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MODELS FOR PREDICTING THE 
MANAGEMENT OF COMPLEX TECHNOLOGICAL 

PROCESSES AND PRODUCTIONS

Gulyamov Shukhrat Mannapovich
Tashkent State Technical University

Professor, Department of Automation of Production Processes
Doctor of Technical Sciences

ORCID: 0009-0001-0693-3990

Abstract: Issues of linear and nonlinear modeling of complex technological processes and production in improved 
(advanced) control systems are considered. The development of the Advanced Process Control APC-control is considered. 
The application of forecasting algorithms based on artificial neural networks is briefly described.

Key words: improved and APC-controlled predictive models of neural networks, complex chemical-technological 
processes and production.

Annotatsiya: Takomillashgan (ilg‘or) boshqarish tizimlarida murakkab texnologik jarayonlar va ishlab chiqarishlarni chiziqli 
va nochiziqli modellashtirish masalalari ko‘rib chiqilgan. Takomillashgan APC-boshqaruvining rivojlanishi yoritilgan. Sun’iy 
neyron tarmoqlar asosida bashoratlash algoritmlarining qo‘llanilishi qisqacha bayon etilgan.

Kalit so‘zlar: murakkab kimyoviy-texnologik jarayonlar va ishlab chiqarishlarni bashorat qiluvchi neyron tarmoqlar, 
takomillashtirilgan modellar, APC-boshqarish.

Аннотация: Рассматриваются вопросы линейного и нелинейного моделирование сложных технологических 
процессов и производств в системах усовершенствованного (продвинутого) управления. Рассмотрено 
развитие совершенного Advanced Process Control APC-управления. Кратко изложена применение алгоритмов 
прогнозирования на основе искусственных нейронных сетей.

Ключевые слова: усовершенствованной и APC-управления прогнозирующие модели нейронные сети сложные 
химико-технологические процессы и производства.

I N T R O D U C T I O N 
Depending on the model of forecasting control used, linear forecasting models are divided into two main 

classes. Linear forecasting model and nonlinear forecasting model. The difference between them is not very 
large, but from the point of view of calculations and theory, linear forecasting models, a very important function 
of nonlinear forecasting models, as well as the theory of linear control and the theory of nonlinear control are 
analyzed.

Linear forecasting models appeared first, and forecasting management applications are based on a linear 
model.

Nonlinear forecasting models represent the control of nonlinear objects using an MPU algorithm that 
takes into account the nonlinearity of the object. Nonlinear forecasting models are similar to linear forecasting 
models, and the characteristics of the management system are the same. Consequently, it is possible to 
determine the set of optimal control values by minimizing objective criteria; the distance horizon strategy has 
been implemented.

Options for using nonlinear forecasting models:
- in processes that are significantly nonlinear and often subject to significant noise (for example, pH control);
- in processes where the working space frequently changes and covers a relatively wide area of nonlinear 

process dynamics.
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R E V I E W  O F  L I T E R A T U R E  O N  T H E  S U B J E C T
Introduction to the theory of nonlinear forecasting models is discussed in the work of Findersen et al. [1]. 

The mathematical formulation of nonlinear predictive models is shown, the main principles and features of 
predictive control systems are presented, and their main advantages and disadvantages are highlighted. A 
number of theoretical and computational aspects of nonlinear forecasting models are discussed in the work of 
Allgover et al. These authors also emphasize the practical application of nonlinear forecasting algorithms and 
the need for reliable and fast real-time identification and optimization methods.

Camacho [2], Grune [3] in their scientific works are devoted to models of nonlinear forecasting. Li [4] 
considers the development of forecasting management systems over the past thirteen years, and in the first 
decade after the announcement of MPU, forecasting management became widespread and accepted in industry, 
especially in oil refineries and chemical plants. In the second decade, significant theoretical achievements 
were made, including the development and interpretation of space models, the determination and proof of the 
criteria for the stability of predictive control systems. In the third decade, the main focus was on designing and 
developing algorithms for so-called fast MPUs.

In recent years, distributed and hierarchical systems with nonlinear forecasting models have received 
significant development. They are suitable for managing complex technological facilities and even entire 
factories. Various hierarchical structures with MPU are presented in the scientific works of Brdys et al. [5], 
Falcone et al. [6]. A review of various decentralized, distributed, and hierarchical system architectures used in 
MPU systems is presented in Skattolini’s scientific work [7].

It is cited in Lee’s article [8], which examines the basic requirements for modeling, as well as modeling 
and identification methods for nonlinear forecasting models; Pearson [9] discussed the selection of suitable 
structures for the nonlinear model. In it, the author describes some of the main classes of nonlinear structures.

In his work, Waller [10] divides the models used in nonlinear forecasting models into 3 groups. In the first 
group, models are based on fundamental connections, in the second group, models are based on empirical 
data, and the third type of model represents a combination of the first two and is called hybrid. Due to the 
complexity of nonlinear objects, it is impossible to develop methods for their direct detection by expanding linear 
methods. Alternatively, the regulator of nonlinear forecasting models can be derived from a model based on 
fundamental relationships. The main advantage of these models is that they are valid worldwide, and therefore, 
they can be extrapolated to jobs that are not represented in the data set used for model modeling.

In the case of empirical nonlinear models, choosing a suitable model structure is a decision that needs 
to be made. As a main drawback, it should be noted that the applicability of these models is limited and 
depends on the input/output data used in their development. Currently, the following models are mainly used 
for nonlinear forecasting models:

• Walter’s model;
• Hammerstein models;
• models based on fuzzy logic;
• combined models.
Neural networks, neuro-fuzzy models, fuzzy logic, and hybrid universal approximators are well-known 

and are therefore widely used for modeling and detecting nonlinear objects. For forecasting management 
purposes, they are used separately and in combination with Hammerstein and Wiener models. An example of 
this is Voltaire’s neuro-fuzzy model presented in Todorov’s scientific work [11]. The model is integrated into a 
controller with nonlinear forecasting, used to control the cooling-drying process. Most of Hammerstein’s model 
uses usage reports in combination with soft computing methods.

Aboni et al. [12] propose a similar block structure that implements nonlinear statics using fuzzy logic in their 
research. For this, they describe the behavior of the system in a mode determined by the zero-order Takagi-
Sugeno uncertainty model.

In their scientific work, Ngia et al. [13] constructed the Hammerstein model as a combination of a hidden 
layer and a direct-propagation neural network with a linear impulse characteristic. In practice, determining the 
parameters of the pulse characteristic is difficult due to their large number. By combining the properties of fuzzy 
logic and neural networks, Zhia et al. [14] propose Hammerstein’s neuro-fuzzy model. For this, the authors 
evaluate the nonlinear element using the Takagi-Sugeno neuro-fuzzy model based on the radial basis neural 
network (RBNN), and the linear part has the form of an autoregression model.

Hachino et al. in their scientific work [15] use RBNN as a nonlinear static part, and the neural network 
structure (the number of Gaussian functions, their width, and center) is created using genetic algorithms.

Viner models are used for the purposes of nonlinear forecasting models, and this includes the selection of 
reversible static nonlinearities, as well as a complex identification process.
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Aboni [16] proposes a forecasting algorithm consisting of a linear-impulse characteristic Viner model and 
a zero-order Takagi-Sugeno uncertainty model.

The Wiener model described by Ajar [17] represents a sliding average autoregression model and RBNN 
(Rules Based Neural Networks) represents a set of neural networks, the parametric identification of which 
is carried out by the least squares method. Laurenchuk [18] presented a computationally efficient predictive 
controller based on the Viner neuron model.

The idea of neural networks is borrowed from biological neural networks, and they similarly possess the 
following properties:

- the possibility of training with or without an operator;
- high reliability. If one or more neurons fail, the neural network continues to function effectively.
- high processing speed.
These properties lead to the widespread use of neural networks in control systems. They are used for 

designing, modeling, and identifying neural controllers and are known as universal approximators. Neural 
networks are suitable for modeling nonlinear, multidimensional static and dynamic systems using the black box 
method. Norgaard [19] in his scientific work describes the construction of nonlinear models of various structures 
(NNFIR, NNARX, NNARMAX) using neural networks. In predictive management, the accuracy of the model, 
that is, the minimum error between the initial process and the model, is important. The accuracy of neural 
network modeling depends not on the type of neural network, but on its structure (the number of hidden layers). 
Usually, a larger number of hidden layers and neurons in them leads to more accurate modeling, but there is 
no unified methodology for determining their structure.

R E S E A R C H  M E T H O D O L O G Y
The study employs a mixed methodological approach based on the collection of secondary data from 

scientific publications, industrial reports, and technical documentation, as well as primary process data obtained 
from monitoring systems. The analysis is conducted using comparative evaluation, mathematical modeling, and 
predictive simulation techniques to assess management effectiveness under different operational scenarios.

A N A LY S I S  A N D  R E S U LT S
The management of complex technological processes and industrial production systems represents one 

of the most challenging tasks in modern engineering and applied economics. Such systems are characterized 
by high dimensionality, nonlinear dynamics, strong interdependencies among variables, uncertainty in external 
conditions, and strict requirements for efficiency, safety, and reliability. Under these conditions, traditional 
reactive control approaches become insufficient, making predictive management models a critical element of 
contemporary industrial systems.

Predictive management models are based on the idea of anticipating future system behavior and 
making control decisions proactively rather than reactively. These models rely on mathematical, statistical, 
and computational methods to forecast system states over a specified time horizon and to determine optimal 
control actions that minimize deviations from desired performance criteria. In complex technological processes, 
prediction is not merely an auxiliary tool but a central component of decision-making.

One of the fundamental challenges in predicting complex technological systems lies in their nonlinear 
nature. Many industrial processes—such as chemical reactions, metallurgical operations, energy production 
systems, and advanced manufacturing lines—exhibit nonlinear relationships between inputs and outputs. 
Linear models, while computationally simple and analytically convenient, often fail to capture the true dynamics 
of such systems, especially under varying operating conditions. As a result, nonlinear predictive models have 
gained increasing attention in both research and industrial practice.

Model-based predictive control (MPC) has become one of the most widely applied frameworks for 
managing complex technological processes. The core idea of MPC is to use an explicit model of the process 
to predict future system behavior over a finite prediction horizon. At each control step, an optimization problem 
is solved to determine the control sequence that minimizes a predefined objective function, subject to system 
constraints. Only the first control action is implemented, after which the process is repeated using updated 
measurements. This receding horizon strategy allows MPC to adapt to disturbances and model uncertainties 
in real time.

In complex production systems, predictive models must account not only for process dynamics but also 
for operational constraints. These constraints may include physical limitations of equipment, safety thresholds, 
environmental regulations, and economic considerations such as energy costs or resource availability. A key 
advantage of predictive management models is their ability to explicitly incorporate such constraints into the 
optimization framework, ensuring feasible and safe system operation.
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Another important aspect of predictive management is the treatment of uncertainty. Complex technological 
processes are often subject to random disturbances, measurement noise, and incomplete information. 
Uncertainty may arise from raw material variability, environmental fluctuations, equipment degradation, or human 
factors. Advanced predictive models address uncertainty through stochastic modeling, robust optimization, or 
adaptive mechanisms that continuously update model parameters based on observed data. These approaches 
enhance the resilience of control systems and reduce the risk of performance degradation under unforeseen 
conditions.

The increasing availability of high-frequency industrial data has significantly influenced the development of 
predictive management models. Modern production systems are equipped with numerous sensors, monitoring 
devices, and digital platforms that generate large volumes of data in real time. This has enabled the integration 
of data-driven methods, such as machine learning and artificial intelligence, into predictive control frameworks. 
Unlike traditional physics-based models, data-driven models learn system behavior directly from historical and 
real-time data, allowing them to capture complex patterns that may be difficult to represent analytically.

Hybrid predictive models, which combine first-principles modeling with data-driven techniques, have 
emerged as a particularly promising approach. In such models, fundamental physical laws provide structural 
consistency, while machine learning components compensate for modeling errors and unmodeled dynamics. 
This combination improves prediction accuracy and enhances the robustness of management decisions in 
complex technological environments.

In production systems with multiple interconnected units, predictive management becomes a multi-
level and multi-objective problem. Decisions made at one stage of the production chain can have significant 
downstream effects, influencing product quality, throughput, and resource consumption. Predictive models 
enable coordinated control across different process stages by considering the system as an integrated whole 
rather than a set of isolated subsystems. This holistic perspective is essential for optimizing overall system 
performance rather than local objectives.

From an economic perspective, predictive management models play a crucial role in improving production 
efficiency and competitiveness. By anticipating future demand, equipment conditions, and process deviations, 
enterprises can reduce downtime, minimize waste, optimize energy consumption, and improve product quality. 
Predictive models support strategic planning by enabling scenario analysis and what-if simulations, allowing 
managers to evaluate the impact of alternative operational strategies before implementing them in practice.

In recent years, the concept of digital twins has further expanded the capabilities of predictive management. A 
digital twin is a virtual representation of a physical process or production system that continuously synchronizes 
with real-world data. Predictive models embedded within digital twins allow for real-time forecasting, virtual 
experimentation, and proactive decision-making. This approach significantly enhances the transparency and 
controllability of complex technological systems.

Despite their advantages, predictive management models face several practical challenges. Model 
development and validation require substantial expertise, high-quality data, and computational resources. 
Inaccurate models can lead to suboptimal or even unsafe control decisions. Moreover, the integration of 
predictive models into existing industrial infrastructures often involves organizational and technical barriers, 
including resistance to change, lack of skilled personnel, and cybersecurity concerns.

Another limitation is the trade-off between model complexity and computational efficiency. Highly detailed 
models may provide accurate predictions but can be computationally intensive, limiting their applicability in real-
time control. Conversely, simplified models may be faster but less accurate. Effective predictive management 
requires a careful balance between these factors, ensuring that models are both reliable and practical for real-
world implementation.

The future development of predictive management models is closely linked to advances in digitalization, 
artificial intelligence, and industrial automation. As computational power increases and data analytics techniques 
evolve, predictive models are expected to become more adaptive, autonomous, and scalable. The integration 
of predictive management with smart manufacturing systems and Industry 4.0 concepts will further enhance 
the ability of enterprises to manage complex technological processes under dynamic and uncertain conditions.

C O N C L U S I O N S  A N D  S U G G E S T I O N S
The analysis presented in this paper demonstrates that predictive control based on linear and nonlinear 

models plays a key role in the effective management of complex technological processes and industrial 
productions. While linear predictive models historically formed the foundation of Advanced Process Control 
(APC) systems and remain widely applied due to their mathematical simplicity and computational efficiency, 
their applicability is limited when dealing with strongly nonlinear, time-varying, and noise-affected processes.
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