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 Annotation. It is known that the importance of model management is very high in 

the management of a technological system under conditions of uncertainty. Model 

management provides an opportunity to qualitatively manage the system based on 

quantitative criteria. The article investigates the mechanism of improving the quality 

of technological system management decisions under conditions of uncertainty. Based 

on the parametric improvement of control and forecast models, it is proposed to use a 

new methodical approach to increase the accuracy of the description of the 

technological object and control system. The effectiveness of adjusting the control 

object of the system to optimality in improving the quality of management decisions 

of a technological system of a complex nature under conditions of uncertainty is 

substantiated. A prototype model of the management object was selected as a research 

experiment, and the qualitative changes of management based on quantitative 

changes were considered as the most important criterion according to this model. 

Improvement of the model theoretically led to the solution of the problem of 

mathematical programming, expanded the possibilities of practical application. 

Algorithms of using the mathematical programming method were developed in the 

improvement of the prototype model. The essence of the parametric improvement of 

the object model in the qualitative management of an uncertain system with a control 

object is revealed on the basis of the law of quantitative changes leading to qualitative 

changes. A new approach to improving the mechanism for increasing the quality of 

decision-making in the optimal management of uncertain systems is proposed. 
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1.Introduction 

One of the most complex aspects in the management of technological systems is 

optimal decision-making under conditions of uncertainty. The main focus here is that 

the system cannot be configured using time or other specific parameters. Today, it is 

noted that there is no clear solution to this situation in many sources. One of the main 

reasons for this is the explanation "is influenced by many indicators" [1]. In general, 
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there are several reasons for this. The management of technological systems under 

conditions of uncertainty can present a variety of challenges. Some of the problems 

that may arise include: 

Lack of information: When faced with uncertainty, decision-makers may not have all 

the information they need to make informed decisions. This can lead to a lack of 

confidence in the decisions being made, and may result in poor outcomes; 

Difficulty in predicting outcomes: Uncertainty makes it difficult to predict the 

outcomes of different courses of action. This can make it challenging to develop 

effective strategies for managing technological systems; 

Increased risk: Uncertainty can increase the level of risk associated with technological 

systems. This is because decision-makers may be forced to make decisions based on 

incomplete or inaccurate information, which can lead to unexpected consequences; 

Resistance to change: Technological systems are often complex and interconnected, 

which can make it difficult to implement changes quickly or effectively. In conditions 

of uncertainty, stakeholders may be resistant to changes, which can further complicate 

the management of technological systems; 

Resource constraints: Uncertainty can lead to resource constraints, as decision-

makers may be unsure about the level of resources needed to manage technological 

systems effectively. This can make it difficult to allocate resources appropriately, 

leading to inefficiencies and wasted resources. 

Overall, the management of technological systems under conditions of uncertainty 

requires careful planning, effective communication, and a willingness to adapt to 

changing circumstances. Decision-makers must be able to gather and analyze 

information, anticipate potential outcomes, and develop strategies that can mitigate 

risk and improve system performance. For this, the need to develop a model that 

accurately and fully describes the system, as well as algorithms for its use, becomes 

relevant. 

 

2.Materials and method 

There are several ways to make control decisions for technological systems under 

uncertainty. These are: 

1. Modeling method. Based on the systematic analysis of the abstract nature of the 

system by quantitative sets, the relationships between its elements are studied. The 

main point here is the reliability and accuracy of the connections. As a result, it is 

possible to carry out an experiment on the system as desired. There are other features 

of this method, which are described by "Riccardo Novo et al (2022)" [2], "Behrang 

Shirizadeh et al (2022)" [3], "Ryan Hanna et al. (2022)" [4] provides extensive 

information. The main problem is the mosel and the development of the algorithm for 

its use. 

2. Method of expresment. This method is characterized by collecting experimental 

results according to the system input-output principle and limiting them to their 

systematic analysis. The importance and shortcomings of this method are presented 



Global Scientific Review 
A Peer Reviewed, Open Access, International Journal 

www.scienticreview.com 
Volume 19, September 2023 ISSN (E): 2795-4951 

 
41 

in the works of "Alessio Ishizaka et al (2017)" [5], "Robin Wensley (1994)" [6]. The 

main problem is observed in the limitation and economic contour of the process of 

experimentation.  

3. Optimization method. This method is based on the resource potential of the system, 

certain limitation criteria are established and a decision is made based on these criteria. 

The method is widely used in practice. About the importance and shortcomings of the 

method "Bin Liu et al. (2022)” [7], “Kai Wang et al. (2022)" [8], "Hussein Mohammed 

Ridha, (2021)" [9]. In our case, it was found appropriate to use methods such as 

systematic analysis, mathematical-statistical analysis, along with the modeling 

method. Therefore, the prototype model and the principle of its improvement were 

used during the research. 

 

3.Results 

A prototype model and an original model are two different types of models used in 

various fields such as product development, engineering, and software development. 

A prototype model is an initial version of a product or a design that is developed to test 

and validate its features, functions, and usability. It is usually a basic or incomplete 

version of the final product that is used to gather feedback, identify flaws and make 

improvements before the final product is developed. Prototype models are typically 

used in product design, software development, and engineering to refine and optimize 

the design and functionality of a product. 

On the other hand, an original model is a finished and fully functional version of a 

product or design that is ready for release to the market or for use by customers. It is 

the final product that has undergone various stages of development, testing, and 

refinement, and is intended to meet the needs and requirements of the end-users. 

Original models are typically used in manufacturing, software production, and other 

fields where a final product is being created. 

In summary, the main difference between a prototype model and an original model is 

that a prototype is an initial version of a product that is used to test and refine its design 

and functionality, while an original model is a final and fully functional version of a 

product that is ready for use by customers [10]. Therefore, it will not always be possible 

to develop a real model of the system. Below we consider the construction of a 

prototype and a real model for a parametrically defined system, and the source of the 

difference between them, as well as the levels of decision-making accuracy using them. 

In the system under consideration, ℎ(𝑡), 𝑞(𝑡) – main influencers – input parameters, 

𝑣(𝑡) – external influence, 𝑝(𝑡) – weight function for the object,, 𝑠(𝑡) – for the system 

be the output parameter. 

The weighting function depends on the main influencers and external influence 

according to the area of detection. Then it can be determined multiplicatively as 

follows: 

𝑝(ℎ, 𝑞, 𝑣) = 𝑓1(ℎ(𝑡), 𝑞(𝑡), 𝑣(𝑡)) ∙ 𝑓2(ℎ(𝑡)) ∙ 𝑓3(𝑞(𝑡)) ∙ 𝑓4(𝑣(𝑡)) ∙ 𝑒𝜑(𝑡)−1               (1) 
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Here: 𝜑(𝑡) – is the degree of deviation of the system during time t, and the fulfillment 

of the condition 0 ≤ 𝜑 ≤ 1 represents one of the necessary conditions for the physical 

realization of the system. 

For clarity, we write the following expression of (1): 

𝑝(𝑡) = 𝑙0 ∙ ℎ(𝑡)𝐴1 ∙ 𝑞(𝑡)𝐴2 ∙ 𝑣(𝑡)𝐴3 ∙ 𝑒𝜏∙𝑡−1                                      (2) 

Here, 𝐴 is a model parameter. 

Suppose that model (2) is a prototype model with a level that can be used to control 

the system. In that case, if the original type of (2) can be determined, it becomes 

possible to optimize management decisions. 

Based on the results of the experiment, the following model was developed: 

𝑝(𝑡) = 0,04895 ∙ ℎ0(𝑡)0,11531 ∙ 𝑞0(𝑡)0,8846 ∙ 𝑣0(𝑡)−0,008139,  𝜎 = 1,2 %, 𝑠𝑒 = 0,009         

(3) 

Here, ℎ0(𝑡) is the material consumption at the separator inlet, sm3 /second, 𝑞0(𝑡) is 

the temperature of the material at the separator inlet, ᵒC, 𝑣0(𝑡) is the measured noise 

intensity affecting the object,  𝜎  is the average approximation error of the model, and 

the acceptance limit is up to 8%; se is the standard error of the model. Also, 92% of the 

variance of the values in the object output comes from the weight function (3). 

According to model (3), the response of the weight function takes different degrees of 

change for different parameters. In particular, a 0.115 percent increase response to a 

unit percentage change in material consumption at the separator inlet, a 0.88 percent 

increase response in the corresponding unit of material temperature at the separator 

inlet, and a 0.008 percent increase in the measured noise intensity affecting the object 

there is a reduction reaction. 

We will also consider the model of connection of the output of the system object to the 

system reaction: 

ln(𝑆(𝑡)) = 1,651201 + 1,335073 ∙ 𝑝(𝑡), 𝜎 = 1,03 %, 𝑠𝑒 = 0,012                  (4) 

Here 𝑆(𝑡) is the concentration of the substance at the output of the system, in percent. 

At the same time, it should be said that model (4) is built based on the results of model 

(3) with system reaction. On the contrary, the connection between the actual values of 

the object and the output of the system will be as follows (this model is built for pre-

known values for testing): 

ln(𝑆(𝑡)) = 1,652282 + 1,329012 ∙ 𝑝(𝑡), 𝜎 = 0,17 %, 𝑠𝑒 = 0,003                 (5) 

According to (4) and (5), this linear connection with the output parameter of the object 

justifies the importance of the accuracy (quality) of constructing the weight function. 

This indicates the need to search for opportunities to improve the model (4) when 

making decisions to increase the accuracy of system management. In this case, we 

suggest using a mathematical programming tool. According to it, we put forward the 

following hypothesis, that is, (4) it is possible to increase the parametric accuracy of 

the model without changing its structure. Then, logically, the following expression 

follows:  

𝑝(𝑡) = 0,04895 ∙ ℎ0(𝑡)0,11531+𝐵1 ∙ 𝑞0(𝑡)0,8846+𝐵2 ∙ 𝑣0(𝑡)−0,008139+𝐵3               (6) 

It is not difficult to see why the structure is not taken into account here, (4) is related 
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to the level of model adequacy. As a result of creating and solving the appropriate 

programming problem, the calculation of the parameters of the model (6) satisfying 

the minimum requirement of the square of the residuals is presented in the following 

table (Table 1). 

Table 1. 

A solution to a computational mathematical programming problem for 

parametric optimization of a weight function1 

 

Improvement parameters 

𝐵1 𝐵2 𝐵3 

0,00139998 0,00041586 -0,00091357 

The difference in the sum of the squares of the 

residuals 

0,000124954 

 

The obtained results show that the improved model is high in terms of quality and 

significance. Of course, the optimality criterion [11, 20], modeling rules [12], and other 

aspects are fully satisfied here. Thus, accuracy limits become important when making 

complex technological system management decisions. In modern sources, the practice 

of using regression equations to determine the weight function for the control object 

in the technological system can be found in many sources [13, 25, 27]. The main reason 

for this is that the object has many parameters and these parameters are not mutually 

scalable. Classical models usually do not exist for unscaled parameters [14, 19, 26]. 

One of the requirements for system modeling (which is also present in the modeling 

phase) is the availability of a model calculation algorithm [15, 18]. In fact, it is possible 

to observe many cases of using methods of solving complex calculated models, which 

were not accepted in practice before [16]. This process is related to the evolution of 

computer technology development.  

Thus, under conditions of uncertainty, the algorithm of the method of controlling the 

system based on improvement using the object prototype model can be given as 

follows. 

Step 1. Determining the degree of correlation between the weight function values and 

the system response; 

Step 2. Development of this connection model; 

Step 3. Adding a parametric addition to the weight function and constructing a 

mathematical programming problem for this addition; 

Step 4. Selection of approximation criterion by absolute difference, residual square, 

approximation error; 

Step 5. Solving the issue of programming and determining additional values; 

 
1 Calculated by the authors 
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Step 6. Test the result. Evaluation of model error and quality change in management 

 

4. Discussion 

The obtained results allow parametric improvement of the adequately calculated 

model. Compared to the approximation of the prototype model, the approximation of 

the improved model decreased by 0.7% (Figure 1).  

 

  

Figure 1. Approximate difference 

(by prototype and improved 

model) 

Figure 2. Approximate difference 

(according to the original and 

improved model) 

 

If analyzed in both cases, it is possible to witness a significant increase in accuracy 

(Figure 2). The result increases the prediction accuracy (taking into account the 

confidence interval) by 3.7%. It is known that one of the difficult requirements of 

forecasting is that the confidence interval has a small length [17]. Below, we evaluate 

the quality of decision-making for forecasting the degree of change of the object in the 

optimized version of the weight function. For this purpose, we use improved shares for 

all criteria parameters [18]. In that case, the following results are obtained: 

% = √𝜔1 ∙ 𝜔2 ∙ 𝜔3
3 = 38,16                                                   (7) 

Here 𝜔1 is the ratio of standard errors, 𝜔2 is the ratio of absolute-relative errors, 𝜔3 – 

is the degree of reduction of the confidence interval, % - is the degree of expansion of 

the decision-making quality. 

The calculation results show that a small positive change of all the optimal adjusted 

quantities (parametric improvement) can provide a large increase in the quality of 

decision-making.  

Based on the above, that is, the 38 percent efficiency of decision-making with the help 

of increasing the accuracy of object forecasting, we evaluate the impact on the level of 

its management based on the system reaction. For this, we pay attention to the 

differences in the system reaction calculated according to the prototype and improved 

versions of the weight function in the appropriate control cycle (Fig. 3). 
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Figure 3. The output difference in 

the control system 

Figure 4. Differences in system 

description according to object 

models 

 

According to it, the residual calculations according to the improved model belong to 

the (-0.002; 0.002) interval (length equal to 0.004), and the residual calculations 

according to the prototype model (0.008; 0.015) belong to the interval (length equal 

to 0.023). The difference is decreasing on average by 0.012 units. The degree of change 

of the absolute difference of the system reaction depending on the output of the object 

according to the real, prototype and improved model is given in Fig. 4. It is not difficult 

to see that the actual and improved model calculation results overlap. 

 

5.Conclusions 

The following conclusions can be drawn based on the research results and 

considerations: 

1. In a control system under conditions of uncertainty, with a high degree of 

dependence of object output and system reaction, parametric improvement of its 

analytical model has a great impact on the quality of optimal control of the system; 

2. If the parametrically determined weight function of the object satisfies the adequacy 

conditions, it will be possible to optimize it only parametrically. Structural refinement 

can limit the participation of structural variables in the weight function. As a result, 

the opportunity to fully study the object is limited; 

3. Expanding the information source of the structural variable in the management 

system, the small level of efficiency obtained as a result of optimization of the valuation 

mechanism, creates an opportunity to sufficiently increase the level of management 

decision-making; 

4. Management of a technological object and a technological system under conditions 

of uncertainty under the influence of random and disturbance, taking into account the 
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formation based on the quantitative description of each object of influence, there is 

always a need to improve the models of system reconfiguration; 

5. In the optimal management of the technological system under conditions of 

uncertainty, the intensity of noise and external disturbance can always be estimated 

for the objective system. This is achieved by determining the residual value from the 

actual body of the object weight function. 
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