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Abstract — Closed grids inherit the main qualities of two-
terminal lines. In closed grids, as opposed to the radial, except for
the load power losses, may be extra losses from grid non-
uniformity (X/R # const) and from voltage difference in some
nodes. To eliminate extra losses, it is necessary to know where in
the grid they appear and how great they are. This can be made
by decomposing the losses. To do this, the initial grid should be
converted to uniform (or in R-grid) one without loop emf (if such
are in the initial grid) and calculate load losses in this grid,
calculate extra losses in initial grid caused by joint action of
circulating currents from grid non uniformity and equalizing
currents from loop emf; the sums of these currents (called extra
currents) is orthogonal to load branch currents in uniform grid
in the sense that the sum of power losses from separate action of
load currents in uniform grid and of extra currents (extra losses)
in initial grid are equal to power losses in the initial grid. Any
grid can be converted to uniform one. Different transformation
ratios of high voltage transformers can increase the losses.

Keywords — circulating current, closed grids, homogenous
network, loop current, non-uniform grid, power losses.

I. INTRODUCTION

In electrical grids, the signals to rely on are the nodal
currents. These currents provide energy required by loads. The
task of the grid is to bring this energy to a consumer ensuring
necessary quality with good economical indicators. Power
losses in the grid should be minimum. This factor is
highlighted in [1] and [2], in [3] entire chapter is devoted to
consideration of various cases of non-uniformity impact. An
example of losses calculation in non-uniform grid with
transformers is considered in [4]. Under certain load currents
and based on known parameters, the losses from non-
uniformity of ringed grid was calculated in [5]. The issue was
considered in [6] and [7] where difference of voltages at the
ends of power line was taken into account. Losses in non-
uniform meshed (closed) grids were considered in [8].

The material in [6] — [8] should be clarified because the
attention was not drawn to some important moments. This is
the first point. The second, it is necessary to research these
questions for non-uniform closed grids when there are both
load currents taken at grid nodes and voltage difference
between some grid nodes. The term ‘orthogonal’ is used here
to denote that power losses by joint action of load currents and
loop emf in non-uniform two terminal lines or closed grids are
equal to the sum of losses from separate action of load
currents in uniform grid and losses from separate action of
extra currents, extra currents being the sum of circulating
currents (CC) from grid non-uniformity and equalizing
currents from possible incorrect transformation ratios of high
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Fig. 1. Two terminal non-uniform lines
a — with three loads; b — with one load.

voltage transformers. Term ‘orthogonality’ is selected to refer
to the independence of load losses and losses caused by other
factors.

II. TWO TERMINAL LINE

Let’s start with the simplest. Two terminal line is shown on
Fig. 1a where the circuit is non-uniform. In [5] it is proved
that the power losses in this circuit are equal to the sum of
power losses from load current when the circuit is uniform
and of losses from circulating current (CC). At the same time,
CC can be defined as loop emf, divided by summary
impedance of the circuit. It will be shown more clearly in a
simple circuit with single load (Fig. 1b).

Two signals are applied to the circuit: load current J and
loop emf E=U,-Uj .

impedances Z, and Z, are:

Currents from the first signal in

Z, Z,

N vz, T 20+ 2,
If line is uniform, than
Ly=Iys 1y =1) (2)

Power losses caused by first signal are:
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AP; = RiIp* + Ryl = 2
|Z'1 +Zz| |Z'1 +Z,

Second signal currents in impedances Z, and Z, are:

IEIZL:[@:; IEZZ_Iex’ (4)
Z+7,

where I, is meant as extra current. This current may be the

sum of CC and equalizing current in non-uniform line but later

this line must be converted to uniform one and currents /;; and

1I;; must be obtained in uniform line.

Power losses caused by the second signal are:

2 .2
APy = Rl | + Ry~ 1| =2R-1,°. (5)

The summary power losses:
AP p =AP; + AP =
217 1> R,J*Z
::Af%4-Rf]|ZZL T |.12—FZR~I
%+Q| %+4|

2
| . ©

ex °

Currents in impedances Z, and Z, caused by load current
in uniform grid and emf E are:

. . 7 . . .

[py=J—2—+1, =1, +1, ; (7
JE1 Zz 4 22 ex hl ex

Ipn=d———1 =1,-1I,. 8)
JE2 22 4 22 ex h2 ex

Power losses caused by joint action of both signals are:

s

2JZ,E
AP :RIIJE12 +R21JE22 :R1(|Z. 7 |2 (Z +; )2
1+4 b
2
|Zl +Z.2|2 |Z.1 +Z.2|2 (Z,+7Z,)* |Z'1 +Z'2|2
RIZ] RI[Z[
K | 2|2 '2 | 1|2 SR-1,° +
|Z1 +Zz| |Z1 +Zz|
| 2RJZ,E 2R, 2, E
(Z,+7Z,)°
©)

Apparently, it is the last addend which interferes with
AP;.p. But this term equals to zero if the circuit is uniform.

Indeed,

R, =ReZ, = Z, cosp and now it can be written:

in a uniform circuit R =ReZ, =Z,cos¢p ;

2JE[Z,cos@-Z,(cosp+ jsingp)—

. (10)
—Z,cos¢-Z (cosp+ jsinp)]=0

In such a way it is proved that nodal current and extra
current are orthogonal in two terminal lines with one load. In
the uniform line with more than one load (Fig. 1a) formulas
(1) — (10) are valid for all branches and all branches together
keep the property. This affirms the proof in [5].

But how it is when at the ends of two terminal non-
uniform line there are different voltages? The three factors
exist: load currents, line non-uniformity and loop emf. From
the preceding discussion it is known that when there are load
node currents and non-uniformity, the line can be reduced to
uniform line with the same node currents and CC I, But
when there yet exist voltage difference at the ends of the line
[6]; [7], then equalizing current /., must appear. The sum of /;
and I, is extra current /.. Branch currents consist of load
current in uniform line and extra currents,

Formulas (1) — (10) are indifferent to the origin of extra
current; the main thing is that this current is the same in all
branches of the line. Extra current, being the sum of CC from
non-uniformity and equalizing current from voltage difference
at the ends of the line [6], [7], preserves orthogonality. If
foreign emf E; is inserted in non-uniform two-terminal line
loop and is needed to know power losses in this line, then the
following must be done: 1) calculate CC [, in the initial line
without E, ; 2) calculate equalizing current /., from E; 3)
calculate extra current /., by adding the I to 1.,; 4) convert
non-uniform line into uniform one (or into R-line, i.e. one
consisting only of branch resistances); 5) calculate branch
currents [, from loads J in that line; 6) calculate power losses
APy, and 4P, from currents [, and I, respectively [5]; 7)
calculate summary line losses adding the load losses 4P, to
extra losses 4P,,; the summary losses are equal to losses in
loaded two terminal non-uniform line with different voltages
at its ends. It means that currents /, and /,, are orthogonal. To
estimate the losses only from voltage difference at line ends,
the losses from non-uniformity (when CC is caused only by
non-uniformity) must be subtracted from extra losses. So
much for a two terminal line.

III. CLOSED GRIDS

Closed grids contain more than one loop. As an example,
the non-uniform grid is shown in Fig. 2. In [8] it is expounded
how to calculate CC in closed grid.

In Fig. 2 there are
depicted three independent
loops Z; — Z, — Z3; Z, — Z,
— Zg and Z5 — Z3 — Zg with
loop CC I,y Ly and L.
To eliminate CC, it is
necessary to insert in these
loops opposing
voltage U, ; U, and Us .
So far it is clearly
expounded in [8] (where
symbol U is replaced by
symbol E).

J3

Fig. 2. Non-uniform closed
network with three loops.
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In the shown non-uniform closed grid (Fig. 2), there are:
node current input vector J; consisting of load currents J;, J,
Js; foreign emf input vector J; consisting of inserted in loops
foreign emf E;; Ep; Ejz not shown in Fig. 2 and summary
input vector Jy:

J=1J15 I I35 05 0; 0], J=[0; 0; 05 E; Ep; Ejs];

Jim I oy Iy Eprs Ep; ). (11)

The branch current matrix B_; CC branch current matrix
AB; branch current matrix of uniform grid B, [8] are
calculated for the grid on Fig.1.

Uniform grid consists of elements

Zhln:Rm+an 5 (12)
where m= 1... n; n is number of branches in the grid and X,
are such that X,,/R,, is constant.

R-grid consisting only of branch resistances R,, can be used
as uniform grid as well.

Vectors here and further are written in a string to save
space. Vectors and matrices (except R-matrix) consist of
complex numbers.

Further, the following quantities must be calculated: branch
current vector I; excited by node loads J; circulating current
vector I.;; equalizing current vector I,,; extra current vector
I,.; summary branch current vector I;; branch current vector I,
excited by node loads J in uniform grid; losses 4P; caused by
load currents in non-uniform grid; losses 4P, caused by CC;
losses 4P, caused by extra currents; losses A4P; caused by
summary branch currents; losses 4P, caused by load currents
in uniform grid:

Ij:Bz*Jja IIJ:AB*‘]]? qu:Bz*Jf; Iex:Ici+qu; I]f:B*Jlfa
Li=By*Jj; APEL*R* Iy AP =1 R*1ojs AP =1o ™ R* Ly,

AP//‘:I]f,*R*Ilf, APh:Ih ,*Rb*lho (13)
where R-matrix is real component of Z-matrix and I’ is
transposed conjugate of vector I.

CC has its own value in each loop of the closed grid since
AB — matrix strings for each loop are different. Equalizing
current in each branch is different because such is B, — matrix.

It is found that losses from summary branch currents are:

APy=AP,+A4P,,, (14)
which means that load currents in uniform grid and extra
currents are orthogonal.

A special case of expression (14) is formula (15):

AP, = AP, + AP, (15)

which is apt for non-uniform grids without foreign loop emf.
The fact that (14) is confirmed by calculations does not
mean that it is always true. To be sure it must be proved. It is
done in the following way.
Load current in uniform grid /,; in string 1 is:

1y =BuirJ1+Bpy Jot B33 (16)
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Summary current in string 1 is

L= By J 1By 2+ B3 J3+ 4B J 1+ 4B 1 Jr+A4B 133+
+B 1y Eg+B s EptB s Eg=Iy+1,y, (17)
where Bj, branch current matrix of uniform grid; 4B — CC
matrix for non-niform grid; [J;; J,; J3; 0; 0; 0] — vector of
load currents; [0, 0, 0, E;; E»; E;] — vector of foreign emf.

Currents (18) in the form are the same as (7), (8) which
ensure orthogonality. If orthogonality is ensured for one
string, it is ensured for all strings and for all strings together.
The (14) can be considered proved.

When vector Ey of foreign loop emf is inserted in non-
uniform closed grid, the following must be done: 1) calculate
CC vector I; in the initial grid without vector E;; 2) calculate
equalizing current vector I, caused by E, ; 3) calculate extra
current vector I, by adding the I; to I,; 4) convert non-
uniform grid into uniform one (or in R-grid); 5) calculate
branch current vector 7, in uniform grid caused by loads J; 6)
calculate power losses 4P), and 4P, caused by currents I, and
1, respectively using (13); 7) calculate summary grid losses
adding extra losses 4P,, to load losses APj; the summary
losses are equal to losses in loaded initial grid with inserted
emf (if any) in some loops. Summary losses in initial grid are
calculated using summary input vector Ji (see (13)). To
estimate the losses 4P, caused only by foreign emf in non-
uniform grid, the non-uniformity losses (caused by CC) 4P,
must be subtracted from extra losses AP,,:

AP/'—:AP@(—APCI‘ (18)

More exact address of node voltage irregularities can be
found studying the CC and extra currents. Loop foreign emf
can be found as voltage difference of nodes pertaining to the
loop as a result of improper transformation ratio.

Feature (14) was checked on grid (Fig. 2) using the

MATLAB program: Z;=5+)9; Z,=4+jl1; Z;=4+j2; Z,=8+j9;
Z5=2+j6; Z~T+)5; J=[3+]5; 4-j2; 5+j3; 0; 0; 0]; J=[0; 0; 0; 5-
j10; 404j5; 20-j10]; J;=[34j5; 4-j2; 5+j3; 5-j10; 40+5; 20-
j10]. Obtained power loss values: AP;=474.48; AP,=361.2274;
4P,=113.2535. Above quantities are given in Ohms,
Amperes, Volts and Watts. This and other sets of input values
confirm expression (14).

Computer programs (for instance, PowerWorld) calculate
losses in the grid. It is useful to know whether there is, besides
load, other causes for power losses. Decomposition of losses
will show whether grid non-uniformity or improper
transformation ratios play significant role. When loads, and
parameters of closed grid are known, the load losses in
uniform grid and losses from non-uniformity of the grid can
be calculated separately. If computed losses are larger than the
sum of load losses and non-uniformity losses then loop
voltages are in the grid, for example, as the incorrect
transformation ratios of high voltage transformers.

IV. DETERMINATION OF EXTRA LOSSES FROM INCORRECT
TRANSFORMER RATIOS

In this section attention will be put to Kurzeme ring (KR)
projected case. In the KR the total length of the 330 kV power
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lines is planned to be about 340 km; capacity — 800 MW; costs
— about EUR 200 million, half of which is financed by the
European Commission within the framework of the co-
financing programmes [9]. Considered network consists of
330 kV power line rings which feeds the 110 kV meshed
network inside. In total the scheme includes about 50 branches
and 13 loops (Fig. 3.). New lines construction has significant
influence on power system regimes and it is important to
evaluate losses in branches.

The KR model consists of 38 nodes, including base node
(38"™ number), 50 branches (under this number transformers
(330/110 kV), transmission lines (330 kV, 110 kV) and cables
(110 kV) are understood) and they make in common 13 loops
(Fig. 3), all data of 330 kV elements were reduced to 110 kV
voltage. Several simplifications were made such as a parallel
line combination in one equivalent line (Kandava — Tume 110
kV line), end branch load transfer to adjoining node (Ugale
load is presented like a part of Ventspils substation load), wire
and cable sum (excluded connection node), two transformer
reduction to one and so on. All simplifications made will not
affect final results [10].

So, after creating equivalent network circuit diagram, it is
necessary to assume current directions in branches and direction
of loop currents (in this case — clockwise in Fig. 3).

When all necessary data are available [10], it is possible to
start calculations using matrix based method. MathCAD
software is used for realization of this method. First, two
matrices M and N are necessary. They show connection
between nodes representing network topology. Then, Z
impedance and R resistance matrices are needed.

Z impedance matrix and R resistance matrix are used to
obtain network square Az matrix and network square Ag matrix

A, = M
Z7IN-Z|

]

To compute branch currents I in Z — network and I — in R —
network, inverse matrices Bz and By are necessary

B, = lA_ZIJ ;

(18)

(19)

(20)

B, =|a7 1)

Special attention is paid to generated reactive power of 330
kV lines, which will be evaluated in nodes like a reactive load.
According to theoretical representation, generated reactive
power is divided into two equal parts and flows to appropriate
nodes. Calculation of generated reactive power is possible using
formula

Oc =U?*-By-1, (VAr)

where B( — capacitive susceptance, S/km;
[ — line length, km.

Customer loads in nodes are represented by active power
variables. Total customer’s active load is 217 MW, for this
network it is relatively small, but transit flows are not
considered here. For estimation of load currents known
formula (22) is used

S ()

V3.0

J;i=

(22)

where S — conjugate total load, VA;
U - conjugate voltage, V.

As it is well known load (node) currents do form main part
of network losses and in considered case they are equal to AP,
=1.839 MW for one phase.

Circulating current vector I;
accordance with formula (13).

Calculated losses from circulating currents are equal to AP,
=0.04595 MW for one phase.

The next step of losses evaluation is uniform network
creation. To bring a uniform grid closer to real one, the
average X/R ratio is chosen 2. So, new impedance matrix Zj of
uniform network elements is needed. Z, elements are
calculated using formula (23)

can be calculated in

Z,=R+j-X, (23)
Using formulas of the type (18) and (20), it is possible to
calculate Ay, matrix and inverse matrix By:

A, :{Nl-v[ZJ and B, = lA_,fJ.

Using the formula (13) for node loads in uniform network
currents, it is possible to calculate losses 4P;,. In this network
according to formula (13) losses 4P, are 1.793 MW for one
phase. To check calculation precision it is necessary to
summarize losses from circulating and uniform network
currents and these must be equal to losses caused by load
currents:

AP; = AP,; + AP, =0.046 +1.793 = 1.839 (MW'),

Now it is important to evaluate influence of transformer tap
positions. It means that some substation transformers can have
different transformation ratios at the same time. Used
transformers types have possible change rate 6 x 2%, what in
result gives 2,2 kV voltage difference for one tap position.
Transformer belongs to two loops and as a result gives two
elements for J; vector with opposite signs (2, 2 kV and — 2,2
kV, correspondingly). For calculation of equalizing currents
1., formula (13) will be used taking into consideration input
vector J;. In this case chosen vector elements are (38, 42) and
(46, 48), (2, 2 kV and — 2, 2 kV, as meant above) because two
transformers are taken in consideration which are represented
by branches 11 and 16.
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Now it is necessary to analyse common case, evaluating
basic loads and two transformer tap positions. First of all, it is
i’

“
°
T

I/Q .
— 38}

30 N

Fig. 3. The Kurzeme Ring Model Scheme.

necessary to find extra current vector, this is possible to make
using formula

I,=1,+1,.

Extra losses are calculated using following formula

’

AP, ‘R-1

ex

= IEX ex

and it is equal to 0.196 MW for one phase.

Total losses 4P caused by summarized branch currents I,
are equal to 1.989 MW for one phase.

Losses from voltage difference caused by transformer tap
position can be calculated like a difference between extra
losses and losses from circulating currents

APf— :APEX_APCI'

and these are equal to 0.150 MW for one phase.

The result confirms the orthogonality of currents expressed
by (14).

Obtained loss values are relatively small and the analysis of
losses is not so actual in considered network with a given
loads. The result may change if there will be large power
flows in interconnected power systems. In any case it is
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worthwhile to check by calculations the corresponding
quantities.

V. CONCLUSIONS

1. Closed grids inherit main properties of two-terminal line.

2. The orthogonality of load currents and extra currents
means that power loss from joint action of these currents is
equal to the sum of power losses by separate action of these
currents.

3. Extra currents in initial grids are orthogonal to load
currents in uniform grid.

4. CC, in contrast to two-terminal line, has its different
value in each loop of closed grid, CC in common for two
adjacent loops branch is a combination of CC in these loops.

5. Equalizing current also has its own value in each branch
of the grid.

6. Extra currents consist of circulating currents and
equalizing currents in non-uniform grid with foreign loop
voltages.

7. The power losses in non-uniform closed grids can be
decomposed on losses in uniform grids by given node loads,
losses caused by grid non-uniformity by given node loads and
losses caused by given foreign emf in grid loops.

8. Decomposition of power losses makes it possible to
establish the cause of power losses.

9. Different transformation ratios in high voltage closed
networks can increase the losses.
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10. The obtained theoretical results applied to the network
of Kurzeme Ring showed that extra losses are not considerable
as compared with load losses in uniform grid by actual load
flows.
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Josifs Survilo, Dmitrijs Antonovs, Edite Biela. Ortogonalitates nosacijumi mezglu un papildus stravam

Slegtais tikls iemanto galvenas Tpasibas no divpusgji barotam linijam. Slégtajiem tikliem pretstata radialajiem, bez slodzes jaudas zudumiem, var rasties papildu
zudumi no nehomogena tikla (X / R # const) un zudumi no eds slégto tiklu kontiiros, ja tadi eds eksisté (pieméram no transformacijas koeficientu nevienadibas).
NepiecieSams zinat papildu zudumu vértibas un vietu tikla, kur tie rodas, lai tos noverstu. lepriek§minéto var izdarit, ja kop&jos zudumus iedala uz zudumiem no
slodzu stravam un zudumiem no papildu stravam. Zudumi no slodzu stravam atrod homogeénaja tikla. Papildu stravas ir vektoru summa no cirkul&josam stravam
(ja tikls ir nehomogeéns) un no izlidzinosam stravam, ja tikla kontliros ir nevélamas eds. Slégtajos tiklos zudumi no slodzu stravam un no papildu stravam
jarekina, izmantojot matricu algebru. Sie zudumi divpusgji barotas linijas ir atrodami vienkarsak. Réekinot papildu zudumus, var noteikt tikla zarus un slégto
tiklu kontiirus , kur tie ir nozimigas un rast nepiecieSamus pasakumus, lai tos samazinatu. Gan slégtajos tiklos gan divpusgji barotas linijas kop&jie zudumi ir
slodzu un papildu stravu zudumu summa. ST pasiba Seit ir nosaukta ka mezglu un papildu stravu ortogonalitate. Tegiitie teorgtiskie rezultti tika pieméroti tiklam
Kurzemes loks. Saja tikla ietilpst 38 mezgli un 50 Iinijas un 13 kontiiri. 330 k'V linijas generéta kapacitativa jauda tiek izngsata pa liniju galiem (mezgliem). Tikla
aktiva slodze ir 217 MW bez tranzita parvadamas jaudas ieveribas. Tikla ir rékinati zudumi vienai fazei. Zudumi no slodzu stravam 1.793 MW, papildu zudumi
0.196 MW, no tiem zudumi no nehomogenitates 0.046 MW un no nevienadiem transformacijas koeficientiem 0.15 MW. Tas Jauj secinat ka papildu zudumi nav
lieli.

Hocud Cypsuio, Imutpuii AHTOHOBC, dnute Bess. O0yciaBiMBaHue OPTOrOHAJIBLHOCTH Y3JI0BBIX M CBEPXTOKOB

C1105KHO3aMKHYTbI€ CETH MMEIOT OCHOBHbIE CBOMCTBA JIMHHUI C JBYCTODOHHUM NHUTaHHEM. B 3aMKHYTBIX CETSIX B MPOTHBOIOJOXHOCTb PaJHalIbHBIM KpOMe
HArpy304HBIX IIOTEPh MOIIHOCTH, BO3HUKAIOT JOIOJIHUTEIbHBIE MOTEPH OT HeogHopoxHocTH ceTH (X / R # const) U OT 9AC B KOHTYpax CETH, €CIIH TaKoBa
NosiBISIeTCsl  (HAalpuMep OT HEOJAMHAKOBBIX KOI(GHIMEHTOB TpaHcdopMamum). Heobxoammo 3HATh 3HAYeHHE MONONHHUTENBHBIX MOTEPh U MECTO HX
BO3HUKHOBEHHS, YTOOBI MOXKHO OBUIO MX YMEHBIIMTH. BBINOIHNTH BBIIIECKA3aHHOE BO3MOXKHO, €CIIM  Pa3JICIUTh OOIIME MOTEPH HA MOTEPU OT HArPY30UHBIX
TOKOB U Ha MOTEPH OT JOMOIHUTENBHBIX TOKOB. IloTepH OT Harpy304HBIX TOKOB ONPEIENAIOT B OJHOPOLHON ceTH. JlOmONHUTENbHbIe TOKA — 5TO BEKTOPHAs
CyMMa IUPKYIHPYIOIIHX TOKOB (€CIIH CeTh HEOAHOPOAHAs) M yPAaBHUTENIBHBIX TOKOB, €CIIH B KOHTYpaX CETU CyTh HEXKelaTelbHbIE J/C. B clI0XKHO3aMKHYTBIX
CeTsX MOTEePU OT HATrPy30YHBIX H JONOJHHUTENBHEIX TOKOB PACCUUTHIBAIOCS C HCIIONB30BAaHHNEM MAaTPHYHOHN aireOphl. DTH IMOTEPH B JIMHUSX C JBYCTOPOHHUM
MIHTaHHEM PacCUUTHIBAIOTCS Mpole. PaccuuTriBas HOMONHUTENbHbIE IOTEPU, BOZMOXKHO ONPEIEIUTh BETBU U KOHTYPHI CII0XKHO3aMKHYTOU CETH, TA€ 9TU NOTEPU
3HAYUTENbHEl U ONPEIENUTh MEphl I UX yMeHbIIeHus. Kak B CI0XHO3AMKHYTHIX CETAX TaK U B JIMHHUAX C JABYCTOPOHHHM IIHTaHHEM OOIIHEe IOTEPH CYTb
CyMMa IOTepb OT Harpy304YHBIX M JIOIOJHUTENIBHBIX TOKOB. JTO CBOWHCTBO B CTaThe HAa3BaHO OPTOTOHAIBHOCTBIO HAIPY30YHBIX ¥ JIOHOJHHUTENBHBIX TOKOB.
TonyueHHble TeOpeTHUECKHE PE3yJIbTaThl UCIIOIb30BaHBI IIPU pacueTe noreps cetu Kypsemckoro konbua. B cetb BxoasaT 38 y3inoB, 50 nunuit 1 13 KOHTYpOB.
EmxocTHas MomHocTh, reuepupyemas B uHusAx 330 kB, pasHeceHa no KOHLAM JIMHUIE (110 y31am). AKTUBHas Harpyska cetd 217 MBT 6e3 yuera TpaH3UTHOM
MOLIHOCTH. [TOTEepH MOILIIHOCTH PAaCCYMTHIBAIIKCH [T OJHOU (a3bl. Harpy3ounsie morepu cocrapisitor 1.793 MBT, nononuurtensusie norepu 0.196 MBT, u3 HuX
ot HeoxHopoaHoctH cetr 0.046 MBT 1 0T HeoiMHAKOBBIX K0d(uneHToB Tpanchopmarmu 0.15 MBT. D10 103BOJISET 3aKITI0YUTh, YTO JOMOIHUTEIbHBIEC TIOTEPH
HEBEJIHKH.
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