE,, THIFEER ENTRE (0,4,,0) F1 (0,0,0a,)
W (0,a,,0) M (0,0,a,) ;418 (e,0,,8,0,) Fl (- e,p,,e,p,) VEHT(R,1) FEE,, P
HIANERT  EATE (F,a,,0) fl (0,0,a,) 835 (0,a,,0) Fl (0,F,a,) ; 4iE&H (e,0,,8,0,)
M (= ep,e,p) BN T(h,1) £ E_, HIFNER, BT (Fua,,0) A (0,0,a,) H
(0,a,,0) #1(0,F,a,) .

WG E X 2, Bk (,F,,0) F (- ep,,em) ERH T(h,1) 1EE_, I H RS,
(£,0,a,,0) 1 (0,e,0,a,) H& (,0,a,,0) F (0,8,0,a,) Kt ;8i%EF (e,0,,8,0,) F
(—&4p1,8401) 1E R T(h,1) EE;/,,,\ EF'E/‘J%I\%WL’ (&,F,a,,0) Al (0,&50,a,) B (&,0,a,,0)
M (0,eF,a,) R Mk (£,0,,6,0,) M (-&,p,6p,) YER T(h,1) EEz,)‘ AN SR,
(&,F,a,,0) il (0,8,0,a,) B (e,0,a,,0) Fl (0,e,F,a,) KA LI FI53HT, 155]

G, = (aj +2¢,0,a, + 26\ F, —e,p,, a; = F; + 28,050, + &p,) , (66a)
G, = (a] +26,0,a, + 26, F, = &,p,, a; = F; + 2e,07,a, + eyp,) , (66b)
G, = (a] +26,0,a, + £,0, = £yp,, a3 = F3 + 2e,Fa, + £,0, +eyp,), (66¢)
G, = (a] +28,Fa, +£,0, —&yup,, a5 — F3 + 2 50,0, +£,0, +&,p,), (66d)
G; = (a] + 26,00, + £5,0, —eyp,, a; = F; + 2e,F,a, + £50, + £5p,), (66¢)

= (2 2 2
Gy = (aj + 2eFa, + 660, =~ €gp,, ay = F, + 20,0, + £q0, +£p,) . (66f)

MR X2, YT A AR Bh REETF 0,00, &, =0(i=1,2,-+,65 j=1,2,3,4), WTLIFE5

G(a,,a,,F,,0,0,0,0)=h(a,,aqa,,F,). (67)
e, # 0, RAGEH 3, X THFE(66) A
0O 2 0 0 0 0 0 2 0 0 0 0
O 0 0 0 0 2 0O 0 0 0 0 2
0 02, 0 0 0 0 0 0 0 26, 0
dt g 0 0 0 20, 0/7% o 02, 0o o o7%
e, 0 0 0 0 0 e, 0 0 0 0 0
-, 0 0 &, 0 O -&, 0 0 &, 0 O
0O 2 0 0 0 0 0 2 0 0 0 0
o 0 0 0 0 2 o 0 0 0 0 2
e, 0 0 &, 0 0 e, 0 0 e, 0 0
dtf g 0 2, 0 0 0o7% o o 0o 0 20, 07"
0 0 0 0 2, 0 0 02, 0 0 0
ey, 0 0 &, 0 O -, 0 0 €, 0 O
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2 0 0 0 0 0 2 0 0 0 0
0O 0 0 0 2 o 0 0 0 0 2
0 265 0 0 0 0 0 0 0 264 0

detf 0 0 ey, 0 070 L 0 0 s, 0 o7*
0 0 0 0 2 0 0 0 2, 0 0 0
-4, 0 0 &, 0 O -4 0 0 e, 0 O

(68)

[FH, FTLIRE] (—y,y) #8 (-o,,0,) BRH (-y,y) ¥ (- 0,,0,) BREEIH7
)2k,

EBH 78 1.
1.3.6 EMERYWE) HFurieEE Fire it g

R EHT e TR (59) 1HE T SE.

XFTITRE(59a) , 73 SCER NG /2 1 25 A2

a; +2&,0,a, +2&,F, —&,p, =0, (69a)
a; - F, +2e,0,a, +&,p, =0, (69b)
a, £ 1,0 € 1,Q, a, & 1,0 0
= = , or = = , or
£ 130, a, 0 £130, a, £5a, (69¢)
a, _Epo, &y @, Epo, — &y
‘9130'2_ a, __Fz,or ‘9130'2_ a, B 4
TiRE(69c) FE—FIEE AN, SRBH 2> SR A N
(a,,a,,0,,0,,p,,F,)=1(0,0,0,0,0,0). (70)
M5 (69¢) FUEH = ANA52, AT AR Rk,
(6,0 —&,,)Fy + (2 -207)F, - 203F, + ,,03 =0. (71)
75 (69¢) BSOS A5, AT AR IA
F, -2e,F, +o} +0; =0, (72)
IEE »
G =0, det(dG) =0, d°G(v,v) € range(dG), (73)
fFEIEE Y € ker(dG) .
e J5 B A 1 2
a, +2e,0,a, +2&,,F, —&,p, =0, (74a)
a; - F, +2e,0,a, +&,p, =0, (74b)
a,a, — &,&,0,0,=0, (74¢)
(v} ,13) € range(dG), (74d)
Khv =(v,,0,) Mo, #0HMao, #0, N
v=_a,e,0,), (75)
HEE (vf,vg) € range(dG) , M HALY
(”?a”g) * (£,0,,a,) =0. (76)

HHEITR(76) 15
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g,a. +0,a, =0. (77)
ik a, LI (TT) B Wi, ARJEARA TR (T4e) 1, 152
B . (78)
MR (74e) FITRE(T8) , AT 15
0, == &0 0, (79)
JiRE(T4a) IR (74b) 52
a: +a; + 2e,0,a, +2¢,0,a, - F3 + 2, F, =0. (80)
FIFRR (78) FT R (79) FRATF R (80) Hh , 44 B 5 AE iy ik =X
F, -2e,F, +o070?’ +0c?’ay” = 0. (81)
XU IR e A J 1) 2517 -
a; +2&,0,a, +2&,F, —&,p, =0, (82a)
a; - F + 2e,0,a, +&,p, =0, (82b)
a,a, — &,&,0,0,=0, (82¢)
(a, ,a,) # (a,,ay), when F, = const. (82d)
MR TR (71) L, Al
0'1=11,F2=82“;0'2=0,F2=82”. (83)
W5 (72) TR, WA

o,=0,F,=¢, +./1-0,;0,=0,F,=¢,, =./1 -0 . (84)
HITHE (83) FI(84) I, WUM FR A 4 28 4.
I XA B R of FIRUR R S5 o A B

B: {(e,0, —€,)Fi+ (2-20))F, -203F, +&,,05 =0;

Fy-2e,F, +0] +0,=0}, (85a)
H: {F} -2e,F, +0{0c) +070y =0}, (85b)
Dy . (SSC)

5 (59a) 2L, TR (59b) BT AR 3 W REAE B AR TS
XFHFE(59c) , 43 LA 2 1) 2R

a, +2e,0,a, +€£,0, —&yup, =0, (86a)

a, - F, +2e,F,a, + e,0, +e,p, =0, (86b)
a, E3,0, &y a, £,0, 2&4a,

enFy  ay &y ewFy, a4, 0 O (60
a E30, _ 0 a £330, - Exy

enF, a, -2F, +2eya,  enF, a, £y

Jite (86¢) B — A5, R SR AT
o, = 3 o] —LFg (87)

_2‘931 ? €31
1 752 (86¢) I AR AN RIS = A4 X, A or AR R A
(al7a270-170-2’p],F2):(050,0907050)' (88>
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772 (86¢) 5 PUANAE S, AT 450 LAY Rk K

P S (89)
2e5, &3
il J A T L 1) 2
a, +2e,0,a, +€£,0, —eyup, =0, (90a)
a; - F) +2e,F,a, +£,0, +e,p, =0, (90b)
a,a, = £,4F,0,=0, (90¢)
(v?,v3) € range(dG), (90d)
AHv=(v,,v,) BiEo, #0Fa, %0, 1
v=_(a,,e,0,), (91)
HEEF (v],03) € range(dG) XM HALY
(v} ,13) +(&4,0,,a,) =0, (92)
REGYEACHNIEES
g,a +0,a, =0. (93)
ik a, TRLITER(93) KPS, S5 (AT (90¢) T, 7551
0y = & FV 0, (94)
HIJ7FE(90c) MIJTHE(94) , T 15
0, == & 00, (95)
Ji 2 (90a) 75 #E(90b) , #+2]
a: +a: - F) +2e,F,a, +2e,0,a, + 28,0, =0. (96)

HETTHE(94) R (95) ARAT T (96) 13 Bl 5 A2 i ik

7 =5y P+ 0T o). (97)
XU B it £ 16 JE 1 2
a, +2e,0,a, + £,0, —&eyup, =0, (98a)
a; - F + 2e,F,a, + £5,0, +e,p, =0, (98b)
a,a, = &,&,0,0,=0, (98c)
(a, ,a,) # (a,,ay), when o, = const. (98d)
M 7R (87) T, A
0,=0,0,<0,F,=0,0, <0, when e, =1, (99a)
0,=0,0,>0,F,=0,0, >0, when &, =— 1, (99b)
HRAE 7R (89) T4, I Al
0,=0,0,>0,F,=0,0, >0, when e, =1, (100a)
0,=0,0,<0,F,=0,0, <0, when g, =— 1, (100b)
L p,0 S I fro,0 - 25 A [BIAE AL FR A e 46, &
F,=p’cos’d, o, =p’sin’0, o, =p°5. (101)

I RE(101)FRUATTHR (87) ((89) .(97) .(99) . (100) H, 5 IR B il J 4 o TR FR £
L SONFER /(I 7= v
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3 1 1 1
B {8 =- sin®@ — — cos®; & = sin°Q + f00569} , (102a)
2e; €3 €3 €3
1 1
He {5 = 00820(1 - sin2(20))} , (102h)
£y 4
> {0 0,7 3“} (102¢)
: =0,—,T,— .
. b 2 ’ 2 2 C

HI L TR 4387 v 0, 7 R (85) FT(102) 1E 2 s MR e sl 52 21 /INE 31, 2443 3L i s SR
FR S B R S BOR I S 502 T B R

FATVAGE , iR pesh R G5 R R G, WX Lo 4t 3l 2 i 1) 4 () 2 R il D) 4 ], 76 7
(59a) 1, A F, Fl p, X RGEM) 53 SURFHEA 8 R B 52 L 1T g A AR 2 FOR AN 2 T BR il 2
], XoF 2R G0 4 43 SRR BEAT 22 Pk B R L. R B, T LA 5 12 (59) .

5 (59¢) M), L (59d) | (59e) FlI(59f) (T4 3 WRERS B k1S,

5)5FE(59a) ~ (59F) —FE, T FE(59g) ~ (591) F T FE(59m) ~ (59r) (G T4 3 HREHS 1k
AT TEFE(59a) ~ (59F) 1, o, Ml p, ELAAT B AYEER, L2 R (59g) ~ (591) 4T 4E S,
o, Fl p, HARNE AR R T2 (59m) ~ (59r) L IT4E 3.

2 HfH U

AT H A Runge-Kutta ¥4 752 (59a) F1(59¢) AT EUE TR, &1 X0 Rk i 5 Rk
AR R SR RN T 3 M NS o, 0, M F, BT TR AR T4 R4 T
AERE %) -4t 14

FRLL 17455 R (59a) SIEFTRLEIESE 2 &, = 1 BF, P RE(71) FO(81) L 55
TFE(592) KF 3N NSH o, ,0, FI F, BSTAREEESE, K 1 FJE 2 Fis, 8 Fomir LEE,
o FORR S, o RN AR S 2E.

B 1 J5RE(59a) WS iks L4 B2 J5FE(59a) ST A e 46
Fig. 1 The 3D diagram of the bifurcation set for eq. (59a) Fig. 2 The 3D diagram of the hysteresis set for eq. (59a)
TEF 1 o3 SCBRE 52 (59a) VA7 A BRI R 485 53 S AN ] £ DX 73 10T 1 A B S e Al AN
[F] AR B 2, E X RO 7 82 (59a) A — i, X I 28 Ge A iy Jy #2 HOA — A il mi b
SR AL F R RS s A X IR @ 7 R (59a) A WE A iff, XoF Nz I 2R 455 5 R R A0 e N 1) 22 i A
A A I T AR A RS, A BRI G 1 B 76 X3k B 5 2 (59a) A i, X N R R 452
5 R R ] R MR A A, A T LIRS s R AL TR e RS AR FRATT X @8
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IS A8 T 2 I SEEEMBRER IS 5 3 DMy N2 M o, 0, T F, ZIAIHIC R,

14 14
12 12
10 10
8 8
a, 6 a, 6
4 4
2 2
0 0 —
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Fig. 3 Magnitude-frequency response curves of the 1st-order mode with different parameters for eq. (59a)
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A Singularity Analysis on Dynamics of Symmetric
Cross-Ply Composite Sandwich Plates
Under 1 : 2 Resonance

GUO Yuhong, ZHANG Wei, YANG Xiaodong
(College of Mechanical Engineering, Beijing University of Technology,
Beijing 100124, P.R.China)

Abstract . Inner resonance is a typical nonlinear dynamic behavior, and the symmetric cross-
ply composite sandwich plates have been widely used in aerospace. The studies about inner res-
onance of such sandwich plates have both theoretical and engineering significances. Based on
the dynamic equations for the sandwich plates, of which the boundary conditions were simply
supported on 4 sides, the transverse and in-plane excitations were both considered. The average
equations in the polar form were obtained with the multiscale method, and the algebraic equa-
tions in the steady state form were derived through the average equations. The singularity theory
was utilized to investigate 1 : 2 resonant bifurcations of the symmetric cross-ply sandwich
plates. Based on the algebraic equations in the steady state form, the restricted tangent space
was obtained for the bifurcation equations with 2 tuning parameters, an in-plane excitation and
a transverse excitation. Then the algebraic equations were simplified under strong equivalence,
and the normal form of the algebraic equations were obtained in non-degenerate cases. The sin-
gularity theory were generalized for the general nonlinear dynamic equations with 2 state varia-
bles and 4 bifurcation parameters, and the 18 universal unfoldings of bifurcation equations with
codimension 4 were obtained in the case of 1 : 2 internal resonance. The transition sets in the
parameter plane and the bifurcation diagrams were depicted. The relationships between the tun-
ing parameters and the exciting parameters were determined when bifurcation, hysteresis, and
double limit points happened. The numerical results indicate that the vibration modes in differ-
ent bifurcation regions are different.
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