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SIMULATION OF THE PROCESSES OF EVALUATION AND FUNCTIONALITY RESTORATION OF THE TECHNICAL-ECONOMIC SYSTEM
The scientific and technical task of assessing and restoration of performance ability of any complex technical-economic system requires modern information support. The analysis of the reliability of the system in the conditions of uncertainty of random, natural and antagonistic types requires the use of adequate models and techniques of the theory of operations research.

Determining the degree of the goal achievement for the system’s actions , for example, in order to ensure the reliable functioning of a higher level hierarchy system, requires (additional to the known) means of adequate simulation.

Known scientific recommendations for a consistent and well-founded solution to this problem, unfortunately, are rare. Exceptions are publications [1, 2].

Thus, the factors influencing the performance of a system which are poorly linked, are accompanied by a set of uncertainties, must be taken into account during adequate simulation [3, 4].

Existing conditions and requirements of quantifiable solution of the problem of simulation of the processes of evaluation and restoration of technical and economic systems and the lack of acceptable recommendations for this purpose emphasize the relevance of the study within the framework of this section.

The model of the process of the system functioning and apparatus for determining and comparing the probabilities of a complex provision system being in different states in the process of its functioning is considered in [5].

The results of the study of the forecast estimations of the implementation of investment planning options for the restoration of the economic system functions are provided in [6]. Simulation of processes requires the consistent application of known methods to overcome uncertainties.

The process of functioning of a complex technical and economic system corresponds to a discrete Markov process. The mathematical apparatus of this process provides an assessment of the efficiency of the system by defining and comparing the probabilities of its states. This helps to identify the problem state of the system.

To change the situation, it is necessary to use the apparatus of an adaptive stochastic choice of an expedient variant of the system’s functions restoring from the alternatives, in the conditions of many uncertainties of different nature.

The way out of the situation is to reduce the size of the task by limiting the number of states of the system and comparing them with some general indicator. The desirable indicator for this is the probability of this system’s being in each set of states and identifying the problem state of the system with a graph of states and transitions of the technical-economic system.

To restore the functionality of the complex system, it is expedient to justify and select a variant of the recovery parameters (from a set of alternatives) using the method of statistical hypotheses examination.

Thus, the purpose of the research is to solve the scientific problems of a purposeful complex system controlling, the functioning of which corresponds to the Markov discrete process. The condition of reliable controlling of the system is the current control of its states, defining of the weak link and situation handling through the measure chosen by the method of statistical hypotheses examination to ensure the effective functioning of this system.

Setting up a task of estimation and restoration of the system performance. In accordance with the goal, solving this scientific task may find many practical applications. Let’s consider it as an example of a complex system of technical support for the continuous functioning of another system of a higher hierarchical level.

Imagine the process of functioning of the studied complex technical and economic system with the help of a discrete Markov process in the form of a graph of typical states and system transitions from one state to another state. These states are interconnected by a number of transitions from state to state. This variant of the model of functioning of the technical support system is a typical, so-called graph of states and transitions of the system during solving its specific basic tasks in the process of functioning.

The adequacy of this model for Markov processes without an aftereffect is due to the fact that it most accurately reflects the system in the case, when any of its current states do not depend on the state of the system was up to this point. That is the complex system of technical support. The variant of the graph of states and transitions of the system in different states is shown in Figure 1.

A complete list of the intensity of the transitions and some probabilities of the transitions of these transitions is as follows:
i - the intensity of the transition of machines and equipment of the system of provision from the state SП of their preparation to the state  SЗ to prepare them for the state of their intended use;
μ, F is the intensity and probability of the system transitions from the state SЗ of the of the use of machinery and equipment to the state SП of preparation for use;
μ, (1-F) is the intensity and probability of the system transitions from the state SЗ of the application to the state of SВ of restoration of machines and equipment after their failure or damage;

λ is the intensity of the system's transitions from the state of SВ to the restoration of machines and equipment after failures or damage to the state of SП of their preparation for use.
It is important to emphasize that this graph contains cyclic (non-one-time) transitions and reflects the real transitions of a complex system to one or another state. Thus, the transition to the state of its preparation is also possible after its application, and after the restoration of damaged machines, and the transition from the state of application of the system is also possible in the state of restoration of the damaged equipment, and into the state of its additional preparation (for example, for technical maintenance before further application for its intended purpose).
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Fig. 1 - A graph of transitions of the technical support system to the  following states: SП - preparation of machines and equipment for use; SЗ - the use of machines and equipment for its intended purpose; SВ - restoration of machines and equipment after their failure or damage

In the process of functioning of the technical support system in time, it is in any state with the following probabilities:   
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- probability of the system being in the state of preparation of machines and equipment for its application; 
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 - the probability of the system being in a state of its intended use;
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  - the probability that the system will be in a state of restoration of machines and equipment after their failure or damage.

The task of the first stage of this study - to determine the probability of the system being in different states 
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and determine the system performance efficiency indicator . It is expedient to introduce the indicator in the form of the ratio of probabilities 
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 upon condition of different time expenditures for the restoration of machines and equipment in the state of  SP, in the event of their failure or damage.
It is this indicator that is going to allow during the second stage of the study to solve the problem of defining and choosing the optimal option to restore the effectiveness of the system from alternative options. The purpose of choosing of the option of appointing the necessary forces and means is to reduce the time spent on the restoration of machines and equipment in the event of failure or damage, (for example, a method of statistical hypotheses examination) to increase the efficiency of the operation of a complex system.

Basic part. The set of differential equations describing the process of the system (see Figure 1) being in each of its 3 states is expedient to write in accordance with the rule of contours for the transfer graph of the technical support system, surrounded by each of the states of this system in the following form:
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The solution of the differential equations (1) leads to the following system of algebraic equations:
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This system contains only two linearly independent equations, so it is expedient to use, for example, equations (3) and (4) and the equation for the conditions of rationing of the total probability of states of the system (it characterizes the complete group of events) for the time t> 0. The norm of  the rationing has the following form
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After the developments  (3 ... 5) we get the probability of the technical support system being in the appropriate states: “the preparation of machines and equipment for their use”; “The use of machines and equipment as intended”; “Restoration of machines and equipment after their failure or damage” in the following form:
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with the following formulas: 
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It is easy to verify the correctness of the solutions results, by substituting probabilities (6), (7), (8) into formula (5) for conditions of the probability rationing.
It is important to emphasize that in the formulas (6-10), each transition intensity, namely i, μ, λ, is a known value which is inversely proportional to the time value of the system's being in the state from which the transition to another state occurs. Therefore, it is reasonable to use the following notation:
     i = 1/ TP ;         µ = 1/ TA;          λ = 1/ TR .                                       (11)
From the formulas (6 ... 10) for the probabilities of the three main typical states of the system of technical support, which are introduced at the very beginning of the proposed model discussion, the following is defined.
To increase the probability of the system being in the state of application of samples of machines and equipment for intended purpose, it is necessary, firstly, to reduce the intensity and probability of transition of the system to the state (SP) of the preparation of the machines for use, and also to increase the intensity of the transition of the system to the state (SA) of the use of technology for intended purpose. It requires the storage of equipment at a high level of its technical readiness coefficient, an accelerated and enough sufficient level of direct preparation of machinery prior to the application under intended purpose.

Secondly, the intensity and probability of transition of the technical support system to the state (SR) of the restoration of equipment after failures or damages more often depends on external negative factors. Therefore, the system performance efficiency indicator, that is, its performance indicator in the form PA / PR, directly depends on the measures aimed at increasing the intensity λ = 1/TR  of  the transition of the system from the state (SR) of the restoration of the machines after the damage to the state (Sп ) of the system preparation to its intended purpose, followed by the transition to application with the intensity i = 1/ TP. 
All this is possible, in the context of a significant increase in restoration rate λ, ie, a reduction in the time spent on the restoration of machines TR, through a qualitative preliminary formation of the plan and rational organization of activities, first of all, the concentration of sufficient aggregate of effort, technical measures and means, for the rapid restoration of machines after her failures or damage.
Indeed, it is easy to see in some concrete example for the case when these measures are absent.

Example 1. We have time to monitor the performance of the system t = 1 ... 16 hours. Transitions of the technical support system from any state to any of its states, namely (see Figure 1): 
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therefore, according to (10; 11), we have  β [t = (1 ... 16) hours] = 039 ... 1,0; γ = 0.22 ... 1.0

It is necessary to determine the general probabilities to be compared in quantity and to determine the system performance efficiency indicator, E, namely:
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where 
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 – the probability of the system being in the state of preparation of machines and equipment for its intended use; 
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  –the probability of the system being in the state of application of equipment for its intended purpose; 
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– the probability that the system will be in a state of restoration of machines in the event of failure or damage
Solution. 

According to formulas (6…11) we obtain:

PP(t=1…16)=0,50…0,10; PA(t=1…16)=0,50…0,10=0,20…0,20; 

PR(t=1…16)== 0,30…0,70;   Е (t =1…16) = 0,67…0,29. 

The results of calculations of probabilities by formulas (6 ... 11) are given in figure 2.

The result obtained shows that without the adoption of reasonable measures to significantly reduce the time TR for the restoration of machines and equipment, in the event of their or damage, this complex system is practically inoperable. 
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   Fig. 2 - The probability the system of technical support being in the following states: preparation of  machines and equipment for use, (PP); application of machines and equipment according to  its intended purpose, (РA); restoration of equipment and equipment after damage, (PR)
The indicator of the probability of the system being in the state of application in relation to the likelihood of its being in a state of restoration, in case of failure or damage, in the interval 2 ... 15 hours, is equal to E (t = 2 ... 15) = 0,5 ... 0,3.
Thus, in the complicated technical-economic system of technical support there are regularities, namely:
- in the conditions of some typical real transitions of the system from one state to another state, it is in the state of intended use with a probability of approximately 4 times less than in the state of its preparation for application or restoration for the event of failure or damage.
- during the observation period of the system during 16 hours, the efficiency of the functioning of the security system is reduced by more than 2 times.

It is clear that this result is not a new discovery. It only confirms the peculiarity of the structure and the essence of the functioning of a complex system of technical support. This is what needs to be taken into account where there is a need for reliable operation.
Therefore, it is reasonable to proceed to the second stage of the study, namely, to determination of the options for changing the unacceptable situation of a insufficient system performance. The necessary comparison of the options of volumes of forces and means, in the conditions of their stochastic crossing, and the choice of the best of a set of alternatives. A feasible criterion for choosing an acceptable option is the maximum probability of the realization of the chosen version of the measures required to restore the system performance.

Simulation of the process of choosing the option of forces and means of the required amount of measures, for example, the amount of expenditure for this, should be carried out using the criterion of the ideal observer. It is a question of monitoring the distribution density of cost options for the implementation of each of the alternatives, which have the maximum levels of probability of implementation under hypothetical conditions that intersect.

The following is a method for determining the predictive probability estimates for the implementation of the options for the required technical support system.

Simulation of the process of choosing the option of effort and means of the required level of measures, for example, the amount of expenditure for this purpose, should be carried out using the criterion of the ideal observer. It is a question of monitoring the distribution density of cost options for the implementation of each of the alternative option, which have the maximum levels of probability of implementation under hypothetical conditions that intersect.

The following is a method for determining the predictive probability estimates for the implementation of the options for the required technical support system, which is being examined.
It is reasonable to determine the feasible options for the system rebuilding under conditions of a known number of defined options and average costs of additional effort and additional equipment. The purpose of choosing the best option is to intensify the process of restoring the system performance, taking into account the different options for combining the costs of additional forces and means.

The problem is to be solved through conditions of crossing the statistical hypotheses on the levels of indicators of expected needs. The method of determining the required costs and forecasting of reliability of their implementation, the method of examination of statistical hypotheses are reasonable to be used during the construction of an effective system of technical and economic support.

Managing an important resource of provision includes, as is known, the task: planning; distribution of resources based on scientifically grounded forecasting of needs. Equally important is the forecast of performance of the plan for the implementation of invested resources with some correction in accordance with circumstances that may arise in prospect. But this level of correction should not exceed the available resource to improve the effectiveness of the provision, taking into account all its components. First of all, it is necessary to justify the expenses for the necessary effort and means during the performance of the tasks of the equipment restoring and the event of failure or damage.

The current state and the perspective development of means and methods of provision is different in that the issue of scientifically grounded planning of technical-economic support systems becomes relevant. A reliable forecast of the plans implementation for material and technical equipment of the system, under conditions of limited resources, is a key indicator of improving the efficiency of this system.

In particular, the task of forecasting the implementation of plans is now becoming relevant, by determining estimates of the reliability of forecasting of the most probable option of resource requirements. At the same time, problems need to be solved with a limited number of features and in terms of overlapping hypotheses about the volume of needs for the implementation of these plans.

At the same time, when the features do not coincide completely during characteristics combining, this allows us to achieve the practically acceptable accuracy of the finding solution for the specified scientific-management task of increasing the efficiency of the system of provision with the required quality of its functioning.

Currently, the aim is to solve the scientific- management task of forecasting the probabilities of realizing the options of needs of the provision system, using a method based on a stochastic model. The purpose of this model is to assess the likelihood of implementing alternative solutions that are being examined at the planning stage.

The estimates of the reliability of the performance of options of the system needs in costs, different in combination levels of their amounts, are to  be carried out in conditions of inaccurate data on the actual expedient allocation of these volumes of costs. This is often found in real conditions. It is these assessments that are particularly relevant in terms of hypotheses crossing, which always exists due to the uncertainty of the random, natural and antagonistic nature.

We are starting to build a model for forecasting the implementation of options that are alternative in the context of competing hypotheses about the distinction, on the basis of two features of each option (the first feature - the amount of financing additional needs of specialists-efforts to solve the problems of the restoration of machines and equipment in the system being examined; the second feature - the amount of financing additional needs for means to solve the tasks of restoration of machines and equipment in this system).

It is reasonable to begin the construction of the model from a thorough defining of the features, for example, when we have four planned (possible) options of the need for expenses for these options in additional efforts and means of the supporting system.

Let the features are the amounts of financing that intersect in pairs. Let’s identify the features quantitatively, depending on the options for possible implementation, in the following form:

- P1 – the feature of the amount of financing of additional efforts for the restoration of equipment in the supporting system;

- P2- the feature of the amount of financing of additional means for the restoration of equipment in the supporting system;

The options for the possible implementation of the necessary funding volumes, taking into account the appropriate distribution of features P1, P2, are to be represented in the form of the following list.

1. Low level of expenses both for additional efforts of the machines restoration, and additional means of the machines restoration.

2. Low level of expenses for additional efforts of the machines restoration and high level - on additional means of the machines restoration.

3. High level of expenses both for additional efforts of the machines restoration and on additional means of the machines restoration.
4. High level of expenses for additional efforts of the machines restoration and low level - on additional means of the machines restoration.

From the above list it is clear that the characteristics of each of the options have at least one distinction from the characteristics of any of the options. Quantitative differences of the 4 options are as follows.

1. Low level of expenses for additional efforts of machines restoration and low level of expenses for additional means of machines restoration corresponds to a low level of the features Р1 and Р2.

2. A low level of expenses for additional efforts of machines restoration and a high level of expenses for additional means of machines restoration corresponds to a low level of the feature P1 and a high level of the feature P2.

3. A high level of expenses for additional efforts of machines restoration and a high level of expenses for additional means of machines restoration corresponds to a high level of the feature P1 and a low level of the feature P2.

4. A high level of expenses for additional efforts of machines restoration and a low level of expenses for additional means of machines restoration corresponds to a high level of the feature P1 and a low level of the feature P2.

The task is to determine the values ​​of the probabilities of implementation and conditional probabilities of errors of the forecast implementation of each of the 4 costs options according to the results of the real inevitable blurring of the features. It is a question of the results of the usually inaccurate data (due to the uncertainty of the accidental, natural and antagonistic nature) on the amount of expected actual costs for improving the efficiency of the supporting system.

Due to the insufficient diversity of options for each of the feature, the observed value of the feature P1 allows us to express only two hypotheses:

- A1 (P1 - low level): option -1is performed (case 1.1) or option-2 (case 1.2);

- A2 (P1 - high level): version-3 (case 2.2) or option-4 (case 2.1) is performed.

Similarly, the observed value of the feature P2 allows us to judge the validity of one of the following two hypotheses:

- B1 (P2 - low level): version-1 (case 1.1) or option-4 (case 2.1) is performed;

- B2 (P2 - high level): option-2 (case 1.2) or option-3 (case 2.2) is performed.

The conditional probability density of the features values ​​ due to the high number of random factors influencing their value, under the condition of the validity of the hypotheses introduced, are to be considered as known functions.

For the hypotheses A1, A2 and B1, B2 we denote them as:

f1(Р1/А1),  f2(Р1/А2);   φ1(P2/B1),  φ2(P2/B2).
It's easy to ascertain that these probability densities have the form of Rayleigh distribution. Indeed, experience is known to show reduction of the likelihood of making an incorrect decision on implementation of an option, with an increase in the absolute value of the feature of implementation under conditions of factors that hinder decision-making. Each such dependence has the character of an exponent in the following form:

[image: image40.wmf]2

1

1

2

(P)exp,1,2;

2

i

i

P

Fi

a

éù

=-=

êú

ëû

          
[image: image41.wmf]2

2

2

2

(P)exp,1,2;

2

j

j

P

j

b

éù

F=-=

êú

êú

ëû

              (14)
where 1/(2α2), 1/(2β2) - the speed of reducing the probability of making an incorrect decision on the implementation of cost options with the given levels of characteristics of the efforts and means for solving restoration tasks. These tasks may be solved due to appropriate funding amounts.

Thus, the probability of making correct decisions (as opposite phenomena) have the form:
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Hence, as a result of the differentiation of these probabilities, we obtain the probability density in the form of Rayleigh distribution, namely (Figures 3, 4):
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	Fig. 3 – Density of probabilities of 

cost volumes according to 

the 1st, 2nd and 3rd, 4th options


	Fig. 4 – Density of probabilities of 

cost volumes according to 

the 1st, 2nd and 3rd, 4th options




Each hypothesis Ai, Bj i = 1,2; j = 1,2 is the combinationof two hypotheses selected from the following set of hypotheses (cases):

- С11 - case 1.1 (decision on the implementation of option-1);

- С12 - case 1.2 (decision on the implementation of option-2);

- С21 - case 2.1 (decision on the implementation of option-4);

- С22 - case 2.2 (decision on the implementation of option-3).
In this case, the following hypotheses combinations take place:

A1= С11∪ С12; A2= С21 ∪ С22; B1= С11∪ С12; B2= С21∪ С22.

The observed values of the features P1, P2 are statistically considered, what  is present in the conditions of weak influence of total random factors on the distortion of the results of observed features.

From the introduction of four combinations of the hypotheses Ai, Bj (i = 1,2, j = 1,2), we may obtain the hypotheses Cij as the intersection of the corresponding hypotheses combinations Ai, Bj, namely:
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with two-dimensional conditional probability densities of the features P1 and P2  in the form:
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The reliability of forecasting the implementation of each of the observed options is easy to assess throuh calculating the likelihood of making correct decisions and making mistakes when considering the allocation of costs. To do this, it is necessary to compare the observed values of the features P1 and P2  with the corresponding thresholds P10 and P20, which are selected, for example, upon criterion of “ideal observer”.

Conditional density probability of correct and false decisions about possibilities of realization of each of the corresponding options form a matrix:
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The elements of this matrix are a quantitative estimate of conditional probabilities in the form:
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- the probability of correct forecasting of the option implementation -1, which amounts to the probability of the simultaneous correctness the hypotheses A1 and B1;
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 - the probability of an false decision to implement option-1, because of the commonality of the hypothesis A1 both for option-1 and for option-2, this probability equals to the probability of the validity of the hypothesis A1 and invalidity of  the hypothesis B1;
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 - the probability of a false decision on the implementation of option-1, because of the commonality of the hypothesis B1 both for variant-1 and for variant-4, which equals the probability of the validity of the hypothesis B1 and the invalidity of the hypothesis A1;
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- - the probability of the false decision to implement option-1 equaling to the probability of the commonality of the joint invalidity of the hypothesis A1, and the hypothesis B1; this event of mutual invalidity complements the events given above, to the full group of events with hypotheses A1 and B1;
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-- the probability of an false decision to implement option-2, which is equal to the probability of mutual validity of the hypothesis A1 and the invalidity of the hypothesis B2;
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- probability of correct forecasting of the implementation of variant-2, it is quantitatively equal to the probability of a mutual validity of the hypothesis A1, and hypothesis B2;
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- the probability of false decision to implement option-2, equaling to the probability of invalidity of hypothesis A1, and the hypothesis B2;
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- the probability of the false decision to implement option-2, which is equal to the probability of the faultiness of the hypothesis A1 and the validity of the hypothesis B2;
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- the probability of a false decision on the implementation of option-4, which is equal to the probability of the validity of the hypothesis B1 and the faultiness of the hypothesis A2;
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- the probability of the false decision to implement option-4, which is equal to the probability of a mutual validity for both the hypothesis A2, and the hypothesis B1;
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 - the probability of correct forecasting of the implementation of option-4, which is equal to the probability of a common validity for both the hypothesis A2, and the hypothesis B1;
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- the probability of a false decision on the implementation of option-4, which is equal to the probability of the validity of the hypothesis A2 and the invalidity of the hypothesis B1;
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- the probability of the false decision to implement option-3, which is equal to the probability of invalidity for both  the hypothesis A2 and the hypothesis B2;
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- the probability of a false decision on the implementation of option-3, which is equal to the probability of the invalidity of the hypothesis A2 and the validity of the hypothesis B2;

[image: image63.wmf]22

21

F

- the probability of a false decision on the implementation of option-3, which is equal to the probability of the validity of the hypothesis A2 and the invalidity of the hypothesis B2;
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- - the probability of correct forecasting of the implementation of option-3, which is equal to the probability of a mutual validity for both the hypotheses A2, and B2.

Therewith, due to the independence of the realization of the features P1 and P2 , each element of the matrix F has the form
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where 
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 is the probability of the validity of the hypothesis A1, which is equal to
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 is the probability of the validity of the hypothesis B1, which is equal to
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 is the probability of the invalidity of the hypothesis A1, which is equal to
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 is the probability of the invalidity of the hypothesis B1, which is equal to
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 is the probability of the invalidity of the hypothesis A2, which is equal to
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  is the probability of the invalidity of the hypothesis A2, which is equal to
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 is the probability of the invalidity of the hypothesis B2, which is equal to
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 is the probability of the invalidity of the hypothesis B2, which is equal to
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Consequently, taking into account these dependences, the matrix F should be presented in the final form
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It may be observed from (20) that the matrix (18) (let’s call it the matrix of prediction reliability of cost options with intent to increase the indicator of the functioning efficiency of the support system) is stochastic: the sum of the elements of each of its lines is equal to one; that is, it reflects a set of probabilities of events that constitute a complete group of events during predicting the expected cost options for improving the functioning of the system under examination.

Taking into account the concrete form (15) of the functions fi and φj, we obtain conditional probabilities in the form:
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Under conditions of application of the criterion of “ideal observer”, the value of the thresholds P10 and P20 (see Fig. 3; 4) may be found by solving the equations:
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These solutions take the following form:
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Thus, if the distribution parameters fi and φj, i = 1,2; j = 1,2, are known, then the elements of the matrix of reliability are also known. This allows us to obtain from the matrix F full information about the probability of correct forecasting of cost options in order to increase the indicator of efficiency of the functioning of the support system. Mistakes in forecasting the costs for each of the four alternative financing options for the system restoration also become known.
Let's calculate their quantitative levels using simple relationships.

For variant-1 we receive the probability of correct prediction of its performance in the form 
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For variant-2, we have the probability of correct prediction of its performance in the form 
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For variant-3 we get the probability of correct prediction of its performance in the form 
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For variant-4 we find the probability of correct prediction of its performance in the form 
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The unconditional probability of correct prediction of the implementation of the volumes of expenditure for all 4 options is equal to the sum of the diagonal elements of the matrix (20) the reliability of the implementation of options. Under conditions of equal a priori probabilities of considering these options, the unconditional probability of correct prediction of the costs volume equals to
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And the unconditional probability of a general mistake in forecasting the implementation of the options of funding of system functionality restoration is equal to
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It is easy to ascertain that the reliability of forecasting the options performance is determined only by two factors. First, the degree of overlapping of probability densities (see Figures 3, 4), that is, the values of features’ disperse (enter the information about the expected volumes of expenditure according to each of the options). Secondly, the level of differentiation of hypotheses intersecting at least one feature exerts an influence.

This level, in turn, depends on the quantitative correlation between the number of alternative options to be performed and the number of the features n, which provides problem solving.

The requirement of the differentiation of overlapping hypotheses under at least one feature with n of used ones, as can be seen, is usually performed if the number of features K does not exceed the number 2n. That is, the condition of normal differentiation of options in case of the forecasting of their implementation under conditions of intersecting hypotheses, and the differentiation under at least one feature, has the following form:
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Next it is expedient to determine the compromise amount of expenses for the optimal provision of the indicator of the system efficiency.

According to the criterion of “ideal observer”, it is expedient to define the compromise cost value of providing a balanced, efficient functioning of the complex system taking into account the probability densities of the options 1 and 3, 2  and 4. The probability densities of exactly these options also intersect in the space of the feature P1, and in the space of the feature P2. The half-sum of the threshold levels of the criterion of “ideal observer”, calculated in accordance with formulas (22), corresponds to the indicated distributions. The expedient compromise is the cost volume of P* to ensure the required efficiency of the system, which is equal to
  
[image: image104.wmf]0,50,5

*

1212

10201212

2222

1212

lnlnlnln

(PP)/2

P

aabb

aabb

aabb

ìü

éùéù

--

ïï

=+=+

íý

êúêú

--

ëûëû

ïï

îþ

   .       (26)

Example 2. Let's assume that the most probable values ​​of the features, that is, the expected volumes of costs for each of the option of their performance are known and equal to:
- for option-1 and option -2, some average relative expected cost volume is close to zero and  equals to α1= 0.041;
- for option -3 and option -4, the average relative expected cost volume is substantially higher and equals α2 = 0.653;
- for option -1 and option -4, the average relative expected cost volume is satisfactory and is equals to β1 = 0,301;
- For option -2 and option -3, the average relative expected cost volume is significantly higher and equals to β2 = 0.778.
Based on the results of the expected allocations of cost amounts for each of the options, in the circumstances where the actual value of each expected cost volume usually has a deviation from the expected volume, it is necessary to determine:
a) the value of the probability of correct forecasting of the performance of options for cost volumes and conditional probabilities of false decisions on the implementation of each option;
b) the elements of the matrix of reliability, referring to the real possible pairwise coincidence of the cost allocations;

c) the value of conditional probabilities of errors in predicting the possibilities of implementing each option;

d) the value of the unconditional probability of correct prediction of the implementation of cost options, provided that the a priori probabilities of options considering are commeasurable;
e) the value of the unconditional probability of false prediction of the options realization possibility of expenditure performance;

f) a reasonable compromise of the cost volume P * for provision of the required indicator of the functioning of a complex system.

Solution. In accordance with (22), the threshold values of the distribution of features are:
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a) according to (18) and (21), the probability of correct forecasting of the performance of each cost option to increase the efficiency of the complex system operation is:

1) 
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2) 
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b) According to (20), the matrix F of the reliability of forecasting of the performance of cost options has the following form
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c) According to (23), taking into account (21), we find an unconditional probability of correct forecasting of the implementation of the entire set of options.
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d) The probability of false forecasting of the aggregate of financing options for restoration of the functions of the complex system, according to (24) is equal to

                                        Q = 1 - D = 0,13.

e) The probability of false forecasting of options of each particular option of four of them is determined by summing the probabilities of the errors of the corresponding line of the matrix of prediction reliability (20). We obtain an unconditional probability of errors in the following form:

1) for option 1 –             
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 2) for option 2 –            
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3) for option 3 –             
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4) for option 4 –          
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f) the expedient compromise level of cost P * for the optimal maintenance level of the efficiency of the complex system equals to
                        P * = (0.14 + 0.70) / 2 = 0.42,
 which had to be determined according to a hypothetical example. 
 Example 3. Let the received amount of the cost P * for additional efforts and means allows to shorten the time for the restoration of machines and equipment, in case of their failure or damage in typical conditions of operation of the technical support system) more than 4 times.
It is reasonable to determine (for conditions similar to those given in example1) the dependence on the time of technical support of each of the probabilities, namely:  
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 - probability of the system being in the state of preparation of the machines for its application;
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 - the probability of the system being in the state of machines application for its intended purpose;
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 _в (t) - probability of the system being in the state of machines restoration of after their damage.

The measures taken should significantly reduce the time for the restoration of the support system's operational capacity by increasing the efforts and means to accelerate the restoration of damaged machines and equipment of the system.
We still have no changes in: time of observation, intensity and probability of transitions of the technical support system with one exception: the measures taken allow to reduce the time for the recovery of machines and equipment from 4 hours to 1 hour. It is necessary to define and construct graphs of probabilities: 
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,as well as the indicator of the efficiency system functioning, which equal to 
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 for the time  interval  t = (1 ... 16) hours.

The results of calculations according to the formulas (6 ... 11), taking into account measures quantified and consistent with (12 ... 26), according to the conditions of example 3, are shown in Figures 5 and 6.
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	Fig. 5 – the probabilities of the system being in the following states: machines preparation, (Pp);
 machines application for its intended purpose, (Pa);  machines restoration after damage,(Pr)

	Fig. 6 – indicators of the technical support system efficiency Pa (t) / Pr (t)::

а) before functionality restoration

b) after functionality restoration


Conclusions The results of simulation of assessment and functionality restoration processes, illustrated by hypothetical examples, are typical of a technical-economic system which is designed to provide functionality to a system of a higher level of hierarchy. Studies show the following.
The proposed models of estimation and restoration of functionality of a complex system  and justification of the necessary measures, comparison of restoration options and the optimal choice for more guaranteed restoration of  system functionality . These models in aggregate allow to substantially improve the information support of the functioning of the technical-economic system.

The weakest point of a typical system of technical support is the ability to restore the functionality of machines and equipment which often fails or is damaged. In some real conditions the operation of the technical support system during 16 hours becomes practically impossible. In addition, it deteriorates during this time more than 2 times, from the level of 0,67 to the level of 0,28, that is, the system is in a state of restoration in comparison with its being in functionality state with a probability of 3 times greater. Therefore, reasonable measures of financing aimed at increasing the durability of machinery and equipment seem appropriate.

The simulation shows that upon condition of the use of the aggregate of additional restoration efforts and equipment, the training of experienced specialists, additional expenses for repair equipment, the efficiency of the system is significantly improved. Typical examples show the following improvement:
- the indicator of the effectiveness of the technical-economic system of technical support is increased several times;

- even after 16 hours of functioning, this figure may exceed the one, which was observed prior to taking the necessary measures more than 4 times.
The output data used in the examples, the results of the analysis of the operation quality, the directions of increasing the efficiency of the functioning of the complex system are intended only for a visual illustration of the capabilities of these models. At the same time, these examples help to observe some objective patterns in the models of the system under examination.

Comparison of the results with real problem results, which are often observed in the practice of the operation of complex support systems, shows the usefulness of using models for more reasonable problem solving.
The scientific problems of the analysis and synthesis of any complex system, to which the system under investigation belongs, belong to the class of poorly defined tasks. The results of their solution do not pretend to determine categorical recommendations for their use in managing the functioning of these systems. But these results clearly contribute to the objective determination of the most appropriate directions of activity for decision makers while correcting the capabilities of these systems. This is an important achievement of practice, because the false decision, in a system of large dimensions, may have catastrophic consequences for society.

The creation and practical application of the appropriate software product created on the basis of a similar model contributes to the successful application of the proposed management model. This is going to contribute not only to the development of information support for complex systems, but also to prompt restoration in real time of performance indicators for a wide range of complex systems of technical support.
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