M. Polishchuk

Professor

National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute»

Department of Information Systems and Technologies
Ukraine

O. Rolik

Professor

National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute»

Department of Information Systems and Technologies
Ukraine

Water Sampling Process for
Ecological Monitoring of Water
Bodies: Modeling and Calculation
of Parameters

The process of water sampling, carried out for the purpose of
environmental monitoring of various water bodies, is labor-
intensive and quite expensive. Therefore, it is necessary not only
to ensure the objectivity of water sampling at various depths of
water bodies, but also to have the ability to predict this process
based on an analytical model. Despite many existing methods of
water sampling, none of them contains a simulation model that
could allow the implementation of this operation at various
depths of water bodies, taking into account interrelated
parameters, namely, the speed of water flow, pressure at various
levels and the time of filling the bathometer — a device for
collecting water samples. The most promising direction for
monitoring water bodies is the use of unmanned aerial vehicles
as environmentally friendly equipment, in contrast to surface
watercraft. The article presents the first developed analytical
model of the water sample process using a bathometer mounted
on a quadcopter. This model allows for fairly accurate
calculations of the parameters of the bathometer, taking into
account the characteristics of water bodies at various depths.
Analytical dependencies are given for calculating the time of

filling the bathometer, taking into account the immersion depth,

pressure, and water flow velocity. The results of modeling the
specified process are presented in the form of graphs of changes
in the parameters of the water sampling device depending on the
characteristics of water bodies, and the results of the modeling
are analyzed. The main motivation for the conducted research is
to ensure the objectivity of collecting water samples and the
possibility of predicting this process in order to save financial
costs. Ultimately, the analytical model developed for the first
time provides an opportunity for engineers and researchers in
the field of environmental monitoring of a reservoir to create
similar equipment, depending on other production tasks.

Keywords: water body monitoring, water sampling, bathometers,

quadcopters, process modeling

1. INTRODUCTION

Despite the variety of water sampling methods and even
those supported by relevant standards, there is currently
no mathematical model that would combine all the
technical parameters of the specified process. Moreover,
the specified analytical model should combine both the
technical characteristics of water sampling devices and
the properties of a particular reservoir, namely depths,
flow velocity, and variable pressure at different
boundaries of the reservoir. The need to solve the
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specified problems confirms the relevance of research in
this field.

Among the variety of water sampling methods, there
are no proposals for building an analytical model in the
aggregate of technical parameters of devices for water
sampling and current characteristics at different depth
horizons of water bodies. There are also no graph-
analytical dependencies, for example, in the form of
graphs or diagrams, of the depth and speed of
immersion of the bathometer from time and the
trajectory of its movement at different depth horizons of
water bodies, which is extremely necessary for
predicting and ensuring the objectivity of water
sampling. The aspect of engineering novelty includes a
fundamentally new design of the bathometer with servo-
actuated valves for water sampling holes, as well as a
method for accurately measuring the depth of
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immersion of the bathometer in the water body. The
scientific novelty of the research consists of the first-
ever analytical dependences of the trajectory of
movement, speed and time of filling the bathometer
depending on the flow rate, pressure and depth at
different edges of the reservoir, the kinematic and
dynamic models of the functioning of the water
sampling device and the graph-analytical dependences
obtained as a result of modeling the water sampling
process. The mathematical model proposed for the first
time in the form of a set of analytical and graphical
dependences of the parameters of the water sampling
device and the characteristics of the reservoir flow
allows researchers and engineers to simulate and predict
the water sampling process, as well as to implement the
synthesis of similar technological equipment for drones
for environmental monitoring of reservoirs in
accordance with other production tasks.

2. PREREQUISITES AND MEANS FOR SOLVING
THE PROBLEM

In order to clarify the direction of research and the
choice of tools for building an analytical model, the
most significant achievements in this field should be
considered. In works [1, 2], it is noted that water
sampling for analysis (both chemical and
bacteriological) is carried out in accordance with the
developed State Standards. A number of requirements
and recommendations are set out, which are of a general
nature; others relate to a specific type of analysis and
type of sources. But in these works, there is no
modeling of the water sampling process. Actually, the
methods of water sampling for bacteriological and
sanitary-chemical research are quite carefully set out in
works [3, 4], but also without providing an analytical
model of the specified process. The original design of
the device for water sampling, a bathometer, is
presented in work [5], where the use of an unmanned
aerial vehicle, i.e., a drone, is proposed to increase the
objectivity of water sampling. A more detailed
description of water sampling, procedure, purpose,
methods, and equipment description is provided in the
article [6]. Kinematic and dynamic analysis of the
motion of a bathometer mounted on a gimbal is
presented in [7], which provides an opportunity to
investigate the orientation process of a water sampling
device. Studies [8] confirm the feasibility of using
drones to collect hydrochemical data from freshwater
environments for biological and physicochemical water
sampling.

The application of the so-called orthogonal mosaic
method, which is created by an unmanned aerial vehicle
[9] to estimate the amount of collected rainwater, is of
great interest. In [10], a new approach in the science of
studying water and aqueous solutions is proposed,
which is based on near-infrared spectroscopy, which is
used to analyze the interaction of water and
hydrogenated nanomaterials. In order to improve the
quality of water for agriculture, in studies [11], the use
of unmanned aerial vehicles for monitoring water
quality in irrigation canals is proposed. The practical
approach to monitoring proposed in [12] is considered
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appropriate for promoting the sustainable development
of wharves in terms of monitoring water quality and
noise levels. However, the reviewed works lack
analytical models of the actual process of water
sampling.

Unlike previous studies, in [13] analytical
dependencies are presented that link such parameters of
water sampling as the length, width and speed of the
water flow, as well as the temperature and pressure of
the water flow, but without studying the process of
immersion of the water sampling device, i.e. the
bathometer, and its filling. Methodological work [14]
provides an opportunity to systematize the processes of
collecting, preserving water samples, and their field
analysis. Of undoubted interest are studies [15], which
compare dynamic models of quadcopter flight, and in
the work [16], an assessment of the quadcopter altitude
is presented using inexpensive barometric, infrared, and
ultrasonic sensors. Both articles are of interest for the
synthesis of quadcopter designs, but they do not
consider the actual process of collecting water samples
for environmental monitoring.

Thus, the task of modeling the process of water
sampling for ecological monitoring of the state of
various water bodies remains relevant.

3. FORMULATION OF THE PROBLEM

To ensure the objectivity of water sampling and the
possibility of predicting this process, it is not enough to
use various means of transport and effective bathometer
designs; it is necessary to have an analytical model of
the set of operations that make up the process of water
sampling for the purpose of ecological monitoring of the
state of various water bodies - rivers, lakes, reservoirs,
etc. The absence of an analytical model that would link
the technical parameters of the specified process,
namely: calculation of the bathometer immersion depth,
water filling time, and trajectory of its movement,
taking into account the flow velocity and pressure at
different depths of water bodies, makes it impossible to
predict the water sampling process and ensure its
objectivity.

4. SOLUTION OF THE PROBLEM UNDER CONSI-
DERATION

First, let us consider a fundamentally new design [5]
and the algorithm of operation of the sampling device,
which will facilitate the understanding of the mathe—
matical model provided below.

Drone construction

Figure 1 shows a general view of a drone for taking
water samples. A winch is mounted on the bottom of the
quadcopter, which has a drive in the form of an electric
motor with an encoder to calculate the number of
revolutions of the winch, and therefore the depth of the
bathometer for taking water samples.

A fundamentally new design of the drone’s techno—
logical equipment, the longitudinal section of which is
shown in Figure 2, contains two coaxial cylindrical

FME Transactions



chambers, which are closed at the ends with lids with a
seal. These lids have holes for water intake, the opening
and closing of which is carried out by 3-leaf dampers
driven by electric motors. The quadcopter is equipped
with a winch with a drum, which is driven by an electric
motor with an encoder — a device for converting the
angle of rotation of the drum into an electrical signal.

Propeller
g . N
Camcorder 4 . OF -

Winch Electric

Support motor
Encoder Cord

Q\ Bathometer
A

Figure 1. Drone for water sampling
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Figure 2. Design of drone technological equipment
(See also A-A Figure 1)

A cable is wound in several layers on the winch
drum, which is connected to a bathometer, a container
for taking a portion of water for further laboratory
analysis. Winding the cable on a drum in several layers
involves the following parameters (see Figure 2): d —
diameter along the axis of the cable turn on the drum;
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D, — diameter of the drum shaft; s - winding pitch of the
cable turns; n — number of revolutions of the winch
drum, measured by an encoder. The bathometer itself
has an outer cylinder and an inner sealed cylinder,
which is fixed to a stand. On the ends of the outer
cylinder, three holes are made on both sides with a
diameter for taking water samples. These holes are
opened and closed by dampers that have an angular
drive for turning 45 degrees from servo drives. The plug
serves to drain water from the bathometer in the
laboratory.

The drone flies to a point in the reservoir to take a
water sample, and after turning on the winch engine, the
bathometer is lowered into the water. In this case, the
calculation of the value L of lowering the bathometer
into the water is carried out according to the for—

mula L =H +h=H+nys> +(zd)* +R , where H — is

the height of the device above the water surface (see
Figure 2); h — is the depth of the bathometer before
opening its covers; n — is the number of revolutions of
the winch drum; s — is the pitch of the cable turns; d —
is the diameter along the axis of the cable turn on the
drum;  — is a mathematical constant; R — is the distance
from the axis of symmetry of the bathometer to the
point of its attachment to the cable.

After reaching a given depth, which is determined
by the specified formula, the servo drives are turned on,
which rotate the flaps to a certain angle (for example, 45
degrees) and thereby open the holes (three on each
side). After a certain time ¢ (which is determined
below), the bathometer is filled with water, after which
the servo drives are reversed and the flaps close the
holes d,, then the bathometer is lifted to its original
position and delivered to the laboratory.

5. MATHEMATICAL MODEL OF THE WATER SAM-
PLING PROCESS

The mathematical model reflects the parametric synt—
hesis of the process of immersion of a bathometer in a
reservoir and contains the analytical dependencies of the
trajectory of movement, speed, and time of filling of the
bathometer depending on the current speed, pressure,
and depth at different horizons of the reservoir.

The process of submerging a bathometer

To immerse a bathometer with a mass m, which has the
shape of a circular cylinder with a diameter D and a
length Z;, in a liquid, the condition must be met: the
weight of the bathometer must be greater than the
Archimedes force pushing the bathometer G, =
2

D . . -
prg il L, (where p — is the density of the liquid, for

water p = 1000 kg/m’; g=9.8 m/s” is the acceleration of
gravity). In the following, we assume that the condition
is met, i.e.

G>GA' (1)

The bathometer is attached to a cable and, by
changing the cable tension, it is possible to regulate the
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process of immersing the device to the required depth,
but the immersion time will be much longer than with
zero effort in the cable, when the immersion occurs
under the action of the bathometer's own weight. We
choose the origin of the coordinate system on the
surface of the reservoir. We direct the Oy axis vertically
downward and the Ox axis in the direction of the
reservoir flow. We will count the ordinate from the
surface of the reservoir to the lower edge of the cylinder
(Figure 3, a).

During movement, three vertical forces will act on
the body (i.e., the bathometer): the force of the
bathometer’s own weight, the Archimedes force
pushing the bathometer, and the force R; of the
resistance of the medium, which depends on the square
of the immersion speed u,, the density o of the liquid

and the area S, of the characteristic cross section
perpendicular to the axis Oy, namely: R =kpSyu2,

where k — is a dimensionless coefficient determined
from the experiment.

Bathometer

Figure 3. Stages of immersion of a bathometer in a body of
water

Let us consider three stages of immersion. The first
stage of motion corresponds to the position of the
bathometer shown in Fig. 3 (a), when 0<y<D/2.
The differential equation of motion of the body, i.e., the
bathometer, will have the form

42
m—zyzmg—ngy —kpSyu2 2)

dt
Where V, — the volume of the displaced fluid; S, — the

areca of the characteristic cross section; k — a
dimensionless coefficient determined from the

(mg—pgV)  _dy

u'pS, > dt
immersion of the body; p — the density of the liquid; the
2

experiment, — the speed of

L, . From Fig. 3 (a)
it is seen that OO, =D/2-y, then

BEeel

00 D-2y
@ = arccos = arccos , and also:
D/2 D

volume of the bathometer V' =

04=0B =
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DY 1
v, :(‘”(?j —EZOAXOOIJLI’ 3)
DY (D Y
Sy Z2OAXL] :2Ll (?) —(?—y\J . (4)

Differential equation (2) can be solved numerically
under initial conditions /=0, u=0, y=0. At the end of the
first stage t=t;, u=u;, y=D/2.

At the second stage (Fig. 3, b) the ordinate changes
within D/2<y<D. Let us write the differential

equation of motion of the body at the second stage

2
d’y 2
m—-=mg = pgV, —kpS,u", (5)

dt

where S, = DL, , and V), is calculated by the same for—
mula (3) only for other values of y. Differential equation
(5) can also be solved numerically under initial con—
ditions t=t;, u=u;, y=D/2 . At the end of the second
stage t=t, u=u,, y=D.

At the third stage (Fig. 3, c) the ordinate y > D , i.e.,
the bathometer is completely immersed in the liquid.

Let us write the differential equation of motion of the
body at the third stage

2
d”y 2
m—=—==mg - pgV —kpS,u", (6)
dt
zD?
where V' = TLI .

We solve the differential equation (6) analytically
under the initial conditions t=t,, u=u,, y =D . We take

. d’y _du o .
into account that ?:E , substitute into equation
(6), separate the variables, and integrate

f [ mdu

Jar=] . ™

[2

mg — pgV — kpSou2

L

After integrating (7), we obtain the equality

m g (u)q, (1))

Ln > (8)
Z\Ig(m - pV)kpS q,(u)q (u))

where marked: ¢, (u) =~/g(m—pV) +JkpSu;  q,(w) =
N g(m—pV) —~lkpSu .

d’y du du

On the other hand ;2= "~ ~ ud_y Again, we

t=1t +
2

substitute into the differential equation (6), separate the
variables, and integrate

u
mudu

y
[av= ©)
D

5 -
wy M8 —pgV —kpS,u
After integration, we obtain the equality
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2

—pgV —kpS

y-D=-— | TETPE PO (10)
2kpS, mg —pgV —kpS,u;

Potentiate equality (10) and solve it with respect to
the velocity

1 (mg—pgV- T
v koS 2y ,-a(» | an
P\ —(mg — pgV —kpS,u;y)e

where g(y) =2kpS,(y—D)/m.

The reservoir has a flow velocity vl, and therefore
the bathometer will also move in the direction of the Ox
axis, namely x= v/, The parameter calculations were
carried out with the following initial values of the
quantities: m=2 ke, D=0.12 m, p=1000 re/m’, g=9.8
M Li=0.1 m, H=1 m, v;=3 m/c, d;=0.4D, d,=0.02m.

Analysis of simulation results

As can be seen from the graphs below, the dimen—
sionless coefficient k, which takes into account the ratio
of the density of the liquid, the speed of immersion and
the volume of the bathometer (see formula (2)), signi—
ficantly affects the dependence of the depth, the speed
of immersion and the movement of the bathometer on
time. In the graphs of Figures 4, 5, and 6, the dotted
lines correspond to the value k£ = 0.001, the solid lines to
the value £ = 0.2, and the dash-dotted lines to the value
k= 0.3. Thus, from the graph of Figure 4, it is clear that
at sufficiently small values of the specified coefficient,
the process of immersion of the bathometer is signi—
ficantly accelerated and, conversely, when increased, it
is significantly slowed down.

20 y,m
18 !
16 ]
£ 14 ! 1
? / k=02
€12 / 5/,<'
_ N k=0.001 <" Th=0.3
i~ 10
5 / )
s 06
/
g 4 /
20/
0 1, s
0 2 4 6 9 10 12 14
Time, s

Figure 4. Dependence of the depth of immersion of the
bathometer on time

The graph in Figure 5 shows that with the ratios of
liquid density, immersion speed, and bathometer volu—
me when k= 0.2...0.3, the bathometer immersion speed
stabilizes, which is extremely important for program—
ming the winch drive, on the cable of which the batho—
meter is installed.

The graph in Figure 6 illustrates the dependence of
the bathometer movement on time, namely, at small
values of the specified coefficient, the bathometer
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movement is significantly accelerated, and, conversely,
at increased values, it is significantly slowed down.

14 U, m/s
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Figure 5. Dependence of the bathometer’s sinking rate on
time
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Figure 6. The trajectory of the bathometer

The required length of the hawser on which the
bathometer is installed depends on both the depth of
immersion of the bathometer and the speed of the
current, namely:

Lt = \/(H * Vmax )2 + (Vltmax )2 (12)

The time it takes for the bathometer to rise depends
on the angular velocity @ of the winch drum (see
Figure 2)

2 2
_ 2\/(H +y3aH.) +(V1t3an.)
4= wd

(13)

Let us consider the process of filling a bathometer
with water. We assume that after the device reaches the
planned depth, the cable stops so that the current does
not carry the device further. As is known from hyd-
raulics, the flow rate Q of liquid per unit time through
an opening with an area S is expressed by the formula

0= pus [2=F2 (14)
Yol

where the friction coefficient x=0.6, p;, p, — pressure
values, p — density of the liquid. In this case, for three
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holes, it is necessary to take into account the flow
pressure, i.e.p; = v12p+pa +ypg , and for the other
three holes p, = p, + ypg (p, — atmospheric pressure).

We assume that the pressure p, increases from pa in
proportion to the filled volume, namely:

W
P2 ="Pa +pgyV—1 (15)

o

where V; — variable value of water volume
(D’ -d}
( : )Ll .
4
Let's substitute the expressions for pressures into the
expression (14)

0 =3uS N2V +yg(1-V, 1 V) + 16)
18-V, 1 7,))

2

(OSV1 SV{))’ v =

where S, = — area of one water inlet hole. Then

2
4
the process of filling the bathometer can be described by
the differential equation

av
71=3u51\/5(\/vf +ye(l=V, /V) +
t

+Jyg(=V1V)))

Separate variables and integrate

an

1

' v, dv,
jo dt = 7 jov (18)
SUSNZ V] 4 3g (=W, 17,) +\|3g (=¥, 17,)

After integration, we obtain the bathometer filling
time depending on the current speed and immersion
depth

v~
= —"—— (0] +32)’ - —02)") (19)

Ius, gyv,

Based on formula (19), the graphs in Figure 7 are
constructed, where the dotted line corresponds to the
current velocity v; = 1 m/s; the solid line — v; = 3 m/s;
the dash-dotted line — v;=5 m/s, the solid black line — v,
= 0.01 m/s. As can be seen from Figure 7, with
increasing immersion depth of the bathometer, its filling
time decreases significantly, which is explained by the
significantly higher pressure at great depths of water
bodies.

In the case of flow velocity approaching zero, that is,
when in formula (19) both the numerator v, > 0 and

the denominator tend to zero, and therefore it is
necessary to find the limit

. V.2 . VOT +3g)° = =\ (e)’ 20)
—o¥< - .
Vi

ouS, gy

mvl —0

To find the limit, we use L'Hopital's rule, according to
which we need to take the derivatives with respect to the
variable v, separately from the numerator and
denominator, i.e.
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Figure 7. Dependence of the bathometer filling time on the
immersion depth and the current speed in the reservoir

After reducing by v; and substituting v; = 0, we
obtain the formula for the time of filling the bathometer
in the absence of current in the reservoir

v,\2

‘= (22)

B 6#&\/5

Therefore, at a given immersion depth, the total time
for taking water samples consists of the time of
immersion of the bathometer (determined by the graph
in Figure 4), the time of its filling (determined by the
graph in Figure 7), and the time of ascent of the
bathometer, which is determined by formula (13).

6. DISCUSSION

Unlike sampling methods [3, 4], in this article, the
authors proposed not only the sequence of operations
for water sampling using a drone, but also provided
analytical formulas for calculating the numerical
parameters of the specified process.

The graphs in Figure 7, which are built on the basis
of formula (19), provide numerical evidence of the
reduction in the influence of water flow velocity on the
time of filling the bathometer at great depths of the
reservoir, where the pressure increases significantly.

Despite the study [11], which presents analytical
dependencies that link such parameters of water sam—
pling as length, width and water flow velocity, this work
investigated the relationship between pressure and water
flow velocity on the time of filling the bathometer with
water, which makes it possible to calculate the time of
hovering of the drone above the surface of the reservoir.

The analytical model of the process of water
sampling for laboratory analysis, proposed for the first
time, allows researchers to predict the specified process.
Practical applications of this article include graphical
dependencies of the diagrams Figures 4 [] 6, which
allow determining the dependence of the depth and
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immersion rate of the bathometer on time, and the
diagram Figure 7 provides the opportunity to practically
determine the dependence of the filling time of the
bathometer on the immersion depth and the speed of the
current in the reservoir. Ultimately, these diagrams
allow engineers in the field of environmental moni—
toring to create similar equipment for other production
tasks.

7. CONCLUSION

Equipping the bathometer with servo-driven valves al—
lows not only for remotely controlling the opening and
closing of the water intake holes, but also to avoid
turbulence in the flow of water entering the bathometer
and to bring the flow regime of water entering the
bathometer closer to a state close to laminar flow.

The developed mathematical model allows for the
analysis and prediction of the water sampling process in
the aggregate of the technical parameters of the bat—
hometers and the current flow characteristics at different
depths of water bodies. The processes of immersion and
filling of the water sampling device have been studied,
taking into account the ratio of its weight and the
Archimedean force that counteracts the immersion of
the bathometer, and the corresponding analytical depen—
dencies have been provided.

The provided graph-analytical dependencies of the
bathometer immersion depth, the time of its filling with
water, and the trajectory of movement, taking into acco—
unt the flow velocity and pressure at different depths of
water bodies, provide the possibility of predicting the
process of water sampling and contribute to increasing
the objectivity of the specified process.
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HIPOLEC Y30PKOBAIA BO/JIE 3A
EKOJIOIIKA MOHUTOPHUHI' BOJJHUX TEJIA:
MOJAEJIUPAILE U U3BPAUYYHABAIBE
ITAPAMETAPA

M. Hoaumuyk, O. Poauk

[Ipouec y3opkoBama BoJie, KOjU CE CIIPOBOAU y CBPXY
MOHHTOPUHIA >KUBOTHE CpPEIMHE PA3IMYUTHX BOIHHX
TeNa, 3aXTeBa MHOTO paja W MPHINYHO je ckym. Crora
jé HEeONMXOAHO HE CaMO OCHUTypaTH OOjeKTUBHOCT
y30pKOBamba BOJIE Ha pa3iMYUTHM IyOWHaMa BOAHHX
Tena, Beh n umatu MoryhHocT npeasulama OBOT TIPO—
1eca Ha OCHOBY aHAJIUTHYKOT MOAela. YIIPKOC MHOTUM
nocrojehrM MerojamMa y30pKOBama BOJE, HHjEIHA O
BHX HE Ca/lpXKU CUMYJIAIIMOHU MOAEJ KOju OM Morao aa
oMoryhu cnpoBoljeme oBe omepanyje Ha pazIMYUTUM
nyOvHaMa BOJHUX Tela, y3uMajyhu y 003up mehycobno
MOBEe3aHe MapaMmeTpe, Haume, Op3UHY MPOTOKa BOJE,
NPUTUCAK Ha PasMYMTHM HHUBOMMA M BpEME MyHCHA
Oaromerpa — ypebhaja 3a cakymbame y30paka BOIE.
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HajnepcniekTuBH1ju npaBall 3a npaheie BOJHKUX Tea je
yrnorpeba OECHMIOTHMX JIeTenHLa Kao eKOJIOIIKH
MIPUXBATJBUBE OIPEME, 3a PA3NIMKY OJ IOBPIIMHCKUX
IoBWwiIa. Y 4WIAHKY je HPEACTaBJbEH INPBH Pa3BHjEHU
AQHAJMTHYKU MOJIEN Ipolleca y30pKoBama Boje nomohy
GaTroMeTpa MOHTHpAHOT Ha KBajpokonrep. OBaj Mozen
oMoryhaBa MPWIMYHO Ta4yHE HpPOpavyyHe Mapamerapa
6aromerpa, y3umajyhu y o03up KapakTepHCTHKE BOJI—
HUX TeJla Ha pasiM4uTHM IDyOuHama. Jlate cy aHamu—
THYKE 3aBUCHOCTH 32 M3pavyyHaBamkE¢ BPEMEHA MyHEHa
Oaromerpa, y3umajyhu y o03up nyOuHy ypamama, mpu—
THCaK ¥ Op3UHY NIPOTOKa Boze. Pesynratn Mozpenupama
HaBEAGHOT IIpolieca MPENCTaB/beHH Cy Y OOIHKY
rpadukoHa mpoMeHa mapamerapa ypehaja 3a y3opko—
Bamb€ BOJIE Y 3aBHCHOCTU O] KapaKTEPUCTHUKA BOAHUX
Tela, a pe3yITaTi MOJeNUpamba Cy aHaIu3upaHy. [ map—
Ha MOTHBAIMja 32 CIIPOBEICHO HMCTPAKUBAME j& OCH—
rypame O0jeKTHBHOCTH MPUKYIUbalkba y30paka BOAE H
MoryhHocT mpensuhama oBOr mporeca Kako Ou ce
yimrenenn GUHAHCH]CKH TPOIIKOBH. Y KPajikboj JHHUJH,
AQHATUTUYKA MOJEJ pa3BHjeH IO TNpPBH IyT MpyXka
MOTyhHOCT HHXemeprMa U HCTpaXuBauynMa y 001acTu
npahema KHUBOTHE CPeIMHE aKyMyJaluje a Kpeupajy
CIIMYHY OIIPEMY, Y 3aBHCHOCTH O[] IPYT'UX IPOU3BOAHHX
3ajaTaKa.
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