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Introduction. New innovative technologies in the fields of 
alternative energy sources, accumulation and transformation 
of electric energy, as well as new opportunities for energy 
management and process modeling, contribute to the for-
mation and development of new approaches to improving 
energy systems, including intelligent control, distributed 
electricity generation and horizontal decentralization of 
power supply networks. 

A brief overview of publications on the topic. The for-
mation of power supply networks began more than 100 years 
ago in settlements, in particular from large cities – initially 
they were small power plants to provide street lighting and 
power to tram companies. With the development of industry 
and electric drive systems, the demand for electricity among 
factories and plants increased, and domestic electricity mar-
kets were gradually formed in cities. Further centralization 
and formation of national electricity networks took place 
after the Second World War and ended with the spread of 
nuclear energy [1]. 

Centralization of the power grid, along with the benefits, 
has brought new challenges, including imbalance of con-
sumption within the day. Initially, electricity consumption 
was quite predictable: during the day - industry, in the even-
ing - lighting, peak loads - during peak hours of electric 
vehicles. However, due to the growing share of household 
consumption, peak loads are becoming more pronounced – 
despite the increase in energy efficiency of individual appli-
ances, their number is growing much faster [2]. 

Electricity is the most controlled and environmentally 
friendly energy source, it is publicly available, and now there 
is an increase in the use of electricity continues, we can talk 
about a new wave of electrification. The key areas for ex-
panding the use of electricity are further electrification in the 
domestic sector (both in households and in the non-
productive sector of the economy) and in transport, com-
bined with increasing electricity use in critical infrastructures 
[3]. 

Electrification in households occurs by replacing the use 
of other energy sources in the most energy-intensive areas – 
control of the microclimate of the premises (heating and air 
conditioning), water heating and cooking. More and more 
modern houses do not have an individual gas supply – all 
household appliances are powered by electricity. The share 
of electricity consumption by the population is growing: for 
example, if in 2002 in Ukraine it was only almost 19%, in 
2011 – already 25.5%, and in 2019 this figure was already 
about 30% [4]. 

Electrification in transport is currently taking place both 
directly by replacing the use of petrol and diesel engines with 

electric motors in cars (distribution of electric cars) and 
indirectly – by increasing the role of public transport and 
micromobility (bicycles, various types of electric scooters) 
within the new concept of intercity transportation which 
called "sustainable mobility". In turn, in the field of public 
transport are rapidly expanding electric buses and trams, and 
among the means of micromobility – a variety of electric 
individual vehicles [5]. 

The third notable direction of the new wave of electrifica-
tion is the supply of critical infrastructure. This is the biggest 
challenge for the power system, because due to further in-
formatization and the introduction of intelligent control sys-
tems necessitates an uninterrupted reliable power supply for 
their operation. In particular, these are the systems that en-
sure the viability of settlements, such as water supply, sewer-
age, gas supply, medical facilities, especially specialized 
hospitals with complex medical equipment, operating com-
plexes, intensive care units, signaling systems for rail and 
road transport, air traffic control, subway, elevators of high-
rise buildings, public safety systems. This necessitated a new 
look at the problem of sustainability of energy supply sys-
tems, when there is a significant number of critical consum-
ers of different levels of priority [1]. 

These challenges, together with the proliferation of re-
newable energy sources and the emergence of electricity 
storage technologies, have led to the concept of Smart Grid – 
an intelligent power supply network that includes both con-
sumers and producers of electricity, takes into account the 
storage and recovery of electricity by users. systems and 
remote control on the principle of "Internet of Things". Cur-
rently, the Smart Grid approach is one of the basic compo-
nents of the Smart City concept – intelligent management of 
urban infrastructure to achieve sustainable development 
goals [6, 7]. 

Goal. The introduction of intelligent power management 
systems necessitates the calculation, modeling and forecast-
ing of processes, as power devices are not always able to 
instantly change the parameters of their work. This, in turn, 
necessitates the introduction of effective control algorithms 
for more flexible control of local Smart Grid power systems. 
For this purpose the most suitable analytical methods which, 
unlike numerical, allow to carry out the analysis of a nonlin-
ear chain in the general kind, instead of for certain values of 
parameters of elements of the schemes. 

Materials and methods. Improving the efficiency of lo-
cal systems with generators and converters of electric ener-
gy, solving problems of electromagnetic compatibility of 
system elements (eliminating their mutual influence), taking 
into account external influences and special modes of opera-
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tion requires optimization procedures and using of system 
approaches in modeling processes in these systems. 

Graphical, analytical and numerical methods, as well as 
combined methods are used for the analysis of electrical 
circuits. Numerical methods have a significant disadvantage, 
which is that the obtained solution corresponds to a specific 
case, for which specific parameter values and initial condi-
tions are given. Analytical methods allow to obtain greater 
accuracy of calculations, although they require a large num-
ber of mathematical operations. The solutions in the applica-
tion of analytical methods are approximate, but their accura-
cy depends on the detail of the approximation of real charac-
teristics using the basic modeling functions. 

The solutions obtained in the analytical form allow to car-
ry out the qualitative analysis of the phenomena occurring in 
an electric circuit, and also to carry out the further analytical 
processing: harmonic analysis, finding of maxima and min-
ima, integral indicators, form coefficients, harmonics, other 
quantitative and qualitative characteristics, the research of 
behavior when changing parameters. 

 

Table 1. Types of basic functions for Laplace transforms 
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Analytical methods are based on the analytical integration 
of differential equations that describe the state of a nonlinear 
chain using analytical expressions of the characteristics of 
nonlinear elements. As an example of an analytical method 
for calculating processes in electric circuits, consider the 
method of individual components using Laplace transforms. 
The vast majority of complex periodic functions that de-
scribe the modes of operation of electricity generators can be 
formed from elementary mathematical functions, which are 
called basic (Table 1). However, the approximation of the 
nonlinear characteristic that underlies these methods, leads to 
the introduction of more or less error in the calculations. 

The general approach to the construction of Laplace s-
domain for complex periodic functions in the case of a con-
stant duration of integration intervals is considered in detail 

in [8]. The s-domain  )( pFp   of the signal function )(tU

for the case of rectangular pulses of amplitude iU  has the 

form: 
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When the approximation intervals of the function have 

different durations, ie var,=iT which is a more general 

case, the s-domain of the signal function is as follows: 

)(
)1(

11
)( )1(

1

ii

T

pTpT
n

i

ipTp eeU
ep

pF
−−

=
−

−
−

= − ,             ( 2 ) 

provided that 
=

=
n

i

iT TT
1

, 0T = 0. 

The calculations according to (2) are more complicated in 
comparison with (1), but in some cases the implementation 
of the approximation of the generator signal function can 
simplify the calculations by reducing the number of approx-
imation intervals by combining intervals with the same am-
plitudes of step pulses. 

When constructing modulated functions and signal func-
tions, for the approximation of which it is necessary to apply 
several basic functions, it is necessary to use the alternation 
of the basic function with a pause to form a complex basic 

function. In this case, 
Tii TTT =+ 0

,  where iT  is the 

duration of the basic function, iT0  – is the duration of the 

pause, wiith )()0( 0 tTTFtF iiii ++=+ . Then the s-

domain of the signal function has the form: 
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The shift of the whole function is carried out by the delay 

theorem by multiplying by 
pTe−

. When approximating 

several basic functions, it is necessary to comply with the 

requirements: = ),(),( jejjieii TfFTfF , where 

ji  and  nji ,...,1,  , ie the requirements of unambig-

uous definition of the image of the function on the interval. 
The sequence of calculations for finding generalized ex-

pressions for calculating processes in circles with cyclically 
variable parameters is as follows: 

1) formation of graphs or tables of dependences of cyclic 
changes of parameters of an electric circuit on time, in the 

same scale, definition of functions of the generator  )(tUG

and loading )(tZ ; 

2) formation of s-domain of generator functions )(pU  

and load )(pZ using Laplace transforms: 

)}({)( tULpU G= , )}({)( tZLpZ = ; 

3) formation of s-domain of current functions in accord-

ance with Ohm's law in operator form: )}({)( tULpU G= , 

)}({)( tZLpZ = ; 

4) finding the original currents using the inverse Laplace 

transform )}({)( 1 pILtI −= .  

Obtaining current functions at intervals in analytical form 
allows for accurate calculations to assess current characteris-
tics, optimal choice of parameters of electronic and electrical 
devices, it is necessary to determine a number of characteris-
tics and coefficients, including operating and average cur-
rents, amplitude maxima and minima, shape coefficients, 
amplitude pulsations value, pulsations according to the cur-
rent value, pulsations according to the average value, ampli-
tude [9]. 

In turn, this makes it possible to model and predict the op-
eration of a complex power supply system of the community 
with several power generators and complex loads, both to 
optimize the current operation of such a system and to im-
prove and plan development. 

Results and discussion. A prerequisite for the use of in-
telligent power supply systems can be called "smart meters", 
which began to be introduced by energy companies in the 
1980s. The first level of their application was monitoring of 
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electricity consumption depending on time, the second – 
consumption management. The most well-known way to 
manage consumption is different tariffs depending on the 
time of day when electricity is cheaper at night. However, it 
fully works in combination with the appropriate equipment 
for consumers – for example, "smart" sockets and systems 
that turn on and off devices depending on time, need, load 
level [10]. 

Together, such devices and systems are combined into 
"smart homes". If they also have their own sources of elec-
tricity generation (solar panels, wind turbines) or devices for 
storing electricity (stationary batteries or electric cars with 
the ability to give electricity to the grid (Vehicle to Grid 
technology) – then such complexes are called MicroGrid. 
Smart Grid, it is possible to coordinate the operation of many 
devices for smoothing peak loads, such "smart" networks 
MicroGrid have become widespread in the United States, 
China, Italy and other countries. 

At the same time, the introduction of the energy compo-
nent within the Smart City concept is possible when not only 
technological and informational solutions for modernization 
of energy systems are implemented, but also administrative 
and financial mechanisms for the formation of the local 
energy market. Such approaches are not only in line with the 

current vision of Sustainable Development Goals of United 
Nations Organization and the reduction of the carbon foot-
print, but also to increase the resilience of infrastructure to 
external influences. 

Conclusions. The introduction of the intelligence net-
works SmartGrid as one of the key components of the 
SmartCity concept, when intelligent management of not only 
information but also energy flows is implemented, forms an 
interactive electricity market with many consumers, produc-
ers and energy storages. This significantly affects the quality 
of life of residents, and opportunities for business activity, 
and to improve the environmental situation, makes the com-
munity a full participant in the regional and national energy 
market, but also requires new approaches to regulation, 
tariffs and billing systems. 

At the same time, it requires a rethinking of the principles 
of building control algorithms for such systems, in particular 
the involvement of artificial intelligence technologies, which 
requires appropriate capabilities to predict the behavior of a 
complex energy system. It is appropriate to use analytical 
methods for calculating processes in energy systems, which 
allows to form analytical expressions about the energy char-
acteristics of electricity, analyze external influences and 
perform process forecasting. 
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