3 26 %51 6
2013 4 12 A

w2 LB AR B AR

Journal of Sichuan University of Science & Engineering( Natural Science Edition)

Vol.26 No. 6
Dec. 2013

X E4S:1673-1549(2013) 06-0086-04

DOI:10.3969/j. issn. 1673-1549.2013. 06. 020

BEERNAITARETGRCZEREAARESN

Bk, B, % 4

(2 BGE KA R e, > M 730070)

H EHMAT—EBEETHAL, ZAAUAANARRAR MR, LAABEER, BRELH
F 4, 3E SR AG-22 B 19) Fo 5 ZE B R RRN IS A, AR L RAF R TS A% dmin, AL T AR THEAE,
BRI ERT YR AR T B T ATAL G T S S AR 09 AT RA X, KB AT T S B

KEEF SRR BIEE ARG, TEE  REHE

FE2%5:0213.2

il =

TER G SRR BT, AT R GE T SEtE 70 Hr— B
SRRy o TEWFSE A R GE AT FE VR A —
FR X SCRRAEAEARBE RGBT RESZ A5 2 2
Ot — i AR AL I AR SR, S B S DU AT AR AR R 22
5o RGUAHE IR , B e B i IR 5 B — 5 ) I 1] 5
TEAS B AG B AT Rk I3 A1 B0 1) 8 B T 25 %
(R R], AR AT SRR S R A AR 2, X AE O
M BB B SE IR | DRI FE A B A A R A DA BT
BRSO, Wita 6 A B, € FAT 52 0 B T ORI
#rE .

A WA E RGNS, I8 RGN I &
GTE DL Z , (B A R PR AR I 2 A 2% At i — o
R, I w eI s R O R T 58, ]
MEZ, B &R BB RIS R AL E
X
SCHRL 4 ]38 T T 73 A e S P A AS [ 0l
FAME RS, MSCHRLS ] e 7B FA 18R HAB M i
]S TR PR I A TG R G, A SCAE 4 DA E SO
T ARG T 1% A — P BEE IR (Y P A A [R] B o 1
IR w5 B RS, Haz FHSCHRL 6 | it il SE Pk 4 Fr iy
AT AT — RINZR G A B RE

175 H #5:2013-06-20

MRS A

1 RGBAERBL

MR SR 4 ] BEATZ R G RIWIAABUE o

(1) RGP R B AME B TR A, &
LRIFZ, — AN AR 55 S — A TR IR A . — B
TAEERAE SR AL, B4 T S 2 7E — Bk ) 58 LR RGN
b P R 40 5 [ BsF o I 8 R A A A et R 2 e
DN AR e A (RSB AN R AL

(2) B TRAE TR K A i), BAR R ok
Ro WIS TRAEAE ) — B ()46 T A e i) 1 DU A T 25
PR UG $2 BB SE R S8 10 it D0 G 15 A7 A G 2
16 ABHF )G RS IT U6 TAF , RSB B 1 18 52 58 I
Ja Y PERE 5B R IF Te 220

(3) X P ERAE R A [ BT, 55 @ SRR Y AR
WA X, 4EEmSEh Y, W mtialoy Z;, 014 Bk
MSHON A5 ap, B BIEEUMiT . 504 BRI 3 R

F(t) =1 -e™

G(t) =1 -

H(t) =1 -¢®
Hr, A, >0,0, >0,8, >0,t=0,i =1,2, 7 X,,
Y., Z,, i = 12 {0 BN &, HAHA ST

(4) AR R AR , AN RESE RIS BB HE, £ 7
— BB MR IR H, H RS H(e) , BHS X,

BRI Bms 5 (1988-) , B, Hol 20 A A+ A, 2R FMEF @ AR, (E-mail)641035984@ qq. com



%26 5% 6

JRE 5 A5 TR 2E AR 4G T AN R B A SRR & R T SEM AT 87

Yo, Z AHESS, H(e) =1 —e™,
(5)fEt = O Wh, FROFHSRFTELAE, F0F 1 e TAE, &
F 2 AR 5

2 RGIRESH

ZMESCHRES I3 RGEHAT70HT , E LR GRS

0 RGEHEAIRZS O BYIEZ], FB0F 1 A2 AR, J0F 2 78
W5, RGLIEH .

1 RGEHEARZS 1 RIS, T00F 1 AEI 4, 30 2 7
TAE, RGIEH

2 RGHEAIRZS 2 B2, TRAE L AR AR B 2 i
B I 8 PRAE R, RGEIEH

3 RGHEARE 3 MR EAF 1 S E B HE R
WRIE 2 AR TAE, REEIEH

4 RGEHEAIRTS 4 B2, G00F 1 AT, 30 2 1R
TEBH, RYEIEH

5 RGENIRE S IS 20,00 1 IEAEEBE, 5B 2
TETAE, REIEH .

6 RGLHEAIRZLS 6 BImEZ], HF 1 IETE BB, FR 1 2
BRI 1B FRAE IR , R GERAL

T RGEHENIRZS T IS 2], FR I 2 B R B BT R
TR 1 IETEB I, R

SBURUE -
E =10,1,2,3,4,5,6,7}

=10,1,2,3,4,5{,F = {6,7}

L X(1) =j, HZ e RELTIRE ), 7 =0,1,2,-7,
MRAE R B RS RS, A5 152 [ X (1) ;0 = 0f 2I5F
SRR R o Ae I [A] N R GEA AR 25 22 18] A e 1
B Ny

4

S T N R | 00 07
0 -h-p b B O 00 0
0 S R 00 0
0 0 0 - 0 b0 0
' 0 0 0 0 -d-w 0 0 4
0 G 0 0 0 -hymg Ay O
0 0 o 0 0 0 -q 0
L 0 0 0 o O 0 0 -q

R RGN AT SEERRAR , Sy FE 2l

(my,m,,m;)A = (0,0,--+,0)
{770 +a AT, T AT, AT g o, = 1

WA,

ma, — (A, +6,) =0

msa, —m, (A, +8,) =0

moBs + T, — T + mee; =0

moA, + T B — mu + o, =0

mu — (A, +a,) =0

mu —ams(A, +a,) =0

msAy, —mea; =0

m A, —ma, =0

Ty + 7 + T, vy + T, T+ T+, =1

%
J— al)\l(/\l ta, +132)
- T
l az)\z(/\z to +131) 0
()\1 +,82>()\1 +a2)
772 = o
M0t
i M(Ay +ap +8,) (A +B1)(A; +ay)
= (i
’ )\2,‘“12()\2 ta +Bl) 0
_AitBy
Ty -Tﬂ'o
2
I A]()\z +;81)<A1 ta, +,82)
= (i
’ A20‘2()\2 ta +B1) 0
S A(Ay +B81) (A +a "',32)T
- [l
6 (A, +a; +6,) 0
A (A +B,)
T =T 5 Mo
5]
o = “ +0l1)11()\1 ta, "‘Bz) ‘ (Al +ﬁz)()t1 +0‘2) ‘
az)lz()\z ta +Bl) oy
M(Ay +ay +8,) (A, +8) (A, +ap) +A| + B, .
Aoy (Ay +ay +B)) 0
A10‘2 +/31)(A1 ta, +B2) A]()\z +B1)<)l1 ta, +,82)
Az“z“z ta +,31) a]aZ(AZ ta +131)
Ay (A, +Bz)}_|
2

@



88 W T RRFIR(EAFAFR) 2013 412 A

3 ZLMRMAAS T RIS

T I ARG FR AT — 26 F2 A5 R MRl 7K )
RATE RG] 5 L ARSI n A-F B8 n 19 52 S, B EE
BRGIFENZ ARG 0] S RS AS IR AP 245 4 -

Rl HEE

A=my+m +m, +m +7y +715 =

041)\1()\1 + o, +Bz)

O*’-2)\2</\\2 + +B|)

()\1 +Bz)(/\1 +az) +
ey

)‘1()‘1 + o, +B2)(/\2 +ﬁ1)</\2 +a1)
)lzl-’«az()\z + +Bl)

A+ B, +/\1(/\z +B) (A +a, +8,)

[1+

1
[¢2 )\20‘2()\2 + o +ﬁ1) 0
ARG A
M = Ny, + Ay + Ay + Ay
RYFIF L]
WUT :A _ my tm tam, +awy; +am, + s
M My, + ATy + AT, + AT
RYOF I TR .
MDT - A _ T + 7T,
M Am, + A,y + Ay, + AT
RGN .
mer = L - !

M Am, + Ay + Ay, + AL
B PR AT RS A

B=m+m +7, +7s + 7 + 71,

KRG AT FEVE R — D EH BRI, R R S8 H KL

BERF- 2] ( MTTFF ) o
A 20 0 PIASTRAFARIE T, A 7 R -

(xn s X1 5% X3, Xy ’xs)

(-1,0,0,0,0,0)
L B A 5 81 S o

MTTFF = x, + %, + %, +%; + %, + %5 =

T— A —fs 0 B A 0
0 L -8B A B 0
0 0 —p 0
0 0 0 -pu 0
@ 0 0 0 -2 -q
L 0 a, 0 0 0

-1 0 B A 0 0
-1 -A-8 A B 0 0
-1 0 -u 0 " 0
-1 0 0 -u 0 I
-1 0 0 0 -A - 0
-1 o 0 0 0 -\ -
-A =By 0 B A 0 0
0 -AN =B A B 0 0
0 0 -u 0 “ 0
0 0 0 -u 0 o
o, 0 0 0 -A - 0
0 o 0 0 0 A -

iz FH matlab BAESR AR b, 20108

RN + i Boh, + iy By + 3plag NN, +

o N B+ BB+ WP, +

RACBoN, + Lot A By + 2pA i, +

oy Bohs + oy NiBy + oy M, + 2 NN, +

RBAN, + WALBIAL + ik, + plalh, +

Wa N+ wra s+ WA+ AN, +

RN, + WNB + pay BBy + oy B\, +

oy N By A+ BN BN,
BN

M (adA, +aiB — B, — ayAja, +

WA+ aBod, + oA+ oA By +

B + 8,8 - Aa,B, - a8, +

Bahi Ay + Bod By + AIBy + i)’

T 3 ) — B AT FE VSR AR — 2E g AT R, A REAR
UMb S B AR G AR O, A5 2o 3k S B84 X &R
G2 (1)1 B HI A b R o A b AL, T 6 Sk S i L —
JERFRE B SRR SR T 30 5 78 55 € 55 ) vh R 7 5
Uk

4 KpIEiE

IR LR B R 1T XF LB IE «

(1)/\1=5,)\2=4,(x1=1,(x2=2
B =6,B8,=T,n=4

(2))\1 =4, =3,a =2, :%

Bl :S’BZ :6’M:1



%26 5% 6 M JRE 5 A5 TR 2E AR 4G T AN R B A SRR & R T SEM AT 89
K PIAEARA T REPEFR AR AR AT 235 20, I AS [2] XM #0058 .n AN R AL 3R 4k v k AME 2238 409 %

Pl T ST A, Hoh s — AL i v S bEFR AR - W& T A Gt T BT B MK FFIRI
A =0.436, M =1.86, B = 0.98, MTTFF = 0.712 201031(3):24-29.
AL AT RS AT 3] KA, E %= AK ARG Z KA B EE TH A

A =0.817,M =274, B = 0.0296, MTTFF = 2.18
I PO, B A AR G T R I R T —
2, TS — 21 10 AR G0 18 B A 10 R E 3 Uz T8
Ho RMLHCEEE T T I RGBS E AT
AT SEVEARDS, B TR 40 58 i) — L on R Al —

Geth T M[J].E T TAH KK F FIR,2012,
31(1):98-101.

[4] TR) 48,5 % & 97 & & 4% 4 B % R B3R 4F B e
&5 A% T AT L K 3 5 4R,2005,29

ARSI e RS T— B3R ():408413.

[5] FREAM,ZABER SR A R B REETE B
& % X #: B A & TS RATERSA[IL.ZME TR
[1] B R 28R 4R A LR A5 & T LR F 3% .2007,33(2):168-172.

SORE TS R %0 T4 35 09 £ B AR [6] & &4 A2 AR. T E M F 5] B [M]. b A5 s

[J]1.2010,40(4):100-106. #£,1986.

Reliability Analysis of Warm Standby System of Two Different Components with Delay Repair

LIAO Peng-tai, WANG Jun-yuan, HUANG Jian
(School of Mathematics, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract; A warm standby system of two different components with delay replay are studied. It is assumed that the
working life, the delay repair time and the repair time are all exponential distributions. Then, the reliability, the mean time
to failure are analyzed by Markov process. And the analytical expressions of all steady-state reliability indexes are obtained.
Finally, a simple model are given for testing these reliability indexes.

Key words: delay in repair; warm standby system; reliability; failure frequency





