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Abstract

There is presented the application of the integratdtware tools to the reliability of the improvedemplary
complex technical system prediction. There are idensd three ways of the exemplary system religbili
improvement, i.e. a hot single reservation of inponents, a cold single reservation of its comptsand
replacing its components by the improved componefittsreduced intensities of departure from théatwlity
state subsets. Automatically obtained, using th@peder program CP 8.16, the evaluations of thesgswa
improved exemplary system unconditional multistaebility function, the expected values and ttendard
deviations of its unconditional lifetimes in thdiability state subsets and the mean values dif@smes in the
particular reliability states are presented. Moepwn the case when the improved system is relpairés
renewal and availability characteristics are edtthausing the computer program CP 8.8 with appabglsi
given data.

11. The improved exemplary system perform the improvement of the exemplary system
reliability modelling reliability.

To determine the reliability characteristics of the
11.1. Reliability improvement of the system with hot and cold single reservation of its

components and of the improved exemplary system
with reduced intensities of departure from the
In Section 3 [5] there are presented the resultb®f reliability state subsets of its components [2] wse
system components reliability modeling from the computer program CP 8.16 “Prediction of
concerned with the fixed system reliability struel  improved system reliability and safety”.

and their shape parameters and with the assumed thghe computer program is Composed of three pane|sl
exponential models of the reliability functionstb®  The first panel “Parameters of the system operation
system components In various operation statesprocess” is used for reading input parameters ef th
Considering these results and the evaluations ef thsystem operation process [3]:

system components intensities of departures fr@m th— the number of operation states states of the system
reliability state subsets from Section 4 [5], weyma  gperation process,

exemplary system
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- the tranSient prObabiIitieS in particular Operation Describe the system and subsystems reliability structure in various operation states
StateS pl ’ p2 g seny pv ’ detel’ml ned |n SeC'[Ion 5 Choose type and shape of the system at operation state z1:

[6]  saries ' ron-homogeneous " irregular

 parallel " homogeneous £ regular
 "m out of n*

Parameters of the system operation process | Reliabiity parameters of the system | Cha - . i fnput x|
consecutive "m out of ni F B
/ . Insert number of subsystems at operation state z1
Prediction of improved complex technical systems reliability and risk " series-paraliel 'e' i
» lle-
MNurnber of operation states |4 - s;;i:;‘i - Cancel |
5 " "m out of n"-series
M il  series-consecutive “m out of n: F*
" consecutive “m out of n: F-series
The second panel “Reliability parameters of the © == smerstosssine [ e |
system” is served for reading input parametersef t enter | | Back | mew | Eat |
system reliability model and method of
improvement: . -
— the number of the system and components the intensities of components departure
reliability statesz + 1, (equivalently [ (u)]® or [ w]®) from the
- the system and components critical reliability estat reliability states subset {u,u+1..z ,}
r 1 .
— the system risk permitted levé] u=12..,z, at the operation state z,,
b=12,...v, assuming that the reliability functions
Reliahility parameters of the system I Characteristics of the system reliabiity and nskl Of the SyStem com pOI’]entS are eXponentlaJ y
Prediction of improved complex technical systems reliability and risk determ | ned In SeCt|On 4 [5] y
MNurnber of reliability states |4 Systern and components critical reliability state |2
System risk permitted level lﬂ? Describe the system and subsystems reliability structure in various operation states
Choose type and shape of the system at operation state z1:
Next Exit | " saries & non-homogeneous  irregular
" parallel " homogeneous & reqgular
 *m out of n* - -
— the method of system reliability improvement [2]: ¢ comecuve moutor )
. . o sEiEs el | | How would you like to give intensities of components departure?
« a hot single reservation of system components, :D"f”' -
« a cold single reservation of system components, c sm oot R
* replacing the system components by improved © et efn e
. . e £ series-consecutive “m out of n: F
components with reduced intensities of Tt fthF
departure from the reliability state subsets, £ srisssystenn of sbone systerms -
Enter | Back | New | Exit |
Reliabiity parameters of the system | Characteristics of the system refiabilty and risk |
Prediction of improved complex technical systems reliability and risk
_ (b) ®) (1) < i
Tunpker of reliatbiity. states |4 Systern and components critical reliabiity state the faCtor p (U), 0 < p (U) - l (eqUIvalentIy
sy i i) ) || factors p® (u) or p{”(u)), in a case of replacing

ezt |

Select the method of system reliability improvement:

the system components by improved components
with reduced intensities of departure from the
reliability state subsettu,u+1,...,z p=12,...,2,

at the operation statezy,, b=12..v, by
" 3 cold single reservation of its companents . . . . . . .
" reduced intensities of departure of its components Next | Exit | mUItlplylng Intensities by thlS faCtor f|Xed In [9]

' 3 hot single reservation of its companents

After finishing giving data the computer program
- the parameters of a system reliability structure inautomatically comes to the third panel
various operation states, described in Sectior},3 [5 “Characteristics of the system reliability and tisk
where are shown the results. Namely, there arengive
following reliability and risk characteristics ohd
system before and after system improvement [2]:
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- the unconditional reliability function of the syste - the mean values of the system unconditional
(with plotting) before lifetimes in the particular reliability states befo
the system improvement
RtD) =[LR(¢D,..., R(, 2)],
Hu), u=1212...,7
and after the system improvement and after the system improvement

ROtI=[LRY ¢)),..., R®(, 2)], kO{123}, 7% W), u=12,....z, kO{1,23},

where R® ¢[) denotes the improved unconditional — the system risk function (with plotting) before the

reliability function of the system with a hot sieg| system improvement

reservation of its component®R® t [{ denotes the

improved unconditional reliability function of the  r(t), t0<0,»),

system with a cold single reservation of its

components andR® t (J,)denotes the improved and after the system improvement

unconditional reliability function of the systemttvi

reduced intensities of its components departure, r(t), tO0<0,0), kO{123},

- the mean values of the system conditional
lifetimes in the reliability state subsets
{u,u+1,...,zZz while the system is at the
operational state z,, b=12,...,v, before the
system improvement T,

- the moment when the risk exceeds a permitted
level o before the system improvement

2, (U) = T[R(t u)]‘b) dt u=12....z and after system improvement
b - ’ ’ - IERRRE S
0

™ kO{123}.
and after the system improvement
Below there are presented results for the exemplary
system with a hot single reservation of its

14" (), u=12....z, kO{123}, components.

- t_he . mean . values of the . SyStem unconditional Reliahility parameters of the system | characteristics of the systern reliabiity and risk |
lifetimes in the reliability state subsets
{u,u+1,...,Z before the system improvement

Prediction of improved complex technical systems reliability and risk

Iurnmber of reliatiity, states |4 System and cormponents critical reliatiity state

,U(U), u= ],2,...,2, System risk permitted leyvel ID.DS

Mext

and after the system improvement

Select the method of system reliability improvement:

Iu(k) (U), u= ],2,...,2, k D {12,3}, ' 3 hat single reservation of its components
" 3 cold single reservation of its components
— the Standard deViationS Of the SyStem " reduced intensities of departure of its compaonents MNext | Exit |

unconditional lifetimes in the reliability state
subsets {u,u+1..,Z2 before the system As a result there are given the reliability

improvement characteristics of the exemplary system in thet firs
window before and in the second window after
o(u), u=12,...z system improvement.

and after the system improvement

o), u=12,...,z, kO{1,23},
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JRT=TE

File  Help

Characteristics of the systern reliability and risk |

Prediction of improved complex technical systems reliability and risk

Characteristics of the system reliability and risk

Coordinates of the unconditional refiabiity function of the systern: - Reliability Plot
Rit,1)= 0.214*[ 1 - {1-exp(-0.0031))*{1-exp({-0.003t))] + 0.038*[ 1 - {1-exp(-0.0028t))*{1-exp(-0.0026t 1) *{ 1-exp(-0.0028t ))*{ 1-exp(-0.0026t 1]

+ 0.293%[[ 1 - {(L-exp(-0,0032t))*(1-exp(-0.0032t1)] * [ 1 - (l-exp(-0.0021t))*{1-exp(-0.00211))*( L-exp(-0.0021t) )*(1-expi-0.00211))]] Save Plot |

+ 0.455*%[[ 1 - {1-exp(-0,0043t))*(1-exp(-0.0043t 1] * [ 1 - [(1 - exp(-0.0028t))*{1 - exp(-0.00258t11*(1 - exp(-0.0026t 11*(1 - expi-0.0028t))
+ exp(-0.002213(1 - expi-0.00281))*(1 - exp(-0.0028t)1%(1 - expl-0.00226)) + exp(-0.00281)(1 - exp(-0,0028t)1*%(1 - exp(-0.0028t))

*#{1 - exp(-0.0028t)) + exp(-0.0028t)(1 - exp(-0.0028t)1)*{1 - exp(-0.0028t)3*(1 - expi-0.00281)) + exp(-0.0028t)*(1 - exp(-0.0028t)) Risk Plot |
*1 - expl-0.00281))*(1 - exp(-0.0028t)3]]] for t=0,

Rit,21= 0.214%[ 1 - {1-exp{-0.00318))*{1-exp{-0.002318))] + 0.038%[ 1 - (1-ewp(-0,003t))%(1-enp(-0.003t 11 1-exp(-0,003t ) )*{ 1-2xp(-0.0031)]

+0.293%[[ 1 - {(1-exp(-0.0034t))* (1-exp(-0.0034t))] * [ 1 - {1-exp(-0.0022t)1*(1-exp(-0.0022t))*( 1-exp(-0.0022t))*{ 1-exp(-0.0022t 11]] Save Plot |

+ 0.455%([ 1 - (1-exp(-0.0046t))*(L-exp(-0.0046t 3] * [ 1 - [expd-0.0028t)(1 - exp(-0.0031))*(1 - exp(-0.003t)3*(1 - exp(-0.003t))

[
[ [
*{1 - exp(-0.00313) + exp(-0.003t){1 - exp(-0.003t3*(1 - expi-0.003t))*(1 - exp(-0.003t)) + expi-0.003t)(1 - exp(-0.003t10*(1 - exp{-0.003t3)
*1 - exp(-0.003t)) + exp(-0.003t)(1 - exp(-0.003£))*(1 - exp(-0.0034))*(1 - exp(-0.003t)) + exp(-0,003t)*(1 - exp(-0.003t)1*(1 - exp(-0.003t)) Save Results |
*{1 - exp(-0.003t3)]]] for t=0,

R(t,2)= 0.214%[ 1 - {1-exp(-0.0032t))*(1-xp(-0.0032t11] + 0.022%[ 1 - (1-exp(-0.0032£))%( L-exp(-0,0032t ) ) 1-exp (-0, 0032t )% L-exp (-0.0032t)3] LI Print Results |

Characteristics of the improved system reliability and risk

Coordinates of the unconditional reliablity function of the improved system: Reliability Plot |
Rit,11= 0.214%[ 1 - [1 - (2*gxp(-0,0008t --exp(-2*+0, 0008t) ) * (2 *exn(-0,00 11t -exp -2 0,001 1)) *(2*axp(-0,00 11t -sxp(-2*0,00118))]

*[1 - (2*exp(-0.0008t )-expi-2*0.0008t ) 3* (2 *exp (-0.001 1t -exp (-2 *0,001 11 0% (2 *expi-0,001 1t J-expi-2*0.0011t 13]]
+0.038% 1 - [1 - (2%exp(-0.0013t)-8x0(-2*0.0013 ))*(2%exn (-0,0015t l-exp(-2*0,0015t1)]
*[1 - (2*exp(-0.0013t )-expi-2*0.00 13t )3* (2 *exp(-0.0015t J-exp (-2 *0,0015t 37]

Save Plot

*1 - (2%exp(-0.0013t -2xpl-20,0013t ) (2 *exp(-0.0015t J-exp(-2*0,00151 )] Risk Plot |
*#[1 - (2*exp(-0.0013t )-exp(-2*0.00 12t ) 3* {2 *exp (-0.0015t J-exp(-2*0,0015t3)]]

+0.293%[[ 1 - [1 - (2*exp(-0.0009t -exn(-2 *0.0009t))*(2*exn(-0.0012t )-exp(-2 *0.00126))* (2 *exp(-0.00 L1t )-exp(-2*0.0011t))]

*#[1 - (2*exp(-0.0009t )-expi-2*0,0009t ) 3* (2 *exp (-0.00 12t J-exp(-2*0,00121 1)*(2*exp{-0,001 1t J-expi-2*0.0011t13]1) Save Plot |
#[1-[1- (2%exp(-0.0009t )-exp(-2*0.0009t ) )* (2 *expl-0.0012t }-exp(-2*0.0012t 1]

*#[1 - (2*exp(-0.0009t )-expi-2*0,0009t ) 3* {2 *exp(-0.00 12t -exp(-2*0,0012137]

*[1 - (2*exp(-0.0009t }-exp(-2*0.0009t ) (2 *exp(-0.0012t }-exp(-2*0.0012t )] Save Results |
*[1 - (2*exp(-0.0009t }-exp(-2*0,0009t ) 7*(2*%exp(-0.0012t -exp (-2*0.00121 10111

+0.455%[[ 1 - [1 - (2¥exp(-0.0013t -exp(-2*0.0013t )1*(2%exn(-0.0015t -exp(-2 *0.0015t 1) * (2 *exp(-0.00 15t -exp(-2*0.0015t1)] Print Results |

*[1 - (2*exp(-0.0013t )-expi-2%0,00 13t ) 7* (2 *%exp (-0.0015t J-exp (-2*0,00154 )% 2 exp (-0,0015% Fexpl-2*0.0015t )1]]
*[1-[[1- (Zexp(-0.0013t -expi-2*0.00131 ) 1% 2exp(-0.0015t Fexpl-2 *0.0015t )]
*[1 - (2exp(-0.00131)-exp(-2*0.0012t )*(2exp (-0,.0015t J-exp(-2*0,0015t )]

*[1 - (2exp(-0.0013t)-expi-2*0.0013t 1% 2exp(-0,0015t -expl-2*0,0015t 1] New
*1 - (2exp(-0.00131)-2xp(-2%0.0012t )% (2exp(-0.0015t J-exp(-2*0,0015t )]
+ [1 - (2exp(-0,0013t Fexp(-2*0,0013t )% 2exp(-0,0015t -exp (-2 *0,0015t 1) ] ﬂ Exit
HT1 Mot O ONADEY maan? OO A4S AR s O ORADES, man . OO QA E433] E |
o]
File  Help

Characteristics of the systemn reliability and risk |

Prediction of improved complex technical systems reliability and risk

Characteristics of the system reliability and risk

The systern risk function: ] Reliability Plot |

r(t)= 1-R(t,2)= 1 - [0.214*[ 1 - [1-8xp(-0,0031t))1*(1-exp(-0,0031t))]

+ 0.038*[ 1 - {1-exp(-0.003t 1% 1-expd-0,0036 )% 1-expi-0,003t )% 1-exp(-0.003t 03] + 0.293%[[ 1 - {1-exp(-0.0034t 1% (1-exp(-0,00341 3] Save Plot
* [ 1 - (1-exp(-0,0022t))*( 1-exp(-0,00221) )*( 1-exp(-0,0022t 1% 1-exp(-0.0022t)1]] + 0.455*[[ 1 - (1-exp(-0,0046t))*(1-exp(-0.00461))]

*[ 1 - [exp(-0,0028t31 - expd-0,00361)%(1 - exp(-0.0031)7*(1 - exp(-0.003t1%(1 - expd-0,003t)) + exp(-0.003t3(1 - expi-0.003t))

*(1 - exp(-0,003t)1*%(1 - expl-0,002t)) + exp(-0,.003t)(1 - exp(-0.003t)0*%(1 - expl-0.002L3)*(1 - exp(-0.003t)) + exp(-0.0023L)(1 - exp(-0.003t)) J Risk Plot

*(1 - exp(-0,003t))*(1 - exp(-0.002t)) + exp{-0,003t)*(1 - exp(-0.0031)7*(1 - exp(-0.003t13*(1 - exp{-0,003t))]11] for t=0.

Moment when the risk exceeds a permitted level: 60,38281. 53\"9 Plot

Mean value of the systemn conditional lifetime in the subset of reliability states not warse than 1 at operation state z1; 49582768, T
Mean value of the systern conditional lifetime in the subset of reliability states not worse than 1 at operation state z2) 739.57365,
Mean value of the systemn conditional lifetime in the subset of reliability states not warse than 1 at operation state 22 403,106732,
Mean value of the systern conditional lifetime in the subset of reliabiity states not worse than 1 at operation state z4: 234.57526. x| Print Results

Characteristics of the improved system reliability and risk

[T - (2 erp -0 00T -exp (-2 000 LT ) ) 2 e -0 00 T2t -espi-2 0, OO T2 T 1] ] | Reliability Plot |
+ 0.455*[[ 1 - [1 - (2%expi-0.0014t )-exp(-2#0.0014t))*(2%exp(-0.0016t -exp(-2#0.0016t ) * (2*exp(-0.0016t -exp(-2*0.0016t 1)]

*[1 - (2%exp(-0,0014t)-2xpl-270,00 141 )% (2 *exp(-0,00 164 )-exp (-2*0,00 16t ) 1*(2*exp(-0,00 16t J-expi-2*0,0016t))]]

*[1-[[1 - (2expi-0.0014t)-exp(-2%0.0014t))* (2exp(-0.0016t }-exp(-2*0.0016t )] Save Plot
*[1 - (2exp(-0.0014t)-exp(-27%0,00141 )% (2exp(-0,.0016t }-exp(-2*0,.00161 ) 1]*[1 -

(Zexp(-0.0014t ;-exp(-2*0.0014t))*(2exp(-0,0016t }-exp (-2*0,0016 1)]*[ 1 - (2expi-0.0014t)-exp(-2*0.0014t))*(2exp(-0,0016t }-exp(-2*0,.0016t ) 1] 5

+ [1 - (2ewpi-0.0014t -exp(-2*0.0014t))*(2exp(-0.00 16t -sxp(-2*0.0016t 1] Risk Plot
*[1 - {2exp(-0.0014t )-exp(-2*0.0014t )% (2exp(-0.0016t )-exp(-2*0.0016t ) 1]

*#[1 - (2ewp(-0.0014t)-exp(-2*0,00 141 1) * (2exp(-0.0016t )-expl-2*40.00 16t ) )]*(2exp(-0,0014t )-exp-2*0, 00 14t ) 1* (2expl-0.00 168 )-exp(-2*0.0016t ) Save Plot
+ [1 - (Zexpi-0.0014t )-exp(-2*0.0014t))* {2exp(-0.00 16t J-exp(-2*0,0016t17]

*#[1 - (2ewp(-0.0014t)-exp(-2*0,00 141 1) * (2exp(-0.0016t )-expl-2*40.00 16t ) )]*(2exp(-0,0014t )-exp-2*0, 00 14t ) 1* (2expl-0.00 168 )-exp(-2*0.0016t )

*[1 - {2exp(-0.0014t )-exp(-2*0.0014t )% (2exp(-0.0016t )-exp(-2*0.0016t ) 1] Save Results

]
)
+ [1 - (2expi-0.0014t -exp(-2*0.0014t ) )* (2exp(-0.00 16t J-exp (-2 *0,00161 1) ]*(2exp (-0, 00 14t J-exp (-2 *0.0014t ) )*(2exp(-0.00 16t )-2xp(-2%0,0016t))
)*
)

*[1 (2exp(-0,0014t)-exp(-2*0.0014t) ) * (2exp(-0.0016t )-exp(-2%0.0016t))] Print Results
*1 - {2exp(-0.0014t)-exp(-2*0.00141 1) * (2exp(-0.0016t }-exp(-2*0.00 16t ) 1] J
2*0.0016t)]]

+ (2exp(-0,.0014t )-exp(-2*0,0014t ) )* (2exp(-0,0016% }-exp(-240.0016t )3*[1 - (2exp(-0,0014t)-exp(-2*0, 0014t ))* (2expl-0.00 16 )-exp(-

*1 - {2exp(-0.0014t)-exp(-2*0.00141 1) * (2exp(-0.0016t }-exp(-2*0.00 16t ) 1]
*[1 - (2ewp(-0.0014t J-exp(-2%0,0014 ) )* (2exp(-0.0016t )-expi-240.0016t )1]]]1] for t=0. Newr
Mornent when the risk of a system with hot reservation exceeds a permitted level: 239,77344, _| Exit
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Characteristics of the system reliability and risk |

Prediction of improved complex technical systems reliability and risk

Characteristics of the system reliability and risk

49582768,
739.573265,
40310673,
23457526,

Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state 21
Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state 22:
Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state 23
Maan value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state 24
Mean value of the systern unconditional lifetime in the subset of reliability states not worse than 10 359.05294,

The standard deviation of the systerm unconditional lifetime of the systern in the subset of reliability states not worse than 1 269.06748.

Mean value of the systemn conditional lifetime in the subset of reliability states not worse than 2 at operation state z1;
Mean value of the systemn conditional lifetime in the subset of reliability states not worse than 2 at operation state z2;
Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state 23
Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state 24
Mean value of the system unconditional lifetime in the subset of reliability states not worse than 2; 240,16252.

The standard deviation of the system unconditional lifetime of the system in the subsat of reliability states not worse than 2: 257.01044,

47983374,
690, 26853,
380.71764,
21911566,

=l " Reliability Plot |
Save Plot
Risk Plot
Save Plot

Save Results
= Print Results

Characteristics of the improved system reliability and risk

Mean value of the systemn with hot reservation conditional lifetime in the subset of reliability states not worse than 1 at operation state z1:
Maan value of the system with hot reservation conditional lifetime in the subset of reliability states not worse than 1 at operation state z22:
1,140.59097,

Mean value of the systern with hot reservation conditional ifetirme in the subset of reliability states not worse than 1 at operation state 23:
Mean value of the system with hat reservation conditional lifetime in the subset of reliabiity states not warse than 1 at operation state 24
Mean value of the system with hot reservation unconditional lifetime in the subset of reliability states not worse than 1, 716.79299,

365.20915,

Mean value of the system with hot reservation conditional lifetime in the subset of reliability states not worse than 2 at operation state z1:
Maan value of the system with hot reservation conditional lifetime in the subset of reliability states not worse than 2 at operation state z22:
Maan value of the system with hot reservation conditional lifetime in the subset of reliability states not worse than 2 at operation state z3:
Mean value of the systern with hot reservation conditional lifetirme in the subset of reliability states not worse than 2 at operation state 24
Mean value of the systern with hot reservation unconditional lifetime in the subset of reliabiity states not worse than 2: 679.45602,

353.60779,
Mean value of the system with hot reservation conditional lifetime in the subset of reliability states not worse than 3 at operation state z1:

Mean value of the system with hot reservation conditional lifetime in the subset of reliability states not worse than 3 at operation state z2:
Mean value of the system with hot reservation conditional lifetime in the subset of reliability states not worse than 2 at operation state z2:

039.52866,

B08.63889.
317.49495,

The standard deviation of the system unconditional lifetime of the system with hot reservation in the subset of reliability states not worse than 1;

011.16445,

1,064.6259,

76462507,
48346352,

The standard deviation of the system unconditional lifetime of the system with hat reservation in the subset of reliabiity states nat worse than 2:

881.871582,
995, 14464,
739,44705,

2| ' Reliability plot |
Save Plot

Risk Plot
Save Plot

Save Results
Print Results

I
=l Exit

The program gives possibility of showing the plét o It is also possible to obtain the plot of the systisk
the system unconditional function with marked moment when the risk exceeds
a permitted level by pressing the button “Risk Plot

the coordinates of
reliability function in the reliability state suldsby
pressing the button “Reliability Plot” for both

: -
widows i.e. for the system before and after FEEm =

Risk function of the system

improvement. Then the following window with the
plot appears on the screen.

[ ¥ict of the system reliabiiey function =
The unconditional reliability function of the system

1o e

0 100 200 300 400

700

time

200

— system risk function — permitte

moment when the rish

ds a permitted lev

02 Risk function of the improved system

0 100 200 300 400 500 600

700

time

900 1000 1100 1200 1300 1400

800

‘7\n the reliabilty state subset {1,...,3} —in the reliability state subset {2,3}

in the reliabiity state subset {3}

The unconditional reliability function of the improved system

1,0

0 250 500 750

1000

time

1250 1500 1750

‘7 system risk: function — permitted level

maoment when the risk: exceeds a permitted level 239.773‘

] 250 500 750

1000
time

1250 1500 1750 2000

—in the reliabilty state subset {1,...,3} —in the reliabity state subset {2,3} — in the relabilty state subset {3}]

results.
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For the exemplary system with a cold single
reservation of its components we obtain following
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Reliability parameters of the system | Characteristics of the system reliability and risk |

Prediction of improved complex technical systems reliability and risk

[urnter af reliatiity. states |4 System and componemts critical reliatiity. state

Systenn risk permitted level ID.DS

Next |

Select the method of system reliability improvement:

" a hot single reservation aof its components

' 3 cold single reservation aof its companents

" reduced intensities of departure of its components Next | Exit |
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Characteristics of the system reliability and risk

Coordinates of the unconditional relisbility function of the system: - Reliability Plot
Rit,1)= 0.214*[ 1 - {1-exp(-0.003t 1% 1-exp(-0.0031))] + 0.038*[ 1 - {1-exp(-0.0028t))*(1-exp(-0.0028t ))*( L-exp(-0.0028t ))*(1-exp(-0.0025t 1) ]

+ 0.203*[[ 1 - (1-exp(-0.0032t))*(1-exp(-0.0032t 1) * [ 1 - {1-exp(-0.0021t))1*( 1-exp(-0.0021t) *(1-exp(-0.002 1)) *(1-exp(-0.0021t )1]] Save Plot

+ 0.455%[[ 1 - [1-exp(-0.0043t 1% 1-exn(-0,0043t))] * [ 1 - [(1 - exp(-0.002811)1%(1 - exp(-0.0028t11*(1 - exp(-0,.0028t)1%(1 - exp(-0,0028)) |
+ exp(-0.0028t)({1 - exp(-0.0025t11*(1 - exp{-0.0028t))*(1 - exp(-0.0028t)) + exp(-0.0028t)(1 - exp(-0.0028t))*(1 - exp(-0.0023t))

*#{1 - exp(-0.0028t1) + exp(-0.0028t )1 - exp(-0.0028t1)*(1 - exp(-0.0028t)1)1*(1 - exp(-0.0028t)) + exp(-0.0028t)*(1 - exp(-0.0028t)) Risk Plot |
*#{1 - exp(-0.0022t1)*(1 - exp(-0.0022t)1]]] for t=0,

Rit,2)= 0.214*[ 1 - {1-exp(-0.00311))*(1-exp(-0.0031))] + 0.038*[ 1 - (1-exp(-0.0031)1*( 1-exp(-0.003111*( 1-exp (-0.003t ) 1*(1-exp(-0.003t 11]

+ 0.203*[[ 1 - (1-exp(-0.0034t)1*(1-2xp(-0.0034t))] * [ 1 - {1-exp(-0.0022t))*(1-exp(-0.0022t ) 1*( 1-exp(-0.0022t))* (1-exp(-0.0022t))]] Save Plot |
+ 0.455%[[ 1 - (1-exp(-0.0046t )% 1-exp(-0.0046t1)] * [ 1 - [exp(-0.0028t)(1 - exp(-0.0031))*(1 - expi-0.003t))*(1 - exp(-0.003t))

*(1 - exp(-0.0032t)) + exp(-0.003t)(1 - exp(-0.003t)1%(1 - exp(-0.003t11*(1 - exp(-0.003t)) + exp(-0.003t)(1 - exp(-0.003t11%(1 - exp(-0.003t))

*(1 - exp(-0,003t)) + exp(-0,003t)(1 - exp(-0.003t))*(1 - exp(-0.003t)1*(1 - exp(-0.003t1) + exp(-0.003t)*(1 - exp(-0.003t)1)*(1 - exp(-0.003t)) Save Results |

*{1 - exp(-0.003t))]]1] for t=0,
R(t,3)= D_._214*[ 1- (1_-exp(-D.D_D_32_t))*(;-exp(-D.D_D?th)_)] + _D.DSEI"f[ 1- (1-e_>$p_(_-D.DDS_2t))*(1-@)@_(_—0.003_2t))*(1-Ef>fp_(_-D.DDS_Et))*(l-gxg_(-D.DDSEt))] LI Print Results |
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UL = LRS00 = L) = =1 L L) | = W= RN D - S

R(t,1)= 0.214%[ 1 - [1 - (1+0.0002t)exn(-0.0008E 1% 1+0.0011t Jexp(-0.001 Lt )*(1+0.001 1t )exp(-0.0011t)] 2] Reliability Plot |
*[1 - (140.0002t )exp(-0.0008t *(1+0.0011t Jexp(-0.001 1t 1*(14+0.001 1t )exp(-0.0011t 1]

+ 0,038 1- [1 - (1+0,0013t)exp(-0.0013t)*(1+0,0015t)exn(-0.0015t 11 - (1+0.0013t e (-0.0013t ) 1+0,0015¢ Jexp(-0,0015t )] Save Plot |

*[1 - (1+0.0013t)exp(-0.0013t)*(1+0.0015t Jexp(-0.0015t )7*[1 - (1+0.0013t jexp(-0.0013t)*(1+0,0015t Jexp(-0.0015t)]]
+ 0.203*[[ 1 - [1- (1+0.0009¢ Jexp(-0.0009t)*(1+0.0012t Jexp(-0.0012t )*{1+0,001 1t Jexp(-0.0011t)]

*#[1 - (1+0.0009t )exp(-0,0009t ) *(1+0.00 121 Jexp(-0.0012t)*(1+0,0011t Jexp(-0.0011t)]] Risk Plot |
* [ 1-[1- (1+0.0009t Jexp(-0,0009t)* (1+0,0012 exp(-0.00126)]*[1 - {1+0,0009t Jexp(-0.0009t)*(1+0,00 121 Jexp(-0.0012t)]

*#[1 - {1+0,0009t )exp(-0, 0009t 1*{1+0.0012t Jexp(-0.00126)*[1 - (1+0,0009t Jexp(-0,0009t)*{ 1+0,0012t Jexp(-0.0012t)]]] Save Plot |
+ 0.455%[[ 1 - [1 - (1+0.0013t Jexp(-0.0013t)*(1+0,0015t Jexp(-0.0015t)*{ 1+0.00 15t Jep(-0,0015t)]

*#[1 - {1+0.0013t)exp(-0.0013t 1*{1+0.00 15t Jexp(-0.0015t)*{ 1+0. 0015t Jexp(-0.0015t 1]

*[1-[[1- (1+0.0013t)exp(-0.0013t )*{1+0,0015tJexp(-0.00158)1*[1 - [1+0.0013t)exp(-0.00136)*(1+0,0015t Jexp(-0.0015t)] Save Results |
*[1 - (1+0.0013t)exp(-0,0013t)*(1+0.0015t Jexp(-0.0015t )7*[1 - (1+0.0013t )exp(-0.0013t)*{1+0,0015t Jexp(-0.0015t)]

+ [1 - (1+0.0013tJexp(-0.0013t)*(1+0.0015t Jexp(-0.0015t )]*[1 - (1+0.0013t )exp(-0.0013t)*(1+0,0015t)exp(-0.0015t)] Print Results |
*[1 - (140.0013t )exp(-0.0013t )*{ 1+0.0015t Jexpi-0.00151) ]*( 14+0.0013t Jexp(-0.0013t)* (1400015t Jexp(-0.0015t)

+ [1 - (10,0013 exp(-0,0013t)*(1+0,0015exp(-0.00156)]*[1 - {1+0,0013t )exp(-0,0013t)*(1+0.0015t Jexp(-0.0015t)]
*(1+0,0013t Jesxn (-0.0013t)*{ 1+0,0015t Jexp (-0.0015)*[1 - (10,0013t lexp(-0.0013t1*{ 1+0,0015t )exp(-0,0015t)]

+ [1 - (1+0,0013t)exp(-0.0012t)*{1+0, 0015 )exp(-0.0015t)]*(1+0,00 13t Jexp(-0,0013t)*(1-+0. 0015t Jexp(-0.0015t)

*#[1 - {1+0.0013t)exp(-0.00131*{ 1+0.0015 ) (-0.0015t)*[1 - (1400013t Jexp(-0.0013t)*{ 1+0. 0015t Jexp(-0.0015t)]

+ (1+0.0013t Jexp(-0.0013)*(1+0,0015t Jexn (-0.0015t 141 - {1+0.0013t)esn(-0,0013t )*(1+0,0015t Jexp(-0.0015t)] -

*[1 - {1+0.0013t )exp(-0,0013 1% 1+0.0015 Jexp(-0.0015t ) ]*[1 - (1+0,0013t Jexp(-0,0013t)*( 1+0,0015t Jexp(-0,0015t)]]]] for t=0, Jd | Exit |

New
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Characteristics of the system reliability and risk |
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Characteristics of the system reliability and risk

Mean value of the systern conditional lifetime in the subset of reliability states nat warse than 1 3t operation state z1; 49582768, 2l Reliability Plot |
Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state z2; 739,.57365,

Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state 23) 403,10673, Save Plot
Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state 24, 234.57526,

Mean value of the system unconditional lifetime in the subset of reliability states not worse than 1 359.05294,

The standard deviation of the systern unconditional lifetime of the system in the subset of reliability states not worse than 1 269.06748, Risk Plot
Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state z1: 479.83374, Save Dlot
Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state 22; 690,26853,

Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state z3; 380. 71764,

Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state z4: 219.11566, Save Results
Mean value of the system unconditional lifetime in the subset of reliabilty states not worse than 2; 340.16252,

The standard deviation of the systern unconditional ifetime of the system in the subsst of reliability states not worse than 20 257.01044, Ll Print Results

Characteristics of the improved system reliability and risk

Morment when the risk of a system with cold reservation exceeds a permitted level: 335.60469. =) Reliability Plot |
Mean value of the system with cold reservation conditional lifetime in the subset of reliablity states not warse than 1 at operation state z1; Save Plot
1,285.689583.

Mean value of the system with cold reservation conditional lifetirme in the subset of reliabiity states not worse than 1 at operation state z2:

1,534.67108, Risk Plot

Mean value of the system with cold reservation conditional lifetime in the subset of reliabiity states not worse than 1 at operation state z3:

1,111.18455 Save Plot
Mean value of the system with cold reservation conditional lifetime in the subset of reliabiity states not warse than 1 at operation state z4: 714.61824,
Mean value of the system with cold reservation unconditional lifetime in the subset of reliability states not worse than 1) 984,22758,

The standard deviation of the system unconditional ifetime of the system with cold reservation in the subset of relishility states not worse than 1 Save Results
493.41163.

Mean value of the system with cold reservation conditional lifetime in the subset of reliablity states not warse than 2 at operation state z1: Print Results
1,247.57923,

Mean value of the system with cold reservation conditional lifetime in the subset of reliablity states not warse than 2 at operation state z2;

1,432.50524. New

Mean value of the system with cold reservation conditional lifetime in the subset of reliabllity states not worse than 2 at operation state 23:

1,050.95381.
Mean value of the system with cold reservation conditional lifetirme in the subset of reliabiity states not worse than 2 at operation state z4: 667.63539, _I Exit

i
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Characteristics of the system reliability and risk

Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state 24; 219,11566, ;I Reliability Plot |
Mean value of the system unconditional lifetime in the subset of reliability states not worse than 2: 340.16252,

The standard deviation of the systern unconditional lifetime of the system in the subset of reliability states not worse than 20 257.01044, Save Plot
Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state z1: 464,83904,

Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state 22; 647,12772, Risk Plot

Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state 23; 368.42992,

Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state z4: 200.44004,

Mean value of the system unconditional lifetime in the subset of reliabilty states not worse than 3 323.21659, Save Plot

The standard deviation of the systern unconditional ifetime of the system in the subsst of reliability states not worse than 2 248,12587,

Mean value of the systern unconditional lifetime in the particular reliablity state 1: 1889042, J Save Results

Mean value of the system unconditional lifetime in the particular reliablity state 2: 16.94593,
Mean value of the system unconditional lifetime in the particular reliability state 3; 323.21659,

F'rlnt Results

Characteristics of the improved system reliability and risk

1:0;6.5;381; . T e e O T T T T T P T Ty T T T T TS T T T . =] Reliability Plot |
Mean value of the system with cold reservation conditional lifetime in the subset of reliabiity states not warse than 2 at operation state z4: 667.63539.

Mean value of the systemn with cold reservation unconditional lifetime in the subset of reliability states not worse than 20 933,12073, Save Plot

The standard deviation of the system unconditional ifetime of the system with cold reservation in the subset of relishility states not worse than 2

[474.22116.

Mean value of the system with cold reservation conditional lifetime in the subset of reliablity states not worse than 3 at operation state z1:

1,207.24338 Save Plot
Mean value of the system with cold reservation conditional lifetime in the subset of reliablity states not warse than 3 at operation state z2;
1,343.08431.
Mean value of the system with cold reservation conditional lifetime in the subset of reliablity states not warse than 3 at operation state z2: Save Results
1,016.18902,
Mean value of the system with cold reservation conditional lifetime in the subset of relisbility states not worse than 3 at operation state z4: 610.46101, 5
Mean value of the systern with cold reservation unconditional lifetime in the subset of reliskility states not worse than 3 894,89086. Print Results
The standard deviation of the systern unconditional ifetime of the systern with cold reservation in the subset of relishility states not worse than 3
451,95479,

New

Mean value of the system unconditional lifetime in the particular reliability state 1: 51.10685,
Mean value of the system unconditional lifetime in the particular reliablity state 2; 48.22087

Mean value of the system unconditional lifetime in the particular reliability state 3 884.89086, v Ezit

Risk Plot
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] 100 200 300 400 500 600 700

time

800

900 1000 1100 1200 1300 1400

|7\n the reliability state subset {1,...,3} — in the reliability state subset {2,3} in the reliability state subsat {3}‘

ESVTot ofthe <ystem ke unciion —— 2 P
Risk function of the system

=101x)

1,0

] 100 200 300 400 500 600 700

time

800 900

1000 1100 1200 1300

— system risk function — permitted level 0.05 moment when the risk exceeds a permitted level 60,383
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The results of the computer program CP 8.16 for the
exemplary system with
departure of its components are presented below.

reduced intensities of

Select the method of system reliability improvement:
" a hot single reservation of its companents

" a cold single reservation of its compaonents
o

Next | Exit |

Characteristics of the system reliability and risk |

Prediction of improved complex technical systems reliability and risk

Characteristics of the system reliability and risk

Coordinates of the unconditional reliability function of the system:

Rt 1)= 0.214* 1 - (1-exp(-0.003t1)*{1-exp(-0.003t13] + 0,039 1 - (1-exp(-0.0028t))*(1-ex
[+ 0.203*[[ 1 - (1-exp(-0,0032t))*( L-exp(-0.0032t1)] * [ 1 - {1-exp(-0.0021t11*(1-exp(-0.0021
+ 0.455%[[ 1 - (1-exp{-0.0043t)1*(1-exp(-0.0043t2)] * [ 1 - [(1 - exp(-0.0022t))*(1 - expi-0.01

*(1 - exp(-0.0022t 1) + exp(-0.0022t )1 - exp(-0.0028t)1*(1 - exp(-0.002811)*(1 - exp(-0.0022

*(1 - exp(-0.0028t1*(1 - expl-0.0028t1)1]] for t=0,

R(t,2)= 0.214*[ 1 - (1-exp(-0.0031t1)*(1-e%p(-0,0031t))] + 0.038%[ 1 - {1-exp(-0.003t1)*( 1-&

+ 0.293*[[ 1 - (1-exp(-0.0034t))* (1-exp(-0.00341))] * [ 1 - (1-exp(-0.00221))*(1-exp(-0.00221

+ 0.435*[[ 1 - (1-exp(-0.0046t))*(1-exp(-0.00458))] * [ 1 - [exp(-0.0026t)(1 - exp(-0.003t) )"

*(1 - exp(-0,003t)) + exp(-0.00313(1 - exp(-0.003t))*
G

{

{

(1 - exp(-0.003t))]]] for t=0,

Rit,3)= 0.214*] 1 - (1-ewp(-0.0032t)P*{1-2wp(-0.0032t)7] + 0.038*[ 1 - (1-ean(-0.0032t))*(1+

+ 2xp(-0.0028t)(1 - exp(-0.00228t1)*(1 - exp(-0.0022t) 7*(1 - exp(-0.0028t)) + expl-0.002213(1 - exp(-0.0022L)1*(1 - exp(-0.0028t))

(1 - exp(-0.003t30*(1 - exp(-0.00313) + exp(-0.003t3(1 - exp(-0.003t30*(1 - exp(-0.00313)
*(1 - exp(-0,003t)) + exp(-0.00313(1 - exp(-0.003t10*(1 - exp(-0.003t1*(1 - exp(-0.0031)) + exp(-0.00313*(1 - exp{-0.003t1*{1 - exp(-0.003t))

[ Reliability Plot |
Save Plot |
Risk Plot |
Save Plot |

Save Results |
1-e_x;§_(-0.0032t))] LI Print Results |

(0,002t ) *{ 1-esp (-0,0026t ) 1*(1-exp(-0.0028t))]
£)7*{ 1-expi-0.0021t )% 1-exp(-0.0021t))]]
D28t))*(1 - exp(-0,0028t))*(1 - exp(-0.0028t))

1)+ exp(-0.0028t)*(1 - exp(-0.0028t))
s (-0.003t )% 1-exp (-0.003t )% ( 1-exp(-0.003t 1))

)% (1-exp(-0.00221 )" 1-exp(-0.00221))1]
(1 - exp(-0.003t)1*(1 - exp(-0.003t))

Ef)gp_(_-D‘DDS2t))*(1-e_>§p(-D.DDS_Et))*(

Characteristics of the improved system reliability and risk

Coordinates of the unconditional refiability function of the improved system:
Rt 13= 0.214* 1 - {1-exp(-0.00267t))*( 1-exp(-0,002671)]
+ 0,038 1 - (1-2xp(-0,00237t11*( 1-exp(-0.00237t))*(1-exp(-0,00237t ) 1*{ L-exp {-0,00237t )]

+ 0.455*[[ 1 - (1-exp(-0.002858))*(1-exp(-0.00385¢)3] * [ 1 - [(1 - exp(-0.00237 %1 - exp(-
+ 2xp(-0.002371 )01 - exp(-0.00237111*(1 - exp(-0.00237410%(1 - exp(-0.002371)) + expi-0.002

*(1 - exp(-0.002371))*(1 - expl-0.00237t))]1] for t=0,
Rit,2)= 0.214"[ 1 - (1-exp(-0.002771))*(1-exp(-0.0027 7t 1)]
+ 0.0353*[ 1 - (1-exp(-0.00254t))*(1-exp(-0.002541t))*{ 1-exp(-0.00254 ) *{ 1-2xp(-0.002541 1))

"
"

(
(
(1 - exp(-0.00254t))*{1 - exp(-0.00254t)1*(1 - exp(-0,00254t1)]]] for t=0,
R(t,2)= 0.214* 1 - (1-exp(-0.00296t))*(1-exp(-0,00285t1)]

+ 0,038 1 - (1-exp(-0,00271t11*( 1-exp(-0.0027 1£))*(1-2xp(-0,0027 1) 1*{ 1-exp {-0,.0027 1t )]

AT e OUOOTTIOR AR mand OO mannd O OO T e £ D OO

+0.203*[[ 1 - (1-exp(-0.00286t))* (1-exp(-0.00286t))] * [ 1 - (1-8xp(-0.001774) 1 (1-exp(-0.001774))* (1-exp(-0.00177t)1*{1-exp(-0,00177t))]]

*(1 - exp(-0.00237t]1) + exnl-0.002371)(1 - exp(-0.002371)*(1 - exn(-0.00237£))%(1 - exp(-0.00237t)) + exp(-0.002371)%(1 - exp(-0.00237t))

+ 0.293*[[ 1 - (1-exp(-0.00304t))*(1-exp(-0.00304¢))] * [ 1 - {L1-exp(-0.00136t)1*(1-exp(-0.00186t ) )*(1-exp(-0.00186t ) ) *{ 1-exp(-0.00186t )11
+ 0.455*[[ 1 - (1-exp(-0.00412t1)* (1-exp(-0.00412t)3] * [ 1 - [exp(-0.002374)(1 - exp(-0.00254t))*(1 - exp(-0.00254t))*(1 - exp(-0.00254t)
*(1 - exp(-0.002541)) + exp(-0.00254t)(1 - exp(-0.00254t))*(1 - exp(-0.00254t)1*(1 - exp(-0.00254t)) + exp(-0.00254t)(1 - exp(-0.00254t))
1 - exp(-0.00254t1)*(1 - exp(-0.00254t)) + exp(-0.00254t)(1 - exp(-0.00254t)1*(1 - exp(-0.00254t1)*(1 - exp(-0.00254t)) + exp(-0.00254t)

+ 0.203*[[ 1 - (1-exp(-0.00313t))*(1-2xn(-0.00313t)1] * [ 1 - {1-xp(-0.00194)1*(1-2xp(-0.00194t 11*( 1-exp(-0.00194t))*( 1-exp(-0.00154t)
+ 0.455*[[ 1 - (1-exp(-0,00448t))*(1-2xn(-0.00445t)1] * [ 1 - [exp(-0.00254t)(1 - exp(-0.0027911)*(1 - exp(-0,.00279t))*(1 - exp(-0.00275t)
*(1 - exp(-0.00279t 1) + exp(-0.00279E)(1 - exp(-0.00270t))*(1 - exp(-0.002798))%(1 - exp(-0.00279t 1) + exp(-0.00279t)(1 - exp(-0.00279t))

e d O OO

o Reliability Plot |
Save Plot |

Risk Plot |
Save Plot |

Save Results |
Print Results |

0.00Z3741)*(1 - exn(-0.002274))*(1 - expi-0.002371))
3701 - By (-0.002374)7*(1 - exp(-0.00237t))

)
]

New

=l Exit |

i
]
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Characteristics of the system reliability and risk

Morment when the risk exceeds a permitted level: 6038281,

Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state z1; 495.827683,

Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state 220 739.57365,

Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state 23: 403.10673.

Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state z4; 234.57526,

Mean value of the system unconditional lifetime in the subset of reliabilty states not worse than 1 359,05294,

The standard deviation of the systemn unconditional ifetime of the system in the subset of reliahility states not worse than 1 269.06748,

Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state z1: 479.83374,
Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state z2; 690.26853.
Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state 23) 38071764,
Mean value of the system conditional lifetime in the subset of reliability states not worse than 2 at operation state z4; 219,11566,
Mean value of the system unconditional lifetime in the subset of reliability states not worse than 2: 340,16252,

2| Reliability Plot |
Save Plot
Risk Plot

J Save Plot

Save Results
=l Print Results

Characteristics of the improved system reliability and risk

Morment when the risk of a system with reduced intensities exceeds a permitted level: 63, 14844,

Mean value of the system with reduced intensities conditional ifetime in the subset of refiabiity states not worse than 1 at operation state z1;
I?fl?;.;#iglt: of the system with reduced intensities conditional ifetime in the subset of refiabiity states not worse than 1 at operation state 22
I?ﬂglr??faalt; of the system with reduced intensities conditional ifetime in the subset of relabiity states not worse than 1 at operation state 23
I?ﬂSezl:ﬁlﬁz of the system with redured intersities conditional ifetime in the subset of relabiity states not worse than 1 at operation state z4:
54?32}193332 of the system with reduced intensities unconditional lifetime in the subset of reliabiity states not worse than 1; 408.8077,

(306,90397,

Mean value of the system with reduced intensities conditional ifetime in the subset of relfiabiity states not worse than 2 at operation state 21
536.99734,

Mean value of the system with reduced intensities conditional ifetime in the subset of relabilty states not worse than 2 at operation state 22
15,2785,

Mean value of the system with reduced intensities conditional ifetime in the subset of refiabiity states not worse than 2 at operation state 23:
431.45701,

The standard deviation of the systern unconditional ifetime of the system with reduced intensities in the subset of reliability states not worse than 1:

:I Reliability Plot |
Save Plot

Risk Plot
Save Plot

Save Results
Print Results

New

;I Ezit
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Characteristics of the systemn reliability and risk |
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Characteristics of the system reliability and risk

Mean value of the systemn conditional lifetime in the subset of reliability states not warse than 2 at operation state z4: 219,11566,
Mean value of the systern unconditional lifetime in the subset of reliabllity states not worse than 2; 340, 16252,
The standard deviation of the system unconditional lifetime of the system in the subset of reliabiity states not worse than 2; 257.01044,

Mean value of the systemn conditional lifetime in the subset of reliability states not warse than 3 at operation state z1; 454.83904,

Mean value of the systern conditional ifetime in the subset of reliability states not worse than 3 at operation state 22 647.12772.

Mean value of the system conditional lifetime in the subset of reliability states not worse than 3 at operation state 23 368.42992,

Mean value of the systemn conditional lifetime in the subset of reliability states not worse than 3 at operation state z4: 200.44004,

Mean value of the systern unconditional lifetime in the subset of refiability states not worse than 3 323.21659,

The standard deviation of the systermn unconditional lifetime of the system in the subset of reliabiity states not worse than 3: 24812537,

Mean value of the system unconditional lifetime in the particular reliability state 1: 18.89042,
Mean value of the systern unconditional lifetime in the particular reliability state 20 16.94593,
Mean value of the systern unconditional lifetime in the particular reliabiity state 3: 323.21659,

2l Reliability plot _ |
Save Plot
Risk Plot
Save Plot

J Save Results

Prlnt Results

Characteristics of the improved system reliability and risk

TOLTIOL
Mean value of the systern with reduced intensities conditional lifetime in the subset of reliability states not worse than 2 at operation state z4:
251.13222,

Mean value of the systern with reduced intensities unconditional lifetime in the subset of reliabiity states not worse than 2: 386.52008,

202, 26003,

Mean value of the systern with reduced intensities conditional lifetime in the subset of reliability states not worse than 3 at operation state z1:
Eﬂiz}?iglig of the system with reduced intensities conditional lifetime in the subset of reliability states not worse than 3 at operation state z2:
:42‘;}1133?12 of the system with reduced intensities conditional lifetime in the subset of reliability states not worse than 3 at operation state z3:
:ﬂjjafi;ﬁz of the system with reduced intensities conditional lifetime in the subset of reliability states not worse than 3 at operation state z4:
Eﬂiifeglii of the system with reduced intensities unconditional lifetime in the subset of reliability states not worse than 3; 367.35644,

2682.04964,

Mean value of the systern unconditional lifetime in the particular reliability state 10 2222762,
Mean value of the system unconditional lifetime in the particular reliability state 2; 19.22364,
Mean value of the systern unconditional lifetime in the particular reliabiity state 3: 367,.35644,

The standard deviation of the systemn unconditional lifetime of the system with reduced intensities in the subset of reliability states not worse than 2:

The standard deviation of the systern unconditional lifetirme of the systern with reduced intensitizs in the subset of reliability states not worse than 3:

2| ' Reliahility Plot |
Save Plot

Risk Plot
Save Plot

Save Results
Print Results

New

= Ezit
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[JLE Piot of the system refiability function =lm)x|
The unconditional reliability function of the system
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The unconditional reliability function of the improved system
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| 3 Plot of the system risk function =10 x|
Risk function of the system
1,0
0,9
02
0,7
0,6
x
Zos
T
0,4
0,3
0,2
0,1
0,0
0 100 200 300 400 500 600 700 300 900 1000 1100 1200 1300
time
— system risk: function — permitted level 0.05 —— moment when the risk exceeds a permitted level 50,383

Risk function of the improved system

100 200 300 400 S00 600 700 800 900 1000 1100 1200 1300 1400 1500
time

‘7;' stem risk: function — permitted level 0.05 moment when the risk exceeds a permitted level 68.148 ‘

11.2. Renewal and availability characteristics
of the improved exemplary system

To determine the renewal and availability
characteristics of the improved exemplary system
we use the results of the system reliability
characteristics evaluation performed in Sectiond 11
and the results of the Section 12.3.1. of IS&RD3S 1

[7].

exponential reliability functions at the operation
statesz,, b=12,...,v, with the coordinates fixed in

Sections 11.1 and the system reliability criticaltes

is r =2, using the computer program CP 8.8 [4]
with appropriately given data from Sections 11.&, w
determine following characteristics: the distrilout;
the expected value and the variance of the timi unt
the Nth exceeding of reliability critical state of this
system, the distribution, the expected value amd th
variance of the number of exceeding the reliability
critical state of this system up to the particular
moment.

For the exemplary system with a hot single
reservation of its components we obtain following
results.

Choase the renovation type | Ignored time I Maor-ignored bime | Resulks - ignored time I 1

{+ Renovation with ignored time

" Renavation with non-ignored time

INPUT PARAMETERS OF THE COMPLEX TECHMICAL SYSTEM RELIABILITY
the number of the system reliability states: |4—
the swstem and components relisbilicy critical skate: |2—
the mean walue of uncoditional lifetime IW

the standard deviation of uncoditional lifetime: I342.99|

Choose the renovation type  Ignored Eime | Non-ignored time I Results - ignore - non-ignored |

PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the swstem reliability states: |4—

the system reliability state: IZ—

the mean value of uncoditional lifetime IW

the standard deviation of uncoditional lifetime: W

INPUT PARAMETERS OF THE SYSTEM RENEWAL PROCESS

number of syskem exceeding llD—
system renewal process duration time W

Choose the renowation bype | Ignored Hime I Mon-ignored time  Results - ignored time I Results - nor-ignored

RESLILTS:

the distribution of the time until the Mth exceeding of reliability critical state r of this system: IZD‘ 1, 1,064.65)
the expected value: I?,IZD‘I and the variance of the time:  |1,176,421.4

the distribution of the number of exceeding the reliability critical stake ¢ of this system:

the expected value 1.4 and the wariance of the number: IU.33

For the exemplary system with a cold single
reservation of its components we get.

If components of the repairable improved exemplary

system with ignored time of renovation have
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Choose the renovation type l Ignared time | Morvignored time | Results - ignored time | |

{* Renovation with ignared time

" Renovation with non-ignored kime

INPUT PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the system reliability states: |47
the system and components reliabilicy critical state: |27
the mean value of uncaditional lifekimne W
the standard deviation of uncoditional lifetime: W

Choose the renovation kype  1gnored time ] Mon-ignored time ] Results - ignore - non-ignored |

PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the swstem reliability states: '4—
the system reliability state: '2—
the mean value of uncoditional lifetime ’W
the standard deviation of uncoditional lifetime:: ’W

INPUT PARAMETERS OF THE SYSTEM RENEWAL PROCESS

nurber of system exceeding 10
system renewal process duration time 1000

Choose the renovation typa] Ignored t\me} Nor-ignored kime  Results - ignored Eime ] Results - nan-ignored tim

RESLILTS:

the distribution of the time until the Mth exceeding of reliability critical state r of this system: |75.7, 1,451.99)
the expected value: |3,778.7 and the variance of the time:  |2,108,272.06

the distribution of the number of exceeding the refiability critical state v of this system:

the expected value |1.02 and the variance of the number: |0.23

Choose the rencwation type  Ianored time ] Mon-ignored tirme ] Results - ignore - non-ignored |

PARAMETERS OF THE COMPLEX TECHMICAL SYSTEM RELIABILITY

the number of the system reliability states: 4
the syster reliability state: z
the mean value of uncoditional lifetime 404,90
the standard deviation of uncoditional lifetime: 290,00

INPUT PARAMETERS OF THE SYSTEM RENEYYAL PROCESS

nuriber of syster exceading 10
system renewal process duration kime 1000

Choose the renovation type I Ignored time ] Mon-ignored time  Results - ignored time | Results - non-ignored tim

RESLILTS:

the distribution of the time until the Mth exceeding of reliability critical state r of this system: |I{4,049, 917.06)
the expected valus: |4,049 and the variance of the time: (341,000

the distribution of the number of exceeding the reliability critical stake ¢ of this system:

the expected walue |2.47 and the wariance of the number: |1.27

To make the estimation of the renewal and
availability of the improved exemplasystem in the
case when the time of renovation is non-ignored, we
assume the mean value of the system renovation time
is equal 4, (2) = 10years and the standard deviation

of the system renovation time amourds (2) = 5

years. If components of the repairable improved
exemplary system have exponential reliability
functions at the operation stateg b,=12,...,v,

with the coordinates fixed in Section 11.1 and the

departure of its components the computer program i§omputer program CP 8.8 with appropriately given
predicting the renewal and availability characterss

in the following way.

Choose the renavation type I Ignored time | Mon-ignored time | Results - ignared time | |

f* Renovation with ignored time

" Renovation with non-ignored time
INPUT PARAMETERS OF THE COMPLEX TECHMICAL SYSTEM RELIABILITY
the number of the system reliability states: ’47
the swstem and components relisbility critical skate: ’27
the mean value of uncaditional lifetime ’W

290.00|

the standard deviation of uncaditional lifekime:

317

values u® (2) and o™ (@), k=123 from
Section 11.1, we determine its renewal and
availability characteristics. Namely, the computer
program is predicting following characteristidbe
distribution function, the expected value and the
variance of the time until the exceeding the relligh
critical state of this system, the distributione th
expected value and the variance of the number of
exceeding the reliability critical state of thissggm

up to the particular moment, the distribution
function, the expected value and the variance ef th
time until the system’s renovation, the distribatio
the expected value and the variance of the number o
system’s renovations up to the particular moment.
Finally, in this type of renovation, the computer
program predict the availability coefficient of the
system at the particular moment and in the time
interval.

For the exemplary system with a hot single
reservation of its components we get.
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Choase the renavation type | Ignored time I Maonrignored time I Results - ignored time I |

{~ Renovation with ignored time

% Renovation with non-ignored time

INPUT PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the system reliability states: |4—
|2—
frzor
fzss

the system and components reliabilicy critical state;
the mean value of uncoditional lifekime

the standard deviation of uncoditional lifetime:

Choose the renovation type | Ignored time  Mon-ignored Eime | Results - ignored kime I Results - 1
PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the system reliability states: I4
IZ—

['9] Give Rit,2)[1]

mean value of system renovation time I'*(Z*EXD('U-UM1t)'EXD('2*U-0011t))]]|

the swstem and components reliability critical state:
the mean value of uncoditional lifetime

the standard deviation of uncoditional lifetime :

Input reliability Function |

INPUT PARAMETERS OF THE 5¥51

standard deviation of system renovat Cancel |

o] I
number of system exceeding the critic T
renewal process duration time I—
length of system availability inkerval I— Calculate |

Choose the renovation typel Ignored time  Mon-ignored time I Results - ignored time | R
PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the system reliability states:

the system and components reliabilicy critical skate:
the mean walue of uncoditional liFetime

the standard deviation of uncoditional lifetime:

Input reliability Function

INPUT PARAMETERS OF THE SYSTEM RENEWAL PROCESS
mean value of system renovation time; IlD
standard dewiation of system renovation time |5

number of syskem exceeding the critical reliabilicy state IlD
IIDUD
IlD Calculate |

renewal process duration time

length of systern availabilicy interwval

Choose the renovation typel Ignored timel Mon-ignored time | Reesults - ignored time ERSSU"ZS - norrignored
the distribution Function of the time until the Neh exceeding the reliabilicy critical state: W
the expected value W and the variance of the time ILI?E,T
the distribution of the number of exceeding the reliability critical skate - table
the expected value IH— and the variance IF of the optimal number of exceeding the re
the distribution Function of the time until the kth system’s renovation IW

the expected value I?,ZZD.I and the variance |1,176,671 4 aof the time unkil the Mth syske

the distribution of the number of syskem's renovations

the expected value |1.39 and the variance of the aptimal number of syskem's renovations IU.31

the availability coefficient of the system at the moment t ID.QQ in the time interval ID
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Distrihution of time until the

=101

Yalues

0.0

0,00000000001 4965

142,40200000000002

0.000000000015062

284, B0400000000003

0,000000000015156

427 20599999999995

0,00000000001525%

569, BOE0000000001

0,000000000015347

712,0100000000001

0.000000000015444

G54,4119999993999

0,000000000015541

996,514

0,00000000001 5635

1139, 2160000000001

0,000000000015736

1251.6150000000002

0.000000000015835

1424, 0200000000002

0,000000000015934

1566422

0,000000000016034

1705, 5239999999995

0.000000000016135

1651.2259999939999

0.00000000001 6236

1993628

0,000000000016338

213603

0,00000000001 644

2276 4320000000002

0.000000000016543

2420,8340000000003

0.000000000016647

Z563, 2360000000003

0,000000000016751

For the exemplary system with a cold single
reservation of
presented below.

its components the

Chonse the renovation type I Ignored time I Maor-ignored bime | Resulks - ignored time I 1

" Renaovation with ignored Fime:

f+ Renovation with non-ignored time

INPUT PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the system reliability states: |4—
|2—
e
[

the svstem and components relisbility critical skate:
the mean value of uncoditional lifetime

the standard deviation of uncoditional lifekime:

Choose the renovation type | Ignored time  Mon-ignored time I Results - ignared time | Results - r
PARAMETERS OF THE COMPLEX TECHNICAL S¥YSTEM RELIABILITY

the number of the system reliability states: Cl
the syskem and components reliabilicy critical state: E
the mean value of uncoditional lifekime:
the standard deviation of uncoditional lifetime:

Input reliability Function I

INPUT PARAMETERS OF THE SYSTEM RENEWAL PROCESS

mean value of system renovation time _

standard deviakion of system renowvati .
Give R(E,Z21]

. - Il |
number of system exceeding the critic. 9 I-D.DDI1t)*(1+D.DDllt)exp(-D.DDIIt)]]

.

Ix

renewal process duration time
Cancel |

length of system availability interval

results are
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Choose the renovation bype | Ignored time  Mor-ignored time | Results - ignored time | R
PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the system reliability skates:
the syskern and compaonents reliability critical stake:

the mean value of uncoditional lifetime

il

the standard deviation of uncoditional liFetime: 59,16

Input reliabilicy Function

INPUT PARAMETERS OF THE SYSTEM RENEWAL PROCESS

mean value of system renovation time:

|

standard deviation of svstem renovation time
number of system exceeding the critical reliabilicy state
Calculate |

renewal process duration time

length of system availability interval

Choaose the renovation typel Ignored timel Mor-ignored time | Feesults - ignored time

the distribution Function of the time until the kith exceeding the reliability critical state: [3,668.7, 1,452.07)

the expected value IQ,BEE.? and the variance of the time |2,108,504.06

the distribution of the number of exceeding the reliability critical state - kable

the expected value II.DZ and the variance ID.ZZ of the optimal number of exceeding the re

the distribution Funckion of the time until the Mkh system’s renovation II(9,878‘7, 1,452.08)

the expected value IQ,B?E.? and the variance IZ,IDS,SZQ‘DS of the time unkil the Meh syske

the distribution of the number of syskem's renovations

the expected value Il.Ell and the variance of the optimal number of syskem’s renovations IU.ZZ

the availability coefficient of the system at the moment £ ID.99 in the time interval IU

B pistribution of time until the -|o] x|
t Values

0.0 0.000000000005367 .

195,574 0.000000000005353

301,148 0.000000000005415

556,7220000000001 0,000000000005444
72,296 0,0000000000054 7

977 8700000000001 0,000000000005497
1173, 4440000000002 0,000000000003523
1369.018 0,000000000005549
1564,592 0,000000000005576

Chonose the renoevation bype | Igniored time I Mon-ignored time I Resulks - ignored time I |

= Renovation with ignored time

& Renovation with non-ignored time

INPUT PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY
the number of the system reliability states: |4—
the system and components reliabilicy critical state: IZ—

the mean value of uncoditional lifetime

the standard deviation of uncoditional lifetime:

Choose the renovation type | Ionored time  Mon-ignored time | Results - ignored timel Resulks - r
PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the system reliability states:
the syskem and components reliability critical state:
the mean value of uncoditional lifetime: 404,90

the standard deviation of uncoditional lifetime:

il

Input reliability Function I

INPUT PARAMETERS OF THE SYSTEM RENEWAL PROCESS

mean value of system renovation tim _

standard deviation of system renowval

'.9' Give R{E,2)[1]
number of system exceeding the criti o 4 |l-exp(-D.DDZ??t))*(l-exp(-U.DUZ??t))]|

renewal process duration time I—I
QK

Ix

Cancel |

length of swstem availability interval

1760, 1660000000002

0.000000000005603

1955, 7400000000002

0,000000000005629

£151.314 0,000000000005656
2346, 8830000000004 0,000000000005683
2542, 462 0,00000000000571 1
27738,036 0,000000000005735
2933,61 0,000000000005755
3129,154 0,000000000005793

324, 780000000003

0,00000000000552 1

3520, 3320000000003

0,00000000000554:5

3715,906

0,000000000005576

For the exemplary system with reduced rates ol
departure of its components the computer program i
predicting the renewal and availability characterss

in the following way.

319

Choaose the renovation bype | Iognored time  Mor-ignored time | Results - igriored time I R
PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the system reliability skates:
the syskern and companents reliability critical state:

the mean value of uncoditional lifetime

T B
bS5
o>
=10
=| |S

the standard deviation of uncoditional lifetime:

Input reliabilicy Function

INPUT PARAMETERS OF THE SYSTEM RENEWAL PROCESS

mean value of system renovation time:

|

standard deviation of system renovation time
number of system exceeding the critical reliabilicy state
Calculate |

renewal pracess duration time

length of system awvailability interval

Choose the renowvation type | Ignored time | Mor-ignored time | Results - ignored bime
the distribution function of the time until the kth exceeding the reliability critical state: |4, 139, 917.18)

the expected value |4,139 and the wariance of the time |841,225

the distribution af the number of exceeding the reliability critical state - table
the expected value |2.43 and the variance Il 19 of the optimal number of exceeding the re
the distribution function of the time until the fth system’s renovation IN(4,149, 917.2)

the expected value |4,149 and the variance |841,250 aof the time until the MEh syste

the distribution of the number of system’s renovations

the expected value |2.41 and the wariance of the optimal number of system’s renovations |1.18

the availability coefficient of the system at the moment £ [0.95 in the time interval ID



Blokus-Roszkowska Agnieszka, Kotowrocki Krzysgedghuddin Habibullah Mohamed

Integrated software tools supporting decision mglan identification, prediction and optimizationafmplex

technical systems operation, reliability and saf€tgrt 5 Integrated software tools application —
Improved exemplary system operation and reliabdhgracteristics prediction

A Distribution of time until the

=10l x|

Walues

0.0

0.000003199925065

-

G0, 95

0.0000032 16421024

161,96

0,000003232998326

242,93999999993997

0.000003249657353

323,92

0. 0000032 66395455

404, S0000000000003

0.000003283222116

485.57999299993994

0.0000033001 28623

S66. 56

0.0000033171183958

647,84

0.00000333419183

725,82

0.000003351 34931

509, 5000000000001

0.000003363591232

590,75

0.0000033585917991

971.7599999999399

0.000003403329954

1052.74

0.000003+42082 7605

1133.72

0.0000034 35411265

1214.7

0,00000345605 1356

1295.65

0.00000347 35352860

[4]

1376.6599999993339
1457.64
1535.62

0.000003491 652459
0,00000350961 4283
0.000003527634167

[5]
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