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P5(t,0) = Ps(t,0) = Po(t,0) = Poo(t,0) = 0, (1.17)
PO<0):1> P1<0):P2<07y):"':P10<07y):0' (1‘18)

XH (t,y) € [0,00) x [0,00); Po(t) FRTE t MZIRG P 1 A2 FEI24T, #F 3 B I&
MR, Py (t) FRoAE ¢ I ZIEAE 1 AN 3 AEIBAT, 0T 2 I IOMEER; Py(t,y)dy FonqE ¢ I 23
PETAEBEE, B0 2 A0 3 W%, B0 1 COHFEIIBEEIN [AFE (y, v + dy] WIIBESR; Ps(t,y)dy
FORAE N ZIERAE 1A 3 FEIBAT, B 2 FEABBE, E0F 2 CIHFERMBEEN [I7E (y,y + dy] NI
MR, Py(t,y)dy FonmE ¢ WZIFAE 2 FEAB 2R, E00F 1 4618, HBAF 3 W, it 2 CHFERE
B IRTE (y,y + dy] WIRESE; Ps(t, y)dy FRRTE ¢ BF 2 2 TEAB3E, S0 3 Refz, 40 1 18
BAT, Btk 2 ARSI A E (v, v + dy] WIIHESR; Ps(t,y)dy RoRTE t BEZIE4F 2 76
B, A 1R 3 RrfE, B 2 SRR EIZE (v, y + dy] WINAESR; Pr(t,y)dy £
FE t N 1R 2 FEI2AT, B 3 AEMEHE, M 3 CHARRME B TAIEE (y, v + dy] WEOHES;
Py(t,y)dy Rt ¢ BZIEAE 1 AHE, S0 2 e, 0 3 AEAERE, A 3 CHFEM I HER )
1E (y,y + dy] WHIRES; Po(t,y)dy RondE t W20 1 AEIBAT, M0 2 7648, 3 3 fE1B2E,
B 3 CIHARRIE RN [IE (v, y + dy] WEIHEE; Pio(t, y)dy RosfE ¢ IFZIRAE 1 A0 2 F742,
A 3 AEB I, HAF 3 CIMABRRMEEI RIFE (y, y + dy] WEORRES; X, 2ET (0 = 1,2) FI2RRL
s pa(y) R (i = 1,2) EEHERRA, I i = 1,2) CHFERBIN R y iEE %
Ag SRR 2 0 3 BRAUE, B 1 IER BT .

2 RAVEEER

SRR B i) S P R A [ 302 S B — v T8 1) = 35014 WIS 28 4 D B[R] 40 6 e 1) A7 7E
ME— Pk, B ST IR £ R G RIS A, T S e SO R AR AL A Banach 3]
g5 Cauchy [i&. 28 )5 12 12 B8 70t v B 58 RS 51~ RE BB BF TC I AR ST I TR 4R,
UL AR G S TR MR A A7 AEME— . ik, B 5B R AN R Cauchy W8 3K,
VER BB TR R S bR 3, OIS 8N

10
Y = {P € R? x (L1[07<>o))9 IP|| = |Po| + | P1] +Z 1Pl 1 110,00 < oo},
=2

WP = (POa P17P2<y>a P3<y>v P4(y), P5(y), P6<y>v P7<y>, P8<y>v PQ(y)’ P10<y>)T ) ﬁﬁj(ﬁ%
Je I EATT R Sk,
. d d d d d d d d d
A1P = dlag (*()\1 + )\2)7 *()\1 + )\2), *@, *d—y, *d—y, *@, *@, *@, *d—y, *d—y, 7@) F)7
B € 110, 00), Pi(y)(i =2, ,10) RLX LR M H
P2(0) = X1 (Po+ Pr) + [ p2(y) Pa(y)dy + [5° p2(y) Ps(y)dy,
D(Ar) = (P eX| Ps(0) = XaPy + [ p2(y) Po(y)dy, Ps(0) = [ p2(y) Pro(y)dy, ¢
Pr(0) = XaPr + [ pa(y) Ps(y)dy, Ps(0) = [ pa(y) Ps(y)dy,
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h*(0) = (hg, b1, h5(0), h5(0), hi(0), h3(0), k5(0), h7(0), h5(0), 25 (0), hig(0))
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o0 oo

1o () Pa(y)dy + / 112(y) Pa(y)dy,

S S

APy + / pa(y)Po(y)dy, / p2(y) Pro(y)dy,
2s 2s
0,0, P + / 113(5) P> (9)dy, / m(y)PG(y)dy,o,o)
2 2

S S

h* = (hg, hi, ha(y), hi(y), hi(y), hi(y), he(y), k7 (y), hs(v), kg (y), hio(y)) »

J
|

pi(0) (1- )7, Yy eo,s),
hi(y) = § —di(y — s)*(y — 2s)%, Hycs2s), i=2,---,10,
Pi(y), Yy € [2s,00),
_ Jo () (B3(0) + B3 (0)) (1= ) dy oy )0 ) (1- 1) dy
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+ (M + Ao+ p2) [|1Pr][ 170,00) + 12l Byl 220,00) + A1l PrllL110,00)
+ (A3 + p2) [ PollLro,00) + A2l Prl| L1 (0,00) + B2l Proll 210,000 + A3l PollL1(0,00)
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0
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4Py (BWI . [ 4B [Pl dPly) [Pelw)]
/o iy Bl dy‘/B+ by Py dy*/ ly By Y

- /B+ Dy, /OOO %dyz —[P(0)]", k=2,...,10. (3.23)

X iR 2 X a(y) F1 P e D(Ay), H (3.23), WFEHEFAER
0 0
/ Ay Py, < / Py dy (Lm = 2,--- 10,1 # m),
0 0

Pn(y)
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(A + A3+ A3) P () Z{(Al +/\2)P0+/0 dy+/wu2(y } [132(])+
+ {— (AL + X)) Py + dy} inr

T db(y) [Py)]”
i / { S m(y)Pz(y)} 2L,
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+/OOO {—d]z’;y) — (M + X2+ p2(y)) Ps(y )} ' [];i:,,(é/gjyd
+/0 { a  He@)Pa) + AB(y )} Puly)
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i o 10 o]
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- 00 +
- [ el 1Py [ x-Sy
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- [ ar e [ e
- 00 +
~ /0 p2(y) [Ps(y)] " dy + /0 AsPs(y) [];ify)% v
T o) R - [ ) @I @
o0 + °
+/0 M Pr(y) - [];ig((yzj% dy/o (As + p2(y)) [Po(y)] " dy
o0 Jr o OO
+ [ nan gy - [ ) Pat a+ [ anit)
<=+ ) ([R]T + [A]F)
" o oo
+[P]gi ( /0 () [Pa(y)]” dy + /O He(y) [Pr(y)) dy)




No.6 RT3 « KB — BRI (0 = BB FT A8 28 el ST [ R ) A A — 545

=) [ = [ e o - [ )
[ - [ a [ ) a
o [T - [ ) R a0 a
o) [P - [ i) o) - [ mmra
[ = [ du [ e ) a

Y / TR dy - / " a(w) [Pro(y)]* dy+ A / R dy
=— (4 2) ([P + A7)

AL ([ e ans [ ust 171" a0

[A]"
P

N / ) [Pay)] dy + / " ha)[Pa(y)] dy

+

+

/0 " a(y) [Pa)] dy + M (R + [P)

_ / ) [Poly)) dy — / " () [P ()] dy

) P dy / ) [Po(y)) dy — / " fa(w) [Pro(y)]* dy

) (%}f - 1) (/ooo my) [P2(y)}+dy+/ooo p2(y) [P7(y)}+dy>
(BE 1) [T o ay

+
1]
Py

EARRPET Ay + Ay + As J2 dispersive H 1. XS5, 5520, % P Phillips &
HAEHET A+ Ay + As FERRC AN IERSE Co- H8E. t Co- SFRERIME PR 2R 0O Jnid,
Ay + Ay + As BRI Co- SERERLR T'(t) .



2

Vol. 45

bl

546 L

EREZA Y e LES
@:{PEY|P:(P07P17P2<:'J)) 7P10<y))7PO>07P1 >OaPk<y) >Oak:23 310}7
M LA © 2 Y R B Y e LIRS L2 [E]

v = {pr e w00 17l =sup {1751 IEEL sup 1B} <}

IPX

&> Banach =8 U1 Xf P e D (4)nO, M P* = || P|(1,1,1,1,1,1,1,1,1,1,1) , [AiSF
F30 5 A

(A1 + Ay + A3) P, P¥)

rovenns [Cuwrmas [T o) e
. {_ nrmns [0 Mz(y)Ps(y)dy} 12|
w [ wrin | Pl

# [TBY ) 2w Pl

+ /OOO {—dp4(y) — p2(y) Pay) + A1133(@/)} 1P| dy

b [T G o) Pt + 2o} 1P

# [ R+ aap | 1Py

o [T o o P 114y

# [T R + 2 | IPlay

b [T Gt o) Pt + 2o} 1P

+/OOO dpéz<y) MQ(y)Pw(yHAng(y)}IIPIIdy

= M) P B+ P+ PSP~ [ PIS / " () Pi(y)dy
=2 =170

420 1P (B + PO 4 AP (Po+ P + 1P / " () Paly)dy

P / 113(9) Po(y)dy + Ao PIPy + 1P / 113(y) P (y)dy
0 0

P / 13(9) Pro(y)dy + X | Pl Py + 1P / 113(y) P (y)dy
0 0



No.6 RT3 « KB — BRI (0 = BB FT A8 28 el ST [ R ) A A — 547

s / " o) Poy)dy — 1P)Y / () P(y)dy
= 0.

ERFRET A+ Ay + Ay RIFHT. B THE P(0) € D (43) N6, HELITLA Fatforini
SR 1) JEASE U0 R 48
EIR 3.2 T(t) T =81&RS (2.1) MPHME P(0) A% FEE T, J

[T(#) PO = [I1P(0)[|(VE € [0, 00)). (3.24)

g TET 3.1 FERE 3.2 BRIA S A L.
EIE 3.3 MR 1 (y) Fops(y) Wi

pr = sup pi(y) < oo, pp= sup ps(y) < oo,
y€[0,00) y€[0,00)
M FRG (2.1) FALEME— AR RMKHEAR P(t,y), FEH A2 (|[P(t, )] =1, Vit e [0,00).
IE T P(0) € D (A7) NO, FTLhiCEk [15) R HE 11 540 e B 3.1 A,
BTt iRt =3 RSG5 (2.1) AFEME— I IER [aHBE P(¢,y), FFEATRRA

P(t,y) =T(t)P(0), Vt € [0,00),
RS (3.24) K57

|P(t, )|l = ||T(t)(1,0,0,0,0,0,0,0,0,0,0)| = |(1,0,0,0,0,0,0,0,0,0,0)|| =1, Vt € [0,00).

4 &

AR08 FRZ B o h SR IES SRR EE, WTT0 17— ER R 5 P ) A R 3 ER BBk
55— BV A B R = B R A2 28 G BRI TR A (R A E P — k. BT S, 1 Ssidid 5l
NARE 8], 7 Je e SO, K5 1% 2 SR 34 Jy Banach 25 [0 HH 3R Cauchy [ @
Bl JE, LM T 2% 2R SR B A7 e 40RO A7 AE e — 1k, e SRR U R AR B A AT
BT 7 AEAY. R, WTRUME SR [20] B ARTIE, BE RO R G RO AT AT

2 % X W

[1] RAEL. REFEMEETTE M), dbat: Bl2Eli i, 2006.

(2] SRFARK, K. BT AN E O SR B P B TS E S TR [J]. R E AU T, 2006, 17(22):
2330-2332.

[3] XA, B # TR ARG T EENE [J]. W ALIHTE K2 224%, 1994, 18(02): 19-23.

[4] JERE, X3, B3 TR B EARBE U A& B RS [J]. FA M se k50K, 2008, 38(02):
47-52.



548 L I Vol. 45
[5] FRERIT. AR TS RGN —AMEEY R Ui (1], B se B 507, 1996, 26(04): 351-356.
(6] XA, JRERIRE, BRI N FRAF R IBRATE R GE N —NFrR B R L aT S At A7 [J]. AR $eA 2440, 2008,
25(03): 421-428.
(7] Bk, FIRIE. W& AE RGN — AR R R T E R A [J]. WL R 22523k (B4 AR), 2011,
38(03): 274-278.
[8] El-Sherbeny M S. Stochastic behavior of a two-unit cold standby redundant system under poisson
shocks [J]. Arabian Journal for Science and Engineering, 2017, 42(07): 3043-3053.
(9] LHABGE, EHARER, TS BYHCES (VI & B H R G AT SE R AR [J]. L K2, 2025, 49(02):
177-188.
[10] sesEte. PIHRAFERHRAT LR 3 AT [J). BB ibaAdR, 1985, 11(1): 71-79.
[11] Cao J. Availability and failure frequency of two-unit series system with shut-off rule [C]. Singapore:
World Scientific, 1987: 1-13.
[12] Khalil Z S. Availability of series systems with various shut-off rules [J]. IEEE Transactions on
Reliability, 1985, 34(2): 187-189.
(13] 2L, JERKE. H o =3B f - HBEAME RPN [J]. B8 TR, 2010, 25(5): 717-722.
(14] FRIL, JERIRE, RLBUD. B 5K PG AN R F A I — F AR v 48 (0 = PR AR P A2 R R P SE 1k (7). R
2%, 2017, 30(01): 27-39.
[15] Adams R. Sobolev space [M]. New York: Academic Press, 1975.
[16] Gupur G, Li X Z, Zhu G T. Functional analysis method in queueing theory [M]. Hertfordshire:
Research Information Ltd., 2001.
(17] BTJuA « KEFE. BIAAFTEEMRSS G MAERFRE I M/G/1/1 HEBASERLI (8] 4 6 e 1 i ko e (3%
) [J]. B ¥, 2018, 31(01): 60-78.
(18] B[Sy « Kde, ZEILEE. S5 ZFIRSS I M/M /1 HEBBEBDIR 25 25 18] S 0 22 (8] () 58 & 1% [J]. it
IR R 22254 (B 2RBHERR), 2012, 31(02): 72-76.
[19] Fattorini H O. The cauchy problem [M]. Massachusetts: Addison-Wesley, 1983.
[20] BT g7k « KFE L. — AL B BE 2R G0 m] S A5 A e [ 4RO ) T AT A [J). gk, 2017, 37(01):

201-210.

EXISTENCE AND UNIQUENESS OF THE NONNEGATIVE TIME
— DEPENDENT SOLUTION OF A THREE UNIT SYSTEM WITH

ONE COLD STANDBY UNIT

ALIM Mijit

(School of Economics and Management, The Open University of Xinjiang, Urumqi 830049, Chma)

Abstract: In this paper, we study the existence and uniqueness of the nonnegative
time-dependent solution of a three unit system with one cold standby unit. Firstly, by choosing
suitable state space we transform the three unit system model into an abstract Cauchy problem.
Then, by using the strong continuous semigroup theory in functional analysis we prove the
existence and uniqueness of the nonnegative time — dependent solution of the model.

Keywords: Three unit system with one cold standby unit; Co— semigroup; dispersive
operator
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