
Indonesian Journal of Electrical Engineering and Computer Science 

Vol. 35, No. 1, July 2024, pp. 113~123 

ISSN: 2502-4752, DOI: 10.11591/ijeecs.v35.i1.pp113-123      113 

 

Journal homepage: http://ijeecs.iaescore.com 

Investigation of linear models for control of water flow and 

temperature in a water supply system 
 

 

Askhat Asset1, Madina Mansurova2, Vadim Zhmud2, Aksholpan Kopesbaeva1, 

Nurbolat Dzheksenbaev2 
1Almaty University of Energy and Communications named after G. Daukeev, Almaty, Kazakhstan 

2Department of AI and Big Data, Al-Farabi Kazakh National University, Almaty, Kazakhstan 

 

 

Article Info  ABSTRACT 

Article history: 

Received Nov 2, 2023 

Revised Feb 12, 2024 

Accepted Mar 25, 2024 

 

 In some cases, the object model is a set of parallel models of the same 
general appearance, but with different parameters. The most common model 

is a model in the form of a serial connection of a first- or second-order filter 

and a delay link. An example is the water supply system of a large 

residential building or a group of houses. From the most general 
considerations, we can expect that such an object can be approximately 

described by a simpler model, replacing the sum of identical-looking models 

with different parameters with a single model of this type with averaged 

parameters, however, finding many parameters simply in the form of an 
average is, apparently, an unreasonable approach. It seems more reasonable 

to find the parameters by the approximating model by numerical 

optimization, in which the integral from the module or from the square of the 

deviation of the output signal of such a model from the output signal of the 

exact model is minimized when the test signal is applied. For linear models, 

the most reasonable test signal is a single step effect. This article tests this 

hypothesis and provides the results of this test. 
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1. INTRODUCTION 

The Regulation of the amount and temperature of water supplied to residential buildings is actively 

used in those places, where there is an acute shortage of water, for example, in certain regions of Kazakhstan. 

Similar problems may arise in Mongolia, as well as in other Asian and African countries. The reason for this 

approach is, that it is irrational to carry out large reserves of water in storage tanks, both in connection with 

the need to save water, and with the complication of the preservation of water in a state that meets sanitary 

standards when using excessively large tanks. The automatic control system must provide the required water 

pressure and the required costs, depending on the needs that change throughout the day with some 

rhythmicity, against which there is also a significant random component. Successful implementation of an 

automatic regulation system requires knowledge of an accurate model of the water consumption process, 

which plays the role of a controlled object in this system. But this model consists of many submodels that 

describe individual consumers, and each consumer has its own random model parameters, and these 

submodels are non-stationary. In this regard, the legitimate question is how much it is permissible to 

approximate the set of these submodels with a general model, and to what extent their nonstationarity will 

affect the stationarity of the integral model as a whole. 

https://creativecommons.org/licenses/by-sa/4.0/
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The easiest way is to imagine a water supply system as an object of automatic control, in which the 

output values are the water pressure, and in the case of hot water, also its temperature. The input values in 

this case will be the water flow rate at the entrance to the water supply system, and in the case of hot water, 

also the temperature at the entrance to the water distribution system. Also closely related to this problem is 

the problem of regulating heating, which is provided by the required pressure of warm water and its 

temperature. Computer modeling of the distribution of water flows in reservoir systems the system of 

equations of the balance of reservoirs pollution with a constant mixture was obtained and solved. Temporary 

dynamic concentration of the mixture during and after discharge in three reservoirs, for a certain period of 

time, filtration through the bottom of the reservoir in non-existent systems has been studied [1].  

The ganetxl optimization model for automation of water systems is used, improvement of the 

correct water distribution is considered and it is shown that epanet2 can be adapted for successful modeling 

of intermittent water systems, and a set of solutions for economic or social factors is proposed [2]. According 

to the water distribution and reception system, analytical work was carried out on two different models, in 

which data was transmitted via global system for mobile communications (GSM) to a database at the 

receiving station, interfaces and observers were used, and was analyzed on the basis of innovative solutions 

[3]. Trial work was carried out on two river water resources, water purification was carried out using modern 

methods to reduce the turbidity phenomenon in several sectors of the river, special sensors for water 

composition and ph were applied, a comparative analysis of parameters for special samples was carried out 

[4]. The water supply system provides ways to reduce problems with pipelines during water transportation, to 

eliminate losses, a “water distribution system based on the Internet of Things” is presented, which is analyzed 

by “foggy and cloud computing” for water distribution and monitoring the condition of underground pipes. 

To develop an effective water distribution system based on IoT substances, an analysis of consumer demand 

was carried out [5]. 

The analysis of water distribution systems using blockchain innovations in water supply is carried 

out, and intensive robotization of water supply networks is provided, improved through full reporting and 

transparency with other developing achievements such as artificial intelligence (AI), machine learning (ML), 

radio frequency identification (RFID), internet of things (IoT), and near field communication (NFC) [6].  

To reduce the need for water, provision of water supply provides for the use of storage water in the presence 

of stalemate conditions in water supply systems, intelligent household water meters are used when used over 

continuous water networks. Electromagnetic meters register the flow of water using pulses and provide 

information about consumption, which gives an idea of the structure of water consumption by volume and 

time of its use [7]. An accurate understanding of the relationship between the construction of a reservoir and 

the dynamic change in the water level in the downstream areas provides for the rational development and use 

of water resources. The interaction between surface waters (SW) and groundwater (GW) is currently being 

analyzed. The study mainly focuses on the interaction between the river and GW. In these studies, an analysis 

of the law of change in the water cycle has been carried out and an increase in the coefficient of use of water 

resources is envisaged [8]. The groundwater level is analyzed as an important factor in the assessment, 

depending on the set of nonlinear factors for groundwater resources, the modeling of groundwater using a 

neural network based on theoretical construction models is considered [9]. The methods of improving water 

quality in water supply are considered, analyzed in the software environment for water resources 

management based on the developed measures, optimized models to reduce costs in the management of water 

systems, methods of special operations for water resources management are applied [10]. The tasks and 

problems of energy saving in water supply systems are considered, optimal water supply of facilities is 

provided, the use of pumping stations to ensure uninterrupted operation of the water supply system, 

increasing the dynamic accuracy of control, a proportional-integral-derivative (PID) controller was used 

when implementing a pressure control system in the water supply networks of the house [11]. The working 

conditions of a circular damper for regulating the water level are analyzed, dimensionless ratios are given for 

determining the height of the axis of rotation of a circular shutter based on the depth of water above the flow, 

and another parameter characterizing the device is the maximum Qmax flow rate at which the lid remains 

closed. When the water flow exceeds Qmax, the lid cannot be closed because the water flow into the device 

exceeds the flow. Changing the position of the Magnet, bringing it closer to the lid, leads to an increase in the 

closing moment of the lid, which leads to an increase in the water level at which the lid H0 opens, and a 

minimum flow of Qmin. such problems are considered [12]. According to the dynamic collision of 

watercourses, a model with a swing of mazels was created, to reduce the size of the modeling zone and the 

estimated time during modeling, two general types of bridge supports were considered, the research results 

showed engineers that the water flow velocity and pressure around the bridge support were considered, and 

the technique proposed in the article significantly increased the accuracy of the calculated force values [13]. 

The article discusses the development and application of the hydrological model, but a reliable integrated 

structure, it took into account all relevant components of demand and used an advanced hydroeconomic 
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system to model the distribution of water in the basin [14]. The article provides for optimization in 

accordance with the requirements for high-pressure submersible hulls, the last best configuration is achieved, 

For fstw safety coefficients, a value-by-value analysis is developed, the critical pressure value is determined 

and a comparative analysis is carried out [15]. Analysis of the city's water system, traditional planning of the 

urban rainwater network, on timely collection and disposal of rainwater from the earth's surface, software 

interaction models for the implementation of continuous integration with software components are 

considered [16]. The article shows the use of mathematical modeling to solve a specific problem. Chiang 

Saen commercial port has been analyzed for water quality problems in its basin during the dry season [17]. 

Reservoir capacity the main parameter of lakes and reservoirs is considered, and for Speed and ease, an 

accurate calculation of the capacity of reservoirs of lakes, especially large-area and complex Lakes, is 

considered, along with which a two-dimensional hydrodynamic model based on the surrounding fluid is 

considered [18]. In the case of central heating provided by the supply of hot water to the heating system, 

relay regulators have become widespread, which, if there is an insufficient temperature difference at the inlet 

and outlet of the coolant, blocks the hot water pressure for a short time. Similar regulators are sometimes 

installed on hot water, to exclude the supply of water unnecessarily hot, which can lead to burns of users. 

This sometimes leads to an oscillatory mode, which is also undesirable for users and can even become 

dangerous, because in this mode, boiling water comes to the user under high pressure from the hot water tap, 

then drops to almost zero. To manage the facility, it is necessary to take into account that there are a very 

large number of water and heat consumers in the system, so even if the mathematical model of water 

consumption by a separate apartment is relatively simple, then taking into account a large number of 

apartments, the model becomes complex. This article verifies the hypothesis that, what is an object consisting 

of many identical models with different parameters, it can be approximately described by one similar model, 

the parameters of which can be calculated, for example, by numerical optimization. In the system of negative 

feedback, for the purpose of controlling the flow and temperature of water, intelligent solutions for the 

approximation of several objects and for the study of linear models are considered. The introductory study 

contextualizes and provides any special information. The information that may be required by the general 

measurement or control reader is interpreted as a graph, solved by numerical optimization methods that 

follow this. It has previously been described with reference to the importance of the corresponding ones, in a 

scientific article the problems solved by the experiment are proved by producing a structured graph to 

optimize the model approximating the result for several objects and for the target function, which should also 

reflect the results of your work comparators. In the introduction, the contribution(s) of the article was 

determined in the form of a specific result and this is shown in the form of a graph in the research section of 

the article. 

 

 

2. THE PROPOSED SOLUTION/METHOD 

To control the facility, it must be taken into account that there are a very large number of cold and 

warm water consumers in the system, therefore, the mathematical model of water consumption of an 

individual apartment is relatively simple, albeit taking into account many apartments, the model will be more 

complex. This article tests the hypothesis that an object consisting of many identical models with different 

parameters can be roughly described by a similar model, which can be calculated, for example, by the 

numerical optimization method. Combining the results in the form of several graphs, different tasks were set 

on several graphs, and an optimization method was proposed to solve problems. 

The sum of a large number of such transmission functions (1) can be approximated by other 

parameters that are not average parameters of the type transmission function, but, for example, in order to 

reduce the deviation of the transition process from the transition process at the output of the exact model, an 

analysis has been made in the literature written earlier, and in my scientific article, a choice is made by 

quantitative optimization and the result is clearly shown in the form of a graph. This hypothesis needs to be 

tested by numerical modeling. 

Let there be a large number of objects described by a transfer function of the following form: 
 

𝑊𝑖 (𝑠) =
𝑘𝑖

1+𝑇𝑖𝑠
𝑒−𝜏𝑖𝑠 (1) 

 

here Wi – is the Laplace transfer function, s – is the argument of the Laplace transform, i – is the ordinal 

number of the apartment, is the base of the exponent (the mathematic fundamental constant value e), ki, Ti, τi 

– are the parameters of the object model with the number i. 

It is assumed that the sum of a large number of such transfer functions can be approximated by a 

transfer function of the form (2). 
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𝑊∑(𝑠) = ∑ 𝑊𝑖(𝑠)𝑁
𝑖=1 = ∑

𝑘𝑖

1+𝑇𝑖𝑠
𝑒−𝜏𝑖𝑠𝑁

𝑖=1 ≈ 𝑊𝑚(𝑠) =
𝑘𝑚

1+𝑇𝑚𝑠
𝑒−𝜏𝑚𝑠 (2) 

 

Here parameters 𝑘𝑚 , 𝑇𝑚 , 𝜏𝑚 of the model (2) are not averaged parameters (and not by simple sum of gains). 

Instead of a statement like: 
 

𝑘𝑚 = ∑ 𝑘𝑖
𝑁
𝑖=1 , 𝑇𝑚 =

1

𝑁
∑ 𝑇𝑖

𝑁
𝑖=1  , 𝜏𝑚 =

1

𝑁
∑ 𝜏𝑖

𝑁
𝑖=1 , (3) 

 

it is proposed to find parameters using the method of group numerical optimization in accordance with the 

relation: 
 

∃{𝑘𝑚 , 𝑇𝑚 , 𝜏𝑚} ↔ | ∑
𝑘𝑖

1+𝑇𝑖𝑠
𝑒−𝜏𝑖𝑠𝑁

𝑖=1 −
𝑘𝑚

1+𝑇𝑚𝑠
𝑒−𝜏𝑚𝑠| → 0 (4) 

 

From general considerations it is clear that for 𝑁 → ∞ such a solution exists; however, it is 

important to make sure that such an approximation is also permissible for a finite value of N. It is advisable 

to find the parameter vector {𝑘𝑚 , 𝑇𝑚 , 𝜏𝑚} using the numerical optimization method. These parameters are 

calculated not by relation (3), but by an optimization procedure with a target function based on achieving 

condition (4). A solution to this problem is proposed by numerical optimization to minimize the deviation of 

the transient process at the output of the approximate model from the transient process at the output of the 

exact model (2). This hypothesis needs to be verified by numerical simulation. 

In this case, it is advisable to use PID controllers or their modification [19]. If successful, it will be 

possible to use water supply management using a machine-learning program [20] as well as adaptive control 

methods for a task with many objects [21]. It is also advisable to subsequently use Markov models of this 

system, as well as carry out mathematical modeling of the activity of object components in real time [22].  

In this case, broad prospects for effective monitoring of the water supply system using the methods described 

in [23] open up. For this purpose, approaches to automation of monitoring described in [24] may be useful. 

 

 

3. METHOD 

For modeling, we use VisSim [25], which can be combined with the MATLAB program and is 

independent software. This program has the ability to optimize. To use the optimization mode, it is enough to 

create a model of the system with an object. This is done by the method of graphical programming, that is, 

standard models from a large list are placed in the working field, which set parameters that can be changed 

after calling the Edit menu with the right mouse button. Then appropriate connections are inserted between 

the blocks. Thus, any mathematical model can be easily programmed [26]. There is also an oscilloscope 

block that displays the calculation result in the form of a graph, and this graph is built in the MATLAB 

software environment. 

The optimization method is one of the most convenient methods for finding the extreme value point 

of a function, this method has a wide range of applications and is effective in analyzing physical quantities at 

Waterline levels, reducing the error between all regression and neural network prediction and real data. In 

comparison with other methods, in this method, judging by the information about quantitative methods of 

one-dimensional optimization, their role in the construction of quantitative methods of unconditional and 

conditional minimization is very large, and methods using derivatives and methods of polynomial 

interpolation are also considered. 

The solution to the problem is proposed by the numerical optimization method. For N = 2, as well as 

for N = 3, N = 4, N = 5, we determine the error when controlling using the model on the right side of relation 

(2) in comparison with the error when controlling using the model on the left side of relation (2). If, as the 

number N increases, this error drops noticeably, then it is possible to determine the threshold value of the 

number N, above which an approximation of the form (2) is reliably acceptable. According to the method of 

mathematical induction, if the error decreases as N increases, it can be stated with a high degree of certainty 

that there is a threshold value N after which this error is negligible. We will use the optimal values of the 

parameters{𝑘𝑚 , 𝑇𝑚 , 𝜏𝑚}, to find which we use the numerical optimization method. In this case, it is proposed 

to use the minimization of the integral of the modulus of deviation of the model response from the reaction of 

the exact object, and as an alternative, the integral of the square of this module [27]. 

It is also hypothesized that the most difficult case is the approximation by one link of two links of 

the form (1) with a significant difference in their parameters, especially when the transmission coefficients ki 

are equal. The more objects of the same nature (but with different coefficients) are included in this sum, the 

more accurate the approximation can be. This hypothesis is proposed to be tested by modeling in the Vis Sim 
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program. The equality of the gain coefficients in the two links is seen as the worst case, since each of the two 

links in this case gives the same amplitude contribution to the transient process [28], whereas the discrepancy 

of the other coefficients will lead to a significant difference in these transients, which will probably make it 

difficult to solve the problem [29]. The case with negative coefficients is not considered because it does not 

correspond to any reality in the problem under consideration. At the first step, it is proposed to find the 

values of the parameters km, Tm, τm such at which the minimum difference of a certain target control function 

Ψ is ensured using this model: 

 

{𝑘𝑚 , 𝑇𝑚 , 𝜏𝑚} → min{|Ψ [
𝑘𝑚

1+𝑇𝑚𝑠
𝑒−𝜏𝑚𝑠] − Ψ [∑

𝑘𝑖

1+𝑇𝑖𝑠
𝑒−𝜏𝑖𝑠𝑁

𝑖=1 ] |} (5) 

 

We will supply the same input signals to the input of both models both in the left part (2) and in the 

right part of equation (2), namely: a unit step jump. Let the output of the equivalent model standing on the 

left side of this equation form the process Um(t), and the output of the sum of the models standing on the right 

side of equation (2) form the signal U∑(t). In this case, the objective function, the minimum of which will be 

found during optimization, has the following view: 

 

Ψ1 = ∫ |𝑈𝑚(𝑡) −  𝑈∑(𝑡)|𝑑𝑡
𝑇

0
 (6) 

 

here T – is the integration time of the process. Another variant of the objective function has the following 

form: 

 

Ψ2 = ∫ |𝑈𝑚(𝑡) −  𝑈∑(𝑡)|2𝑑𝑡 
𝑇

0
 (7) 

 

Also, for optimization, the cost function calculation unit (5) with elements (6) and (7) must be 

programmed in the same way. The output of this block is connected to the input of the "value" block, and the 

input of this block is connected to the output of the quantities added to the coefficients (5)-(7). Also, blocks 

"unknown parameters" are used, the number of which corresponds to the number of parameters that must be 

found by the numerical optimization method. Initial values are given to the inputs of these blocks; for 

example, all zero values can be given if there is no basis for starting optimization from other initial values [30]. 

The output of these blocks is transmitted to the bus blocks, which are given names according to the 

designations of optimized quantities. So that these quantities can be used in modeling, the same names must 

be used in the model of the system. This optimization method is described in detail, for example, in 

publications [31]. 

Figure 1 shows a scheme for solving the problem by numerical optimization for an objective 

function of the form (6). Here the initial values of the two transfer functions are taken as follows: 

 

𝑊1(𝑠) =
1

1+𝑠
𝑒−𝑠  (8) 

 

𝑊2(𝑠) =
1

1+2𝑠
𝑒−4𝑠 (9) 

 

the mathematical model of the approximating link has the following form: 

 

𝑊𝑚1(𝑠) =
2.0567

1+2.87043𝑠
𝑒−1.3116𝑠  (10) 

 

The graph on the right side of Figure 1 shows three processes: the process at the output of the total 

object (line 2), the process at the output of the approximating model (line 1) and the difference between these 

two processes, that is, the approximation error (line 3) [32]. 

Figure 2 shows the structure for optimization and the result of optimization by the objective function 

of the form (6). As a result of optimization, the following approximating model is obtained: 

 

𝑊𝑚2(𝑠) =
2.22672

1+4.29653𝑠
𝑒−0.774595𝑠   (11) 

 

It is possible by comparing the graphs in Figures 1 and 2 to assert, what is the criterion in the form 

of an objective function (6) based on the integral of the square of the error, it is more effective because in this 

case the maximum error becomes less [33], in this case it is a value of 0.2 units (10%), achieved only once, 

whereas when using criterion (7), the maximum error is 0.3 units (15%) and this value is achieved twice. It is 
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also hypothesized that the more objects participate in the sum, the smaller the relative approximation error 

will be. To test this hypothesis, modeling was carried out with the number of object models equal to three 

and four [34]. 

 

 

 
 

Figure 1. Structure for optimizing the approximating model (2) for objects (8) and (9) for the objective 

function (6) with the result (10) 

 

 

 
 

Figure 2. Structure for optimizing the approximating model (2) for objects (8) and (9) for the objective 

function (7) with the result (11) 

 

 

Figure 3 shows the scheme for modeling and the result when using three models [35]. At the same 

time, the most remote location of the lag time constants was also chosen, namely: almost exponentially, and 

the transmission coefficient of each link was taken equal to one, since with the same coefficients of the 

models, the contribution of each model is the same, therefore, the most different effects from each model are 

achieved. It is obvious that, for example, if the coefficient of the transfer function of one of the objects is an 

order of magnitude smaller than all the others, then this function will have less impact. The values used were 

k1 = k2 = k3 = 1, T1 = 1, T2 = T3 = 2, τ1 = 1, τ2 = 4, τ3 = 8. The resulting graphs are shown in the right part of 

Figure 3. The values of the approximating transfer function found have the following values: km = 3.36853, 

Tm = 7.0078, τm = 0.952. Thus, the model of the approximating model has the following form: 

 

𝑊𝑚3(𝑠) =
3.36853

1+7.0078𝑠
𝑒−0.952𝑠  (12) 

 

Note that the maximum error value in this case is approximately 0.2 units, which is 0.067%. 

However, it can be noted that in this experiment it is advisable to increase the simulation time in order to get 

a better approximation, since it is clear that the error increases in magnitude at the end of the graph. By the 

value of the coefficient of the resulting transfer function, it can be seen that it differs from the value of the 
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sum of all the coefficients of the elements included in all models, which are summed up in the exact model. 

The difference is about 12%, this will give a static error. The same can be said about the results shown in 

Figure 2 earlier, where the static error will be 11%. The result shown in Figure 1 has a smaller static error, 

which is only 2.5%. It is obvious that if the simulation time increases, the static error will decrease down to 

zero, but the dynamic error may increase slightly. In the next series of experiments, several hypotheses were 

tested. Firstly, the hypothesis that with a larger number of objects, the approximation error will decrease. 

Secondly, the hypothesis that the greatest approximation error will be in the case of approximately the same 

filter time constants. Thirdly, as the simulation time increases during optimization, the optimization error will 

decrease, including the static error. 

The results shown in Figure 4-6 confirm the validity of all these hypotheses [36]. Indeed, Figure 4 

shows the scheme for optimization and the result for the case with four models included in the sum. In this 

case, not only the lag time constants are taken approximately exponentially, but also the filter time constants. 

Namely: k1 = k2 = k3 = k4 = 1, T1 = 1, T2 = 2, T3 = 4, T4 = 12, τ1 = 1, τ2 = 4, τ3 = 8, τ3 = 14. In this case, the 

maximum error is 0.2 units, i.e. 0.05%. At the same time, the static error is 2.5%, what can be determined by 

the difference in the transmission coefficient of the approximating model from the sum of all transmission 

coefficients in all models included in the object. This confirms the first hypothesis. 

Figure 5 shows similar results for the case when the time constants of all filters in all models are the 

same and equal to one: T1 = T2 = T3 = T4 = 1. In this case, the maximum error reaches 0.4 units, i.e. twice as 

much as in the previous experiment. The static error is 7.5%. This confirms the second hypothesis [37]. 

Figure 6 shows similar results when the experiment time is doubled [38]. The maximum error value has 

slightly increased and reached a peak value of 0.5 units, but the static error has sharply decreased and is 

1.3%. 
 

 

 
 

Figure 3. Structure for optimizing the approximating model (2) for N = 3 and for the objective function (6) 

 

 

 
 

Figure 4. Structure for optimizing the approximating model (2) for N = 4 and for the objective function (6) at 

different values of the filter time constant in the summarized models 
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Figure 5. Structure for optimizing the approximating model (2) for N = 4 and for the objective function (6) 

with the same values of the filter time constant in the summarized models 

 

 

 
 

Figure 6. The same, what is shown in Figure 5 when the experiment time is doubled 

 

 

In the second case, shown in Figure 6, the static approximation error is reduced. If in Figure 5 the 

error continues to increase after the end of the simulation time, then in Figure 6 the error reaches a smaller 

value and after that does not increaseи [38]. Let us show that the obtained values differ from the values that 

could be obtained from relations (3). Indeed, for this model 𝑘𝑚 = 4.05678,𝑇𝑚 = 7.10778, 𝜏𝑚 = 1.43256, 

while calculations using relation (3) would give the following values: 𝑘𝑚 = 4, 𝑇𝑚 = 1,𝜏𝑚 = 6.75. Thus, this 

article not only proves the assumption that such an approximation is possible, but also provides a method for 

calculating the coefficients of this approximation. 

A detailed description of the problem posed in the scientific article was proposed to be solved by a 

quantitative method, that is, a different model was created in this article when compared to other researchers 

using the Vis Sim program, in this model, it is necessary to reduce the Integral from the module of the 

deviation of the reaction from the reaction of the real object, and it is also proposed to use as an alternative, 

with the help of the program, several models are compared in several ways according to the structure. Unlike 

other researchers, this article used the method of quantitative optimization. When creating a model with the 

selection of devices and regulators in the water system, an experiment was carried out, Mathematical 

modeling has reliably confirmed that the mathematical model of many objects with random values of the 

parameters of the model can be replaced with a simple model. In the analysis of data and solutions to exclude 

some data and add others during the experiment, several samples were constructed to optimize the 

approximation model for the target function, and it was found in detail that the approximation error decreases 

to 10% or less at N = 3. 
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4. RESEARCH AND DISCUSSION 

Mathematical modeling has reliably confirmed that the mathematical model of many objects with 

random values of the parameters of the model can be replaced by a simple model. The experiment found that 

the error of such an approximation drops to 10% or less at N = 3. In the case of a large variance of the Ti and 

ti parameters, the approximation error can be reduced to 2-3%, the largest error occurs when the values of the 

ki and Ti parameters coincide, and the largest mismatch of the values of the Ti parameter. Regarding the 

water supply problem to be solved, the ti value depends on the length of the supply pipes, and the ki value is 

determined by the intensity of water consumption, the Ti value has the least dispersion, since it is determined 

by the opening and closing speed of the valves. The information obtained made it possible to accurately 

simulate the operation of the water system by many users. This scientific paper made it possible to find the 

most adequate aggregate model of the users of the system by collecting statistics on the water distribution 

station based on reactions to small test effects when compared to previously written articles, which were then 

used to optimize the regulator in this system. 
 

 

5. CONCLUSION  

As for the summary of the problem based on the results of the experiment conducted by the vis sim 

program in this article, taking into account the problems in the articles previously considered on this topic, in 

order to control the flow and temperature of water in a negative feedback system, linear models for 

approximating several objects were developed, a literature review was made with brief reference to the main 

ones, the main participants created several different models on several objects, the main participants 

experimented on the results of the models, unresolved problems and/or directions that need. The article 

proves using mathematical modeling that the more objects are included in the system, the more accurately the 

approximation of this model can be carried out by a simpler link, consisting not of a set of models, but of one 

model. A method for calculating the parameters of this model, which differs from simple averaging, has been 

developed and justified. It is shown that the worst case is the sum of models with approximately the same 

coefficients and time constants of filters, the difference between my article compared to previous written 

articles is that in both models the error does not exceed 12%, and with an increase in the number of simple 

models included in the system, this error decreases sharply. 
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