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Abstract 

During an operation phase, a technical system accomplishes goals for the 
purpose of which it was designed and created. The execution of the system 
operation tasks induces changes in the system feature values. The changes origin 
from an impact of wearing factors, which can be divided into two groups, 
dependent on and independent, from the system operation. The state of the 
system is determined by the values of the system features. Therefore, during the 
operation phase, the state of the system is changing. If the physical features of 
the system reach the boundary values due to the wearing factors, the system 
switches to a boundary state and the further operation is not possible because of 
a risk of a failure appearance. The changes of the system state can be expressed 
in the system feature space. The dimensions of the space are the cardinal 
features of the system. In this paper, the space of cardinal features of the system 
was defined. The points in that space are the technical states of the system. For 
the dimensions of the space, the characteristic points and ranges were 
introduced. Within the space, the areas of ability, disability and limited ability of 
the system were formulated as well. The representation of system technical 
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states in the defined space makes it possible to develop the numeric model of the 
system-operating task for an exemplary research object. 

1. Introduction  

The two most important groups of processes occurring during the operation 
phase of the technical system are the operation processes and processes of 
usability assurance also called service processes [1]. The main purpose of the 
operation process is to accomplish the tasks for the purpose of which the 
technical object was created. The execution of the operation process changes the 
features describing the system as a result of the impact of wearing factors 
dependent on and independent from the system operation [2]. If the system 
features reach their boundary values, a further use of the system may result in  
a failure. For that reason, the technical system is subject to the service processes. 
In these processes, the values of the system features are modified so as to enable 
its continued use. Therefore, it was determined that, during the operation phase, 
regardless of the operating processes, the technical system feature values 
undergo changes. 

The state of a technical system is determined by the feature values 
describing the system. Changes in the system feature values induce changes in 
the state of the system. If particular features of the system are expressed as 
dimensions of an n-dimensional feature space, the state of the system can be 
determined as a point of this space [3], while the changes in the state can be 
presented in the form of the trajectory of the moving point of the system state.   

For each feature, its characteristic values and characteristic ranges can be 
defined. Regardless of the feature type that describes the system; its domain can 
be defined as a set of possible values. Within the range of feature domain the 
minimum and maximum boundary values can be distinguished which define the 
range of acceptable values. A subset of the acceptable values comprises 
suboptimal values ranging from the suboptimal minimum value to the 
suboptimal maximum value. Defining the above values, the following ranges are 
formulated (1–4): 

 

 maxmin , iiiZM xxX =  (1) 
 

where: XiZM – the domain of the i-th system feature, 
ximin, ximax – the minimum and maximum value of the i-th system feature.  

 

 ) ( maxmaxminmin ,, iigrigriiND xxxxX ∪=  (2) 
 

where: XiND – the range of unacceptable values of the i-th system feature, 
xigrmin, xigrmax – the boundary minimum and boundary maximum values of 

the i-th system feature, 
ximin, ximax – the minimum and maximum values of the i-th system feature. 
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 maxmin , igrigriD xxX =  (3) 
 

where: XiD – the range of acceptable values of the i-th system feature, 
xigrmin, xigrmax – the boundary minimum and boundary maximum values 

of the i-th system feature. 
 

 maxmin , isoisoiSO xxX =  (4) 
 

where: XiSO – the range of suboptimal values of the i-th  system feature, 
xiSOmin, siSOmax – the minimum and maximum suboptimal values of the  

i-th system feature. 
 

The minimum and maximum values, minimum and maximum boundary 
values, and minimum and maximum suboptimal values are called characteristic 
values of the feature. The domain of the feature and the ranges of acceptable and 
unacceptable values and the range of suboptimal values are called characteristic 
ranges of the feature. It should be noticed that the characteristic values and 
ranges of the system features determine the fields of the system states in the 
space of system features. 

The features determining the state of the system comprise a set of cardinal 
features, whose content depends on the considered issue. Each set of cardinal 
features creates a different space of the technical system states. The points and 
fields of different spaces are the representation of different states of the technical 
system. As far as the operation of the technical system is considered, it is 
necessary to describe the system in such a space that gives the possibility to 
determine the reliability states of the system. In such a space, it is possible to 
quantitatively describe the operation potential of the system. 

2. The characteristic values and ranges of physical features  
of a technical system  

If the set of cardinal features contains only physical features of the system, 
the state of the system represented as a point in a defined space is called the 
physical state of the system [4]. By determining the characteristic values and 
characteristic ranges of the system features with reference to the capability of 
achieving the objectives of the system, the fields of reliability states of the 
system are created [4], these are also known as classes of technical states of the 
system [5]. Therefore, the reliability states of the system are determined in the 
feature space where points represent the technical states of the system. This 
space will be called the space of the technical states of the system. 

As far as features of the above space are concerned, the range of 
unacceptable values, consisting in general of two ranges (2), is limited to one 
range, and the range of suboptimal values is placed on the opposite side of the 
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range of acceptable values in relation to the boundary value. There are two 
variants of such partitioning. The variants are presented in the figure (Fig. 1) and 
described by the formulas (5–8). 

 

 
 
Fig. 1. The domain of the feature being a dimension of the space of technical states  

 

 maxmin , iiiZM xxX =  (5) 
 

where: XiZM – the domain of the i-th system feature, 
ximin, ximax – the minimum and maximum values of the i-th system feature.  

 

 
)

( max

min

,      :b case

  ,      :a case

iigriND

igriiND

xxX

xxX

=

=
 (6) 

 

where: XiND – the range of unacceptable values of the i-th system feature, 
ximin, ximax – the minimum and maximum values of the i-th system feature, 
xigr – the boundary value of the i-th system feature. 
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where: XiD – the range of acceptable values of the i-th system feature, 

ximin, ximax – the minimum and maximum value of the i-th system feature, 
xigr – the boundary value of the i-th system feature. 
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where: XiSO – the range of suboptimal values of the i-th system feature, 
ximin, ximax – the minimum and maximum values of the i-th system feature, 
xiSOmin, siSOmax – the minimum and maximum suboptimal values of the  

i-th system feature. 
 
As for features with domain presented in the figure (Fig. 1b), the 

transformation described by the formula (9) can be implemented. It exchanges 
the value with the absolute value of the difference between this value and the 
maximum value of the feature (9). 

 

 iii xxx −= max'  (9) 
 

where: xi – the value of the i-th system feature, 
x’i – the value of the i-th system feature after transformation, 
ximax – the maximum value of the i-th system feature. 

 
Additionally, in each dimension where the minimum value of the feature is 

not equal to zero, the transposition of the zero point of the coordinate system can 
be introduced (10) as follows: 

 

 min' iii xxx −=  (10) 
 

where: xi – the value of the i-th system feature, 
x’i – the value of the i-th system feature after transposition, 
ximin – the minimum value of the i-th system feature. 

 
After the transformation and the transposition the domain of the system, a 

feature can be described by the formulas (11–14). The final form of the domain 
partitioning is presented in the figure (Fig. 2). 

 

 
 

Fig. 2. The transformed domain of the feature being a dimension of the space of technical states 
 

 max',0 iiZM xX =  (11) 
 

where: XiZM – the domain of the i-th system feature, 
x’imax – the maximum value of the i-th system feature after the 

transformation and the transposition. 
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 )igriND xX ',0=  (12) 
 

where: XiND – the range of unacceptable values of the i-th system feature, 
x’igr – the boundary value of the i-th system feature after the 

transformation and the transposition. 
 

 max',' iigriD xxX =  (13) 
 

where: XiD – the range of acceptable values of the i-th system feature, 
x’imax – the maximum value of the i-th system feature after the 

transformation and the transposition, 
x’igr – the boundary value of the i-th system feature after the 

transformation and the transposition. 
 

 maxmin ',' iiSOiSO xxX =  (14) 
 

where: XiSO – the range of suboptimal values of the i-th system feature, 
x’imax – the maximum value of the i-th system feature after the 

transformation and the transposition, 
x’iSOmin – the minimum suboptimal value of the i-th system feature after 

the transformation and the transposition. 
 
Simultaneously, the range of the suboptimal values of the feature can 

overlap the range of its acceptable values. In this case, the feature is called the 
strictly determined feature. The domain of such a feature is described by the 
formulas (11–13) and presented in the figure (Fig. 3). 

 

 
 
Fig. 3. The domain of the strictly determined feature being a dimension of the space of technical 

states 

3. The fields of reliability states of the technical system 

The above partitioning of the feature domain implies the creation of the 
fields of reliability states in the space of technical states of the system. These are 
the fields of the system ability, the field of the system inability, and the 
intermediate field of the system limited ability [5], [6]. Occurrence of more than 
two reliability states can be also found in the literature dealing with the target 
area [4], [7], [8]. 
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The points of the discussed space represent the technical states of the 
system. Their number is infinite, which results from the number of points in a 
space. Considering the technical state of the system as its ability to realise the 
operation aims, the points of the technical states belong to the one of the above 
reliability state fields. 

The system is in the ability state when it can operate according to the 
requirements defined in its technical documentation [9]. The system is in the 
inability state when it cannot fulfil the required purposes with the exceptions of 
the case being the inability results from the preventive service, the lack of 
resources, or other scheduled activities [10]. The state of limited ability of the 
system (partial inability) is the state when the operation of the system is limited, 
but it does not cause the system inability. It means that the system cannot fulfil 
several but not all the required purposes [9], [11]. This state is also called task 
ability state [7]. 

The exemplary position of the fields of the reliability states in R2 space of 
two independent features is presented in the figure (Fig. 4). 

The definitions of the system reliability states can be formulated in the 
space of its technical states. Thus, the system is in the ability state when the 
values of all its cardinal features correspond to when the dimensions of the space 
of the technical states are in the range of suboptimal values (15). 

 

 ( ) iSOiiZnR XxniXxSxxxs ∈=∧∈∀⇔∈ :,,2,1,,, 21   (15) 
 

where: sR – the real state of the system, 
xi – the i-th cardinal feature of the system, 
SZ – the field of ability states, 
XiSO – the range of suboptimal values of the i-th system feature. 

 

 
 
Fig. 4. The fields of reliability states of the system expressed in the R2space of two independent 

features: Snz – the field of inability states; Sz – the field of ability states; Soz – the field of 
limited ability states 
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The system is in the inability state when the value of at least one cardinal 
feature corresponds to when the dimension of the space of the technical states is 
in the range of unacceptable values (16). 

 

 ( ) iNDikikkNZnR XxXxXcardXXSxxxs ∈∈∀∧≥⊂∃⇔∈ :1)(:,,, 21  (16) 
 

where: sR – the real state of the system, 
xi  – the i-th cardinal feature of the system, 
SNZ  – the field of inability states, 
XiND  – the range of unacceptable values of the i-th system feature. 

 
The system is in the limited ability state when the values of all its cardinal 

features correspond to when the dimensions of the space of the technical states 
are in the range of acceptable values and the value of at least one of them is in 
the range of suboptimal values (17). 

 

 ( ) iSOikikkiDiiOZnR XxXxXcardXXXxXxSxxxs ∉∈∀∧≥⊂∃∧∈∈∀⇔∈ :1)(::,,, 21 

 (17) 
 

where: sR – the real state of the system, 
xi – the i-th cardinal feature of the system, 
SOZ – the field of limited ability states, 
XiD – the range of acceptable values of the i-th system feature, 
XiSO – the range of suboptimal values of the i-th system feature. 

 

 
 
Fig. 5. The position of the fields of ability and inability states in the strictly determined space of 

the technical states of the system R2 
 
If all the features correspond to when the dimensions of the space of the 

technical states of the system are strictly determined (the range of the suboptimal 
values of the feature overlaps the range of its acceptable values) then there are 
only two fields of reliability states: the field of ability states and the field of 
inability states. The field of limited ability states comprises a part of the field of 
inability states. Such a space is called the strictly determined space of the 
technical states of the system (Fig. 5). 
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In the strictly determined space of the technical states of the system, the 
definition of the field of inability states remains the same (16). However, the 
way we define the field of ability states is modified. Thus, the system is in the 
ability state when the values of all its cardinal features correspond to when the 
dimensions of the space of the technical states of the system are in the range of 
acceptable values (18). 

 

 ( ) iDiiZnR XxniXxSxxxs ∈=∧∈∀⇔∈ :,,2,1,,, 21    (18) 
 

where:sR – the real state of the system, 
xi – the i-th cardinal feature of the system, 
SZ – the field of limited ability states, 
XiD – the range of acceptable values of the i-th system feature. 

 
In the strictly determined space of the technical states, the point of the 

system state can belong to one of the  above fields of ability and inability states. 
If the system is in the state represented by one of the points of the field of 
inability states, it means that the system cannot fulfil the required purposes. The 
operation potential of the system being in a boundary state is the lowest value of 
the system features for which the system operation is safe [12]. Thus, for each 
point of the field of inability states, the operation potential of the system is lower 
than its boundary value. Taking as a criterion the operation potential of the 
system, the field of inability states can be treated as a non-closed field. 
Therefore, the field of ability states is a closed field that encompasses the field 
and its boundary [13]. As a consequence of the properties of non-closed fields, it 
can be stated that the set of points being a boundary of the field of ability states 
is a supremum limit of the field of inability states [14]. Simultaneously, these 
points are the representation of the boundary states of the system sgr. 

If the technical system is in the ability state then, it has the operational 
potential, which can be transformed into the effect of the system operation. 
During this operation process, the system remains in the ability state. However, 
if the system is in the boundary state defined according to the standard [10] as 
unfit for further usage, the continuation of the operation process is impossible 
because of the possibility of the inability state occurrence. Therefore, in the 
boundary state, the system does not have the considered operational potential.  

The ability states as well as and the boundary states are expressed as the 
points of the space of the system technical states. Therefore, in the defined 
space, it can be stated that the measure of the operational potential, which can be 
transformed into the effects of the system operation without the inability state 
occurrence, is the distance between the point of the real state of the system and 
the point of its boundary state. Because the space of the technical states of the 
system is a Cartesian one [15], the considered distance is calculated in the 
Euclidean metrics [16], [17]. 



24 PROBLEMY EKSPLOATACJI – MAINTENANCE PROBLEMS 1-2014 

4. One-dimensional technical states’ space R1 

As an example of the technical object for which the space of technical states 
has only one dimension, the pipe element of the fuel supply system of a steam 
boiler can be considered. The system brings coal powder from coal mills to 
powder torches.  

The operating point of the pipe is described by the value of one cardinal 
feature – thickness of the pipe wall. At the beginning of the process, the 
thickness is equal to 12mm. During the operation process, this value decreases 
because of the attrition between the pipe surface and the stream of the coal 
powder that flows along the pipeline. When the value of the thickness is lower 
than 4mm, the pipe is withdrawn from the operation.  

For the discussed one-dimensional case, the characteristic values and 
characteristic ranges of the feature can be defined. Because the characteristic 
ranges are placed according to the figure (Fig. 3), there is no need to implement 
the transformation (9). The defined characteristic values and ranges are 
presented in the table (Table 1).    

 
Table 1. Characteristic values and ranges of the thickness of the pipe wall 

 

No Name Symbol Value [mm] 
1 The minimum value xmin 0 
2 The boundary value xgr 4 
3 The maximum value xmax 12 
4 The domain of the feature XZM [0,12] 
5 The range of unacceptable values XND [0,4) 
6 The range of acceptable values XD [4,12] 

 
For the considered feature, the range of suboptimal values overlaps the 

range of acceptable values. It means that this feature is strictly determined one. 
Because this is the only cardinal feature of the analysed object, the strictly 
determined space is obtained – R1 space.  Therefore, the technical states’ space 
for the discussed pipe element consists of two fields: ability states and inability 
states.    

Using the above formulas (16) and (18), it is possible to formulate the 
conditions that determine whether the current operation point of the analysed 
object should be treated as an ability (19) or inability state (20).  

 

 ( ) ][4 mmxSxs ZR ≥⇔∈  (19) 
 ( ) ][4 mmxSxs NZR <⇔∈  (20) 

5. Modelling of operation tasks of a complex technical system 

The biggest profits of the implementation of the presented space are 
achieved in the case of the analysis of technical states of complex industrial 



1-2014 PROBLEMY EKSPLOATACJI – MAINTENANCE PROBLEMS 25 

systems. During conducted industrial research, the operation system of the  
OP-650k-040 boiler was analysed. One of the most important operation tasks of 
this system (understood as [5] and [7] – the purpose of the operation system) is 
to provide the optimal operation time of the elements of the boiler [18]. This task 
is accomplished by avoiding the appearance of inability states of the devices 
constituting the boiler under consideration. Unfortunately, because of a complex 
structure of the system and multidimensional relations between its elements, it is 
very difficult to express the considered task in a mathematical form. To solve 
this problem, the above technical states’ space was implemented.  

Technical state of the OP-650k-040 boiler is described by the values of the 
system features that define its technical states’ space. These features also 
describe the quality of the system operation. Therefore, to identify the cardinal 
features, the dimensions of the technical states’ space, the elements of TKE 
method were taken into consideration. The method consists in calculating the 
deviations of the heat consumption from its nominal value, existing during the 
energy production process. [19]. The TKE is a common analysis method of the 
operation quality of the power units’ devices [20].  

In order to use TKE method, at the beginning of the power unit operation 
phase, during the industrial research, the diagrams of the correlation between the 
heat consumption that aimed at producing 1kWh of electric energy and the most 
important operation parameters are prepared. Next, during the normal power unit 
operation, the heat consumption necessary to produce 1kWh of electric energy is 
calculated again, as a function of the same operation parameters. The difference 
between the calculated value and the value read off from the diagram is the 
deviation of the heat consumption (necessary to produce 1kWh of electric 
energy) which is dependent on the specified operation parameter. The positive 
value of the deviation means the lower quality of the power generation process 
caused by the value of the specified operation parameter. The negative value of 
the deviation means the higher quality of the power generation process caused 
by the value of the specified operation parameter.  

In the method, about forty deviations are distinguished. These deviations 
describe the quality of the operation of the subsystems of the power unit. 
Therefore, not all of them are related to the technical state of the power boiler. 
Additionally, several deviations describe the operation process and are not 
directly connected with technical state of the system. Excluding the deviations 
not related to the technical state of the power boiler, four deviations were chosen 
as system features – dimensions of the technical states’ space. These deviations 
are the following: q3 – the deviation of the heat consumption needed for 
producing 1 kWh caused by the temperature of the reheated steam [kJ/kWh], q4 
– the deviation of the heat consumption needed for producing 1 kWh caused by 
the pressure in the secondary reheater of the reheated steam [kJ/kWh], q5 – the 
deviation of the heat consumption needed for producing 1 kWh caused by the 
water injections to the reheated steam [kJ/kWh], q8 – the deviation of the heat 
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consumption needed for producing 1 kWh caused by the reduced efficiency of 
the boiler [kJ/kWh]. 

Additionally it was stated that, as far as technical state of the system is 
concerned, the range of acceptable values of each deviation is equal to the range 
of suboptimal values. It means that distinguished deviations formulate the 
strictly determined technical states’ space (the space consists of the field of 
ability states, the field of inability states). 

The instantaneous values of each deviation were calculated using the 
measured values collected on a given industrial object. As already mentioned, 
the values of the deviations are calculated using the values read off from the 
empirical diagrams. It has to be noted at this point that the values used to 
calculate the values of the deviations are determined based on empirical 
diagrams. Their analytical fitness is thus limited. Therefore, in order to enable 
the automatic calculation process, the polynomial interpolation method was 
implemented. The general formulas of the chosen deviations calculation process 
are presented below together with the equations which are used to the empirical 
diagrams interpolation (power unit 200MW, extended to 220 MW after 
modernization) [21]: 

 

 )23.005.123(001.03 pwu Tqq ⋅−⋅⋅=  (21) 
 

where: qu  – the calorific value of the reference fuel [kJ/kg],  
Tpw – the temperature of the secondary reheated steam [°C]. 
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where: ppwwp – the pressure of the high pressure part outgoing steam [MPa],  
ppdsp – the pressure of the medium pressure part incoming steam [MPa]. 

 

 wtwrPPPq ⋅+⋅⋅+⋅⋅−⋅⋅= −−− )4455.51012.3106792.4102694.1(5 22436  (23) 
 

where: wtwr – the amount of secondary injections [t/h]. 
 

 zen
nbok

nk qq ⋅
⋅
⋅

=
ηη
η3600

8  (24) 

 

where: qzen – the nominal unitary heat consumption [kJ/kWh],  
ηnk – the nominal efficiency of the power boiler operation,  
ηnb – the nominal efficiency of the power unit operation. 
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where: ηok – the calculated efficiency of the power boiler operation,  
mps – the mass stream of the main steam [t/h],  
mpw – the mass stream of the secondary reheated steam [t/h],  
mBi – the mass stream of burned coal [t/h],  
mM – the mass stream of burned mazout [t/h],  
ips – the enthalpy of the main steam [kJ/kg],   
iwz – the enthalpy of the feeding water [kJ/kg],  
ipdsp – the enthalpy of the medium pressure part incoming steam [kJ/kg],  
ipwwp – the enthalpy of the high pressure part outgoing steam [kJ/kg],  
WB – the calorific value of coal [kJ/kg],  
WM – the calorific value of mazout [kJ/kg]. 

 
Next, thanks to the implementation of the polynomial approximation, the 

time function for each deviation was established.  
As it was presented in the papers [22], [23], [24], the values of the cardinal 

features correspond to dimensions of the technical states’ space of the system. 
During the operation process, they should change monotonically. However, after 
service activities execution, their values should change discretely. In order to 
check the above thesis for the considered system, for each function, the 
derivative was calculated. Analysing obtained values, it was stated that each 
identified time function is monotonically increasing, which means that the 
values of the deviations change monotonically during the operation process.  

For each function, the maximum and minimum values were also calculated. 
Because each of the polynomials is a monotonically increasing function, the 
value at the beginning of the domain is the minimum value and the value at the 
end of this range is the maximum one. Comparing the maximal values of 
polynomials which describe the period of power unit operation before the 
overhaul and the minimum value of polynomials which describe the period of 
power unit operation after the overhaul, it was stated that the values of the 
deviations changes abruptly as a result of the carried out overhauls. It means that 
all of the considered cardinal features of the system are regenerated during 
performed service processes. In consequence, the technical state of the system 
and so the values of the features under consideration change in such a way that 
the distance between the current value of the deviation and its boundary value 
increases. 

In the next step of the studies, the fields of ability and inability states of the 
boiler operation system were defined. These fields are determined by boundary 
values of the system features. In the case of the considered technical object, the 
technical states’ space is described by deviations q3, q4, q5, q8 considered as 
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cardinal features. During the industrial research, their boundary values were 
identified. These are the highest values registered at the ends of the operation 
periods of the power units just before the service processes are started. These 
values are 16.8873, 41.1034, 131.9413, and 398.9218 [kJ/kWh], respectively. In 
the technical states’ space, the boundary values are interpreted as the highest 
values of the system features for which the possibility of the inability state 
occurrence is close to 0%. Additionally, the minimum values of the system 
features were defined during the research. They are equal to the lowest values of 
the deviations registered at the beginning of the power units’ operation periods. 
These values are -43.6977, -27.9568, -12.6308, and -425.7691 [kJ/kWh], 
respectively. In order to receive the domains of the system features partitioned 
according to Figure 3, the transposition of the zero point of the coordinate 
system was introduced using the formula (10). Based on that, the field of the 
ability states was defined as a field limited by transformed values of the system 
features (26–29) as presented below: 

 

 ]/)[585.60,0['3 kWhkJq ND =  (26) 
 ]/)[0602.69,0['4 kWhkJq ND =  (27) 
 ]/)[5721.144,0['5 kWhkJq ND =  (28) 
 ]/)[6909.824,0['8 kWhkJq ND =  (29) 

 

In this way, the partitioning of the domains of the specified deviations was 
obtained. This partitioning is similar to the partitioning of the domain presented 
in Fig. 3. Below, and in Table 2, and the characteristic deviation values present 
in this figure are shown. 

 
Table 2. Characteristic values of the deviations present in the figure (Fig. 3) 

 

Deviation 
Transformed 

minimum value 
[kJ/kWh] 

Transformed 
boundary value 

[kJ/kWh] 

Transformed 
maximum value 

[kJ/kWh] 
q3 0 60.585 92.1856 

q4 0 69.0602 86.1406 

q5 0 144.5721 214.1088 

q8 0 824.6909 1124.283 

 
Based on the conducted analysis, the operation task consisting in avoiding 

the appearance of inability states of the system during operation was expressed 
in the following form (30). This is the analytic model of the operation task of 
considered complex technical system. 
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6. Conclusions 

Based on the considerations presented in the paper the following 
conclusions were formulated: 
– Despite the type of system feature, it is possible to determine its 

characteristic values and ranges. 
– The state of the system is represented as a point in the multidimensional 

space of the system features where the characteristic values and ranges of 
the features determined the fields of the system states. 

– The physical features of the system formulate the space where points are 
the representation of the technical states of the system. 

– The characteristic values and ranges of the physical features of the system 
determine the field of ability states, the field of inability states, and the field 
of limited ability states of the system in the space of the technical states. 

– If the space of the technical states of the system is formulated by the strictly 
determined features, the space consists of the field of ability states and the 
field of inability states while the field of limited ability states is a part of the 
field of inability states. 

– The points belonging to the boundary of the field of ability states are the 
representation of boundary states of the system in the space of its technical 
states. 

– In the space of the technical states of the system, the measure of the 
operational potential which can be transformed into the effects of the 
system operation without the inability state occurrence is the distance 
between the point of the real state of the system and the point of its 
boundary state. 

– The space of the technical states of the concerned operation system is  
a strictly determined space consisting of the field of ability states and the 
field of inability states. 

– Each of the approximating polynomials is a continuously increasing 
function, which means that the values of the deviations change during the 
operation process strictly monotonically, and it proves the relevance of the 
choice of the specified deviations as cardinal features describing technical 
states’ space of the power boiler. 

– All of the considered cardinal features of the boiler system are regenerated 
during the performed service processes. 
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– Thanks to the implementation of the presented method in the modelling 
process of the exemplary operation task of the power boiler OP-650k-040, 
it was possible to express this task in the analytic form. 

– The operation task consisting in providing the optimal operation time of the 
elements of the power boiler OP-650k-040 was modelled as an objective 
function of the operation process control maintaining the technical state of 
the object within the acceptable fields of the system states and expressed in 
the form of formula (30). 
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Przestrzeń stanów technicznych w modelowaniu zadań eksploatacyjnych 
złożonego systemu technicznego  

Słowa kluczowe 

Sterowanie eksploatacją, złożone systemy techniczne, stan systemu. 

Streszczenie 

W fazie eksploatacji system techniczny realizuje cele, dla których został 
zaprojektowany i wytworzony. Realizacja celów użytkowania systemu powodu-
je zmianę wartości cech systemu na skutek działania czynników wymuszających 
zależnych i niezależnych od jego działania. Stan systemu determinowany jest 
wartościami jego cech, co oznacza, że w fazie eksploatacji zmienia się stan sys-
temu. Jeżeli na skutek oddziaływania czynników wymuszających wartości cech 
fizycznych opisujących stan systemu osiągną wartości graniczne, to system 
znajdzie się w stanie granicznym i jego dalsze użytkowanie doprowadzi do wy-
stąpienia stanu niezdatności. Zmiany stanu systemu można wyrazić w przestrze-
ni jego cech, której wymiarami są cechy kardynalne. W pracy zdefiniowano 
przestrzeń cech kardynalnych systemu, której punktami są stany techniczne  
systemu. W przestrzeni tej wprowadzono wartości i przedziały charakterystycz-
ne dla każdego wymiaru, określając tym samym obszary stanów zdatności, nie-
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zdatności oraz ograniczonej zdatności systemu. Dzięki odwzorowaniu stanów 
technicznych systemu w zdefiniowanej przestrzeni wykonano numeryczne mo-
delowanie zadania eksploatacyjnego przykładowego obiektu badań.  



<<
  /ASCII85EncodePages false
  /AllowPSXObjects false
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages false
  /AutoFilterGrayImages false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorConversionStrategy /LeaveColorUnchanged
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorImageDownsampleThreshold 1.50000
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /FlateEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 300
  /ColorSettingsFile ()
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<
    /POL (- ZIP 300 DPI
- spady wg dokumentu pracy
- bez znacznikow
- bez konwersji kolorow
- zgodny z PDF 1.4)
  >>
  /DetectBlends true
  /DetectCurves 0
  /DoThumbnails false
  /DownsampleColorImages true
  /DownsampleGrayImages true
  /DownsampleMonoImages true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /GrayACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageDownsampleThreshold 1.50000
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /FlateEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 300
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1.50000
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /FlateEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 1200
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize false
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA39 \050ISO 12647-2:2004\051)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.17323
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputIntentProfile ()
  /PDFXRegistryName ()
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


