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Abstract

There is presented the IS&RDSS application to diialility of the improved exemplary complex teatadi
system prediction. There are considered three whyse exemplary system reliability improvementhat
single reservation of its components, a cold singéervation of its components and replacing itaganents
by the improved components with reduced intensitiesleparture from the reliability state subsetbe T
evaluations of this ways improved exemplary systentonditional multistate reliability function, the
expected values and the standard deviations einitcenditional lifetimes in the reliability statetsets and
the mean values of its lifetimes in the particukdiability states are performed. Moreover, in tase when
the improved system is repairable, its renewalaradlability characteristics are estimated.

11. The improved exemplary system In order to improve the reliability of the considdr

reliability modelling exemplary system there are used the following
methods:

11.1. Reliability improvement of the - a hot single reservation of system components,

- a cold single reservation of system components,

- replacing the system components by improved
Considering the results of the system components components with reduced intensities of departure
reliability modeling from Section 3 [3] concerned  from the reliability state subsets.

with the fixed system rellablllty structures and \We assume that the reserve components of the
their shape parameters and with the assumed thesypsystemsS,, v =12, are identical with the
exponential models of the reliability functions of
the system components in various operation states
and the results of the evaluations of the system sense, i.e. they have the same four-state retiabili
components intensities of departures from the functions

reliability state subsets from Section 4 [3], weyma

to perform the improvement of the system  [R“(t, )]

reliability. = [L[RY ¢, D], [R (t,2)]®

exemplary system

basic componentsE”, v =12 in reliability
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IR (t.3)]“], (110)
t20, b= 1234, v=12,

with the exponential co-ordinates
[Ri” D] = expHAP (D] 1],
[R” (t.2)] = exp[-{A” (2)]1],

[R” (t,3)] = exp[{A” (3)]”1],
t>0b=1234 v=12 (111)
different in various operation states, b= 1234,
where  [A” (@], [A7(2]1Y, A1,

b= 1234, v=12 are the subsystems
components unknown intensities of departures
respectively from the reliability state subsets
{123}, {23}, {3}, determined in [2] and partly

presented in [3].
Moreover, we assume that the improved system

components E”, wv=12 have reduced

intensities of departure from the reliability state
subsets{1,23}, {23}, {3}, at the operation state

z,, b= 1234, by multiplying them by the factors
[of” (W]®, 0<[pf” (U)]® <1. Consequently, the

)
improved components the

reliability functions

have four-state

[RI (.01 =1,

[R” . D1®,[R” 217 [R” t.3)]"], (112)
t=>0, b= 1234 v=12

with the exponential co-ordinates
[RI” (t.D]Y = exp[HA” W] [p” 11,
[R” t.2)]” = exp[-[4" (][ o} @],

R (t.3]® = expH-A” (31”4 @)1

t>0b= 1234, v=12 (113)

In the case, when we improve the reliability of the
considered exemplary system by replacing the

system component€(”’, v =12 by improved
components with reduced intensities of departure
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from the reliability state subset§l,23}, {23},

{3}, we assume that the fixed factgy” (u)]®,
v=12, u=123 b= 1234, reducing intensities
of components departure from the reliability sate
subsets{1,23}, {23}, {3}, are as follow:

- for componentsE(, i =12, of subsystens,

[P W)]® =10,i=12, u=123 b= 1234,

- for componentsEy, i =12, of subsystens,

[P W)]® =09,i=12 u=123 b= 1234,

- for componentsE?, i =12, of subsystens,

[pYW)]® =08, i=12 u=123 b= 1234,

@)
i1

- for componentsE i = 1234, of subsystem

[pP(W]® =09, i=1234, u= 123
b= 1234,

- for componentE?, i = 1,234, of subsystem

S,

[p2(W]® =08, i=1234 u= 123,
b= 1234.

Thus, as we fixed in Section 4 [3], at the
operational statez,, the system is identical with
the subsystens, that is a four-state series-parallel
system with its reliability structure shape
parametersk = 2, |, =3, |, =3, andits four-state

reliability function is given respectively by the
vector:
- for the exemplary system with a hot single

reservation of its components, according to
(12.57)-(12.58) from [1] fov =1 and p, = ],
[R(l) (t, m(l) - [l [R(l) (t,l)] (1), [R(l) ('[,2)] (1),
[RY(t,3)]"], t=0, (114)

with the coordinates:

[R®(t.0]” =R%,

t1
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=1-Mlt~

1=1

J_|3:|l[2 expHAY @) “1]
- exp[2[A® @) “1]]] ,
[R®(t,2)]% =R, (t.2)
~1-[]li- J|3=|l[2exp[—[/‘§” @%1]
- exp[2[A® (2“t]]],

[RY(t.3)]” =R, 3

=1-ni- I'I[ZGXP[ (A7 3) 1]

II:N

—exp[2[4]” Q) “tlI] -

After substituting in the above expressions for the

coordinates, the suitable evaluations of the system

components intensities of departures from

the

reliability state subsets found in [2] and partly

presented in [3], we get:

[RO D]

=1-[[1- [2exp[-0.0008&] - exp[-2[0.0008]]
[2exp[-0.0011] - exp[-2[0.0011]]
[2exp[-0.0011] - exp[-2[0.0011]]]?,  (115)
[RO(,2)]%

=1-[[1- [2exp[-0.0009] - exp[-2[0.0004]]
[2exp[-0.0011] - exp[-2[0.0011]]
[2exp[-0.0011] - exp[-2[D.0011]]]>,  (116)
[RO(,3)]7

=1-[[1- [2exp[-0.0009] - exp[-2[0.0004]]
[2exp[-0.0012] - exp[-2[0.0012]]
[2exp[-0.0011] - exp[2[D.0011]]]>  (117)
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- for the exemplary system with a cold single
reservation of its components, according to
(12.59)-(12.60) from [1] fov= T=nd p, = 1

[RO,01Y =[, [R®ED]Y, [R (t,2)]?,
[R®(t3)]“], t=0, (118)
with the coordinates:

[R® (1] =RE, ) =

II:N

- [IA+IAT @171 expEHA? 1411,
[R?(t.2)]" =R, (.2)=

L[] - [+ AP @)D expHAY @) 1],
[R®(3)% =R, 3=

1- ﬁ [1- |'|[(1+[/1(1) @1t exp[HAP )11

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], we get:
[R®(t,1)]"
=1-[1-[(1+ 0.0008) exp[-0.0008]] [

[(1+0.0011) exp[-0.0011]] [

[(1+0.0011) exp[-0.0011]]] ?, (119
[R®(t,2)]%

=1~ [1-[(1+ 0.0002) exp[-0.0004]] [
[(1+0.0011) exp[-0.0011]] [

[(1+0.0011) exp[-0.0011]]] ?, (120

[R®.3)"
=1- [L—[(1+ 0.000%) exp[-0.0004]] [

[(1+0.0012) exp[-0.0012]] [
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[(1+0.0011) exp[-0.0011]]], (121) [R® (t,3)] ¥

- for the exemplary system with reduced rates of =1-[1-exp[-[1.0[0.0009
departure of its components, according to (12.61)-
(12.62) from [1] forv= land p, = 1 + 09[D.0012+ 0.8[D.0011t]
[R(3) (t, m(l) = [1. [R(3) (t,]-)] (1), [R(3) (t,2)] (1),

=1-[1- exp[-0.0032]]. 125
[RO(t3)]], t=0, (122) 1-[t-exl I (125)

The expected values of the system conditional
lifetimes in the reliability state subsets {123}

{23}, {3} at the operation statez,, calculated

from the above results given by (114)-(117), (118)-
, , . (121), (122)-(1125) respectively, according to
1- (] L- expl-S 147 @1V Lo, @1°1), (12.63) from [1], are:

with the coordinates:

[R® (1] =RE () =

- for the exemplary system with a hot single
[RO(t,2)]®=RY, .2 = reservation of its components

2 3 (1) C939.53, 4 (2L 911.15,
1-[L-epb S0 @177 @174 e w e

u® (3) £ 881.87, 26)
[RO(t,3)]"=RY, 3= - for the exemplary system with a cold single
reservation of its components
1- ﬁ [1- expl-S[A9 3] “ Lo 3)]“1]. @ @
il 2 ) 4@ @) £1285.90, u® (2)C 1247.58,
u? (3) £1207.25, (127)

After substituting in the above expressions for the

coordinates, the suitable evaluations of the system - for the exemplary system with reduced rates of
components intensities of departures from the departure of its components

reliability state subsets found in [2], and theefix

value of factors[pf” (u)]”, i =12 j=123 we u® (@) £557.11, u® (2)C536.99,
get: 4 (3) £520.10, (128)
[R®(t,1)]¢ and further, using (7.8) from [1] and (126), (127),
(128) respectively, it follows that the mean values
=1-[1-exp[-[1.0[0.0008 of the conditional lifetimes in the particular
reliability states 1, 2, 3 at the operation state
+09[0.0011+ 0.8[D.0011t]? are.

- for the exemplary system with a hot single

reservation of its components
=1- [1- exp[-0.00262]]°, (123) P

7 @) C28.38, 1% (2) £ 29.28,

®) @
[R®(t,2)] a® (3) £881.87, (129)

=1-[1-exp[-[1010.0009 - for the exemplary system with a cold single

reservation of its components
+ 0.9[0.0011+ 0.8D0.0011t]?

72 @) £38.32, 7 (2) £ 40.33,
=1-[1- exp[-0.00271]]?, (124) Z? (3) £1207.25, Q)3
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- for the exemplary system with reduced rates of
departure of its components

22 @ L2212, (2) C£16.89,
A (3) £520.10. (131)

At the operation state,, the system is identical

with the subsystens, that is a four-state series-

parallel system with its structure shape parameters
k=4, 1,=21,=2, 1,=2, I, =2 and itsfour-

state reliability function is given by the vector:

- for the exemplary system with a hot single

reservation of its components, according to

(12.57)-(12.58) from [1] fov= Tand p, = ],

[R(l) (t, m&) - [1. [R(l) (t,l)] (2), [R(l) (t,2)] (2),

[RY(t3)]“], t=0, (132)

with the coordinates:

()
42,222

[RY (1] =R, (3
=1-[11-[][2expHA” 1]
- expl-204” 111,

[RY (2] =R%,., (.2)

=1-Mi- I'I[2€XIO[ (A7 (1]

||:->

—exp[2[4)” (2)“tIl,

R @)

[R®(t.3)]%=Ri,,0, €3

- [1[2expHAY 3 1]

—exp[-2[4;” Q) “t]l] .
After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], we get:
[R®(t,1]?

=1-[[1-[2exp[-0.0013] - exp[-2[0.0013]]
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[2exp[-0.001%] - exp[-2[D.001&])*, (133
[RY(t,2)]?

=1-[[1- [2exp[-0.0014] - exp[-2[0.0014]]
[2exp[-0.001&] - exp[-2[D.0018]]]*,  (134)
[R®(t,3)]?

=1-[[1- [2exp[-0.001%] - exp[-2[ 0.001%]]
[2exp[-0.0017] - exp[-2[D.0017]]]*,  (135)

- for the exemplary system with a cold single
reservation of its components, according to
(12.59)-(12.60) from [1] fov= Bnd p, = 1

(R0 = [1 [R™ (1], [R™ (t2)]®,

[RO(3)]?], t20, (136)

with the coordinates:

[R® (D] =RY,,, €)=

||:|J>

M- I'_I [(1+[47 W19 1) exp[HAP Q111

R(2)

[R®(t,2)]® = 42222 t2)=

~ L~ QIEL+AP (2121 expHA? (21211,
[ R® (t,3)] (2 = R(42;)2,2,2,2 (t ’3) -

- M- AL+ 321 expHA? 3]

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], we get:

[R®(t1)]”

=1-[1-[(1+ 0.0013) exp[-0.0013]] [

[(1+0.001%) exp[-0.0018]]] *, (137)

[R®(t.2)]”
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=1-[1-[(1+ 0.0014) exp[-0.0014]] [

[(1+0.0016) exp[-0.0018&]]] *, (138)
[R®(t,3)]?

1-[1-[(1+ 0.001%) exp[-0.001%]] [

[(1+0.0017) exp[-0.0017]]] *, (139)

- for the exemplary system with reduced rates of
departure of its components, according to (12.61)-
(12.62) from [1] forv= land p, = ]

[RO01 = [1 [R® (1], [R (2],

[RO(t3)]?], t20, (140)

with the coordinates:

[ R® ('[,l)] @=R®

42,222

D)=
1-[][L- expl-S[A2 W] @[ 1] 21]]

[R(3) (t,2)] @ = R(42;>2’2‘2‘2 (t ,2) =

1- M1 expl- X142 (]9[22 21]],

R (2)

4,2,2,2,2

[RY(t,3)]”= t3)=

1- M1 expE- 3140 3] [o2 (3)]21]]

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], and theefix

value of factord p® (U)]®, i = 1234, j=12 we
get:

[R®(t,1)]®
=1-[1-exp[-[0.90.0013

+0.80.0015t]*

=1-[1- exp[-0.00237]]*, (141)
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[ R(3) ('[,2)] (2)

=1-[1- exp[-[0.9[0.0014

+0.800.0014t]*

=1-[1- exp[-0.00254]]*, (142)
[R®(t,3)]®
=1-[1- exp[-[0.910.0015
+0800.0017t]*
=1-[1- exp[-0.00271]]*. (143)

The expected values of the system conditional
lifetimes in the reliability state subsets {123}
{23}, {3} at the operation statez,, calculated
from the above results given by (132)-(135),
(136)-(139), (140)-(143) respectively, according to
(12.63) from [1], are:

- for the exemplary system with a hot single
reservation of its components

4@ () £1140.59, u® (2 1064.63,

1Y (3) £998.14, (144)

- for the exemplary system with a cold single
reservation of its components

u? (1) C1534.67, 4P (2)C 1432.51,

(2 (3) £1343.08, (145)
- for the exemplary system with reduced rates of
departure of its components

u® (1) £837.76, 4 (2)C815.28,

1 (3) C764.14, 46)

and further, using (7.8) from [1] and (144). (145),
(146) respectively, it follows that the mean values
of the conditional lifetimes in the particular
reliability states 1, 2, 3 at the operation staie
are:

- for the exemplary system with a hot single
reservation of its components
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2" @ £75.96, 2" (2) C66.49, - exp[-2[AY (3)t]]] .
Y (3) £998.14, 147)
After substituting in the above expressions for the
- for the exemplary system with a cold single coordinates, the suitable evaluations of the system
reservation of its components components intensities of departures from the

reliability state subsets found in [2], we get:
a2 @) £102.16,72 (2) € 89.43,

D@ 3)
A2 (3) C1343.08, (148) [RT(.L)]

- for the exemplary system with reduced rates of =1-{[1~[2exp[-0.0009] - exp[-2[0.000]]

departure of it t
eparture ot its components [2exp[-0.0012] - exp[-2[0.0012]]
7° 1) £22.48,7° (2) C51.14,

79 (3) C764.14. 149) [2exp[-0.0011] — exp[-2[0.0011]]] %, (15)

(GVEN @®
At the operation state, the system is a four-state [RT(t.2)]
series system composed of subsyst@&nsandS, . =1-[[1-[2exp[-0.001] — exp[-2[0.001]]
At this operation state, the subsyst&nis a four-

state series-parallel system with its structurepeha [2exp[-0.0012] — exp[-2[0.0012]]
parametersk = 2, |, =3, 1, =3, and itsfour-state

reliability function is given by the vector: [2exp[-0.0012] - exp[-2[0.0012]]]°, (152
- for the exemplary system with a hot single
reservation of its components, according to

ROO (¢ 3)]®
(12.57)-(12.58) from [1] fov= Zand p, = ], [ (t.3)

=1-[[1-[2exp[-0.001] - exp[-2[0.001]]
[R(l)(l) (t, m ) = [1. [R(l)(l) (t ’1)] (3 , [R(l)(l) (t ,2)] (©)) ,
[RYY(3)]“], t=0, (150) [2exp[-0.0013] - exp[-2[0.0013]]

with the coordinates: [2exp[-0.0012] - exp[-2[0.0012]]]2, (153

[RYY(t1]9=R3,; ¢ - for the exemplary system with a cold single

reservation of its components, according to

-1- |3| [1- |3| [2exp[HA? (1) ©t] (12.59)-(12.60) from [1] fov= Jnd p, = 1,
i=1 j=1
[R(Z)(l) (t, m Q) = [1, [R(Z)(l) (t 1)] (3), [R(Z)(l) (t ,2)] (3),
—exp2[AP Ot [RO®(£,3)]®], t20, (154)
[RYW(t,2)]® =R5, t.2) with the coordinates:

[RO®(t,1)]®=R%, 1) =
1- (12— I+ A @19 explA® @191,
—exp[-2[AY (2111, [ROD(t,2)]®=R2, (t,2)=

=1- ]t~ ] [2explHA? @) 1]

RT3 =Rizs 09 1- AL~ (AP @17 Y expHA® @111,

=1- i|f|1[1— @1[26Xp[_[/]i(il) ) “t] [RO®(t,3)]® =R, (t.3) =

413
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1-[] 2~ [+ AP @1 D expHAY @] 1] =1-[] 1L~ expE-3[AY 1710 (211,

After substituting in the above expressions for the  [R®® (¢ 3)]® = RO (t.3)

coordinates, the suitable evaluations of the system o

components intensities of departures from the ) s

reliability state subsets found in [2], we get: =1-Nk- exp[—Zl[/lﬁl) @N2[p" (3)191]].
1= j=

1] J

[R(2)(1) (t 1)] (©) I . .
’ After substituting in the above expressions for the

coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], and theefix
value of factors[p” (u)]?,i=12 j=123 we

get:

=1-[1-[(1+ 0.0002) exp[-0.0004]] [
[(1+0.0012) exp[-0.0012]] [

[(1+0.0011) exp[-0.0011]]]?, (155)
[ R(3)(1) (t , 1)] 3)
[ R(Z)(l) (t, 2)] (©)]

=1-[1-exp[-[1.0[0.0009
=1-[1-[(1+ 0.001) exp[-0.00%]] [

2
[(1+ 0.0012) exp[-0.0012]] [ +09D.0012+ 08[D.0011t]

[(1+0.0012) exp[-0.0012]]] %, ase) L~ [L-exp[-0.0028a]", (159)

[RO(t,3)] [REF @217

=1-[1-[(1+ 0.001) exp[-0.001]] | =1~ [1~exp[-[L0[0.001

[(1+0.0013) exp[-0.0013]] [ +09[D.0012+ 0.8[D.0017t]>
[(1+0.0012) exp[-0.0012]]] %, (157) =1-[1- exp[-0.00304]], (160)

- for the exemplary system with reduced rates of [R®%(t,3)]®
departure of its components, according to (12.61)-

(12.62) from [1] forv= land p, = ] =1-[1-exp[-[1.0[0.001

[R(3)(1) ('[, m 3 = [1. [R(3)(1) (t ,1)] 3 , [R(3)(1) ('[,2)] (3),

+ 09[0.0013+ 0.8[D.0013t]?
[ROW(t,3)]9], t=0, (158)

=1 [1- exp[-0.00313]] . 161
with the coordinates: [ ol I (161)

The subsystens,, at the operation state,, is a

four-state series-parallel system with its strugtur

shape parameters k=4,
@1°11, ,=21,=21,=21,=2, and its four-state

reliability function is given by the vector:

- for the exemplary system with a hot single
[RO®(t,2)]® =R$, (t.2) reservation of its components, according to
(12.57)-(12.58) from [1] fov= Bnd p, = 1

[RO (t,1)]® =R, )
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[R(l)(Z) (t, m@) = [l [R(l)(Z) (t,l)] (3), [R(l)(Z) (t,2)] (3),
[RP®(t,3)]9], t=0, (162)

with the coordinates:

[RYED]19= R0, ¢
- [12- [1[2expELAY © 1]
- expl-2047 1],
[RY (2] % =R, 0.2
-1~ [][2expELAY @ 1]
- expl-204? )11,
[RY(t.3] 9 =R%,. (3
-1~ [][2ex0ELAY @)

—exp[2[4)” 3)“t]l],

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the

reliability state subsets found in [2], we get:

[RY®E1)]%

=1-[[1-[2exp[-0.0009] — exp[-2[0.0009]]
[2exp[-0.0012] - exp[-2[D.0012]]]*,  (163)
[RY®(,2)]°

=1-[[1-[2exp[-0.001] - exp[-2[0.001]]
[2exp[-0.0012] - exp[-2[D.0012]]]*,  (164)
[RY®(t,3)]?

=1-[[1-[2exp[-0.00%] — exp[-2[0.001]]
[2exp[-0.0013] - exp[-2[0.0013]]]*,  (165)

- for the exemplary system with a cold single
reservation of its components, according to
(12.59)-(12.60) from [1] fov= T=nd p, = 1

[R(Z)(Z) (t, m (©)]
[RP?(t3)]¥], t=0,

=IL[RP? D], [RP(t2)]°,
(166)

with the coordinates:

[R®® (t,1)]©=R%,,., D) =

1-nn- I'I[(1+[/1(2)(1)](3)t)exp[ [A7 1911,

||:|J>

[RO?(t,2)]9 =R%,,,, €2 =
- ﬁ [1- I'I[(1+[/1(2’ @19t exp[HA? 17111,
[RO9(t,3)] =R, t3)=

1-nn- |'|[(1+[/1(2)(3)](3’t)exp[ (A7 @17

||:|J>

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], we get:

[ R(2)(2) ('[ , 1)] (©)]

=1-[1-[(1+ 0.0009) exp[-0.0009]] [

[(1+0.0012) exp[-0.0012]]] *, (167)
(R (t,2)]®

=1-[1-[(1+ 0.001) exp[-0.001]] [
[(1+0.0012) exp[-0.0012]]] *, (168)

[ R(Z)(Z) (t , 3)] (©))
=1-[1-[(1+ 0.001) exp[-0.00%]] [

[(1+0.0013) exp[-0.0013]]] , (169)

- for the exemplary system with reduced rates of
departure of its components, according to (12.61)-
(12.62) from [1] forv= land p, = 1
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[ROD(t, 01 =[1, [RO?t1)]®, [R®?(t,2)]®, - for the exemplary system with a hot single
[RO?(t3)]®], t=0 (170) reservation of its components, according to
’ L (12.17)-(12.18) from [1] fov= Hnd p, = ]

with the coordinates:
[R(l) (t, m@) - [l [R(l) (t,l)] (3), [R(l) ('[,2)] (3)’

[ROP(t,1)]9=R%,,, t.) [RY(t,3)]?], t=0, (174)
- ﬁ i- exp[—i[/lfz) W19 0@ W]°1] with the coordinates:
i [RO (1] =R ¢1)
[R(s)(Z) (t,Z)] (3) = R(42;)2,2,2,2 (t ’2)
:[ RM®® (t,l)] 3) [ RMA (t,l)] 3) ,

=1- M- expSIA7 @172 @171]. (R¥ (.29 =R (.2

[R?(,3]% =R %eas (3 =[RY(12)]1% RV (2],
=1- []L-expl-E 147 @1 Lo @1, [R®€.3)7=R"3

=[R(1)(1) (t 3)] (3) [R(l)(Z) ('[ 3)] (3 .
After substituting in the above expressions for the

coordinates, the suitable evaluations of the system ager substituting in the above expressions for the
components intensities of departures from the 4orginates, the suitable evaluations of the system
reliability state subsets found in [2], and the fix components intensities of departures from the
value of factord o (U)]®,i = 1234, j=12 we reliability state subsets found in [2], we get:
get:
[ R(l) (t,l)] (©)]
[ R(3)(2) (t,l)] 3
=[1-[[1- [2exp[-0.0004] - exp[-2[0.0004]]
= 1- [L- exp[-[0.9 [D.0009+ 0.8(0.00131]*
[2exp[-0.0012] - exp[-2[0.0012]]
=1- [1- exp[-0.00177]]*, (171)
[2exp[-0.0011] — exp[-2[0.0011]]]*]1 0

[ R(3)(2) (t, 2)] 3)
[1-[[1-[2exp[-0.0009] — exp[-2[0.0009]]

=1-[1- exp[-[0.9(D.001+ 0.8[0.0013t]*
[2exp[-0.0012] —exp[-2[0.0012]]]*], (175)

=1-[1- exp[-0.0018&]]*, (172)
[R(t,2)]°
[ R(3)(2) (t,3)] 3

=1- [1- exp[-[0.9[0.001+ 0.80.0013t]* = 1-{[1-[2exp[-0.001] - exp[-2[0.001]]

=1- [1_ eXp[—000194]] 4 (173) [26Xp[—00012] - eXp[—2 [ 00012]]

o _ T 2
Considering that the system at the operation state [2exp[-0.0012] - exp[-2[0.0012]]]"] 0
z, is a four-state series system composed of
subsystemsS, and S,, its conditional four-state

reliability function is given by the vector:

[L-[[1-[2exp[-0.00%] — exp[-2[0.001]]

416
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[2exp[-0.0012] - exp[-2[0.0012]]]*,  (176)
[RO(.3)]°

= [1-[[1- [2exp[-0.001] - exp[-2[0.001]]
[2exp[-0.0013] - exp[-2[0.0013]]
[2exp[-0.0012] - exp[-2[0.0012]]] 2] O
[1-[[1- [2exp[-0.001] - exp[-2[0.001]]
[2exp[-0.0013] - exp[-2[D.0013]]]*],  (177)

- for the exemplary system with a cold single
reservation of its components, according to
(12.19)-(12.20) from [1] fov= Zand p, = ],

[RPtN® =L [R®D]?, [RP(,2)]7,
[R®(3)]°], t20,

(178)
with the coordinates:

[R? (1] =R ¢)

=[ R(2)(1) ('[,l)] [©)] [ R(2)(2) ('[,l)] [©)] ,

[R?(t.2)]° =R 2

:[ R(Z)(l) (t , 2)] (©)] [ R(Z)(Z) (t, 2)] (3) ,

[R®(t.3)]9=R” t9

:[ R(Z)(l) (t ,3)] (3 [ R(Z)(Z) (t,3)] (3) .

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], we get:

[R®1)]°

=[1- [1-[(1+ 0.000%) exp[-0.0004]]
[(1+0.0012) exp[-0.0012]] [
[(1+0.0011) exp[-0.0011]]]*] O

[1-[L—[(1+ 0.000%) exp[-0.0004]] [

417

[(1+0.0012) exp[-0.0012]]] *], (179)
[R®(t,2)]
= [1-[1-[(1+ 0.001) exp[-0.001]] |
[(1+0.0012) exp[-0.0012]] [
[(1+0.0012) exp[-0.0012]]] %] O
[1-[1-[(1+ 0.001) exp[-0.001]] [
[(1+0.0012) exp[-0.0012]]] *], (180)
[R®(t,3)]¢
=[1-[1-[(1+ 0.001) exp[-0.001]] [
[(1+0.0013) exp[-0.0013]] [
[(1+0.0012) exp[-0.0012]]] 2] O
[1-[1-[(1+ 0.001) exp[-0.001]] [
[(1+0.0013) exp[-0.0013]]] “], (181)

- for the exemplary system with reduced rates of
departure of its components, according to (12.21)-
(12.22) from [1] forv= land p, = 1

(RO 01 =[1 [R® (1], [R ¢2)]°,
[R®(t,3)]®], t=0,

(182)
with the coordinates:

[RO D] =R ¢t

:[ RO® (t,l)] 3 [ RO® (t,l)] 3 ,

[R(t.2]9 =R (2

:[ R(3)(1) (t, 2)] (3) [ R(3)(2) (t , 2)] (3 ,
[R(t.3]9=R,” t.3

=[ R(3)(1) (t,3)] (3) [R(3)(2) ('[,3)] (3 .

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], we get:
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[ R(3) ('[ ,l)] @A)

=[1- [1- exp[-0.0028@]]2] O

[1-[1- exp[-0.00177]]*], (183)
[R®(t,2)]®
=[1- [1- exp[-0.00304]]2] O
[1- [1-exp[-0.0018G]]*], (184)
[R(t.3)°
=[1- [1- exp[-0.00313]] 2] O
[1- [1-exp[-0.00194]]*]. (185)

The expected values of the system conditional
lifetimes in the reliability state subsets {123}
{23}, {3} at the operation statez,, calculated

from the above results given by (174)-(177),
(178)-(181), (182)-(185) respectively, according to
(12.23) from [1], are:

- for the exemplary system with a hot single
reservation of its components

u® (1) £808.64, u (2)C764.63,

1 (3) £739.45, 186)

- for the exemplary system with a cold single
reservation of its components

u? @) £1111.18, 4@ (2)C 1050.95,

u? (3) £1016.19, 118

- for the exemplary system with reduced rates of
departure of its components

1 1) C457.41, uf (2)C 431.46,

u¥ (3) C417.81, (188)
and further, using (7.8) from [1] and (186). (187),
(188) respectively, it follows that the mean values
of the conditional lifetimes in the particular
reliability states 1, 2, 3 at the operation state
are:

- for the exemplary system with a hot single
reservation of its components

418

7® @) C44.01, g® (2) £ 25.18,

7 (3) C739.45, 89)

- for the exemplary system with a cold single
reservation of its components

72 @) C60.23, 7 (2) £34.76,

72 (3) £1016.19, Q19

- for the exemplary system with reduced rates of
departure of its components

7 (@) C25.95, 79 (2) C13.65,

a® (3) C417.81. 191)

At the operation state, the system is a four-state
series system composed of subsyst&nsndS, ,

At this operation state, the subsyst&nis a four-

state series-parallel system with its structurgpsha
parametersk = 2, 1, =3, |, =3, and itsfour-state

reliability function is given by the vector:

- for the exemplary system with a hot single
reservation of its components, according to
(12.57)-(12.58) from [1] fov= Bnd p, = ]

[R(l)(l) (t, m 4) = [l [R(l)(l) (t ,1)] (4) , [R(l)(l) (t,2)] (4) ,
[RY®(3)]“], t20, (192)

with the coordinates:

[RY®(t,] =R, €

=1-][L- ] [2expHAY @) “t]
- exp[2[AY @)t

=R (t.2)

=1-] L~ [ [2expHAY ) “1t]

[ R(l)(l) ('[ , 2)] (4)

= exp[=2[A7 (2)“tIl

R @)

2,33

(RO (.3)]=R%, ¢3)

=1-[ -] 2expHAY B “1]
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—exp[2[4) Q) “t]l] .

After substituting in the above expressions for the

coordinates, the suitable evaluations of the system

components intensities of departures from the
reliability state subsets found in [2], we get:

[ R(l)(l) (t,l)] (4)
=1-[[1-[2exp[-0.0009] - exp[-2[0.0004]]

[2exp[-0.0012] — exp[-2[0.0012]]

[2exp[-0.0011] - exp[-2[0.0011]]]*>,  (193)
[ RO® (t, 2)] (4)
=1-[[1-[2exp[-0.00%] — exp[-2[0.001]]

[2exp[-0.0012] — exp[-2[0.0012]]

[2exp[-0.0012] - exp[-2[0.0012]]]?,  (194)
[RO®(,3)]“

=1-[[1-[2exp[-0.001] - exp[-2[0.001]]
[2exp[-0.0013] - exp[-2[0.0013]]
[2exp[-0.0012] - exp[-2[0.0012]]]2,  (195)

- for the exemplary system with a cold single
reservation of its components, according to

(12.59)-(12.60) from [1] fov= Tand p, = ],

[R(Z)(l) (t, m 4 = [1. [R(Z)(l) (t 1)] 4 , [R(Z)(l) (t,Z)] (4) ,
[RPP(3)]“], t=0, (196)

with the coordinates:

[RP®(t,1)]“=R3, )=
1- - [+ 1 @1 ) expELAY @] 1]
[ROO(,2)]“ =R, t2) =

1- (2= I+ 1 @1 ) expELAY 1]

419

(RO (1,3)]“ =R, .3 =

2

1-MR- ﬁ [+ G t) exp[AP B)] 111

1=1

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], we get:

[ R®M (t ,1)] 4)

=1-[1-[(1+ 0.0009) exp[-0.0009]]

[(1+0.0012) exp[-0.0012]] [

[(1+0.0011) exp[-0.0011]]], (197)

[R(2)(1) ('[,2)] (4)
=1-[1-[(1+ 0.001) exp[-0.001]] [
[(1+0.0012) exp[-0.0012]] [

[(1+0.0012) exp[-0.0012]]] 2, (198)

[R(Z)(l) (t,3)] (4)
=1-[1-[(1+ 0.001) exp[-0.00%]] [
[(1+0.0013)exp[-0.0013]] [

[(1+0.0012) exp[-0.0012]]] ?, (199)

- for the exemplary system with reduced rates of
departure of its components, according to (12.61)-
(12.62) from [1] forv= 1land p, = 1

[R(3)(1) (t, m 4) = [1, [R(3)(1) (t ’1)] (4), [R(3)(1) (t ,2)] (4),
[RO®D(t,3)]“], t=0, (200)
with the coordinates:

R (3

233

[R(3)(1) (t,l)] 4) = (t ,1) -

1- E![l— eXp[_jZ:[/]i(Jl) (1)] (4) [pij(l) (1)] (4) t]] ’

[R(3)(1) (t,2)] 4) = Rgs (t ,2) -
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1- M- expE- XA @19 [ (2)]1].

[ROV(t,3)]“ =R, 3 =

1- ] [L- expE-S[A° 3] “ L2 3] “11].

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], and theefix

value of factors[p (u)],i=12 j=123 we
get:

[ R(3)(1) (t, 1)] (4)

=1-[1- exp[-[1.0[0.0009

+090.0012+ 0.8[D.0011t]?

=1-[1- exp[-0.00284]] %, (201)

[ R(3)(1) (t, 2)] 4)

1-[1-exp[-[1.0[0.001

+09[0.0012+ 0.8[0.0013t]?

=1-[1- exp[-0.00304]] 2, (202)

[ R(3)(1) (t ,3)] (4)

1-[1-exp[-[1.0[0.001

+ 0.9[0.0013+ 0.8[0.0013t]?
=1-[1-exp[-0.00313]]%. (203)
The subsystens,, at the operation state,, is a
four-state series-“2 out of 4" system, with its
structure shape parameterk=4, m=2,
L=21,=2,1,=2,1,=2, and itsfour-state
reliability function is given by the vector:

- for the exemplary system with a hot single
reservation of its components, according to

(12.73)-(12.74) from [1] fov= Tand p, = ],

420

[R(l)(Z) (t, m 4) = [l [R(l)(Z) (t ,1)] (4) , [R(l)(Z) (t,2)] (4) ,
[RD®(t3)]“], t=0, (204)

with the coordinates:

[RY (€] =Riss0, (D)

4,2,2,2,2

=1-
Z ﬂ[ﬂ[2 expHA; ]1“1] - exp[2[4; O] 41"

M- Jlill[ZeXp[—[/\u O1t] - exp[-2[A; 1“1,

[RY(,2)]=R%,,,," (¢,2)

=1-
ﬂ[ﬂ[2 exp[{4; (2)]“1t] - exp[2[ 4, (2)]“]]]"

M- ﬁll[ZeXp[—[/\u (2)1“1] —exp[=2[4; ()]t

[ R(l)(Z) (t ,3)] 4) = Rz [6h) ('[ ,3)

4,2,2,2,2

=1-
3 NI [2expHA, (311 - expf21, (3] )"

Ny ,Ij[zexp[_[/\u @19t —exp[2[4, G ]

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], we get:

[R(l)(Z) ('[ 1)] 4) =

=1-[[1-[2exp[-0.0013] — exp[-2[0.0013]]

[2exp[-0.0015t] — exp[—2 [0.0015t]]] *
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+ 4[1- [2exp[-0.0013] - exp[-2[0.0013]]

[2exp[-0.0015] — exp[-2 [D.0015]]] °

[[2exp[-0.0013] — exp[-2[0.0013]]
(205)
[2exp[-0.0018] — exp[-2[D.0015]]

[ R(l)(Z) (t, 2)] (4)

=1-[[1-[2exp[-0.0014t] — exp[—-2[0.0014t]]

[2exp[-0.0016t] — exp[—2 [0.0016t]]] *

+ 4[1-[2exp[-0.0014] — exp[-2[0.0014]]

[2exp[-0.001G] - exp[-2[0.0014]]]°

[[2exp[-0.0014] — exp[-2[0.0014]]
. (206)
[2exp[-0.0016] - exp[-2 [D.0016]]

[ R(l)(Z) (t ,3)] (4)

[R(Z)(Z) (t,l)] 4 = Ri;z,z,z,z(Z) (t ,1)

=1-
rl,rz,%u:o i|f|1[JIE=I1[(1+ [, @1“t) expHA; @]1“]1]"

- !1[(1% M1t expHA, @191,

[R(z)(z) (t,Z)] 4) = Rz () (t ,2)

4,2,2,2,2

=1-
Z ;[EL[(“ [4, @)1t) exp[LA; (21 1]]]"

M- ,li[(“ [A; @1 t) expl{4; 1“1,

[R®?(t,3)]“=R2,,,," 3

1_

NI+ [A, 3“1 expHA, 3] )"

rn.,r2,r3,14=0 1=l j=1

r+rp+r3+rgs<l

m- ﬁll[(1+ [A; 3] t) expl{4; @I .

=1-[[1-[2exp[-0.0015t] — exp[-2[0.0015t]] After substituting in the above expressions for the

coordinates, the suitable evaluations of the system
components intensities of departures from the

_ _ _ 4
[2exp[~0.0018] ~ exp[~2 [D.0018]]] reliability state subsets found in [2], we get:

RO (t 1)]@ =
+4[1-[2exp[-0.001%] — exp[-2[0.0015]] [ (t.Dl

=1-[[1-[(1+ 0.0013) exp[-0.0013]]
[2exp[-0.0018] — exp[-2[0.0018]]]°

[[2exp[-0.0014] - exp[-2 [ 0.0015]] (I(1+0.001%) exp[-0.0015]]]*

. (207)
[2exp[-0.0018] - exp[-2 [D.0018&]]

+ 4[1-[(1+ 0.0013) exp[-0.0013]]

- 3
- for the exemplary system with a cold single [)(1+0.0014) exp[-0.0013]]

reservation of its components, according to
(12.77)-(12.78) from [1] fov = Bnd p, = 1 [[(1+0.0013) exp[-0.0013]]
, (209)
[RE(t, 0] = [1 [RO@ ¢1)]®, [RP? (£.2)] ), [[(1+ 0.0018) exp[-0.0015]]]]
[R®?(t,3)]“], t=0, (208)

[ R(Z)(Z) (t 2)] (4)
with the coordinates:

421
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=1-[[1-[(1+ 0.0014) exp[-0.0014]]

[(1+ 0.001&) exp[-0.001&]]] *

+4[1-[(1+ 0.0014) exp[-0.0014]]

[(1+ 0.001&) exp[-0.001a]]] °

[[(1+ 0.0014) exp[-0.0014]]
, (210)
[J(1+ 0.001&) exp[-0.001&]]]]

[ R(Z)(Z) (t ,3)] (4)

=1-[[1-[(1+0.0018) exp[-0.0017]]

[(1+ 0.0018) exp[-0.0018]]] *

+ 4[1-[(1+ 0.001%) exp[-0.0015]]

[(1+ 0.0018) exp[-0.0018]]] *

[[(1+ 0.00158) exp[-0.0011]]
(211)
[(1+ 0.0018) exp[-0.0018]]]]

- for the exemplary system with reduced rates of
departure of its components, according to (12.81)-
(12.82) from [1] forv= land p, = ]

[R(3)(2) (t, m 4 = [1. [R(3)(2) (t ’1)] 4) , [R(3)(2) (t,Z)] (4) ,
[R(3)(2) (t,3)] (4)], t>0, (12.102)

with the coordinates1

®

[ROPtD]W=R%,,,, D

—1- NI explA, @191, @11

r,r2,r3,14=0 =1 j=1
1+ +r3+14y <1

- [ exi-1, 1 Lo @],

.
[R®?(t,2)]“=R 42222

t.2)

422

expHA; 1“1p; @19t]1"

I~

Ml

rn,r2,3,;4=0 =1 j=1
r1+r2+r3+r4ksl

- [l exi-14, @1 1o @10,

[RO?(t,3)]“=R2,,,," ¢3)

N

r,r2,r3,r4=0
rp+rp+rgtrg <l

Ml

=1 |

| expE A, @11, @1

[ﬂl_ Jillexli‘[/‘n (3)] (4)[pij(2) (3)] (4)t]] 1 .

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], and theefix

value of factord p® (u)] ¥, i = 1234, j=12 we
get:

[R 3@ (t,l)] (4)
=1-[[1- exp[-[09D.0013+ 0.8(D.0015t]]*

+ 4exp[-[0910.0013+ 0.8[0.0015t]

[1- exp[-[0.9 [0.0013+ 0.8[D.0015t]]°]
=1-[[1- exp[-0.237]]*
+4exp[-237][1-exp[-237])°], (213)
(R (1,2)]

=1-[[1- exp[-[0.9 [D.0014+ 0.8D.0016t]]*

+ 4exp[-[0910.0014+ 0.8(0.0014t]

[1- exp[-[0.9 [D.0014+ 0.8[D.00161]]°]
=1-[[1- exp[-0.254]] *
+ 4exp[-254][1- exp[-254]]°], (214)

[ R(3)(2) (t , 3)] (4)



SSARS 2011
Summer Safety and Reliability Semindidy 03-09 2011, Gdaisk-Sopot, Poland

=1-[[1- exp[-[0.9 [D.0015+ 0.8D.001§t]]*

+ 4exp[-[0910.0015+ 0.810.0018t]
[1- exp[-[0.9[0.0015+ 0.8 [0.0018t]]°]
=1-[[1-exp[-0.274]]*

+4exp[-272][1-exp[-272]]°].

Considering that the system at the operation state

(215)

z, is a four-state series system composed of
subsystemsS, and S,, its conditional four-state

reliability function is given by the vector:

- for the exemplary system with a hot single

reservation of its components,
(12.17)-(12.18) from [1] fov= Tand p, = ],

(RO N =[1[R™ (D], [R (€.2]*,
[R®(t:3)]“], t=0,

with the coordinates:
[ROED]Y =R ¢
:[ R(l)(l) (t ,1)] 4) [ R(l)(Z) (t,l)] (4) ,
[RY(,2)]“=R" (.2
:[R(l)(l) (t 2)] (4) [R(l)(Z) (t 2)] (4) ,
[RY(t,3]“=RY 3

=[ R(l)(l) ('[,3)] (4) [R(l)(Z) ('[,3)] 4) .

according

to

(216)

After substituting in the above expressions for the

coordinates, the suitable evaluations of the system

components intensities of departures from the

reliability state subsets found in [2], we get:
[R® (2]
=[1-[[1- [2exp[-0.0008] — exp[-2[0.0004]]
[2exp[-0.0012] - exp[-2[0.0012]]
[2exp[-0.0011] - exp[-2[0.0011]]]*]1 0

[1-[[1- [2exp[-0.001&] - exp[-2[0.0013]]

423

[2exp[-0.0015t] — exp[-2 [0.0015]]] *

+ 4[1- [2exp[-0.0013] - exp[-2[0.0013]]

[2exp[-0.0015] — exp[-2 [D.0015]]] °

[[2exp[-0.0013] — exp[-2[0.0013]]
(217)
[2exp[-0.0018] — exp[-2[0.0015]]]

[RO(,2)]?

= [1-[[1- [2exp[-0.001] - exp[-2[ 0.001]]
[2exp[-0.0012] — exp[-2[0.0012]]
[2exp[-0.0012] - exp[-2[0.0012]]]1%*] O
[1-[[1- [2exp[-0.0014t] - exp[-2[0.0014]]
[2exp[-0.0016t] — exp[-2 [0.0016]]] *

+ 4[1-[2exp[-0.0014] — exp[-2[0.0014]]

[2exp[-0.001G] — exp[-2[0.0014]]]

[[2exp[-0.0014] — exp[-2[0.0014]]
, (218)
[2exp[-0.0016] - exp[-2 [D.0016]]

[RY(t.3)] =
=[1-[[1-[2exp[-0.001] — exp[-2[0.00%]]

[2exp[-0.0013] — exp[-2[0.0013]]
[2exp[-0.0012] — exp[-2[D0.0012]]]°] O

[1-[[1-[2exp[-0.0015t] — exp[-2[0.0015t]]

[2exp[-0.0018t] — exp[-2 [D.0018]]] *

+ 4[1-[2exp[-0.0018] — exp[-2[D.0015]]

[2exp[-0.0018] - exp[-2[D.0018]]]
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[[2exp[-0.0018] — exp[-2[0.0015]]
, (219)
[2exp[-0.0018] — exp[-2[D.0018]]]
- for the exemplary system with a cold single
reservation of its components, according to
(12.19)-(12.20) from [1] fov =1 and p, =1,

(R0 =[1 [R™ (D], [R (t2)] .
[R@(t3)]“], t=0,

(220)
with the coordinates:

[R?(ED]“=R” )

:[ R(Z)(l) (t ,1)] 4) [ R(Z)(Z) (t,l)] (4) ,

[R®(.2]“=R” 2

:[ R(Z)(l) (t , 2)] (4) [ R(Z)(Z) (t, 2)] 4) ,

[R®(t.3)]“=R” t9

=[ R(2)(1) (t,3)] (4) [R(2)(2) ('[,3)] (4) .

After substituting in the above expressions for the
coordinates, the suitable evaluations of the system
components intensities of departures from the
reliability state subsets found in [2], we get:

[R(Z) (t,l)] (4)
=[1-[L-[(1+ 0.000%) exp[-0.0004]] [
[(1+0.0012) exp[-0.0012]] [

[(1+0.0011) exp[-0.0011]]] °]
[[L-[[1-[(1+ 0.0013) exp[-0.0013]]

[(1+ 0.001%) exp[-0.0015]]]

+4[1-[(1+0.0013) exp[-0.0013]]

[(1+ 0.001%) exp[-0.0015]]] *
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[[(1+ 0.0013) exp[-0.0013]]
, (221)
(1 + 0.001%) exp[-0.0015]]]]

[R® (.2

= [1- [L-[(1+ 0.001) exp[-0.001]] [
[(1+0.0012) exp[-0.0012]] [
[(1+0.0012) exp[-0.0012]]] *]

[[L1-[[1-[(1+ 0.0014) exp[-0.0014]]

[J(1+ 0.0018) exp[-0.001&]]] *

+4[1-[(1+ 0.0014) exp[-0.0014]]

[(1+ 0.0018) exp[-0.0014]]] *

[[(1+ 0.0014) exp[-0.0014]]
(222)
[J(1+ 0.001&) exp[-0.001&]]]]

[R®(t,3)]“

=[1- [L~[(1+ 0.001) exp[-0.001]] [
[(1+0.0013) exp[-0.0013]] |
[(1+0.0012) exp[-0.0012]]] *]

[[L1-][1-[(1+ 0.0018) exp[-0.0011]]

[(1+ 0.0018) exp[-0.001&]]] *
+ 4[1-[(1+ 0.0013) exp[-0.0015]]

[J(1+ 0.0018) exp[-0.0018]]] ®

[[(1+0.00158) exp[-0.0017]]
, (223)
J(1+ 0.0018) exp[-0.0018]]]]

- for the exemplary system with reduced rates of
departure of its components, according to (12.21)-
(12.22) from [1] forv= land p, = 1
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[ROtNY =L [R® D], [R(t.2)],

[R?(t3)]“], t=0, (224)

with the coordinates:
[ROtD]“ =R )
:[ R(3)(1) (t ,1)] 4) [ R(3)(2) (t,l)] (4) ,
[RO(t,2)]“ =R (t,2)
:[ R(3)(1) (t , 2)] (4) [ R(3)(2) (t, 2)] 4) ,
[ROt,3)]“=R .3
:[ R(3)(1) (t,3)] (4) [ R(3)(2) (t ,3)] 4) .

After substituting in the above expressions for the

coordinates, the suitable evaluations of the system

components intensities of departures from the
reliability state subsets found in [2], we get:

[R® 1]

=[1- [1- exp[~0.0028&]]*] O
[1-[[1- exp[-0.237]]*
+4exp[-237][1- exp[237])°]], (225)
[R®(t,2)]

=[1- [1- exp[-0.00304]] ] O

[1-[[1-exp[-0.254]]*

+4exp[-254][1-exp[-254]]°]]
[ R® (t ,3)] (4)

(226)

=[1-[L- exp[-0.00313]]%] O
[1-[[1-exp[0.274]]*
+4exp[27a][1- exp[274]]°]] - (227)
The expected values of the system conditional
lifetimes in the reliability state subsets {123}

{23}, {3} at the operation statez,, calculated
from the above results given by (216)-(219),

425

(220)-(223), (224)-(227) respectively, according to
(12.23) from [1], are:

- for the exemplary system with a hot single
reservation of its components

u® (1) £592.37, 4 (2)C555.01,

uP (3) £516.24, 228)
- for the exemplary system with a cold single
reservation of its components

(P @) £817.52, u® (2)C 765.99,

u? (3) £712.18, (229)
- for the exemplary system with reduced rates of
departure of its components

p® (1) £311.18, 4 (2)C291.39,

u® (3) £C272.63, (230)
and further, using (7.8) from [1] and (228). (229),
(230) respectively, it follows that the mean values
of the conditional lifetimes in the particular
reliability states 1, 2, 3 at the operation state

are:
- for the exemplary system with a hot single
reservation of its components

a® @) £37.36, 7 (2) £38.77,

" (3) £516.24, 231)
- for the exemplary system with a cold single
reservation of its components

7 @) C51.53, 72 (2) £53.81,

a? (3) £712.18, (232)
- for the exemplary system with reduced rates of
departure of its components

7® @) £19.79, 7 (2) C18.76,

¥ (3) £272.63. 238)

In the case when the system operation time is large
enough, its improved unconditional four-state
reliability function of the exemplary system
depending on the kind of its components
redundancy are as follows:

- for a system with a hot single reservation ef it
components
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RYt,D=[LRY D, RY (2, RV (3] (234)
t=>0,

where according to (12.12) from [1], considering
17 [4], the vector co-ordinates are given
respectively by

RY €3 = RV (D] + p,[RV (2]
+p;[RY ()] + p,[RY 1]
= 0.2140R “(t.)]® +0.038R® (t1)]®

+0.293R® (t,H]® + 0.0.455R™ (t,1)]“ (235)
fort=0,

RY ¢,2) = p[RY(t.2)]? + p,[RY (t,2)]?
+ p[RY(t.2)]® + p,[RY (£.2)]7
=0.2140JR Y(t,2)]® + 0.038R™ (t,2)]®
+0.293R® (t,2)]®

+ 00.455R® (t,2)]“¥ fort>0, (236)
R® (.3 = p[R™(t3)]” + p,[R™ (t3)]
+ p[RY(3)]? + p,[RY(t3)]“

= 0.2140R “(t,3)]® + 0.038R™ (t,3)]?
+0.293R™ (t,3)]®

+ 0.0.455R® (t,3)]“ fort=0, (237)
and the coordinates
[R(l) (t ,1)] @ , [R(l) (t 1)] (2) , [ R(l) (t 1)] (3) , [R(l) (t ,1)] (4)
are given by (115), (133), (175), (217),
[RY(t2)]°, [RY (21, [RY (2],

[R™(t,2)]“ are given by (116), (134), (176), (218)
and

[R(l) (t,3)] (1), [R(l) (t,3)](2), [R(l) (t ’3)] (3),

[RP(t3)]® are given by (117), (135), (177),
(219),

426

- for a system with a cold single reservation ef it
components

R@t,D=[1LR? D, R?¢,2, R? (3], (238)
t=0,

where according to (12.14) from [1], considering
17 [4], the vector co-ordinates are given
respectively by

R® ¢.1) = p,[R? (t)]® + p,[R (t1)]®
+ p,[R? (t1]® + p,[R? 1]

= 0.214R ®(t1)]® +0.038R® (t1)]?
+0.293R® (t1)]©

+0.455[R? (t1)]® fort=0, (239)
R ¢,2) = p[R?” (t,2)]? + p,[R™(t,2)]”
+ p;[R? (t.2)]® + p,[R? (t,2)]“

= 0.2140R ©(t,2)]© +0.038JR? (t,2)]?
+0.293R® (t,2)]®

+0.4550R® (t,2)]“ fort=0, (240)
R ¢,3) = p[R™ (t3)]° + p,[R™® (t.3)]?

+ p[R?(3)]7 + p,[R (€3]

= 0.214R #(t,3)]” +0.038JR? (t,3)]?
+0.293TR® (t,3)]®

+0.455QR® (t,3)]“ fort=0, (241)

and the coordinates
[R(Z)(t,l)](l), [R(Z)(t,l)](z), [R(Z)(t,l)](s),[R(Z)(t,].)](4)
are given by (119), (137), (179), (221),
[R?(t2)]7, [R? .27, [R?(t.2)]",
[R@(t,2)]“are given by (120), (138), (180),
(222) and

[ R(Z) (t ’3)] @ ’ [ R(Z) (t ,3)] (2) , [ R(Z) (t ,3)] (3) ’
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[R@(t3)]“® are given by (121), (139), (181),
(223),

- for a system with reduced rates of departuresof i
components

ROt =[LR®¢D, R? (2, R®(,3)], (242)
t=0,

where according to (12.16) from [1§pnsidering
17 [4], the vector co-ordinates are given
respectively by

R® ¢ = PRV (D] + p RV (2]
+p[RY (] + p,[RY D]

= 0.2140R ®(t1)]® +0.038R® (t1)]®
+0.2930R® (t1)]®

+00455R® (t1]® fort=0, (243)
R® ¢.2) = p[R™ 12)]" + p,[RV 1.2)]
+p[R?(t,2)]? + p,[R¥ (t2)]”

= 0.2140R *(t,2)]® +0.038R® (t,2)]®
+0.293R® (t,2)]®

+00.455[R® (t,2)]® fort=0, (244)
R® ¢.3)= p[RV (3" + p,[R™ (3]
+ p[RY(t3)]? + p,[RO (3]

= 0.2140R ®(t,3)]¥ + 0.038TR® (t,3)]?
+0.2930R¥ (t,3)]®

+ 00.455]R® (t,3)]“ fort=0, (245)
and the coordinates
(RO, [R (2], [RY ()7, [R (1)
are given by (123), (141), (183), (225),
[R(t2)°, [R? (2], [R” 2],

[R®(t,2)]“ are given by (124), (142), (184), (226)
and
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[RO@E3)]”, [RP(3)]?, [R? (317,
[RP(t3)]® are given by (125), (143), (185),
(227).

The expected values and standard deviations of the
exemplary system unconditional lifetimes in the
reliability state subsets{123}, {23}, {3},
calculated from the above results given by (234)-
(237), (238)-(241), (242)-(245) respectively
according to (7.5)-(7.7) fronil] and considering
(126), (144), (186), (228) or (127), (145), (187),
(229) or (128), (146), (188), (230) respectively
are:

- for a system with a hot single reservation of its
components

KO @ =p @ +p i @

+ P+,

= 0.214193953+ 0.038[114059
+0.293[80864 + 0.455[59237 [ 750.86, (246)

o® (1) 035775, (247)

1Y @2) = p P (2) +p, 1 (2)
+p,ul (2) +p, 1P (2)

=0.214[91115+ 0.038[106463

+0.293[76463 +0.455[55501 C 712.01, (248)

o® (2) 034299, (249)
KO 3 =pi’ B +p, i (3)

+ i (3) +p, (3

= 0.214(88187+ 0.038(998.14

+0.29373945 + 0455(51624 L 678.  (250)
o® (3) 0332.00, (251)

- for a system with a cold single reservation ef it
components

1P @)= pp® @) + p,p? (1)
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+ P @) + p, (@)

= 0.214(128590+ 0.038[153467
+0.293[111118 + 0.455[81752
[ 1031.05, (252)

o® (1) 047856, (253)

1P (2) = p P () + p 17 (2)

+ Potis? (2) +p,u (2)

= 0.214(124758+ 0.038(143251
+0.293(105095 + 0.455( 76599
C 977.87, (254)

o® (2) 0459.16, (255)

1P Q) =p B +p,u 3
+p,uP (3 +p, P 3
= 0.214[120725+ 0.038(134308

+0.293[101619 + 0.455[71218

£931.17, (256)

o® (3) 0444 58, (257)

- for a system with reduced rates of departuresof i
components

1 @) = p® @) + p, s @)
+pu® @) +p,u® Q)
= 02145571+ 0.038(837.76

+0.293[45741 + 0.455(31118

C 428.03, (258)

o® (1) 030479, (259)

1 (2) = pu® @) +p, ¥ (2)
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+p,ud (2) +p, (2
= 0214153699+ 003881528

+0.293[43146 + 0.455[291.39

[ 404.89, (260)
o® (2) 028999, (261)
HY @) =p Q) +p, 57 3

+ Pty (3 +p, Y 9

= 0.214(52010+ 0.038[76414

+0.293(41781+ 0.455(27263

[ 386.80, (262)
o® (3) 027898, (263)

and further, considering (7.8) frofi] and (246),
(248) and (250) or (252), (254) and (256) or (258),
(260) and (262), it follows the mean values of that
the unconditional lifetimes in the particular
reliability states 1, 2, 3, respectively are:

- for a system with a hot single reservation of its
components

a®@=pu®@a-u®(2) =3885,
a®©2) =u® 2 -u” (3 =3308,
a% @3 =u® () =67819, (264)

- for a system with a cold single reservation ef it
components

A% @ =u®@)-u® (@) =5318
2?2 =u?(2)-u®(3) =647,
a2 Q) =p®(3)=93117, (265)

- for a system with reduced rates of departurésof i
components

a® @) = u® @) -u®(2) =2314
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792 =u® @2 -u®@B) =189, - for a system with reduced rates of departurésof i
components
a® (3) = u® (3) =38680. 266
@ =470 (268) o o 07777, 272)
Since the critical reliability state is=2, then the o
system risk function, according to (7.9) from [}, ~ 11.2. Renewal and availability
given by characteristics of the improved exemplary
- for a system with a hot single reservation of its system
components

To determine the renewal and availability
characteristics of the improved exemplary system,

r(t) =1-R% .2 =1-[02140R “(t,2)]® we use the results of the system reliability
characteristics evaluatioperformed in Sections
+0.038R™ (1,2)]? +0.293R™ (t,2)]® 11.1 and the results of the Section 12.3.1. of [1].
If components of the repairable improved
+ 00.4550R™ (,2)]“’] fort= 0, (267) exemplary system with ignored time of renovation

have exponential reliability functions at the

- for a system with a cold single reservation ef it operation states z, , b=12...v, with the

components coordinates given by (110)-(111) or respectively
by (112)-(113) and the system reliability critical
r @ () state isr =2, applying Proposition 12.1from

Section 12.3.1 of [1], we determine its following
characteristics:

a) the time S (2) k=123 until the Nth
exceeding by the system the reliability criticaltet

=1-R® ¢,2) =1- [0.214]R ?(t,2)] ¥

+ 0038|:[| R(z) (t,Z)](Z) + OZQBEHR(Z) (t,2)](3) 2 for SUfﬁCiently IargeN
- for a system with a hot single reservation of its
+ 00.455JR® (t,2)]“’] fort=0, (268) components has approximately normal distribution

N(71201IN,34299/N) , i.e.,
- for a system with reduced rates of departuresof i

components F (N© t.2)
t-71N
roe) =P(SY (2) <t) OF oy (),
" ""34299/N
3
=1-R® ¢ ,2) =1-[02140R (t,2)]® th (o0, ),

- for a system with a cold single reservation ef it
components has approximately normal distribution

N(97787N,45916/N), i.e.,

+0.0380R® (t,2)]® +0.293]R® (t,2)]®
+ 00.455[R® (,2)]“] fort= 0. (269)

(N)@)
Hence, by (7.10) from [1], the moment when the F t2)

system risk function exceeds a permitted level, for  _ P(S? (2) <t) OF (t ‘977’87'\')’
instanced = 0.05, is N NOYE 450160N

- for a system with a hot single reservation of its ] (—co, c0),

components

O . - for a system with reduced rates of departuresof i
77 =r77(0) 027268, (270) components has approximately normal distribution
, . , . N(71201IN,34299VN) , i.e.,
- for a system with a cold single reservation ef it ( 9\/_)
components F 0 ¢ 2)

t —40489N
= P(SrEJS) (2) <t) [ FN (02) (—),

28999/ N

r® =r@%(5) 038188, (271)

429



Kotowrocki Krzysztof, Soszska-Budny Joanna, Xie Min
Testing the integrated package of tools supportiegision making on identification, prediction and
optimization of complex technical systems operatielmbility and safety. Part 5 IS&RDSS Applicatie
Improved Exemplary system operation and reliabdhwaracteristics prediction

t [0 (—oo, ),

b) the expected value and the variance of the time
S\ (2), k=123 until theNth exceeding by the
system the reliability critical state 2, for
sufficiently largeN, are respectively given by

- for a system with a hot single reservation of its
components

E[S® (2)] = 71201N,
D[S® (2)] =11764214N ,

- for a system with a cold single reservation ef it
components

E[S? (2)] =97787N,
D[S® (2)] = 21082791N ,

- for a system with reduced rates of departuresof i
components

E[S{ (2)] = 40489N,
D[S (2)] = 840942N ,

c) the numberN®™ (t,2), k = 123, of exceeding
by the system the reliability critical state 2 up t
the momentt,t = 0, for sufficiently larget, has

approximately distribution of the form
- for a system with a hot single reservation of its
components

P(N® (,2) = N)
71201(N +1) -t

1285/t

71201N -t

O FN (0,1)( ) - FN 01 (W)v

01...,

N

- for a system with a hot single reservation of its
components

P(N® (t,2) = N)

97787(N +1) -t

1468/t

97787N -t

U FN (0,1)( ) - FN oD (W)’

N

oL...,

- for a system with reduced rates of departuresof i
components

P(N® (,2) =N)
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40489(N +1) -t

1440t

40489N -t

O Fyon(——),
NODE 1440t

FN (01) ( ) -

N=0L...,

d) the expected value and the variance of the
number N® (t,r) , k = 1,23 of exceeding by the
system the reliability critical state 2 up to the
moment t,t =0, for sufficiently larget, are
approximately given by

- for a system with a hot single reservation of its
components

H®2)=00014, D (,2) = 0.00033, (273)

- for a system with a cold single reservation ef it
components

H® (,2) =0.001a, D (,2) = 0.00028, (274)

- for a system with reduced rates of departurésof i
components

H® t,2) =0.002%, D? (t,2) =0.0012%, (275)

To make the estimation of the renewal and
availability of the improved exemplargystem in
the case when the time of renovation is non-
ignored, considering the values u® (2
k=123 determined by (248) or (254) or (260)
respectively andg™ (2), k = 1,23 determined by
(249) or (255) or (261), assuming the mean value
of the system renovation timg, (2) = ¥€ar and
the standard deviation of the system renovation
time o,(2) = 5year and if components of the
repairable improved exemplary system have
exponential reliability functions at the operation
statesz, ,b=12,...,v, with the coordinates given
by (110)-(111) or respectively by (112)-(113) and
the system reliability critical state is
r = 2, applying Proposition 11.2 from Section
12.3.2 of [1], we determine its following
characteristics:

a) the time S (2), k=123 until the Nth
exceeding by the system the reliability criticaltet

2, for sufficiently largeN, are respectively given
b

-¥or a system with a hot single reservation of its
components
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F™O ¢ 2) = PSP (2) <t) P(N® (2)=N)
s t—72201N +10 ), 10 (0,0, DI:N(OD(722.01(N +1)-t-10
7 J11766714N - 25 ' 12.77Jt +10
- for a system with a cold single reservation ef it 7220IN -t -10 _
components ~Fuon( 12771 +10 ), N=01...,
£ (N - p(g , . . .
F t.2) = P(S” (@ <) - for a system with a cold single reservation ef it

components
t—-98787N +10

\/21085291N - 25

DFN(O,l)( )- tD(_°°1°°)1

P(N® (t,2)=N)

- for a system with reduced rates of departuresof i 98787(N +1) -t -10

components HFvon ( 14607t +10
EMNE) - p(g®
FPE2) = PSP (2 <) g (SBTBIN-U10, o
"% 14600t+10
t—-41489N +10
O FN Y (\/—): t [J(—00,00),
841192N - 25 - for a system with reduced rates of departuresof i
components
b) the expected value and the variance of the time
S\ (2, k=123, until theNth exceeding by the P(N®(t,2)=N)O
system the reliability critical state 2 for sufgaitly
largeN, are respectively given by OF (41489(N +1)-t-10
- for a system with a hot single reservation of its N (01) 31+ 10
components 1425yt +10
E[SY (2)] D7120IN +10(N -1), ~Fuon (98787?3:10), N =0L...
D[SY (2)] 011764214N + 25N -1, 1423t +10

- for a system with a cold single reservation ef it d) the e_x&ected value and the var_lance of the
components number N™ (t,2), k=123, of exceeding by the
E[S?(2)] 097787N +10(N -1), system the reliability criti_cgl state 2 up to the
D[§(2) (2)] 0121082791N + 25(N 1) moment t,t =0, for sufficiently larget, are
N ' ' respectively given by
- for a system with a hot single reservation of its

- for a system with reduced rates of departuresof i components

components

H® ,2) 00.00138t +10),

E[S(2)] D40489N +10(N -1), =
[Sy" (2] ON-1) D® (t,2) 00.00031t +10),

D[S (2)] 0840942N + 25N -1),
_ _ - for a system with a cold single reservation ef it
c) the numberN®™ (¢2), k=123 of exceeding  components
by the system the reliability critical state 2 bfst
system up to the momentt >0, for sufficiently H @ (t,2) 00.00101t +10),
large t, has approximately distribution of the D@ (t,2) 00.00023t +10),

form
- for a system with a hot single reservation of its

- for a system with reduced rates of departurésof i
components

components
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H @ (t,2) 00.00241t +10),
D@ (t,2) 00.00117§t +10),

e) the time S®(2), k=123 until the Nth
system’s renovation, for sufficiently largg

- for a system with a hot single reservation of its
components has approximately normal distribution

N(72201IN,34303/N), i.e.,
F™0 ¢ 2) = P(S® (2) <t)

t-72201IN

34303/N

- for a system with a cold single reservation ef it
components has approximately normal distribution

N(98787N,45918/N) , i.e.,

DFN(o,l)( )1 t O (=00, 00),

F™® t2) = P(S? (2) <t)

t—98787N

OF, oy (—— ), t O (=00, 00),
N(0,1)(459.18\/N) ( )

- for a system with reduced rates of departuresof i
components has approximately normal distribution

N(41489N,29003/N) , i.e.,
FM® ¢,2) = PSP (2) <t)

t-41489N

OF, oy (), t O (=00, 00),
N(O,l)( 290.03\/N) ( )

f) the expected value and the variance of the time
S¥ (2, k=123 untl the Nth system’'s
renovation, for sufficiently large N, are
respectively given by

- for a system with a hot single reservation of its
components

E[S” (2)] O72201N,
D[S® (r)] 011766714N ,

- for a system with a cold single reservation ef it
components

E[S? (2)] D98787N,
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D[S (r)] 021085291N ,

- for a system with reduced rates of departurésof i
components

E[S? (2)] D41489N,
D[S (r)] D841192N ,

g) the numberN® (2), k=123 of system’s
renovations up to the moment,t=0, for
sufficiently larget, has approximately distribution

of the form
- for a system with a hot single reservation of its
components

P(N® (t,2) = N)

72201(N +1) -t

0
1277t

FN (02) ( )
72201IN -t
- FN (0 (

22PN N=12,.
1277t

), N

- for a system with a cold single reservation ef it
components

98787(N +1) -t

14607t
), N=12,...,

P(N® t,2) = N) OF, g (

)

e (98787N—t
NODE 1460Vt

- for a system with reduced rates of departurésof i
components

P(N® (,2) = N)

41489(N +1) -t

1423t

e (414.89N—t
NODE 1423t

U FN (01 (

)

), N=12,...,

h) the expected value and the variance of the
number N® t2, k=123 of system’s
renovations up to the moment,t=0, for
sufficiently larget, are respectively given by
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- for a system with a hot single reservation of its
components

H Y (,2) 00.00138 ,

D ® (t,2) 00.00031, (276)

- for a system with a cold single reservation ef it
components

H @ (¢,2) 00.00101,

D @ (t,2) 00.00022, (277)

- for a system with reduced rates of departuresof i
components

H @ (t,2) 00.00241,

D ®@ (,2) 00.001178, (278)

i) the steady availability coefficient of the syste
at the moment, t = 0, for sufficiently larget, is

given by
- for a system with a hot single reservation of its
components

A® (t,2) 00.986, t=0, 7>0,

- for a system with a cold single reservation ef it
components

A® (t,2)00.988 t=0, 7>0,

- for a system with reduced rates of departuresof i
components

A® (t,2) 00.976, t=0, 7>0,
j) the steady availability coefficient of the syste
in the time interval <t,t+r7),7>0, for
sufficiently larget, is given by

- for a system with a hot single reservation of its
components

A® (t,7,2) 00.0013§ R® (t,2)dt, t=0, 7>0,

- for a system with a cold single reservation ef it
components

A® (t,7,2) 00.00101 R® (¢,2)dt, t20, 7>0,

433

- for a system with reduced rates of departurésof i
components

A® (t,7,2) 0000241 R® (t,2)dt, t=0, 7>0.
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