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Abstract. The decreasing reserve and growing costs of coal, oil and gas has persistently led us to use renewable energy
resources. Using them environmental harm, air pollution and greenhouse effect can significantly be decreased. According
to the European Union Parliament’s and Council Directive 2001/77/EC approved in July 27, 2001, the member countries
(Lithuania has been a member country from May 1, 2004) must seek to use not less than 12 per cent of renewable energy
sources in total energy balance and 22,1 percent in the country’s energy balance (including large hydroelectric power sta-
tion). The numbers are significant. Thus, using wind energy can be one of the ways to fulfil the requirements. Lithuanian
seaside, where the strongest winds are blowing, has been the most favourable place for the wind turbine’s installation.
However, usage and development of wind energy has been facing resistance from the society. One of the biggest argu-
ments against the wind turbine is the noise which can cause inconveniences for the permanent residents and holidayma-
kers of the health-resort zone. Therefore, environmental impact of the wind turbine requires exhaustive investigations. The
research was carried out in the vicinity around the only one presently active industrial wind turbine in Vydmantai (region
of Klaipéda, Lithuania). During the investigation it was established that the highest noise level was registered opposite the
airscrew. The smallest noise level was measured in both sides from the tower in windscrew plane. It has been measured
that noise level is noticeably higher in Vydmantai wind turbine’s zone than in the background, which does exceed 250-

300 m (5-6 windscrew diameters).
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1. Introduction

Fast improvement of technologies, an increasing number
of transport means, growth of people’s living standard
have been observed all over the world. Because of increa-
sing electric energy consumption, intensive usage of na-
tural resources environmental pollution is becoming
much higher. If measures of pollution diminution and
resources sustainablity development are not taken into
accont, it is obvious, that the global catostrophe will be-
come real. The results correction will require a few man-
kind generations.

Lately renewable energy resources are beeing used
more widely than before. Wind energy is one of the most
acceptable and significant natural resource. Although,
with the increasing interest, distrust and causion are rising
as well, caused by the wind turbine’s environmental im-
pact. These problems are noise, airsrew sparkling and
vibration. These factors may have negative effect on pe-
ople, pose a danger to flying birds, and harm local soil
biocenoses. Besides ecological problem caused by the
wind turbines the landscape’s view can be disrupted.

Various technical, energy and economic wind turbi-
ne’s aspects are often analysed in scientific literature.
However, the noise, which is the main society disagree-
ment argument, has not been widely emphasised (Pet-
rauskas 2001; Petrauskas, Adomavi¢ius 2001). To fill this

gap, wind turbine’s noise inVydmantai (region of Kretin-
ga) was examined. The conclusions about wind turbine’s
noise levels were made after the measurements and gene-
ralisation of research results.

2. Possibilities of wind energy usage in Lithuania

In recent years wind energy usage has become very inten-
sive in many European countries. Germany takes the
precedence of wind turbines (WT), where installed power
at the end of 2002 reached more than 12 000 MW, Spain
took second place — 4 830 MW, Denmark reached
2 880 MW, etc. First place among the Baltic states be-
longs to Latvia where installed power has exceeded
22 MW during the last years. The stimulus to use wind
energy in Latvia is a high purchasing price of the wind
electric energy — 44 ct/kWh (Katinas 2003). For example,
in Lithuania the price is 22 ct/kWh.

For centuries Lithuania has been a country of winds.
Already in the 16™ century wind energy was used for
grain milling and boards cutting in the whole Lithuania
and especially in the seaside region. Only during the So-
viet period energy sector became centralised in all Lithu-
ania.

The main cost part (82 %) of electric energy is spent
on energy transmission from the country’s eastern power
plants to consumers. Electric energy in 400 kilometers
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way undergoes a lot of losses. Bringing electricity manu-
facturing closer to the consumers, supply distance beco-
mes shorter and the losses of electricity are smaller.
Therefore, decentralising renewable energy sources will
be very cost-effective. Nowadays, as well as in 16" cen-
tury, nearly every small town can be a wind turbine. The
costs of electricity could lessen twice (in recent prices it
is 14 cents per kWh). For consumers electricity prices
will not rise taking into account todays wind turbine ener-
gy price which is 22 ct per 1 kWh. Because of constant
improvements in the wind turbine’s construction and
manufacturing, wind energy cost has been going down
and has become competitive with the price of mined fuel
(Markevi¢ius and Katinas 2003). Until the year 2010
200 MW sum power park of wind turbines will be built at
the seaside. It will be enough to satisfy Klaipéda’s needs
for electric energy.

Until the year 2020 country’s need for natural gas
can be decreased by 50 % only by using the wind energy.
The remaining 50 % will be acquired from the sollar,
hydrogen and other renewable energy sourses. This is a
broad ground for scientific investigations and innovation
using European Union’s financial support (Paulauskas
2006). In the research done, it was predicted that the hig-
hest electric energy increase would be reached by deve-
lopment of the wind energetics,for example, ~0 MW in
the year 2002, 170 MW in 2010, 500 MW in 2020 (Jan-
kauskas 2004). Because of mankind uncontrolled activi-
ties global climate warming is observed. It is a serious
warning, which must be taken into account. According to
the Kyoto protocol for Europen countries (for Lithuania
as well) the task is to decrease the emission of carbon
dioxide (CO,) by 8 per cent in comparison with the level
of the year 1990. In Lituanian National Energy Strategy it
also is forseened to use more natural gas and more pure
fuel instead of mazute (Burneikis 2002).

Wind energy development has started only in recent
years. One of the first works about wind energy possibili-
ties in Lithuania was research done by Lithuanian Energy
Institute’s scientists (Katinas and Tumosa 1995). Never-
theless, a part of society and some of its representatives
individually are against wind energy, treat it suspiciously
or indifferently.

During the first wind turbine construction at the
Lithuanian seaside society testing was carried out. The
results showed that more than half a thousand of inhabi-
tants (73 % respondents) respnded the question, if they
approved the development of wind energetics, positively
and only 6,5 % showed their disapproval (www.takas.lt,
29-04-2003). Even though, the results of the questioning
are favourable, wind turbine installation process is comp-
licated.

Because of insufficient information about this mo-
dern energy producer for Lithuania, 20 percent of the
examinees confessed knowing nothing about wind ener-
gy, its advantages and the modern technologies used.

During wind power plant building in Vydmantai the
local press wrote about the hazards of the wind turbine’s
noise, landscape pollution, suffering birds and animals,

irritation to people caused by shadows twinkling and
electromagnetic disturbance (Gabartas 2005).

Therefore, during the development of the wind ener-
gy sector and taking into account the society’s resistance,
it is necessary to explain widely economic and environ-
mental advantages, develop a reliable legal base, carry
out necessary and exhaustive scientific investigations
connected with wind power plants rational spreading out.
The research results and their analysis must be accessable
to everyone. Public opinion is very important and must be
taken into account.

3. Investigation methodology

There are two potential noise sources in the wind power
plant, i.e turbine blades, flying (crossing) the air, and a
cabin with a transmission box and a generator. Construc-
tors have paid a special attention to the turbine blades
which noise was minimised after their construction im-
provement and applying special materials. Standing near
the turbine, rotating blade’s whizzle as well as transmis-
sion box and generator‘s noise can usually be heard.
Nevertheless, moving away (increasing distance) from
the power plant this mechanical noise is decreasing (or
dying away).

Wind power plant’s raised noise distribution, accor-
ding to its nature, is shown in Fig. 1 (Shen, Sorensen
2001).
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Fig. 1. Sources of the wind power plant‘s noise

After the improvement of the wind power plant’s
construction and manufacturing technologies, level of
noise of the turbine has been reduced and will further
decrease. For example, constructors changed blade thick-
ness (made them thinner) and projected (built) turbines
“opposite to the wind” instead of “against the wind”, i.e.
wind blows first of all to the rotary blade, then to the
tower. Because of this innovation, aerodynamic noise has
significantly been decreased.

Today the main wind turbine‘s noise source is pro-
duced by turbine‘s mechanic components (rotating parts,
rotary). Low frequency noise has decreased significantly
when transmission box was extracted because generators
with a rotary were directly connected to the airscrew.
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In the near future new-type wind power plants will be
built, where noise in 300 meters distance from the plant
will not exceed library noise level.

More exhaustive wind power plant‘s noise formation
mechanism is described below. According to its construc-
tion, noise of the wind turbines is divided into two groups
(McKenzie 2000):

— mechanic;

— aerodynamic.

Mechanic noise. Mechanic noise appears because of
different moving the contact of surfaces and mechanic-
dynamic phenomenon in these surfaces. The main me-
chanic noise sources of wind turbines are such as:

— support bearing of the airscrew axle;

— transmission box;

— generator;

— cabin rotating mechanism;

— cooling ventilator;

— other equipment (oil pumps, cooling devices com-
pressors, serving motors, wind speed gauge, etc.).
Aerodynamic noise. Aerodynamic noise is divided

into three main groups:

— low frequency noise;

— turbulent vertical noise;

— aerodynamic surfaces (profiles of blades) noise.
Low frequency noise is formed when airscrew blade

is crossing different air speed streams and the latter ap-
pears near the tower (in a vertical plane). Air stream in
this plane is driven by the wind and after reverberation to
the tower air stream moving speed changes.

Turbulent vertical noise. When a solid body struc-
ture (in our case the airscrew blades) faces air turbulation
streams, wide band noise named turbulent noise occurs.
The level of this noise, which is heard by people like a
wheeze, and spectric composition depend on airscrew
blades’ construction .The noise caused by rotating blade’s
edge and in this way “cutting” airstreams is called own
noise created by aerodynamic surface (Wei 2005). It is
formed when chaotically moving airstream is mixing
because of the moving blade. Parameters of this noise
depend on airstream speed, blade’s profile, attack angle
and blade’s surface properties (especially smoothness).
Spectrum of aerodynamic surface own noise is wide
banded.

Measuring methodology. For measuring air tur-
bine‘s noise any general noise making source measuring
methodology can be used. So it can also be applied for
measuring and investigating of any other noise making
equipment sources. The methodology correspond with the
hygiene standard HN 33-1:2003 (HN 33-1:2003), of the
Republic of Lithuania Metrology Law (Zin. 1996,
No. 74-1768) and the European Union legal require-
ments.

Air turbine’s noise has to be measured when the
wind speed is not less than 6-8 m/s. During the meas-
urement microphone has to be covered by a special pro-
tecting screen and turned to the noise source, i.e. to the
wind turbine. It is forbidden to carry out measurements
during the rain, snow or fog. The measuring device mic-

rophone has to be at the height of 1,2—1,5 m from the
ground level.

Besides, a frequency charcteristics filter must be
used for the measurings, because wind turbine’s made
noise intensity is small (< 80 dB) and the filter sensitivity
dependence is higher for small intensity noises than C
characteristics filter.

Investigated object. The only active industrial wind
turbine in Lithuania, of 630 kW power, was chosen for
the investigation. The vicinity is a small town Vydmantai.
The plant is equipped with rather up-to-date turbine pro-
duced by a German company “Enercon GmbH”, which
makes a very popular wind power plant E-40. There are
more than 3500 wind turbines of this type in the world.
General view of the wind turbine is showed in Fig. 2.

It’s short characteristic is presented in Table 1.

A precision analyzer 2260, produced by a Danish
company Bruel & Kjaer, has been used for noise measu-
ring (Environmental Engineering 2005).

Fig. 2. Investigated wind turbine in Vydmantai



Journal of Environmental Engineering and Landscape Management, 2008, 16(2): 7682 79

Table 1. Short characteristics of the investigated wind turbine

(Nevardauskas 2005)

Tower height 76 m Cabin mass 30t
Windscrew
axle .. . 2,5-3,0
equipment 78 m Minimum air speed /s
height
Alrscrew 433 m Nomlnal power 11,5 m/s
diameter wind speed

Maximum wind
Blade length 20,5 m speed (electric 25 m/s

resistance)

Maximum wind
Maximum speed as for the
object height 9.5 m building (mechani- 32,5 m/s

cal resistance)

Airscrew 1472,5 Single blade’s 111
touched area m’ weight T
Airscrew tﬁ;?fr Linear speed of | 41,0-78,6
rotation speed minp blades’ end flight m/s

Wind turbine plant’s noise measuring course.
During the measurement of the wind power plant’s noise,
orientation of the airscrew was taken into accont, mainly
direction “opposite the wind”, “before the wind”, “in one
plane with airscrew”, and etc. It was done so, because the
noise level depends on the observer’s position with re-
spect to the airscrew, which is always oriented to the
wind.

Noise level was measured in selected distances —
25 m, 50 m, 160 m and 200 m from the tower. The direc-
tions were chosen every 45 degrees starting at the wind
tower basis, i.e. opposite the wind (opposite the tower),
before the wind (behind the turbine’s power), from the
left and from the right side with respect to the tower.
Noise was measured in 36 points totally. 10 minute time
was allotted for every point.

Measuring the environment and conditions. The
wind turbine has been built not far from Palanga round-
about near a small city Vydmantai. There is a small forest
nearby. This is why strong winds are always blowing in
the territory. Vydmantai is rather far from a possible
acoustic noise zone boundary.

It was sunny during the investigation and a medium
strength wind was blowing. According to the data of
Hydrometeorologic Service for the day of the examina-
tion, wind speed was 5,1 m/s (average) and 9 m/s (maxi-
mum) at the height of 10,5 m. At the height of the wind
turbine’s shaft (78 m) the wind blowing speed was 7—
12 m/s.

4. Results and analysis of investigation

During the investigation of noise, produced by the wind
power plant in Vydmantai, such parameters were measu-
red:
1. Average equivalent noise level L., which is usually
expressed in decibels (dB).

2. Minimum and maximum noise levels- Lagmi, and

Lasmaks and their difference AL.

Moreover, a special programmining equipment 2260
inside the noise analyser allowed to measure such para-
meters:

— average equivalent noise level distribution;
— spectric noise composition which is calculated by
rapid Furye transformation.

Measuring results in the main directions are presen-
ted in Table 2.

Table 2. Wind power plant’s average equivalent noise level
L peq measuring results

Wind turbine is average equivalent

Measuring points noise level L, dB

Distance from the wind| 0 25 50 100 | 200
turbine, m

N (opposite the turbi-| 54,9 | 52,4 | 54,1 | 51,8 | 48,2
ne’s tower)

NE ] e 57,5 1 594 | 53,3 | 55,8
E (from the right side) | 43,2 | 46,6 | 47,4 | 46,2 | 404
SE | - 51,1 | 52,5 | 50,5 | 47,2
S (before the turbine’s| 49,8 | 52,8 | 53,7 | 52,3 | 48,3
tower)

Sw -—- | 51,5 | 52,3 | 50,1 | 48,5
W (firom the left side) 42,7 | 49,5 | 47,6 | 46,4 | 433
NW - | 53,9 | 543 | 52,2 | 479

Foreign scientists investigation conclusions (Fig. 3)
have been confirmed by the investigation results in Vyd-
mantai (Fig. 4).

90

— 60m
-+ 9om
— 100m
—— 200m

T 20 4008 60kB
..... L

270

Fig. 3. Noise pressure level in different points in respect to the
observer

It has been established that noise pressure level dif-
fers when observer’s position is changing- when noise
wave spreading direction is changed (Fig. 4). The recei-
ver around the wind power plant, the center of which was
a wind turbine, was moving in circles, and the circle rays
changes were from 60 to 200 m. Wind blowing direction
was from 180 to O degrees. The examination results
showed that noise spreading depends on wind turbine’s
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rotary position in respect with the receiver and purpose-
fulness diagram resembles bipolar noise source purpos-
fulness diagram. Taking this into account it becomes
clear, that the nearest dwelling-houses location in respect
to the wind turbine is the best when we draw in noise
source purposefulness diagram tangentic lines (tangents).
Therefore, it is necessary to evaluate exact direction of
the wind and its impact on the noise purposefulness diag-

ram.

N
Wind
Om  e———
P25 1| ———
50 m — —t —— s -
100 m _—
200 m _————

Fig. 4. Noise level dependence on measuring point’s loca-
tion in respect to the wind power plant’s orientation

According to the wind turbine noise examining pre-
liminar recommendations of the United Kingdom Eco-
nomy and Industry Department, wind turbine’s noise
level has to maintain on average 5 decibels (A) difference
level between evening and night time noise levels. Practi-
cally a lot of noise sources comply with these standards,
except for the noise caused by transportation and building
of the wind turbine, but these bigger noises usually are
allowed, furthermore they are temporary. The lower noise
level limit can be fixed between 35-40 dB (A).

Carrying out the measurements maximum wind tur-
bines caused noise level was fixed L, = 70,5 dB,on the
other hand minimum fixed noise level during measuring
time was equal to L;, = 38,1 dB.

During the analysis of the measured results it was no-
ticed, that noise level caused by the wind power plant de-
pends on the distance from noise sources. Maximum noise
level was registered when a measuring device was 25—
50 m away from the wind turbine basis (Fig. 5 a, b, c, d).
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—o— L., 54.86 52.62 54.02 51.71 47.94

a— Opposite the wind power plant’s tower
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d — From the right side

Fig. 5. Wind turbine’s caused noise level dependance on
the distance from the noise source (allowed noise level
45 dB)
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Analysing the wind turbine’s noise spectric compo-
sition in 8 directions it was established, that two spectric
components come to light near the wind turbine — low
frequency (80-250 Hz) and high frequency (500—
2000 Hz). Further from the wind turbine (1 > h) only high
frequency noises (“wind wheese”) remain. Attention must
be paid to the spectric band of 500-2000 Hz which is
clearly audible by people. However, no obvious depen-
dence on any direction was observed. Therefore, an im-
mediate conclusion can be made — that measuring noise
spectric composition in any direction from the wind tur-
bine, the results will be analogous.

Analysing the inconsistency of results some tenden-
cies were observed. The biggest inconsistencies were
noticed measuring the noise opposite the wind turbine’s
tower. The scattering was caused by the wind speed
changes (gusty wind). The direction, which is opposite to
screw orientation to the wind, distinguishes absolutely
smallest discrepancy of the measured results. All in all
two major causes were brought to light by the investiga-
tion:

1. The tower has influence on air stream movement,
wind speed beyond the tower and air stream turbulent
activity.

2. The tower is acting as a screen and decreases
(obstructs) the noise formed before the tower. Therefore,
the noise spreading is influenced by the air stream cutting
with the wind screw. The noise is dispersed and only
partially heard.

The noise spreading and the results are also influen-
ced by other factors. Popular literature sources show that
the terrain has a great impact on the noise level (Oskinis
et al. 2004).

It is necessary to notice that the increased acoustic le-
vel is one of the most fundamental wind power plant fac-
tors having an environmental impact and raising concerns
of the permanent residents of Vydmantai. According to the
valid hygiene standard HN 33-1:2003 Acoustic noise.
Allowed levels in dwelling and industrial environment.
General requirements of measuring methodology, the hig-
hest wind power plant average equivalent noise magnitude
is 45 dB in a residential area, and in recreative zones the
highest level must not exceed 40 dB. As one can see from
the received results (Table 2 and Fig. 5 a, b, c, d) in most
cases this figure has been exceeded. However, this overful-
filment is best of all observed in radius of 25-50 metres
around the wind turbine. Moving away from the wind
turbine, the noise level noticeably decreases, however the
standard (4045 dB) is only reached in 200 metres from
the turbine (Fig. 4). These figures can not be considered as
final, because every turbine’s acoustic indicators are su-
mmed up but another rules are valid for addition.

It has been proved that Lithuanian seaside is the
most suitable place to develop wind energy. The fact, that
it is a health resort, demands exceptional attention solving
wind energy suitability for Lithuania.

To sum it all up it must be said, that science and ad-
vanced tecnologies, used in this area, can significantly
decrease the impact of noise on the environment. A new
wind power plant with vertical axle windscrew has alrea-

dy been made. Because of the up-to-date mechanisms, it
does not rise sound noise (noise does not exceed backg-
round noise level) (Adomavic¢ius, Bal¢itinas 2003).

5. Conclusions

1. The main inconsistence of the measument results
was caused by the changing wind speed which during the
measuring changed from 6 to 9 m/s.

2. The measured results scattering is proportional
to the wind speed changing magnitude, i. e. the higher
wind speed changing amplitude is, the higher measuring
meaning’s scattering is.

3. The wind power plant can be kept as a purpose-
ful noise source which purposefulness coefficient D is
9,1 dB. The biggest noise level was observed standing
opposite the airscrew. The lowest noise level was obser-
ved in both directions from the tower in the plane of the
windscrew.

4. In the zone of Vydmantai wind power plant,
which power is 630 kW and height is 76 meters, noise
level is noticeably higher compared to the background
noise. Hovewer, noise level in this zone does not exceed
250-300m, i. e. about 5—6 windscrew diameters.

5. Wind speed in the direction behind the wind tur-
bine’s tower is minimal because the tower obstructs the
airstream movement. Therefore, turbulence is the lowest
here.

6. The tower acting as a screen (obstructor) decrea-
ses formation of the noise which is still formed in front of
the tower when the airscrew is “cutting” air stream flow.
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VYDMANTU VEJO JEGAINES KELIAMO TRIUKSMO TYRIMAI IR IVERTINIMAS

B. Jaskelevicius, N. UZpelkiené
Santrauka

Maz¢jancios akmens anglies, naftos ir dujy atsargos elektros gamyboje verc¢ia naudoti kitus energijos $altinius, tokius kaip
atsinaujinantieji energijos Saltiniai, kurie gali sumazinti aplinkos Zalojima, atmosferos ter§ima, Siltnamio efekta. Remiantis
Europos Sajungos Parlamento ir Tarybos 2001 07 27 direktyva 2001/77/EB $alys narés (nuo 2004 05 01 ir Lietuva) turi
siekti, kad 2010 m. atsinaujinanciyjy energijos istekliy dalis bendrame energijos balanse sudaryty ne maziau kaip 12 %, o
Salies elektros balanse 22,1 % (su didelémis hidroelektrinémis). Tai dideli skai¢iai. Sis padidéjimas galimas visy pirma
pasitelkus véjo energetika. Siuo metu pastebéta, kad véjo energetika susilaukia visuomenés pasipriesinimo. Vienas i§ pa-
grindiniy motyvy — $iy jégainiy keliamas triukSmas. Atsizvelgiant i tai, kad vé&jo jégainiy statybai Lietuvos pajiris yra
palankiausia vieta, kur yra daug smulkiy gyvenvie¢iy ir poilsiavie¢iy zony, Siam véjo jégainiy poveikiui istirti reikéjo
papildomy i$samiy tyrimy. Sie tyrimai buvo atlikti Vydmantuose (Klaipédos rajonas) prie veikiantios pramoninés véjo
jégaines. Tyrimais nustatyta, kad didziausias triuk$mo lygis buvo registruotas priesais véjarati. Maziausias triukSmo lygis
buvo iSmatuotas | abi puses nuo boksto vé¢jaracio plokstumoje. Vydmanty vejo jégainés zona, kurioje triukSmy lygis yra
didesnis nei foninis, nevirsija 250-300 m (56 véjaracio skersmenys).

Reik$miniai ZodZiai: véjo energetika, vejo jégainé, véjo jégainiy keliamas triukSmas, véjaraCio orientacija, triuk$mo
lygis.

HCCJIEIOBAHHUE U OLIEHKA IITYMA BUIMAHTAVNCKOI BETPSIHOI SHEPTOYCTAHOBKHA
b. SlckeasiBuuroc, H. Yiknsiibkene
Peszome

YMeHbIIaromuecs 3amackl KAMEHHOTO YTIIsl, He)TH U raza CocOOCTBYIOT HMPHMEHEHMIO ANbTEPHATUBHBIX MCTOYHHKOB
SHEPIUM JUISl €€ MOJTy4EHHUs, HallpuMep, BO30OHOBIIIEMBIX MCTOYHUKOB SHEPIUH, KOTOPBIE MOTYT YMEHBIINTh HAHOCUMBbIH
OKpyXatolleil cpeie Bpesl, a TakkKe CHU3UTh YPOBEHb 3arps3HeHus arMocdepsl U TerummyHblil 3¢ dekt. PykoBojacrsysch
nupektuBoit EBponetickoro Coroza 2001/77/EC, ctpansl, Bxonsmue B ero cocras (¢ 01-05-2004 u Jlutsa), A01KHBI
CTPEMHTHCS K TOMY, 9T00BI kK 2010 T. 9acTh 3MEKTPOIHEPTHH, MOTYIaeMOl U3 BO30OHOBIIEMBIX MCTOUYHHKOB YHEPIHH,
cocraBisuia He MeHee 12 % B o0miem sHepreTuueckoM Oamance u 22,1 % (BKIIO9ast KPYITHBIE THIPOIIEKTPOCTAHIINN) B
SHEpreTHIecKoM OanaHce cTpaHbl. JTo Oonbinue nudpsl. Mx mocTmkeHne BO3MOXKHO MPEXIe BCEro Oaaroaapst UCTIOb-
30BaHMIO BHEpruu Berpa. OJ[HAKO B HACTOSAIIEE BPEMs BETPO3HEPreTHKA BbI3BAJIA HEJOBOJILCTBO 0OMIecTBEHHOCTH. Of1-
HHMM M3 OCHOBHBIX MOTHMBOB HE/IOBOJILCTBA SIBJISICTCS 1IIYM, PacpoCTpaHsIeMblii BETPSIHBIMU 3JI€KTpocTaHIMsIMU. B JIutee
HauboJiee NPUEMIIEMBIM MECTOM ISl CTPOUTEILCTBA BETPOrCHEPATOPOB SIBISETCS MPUMOPLE, I1€ HAXOJAUTCS MHOTO ME-
KUX HACEJNEHHBIX ITYHKTOB, a TAKXXE 30H TypU3Ma M OT/bIXa, HO3TOMY (hakTOp OOLIECTBEHHOI'O HENOBOJILCTBA TPEOyET
CEPBE3HBIX BCECTOPOHHUX HccnenoBannit. C 3Toi HENbI0 NCCIEA0BAJICS IyM, PacIpOCTPaHIEMbIH BETPSHOM 2IEeKTpOyC-
TAHOBKOM, Haxoxsmelcss B ropome Bummanrtait (Kpetwnrckmii p-oH). Pe3ynbraTbl nccienoBaHUs TOKa3alH, dYTO
HanOOBIINI YPOBEHD LITyMa HAOJIOANCS MEpe]] BETPOBUKOM, a HAUMEHBIIHH — 110 00€ CTOPOHBI OT OAITHN YCTAaHOBKH B
TJIOCKOCTU BETPOBHKA. 30HA, B KOTOPO# YpOBEHb Iryma Bblle (hoHOBOTO, He mpeBbimaet 250-300 m (5—6 nuameTpoB
BETPOBHKA).

KuloueBble cioBa: OHEPIreTUKA BETPA, BETPSAHAA DHCProyCTaHOBKA, OPUCHTALIMA BETPOBUKA, YPOBEHD 1IIyMa.
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