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INTEGRATED CONTROL SYSTEM OF THE THERMAL POWER COMPLEX
USING THE TENSOR ANALYSIS METHODS

Solving the problem of energy consumption reducing in the industry is an urgent task. In turn, to reduce the use of fuel, it is
necessary to increase the operation efficiency of areas that consume heat and electricity, which can only be achieved through their
maximum coordinated work.

Purpose. To investigate tensor analysis methods in automation systems for controlling the heat and power complex.

Methodology. Methods of comparative analysis, mathematic simulation are used; experimental studies are conducted.

Findings. In the modern automation systems, the formation of a control action uses predicted values obtained from mathemat-
ical models and, therefore, the efficiency of the enterprise will depend on the adequacy of the developed mathematical model. If
the mathematical model is formulated in a tensor form, then it will describe the process in an adequate way. The paper presents an
example of developing a tensor model for the heat and power complex of an enterprise and its use on the example of a block dia-
gram of a control system.

Originality. Substantiation of using tensor analysis methods in the heat and power complex control system consisting of the
steam source and consumers is given. This approach allowed us to quickly (by measured data) identify the state of the technologi-
cal process and to calculate its tensor model, which was later used for the formation of control action.

Practical value. The results of the work allow us to improve conventional automation systems by adding mechanisms, which
enable us to simulate a technological process in a control system using a tensor analysis method and generate a control signal.

Keywords: heat and power complex, tensor, radius-vector, projection, deviation, control

Introduction. Coordination of work between technological
complexes and devices is of great importance at a modern en-
terprise.

Each segment of the technological steam production and
consumption complex of “steam boiler-turbine-vented steam
device” (Fig. 1) has its own local automated control system,
which operates the certain clump and the whole processing
line. An effort of each part is focused on supporting the device
service within the specified operating practice. Besides, all of
them form a single integrated technological system. Of great
importance are, firstly, coordination of all technological units
as a whole and, secondly, realization of a possibility of forming
a control action (in case of deviation from the normal func-
tioning of a separate device), which takes into account process
adjustments of other devices, which are connected with the
control device by internal bondings. This management ap-
proach allows you to improve the efficiency of how your com-
pany works. So the main task for the industry is finding a solu-
tion for losing the power saving problem. This should include
the reduction of the plant heat rate in the steam form for tech-
nological needs, for which production industrial boilers and
TPS spend more than 80—85 % of the total amount of pur-
chased fuel [1]. That is, significant losses of fuel and energy are
formed mainly in the area of steam production and its con-
sumption (generator, evaporation station), and, therefore, the
primary task of the control system is to reduce them. This can
be achieved only through the distinct coordination of work of
all the devices of the complex and compliance with the rele-
vant requirements for the construction of automated control
systems. It will allow taking the necessary control actions ac-
cording to the work of a separate device and coordination of its
work as a structural unit of the complex by an appearance of
deviations and transient processes.

The typical processing line of this complex (Fig. 1) in-
cludes a steam generator, steam turbine, and evaporation sta-
tion. Each line is technically connected with the material and
energy flows. This connection causes the appearance of dis-
turbing factors. For example, by the same steam consumption
at the inlet and outlet of each section a different technological
process will be generated due to different internal steam energy
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(temperature, pressure). Through the inlet steam conduit, the
steam enters the high-pressure section (HPS) of the turbine,
where it triggers the first impeller through the guide vanes. Af-
ter giving a particular part of the energy and pressure for the
rotation of the first wheel, the steam enters the low-pressure
section (LPS), where it transfers residual power to the rotation
of the second wheel, which drives the turbine shaft. After the
steam turbine, the exhaust steam, as well as some part of the
primary steam from the steam boiler, goes to the pressure re-
ducing desuperheating station (PRDS). Then the steam enters
the evaporation station, which is condensed in a condenser
after the last frame. Condensate and additional water are fed to
the chemical water treatment (CWT) section and then again to
the steam boiler.

Analysis of the functioning of the complex (Fig. 1) indi-
cates that the effectiveness of its work will depend on the work
of each technological area. That is why each local control sys-
tem activity (separately) and the activity of the integrated con-
trol system will both coordinate the work of local control sys-
tems. That is, the control system at the highest level deter-
mines the necessary technological mode (for example for
minimizing the raw stock and energy commodities losses)
within the fixed technological method and forms control ac-
tions (change in the technological process) in a way to achieve
a given performance but not to unbalance the system by the
applied control.

Literature review. The urgency of the task of increasing the
efficiency of industrial thermal power plants and heat supply
systems of industrial enterprises are given in [2]. The ways of
achieving economic efficiency are shown through the use of
additional units, namely the use of a thermal circuit for an in-
dustrial CHP by applying reduction turbines with production
selection for steam transfer (or evaporation) plants and for
covering heating loads.

Besides, we should note such an important factor as the
use of energy sources in places of their receipt, such as mining
and concentrating companies. For example, [3] presents a
study to review and develop models for controlling a mining
combine. In [4] there is shown a survey aimed at developing
adaptive models for controlling conveyor belts and choosing
the optimal mode of a combine operation. That means it will
be necessary not only to tie up the steam production and con-
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Fig. 1. Simplified scheme of a steam production and consumption complex

sumption complex but also to add a sector to control the ex-
traction of fuel, which will entail obtaining a general model.

An urgent task is the use of models in heat and power pro-
cess control systems. The work [5] provides an analysis of the
current state of modeling various components of district heat
supply systems, their advantages and disadvantages, which is
necessary for choosing a method for optimization of the work-
flow.

In [6] another urgent task of the steam production and
consumption complex is revealed, which is the compensation
of peak loads. It is solved by adding to the heating scheme an-
other steam boiler, which performs the functions of peak load
compensation.

In [7] the ways of achieving the efficiency of the complex
work by selecting one of three options for the operation of
technological equipment are also indicated. These approaches
can be implemented only at the stage of developing a new or
upgrading an existing complex.

The use of these approaches does not provide for the be-
havior of the complex in transition processes. It is advisable to
use automated control systems to achieve economic indica-
tors.

For example, in [8] the technical-and-economic indexes
are already achieved by optimizing the use of metamodeling.
A metamodel is used as an analytical and explanatory tool for
interpreting the relationship between production costs and
revenues from the sale of heat and electricity.

In [9] it is expected to achieve the optimal operation con-
ditions by regulation of the temperature in steam boilers using
a predictive model with the Simulink and MATLAB software
packages.

In [10] is given the algorithm development for the stabili-
zation and optimal control of boilers program using calcula-
tions and determining the optimal load values of each steam
generating unit included in running. All calculations were car-
ried out using mathematical models.

Despite a significant amount of research studies, there are
still unsolved issues related to the need for a constant recalcu-
lation of the coefficients of mathematical models.

The reason for this may involve objective factors associat-
ed with changes in carrying out the technological process, and
changes in the characteristics of the technical equipment.

Fundamentally, such an approach (system training on
time series) cannot be used, for example, during transient pro-
cesses, at the moments of starting or stopping equipment,
changing work conditions of adjacent areas [11].
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This, in turn, leads to protracted transient processes,
which increases the expenditure of power and material re-
sources. Thus, this study needs refinement.

The task can be attributed to the control signal generating
a task for achieving an effective technological mode within the
current complex functioning and with restrictions on the tran-
sition process in which changes in technical parameters will
not extend beyond the regulated values, that is, achieving the
specified mode, taking into account the current process.

The solution to this kind of problems was investigated in
[12]. But at the same time, the main question remains — finding
universal mathematical models of the whole complex, the coef-
ficients of which will be listed by the current state and the math-
ematical model whose coefficients will be calculated in accor-
dance with the given (ideal) values of technological parameters.

In this case, the control action will be calculated iterative-
ly, according to the model of the current state and the model
with the specified technological indicators, which will improve
the efficiency of the entire complex work [13].

It is necessary to calculate the controlling effect on the
achievement of the indicators of the upper levels (the efficien-
cy of the enterprise work), to consider the indexes of the lower
levels (regulated values of the technological parameters). For
example, improving the efficiency of the enterprise work (re-
ducing the production cost) by reducing energy consumption
(natural gas) while not changing productivity (steam con-
sumption) and performance indexes of adjacent arcas — the
electrical energy generation and evaporation. That is, to re-
duce the use of energy resources leaving regulated activity in-
dicators of technological areas where changes in the flow rate,
pressure, and steam temperature will bring aggravating factors.

A solution to these problems is to use tensor analysis meth-
ods. For example, we recommend such an approach: the use
of tensor factorization methods for neural network training,
given in [14]. Recently, tensor analysis methods are widely
used in solving various problems.

The use of tensors in control systems is a promising direc-
tion; in recent years, tensors have been used in many areas, for
example for image processing and computer vision [15].

Currently, tensor methods are already used in electrody-
namics, in mechanics, in the theory of a gravitational field, in
elementary-particle physics, in the study of crystal properties
and in differential geometry. In [16] tensor analysis methods
were used in the development of a robotic regulator, in aircraft
to reduce shock vibration caused by the interaction of tires and
the runway.
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Such a wide use of tensor methods in solving modern
problems in the processes of analysis and synthesis of systems
consists of universality and flexibility. This is explained by the
fact that tensors do not change when moving from one coordi-
nate system to another, they allow you to aggregate tasks, and
also to decompose tasks by moving from space to a subspace
and vice versa.

However, it is necessary to take into account the fact that
modern control systems, including the evaporation station au-
tomation system, including those built according to interna-
tional (ISA-95) and European standards (IEC 62264) [17].
Management systems have a hierarchical structure. The auto-
mated process control system is at the lower level, and the
business process control system is at the highest level.

Based on the analysis, the problem was not considered in
this formulation. That is, it is necessary to develop a calcula-
tion methodology and principles for using tensor models in
the control system of a technological complex with the ability
to integrate the developed methodology at each level of the
hierarchical structure of modern control systems.

Purpose. The purpose is to synthesize a control system,
which will allow forming a control action aimed at achieving
specified performance indicators of the technological complex,
taking into account the current state of the technical process.

To achieve this goal, it is necessary to solve the following
tasks: 1) to analyze the work of the complex sectors to obtain
the required parameters that will be considered in the mathe-
matical model; 2) to develop a method for calculating a math-
ematical model in tensor form; 3) to develop a methodology
for calculating the control action for the estimated tensor
models; 4) to develop a block diagram of the control system
which allows you to find the control action for tensor models.

Calculation of the control action by tensor analysis methods.

model. For the steam boiler the following parameters were
taken into account: gas consumption, water consumption, air
consumption, the steam pressure at the outlet, level in the
drum. These parameters describe the steam boiler operation in
terms of the quantity and quality of the produced steam. They
are shown in the parametric scheme in Fig. 2, and their nomi-
nal values are given in Table 1. The following parameters were
selected for the steam turbine: input steam flow, steam density,
enthalpy of the input pair. For the evaporator station: steam
consumption at the inlet, juice consumption at the inlet, sec-
ondary steam consumption, consumption of syrup. These pa-
rameters are shown in the parametric scheme (Fig. 2) and
listed in Table 1, with nominal values and abbreviations. In this
case, the simplification (reduced parameter number) affects
only the number of calculations, which is primarily related to
the peculiarities of tensor modeling. If you need to increase
the accuracy of the model and consider the value of other pa-
rameters, then they will be added as the vector coordinates
(Table 1), and in accordance with the tensor approach, as the
coordinates of the radius vector.

Method for calculating a mathematical model in a tensor
Jorm. We accept that it is possible to distinguish the vectors of
input and output values obtained from the sensors of the tech-
nological process (measured and control signals given in Table
1) in the heat and power complex control system of an enter-
prise for input parameters. It means, as a parameters vector at

- T
the system input X = (x1 X550 .,x,,) and a vector of values de-

scribing the process flow y = ( VisVasesVm )T . Therefore, at the
first stage, the relationship between X and y was presented as
a system of linear equations, which in turn allowed us to obtain
a dependence as a quadric form

Analysis of the complex work areas. We assume some simplifi- y= f( X) - Z ax.x. =XTAX (1)
. . . . . . g ik s
cations in this work while constructing the entire complex \<jk<n
Larum Fjuice
Ffuel
P i Psteam | E ti FSYTUP
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Fsteam and generator Fstoam station
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Fig. 2. Simplified parametric of the steam production and consumption complex in the enterprise
Table 1
Heat and power complex characteristics
Unit of Contracted Vector Parameter value
Parameter .
measurement notation | component | mijn | max | schedule | specified | measured
1 | Gasflow TPH F gas X 3.0 5.5 3.0 2.9 2.7
2 | Water flow TPH F water X, 9.0 25.0 5.0 5.5 5.3
3 | Air flow TPH F air X3 9.0 10.0 7.0 6.8 6.4
4 | Steam pressure at the outlet atm P steam Xy 6.5 30.0 9.0 9.3 8.6
5 | Level in drum mm L drum X -50.0 | 50.0 5.0 5.0 7.0
6 | Steam consumption on the turbine TPH F steam Xg 9.0 10.0 4.0 4.0 5.0
7 | Electrical power kW Ne X7 5.0 20.0 6.0 6.1 5.7
8 | Steam consumption at the inlet TPH F steam Xg 6.0 10.0 7.0 6.8 7.1
9 | Juice consumption at the inlet m’/h F juice Xg 7.0 14.0 8.0 7.0 7.5
10 | Secondary steam consumption TPH F sec. steam X0 4.0 10.0 6.0 5.4 5.7
11 | Syrup consumption m?/h F syrup X 4.0 12.0 5.0 5.2 4.3
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where X =X, a;=Ais a symmetric matrix whose elements are
calculated by the formula
a; i=j
a; =11 o (2)
E(a” +aﬂ.)z * ]

The columns of matrix 4 are the components of the vec-
tors for each parameter. In this case, deviations in the system
can be found as Ay = AAx, where A is a linear equation opera-
tor. Then the formula with the deviations will look like y + Ay =
= Ax + AAx or y = Ax + Bu, where the control signal can be
measured as Bu = IAKx, and [ is diagonal matrix, with non-
zero control values diagonally, in case of simultaneous control
of all signals. This will be a single diagonal matrix K coefficient
responsible for the magnitude of the control signal, the matrix
A operator. Matrix elements with components (2) which are
found by expression (1) are a metric tensor. To be able to use it
in further calculations, it is necessary for vectors to be pairwise
orthogonal. To find orthonormal vectors, the Gram-Schmidt
orthogonalization algorithm was used.

The resulting transformations for the heat and power com-
plex parameters are presented as a process of changing the co-
ordinate system in Fig. 3.

In Fig. 3 OY axis is a radius vector with controlled param-
eters of the technological process, tangent to the surface de-
scribing the technological process. The OX axis is perpendicu-
lar to the OY axis, it contains the radius-vector of control pa-
rameters of the technological process. The OZ axis completes

the system, lies on the normal which is a vector product 7 x 7/
On this axis (0Z) the radius vector 7, is situated. In the steady

state this vector will be equal to the vectors 7 and ;. So by
setting the axes of the coordinate system, and the magnitudes
of the unit vectors of the basis, you can find the resulting value
of the radius vector that characterizes the system behavior:
d=ay+a,j+ak where i,j,k are unit vectors.

The method for calculating the control action for tensor mod-
els. According to the method described above, the control ac-
tion was calculated as the difference between the regulated,
measured input and output values of the technological pro-
cess. In our case, while using tensor analysis and system de-
scription in the form of vectors, the difference between regu-
lated and specified values will look like the rotation of the sys-
tem in space. That is, there has been found a local coordinate
system with calculated components. It changes position in
space, that is, returns to a certain angle, thatis ay y ;= Ta; ; .,
where T is the rotational tensor, calculated from the Euler
angles. The found projection involves approximate values of

technological parameters in local coordinates, i.e. X=a X.Y.Z"
According to this, the signal for correction can be measured as

Xoryg = AT Ax. Thus, the management process is a sequence in

which at the first stage we accept that x;, € X, and finding a
signal for correction is to substitute values into such congru-
ence x; = A(x,). After that we perform the next step: x, = A(x,),
then the third x; = A(x,), and so on. The resulting sequence
(x,) tends to the desired element x at (n — oo).

Fig. 3. Control system in local coordinates

Control system schematic structure. Control system sche-
matic structure is presented in Fig. 4. The operation of the
system requires many values of technological parameters. The
range set consists of the coordinates of the input vectors of the
control system: input variables vector x = f(X) is the setpoint
vector of control loops in the process control system. Output
variables vector y = f(X) is a vector of values of technological
parameters, which we get with testing and measuring devices.
Regulated parameters vector y,,, = f(X) is a set of parameter
values, which must be achieved to comply with the technical
and economic indicators of the enterprise, that is the complex
of steam production and consumption. Due to the indicated
input vectors, we calculate the system state tensors and the
regulated tensor 7 -F; = g;.

According to the adjusted values tensor of the technologi-
cal parameters, there is a vector d,, and its coordinates. For
the found vector, we change the coordinate system according
to the tensor, which describes the state of the system ay y ;. As
a result of this, we obtain the coordinate values of the vector in
another local basis. The local coordinates help to find the cor-
rective values of technological parameters through the transfer
to the global coordinate system.

Calculations and research results. According to Table 1, for
the formation of vectors, the values of parameters of the com-
plex of the steam production and consumption are taken: vec-
tor of regulated values of technological parameters J,, =
={3.0, 5.0, 7.0, 9.0, 5.0, 4.0, 6.0, 7.0, 8.0, 6.0, 5.0}; vector of
set values for local regulators of the control system
i=32.9,5.5,6.8,9.3,5,4,6.1,6.8,7,5.4,5,2}; vector of mea-
sured (current) values of technological parameters y={2.7,
5.3,64,8.6,7.0,5.0,5.7,7.1,7.5, 5.7, 4.3}. Due to these vec-
tors using the expressions (1, 2), we measured the quadratic
forms, which after orthogonalization allowed obtaining singu-
lar vectors for technological parameters in local coordinates of
Table 2.

For the values of singular vectors in local coordinates, see
the Table. 2. Vectors of input parameters for the control sys-
tem will be as followed:

- predetermined values vector components

r;=15.0¢; +6.le, +4.9¢, +4.8¢, +

+4.5¢;, +4.1e, +3.9¢, +3.7¢, +3.6¢, +2.9¢; +2.1¢, ;

- measured values of the current state of the system vector
components

r;=152e;, +5.9¢; +5.2¢; +5.0e; +4.7e; +
+4.3e, +4.0¢; +3.8¢; +3.6e; +3.1e; +2.0¢, ;
- regulated value vector components
i, =15.2¢, +6.1e, +5.4¢, +4.9¢, +4.6¢, +

+4.2¢, +3.8¢, +3.5¢, +3.5¢, +2.9¢, +2.2¢ ;

- radius vector of regulated values

X T U

AT 4 3
X =A AX

> d ?re
- e T BT =8y [ = S(X) e

Areg

Fig. 4. Control system schematic structure (controlled object)
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Single vectors in local coordinates

Table 2

Ne Unit vectqr for control Unit vector.for measured Unit vector for prescribed Radius‘vector
variables variables values coordinates

el 0.9865 + 0.1638i —-0.9721 + 0.2345i 1.0000 + 0.0000i 3.0000 + 0.0000i
e2 0.9865 — 0.1638i —0.9721 - 0.2345i 0.7545 + 0.6563i 2.2636 + 1.9688i
e3 0.3966 + 0.9180i —0.5369 + 0.8437i 0.7545 - 0.6563i 2.2636 — 1.9688i
e4 0.3966 — 0.9180i -0.5369 - 0.8437i 0.2910 + 0.9567i 0.8730 +2.8702i
e5 -1.0000 + 0.0000i —0.3167 + 0.9485i 0.2910 — 0.9567i 0.8730 —2.8702i
e6 —0.8534 +0.5212i —0.3167 — 0.9485i —-0.2197 + 0.9756i —0.6591 + 2.9267i
e7 —0.8534 - 0.5212i 0.4400 + 0.8980i —-0.2197 - 0.9756i —0.6591 — 2.9267i
e8 —0.0895 + 0.9960i 0.4400 — 0.8980i —0.8777 + 0.4792i —2.6332 + 1.4375i
e9 —0.0895 — 0.9960i 0.9558 +0.2941i —0.8777 - 0.4792i —2.6332 - 1.4375i
el0 -0.3683 +0.9297i 0.9558 —0.2941i —0.9853 +0.1707i —2.9560 + 0.5120i
ell -0.3683 - 0.9297i 1.0000 + 0.0000i —0.9853 - 0.1707i —2.9560 - 0.5120i

o =45.7€, +18.3€

reg k reg reg.

+14.8e,,, +13.7¢,,, +12.7¢

reg
+10.6e,,,, +10.6¢,,, +8.7¢

reg.

r, 116.2¢,, +

i T114e,,, +

reg. reg.

i, T6-6¢

reg reg regk,,

By the radius of the regulated value vector and by the ten-
sors, calculated from the basis vectors in local coordinates by
changing these local coordinates, we find the projection of the

radius-vector of regulated values d,,,, on the plane OXY

ayy z=Ta,; =diag(-2.83,0.78,-0.19,

0.09,-0.53,-0.70,0.00,0.21,0.37,1.21,14.90).

This projection is the numerical regulated values of the
technological process in local coordinates of the current sys-
tem state basis.

Conclusions.

1. Forming a control action for the complex perfor-
mance adjustment 1ma “steam boiler — turbine — evapora-
tion installation” at the enterprise for the steam production
and consumption can only be achieved through efficient
operation of the integrated control system. This, in turn,
requires the development of an adequate mathematical
model.

2. Solving the tasks by using tensor analysis methods al-
lows us to develop a mathematical model in the form that does
not depend on the specific values of the process parameters.
All dependencies will be linear, and the parameter values will
be only used by selecting coordinate axes.

3. For the tensor analysis methods use in the control sys-
tem, it is necessary that all the control system parameters
should be divided into three vectors: the control vector, the
output parameters vector, and the regulated values vector. For
calculating the tensors coefficients, it is required to construct
quadratic forms from the obtained vectors, which further re-
quire the orthogonalization and orthonormal processes to be
carried out.

4. Based on the obtained tensors a projection of the desired
heat and power complex characteristics on the current state of
the system was found for orthonormal vectors. The values
found are control actions in local coordinates.

Reference.
1. Stanheev, K. O., Hrystynko, V.I., Vasylenko, T. P., & Vasy-
lenko, S. M. (2014). Energy efficient factors for improving the
energy efficiency of the sugar industry. Ukrainian Sugar, 2(98),
14-17.

2. Luhtura, F.1., Pyzhykov, A.V., & Hlestova, O.A. (2014).
About ways to improve the thermal efficiency and reliability of
industrial CHP. Bulletin of Pryazovian State Technical Univer-
sity. Series: Technical sciences, 36, 88-100.

3. Bublikov, A., Tkachov, V., & Isakova, M. (2013). Control
automation of shearers in term of auger gumming criterion.
CRC Press/Balkema — Taylor & Francis Group: Energy effi-
ciency improvement of geotechnical systems, 137-145. DOI:
10.1201/b16355-19.

4. Tkachov, V., Bublikov, A., & Gruhler, G. (2015). Automat-
ed stabilization of loading capacity of coal shearer screw with
controlled cutting drive. In New Developments in Mining Engi-
neering Theoretical and Practical Solutions of Mineral Resources
Mining (pp. 465-477). London: Taylor & Francis Group. DOI:
10.1201/619901-82.

5. Talebi, B., Mirzaei, P.A., Bastani, A., & Haghighat, F.
(2016). A Review of District Heating Systems: Modeling and
Optimization. Frontiers in Built Environment, 2. DOI: 10.3389/
fbuil.2016.00022.

6. Haichao Wang, Risto Lahdelma, Xin Wang, Wenling Jiao,
Chuanzhi Zhu, & Pinghua Zou (2015). Analysis of the location
for peak heating in CHP based combined district heating systems
Analysis of the location for peak heating in CHP based combined
district heating systems. Applied Thermal Engineering, §7, 402-411.
7. Ahmadi, G., Toghraie, D., & Akbari, O.A. (2018). Techni-
cal and environmental analysis of repowering the existing
CHP system in a petrochemical plant: A case study. Energy,
Elsevier, 159, 937-949.

8. Weinberger, G., & Moshfegh, B. (2018). Investigating influ-
ential techno-economic factors for combined heat and power
production using optimization and metamodeling. Applied
Energy, Elsevier, 232, 555-571.

9. Soon-Young Choi, Kee-Youn Yoo, Jeong-Bin Lee, Chee
Burm Shin, & Myung-June Park (2010). Mathematical mod-
eling and control of thermal plant in the district heating system
of Korea. Applied Thermal Engineering, Elsevier Science B.V.,
Amsterdam, 30, 2067-2072.

10. Skakovsky, Y., Babkov, A., & Mandro, E. (2017). Efficien-
cy improvement for sugar plant boiler department work based
on boiler units optimal loads distribution, Automation of tech-
nological and business processes, 9(3), 24-33.

11. Lapin, M.V., & Sidletskyi, V.M. (2016). Vykorystannia
system nechitkoi lohiky dlia dynamichnoho upravlinnia potu-
zhnistiu parovykh kotloahrehativ. Naukovi pratsi Natsionalno-
ho Universytetu Kharchovykh Tekhnolohii, 22(4), 24-31.

12. Teran, P. (2010). On consistency of stationary points of
stochastic optimization problems in a Banach space. J. Math.
Anal. Appl., 363, 569-578.

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, N° 5 141



13. Sidletskyy, V.M., Elperin, 1.V., & Polupan, V.V. (2016).
Analysis of non-measurement parameters at the level of dis-
tributed control for an automated system, objects and com-
plexes of the food industry. Scientific works of the National
Food Technologies University, 22(3), 7-15.

14. Lee, N., & Cichocki, A. (2018). Fundamental tensor op-
erations for large-scale data analysis using tensor network for-
mats. Multidimensional Systems and Signal Processing, 29(3),
921-960.

15. Younas, S., & Figley, C. (2018). Development, Implemen-
tation and Validation of an Automatic Centerline Extraction
Algorithm for Complex 3D Objects. Journal of Medical and
Biological Engineering, 39(2), 184-204.

16. Kuntanapreeda Suwat, Ronzhin, A., & Shishlakov, V.
(2018). Control of shimmy vibration in aircraft landing gears
based on tensor product model transformation and twisting slid-
ing mode algorithm. Abstracts of Papers ‘18: 13" International
Scientific-Technical Conference on Electromechanics and Robotics
“Zavalishin’s Readings” (pp. 1-6). DOI: 10.2514/2.2744.

17. Sidletskyi, V.M., & Elperin, 1. V. (2016). Expansion of
functional possibilities of control systems of technological ob-
jects. Naukovyi zhurnal “Tekhnika ta enerhetyka”, 256, 113-
121. Retrieved from http://journals.nubip.edu.ua/index.php/

Tekhnica/article/view/8241.

InTerpoBana cucrema KepyBaHHS
TeIIOeHePre THIYHNM KOMILIEKCOM
3 BUKOPHCTAHHSIM METOJiB TEH30PHOTO AHAJI3Y

B. M. Cioneupkuii, 1. B. Eavnepin
HauionanbHUit yHiBEpCUTET XapuOBUX TEXHOJIOTI, M. KuiB,

VYkpaiHa, e-mail: vmsidletskiy@gmail.com; ivelperin@gmail.
com

BupieHHs npo6jieMu 3MEHILEHHSI CIIOXXUBAHHSI eHep-
ropecypciB y IPOMHUCIOBOCTI € aKTyaJbHOIO 3a/1a4€l0. Y CBOIO
yepry IUisl 3MEHIIeHHSI BUKOPUCTAHHSI TaJliBa HEOOXimHO
MiaBUIILYBaTH €(DEKTUBHICT POOOTU OUISTHOK, 1O CIIOXKMBA-
I0Tb TETUIOBY Ta €JIEKTPUYHY EHEPTII0, a L1e MOXJIMBO JOCSITTU
JIUILIE 32 PAXYHOK MaKCUMAaJIbHOI Y3TOIXKEHOI X pOOOTH.

Merta. JlociimkeHHS METO/IiB TEH30PHOTO aHaJi3y B CUC-
TeMax aBTOMaTMU3allii KepyBaHHS TEIMJOCHEPTETUUHUM
KOMILJIEKCOM.

Metoauka. 3aCTOCOBaHi METOAM MOPiBHSUIBHOTO aHasi-
3y, MaTeMaTUYHOIO MOJEIIOBAHHS, BUKOHAHI €KCIIEPUMEH-
TaJIbHi TOCIXKEHHS.

PesyabraT. Y cyyacHux cucrteMax aBTOMaTu3allii Mpu
(opmyBaHHI YIPaBISIIOUOTO [isSTHHSI BUKOPUCTOBYIOTHCS
MPOTHO30BaHI 3HAYEHHs, 110 OTPUMAaHi i3 MaTeMaTUYHUX
Mojenei, ToMy, e(eKTUBHICTb pOOOTH IMiANMPUEMCTBA Oyne
3aJIeXKaTy Bill aeKBaTHOCTI PO3p00JIeHOT MaTeMaTUYHOI MO-
neni. SIKimo X MaremMaTyHa MOIeNTb CPOPMYIbOBaHA B TEH-
30pHiil (hopMi, TO BOHA Oy/ie OITUCYBATU MPOLIEC aleKBATHUM
YUHOM. Y poOOTi HABOAUTHCS MPUKIIALL PO3POOKU TEH30PHOIL
MOJIei TSl TeMI0EHEPTeTUYHOIO KOMIIEKCY MiANPUEMCTBA
Ta 1l BAKOPUCTAHHS Ha MPUKIIAIi CTPYKTYPHOI CXEMU CUCTe-
MU YIIpaBJIiHHS.

HaykoBa noBu3na. HaBeneHo OOIpyHTOBaHE BUKOPUC-
TaHHSI METOJiB TEH30PHOIO aHali3y B CHCTEMi KepyBaHHS
TETUTIOEHEPTETUYHUM KOMIUIEKCOM, IO CKIIAMAEThC i3 IKe-
penia Ta croxuBayiB napu. JlaHuii miaxin 103BOJIMB orepa-
TUBHO (32 BUMIpSTHUMU JaHUMU) ifeHTUGhIKyBaTH CTaH TeX-
HOJIOTIYHOTO Tpollecy i po3paxyBaTh MOro TEH30pHY MO-

neb. 3HalieHy MOJeib y MOAAIbIIOMY BUKOPUCTAIU IS
(opMyBaHHS KepyBaJIbHOTO BILIUBY.

IIpakTiyHa 3HaYMMicTb. Pe3ynbTaT poOOTH 103BOJSIOTH
YIOCKOHAJIMTH TUIOBI CUCTEMM aBTOMAaTMU3allil IUISIXOM A0-
MOBHEHHSI MeXaHi3MaMu, 1110 J03BOJISIIOTh, i3 BUKOPUCTAH-
HSIM METO[IB TEH30PHOIO aHaJli3y, 3MOAEIIOBATU TEXHOJIO-
TiYHUI TIPOLIeC y CUCTeMi KepyBaHHs Ta c(hOpMyBaTH CUTHAI
KEepyBaHHSI.

KiouoBi ciioBa: menaoenepeemuunuii Komnaekc, meHsop,
padiyc-eeKmop, npoexyis, 6i0XuseHHs, YNPaGAiHHS

HHTerpupoBanHas cucTeMa ynpasJieHHsI
TEIJIOIHEPreTHIECKNM KOMILIEKCOM
C MCTOJIb30BAHMEM METO/IOB TEH30PHOTO AHAJN3A

B. M. Cudneuruii, U. B. Dnvnepun

HauyoHanbHBIIM ~ YHUBEPCUTET
r. Kwes, VYxkpauna, e-mail:
ivelperin@gmail.com

MUIIEBBIX  TEXHOJIOTHIA,
vmsidletskiy@gmail.com;

Peirenue mpo0GieMbl yMeHBIIEHUS TTOTPEeOICHUST dHEp-
TOPECYPCOB B TIPOMBIIIJICHHOCTH SIBJISIETCS aKTyaJbHOM 3a-
naveil. B cBolo ouepenb M YMEHbIIIEHUS MCIIOIb30BaHUS
TOIJIMBa HEOOXOAMMO TOBBIIIATh 3(HEKTUBHOCTh PabOTh
YYaCTKOB, TOTPEOISIOMINX TEIUIOBYIO M 3JIEKTPUYECKYIO
SHEPrUI0, a 3TO BO3MOXKHO JOCTUYB TOJIBKO 33 CUET MaKCH-
MaJIbHOW COIJIACOBAaHHOM UX PaOOThI.

Ieab. WccnenoBanre METOIOB TEH30PHOTO aHaju3a B
CHCTEeMax aBTOMATM3allMU YIPABAECHMS TEIJIOIHEPreThye-
CKOTO KOMITJIEKCa.

Meroauka. [IpumMeHeHBI METOAbI CPAaBHUTEJIBHOTO aHa-
JIN3a, MaTeMaTUIECKOTO MOICITMPOBAHMS, BBITTOJTHEHBI 9KC-
MepUMEHTaJIbHBIC NCCIETOBaHUS.

PesyabraTel. B coBpeMeHHBIX CHCTEMax aBTOMAaTU3aluy
npu HOPMUPOBAHUU YIPABISIONIETO ACHCTBUSI UCMOJb3Y-
I0TCSI TIPOTHO3UPYEMbIC 3HAUCHMUSI, TIOJIyYeHHBIE ¢ MaTeMa-
TUYECKUX MOjIeJIeit, ToaToMy 3¢ (hEeKTUBHOCTh PAOOThHI ITPE/I-
MpUSTUS OyIeT 3aBUCETh OT aleKBAaTHOCTU pa3pabOTaHHOM
MareMaTuuyeckoit Moneu. Eciu ke MaTeMaTrnyeckasi MOJe/ib
copmypoBaHa B TEH30pHOM (hopMe, TO OHA OYIET OTUCHI-
BaTh MpOLECC afeKBaTHbIM oOpa3oM. B pabGoTe nmpuBoauTcs
MpUMep pa3pabOTKN TEH30PHOM MOIEIN TSI TeTUIODHEpTe-
TUYECKOTO KOMIUIEKCA MPEANPUSATHS U €€ UCITOIb30BaHUE Ha
MMpUMepe CTPYKTYPHOI CXeMbI CUCTEMBI YITPaBJICHUSI.

Hayuynast HoBu3Ha. [1puBeneHO 00OCHOBaHUE UCMOIb30-
BaHUSI METOIOB TEH30PHOTO aHAJIM3a B CUCTEME YITPaBJICHUS
TEIMJI02HEPreTUYECKOro KOMILIeKca, COCTOSIIEro M3 MCTOY-
HMKa U TTIOTpeduTeeit mapa. JJaHHbBII ITOIXO0/ ITO3BOJIWII OTie-
paTUBHO (10 U3MEPEHHBIM JTaHHBIM) UAEHTU(UIIMPOBATH CO-
CTOSTHHE TEXHOJOTUIECKOTO Mpoliecca M pacCUUTaTh €ro TeH-
30pHYI0 MoJe)b. HaiineHHy10 MOIeb B JaTbHEMIIIEM UCTTOJb-
30BajIv ISl (POPMUPOBAHUS YIIPABISIIOIIETO BO3ICHCTBUSI.

IIpakTHyeckas 3HaYMMocTh. Pe3yabTaThl pabOThl MO3BO-
JISIIOT YCOBEPIIIEHCTBOBATh OOBIYHBIC CHCTEMBI aBTOMAaTH3a-
LIMY TyTeM JOTMOJHEHUS MEXaHM3MaMU, TTO3BOJISTIOIIMMH, C
HCTIOJIb30BAaHUEM METOIOB TEH30PHOIO aHalln3a, CMOIEIIM-
pOBaTh TEXHOJOTMUYECKUIA MTPOLIECC B CUCTEME YIIPABICHUS 1
copMUPOBATh CUTHAT YITPABJICHUSI.

KiioueBsle ciioBa: meniosnepeemuueckuil KOMniexc, meH-
30D, paduyc-6eKmop, npoeKyus, OMKAOHeHUs, ynpasieHue

Pexomendosano do  nybaikauii dokm. mexH. HayK
A. I. Cokonenrom. Jlama naoxodncenns pykonucy 06.12.18.
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