Vol. 42 No. 6 LR AR 224 (A ARRHERR) FaE Hol
November 2025 Journal of Anhui University of Technology (Natural Science) 20254 11 H
XEHS: 1671-7872(2025)06-0634-09

HA Markov JJ# 1 ok v 19 BEBLE IR 2R 4t
Fa B TE A AT

SRR, YRR , B ASEE
(BB XF A 558 TR, L8 Bl 243032)

FEE: BEX & A Markov YI i1 I K ol BEAIL R G20 p W 4E 48 808 2 P )8, 3T Lyapunov—Krasovskii 21 5 -3 ik ot X [1]
Ik, EARIE R G p MR TR B E T 00 55 o X R GUAE 15 LBl ) 2t B 5 Tk o P v 4 A6 g s 07, 0 3ot #3815 8 1)
Lyapunov—Krasovskii 12 b 3 % AR A58 T I 20 5, 545 57349 Tk v o) S5 w9801 ok v f 2 49 3 5 T Rl A R AR e 1 4
PIPRSFPE, BB O EE— DI E T BB S R IR R . S5 RRWT: I Dk b X 22 gede e M A BRI, o ) Ik Bk b A Bl
T ARG TRGE, AR E W I ol ) 25 X0 R Gefa @ M7= A AN RS2 A o R, > 3R 40 52 B AR 1 s i Bk oV P
Markov £ 17 35 ME SR 5 10 3R G0 0 T 0003, 38 0 6 BRI T R 0 22 ] 197 RS M 3R n] AR AR 2 0 1 S il o vk e, AT AR A R
SRR . HAKRIT S, TR R G LR B R AR T RE VBT E 7 RS, RN BN HEBR f e
TRV EIATRE T R G, XA R MER IS IR B LIRS p WA TR ke e M OG5

KB IR A RS Tkohds s B R 48 Lyapunov—Krasovskii 1715 p B $s £08 e ; Markov W14 £ Mo Hr
RES£ES:02315  TEERER:A  doi: 10.12415/.issn.1671-7872.25038

Stability Analysis of Stochastic Delay Systems with Markov Switching and
Delayed Impulses
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Abstract: The p-th moment exponential stability problem was investigated for stochastic systems with Markovian
switching, time delayed, and impulses. Based on the Lyapunov—Krasovskii theory and the average impulsive interval
approach, sufficient conditions ensuring the p-th moment exponential stability of the system were established. The
time-delay effects were considered in both the continuous dynamics and the impulsive actions. By constructing an
appropriate Lyapunov—Krasovskii functional and imposing constraints on its differential operator, and by utilizing
the average impulse control strategy to regulate the impulse frequency and intervals, the conservatism of the stability
criteria was effectively reduced. The validity of the theoretical results was verified through numerical simulations.
The results indicate that delayed impulses have a dual effect on system stability, where stabilizing delayed impulses
promote stability while destabilizing delayed impulses adversely affect it. Furthermore, under destabilizing delayed
impulses, the transition probabilities of the Markov chain influence the system’s decay rate. The overall decay rate

can thus be modified by properly adjusting the transition probabilities between subsystems to ensure stability.
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Specifically, the p-th moment exponential stability is effectively guaranteed when the transition probability from

unstable subsystems to stable ones is sufficiently large, while the transition probability from stable subsystems to

unstable ones is sufficiently small.

Keywords: hybrid systems; impulsive control; time-delay systems; Lyapunov—Krasovskii method; p-th moment

exponential stability; Markov switching; stability analysis
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