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MODELING OF A SAFE ELECTRICAL SUPPLY MODE
FOR PRODUCTION PREMISES

Energy efficiency and energy saving, energy security, monitoring, diagnostics and management of energy processes
and equipment are currently particularly relevant issues in the energy industry. The energy system of Ukraine has a num-
ber of problems that require both urgent and systemic solutions. This applies not so much to capacities and generation,
but to the "arteries" of the system, which include high-voltage transmission lines, power distribution systems, transform-
ers, substations, and those devices that ensure the transportation of electrical energy from generation to the consumer.
To ensure the European level of customer service, the energy industry needs systematic modernization of distribution
networks. One of the components of a complex solution to the above-mentioned problem is the development of methods for

finding all possible modes in networks of arbitrary configuration when calculating stable modes of electrical networks.

A number of works are dedicated to the theory of creating geometric models of multidimensional space, to the devel-

opment of methods and means of their research, which confirm its effectiveness in the automated modeling of modern pro-
duction processes. Computer graphic modeling allows you to ensure the completeness and visibility of the research being
conducted, expands the possibilities of forecasting, analysis and process management. Existing methods of calculation allow
finding one or; in the best case, several separate solutions. The use of the proposed method of geometric modeling of stable
modes of direct current electric networks with n consumers in the form of corresponding multispecies as models of complex
multiparameter dependencies allows to create algorithms for calculating such modes. It also allows automated modeling
of multi-parameter processes of various physical nature in energy. Geometric means of solving the applied problem of calcu-
lating steady-state modes of electrical networks illustrate the wide possibilities of geometric modeling of the studied depend-
ence in the form of a manifold, which guarantees the completeness of the solution and its clarity.
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MOJAEJIOBAHHSA BE3ITEYHOI'O PEXKUMY EJIEKTPOIIOCTAYAHHSA
BUPOBHUYUX NTPUMIIIEHDb

Enepeemuuna epexmugnicms ma enepeoszoepedxicenis, enepeemuyna 0esnexa, MOHImopune, 0iaeHoCmuKka ma ynpas-
NHHA eHepeemuuHuUMyU npoyecamy ma oONAOHAHHAM HA CbO2OOHT € 0COONUBO AKMYATLHUMU NUMAHHAMU 6 eHepeemUiHill
eanysi. Enepeemuyna cucmema Ykpainu mae Hu3ky npooiem, axi nompeoyomy ;K HegiOKNa0H020, MAK I CUCEMHO20 8UDI-
wenns. Lle cmocyemuvcsi He CMinbKu NOMYJICHOCMell, 2eHepayill, CKiIbKu «apmepity cucmemu, 00 AKUX 8IOHOCAMbCS JIHIT
BUCOKOBOLIMHUX Nepedat, cucmemu po3nooiny NOmylcHocmell, mpancopmamopu, niocmanyii, mi npucmpoi, sxi 3a6e3-
neuyomos came MmpaHcnOPmy8aHHs eleKmpudHoi eHepeii 8i0 eeHepayii 00 cnoxcusaua. /[na 3a06e3neueHHs €8PONelcbKo2o
Di6HA 00CTY208YBAHHS CRONCUBAUIE eHepeemutHe 20CHO0apCME0 NOMpPedye CUCIEMHOT MOOEPHI3aYii PO3NOOITbHUX MepedC.
OOonum i3 CKIAOHUKIE KOMNIEKCHO20 SUDIUWIENHs SUWje3a3HAUeN0l npodaemu € po3podieHHs Memooi6 3HAXOOHCEHHS 6CIX
MOJNCTIUBUX PENCUMIS Y Mepedtcax 006ibHOI KOHpizypayii npu po3paxyHKax YyCmanienux percumis enekmpuiHux Mepexc.

Teopii cmeopenns 2eomempuunux mooenetl 6aeamosuUMIpHO2O NPOCMOPY, pPO3POOIEHHI0 Memodie ma 3aco0ig ix
00CNIONHCEHHSA NPUCBAYEHO PAO pobim, wjo niomeepodxcyioms ii egheKmueHicms npu asmomamu308aHOMY MOOENH8AHHI
npoyecie cyuacno2o eupobnuymea. Komn romepue epagiune mooenosanns 00360a€ 3abe3newumu nOGHOMy i HAOUHICMb
oocniodicern, Wo NPOGOOAMbCH, POSULUPIOE MOICTUBOCINE NPOSHO3YE6AHHS, AHAIZY MA YNPAGNIHHA npoyecamu. Ichyroui cno-
€oOU PO3PaAXYHKY O0360IAIONb 3HAXOOUMU OOUH Hl, 8 KPAWOMY 6UNAOKY, OeKilbKa OKpeMux po3e askie. Buxopucmanis
NPONOHOBAHO20 MEMOOY 2EOMEMPULHO20 MOOENIOBANHS YCIANEHUX PEXHCUMIE eNeKMPULHUX MEPEHC NOCMIIHO20 CIPYMY 3
cnooicugauamu y euensoi 6i0nosioHUx 6a2amosudie K mooesnell CKIaOHUx 6a2amonapamempuyHux 3a1elcHocmel 00360J51€
CMEopUmMU An2OPUMMU PO3PAXYHKIE MAKUX pedcumis. Lle makodic 0036014€ 30iUICHIOBAMU ABMOMAMUZ08AHE MOOETIOBAHHS
bazamonapamempuuHux npoyecie pisHoi Qisuuroi npupoou 6 enepeemuyi. I eomempuuni 3acodu supiuients npuKIaoHoi
3a0a4i pO3PAXYHKY YCMANICHUX PENUCUMIE elleKMPULHUX MePEediC LIIOCMPYIOMb WUPOKI MOICIUBOCHIT 2e0MEMPUUHO20 MOOe-
JHOBAHHS QOCTIONCYBAHOL 3ANEAHCHOCII Y 8UTISI0I 6a2amosudy, KUl 2apaHmye NoGHOMY pPiuleHHs: | 1020 HAOUHICMb.

Kniouosi crosa: eeomempuune Mooenosants, 6a2amosud, 6azamonapamempuyna 3a1eicHicims, YCmaneHul pescum
e1eKMPUYHOL Mepeici.
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Problem statement

Currently, the energy system of Ukraine is in a state of "great stress". In addition to problems
that require an urgent solution, there are also those that require a systematic solution. This applies
not so much to capacities and generation, but to the "arteries" of the system, which include high-
voltage transmission lines, power distribution systems, transformers, substations, and those devices
that ensure the transportation of electrical energy from generation to the consumer (Fig. 1). Energy
efficiency and energy saving, energy security, monitoring, diagnostics and management of energy
processes and equipment are currently particularly relevant issues in the energy industry.

Fig. 1. “Arteries” of the energy system

The general requirements for the criterion of the quality of functioning of a complex system,
which also include distribution electrical networks, are specified in [1]. Today, a sufficient level
of quality and reliability of electric energy transmission is not ensured. At the same time, the functioning
of modern production with its complex technological complexes, with the wide application
of systems of automatic control and control over processes is not possible without the clear operation
of all technical means. To ensure the European level of customer service, the energy industry needs
systematic modernization of distribution networks.

Analysis of the latest research
Scientific-analytical and scientific-research articles by Ukrainian and foreign specialists based
on the results of the studies, directly aimed at solving fundamental problems and solving applied
problems of the development and functioning of distribution networks of Ukraine and other countries
of'the world [2], testify to the need for wider research into this segment of the national energy industry.
A number of works are dedicated to the theory of creating geometric models of multidimensional
space, to the development of methods and means of their research, which confirm its effectiveness
in the automated modeling of modern production processes. Computer graphic modeling allows you
to ensure the completeness and visibility of the research being conducted, expands the possibilities
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of forecasting, analysis and process management. The creation and research of geometric models
of multidimensional space is highlighted in a number of theoretical works [3, 4], as well as works
of a practical direction [5], containing methods and means of automated modeling of processes,
particularly in energetics [6].

One of the components of a complex solution to the above-mentioned problem is the development
of methods for finding all possible modes in networks of arbitrary configuration when calculating stable
modes of electrical networks. The use of rational manifolds as models of complex multiparameter
dependencies in computer graphic modeling ensures completeness and clarity of research and actual
automation of calculation processes of all possible modes in electrical networks of arbitrary
configuration of the studied system.

Objective of the research

In order to increase the reliability of electricity supply to consumers, it is advisable to involve
various means of solving the specified problem, including geometric means involving the possibilities
of modern information technologies. Existing methods of calculation allow finding one or, in the best
case, several separate solutions. The proposed solution to the given problem illustrates the broad
possibilities of geometric modeling of the investigated process in the form of a manifold, which
guarantees the completeness of the solution and its visibility, allows to track the operation of the system
and establish intersystem connections.

Main part
To develop analgorithm for calculating all possible modes in power grids of arbitrary configuration
using rational manifolds to identify the reasons for existence and finding all ambiguous modes, let us
consider the solution of the applied problem of calculating steady-state modes of electrical networks
using multiple species as models of the studied multi-parameter dependencies.
The steady state of direct current electrical networks with n users (points) is described by
a system of algebraic equations of the second order with respect to the unknowns u_and p :

S S, 0

where u_and j, — respectively, voltage and current vectors at the points,
p, — the power of points.

},DD },DI e }fﬂu (2)
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matrix of nodal conductances, the elements of which are given by the resistance of the sections
between the i- and s- points.
Let’s rewrite system (2) in the form:

YUU, +TUU, +.. +LU . LUV, =P, 3)

i=L ... n
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In the Euclidean space of voltages and powers U, ... U , P, ... P , the dimension of which is 27,
the 7 — equation from (3) is considered as an analytical expression of the corresponding cylinder. The
generators of the 7 — hypercylinder are linear (n — 1) — subspaces of the level parallel to the coordinate
(n— 1) — dimensional subspace of powers P,... P_, P ... P

In the coordinate (7 + 1) —dimensional subspace U, ... U, P the i —equation from (3) is considered
as the guiding subspace of the i — hypercylinder.

A manifold as a geometric model, the entire set of points of which is placed in a mutually
unambiguous correspondence to all possible states of the steady state of networks, is defined as
the total intersection of n hypercylinders (3) in E7".

The dimensionality of the total cross-section of ¢ shapes due to their dimensions s, (i =1 ... q)
is written as:

g

> s, —m(g-1), 4)

where m — the dimension of the space in which the intersection is sought.

That s, for the considered example of the mutual intersection of n hypercylinders of the 2nd order,
the £2" general intersection will be a manifold /7 *", that is, a manifold of dimension » and order 2n
according to (3). Each point of the n-manifold /7 *" corresponds only to its corresponding combination
of number-coordinates U, ... U, P, ... P_that defines one of the possible modes of operation
of the network, and the entire set of its points — all possible modes of operation of the electrical
network under study.

Thus, by setting specific power values from the entire set of network operation modes, only
those that correspond to the specific case of the specific power values of the points in question are
selected.

The geometric solution of this problem is reduced to the construction of the mutual intersection
of n-manifolds 77 *" (3) by the system of n hyperplanes of calculated level. According to (4), we
obtain a submanifold in the intersection /7 *". The set of found points (real or imaginary) determines
all possible modes of operation of the network (real or imaginary) for a particular case of values P,
P, In particular, if all the P,= 0 sought points are at the mutual intersection of asymptotic directions
in the voltage subspace U, ... U .

The sought-after manifold, the entire set of points of which is placed in a mutually
unambiguous correspondence to all possible states of the power system, as a geometric model
of possible regimes in power networks, is studied by submanifolds constructed in this way. At
the same time, each point of the manifold /7 ** corresponds only to its corresponding combination
that determines one of the possible modes of operation of the network, and the entire set of its
points — all possible modes of operation of the electrical network under study, thanks to which
the reasons for existence are revealed and all ambiguous modes of the power network are
found.

When calculating stable modes of electrical networks, the question of finding all possible modes
in networks of arbitrary configuration is relevant. Existing methods of calculation allow finding one
or, in the best case, several separate solutions. The proposed solution to the given problem illustrates
the broad possibilities of geometric modeling of the investigated process in the form of a manifold,
which guarantees the completeness of the solution and its visibility, allows to track the operation
of the system and establish intersystem connections.

Conclusions
The use of the proposed method of geometric modeling of stable modes of direct current
electric networks with n consumers in the form of corresponding multispecies as models of complex
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multiparameter dependencies allows to create algorithms for calculating such modes. It also allows
automated modeling of multi-parameter processes of various physical nature in energy.

The proposed algorithm for calculating all possible modes in power grids of arbitrary configuration
using the method of multidimensional geometric modeling makes it possible to identify the reasons
for the existence of ambiguous modes, gives an answer to the question of the number of solutions
and, as a final result, leads to the finding of all ambiguous modes. Solving these problems makes it
possible to create a complex of improved programs for calculating steady-state modes of electrical
networks, which allow simulating real processes in electrical networks, which is very relevant in
connection with the further development of energy systems of Ukraine.
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