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Abstract

A model of a three-state system has been condidetbe work. The system can pass from the sfétal @bility
into the state of safety unreliability (irreversbstate) or into the state of efficiency unreliapi(reversible state).
From this state the system can also pass to the sfasafety unreliability. To the system’s modglikotmogorov-
Chapman differential equation has been used. Hiaired results have been presented with an examplalysis
with the obtained equations has been done.
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1. Introduction

The contemporary systems are characterized byga lsurplus in the reliability sense. The
failures of such systems cause not very importffiects for the realization of a task, but the
effects for safety are of course very importantetthe analysis of the system must take into
account the safety factors. The author consideretilgm of safety in many works devoted to
models of un restorable systems.

In this paper | would like to present a model aftogable system in safety aspects.

The system in which two kinds of failures can ocdthe first kind of failures causes system
efficiency unreliability and in this case the systis restorable. This restoration can be dangerous
and the system can pass to safety unreliabilitg Jécond kind of failures causes system safety
unreliability. In this case | assume that the sysi® not restorable.

To describe such models of the systems, the rétiabnd safety factors will be formulated.

2. Basic concepts and definitions

Taking into account that this field of knowledgevexy young and the terminology is not fully

unificated, that is up to now the object of discoss

Due to limited length of this paper, only basic cepts used in this work, are presented.

R(t) - Function of the system reliability - the probayp of fulfilling requirements from the
point of view of safety and reliability of the sgat;

Qs(t) - Function of the system safety unreliability - gre@bability of occurrence of event causing
a dangerous situation.

Q<) - Function of the system efficiency unreliability het probability of occurrence of event
causing an unreliable inefficient work of the syste



Of course for all these quantities both the exptmn conditions (in a broad sense) and
exploitation time interval must be strictly defined
In practice we have most often dealt with systerhglvcan be in the fithess-for-use state or in the
efficiency unreliability state or in the safety ahability state, In the case when the system gasse
to the efficiency unreliability state, it is resabte but can be dangerous.

Let us denote the additional reliability factossfallows:
As - intensity of the passing from the ability staighe unreliable efficiency state;
As - intensity of the passing from the ability statatie safety unreliability state;
Us - intensity of the passing from the state ofaédincy unreliability to the ability state;
Ms - intensity of the passing from the unreliabilfficiency state to the unreliability of the safety

state.

3. The system with restorable state of efficiency unreliability

The graph of the system is shown in fig. 1.

Fig. 1. The graph of the system with restorabliieficy unreliability state with regard
to the safety unreliability with the restorabletsta

The system may be described by the Kotmogorov-@laapdifferential equation set:
R(t) =-(As +2a) R(t)+ #sQs(t),
Qs(t) = AsR(t) - (s + 15) Qs(t),
Qu(t) = AeR(t) + 15 Qs(t). (1)
R(0)=1; Qs(0)=Qa(0)=0,
R{t)+ Qs(t) + Qslt) = 1.

The Laplace transforms of equation set (1) are:
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where:

H = Hs + Uy,
A=A + A + Us + g,
B = usptg + HsAg + Aplp -

Solving the equation:

p> + pA+B =0, (5)
we obtain:

%2 =5 (- A£C), ©
C=+A?-4B. @)

Taking Laplace reciprocal transforms, after simpladifications we have got formulae as follows
1 _
RE = < e[ + 4i) - (o + )]

Q)= 2o (1-e), ©)

Qs(t) =1- R{t) - Qslt). (10)

The mean time of work of the system to the ocaweeof its safety unreliability is given by the
formula:

(8)

T, :_d|pQB(p)| - M+ As . (11)
dp oo HsAst Hg s+l Ag

Example

In fig. 2 the relation of the mean time of wdFk has been shown to the occurrence of the safety
unreliability state from the intensip at different values ofis=0, 0.1, 0.2, 0.5As=0.1;A5=0.01.
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Fig. 2. Diagram of relation offg = f(,us) for the three state restorable system



The following conclusions result from the preserdeaph:
- when 1z = 0 - then with the increase ¢f;, Tg decreases;

- when yz # 0- then with the increase qfi5, Tg increases and with the increase@f -
Tg decreases.

The equivalent danger failure rate of the wholaesysis given by:

Taking into account (8) and (9) we can determﬂg}e{t). Analysing this function we can show
that:

/‘B(O) =g
Alim Ay () = Jebat i)+ g A (13)
too x1+,u+/1S

We can see that in consequendg(t) is the decreasing function and the tiffie depends on the
ratio Ag / Us.

4. Conclusion

A dangerous restoration can essentially reduceybiem’s safety.
To apply in practice safety and reliability fac@roposed in this paper, the investigations to
obtain credible data for their calculation are rsseey.
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