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[to, +oo) LR VE Bk 70 J7 FERIE 1A L (TVP)

¥ =Pt)x+ Q(t) ae. T [to,+o0)\{t:}2,,
Az|i—y, = lim x(t) — x(t;) = Cix(ts), i € Ny, (1.1)

x(to) = xo.

528 SN By T R ) e 2 TR] A S8 AR, JFRIETT IVP(1.1) A 0 RE AR A7 AE P —
P, e B3 P : [to, +00) — L(R™) 5 Q : [to, +00) — R™ Ja#k Lebesgue I, L(R™) 7R 5%
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g e IEMH R 0 : [a, 0] — (0,+oo), FR [a,b] 2% D = {(7i, [ai1, i), @ ;oo kY
& O~ AFAN, WA § = 1,2, k #8 [ai1, ou] C (13 = 0(m), Tz+6(7—1))
b, OCHR [3] 51 1.4, 4545 %EIE‘J [a,b] SIEMERELS : [a,b] — (0, +00), W [a,b] —

TEAE 6— ¥R D = {(73, [viz1, i), i = 1,2, - -, k}.

EX 2.1 8 FREE U : [a,b] x [a,b] — R TI:IETJ [a,b] | Kurzweil FJFR, 41 RAFLE 7] &
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il 2.3 101 p %y
0, t=0,
2tsin % — 2cos 5, t € (0.1]
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/O (s = / Dl -
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74, i Kurzweil 75 1€ LAHEUE, 2 1E [a,b] X [a,b] £ U(r,t) (NEKTEE 1
B, BIXMER 7, 6, o € [a,b] #H U(r,t1) = U(r,t2), W [ DU(7,t) = 0.

T 2.4 B BXHMER ¢ € (a,b], RELU : [a,b] x [a,b] — R* 7EIX ] [e,b] I Kurzweil 7]
R, B R

c—at
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i | [ DU+ U0 - Ula,0)
AELE, W U 7E [a,b] & Kurzweil AfFH, H

b b
/ DU(t,t) = lim+ [/ DU(r,t)+ Ul(a,c) — U(a,a):|,
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HIRE x: P — O N XEWMD e
dx
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FREE R E, RN J BEEN S EE
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H¥4 o =inf] € J B,
det(I + [A(a™) — A(a)]) # 0;



No.6 AR RS — I S I 20 M G oy D FRAR A AE M — 553

M B =supJ € J i,
det(I — [A(B) — A(B7)]) # 0,
Horr 19 n > n BALRERE, WXL (20, t0) € R™ x J, 7 XENER 30> T FEAME IR L
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{ 4 = DIAW®z + (1), (2.3)
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7 J bAEfEE— e J - R, HH o J LREERAEE.
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(i) XHMEZREZER © € B, BRE f(x, ) 1E [a,b] I Lebesgue I ll;

(ii) fF1E Lebesgue AR E m : [a,b] — RAERF [[f(z,s)| < m(s) MAEE (z,s) €
B x [a, b] # AL

(iii) 77E Lebesgue MIANREL L« [a,b] — RS || f(z,5) — f(y, )| < U(s)[|z — yl| XHERE
(aj,s)7 (y,s) € B x [a,b] #RKAL.

F(z,t) :/ f(z,s)ds, (z,t) € B x [a, b,

i fo,b] - BREMEHE M Kurzweil 8153 [ DF(a(7), 1) 5 Lebesgue B> [ f(x(s), 5)ds
YIFAE HAH S

5138 2.10 B ¥ A : [a,b] — L(R") & [a,b] ERIHRLZZRE, 2 [a, 0] — R" 4 [a,b]
FEEM S, W Kurzweil B4 (7 d[A(s)]a(s) FELE.
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x' = P(t)r + Q(t) a.e. T [to, +00)\{t:i}2,,
Axli—y, = x(t]) — x(t;) = Ciz(t;), i € Ny,
$(t0) = X
5 A 5y 7 FEVIE 1)
dx
{dTDmam+g@L o)
iL‘(to) = 29

fil 2 18] S R AR, e

A(t) = / ds—l—ZHt )Ci, t € [to, +00),

mﬂz/Q®®J€%ﬁw%

HXH A i e Ny,

) Lt >t

0, t<t,

BB HE IVP(1.1) 1F [to, +o00) R BAR A7/ ME— M 2 2.
XFTIVP(1.1) B, A LR E X
EX 3.1 M z : [to, +oo) — R™ A IVP(1.1) 1E [to, +o0) LRI, ik
(i)  x(to) = xo;
(i) '(t) = P(t)x(t) + Q(t) 1E [to, +0o)\{t:}Z, LILTAEAERRIL;
(iii) # [a,b] C [to, +00) WL [a,b) N {t;}52, = &, W (¢) 7E [a,b] EHAERTELE;
(iv) Azliy, = 2(t]) — z(t;) = Ciz(t;), i € Ny.
5132 3.2 #

A(t) = / ds+ZHt )Ci, t € [to, +00),

g(t) —/ Q(s)ds, t € [to, +00).

W A(t) 5 g(t) BITE [to, +o0) L JmihA FAZE.
W H Tim #, = +oo, XHERLE E W ¢ € [to, +00), FA1E 1 € Ny 4G ¢ < 154, I

ZHt t)C; = ZHt(t s

L Z H,, (£)C; W8 X P(t), Q(t) ¥ITE [to, +oo) L JR#B Lebesgue AT AL #pi%L A(t) 5 g(t)
WitE [to,+oo) EARESC TEREL A(t) 5 g(t) $IHE [to, +oo) LRHA FAE.
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AEHL [a,b] C [to, +00), & S :a =350 < 81 <---5=>b N [a,b] FEEH], N

l l
> lats) = o Z|/ Qs ds||<Z/ 1Q(s) |ds—/|@ )lds,

j=1"%i-1

B g(t) A a,b] _EHO FAS2E AL, A,

> RS sZ [ e = | (s,

j=1 J
b
l [ l n
D |2 Hulsi)C ZHf 30| < B 3D [He () = Hi (sl il
Jj=1 =1 j=1 =1
= lim chn ZHt (sj) = Hy,(sj-1)] = lim chn [H, (b) — H,(a)]
=1
= N Cills[Hy, (b) — H, (a)],
=1
At
l l 55 [e%S) (%S)
D IA(sy) = Als;- )l =D / P(s)ds+ > Hy (s;)Ci — Y Hy (s;-1)C,
j=1 j=1 Sj—1 i=1 i=1

(5,)C; = Hy(s;1)C
Sj71 =1

< / [1P(s)[lds + Z 1Cill1[He, (b) — He,(a)],

BB A(t) 7E [a, b] - 352 i [a,b] C [to, +00) RN, B A(t) 5 g(t) 7E [to, +00)
bR AR
&

1

Fi(x,t) :/t [P(s)x + Q(s)]ds, (z,t) € R"™ X [tg, +0),

A R 5]
3133.3 ¥, b} [t07+<>0) : [a,b] — R AIENESL, W) Kurzweil 14y 7 DFy (a(7), t)

5 lebesgue 141 f x(s) + Q(s)|ds ¥I{FLE HAHE.
iE BWHw:a, b] — R” NIEN R, BT AAEE RS C > 0, (EXEE ¢ € [a, 0] #A
()] < C,

I @ B [a,0) XN B = {z € R[lzf| < C}. BEH P(t) 5 Q(t) BITE [to, +oo) L Jm 6
Lebesgue A1, MO —YIEE N = € B, B4

f(z,t) = P(t)r + Q(t)
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fE [a,b] ERTAE ¢ Lebesgue I, HR% m(t) = C||P®)|: + |Q®)|, t € [a,b] 5
1(t) = |P#)|1, t € [a,b] ¥IFE [a, b] J:Lebesgue—f
— 7, MMEE (z,5), (y,8) € B % [a,b] A

1@, 8)[l = [1P(s)z + Q)| < [[P(s)llr - [lz]] + [|Q(s)]| < m(s),

1f(x,8) = fy, s)ll = [|1P(s) (2 — )| < U(s)[|lx = yl].
b ~
54 :Ut)—/ f(x,8)ds, (x,t) € B x [a,b], H5] 2 2.9, Kurzweil £ ﬁ/ DF(z(7),t) 5

Lebesgue ?D/\/ f(x(s), s)ds ¥IAE(E HARSE

/abDFl( / DF(a(r).1 / f((s), 5)ds = / [P(s)r(s) + Q(s)]ds.

A Fy(z,t) = Z ., (1) Cix, (x,t) € R™ x [tg, +00), N

i=1

A(t)z + g(t) = Fi(z, 1) + Fo(,t), (z,1) € R" x [to, +00),

BAMWM TG .
5138 3.4 WX [a,b] C [ty, +00) WifE [a,b)N{t;}2, = &, MXHMEZERE 2 : [a,b] — R

#A \
/ DFy(xz(1),t) =

WE [ fa,0) N {ti}52, = @, # [a,b] C [to, t1] BAFIE k € Ny, 13 [0, 0] C (tr, trra]-
2 [a,b] C [to, t] B, SHER t € [a,b] & ¢ < ty, W HE—HE 2 : [a,b]) - R H

Fy(x(7),t) = ZHt ) Cya(r) =

/ DEy(a(r). 1) =

M a,b] C (trytpsa], b € Ny B, SAEE t € [a,b] A tr, < t < tyq, B XAT— K EL
x:la,b] >R

o k
_ ZHt ()G, ZHt 1) Cia(7) + Z H,, (t)Cx(7) = ZCM(T)

i=k+1

[

b
T2l Kurzweil EﬁJ\E"JfEX/Ef/ DFy(z(7),t) = 0.
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5138 3.5 WkeN,, s€ (trtp], WIHEZRE x : [tr, s] — R, #H
/ DFQ t) = Ckl‘(tk)
W XHMEE ke Ny, s € (t, tp1] KMEE 0 € (ty,s) WA [0,s) N {t;}32, = @, FLH
513 3.4, .
/ DFy(z(7),t) =
YHER o € (ty,s) #MAL. HEM 2.4, % k € N, k > 2 I,

/ DFy(z(r),t) = lim [/ DFy(x(1),t) + Fo(x(ty), 0) — Fa(z(ty), ty)

U—>t

= Z Clzv(tk) — Z Cl.l'(tk)
i=1 =1
= Ckl‘(tk),
Felith,
/t; DFQ(.T( —(}iglf;Ht C.’E tl ZHt tl C.r tl C’lx(tl)

EHE 3.6 KR x: [to, +o0) — R™ REAMEMKNS T FEWIME H & (1.1) 1E [to, +00) L)
iR AN @ : [tg, +00) — R™ &) LERMEH M T REVME R (3.1) 1E [to, +00) LRI

WE EM W [t, +oo) — R™ A& IVP(1.1) 7E [to, +0o) LR, ML 51, so €
[to, +00), 51 < s2, 73 LA IR T 18

M 81, 82) N{t; 12, = @ I, HE X 3.1, x 1 [s1, so] X 1ELE, H

z'(s) = P(s)z(s) + Q(s)
a.e. T [s1, 0], IG5 3 3.3 5| 2 3.4,

x(s9) — x(s1) = /82 2'(s)ds
-/ T 1P()2(s) + Q(s)]ds

82

= DFy(x(7),t)

S1

= DF1 / DFy(x(7),t)

S1
S2

S1
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%l [81, 82) N {tz};)il 7£ (%) Hj‘, Z:w‘j:[«}xlﬁ?f k S N+, 'fﬁff%‘ tk =81 < S92 S tk+1, )I_I\]JEE%[IE 33,
YEE o € (s1,82) A

s2) — (o) = [ " (s)ds = / " 1P(s)a(s) + Q(s)]ds = / " DF(e(r). 1),
51 3.5,
x(t;) —x(ty) = Crx(ty) = /82 DFy(xz(1),t) = /32 DF5(x(T),t).

P HEH 2.4 & Lebesgue #1448 XF E 4,

/ DF,(z(1),t / DF,(z

~ lm [/ DF(a(r), ) + Fi (a(te), ) — Fi(2(ty), 1)

U—>t

o

= lim DFl( (1),t) + lim [P(s)x(ty) + Q(s)]ds

a‘—>tz o a'—>tk ty

= z(s2) — x(ty),

Ptk

S1

ZE LTS, WHMEE 51, 89 € [to, +00),
ols2) —ats0) = [ " DF(a(r),1) = / " AAE)() + g(s2) — gls1),
HE X 2.5, BT o : [to, +00) — R™ &) ERMEE T A FEVME MR (3.1) 7E [to, +o00) L1
" AN W [t, +oo) — R" Z TVP(3.1) £E [to, +-o00) LI, W 512 2.6, WAL=

EM k€ Ny, o & [y, ter] EHE TR Z KA S8 ek 2, Bt E 2.5, 5131 3.3 )&
%IEE 3.5, X‘j‘/l\ﬁﬁg ke N+ &'EE%L S € (tlmtkﬂrl) ﬁ

(s) —a(ty) = / d[A()]2(7) + g(s) — g(tx)

/ DF;(z(1),t / DFy(z(7), 1)

_ / [P(H)z(t) + Q))dt + Cra(ty),
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R
x(s) = / [P(t)x(t) + Q(t)|dt + Crx(tr) + z(t), s € (t,trr1),

R AN E 1 k€ Ny, 2/(s) = ¢} (s) = P(s)z(s) + Q(8) 1E (tr, try1) LILFALAE LA,
Hrp

or(t) = /t [P(s)z(s) + Q(s)]ds, t € [ty, trs1], k € Ny.

Fefeltth, WHERE s € [to, ta] H

x(s) — x(to) /DF (1),1)

/DF1 /DF2
/DF1

/U%>U+QUJ

to

x(s) = /ts[P(t)x(t) + Q(¢t)]dt + o, s € [to, 1],

Jﬂiw( ) = P(s)z(s) + Q(s) a.e. T [to, t1).
LA LU EVRTTEN: 2/ (s) = P(s)z(s) + Q(s) 1 [to, +00)\{t:i}52, FJL-FAbAL AT
H 5B 2.8 & Lebesgue B AR ELENE: X{ER ke Ny k> 26

o(t)) — a(te) = [A(t]) — A(te))z(te) + 9(t) — glte)

= lim ZHt t)C.?I tk ZHt tk C’az(tk)

t—t

kEo4=1
k k—1
= Cia(ty) = > _ Ciz(ts)
i=1 i=1
= C;cl‘(tk>,

KT

(tJr) —.’L'(tl) = lim ZHt C$ tl ZHt tl C.TJ tl Cl.’II(tl)

=t i
AT HPA [X ] [a,b] [to, +00) W2 [a,b) N{t;}32, = @, NUEREL x 7E [a,b] F4EXTIESEL.
W (ap,b,), p=1,2,--+,m 72 [a,b] EPE’J{E%ﬁBE%AET*HXEﬁﬁE@ i Lebesgue F143- [
AN ELENE, SHERE e > 0, f£7E 0 > 0, fi2Y4 Z (b, —a,) < & B,
p=1

/ p[P(S)w(S)+Q(s)]ds <e

P

)

> llz(hy) — z(ay)ll =
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B 2(t) 7E [a, b] E4axF S

25 FFTR, o [to, +00) — R & IVP(1.1) 7E [to, +00) _EHIfE.

EIE 3.7 HEOHMER i € Ny, HFE T+ ¢ alid, W IVP(1.1) X ] [to, +oo) FA7LEME—
fif x : [to, +00) — R™.

E SEREL

A(t) = /tt P(s)ds + th (t)Cy, t € [to, +00)
1E (to, +o0) LTS MOHMERE t € (to, +oo;_1ﬁ
I—[A(t)— At )] = 1.
F—J71H, AT t € [to, +oo)\{t:i}2, B
I+[A(tY) — A@W)] =1,

BxffEt=¢t,icN_, A
I+ [AGtT) - A®)) =1+ C;.
EEY AR
det(I — [A(t) — A(t7)]) - det(I + [A(tT) — A(t)]) # 0, t € (to, +00),
H
det(I + [A(t]) — A(t)]) # 0.
513 3.2 e 2.7, IVP

dz
- = DAz +g(0)). (3.1)
I(to) = o

1E [to, +oo) LAFAEME—f# © @ [to, +oo) — R™, FHEH 3.6, KE = : [ty, +oo) — R™ &
IVP(1.1) #£ [to, +oo) FHmE—fi#.
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EXISTENCE AND UNIQUENESS OF SOLUTIONS FOR INITIAL
VALUE PROBLEMS OF A CLASS OF LINEAR IMPULSIVE
DIFFERENTIAL EQUATIONS AT FIXED TIME

LI Bao-lin, SONG Guo-xin
(C’ollege of Mathematics and Statistics, Northwest Normal University, Gansu 730070, China)

Abstract: In this paper, we study the existence and uniqueness of solutions for a class of
linear impulsive differential equations at fixed times. By using the theory of generalized ordinary
differential equations, we prove the global existence and uniqueness theorem of solutions for the
initial value problem of such impulsive differential equations, and generalize the global existence
and uniqueness result of solutions for linear impulsive differential equations with piecewise
continuous coefficients.

Keywords: Linear impulsive differential equations; Kurzweil integral; Generalized ordinary
differential equation; Existence and uniqueness
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