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B—E7 BMOLIE

01 WoRENERGT

EX 1.1.1 TR R A F WM 7.
F (x,y(x),y/(:z:), e ,y(")(x)) =0, n>1, (1.1)

ﬁ*F%E%@&,E%%xﬁR#%ﬁE@i%%,i%@ﬁyeR,E%%n%%ﬁ
W TR

EX 1.1.2 £FEQDE, 2 F %TFT gy, 9™ B&EH, WHRZFEYEEEHS F
2, MHREEHLFTE.

EX 113 B JERFHXE, KRB y=09(z) (xreJ) EFELLWME, &
F ($7¢($),¢/($)," ’ 7¢(n)(x)) = Oa reJ
BB, B J ARy = ¢(zv) MEERE. & y = ¢(x) TEEERFH, WKZ vHE #

y=o(x) Ban MIEBIWERE R c1,--- 0, MM HEM, XE “WERT” Z45

Jacobi 1T % =,
. hn=1)
det(a(¢’¢’ ¢ >>%o, v

6(61762; e 7Cn)

ENX 1.1.4 FE—WNha 72

Hd fFETERE G LEg B
y=¢(), zelJ
REFBE—AMH, JCREXE, NTLHLE
I'={(z,y) |y =9¢(z),z € J}

1



B3R Wy AL 2
AT E LW — & ol &, AR dn & SR i £

E 1.1.5 BHFIARp R AT U A B (1L2)— AU, Bl f aRo w4 I t&
RACH BUE S A ol AR 2 R ALY AR

Q2 #FHRDIE

EN 1.2.1 ZEH5E
P(z,y)dr + Q(z,y) dy = 0, (1.3)

WRFE—NEETHER O(z,y), EF
d9(z,y) = Pz, y) dz + Q(z,y) dy,
W72 (1.3) 2 16 4 H R ey &, K
P(x,y)=c (HF c HEZFE)
K 75 A2 (1.3) By 38 AL 4.

R 1.2.2 WEH Plo,y) 7 Qo,y) EEEBERE D C R® L%, HAFEEH— IR
ey a—P fo ff, MHE(13) 21 % H B A ELE A

oP  0Q

8_y = o (1.4)
D WK, WY EXRIE, AT (v,90), (x,y) € D, HAE(L3)WER A
/PWwa+Q@wMy:a (1.5)
By REREHE (zo,40) 5 (z,y) HE D WWEFARS AR UEABRARNE L, ¢ HE
REH

WERR R FE(1.3) 248 24, WIAF/E v TR 3L &(z,y), 1815
dé(z,y) = P(z,y) dr + Q(z,y) dy,

PRk

0P 0P

Q(xvy) =

P il



-y HHy AR

Bl P(r,y), Q(z,y) WIATHUER] H

oP P 0Q _ 0°¢
oy  0xdy’ Ox  Oydz’

EE?—% 0Q miksrny, Wit

o °
e PP
oxdy  Oydx’
T2
or_ o0
oy  Ox’

2, B (1L4) SRS, AR Green ARFTAL MF D WIEE (z0,50) 5 (2,9)

HIIZ B 26+,
D(x,y) = /P(:I:,y) dz + Q(z,y) dy

AT BE42 ~ PIER:, Hi e
do(z,y) = P(x,y) dz + Q(z,y) dy,

RT3 F2(1.3) =214 24 1.

O

EX 1.2.3 WRFRA3)FHWEEK P(r,y),Qx,y) BT E K « WEFK A y WEKH T,

Bl
P(z,y) = Pi(z)P(y),  Qz,y) = Qi(2)Qa(y),

MHFR(1I)EZEESE 1.
XA g4y B T R
Py(x)Ps(y) do + Q1(x)Q2(y) dy = 0,

Y Py(y)Qu(x) £ 0 N (RN 0), AT FIFRATL A1 17

Qa(y) _
Or(v) dz + o) dy =0,

BEM A SRAFIEI Y. F0h, H a2 Po(y) —NER, Wy =a B 35 b2

F—NEA, W =06 22—

5l 1.2.4 KW T2

Q1 ()
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Ry Fay AR

R 4y A£0R, FMREN
édy + P(z)dz =0,
SR AVIW

In|y| +/ P(s)ds =c,

o

yzcpr(—lL:FTﬁdS),

Hep e MEBARFEH. 46 y =0 2 MER)

Z/ZC%XP(—l£:FKQ(b)7

Pl

an
=
O
=
(=
=
oF

Hrb e MERFAL

fil 1.2.5 KK HE
dy _

=4/1 — 2.
Idx y
R A a1 —y2 #0, HREAFEAEEEN
1 1
dy — —dz =0,
1—y? x

RN
arcsiny — In |z| = ¢,

Hrp e MERFA, BHEAE

r=c earcsmy)

Hreph ¢ MEBAREFER T 2 =0 AW, 11y =21 2, $URTTRNEN

y==+1
Al
T = Cearcsiny’
Horr ¢ MERAREHE AL
il 1.2.6 KARthn 72
dy 1
_— = y3'



B3R Wy AL 5

B 4y £ 0N, JIRER AN

y_%dy—dx:O,
LA

3 2

§y3—x:c,

Hrb o REEHH. X y=0 R, U5 ITRRR N

y=0
il ,
9 2
y:i[g(ijc)] , T = —c,
Hrp e EEHEA O

\N

127 AR o W EE—EAWBAE LTS £ 4. #—F it W#1.3.9.

N A R T iR

Hrb p(z), q(x) € C((a,b)).
ENX 1.2.8 £ 2(1.6)F, 4 qx)=0 8, FEHL 72
y + p(x)y = 0. (1.7)

W (L) R TR (LO)R AL T K, A8 — I K A TR, % (o) TEH 0
B, AR (1.6)H — I TR A MM .

FERY TR — AN E BN, ZRRARST O RS, Seffxt RLIFHRITRE. T3 RE(1.7) 1

AN
Yy = cexp (—/ p(s) ds) : (1.8)

xT

o o AR X exp (_ / p(sms) PR BT, T ¢ BRI <4 1)
SO NIRRT £A5 TR (LO) A (o) BRI ITRE A “ShF17, BeATATALL L «4p
717 RN, o(o) MR R RS (1.8) P R ¢ AN EEL ox). BT
7 B LR 72 (1.6) PO fd A

y=clojewn (- [ () ). (19)
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LA (1.6) B
¢(x) exp (— / jp(s)ds) —p(x)e(x) expf— m:p(s)ds +p(x)e(a) expf— m:p(s)ds = q(x).
T
d(x) = q(z) exp ( / p(s) ds) — () =c+ / :q(s) exp ( / p(t) dt) ds.
R (1.9) N

y— [c—i— / :q(s) exp ( / p(®) dt) ds} exp (— / (1) dt)
— coxp (- / p(8) dt) + / :q(s) exp (- / 0 dt) ds,

Hrb e MERFAL
47 JTRE(L.6)3 R AR 5K AT y(20) = yoo WIAIHF € = yo, MIMIfEA

v=mew (= [w0ar)+ [Caew (- [0 ) as

NN AR WA 7] R .
y
= =0,
1 TPy 1.10)
y(zo) = o
fR I ME—PE IR . Wy (2), yo(z) R ITRE(LI0) IR, 2 o(z) = yi(x) — ya(x), WIEAHN
i }
@
- =0,
1 TPy 111)
¢(z0) =0

IR PRI EE — P ) L. FRAT T T R LR

(o /;p(s)ds) o)) = (SE+ptom eip< /;p(s)ds):o,

exp ([ 1615 plo) = plaw) =0
m%m@ecwuw,aﬁ/ﬂmymﬁ@cm%mm“ew%o”m%%,%u
o(x) =0.

AR T 77 R (1.10) AR HA) e — 12k
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R 1.2.9 (1) HE(LMHEE Y ERZETHE
(2) 777 (1.7) By 4 35 7 A A 0 4 b 4L 41 24 2 AR
(3) FROTNMBEBGKEEN, HEFENEE—MENEERESEX po), ()
2 R K LR — R,
(4) 470k 7 R (1.6) B PN BB 2 2 75 K 77 2 (1.T) MO AR.
(5) 470 oK 772 (1.6) A0 L 17 B # A 45 A Lo —

B b)) WIEAFEAA (1).

A 1.2.10 EE129(1)(2) M4, FEANWNAEEH R —NEETE, ZZE— %W,
exp (—/ p(s) ds) = U — AN

5 1.2.11 KM F 12

@jty:a:.

i ETREMNIAFEISR o 1S

d
a(exy) =2%e".
ML 15
ey = (22 — 2r +2)e” +c,
B R R AR
y=a>—2x+2+ce”,
Hrb e MERFAL O

i 1.2.12 % FEE f(x) € CH[0,+0)), a(zx) ELE, BFEFK o >0, #45F alx) > co. &

lim (f'(z) + a(z)f(x)) =0,

Tr—r+00
KA :
lim f(x)=0.

T—r+00
WEER % g(z) = f'(z) + a(z) f(z), W lim g(x) = 0. K EXEME f(o) WL TR, H

T——+00
— B AL O R AR A A~ LA
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P

Ry Fay AR

EER a(z) > ¢ >0, HI

li = )
Jim exp (/0 a(t) dt) +00

exp < /0 " at) dt) o(2)

H L'Hospital 7411 A %0

g(z)

lim f(x)= lim = lim == =

e T ) exp ( /0 ") dt> v a(z)

N — LR IR I T R

5] 1.2.13 K n 712

%_w%—y
de -9y’
R IS HLRFRA, 2 y = zu(z), N
dy du 14w
@—u(:c)+x£— T
Hl
du 1+u?

x@‘ 1—u’
H v = 0 AR H AR &8

1—u 1
du = —dz.
1+ u? Y x v

arctan 2 = In /22 + 1y +c,
T

Horf o AERUF AL A R AR AR ARE w] 505 O S fa R

B 1.2.14 KR L 7 &
dy ar + by +c

dz. mz+ny+1
HF a,be,m,n,l KEHK.



B Ar=T4+a y=7y+p5, WETELN
dy  ar+by+aa+bf+c
dz mZ+ny+ma+nB+1
. b i ac+b3+c=0 . R
@ # #0, WA B o, . WL TR AT HE— A0 N
m.n ma+npf+1=0
FFRITIE
dy  ar+by
dz  mZ +ny’
NI

s b > = Al
@ & an=bm, & )= % = g UGy =GR ]

dy _ A(mz +ny) +c

dx mx +ny + 1
HIT4 v =ma +ny AP EESE TR

NI S

51 1.2.15 kA& Bernoulli 7 &

dy

I, TPy =q@)y", n#L

B 4y £ 0N, EEENILFRERL g 7115

—-n dy 1-n __
v +p(x)y " = q(x),
5]
o L4y )y = g(a)
1—n dz vy -
L u(r) =yt BN — B R T AR
1 du
o + p(z)u = q(x)

Fh Hn >0 0, FTREEHE y=0.
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83.1 Gronwall 7~
5138 1.3.1 WEH f(2),g(x) £ERXE [a,b] FEEZE, g(x) 20, c 2FH w0k

fla)<ed | g(s)f(s)ds,

a

f(x) < cexp (/:9(5) ds) :

Il

WERR 4

M g(x) >0 1%

B F s e s AR

A
e (= [aas) )| = (- [Catoas) (7(0) - g0)F (o)

< cexp (— /j g9(s d8> 9(x)

(- o))
R

% [exp (— / " o(s) ds) (F(z) + c)] <0.
TR
o (= [Caas) (o) v < e
Al
F(z) < cexp (/:g(s) ds) e

Al

Fz) <c+ F(z) < cexp (/;g(s) ds) .

A 1.3.2 31 E13.1%F, & <0, MTHF f(z) <O0.
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§3.2 Picard FHEM—HEE

e G
L= fay) (112

HA R f(r, y) FERTX R
Dile—zol <ar |y—yol <b
RS

EX 1.3.3 HEH f(o,y) EXBR G X y i# R Lipschitz &%, wEFLEFEHK L >0, £
BRHTEREN (v,101), (z,02) €G, A

|f(x,y1) - f(xwa)l < L|y1 - y2|'

E 134 FRH fo,y) EAEFR R Lit y HESRSH, W f(z,y) & y # 2 Lipschitz
%—?ﬁ: ﬁ%@%xﬁ{%% (xayl)a (l‘,yg) € R’ 75

_| [T of|\,, -
e = feml = | [ w0z < max | 1=l
L
NS TR (1.12)35 R WIUR 241
ylaw) = o (113

PIFRIIAFAEYE. Picard ®ELR, MTFEQI)F f(x,y) X y W2 Lipschitz Z5FFEF, 2
WIGE 25 (1.13) BIARAE = 0 Y0 B R A7 AE HoME— 1. HME IR (1.12) (1.13) HFR AN Cauchy 7] .

EIE 1.3.5 (Picard fF7EME—TEEH) BIX R f(o,y) EHAXE D L#ESZHMY y HE
Lipschitz 4, W Cauchy [B#(1.12)(1.13) AR E |x — 29| < h L HFEAE—, HF
. b B
h = min {a, M} , M= (:gzl/?é(D |f(x,y)]|.
WERR 1 SB—5 WAL NS 7 FE. Cauchy F)#H(1.12)(1.13) %0 THU 7 72

y(@) = o + / " f(sy(s)) ds, (1.14)
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o # y=d¢(zx) & Cauchy IEH(1.12)(1.13) 1M, XTTHE(1.12)F 5 PUM zo B = B0
W1 p(a) RIS (114) (AR,
%yzww%ﬁﬁﬁﬁumw%amwﬁ/fmwwwkm@,wa@m@,m
§(2) = flz.0(x), B o(x) WEFR(112)(113).
Lo 53y R AL AR R T R Sk — B (R, LBt 1 B T . 38 P 2 £
B (B = M A% R ). ]
FZ4 W& Picard F¥). &

yo(fﬂ) = Yo,

yﬂx)=ym+/mf@4m@»d&
yﬂx)zzm+:/xf@4nwnd&

Yn() = Yo + /x f(8,Yn—1(s))ds.

[ UL & Picard FFASEBR X5 B T3040 77 B A 7] R
dyy,
{ Y (x) = f(xayn—l(‘r>)7

dx
yn<x0) = Yo,

B RA R R IR, LB ARAR. PR S R R UL
AR, SRE T IR 55 = 0 UE I — SOR SN e RSB TR R ]

9T BB S Picard AU RUEFSE S, FREDTS o — ol < b, [y (x) —yo] <
b(n=0,1,2,--). & n JBFEAAME 40 =00, TR 4 n=18,

ly1 — yo| = < M|z — 2] < Mh < b

/ :f<s,yo<s>>ds

Mg AL WEE n— 1 (n > 2) &RHaL, W

[yn () — yo| = < M|z — x| < Mh < b,

/w jﬂs,ynl(s»ds

WA n WHEGE. T REMEARIE.
B=L EWIRAAAENE. BT

n

Yn(x) = Wi (z) — yr—1(2)] + yo(2),



B3 Hey A 13
FE o (7) 7E [w—a0| < b =B RFUEREIHEED  [yn (@) — yos (2)] 7€ [2—20] < h
n=1

bSO FRAIE B S SR 1 Z\yn — Yt (2)| 7E | — 20| < h BBl T

(@) —wo() = | [ F(s.mo(s))ds| < Mz — z,
|mm—mmv-x[wwm> £(s, 90 t/Vsm £(s,0(s))] ds
<L —yo(s)| ds < L/M|s—x0|ds :¥|x—xo|

E AR R oy AN AR RO RR G BN BR AN R AR E . Il 15

Lnfl - n
|yn(x> - ynfl(x)’ < M%, le — xo\ < h.

n!

- XM LMz — x|t M SN LA
Xﬂmm—%4m<g;f—ﬁmﬂl<fg; < too,
ﬁ}]% — Y1 ()] 7E |1 — x| < b LB FHBL y, (2) 7F |2 — 20| < b E—B0lksL,

1&
Jim y,(z) = y(z).

HT
yn(x) = %Yo +/ f(s7yn—1(s)) dS,

m:m+/3@mwm

B y(z) & Cauchy [n)#(1.12)(1.13)HIfE.
BT UEABERIME—TE. & y = ¢1(2),y = go(x) D TTIE(1.14) IR, )

PILFEI 4 n — oo 5

T

|01(x) — da(2)] = [ f(s,01(5)) = f(s,¢2(s))] ds

<

fﬁ@@@%ﬁ@@@nm

<L

(s)|ds|,

i Gronwall A% RIS
|p1(z) — p2(z)| = 0.



F—3n FWMH A 14

E13ﬁ0)$h:mm{y%} P AEHREETERE h EA.
(2) ERFFHAF TR —, BEREM DL gy B

NHA A B LA Picard AA7EME— M@ PR A —AMER. X BB E #3594 h 1Y
JE SIN5EA h = mln{ ]\[)4 2L} H LR f(z,y) /£ D EXF y B9 Lipschitz 4. J5 <
EE, h BFIRANAKRKEE,

MR 2 LT TR (T9)(2) = yo + / " f(s,0(s)) ds, WA RSN T o(z) =
Toa), B o(c) WET T OAZE.

B 1= {o | o — a0l < h}, BECEI X(1) = {6 € C(I) | |6(x) — ol < b}. Fil T &
A AR, B

®7T:X(I)— X().

@ WERE ¢1,¢0 € X(I), FF1E c< 11 filg;(|T¢1($) — Too()] < Cngfclea[XWl(ﬂ?) — ¢a2()].

OHIERR thE T T 5 LATEl, 3 6 e (1), WA To e C(I). "HEZ ¢ € X(I),

To(e) | = | [ £(s.0(5)ds| < Mh <.
T e X(I).
Q@RYIERR XMER 1,02 € X (1),
[T01(0) = Toale) = | [ 1£(5.01(5)) = £(5.0a()) ds| < L ) ds

< Lhmax|1(2) - 62(2)] < imax\asl() ol

TRT: X(I) = X(I) &g, X X (1) & Banach 2 [E WAL, # T fF4E
ME— ANl L

EIE 1.3.7 (Peano fF/EVEEH) X B f(o,y) EAEFKIE D |z — 20| < a,ly —yo| <b
b4, N Cauchy FIAA(1.12)(LI3)EXE |z —xo) < h EHEEEDL -, HF h =

1)
in{a,—¢, M= ).
min {a, i nax |f(z,y)]

5 1.3.8 A7 {E |7 A

B 415 1 L —
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BN [(o,y) = 2+ g FESTEEIE D = {(,9) | o — w0l < arly — wol < b} LIESE,
N fy =2y £ D B3ES:, Kt f kT y /£ D L2 Lipschitz . F52&, W Picard f£4£
%—ﬁ%@,ﬁﬁcm%)mﬁﬁﬁﬁu—aﬂghﬁ%%—m,ﬁﬁh:nm{m%}

M = max x,y)|. [
Dax |f(@,y)l

Bl 1.3.9 EFI1.2.69F, & yo #£0, WAHEEHXBEEE (vo0,40), EFZEFXEE
WARE, N f EH E#ESHAT y £ Lipschitz #, T2 Picard 7 7£% — W £ B A
it (zo,y0) WM AT EEE—; # yo=0, M f EE—EE (x0,y0) WEFKHE LT y
# A& Lipschitz B, T L& E A Picard FEE— M EE, FRIHEHERBEML TEAF
i b & BT R

Bl 1.3.10 BEH f(y) AELSH. WA A1 A

dy

i Rl A
y(zo) = wo

B AR T A HvE—

R B F(z,y) = 2° + 1+ (f()* D= {(z,y) | |z — x|
1 D PN, H Peano fAEVEEHE, {EIXIH |z — x|
y=o(x) 2, N

< aly—wl <0} BT F(z,y)
< h ERrWIME R AR AR,

¢ (x) =2 + 1+ (f(¢(2)))* > 1.
R R, y = ¢(x) MREE o = ¢(y) RIFER, HEwEyIE @

du 1
dy  1+u?+(f(y)*
u(yo) = o.

VE R B HEAE 18 P i R A S X w RETELERT RN, TR Picard fFAEME— g B ]
ORI E AT AL TP 8 10 A2 ELPE — . PR Y B b P M — P R 0 S AL TR R ) A A ELME—. O

E 1.3.11 RBIFRA [ A, FRAREE B Picard 72— R H.

EX 1.3.12 REH f(z,y) AR G WES. WX TEREN (z,1), (2,92) €G, A

|f(z, 1) — f(2,92)| < F(lyr — v2l),
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HeP F(r)>0&2r>0 &SR, H

M f(z,y) Xy i#E Osgood % 1.

7 1.3.13 % f(v,y) # G £ AT y £ Lipschitz #, W E F(r)=Lr, % L % f(z,y)
% G £ty B Lipschitz %4, #47 f(z,y) & y # & Osgood % 1.

EIE 1.3.14 (Osgood EH) KEH f(x,y) ERKE D Ext y # K Osgood &, ME
& (w0,70) € D, Cauchy [5 £ (1.12)(1.13) 8 f# 17 & A v —

WERA B Peano fF7EMEEH, Cauchy [A8H(1.12)(113)TEXIH |x — x| < h LAFTEME, W
O1(x), po(x) EE MDA WAFLE 21 # 200 G d1(21) # do(21). AWK 21 > 29 H
P1(x1) > po(21), HARNMEHRLAEIERTH].

LT = max {z € [zo, 1] | ¢1(x) = ¢o(2)}, T5E
¢1(I) > ¢2<I), YV € (E, Il) .

% r(z) = ¢1(x) — po(x), W r(z) >0, Vo e (z,2,), H

L 6h(a) — () = (. 6n(0)) ~ F(2,02(2)) < F(on(x) — 6n(a)) = F(r()).
B F(r) >0 1
1
PO dr < dz,

PIIAR 7 RIS

o dr o
— <K de =2, — 7,
/o F(r) / '

et ry = r(z) > 0. 3X 5 Osgood %47 J&. # Cauchy FI8(1.12)(1.13)IMRME K. O

dy 0 y=0,
dz

ylnlyl, y#0

5] 1.3.15 R M F &

B Al B T — 1

BNy £ 0 B, d%(yln|y|> Cnly| 41, BEETESE R B (zo,y0) L, 643 F7E R I
KT y & Lipschitz ). B Picard fA7EME— L@ BRI H, BL (20, yo) AWIE BIAR 2 ME— 1.
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My =00, y=0 BREZFTEA—NE & y = o(x) BA—ME, B 2, # 2o
513 ¢(z1) # 0, AWK 21 > x9 H é(xy) > 0. & T = max{x € [xg,21] | ¢(z) = 0}, N
r € [T, 2] B, @(x) >0, BT ¢'(x) = ¢(z) Ing(z). T

é(z1) do z1 _
[ awas) w=n-w
H_EXEIDRR AW, SHELNERET E. SEL (2o, 0) AHE IR E—T. O

i 1.3.16 AP HEHERIE Osgood &4 ZTAHH, 8475 Osgood I #iE B 7T LI AE &
HF oy =0 WEH. HH Osgood 4%, Lipschitz & HEEE X Z Ril.

8§3.3 FRAVIE(H

EIE 1.3.17 (RREAER) # & Cauchy & #

{y/f(xay>7 (1‘15)

?J(Io) = Yo,

HF R f(r,y) ERB G A#ELL. NiZ Cauchy P AW EEM L [ WA REEFE G WL
F, BT G AWERRFHARE Gy & (20,y0) € G1» % Cauchy |7 FH e & ' 7 UL
2 G\ G

SERR R T (o > 20) HOMR. FIRIEE:, BRI&—EAE G o 4 G A& G
MK, O GRE G, C G W d(G, (G)) > 0. FREAE 0 < 6 < d (G, (G)°) 14

Re={(z,y) | lx =2 <o, ly =yl <o} C Gy, V(T,7) € Gr.

Tt Peano FEVEEHE, L (7, 7) AWME IR |« — 7 < h EAP2E, o A = min {50, 5_”0[}
M = m§X|f|. B Peano fA7EMEERE, LL (20, yo) NWMERIME v = ¢(x) 1 [x0, 20 + h] FAFAE.
L = wo+hy g1 = Swo+h). BUBRS (21, 41) € Grr TRIE [wo, 20+ 20 FAZLEME, THiEH
y = ¢(x). & 3 = x0+2h,s yo = d(xo+2h), ML (x2, yo) NYMERIMAE [0, 2o+ h] EAFAE. E
B ERIFE, LA (v, yo) NVHEMIFELE (20, z0 + nh] (Vn) LAFAE. HT nh—{&(xo +nh) = +oo,
i G Rt FEsE, 6. HURIZETF G,. 0

7 1.3.18 B A T EME G WIALFR » BIGEAEXE N (29, +oo), K2 H K&
HRXEHRNEMFEZE vy FEHNTLSE. 7 5% 41.3.20.
TRAE © > xo MIBFRNAITAR (BAATHIMR), 8 o < xo WBFCNAATIE (3085 HfR).
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W 1.3.19 WEH f(r.y) EER G L#%, o y #EAH Lipschitz £ 42, M &
(0,90) € G, BAFE y = f(a,y) BER—MWRIEE T B3 (v0,y0), 35T R
5 G Wi R,

5 1.3.20 1EHA: #a A

y/ — ZL‘Q +y2
WENMIMFER B EA RN,

WERR f(r,y) = 2 + 97 76 R® LESE, £ =2y £E R® LS, BUL f7E R? LSy 2R
Lipschitz 1. HIEHEE, LIIATM— 5T (2o, yo) WA MHZRAFAE HfE—, JFH T DLZE 3
R? [ 5. IR BLIE AT AT MR IOAE A X R 2 A ).

& [0, B) REMAITERARXE (XEAM “TF7, B (8,y(8) € R? FIAT4kLk 4
HEIR), AW B > 0, B EAHIE. W max{z, 0} < 21 < 8, WTE [21,8) & f(z,y) = 25 +y>
WAATIRA v = o(x), WHE [21,8) L ¢'(x) = 22+ (6(2))? = 22 + (¢(2))*. &

% >ar,
zi + (¢(z))
P i AR 2315 2
i (arctan o) — arctan ¢<$1)> >x—x > 0.
T T T
T N
_2z =qi
i arctanz € ( 5 2) HIXERE

T
0<z—2<—, 1 <zT<p.
X

H LG AT R

™
B<$1+—<+OO.
T

I AR A AT RO X AR . TR, B y=o) MEEXEEGRN. O
5 1.3.21 iLFH: o HE
y = (1‘2 +y? + 1) sin(7my)
W MR EEE, BHFEERXEN (—oo, +00).

2HIRHMER (z0,90) € G> FAEMIEIE R S (v0,v0), R C Gy 3 f(x,y) 7 R 56T y 42 Lipschitz 1. —
AN R TR, S, £ G RIES:, N f AR G ESRT y 2R Lipschitz f.
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WERR f(z,y) = (2* +y* + 1) sin(ry) ££ R* B#S:, HXT y £RH Lipschitz ), HEH
L, AR RAAEME— R, IR H AT USRS R? AR

HREE y=n(neZ) RITIENMG, ERBWP, HAFEXIEA (—oo, +00). WIER (20, y0)
WM, HA gy ¢ Z, WAEEn € Z 5 n <y <n—+1. HME—E, BL (20, y0) NVHMEK
R y = o) A y=n. y=n+1 K, HHERBEMHE 2 = —co M 2 = 400, H
n<¢lx) <n+l, Vo € (—00,+00). TH ¢/(z) = f(z,0(z)) = (2° + (¢(x))* + 1) sin (r¢(z))
RS, o(x) IR O

5 1.3.22 & FEATE [ B
y = (92 — 2y — 3) e<x+y)2,
y(wo) = Yo.
WH . ZAEE RN EERE A a<s<b, BRE a=—-o0ofMb=—400 FEDPH KL,

SERR f(z,y) = (y* — 2y — 3) =" fE R? _E3ESE, JEH ) F R? Ltk [ f(o,y) & R
ESTF y RJRES Lipschitz 1. SETAE 2B, HIE 1 RAA AR 220 — 10, I EL AT LUAE {5
WA

By =3 Ay = — 1 R EYIE R, 2 g0 > 3, BIME—VE, LA (20,90) AV
Wy = o(a) RikE y = 3 M. Bk, © B y=3 EJ7, Wil ¢(2) = f(z, é(z)) > 0,
o(x) BVBI, UL (20, yo) NUHERIEATFIRLIRIE y = yo M1y = 3 2. A, ©H
TEHF] o« = —co. B, EIAFERIIN —0o <z < b. KB, % yo < —1, MARKTFLEX

6] (a, 4+00).
l— <yy <3, &t (zo,y0) WIAIE y=—1 Al y=3 208, HIEHER, &Mz R?
AT = —00 K x = +oo, fFEIXIAN (—o0, +00). O

7 1.3.23 UL EJLBIFT I, BWEHEZEFSTRANCE A RESMHEE “TL” LS.

§3.4 LEEEE
EIE 1.3.24 (F—hEEH) R f(x,y) Fo Fr,y) HERE G &L, H
flz,y) < F(z,y), VY(z,y) € G, (1.16)

XREE y=o(x) 1 y=D(x) EXFE (a,b) L7 A EATE [

Yy :f<$,y), ?Fﬂ Y :F(l‘,y),
y(7o) = vo y(7o) = Yo
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{ o(r) < P(x), x0 <2 <D,

o(x) > P(x), a<zx<

WERR RFBRBAATHE. & ¢(x) = D(x) — d(x), W h(ze) = 05 ¢’ (20) = F(x0,y0) — f (20, 40) > 0.
T, /776> 0, 113
Y(x) >0, Va e (xg,xo+9).
BUIE (x) > 0, Vo € (x,b). IR, BN, F4E o < b 15 (o) =0 H ¢'(a) < 0. {HZ
H1(1.16) = AT %
V'(a) = Fa,o(a)) = fla, o()) > 0,

T . O
A 1.3.25 REI324MJLAEXEFAZH: AR s mA A AR EAd &M T

FEME| L. B, EBMAEK f(z,y) < Flay), £ “<” K& “<” NETIEEX
By, HATA WS T iR E (R B1.3.32).

5|38 1.3.26 4714 |5 &

(1.17)
?J(mo) =Y

HIREAE X (a,b) EEEH%E—, EF A(x), B(z) % (a,b) LRI RMELE

{ymmy+mw+L

WERR f(z,y) = A(z)|y| + B(x) + 1 FEKIEIX I
D:a<z<b—00<y<-+o00

FiEs:, HKT y £ D Lj2JRER Lipschitz (. HEHE R, WIME W BH(1.17) P g A7 7E 5
—, FHATLMESRE] D (i S, BTE AT — R IAFAEIX (AN (a, b).

WA B BRA y = o(x), W ¢ (z) = A(x)|d(2)] + B(z) +1 >0, i ¢(x) %
WK, 25 p(x) TE S, AW () > 0, My = p(x) AWIMER -

{yAuw+mw+L

y(wo) = Yo



R, B y = o) 5 (a,b) LAFAE. 35 o) HEM, B o=n RENES, W y= o)
16 21, b) FAREWE AR
y' = A(z)y + B(z) + 1,
Z/(ﬂUl) =0
Wil BRI y = o(x) £E [21,b) BAFLE. [FIFEML, 1E (a,21] by = o(2) RHME &
y = —A(r)y + B(x) + 1,
y(x1) =0
(e, I y = o(x) 76 (a,21] BAFLE. Wy = o(x) 7E (a,b) LAFHE. O
FAlh, A LU 5.

5|38 1.3.27 A4 5 B

y(%) = %o
WAEEKE (o,0) PEEE%R—, £F AQr),B(x) f (a,b) L2 REELEDH.

{y' — Aoyl - Bla) 1,

EIE 1.3.28 £ EML T
y' = f(z,y), (1.18)

HEF R f(z,y) EEHKBE
D:ia<z<b—o0<y<-+o00

Mt H#EER
|f(z,y)] < A(z)|y| + B(x), (1.19)
KB Alr) >0 % B(x) >0 EXHE (a,b) F#EZ. WAREQIS)NEN RN FEX B K
(a,b).
SRR 4y = B(x) BAFR(LIS)IM, y = o(x) RVIE S
{y/ — —A(@)ly| - Bla) ~ 1,

y(7o) = Yo
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y = (x) AYME A B
{y' — A@)lyl + B(z) + 1,
y(wo) = Yo
O, E 2 HBE R, g

—A(z)ly| = B(z) =1 < f(z,y) < A(z)ly| + B(z) +1

Y x>z B, ¢(z) < P(x) < (z), HIky=&(x) fE [10,b) FAFLE. FBEE, y = () {E
(a,xo] LAFLE. # y = &(x) 1E (a,b) EAFAE. O

5138 1.3.29 (Arzela-Ascoli 51 #) & Z| {fu.(2)} EXE [a,b] E—B A F:
fu(z)| < M, Vz € [a,b], Vn,
FHEEESE: HEEe>0, BEI>0, 7
|fold)) = fu(@)] <&, V|2’ —2"| <36, Vn.
M2 F 5 {fo,(x)} % [a,b] £ —Boksk.

ENX 1.3.30 4 E Cauchy & £

y(wo) = Yo

{ yl = f(il?, y)? (1'20)

HEXE |x—20| <a EERNME O(2x) 2 ¥(x), EENTZWEFANETER y(x), #FH
U(z) <y(r) <P(z), |v—z0]<a,
Mo BB w(z) F2 d(x) A ZAERBERXE |2 — 20| < a L Bm/NEFRAME.

EE 1.331 FET>0FEFERXE |z — 20| <7 L, Cauchy [7#(1.20)F £ 5 A £ & /)N

=

WERH B—# FEYME M)

(1.21)

y = fulx,y) = f(z,y) +en,
y(z0) = Yo,
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Hire, >0H lim &, = 0. % R={(z,y) | |r — x| <a,|ly —yo| <b} C G. H Peano {7

FERESEL, (200 [ — a0l < hy BAEEERE y = ou(a)s P Ay = min {a, -

M, n = max | fu(z, )| /\M—(m?x |f(x,y)|, h = mln{a %} M n — oo B, M, — M,
@.y)e

h — h. ﬁ&ﬁET<h{ifﬁ°gpn($)f[Io—TLUQ—i‘T]J:Z?%E
FEZL TIEA T {¢n,(2)} £ |2 — 2] < 7 E—FREE] p(z), HH y =) &
Cauchy 7@ (1.20)IfE. BT on(z) = yo +/ fn(s,0n(s)) ds,

o

ln(z) — yo| < < (M+17, V.

| s s
Rl {on ()} 7E |z — 2| < 7 E—FCHER. X

/ fa(ss0n(s
£

B {on(2)} 75 |2 — 2] < 7 LEEFEESE FE, B Arzela-Ascoli 5|3, HT 4 {gan].(m)} 1F

/%’\j_>00’ ﬁ
m:m+/f@ww®

oy = o(z) /&(1.20)7E |x — x| < 7 LR

FE= WIEERKM. RS —BOEH, W (1.20) MR — MR v = y(z), TE (20,20 + 7]
Eoy(z) < on,(2). B, y(2) < @), Vo € [zg,xo+ 7). NEHE—LIFH, H —, KE e, &
SRR, WRAE (), 15

s| < (M +1) 2" — 2",

/1‘7

’@n SOn

y(r) < Y(x), V€ lrg— 7,30

4

P(x), x—T < T < X,

{¢($)7 ToST < To+T,

M &(x) 2(1.20)Ff#E, HZH K.
FAN T 14 1 B /M. O

RIB 1.3.32 (BB REK f(o,y) 7 Flo,y) MERE G hks, B

flx,y) < F(z,y), (x,y)€q,
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XK y = d(x) 71y =D(x) EXIE (a,b) L2 B & 471ME 7] &

E:{Mf@w%

y(wo) = Yo

BIAE ((z0,90) € G), H H y = ¢(x) RAMEIF A (E,) P A M /Mg R 2N 7 AR (3K y = D(x)
RAME B AL (Ey) 948 M & A MR A 22 M F /N ),

o(x) = P(x), a<zx< ).

{ o(r) < P(x), o< x<h

WERR By = o(x) RWME R Ey A /Mg AN e e K. =5 RS AL 1) 7t

{yﬂaw%,
y(zo0) = vo,
He, >0, H lim &, =0. A€ BR1.3. 31 UE B AT 51, AEAEZAME W R F 5 {pn(x)} 1Y
—ATFE g, (2)} —BUSIE ¢(z). A f(2,y) —en, < f(z,y) < Fz,y), HE—LEE
AT

bn,(z) < P(x), T > 20,

{ On, () > P(z), T < 20,

4§ — oo RIS, O

5] 1.3.33 & A71E (5] AL

%%@E%ﬂ%@%%kﬁﬁzﬁﬁmﬁ)ﬁ%:%<6<L

MERR ¥ f(z,y) = 2 + (y + 1) I H, ZMHE N AR R ME— ), JEa] DAREfh 3] R?
Il gt HEI.3.20(1E# T 2 =y + 1), # y = y(o) BIAITIRKALEXIEN [0,8), B < +oo.
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RHERH @ € (0,1), (149)° < fa,y) < 1+ (L+y)% 2y = pula) By = pala) SRR

A, Y =(1+y), WA, y =1+ (1+y)",
y(0) =0 y(0) =0

[1IfiE. B Picard fE/EME—MEEHE, o (x) 1 po(x) 3 RlEWME R (Ay) F1 (Ag) HIME—RE (M
T BE A2 e KAl X i /MR R BIX AN TR e B m B A2, e

1
C1l—=x

palw) = —1+ tan (2 + g) . EATEHEX LN [0, g).

e1(z) —1, AATAFEXIEN [0,1),

HIE HEGE L, o1 (2) < y(z) < o). HIEAHEHE,

T (B, lim y(z) — +oo. T j_i

rz—B~
“+o0 dy B8
= dx = 5.
A ﬁ+a+mm2ll‘”5
AR A

B oo dy(x) +oo dy(z) +oo dy—(g;) B
Z‘A 1+O+M@P<A xuu+mmv<l Ty -

E&%<ﬁ<1. O

s
4

< B < 1 MEASE SR, H
2+ (1 +

JRCIESS

<

3

Q4 BEXIYMEMSHAVREIE

§4.1 n HEMEPHNNDHIE

5 L& I oy AR

o
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MG 77 P25 T
((dy
dz Y2,
dyo
dr Ys,
: (1.22)
dyn—l o
ddx Yn,
yn p— o e
\E_F(‘Tayh ay’rL)-
2 85— MR B T FE
(d
(?_gjvl = fl(x7y17”' ;yn>7
y2 f— .« .
dz - fQ(xvyh ayn)7 (123)
dyn
\ % = fn(x;yl, e 7yn)7

H =y Lo =y Saet = Yno o = F JURAEXS LT w7 14 (1.22).

Ly= () FEy) = () fule ) WO Y = fay),
HETTTBEIEI A A y(o0) = yo FETHII AL,

R, 2 file,yr, -, yn) Z% x)y; + ei(x), M

W _ 4oy +e(w),

dx
ap(z) - a(z) e1(z) U
Ay=| + .+ |, e@)=| + |, y@=
anl(m) ann(x) en(m) Yn
WA SR n gkt TR, Hh n & REGERE A BI2L
N THI P FE AT 7] .

@ _
gy flx,y), (124
Y(z0) = Yo.

EX 1.4.1 WEP f 8 FH X

Rilz—xo| <a, |y—yol <b
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EXf y %R Lipschitz &, WREAEEHK L >0, EASTHEEN (v,y), (r,92) €R, F

|F (@, y1) = (2, 92)| < Ly — 92

EIE 1.4.2 (Picard fA/EME— M) BIXBE f £F FHARXE R F#4, BX y HE
Lipschitz &, NAIEE A (1.24) B EXE | — x| <h EHFEHE—, HF

h 'n{ b }
= min | a, )
max X,
[z, y)

EIE 1.4.3 (Peano FEMEM) R f £F F W XS R FiEg, NATEFRE(1.24)8
BAERXRE |z —xo| <h L HE, EF

h = min {a b }
" max |f(x, '
nax, |f(z,y)|

EIE 144 T n M&EFTEA j—?; = A(z)y +e(x), £ A(x),e(r) £X I (a,b) LHEL,
Wz FREANTEBWE S y(2o) = Yo (v0 € (a,b)) WHEAEENXE (a,b) EFAEHE—.

§4.2 BXIHEMSHHNESRBIE
2 15— AT n B D R 1A

FERAE ) (1.25)
Y(z0) = Yo

IR y = y(2; 20, Yo, A) FHME (20, yo) FISEL X PIKHE, Forb £ 2 n 4ERIEREL X € R™.
VEAZ $
t=x—x9, U=7Y— Yo,

DU 1) 1 (1.25) A8 7R

du
5 =t aut o), (1.26)
u(0) = 0.
ERERRIIBUE (20, yo) EHEFE(L26)HM A —FUSHHFAMI, FULITLRS
R 0 1
y
Yty A,
1, f@yA) (1.27)
y(0)=0

RIS H X BRI,
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EE 145 B n EFMEBK fr,y, N) EHARXE

G:lz|<a, |yl<b, [Al<c
F#%, By # 2 Lipschitz £, B FEEN (v,y,N), (1,925, €G, F

|f('ray1a)‘) - f(x7y27}‘)| < L’yl - y2’a

HEHFFHL>0 4

b
M = 3 7A 9 h = i {7_}a
(Iglgfégﬁ( y,A)| min | a, -

TJ A7 L 3] R (1.27) B ARy = p(a, A) AE ] X 3,
D:lz|<h, |A<c
H S
ERRREEE —2b A b (1.27) S0 TR 40 7 7

/fsy

F - M Picard F4:
do(xz,A) =0,
Or(z,A) = /xf(s, Gr_1(s,A),A)ds, k=1,2---.
0

LA %0 Picard JF41 {or(x, A)} KT (2, N) € D ZIELLM.
B MHECH AR
M (L|z|)k+t - M (Lh)*+t

L (k+1) S L (k+1)
Bl Picard JEA {dp(x, N} X (2, N) € D =& —FUsSai.

|¢k+1(x’ }‘) - ¢k(x7A)| <

FNE 4
d(z, A) = Jim dr(z, A), (7,A) €D,
My = p(x, N) VA M (1.27)FIME—fE. Bl LE Picard 78— B0lsitEnT 51, MR
PR d(x, N) KT (2,\) € D RIESN. O

EEH1.4.5, Lipschitz ZAF AR ER). Fs b, HE R YIE A8 (1.25) Mg A7 75 B
Mk — B[]
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EIE 1.4.6 = EMe TEYL

dy
a - f(x’y7A)7

HEe fHEKE GCRxR'xR™ EAF, £EW n EHERH. BRY TEIWAER
(z0,%0), ZHBANKE y = ¢(z;10,y0,A) BERE [, LHEEHEE—E, L [, CRZF
FARE, MdERe>0, FEI>0, EHAE ((nXN)eG, B

|(£7na)\/) - ($0,y0,)\)‘ < 67

|¢(x7§”r’7A,)_¢('Tax07y07A)| <ég, \V/ZEEI(),

BN A8 XS AT B A0 5 R & SR .
§4.3 MBI HMEMSEBESTHM
EIE 1.4.7 BIREH f(z,y,N) A X
G:|x—x0|<a, |y_y0’<b7 |A|<C

bES, Xy AN FESERTH, NATER A

dy
a - .f(xvy?)‘)
y(70) = Yo

HERRE R: v — 29| <h A <c LEE— y= (220,90, A) X (20,90, ) T, HEF

h:min{a,%}, M= max |[f(z,y,A)|.

(z,y,\)EG
BHFBIE BEILATHTRIIEN 3 — (a0, yo, N)» W LB 7 HE
Blaio o X) =90+ [ " F (5. (170,50, A), A) ds. (1.28)
@ fE(1.28) IRt 2o KT, HF]

0 0 0
5 (asan,un A) = o dlawizo o NN+ [ 5 s blsi0, 50,0, 52 s 0 X) s

O\

A(s50,90,M)

v 0
= _f<:[;07y07 )‘> +/ A(S;x(]ay(]a A)%(S;.l’o,yo,)\) ds.
o 0
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0
A z(x) = a—z}(x;xg,yo,/\), 1l

dz
a = AZ,
Z(Z.O) = _f(x(]?yOv )‘)

@ TE(1.28) Xt yo 3RT, 193°

0¢p /x of ¢
—(x; 20, Yo, A) =1+ —(s,0(s;x0,Yo, A), A) — ds.
A(S;fﬂgr,yo,k)
o)
2> = — X 9 I_\”
~ Z(.CE) 8y0 (x,anyOaA) )J
dz
~Z _ A
dx #
z(zg) =1

® 1E(1.28) PN A RS, {37

0 1o 0 0
a_i) = . %(& (5520, Yo, A), A) 8—f(3;$o,yo, A)+ a—{(s;xo,yo, A), ds.
A(si0,50,0) B(si0,50.\)
13)
% z(x) = £($;$0>y0>>\)’ 4

dz
— =A B
dz Z+ b,
Z(ZE()) = 0.

HREEE vy 5 X B gmE, oo BRK 3 Mis it — M &t i 7
FE, ATUAR . TR BATE R R 5 RE A RE SRS AH G B (A R TR A9 $11.4.8).

5 1.4.8 REE y=y(z,pu) < HME 7 A

d?/_ 2
air =y + pulr+y°),
y(0) =1
.0
v, k Y
o
pn=0

S B 1 FoR AL R
X EH 0 RR TR
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R f(z,y,p) =y+plr+y?) € (z,y,p) € R FIES:, EAEZENEEEXT v, pu W6 E

WSE, HER1.47, y=yx,p) KT o, p 20 HH.
HAR 73 7
) = 1+ [ [yl + 0 (s + (ots.0)°)] s

B kST

o= [ B—Z@,m s a0+ 2my(oup) 5 o) | s,

0
é\z(az,m:%u,u), )
dz 9
e (1 +2py(z, 1) 2 + 2 + (y(o, 1),
2(0, 1) = 0.
RIS AN— W e M 18 53 7 PR T4
) = ’ u))? Mo , d>d.
G = [ L)+ 5] oo ([ 10+ 2ustep] ar) s
AR 3 B0 AR T A, (2, 0) 2

dy
dm - y?
y(0) =1

I, Rt y(w, 0) = o FERTAPI o =0 WA

z(x,,u)‘ = e"j/ et (t + e2t) dt,
u=0 0

:z(x,u)) =e* —1 — 1.
©n=0

O5 MM HIEA

§5.1 —f3EiL
% FRLR LAY T AR

dy; .
y Zaz] y] +fz L= 1,2,'7717

31

B
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Horb Ry azj(x),fz(l’) (2,] =1,2,--- ,n) 7E X [H] (a, b) bEs: &

v an(z) - ap(2) fi(z)
Yy = ' ) A(:L') = : . : ) f((L’) - : )
Yn an1(z) - ann(T) fn()
AP T A 7 R e S R KR 1T A
dy
1 = Ax)y + f(z). (1.29)

EIE 1.5.1 &MMa 7 BA(1.29)%EAMEFH y(vy) = yo WHEE (a,b) LHFEHE—, H
$ 20 € (a,b) 1y, cR" BEERAEWN.

IR B IR B, BRARSTIRITRE, SEflxt BT RE, PR X B
PR EERN. N E AT TR &N T4

dy
1= A(x)y. (1.30)
glfi 1.5.2 Xﬁ{%%{:\ C1,C2 € R, % yl(:v),yg(x) %ﬁ%éﬂ(lgo)%ﬁ‘?, ﬂlj Cly1(1'> +02y2($) &

£ AR (1.30) e #R.
i8S ST FRLE (1.30) (BT AR LR A4, MBI B 15,27 41 S & — AR 23]
B3 1.5.3 S & n H&MEEE, XE n £ H(1.30) 8 W5

IERR FATMiE S 5 R™ ZEE R ATEBUE 20 € (a,b), MMER yo € R”, HEHL5.1, 17
FEME—IT (a,b) EHIAE y(2) 13 y(20) = yo. & LWL

H:R"— S, yo— yx).

o H WM. MER y(x) € S, 2 yo = y(z0), WMEL yo NVMEKIEZ y(x), B
Hyo = y(z).

o H ZHG 7 y(x),2(x) € S, H y(xg) = 2z(zo), MWHMBHIME—NE, y(z) = 2(2),
Vz € (a,b).

o H LMWL FMERE yo, 20 €R” Ml e, c0 €R, H(c1yo+ cozg) 72k c1yo +cozg N
WHERIfE. 2 UL yo, 2o NWHERIGE RN y(x), z(x), W (a1y + caz)|oee, = 1Yo + c2zo. HIME
— M,

caHyo+ coHzy = c1y(x) + coz(x) = H(c1yo + c220).-
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MCH R — S RLNERM, i S 5& n 4ER). O
EX 1.5.4 HEEBHE ¢(2), -, () BRI (a,b) LREMAXE, EHEELLHTH
oy, e BB

c191(x) + - + cogpu(x) =0, Vo € (a,b).
T, HEMNRELMET AN

EE 1.5.5 FREHA(1.30)EX [ (a,b) LA n NEELKWE di(2), - Pn(z), HEEHE
R A

Yy = Cl(bl(x) +e Cn¢n(x)a
HF ey, NERFE

WERR % er,-- ,en & R H1on DMERMETLRAE. 2 ¢pi(x) = Hey, -, ¢p(x) = He,. %
UE @y (), -, () LMLKW, BN, FEAZNEN ¢, e T

1 (z)+ -+ cnpn(z) =0, Vr € (a,b).

\_i/[ T = Xo HTJ" {Eﬁ

61€1+"'+Cn€n:0.

BT er, - en BHEEX, ¢y = = cn =0, FJE.
B di(2), - pulx) RLEMETHH, WAHER y(x) € S, y(x), dy(x),--- , o) Lkt
WIH, FHAGERENEN ot e 118

coy(z) +c1d(x) + -+ cnpp(x) =0, Vo € (a,b).

mwz—%mm@%w~+%%u»

]

FROTRZAL(1.30) ) n AERPETIEH AR 1 B e 1 — LA L. T RIREJT— A L
(AT 77 2L (1.30) 19 m AR JE A L X 2
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Y11 () Yin(7)
Wy (z) = o () = : KRR (1.30) ) n AN 2 X
Yn1 () Ynn ()
911(33) T yln(m)
W(zx) = : : ;

MRIXAT I NIRAL yi (2), - yul2) B Wronsky 178030 thT

yi(z) yi2(@) -0 ya(2)
d n . . ’ .
T oY@ ) @

pa(@) o) o ()

y11() Y12() EE Yin(T)
= Z Z a/w yjl Z a”Lj yJQ Z alj yjn

Yn1 () Yn2() a Ynn ()

yi(z) - yin(2)
[CLH(J}) + -+ ann(x)] : ’ :
Yn1 () - Ynn(x)

% MTPARTE AT
MR F HAAT A5 5

=trA(z) - W,
KA ISR &M TR, R LURAS
W(z) = W(xg) exp (/x tr A(s) ds) :

EANA AT Liouville A3, HILA ], Wronsky 17558 W (x) 7EXH (a,b) EEAEANZE,
HANZE.
EIE 1.5.6 FREH(L30)VHWMHEA yi(z), - ,yn(z) WREABHN A EFHE

ﬁ.

78

R

Wi(z)#0, a<z<b.
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7 RRAL(1.30) IARLAL 9 (2), -+ a(2)s AHEBE Y () = (yyy(2)), .5 T

dY(z)
) A @),
FRY () NITFRLH(1.30) IRRFERE. 5 ya(2), - yu(x) ZMETEIR, MIFR Y (z) NT7HEE4H.(1.30) K

—ANEE () fRFERE. 35 P(x) %7‘?%‘52&(1.30)9’] ANFERRERE, AR (1.30) KB y =
Pc, HH ¢ RAEEH BRI KM n 451 [ .

WL 1.5.7 (1) & o(x) BEHFELAQ0)— D EMERE, W TERNETRERER C,

BE W(r) = O(x)C & FAZH(1.30) 8 — N EAF [
(2) & P(x) Fo W (z) WA BHEN0)NANEMBENE, WFLEEFREREC, E5 VU(x) =

IERR (1) RARE=ER

d¥(z) do(x)
de  dx

O = (A@)P(2))C = Ala)(@(x)C) = Ax)¥(a)

PLE detW(x) = det &(x) - det C' # 0.
(2) & C =®(x0) "W (x0), HH 29 € (a,b), W ¥(x) —P(x)C &TTFEH(1.30) M FEHFE,
H 9 (zg) — P(20)C =0, HEFIME—NE, ¥(z)—d(x)C = 0. O

N R R HE TR A R TR T T L

513 1.5.8 WX &(2)

AT RA(130) —MEMERE, ¢ (x) &7 RE(1.29)8 — 4R, T
FTRHAL2)MERM y=

o(z) FTLLRTH

He e ZEHI|ME
ERR BT ¢(z) — ¢ (x) TR (1.30) I, HERELS.6, fFAERESIHE c [T

XX BARFEAT HUFEAR 4, 5 M8 LLHE34TT
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RO 5 R 7 R4 (1.20) R 6" ().
% ¢ (x) = Bx)e(r), ol c(z) REHIIAE. N

= (@(r)e(r)) = An)d(r)els) + F(x).

LHS = @'(z)c(z) + ¢(x)c (x) = A(z)P(x)e(x) + P(x)c ()

g Bk

Al
c(z) = o7 (2) f(x)
EAL it
c(z) =co + /x & 1(s)f(s)ds,
i 0

o*(z) = D(x)cy + /m d(z)D(s)f(s)ds.
FH ¢y = 0(7F R IX B A T EAG 3| — /MR ?;Cﬁoﬁ
@ = [ e of(as
4555 FE1.5.8515 2 J7 FE4H.(1.29) I E
b(x) = B(x)c+ / " (2) () £(5) ds.
7 y(ao) = oo WAEN

y = ()P (z0)yo + /l‘ D(z)® ' (s)f(s)ds.

§5.2 EBARHEXMNMIFEAR

FRATER

dy
e Ay + f(x) (1.31)

NH RN TR, Hoh A Dy n Brsge WBUERE, n 4EFE R f(x) XA (a,b) -
B 5 /N, AVERT TR MR T R

dy
7 — Ay, 1.32
e y (1.32)



B3R Wy AL

Al =) fas;]
i,j=1
XA, B eR™™, KFGEHE || - || 2&fuk
(1) A >0 H |4 =0 <= A=0.
(2) [|kA[l = [K[||A]l, VK €R.
(3) 1A+ B[ < [|A[ +[B].

5138 1.5.10 %E[% %5 & %

=I,+ Az + = (Ax) '(Ax) - € R™"

k:

37

ERWEREFXELE—FORSH, &% dsimy. thet, BATHR e XA MF 48 30 %K.

513 1.5.11 (1) & A, B € R % AB = BA, M| P =e. 65
(2) & AeRV™, W et Tk, H () =e
(3) £ A, PeR™ H P w, Nl PAP = pet Pl

EHE 1.5.12 BHERHEE o B R AL MM 7 EA(1.32) 0 A%,

WERR B e 7E R MMERCA XA —Bolsl, FIRLETE, £33

d ,, d< z
EGAZE; AZ Aklkl AZHAQ; = At

R Wronsky 74P, H det (e7) [,mo = 1 # 0 A1 e J2J7 FRLH (1.32) 1 B A R .

HEIL 1.5.13 (1) ¥ RAHGTF R &M ML 77 B H (1.32) 19 @ A

EH c RATEEHM RN n EFHE.
(2) ¥ AT R AR L 7 BE (131 E AR A

y= eAxC+ /33 eA(ac—s) f(S) dS,
Eoc REERFEMAD n BT WE; HEMBEME y(x) = yo BHEA

y = e@m0) g4 / e@=9) f(s5) ds.
o

]
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Bl E TR A e RV, AW P, ff5 P'AP =J, H¥

J:dla’g(Jla 7Jk)

N Jordan BaER, J; (i =1,--- k) 8 ng BYOTRE, HAEAN

Ao
N1
J; = = Nl + Zy..
1
Ai
BATH
1 =z x—Q !
2' (nl — 1)'
xni—Q
1 x -
eJi:c — e)xilni:v . eZni;L’ — e)xi;r X eZniac — e)\im ( )
1
X
1

Mg XNy

EE A = PJP—l m‘%ﬂ‘ eAx — eP(CCJ)P71

= Pe’* P, PRHHER1.5.7(1) ATH o P = Pe®
AT REAL(1.32) L AR AP

A RBRFEE # A A 0 DARBRIEE A, A W T = diag(Ay, -+, \).
P:<§1 5n>, y

M Pe’™ J& 5 FE2H (1.32) F0FE R A0 B4

d
dz (e/\im €i) =A (e)‘ix Ez) )

N @Mt g = Mt AE;
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W AE = & B & BRI N\ 3T R RFIE ) &
B A MR A € C\R, JUSFEREN € MM AE = \E W73 AE = 2, B (3,€)
R A MRHEX. 4 y=eM¢, M y=e™E R TTRYL(1.32) fF. i

Rey = vry M Imy = y-y —'ﬂ
2 21
2 7 FE A (1.32) fiF.
5 1.5.14 kthp 7 REA
dy _
de
WA, H

ez e’ (—sinx +icosx)
eklx £1 — ' _
e e’ (cosz + isinz)

CIECE-S s
se | — sinxz cosx
e .
cosr sinzx
A G 7 REZH rpaE fie oy
5 —sinx s, [ COST
y=ce”’ + ¢y e’® ,
CcoS T sinx
Hrp C1,C2 AEEHEL ]

A BEYFEE & A GEIFHEE M\, A BN ny, - g (i + -+ +ng =n),
MFEARARE e® P = Pe’® = Pdiag (e"”‘”, e ,e‘]sx). M e I RARTER AT RN E S N B
K H) [e] == 22 T

xni—l

Y= <€o + %51 ot mgm—l) s
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BHARN A (1.32) 74

xnif2

l.mfl

= (8 s )

" ‘ T xnfl .
<£1 . F£2 NI gm—l) i + )\ (60 4 Fél 4+ 4 +£ni—1> ehi

AP N R

T n;—2 €T Iniil
& +ﬁ£2+...+m£nﬁl = (A—)xi]) (ﬁo‘i‘ﬂﬁl + -+ mgml) .
XSS I o B FRIR R4S
& = (A — \I)&o, r
(A - AZ'[)MS() — 0,
62 - (A - )‘ZI)€17
51 = (A - )‘i])&)v

= | . (1.33)

gnifl - (A - )\iI)Snif%

0=(A—NI)&n_1.
\

[ &nim1 = (A= X" .

EIE1.5.15 EnMEME AWE FHEBHEEEAL N\, N\, CNIERS A A ny, -+, ngs
W 77 A2 4 (1.32) 7 #n T =X ol 2 A 46 1

o(2) = (M PO (@), PO(a), o e P (@), e PO(x))

HF

xnifl

i i L (i i
P(x) = &) + 55](1) +ot mfj(-,r)”_1

J
RE N REHE ARESTR (=1 s = Lo ng) 1€, €0 RIFRGM
FRALIEME | K#yn, MEMTER, BHAH DG =1 nsl=1- ,n—1)
R £0) RA(LI)EME n, — 1 RFH & TIRABEM.

5l 1.5.16 ks H A
dy

dx—Ay7
H o
2 2
A=lo 2 1
"
3 3
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2 A FRHEZ T det(A — A) = (A —1)°, FHEEN A =13 E). BT (A-\NI)P? =0,
R FRAL (A — MI)P€ =0 3 DNkt

1 0 0
e =10, €&=]1]. €&=]o
0 0 1
FR
11 = (A Al )5%) =0,
512 = (A - )\1]) 5%) =0,
2
31
) = (A - MDEY = El
3
22 - (A A ]) 52 7
_2
1
31—(A /\])530— % ;
3
&5 = (A— M2 =0
R I 2 i oA ) )
1 z _z
3561 13:'3
Ox)=€"10 1—=z ==z
3 3 1
0 ——=x 1+ 5:1:
BTt TR T i N
y = &(2)c,
Ho ¢ WMEB =45 H5 N &, O

HMIFIFEMFERE, BT X ARAE © — +oo I HIAT J9fE Hifitiit.

Bl 1.5.17 EH: ¥ ABFAAMAS FEA(IDHFHAEY 2 — +oo HUEHTE
s AWHEREENZHYNTE

UERR BLEAERE

o(2) = (M PV (@), e P (@), ¥ P (), e PO (@)
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A PIFTERHEE ) S22,

Nz p(i) _ Re(\)z | Im(\;) iz
‘e P; (m)‘ =e e

(i) o
P, (x)‘—>0, xr — 4oo, Vi,j.

() _ _Re(\)z
P (@) = e

1

Bk, FHAFERHEE N\, (615 Re(\;) = 0, WHEFE 5, fERT7 AR — M
M P () £ 0, o — +oo,
fFHr A, O
§5.3 EMEMMIHE
& n WML T 1R
y™ 4 ay ()" - a1 (@)Y an(2)y = f(2), (1.34)

HARE ay(2), -+, an(x), f(x) BITEXIE (a,0) FIES 2 f(x) £ 0 B, FRFRE(1.34) 8AEF
REME T 718 2 f(x) =0 I, 155

y™ +ay(2)y™ Y+ a1 (2)Y + an(2)y =0, (1.35)

PRZ TR (1.34) % R I FF IR MR 73 T R

FFE(1.34)E M T
0 1 0 0
Y y 0
0 0 1 0
Al vl : Vol
de [ o | ' : 0
0 0 0 1
(n-1) (n-1) ¥
/ —an(r) —ap_1(x) —a,_o(x) —ay () Y (@)
(1.36)
o(z)
oy = ¢(x) ZTTRE(1.34) fiE, () e 7 REA(1.36) FI MR 1) &
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JFE(1.35) &AM F
0 1 0 0

Y )

, 0 0 1 0 )
d y Yy
— = : : : SO . 1.37
P f : : : : f (1.37)

y(n—l) 0 0 0 1 y(n—l)
—ay(x) —ap_1(x) —ap_o(x) -+ —ai(x)

()
F2(1.35) 1) n AMifE).

g | 0P R e MR BB 6@, ) R
o)
i X

oi(z) o al)
_— asl:(a:) ¢n:<x>
U@y e oY (2)

N ¢i(x), -, dn(z) B Wronsky 175130, H1 Liouville A 3K,
W (z) = W (x) exp (— / a(s) ds) .
PR o1(z), -, dnl) LRIEHR, %ﬁﬁﬁéﬁiﬁﬁﬁf‘%;& Ly cny 1H1
api(x) + -+ cpdn(x) =0, Vo e (a,b).
S, FREArZ TR

IR 1.5.18 HE(L35)EKF (a,b) EH n A EET AWM, HurRnEEmyTEs
G b T AR .

EIE 1.5.19 % y=¢(x) E_MFR&EML 7
y' +plx)y +q(x)y =0

H—AE, EF p(x),q(z) EXE (a,b) E#EZE, XBR ¢(x) #0, x € (a,b). NiZ77ERE

yzqw@+@w@/‘wzﬁm(—/zwm0da
E% o HEREHR
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WERR R B A o(x) ZRPETERIMERI AT, BB y(x), WH Liouville 23,

W) = (j((;) ;’(()) ~Wisgesp (= [ p(e)as ).
(z) # 0 FIXEN T
(1Y _ Yot o) Wi (- [ )
5(@) P@) P@)
A IEE] ) )
b~ e = [ e (- [ o) s
"
y(z) = ggg; )+ W (o) / 0 Xp< / () dt) ds.
FH AT 759 77 R2 (R A 0 O
= crola) + o) [ e (= [ aat) as
Hrh o, 00 WIERTFEL O

5] 1.5.20 B0 y =2 £ FH A2

y// + x / Yy

14227 142"

WA, RZT R RIE .
i Bz RS y = o RYEERIN A —MRN y = o(x), MH Liouville 23K,

Tr ¢ < /I ) C1
=cexp| — st = 7

Hrb oy MEEES BEITELSN

W(z) =

a4 (£) = 52
de \z/ 222>+ 1’
RIS (B XML B A #T © = tant)

x 2+ 1
_g&(x ) =-a———to & o(x) = —cVa? + 1+ e,
Hb e, co NATREEL WA T RERE RN
= avVr?+ 1+ ez,

Hr e, e WIERHEEL 0
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D R AR B o) T RE AL AR 2, 475w Y 8 5038 5 92 e U7 R (1.35) R e
H

figd. TRty R R 2 R iR, I 1e R
ZRE IR T R
y' +p(x)y +q(x)y = f(x).

JiRE(1.38) i R A I AN

d [y 0 1 Y 0
dz (y) (QOH p@ﬂ) (d) (f@ﬂ)

BT R SF R T 72
y' + @)y +q(x)y =0

HIAN AL TC RN ¢1(x), do(x), HIEMFERE A
B(z) = $1(x)  ¢a(w) _
¢ (z)  ¢a(x)

C1\T

(
ca(x)

@ () o (7)) = awat ) [ ).
(o) 4 (o) o@)  \s@

YRR (1.39) IR @(x)( )), RN TR (1.30) 355

HHXA AR B4R, Bl
{ 61(2)¢,(2) + S2(@)h(x) =0,
#1(2)ch(2) + Sh(@)hx) = £ (),
FH I A A5

an

45

J5FE(1.34) )

(1.38)

(1.39)
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NHEASKHCONTTREAN T3, B T W R Sk 1P IR

WTFR(1.38) HIfEA
y = c1(2)1 () + o) da(2),
7l
Y = a(2)¢1(z) + co(w) P () + ¢ () o1 (x) + ¢5(2) ().
/Q‘,\
() dr(w) + cy(w)da(r) = 0, (1.40)
1l

y' = ci(2)¢(z) + &5(2)95(x) + er(w) [=p(2) ¢} (z) — (@)1 ()] + ca() [—p(2) Py () — g(x)¢a(x)]

— d(2)9} () + ch(a)dh(x) — pla)y — a(w)y.
Y+ p(@)y + a(2)y = & (2)6)(x) + (@) dh(a),
&y (@) (2) + chla)dh(a) = (o). (L41)

BET 1 (1.40) 5 (1.41) A 43 ) (2) 5 dy(x).
N R RECTIR P B R

y(n) + Cl1y(n_1) + o4 aply = 0. (142)
JFE(1.42) M T
0 1 0 0
Yy Yy
. 0 0 1 0 .
i Y o . Yy
dz | :
0 0 0 1
—Ap —Ap-—1 Qp—2 —ay
X >
FERE A R 2 X
A —1 0 0
0 A -1 0
det(\l — A) = | ¢ : : : =N+ N an A+ an.
0 0 0 —1
an Ap-1 QAp-2 " A+ aq




B3y FWMH AL A7
BATE p) = N+ a XL+ ap A+ an BRATRR(LA2) ML TR, AR p(\) = 0
KRR (1LA2) A IR, FTHE T RO “HOF iR o ® Bffpk AF”

I 1.5.21 ¥ AHKFA T NS (LA2)BRAE £ KA C R4 s AREBR A1, s,
CATHEHA R n, - ng (ot + g =n), W EHA

)\1:27 xe’\lm, . ’xnlfl e)\lx7

AR (142) I — AN E AR,

F 1.5.22 X T p(z) € Rlz], EHE p(\) =0 FHERNERE, ERSERSHI. Ko, 7
VA A 4% B 52 #0 Fn 2 B0 B9 77 2k R A% B AR R HY 52 (E AR

5 1.5.23 K Mn 712
YW —4y® 18y — 8y + 3y = 0.

MR RFIETREN AT — 4N + 802 —8A +3 =0, FFIEIRA

M =12 H), A=1+V2i, \3=1-—+V2i.

e
z
—+Fd
&
=

e’, re”, e’ cos (\/§$> , e’ sin (\/537) .

WA
y = ¢ e” +car e’ +c3e” cos <\/§x> + ¢4 € sin (\/§x> ,
HH ¢ e, 05, c0 NITREEEL u

Bl 1.5.24 KREM A FE
y'+aly = f(a),
HF a>02%%%, B f(r) X[ (a,b) FHEE
WEBR FIREMERS T2 o + o’y = 0 WRHE TR N +a” = 0, FHERR N A = i, A = —ad,
FHEARMUN cos(ax),sin(ax), HEEN

y = ¢y cos(ax) + cosin(ax),
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H e, e NERELL BT AT RGN WD T RE I — RN

*

y* = c1(x) cos(ax) + co(x) sin(ax).

M Wronsky 474128

w( cos(aur) sin(ar)
1) = =
—asin(az) «acos(ax)
T
(o) = == sin(an)f(2), o) = ~cos(an) (v)
HA ST A
é / sin(«
é/mo cos(as)
AT A A
Yy = é /I: [— cos(ax) sin(as) + sin(ax) cos(as)] f(s) ds = é /x: sin [a(x — s)] f(s) ds.
WU 45 75 RE I AR
y = ¢1 cos(ax) + cosin(ax) + / sin (ax = )] f(s)ds,
Hr e, e WIEREHEEL 0

E 1.5.25 AP REWEARERN L TEFEFER, EIVELK.

KIEE ATt
y(n) + aly(”—l) + - dany = f(x)

(AT it BRI AR f (v) HASELeRe R A, Al RS 004D HH AR N AR T 3, T f A e R AL
2R HHRR A

(1) f(z) = Pu(z)et™, e Py(x) & m IREI, 0 AR FHIREAE 73 75 TR s
ik 2 IR, U AA T 4

¢"(2) = Qu(z) e,
Hr Qu(z) & m IXZ i
Ol T R AR —MEE, FTHL ¢ = 0.




o FH A .
Bl 1.5.26 KL 72
Y +y=xe”.
R0 LTS IR AN TT RERRFAE T RN N +1 =0, FIER A M =i = -1 Bl p=1
SRR, Bk
¢"(z) = (az +b)e”,

]
¢ = (ax +2a +b)e” .
RANTTFER] 157
(2ax + 2a + 2b) e* = ze”,
Rl
2 1 L
a=1, a= -,
2a+2b=0 b= 5
D] I e i
. 1 1\
@ =(5-3)
RN
. 1 1Y\
Y =C1COST + CoSINT + (ix—§)e ,
Hrb o, 00 NAEEFEL O

(2) (&) = Pula) e, Hrt Pp(z) 5 m KETR, 1 A3 R KPR TR

Z I kAR TURR g an

¢ (x) = 2"Qun(z) e,
Hrr Qun(z) & m 2T
B 1.5.27 KAthn 752

y'+y —2y=xe".
R TS IRERIE R TR E T FE N N2 + A — 2 =0, FFEARN N\ = =2, 0 = 1. Ft
po=1 R ERIEM. BORr AR

¢"(x) = x(ax 4 b) €”,
RN TR A 2]

6axr + 2a + 3b = x,
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s
1
a=-, b= —1.
6 9
IR AR A
1 1
¢*(£C) =T (éx - 9) ex’
HAEA
=cire ey o lx—l e’
y=ac 2 6 9 )
HH ey, e NEEHFIL O

5 1.5.28 KAt 77 12
y' 4+ 3y —dy=e M fre .

y// + 3y/ . 4y — ef4x
I — MR, po(x) RTTHE

y// + Sy' —dy=ge®
HI— R, W ¢y + oo EJEITIRRT—AMRFAR. O

(3) f(z) = [Am(z) cos(Bz) + By(z)sin(Bz)] e, HH A, (x), B)(z) 73 5& m K 1 Ik
ZOR, a+if R NFIREMEM TR FEZ W) & HAR CEARR & = 0). %
fi e an
¢*(x) = 2" [C, () cos(Bz) + D, (z) sin(Bx)] e,
HH Cp(x) F1 D, (x) 8 n IREI, n = max{m,}.
5 1.5.29 KM n 7 A&
y" — 2y + 2y = " cos x.
R NSRRI T RERIRFIE HFEN A2 — 20 +2 =0, FFER A N =1 +i, X =1 — 1,
BRE N
y=cre’cosx + cpe’sin,

Horb ey, e AERHE. WA TR — MRS

¢*(x) = x(Acosz + Bsinz)e”,
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RANTTRERT 1S
1
A=0 B=-.
’ 2
D] I e i
1
o*(z) = grsinze
N
1
y=cre’cosx+ cpe’sinx + §xsinxem,
Hrh o, 00 MAERTFEL O

5 1.5.30 K Buler #7
x”y(”) + a1xn_1y(n_1) + -+ an—ﬂy, +ay=0, x>0,
‘;E‘\:E}j ai, -+, 0y %‘3%%%&

MR EAR e 2 =¢' M

dy _dyde _dy
dt  dxdt  dx

dt? de \ dt dt
IRt
oy = dy 2.1 @ . %
Y= ar az  dt
— e, R
dny dn—ly dy
n, (n) _ 4y
"y C"dt"+cnldt”1+ +Cldt’
Hrb e, e, NHEEL T
n+1 dn d2
n, (n)\ _ Y y .. Y
dt (2"4™) gt T tgm T T g
7,
d d dz
dt (xny(n)) _ d_ (1’ y(n)) E _ (nxnfly(n) + xny(nJrl)) T = nxny(n) + anrly(nJrl).
d’l’b
A it O S g R AR 0 > 1, 07y 3
d» d”
ﬂaa T o PR TR Buler TR M ¢ = o FAER— KT y, R s
) n Bﬁ REGFIREMR A T RE, M AT R AR ]

& d
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06 WMoyBFiEEMIELEN

§6.1 mWHOFRL, tHETEIFFZ%
B i iEH
dx
i f (@), (1.43)
Hrvxe DCRY, f:D — R* ZHELSN. HRANA)MNLHERE f A ERHFHTE
MFR(1L.43) BB RS k2, M2 NAEER RS
&EHF%%\EP, ATV e 5 FRAH (1.43) IR ) 8 (1) R 5 72 BLE—.
EMN 1.6.1 ¥ H7EH(1.43)F  WEETEE D RIEMETE. & x = @(t,xy) & HAZH(1.43) 7%
EANE 5 ¢(0,20) = 2o VAR, THWHEERXE A J. EXMHEZE D $8y—Fthsk

Y(xo) ={x € D |x = ¢(t,x0),t € J}
N x=(t,xo) BT EH (1AL, B (t,x) FTEWE 8] 3 4= 4.

E 1.6.2 HAREN MEEFRLEL {tat)) BE ¢t HAEZEANEY, EdrE
49 (1.43) 4 1 B J7T 235 B .

H

W IR R B R T, FATH B AR (AMETTREIN) o ATiE L (R) MFhdhaif.
LR 2 PRURF IR (O 4 AN 574

(1) FES: WRGBEAQB)E —NEER ¢ = ¢t,m) = @0, WK xg ZITFE
2H (1.43) 1 P 135

(2) HAFL: WERTTRRAL(L43) B2 — MR R A ias), BAFEE T >0, 15 ¢t +
T,xo) = Q(t,xo)s Vt, WELEMAAHE %ML, TR
TEAEERE F 5t % B f R @ MEEEE T R ¢ R
¥ 2o RITRRUL(LA3) TR, f(z0) = ¢ (1, 20) = 0: BULRK, FAFHE @0, 17 f (w0) = 0, W 2(t) = 20
RAZITRALG — A H AR, UL, 18 RG(143) I FH3 A2 R™ ikl £() M7, MOEIH AR R
BRI V-0 25 EVR R G745
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Bl 1.6.3 F & 7 EA

éit
Y
E:x—l—y(xz—l—yQ—l).

KEEWRALD, #5HHE.

dz P
— =—y+z(zo+y —1),
{ ! ( ! ) (1.44)

R TERBUTREAL(1.44) AT o N LS AT ¢ WA

1d d d
ST (* + %) :xd—f—l—yd—i: (®+9%) (2®+y° —1).

WK, BATRAMALAR, 2 2 =rcosf,y=rsind, WHFEH(1.44) LA
dr 2
{ a =T (T 1) R

do
AT
T L B AR % R AL R

1
= Y,

V9I—cie Fl =0,
9:t+02

HAd ey, co MMERFR. BT EZ T EAE P LS r =0 MHEL r = 1.
Bt e AR, XTHIME ro = r(0), B

ﬂ)%0<m<1,ﬁm—vﬁéa<1ﬂ%0pdlﬂ%%%ﬁr<l,%MO@%
R HIRRAGERL T 2oy T F BRI N ES, EL > oo I, r() BERHEFEE NS 5
e =05 2t —oo0 B, r(e) IR EFBERER T8 R B - — 1,

(2) #FHro>1, Hro= — > 1 743 ¢; > 0. BIIRZAAE » > 1, RIA (ro,6p)
RIHAER T 2-y T EREREIAG, F24 ¢ = —oo B, r(t) WIREHEEIERI T 54
A7 = L 55t 6 B, () = oo JUR b > 0 R (R4

nc

te=——).
5 )

WO R (1.44) 8 =R ESRAL: &5 (0,0). ek o2 4% = 1. PR, b nrm %
TTREARAAHE (E1.1).

LT (-, x0) : R — ~y(x0) N——MLE.
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B 1.1 7R (1.44) PO AH B

F 1.6.4 FIL63FMAMT 7R, X2HTHWFHERMSNTE.
EIB 1.6.5 (H AT T FE4 (1.43) M@ I 2E A )

(1) Mo WEAWFHELEMR: £ x=0¢t x) EHFEANL)N—FHowmE, WHEE
EHoc, =0t +cmx) LRV —FHpHEL.

(2) IHEF G- EmE—: R FEH(143)H % v(z0) F7 v(yo) 12, N
A EE A, Bl v(xo) = v(yo).

(3) BHHMF: # x=¢(t,x)) BEABALL)NME, WHHEEt,scR, A

(t, P(s, o)) = Pt + 5, ).

gt aidt, EHEZEFT, WRM oy HAWBELRE s 238 1 = (s, 20), TN 1 HA
ZLEE ¢ Bk @y = @(t, P(s, ), WM @ HEAHBIBEHEETLEHE t 4 5 02| .

I (1) Sl +cm) = 11+ cm) = £ (91 + )

(2) BRI R o AP 1, yor DUAFAE AR % 10 o B 7 4% A i 2
(1), ba(t)s EAWEARE AR BN 71, vo. B ba(tr) = alta) = wo. ¥ (1) i ¢ B
EFETR ty— t, BFIZ Gi(t), M (1) K1 g (t) HLR AL (LA MBI Lk, HE5
Bo(t) FIREZT (ty, o). HIJTARLE (1.43)WIME 1A FEAR FIME— VLD 1 (1) 5 @(t) A, MIIE
[TEARZ ) A AR, BED u(1) 5 o(t) FERRAS A MR, v 5 v B
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(3) H1 (1), @(t+s,m0) 5 P(t, P(s, o)) FIRTTFEH(1.43) I, HAE t = 0 NHIMEI N

XITREER] ¢ @t xo) Zoth T MAHZS ] R™ 2 H 5 (148 #
d)t R — Rn, o — ¢(t, 330).

PATHRX AW RS BE P SHEWIES {f |t € R}, EEALUTEMR:

(1) ¢ =1d.
(2) ¢s o d)t = d)t o ¢s = ¢t+s-
(3) d¢(x) KTt Fl o HIELL

EX 1.6.6 AH LR (1)(2)(3) WESITES LB, WA N0 R,

167 MM R EHERRWMBBMENES (¢ |t € R} MAMG A A 5. Et, HR
(1) AR T2 7 A (1.43) AT E F A By AR, MW/ (2) BIE#1.6.5(3) FTAMMA® R, H
J (3) A AT 77 AR (1.43) By M AT A) Ry SRR Wite, B R 146, XFN T 7 RAA
18 [5] B A 2 P — Y.

§6.2 fATEM

xS TR
d

HARE f(t,z) KT te R Mo e G c R &L, H HAES %7 FR A i R 2 A7
75 HME— 7).

G ATREH (LA — M ¢ = ¢(t) £ R EHEN, HEMLA.60F, J7HEH (1.45) KIfE
SPWMA R E LA, MXMERARHAXE I C R, £& ty € I, IR ¢ > 0, f71F
6>0, RE |xg—o(te) <0, A

’w(t;to,.’B(D — ¢(t)‘ < g, Vt - ],

Hordr @ (t;to, o) 2 TTREAL(1.45) W5 RATIR KA 2 (to) = @0 HIME. VERRX LAY 6 AMUKHELT €,
AT XA 1, B T e e A X R, b A SE S — A B (W 611.6.8).

5] 1.6.8 B A
dv _

dt
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P
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é?di
o\.\

H =0, MAREBEY v =ce', AF c AERFEZTEHK. BHK, &
T TR t e R AL, BiE c=0.

N

0|<<€

F 1.6.9 Fl1.6.3WAMMAENELZRMUEFMEAE ¢ — +oo HEVESIH T EE XK.
M, BAVELERK R E N ESKBEA T X E EE R X — 7] &L

EX 1.6.10 wWRMER >0, FEOI=0(e) >0, B/RE |[xo— p(ty)| <6, %A
|33<t, to, a)'o) — ¢(t)| <e, VteR, (]_46)
MR x = d(t) £ Lyapunov &€ 8.

EX 1.6.11 W R (146) XK T E £ t € (Lo, +0o), WM = ¢p(t) & Lyapunov IF [

TR ; WmR(1.46) R By KL EE t € (—oo,t), MM x = ¢(t) & Lyapunov it 5=

B, tn R x = ¢(t) BEA=Z Lyapunov IEHREH, 12 Lyapunov 7 [ 20, K 4#
= ¢(t) = TIRAEH.

EM 1.6.12 W R x = ¢(t) & Lyapunov EFEBERN, HFE > 0,FHFRE |xo — ¢(to)] <
5, WH
lim |x(t;to, o) — @(t)| =0,

t—+o00
MM © = ¢p(t) £ Lyapunov IE[H#HITRERN; WRF © = ¢(t) & Lyapunov 7[5 E W,
EHFHE >0, EHRE |zo— d(to)] <5, #F

lim |x(t;t0, o) — P(t)] =0,

t——00
N AR x = p(t) & Lyapunov i [=] #4114 2 #Y.
attracting Lyapunov asymptotically neutrally
stable stable stable

.....

B 1.2: LR E MR E K

YO figf R ) FE SR R IR B T L3 SO WM P SRR L 2 VRV I R .
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F 1.6.13 £ xg HF A, UFMEM x=x) BH Lyapunov R EME, WHRFE zo £ A
K2 Lyapunov F8 € M.
5 1.6.14 2 ATE 117 &1, $1.6.3F FRAWEM (z,y) = (0,0) 2 Lyapunov IE [ # #1118
FEH.

PTRE x = o(t) MARENE, WTLLEERS y =z — o(t) FHA NIRRT IR e M.

dy dex
dt — dt

ML RIT Rt o(t) = 0 1Y Lyapunov € M n) @

—¢'(t) = fty+ ¢t) — f(t, 9(1) = F(t,y).

&ML F|ET Lyapunov 2 EM (TAEEEEZES)
W () = 0 ZTFRA(1L45) IR, W £(¢,0) = 0. ¥ 5 FR4(1.45) AR f(t, ©) &
T RIS Az SE s Nt x) 2 M, BI5ERS A

i—‘f — At)z + N(t, ), (1.47)
Horb A®t) /& n IAERERE, MR N(t, ) 2"

i NGB oy

lzl—-0 ||

HEE A(t) KT t L, N(t,z) KT x s& Lipschitz 1.

E 1.6.15 HAIU B T AEA
day

ddt = fi(t, 1, x2),
T
d_tQ = f2(t,l’17$2)

A, AWRR(147) PR, T i

fl(t, xIy, ZL‘Q) = @clfl(t, 0, 0)1’1 + 8I2f1(t, 0, 0)$2 + [fl(t, xy, 1’2) — 8x1f1(t, 0, 0)1’1 — 8x2f1(t, 0, 0)1’2] s
f2(t7 X1, I?) - a$1f2<t7 07 0)1’1 + aa:ng(t7 07 O)IQ + [fQ(t) X1, x2) - 8x1f2(ta O) 0)5[71 - a$2f2<ta 07 O)xQ]

Oy, f1(1,0,0) s, f1(£,0,0
aey [PF00.0) it 0.0))

aﬂﬁlf?(t?OaO) 8$2f2(t7070)
Ui T,

RRAIEEY x| BN, N(t, @) BRI AL NS,

ST 4%




B—Hn HHYTAR 58

WA = A NEHDERER, AR T FEERG, By R

dx
—=A 1.48

[ fide 2 m] CAITRA S Y ik s (2 W11.5.17), BRI AT SZEIAS 340 F 45251
EIE 1.6.16 & FEA(148) T, A T4k
(1) & Lyapunov IE (1) M#AREN < HEE A WHFEENIZHHN (K) T

i

(2) F##=Z Lyapunov E (i) MREN < %HMHF A WHFEENZHEE (1), HH
SEEP A F B AFAEE BT AT B2 BT Jordan HRASZ — Y.

(3) FME A& Lyapunov REH < M A WREER X AE, +H I ERE Pt
RIHY Jordan HR & B % A LY.

(4) EMEAZ Lyapunov ©E (1) MREW <— #HME A EZDPF-ALHAE (7) &KW
FREE, EEDA —ANEZHATFAEE, ELCH AN Jordan &7 X A L.

*ﬂnﬁﬁ 5, JEERMER A (14T M EMR Lyapunov £ € M5 X B 26 M5 o 77 72
Zﬂ E = A(t)z MZEME) Lyapunov fa @ PRI BEE R (H2, 2 At) = A NEHIERER,
B TFHAER.

EIE 1.6.17 R ARE(1AT)F At) = A A EHIEME, H A W TR FAEE R E 3242 A,
M| 77 A2 20 (1.47) 9 F A = Lyapunov 1E = #7118 % HY.

WERR B Sk, JTRRAL(LATAEYME 2(0) = o NHIME x(t; o) PiLFD TR
x(t;xy) = eMay + /t A9 N (s, 2(s;20)) ds.
0

HF A 2R RHEE 1 SR 2 L, AUiIX G IR KT —20 (0 > 0), TH e 1
FiLA (B WEE39I)
‘e)\it P('L)(t)) < 672015

HHL AFERE A > 0, [E45

P<i>(t>}

|eAt‘ < Age ™, VWt > 0.

4T lim 'N(’”"”)' O HER & > 0. 4E1E 6 € (0, 2) S HE |z| < 6,808 |N (4, @)| < e,

=0 |x

iﬁﬂy |Cl!o| <0, Hﬁﬁﬁﬁ"]”ﬁ—‘fiﬁfﬂ, ﬁ?ﬂé t1 >0, ’fﬁ{?

|$(t, CL'())| < 5, vVt € [O,tl)
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Rk, XHMEE t€[0,t1), A

t
fo(tian)| = "o + [ AN (s, a(sia) ds
0

t
< Aolxo| e +A05/ e o(t=s) |x(s;xo)| ds,
0

el
t
e’ e (t; o) < Aglxo| + Aoe/ e” |x(s;xo)| ds, Vit € [0,t1).
0

i Gronwall AEER R

7t |(t; 20)| < Aolxo| e, t € [0,t1),

Rl
‘.’B(t, CU())| < A0]w0| ei(aiAOE)t, Vit € [O,tl) (149)
o )
LA mds 2l
W ee <O, Ao) 5 |xo| < min {(5, Ao} &
|z (t; 20)| <0, Vte|[0,+00). (1.50)

B ¢y 8 XAJH ) = +oo. 7E(1.50) N H 6 < e AR (1.47) F ) Lyapunov IE A&
PE, FRE(1.49):H 4 t — +oo BB BIT R (1.47)F M Lyapunov IER#HLARENE. O

I 1.6.18 B H7RHE(1AT)F A(t) = A HEHEME, H ARF— AL A ELHRNFHAERE, N
A2 (1.47) I E #E A2 Lyapunov IE [478 € i

7 1.6.19 FE161T5FEI1CISH T BMENAEY. YRAGHWAUAUAHEERELRFE
L AAEE, HEH ELMFEER, TEERKBEAIEHETBNREE K.

Lyapunov 575 /B#¥GE (REEREEBRS)
BB RS
2 f@), (1.51)
Hrpx e R, B3 £ R" — R" 2 £(0) = 0 AR Z 7 FEA WA 78 A7 A5 HLk—,
0 2 f MIPZIGS &S (BIAFEE Q2 0, {13 £ 7£ Q BRHAMZELL).
A V(e) X Q ERRERE & V0)=0 H V(z) >0, V0#£xeQ, MK V(x)
£ Q ERIEER; # —V(x) /£ Q F2IEEr, WK V(e) /£ Q ERFEM.
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FHE N V(z) RTHIBARS(1.51)FEHN
Vix) = ((VV)(), f(x)) = 0.,V fi(z) + -+ + 0.,V fu(x).

EE, & x=o¢(t) 27 RA1.51)MfE, N

d

3V (@) = (VV)(e(1)), &'(1)) = {(VV)(#(1)), F(#(1))) = V*(&(1)).

EIE 1620 EFENMERLK V(o) EEEREAWEANRE Q LER, HEXTHER
FZ(LA)M T4 Vi(x) HE Vi(x) <0, WEEZS(1.51)WE#MZ Lyapunov IE [4] 14 & Y.
B, & Vix) <0, Vo £0%, W EIERG(151)NE M Z Lyapunov IE [ # 1 F 2 #Y.

MERR @ JGiE V¥ (x) < 0 = Zf#2 Lyapunov 1IERFER. B r > 0 f#1F B(0,r) C Q. Xt
TR ec(0,r), & S={z|e<|z|<r}. HT V() £ Q LiEL:, S Cc Q 28E, W
V(e) £ S FHRAME, & n= gleigV(m), B V(x) £ Q LIEZEM n > 0. HiE V() =0
ATEEAE 6 > 0, 3 RE x| <, BA V(e) <n. % |xo| < 0, HREIIAFAEME—R] %0,
TELE ¢ AAR1E [0,¢1) FAME—/E = (t;20), H %V(az(t; xy)) = V* (x(t;20)) < 0. LA 15
V(x(t;xy)) < V(zo) <y Gt n BENTR |z(t; o) < e. 1X Ut BAAEA BE Lt 2280 25 (8] 132
Ft, HIERER, t = +oo. WUEM TXMER € > 0, f71E£ 6 >0, i3

g — 0] <0 = |x(t;x0)| <&, Vte][0,+00).

@ FiFE V*(x) < 0 = ZEffse Lyapunov IEFWHLIREN. HO, MEE e >0, f714E

4 EXN * 4 d
6 >0, RRE x| <6, WA |x(t;z0) <& VE=0. H Vi(x) <073 &V(w(t; xg)) =

V* (x(t;xg)) < 0, W V(x(t;z)) KT ¢ ™A HIFE . T iE tEeroo V(x(t;zo)) = 0. FXIE
%, ABAFELE n > 0, {15 t£+mOOV(:c(t;a:0)) =n HT V(e) £ Q L#EZ, V() =0, {7
7 ac(0,e), MARE |z <a #A Vx) <n HV(xt;x)) =n LA |zt x| > as

VE> 0.5 S ={z|a<|z]<e}s M a(tz)eS, V=0 8 —p=max V*(x), x> 0. M
zeS

S V(a(t:2) = V*(@lt;20)) <

CIES;
V(x(t;xo)) < V(wo) — pt.
FE LRt — +oo B E V IEEMETE. i Jim V(z(t;20)) = 0, Kl Jm fz(t z0)| = 0,

—+00
Ef# R Lyapunov 1E [F]#L R 5E 1. -

BN 2 = 0 2 RALLSD) M. FTELAE V(0) = %V(O) 0.
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T 1.6.21 BHEE Q FHESERYK V(z), V(0) =0, #5 V(z) 2 HAER T4
BAHEEE a B8 Via) >0, NEARE TR,

&

MERR HC ¢ > 0 fE7$ B(0,7) C Q. B V(z) 7 Q FEL V(z) 7 B(0,r) AR XHMEE
§>0, MafffFo<|al<d HV(a)>0. % x(t;a) ZITHEH51)LL a HYMERIFE. KA
Wrs: FF 6 < 4oo, H15 |z(ti;a)|=r.

R B, Bk |zt a) <, VE> 0, WHEREHRA x(t;a) 2BEE. B V() &
4, V(0)=0H V(a)>0%H, f#f£ a >0, HHRE |z| <a $F |V(z) <V(a). 53—77
i, By %V(m(t' a)) =V*x(t;a)) 20, ¥t >0, Ttk V(z(t;a)) = V(a), Vi =0, MM
lz(t;a)| > a, VE20. 2 S={z|a<|z|<r}, p= Iwnelélv*(w) > 0. N H

SVia(t;a) = V*((ta) >

kG

V(z(t;a)) = V(a) + ut.
£ ERFL t — oo #5 V £ B(0,r) FIHAMTE. TREMIEN THE r >0, 15
SHER 0 > 0, FALEWRL |xo| < 8 W mg, HAELE ¢ AE |x(t; o) = vy BIRMERARER. O
T 1.622 #HERH V(z) EHECSREANEIRR Q L, VF = AV + W, HF
A>0, WHEEXNE, RFELE, RFEXAAERANE—SEB LA ELESR o, £F
V(a)W(a) >0, NEMHETRZEH.
] 1.6.23 #7742

y'+gly) =0,

BB gly) |yl <k £EL, g(0) =0 B% y#£0 1A yg(y) > 0. HBTEME K
B2 y=yy=y, WETEHLN

i Y1 _ Yo
dt \ g, —9(y1)
B Srp e s W s, AT

1 Y1
Vi) = 55 + [ os)ds.
-

NI j
ZREIH AL TR

MarpR R Ry MR, Wy ORI, AR T, —g(y) RRGHTZIN . R, AT
¥ Lyapunov BR¥ V (x) #UAET LRER R, TR —V* (x) AR SGREERRR . 7Ebb R SO, PR E FL.6.20M
V¥(x) <0, Yo # 0 X —5kMFEM N EAEFR K JEUR A 1 HAl RS2 RN
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)”\'Jﬂ%[] V(y1,y2) 2 0, E. V(yl,yz) =0 %EJX% Y1 = Y2 = 0, ﬁ& V IE/—\’_E & Q=

{(,y2) | lya| < E, lyo| < +oo}. X
Vi1, 12) = 0y, V - y2 + 0y, V - (—g1) = 9(y1)y2 + y2(—g(y1)) = 0.
HEHE1.6. 20 Ff# /& Lyapunov 1E [RIF2E ).

W (p1(t), pa(t)) ETTFRALL (y10, y20) # (0,0) NYMERIE, W eH

d

&V(%( ), 2(t)) = V*(h1(t), da(t)) = 0

V(1(t), d2(t)) = V (Y10, ¥20) # (0,0), Vt > 0.
DR I 25 A AN A T I R i 1.

]

5] 1.6.24 ST AFREH

(
d
d—f = (ex +2y)(z + 1),
dy
Y cr et
dz 3

(-~

W B AR E W, ¥ e A5

fi#

(ex+2y)(z+1)=0,

(~rtep)(z+1)=0, = r=y=2:=0
—z3 =0

A1 (0,0,0) ﬁﬁ/n%éﬁlﬁﬁﬂﬁ T ZER RGP R B R

e 20
A=|-1 ¢ 0
0 00
THEAS A EEEA M =0, = + V21, \3 = — V2i.

@ #He>0, MAEMHLG18EEMEIFEEN.
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@ # e < 0, FAVIKH Lyapunov 5 =777, FF& Lyapunov BREUN V(z,y,2) =
azx® + by* + cz*, H a,b,c > 0. BEAf

V*(z,y, 2) = 2az(ex + 2y)(z + 1) + 2by(—z + ey) (2 + 1) + 2cz (—2°)

= 2¢ (az® + by?) (2 + 1) +2(2a — b) (zy) (= + 1) — 2c2".
BAHE V<0, lflla=10=2,c=1, N
Vi(2,y,2) = 2¢ (2° + 2%) (2 + 1) — 22%.
B Q= {(z,y,2) | 2> -1}, W
Viz,y,z) = 2 + 2y2 + 22

EQEIEE Fe< 0, £Q EA Vi (z,y,2) <0, V(z,y,2) # (0,0,0), Kt EHE1.6.200]
MEMEHOLREN. M e=00, Q BfH Vi(z,y,2) <0, FILHEEL6.200] ML F
SER. BP0 e = 0 NP ERRETLRE . sk b, Bbi 74N

( dz
— =2 1
i y(z+1),
g—i =—z(z+1),
dz 3
& 2°.
H 58 = AT 15
1
z =
2(t+01)
S o SFEREHL T AT T4
dx dy
xdt + ydt ’

ES):d

Hrf o MEBER Z o #0 W, & (2,y) WAL o-y Tl — A JE s R E, R
B 0> 0, #ALLES (7,y,2) R |(z,y,2)] < &, EFLLZ NYHERIMRIE t — +oo B IFA
LT (0,0,0), BEDFEMEAHLALE M. O

EX 1.6.25 &k P RZELKH, EHER xo€ P #H x(t;z0) € P, VL2 0.
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EIE 1.6.26 (Lasalle AREFH) RAFERH V(e) L2 RAMENKE Q FIEEE, H
CATEHBEZRZAS)NIFH Vi(r) HE V(x) <0. XEPCQ AEERAN—ITHE,
PREAEH, BEERGEASNELAE {xcP|x#0 HVi(x)=0} L&AZEKES N
6 R 50 (1.51) M F AR 2 AR 2 19 10

WERR A SGIEYE, BORAFAEME x(t) W x(t) € P, Vit >0, (HX ¢t — +oo I x(t) A 0. WA
£ 0 # a P SHREBMEMIELTT T {t,} HEFF lim z(t,) = a.

TAIWTF: UL a AVIERIMSBAE AL P F, B ¢(t,a) € P, VEt € R. —7J5
i, B PRIEASER, ot,a) d—Vt>0¥WaEXHE P h: H—TJ5, ot z(t,)) 5t
—W t € [~,,0) WHEXHAE P P BT {t,.} 2BHER, o x(tnrr)) (kK = 0) XF—
Pt e [—t,, 0] WA EHAE P . EoN Jim 2(t,44) = @ P AR A A ) 2 AR BRI
o(t,a) St—Y) t € [~t,,0] WHEXHAE P H. L n— oo B ¢(t,a) X—1]t <0 HFH
E X HAE P .M ¢(t,a) € P, VtER.

NE V* () 7L @ AVMERIEAE LER 0. % V(a) = a, WGHTR R IELT 5
{sn}, A lim V(z(s,)) = a. TrEH Tim. z(t, +s) = ¢(s,a) 7J1F V(gp(s,a)) = a, Vs € R.

M V*(p(s,a)) = %V(qﬁ(s,a}) =0, Vs e R. X5&MTE. O

§6.3 FE LHIEINES

EX 1.6.27 & (vo,y0) £ FE EWIRL 7 EA

dx
{ g =X@y), (1.52)
a = Y(Q?,y)

WA EH R, R
X(Jfo,yo) = Y(x07y0) = Oa

et< (( ’ )))
oz
g4 (z,y)=(z0,y0)

MR TR (1.52) FERT 5 A7 R BT AR S5 4.

10 AL AR Ak ¢ € R I 8 SRR
ORIAERILR AT REARLARFEAE “ TORERL” OB

£ 0.
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AN (0,0) AFTFELL(1.52)MIMI5EHT . 4
0X 0X Y oY
a = 8_55(070)7 b—a—y<0,0>, C = %(0,0), d—a—y(0,0),
W77 AR (1.52)7E 11 (0,0) A ZMEAL TTREH Ny

d_x =axr + by

di ’ (1.53)
W rrd

i cx + dy.

ISR R E XAF ad — be # 0.

b
4oA— (“ d), (B e (5”) _7 (f) Hor T N, WTRAL(1.53)%
C ) n

o))

W LGEBGE XK T, fif3 T-TAT 2 A RISSRRRHETS, DRI B A 2 Nl 3 Aok

Hrr w8 #0.

(1) A (A 0).%53“7‘5%%2&(1.53)&{.1
0 4

T =cp e,
Yy =Co el/«t’
HA ¢, e MAERE . TRZTEALE oy “FI LR TEN

|z = cly|*,

Hrp e MERARUE L
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@ N=p. # A=p<0, WAL (0,0) & Lyapunov IE[F#HTRRER; & A=p>0, N
#F2(0,0) /& Lyapunov #1 FIBITELE 1. FRIXFERIZAF MRS (1.3).

B 1.3 BIgim (fh: A=u<0; fH: A=p>0)

@ N# A > 0.4 A\ <0, @& (0,0) /& Lyapunov 1ERIHIEARER; 5 A\ p > 0,
A AL (0,0) 2 Lyapunov 7 TR E (). IbIN &5 2% th Z 385 A7 £ (0, 0) 73 BB 2 ER, ik
PRIZAE AR ORI 45 5 (B]1.4).

Bl 14 Wmgsm (s [N < |uls B [N > |pls B2 A p<05 T A p>0)
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® A < 0. BERSEF AL (0,0) SEAFEE R, FREFENIAF ROV (B1.5).

4 N# N

N /-

BULE: B (A p<0< s F: A<0<p)

N

(2) A= (A 2) Wb 77 FR4H (1.53) BY
1

dx
g—t = )\l’,
Yy _
i + Ay.
M ox#£0 B, A RREE— X015

dy
dr

v,
X

1
Y

2y = zu(z), WHFEMLA

fiEE
+ 2 n fa|
= ~In
y=cr+lnjzl,
Hrr e NIEE R
Hae=0, Wy=ce', Ho c MERFELL
i A <0, @& (0,0) & Lyapunov IERI#HERGER]; & A > 0, &AL (0,0) & Lyapunov
BT AR E 1. BRIXAE BT ON B 45 1 (B11.6).



Bl 1.6: Bpaghed (A A< 0; f: A>0)

y =rsinf

Q—Oﬁ"
.

Fri

a -0 |l x=rcosh, N .
(3) A= - MR R AL R 8 70 AR 5 FEAL(1.53) (0N

fiEts

H ¢ MEREARUE AL
B3>0 0, PRI REE 2 8 < 0 B, BN T AL E.

M oa <0, BB, T2 Lyapunov [ERWHTFREN: 24 a >0 K, LN
WRZR T, Eff 2 Lyapunov MIAHTIEFRRER: 2 o =0 K, S ANEE, Zfefae B0

RS E Y.
Moo # 0 B HE RONEE R (BL.7): AR o = 0 g ar sl (B11.8).



Kl 1.8: by (£ a=0,8>0; fi: a=0,8<0)

EIE 1.6.28 X T A ELA(1.53), 1L T = tr(A), D = det(A4), N

—_

D <0, M & (0,0) ¥ &,

D>0H T?>4D, N & (0,0) AN EE A,

D >0 H T?=4D, N# A (0, )ﬁa‘ém/n, KENE R
D>0HO0<T?<4D, NF A (0,0) HELA;
D>0HT=0, NW#FH(0,0) FFN.

\)

CECECECRG)
i

(S
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A, #£ (2)(3)(4) #, % T <08, FA (0,00 £ Lyapunov I[F A #AEEWN; L T >0
B, # & (0,0) & Lyapunov £ [ #7114 & B9 .

det

T2 =4D

N
2

tr

N
NG

1.9: tr — det VI

At — +oo Bt — —oo I, WAL e ELENTH A (0,0), WAKIX
Sk ELERFITAE TS IR R BR JT 1.

o BIBLR: LT ZRIRITIAL

o WFEE R Rl WAREIRT .

o HFEER: IR

o FERLL b BARFIRTT ).

IR TT 1] 1) 5 3 PR 8 DA% FH 7 P16, 28453 1 (14 56 77 st 28 28 v) DA HH 28 1 £
JIREA(LE3) A . s2br b, T RATA RO RIS IME T, 2 B 00T I A A0S0
B BARLE R Biltn, FATATPAA X 23 B L4 [/ —AT i) 224 A AR .

N RHELAE R SE(1.52) kL Bt

X(z,y) =ax+by+o(z,y), Y(r,y)=cx+dy+v(z,y).
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3 2 LA N SRS AR, AR R (1.52) 5 ML T FRZH (1.53) I A5 s Fe e T4 AH ).

A ox,y),Y(z,y) =o0(r), X r— 0.
%1&1: A*: Qp(:p’y)7¢(1‘7y) =0 (TH_E), iﬁ r—0 HTJL EEP 9 y\j%—‘ﬂzﬁ
M B: o(r,y), ¥(w,y) 18R RSN8Py & 2L T il

IR 1.6.29 FA &M A5 (1.52)LL (0,0) HEF &, WTRE® L.
(4
B A
(0,0) Z& BN | BRI EE R . A+B . (0,0) L ZFLEMER S
FREQLNN | sk A* (1.52) 8 [Fl £ B &7 =
| B E R ATHB

Ttk (Nullcline) FvE EHL6 20NN IR 7 AEARLRVE R ST Ay R B 2R A B
HRE, EIRAEARREETE T 2 RTA.

EX 1.6.30 ¥ T-F@Ezsh 7 Z25(1.52), HAE {(z,y) | X(z,y) = 0} HHE -F#H %,
{(z,9) | Y(2,y)} A& y-FHHL.

AR (X,Y) £ o-F@H & L5 d b mYIREH R E, £ - FTaBL EE S LR
EEPKT. M 2-F@HLE - TN st T L T EAE 2-FEB L y-FiE
HL LR ARV A B AR E IR, FEleEsRm NE. NW. SE. SW IUAJ5 [
.

5] 1.6.31 £ 2T HE N Z%

de

{g; ’ (1.54)
dt

CHIE SN (2,4), x-%%%wiiw}u%éiy:ﬁ -EHRBEAEL c =2 WETHELE
R® FEX 2 A EAXE, BEESGNXBREI— K Z a0 mE 722 K807
ERART (ﬁu@l.loqjé’ﬂ‘/»%@‘ﬁﬁ\). TEROHEWESEURTURIAFTLT LS & L
H YT 1A E 7 ]
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T — 1 ]

R e e N

VN \ \\\\\

~ N s T T T T T T

-— ~ N v~ = = =/ = = = 7 = =

-— -~ AN > T T T T T T

P /\\\\\)—» \\\\\\

b= N\~ T

— e ey N~ = T T T T T

P | R R

e PR | NN e

— ~ ~ ~ 7|\ ™ > - —

2f—= ==~ N\ N

e NN T T T T T T T

OF~ =~ — %"~/ / | T T T T

= -y e T —
///// -y

B //

///// — 7

T=x—2,
ExE5#% K
y=y—4

at
& (1.55)
E =X.
J7 A2 4 (1.55) % b By & L T AR 4
@ W s (1.56)

a T
HE 4 (0,0) AN T RLA(156) ¥ 5. BFo A AEH(LLS)HEWERENEME A o
M B, RIEEHE1.6.29, F& (0,0) 2 FREA(LES)HEE, NTHFE (2,4) 2RI Z
G(1.54)H B, mIL T F A (2,4) R IAREN.
RERPAABZ#PEXNP EETIEA L AHRE. R WKEAF TR AW
TEEHFELKBAE, Bd o,y >0 TR KEREmEHRTEE NE 7 6. Bk X8
WAL EAF F A X B A EFE M 2] NE 77 MM L FTA. KU 40 F & A T 77 # X8
R AZ R B B 3] SW 77 W By L % AL
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EARANRXBAWBELETHAEEAX EHANMNRER S (WEHHATHRMNEEZEE
B), BLABTHAL 2,4 EmTHFL 2,4 BB A, EXHAANXBEFEHENE 504
#ET (2,4) (T 5EFELS). TREBEA B T AT LM R 5 (1.54) 48 EF 2 # o 47.

7 Sturm-Liouville 1211 |o)&n
8 I SRR R
(p(2)y) + (Ar(z) + q(z))y = 0, (1.57)

Heb N e R Z3H, B q(2),r(x) FEXNA [a,b] H#ES:, S p(x) EIX A [a,b] EIESERT
W, p(x),r(x) > 0. WEZKM

Ky(a)+ Ly'(a) =0, My(b)+ Ny'(b) =0, (1.58)

WE K, L, M, N 2
K?4+I1?°>0, M?+N?>0.

EX 1.7.1 WEXF A=), Sturm-Liouville ¥ 1& 5 2 (1.57)(1.58) & EE M y = do(x), N
M Ao mRA LA FARAEE, T y= do(x) ZXR T HAFEE Ao BAFAE E 2L

5] 1.7.2 sk Sturm-Liouville i {& |5 #

{y“yo’ (1 40)

A A AE B A0 RPAE R 2K
RO HF AN=—-ad><0(a>0), FRITREMBERN

Y =c1e feye ™,
Horb ey, e JAERHE L I A

ac; —ace =0, ac; e —acye™d = 0.

IR ¢ = ¢y = 0, BIZIAME iR & R A 1.
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Y = C1Z + C2,

P oy, e NIFRENAL, b /Mﬂﬁ’ﬁn o= 0. FRAZDE G EER do(z) = 1.7
® #H A=a*>>0(a>0), ERFREREMEN

y = ¢ cos(ax) + cosin(ax),

Hi oy, ¢ MERHEEL Il E KR

acy =0, —acysin(al) + acy cos(al) = 0,
I e, = 0. HER y FEHF, W sin(al) = 0, TR a="T, Jb k € 2\ {0). HAEMy
km
¢r(T) = cos (TI> , keZ,.

ZR b, RFIEEN

k 2
)\k:(Tﬂ> . EkEN,

R FRIRFALE PR KA

or(x) = cos (kTﬂx) , keN

]

F 173 4k — oo B, ERRMEME N — +oo, EFERKR {o(z)} i, Ele;ﬂ 0,1] £
AR—NTEEEXBHR. B & : Fourier BT EZHENET (XE N —%) &k

E

X} Sturm-Liouville JA{&[5]&1(1.57)(1.58)F RV IR
AR BB T FE(L 57)EPEXE*E/J~|3)IIF'}E?§%7IJ 7 MR #H opz) > 0 ATk T =
1/ Lds, Hrp c—/ de, mzelo,1]. 2 y(@) =ylx), N

¢ Ja p(s) p(x)
dr  cp(w) PV~ cdw

g (M0 5L + ) +aa)y =0,

T T B R R S IR R O, R W4 AR TR A



B Ee AR 7
th B
1 1 d2 -
e )d§2y+(kr( z) +q(z))y = 0.
4 7(2) = Ppla)r(a), cm:“) = c*ple)q(x), WITHE(1L57) AR Ny
d2y

=t (M (Z)+q @)y =0.

M c,p(z), r(x) >0 51 7 (Z) > 0. WH KM (1.58) 540K

KG0)+ —7(0) = 0, ML)+~ (1) = 0
A
cosq = 2, sina = —
K? + T @)

WAL A (1.68) FE AT AR L2 —— <0, B o € [0,7). FFEH, 4

( cp(a)

2
2 2 N
VM cp(b M2+ (cp(b>>

TV B € (0, ) (A R i S5 KUK T 25 78 T W BAY ).
XFE, AT Sturm-Liouville A48 A (1.57) (1.58) 805 N

cos B =

y' 4+ (Ar(z) + q(z)y =0, (1.59)
{cos ay(0) — sinay’(0) = 0, (1.60a)
cos By(1) — sin By'(1) = 0. (1.60b)

HARE r(2), q(x) fEIXTA] [0,1] LIELE, r(x) >0, a€l0,7), B€ (0,7
T BEAE AT R EEAE R

EH 1.7.4 Sturm-Liouville # 1 [%] A1 (1.59)(1.60)F [ #K L% £ MFAE(E :

A< A< <A, <--+, lim A\, =4o0.

n—oo

FEEA T AREE N, BRERHK ¢z, \,) £ (0,1) FHEFF n MF K.
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IERAEIRL.TARER 2y = o(x, \) 2T FE(1.59)iH R IR 1T
$(0,)) =sina, ¢'(0,)\) = cosa
I, M o(z, A) £ 0. 51N ¢'-¢ AP LR AR
&' (2, ) = plz, \)cos Oz, \), bz, \) = p(x,\)sinO(x, \),
Horp p(z,\) # 0. AN o RFETH AR
p'sinf + pcosf -0 = pcosb.
R y = o(z, A) 2T (1.59) I r] 15
plcost — psind - 0 + (Ar + q)psind = 0.
Br A = (8530 - cos 0 I EE — 3K - sin 6) A4S
pb — p(\r + q) sin? @ = pcos® 0.
2 p A B E 7]
{9’(:1:, A) = cos20(z, \) + (Ar(z) + g(z)) sin? 0(z, \), (1.61)

8(0,\) = a. (1.62)
18 f(z,0,)) = cos® O(x, \) + (Ar(x) + q(z)) sin® 0(z, \), NH

[f (2,0, )] <1+ [Ar(z) + |g(2)].

H Picard 77 ME— P4 K IE ¥ e B, #)MERIRR(1.61)(1.62) B98O (x, \) £ [0,1] FA7F7E HME
— BT f(z,0,\) KT XN SESA, BN SHENESLE MM (EH1.4.7), 0(x,\) K
TN RIES AR

I 1.75 WEEEEW z € (0,1], B 0(z,\) X T X\ # (—o0,+o0) L EESR, H™
1B Y.

WERR 45 HIATE A O EBOT IR H . (161X A KA1

d 06 .00 . a0 . 9
o= —2cos 6 sin 98_)\ + (A\r(z) + q(x)) 2sin 6 cos 05 + r(x)sin” 0
= (Ar(x) + q(x) — 1) sin(20) % + 7(z) sin? 6.

R

E(x,)\)
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B R(1.62) 1 53 (0, ) = 0. HI— WU T FARI A

%(M) = /Oxr(t) sin? (£, \) exp (/jE(s,)\) ds) dt > 0.

ERFKFSZE 2> 0,7(z) > 0,sin0(z, \) £ 0 Fiff. 0 KT N ZFRRTENN. O
L w\) = 0(1,N), T w\) =F N S BRI

513 1.7.6 XEEEEWN 20 € (0,1], A (29, )\) >0, H Jim O(z,\) = 0. &AM, &
w(A) >0, H )\lir_n w(A) = 0.

MERA @ JGAERH O(x, \) > 0, Vo € (0,1]. H1 0(0,\) =a € [0,7), #F a >0, WH 0(x, \) KT
x ESHAEE 7 € (0,1) 18 0(z, ) 72 [0,7] LHEKFZF; #F a=0, W 0,N)=1>0,
MIAEE T € (0,1) 43 6(z, \) ££ (0,7] FIERTZE. Tk 0(x, \) > 0, Vo € (7,1]. TN, 7
£z € (7,1) 15 0(x, \) £ (0,21) BERTE, H 0(z, ) = 0. XU 0'(21,)) <0, H
Ha(1.61)H 0 (21, ) =1 >0, FJE.

@ FHEBAHERIEEN 2 € (0,1, A lim 0(s, ) = 0. BEXHER & > 0, f77E
N(e) > 0, M35 A < —N(e) B [0(z0, V)| -2 6(z0,\) < e I & > 0 Fo40/h, {7
£ < min {%W - a}. Hoa<m—e & 0@\ %T o MESEN, 77> 0 EEEXNA (0,7
FHIZG 0 — 0(z, \) TEHEHE (0,7 — &) 55 (20,2) PIAMEL L0 — —" ;02% b (r—o) T
Ji. FUREE [T,20) ks O(x, N) £ L 7. B, 74 2 € (T,20), 158 2 € (T,21) W,
6= 6(x,\) 15 LTI, (01 (20,6020, \) TEHE L b KW 0(20,0) > 2" 4

- X

Zo

— mi >0, M=
m xrg[gﬂ]{r(x)} , xrg[%?i{q(x)},

NI 78 3 B8 —oo (RRAEASE mA + M < 0) 9 A, HR(1.61),

0'(x,\) <1+ (mA+ M)sin’e, Vo € [0,4].

% N(e) = -+ [(25‘”_1) L —M}, W24\ M A < —N(e) B, 8(z,)) <

m Zg sin“ e

22_ T, Vre [0,21], FJE. 4 N < —N(e) B, 7E 2z €[0,20) b, HHZE 0 = 0(x, \) THAAE
0
B LR, 0w, \) <e, HP Jim (xo, \) = 0. O

SIFE 1.7.7 MHEEEEW 0 € (0,1], % X — 400 B, FH O(zp,\) — +oo. B HH, &
lim w(A) = +oo.

A—400
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MERR HSI BRI 7550 O(xo, A) KT X ST RE BRI Y. RBES IR AN HERR, MIAF(E BB K,
15

0 <0O(xg,\) < 2K, VA
S

= mi >0, M= :
m xgl[g)g}?“(x) gﬁﬁlq(m)!

X IERE N, 2 X B R,
M (z) 4+ q(z) = AM — M > N2

FH 72 (1.61) AT %0

7
e > cos® 0 + N?sin?0(z, \),

o 0(x0,N) do 2Kn do
"o /0 ’ /a cos2f + N2sin? 6 /a cos? f + N2sin? 6

u=N tan6 4K /+oo du . 2Km
N Jo

TR

1+u2 N
H 2o RMEMIER, LXATTREXERIERE N #oL, 7.

U

EIB1.7.4899ERF (512 5576 5T 0 5 FE(1.59) 16 2 45 B IR 2 AR o (x, \). Al LB ik
JEINE A (1.60b), 7FE

cos Bp(1, \) sin 6(1, A) — sin Bp(1, \) cos (1, X) = 0,
M2 p(1,\) JERE
sin[0(1,\) — 8] = 0 L2258 91, 0) = B+ kr, ke N
MATH A RE w(\) = 0(1,\) KT XA 1E (—oo,+oo) F#EZHBFEIE, lim w(\) =0,

A——00

/\1_15{1 w\) = +oo, FTUIMERE k e N, fF7EME—RT M\ € R 15 0(1,\p) = B+ kr. M &—
HEERO0,\) =a <, 0(1,\,) = B+kr > kr, HIESRHFMEEH, XNT 1 <5 <k
1 z; € (0,1), G 0(z;, \e) = jm, AT @(aj, \) = p(xj, \) sinf(x;, \p) = 0. FEHTT

g (G =1,2,---), BHAANFREL6DEE] 0 (z0,\) =1>0. T 0(1, ) =B € (0,7], &
Ty < 1, M\T??j? T € (130,1], {E?%‘[‘ 6(1’1,)\0) =T E ‘9’(1]1,)\0) < 0, %E JH: gb(l‘,)\o) %E
(0,1) FEEAA.

O
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5138 1.7.8 x5 FAAEME N\, (n € N), Sturm-Liouville # 1 & # (1.59)(1.60)8 B R & — 14
PTG K B AE B4
IERR %y = o(x, M) 5 y = (x, \y) & Sturm-Liouville 3248 7] 85 (1.59) (1.60) % B T RFAEAH
Ai I ANRFAE R %, T

(0, \g) cosa — ¢/ (0, \g) sinar = 0,

(0, A) cosa — (0, \g) sinav = 0.
XERT cosa, —sina BIFREHETFEH, HT (cosa, —sina) # (0,0), ©H
¢(O7 )\k) ¢,<Oa >\k‘)
(0, M%) (0, M)
Bt é(x, \) 5 ¥z, \p) FIRTT Wronsky 178N, BIE 126 4HC. O

513 1.7.9 Sturm-Liouville 1 & [5] £ (1.59)(1.60) B A E B R {o(z, M) oo, EX A [0,1] £
T
! 0, m #n,
/ T(.Q?)(b(l’,)\n)gb(l',)\m) dr = n,m= 0,1,2,'-- .
0 { 0, >0, m=n,
WEBR @ Hm=nif, B é(x,\)Z05 r(x) >0 45
1
Op = / r(z)¢?*(z,\,) dz > 0.
0

¢Z + (Anr + Q)¢n =0.

BAITRER ¢ 5 ZATIRET oo EZEJGA 0 2] 1 B0, 13

{ Qb::m + (/\mT + Q)gbm =0,

1 1
/ (G Pn — D dm) Az + (A — ) / Fmdn dz = 0.
0 0
FER ] @ b0 — G = (Db — Gpdm) s MM L3 B — NN
[0, (1)¢n (1) = 61, (1) b (1)] = [¢1,(0) ¢ (0) = ¢,(0) b (0)] -

dm(1)cos B — ¢l (1)sin 3 = 0,
édn(1)cos B — ¢ (1)sin 3 =0
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A
on() S| _
6a(1) (1)
SR
6nl0) 6,0 _
6,(0) 4/(0)
A5

1
Am — A m®n dzr = 0.
(=) [ 100 o
A # Ny EASF
1
/ r(x)p(z, Am)p(x, Ay)dz =0,  Vm #n.
0
[

F1.7.10 HEBEF {6(v, ) )00, MR BB = L (rde) — AR E&ERE, LF r(2) >
0 FRAMEL. #REILRU /6, HTAEANEE —HFETEFEL %,



E8r BWROREE

-1 1 1 1
0+ =gy Hn =21, Age =02+ -0, + —02.
r r2 r 72

L4 ARn:aE—“

01 LB FIE

W FEMEMSR = AR (PhCA)

Harnack AN (MRA)

SRR B H PR P A T

Liouville /2 (PIANRRA)

WAEEH (GERE 2.21— S9MME B —Hopt 513 — JRM(HJ5H)
Dirichlet I il & 5 KA T

A S e

Q2 Bahni=E

— ?Au = R xR
L =dep e {000 R b Kireh
u(z,0) = p(z), u(z,0) =Y(x), zcR?
hoff /A\ﬁ
1 1 S <y,t - ‘y;_xl)
u(@,t) = 3 /amm,m Lo(y) + Vely) - (y — 2) + t(y)] dS(y)+— /B(m’at) w—a W
i u — au, = f(x,t),
2. — MR IR I
u(z,0) = ()

u(z,t) = p(z + at) + / flx+a(t—r71),7)dr.
0
3. ReEAhTE: T Q.

81
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ﬁj_—nﬂﬁ} ﬁﬁﬁ%ia

SRR (2.2.2(2)) KETH A AR, HEERy 50 EE:

1
y =y EF a=-12.

(S

fR oy =02 T ERRHE. 2y #£ 0 B
® #a= % R R AT

7fé dy —dx =0,

AR N

54

Zl:y Tr =cC,
Horb e NEEEE. WUR TN

y=0

A

4 1

y==+ {g(x%—c)} ., x> —c,

Hrp e AEEFEL
B Hh £ 5 Dy »

el




=3 REIAR

@ % a=1, IR

WA N

Hrf ¢ NERFEEL ST RN

y=0
A
y = ce’,
Hrp o MESIEFH
U it &y
@ # a=2, JRITIFEWFEAIL A
y 2dy —dx =0,
SiE AN
1
—— —x=c,
Y
Hrr e tEE R IR
y=0
A
_ 1
YT

Hrb e MERFAL
AVl R ASPSE

84
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/

=

SIRR (2.2.3) WH W 72

) Ey—a WEAEAES, B f() =0 YERY y—a iEH: HFEZy=a
FE— & (vo,q), B REM y(zo) = a W E BB — R E A

ate 1
/a mdy' -

SEFR th f(y) = 0 % FLY y— o TRy = o RIS EIORAR, BT By — o 0B
Q%MT%T H f(y) £y = a WEANEINES:, B yAal f(y) #0, ATEy=a N
/ ——dy@ HOREEL, MOT A = 68 f(y) 76 y € [a—e,a+ 2] L%k

|7

ﬁ)‘f.': (270,0,— ) /]

HE¥ e AERERK.

=:

'<+m wz—/‘f dy € R. S TAER 20 € R, A{EE T

2
a 1 x1
—dy:/ dx,
/asf o

R1F oy = xo + 1. IR SRHHERS y = a MK A (20 + 1,0) FIRTHHLZL, 5 CRAIHE—

dy
fly)
el

P JE. ) /a Ldy‘ = +oo, [AEATE " Ldy +00.
o T . T
e MR RAE g = a -1 R ik, my/ ——@4 oo TTRIZRU
Wiy = a R, W g = a EAE— AR A e -

SR (2.3.2) KEHL H AR
y'sin 22 = 2(y + cos )

%%xﬁgﬁ%ﬁ%%%
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B 4 sin2e £ 0 W, JFFEAHE N
1 1

" Yy = —
sin z cos sinz’

v 1 Tl v 1
Yy = cexp —dt ) + — exXp ———dt | ds
2 St cost 2o SIS o sintcost

/

ctanx * coss ccosxg+ 1 1
= +tanz ——ds = ; tanx —
tan xg 2 SiN° s sin g COS T
ccosxg+ 1 . 1 . 1
= (.—Osmx—l) = (d'sinz — 1) ,
sin xg COS T cosx
. s e - s d—1 .
Hrpe d MEBER. A1, K s — B B, gy ~ — 00. #7 ¢ =1, NI|fH L’Hospital
COS T
P,
sinx — 1 cosT
im —— = lim - =0,
z%% COS T x%% —Ssinx

W = 1 IR ER . B RRY - — g 7 S A

sinx — 1
Yy=—"—"—":
COS T

SRR (2.3.4) KB#H AL 1 o = 2ycos® x —sina By B HIAE.
B R RERE RN
y = Cez+%sin21 _/ Sinseer%sianfzf%sian dS,
0

Horbr o HERCEAL
FeUi A y(x) RFETRRI—A T-FAE, W T = 2kr (k € N*). H

(
Y (z) = 2y(x) cos’ x — sinx

§ ¥ (x+T)=2y(x+T)cos*(x +T) —sin(x +T)

y(x) =y(z+T)

\

2y(z) [cos®(z + T) — cos® z] = sin(z 4+ T) — sinz.
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47 cos?(z+T) —cos®> x Z 0, W y(z) AN LA EIEMNER, Fik cos®*(x +T) = cos®
W1 sin(z +T) =sinz, Bl T [N sine 5 cos®» B, & T = 2kr (k € N¥).
NHAERSGER T = 2k (k € N*), EHEEE o (5150 y(x) & T-FIHREL
R TR y(2), % u(z) = y(a+T)—y(x), WH sin(z+T) = sinx K& cos®(x+T) =
cos’ z 15
Y (z) = 2y(x) cos* z — sinx
y(z+T)=2y(x+T)cos’ v —sinx
M () T 2 — B SR A s o 7 1%
u' — 2 cos® ru = 0.
BT ERARE AT EEEANE, L y(o) 72 T-FR %, R w(0) =0, Al
T
c = y(T) — CeT—i—%sinQT _/ Sinses—&—%sinZS—T—%sinZT dS,
0

. /
4G sin2T = 0 WfR1S .
: 1gin2s—
/ sin s ef T2 g
0

el —1

c =
TR (1 A 91

x
1 . 1gin2s—z—1Lsi
y = Cem+25ln2x_/ Slnses—i—Qsts z—5 sin2z dS,
0

=

2km |
/ sin se*t25n2s (g
0

C = erTI_(erﬂ_ _1) s k - N*

SIER (2.3.5) BIRESEL f(O) HE|fO)| <M teREH: Moy nik

Ejtx:f(t)

E—oco<t<+4oo ERHE-—NMERM; #H—F, Wi f(t) RAHEHK, F2xAHFHE4
£ M.

WERR R T RE IRy

r = cet+/0tf(5) et ds = [c—i—/otf(s) e’ ds] e .
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EPSEREE
¢ t
c+/f@€ds M+/Wﬂﬂ€ds
w(p) = L
<AEMEZD oy s
FTUMARE t >0 EER. MMt — —oco B, e — 0, KM 2(t) HALHIY
t
lim <c+/ f(s)e’ ds) =0,
t——o0 0
H H
0
c= / f(s)e’® ds.
HURITRRAE —00 < t < +oo EREF MG Al
t
t/ f(s)e’® ds.
f(t) & T-JIRE, Bl f(t+T) = f(t), Vo € R, WX EREIE «(t), BH
(t+T)—e_tT/ f(s)e® ds TSTe_tT/ fer+T)e dr
/ f(rye" dr = x(t),

B o(t) A2 T-FHR %L O
SRR (3.2.2) KATME|E AL

égzachy—irl, y(0) =0

dx
B9 Picard /75, FF o I BUR PR K AF.
B flr,y)=x+y+1 BIRME R FIELLHX y il & Lipschitz 2. 5 Cauchy n] @t

NIRRT RE
y@):/‘h+y@%+ﬂd&
0
H LA 18 Picard ¥ 41:
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T TV E B
yn(x) ( n+1 + Z
%n:lﬁﬁ%ﬁﬁﬂﬂ&zﬁFxﬂﬁﬁn—un>m&4,M

n—2 n—2
_ [ Lo 2 & _ 2 1 n+1 2 k+1
yn(a:)—/o (2:1:+1+—'x +Z—'x>dx—x +.’E—|-( +1)!x +;m9§

::v—l—( ”+1+Z—:U —.r—l— "H—i—zk'

RN n HEOL, MG RIER n > 1 BOL.
TR2JR Cauchy 17 B HIfE N

n—1
1 n+1
z+(n+1) +Zk' ]

y(x) = lim y,(z) = lim

n—0o0 n—oo
n—1 k‘
= li "t ——z—2
e [(n +2 Zkl z
=2e" —x — 2.

SRR (3.2.3) EEE 3.1 F, VR flo,y) WEHRATENFHEEN:
| f (2, y)| < k(2)(1+ |y]),
|f(z,y1) — f(2,y2)| < k(2)|yr — yal,

HF k(x) 2 REHK. BX flo,y) BESEZRH EA: FEXE 20 <z <zo+o, EF
Picard F%| — 28 2| Cauchy 77 (3.1), (3.2) BIA#E.

UERR X g 3.1 UEHI G Picard 5741, FATH
() =)l = | [ St / k()1 + )
) — (@) = | [ (5D — sl

Zo

< = (1+ lvol) ;

/x: k(s)ds

/ (5 01(5)) — £(5,90(s))] ds

/x k) as|
o]

< (1 + [vol)

<| [ Hln(s) — o) ds| <

Hgh ] 15
Yn () = Yn—1(@)| < (1 + |yol)
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To+o
ma>0ﬁ%/1 (s)|ds < 1, 0

3 /;Ms) 5

S 1ya(@) = yuor @) < (L4l 3

o0

<> ([ kolas) <o

n=1

lim yn () = y(2).

n—oo

D=+ | :f<s,yn_1<s>>ds
—yo+/z0 f(s,y(s

H BB HREESE Cauchy H& (3.1), (3.2) PIEEMPHEFAEXA] (20, 7o + o] L Picard F31
— gk B Cauchy 1M (3.1), (3.2) [fiE. O

y/ — $3 o y3’
y(7o0) = vo

WERR f(z,y) = 2® —y® 1E R? R3ESE, f) = —3y° 1£ R? &%, Bk f XF y & Lipschitz
(¥, HEIEH, 2T (2o, yo) MMM AL HAtE—, I H AT LUEIHE] R? 1G5
WAITIRN y = o(z), MY o(z) >z i, ¢(z) =2° — (¢(x))® < 0, ¢(x) PRBER; 24
o(x) <z bf, ¢'(x) =2 - (¢(x))* >0, ¢(x) B, HIKLATH y = o(x) AATREAEGRX
[ NIEAR 2y TT T AL, Hy = ¢(x) 1E (20, +00) LAFAE. O

y/ = f(x,y),
y(0) = o,

HFP R flr,y) ERXE O0<r<a,—oco<y<+oo Li&EL, HEHRE

H ¥

PILEIEF 4 n — oo 5

SRR (3.4.2) IEHA: AUME AR

B AR AE X 8] 29, +00) L.

SISE (3.4.3) % EAIE A E

Fa,y) = fla.2) < Ty = 2],
W q(0<g<1) HHS TR WHELAENEERE 0,0 LRFELE—H.
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WERR AR f(z,y) TEZRTE X 4
D:0<r<a,—oc0<y <+

B, B Peano fAEVEER, 23T (0,y0) HIMRMIZAFAE. SR AN AT ifE A2 ME— 1.
W o1(x), po(x) RZHUEFBPIRDNGATIH, 2 r(z) = ¢1(x) — ¢o(z), Wz >0 B,

()] = 164(2) = ()| = 12, 61(2)) = (. a(a))] < L1n(@) = Bo()] = Lo,

jzr'(2)] < qlr(2)].

M x> 0B g(x) <0, AT g(z) =0 Bl r(z) =0, ¢1(x) = ¢o(x).

MBS, 263 (0, y0) MMRIZEAEAE BLE—, JF BLATLUEME] D A5, B /ME
y = o(x), FiF y = o(x) X [0,a] FAELE. thCEMRRINAETEE, TTH y — o(x) 7 [0, h)
FAETE 8 o = gy = ) REAEZSE (o1, y1) KREATE (20, a] LAEE. FRAES:,

2
B y = ¢(x) FIRKAITIXIEN [21,b), b<a. X x € [z1,b),

q

e M= max |f(z,y))], WXt zer,0) 5yeRA

z€[z1,b]

[f (@)l < |f(y)l + 1f(2,y) = fla, )] < M+ x%!y—yl\,

< [totnas< [ (30 L jots) ~ ) s

<M@b—z)+ / L lg(s) — ] ds.
zp 1

NI}

-yl = ¢(s))ds

H Gronwall ANZEE115

q(b—zxq)

|p(x) —y1| < M(b— x1)exp </ ids) < Mb—x)e =

T



FZAH RE DA 0

E&% S [Il,b) Hﬂ‘y

q(b—=1)

p(x)| < || + |o(x) — | < | + M(b—21)e =

BT o(2) 1 [o,0) LER, TLETUEMS o= b4, BRI,
v b, WM R RORRAELX 7] [0, a) bR AF4E ELE— 1. 0

SJ@n (3.4 ) BB f(r,y) ERARXBE 0< 2 <a,—00 <y < +oo LHELE 1T ¢(x,€) BH
DFRE Y = fla,y) HBRAMEEH 60,8 =& . #—F, Bk o(x, &) £X ) [0,7) £F
f, T<a EATH =B —RIL.

(1) lim ¢(x,&) AR, WHE y=0o(,§) TULEHE 2z =7;

T—T

(2) lim o(z,) =
(3) lim 6(z,€) = -

T—=T

WERR BROA f(z,y) FEZRTEIX I
D:0<z<a,—0<y <400

S, FTUAHAESE L, MR y = o(x, &) WTBUEMIE] D (A5 #5 (1) WAL, AT 3
U1 (2) A1 (3) LA AL, REHER ¢(2,) £ v - 7 MRIZERE (16(2,)] — +oo) MK
WRIRETE. Ak, &S (7,0) B— MR R = {(z,y) |T—0 <2 <T,—-6 <y < b},
Horh 5 A fE R IUE I IESL B R E] {2,000, 13 2 € (T —6,7), ko

5, k=081 mod 4,
(b(zkag) =
-4, k=28(3 mod 4,

HERE (zon11, 0(22641,€)) T (22n42, d(Tors0, &) HIHIZ (REE) & T R .
i1 Lagrange TPIEE I, ARSI A {Z;}i‘;pﬁﬁ Z;; € (22k-1, sz)’¢(21'€,§) € (—6,0),

E 20
¢ (2, €) = P21, €) — O(2am-1,8) _ | 2pp — 2051 kNZIHL
o — 2 b
Zok — Z2k-1

Hn—oolt, 2, 5T, 20, — 2001 = 07, MM ¢'(25,,1,8) = —o0 1M ¢'(25,,§) = +oo0, H
BT f (241, @(25n11)) = —00 T f (25, $(25)) = +00. B (241, P(25011)); (2, B(25,)) € R
H & >0 FMEEMEH f 15 (7,0) IRIERN +oo, BIAESL:, XREEETE. # (1) AROL,
W (2) AT (3) A —NRROL. SR O
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AR 1 EAE R EE: REK f(r,y) 1 Fo,y) HEXE G A&ES%, H
f(z,y) < F(z,y), (z,y)€G,

XBEEK y=¢(x) 7 y=>(x) £XE (a,b) oA EAEE A

.

!
y = f(z,y),
E1 .
L y(iUo) = Yo
p
(
/
y = F(z,y),
E2 .
\ y(a:o) = Yo

B (o, y0) € G), FFH y = ¢(x) ZHEF A (E,) #1 A M & /Mg Ao 22 M A AE (R oy = D(x)
AMEE A (Ey) B A M 5 A Ao 2 M s /N AE), T
{ o(x) < P(x), zo<T<bh

o(x) = P(x), a<xz< .

WERR By = o(x) RWMA R Ey A e /M AN 2 0 5 K. =5 RS AR 1) 7t

{y' — @y — e
y(zo) = o,
E$%>m_Eg&%zaﬁiﬁ37%ﬁ%ﬂﬂ,ﬁEﬁ%ﬁMﬁ%%?ﬂ{%@n%
=TI { b, (2)} —BUSE] o(x). BN f(z,y) —en, < f(z,y) < F(z,y), HE—HEGE
B

bn,(z) < P(z), T > 20,

{ On, () > P(x), T < 20,

4 j — oo RPFRE. O

y = f(z,y),
y(%) = Y.

BEK f(r,y) EEFARE D = {(,y) | |r — o] < a, |y —yo| < b} FHEZ,

SRR (3.5.1) & EAUME [F #L

=

h:min{a,%}, M = max |[f(z,y)].

(z,y)eD
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W, MEE R RAR y = Z(z) 5RAME y=W(2) ZHE AT HM0ME, FaTFE—
R
21 — 2ol < h, W(x1) <y < Z(21)

HIR (21,90), BWEPIAEE v — 2ol <h EEDH A y=o(x), #RE d(21) =y,

y = f(z,y),
y(%) =Y,
T ffE D bi#Es:, mEhcEH, & (v, ) RBRMZFAE, B LLEE] D §i 5t

F B IR y = ¢(x), EXIA] [zg,21] £, W(z) < ¢(z) < Z(x), Xy=Z(@x)5
y = W(x) T (z0,90), PIILMHLE y = ¢(x) BA (20,10). B y = ¢(x) tHEVIE R

WEBR AW ) > xy. EFEYIE 0] 8

o
{Mf@w%
y(wo) = Yo
{IfR. 1 Peano FEAEMEREIE, JXAMREE |v — a0 < h LAFIE. .

SRR (4.3.1) REHK y = y(x,n) ZHE

d_y =sinx
dl‘ - y?
y(0) =n

dy
—(x,n) > 0.
77( 1)

0
WERR f(z,y) =sinzy {E (z,y) € R® FIES:, EALEMARE LXT v AES WS, e
4.7, iy =y(z,n) KT z,n AT
AR 7> TR

BN AR EFA :

y(z,n) =n+ / sin sy ds
0

dy /’” dy
—(z,n) =1+ scos(sy) - =(s,n)ds.
877( n) i (sy) 077( )
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é\ Z@ﬂ?) = %(33777)’ }I—l[J

%—xcos(x ).z
dl‘ - y 9
2(0,n) = 1.

lnz:/ x cos(yz) dx.
0

5 (021) = 2(,m) = exp (/0 © cos(yz) d:v) >0,

SIER (4.3.4(1)) K% 7 B4 7 2 A6 19 B0 4 X8 AT 16 2 5 0 2 3

y =2z + wy?, . Oy
* o

R f(z,y,p) =20+ py* 7€ (2,9, 1) € R® LiELE, fEARRMEME LT 4, p #0E ELL 0
SHL HER A7, F oy =y(x, p) KT o, p VTR
HAR 7 e

u=0

Yo, pm) = p—1+ / (25 + 1 (y(s, 1))?) ds
PIAXT p SRS

g—zm,m 1+ [ ' [<y<s,u>>2 " 2uy<s,u>§—Z<s,u> ds.

% sl ) = Sl p)s W
d
= 2ys oy,
dz
2(0) = 1.

XA — B e My T RE R A5

st =exo ([ otewa) + [t tes ([ e ar) as

KN y(z,0) 52
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(i, Frbl y(z,0) = 22 — 1. ZERTRAFE p =0 WA

2(x,0) =1 +/ (s* — 1)2 ds,
0

%
o

1 2
:5x5—§x3—|—x+1.

u=0

O]
SIS (5.12) W € (a,b) B, n BAM M FEE j—’; _ Ay + flz) FHEHR f(r) T
EHE, W AFRAEEESA n+l AEBTEME
EI R MERATRAL Y = Ay 00 0 MEIEESIR o,y BRI
PRl Y = Ay + F(o) AR 6 R y b 6Tt 96 () R
Y AWy + Fo) B8, T 0+ L MRREAME %
FIRIER:, BETAEMYe, WAEEREAEMN o, cuprs 18

ca(yr + @)+ + cn(yn + @) + cpyi1d* =0,

el
ayr+ -+ eyn+ (e 4+ cpr)@” = 0.
%cl—'—”'—}_cn'f'l:o’ IJ_I‘IJEEyla”'7ynz£‘r$%9\§ﬂ%n61:"'zcn:0, iﬁﬁﬁcn—&-lzo’ :‘[z
5617"'7077,-1-1 E@&m%}% E&Cl+"'+cn+1§é07 y\ﬁﬁ
1
¢*:_ (Cly1+"'+cn+1yn)‘

1+ -+ Cpg

B ¢ i Y = Ay 8, (5 () FIOREFIE KRN T Y =A@y +
F(2) A n+ 1 MR XA,
% TAF Rk 5 R4 j_i’ = Ay + F(2) B n+ 1 ABIEETR g, ysrs BT

S MR 0% (1), T gt — 6 g — & j—g ~ A()y 0+ 1 MR, TR

Ko+ 1 AMRFAELEIEAD, MAFEAEATFNR ¢, - ey E17

calyr —¢")+ -+ cnp1(Yn1 — @) =0,

(Cl + -4 Cn—i-l)d)* =Y+ -+ Crht1Ynt1-
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H gy, Ynpr BETRATH e+ + oy 0. 18

1

* = c +. 4, n )
o At s ( 1Y1 +1Y +1)

KU * ATH g1, ynys ZRVEZEHI 1 @* FO4E 2 PERD 1 j_g — Ay + flo) BEH
n 1 NEHET AR, 0

1
0

T 1‘2

of, o

0 0
A BE R A R AR — N Z I TR R e R

S (5.1.3) IEH: mEA

)

WERR HIRAE., BB 3 M B R R — D =k i T B4R, M H Wronsky

1 z 22

AR det [0 0 0 | =0 AR 3 MRFARELEX (0.b) &MY, BEEER

0 0 O
EHNEH C1, C2,C3> 15

2

1 T T 0
alo|l+celo]l+eslo]l=|0], Vzre(aebd).
0 0 0 0

H ) + cor + cs2? RUBMEZN 2 WAL WA, EFE (a,0) EEZH 2 4MFL, FE. %
Jivée ey B AN W] B RN A2 AR AR — > =B SR IR E A i o) T R AL O

SRR (5.1.4) RAEG 77 AE A

de 2 dy 1
Ez;xﬁLl, E:Zx—i_y'
B 78 S0 = 20tk (10,0) (10 # 0) BRI o = 05 2 (10,m0) (o # 0) AL
gg—g,m@m%waUﬁmx>oﬁﬁﬁ*4%%x—ﬂ
%x:oﬁA%:Aﬁﬁ%ﬁggzy;ni%w@mﬁ%ﬁi%:&%&&%wwz

(L1) FHH oy > 0 33— ARl y =
L 7 HE1S d I > ya —
¥ oo =* RAFZATTREAE] d—‘z —y+t, i (to,y0) MEBMA y = yoe ™ +(t +
et~ —(t+1). B (to,y0) = (1,0) BH— MR g = 21—t — 1.
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TR B T R 1 — A

0 t?
o(t) = t—1 t—1 )
e 27 —t—1

Bt £ 0K, detd(t) = —t2e'™1 £0, W D(t) RAFFIRENER T TR

ih]

w
=

fEFERE.

Fe AR TR AR T AR

—t cot? —t
+ = :
1 (c1+2c) e —cot —cp + 1
cat? —t
cpel —c(t+1)+1 7

HA ¢, e AEEFEL O
SRR (5.2.1(4)) kM 72

dy

< _ A

. Y,
/\qj

1 -1 —1

A= |1 0



$Z3n REAA
fig HEATE A RRHIEE
)\1:1, )\2:1+21, )\3:1—21

L LI L PR RFAL [

0 21 —2i
£1_ 1 ) 52: 1 ) 53: 1
—1 3 3

—28in2x + 2icos 2x
e gy = ™ cos 2x + isin 2x

3cos2x + Jisin2x

QIEGE Sy
0 —2sin2z 2cos2x
e“| 1 cos2x  sin2ax
—1 3cos2z 3sin2x
OB R

0 —2sin 2x 2cos2x
y=ce' | 1 | +ce” cos 2z +c3e” | sin2z |,
—1 3 cos 2x 3sin 2z

;H\:EP C1,C2,C3 ?'915%’3%%&
SJEn (5.2.1(8)) ka2

A
dﬂ: y)
P E}j

99

R P A BORSER A = 13 ). B (A - M) = O WA (A - D)% = 0 ="k

PEIE A
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TR
1
& =A-MDEy =1 2 |,
1
‘512_(14_)\1)510_7
—1
& =(A- D&y = | 21,
1
8 = (A= MI)gy =0,
—1
& =A- D&y = | -2 |,
1
&5 = (A— M1y =o.
PRI AR R

—x T 1+2x
TG TR E RN
y = P(z)c,
Hrf e MEBZ=4E% 55N &, O

SIS (5.2.2(1) KM TR LM F R4

dy

= _ 9 o7
P z+2e",
dz e
—_— e
dx y

F# SR fRAR . B FF RS M 0 T3 RE 4L
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01
AT ( ) AHRFIEE A= 1, A = —1, X MAVRFIE ) 2

el

WO TR 73 T RE AL I B R K

e® e % ) —ZL‘—FZ ex_ze—x
= + 1
e’ —e " c - T4
2 T 1 e +4e
clia)e— (L -
— - e — |- — e
o \gtTyTa 1@
/3 1 .1 =
535—14—01 e’ + Z—CQ e
Horr ey, ¢ AERF . PSS HTRIEM N
y=|zrx+c+ <)€" —cae”,

g 2
= (rve) e
HA ¢, cp MAEREHHL O
SIRR (5.2.3(1)) FUH %3 AZ 5 ik KM -k &M 7r B4
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R SRR B S IR 2R M Tk oy T RE
d (v _ 0 1)\ [y
dz | , -1 0 2]

THELATRAERE A = ( 01 1) ARAEE A =1, A = —1, XPRHE M &

cosr +isinx
)q:):é _

—sinz +icosx

cosr sinzx

—sinx cosx

N I R 5 ik R P AR TR IRE A TR AR R b7 ().
% ¢ (x) = D(z)e(z), HH e(x) RREF . N

= ((r)e(r)) = A@D()e(r) + F(x),
o Fla) = (tan T — 1) "
tan x
d%(@(x) (z)) = ¥ (2)c(z) + D(z)c (z) = A(z)P(2)c(z) + P(z)c(z)
IR A i)

, -1 cosx —sinx tan?z — 1 —CoST
d(a) =7 @) fw)= | e
sinx cosz tan x
cos? x

sinxg — sinx
c(z) =co + 1 1 .
CoSx + — COS Xy —

COs T COS Xg
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ey = 0 32— AR5

sinx

sin xgcosx + tanx — cos xgsinx —

¢*(x) = P(w)e(x) = o cosz
2 —sinxysinx — cos xycos T —

COS o

WO 25 AR TR A 7 R 4L B A

sinx

€1COST + cosinx + sinxgcosx + tanxr — cos xpsinx —

¢(z) = P(z)c+ ¢*(x) = ‘ . ST
—cysinx + cpcosx + 2 — sinxgsinx — cosxgcos T —

CoS T
1

COS X

(¢1 + sinxg) cosz + (02 — COS Ty — ) sinz + tanx

—(c1 +sinxg) sinx + <02—cosx0— )cosx—i—2

CoS X
A ey, e NAEEFEE. BSOS AN
Y = €1C08T + cosinx + tan x,

z=2—csinT + cycosx,
Hrh e, e NAEEHEL O

SRR (5.3.1(4)) k@ F
y' +y=4sinx.

B SFIRERMER AR o +y = 0 IRHIET RN N + 1 =0, FHEMRA A =1, A = — 1. Bk
B —MNREAMBAN cosy,sinz, HEN Y =c1c08T+ cysina, Hrf ey, ey NATET B BT
AR IR TR — MR ¢* () = c1(x) cosz + o) sinx. W
¢*'(x) = —c1(x) sinx + co(x) cos(z) + ¢ () cos z + dy(z) sin z,
S
¢ (z) cosz + cy(z) sinz = 0,

7l

¢*"(x) = —c1(x) cosz — co() sinw — ¢ (z) sinzx + ¢4 (x) cos x.
¥ ot 5 ¢ KA T iEmA

—ci(x)sinx + ¢4(z) cosz = 4sin .
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H UL A5
c1(x) =sin2z — 2z, co(x) = — cos 2z,
BT — AN
¢*(z) = sinx — 2z cosx.
WP 45 U R IR R Y

Y = C1C0ST + cysinx + sinz — 2x cos x,
A ey, e NAEEFE R BRSO/ E N

Yy =c1co8T + cosinx — 2x cos x,

y' =2y +y=6xe".

B RGN TR o — 20 +y = 0 BIRFETT AR A2 — 20+ 1 =0, FHIEMHDH 1(2 H).
BER— N ERBAR o v e”. MIMAME, WWRFHEAN ¢ (v) = 2%(ax +b) e,

9" (z) = €* [az® + (3a + b)x® + 2bz] , ¢ (x) = €” [az® + (6a + b)2” + (6a + 4b)z + 2b] .
RANTTREA] 15
6a = 6, a=1,
20=0 b=0.
W (x) = 2® . WNII s Ji R I Id g N

y = cqe” 4cye” 13 e,
Hrb e, 00 NAEEFEL O

SRR (5.3.2(3)) IR %80k 5 kMt 7

B RN TIRE o —y = 0 BIRFETT AR N2 — 1 =0, FFIERA A =1, 00 = —1. ik
B NEARMRHN e, e WG ARTFIRENER IS T RE I — MR

¢*(x) = c1(z) e +ca(z) ™,
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i
¢ (z) = c1(x) € —ca() €7+ (z) " +cy(x) e
4
¢ (z) e +cy(x)e™ =0,
]

" (x) = c1(z) € +co(x) e 4 (z) € —chy(x) e™™.
¥ ot 5 ¢ KA T iEmA

dy(z)e” —dy(x)e ™ =zt — 2073,

H A5
(11 1
cl(x):—e (%—ﬁ>, CQ(ZL’)Z—G (%—Fﬁ),
HA — A
“(r) = X
5 (0)= 1.
WIS T R A AR
y=ce +ce” —1,
X
HoAr ¢p, cp AERHHL O

S (5.35) FERMAS TR Y +y=0. % y=clx) B y=s(z) 5 A Z1%HFRHREA®EFMH

P

WA TR A T2, B

(1) c(z) REEEK, s(z) =7 B
(2) s*(2) +c*(2) = 1;

(3)
(4)

o)

VA

3) s(a+B) = s(a)c(B) + s(B)c(a);
4) R 7 R clx) x>0 LWE—ANTE, W c(x) 1 s(x) HEZLL 47 X EHHA.
MERR (1) &R

d2

d:cQC
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DL
d
c(—x)}xzo =1, @c(—@

- _C,(_'I){xzo - 0’
=0
Bl co(—2) 55 c(x) RPras T e 2 M AR 25 R, BmRRIME— 1R o(—2) = (), B c(z)
A [FEE,

(=) (=s(—2) = = (=) = s(—) =0

d

—s(=2)],o =0, T (=s(-2)| =5(0)=1

=0

AN —s(—x) 5 s(x) &g 7 B R ARG KM, I —s(—z) = s(z), B s(z) 2
(2) FEE

(s'(2))" + '(2) = —s'(2) + 5'(2) = 0,
PR
§'(0)=1, §"(0)=—s(0)=0,
0 () 5 c(o) RFTAITRER AR R ROR, T /() = c(a). FIEL, i

(=¢'(@)" + (= (2)) = ¢ (2) = () = 0

LA K

AIEN —c(2) 5 s(x) 2Fres 77 R R ARG 2 -, M J(2) = —s(z). Btk
% [s*(x) + ()] = 2[s(2)s'(x) + c(x) (x)] = 2[s(x)c(x) + c(x)(—s(z))] = 0,
Bl s%(z) + *(x) = s%(0) + *(0) = 1.
(3) MMEEHUEM o, W f(B) =s(a+8)s g(B) = s(a)e(B)+ s(B)c(a), MH
f"+f=0, ¢"+g=0,
f(=a) =s(0) =0, f(-a)=5(0)=1,
g(—a) = s(@)e(—a) + s(—a)e(a) 2= s(a)e(a) — s(a)e(a) =0,

¢(~a) = s(a)d (—a) + s'(~a)e() = —s(@)s(—a) + c(—a)e(a) = s*(@) + (a) = 1,

W f(6) 5 g(B) ZPrea e e ARG 2 F I, T f(B8) = g(B), IXHUUER] 153K



FZHA REDA

(4) HT s(z) = —c(z), RFTUEW c(x) UL 47 NI & h(z) = —c(27 —x), W

W(z)=d2r—z), h'(x)=-"(2r—2).
ESJia

h"+h=—"2r —z)—c(2r —2) =0,

B h(z) 5 c(x) FresJ5 180 ARG FAFRIME, NI h(z) = —c(21 — 2) = c(z). T

clx—4r)=cldr —x)=c (21 — (x — 27)) = —c(x — 27) = —c(2T7 — ) = ¢(x),

Bl 47 & c(z) MI—AN 1.
SIR (9.2.4) BrRMa T RA

dr _
((ilt _ya
4 —1 4 22

E e
By & B #Y Lyapunov £2 E M.

R JTRRULIFI AN N (1,0) A (—1,0).
u=1x—1,

TR A
v=1Y,

du

— =
5"
—v:u2—|—2u.

dt

© FEF A (1,0). FEHT {

01

107

=]
T

LI AR EUERE A = ) FURFIERE A £v2, DM ARGER, WS RRAma

20
s (1,0) BAERE .

u=x+1,

@ FJEAT A (—1,0). fF#IT { s R A
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B

L,y b 2 Lo o 13
V(u,v)zév—l— (25 — %) ds = —v* + u® — 2,
0

2 3
v RTINS
V*(u,v) = (2u — u?) v+ v (u* — 2u) = 0.

W Q= {(uv)|u<2}, WV HEQ ERIEEN. FEMZE Lyapunov IEHEE K. M
V*(u,v) = 0 & W EMARZ Lyapunov 1EFETHEASE R, & B NAER L (20, v0) # (0,0)
HNPHERIE o), V(o)) = V(4(0)) # 0, B ¢(t) A (0,0). #MUR T FEAMZ S (—1,0) 52
Lyapunov 1 [ F € {H A BT F2 e 1. O

SIRR (9.2.5(1)) ittt FEYE

By & A 87 Lyapunov £2 E M.
W V(ey) =2+ WV AER LIEE, HV XTIATEANSH
Vi (z,y) =2x (—y — xyz) + 2y (x — x4y) = —22%y? (1 + :c2) <0.

R Ff# 2 Lyapunov IE[FASGER). XITREAMIME (x(t), y(t)) W2 V*(x(t),y(t) =0 HHAX
M x(t)y(t) =0, HIESLMWEIXFERE L S, HE RSP A, RILX PR R e
Eff. W Lasalle AREFEH, FffE Lyapunov 1E [F#TT 2 E 1. O

26) EH: WRIFAAEBSTRE T = AW)w HEML ¢ - too HAH A,
| % ## £ Lyapunov IE 6] 54 & 69 ; ﬁﬂ%ﬁ’c/l\ﬁw?& t — +oo #ETE, NHF#Z Lyapunov

WERR W &(t) &P FF IR 0 T AR AL ) — AN AR H R, B N FIMEY ¢ — +oo B H
AN (L) 24t — oo FHEH T KIAFLE M > 0, A (1) ME-TIEE |21 < M,
Vt > 0. XTTRRAMERMETTRRN x(t) = D(t)e, HH c AFlRIE. HT

2] < 2] - e] < Mle],
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£

RIHAHMEE e > 0, R 70 & |C| < == E/J c, A |CU( )| <&, Vt>0.Hl¢6= m:

JJUPRR ’iB( )’ <6, WA
(@) < 2@ - |27 O)] - |[2(0)] <&,

BRI REZH ) f# & Lyapunov 1EFIFRGE K. B MELE t — +oo KR T 2, NHE LE
fi#t /& Lyapunov 1E [F#7E £ 5E 1. ]

SRR (9.2.8) & Biha A A

dzx
? = (111<t>$ + alg(t)y
d—if = an (t)z + an(t)y

fe

lim (an(t) + a22(t)) =b>0.

t——+o0

I TSR Lyapunov I 44 5% .

WERR BUE € > 0, XHMER § > 0, BAEELETLRIMAM (21(8),v1(¢)) 5 (za(t), ya(1))s &
AT 2 \/ (2:(0))2 + (y:(0))2 < 6 (i = 1,2). H Liouville A3, XPLLARK Wronsky 17512

(6) = WO ( [ fans(s) + ()] s ).

L S U )yQ(t) — 22Oy (0)] = lim [W(t)] — +oo. HUMLA @ = 1 2 2 fHifH4
t ?Eﬁ’j(ﬁ \/ (z:(1))2 + (yi(£))? > e. MOZITRERIZEMA R Lyapunov 1E [FIF25E 1. O

SIER (9.3.1(1)) Flrhn FEH

HE R (0,0) AR, FEHZT AM LA

KB SCERPERS TR RAERE A — (; 4). i tr(A) = 0, det(4) — 35 ATKIZ (0,0)
-9 1
Sy, HEATT
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]
SRR (9.3.1(3)) #lWro 7 AEA
dz
éi_t =T+ 2y7
Yy _ e 3
Tl oy —2x +x
HF (0,0) MR, FEE %A I I A .
BB A AR M TR R A T R
dz
él_t =T+ 2y7
y —
I 2z + 2y
1 2
WA T AR RBUERE A = . Hi tr(A4) = 6,det(A) = 9, (tr(A))? = 4det(A)
-2 5
AT IR MR T RRAL I 2 (0, 0) B (0 45 A R 48 5. i — 25 p R e — i”i ‘22 o

A k=1 HH (0,0) ARALR. HHY a2 +y? = 08, 2° =o(2” +¢%) #(0,0) B
P2 AR LA 2 T RELL PR BRI 2 sl 3 s R AR P
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T v 0 vy v 0 s s s S s s
T R B R Y A Y&
fo [ A YA ~
v N Y PR IRy SR 4
bt f /s

1 T ] B T A
0.5F 1 ! f /
y f h
bt tf
\ 4 4
| |
\ t tf
\ I / _
N - t
0 N
N \
\ ) ! \ N
' Vo
Vo
1 11
ot v
” H— A
0. 5r -~ 7 [ A [ S A A i
1 |
/A Sy [ R AR v
v/ oL AN ) A AR (A
/ / A E
/ 4 # / 14 / 4 / ’ / 4 4 / / / / 4 [
_1 1 1

SRR (7.2.2) EHA: {E AR

22y — Xxy’ + Ay =0,

BAETM, £+ N HESH
d

d N .
iIEEH é'\ T = ety I)_I\]J - = e_t > ﬁ%%{%j‘j
dx dt

o d (L dy o dy d?y dy
2t —t & t S9N oyt -t Y8Y — -7 _ -~ =0.
e®e™ o <e ) Ae'e dt+)\y 0 «— 1o (1+)\)dt—|—)\y

BETREN 22 — (1+ Nz + A =0, BHERN A 5 1.
® & N=1, WK 2 EEER, @A v =cre +ete’, HA o, co AERFEE RN
WA (AR t =0 5 ¢t =1n2) 1§

01:(), 201+2ln2-02:(),

T o= =0, BIAFEM.
@ #HANAL EN y=cre +ee, H o, o WERFEH. RNLEFKME

c1+c=0, 2¢ 4 2% =0,

UL (22 —2) ey = 0, B A £ 1, L ¢y = 0, HETT ¢ = 0. WRIFTRE U SA7. 0
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SIRR (7.2.4) W AETF R &M L 77 2 Y Sturm-Liouville 4 18 [ 71

y' + (Wr(@) + q(2)y = f(=),
y(0)cosa — ¢/ (0)sina = 0, y(1)cos S — ' (1)sinf =0,

HAF r(r),qlx) HAZEZRE, r(r) > 0. EH: L N TEX RN B FREEM L 7 EH Sturm-
Liouville # & [ AR AFAEE AT, ©HERE —ME; 4 A=)\, EFEEN, cABNIRE
&

1
/0 £(5)bum(s) ds = 0,
HHF ¢(x) 3N THREME N, AR

MEER @ & A ASAEXS MRS IR M 7 77 A2 I Sturm-Liouville 348 7] B RFAEAE, B R
ALy T R )W AR Gy iR AT FINZ A R AR AR AENE. Wy = di(z) 5 y = ¢o(a) ZiZE
FEIR MR JTRE Sturm-Liouville B IR, W y = ¢1(x) — do(z) AEXFRLFIFFIRE
PER 7 77 R Sturm-Liouville JAE A @ RIAE, X X AEHAFIEE, RAEH ¢1(x) — ¢o(x) =0,
IR 2 HE— ).

@ 5 N = Ay 22X N TR G MR J7 FEH) Sturm-Liouville J4HE 7] @ I RFAEME, A5
B N THRHEAE A, BIRFIERREL ¢, () T 2

Om(0) =sina, ¢,(0) =cosa, ¢m(l) =sinB, ¢, (1) = cosp.
M Fr 8 AEFF IR A T FE ) Sturm-Liouville 3448 M @A v = y(z) JHALY

/Of(S)cbm(S)dS—/o [y"(s) + (Ar(s) + a(s)) y(s)] dm(s) ds

[ Gyt [ 06 10r(6) +ats) om(s)] s

= [ omras = [ o) as

= [ W60~ 16, as

= [ (1)ém(1) = g1 (D] — [ (0)6m(0) — y(0)6, 0)]
|

= [y/(1)sin 8 — y(1) cos 8] — [¢/(0) sin o« — (0) cos a]

=0.
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SRR (2.6(1)(3)(4)) # v e CQ) #HR
—Av <0, xeq,
WH v & Q 2T M.
(1) A FHEEE B(x,r) CQ, R
o) < )y
B(x,r)

B) o R-RELFELIHEE, Huz Q FHEAMRLE IEA: v=0u) £ Q L8
TR A5
(4) Buz QLB REMEH. LA o= |Duf’ £ Q LW TREMEBE
HERR (1) %
o) = ow)dSw) = | ulwtra)dsi),
OB(z,r) OB(0,1)

1l
&' (r) :][ Du(x +rz) - 2dS(z)
8B(0,1)
—x
= ][ Du(y) - =" dS(y)
OB(x,r) r
ov
- 248
]{9 (z,7) ov (y)
= Z][ Av(y)dy =0
I B(z,r)
3lie

o(r) = ¢(e), Vr>e>0.
G LR« o 0° B
< dS(y).
o(z) < ]ém,r) v(y) dS(y)

/ v(y) dy :/ </ UdS) ds > v(x)/ na(n)s"*ds
B(x,r) 0 OB(z,s) 0

= a(n)r"v(z),

T

v(z) <]][B( )v(y) dy.
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0 0?
a; = Qb,(u)u:w 8_:1312) = ¢"(u )u + ¢'(u Ui

Av = ¢"(u)|Dul® + ¢'(u) Au
Pl o ZMEE. w2 Q ERRMEELRS ¢"(u) > 0,Au =0, M Av > 0.
(4)

u, | = 2Ug Uz,

(;; ) =Y

0%v i 5
=1 =1

CEE;

A,U_QZUQTID +2Aux zn:Auxi.
i,j=1

M u & Q _ERAAEE, F u, HEQ J:E’Jlﬂ*ﬂ iﬁ M Av > 0. O

SRR (2.7(Harnack EH)) B& {u,} CC(Q) NC*(Q) £ Q LWAMEHT]. R {u,} &
o0 E—zlesh, M {u,} & Q E—3dsk, EEST—MRAREEK

WERA H {u,} £ 0Q L8, SHMEE >0, FEELEEH NE), R n> N(E), iF
() — tnor (2)] < £, Vo €0, Vp> 1.
FERER uyp — uny T2 Q LIRS, AR RE,
MAX (Un+p = Un+1) = WAX (Unp = Unt1) s
min (tnp = Un1) = N (Ungp — Uni1)
HY n > N(e) i,
() — s (2)] < 2, Vo €T, Vp = 1.

EH] {u,} 76 QO E—BOI B o, = u BTXHER Ba,r) € Q. A

n(z) = ][ s

= dS(vy).
u(x) ][( ) dsty
NH—BUEL A v e C(Q), #u 2 Q LR O]

% n— oo LA
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SIER (2.12) ¥ u(r) 23k B(0,Ry) LA @, AT R e (0,R] i

w(R) = sup v — inf w.
(#) B(O,IB{) B(0,R)

(1) #|AF Harnack %X E8H: 74 ne€ (0,1), #F5&F
w (?) < nw(R).

(2) R sup |u(z) < My, MFEFH o€ (0,1), C >0, #F&
B(O,Ro)

W(R) < C(My + 1) (R%)a, Re(0,Ry).

MERR (1) % w(z) = u(z) — B(igl}f%)u(x), M w & B(0, Ry) BRI EREL. X R € (0, Ryl

£ B <O, g) i2H Harnack A%30,

R+2\"
sup wg( +2> inf w=3" inf w.

B(0.5) R-3%) 8(0%) B(0.5)
Hp
isup u— inf ué(i—) inf u
3 B(0,2) B(0.5) 3" B(O.R)
ESYli
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9 R\ % 7
< = (M, )| — .
4( 0+ )(Ro>
ﬁlﬁ\—gi R:RO Hil‘y
9
W(Ro) < 2My < Z(M@‘I—l),

RIEXHER R € (0, Ry #H

9 R\“

wm < on+ 0 (1)

3 —1
SRR (2.18) KM |F AL

HA o = log,

€ (0,1). O

—Au = f(:v,y), (l’,y) € Qa

uloo = g(x,y)
# Green %, Hw

(1) Q & E¥-Fm.
(2) QO BF—ZIR.
(3) QRHFHEHE {(z,y) eR* |z eR0<y <}, HF I AEFH

JERH (1) G(z,y) =T(y —z) - T (y — ), Hrp oz = (w1, 72)s y=(y1,92), T = (21, —12).
(2) G(z,y) =T(y—2)-T(y—2)+T(y+z)-T(y+2), HHF 2= (21,22)s y = (y1,92)>
T = (l’h—(l}g).
(3) iz, = 7+(0,2nl),z; = 2+(0,2nl),n € Z,M G(x,y) = Z C(y—zi) =T (y+z,)]

neL

O
SRR (GER 2.27) B w e CP(YNCH(Q) (i=1,2) HEF =HEF A

—Au; + ¢i(x)u; = fi(z), x € Q,

[}9)

&t Ozi(x)ui]

o v 2 o0 WEMSERE. WR ¢(z) 20 BAR, alz) > o >0, UEIHT
max |u; — us| < C (max|91 — go| +sup|fi — fo| + max |ag — as| + sup|e; — 02|)
q a0 Q 0 Q

ﬁii, /ﬁ\:c}j C %{X{K%%éﬁé& n, «Qp, Q E’]E’/fé d ;FU G1,G2,F1,F2 E’]’%é&, IZE Gi =

i , Iy = i » 1=1,2.
max |g;(z)| sgp!f(x)\ i
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WEBR W w = uy — ugs W w B I1E 0] 5

—Aw +c(v)w = fi — fo+ (2 — c1)ug, T € Q,

ow B
E—l—al(az)w = g1 — g2 + (2 — a1)us.

o0

HE B 2.26 AT
max |w| < C} (max lg1 — g2| + max|(ag — aq)uz| +sup |fi — fo| +sup|(c1 — @)uﬂ)
o o0 o0 0 Q
<Oy (max |g1 — go| + max | — ;| max |ug| + sup | fi — fa| + sup |1 — 2| max |u2|> ,

G) o0 Q Q Q Q

Hrp Oy BRI T 45 n, o M1 Q BIEAR d KW EL BUGEHIE R 2.26 PI1SAG T
m@X|uz| <01(GZ+E)7 Z:172a
Q
B YA
max |u; — ug| < C (max]gl — go| +sup|fi — fo| + max |ay — as| + sup|e; — 02]) ,
Q o0 QO o0N QO

/\EP C %WW%?%ﬁ n, Op» Q E"]E'/Té d %D G1,G2,F1,F2 H‘]T%é& ]
SRR (2.21) B u(z) € C(Q) NC*(Q) & & 15 F

—Au+ c(z)u = f(z), x € Q,

u|aQ = O
o — AN

(1) WX c(x) = co >0, N
1
max [u(z)| < —sup[f(z)];
Q Co Q

(2) W2 c(x) >0, N
max |u(z)| < Msup |f(z)],
Q Q
s M RHT Q WEAZ d;
(3) WE c(x) <0, RE T LB A B — TR



H =3 REIH 118

SERE (1) BJHE

1

maxu(z) < —sup|f(z)], max(—u(z)) < — sup|f()]

Q Co Q Co Q
FHER —u RFGEMBIES f(z) Bg —f(r) FRME, FIATIE B —=X % o £
zo € Q AIERETE Q FHERKME. & 20 € 0, MH u|sg = 0 1 mﬁaxu(x) =u(xg) =0, 4
WHE. & 20 € Q, M Au(xg) <0, MIM

=

—

Sup [f(@)] = |f(z0)| = f(x0) = —Au(xo) + c(xo)u(wo) = c(x0)u(0) = Co mgxu(ii)-

Lk AIE.
(2) B 0 € 0. 4 v(x) — % UM ul) = (& — Jof? 4 1) v(e) FTAE O
I
Au= —2nv —4z - Vo + (&* — [z]* + 1) Av,

f(@) = —Au+c(z)u =2nv + 4z - Vo — (& — |z + 1) Av+ c(2)v (& — |z]* + 1) .

(VR PS Uk I=ERLIY:
4x - Vv 2n f(x)
_ vy A Yy I 0O
Av+d2—|x|2—|—1 + (c(x)+d2_|x|2+1)v T x € €,
'U|aQ = 0.
ik
d?+1 d?+1

max v(x) < sup | f(z)].
Q 4 4 a

HER —v 2 EAE f(o) B¥K —f(2) FRIM, FERFEEmE—X %o 20€Q
WIEFIETE Q LRI K. & 20 € 09, MWH v|gg =0 %I mﬁaxv(m) =v(zo) =0, S5WRIFIE.
# w9 € Qs N Vo(zg) =0, Av(zo) < 0. AWE v(zo) >0, NI

WO i)
d? — ’130|2+1 - d? — ‘$0’2+ 1

sup[f(z)],  max(—v(z)) <
Q Q

sup | f(z)] =
Q
2n
= —Auv(zg) + (c(xo) + il ol T 1) v(o)
2nv () 4
> .
e )

e
d?+1
max [v(2)] < = sup |f(2)],
Q Q
B , )
max fu(z)] < (@ + 1) max o(@)] < ST qup 7@,
Q Q 4 Q
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n

(3) M Q= (—vnm,v/nm)", c(z) =1, f(x)=0, W uz):= Hsin% ST ]
k=1

Au+u=0, z €,
HIfd, 1B u fE Q EAMEANZE, BIAHL LA O
SR (2.25) Bk QCR" B—MERITE, w(z) eCP(ONC(Q) (i =1,2) iR EM R
—Au; + ¢i(x)u; =0, x€Q,
{ Ui = Gis x € 0N0.
WR cr(2) > ci(w) 20, gi(w) = go(w) =0, N
ui(z) = us(x).

WERR SEIEMITE Q b wo(x) > 0. AR, W —up W2 FFERITTR, H eo(z) 20, HIF5HK
EIRE, 1E 0Q b —uy IKFNEAE Q ERIERRKME, HIXE —uslon = —g <0 FHE. 2
w(r) = ug(x) — uy(x), W w HLLIE ]S

—Aw + Cl(.T)U) - [Cl(x) - CQ(I)]UQJ YRS QJ
w=gs — g1, x € 0.

KA ei(z) = 0,[ei(z) — o)) < 0, HIGWMEFEIITHE Q F wlx) <0, W w E Q
FAAEERRKME, #M w £ 0Q EEIEKRE, X5 wpn = g — g < 0 FJE. &

uy(z) = ug(x). m
S (2.28) Bk QC R E—AHRFE, ulz) € CAQ)NC (D) £AMFAR
{Au—l—u3u0, x €,
uloo =g
B — /M. GEEA: R I%%x|g(x)| <1, N mgx|u(x)| <L

MERR # w fE 00 FIkBIEAE Q BECKE, WH I%%X\g(x)] < 1 AHn max u < 1A u fE
Q W— s zo WIEFNEAE Q ERIERME, W Au(z) <0. T4

Au(z) = u(zo) [(u(z0))* —1] <0,
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m%ﬂﬂu@d>1ﬁﬁﬁﬁiﬁ%?mwﬂ<L%—uﬁ%uﬁﬁuiﬁﬁﬂ%mmM@>

0
—1. # max |u(z)] < 1. O
Q

SIRR (4.15) X EEHK @ € C*(R), HE a cR™ H |a| =1, W ®(a-x+at) #HZ n EHEHHE

Uy — a*Au =0,

VD N AL 82 62 sy =, g N 1 7 \
REa>0AFE, o= (21, ,2), A=+ + 55 K FRNZIH XS A

3 dx2
- T I AR

WEBR W a = (aq, -+, ), 8 u(z,t) = ®(a -z + at). H

uy = a*®" (- x +at), Upa, =i (a-x+at), i=1,--.,n
K |a) =1 715
Uy — a’Au=a*®"(a-z+at) (1—af — - —al) =0,
B ®(ov -z + at) TR uy — a*Au =0 HIfFE. O

SRR (4.24) A E R A

(

U — Upy + U +up, =0, (x,t) € Ry x Ry,
u(z,0) = ¢(z), x>0,
ue(x,0) = (x), x>0,

| u(0,£) =0, t>0

b BB A AT RAR? A A7 R AR AR S vk SRR L2 0 8] AL

B FA u(z,t) 5 u(—z,t) WEKHEAR, BrCAARE BE BRI HiERE. FIH 07 —
O+ 0y + 0y = (0 + 0) (Or — 0 + 1) B EITRE AN PIAS— T FEWIEL ) &

;

U + Uy = 0, (r,t) € Ry x Ry,
u(z,0) = ¢(x), x>0, (E1)
| u(0.) =0, t>0.
5
vy — vy +2 =0, (r,t) e Ry xRy,

(E2)
v(z,0) =Y(x)+ ¢'(z), x=0.
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Xﬁ?ﬂ1ﬁf@i@(E2), %Eji (;Eo, t(]) € R+ X RJr E‘Jfﬁﬁéﬂé xl(t) = X9+ t(] —1 J:’ 7‘3%13:5,”3?1\3

d
&v(xl(t),t) +v(x(t),t) =0,
v(21(0),0) = v(xo + o, 0).

v(wo,to) = [¢' (w0 + to) + 1h(z0 + to)] 7™,
T
v(a,t) = [¢'(x + 1) (@ +t)]e .

MHME R E(EL), 2 to > xo I, I (w0, to) HIRFIELN 22(t) = w0 —to +t, FEIXFFAEL BT
AN

%u(xg(t), t) = [ (zo — to + 2t) + Y(zg — to + 2t)] e,
u(0,tg — zg) = 0.

w(o, to) = / [ (w0 — to + 27) + (g — to + 27)] e dr

to—xo
1 to+zo ’ T+tg—zg
—5 [ @ e an
to—xo

%l to < xg Hj" Ji (SCo,to) E’\jfﬁ{t?ﬁﬁzj\j SUz(t) =x9—1ty+ 1 E@ﬁ?ﬁ%iﬁﬁ%jﬂ

U(.ﬁEo — to, O) = gO(.To — to)

d
{ Eu(xg(t),f) = v(wa(t), 1),

1S
to
’U,(LUO, to) = (,0(560 — to) -+ / [QOI(SL’O — to + 27’) + w(xo — to —+ 27’)] e T dr
0
1 [®otto P
-t 43 [ )+l T dr
xo—to
[ild
1 t+x riea
5/ [0 (1) +9(1)]e” 2 dr, t>z>0,
u(l‘, t) = t—x 1 T+t
ol —1)+ 5/ W) +um)e "5 dr, 0<t <
r—t
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SIRR (4.27) SKAEE AR

(
Uy — Uge = 0, 0< x <H,

9 u|r:t = QO(t), t > 07

Ug|s—0 = Y(t), t=0.
W o(t), () BWE 0,a] (a>0) F4 %, RIEH M #E A HEE R

B R u(z,t)=Flx+t)+Gx—t), N

F(2t) + G(0) = o(2),
F'(t) + G'(—t) = ().

fis
Fi = (3) - 6o
G(t) = /Ot@u(—f) dr +¢ (—%) — o(0) + G(0).
[i4
u(m,t):g)(x;—t> /w dT+90( )—¢<0)+G(0)
(5o () [
XA {(2,1) |0<t —r < at+2<2a,0< 0 <L) O

SIE (4.39) WEHK e C?(R,) # R Cauchy 4117 &

(

uy —a*Au=0, (x,t)€ Ri,
 u(z,0) =p(x), zeR’

w(z,0) = Y(z), x€R?

o FEFH, o), v() e Cr (R®). IEH: HFEFH C, EHXTHHEN (1,t) € RY,
X 3L

lu(z,t)| < %
SR B o(a), w(c) € C° (RY), FRBMAEE B> 0, (6% |o] > R B o(z) = v(z) = 0, M
MAE M >0, {H15

lo(@)| < M, (@) <M, |[Ve(@)| <M, VreR’
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H Kirchhoff A5

1
lu(z,t)| < ﬁ/ o) + Vo) - |y — x| +tlp(y)l] dS(y)
dmat OB(z,at)
M 1 a+ 1)
< — — 4+ ") dS(y
AT Jop(z,at)nB(0, R) (t2 t )

M 1 1
= - U (— +a+ 1) Licpo,r dS(y) + / (— +a+ 1) Lie(R,+o0) dS(y)]
4Tt | ) om(e,at)rB0,R) \ OB(z,at) BO,R) \ T

M 1 1
< 5, nax § sup dra’t? (— +a+ 1) , sup 4rR? (— +a+ 1)
dmast te0,R)] t te(R,+00) t

max {47?&2R [1+ (a+1)R], 47 R? (% +a+ 1)}

<

dma?t
_ MR[1+(a+1)Rjmax {1, 5}
- t

SRR (3.18(4)) % Ay, Ay AEH. A4 B R EERKMUTIRA FA:

(

Up — Ugy = 0, O<z<m t>0,
u(z,0) =0, O0<z <,

uz(0,t) = Ast, ug(m,t) = Ast, t>0.

\

Ay — A
4 o, t) = u(z,t) — = Lta? — Aytz, N
T
( Ay — A Ay — A
Vg — Vg = 2 lp 22 1$2—A1x, O<zxz<m t>0,
s 2
v(z,0) =0, O0<z<m,
v.(0,t) = v (m,t) =0, t > 0.
\

FRIEE N\, = n?, MINIFHERECN X, (2) = cos(nx), n=0,1,2,---. L0 T, % & WE 7] &
( Ay — Ay
T!(t) + n’T,(t) =

m m
R R
2[A; — (—=1)" Ay

2 )

n > 1.
™
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[i1
Ay — Ay, >
u(w, t) ==t + Agte + nZ:OXn(x)Tn(t)
A Ay g A TRALY A,
2m 21 6
2[4 — (—-1)"A >
+; A 7r514 )" A <1 —e " t) cos(nz).
SIRR (4.40(2)) a5 & & KA LT R4 [ 2R
utt_uxx:07 0<$<l,t>0,

u(z,0) = z(x —21), u(z,0) =0, 0<x <],

u(0,t) =0, ug(l,t) =0, t>0.

\

2 2
B L A, — (n . 1) T MR O X, (2) = g (7 8) T

2
X () RBL T (t) N

T, (t) = A, cos nl—ﬂt + B, sin ?t,

Horp l
/ x(r —20) X, (x) dx 9
; 41
An = I = - 3 )
1 3
/Xﬁ(az)daz‘ (n=3)"m
0
M B, = 0. #
412 & 1 — )t -1
u(w,t) = —— 5 COS (n=3)m sin (n—3) iy
T (n—% l [

SRR (4.41(3)) & A A EH . F 08X 2 kK E LT R4 7 AL

Uyp — Uy = 0, O<ax<l, t>0,

124
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. Ax?
ﬁﬁl: /Q"\’U(J},t):U(ZL‘,t>_ 12 ,
( 24
Vit — Uge = —5 O<3§'<l,t>07

2’
§ v(z,0) = v(x,0) =0, 0<z<I,

v(0,t) =v(l,t) =0, ¢t>0.

\

n—l)mz:

2 2
RHAE(E A, — <n - 5) . BHREREOY X,(0) — cos "2 12
24
f(t) = 72 H
2A/ Xl _1)n+184
W) =7 / ) 2n—1)7rl2
X2(
Eji:a
_ L r (n-YH-mr (1324 _ (n—1)mt
Tnlt) = \//\_n/o fult) cos ] 0r = G — 1y Sin L
[

2 > _1\n _ 1 _ 1
Al_:;c Z 32A(—1) sin(n 2)7rtCOS(n 2)7mc'

u(z,t) = — (20— 1)? l l

O

SIRR (4.34) A FRE 2 N F AL — R A B WA ¥ 5 F = B 5 AR & 7 AR e
— &

MERR BIIEIAAA 7]

Uy — @ Ugy = 0, (x,t) € (0,1) x (0,7,

u(z,0) = u(x,0) =0, x € [0,1],

(=t + o) [y=0 = (ug + Bu) |z= =0, t € [0,T]

! @2

E(t) = —/ [uf(m,t) + azui(x,t)} dz + > [auQ(O,t) + 5u2(l,t)} , te€]0,T].
0

m E0)=0, HXte(0,7), f

! 2
E'(t) = —/ (2upuy + 20°uguy) do + % [2au(0, t)us (0,t) + 28u(l, t)u(l, t)]
0
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/l (wuy + auzug) dz + a® [au(0, t)u(0,t) + Bu(l, t)u(l, t)]

!
/ (Ut + Uptlny) da + a® [ug (0, 8)us (0, 1) — ug (1, t)us(l, 1)]
0

l
=l
[/ Uy ), dx—utuz‘ 0}
0

Bt E(t) = E(0) =0, t €[0,T). ¥ u, = u, =0, WIAEH R ERAEMH. O

SRR (4.38) WHE# uel? <Ri> i & Cauchy #7118 [5] 71

(

Uy — *Ugy = 0, (x,1) € Ri,

u($’0> = 90($)7 r €R,

u(z,0) = (x), z€R,

\

Ha HEFE, o(2),9(x) € CF(R). iLHwf 20 Al K

Mﬂ:%[f%ut /r

w|@[\,

IEEA

(1) k(t)+p(t) £5 t TARHEEE;
(2) 4t 24 KB, k(t) = p(t).

MERR (1) & E(t) =2[k(t) +pt)] = /+oo [uj (z,t) + a’ul(z,t)] dz, M

+oo “+o0o
E'(t) = / (2ututt + a2uxumt) dr = 2a2/ (Uptpy + Uztiyy) da

= 2a? /%0 (wuy), doe = 2a utux|m +§ =0,
e B(t) = ()%t%%
(2) A ¢(z),¢(x) € C°(R), FrUAFAE M > 0, 1818 suppp Usuppy C (=M, M). 4

t> % i, Hﬂ(x+at) (x —at) =2at > 2M WHl x+at 5 2 —at BB —PAE (=M, M)

B, B d’Alembert 205

+00 +00 +00
k(t) == { V?(z — at) do + / Y}z + at)dx + 2 Y(z — at)Y(x + at)dz

o0 —00
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2 +o00 +o0 +o00
+ [/ ©?(r — at)dz + / ©?(x + at)dx — 2/ ' (x — at)p'(z + at) dzx

—00 [e.9]

=3[P+ e @r] dr = 580 = 3h0 + 500,

PRIt ¢ > % iF, k() = p(t). O

SR (3.3(2)) KUAT E## Fourier 1 & #:
F()) = eToHi0M )t g 5 0 H 5%, aeR, bceR HEK.

fi# F(\) I Fourier 1748t

- 232 . ECCIE
F(JJ) — /e( a‘*\ +1b>\+c)t . e27r1)\:v d\ = ect/ e~ @ tAZ+i(bt+2mz) A\ d\
R R

_ (bt+27rw)2 2,12 — T 1 _ (bt+27r:t)2 2
= e W/e—a SR = RN - el ST
R a\/f R

% et (bt-t2ma)?
=Y > e 4a2t

a
SRR (3.4(1)) FI A Fourier & ¥ sk % LT & ff 5] 74 :
Uy — a*Ugg + by + cu = f(z,1), (z,1) € Ri,
u(z,0) = ¢(x), x € R,
Ho aeRy,bceR E¥H.
fi# {E Fourier #4533
Gy 4 4m2a* €% + 2mibEt + civ = f(€,1), (€,t) € R2,

a(§,t) =p(§) exp (— /t (47r2a272 +2mibr + c) dT)
0
tA, x—t42222'b d)d
+/0f(§T)ep(/T(7ran+7r1n+c)n T

t
B (@(6) + / fA(g 7—) Q%TB—HFM#JFCT dT) e 4773'12 t3—mibt2—ct
’ .
0
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HAE Fourier WiAF#, 153

a2 H .
u(x,t) :/ ( / f 3+7r1b7— +cr dT) e~ AmaZ 43 ribt? —ct+2miz dg

2 .
— e 4"“ tB—mwibt2—ct ((p(l‘) +/ f(]},T>e47r3a T3 4mibr34er dT) .
0

SR (3.25) £ v e CH(Qr) R
v, —a’Av <0, (z,t) € Qr,

ot Qp EARFEOTE, EF Q=0x(0,T], a>0 AT
(1) IE™A:

max v(x,t) = maxv(x,t).
Qr 0pQr

(2) Ho:R>RAXEIHKE v £ Qp LHIARTE EH: v=29(u) £ Q £&E
oA TR
(3) % u & Qp FHEAFTRE EH: v=0a’Du+u] £ Qp FRAFTENTHE.

HWERA (1) & M = maxu,m = maxu, WM > m. Ak, % M >m.
Qr T

© & v — a*Av < 0, WATE (z.,t.) € Qps 3 v(z,,t.) = M, W Vo(z,,t,) =
0,v¢(s, ) = 0, Av(zy, b)) <0, # (v — a®Av) (z4,8) 20, FJE.

@ # v—a’Av <0, % w(z,t) =v(z, t)—ct, L e > 0. W w—a’Av = v,—a*Av—e < 0,
HIO%!

max(v —e7") < maxw = maxw < maxuv,
Qr Qr Ir Ir

max v < max(v + 7).
Qr Ir

L e — 0", B M<m, S5BEH M>m FE.

ZRLWTED M = m.
(2) B u; — a*Au =0 7[5

v — Ao = ¢ (uuy — ¢ ()| Vul? — 29/ (u) Au = —a%¢" ()| Vul’ < 0
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Ve = 2a2Vu . Vut -+ 2ututt,
Av = A (a®|Vul|® + )

v — a2Av = 2a®Vu - Vg + 2upuy — a*A (CL2|Vu|2 + uf)
Z (247 Vg, |” + 2a*Vu - Vig,s,) + 2 IV 4 2u Ay

i=1

= 2a*Vu - Vu + 2uuy — a®

< 2a*Vu - Vg + 2upuy — a® <Z 203V u - Vg, + 2utAut>

=1

= 2a’Vu - (Vut —a? Z Vuxx> + 2uy (ut - aQAu)t

i=1
=2a°Vu -V (ut — azAu) + 2uy (ut — a2Au)t

=0.
[]

SR (3.26) % Qr = {(#,)|0<2<,0<t<T}, ' = 0,Qr BEMHLFE. Bk u €
C*(Qr)NC(Qr) R#MAR

U — Upe = u, (2,1) € Qr

AR BRFEEH M >0, #7

IEHA :

WERR W w =e"tu, NIH

w, =e" (ug —u) = e MUy,

Wy = € Ugy

Wy — Wy = 0.
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maxw = maxw < M,
Qr r

M

U(l’,t) < Meta (l’)t) € QT-
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