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Abstract. The article analyzes in detail the change in wind speed with
height in four main points located in the coastal zone of the Absheron
Peninsula, which are quite promising in terms of wind energy
production in Azerbaijan - Pirallahi, Mardakan, Sumgayit and
Sangachal for 2001-2024. Within the framework of the study, the
statistical characteristics of wind speed and wind power change
dynamics at heights of 10 and 50 meters were investigated for each
point. Graphs reflecting the change in wind speed and power by years,
months and seasons were constructed, and long-term trends were
assessed. In addition, special attention was paid

to the changes in wind speed during the day at the selected points. As
a result of the analysis, it was found that the wind regime in coastal
zones differs in both seasonal and daily rhythms, and these
characteristics directly affect the possibilities of using wind as a
renewable energy source. At the end of the study, two important
theoretical models - the power law and the logarithmic law - were
applied to take into account the height-dependent variation of wind
speed, and their advantages and suitability were comparatively
evaluated.

Keywords: wind speed; wind energy; wind power; Log law; Power
law.

1. Introduction

The acceleration of climate change and the challenges of energy
security are driving countries around the world towards clean and
renewable energy sources. In this context, wind energy is considered
one of the most attractive alternatives with its long-term environmental
and economic efficiency. (International Energy Agency, 2023; Pryor et
al., 2010). Wind parameters are determined by altitude and synoptic
conditions. At the same time, differences in their values are observed
in different months and seasons of the year, as well as at different times
of the day (Kubik et al., 2011). For the correct assessment of wind
energy potential, it is of particular importance to study the variation of
wind speed depending on altitude (Tar et al., 2009). The research study
analyzed the characteristics of wind speed variations at heights of 10
and 50 meters at four selected points located on the Absheron
Peninsula. The analyses conducted contribute to determining the
optimal heights and locations for technical applications of wind energy.
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Brief information about the climate and wind regime of the area

The Absheron Peninsula is the largest peninsula located on the western coast of the Caspian
Sea. The semi-desert dry-steppe climate prevails on the peninsula. The average wind speed on the
Absheron Peninsula is 5.8-7 m/s. The number of days with strong winds (over 15 m/s) in different
points of the peninsula is up to 64-145 days. Winds over 30 m/s are often observed. North winds
(strong winds), winds blowing from the northeast and south directions prevail. In general, the
influence of meridional atmospheric processes is characteristic of the Absheron-Gobustan region.
This is explained by the influence of the Kara, Scandinavian, Azores maxima, and high-pressure
areas formed in the south of the European part of Russia. As a result of the influence of these
processes, the weather changes sharply, strong northerly winds blow, the air temperature drops,
and precipitation is often observed. During the cold period of the year, the influence of Central
Asian and subtropical anticyclones increases (Mammadov, 2014).

@ - 0)

(@) (b)
Figure 2. Wind speed and power distribution at the height 50 m

Figure 1 shows the distribution of wind speed (a) and wind power (b) at a height of 10 m
and Figure 2 at a height of 50 m on the Absheron Peninsula. At a height of 10 m, wind speed is
mainly high in the western and southwestern areas of the peninsula, and relatively weak inland.
Accordingly, wind power is also more limited and local in nature; large-scale potential areas are
limited (Figure 1). At a height of 50 m, a general increase in wind speed is observed, and this
increase is especially noticeable in areas in the coastal zone. Wind power has also increased
significantly, and areas with 500-600 W/m? and higher have expanded (Figure 2). As the height
increases, both wind speed and power increase significantly. This also indicates that wind turbines
installed at heights of 50 m and above enable a more efficient assessment of the region's wind
energy potential across different altitudes.
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2. Materials and methods

The study analyzed the variation of wind speed and wind power depending on altitude on
the Absheron Peninsula, located in the coastal zone of the Azerbaijani sector of the Caspian Sea.
For this purpose, hourly wind data at heights of 10 m and 50 m with a resolution of 0.5°x0.625°
were obtained from the NASA (NASA,2025) space database. These satellite data, collected and
archived for four stations included in the study area, cover the years 2001-2024. Based on the
obtained data, statistical indicators of wind speed and power at different time intervals (annual,
seasonal, and monthly) for both altitudes were calculated, and the results were visualized in the
form of graphs. In addition, wind speed and power maps of the study area were prepared using the
ArcGIS software based on the data obtained from the Global Wind Atlas (GWA,2025), and wind
rose graphs were drawn up for each station in the Grapher program. Based on the obtained results,
comparative analyses were conducted at different altitudes.

3. Results and discussion
3.1. Variation of wind speed and direction depending on height

Wind speed and direction are key parameters of the movement of air masses in the
atmosphere and play an important role in assessing wind energy potential. Wind speed is usually
measured in meters per second (m/s) and can vary at different altitudes, while wind direction is
determined based on geographical directions. According to the International Energy Agency (IEA,
2013), the consistency of wind direction and statistical distribution of speed are considered key
indicators in optimizing wind energy projects (Archer et al., 2005).

Observations show that the wind increases in strength with increasing height above the
ground. This is called the Velocity or Height Effect. Near the ground surface, the flow encounters
surface roughness that impedes the flow to reduce the wind speed and present a variety of wind
patterns with random vertical and horizontal velocity components at right angles to the main
direction of the flow. The slowing or retarding effect occurs in the air layers near the ground and
gradually decreases with increasing height until it becomes negligible. Also, there are no obstacles
at high altitudes. Thus, the wind speed increases with increasing height above the ground (Aiyer,
2021).

Table 1. Average multi-year wind speed, force, and standard deviation at selected points at 10 and
50 meters altitude

Average wind Standard

speed. V/ deviation. o Wind Power, P Wind Power
Coordinate (Lat/Lon) peed, oY W/m? Classifications
Ne (m/s) (m/s)
N/E
10m 50m 10m 50m 10m 50m 10m 50m
1 40.52 / 50.13 - Mardakan 5.5 6.65 2.94 3.93 196 347 Poor Moderate

2 40.43/50.37 - Pirallahi 5.75 6.58 2.95 3.67 224 336 Marginal | Moderate

3 40.64 / 49.54 - Sumgayit 4.52 5.84 2.6 3.13 109 235 Poor Marginal

4 40.24 / 49.51 - Sangachal 4.55 5.76 2.41 2.86 111 226 Poor Marginal
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Figure 3. Time-varying average annual wind speed at 10 and 50 meters height at the study points

during 2001-2024

Figure 3 shows the change in wind speed at 10 and 50 meters altitudes over a multi-year
period at the survey points. Thus, the maximum values were observed at 50 meters altitude in
Mardakan and Pirallahi, respectively, as 7.12 and 7.06 m/sec. At 10 meters altitude, these values
were recorded as 6.12 and 5.86 m/sec. At Sumgayit and Sangachal stations, the maximum wind
speed at 50 meters altitude was 6.34 and 6.13 m/sec, respectively. At 10 meters altitude, the
indicators decreased to 4.89 and 4.83 m/sec. Although a certain downward trend in wind speeds
was observed over time, local increases were recorded in some years. In general, an increase in
wind speed was observed at higher altitudes, highlighting the wind energy potential of these areas.

Table 2. Variation of average monthly wind speed with height at selected points

Months
Coordinate | Heigh
Ne (Lat/Lon) t | 1 ]| v \Y VI | VII [ VI IX X [ X1 X
N/E (m) Multi-year average monthly wind speed (m/s)
40.52/50.13 10 6 59 | 58 | 51 | 44 | 51 | 55| 50 | 56 | 58 [6.1]| 6.2
1 . .
Mardakan | g0 | 72 | 72 | 72 | 68 | 57 | 62 | 65|58 | 65| 6.7 |72] 7.3
40.43/50.37 10 6.5 | 6.3 6 51 | 44 | 51 | 55 | 51 | 5.8 6 |65]| 6.7
2 Pirallah
50 74 | 73 | 72 | 64 | 55 |59 |61 |56 )|63|66 |73 75
40.64/49.54 10 46 | 47 | 47 | 42 | 39 | 45 5 46 | 45 | 44 |45 45
3 Sumgayit
50 6.1 | 62 | 62 | 55|51 |57 |62 |57 |57 |57]|6 |61
4 10 44 | 45 | 46 | 4.2 4 46 | 52 | 49 | 49 | 46 |45 43
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40.24/49.51 50

57 | 59 | 59 | 53 5 57 | 6.3 6 6.1 | 58 |58 5.6
Sangachal

Figure 4, prepared based on Table 2, shows the monthly average wind speeds at 10 m and
50 m altitudes for 4 locations (Mardakan, Pirallahi, Sumgayit, Sangachal) based on multi-year
averages. As can be seen, at 10 m altitude in Mardakan and Pirallahi, the highest values are reached
in I, 11, 11, X1, and X1I months. In June, July and August, the wind speed decreases to a minimum.
In Sangachal and Sumgayit, the highest wind speed is in July, and the lowest speed is in May.

At 50 m altitude, the wind speed for all months is higher than at 10 m. The highest speeds
are observed in the winter months, especially in December and January - rising to 7.5 m/s (in
Mardakan and Pirallahi). In Sumgayit and Sangachal, the maximum wind speed at 50 m is
observed in July, with 6.2 and 6.3 m/s.
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Figure 4. Multi-year average monthly wind speed at 10 and 50 meters height

Table 3 shows that at a height of 10 meters, winds with a speed of 0-6 m/s dominate at all
locations. However, at a height of 50 meters, the opposite process occurs, and wind speeds above
6 m/s are observed more often than at a height of 10 meters. This trend confirms that wind speed
increases with increasing height. Thus, at a height of 50 m, more favorable conditions are formed
in terms of wind energy production.

Table 3. Percentages of the total number of windy days by year

Percentage of windy days (%6)

Wind speed
gradations Mardakan Pirallahi Sumgayit Sangachal
m/s
(m/s) 10m 50m 10m 50m 10m 50m 10m 50m
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0-3 13 5 12 8 22 6 18 5
3-6 50 41 46 38 59 54 63 57
6-9 20 35 32 34 16 28 16 29
9-12 7 15 9 16 3 10 3 8
12-15 0.98 3 1 3 0.3 2 0.2 1
>15 0.13 0.7 0.02 0.38 0 0 0 0.1
70
52,5 m0-3m/s
m3-6 m/s
L 35 6-9 m/s
m9-12 m/s
17,5 12-15 m/s
15 m/
0 I | m I I | | I I - al 1 I - ™ I | s ms
Mardakan Pirallahi Sumaait Sangachal

Figure 5. Distribution of wind speed recurrence frequency at the survey points at 10 and 50 meters
height

According to the frequency of windy days in the studied areas, the speed interval of 3-6 m/s
prevails at all altitudes. In Mardakan and Pirallahi, especially at an altitude of 50 m, the share of
winds in the range of 6-12 m/s is significantly higher, which is significant in terms of wind energy.
Speeds above 12 m/s were observed mainly at 50 m in Mardakan. In Sumgayit and Sangachal,
more low-speed winds were recorded, and the energy potential in these regions can be assessed

relatively poorly (Figure 5).
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Figure 6. Seasonal variation of wind speed at 10 and 50 m height at the study points

The maximum values of wind speed at a height of 50 meters in Mardakan, Pirallahi and
Sumgayit are observed in winter and in Sangachal in summer. At a height of 10 meters, these
values are observed in Mardakan and Pirallahi in winter and in Sangachal and Sumgayit in summer

(Figure 6).
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Figure 7 . Diurnal seasonal variation of wind speed at 10 (a) and 50 meters (b) altitude in
Mardakan

;

[$2]
(6] [é)]
Wind speed (m/s)
o

Wind speed (m/s)
[e)]

Hours Hours
—e—Spring —e— Summer Autumn —e—Winter —®— Spring —e— Summer Autumn —e— Winter
(a) _(b)

Figure 8. Diurnal seasonal variation of wind speed at 10 (a) and 50 meters (b) altitude in Pirallahi

At a height of 10 meters, although the wind speed in Mardakan remains stable throughout
the day in winter and autumn, a certain increase is observed in the afternoon hours (12:00-16:00)
in spring and summer. At a height of 50 meters, the wind speed increases during the daytime hours
(10:00-15:00) in other seasons, except for winter (Figure 7a, 7b).

Analysis of data obtained at Pirallahi at altitudes of 10 and 50 meters shows that, unlike other
locations, the diurnal variation is very weak here, there is stability. Pirallahi peninsula is located
on the coastline extending directly into the Caspian Sea and is in full contact with the sea. In areas
close to the sea, the diurnal temperature variation is weak, which prevents the formation of thermal
convective flows during the day. While the temperature difference between the surface and the
atmosphere (thermal contrast) varies strongly during the day over the land, this variation is
minimal over the sea. As a result, local wind systems originating from the surface of the earth (for
example, daytime breeze flows) develop poorly in coastal and island-type areas. For this reason,
diurnal variability is not observed (Figure 8a, 8b).
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Figure 9. Diurnal seasonal variation of wind speed at heights of 10 (a) and 50 meters (b) in
Sumgayit
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Figure 10. Diurnal seasonal variation of wind speed at 10 (a) and 50 (b) meters in Sangachal

In Sumgayit, in the summer (especially between 12:00 and 17:00), the wind speed increases
significantly (6-7 m/s), while in other seasons it varies between 3.5-5 m/s. Although the wind is
strong at night in winter, it decreases in the afternoon. In summer, on the contrary, it is weak in
the morning and reaches its peak in the afternoon (Figure 9a, 9b).

In Sangachal, at both altitudes, in spring, summer and autumn, the wind is weak in the
morning and reaches its maximum in the afternoon. This process is observed until 17:00 in the
evening. Then the wind speed begins to decrease. In winter, the wind speed is almost constant
throughout the day and is higher in the evening (Figure 10a, 10b).

As the altitude increases, the effect of the earth's surface (friction) decreases, as a result of
which air currents move faster. This is especially noticeable in dry and open areas (Sumgayit,
Sangachal). On the coasts (Mardakan, Pirallahi), the increase in altitude is not as effective because
the wind is stable even in the lower layers.

Proper knowledge of wind direction is also essential to harness the maximum possible wind
energy. This can also help to install the wind turbine in the best position (Hulio, 2021).
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Figure 11. Wind rose graph at heights of 10 and 50 meters in Mardakan

Wind rose diagrams constructed at heights of 10 m and 50 m in the Mardakan area show that
the main wind direction is dominant in the northern and northwestern sectors. The increase in wind
speed at a height of 50 m and the increased probability of recurrence of winds with a speed of >15
m/s indicate that there is a favorable potential for wind energy exploitation in this area. The
relatively stable wind direction can ensure the continuity of energy production (Figure 11).
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Figure 12. Wind rose graph at heights of 10 and 50 meters in Pirallahi

The wind rose graphs at Pirallahi similarly show a predominance of wind in the north and
northwest directions. The fact that high-speed winds (>15 m/s) cover a wider sector, especially at
an altitude of 50 m, confirms the high wind energy potential here. The high repetition frequency
and stable direction compared to lower altitudes are important indicators for planning wind power
plants (Figure 12).

At 10 meters above sea level, winds in Sangachal are predominantly northeasterly, with the
main share of speeds varying between 3-9 m/s. Strong winds (above 12 m/s) are relatively rare.
As the altitude increases to 50 meters, the dominant wind direction remains constant, but the share
of speeds above 12 m/s increases significantly (Figure 13).

In Sumgayit, the main wind direction is northeasterly, with the wind mainly varying between

3-9 m/s, and high speeds are rare. At 50 meters above sea level, the wind intensifies, and the share
of high speeds increases (Figure 14).
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Figure 13. Wind rose graph at heights of 10 and 50 meters in Sangachal
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Figure 14. Wind rose graph at heights of 10 and 50 meters in Sumgayit

3.2. Variation of wind power depending on height
One of the most important factors for assessing the wind energy potential in an area is
calculating the wind power (W/m?) (Fagiano L et al., 2021). Wind power P is the energy obtained

from the kinetic energy of air currents. It is proportional to the cube of the wind speed v and is
calculated by the formula (Manwell et al., 2009):

1)

Here, p =1.225 kg/m? is the air density (Gardashov et al., 2024; Rasulzadeh, 2025).
Wind power is one of the main indicators of wind energy potential and is considered a key

parameter in the initial assessment of the available opportunities for electricity generation in a
given area (Sathyajith, 2007).
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Figure 15. Time-varying average annual wind power at 10 and 50 meters height at the study points
during 2001-2024

Figure 15 shows the change in wind power at selected points over the years. As can be seen,
the maximum values were observed at Mardakan and Pirallahi at a height of 50 meters,
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respectively, at 402 and 380 W/m?. At a height of 10 meters in these points, these values were
recorded as 235 and 250 W/m?. At the Sumgayit and Sangachal points, the maximum wind power
at a height of 50 meters was 304 and 2.58 W/m?, respectively. At a height of 10 m, the indicators
decreased to 152 and 135 W/m?.

Figure 16 shows the average monthly wind speed at 10 m and 50 m altitudes based on multi-
year averages. As can be seen, at 10 m altitude, the indicators in Mardakan and Pirallahi are higher
than at other stations, and the values in I, I1, 111, XI, and X1I months are higher. In May and August,
the wind speed decreases to a minimum. In Sangachal and Sumgayit, the maximum wind speed is
low throughout the year. At 50 m altitude, the highest wind speed values are observed in
November-March. In Sangachal, however, this is an exception and the predominance is recorded

in July.
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Figure 16. Multi-year average monthly wind power at 10 and 50 meters height
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Figure 17. Seasonal variation of wind power at 10 and 50 m height at the study points

Analysis of wind speed indicators by season shows that at a height of 50 meters, the
maximum wind speed is observed in the winter season in all 3 locations except Sangachal. The
minimum indicators coincide with the spring-summer season. This situation is also evident at a

height of 10 meters (Figure 17).
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Table 4. Percentage distribution of wind strength gradations at heights of 10 and 50 meters (%)

Wind power Mardakan Pirallahi Sumgait Sangachal
gradations (W/m?%) 19 50M  10M = 50M  10M 50M 10M  50M
0-300 794 642 761 638 896 756 908 79.2
300-600 135 195 161 199 7.8 145 7.1 127
600-900 44 82 50 84 18 56 16 48
900-1200 16 36 17 39 05 22 04 18
1200-1500 06 21 07 20 01 10 01 09
1500-1800 03 09 03 08 01 04 0 03
1800-2100 02 05 01 05 0o 03 0 01
2100-2400 0 0.4 0 0.2 0o o1 0 o1
2400-2700 01 02 0 0.2 0 01 o0 0
2700-3000 0 0.1 0 0.1 0 01 o0 0
>3000 0 0.2 0 0.1 0 0 0 0

Table 4 presents percentage indicators for wind power gradations. As can be seen, in all
stations, only in the interval of 0-300 W/m2, the advantage falls on the height of 10 meters. In
other cases, the advantage is at a height of 50 meters. This power range is observed at a height of
10 meters, in Sangachal. Based on the wind power gradations, it is clear that in all stations, a higher
energy density is observed at a height of 50 meters than at 10 meters. This indicates that as the
height increases, the potential for using wind energy increases and the optimal height for wind
power plants may be 50 m or more.

3.3. Laws of wind change with height.

As we have seen, wind speed depends on altitude and varies with surface roughness; as
altitude increases, wind speed also increases (Khaligh et. al., 2010). In wind energy studies, two
mathematical models or ‘laws’ have generally been used to model the vertical profile of wind
speed over regions of homogenous, flat terrain (e.g., fields, deserts, and prairies). The first
approach, the log law, has its origins in boundary layer flow in fluid mechanics and in atmospheric
research. It is based on a combination of theoretical and empirical research. The second approach,
used by many wind energy researchers, is the power law. Both approaches are subject to
uncertainty caused by the variable, complex nature of turbulent flows (Hiester et al., 1981). Wind
energy engineers typically model wind shear using one of two mathematical models, a logarithmic
profile or a power law profile (Manwell et al., 2009).

3.4. Logarithmic law

The logarithmic profile law states that wind speed is proportional to the logarithm of height
above ground (Hsu, 1982). Thus, the following equation expresses the ratio of wind speed at the
center height to wind speed at the anemometer height:
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Unub _ n(Znub/Zo)
Ugnem In(Zanem/Zo)

@)

Here, Unu, — IS the wind speed at the central height of the wind turbine (m/s), Uanem — is the wind
speed at the anemometer height (m/s), Znu is the central height of the wind turbine (m), is the
height of the anemometer (m), Zo — is the length of the surface roughness (m) (Tieo et al., 2020).

Surface roughness length is a parameter that characterizes the roughness of the surrounding
terrain. Ground-level obstacles such as vegetation, buildings, and topographic features slow down
the wind speed near the surface (Garrett, 2015). Since the effect of these obstacles decreases with
height above the ground, wind speed tends to increase with height above the ground. This change
in wind speed with height is called wind shear. Table 5 provides approximate surface roughness
lengths for various terrain types (Ongaki et al., 2019).

(Irwin, 1979) reported that during unstable conditions, o is only a weak function of stability
and instead is strongly dependent on surface roughness. This is in accordance with the findings
from this study, where it was discussed that open water likely coincide with unstable atmospheric
conditions, and hence the surface roughness is the main factor determining the vertical structure
of the profiles.

Table 5. Values (approximate) of surface roughness length for various types of terrain

Terrain Description Zo Terrain Description Zo
Very smooth, ice or mud 0.00001 m | Crops 0.05m
Calm open sea 0.0002m | Few trees 0.10 m
Blown sea 0.0005 m Many trees, few buildings 0.25m
Snow surface 0.003 m Forest and woodlands 0.5m
Lawn grass 0.008 m | Suburbs 1.5m
Rough pasture 0.010 m City center, tall buildings 3.0m
Fallow field 0.03m

3.5. Power Law
The power law represents a simple model for the vertical wind speed profile. Its basic form
is:

Unub _ (Zhub )a 3)

Uanem Zanem

here, Unus — Wind speed at the central height of the wind turbine (m/s), Uanem — Wind speed at the
anemometer height (m/s), Znww — central height of the wind turbine (m), Zanem — height of the

anemometer (m), a — power law quantity.

The power law is most often applied to extrapolate near-surface wind speed to the wind
turbine hub height. Due to variations of the meteorological conditions, the power law exponent
varies over time (Jung et al., 2021). The power law exponent is a dimensionless parameter.
Fundamental studies in fluid mechanics have shown that its value is equal to 1/7 for turbulent flow
over a flat plate. Wind speed researchers have found that in practice, the power law exponent
depends on the roughness of the terrain, atmospheric stability, and a number of other factors
(HOMER Energy, 2025).
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Figure 18 shows the variation of wind speed (m/s) with altitude (m) for the Pirallahi area.
The graph compares three different theoretical approaches (Power Law and two different
Logarithmic Laws) with Global Wind Atlas (GWA) data. Satellite data from GWA (blue dots)
show wind speeds at altitudes from 10 m to 200 m. The increase in the number of blue dots as the
altitude increases clearly shows the increase in wind speed with altitude.

Power law (red line, a = 0.112): This empirical method predicts wind speed with a simple
power function. As we can see, the red line is close to the GWA data and represents the increase
in speed with increasing altitude well.

Logarithmic law—-zo = 0.00397. This is the roughness coefficient of the surface and is based
on local conditions and is more consistent with the GWA data. zo = 0.0005 (the “Blown sea”
surface) — this is the standard logarithmic curve for a smoothed surface over the sea. As can be
seen, this line does not coincide with real observations and underestimates the wind speed.

Pirallahi

o M N
> o »© o

Wind speed (m/s)

N
N

~

Legend
® @ Global Wind Atlas
——— Power law (alfa=0.112)

A
o

Log law (z,=0.00397)
Log law (z,=0.0005_Blown sea)

Cad
b

o
o N

0 20 40 60 80 100 120 140 160 180 200 220
Height (m)

Figure 18. Analysis of the variation of wind speed in Pirallahi with height using Power and
Logarithmic Laws (The graph was created by the author using Grapher software)

Both the Power Law and the Logarithmic Law (zo = 0.00397) fit the GWA data well. These
indicators confirm that the area under consideration has a high wind energy potential and that it is
more favorable to place turbines at heights above 50 m. Also, these results show how important
the correct choice of model is in the assessment of wind energy.

4. Conclusion

The conducted analyses showed that the wind speed in the coastal zone of the Absheron
Peninsula tends to increase with altitude, and this increase is more noticeable in some areas. In
particular, the speeds recorded at a height of 50 meters are higher than at a level of 10 meters,
indicating the potential opportunities in terms of wind energy. These results provide important
scientific foundations for planning renewable energy projects in selected points of Absheron. At
the same time, such analyses create conditions for making technologically and spatially correct
decisions for the transition to sustainable energy systems.
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AnmepoH TyOeriHiH skarajiay aiMarbIHAAFbl OMIKTIKKe 0alJIaHBICTBI KeJI
KbLIIaMAbIFbI MEH KyaTbIHBIH 03repyi

Bycaaa Pacyaszane

Anparna. Makamaga 2001-2024 >xpurmap apanbiFblHIA O3ipOaiiKaHIarel JKel YHEPTHUSICHIH
OHJIIPY TYpPFBICBIHAH ©T€ IMEPCIEKTUBANbI OOJIBIN TaOBUIATBIH AOIIEpOH TYOETiHIH >Karanay
alimMarbIH/la OpHaJlacKaH TepT Herisri Hykreae — Ilupammaxu, Mapnakan, Cymrailt sxoHe
Canrananpa — el JKbUIJAMJABIFBIHBIH OWIKTIKKE OalllaHBICTBI ©3repyi erKeh-Terxkeini
TaNJaHagpl. 3epTTey asChbHIA Op HYKTE VIIH JKeJ JKbUINAMJIBIFBIHBIH CTATHCTUKAJIBIK
cunarramanapel >xoHe 10 >xoHe 50 MeTp OMIKTIKTEri K€l KyaTbIHbIH ©3repy JAMHAMHUKAaChl
3eprrenai. JKen KpUITaMIbIFbl MEH KyaThIHBIH JKbUIIAp, aiiap KoHE MayChIMaap OOWBIHIIA
e3repyiH KepceTeTiH rpauKTep KypbUIIbl KoHE Y3aK Mep3iMIi ypaictep Oarananabl. COHbIMEH
KaTap, TaHJaJfaH HYKTelepJe KYHMI3Ti JKel >KbUITAMIBIFBIHBIH ©3TepyiHe epeKie Hazap
aynapelibl. Tanaay HOTHIKECIHZE JKaFanay aifMaKTapbIHIAFbl XKeJl PeKUMI MayChIMJIBIK KOHE
TOYMIKTIK BIPFaKTap OOMWBIHINA OPTYPJl €KEHI KoHE OyJI cumaTTamaiap el >KaHapThUIaThIH
SHEPrus Ke3l peTiHJe NaianaHy MyMKIHIIKTepiHe TiKelel ocep eTEeTiHI aHbIKTalAbl. 3epTTey
COHBIH/A JK€J JKbUIJAMJBIFBIHBIH OWIKTIKKE TOYyeJal e3repyiH ecKepy YUIIH €Ki MaHbI3Ibl
TEOPHSUIBIK MOJIENIb — KyaT 3aHbl KOHE Jorapu(MIIK 3aH — KOJJIAHBUIABI KOHE OJIapbIH
APTHIKIIBUTBIKTAPHI MEH KapaMIbIIBIFBI CATBICTRIPMAIIBI TYP/le OaraiaHIbl.

TyiiiH ce3aep: e KbIITaMIbIFbL; el SHEPTUSICHI; JKeJ SHEPTUSCHL; JorapudM 3aHbl; KyaT 3aHbl

N3meHeHne CKOPOCTH M HANPABJCHUS BETPa € BbHICOTOM B NMPHOPEKHOU 30HE
ANIIEPOHCKOr0 MOJYyOCTPOBA

Bycaga Pacyi3aae
169


https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/
https://doi.org/10.1155/2019/8264061
https://doi.org/10.26565/2410-7360-2025-62-23
https://doi.org/10.1007/3-540-30906-3
https://www.sciencedirect.com/journal/journal-of-wind-engineering-and-industrial-aerodynamics
https://doi.org/10.1016/j.jweia.2020.104317

A.H. I'ymures amwuindazvt Eypasus yammuix, ynusepcumeminit, xabapuoicol. Xumus. Ieozpagus cepuscu, 2026, 154(1)

AHHoTanusi. B crarbe moapoOHO aHaIM3MpyeTCs M3MEHEHUE CKOPOCTHU BETpa C BHICOTOM B
YEThIPEX OCHOBHBIX TOUKAX IMPUOPEKHON 30HBI AMILIEPOHCKOIO MOJIyOCTPOBA, IPEACTABIISIFOIINX
HauOOJIBIIMK TOTEHITMA JIJIs1 BETPOdHEPreTHKH B AsepOaimkane — Ilupamnaxu, Mapnakas,
Cywmrant n Canravan — 3a nepuoj 2001-2024 rogos. B pamkax ucciegoBaHusi ObUTH M3Y4EHBI
CTaTHUCTUYECKUE XapaKTEPUCTUKU U3MEHEHHUS CKOPOCTH BETpa U MOIIIHOCTH BeTpa Ha BbicoTax 10
u 50 MeTpoB 11t Kax10i Touku. IlocTpoeHsl rpaduku, OTpaXkaroIiyue U3MEHEHHE CKOPOCTH BETPa
U €ro MOIIHOCTH IO TOAaM, MeCAllaM U CE30HaM, U OLIEHEHBI JI0JITOCPOUYHBIe TeHaeHInN. Kpome
TOr0, 0c000€ BHUMAHHUE YAEJICHO M3MEHEHHUSIM CKOPOCTH BETpa B TEUECHUE CYTOK B BHIOpPAHHBIX
Toukax. B pe3ynbrare aHamm3a yCTaHOBJIEHO, YTO BETPOBBIE PEXKHUMBI B MPUOPEKHBIX 30HAX
pa3ianyaroTcs Kak II0 CE30HHBIM, TaK M IO CYTOYHBIM pUTMaM, YTO HANpsSMYyIO BIUSET Ha
BO3MO>XHOCTH HCITOJIb30BaHUs BETPa B Ka4eCTBE BO30OHOBISIEMOI0 UCTOYHHKA SHEPTuu. B koH1e
UCCIIEIOBaHMsI OBLIIM TMPUMEHEHBI JBE Ba)KHBIE TEOPETHYECKHE MOJEIH - CTETIEHHOW 3aKOH H
norapupMUUECKU 3aKOH - JIJIS y4eTa 3aBUCMMOCTH CKOPOCTU BETpa OT BBICOTHI, M IPOBEICHA
CPaBHMTEJIbHAS OLIEHKA UX MPEUMYILIECTB U IPUTOAHOCTH.

KuroueBble c10Ba: CKOPOCTh BETPA; SHEPTUs BETPA; MOLIHOCTb BETPA; IOTapU(PMUUECKHI 3aKOH;
CTENEHHON 3aKOH
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