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ABSTRACT

Problem statement. In modern times, the rapid increase in energy demand in the world and the environmental consequences of
traditional energy sources make it necessary to switch to alternative energy. The use of alternative energy is not only important for
environmental protection, but also reduces the dependence of countries and economic systems on oil, gas and their prices. At the same
time, global problems such as climate change and air pollution increase the importance of renewable energy sources.

Purpose. The main goal of the research is to scientifically assess the wind and wave energy potential in the Caspian Sea and to
justify this energy production with calculations.

Research methods. In the article, the wind and wave field of the Caspian Sea was studied in order to exploit the potential of
wind and wave energy, and the energy of the obtained energy was calculated. To develop the wind parameters, data from three databases
were used, two of which were space data and one was long-term operations. To increase the power of the waves and the energy obtained
from them with both northern and southern winds, terrestrial data were used. Based on the obtained data, plans for the payment of wind
and wave energy in the Caspian Sea were drawn up.

Conclusion. Using the natural potential of the Caspian Sea, the involvement of alternative energy sources in the production of
electricity and heat will allow for progressive changes in the future development directions of electricity. The affordable geographical
location and climatic conditions of the Caspian Sea region allow for the widespread use of environmentally friendly alternative energy
sources such as wind and wave energy. This will not only save a lot of fuel burned in thermal power plants, but will also significantly
reduce the amount of hazardous waste discharged into the environment. As a result of the conducted research and calculations, it was
determined that the amount of wind energy that can be obtained using the FL 2500 90 type wind turbine at selected points on the
Absheron Peninsula and the coastal zone adjacent to it is approximately 5—7 GW/h, and from the Northwind 100C (95 kW) type wind
turbine — 0.33 GW/h. At the same time, the capacity factor (CF) of wind turbines at these points varies in the range of 25-33% and 35—
40% respectively. It was determined that in the region there is some difference in terms of wave annual average energy potential. Thus,
for northern and northwestern winds, the wave energy density varies in the range of approximately 15,000-35,000 kW/m, and for

southern and southeastern winds, it varies in the range of 20,000-35,000 kW/m.
Keywords: Caspian Sea, wind speed, wind direction, wind energy, wave energy, wind rose, Rayleigh distribution, Weibull distri-

bution.
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Introduction. In recent years, the rising trend of
electricity generation by renewable energy is taking
a positive way all over the world. Owing to growth
of renewable energy resource, the wind energy gen-
eration is ahead of all natural resources. There are
some noteworthy reasons that played constructive
role in development of wind energy generation in-
cluding atmosphere, state-of-the-art design of wind
turbines, and low cost [8].

In the modern era, when switching to alternative
energy, one of the main issues is the assessment of
the natural potential of alternative energy sources in
the world, including in Azerbaijan, and the adoption
of necessary measures for their optimal use. Favour-
able climatic conditions and the geographical loca-
tion of our republic create the basis for the effective
use of renewable energy sources, such as wind, solar,
wave, geothermal, etc. The Absheron Peninsula and
the surrounding areas are characterized by strong and
stable winds throughout the year, especially the nor-
therly winds blowing at a speed of 6-8 m/s and more,

making this zone a favourable place for wind energy.
At the same time, the permanent wave processes oc-
curring on the coastline of the Caspian Sea indicate
the presence of suitable climatic conditions for the
use of wave energy. When studying the efficiency of
using the renewable energy potential of any geo-
graphical region, the natural potential is assessed
first, and at subsequent stages—technical, economic
and market potential [18]. In the current work, the
natural potential of wind and wave energies in the
Caspian Sea region is studied, based on multi-year
satellite and ground measurement data obtained from
various bases. Additionally, it should be noted that
the technical wind energy potential was also esti-
mated by taking into account the characteristics of
small and medium power wind turbines. The poten-
tial for wind energy in offshore areas is considered
much higher than onshore areas due to the presence
of more stable and intense winds. The integration of
wind and wave energies is considered technically and
economically viable due to their natural compatibility
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and the possibility of combining them within the
same infrastructure.

Wind and wave regime of the Caspian Sea.
The Caspian Sea, which is unique and rich in natural
resources, also plays the role of a climatic and eco-
logical indicator of our planet. Located between lati-
tudes 47°07'N and 36°33'N and longitudes 45°43'E
and 54°03'E, the sea is surrounded by 5 countries.
The surface area of the Caspian Sea, which stretches
for 1200 km along the meridian, is 392.600 km?.

The Caspian Sea, which is considered one of the
windiest seas in the world, experiences hurricane
winds for 250 days a year. Wind is the horizontal
movement of air from a high pressure area to a low
pressure area. The speed and direction of the wind are
determined by factors such as the nature of the gen-
eral circulation of the atmosphere, the temperature
field created by the wind itself, the relief of the
coasts, etc. [20].

During the winter, the weather in the northern
Caspian is dominated by the Asiatic anti-cyclone
which creates easterly cold winds. During the sum-
mer, the weather is dominated by the Azores high-
pressure that causes northerly winds. The region is
also subjected to extra tropical cyclones at the rate of
about 10 storms per year [14].

According to the general regularity of the wind
regime, winds with a northern (north-western, north,
north-eastern) and south-eastern direction prevail
over the Caspian Sea. The probability of the for-
mation of wind fields with a northern direction
throughout the year is 41%, but in summer this prob-
ability increases slightly compared to other seasons
and reaches 48.7%. Approximately half of them fall
on the north-western direction. Northern direction
winds are observed during the spread of the branches
of the Azores anticyclone to the southern regions, the
movement of the Barents and Kars, Scandinavian an-
ticyclones, as well as during the activation of the
southern Caspian anticyclone, which subsequently
moves in a north-eastern direction and enters the
western regions of Central Asia. Southeast winds
make up an average of 35.9% of the annual wind
speed. They are most often observed in winter, when
an anticyclone is formed over Kazakhstan and the re-
gions of Central Asia (41.3%). This anticyclone cre-
ates favorable conditions for the movement of air
masses in a south-easterly direction. The most persis-
tent of the wind types blowing over the Caspian Sea
are south-easterly winds. The average annual wind
speed within the sea area is in the range of 4-6 m/s
[20]. When evaluating the performance of a selected
turbine, the height of the turbine hub is approximated
based on the logarithmic law of wind speed.

The wind regime of the Caspian Sea is defined
by three principal factors: regional atmospheric ac-
tivity, topography of the coasts (orography) and local

circulation induced by the thermal increments be-
tween the land and sea [15].

The largest wave sizes in the North Caspian Sea
are as follows: height -3 m, period-10 seconds, length
- 85 m. The average wave values in this part of the
sea are as follows: Average wave height —0.5-0.7 me-
ters, average wave period — 3-5 seconds (Kudrya-
vtsev et al., 2019), average wave length —20-40 me-
ters (Holthuijsen, 2017). In places of increasing
depth, waves with a height of 2 m are observed, to-
wards the south their height increases, and in some
places they reach 4 m and more. In the western part
of'this region of the sea, southeast and east waves pre-
vail, and in the northeastern part, west and east
waves.

The waves in the Middle and South Caspian
Seas have the following characteristic features: The
most persistent storm winds and corresponding
waves are observed in the Baku-Absheron Peninsula,
Makhachkala-Derbend, and Fort-Shevchenko re-
gions. The largest waves in the Caspian Sea are
formed in the waters of the Absheron Peninsula. The
center of storm waves has a wave height of 7.5-8 me-
ters, and in extreme storms, the heights reach 9-10
meters [20].

Material and method. To comprehensively
study the wind and wave power in the Caspian Sea,
data from 3 separate databases were used. As the 1st
database, the multi-year ground observations [19]
was used. Those data covered a total of 60 points of
Caspian Sea in which the wind speed and wave pa-
rameters (height, period, length, phase velocity) were
measured. The 2nd database is NASA's [12] space
database covering 2001-2022, with a resolution of
0.5%0.625. The 3rd database is the Global Wind Atlas
[5], which includes wind speed and direction data.
The multi-year ground-based observations are for a
height range of 10 meters, and the space-based data
are for a height range of 50 meters.

Wind power calculation. Wind power P is pro-
portional to the cube of the wind speed v and is cal-
culated by the formula:

P =

N D

v’ (1

Here, p =1.225 kg/m? is the air density.

The energy that can be obtained from wind de-
pends very strongly on the distribution of wind speed.
Thus, the energy produced in two different geograph-
ical locations with the same average speeds but very
different standard deviations may be more than twice
as much in the location with the larger standard devi-
ation [4].

In a series of studies, for example, [1,2,3,4,11],
based on the analysis of measured wind speed data, it
has been found that the probability distribution func-
tion (PDF), wo(v), of wind speed in many geograph-
ical locations can be well approximated by Rayleigh
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or Weibull distributions. In our study area, the prob-
ability of wind speed distribution is also well
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described by Rayleigh, and very well by Weibull dis-
tribution (Fig. 1).
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Fig. 1. Histogram of wind speed distribution in the Oil Rocks (40.33°N/50.6°S) during 2001-2022;
approximation with Rayleigh and Weibull distributions

For average wind power from (1) is obtained:
P 2

If the wind speed distribution is the Weibull law,
then (2) is transformed into the following formula:

3)

Here I'(x) is the Gamma function; a, b are the
parameters of the Weibull distribution, which are
uniquely determined by the average wind speed ¥ and
the standard deviation o, [4].

Note that wind speed depends on altitude and
varies with surface roughness; as altitude increases,
wind speed increases [9]. The dependence of wind
speed on altitude is theoretically expressed by a log-
arithmic law; however, an approximation of the
measurement data by an exponent law is also used.

The efficiency of a wind turbine is characterized
by its "power curve", which is a purely technical
characteristic of the turbine and is determined by the
manufacturer.

The capacity factor (CF) of a wind turbine for a
selected geographical location is an indicator of the
operational efficiency of the turbine to be installed
there and is determined by the natural wind potential
of the location (wind power distribution) and the tur-
bine’s “power curve”. Thus, CF is the main criterion
for selecting the type of turbine that will produce en-
ergy most efficiently at a given location [4]. The op-
erating efficiency of a wind turbine at a selected site

P=La°r(1+3)

is characterized by the capacity factor (CF) of the tur-
bine, which is determined as a ratio of mean turbine

power Pr = fow Pr (v) wo (v)dvto turbine-rated
power Py

“)

Thus, the energy that the wind turbine will pro-
duce in the time intervals [0,T] is calculated by for-
mula (5).

E[O,T] = CF " ]P)T -T (5)

Here P, — is the nominal power of the turbine
and is indicated in the technical documentation of the
turbine [4].

In general, the density of wind energy at sea is
higher than on land [10].

Wave power calculation. Wave power P (W/m)
is calculated based on the following formula [16,17]:

(6)

Here, h (m) is the wave height, T (sec) is the pe-
riod, g =9.81 m/sec? is the acceleration of free fall,
m = 3.14, p is the density of seawater. Although this
value is 1030 kg/m® for ocean water, it is taken as
1000-1025 kg/m? for seawater. Since the density of
seawater varies depending on depth, salinity, etc., it
is difficult to give an accurate estimate. During the
calculations, the average water density for the Cas-
pian Sea was taken as 1020 kg/m>. Based on the wave

_ pg*Th?
T 32m

P
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height A (m) and period T (sec) given in the "Hydro-
meteorological Atlas of the Caspian Sea" [19], the
wave power P (W/m) was calculated for each of the
60 points during both north, north-west and south-
south-east winds. The amount of wave energy E
(kWh) in existence during the year was calculated on
the following formula:

E=P-L-T,T =36524(hour) (7)

Here, L (m) is the length of the wavefront and
this value was taken as 1 meter.

The wave power P, i.e. the energy flux, is usu-
ally defined as the average power per meter of wave
front length and is expressed in W/m. This given
value means the average energy passing from the sur-
face to the seabed per second under one meter of
wave front [10].

Analysis and Discussion. Wind power and en-
ergy were calculated using formulas (3) and (5), re-
spectively, and wave energy was calculated using for-
mula (7). Based on the calculated data, wind speed,
wind energy, and wave power maps were drawn.

Wind speed, wind power. The map compiled
on the 1st database, (Fig. 2a) shows that the wind

speed varies between 2-6 m/sec. For considered tur-
bines rotor hub height are 37, 120 meter are respec-
tively and corresponding wind speed at those height
we're determining according to the logarithmic law.
The places where the wind speed is the highest are
the Azerbaijani sector, especially the coasts of Baku
and the Absheron Peninsula. The wind speed gradu-
ally decreases towards the north. But it takes its low-
est value in the South Caspian.

In the wind map compiled based on NASA sat-
ellite data (Fig. 2b), the values of wind speed also
vary in the range of 2-6 m/s. Here too, the lowest val-
ues are in the southern part of the sea. However, the
places where the maximum values are observed are
seen further north.

If we look at the map compiled on the basis of
data taken from the “Global Wind Atlas” database
(Fig. 2¢), we will see that the change in the southern
part of the sea is the same as in the other two regions.
However, the difference is manifested in other parts
of the sea. In almost all of the Northern Caspian and
most of the Middle Caspian, the wind speed varies
within the range of 5-6 m/s.

Figure 3 shows the distribution of wind power in
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Fig. 2. Wind speed distribution map in the Caspian Sea area (a-Based on multi-year ground observation data;
b-Based on NASA database; c-Based on Global Wind Atlas)

the Caspian Sea based on data obtained from various
sources. Thus, in the map prepared based on data ob-
tained from ground-based data, the wind power var-
ies in the range of 23-354 W/m?. The areas with the
highest wind power are the coasts of Baku and the
Absheron Peninsula (Fig. 3a).

In the map based on the NASA database [12],
the wind power varies in the range of 23-304 W/m?.
The maximum value is observed more in the middle
part of the sea, and the minimum value is observed in
the southern part (Fig. 3b).

In the map based on the data taken from the
Global Wind Atlas database [5], the wind power var-
ies in the range of 58-518 W/m?. The maximum value
is higher than the value shown in the other two maps,
but here it is also observed in the center of the sea
(Fig. 3¢).

An analysis of the trend of change in the annual
average wind speed for the 10 sites considered for the
period 2001-2022 shows a weak increasing trend in
some sites (Figure 4), while the "wind rose" has no-
ticeably shifted northward (Fig. 5).
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Fig. 3. Wind power distribution map in the Caspian Sea (a-Based on multi-year ground observation data;
b-Based on NASA database; c-Based on Global Wind Atlas)

Thus, it is concluded that climate change has not
reduced wind speed, but has even increased it
slightly, which is a positive result in terms of using
wind energy.

Wind rose diagrams are very helpful in defining
the prevailing wind direction, the directional quanti-
fication of total energy and the direction of maximum
wind speed intensity [13].

Five points with high wind speeds were selected
in the Azerbaijani sector of the Caspian Sea (Figure
6), and the statistical characteristics of the wind speed
at those points, the parameters of the Weibull distri-
bution, and the energy that two types of turbines
(small “Northwind 100C,95kW” and “FL 2500 90~
medium-power) can produce in a year were calcu-
lated (Table 1). Notice that this types of turbines are
intended for offshore conditions and previously were
used.

The data shown in Table 1 were obtained from

long-term satellite observations and the wind speed
was extrapolated to the central height of the selected
turbine models.

Wave power. There are a wide range of techno-
logical solutions proposed for wave energy harvest-
ing. A one-size-fits-all technology that encompasses
a few technologies has not yet emerged. Instead, using
local parameters such as water depth and wave climate
(i.e. wave height and period) will allow us to deter-
mine what the best technology is for a given area [7].

Based on the calculated data, a distribution map
of the annual wave energy potential per 1 meter of the
wave front in the Caspian Sea was compiled (Figure
7). As can be seen, high wave energy is observed in
the Middle Caspian during both northern, north-west-
ern, and southern, southeaster winds. In general, alt-
hough the two maps are similar at first glance, there
are differences between the quantities. Thus, the low-
est value of the wave energy potential per 1 meter

Wind speed distribution trend in the Oil Rocks (40.33°N/
50.6°S) during 2001-2011 and 2012-2022
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Fig. 4. Annual average wind speed change over the years in Oil Rocks (40.33°N/ 50.6°S)
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Fig. 5. Change in annual average wind direction over the years in Oil Rocks (40.33°N/ 50.6°S)

during northern and north-western winds is 145.4
kWh (Figure 7A), and during southern and south-
eastern winds it is 128.5 kWh in the northern and
southern parts of the Caspian Sea (Figure 7B). It is
clear from the maps that the values of wave energy in
the Caspian Sea are higher on the western coast than
on the eastern coast. Especially high values are no-
ticeable on the coast of Azerbaijan.

Wave power is often compared to wind power
because the two energy sources have much in com-
mon physically, and wind has already proven itself as
a viable energy source. A positive feature of wave
power compared to wind power is that the average
power delivered by waves varies more slowly than
the sometimes very rapid changes in wind speed and
direction [17].

It should be noted that S. Hadadpour et al. [6]

studied the wave power assessment at Anzali station
on the Iranian coast of the Caspian Sea, and they
found the annual average value of the wave power
P=0.66 (kW/m). This corresponds to the wave energy
value E=5782 (kWh/m) shown in Figures 7A and 7B.

Conclusion. As a result of studies conducted on
the basis of satellite and ground observation data, we
can note that the wind speed in the Caspian Sea varies
approximately in the range of 2.7-7 m/s. The mini-
mum wind speed falls on the southern Caspian, and
the maximum speed falls on the average partly on the
northern Caspian (according to the NASA and Global
Wind Atlas databases). The distribution of wind
power in the Caspian Sea corresponds to the distribu-
tion of wind speed. Thus, the wind power mainly var-
ies in the range of 23-350 W/m?, and according to the
Global Wind Atlas database, it varies in the range of

Table 1
Calculated parameters for the area under consideration
Point Ne 1 2 3 4 5

. onT/o 40.76/ | 40.33/5 | 40.51/5 | 41.02/5 | 40.22/5
Coordinate (°N/*S) 49.50 0.6 0.16 0.07 0.19
Average wind speed, ¥ (m/s) 6.77 6.58 6.66 7.13 6.25
Standard deviation, g,, (m/s) 3.70 3.36 3.38 3.46 3.28
Weibull parameter, a 7.62 7.44 7.50 8.05 7.07
Weibull parameter, b 1.95 2.05 2.03 2.15 2.06
Average wind power, P (W/m?) 365.8 335.9 348.3 427.3 287.8
CF,% “FL 2500 90" Wind turbine 29.9 28.1 28.7 33.0 25.2
Energy, E[o,1 year], (GW-hour) “FL 2500 90" 6.54 6.12 6.31 7.26 5.54
CF, % “Northwind 100C,95kW " wind turbine 40.1 39.4 39.9 40.3 35.6
Energy, E|o,1 year], (GW-hour)
“Northwind 100C. 95k 0.334 0.328 0.332 0.335 0.296
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58-518 W/m>. 3000-35000 kWh/m during north and north-west
The potential of wave energy in the Azerbaijani  winds, and 8000-35000 kWh/m during south and
sector of the Caspian Sea is high. In particular, this  south-east winds.
indicator takes the highest values off the coasts of There is sufficient wave and wind energy in the
Baku and the Absheron Peninsula. Here, the wave en- ~ Absheron Peninsula and nearby areas, especially in
ergy potential is 15000-35000 kWh/m during north  the oil-gas platforms. It is possible to make the elec-
and north-west winds, and 20000-35000 kWh/m dur-  tric energy usage in the platforms more efficient by
ing south and south-east winds. If we look at the replacing part of the energy used with these types of
Azerbaijani sector as a whole, it takes values between  energy.
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Ouinka moreHuwiaay BiTPpoOBOi Ta XBWJIbOBOI €HEPrii
B akBaropii Kacniiicbkoro Mmopsi

Bycana Pacynzaode
acImipaHT, MOJI. HayK. CHIBPOOITHUK,
IHcTuTyT reorpadii imeHi akagemika ['acana AumieBa, baky, AzepOaiimxan

VY cy4acHui yac IBUIKE 3pOCTAHHS IONUTY Ha EHEPTII0 Y CBITI Ta €KOJIOTIYHI HACIIIKH TPaIULiHHUX JKEpell eHe-
prii poOisATh HEOOXIAHUM IIEepexi] Ha aJbTepHATHBHY €HEpPreTHKY. BUKOpHUCTaHHS albTepHATHBHOI €HEprii BayKIIMBE HE
JIMIIIE AJIS 3aXHUCTY HAaBKOJIMIITHBOTO CEPENOBHINA, aJle i 3MEHIIY€E 3aI€XKHICTh KPaiH Ta EKOHOMIYHUX CHCTEM Bil HaTH,
ra3y Ta IiH Ha HuX. BomgHOYac rmobanpHi mpobieMu, Taki SK 3MiHa KJIiMaTy Ta 3a0pyIHEHHS NOBITPS, MiABUITYIOTh BaXK-
JUBICTH BiIHOBIIIOBaHMX JKEpPEN €Hepril. Y cTaTTi TOCHiIKyBajocs IOJie BITPY Ta XBWIb Kacmiichkoro Mopsi 3 METOIO
BHKOPHCTaHHS MOTEHIIaly CHEpTii BITPY Ta XBWJIb, a TAKOXK PO3paxoByBajlacs CHEpTis OTpuMaHoi eHeprii. {7t po3poOku
mapaMeTpiB BITPY BUKOPUCTOBYBAIIUCS JaHi 3 TPhOX 0a3 MaHUX, ABi 3 AKUX Oynd KOCMIYHIMH JAaHUMH, a OJHA - JOBTO-
CTPOKOBUMH oneparlisimMu. J{Jis 301IbIIeHHS TOTYKHOCTI XBHJIb Ta €HEPTii, 0 OTPUMYETHCS Bl HUX AK IPH ITiBHIYHUX,
TaK 1 IpH MiBAEHHUX BITpaX, BUKOPHCTOBYBAJIUCS Ha3eMHi aaHl. Ha oCHOBI oTpuMaHMX NaHMX OyJiM CKJIaJEHI IJIaHu
OIlIaTH BITPOBOI Ta XBWIBOBOI eHeprii B KacmilicbkoMy Mopi. Bukopucranus npuponHoro norenuiany Kacmilicbkoro
MOpsl, 3aJTy4eHHS aJbTePHATUBHUX JDKEpeJl eHeprii y BUpOOHHULITBO €J1eKTPOeHEpril Ta Teria J03BOIUTh 30IHCHUTH MTpo-
IpECHBHI 3MIHM B MallOyTHIX HaNpsIMKax pPO3BHUTKY €JIEKTpOCHepreTHkU. JloctynHe reorpagiuHe po3TamryBaHHs Ta Kili-
MaruuHi ymoBH Kacmiiicbkoro perioHy 03BOJISIFOTH IIMPOKO BHKOPHCTOBYBATH €KOJIOTIYHO YMCTI ajlbTepHATHBHI JIKe-
perna eHeprii, Taki K eHepris BITPy Ta XBWIb. Lle He TUIBKM TO3BOJIMTH 3HAYHO 3a0INAJANTH MAJIUBO, IO CIATIOETHCS Ha
TETUIOBUX €JIEKTPOCTAHIIISX, aJie i 3HAYHO 3MEHIIHNTh KUTBKICTh HEOE3MEeUHNX BiAXOIIB, [0 BUKHIAIOTHCS B HABKOJIHMIITHE
cepenosuie. B pe3ynbrari mpoBeAeHNX AOCTIMHKEHb Ta PO3PaXyHKIB OyJ0 BU3HAYCHO, IO KUTBKICTH BITPOBOI €HEPTil,
SIKYy MOJKHA OTPHUMATH 32 JOMOMOTOF0 BiTpoBoi TypOiHu Triry FL 2500 90 y BuOpaHNX Toukax Ha ATIIIEPOHCEKOMY ITiBO-
CTPOBi Ta IpUOEPEkKHIH 30Hi, IO MPHUIATae 10 Hel, cTaHOBUTH NpuOIu3HO 5—7 ['B1/rom, a Bix BiTpoBoi TypOiHHU THITY
Northwind 100C (95 kBT) — 0,33 I'B1/ron. Bonrowac, koedinieHT BukopuctanHs motyxHocti (KB) BiTpoBux TypOiH y
[UX TOYKAaX KOJHMBAEThCS B Aiana3oHi 25-33% Tta 35-40% BignosigHo. Byno Bu3Ha4YeHO, 1110 B PEriOHI ICHYE AesKa pi3-
HULS B CEPEAHBOPIYHOMY €HEPreTHYHOMY ITOTeHIiami XBUib. Tak, Juid MIBHIYHUX Ta MiBHIYHO-3aXIJHUX BITPIB IIiJb-
HICTh €HEpriil XBHJIb KOJMBAETHCS B Aiana3oHi mpubausHo 15 000—35 000 kB1/M2, a 1151 miBACHHUX Ta MiBJCHHO-CX1THUX
BiTpiB — B nianazoni 20 000-35 000 kBt/m2.

Kniouoei cnoea: Kacniiicoke mope, wieuoxicms 8impy, HanpsamoK 6impy, eHepeis 6impy, eHepeis X6uUlb, po3a 6impis,
po3nodin Penes, poznoodin Betibynna.
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