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Abstract

The combination of the results on the reliability ammplex multi-state systems related to their apen

processes and the results concerning the limiabiily functions of the multistate systems is pegd, to
obtain the results on the asymptotic approach ¢éoe¥aluation of the large complex multi-state eryst
reliability at the variable operation condition$ieTasymptotic approach to the large complex systdiability

evaluation and the large complex system limit kelity function are defined. Limit reliability furtons of

selected large complex systems composed of compohaning Weibull reliability functions are fixedhe

way of using this results is illustrated by thgiphcation to the evaluation of reliability charagstics of the
large complex port grain transportation subsystemposed of three large multistate non-homogeneenisss
systems and changing its reliability structure #sdcomponents reliability parameters at varialperation
conditions.

1. Introduction conditions are comprehensively presented in the
monograph [1]-[3] and some of these results’

In the case of large complex systems, thegyiansions to the systems operating at the variable
determination of their exact reliability functioasd . 4itions can be found in [3]-[4], [7]-[11].

their risk functions leads us to very complicated
formulae that are often useless for reliability : il
practitioners. One of the important techniques that2' Asﬁ/mptouf approach to reliability of large

can be useful in this situation is the asymptoticCornp ex systems

approach [1]-[3], [7]-[9], [11] to that system In order to combine the results on the reliabitify
reliability evaluation. In this approach, insteddtwe multi-state systems related to their operation
preliminary complex formula for the large complex processes and the results concerning the limit
system reliability function, after assuming thae th reliability functions of the multistate systemsdao
number of system components tends to infinity andobtain the results on the asymptotic approach ¢o th
finding the limit reliability of the system, we can evaluation of the large complex systems reliahility
obtain its simplified form. Moreover, in the case 0 we assume the following definition [10].

large complex systems, the possibility of combining
the results of the reliability joint models of coleyp
systems and the results concerning the limit
reliability functions of the considered systems is
possible [1]-[3], [6]-[9], [11]. This way, the rels
concerned with asymptotic approach to estimation ofvhere

multi-state systems at variable operation condition

may be obtained. Main results concerning asymptotic 7 y) = 3 p[O W], u=12,..,z )
approach to multi-state large system reliabilitythwi b=1

ageing components in the constant operation

Definition 1 A reliability function

o)=L oeD...O 2], th(-ew,), 1)
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is called a limit reliability function of a large and the fraction of th¢th type component in this
complex multistate system with the reliability

function sequence subsystem is equal [, wherep; > 0 ande:jlpij =1

The numbers
Rt Y= R,¢D,....R (t2)] tU(-o,x),

nON, 3) k, I, a, ,i=12,..,3,
where and
R (t,u) O p,[R, W], u=12,...z, (4) O, By, 1=22..8, j=12..8,
b=1

are called the system structure shape parameters.
The scheme of a regular non-homogeneous series-
a® (u) >0, b® (u) 0 (—oo, ), parallel system is shown Figure 1

u=12,...,z, b=12,...,v,

if there exist normalizing constants

T1 En Ei T Bu, [T
such that
Pu Pr2 Pie; &

lim[R, (" (u)t + b (u),u)]” =[J(t,u)]®

N —  Ex Ex Ba, [
for all t from the sets of continuity point@m(u)](b) Pa1 [ Pz, Rz
of the functions [Z(tw]®, u=12..,z
b=12,...v — Ba B2 o Ba,

Hence, for sufficiently large, the following
approximate formulae are valid

Pa P Poe,

Figure 1 The scheme of a regular non-homogeneous
Rt D=[LR,tD...R,t2] tO(-0,), (5  series-parallel system

where The proposition concerned with the reliability
function of large series-parallel Weibull system
operating at the variable operation states is an
exemplary result that can be worked out on thesbasi
of the results included in [3] for the considerbdre
large and complex systems. Namely, from
Proposition 9.1, Proposition 7.4 and Corollary 5.12
given in [3], we get the following theorem.

v t-b" (u)
R, (t,u) Dbgl pb[D(W

u=12,....2. (6)

W]®, t0(=e0,00),

3. Limit reliability functions of large complex

systems .

Proposition 1 If components of the non-
Definition 2. A multi-state regular series-parallel homogeneous, regular multi-state series-parallel
system is called non-homogeneous if it is compose&omplex system with the structure shape parameters
of a, 1<a<k, k O N, different types of series

subsystems and the fraction of ttta type series k=k®, |=I® a=a®, e =e®
subsystem is equal tq, whereq > 0, iqi =1 i=12,...a", b=12,..v, 7)
i=1

Moreover, theith type series subsystem consists of
e, 1<e< I, I O N, types of components with
reliability functions

and

a=9", p,=p, i=12..,a% j=12,..",
Ri(t,u) = 1- F(t,u), t O (~c0,00), b=12,..v, (8)
j=12,..e,u=12,..2
at the operation state,, b=12,...,v, have Weibull
reliability functions
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[R(i'j)(tﬂﬂ(b) = [1’ [R(LJ) (t,].)](b) ,.__,[R(i'j) (t,Z)](b) ],
t 0 (-o0,0), b=12,...,v,

where

[R™D (t,u)]® = expHA; (W]@ A fort> 0,
AU)>0,8u>0,u=12,.7i=12..a",
j=12,..6", b=12,.v,

and

k® =constant]® - o asn - o,

b=12,..v, 9)
U AWI®
b — (b) —
al (u) = [W} , b7 (u) =0,
u=1.2,...z, b=12,...v, (20)
where
LA W = min ({4 I}, (11)
I<i<g
(AW = max ([ A @I}, (12)
[ ] ® = Py 1 (W] ®
{8 @D (W] ™) : (13)
A@I® = min LAWY : A (W) =AW},
u=12,...zi=12...,a®”, b=12,...v, (24)
then
Ot)=RLOtY,...0¢2)] td(-e,0),  (15)
where
a(t,u) = 2 P, W], u=12,...,z2 (16)

[O@¢u]® =0, tu) =1-

[/1i (u)](b) t[ﬂ(u)](b) 1l P(®)

TR

(L6 WI® = s Py
fort=0,u=1,2,...2b=12,....,v, @an

is its limit reliability function.
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4. Example of large complex system reliability
evaluation

4.1. Port grain transportation system
operation process

We consider the port grain transportation system,
presented ifrigure 2 assigned to handle the clearing
of exported and imported grain.

The port grain transportation system function is

loading railway trucks with grain. The railway tkuc

loading is performed in the following successive
grain transportation system steps:

« gravitational passing of grain from the storage
placed on the 8th elevator floor through 45 hall to
horizontal conveyors placed in the elevator
basement,

STORAGE
8th floor

MAIN DISTRIBUTION STATION
9th floor

BALANCE
6th floor

FLAPS
4th floor

e b
A
v ¥

(e ]

Figure 2 The scheme of the port grain transportation
system structure at the operation state

« transport of grain through horizontal conveyors to
vertical bucket elevators transporting grain to the
main distribution station placed on the 9th floor,

« gravitational dumping of grain through the main
distribution station to the balance placed on the
6th floor,

e dumping weighed grain through the complex of
flaps placed on the 4th floor to horizontal
conveyors placed on the 2nd floor,

e dumping of grain from horizontal conveyors to
WOrm conveyors,

e dumping of grain from worm conveyors to
railway trucks.

In loading the railway trucks with grain the followy

presented irFigures 2-3transportation subsystems

take part:
S, — horizontal conveyors of the first type,
S, — vertical bucket elevators,
S; — horizontal conveyors of the second type,
S, — worm conveyors,
the main distribution station and the balance.
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1S H S S Saf-

Figure 3 The general scheme of the port grain
transportation system reliability structure

The main distribution station is the system of

STORAGE
8th floor

MAIN DISTRIBUTION STATION
9th floor

BALANCE
6th floor
v v 1

FLAPS
4th floor

. . N 2 162
dumping channels in the form of a steel box = = 5,
composed of dividing walls, which direct the grain S,
from bucket conveyors to the balance. Its executive
elements are composed of three steel sleeves a A

or

pneumatic elements in the form of three servomotorsrigure 4 The scheme of the port grain transportation

The electronic balance weighs the dumped grain wit
electronic indicators. Its executive elements dyrin
loading and unloading with grain are flaps, which a

}Eystem structure at the operation state

opened and closed by five pneumatic servomotors. Ir
further analysis, we omit these two subsystems ang

STORAGE
8th floor

MAIN DISTRIBUTION STATION
9th floor

will deal with the reliability of the subsysterg S,

S andS; only.

The transportation subsystels S, S andS, have
steel covers and they are provided with driveshin t
form of electrical engines with gears. In their
reliability analysis we omit their drives as these a

2 floor 2 162
different types mechanisms. We also omit their > EE, ER Sy L]
covers as they have a high reliability and, pradic 5
do not fail. —— ,

Taking into account the operation process of the

considered transportation system, described by itsigure 5 The scheme of the port grain transportation

operators, we distinguish its following/ =3 system structure at the operation state
operation states:

z, — the system operation with the largest efficiencyat all system operation states, subsyst&nss,, S,

when all components of the and S, become either non-homogeneous series-
?ubsyst;mssl, S, S and S, are used parallel systems or non-homogeneous series systems.
Figure 2,

_ ' o This way, the changes of the grain transportation
z, — the system operation with less efficiency systemsystem reliability structure at different operation

when the first conveyor of subsystef), the  States are defined. Its components reliability

s and second elovatrs ofsubsysi the  EAETEEE 2t et operaion sites i be
first conveyor of subsyster§, and the first and '

Considering the system operators opinion, we
second conveyors of subsysteB) are used assume the matrix of the probabilities of transiio
(Figure 4,

between the states are given by [3]
z, — the system operation with least efficiency when

only the first conveyor of subsysterfy,the 0 % %
first elevator of subsystemS,, the first 4 5
conveyor of subsysters, and the first [Pulss = 9 0 9 (18)
conveyor of subsyster, are usedRigure 5). 1 2 0
3 3

Moreover, we assume the following matrix of the
conditional distribution functions of the system

sojourn times g, , b,1=123 at the operation
states [3]
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The considered here transportation system analysis

0 1-e® 1-g@ of its varying in time operation process was
[H, (O], =|1-e* 0 1-e | performed in S(_ecti_qn 4.1, where it was assumed that
x the system reliability structure and its subsystems

1-e™ 1-e™ 0 and components reliability depend on its changmng i
time operation states. Considering that, we assume

Further, using (1) given in [5], we fix the condital ~ that its subsystemS§, ¢ = 1234, are composed of
mean values M, =E[§, b,|=1234, of the three-state, i.e.z =3, componels, v= 1234,
exemplary system sojourn times at the particulathaving the conditional reliability functions givery

operation states as follows: the vector
M,, = 020, M, = 010, M,, =0.025 [R}“)(t, NRE [11[31-(“) t,1]® -[RJ-(U) €211,
M,, =0.020, M,, = 010, M,, = 005. (29) b=123

This way, the exemplary system operation process isyith the Weibull co-ordinates
defined and we may find its main characteristics.

Namely, using (6), (7) and applying (2) given if, [5 ’ ) )

the unconditional mean sojourn times at the [R” 1] =exp[H{4;,“ @)@ 4O,
articular operation states are given by: v ©) (2y®

P P aweny [R¥ (1,2]% =expl-14,” @147

M, =0.133 M, =0.022 M, =0.067. (20)
different at various operation states b= 123.

Next, according to (4) given in [5], the system of
equations after considering (6), we find the steadyThe influence of the system operation states

probabilities changing on the changes of the system reliability
structure and its components reliability functidas
n, C0279 n,C0344 n, L0377 (21) as follows.

At the system operation statg, the system is a

After considering the result (8) and (9), according series system with the structure showedfigure 3
(3) given in [5], the limit values of the exemplary composed of four series-parallel subsystefps S,

system operation process transient probabilitiesg and S, illustrated respectively iRigure 2

p,(t) atthe operation stategare given by Further, we consider only a part of the port grain

transportation system composed of three large

p, 00.530, p, 00.109, p, [ 0.361L (22)  multistate non-homogeneous series-parallel
subsystems linked in series changing its reliahbilit

4.2. Port grain transportation system structures and its components reliability paranseter
relability at variable operation conditions. Namely, we aralys

the reliability of the subsystens, .

Taking Into account the efficiency of th.e _consfmﬂere At the system operation stat®, the subsystens,
port grain transportation system we distinguish the o _
following three reliability states of the systemda With the structure showed iRigure 2, consists of

its components: three chain conveyors forming series subsystems

state 2 — the state ensuring the largest efficiesfcy (K =3), each composed of a wheel driving the
the system and its conveyors, belt, a reversible driving wheel and 160, 160 a#d 2

state 1 — the state ensuring less efficiency of thdinks respectively. Thus, two conveyors have 162
system caused by throwing grain off the components and the remaining one has 242

system conveyors, components |((l) =162, |2(1) =162, |3(1) = 242)
state 0 — the state involving failure of the system what means that the subsystem is a non-
homogeneous non-regular three-state series-parallel

system with the Weibull reliability functions. Iwo

series subsystems of the subsyst&n there are

respectively:
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- 2 two driving wheels marked by

(4) i = :LZ.

ij

j = 12, with a reliability function co-ordinates

[R{ (t1)]® = exp[-0.008],
[R®(t,2)]® = exp[-0.006], t = O,
i=12 j=2

(23)

- 160 links marked byE®, i =12, j=34,...162,

ij

with a reliability function co-ordinates

[R¥ ()] = exp[-0.01%,
[R®(t,2)]® = exp[-0.014],t = O,
i=12, j=34,.162.

(24)

In the third series subsystems of the subsys$em

there are respectively:

- 2 two driving wheels marked by E®, i

ij

:3,

j = 12, with a reliability function co-ordinates

[R® (t,1)]® = exp[-0.210V1 ],

[R@(t,2)]® = exp[-0.219/t ], t2 0,

i=3 j=2

- 240 links marked byE,®

ijo

[R® (t1)]® = exp[-0.264/t ],

[R® (t,2)] = exp[-0.283/t ], t2 0,

i=3, j=34,..242

(25)

i=3 j=34,..,242
with a reliability function co-ordinates

(26)

At the system operation sta, the subsystens,

with the structure showed iRigure 4 consists of
three identical chain conveyors

- 160 links marked byE®, i =12, j=34,..162

i
with a reliability function co-ordinates

[R (t1)] @ = exp[-0.008,
[R® (t,2)] @ = exp[-0.016], t = 0,
i=12 j =34,...162. (28)

At the system operational statg, the subsystem
S, with the structure showed Kigure 5 consists of

on chain conveyor forming a series system
(k® =1), composed of a wheel driving the belt, a
reversible driving wheel and 160 link${ =162)
with the Weibull reliability functions. In the ses
system of the subsystes), there are respectively:

- 2 two driving wheels marked by®, i=1,

j = 1,2, with a reliability function co-ordinates

[R® (t1)]® = exp[-0.001],

[R“ (t,2)]® = exp[-0.008], t = 0,

=1 j=2 (29)
- 160 links marked b\g®, i =1, j = 34,....162,

J' 1)
with a reliability function co-ordinates

[R® (t.1)]® = exp[-0.001],
[R®(t,2)]® = exp[-0.009, t = O,
i=1 j=34,.]162. (30)

The subsysten®, at the operation state is a non-

regular series-parallel system composed of three
chain conveyors forming series systems. To make it
regular, we conventionally complete its two first

conveyors that have 162 components with 80
components that do not fail, i.e. we assume that th

forming seriesadditional components have “reliability functions”
subsystems K = 2), each composed of a wheel with the following coordinates

driving the belt, a reversible driving wheel and16
links (1 =162, I/ =162) what means that the
subsystem is a non-homogeneous non-regular three-
state series-parallel system with the Weibull
reliability functions. In the series subsystemsthaf

subsystems, there are respectively:
- 2 two driving wheels marked b, i =12,
j = 1,2, with a reliability function co-ordinates

[R{(t1)]® = exp[-0.002,
[R®(t,2)]® = exp[-0.004],t = O,

[Ruu) tD]® =exp[ )Ii(j4) M191)],
[Rij(4) (t,2)] O = exp[_[/]i(j4) (2)] (1)t)] fOI‘ t> O,

i =12, j =163164,...,242, (31)
where

[ @1 =0 (A @1% =0,

i =12, j=163164,...,242. (32)

After that modification, applyingProposition 1

i=12 j=2 (27) since its structure shape parameters defined by (7)
(8) are
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k® = 3 |® = 242, a® = 2, el(l) =3 eél) =2
and
q® _2 p® = 2 w_16 . _ 80
30 T gz T2 g7 T 0477
1 2 240
M= A0 = o — <7
% 3’ P 242" T# 242

the number of reliability states is8=2 and by (9)-

(14) and considering the values of its components’

intensities of departure from the reliability state
subsets defined by (23)-(26) and by (31)-(32):

[BO]Y =minf} =1,
[B,0]® =minfl} =1,
[B,0]® =min{05} = 05,
[BO]Y =max{L, 05} =1,

[5,(2)]¥ =min{l} =1,
[5,(2)]® =min{} =1,
[8:(2)]® =min{05} = 05,
[B2)]® = max{l, 05} =1

4 ]© =—2_0005+ %0012+ 8% 00
247 247 247
=193/242
4 @1 =—2 0006+ %0014+ 8% 00
247 247 247
=2252/242 i =12,
2 240
A@]® =—=- 021+ 2°-0.261= 63.06 24
@) =2 021+ 2 )
@19 =-2_ 0219+ 22%0283= 68.358 242
247 247

[AM]® =min{193/ 242 =193/242,

[A(2)]Y = min{2.252/ 242 = 2.252/ 242,
1 1
a®@ = =— b®P@=0
@ (193/242 242 193" " @
1 1
al’ (2) = b (2) =0,

(2.252/242 242 2.252'

83

and according to (15)-(17) and considering (6), the
approximate formula for the subsystesn reliability

function takes the form

[ROWHI® DO (@ -bO W)/af .

=[O0®en?, (09 e2)]°] (33)
for t=0, where
@amo g (@
(0D 07, g™ D
= % [1 - exp[1.93]]°
2exp[-193t] —exp[-386t], (34)

) O =m ﬁ
0621 =03

= % [1 - expF2.252)F
2exp[-2.252t] - exp[-4.504t]. (35)

2)

The subsystemS, at the operation state, is a
regular series-parallel system composed of two
identical chain conveyors forming series systems,
then applyingProposition 1 since its structure shape
parameters defined by (7)-(8) are

k@ =2 1® =162 a® =1, el(z) =2
and

2
@ =1 n® =
4~ =1 py; 162" p

@ - 160
¥ 162

the number of reliability states is=2 and by (9)-
(14) and considering the values of its components’
intensities of departure from the reliability state
subsets defined by (27)-(28):

[4 @] =minfl} =1,
[BW]? =max{} =1

[ 2)]? =min{l} =1,
[8(2)]® =max{} =1,

[A@W]@ = 2 0,002+ 1%9%,008= 1.284/162
162 162

[A@2)]9 = 2 0004+28%,010= 1.608/162
162 162

=12

[AM)]® =min{1.284/162 =1.284/162,
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(2) — H —
[A1(2)]® =min{1.608/162 =1.608/162, A @]© = 2 0001+ 9%, 007=1.122/162
162 162
1 1
a® () = =, bOW=0,
(L284/162 (162 1284 A @19 =-2-0003+ %90 009=1446/162
162 162
i=1
Yo — L b?(2)=0,

(1.608/162 162 1.608’
[AD)]® = min{1.122/162 =1.122/162,

and according to (15)-(17) and considering (6), the

approximate formula for the subsystesn reliability [A(2)]® =min{1.446/162 =1.446/162,

function takes the form

1 1

O = =, b9 =0,
[RO,)® 09 ((t-b®u))/a® ), ) & @ (1.122/162) 162 1122" " @
=[a®9en®, (29e2]%  (36)
a0 @)= = h¥(2)=0,
for t= 0, where (1.446/162 162 1.446
@ @ o £=BP @ and according to (15)-(17) and considering (6), the
[T (tD)] Dgg(a(T(l) D approximate formula for the subsystep reliability
=11 —nexp[—l 284]]2 function takes the form

2exp[-1.284t] — exp[-2.56&], (37) (RO 00 (-bO W)/a® ),

ﬂ —17® ©) “ ®
= % [1 - exp[1.608]]*
2exp[-1.608] — exp[-3.216t]. (38)

[O92)]% =0 (

for t= 0, where

—_p®

The subsysten$, at the operation statg, is a series [@en® 0o, (% 1
system composed of one chain conveyor forming 2" () N
series system, then applyifgoposition 1 since its = % [1 - exp[-1.122]]
structure shape parameters defined by (7)-(8) are = expll.122], (40)

k®=119=162 a® =1, ¢’ =2, 920 =0 (A o)

ai? (2)
and = % [1 - exp[-1.446]]*
= exp[L.444]. (42)
o =1 p =0 Y =100, . der .
162 162 Finally, considering (6) and (22), the approximate

formula for the subsystemS, unconditional
the number of reliability states is8=2 and by (9)-  reliability function takes the form
(14) and considering the values of its components’
intensities of departure from the reliability state

4 - (4) 4)
subsets defined by (29)-(30): ROGD=ITTED, 7 2) for t20, - (42)

[BM]° =ming} =1, where
[BD]® =max{} =1, 09 ¢ =0.53q0% ¢1)]® +0.2097 (t1)]@
[8,(2)]® =minfl} =1, +0.3q17“ (t 1], (43)

[B()]° =max{} =1,
[(t,2)] = 0.5347 (t,2)]® + 0.1097“ (t,2)]?
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+0.3617 (t,2)]

(44) subsystents,exact and approximate reliability

function
4 @ 4 2 4 (©)
where [U (t,l)] ’ [U (t,l)] ’ [U (t,l)] are t R® (t ,1) -9 (t ,1) R® (t ,2)_5(4) (t ,2)
given by (34), (37), (40) and[Z“(t,2)]Y, 0 0 0
[O92)]9, [092)]° are given by (35), (38), [ 0005 13443.10° 52874110~
(41) 0.01 —6 —7
The results given by (42)-(44) are not much diffiere ' 1.20211 10_7 2.8242! 10_7
from the exact results given in [3], what is ilkzed | 0-015 | 8.5490110 1.3521110
in Table 1 presenting the differences between thel 0.02 | 5.7471110°' 6.5094110°®
values of the port grain transportation subsys&m | 0.025 | 3.8080110° 3.2133110°®
exact reliability function the values of the system| g 03 | 25225, 107 1.6310.10°®
approximate reliability function. = S
The approximate expected value of the port grain 0.035 1'6799L10_7 8'5020L10_9
transportation subsysters, unconditional lifetime | 0-04 | 1.1273110 4.5416110
in the reliability state subset {12}, calculated | 0-045 | 7.6285110° 2.48041107
according to (17) given in [5] from the result give | 0.05 |5.20681107% 1.3822110°°
by (43) and (22), is 0.055 | 3.5839110° 7.8445.107"
0.06 |2.4869110° 4.5266110™"°
HO=p iy @ +pu, D+ Papt; @ 5 10
0.065
= 0.530( 1.5/193+0.109[ 15/1.284 1.73911 10_8 2.65211 10_10
+0.3610 0.891 0.861 year. (45) | 007 112251110 1.5757110
0.075 | 8.6907110°° 9.4833110™"
The approximate expected value of the port grain 0.08 | 6.205810°° 5.7760L 107"
t[ranshportatllt.Jnb'?ubsysterﬁ4 url;condltlonal Ilﬁe“:ne | 0.085 | 4.4592,10°° 35573, 1071
:cc;rginrettl)a(i;[;/ frz::t(tehesruessjtt |{v2e}n bca(illilitznd 009 1322311107 221371107
22 is 9 g y 0.095 | 2.3428110° 1.3909110™
0.1 |1.7120110° 8.8193110™"
1(2) = pa, (2 +p, i, (2) + Putts (2 0.105 | 1.2574110°° 5.63991 10"
= 0.530[ 1.5/2.252+ 0.109[ 1.5/1.608 0.11 |9.2797.10™ 3.6360110™"
+0.361[ 0.692 0.705 year. (46) 0.115 | 6.8800! 10‘10 236171 10‘12
-10 —-12
Further, considering (45) and (46) and applying (19 012 |5.1232, 10_10 15454[10_12
given in [5], the approximate mean values of the| 0-125 | 3.8311110 1.0179110
subsystem S, unconditional lifetimes in the |0.13 | 2.8763.110™* 0
particular reliability states 1, 2, respectivelg:ar 0.135| 2.1678.107% 0
_ 0.14 |1.6398110™"° 0
A(2) = u(2) =0.705 year. 47) ' :

The approximate values of the unconditional
subsystent, lifetimes given by (45)-(47) are almost
identical with their exact values determined in. [3]
Thus, the accuracy of the approximation of the
subsystem exact reliability function by its asyntjato
form is very good.

Table 1.The differences between the values of the
coordinates of the port grain transportation
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5. Conclusion

The result concerned with the limit reliability of

large complex multi-state hon-homogeneous regular
series-parallel system related to its operatiortgss
was applied practically to the approximate evabrati

of the exact reliability function of the port grain
transportation subsystem. The differences between
the subsystem exact and approximate reliability
characteristics are very small what justifies the
sensibility of the asymptotic approach practical
application to reliability evaluation of large colep
systems.
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