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Purpose. Increasingly widespread integration of local sources of energy generation and storage, growth of electric
vehicle charging stations in electrical distribution systems sharply reduce the efficiency of the traditionally used methods
and technical means of the control of their modes. In particular, this concerns such a popular task as choosing the optimal
places of the normally open points in the circuits of distribution networks with objective to minimize loss of electrical energy.
Methodology. The selected normally open point remained unchanged for quite a long time. However, the above features
of modern distribution systems cause serious changes in the traditional structure of distribution networks and their modes
of operation, which will become less stable and more unpredictable. As a result, under the influence of random factors,
load flows of various durations are appeared in the networks, and in many cases will differ significantly from the mode
(load flow) for which the optimal normally open points were determined. Compared to the traditional distribution network
reconfiguration approach, a novel dynamic reconfiguration is proposed for a system with a high penetration of renewable
energy sources or high level of load heterogeneity. The decision to change the location of the open point of the network
is made when the positive effect of the additional reduction in energy losses exceeds the damage from the increased use
of the switching resource of the circuit breakers and reduction in their life cycle. Findings. A special algorithm is proposed
to make such a decision, taking into consideration technical as well as economical aspects of the problem. Originality. In
this regard, this paper discusses the possibility, feasibility and efficiency of selective use of the so-called ‘soft open points’
technologies, which allow independent optimal control of active and reactive power flows for minimization of electrical
energy losses. Practical value. Power electronic devices as a ‘soft open points” have been proposed to combine the benefit
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of distribution networks operations both radial and closed modes. This solution is especially useful in the case of frequent
and short-term changes in network modes. A new algorithm to speed up of independent modeling the active power
and reactive power flows in feeders with to-way power supply is discussed. Conclusions. A general approach to the control
of the corresponding power electronic equipment is proposed to ensure optimal load flow in the distribution feeder in real

time. References 14, figures 4.

Key words: distribution networks, distributed generation, network reconfiguration, energy losses, soft open points.

INTRODUCTION. The integration of distributed
generation (DG) has a significant impact on the dis-
tribution network (DN). In a traditional DN, power
flows in a one-way from the substations (slack bus)
to the load side; meanwhile, a DG may change power
flow in multiple directions from points with local
generation sources inside the DN, in accordance with
the level of the voltage.

With increasing penetration of distributed
resources, especially renewable (such as photovoltaic
panels and wind turbines), in medium voltage elec-
trical networks new challenges such as hardly pre-
dicted and even reverse power flow, voltage excur-
sion, equipment overloads, harmonic distortion are
increasingly prominent. At the same time the grouse
of such consumers as electrified heat and electric
vehicles, may significantly increase the peak demand
of DN. Moreover, it is necessary to take into con-
sideration the uncertainties in consumption and local
power generation.

All this makes it difficult to maintain the optimal
distribution networks modes, focusing on traditional
technical means and methods (for example, by real-
izing network reconfiguration or on-load tap chang-
ers of transformers in a standard way). At the same
time, the choosing the optimal configuration of loop
distribution networks has been and remains one
of the most effective actions to minimize power
losses and to provide the necessary voltage levels.

In almost all countries, electrical DNs were
designed and operated as open circuits, which made
it possible to use less expensive systems of their relay
protection and automation. Such solutions provide
quick isolation of damaged elements and restoration
of power supply, simplified the control of the net-
work modes. Therefore, for many decades, the choice
of optimal location of normally open points has been
considered as one of the most popular and effec-
tive problems of optimizing the modes of distribu-
tion networks, mainly built according to the loop
scheme [1-6].

To achieve a better performance of the DNs oper-
ation and to reduce the overall cost, other solutions,
for example, such as soft open points (SOPs) have
to be used. A SOP is a new type of power electronic
equipment which mainly consists of two back-to-back

voltage source converters (VSCs) and can replace
the traditional tie switch in most cases installed in
normally open point [7].

The conventional DNs are usually operated in
open loop. As a power electronic device, SOP can
accurately and rapidly control the active and reac-
tive power of the two connected feeders and in such
a way to combine the advantages of both a radial
and loop (mesh)-operated network. So, the deploy-
ment of SOPs makes possible to continue using net-
works with an open topology simulating their opera-
tion in a closed mode.

The main topologies of SOPs as multi-functional
power electronic devices include back-to-back volt-
age source converters, multi-terminal voltage source
converters, SOP integrated with energy storage sys-
tem (ES) and some other. Fig. 1 illustrates the single
line representation of the distribution network with
various basic forms of SOP application.

multi-terminal SOP based ES

back to back

Fig. 1. Forms of SOP application

In any case SOPs can provide fast active
and reactive power flow control, which can bring
benefits under normal operation of DN: balance in
optimal way the power loads between connected
feeders and thereby to reduce the overall power
and energy losses, improve the voltage profile, to
eliminate network overload, to mitigate the three-
phase unbalance by the ability to rapidly regulate
the three-phase active and reactive power, to enhance
DG hosting capacity. When a fault occurs, SOPs
can detect it and isolate the fault area resulting in
the reliability improvement.
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Quantifying the benefits of SOPs is important tool
for their implementation, for example, it can be used
as objective functions in the optimization problems
for the optimal control of SOPs in distribution
networks. There are various suggestions to quantify
of SOP benefits.

For example, in [8] the apparent power flow is
used to represent the line utilization index (FLB —
feeder load balancing)

Jz

where S, is the apparent power flow in branch #;

S,.- 1s the rated capacity of this branch;

N is the total number of branches.

Voltage profile index (VPI) reflects the degree
of dispersion of all bus voltages from the nomi-
nal values and is used as a measure of the voltage
improvement
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where U,, U, are the real and nominal voltage
magnitudes at bus £, K is the total number of buses.

In [9], the three-phase balancing indices are given
as follows
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where fY and ' are the index of the voltage unbal-
ance of the network and the current unbalance
of the substation;

U, is the complex voltage on phase ¢ (¢ = a,
b, ¢);

1, corresponds to the complex current on phase ¢
of the busbar i of substation.

At the same time power (energy) losses reduction
is the key benefits brought by using the SOPs in dis-
tribution networks.

Due to the nonlinearity of power losses equations
and SOP constraints in the optimization models,
the optimal control of SOPs is nonlinear problem.
Various methods of nonlinear programming [10] as
well as metaheuristic algorithms [11] have been used
for its solving.

However, in all such researches, the issues
of uncertainty of distributed energy resources
and loads were not considered. To account for this

factor the chance-constrained programming embed-
ded nonlinear optimization model formulated for
SOP control was proposed in [12]. A large num-
ber of scenarios are required to fully characterize
the uncertain power output of renewable resources
that makes this model computationally difficult.

Usually, the control of SOPs requires suffi-
cient measurements of the DN modes of operations
through fast and reliable communication means. In
many researches the historical or forecasted power
loads and local generation are used as well.

To eliminate the influence of the factor of infor-
mation uncertainty on the decision-making process,
to simplify the implementation of the optimiza-
tion problem and taking into account the infor-
mation support that modern distribution systems
must comply with, the following approach can be
proposed to control the operation of SOPs in real
time with objective to minimize electrical energy
losses.

It is necessary to manage of the SOP operation
in a way to form the optimal modes in the DN from
the standpoint to minimize power losses at any
period of time that as the result allows one to
reduce the total electrical energy losses. It is well
known, that operation of loop networks in closed
mode in most cases leads to minimum power losses.
So, the main idea of using SOP in distribution net-
works is to keep of the load flow of the network (in
the general case, separately in active and reactive
power) as close as possible to that which would be
formed in the same circuit in the case of its opera-
tion in closed mode.

Thus, in the process of control we have to deter-
mine the amount of active power that must be trans-
mitted through the SOP from one part of the cir-
cuit to another, as well as the value of the reactive
power generated or absorbed from the SOP, depend-
ing on the current node loads and the output power
of local energy sources that are subject for perma-
nent monitoring.

Here the problem arises of the quick model-
ing the mode of distribution feeder with two-way
power supply. The classical approach to its solu-
tion [13] in a distribution feeder equipped with
a SOP is not convenient enough, since lack of con-
nection between load flows in sections and alter-
ations of nodes loads and/or of local energy sources
output power. In this regard, to determine the load
flow, it is proposed approach based on the principle
of superposition.

In this case, initially, we find the load flow with-
out taking into account the difference in voltages
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in the busbars of substations, using the superposi-
tion principle for pre-calculated partial power flows
from each of the substations to any of the network
nodes. At the next stage, to this power flow is added
the power flow caused by the difference of voltages
on the busbars.

FIRST ALGORITHM OF LOAD FLOW
MODELING

Let us consider how partial power flows from
substations to individual network nodes can be deter-
mined. For this purpose, we use a simplified feeder
with two-way power supply (Fig. 2).

Represent original feeder as two equivalent ones
(Fig. 3).

The voltages at nodes 2 and 3 can be calculated
both from the voltage U, and from the voltage Us.
Without taking into account power losses, for each
of the above equivalents (Fig. 3) we can write

The voltages at nodes 2 and 3 can be calculated
both from the voltage U, and from the voltage U,.
Without taking into account power losses, for each
of the above equivalents (Fig. 3) we can write

Q3 :Ql _AQI,B :Q4 _Agz,w (1)

Uu,=U,- AQI,Z =U,- Agz,zr (2)
For the real part of (1) and (2) we have

2

_ P],s (Rl,z + Rz,3) +Q1,3 (Xl,z +X2,3) _

U, U
el (3)
-U P4,3R3,4 + Q4,3X3,4
=Yy T >
Ue4
(J1 _ Pl,2R1,2 + QI,ZXI,Z — U4 _

Uel
_ 134,2 (R2,3 + R3,4) + Q4,2 (X2,3 + X3,4) (4)

U s

e4
for the imaginary part of the same equations

U — Pl,3(X1,2 + X2,3) — Q1,3(R1,2 + R2,3) —

: Uel
_ U4 _ Rl,3X3,4 B Q4,3R3,4 , (5)
Ue4
U — R,ZXI,Z - Ql,2R1,2 =U. —
: Uel )
_ P4,2 (X2,3 + X3,4) - Q4,2 (R2,3 + R3,4)
Ue4 , (6)

where Pi;, O3, Pia, O, are the partial pow-
ers coming from the substation 1 to nodes 3 and 2,
respectively;

Pys, Ous, Pyy, O, are the partial powers coming
from the substation 4 to nodes 3 and 2, respectively;

U, KX,
Pytj0,

Ry 377Xy 5

Ry 417X 5 4
PstjQ5

T N

U,

Fig. 2. Simplified two-way closed distribution network

I| P |~3+j Q_LE— 3 .!?4._3_"_‘;“@4,3 1
| . : |
U, R, R, (X, 11X, ) U 3] Ry X4 (),
Py+jO;
ll P,y 40, , Pyat70s, Lll
.‘-_',lfl R, ;77X , Uz Ry Ry 1K, 51X ) Ul 4
Py+j0,

Fig. 3. Equivalents of two-way closed distribution network
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U.i, U, are the equivalent voltages that may be
defined, for example, as U,
¢ 2

, U, 1s the rated voltage.

—_1 “n

and U, =U4+Un
2
Additionally, taking into account that
N S1,3 + S4,3 and S, = Sip+ S4,2,
after simple transformations, for the real part (3)
and (4) we obtain, respectively

U — Pl,3R1,3 _ Q1‘3X1,3 U - P4,3R3,4 _ Q4,3X3,4
1 Uel Ue] ) Ue4 Ue4
and l]1 _ P1,2R1,2 _ Ql,2X1,2 — U4 _ P4,2R2,4 _ Q4,2X2,4 ,
U U U U

el el e4 e4

where R;,, Xi,, Ri3, X135 are the resistances from
substation 1 to load nodes 2 and 3, respectively;

Ry 4, X4, R34, X34 are the resistances from the sub-
station 4 to load nodes 2 and 3, respectively.

By implementation of the superposition princi-
ple and taking into account that in case under con-
sideration P35 = P;, Q13 = Qs, Psz = P3, Q43 = O3,
Piy=Py, OQ12= 05, Psy= Py, Q4o = 0,, we will obtain
for the real part

U — PR, + PR ; + O X, + O, X, _
1
U

el
_ P2R1,2 + QZXI,Z =U _ B‘R3,4 + Q3X3,4 _
U, ! U
_ [)2R2,3 + f)2R3,4 + Q2X2,3 + Q2X3,4
Ue4

(BAPIR,+ PR+ (D +0) X, + O X,
U

ed4

ory, —

el

_ U _ (132 + ID3)R3,4 + P)ZRZ,S + (Q2 + Q3)X3,4 + Q2X2,3

=U, .
Ue4

Similar analysis can be made for the imaginar

y part of expressions (5) and (6). This allows
one to form for the circuits (Fig. 2) the following
conditions to fine of partial power flows, assuming
at this stage that the voltages on the substations are
the same (U, = U,)

_ ARy, _ 03X, " PR " 0,5X54

= 0 .
Uel Uel Ue4 Ue4
P.X R P.X R
_ 1,3 1,3 + Ql,3 1,3 + 4,343,4 _ Q4,3 3,4 =0,
Uel Uel Ue4 Ue4
R,; + Rt,3 = Ps’ Q1,3 + Q4,3 = st
al’ld _ E,2R1,2 _ QI,ZXI,Z + 1)4,2R2,4 + Q4,2X2,4 — O,

U@l Uel Ue 4 Ue 4

_ E,ZXI,Z + QI,ZR],Z + Rt,2X2,4 _ Q4,2R2,4
Uel Uel Ue4 Ue4

Pl,z + P4,2 =P, Ql,z + Q4,2 = Qz-

Partial power flows from the substations to each
of the network nodes (P2, Q12, Pi2, Qa2, P13, O13,
P,3, O43) can be determined in the process of solving
the above systems of equations.

Summarizing the results obtained and introducing
the certain indices,

=0,

n—1
k k
YR 3 x, DR
— — i=k
O = =, BA,k == » Op i = >
UeA ({eA UeB
e
X
_i=k
Boi= ZU )
eB

for arbitrary network circuit (Fig. 4)
we obtain the following systems of equations

=0, Py =B Qs 05, Py B0, =0,
_BA,kPA,k +aA,kQA,k +BB,kPB,k _aB,kQB,k =0,

Pu+P=F, 0,+0:,=0, k=1, vy =1,

where £ is the number of load node; » is quantity
of feeder sections.

In the process of solving these systems of equa-
tions, partial flows of power to each network nodes
are determined

n-1 i—

n—1 i—1
PA,j _Z:‘PB"/ s Qi/ :;QA,/' _;Qs,j - (D
= =i =

P'=Y
i p=
Theresulting load flow in each section of the feeder
(Fig. 4) is calculated using the principle of superpo-
sition, so far, without taking into account different
voltages on substations.

A similar approach to modeling the mode
of a feeder with two-way power supply can
also be implemented based on the following
considerations.

SECOND ALGORITHM OF LOAD FLOW
MODELING

Regarding the networks shown in Fig. 2 and 3,
without taking into account power losses, according
to [13] can be obtained

§3(Zl,2+Z2,3]

Zs

b

— 8,734 ,
Zs

§1,3 §1,3 _§3 ==
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Fig. 4. Determination of the load flow in the feeder
on the basis of superposition method

S2(22,3+23,4j S 2
= 1,2
S,= - , 81y =8, =,
7s Zs
53(%124—223 S 2
NSVAY
§4,3— ’S4,3_S3:_ 3* >
Zs Zs
g 2 §2(Zz,3+23,4j
§4,2: 2* 1,2’ £4,2_§2 - *
Zs Zs

In this case we have the following

R, —jX
P,+jO,=|1-—2—"L2 (P +j
1,2 JQ1,2 [ RZ_sz (2 ]Qz),
(R, + Ry )= (X, +X,5)
P 0 —|1-\2 s 1.2 ) \(p 4
1,3+]Q1,3 ( Ry — jXy (3+JQ3)’
P +]Q _ 1_(R2,3+R3,4)_j(X2,3+X3,4) (P+]Q)
4,2 4,2 Rz—sz 2 2’
. Ry, - jX .
P4,3+/Q4,3:(1_ 13’4 .X3’4J(P3+]Q3)' ®)
T /Ay
Taking into account that
Rij_inj:RifRZ+Xl'j'XZ .Rinz_Xinz
Ry — jXs R§+X§ R§+X§

and introducing the following indices
_RRy + X, Xy R, Xy - X,Ry
we will obtain
B,z + jQ1,2 = (1 -, ]Blz)(Pz + ]Qz)
=[(1—0LL2)P2 +B1,2Q2:|+j|:(1_0'1,2)Q2 _Bl,zpz:|’
B+ JjO; :(l_a‘l,S _]Bm)(Ps + jQ3)=
:[(1_0‘1,3)@+Bl,3Q3_+j[(1_a1,3)Q_31,3103],
P4,2 + jQ4,2 = (1 - (14,2’_ jB4,2)(Pz + jQz):
:[(l_azt,z)Pz +B4,2Q2_ +j[(1—0t4,2)Q2 _B4,2P2] >
P+ 0,5 = (1 0y JB43)(Ps + JQ3) =
=|:(1—0L4,3)f§ +B4,3Q3_ +j|:(1—0l4’3)Q3 _B4,3g:|-

By generalizing the given above results, in
particular for the network shown in Fig. 4, we get

3

Py =(1-0,)B +B 40, 9)
QAk:(l_a’Ak)Qk_BAkPk, (10)
Py =(1_aBk)Pk +BuOs (11)
QBk:(l_aBk)Qk_ngBC,k=1,...,n—l, (12)
k k
RZZRJ+XZZXj
here o, =—2 S 13
where a., R§+X§ (13)
k k
&Z%E&Z&
By=—" m—, (14)
! k@+@
RZZX/_XZZR_
B, = J=1 j=1 (15)
4 R+ Xy ’
n-1 n—1
& RE+ X2

lying the superposition principle, on the bases
of partial power flows (9) — (12) the load flow ( P
i=1, ...,n-1) for the original network circuit (Fig. 4)
can be determined similar to (7).

The final step in modeling the feeder mode, if it is
necessary and expedient to take into account the dif-
ference in voltages on busbars of substations, is
the adding on the obtained load flow (7) of the addi-
tional power (3,,), which, using the actual values

of the busbars’ voltages, is determined as follows
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Uu,-U
Ead = A* BUn'
Zs
Then
Uu,-U U,-U,;)RU,
adA+JQadA_RA .B nz(AZB)ZZ
s —JXs Ry + X;
+J-(UA_UB)XzUn
R+ X;

The final load flow will be defined as follows
(Fig. 4)
P :Pj/ +E,dAsign(I’j/), QJ. = Q/./ +QadAsign(Q_/).

ANALYSIS OF SOP OPERATION

In the process of implementing this control
strategy at least the following constraints for the SOP
operation have to be taken into account.

The capacity range of SOP

sopr SopP =
O<St]tSSmax’t 1

5 T,

where SZ.S]Qf is the capacity transmitted at instant ¢

through the SOP installed at branch i, ;.
The constrained of branch current

I,jt_]ljmaX5t_1 Ta

where /, i, j,max 1 the current upper limit of branch

i,J.
The range of nodal Voltage

U min <Us, < U,

zmln— 1, max » :la“'aTs
where U, min, Ui max are the lower and upper limits
of voltage magnitude at node .

A main advantage of the proposed approaches
is the ability to quickly determine changing in
the active and reactive power flows in a certain sec-
tion of the feeder in function from the alteration
of any node load, the output power of local energy
sources or state of energy storage systems.

Parameters (13) — (16) can be calculated in
advance and they remain unchanged in the process
of modeling the feeder mode regardless of the values
of loads and output of local energy sources.

In the process of ongoing monitoring
of the mode parameters of the feeder section adja-
cent to the SOP (Fig. 4), the existing load flow
is compared with that which would be during
the operation of this feeder in close mode (P)),
taking into account the current values of node

loads and of distributed generation sources output
power.

The resulting imbalance has to be compensated
by changing the direction and magnitude of active
power flows through the SOP, as well as by the vol-
ume of additional generation (or absorption) of reac-
tive power, which is achieved by appropriate VSC
control.

If the distribution feeder has a more complex
structure, in particular, includes branches, several
local energy sources, then the original circuit can be
transformed in equivalent one.

The question of SOP optimal placement is
of a great importance, because it effects on total
costs associated with the implementation of the cor-
responding project. It is usually suggested to place
SOP in a section with a minimum load, assuming
the line is operated in closed mode. However, under
conditions of heterogeneous loads and the use of dis-
tributed energy sources, such a solution is not stable.
Therefore, in the [14] it was proposed to use the fol-
lowing index (betweenness index) for this purpose

m,n
=Y > min(S,.S,) Bymm)
meG nel (m’n)
P.. P
_ igmlijn .
where Pl.j(m,n) =—p

ij

G is the set of all the distributed generators;

L is the set of all the nodes;

S, is the apparent power output of generator m;

S, is the apparent load of node #;

min(S,, S,) is the transmitted apparent power
between generator m and node load #;

P(m, n) is the transmitted active power from
generator m to node load #;

P;(m, n) is the part of P(m, n) in the line i, j;

P.;, is the active power of line 7, j from
generator m;

P;;, 1s the active power of line 7, j flowing to node
load n;

P;; is the active power of line 7, j from node i to
node j.

The larger index K;; of a line is, the greater
the total contribution of this line to the power
transfer is in the distribution network. The major
role of an SOP is to control the transfer power along
the distribution lines. Therefore, proposed index is
a good measurement for selecting SOP location.

CONCLUSIONS. Under the -current trends
ofthe widespreadintegrationoflocal sources ofenergy
generation and storage, growth of electric vehicle
charging stations, changes in structure of electrical
loads, the effectiveness of the traditionally used in
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electrical distribution systems methods and technical
means for the control of modes of operation are
sharply reduced due to frequent and difficult to
predict modes alterations. At the same time, such
a popular problem as the optimal reconfiguration
of loop distribution networks has been and remains
one of the most effective actions to minimize power
losses and to provide the necessary voltage levels.
However, under the current conditions, it is difficult
to choose a normal opening point for a long time,
at which a minimum of electrical energy losses
would be ensured.

In this regard, a new approach was proposed
to solve this problem using power electronics
devices, in particular, consists of two back-to-back
voltage source converters. This technical solution
(SOPs) permits to keep of the network load flow (in
the general case, separately in active and reactive
power) as close as possible to that which would be
formed in the same circuit in the case of its operation
in closed mode, that ensures a minimum of power
losses at any instant of time.

Taking into account, that in this case
the network mode is controlled in real time,
the paper proposes two approaches that allow one
to speed up the process of calculating the change in
the flow distribution in the network section, where
the SOP is located, depending on the change in
node loads and output parameters of local energy
sources. Thus, the proposed approach makes it
possible to ensure the efficient use of the SOP in
order to minimize energy losses in the distribution
network line.
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Bce 6inpIn mmpoxa iHTerpanis J0KadbHUX JKEpes TeHepallii Ta CHCTEM HaKONMYEHHS €HEeprii, 3pOCTaHHS Kilb-
KOCTI 3aps/IHUX CTaHLIN eNeKTPOMOOLTIB y CUCTEMaxX PO3MOALTY eNeKTPHUYHOT eHeprii Pi3Ko 3HUKYIOTh e()eKTUBHICTD
TPaAULiHO BUKOPUCTOBYBAHUX METOIB 1 TEXHIUHUX 3aC001B KEpYBaHHS iX pexuMaMu. 30KpeMa, Le CTOCY€EThCS TaKoi
MOMYJISAPHOI 33/1a4i, SIK BHOIp ONTUMANBHOTO MiCIISI BCTAHOBICHHS TaK 3BAHUX «M’SIKHX BIIKPHTHX TOUOK» (soft open
points) y Kojiax po3MoAiIbHAX MEPEXk 13 METOI0 MiHIMi3allii BTpar eaeKTpu4Hoi eHeprii. OOpaHa HOPMaJILHO BiIKPHUTA
TOYKA 3aJMIIATACS HE3MIHHOIO MPOTATOM JIOCUTh TPHBAJIOTO Yacy. [IpoTe 3a3HaueHi BUIE 0COOIUBOCTI Cy4aCHUX CHC-
TEM PO3MOJITY BUKIMKAIOTH CEPHO3HI 3MIHH B TPAJUIIHHIA CTPYKTYPi pO3MOAITBHUX MEPEXK 1 pexkuMax ix poboTH, sKi
CTaBaTUMYTh MEHIN CTA0ITBHUMHU Ta OLTBII HemependauyBaHUMK. Y pe3yNbTaTi MiJl BIITMBOM BHIAJIKOBUX (pakTopiB
y Mepexax BUHHKAIOTh TOTOKHM HABAaHTaKCHb Pi3HOI TPHUBAJIOCTI, SIKi B 0araTbox BHMAIKaxX OyIyTh CYTTEBO Bipi3HS-
THCS BiJl TOTO PeXUMY (HaBaHTAXKEHB), JUIA SKOTO OyJlM BH3HAYCHI ONTHMAIbHI, TaK 3BaHI «M’SKi BIAKPHTI TOUKM».
V nopiBHAHHI 13 TpaJULiHAM MiIX0A0M A0 peKoH(Iryparii po3moaiIbHOi MepexXi MPONOHYETHCS HOBA AMHAMIYHA
pexoHdiryparlis s CUCTEMH 3 BUCOKOIO NPOHHUKAIOYOI 3[aTHICTIO BITHOBIIOBAHUX JKepen eHeprii abo BUCOKUM
piBHEM HEOJHOPIJHOCTI HABAHTAXKCHH. PillleHHs Mpo 3MiHY MiCIs pO3TAallyBaHHS BIAKPUTOI TOUKH Mepexi mpuitMa-
€THCS, KOJIM MO3UTUBHUIL €(DEeKT BiA JOAATKOBOTO 3HMKEHHS BTPAT €HEprii mepeBullye 30MTOK BiJ 301IbIIEHHS BUKO-
pPHUCTaHHS KOMYTALilHOTO pecypcy BUMHKAUiB 1 CKOPOYEHHS iX TepMiHy clIy:kOu. s mpUIHATTA Takoro pilleHH:
MPONOHYETHCS CHEIialbHIN alNTOPUTM, SIKIH BPAXOBYE SK TEXHIUHY, TaK | eKOHOMIYHY CTOPOHH HpoOiIeMu. Y 3B SI3Ky
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3 UM y poOOTi PO3IISANAETHCS MOXIMBICTD, AOMITBHICT Ta €(PEKTHBHICTH BUOIPKOBOTO BHKOPHUCTAHHS TaK 3BaHHUX
TEXHOJIOT1H «M’SKUX BiIKPUTHX TOYOK», AKi JalOTh MOXIIMBICTh HE3aJICKHO ONTHMAIBLHO KOHTPOJOBATH MEPETOKH
aKTHBHOI Ta PEaKTUBHOI MOTYXHOCTEH IS MiHIMi3allil BTpaT eneKTpoeHeprii. Y poOOTi 3alpolOHOBAHO 3arajlbHUi
MiAX11 10 KepyBaHHA BiJMOBITHUM CHJIOBHM €JIEKTPOHHUM OONaHAHHAM JUId 3a0€3MeUeHHs] ONTUMAJIbHOTO HaBaHTa-
KEHHS Ta PO3MOJLTY KUBJICHHS B PEKHUMi peanbHOro yacy.

KurouoBi ci1oBa: po3noainbHi Mepexi, po3ocepekeHa reHepallis, peKoH(Iryparlis Mepexi, BTpaTH eHepril, «M’ ki BiJl-
KPHTI TOUKH.
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