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Abstract

There is presented the computer program based thodseand algorithms for prediction of the operatost

of the complex technical system in variable operationditions. The program allows to determinehef¢osts

of the non-repairable and repairable improved cempgkchnical systems before and after their opmrati
processes optimization. The procedure of the coempptogram use and its application to operatiort cos

analysis of the exemplary complex technical system

1. Theoretlcal baCkgI’OUﬂdS C(2) (e) D i pbzn:[c'(Z) (9, b) + (_:-(2) (e’ b)] ,
b=1 i=1

The following output characteristics of the complex
technical system operation costs during the system .
operation time 8, 620, are determined after where p,, b=12,...,v, are transient probabilities
applying the computer program: defined by (2.4) in [2];

- the total operation cost of the non-repairabktey
with improved components by reduction their rates
of departures from the reliability state subsets is

- the total operation cost of the non-repairabktey
with non-improved components

cO(8) DbZ::lpbglci(O) 6,b), C9 (8, p(r)) Di pbici(e') (8, p(r),b),

where p,, b=12,...,v, are transient probabilities
defined by (2.4) in [2];

- the total operation cost of the non-repairabktey
with a hot single reservation of components

where p,, b=12,...,v, are transient probabilities
defined by (2.4) in [2];
- the total operation cost of the repairable system

with ignored renovation time with non-improved
components

C¥(6) D23 p,x.c(8.b),
b=1 i=1
C(6) O p, 2 (8,b) +cOH O (6,r),
where p,, b=12,..,v, are transient probabilities b=t =
defined by (2.4) in [2]; where p,, b=12,...,v, are transient probabilities
- the total operation cost of the non-repairabEtesy  jofined by (2.4) in [2] an H®(8,r) =H(6,r) is the

with a cold single reservation of components ;
g P mean value of the number of exceeding by the
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system the critical reliability statr during the
operation time 8, that according to (4.4) from [2] is
given by

e

@ -
H(8,r)= 00

, rd{12,...,7,

where and 4@ (r)is the mean value of the
—o e rof12.z, unconditional system lifetime in the reliabilityase
H(r) subset{r,r +1,...,Z2 of the non-repairable system

_ with its components cold single reservation given i
where and x“(r)is the mean value of the [1];

:Sgggtd |t|onillsysterT;fI|f$;mic;2_:2ea:g§kélIltsyasit{;m - the total operation cost of the repairable system
{uu+l..z P y with ignored renovation time with components

yvit[g]r;on—improved components given by (3.6)-(3.7) improved by reduction their rates of departures is
in [2] for u=r;

HO6,r) =

- the total operation cost of the repairable system c® (g, p(r)) Di pbici@ (8, p(r),b)
with ignored renovation time with a hot single ¢ b=l i=l
reservation of components is

+cIHO(G,r ),

C{ (6) 023, p, 3¢ (8,0) +cPH ® (6,1)
b=l =l where p,, b=12...,v, are transient probabilities
+CPH@(6,1), defined by (2.4) in [2] ancH ®(6,r) is the mean

? value of the number of exceeding by the system the
) o critical reliability stater during the operation time
where p,, b=12,...,v, are transient probabilities 6, that according to (5.4) from [1] is given by

defined by (2.4) in [1] ancH®(8,r) is the mean

value of the number of exceeding by the system the

critical reliability stater during the operation time

6, that according to (5.4) from [1] is given by

H®(@&,r)= , rd{12,...,7,

_6
1O (r)

where and p®(r)is the mean value of the
H® (H,r):T, ro0{12,...,2, unconditional system lifetime in the reliabilityame
HE(r) subset{r,r +1,...,7 of the non-repairable system
with its components improved by the reduction of
where and x®(r)is the mean value of the their rates of departures from the reliability stat
unconditional system lifetime in the reliabilityag¢ ~ Subsets given in [1];

sgbsgt{r,r +1..,.2 of the' non-repairaple SYSteM _ the total operation cost of the repairable system
with its components hot single reservation given inwith non-ignored renovation time with non-improved
[1]; components

- the total operation cost of the repairable system .
with ignored renovation time with a cold single Cn(f;)(é’)Dipbici“”(é’,b)+Cé?g’ﬁ‘°)(9,r),
reservation of components is b1 izl

where p,, b=12,...v, are transient probabilities

defined by (2.4) in [2] ancH @ (8,r)=H (6,r) is

the mean value of the number of renovations of the
system during the operation ting, that according
defined by (2.4) in [1] anctH®(6,r) is the mean o (4.12) [2] is given by

value of the number of exceeding by the system the
critical reliability stater during the operation time

6, that according to (5.4) from [1] is given by

Cy(6) 0 i P, i[ci@ (8,b) +E? (6,b)]

where p,, b=12,...v, are transient probabilities

HO@,r) = 0{12.....3,

(0)—’ r
17 (r) + 4, (r)
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where and p#®(r)is the mean value of the components by reduction the rates of departures in

unconditional system lifetime in the reliabilityage  the reliability state subsets
subset{u,u+1,...,zZ of the non-repairable system o

with non-improved components given by (3.6)-(3.7) Cn‘?g) @,p(r) O prci“’ @, p(r),b)
in[2] foru=r; o

- the total operation cost of the repairable system +cOR® é,r)
with non-ignored renovation time with a hot single " s

reservation of components _ .
wherep,, b=12,...,v, are transient probabilities

Ch () 02y pbgn;ci(l) (6,b) +C§;ﬁﬂ>(g,r), defined by (2.4) an'H ©(6,r) is the mean value of
L= the number of renovations of the system during the
) . operation timed, that according to (5.12) from [1]
wherep,, b=12,....,v, are transient probabilities

e

defined by (2.4) an H ®(6,r) is the mean value of _ .
HO(r) + 1 (r)

the number of renovations of the system during the
operation timed, that according to (5.12) from [1]

H®@8,r) 0{12.....,

where and p®(r)is the mean value of the
¢ ,ro{12,...,2, unconditional system lifetime in the reliabilityase
MO () + 1, (r) subset{r,r +1,...,7 of the non-repairable system
with its components improved by the reduction of
here and x®(r)is the mean value of the their rates of departures from the reliability stat
unconditional system lifetime in the reliabilityage ~ subsets given in [1];
subset{r,r +1..,2 of the non-repairable system . the total optimal operation cost of the non-

with its components hot single reservation given inrepairable system with non-improved components
[1]; after their operation processes optimization

HO6,r)=

- the total operation cost of the repairable system .
with non-ignored renovation time with a cold single C©(8) O p,>c®(8,b),
reservation of components bt 1=

where p,, b=12..v, are optimal transient
probabilities defined by (5.16) in [2];
- the total optimal cost of the non-repairable eyst

+c§fg)ﬁ(2) @a,n), with a hot single reservation of components after
their operation processes optimization

Ci2(6) 03 p,X[c (8,0) +52 (6,b)]
b=1 i=1

nig

where p,, b=12,...v, are transient probabilities

= S (@ SR AN
defined by (2.4) anH @ (8,r) is the mean value of ~ C (€) 02X p, 267 (6,b),

the number of renovations of the system during the
operation timed, that according to (5.12) from [1] where p,, b=12..v, are optimal transient

probabilities defined by (5.16) in [2];

> 6 , r0{12,...,z, - the total optimal operation cost of the non-
H7(r) + o () repairable system with a cold single reservation of
components after their operation processes
where and @ (r)is the mean value of the optimization
unconditional system lifetime in the reliabilityass
subset{r,r +1..,2 of the non-repairable system @) 0¥ p,3[c?(8,b)+C? (6,b)],
with its components cold single reservation givien b=t =

[1];

- the total operation cost of the repairable syste
with non-ignored renovation time with improved

H®(@6,r)=

where p,, b=12..v, are optimal transient
rrbrobabilities defined by (5.16) in [2];
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- the total optimal operation cost of the non-
repairable system with improved components by
reduction their rates of departures from the rdligtb
state subsets after their operation processes
optimization

g

ICHE

ro{12,..,2,

where anc % (r) is the optimal mean value of the
unconditional system lifetime in the reliabilityass
subset{r,r +1,...,zZ} of the non-repairable system
with its components hot single reservation given in

[1];

where p,, b=12..v, are optimal transient _ the total optimal operation cost of the repaieabl
probabilities defined by (5.16) in [2]; system with ignored renovation time with a cold

- the total optimal operation cost of the repalreds'nglet reservation Oft com![oonents after their
system with ignored renovation time with non- operation processes optimization
improved components after their operation progesse

cO6,p(r) 0 z pz c® (6, p(r),b),

optimization C2(0) 03 p,2[c? (8,b) +T? (6,b)]
b=1 i=1
C () DX p,2c(6,b) + c’H  (6,1), +CPHO @G, ),
where p,, b=12..v, are optimal transient where p,, b=12..v, are optimal transient

probabilities  defined by (5.16) in [2] and probabilities defined by (5.16) in [1] artH®(8,r)
H(8,r)=H(6.r) is the mean value of the optimal is the mean value of the optimal number of

number of exceeding by the system the criticalexceeding by the system the critical reliabilitatet

reliability statel during the operation timé, that ' during the operation timd, that according to

according to (5.28) from [1] is given by (5.28) from [2] is given by
10 - : _a
H®(@,r)= (0)( 3’ ,r0{12,...,2, H Q’(H,r)—m, ro{12,...,2,

where anc 4@ (r)is the optimal mean value of the where ancz®(r)is the optimal mean value of the
unconditional system lifetime in the reliabilityas#  unconditional system lifetime in the reliabilityass
subset{u,u+1...,z} of the non-repairable system subset{r,r +1...,24 of the non-repairable system

with non-improved components given by (5.17)- with its components cold single reservation given i
(5.18) in[2] foru=r; [1];

- the total optimal operation cost of the repaired- the total optimal operation cost of the repaieabl
system with ignored renovation time with a hot system with ignored renovation time with improved
single reservation of components after their op@mat components by reduction the rates of departures aft

processes optimization their operation processes optimization
C(6) D23 b, Tc” (B.b) +cH ¥ (61r), CS(6,p() O p, 367 (6, A(1).b)
= i=! b=1 i=1
where p,, b=12..v, are optimal transient + C|(93)H @@G,r ),

probabilities defined by (5.16) in Task 7.5 and
H®(8,r) is the mean value of the optimal number here p,, b=12..v, are optimal transient
of exceeding by the system the critical reliability babilities defined bv (5.16) in [11 arH @ (8

statel during the operation timé, that according probabilities defined by (5.16) in [1] ar .1

t0 (5.28) from [2] is given by 0 is the mean value of the optimal number of

exceeding by the system the critical reliabilitatst
r during the time#, that according to (5.28) from
[2] is given by
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H(a)(g’r): , rd{12,...,7,

_9
A7)

where anc ® (r)is the optimal mean value of the

unconditional system lifetime in the reliabilityast
subset{r,r +1,...,7Z4 of the non-repairable system
with its components improved by the reduction of
their rates of departures from the reliability stat
subsets given in [1];

- the total optimal operation cost of the repaigabl
system with non-ignored renovation time with non-

where anc % (r) is the optimal mean value of the

unconditional system lifetime in the reliabilityass
subset{r,r +1,...,7Z2 of the non-repairable system

with its components hot single reservation given in
[1];

- the total optimal operation cost of the repaieabl
system with non-ignored renovation time with a cold
single reservation of components after their opamat
processes optimization

C )

nig

() 03 p, 3¢ (6.b) +52 (6,b)]

improved components after their operation proesse

optimization

C 0)

nig

(6) 03 p, 3¢ (6,b) +cOH @ (8,r),
b=1 i=1

where p,, b=12..v, are optimal transient
probabilities defined by (5.16) in [1] and

H(8,r)=H(8,r) is the mean value of the optimal

+c@H®(6,),

where p,, b=12..v, are optimal transient

probabilities defined by (5.16) in [1] artH @ (6,r)

is the mean value of the optimal number of
renovations of the system during the tii8, that
according to (5.36) from [2] is given by

number of renovations of the system during the time

6, that according to (5.36) from [2] is given by

Hiw) 6,r)= 0{12,...,7,

O T
A (1) + o (r)

where anc 7 (r) is the optimal mean value of the

unconditional system lifetime in the reliabilityast
subset{u,u+1,...,zZ of the non-repairable system

with non-improved components given by (5.17)-
(5.18) in[2] foru=r;

- the total optimal operation cost of the repaigabl
system with non-ignored renovation time with a hot
single reservation of components after their opamnat
processes optimization

CO(6) 02X p,>c®(8,b) +cHA(8,r),
b=1 i=1
where p,, b=12..v, are optimal transient

probabilities defined by (5.16) in [2] arH ®(8,r)

is the mean value of the optimal number of
renovations of the system during the tiig, that
according to (5.36) from [2] is given by

Hia)(g,r) = 0{12,...,z,

Oy
7 (r) + o (r)
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H?@,r)= 0{12,...,2,

POy
A7 (r) + 1 (r)

where anc®(r) is the optimal mean value of the

unconditional system lifetime in the reliabilityast
subset{r,r +1,...,7Z2 of the non-repairable system

with its components cold single reservation given i
[1];

- the total optimal operation cost of the repaieabl
system with non-ignored renovation time with
improved components by reduction the rates of
departures in the reliability state subsets &feir
operation processes optimization

>¢® (8, p(r),b)

i=1

C ®

nig

(6.0 D3 b,

+cOHO(6,r),

b=12,... transient

probabilities defined by (5.16) in [2] artH ®(8,r)

is the mean value of the optimal number of
renovations of the system during the operation time
6, that according to (5.36) from [2] is given by

where p,, Vv, are optimal

e

i(3) -
SOOI

0{12,....2,
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where anc #®(r) is the optimal mean value of the To make the estimation of the operation cost of the
unconditional system lifetime in the reliabilityage ~ COmpIex technical system with reserve and improved
subset{r,r +1..,74 of the non-repairable system components in variable operation con_dltlons' its
with its components improved by the reduction Ofoperatlon process the computer program is reading |
. L following input parametersFgure 1, Figure 2,

their rates of departures from the reliability stat _. i
subsets given in [1] F|gure_3). . .

) ... - the time of the system operation process duration
The output results of the computer appllcatlong
defined by these formulas allow us to compare the™’
operation costs of the non-repairable and repaired the number of the operation states of the system
non-improved and improved systems with ignoredoperation procev ,
and non-ignored times of renovations in variable- the transient probabilities in particular opevati
operation conditions before and after thestates before the system operation process

optimization of their operation processes. optimization p,, p,, ..., P, »
2. Description of the computer program - the transient probabilities in particular opeoati
capabilities states after the system operation process
optimizatior p,, P,, ..., P,
'Iil Poland - Singapore Joint Research Project ‘.':' [-E] I“:;-J‘
F_i\_e Hg\p

-
Operation duration process:

Number operation states:

Transient probabilities in particular operation states before the system operation process optimization: Read from file

Transient probabiliies in particular operatio states after the system operation process optimization: Read from file

Figure 1.The program window— the input parameters
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- the total number of the system compon«nits - the optimal mean value of the unconditional
lifetime in the reliability states subset not wotkan
the system critical reliability state r of the non-
repairable system with its components hot single
- the mean value of the unconditional lifetimeloét reservation after its operation process
non-repairable system with non-improved optimizatior #®(r),

components in the reliability states subset notseor

than the system critical reliability state r befée - the optimal mean value of the unconditional
operation process optimizati 4 (r) lifetime in the reliability states subset not wothan

the system critical reliability state r of the non-
- the mean value of the unconditional lifetimeliet repairable system with its components cold single
reliability states subset not worse than the systenmeservation after its operation process
critical reliability state r of the non-repairatdgstem  optimizatior i (r) ,
with its components hot single reservation beftse i

operation process optimizat x®(r), - the optimal mean value of the unconditional
lifetime in the reliability states subset not wotkan
rfghe system critical reliability state r of the non-
repairable system with its components improved by
the reduction of their rates of departures from the
reliability state subsets after its operation pssce

optimizatior i (r),

- the system and components critical reliabilitgtst
r,

- the mean value of the unconditional lifetime e t
reliability states subset not worse than the syste
critical reliability state r of the non-repairatdgstem
with its components cold single reservation beftse

operation process optimizati z® (r),

- the mean value of the unconditional lifetime et in the case of a repairable svstem with non-iedor
reliability states subset not worse than the system P y 9

critical reliability state r of the non-repairatdgstem renovat!on t!me the mean value of the system
with its components improved by the reduction of "€novation tim z,(r),

their rates of departures from the reliability stat

subsets before its operation process

optimizatior z® (r),

- the optimal mean value of the unconditional
lifetime of the non-repairable system with non-
improved components in the reliability states stibse
not worse than the system critical reliability stat

after its operation process optimizat i1 (r),

Number of components:

System and components critical reliability state:

Mean value of unconditional lifetime of non-repairable system with non-mproved components before optimization:

Mean value of unconditional lifetime of non-repairable system with its components hot single reservation before optimization:

Mean value of unconditional lifetime of non-repairable system with its components cold single reservation before optimization:

Mean value of unconditional lifetime of non-repairable system with its components improved by reduction of their rates of departures before optimization:
Mean value of unconditional lifetime of non-repairable system with non4mproved components after optimization:

Mean value of unconditional lifetime of non-repairable system with its components hot single reservation after optimization:

Mean value of unconditional lifetime of non-repairable system with its components cold single reservation after optimization:

Mean value of unconditional lifetime of non-repairable system with its compenents improved by reduction of their rates of departures after optimization:

Mean value of system renovation time:

Figure 2.The program window — the input parameters
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i) for a non-repairable system: ‘aa (gl)aa (6’,2)...&2) (H,V)_
. i i © _ _ -

. the matrix of the operation costg (8,b), ' —o ) cf)(e,l)cf)(e,z)...cf)(é’,v)
i=12...n, b=12...v, of the system single basic G [(6:b)],, = ,
components E, i=12...,n, with non-improved

-@ @ =)

components in (or at) the operation stz & (81)cn (6.2)..cn (6v)]

b=12,...,v, during the system operation tir&:
- the matrix of the operation cosc® (6, p(r),b),

c?(62)c®(8,2)...c°(6,v) i=12..,n, b=12..v, of the system single basic
c© (49,1)0(0’(«9,2)...0(0) (49,1/) components E, i=212..,n, with improved
[Q(O)(H'b)]nxv =" ’ i ' components in the operation stizy b=12,...\v,

c©(62)c®(6,2)...c" (6,v) during the system operation tir &2

® ® @®
- the matrix of the operation costc®(8,b), 01(3) (49,1)(:1(3) (8’2)'”01(3)(‘9”
i=12,..,n, b=12..v, of the system single basic [c®(8,b)],,, = 2 (62)c2(62)..c7(6w) ,
componentsE, i=12..n, with a hot single
reservation of components in the operation <z te
b=12,...,v, during the system operation tir&:

c®(62)c?(8,2)...c°(6,v)

ii) for a repairable system with ignored renovation

c®(02)c?(62)...c" (6,v) time:

| c®(01)c(8.2)...c@(8,v)

v '

- the cost of the singular renovation of the regiali
system with ignored renovation time with non-

improved components ¢’

[c®(6,b)]

c®(81)c(6,2)...cP(6,v
( ) ( ) ( ) - the cost of the singular renovation of the reglale
system with ignored renovation time with a hot

- the matrix of the operation costci®(6,b), single reservation of componentsc®
¢y,

i=12,...,n, b=12...v, of the system single basic

componc.snts B, i= J,2,...,n,. with a COl_d single _ the cost of the singular renovation of the regdae
reservation of components in the operation <z te  system with ignored renovation time with a cold
b=12,...,v, during the system operation tir 6: single reservation of componentsc? ,
c@ (91) c® (6’,2)...(:1‘2) (B,V) - the cost_of '_[he singular rent_)vatipn of t_he _reqhi'as
(2) (2) (2) system with ignored renovation time with improved
[c?(6,b)], = c?(6.)c?(6.2)...c? (6.v) components by reduction the rates of departures fro
e ’ the reliability state subsec”
c?(61)c?(6,2)...c2(6.v) i)y for a repairable system with non-ignored
renovation time:
- the matrix of the operation cosic®(8,b), - the cost of the singular renovation of the regdai
i=12,...n, b=12..v, of the system single System with non-ignored renovation time with non-
reserve componentE,, i=12..n, with a cold improved components c,,

single reservation of components in the operation
state z, b=12,...,v, during the system operation
time 6

the cost of the singular renovation of the regdale
system with non-ignored renovation timgth a hot
single reservation of componentsc®?

nig ?

- the cost of the singular renovation of the regiai
system with non-ignored renovation time with a cold

single reservation of componentsc?

nig ?
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- the cost of the singular renovation of the regdale improved components by reduction the rates of

system with non-ignored renovation time with departures from the reliability state subsci.

| £ Poland - Singapore Joint Research Project = |2
File Help

FOR MOM-REPAIRABLE SYSTEM: - o . "
Operation costs of basic components of system with non-improved components: |Read from file -

Operation costs of basic and reserve components with a hot single reservation of components: |Read from file -

Operation costs of basic components with a cold single reservation of components: :Read from file |

Operation costs of reserve components with a cold single reservation of compaonents: |Read from fie -

m

Operation costs of basic companents with improved components by reduction their rates of departures: _R.ead from file -

FOR REPAIRABLE SYSTEM WITH IGNORED RENOVATION TIME:

Cost of singular renovation with non-mproved components:

Cost of singular renovation with & hot single reservation of components: =
Cost of singular renovation with a cold single reservation of components:

Cost of singular renovation with improved components by reduction the rates of departures:
FOR REPAIRABLE SYSTEM WITH NOMN-IGNORED REMOVATION TIME:

Cost of singular renovation with non-improved components:
Cost of singular renovation with a hot single reservation of components:
Cost of singular renovation with a cold single reservation of components:

Cost of singular renovation with improved components by reduction the rates of departures:

Figure 3.The program window — the input parameters

After pressing the button “Count costs”, the the complex technical systems. The results are show
computer program is estimating operation costs ofon the screen in the widow ,OUTPUTFi@ure 4.

oureur

m,

Figure 4.The program window — the output parameters
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3. Prediction of the operation cost of the To make the estimation of the operation cost of the
exemplary complex technical system considered exemplary complex technical system the

. i computer program is reading in:
The considered exemplary complex technical system

S consists of two subsysterS;, S, . - the time of the system operation process duration
The subsystemS is composed of two series 6=1000days,

subsystems, each of them composed Of 3 he number of the system operation process states
components, denoted respectively EY, i=12, v=4:

j =123 with the structure presentedHigure 5 - the following as its four operation states:

* an operation statz, — the system is composed
of the subsyster S, with the scheme showed in
Figure 5 that is a series-parallel system,

* an operation statz, — the system is composed

EY EY EY of the subsyster S,, with the scheme showed in

Figure 6that is a series-parallel system,

an operation statz, - the system is composed

of the subsystemS, and S,, with the scheme

The subsysteS,is composed of four series showed ?n Figure 7 that are _series-parallel

system with the schemes giverFigures 5-6

subsystems, each of them composed of . .

. @ * an operation staiz, — the system is composed of
components, denoted respectively b E?, _
the subsystemS, and S,, with the scheme

i=1234 =12, with the structure presented in showed inFigure 7, while the subsyster S, is a

Figure 6 series-parallel system with the scheme given in
Figure 5and the subsyste S, is a series-“2 out

@) @) 1
E 11 ElZ E1(3)

Figure 5 The scheme of the syst¢S | structure

E ff) E 1(22> of 4” system;
- the transient probabilitie p, in particular operation
E® EQ statesz,, b=12,...4, before the system operation
process optimization
E(z) E(Z)
31 32 p, =0.214, p, =0.038 p, =0.293 p, =0.455
E. E. - the transient probabilitie p, in particular operation

states z, b=12,...4, after the system operation

Figure 6@ The scheme of the syste¢S, structure process optimization

. - n, =0.341, p, =0.245 p, =0.105 p, =0.309
The subsystemS, S,, illustrated inFigures 5 - 6 Py L P 3 P, Pa

are forming a series structure presenteigure 7.

— S, s, —

Figure 7. General scheme of the syst Sn
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|£| Poland - Singapore Joint Research Project ==l ﬁj—‘
'Fie Help

-

Operation duration process: 1000

Mumber operation states: 4

Transient probabilities in particular operation states before the system operation process optimization: Enter from keyboard -

0,214 10,038 10,293 10,455

Transient probabilities in particular operatio states after the system operation process optimization: Enter from keyboard -

0,341 0,105 0,245 0,309

Figure 8.The program window — the input parameters of thstesy S

i) in the cases of a non-repairable and a repa@rablafter its operation process optimization
system 1 (2)=410.2,

- the total number of the system compontn=14 - the optimal mean value of the unconditional
- the system and components critical reliabiligtst jifetime in the reliability states subset not wotkan
isr=2, the system critical reliability state r of the non-

- the mean value of the unconditional lifetime loét reépairable system with its components hot single
non-repairable  system  with  non-improved '€servation  after  its  operation  process
components in the reliability states subset notseror optimizatior i (2) = 781.33,

than the system critical reliability state 2 befdtse

. L - the optimal mean value of the unconditional
operation process optimizati ¢ (2) 1357.68, P

lifetime in the reliability states subset not wothan

- the mean value of the unconditional lifetime et  the system critical reliability state 2 of the non-
reliability states subset not worse than the systeni€Pairable system with its components cold single
critical reliability state 2 of the non-repairalsigstem ~ reservation  after  its  operation  process
with its components hot single reservation beftse i optimizatior #* (2) =1070.01,

operation process optimizatix® (2) 0712.01, - the optimal mean value of the unconditional

- the mean value of the unconditional lifetime et lifetime in the reliability states subset not wotkan

reliability states subset not worse than the systeni€ System critical reliability state 2 of the non-

critical reliability state 2 of the non-repairalsigstem ~ repairable system with its components improved by

with its components cold single reservation beftre the reduction of their rates of departures from the

operation process optimizati 4® (2) 0977.87, reliability state subsets after its operation pssce
optimization j#® (2) = 464.47,

- the mean value of the unconditional lifetime e t

reliability states subset not worse than the systeny iy the case of a repairable system with non-

critical reliability state 2 of the non-repairalsigstem  jgnored renovation time

with its components improved by the reduction of ) _

their rates of departures from the reliability stat - the mean value of the system renovation time

subsets  before  its  operation  process H(2)=10.

optimizatior #® (2) 0404.89,

- the optimal mean value of the unconditional
lifetime of the non-repairable system with non-
improved components in the reliability states stibse
not worse than the system critical reliability stat
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Number of components: 14
System and components critical refiability state: 2
Mean value of unconditional lifetime of non-repairable system with non-improved companents before optimization: 1357.68
Mean value of unconditional lifetime of non-repairable system with its components hot single reservation before optimization: 712.01
Mean value of unconditional lifetime of non-repairable system with its components cold single reservation before optimization: 977.37
Mean value of unconditional lifetime of non-repairable system with its components improved by reduction of their rates of departures before optimization: 404.89
Mean value of unconditional lifetime of non-repairable system with non-improved companents after optimization: 410.2
Mean value of unconditional lifetime of non-repairable system with its components hot single reservation after optimization: 781.33
Mean value of unconditional lifetime of non-repairable system with its componenis cold single reservation after optimization: 1070.01
Mean value of unconditional lifetime of non-repairable system with its components improved by reduction of their rates of departures after optimization: 454,47
Mean value of system renovation time: 10

Figure 9.The program window — the input parameters of tlstesy S

i) for a non-repairable system: ii) for a repairable system with ignored renovation

- the operation costs of basic components of thet'me:

system with non-improved components in the - the cost of the singular renovation of the regiale
operation statez,, b=12.34, during the system system with ignored renovation time with non-
operation time&: improved components ¢’ =50

- the cost of the singular renovation of the regiali
system with ignored renovation time with a hot

single reservation of componentsc_’ =10Q

¢ (1000b) =1000Q i =12,...14;

- the operation costs of basic and reserve comgsnen
of the system with a hot single reservation of_ the cost of the singular renovation of the reagaliz

components in the operation stez,;, b=12...v,  system with ignored renovation time with a cold
during the system operation tir 61 single reservation of componentsc? =75
c®(100Qb)=100Q i =12,...14; - the cost of the singular renovation of the regale

system with ignored renovation time with improved
_ the operation costs of basic components of théomponents by reduction the rates of departures fro
system with a cold single reservation of componentghe reliability state substcy’ =15Q
in the operation statz,, b=12.34, during the

system operation tim &: iiiy for a repairable system with non-ignored
renovation time:
c®(1000b) =100Q i =12,...14 - the cost of the singular renovation of the regiali
! T system with non-ignored renovation time with non-
. . i 0) —
and the operation costs of reserve componentssof thiMProved components ¢, =500
system in the operation stéz,, b=12.34, during  _ ihe cost of the singular renovation of the regas
the system operation tin& system with non-ignored renovation time with a hot
single reservation of component:c}) =1000

¢®(100Qb) =500, i=12,...14
- the cost of the singular renovation of the regiali

- the Operation costs of basic System Components &ystem with non-ignored renovation time with a cold

the system with improved components by reductionsingle reservation of componentscéfg’ =750

their rates of departures from the reliability stat

subsets in the operation stiz,3 b=12.34, during

the system operation ting

- the cost of the singular renovation of the regdali

system with non-ignored renovation time with
improved components by reduction the rates of
departures from the reliability state subsets

c® =1500

nig

¢?(1000(2),b) =150Q i=12,...14
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After

FOR NON-REPAIRABLE SYSTEM:

Operation costs of basic components of system with non-improved components:

Enter ﬁ‘um b‘zyboard -

1000 1000 1000 1000

1000 1000 1000 1000

1000 | 1000 | 1000 1000

Operation costs of basic and reserve components with a hot single reservation of components:

Enter from keyboard -

1000 1000 1000 1000

1000 1000 1000 1000

1000 1000 1000 1000

Operation costs of basic components with a cold single reservation of components:

Enter from keyboard - N

1000 1000 1000 1000
1000 1000 1000 1000

10N 1000 Annn 100

Operation costs of reserve compenents with a cold single reservation of components;

Enter fram keyboard =

500 500 500 500

500 500 500 500

ci 5 & ci

m

Operation costs of basic components with improved components by reduction their rates of departures:

Enter from keyboard - |

1500 1500 1500 1500

1500 1500 1500 1500

FOR REPAIRABLE SYSTEM WITH IGNORED RENCVATION TIME:

Cost of singular renovation with non-improved components:

Cost of singular renovation with a hot single reservation of companents:

Cost of singular renovation with a cold single reservation of components:

Cost of singular renovation with improved components by reduction the rates of departures:
FOR REPAIRABLE 5YSTEM WITH NON-IGNORED REMOVATION TIME:

Cost of singular renovation with non-improved components:

Cost of singular renovation with a hot single reservation of components:

Cost of singular renavation with a cold single reservation of components:

Cost of singular renovation with improved components by reduction the rates of departures:

1100
|73

1150

1000
[750

1500

500

Figure 9.The program window — the input parameters of tlstesy S

pressing the button “Count costs”,
computer program is estimating operation costs.

ouTPUT

the

The total ocperation cost before optimization:

— of the non-zepaizable system:

with non-improved components is @ 12060.0

with a hot single reservation of components is : 24120.0

— with a cold single reservation of components is - 180380_0

— with improved components by reduction their rates of departures ias :

- of repairable system:

1B8050.0

Figure 10.The program window — the output parameters of yiséesn S
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The total operation cost before optimization:

- of the non-repairable system:

with non-improved components is : 12060.0

The total operation cost after optimization:

with a hot single reservation of components is :

24120.0,

with a cold single reservation of components is :

18090.0

with improved components by reduction their
rates of departures is : 18090.0
- of repairable system:
- with ignored renovation time:

with  non-improved
12199.789756206665

components

is

 time with a hot single reservation of
components is : 22547.695297789796

» with a cold single reservation of components is :
16657.43801446283

« with improved components by reduction their
rates of departures is : 19124.422218475353.

4. Conclusion

The computer program for the prediction of the
improved complex technical systems operation costs
is based on the methods and algorithms from [1].

. The computer program is the supplement to the

with a hot single reservation of components is :

24260.447465625482

with a cold single reservation of components is :

18166.697311503573

with improved components by reduction their
rates of departures is : 18460.470992121318

- with non-ignored renovation time:

with  non-improved
13419.87815491732

components

is

training course directed to industry included i [2
where it is used for predicting the characteristts
the operation costs of complex technical systems
with quantitative and qualitative redundancy. Ihca
also be used as the supporting tool in the Integrat
Safety and Reliability Support System - IS&RSS [3]
for wvarious maritime and coastal transport
transportation systems operation costs analysis.
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with a hot single reservation of components is :

25505.022368111244

with a cold single reservation of components is :

18849.20920768927

with improved components by reduction their

rates of departures is : 21705.41613439707
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