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DHepreTvka — 0OAACTL ASSITEALHOCTM YEAOBE-
Ka, OTAMYAIOWAsICSl CUABLHLIM HEraTMBHLIM BO3-
AEMCTBMEM Ha NMpupoay. Ectb obume npuymHb
yiep6a >KMBOTHOMY MMPY OT AESTEALHOCTM
YeAoBeKa: paspylieHne CpeAbl obuTaHusl, 3a-
rPsI3HEHME BOAbLI, BO3AyXa, MOYBbLI, M3MEHe-
Hue kammara. M ectb cneumdomnyHbie NpUymHLI
CMEPTHOCTU KPYIMHLIX A€TAIOWMX YKUMBOTHDLIX
(mTmu v AeTyumx mbiweit). K HUm otHocsITCS:

- CTOAKHOBEHMsI C HEMOABMIKHLIMU BbLICOT-
HBLIMM OOBLEKTAMM (3AaHMsI, TPYODI, FPAAMPHM,
GawHy v T.M.);

- CTOAKHOBEHMSI C ABVXKYLIMMMUCST O6beKTa-
MM, B YACTHOCTM C AOTIACTIMM TYPOUH BETPO-
aaekTpoctaHumii (B3C);

- MOPaXKEHME SAEKTPUYECKMM TOKOM Ha
AMHUSIX dAeKTporiepeaayum (ADIT).

EcTb Taioke BO3AEMCTBME OT OY€HDL PEAKMX
OOLEKTOB, TaKME KAaK OXXOrM MTUL B 30HE
KOHLIEHTPALUMM COAHEYHLIX Ay4yen 3epKana-
MM COAHEYHOV TEMAOBOM SAEKTPOCTaHLIMM.

BLIGOp MECT AASI CTPOMTEALCTBA KaK He-
MOABMXKHBIX BBLICOTHBLIX OOLEKTOB, TaK M Be-
TPOMApPKOB, cenyac BeAéTcs1 6e3 ydyera ya-
CTOTbLI MPOAETOB MTULL B Pa3HOE BPEeMsl FoAQ.
CylecTByIOT CreLMaAbHble PAAMOAOKATOPDI
Al CA@KeHMs1 3a nmuamy. C X MOMOLLLIO
MOXXHO COCTaBASITL KaPTbl YACTOTbI MPOAETOB
MTULL C YY4ETOM MACChI MTULL (& MOPOW U BUAQ),
BLICOTBLI M HarNpaBAE€HUSI MOAeTa.

EcTb dhakTopbl BO3AEMCTBUSI, KOTOPbLIE YCTPa-
HWUTDL TEXHUYECKU MPOCTO, XOTs1 SKOHOMUYECKU
3arpartHo. Hanpumep, ntmuesamrHble U30Am-
pytoume Hakaaaku Ha rposoaa AN, Maeann-
HLIM PelleHVEM SIBASIETCSl MPYMEHEHUe Mpo-
BOAOB B MOAUSTUAEHOBOW U3OASILIMM.

Criocobbl CHUXKEHUSI CMEPTHOCTU MTULL OT
CTOAKHOBEHMsI C paboTatouymmy BETPOTYpOu-
Hamm M3y4eHbl ellé HEAOCTaTO4YHO.

B CLIA ycraHoBaeHO OGoaee 52 Toicsy
TypbuH BIC, B mupe B 10 pas Goavuie. Cra-
TUCTUKY COBMpAaTh TPYAHO M3-3a GOALIIOTO
4yMCAA BETPOTYPOMH, MHOTME M3 KOTOPLIX

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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HaXOASITCSl B MAAOAIOAHOV TPYAHOAOCTYIMHOM
mectHocT. He rnoa Bcemm BeTpoTypOUHA-
MM B TEYEHME TOAA HAXOAMAM XOTsl Obl OAHY
MEPTBYIO NTULY. MakcMmasbHasi CMEPTHOCTb
OT OAHOW BeTpOTYpOMHLI — 40 MTML B TOA.
PacrnipeaeAreHMe YMcAa MOrMOWMX MTUL MOA
OAHOW BETPOTYPOMHOM CUMALHO HEPABHO-
MEPHO. 3TO FOBOPUT O TOM, YTO Mbl HE YYu-
TbiBA€M BC€ (DaKTOPbl, BAUSIIOILME HA CMEPT-
HOCTDL MTUL.

HamboAbluee KOAMYECTBO MCCAEAOBAHMIA
mMbeAn NTUL OT BETPSIKOB caeraHo B CLUA.
CorAacHO OAHOM M3 MyOAMKALIMIA, YacTOoTa
OBHAPY KEHMSI MOTMOWMX MTULL TTOA ABMXKY-
WMMUCST BETPsIKaMu B 4-5 pa3 meHblue, yem
C HErMOABW)KHBbIM. JTO yKasblBaeT Ha TO, YTO
BpaLlaloWMecs AOMNacTu, NMOXOKe, OTMyruBa-
10T NTVL. AQHHLIM BLIBOA TPeOyeT MpPoBepKM.

DKCMEePUMEHTbl C  OKPAckoW Aomnacren
BETPOTYPOMH MOKAa3aAM, 4YTO SIPKME LIBETA
(Mpe>kae BCEro KpacHbI) CHUXKAIOT BEPO-
SITHOCTb CTOAKHOBEHMs1. VIHOoraa B KpacHLIN
LBET OKpAaWMBAIOT KOHLbI AOMacTer AAsl
MPEAYINPEIKAEHUSI  AE€TUYMKOB  HUBKOAETSI-
LMX CAMOAETOB. YCTAaHOBAEHO, YTO GeAbll
M CBETAO-CEPLIN LBET AOMacTel AencTByeT
KaK MPVMAaHKa AAsl HACEKOMbIX, MPUBAEKA-
IOWMX HACEKOMOSIAHLIX MTUL, & 3a HUMU U
XMIIHMKOB. Hamboaee npuBAEKATEAEH AAsI
HAaCEKOMBIX >XEATLI LIBET, HaVIMEHee Mnpu-
BAE€KaTeA€H MyprypHbIA. OAHAKO AASI YMEHD-
LIEHMsI HEAOBOALCTBA YKUTEAEN HapylleHVeM
nersaxa ornopbl U AOMAacTV BETPSIKOB OKpa-
WMBAIOT B MAAO3AMETHDIE BEADIN MAM CBETAO-
6exkeBbil LBeTa.

[MbeAb NTULL OT CTOAKHOBEHMSI C BpPALAO-
LIENCs1 AOMACTLIO MOXKET MPOU3ONTU MO ABYM
NnpUYMHaMm:

- MEXaHNYeCKOe MOBPEXKAEHUE AOMACTbIO;

- 6apoTpaBMa OT CKA4YKa AABAEHMsI 3a AO-
MacTbo.

3a Bpawarolencsl AoONacTblo BeTporeHe-
patopa co3AaéTcsi OBAACTL MOHMIXKEHHOTO
AABA€HMSI BO3AyXa. AMEPUKAHCKME UCCAe-
AOBATE€AU YCTAHOBMAM, YTO U AETYYME MBbILMN
TPaBMMPYIOTCSl MPEUMYLIECTBEHHO B PE3YAL-
TaTbl 6APOTPABMDI (CKAYKA PA3PEXKEHMST BO3-
Ayxa). O xapakrepe TpaBM MTULL (OT MeXaHu-
YECKOro CTOAKHOBEHMSI C AOMAaCTSIMU UAU OT
6apoTPaBMbI) YKa3aHW B AUTEPATYPE HANTU
HE€ YAAAOCD.

MHTEHCMBHOCTL CKayKa AABA€HMSI 3aBUCUT
HE TOALKO OT CKOPOCTM BpallEHMs AOMacTy,
HO 1 OT ee hopMbl. Tak nepsbie BETPOTYP-
6uHLI B 1970-X roAax M3AABaAM LIYM, BbI3bl-
BaBLUMI XKAAOODI M CYAEOHDIE UCKM SKUTEAEHA.
MHOroA€THME MCCAEAOBAHUSI U UCTIbITAaHUS
Aoriacteit B a3pOAMHAMMYECKMX TPybax ro-
3BOAMAM MHOTOKPATHO CHM3UTL WYM OT AO-

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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nacreit. lllym — 370 Te e CKauKM AaBAEHMsI,
TOALKO B AMariazoHe yactot 20-20000 repu.
lMosToMy BepOsITHOCTL 6APOTPaBMbI TaKXKe
MO>KHO CHU3MTD 3a CYET COBEPILIEHCTBOBAHMSI
a3POAVHAMMKM AOMACTEN.

Takum 06pasoM, AAST BLISICHEHMSI MEXAHM3-
Ma TPaBMMPOBAHMSI U CMEPTHOCTU MTULL OT
CTOAKHOBEHMSI C BETPOreHeparopamm Mpea-
CTOUT UCCAEAOBATD:

e Bausier An pasmewenne u pabora BIC
Ha MAOTHOCTb HACEKOMbBIX B BO3AyXe, Mpw-
BAEKAIOWMX HACEKOMOSIAHBLIX, a 3a HUMM
XUILHBIX NTULL?

e Kak 3aBMCUT BEPOSITHOCTbL TPAaBMMPOBA-
HVsI NITULL OT UX Pa3MepPOB?

e KakoBo pacrnpeaseAeHne BUAOB TPABM AASI
Pa3HLIX BUAOB MTULL M BETPOTYPOUH (MeXaHu-
YyecKkue NMOBPEXKAEHMS MAM BapoTpasma)?

o KakoBbl CKaYKM AQBAEHMSI 3a AOTIACTSIMU U
pasmepbl 0OAACTEN MOHMIKEHHOTO AABACHMSI?

OanH um3 y4yacTHMkoB X HauvmoHaabHOWM
KOHpepeHumn Poccuiickoi accoumaumnm se-
TpouHAycTpumn (PABWU), koTopasi coctosiaach
6 Aekabpst 2017 r. Ha BOMPOC O KPUTEPUSIX
6e30nacHOCTM BETPOTYPOMH AASl MTUL OT-
BETUA cAeayiolee: «COBpeMEHHbIE BeTpo-
TYPOMHLI OBAQAAIOT OAHMM 3aMEYATEALHLIM
NTMLE3AWNTHLIM CBOMCTBOM — MX AOMACTU
BPALLAIOTCSI AOBOALHO MeAAeHHO. [pu Hus-
KMX YacToTax BpaweHusl (AeCsITbie AOAM repl)
AOMACTb ABVDKETCSl C «TOHSITHOM» AASI MTULL
CKOPOCTDLIO, OHU €& BUASIT U MOTYT U3bexxarb
CTOAKHOBEHMs1. Tak YTO BLIBOA CAEAYIOLIMIA —
yeM MeHee AMHelMHAas CKOPOCTb KOHLIA AOMa-
CTU — TEM AyYIIE AAST MITULD.

OTBeT HeAb3sl CUMTATL YAOBAETBOPUTEAL-
HBIM M OCHOBAHHLIM Ha (pakTax.

Anst BeTpoTypOUH ¢ Bhicokum KA ckopocTn
KOHLa Aornacti B 6—-10 pas 6oAblie CKOpoCTr
Betpa (Tip-speed ratio). MakcMmaabHast cko-
POCTDb ABVYKEHMSI KOHLIA AOTACTM CAMBIX BOAL-
WMX BeTporeHeparopoB cocrasasier 40-100
METPOB B CEKYHAY. JTO CKOPOCTM AETSIEro
CTpWKa MAM MUKMPYIOWEro XulHMKa. Bepo-
SITHOCTb CTOAKHOBEHMsI C KPOMKOM AOMactu
PacTéT C POCTOM pasmaxa KpbIAbEB MTULILL.
KoHcTpykTOpbl BETPOTYPOUH HE OYAyT CHU-
>katb Tip-speed ratio u ckopoctn Aonacren,
MOTOMY YTO 3TO MOTPebyeT AUOO CHMIKEHMSI
KIMA, AMbo pa3paboTky COBEPIIEHHO HOBOWM
A3POAMHAMMNYECKOM CXEMDI.

9—11 okrsi6pst 2018 r. B Aamace, Texac,
CLIA npoiaér The Blade O&M USA Forum,
MOCBSILEHHDIN AOTACTSIM BETPOTYPOUH. [Mpo-
rpaMma popyma He COAEPIKUT YMOMMHAHMSI
SKOAOTMYECKMX pakTopoB. CaeAyeT Harpa-
BUTD Y4aCTHMKam hopymMa Bonpochl o6 nccae-
AOBAHMM MPUHMH M MPEAOTBPALLEHMN TMOEeAM
NTULL MPY CTOAKHOBEHMM C AOMACTSIMU TyPOVH.

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 X™ 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.



