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1 51 &
FREREETRIERAS
dz dy
'udt f(z,y,t), at 9(z,y,t), 0<t<1, (1.1)
Az(0,pu) = Az°) Bz(1,u) = Bz', Cy(0,u) = Cy°, Dy(1,u)= Dy’, (1.2)

B BRIR == T X IR GG M R FTEE. X B > 0 B/ANSEL 2, f & M 4Ed, y,g 2 m 4k
i A= (Eg“ ), B= (0 B, ) 2 M x M WYRiFE. En, & My x My WHFE, Ey, 2
My x My BWRERE. My + My =M. C = ("1 0), D= (0, ) & mxmWHEKE E,, &
my x my YVHRE, B, & ma x mo BIHERE. my + mo = m.
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2 EXRix
(Hy) R f(2,,t) BT g(2,y,t) TERRE (2,9, 1) ZRIBFEDIFRI G(2,y,t) WRTHT

BARMELA n+2 MiESRSE
TE (L1) 14 p =0, 3BT

fern=0. T=gz70 (2.1)
(Hy) BB R f(2,7.t) = 0 7E D A B BILR:
E:a(yat)v E:B(yat)a

X H
a= (a0, am)t, B= (BB, Bu)".
(Hy) B F. (a(m(t), 1), 5(0), t) I FL(B((E), £),7(1), 1) S EVERHER XS (1) RN, (1) (i =
1,2,--- M), iXHB 0<t<1, HHE
ReX{(t) <0, i=1,2,--- k<M,
ReX(t) >0, i=k+1,k+2---,M,

3f = a,
B (Ha) B9, 34 7 < [0,1) % LI, [ (1.1) 9MBY RS
o) (22)

AT (2@ @).0,770) M (BGH0).1), 70 0) 1€ (7, 2) LAZHRCH
B

3 WREREFLIEE

wt*(t* € (0,1), EEFW T RFRX

t* = to + puty + pPtg A pFty -
AT LA R B B A8 B B R Ao oy I T 7 1 2 0 2 o O T
ZEMIRER (0 <t <t):

Mdi—) R d%_;" (O, ) 1), (3.1)

AZ(0,p) = A2°, B2O(t*, ) = B2, (3.2)

Cy 0, 1) =4°, Dy (*, u) = Dy*. (3.3)
AT (1 <t < 1):

Mdzd(:) 0,y ), dyd(:) = g(z D),y 1), (3.4)

Az p) = Az*, Bz (1,p) = B2, (3.5)
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HE 2yt RS A5 ¢ AR TR, 75

=i fp e, Y=yt pyl e
L a=(zy)T, BEBEN at) 5 () WG W00 R T R4 A
2O, p) = 2, ). (3.7)
A L T AT AR5 B
KOt =Y W (@7 (t) + Liz(ro) + QY a(r)) (3.8)
=
Gl
2t ) = Zu 79 + QVa(r) + Rya(n)), (3.9)

Hibrm=1>07=50 71 =50 <o 7P ) REMNTREG Liz(n) RABREK
0 QP a(r) Bt =t &ié’aﬁi’%@wﬁ R; x(ﬁ) BANREYOR. B
lm Ljw(ro) =0, lim QPa(r) =0, lim Rja(n)=0(j=0,1,2,--).

hm
F (3.8)-(3.9) S BIRA (3.1)-(3.6), daFBR¥IL, T4
FET (0,757 (1),1) = 0.
AR (Ho),
7 =a@ (1.0, =257 = BE" (1), ).
i 757 (¢) Wi AL i I R 4 B

=(—)
Do (a7 0,075 00,0, (3.10)
75 (0) = €y, Dy (to) = Dy; (3.11)
i
=(+)
WO (57 000,767 01,0, (3.12)
075" (to) = O, D™ (1) = Dy (3.13)

(Hy) fBi% (3.10)-(3.11) BIRRAI (3.12)-(3.13) BIRRTE v AMBERRATAS, X HL y5 = ug (to)-
desg QP u(r) WM B AR

(=)
N _ fatt)+ @505+ Qe SR o g
B(z(to) + Q472(0)) = Bz, Qf e(~o00) =0 (3.15)
il
(+) (+)
02— f(5(t0) + @572, 5 (1) + Q) 10), TR =0 (3ag)

AT (o) + Q572(0)) = Az, Q5P a(+00) = 0. (3.17)



436 BRET A H 38 #%
B, Qy(r) = 0. it
alte) + Q57 2(r) =2 (r),  Blto) + Q5P 2(r) = P (7).

ny
di(;) = fGEO, 77 (t0), t0), BF(0) = Bz, ) (—o00) = alto), (3.18)
dg;:) = FEW T (o) to).  AZD(0) = Az, ZH)(oo) = Blto), (3.19)
( ;’20)(3 8)-(3.19) 5§ (2.2) —B, FFLAITAEE M_(a@, (o), t0), 75 (t0)), My (BHSY

TS (b)) A 8k
(H) BT 8 to € (0,1), BEIRS (2.2) 7E M — 1 A E ARSI A KA

q)j(513227"'7zM7t0):Cj5 j:1527"'7M_17 (320)

VA R M- (to) BIHLERE

@27, 27,707 2 ) = (M _(to), o), j=1,2,---, M —1. (3.21)
PR M (to) HIBLEE
@20 20 Z0 3 ) = &5 (M (o), t0), j=1,2,---, M —1. (3.22)
M (3.21)—(3.22) FITHEETAG R M- F1 My W 5718 HLE i B 54
O;(M_(to), to) = &, (M (to),to), j=1,2,-+, M —1. (3.23)

(3.23) 3k 1o WYL
(Ho) fR1% (3.23) JEFHZEHT, HIET to B, to = to-
ISR (He) BIMIAMEAMERGL, WIBEEM M_(to) IHEFEN M, (to) B RTEHIE.
582 3.1 WEEE (H)-(He) ML, MIE (3.18)-(3.19) it Q\7 =(r) 787E, AL
AR, B
Qé_)z(T) < Ce7, T <0,
Q((J+)z(r) >Ce™ ", >0,
H Oy RIERIESE
i

i = (zii)’zé$)"” 7’5]2$))T’ 7F) = (zl(ci)lv 5121)27 vzg\j))T-

SRS M B M — k ERRERBICH
@(r) = 6u(@(7)),
ST Mo # k SERBRENIRIL N
T (7) = 6o (@H(7)).

Pesg Lox(mo) Ml Row(ri) B9J7 REAN 2 M 25 AF 23 51

QL% _ fa(0) + Loz (r0). 7 (0) + Loy(10), 0), 2

dTQ dT()
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AEST(0) + Loz(0) = A2°,  Lox(+00) =0

M
T (6(1) + Roxln). 7T + Ragln). 1), T =
BEST (1) + Roz(0)) = B2',  Ryz(—o0) =0.
G5
Loy(m0) =0, Roy(m) =0.
é\
a(0) + Loz(mo) = 'zvl(ro), B(1) + Roz(m1) = 2" (71),
0 LR A
j—zl = G 30700),0), AZN0) = 42°,  F'(—o0) = a(0), (3.24)
70
o IEEOW, BEO) =B 0= A1), (329

BAR, (3.24)-(3.25) HHIBIRZE (2.2) —F. W (Hs), (3.24) T4 45 M'(a(0)), (3.25)
BT o M7 (B(1)) 0 8 . APRIE Loz(70), Roz(m) BIAFTEME, |ATHEH T %
.

(Hy) BIEHRE AZH0) = A0 S My WBRERE W (MY(0)) HMEMS, RE
Bz7(0) = Bz 53 My (IARTRETIE W (M" (1)) HE#ERHH5E.

5|38 3.2 FEMR¥ (Hi)-(Hy) F1 (Hr) T, 72 (3.24)—(3.25) HIf# Loz(70), Roz(m1) T#
TE, H

LQZ(TQ) < Ce_’YTO, T0 > O, ROZ(Tl) < C’e'm, < 0,
XH Cy BEETE
SEFIEMT AR TV (1) (=12, ), BN BRBARE R

()
Bl w0+ wr 0+ 170 (3.26)
()
dyjdt (t) — O+ 070 + 687 @), (3.27)
CE(0) + Li(0) =0, DA (o)t +1O +Q7y(0) = Dyf (3.28)
Al
=D -
J&t(t):fiﬂ() W +7," 050+ 1w, (3.29)
dgt
ygdt (t) — ()2 (+)(t) + 5P 07 (+)( )+g§+)( ) (3.30)
C(y, (+ )(to)t +'7(+)+Q(+) (0))=Cyj, D( (+ )( 1) + Rjy(0)) =0, (3.31)

b 70, TV ) 480 (0,757 (0,0 R (81,757 @), 6) Bl 77 ), 3 1) F
75" () WHEMANE. £P0), 7 ¢) #h R AT ) REAI.
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PERERR I Lje(mo) (TR IR 2
= O Lz B Ly + B ), S = Lisigm), (332
AE(0) + Ljz(0) =0, Ljz(+o0) =0, (3.33)
Hoofr
Fi(10) = Fa(a(0) + Loz, T (0),0),
i H" (o), Li—19(ro) M E 40 R $E AT L.
B (3.32) fil Ljy(+o00) =0 15
Liy(m) = ' L;_ ds.
y(70) /+OO j—19(s)ds
%
0
L) = [ Lyrg(s)ds.
i (3.28) IS 1 4R
07,7 (0) = —CLjy(0) = - CL;_1g(s)ds. (3.34)
0
PeE BRI R AL Ry (r) W7 BRI 2
L2 F Rz + FD )Ry + HO (), S0 =Ry g(m), (33)
1 1
BE (1) + Rj2(0) =0, Rja(—o0) =0,
Hoof
() = £2(8(1) + Roz, 757 (1), 1).
m H](-T)(Tl), Rj_19(m) B R B G A
i1 (3.35) fl Rjy(—o0) = 0 04
Riy(r) = [ Biagls)ds.
%
0
0) = R;_1g(s)d
) /+ Baglo)ds
i (3.31) B9 2 AR, WG
D77 (1) = ~DR;y(0 / DR, _1g(s
HETT 7,7 (1) FAE.
(Hs) B3 707 () F1 207 (¢) 768 v BEBRARZS.
vesE Q7 a(r) TR SE AR RN
aQ\” aQ\”
2 o+ 1m0y + 600, S gy, (330)
BQ{72(0) = Bz} — B2y (to)t; + Bp”, Q7 a(—00) = 0, (3.37)
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o

() = (A (D () + AL O 1) + AR (D) + G (),

11}
FEOU) = falalto) + Q57 2(r). 757 (o), o),
AFT(r) = folalto) + Q52,35 (to), o) — fz(alto), 75 (to), to),
AFT () A G (1), Q0 g(r) BAE ¢, MEMEREE. o7 REAIR.
i Q7 y(—o0) = 0 fil (3.36), A4l

QPMﬂ=[ Q) g(s)ds

HEHARA (3.36) M55 1 AR, GG MIAAME 3.37), T3 Q\z(r), AEL t; A%
pesz QM a(r) MMM 1K

é%;i=fﬁNﬂQf5+f”N)Q“) +6;7 (), ?f) =QNe(), (339)
AQV2(0) = Az — AzV (to)t; + ApS", QP (+00) =0, (3.39)
ot
G () = (BB (ko) + AT @ 1)) + AL )t + G (7).
i

(1) = Fo(B(to) + Q57 2(r), 75 (t0), o),
AF(T) = Ff(Bto) + Q5T 2,75 (t0), to) — Fo(B(t0), 7o (to). o),
Af()ﬂ%%ﬂé@@%@LMﬂmm t%ﬁ%@ﬁ%iuaﬂaﬁﬂﬁ
H1 Q(Py(+00) = 0 A1 (3.38), A4
Py (r) = ’ (-+)1 s)ds
Q;y(1) /mQJ_g()

BEHAN (3.38) 958 1 AR, RS BMIAIT (3.30) 1178 Q\a(r), B ¢; %
THEEH Q) 2(r) MEMHMITRER. Fh QFy(r) BaMt. B (3.36),(3.38)
W% 1 A HRERICY
ng-jF) z

= [Pz + G (), (3.40)

et
G (1) = fOOQT y + (AFF () (to) + AT ()@ (to))'
+ AP+ ().
FHE A e Tt
dQ;jF) U
et B G R AN CARC AN C
Qv | \rP@ 0] \@Pun) \uPm)

dr
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S5, S

Qu=HO()(A) O8O (1)@ (0) "1 + HO) / ") (r) (@) ()
0

(R 6) / B @EO©) O - HO©us) ()

reD s+ [ BOE@O )06~ B )as,
-1

Q) 0= (B OO NEO) + [ 2O @(@)

0

[FD6) [ v @@ e - 7O €

+9§7(s)] s,
Het (A9 = Bz — BzS ) (to)t; + Bpl ) (7), HO)(r) = ag;@)v. i ) (r) Ff1 T (r)
Sy

(=)
% = (Far(NH O (1) + Foa (1) Q5 u,  @)(0) = By,

Al

dQé_)v
dr

= (Fu(r) = HO(1) P ())Q v, ¥(0) = Eary

H .

QP u = (ADHBH (1) (@) (0) ! + / B (1)@ (5)) !
0

D) /+ @) (W () — HO©ui (€)de

o0

+ {7 (s)]ds,

Q= OB DD ()@ D) + 1 [ a0 @)
0
[FD) /+ @) (W () — HO©ui (€)ae

o0
T

+ 0 (s)] s + /+ T () (B ()7 (@5 (s) — HO (s)ui ) ds,

(A = Azr — AZ0D (to)t;+ ApST (r), HH) (7) = ag@gu. i @) (7) 435 T (7)

-

/]

pii

dQéJr)u
dr

= (F11(7) + Fio(mHD (7)QPu,  )(0) = By

Gl
aQ{Mv
dr
(. Yo BT R B La(ro), Rya(n) W77 QP a(r) el FruATeflsk iy,
PR e Y 1 BTG S RS, TR R AR,

= (Fya(r) — HO () Fra (1) QS v, w(0) = By
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I 3.3 MIREMEME (Hy)-(H), MBARRK Liz(n), QP a(r), Rja(n), j =
Lix(mo) < Ce™ 0, 15 >0, Qg_)x(ﬁ') <Ce7, 1<,
Q§‘+)x(7) <Ce™, 7>0, Rjz(n)<Ce™, 7<0,
Hrp Oy BAERIEW R
o1 (Hg), Z24 MR T R 4825 1 (3.7). BTLA (3.40) BIIRE RESE
d _
Esz = £(1)Q;z+ G;(7) (3.41)
iR Qj2(—00) =0, Qjz(+00) = 0 WIfF—ETF-E, Hf
Gy(7) = f,(NQsy + (AF(T)B (to) + Ay (1) o (to)) + Afe(7))t + Cy(7).

G4 (3.41) 7 R™ Fl RT EMTEAERRBC A3 (W [15]). T F(Qj2) = Q)2 — f-(1)Qyz
J& Fredholm ¥, H Fredholm #§#5°/ Ker ' — Ker F* = 0. @1+ dd—TQoz(T) € Ker F, "5
B LQoz(r) BET F HIME—8H%. DIFAEME—H) o (7), 7% ¢(7) € Ker F*. B Fredholm
H GBS (3.41) WBFIFTER FEEESR N

+oo . +oo
P ()Gj(r)dr = O O{fy(1)Qjy + P(r)}dr =0, (3.42)

— 00 —0o0

Hef
P(7) = (Af=(7)B (to) + ALy(T)To(t0)) + Afelm))t; + G(7). (3.43)
K (3.42) EHricH
+oo

tj U (O(ALAT)B (to) + Afy(T)To (b)) + Afi(r))dr

_:OOO
=-/ O (O{fy(1)Qsy + Gj(7) .
(Ho) fi%
“+o0

U (O)(ALAT)B (t) + Afy(T)(To (ko)) + Afe(r))dr # 0.

— 00

TERRET, t; (G =1,2,--) BRHE. XL RIFE Y& TR B2 E.

4 HrisfEnEERSE

EE 4.1 R LRI (H)-(Hy), WAFELE po >0, 24 0 < p < po B (1.1)-(1.2)
FAEELA IR FIXT A RIRI R o1 ), 64 T IAONTE R AT
iﬂi(fl(-_)(t) + Liz(m) + QE_).T(T)) + 0™, 0<t <t
oty =
Zﬂ“ﬁ”(ﬂ +QMa(7) + Riz(m)) + O(u™), t*<t<1.
i=0
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WE A TEB b+ o S5 IH (I [16]) IEHARSHEM LR, ZRAS (1.1) WEEEN
i

pz' = flz,y,t), y' =g(zyt), t'=1
B R (1.2) EFCH
Bl ={(z,y,t) | A2(0, p) = A2°, Cy(0,p) = C4°, t =0},
Bff ={(z,y,t) | Bz(1,pn) = Bz", Dy(1,p) = Dy', t =1}.

BACTTRRHIPIALAR 61(8, (1)) M g2 (t, (1)) BITERTHITET 2 5IC K S A1 Sy (L 1).

,,,,

E 1 T%;ﬁ% 51352

HEEH, BAERGEHR M +m + 1. dmBl = My + my, dmBff = M, +
my, dimS; = dim Sy = m + 1.

gt Sy WRRERE N We(S1), & o1 = dim(W*(S1) N BY). T dim W*(S;) =
m+1+ My, AEBAAHE XH 01 = (Ma+ma)+ (m+1+ M) — (M +m+1) =ms. Ff
LIt S1 RS WIB SHIRRE By BARZE T — 4> me JERIE No. id No = By nW*(S1),
M| dim No = ma. W Dy € No, B No = w(No) = X', p1 € X', H w(@y) = p1- BAR, XHE
dimx! =mo. 1L U = X' (Th — 6,1 +6), W dim U = my + 1. py Z3FBHHE] T 235 7,
dim W(U?!) = mg + 1 + Ma.

A So WATREWIE N W (Ss), # 02 = dim(W*(S2) NBE). T dim W*(S2) = m +
1+ Mo, AR E LA 02 = (Mi+ma)+(m+1+Mz)—(M+m+1) = mq. Frlhad S2 1Y
BB SRIRIRIE B BB T—1 my 4EHIE N1 38 N1 = B NW™(Sy), ps € Ny,
B dim Ny = mq. BT N1 — o(N1) = U2, a(ps) =Py, Do € U2, I8 X2 = U2 (T2 — 6, 1o +9),
p2 € X2 Py BXLATE] To A po, dim W (x?) = my + 1 + M.
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it o = dim(W*(x*) N W*(U")). BEEMALHE L 0= (mo + 1+ M)+ (m1 + 1+

M) = (M +m+ 1) =1, BIFFAE Si 2 So W55 HUE. &2 LATiE, & BSGL.

5 fl F
FRAG

puy = ug, puh = (Ui —1(ug —t), v} =vy, Vh= uguvy,
ul(—l) = O, ’Ul(—l) = 1, ul(l) = 2, 1}2(1) =0.
¥ AT B B, AT RSRAL TR 3 A
S1 = {(u1,uz,v1,v2,t) | uy = Lug = 0,01 = 0], v2 = w3, t =1t"},
Sy = {(u1,u2,v1,v2,t) | uy = =1, uz = 0,v1 = vy, v = v3,t =1}
il
Sy = {(u1,uz,v1,v2,t) | ug =t,ug = 0,v1 = v7,vp = v3,t =t"},
XH vf, vt BBEL BT UARR. Gk M 2ls, = £/2(1 — 1), X1.,2|S2 =

Nols, = +iVI — 12, t € [—1,1). BFLA S1, So XU #E i, S5 20
ZE (5.1) ByIEREE:

py = g, pulhy = (u3 — 1) (uy —t), v} = v, vh = ugvy, t' = 1.
R FAEFIC A
BY = {(u1,uz,v1,v2,t) | ug = 0,01 = 1,t = —1},
Bf = {(u1,u9,v1,v9,t) | uy =2,v1 =1,¢t = 1}.
(5.3) KB RGN
Uy =us, = (ui—1)(ug —1),

b1 =0, @ =0,

t=0.
(5.4) FAEEIRR
ut 1 u? u?
lezl—gtu:{’—?l—i-tul—;, Hy =v;, Hs3=wvy, Hy=t

it S1 Mg (AaE) WEA W4(S1),

4 2 2

up 1, 5 uf us; 2, 1

=l - L w2 =S 2

TR L R R M LS

+/2(1+ 1),

(5.3)

w(BL n WS(Sl)) = {(Ul,UQ,’Ul,UQ,t) | Uy = 1,U2 = O,Ul = 1,1}2 = U;,t = —1}.
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1f Se R (ARE) WIB R Weu(Ss)

4 2 2
uy 1, 3 wuj U 2., 1
— ——tu] ——+tuyy — = =—-t"— -
p 3T gty =y ’
vy =0, ve=v3, t=t".
Ghik
3
BRQWU(SQ):{(Ul,UQ,Ul,UQ,t)|U1:2,U2:iﬁ,vl:'UT,UQZO,t:l},

a(BENW™(Sy)) = {(u1,uz,v1,v2,t) | ug = —1,us = 0,01 = v}, vy = 0,t = 1}.
TE 51,8 LHBIRIE A
v =vy, vh=0, t =1
i w(BY N WE(Sy)) BIfER
{(u1,u2,v1,v2,t) |ug = L,ug =0,v1 =v3(s+ 1)+ 1,v0 =03, t = s}.
1t a(BENWU(S,)) Bt R
{(u1,u2,v1,v2,t) | ug = =1, u3 = 0,v1 = v],va =0,t = s},

Hef s € [-1,1] B—PS8 BEFIEERE (B" nW*(S1)) Ml a(BF N W (S2)) BIF
EPLE, |WEE o =1, 05 =0.

W (S1) |(1,0,1,0,8) OW?(S2) [(=1,0,1,0,8)
W18 2s— 1 =—2s— 1 FRLL s = 0. R YUETALE, HOTfEN

u u u 1
212 P2 - vy =1, wvy=0.

Y s =0, ¢t =0, BITERTZ] ¢ = 0 K AEBRER, FF7E 25 [MIX A/ (ULIE 2).

2 2
1 1
u u,
-1 -1
-2 -2
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
t t
2 2
1 1
Y0 )
-1 -1
-2 -2
-1 -0.5 (g 0.5 1 -1 -0.5 2 0.5 1
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1]
2]

3]

2 £ X #
TR, ARECHE. A7 7 3 3h 7 AR R IT (M. JEaT: B4R E0E AL, 2008.
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Abstract By means of the first integral method, the author finds a high-dimensional
heteroclinic orbit in a fast phase space. He uses the properties of exponential dichotomies
and the Fredholm alternatives to determine the internal transition time t*. Using the method
of boundary function, he constructs the formal asymptotic solution. Using the method of
k + o changing lemma, the existence of a step-type contrast structure for high-dimensional
Tikhonov system with boundary conditions is shown and the asymptotic solution is proved
to be uniformly effective in the whole interval. Finally, an example is given to demonstrate
the effectiveness of the result.
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