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u] =,

Cmeopena inopmauiiina cucmema 01 06po6-
KU Ppe3ynbmamié Cnocmepedcennss nmaxié Ha mepu-
mopii eimponapxy. Inpopmauiiina cucmema 3abesneuye
3bepieanns i 00podKYy pesyavmamis Monimopunzy, npo-
6e0eHHsT CMamUCMu4Ho20 ananizy O0auux i OmpuManHs
NPOHO3Y MONCIUBOCMI IIMKHEHHA NMAXI8 3 JONAMAMU
eimposux enexmpoycmanoeox. Mamemamuuna mooens
nPO2HO3YEAHHA 00360JIE NPOBOOUMU PO3PAXYHKU 6 Pa3i
Henosnoi ingpopmauii npo napamempu eimpoxoneca. x
NPUKAA0 PO32NAHYMO eKON0ZIMHY cumyauilo Ha mepu-
mopii eimponapxy "llpumopcok-1", axuii po3mawosanui
Ha y3bepesncaici A306cvr020 mops. Onpauposano ingopma-
uiro no 5923 sapeecmpoeanum nmaxam 45 eudie. Y neoes-
neuniil 30Hi 3IMKHEHHs NMAXI6 3 JIONAMAMU POMopa Ha
eucomax misc 48 m i 182 m eusneneno 72 ocodunu womu-
pvox eudie: Larus ridibundus (43 nmaxa), Merops apiaster
(15 nmaxis), Buteo buteo i Circus aeruginosus, 6i0nogio-
Ho, 5 i 9 nmaxie. QuiHIO6aAHHA PU3UKIE 3imKHeHb 30ilicHe-
HO 0151 001020 POKY excnayamauii 6impoeozo napxy 3 ypa-
XYBAHHAM NOBEVIHKU NMAXIE Y PI3HI CE30HU PIMHO020 UUKTY
(Bumiens, mizpauii, enizoyeanns) . Haniocmaei ompumanux
danux npogeoeno anais MoNCAUBOCMI 3azubei nmaxis 3a
Paxynox ix 3imxkHenns 3 ronamamu pomopis. Pospaxynxu
npoeoouUNUC 3a 00NOMO02010 MOdeNi, aKa nodydosana 6io-
noeiono do pexomenoauiii Dondy <«Illomnanocoxa npu-
poona cnadwuna>. Hmosipuicmo simxnenns nmuui npu
3HAX00%CeH L 6 NPOCmMopi pomopa caabdo 3anexcums 610 ii
2eomempurnux po3mipie i snaxooumocs é mesicax 11—14 %.
IIpoenosyeanns 3azanvhozo wucaa 3imKHens Y po3paxynry
Ha 00ny mypoiny 3a odun pix nepedysae na pisni 0,07—
0,25 nmaxa. 3 uiei xinvkocmi maiiyce nOn0BUHA GIOHO-
cumvcs 0o Larus ridibundus. Cymapna xinvkicmo 3iminens
YCix nmaxie npomszom 00H020 PoKy excnyamauii 6impo-
napxy 3 26 mypéinamu cxaade maiince 1,7—G6,5 ocobumn.
Ompumani 0ani Y320004cy1omoCcs 3 pe3yaomamamu pooim
esponeiicokux 00CiOHUKIG

Kmouosi cnosa: éimposa enexmpocmanyis, ingpopma-
uliina cucmema npoznHo3yeanis 3azubeni nmaxie, mame-
Mamuuna mMooens npo2HO3YEaAHH
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1. Introduction

The development of wind power engineering is a priority
direction in the general term of creating energy-saving re-
sources in many countries. Current projects and developments
in this area pose a certain threat to birds. At the UN Climate
Conference in Bonn, a number of researchers noted that wind
turbines and electric power lines are becoming a particular
problem for migratory birds. Low and fast rotating wind pow-
er plants (WPP), which were developed in the late twentieth
century, were the cause of death of a large number of birds [1].
Only at one wind power farm (WPF) in San Francisco,
from 800 to 1,300 birds of prey died each year [2]. Annual
mortality at all wind farms of the United States caused by
collisions with turbines is 140,000-328,000 birds [3] and
500,000-1,600,000 bats [4]. The number of birds that died on
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wind generators Enercon E-82 for 8.5 months is estimated at
14.3-29.6 recalculated per one turbine [5].

The reaction of environmentalists to such inadmissible
development of the power market was extremely negative.
The main factor responsible for the death of birds is the
proximity of a farm to areas with a high density of birds
(migration routes, concentration areas, wintering areas) [6].
According to the authors of paper [6], extended research in
this direction ensured obtaining additional information that
will help mitigate the adverse impact of the development of
wind power engineering on ornitocomplexes.

The advisability of creating new capacities is solved taking
into consideration the specific environmental conditions. The
death of birds on the territory of a WPF is determined by many
factors. Analysis of the causes of deaths of birds on the WPF
territory was performed in review paper [7]. The degree of their



manifestation depends on the type and the number of birds,
landscape-biotopic characteristics of the territory, the weather,
flock’s migration direction, technical parameters of a WPP
etc. That is why the development of methods for studying the
behavior of birds on the territory of wind farms and prediction
of their interaction with wind plants is a relevant task.

2. Literature review and problem statement

The results of the study of environmental problems and, in
particular, the prediction of collision between birds and WPP
turbines is largely dependent on the methodology of informa-
tion collecting and processing. According to paper [8], for the
past 30 years, intensive ornithology research has led to a de-
crease in the threat of the W PF for birds. This is related to the
technical improvement of the WPP, taking into consideration
scientifically grounded recommendations during designing,
construction and operation of wind farms.

Currently, there are two approaches to the solution of the
problem: a theoretical and empirical [9]. The theoretical ap-
proach is based on using the formula for calculating the number
of collisions of n; birds of the j-th species with WPP turbines

n=Ryinipang, @M

where Rj; is the risk of a collision of one bird with turbine
blades; 7;pang is the number of birds flying in the direction
to a wind wheel.

It is known that in the WPP zone birds change the flight
trajectory and, thereby, avoid collisions with turbine blades.
In connection with this circumstance, we will represent mag-
nitude Ry in the form of product of evasion coefficient f; on
the probability of a bird collision with blades P; in case of its
passing through the space occupied by a wind wheel, that is:

Ri=/iP; 2

The probability of a collision can be determined using
the integral

P = ”pj (r,9)rdrde /TR?, 3)

where p;i(r; ) is the density of probability of a collision of a
bird with turbine blade, and integrating is performed on the
whole surface of a wind wheel.

As shown by formulas (1) to (3), a mathematical model of
the general form is determined by three parameters. One of
them 7pane characterizes the number of birds flying towards
a wind wheel. Parameter f; determines the possibility of
changing the flight trajectory when encountering the WPP.
The third parameter Pj characterizes the probability of a bird
collision with blades when getting into the space occupied by
a wind wheel.

Correct implementation of the model is possible if there
is reliable original information. The value of njpayg is de-
termined according to the data of monitoring birds on the
areas belonging to a wind farm. Databases of the MySQL,
Microsoft Access type and the others are applied to store in-
formation. Observation data are processed using statistical
packages of the Excel, Statistica, Mathematica, Maple type.
Many researchers prefer their own software development,
which better meet the specificity of conditions for monitor-
ing. Thus, in paper [10], the original program in the form of

the Web-application was created for computer support of
accounting and analysis of monitoring results. It was effec-
tively used in the study of seasonal ornitocomplexes of birds
on the coast of the Sea of Azov [11]. An improved version of
this program allows representing the registration material in
the form of tables, drawings and graphs [12].

The value of the second parameter f; in formula (2) is
determined in the empirical way. Its magnitude depends on
weather conditions and the type of birds. Its most probable
value is found in the range of 0.05-0.005 [13].

The third parameter refers to the probability of the colli-
sion of a bird with blades of turbines. The probability was first
assessed in paper [14]. The author of this work proceeded from
the assumption that a bird has a cruciform shape, its flight
trajectory is perpendicular to the surface of a wind wheel, the
WPP is operated in a continuous mode, etc.

The mathematical aspect of the calculation of P; does not
have any fundamental difficulties. Modern numerical methods
make it possible to determine the integral (3) with any preci-
sion. The main source of errors is the original information nec-
essary for calculation. Calculation results in paper [14] contain a
large number of assumptions, which is they are qualitative rath-
er than quantitative in nature. However, this method is widely
used in a number of studies, for example, in articles [10, 15—17].

According to the international standards, performance of
the ornithological expert analysis on the territory of a wind
farm is a compulsory condition for making decision on the
construction of a wind farm. In many cases, it is considered
in the absence of any information on many issues relating to
the elements of the WPP structure, where the application of
the mathematical model (1) to (3) turns out to be impossible.
Article [18] contains the analysis of statistical material on bird
mortality on 109 wind farms in Europe and North America.
The authors of this study concluded that the average number of
dead birds is about 0.5-1.0 per one WPP within one-year op-
eration. That is why, at the stage of preliminary analysis of the
ecological situation on the territory of a wind farm to estimate
the number of bird collisions with turbines in calculation per
one WPP, instead of formula (1), we can use the value of

n=(0,5...1,0), Birds per one turbine. %)

The method of prediction of the possibility of birds” deaths
with the help of assessment (4) was called “empirical model”.
Naturally, such an approach reflects an averaged situation
and implies ornithological studies on the territory of a wind
farm. Tt is known that in some cases the number of collisions
of birds with turbines differs from values (4). For example,
the death of birds on the territory of a wind farm in study [6]
was not detected, while in paper [5], on the contrary, it is re-
ported that the value of # reaches 10 and more on some farms.
Assessment (4) can be trusted in the case of the WPP with
the turbines located high in the absence of intense migration
paths. Low-power WPP with low-lying wind wheels pose a
much greater danger to birds. Thus, 10,017 birds and bats of
170 species died on the territory of the WPP in Spain within
the period from 1993 to 2016 [19].

Correctness of the mathematical forecasting models using
formulas (1) to (3) is beyond doubt. The problem of its use is
in the choice of the original data. One of the main causes of
calculation inaccuracy is related to obtaining and processing
the results of monitoring. Another reason stems from the
extrapolation of data, obtained on separate sections of a wind



farm within a relatively short period, on the entire territory of
a farm taking into consideration real time resources of its op-
eration. The study of the influence of these factors on predic-
tion results and assessment of the adequacy of the used model
under specific conditions is of great practical significance.

3. The aim and objectives of the study

The aim of the study is to create IS enabling processing
the results of the study of birds’ ornitocomplexes and antici-
pating the possibility of their death on the territory of a wind
farm with an assessment of accuracy of the data obtained.

To accomplish the set aim, the following tasks were set:

—to develop an algorithm for calculating the number
of collisions of birds with the WPP turbines based on the
mathematical model (1) to (3);

— to create software shell for IS functioning;

— to explore the adequacy of the mathematical predic-
tion model;

— to assess the accuracy of the obtained calculation results;

— to test the use of the IS based on the analysis of the pos-
sibility of collisions of birds with WPP under real conditions.

4. Source data for a mathematical model

Interaction of birds with turbines is determined by the
technical characteristics of the WPP, geometrical parame-
ters of birds, speed, direction and height of their flight, as
well as weather conditions (wind velocity, state of the atmo-
sphere, etc.). We will divide the source data for calculations
into three groups: technical parameters of the WPP, results
of monitoring the birds on the territory of a wind farm and
flight characteristics of birds.

4. 1. Technical parameters of a wind farm

High-power WPF contain up to 20 and more WPP. Wind
wheels of modern WPP have three blades that are mounted on
the hub. Introduce the following designa-
tions: R, is the blade length, Ry is the radius
of the hub, N is the number of turbines on
the farm territory, d, is the width of the

To predict the number of collisions of birds with tur-
bines, we require information on angular velocity of the
wind wheel rotation, geometric parameters of the WPP and
the magnitude of the DZ volume.

4. 2. Monitoring birds on the wind farm territory

Bird-watching sites on the territory of the designed farm
are chosen in such a way that takes into consideration its
landscape-biotropic features and possible ways of birds’ flights
from the surrounding buffer zones. Special attention is paid to
observations at altitudes in a risk zone (RZ) of a collision with
WPP turbines. The RZ occupies some space on bird-watching
sites in the interval of altitudes 8H between the lower H; and
the upper H, levels of the WPP wind wheel edges: SH=H,—H;.
Its volume is equal to

Viise =8HS piyps (6)

where Sk is the area of bird-watching sites.

It is assumed that the primary information about birds
obtained on the territory of a wind farm is consistent with the
recommendations from Fund “Scottish nature heritage” [20].
Table 1 shows the example of accounting the monitoring re-
sults in spring on 25.03.2017 on site 1 during monitoring in
the morning hours from 8.00 to 11.00 and in the evening hours
from 13.30 to 16.30 by the research results in [11]. When com-
piling Table 1, the following abbreviations were used:

— The number of birds registered in the morning (M) or
evening (E) time — N.

— Flight type: transit — 7, feed — F, demonstration — D.

— Direction of migrants’ flight: north — N, north-east —
NE, east — E, south-east — SE, south — S, south-west — SW,
west — W, north-west — NW.

— Height H and length L of the flight on the given obser-
vation site.

— Time of a bird being on the site on the assigned interval of
altitudes: ¢, is the total time, ¢ is at the height up to the lower
level of a wind wheel, £3 — in the interval of heights, correspond-
ing to a wind wheel, ¢4 — at the height higher than a wind wheel.

Table 1

Results of monitoring birds in spring of 25.03.2017 on the observation site 1 in
the morning (M) and evening (E) time, Nis the number of registered birds [11]

wind wheel blade, y is the angle of wedging |No Bird species M/E | N | Direction | Type | H,m | L, m |t1,s | to, S | 13,5 | t4, S
between its chord and the plane of wind 1 | Circus aeruginosus | M | 1 NE T | 60 [530(29]10]| 19| 0
wheel rotation. Ipteraction of a bir'd With 9 Circus cyaneus M |1 N F | 30 16601371371 01 o
the WPP occurs in the case of its being ina 757173 s annabina | M |22 SE | T | 5 | 250 | 14| 14] 0 | 0
dangerous_ zone of awind farm (DZ?. By the y Pica pica | 2 E T 10 T2s0 T a0 o
DZ, we will imply the part of the wind farm —
space, occupied by all rotating wind wheels. > | Fringilla Co_elebs M |30 N L | 7 1300171171010
The main characteristics of a bird, de- 6 Corvus frugilegus M |7 SW F 15 1350119119 0 | O
termining the possibility of its collision | 7 | Falcotinnunculus | M E F | 20 185047 |47 0 | 0
with a turbine, are flight speed vj, length L; | 8 Passerinae spp. M |9 N T | 5 |660]37)37]01]0
and wingspan L. If the linear size of abird | 9 | Sturnus vulgaris M 25| NW T | 5 [700[39|39| 0|0
is much less than the wind wheel depth, | 10 | Falco tinnunculus | M | 2 S D | 15 1900|5050 0 | 0O
equal to d;sin(y), the DZ volume is approx- | 11 |  Corvus cornix E [3] W F | 10 [300]17[17[0 [0
imately equal toV,,,, = NtRd,sin(v).In [ 12| Larusridibundus | E | 7| SE | 7 | 15 | 70039 39| 0 | 0
case of a big bird, the DZ depth should be ["y3" Fringilla coelebs | E |21] Nw | 7 | 7 |380 |21 |21 ] 0 | 0
counted down from the point of its beak = ™ p i codtebs | E | 8] NW | T | 7 |380 20|20 o0
appearing in the wind wheel plane to the o1 m T S F |20 [530]29]20] 0] 0
point of a bird’ tail location when its flies N us ridibandus N
out of the DZ. The DZ volume is equal to 6 | Larus ridibundus E 19 E r 0 |800)44]44] 0 ] 0
17 Pica pica E 1 NW F 7 140022 |22| 0 0
Vows = NnR? (dv sin(y)+L1). (5) | 18| Circusaeruginosus | E | 1 SE F | 30 1600|33([33] 010




Primary information presented by monitoring results
is entered in the database, which is used for statistical
analysis and prediction of birds’ collisions with turbines.

4. 3. Flight characteristics of birds

Flight characteristics of birds are determined by geo-
metrical sizes, their flight speed and the ability to change
a flight trajectory in the presence of obstacles. The bird’s
shape can be represented using a cruciform or a rectan-
gular model. In the first case, a bird is considered in the
shape of a cross with wings location midway between the
beak and tip of the tail. The use of the cruciform shape
understates the calculated probability of a collision. In a
rectangular model when one of the sides of the rectangle
is taken equal to the length of a bird L{ and another — to
wingspan Ly, calculation value of probability is slightly
overestimated.

Exactness of assigning flight speed v; for a bird of the
j-th species largely determines the reliability of predicting
the number of collision victims on wind power plants. In
paper [21], it is shown that value of v; for one and the same
species may vary widely. Thus, the maximum magnitude v;
during the flight of a sandwich tern, adjusted for individ-
ual variations and the flight type is (12.2%3.3) m/s. The
lowest speed was observed during the search for food and
was equal to (8.3£3.0) m/s.

Flight characteristics of birds used in the present work
are presented in Table 2.

Table 2
Dimensions and flight speed of birds [22]

. . Length of Wingspan Flight speed
Bird species bird,gL1]-, m ngg,llrjl ¢ 1n/sp y
Buteo buteo 0.54 1.2 11.6

Circus aeruginosus 0.55 1.25 11.2
Larus ridibundus 0.37 0.93 11.9
Merops apiaster 0.28 0.47 19.7

Table 2 shows that large species (Buteo buteo, Circus
aeruginosus, Larus ridibundus) have lower speed com-
pared to smaller species (Merops apiaster).

In paper [23], extensive information on the ability of
birds to shy away from an obstacle on its path was collect-
ed for 62 species of marine and 19 species of waterfowl.
When performing calculations in this study, the magni-
tude of evasion coefficient f; in formula (2) was accepted
equal to (0.05—0.1), which corresponds to the most unfa-
vorable situation.

5. Algorithm of calculations for prediction of
interaction between birds and turbines

5. 1. Calculation of the number of birds’ collisions
with turbines

According to formula (1), the number 7 of collisions
of birds of the j-th species with the WPP depends on the
number of birds njp,g flying toward a wind wheel and the
risk of their collision with turbine blades Rj. The value of
Njpang is determined by processing monitoring results of
birds’ behavior on bird-watching sites. Let us introduce
the following designations:

— Thris is the interval of time within which the moni-
toring is performed;

— n;;is the number of birds of the j-th species in the i-th
group, flying at the same speed;

— t;is the time of a bird of the j-th species from the i-th
group being in the RZ;

— Tjoper is the duration of a life cycle of a bird of the
j-th species on the territory of a wind farm for one year of
the WPP operation.

Activity of behavior of birds in the RZ will be deter-
mined using coefficient

K= X mit - (7

Magnitude Tjp,., depends on migration routes and
natural conditions of where the station is. For example,
according to the data of paper [11], the value of Tjop., for
birds of the Azov coast is determined, basically, by dura-
tion of migration processes in spring and autumn seasons.
Let us assume that the number of birds and the duration of
their stay in the RZ is known from observations and coeffi-
cient of their activity Kjgis is calculated from equation (7).
Participants of monitoring are selected on the wind farm
site, so behavior of birds in the dangerous zone and in the
risk zone will be the same. It can be proven that in this
case coefficient of activity of birds Tjpane in the DZ will be
determined from formula

K iDang =];'K jRiskVDangTOper / (VRiskTRisk)7 ®)

where Vpgne and Vs, are the volumes of DZ and RZ,
respectively.

The number of birds’ collisions with the WPP blades
at quite long observation time will be the same in all cas-
es that satisfy condition Kjg;sx=const. For example, the
number of collisions when 100 birds stay in the DZ for
10 seconds will be the same as in the case when 10 birds
are in the same zone within 100 seconds.

Suppose that the birds that get to the DZ cross the
wind wheel surface at right angle to it. Denote the time of
flight of a bird of the j-th species through the wind wheel
as 7. Then the total number of birds flying through the
DZ is determined from formula

iDang

=Kipug / Tj» )
and the expression to calculate the number of collisions
(1) taking into consideration formula (8) takes the form of

_ fVDangT()peer

n; = Znﬁtlj.

10
T jTRiskVRisk i a0

The time of a bird flying through a wind wheel is equal to

t;=(d,sin(y)+L,;) /v, 1)
where v; is the speed of a bird; Ly; is the length of a bird of
the j-th species.

Substituting formula (11) in expression (10), we will
obtain

2
! TRiskaH SRixk i v

i

(12)



Expression (12) is the basic formula when calculating
the number of bird collisions with turbines. To use it, it is
necessary to determine the probability of a collision of one
bird with wind wheel blades P;. The other parameters of
the formula contain information on technical characteris-
tics of the WPP, the flight speed of a bird and the results
of monitoring of birds’ behavior on observation sites.

5. 2. Determining the probability of a bird collision
with turbines

The risk of an injury to a bird flying through the ro-
tor space is associated with rotating blades and the wind
wheel central zone. The solution to the set problem can be
obtained in three ways:

1. General problem statement is formulated in paper [14],
where formula (3) was applied for calculation of the proba-
bility of a collision of one bird with the WPP blades. Since
the implementation of this formula in exact statement is im-
possible, the following assumptions were used when carrying
out the calculations [14]:

— blade thickness is equal to zero;

— angle of the direction of a bird’s flight to the wind
wheel surface is equal to 90°;

— geometrical characteristics of a bird are determined
by length Ly and wingspan L.

2. The appropriateness of the WPF operation is usually
considered before power capacities are put in operation, when
some technical parameters of a farm can be unknown. In par-
ticular, function d(r) may be unknown. In this case, one can use
the approximated solution obtained in research [17]. Suppose
that the blade width retains its constant value along its length
and is equal to d,. Within the flight time of a bird ¢ through
the rotor, which is determined from formula (11), a wind wheel
will be rotated at angle wt;, where o is the angular velocity of
rotation, resulting in a blade moving to position B (Fig. 1).

47?77\/\1;1gsmn
<>

Fig. 1. Schematic of a wind wheel part at moving of blade A
to position B
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Paper [17] provides a simple expression to compute the
frontal area of one wind wheel blade §y; responsible for its
interaction with a bird:

2(R, —R,)L,;

S, = mRy+ +
T
R, -R,)'t,
+(R, -R,)d, cos(y)+w. (13)

Similar expressions can be found for the other two
blades S»; and S3;. The probability of a collision of one bird
with a wind wheel is equal to

P :S1j+52].+531j.
! TR’

v

(14

Formula (14), taking into consideration (13), after
insignificant simplifications is converted to the form of

6(R, —RO)LZJ. .

TR + -
R -R,)t,

+3(R,, —Ro)dl, cos(y)+M

P = 2 2

nR,,

(15)

3. Rough estimation. Modern WPP are characterized
by large dimensions and low rate of turbines rotation. In this
case, large birds face the greatest risk of collision with tur-
bines. In paper [17], it was found that for the length of birds
in the interval of (0.28—0.54) m at the change of angular
velocity from 7 to 14 rpm and the blade width from 3.0 m
to 4.1 m, the value of P;is in the interval of 0.1...0.2. These
results are consistent with the predictions in paper [14],
where the calculation magnitude of probability for approx-
imately the same parameters of birds and the WPP are
within 0.093-0.17. Thus, in the case of the lack of data
on dependence d(r), it is possible to use rough estimation
during analysis of the interaction of large birds to deter-
mine the probability of a collision of a bird flying through
one wind wheel

P,=0.15. (16)

Note that in empirical methods, the probability of a
collision is accepted as equal to the constant [24]. Com-
pare the accepted value of probability (16) with the data of
observations of birds’ death on the territories of different
wind farms. In paper [25], the facts of birds’ collision with
the WPP of the new generation of high power (1.65 MW),
which are characterized by a large blade area, were col-
lected and analyzed. According to data obtained, the risk
of birds’ collision with turbines is equal to R;=0.0014. If
we accept that f;=0.01, then according to formula (2) and
empirical data on the mortality of birds (4), the probabil-
ity of their collision with the WPP will prove to be equal
to 0.14. The resulting value almost coincides with rough
estimation of probability (16).

6. Description of functioning of the information system

The developed IS consists of three modules “Read”,
“Forecasting”, “Write”, which ensure, respectively, enter-
ing the original information, a mathematical model output
of the analysis results on a display or a printer (Fig. 2).

The first submodule “Read.Wind.Fime” of module
“Read” is intended for entering and storage of data on
characteristics of WPF, determining the possibility of
birds’ collision with turbines. The second submodule
“Read.Monitoring” ensures entering and storage of the
data on monitoring the wind farm territory. In fact, it is
a database containing the monitoring results. The third
submodule “Read.Wind.Birds” contains all parameters for
individuals of various species that are required to calcu-
late the interactions of birds with turbines (geometrical
characteristics, flight speed, etc.).

The first submodule “Forecasting, Zone” in the second
module “Forecasting” ensures determining the param-



eters of activity of the birds that find themselves in the
zone of a risk of the possible interaction with the WPP
turbines. The Second Submodule “Forecasting.Probabil-
ity” is intended to calculate the probability of a collision
of birds with wind wheel blades. The third submodule
“Forecasting.Statistics” ensures statistical treatment of
the source information in database “Read.Monitoring”.

Read > Forecasting
Read.Wind.Fime Forecasting.Zone
Read.Monitoring Forecasting.Probability
Read.Birds x // Forecasting. Statistics

| Write I

Fig. 2. Structure of IS

Software code is compiled based on the Windows
Forms technology in the environment of software devel-
opment Microsoft Visual Studio Community 2017. When
implementing the code, the following elements were used:
dataGridView, tabControl, comboBox, groupBox, button,
label, checkListBox. The program is run by initiation of
the executed file “Birds.exe”. The main window which
shows the content of tab “DB1”, displaying the results
of monitoring the wind farm territory, appears on the
display. Fig.3 shows the part of accounting data from
observation protocols of the type of Table 1.

Table scan is performed by moving the slider in the
vertical direction in the right part of the window or
scrolling the mouse wheel. The data in dataGridView1
are only available to display information. It is impos-

sible to change them by a user. Primary information is
contained in the database file of Microsoft Access 2003
“base_m.mdb”, found in the folder with executed file
“Birds.exe”. The latter is automatically uploaded into the
table by command

this.mabauyalTableAdapter.Fill (this.base_mData-
Set1.Tabauual).

All the examples in this section refer to the results of
monitoring on the territory of wind farm “Primorsk-1" [11],
where 5,923 birds of 45 species were accounted on three
sections in 2017. By default, at the start of the program,
all the information is uploaded into the table from the
database file.

The “Calculate” button is located under the table in
the main window. Its pressing initiates the process of cal-
culating coefficients k1, 22, k3, k4 from formula (5), as as
result of which the number of birds and the magnitude of
coefficients k1, k2, k3, k4 is displayed, Fig. 4. The values
of the coefficients are required to calculate the number of
collisions of birds with turbines from formulas (10) to (15).

The second tab named “DB2” contains the second
table with the results of processing the records found in
the first table in tab “DB1”. Fig. 5 shows the part of these
data referring to all monitoring sites PS1, PS2, PS3. In
this case, the information on all 5,923 birds available in
the database will be processed. This table contains the
data on the type, flight direction, flight altitude, as well
as the values of parameters k1, £k2, k3, Tk4. The major
part of the birds (3,795 birds or 65 %) flew by transit. The
feed group consisted of 2,113 birds (35 %), the share of the
demonstration flights was 15 (less than 0.3 %).

W Birds § - ] ®
BO1  pO2  3amwr
N Buaa « Jara Yac MIC n Hanpsmox Tun H L t1 t2 t3 t4 k1 k2 k3 k4 £3
Acarthis cannabina | 2017.03.25 1 22 MisnenHwi cxin | T 0 1] 0 0
220 | Acanthis cannabina 2017.0325 |Bewp |3 33 Mis peHe T 5 A0 22 22 [} 0 726 726 0 [}
017 | Accipiter nisus 2017.03.14 | Panow |1 1 [MigHiy T 15 700 35 35 0 0 35 35 0 0
027 | Accipiter nisus 2017.03.14 |Bewp |1 1 MigHiurwi zaxig | K 15 |450 25 25 0 1] 25 25 o 0
044 | Accipiter nisus 2017.03.25 |Beup |1 1 MiegeHE K 20 Lixli] 29 25 0 1] 25 25 0 0
054 | Accipiter nisus 2017.04.02 |Bewip |1 1 3axin K [15 |750 42 42 0 o 42 42 0 0
062 | Accipiter nisus 2017.04.03 |Panow |1 2 MieaeHHWA 3axin | K 15 00 33 33 0 1] &6 66 0 0
075 | Accipiter nisus 2017.04.04 | Bewp |1 1 [MigHiv T 15 700 35 35 0 0 35 35 0 0
102 | Accipiter nisus 2017.03.13 |Panok |2 1 Cxin K |15 |1400 |78 78 0 0 78 78 0 0
110 | Accipiter nisus 2017.03.14 |Panok |2 1 MisaeHHWA cxin | K 15 1300 72 V2 ] o 72 72 0 0
115 | Accipiter nisus 2017.03.14 |Bewp |2 1 Zaxin T 15 780 43 43 0 1] 43 43 0 0
125 | Accipiter nisus 20170325 |Bewp |2 1 MisosHe T 15 850 53 53 ] o 53 53 0 0
135 | Accipiter nisus 2017.04.03 |Panok |2 1 MigHiurwi zaxin | K 10 1300 72 72 0 1] 72 72 0 0
148 | Accipiter nisus 2017.0404 |Panok |2 1 MisoeHe T 15 1000 55 55 ] 0 55 55 0 0
155 | Accipiter nisus 2017.0428 |Panok |2 1 MieHivani cxin, | K 15 |650 36 6 0 0 36 36 0 0
168 |Accipiter nisus 20170428 |Beup |2 1 Cxin K 5 500 50 50 0 1] 50 50 0 0
203 | Accipiter nisus 2017.03.14 |Bewp |3 1 Mie geHe K |20 1300 72 72 0 1] 72 72 0 0
217 | Accipiter nisus 2017.03.25 |PaHok |3 1 Mie peHHWA saxin | K 15 1050 58 58 0 1] Lt 58 0 0
288 | Accipiter nisus 2017.05.12 |Bewp |1 1 Mie geHe K 10 |&650 36 36 0 1] 36 36 o 0
232 | Accipiter nisus 2017.09.13 |Panor |1 1 Jaxin K115 |1000 |65 55 0 1] 55 55 1] 0 i
|
Enementie no zanuTy : 526

Fig. 3. Example of output of the tables with original data



W Birds s - O X
BO1  BOZ  Zanwm
N Bua « Nara Yac NC n Hanpamok. Twn H L t1 t2 t3 t4 k1 k2 k3 k4 £
2 | Acarthis camnabina | 2017.03.25 | Pariok |Mizaerswi cin | T 0 0 0 0
220 |Acanthis cannabina | 2017.03.25 |Bewip |3 3 MiegeHe T 5 400 22 22 0 0 726 726 1] 0
017 | Accipiter nisus 2017.03.14 | Panok |1 1 MigHiy T 15 700 35 35 0 0 35 35 0 0
027 | Accipiter nisus 2017.03.14 |Bevwip |1 1 [MisHivHmn zaxin | K 15 450 25 25 0 ] 25 25 0 0
044 | Acciptter nisus 2017.03.25 |Beuip |1 1 MieneHs K 20 530 29 29 0 0 25 28 1] 0
054 | Accipiter nisus 2017.04.02 |Bewip |1 1 Savin K [158 |750 42 42 ] 0 42 42 o 0
062 |Accipiter nisus 20170403 |Panok |1 2 MisoeHHWA saxin 16 £ 33 33 o 0 66 [ 1} 0
075 | Accipiter nisus 20170404 |Bewip |1 1 MigHiv x BS 35 0 0 35 35 0 0
102 | Accipiter nisus 20170313 |Panok |2 1 Cxin, ra 78 0 0 78 78 1] o
110 | Accipiter nisus 20170314 |Parox |2 |1 |Misgermwincdin | 05592 p2 72 D ] 72 72 [ [
115 | Accipiter nisus 20170314 |Bewip |2 1 Baxin Ek2 = 167622 &3 43 0 0 43 43 0 0
123 | Accipiter nisus 2017.03.25 |Bevwip |2 1 MisneHs ?S : ig% it] 53 ] 0 53 53 0 0
135 | Accipiter nisus 2017.04.03 |Panok |2 1 MigHiyHMi saxin, e 72 0 0 T2 72 1] 0
148 | Accipiter nisus 20170404 |PaHor |2 1 MieneHs 55 0 0 55 Bh 0 0
155 | Accipiter nisus 2017.04.28 |Panok |2 1 MigHiyHMi cxig, ﬁ a6 0 0 a6 36 1] 0
168 | Accipiter nisus 20170428 |Bewip |2 1 Cxin, K 5 500 50 50 0 0 B0 50 0 0
203 | Accipiter nisus 2017.03.14 |Bevip |3 1 MisoeHe K 20 1300 72 72 0 ] 72 72 0 0
217 | Acciptter nisus 2017.03.25 |PaHok |3 1 MisneHHWA zaxin | K 15 1050 L) 58 0 0 L) Lt 1] 0
288 | Accipiter nisus 20170912 |Bewip |1 1 MisoeHs K 10 650 36 36 0 ] 36 36 0 0
292 | Accipiter nisus 2017.09.13 | PaHok_ |1 1 Zain K 15 1000 |65 55 0 0 55 B5 0 0 hd
EnemenTie no sanuTy : 526

Fig. 4. Results of calculating coefficients k1, k2, k3, k4

W Birdss - m] ®
BO1 | BOZ  3anmr

MokasHmk nci nci ncz2 ncz2 ncs3 Nncs3 Parok Beyip Bcooro Bcooro

Panok Beuip Panok Beuip Panok Beuip 1

7 12 % 28 7 T £ 7 45 6491
[Mraxie 1023 1038 919 505 1135 503 077 2845 5823 1571.28

K 356 366 ny 38 405 241 1118 995 2113 687,98

T 625 672 &0 505 730 662 1556 1835 3755 127865
a 2 0 1 12 o 0 3 12 15 47

k1 23205 24168 28966 28257 KYren 2811 85452 20556 170048 5922255
k2 22504 23485 28506 28188 36240 27515 88050 75572 167622 5837873
k3 255 703 &0 109 1037 202 1352 104 2406 23719
k4 10 o 0 o o 10 10 10 20 6,68

MH 125 57 82 160 102 89 309 346 655 213,52
MHC 155 74 76 3 9 55 329 250 579 186,87

C 258 273 161 242 364 245 823 760 1583 53326
MoC 155 224 202 163 249 m E06 488 1094 360,58

Mo 62 130 127 112 56 108 245 350 555 154,31
Ma3 75 70 5 48 116 79 242 157 435 15347

3 58 72 48 15 125 56 )| 143 374 13157
M3 Bl 58 172 24 29 130 252 32 604 157

010 238 887 850 873 281 730 2609 2450 5059 168348
11-25 165 127 24 2 2 155 350 309 659 24254
26-50 2 2 3 G 22 6 33 20 53 1537
5100 |12 16 2 3 3 8 45 27 7 25,59 Enemesiia no sanvy - 926

Fig. 5. Results of computing the parameters characterizing behavior of birds on observation sites

The third tab “Query” contains the forms that ensure  chloris), which were accounted on the first site in the morn-
the formation of a sample from the general database. An  ing of 13, 14 and 25, March, 2017. Subsequently, calculation
example of sample data is shown in Fig. 6. of the number of collisions will be performed from this sam-

In this case, the sample contained four species of birds  ple for the group of birds that are found in the zone of risk of
(Buteo buteo, Buteo lagopus, Carduelis carduelis, Chloris  collisions with the WPP turbines.



W Birds$ - a ®
BO1  BO2  2anur
B Hata Yac nc Hanpamok Tun
|En6ipKoao V| |En6ipn{oao V| |En6ipn{oao V| |<Eci SHAYSHHA> V| |<Eci FHAYSHHA> V| |<Eci FHAYSHHA> ~
[ Acanthis canmabina | |[] 2017.01.21 1 Migskiy K
[] Accipiter nisus [ 2017.01.22 [ Bevip 2 [ MiskiuHwit cxin T
[] Alauda arvensis ] 2017.02.12 3 [] Cxia ]
[] Apus apus []2017.02.13 [ Misaernmi cxin
[ Buteo buten [ 2017.03.13 [ MisasHe
[] Buteo lagopus [~] 2017.03.14 [ Misernmi saxin
[] Carduelis carduslis | 2017.03.25 | [ Zaxia
M| Chloris chloris | []2017.04.02 [A Miskiurnit saxin
[] Circus aeruginosus [ 2017.04.03
[] Circus cyaneus [] 2017.04.04
[] Columba palumbus [ 2017.04.28
[] Coracias gamulus [12017.05.13
[] Corvus corax [] 2017.05.14
[] Corvus comix []2017.05.15
[ Corvus frugilegus [] 2017.05.16
[] Corvus monedula [] 2017.05.17
[] Dendrocopos major []2017.05.18
[] Emberiza calandra [ 2017.09.12
[] Emberiza citrinella [12017.09.13
[] Falco tinnunculus [] 2017.09.14
[] Falco wespertinus []2017.10.16
[] Fringilla coelebs [ 20171017
[] Hiunde rustica []2017.10.18
[ Lanius colluric v | IO 20171110

Fig. 6. Selection of birds by assigned parameters

7. Analysis of adequacy of the mathematical model for
forecasting the death of birds on the wind farm territory

7. 1. Comparison of forecasting results with data from
the scientific literature

Validationofthe ISoperation wascarried out by compar-
ing the obtained information with the results of paper [17].
The results of birds’ migration observations on the ter-
ritory of the wind farm “Primorsk-1” served as source
data in calculations [11]. Computations were provided by
submodules “Forecasting.Probability” and “Forecasting.
Statistics” of the information system. The WPP param-
eters for calculations were consistent with the operation
conditions of wind farm “Primorsk—1" with 26 WPP,
which is located on the shore of the Sea of Azov. The rate
of rotation of the blades was accepted equal to 14 rpm,
the turbine bushings radius was 3 m, the blade length
was 67 m, the blade width was 4.1 m. The angle between
the chord of the blade cross-section and the wind wheel
plane was 30°, the total area of the observation sites was
2.59 km?2. The dimensions and the flight speed of birds are
shown in Table 2.

72 birds of four species were accounted in the zone
of risk of birds’ collision with the rotor blades at the al-
titudes between 48 m and 182 m: Larus ridibundus (43),
Merops apiaster (15), Buteo buteo (5) w Circus aerugino-
sus (9). All they were registered in the periods of spring
and autumn migration. The sum of products of the number
of birds of every species by the time of their stay in the RZ
in seconds was equal to 1440 s for Larus ridibundus, 495 s
for Merops apiaster, 329 s for Circus aeruginosus and 142 s
for Buteo buteo. Observations were held in the periods of
spring and autumn migrations within 7 days for 6 hour a
day for each of the migration period. Therefore, temporal

parameters Tg;s, in formula (12) for different seasons were
equal and made up

Trisk(spring migration)=Tg;s(autumn migration)=42 hours.

Spring migration of birds in the coastal area of the Sea
of Azov is in the period from the beginning of March until
the end of May and lasts approximately 85 days. The first
flocks of migratory birds in autumn appear at the end of
August. At the end of November, that is, after about 100
days, the migration is over. If we accept that the duration
of the light part of the day is equal to 12:00, the magni-
tude Tope (spring migration) will turn out to be equal to
1,020 hours and Tope(autumn migration) — 1,200 hours.
The forecasted probabilities of crossing the birds’ flight
trajectory birds with the turbine blade surface and the
numbers of collisions with the WPP corresponding to them
are shown in Table 3. Calculations were carried out using
formulas (12), (15).

The results of program testing, presented in Table 3, ful-
ly coincided with predictions in paper [17].

Table 4 shows the computations using the empirical mod-
el of the probability of collision of one bird with the WPP. In
this case, the probability was calculated from formula: (16)
and the number of collisions — from formula (12).

According to the data of Table 3, 4, parameters of in-
teraction of birds with the WPP, found by various models,
differ within 30 %. Parameters f; and To,., have a stronger
impact on forecast accuracy compared to the influence of
probability of birds’ collision with a turbine.

The obtained data are on the whole consistent with
literary sources, in particular, with the data of the empir-
ical model (4), according to which the average number of
collisions of birds on 109 wind farms in Europe and North



America is estimated by magnitude of 0.5—1.0 birds per one
WPP [18]. Similar results are also presented in paper [26].
It is reported that the number of deaths of birds on the WPF
territory in the United States and Canada in calculation per
one turbine varies from 0 to 0.81.

Table 3

Forecast of probability of collision of one bird P;
with WPP and the number of collisions of n; birds at
Topedspring)=1020 hours and 7g,eAautumn)=1200 hours.
Calculations were made from formulas (12), (15)

Forecasted probabilities of crossing the
birds’ flight trajectory with turbine blade
Bird species surface (P;) and numbers of collisions
with WPP (n;) corresponding to them
P, i N
Buteo buteo 0.19 0.82
Circus aeruginosus 0.19 1.37
Larus ridibundus 0.17 3.44
Merops apiaster 0.11 0.84
All birds 6.47
All birds in calculation per one WPP 0.25
Table 4

Forecast of probability of collision of one bird P;with
the WPP and the number of of collisions of n; birds at
TopeAspring)=1020 hours and 7Tg,e{autumn)=1,200 hours
with the use of the empirical model for probability (16)

Forecasted probabilities of crossing the
birds’ flight trajectory with the turbine
Species of bird blade plane (P;) and numbers of collisions
with WPP (n;) corresponding to them
P,' n;

Buteo buteo 0.15 0.67
Circus aeruginosus 0.15 1.07
Larus ridibundus 0.15 3.55
Merops apiaster 0.15 1.16
All birds 6.45
All birds in calculation per one WPP 0.25

7. 2. Assessment of accuracy of forecasting results

Reliability of forecasting the interaction of birds with ro-
tors is determined by accuracy of assigning three parameters
of the mathematical model: P;, f; and #npayg. The probability
of a bird collision P; depends on technical and operational
characteristics of the WPP, flight properties of a bird and
weather conditions. Dimensions and average rotation rate
of the blades of modern WPP are comparable with each
other. In this paper, we studied the influence of the rate of
wind wheel rotation and blade dimensions on the probabil-
ity of collision for birds having the length in the interval of
(0.28-0.54) m. It turned out that at a change of angular
velocity from 7 to 14 revolutions per minute and the blade
width from 3.0 m to 4.1 m, the value of probability is in the
range of 0.1...0.2.

High-power wind plant turbines are located at the altitude
of about 50 meters and above. Flights at these altitudes are typ-
ical for large species. According to the data of paper [11], their
share is around 1-2 % of the total number of birds. As Table 2
shows, the dimensions and flight speeds of birds for species
Larus ridibundus, Merops apiaster, Buteo buteo and Circus
aeruginosus are comparable with each other. That is why the

computed probabilities of their collision with turbines are close
and are in the range of 0.11-0.19.

Observation results depend on season, weather condi-
tions and time of day of monitoring. For example, the total
number of individuals for species Larus ridibundus, Merops
apiaster, Buteo buteo, Circus aeruginosus, recorded in spring
and autumn, 2017 on all sites and at all altitudes was 493
and 412, respectively, (total 905 birds). Out of this number,
only 72 birds were recorded in the zone of risk of collision
with turbines. Computations use not this number, but rather
coefficient Kjgis, equal to the product of the number of birds
by the time of their stay in the risk zone. Magnitude Kjgis
for the studied group at different seasons varies widely. For
example, it was 1,851 birds in spring and 55 birds in autumn.
The value of Kjgis in the morning measurements amounted to
1,392, and at evening measurements — 1,014. Weather condi-
tions also affected the results of measurements — there were
fewer birds on rainy and windy days and more birds in clear
and dry weather. Such fluctuations are of a statistical nature,
on the background of which it is possible to obtain reliable
averaged data. It should be noted that a rather large sample of
5,923 birds of 45 species was processed in this study.

The flight speed of a particular bird depends on wind
direction. However, the impact of wind direction on its speed
is partially mitigated by the fact that the number of birds
flying downwind and upwind is equal. In the first case, the
speed increases, in second case it decreases, but on average
the time of bird flight through the wind wheel, determined
from formula (11), remains.

Thus, despite certain difficulties associated with us-
ing the source data, on the whole, the studied models give
similar results. A more complex situation is related to the
identification of the evasion coefficient f;. Its magnitude
depends on weather conditions and type of birds. The value
of f;is apparently in the range of 0.05-0.005 [13, 27]. If we
accept magnitude f; equal to 0.05-0.01, as it was done in
this work, the results obtained by us are in good agreement
with literature data and empirical model (4). That is why it
is logical to assume that the most probable magnitude f; is in
the interval 0.05-0.01.

Consider the role of parameter T, Bird migration is
not uniform. Thus, according to the data in work [11], in
2017, the great majority of birds flew for over 46 days from
March, 13 to April, 28 and in autumn in the period from Sep-
tember, 12 to November, 10 for 62 days. It is precisely these
parameters that were used when performing calculations,
which are shown in Tables 3, 4. The greatest bird activity
is known to be manifested during 3 hours the morning and
3 hours in the evening. That is why, to assess the duration of
the life cycle of birds T, it is possible to consider another
option of selecting parameter Tope: Toper (SPring migra-
tion)=276 hours, T, (autumn migration)=372 hours. In
this case, the forecasted data decrease approximately by
three times, at that, the total number of collisions per WPP
will be 1.72 or 0.07 in calculation per one turbine for one year
of operation. These values are much lower than the admissi-
ble number of birds” deaths on the wind farm territory.

The conducted analysis of the role of different factors
when performing calculations shows that the main reason
for inaccuracy is related to the choice of evasion coefficient
and determining the duration of a life cycle of birds. Weather
conditions also affect the forecasted parameters. The use a
large amount of sample data eliminates this effect and makes
it possible to obtain satisfactory results.



8. Discussion of effectiveness of the application of an
information system for forecasting the death of birds
on a wind farm territory

The developed information system uses various math-
ematical methods for assessment of the possibility of birds’
death under actual conditions of WPF operation. The use of
the most accurate model, formulas (3), (12) is possible if there
is enough complete information on the technical characteris-
tics of the WPP. The approximated model, formulas (12), (15),
is limited by the assumption of the permanence of the width of
a WPP blade along its length. The last most inaccurate model,
formulas (12), (16), is based on the results of analysis of litera-
ture data on the probability of collision of birds with the wind
wheel blade. Here, as a rough approximation, it was accepted
that the value of P; does not depend on the characteristics of
birds and the WPP structure and is equal to 0.15.

Reliability of forecasting is determined not so much by
the correctness of using the mathematical methods as by
assigning the source data by the technical parameters of the
WPF, characteristics of birds and the data on their motion
on the wind park territory. Calculation results showed that
in the case of large birds and the high-power W PP, assign-
ing the parameters of turbines, flight speed and dimensions
of birds causes a relatively small error (less than 30 %). A
higher margin of error is associated with the establishment
of evasion coefficient and determining the duration of the
vital cycle of birds on the wind farm territory.

Comparison of the obtained results of calculation
within the mathematical model of the IS with the literary
data [17, 18, 26] attests to the reliability of the proposed
Statistical treatment of the data of monitoring the wind farm
“Primorsk-1”, which accounted for 5,923 birds of 45 species,
showed that less than 1.3 % of the birds are in the risk group.
This group consists of 72 individuals of four species: Larus
ridibundus (43 birds), Merops apiaster (15 birds), Buteo buteo
(5 birds) and Circus aeruginosus (9 birds). The most probable
number of collisions of these birds with the farm turbines
within one year of its operation is in the range of 1.7-6.5.

Thus, the IS ensures storage, processing the results
of birds monitoring on the territory of the wind farm
and prediction of the probability of their collision with
turbines. The accuracy of the prediction is determined, to
a large extent, by the adequacy of monitoring results and
setting the WPF operating mode.

To enhance the reliability of forecasting, it is necessary
to foresee empirical research in the following directions:

— accumulation of information on the territory of the
wind farm and beyond it in line with methodical recom-
mendation from Fund “Scottish natural heritage”;

— increase in the observation duration during the peri-
ods of spring and autumn migration;

— development and the use of new monitoring methods,
providing a more precise definition of coefficient of birds’
activity Kjgisr on the territory of the wind farm, in particu-
lar, the route method of ornithological examination.

Acquisition and accumulation of new data will make
it possible to refine the mathematical model and solve the
problem under conditions of less rigid restrictions. In par-
ticular, it seems interesting to analyze the impact of the
wind-rose on birds’ collision with turbines and abandon
the limiting assumption that birds’ trajectories cross the
wind wheel surface at right angle.

9. Conclusions

1. Different ways of using the mathematical model
for forecasting the number of collisions of birds with the
WPP turbines were proposed. The model implies the
possibility of obtaining a prediction for various variants
of information on the source data. Calculations show that
the results of computations by various models differ by
not more than 30 %. Consideration of the possibility of the
wind farm construction is often carried out in conditions
of incomplete information on technical and environmental
issues. If the dimensions of birds and characteristics of a
wind wheel are unknown, it is possible to be limited only
by approximated calculation methods for the WPP with
large dimensions and low rate of turbines’ rotation. At
complete absence of the source data, it is advisable to ap-
ply the results of the statistical analysis of bird mortality
at 109 wind farms in Europe and North America, where
about 0.5...1.0 collisions with turbines were recorded for
one year of the WPF operation.

2. The program shell, ensuring the functioning of the
IS was created. The developed IS contains the database for
birds’ monitoring, tool sets for statistical analysis of obser-
vation results and different variants of mathematical mod-
els for predicting the interactions of birds from turbines.
The software product enables assessment of the birds of
the time a bird flies through the W PF, find the probability
of a bird’s collision with a wind wheel and calculate the
number of collisions of birds with turbines. The calculated
data take into consideration the role of the main factors
identified based on the analysis of literary sources. The
main parameters that determine the interaction of birds
with turbines are characteristics of the WPP, dimensions of
birds, their flight speed, the number of the birds recorded
in the risk zone and the duration of their stay in this zone.

3. Operability of the IS was tested on the example
of studying the behavior of birds on the territory of the
wind farm “Primorsk-1”, located on the shore of the Sea
of Azov. According to the data of monitoring, less than
1.3 % out of 5,923 birds of 45 species, registered on the
territory of the farm within 2017, were in the zone of the
risk of birds’ collisions with rotor blades. This group of
birds included 72 birds of four species: Larus ridibundus
(43 birds), Merops apiaster (15 birds), Buteo buteo (5 birds)
and Circus aeruginosus (9 birds). The predicted number of
collisions is within 1.7-6.5 or 0.07—0.25 in calculation per
one turbine, which is consistent with literature data.
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