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POSSIBILITIES TO USE ELECTROANALOGY METHODS
FOR ANALYSIS OF WORKING PROCESSES OF WATER SUPPLY
NETWORKS

Purpose. Development of a new research area related to electroanalogy methods used for modeling working pro-
cesses in electromechanical systems of water supply networks.

Methodology. The methodology of the research is based on applying power electronics methods used while ana-
lyzing electromagnetic processes as well as methods of circuit modeling with the use of schemes of electric models.

Findings. It is shown that the circuit design of electric models of electromechanical systems with piston pumps
differs from circuits of such systems with centrifugal pumps. The circuits of the former ones are simpler and can be
realized in the form of specific physical objects. Not every circuit with centrifugal pumps is physically realizable.
However, it does not present an obstacle for their use while analyzing electromagnetic processes in electric models, as
evidenced by the agreement of the results of analytical studies with the results of circuit modeling.

Originality. The authors’ research proved possibility of developing electric models of the electromechanical sys-
tems with piston and centrifugal pumps constructed on the common basis which is presented by electric energy con-
verter — a rectifier.

Practical value. Development of electric models of electromechanical systems of water supply networks allows
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Introduction. The main equations of the motion of a
liquid, considering frictional force taken relative to the
unit mass of fluid, involve the Navier-Stokes equation.
These differential equations are used to analyze any mo-
tion practically with no limits on the geometry of chan-
nels and hydrodynamic flow patterns and describe the
flow of fluids in any space [1]. The only limitation is that
they can be used only to the flow of Newtonian fluids.
To write the regularities of the flow of non-Newtonian
fluids, these equations were subsequently supplemented
and somewhat modified when the characteristics of
non-Newtonian fluids became known. In general, there
is no uniquely analytic solution of the Navier-Stokes
equation. The analytic solution of the equations is
known only for a very limited set of problems, and then,
only for laminar steady-state flows. In all other cases,
solving equations for practical tasks is possible only with
the use of process simulation methods.

Recently methods of mathematical modeling have
become popular. Such models are usually developed
when the picture of the occurrence of physical phenom-
ena and processes is not well understood, and when it is
not possible to describe a phenomenon by the corre-
sponding equation that reflects the physical or other side
of it. In the presence of given value intervals of variables,
the mathematical models developed are usually calcu-
lated using software [2—4], which uses the STAR-CCM
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+ hydrodynamic modeling package or the STAR-CD
program complex. Methods based on MATLAB system
[5] and numerical experiment [6], in ANSYS package,
or other programs, such as [7], are also used.

Moreover, physical modeling is used. Physical mod-
eling means, first of all, material modeling, that is, the
development of physical models of real objects and the
subjection of these models to special experiments. Then
the experimental data are processed, generalized and, as
a rule, the result of experiments involves equations,
which are called empirical. With the development of
computer technology, the proportion of physical mod-
eling in the overall model of hydrodynamic processes is
reduced, since physical modeling is more costly in terms
of the use of financial or time resources.

Also purely electric methods of simulation are being
developed [8]. In the opinion of the authors, the latter
are the most promising for studying working processes
of water supply networks, since their modeling by elec-
trical methods allows us to analyze not only steady-state
processes, but also transient ones.

Analysis of the recent research and publications.
A significant contribution to the development of elec-
troanalogy methods was made by academician Pavlov-
sky M. 1., who in 1918—1922 justified the principles of
electrohydrodynamic analogy, based on the mathemati-
cal analogy between equations that describe the motion
of fluid in some hydraulic systems and the flow of elec-
tric current in a conducting medium. He used this
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method in practice while studying a laminar flow of
groundwater during its filtration through the earthen
dam. The potential of electroanalogy methods for mod-
eling processes in pump units was studied in one of the
sections of the PhD thesis by Grigorovsky Ye.P., for
which he used a physical model with incandescent
lamps.

Another approach to the modeling of hydraulic pro-
cesses was developed by H.O.Ryazanov. It lies in the
use of electric curl fields. In this case, flat and axisym-
metric circulation flows are simulated on physical mod-
els. H.O.Ryazanov uses a steady electrical field with
voltage E as a mathematical analogue of velocity field v.
This physical modeling of hydraulic processes is costly
and long-lasting, since it requires the construction of
physical models. Its results are largely demonstrative. In
addition, such models do not provide the possibility to
model pump units.

Unsolved aspects of the problem. The approaches of
classical applied hydromechanics are based on the use of
simplified methods of fluid flow modeling in hydraulic
systems [9] and the application of integrated fluid flow
characteristics and empirical equations to describe en-
ergy losses due friction. In addition, the nonlinearity of
the hydraulic system and a number of inherent technical
features are not taken into consideration.

The previously developed methods, built on the use
of electrical analogy, did not find a wide practical ap-
plication. In our opinion, there are two main reasons:
the lack of powerful computers at that time and the in-
ability to create an adequate electric model of a pump
unit, and in the broader aspect — the lack of an electric
model of the electromechanical system.

The method of study. The authors developed a purely
electroanalogy method for modeling of the electrome-
chanical system elements, in which they operate with
the basic electrical characteristics (resistance, current,
voltage, power, and others). It follows from the per-
formed studies that, despite the wide range of electro-
mechanical water supply systems, whose working pro-
cesses are modeled by electrothechnical methods and
electric models, all the latter ones have a common basis,
which is a converter of electric energy. In some cases,
the circuit construction of electric models is rather pe-
culiar and unusual, compared to the well-known cir-
cuits of power electronic devices. Some electric models
can be implemented as an electrical device, while others
cannot. The latter exist only in the form of a model
structure or a mathematical model implemented by
means of computing in a package of circuit modeling.
Despite this (the lack of the possibility of physical im-
plementation of the model), the results of such model-
ing are suitable for practical use while determining the
set of requirements to electromechanical systems of wa-
ter supply networks, the harmonization of which allows
obtaining the highest possible energy efficiency of their
operation. The last thesis does not contradict the ap-
proaches of theoretical electrical engineering. For ex-
ample, with the application of equivalent of four-pole,
some of them may not be suitable for physical imple-
mentation, but this is not an obstacle to their application
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in the analysis of electromagnetic processes in electric
circuits with such equivalent circuits.

Research objectives. The development of basic
principles of electroanalogy method for working pro-
cesses of electromechanical systems of water supply
networks and scientific principles of their circuit con-
struction.

Research results. Electroanalogy of working pro-
cesses of electromechanical systems of water supply net-
works is a relatively new research area aimed at increas-
ing the energy efficiency of their operation. The electro-
analogy method proposed by the authors to model the
working processes of electromechanical systems with
centrifugal pumps [8] generalizes the study of the work-
ing process of the water supply network, regardless of
the characteristics of the electromechanical system. The
EMS electrical models, which are used for this, consider
the following design and performance characteristics of
the system components:

- energy component in all its manifestations;

- conditions for converting one kind of energy to an-
other;

- design features of a pump impeller;

- features of the pump unit discharge;

- the presence of shut-off and control valves.

An electromechanical system is the main energy ele-
ment of any water supply network. It consists of: a pow-
er supply system, an electric drive motor, a pump, a Sys-
tem for supplying fluid from storage tanks and a system
for discharge of fluid flow.

In the generalized circuit of any hydraulic network,
primary electric power consumers are electric drive mo-
tors which are powered from a power supply network.
Together with the means of control, they create an in-
coming subsystem of the general water supply network.
There is no doubt that in implementing a hydraulic wa-
ter supply network, in order to increase its energy effi-
ciency, it is desirable to use electric drive motors with
the highest efficiency possible. However, the high effi-
ciency of a motor does not guarantee high energy effi-
ciency of the system as a whole [5, 9].

The decision to use one or another electric drive mo-
tor shall be made with consideration that the given sub-
system also consists of separate components. The re-
quirement for strict control over the operation of com-
ponents of the subsystem is based on the fact that the
main reason for the excessive energy loss is the subopti-
mal distribution of it within the system or subsystem.

Another subsystem consists of the reservoirs-liquid
storage (buffer tanks, storage tanks, forebays, and so
on), pipelines (conduits), shut-off valves on the suction
side. It is also a subsystem which transfers energy into
the main elements of the hydraulic system, the pumps,
but it transfers not the mechanical energy, but the po-
tential energy of the fluid being pumped. This is a sig-
nificant energy component that can seriously affect the
overall energy efficiency of the system.

From the basic equation of hydrostatics, it is known
that the pressure p at any point of the fluid which is in a
state of zero motion can be represented as the pressure p,
acting on its free surface and the pressure y/4, which de-
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pends on the depth /4 of the location of this point and the
specific gravity of the liquid y

p=po+yh.

If we consider that in most cases the main storage
tanks have a free surface being in contact with atmo-
spheric air, then the external pressure p, is atmospheric,
and the main technological processes of water con-
sumption in consumers are also carried out under atmo-
spheric pressure, then it is obvious that the component
vh, which is also called equilibrium pressure, has a sig-
nificant impact on the energy component of the process
of fluid transportation by the hydraulic system. In this
case, by # we mean the surface level of the fluid relative
to the rotation axis of the rotor (impeller) of the pump,
or the difference between levels of the fluid of the storage
tank and the consumer. In this case, the potential energy
of the fluid is determined by the difference in the geo-
detic levels of the relative arrangement of the rotation
axis of the pump impeller and fluid surface. In the gen-
eral case, the volume of the fluid in such tanks is not
constant; therefore, the geometric sizes of the tanks in-
fluence the level of the liquid. The larger tanks are, the
less ratio of the liquid level in the tank to its area is, the
more slowly the fluid level in it decreases, and the less
the change of the potential energy of the liquid is. This
factor should always be considered when designing sys-
tems and calculating the cost of their life cycle. The fea-
tures of tanks’ geometry can significantly affect the pres-
sure of end consumers of the network and it is necessary
to know the principles of level change versus time, as a
function of the network cost and schedule of their filling.

In light of the foregoing, the electromechanical sys-
tem is a kind of multi-stage converter as to their func-
tion, in which the electric energy supplied from the
power network by electric drive motor and the potential
energy of the liquid of the storage tanks are converted
into the energy of the fluid flow in the discharge nozzle.

Fig. 1 shows behavior of the instantaneous change of
the head at the outlet of JI 2000-100 pump with a
620 mm six-blade impeller at nominal flow rate (Q,,,)
and at a flow rate of 60 % of the nominal (0.6Q,,,) per
one full rotation of the pump impeller obtained at simu-
lation the working process of the hydraulic network in
the ANSYS CFX 12.0. As can be seen, the given curves
have six pulsations over a period the depth of which de-
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Fig. 1. Instantaneous change of the head at the outlet of
21 2000-100 pump
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pends on the load value of the electromechanical sys-
tem.

Among the circuits, by which converters of electrical
energy intended for direct supply of technological con-
sumers are implemented, there is a circuit called “six-
phase single-stroke valve circuit”, given in [7] and
shown in Fig. 2

The circuit consists of a six-phase transformer and
six valves (diodes). The vectors of the secondary phase
voltages are shifted to each other by phase by n/3, so the
number of pulsations of the rectified voltage m = 6.

In this circuit, each valve conducts current within
one sixth of the period. The shape of the rectified volt-
age curve and the pulsation depth depend on the param-
eters of the circuit elements and the value of the load
current. Typical power of the transformer Py and the
power of the rectified current circle P, are related as Pr=
= 1.55P,. Due to the increased design power of the
transformer and a small extension of the current through
the valves, the practical application of such circuit for
implementation as a converter of electrical energy is
limited.

This is not an obstacle to use this circuit as part of an
electric model of electromechanical system of water
supply networks. The latter does not contain elements
that would be modeled by a transformer of electric en-
ergy. In the electric model of the water supply network
only the valve part of the converter and its load circle are
used. The energy component of the electromechanical
system, which is provided by the energy supplied by the
electric drive motor and the energy of the inlet fluid
flow, is presented in a circuit of the electric model as a
set of separate sources of electromotive force (EMF).
Their number in the electric model of EMS is equal to
the number of blades of the pump impeller, which cor-
responds to the physics of the energy-transfer process of
the fluid flow, which goes out the pump through the
blade system of the impeller.

The amplitude of EMF of such sources corresponds
to the required value of the head at the pump outlet, and
the angular velocity ® corresponds to the rotational
speed n of the pump impeller
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Fig. 2. Six-phase single-stroke valve circuit
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Assume that EMS includes a single volute centrifu-
gal pump with an impeller which has m blades. Each
blade of the impeller passes the cutwater of the volute
one time per one revolution (we assume, for a period)
and pushes fluid into the outer network. Due to this pro-
cess, the rotating motion of the fluid in the impeller is
converted into a single-directional motion in the volute.

Exactly the same physical process occurs in the rec-
tifier, which is the basis of the electric model of the elec-
tromechanical system of the water supply network.

The circuit of the electric model of EMS, which in-
cludes a single volute centrifugal pump with an impeller
which has m blades, is shown in Fig. 3

It consists of m parallel lines, each of which contains
the following sequentially connected units: a source of
sinusoidal EMF

e,=E, sin{(ot+n(0.5+l_zjﬂ, )

o))

m

active resistance R,; inductance L,; diode D.

The energy losses in the volute are modeled by the
circuit elements R/, L1, and the resistance of the Ry
generalizes the presence of the water system and con-
sumer.

The sinusoidal source of EMF of each line of the cir-
cuit has the same value of the amplitude value and repre-
sents the rotating motion of the fluid in the pump impel-
ler, its angular velocity is calculated by the equation (1),
and the angle of shift by phase is calculated as follows

v, :n(0.5+1_2jj. 3)
m

An analogue of the working process in an electrome-
chanical system with a centrifugal pump is the electro-
magnetic process in its electric model, which, at bot-
tom, is a one-stroke six-pulse rectifier. The results of the
study of electromagnetic processes in such electric
model during the modeling of working processes of the

Fig. 3. Electric model of EMS, which includes a pump
with an impeller which has m blades
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electromechanical system of the water supply system are
given in [10], where the issue of modeling adequacy was
considered on the basis of /1 2000-100 pump unit with a
six-blade impeller. As for the rectified voltage of the
electric model, on the first interval, the length of which
is the switching interval and measured by switching an-
gle vy (0 <9 <), its instantaneous value in the general
form will be written as follows

Uy, =3E, sin(8+1/2)/2- R E, (1-cos9)/2x,,  (4)

where x, is induced resistance of commutation circuit.

The second interval has the length y < ® < /3 and
the following relation of change in the instantaneous
value of the rectified voltage in the general form

Uy = E, sin(3+1/3)—x, E, cos(8+7/3-¢)/Z +

R
—(9-y

+R Ae ™

) ®)
—~(R +R)E,sin(8+n/3-¢)/Z.

The total length of the two intervals according to the
equations (4, 5) is one sixth of the period, so the instan-
taneous value curve of the rectified voltage of EMS elec-
tric model with JI 2000-100 centrifugal pump has six
pulsations for a period corresponding to the work of the
six-pulse rectifier. The depth of pulsation depends on
the parameters of the elements of the electric model and
the value of its load.

The study of working processes of water supply net-
works during the application of their electric models is
carried out according to the methods developed for the
study of electromagnetic processes in devices of energy
electronics.

Note that single-volute centrifugal pumps may have
impellers not only with six blades, but also with three,
five, seven or eight blades. Accordingly, the circuit of the
electric model of the electromechanical system (Fig. 3)
can have three, five, six, seven or eight parallel lines.
Circuits with three and six lines can be physically imple-
mented and are actually used as power supplies of the
direct current of technological consumers. Circuits with
a different number of parallel lines are not physically
implemented because of the lack of simple means for
obtaining the required phase shift EMF of individual
phases, but this is not necessary. They are used for cir-
cuit modeling of working processes of electromechani-
cal systems using computers with standard software
packages.

The results of the studies described in [10], proved
the adequacy of electroanalogy method used for model-
ing of working processes of EMS which has a single-
volute centrifugal pump and it is found that “... The big-
gest discrepancy between the values of output character-
istics of a centrifugal pump and its electric models takes
place in overload modes... the overload of 10 % results in
5 %, the overload of 20 % (pump capacity of 2,400 m?/h)
results almost in 10 %. The simulation uncertainty is
about 3 % at the rated load, which are rather acceptable
values™.

If EMS has a double volute centrifugal pump, the
circuit of the electric model becomes more complicated

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N 2



ELECTRICAL COMPLEXES AND SYSTEMS

due to more complicated implementation of such sys-
tems and more diverse working processes of them. Fig. 4
shows a circuit of electric model of EMS, which in-
cludes a double volute centrifugal pump with impeller
which has m blades.

As in the case of modeling of EMS of water supply
network with single-volute centrifugal pumps, the cir-
cuit elements shown in Fig. 4 are not a set of mathemat-
ical models of individual components of the electrome-
chanical system.

The electromotive forces e, ... e;; model the physical
process of energy transfer from the pump drive motor
into the electromechanical system with simultaneous
energy conversion by form and frequency. These EMFs
have the equal length and are sinusoidal reflecting rotat-
ing fluid flow in the centrifugal pump impeller. The volt-
age frequency of this EMF is calculated by equation (1).

For the left part of the electric model of EMS (first
block) which has m parallel lines, the system of their
EMF is written in the form of harmonic functions (2).

The initial phase of EMF of the first block is calcu-
lated by equation (3). The initial phase of the EMF of
the second block, the circuit of which also consists of m
parallel lines, has a phase shift by angle = (1800) relative
to EMF of the corresponding phases of the first block.

Please note that electromechanical systems with
double-volute pumps are fitted with impellers with sev-
en or eight blades.

The rotating motion of the fluid flowing through hy-
draulic passage of a centrifugal pump transfers into one-
directional flow in volute, so the output of electric mod-
el of electromechanical system is a one-stroke rectifier.
In electric models of electromechanical systems with
single or double volute pumps with impellers which have
an even number of blades, the energy conversion pro-
cess is m — phase. In electric models of EMS that in-
clude double volute pumps with impellers which have an
odd number of blades, the pulse number of conversion is
twice and equals 2m. The rectified current in load resis-
tance of electric model has 2m pulsation per period
T=2r, corresponding to doubling of the frequency head
curve at pump outlet under the above mentioned condi-
tions.

e le e3 4 em er g €3 4 em
' S ¥ S
Lr Lr Lr Lr k Lr Lr Lr Lr Lr K Lr
Rr Rr Rrl| Rr Rr Rr Rr Rr Rr Rr
D1Y DY D1 D1 D 01\ DN D5 D4 Dl
LH
R1 R2
RH
L1 L2

Fig. 4. Electric model of EMS, which includes a double
volute centrifugal pump with impeller which has m
blades
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The processes occurring in the diffuser — an outlet
part of the pump, are also characterized by active energy
losses and inertial processes. However, in contrast to the
electric models with single volute pumps, in EMS mod-
els with double volute pumps each part of the circuit has
its own outlet line, whose electrical parameters (active
resistance and inductance) are different.

All circuit of electrical models of EMS with double
volute pumps are intended to use them as circuit models
while modeling working processes of electromechanical
systems separately or as a part of water supply networks
by computer. The purpose of these studies is not to de-
sign new pump units being a part of EMS, but to deter-
mine the conditions of the energy efficiency operation of
existing pump units being a part of EMS and to develop
requirements for improvements of the last one to agree
them with the characteristic curves of the water supply
network.

The high level of similarity of the obtained results
shows the possibility to develop a generalized approach
for modeling working processes of water supply net-
works with centrifugal pumps using the electroanalogy
method. The main factors of the electroanalogy method
are summarized in the Table below.

The electroanalogy method proposed by the authors
to model working processes of electromechanical sys-
tems with centrifugal pumps covers EMSs, which also
include piston pumps.

The study of processes in piston pumps carried out
by Europump and the Hydraulic Institute (HI) of the
United States and published in technical publications
shows that the relation of flow rate versus time of these
pumps Q(f) quite acceptably coincides with the relation
the rectified voltage of some converting devices. The
working process of a single-piston pump (or simplex
pump) can be modeled by the operation of a single-
phase diode semiconductor rectifier, which conducts a
current in a positive half-period of the power supply re-
garding the diode, while in a negative one it does not.
A similar process takes place in the pump, when during
the first half of the working cycle the cylinder is filled,
there is no flow at the discharge at this time. The second
half of the working cycle is effective, when the piston
displaces fluid from the cylinder. As noted in Euro-
pump’s published paper, “... performance is a set of si-
nusoidal maxima”.

If the piston pump has two cylinders (duplex
pump), then its working process differs from the sim-
plex pump process by double frequency. Such a work-
ing flow corresponds to an electric model based on the
well-known circuit of a single-phase rectifier with an
average point.

In the three-piston pump (or triplex pump), due to
the additional third set of parts, a significant difference
is achieved, as there are two plungers at two-thirds of the
piston stroke, that simultaneously discharge, and one
plunger at one-third, that is close to the maximum flow
rate. The common capacity of the three components
provides a fluid flow at outlet with a slight depth of pul-
sation. The value of capacity varies from 90 to 104 % of
the average value, that is, by a total of 14 %.
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Table

The main factors of the electroanalogy method

Pump unit with
centrifugal pump

Electric model of
a pump unit

Flow rate of pump unit Q

[m?/s]

Electric current i [A]

Head of pump unit A [m]

Electrical voltage u [V]

Availability of electric motor
and rotational motion in blade
channels of pump impeller

Availability of sources of
sinusoidal EMF in the lines
of the electric model

The number of blades of
pump impeller (m)

The number of phases of the
block of the electric model

(m)

Shift of impeller blades on
perimeter of its outer
diameter ;= 21/m

Phase shift of the sinusoidal
EMF of the lines of the
electric model

v, = n[0.5+]_2]]
m

Shut-off head H, [m] and
the number of impeller
rotation per second # [1/s]

Amplitude of the sinusoidal
sources of EMF of the lines
of the electrical model

E, = kH,[V] and their
frequency f[Hz]

Hydraulic resistance caused
by viscous friction between
layers of fluid and other
active energy losses in a
centrifugal pump [s/m’]

Active hydraulic resistance
Ry [Ohm] and other active
supports R [Ohm]

Inertance of the hydraulic
flow in a centrifugal pump
[s>/m’]

Inductance of the electric
model L, [Hn]

Pump volute that forms
unidirectional motion

One-stroke uncontrolled
rectifier

Single volute

m — pulse rectifier

Double-volute and impeller
with odd number of blades

2m — pulse rectifier

In industrial electronics, a three-phase bridge recti-

fier circuit is known (Larionov’s circuit), which can be
the basis of the electric model of an electromechanical
system with a three-piston pump. This is confirmed
both by performed studies and by such simple calcula-
tion.

The average value of the rectified voltage of the
three-phase bridge rectifier is calculated in the interval
of repetition, which is /3

13 33 . n 3
U, :m.([e dt:;{Em sm(o)HEJd(Oﬁ):;Em- (6)

The coefficient connecting the amplitude value of
the three-phase bridge rectifier EMF sources and the
average value of its rectified voltage is 3/m or 0.955. If
the average value of the rectified voltage is taken at 100
%, then the amplitude will be 104 % of it, as indicated
in the analysis of working process in a three-piston

pump.
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The above is a powerful argument for the idea to mod-
el working processes in electromechanical systems of water
supply networks with piston pumps, as well as in systems
with centrifugal pumps, by electric models, the main com-
ponent of which is the electrical energy converter-rectifier.

Conclusions.

1. The given study results are aimed at development
of a new scientific area related to electric methods for
modeling working processes in electromechanical sys-
tems of water supply networks or water supply networks
with electromechanical systems, which include piston
and centrifugal pumps.

2. All electric models of electromechanical systems
have a common circuit basis, it is an electric energy con-
verter, and they also have common ground of research;
these are analytical and circuit methods of power elec-
tronics.

3. The electric models of EMS of water supply net-
works allow modeling and studying working processes in
water supply networks of any configuration as well as ob-
taining the data needed to achieve maximum energy ef-
ficiency of their operation.
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Meta. Po3BUTOK HOBOrO HayKOBOTO HampsiMy —
eJIEKTPUUHUX METO/IiB MOJEIOBAHHST POOOYMX MPOlie-
CiB B €JIeKTpOMEXaHIYHUX CUCTEMaX MepexX BOJOMOC-
TayaHHSI.

Metoauka. MeTtoauka AOCHiIKEHHSI MoOymnoBaHa
Ha 3aCTOCYBaHHiI METOMIB CHMJIOBOI €JIEKTPOHIKHU, IO
BUKOPUCTOBYIOThCSI TIPW aHAaJi3i eJIeKTPOMATHITHUX
MPOLECIB, i METOAIB CXEMOTEXHIYHOTO MOJIEJIIOBAHHS 3
BUKOPUCTAHHSM CXEM €JICKTPUIHUX MOJETICH.

Pe3ynbraTu. ITokazaHo, 1110 cXeMOTexXHiYHa MTOOY-
IOBa E€JIEKTPUUHUX MoOIeJeil eJlleKTpOMeXaHiuUHUX
CHUCTEM i3 MOPIIHEBUMU HAaCOCAMU BilpPi3HSIETHCS Bil
CXEMOTEXHIYHO1 MOOYA0OBM TaKUX CHUCTEM 3 BimlleH-
TpoBUMU HacocaMu. CXeMU NePLIUX € OiTbLI MPOCTU-
MU i MOXYTb OyTH peani3oBaHUMM Yy BUIJISNI KOH-
KpeTHUuX (i3uyHux 00’ekTiB. CxeMu CHUCTEM i3 Bif-
LEHTPOBUMHU HAacocaMU He BCi NpuaaTHi 10 (Pi3udHOI
peaiizanii. OmHaK 11e He € TIepeIIKoI0I0 IS iX 3aCTO-
CyBaHHSI MpPU aHaJji3i eJIeKTPOMAarHiTHUX IMPOLIECiB B
eJIEKTPUYHUX MOJIEJISIX, PO 11O CBITYUTD 30iT pe3ysib-
TaTiB aHAJITUYHMX OOCHIIXKEHb I CXEMOTEXHIYHOro
MOJETIOBaHHS.

HaykoBa noBu3Ha. [locimxeHHSIMU aBTOPiB JOBe-
JIeHa MOXJIMBICTb CTBOPEHHS €JeKTPUYHUX MOesei
eJIEKTPOMEXaHIUYHUX CUCTEM i3 MOPIIHEBUMMM Ta Bif-
LIEHTPOBMMU Hacocamu, 1110 MoOyn0oBaHi Ha CIUTbHIN
OCHOBI, SIKOIO € MePEeTBOPIOBAY €JIEKTPUYHOI €Hepril —
BUMPSIMJISIY.

IIpakTuna 3HauMMicTh. CTBOPEHHS €JEKTPUIHUX
MoIeell eJeKTPOMEXaHIYHIUX CHCTEM MepeX BOIO-
MoCTayaHHS JO3BOJISIE MOJEIIOBATA W JOCIiIXKYyBaTU
poOoui mpoliecu B Mepekax BOAOIMOCTaYaHHS.

KmouoBi cioBa: Hacoc, euepeis, enepeoegekmus-
Hicmb, CcXeMOmexHiYuHa Modenb, eneKmpoOMacHimHULL
npouec

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N° 2

Bo3M0KHOCTH MpUMEHEHHS 3JIeKTPHYECKHX
METO/I0B MOJIEJTMPOBAHMS K aHAIN3Y padounx
NpPOLECCOB ceTeil BOJOCHAOKEHHUS

B. C. Boiiko', H. U. Comnux?, O. I Iycax?,
C. A. Xosanckuii
1 — HanuoHanbHBINM TEXHUYECKU YHUBEPCUTET YKpPaWHBI
,, KMeBCKUIi MoIMTeXHUYECKUT UHCTUTYT, T. Knes, Ykpau-
Ha, e-mail: vsboiko@bigmir.net
2 — CyMcCKHUil TocymapCTBEHHBI yHMBepcUTeT, T. CyMbl,
YkpanHa, e-mail: ni.sotnik@gmail.com

Iean. PazBuTie HOBOrO HAYYHOTO HATIPABICHUS —
SJIEKTPUICCKUX METOIOB MOIEIMPOBAHUS pPabOIMX
MPOIIECCOB B BJEKTPOMEXaHUIECKUX CHUCTEMax CeTei
BOIOCHAOXKECHMSI.

Mertoauka. MeToauka HCCleIOBaHUS TOCTpOeHa
Ha TIPYUMEHEHUN METOIOB CUJIOBOI 2JIEKTPOHUKM, UC-
MMOJIb3YEMBIX TIPU aHaIn3e 3JIEKTPOMArHUTHBIX ITPO-
IIECCOB, M METOIOB CXEMOTEXHUUYECKOTO MOJICITMPOBa-
HUSI C UCITOJT30BaHUEM CXEM JICKTPUIECKIX MOJIETICHA.

PesyabTaTel. [TokazaHO, YTO CXeMOTEXHUYECKOE pe-
IICHUE SJIEKTPUIECKUX MOIEIICH 2JICKTPOMEXaHNIECKIX
CHCTEM C TIOPIITHEBEIMU HAcOCaMM OTIMYACTCST OT CXe-
MOTEXHUIECKOTO TTOCTPOCHUST TAKUX CUCTEM C IIEHTPO-
OexXHBbIMU HacocaMU. CXeMbl TIEPBBIX SIBIISIOTCS Oojee
MPOCTBIMU 1 X MOXKHO Peajii30BaTh B BUAEC KOHKPET-
HBIX (PU3NYECKUX 00beKTOB. CXeMbl CUCTEM C LIEHTPO-
OEeXHBIMM HacocaMU He Bce (DU3MYECKU Peali3yeMbl.
OmHaKo 3TO He SIBJISIETCS TTPETISITCTBUEM JUIST MX UCTIONb-
30BaHMSI TIPY aHAJIN3E 3JIEKTPOMArHUTHBIX ITPOIIECCOB B
3JIEKTPUYECKUX MOJIEISIX, O YeM CBUICTEILCTBYET CO-
BIaJcHIE PE3yIbTATOB aHAJTUTUIECKIX UCCIICIOBAHMI C
pe3ybTaTaMU CXeMOTEXHITYECKOTO MOIETMPOBAHMSL.

Hayunas HoBu3HA. VcciemoBaHUSIME aBTOPOB JIO-
Ka3aHa BO3MOXHOCTb CO3MaHUS SJIEKTPUICCKUX MOJIC-
JIel 3JICKTPOMEXaHNIECKUX CHCTEM C TTOPITHEBBIMU 1
LIEHTPOOEKHBIMU HacOCaMHU, TIOCTPOCHHBIX Ha OOIIICH
OCHOBE, KOTOpOI SIBJISIETCS IIpeoOpa3oBaTelb 3JICK-
TPUUYECKOI SHEPTUU — BBITIPSIMUTEb.

IIpakTHyeckas 3HaunMocTb. Co3naHue 3JIeKTpUYe-
CKUX MoOJeJIell 3JeKTpOMEeXaHUUECKMX CHUCTEM CeTei
BOIOCHA0KEHMSI ITO3BOJISIET MOIEITUPOBATh M UCCIIEI0-
BaTh paboYMe MPOLIECCHI B CETSIX BOTOCHAOKCHMSI.

KimoueBble cioBa: Hacoc, anepeusi, 3Hepeoapgpexmus-
HOCMb, CXeMOMEXHU1eCcKas Mo0eab, 3NeKmMPOMACHUMHbLI
npoyecc
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