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The exponential stability and reliability analysis of a kind of
single-component repairable system

LIU Dongxu', SI Wenyi*, YUAN Yujiao'
( 1. Department of Mathematics, College of Science, Yanbian University ;
2. Network Publishing Center , Yanbian Education Publishing House; Yanji 133000, China )

Abstract: A kind of single-component repairable system is investigated. We set up the model with supplemen-
tary variable method, and prove that the dynamic solution of the system exponentially converges to the steady-
state solution. Moreover, we prove that when the repair rate p(x) is some piecewise function, the limit of
instant state availability is not the steady state availability of the system. Last, we obtain the reliable condition
of the system.

Key words: C,-semigroup; stability; reliability

A S AT A AR GE ) B B AT SRR AR R 2 — B 20 Dy Wi I AT R R 2 ] A AR AR A A

T A R R 0 S8 P R 078 L A RIE A = ey« JER XY 4350

PR FR GE I F7 i RS B S 1 168 LR (] o [ N AMR 2 01 58 5 06 AT T WF5E. B4 - SCRRL LT A5 45 0 T4
RO EASBR s SCR[2-4 ] i —edl p —(EaE 25 17 XY IR 1] 53 A Bk £ 24 [ AT BE i £ 1
A R SCHRES | 435 Xk BB R A8 52 28 G 1) ik s ] T2 a0 2R 5 i 2 A1 R0 168 BRI 1] 23 A #6802 i

B AT 82 ¢ Ik 20 B i I AT RE AT R A () 7#+/\+# e T, R AR e g3 R AR BRI H L

T B R RO 2 5, W AR LRI o] B OGRS R ¢ R R B B oRn b Ak A RITTIE ERE T IE R RS
B 52 35k pRECESS A 038 R DL HGGE S R I AR SCRE T 9848 &2 50 pRERES i B3 A nl 8 2 R R i Fa e M
GICIETES

KB 2013 -04-25
e XA 1984—) 5B, B, BF9E J7 1) Sl 1 2 R 43 4.



16 I 0 R A CE AR BE RO 5540 45

1 REHR

FAERIE B AR Gt — A BTG L YRR AR I AR G AR 2 AR R I R SO B R R
bR KICINE o I SCHRES ) AP 9 b FE AL 8 0 » SR T A8 52 AR e A B B0 ] AN 1 5 e 4 ik

d])ét([)——/lpo(t)JrJ 2() pr oD
I, () | Apy (D)
191‘ + Iat :_#(I)pl(l'vt)s (1)

P1C0st) =2Apo (1),

Po(0) =1, p;(x,0) =0.

Hrp 0 REFRRGIE T 217 DIREFRR RGP po (O RN 2R G T IEH RS BMEAR L AR
R G HBOME A p (o) FoR RGAE TR HAE LR « B R, p(x.0 B e N2 RGAL T

RO FLAE I I« (R, A S B 0 < () <+ oo, j:m@de:m, B p (O + p (0 —1.

T AE Banach z3[a] g il 42 Cauchy BB AR RS (D). X A= dlag(—/h—c%—,u(rﬂy

0 | ptode
— 0

CBURE S E X = (y GRXLl[OvOO)‘ HyH :‘yo‘+ [ Vi I Lio.eo b o AR (X,

0 0

dP1 (x)

I+ 1) & —4 Banach %5 [al. JUE+ A i LD (A ={pec X € L'[0,00), p) () RYE T 58

BREL, H p(0) =Apo}, MRS (D) AR~ Banach z5[8] X Fag— P4 Cauchy [a] 5 .
JdP(z):<A+B)P(z), t>0;

dz (2)
P(0) =(,0T,

2 RAEBmHRER

M6 5 RE : D 6 F A+ B R BURIEF T LR 75 @ 2 Rey > 0 if .y € p(A).
R T | < o AT RS AT ST A B AR EREST G KB TG,

AWM FE®
1 A% MM PO . H PG =T@PO).
T THIE B R G0 il B e AR E
EE2 0 REHET A+ B AN (.
iE HEIEGI—A—BP=0,

— 0P| uGop ode =0, (3)
0
LD ()i (o) =0, 1

(1) 18 py () = py (0)e Ll @NE g g A (3) 348

J*(}/—O—A)po-O—pl(O) Jkﬁlu(x)ejolmmmcd 0, -

bi)o — 1 (0) =0.



%1 KA L 45 - — S AR F T 18 52 3% ¢ 19 B 1 B PT 1k 0 17

— (D J pCeye lo e g
0

WHEA G W REATI AN D) = REAI M. Yy =0 W,

A —1

J() /“(1,‘)67J0 Dﬁ‘(é)jdédl' :19 ﬁﬁ(lﬂﬁlﬁ D(O) - 1 :O9 EI] 0 IEEL:%:% A+B E(JZIK?E{Eaﬁﬁ/H\:Xj‘@E/‘J“

ﬁjkﬁlzli?ﬁmijj P=(p;,pi(x)).
G0 RETFTA+BRHILERETA+B " WAMEME,. HQ==0.D) 2B FA+B " MM T 0 MA

T, TRA(P.Q) = p +L‘;p1<x>d1 ~ 0, HHIEE P € DAL B) £ ((A+BP.Q> =0, lI (A +

B)"Q=0, i 0 /& A+ B WRIEARMAE. HILATHL L [ po | =18 P=(p,, py () IEHLE ]
I P = (po. b1 (2)) B RGEMET IE M.

EFE3 (y€ C|Rey >08y=ia.a € Rua# 0} C p(A+B).

B X Vye C,Rey >0 y=ia,a €& R,a#0FH:

(y + )0, —f”,lmpl(x)dx — 3o
0

(6)
dx

ldPl(l) + O+ pa)p () =y (2,
p1(0) =2Ap,.

fRITREL(6) 15 pr(x) =Apoe Jotrencenas +J’ e J"l[”/*(f”dfyl (D) des AN v, (2) € L'[0.00), ) p, (2) €

0

L'[0,00), NI J7 B4 (6) A ME—ff T R(yI — (A+B) =X. i F yI — (A+B) ZHE T, h A&
BEHmM. (yI —(A+B) " FAEHAR .My € p(A+ B).iEH.

ey d — e Jw,u(‘r)dx
A_]EXA:dlag(_/\_L‘v_i_/l(_I))aB: 0

d »ﬁﬁl30<c<ijp<s)ds,xe<o,
N x J,

0 0

+oo), Wit A+ B=A+ B.

1
Rey+ ¢’

FE4 HEAG METEL MY Rey >—clif,y € oA HH | GI—A)7" | <
HEFA M Rey >—c B STEELHEMN y=Cyo.3 () ,%Zﬁfﬁﬁ?ﬁﬁ(ﬂ—g)PZL HrhP=(p,,
J(y+){ +C)Po:yov
p (), Hgir ik dpl(l)Jr()’Jr/J(I))pl(l)—yl(I) T Rey >—c, iy £—A—c. i LR
lpl(o) :APQ.

FRRHA po——2—, p(2) =2Ap e*J}Z'J‘/“f”"EJrJ’ ol g
0 7+A +C 1 0 . 1

IRBESCIRLT ] SO 73 080 P < ot Ly i B8 Rey > cBif, (I — A

T e 1
_ =] R ) _ 1
X—>XEERW LUy € p(ALIFH || GI—A7 | SReyte

it 1 &Atznﬁﬁ%}(,cﬁnﬁwi 2, %%Aiﬁiﬁﬁfﬁﬁ:{:ﬁi S BFEEEIAY . BT B
c>w >0, [ SO e, t >0.

VEREFISY T B — A BB T AT 2 55 5 F R PR 020 40 0 30 i 0 L B S 3l A DL




18 I 0 R A CE AR BE RO 5540 45

FES WA WRGE L. WATEE B2 E T A+ BEVE T A+ B) 4 B ES B T(O B F
RN

DyeCs Rey+e>0H0,y € c(A+DB) & D(y) =0.

2) By =0, MEEM 7. € {y € C|lRey >—c. D(y) =0}, 7 7 vo. HHh v, $ic BUSEERB WHE 7
Reyin << Reyis £=1,2,3,-- N, W y, =0 Jj& A+ B 1" 4 5 LA AE(E.

3) WP =(p, pr () ERGFAEM KL ZMAP Q) =1 IF2XF PO € X, Q=1.D, {74
FHM =0 f o >0, i3 | T(OPWO) — (PO QP | < Me™ ™, ¢ >0,

MR 1) % Rey >— c I JEMEEM 4,y € p(A), 4 yI —A—B=(yI — AU —R(y,A)B).
DA A B T AR AE AR TR b F A EAE . AT 7 € p(A+B) i 783 4 12 1 R 2 R(y . A) B A fiF fH.
.24 Rey +¢c > 0K, v € 6(A+ B)&D(y) =0.

2) By D(y) #E Rey >—c FIEfRMT R 22 A A RAF S, HAEA BR XN &A R s, BT
VSN 3ET A+ B RIS AE 22217180 . B 5l 1 04 s PR % s AR AE B 4 v, 19 0 J& A+ B (W BLA IEARE ]
P AT B AR AE (L T ER AR o O ASAE (A0 5 SO OS2 A 7 AR A (.

Wy =0, XEEM 7. € {y € C| Rey >—¢, D) =0}, ye # vo. Hoth v, #% BRI W HE 7
Reyin <Reyis k=1,2,,N, W y, =0 & A+ B [ 4% 5 LA EAH.

3) I HE BEH 3 7 B L G B s e B RO A TS L T DL A+ B AR IRIORRE T (0 55T A R
M2 S A AR TR A AS B3 L0 T T (o AR T 0 (A + B) < wo (A + B). RIS T BEA R
EFEH. PO € XUKQ=Q. D) FEFEM>0 o >0, g

| T(HP) — (P0), Q)P || < Me 759, 1= 0,
IR AR R PR — R AT RGN Bh A i DU BUE ST R MRS .

3 RGERAEMESHN
TR e Co) A B T JE po (0 RSB AT FELTE po #0560 AT o) fE0
RBEFE S limp, (0 = pi AL Co) Sy B AT po (0 FEAREL o BB B e o) S — 4B

0r 0T <t N - N N .
PREL: () = {Z - A < pro s S IR GERIBET AT BE po (O BT FE L I Hlimp, (0 = po
19 X t. PSS
M5 b i T AR SEACB N B A AR KR RN R B R R — B IR B 5 Y > g0 B
E‘J‘ﬁ%% /7“\ M1 = Mo +h, /H\:EP h > 0.
EE6 0 <r<r W, po(o) FIH K.

A3 / A N d 0
B T () =1— po(0) B0 < ¢ < ¢, B RGOS 1 /I\ﬁﬁ;mm%‘”:—u +
=z — o It ! — o’ 1—s — /1 — 1)t 0 wdp()(t)

po)ﬁo(t) +/loyﬁz~}7:’f§f po(t>: e uﬁ(‘)[)o(O)JFJ‘Oe Gt (€ )/Jods— me Gtaeg) +Ai#0-@‘,ﬁ.}§ dt <Ov
LI po (0) B8 36 0k

RIET Moo B po (0 (RFFRIMBR AR b < A

. N A _ 0 A A _

+ Z & A _ _ tpg )t yad _ Qg1 NA

E XRETEBL S PO =P =G T ).

=t B ITRRCD E 1 AR LD — G ) po (0 b e b TR

dt



%1 KA L 45 - — S AR F T 18 52 3% ¢ 19 B 1 B PT 1k 0 19

_ A —Qtp )t to __poth — g+ =) o +h
1) = |———— o o 0 .
pO() (/1+/,t(>e +/1+/1<) A+#(>+h)e +A+/X()+h
Xt po(0) K FAG
dp()([) —( — A (A Ho Ho +h
— h A+,u0+h)(1 10) Atpg)ty _ s
dlf (AJF#OJF )e (/\ +/1(>e +/1+,uo A+/x()+h)
. _ _ dp, (D) A G +h
AR — h bprg 1 (Gt 0. A 8L 0, I gty Mo Mo 0; #
E“ (;{_‘_#O_’_ e < ~ de = J\Jﬁl +/J<)e +)& +/xo /1+/1(>+h> =

4 A
g L < e“hi_iloluil'

UL M5 b < AT B0 g () A SO0 o) I 3 8 o 7 L A SR L

e(/l \,10)10 . 1

RGNS A FE— R Hlimp, (0 =2 T 0 20> AT 0 00
10 0 070 —

G-t o) ENBA limp, (0 = 4T i O 3R GO R0 R 25 0

Y ¥

[1] Wang Wendai, Keceioglu Dimitri B. Confidence limits on the inherent availability of equipment[C]//2000 Proceed-
ings Annual Reliability and Mainability Symposium, 2000;162-168.

[2] Ananda M M A, Gamage J. On steady state availability of system with lognormal repair time[ J|. Applied Mathe-
matics and Computation, 2004,150:409-416.

[3] Ananda M M A. Confidence intervals for steady state availability of a system with exponential operating time and
lognormal repair time[ J]. Applied Mathematics and Computation, 2003,137:499-509.

[4] Chandrasekar P, Natarajan R. Confidence limit for steady state availability of systems with lognormal operating
time and inverse Gaussian repair time[ J |. Microelectron Reliab, 1997,37(6):969-971.

(5] ® &4, Bl aTHREEEeEshe M. dbat . m S 80 At 2006,

[6] Pazy A. Semigroups of linear operators and application to partial differential equations| M ]. New York: Springer,
1983:13-22.

[7] Liu Dongxu, Jin Aidong. Zhang Yufeng. Exponential stability of a four-state system[]J]. Journal of Information
and Decision Science, 2009,4(1) :75-82.

[8] VUK. iES LA FUG LRI 3h & LT ] ¥ #Hi.1990,33(6) : 757-763.

(9] Pk, 5838 4E (Co) F MY Sh A B F AR A A1 LT . B4, 1993, 36 (3) 1 335-340.



