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Abstract. The purpose of modeling in the development of a model of a drying process control 

object is presented in the article. Approximation of the transition characteristic in the control 

channels, obtaining the transfer functions of the object on all the main channels of the influence 

transmission, the Simoyu method was used. Taking into account the fact that the main channels of the 

object under study have significant inertia and delay, as well as its dynamic properties, transfer 

functions with sufficient accuracy are proposed. The proposed mathematical model of the drying 

process allows for the synthesis of adaptive control laws for the considered process. 
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Аннотация. В статье представлены цели моделирования при разработке модели 

объекта управления процессом сушки. Для аппроксимации переходной характеристики в 

каналах управления, получения передаточных функций объекта по всем основным каналам 

передачи воздействия использован метод Симою. С учетом того, что основные каналы 

исследуемого объекта имеют значительную инерционность и запаздывание, а также его 

динамические свойства, предложены передаточные функции с достаточной точностью. 

Предложенная математическая модель процесса сушки позволяет синтезировать законы 

адаптивного управления рассматриваемым процессом. 

Ключевые слова: процесс сушки, параметры объекта управления, функция, метод 

Симою, синтез, регулятор. 

Introduction 

When developing a mathematical model of a control object, first of all, it is necessary to take 

into account the intended purpose of modeling. The purpose of modeling determines the requirements 

for the form, accuracy of the mathematical model, the adequacy of the obtained model to the object, 

and the range of necessary modes. For control purposes, the parameters of the object are used from 

dynamic mathematical models that reflect their changes depending on time. 

Wet product drying is considered a complex stochastic process, characterized by a turbulent 

multi-factor, which are controllable (moisture of potassium fertilizer, temperature) and uncontrollable 

(consumption of material to be dried at the entrance of the drum dryer, initial moisture content, 

distribution composition of particles of the material to be dried). In the operation of the drum dryer 

in the installed mode, uncontrollable turbulence changes over time, and first of all, it depends on the 

composition of potash fertilizers and the gas flow on thermal changes. Also, the difficulty of 

synthesizing the mathematical expression of the object means that the performance description of the 

considered process is multi-mode. The multi-mode nature of the drum dryer operation, in turn, 

ensures the non-stationarity of its description. It depends on the efficiency limitations of the boundary 

areas of the object in question or the operation with a variable load (the amount of matter or energy 

passing through the object per unit of time) caused by the periodic consumption of different types of 

energy. In the above cases, the load affects the parameters of the object, and in some cases, the load 

itself can serve as an incoming (task) signal, which its changes also affect the changes in the object's 

characteristics. 

One of the main characteristics of continuous and discrete control systems in potash drying 

systems is that there is a delay in the control channels. This feature, delay, has the greatest impact on 

system performance when compared to the time discretization step. To account for the delay, it is 

possible to include a mechanism that pretransmits signals about the state of the control object to the 

structure of the synthesizer. 

The specific characteristics of volatile materials as an object of control consist of internal 

connections between parameters and non-stationary states associated with physical and chemical 

changes in the process. 

Generally, the efficiency of the drying process is measured by the amount of material to be 

dried, which can be done by the operator. Therefore, from the point of view of management, giving 

the material, and therefore the performance of the dryer, which is tightly connected with it, is not 

given to the internal adjustment; all other processes should be designed for the external performance 

of the dryer. From this, the efficiency of the dryer, the speed of the drying agent transferred to the 

drum when drying potash fertilizer is determined by internal agitation. 

Likewise, the moisture content of the material entering the drying unit cannot be controlled in 

the operating mode, so it is considered a disturbance from the point of view of controlling the drying 

process. 

Based on the analysis, it can be concluded that the drying process of sylvinite in the production 

of potassium fertilizer is a complex stochastic process characterized by multifactoriality, controlled 

and uncontrolled effects, and the presence of disturbances. Due to the complexity and diversity of the 
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process occurring in the drying drum, as well as the large number of elements that make up it, the 

methods of building mathematical models based on the physico-chemical laws of the technological 

process being studied are less effective. This is explained by the complexity of the phenomena 

observed in the researched process and the fact that they are not sufficiently studied, as well as the 

obtained results are not well reviewed. 

Formulation of the problem 

The selection of the structure of the mathematical model, the determination of the main control 

variables affecting the quality parameters of the process was carried out at the initial stage of the 

study of the normal operation of the drum dryer. The following variables were considered as the main 

parameters describing the drying process, and the following main variables were taken as the main 

quantities describing the process under consideration: 

management parameters ),(
21

uuU  , here u1– drying result in the entrance of the drums 

appointing the heat carrier temperature, u2 – drying drums  

the result will be spent on transport of heat in appointing access;  

out parameters Y=(y1,y2), where у1 – drying drums  

appointing the humidity of potassium fertilizer result in dried out, у2 – drying drums out of the 

heat carrier temperature in appointing result;  

not to control the effects of uncontrollable rebellion ),(
21

www  here, w1 – at the entrance of the 

drums, which spent drying and the dried material w2 – in access to primary dried potassium fertilizer, 

which is the humidity. 

The object management 2×2-dimensional, if its reciprocal link the scheme of the channel will 

be in the following form (1-picture). 

 
1-picture. 2×2 - dimensional object of the scheme 

Considering the size of the dynamic equations and the expression for the drying process which 

potash fertilizers on the basis of formal matrisa in the form of the above function can be expressed 

as: 

W11(р), W12(р), W21(р), W22(р) - respectively, the effects of the transmission of all channels on: 

“the entrance of the heat carrier and result in the drying drums appointing appointing the humidity of 

potassium fertilizer result in dried out”, “in appointing result of the drying agent into drum and result 

in the drying agent temperature", “the drums will result in the entrance of the drying agent 

consumption appointing appointing production of the finished product and result in wet” and “your 

drums into result result in in appointing appointing the temperature of the drying agent drying agent 

consumption and production” between link. 

Solving the problem 

A statistical method we will use in determining transfer functions. 
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here: N– expansions for discrete eigenvalues out increase of ordinata number; 𝜇 – correlatsion 

expansions for discrete eigenvalues of the function argument. 

The random processes for implementing observed to note the time 𝑇 and get information from 

time interval G'i t  seethehouse in the expression orqBy is determined:  
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SR  – correlatsion the function at any point in the assessment 

of the average relative squared error;   – the time unit is performed increase of nollar average 

number related , which is a value; C  – T  function. 

Random process of stasionar correlatsion the functions and various the time range for the 
mathematical developments are expected to compare the way with was checked (random processes 
out increase stasionar random process to close the properties having enough long-term segment to 

select the possibility it gives). Qitto rita, the processi's ergodikligi is the correlatsion functions with 
is confirmed. 

(1.1) We used frequency method for solving equation. (1.1) to convert the equatsion into 

frlequency zone brings follaving expression: 

)()()(  jWSS uuyu       (1.2) 

the object amplituda-phase characteristics compared to: 
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(1.4) at the integrated graphics in the way - trapezoidal characteristic method with carried out.  

Table-1 

Transfer functions according to main channels of transmission effects 
 

 

Channel 
assignment 

Appearance of transmission 
function 

Channel 
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Appearance of transmission 
function 
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Transition characteristics of controlling channel are calculated wish trapezuim method. Shaped 

and method of transition xarakteristik approksimasiyalash the effects of transmission on all the main 

channels on the object of the transfer functions get the opportunity to gave (1.1-in the table).Transition 

characteristics of controlling channel are calculated wish trapezium method. 

So, the main channels of researched object were inerfcial and delayed by considering dynamic 

properties. Transfer function of the research is expressed as following. 

 pp e
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Conclusion 

Thus, the mathematical model of the drying process of potassium fertilizer developed between 

quantitative variables associated establish the main entrance and exit, consider the process with 

management to forecast the condition of the law and available or selected for the new process allows 

to synthesize adaptive control laws. 
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