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Abstract: The small-amplitude solitary periodic wave solutions and the local critical periodic bifurcations of the
traveling wave equations for a class of reaction-diffusion equations with quintic nonlinear reaction terms and
constant diffusion terms were studied. First, the reaction-diffusion equation was transformed into the corre-
sponding traveling wave system through traveling wave transformation. The first 8 singular point quantities of

the system were calculated with the singular point value method and the computer algebra software MATH-
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EMATICA. Then, 2 center conditions for the singular point of the system were obtained, 8 limit cycles were
proved to bifurcate at the origin of the traveling wave system, and 8 small-amplitude solitary periodic wave so-
lutions were found to exist in the corresponding nonlinear reaction-diffusion equation. Furthermore, through
computation of the period constants, the weak center order for the origin of the traveling wave system was de-
rived. Then, the system was proved to have at most 3 local critical periodic bifurcations and be able to reach
the 3 bifurcations. Moreover, the analysis of the critical periodic bifurcations of the traveling wave system re-
veals that the reaction-diffusion equation has 3 critical periodic wavelengths.
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B fop == [/, MG 7, =f, - 12d,% f, =12d M%7, =0 H 1, = (f, - 192d*) /2.1 f,, = 192d° , f3 7,
=0 H 7, =- (69 312d" + 1 344d%f,, + 7f3,)/(5d) AK—etE , HAIBEE d = 1, BEHER 7, =— (Tfe, + 1
344f,, + 69 312)/5 = 0 WA LEUR, Mt d >0, Hr,=7,=0, 7, # 0., RFE(13)WELEEEZ 2B
I AT [y # = f1/2, &
For = (83212 + T20df2, f,, + 1 66413, f1, + T20df,, f5 + 1 26412 2 + 168df>, + 432f,, f +
5617 — 288dfs, 1o = 122 fiu = 135df 1, fro = 12f0s o fra = 3F5 1) 7 (288d(2fsy + f1n)),  (18)
B, =00% 5, =0, FATA
H,
38 880d>(2f,, + f1,)%

T3

H, =- 2703 232f3 + 2 419 776df, f,, — 10 812 928f;, f,, + 7 259 328df;, f1, -
18 784 968fy, f1, + 8 975 046dfy, i, — 18 509 656f;, f1, + 5 851 212df,, [}, —
11 310 2545, f1 + 2 119 863dfL, /7, — 4 386 164f,, >, + 404 145df,, -
1 053 337/2 f5 + 31 605df], — 143 043f,, f1, — 8 395(% .

A — etk ik d = 1, FATA

G, =Res(H, ,H,, f,) =
20 615 156 961 164 666 018 463 744 — 9 642 662 634 659 388 504 145 920 f,, +
2 053 600 305 272 250 930 561 024 f% - 266 237 080 245 870 841 036 800 f;, +
23 346 212 717 189 381 750 784 f, — 1 426 915 908 889 545 277 440 f7, +
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59 822 032 075 446 288 384 [ — 1 604 098 933 905 162 240 /], +
21 504 753 678 680 064 1* .
S RATE G, = 0 B SEBU. L A SE 8 2 T H, = H, = 0.8 d > 0, fir, =7,=0,
., #0, LA, RGE(13) MBS REZL 2 ravdih.oa5 £, # 0, FATH
H,
" 4976 64043 (2, + f,)°

T3

H, =- 346 013 696 [ + 309 731 328dfS, f,, — 1 384 054 784 [y, f,, + 929 193 984df, 1, -
56711, fr, — 2 404 475 904 £ £, + 1 148 805 888df;, /7, — 2 369 235 968 f,, f3, +
748 955 136df,, [, — 1 447 712 512 fy, £ + 271 342 464df2, f7, — 561 428 992 f3, 1> +
51 730 560df,, 5, — 134 827 136 f2, %, + 4 045 440df], — 18 309 504 f,, f, — 1 074 560 /%, —
16 969 728 f2, f,, + 13 252 608df, f1, f1a — 50 909 184 £, £, f1, + 26 505 216dfs, f1, fia —
63 560 448 [, f1 f1s + 19 797 696dfs, £ frs — 42 272 256 £ f3, fiu + 6 545 088df,, [} fi. —
15 797 088 £ /1, f1. + 809 496df>, f,, — 3 145 824 f,, O, f1, — 260 904 f%, f,, —
12 096 fy, f3, + 18 144dfy, f1, f3, — 24 192 3, f1, [, + 18 144df,, £ f3, -
17 388 foo /1o fia + 3 969df 7, £y = 5 292 foo i iy »
RR—etE ik d=1, f, =1, A
G, =Res(H,,H,, f,,) =
334 087 967 779 619 575 729 383 014 400 — 156 526 967 543 031 197 868 648 038 400 f,, +
33 398 114 198 122 706 245 779 456 000 f7, — 4 338 208 403 256 302 398 498 406 400 f;, +
381 094 254 312 711 670 663 741 440 f}, — 23 328 725 328 278 954 358 865 920 /7, +
979 307 508 219 957 812 920 320 £, — 26 281 556 933 102 178 140 160 f], +
352 333 884 271 494 168 576 f}, .
St A TR G, = 0 A S8 A, B B0 2 7 RE Hy = H, = 0.5 d > 0, A7, =7,=0,
T, # 0, Tl REE(13) RS EZ 2 Bravdid.o.
H DA Bihig i /8 FeA 1A 2 LU 4528
FES5 #A, e K, WRG(13) WIFE A DBy 2 B4 s RS (13) BAJE m(m =
0,1,2) Brdide, M HAS A, e K7, Hrf
Kl={X e R’: fi =fos =/f,s =0,H, #0},
Ki={XeR’:. f,=fis=fs=0,H =0,H, #0},
K={lxeR’:. f,=fs=f=0,H =0H=0},
Hy B3R B AT LA T 458,
EE6 XNTSHA,, #H A, e K, RE(13)BARTIEAAMIFE LK #H A, e Ki(m =1,
2), RGL(13) ZZA m > REBilh AR 2 S R AN  SHME R ER B n(0 S n<m), RE(13) 154
A n A SRl SR SH D 0 3 R
IERA FRATHIEW] m = 2 BHIE , AR IR I 2602 £, = - f,,/2 B, = (8) AT 1S
P, =(12d - f,)w,P, = (192d*> - f,,)w/2, P, = (69 312d* + 1 344d°f,, + 7f;,)w/(5d) .
FATATFUER P, P, 1E X . e K} KT Py ;20K
A, = (d,fo] ’foz’f|27fo3’f13vfo4’f14’fos> =
(d, f, , - 6d,12d,0,0, f,,,192d*,0) € K; C V(P,,P,),
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XA, BE—AR5R U, fE7E N, = (d, f,,, - 6d,12d,0,0, f,,,192d* +&,,0) € UC V(P,), XH &, > 0 54
IN AR PU(A ) Py(A,) == (Tfe, + 1 344d°f,, + 69 312d* ) we,/(10d) < O.F5HL

A, =(d, f,, - 6d,12d,0,0, f,,,192d* — £,,0) € V(P,),  P,(A,) #0,
Hrbe, >0, %A, BIE—4B8R U, FELEA, = (d, f,,, - 6d - 6,12d +26,0,0, f,,,192d* = &,,0) e U', X
H§ > 075/, 5 P,(Ay) P (X,) =—w’8e, < O LA E L2 B2, 8 P, , P, TEA . € K} KT P J&
TR B B 1 A A 2 SRR AR R G (13) R A k.S f,, # - £,/2, fie = 0 B 3T

g
J
det[w} =H,, (19)
a(fOZale) (18),d=1, f14=0
X B

Hy =— 4(828fy, + 135f5, f1, + 1 656f,, f1, + 16fi f1, + 135f,, [ + 1 227f0, f1, + 32f0, f1, +
36/0, + 3990 f1 + 245 iy + 4815 + 8f Sl +/0)/(81(2f, +f12))
it — AT
G, =Res(H, ,Hs, f,) =
32(166 464 + 113 220 f,, + 28 831 f2 + 3 288 f2 + 144f5) /(18 + 3f,,) .
S G, = 0 WA IR, R (19) AT GI B 2 7A@l %t A, BN sh, A 2 A REBilE
JAHINZRGE (13) P SRS (2fy, + fio) fis 7 O BE R —JBebE B A, =1,
det[ (7, ,7,) :l
d(fons f12)
H, == (36fy, + 13 248 fi, — 27f,, + 36f,, f1, + 2 160 f5, f,, + 26 496 fy, 1, + 256f0, f1, +
9f2 + 2160 fi, 5 + 19 632 f2 f2 + 5125 f5 + 576f + 6 384 f,, [2, +
38412 12 + 1681, + 128f,, [y + 16f3)/(648f,, + 324f,,) .
PE—H158 G, =Res(H, ,H,, f,,) = (10 650 229 + 7 244 464 f,, + 1 844 992 fo + 210 432 3, + 9 216 fy,) /(36
+6fy) JHRATRIN G, =0 VA LB, I LA (20) AN TR RT3 2 AT @ xS A, /NS (1345 14
2 AR lilm AR N R S8 (13) BY S S50 S ok
EIE7 EHFEL) RS u(x,) = 17288380, A, e K, WA G A FE AN, RIS J5 1A 51
WA PRECERIN ;45 A, e K (m=1,2), WMRZH m Dl F R A AN SHERIEBEE n(0<n<m),
MUFA n DG FR I .
ERK, 2f, +f5=0, fis =0, 2f, +f, =0, 2f,, +f,, =0.
FATEE B 1 5% K, ARASCHER 17 ] e 3 3.1 A A= 88 7, =f, - 12d. 4 f,, = 12d, 1%
7, =0 Hr1,=(fi, - 192d*) /2. f,, =192d> , # 7, =0 H. 7, == 3(80d”* —f,,) (80d*” + f,;) /20.45 f,, = 80d”*,
W7, =0Hr, =-18432d"; ¥ f,, == 80d”*, W r, =0 H r, =11 008d*; H1Fd > 0, FiLh v, #HANE.IH
I, RGE(13) MR AEZRZ 3 Brivdarh.
EE8 #A,e K, MARG(13)WESE DI EUERKH 3 Bdih.Obsh, REE(13) AR m(m =
0,1,2,3) Frarh.o, 4 HACY A e Ky, Hip
Ky ={x e R”: 26, +/15 =0, fps =0, 2 + /1, =0, f1, == 2f, # 12d },
Ky={A e R%: 2f; +f5,=0, fos =0, f1, == 2f,, #192d°, f,, == 2f,, = 12d } ,
Ko={A e R’: fi, == 2, [, #6400d°, f,s =0, fi, == 2f,, =192d°, f,, == 2f,, = 12d } ,
K={Xd e R’ fi, ==2f, [ =6400d°, f,s =0, fi, == 2f,, = 192d", f,, == 2f,, = 12d } .

=H,, (20)

(18),d=1, fla=1
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HERE 8, ATA LI T 45
FEI XTSHA,, £ A, e K, WEARHMIGEFFIIMNRL(13) FE R34, e Ky(m =
1,2,3), WZEZAH m A Jrdfim AR R GE (13) 19500 3R AN SHME R IEB B (0 <n<m), 154
A n AR I AR R SE (13) 15550 3 k.
IERR RATHEUER m = 3 WIHIE , HARTEIEAE] i 4
Ao =(d, fors foos fias foss fizs Joas Jras Jos) =
(d, fo,, —6d,12d, - 40d** ,80d”*, - 96d°,192d",0) € K},
SHERE d > 0, FA1155]
[ (7, ,7,,7T3) J 2o
det| ————— =—12d7" # 0.
0(f1as fi3 i) 1 15,
5B 2 AL X A, /NS, AR A 3 ARG AR RS (13) B i 43 32 k.
EEA0 FEHFE(4) MRS u(x,t) = 1248545 A, e Ko, WA GRS B 225 110 5
M PRECE BRI ;45 A L e Ky (m=1,2,3) , WZEZAH m A In A B AN SHE R EREE (0 < n <
m) , A n A AR K.

4 HREAEER

AR SO — A A F LA BN, ORI 7 T A4 S B B85 (4) B89 SATPW AR i i 2t Jol 0 0 1
Oy SZIRHERT 1S B T HAT IR G2 (2) SR B RO A5 P R NIR MR B BR B2, 45 31 1 S 8 /O 72
(4) BATEZLH R 260, LLEAS B Ti%07 FRAFAE 8 4> SAIPW LA, AR SCEHE— 045 3] 1 16 J5 19 %
FUZAET OB BOTRE (4) B2 HA 3 /i SRR RV 25 8 J 35 5 9 I8 e 0 md) B 1k dme 22 28 3
URAG X T RS BT (1) A A7 A2 A5 JR 4 JRL I ), R AT DR 7 2275 B — R S5 86, W T
— B A TLUAR LA SO IR R R O ) S S O R, Hd 2 A 204 SAIPW, LR {E A2 — 25
FEH.
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