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Abstract—This article deals with the search for a palliative optimal solution to the optimization of the
electric power problem. A mathematical model of planning by the development of a hierarchical ergatic
electric power system is proposed to be presented as an optimization problem of minimizing vectors. An
innovative direction in modeling the control system of an ergatic electric power system based on artificial
neural networks is also considered. It is noted that intelligent control systems for power supply systems
are robust. The innovative concept of a smart power system is due to the integration into a hierarchical
power system of renewable energy sources based on modern computer technologies. It is noted that
during the operation of an intelligent electric power system, control systems must provide adaptive
qualities in relation to the topology of the power supply system. It is proposed to investigate the solution
to the optimization of electric power problems using methods of fuzzy mathematical programming.

Index Terms—Electric power system; mathematical programming,

I. INTRODUCTION

Control of hierarchical ergatic electric power
system (EPS) predetermines the search for a
palliative optimal solution. In this case, the decision
maker should choose the most rational among the set
of palliative optimal solutions. Palliative optimal
decision is made in the process of multipurpose
planning with fuzzy information. In these problems
of mathematical programming, many conflicting
objective functions are simultaneously optimized. At
the same time, to optimize the objective function in
the hierarchical structure of the EPS, the decision
maker makes a decision (palliative optimal), which
does not take into account one of several objective
functions. For this purpose, it is advisable to apply
the methods of fuzzy mathematical programming,
according to which the problem of multipurpose
planning in the control of a hierarchical ergatic EPS
can be formalized as the problem of minimizing
vectors with fuzzy information. The implementation
of methods of fuzzy mathematical programming
involves an approximation of real systems. To
minimize the error of this approximation, the
following is proposed in the literature: if the
coefficients of the objective functions, as well as the
constraints are represented by trapezoidal fuzzy
numbers, then the optimal solution can be found by
linear programming methods [1].

II. PROBLEM STATEMENT

As you know, the basis of the classical methods
of synthesis of control systems is the mathematical
apparatus of integro-differential calculus. Artificial
neural networks, as well as genetic algorithms for

their functioning, are an innovative direction in
modeling ergatic control systems, in particular,
control of an electric power system. Currently,
neurocontrol is used in neurocontroller control
systems; artificial neural networks can be
implemented in the form of neuroemulators that
simulate the functioning of the control object, as
well as its characteristics, for which it is difficult to
perform mathematical modeling [2].

In accordance with genetic algorithms, the
parameters of neurocontrollers are adjusted. Neural
networks are characterized by the versatility of their
approximating properties. An innovative process for
managing dynamic objects is based on a
combination of computational technologies - genetic
algorithms and artificial neural networks. As noted
in the literature, based on genetic algorithms and
artificial neural networks, it is possible to synthesize
a mathematical model of a control object
characterized by transient characteristics. The use of
neural network models — predictors allows
predicting its subsequent states using the flow and
previous vectors of the state of the operated object.
In this case, it is expedient to search for a solution to
the optimization problem, which consists in
optimizing the structure and parameters of artificial
neural networks.

Adaptive iterative control algorithms for a
hierarchical ergatic EPS simulate the process of
finding a solution to the optimization of electric
power problems, while the optimization process
should be convergent. The use of numerical methods
in the extremization of target functionals
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predetermines a set — a population of solutions, on
the basis of which the selection is carried out.
Intelligent control systems are robust. The criterion
for the adequacy of the model of the electric power
plant of management is the accuracy of the model. If
the neurocontroller synthesized on the basis of the
model is able to control the object, then the accuracy
of the model satisfies the criterion of its adequacy.

The design of intelligent control systems is based
on evolutionary modeling, which is a direction in
mathematical modeling, which is a superposition of
computer modeling methods, as well as heuristic
programming methods based on genetic algorithms,
artificial neural networks, and fuzzy logic.

III. MATHEMATICAL MODEL OF THE PROCESS
OF CONTROL AN INNOVATIVE INTELLIGENT EPS

The mathematical model of the multi-purpose
planning process by the development of a complex
ergatic  EPS can be presented as a vector
minimization problem:

min f(x) ={f,(x)}, i =Lk

given that:
xeX:{er”/gj(x)SO,jzl,_m},

where x is an n-dimensional vector of variables;
{ f1(2), £5,(x), .., fk(x)} is the mutually contradicting

{81(x),8,(x),.8, ()} are
restriction functions; X is the area of limitation [1].

In multipurpose planning, objective functions are
vectors. The goal of solving this problem is to find a
palliative optimal solution x".

Fuzzy mathematical programming methods
consider a more rigorous formulation of problems of
fuzzy multi-purpose planning for the development of
a hierarchical ergatic EPS with fuzzy parameters:

min f(x,a) ={f,(x,a,)}, i =Lk
given that

target  functions;

xe X(b)={xeE"/g,(x,h)<0,j=1m},

where a., b, i=Lk, j=1,m are vectors of fuzzy

i 7o
numbers.

Fuzzy parameters included in the mathematical
model of this control problem predetermine the
search for a a-palliative optimal solution.

In order to search for a a-palliative optimal
solution to the problem of multipurpose planning
when controlling a complex ergatic EPS, a set of
a-level is introduced, which can be represented as:

=] @D HE,@])M},
M, (a;) /

where p; (a,),1; (b)), 1 =ﬁ j=Lm are vectors of

membership functions.

Then the mathematical model of the process of
fuzzy multipurpose planning of the development of
an ergatic EPS can be considered a model
representing the problem of clear o-multipurpose
planning:

min £ (x,a) = { f,(x,a,).i = Lk}
given that
xe X(b)={x€E"/g,(x,b)<0,j=Tm},
(a,b) e (o)

That is, the solution x* € X(b") is a a-palliative

optimal solution if there is no clear a-multipurpose
planning problem x € X(b), (a,b) € L(a), such that

f(x,a)< f(x",a"), and f(x,a)# f(x",a), where
(a”,b") are optimal coefficients of the a-level [1].

The approximation error of the real process of
electric power process control can be expressed as a

discrete signal e’(z), the steady-state value of which
can be represented as [3]:

e, = }i_)rge* (1)= }i_r)l;e[kT].

In the case of linear continuous control systems,
the steady-state error is a function of the input action
and the parameters of the operating system. The
steady-state approximation error of a discrete control
system of a real control process does not depend on
the quantization period; this error is a function of the
parameters of the continuous control system and the
type of input action.

Currently, an innovative concept of smart power
system is being developed in the energy sector. This
is due to the integration into the hierarchical ergatic
EPS of renewable energy sources based on
information computer technologies, as well as
control systems. The concept of intelligent EPS is
used in distribution electric networks based on
monitoring systems for the operation of adaptive
control systems, as well as intelligent computer
technologies. At the same time, in the EPS, the
process of operation of smart electricity meters,
modern devices for processing information about
energy consumption in the power supply system is
carried out.



0.Y. Churina

Innovative Control of the Development of an Ergatic Electric Power System Based on Fuzzy Logic 45

In an intelligent ergatic EPS, electricity
generation is carried out during the operation of
intelligent equipment diagnostics, systems for
integrating renewable energy sources, distributed
generation while ensuring the reliability of the EPS,
the efficiency of electricity generation, and
improving the quality of electricity. In the
transmission electric network, modern technologies
for electricity transmission, systems for diagnosing
the state of electrical equipment, intelligent
monitoring of power consumption modes are being
introduced while ensuring the reliability of
electricity transmission and the functioning of
control systems. The operation of substations is
carried out on the basis of their automation with the
use of intelligent systems for diagnostics,
monitoring, and the functioning of control systems
based on information technologies in order to ensure
the reliability of the operation of electrical
equipment. During the operation of the electrical
distribution  network, its controllability and
reliability are increased using power electrical
equipment, protection and automation systems
operating on the basis of microprocessor technology,
innovative information technologies [4]. At the same
time, electrical consumers are equipped with
intelligent systems for monitoring and metering
electricity consumption, its regulation, systems for
managing electrical loads in normal and emergency
modes of operation of the power supply systems.

The design and operation of innovative
intelligent EPS requires the introduction of
distributed power generation devices, modern

systems, means and technologies for controlling the
modes of operation of power supply systems based
on microprocessor technology. Modern control
systems for intelligent EPS should provide flexible
adaptive qualities in relation to its topology and
parameters. In a market economy, unpredictability
of operating modes of an ergatic EPS is also
possible. All of these factors confirm the feasibility
of modernizing mathematical models and methods
for predicting the development of hierarchical
intelligent EPS.

The study of intelligent ergatic EPS is advisable
to carry out from the standpoint of a systems
approach due to the complexity of the hierarchical
structure of these systems. In a market economy,
integrated resource planning is used in the power
industry. The development of intelligent EPS
provides for the creation of a hierarchical
organizational structure of the power supply systems
with the priority of consumer requirements. The
development of innovative electric power industry is

taking place in conditions of uncertainty and multi-
criteria; at the same time, the extremization of target
functionals when solving optimization electric
power problems should be investigated using
methods of fuzzy mathematical programming. The
optimization tasks that justify the development of
EPS are: maximizing the profits of power generating
and sales companies in the electricity market,
minimizing electricity tariffs from its consumers,
and minimizing the environmental impact of power
facilities.

Mathematical modeling of the development of
complex intelligent EPS in conditions of uncertainty
predetermines the multivariance of acceptable
solutions. The hierarchical technology for solving
the problem of developing innovative EPS should
take into account the multicriteria of complex ergatic
power supply systems. When solving the problem of
multipurpose planning of the development of these
systems, it is advisable to select its admissible
variant on a set of alternatives, as well as to search
for the optimal values of the EPS parameters relative
to a certain variant. For the lower levels of the
hierarchical ergatic EPS, it is advisable to apply the
aggregation procedure — disaggregation of the
mathematical model, which is based on the method
of nodal voltages. At the upper level of the
hierarchical complex EPS, it is advisable to apply
the aggregation procedure — disaggregation of the
flow model on the graph, which makes it possible to
linearize the mathematical model of a complex EPS
[4].Mathematical modeling of a hierarchical EPS
makes it possible to search for a solution to the
optimization of electric power problems, taking into
account the requirements of the reliability of the
operation of the power supply systems and
standardizing directives in relation to indicators of
the quality of electricity.

The hierarchical technology for modeling
complex ergatic EPS provides for the use of multi-
criteria methods for finding optimal solutions to the
problems of evaluating the efficiency of energy
facilities. At the same time, it is advisable to present
a multi-criteria optimization electric power problem
as a single-criteria one with the definition of the
main criterion of efficiency and the transfer of other
criteria to the category of restrictions. The integral
optimization criterion, as a rule, is the annual
reduced costs. Reduction of a multi-criteria problem
to a single-criterion one with the transfer of
optimization criteria to the category of restrictions is
based on the procedures for identifying restrictions
in the form of standards in relation to indicators of
power quality, reliability of the power supply
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system, ecology [4]. If it is impossible to reduce a
multicriteria problem to a single-criterion problem,
the electric power optimization problem should be
analyzed as a multicriteria problem based on the
analysis of the Pareto set. As you know, the solution
is Pareto — optimal if the value of any criterion of
efficiency can be improved, provided that the values
of the other criteria deteriorate.

Methods of heuristic programming, used in the
mathematical modeling of intelligent EPS,
predetermine a fuzzy choice of options for feasible
solutions of multi-criteria optimization electric
power problems. The search for a solution to these
problems is carried out by building membership
functions of indicators of options for admissible
solutions; construction of membership functions of
undefined values of criteria values; determination of
the Pareto set — effective options, which, as a rule,
allows to reduce the sample size of alternative
solutions or to determine the optimal solution to the
EPS optimization problem.

The optimization problem of the development of
electric networks of a hierarchical complex EPS can
be analyzed as a transport problem of linear
programming, while the criterion of optimality will
be the criterion of the minimum of the reduced costs
for the development and operation of the electric
network.

In the process of optimizing the development of
electrical networks, the method of structural analysis
of EPS should be applied, the indicators of which
are the mutual structural capacities of generators, as
well as their own structural capacities, which
determine the upper estimates of the areas of static
aperiodic stability of EPS [4]. It is also advisable to
apply an ergonomic technique for optimizing the
development of electrical networks, based on
iterative algorithms for selecting rational options for
solving an optimization problem for an electrical
energy problem.

In a market economy, the mathematical model of
the development of electrical networks becomes
more complicated due to the complication of the
decision-making process in complex systems, if it is
necessary to take into account the interests of all
stakeholders with an increase in the uncertainty of
supply and demand for consumed electricity.
Mathematical models for calculating steady-state
power consumption processes, as well as analysis of
static stability, mathematical models of electrical
modes that model the patterns of flow distribution in
electrical networks are used at the initial stage of

decision-making. The solution to the problem of the
development of electrical networks is to ensure the
power balances of all nodes of the hierarchical
ergatic EPS. The optimization problem of the
electric power at certain indicators of generation and
consumption of electric energy is reduced to
minimizing the costs of the development and
operation of electric networks.

The search for optimal options for the
development of complex EPS should be carried out
on the basis of optimization mathematical models
that implement the search for the extremum of a
function of many variables.

IV. CONCLUSIONS

An innovative direction in modeling ergatic
control systems, in particular, control of an electric
power system, are artificial neural networks, as well
as genetic algorithms for their functioning.

The design of intelligent control systems is based
on evolutionary modeling, which is a direction in
mathematical modeling, which is a superposition of
computer modeling methods, as well as heuristic
programming methods based on genetic algorithms,
artificial neural networks, fuzzy logic.

Design and operation of innovative intelligent
EPS require the introduction of distributed power
generation devices, modern systems, tools and
technologies for controlling the modes of operation
of power supply systems based on microprocessor
technology.

Optimization of the electric power problem with
certain indicators of generation and consumption of
electric energy is reduced to minimizing the cost of
developing and operating electric networks.
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O. . Yypina. Inosamiiine KepyBaHHSI PO3BHTKOM epPraTHYHOI eJeKTPOCHEPreTHYHOI CHCTEMH HA OCHOBI
HeYiTKOl Jorikn

VY 3anpornoHOBaHill CTAaTTi PO3MNIAAAIOTHCS MUTAHHS TMOIIYKY MaJiaTUBHOTO ONTHMAIBHOIO PO3B’SI3KY ONTHUMi3aliiHOT
eNIEKTPOeHePreTHIHOI 3a1adi. [IponoHyeThcsl MaTeMaTHuHy MOJEND IUIaHYyBaHHS PO3BUTKOM i€papXidyHOi epraTH4HOL
EJIEKTPOCHEPIreTUYHOI CHCTEMH YSBUTH SIK ONTHMi3alidHy 3ajady MiHIMi3alii BeKTopiB. TakoX pO3MISIHYTO
IHHOBALIHHUH HANpsSIM B MOZETIOBAHHI CUCTEMH YIPABIiHHS €praTHYHOI €JIeKTPOSHEPreTHYHOI CHCTEMH Ha OCHOBI
IITYYHUX HEHPOHHHUX Mepex. BiaMideHo, 110 iHTeNeKTyalnbHi CHCTEMHU KepyBaHHS CUCTEMaMU €JIEKTPOIIOCTAYaHHS €
pobacTHUMH. [HOBaliliHA KOHIIEIINSI IHTENEKTYaJbHOI EHEpProcUCTeMH OOYMOBJICHA IHTErpalli€lo B iepapXiyHii
eNIEKTPOSHEPreTUYHII CHUCTEMI JpKepell eHeprii, 0 MOHOBIIIOIOTHCS, Ha OCHOBI Cy4acCHHX KOMIT IOTEPHUX TEXHOJIOTIH.
BigmiueHo, mo B Ipomeci eKCIUTyaTalii I1HTEeJIeKTyaJbHOI eJIEeKTPOSHEPreTHYHOI CHCTEMU KEpPYBaHHS ITOBHHHI
3a0e3rnevyBaTd ajanTaimiliHi SKOCTI CTOCOBHO TOMOJOTii CHCTEMH eJIEeKTPONOCTa4aHHsS. 3alpOIIOHOBAHO PO3B’SI30K
OINTUMI3alifHNX EIEKTPOCHEPTeTHYHMX 3a/ad JOCIIKYBATH 3 3aCTOCYBAHHSIM METOJIB HEYITKOI'O MaTeMaTH4YHOTO
MIpOrpaMyBaHHsI.

Karo4ogi ciioBa: enexkrpoeHepreTnyHa cucTeMa; MaTeMaTH4He NporpaMyBaHHSI.
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A. U. Yypuna. UHHOBallMOHHOE yNpPaBJieHUE PAa3BUTHEM 3IPraTHUeCKoOM 3J1eKTPOIHEPreTHYECKOil cucTeMbl Ha
OCHOBE HEYETKOI JOrMKH

B npemmaraemoif craThe paccMaTpUBAIOTCA  BOMPOCHI  TMOKMCKA MAJUIMATUBHOTO  ONTHUMAJIBHOTO  PEIICHHUS
ONTUMM3AIMOHHON 3JIEKTpOdHEpreTudueckord 3agaun. lIpennaraercs MaTeMaTUYecKyl0 MOJENb IUIAHUPOBAHUSA
pa3BUTHEM HEPAPXUUECKON 3PraTUYecKOr BJIEKTPOIHEPTeTHUECKONW CHCTEMBI MPEJACTaBUTh KaK ONTUMU3AIMOHHYIO
3a71auy MUHUMHU3AIUA BEKTOPOB. Takke pacCMOTPEHO MHHOBAIIMOHHOE HAIpPABJIICHHWE B MOJCIUPOBAHUM CHCTEMBI
yIpaBJeHUs] 3PraTHUECKON SJIEKTPOIHEPTETHUECKON CHCTEMBl HA OCHOBE HMCKYCCTBEHHBIX HEWPOHHBIX CETEM.
OTMEUEHO, YTO WHTEIUICKTYaJbHBIC CHUCTEMBI YIIPABIICHHUS CHCTEMaMH JJICKTPOCHAOKEHHS SBJISIOTCS POOACTHBIMH.
MHHOBaIMOHHAST KOHIICMINSA HWHTEUICKTYaIbHON SHEProCUCTEMBI OOYCIOBICHA WHTETPAllieii B HepapXUIeCcKOi
3JIEKTPOIHEPTETHUCSCKON CHCTEME BO30OHOBIISCMBIX MCTOUYHHKOB SHEPIMU Ha OCHOBE COBPEMEHHBIX KOMITBIOTEPHBIX
TexHojoruil. OTMe4YeHO, YTO B MPOIECCE OKCIUTyaTalldd HWHTENJIEKTYaJbHOW 3IEKTPOIHEPTeTUIECKON CHCTEMBI
CHUCTEMBI YIIPABJICHHUSA JOJDKHBI OOCCIICYMBATh aJaNTAllMOHHBIC KAauecTBa B OTHOIICHHHM TOIOJIOTMU CHUCTEMBI
aneKkTpocHadkeHusA. [IpemmokeHo pelieHHe ONTHMU3ANUOHHBIX 3JICKTPOIHEPIreTHYCCKUX 3a/ad  HMCCIIEA0BaTh C
MIPUMEHEHUEM METOJIOB HEUETKOTO MaTeMAaTHYECKOr0 MPOrpaMMHUPOBAHUSI.
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