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Summary: In this paper there has been presented destruction estimation models of 

construction elements of aircraft in different cases of  the state of readiness. The 

following cases have been examined: 

- when a diagnostic parameter indicating the state of readiness exceeds critical 

point 

- when unexpected failure occurs as a result of overload impulse 

- when a diagnostic parameter increases and as a result premature failure occurs 

- when damage can be indicated with a diagnostic parameter and an unexpected 

failure may occur. 

Differential calculus of Fokker-Planck type has been used in the model creating. 

 

Key words: aircraft, failure, probability models. 

 

Streszczenie: W artykule przedstawiono modele oceny destrukcji elementów 

konstrukcji statków powietrznych dla różnych przypadków zmiany stanu 

zdatności. Rozpatrzono przypadki: 

- gdy parametr diagnostyczny sygnalizujący stan zdatności przekroczy wartość 

graniczą, 

- gdy nastąpi uszkodzenie nagłe na skutek impulsu przeciążenia, 

- gdy nastąpuje przyrost parametru diagnostycznego i przedwczesne uszkodzenie, 

- gdy  uszkodzenie może być sygnalizowane parametrem diagnostycznym i może 

wystąpić nagłe uszkodzenie.  

Do budowy modeli wykorzystano równania różniczkowe typu Fokkera-Plancka.  

 

Słowa kluczowe: statek powietrzny, uszkodzenia, modele probabilistyczne. 
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1. Introduction  

In this paper the term of hazards in transportation systems shall be narrowed 

to the avionic technology. It is also assumed that the hazards are associated 

with the possibility of catastrophic defects as well as symptomatic defects 

that are caused by progressive deterioration processes which occur during 

operation of aircrafts.  

Contemporary aircrafts guarantee very high level of reliability and safety of 

flights. Anyway, abrupt (sudden) defects with no anticipating symptoms 

may also occur. Despite their incidental character, they may lead to very 

serious consequences. Such defects may happen during aircraft operation 

due to many reasons, mainly because of the lack of knowledge about many 

processes that take place during operation of avionic hardware. The 

methodical approach to optimum design of structural components based on 

models of destruction is still underdeveloped as the models of destruction 

should take account for possible load types and must enable evaluation of 

the environmental impact during long-term operation of the machinery. For 

instance, the reasons for sudden (catastrophic) defects may include the 

following: 

- Loss of volumetric strength by components that may be destroyed due 

to excessive permanent deformations, occurrence of incidental cracks or 

fatigue cracks that exceeded the critical threshold.  

- Loss of material properties by structural components due to the effect of 

ageing processes.  

- Loss of component applicability due to surface wear or penetration of 

foreign bodies between mating components.  

- Random increase of chemical fume concentration and origination of 

circumstances conducive to uncontrolled explosions.  

- Incidental shorts in electronic systems.  

All the reasons that lead to catastrophic defects are subject of numerous 

experimental investigations and theoretical deliberations.  

Any catastrophic defects of avionic equipment usually lead to substantial 

damages or catastrophes of aircrafts, which is associated with large losses, 

injuries or even fatalities. It is why the need appears to estimate the risk of 

possible losses.  
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Fig.1. Diagram for determination of permissible risk for possible losses 

 

The term of risk is understood as the probability of destructive or undesired 

circumstances that lead to occurrence of losses. In our case the destructive 

phenomenon shall be considered as a catastrophic defect of an aircraft. 

Usually the level of acceptable risk for destructive events is determined by 

required expenses. Fig. 1 presents the way how to determine the range of 

acceptable risk.  

Where:  

R(t)  – probability of the fact that a catastrophic defect shall be avoided, 

E[O]  – the mathematic expectation (EV) of expenses for development of the 

design (that depends on the probability level that the catastrophic 

defect is avoided),  

E[S]  –  the mathematic expectation (EV) of losses that may be borne due to 

catastrophic defects during operation of the equipment,  

E[K]  – the mathematic expectation (EV) of totalized cost E[K]=E[O]+E[S]. 

 

Fig. 1 demonstrates possible transition from the ‘zero risk’ policy to the 

policy of ‘acceptable risk’ on the basis of the rule ‘the risk must be as low as 

it is reasonably achievable’.  

Risk estimation is based on the prediction for occurrence of undesirable 

phenomena during aircraft operation when such phenomena lead to 

catastrophic defects. This study presents selected models that can be used 

for risk estimation, i.e. to evaluate the probability that catastrophic defects 

occur during the assumed time of the equipment operation.  
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2. Selected models suitable to evaluate the probability of catastrophic 

defects  

 

2.1. Introduction  

This paragraph presents selected models that enable the estimation of 

probability values for occurrence of catastrophic defects in avionic 

equipment. Authors believe that these models may be used to find out the 

probability of various adverse phenomena affecting the avionic equipment 

for the following cases:  

- when the parameter that defines the status of the equipment exceeds 

the limit threshold,  

- when the probability of the catastrophic damage is constant along with 

the increase of the status-defining parameter, 

- when the probability of the catastrophic damage increases along with 

the increase of the status-defining parameter, 

- when parameters that determine the probability of defects are random 

variables.  

 

2.2. The model of a catastrophic defect with account for the limit threshold  

The following assumptions are made:  

- Technical condition of the device is defined by its single and 

dominating diagnostic parameter. The value of this parameter is 

denoted as z.  

- The values of diagnostic parameters can change only during a flight of 

an aircraft.  

- The z parameter is non-decreasing  

Let tzU ,  stand for the probability that the value of the diagnostic parameter 

amounts to z at the moment of t. For more realistic example one can assume 

that z is e.g. the crack length or the value of surface wear.  

To describe the variation of the parameter as a random value, the following 

differential equation is adopted:  

tzztzttz tUUtU ,,, )1(              (1) 

where:  

z  -  increment of the diagnostic parameter value during a single flight 

of the aircraft,  

t   - probability that the aircraft performs a flight during the time 

interval of t , whilst 1t ; 

  -  intensity of the aircraft flights. 
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The equation (1) can be expressed in the following form as a function of 

difference quotients  

 

),(),()1(),( tzztutzutttzu                        (2) 

where: 

u(z,t) - density function of the diagnostic parameter z at the moment of t. 

 

Having considered the physical nature of the diagnostic parameter growth, 

after necessary transformations, the equation (2), can be used to derive the 

differential equation of Fokker-Planck type. As a consequence of resolving 

this equation, the following density function can be obtained:  
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where:  

b   – average increment of the diagnostic parameter per each time unit; 

a   –  average square of the diagnostic parameter increment per each 

time unit; 

 

The probability that a catastrophic defect shall ocurr can be calculated with 

the use of the relationship (3) and expressed in the following way:  
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where:  

zd -  value of the diagnostic parameter that correspond to the limit 

threshold.  

 

The risk level associated with the occurrence of a catastrophic defect as a 

function of the operation time can be expressed after transformation of the 

relationship (4) in the following way [4]:  
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2.3. Probability assessment for a catastrophic defect with the constant risk 

level along with the increasing value of the diagnostic parameter  

The section 2.2 has dealt with the case of the equipment operation when a 

catastrophic defect occurs only when the current value of the diagnostic 

parameter exceeds the threshold level. Now, the subsequent example should 

be taken into account when the previous circumstances are supplemented 

with an additional (a second type) catastrophic defect. It is the case that may 

apply to any moment of an aircraft operation. 

Let us additionally introduce the intensity for occurrence of such an 

additional defect: 

 1


 tP
t

P
                           (7) 

where:  

P - probability that a given type of defect may ocurr during a single flight 

of the aircraft,  

t - time interval when the flight may take place,  

 - intensity of the aircraft flights. 

 

Other necessary parameters and values shall be just the same for this section 

as they were used for the section 2.2. The differential equation applicable to 

description of the variation increase shall adopt the form (exhibited in terms 

of difference quotients):  

 

           tzzuPttzuPtttzu ,1,11,           (8) 

 

The equation (8) enables us to derive the following partial differential 

equation:  
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where:  

 tb  - average increment of the diagnostic parameter per a time unit; 

     zPtb  1                                   (10a) 

 ta  - average increment of the current value for the diagnostic parameter 

per a time unit  

     21 zPta                                      (10b) 

z – increment of the value for the diagnostic parameter during a single 

flight (determined with use of variation rules for this parameter).  
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The study [4] shows that the solution for the equation (9) adopts the 

following form: 

    tzuetzu t ,,                                         (11) 

where: 
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    dttbtB

t
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                                              (13) 

    dttatA                                        (14) 

With the use of the relationship (11) one can calculate the probability of the 

fact that an additional catastrophic defect occurs during the time interval 

 t,0 . 
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Consequently, the equation is obtained to calculate the overall probability 

for combined occurrence of both types of catastrophic defects during the 

time interval  t,0 : 

      dztzueetQ
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  ,1                         (16) 

The formula for the reliability of an aircraft adopts the form: 
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where:  tB  and  tA  are calculated from the relationships (13) and (14). 

 

2.4. Outline of the model for origination of catastrophic defects when 

probability of its occurrence increases in pace with the increase of the 

diagnostic parameter 

To solve the problem let us take advantage of the Yule process with a slight 

modification of it. The way how the process is modified is described in [1]. 

In this case quantification of the diagnostic parameter value must be carried 

out, which makes the process variable a discrete value. The quantification 

method is explained in Fig. 2.  
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Fig.2. Quantification of the diagnostic parameter  

 

where:  

kE  -  status values of the diagnostic parameter,  

t  -  probability that the aircraft performs a flight and consequently it 

may result in changes of the parameter status,  

 tqk  -  probability that the process development, associated with changes 

on the parameter status is interrupted,  

 

This probability depends on the current status.  

h   -  average increment of the diagnostic parameter during a single time 

interval t (a single flight).  

 

Let  tPk  denote the probability of the fact that at the moment of t  the 

diagnostic parameter value achieves the level of kE  (where ,...2,1k ). 

For these assumptions an infinite set of linear equations can be developed: 
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Having divided both sides of the kth equation by t and switching to 

calculation of the limit of the function at 0t  the following system of 

equations is obtained: 
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The initial condition for each of these equations is the following: 
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The system of equations (19) can be resolved by recurrence. With the use of 

the resolved system, one can determine the probability that no catastrophic 

defect occurs during the time interval  t,0  (reliability function). This 

relationship is obtained by adding up all the obtained equations for  tPk . 

Therefore:  

    





0k

k tPtR                                     (20) 

The probability that a catastrophic defect happens by the moment of t  can 

be expressed by means of the following formula:  

      tRtTPtQ  1                               (21) 

Upon completion of the summing operation the following form of the 

solution is obtained [1]: 
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From there, the density of time distribution until the moment of a 

catastrophic defect adopts the following form:  
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3. Outline of the method for assessment of and aircraft reliability with 

consideration of symptomatic and catastrophic defects 

 

3.1.Description of operating conditions and making assumptions  

It is assumed that operation of an aircraft is carried out in such a manner that 

the following settings and assumptions are true:  

1. Assessment of the technical condition involves n diagnostic parameters. 

Hence, the vector of technical status adopts the following form:  

    ),...,,( nxxxx 21  

2. Instead of actual values of diagnostic parameters the procedure for 

reliability assessment uses the following deviations: 

    ),...,,( nixxz nomiii 21  
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where: 

xi   - ith diagnostic parameter  

xi nom  -  rated value for the ith parameter  

 

3. Values of deviations zi (i=1, 2, ... , n) are always positive.  

 

4. Limit values for the deviations are equal to 
d
iz . When all the deviations 

are below their limit thresholds the aircraft is in sound operating 

condition. When at least a single deviation exceeds its limit, the aircraft 

is considered as out of operation.  

 

5. It is assumed that deviations ),...,2,1( nizi   are independent random 

variables, i.e. alteration of a single variable has no effect onto values of 

other variables.  

 

6. The deviations zi can change only during operation of an aircraft, i.e. 

during flights.  

7. Variation rates of deviations can be described with the following 

equation: 

 

  ),( ii
i czg

dN

dz
            (24) 

where: 

zi -  deviation of the ith diagnostic parameter; 

ci  -  factors that reflect local operating conditions of components that 

are crucial for the increase of deviation values for diagnostic 

parameters:  

N  -  number of flights completed by the aircraft. 

Application of the relationship (24) makes it possible to calculate the value 

of the deviation during a single flight.  

  Nczgz iii  ),(    for N = 1  (25) 

8. Intensity of flights  for aircrafts is defined by the ratio:  

  
t

P


       (26) 

where: 

t – the time interval when a flight of an aircraft takes place with the 

probability of P. The time interval with the duration t should be 

appropriately selected (depending on the operating system and 

utilization of the aircraft) so that 1t . 
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With the use of the flight intensity of the aircraft the number of flights 

completed by the aircraft by the moment of t can be calculated in the 

following way:  

  tN                 (27) 

9. It is assumed that the considered aircraft is well-maintained. The scope 

of tasks for technical staff includes prevention against symptomatic 

defects and maximum possible mitigation of possible origination of 

catastrophic defects that usually lead to massive breakdowns and 

disasters in air traffic.  

 

10. It is also assumed that sets of symptomatic and catastrophic defects or 

aircrafts are mutually independent and disjoined. Therefore, the 

reliability of an aircraft can be expressed by means of the following 

formula:  

)()()( 21 tRtRtR            (28) 

where: 

)(1 tR  -  probability of the fact that no catastrophic (sudden) defect of 

an aircraft occurs by the moment of t;  

)(2 tR  -  probability of the fact that no symptomatic defect of an aircraft 

occurs by the moment of t;  

 

In spite of attempts and intense efforts of technical staff the risk of 

catastrophic defects cannot be fully eliminated, even with the use of the 

cutting edge countermeasures.  

It is assumed that each single journey of an aircraft is associated with a 

probability of a catastrophic defect that is denoted as Q. Progressive 

maintenance of aircrafts aims to prevent from increase of such a probability 

in pace with the ageing of the machinery, i.e. gradual expiring of the aircraft 

lifetime.  

3.2 Determination of the aircraft reliability with consideration to 

symptomatic and catastrophic defects.  

The already adopted probabilistic assumptions make it possible to describe 

the increase of the deviation for each individual parameter as a function of 

the operation lifetime of an aircraft, where description is provided separately 

for each diagnostic parameter. It is why the assumption is justified that the 

considerations can be limited to variations of the deviation for the ith 

diagnostic parameter.  
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Let tizU ,  stand for the probability of the fact that at the moment of t the 

deviation of the ith parameter is zi.  

For the adopted assumptions the dynamic features of changes (increase) for 

the ith deviation can be described with the use of the following equation in 

difference quotients:  

 tiziztizttiz UtUtU ,,, )(     1   (29) 

where: 

)( t1  - probability of the fact that no flights of the aircraft shall take 

place during the time interval of t,  

t   - probability of the aircraft journey during the time interval with 

its duration t. 

 

Therefore:  

          11  tt  )(  

 

The equation (29) expresses the following meaning: the probability of the 

fact that the deviation value for the ith parameter at the moment of t + t 

shall be zi when (i) that deviation has already achieved that value and could 

not increase as no flights of the aircraft took place, or (ii) its value at the 

moment of t was ii zz   and increased by zi during the time interval with 

the duration of t as the aircraft was operated.  

 

The equation in difference quotients (29) can be transformed into the 

functional form with the following notation:  

 

),(),()(),( tzztutzutttzu iiii   1   (30) 

 

where: 

),( tzu i  - the function that describes density of deviations for the ith 

diagnostic parameter from its rated value.  

The equation in difference quotients (30) can be transformed into a 

differential equation when the following approximations are applied:   
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Upon substitution of (31) into the equation (30) the following is obtained:  
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Then, after some simplifications  
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After having divided the both sides of the equation (32) by t the following 

form is achieved:  
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where: 

ii ztb  )(     - stands for the average increase of the ith deviation of a 

diagnostic parameter from its rated value per each time 

unit.  
2)()( ii zta    - stands for the average square for increase of the ith 

deviation from the rated value per each time unit 

iz  - is defined by the relation (25) and for N = 1. 

 

Now, it is necessary to find out a specific solution for the equation (33), 

where the solution must meet the following conditions:  

When 0t , the solution is convergent to the Dirac function, i.e. 

0,0),(  zfortzu i  ),( tu 0  but in such a way that the integral of 

the u function amounts to one (1) for t > 0. 

In case of the foregoing assumption the solution of the equation (33) adopts 

the following form: 
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where: 

  dttbtB i

t

i )()( 
0

    (35) 

  dttatA i

t

i )()( 
0

    (36) 

The relationship (35) defines the average value (EV - mathematic 

expectation) whilst the equation (36) is for calculation of the deviation 

variance.  

Having taken advantage of the relation (34), one can derive the formula for 

the reliability with the aspect of a symptomatic defect for the ith diagnostic 

parameter. The formula is as follows:  

   ii

d
i

z

i zdtzutR ),()( 
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    (37) 

When considering all the diagnostic parameters along with the adopted 

assumptions, the formula for the system reliability adopts the following 

form:  

   )()(
1

2 tRtR i

n

i




     (38) 

Now, it is necessary to find the formula for the second components of an 

aircraft reliability R1(t) associated with catastrophic defects.  

Catastrophic (sudden) defects may be caused by insufficient inspection and 

recognition of the technical condition demonstrated by an aircraft.  

Observations that are made during the operation of aircraft units enable to 

state that it is the group of defects that may appear as a result of abrupt 

changes exercised by both measurable and non-measurable parameters 

when continuous monitoring of the parameter variations is infeasible. 

Exceeding of mandatory limits is also a factor that is conducive to increase 

of the risk associated with defects of aircrafts.   

Probabilistic description of the mechanism that leads to origination of such 

defects is based chiefly on intensity of defects that is expressed by means of 

the following formula:  
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where: 

T  -  random variable of the time interval until the moment when a 

catastrophic defect is manifested,  

t  - operation time of the aircraft,  

P()  - probability of the conditional event. 

 

The relationship (39), after some necessary transformations, enables to 

obtain the following differential equation:  

  021  )()()(
' tRttR     (40) 

The equation (40) for the initial condition 101  )(tR  has the following 

solution: 

   





t

dtt

etR 0
1

)(

)(



            (41) 

When: 

 constt   )( , then 

t
etR


)(1

            (42) 

Prior to using the equation (40) one has to calculate the parameter . The 

observations that have been made for various types of aircraft provide 

information about time moments tk, (where k = 1, 2, ..., ) when such 

defects may occur.  

The time tk is the time interval that expired until the first defect of that type 

is recorded for the kth aircraft. This time interval is counted from the 

momment when the aircraft was put in operation.  

To estimate the  parameter the method of moments stall be used. The 

method assumes comparison between the mathematical expectation (EV) of 

the operation time calculated from the theoretical equation and the 

corresponding average value calculated on the basis of observations.  

The theoretical average value (mathematical expectation) for the operation 

time (until a catastrophic defect occurs) equals to:  

   


 1

0
1

0

 



tedttRTE )(][  

The experimental average value for the operation time of an aircraft (until 

the the moment of a catastrophic defect) shall be1:  
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If the probability is known that that a sudden defect may occur during a 

single flight, the intensity of such defects may be evaluated with use of the 

relationship:  

               
t

Q


 *  

In turn, that relationship enables estimation of the function for the reliability 

R1(t): 

     
tetR

*)( 1         (44) 

 

After having considered the equations (38) and (44) the formula for 

reliability of an aircraft shall look like as below:  

 )()( tR
i

tR
n

i

te 






1


          (45) 

 

3.3. Modification of the applied method for determination of the aircraft 

reliability with the account for sudden and symptomatic defects  

In order to attempt to modify the method disclosed in Section 3.2 the 

following additional assumptions are necessary:  

 Any catastrophic defect of an aircraft leads to scrapping the equipment 

as it is no longer suitable for operation.  

 The set of diagnostic parameters contains one dominating component. 

The dynamics of its changes is the most rapid and it is why it serves as 

a symptom that a defect is progressively developing.   

 The probability values related to frequencies of aircraft flights and to 

possibility to take the aircraft permanently out of service represent two 

separate and independent sets of events.  
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For the probability values that are defined in the foregoing manner the 

following equation is true:  

 

11111  tttttttt  )()())((  (46) 

But  

        
t

Q


      

Hence: 

11111  QtQtQtQt  )()())((   (47) 

1111  QQtQt )())((       (48) 

Now let us start with dealing with the description of the variations 

demonstrated by the dominating parameter denoted as z. The z variable has 

the same meaning as the zi that was used in Section 3.2, therefore the rules 

for its increase are just the same as in case of zi.  

Let Uz,t stand for the probability that at the moment of t the deviation of the 

dominating diagnostic parameter is z.  

With the use of the equation (48) and under the assumption that two first 

summands decide about the increase of that relationship, the differential 

equation (29) can be rewritten in the following way:  

 

tzztzttz UQtUQtU ,,, )())((     111    (49) 

 

The equation (49), after conversion to the form of difference quotients, 

adopts the form:  

 

),()(),())((),( tzzuQttzuQtttzu   111   (50) 

 

The equation (50) is to be transformed into an equation in partial difference 

quotients with the use of the approximation (31) and the relationship (48).   

For better transparency the summand u(z,t) is to be added and subtracted 

to/from the right-hand side of the equation (50). After these operations the 

following is obtained:  
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Finally, the partial differential equation is obtained: 
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where: 

  - intensity of the events that defined types of aircraft are taken out of 

operation (scrapped) due to occurrence of catastrophic defects:  

 

    
t

Q


       (52) 

b(t)  -  average increase of the deviation for the dominating parameter per a 

time unit: 

    zQtb  )()(  1            (53) 

a(t)  - square of the average increase of the deviation for the dominating 

parameter per a time unit: 
2)1()( zQta               (54)  

z  -  is determined by the equation (5). 

The equation (51) represents a more generalized relationship than the 

Fokker-Planck equation rewritten to the form (33).  

The equation (51) has the additional summand ‘-u(z,t)’.  

 

To present solution of the equation (51) it is reasonable to take advantage 

for the solution of the equation (33). When the formula (34) represents the 

solution of the equation (33), the solution for the equation (51) can be found 

in the form of the function:  

 

),(),( tzuetzu t      (55) 

where: 
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),( tzu  – is the solution for the equation (33) and is expressed as the 

function (34). For that solution the relationships (53) and (54) should be 

used for integrals (35) and (36).  

In order to prove that the function (55) is actually the solution for the 

equation (51), let us present the following transformation:  

Let us calculate the time derivative for the relationship (55).  

 

  







 

t

tzu
etzu

t

tzu tte
),(

),(
),( 

 2
  

  











 )

),(
)(

),(
)((),(

2

2

2

1

z

tzu
ta

z

tzu
tb

t
etzu


  

  
2

2

2

1

z

tzu
ta

z

tzu
tbtzu











),(
)(

),(
)(),(  

 

Therefore one can easily see that the function (55) represents the solution 

for the equation (51). 

The function (55) has the properties of the density function, as: 
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When taking advantage of the relationship (55) one can determine the 

unreliability of the aircraft  
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Therefore, the following equation can be formulated: 

 

)()()()()( tQtQtRtQtQ 2121     (58) 

 

where: 

)(tQ1  – unreliability caused by catastrophic defects of an aircraft,  

)( tQ 2  – unreliability caused by the increase of the dominating parameter 

deviation above the permissible threshold,  

)(tR1  – reliability of an aircraft related to catastrophic defects,  

)(tR 2  – reliability of an aircraft related to the dominating parameter; 
 



Tomaszek Henryk, Żurek Józef 

 

 

52 

Therefore the aircraft reliability shall be defined in the following way:  

 

)()()( tRtRtR 21      (59) 

Hence: 

    1 )()( tQtR  

 

All in all, the final formula for the reliability of an aircraft shall adopt the 

following form:  
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where B(t) and A(t) shall be determined by means of relationships (35) and 

(36) 
 

 

4. Final remarks  

The presented outline of the method that is suitable for determination of the 

aircraft reliability is conditioned by the adopted assumptions.  

Obviously, the presented method can be subjected to further modification 

when some other, appropriate assumptions are adopted. The better the 

adopted assumptions reflect the reality of the machinery operation the more 

accurately the predicted reliability of an aircraft can be defined.  

The presented method refers solely to those cases when effects of 

destructive processes are accumulated in time, are correlated to the 

operation time of an aircraft and the process of regular operation is 

disturbed by possible sudden (abrupt) defects caused e.g. by overload 

pulses, hard landing events, etc.  

The presented method, after further perfectioning, may enable estimating 

the equipment lifetime with account for various diagnostic parameters. The 

information that is acquirable in that way can be then used to tune up 

technical maintenance processes. Then the sequence of diagnostic 

inspections, properly distributed in time, enables to prevent from developing 

symptomatic defects.  

This is why one can assume  
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The reliability of aircraft with account for technical maintenance and 

services can be estimated with use of the following formula:  

 

   
tetR

*

)(
                 (62) 

 

The presented outline of the method for prediction of aircraft reliability 

seems to be useful as a supplementary approach to find solutions for 

specific problems associated with the assessment of reliability, durability 

and lifetime of structural components, units and subassemblies.  

The methods disclosed in this paper have found application for evaluation of 

reliability, durability and lifetime of structural components in terms of the 

equipment fatigue process.  

The presented models can be adapted to specific cases when the probability 

value for a catastrophic defect is to be determined with consideration to 

physical features of ongoing phenomena and operating conditions.  
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