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Abstract 

 
 A model of a three-state system has been considered in the work. The system can pass from the state of full ability 
into the state of safety unreliability (irreversible state) or into the state of efficiency unreliability (reversible state). 
From this state the system can also pass to the state of safety unreliability. To the system’s modeling Kołmogorov-
Chapman differential equation  has been used. The obtained results have been presented with an example. Analysis 
with the obtained equations has been done. 
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1. Introduction 
 

The contemporary systems are characterized by a large surplus in the reliability sense. The 
failures of such systems cause not very important effects for the realization of a task, but the 
effects for safety are of course very important. Then the analysis of the system must take into 
account the safety factors. The author considered problem of safety in many works devoted to 
models of un restorable systems. 
In this paper I would like to present a model of restorable system in safety aspects. 

The system in which two kinds of failures can occur. The first kind of failures causes system 
efficiency unreliability and in this case the system is restorable. This restoration can be dangerous 
and the system can pass to safety unreliability. The second kind  of failures causes system safety 
unreliability. In this case I assume that the system is not restorable.  

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

2. Basic concepts and definitions  
 

Taking into account that this field of knowledge is very young and the terminology is not fully 
unificated, that is up to now the object of discussion. 
Due to limited length of this paper, only basic concepts used in this work, are presented. 
R(t) - Function of the system reliability - the probability of fulfilling requirements from the 

point of view of safety and reliability of the system; 
QB(t) - Function of the system safety unreliability - the probability of occurrence of event causing 

a dangerous situation. 
QS(t) - Function of the system efficiency unreliability - the probability of occurrence of event 

causing an unreliable inefficient work of the system. 



 Of course for all these quantities both the exploitation conditions (in a broad sense) and 
exploitation time interval must be strictly defined. 
In practice we have most often dealt with systems which can be in the fitness-for-use state or in the 
efficiency unreliability state or in the safety unreliability state, In the case when the system passes 
to the efficiency unreliability state, it is restorable but can be dangerous. 
 Let us denote the additional reliability factors as follows: 
λS - intensity of the passing from the ability state to the unreliable efficiency state; 
λB - intensity of the passing from the ability state to the safety unreliability state; 
µS  - intensity of the passing from the state of efficiency unreliability to the ability state; 
µB - intensity of the passing from the unreliability efficiency 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. 
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Fig. 1. The graph of the system with restorable efficiency unreliability state with regard  

to the safety unreliability with the restorable state 

 
 The system may be described by the Kołmogorov-Chapman differential equation set: 

( ) ( ) ( )tQtRtR SSBS µλλ ++−=)(' , 

( ) ( ) ( ) ( )tQtRtQ SBSSS µµλ +−=' , 

 ( ) ( ) ( )tQtRtQ SBBB µλ +=' , (1) 

( ) 10 =R ; ( ) ( ) 000 == BS QQ , 

( ) ( ) ( ) 1=++ tQtQtR BS . 

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

BS µµµ += , 

BSBSA µµλλ +++= , 

BBBSBSB µλλµµµ ++= . 

 
Solving the equation: 

  02 =++ BpAp , (5) 

we obtain: 
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Taking Laplace reciprocal transforms, after simple modifications we have got formulae as follows: 
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 ( ) ( ) ( )tQtRtQ SB −−= 1 . (10) 

 The mean time of work of the system to the occurrence of its safety unreliability is given by the 
formula: 
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Example  
In fig. 2 the relation of the mean time of  work TB has been shown to the occurrence of the safety 
unreliability state from the intensity µS at different values of µB=0, 0.1, 0.2, 0.5; λS=0.1; λB=0.01.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Diagram of relation of ( )SB fT µ=  for the three state restorable system  
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The following conclusions result from the presented graph: 
- when Bµ  = 0 - then with the increase of Sµ , TB  decreases; 

- when 0≠Bµ - then with the increase of Sµ , TB  increases and with the increase of Bµ  - 

TB  decreases. 

 
The equivalent danger failure rate of the whole system is given by: 
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Taking into account (8) and (9) we can determine ( )tBλ . Analysing this function  we can show 
that: 
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We can see that in consequence, ( )tBλ  is the decreasing function and the time BT  depends on the 

ratio SS µλ / . 

 
4. Conclusion 
 
 A dangerous restoration can essentially reduce the system’s safety.  
 To apply in practice safety and reliability factors proposed in this paper, the investigations to 
obtain credible data for their calculation are necessary. 
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