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Abstract. Renewable energy and other methods of minimizing emissions into the atmosphere should be a priority for each coun-
try. This approach should be extended to Antarctica scientific stations. The study main objective was to obtain the necessary es-
timates of the wind energy potential of the Galindez Island territory to estimate the feasibility of installing wind turbines on the
territory of the Akademik Vernadsky station. The study of the wind properties over the territory was based on the British Antarc-
tic Survey archive of meteorological parameter average annual values (1950—2020), 3-h wind speed and direction data, regis-
tered by the Akademik Vernadsky station (2011—2020), and average daily data from meteorological observations (2014—2018).
The Hellman parameter was calculated from satellite data. A number of statistical methods were used to analyze the vertical
wind profile, particularly the method of minimizing the arithmetic mean relative modeling error. To assess the amount of gen-
eration, the wind speed data at the height of the anemometer sensor were recalculated to the height of the wind turbine axis.
Using the wind power characteristics provided by the developers, average annual wind power generation was avaluated. For
calculations of wind energy potential, we chose the technique developed by the Department of Wind Power of the Institute of
Renewable Energy of the National Academy of Sciences of Ukraine. The analysis of the wind conditions showed a high average
daily wind speed (3.9 m/s) and the prevailing wind direction (north — northeast 24%). The results support the hypothesis about
the expediency of installing wind turbines on the territory of the Akademik Vernadsky station. The wind turbine was selected for
further wind power calculations based on the other countries experience of using wind turbines in Antarctica and considering
the specifics of installation and operation in conditions of high wind speeds, low temperatures and high relative humidity. Based
on information on fuel consumption at the Akademik Vernadsky station, it was estimated that the installation of 10 wind turbines
SD6 would meet 28.4% of the station's yearly electricity needs.
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months a year. The diesel fuel and transportation cost
is a large part of the annual expenditure for the sta-
tion’s functioning.

The costliness and potential environmental hazards

1 Introduction

Antarctica is the coldest continent on Earth. Due to
the harsh climate, operating an Antarctic base re-

quires a lot of energy, and for a long while, the only
source of it had been fossil fuels brought overseas.
The Ukrainian Antarctic Akademik Vernadsky sta-
tion is powered by diesel generators. The fuel can
only be delivered during the navigation season several

ISSN 1727-7485. Ykpaincokuii anmapxkmuunuii acypran, 2021, Ne 2, https.//doi.org/10.33275/1727-7485.2.2021.682

of buying, shipping, and storing vast amounts of fossil
fuels encourage to provide research of efficient use and
renewable energy sources (Tin et al., 2010). According
to a number of international directives (ATCM, 2016),
the Parties to the Antarctic Treaty have to implement
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measures to minimize their research bases’ environ-
mental impact (including procedures for storage and
efficient use of fuel, employing renewable energy
sources (RES) and other ways to minimize emissions
into the atmosphere, etc.).

Harnessing the RES such as the Sun and the wind
on the Galindez Island requires a detailed analysis of
the annual dynamics of incoming irradiation and long-
term dynamics of the wind speed (both at the annual
and the daily levels).

As the Akademik Vernadsky station is located close
to the Antarctic circle (65°15’ S 64°15' W), it receives
minimum radiation over the whole Antarctic winter,
exactly when most energy is required, for the illumi-
nation and heating. The wind as an energy source
displays no such clear seasonality. Thus, our work is
dedicated to estimate local wind resources and the
expediency of installing a wind turbine (WT) on Gal-
indez Island.

Several factors might limit the installing and ex-
ploiting a WT. The first and foremost are the maxi-
mum wind speeds and their repeatability, since most
of the WTs have upper wind speed limits. Moreover,
the equipment can be damaged by icing in humid
and cold environment. There is a sparse experience
of the WT use in Antarctica. Most of the wind gen-
erators have been installed at inland stations where
the air temperature and humidity are lower than at
Antarctic Peninsula. These wind power plants are

operated at Amundsen-Scott (USA), Mawson
(Australia), Princess Elisabeth (Belgium), Mario
Zucchelli (Italy) stations and at Ross Island by New
Zealand and USA (The first Pole wind turbine, n.d.;
Department of Agriculture, Water and the Environ-
ment, 2020; Power Technology, 2010; Winter, 2019;
Herenz et al., 2018; Antarctica: first wind farm,
2018). Harsh environment in Antarctica produces
many challenges for designing and constructing the
turbine. However, the difficulties are not just in the
choice of the WT that able to adequately function in
the given climatic conditions, also in finding the
way to install it.

2 Materials and methods

The Akademik Vernadsky station is located on the Ma-
rina Point (Galindez Island), near the western shore of
the Antarctic Peninsula in the area of the prevailing
oceanic winds. In the station’s area, the airflow is large-
ly shaped by the meridional orientation of the seasho-
re. On the other hand, the geography of mountains
on the Antarctic Peninsula (average height 2000 m)
promotes mesoscale circulation (foehn winds). Mo-
reover, the cooling of air masses over the ice sheet
coupled with their gravitational sinking lead to local
katabatic winds (Tymofeyev et al., 2017).

According to the data of the British Antarctic
Survey (n.d.), from 1950 to 2018, the average multi-
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Figure 1. Long-term wind speed dynamic at the Faraday (1950—1995) — Akademik Vernadsky (1996—

2018) station
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year wind speed was 4.3 m/s, the maximum aver-
age annual wind speed was recorded for the 2006
(6.1 m/s), and the minimum average annual wind
speed (3.2 m/s) — for 1966 (Fig. 1). The data for
2019—2020 were not included in the calculations as
pending verification by the system (British Antarctic
Survey, n.d.).

For the following calculations, we used 3-h records
for wind speed and direction for 2011—2020 and av-
erage daily data from the Meteorological Observa-
tions Table (MOT) for 2014—2018.

According to the MOT data, the average wind
speed at the Akademik Vernadsky station in 2014—
1018 was 3.9 m/s, and the maximum average daily
wind speed — 18.5 m/s (August 5, 2018). Maximum
values of the annual distribution of wind speed were
seen for the austral winter (July—September) and au-
tumn (February—April) (Fig. 2). The histogram and
the cumulative frequency plot of the wind speed dis-
tribution are given in Fig. 3.

Maximum wind speeds are also recorded mostly in
the autumn and winter seasons (up to 38 m/s); in al-
most 96% of cases, the maximum wind speed does not
exceed 25 m/s, and in 99%, 30 m/s. The wind speeds
over 30 m/s constitute only 0.9% of cases (Fig. 4).
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Figure 2. Annual distribution of wind speed at the Akademik
Vernadsky station (2014—2018)

Daily wind speed distribution is smoothed, with a
slight maximum at night (4.05 m/s at 21:00—00:00) and
minimum in the morning (3.93 m/s, 03:00—09:00).

During the whole year, the prevailing winds at the
Akademik Vernadsky station are the NNE winds
(Fig. 5). They take up 24% of the annual wind rose
(21.7% in July to 27% in April).

Taking satellite data (NASA POWER, n.d.) for wind
speeds at the 10 m and 50 m heights over Galindez
Island, we used the method of minimization of mean
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Figure 3. Histogram (a) and cumulative frequency plot (b) of 3-h wind speed data at the Akademik Vernadsky station
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Figure 4. Histogram (a) and cumulative frequency plot (b) of maximum wind speed data at the Akademik Vernadsky station

Figure 5. Wind rose in 16 rhumbs at the Akademik Vernadsky
station for 2013—2020 (according to Meteorological Observa-
tions Tables)

absolute percentage error (Tochenyi et al., 2011) to
study the vertical wind profile and calculated the
Hellman parameter (o)), which was 0.1.

3 Results and discussion
The history of wind energy use in Antarctica began in
1991 at the Neumayer Station (Germany), with a ver-
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tical-axis WT prototype (VAWT). Currently, the
Neumayer Station uses a WT with a horizontal axis
providing 30 kW (Enercon E-30), able to accommo-
date changes in snow cover by adjusting the tower’s
height. The turbine covers around 12% of the base’s
annual energy needs (Dupre, 2020).

In 1997, a two-year-long pilot project was imple-
mented at the Amundsen-Scott Station (USA) (The
first Pole wind turbine, n.d.). The analysis was favorab-
le, and in 2005 the National Renewable Energy Labo-
ratory proposed to install another 100 kW wind farm
(WF) (NPS Northwind 100 turbine), which would
cover up to 50% of the station’s overall energy needs.

Ajoint USA-New Zealand project for the Ross Is-
land to build WTs for two Antarctic stations (2008—
2009) was done using the WT Enercon E-33. Similar
WTs were set up on the Mawson Research Station
(Australia) in 2003 (Enercon E-33).

The seasonal base Princess Elisabeth (Belgium) was
built with an energy-efficient design to minimize the
fossil fuel use. 48% of the station’s energy comes from
wind using nine SD6 turbines (Table 1).

As can be seen from Table 1, the temperature con-
ditions of the Akademik Vernadsky station are com-
parable with the temperature conditions of some
Antarctic stations which already used wind energy.
The humidity conditions are somewhat different as
the relative humidity in the area is the highest of all
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Figure 6. Installation of SD wind turbine on a rock surface (SD Wind Energy Limited, 2019)

e Stable output under the expected wind speeds;
¢ Installation not relying on a crane or another lar-

(83%), which coupled with low temperatures can
cause ice damage of the equipment.

The main requirements to the choice of a wind en-
ergy plant suitable for the Akademik Vernadsky sta-

tion are:

ge equipment;
¢ No concrete-filled gravity foundation or deep dri-
lling is required;

Table 1. The main meteorological parameters of Antarctic stations using wind energy

' WEinstall- | Power. Average annual Minimum Average z'mnual
Station Country ment year KW > tcmpgrature, average dallZ rel.at.lvc Reference
C temperature, °C humidity, %

Ross Island (McMurdo, | USA, New 2010 999 -17.8* —27.9% 63.8%* 1
Scott Base) Zealand

Mawson Australia 2003 300 -12.0 -23.0 55.0 2
Princess Elisabeth Belgium 2010 54 —19.1%** -34.0 61.7*%* 3
Mario Zucchelli Italy 2018 — -14.0 -25.0 16.0 4
Jang Bogo South Korea 2014 9 -15.0 -36.3 55.0 5
Neumayer-Station 111 Germany 2003 30 -16.0 -31.0 80.0 6
Comandante Ferraz Brazil 2020 48 -1.8 -12.0 78.1 7
Akademik Vernadsky Ukraine — — -2.5 -28.3 83.0 —

Note: * averaged for McMurdo and Scott Base

** measured only in summer

1 — Power Technology, 2010; Winter, 2019; Department of Agriculture, Water and the Environment, 2020; Time and Date AS, n.d. 2 —
Time and Date AS, n.d. 3 — International Polar Foundation, 2013; Herenz et al., 2018; Reliable Prognosis rp5.ua (https://rp5.ua/).
4 — Antarctica: first wind farm, 2018; Time and Date AS, n.d. 5 — United States Antarctic Inspection Team, 2020; Dupre, 2020; Reli-
able Prognosis rp5.ua (https://rp5.ua/). 6 — Tin et al., 2010; Time and Date AS, n.d. 7 — COMNAP, 2020; Time and Date AS, n.d.
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Table 2. Estimation of electricity generation by wind turbines
SD3 and SD6 at the Akademik Vernadsky station

WT type SD3 SD6
WT power, kW 3 6
Hellman parameter o 0.1
Height of sensor position, m 10

Measurement metadata

Time period 01.01.2011—31.12.2020

Number of measurements 28662
Duration of measurements, hours 85986
Wind speed
At sensor height
Mean wind speed, m/s 3.980
Standard deviation, m/s 4.179
Variation coefficient, % 105.036
Average energy-producing wind 5.933 6.308
speed, m/s
At rotor axis height (9 m)
Mean wind speed, m/s 3.94
Proportion of energy-producing 42.56 51.53
wind speed, %
Average energy-producing wind 5.80 6.28
speed, m/s
WT energy output parameters
Total generation for the whole 43330.61 | 88444.15
measurement period, kWh
Generation per year, kWh 4414.39 9010.43
Capacity factor, gross 0.180 0.171
Wind potential, W/m? 220.865 220.865
‘Wind potential at rotor height, 213.993 213.993
W/m?
Capacity factor, net 0.153 0.146
Average annual electricity 3752.240 | 7658.860
generated, net, kWh
Work period in the nominal regi- 1340.084 | 1276.477
me, h
Average power, kW 0.428 0.874

¢ Previous experience of operating a WT in low tem-
peratures and high humidity.

A WT is commonly installed with special hoisting
mechanisms and cranes, securing the tower and lift-
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ing the blades to the rotor axis. Also, as working WTs
experience significant horizontal and vertical loads
which have to be transferred to the foundation, drilling
is needed to anchor the structure reliably. In remote
island conditions, employing a crane appears unfea-
sible. Moreover, Galindez Island is composed of su-
perhard volcanic rocks (Mytrokhyn & Bakhmutov,
2019). Drilling deep boreholes is difficult, time-con-
suming, and energy intensive process. That is why the
set of installable WT designs is limited.

With the complex assembly conditions and lack of
special WT installation machinery in place, the designs,
which we selected for further examination were WT
SD3 and SD6 produced by SD Wind Energy (SD
Wind Energy Limited, 2019), mountable on hydrau-
lic towers. This kind of tower has many advantages,
the most evident being the mechanism to lower the tur-
bine for maintenance and service check-ups and raise it
back up. The SD wind turbines on hydraulic towers can
be lowered to the ground and raised again in as little as
twenty minutes, providing the possibility for technical
maintenance without using cranes to install or handle
the equipment. These turbines can be fastened on in
several ways, one of which was specifically developed for
highland conditions and rocky terrain by the rock an-
chor (Fig. 6).

This type of WT has been manufactured for three
decades. The power output of 3 and 6 kW is achieved
with a tower of up to 20 m high. Since 2010 the SD6
turbines have been successfully employed by the Prin-
cess Elisabeth Station and, since 2020, by the Co-
mandante Ferraz Station.

SD3 begins producing energy at the wind speed of
3.1 m/s, reaches nominal power output at 13.9 m/s,
and keeps working in the nominal regime at wind
speeds of up to 70 m/s.

SD6 begins producing energy at the wind speed of
2.5 m/s, reaches nominal power output at 12 m/s,
and keeps working in the nominal regime up to
70 m/s (SD Wind Energy provided the power curves
for the calculations).

By the meteorological recommendations for ro-
bust statistical forecasting calculations for electricity
output (Makarovskiy & Zinych, 2012), the minimum
sample of wind speeds should be at least ten years.
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Table 3. The main groups of electricity consumers at the Akademik Vernadsky station

Consumer group Power, kW Working regime
Lighting, office equipment, electric heating 25 24 hours/day, year-round
Kitchen appliances 6 4 hours/day, year-round
Water desalination 8 3 hours/day, year-round
Electrical heating of the Carpentry Unit 5 24 hours/day, seasonal
Crane manipulator 10 3 hours/day, seasonal
Total power required 54

Table 4. Calculation of consumers’ needs for electricity at the Akademik Vernadsky station

Electricity consumption
Consumer Daily, Monthly, Monthly, given seasonal Yearly,
kW - hour MW - hour consumers, MW - hour MW - hour

Kitchen 24

Crane* 0

Lighting 600 19.440 23.940 269.280
Carpentry workshop* 0

Desalinator 24

Total 648 19.440 23.940 269.280

Note: ¥ — seasonal consumers.

The Akademik Vernadsky station data meet this rec-
ommendation, as they were collected from January
1, 2011, to December 31, 2020. According to the World
Meteorological Organization (WMO) standards, these
data are recorded eight times a day, every three hours,
10 m above the ground.

Our task is to evaluate the electricity output of the
chosen WT model if installed at the site of the weath-
er station at the time when the data were recorded.
The following parameters are given:

e the height at which the measurements are taken;

e the periodicity of the measurements;

¢ the wind speed,;

e the estimated Hellman o parameter to model the
vertical wind profile;

e the height of the WT rotor axis;

e the mathematical model for characterizing the
power output of the WT, which allows calculating
its working power with minimal approximation er-
ror under any wind speed at the height of its rotor
axis.
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To calculate the WT’s projected output, we used
the method developed by the Department of wind
power of the Institute of Renewable Energy of the
National Academy of Sciences of Ukraine (Kudria et
al., 2021). Analyzing the wind roses for the station
allowed to plot the WT arrangement on the territory
according to the Rules for designing of wind power
plants GKD 341.003.001.002-2000 (2000)!.

The results of the calculations are presented in
Table 2.

Since the station does not keep records of energy con-
sumption, the electricity amount need was calculated by
the power required by the main consumers according to
their operating modes (Table 3) and by average daily fuel
consumption. The results are given in Table 4.

According to the data of the maintenance person-
nel of the Akademik Vernadsky station, the average

I State Enterprise "State Research and Development Insti-
tute of Innovative Technologies in Energy and Energy Saving"
(2000). Rules for designing of wind power plants GKD 341.
003.001.002-2000.
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diesel fuel consumption is around 13 liter per hour,
which is approximately equal to the generator load
of 34 kW - hour. Over a year, this is equal to 297.84
MW - hour, which exceeds the amount of consumer-
required power (Table 4) by approximately 10% by
precise calculations.

According to the calculations, installing ten SD3
WTs on the Galindez Island would produce on aver-
age 37.5 MW - hour per annum, covering 13.9% of
the station total energy needs and preventing the
emission of 38 tons of CO, according to Methodol-
ogy for calculating greenhouse gas emissions (CO -
equivalent) (2012)2. If ten SD6 WTs are installed the
average annual production of 76.6 MW - hour will
cover 28.4% of the station’s needs, and the CO, emis-
sions would be cut by up to 78 tons per year.

4 Conclusions

Implementing renewable energy sources to replace the
fuel consumption technologies is not just an environ-
mentally friendly but also an economically sound ten-
dency. Fuel shipping and storing in remote lands are
expensive and potentially hazardous. Renewable en-
ergy sources could significantly cut the station’s fossil
fuel requirements up to full substitution in the future.

A study of the winds over the Galindez Island
showed that the average long-term wind speed was
4.3 m/s; in almost 96% cases the maximum wind speed
did not exceed 25 m/s, and in 99%, it did not exceed
30 m/s. Only in 0.9% cases wind speed increased
above 30 m/s. We determined the prevailing wind di-
rection (24%) as NNE, which allows to provide cor-
rect direction of the WT installation. Satellite data
were used to calculate the Hellman parameter (o =
= 0.1) for the Galindez Island.

There are already successful experience of WT ins-
tallation and exploitation at Antarctic stations, in spi-
te of every station has unique geophysical, climatic,
and logistical circumstances. While consideration of the
established systems is highly fruitful, one needs to weigh

2 Methodology for calculating greenhouse gas emissions (CO,-
equivalent). (2012). SRO-E-150 NP "MAE". Retrieved Sep-
tember 5, 2021, from https://sro150.ru/index. php/metodiki/
371-metodika-rascheta-vybrosov-parnikovykh-gazov
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all specific ground surface features on the Galindez
Island and climate conditions to plot out the local
WT requirements for the Akademik Vernadsky station.

The site is one of the warmest compared to the WTs-
outfitted stations, with an average annual tempera-
ture of —2.5 °C and minimum historical average daily
temperature of —28.3 °C. Nevertheless, the humidity
is also higher, with an average annual relative humid-
ity of 83%.

We identified the WT with the nominal working
wind speed range of 12 to 70 m/s, encompassing even
strong gusts of wind. This WT is also mounted on a
hydraulic tower, allowing for a crane-less installation
and the possibility of lowering and raising the turbine
for maintenance and check-ups. The turbines have
several fastening possibilities, including one for high-
land conditions and rocky terrain.

According to the wind regime of the Akademik
Vernadsky station, the data on its annual energy con-
sumption, and the SD3 and SD6 WTs power parame-
ters, it was found that ten SD3 WTs would meet 13.9%
of the station’s energy requirements while cutting the
yearly CO, emissions by 38 tons. Ten SD6 WTs would
provide for 28.4% of the station’s needs and prevent
78 tons of CO, from being released annually.

A promising way for further research would be to
consider both sun and wind energy in tandem as
a method to generate electricity for the Ukrainian
Antarctic Akademik Vernadsky station.
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IlepcnekTHBY BUKOPUCTAHHS BiTPOEHEPreTHYHUX pecypciB
Ha cTaHuii «Akagemik BepHaacbkuii»

Pedepar. BukoprcTaHHs BiZHOBJIIOBaHOI €HEPTii Ta iHIIMUX 3ac00iB MiHiMi3allii BUKUIIB B aTMOchepy Ma€e OyTU Npiopu-
TETHUM HaNnpsIMKOM PO3BUTKY IIJI1 KOXXHOI AepxkaBu. Lleit miaxia Mae nmouuvproBaTucs i Ha TEPUTOPii aHTAPKTUYHUX Hay-
KOBUX CTaHLill. MeToto po6oTu OyJio OTpUMaHHS HEOOXiTHUX OLIHOK BiTPOBOTO €HEPreTUYHOTO MOTEHIialy TepUTOpil
ocTtpoBa [aniHme3 11 BU3HAYCHHS JOLITbHOCTI BCTAHOBJICHHS BiTpoeIeKTpUIHMUX ycTaHOBOK (BEY) Ha TepuTopii Ykpa-
iHchKOi HaykoBoi craHIii (YAC) «Akanemik BepHancbkuit». 1151 mociinkeHHS BiTpOBOT KApTUHU TEPUTOPii BUKOPUCTO-
BYBaBCsl apXiB cepelHbOPIYHMX 3HaueHb MeTeomapaMeTpiB British Antarctic Survey (1950—2020 pp.), cTpoKoBi AaHi
LIBUJIKOCTI Ta HAMpPSIMKY BIiTpy, 110 peecTpyBanucst MeTeoctaHiielo YAC «Akanemik BepHagcokuit» (2011—-2020 pp.) ta
cepeHbo1000BI JaHi 3 TabJULL MeTeoposoriyHux crioctepexxeHb (2014—2018 pp.). st po3paxyHKy napamerpy Xe-
MaHa BUKOPUCTOBYBAJMCS CYNYTHUKOBI JaHi. [I1s1 aHa/i3y BepTUKAIbHOTO NMPOdito BiTpy BUKOPUCTOBYBABCS Psfl CTa-
TUCTUYHUX METOMIIB, 30KpeMa MeTOJ MiHiMi3allii cepeTHbOro apruMETUUYHOTO BiTHOCHOI TTOXMOKM MojaeaoBaHH. Jls
OLIIHKM TTOKa3HUKiB BUPOOITKY €JIeKTPUYHOI eHeprii BUXilHi JaHi IBUAKOCTEH BITPY HAa BUCOTI JaBaya aHEMOMeTpa Iepe-
paxoByBasiMcsl Ha BUCOTY oci poropa BEY i, BukopucToBylouun xapakrepucTuku noryxxHocti BEY, HagaHi po3poOHuKa-
MU, TIepepaxoByBAIUCS B CepelHbOPIUYHMI BUPOOITOK enekTpoeHeprii BEY. [l po3paxyHKiB BITpO€HEPreTUYHOIO MO~
TeHLliaJly BAKOPUCTOBYBaJIacsi METOAMKa, pO3po0JieHa BiliJIOM BiTpOeHEPreTUKU [HCTUTYTY BiTHOBIIOBAaHOI EHEPTeTUKHU
HAH VYkpainu. 3a pesynbsraTamu aHaiizy BiTpoBOi KApTUHU, PO3PaXOBaHO CEPENHBONOOOBI MMOKA3HUKY IIBUIKOCTI BiT-
py — 3.9 M/c Ta BCTAaHOBJICHO TIepeBaxkalouMii HAMPSIMOK BIiTPY (IMiBHIU — MiBHIYHUI cxin — 24%). OTpuMaHi pe3yibTaTu
pO3paxyHKiB He BiIKMAAIOTh TiMOTe3y Mpo A0LiIbHIcTh BcTaHOBNIeHHS BEY Ha Tepurtopii YAC «Akanemik BepHaacbkuii».
BEY n1s noganblimx BiTpoeHEpreTMMHUX pO3paxyHKiB Oyyia BuOpaHa, 0a3ylounch Ha J0oCBiai BukopuctanHsi BEY iHmm-
MU KpaiHaMU B AHTapKTHU/i Ta 3 ypaXyBaHHSIM OCOOJIMBOCTEI MOHTaXYy Ta eKCILTyaTallii B YMOBaX BUCOKHUX IIBUIKOCTEM
BITPY, HU3bKUX TEMIIEpATyp Ta BUCOKOI BiHOCHOI Bojorocti. Ha ocHoBi iH(opmallii npo Butpatu najipbHoro Ha YAC
«Akanemik BepHamcbkuii», Oyno pospaxoBaHo, mo iHcransamis mnecsatu BEY SD6 mo3BoJuTh LIOPOKY 3aH0BOJBHSTU
28.4 % notped cTaHIIil B eJIEKTPUUHIii eHepTil.

KiouoBi ciioBa: AHTapKTHIa, BUPOOITOK €JIEKTPOESHEPril, BiTHOBJIIOBAHI IxKepesia eHeprii, BiTpoeHepreTrka, octpis [aniHues,
LIBUIKICTh BITPY
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