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CONDITIONS FOR REPRODUCING POWER CONSUMPTION IN ELECTRICAL
NETWORKS

The article defines the conditions under which continuous current control of electrical power consumption in large, branched
high-voltage electrical networks is possible. The fact is that for complete hardware current continuous control of electrical power
consumption, it is necessary to have active and reactive power sensors at each node of the electrical network (at each substation)
and their connection with dispatching control centers. For countries with large distances between grid nodes and control centers, this
requires huge capital expenditures. Therefore, it is much more expedient to place power and voltage sensors in separate nodes and
then calculate the remaining nodes using Kirchhoff's laws. Under these conditions, the system of equations using the nodal potential
method becomes non-canonical, that is, the known parameters in it are part of the nodal currents and part of the nodal potentials.
Such a system does not always have a unique solution, and it depends on the correct placement of power and voltage sensors. But
the placement of sensors must be carried out before calculations, therefore the task of determining the conditions for correct
placement of sensors without preliminary calculations is relevant, which is considered in the article.

Keywords: power consumption control, nodal potential method, non-canonical system of equations, state reproduction of
complex technical systems, fixed network elements, free network elements, network graph.

KAIIMB Camyin, KYXAPUYK Bacunb

BiHHMIBKHI HAI[lOHATBHUNA TEXHIYHUN YHIBEPCUTET

KYUYEPYK Bonoaumup, KYJIAKOB IlaBio

YMaHCBKHIT HalliOHAJILHUI YHIBEPCUTET

YMOBMU BIATBOPEHHS CIIOKUBAHHSA ITIOTY>XXHOCTI B EJIEKTPUYHUX
MEPEXAX

Y cTarTi BUHAYEHO yMOBYH, 3a SIKUX MOX/IMBE OE3MEPEPBHE CTPYMOBE KEPYBAHHS CrIOXUBAHHAIM E/IEKTPUYHOI EHEDIIT ¥
BEJIMKUX, PO3IE/IYIKEHNX BUCOKOBO/IbTHUX E/IEKTDUYHUX MEDEXAEX 3 YpPaxyBaHHIM OOMEXEHOCTI BUMIDIOBA/IbHOI IH@PACTPYKTYDH.
[TokasaHo, o A5 peanizauyli MoBHOro anaparHoro CTPYMOBOIO GE3r1EPEPBHOIO KEPYBAHHS HEOOXIAHO 3abe3reYuT HAasBHICTb
AaTynKiB aKTUBHOI Ta PEAKTUBHOI MOTY)KHOCTI Y KOXHOMY BY3/1i €/IEKTDUYHOI MEPEXT (Ha KOXHIV riacTaHuyil) 1a opraHizysatv ix
HagiiHmA IH@OPMALIIVIHW 3BF30K [3 ANCIIETYEPCHKUMU LEHTDAMU KEDYBAHHS. [ €HEDFOCUCTEM (3 3HAYHUMU BIACTAHIMU MK
By3/1aMn MEPEXT Ta LUEHTPAMU YITPAB/IIHHS Taka BUMOra CyrpOBOAXKYETLCS HAAMIPHUMU KAIITa/IbHUMU BUTPATaMU Ha BCTAHOB/IEHHS
BUMIDIOBA/IbHUX 3aC00IB, KaHa/M NEPEAAGBAHHS AaHNX | CUCTEMU CUHXPOHI3aL], O YCKIIGAHIOE MPaKTUYHY pPeasni3auiio CyLiibHOro
BUMIPIOBA/IbHOIrO 1MoKpnTTS. OOrpyHTOBAHO AOLI/IbHICTb YaCTKOBOIrO PO3MILLEHHS AaTHMKIB [TOTYI)KHOCTI Ta HANpyry JIMLIE y BUOPAaHNX
By3/1aX MEPEXI 3 M0AA/bLUNM BUIHAYEHHSIM apaMETPIB B IHLUMX BY3/1ax pPO3PaxyHKOBUM LLU/ISIXOM HA OCHOBI 3aKoHIB Kipxroga 1a
METOLY BY3/I0BUX MOTEHLIA/IB. 38 TAKOIo MiAX04Y CUCTEMA PIBHSIHBb CTAE HEKGHOHIYHOK, OCKI/IbKY BIAOMUMY BE/TNYUHAMU BACTYINEIOTH
SK OKpeMmi By3/10Bi CTpyMy, Tak | 4acTuHa By3/10BUX IMOTEHLIanB. BCTaHOBMEHO, o rogibHa cucTteMa HE 3aBXKAN MAE €AMHE
PO3B5A3aHHS, a il pO3BA3YBaHICTL | OGHOIHAYHICTL BUSHAYAIOTLCS CTPYKTYPOKO MEPEXI, TOIMOJIOMEN 3 €E4HAHb, MaPaMeTpamu rijlok 1a
TIPOCTOPOBUM PO3MILLEHHSIM BUMIPIOBA/IbHNX 3aC06IB.

[10Ka3aHo, 1O KOPEKTHICTH BIAHOB/IEHHS PEXVMHMX MEPaMETPIB MEPEXI 3a/IEXUTb Bifl BUKOHAHHS YMOB CIIOCTEPEXXYBAHOCTI
78 CTPYKTYPHOI BUSHAYEHOCTI, SKi 3a6E3MEHYI0Tb JIHIMHY HE3a/IEXHICTb PIBHSHD [ ITOBHUH PaHI BIGIMOBIAHOI MATPULY MPOBIGHOCTEN 3
YPaxyBaHHSIM BUMIPIOBaHNUX By3/1iB. CQrOPMY/IbOBaHO BUMOIH [O MiHIME/IbHO AOCTaTHbOrO Habopy BY3/liB [3 AaTYNKaMU, LLYO rapaHTyE
OfHO3HAYHE BU3IHAYEHHS BY3/I0BUX [1OTEHLA/IIB | ITOTOKOPO3IOAiNy MOTY)XHOCTEU y MEPEXi 6€3 HEobXigHOCTI IMoNepesHbOro
YYCE/IbHOrO MOAESIOBAHHS. 3ariporoHOBaHo Migxig 4O BUOOPY TOHOK BUMIPIOBAHHS Ha OCHOBI aHasli3y rpagoBoi MOAEsTi e1eKTPUYHOI
Mepexi, Sk JO3BOJISE 336E3MEYNTH CIIOCTEPEXXYBAHICTL CUCTEMY 38 MIHIMA/ILHOI KifIbKOCTI AaTHMKIB.

OTpuMaHi pesysibTati MOXyTs 6yTH BUKOPUCTaHI I1i4 Yac rpPOEKTYBAHHS CUCTEM MOHITOPUHIY Ta KEDYBAHHS PEXUMaMU
ESIEKTPUYHNX MEDEX, ONTUMIBALIT PO3MILLEHHS BUMIPIOBA/IbHUX TPUCTPOIB, @ TaKOX y 3agadax robygosu LM@ppoBux ABIVIHUKIB
EHEProcucTeM. 3arporioHOBaHi yMOBU [PaBU/IbHOIO PO3MILUEHHS] AATYUKIB AatOTb 3MOry 3MEHLUMTU KarliTa/ibHi BATPaTH Ha
BUMIPIOBA/IbHY [H@PACTPYKTYPY, MGBALUNTI [OCTOBIPHICTL PO3PaxyHKy PEXUMHUX apamMeTpiB T1a 3ab6e3reynTi MOX/mBICTb
6e311epEPBHOro CTPyMOBOIro KEPYBaHHS CrIOXUBaHHSIM €/1EKTPUYHOI EHEDII B peasibHOMy MacluTabl 4acy.
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Introduction
To ensure continuous monitoring of electrical power consumption, it is necessary to have active and reactive
power sensors at each node of the electrical network (at each substation) and their connection with dispatching control
centers. For countries with large distances between grid nodes and control centers, this approach requires huge capital
expenditures, so it makes sense to place power and voltage sensors only in individual nodes, and then reproduce all
unknown network mode parameters using Kirchhoff's laws.

Under such conditions, the system of equations using the nodal potential method becomes non-canonical, that is,
the known parameters in it are part of the nodal currents and part of the nodal potentials. Such a system does not
always have a unique solution, and it depends on the correct placement of power and voltage sensors. But the
placement of sensors must be carried out before calculations, so the task of determining the conditions for correct
placement of sensors without prior calculations is relevant.

Let write in general form the dependence between the input and output parameters of the system of equations
using the nodal potential method:

Vo Vi) = F (x5, %), (1

where (y,, ¥,,) — vector of known and unknown output parameters (nodal currents); (x,, x,) — vector of known
and unknown input parameters (nodal potentials); F — functional dependence between vectors of input and output
parameters.

In our case, the function F is linear.

Consider an arbitrary system S consisting of n elements e, e,,...e, with input parameters x,, x5, ... X, and
output parameters — Yy, V-, - - . Y. Since each element e; is characterized by two parameters x;, y;, the total number of
system parameters is 2n. In this case, expression (1) can be written as a system of linear equations (2).

Recall that some elements e; of the system S may or may not be associated with information sources. In this
case, the input and output parameters of such an element x;, y; (or one of these parameters) become known.

a1x1 + ax+. .. Faip X, = Ve,
a21x1 + a22x2+. . +a2nxn = yz,
A1 Xy + QX+ T A Xy = Y, 2)
Ap-11%1 T Ap_12X2F... +ap_1 nXpn = Yn-1,
Ap1X1 + AQpaXo+... FaApn Xy = Yy

It is well known that for the unique solvability of the system of equations (2) it is necessary (but not sufficient)
that the number of unknown parameters be equal to the number of equations. This means that the number of unknown
parameters of the system must be equal to n.

At the same time, various combinations of known and unknown parameters are possible in the system.

Let the system S have fully known parameters of k elements, unknown parameters of m elements, and
partially unknown (only “input” or “output”) parameters of g elements. Given that for each of the m elements we
have 2 unknown parameters, and for each of the q elements we have 1 unknown parameter, the total number of
unknown parameters is 2m + q.

Then, the necessary condition for the unique solvability of the system of equations (2) can be written as

2Zm+q =n. 3)

In the following, we will call elements of the system S with completely known parameters fixed elements,
and elements with completely unknown parameters - free elements.
Since the system consists of n elements, the following equation is valid:

m+q+k=n 4

The joint solution of equations (3) and (4) gives the relation m = k, i.e. one of the conditions for the
compatibility of the system of equations (2) is the same number of free and fixed elements in the system S.

International Scientific-technical journal
«Measuring and computing devices in technological processes» 2026, Issue 1
138


https://creativecommons.org/licenses/by/4.0/

Mixcnapoonuil HayKoeo-mexHiuHuil HeypHan
«BumiproganbHa ma ob6yucnoganbHa mexHika 8 mexHo/102i4HUX Mpoyecax»
ISSN 2219-9365

It is clear that, provided that there are free and fixed elements in the system S S, the system of equations (2)
will change its form somewhat due to the fact that in some equations there will be no free term and a new variable
will appear, and in some - on the contrary, some variables will disappear.

It is obvious that the condition for the unique solvability of such a system is a nonzero determinant of its
coefficient matrix, or (which is identical) if its transformation by the Gauss method leads to a triangular form.

For systems with a large number of elements, the above-mentioned procedures for checking the conditions
for unique solvability of a system of linear equations are a rather laborious process, therefore, the development of non-
computable methods for determining the solvability of such a system of equations is of great practical importance.
One of such methods is considered below.

Determining the conditions for reproducing the state of systems with linear functional relationships without
prior calculations

Since the structure of the system (topological relations between its elements) is most conveniently
represented in the form of a graph, all further calculations will be carried out in the language of graph theory.

Almost any system can be represented by a graph, in which the elements of the system are vertices, and the
functional connections between them are edges. The sequence of edges of a graph that connects any two vertices is
called a chain. Two chains intersect if they have at least one common vertex.

Consider a small system S containing six elements (a, b, ¢, d, e, f) and whose graph can be represented in the
form shown in Fig. 1.

a b

Fig. 1. Graph of system S

Let this system have two fixed and two free vertices (denote them by fand v, respectively). This means that
for fixed vertices the parameters x;, y; are known, for free vertices both parameters are unknown, for the remaining
vertices only the parameter y; is known.

Let consider two variants for the vertices f and v location on the graph of the system. The vertices of the
graph are numbered for the convenience of performing transformations using the Gauss method.

First variant
3(H 4(D

5(v) 6 (v)

Fig. 2. Variant of the vertices f and v location on the graph of system S, at which the system of equations (2) has the unique solution

The system of equations for this case has the form
A11X1 + 12X, + Ag3X3 + A15X5 = Y1,
A21X1 F+ Ap2X3 + AeXy + A26X6 = Y2,
az1X; + azzX3 = Vs,

Ag2X7 + Ag4Xy = Y4, (5)

as1X1 + AssXs = Vs,
Ag2X7 t AgeXs = Y-

Since in this variant the parameters Y;,Y,,Vs, Vs X3,Xs are known to us, and the parameters

Vs, Ve, X1, X2, X5, X are unknown, it is advisable to perform the following substitutions:
Vi =Y1— Qu3X3, Y2 = Yo — GgaXs, Y3 = Y3 — A33X3, Yo = Vg — QgaXy.

After this, system (3) will take the form

— *
a11X1 + A12X; + A35X5 = Y1,
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Az1%1 + A2X; + AgXe = Y3,

a31X1 = Y3,

A42X3 = Ya» (6)
as1X1 + assXs = Vs,

Ae2X2 T AeeXs = Ye-

From the third and fourth equations of system (4) it follows:

v3 __ Y3—asszX3 _ Vi _ Va—044%Xy
— s Xy ==

xl =
asy asi Qas2 ag2

Substituting the obtained values x;, x, into the first and second equations of system (6), we obtain:

Y3—-a33X3 a Y4—Q44X4

* —ai3x3—a
Yo = YIT31X¥17G12Xs Y1mA1zX3mdi1 g 127 a4y

5 ais ais ’

y3—-a33X3 Y4—Q44X4
* —Qp4X4—a a

X, = Y3—Ap1X1—GppXy _ Y27 %24XaT021m as

6 = =

aze aze

Substituting all the obtained values x4, x,, X5, X into the fifth and sixth equations of system (6), we also find
the values ysg, V!

y3—-a33x3 Y4a—Q44%4
Y3—a33X3 Y1—ai3X3—a11™ 7 41274,
Ys = asg t ass )
aszy ais
y3-az3x3 Y4—Q44X4
Va—Q44%s Y2~ 24X4— 02170 22" g,
Ve = Qg2 66
a4 aze

Thus, for the first variant of the vertices f and v location, the system of equations (5) has a unique solution.

Second variant
3 () 5(v)

4 () 6 (V)

Fig. 3. Variant of the vertices f and v location on the graph of system S, at which the system of equations (2) does not have the unique
solution

The system of equations for this case has the following form
A11X1 T Q12Xp + Ag3X3 + A14X4 = Yy,
Az1X1 T Az2X3 + Azs5Xs + AzeXe = V2,
az1X1 t azzXz = Y3,
Ag1X1 + AgaXy = Ya, @)

As52X7 + As5X5 = Vs,
Ag2X2 T AeeXe = Ye-

Since in this variant the parameters Yi,Y,,Vs, Vs, X3,X, are known to us, and the parameters
¥s, Ve, X1, X2, X5, X¢ are unknown, it is advisable to perform the following substitutions:

* L *
Y1 = Y1 — Q13X3 — A14X4, Y3 = Y3 — A33X3, Y4 = Vg — QuaXy.

After this, system (7) will take the form:
a11%; + A%z = Y1,
A1%1 t Ap2X; + A5Xs + Az6X = Va2,
az1%, = Y3,
A41X1 = Yi» (8)
aszXz + AssX5 = Vs,
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Ap2Xy + AgeXe = Yo

Analyzing the third and fourth equations of system (8), it is easy to see that in the general case (if, of course,

;—3 * ;—4) the system of equations is inconsistent. From a topological point of view, the reason for this incompatibility
31 41

is that the chains connecting pairs of vertices f and v of the graph of the system intersect.

For the general case, we will formulate and prove the corresponding theorem, which will greatly facilitate
the solution of applied problems.

THEOREM

Let there be the system S that has fixed and free elements. Let also the number of fixed and free elements
coincide and be greater than 1. In this case, if the fixed and free vertices on the graph of this system are arranged in
such a way that they cannot be divided into pairs f - v, the chains between which do not intersect pairwise, then the
system of equations constructed for this graph is inconsistent.

PROOF OF THE THEOREM

Consider a graph of an arbitrary system S, which has 2 fixed and 2 free vertices, which are arranged in such
a way that they cannot be divided into pairs f - v, the chains between which do not intersect pairwise. Such a graph is
not difficult to construct based on the graph shown in Fig. 3, if we add between the vertices (for example, 1 -3, 1 -2,
2 -5, etc.) of this graph a certain number of vertices belonging to the same chains as in the graph (Fig. 3).

First, add vertex g to edge 1 - 2, as shown in Fig. 4.

30 5()

f—
» -
o

4 () 6 (V)

Fig. 4. Variant for an additional vertex in edge 1-2

As a result, one more equation will be added to system (7), and it will take on the following form
A11X1 + A14Xq + A13X3 + A14X4 = Y1,
ApqXq + Az2Xy + Ax5X5 + AzeXe = V2,
a31X1 + az3X3 = Y3,
A41X1 t QgaXy = Y, )
As2X; + As5X5 = Vs,

Ag2X7 T AgeXs = Vo>
aq1x1 + aqzxz + aqqxq = yq

If we make substitutions for this system of equations
Vi = Y1~ QuaXz — (14X, Y3 = Y3 — (33X3, Yo = Va4 — AgqXy.

then system (9) will take the final form
ay1%; + A19Xq = Y1,
ApqXq T Q22X + Az5X5 + Az6X6 = V2,
az X%, = Y3,
Aq1X1 = Vs, (10)
As52X; + As5X5 = Vs,
Ag2Xz + AgeXs = Vs-
Aq1X1 + AgaXy + AgqXq = Yy

Obviously, in the case where ay—3 * ;—4, the system of equations (8) is inconsistent.
31 41

This means that adding vertices to edges that are located after the intersection point of the chains f - v does
not make the system of equations consistent if the conditions of the above theorem are met. In other words, from the
point of view of unique solvability, the system depicted in Fig. 3 is equivalent to the system depicted in Fig. 4.
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Consider the case when the vertex ¢ is added to an edge that is located to the intersection point of the chains
f - v, for example, edge 1-3, as shown in Fig. 5.

3 (D) q 5)

4 (f) 6 (v)

Fig. 5. Variant for an additional vertex in edge 1-3

This system will correspond to the following system of equations:
(11X1 T A1gXq T Q12X + A14Xy = Y1,
Az1%1 t Az2X3 + A5X5 + Az6X6 = Va2,
A3qXq T A33X3 = Y3,
Ag1X1 T AgaXy = Yy, (11)
As52X; + As5X5 = Vs,

Ae2X2 T AeeXe = Yo,
Qg1 X1 + AgaXs + AggXg = Y,

From the third equation it is easy to find x,
__Y3—a33X3
Xq = e

Substituting this value into (9), we obtain

Y3—0a33X3

Ag1%X1 + Ag3X3 + Agq aq =Yg
From this equation it is easy to find x;.
—a33X.
Yq-aq3x3—aqq> a:qs :
X1 =
aql
_ Y4—Q44X4

At the same time, it follows from the fourth equation that x; = , which means that in the general case

the system of equations (11) is also incompatible, that is, the systems presented in Fig. 3 and Fig. 5 are equivalent
from the point of view of unique solvability.

It is obvious that when adding a certain number of vertices to the edges that are located to the intersection
point of the chains f - v, it is always possible to perform a certain chain of variable substitutions that will show the
incompatibility of the system of equations.

Thus, it can be argued that when the conditions of the theorem are met, any system, from the point of view
of unique solvability, is equivalent to the system whose graph is depicted in Fig. 3, that is, its system of equations is
inconsistent, which was to be proven.

This theorem makes it possible, without calculating a non-canonical system of equations using the nodal
potential method, to determine fixed nodes (vertices) using a topological analysis of the electrical network graph, i.e.
nodes that must be equipped with voltage and power measurement devices at the same time. The remaining nodes,
which we call free, do not require equipment with any measuring devices.

In this case, the following conditions must be met:

- the number of fixed nodes (f) must be equal to the number of free nodes (v);

- the fixed and free nodes must be arranged in such a way that they can be divided into pairs f - v, the chains
between which do not intersect in pairs.

Fixed node selection algorithm
A practical algorithm for selecting fixed nodes without extensive calculations can be constructed using the
following steps:
1. Calculating the degrees of nodes. For each node of the network graph, we determine its degree — the
number of adjacent edges (lines).
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2. Initial selection by degree. Nodes with the highest degree are considered prioritized for "fixed" status
because they are incident to a greater number of links and thus "reserve" information about larger portions of the
network. So, in the first stage, we assign the status of fixed to all nodes with the maximum degree.

3. Check for intersecting chains. After the initial selection, we check whether fixed nodes form common
branches. To avoid crossing "chains" (selected subgraphs), we should next consider pairs of adjacent nodes. We label
each pair of neighboring nodes so that each pair has one potential fixed node and one free node. That is, we avoid a
situation where two fixed nodes lic on one common chain. This approach ensures that fixed nodes are "scattered"
across the network.

4. Choosing among neighboring pairs. For each such pair, we adopt the following rule: we make the node
that is closer to the source node (power node) fixed. The smaller graph step from the source to the node provides more
reliable data transmission, so the closer node is given the status of "fixed". Thus, of each pair of adjacent nodes, the
one that is less distant from the source becomes "fixed," while the other remains "free."

5. Repeat as long as necessary. Continue steps 3 - 4 until the necessary condition is met and it is possible
to add new fixed nodes without violating the continuity (connectivity) conditions of the solution. In general, the
algorithm ensures that the selected fixed nodes evenly cover the network, and no loops are formed between them.

Let consider an example of applying these conditions to determine fixed nodes in an electrical network, which is
shown in Fig. 6. We will assume that the network is powered by node 1.

13 (v)
B 4 (D) 5()

2 O O O

6 () 7(v)

1(f) O O O 8
14 (v)

9 (D O O O

10 (v) 11 (D 12 (v)

Fig. 6. Fragment of the electrical network

Since the network contains 14 nodes, the number of fixed nodes should be half of this number, i.e. 7. It is
advisable to start the procedure of assigning the status f to a node (graph vertex) by determining the degree of the
vertex for each of them, that is, the number of graph edges connected to this vertex.

It is necessary to pay attention to the fact that not only devices for measuring node power are installed in the
node, but also devices for measuring power on the lines connecting this node with others. Although these parameters
are not used directly in the mode calculations, they allow reducing the degree of uncertainty of information in the
event of an emergency disappearance of telemetric data from one of the nodes. Therefore, it is necessary to grant the
status f primarily to nodes with a higher vertex degree.

In the scheme (Fig. 6), for nodes 1, 3, 8, 11, the degree of the vertex is 3, for the remaining nodes it is 2.
Therefore, first of all, we assign the status fto nodes 1, 3, 8, 11.

So it remains to give the status fto three more nodes. To avoid the possibility of crossing chains of f - v pairs,
these pairs must consist of adjacent nodes. Therefore, one of the nodes of the pair4 - 5,6 - 7, and 9 - 10 can claim the
status of f. For further selection, it is advisable to apply other considerations. Node 5 is located at a greater distance
from power node 1 than node 4. Then it is advisable to assign status f to node 4, since at a shorter distance the
transmission of telemetric information will be more reliable. The same considerations can be applied to node pairs 6
-7 and 9 - 10. As a result of the analysis, we obtain a table of fixed and free nodes (Table 1).

Table 1

Fixed and free node numbers
Fixed nodes Free nodes
1,3,8.11,4,6,9 2,5,8,10,12,13, 14
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The node statuses are shown in the electrical network scheme (Fig. 6).
This provides significant savings in capital costs for substation equipment, mainly due to savings on
communication equipment, and to a lesser extent due to a reduction in the number of measuring instruments.

Conclusions

1. To ensure continuous monitoring of electrical power consumption, it is necessary to have active and
reactive power sensors at each node of the electrical network and their connection to dispatching control centers,
which for large networks requires unreasonably large capital costs. Therefore, it is proposed to place power and
voltage sensors only in individual (fixed) nodes and then reproduce all unknown parameters of the network mode
according to Kirchhoff's laws.

2. Under such conditions, the system of equations using the nodal potential method becomes non-canonical,
that is, only a part of the nodal currents and a part of the nodal potentials are known parameters, and if the measuring
instruments are incorrectly arranged, it may not have the solution at all. Therefore, their placement must be carried
out without prior calculations.

3. The theorem developed and proven by the authors allows for the correct placement of measurement tools
through topological analysis of the network using graph theory. Its adequacy has been confirmed by the
implementation of the hardware and software complex "Analytical System for Reproducing Electricity Consumption"
in several divisions of the energy supply enterprise.
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