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Abstract

Impulse differential equation theory is an important branch of differential equation theory. Com-
pared with differential equation theory, impulse differential equation theory has a wider range of
applications, among which the stability of impulse differential equation is an important branch of
its theory, so many researchers have a keen interest in it. In this paper, a new concept of qua-
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si-monotone function is introduced, and a new comparison principle is also established. By using
this principle and Lyapunov functions, some criteria about stability for impulsive differential equ-
ations with causal operators in terms of two measures are obtained. This enriches the research
results of impulsive differential systems.
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1. 518

TEPLS ARG, REREERMSTER— AN ali#E FLn %], S0 — MRS RARE M, XA
PRI FR RIS R VP T A RS R VR IR T, HEA 0T AZRK K . SRR Fh S AR H 0 A RG0IR
B RARE 2SI, Bk w2 XA R . UTER, Bk iy AR R R, S TIRZ
5] Py 12 2 A R

ik 2 Ge it Fase TEWF FC A IR 22 45 SR [1]-[6], o 2= vt o e PRI — LU ARG i oA iz, (B2
B 7 A R IR I R e A, I ETEAREME  RE e AR e SRR E AR AR
EMESEEE[T] [8] [9]. N T Gi—#Fh TN AS e MR AT SR IS, FRATTAR IR FH W Rl AN [ 1) i AR 4%
P A B R (1 I A R L

causal BT —FIEFURE T, %2 H Volterra £ HA4 7R IRF i ik, FFH Tonelli &
g RS E 3o causal 7 AT DAH LA BB EE V2 MR FROR, X B pR A sz bR HE IR VR 2 S R G
i, Bk, causal RAFICMATFMEMAT/rEE, HAh, BERMERG— TEWNEMS TR 7
oy 7 R AT PR BT SR 320 5 2 Volterra BR43 75 FE R Fp L MER 4y 7 FE 4%, IX B T 1VF 22 243 1 G,
R L ZERSHE SR, 0L 35[10].

BAE, A RMKMMD RGP B E M AL I, xS causal 51 Ik &
SR FE R e PEI I IS S 2 b o RSO Bk i > R 4051 NF causal R4GEE, R B H R e
A=Y R R B R AP R R e MR 2, & T ik RGE RO 78 R

PAUR AR ARSC I G : 55 2 S0 NP iR, 2 B SR R BT 5 3R, B 1Y) B DL RO ) P s e 3
53 I RASCI By, TEAERATMSE S, BIE A causal BT HIBKI I R B E M.

2. MEAR

A, FEXR, =[0,4+0), E=C([t,T),R"), Jfiz XA Feki¥kk:
K={aeC[R, R, ]:a(u)& ™ i, a(0)=0};
P ={aeC[RxR,,R ]:a(t,u) e K XMt e R};
F={heC[RxR,R,J:h(t, )% T x R4, inf h(t,x) = 0]
S; ={heC[RxR,R,]:h(t,x)<5,heT}.
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N T RENSSELF W 7S A causal 57 IR L) T AR IO A L B AR E Ik, FRATTE s AT 5% causal 55
TS

L WX T E PMEN TR (X Y), HEH0<t, <s<tB x(s)=y(s), H(Qx)(t)=(Qy)(t),
0<ty<s<t, t<T, TRAEFIEEE, MFQ:E — E /& causal H 1.

ARCH BRI causal HF K R4S

) =l (X) @
UL ER R R 5
Au(t)=J, (u[k ) @)

HHEeC[I,R], QeC[EE], geC[R’ R ARG~/ (t.5 xR L2ELM, HHI R>R,
3R> Ry AX(4)=x(t7)=x(t ), BT L x = x(tity, %, ) AT FEQ)HAL AR, AU EUE L
u=u(t;ty,uy) -

FPRBANG E WL BRI — AR S SFEARE . —BURE. SRS, —BURGI. FE
Wik, — SOt S5 RN RERS E A — BT R E

EX2 Fh,hel, RALQ)N:

@ (ho,h) S ERER, WRMFEEN >0, teR,, FE DY NKT o LM IE R
5=0(t.¢), MFHh(t), %) <&M, h(t,x)<e, t>ty;

(b) (hy,h) —BFEm, WRNTEREMe>0, FE-NMKTMERBS=06(c), HHNY
ho(to, %) <GB h(t,x)<e, t>ty;

© (hy,h) ZEWEIH, WA TEEN >0, t,eR,, FE—DERBS=5(t,¢) FIT =(t,¢)
A4 (t, %) <& B, h(tX)<e, t2t+T;

@) (hy,h) =SSR, WRNTAEEMe>0, HE-DERKS=06(e) MT=(¢), Y
ho(t.X) <8, I, h(t,x)<e, t=ty+T;

) (hy,h) S EEMrdtey, WS TAEEMe>0, a>0, teR,, FE—NIERT =T (t,, 6 a) Hif3
By (ty, %) <a B, h(t,x)<e, t=t)+T;

(f) (hy,h) —ZHrdtr, WRETHT =T (s,a), BT 5t ToK;

(9) (hy,h) SEEEHTEERE R, WA (@) A(c) Rl oL s

(h) (hy,h) —Bo#r Az E R, R (b) F(d) RIS AT .

AT UEMASCEBAIR, AT H “UFT. —8UF T, #ik T IOMS, DUROR T AR
BRBUT — LA DG E Lo

EX 3 #hy,hel, ATFR:

(@) hlFT h, WRXTLHEMr>0MEE P, Zhy(ty,%)<r i, fEh(t,x)<

(b) hy—FUFT h, WERXTLHEM >0 FEB g e K, Zhy(ty, %) <r B, 5 h(t,x) <

(©) hyHRHELF T h, X T4 M r >0 MERH g e K, 2 hy (ty, %, ) <r B, 43 h(t, x) <

EX 4 WIRHV eC[R, xS;,R, |+ hy,hel HATHK
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(8) V (t,x) 4 h IR, IR LR T >0 FEREL g e K, Lh(t,x) e S, I, M b(h(t,x)) <V (t, )

(0) V () 4y D, IRREATSER) > 0 BB B 21h(tx) S, 1 (E43V (tx) <a(th(1x)

(©) V (t,%) A h —Fk i, AR 1 r > 0 M E g e K, 24 h(t,x) e S, B, V (t,x) <a(h(t, )

SEX 5 HATREEL g (t,u):R, xR, — R, KT u & LMK, ﬁu%ﬁ%Rqﬂﬁ’J ToV,W, S
xu <wv BOZIF, U g (tu) < g(tw)v(t) HoL.

5|2 2.1 [1013% A BA R 2 A AL

(i) BEHV R, xS; >R, , V(t, x)%?xmﬁ&ﬁn B 2R A5 25 %A

(i) MFt=t, MxeE, DV(tx)<g(tV(tx(1)): Heh

D'V (t,x) = lim supﬁ[ (t+h,x(t)+h(Qx)(t))-V (t, x)}

h—0"

(iii) r(t)=r(tt, %) RMARGU =g(t,u), u(t)=u,=0, txt [IEKMH,

TR x (1) = x(t:ty, %, ) » t2t 2 A causal FTHIBD R X =(Qx) (1) X(t))=%,» t=t, (UM, 24
V(ty, %) U B, BEIREV (4X(1)) < (bt %) s t215.

517 2.2 R85 2.1 PSR RAL, BEAb:

() WFt2t, MxeE, DV(Lx)<g(tV(tx(1), t=t;

(i) I MR, BV (tx+1,(x)< I, V(LX) t=t;

(i) r(t)=r(tty, %) Bk RLQTE 21, LIRS,

BT (1) =X (61, %) » 12t A causal HEFRIMIEA RN 24V (%) <up i B0k
BV (LX) <r(tx) - 2,

ﬁﬁﬁ /\x(t)z (tty, %), t =t & & A causal 57 B K Gl > R 5 Q) AR SR, AT X
=V (tx(t)), #wHHE
D'm(t)<g(t.m(t)),tetyt,] 3)
L, m(ty) =V (ty, X () <uy, EESIEE 2.0 5P m(t) <r®(tt),uy)» Horbr® (tt,up ) ABkih oy R4
@)% Fr° (t*t u) E’Jﬂij(ﬁfro el RN AP VRN TR | 27 = s B S E R (DR
m(t,) < J,(m(t)) < (L.t uy) =u; 4

Hofru <3, (r' (L, g)) » HI(3)RIA) ARSI 52 2.1 WT75
m(t)<rt(tt,u ), te(tt]
et (tty,up ) MBI REGEQ)FKT r (t1+,t1,uf)= u, iR AR, RN I R AT AT LA 3
m(t)<r* (L, ), te(t ]

o rk(t,tk,uk*)zuk*, k=012, &X

u(t)=1<r'(tt,u), te

r(tt,uf), te(tt.,]

BAR, u(t) K REQBIE, Hm(t)<r(tt,u,), t=t, FEIA
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V(tx(t))<r(tity, %), t=t,.

3. FELR

TR LR 5 s ARSI T AR, BISH causal H HRK 03 7 R G RE AR e I o
SEHL 3.1 BUEH 2.2 RO, bR

(i) #hyhel, hy (—E4T h;

(i) V:R,xS; >R, , Vigh (—B)mAH, hiEEm;

HRRQIIEL(—BRER, MARGRI) IR (hy,h) SFE(—B0REM.

UEM: Sl h (—B04T h, WAEES, >0, ¢eP (peK) ML, (t,x) <, I,

h(t,x) < 4(t,hy (1, %)) (¢(h0 (t,x))) (5)
HIZ&AR(Gi) ViR, xS; - R Ehy (—H)MADHK, WHFEMES >0, aeP (aeK), Zhy(t,x)<s i,
V(t,x)<a(t,hy(t,x)) (V (t.x)<a(h, (tx))) (6)
STV b IEER), MAF(ES, >0,be K, i3 h(t,x) <5,
b(h(t,x)) <V (t,x) 7
5 RGN MR (B0 RaE, WA TAEE M >0, 17168, (t,8)>0(8,(¢)>0), Huy <6,
|U|<b(8) (8)

Hi ¢ e K ATRIFEAE S, >0, 65 ¢(5,)<6,. a(s,)<b(d,)-
HLS =min{&,,6,8,,8,8,} » 2h(t,, %)<, H(E)~8)E
b(h(ty, %)) <V (t.%) <a(hy (. %)) <b(e) 9)
MM h(t, %) <e» MITh(tx)<e, t>t), WMHERR, BERGEIEEM X(t)=x(tt), %) »
>, te(ty,t ] HE
h(t,x(t)) <&t <t<t’ (10)

AUy =V (L, % ) » T (9)~(L0) LA S 51 B 2.2 13 b (&) < b(h(t*, x)) <V (t*, X)<r(tt,y, ) <b(e) 7.
MITA h(tx)<e, t>ty ML,

ZiEPTiR, RGEQ)MIMEREE (hy,h) (—BORER.
4. 5ig

AL FEWTL TS A causal H Ikt o AR EERENE, BT & causal H IR T TR
G— VW TR B TR A IR BRI 54> 77 #E . Volterra #1535 FE AT LB 4 T 72
&, A T ) T B B — et R ah, P ERE TS — 1 #7 CRIARE A A M2,
WA SR T I SR B A ST 2 e X e

E&MHE
WAL 826 R ROR BRI 5 causal ST AR ME B T BRI PE S 00T (QN2020507).
S5
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