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Энåргåòèêа – îблаñòь дåяòåльнîñòè ÷åлîâå-
êа, îòлè÷аюùаяñя ñèльнûм нåгаòèâнûм âîç-
дåéñòâèåм на ïрèрîду. Åñòь îбùèå ïрè÷èнû 
уùåрба жèâîòнîму мèру îò дåяòåльнîñòè 
÷åлîâåêа: раçрушåнèå ñрåдû îбèòанèя, çа-
гряçнåнèå âîдû, âîçдуõа, ïî÷âû, èçмåнå-
нèå êлèмаòа. И åñòь ñïåцèфè÷нûå ïрè÷èнû 
ñмåрòнîñòè êруïнûõ лåòаюùèõ жèâîòнûõ 
(ïòèц è лåòу÷èõ мûшåé). К нèм îòнîñяòñя: 

- ñòîлêнîâåнèя ñ нåïîдâèжнûмè âûñîò-
нûмè îбъåêòамè (çданèя, òрубû, градèрнè, 
башнè è ò.ï.);

- ñòîлêнîâåнèя ñ дâèжуùèмèñя îбъåêòа-
мè, â ÷аñòнîñòè ñ лîïаñòямè òурбèн âåòрî-
элåêòрîñòанцèé (ÂЭÑ); 

- ïîражåнèå элåêòрè÷åñêèм òîêîм на 
лèнèяõ элåêòрîïåрåда÷è (ЛЭÏ).

Åñòь òаêжå âîçдåéñòâèå îò î÷åнь рåдêèõ 
îбъåêòîâ, òаêèå êаê îжîгè ïòèц â çîнå 
êîнцåнòрацèè ñîлнå÷нûõ лу÷åé çåрêала-
мè ñîлнå÷нîé òåïлîâîé элåêòрîñòанцèè.

Âûбîр мåñò для ñòрîèòåльñòâа êаê нå-
ïîдâèжнûõ âûñîòнûõ îбъåêòîâ, òаê è âå-
òрîïарêîâ, ñåé÷аñ âåдёòñя бåç у÷åòа ÷а-
ñòîòû ïрîлåòîâ ïòèц â раçнîå âрåмя гîда. 
Ñуùåñòâуюò ñïåцèальнûå радèîлîêаòîрû 
для ñлåжåнèя çа ïòèцамè. Ñ èõ ïîмîùью 
мîжнî ñîñòаâляòь êарòû ÷аñòîòû ïрîлёòîâ 
ïòèц ñ у÷ёòîм маññû ïòèц (а ïîрîé è âèда), 
âûñîòû è наïраâлåнèя ïîлåòа. 

Åñòь фаêòîрû âîçдåéñòâèя, êîòîрûå уñòра-
нèòь òåõнè÷åñêè ïрîñòî, õîòя эêîнîмè÷åñêè 
çаòраòнî. Наïрèмåр, ïòèцåçаùèòнûå èçîлè-
руюùèå наêладêè на ïрîâîда ЛЭÏ. Идåаль-
нûм рåшåнèåм яâляåòñя ïрèмåнåнèå ïрî-
âîдîâ â ïîлèэòèлåнîâîé èçîляцèè. 

Ñïîñîбû ñнèжåнèя ñмåрòнîñòè ïòèц îò 
ñòîлêнîâåнèя ñ рабîòаюùèмè âåòрîòурбè-
намè èçу÷åнû åùё нåдîñòаòî÷нî. 

Â ÑШÀ уñòанîâлåнî бîлåå 52 òûñя÷ 
òурбèн ÂЭÑ, â мèрå â 10 раç бîльшå. Ñòа-
òèñòèêу ñîбèраòь òруднî èç-çа бîльшîгî 
÷èñла âåòрîòурбèн, мнîгèå èç êîòîрûõ 

Energy is a field of human activity character-
ized by a strong negative impact on nature. 
Among many hazards to the nature caused 
by human such as destruction of habitat, 
pollution of water, air and soil, climate 
change, there are very specific hazards for 
flying animals, birds and bats caused by 
power generation that includes:

- collisions with fixed high-rise objects 
(buildings, chimney-stalks, cooling towers, 
etc.);

- collisions with moving objects (in our 
case, blades of wind turbines);

- electrocution on power lines.
A rare hazardous impact on birds could 

be done by solar plants via sunburns in the 
focusing area of their mirrors.

Nowadays, engineering of wind-pow-
er plants and high-raised objects is done 
without taking into account a frequency of 
passing birds at different times of the year. 
There are special radars for tracking birds. 
With their help, one can compile a frequen-
cy map of passing bird, taking into account 
a weight of birds (and sometimes the spe-
cies), flight altitude and direction.

There are hazards that are technically sim-
ple to eliminate but expensive. For exam-
ple, a bird-protective insulating lining for 
the power lines. An ideal solution would be 
a use of wires in polyethylene insulation.

The methods of reducing the mortality of 
birds from collision with operating wind tur-
bines have not been studied sufficiently.

There are more than 52 thousand wind 
turbines installed in the USA, and ten times 
more worldwide. Bird death statistics are 
difficult to collect because of a huge number 
of wind turbines and many turbines located 
in low populated hard-to-reach areas. Not 
every wind turbine was determined to be a 
cause of a bird’s death. But the maximum 
mortality caused by one windmill was 40 
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наõîдяòñя â малîлюднîé òруднîдîñòуïнîé 
мåñòнîñòè. Нå ïîд âñåмè âåòрîòурбèна-
мè â òå÷åнèå гîда наõîдèлè õîòя бû îдну 
мёрòâую ïòèцу. Маêñèмальная ñмåрòнîñòь 
îò îднîé âåòрîòурбèнû – 40 ïòèц â гîд. 
Раñïрåдåлåнèå ÷èñла ïîгèбшèõ ïòèц ïîд 
îднîé âåòрîòурбèнîé ñèльнî нåраâнî-
мåрнî. Эòî гîâîрèò î òîм, ÷òî мû нå у÷è-
òûâаåм âñå фаêòîрû, âлèяюùèå на ñмåрò-
нîñòь ïòèц. 

Наèбîльшåå êîлè÷åñòâî èññлåдîâанèé 
гèбåлè ïòèц îò âåòряêîâ ñдåланî â ÑШÀ. 
Ñîглаñнî îднîé èç ïублèêацèé, ÷аñòîòа 
îбнаружåнèя ïîгèбшèõ ïòèц ïîд дâèжу-
ùèмèñя âåòряêамè â 4–5 раç мåньшå, ÷åм 
ñ нåïîдâèжнûм. Эòî уêаçûâаåò на òî, ÷òî 
âраùаюùèåñя лîïаñòè, ïîõîжå, îòïугèâа-
юò ïòèц. Äаннûé âûâîд òрåбуåò ïрîâåрêè. 

Эêñïåрèмåнòû ñ îêраñêîé лîïаñòåé 
âåòрîòурбèн ïîêаçалè, ÷òî ярêèå цâåòа 
(ïрåждå âñåгî êраñнûé) ñнèжаюò âåрî-
яòнîñòь ñòîлêнîâåнèя. Инîгда â êраñнûé 
цâåò îêрашèâаюò êîнцû лîïаñòåé для 
ïрåдуïрåждåнèя лåò÷èêîâ нèçêîлåòя-
ùèõ ñамîлåòîâ. Уñòанîâлåнî, ÷òî бåлûé 
è ñâåòлî-ñåрûé цâåò лîïаñòåé дåéñòâуåò 
êаê ïрèманêа для наñåêîмûõ, ïрèâлåêа-
юùèõ наñåêîмîяднûõ ïòèц, а çа нèмè è 
õèùнèêîâ. Наèбîлåå ïрèâлåêаòåлåн для 
наñåêîмûõ жёлòûé цâåò, наèмåнåå ïрè-
âлåêаòåлåн ïурïурнûé. Однаêî для умåнь-
шåнèя нåдîâîльñòâа жèòåлåé нарушåнèåм 
ïåéçажа îïîрû è лîïаñòè âåòряêîâ îêра-
шèâаюò â малîçамåòнûå бåлûé èлè ñâåòлî-
бåжåâûé цâåòа. 

Гèбåль ïòèц îò ñòîлêнîâåнèя ñ âраùаю-
ùåéñя лîïаñòью мîжåò ïрîèçîéòè ïî дâум 
ïрè÷èнам:

- мåõанè÷åñêîå ïîâрåждåнèå лîïаñòью;
- барîòраâма îò ñêа÷êа даâлåнèя çа лî-

ïаñòью. 
За âраùаюùåéñя лîïаñòью âåòрîгåнå-

раòîра ñîçдаёòñя îблаñòь ïîнèжåннîгî 
даâлåнèя âîçдуõа. Àмåрèêанñêèå èññлå-
дîâаòåлè уñòанîâèлè, ÷òî è лåòу÷èå мûшè 
òраâмèруюòñя ïрåèмуùåñòâåннî â рåçуль-
òаòû барîòраâмû (ñêа÷êа раçрåжåнèя âîç-
дуõа). О õараêòåрå òраâм ïòèц (îò мåõанè-
÷åñêîгî ñòîлêнîâåнèя ñ лîïаñòямè èлè îò 
барîòраâмû) уêаçанèé â лèòåраòурå наéòè 
нå удалîñь. 

Инòåнñèâнîñòь ñêа÷êа даâлåнèя çаâèñèò 
нå òîльêî îò ñêîрîñòè âраùåнèя лîïаñòè, 
нî è îò åå фîрмû. Таê ïåрâûå âåòрîòур-
бèнû â 1970-õ гîдаõ èçдаâалè шум, âûçû-
âаâшèé жалîбû è ñудåбнûå èñêè жèòåлåé. 
Мнîгîлåòнèå èññлåдîâанèя è èñïûòанèя 
лîïаñòåé â аэрîдèнамè÷åñêèõ òрубаõ ïî-
çâîлèлè мнîгîêраòнî ñнèçèòь шум îò лî-

birds per year. The distribution of the num-
ber of dead birds under one wind turbine 
was uneven. It suggests that we did not 
take into account every factor affecting the 
mortality of birds.

The highest number of researches on the 
bird’s death at the wind farms was done in 
the USA. According to one publication, a 
number of dead birds are 4–5 lower under 
rotating wind turbines than under idle ones. 
This indicates that the rotating blades seem 
to scare away the birds. This conclusion re-
quires verification.

Experiments with a coloring of wind tur-
bine blades in different colors have shown 
that bright colors (primarily red) reduce the 
probability of collision. Sometimes the ends 
of the blades are painted in red to prevent 
pilots of low-flying aircraft from a collision. 
It was established that white and light gray 
colors of blades act as a bait for insects that 
attract insectivorous birds and then preda-
tors. The most attractive color for insects is 
yellow, the least attractive is purple. How-
ever, to reduce the dissatisfaction of local 
peoples from violation of the landscape, 
pylons, and blades of the wind turbines are 
often painted in subtle white or light beige 
colors.

A death of birds from the collision with a 
rotating blade can happen for two reasons:

- mechanical damage by the blade;
- barotrauma done by the pressure drop 

behind the blade.
Behind the rotating blade of the wind tur-

bine, an area with a low pressure is gener-
ated. American researchers established that 
bats are mostly get injured as a result of 
barotrauma. No data was found considering 
the nature of bird’s traumatism.

The intensity of the pressure drop de-
pends not only on the speed of the blade 
but also on its shape. The first wind turbines 
made in the 1970s produced a noise that 
caused complaints and lawsuits from res-
idents. Long-term studies and testing of 
blades in wind tunnels let the noise from 
the blades to be reduced. Noise is also a 
pressure jump but occurs in the frequency 
range of 20–20000 Hertz. Thus, the proba-
bility of barotrauma can also be reduced by 
improving the aerodynamics of the blades.

Thus, to clarify the mechanism of injuries 
and mortality of birds from collision with 
wind generators, we need to address the 
following issues:

• Does the location and operation of wind 
turbines affect the density of flying insects 
that attract insectivorous and afterward rap-
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ïаñòåé. Шум – эòî òå жå ñêа÷êè даâлåнèя, 
òîльêî â дèаïаçîнå ÷аñòîò 20–20000 гåрц. 
Ïîэòîму âåрîяòнîñòь барîòраâмû òаêжå 
мîжнî ñнèçèòь çа ñ÷ёò ñîâåршåнñòâîâанèя 
аэрîдèнамèêè лîïаñòåé. 

Таêèм îбраçîм, для âûяñнåнèя мåõанèç-
ма òраâмèрîâанèя è ñмåрòнîñòè ïòèц îò 
ñòîлêнîâåнèя ñ âåòрîгåнåраòîрамè ïрåд-
ñòîèò èññлåдîâаòь: 
•	Âлèяåò лè раçмåùåнèå è рабîòа ÂЭÑ 

на ïлîòнîñòь наñåêîмûõ â âîçдуõå, ïрè-
âлåêаюùèõ наñåêîмîяднûõ, а çа нèмè 
õèùнûõ ïòèц?
•	Каê çаâèñèò âåрîяòнîñòь òраâмèрîâа-

нèя ïòèц îò èõ раçмåрîâ?
•	Каêîâî раñïрåдåлåнèå âèдîâ òраâм для 

раçнûõ âèдîâ ïòèц è âåòрîòурбèн (мåõанè-
÷åñêèå ïîâрåждåнèя èлè барîòраâма)?
•	Каêîâû ñêа÷êè даâлåнèя çа лîïаñòямè è 

раçмåрû îблаñòåé ïîнèжåннîгî даâлåнèя? 
Одèн èç у÷аñòнèêîâ Х Нацèîнальнîé 

êîнфåрåнцèè Рîññèéñêîé аññîцèацèè âå-
òрîèндуñòрèè (РÀÂИ), êîòîрая ñîñòîялаñь 
6 дåêабря 2017 г. на âîïрîñ î êрèòåрèяõ 
бåçîïаñнîñòè âåòрîòурбèн для ïòèц îò-
âåòèл ñлåдуюùåå: «Ñîâрåмåннûå âåòрî-
òурбèнû îбладаюò îднèм çамå÷аòåльнûм 
ïòèцåçаùèòнûм ñâîéñòâîм – èõ лîïаñòè 
âраùаюòñя дîâîльнî мåдлåннî. Ïрè нèç-
êèõ ÷аñòîòаõ âраùåнèя (дåñяòûå дîлè гåрц) 
лîïаñòь дâèжåòñя ñ «ïîняòнîé» для ïòèц 
ñêîрîñòью, îнè åё âèдяò è мîгуò èçбåжаòь 
ñòîлêнîâåнèя. Таê ÷òî âûâîд ñлåдуюùèé – 
÷åм мåнåå лèнåéная ñêîрîñòь êîнца лîïа-
ñòè – òåм лу÷шå для ïòèц». 

Оòâåò нåльçя ñ÷èòаòь удîâлåòâîрèòåль-
нûм è îñнîâаннûм на фаêòаõ.

Äля âåòрîòурбèн ñ âûñîêèм КÏÄ ñêîрîñòь 
êîнца лîïаñòè â 6–10 раç бîльшå ñêîрîñòè 
âåòра (Tip-speed ratio). Маêñèмальная ñêî-
рîñòь дâèжåнèя êîнца лîïаñòè ñамûõ бîль-
шèõ âåòрîгåнåраòîрîâ ñîñòаâляåò 40–100 
мåòрîâ â ñåêунду. Эòî ñêîрîñòè лåòяùåгî 
ñòрèжа èлè ïèêèруюùåгî õèùнèêа. Âåрî-
яòнîñòь ñòîлêнîâåнèя ñ êрîмêîé лîïаñòè 
раñòёò ñ рîñòîм раçмаõа êрûльåâ ïòèцû. 
Кîнñòруêòîрû âåòрîòурбèн нå будуò ñнè-
жаòь Tip-speed ratio è ñêîрîñòè лîïаñòåé, 
ïîòîму ÷òî эòî ïîòрåбуåò лèбî ñнèжåнèя 
КÏÄ, лèбî раçрабîòêè ñîâåршåннî нîâîé 
аэрîдèнамè÷åñêîé ñõåмû. 

9–11 îêòября 2018 г. â Äаллаñå, Тåõаñ, 
ÑШÀ ïрîéдёò The Blade O&M USA Forum, 
ïîñâяùённûé лîïаñòям âåòрîòурбèн. Ïрî-
грамма фîрума нå ñîдåржèò уïîмèнанèя 
эêîлîгè÷åñêèõ фаêòîрîâ. Ñлåдуåò наïра-
âèòь у÷аñòнèêам фîрума âîïрîñû îб èññлå-
дîâанèè ïрè÷èн è ïрåдîòâраùåнèè гèбåлè 
ïòèц ïрè ñòîлêнîâåнèè ñ лîïаñòямè òурбèн.

tors?
• How does the size of a bird correlate 

with a probability of being injured?
• What is the distribution of injury types 

for different bird species and wind turbines 
(mechanical damage or barotrauma)?

• What is the magnitude of the pressure 
drop behind the blade and what is the size 
of the area of a low pressure?

One of the participants of the Xth Nation-
al Conference of the Russian Association of 
the Wind Industry (RVCA), which was held 
on December 6, 2017, replied on the ques-
tion about safety criteria for wind turbines 
for birds, answered the following: “Mod-
ern wind turbines have one remarkable 
bird-protection property – their blades ro-
tate rather slowly. At a low rotational speed 
(tenths of a Hertz) the blade moves with an 
“understandable” speed for birds, they can 
see it and can avoid it. Thus, the conclu-
sion was the following – the slower a linear 
speed of the end of the blade – the better 
for birds.

This statement couldn’t be considered 
satisfactory and based on strong acts.

In high-efficiency wind turbines, the 
speed of the end of the blade is 6–10 times 
higher than the wind speed (Tip-speed ra-
tio). The maximum speed of the blade end 
of the biggest wind generators is 40–100 
meters per second. This is the speed of a 
flying swift or a diving predator. The prob-
ability of collision of a bird with an edge of 
a blade grows in a parallel with an increase 
of a wingspan of the bird. Designers of wind 
turbines will not reduce the Tip-speed ratio 
and speed of the blades, because this will 
require either a reduction of efficiency or 
development of a completely new aerody-
namic scheme.

On October 9–11, 2018, Dallas, Texas, 
USA will host The Blade O & M USA Fo-
rum, dedicated to the blades of wind tur-
bines. The forum program does not men-
tion environmental factors. We ought to 
send requests to the participants of the fo-
rum about the causes and prevention of bird 
deaths after colliding with wind blades.


