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) =a(V(Az,) —x)), n=1,...,N (1)
FREE L 0% —% v FCEREBAENG [1]. 22T 2 = a0(t) 3F—F v MBI 5 n BH
DHEDMEIET, a > 0 FFEILEDEZMEZR T ARNIXA—RTHS. Avy, = Ary(t) = pp1 () — 2, (8)
Fn ZHOHY, ZORITFICHS n+ 1 FEHOHOHEMEHMTH D, Aoy =21 —ony T 5. £X
DE, OV B V 12> 7EA FROBED DN, B2 V), 8 >0, M e RIZHLT

V() = 2 (tanh[3(x — 1)) + M) (2)
THABNE. (2], [3] TRISHHE Y B LRI S T 525, MOBIRIAEREATE D, B

727 78 —FIZ X BMFERERITTIGE LN TV S L EEVEHVWOIBIRTH 5.
AT T, Az, (t) PEHEKE %2 (1) ©
fRIcHERERD, A 1 o X = X(1) &
c>0 WML TAz,(t) = X(ct+(n—1)/N) &

REINDEWRETS. T5L X &

AX" —a(V(oynX) = V(X)) +acX' =0 (3)

B X RTERSRV. TIT acRICH 51 ? iI L s
LTIRES 0, 1Z>7 MEHZRTH D, B ¢ 12 0 1 2 1
FL, [0a9](T) = o(T + @) TEHRINS. 1. N =20 (5#), N =40 () 1263 3 (3) R

T - fi. OV BIEGCIE (2) &IV, /85 X — &% V) = 0.0336,
(2) ZIREL (3) T T 2 BEFAEZITO & B=289.7,1=0.025, M =0.913, a =16 & L7.

X 1218503 ZZCTNZKELTRL, X OERIBUID 2 EH X1, Xy ISIWVIRFE R HL 2 fEIK
Y, NS EEIBRE R OEE [, L KT shb. £z, X F [ TREFERD, [, TIEHHA
BIMTH%. 618, N - 00 T I, I, DR 0ITEDEF, eN 3 2 EBITHHET 5. ML@%%
DR, ¢, X1, Xy BUEL, BEEICHIG L (3) OMERRT 2. Z4huc kb, (1) KB 2 ¥ME%E
BOHINCREM T 2 2 e D EETH 5.

LB 2EBRE L QEICE S, EY7% 0 LT X(7) = Xo —u(N(r— 7)) £522 LT,
B u=wu(s) ZBATS. £72,cN —»c LEZHZ 52T, (3) 6

A +a(V(Xy —ou) = V(Xy—u) +acu’' =0 (4)

BRSNS, (4) TR, BIERDRREFEE LI I THS. LhL, —Ricy 7 MERIZR AT
ROMBHTFEHE LY. 22T (4) ZER WAL O R S, KD D REF o IZHFAFDTH 2 DB
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Berio. 5L, o1u(s) & u ORI A7xE 5. ZDEZFITINUI,
9(u(s)) = a(V(Xz — [o1u](s)) = V(X — u(s))) (5)

WEko TR g=g(u) ZBATZZEARARETHS. ZOXHWKEAZIIhE g%k, THLH
MAGEPIE) IR L 2%, BLEICED, (4) OE (u,c) Z2RDZ LI, (5) &

Au" + g(u) + acu’ = 0. (6)

Z IR 725 (u,c,9) KD B Z EIZTFEL .
RIRX—=R >0 RHNLT, (5),(6) %

u(—=1)=mn, u(0)= g, lim u(s)e?/¢ > 0 (7)

§—00

DFTERS. FiE (2) TH — 0o £FT5 2 L THRLNZMEMEE OV B Y LTHVU,
(5)(7) ZWi7z TR (us, ) ZERINCHERTE S, 22T 20 = —log(l —¢) D—EM ¢ > 0 12K
LTi=2Vy(/a THEZ2L %, n>nTHHUX v, (—1) <0,n=17 THIUX u,(—1) =0 DD L
D=0 INFT D (us, ) &, [2] THRENEEREINC—HT 2 IEET 5.
AHEHETIE, Ve CYR) KUTEREL, 5260z n> g iU TER 1 2T 5.

(A1) V IZRT A=K BIKIFL, B2 1,V >0,V ERIIHLT, Kz e R T ma V(x) =
—00

VoH(z —1)+ V) Zifi7e3. 2ZTHIE Hxz)=0ifz<0and H(z)=1ifu>0TEZX5H

NBBEBBEBTHZ. I, TED § >0 ITRLT, ﬂlim sup |V'(z)] =0 LD LD.

0 |z —1|>6¢
(A2) 2 € R KB LT V'(z) WHRAT, 20 Vi(z) >0 L5 5. %72, B 1ikfi LRvdH 528
my, mg BEELT, my < V(x) < mg DILD LD,
(A3) 55 Vs € R EELT, V(e +1) + V(—z +1) = 2Vs #2T0 2 € R 123 L Cili=
FE1 VeC(R) D (A1)-(A3) 2T 32 . TR n>n 252, Xo=1+n/22F5. Z
DeE HL BB TAREIFNR, (7) &,5> 17T (5) & (6) Zii/=3 & (u,c,g9) DFET 5.
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1 R

)7 a7 7 4 —L F (Dynamic Floor Field, DFF) €7 /W&, #7807 7 4 =L FET L LA
RrcHVs R, AR, ##RoET L LTHOSLRTETWS [1, 2], FiZ DFF €71, T—
Py THEZANEANLDOMIC, EOEMMEZEAL, =— =¥ MEOBRE (5107) IR 2 EB L
TW3, E#HE. DFF £E7AHFDARI X Z 2 RELT 5 Z T, AOEMMEFEHL [3, 4, 5, 6, 7],
IV Y MARFIMREECZIEZ L ER L, $o BlOT—Y = ¥ b TlE, KEIZFED
NIRRT [8, 9] D kS ic, HOBEMN FL L TIR2 %S Z e 2/RL7%, DFF €7 M, =—Y =
¥ OBEID, ZORRIZET 2 71 7 OREIKEF L THERINICRESN S, FEIX, BEovno
7IRBEICHIRIET 2 EFNMCHBR L 7=,

2 ETI

Btz —o > M, FEATy 72212, BWEHR LOEAGOVT I 1 IZHAICEREIR]EET H
%, TOBHIRK L 22 BHWE (7 zaty) OME (I,) 13, X (1) TREZH, 707 0REE
U, RFZERIRNICZEL S 5,

Lt +1) = L - a)(1 - 8) + 20

[Ix+1(t) + Ixfl(t)] + (1 - 5)pr(1' - xa) (1)
722 L.

Az) =

1 z=00%4
{ T 0 =) (2)

0 _ERBUL

THb, TIT. a0 3. ZNZTNREIEOIRB LU NMRELZFEOBREZERKRL. f, 13,
I—Y YOO EEOBIEER, B (2,) 1. T—Y =Y MiB%RRT, HERLEOD 2 «
Do 2IEFEDVT D o NOBEHERIZ, V7 by 7 B E AW,

Par () o< exp [k - Lo (1)] 3)

$i2 %, kid, ==Y =y D7 a7 IR L 1S 2R R L. BT, ATRFEHORR
YB, TOFEETH, § <1 TiE, L) & BELBIRERICEEZ, IE~La 7 iEH) oJF7 K
Y5, BT, ZhEk, BEOT7a 7 ORERET 5. REEWEZEZEL L5, BICEKEHT 2
Lt —1FTROIE

pm/(ta t— 1) X exp [kt Ay (t)] exXp [kt—l Ay (t - 1)] (4)

& D — AN,

pac’(t -0,t-1,,,,,t— Z) X H exp [kt—i Ly (t - Z)] X exp [Z(kt—i Ly (t - Z))] (5)
=0

=0
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ERBTDZIEDTES, ZOLXIRBFETH, §=1%. k =0DEEIE. L(t) =0, I,
BEERN L) IKKEFELRVDT, T—Y 2 MNE7 Y X2o7+—27 (RW) 2R3, £/, 6 <1
ThoTd, R (5) BRAELOFEMOHHD 0 L wiuX, RW 725, ki Z KNP IEAIRELZE S
. BUER#EED I, W3 2B DRSS, EEZAEHET LI bARETDH 5,
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1 RIS
Fisher-KPP A%, 0V 27 1 v 7 KRHEILHIHEZ B O ABRNTH 0, LY OREIEREEDHLA
D7 %R T2 AR UTHHAEY A ITICEWTIASHEINT E /2. ZOET VI

up = dug, +yu(l—u), z€R, t>0

LTk, ulwt) 135z, WHEt TOHDEYMOMAREEEZRL, d> 0 1FILHGREE,
v > 0 BN BERIEGEEEZ R L T\ 5. EYOREREOEMK IR 2 X3 LT LIFLIRE
ZoN2HDL UTHEHITEMPETOND., EITHRRIE —EWKE, —EHEELLOMTHY, c%
HEATHIRDOEE L Uz & & u(z,t) = Uz + ct) A7 3. Fisher-KPP ARBEADE &, BEREMFE
U(—0) =0, U(+oo) =1THH, HED c> c* = 2/dy T U THEITIRMBIFIEST 2 Z & DI
SNTVS ([1]).

2 BEAZED Fisher-KPP AR
Fisher-KPP AR U T, BIEZEL XA TOEDORHEINT VS,

U = digy +yu(l —u(t—71)), zeR, t>0

PRECED 7200 5 D Fi R A
v =vu(l—u(t—71)), t>0

I% Hutchinson HFEA & HFEIEN, BIE 7 12 X > TIREPREVPBLRING Z 2RI <HSNT WS,
DED, PR u=11F7<7/(2y) DEEWELZE, 7> 7/(27) DEERLETH Y, AR
s, ULizho T, BIE% & D Fisher-KPP AREADETRMEEZZEZ - &, 1 DREIITEST
uw=10< TIREIT 2 & 5 Rl FIERMNRB I NS, BIEE AT Fisher-KPP AR DHEFTHAED
BRI RS E UT (2, 3] B EDH D, MATHMIEE ¢ > 126 U THAET 5 Z L BN RS
NTW5,

AR TIE, LD LI R 2R TEBRSI NS MEITIMR L TR X1 TOETRREEZEZD. D
¥ 0, semi-wave fif & FEIX N 5 IR DIE D f#

u(z,t) =U(), UE)=0for <0, UE)>0for&>0, U(+oo)=1

2EZBH. ZIZTE:=x+ct ThHhb. semi-wave EDPFHET 2R 0IEEE X c < 2/dy THDBZ &
MWD >TWVWD. 2D XD 7% semi-wave iR B X722 &, RO 3 DDGENRHZZ L BNFRINS:

(i) Hii7 semi-wave fif, 2 D U’ > 02D U(+o00) = 1.
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(i) £ WA THERE 2 & DR

U(+) = 1.

7% semi-wave fif, DX 0 U OFFIEZEIL, D

(i) € AR A CIEEL 2 \MEBI % & DR semi-wave i, D 0 U/ OB BIIZEL, 2o

U (+00) IRAFAE L 720,

INSD 3 DD semi-wave ENRE D X S & ZIZHEHND D2 BUEEEEZHAWTHRS.

3 BEFERR

Mlidd=y=10rEOFFEHERTHS. BlIH ¢, M2 7 2RL TV, x % O FEHEF

T

4 & & e i 7
xpoooo ooooooooDRO00ooooonooooogonooon
xxoooo Ooooooooo0pnoooooooonooooogoooon
xXjoooo ooooooooDpoooooooonooooognoooon
x1oooo Oooooooo0nooioooooooonooonoooon

3.5 Fxjoooo [pujainjojoioioliioioiojoioloioioiojoliaio)nionoinio)nk:
XNoooo OooooooooDnoooooooonooooogoooon
XxA{qoooo Ooooooooopnoooooooonooooognoooon
*Xoooo ooooooooDpRoo0ooooonooooognoooon
Xxjoooo OooooooopRoo0oonooonoooooonoooon

3 Méxjpooo [pujainjojoioiolnioioiojoiojoioioiojoliaio)nionoinio)nk:
Xxxpooo oooooooo0noooooooonooooogoooon
xxpooo OooooooooDpDoooooooonooooogoooon
xxxpooo OooooooooDnoooooooonooooogoooon
XX O00o000doo0pnoooooooonooooonooon

2.5 |xix ooodooogooooodoooooooooooooy
XX ooooDoouooooooooooooooooogo
xxxlooooooo Ooooooopoodoioooooonooooonoogo
XX X Oooooopoooonooonooooooooooog
X ¥ X o ooo@ooooooooooooooooooon

2 X xx oo oooooooooooooooooooy
X X X oo ooooooopnoooogooooog
XX X goooooooooooooon
XXX XYyoooooooooooooopnooooo oooon
XXX XXOOOODOOOOOOOOOONOOOODOO0O0O00000000000

1.5 X xix x oooooooooooooooooooy
X XX X X oo ooooooopDoooogooooog
X X ¥ X X oo pgooooooooooogooooog
XXX XXXXOO ooooooonDoooogooooog
X X XX X X XN O 10000o0oooooooooooogo

1 X XXX XXX J00o00oonoooooonoooogoy
XXX XXXXXX J1000000ooooooooooogon
XXX XX XXXX 1000000000 OD0DOooooon
XXX X RX XX X 1000000000000 E0O000000
XXX XX %X X X goooooonooooogooooog

0.5 7xxxxxxk.xxxxxxxxxxxxmmuw%
XXX XX XXX HHXXXXXXXXXKXXXXXXX XXX XXX XX
XXX XX XXX XX TRKXX XXX X KXXXXXXXXXXXXXXXX XXX
XXX XXX XX XX XX XX RRKHHKK KK XXX XXX XXX XXX XX X
XXX XXXXXX XXX XXX X XXX ><><><><>"<">'<">2'5Z'5<'S‘<"5<'x"x"x-'>‘<-><-><-><-><-

0
0 0.5 1 1.5 2 25 3 3.5 4

c

1. 3 DD semi-wave fEDIEAEFEK. FD x IZHF% semi-wave fEAEH N = FHIEL, AR\ O IZIEHEFH A semi-wave DB

7= FHI.

Befr\», B4 semi-wave fif (LELOD (1) 2IEHF 7 semi-wave i (LD (ii) /21X (iil)) » 2

HELEHETHL. 5

IZHERI R EREINZ 5 &, JEHFHZR semi-wave DI (X 1 DR\ 0O)

B E AR (1) ITAS) & AKEORESR ((ii) [THS) IKA%T 5 2 EATE S I ERRBENE.

AHE T, C OBUERHRRSIR O 2 |G 5. X7z, WRER S

T AHHGR R RIZOVWTHIRE L2V,

S Xk

X3S DTV S HETT IR DAFAEIZ I
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1 #E

F—REREMFHED D LTHISNT WA T —/ VT 4 7T ) XLARENE— ROMHEIZ, iR
TR T — 2 S EAHEZE ORMEEZHNT 2 ik LTHISTWS [1, 2, 3], —7, BEM
NARRIIAETH > TH —RITEBIRTCTH Y, T OEAMEPLEEMTIIESD TIER\». K5
TlE, BEMS AR U CT — KRB FEE2EHT 2 Z L OAMEEZHS IS 2 Z 2 2 HIK
LLTWA., RFHTIE, BIZT7T— VT4 7T AL ER > T, FOMEFHSERIZ O W TS
T5.
2 T7—=/IT4 7)) XA

—EMEOBIHNC & 035N ARIFMH O d IRTBIHIR RS T — XK E5EX oz 3 5.

{yhy?:"’ aymaym-i-l}v (y] € Rd7 j:717"' ,m + 1) (1)

ZIZT, m+ 1 IZAROEMY Y IV TH B, BRITFT— XD d x di75] A 1205 U TR O
A HRRICES 2T 5.
Yn+1 = Ayn (n: 1,2,“') (2)

[RHIF— & (1) 2512 T3 d x m 1751
K=yiy2 - Ynm]
BEZD. —H, Yms1 DY, Y2, Ym} D—IKFEETRIND LET S -

Ymi+1 = C1Y1 + C2Y2 + - + CmYn (c1,e2-+ ,cm €R)

IDLE, _ i
00 -+ 0 ¢
1 0 0 Co
AK =Kc, Cc:=|0 1 - 0 ¢
0 0 0 ¢m]
N A RVASH

BE L {y1, 02, Y} DI TH LTS, ZOLE, ADTH C OEAEM-RSIE NI A
DEEHETH 5.

175 C ® m EDEEME X1, Ao, -+, A EFHWTIRD 7 7 Y FIVEY RITHI T 2 EHT 5.

1 %1 E\% %{n*
po |t AT
D VD LR v
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PAN

B 2. {y1, 0, Ym} D—UHZTH O, A Aoy Ay DRTERARBIDET S, ZDLE,
O KT O j % 0, £ 55, 0 375 AD N BT BEENZ ML ERD, KRHIT— &
(1) 2T B FONREIES NS,

NEEE P .
yj:ZA'EJ )Uia .]:17'”am
i=1

= ®)
Ym+1 = Z )‘?L@j
i=1
3 RELEMD AERADERG
A 71T — DI EBIEM D A EEZ LS.
z(t) = —ax(t—71), (t>0), z(s)=1 (s€[-1,0]) (4)

FRR (4) i ar = 1/2 DL E, EEHBAL 2B EAMIE Tin/2 255, WHEEBEIE SN2
ZEDRPBoTVD. AWIETIE, 0HREAOKIMERY S IERIF — 2 2EKL, T—/ VF1T
NI XALEBEHLUTAZ., BARIZIE, h>0F LTty >0z L T,

tj:(j—l)h, :L’j:.fC(t0+tj), (j:1,2,'”)

LUk, BifiomELEHT 5121, ZhoPA - Thihidiesiwn. LrLahs, Zh
SIFANT—72DT, —RKMZIZZRD Z7%Z\W. £I T,

Yj = (Tmtj—1, Tmtj—2, ,xj)T, (j=1,2,---,m)

LT, y € R ORRINT—RE2MER L. 22T, 2 DOMEER T — ADFERIZOWT,
Mathematica # FAWTHEONFER L UT, EEVHRAOBEEMEEZBNT 5.

(1) a=n/2, 7=1, 160 <t <200 h=0.05, m =400 D& ¥, 9.60668 x 10~ + 1.5708i.
() a=n/2, 7=1, 8<t<10h=05 m=2D& &, —6.22271 x 10710 £ 1.5708i.

(I) oG &EE, BEMS ARR (4) O ¢t 3HIHRAIEL H 2 BRERENREENHDLLERS
hd. T51T, AVET—28d m+1 =3 dMiHcdewn. Lrl, BohzEAHEIZEOM
+im/2 ~ £1.5708i IZIEWH D TH o 7. WL 2 IRES 5 FHPBRRDE A 2 DU nHT
ZHWE S BARRTH LTI, YROMETH DL EZ 5NN, FEEROMEEAD - A %5
Ths.
SRR
1] ¥ RE, BHY AT LOENFTHEMN - T— 200 E A F I/ A2HEMTH, I
L—y a3, 32, 29-36, 2013.
2] ## RE, /=T MEHRICL DM R A F I 7 ADFLES - TRVFXF =V AT LD
Ju, RIMS #%%8%, 2057, 15-28, 2017.
(3] wher (B, KR ES, BT — NOROBE L IEHE-MR Y 27 LA0HEME~DRH%ZH
18U T, HARMIRE Y225k, 30, 73-83, 2023.
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