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Abstract

There is presented the IS&RDSS application to feration and reliability of an exemplary complestieical
system prediction. There are performed, the unt¢@mdl mean sojourn times and the limit transient
probabilities of the exemplary system operationcpss at the particular operation states evaluatidhs
evaluations of the exemplary system unconditionaltistate reliability function, the expected valuwsd the
standard deviations of its unconditional lifetimiasthe reliability state subsets and the mean whieits
lifetimes in the particular reliability states gperformed as well. Moreover, in the case when tstes is
repairable, its renewal and availability charastérs are estimated.

5. The exemplary system operation
prediction =7100, (13)

After considering the results (2) given in [3] and
applying the formulae (4.5) frofi], we conclude
that the unconditional mean sojourn times of the
exemplary system at the particular operation states = 012[870+ 0160480 + 0.72[300
are given by:

M, = E[6,] = p;,M 4, + p;,M,, + PoMy,

=39720, (14)
M, = E[6] = p,M, + psMy; + p M,
M4 = E[04] = p4lM 41 + p42M42 + p43M43
= 022[192 + 032[480 + 0461200
= 048[325+ 022[(510+ 030l 438
=28784, (12)
=399 60. (15)
MZ = E[02] = p21M 21 + pZSM 23 + p24M 24 . .
Since, according to (4.7) froft], the system of
= 020096 + 030[81+ 050(55 equations
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{[”1-”21”3-”4] =[77i,7T2,775,7T4][pb|]

T+ 1, + T+ 7T, =,

after considering (1), takes the form

T+ 7+ 11+ 1, =,

then its approximate solutions are

n, £ 0236 7, C0.169
n, 0234 n, C0361

7T, = 02077, + 01277, + 0487,
7, = 02271 + 0167, + 0227,
77, = 03277, + 03077, + 0307,
71, = 04677 + 0507, + 0727,

(16)

Hence, after considering the above result and (12)-

(15), we have

24: M, 00.236[28784+ 0.169(71.00
1=1

+0.234[39720+ 0.361139960=31713.

Thus, according to (4.6) from [1], the limit values
of the exemplary system operation process

transient probabilitiesp, (t) at the operation states

z, are given by

o, = 0.236?8784 00214
317.13
0.169(71.00
== ~>-10.03
P 317.13 8
0.234[39720
=222 27 100.29
Ps 317.13 3
0, = 0.361[_399.60 0455
317.13

(17)

Afterwards, the expected values of the total
sojourn times g, b= 1234, of the system
operation process at the particular operation state
z,, b= 1234, during the fixed operation time

@ =1 year = 365 days,
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after applying (4.8) from [1], amount:
E[6,] = 0.2140 = 0.214 year = 78.1 days,
E[6,] = 0.039[1 = 0.038 year = 13.9 days,
E[6,] = 0.293[1 = 0.293 year = 106.9 days,
E[6,] = 0.455 = 0.455 year = 166.1 days.  (18)

6. The exemplary system reliability
prediction

Considering the results of the system components
reliability modeling from Section 3 [3] concerned
with the fixed system reliability structures and
their shape parameters and with the assumed the
exponential models of the reliability functions of
the system components in various operation states
and the results of the evaluations of the system
components intensities of departures from the
reliability state subsets from Section 4 [3], weyma

to perform the prediction of the system reliability

characteristics.
Thus, as we fixed in Section 5, at the operational

state z,, the system is identical with the subsystem

S, that is a four-state series-parallel system with
its reliability structure shape parameters
k=2,1,=31,=3 and according to (1.36)-
(1.37) from [1], itsfour-state reliability function is
given by the vector

[R(t, 01
=[L[REDI?, [RE2]?, [REI ], (19)
t=0,
with the coordinates
[REDI"=R,s () =1-[JL-[R (1))

=1-[][L- expl-X[A2 W]191],

[R(t2)]7=R ;.2 =1-[][L-[[RY (t.2)]*]
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3

[1-exp[-X [}

=1

4-7] @111,

[RE3)]® = Ry 3 =1-[1IL-[IRY (3]

- M- expl-L A @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 partly
presented in Section 4 [3], we get:

[RED®
= 1-[1- exp[-[0.0008+ 0.0011+ 0.0013t]°
=1-[1-exp[-0.003]]?
= 2exp[-0.003] — exp[-0.006&], (20)
[R(t,2)]
= 1- [1- exp[-[0.0009+ 0.0011+ 0.0013t]?
=1-[1-exp[-0.0031]]?
= 2exp[-0.0031] - exp[-0.0062], (1)
[R(E3)]
= 1-[1- exp[-[0.0009+ 0.0012+ 0.001]t]?
=1-[1- exp[-0.0032]]?

= 2exp[-0.0032t] — exp[-0.0064t]. (22)

The expected values and standard deviations of the

system conditional lifetimes in the reliability sa
subsets{123}, {23}, {3} at the operation state
z,, calculated from the above results given by
(19)-(22), according to (7.5)-(7.7) from [1],
respectively are:

(1) C505, u, (2)C483.87,
1, (3) C468.73, (23)

o,(1) £365.87,0, (2)C360.66,
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0,(3) £349.41, (24)

and further, using (7.8) from [1] and (23), it
follows that the mean values of the conditional
lifetimes in the particular reliability states 1,2at

the operation statg, , respectively are:

(1) C21.13,7(2) C15.14, 7, (3) C468.7. (25)

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,=2 1,=2, I,=2, 1,=2 and
according to (1.36)-(1.37) from [1], ifeur-state
reliability function is given by the vector
[R(t,0]?
=[L [RED]?, [R(t.2)]®, [R(t3)]?], (26)
t=0,

with the coordinates

[RED]®

Riza2 (D)

=1-[L-MIR® (1))

=L~ [][L-expE-3 A7 171
[RE21? =R,zz.: (.2)

=1-[1-IR7 ¢2)]”]

- [-expES A7 @11
[REI? =R,zs0, (3)

=1-NB-R? €3]]

=1- [1[L- exp[-S[A2 3)]21]] .

After substituting in the above expressions for the
coordinates the suitable evaluations of the system
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components intensities of departures from the and further, using (7.8) fronjl] and (30), it

reliability state subsets found in [2], we get: follows that the mean values of the conditional
lifetimes in the particular reliability states 1,2at
[R(t1)]® the operation state, , respectively are:
= 1-[1- exp[-[0.0013+ 0.0015t]* A,(1) L49.61,77,(2) C43.4,1,(3) C651.04.
=1-[1- exp[-0.0028]]* At the operation state, the system is a four-state
series system composed of subsyst&nsind S, .
= 4exp[-0.0028] - 6exp[-0.0056a] At this operation state, the subsyst&nis a four-

state series-ggrallel system with its structurgpsha
+4exp[-0.0084t] - exp[-0.0112], (27) parametersk®9} | =3, 1, =3, and according to

(1.36)-(1.37) from [1], itsfour-state reliability
[R(t.2)]? function is given by the vector
=1-[1-exp[-[0.0014+ 0.0014t]*

[R(l) (t, m 3
=1-[1-exp[-0.003]]*
=1 [RPED]?, [RY(t,2)]7, [RY(3)]7] (33)
= 4exp[-0.003] - 6exp[-0.006t]
t=0,
+ 4exp[-0.009t] — exp[-0.012], (28) . _
with the coordinates
[R(t.3)]?

[ R® (t,1)] Q)= R2;3’3 ('[ ,1)
=1-[1- exp[-[0.0015+ 0.0017t]* 2 3
=1-L-0IRP 1]
=1-[1- exp[-0.0032]]* o
= 4exp[~0.0032] - 6exp[-0.0064] 4[] 1-expl- S AP 1]
+ 4exp[-0.0096t] - exp[-0.0128]. (29) RO (,2)]°=R,,.,.2)

The expected values and standard deviations of the
system conditional lifetimes in the reliability ta =1- |3| [1‘IEI[R-(1) t,2)]°]
subsets {123} {23}, {3} at the operation state =2

z,, calculated from the above results given by , .
(26)-(29), according to (7.5)-(7.7) from [1], 4-[[L- expE2[A% (21911,
respectively are: i=1 =

U, (1) C744.05, y1, (2)C 694.44, [R(3)]Y= Ryz;5 (t3)

4, (3) £651.04, (30) _1_ ﬂ [1_!1[ RY (t3)]]

o,() C426.12,0, (2)C397.76,

- A M=expl=Y 19 391]] .
o, (3) £ 372.86, (31) =1 iI::lL[l expl J_Zzl[/‘u ©)] i

After substituting in the above expressions for the
coordinates the suitable evaluations of the system
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components intensities of departures from the 1AM AR ®)
reliability state subsets found in [2], we get: 1 D[l !:ll[Rj t2)1"]

[R®(t,1)]® -1 ilj[l_ eXp[_jizl[/"('Z) @191,

[

= 1-[1- exp[-[0.0009+ 0.0012+ 0.0013t]
[RP(,3)]9 =R,,,,, ()

=1-[1- exp[-0.0032]] * s
—1- 1- (2) t.3 (©)
AUSIRT €]

= 2exp[-0.0032] - exp[-0.0064], (34)
[R® (t,2)]® 4-[1-exp-3[A? (3] 1] .
i=1 j=1
=1-[1-exp[-[0.001+ 0.0012+ 0.0013t]* After substituting in the above expressions for the
coordinates the suitable evaluations of the system
=1-[1-exp[-0.0034]]? components intensities of departures from the
reliability state subsets found in [2], we get:
= 2exp[-0.0034t] — exp[-0.0068], (35)

[R® 1]

[R(l) ('[ ,3)] 3) 4
=1-[1- exp[-[0.0009+ 0.0013t]

= 1-[1- exp[-[0.001+ 0.0013+ 0.0013t]?
=1-[L- exp[-0.0021]]*

=1-[1-exp[-0.003%]]?
= 4exp[-0.0021] — 6exp[-0.0042]

= 2exp[-0.0035] — exp[-0.007t]. (36)

+ 4exp[-0.0063] — exp[-0.0084], (38)
The subsystens,, at the operation state,, is a
four-state series-parallel system with its strugtur
shape parameters k=4,
L=21,=21,=2,1,=2, and according to
(1.36)-(1.37) from [1], itsfour-state reliability
function is given by the vector

[R®(t,2)]?
=1-[1-exp[-[0.001+ 0.0013t]*

=1-[1-exp[-0.0022]]*

[R® (1, 0] = 4exp[-0.0022] - 6exp[-0.0044]
=L [R?,D]?, [R? (t,2)]?, [RP(t,3)]?], (37) + 4exp[-0.0066] — exp[-0.0088], (39)
(>0 [R® (t,3)]°
with the coordinates =1-[1-exp[-[0.001+ 0.0013t]*
[RD D] =R,,,,, 1) =1-[1- exp[-0.0023]]*
=1- iIfll[l‘ﬁll[ R D] = 4exp[-0.0023] - 6exp[-0.0046]
- ilfll[l‘ eXP[‘gl[/‘f) ®1®, + 4exp[~0.006%] — exp[~0.00921]. (40)

Considering that the system at the operation state

R@t,2)]® =R, t,2
[RT.2)] w2222 (2) z, is a four-state series system composed of
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subsystemsS, and S,, after applying (1.22)-
(1.23) from [1], its conditional four-state relidityi

function is given by the vector
[R(t, 1%
=[L[RED]?, [RE2)]?, [RE3)] ), (41)
t=0,
with the coordinates
[RED]C =R, ¢1) =[R® (D] [R? 1],
[R(2)]° =R, t,2) =[R”(t2]° [R® t2)]?,

[R(t,3)]® =R, ¢3) =[R®(t3)]® [R? (t,3)]®.

After substituting in the above expressions for the
coordinates the results (34)-(36) and (38)-(40), we
get:

[R(t,1)]®
=8exp[-0.0053] —12exp[-0.0074t]
+8exp[-0.0095] - 2exp[-0.011&]

— 4exp[-0.0085] + 6 exp[-0.0106]

- 4exp[-0.0127%] + exp[-0.014&], (42)
[R(t,2)]®

=8exp[—0.0056] —12exp[-0.007&]

+ 8exp[-001] - 2exp[-0.012Z]

- 4exp[-0.009%t] + 6exp[-0.0112]

- 4exp[-0.0134t] + exp[-0.015&], (43)

[R(t,3)]%
=8exp[-0.0058] —12exp[-0.0081]
+8exp[-0.0104] — 2exp[-0.0127] ,

- 4exp[-0.0093] + 6exp[-0.00116]

392

- 4exp[-0.0139] + exp[-0.01621]. (44)

The expected values and standard deviations of the
system conditional lifetimes in the reliability sta
subsets {123} {23}, {3} at the operation state
Z,, calculated from the above results given by

(41)-(44), according to (7.5)-(7.7) fronf1],
respectively are:

1, (1) C405.56, 4, (2)C383.04,

4, (3) £370.67, (45)
o,(1) C264.58,0, (2)C250.39,
0, (3) [ 241.78, (46)

and further, using (7.8) from [1] and (45), it
follows that the mean values of the conditional
lifetimes in the particular reliability states 1,2at

the operation state, , respectively are:
4, () L22.52,72,(2) £12.37,12,(3) £370.67.

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

At this operation state, the subsyst&nis a four-
state series-parallel system with its structurgpsha
parameterk = 2, |, =3, |, =3, and according to
(1.36)-(1.37) from [1], itsfour-state reliability
function is given by the vector

[R(l) (t, [I] (4)

=[L[R® DIV, [RY (2], [RY t,3)]“], (48)

t>0,

with the coordinates

[RY D] =R,,, (1)
=1- IR €]
=1-[][L-expE2 A0 01“1],

[R(l) (t, 2)] (4) = R 233 (t ,2)
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=1-NE-IRY ¢2)]] =
-f-epl-2 0P @11,
[RE3]“= Ry t.3)

=1-NE-RY €3]]

=1-[[L-expE X140 @)“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(l) (t,l)] (4)
= 1-[1- exp[-[0.0009+ 0.0012+ 0.0013t]?
=1-[1- exp[-0.0032]]
= 2exp[-0.0032] — exp[-0.0064], (49)
[R(l) (t, 2)] (4)
= 1-[1- exp[-[0.001+ 0.0012+ 0.0013t]?
=1-[1- exp[-0.0034]]*
= 2exp[-0.0034t] — exp[-0.0068], (50)
[RE3)]
= 1-[1- exp[-[0.001+ 0.0013+ 0.0013t]?
=1-[1- exp[-0.0035%]]*
= 2exp[-0.0035]

- exp[-0.007t]. (51)

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

four-state series-“2 out of 4” system, with its

structure shape parameterk=4, m=2,
L=21,=21,=2,1,=2, and according to
(1.40)-(1.41) from [1], itsfour-state reliability
function is given by the vector

393

[R® ()¢
=[L [RP DI, [R® (2], [R” (.3)]“],(52)
t=0,
where

[R® 2]

= Ri;z,z,z,z (t J-) =1-

2 TR 1 B QIR (T

=1- 3 [expkr, Z[/‘.‘,Z)(l)]“’t]

r1,r2,r3,14=01i=1
r+rp+r3+rg<l

[1- exp[X[AP @] 1]

[R® .21
(6.31)

= Rizzzz(tz) =1-

> [I'I [R 211" [1- I'I [RP t2)]“]"

r,rp,r3,r4=01=1 j=1
r+rp+r3+rg<l

=1- 3 [expkr Z[/‘.‘,Z)(Z)]“”t]

r1,r2,r3,14=01i=1
r+rp+r3+rg<l

[L- exp[X[AP )]t

(R3]

= Ri;z,z,z,z (t3)=1-

> [I'I [R” (t3)]“]" [1- I'I [R? t3)]“17"

r,rp,r3,14=01=1 j=1
r+rp+r3+rg<l
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- 4exp[—1[0.0015 + 0.0018]t]
=1- > [explr, i[/liﬁz) 31“1]
j=1

1.r2,r3,r14=01=1
r+rp+r3+rg<l

[1- exp[-[0.0015+ 0.0018§]t]°

[1- exp[i[/ﬂf) @]9t =1-[1-exp[-0.0033]] *

— 4exp[-0.0033t] [L- exp[-0.0033]]®
After substituting in the above expressions for the
coordinates the suitable evaluations of the system - gexp[-0.0066] - 8exp[-0.0099]
components intensities of departures from the
reliability state subsets found in [2], we get: +3exp[-0.0132]. (55)

[R? (1] . :
Considering that the system at the operation state

= 1 - [1- exp[~[0.0013+ 0.0015]t]] * 4 z, is a four-state series system composed of
subsystemsS, and S,, after applying (1.22)
— 4 exp[-1[0.0013 + 0.0015]t] (1.23) from [1], its conditional four-state relitibyi

function is given by the vector
[1- exp[-[0.0013+ 0.0015]t]*
[R(t, 01
=1 -[1-exp[-0.0028]] *
=[L[REDI, [RE2)], [REIN™],  (56)
- 4exp[-0.0028t] [1- exp[-0.002&]] ° .
t=0,

= 6exp[-0.0056] — 8exp[-0.0084] . .
with the coordinates

*3exp[-0.0112], G [Rem® =R, € =[R® 1] [R® €],

[R® (t,2)]® [R(t,2)] = ﬁz t,2) =[R® t,2)]“ [R? (t,2)]“,

=1- [1_ exp[_[0-0014+ 00016]t]] ! [R(t,3)] @) = ﬁz (t ,3) = R® (t3)] 0 [R(Z) (t3)] @

—4exp[—-10.0014 + 0.0016]t T .
pL-1l It After substituting in the above expressions for the

coordinates the results (49)-(51) and (53)-(55), we

[1- exp[-[0.0014+ 0.0016]t]° get:

=1 -[1-exp[-0.003]]* [R(t,1)]“

- 4exp[-0.003t] [1- exp[-0.003t]] * =12exp[-0.0088] —16exp[-0.0116]

= 6exp[-0.006t] - 8exp[-0.009] +6exp[-0.0144t] - 6exp[-0.012t]
+3exp[-0.0121] , (54) +8exp[-0.0148&] — 3exp[-0.0174] , (57)

[R® (t,3)]“ [R(t,2)]“
=1 -[1-exp[-[0.0015+ 0.0018]t]] * = 12exp[~0.0094] - 16exp[-0.0124]

+ 6exp[—0.0154] - 6exp[-0.012&]
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+8exp[-0.0158] — 3exp[-0.0188], (58) R¢,2) = p,[R(t,2)]® + (B[#%,2)]?
[R(t,3)] + po[R(t2)]? + p,[R(t2)]®
=12exp[-0.0101] - 16exp[-0.0134] = 0.2140R(t,2)]® + 0.038[JR(t,2)]®

+ 6exp[-0.0167t] - 6exp[-0.0136] +02930R(2)]

+8exp[-0.0169] — 3exp[-0.0202] . (59) +0455QR2)]® fort= 0 (65)

The expected values and standard deviations of the " .
system conditional lifetimes in the reliability &ta RE.3) = p[R(t3)]™ + p,[R(t3)]
subsets {123} {23}, {3} at the operation state
z,, calculated from the above results given by
(56)-(59), according to(7.5)-(7.7) from [1],

+ p[R(t3)]? + p,[R(E3)]

respectively are: = 0.2140R(t,3)]” +0.038[R(t,3)]®
4, () C271.08, y, (2)C 253.88, +0.293[JR(t3)]©
M, (3) £237.05, (60) +0.455[R(t,3)]“ fort=0, (66)
0,(1) £163.8,0, (2)C153.35, and the coordinates
[REDIY, [REDI?, [RED]®, [RED]Vare
0, (3) L 142.58, (61) given by (20), (27), (42), (57),

[R(t.2)]?, [R(t2)]?, [R(t.2)]?, [R(t,2)]“ are

given by (21), (28), (43), (58) and
[Rt3)]™, [Rt3]?, [REt3)]?, [R(tI)]Y  are
given by (22), (29), (44), (59).

and further, using (7.8) from [1] and (60), it
follows that the mean values of the conditional
lifetimes in the particular reliability states 1,2at
the operation state,, respectively are:

A @) [17'20"L_’4(2) £16.83,4,(3) £ 237.05. unconditional four-state reliabili ction are

illustrated inFigure 7.

The coordinates of the ex%n%y system

In the case when the system operation time is large

enough, its unconditional four-state reliability 1
function is given by the vector R(t.0)
0.5 - N\
Rt,) =[LR({.), Rt,2), R(t,3)], t=0, (62) \
~ 08
| NR(LD

where according to (7.3)-(7.4) from [1], €, ] \\
considering (4.6) from [1], the vector co-ordinates ' R(Nt 2)
are given respectively by 02 4 \\%

- ® @ T .
RED) = pIREDIT + p,[R(E1)] ’ 0 100 200 00 400 SO0 600, 7I0 B30 900 1000 1130

+ p,[RED]® + p,[RED]

Figure 7. The graph of theexemplary system

= 0.2140R (1] reliability function [R(t,[)] coordinates
+0.0380R(t1)]® +0.2930R(t )] The expected values and standard deviations of the
system unconditional lifetimes in the reliability
+ 0.0.455[R(t,1)]“ fort=0, (64) state subsets {123}{23}, {3}, calculated from

the above results given by (63)-(66), according to
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(7.5)-(7.7) from[1] and considering (23), (30),
(45), (60), respectively are:

UQ) =ppy @ +pp, @) + P O +p, 1, @)

=0.214[(505+ 0.038[744 05

+ 0.293[405 56+ 0.455[27108

[ 378.51, (67)
o() [ 28677, (68)
H(2)=p (2 +p, 1, (2) + Pty (2)

+p, 4, (2)

= 0214148387+ 0.038[69444 +

+0.293[383 04+ 0.455[25388

[ 357.68, (69)
0(2) [ 27518, (70)

HB) = ity B) + Py, B) + Pkt (3)
+ P, (3)
=0.214[0468.73+ 0.038[65104+
+0.293[370 67+ 0.455[23705 [ 341.51, (71)
0(3) [ 26478, (72)
and further, considering (7.8) frofd] and (67),
(69) and (71), it follows the mean values of thet t

unconditional lifetimes in the particular reliabjli
states 1, 2, 3, respectively are:

HQ) =p@) - p(2)=2083
A4(2)=pu2)-u@=1617,
H(3) = u(3) =34151. (73)
Since the critical reliability state is=2, then the
system risk function, according to (7.9) from [i],

given by

rt) =1- R(t,2)
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=1-[0.214R(t,2)]® + 0.038R(t,2)]®

+0.293[R(t,2)]® +0455[0R(t2)]“ 1  (74)

fort=0.

Hence, by (7.10) from [1], the moment when the
system risk function exceeds a permitted level, for
instanced = 0.05, is

r=r(J L7008. (75)

The graph of the risk functionr(t) of the

exemplary four-state system operating in variable
conditions is given ifrigure 8.

rit)

n irn - 2nn 300 430 AN ROC . TR Ann @nn1nnc 1100

Figure 8. The graph of the exemplary system risk
function r(t)

7. The exemplary system renewal and
availability prediction

Using the results of the exemplary system
reliability prediction given by (69)-(70) and the
results of the classical renew theory presented in
[1], we may predict the renewal and availability
characteristics of this system in the case whém it
repairable and its time of renovation is either
ignored or non-ignored.

First, assuming that the system is repairéet af
the exceeding its reliability critical state= 2 and
that the time of the system renovation is ignored
and applyingProposition 8.1from [1], we obtain
the following results:

a) the timeS_ (2)until the Nth exceeding by the

system the reliability critical state 2, for
sufficiently large N, has approximately normal

distribution N(35768N,27518/N), i.e.,
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t —35768N b) the expected value and the variance of the time
(N) - s
F2) = P(S, ) <1) OFy 27518/N ), S, (2) until the Nth exceeding by the system the
t [0 (00, 00); reliability critical stater = 2, for sufficiently large

N, are respectively given by

b) the expected value and the variance of the time
S, (2) until theNth exceeding by the system the

reliability critical stater = 2 are respectively given _
by D[S, (2)] O7572403N + 25N -1);

E[S, (2)] 035768N +10(N -1),

E[S, (2)] 035768N, D[S, (2)] O7572403N ; c) the numberN (t,2) of exceeding by the system
the reliability critical state = 2 up to the moment
c) the numberN t( ,2)of exceeding by the system t,t >0, for sufficiently larget, has approximately
the reliability critical state = 2 up to the moment  distribution of the form
t,t >0, for sufficiently larget, approximately has

the distribution of the form P(N(t,2) = N)
F, (3B78AN+D-t-10
P(N(t.2) = N) OF, o, (G2 O8N *D) -t MO 35 +10
| 1455/t
_p. (38788N-t-10,
~Fuoy LN, N0, MDY 1435(t+10
P 14550t N<1lo

d) the expected value and the variance of the ) the expected value and the variance of the
number N (,2) of exceeding by the system the number N (,2) of exceeding by the system the

reha;b:)ht;; Cr't'cf?I _sta}[ferl - Zt up to the {n?ment reliability critical stater = 2 up to the moment
t,t=20, for sutficiently farget, approximately are t,t >0, for sufficiently larget, are respectively

respectively given by given by
H (t,2) C 0.002&, D(t,2) C 0.00184. (76) 410

, D(t,2) 00.0015t +10);
367.68 t.2) % )

H (22O
Further, assuming that the system is repaired
after the exceeding its reliability critical state 2 ) = _
and that the time of the system renovation is non- €) the time S (2) until the Nth system’s
ignored and it has the mean valpg(2) =  dfd renovation, for sufficiently large N, has
the standard deviatiors,(2)= %ind applying approximately normal distribution

Proposition 8.2from [1], we obtain the following N(367'68N’27523\/W)’ e,
results: _ _

_ F™ (2 =P, <)
a) the timeS (2) until theNth exceeding by the
system the reliability critical state= 2, for t —36768N)

sufficiently largeN, has approximately normal OFyoy o), t0(-e,);

distribution 27523/N

N(35768N +1aN _])’\/7572403’\1 +23N-1), f) the expected value and the variance of the time
e S, (2) until theNth system’s renovation, for

F™ (2) = P, (2) <t) sufficiently largeN, are respectively given by

t —36768N +10 . E[S, (2)] 036768N, D[S, (2)] O7574903N ;
DI:N(o,l)( ), tU(~,);

J7574903N - 25
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g) the numberﬁ(t,Z) of the system’s renovations
up to the moment, t > O, for sufficiently larget,
has approximately distribution of the form

36768(N +1) -t

1435/t

P(N (t,2) = N) OF, o ( )

36768N —t

—Fy oy (22N ) N =01,
NODY 1435t

h) the expected value and the variance of the
number N (t,2) of system’s renovations up to the

moment t,t >0, for sufficiently large t, are
respectively given by

H (t,2) 00.002%, D (t,2) 00.0015; (77)

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

given by
At,2) C 097, t=0;

j) the steady availability coefficient of the syste
in the time interval <t,t+r), 7> 0, for
sufficiently larget, is given by

At,7,2) 000027 R(t,2)dt, t=0, 7 >0,

where R { ,2) is given by (65).
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