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3 Radoy Dukovski

Introduction

Topic relevance

Decision-making processes in the management of technological objects is a current scientific
task, with a strongly expressed industrial character. The optimal management mode can lead to high
profits from production and provide a comfortable working environment for personnel. The problem

of managing objects with an insufficient number of control effects has been raised in the last 30 years.

In this PhD thesis, original results have been achieved related to the analysis of decision-
making processes in the management of actually functioning technological facilities in the energy

and chemical industries, and analytical and experimental models have been developed.
Goals and objectives of the PhD thesis

The present PhD thesis aims to develop, using modern design and automatic control systems,

models of real technological objects to support the decision-making process in their management.
To achieve the goal set, the following tasks have been formulated:

1. To conduct a thorough theoretical analysis of decision-making systems and the challenges

that arise in their application, presented using the means of modern theory.

2. To analyze the operation of a heat-energy technological control object - a steam generator,
by developing models of decision-making systems for controlling the level of the steam-water

mixture and the level in the drum.

3. To propose a decision-making system for automatic regulation of the level of the steam-

water mixture in the drum during real-time operation of an industrial steam generator.

4. To design a membrane bioreactor for the production of yeast Hansenula polymoprha, by
determining the necessary aeration rate to achieve a minimum deformation rate of the material in the
membrane boundary layer of 0.8 [s]. Also, determine the necessary stirring speed to achieve the

desired maximum deformation rate in the cell growth chamber of 15 [s™].

5. Analyze the operation of a chemical technological control object - a cricket filter, by

performing simulation modeling of the decision-making systems for its control.

6. Propose a decision-making system for real-time operation of an industrial cricket filter.

7. To analyze the operation of a chemical technological control object - a dual-fired heater,

by performing simulation modeling of decision-making systems for its control.
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DECISION MAKING FOR PROCESS CONTROL MANAGEMENT OF TECHNOLOGICAL OBJECTS 4

8. To propose a decision-making system for real-time operation of an industrial double-layer
heater.

Content structure

The PhD thesis is structured in an introduction, four chapters, a conclusion - a summary of

the results obtained, a declaration of originality and a bibliography.

The list of publications on the PhD thesis includes five publications, of which one article in a
journal with JCR-IF (Web of Science) and SJR (Scopus) - Bulgarian Chemical Communications
Journal, three articles in the journal Engineering Sciences and one report included in the proceedings
of the international conference - 9th IEEE International Conference on Big Data, Knowledge and
Control Systems Engineering - BAKCSE'2025, which is in the IEEE Xplore Digital Library database
and is referenced in Scopus. All publications are referenced and indexed in world-renowned
databases of scientific information, which meets the requirements of the law on the development of

academic staff in the Republic of Bulgaria.
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5 Radoy Dukovski

CHAPTER ONE

THEORETICAL BASIS OF THE DECISION-MAKING PROCESS

Decision-making under uncertainty, including aircraft collision avoidance, forest fire
management, and disaster response, is a highly important process. When designing automated
decision support systems, it is important to consider the various sources of uncertainty in making or
recommending decisions. Taking these sources into account and carefully balancing the multiple
goals of the system can be a very difficult task.

These challenges will be discussed from a computational perspective, presenting the theory
behind decision-making models and algorithms, and then illustrating the theory on a set of real-world
problems.

1.1. Decision making using intelligent agents.

An agent is something that acts based on observations of its environment. Agents can be
physical objects, such as humans or robots, or they can be non-physical objects, such as decision
support systems that are fully implemented in software.

As shown in Figure 1.1, the interaction between the agent and the world follows an

“observation-action” cycle [1, 10].

Habnwogenue (s,)

[eiictue (@,)

Figure 1.1 Relationships between the environment and the agent
There are many different methods for designing decision-making agents. Depending on the

application, some methods may be more appropriate than others. The most straightforward method
for designing a decision-making agent is to anticipate all the different scenarios in which the agent
may find itself, and then explicitly program the agent to do what is desired. The explicit programming
approach can work well for simple problems, but it places a great deal of burden on the designer to
provide a complete strategy. Various agent programming languages and frameworks have been

proposed to facilitate their programming [2, 7, 8].
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DECISION MAKING FOR PROCESS CONTROL MANAGEMENT OF TECHNOLOGICAL OBJECTS 6

1.2. Decision making using probabilistic models.

Rational decision-making requires reasoning about one’s own uncertainty and goals.
Probabilistic model solutions are based on representing uncertainty as a probability distribution. Real-
world problems require reasoning about distributions over many different variables. The literature

presents tools for constructing such models and how to use them to make inferences [11, 16].

Uncertainty can also arise from practical and theoretical limitations in our ability to predict
future events. For example, predicting exactly how a human operator will respond to advice from a
decision support system would require, among other things, a detailed model of how the human brain
works. Even the paths of satellites can be difficult to predict. Although Newtonian physics allows for
highly accurate predictions of satellite trajectories, spontaneous failures in attitude control engines

can lead to large deviations from the nominal path.

A limitation of using the Gaussian distribution is that it is unimodal, meaning that there is a
point in the distribution at which the density increases monotonically on one side and decreases
monotonically on the other. There are various ways to represent continuous distributions that are

multimodal. One way is to mix a collection of unimodal distributions [4, 11, 16].
1.3. Decision making using a Bayesian network.

A Bayesian network is a compact representation of a joint distribution. The structure of the
network is represented as a graph consisting of nodes and directed edges. Each node corresponds to

a random variable. Directed edges connect pairs of nodes, with cycles in the graph prohibited.

I'Ioape.u.a Ha GETSPMﬂTa o ° I'IpeK'bc:BaHe Ha cnbHYeBaTa eHeprua

° I'Ioape,qa Ha eneKkTpuyeckKara cuctema

OTKNOHEHUWE Ha TPaeKTOpKATa o ° 3ary6a Ha koMyHWUKaLMA

Figure 1.2 Example structure of a Bayesian network

Figure 1.2 shows an example Bayesian network for a satellite observation problem involving
five binary variables. Fortunately, battery failure and solar panel failures are rare, although solar panel

failures are slightly more likely than battery failures [1, 4, 13, 16, 18].

The reason a Bayesian network can represent joint distributions with fewer independent

parameters is because of the conditional independence assumptions encoded in its graphical structure.
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7 Radoy Dukovski

If the conditional independence assumptions made by the Bayesian network are invalid, then we risk

not modeling the joint distribution correctly.

Pazmax Ha kpuneTte ° e Bolicka

3ace4eHo?

Figure 1.4 Example of a Hybrid Bayesian Network
The examples in this chapter so far have involved binary variables, but Bayesian networks
can contain a mixture of discrete and continuous variables. Bayesian networks with discrete and
continuous variables are often called hybrid Bayesian networks. Figure 1.4 shows an example hybrid
Bayesian network representing the relationship between aircraft characteristics, their radar cross

section, and the radar's ability to detect a target.
1.4. Decision making using temporal models.

A temporal model represents how a set of variables evolves over time. A simple temporal
model is a Markov chain, where the state over time 7 is marked as S;. A Markov chain can represent,

for example, the position and velocity of an airplane over time.

Figure 1.6 Markov chain
Figure 1.6 shows the structure of a Bayesian network, which is a Markov chain. Only the first
three states are shown in the figure, but the Markov chain can continue indefinitely. The initial
distribution is given by P(Sy). The conditional distribution P(S; | S;-;) is often called a state transition
model. If the state transition distribution does not change with 7, then the model is called stationary

[22, 23].

The state in a Markov chain does not have to be a scalar. For example, if we want to model
the random behavior of an airplane over time, the state can be a vector s = (h, h), where h is the
altitude of the plane, A is the linear velocity. The initial distribution P(Sy) can be represented by a

multivariate Gaussian distribution parameterized by a mean, vector 4 and covariance matrix 2 with

density:
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DECISION MAKING FOR PROCESS CONTROL MANAGEMENT OF TECHNOLOGICAL OBJECTS 8

p(s) = N(x|w2), (1.17)

where N (s | #,2) is a k-dimensional generalization of the Gaussian distribution in equation (1.6):
1 1 -
NGs |1 2) = G oxp (=5 (6 — 27 (s — ) (1.18)

A simple probabilistic model often used in classification tasks is the simplified Bayesian
model, which has the structure shown in Figure 1.10. An equivalent, but more compact,
representation is shown in Figure 1.11. The value i =1 : n at the bottom of the box indicates that the
index 1 in the subscript of the variable is repeated from 1 ton [16, 17, 19, 22]. In this Bayesian model,
the class C is the query variable, and the observed features O,. .. ,On are the variables of the proofs.
For compactness in this book we will use colon notation sometimes in the indices. For example, O1:n
is a compact way to record Oy ,. .. ,On. The Bayesian model is called simple because it assumes

conditional independence between the evidence variables for which the class is given.

Filtering in linear dynamical systems that assume that the state transition distributions and
observations are linear Gaussian can actually be performed exactly. If b.; is represented as a normal
distribution, then it can be shown that integrating row 5 leads to the posterior b, is Gaussian. The
Kalman filter is a well-known filter for linear dynamic systems that simply updates the mean and

covariance of b;in an appropriate manner.

By the definition of conditional probability, we know that

__ P(bLadlch)

1141 -1
P(b|d", c") =

(1.34)

1.5. Parametric and nonparametric learning.

The Dirichlet distribution is a generalization of the beta distribution and can be used to
estimate the parameters of a discrete distribution. Suppose that X is a discrete random variable that
takes on integer values from 1 to n. We define the parameters of the distribution as 01.,, where P(x)
= 0;. Of course, the parameters must sum to 1, and therefore only the first n — 1 parameters are
independent. The Dirichlet distribution can be used to represent both the prior and the posterior

distribution and is parameterized by o:n.

The density is:
. r -
Dlr(el:nlal:n) = ﬁ ?:1 Hla ! (1.72)

where ay is used to denote the summation of parameters a.:n.
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9 Radoy Dukovski

If n = 2, then it is easy to see that equation (1.72) is equivalent to the beta distribution. It is
common to use a uniform prior distribution, where all Dirichlet parameters ai., are set to 1. A
symmetric Dirichlet distribution is one in which all parameters are identical. As with the beta

distribution, the parameters in the Dirichlet are often called pseudocounts.
1.6. Structured learning.

In the previous sections, it was assumed that the structure of the Bayesian network is known
a priori. This section discusses methods for learning the structure from data. The maximum likelihood
approach to the structure of a Bayesian network involves finding the graph structure G that maximizes
P(G|D), where D represents the available data. First, the Bayesian network score is calculated based
on P(G|D), and then searching the network space for the network with the highest score. Similar to
inference in Bayesian networks, it can be shown that for general graphs and input data, learning the

structure of a Bayesian network is NP-hard..

@ P(c')=0.5

Figure 1.20 Example Bayesian Network
To illustrate how Bayesian estimation balances model complexity, consider the simple
Bayesian network in Figure 1.20. The value of A has little effect on the value of B, and C is
independent of the other variables. We sample this “true” model to generate data D and then try to

learn the structure of the model. There are 25 possible network structures involving three models:

* The true model with 1 +2 + 1 =4 independent parameters,

* The fully connected model A - B,A — C, B — C with 1 + 2 + 4 = 7 independent
parameters,

* The completely unrelated model with 1 + 1 + 1 =3 independent parameters.

It is common for K2 to impose an upper bound on the number of parents for each node to
reduce the required computations. The original K2 algorithm assumes that the prior Dirichlet
parameters a;;; = 1 forall i, j and k, but any a priori can be used in principle [5, 16, 18, 21, 24, 25].
A Bayesian network encodes a set of conditional independence assumptions. An important

observation to make when trying to learn the structure of a Bayesian network is that two different

Abstracts of Dissertations 2026 (7) 3-45



DECISION MAKING FOR PROCESS CONTROL MANAGEMENT OF TECHNOLOGICAL OBJECTS 10

graphs can encode the same independence assumptions. As a simple example, consider a network

with two variables A — B..

Instead of searching the space of directed acyclic graphs, we can search the space of Markov
equivalence classes represented by partially directed graphs. The space of Markov equivalence
classes is smaller than the space of directed acyclic graphs, and therefore the search can be performed
more efficiently. The Bayesian result is defined for directed acyclic graphs. To evaluate a partially

directed graph, we need to generate a member of its Markov equivalence class and compute its result.
1.7. Conclusions on the first chapter.

1. A review of the theoretical foundations of the decision-making process is conducted, and
well-known methods and algorithms for decision-making with wide application in practice are

presented.

2. It is shown that a particular challenge in the decision-making process can be uncertainty,
which arises from incomplete information or the inability to predict future events due to the presence
of practical or theoretical limitations. Proper accounting for uncertainty is important in building

robust decision-making systems.

3. The analysis shows that when using network models, the structure of the network encodes
assumptions about conditional independence, and that probabilistic inferences can be effective if the

structure of the network is used.

4. It 1s shown that Bayesian networks compactly represent the distributions of variables and
are suitable for flexible representation for encoding a wide variety of models, and that Bayesian
methods and maximum likelihood methods can be used to derive the parameters and structure of the

model.

CHAPTER TWO

DECISION-MAKING SYSTEMS

The previous chapter focused on uncertainty, including how to construct probabilistic models
of uncertainty and use them to make inferences. This chapter focuses on how to make rational

decisions based on a probabilistic model and a utility function. We will focus on single-step decisions,

Abstracts of Dissertations 2026 (7) 3-45



11 Radoy Dukovski

reserving the discussion of sequential decision-making problems for the next chapter. This chapter
begins by introducing the basics of utility theory and showing how it forms the basis for rational
decision-making under uncertainty. We then show how concepts from utility theory can be
incorporated into the probabilistic graphical models introduced in the previous chapter to form so-
called decision networks. Since many important problems related to the decision-making process

involve interaction with other agents.
2.1. Utility theory.

The previous chapter discussed the need to compare the degree of conviction regarding two
different statements. In this paragraph, we compare the degree of desirability of two different

outcomes. We state our preferences using the following operators:
* A>B, if we prefer A to B.
» A~B, if we are indifferent between A and B.
* A>B, if we prefer A to B or are indifferent.

Just as beliefs can be subjective, so can preferences. In addition to comparing events, our
preference operators can be used to compare preferences over uncertain outcomes. A lottery is a set
of probabilities associated with a set of outcomes. For example, if S;., is a set of results and p;., are

the associated probabilities, then the lottery involving these outcomes and probabilities is written:

[S1:P15 -5 Sni Dl (2.1)

This section discusses how the existence of a realistically valued utility function arises from
a set of preference assumptions. From this utility function, it is possible to define what it means to

make rational decisions under uncertainty [26, 27].

When building a decision-making system or a decision-support system, it is often useful to
derive a utility function from a person or group of people. This approach is called utility extraction
or preference extraction. One way to do this is to fix the utility of the worst outcome S over 0 and
the best result S7to 1. While the utilities of outcomes are bounded, we can transform and scale the
utilities without changing our preferences. If we want to determine the utility of an outcome S, then

we determine the probability p, so that S~[S;:p; S, : 1 — p]. It follows that:
U(s)=p (2.7)

2.2. Decision-making networks.

Abstracts of Dissertations 2026 (7) 3-45



DECISION MAKING FOR PROCESS CONTROL MANAGEMENT OF TECHNOLOGICAL OBJECTS 12

We can extend the concept of Bayesian networks to decision networks that involve actions
and utilities. Decision networks are composed of three types of nodes:

» A random node corresponds to a random variable (denoted by a circle);

A random node corresponds to any decision that needs to be made (denoted by a square);
* A utility node corresponds to an additive component of utility (denoted by a diamond).
There are three types of directed edges:

* A conditional edge ends at a random node and indicates that the uncertainty in that random
node is conditioned by the values of all its parents;

* An information edge ends at a decision node and indicates that the decision associated with
that node is made with knowledge of the values of its parents;

* A functional edge ends at a utility node and indicates that the utility node is determined by
the outcomes of its parents.

r D U(T,D)

0 0 0

0 1 -10
1 0 1

1 1 -1

Peaymam OT LWUarHoCTUYHKM TeCTOBE

Figure 2.3 Decision network for diagnostic test and utility function
Decision networks are sometimes called influence diagrams. Like Bayesian networks,
decision networks cannot have cycles. Representing a decision problem as a decision network allows
us to take advantage of the structure of the problem when computing the optimal solution in terms of

a utility function.

The optimal solution is the one that, when initialized in the decision network, provides the
highest expected utility. Over the years, various methods have been developed to more efficiently
evaluate decision networks. One method involves removing action and contingency nodes from
decision networks if they have no successors, as defined by conditional, informational, or functional

edges.

Decision networks are a powerful framework for building decision support systems. So far,
we have discussed the key elements in building decision networks and how to use them to make
optimal one-time decisions. We will briefly discuss the procedure for creating a decision network.

The first step is to identify the space of possible actions.

2.3. Game theory.

Abstracts of Dissertations 2026 (7) 3-45



13 Radoy Dukovski

This chapter focuses on rational decision making with an assumed model of the environment.
The methods presented in this chapter so far can, of course, be applied to environments containing
other agents, as long as the probabilistic model captures the effects of the other agents' behavior.
However, there are many cases in which we do not have a probabilistic model of the other agents'
behavior, but we do have a model of their utilities. Decision making in such situations is the subject

of game theory, which will be discussed briefly in this section.

When building a decision-making system that must interact with humans, information about
Nash equilibriums is not always useful. People often do not play a Nash equilibrium strategy. First,
it may not be clear which equilibrium to adopt if there are many different equilibria in the game. For
games with only one equilibrium, it may be difficult for a person to compute the Nash equilibrium
due to cognitive limitations. Even if agents can compute the Nash equilibrium, they may doubt that

their opponents can perform this computation.

A field known as behavioral game theory aims to model agents. There are many different
behavioral models, but the level-k logit model, sometimes called the quantum level-k model, has
become popular recently and tends to work well in practice. The level-k logit model captures the

assumption that people are:

 more likely to make mistakes when those mistakes are less costly, and
* limited in the number of steps of strategic foresight (as in "I think you think I think...").
The model is defined by:

* accuracy parameter A > 0, which controls sensitivity to differences in utility (0 is
insensitive); and

* a depth parameter k > 0 that controls the depth of rationality.

2.4. Basic concepts in decision theory.

Decision making is the process of choosing the best course of action from a set of possible
alternatives. This process can be intuitive, based on experience and knowledge, or structured, based

on analysis and data. Examples of decision making include:

. Choosing a travel route to avoid traftic.
. Deciding to invest in certain stocks.
. Planning a production schedule to maximize output.

Optimization is the scientific discipline that deals with finding the best (optimal) solution to
a problem, taking into account certain constraints. It seeks to maximize or minimize a given objective

function [31, 36, 46, 47, 48].
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. Objective function: This is a mathematical expression that quantitatively measures
the quality of the solution (e.g., profit, cost, time, distance).

. Constraints: These are the conditions or rules that must be met (e.g., available budget,
resources, time frames).

Optimization is a tool used to make rational decisions, especially in complex situations where
intuition is not enough. Any solution that tries to be the “best” by some criterion is actually an attempt

at optimization.

Imagine you are the manager of a logistics company. You have to decide on the routes of your

trucks.
. Problem: How to deliver goods to all customers with minimal cost?
. Goal: Minimize fuel and time costs.
. Constraints: Each truck has limited capacity, workers have working hours, and

deliveries must be on time.
In this case, decision making is the selection of specific routes. Optimization is the process of

finding the most efficient routes that respect all constraints and minimize costs.

Therefore, optimization provides a methodology and framework for systematic decision
making that ensures that the chosen option is not just good, but the best possible under the given
conditions. It transforms decision making from a matter of judgment to a scientific process supported

by data [36, 41, 44, 47, 48].

Three of the main information processing abilities are attention, cognitive abilities, and
memory. Information is perceived by a person, and the ability to pay attention allows a portion of this
perceived information to be processed. The portion of information that is paid attention to is then

cognitively processed by the person, using memory as an aid to make sense of the information.

Another way that expert users simplify the situation to ensure that cognitive processing is
manageable is by using the structure of the context to constrain the possible outcomes of the situation.
Structure is defined as shared knowledge about the functioning of a system that inherently constrains

the evolution of the system state [70, 71].
2.5. Trust and transparency of decision logic.

The first problem that must be overcome when implementing a decision support system is
that users must be able to trust the information and recommendations that the system provides [66,
72, 73]. The definition of trust is selectively adapted from Muir [65, 74]. Trust is the expectation of

a system member that there will be reliability and technically competent performance from another
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15 Radoy Dukovski

system member, which is related to, but not necessarily isomorphic to, objective measures of these
qualities. “Reliability” refers to consistent and predictable performance. “Technically competent”
refers to the capable performance of functions assigned to that member, within certain limits and
constraints. The fact that trust is not directly representative of these qualities indicates that there is a

difference based on human perception of these attributes, which may be biased.

“Misuse” of a decision support system can take several forms. A frequently discussed form is
when designers over-automate a function so that the user’s role is primarily a supervisory, controlling,
or monitoring role. While often innovative and useful, these unintended uses extend the boundaries
of the technical competence of the system, whose use in these areas was not foreseen by the designers

[76].
When the decision support system has a clear answer, it should provide:

1. Information or advice regarding the decision. When designing a decision support
algorithm, designers often consider information in terms of the problem to be solved, not necessarily
in the terms that the user requires to interpret that information. Once the information and/or advice is
generated by the decision support system, the designer must take care to translate it into contextual

terminology and form..

2. Timely information or advice. Similarly, when the system provides information or advice,
it must be provided at the appropriate time. Some decisions must be made hours before

implementation, while others are time-critical and the user has only seconds to react appropriately.

3. Reliable information or recommendation. As discussed in the section above, the reliability
of a system is critical to the user's ability to develop trust in the system. Reliability in many

circumstances must be assessed before the system is implemented..

4. Reviewability of information or recommendation reliability. In order for designers to
properly calibrate trust in a decision support system, information about the reliability of the system

must be regularly provided to the user.

5. The rationale for the decision support recommendation. Some decision support systems
help decision-making in the longer term by providing additional information or a decision support

recommendation.

Progressive decision making is defined as the periodic review of information and the

adaptation of strategic decisions to updated information as it becomes available. This type of decision
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making involves making sound strategic decisions that anticipate the need for subsequent adaptation,
ensuring that multiple tactical options are available later in the operational time horizon, and
reviewing decisions made as information updates.

2.6. A systems view of implementation.
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Figure 2.11 Systems development process
Implementing an effective decision support system is an iterative process (Figure 2.11).
Ideally, the design of a decision support system should begin with field observations and analysis of

operational data to understand the operation and the role of the users.

The designer’s understanding of the operation, users, and constraints forms the operational

model. From this operational model, the need for decision support can arise and requirements are

defined.

The design and development of the decision support system then takes place, resulting in a

procedure, human-machine interface/graphical interface, and training.

The implementation of the decision support system impacts operations, and its impact can be

measured through analysis of operational data and field observations.

When designing a decision support tool, there is often a basic idea for the system that is

translated into at least a functional requirement to support decision making.

In the broad sense of a decision support system, the decision support provided may include a
technical algorithm supported by a visualization for the user, a new procedure, new or modified
training, or some combination of these three. Effective implementation of the decision support (tool,

procedure, training) results in measurable benefits.

2.7. Conclusions on the second chapter.
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1. It is shown that the process of rational decision-making combines probability theory and
utility theory, and we can build rational decision-making systems based on utility functions derived
from people.

2. The existence of a utility function follows from the constraints on rational preferences. A
rational decision is one that maximizes expected utility. People are not always rational.

3. It has been found that in making rational decisions with an assumed model of the
environment, Game Theory, involving multiple agents, can be very useful. This is appropriate when
there is no probabilistic model of the behavior of agents, but there is a model of their utilities.

4. The concept of trust is considered as a key component, both for the design of algorithms
and their acceptability, and a systems approach is presented as a framework for developing an
effective iterative design method that includes training and systematic measurements in addition to
the design work.

5. A concerted effort to truly understand the problem, the context, and the experts involved is
needed before designing a decision support system. This understanding will make the difference
between a system that provides true decision support and one that either hinders the process or is not

used at all.
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CHAPTER THREE

DECISION MAKING IN THE MANAGEMENT OF A HEATING
TECHNOLOGICAL OBJECT

A significant part of modern automatic control systems ensure stable operation of
technological facilities in the energy sector. Such facilities have a significant share in the economy

of each country and are of strategic importance for the country's national security.

This chapter analyzes the operation of a key facility in the electricity generation system,
namely the steam generator. The object of the study is the processes of steam generation and the
operation of the equipment used. The principles of operation and different types of steam boilers are
briefly considered. The process and stages of steam production are described and the components in
the production system are mentioned. A mathematical model of the drum is created and various
control strategies used in the automation of the process are briefly presented. The control processes
and decision-making stages related to the operation of the technological facility are schematically

presented.
3.1. Principle of operation of a steam generator.

The basic principle of operation of a steam generator (boiler) is very simple and easy to
understand. Essentially, a boiler is a closed vessel with water. Fuel is burned in the furnace chamber
and hot gases are produced. These hot gases come into contact with the so-called downpipes, where
the heat of the hot gases is transferred to the water and as a result steam begins to form in the boiler.
The steam is then reheated several times until the required parameters are reached and fed to the

turbine or to a collecting manifold.

When the steam pressure decreases, the water level rises because the steam bubbles expand
(swell). Conversely, when the steam pressure increases, the water level decreases due to the
compression (contraction) of the steam bubbles [85]. This makes the object non-minimally phase
(Figure 3.2), which leads to control problems when regulating the level in the steam generator drum.
The “barriers” in Figure 3.6 are separators that separate the dry steam from the steam-water mixture

and provide a guided path for the dry steam.
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Figure 3.6 Schematic of the steam drum of a water tube boiler..

3.2. Mathematical modeling of a steam generator.

In the process of modeling a steam boiler, the goal is to represent the phenomenon of
contraction and swelling: the increase or decrease in the boiler's steam consumption, which leads to
a change in level, exactly the opposite of what is intuitively expected. If there is a sudden increase in
steam consumption, the level temporarily increases due to the momentary drop in steam pressure
caused by the increase in consumption. This initial drop in pressure leads to greater evaporation and
an increase in the size of the steam bubbles (the swelling phenomenon), which causes the level in the

drum to rise until the heat flow increases enough to restore the pressure value.
3.3. Steam-water mixture level control in a steam generator.

In the scheme of Figure 3.18, the level is stabilized by a single-loop system that varies the
amount of blowing air Fz depending on the current value of the difference A6 =6.—01 between the
temperatures in the vapor and liquid spaces. When the foam reaches the sensing element at the top of
the column, the temperature 6. starts to drop and the regulator reduces the air flow F3, as the height

of the foam layer is reduced.
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Figure 3.18 Combined control scheme
The level control in the separators of the boilers (Figure 3.14a) is carried out according to the
combined control scheme shown in Figure 3.18. In addition to the main signal via level feedback L
in the level regulator C(p) two compensating signals are also supplied g; and g>. The compensator K;
is designed as a non-inertial unit and takes into account random changes in water consumption F7,
due to pressure changes in the supply line. The compensator K is also implemented as a proportional

unit and takes into account changes in steam consumption D,.
3.4. Level control in the steam generator drum.

A combined drum level control system (Figure 3.21) is ideal for cases where the boiler plant
consists of multiple boilers and multiple feed water pumps or the pressure drop across the control
valve is variable. The drum level, the steam flow rate and the feed water flow rate must be measured.
In order for the system to be in equilibrium (the level does not change), the steam flow rate must be
equal to the feed water flow rate. If there is a difference between the two flows, the level will either
increase or decrease continuously (the object has integrating properties). The difference between the
steam flow rate and the water flow rate is fed as a correction value to the drum level setpoint. In this
way, any disturbance in either flow rate is reflected in the control action before the level has changed.
The efficiency of the three-pulse control system under transient conditions makes it very useful for
general industrial and domestic steam generator applications. It handles loads with wide and rapid

rates of change [101, 102].

3.5. Simulation modeling of steam generator control systems.
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For the purposes of the study, a gas boiler (Figure 3.25) F-1011 with four burners, with forced
and induced draft and flue gas recovery and with a capacity of 70000 Lbs/Hr was selected. It has a

feedwater economizer that uses flue gas exhaust [110].
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Figure 3.25 Design scheme for drum level control in boiler F - 1011

(1 - feed water control regulator; 2 - drum level regulator; 3 - level transmitter; 4 - water flow
transmitter; 5 - ratio regulator; 6 - mode indicator of the corresponding regulators; 7 - steam flow; 8
- water flow continuous purges; 9 - manual switch)

In the MATLAB programming environment, using Simulink, a model (Figure 3.26) was built
for level control in the F-1011 boiler, with the data for Level block 1, 2 and Level integrator being

real and taken from a refinery in El Paso, USA..

We have a non-minimum phase object with the following transfer function:

_30s-1 -2 1 (3.39)

" 10s+1 5s+1 30s

W(s)

It can be seen that we have an integrating unit with a 15 second integration time and a non-
minimum phase part, which can be approximated with a pure delay of 45 seconds. This makes the
control object too complex, compensation for the non-minimum phase is necessary, which can be
largely achieved by using the three-element control scheme discussed in the literature review. The
equilibrium point of the exemplary simulation, at which the level is zero with 70% steam
consumption and 70% water consumption. At the entrance to the object with the shown transfer
function, the difference between the water consumption and the steam consumption enters. Due to
the integrating properties of the object, if this difference is positive, the level will increase constantly,

and if it is negative, the level will decrease constantly.

To compensate for the swelling and shrinkage of the level when changing the steam
consumption or water consumption, the difference between the steam and water consumption is

added to the setpoint with a weighting coefficient, which is part of the control scheme setup.
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As discussed in the literature review, when increasing the steam consumption, the level
increases at the first moment and in the given model it will start to fall after 45 seconds. This fact is
sufficient for inadequate response of the regulator in a conventional regulation scheme, without
compensation of non-minimum phase. In the present scheme, the difference between steam and water,
weighted through the coefficients Gain S and Gain_S1, is fed to the setpoint (Setpoint block). Thus,
the increase in steam consumption instantly increases the setpoint, which leads to an increase in water

consumption, despite the fact that the level increases, not decreases.

In other words, compensation is achieved for the increase in level due to the pressure drop in
the drum and the expansion of the steam bubbles. In a conventional scheme, this fictitious higher
level leads to the stoppage of the feed water supply at a time when more water is really required. The
controller used is PI. We do not use PID because there is a valve at the output of the controller that is

not able to handle an output containing a differential component and may be damaged..

¥ Level - Semwlink - o x
Fie o View Diply Diagam Semusion Andysis Code Took Melp

-o-8 Fik MR- R ICH [~ 500 ] [woma - @] -

Figure 3.26 Model for level control in boiler F-1011 (MATLAB Simulink)
Figure 3.29 shows a control module 10LC133 for controlling the level in the drum, where

LEADLAG, DATAACQ, ADD, MUL, SUB, NUMERIC and PIDA function blocks are involved..
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Figure 3.29 Control module 10LC133

3.6. Experimental results from the analysis of a steam generator.

In the plant control system (original configuration) boiler F-1011, which is presented in Figure
3.39, a PI controller with a gain of 0.85 and an integration time of 7 minutes is used. The reason for
this is that before the modernization, the control scheme was single-loop, considered in the literature

review. It does not allow sharp adjustments of the controller.

Tuning - general Gain options

Control equation: R Gain option uNn -
Control action: [REVERSE -~ Overall gain: [ s
Integral time T1 (minutes): [ im Low limit: 0.00 High limit: [ 240,00
Low limit l—o,oo High limit: [~ 1440.00 Linear gain factor: [ haN
Derivative time T2 (minutes):  om Gap gain factor: [ naN
Low limit ,—ono High limit: [~ 1440.00 Low limit: NaN High limit: [ NaN
Filter time (minutes) l—m Nen linearity form l—g

INon linear gain factor: NaN
External gain factor NaN

Figure 3.39 Original settings of control module 10LC133
For the purpose of the study, the three-component scheme was used, as already mentioned
with a PI controller, due to the presence of a slow valve and with weighting coefficients for the

difference between the steam and water flow rates supplied to the setpoint.

The weighting coefficients for the difference between steam and water were determined
experimentally. In the simulations conducted, they ranged from 1 to 7. The controller settings are a
gain coefficient: k=0.7 and integration time /=10 seconds. We see a significant difference in the

integration time compared to that of the plant. Figure 3.40 presents the results obtained.

The best results were obtained with weighting factors k=7. It can be seen that the correction
to the setpoint is sharpest, which leads to a stronger correction in the water flow before the level has

deviated significantly.
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0)

B)
Figure 3.40 Level adjustment at different compensation coefficients
a) - at k=3; 0) - at k&=5; B) - at k=7
Figure 3.41 shows the open-loop scheme (the controller output does not affect the feedwater
flow). The scheme is used to illustrate the open system under steam and water disturbances. The

results are shown below in the text and compared with those obtained in EPKS.
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Figure 3.45 Level calc control module
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Figure 3.46 Control module 10LC133
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The 10LC133 control module, which is responsible for regulating the level in the drum, is
configured with the weighting factors and controller settings obtained in MATLAB. MONITORING
mode is shown in Figures 3.45 and 3.46 for the Level calc and 10LC133 control modules, in which

the level in the drum is calculated and regulated.

Figure 3.51 shows the behavior of the open-loop and closed-loop control object implemented
in Honeywell’s Experion PKS software environment. The figure is divided into three parts: the first
part shows the behavior in open loop with a working water flow controller and a change in its setpoint.
The change in level as a result of these disturbances is shown. The non-minimum phase and

integrating nature of the object is clearly visible.

The second part shows a setpoint disturbance in a closed loop. The level drop is seen as the
feedwater flow rate increases and the new setpoint is reached, at which the water flow rate again

becomes equal to the steam flow rate.

The third part shows a steam flow rate disturbance (the steam flow rate decreases stepwise).
The sharp correction added to the level setpoint is seen, causing the immediate decrease in water flow
rate, whose value equals the steam flow rate when the level is established at its previous value [120,

122].

Figure 3.51 Behavior of the control object in open and closed loop, implemented in the Experion
Process Knowledge System programming environment

After creating the level control model in the MATLAB programming environment and
implementing it in the Experion PKS programming environment, experiments were conducted to
compare the behavior of the model used in the two systems. The graphs in Figures 3.52 and 3.53

show the level change in an open loop.
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Figure 3.52 Open Loop Drum Level Behavior with Water Disturbance (Experion Process
Knowledge System)

a) 10FC133 PV (feed water) - turquoise line; b) 10F1143 PV (steam quantity) - purple line; c)
10LC133 SP (drum level setpoint matching the actual level in open loop operation) - yellow line; d)
10LC133 PV (actual drum level) - white line

T

Figure 3.53 Open-loop drum level behavior under water disturbance (MATLAB)

a) 10FC133 PV (feed water) - turquoise line; b) 10F1143 PV (steam quantity) - purple line; c)
10LC133 SP (drum level setpoint matching the actual level in open-loop operation) - red line; d)
10LC133 PV (actual drum level) - green line

The simulations performed show that in MATLAB the change in feed water is an
instantaneous process. In the Experion PKS environment, the amount of water changes a little slower,
since a valve is also simulated. A valve is not simulated in MATLAB, since the simulation there was
conducted to verify the idea and operability of the proposed scheme, which is implemented in full

scale in Experion PKS.

The results obtained from the analysis performed prove the operability of the control scheme

in real conditions with the model of the control object set in this way.
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3.7. Conclusions on chapter three.

This chapter discusses the types of steam generators and their operating principle. The
mathematical description, transfer functions and transient characteristics of a non-minimally phase
object, such as the level in the steam generator, are presented. The following conclusions can be

drawn from the conducted research:

1. An analysis of the processes occurring in a steam-water mixture for the purposes of level
control is made and the features of the steam-water mixture as a regulated variable are presented. The
results of the studied systems for automatic control at different gain coefficients of a static disturbance

compensator are presented.

2. Mathematical dependencies describing the dynamic characteristics of the processes
occurring in the steam generator are presented and simulation schemes for real-time level control in
the MATLAB Simulink and Experion Process Knowledge System environments are developed to

obtain a mathematical model of a real steam generator.

3. The proposed system for automatic regulation of the level of the steam-water mixture in
the drum with the Honeywell Experion Process Knowledge System decision-making tools, during

the operation of a steam generator at the El Paso refinery in the USA, increases its productivity.
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CHAPTER FOUR

DECISION MAKING IN MANAGEMENT OF CHEMICAL
TECHNOLOGICAL FACILITIES

This chapter will present results from the analysis of the decision-making process in the

management of various chemical technological facilities.
4.1. Membrane bioreactor control.

Membrane technologies are increasingly used in biotechnological production and allow the
separation of components contained in the liquid phase of the bioreactor according to their size, which
can vary from a few angstroms to a few millimeters. Of particular interest are membrane bioreactors
with a submerged membrane module, in which conditions are created for achieving high product
quality with reduced energy consumption and a reduction in the amounts of solvents used. These
advantages lead to lower operating costs. The optimal operation of the membrane bioreactor is related
to: the position of the membrane module in the reactor; the gas/liquid ratio; the transmembrane

pressure; the creation of sufficient shear stresses that favor the friction of the membrane surface.

Submerged membrane reactors and aeration of the type of bubble or airlift columns with an
integrated membrane module use the favorable influence of the two-phase gas-liquid flow on the
shear stresses around the membrane. Increasing the shear stress near the membrane is considered one
of the most effective ways to control fouling. Of course, care should be taken to avoid possible
deactivation of shear-sensitive components. It is important to investigate the tangential stress field

and its homogeneity near the membrane surface, for which systematic information is lacking..
4.2. Design of a membrane bioreactor.

For the purpose of the study, based on the literature review, a bioreactor with aeration and
stirring and a submerged membrane module was selected, shown in Figure 4.15. This bioreactor is
made up of two chambers (1-outer chamber and 2-inner chamber), with the substrate necessary for
cell growth entering chamber 1 through the lower opening (9), and the solution outlet (10). The
substrate passes through the membrane surface (5) into chamber 2, in which cell growth takes place,
the bottom and cover of the membrane module (6). Stirrers (4) are installed in it, which are driven by

an electric motor (13). A toroidal-shaped bubbler (3) is placed in the lower part of chamber 1, through
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which air is introduced for mixing the materials and cleaning the membrane module. The air
necessary for aeration is introduced through the supply pipe (11), released onto the free surface of
the solution in chamber 1 and exits through a ventilation hole (12). The membrane module can be
dismantled by first dismantling the drive motor (13) and the gearbox (14) and removing the fastening

elements of the membrane module (8) from the membrane block bed (7), shaft (15).

Figure 4.15 Submerged membrane module bioreactor with aeration and agitation
The required volume and height of the membrane bioreactor were determined by a numerical
experiment in the MATLAB programming environment, so as to reach the desired cell throughput of
6 [g/h]. To determine the height, the ratio H/d=1.5 from the standard geometry for a laboratory reactor

was taken, and the diameter was calculated based on the volume obtained from the experiment.

Cell growth in chamber two, as well as the amount of substrate in both chambers, was
calculated using the ode23 function in the MATLAB programming environment, which allows for

the calculation of up to three differential equations. The equations used are as follows:

- substart in 1st chamber: %Vl = vSy, — vS; — Per(S; — S,) (8.16)
: ds 1

- substart in 2nd chamber: d_t2 Vi, = Per(S; — S,) — F/SMXVZ (8.17)

-cells: Z—sz = uXV, (8.18)

For the parameters of this model we use experimental data from Figure 4.15 and Figure 4.16

(cell growth): kinetics of Mono with pmax= 0.5 [h']; Ks=0.12 [g/l]; Yxs=0.52; initial substrate
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concentration So= 2 [g/l]; flow rate in 1st chamber v= 2[l/h]= 0,00056 [kg/s]; membrane data
Per=0.52 [dm/h] u A=5.29 [dm?].

From the results obtained, it was found that the required productivity of 6 [g/h] is achieved
by a volume of the membrane module 1.4 [dm?] (Figure 4.24). The minimum aeration rate was
determined by means of a numerical experiment (computer simulation) implemented with ANSYS,
version 16.0. The present experimental work was implemented at the Center for Mathematical
Modeling and Computer Simulation at UCTM with the ANSYS CFX product, for which UCTM has

a permanent license.

The computer simulation was carried out on the working volume of the reactor, shown in

Figure 4.17

Membparer
MOy

BapGoptsop

Figure 4.17 Schematic representation of the experimental bubble reactor

4.3. Simulation analysis of a membrane bioreactor.

Initial conditions of the numerical study:

- amount of air supplied by the bubbler equal to 0.05 volume fractions, which for the specific
dimensions of the bubbler corresponds to 100 holes creating bubbles with a diameter of 6 [mm];

- amount of the mixture, which includes two solutions - Mixture and Kletki, at the inlet is
equal to 0.95 volume fractions;

- for the gas outlet, the Degassing function is used, which is provided by the ANSYS CFX
software product;

- equations 8.15-8.17 are set for the calculation of cell growth in the membrane module;
- water concentration is set with Constant.
The experiment was conducted at an air velocity varying in the range from 0.1 [m/s] to 0.8

[m/s] through 0.1 [m/s]. After each experiment, the average angular deformation rate along the
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membrane surface on the side of chamber 1 was calculated using the calculator built into the system.
Additional cutting planes were constructed to monitor process characteristics, such as flow rate and

reactor pressure..

The experiment to determine the maximum stirring speed was conducted under the same
conditions as the experiment to determine the minimum aeration speed. The observations were
concentrated inside chamber 2, where the cell growth was taking place. The main parameter in this
experiment was the angular speed of the stirrers, which was changed in the range from 5 [rev/min]
to 35 [rev/min] in 5 [rev/min] increments. To monitor the hydrodynamic characteristics of the

process, the calculator of the software system and additional planes were used..

Numerical experiments were conducted in the MATLAB programming environment to size
the operating parameters of the membrane module and the entire reactor, with the volume of the
membrane module varying from 0.55 [dm’] to 1.6 [dm’] with a step of 0.1 [dm’]. A computer
simulation was conducted with different reactor volumes to track cell growth and the results are

presented in Figure 4.21.
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Figure 4.21 Cell growth
The graph shows that with increasing reactor volume, the growth rate of Hansenula
polymorpha decreases (the slope of the graph lines decreases). The highest cell concentration is at a
membrane module volume of 0.55 [dm?], however, the productivity relative to the reactor volume

(Figure 4.22) at this size is too low, which is explained by the smaller volume of the membrane

module.
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Figure 4.22 Productivity curve

Therefore, a new approximation is made, this time the working volume of the membrane starts
from 1.2 [dm?] to 1.6 [dm’] with a step of 0.02 [dm?]. A new result is obtained (Figure 4.23), in which
the cell concentration is lower compared to the results obtained from the previous Figure 4.22, also

due to the smaller step the number of curves showing cell growth increases, but at the expense of this

the productivity increases, as can be seen from the graph in Figure 4.24.
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Figure 4.23 Cell growth at initial membrane size 1.2[dm’]
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Figure 4.24 Performance curve for membrane size between 1.2 [dm?] and 1.6 [dm?]
From the graph shown in Figure 4.24 it is noted that the set productivity of 6 [g/h] is achieved
at a volume of the membrane module of 1.4 [dm?]. The two chambers of the reactor have the same

volume, therefore the inner and outer chambers are 1.4 [dm®] each and for the volume of the entire

reactor we get 2.8 [dm?®] [146].
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Figure 4.25 Cell growth (obtained with ANSY'S CFX)

S2 (in green) - substrate concentration at the reactor outlet; S1 (in blue) - substrate
concentration required for cell growth; X (in black) - cell concentration

After determining the dimensions and operating parameters of the reactor and the membrane
module with MATLAB, computer simulations of cell growth in the selected reactor were carried out
in the ANSYS programming environment. The graphs in Figure 4.25 and Figure 4.26 show the

change in the cell concentration in the inner chamber of the bioreactor.
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The results shown in the above figures are at different dimensions of the time axis, as in
MATLAB time is presented in hours, while in ANSYS CFX it is in seconds. Also, the graph obtained
with ANSYS CFX shows the presence of disturbances. These disturbances appear after the 18th hour
(65000 seconds). In general, the two graphs are identical, which can be considered as a verification

of the used model for computer simulation.

Konuentpauns, [g/1]

Bpewue, [h]

Figure 4.26 Cell growth (obtained with MATLAB)

S2 (in red) - substrate concentration at the reactor outlet; S1 (in green) - substrate
concentration required for cell growth; X (in black) - cell concentration

Aeration has a significant effect on the shear rate, by increasing the degree of aeration, more
intense turbulence is achieved inside the bubble column. In addition, aeration contributes to the higher

efficiency of the membrane module by reducing the formation of sediment on the membrane surface.
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Figure 4.27 Strain rate in the boundary layer
The results presented in Figure 4.27 show the dependence of the deformation rate at the

boundary layer on the outer side of the membrane. In the ANSYS CFX programming environment,
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the deformation rate in the boundary layer was calculated at different air inlet speeds of 0.1 [m/s] till

0.8 [m/s].

From the graph in Figure 4.27 it is visible that with increasing air velocity the deformation
rate also increases. On the one hand this tendency prevents contamination of the membrane module,
but it can have an adverse effect on the cells developing in the reactor. For the set minimum

deformation rate of 0.8 [s™!], the graph shows a minimum speed of the bubbling air of 0.55 [m/s].

The ANSYS CFX environment allows the obtained numerical results for the deformation rate
in the outer chamber of the reactor to be represented vectorially and in the form of colored contours,

shown in Figure 4.28 and Figure 4.29.

Figure 4.28 Shear rate in the outer chamber

(a) - at aeration rate 0.2[m/s]; (b) - at aeration rate 0.4[m/s]; (c) - at aeration rate 0.6[m/s]

|y '”',“W"_' !

Figure 4.29 Shear rate in the outer chamber (vector representation)

(a) - at aeration speed 0.2[m/s]; (b) - at aeration speed 0.4[m/s]; (c) - at aeration speed 0.6[m/s]

The following Figure 4.30 shows a close-up of the vector direction of fluid movement.
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Figure 4.30 Direction of fluid movement in the outer chamber (vector representation)
From the above figure it is clear that at higher aeration rates greater turbulence is achieved
around the membrane module. Figure 4.31 presents the results for the shear rate distribution in the

inner chamber of the reactor, induced by the stirrer at different rotation speeds from 5 [rev/min] to 30

[rev/min].
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Figure 4.31 Deformation rate induced by the stirrer
To reach the set maximum deformation rate of 15 [s™'], it is determined from the graph that
the maximum speed of the stirrer should be 22 [rev/min]. In the following figures, Figure 4.32 and
Figure 4.33, the deformation rate at different stirring speeds in the inner chamber of the reactor is

represented by colored contours and vector.
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Figure 4.32 Strain rate in the inner chamber

(c) - at stirring speed 20 [rev/min]; (d) - at stirring speed 25 [rev/min]

Figure 4.33 Strain rate in the inner chamber
(a) - at stirring speed 10[rev/min]; (b) - at stirring speed 15[rev/min]; (c) - at stirring speed
20[rev/min]; (d) - at stirring speed 25[rev/min]

It can be seen from Figure 4.32 and Figure 4.32 that with increasing the speed of the stirrer,
the deformation rate also increases, which leads to better mixing, but can also lead to the destruction

of living cells in the inner chamber of the reactor.

The deformation rate presented in Figure (d) at the speed of rotation of the stirrer 25 [rev/min]
is most clearly expressed, with the highest deformation rate reached being colored in red and the

lowest in blue [146]. In Figure 4.34, the direction of rotation of the stirrers is represented vectorially.
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Figure 4.34 Direction of stirring (vector representation)

4.4. Cricket filter management.

The Cricket filter shown in Figure 4.35 was developed by amafilter® Filtration group® and
was introduced in 1990 and has since been installed in over 1000 industrial applications worldwide.
It has become an established pressure filter, designed to combine the advantages of pressure leaf
filters and cartridge/candle filters while avoiding their disadvantages. It is particularly suitable for
separating fine solids from liquids, widely used in applications such as edible oil, gelatin, cocoa

butter, sugar, sweeteners, oleochemicals, mining and amine cleaning.
4.5. Simulation analysis of cricket filter.

The above-mentioned cricket filter is implemented at the Karachaganak Petroleum Operating
B.V. (KPO) refinery in Kazakhstan. KPO. The cricket filter control strategy was developed in
Honeywell Experion Process Knowledge System (PKS),

The station allows the operator to see all active alarms, which can be viewed in the alarm list.
Figure 4.41 shows the steps in controlling the cricket filter with the currently active display in place.
This display allows the operator to see the actual step, but does not provide any other process

information.
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Figure 4.41 Steps to implement the cricket filter

4.6. Dual fired heater control.

Dual-fired heaters, also known as dual-fired process heaters, are advanced thermal units

capable of operating on two fuel sources, typically natural gas and fuel oil. This dual-fuel flexibility

increases energy security, operational reliability, and profitability in industries such as oil extraction,

petrochemicals, and power generation.

4.7. Simulation analysis of a double-layer heater.

The control strategy for the double-layer heater was developed in the Honeywell Experion

Process Knowledge System (PKS).

Figure 4.44 Sequence Control module
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For the dual-fire heater system, due to the number of steps that had to be performed, it was
done with a sequential control module (Figure 4.44). The HMI library also provides an SCM form

(Figure 4.50) where the steps can be seen, as well as the commands that are executed during the step.
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Figure 4.50 Honeywell solution pack SCM shape

Number STEP

Step 1 STAND BY
Step2 PRE START
Step3  FILLING

Step4  VENTING

Step5 CLOTH WASHING

(9]
2
(=]
N
>
(9]
@
o
N
W

Step 6 REFILL

Step 7  VENTING 2

Step 8  CLARIFICATION 1
Step9  CLARIFICATION 2
Step 10 FILTRATION

Step 11 CIRCULATION

Step 12 EMPTYING

Step 13 VENTING 3

Step 14 OPEN CAKEDOOR
Step 15 CAKE DISCHARGE
Step 16 PULSE

Step 17 VALVE CLOSE

Step 18 CAKE DISCHARGE READY
Step 19 CLOSE CAKEDOOR

0000000000000 COOO0O00E
O0O0C0O000O0OQ0O0OCOOCOC0O0O0OO

O O OO0 CO0 OO0 © OO0 oo oo oo
O O OO0 000 O 00 OO0 oo oo oo

Figure 4.51 Popup Display
From here, the operator can easily understand the process and can determine if a condition is
not met and from there decide whether it is necessary to override it or not, without having to open

the configuration studio.

Karachaganak Petroleum Operating B.V. (KPO) previously used a pop-up display (see Figure
4.51) before adopting the SCM format. Although the display is still active on site and shows the

current steps, its usefulness is minimal: it only shows the actual step and does not provide the operator
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with additional data. However, this simplicity offers a critical advantage: it does not degrade system
performance. In contrast, the standard form of SCM is very data-intensive and can cause delays or

crashes in the Experion station, especially when multiple SCMs are present on one display [117-120].
4.8. Conclusions on chapter four.

From the conducted research and the obtained results of the analysis in the fourth chapter, the

following conclusions can be drawn:

1. The MATLAB working environment allows numerical solution of the mathematical model
from ordinary differential equations describing the material balance by cells and substrate. The results

obtained with the program code allow calculation and sizing of a bioreactor at a given productivity.

2. The ANSYS CFX program environment allows for description of the hydrodynamic picture
in the bioreactor and around the membrane module. The created computer model can be verified by

comparing with results obtained from calculations with MATLAB.

3. At different reduced gas velocity (0.4 [m/s] and 0.6 [m/s]) and the same other conditions
(location of the membrane module relative to the bubbler), the deformation rate increases at a higher
reduced gas velocity. It has also been found that to achieve the specified minimum deformation rate

of 0.8 [s!], the minimum speed of the bubbling air needs to be 0.55 [m/s].

4. When the stirring speed is changed, the deformation rate in the inner chamber of the
bioreactor increases, which can adversely affect cell growth. To achieve the specified maximum

deformation rate of 15 [s™!'], the maximum speed of the stirrer needs to be 22 [rev/min].

5. It is shown how to control a cricket filter with a dry sludge outlet, manufactured by
Amafilter® Filtration group®, using the Honeywell Experion Process Knowledge System
environment. By improving Sequence Control and thanks to the HMI Display Builder, it is easier for
users to understand the system and thus increase its productivity. The Sequence Control Module
allows users to see in real time what is happening with the system and using the different Handlers,

every possible scenario can be controlled.

6. The proposed system for controlling technological objects with the help of Honeywell
Experion Process Knowledge System for decision-making in the operation of a cricket filter for the
Karachaganak Petroleum Operating B.V. (KPO) refinery in Kazakhstan increases the productivity of

the system.
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7. The control of a double-layer heater using the Honeywell Experion Process Knowledge
System environment is shown. By improving the sequence management and thanks to the use of HMI
Display Builder and Electronic Work Instructions, users are able to more easily understand the
system, as well as avoid interruptions and reduce operator errors, thereby increasing productivity.
The sequence management module allows users to see in real time what is happening with the system,

and with the help of the various tools provided by it, any possible scenario can be controlled.

8. The proposed system for controlling technological objects with the help of Honeywell
Experion Process Knowledge System for decision-making in the operation of double-fired process
heaters for the Karachaganak Petroleum Operating B.V. refinery (KPO) in Kazakhstan, increases

system performance.
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Conclusion - summary of the results obtained
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Major scientific and applied scientific contributions

The set goals and objectives of the PhD thesis are aimed at achieving highly efficient
management of complex technological objects, offering the possibility of using various modern
design and management methods in order to coordinate local management systems of individual

processes and achieve effective management of technological objects.

The obtained results, described in this PhD thesis, can be summarized in the following

scientific and scientific-applied contributions:

1. An in-depth theoretical analysis of decision-making systems and the challenges that arise

in their application, presented using the tools of modern theory, has been conducted.
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2. The operation of a thermal energy technological control object - a steam generator - has
been analyzed, and models have been developed for control at the level of the steam-water mixture

and at the level in the drum, in the presence of a static disturbance compensator.

3. Simulation modeling of decision-making systems for controlling a steam generator was
carried out, and simulation models were developed in the MATLAB Simulink and Experion Process

Knowledge System programming environments for a mathematical model of a real steam generator.

4. A system for automatic regulation of the level of the steam-water mixture in the drum using
Honeywell Experion Process Knowledge System decision-making tools is proposed during real-time
operation of a steam generator at the El Paso refinery in the USA..

5. A membrane bioreactor for the production of yeast Hansenula polymorpha has been
designed, with a productivity of 6 [g/h] at a cultivation temperature of 30 [°C] and a growth medium
of methanol. The required aeration rate has been determined by computer simulations of the
hydrodynamic behavior around the membrane boundary layer at a minimum strain rate of 0.8 [s™].
The required stirring rate has been determined by computer simulations of the hydrodynamic

behavior in the cell growth chamber at a maximum strain rate of 15 [s™].

6. A simulation modeling of a chemical technological control object - a cricket filter has been
carried out and a control system has been proposed using the Honeywell Experion Process
Knowledge System for decision-making in real-time operation of a cricket filter for the Karachaganak
Petroleum Operating B.V. (KPO) refinery in Kazakhstan.

7. A simulation modeling of a chemical technological control object - a double-layer heater
was carried out and a control system was proposed using the Honeywell Experion Process Knowledge
System for decision-making in the real-time operation of double-fired technological heaters for the

Karachaganak Petroleum Operating B.V. (KPO) refinery in Kazakhstan.
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YBOoa

AKmyaﬂHocm Ha memama

Hacoxara Ha u3cieqBaHusATa B HACTOSIUS AUCEPTALIMOHEH TPY/ € Ipolieca B3eMaHe Ha
pELICHUs] TIPH YNPABJICHUETO HAa TEXHOJOTMYHHM OOEKTH, KOETO Ja MO3BOJIM IIOCTHTaHE Ha
cuHeprudeH edekr. ToBa CHOTBETCTBA Ha JyXa Ha ChBPEMEHHHUTE HM3CIECIBAHUS C TIXHATA
MHOTOIIOCOYHOCT, HIMPOK O0OXBaT, I'bBKABOCT M BB3MOXKHOCT 3a aJIeKBaTHA pEaKIus B
HENpEeABUICHH EKCTPeMHHU cHuTyanuu. I[IpobmembT 3a yhnpaBIeHHETO Ha OOCKTH ¢

HCOOCTAaTb4YCH 6p01>i yYipaBJisiBalllA B’bS,I[GfICTBHH € IIOCTaBsH B ITIOCJIICAHUTEC 30 TOJWHH.

B HacTosius aucepTalioHeH TPy ca IOCTUIHATA OPUTMHAIIHU PE3YNITAaTH, CBbP3aHU
C aHAJIM3 Ha MPOLIECHUTE Ha B3€MaHE Ha PEIICHUS IPU YIIPABJIEHNE HA PEaTHO PYHKIIMOHUPALLU
TEXHOJIOTUYHU O0EKTH OT EHepreTUKaTa U XMMHUYecKaTa IPOMHIIUIEHOCT, KaTo ca pa3paboTeHH

AHAJIMTUYHH U CKCIICPUMCHTAJIHHU MOJCIIN.
Lenu u 3a0auu na oucepmayusma

HacrosmusaT amcepralmoHeH TPyZX CH TOCTaBs 3a IeJ Ja ce pa3padoTAT ChbC
CpelcTBaTa Ha CbBPEMEHHUTE CHCTEMH 33 IPOEKTUPAHE U aBTOMATUYHO YIIPaBJICHHUE, MOJIEIH
Ha pealHy TeXHOJOTUYHU OOEKTH 3a MOJIOMaraHe Ha mpoleca Ha B3eMaHe Ha pelIeHus mpu

YIPaBJICHUETO UM.
3a MOCTUTaHEeTO Ha Taka MOCTaBeHaTa e, ca GOpMyJIMpaHu CIEIHNUTE 3a/1a4u

1. Jla ce mpoBeae 3aaBIOOYEH TCOPETHYCH aHAJIM3 HAa CUCTEMHTE 33 B3eMaHE Ha
PEIICHUA 1 Ha TPCAN3BUKATECIICTBATA, KOUTO BB3HUKBAT IIPHU MMPUTTOKCHUCTO UM, IIPEACTABCHU

CbhbC CPEACTBATA HA CbBPECMCHHATA TCOPHA.

2. Jla ce aHanmm3Wpa [JCHCTBHETO HAa TOIUIOCHEPTHMEH TEXHOJOTMYCH OOCKT 3a
yIpaBJICHUE - TApOreHepaTop, Karo ce pa3paboTAT MOJEIM Ha CHUCTEMHUTE 3a B3€MaHE Ha

peUICHUs ITPpHU YIIPABJIICHUC HAa HUBO HA MApOBOJHA CMCC U HAa HUBO B 6apa6aHa.

3. Jla ce mpeuIokKK cucTeMa 3a B3€MaHE Ha PEICHUs 3a aBTOMAaTHYHO PEryjaupaHe Ha
HUBOTO Ha MapoBoJHAaTa cMec B OapabaHa mpu paboTa B peaJlHO BpeMe Ha MHIYCTpUAJIECH

IaporeHepaTop.

4. Jla ce mpoekTupa MeMOpaHeH OuopeakTop 3a J00MB Ha apoxxau Hansenula
polymoprha, xato ce ompenenu HeoOXoauMaTa CKOPOCT Ha aepals 3a TMOCTHUTaHe Ha

MHHHUMaJIHA CKOPOCT Ha I[e(pOpMaI_II/I}I Ha MaTcpualia B 'paHUYIHUA CIIoN Ha MeM6paHHaTa oT
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0.8 [s}]. Crmmo Taka 11a ce ompeaeny HeOOXOIMMATa CKOPOCT Ha Pa30bpPKBAHE 3a MOCTUTAHE

Ha JKCJIaHaTa MaKCHMallHa CKOpPOCT Ha ,Z[e(bOpMaI_II/Iﬂ B KaM€para 3a KICTHBYCH pacTCkK OT

15 [sY].

5. Jla ce aHanmu3upa AEHCTBUETO Ha XMMHUKOTEXHOJIOTMYEH OOEKT 3a YIpaBJeHUE -
KPUKET QUITHP, KaTO C€ U3BBPIIN CUMYJIAIIMOHHO MOJICIMPAHE HA CUCTEMUTE 32 B3eMaHe Ha

peLIeHUs IIPU YIIPABIECHUETO MY.

6. [la ce mpennoxxu cucremMa 3a B3eMaHe Ha pelIeHus Ipu padoTa B peaaHo BpeMe Ha

WHIYCTPHAJICH KPUKET QHITHP.

7. [[a CC aHa/IM3upa ,HGfICTBHCTO Ha XMMHKOTEXHOJIOTHYEH OOEKT 3a YIIpaBJICHUEC -
ABYCJIIOCH HArpeBaTejl, KaTo CC€ H3BbpIINM CUMYJIAIMUOHHO MOICIUPAHC HaA CUCTCMHUTC 3a

B3€MaHE Ha PELICHHUs IPU YIIPABICHUETO MY.

8. [[a CC MMPCIJIOXKHU CUCTCMA 3a B3CMAHC Ha PCIICHHA IIPH pa60Ta B p€aJIHO BpEMC Ha

HHAYCTpHUAJICH ABYCJIOCH HArpeBaTell.
Cmpykmypa Ha CbObPAHCAHUENO

ZII/IcepTaI_II/IOHHI/ISIT TPYA € CTPYKTYPHPAH B YBOI, YCTUPH ITIaBU, 3dAKIIFOUCHHUC — PE3HOMC

Ha MMOJIYUYCHUTC PE3YIITATHU, ACKIIApalus 3a OpUTNHAJIHOCT U 6I/I6J'II/IOFpa(1)I/I$I.

B cmmchka Ha myOnMKaUMUTE TO JUCEPTAlMOHHHS TpPYA, Ca BKJIIOUEHH TIIET
nmyOnukanuu, ot kouto enna craruu B cucanue ¢ JCR-IF (Web of Science) u SJR (Scopus) -
Bulgarian Chemical Communications Journal, Tpu cratuu B ciucanue Engineering Sciences
U eIuH JIOKJaJ BKJIOYEH B TPYJIOBETE Ha MeEXIAyHapoaHara koHpepeHuus - 9th [EEE
International Conference on Big Data, Knowledge and Control Systems Engineering —
BdKCSE'2025, xoiito e B 6a3ara nanuu Ha [EEE Xplore Digital Library u ce pedepupa B
Scopus. Benuku nybnukanuu ca pegepupaHd M MHAEKCUPAaHU B CBETOBHOM3BECTHU 0a3u
JIAHHU C Hay4Ha HH(OpMAaIHs, C KOETO ca CIIa3eHN M3UCKBAHMUATA HAa 3aKOHA 33 Pa3BUTHETO HA

akaJeMUuyHus cbeTas B PenyOnuka buarapus.
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ITbPBA T'JIABA

TEOPETHUYHHU OCHOBU HA ITPOLIECA 3A B3EMAHE HA
PEHIEHUA

B3emanero Ha pelieHus B yCIOBUS HA HEOMPEACTICHOCT, BKIIOUYUTETHO U30ITrBaHEe HA
COMBCHIIN ChC CAMOJICTH, YIIPABICHUE HA TOPCKU MOXKAPH U pearupaHe mpu OCICTBUS € TIPOIEC
C BHCOKa CTEMEH Ha BaXHOCT. Koraro ce mIpoeKTHUpaT aBTOMATU3UPAHH CHUCTEMHU 3a
MoJIMIOMAaraHe Ha B3€MaHETO Ha PEIICHHUS, € BAKHO Jla CE€ B3eMaT MPEABUJ PA3TUIHHUTE
M3TOYHHUIIM Ha HEOIPEACICHOCT NPH B3€MAHETO WWIM MPENOPbYBAHETO HA PEIICHHUS.
OTunTaHeTO HAa TE3W WU3TOYHHUIM W BHUMATEITHOTO OajaHCHpaHE HA MHOXECTBOTO IEJIH Ha
cucTemara Moxe Ja Ob/ie MHOTO Tpy/IHA 3aa4a.

e 6baaT IMCKyTHPAHU TE3U MPEAU3BUKATEIICTBA OT U3UMCIUTENHA IIIeIHA TOUKA, KaTo
ce MPEJCTaBHU TEOPUsITA 33 MOJICIIUTE U AITOPUTMHUTE 32 B3EMaHE Ha PEIICHHUS, a CJIe]l TOBA Ce
WIIOCTPHUpPA TEOPHSITa BEPXY HAOOP OT peasiHu MPOOJIeMH.

1.1. B3emaHe Ha penieHuUs ¢ MOMOIITA HA HHTEJIUIeHTH ATeHTH.

ATEeHTBT € Hello, KOeTO JAeicTBa Bb3 OCHOBA Ha HAOMIONEHHUS BHPXY Cpelara CH.
AreHTuTe Morar aa 0baar GU3UYECKH O0OCKTH, KaTo XOpa Wih poOOTH, WJIK MOrar ja Obaatr
Heu3nuecKkn 0OCKTH, KaTO HAIPUMEP CUCTEMH 3a TOJIIOMAaraHe Ha B3€MaHETO Ha PEIICHHUS,
KOWTO ca W3ISUI0 BHEAPEHH B cOPTYep.

Kakto e nmokazano Ha @urypa 1.1, B3auMOJeHCTBUETO MEXK/y areHTa U CBETa CJe/IBa

LIUKBJI ,,HaOmonenue-aeicteue’ [1, 10].

HabnopeHue (o)

‘ Cpepa J AreHT ’

[eiicteue (a,)

@urypa 1.1 B3auMooTHOIIEHUS MEX Y CpelaTa U areHTa
CrpuiecTByBaT MHOTO pa3/IMYHM METOJIM 3a IPOEKTHpAaHE HAa areHTH 3a B3eMaHE Ha
peuieHus. B 3aBUCHMOCT OT NPUIIOKEHUETO, HAKOM METOIM MOXKE J1a €A IMO-IOAXOASIIHA OT

npyru. Haii-npekusiT MeTon 3a MPOEKTHpaHe Ha areHT 3a B3eMaHe Ha pPEeLIeHHUs € Jia ce
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NPEIBUAAT BCUUKM Pa3IM4YHH CLIEHAPUU, B KOUTO areHThT MOXKE Ja CE OKaXke, M Clie/l TOBa
M3PHUYHO J1a ce IIporpamMMpa areHThbT Ja paBu TOBa, KOETO € xkenaHo. [TogxoasT Ha U3pUYHO
porpamMupaHe Moxe Ja paboTu 100pe 3a MpocTy NpoOsIeMH, HO TOH IOCTaBs rojisMa TeXeCT
BBbpPXY MpPOEKTaHTa Ja MPEOCTaBU MbJIHA cTparerus. [lpeanoxenn ca pa3iIudHU €3UIH 3

MporpaMupaHe Ha areHTHU U PaMKH, 3a Jia C€ YICCHU IporpaMupaneTo um [2, 7, 8].
1.2. B3emaHe Ha penieHHs ¢ OMOIITA HA BEPOATHOCTHU MOJIEJIH.

PanmoHanHOTO B3eMaHe Ha PEIICHUs M3HMCKBAa Pa3ChXKIACHUS OTHOCHO COOCTBEHATa
HCCUTYPHOCT H UCIIUTEC. Pemrenusta c BCPOATHOCTHHU MOACIIM CC OCHOBAaBaT BBbPXY
NPE/ICTABSIHETO Ha HEOIPEACICHOCTTa KaTo BEPOSTHOCTHO pasmperencuue. [Ipodnemure ot
peasHusl CBST HW3MCKBAT Pa3ChKACHUS OTHOCHO pasMpeelieHUsITa MO0 MHOTO Pa3JInYHU
POMEHJIMBH. B nHuTeparypara ca mpeacTaBeHu CpejiCTBa 3a KOHCTPYUpPaHE Ha TaKUBa MOJICIH

Y KaK JIa c€ U3MOJI3BAT, 3a J1a ce mpassat u3Boau [11, 16].

HeompeneneHocrra MoXe Jia Bb3HUKHE U OT MPAKTHYECKU H TCOPETUYHU OIPAaHHUYCHHS
B CIIOCOOHOCTTA HU JIa IPeIBIKAaMe Oberu chouTus. Hapumep, nmpeacka3BaHeTo Ha TOUHO
KaK YOBEIIKH OIEepaTop e pearupa Ha ChbBETH OT CHCTEMa 3a IMOJAIoMarane Ha B3eMaHeTO Ha
perieHuss OM W3HMCKBAJO, Haped C JPYrd Hela, MoApoOeH MOojell Ha TOBa Kak paboTu
YOBEIIKHUIT MO3bK. JlOpHY MMbTHIATAa HA CIBTHUIIMTE MOTaT Jia ObJIaT TPYIHU 32 MPEIABHIKIAHE.
Bwnpeku ve, HroroHOBara Qu3mka 1mo3BosisiBa BUCOKO MPEIU3HU MTPOTHO3HU 32 TPACKTOPHUHTE
Ha CIIbTHULUTEC, HO CLIOHTAHHUTC IMOBPEAN B JABUTATCIIUTE 3a PETYIUPAHEC HA OPHUCHTAIUATA

Morar aa aoB€aar J0 IoJiIcMHU OTKIIOHCHHA OT HOMHMHAJIHUA ITBT.

OFpaHI/I‘leHI/Ie ITPpU U3MOJ3BAHCTO HA ray'COBO pasnapeaciicHue €, 4€ To € YHUMMOJAJIHO,
KOCTO O3HavYaBa, 4€ MMa TOYKAa B PasnpeaciIiCHUCTO, B KOATO IINIBTHOCTTA C€ YBCJIMYaBa
MOHOTOHHO OT €JHaTa CTpaHa U HaMaJliIBAa MOHOTOHHO OT Apyrara. C"I-)HICCTBYBaT pasiinuHu
Ha4YWHH 3a IPCACTABAHC Ha HCIIPCKBCHATH PA3NPCACIICHUA, KOUTO Ca MYITUMOJAAJIHU. Enmun ot

HAUMHUTE € J]a C€ CMECH KOJIEKLIMs OT YHUMOAAJIHU pasnpeznenenus [4, 11, 16].
1.3. Bzemane Ha peumieHus ¢ momoiura Ha baiiecoBa mpeika.

Baiiecoéama mpexxca € KOMIIAKTHO MpPEJICTaBsIHE Ha CBHBMECTHO pa3IpelesieHHeE.
CrpykTypaTa Ha Mpexxara € IpeAcTaBeHa KaTo rpad, CbCToAI ce OT Bb3JIM U HACOUCHH pedpa.
Bceku Bp3en chOTBETCTBA Ha ciydaiiHa mpomeHiauBa. Hacouenurte pebpa cBbp3BaT ABOWKU

BB3JIM, KaTO TUKJIUTC B rpaq)a ca 33.6paHeHI/I.
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MNoepena Ha GaTepuata ° ° MNpekbCBaHe Ha CNbHYEBaTa eHeprua

o I'Iospe.qa Ha enekTpuyeckaTa cncteMa

OTKNoHeHWe Ha TpaeKkTopuATa ° ° 3ary6a Ha KoMyHUKaL s

®urypa 1.2 [IpumepHa cTpykrypa Ha baliecoBa mpexa
Qdurypa 1.2 mnoka3Ba npumepHa baiiecoBa mpexka 3a mpobOiIeM CbC CaTEIUTHO
HaOJIO/ICHNE, BKJIFOUBAI MET JIBOMYHH NIPOMEHIIMBU. 3a IACTUE, MTOBpeaara Ha OarepusTa u
MOBPEINTE Ha CIIbHYEBUS MaHEN ca PEIKH, BBIIPEKHU Y€ MOBPEIUTE HA CITbHUEBHS MaHEN ca

MaJIKoO IO-BEPOATHH OT MOBpeauTe Ha Oarepusra [1, 4, 13, 16, 18].

[Ipuunnara, nopaau kosTo enHa baiiecoBa mpexa MOXKe Ja MPEACTaBs ChbBMECTHU
pasnpeneneHus ¢ No-MajlKO HE3aBUCUMHM NapaMeTPH €€ AbJDKU Ha JOMYCKAHUITA 3a YCI06HA
He3asucumocm, KOIUpaHu B HeWHara rpauyuHa CTPYKTypa. AKO JONMYCKaHUATA 32 yCIOBHA
HE3aBUCUMOCT, HallpaBeHU OT bailecoBara mpexka, ca HEBAJIUAHU, TOraBa PUCKyBaMe J1a HE

MoaCInpamMe NpaBUIHO CbBMCCTHOTO Pas3npCaACICHUC.

3acedeHo?

Ourypa 1.4 Ilpumep 3a xubpuana baiiecoBa Mpexa
IIpumepuTe B Ta3u miaBa J0ocera BKIKOYBAXa JBOMYHHU IIPOMEHIUBHU, HO baiiecoBure
MpEXH MOTaT J1a ChIbPKAT CMEC OT IUCKPETHU M HENPEKbCHATH NMPOMEHJIMBU. baliecoBute
MpPEXU C TUCKPETHH M HENPEKbCHATH NMPOMEHJIMBH YECTO ce Hapuuyar XxubpujaHu baiiecoBu
Mmpexu. @urypa 1.4 nokazsa npuMmepHa xuOpuaHa baiiecoBa Mpeska, npezcTassiia Bpb3Kara
MEX]y XapaKTepPUCTUKUTE HAa CAMOJIETa, TXHOTO palapHO HAIPEYHO CEYEHUE U CIIOCOOHOCTTA

Ha pajaapa Ja OTKpue Ledl.
1.4. BzemaHe Ha pelIeHHs ¢ MIOMOIUTA HA BpeMeBH MO/eJIH.

BpemeBusT mozen npencraBs Kak HaO0Op OT MPOMEHJIMBU CE pa3BUBAa BbB BPEMETO.

ITpocT BpemeBu Mozien € sepuca na Mapkog, KbI€TO ChCTOSIHUETO BbB BPEMETO ¢ € 0003HAUY€HO
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karo ;. Bepurara Ha MapkoB MOXke /1a IpEACTaBIIsIBA HATPUMEP MO3UIIMATA U CKOPOCTTa Ha

CaMOJIET BEB BPEMCETO.

®urypa 1.6 MapkoBcka Bepura
®durypa 1.6 nokaszBa cTpykrypara Ha baliecoBa Mpeka, mpeacTaBisBalla Bepura Ha
MapkoB. Ha ¢urypara ca nmokasanu camo IbPBHUTE TPU ChCTOSIHHSI, HO BepHrara Ha MapkoB
MOXKE Ja TMPOABIDKM Oe3kpaitHo. [IbpBOHAYAIHOTO pas3mpernelieHue € maaeHo oT P(Sy).
YcnoBHOTO pasnpenenenue P(S; | S;-;) 4ecTo ce Hapu4a MOIeI Ha IIPEX0J] Ha ChCTOSHUS. AKO
pasmpeneseHHeTo Ha MPEX0/a Ha ChbCTOSIHUS HE Ce MPOMEHs C f, TOraBa MOJENIBT Ce Hapuia

cmayuonapen [22, 23].

CbCTOSIHUETO BBB Bepura Ha MapKoB HeE € 3abJDKUTEIIHO Ja ¢ cKajgapHo. Hampumep,
aKo MCKaMe Jla MOJeJIupaMe CIy4aiiHOTO MOBEJCHHUE Ha CAMOJIET BbB BPEMETO, ChCTOSIHUETO
Moke na Obae Bekrtop s = (h, fl), KBIAETO h € BHCOUMHATa Ha caMoJjIeTa, a h e nuueiinara
ckopocT. [IbpBOoHauamHoTO pasnpenencaue P(Sp)) Moxke na ObIae NPEICTaBeHO Ype3
mHoeomepro Iaycoso paznpedenenue, apaMeTPU3UPAHO ChC CpeHA CTOMHOCT, BEKTOP iU H

KOBapvuallMOHHA MaTpuia 2/ ¢ INTBTHOCT:

p(s) = N(x | 2), (1.17)

kbneto N (s | u,2) e k-mepHo o6o6menne Ha ['aycoBo pasmnpenenenue B ypaBuenue (1.6):
1 1 _
NGs | D) = G oxp (=3 (6 = 27 (s — ) (1.18)

[TpocT BeposITHOCTEH MOJIENT, Y€CTO M3TOJ3BAH B 33]1auM 32 Kiacu(UKAIIHS, € OPOCTEH
Mozen Ha baliec, kOTO uMa CTpyKTypara, nokazana Ha @urypa 1.10. ExkBuBaneHTHO, HO 1IO-
KOMIIaKTHO, ITpe/icTaBsiHE € noka3aHo Ha @urypa 1.11. CroitHocTTa i = 1 : 1 B JOJIHATA YacT Ha
MOJIETO YKa3Ba, Y€ MHACKCHT i B JOJTHUS MHJIEKC Ha TPOMEHJIMBATa ce moBTaps ot 1 1o n [16,
17,19, 22]. B To3u baiiecoB mozen, kinachT C € MpoMEHIMBaTa Ha 3asiBKara, a HabIogaBaHUTe
xapaktepuctuku Oj,. .. ,On ca NPOMEHIMBUTE HA JIOKA3aTeJICTBaTa. 3a KOMIIAKTHOCT B Ta3H
KHUTa 1I€ M3I0JI3BaMe€ HOTAalMs C JBOETOYME MOHsAKora B uHjaekcure. Hampumep, O €
KOMITAaKTE€H Ha4WH 3a 3anucBaHe Ha Op ,. .. ,0On. bailecoBusiT Mogen ce Hapuya ONpPOCTEH,
3al10TO TPUEMA YCIOBHA HE3aBUCUMOCT MEXIY MPOMEHIIMBUTE Ha JOKA3aTeJICTBaTa, 32 KOUTO

€ JaJICH KJIaCbT.
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OuUITpUpPaHeTO B TUHEHHU JUHAMUYHYU CUCTEMH, KOUTO ITPUEMAT, Ye pa3IpeesieHusATa
Ha Mpexo/ia Ha ChCTOSHUATA U HAOMIONCHUTA ca JIMHEHHHN rayCOBH, BCHLUIHOCT MOXE Jla Cce
M3BBPIUIN TOYHO. AKO by € IPEACTaBEHO KaTO HOPMAJTHO pasmpeesieHre, ToraBa MOXe Ja ce
IIOKa)ke, Y€ MHTETPUPAHETO Ha pel 5 BOAM 10 TOBA, Y€ allOCTEPUOPHOTO b; € raycoso.
OuntepbT Ha Kanman e noOpe mo3Har GuiaThp 3a JTUHEHHH JTWHAMUYHH CHUCTEMH, KOWTO

IIPOCTO aKTyaJIM3rupa CpCaHara CTOMHOCT H KOBapuanusTa Ha bsmio noAXOAA11l HAa4YMH.

Upes neduHunUATa HA YCIOBHATa BEPOSITHOCT, 3HAEM, Ue

__ P(ptatceh

P(b|d", c?) = = (1.34)

1.5. [lapamMeTpU4YHO U HEMAapPaMeTPUYHO O0yUYeHHe.

Pasnpeoenenuemo na /lupuxne e 06001menne Ha 6eTa pa3npeeICHHEeTO K MOXE JIa Ce
M3I0JI3Ba 32 OIICHKA Ha MMapaMeTpPUTe Ha JUCKPETHO pasnpeneneHue. Jla npennonoxum, ye X
€ JIUCKpeTHa CilyyaiiHa NMpPOMEHJIMBA, KOSATO IpHEeMa IIEJOYMCICHH CTOHHOCTH OT 1 110 n.
Jleunupame mapaMeTpuTe Ha pasnpeeneHueTo Kato 0., kbaeto P(x') = 0i. Pasbupa ce,
napaMeTpuTe TpsOBa Ja ce cymupar a0 1 u 3aTtoBa caMo IbpBUTE n — [ mapaMeTbpa ca
He3aBucuMH. Pasnpenenenuero Ha Jlupuxie Moxe Aa ce M3MONI3Ba 3a MPEICTaBsIHe, KaKToO Ha

AIIpUOPHOTO, TaKa U HAa alTOCTCPUOPHOTO PA3IIPCACICHUC U € ITAPpAMCTPU3HUPAHO YPE3 Ol1:n.

IlnwTHOCTTA €:

. r i—
Dlr(gl:nlal:n):ﬁ nognt (1.72)

KBJIETO 0 CE M3MOJI3Ba 32 0003HAYaBaHE HA CYMHUPAHETO Ha MTAPAMETPUTE O.1:n.

Ako n = 2, ToraBa € JIeCHO Jia ce BUIM, ue ypaBHeHue (1.72) e ekBuBaleHTHO Ha OeTa
pasnpenenenueto. O6MUaiHO € Ja ce MU3MOI3Ba PABHOMEPHO alPUOPHO pasmpeeieHue, pu
KOETO BCUUKH MapamMeTpu Ha Jupuxiie oi.n ca 3aaanenu Ha 1. Cumempuuno pasnpedenenue Ha
Jlupuxne e TakoBa, MpPU KOETO BCHYKM MapamMeTpu ca wujaeHTuyHu. Kakto mpu Oera

pasmpenereHneTo, napaMmeTpuTe B JJupuxie yecto ce Hapuyar 1nceBaoOposHuUs.
1.6. CTPyKTYpHO 00y4eHHe.

B npemumnauTe paszmenu ce mpuemaile, 4e CTpykTypara Ha bailecoBara mpexa e
M3BECTHA anpuopH. To3u paszznen oO0ChKIa METOIM 3a M3ydyaBaHE Ha CTPYKTypara OT JJaHHHU.
[TogxombT ¢ MakcHUMalIHA BEPOATHOCT 3a CTPYKTypara Ha baiiecoBa Mpexka BKIIFOUBAa HAMUPaHE

Ha rpaduyHata cTpykrypa G, koaro Makcumusupa P(G|D), xpaetro D mpencTaisiBa
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HanuyHUTe JaHHu. [I6pBO ce n3uncisiBa pesyaTara Ha baiiecoBa mpeka Bb3 ocHoBa Ha P(G|D),
a cIiell TOBa CE€ ThPCH B MPOCTPAHCTBOTO HA MPEXKHUTE MpEXka ¢ Hail-BUCOK pe3ynrar. [lomoOHO
Ha u3BoNa B baiiecoBuTe Mpexu, MOXKE J1a ce TIOKaXe, 4e 3a o0mu rpadu U BXOIHU JaHHHU,

M3y4aBaHETO Ha CTpyKTypara Ha baiiecoBa mpexa € NP-mpyono.

° P(a')=0.5
P(b"|a") =0.45
P(b'|a')=0.5

@P[:‘]:OS

@urypa 1.20 [Ipumepna baiiecoBa mpexa

3a na wiroctTpupaMme Kak baliecoBOTO OIeHsIBaHE OajaHCHpa CIOXKHOCTTA Ha MOJIENA,
pasmexaame npocrara baiiecoBa mpexka Ha @urypa 1.20. CtoiiHocTTa Ha 4 crnabo Buuse
BBpPXY CTOMHOCTTa Ha B, a C e He3aBUCUMa OT Japyrure npoMmeHnusu. Hue B3emame mpodu ot
TO3M ,,ACTUHHCKH* MOJIEJI, 32 J]a TeHepupaMe JaHHu D | Ciel TOoBa C€ ONUTBaMeE Jla HAyuuM
CTpyKTypara Ha mojena. ChliecTByBaT 25 Bb3MOXXHU MPEXKOBU CTPYKTYPH, BKIIFOUBAIU TPH

MozacIIa:

* Uctunckuar monen ¢ 1 + 2 + 1 =4 He3aBucuMM apameTspa,

* Harreiao cBbp3anuar mogen A — B,A— C,B —- Cc 1 + 2 + 4 = 7 HezaBucumu
rnapameTbpa,

* HanrbiiHo HecBbp3anuar monen ¢ 1 + 1 + 1 = 3 He3aBucuMM napamerspa.

O6uuaiino e K2 na Hanara ropHa rpaHuiia Ha Oposi Ha pOAUTEIUTE 3a BCEKU €IUH Bb3€l,
3a Ja HaMainu HeoOxoaumurte uzuucieHus. OpuruHanHusT anropurbM K2 mnpuema, ue
anpuHOpPHUTE MapaMeTpy Ha Jlupuxie a;j, = 1 3a BCUYKH i, j ¥ k, HO BCEKH alpuop MOXKeE J1a ce

M3M0J3Ba NPUHLHUIIHO [5, 16, 18, 21, 24, 25].

BaiiecoBata mMpexa Koaupa HaOOp OT YCIIOBHH TPEAIOJIOKECHUS 32 HE3aBUCHMOCT.
Baxno HaOmrofeHne, KoeTo TpsOBa Ja ce HampaBH, KOTaro C€ ONMHTBaMe Ja HayYuM
cTpykTypara Ha baiiecoBa Mpexa e, 4e J1Ba pa3inyHu rpada Morar J1a KOAUpar €IHU U ChIIU
NPEINoNOKeHUs 3a He3aBHUCHMOCT. Karo mpoct mpumep, pasmiefaiTe mpexkara C JiBe

npomennusu A — B.
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BMmecTto 1a TbpcuM B IPOCTPAHCTBOTO HA HACOYCHUTE allUKIMYHU IpadoBe, MOKEM J1a
THPCUM B MPOCTPAHCTBOTO Ha KIJIACOBETE HA €KBHUBAJECHTHOCT Ha MapkoB, MPEACTaBEHU OT
JacTUYHO HacodeHu rpadose. [IpocTpaHCTBOTO Ha KITACOBETE Ha EKBHUBAJIIGHTHOCT Ha MapkoB
€ TI0-MaJIKO OT MPOCTPAHCTBOTO HA HACOYCHUTE alUKINYHH rpadu U 3aTOBa ThPCEHETO MOXKE
Jla ce U3BbpIIBaA MM0-e(eKTUBHO. bailecoBUAT pe3ynTar e AepuHUpPaH 32 HACOYCHH ALUKIUYHU
rpadu. 3a 1a OLIEeHUM YaCTHYHO HacoueH rpad, TpsOBa /1a reHeprpaMe WieH OT HEroBHUs KJlac

Ha CKBUBAJICHTHOCT Ha MapKOB 1 ga U34rcCJIMM HETOBUSL pe3yJITaT.
1.7. 3Boau no nbpBa riasa.

1. [IpoBenen e 0030p Ha TEOPETHYHHUTE OCHOBH Ha MpoIieca 3a B3eMaHe Ha PELICHUs,
KaTo ca MPEJCTaBEHU M3BECTHH METOJM M QJTOPUTMHU 32 B3€MaHE Ha PEIICHHs C IIUPOKO

IPUIIOKCHUC B IIPpAKTHUKATA.

2. Iloka3zaHo e, ue 0COOCHO MPEAU3BUKATEIICTBO B MpOIEca HA B3EMaHE HAa PEIICHUS
MOXeE Ja ObJe HEONPEICNCHOCTTa, KOSATO BB3HMKBA OT HEMbJIHA HWH(QOpPMAIMs WK
HEBB3MOXKHOCT 3a IIPOTHO3MPaHE Ha ObJICIIN CHOUTHS, IOPAIU HATMYNE HA TIPAKTUYCCKH WITH
TEOPETUYHHM OrpaHuveHus. [IpaBHIHOTO OTYHMTAHE HA HEOMPEICIICHOCTTa € BaXXHO IPH

H3TpaAXIaHCTO HA CTaOMIHU CUCTEMU 3a B3eMaHEe Ha peuicHus.

3. llpoBeneHuAT aHanM3 MOKa3Ba, 4Y€ MPU M3IMOJI3BAHE HA MPEXKOBU MOJEIH,
CTPYKTypara Ha Mpe)kara Koaupa AOMYCKaHWs 3a YCJIOBHA HE3aBUCHUMOCT, KakKTO W 4Ye
BEPOSITHOCTHUTE HW3BOAM Morar ja ObaaT €(eKTUBHU, aKO C€ H3MOJ3Ba CTPYKTypara Ha

MpceKara.

4. TlokazaHo e, uye baifecoBuTe MpeXHU KOMIIAKTHO IMPEICTaBAT pa3NpelesIeHUusTa o
IIPOMEHJIMBH U ca YJJa4YHH IIPU I'bBKABO MPEACTaBsAHE 3a KOAWPAaHE Ha TOJSIMO pa3HooOpasue oT
MOJIeNH, KakTo U 4e baliecoBute MeToM U METOUTE 32 MAKCUMAJIHO MpaBaonoaodue, morar

Ja €€ U3IIOJI3BAT 3a U3BCIKJAAHC HA MMApaMCTPUTC U CTPYKTYypaTra Ha MOJCJIa.
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BTOPA I'VIABA

CUCTEMMU 3A BBEMAHE HA PEHIEHUA

[Ipenumnara miaBa ce Gpokycupa BbpXy HEONPEIEIEHOCTTa, BKIIIOYUTEIHO KaK J1a ce
U3TpaKJaT BEPOITHOCTHHU MOJIENIU C HEOIPEEIICHOCT U /1a C€ U3II0JI3BaT 3a [IpaBeHe Ha U3BO/IU.
Ta3u maBa ce okycupa BbpXy TOBa KakK Jia C€ B3eMaT pallMOHAJIHU PELICHUs Bb3 OCHOBA Ha
BEPOSITHOCTEH Mozen U (hyHKIMs Ha mosne3HocT. Lle ce chepenoTounm BbpXy €IHOCTHIIKOBU
pellIeHus, Karo IIe 3ama3uM OOCHKIAHETO Ha MOCIEAOBaTENIHA MPOOJIEMH C B3€MaHETO Ha
pellleHrs 3a cliefBalara riaBa. Ta3u 1aBa 3amouBa ¢ BbBEX/IaHEe Ha OCHOBHTE Ha TEOpHUATA
Ha IOJIE3HOCTTA M MOKa3Ba Kak T (hopMupa OCHOBATa 3a PAllMOHAIHO B3E€MaHE HA PEHICHUS
npu HeonpezeneHocT. Ciiex ToBa L€ MOKaXKEM KaK IMOHATHUATA 32 TEOPUSTA Ha MOJIE3HOCTTA
Morart J1a ObJIaT BKJIIOUEHU BbB BEPOSTHOCTHUTE TpadUyHHU MOJIETH, BbBEJCHH B MpPEAHIIHATA
IJ1aBa, 3a Ja ce (opMUpar Taka HapeuEHUTE MPEKU 3a B3EMaHe Ha pelieHus. Thil KaTo MHOTO
Ba)XHU MPOOJIEMH CBbP3aHU C IPOIECa Ha B3EMaHE Ha PELICHUS BKJIIOUYBAT B3aUMOJIEHCTBUE C

JIpyTry arcHTH.
2.1. Teopus Ha moJie3HOCTTA.

B npeavmiHara riaBa ce 06CT))K)13H€ Ha H€O6XOI[I/IMOCTT3 OT CpaBHABAHC HA CTCIICHTA
Ha y6e)KI[eHI/Ie MO0 OTHOIICHHEC HAa ABC pa3JIMUHU TBBPACHUA. B 1031 naparpa(b CC CpaBHsBa
CTCIICHTA Ha KCJIaTCIIHOCT Ha JIBa pa3JIMYHU pE3yJiTara. Hue 3asaBsBame npeanoYnTanudaTa Cu,

M3II0JI3BAliKU CIIEHUTE OIEPATOPH:

» A>B, ako npeanountame A nipen B.

* A~B, ako cMe 6e3paznnunu Mexay A u B.

* A>B, ako npenmnountame A ipen B unu cme 6e3paznuyHu.

Touno, kakTO yOeXIeHusiTa Morar Aa ObaarT CyOeKTUBHHU, Taka MOrar Jga ObJar u
mpeanoynuTaHusTa. B nmonmbiHEeHHE KbM CPaBHABAHETO HA CHOWTHSI, HAIIUTE OIMEPATOpPH 3a
MIPEAMOYUTAHUS MOTaT JIa CE€ M3TOJI3BAT 3a CPaBHSIBAHE HA MPEANIOYUTAHUS CIIPSIMO HECUTYPHH

pesynraru. Jlorapusita € HA0Op OT BEPOATHOCTH, CBbP3aHU ¢ Habop oT pe3ynratu. Hampumep,
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aKo S7., € Habop OT pe3yaATaTu U pj., Ca CBbP3AHUTE C TSIX BEPOSTHOCTH, TOTaBa JIOTApUSATA,

BKJIIFOYBaIlla T€3W PE3YJITaTU U BEPOATHOCTHU, CC 3aIllMCBa:

[S1:p15 3 Snipnl (2.1)

To3u pazgen oOChKIa KaK ChIIECTBYBAaHETO HAa PEATHO OLIEHEHA MsApPKA 3a MOJE3HOCT
MIPOU3THYA OT HAOOP OT MPEANOIOKEHH 3a peanounTanus. OT Ta3u GyHKIUS HA TOJIE3HOCT
€ BB3MOXHO Jla ce Je(pHUHMpA, KAaKBO O3HA4YaBa Ja C€ B3e€MaT pAIOHAIHHU PELICHUS IpU

HecurypHocr [26, 27].

IIpu u3rpaxiaHeTro Ha cucTeMa 3a B3EMAHE Ha PEIICHUS WM 3a MOJAIOMAaraHe Ha
B3€MaHETO Ha PEIICHHS YECTO € MOJIe3HO J1a ce M3BeIe (PYHKIMATA HA TOJIE3HOCT OT YOBEK MIIH
rpynma xopa. To3um moaxol ce Hapuya HU3BIMYAaHE Ha TMOJIE3HOCT WM H3BIMYaHE Ha
npennoynTanus. ENMH OT HAaUMHUTE /1a ce HalpaBy TOBA € Ja ce (puKcupa Mmojle3HOCTTa Ha Hall-
nomust pesynrar S Ha 0 u Ha Hal-moOpus pesynrar St Ha 1. JlokaTto Mmone3HOCTUTE Ha
pe3yNTaTuTe ca OrpaHHYeHH, MOKEM J1a TpeoOpasyBame U Maladupame moje3HoCcTuTe, 6e3 aa
IIPOMEHSIME TNPEANOUNTAHUATA CH. AKO UCKaMe J1a OIpeeIUM M0Je3HOCTTa Ha pe3yaTara S,

TOTaBa OIpeeisiMe BEPOSTHOCTTA P, TakaBa ue S~ |[S;:p; S, : 1 — p]. Ot ToBa cnensa, ye:

U(s)=p (2.7)
2.2. Mpesu 3a B3eMaHe Ha pelleHusl.

MoxeM na pasmInpuM IOHATHUCTO 34 baiiecoBn MPpCKH, N0 MPCKU 3a B3CMAHC Ha
peIICHUs, KOUTO BKIIHOYBAT JIEHCTBHS U TI0JC3HOCTH. Mpe)KI/ITC 3a B3CMAaHC Ha PCUHICHUA Ca

CbCTAaBCHU OT TPH THUIIA BH3JIN:

+ CnyuaeH Bb3€J ChOTBETCTBA Ha Cy4yaiiHa MpoMeHInBa (0003Ha4Y€Ha C Kpbr);

« CiyqaeH BB3eJN CBOTBETCTBA Ha BCAKO pEHICHHE, KOETO TpsOBa aa ce B3eMe
(0o603HaueH ¢ KBajpar);

* [lone3eH Bb3en CHOTBETCTBA HA aIUTHBEH KOMIIOHEHT Ha MOJIE3HOCTTa (0003HAYEH C
pomO).

Wwma Tpu BuJja HacCOYeHHU pbHOOBE:

* YcnoBeH ph0 3aBBPINBA BHB CIIyd4aeH Bb3eN U MOKa3Ba, Y€ HECUTYPHOCTTA B TO3U
Clly4aeH Bb3eld € 00yCI0BeHa OT CTOMHOCTUTE Ha BCHUKU HETOBU POJUTENIN;

» Undopmanmonen pp0 3aBbplBa BbB Bb3€J 32 B3€MaHE HA PELICHHS U MOKa3Ba, ue
pELIEHUETO, CBBP3aHO C TO3U BB3€J, € B3E€TO ChC 3HAHHETO HA CTOMHOCTHTE HAa HErOBHUTE
poauTenu;
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® cDyHI(I_[I/IOHEUIHI/IHT p1>6 3aBbpIIBa BbB Bb3CJI 3a IMMOJIC3HOCT U MMOKa3Ba, Y€ BB3CIIBT 3a
ITOJIE3HOCT € OIIPCACIICH OT PE3YITAaTUTE HA CBOUTC POAUTECIIN.

PeayntaT oT AMarHOCTUYHU TECTOBE

Ourypa 2.3 Mpexa 3a B3eMaHe Ha pelIeHus 3a JUarHOCTHYEH TeCT U (PYHKIUS Ha MOJIE3HOCT

MpexuTe 3a pelieHus MOHSKOra ce Hapuyar Auarpamu Ha BiusHue. [logoOHo Ha
baiiecoBuTe Mpexu, MpEXUTE 3a PELICHUS HE Morar Ja uMar nukid. IIpencraBsHeTo Ha
npobJeM ¢ pelmeHHuATa Karo Mpeka 3a pelieHHs HHU IO3BOJISBA Jla CE BB3IMOJI3BAME OT
CTpYKTypara Ha npoOiemMa, Koraro U34HuclisiBaMe ONTHUMAIHOTO PElIeHHE MO OTHOIICHHE Ha

(bYHKI_[I/ISITa Ha IIOJIC3HOCT.

OnTuMaIHOTO pemeHuc € TOBA, KOCTO KOraro € HMHHUIHUAJIMU3HUPAHO B MpPCEKATa 3a
peuiceHus, oCUurypsBa HaM-BHCOKaTa OYaKkBaHa IIOJIE3HOCT. Hp63 TOOUHHUTEC Ca pa3pa60TeHH
pasiinidy METOAMN 3a HO-e(l)CKTI/IBHO OLICHABAHC HA MPCXKUTC 3a PCUICHU. EIII/IH OT MECTOOUTC
BKJIIOYBaA IMPEMAaxBaHC HAa BB3JIUTC 3a I[CI\/JICTBI/IG u CJIy‘IafIHOCT OT MPCKUTC 3a PCUICHUSA, aKO
HiaMaT HaCJICAHNIIHU, KaKTO € I[e(i)I/IHI/IpaHO OT YCJIOBHH, I/IHCI)OpMaLII/IOHHI/I 50048 (bYHKI_[I/IOHaJ'IHI/I

pbOOBe.

MpexuTe 3a B3eMaHe Ha PELIEeHHUs ca MOILHA paMKa 3a M3rpaxk/laHe Ha CHUCTEMH 3a
MOJIIOMaraHe Ha B3€MaHETO Ha pemeHHs. J[oTyk oOChAMXME KIIIOUOBUTE E€JIEMEHTH MNpU
U3TrPAKJAHETO HA MPEXU 3a B3EMAaHE Ha PEIICHUS M Kak J1a I'M M3I0J3BaMe, 3a Ja B3eMaMme
ONTUMaJIHU enHokpaTHU peuieHus. Llle oOchaum HakpaTko mpolenypara 3a Ch3JaBaHE Ha
Mperka 3a B3eMaHe Ha peuieHus. [IbpBara cThika € ga ce uIeHTU(UIUpa NPOCTPAHCTBOTO HA

BB3MOXKHUTE JICHCTBHUS.
2.3. Teopus Ha urpure.

Tasu raBa ce okycupa BbpXy B3€MaHETO Ha PAIMOHAIHU PELISHUS C TperoaaraemM
MOJIeN Ha cpeata. MeToauTe, IpeJCTaBeH: B Ta3u IJIaBa Jocera, Morar, pa3oupa ce, 1a Obaar
MPUJIOKEHU KbM CPEIId, ChIAbPIKAIIUA APYTHM areHTH, CTUTAa BEPOATHOCTHHS MOZEN Ja YJIaBs
e(eKTUTEe OT MOBEJCHUETO Ha ApyruTe areHTH. Mma obaye MHOTO ciiydau, B KOUTO HSIMaMme

BCPOATHOCTCH MOACII Ha MOBCACHHUCTO Ha APYIrUTC arcHTU, HO HMaM€ MOJCI Ha TCXHUTC
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moJjie3HocTy. B3emaneTo Ha PEIICHMA B TaKWBAa CUTyallMU € IIPEAMET Ha TCOpUATA HA UTPUTE,

KOATO 1IIC 6’[),[[6 O6CLZ[€H3 HAaKpPaTKoO B TO3U pa3aciI.

Koraro ce n3rpaxnaa cucrema 3a B3eMaHe Ha PELIeHUs, KOATO TpsiOBa Jja B3aUMOJIEHCTBA
¢ xopara, HH(popMalusITa 3a paBHOBecueTo Ha Hair He BUHaru e nosie3Ha. Xopara 4ecTo He
UrpasT crparerus Ha paBHoBecue Ha Ham. IIppBo, MOXKe 1a He € ICHO KO€ paBHOBECHE Ja Ce
IIpUEME, aKO B UI'paTa MMa MHOT'O pa3JIMuHU PAaBHOBECHS. 3a UIPU CaMO C €IHO PaBHOBECHE,
MOXE Jla € TPYJHO 3a 4YOBEK Ja M3UMCIM paBHOBecueTo Ha Hamr mopaaM KOTHUTHBHHU
orpaHudeHus. Jlopu, ako areHTUTE Morar Jja U34UCiAT paBHOBecueTo Ha Ham, Te Moxe na ce

CbMHABAT, Y€ OIIOHCHTUTC UM MOTI'aT Ada U3BbPIIAT TOBA U3UMUCIICHUC.

Enna O6J'IaCT, HU3BCCTHA KaTO TCOPHA Ha ITIOBECACHYCCKUTE UT'PH, KMaA 3a LCJI Aa MOACIINPa
arCHTHUTC. CBH.[GCTBYBEIT MHOT'O pa3JIM4YHU IMOBCACHUYCCKHU MOJCINU, HO JIOTUTHHUAT MOJCJII HUBO-
k, IOHAKOI'a Hapu4aH KBAHTOB MOZCII HI/IBO-k, CTaHa MOMYJIAAPCH HAITOCICABbK U € CKIIOHCH Ja

pabotu moOpe Ha mpakTuka. JIOTHTHUST MOZIeN HUBO-K yiaBst MpeIonoKEeHNETo, 4e Xopara ca:

¢ [IO-CKJIOHHHU Ja ITPaBAT I'PCIIKH, KOIaTO TC3W I'PCLIKU Ca IO-CBTHHU, U

* OrpaHUYCHH B OpOsl HA CTHIIKUTE HA CTPATETMYECKO MPEABAPUTEIIHO MPEABMKIAHE
(xaxTo B ,,MuUCIS, 4e TH MUCIHILI, Y€ a3 MHUCIIA... ).

Monensbt ce neuHupa oT:

* napamemuvp Ha mouHocm A > 0, KOUTO KOHTPOJIUPA UYBCTBUTEIIHOCTTA KbM Pa3JIUKHUTE
B nonie3HoctTa (0 € HeUyBCTBUTENHA); U

* napamemvp Ha Owvadoouuna k > 0, KOUTO KOHTpoIUpa IbJIOOYMHATA Ha
palMOHAIHOCTTA.

2.4. OCHOBHM NOHATHSA B TEOPHATA 32 B3€MAHE HA PELICHU.

B3emane Ha pemeHus € npouechT Ha U300p Ha Hail-noOpus Kypc Ha JEWCTBHUE OT
Ha0op OT BE3MOXKHU aJITepHAaTHBU. To3u mporiec Moxke Ja Ob/ie UHTYUTUBEH, Oa3upaH Ha OMUT

" 3HAaHUA, WA CTPYKTYPUPAH, OCHOBAH HA aHAJIU3 U JaHHH. HpI/IMepI/I 3a B3CMAHC Ha pCHICHUA

BKJIIOYBAT:
. N360p Ha MapiipyT 3a MbTyBaHe, 3a a ce n3berne Tpaduxk.
. Pelenue 3a uHBeCTUpaHE B ONPEICIICHH AKIUU.
. [Tnanupane Ha MPOU3BOACTBEH rpaduK, 3a 1a c€ MAaKCUMHU3UPA MPOAYKIIHSITA.

OHTI/IMI/I331[I/IHT3 € HaydyHaTa JUCHUIIJINHA, KOATO CC 3aHMMaBa C HAMHUPAHCTO Ha Hal-

A00poTo (ONTUMAJIHO) PEIICHHE Ha JajeH MpoOjieM, KaTo ce B3eMaT MPEABHU ONpEneIeHU
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orpannyeHus. Ts ce cTpeMu Ja MaKCUMH3Mpa WM MUHUMU3HpA AajicHa 1ejaeBa pynkums [31,
36, 46, 47, 48].

. eseBa pynkums: ToBa € MaTEMaTUUECKO U3PAKEHUE, KOETO KOIUYECTBEHO
M3MepBa KauyeCTBOTO HA pellleHueTo (Hanmpumep, neyanda, pa3xoau, BpeMe, pa3CTOSIHHE).

. Orpanuvenusi: Toa ca ycioBusiTa WM MpaBWiIaTa, KOUTO TpsiOBa ga Obar
cria3eHu (Harpumep, HaJln4eH OIOKET, peCypCH, BPEMEBU PAMKH).

OntuMuzanusiTa € HHCTPYMEHT, KOMTO C€ M3MOJ3Ba 32 B3€MaHE HA PAlMOHAIHH
peneHusi, 0COOCHO B CJOXHH CHUTYyallud, KBIACTO HHTYHIHSATAa HE € J0CTaThuHAa. Bcesko
perieHue, KOeTo ce ONUTBa J1a ObJIe ,,Hail-100pOTO™ 10 HAKAKBB KPUTEPHA, BCHITHOCT € OIUT

3a OIITUMM3alIHA.

Hpe,I[CTaBCTC CH, 4€ CTC MCHH’KbP Ha JIOTUCTHYHA KOMIIaHUS. Tp;16Ba Ja B3€MCTC

PCeHICHUC 3a MAPUIPYTUTE HA BAIIMUTC KAMUOHH.

. IIpobdaem: Kak na nocraBuUTe CTOKM O BCHUYKM KJIMEHTH C MUHUMAJIHU
paszxoau?

. Ien: MuHnMH3upaHe Ha pa3XOQUTE 32 TOPUBO U BPEME.

. Orpanuyennsi: Bcexu kaMHOH UMa OrpaHUYEH KallalUTeT, paOOTHUIIMTE UMaT

paboTHO BpeMe, a TOCTaBKUTE TPsIOBa J1a ca HaBpeMe.
B To3u cnyuaii, B3eMaHeTO Ha pelleHHe € U300pHT HA KOHKPETHUTE MapIUIPYTH.
OnTuMu3anusATa € IPOIEeChT HA HAMUpPAHE Ha Hali-e(peKTHBHUTE MAPIIPYTH, KOUTO CIIa3BaT

BCHYKH OTpaHUYCHHA U MUHUMH3UPAT Pa3XOAUTEC.

CnenoBarenHo, ONTHMHM3ANMATA TPEAOCTaBd METOJOJOTHMS M  paMKa 3a
CHCTEMATH4YHO B3eMaHe Ha pelleHusi, KOETO rapaHTupa, 4ye n30paHusIT BapUaHT € HE IPOCTO
no0bp, a Hail-moOpHUAT BB3MOXKEH INpHU AAJE€HUTE YCIOBHUs. TS HpeBpblla B3EMaHETO Ha

peLIeHns OT BBIIPOC Ha MPELEHKa B HAy4€eH IPOLEC, MOAKPEIEH ¢ 1aHHu [36, 41, 44, 47, 48].

Tpu OT OCHOBHHMTE CIOCOOHOCTH 3a 00paboTka Ha WH(GOPMAIMS Ca BHHUMAaHHE,
KOTHUTUBHU CITOCOOHOCTH U TtaMeT. H(popMarusiTa ce Bh3IpreMa OT Y0BeKa, a ClIocOOHOCTTa
3a BHUMaHUE MO3BOJIABA YaCT OT Ta3H Bb3mpueTa uHdopmanus aa 0bae obpadborena. Yactra
0T UH(OpPMAILIHITA, HA KOATO c€ 0OpbhIlla BHUMaHUE, ClIe]] TOBa C€ KOTHUTUBHO 00paboTBa OT

YOBCKa, HM3MOI3BAaMKK ITaMETTa KaTO IOMOIIHO Cp€aACTBO 3a OCMUCIISIHC HA I/IH(l)OpMaHI/IﬂTa.

Jlpyr Ha4MH, MO KOMTO EKCHEepPTHUTE MOTPEOMTENH OMpPOCTSIBAT CUTyalUsATa, 3a JAa
rapaHTupar, 4e¢ KOrHUTUBHaTa 00paboTKa e yrpasisiema, € Upe3 U3MOJI3BaHe Ha CTPYKTypara

Ha KOHTEKCTa, 3a Ja OTpaHWYar BB3MOXKHHUTE Pe3yiaTarn oT cuTyauusTa. CTpykTypara ce
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OIpeacid Karo CIIOACJICHO 3HAHUC 3a q)YHKHI/IOHI/IpaHeTO Ha CHCTEMa, KOCTO IIO CBOATA

CBHITHOCT OIpaHMYaBa €BOJIOIMUATA HA CbCTOSIHUETO Ha cuctemara [ 70, 71].
2.5. loBepue U MPO3PAYHOCT HA JIOTUKATA HA PelIEeHUsITA.

[IbpBUAT poOIEM, KOWTO TPsIOBA 1a ObE MPEOAOIISH MIPU BHEAPSBAHETO HA CHCTEMA
3a TOATIOMaraHe Ha B3€MaHETO Ha pelleHHs €, ye morpedutenute TpsOBa Ja Morar ga ce
JOBEpsiBaT Ha MH(OpMaIUATa U TMPENOPBKUTE, KOUTO CHUCTEMara npenocTass [66, 72, 73].
Jlebunnnusara 3a J0BepHUe € CEJICKTUBHO aaantupaHa ot Muir [65, 74]. [oepueto e
OYaKBAaHETO HAa 4YJIEH Ha CHUCTeMara, 4e e MMa HaJeKIHOCT M TEXHMUYECKH KOMIIETEHTHO
U3ITBJIHEHHE OT JIPYT WICH Ha CUCTEMAara, KOeTO € CBbP3aHo C, HO HEe HEITPEMEHHO N30MOp(HO,
Cc OOEKTHBHM MEpKHU 3a Te3HM KadecTBa. ,,HanexxaHOCT® ce OTHaci A0 MOCIENOBaTeIHO U
MPEeIBUIUMO H3MbIHEHHE. ,, TeXHWYECKH KOMIIETEHTEH ce€ OTHaci [0 CIIOCOOHOTO
U3IbJIHEHUE HAa (PYHKLINHU, pa3lpeaesieHU Ha TO3U WIEH, B pAMKHUTE Ha ONPEIEICHU IPAaHULIU U
orpanuuyeHusi. akThT, Ue JOBEPUETO HE € MPSIKO IPEICTABUTENIHO 3a TE3U KauecTBa, 10Ka3Ba,
4ye MMa pa3iiKa, OCHOBaHA Ha YOBEIIKOTO BB3MPUATHE 3a TE€3H aTpHOyTH, KOETO MOXKE J1a €

npenyoeneHo.

,»370yroTpebara® cbc cucTemMara 3a IMmojArnoMarane Ha B3eMaHEeTO Ha PEHICHHUS MOXeE Ja
npueme HsAKOIKO ¢opmu. Yecto obchxkmanarta gopma €, KOraTo MPOEKTAHTUTE CBPBX
aBTOMATU3HpaT AajeHa (QyHKIUS, Taka 4e poisiTa HAa MOTPEOUTeNs, € MPeAUMHO HAA30pHa,
KOHTpPOJIHA WJIM MOHUTOPMHIOBa pojs. Makap M 4ecTo WHOBaTUBHM M TIOJIE3HHU, TE3U
HENpeIBUJCHH YNOTpeOM pa3lliupsiBaT TPaHULIUTE HA TEXHUYECKaTa KOMIIETEHTHOCT Ha

cucreémMara, YucToO U3I0JI3BAHC B TC3U obmactu € OuIIo HCIIPEABUACHO OT IPOCKTAHTHUTC [76]

Koraro cucremara 3a moarmoMaraHe Ha B3€MaHETO Ha pemiCHus nMa SACEH OTTOBOP, TA

TpsiOBa J1a MPEJOCTaBU:

1. Ungpopmayus unu npenopvka no omuowenue na pewenuemo. Ilpu npoeKTHpaHeTo
Ha aJrOpUTHM 3a MOANOMAraHe Ha B3€MAaHETO Ha PEIlEHUs, IPOEKTAHTUTE YECTO Pa3IIexkaar
nHpopmanusaTa nox popmara Ha mpodiiema, KOWTO TpsAOBa Ja ObJe pelleH, He HEMPEMEHHO B
TEPMHUHHTE, KOUTO IOTPEOUTENAT U3UCKBA, 32 J1a MHTEPIIpeTupa Ta3u nHpopmarus. Cien karo
uHbopMaLuATa W/ MM Tpernopbkara ObJaT TeHEepUpaHU OT CHUCTeMara 3a IMOJAIoMaraHe Ha
B3€MaHETO Ha PElIeHUs, IPOEKTaHTHT TPsOBa J1a ce MOTPHXKHU J1a s MPeBe/ie B KOHTEKCTyallHa

TEPMUHOJIOTHS U (opMa.
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2. Haepemenna ungpopmayus uiu npenopwvka. Ilo cbliius Ha4MH, KOraro cucremMara
npenocTaBs HH(GOpMAIUS WM IPEropbKa, T TpsAOBa 1a Oblie MpeaocTaBeHa B MOAXOASIIOTO
BpeMe. Hsikou perienus TpsiOBa 1a ObJaT B3€TH 4aCOBE MPEAN BHEAPSABAHETO, JOKATO JPYTH Ca
KPUTUYHHU BbB BPEMETO U IOTPEOUTENAT UMa CaMO CEKyHJHM, 3a Jla pearupa Io IMOAXOISL]

Ha4YMH.

3. Haoeosicona unghopmayus unu npenopwvra. Kaxro 6erie o0ChI€HO B pa3jiena mo-rope,
HAJISKIHOCTTA Ha CUCTEMATa € OT PelliaBalilo 3HaYeHUE 32 CIOCOOHOCTTA Ha MOTPEOUTENS 1a
pasBue JoBepHe B cucremMara. HaaesxaHOCTTa MpU MHOYKECTBO 00CTOSATEINICTBA TPsiOBa a Objie

OICHCHA NPCAU BHCAPABAHCTO HA CUCTECMATaA.

4. Bvamooicnocm 3a npeaned Ha uHopmayuama uiu Ha0eicOHOCm Ha NpenopvKamd.
3a 1a Morar mpoeKTaHTUTE MPABUIHO Ja KanuOpHupar JOBEPHETO B CHCTEMA 3a MOJIOMAaraHe
Ha B3EMaHETO Ha pelIeHus, HPOpMaIUATa 3a HaIe)KTHOCTTA HA CHCTeMara TpsiOBa peloBHO

Jla ce IIPeIoCTaBs Ha OTPEOUTENS.

5. Obocnosxkama Ha npenopvKama 3a noonomazamne Ha 63emManemo HA peuerusl. Hsxou
CHUCTCMHU 3a MoArnomMarane Ha B3CMaHCTO Ha PCIICHHA ImoMarar 3a B3CMaHCTO Ha PCIICHHUA B 110-
ABJIT'K CPOKOBEC, KaTO AaBaT Bb3MOKHOCT J1a CC MPEAOCTaBU AOIIBIIHUTCIIHA I/IH(l)OpMaIII/ISI NI

IPCIIOPBKaA 3a IoAIIOMAaraie Ha B3CMaHCTO Ha PCHICHUA.

IIporpecuBHOTO B3€MaHe Ha PELLIEHUS CE OIIPEeNIs KaTo IEPHOANYHO IIPEepasnIekKIaHe
Ha MHpOpMalMITa W aJanTHUpPaHe Ha CTPATErMUECKUTE pELIEeHUS KbM aKTyalu3upaHara
uH(oOpMaLus, Koraro Ts CTaHe J0CTbIIHA. TO3M THI B3eMaHe Ha pelIeHMs BKJIIOUBA B3eMaHe
Ha CTaOWJIHM CTPAaTernyecKH PELIeHUs, KOUTO MPeIBHXIaT HeOOXOAUMMOCTTa OT MOceBalla
ajanranus, KaTo ce rapaHTUpPa, Y€ MHOKECTBO TAKTUYECKU OMNIMM Ca HAJIMYHU MO-KbCHO B
ONEpaTUBHMUSI BPEMEBU XOPHU3OHT, M NpepaslIekJaHe Ha pelIeHHUATa, B3€TH Karo
MH(POPMALIMOHHYU aKTyaJU3aliH.

2.6. CucreMeH nomie] BbPXy BHeAPSABaHETO.

Honwuzcrae unKsn 0B meTon 32
PR m——

Gynrupa of
Bcitkg AHLE

PaBoTHi
AaHHR

Mpoueaypm

" NpaBnemure
Npofiaemi
H3CKBAUWA Mudopmaun
ONePaUMOHHA  nomowy Npw Ar a
NPOUEAYPH M Baemane Ha
Onepauonmen | FOCTNTMM A pewesun Nognomarane |
o\ [T p——
Kaw paborar masen HavckaaHIA Ha pewenna
onepaumure
W 33L0

npaBnemi

]

Onepausm

Mpeanomenns 53 nomow, npi
B3emane Ha peuseHHA [——
cuansaa ynoTpeBa a
MHCTDYMEHTH WA
KonwuecreeH wiisn npoueAypA

@urypa 2.11 Ilpouec Ha pa3BUTHE Ha CUCTEMUTE

Asmopegpepamu Ha ducepmavuu 2026 (7) 47-92



63 Pamoit Crpesumupos Jlykoscku

BHaenpsiBaneTo Ha epekTHBHA cHCTEMa 3a MOAIIOMAaraHe Ha B3€MaHETO Ha PEIICHUS €
ureparuBeH npouec (Purypa 2.11).

B uaeannus cimyvaid, IpoeKTUPAaHETO HA CUCTEMa 3a MOANOMAaraHe Ha B3€MaHETO Ha
pelieHus TpsOBa Ja 3aroyHe ¢ IMOJICBH HAOMIONEHNS U aHAJU3W Ha ONEPAaTUBHU JIaHHM, 32 J1a
ce pa3bepe orepanusaTa U pojsTa Ha IOTPEOUTENNTE.

PazOupanero Ha mpoeKTaHTa 3a OINEpaluATa, MOTPEOMTEIUTe W OTPAHUYCHUATA
dopmupa omeparuBHus Moxend. OT TO3W ONEpaTMBEH MOIET MOXE Ja Bb3HHUKHE
He00XOUMOCTTA OT MOJIIOMarane Ha B3eMaHETO Ha PEIICHHS U ce AePUHUPAT U3UCKBAHUSTA.

Cnen ToBa ce W3BBpIIBA IPOCKTHPAHETO W pa3pabOTBaHETO Ha CHCTEMa 32
MOJIIIOMaraHe Ha B3€MaHETO Ha PEUICHHs, KOETO BOIW JI0 IMpolenypa, UHTepdeic JoBeK-
MammHa/rpadudeH naTepderic u odydeHue.

BrenpsiBaneTo Ha cucTemara 3a ImoJIrioMarane Ha B3eMaHETO Ha PEIICHUS BIUsIE BBPXY
OTEepalMUTE U €PEKTHT OT HEesl MOXKeE J1a ObJIc U3MEPEH Upe3 aHallu3 Ha ONICPAaTUBHU JJAHHU U
MOJICBH HAOJFOICHHUSI.

Koraro ce mpoektrpa HHCTPYMEHT 3a MOJIIOMAaraHe Ha B3¢MaHETO Ha PEIICHHS, YECTO
“Ma OCHOBHA HJIes 32 CUCTEMara, KOsITO € MPEeBbpHATA IMOHE BB (DYHKIIMOHAIIHO U3UCKBAHE 32
MOJIIIOMaraHe Ha B3€MaHETO Ha PEIICHHS.

B mmpok cMmuCBI Ha cHCTEMa 3a IOAIIOMAaraHe Ha B3EMaHETO Ha pEIICHHUS,
MpeIoCTaBeHaTa IMOIKperia 3a B3eMaHe Ha PEIICHUS MOYKE 1a BKITFOUBA TEXHHUYECKH AJITOPUTHM,
MOJIbPKAH OT BU3yalU3allUs 32 TOTPEOUTENsI, HOBA MPOIEAYPa, HOBO HIU MOTUPHUITUPAHO
oOydeHue WM HIKaKBa KOMOWHAIMS OT TE€3HW TPHU eneMeHTa. EdekTuBHOTO BHEIpsBaHE Ha
CpeZCcTBara 3a MoJANOMaraHe Ha B3eMaHETO Ha pelieHus (HHCTPYMEHT, poleaypa, o0ydeHue)

BOJM JI0 U3MEpUMa I10J13a.
2.7. U3Boam mo BTOpA I71aBa.

1. IToka3ano €, 4C MpOLCCHT HA pallMOHAJIHOTO B3CMAaHC HA PCIICHHA ChUCTaBa B cebe
CH TCOpUsATa Ha BCPOATHOCTHUTC W TCOPHATA HaA IMOJE3HOCTTA, KAaTO MOXEM Oa U3rpaauM
pallMOHAaJIHKU CUCTEMH 34 B3€MAHC HaA PCHICHUA, 6a3I/IpaHI/I Ha (1)YHKI_II/II/I Ha IIOJIC3HOCT,

HU3BCIACHU OT XOpara.

2. C’bI_I_ICCTByBaHCTO Ha (I)yHKI_II/I}I Ha MOJIC3HOCTTA CJICABAa OT OIpaHHUYCHUATA BBPXY
PpallMOHAJIHUTC NPCAINIOYUTAHUSA. PanmonanaHoTo pCeIICHUC € TAaKOBd, KOCTO MAaKCUMHU3HUPA

O4YaKBaHara I10JIC3HOCT. XopaTa HE BHHAru ca panuoHaJIHH.
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3. YcraHoBeHO e, 4e MpH B3€MaHETO Ha PALIMOHAIHU PEIICHUs ¢ IPeArnogaraeM Mojael
Ha cpefara MHOTO Mojie3Ha Moxke na O0bae Teopusita Ha WUrpuTe, C BKIIOYEHHM MHOXXECTBO
areHTH. ToBa € ygayHo, KOraro HsMa BEpOATHOCTEH MOJIENI Ha TIOBEACHUETO HA areHTUTE, HO
uMa MOJIeJT Ha TEXHUTE MOJIE3HOCTH.

4. Pasrmegana e KOHIENIUATa 3a JIOBEpUE, KaTo KIIOYOB KOMIIOHEHT, KaKTO 3a
MIPOEKTUPAHETO HA AITOPUTMH, TaKa U 3a TIXHATa IPUEMIIUBOCT, KaTo € IPECTaBEeH CUCTEMEH
MOJIXO/I KaTo paMKa 3a pa3paboTBaHe Ha €(PeKTUBEH UTEPATUBEH METO/I Ha IPOCKTUPAHE, KOUTO
BKJIIOYBA OOy4€HHUE U CHCTEMHH M3MEPBAHUS B IOTBIHEHUE KbM IPOEKTAHTCKaTa padora.

5. Heobxoaumo € Ja ce MoJIoKaT ChIVIaCyBaHW YCHIIMS 32 MCTHHCKO pa3OupaHe Ha
npo6JieMa, KOHTEKCTa U y4acTBAIIUTE €KCIIEPTH, MPEIN 1a Ce MPOEKTHpa CUCTeMa 3a MOJIKpena
Ha IpoIieca 3a B3eMaHe Ha pemieHus. ToBa pa3doupane 11e HanpaBy pa3IuKaTa MexKIy CUCTEMa,
KOSITO TIPENOCTaBS MCTUHCKA MOAKpPEINa Ha B3€MaHETO HAa PEIICHHs, M TaKaBa, KOATO € WU

IIpCyKa 3a Ipoueca, nin I/1306H_[0 HEC CC U3I1I0JI3BA.
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TPETA I'/TABA

B3EMAHE HA PEHIEHUWS ITPU YIIPABJIEHUE HA
TOIIVIOEHEPI'MEH TEXHOJIOTUYEH OBEKT

C'bH.[eCTBeHa qyaCcT OT CBBPCMCHHUTC CUCTCMH 3a AaBTOMAaTHYHO YIIPABJIICHHUC
ocurypsaBar crabuiHa CKCII0arauuAaATa Ha TCXHOJIOTMYHH 00€KTU B CHCpIreTUKara. TakuBa
00EKTH UMAaT CBbIICCTBCH 41 B MKOHOMHKATA Ha BCJAKa CTpaHa U ¢a OT CTPATErn4€CKO 3Ha4YCHUE

34 HAIMOHAJIHaTa CUT'YPHOCT Ha CTpaHara.

B Ta3u raBa ce ananmu3upa paborara Ha €IHO KJIFOYOBO ChOPBKCHHE OT CUCTEMara 3a
MIPOU3BOJICTBO HAa CIIEKTPOCHEPIUs, @ UMEHHO maporeHepatopbT. OOSKT Ha M3CIIEIBAHETO Ca
MpOIECHTE 3a TeHepUpaHe Ha Mmapa ¥ paboTara Ha M3MOJI3BAaHOTO oOopyaBaHne. Hakparko ce
pasmiekaar NPHHIMIIATE HAa PadoTa W pa3IUYHUATE BHJIOBE MapHU KOTiaM. Omnucanu ca
NPOIEChT M €TAalUTe B IPOU3BOJICTBOTO HA MMapa M ca CIOMEHATH KOMIIOHCHTUTE B
npou3BoJCcTBeHaTa cuctemMa. Ch3/IaJIcH € MaTeMaTH4eH Mojell Ha OapabaHa M HaKpaTKo ca
MPEJICTABEHU PA3JIMYHU CTPATETUW 3a YIpPABICHUE, W3IMOJ3BaHM B aBTOMATHU3WPAHETO HA
nporeca. [IpencraBenn ca cxeMaTnYHO MPOIECUTE HA yNPaBICHUE W €TalUTEe HA B3EMaHE Ha

pelIeHns CBbp3aHu ¢ paboTara Ha TEXHOJIOTHYHUS O0EKT.
3.1. [Ipunnun Ha padoTara HA MaporeHeparop.

OCHOBHUST IPUHIUT Ha paboTara Ha maporeHeparopa (koreja) € MHOTO MPOCT U JIECEH
3a pazoupane. [1o chIIecTBO KOTENBT € 3aTBOPEH ChA ¢ Boaa. [OpuBOTO ce u3raps B MeliHaTa
KaMepa U ce IoJTyyaBaT ropeliy ra3ose. Te3u ropemy ra3oBe KOHTaKTyBaT C Taka HAPEUEHUTE
BOJIOCIIYCHU TpBOM, KBIETO TOIUIMHAaTa Ha TOpEIIMTE Ta30BE€ ce IpeaaBa Ha Bojara M
BCJIE/ICTBME HA TOBA B KOTEJA 3aroyBa Jia ce obpasyBa mapa. Cien ToBa mapara ce mperpsiBa
HEKOJIKOKPATHO JI0 TOCTUTaHe Ha HeOOXOIMMUTE MapaMeTPH U ce TofaBa KbM TypOUHATa WU

KbM ChOMpaTeseH KOJIEKTOP.

Koraro HansiraHeTo Ha napara ce IOHM)KaBa, HUBOTO Ha BOZAATa CE€ MOBUILIABA, 3aL[0TO
MexypueTara Ha napara ce pasmmupsBar (HabyxBane). OO6paTHo, KOraTo HaJIATaHETO Ha rapara
ce IMOBUIIIaBa, HUBOTO Ha BoJara HamMasgBa MOpaau KOMIIpecHsiTa (CBUBAHETO) Ha MApHUTE

Mexypueta [85]. Toa mpaBu oOekTta HemMuHUMATHO (azoB (Purypa 3.2), KOETO BOIU 110
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npoOJeMu B YIPABICHHUETO NMPU PETYIMpaHEe HAa HUBOTO B OapabaHa Ha maporeHeparopa.
LlIperpagure* Ha @urypa 3.6 ca cenaparopu, KOUTO OTIACIAT cyxara mapa OT MapoBOAHara

CMCC U OCUTYpsBAT HAIIpaBJIsIBAH IIBT 3a CyXara Iiapa.

¥ Mapa kbm CBpBbXHArpesaTens

L *N > Mperpaga
Mperpaga .

N /, P - f * o .,\ A u"mo"eu
] ,-""> 0% Ce Ll

7 cenapatop

Bopa noctenBawa
OT MKOHOMaK3epa

‘\ Huzxoasuw

\~"

Huaxoasw

@urypa 3.6 Cxema Ha mapHus OapabaH Ha BOIOTPHOCH KOTEI

3.2. MaremMaTu4HO Mo/ieJIMPaHe HA NIAPOreHepaTop.

IIpu mporeca Ha MozxenupaHe Ha MAPEH KOTeJl, LeNTa € Ja C€ MPEACTaBU SIBICHHETO
CBUBaHE M HaOyxBaHE: YBEIMYaBaHETO WJIM HaMaJIIBaHETO Ha pa3xoja Ha Iapa Ha KoTeja,
KOETO BOJY JI0 NMPOMSHA B HUBOTO, TOUHO MPOTUBOIMOJIOKHO HA TOBAa, KOETO MHTYMTUBHO C€
O4aKkBa. AKO UMa BHE3aIHO HApACTBAaHE HA Pa3Xo/a Ha Iapa, HUBOTO BPEMEHHO CE€ yBeJIN4aBa
Mopagy MOMEHTHMs CIIaJ Ha HaJIATaHETO Ha Iapara, NPUYMHEH OT YBEJIWYaBaHETO Ha
norpebienuero. To3u MbpBOHAYAJIEH CHaJl Ha HAIATAaHETO BOJIU JIO0 MO-TOJIIMO M3MapeHue u
yBeIMuYaBaHe Ha pa3Mepa Ha Mexypuerara mapa (peHoMeH Ha HaOyXBaHETO), KOeTO Kapa
HUBOTO B Oapa0aHa /a ce MOBUILABA, J0KaTO TOIUNIMHHUAT MOTOK C€ YBEIMYU JOCTAaTh4YHO, 32

7la Bb3CTAHOBU CTOMHOCTTA Ha HAJIATAHETO.
3.3. YnpaBJ/ienne Ha HUBO Ha MAPOBOJHA CMeC B IapOreHeparop.

B cxemara Ha ®urypa 3.18 HHMBOTO ce cTabmiIM3Upa OT €AHOKOHTYpPHA CUCTEMA,
M3MEHSIIa KOJMYECTBOTO MPOYyXBalll Bb3yX Fpz B 3aBUCHUMOCT OT TeKylara CTOMHOCT Ha
pasznukaTta AO =0,—01 MeXy TemmepaTypuTe B IMApHOTO W TEUYHOTO TMpocTpaHcTBO. Koraro
NsHaTa JIOCTUTHE YYBCTBUTENHHS €JIIEMEHT BBB BbpXa Ha KOJOHATa, TeMmIepaTypara
02 3amouBa J1a criajia U perynatopbT HamalsiBa pa3xoja Ha Bb3AyX Fp, KaTo BUCOUMHATA Ha

IICHHHUS CJIO0M C€ HaMalIsiBa.
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Hznapurenna
CHCTEMa

@urypa 3.18 Cxema ¢ KOMOMHUPAHO YIIPABICHUE
Perynupanero Ha HUBOTO B cemaparopute Ha komiu yrunuzaropu (Purypa 3.14a) ce
U3BBPILBA 10 CXe€Mara ¢ KOMOMHUPAHOTO ympaBieHHe, rokazaHa Ha Purypa 3.18. Ocsen
OCHOBHHS CUTHAJI 0 oOparHa Bpb3Ka 110 HUBO L B perynaropa Ha HuBo C(p) ce rnojnasar U JBa
KOMIICHCHpaIY curHana g; u g2. KomnencaropsT K; € U3IbJIHEH KaTo O€3MHEPLIMOHHO 3BEHO
U OTYMTA CIyyallHUTE M3MEHEHHUS B pa3xoja Ha Boja [, IbJDKAIM ce HAa M3MEHEHUs Ha
HAJIATAaHETO B 3axpaHBamara marucrtpana. KommeHncaropsT K> CBIIO € HU3IIBJIHEH Karo

IMPOIMOPHHUOHAIHO 3BCHO U OTUMTA USMCHCHUATA B pa3xoda Ha Imapa Dn.
3.4. YnpaBienne Ha HUBOTO B 0apa0aHa Ha maporeHeparop.

KombOuHMpaHa cuctemMa 3a perynupane Ha HUBoTo B 6apabana (Purypa 3.21) e uaeanna
3a clIy4auTe, KOraTo KOTeJHaTa MHCTAJAIMs Cce ChbCTOM OT MHOXECTBO KOTJIM U MHOXKECTBO
TTOMITH 32 TIOCTHITBAIIA BO/IA MJIH 1312 HA HAJISITaHE BbPXY PeTyINpaIIns KJIarnaH € IPOMEHJIHB.
TpsiOBa na ce u3mepBar HUBOTO B OapabaHa, pa3xo/a Ha Mapa U pa3xoja Ha MUTATeTHa BOJA.
3a n1a Ob1Ie cucTeMara B paBHOBeCHE (HMBOTO J1a HE C€ TIPOMEHsI) pa3xojia Ha rapa TpsioBa Jia €
paBeH Ha pa3xojla Ha MUTaTeJIHaTa BoJa. AKO MMa pa3jrKa MeXJy JBaTa pa3xoaa HUBOTO WU
111e HapacTBa NOCTOSIHHO WJIX 111€ HaMaJIsiBa OCTOSHHO (00€KTa MMa MHTETPUpPAIY CBOMCTBA).
Pasnmkara Mexxay pa3xoza Ha rmapa ¥ pa3xojia Ha BoJia Ce IojjaBa Karo KOpUrupama CTOMHOCT
KBbM 3aJJaHHETO 32 HUBO B Oapabana. [1o TO3M HauMH BCSIKO €HO CMYIICHHE B JIBaTa pa3xoa
OuBa OTpa3sBaHO B PETYIMPALIOTO BB3ACHCTBHE Mpeaud HHUBOTO Jia C€ € IMPOMEHMIIO.
EdexTuBHOCTTa Ha TPUUMIYJICHaTa CUCTEMA 32 yNpaBlIeHHE MPH MPEXOIHU YCIOBUSA 5 MIPABU
MHOTO TIOJIe3Ha 32 OOIIM MPOMUIIUICHH ¥ OMTOBH MPHUIIOKEHUSI Ha TTaporeHeparopure. Ts ce

CIIpaBsi C HAaTOBApPBaHUS C ITUPOKH B OBbp3u TemmoBe Ha mpomsiHa [101, 102].
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3.5. CumyjJanMOHHO MoOAeJMpPaHe HAa CHCTeMHUTe 3a yIpaBJeHHe Ha

naporeHeparop.

3a nenuTe Ha M3CNenBaHeTo € n30paH razoB koren (Purypa 3.25) F-1011 ¢ yetupu
TOPEJIKU, C MPUHYIUTEITHO U UHIYLIUPAHO U3CMYKBaHE U peKylepanus Ha JUMHUTE ra3oBe U ¢
npousBoautenHoct 70000 Lbs/Hr. ima ekoHomaii3ep Ha 3axpaHBaiiara Boja, KOMTO U3MOI3Ba

orpaboreHu qumHH razose [110].

» TTIAPA

® @ ® ® @
(o)
N/
- |
®

e

B BAPABAH <
Ny @ @
'/ ) ¢

®
T
|
|

H BLOWDOWN

Ourypa 3.25 [IpoekTHa cxema 3a yrpaBjieHHe Ha HUBO B Oapabana B koten F - 1011

(1 - perynarop 3a ynpapieHHe Ha MUTaTeIHATa BOJa; 2 - perysiarop HUBO B OapabaHa; 3 -
TPAaHCMUTED 3a HUBO; 4 - TPAHCMUTED 3a Pa3xo/l Ha BOJA; 5 - peryaarop Ha CbOTHOLIEHUE; 6 -
MH/IMKaTOp Ha peXrUMa Ha CbOTBETHUTE PETYNIaTopy; 7 - pa3xol napa; § - pa3xoa Boja
HENPEKbCHATH MPOYBKU; 9 - ppUEH KIIIOY)

B nporpamnara cpena MATLAB, upe3 usnon3pane Ha Simulink e usrpageH monen
(®Durypa 3.26) 3a koHTpOa Ha HEUBOTO B Koten F-1011, karo mannute 3a Level block 1, 2 u

Level integrator ca peannu u ca B3etH ot pepunepus B En ITaco, CAILLI.

Nmame HemuHuMaTHO(Pa30B 00EKT ChC CieIHATa MTpeaaBaTeaHa QyHKIUS:

30s—-1 -2 L (339)

10s+1 5s+1 30s

W(s) =

Buxna ce, ye umMaMe MHTErpUpaIlo 3BEHO € 15 ceKyHIu BpemMe Ha MHTErpupaHe U
HEMUHUMAaIHO(a30Ba YacT, KOSITO MOXKeE J]a C€ allpOKCUMUPA C UUCTO 3aKbCHEHUE 45 CeKyHIH.
ToBa mpaBu oOekTa 3a peryaupaHe TBBPJAE CIOXKEH, HEOoOXOAMMa € KOMIIEHCAllus Ha
HEMHHHMMATHO(a30BOCTTa, KOETO B ToJiIMa CTENEH MOXe Ja ObJe MOCTUIHATO 4pe3
U3II0JI3BaHE Ha TPUEIIEMEHTHATa CXeMa 3a perylnupaHe oO0CchAeHa B HallpaBEHUs JINTEpaTypeH
0030p. PaBHOBecHaTa TOuKa Ha OKa3HAaTa CUMYJIAIus, TP KOATO HUBOTO € Hyna ¢ 70% pa3xon
Ha mapa u 70% pasxos Ha Boma. Ha Bxoma Ha o0OekTa ¢ moka3aHaTa mpeaaBaTesiHa QyHKIHS,
KaTo TIOCTBIIBA pasziMKaTa MEXAy pa3xoJa Ha BoAa W pasxona Ha mapa. [lopaam
MHTETPUpPALUTE CBOMCTBA Ha 00EKTa, aKO Ta3M pas3iiMKa € MOJIOKUTETHA HUBOTO 1€ HapacTBa

IMOCTOAHHO, a4 aKO € OTpULATC/IHA, HUBOTO III€ HaMaJIsIBa ITIOCTOSAHHO.
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3a KOoMIIeHCcHupaHe Ha HaOyXBaHETO ¥ CBUBAHETO HAa HUBOTO IIPH MPOMSHA Ha pa3xoia
Ha napa WK pa3xoJia Ha BoJa, KbM 3a/IaHUETO Ce J00aBs pasiIKaTa MeX/ Ty pa3Xxo/l apa v Bojia
C TETJIOBEH KOE(UITMEHT, KOWTO € 9acT OT HaCTpOoHKaTa Ha cxeMara 3a perynupane. Kakro oemie
pasmiegaHo B JHMTEpaTypHHS 0030p, MpPH yBEIMUYaBaHE Ha pa3xoga Ha mapa HHBOTO ce
yBEJIMYaBa B ITbPBHS MOMEHT U IIPH JaJCHHs MOJCT I 3all0YHe Ja nana cien 45 CeKyHIH.
To3u daxT e mocTaTbyeH 3a HeaJJeKBaTHA PEaKIsl Ha PeryiaTopa B KOHBEHIIMOHATHA CXeMa 3a
perynupane, 0€3 KOMIIEHCAIMs Ha HEeMUHUMaIHO(pa30BOCTTa. B HacTosmaTa cxema pa3imkara
MEXIy Iapa W Bojaa mpererieHa npe3 koepurmenture Gain S u Gain_S1, ce momaBa KbM
3aganueto (0ok Setpoint). [To To3M HaYMH yBETMUYSHHETO HA Pa3Xoja Ha IMapa MOMEHTAITHO
yBEJIMYaBa 3aJJaHUETO, KOETO BOJIM JI0 YBEJIMYaBaHE Pa3Xoja Ha BOJA, HE3aBUCHMO OT TOBA 4Ye

HHBOTO CC yBCJIMYaBa, a HC HaMaJIsBa.

C apyru aymu ce nmoctura KOMIEHCUpPaHE Ha YBEJIMYaBAaHETO HA HUBOTO B CIIEJICTBUE
CraJlaHeTo Ha HaiuAraHeto B OapabaHa u pasmupsiBaHe Ha Mexypuerara mapa. B
KOHBCHIIMOHATHA CXeMa TOBa (PMKTHBHO MTO-BHCOKO HUBO, BOJIU JIO CIIMPAHE Ha ITOIaBaHETO Ha
MHUTATEJIHA BOJAA B MOMEHT, KOTaTO HAUCTUHA CE€ U3UCKBA IMOBeUe BoJa. M3mon3BaHus perymnarop
e [I1. He usnonszsame I1M/], 3amoro Ha u3xona Ha peryiraropa UMma KiamnaH, KOUTO HE € B

CBbCTOJAHHE [a OTpa6OTI/I HU3X0 ChbAbpIKaIll ,I(I/I(bepeHI_[I/IaJ'IHa KOMIIOHCHTAa WM MOXKCE Ja C€
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File Edit View Display Diagram Simulation Analysis Code Tools Help
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®urypa 3.26 Mogen 3a peryiaupane Ha HUBoTO B koten F-1011 (MATLAB Simulink)

Ha ®urypa 3.29 e npeacraBen koutposieH moayn 10LC133, 3a ynpaBieHre Ha HUBOTO
B Oapabana, kpaeTo yuactBar LEADLAG, DATAACQ, ADD, MUL, SUB, NUMERIC u PIDA

(GyHKIMOHATHU OJIOKOBE.
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@urypa 3.29 Konrposen mogyn 10LC133

3.6. ExciepMeHTAIHU pe3y/ITAaTH OT AHAJIM3a HA MaporeHeparop.

B cucremara 3a ynpasienue Ha 3aBoja (opurnHanHara kondurypanus) koren F-1011,
KOATO € npeacTaBeHa Ha Purypa 3.39, ce usnonssa [1U perynarop ¢ koepULUUEHT Ha ycUIBaHE
0.85 u Bpeme Ha uHTerpupane 7 MuHyTH. IlpuunHara 3a ToBa €, ye mpeau MOACPHHU3ALUATA,
cxemara 3a yIpaBleHHe € Ouia eTHOKOHTYpHa, pa3niefaHa B JUTeparypHus o03op. T He

MO3BOJISIBA OCTPH HACTPOMKH Ha peryiaropa.

Tuning - general Gain options

Control equation: |EQB - Gain option: |L|N -
Control action: ’W Overall gain: linas
Integral time T1 (minutes): ﬁ Low limit: ,7000 High limit: IW
Low limit: ,7000 High limit: 1440.00 Linear gain factor: I—NaN
Derivative time T2 (minutes): liuuo Gap gain factor: NaN
Low limit; ,70_00 High limit: 1440.00 Low limit: NaN High limit: NaN
Filter time (minutes): [ Tow Non linearity form: [ o

Non linear gain factor NaN
External gain factor: NaN
T Legacy gap
@urypa 3.39 OpurnHaaHu HacCTPOWKH Ha KOHTposeH monya 10LC133
3a menTa Ha U3CJIEABAHETO € U3I0JI3BaHa TPU KOMIIOHEHTHATa CXeMa, KakTo Oellle Beye

cnomenaro ¢ [1M perynarop, mopaay HadTu4YHeTO HAa 0aBEH KJamaH U ¢ TErJIOBU KOe(PHUIIMEHTH

3a pa3jMKara MeXxay pa3Xxoj 1apa 1 Boja, IoJaBaHu KbM 3a/1aHUETO.

TernoBHuTE KOE(UIMEHTH 3a pas3jiMKaTa MEXIy Mapa W BOAAa ca ONpeAeieHU
€KCIIepUMEHTaNIHO. B mpoBeaenute cumynanuu te Bapupar or 1 mo 7. Hacrpolikute Ha
perymaropa ca koedunueHT Ha ycunBane: k=0.7 u BpeMe Ha uHTerpupane =10 cekyHmu.
Bwxkname 3HaunTeNHA pas3iinKa BbB BPEMETO HA MHTETPUPAHE B CPABHEHUE C TOBA Ha 3aBOJA.

Ha ®urypa 3.40 ca npeactaBeHH MOIYyYEHUTE PE3YITaTH.
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Haii-noOpu pe3ynraru ca moJiydeHH Mpu TErIoBHU KoeduiuenTn k=7. Buxnaa ce, ye
KOPEKIUATa KbM 33JJaHHETO € Hai-0CTpa, KOETO BOAM JI0 MO-CHIIHA KOPEKIUS B pazxona Ha

BOJa, IMp€ar HUBOTO Jida C€ € OTKJIOHUJIO 3HAYUTCIIHO.

120 |- -

80— - T —

20k

B)
®urypa 3.40 Perynupane Ha HUBO NP Pa3INYHU KOSUIIUEHTH Ha KOMIIEHCUPaHe
a) - npu k=3; 0) - ipu k=5; B) - ipu k=7
Ha ®urypa 3.41 e noka3aHa cxemara B OTBOPEH KOHTYp (M3X0[a Ha peryjiaropa He

Bb3JIE€HCTBA Ha pa3xoga Ha MUTATCIIHA BO,[[a). Cxemara ¢ M3IIOJ3BaHa 3a HWIIIOCTPUPAHE Ha
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OTBOpEHATa CHUCTEM IpPU CMYIICHHMs IO Mapa u BoAa. Pesynrarurte ca moka3zaHu MO-HAAOIy B

TEKCTa U ca CpaBHEHM € Te3u nonydeHu B EPKS.

P4 Level_open_loop * - Simulink - a x

B-o-d MO E-04®P » A= tomai X @

Level_open_loop

@ [Fa]Level_open_toop

2
[0

1 BEUES

sy View 2 wamings 100% caets |

®urypa 3.41 Mogen 3a peryiaupaHe Ha HUBO IIpU OTBOPEH KOHTYP

e =y
CCL SITW Rn= =24l 18 dds #908 % [

Rl P T T e ————] [=zies ]
S pemnens as oo lia & |lu 6 x i - an (el e

anay e i

®durypa 3.46 Kontponen momyn 10LC133
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B xontponnuat moayn 10LCI133, koilTo oTroBapsi 3a peryjJupaHeTO Ha HHUBOTO B
OapabaHa, ca KOH(QUI'YpUPAaHU TEINIOBHUTE KOE(QUIMEHTH M HACTPOMKHUTE Ha peryiaaropa
nonyueHu B MATLAB. Pexum MONITORING e nokazan Ha ®urypu 3.45 u 3.46 3a
koHTponHuTe monynmu Level calc u 10LC133, B koMTO ce M3YMCIsABA M PEryarpa HUBOTO B

OapabaHa.

Ha ®urypa 3.51 e nmoka3zaHo MoBEIEHHETO Ha OOEKTa 3a PEryIHpaHE B OTBOPEH U
3aTBOPEH KOHTYD, peaju3upaH B nporpamuara cpeaa Experion PKS na Honeywell. @urypara
€ pa3zefieHa Ha TPU YacCTH: B IIbPBATa 4YacT € MMOKa3aHO MOBEJACHUETO B OTBOPEH KOHTYp IpH
paboteny perynarop 3a pa3xol Ha BOAAa W MPOMsIHA Ha HEroBOTO 3aaaHue. [lokaszaHa e
MpOMSIHATAa Ha HUBOTO B PE3YJITAT HAa T€3HW CMYIICHHUS. SICHO ce BIKJIa HEMHHIUMAITHO()A30BHS

Y MHTETpHpall XapakTep Ha 00eKTa.

BwB BTOpara 4acT € IOKa3aHO CMYIICHHUE IO 3alaHUC B 3aTBOPCH KOHTYP. Bmxna ce
CIIaAaHCTO Ha HUBOTO IIPU YBCIIMYABAHC Pa3XxoJa Ha MATATC/IHA BOJAa U JOCTUTaHETO HAa HOBOTO

3a/laHuC, IIPHU KOCTO pa3xoZia Ha BOJd OTHOBO CTaBa PaBCH Ha pa3Xxoda Ha I1apa.

Tperara wacT moka3zBa CMyIIEHHE IO pa3xo] Hapa (pa3xona Ha Iapa HamalsiBa
cThlanHo). Bukaa ce ps3kara kopekuusi 100aBeHa KbM 33JaHHUETO 3a HUBO, OOyciaBslia
He3a0aBHOTO HaMalsiBaHE Ha pa3xoja Ha BOJA, YMSATO CTOMHOCT C€ M3paBHSABA C pa3xoja Ha

rapa, Koraro HUBOTO C€ YCTaHOBSIBa Ha IIpeuIlHaTa cu ctoiHoct [120, 122].

2AUQ21 102337 A1 BLG133 PVHIHI U 0D Drum level 818013 %
Exgmitn gt 109802 iy ALATM ) SYSTEV [SEEETES @ azET Btie 0 Sz 2 o

@urypa 3.51 IloBenenue Ha 0OekTa 3a peryJaupaHe B OTBOPEH U 3aTBOPEH KOHTYD,

peanusupa B nporpamuara cpena Experion Process Knowledge System

Cnen cp3naBaHe Ha MOJIENa 3a PETYIMpaHe Ha HUBOTO B ITporpaMHara cpenra MATLAB

U peanu3anusaTa My B mporpamuara cpena Experion PKS, 6sxa nmpoBeneHn eKCriepuMeHTH 3a
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CpaBHsBAaHC Ha IOBCACHHUCTO HaA H3IMOJ3BAHUA MOJACI B ABCTE CUCTCMMU. Fpa®HKHTC Ha

®urypure 5.52 u 5.53 noka3BaT U3MEHEHHETO HA HUBOTO MPU OTBOPEH KOHTYP.

27-Aug-21 102337 A1 10LC133 PVHIHI U 00 Drum level $1.5013 %
Lrnn 5 svsTEn = messace @ ALERT Sttesd D s 2 o

®durypa 3.52 [loBenenue Ha HUBOTO B OapabaHa B OTBOPEH KOHTYP MPHU CMYIIIEHHE 110 BOJIA

(Experion Process Knowledge System)

a) 10FC133 PV (3axpanBaiia Boja) - TiopkoasHa nunust; 6) 10F1143 PV (konuuectBo napa) -
nunasa suaus; B) 10LC133 SP (3aganue 3a HuBO B OapabaHa ChBIIAAI0 PEaTHOTO HUBO MIPH
paboTta B OTBOPEH KOHTYP) - skbiaTa Junus; T) 10LC133 PV (peanno nuBo B Oapabana) - Osiiia

JINHUA

®durypa 3.53 [loBenenue Ha HUBOTO B OapabaHa B OTBOPEH KOHTYpP MPHU CMYIIIEHHE 110 BOJIA

(MATLAB)

a) 10FC133 PV (3axpanBaiia Boja) - TiopkoasHa nunust; 6) 10F1143 PV (konudectBo mapa) -
nunasa uaMs; B) 10LC133 SP (3aganue 3a HUBO B OapabaHa ChBIIAAIN0 PEATHOTO HUBO TPH
paboTa B OTBOpEH KOHTYp) - uepBeHa jimHus; T) 10LC133 PV (peanno vHuBo B 6apabana) -

3CJICHA JIMHUA
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Ot npoBenenute cumynanuu ce Buwxkaa, ye B MATLAB npomsiHata Ha muTareaHara
BOJ/Ia € MUTHOBEH mnporiec. B cpenara Ha Experion PKS konmruecTBoTO BOAa ce MpOMEHs MaJIKO
110-0aBHO, ThI KaTo € cuMyaupad u kinanad. B MATLAB He e cumynupan kiianaH, Tbi KaTo
CUMyJalMATa TaM € IPOBEACHA C IIeNl IpOBepKa Ha HesiTa M paboTOCHOCOOHOCTTAa Ha

npeaiokenara cxema, koato B Experion PKS e peanu3upana B mbjieH mama.

[Tonyuenure pesynraru OT MPOBEACHUS aHAIU3 JOKa3BaT PabOTOCIIOCOOHOCTTA Ha
cXemara 3a YINpaBJIEHUE B peajlHd YCJIOBUsA IpPU Taka 3aJaJeHHsl MOjeN Ha Oo0eKTa 3a

yIIpaBJIeHUE.
3.7. U3Boam mo Tpera miasa.

B Hacrosmiara miaBa ca pasmieaHd BUIOBETE NaparoHEpaTropH M NMPUHLUIA MM Ha
pabora. [IpencraBeHr ca MaTeMaTu4ecKOTO ONKMCAHKE, TPeIaBaTeTHUTE (PYHKIIMH ¥ TPEXOTHH
XapaKTepUCTUKA Ha HEMUHUMAIHO (a30B 00EKT, KAKBOTO € HMBOTO B maporeHneparopa. Ot

IMPOBCACHUTC U3CJIICABAHNA MOI'aT Ia CC U3BCAAT CICAHUTC U3BOAU:

1. HanpaBeH e aHayiu3 Ha MPOTUYALIMTE IPOLECH HA IApOBOJIHA CMEC 3a LIEIUTE HA
perynupaHe Ha HHMBOTO M ca IPEACTAaBEHH OCOOCHOCTHTE Ha I1apOBOJHATA CMEC Karo
perynupyema npomMeniuBa. IIpeiacraBeHu ca pe3ynTaruTe Ha H3CIEIBAHUTE CUCTEMHU 3a
aBTOMaTMYHO peryiupaHe IMpd pa3IMyHd KOeQUIMEHTH Ha YCHJIBAaHE Ha CTaTHYeH

KOMIICHCATOpP Ha CMYUICHUATA.

2. llpeacraBeHHM ca MaTeMaTHYECKH 3aBUCUMOCTH ONMCBAIM JAMHAMUYHUTE
XapaKTepUCTUKA Ha TPOIECHTE TMPOTHYAIlM B TIAPOTEHEpaTopa M ca pa3paboTeHH
CUMYJAIMOHHU CXEMH 3a peryJupaHe B peaJlHO BpeMme Ha HMBO B cperara Ha MATLAB
Simulink u Experion Process Knowledge System 3a mony4yaBane Ha MaTeMaTH4ecKl MOZET Ha

peasieH maporeHeparop.

3. IlpemyiokeHara cucTemMa 3a aBTOMaTHYHO PEryJIMpaHe Ha HUBOTO Ha MapoBOJIHATA
cmec B OapabaHa cbe cpencrsata Ha Honeywell Experion Process Knowledge System 3a
B3€MaHe Ha pelLIeHHus, NpHU eKCIUloaTaluaTa Ha naporeHeparop B padunepusara En Ilaco B

CAIIl, noBuIIaBatr MpoOU3BOAUTEIHOCTTA MY.

Asmopegpepamu na oucepmavuu 2026 (7) 47-92



B3EMAHE HA PEINEHUA ITPU VIIPABJIEHWE HA TEXHOJIOTMYHU OBEKTU 76

YETBDBPTA I'VIABA

B3EMAHE HA PEHIEHUWS ITPU YIIPABJIEHUE HA
XUMHUKOTEXHOJIOI'MYHHU OBEKTHU

B Ta3u maBa me Ob1aT npeAcTaBeH: Pe3yATaTH OT aHAJIM3a Ha Mpolieca Ha B3eMaHe Ha

pELICHHSI TPH YIIPABICHUETO HA PA3IMUYHU XUMHUKOTEXHOJIIOTUYHU OOCKTH.
4.1. YnpaBienue Ha MeMOpaHeH OMopeaxkTop.

MeMOpaHHUTE TEXHOJOTHMH UMaT BCE MO-IIUPOKO MPHUIIOKEHNE B OMOTEXHOIOTUYHUTE
IIPOM3BOJICTBA U MIO3BOJIABAT pa3/ieisiHE HA KOMIIOHEHTUTE, ChABPIKAIM ce B TeUHATa (a3a Ha
OuopeakTopa criopes pa3mepa UM, KOMTO MOXKeE J1a BApUpa OT HAKOJIKO aHT'CTPhOMA J0 HSKOJIKO
mumMeTpa. Oco0eH HWHTepec MpeacTaBiIsBaT MeMOpaHUTe OHOPEaKTOPUTE C IOTONEH
MeMOpaHEeH MOy, B KOMTO C€ Ch3aBaT yCJIOBUS 3a IOCTUIAaHE Ha BUCOKO KaueCTBO Ha
IPOAYKTUTE INPU HaMajeHa KOHCyMallusi Ha €Heprust M HaMmalliBaHE Ha KOJMYecTBaTa Ha
W3IIONI3BaHUTE PA3TBOPHUTENU. Te3M MpeauMcTBa BOAAT JO IMO-HUCKU EKCIUIOATAIlMOHHU
pasxoau. ONTHMAIHOTO ACWCTBUE HA MEMOpaHHHS OMOPEAKTOP € CBBP3aHO C: IMOJIOKEHHETO
Ha MeMOpaHHHS MOIYJl B PEaKTopa; CbOTHOIIEHHETO I'a3/TeYHOCT; TPAHCMEMOPAaHHOTO
HaJIATaHe; Ch3/1aBaHETO Ha JOCTAThYHM CPsI3BAIlM HANPEKEHUs, KOUTO Jia OlaronpusTCTBaT

TPUEHETO Ha MEMOpaHHATa MOBBPXHOCT.

MeMOpaHHUTE peakTopH C MOTONeHa MeMOpaHa M aeparysi oT THIa 0apOOTaXKHHU MU
epIM(THU KOJIOHM C BrpaJeH MeMOpaHeH MOyl M3MOJI3BaT OJaronpusTHOTO BIMSHHUE Ha
nByQa3HUS TOTOK Ta3-TEYHOCT BBPXY CpsI3BalIUTE HANpEeXKEeHHUs OKOJO0 MeMOpaHara.
VYBenuuaBaHETO Ha Cps3BAIUTE HANpeXKeHUs N0 MeMOpaHara ce CuMTa 3a €IUH OT Hai-
eUKaCHUTE HAUMHU 3a KOHTPOJI Ha 3amymBaHeTo. Pa3Oupa ce, cieaBa Ja ce BHMMaBa 3a
BBb3MOXKHA JICAKTUBAIMS HA KOMIIOHEHTH YyBCTBUTEIHU KbM CpPSA3BAIM HaNpexxeHus. BaxHo e
Jla ce M3Cie[Ba TOJETO Ha TaHTEeHI[MAJIHWTE HANpeXeHWs U HeroBaTa XOMOTE€HHOCTTa B

O67M30CT 10 MeMOpaHHATa MOBBPXHOCT, 3@ KOETO HE JIOCTUTa CUCTeMaTHYHaTa HHGOopMaIusl.
4.2. IIpoexTpane Ha MeMOpaHeH OHOpPeaKTop.

3a menTa Ha W3CJIEIBAHETO Bb3 OCHOBA HA HANPaBEHUS JINTEPATypeH 0030p € n30paH

6I/IOpCaKTOp C aCpupaHC U p8.36’LpKBaHe M IIOTOIICH MeM6paHeH MOAYJI, NMOKAa3aH Ha (DI/Ipra

Asmopegpepamu Ha ducepmavuu 2026 (7) 47-92



77 Papoit Crpesumupos JykoBcknu

4.15. To3u OuopeakTop € u3rpajieH ot aBe kamepu (1-BpHIITHA KaMepa B 2-BbTpPEIIHA KaMepa),
kato B Kamepa 1 mpe3 monmHusi otBop (9) mocTbhmBa cyOcTpara, HEOOXOAUM 3a KIEThYHUS
pactex, u3xon Ha pa3tBop (10). CybcTparsT mpemMuHaBa npe3 MemOpaHHaTa HOBEPXHOCT (5) B
Kamepa 2, B KOATO C€ M3BBPILBA KICTHUHUS PACTeX, IbHO U Kallak Ha MeMOpaHHUs MOy (6).
B Hest ca MoHTHpaHu ObpKauku (4), KOUTO ce 3aaBKBAT OT enekrpomorop (13). B momnara
yacT Ha kamepa |1 e mocraBeH 6apOoThOp ¢ TopouaanHa gopma (3), upe3 KOHUTO ce BbBEKAa
BB3/yX 3a CMECBaHE Ha MaTepHaJUTE M 3a IMOYMCTBAHE HAa MEMOpaHHUS MOyl BB3myxbT
HeoOXOUM 3a aepUpPAHETO ce BBhBEXKIA Upe3 3axpanpamara Tpboa (11), ocBobokaBa ce Ha
cBOOOIHATA MOBLPXHOCT Ha pa3TBOpa B KaMepa 1 u u3nu3a npe3 BeHTHIauoHeH oTBop (12).
MemOpaHHUS MOAYJI MOXE Ja C€ JEMOHTHpa KaTo 3aJBMKBAIUAT enekrpoMorop (13) u
penykropbT (14) ce neMOHTHpAT TPEIBAPUTEIIHO U 3aKPEIBAIIUTE €JIIEMEHTUTE Ha

MeMOpaHHUs MOy (8) ce OTIeNAT OT Jierto Ha MeMOpanHus 0ok (7), Bax (15).

@urypa 4.15 buopeakTop ¢ moTorneH MeMOpaHeH MOJIYJl C aepUpaHe U pa3ObpKBaHe
HeobOxoaumuTe 00eM u BUCOYMHA HA MEMOpaHHHUS OMOPEAKTOP Ca OMPENETICHH Ype3
YHCJIEH €KCIIEPUMEHT B mporpamuara cpena Ha MATLAB, Taka ye j1a ce TOCTUTHE JKelaHaTa
MIPOU3BOJUTEIHOCT 1O KIeTKH oT 6 [g/h]. 3a onpenensHe Ha BUCOYMHATA € B3€TO OTHOILIEHHE
H/d=1,5 ot crannapTHara reoMeTpus 3a JJaOOpaTOpPEH PeakTop, a AMAMETbpPbT € U3UUCIECH

CHPSIMO TOJIYYEHHS OT eKCIIEpUMEHTa 00eM.

Knerpunus pactex B Kamepa JiBe, KaKTO U KOJIMUECTBOTO Ha CyOCTpara B JIBETE KaMepH
e u3uucieH upe3 gyHkuusaTa ode23 B mporpamuata cpena MATLAB, kosiTo nmo3BoisiBa aa ce
npecMmsTar 10 TpU Ha Opoi nudepeHUManHu ypaBHEHHUs. M3mona3BaHUTE ypaBHEHHUs ca

CICIHUTC:
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-cyocTapt B 1-Ba Kamepa: %Vl =vS, — vS; — Per(S; — S3) (8.16)
-cy0OcTpar B 2-pa Kamepa: % Vi, = Per(S; —S,) — Yxl/s uXv, (8.17)
-KJIETKHU: Z—fVZ = uXv, (8.18)

3a nmapaMeTpuTe Ha TO3U MOJEN U3M0JI3BaMe EKCIIEpUMEHTAIHM JaHHU oT urypa 4.15
u ®urypa 4.16 (KIeThUHUS PACTEXK): KMHETHKA Ha MOHO C pmax= 0.5 [h]; Ks=0.12 [g/1];
Yws=0.52; HauanmHa KoHIEHTpanus Ha cyoctpar So= 2 [g/1]; mpoToden nebut B 1-Ba kKamepa v=

2[1/h]= 0,00056 [kg/s]; nanuu 3a Mem6panara Per=0.52 [dm/h] u A=5.29 [dm?].

OT noydeHuTe pe3yiTaTi € yCTaHOBEHO, ue HeoOxonumara rnpousBoautentoct 6 [g/h]
ce ocTHTa oT 06eM Ha MeMOpanHus Moxyn 1.4 [dm?] (Purypa 4.24). MuHAMAaIHATA CKOPOCT
Ha aepupaHe € OoIpeJesieHa MOCPEICTBOM YHCIEH €KCIIEPUMEHT (KOMIIOTbpPHA CHUMYIaLus),
peanusupan ¢ ANSY'S, Bepcus 16.0. Hacrosiara exciepuMeHTanHa paboTa € peaau3upaHa B
LlenThpa MO MaTreMaTH4HO MOAEIHMPAHE U KOMIIOTHpPHA cuMyianus kbM XTMY ¢ npoaykra

ANSYS CFX, 3a xoiito XTMY uMa n0CTOSHECH JIUIICH3.

KOMHIOT’BpHaTa CuMyianus € NpoBCACHA BbPXY pa6OTHI/IH o0em Ha pe€aKTopa, IMoKa3aHn

Ha @urypa 4.17.

Bapboptbop

0,075

®urypa 4.17 CxemMaTHuHO NMpPEACTaBSIHE HA EKCIIEPUMEHTATHUS 0apOOTa)KeH peaKTop

4.3. CumyJIalMOHEH aHAJIN3 HA MeMOpaHeH OMopeaKkTop.

Hagaaan YCJIOBHUA HA YUCJIICHOTO U3CIICABAHE!

- KOJIMYECTBO Ha BBb3JyXa IMojaBaH oT OapboThopa paBHO Ha 0,05 obemHM (pakiuu,
KOETO TpHU KOHKPETHHUTE pa3zMmepu Ha OapOoThopa oTtroBaps Ha 100 oTBopa, ch3maBaliu
Mexypuera ¢ IUaMeTsp 6 [MM];
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- KOJIMYECTBO Ha CMECTa, KOSITO BKIIIOUBA JiBa pa3TBopa - Mixture u Kletki, Ha Bxox e
paBHa Ha 0,95 o6emuu pakiuu;

- 32 M3XOJ Ha Trasza ce u3nois3Ba QyHKIMATa Degassing, KoATO € mpeaocTaBeHa OT
coryepuus nmpoaykt ANSYS CFX;

- 3a/ajicHu ca ypaBHeHHs 8.15-8.17 3a m3uucIsABaHETO HA pacTeXka Ha KIETKHUTE B
MeMOpaHHUST MOAYI;

- KOHLIEHTpaluaATa Ha Bojia ce 3aj1aBa ¢ Constant.

ExcniepuMeHTHT € mpoBeJIeH IIPU CKOPOCT Ha Bb3[yXa, Bapupaiia B rpanunute ot 0.1
[m/s] mo 0.8 [m/s] mpe3 0.1 [m/s]. Creq BCEKH OMUT ¢ MTOMOIITA HA BrpajicHUs B CHCTEMaTa
KaJIKYyJIaTop € M3YMCIIeHa CpeHara CKOpOCT Ha bIIoBaTa AedopMaius M0 NOBbPXHOCTTA Ha
MeMmOpaHaTa OT cTpaHara Ha kamepa 1. 3a HaOmroZeHHe Ha XapaKTEPUCTHKUTE Ha IpoIleca,
KaTo CKOPOCT Ha IMOTOILUTE U HaJsTaHe B PeaKkTopa, ca MOCTPOCHU JOMBIHUTEIHU CEKYIIH

PaBHHUHU.

ExcniepumMeHTa 3a onpenensiHe Ha MaKCMalTHaTa CKOPOCT Ha pa30bpKBaHE € MIPOBEICH
IPU CHIIUTE YCJIOBUS Karo EKCICPUMEHTa 3a ONpeiAcisHe HAa MHUHUMAlHATa CKOPOCT Ha
aeparnusi. HaGnroneHusTa ca KOHICHTPHPAHH BbB BBTPEIIHOCTTa HA Kamepa 2, KbJIETO ce
W3BBPINBA KICTHYHHUS pacTek. OCHOBEH MapaMeThp IMPH TO3U EKCIIEPHUMEHT € BIJIoBaTa
CKOPOCT Ha OBPKAYKUTE, KOSTO C€ TIPOMEHS B MHTEPBAJI OT 5 [rev/min] 1o 35 [rev/min] mpe3 5
[rev/min]. O6eMbT Ha MeMOpaHHUs MOy ce u3Mens ot 0.55 [dm’] no 1.6 [dm?] cbe crpnka
0,1[dm’]. TIpoBeneHa e KOMIIOTEPHA CUMYJIALKSA C Pa3IMYHH 00EMH Ha PEaKTopa, 3a Ja Ce

MPOCJIEIN KIETHYHUS PACTEK U PE3yATaTHTE ca npeactaBenu Ha Gurypa 4.21.

c(t)

100

9t s |/

80 | 0.55, dm’?

70

60

50

40 r

Konnenrpam, [g/1]

30

20+

0 5 10 15 20 25 30
Bpewme, [h]

@urypa 4.21 Knerpuen pacrex
Ot rpadukara ce BUXkJa, Y€ C yBelIM4YaBaHEe Ha oOeMa Ha pPeakTopa, CKOpOCTTa Ha

pactexxa Ha Hansenula polymoprha namansBa (HaKJIOHBT Ha JMHMHUTE Ha rpadukara
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HamassiBa). Hail-Bucokara KOHIEHTpalus Ha KJIETKU € MpU 00eM Ha MEMOpaHHUS MOIYN OT
0.55 [dm?], 3a cMeTka Ha TOBa MPON3BOAUTETHOCTTA CIPAMO 0OeMa Ha peakTopa (Purypa 4.22)
IIpU TO3U pa3Mep € TBBbP/E HUCKA, KOETO ce OOSCHSBA C MO-MajKusi 00eM Ha MeMOpaHHUS

MOJYII.

6.2

581 e

5.6
54 //"
5.2 /

5
48 /

4.6 /’

44

Ipoussoautentoct, [gh]

4.2 - *
04 06 0.8 1 12 14 16

OBeM Ha MeMOpAHHHA Moy, [dm?]
®urypa 4.22 Kpusa Ha IpOU3BOAUTEITHOCTTA
3aroBa ce MpaBu HOBO MPHUOIMKEHUE, KATO TO3U BT pabOTHUAT 00eM Ha MeMOpaHara
3anoysa ot 1.2 [dm?] 1o 1.6 [dm?] cbe crhnka 0.02 [dm®]. ITonyuasa ce HOB pesynTar (Ourypa
4.23), npu KOSATO KOHIEHTpALUsATAa Ha KJIETKUTE € I0-HUCKAa B CPABHEHHME C IOJYyYEHUTE
pesynararu ot npenxonHara @urypa 4.22, chIllo Taka Mopajiy Mo-Majikata CThIIKa ce yBeIn4aBa
Oposi Ha KpUBHUTE, KOUTO T[IOKa3BaT KJIEThYHHUS pacTeX, HO 3a CMETKa Ha TOBa

MIPOU3BOIUTEIIHOCTTA HAPACTBa, KAKTO ce BMXkIa OT rpadukara Ha Durypa 4.24.

c(t)

100

90 r

80 r

o

60

50
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Konuentpaums, [g/1]

30

20 r

0 5 10 15 20 25 30
Bpene, [h]

®urypa 4.23 KneTbueH pacTex IIpH HayaleH pa3mep Ha MemOpanara 1.2[dm’]
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6.3

6.2 7

6.1

59T

IIpon3Bojurensoct, [g/h]
[=2]

58T

57 . . . I L . L .
12 1.25 13 1.35 14 1.45 15 1.66 16 1.65

OGem na MeMOpanarta, [dm?]

durypa 4.24 Kpusa Ha IpOU3BOAUTEIHOCTTA IIPU pa3Mep Ha MemOpanara Mexay 1.2 [dm®] u
1.6 [dm’]

Ot rpadukara nokazana Ha @urypa 4.24 ce oTumTa, 4e 3a7aieHaTa MIPOU3BOAUTEITHOCT
ot 6 [g/h] ce nocTura npu 06em Ha MemOpanHus Moayn 1.4 [dm?]. JlBeTe kamepu Ha peakTopa
ca ¢ e/JHAKBB 00€eM, CIIe0BATENIHO BTPEIIHATA M BBHIIHATA Kamepa ca 1o 1.4 [dm’] u 3a 06ema

Ha Ie/us peakTop noiydasame 2.8 [dm?] [146].

r

Konuentpauss, [g/1]

R T
80 000 100 000 120 000

—
60 000

—_—x — s s2

)
Bpene, [5]

@urypa 4.25 Knerbuen pacrex (rmonyden ¢ ANSYS CFX)

S2 (B 3e5€HO) - KOHIIEHTpAIMs Ha CyOCTpar Ha U3XOJl OT peakropa; S1 (B CHHBO) -
KOHIIEHTpAIIUs Ha CyOCTpaT HEOOXOAMM 3a pacTeX Ha KJIeTKUTe; X (B YepHO) - KOHIIEHTpALUs
Ha KJIICTKN

Cnen ompenensiHeTO Ha pa3MepuTe M paOOTHUTE MapaMeTpyd Ha PEakTopa U Ha
MemOpanHust monyn ¢ MATLAB, ca mpoBeieHH KOMIIOTBPHH CHUMYJIALMM Ha KJIETHYHUS
pactex B M30paHus peakTop B mporpamuara cpena ANSYS. I'paduxure or @urypa 4.25 u

@urypa 4.26 moka3sBaT M3MEHEHHMETO Ha KOHIICHTPALMATAa Ha KJIETKUTE BbB BbTpENIHATA

KaMmepa Ha OmopeakTopa.
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[TomyuenuTe pe3yiTaru moka3zaHU Ha TOPHUTE QUIypHU ca MPH pa3inudyHa pa3MEpHOCT
Ha BpemeBara oc, kato B MATLAB BpemeTo € npencraBeHo B yacose, Jokato B ANSYS CFX
e B cekynau. Cpino Taka Ha rpadukara noinyderna ¢ ANSYS CFX ce 3a0ens3Ba HaIMUMeTO Ha
cmyuenus. Te3u cmyuienue ce nossssar ciaen 18-tus yac (65000 cexynna). Karo usmno nsere
rpaduKy ca UIEHTHYHU, KOETO MOXKE J1a Ce MpreMe KaTo Bepudukaius Ha U3MOI3BaHUS MOJIET

3d KOMIIFOTbpHA CUMYJIallUsl.

Konmentpaums, [g/l]

Bpeme, [h]

@urypa 4.26 Knerbuen pacrex (rmonyueH c MATLAB)

S2 (B uepBeHO) - KOHIIEHTpaLlKs HA cyOCcTpar Ha U3X0J OT peakTopa; S1 (B 3e1eH0) -
KOHIICHTpAITUS Ha CyOCTpaT HEOOXOIMM 32 PacTeK Ha KIETKUTE; X (B YEPHO) - KOHIICHTPALIUS
Ha KJICTKU

AeparusiTa OKa3Ba 3HAYUTEIHO BIMSHHE BBPXY CKOPOCTTa Ha Cps3BaHE, 4pe3
yBeJIMYaBaHE Ha CTETEHTA Ha aepupaHe Ce JIOCTUTa MO-UHTEH3UBHA TypOYJIEHTHOCT BHTPE B
OapOoTraxHara konoHa. OCBEH TOBa aepUpaHETO CIoMara 3a Mo-BHCOKaTa e(heKTHMBHOCT Ha

MeMOpaHHHUsI MOAYJ KaTo HamalisiBa 00pa3yBaHeTO Ha yTalka o MeMOpaHHaTa MOBbPXHOCT.

e
[T .

-

Cropocet Ha gedopmarma [!]
‘_D ‘_D ‘_D \D
o B ™ w

=}

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

CropoeT Ha BB3Ayxa [m/s]

®urypa 4.27 Cropoct Ha nedopmanys B TpaHUYHUS CIOH
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[IpencraBenu pesynrarute Ha Durypa 4.27 noka3Bar 3aBUCUMOCTTa Ha CKOPOCTTa HA
nedopmalus IpU IPaHUYHUS CIIOM OT BBHIIHATAa CTpaHHAa Ha MeMmOpaHara. B mporpamuara
cpena ANSYS CFX e u3uucnieHa ckopocTTa Ha AeopMariysi B TpaHUYHUS CJION TP pa3InyHa
CKOpOCT Ha BhBekAaHus Bh3ayxa oT 0.1 [m/s] mo 0.8 [m/s]. Ot rpadukara € BUIUMO, Y€ C
yBeJIM4aBaHE Ha CKOPOCTTA Ha Bb3/yXa C€ yBeln4aBa U ckopocTTa Ha aedopmanusd. Ot eqHa
CTpaHa Ta3u TeHJICHIMs MPEeI0TBpaTsBa 3aMbPCABAHETO HA MEMOPAHHUS MOIYII, HO MOXeE Jia
rMa HeOJIaronpusTHO BIMSIHUE BPXY KJIETKHTE, KOUTO CE pa3BUBAT B peakTopa. 3a 3a7aeHara
MHHHMAJIHA CKopocT Ha nedopmaruara 0.8 [s!], or rpadukara ce OTINTA MUHIMAITHA CKOPOCT

Ha OapOortupamus Bp3ayx 0.55 [m/s].

Cpenara ANSYS CFX naBa BB3MOXKHOCT IIOJYyYEHUTE YHUCIIEHU pE3yATaTUTe 3a
CKOpOCTTa Ha jaedopmanys BbB BbHIIHATA Kamepa Ha peakTopa Aa ObaaT MpelcTaBeHU

BEKTOPHO M 1o popMaTa Ha LIBETHU KOHTYpH, Noka3zaHu Ha ®urypa 4.28 u durypa 4.29.

®durypa 4.28 CkopocT Ha Cpsi3BaHE BbB BbHIIIHATA KaMepa

(a) - mpu ckopoct Ha aepupane 0.2[m/s]; (b) - mpu ckopoct Ha acpupane 0.4[m/s];
(c) - mpu ckopoct Ha aepupane 0.6[m/s]

@urypa 4.29 CropocT Ha cpsi3BaHE BbB BbHIIIHATA KaMepa (BEKTOPHO MPE/ICTaBsIHE)

(a) - mpu ckopoct Ha aepupane 0.2[m/s]; (b) - mpu ckopoct Ha aepupane 0.4[m/s];
(¢) - mpu ckopoct Ha aepupane 0.6[m/s]
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Ha cnenpamara ®urypa 4.30 B OnMM3bK IUTAaH € TMOKAa3aHO BEKTOPHO IMOCOKaTa Ha

JBUKEHHE Ha QIynna.

il

g
W

‘7
L
Gt

@urypa 4.30 [Tocoka Ha ABMKEHHE Ha (IyUaAUTE BbB BbHIIIHATA KaMepa (BEKTOpHO
IIPEJICTaBSHE)

Ot ropHara ¢urypa craBa sCHO, 4e IIPU [10-BUCOKH CKOPOCTH HA aepUpaHE Ce JOCTUTA
no-rojisiMa TypOYJIE€HTHOCT okojio MeMmOpanHus moayia. Ha ®durypa 4.31 ca npencraBeHu
pe3ylTaTuTe 3a paslpe]elieHue Ha CKOPOCTTa Ha CpsA3BaHE BbB BBTPEIIHATA KaMmepa Ha

peakTopa, IPeIU3BUKaHN OT ObpKavyKaTa MpU Pa3IuvIHU CKOPOCTH Ha BBPTEHE OT 5 [rev/min]

10 30 [rev/min].

&

(=]
=]

e

&

CropocT Ha gedopmauma [s-1]
n 5

=]
=
wn

10 15 20 25 30 35

CropocT Ha BupxaukaTa [rev/min]

@urypa 4.31 Cropoct Ha ieopmanusiTa NpeIu3BUKaHa OT ObpKaykara
3a JocTHraHe Ha 3ajajeHaTa MakCUMallHa CKOpOCT Ha jaedopmanusaTa 15 [s], or
rpadukara ce ompeners, e MaKCHMallHaTa CKOPOCT Ha Obpkadkara TpsOBa ma Obme 22

[rev/min]. Ha cnenBamute durypu, @urypa 4.32 u @urypa 4.33, ckopoctTa Ha aedopmanus
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MIPH pa3IMYHU CKOPOCTH Ha pa30bpKBaHE BbB BhTPEIIHATA KaMepa Ha PEaKTopa € MpeICTaBeHa

Yype3 IIBETHU KOHTYPU U BEKTOPHO.

0.000e+000
[m s?-1]

®urypa 4.32 Cropoct Ha edopmalvs BbB BbTPEIIHATa KaMepa

(c) - mpu ckopoct Ha paz0bpkBane 20 [rev/min]; (d) - mpu ckopocT Ha
pa3obpkBane 25 [rev/min]

®urypa 4.33 Cropoct Ha eopmanvs BbB BbTPEIIHATa KaMepa

(a) - mpu ckopocT Ha paz0bpkBaHe 10[rev/min]; (b) - mpu ckopocT Ha pa30bpKBaHe
15[rev/min]; (c) - mpu ckopoct Ha pa3dbpkBaHe 20[rev/min]; (d) - mpu ckopocT Ha
pa3obpkBane 25[rev/min]

Ot Qurypa 4.32 u durypa 4.32 ce BWXKIa, Y€ C yBeIMYaBaHE Ha OOOPOTHTE Ha
ObpKaykara ce yBelW4YaBa M CKOpOCTTa Ha jaedopmamus, KOETO BOAW JI0 MO-700po
pa30bpKBaHe, HO U MOXKE Jla JIOBE/IE 0 YHUIIOKaBaHE Ha KUBUTE KJIETKU BbB BbTpEIIHATA

KaM€pa Ha pCaKTopa.
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Ckopoctra Ha aedopmanus peacTaBeHa Ha purypa (d) mpu 060pOoTHTE Ha BBPTEHE Ha
Obpkadkara 25 [rev/min] e Hali-ICHO M3pa3eHa, KaTo Hai-BHCOKAaTa JOCTHTHATa CKOPOCT Ha
nedopmarlius € OI[BETCHA B YSPBEH IIBAIT, a Hail-HucKara B cvH [ 146]. Ha @urypa 4.34 BeKTOpHO

€ MIPeJICTaBeHa II0COKAaTa Ha BbPTEHE HA ObPKAUKUTE.

Ourypa 4.34 [Tocoka Ha pa30bpKkBaHe (BEKTOPHO MPECTABSIHE)

4.4. YnpaBieHnue Ha KpukeT QUITHP.

Kpuker ¢untbpst, mokazan Ha durypa 4.35 e cw3magen ot amafilter® Filtration
group®, 1 e mycHar Ha naszapa npe3 1990 r., xaro orroraBa e uHctasupad B Hajx 1000
MIPOMHIIUIEHU TPUJIIOKEHHsI B cBeTOBeH Mamad. Toil ce mpeBbpHA B YTBBPIEH QUITHD IO
HaJIATaHe, pa3paboTeH, 3a J1a KOMOMHHpPA MPEIUMCTBATa Ha JTUCTOBUTE QUIITPH O] HAJIATAHE
Y KapTPUDKHHUTE/CBEIIHUTE (PUITPH, KATO CHIIIEBPEMEHHO M305TBa TEXHUTE HEOCTAThIIN. Tol
€ 0COOCHO MOIXOIII 32 OT/AEITHE HA (PUHU TBBPAM YaCTHIIM OT TEYHOCTH, ITUPOKO U3TIOJI3BAH
B TPHIOKEHUS KaTo SUIMBO MAacio, JKEJIaTHH, KaKaoBO Macio, 3axap, ITOJCIaIUTeNH,

OJICOXUMHUKAJIN, MUHHO ACJI0 U ITOYHNCTBAHE C aMHUHU.
4.5. CuMy/1allHOHEH aHAJM3 HA KpUKeT GuJaTnbp.

CrnomeHatusiT mo-rope KpukeT GuiaTep e BHenpeH B padunepusara Karachaganak
Petroleum Operating B.V. (KPO) B Kazaxcran. KPO. Crparerusra 3a yrnpaBieHHe Ha KPHUKET

¢duntbpa e pazpadorena B Honeywell Experion Process Knowledge System (PKS).

CraHnusTa 03BOJIsIBA HA ONIEpATOpa J1a BUXK/1A BCUUKH aKTUBHU aJlapMH, KOUTO MOTar
da ObJarT BU3yalM3MpaHM B couchbka c ajgapmu. @urypa 4.41 moka3Ba CTBIKUTE MpU
yIpaBieHHEe Ha KpUKET (UIAThbpa C TEKYIIMST aKTUBEH OUCIUIed Ha MscTo. To3u aucruieit
M03BOJISIBA Ha OMeparopa J1a BUIAM JIeHCTBUTEIHATA CThIIKA, HO HE MPEI0CTaBs HUKAKBa JIpyra

TCXHOJIOTMYHA I/IH(bOpMaI_II/ISL
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Number STEP

Step1 STAND BY

Step 2 PRE START

Step3  FILLNG

Step4  VENTING

Step5 CLOTH WASHING
Step6 REFILL

Step 7  VENTING 2

Step &  CLARIFICATION 1
Step 9 CLARIFICATION 2
Step 10 FILTRATION

Step 11 CIRCULATION

Step 12 EMPTYING

Step 13 VENTING 3

Step 14 OPEN CAKEDOOR
Step 15 CAKE DISCHARGE
Step 16 PULSE

Step 17 VALVE CLOSE
Step 18 CAKE DISCHARGE READY
Step 19 CLOSE CAKEDOOR

Q
é
o
S
w

COoOCOQ0000O00000QCO0C0O0O0O00
cCocooocoococoO0O0C OO0O0O0COOC OO
CO0O0CO0O00000C0O0O0O00O00CO0OO00
OCooococooCcoOO0OO0C OO0OO0OCoCOOC OO

@durypa 4.41 CTbIIkd 32 U3MTBIHCHUE HA KPUKET PHITHPA

4.6. YnpapJjieHue Ha IByCJI0€H HarpeBareJ.

JIByCIIOMHUTE HarpeBaTely, U3BECTHU OIll€ KaTO TEXHOJOTUYHU HarpeBaresu ¢ ABOMHO
ropeHe, ca YChbBbPIICHCTBAHU TEPMUYHH arperaTu, ClioCOOHM J1a paboTAT C 1Ba M3TOYHUKA HA
rOpUBO, OOMKHOBEHO MPHUPOJICH Ta3 M Ma3yT. Ta3u rpBKAaBOCT Mpu paboTa ¢ JBOMHO TOPUBO
MOBUIIIABA €HEPTHITHATA CUTYPHOCT, EKCIIOaTallMOHHATa HAJEXKIHOCT U PEHTAOUITHOCTTA B
Pa3IMYHHA HHIYCTPUHU KaToO T0OOMB HA HEPT, HEPTOXUMHUYECKA TPOMHIIUICHOCT ¥ IPOU3BOACTBO

Ha €JIEKTPOCHEPTHUSl. .
4.7. CuMy/1allHOHEH aHAJIM3 HA IBYCJIOCH HarpesareJl.

CrparerusiTa 3a ynpaBlieHUE Ha JIByCIIOIHUS HarpeBaren € pa3paboreHa B Honeywell

Experion Process Knowledge System (PKS).

®urypa 4.44 Sequence Control module
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3a cucremara ¢ JIBOGH TOXKApPEH OTOIUIMTEN, MOpaau Opos Ha CTBIIKUTE, KOHWTO
TpsiOBare 1a ObJaT U3IIBIHEHU, TS OCllle HalpaBeHa ¢ MOYJI 33 TIOCIIEIOBATEIIHO YIIPABIICHHUE
(durypa 4.44). HMI 6ubnmuotekara npenocrass u gopma 3a SCM (Durypa 4.50), xpaero

Morar aa €€ BUIAT CTBIIKUTC, KAKTO U KOMaHAWUTC, KOUTO CC UBITBJIIHABAT 110 BpCMC Ha CThIIKAaTaA.

[ osawmer

J— —
. S_INIT_02 ) -

S —
| s_puOT0d | £]1 Description BYP

N STEP ExecStatus : Idle

I SE—
| S_HEAT_01 |
= )

?

| 5_HEAT_03 )

&

I
[ s_Ax_o1

¢

PR
[ smsT

®urypa 4.50 Honeywell solution pack SCM meiin

Number STEP CL-02A CL-02B
Step 1 STAND BY O 0 O
Step2  PRE START S0 O o0
Step 3 FILLING O 0 O 0
Step 4 VENTING 0 (G ]
Step 5 CLOTH WASHING S0 [G]
Step 6  REFILL 0 [G]
Step 7  VENTING 2 S0 (@ 2]
Step8 CLARIFICATION 1 S0 [G]
Step 9 CLARIFICATION 2 S0 O 0
Step 10 FILTRATION [OI) O 0
Step 11 CIRCULATION S0 O 0
Step 12 EMPTYING o0 O 0
Step 13 VENTING 3 [ ST (G
Step 14 OPEN CAKEDOOR (G O 0
Step 15 CAKE DISCHARGE O 0 O 0
Step 16 PULSE S0 (G
Step 17 VALVE CLOSE (G O 0
Step 18 CAKE DISCHARGE READY O 0 O o0
Step 19 CLOSE CAKEDOOR S0 (O]

®urypa 4.51 Popup Display
OTTyK onepaTtopbT MOXKeE JIECHO J1a pa3zdepe mpoleca U MOXKe J1a OIPEIeNd Ialu AaICHO
YCIIOBUE HE € M3IIBJIHEHO M OTTYK MOKE JIa eIy Jaju € HeoOXOIuMO Ja T0O OTMEHHU WJIU He,

0e3 /1a € HeoOX0AUMO J1a 0TBAPS KOH(DUTYPAIIIOHHOTO CTYAHO.

Karachaganak Petroleum Operating B.V. (KPO) npenu ToBa m3nomn3Baiie W3cKavall
mucriei (ke @urypa 4.51), npeau na npueme popmara Ha SCM. Boiipeku 4e, TUCIUIEAT €

BCC OLIC aKTHBCH HA MACTO M IMOKa3Ba TCKYIIUTC CTBIIKH, HEroBara MoJE3HOCT € MUHUMAJIHA:
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TOH IMOKa3Ba CaMoO JICWCTBUTEIHATA CTHIIKA M HE MPEAOCTaBs Ha oreparopa JOMbJIHUTEITHU
nanHyd. Ta3sm  mpocrora obaue Tmpemyiara  KPUTHYHO MPEAMMCTBO: HE  BIIOIIAaBa
MPOM3BOANTEIHOCTTa HA CHUCTEMara. 3a pa3jinka OT ToBa, craHmaptHara ¢opma Ha SCM e
CWJIHO B3HCKAaTEIIHA IO OTHOIICHHE HA JAHHHU U MOXeE JIa JIOBE/IE /10 3a0aBsiHe MU CPUBOBE HA
crannuara Experion, 0coO€HO Korato Ha €IuH JUCIUICH MpUCchcTBaT MHOKecTBO SCM [117-

120].
4.8. U3BoaM 1o 4eTBHPTA IVIaBAa.

Or IMPOBCACHUTC U3CIICABAHUA U MMOJIYYCHUTC PEIYJIITATU OT aHAJIM3a B YCTBBPTA IJ1aBa,

MOTrar Aga CC HalpaBiIT CICAHUTC U3BOAU:

1. PaGotnHara cpena Ha MATLAB mo3BosisiBa YMCJICHO pelllaBaHE HA MaTeMaTUYHUS
MOJIET OT OOMKHOBCHH TU(EPCHIIMATHUTE YPABHCHHS ONMUCBAIIM MaTepUaTHHs OajaHC IO
KJIIETKH U CyOCTpar. PesynaTarute moyiydeHH ¢ MpOTpaMHHS KOJ MO3BOJISIBAT U3YUCIISIBAHE U

OopasMepsABaHC Ha 6H0peaKTop IIpH 3aaACHa ITPOU3BOAUTCIIHOCT.

2. Ilporpamuara cpema ANSYS CFX pgaBa BB3MOXKHOCT 3a ONUCAaHHWE HA
XUIPOJUHAMHYHATA KapTHHA B OWOpeakTopa W OKoJo MeMmOpaHHus Moayl. Cb3nancHus
KOMITIOTBPEH MOJICNT MOXe Ja ObJic BepU(HIIMPAH Ype3 CPABHSABAHE C PE3YNITATH MOJYYCHU OT

n3uncienust c MATLAB.

3. [Ipu pa3nuuna npuBeneHa ckopocT Ha raza (0.4 [m/s] u 0.6 [m/s]) u eaHaKBU IApYTH
yciaoBus (pa3nojokeHHe Ha MeMOpaHHHS MOAyl copsMo 0apOoThopa), CKOpOCTTa Ha
nedopmMaris HapacTBa MPH MO-BUCOKa MPUBEIeHa CKOPOCT Ha raza. ChIIo Taka € yCTaHOBEHO,
ye 3a IIOCTUTAHE HA 33/1a/IeHaTa MUHUMAJIHA ckopocT Ha nedopmarus 0.8 [s™!], e Heobxomumo

MHUHHMMaJIHaTa CKOpoCT Ha OapOoTupamus Bb3ayx aa e 0.55 [m/s].

4. Ilpn mpomsiHa Ha CKOpOCTTa Ha pa30bpKBaHE, CKOpOCTTa Ha Jaedopmanusi BbB
BBTPEIIIHATA KaMepa Ha OMOpeakTopa HapacTBa, KOETO MOXKeE J1a Ce OTpa3u HEOIAronpusTHO Ha
pacTexa Ha KJIETKUTE. 3a JOCTUTaHe Ha 3ajja/ieHaTa MaKCUMallHa CKOpOCT Ha jaedopmanusra

15 [s7'], e HE0OXOAMMO MaKCHMAaIHA CKOPOCT Ha Obpkaukara fa e 22 [rev/min].

5. TlokazaHo e Kak ce yrnpasisiBa KpUKET QUITHD ChC CyX H3XOJ] Ha yTaiika, IPOU3BeICH
or Amafilter® Filtration group®, u3non3Baiiku cpernara Ha Honeywell Experion Process
Knowledge System. Upes momoOpsiBane Ha Sequence Control u 6maronapenue na HMI Display
Builder e mo-necHo 3a morpebutenute Aa pazdoepar cucTeMara U 1o TO3W HA4YHMH Ja yBEIHYaT

npousBoauTenHocTTa . Sequence Control Module mo3BomnsiBa Ha MOTpeOUTETUTE 14 BIKIAT
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B pealTHO BpeMe KaKBO CE CITyyBa ChC CHCTEMaTa M M3Noi3Baiku paznuunute Handler, Bcexkn

BB3MOKCH CHeHapI/Iﬁ MOXKE aa 6’[;,[[6 KOHTPOJIMPAH.

6. [Ipennoxenara cucreMa 3a yrpaBJIeHUE Ha TEXHOJIOTUYHUA OOCKTH ChC CPEACTBATa
Ha Honeywell Experion Process Knowledge System 3a B3emane Ha pemieHus IpU
eKCIUToaTanuATa Ha KpukeT punTsp 3a padunepusra Karachaganak Petroleum Operating B.V.

(KPO) B Kazaxcran, noBuiiiaBa mpou3BOAUTEIIHOCTTA HA CUCTEMATA.

7.1lokazaHo € yHpaBICHUWETO Ha JBYCIOCH HarpeBarell, H3MOJI3BAlKH cpenara
Honeywell Experion Process Knowledge System. Upe3 mompoOpsiBaHe Ha yNpaBICHHETO Ha
MOCIIeIoBaTeIHOCTTA U Oiaronapenue Ha usnon3sanero Ha HMI Display Builder u Electronic
Work Instructions, kaTo moTpeOUTENINTE yCIIABAT MO-JIECHO J1a pa3depar cucTemMara, KakTo | Ja
n30erHar MPeKbCBaHUs | J1a HAMAJIAT IPEIIKUTE Ha ONIePaTopa, KaTo Mo TO3U HAYHH CE YBEIUYU
MIPOU3BOJUTEIHOCTTa. MOIYIBT 3a yIpaBlieHHE Ha IOCIEI0BATEIIHOCTTa, IO3BOJISIBA Ha
MOTPEOUTENUTE J]a BIDKIAT B PEATTHO BpEMe KaKBO C€ CIIy4Ba ChC CHCTEMaTa, a ¢ TIOMOIITA Ha
pa3IMYHUTE UHCTPYMEHTH, IIPEIOCTABEHU OT HEr0, MOXE JIa C& KOHTPOJIMPA BCEKH Bh3MOKECH

CLICHapHUi.

8. IIpemyioxenara cucTeMa 3a ynpaBlIeHHE HAa TEXHOJOTMYHU OOEKTH ChC CpPEIICTBATA
Ha Honeywell Experion Process Knowledge System 3a B3emaHe Ha pemieHus npu
eKCIUIOaTalluATa Ha TEXHOJIOTMYHHM HarpeBarelid ¢ JBOWHO TOpeHe 3a paduHepusTa
Karachaganak Petroleum Operating B.V. (KPO) B Ka3axcTtan, noBuiaBa npou3BOAUTEIHOCTTA

Ha cucremara.
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3akiI0ueHne - pe3loMe Ha MOJIy4eHHuTe pe3yJITaTu
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OcHosHu HAYYHU U HAYYHO-NPUTIOIHCHU NPUHOCU

IlocTraBenuTe 1en 1 3aga4y Ha AUCEPTAIMOHHUA TPYJ Ca HACOYCHH KbM ITOCTUTAHC HA
BI/ICOKOC(I)GKTI/IBHO YIIpaBJICHUC Ha CIOXHU TCXHOJIOTMYHHA O6GKTI/I, KaTO C€ Ipcaiara
BB3MOKHOCTTA 34 HU3IOJI3BAHC HA Ppa3jiMdHd CBBPEMCHHH MCETOAMU 3a IIPOCKTUPAHC U
yhopaBJI€HHUEC, 3a Ja C€ KOOpJIWHHPAT JIOKAJTHUTC CHUCTEMH 3a YIPABJICHHUC HAa OTACITHUTC

IMponecHu U aa €€ 10CTUraHe 10 e(l)eKTI/IBHO YIIpaBJICHUEC HA TEXHOJIOTHYHUTE 00EKTH.

HOJ’Iy‘leHI/ITC pe3yiTaTtu, OMMUCAHU B HACTOAIIUA NUCCPTAUMOHCH TPyHd, MOrar ga cc

0000IIAT B CIEAHUTE HAYYHU U HAYYHO-TIPUIIOKHU TIPUHOCH:
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1. IlpoBeneH e 3aap1009€H TEOPETUYCH aHATN3 HA CUCTEMUTE 33 B3EMaHE Ha PEIICHHSI
U Ha TPEIU3BUKATEIICTBATAa, KOUTO BB3HUKBAT INPH TPUIOKEHUETO UM, TPEACTABEHH ChC

cpeacTBara Ha CbBPpEMCHHATAa TCOPUs.

2. AHaJ'II/I3I/IpaHO € I[Gf/iCTBHCTO Ha TOIIJIOCHECPI'UCH TCXHOJIOTHYCH 00€KT 3a YIIpaBJICHUC
- [Iaporeueparop, Kato ca pa3pa60TeHH MOZCIIN 3a YIIPABJICHUEC HA HUBO HA IMapoOBOAHA CMEC U

Ha HUBO B 6apa6aHa, IIpU HAJIMYHEC HA CTATUYCH KOMIICHCATOP Ha CMYIICHUATA.

3. TIpoBeeHO € CUMYJTAl[MOHHO MOJICIMPAaHe HAa CHCTEMHTE 338 B3eMaHE Ha PeIICHHs
IpH yOpapjeHHE HAa IApOreHeparop, Karo ca pa3paboTeHH CHMYJIALMOHHHA MOJCIU B
nporpamuara cpegatra MATLAB Simulink u Experion Process Knowledge System 3a

MATCMAaTHYCCKN MOJICJI Ha pCaJICH IIapOrcHeparTop.

4. TlpennokeHa € cucTeMa 3a aBTOMAaTHYHO PETyJIMpPaHe Ha HUBOTO Ha MapoOBOJIHATA
cMmec B Oapabana cbe cpeacrBata Ha Honeywell Experion Process Knowledge System 3a
B3€MaHe Ha peIICHUs, ITPH EKCILToaTalis B peajlHO BpeMe Ha IaporeHeparTop B papuHepusiTa

En Ilaco B CAIIL.

5. [IpoekTupan e MeMOpaHeH OuopeakTop 3a 1o6mB Ha apoxau Hansenula polymoprha,
0
¢ mpousBoautenHoct 6 [g/h] npu Temnepatypa Ha kyntuBupatne 30 ['C] u xpaHurenaHa cpeaa
—MetaHod. OnpeeneHa e HeoOXoauMara CKOpOCT Ha aepanus, Ype3 KOMIIOTbPHU CUMYJIAlluU
Ha XUAPOJUHAMUYIHOTO TIOBEJICHUE OKOJIO TPaHWYHHMSI CJIOH Ha MeMOpaHaTa Mmpyu MHUHAMATHA
-1
ckopoct Ha aepopmarust 0.8 [s7]. Onpenenena e HeoOXoauMaTa CKOPOCT Ha pa30bpKBaHe,
Yype3 KOMITIOTHPHU CUMYJALMK Ha XUAPOJAMHAMUYHOTO MOBEJCHHE B KamepaTa 3a KJIeThUYeH

pacTex Npu MakCUMajHa CKopocT Ha aedopmarus ot 15 [s7].

6. IlpoBeneHo € CUMYNALMOHHO MOJEIMpPaHe HAa XMMUKOTEXHOJOTMYEH OOEKT 3a
yIpaBJIeHHE - KPUKET QUITHP U € MpeaokKeHa chUcTeMa 3a YIpaBJlIeHHEe ChC CpecTBaTa Ha
Honeywell Experion Process Knowledge System 3a B3emaHe Ha peIICHHsS MPH
eKCIIIoaTalusITa B peajiHo BpeMe Ha KpukeT GuiaThp 3a papunepusta Karachaganak Petroleum

Operating B.V. (KPO) B KazaxcraH.

7. TlpoBeneHo € CHMYNAIMOHHO MOJEIMpPAaHe Ha XUMHUKOTEXHOJOTHYEH OOEKT 3a
yIpaBlieHHUE - ABYCJIOEH HarpeBaTell U € MpeAio’KeHa CUCTeMa 3a yIpaBJieHHe ChC CPeACTBATA
Ha Honeywell Experion Process Knowledge System 3a B3emaHe Ha pemieHuss Opu
€KCIUIoaTalusATa B PEaJHO BPEME HA TEXHOJOTMYHM HArpeBaTelil C ABOMHO TOpEHE 3a

padunepusta Karachaganak Petroleum Operating B.V. (KPO) B Ka3zaxcrasn.
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