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EXPERIMENTAL EVALUATION OF CAPACITY GAS REDUCER OF FOREIGN
PRODUCTION, ADAPTED TO THE ENGINE POWER SUPPLY SYSTEM

Manoylo Viadimir, Shevchenko Igor, Kolesnik Ivan
Kharkiv Petro Vasylenko National Technical University of Agriculture
Moskovskyi prospect, 45, Kharkov, Ukraine. E-mail: ivankolesnik89@gmail.com

Summary. At the present time in our country have
received wide spread of the gas-supply system of the
4th generation, mainly foreign production. Using the
foreign power systems at the initial stage of develop-
ment, it is possible to obtain high technical, economic
and environmental indicators of the ICE workflow,
which will later enable the production of domestic pow-
er systems. Constant tightening of the Euro require-
ments, forcing experts in this industry to continuously
improve gas systems. Experimental studies were per-
formed to assess the capacity of natural gas from a for-
eign gas reducer adapted to a domestic medium-power
engine. From the analysis of the review of foreign gas
reducers, the most preferable options have been chosen,
which are supposed to be adapted to the domestic gas
engine of medium power. Of particular interest is the se-
ries of unified gas reducers of the Italian firm BRC and
Tomazetto. These modifications of gas reducers satisfy
Euro 4-5 exhaust gas emission standards, they are dis-
tinguished by high reliability, small dimensions, main-
tainability, simple installation and easy start of the en-
gine on gas fuel at low temperatures, and also the possi-
bility of mounting to engines of different capacities.
Nevertheless, during the experimental studies it was es-
tablished:

- the capacity of this type of gas reducer allows
them to be used on engines with liter volumes from 1.0
to 5.0 liters;

- technological intervention, associated with an in-
crease in the diameter of the nozzles of the inlet open-
ings by more than 2 mm, did not allow the use of this
type of reducer on an ICE of average power with a liter
capacity of up to 15 liters.

Key words: experimental estimation, gas reducer,
power supply system, vehicle engine.

INTRODUCTION

Recently, a problem has arisen in the world engine
development, related to the deficit of liquid motor fuels,
which are produced from oil. As a result, there is a gen-
eral trend associated with the use of liquefied or com-
pressed natural gas on motor vehicles. Natural gas is
widely used as a motor fuel for automotive tractor en-
gines of various purposes.

Therefore, with the growth of gas fuel consump-
tion, specialists need to develop more advanced power
systems for automotive tractor engines, and the state
should stimulate the development of domestic electronic
gas control and dosing systems.

Currently widespread gas supply system of the 4th
generation in our country [1, 2-8], mostly foreign-made.
Using foreign power systems at the initial stage of de-

velopment, it is possible to obtain high technical and
economic and ecological indicators of the working pro-
cess of automotive tractor engines, which will later ena-
ble the production of domestic power systems.

Constant tightening of the Euro requirements, forc-
ing experts in this industry to continuously improve gas
systems. The main constructive unit in gas-fired power
supply systems with electronic control is a set of elec-
tromagnetic gas metering devices (EDG). However, its
operation is not possible without simultaneous and co-
ordinated work with the gas reducer [3, 4].

Therefore, this work is aimed, first, to study the
particularities of the design of gas reducers (foreign
production) for power systems for automotive tractor
engines. Gas reducers are an integral part of power sys-
tems and work in combination (in pairs) with electro-
magnetic gas dispensers and, on them, the effective, re-
liable and coordinated operation of the electromagnetic
gas dosimeter itself, as well as the power unit of the ve-
hicle as a whole, depends.

Secondly, the work is aimed at choosing the most
suitable (rational) to adapt the type of reducer, the con-
sumption characteristics of which will be coordinated
with the consumption needs of the gas engine in a wide
range of changes in the speed and load conditions of the
vehicle.

The main purpose of the gas reducer, in the
scheme of the power supply system of the transport en-
gine, is to provide a specified flow rate (productivity) of
the working fluid supplied to the gas train of the meter-
ing unit in a wide range of changes in the speed and
load modes of operation of the internal combustion en-
gine.

At the same time, the gas pressure drop at the out-
let from the reducer and the entrance to the gas ramp
when the engine is running should be as small as possi-
ble. Since the non-linear drop (change) of the gas pres-
sure in the gas train in different modes of operation of
the transport engine complicates the algorithm of the
working process of the microprocessor control unit for
gas supply, power units of vehicles [11-13].

Therefore, the work aimed at adapting one of sev-
eral most-preferred types of gas reducer of foreign pro-
duction to the variant of the engine, which is being stud-
ied by the authors, is relevant.

ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

Considerable attention among the European coun-
tries, the development and improvement of LPG equip-
ment is on the Italian and Polish companies.
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Firm «ELPIGAZ» [1], offers new technical solu-
tions in the field of adaptation of automatic telephone
exchanges for work on compressed gas (CNG), which
are presented in the form of a new series of reducers of
the C300 series manufactured by the Polish company
«EMER». These reducers have found application in
passenger cars and buses.

The authors reviewed the gas reducers of Italian
companies for compressed [2-5] and liquefied gas [6-
10]. On the basis of the survey, the most preferable in
terms of consumption characteristics were the gas re-
ducers of the Italian companies BRC and Tomazetto.

OBJECTIVES

The purpose of this work is to provide additional
overview information to a wide range of readers, as well
as specialists in the installation, repair, diagnostics and
development of gas power systems for automotive trac-
tor combustion engines.

From the analyzed technical information, the au-
thors selected the most rational designs of gas reducers,
which can be adapted to domestic designs of ICE for
medium-sized mobile vehicles.

Technical interest reducers BRC company [2, 10,
14, 15] (Italy) where the following modifications de-
signed gas reducers: Tecno, AT90ESO, AT90EP and
others are also quite attractive reducers Tomazetto com-
pany [5, 16-18].

Over one of these modifications of the reducers of
the firm Tomazetto, conducted an experimental study.
The studies were carried out in conjunction with a series
of metering devices, connected in series by the company
Waltek (Italy).

A very brief description of the design features of
the most preferred type of gearbox and the results of its
investigation will be given below.

THE MAIN RESULTS OF THE RESEARCH

The Italian company M.T.M. S.r.l. BRC Gas
Equipment produces various power systems for the op-
eration of ICE, both on liquefied petroleum gas and on
compressed natural gas. The company develops and
modernizes gas equipment: it offers simple gas supply
systems that can work in combination with carburetor
vehicles; and developed the most sophisticated electron-
ic power supply systems for Euro IV vehicles equipped
with OBD diagnostics.

Gas reducers are used in power systems to reduce
the propane gas or methane gas pressure that comes
from the balloon, and to maintain a constant working
gas pressure at the output of the LPG / CNG reducer
(LPG-liquefied petroleum gas, CNG-compressed natu-
ral gas). Reducer (for compressed natural gas) provides
a reduction in the pressure of the mixture from 200 to
10-15 MPa In the 1 st stage, and in the 2 nd stage of the
node lowers the pressure of the working fluid to 0,1 —
0,2 MPa.

Gas reducers differ both in the adjustment method
and in the device of the starting and idling system. Re-
ducers are made of two types: electronic and vacuum.

Electronic reducers have some advantage over
vacuum ones. When the ignition is switched on, when
the switch is in the "gas" position, the starting gas por-

tion is supplied to the intake manifold of the ATS en-
gine, which is necessary for the best start of the engine.
In vacuum reducers such a portion of gas is supplied on-
ly after a short time the starter works.

A system of controlled sequential injection of "Se-
quent" by M.T.M. is widely used. S.r.I.

Fig. 1. Gas reducer-evaporator BRC AT90EP: 1 —
reducer housing, 2 — cover, 3 — first reduction valve, 4 —
conical spring of the first stage of the reducer, 5 — dia-
phragm, 6 — cover, 7 — outlet, 8 — pressure connection, 9
— second stage lever, 10 — second stage membrane, 11 —
the adjusting screw of the second stage, 12 — the spring
of the second stage, 13 — the discharge diaphragm, 14 —
the spring of the discharge diaphragm, 15 — the gas in-
let, 16 — the solenoid valve, 17 — the cooling pipe, 18 —
the front cover, 19 — the condensate drain plug, 20 — the
second valve, 21 — the solenoid

Technical characteristics of the reducer are given
in table. 1.

Table 1. Technical characteristics of the gas re-
ducer of BRC AT90EP

Housing material Molded (under pressure)
aluminum body

Node Weight More than 1,6 kg

Overall dimensions of 100x150x160 mm

the reducer

Max. outlet pressure 3 MPa

Power ICE From 120 to 180 kW

Type of gas reducer vacuum

Internal gas inlet inlet 6 mm

Internal outlet of the gas 20 mm

outlet

The unit is suitable for operation at low gas quality

The unit is equipped with a convenient condensate
drain system; Emergency relief valve

The electronic reducer of compressed gas BRC
"Tecno" is shown in fig. 2.

This small size reducer makes it easy to install on
any type of vehicle. It combines efficient operation and
stable consumption characteristics for engines up to
150 kW. Technical characteristics of the reducer are
given in table. 2.

At present, the automotive market in Ukraine is
filled with various modifications of gas reducers for
power systems of automotive and foreign combustion
engines.




EXPERIMENTAL EVALUATION OF CAPACITY GAS REDUCER OF FOREIGN PRODUCTION, 7
ADAPTED TO THE ENGINE POWER SUPPLY SYSTEM

From the review of the gas reducers [19], which
the authors made for a gas engine 6I'4 13/14 with spark
ignition (medium power), a series of unified gas reduc-
ers of Italian firms BRC and Tomazetto are of particular
interest.

Fig. 2. Assembly drawings of the gas reducer-
evaporator BRC Tecno: 1 — housing, 2 — the rear gear-
box cover, 3 — the first stage valve, 4 — the first stage
spring, 5 — the first stage membrane, 6 — the first stage
cover, 7 — the outlet pipe, 8 — the lever of the second
stage, 9 — the membrane of the second stage, 10—the ad-
justing screw, 11 — the spring of the second stage, 12 —
the gas inlet, 13 — the solenoid valve, 14 — a branch pipe
of a supply of cooling, 15 — a forward cover, 16 — drain
of a condensate, 17 — the valve of the second stage, 18 —
the solenoid

Table 2. Technical characteristics of the gas re-
ducer of BRC Tecno

Housing material Molded (under pressure)

aluminum body

Node Weight More than 1,2 kg

Overall dimensions of

the reducer 100x120x125 mm

Max. outlet pressure 3 MPa
Power ICE 140 kW
Type of gas reducer electronic
Rated voltage applied to

the ends of the solenoid 12V

valve of the coil

Rated power of the

shut-off solenoid valve 1w
Internal gas inlet inlet 6 mm
Internal outlet of the gas

10 mm
outlet

The unit is suitable for operation at low gas quality

Nevertheless, in order to finally make sure the cor-
rectness of the chosen technical solution, it is necessary
to carry out tests to determine the throughput (produc-
tivity) of gas reducers in a wide range of speed and load
modes of operation of autotractor ICEs.

In the laboratory of ICE KhNTUA, on a non-
motorized bench for testing gas-fuel equipment, joint

experimental studies of a set (consisting of four units) of
electromagnetic gas metering devices of the Italian
company Waltex (Italy) and a two-stage gas reducer
Tomazetto (Italy) were carried out.

The purpose of the experiment is to determine the
throughput and stability of the parameters of the work-
ing fluid in a gas reducer, working together with a set of
gas metering devices installed to adapt to a domestic
medium-range gas engine.

The results of the experimental studies were car-
ried out at five speed regimes n = 1000, 2000, 3000,
4000 and 5000 min™', respectively, and five load opera-
tion modes represented in the form of different time in-
tervals (t = 8, 10, 12, 14 and 16 ms ) Opening by the
valve-core of the bypass holes of gas supply in the in-
ternal combustion engine.

The standard diameter of the set of nozzles of the
dispenser is 1.6 mm. Constructive features of the node
allow to increase the diameter of the nozzles to the max-
imum possible permissible value, respectively, equal to
3.5 mm.

Results of joint studies of low-pressure gas reduc-
er.

Italian company Tomazetto and a set of gas meter-
ing devices from Waltex are shown in Fig.3

It has been experimentally established that the ef-
ficiency of the dispensers depends directly on the stable
and efficient operation of the low pressure reducer.

It can be seen from the graphs that reliable and ef-
ficient operation of the low pressure gas reducer is car-
ried out only in the range of pressures from 200500 Pa
to 349000 Pa (from 0,08 to 0,25 MPa).

Further, with an increase in n and t to the maxi-
mum values, a sharp drop in the values of the pressure
of the working fluid in the gas train is observed with re-
spect to the static pressure on which the reducer is regu-
lated.

The drop in pressure after the reducer in the gas
train (at T = 16 ms and n = 5000 min™") was about
12.6%.

Then experiments were carried out for maximum
performance and limit of maximum static pressure,
which is possible to adjust this type of reducer. At the
limit of maximum pressure of the gas medium P =
550900 Pa (0,42 MPa), the pressure value at which the
serial reducer is not operated), the gas pressure drop af-
ter the reducer, respectively, reached 37.4%.

It became obvious that it is not advisable to adapt
this reducer to the power system of the gas engine 6I'4
13/14, due to the low capacity of this reducer for such a
liter engine volume. Small through-hole sections made
by the manufacturer in the body and other parts of the
GRND do not allow using it on medium-capacity
transport engines.
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Fig.3. Experimental estimation of the gas capacity
of the low pressure gas reducer of the Italian company
Tomazetto using the kit of gas dispensers of Waltex

The performance of a single dispenser with a cali-
brated nozzle diameter of 3.5 mm with a gas pressure in
the reducer of 349000 Pa does not exceed 4.1 m® / h,
and naturally does not correspond to the required (pass-
port) performance of the vehicle engine, which should
be equal 8.1 m® / h.

CONCLUSIONS

From the analysis of the review of foreign gas re-
ducers [1-10], the most preferable options have been
chosen, which are supposed to be adapted to the domes-
tic gas engine of medium power [19, 20]. Of particular
interest is the series of unified gas reducers of the Italian
firm BRC and Tomazetto. These modifications of gas
reducers meet Euro 4-5 standards, they are distinguished
by high reliability, small dimensions, maintainability,
simple installation and easy start of the engine on gas
fuel at low temperatures, and also the possibility of
mounting to engines of different capacities. Neverthe-
less, during the experimental studies it was established:

1. The capacity of this type of gas reducer allows
them to be used on engines with liter volumes from 1.0
to 5.0 liters.

2. Technological intervention, associated with an
increase in the diameter of the nozzles of the inlet holes
by more than 2 mm, did not allow the use of this type of
reducer on an ICE of average power with a liter capacity
of up to 15 liters.
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CALCULATION SCHEME OF THE OSCILLATORY SYSTEM
"MANUAL VIBRO-SHOCK SHAKER - THE FRUIT SPUR"

Shevchuk Roman, Krupych Roman
Lviv National Agrarian University
V. Velykogo Str. 1, Dubljany, Ukraine. E-mail: rshevchook@i.ua

Summary. Modernization of the scheme of the
Italian vibration shaker of fruits SC105 created a basic
scheme of manual vibration shock shaker, generating a
wide range of shaking frequencies, which covers the
range of required shaking frequencies of all branches
and increases the completeness of the fruit removal. On
the basis of the principal scheme, the calculation
scheme of the oscillating system "manual vibro-shock
shaker - fruit spur" is developed, which allows to obtain
differential equations of motion of all masses of the in-
dicated oscillatory system.

Key words: scheme, oscillatory system, manual
vibration shock shaker, branch, fruit, frequency of shak-
ing, spectrum, range, completeness of removal.

INTRODUCTION

Vibrating fruit harvesting tools [1, 2] do not al-
ways provide a high, agro technically regulated fullness
of the fruits removal. The branches have different diam-
eters and lengths and from these sizes the range of re-
quired shaking frequencies depends, by which a high
completeness of removal is achieved. To achieve this, a
wide spectrum of shaking frequencies, covering the re-
quired range of frequencies, must be generated.

ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

The research of fruit-harvesting tools of the shaking
type [3-16] indicates that the work is directed at the im-
provement of vibration means and creation of vibration
shock shakers based on tractors, chassis or special self-
propelled power vehicles. The results of the researches
are significant, however, they require an expansion in
the direction of creating and substantiating the parame-
ters of manual vibro-shock shakers of fruits intended for
work in thickened plantations and on the slopes.

The theoretical analysis of the parameters of oscil-
latory systems is based on their calculation schemes.
The high results of such an analysis can be achieved if
the calculation scheme broadly takes into account the
features of the developed oscillatory system. That is,
each developed scheme of the fruit shaker must meet its
design scheme, in particular - and the calculation
scheme of the oscillating system "manual vibration
shaker - fruit spur".

OBJECTIVES

By modernization of the scheme of the Italian vi-
bration shaker of the fruit SC105 to create a schematic
diagram of the manual vibration shaker, generating a
wide spectrum of shaking frequencies, which covers the
range of required shaking frequencies of all branches,

which increases the completeness of the fruit removal.
In addition, on the basis of the established schematic di-
agram of the shaker to develop a calculation scheme of
the oscillating system "manual vibration shock shaker -
the fruit spur", which is the basis for further theoretical
analysis of the indicated oscillatory system and obtain-
ing differential equations of motion of all concentrated
masses of constituent parts of the shaker and the consol-
idated mass of the fruit branch.

THE MAIN RESULTS OF THE RESEARCH

Manual vibration shaker [17-22] contains (Fig. 1)
an oscillator lof crank-sliding type, executed in the
form of a body 2, whose bearings are rotor mounted on
the shaft 3 and driven 4 conical gears. On the driven
conical gear 4 a crank 5 is mounted hingedly connected
to a piston rod 6, which is hingedly connected to a slider
7 mounted in the guide of the body 2 of the oscillator 1.
To the body 2 it is attached the body 8 of the centrifugal
coupling 9 in the form of a driving 10 and a driven 11
parts. The driving part 10, made as a hub with hinge
mounted on it, is connected to the internal combustion
engine 12 attached to the body 8 of the centrifugal cou-
pling 9. The driven part 11 of the centrifugal coupling 9
is mounted on the shaft of the driving conical gear 3.

The shaker is equipped with a shock mechanism
13 with an adjustable shock impulse. A shock mecha-
nism 13 is executed in the form of a cylinder 14 and at-
tached to its ends of lids 15 and 16. The one lid15 is
connected to the slider 7 of the oscillator inverter 1, and
in the cylinder 14 there are sliding cups 17 and 18, be-
tween which a spring 19 is located and the washer 20
adjusts its previous tension. In sliding cups 17 and 18, a
slide rod 21 with stops 22 and 23 and washers 24 adjust-
ing the gap between these cups is installed. To a slide
rod 21 a bar 25 is attached, with its rotation lever 26,
and on the bar 25 a fork 27 is mounted, equipped with
elastic cushions 28 and 29. These cushions are located
at a certain angle to each other, forming a wedge slope,
through which the bark of branches of various diameters
is tightly covered.

To the body 2 of the oscillator 1, brackets 30 and
31 are attached, in the holes of which a guide rod 32 is
mounted on the mechanism of retention, maneuvering
and control of the shaker. On the guide rod 32 damping
springs 33 and 34 and stops 35 and 36 adjusting the pre-
tension of these springs are installed. In the front of the
guide rod 32 there is a handle 37 with damper springs
38 and 39, and a transversal lever 40 is mounted on the
rear of the guide rod 32. One end of the lever 40 is a re-
taining strap 41, connected to the other end with a guide
rod 32.
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Fig.1. The principal scheme of the manual vibration shaker

To the transverse lever 40 an elastic insert 42 is al-
so attached to which the handle 43 is fixed with the lev-
er 44 for controlling the fuel supply system of the inter-
nal combustion engine 12 of the shaker.

After capturing the branches, the worker-collector
of the fruits increases the fuel supply and, accordingly, -
the rotational speed of the engine 12. The centrifugal
coupling 9 is used, the crank 5 of the oscillator starts to
rotate. Simultaneously with the translational motion of
the slider 7, the perturbing force is harmoniously
changed through the shock mechanism 13, the bar 25
and the grip 27 and transmitted to the fruit branch.
Shaking of the branch with frequency of change of per-
turbing force is provided. Such a vibration mode of
shaking continues until there is a gap between the slid-
ing cups 17 and 18.

At the moment when the named cups are struck
one after the other, the harmoniously changing perturb-
ing force is supplemented by the force of impact, and
vibration shaking mode of the fruit branch shaking is
ensured.

The law of the change in the force of impact is the
sum of harmonically varying perturbing forces with a
wide spectrum of frequencies. That is, in the vibro-
shock mode, a broad spectrum of shaking frequencies is
generated that covers the range of required shaking fre-
quencies for all branches, and therefore the complete-
ness of the removal of the fruits that fall to the interme-
diate row surface increases.

The calculation scheme of the oscillating system of
the "manual vibro-shock shaker — fruit spur" (Fig. 2)
consists of a branch, the mass of which is m, and a man-
ual vibrating shaker, having four links with lumped
masses m;, m, m3, and m, In particular, m; is the
weight of the bar 25 (fig. 1) together with the grip 27,
the elastic cushions 28 and 29, and also with the part of
the shock mechanism 13, the sliding rod 21, the adjust-
ing washers 24, one of the sliding cups 17 or 18, and the
clamp of connection of the specified rod and bar. Mass
m; is the sum of the masses of the conducting part of the

oscillator of the shaker 1 and the driving part of the
shock mechanism 13, namely: parts of the piston rod 6,
washers 20. Mass of m; of the main part of the shaker
form an internal combustion engine 12, a centrifugal
coupling 9, a part of an oscillator inverted 1, excluding
the parts of the connecting rod 6 and the slider 7, but
taking into account the brackets 30 and 31 of the mech-
anism of holding and controlling the shaker. This mech-
anism has a mass m, consisting of masses of the guide
rod 32, damper springs 33 and 34, stops 35 and 36, han-
dles 37 with damping springs 38 and 39, a transverse
lever 40, an elastic insert 42, and a handle 43 with a lev-
er 44.

Links weighing m, and m; (Fig. 2) are connected
with each other by means of the curve- toothed-slide
mechanism, the crank of which r rotates at a constant
angular velocity o., and the piston rod 6 has a length of
ly. We assume that link 4 with mass m, is connected to a
link of 3 mass m; at points A and B with the help of ide-
al cylindrical hinges. All other internal and external
joints, imposed on the oscillating system "manual vibra-
tion shaker - fruit spur," will be considered elastic or
visco-clastic with certain coefficients of stiffness or
stiffness and viscous resistance. We choose the origin of
the fixed coordinate system xOy at the point O, which
coincides with the center of mass m, when there is no
action of any forces on the specified oscillatory system.
Since the outer bands, imposed on a link of mass m,, are
elastic, this link can perform a plane-parallel motion - to
move in the direction of coordinate axes and to return to
a certain angle ¢ around the center of mass m,. Links of
mass m;, m,, and m;z are in a complex motion, the porta-
ble component of which is determined by the movement
of the link 4, and the relative movement of the indicated
links can be made relative to the link 4 in the direction
of the axis Oy. The motion of a branch of mass m in the
direction of the Oy axis is independent, and the move-
ment in the direction of the axis Ox is determined by the
links of the shaker mechanism.
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"MANUAL VIBRO-SHOCK SHAKER — THE FRUIT SPUR"

Fig.2. A calculation scheme of the oscillating system "manual vibration shock shaker - the fruit spur"

In addition, in Fig. 2 we noted: ¢, ¢;, ¢, ¢3, ¢4 Ccs—
coefficients of stiffness of a branch and components of a
shaker; n, n, , ng — coefficients of viscous resistance of
a branch, cushions of capture and elastic insert; /, [, ,,
I3 — the distance to the coordinate axis Ox from the cen-
ters of the mass of the branch and the corresponding
parts of the shaker; A, is the initial gap between the slid-
ing cups of the shock mechanism; e is the distance be-
tween the longitudinal axes of the guide rod of the hold-
ing and control mechanism and the all shaker; a is the
angle of the oscillation direction, that is, the angle of the
bar to the horizontal; N,;, N,, — normal reactions of the
hands of the worker-collector of fruits on the handles;
N,1, N, — the reaction of the holding strap; F is the
force of pressing the capture.

The oscillating system, the "manual vibration
shaker — the fruit spur" has six degrees of freedom,
namely: the mass m, has three degrees of freedom, and
the masses m3, m; and m are one degree of freedom. In
order to find the regularity of the motion of all masses
of the oscillatory system and the reaction of the joints to
four differential equations of longitudinal motion of
masses my, m, + mz m; and m, we must combine two
differential equations of the transverse and rotational
movements of the entire oscillatory system.

CONCLUSIONS

The design scheme of the oscillating system "man-
ual vibro-shock shaker - fruit spur” is developed taking
into account the peculiarities of the established principle
scheme of the manual vibro-shock shaker of the fruit.
This calculation scheme is the basis of the theoretical
analysis of the oscillatory system and the obtaining dif-
ferential equations of motion of all concentrated masses
of the components of the shaker and the consolidated
mass of the fruit branch.
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Summary. We have developed exact models of
impulsive optics of dispersive media such as agricultur-
al soils (AS), in the time dimension such models de-
scribe the interaction of ultra-short video impulses,
which consist of only one or several field fluctuations,
with some classes of dielectrics and conductors of (AS).
Fields that are excited by video impulses in these envi-
ronments can be submitted analytically due to precise
non-periodic and non-stationary solutions of the Max-
well equations. Such solutions are obtained directly in
the time dimension, outside the Fourier - plans and
without the traditional separation of fields into parts /
components which depend on time or coordinates (i.e.,
inseparable solutions). These inseparable solutions form
the mathematical basis for the analysis of non-
sinusoidal waves. Flexible simulation of the form of
video impulses with the help of Lager's functions allows
to explicitly representing the processes of reflection and
refraction of the video impulses of electromagnetic
fields from their forms and duration when interacting
with the AS.

Key words: modeling, analysis, electromagnetic
parameters, capillary system, electrical conductivity, ag-
ricultural soils, non - stationary electronics, dispersion,
conductivity, non — Fourier analysis.

INTRODUCTION

Non-stationary electromagnetic fields in dispersive
and conducting environments (such as AS) can be
formed under the influence of short-wave impulses on
these environments. Nowadays the effects of shock ex-
citation and the propagation of such waves attract re-
searchers of the AS electrical conductivity by means of
non-stationary electrodynamics. This attention is due to
a number of reasons.

Recent successes in generating video impulses us-
ing broadband radars have stimulated interest in the pro-
spects of using video impulses for the transmission of
energy and information through solid media [1]. The
structure of such impulses is significantly different from
the traditionally studied models with rectangular or
Gaussian curvature:

a) the envelope of the video impulse consists of
only one or several oscillations, the forms of which are
usually far from sinusoidal;

b) the front and rear fronts are asymmetrical;

¢) the distances between the points of the zero in-
tersection are uneven.

Dispersion and diffraction of finite-duration video
impulses on finite-size targets lead to a number of new
effects. In contrast to the usual representations of the
stationary dispersion indicatives and diffraction patterns
characteristic of long stretched strings of sinusoidal
waves, the field of the dispersive video impulse changes
rapidly over time. Classical formulas for dispersion
monochromatic waves on a cylinder or diffraction on a
slit and circular aperture are only partial instances of
expressions describing the non-stationary interaction of
short video impulses with such objects [2].

Traditional solutions of the Maxwell equations in
continuous media are connected with the representation
of solutions in the form of product of functions depend-
ent, either on coordinates or on time (i.e., separate solu-
tions); at the same time, the time dependence is usually
investigated using the Fourier transformation. For many
years, such an approach shaped the language of describ-
ing quasi-monochromatic waves in optics, acoustics and
radio physics; however, attempts to apply this same ap-
proach in the dynamics of the interaction of short video
impulses with dispersive media and, in particular, con-
ductors of (AS) encountered unexpected difficulties,
both conceptual and computational:

a) due to Fourier transformation of the enveloping
signal of finite duration averaged over an infinite inter-
val of time (from —o0 to +o0). The areas of rapid
change of envelope are hidden at this time; however,
these areas are important for signal registration in the
information machines for (AS). On the other hand, to
restore the time bending localized signal with the help
of a careful Fourier transformation, the fields of har-
monics outside the localization area should be excluded,
however, to clarify the region of localization should
take into account the increasing density of harmonic
components;

b) the deformation of the impulse in the dispersive
medium is described, as it is known, in the frequency
region by the method of decomposition of the phase in a
series of degrees of the ratio of the spectral width of the
impulse Aw to the carrier frequency w [2] However, for
short impulses of a broad band consisting of one or
more field fluctuations, the ratio Aw/w is not a small pa-
rameter; with the amount of spectral components need-
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ed to synthesize the field of the impulse in the depth of
the environment, it becomes quite large. This situation
gives rise to a number of computational difficulties [3];
¢) in the expansion of the phase of the wave due to
degrees of ratio Aw/w, all components have a refractive
index in the denominator n(w) . If in the impulse spec-

trum there is a cutoff frequency of a dispersive transpar-
ent medium @, then n(wy)=0, and the row which

represents the phase layout, becomes discrepancy.

It should be emphasized that these difficulties are
not related to the Maxwell equations, but with the tradi-
tional method of their solution by separating the Fourier
transforms and transformations. However, the represen-
tation of fields using this method is not a consequence
of the Maxwell equations, but only one of the ways of
their solution; this method is convenient for describing
quasi-monochromatic waves with slowly varying ampli-
tude and phase, but is ineffective for the analysis of
non-stationary and non-harmonic fields.

You can obtain information about such fields using
new Maxwell equations, built directly in the time do-
main, without using the standard separation of variables
and beyond the limits of Fourier-plans. Such insepara-
ble, precise analytical solutions that are not bound by
traditional assumptions about the small value and slow-
ness of the time-varying fields form a mathematical ba-
sis for the description of fast-changing non-periodic
fields and short impulses in dispersing media. This me-
dium is considered to be stationary in the state of rest
and not the stationary space-time structure of the propa-
gating field due to significant changes in its bending
characteristic time, which is determined by the micro-
scopic processes of determining the field in the envi-
ronment, in particular, in AS (for example, the time du-
ration of the bulk charge relaxation in the conductor).
Such unsteady electrodynamics of stationary media is
the subject of this study.

ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

The authors [2, 4-9] investigate various aspects of
the propagation of electromagnetic waves with a wide
frequency band (so-called short impulses) in conducting
media. However, the AS has not yet been investigated
in this regard, although this task is relevant, especially
for the analysis on the basis of the electrical conductivi-
ty of AS, the possibilities of their replenishment in fu-
ture crop yields grown on these soils (usually under
constant monitoring). It should be noted that the results
of the above works will be partly used in this study.

OBJECTIVES

The purpose of this work is to substantiate the
physical - mechanical model and the method of analysis
of the distribution of short electromagnetic impulses in
dispersing and conducting environments such as AS, the
methods developed in the works [5-8].

THE MAIN RESULTS OF THE RESEARCH

Non-standard electromagnetic fields in the AS are
described in this paper in a time dimension by means of
exact solutions of the Maxwell equations [7]:

rotE=—l-a—B rotITI:l.a_D
c O, c Ot - (D
divH =0 divD=0

The induction D is connected with the electric

field E and with the current ] given by this field in
the AS, known by the formula:

— — L,
D=Ex-E+4r- [ jdt. 2)
In the formulas (1), (2) the following notations are
introduced:

where: t — time, E — electric field strength, B - mag-

netic induction of this field, H - magnetic field
strength, ¢ — speed of light in vacuum, D — vector of
electric polarization of the medium (so-called electrical
induction), Eco — dielectric permeability of the medium
(AS) for high frequencies (for the boundary of these
frequencies, which goes to infinity).

Below we will assume (at the first stage of the AS
study) that the medium is nonmagnetic and isotropic.
(In the further sense of the study of the properties of AS,
the property of isotropy will be removed).

For further research and analysis it is expedient to

express the components of the field E and ﬁthrough

the vector — potential A according to the known formu-
las:

E=—l-a—A, H=roiA. 3)

The support (3) in (1) reduces the first equation of

the system (1) to the identity. For cross-polarized fields,
which are considered in the following, the spatial-

temporal evolution of the vector-potential A is de-
scribed by the equation (second) of the system (1) and
the material equation ] =J( E ).

This system of equations is traditionally used to
construct optics of sinusoidal waves in the frequency ar-
ea. However, this approach is not a universal system for
constructing wave optics based on Maxwell's equations.
Part of the information contained in these equations
clearly manifests itself when using solutions obtained
directly in the time dimension. It is this alternative ap-
proach, suitable for the analysis of impulsive electro-
magnetic fields in dispersive conducting and non-
conducting media of (AS), is developed in this paper.
This approach is based on inseparable solutions of the
Klein-Gordon equation and the telegraph equation. It
should be noted that the possibilities of flexible model-
ing of video impulses that excite such fields, using the
Lager and Hermite functions, in conjunction with the
inseparable solutions of the Maxwell equations for
fields inside dispersive media form a model of optics of
video impulses in an AS that can be precisely solved.

Let us consider below the inseparable solutions of
the Klein-Gordon equation in the optics of dispersive
media of the AS type.
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The physical foundations and mathematical appa-
ratus of the theory of non-stationary wave processes in
dispersive media of (AS type) are clearly illustrated by
the problem of the propagation of an electromagnetic
field in a conducting isotope medium. Let us consider
for simplicity the one-dimensional problem of the prop-
agation of a plane linearly polarized wave.

The current density j induced in such an AS, for

example, by a field E, is determined in the linear ap-
proximated equation:
g o -
PP E. 4)
Here Q is the so-called "plasma" frequency of
AS, which is related to the density N, the charge ¢ and
the mass m of ions:
Q?=47-0> N/m. (5)
By defining the components of the wave field E,
and H, through the component of the vector potential
A (3) and combining with the second equation (1), (2)

and (4), we have an equation for the function A
(4, #0;A, =4, =0) in the form:
DAy 1 Ay O
07> & at
Equation (6) is the Klein-Gordon equation. Tradi-
tional solutions of this equation describe, as it is known,
harmonic waves with frequency @ and wave vector £ :

Ay =Ag-expli-(kz—wt)], i =1,

k-c=vo’-Q7. @)

Along with the (7) the Klein-Gordon equation has

a large number of classes of precise analytical non-

harmonic solutions in the time dimension. To construct

such solutions, it is expedient to introduce a normalized

vector potential f'and dimensionless variables # and 7 by
the formulas:

Ax=Ao- f(n,0), n=z-Q-c”', 7=Q:t.  (8)
Equation (6) will be rewritten by this in dimen-
sionless form:

Ax, Ae=A4.(z 0. (6)

2 2
i ©)
on- 0or
The Klein-Gordon equation in (9) plays a key role
in the further analysis of the properties of the AS, in
which the electromagnetic fields propagate. Exact non-
periodic solutions of equation (9) describing non-
stationary fields that propagate in the "plasma" of the
AS from the limit 7 =0 to the depths of the indicated
"plasma" (7> 0) can be presented in 7 > nzin the form
[7]:
/= Sa,-f,(n.0), (10)
q

1,00.7) =%-[Tq_1(n,r) —w, ool (D)

q/
2\
w”):(ﬁj NPy (2)

Here is the Bessel function of order ¢, the constant
coefficients a, and ¢ are determined from the boundary
conditions on the surface of the AS = 0.

Time and spatial derivatives of functions are calcu-
lated by the formulas:

oV 1

a_z_q:E‘(LPq—l_LIJq+l)7 (13)
o 1
T =y (ot = o) (14)

Substituting (10) into (3), one can find the electric
and magnetic components of the field:

EX =—AO'Q'Zaq 'quHy =_AO‘Q'Zaq ~hq, (15)
¢ q ¢ q
1
eq=Z~{Tq_2—2~Tq+Tq+2}, (16)
1
hy = 4 {‘Pq—Z _qu+2}' (17)
The current density j is also expressed in terms of
functions ‘¥ :

. . .1

]=§aq'1q° Jq:z'(‘yq—l_q"qﬂ) (18)

The obtained solutions of the Klein-Gordon equa-
tion represent the field and current in the "plasma" of
the AS as the sum of non-periodic harmonics, which are
expressed in inseparable functions'¥, . In contrast to

(7), these harmonics can not be presented as a product
of the functions of time and coordinates. The envelope
harmonics of the field e, A, (16), (17) are rapidly de-
formed in the process of propagation in the AS (without
losses and that which is transparent to the waves of the
electromagnetic field) and are shown in Fig.1.
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Fig. 1. The enveloping of inseparable harmonics
of electric (e3) and magnetic (h;) composites of the field
in the "plasma" of AS in the sections 7= O(a) and

n=3(6); r=Q-t.

Under the influence of the dispersion, the defor-
mation indicated above occurs, and the spatial temporal
structure of such fields is significantly different from the
structure of the field of monochromatic waves in the
same medium (AS):

a) intervals between the points of the intersection
of zero with the bending harmonics of both the electric
and magnetic fields are unequal, that is, the components
of the alternating field E, and H, (15) are non-periodic;

b) the extremums of the enveloping harmonics e,
and A, vary in time, and the relation | A, | /| €pax | 15
non-permanent;

c¢) the rates of dispersion deformation of the har-
monics e, and &, when diffused into the depth of the
"plasma" of the AS are significantly different.

It is also worthwhile to mention some mathemati-
cal features of the representation of fields (15):

At all points where 7 =7 (for z = ct), the values

of the function ¥, (12) are:
W, =0(g>0)¥,, _, =1 (19)

q
Using (19), we can find the enveloping of harmon-
icse,and h, for =1
Cqfr=n =Ngjr=ny = 0(g >2)
1

€2/e=n =M2jen =7 20)

Thus, the fronts of all the harmonics e, and A, are
moving at the speed of light c.
The enveloping oscillations ‘¥, (12) at any point 7
decrease indefinitely for 7 — o0
lim ¥,

=const =
T—>0 4:1

The values of the function ¥, under =7 (19)

0. Q1)

and 7 — oo (21) allow us to establish an important inte-
gral property of the fields £,, H,, frepresented by non-
stationary harmonics (15) and (18). We will write the
expressions for harmonics of field and current, using the
recurrent formulas (13), (14), in the form of derivatives:
oY, Y, Y,
—, e, =——, = . (22)
or =t a2 ! own
Substituting (22) into the representation of the
fields (15) and (18) and taking into account the bounda-
ries (19) and (21), we obtain for an arbitrary point #:

Jg =

[Exdt = ijdt= [ jxdt=0. (23)

n n n

Asymptotic expressions for the harmonics of the
field e, and 4, corresponding to the "peripheral” parts of
the envelopes at 7 >> 77(1' >> 1), are formed from (16),
(17) by the corresponding asymptotic behavior of the
Bessel functions:

2
Jgq (r)/r >1= % ‘{cos(aq )— 4q8”_1
T

‘sm(aq)m(f—z)}; (24)

Using the plan Jg (T)/ 7 >>1 in (24), we can apply

the "tail" of the harmonic e, (as 4,) at each point # in the
form:

2 T g
e, [t>1=—]—-cosdQ-t————}, 25
% Voo { 7 2} (25)

26
hq/r>>1=—%' /%.{n-cos(aq)Jrq'sin(aq)}. (26

Thus, the evolution of the harmonic of the field
leads to the formation of sinusoidal oscillations in the
depth of the "plasma" of the AS, the amplitude of which
decrease over time, and the time equals the cutoff fre-
quency of the harmonic waves. Electric harmonics in

-1
each section decrease over time as % ; magnetic har-

monics fall faster — asz % . It should be noted that the
excitement of the oscillations (25), (26) with the help of
sinusoidal waves with a frequency @ =Q which are
falling on the boundary of the AS (its "plasma") from
the outside, is rather difficult due to the reflection of
these waves at the boundary.

An interesting result of the formulas (25), (26) is
the appearance of their cutoff frequency as the natural
time scale of the dispersive medium.

Consider the reflection of the video impulses from
the surface of the AS as a conductor. The e, and 4, har-
monics can be applied on the boundary # =0 through the

modified Bessel functions /,(r):

expl—7
€ = +) ' {Iq—z =4 461 =4, g, }’ @7
expl—7
hy = 4(1 )'{Iq—z =2 +2: 0y _Iq+2} (28)
Using the formula from [10]:

0iexp(— px)-Iq . (ﬂx)dx =p-1- Iexp(— px)[q(ﬁx)dx (29)

-1
2 2 1 t
ﬂ:(p+ pz_ﬂz) > p=ﬁ+59 ﬁZ%a
where: ¢, — is the time scale of the signal, 7'— is the du-
ration of the signal of the electromagnetic field (at the
input to the AS), one can obtain the component of the
AS-refracted wave (at the interface Z-0):

By = =20 5 0,2l (0)-27,00+J,2(0)) G0)
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Ayg-Q 2 1
Hy == Oc > aq'z'[Jq—Z(T)_Jq+2(T)] (31)
q=3
We can record these components through the La-
guerre functions L, (x):

L,(x)= #d—z exp(—x)~xm],

dx
_ kel
colzztc (32)
Iy
We will have:
By =-20 2 S 1 () x=t*10-1. (33)
C m=0
H =-202 S 1 () (34)
C m=0
Tlm = Z3Clq qu((l), TZm =2 a, qu(a)’
q= q=
a=1,-Q. 35)

The matrix elements of P,, and Q,, are related to
the excitation of the m-Laguerre impulse of the g-th
harmonic of the non-sinusoidal field:

P, (a)= ILm (x) eq(xa)dx. (36)

qu(a):iim(x).hq(m)dx. (37)

If we consider the incident video impulse of an
electromagnetic field in the form:
Fy(x)=B-[Ly(x) - L,(x)] (38)
Then the reflection coefficient R,, can be applied
as follows:

1-T,, /T,
m(a)z 2m/ 1m . (39)
1+ T2m /Tlm
For sums Tj and Ty (35) you can obtain:
To=(=p-A)- X a,-M,, (40)
q=

Tzo=(1—/3'ﬂ)3'(1+ﬂ'ﬂ)‘i}aq'Mq, (a1)
P

M, = iZexp(— px)-T,_ (B (42)

Then for the reflection coefficient R, (39) we
have:

2p
R=——m 43
Ty Iy, )
The dependence of the reflection coefficient of the
AS of the video of the impulses of the electromagnetic
field as the ratio of the characteristic times (durations t,
T) is shown in Fig. 2. As it is seen, impulse reflection
increases with increasing t, * T! ratio, with: -1 <R <0.

I I [
0N 2 5 8 7
-5

_20_

R

Fig. 2. Dependence of the reflection coefficient R
of the video impulse F, (38) on the AS (as a conductor)
in the normal drop from the ratio of the characteristic

times and medium impulse =z, -7~
CONCLUSIONS

1. Solutions of the Maxwell equations for short
(video) impulses of electromagnetic fields that interact
with the AS as a conductor reveal significant differences
in the dynamics of the electric and magnetic compo-
nents of non-periodic waves (15) in the AS model in the
form of a transparent dispersive medium (Fig. 1).

2. In contrast to the slow dispersion fission of a
quasi-monochromatic impulse with a narrow band (os-
cillation frequencies), which is usually described within
the perturbation theory by means of a plan of the de-
grees of a small parameter Aw/w, the exact solutions
(16), (17) are not related to the concepts the frequency
and phase of the wave and not limited by variations of
the envelope. These solutions, which describe the fields
in the "plasma" of the AS, are: a) non-sinusoidal; b)
non-stationary; c¢) inseparable.

3. The use of the known in literature Laguerre’s
polynomials allow us to determine the dependence of
the reflection coefficients of electromagnetic impulses
on the surface of the AS ¢ k& conductor, and the use of
the modified Bessel functions is an analytical expres-
sion for an AS-refracted wave.

4. The results obtained in this study may, in the fu-
ture, serve to clarify and improve existing electromag-
netic fields and devices intended for diagnostics and
monitoring of AS both at the stages of design (construc-
tion) and in the framework of real exploitation.
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NOISE LOAD OF A CAR ON THE ENVIRONMENT
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Summary. The questions of influence of transport
noise on the environment are considered. A comparison
of the noise field of passenger cars of Renault brand is
made. Rational noise field and the direction index of a
car, which increases the safety of road users is pro-
posed.

Key words: noise field, car, noise level, safety of
road users, direction index.

INTRODUCTION

Automobile transport is of great importance for the
national economy of Ukraine. It is quite competitive
compared to other modes of transport, and in some sec-
tors it is dominant. In addition to the positive character-
istics, cars have negative ones, one of which is the noise
pollution of the environment [3, 7].

Car noise has a negative impact on the health of
people, especially in cities [15]. Reducing noise in the
city is the most appropriate, first of all, by reducing the
noise level of urban transport. In recent years, there has
been an increase in the power of motor vehicles, in-
creasing their speed and growth in the number [4, 12,
18, 19]. Along with the introduction of constructive
measures to reduce vehicle noise, the problem of con-
trolling noise that is spreading by these means to the ex-
ternal environment is still urgent. World trends are also
characteristic of the Ukrainian cities due to the unceas-
ing growth of the passenger car fleet, which according
to the forecast of the Ministry of Infrastructure of
Ukraine by 2020 will be 2 times higher than in 2000.
The trend of noise growth is typical for the streets of the
big cities of Ukraine. For example, the level of noise at
the intersection of Gorodotska Street and Chornovil Av-
enue in the center of Lviv during the rush from the place
of cars was 90 dB, which significantly exceeds the per-
missible (65 dB) level according to the national regula-
tory framework [14, 16]. Therefore, the noise load of
vehicles in the environment is becoming more and more
relevant.

ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

In the opinion of a number of scientists [1, 4, 9, 11,
13, 19] in the process of movement of the car, it emits
noise generated by the engine, units of transmission of
the car, the body (under the influence of the engine, the
road and air flow), the reduction of which is possible,
for example, by replacement of concrete pavement with
asphalt, installation along highways of noise isolating
screens or forced reduction of cars speed. At the same
time, noise remains a problem along highways and in
populated areas. Some scholars [12, 17] are convinced
that reducing traffic noise in cities through traditional

methods is difficult enough and requires substantial in-
vestment. More accessible is the control and noise re-
duction from the direct sources of its occurrence - cars.

OBJECTIVES

The main task of the research is to study the im-
pact of noise of cars on the environment. In the fight
against noise, the most appropriate way is to reduce its
level directly in its source, in our case, the level of noise
generated from cars. Therefore, the purpose of the re-
search was to construct the noise field of the car and to
determine the rationale of the direction.

THE MAIN RESULTS OF THE RESEARCH

For the object of study of external noise we adopt-
ed a car of Renault firm, model Symbol, key character-
istics of which is reliability, low price and low operating
costs [8]. The studies were conducted in accordance
with generally accepted [2, 5, 6, 10, 20] and developed
techniques [13] using the WSHW-003-M2 noise meter
with a measurement error of = 0,7 dB. To measure the
speed of the crankshaft of the engine, the tachometer of
the Renault Symbol instrument panel with a range of
measurements (0-7000 rpm), with a marginal error (-50
- +300 rpm), was used. To measure the wind speed, the
ANEMO device made in Germany was used, with a
range of 0-35 m / s, with a margin of error of £+ 0.5 m /s
and the finest reading of 1 m/ s.

The space in which the waves propagate is called
the field [12]. The noise field of a car is considered to
be the distribution of the intensity of noise around it
during parking and engine operation in a certain mode.
The noise field of the car (fig. 1) was determined on the
basis of the results of noise measurements at 12 points
around the car at a distance of 1 m from its outer surface
at a height of 1.2 m from the surface, with the engine
running without the load on the speed of the crankshaft
4,500 rpm.

Analyzing the nature of the noise field obtained, it
can be argued that the distribution of the noise level
around the Renault Symbol has the greatest impact on
the engine. The noise level at points 12, 1, 2, is 7-11 dB
higher than at points 6, 7, 8. The noise from the exhaust
gases on the noise field has a lower effect than the noise
of the actual engine.

The noise field for other Renault models (under the
same conditions) was also studied, with a different en-
gine volume - the Dacia Logan 1.6 model with a
K7M710 engine with a working volume of 1600 cm’,
Laguna with an engine F4P770 with a working volume
of 1800 cm’ (Fig. 2). These measurements confirm the
hypothesis that an increase in engine working volume
causes an increase in the sound level of the car at all
points of the noise field.
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Fig. 1. Noise field of the car Renault Symbol
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Fig. 2. Noise field of models of Renault cars with working volume: Symbol (1400 cm’); - - - - Dacia Logan

(1600 cm’); -.-.-. Laguna (1800 cm”).

After analyzing the noise fields and noise spectra
obtained during the car's motion, it can be argued that
the noise of the car, which is to the left axis, is practical-
ly the same from the axis of motion to the right. Unde-
niably, for the right-hand traffic pedestrians the residen-
tial buildings are located on the right side of the car too.
This circumstance, having in mind that the noise field
has a symmetrical character, increases the sound load on
them. A similar pattern is inherent in the radiation of the
noise forward and backward. Therefore, it is important
to solve the issue of rational noise field of the car, which
would take into account not only the permissible noise
level, but also the organization of traffic and infor-
mation about the approach of the car to the crossroads.
It is possible to form such a field by redistributing the
radiated sound energy by acoustic screens, without re-
sorting to noise suppression, which is too expensive.
The proposed rational noise field requires the distribu-
tion of the noise level around the car, formed on the ba-
sis of three prerequisites: adhering to the permissible
noise level at a distance of 7.5 m from the longitudinal
axis of the car; increased direction of sound in the direc-
tion of movement, as additional information about the
approach of a car that protects pedestrians and drivers;
different indicator of direction from the left or right side

of the car depending on the organization of traffic (left
or right-hand traffic).

In the case of a redistribution of the sound energy
of the Renault Symbol from right to left and in the di-
rection of movement (back and forth), we get a noise
level at a distance of 7.5 m from the car's longitudinal
axis on the left side of 73 dB A (point 10), and on the
right side - 69 dB A (point 4), ahead - 97.2 dB A (point
1), and behind - 97.2 dB A (point 7) (fig. 3). In this way,
a rational noise field is built empirically.

Under the indicator of the direction (ID) we under-
stand the difference between the average sound level in
dB (A) and the value of the level in the given direction
and the given point, located at a distance of the refer-
ence radius. The reference radius is the distance from
the point under study to the center of the source of
noise.

In Figure 4 the noise diagram of the Renault Sym-
bol is shown. From the figure it is clear that the direc-
tion of the noise ahead of the car (points 1, 2, 11, 12) is
greater than the other, due to the location of the engine
in front, which noise is directed through the front and
bottom open radiator grilles, that is why the direction is
less behind.



NOISE LOAD OF A CAR ON THE ENVIRONMENT 21

Fig. 4. The direction indicator of the noise level of the Renault Symbol vehicle at a distance of 7.5 m:

-x- experimental data;
- » - indicator of rational direction

After redistributing the sound energy of the Re-
nault Symbol, you can get an indicator of rational direc-
tion (Fig. 4).

The following should be noted:

1. A greater direction of sound in the direction of
the car (points 1, 7) helps to further inform pedestrians
and drivers about the approach of the car, ensuring their
safety.

2. Different values of the direction indicators from
the right (p.4) and left (p.10) side of the car are due to
the right-hand traffic in Ukraine and the attempt to re-
duce the direction of sound for pedestrians.

CONCLUSIONS

We indicated the noise field of the Renault Symbol
car and proposed a rational noise field, for which
formation is required: adherence to the permissible
noise level at a distance of 7.5 m from the longitudinal
axis of the car; providing increased direction of noise
along the direction of motion as a factor in additional
informing pedestrians and drivers about the approach of
the car to ensure their safety; providing different
indicator of the direction of the right or left side of the

car depending on the organization of traffic (right or
left-hand traffic).

Thus, reducing the overall noise level of a car
without losing its source level can be achieved by
redistributing noise energy from right to left and in the
direction of motion (back and forth).
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Summary. Modern agriculture requires the use of
more energy-efficient and environmentally friendly
technology. Therefore, better technical solutions are still
looked for. Progress in the field of electronics provides
more and more opportunities to use electric drives in ag-
ricultural machinery. Currently, electric drives are used
not only to power working parts of tractors and devices
such as fans and wipers, but they also help to improve
braking and steering systems. This article gives an
overview of some possibilities of using electric drives in
modern tractors.

Key words: farm tractors, electric drives.

THE MAIN RESULTS OF THE RESEARCH

The increase in the population forces the search for
new, improved technologies in agricultural production.
At the same time, it is preferable that the cost of agricul-
tural production is lowest and the final product is the
cheapest.

The drives of today's agricultural machinery are
increasingly complex due to the need to adhere to strict
environmental standards. That's why the newer, energy-
efficient and eco-friendly drives of these machines are
sought. Advances in electronics for the introduction of
high power electronic and electronic systems for the
processing of alternating currents make it very possible
to use electric motors in agricultural machinery not only
for environmental reasons [3,4,7].

There is a chance of constructing such an electric
drive that will increase the traction capacity, safety, er-
gonomics and reliability of the agricultural machine. In
the future, it may lead to the elimination of the internal
combustion engine as the main source of energy in the
mobile machine.

The electric advantages, including hybrid power-
trains, combining the combustion and the electric car
engine, has been recognized by the industry for a long
time. At present, large automotive companies have hy-
brid vehicles in their offer. Solutions from the automo-
tive industry are already used in agricultural tractors
mainly intended for lighter work, including municipal
[4,7].

In agricultural machines, the use of electric power
is possible in two variants. In the first one - electricity is
generated by the generator, mounted on the machine. It
is made by an internal combustion engine and a genera-
tor, from where the electrical energy is delivered to the

appropriate receivers in the machine. The second variant
of electric propulsion is the use of batteries or other
sources of electric power (supercapacitors, fuel cells).
However, the prospect of its use on a wider scale is
doubtful mainly for economic reasons [4,8].

An example of a tractor with a hybrid drive is the
product of the German company Rigitrac (fig.1) [13].

o i

Fig. 1. The agricultural tractor Rigitrac with elec-
tric drive. The drive is transmitted directly to the wheels
by independent electric motors [13]

The tractor is equipped with a 91kW diesel engine,
a 85 kW generator and 650 V DC, and four traction mo-
tors with a power output of 33 kW (total power
132 kW) (Figure 2).

EDB

Silnik diesla

Silnik trakcyjny

Generator
Indywidualne zarzadzanie

napedem kazdego kota

Fig. 2. Diagram of a hybrid tractor [13]

The Indian company Mahindra produces a small
electric tractor (fig. 3). As the manufacturer declares,
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the tractor's electric drive can be charged from a variety
of sources (including solar and wind). The tractor is
equipped with a small internal combustion engine,
which acts as an emergency power source, but does not
have a PTO. The manufacturer clearly emphasizes the
low level of complexity of the product (easy to produce)
and directs it to agricultural applications and as a means
of transportation in factories and for the movement of
luggage at airports [14].

ll

Fig. 3. Indian electric tractor Mahindra [14]

In 2009, the Institute of Technology and Life Sci-
ences in Poznan and the Kujawska Agricultural Ma-
chinery Factory in Brzes¢ Kujawski undertook activities
that give the agricultural character of the machine
shown in Fig. 4i. 5. The machine is a product of Italian
engineers. The project was called Renewable Energy
Agricultural Multipurpose System for Farmers (RAM-
seS) and was developed as a system to guarantee the en-
ergy independence of farms in the Mediterranean coun-
tries as a response to the potential increase in the price
of liquid fuels and frequent breakdowns in the supply of
electricity in these countries [15].

Fig. 4.
AGROTECH [15]

Vehicle RAMseS on the Expo

Fig. 5. Vehicle RAMseS during field spraying [15]

The presented vehicle has a three-point toolbar
(TPT) and PTO. Unfortunately, due to the construction
solutions used, its ability to move in difficult terrain is
limited (lack of mobility of a typical tractor, tendency to
sink due to high surface pressure).

Agritechnica 2007 presents the first integrated
electric power system in the John Deere E-series trac-
tors. This system was used in 7430 E and 7530 E Pre-
mium models, rated at 121 and 132 kW.

In these tractors, the electric generator enables the
electric drive of the radiator fan, air conditioning com-
pressor and pneumatic system compressor. As a result,
their operation becomes independent of the tractor's in-
ternal combustion engine. For example, the main fan
can work continuously even at low engine speeds [9].

For the first time, this solution enabled the use of
electric power to increase the efficiency of the tractor.
The power control system monitors the operation of in-
dividual teams at the set time and in a specific situation.

From May 2012, the John Deere 6210RE E-
Premium tractor model is available, which enables the
electric drive to work with the machine while driving,
which contributes into greater accuracy and perfor-
mance (Figure 6).

Fig. 6. New model of tractor John Deere 6210RE;
PTO drives are replaced with two connectors for con-
nection and drive

In addition to the use of electric power to drive
fans, windshield wipers, etc., thanks to the development
of electrical engineering, closed control systems are cre-
ated which improve the braking and steering systems.
However, electric motors have not yet been used to
drive power units with high power requirements
[http://www.farmer.pl/technika-rolnicza].

In modern tractors, there is a possibility to mount a
high power generator so that the heavy rotor of this
permanent magnet generator also functions as a fly-
wheel.

The electric drive can also revolutionize the axle
drives of the mounted and self-propelled machines. So
far they have been driven mechanically from PTO or
hydraulically. Electric drive compared to traditional so-
lutions, can easily distribute power on the axles and in-
dividual wheels with high efficiency. In addition, elec-
tric motors are characterized by high overload. This
means that they can work periodically with a load great-
er than the rated load. Electronic systems can also allow
an easy control of the drive.

Large machines require a tractor with a large pull.
Using heavy aggregates results in higher soil compac-
tion and high fuel consumption. The electric drive used
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in the machine cooperating with the tractor will relieve
it and thus affect the economical operation of the unit.
The new fuel technology is fuel cells. Currently,
New Holland is developing this solution, which has cre-
ated a Hydrogen-powered NH2 tractor (Figure 7) [11].

Fig. 7. The New Holland NH2 tractor powered by
hydrogen [11]

The NH2 tractor is equipped with a hydrogen tank
and fuel cells that produce electricity to power two elec-
tric motors that drive the machine, its systems and its
equipment. One of them is used to support the drive sys-
tem, while the other one - PTO and auxiliary power
source. The undisputed advantage of this tractor is zero
emissions. The fuel cell system releases only a small
amount of water in the form of water vapor. A negative
aspect of this technology is the small capacity of this
tractor's hydrogen tank, which only lasts three hours.
Storage of liquid hydrogen, possible only under high
pressure or low temperature conditions, is troublesome.

The production of high performance of fuel cells is
not economically justified, due to complex processing
processes and the difficulty of obtaining of raw materi-
als for their production in trace amounts in the earth's
crust [2, 4, 5].

The most realistic in the near future seems to be
the use of hybrid diesel engines in conventional agricul-
tural diesel engines, generators and electric motors [4,
51

The primary source of hybrid power is the chemi-
cal fuel from which the mechanical energy is generated
in the standard piston engine. The electrical system in
this case is essentially a transmission system, while in
the mechanical systems it carries shafts and transmis-
sion belts and transmissions. In such a system, the main
component is a generator, which is responsible for
charging the batteries and lighting up the supply. The
current generator is an alternator that converts mechani-
cal energy into alternating current, which then converts
the electronic rectifiers into DC 12 or 14 V. The genera-
tors used in the tractors have small power ranges (up to
5 kW), because the voltage 12 V is too low for high
power transmission. Low voltage is the cause of energy
loss in the transmission lines, as well as faster wear of
the copper from which they are made [1, 4, 6].

PTO driven generators can be mounted on tractors
and used to drive cooperating machines. The generator
can be mounted on the front or rear three-point toolbar
(TPT) between the tractor and the machine. Both have
advantages and disadvantages. For example, attaching a

generator on a rear TPT complicates connecting the ma-
chines to this tractor.

Currently, commercial vehicles based on electric
propulsion technology are manufactured in Ursus S.A.
from Lublin and Solaris from Bolechow as low emis-
sion vehicles, used for public transport. These compa-
nies have developed and offer electric buses, thus creat-
ing an innovative product on a European scale. In the
area of agricultural applications, however, the activities
are undertaken reluctantly. Agricultural machinery
manufacturers are skeptical about this type of solution,
fearing primarily the reaction of potential buyers who
prefer proven solutions. However, it is necessary to un-
dertake research and implementation work to make
electrical machines also implemented on the Polish
market by Polish producers. Such projects are important
financial support for these activities.

CONCLUSIONS

The use of electric motors in agricultural machin-
ery has many benefits. The development of control elec-
tronics and growing ecological requirements will enable
the practical application of these solutions in agricultur-
al machinery in the near future. It will be necessary to
equip tractors with high power generators or other
sources of electricity. Also, the demand for electrically
driven machines to work with tractors will increase.
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Summary. The impact of political and economic
events on the price of crude oil on global commodity
exchanges has been estimated. The price of oil is de-
pendent on political events that diminish its production
and tends to drop as a result of reduced demand or
overproduction.

Key words: crude oil, geopolitical determinants,
price.

INTRODUCTION

The average user of a motor vehicle does not often
wonder about the factors that determine its communica-
tion capabilities. His perception generally does not go
beyond a local petrol station, where the fuel prices are
dictated for a certain period of time.

It is well known that fuel prices in Poland are de-
termined by manufacturers depending on market condi-
tions controlled by the factors and trends of global fuel
markets as well as the state of Poland's economy and
fiscal policy. The prices of petroleum products are de-
termined by the following, most often listed, factors:

- taxes and charges (excise, VAT, reserve)

- dollar exchange rate (the currency commonly
used in the oil market);

- conditions created by the competitive game,

- development of technologies for the production
of alternative energy sources or alternative machines
and devices [2-4, 9].

However, the most important of these factors is the
market price of crude oil. The supply of raw materials,
dominated by the biggest tycoons in the market, and
demand-driven by the world economy have a big impact
on the price of crude oil. Among the producers, the
dominant influence on oil output and price is the OPEC
organization, which has 12 producers from the Persian
Gulf, Africa and South America.

The share of OPEC countries in global production
is about 40% (in 2010 it was 44% of world production)
[11]. A particular importance in OPEC is attributed to
Saudi Arabia, which is the world's largest producer of
oil. The United States of America is a major producer
and consumer of this raw material. The importance of
the US as a producer of oil has increased considerably
due to the development and introduction of hydraulic
fracturing technology, which has enabled the extraction
of raw materials from previously unavailable deposits in
bituminous shale, although such extraction is much
more difficult and costly compared to traditional depos-
its. Since the turn of the twentieth and twenty-first cen-

turies Russia has also become an important oil producer
(Figure 2) [11].

OIL PRICE ANALYSIS IN THE CONTEXT OF
HISTORICAL EVENTS

The price of a barrel of crude oil on the global
stock market, which ranged between $ 15 and $ 20, has
been subject to significant fluctuations as a result of var-
ious historic events that could have hindered the regular
supply of this strategic energy resource. It should be
noted that the Persian Gulf that has 60% of the world's
estimated oil reserves is a potential area of religious and
national conflict. In this region the influences of the
world powers clash, while the near-by Middle East with
Israeli-Palestinian and Israeli-Arab conflicts is still an-
other source of various conflicts.

One such threat was Iran's intensive research into
nuclear energy. The official reason for the development
of nuclear technology in Iran was the development and
use of alternative energy sources for oil, with their expe-
rience of using fissionable energy resources easily trans-
ferrable to the construction of nuclear weapons and
used, for example, to jeopardize the existence of the
Jewish state, the biggest enemy of Iran in the Middle
East.

The Arab world is also not a monolith, and has
been the arena of many conflicts, among others the im-
portant conflicts of Iraque with Iran (from September
22, 1980 to August 20, 1888) [8] and Iraq with Kuwait
(from August 1990 until the spring of 1991, when the
forces of the US-led coalition intervened) [1]. The latter
conflict had been the likely cause of a significant in-
crease in oil price observed during this period, although
this rise has also been largely attributed to the effects of
the global economic downturn at the time [1, 8]. For ex-
ample, the price of a "brent" oil barrel in the period pre-
ceding this conflict was $ 14.83 (June 18, 1990) [10],
and after the Iraqi invasion increased more than twice to
$ 34.11 a barrel (18.10.1990) [10] (Figure 1).

150,00
100,00
50.00

0,00

1995 2005 2015
Fig. 1. "Brent" oil price on the raw materials stock
exchange [10]
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The decline of the twentieth and the beginning of
the twenty-first century abounded in the various events
that jeopardized the stability of the world economy: sig-
nificant socio-economic effects of the break-up of the
Soviet Union, the emergence of numerous al-Qaeda ter-
rorist organizations and political problems in many parts
of the world, including Iraq, Iran and Afghanistan
(11.10.1999 - Chechen war, September 11, 2001 -
World Trade Center attack, October 7, 2001 - Afghan
War, March 20, 2003 - Gulf War) [5, 6, 7, 1].

The rapid rise in oil prices during this period (from
$ 24.35 - March 21, 2003 to $ 144.43 a barrel - July 4,
2008) [10] was one of the likely consequences of these
geopolitical events. The rise in this raw material's prices
coincided with the increase in oil production by Russia
and the US as a result of the widespread exploration in
the shale oil fields (Figure 2) [11].
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Fig. 2. The largest oil producers in the past twenty
years [11]

As a result, the oversupply of the raw material was
soon deepened by the onset of the economic crisis and
resulted in a sharp fall in prices to $ 42.91 a barrel (Jan-
uary 12, 2009) - Figure 1 [10].

In subsequent years oil demand increased follow-
ing the overcoming of the economic crisis, which was a
likely stimulus for commodity prices and coincided with
the outbreak of civil war in Libya (15.02.2011). The rise
in prices was also likely to be fueled by the continued
war in Afghanistan and the instability of the Iraqi econ-
omy in connection with the Iranian supply embargo. As
a result, oil prices got stabilized at a high level between
$ 100 and $ 125 a barrel since early 2011 to mid-2014
[10].

In mid-2014, the ongoing conflict in Libya and the
growing tension in Iraq associated with the creation of
the so-called self-proclaimed Caliphate named the State
of Iraq and Levant, favored the raising of oil prices,
while its large supply by Saudi Arabia and other OPEC
countries as well as the US was likely to reduce the
price. As a result, the price fell significantly, by 55%, to
reach $ 48.91 a barrel by mid-January [10]. Saudi Ara-
bia's official rationale for high oil production is the ri-
valry for the producers' dominance and eliminating the
more expensive hydraulic fracturing technology from

the market (especially in the US), but a large amount of
oil stocks in the US and a high level of production there
would rather indicate that this strategy is probably part
of the economic sanctions against Russia for the an-
nexation of the Crimea (21 March 2014) and the support
of the separatists in eastern Ukraine in Donbas.

CONCLUSION

1. Prices of crude oil and petroleum fuels are
strictly dependent on political events.

2. Crude oil price rises are triggered by economic
crises and overproduction of this raw material.

3. The rise in crude oil prices is most often linked
to political events, which may lead to the limiting of
crude oil extraction.
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Streszczenie. Celem pracy bylo badanie opinii
studentow na temat map wiedzy jako narzedzia do
nauczania materiatloznawstwa. W pracy przedstawiono
przyktad wykorzystania programu komputerowego
InfoRapid KnowledgeMap do tworzenia map wiedzy.
Wyniki badan ankietowych studentéw Wydziatu
Inzynierii Produkcji Uniwersytetu Przyrodniczego w
Lublinie potwierdzily ich pozytywna opinie o celowosci
wykorzystywania programow komputerowych do zajec
dydaktycznych. Zastosowanie map wiedzy w edukacji
byloby nowoscia dla ponad 80% studentéw. Pomimo
tego respondenci deklarowali che¢ korzystania z
nieznanych dotad technik uczenia si¢. Wigkszos¢
badanych wykazywata zainteresowanie = doborem
materialow na przedmioty ktorymi sie poshuguja.
Zastosowanie nowych metod nauczania mogloby
zwiekszy¢ zaangazowanie studentow w problematyke
zaje¢ dydaktycznych i ulatwi¢ im przyswajanie wiedzy
z przedmiotu uznawanego za trudny.

Stowa  kluczowe: mapy wiedzy, metody
nauczania, materiatoznawstwo.

WSTEP

Rozwdj technologii informacyjnych umozliwia
wykorzystywanie wielu nowych srodkow
dydaktycznych. Zroznicowane sposoby nauczania
zachgcaja uczniow do samodzielnej nauki i
innowacyjnej edukacji [4]. Proces uczenia sig jest
bardziej efektywny jezeli uczen jest zainteresowany
poruszanymi zagadnieniami i forma ich przekazu.
Nalezy pamigta¢, ze uczenie si¢ jest procesem
indywidualnym, osoby wuczace si¢ posiadaja rozne
tempa pracy, inne zagadnienia sprawiaja im wieksze
trudno$ci  rozumienia i  przyswajania  wiedzy.
Zastosowanie technologii informatycznych na zajeciach
umozliwia zindywidualizowanie tempa uczenia si¢
[6,8]. Szczegolnie pomocne staja sie technologie
internetowe. Allen i in. [1] podkreslaja, Zze materiaty
dostepne on-line umozliwiaja ich wielokrotng analize w
dowolnym miejscu i czasie.

Jedna z faz przekazywania i zdobywania wiedzy
jest notowanie [10]. Alternatywa dla tradycyjnych
notatek linearnych moga by¢ mapy wiedzy. Davies [7]
definiuje mapy wiedzy jako wizualne, nieliniowe
pofaczenie za pomoca sieci zagadnien zwiazanych z
danym pojeciem. Dodatkowo Race i Pickford [15]
wskazuja, ze mapy wiedzy sa indywidualnie
przygotowywane przez studentow, co moze ograniczy¢
zjawisko plagiatu, ktére w ostatnich latach stalo sie
powaznym problemem uczelni wyzszych na catym
$wiecie. Ponadto, otwarty i samodzielny charakter pracy
dodatkowo motywuje do nauki [14]. Multisensoryczny

charakter map wiedzy ulatwia konwersje informacji z
okreséw krotkiej do dlugiej pamieci [5, 6]. Davies [7]
wskazuje takze, ze mapy wiedzy wymagaja bardziej
aktywnego zaangazowania ze strony studentéw, co
przyczynia sie do intensywniejszego uczenia si¢ i
lepszych efektow. Mapy wiedzy moga pomac skrocic
czas spedzony na przygotowywaniu si¢ do egzaminu i
pomoc zorganizowaé informacje [2]. Stosowanie
tradycyjnych technik uczenia si¢ obcigza tylko lewa
potkule mézgu, podczas gdy mapy wiedzy stymuluja
obie pdtkule, co przyspiesza i usprawnia proces uczenia
si¢ [2,13,14]. Ponadto sporzadzanie notatek w postaci
map wiedzy zajmuje mniej czasu niz sporzadzanie
tradycyjnych notatek linearnych i umozliwia dodawanie
nowych informacji bez zaburzenia czytelnosci
zapiskow, tak jak ma to miejsce w przypadku notatek
tradycyjnych [10]. Rosciano [17] wskazuje, ze 93%
badanych uwaza, ze tworzenie map wiedzy podnosi ich
kreatywno$¢, co dla wiekszosci respondentow jest
umiejetnoscia niezbedna w wykonywaniu zawodow
inzynierskich [18].

Interesujaca koncepcje wykorzystywania map
mysli przy egzaminowaniu studentéw opisuje Buzan
[3]. Polega ona na przyjeciu zalozenia, ze zadaniem
egzaminu nie jest sprawdzenie umiejetnosci pisarskich
studentéw ale sprawdzenie stanu ich wiedzy i stopnia
zrozumienia materialu. Poza oszczgdnoscia czasu
egzaminatora, ktory jednym spojrzeniem na rysunek
egzaminacyjny moze oceni¢, czy egzaminowany
posiada wiedze w tematyce egzaminu, nauczyciel ma
obiektywne pojecie o wiedzy ucznia nie zakldcone jego
umiejetnosciami, jak gramatyka, ortografia, charakter
pisma.

Do wad map wiedzy zalicza sig: ograniczenie
informacji do prostych skojarzen, brak wyraznych
powiazan miedzy ideami, niespdjnos¢ w poziomie
szczegotowosci, trudno$¢ w odczytywaniu, niekiedy
zbyt skomplikowana forma zapisu [14]. Janowicz [10]
wskazuje takze, ze mapy wiedzy moga by¢
nieefektywne podczas sporzadzania notatek z
wyktadow, ale doskonale nadaja si¢ do sporzadzania
streszczen, podsumowan.

Whbrew niektérym pogladom nowe formy edukacji
nie maja na celu wyparcia metod tradycyjnych [12].
Wprowadzanie nowych metod nauczania ma na celu
zachecenie studentéw do samodzielnej nauki i
innowacyjnej edukacji. Ponadto otwarty i samodzielny
charakter pracy dziata motywujaco [14].

Dziatanie = komputerowych  programéw  do
tworzenia map wiedzy odbywa si¢ nastepujaco. W
centralnej czgs$ci ekranu monitora umieszcza si¢ ikong /
nazwe glownego tematu. Od niego prowadzone sa
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rozgatezienia. Im dalej od centrum tym pojecia sa
bardziej  szczegolowe. Galezie sa  ustawiane
automatycznie, jedynie program iMindMap umozliwia
ich ksztaltowanie. Ws$réd bezplatnych  narzedzi
informatycznych stosowanych do tworzenia map
wiedzy mozna wyrdzni¢ miedzy innymi: bubbl.us
[www.bubbl.us], Cmaptools
[https://cmap.ihmc.us/cmaptools/], iMindMap
[https://imindmap.com/], InfoRapid Know ledgeMap
[9], Mind Mup [www.mindmup.com], MindManager
[www.mindjet.com], Mindmeister
[www.mindmeister.com], Visual Understanding
Environment (VUE) [www.vue.tufts.edu], XMind
[www.xmind.net]. Na rynku dostepne sa takze platne
programy komercyjne, ktore zawieraja bardziej
rozbudowane funkcje, jak na przyktad eksport do
wszystkich mozliwych typéw plikdw. Najbardziej

rozpowszechnione w tej grupie to: Buzan’s
iMindMapwww [imindmap.com], Creately
[www.creately.com], Debategraph

[www.debategraph.org], iMindQ [www.imindq.com],
Inspiration-Mind42 [mind 42.com]. Programy bezplatne
z powodzeniem moga by¢ stosowane w edukacji,
poniewaz zawieraja wszystkie niezbedne funkcje
dydaktyczne, takie jak na przyktad dotaczanie obrazéw,
linkow, notatek [10].

Celem pracy bylo badanie opinii studentow na
temat map wiedzy jako narzedzia do nauczania
materialoznawstwa.

OBIEKT I METODYKA BADAN

Do sporzadzenia mapy wiedzy zostal uzyty
program InfoRapid KnowledgeMap wersja 2005¢ [9],
ktora jest najnowsza, bezptatng wersja oprogramowania
W 2017 roku przeprowadzono badania ankietowe w
grupie studentéw pierwszego roku kierunku Inzynieria
Rolnicza i Le$na (IRiL) (29 respondentow).

Ankieta anonimowa zawierala 20  pytan:
personalnych,  dotyczacych  subiektywnej  oceny
znajomosci jezyka angielskiego, obstugi komputera,
pytania sprawdzajace, badajace motywacje studentow do
nauki materialoznawstwa, dostegp i akceptacje do
wykorzystywania technologii informatycznych,
preferowanych stylow uczenia si¢ oraz wykorzystywania
map wiedzy w edukacji.

Wyniki badan zostaly opracowane w programie
Statistica 13.1 (Dell).

WYNIKI BADAN I DYSKUSJA

Wséréd  studentéow  kierunku  IRIL  83%
ankietowanych uwazato, ze wykorzystywanie narzedzi
multimedialnych i  komputera na  zajeciach
laboratoryjnych powoduje wzrost ich atrakcyjnosci, a
17 % z nich nie miato swojego zdania w powyzszej
kwestii. We wczesniejszych badaniach ankietowych
przeprowadzonych w 2013 roku 82% studentow
podzielalo powyzszy poglad, a 18% nie mialo zdania
[8].

Czynnikiem warunkujacym celowosé
zastosowania narzedzi informatycznych na zajeciach
jest miedzy innymi poziom umiejetnosci obstugi
komputera przez studentow. Tabela 1 przedstawia
poréwnanie wynikéw badan przeprowadzonych w roku

2013 [8] i 2017. Swoja znajomos¢ obshugi komputera
68% badanych ocenito jako dobra lub bardzo dobra.
Wyniki ankiety przeprowadzanej cztery lata wczesniej
sa zblizone, jedynie znacznie zmniejszyta si¢ liczba
studentdow  oceniajacych  bardzo nisko  swoje
umiejetnosci pracy z komputerem na oceng 2.

Tabela 1. Subiektywna ocena znajomosci obstugi
komputera w opinii studentow

Table 1. Subjective assessment of computer skills
in student opinion

Ocena
1 2 3 4 5

Respondenci

IRiL, 2017 0% | 0% | 32% | 50% | 18%

TRiL, 2013 0% | 18% | 12% | 52% | 18%

Obserwacje wtasne autorow oraz przeprowadzone
badania dowodza, ze studenci wykazuja
zainteresowanie ~ zagadnieniami ~ zwiazanymi = z
materiatoznawstwem i doborem materiatéw do
konkretnych zastosowan. Twierdzaco na pytanie: ,,Czy
przy pomocy programu komputerowego chcesz sie
dowiedzie¢ jakie czynniki decyduja o doborze
materiatow na obudowy telefonow komoérkowych?”
odpowiedzialo 64% badanych (rys. 1). W badaniach
ankietowych przeprowadzonych w 2013 roku az 75%
studentéow podzielalo powyzszy poglad, a 18%
studentéw nie miato swojego zdania [8].
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Rys. 1. Deklaracja checi uczestnictwa w zajeciach
na ktorych zrédlem wiedzy o materialach bylby
program komputerowy.

Fig. 1. Declaration of desire to participate in
activities in which the source of knowledge about
materials would be a computer program.

Za najatrakcyjniejsze zajecia laboratoryjne 43%
badanych wuznato takie, ktore tacza rdézne form
prowadzenia zajec tj. prezentacje filméw edukacyjnych,
wykonywanie powierzonych zadan samodzielnie lub w
grupach, odwzorowywanie mikrostruktur, ktore omawia
prowadzacy. Badania ujawnity che¢ studentow do
pozostawania biernymi odbiorcami tresci
prezentowanych w filmach dydaktycznych lub przez
prowadzacego  zajecia. 36% badanych  za
najatrakcyjniejsze uznato odwzorowywanie
mikrostruktur  omawianych przez prowadzacego

(rys. 2).
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Rys. 2. Odpowiedzi studentéw na pytanie: ,,Ktora
forma prowadzenia zajec¢ jest najbardziej atrakcyjna: a)
wykonywanie powierzonych zadan samodzielnie lub w
grupach, b) odwzorowywanie mikrostruktur, ktore
omawia  prowadzacy, c¢) ogladanie  filmow
dydaktycznych, d) potaczenie form a, b, ¢ ?”

Fig. 2. The students' answer to the question:
"Which form of teaching is most attractive: a) doing
tasks alone or in groups, b) copying microstructures that
lecturer discusses, c) watching didactic films, d)
combination forms a, b, ¢ ?".

Tradycyjne notatki linearne, ktére studenci
wykonuja podczas zaje¢, moglyby zosta¢ urozmaicone
o mapy wiedzy. Umozliwitloby to studentom
dopisywanie  wlasnych skojarzen zwiazanych z
zastosowaniem lub  wlasciwo$ciami  omawianych
materiatow inzynierskich. Wprowadzenie nowej metody
uaktywnitoby studentéw i sklonilo do kreatywnego
notowania, co umozliwitoby glebsze przetworzenie
omawianego zagadnienia. Wprowadzenie narzedzi
informatycznych do tworzenia map wiedzy bytoby
nowoscia dla wigkszosci studentéw. Tylko 43%
badanych spotkato sie z omawianym pojeciem, a 18%
respondentow  korzystalo z map wiedzy we
wczesniejszej edukacji. 80% studentow, korzystajacych
we wczesniejszej edukacji z map wiedzy, uznalo, ze
przyswajanie wiedzy byto tatwiejsze (rys. 3).
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Rys. 3. Odpowiedzi studentéw na pytanie: ,,Czy
przyswajanie wiedzy byto tatwiejsze ?”.

Fig. 3. The students' answer to the question: "Was
learning easier ?".

Rood [16] wskazuje, ze studenci, ktorzy korzystali
z map wiedzy mieli lepsze wyniki egzaminu, poniewaz
byli w stanie przypomnie¢ sobie duze ilosci ztozonych
informacji. D’ Antoni i in. [5,6] nie stwierdzili istotnych
ro6znic w $rednich wynikach egzaminu.

Wspdlczesni studenci maja szeroki dostep do
informacji. Opracowujac zagadnienia wielu studentow
korzysta z informacji dostepnych w Internecie i z
latwoscia przetwarza je w edytorze tekstu, co nie
przyczynia si¢ do ich analizy i lepszego
zapamietywania. Studenci sa zainteresowani nowymi
technikami uczenia sie. Che¢ uczestnictwa w zajeciach
na ktérych przyswajanie wiedzy ulatwialyby narzedzia
informatyczne zadeklarowato 76% respondentow.
Analizujac wyniki badan wilasnych mozna stwierdzic,
7ze wprowadzenie zmian w programie nauczania i
wykorzystywanie technologii informatycznych na
zajeciach jest potrzebne i wplyneloby na zwickszenie
atrakcyjnosci zaje¢. Wiekszo$¢ studentow (69%) jest
sktonna korzysta¢ z nieznanych do tej pory technik
edukacyjnych (rys. 4).
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Rys. 4. Odpowiedzi studentéw na pytanie: ,,Czy
bytabys$/bytby$ sklonna korzysta¢ z nieznanych do tej
pory technik edukacyjnych ?”.

Fig. 4. The students' answer to the question:
"Would you be willing to use the hitherto unknown
educational techniques ?".

Z map wiedzy moga korzysta¢ studenci, ktorzy
posiadaja rézne style uczenia sie (wzrokowy,
kinestetyczny) [4]. 68% respondentow deklaruje, ze sa
wzrokowcami, a 4% — kinestetykami (rys. 5).
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Mapy wiedzy moga by¢ takze pomocne w
usystematyzowaniu wiedzy. Do sporzadzenia mapy
wiedzy zostat uzyty program InfoRapid KnowledgeMap
wersja 2005e. Program umozliwia tworzenia graficznie
zaawansowanych map wiedzy oraz gromadzenia
informacji petnotekstowych (rys. 6).
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Rys. 5. Preferowane style uczenia sie: a)
wzrokowiec, b) shuchowiec, c) kinestetyk, d) nie wiem.

Fig. 5. Preferred learning style: a) visual, b)
auditory, c) kinesthetic, d) I do not know.

& InfoRapid KnowledgeMap 2005¢ Private Edition - [KnowledgeMap1]
& File Edit Content Image Format Design Colour Server View Window Help

Korzystanie z programu InfoRapid
KnowledgeMap umozliwia studentowi w bardzo szybki
i prosty sposob tworzenia map wiedzy, ktére moga by¢
formg podsumowania danej partii materiatu (rys. 7).
Program umozliwia tworzenie dowolnej ilosci relacji
miedzy zagadnieniami oraz wstawianie opisow, ktore
wyswietlaja sie dopiero po najechaniu kursorem myszy
na dane zagadnienie, dzigki czemu mapy wiedzy sa
przejrzyste i czytelne.
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Created with InfoRapid KnowledgeMap.
Visit http://www.inforapid.de for more
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cial use is strictly forbidden.
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Rys. 6. Przyktad zrzutu z ekranu programu InfoRapid KnowledgeMap.
Fig. 6. Example of the screenshot in InfoRapid KnowledgeMap.
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Rys. 7. Przykladowa mapa wiedzy dotyczaca materialdéw stosowanych w motoryzacji sporzadzona w
programie InfoRapid KnowledgeMap
Fig. 7. Sample mind map of materials used in the car industry created in InfoRapid KnowledgeMap
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PODSUMOWANIE

Przeprowadzone badania wskazuja, ze dla 82%
badanych studentow mapy wiedzy byly nieznanym
pojeciem. Pomimo tego, po ich prezentacji studentom,
69% badanych wyrazilo che¢ korzystania z nowych
srodkéw dydaktycznych opartych na technologiach
informacyjnych. Uwzgledniajac zalety korzystania z map
wiedzy oraz prosty sposdb ich tworzenia warto je
wykorzystywa¢ w edukacji w celu sporzadzania notatek.

Dalsze badania beda mialy na celu poszerzenie
zakresu tematycznego zajec dydaktycznych
prowadzonych w oparciu o techniki map wiedzy oraz
weryfikacje hipotezy o ich korzystnym wplywie na
wyniki egzaminow i na czas uczenia sig.
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TEACHING MATERIAL SCIENCE USING IT
TOOLS TO BUILD KNOWLEDGE MAPS

Summary. The aim of the work was to present
knowledge maps as a tool for teaching material science.
The paper presents an example of the use of the
InfoRapid KnowledgeMap computer program for
mapping knowledge. The survey results of the students
of the Faculty of Production Engineering at the
University of Life Sciences in Lublin confirmed their
positive opinion about the usefulness of using computer
programs for didactic classes. Applying knowledge
maps in education would be new to more than 80% of
students. In spite of this, respondents declared their
willingness to use previously unknown learning
techniques. Most of the respondents showed interest in
the selection of materials for the items they use. The use
of new teaching methods could increase students'
engagement in the problem of teaching and facilitate
their understanding of the subject matter considered
difficult.

Key words: knowledge maps, teaching methods,
materials science.
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DOCHODOWOSC PRODUKCJI BURAK(')W’CUKROWYCH W KAMPANII 2016/2017
NA PRZYKLADZIE WOJEWODZTWA LUBELSKIEGO
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Uniwersytet Przyrodniczy w Lublinie
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Streszczenie. \ pracy przedstawiono
kompleksowa analize i kalkulacje kosztéw uprawy
burakéw cukrowych w kampanii 2016/2017, Zwrdcono
uwage na wynik finansowy tj. wzrost kosztow uprawy i
dochodu z produkcji.

Stowa kluczowe: burak cukrowy, Kkoszty,
optacalnos¢, dochodowos¢ produkcji.

WPROWADZENIE

Kampania cukrownicza 2016/2017 w panstwach
Unii Europejskiej jest przelomowa kampania, poniewaz
system kwotowy zostanie zniesiony w dniu 30 wrzesnia
2017 roku. W kolejnym roku gospodarczym zostanie
uwolniony rynek  cukru, a funkcjonujace limity
produkcyjne przestang obowigzywac.

Charakterystyczna cecha kampanii 2016/2017 w
Krajowej Spoétce Cukrowej S.A. (KSC SA) bylo
zwiekszenie ilosci przerobionych burakéw cukrowych
w stosunku do kampanii z zesztego roku. W obecnym
sezonie bylo przerobione 13512244 ton surowca, co
daje wynik o 44 % wyzszy niz w kampanii 2015/2016.
Jest to najwyzszy wynik od roku gospodarczego
2002/2003 [2, 3]. Przedstawione wyliczenia to
oczywiscie wynik zwiekszonej kontraktacji buraka
cukrowego oraz warunkéw pogodowych, wyjatkowo
sprzyjajacych ich uprawie.

Sredni plon burakéw cukrowych wyniost 66,53
t/ha, a srednia zawarto$¢ cukru to 17,32 %. Podane
wartosci sa oczywiscie usrednione i nalezy wzia¢ pod
uwage roznice regionalne, do ktérych przyczynily sig
warunki pogodowe [3, 18].

Przy minimalnie zmniejszonej wzgledem roku
poprzedniego liczbie plantatorow w KSC, ktora w tej
kampanii wyniosta 34071, obszar uprawy ulegl
znacznemu zwiekszeniu z poziomu 171425,79 ha do
203100,00 ha [18].

Ten ponad 18 % wzrost w poréwnaniu do
poprzedniej kampanii odbyt sie przy zwigkszeniu
$redniej wielkosci powierzchni uprawy burakow
cukrowych do poziomu 5,96 ha.

W analizowanej kampanii warunki atmosferyczne
i agrotechniczne sprzyjaty uprawie i wegetacji burakow
cukrowych. Pod koniec marca zeszlego roku nastapit
wzrost temperatury i nizsze opady co umozliwito
rozpoczecie  siewow. W  kwietniu  nastapito
spowolnienie ~ wschodéw  burakéw z  powodu
ochtodzenia. W maju iczerwcu nastapity dobre lub
umiarkowane warunki do wzrostu ro$lin. Duze
przyrosty masy burakow cukrowych po opadach
deszczu, mialy miejsce w lipcu. W sierpniu i we
wrzesniu nastagpil dalszy wzrost masy korzeni i

zawartosci cukru, ale juz nie tak intensywny jak
wczesniej [3].

Natomiast warunki zbioru byly wzglednie dobre,
tylko w zachodnich rejonach gdzie wystapito mato
opadéw we wrzesniu zbior byl utrudniony, poniewaz
przesuszona gleba utrudniata kopanie, co powodowato
powstawanie nadmiernych strat.

Produkcja cukru w Polsce odbywa si¢ obecnie w
18 cukrowniach nalezacych do czterech koncerndéw sa
to: Krajowa Spotka Cukrowa S.A., Nordzucker Polska
S.A, Pfeifer & Langen Polska S.A i Sudzucker Polska
S.A.

Ogélnie produkcja cukru w kampanii 2016/17
wyniosta 2 084 443,80 ton. Wynika z tego, ze wynik
zeszloroczny zostal przekroczony o 620 073,00 ton, a
przyznana Polsce kwota produkcyjna o 678 835,80 t.
Zbiory w tym roku rozpoczely siewyjatkowo wczesnie.
Jako pierwszy kampani¢ rozpoczal Pfeifer & Langen
Polska S.A. w swoich cukrowniach w Gostyniu,
Miejskiej Gorce i Srodzie Wielkopolskiej — 1 wrzeénia
2016 roku. Najdtuzej pracowala cukrownia Cerekiew,
nalezaca do Siidzucker Polska S.A. — do 13 stycznia
2017 r.

Srednia dtugo$¢ kampanii u wszystkich czterech
producentéw w Polsce wyniosta 112 dni [4].

W oddziatach Krajowej Spotki Cukrowej skup
surowca na kampani¢ 2016/2017 rozpoczat sie w
pierwszej dekadzie wrzesnia 2016 roku, a zakonczyt sie
w pierwszej dekadzie stycznia 2017 r. Sredni czas
trwania kampanii wyniost 105 dni. Kampanig
prowadzito 7 oddziatébw KSC S.A.: Dobrzelin,
Kluczewo, Krasnystaw, Kruszwica, Malbork, Naklo i
Werbkowice. We wszystkich siedmiu cukrowniach
Spotka skupita tacznie ponad 5 min ton burakow
cukrowych i wyprodukowata tacznie ponad 800 tys. ton
cukru. Najwyzszy s$redni plon uzyskano w Cukrowni
Nakto — 78,5 t/ha. Srednia polaryzacja wyniosta ponad
17% i byla wyzsza niz rok wczesniej. W 2016 roku
buraki cukrowe uprawiane byly na areale ponad 83 tys.
ha, uprawiato je ponad 15 tys. Plantatorow [15].

W Oddziale Krajowej Spolki  Cukrowej
»Cukrownia Krasnystaw” skupiono 1108000 ton
burakéw cukrowych. Sredni plon z wyniést 61,6 t/ha,
przy $redniej powierzchni uprawy wynoszacym 4,41 ha.
Srednia polaryzacja uksztaltowala si¢ na poziomie
17,73 %, przy s$rednim zanieczyszczeniu surowca
wynoszacym 9,57 %. W omawianej kampanii do
Oddzialu KSC ,,Cukrownia Krasnystaw surowiec
dostarczato 3802 plantatorow.

Przedstawiona kalkulacja kosztéw produkcji
burakow cukrowych jest kompleksowa, ze szczegolnym
uwzglednieniem naktadéw pracy wiasnej i kosztow
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ogolnogospodarczych. W  podobnych kalkulacjach
czesto pomijane sa rowniez pozostate koszty
zaangazowania czynnikow produkcji np. koszty
oprocentowania kapitatu. W zamieszczonej kalkulacji
zostato to uwzglednione. Kalkulacje sporzadzono dla
kampanii  2016/2017, awiec z uwzglednieniem
ustabilizowanych warunkow produkcji po reformie
rynku cukru, aprzed zniesieniem kwot cukrowych
Kalkulacja obena jak i pozostate prezentowane przez
autora, zawiera kompleksowa analize kosztow produkcji
burakéw cukrowych oraz jej oplacalnosci dla
gospodarstw indywidualnych rejonu lubelskiego [7-17].
Obecnie ztego regionu okolo 3802 plantatorow
dostarcza buraki cukrowe do Oddziatlu KSC S.A.
,»Cukrownia Krasnystaw”.

ZALOZENIA METODYCZNE PRZYJETE DO
KALKULACJI KOSZTOW UPRAWY BURAKOW
CUKROWYCH

Do analizy kosztow wybrano gospodarstwa
indywidualne ukierunkowane na produkcje burakow
cukrowych, posiadajace sprzet do tego rodzaju
produkcji. Po przeanalizowaniu ok. 123 gospodarstw,
do dalszej analizy przyjeto gospodarstwo modelowe
odzwierciedlajace specyfike regionalna.

Wiekszo$¢ danych zawartych w pracy to wiasne
obserwacje autora lub uzyskane bezposrednio od
plantatorow oraz Oddzialu KSC S.A. ,,Cukrownia
Krasnystaw” w Siennicy Nadolnej. Z zalozenia starano
sie¢ wszedzie gdzie bylo to mozliwe, zamiast kosztow
szacunkowych przyjmowac koszty rzeczywiste.

Poszczegdlne  kategorie  obliczania  kosztow
i dochodu okreslono wedtug ponizszego schematu:

1. Warto$¢ produkcji.

. Koszty bezposrednie.

. Nadwyzka bezposrednia.
. Koszty posrednie.

. Dochad.

. Koszty ogoétem.

. Koszty produkecji 1 dt [2].

KOSZTY PRACY WLASNEJ

NN W

Koszt pracy wlasnej zostal oszacowany wedlug
stawki parytetowej za | godzing. Stawke parytetowa
wyliczono na podstawie $redniorocznego
wynagrodzenia netto w catej gospodarce narodowe;j
(wedhug danych GUS), przyjmujac, ze nominalny czas
pracy jednego peinozatrudnionego w rolnictwie
indywidualnym wynosi w ciagu roku 2200 godzin,
stawke przyjeto dla roku 2016 — 15.29 zt [1, 2].

KOSZT PRACY CIAGNIKA I MASZYN
ROLNICZYCH

Koszt pracy ciagnika ustalono na podstawie
metodyki kalkulacji kosztéw eksploatacji maszyn
rolniczych wedlug literatury [5, 6] oraz danych
uzyskanych z Lubelskiego Os$rodka Doradztwa
Rolniczego w Konskowoli. Jest to kompleksowe

zestawienie uwzgledniajace koszty: amortyzacji, paliwa,
olejéw i smar6éw, napraw, garazowania, ubezpieczenia,
przegladu technicznego, oprocentowania kapitatu. Czas
pracy ciagnika (o mocy 48,5 kW) okre§lono na 400
h/rok (300 mth/rok) uzyskujac koszt czasu pracy jednej
godziny ciagnika — 84,70 zl. Wartosci kosztow
poszczegdlnych zabiegéw uprawowych uwzgledniaja
taczny koszt eksploatacyjny pracy ciagnika w
potaczeniu z maszyna rolnicza. Liczbe godzin
poswiecona na poszczegdlne zabiegi ustalono na
podstawie danych literaturowych [5, 6] i wlasnych
doswiadczen autora.

Zalozono, ze modelowe gospodarstwo posiada
sprzet rolniczy zuzyty (w 50%) — phug, brona talerzowa
i zebata, opryskiwacz i przyczepa rolnicza oraz sprzet
nowy w postaci ciagnika rolniczego, agregatu
uprawowego i rozrzutnika nawozow.

POZOSTALE ZALOZENIA

Charakterystyka danych do kalkulacji kosztow
uprawy burakow cukrowy:

- powierzchnia uprawy burakéw cukrowych 2-
10 ha;

- uprawa $rednio intensywna na glebach
kompleksu pszennego dobrego oraz zytniego bardzo
dobrego, o pH 6 - 6,5;

- liscie buraczane zostaja na polu uzyzniajac
glebe;

- gospodarstwo posiada w wiekszosci wlasny
sprzet do produkcji rolnej;

- cena sprzedazy burakéw do producenta cukru —
130 z/t (dla polaryzacji standardowej 16%);

- cena wystodkdw mokrych (2,05 zl/dt) przyjeta
na poziomie ceny obowigzujacej w Oddziale
,»Cukrownia Krasnystaw” w kampanii 2016/2017;

- ceny $rodkéw ochrony roslin i nawozow
sztucznych aktualne na kampani¢ 2016/2017;

- gospodarstwo uprawia buraki cukrowe bez
obornika;

- gospodarstwo korzysta z ushug — wapnowania,
siewu i zbioru burakow cukrowych.

W przeprowadzonym rachunku oszacowano
rowniez ilosci 1 wartosci produktéw ubocznych
uzyskiwanych przy uprawie burakow cukrowych
(wystodki). Jak rowniez dodatkowe  czynniki
zaangazowane w proces produkcji, tj. czesciowe koszty:
uzytkowania samochodu osobowego, telefonu, zuzycia
energii elektrycznej i wody (uwzglednione w kosztach
ogoblnogospodarczych.

W kalkulacji przyjeto, ze surowiec zostanie
zabrany z plantacji transportem producenta cukru (tzw.
"odbiér z pola”).

KALKULACJA KOSZTOW

Analize kosztéw produkcji burakéw cukrowych z
uwzglednieniem wszystkich wczesniej przedstawionych
zalozen zawarto w tabeli 1.



Tabela 1. Kalkulacja kosztéw produkcji 1 ha burakéw cukrowych w sezonie 2016/2017
Table 1. Calculation of production costs of 1 ha white sugar beet in season 2016/2017

DOCHODOWOSC PRODUKCJI BURAKOW CUKROWYCH W KAMPANII 2016/2017
NA PRZYKLADZIE WOJEWODZTWA LUBELSKIEGO

Lp. Wyszczeg6lnienie J.m. Jce‘;‘;a Tlos¢ W“;l“’éé U?,Zia'
1. Produkcja - korzenie burakéw cukr. dt 13,00 500 6500,00
1.1 Zwrot podatku VAT ryczttowego % 7,00 6500,00 455,00
1.2 Produkcja uboczna - wystodki dt 2,05 250,00 513,50
1.3 Doptata bezposrednia obszarowa ha 944,44 1,00 944,44
1.4 Doptata cukrowa od 2015 do ha ha [1952,25 1,00 1952,25
Razem przychéd z produkcji 10365,19
2. KOSZTY BEZPOSREDNIE
2.1 Nasiona:
2.2 Odmiana -Jampol Rh Cr (KHBC) jdn. | 599,40 1,25 749,25 | 10,57%
2.3 Srodki ochrony roélin :
2.4 Srodki chwastobojcze
2.5 Pyramin Turbo 520 S.C. 1 79,00 5,00 395,00 5,57%
2.6 Betanal maxxPro 209 OD 1 127,00 2,50 317,50 4,48%
2.7 Targa Super 0,5 EC 1 95,00 1,50 142,50 2,01%
2.8 Srodki grzybobdjcze :
2.9 Optan 183 SE 1 195,00 0,70 136,50 1,93%
2.10 Duet Ultra 497 S.C 1 105,00 1,00 105,00 1,48%
2.11 Razem koszty §rodkéw ochr. roslin 991,50 | 13,99%
2.12 Potrzeby nawozowe :
2.13 N - saletra amonowa 34% dt 130,00 3,53 458,90 6,48%
2.14 P - superfosfat pot. granulowany 46% dt 164,00 1,96 321,44 4,54%
2.15 K - s6l potasowa 60% dt 160,00 2,83 452,80 6,39%
2.16 CaO - wapno dolomitowe (co 4 lata) dt 1,73 40,00 17,30 0,24%
2.17 Razem koszty nawozow - - - 125044 | 17,65%
2.18 RAZEM KOSZTY BEZPOSREDNIE - - 2991,19 | 42,21%
3. NADWYZKA BEZPOSREDNIA - - 7374,00
4. KOSZTY POSREDNIE
4.1 Koszt kompleksowej obstugi (odbidr z pola) dt 0,30 500,00 150,00 2,12%
4.2 Oplata produkcyjna dt 0,37 500,00 182,50 2,58%
4.3 Uslugi:
4.4 Siew nasion 235,78 1,50 353,67 4,99%
4.5 Zbior korzeni (komb. Holmer) 850,00 1,00 850,00 11,99%
4.6 Wapnowanie (co 4 lata) 252,00 1,00 63,00 0,89%
4.7 Razem koszty ustug 1266,67 | 17,87%
4.8 Uprawa i ochrona
4.9 Talerzowanie godz. | 92,02 2,00 184,04 2,60%
4.10 Bronowanie (2x0,7godz.) godz. | 88,21 1,40 123,49 1,74%
4,11.4.12 Orka gleboka godz. | 92,69 2,50 231,73 3,27%
4.12 Siew nawozow PK (2x0,7godz.) godz. | 96,23 1,40 134,72 1,90%
4.13 Uprawa przedsiewna (agregat 2x0,7godz.) godz. | 105,90 1,40 148,26 2,09%
4.14 Nawozenie pogtowne N (2x0,7godz.) godz. | 96,23 1,40 134,72 1,90%
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4.15 Opryski (5x0,5godz.) godz. | 101,33 2,50 253,33 3,57%
4.17 Odbior korzeni od kombajnu godz. | 102,10 2,00 204,20 2,88%
4.18 Razem koszt uprawy i ochrony 1414,49 | 19,96%
4.19 Koszty ogélnogospodarcze
4.20 Podatek rolny 132,00 1,86%
4.21 Ubezpieczenie OC 15,00 0,21%
4.22 Amortyzacja budynkéw 100,39 1,42%
4.23 Pozostate koszty ogdlnogospodarcze 100,25 1,41%
4.24 Razem koszty ogdlnogospodarcze 347,64 4,91%
4.25 Koszty pracy wlasnej godz. | 15,29 48,00 733,92 | 10,36%
4.26 RAZEM KOSZTY POSREDNIE 4095,22 | 57,79%

5. DOCHOD ROLNICZY 3278,78

6. RAZEM KOSZTY 7086,41

Jak wynika z przeprowadzonej analizy najwigkszy
udzial w uprawie burakdéw cukrowych (tab 1) mialy
koszty posrednie (57,78) a wsrod nich najwigkszy
wplyw na ich udzial mialy: koszty uslug zasiewu i
zbioru burakow cukrowych oraz wapnowania - udziat
17,87%, koszty uprawy i ochrony roslin - udziat 19,98
%, koszty ogdlnogospodarcze — udziat 4,91 %, koszty
pracy wiasnej — udziat 10,36 %.

Duzy wplyw mialy tez koszty bezposrednie (42,21
%) a w $rod nich: koszty nawozow — udziat 17,65 %,
koszty nasion - udziat 10,57%, koszty srodkéw ochrony
ro$lin - udziat 13,99 %.

OPLACALNOSCI PRODUKCJI BURAKOW
CUKROWYCH

Optacalnos$¢ produkceji okreslono na podstawie
wskaznika optacalnosci produkcji zdefiniowanego
ponize;j.

P
W=—, 1
K M)
gdzie: W — wskaznik oplacalnosci; P — wartos¢

produkcji w zt; K — koszt produkcji w zt.

Wartos¢ wskaznika wigksza od 1 wskazuje na
optacalnos¢ produkcji, natomiast warto$¢ mniejsza od
jednosci $wiadczy o jej nieoptacalnosci. Na podstawie
tak wyliczonego wskaznika mozemy okresli¢ réwniez
procentowa wartos¢ zysku z produkcji.

Tabela 2. Wartosci wskaznika optacalnosci
produkcji i kosztu jednostkowej produkeji

Table 2. Values of production cost efficiency and
unit cost of production

Rodzaj O\Y;f;fllgé(ci Koszt jednostkowe;j
produkcji P (W)* produkcji* (1dt w zt)

Burak 1,46 14,17
cukrowy

* Wartosci wyliczone z uwzglednieniem: wartosci
produkcji ubocznej — wystodkdw oraz doptaty
obszarowej (JPO+zazielenienie+redystrybu-cyjna) i
cukrowe;.

Wskaznik optacalnosci jest wyzszy od jednosci,
tak wiec produkcja burakow cukrowych jest oplacalna,
ale na niskim poziomie dochodowosci.

OMOWIENIE WYNIKOW

w analizowanym regionie lubelskim
reprezentowanym przez plantatoréw dostarczajacych
surowiec do produkcji cukru do Oddzialu KSC S.A.
»Cukrownia  Krasnystaw”  kampanie = skupowa
2016/2017, mozna uzna¢ za udana. Sprzyjajace warunki
pogodowe w czasie wegetacji burakéw cukrowych, jak
rowniez zbioru sprawity, ze  skupiono o 68000 ton
surowca niz zakontraktowano (1022000 ton). Pochodzit
on od 3802 plantatoréw. Plantatorzy uprawiali buraki na
powierzchni 16760 ha osiagajac rekordowe plony
dochodzace nawet do poziomu 80 t/ha. Taki plon byl
satysfakcjonujacy dla plantatorow tym bardziej, ze
polaryzacja byla tez zadawalajaca 17,73 %. Te
wszystkie  korzystne  czynniki, jak  réwniez
podwyzszenie ceny za surowiec o 15 zt w stosunku do
poprzedniej kampanii, spowodowaly osiagnigcie
dochodu z produkcji burakéw cukrowych do kwoty
3278,78 zt/ha.

Korzystny wynik finansowy spowoduje, Ze uprawa
burakow cukrowych moze by¢ oplacalna po uwolnieniu
rynku cukru. Dotychczas byta to jedna z najbardziej
dochodowych, tradycyjnych upraw rolnych w rejonie
lubelskim pomimo zréznicowanego dochodu w
poszczegolnych latach [7-17] Zdecydowane
zwickszenie  dochodu  plantatoréw  wplynie na
zwickszenie sity nabywczej producentéw rolnych w
kolejnych latach realizacji funduszy unijnych. Wptyna
na to, rowniez wysokie dochody lub ich brak z innych
rodzajow upraw rolnych spowodowany
niesprzyjajacymi ~ warunkami  agrotechnicznymi i
pogodowymi, gltéwnie ze wzgledu na ubiegloroczna
susze na Lubelszczyznie.

Zachowanie niskiego lub wysokiego dochodu z
upraw rolnych w kolejnych latach przyczyni si¢ do
zmniejszenia  lub  zwigkszenia  inwestycji W
gospodarstwach rolnych.

Omawiana kampania zakonczyla si¢ polepszeniem
koniunktury w  dochodowosci uprawy burakow
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cukrowych. Nastapito to przy prawie nie zmienionych
cenach na $rodki produkcji i niezmiennych regulacjach
rynku cukru. Po roku 2017 warunki ekonomiczne moga
si¢ jeszcze bardziej zmieni¢, a uprawa burakow
cukrowych przestanie sie oplaca¢ lub bedzie
ekonomicznie nieuzasadniona, gdyz przewiduje sie
zmniejszenie cen cukru biatego.

Naktad niezbedny do wyprodukowania 1 tony
cukru z buraka cukrowego spadnie. Produkcja cukru w
Unii Europejskiej gwaltownie wzro$nie w latach 2017 i
2018 do ponad 19 mlin t, aby nastepnie obnizy¢ sie do
poziomu okoto 18,5 mint. Wzrost produkcji obejmie
najwydajniejsze regiony, a napedza¢ go bedzie
utrzymujacy sie wzrost zbiorow buraka cukrowego [4].

Najnowsze prognozy wskazuja na wolniejszy
spadek spozycia cukru w Europie. Za przyczyne tego
spadku mozna uznawa¢ ustanowione przez Komisje
Europejska obnizenie produkcji izoglukozy.

Prognozowane spozycie cukru w roku 2026 ma
wynies¢ okoto 17,8 min t. Prognozy w roku 2016
mowity o spozyciu cukru na poziomie okoto 17,1 min t.
Niemniej jednak, w latach 2016-2026 spozycie cukru
moze obnizy¢ si¢ o okoto 1 min t rocznie [4].

WNIOSKI

1. Analiza kosztéw produkcji burakow cukrowych
wykazala jej dochodowo$¢ na poziomie $redniej
wartosci dochodu 3278,78 zt/ha przy wskazniku
oplacalnosci wynoszacym: 1,46.

2. Stwierdzono, ze przy produkcji burakow
cukrowych na warto$¢ dochodu decydujacy wptyw maja
koszty posrednie (57,78 %) sa one o 15,57 % wicksze
od kosztow bezposrednich. Duzy udziat w kosztach
bezposrednich mialy koszty nawozoéw sztucznych
(17,65 %), ktore w najwigkszym stopniu decyduja o
kosztach produkcji.

3. Glownym czynnikiem obnizajacym dochod z
uprawy burakow cukrowych bylo podwyzszenie w
rozwazanym roku gospodarczym ceny za surowiec do
130 z¥/t, w stosunku do sezonu ubiegtego (115 zt/t).

4. Uprawa burakow cukrowych charakteryzuje si¢
wysokim kosztem produkcji pochtaniajacym 68,37 %
przychodu z produkcji.
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PROFITABILITY OF SUGAR BEET CROP IN
CAMPAIGN 2016/2017 ON THE EXAMPLE OF
LUBELSKIE PROVINCE

Summary. The paper presents complex analysis
and calculation of sugar beet crop profitability in cam-
paign 2015/2016, It has been focused on the crop profit-
ability.

Key words: sugar beet cultivation, cost and
profitability of sugar beet production.
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ANALIZA PROCESU KONWEKCYJNO-MIKROFALOWEGO
SUSZENIA PLASTROW CEBULI

Andrzej Krzykowski, Stanistaw Rudy, Renata Polak, Dariusz Dziki,
Beata Biernacka, Renata Rozylo
Uniwersytet Przyrodniczy w Lublinie
Ul. Doswiadczalna 44, 20 - 280 Lublin, Poland. E-mail: andrzej.krzykowski@up.lublin.pl

Streszczenie: Celem pracy byla ocena wptywu
temperatury  powietrza  suszacego oraz  mocy
promieniowania  mikrofalowego, na  kinetyke
konwekcyjno-mikrofalowego suszenia cebuli odmiany
Wolska. Okreslono sumaryczne naktady energetyczne
oraz wspotrzedne chromatyczne barwy suszu. Analiza
wynikoéw badan pozwolita na wyznaczenie optymalnych
parametrow procesu, ktdre wyznacza temperatura
powietrza suszacego 40°C, przy mocy mikrofal 50 W.

Stowa  kluczowe: suszenie  konwekcyjno-
mikrofalowe, energochtonnos¢, cebula, barwa.

WSTEP

Cebula (Allium cepa L.) to dwuletnia ro$lina
nalezaca do rodziny czosnkowatych, jest jedna z
najstarszych roslin uprawnych, byla szeroko stosowana
nawet w czasach starozytnych, nie tylko do
bezposredniego spozycia, ale rowniez jako przyprawa.
W  obecnych czasach, cebula jest uprawiana w
wigkszos$ci krajow $wiata a jej glownym producentem
sa Chiny i Indie [11, 13, 6]. Warzywo to posiada
specyficzny smak i zapach, ze wzgledu na zawarto$¢
olejkow eterycznych, zawiera duza ilos¢ flawonoidu
(kwercetyny), o bardzo dobrej wchianialnosci,
dwukrotnie wyzszej niz w przypadku herbaty i ponad
trzykrotnie w pordwnaniu do jablek. Zwiazki siarki
obecne w cebuli pomagaja zapobiec rozwojowi
komorek nowotworowych, jest ona rowniez stosowana
w leczeniu niedokrwistosci oraz zaburzen uktadu
moczowego [1, 9, 5]. Cebula znajduje szerokie
zastosowanie nie tylko w postaci surowej, ale rowniez
jako susz, najczesciej w formie sproszkowanej, ptatkow,
grysiku oraz innych. Uzywana jest jako dodatek do
migs, sosow, zup, satatek i marynat.

Suszenie zapewnia nie tylko dluzszy okres
przechowywania zywnosci, ale wptywa na ograniczenie
kosztéw transportu i magazynowania [3]. Najczgsciej
stosowanym sposobem suszenia cebuli jest metoda
konwekcyjna, jednak ze wzgledu na dhugi czas i czesto
wysoka temperature procesu powoduje  wiele
niepozadanych zmian w materiale [7]. Dlatego
prowadzone sa badania w kierunku zastosowania
nowych technik suszenia, zwigkszajacych szybkos¢
procesu i poprawiajacych jakos¢ uzyskanego suszu.
Tymi metodami sa: suszenie prézniowe oraz przy
uzyciu promieniowania podczerwonego i
mikrofalowego. Zastosowanie promieniowania
mikrofalowego powoduje  zwigkszenie szybkosci
suszenia, przyczynia si¢ do zachowania barwy i aromatu
suszu, wplywa takze korzystnie na skurcz, porowato$c i
wlasciwosci rekonstytucyjne suszu [4, 7, 8, 12]. Jednak

sam proces suszenia mikrofalowego moze powodowac
nieréwnomierne ogrzewanie surowca, co skutkuje
uszkodzeniami teksturalnymi suszu [15], dlatego coraz
czesciej stosowana jest kombinacja dwdch lub wiecej
metod suszenia jak np. wspomaganie procesu suszenia
konwekcyjnego mikrofalami [14, 10].

Celem przeprowadzonych badan bylo zbadanie
wplywu parametréw mikrofalowo — konwekcyjnego
suszenia cebuli na kinetyke i energochtonno$¢ procesu
oraz barwe suszu.

MATERIAL I METODY BADAN

Materiat badany stanowity bulwy cebuli odmiany
Wolska, rozdrobnione przed procesem suszenia w
plastry o grubosci 3 mm. Proces suszenia
konwekcyjnego, oraz konwekcyjno - mikrofalowego
wykonano w laboratoryjnej suszarce, umozliwiajacej
regulacje temperatury powietrza, mocy mikrofal oraz
pomiar zmian masy. Proces prowadzono przy
prostopadtym do warstwy materialu przeplywie
powietrza suszacego o temperaturze 40°C i 60°C, statej
predkosci przeptywu 0,5 m-s™', obciazenie sita wynosito
3 kg-m'z. Badania przeprowadzono dla trzech
poziomoéw mocy mikrofal 100 W, 50 W i 25 W oraz bez
zastosowania wspomagania mikrofalowego. Suszeniu
poddano préby rozdrobnionego surowca o masie 100 g.
Rejestracje zmian masy materialu w trakcie suszenia
dokonywano z doktadnosciag +0,1 g. Badania zostaly
przeprowadzone do uzyskania wilgotnosci koncowej
suszu wynoszacej 12%. W celu przedstawienia kinetyki
procesu suszenia obliczono zredukowang zawartos¢
wody MR z nastepujacego wzoru:

MR=22""r (1)
Uy —u

gdzie: MR — zredukowana zawartos¢ wody [—]; u, —
rownowagowa zawartos¢ wody [g¢ H,O-g ss’.]; uy —
poczatkowa zawartos¢ wody [g H,O'g ss'.]; u, —
zawarto$é wody po czasie 7 [g H,O-g s.s7.].

Poniewaz wartos¢ u, jest bardzo mata, w
poréwnaniu z wartosciami uy i u,, zostala pominieta.
Takie uproszczenie jest powszechnie stosowane i nie
ma wiekszego wplywu na wyniki badan dotyczace
kinetyki suszenia [2]. Zredukowana zawartos¢ wody
MR moze by¢ wyrazona jako:

MR == )
Uy

Pomiary ilosci energii elektrycznej,
doprowadzanej do suszarki konwekcyjno- mikrofalowej
przeprowadzono z uzyciem cyfrowego trojfazowego
miernika mocy DW 6093 firmy Lutron, wyposazonego
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w oprogramowanie SW- US811. Wspohzedne barwy
oznaczano w systemie CIE Lab metoda odbiciowa, przy
uzyciu spektrofotometru sferycznego X- Rite 8200.
Analizy badanego materialtu wykonano w pieciu
powtdrzeniach. Dane eksperymentalne poddano analizie
wariancji na poziomie istotnosci a = 0,05.

WYNIKI

Na rysunkach 1-2 zestawiono krzywe suszenia,
uzyskane przy temperaturze powietrza suszacego 40°C i
60°C, na czterech badanych poziomach mocy mikrofal
(0 W,25W,50W, 100 W).

g0 W

S =E=25W

- —-P=S50W oo
—A—100W

200 250 300 350 400 450

Czas [min]

Rys. 1. Krzywe konwekcyjno — mikrofalowego
suszenia plastrow cebuli (temperatura powietrza
suszacego — 40°C)

Fig. 1. The convection - microwave drying curves
of onion slices (air temperature — 40°C)

Na podstawie analizy danych eksperymentalnych
mozna stwierdzi¢, ze wzrost mocy mikrofal przyspiesza
proces suszenia na kazdym poziomie temperatury.
Réwniez podwyzszenie temperatury powietrza od 40°C
do 60°C powoduje zwigkszenie intensywno$ci usuwania
wody z materiatu na wszystkich poziomach mocy
mikrofal. Wplyw  zastosowania promieniowania
mikrofalowego na kinetyke procesu jest najbardziej
widoczny w temperaturze 40°C. Najkrotszym czasem
suszenia charakteryzowal si¢ proces przeprowadzony w
temperaturze 60°C, przy mocy mikrofal 100 W.

104

0,9 W

MR
=]
wn

200

Czas [min]

Rys. 2. Krzywe konwekcyjno — mikrofalowego
suszenia plastrow cebuli (temperatura powietrza
suszacego — 60°C)

Fig. 2. The convection - microwave drying curves
of onion slices (air temperature — 60°C)

Rysunek 3 przedstawia catkowite naklady
energetyczne (energia niezbedna do podgrzania
powietrza oraz energia promieniowania mikrofalowego)
ponoszone w procesie konwekcyjno- mikrofalowego
suszenia cebuli. Najmniejsze sumaryczne naklady
energii (dla obydwu badanych temperatur powietrza
suszacego) odnotowano przy zastosowaniu
wspomagania suszenia konwekcyjnego
promieniowaniem mikrofalowym o mocy 100 W.
Zmniejszenie mocy promieniowana mikrofalowego
powoduje wzrost nakladéow energetycznych. Dla obu
badanych temperatur najwicksza energochtonnosé
wystepuje przy stosowaniu procesu konwekcyjnego
suszenia, bez  wspomagania  promieniowaniem
mikrofalowym. Sumaryczne naklady energetyczne
podczas suszenia konwekcyjno — mikrofalowego sa
mniejsze dla temperatury powietrza suszacego
wynoszacej 40°C. W procesie suszenia konwekcyjnego
(bez zastosowania promieniowania mikrofalowego)
ilo§¢ energii dostarczanej do powietrza jest wieksza
przy suszeniu w temperaturze 40°C o ok. 29%, co
zwiazane jest z dluzszym czasem suszenia.

100
80

B0
[e0°C

40 mao’c
) " "
o i

100 50 25 1]

Moc mikrofal [W]

Energochtonnosé [MI/kg suszu]

Rys. 3. Catkowite naklady energetyczne w
procesie konwekcyjno — mikrofalowego suszenia
plastrow cebuli

Fig. 3. Total energy use in the convection -
microwave drying process of onion slices

Wyniki badan dotyczace wartosci chromatycznych
wspotrzgdnych barwy suszu, w zaleznosci od warunkow
prowadzenia procesu suszenia, zestawione zostaly na
rysunkach 4 - 6. Surowiec charakteryzowal si¢
nastepujacymi wartosciami chromatycznych
wspotrzednych barwy: L* = 72.5; a* = -2,8; b* =7 4.

80
70 +
60
50
40
o60°C
30 m40°C

o 25 50 100
Maoc mikrofal [W]

Rys. 4. Warto$¢ wspotrzednej barwy L* suszu z
cebuli
Fig. 4. The color values L* of dried onion
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Susz o najwigkszej warto$ci wspotrzednej L*,
(najbardziej jasny) uzyskano w temperaturze 40°C
podczas suszenia konwekcyjno — mikrofalowego o
mocy mikrofal 50 W. Warto$¢ wspdtrzednej barwy L*
byla zawsze wicksza dla temperatury powietrza
suszacego 40°C, w catym zakresie mocy mikrofal.
Suszenie wylacznie konwekcyjne przyczynia sie do
zmniejszenia jasnosci barwy, ze wzgledu na dtugi czas
procesu, natomiast zastosowanie mocy mikrofal
o najwiekszej wartosci powoduje zmniejszenie wartosci
wspohrzednej barwy L*, pomimo skrdcenia czasu
suszenia, co moze by¢ spowodowane wzrostem
temperatury suszonego materiatu.
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Rys. 5. Warto$¢ wspolrzednej barwy a* suszu
z cebuli
Fig. 5. The color values a* of dried onion

Wspotrzedna barwy a* (Rys. 5), w calym zakresie
pomiarowym, posiada wigksza wartoci niz w
przypadku surowca, co $wiadczy o tym, ze barwa suszu
przesuwa sie od zieleni do czerwieni. W procesie
suszenia, w calym zakresie mocy mikrofal susz o
korzystniejszej wartosci wspolrzednej a* (mniejsze
zmiany w poréwnaniu z surowcem) uzyskano przy
temperaturze powietrza suszacego 40°C. Najbardziej
negatywne zmiany tej wartosci wspotrzednej barwy
suszu wystepuja przy zastosowaniu mocy mikrofal 100
W oraz po suszeniu konwekcyjnym bez wspomagania
mikrofalami. Susz charakteryzujacy si¢ najmniej
odbiegajaca wartoscia wspolrzednej a* w poréwnaniu z
surowcem, uzyskano w temperaturze 40°C, przy mocy
promieniowania mikrofalowego 50 W.
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Rys. 6. Wartos¢ wspoétrzednej barwy b* suszu
z cebuli
Fig. 6. The color values b* of dried onion

Na rysunku 6  zobrazowano  wartosci
chromatycznej wspodtrzednej barwy b* suszu, ktore sa

wigksze niz w przypadku surowca, co $wiadczy o tym,
7e barwa suszu staje si¢ bardziej zétta. Charakter zmian
tej wspohrzednej barwy jest zblizony do tego, ktory
zostal opisany dla wspétrzednej a*. Rowniez w tym
przypadku susz o najlepszym zachowaniu barwy, w
odniesieniu do surowca, otrzymano przy temperaturze
powietrza 40°C i mocy mikrofal 50 W.

PODSUMOWANIE I WNIOSKI

Wspomaganie suszenia konwekcyjnego
promieniowaniem mikrofalowym moze wptywaé na
zwigkszenie kinetyki suszenia, zmniejszenie
energochtonnosci procesu i poprawe cech jakosciowych
suszu. Uwarunkowane jest to jednak doborem
optymalnych  parametréw  procesu, temperatury
powietrza suszacego a szczegOlnie mocy mikrofal,
majac na uwadze ilo$¢ suszonego materiatu. Analiza
wynikow przeprowadzonych badan pozwolita na
wysunigcie nastepujacych wnioskow:

1. Zwigkszenie mocy promieniowania
mikrofalowego ~w  procesie = konwekcyjno = —
mikrofalowego suszenia plastrow cebuli powoduje
wzrost intensywnosci odprowadzania wody z materialu
i przyczynia si¢ do skrocenia czasu suszenia, co
szczegoblnie uwidacznia sie w temperaturze 40°C.

2. Najmniejsze sumaryczne naklady energii (dla
obydwu badanych temperatur powietrza suszacego)
odnotowano przy zastosowaniu wspomagania suszenia
konwekcyjnego promieniowaniem mikrofalowym o
mocy 100 W. Zmniejszenie mocy promieniowana
mikrofalowego powoduje wzrost naktadéw
energetycznych.

3. Uzyskanie suszu z cebuli przy temperaturze
40°C, na wszystkich poziomach mocy mikrofal,
wymaga mniejszych nakladow energetycznych niz w
temperaturze 60°C.

4. Susz uzyskany w temperaturze 40°C i mocy
mikrofal 50 W charakteryzowal sie wspétrzednymi
barwy najbardziej zblizonymi do wspdtrzednych L*, a*,
b* surowca.

5. Biorac pod uwagg zakres prowadzonych badan,
proces konwekcyjno — mikrofalowego suszenia
plastréw cebuli, ze wzgledu na czas trwania,
energochtonno$¢  oraz  barwg  suszu, nalezy
przeprowadza¢c w temperaturze 40°C przy mocy
mikrofal 50 W.
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THE ANALYSIS OF HOT AIR-MICROWAVE
DRYING PROCESS OF ONION SLICES

Summary: The aim of the work was evaluation air
temperature and microwave irradiation power, on the
convection - drying process, kinetics of the onion (cv.
Wolska). The total energy consumption and the color
coordinates of the dried onion were determined. The
analysis of the results of the study allowed to determine
the optimal parameters of the process: drying air
temperature 40° C and microwave power 50 W.

Key words: hot air - microwave drying, energy
consumption, onion, color.
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TO THE ISSUE OF CUTTING ELASTIC BODIES WITH A RIGID CUTTER

Aleksandr Nanka, Denis Boiko, Ivan Ieviev, Vitaliy Sementsov
Kharkiv Petro Vasylenko National Technical University of Agriculture
Alchevskyh St., 44, Kharkiv, Ukraine. E-mail: kaf mtfl@ukr.net

Summary. The process of elastic body crushing
by means of a rigid cutter (press tool) has been consid-
ered with the involvement of contact problems of linear
elasticity theory. The problem is solved in a two-
dimension formulation when the elastic body occupies a
half-space. Two statements of problems are presented:
the first one when the press tool has the form of a wedge
with an acute cutting edge and the second one when the
cutting edge of the press tool is rounded. The obtained
numerical results are presented in the form of relevant
graphs.

Key words: cutting, crushing, press tool, contact
problem, cutter, blunt cutter, linear elasticity.

INTRODUCTION

There are various methods of dividing rigid bod-
ies, such as grain, straw and other agricultural products,
into small parts. They are cutting, fracture and crushing
[1, 2]. In this case, the dynamics of crushing depends
both on the type of the material of the body being de-
stroyed and the way it is crushed [3-14]. There may be
either brittle fracture, when, up to the division of the
body into parts, it remains in the elastic state, or for-
mation of developing plastic zones [6, 7]. In any case,
under loading, the body at first undergoes elastic defor-
mations under the action of the laws of the linear theory
of elasticity.

Normally, cutting of an elastic body V] is carried

out by means of another more rigid ¥, (in the limit ab-

solutely rigid) body, called a press tool (cutter, cutting
tool, see Fig.1).

Fig.1. The scheme of contact of the body with a
press tool

Thus, cutting of the body is accompanied by a con-
tact interaction of bodies through the contact surface S,.
The contact of bodies can be considered as imposing
simplex communication on the bodies. It can take place
under certain conditions — the voltages should be com-

pressive. In the case of contact of bodies on the sur-
face S, the normal component of the displacement of
the points of the elastic body is given. On other bounda-
ries 5|, S, , the standard boundary conditions of either
the first or the second kind occur [8, 9]. Equilibrium
equations are satisfied in the domains V],V,. The prob-

lems of determining the stress-strain state in this formu-
lation are related to the section of contact problems in
the theory of elasticity [8—11]. Further we will consider
a static stress-strain state, and assume a press tool to be
an absolutely rigid body. It should be noted that the con-
tact surface Sy is previously unknown and is determined
in the process of solving the problem. This makes it
very difficult to find solutions to such problems. In the
linear theory of elasticity, deformations are considered
small, which allows one to neglect the change in its
shape when the body is loaded.

Below we consider the contact problem about the
action of the press tool V, in the shape of an infinitely

long wedge (cutter) on the elastic half-space 7, (Fig. 2).

.

Fig.2. The intrusion of a long wedge into elastic
half-space

This allows us to seek a solution in the framework
of a plane problem, when the desired functions depend
only on two spatial variables x=x,, y=x,, and the

cross section of the bodies along the axis Oz (z =x;)

does not change. The last assumption corresponds to the
fact that the press tool can be made in the shape of a
wedge-shaped cylindrical body with a cutting edge di-
rected along the axis Oz .

Theoretically, the cutting edge should be sharp to
form a wedge (Fig. 3a). However, as the microscopic
examination shows, the cutting edge of the cutter turns
out to be rounded (Fig. 3b) [4]. The presence of the
rounding of the cutting edge has a significant effect on
the distribution of stresses on the contact surface of the
bodies. For a wedge with a sharp edge, the stresses at
the points of the edge take infinite values.
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b)
Fig.3. For problems 1 and 2

STATEMENT OF THE BOUNDARY
PROBLEM ON THE PENETRATION OF A RIGID
PRESS TOOL INTO ELASTIC HALF-SPACE

We introduce the Cartesian coordinate system
Oxyz . We consider the plane problem. Let an elastic

body occupy a half-space y >0, and a press tool be a

wedge either with a sharp or rounded cutting edge with
a cylindrical lateral surface, the generatrix of which is
directed along the axis Oz (Fig. 3). The press tool
moves progressively and penetrates the elastic body to
the depth of J . Thus, the body surface is deformed and
deviates from the horizontal plane.

On the assumption of the linear elasticity theory,
we suppose the deformations to be small, and the con-
nection between the stress tensor and the deformation
tensor to be linear, defined by Hooke’s law [8, 9]. In
this case, the shape of the elastic body is neglected — the
body occupies the same area of space before and after
loading. On the boundary of the elastic body
S=5uUS§, the outward normal is
n=n,=hn =(0,—1,0). The action of mass forces is
neglected, but we take into account the effect of the

press tool in the form of surface forces applied in the
zone of contact of the press tool with the body. We as-

sume that, in the zone of contact S, the tangential stress
component is zero 7, | , =0 (the frictional force be-
0

tween the press tool and the body is absent), and the
normal component is negative 0'"| ¢ =<0 (the tool
0

presses onto the elastic body). Under the action of the
press tool the vertical components of the displacement
of the points of the press tool and elastic body in the
zone of their contact coincide. Hence, the vertical com-
ponent of displacements of points of a surface S, is
known. This stress state is caused by the action of forces
applied to the press tool with the principal vector

Q =¢,0 and the principal moment M= é_M with re-
gard to the axis Oz .

We denote the displacement vector of the points of
the elastic body by i, the third component of which,

due to the assumptions about the plane deformed state,
is zero:

i = (u(x,y),v(x,»),0)), (1)
and the stress tensor by 6 = {o-l.j }3 e with the ma-
i,j=
trix:
o, o, 0
c=|o, o, 0] 2
0 0 o

z

The stress tensor is associated with the strain ten-

R 3
sor 82{80.}, o
ij=

& &, 0
é=|e, ¢ 0
0 0 O

using Hooke’s law:

rGaridd
&, =—|0,~—03,
oou\l? 14w Y 3)

(i,j =1,2,3;0=0, +0o, +GZ)

or in the form:

2u

o, =E[(l—v)ex +vey], o, =2ue,
2u

o, = 1_2V[vgx+(1—v)sy], o.=(o,+0,)

“
where: 4, v — are Lame and Poisson coefficients, re-
spectively.

The general formulation of the problem of the
equilibrium of an elastic body in the linear elasticity
theory is stated as follows [8, 9]. In the zone V| there
are equations of equilibrium:

aO-ki

=0 (1,k=123
ox, ( )
which can be represented as the system:
oo oo, Oo,
P T
ox oy Ox Oy
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On the free boundary S, stresses are absent: nor-

mal o, | s =0 and tangential 7,
1

o= 0 are equal to zero.
1

o = 0 in the zone of
0

contact S, but the displacement of points in the direc-

There are no tangential stresses 7,

tion normal to S, are given:
u,=U-ii, (6)
where: 7 is a unit normal to S, external to the
volume /V,, U=-U (x) €, (U>0) is a displacement
of the body points touching the press tool S,,.

At infinity, the behavior of the solution must be set
in the form:

@l —p0. [0 [0 (l7|=\/x2+y2) . ()

Thus, a plane deformed state is determined by
three unknown components of the stress tensor

0,,0,,0,, that satisfy the homogeneous equilibrium

equations (5) in the area y > 0. In the application to this

problem, a straight line combined with a horizontal axis
is the boundary of the area L ={y=0,(—0<x <o)}.
This boundary can be represented as the union of the
boundaries L=L ULUL,, where

L, ={—00<xSa, y=0}, L,= :{anSb, y=0} ,
L, ={b<x<w,y=0}.
The absence of stresses on L __,L_ leads to the
boundary conditions:
0,(x0)=0, ®)
0,(x,0)=0. 9)
There are no tangential stresses on the contact line
with the press tool:

0,(x,0)=0 L), (10)
and normal displacements of points of the line L,
are given:
V0 =UR  (L,). (11)
In the contact zone, normal stresses ¢, which are
related to the stress tensor by the Cauchy ratio, arise:

q(x) ==0,(x,0). (12)
AUXILIARY BOUNDARY VALUE PROBLEM

Let’s assume the press tool displacement &, pres-
sure g = ¢q(x) and contact zone location, or value a,b to
be specified. Then, ratios and represent the second
boundary value problem of statics. Its solution can be
determined by invoking the principle of superposition
and solution of so-called the Flamant problem [8, 9].

Let the concentrated force Q, directed along the
axis Oy, act in the point A(£,0) located on the axis

Ox (Fig. 4).

n
0 D(x,0) A(&,O)IQ X

/
y C(x.y)

Fig.4. The solution of the Flamant problem

We introduce a scalar function F = F(x,y), called

Airy stress function related to the components of the
stress tensor by the relations:
O'F O'F O’F
o, =—>, 0,=—, O, =— . (13)
T 0y ox ’ ox0y
Then, under an arbitrary choice of the function
F(x,y), equilibrium equations are carried out identical-

ly. To determine F(x,y) uniquely the Beltrami-Michell

equations are used, which in the absence of volume
forces have the form [8]:

1 da
1+v Ox,0x,

=0  (Lk=123) (14

ik

where:

oc=0,+0,+0.=(+v)(o,+0,)=0F/0x+0F /0y
is a trace of stress tensor.

Producing convolution in ratio (14) with respect to
the indices i,k , as a consequence, we obtain the La-
place equation for the trace of the stress tensor:

Ao =0, (15)
where:
o’ o’
A=—+—
0x,

ox’
which results in the biharmonic equation for F .

1

4 4 4

o TE O
ox ox°0°y oy

In the case of action of a concentrated normal

force O at the point A(&,0), the normal stresses q(x)

0. (16)

are expressed in terms of the delta function in the form:
q(x) =0 6(x,<). (17)

The necessary boundary conditions for the bi-

harmonic equation follow from (12) with the use of the

ratios (13):

O'F

0,(x,0)= g (x,0)=—06(x,¢) . (18)
Taking into account that the function F' can be de-

termined up to a linear polynomial with respect to vari-

ables x,y, and integrating twice (18) over x with re-

spect to the properties of the delta function, we obtain
the following boundary condition

F(x,0)=—0x Hev(x—¢&) (19)
where: Hev(x—¢) represents the Heaviside function
[14].
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The second condition is expressed by means of ra-
tios, (without tangent stresses in L ) and after x integra-
tion is in the form of:

o (x,0)=0 (20)
Oy
Biharmonic F', satisfying the condition, can be
presented in the form of ([8], p.516, formula (3.2.2))
dy
where ¢ is a harmonic function satisfying bound-

F(x,y)=p(x,y)-y

ary condition from the ratio:
P(x,0,8) =—Qx Hev(x=&) (22)
Thus, defining Airy function F comes down to
solving Laplace’s equation for function ¢, satisfying

Dirichlet boundary condition. The final expression for
F is in the form of ([8], p. 517, (3.2.6)):

F(x,y,6)=0

Inverse relationship of Hooke’s law expresses the
component of deformation tensor. It allows reconstruct-
ing a displacement vector # . Components u,V accurate

x=¢ arctg . (23)
V3 x-¢

to terms corresponding to absolutely solid body dis-
placement and are in form of [8, p. 518]

u(x,y,&) = Q [(1 2V)¢9+—sm 20}
2 e
v(x,y) = —%[2(1 ~v)Inr+cos’ 6

where:
0= arctg(y/(x—f)),

r=r(x,»,&) =(x=&)’ +»* —is the distance between
points 4 and C (Fig.4).

Knowing the solution of Flaman problem, we can
find the solution for tension which is the result of dis-

tributed normal stress acting in limit L, considering the
stress in the elementary section of length as concentrat-
ed force d& of magnitude q(&)d<&. Superposition
principle results in integrating the expression for given
elementary stresses in section (—a <& <b):

Fop) = [ (- areg @iz @9

There are expressions for displacement vector
i =(u,v,0) in much the same way as for the formula

(24):
u(x,y)= 1 J'[(l -2v)0+ 1 sin(20)} q(é)dé
2mue, 2
) (26)
v(x,y) = —ﬁ.‘[[Z(l —v)Inr +cos’ 6’] q(&)dé

There is a ratio of vertical displacements for limit
points y=0:

V(x,0)= j I 9O 27

where: S=(1-v)/mu.

Boundary condition (11) may be considered as a
ratio about unknown function ¢(x) for given vertical

displacements of L, line points:

(! 1
In—— dé=—U(x). 28
!nlx—flq(f) £=5U0 (28)

The given ratio is Fredholm integral equation of
the first class where an inverse operator is unlimited, so-
lution is unstable relative to disturbance of the right
parts [15]. Numerical solution of these equations deals
with the issue of instability of algorithm of making ap-
proximate solutions. To avoid this problem, we use Lo-
rier method [8].

Let the following ratio be the equation of the press
tool edge:

D(x,y)=0, (29)
which can be noted down in the form resolved accord-
ing to variable y :

y=U(x)=h(x), (30)
where: £(0)=5, x €[a,b].

We will consider two cases. In the first one a sharp
press tool (Fig. 3a), contact line BD, is a straight line:

h(x)=0—xctgx 3D
a=0. The second variant is that with a blunted press
tool (Fig. 3b), b=la|, a <0, contact line D,CD, is the

arc of the circle K, the equation of which is in the form
of:

d Y d

D(x X+ y+—=3 =0

(x, )= (y 2 ) ”

and consequently:

,dz d
h(x)=36+ T—x -5 (32)

In the second case, obviously, the problem solution
has symmetry with respect to the axis Oy .

Point D, is the place where disconnecting of the

surfaces of the body and the press tool takes place. It
has x coordinate x, =b. We denote x coordinate of the

cross point of circle K and horizontal axis y=0 as

dY (d .Y
X, = (5) —(5—5) . (33)

In the condition of low deformation, obviously,
point D, will lie in the field of point D .

Xyt

We consider potential of common layer @ having
the following form for flat problems [15]:

b 1
,y)=|In—— dé . 34
o(x,y) !“r(x,y, 6g)q«;) & (34)

The given potential is a harmonic function which
is continuous in the field y >0 until the boundary. On

the boundary y =0 itis expressed as:

(x,0) = jln q(£)dé

=<

matching the expression of the left part of equation.
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Potential has the property — its normal derivative
to contour L, has different values moving to L, within

the area ( > 0) and outside ( ¥ <0). L.e. normal deriv-
ative of the potential of a common layer in contour L,
has a gap. This complies with the terms of Plemel;j ratio:

Qo :”‘I(X)Jr&—wa o =—ﬂ61(x)+6—w, (35)
onl, ., on  on|,_,, on
where the notations are agreed:
o0 m 20&.y)  del
on o »—0y<0  fn  dn i
= lim M’ a_wz_a_w(x,o)z (36)
»—0,y>0 an 6’1 ay
b b
0 1 y
=—|a@)—In———F| di=|7| d=0
Jaos s I

including accordingly an inside limit, an outside limit
and a direct value of derivative. It should be noted that
the direct value of the derivative of the potential of a
common layer equals to zero in the given problem. Ac-
cording to we obtain the expression denoting the dis-
tribution of L, pressure g(x):

q) =~ 22

prep (37)

y—>+0
To identify function @ we may use the methods
of the complex variable functions theory.

DEFINING @ HARMONIC

Let’s carry out the procedure of defining function
o(x,y) for the second problem (Fig.3b). Solving the

first problem (Fig.3a) is in much the same way. Func-
tion @ satisfies Laplace’s equation in semiplane
(0o <x <,y >0) and boundary condition of the first
class on the boundary L : (a <x <b,y=0). We extend
function w(x,y) by an even way with respect to varia-
ble y along the plane xOy, reserving the former
name. New function will be continuous and flat in the
whole plane with the exception of segment [a,b] of ax-
is Ox. The function possesses the value U(x)/ f in the
internal segment points L, (y =+0), the same value in

the external segment points, i.e. the function is continu-
ous. Its y variable derivative, however, changes mov-

ing through segment L, according to Plemelj formulas.

The function is determined by means of conformal
conversion. We enter complex variable z=x+iy and

consider plane Z of this variable and cutting segment
AB: (a <x<b) out (Fig.5a). We enter one more plane

of complex variable Z: ¢ =<&+in with single circle
|§ | <1 (Fig. 5b). We consider conformal conversion of

the second plane into the first one:

b(, 1
z=5(§+gj (b=d]). (38)

NI

a) b)
Fig. 5. To o harmonic defining
The given conversion according to displays a cir-
cle core |é’ |S1 of plane Z on plane Z with cutting

segment AB out.
We name the module of the complex number ¢ :

p=\/cfz +n° as p and its amplitude as
O =arctg(n/<&). Then using a trigonometrical entry

format of a complex variable and Ailer’s formula, the
relation may be presented in the form of [18]:

Z:g[peig+ge_ig}=
2 p

=é|:(,0+i}cos6’+i(p—l)sin9}
2 p p

Consequently, we have the ratios linking coordi-
nates (x,y) of the points of Z plane and coordinates

(&,17) of Z plane:

xzé p+l cosé, y=2 p—l sind . (40)
2 P 2 0

Under conformal conversion, Laplace’s equation,
having new variables, preserves its type, i.e. harmonic
having new variables is harmonic. Cut 4B in plane Z

(39)

transforms into circle |£: | =1 in plane Z. Moving coun-
terclockwise point B' in circle (0 <0< 71') , when

p=1-0 point B in plane Z moves to the left in low-
er edge of segment AB. Moving further, point B'
(r <0 <2x) (having the same value p=1-0) point
B moves to the right in upper edge of segment. Thus,
the lower half of the circle |é’ | <1 corresponds to the
upper semiplane Z . Boundary conditions in the circle
|§ | =1 for harmonic @(<£,77) are in the form:

w(1,0) = p[x(1,0),+0] = %U[b cos(6)]. (41)

The following circumstances take place. Potential
of a common layer at infinity behaves asymptotically
in the form of:

1
(x,y)———>Cln— (ro = sz +° ) (42)
0 ro
where: C —is a constant.

A point at infinity in plane Z is zero point in
plane Z , i.e. there is complex number with zero module
p =0. Thus, a leading term of asymptotic behavior of
function @ where p — 0 is in the form of:
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a(p,6) O(ln%}). (43)

We introduce a new unknown function containing
constant C:

Qp.0) = o(p.0)~Cln 2. (44)
which is harmonic but will be limited in the circle
|Q’| <1 and having zero limitat p —0:

lim Q(p,H0) =lim [a)(p, 6)—Cln 2—/)} =0 (45
0 p—0 b

Boundary condition, obviously, for function Q is
the expression:

1 2
Q(1-0,0) = EU[b cos(9)]-C 1n(zj . (46)

Solution of Dirichlet problem with boundary con-
dition (46) for Laplace’s equation is defined by Poisson
integral [17]:

Q(p,0) =
:Lz”(l—pz)[l/ﬁU(bcos(é))—Cln(Z/b)d~:
27 1+ p* =2pcos(f - 0)

2 (1= p*)U| b cos(F) |
L faeupes®] 52 g
278 3 1+ p~ —2pcos(6—6) b
Taking into account these ratios, we note down a

final solution of the problem considered in the begin-
ning in the form of:

2 (1— p*)U| beos(8) |
wpy= L U@ o
27f 4 1+ p~ —2pcos(d—6) P
Constant C being a component of the last relation
may be defined by means of the condition:
c—_ L
2761n(2/b)
Formulas (40) allow expressing function @ as a
function of variables x,y.

fU[b cos(0)]do . (49)

0

We use the ratio to compute pressure q(x). We
note that:
20 _dwdp owab
0y Opdy 000y
and formulas 40 give us:

P _¥ o,

oy ety Plom
20 _ X 11
0y p=1,y=0 x* +y2 - X b sin@

Then normal pressure in L, will be expressed in
the following way:

1 ow
0,b)=q(bcosf)=—— lim — =
4(6,0) = q(beos) ﬂbcosﬁpgllzoaﬁ
=_2; (49)
- Pbcosb

lim T (l—pz)psin(é—ﬁ) U[bcosé]dé

Z

Sy,

Unknown magnitude b is latent in the right part of
the relation (49), it adjoined to the line length of the
contact body and the press tool. To compute it, we use
such a hypothesis: pressure ¢(x) equals to zero in the

finite points of contact line x =a,b :
q)=0. (50)
the ratio q(a) =0 follows from the problem symmetry.

The given expression (taking into account (19)) may be
considered as a transcendent equation to compute b .

The force exists in pressure allocation ¢(x) and,
thus, the press tool effects the elastic body:

b
0= [q(x)dx. (51)
and force moment about point O is:

M = j xq(x)dx . (52)

PROBLEM SOLUTION ALGORITHM

The problem is solved in such a sequence.

1. We set the vertical movement of the press tool
0 and, respectively, we find the vertical components of
the displacements U(x) of the points of the contact line

BD,, D,CD; in accordance with the formulas.

2. The points of the lower semicircle of plane Z
correspond to the ‘'internal' points of linelZ;:
p=1-0, 7<0<27. When we change the specified
range @, the variable x =bcos@ varies from a to b.
The load values g(x)=g(bcosf)are calculated by the
formulas.

3. We set a zone of change of the parameter b
(b elo,b,, ]) so that the equation root could lie within

this area. Obviously, b should lie in the area of the

point x =x, (formula). We divide the interval [O,bm]
into small parts [b_.,b]| i=1..m, b,=0,b, =b_,)
[6_.b] (=1.m, b,=0b,=b,)

KOH

. Consequently,
we calculate g(b_,), g(b) by the formula. If these
functions have opposite signs ¢, the equation root is
situated within the interval [b,_,,b,]. Further, we carry

out the division of the interval [b,_,,5,] into subintervals

with the definition of the equation root position. This
division is conducted until the length of the correspond-
ing subinterval, containing the equation root, is less than
the target root finding accuracy.

4. After finding the equation root b,: q(b*) =0,

q(x)=gq/(b. cosb)
{a<x<b}, {x <0<2x} is calculated.
5. Force P and moment coefficient M are de-

termined according to the formulae.
6. The distribution of the components of the stress

tensor o, (x,y), 0,(x,y), ©,(x,y) are calculated us-
ing the formulae (13), (25):

the distribution
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27 yx=¢y

o, =-=[————q(&)d¢
”i[@—ff+yﬂ
2 b y3
o, =—=[————q®ds (3
”g[u—5f+yﬂ
o, = _Ej'yz(;@zq(g)dg

To[(x=8)+y]
and the components of the displacement vector are de-
termined according to the formula (26).

ANALYSIS OF NUMERICAL RESULTS

The problem numerical solution was realized with
the help of the mathematical package MATLAB. When
calculating the integrals included in the equation (49),
we take into account peculiar features in the integrand
dividing the interval 6 €[0,27] into three intervals

[0,6—-¢£], (O—¢&,0+¢) and [0+¢,2x]. The integral
over the second interval is replaced by a mechanical
quadrature where the number of nodes equals N, and

for two other intervals the total number of nodes equals
N, . For the first and third intervals we choose the num-

ber of nodes N,,N, proportional to the length of the

T

corresponding segment:

N, = [Ne i} N, =[N(, 2”_‘9}
2 2z

where the square brackets mean taking the nearest inte-

ger from the corresponding number). Thus, the total

number of nodes at the numerical integration is equal to:
N,=N,+N,

The formula of trapezium numerical integration is
used for each interval [20, 21]. The number of nodes,
which are necessary to satisfy the specified accuracy of
calculating integrals, is determined by the numerical ex-
periment on a PC. It has been shown experimentally that
when the number of nodes is N, >40, N, >300 and
e~0.1r, the relative error of integral calculation is
less than 1%.

The results of the calculations are presented graph-
ically in Fig. 6-15. Fig. 6-10 concern the first task of
implementing a sharp wedge. The distribution of pres-
sure ¢(x) on the contact line at different values of the

parameters Jd,a is shown in Fig. 6. Here, its character-

istic feature is infinite growth when approaching a sharp
edge of the press tool. Increase in 0 and decrease in «
lead to pressure reduction in the points of contact. In
Fig. 7 in the upper row the dependences of the length of
the contact line 5(J,«), the values of the main force

vector O(J,«), and the axial torque of the forces
M(S,c) applied to the press tool are presented. The

lower row of this graph shows the lines of the levels of
the corresponding functional dependences. It is neces-
sary to mention that b, M increase with the increase of

the angle ¢ and Q does not change in the specified
variation range of o .

ter
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Fig.7. Dependences Q and M on 6 and «
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Fig. 8. Stress tensor

The nature of the stress distribution in the half-
space ¥ >0 around the contact line is shown in Fig. 8:
the upper row of the graphs are the dependences
o, (x,y), 0,(x,»), 0,(x,y), the lower row presents
the graphs of the lines of the level of corresponding de-

pendences. We can see that there is stress concentration
near the contact line.

T b=0.0085, M a"=70, m §=0.003, M 0 TNawn ypoews ana T, win? 10°®
: -

\ {25

025 | \
02

H

=015
01
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Fig. 9. Criterion T

The characteristic 7(x,y), which is important in

terms of material destruction, is presented in Fig. 9
along with its level lines. According to the graphs given
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here, we can say that ductile failure will appear around
the contact line directly at the point where a sharp edge
of the press tool is located.

b=0.00276, m «°=70, §=0.001
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Fig. 10. Displacement field of the first
poblemFig. 10 shows a vector field of the displacements
of the points of the elastic half-space around the contact
line. It appears under the influence of a press tool. The
arrows here represent the natural process of pushing
aside the particles of an elastic body when a press tool is
inserted into it.
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Fig. 11. Pressure in the contact zone of a blunted
cutter
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Fig. 12. Dependences Q and M on 6 and d

Fig. 11-15 are related to the second task — to insert
a blunt wedge into the half-space. Figure 11 presents
graphical dependences q(x,d,d) . The change in the di-
ameter d of the round edge of a press tool is, to a cer-
tain extent, equivalent to the change of an angle « in
the first problem. The difference here is that the pres-
sure g on the contact line is limited.

It is necessary to mention that the characteristic
T(x,y) also takes the peak value around the contact

line. However, max|T (x, y)| takes place in the internal
X,y

point of an elastic body. This suggests that ductile fail-
ure can begin not at the edge of an elastic body but at
some depth in it.

For the second problem, the force moment is about
zero. Obviously, it is connected with the presence of
symmetry with regard to the axis Oy .

..
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Fig. 13. Stress tensor
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Fig. 15. Displacement field of the second poblem
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Summary. One of the main problems affecting the

efficiency of the work of the electro-frictional separa-
tors with the inclined, moving frictional plane in the
electric field (the canvas) is the intersection of trajecto-
ries of the motion of components of the seed mixture,
which leads to their mutual collision and deterioration
of the separation process. On the surface of the canvas
of a separator, there appears a zone (part of the area of
the canvas) in which a collision of the seeds happens.
The dimensions of this zone depend to a large extent on
the location of the separator dosing device relative to
the canvas.
In this paper, the process of separation of a seed mixture
of rapeseed, which consisted of qualitative and poor-
quality (punched, injured) seeds in a pre-established op-
timal separation mode, was simulated, and a method for
determining the area of the contact area of the mixture
components was developed. As a result of the research,
the position of the supply line of the seed from the dos-
ing device was established, in which it is possible to
completely equalize the phenomenon of collision of
seeds during their electric separation on an electrical
frictional separator.

Key words: electric frictional separator, rapeseed,
trajectories of seed movement, mutual collision of
seeds, dosage parameters, dosage line.

INTRODUCTION

In the works [10, 19], the effect on the process of
electric separation of the seed mixture of winter rape
was determined, the location of the dosing device and
the value of the seed supply. In these studies, the condi-
tion was accepted that the seeds enter the separation
plane at a certain point, which was taken as the begin-
ning of the coordinate of their movement.

However, in real conditions of the separator, the
seed mixture is fed by a dispensing device along a line
of a certain length [8, 10, 19]. Under these conditions,
the trajectories of the movement of seeds of different
quality, which differ in physical, mechanical and elec-
trical properties, are different and intersect. The area of
contact of these seeds depends on the size (caliber) of
the seed, the length of the feeding line and its location
relative to the separation plane, the direction of its
movement. Establishing the influence of these factors
on the area of collision of seeds will allow to substanti-
ate the optimum placement of the dosing device of the
electric frictional separator and its parameters, which in

turn will contribute to increasing the efficiency of sepa-
ration from seed mixtures of low-quality seeds.

ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

A series of papers [1-5, 9, 11, 13, 15-21, 22] is de-
voted to the study of the process of movement of seed
mixtures on inclined planes. In some of them, the trajec-
tory of motion of different seeds was studied on the fric-
tion moving surfaces in the electric field [4, 5, 9, 11, 13,
16-19, 21, 22]. The main objective of these studies was
to obtain mathematical expressions for calculating the
running values of the trajectory of motion and the coor-
dinates of the ascension of components of seed mixtures
from separation surfaces [3, 8, 11, 16, 17-19]. On the
basis of the values of the initial, intermediate and final
values of the coordinates of the movement of individual
seeds, experimental trajectories of their motion were
constructed and, based on their analysis, the optimal
separation parameters were justified [3, 8, 11, 14, 16,
18, 19].

For experimental confirmation of the obtained
mathematical dependences in the paper [18, 19] a meth-
od of studying the trajectories of the rape seed move-
ment in a sloping moving plane with the electric field of
the frictional separation is proposed. As a result of the
experiments, numerical values of longitudinal (y) and
transverse (x) coordinates of seed movement along the
canvas were obtained for different modes of operation
of the separator and experimental trajectories of the
movement of high-quality, dazzling and various kinds
of injured seeds were constructed.

Effective separation of the components of the seed
mixture of rapeseed is achieved provided with the max-
imum difference between the trajectories of the move-
ment of components that are part of it. This can be
achieved by overlaying the high voltage electric field on
the separation plane. Since qualitative, hollow and vari-
ous injured seeds have different electrical properties,
they interact differently with the working plane and
move along it in different trajectories. The most signifi-
cant effect on the displacement of these components of
the mixture is the intensity of the electric field. Accord-
ing to [8, 9, 18, 19, 21, 22] at E = 1,5...2,2 kV/cm, the
difference in the values of the coordinates of the ascen-
sion of qualitative and different kinds of injured seeds
reaches 50...70%, which is a prerequisite for their effec-
tive separation. In addition to the intensity of the elec-
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tric field, other regulated parameters, such as the angle
of inclination of the plane to the horizon and the veloci-
ty of its gradual movement, are significantly influenced
by the behavior of the seeds on the separation plane of
the electro-friction separator [16-19]. Another important
factor in the effective separation of the seed mixture of
winter rape is the justification of the location of the dos-
ing device. Having determined the optimal values of the
place of supply of particles of this mixture to the separa-
tion surface, it is possible to achieve the desired effect
of separating from it various kinds of injured seeds.

OBJECTIVES

The aim of the work was to improve the quality of
seed material obtained during the process of electric
separation, due to the optimal placement of the dosing
device relative to the separation plane and to substanti-
ate its parameters.

THE MAIN RESULTS OF THE RESEARCH

The movement of seed of different quality on the
separation plane is shown in Fig. 1.

X

v

Fig. 1. Scheme of movement of seeds: 1 — high-
quality seeds; 2 — low-quality seeds; 3 — the trajectories
of the movement of high-quality seeds; 4 — the trajecto-
ry of the movement of low-quality seeds; 5 — areas of
collision of seeds

To study the movement of seeds on the separation
plane and the location of their possible collisions, the
seed line /; should be projected on the separation plane
and bound to the x0y coordinate system. (Fig. 2). Later,
using the method shown in [11, 16, 19, 22], it is neces-
sary theoretically to calculate the coordinates of move-
ment of high-quality and various damaged seeds for op-
timal parameters of the separation process.

The seed mixture comes to the separation plane
from the dosing device for the entire length of the seed
line /;. By constructing the initial coordinates of the
(coordinate x,, y,) and the end coordinates (coordinate
x; y;) of the line of the trajectory of the flow of high-
quality and various damaged seeds, we obtain a figure
whose area determines the zone of possible collision of
the components of the seed mixture (Fig. 2a).

The area of this figure can be determined both by
analytical and graphical methods. However, these meth-
ods are time-consuming and do not always ensure that it
is calculated with the necessary accuracy. In this regard,
a methodology based on the use of the area of flat
shapes of the "2D Area Measurement" functions in the
COMPASS-3D environment is proposed.

In order to determine the effect of supplying seeds
of different quality to the separation plane and to deter-
mine the areas of their possible collision, we have
graphically simulated and constructed a series of trajec-
tories and determined the areas of shapes that they form,
depending on the location of the supply line. We have
considered the cases in which the dosing line was locat-
ed at different angles y to the direction of motion of the
separation plane from 0 to 180° in a 15° step. For all
these variants the area of the zone of possible collision
of seeds was determined. Examples of some of them are
shown in Fig. 2.

180 @R asn

IRBRY

b)

Fig. 2. Results of simulation of the areas of colli-
sion of seeds: a — angle between the line of feeding and
the direction of movement of the canvas 0 (180)°; b —
the angle between the line of flow and the direction of
movement of the canvas 105°; 1 — the trajectory of the
movement of high-quality seeds; 2 — the trajectory of
the movement of low-quality seeds

Determination of the area of the zone of possible
collision of high quality and various damaged seeds of
winter rape was carried out for optimal parameters of
the separation process, namely the angle of inclination
of the separation plane a = 9 deg., its velocity V, = 0.07
m /s and the electric field intensity £ = 2 kV' / cm. The
area of the separation plane at that was 1 m*.

The resulting simulation of the area is reflected in
the diagram (Fig. 3).
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Fig. 3. Square areas of possible collision of components of the seed mixture on the working plane of the electro-
frictional separator for various variants of placing the line of their feeding
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Fig. 4. Dependence of the area of the zone of possible collision of seeds on the length of the feeding line dosing

device for the electro-frictional separator

Analyzing the results presented in Fig. 3 it can be
argued that when placing the feeding line in parallel
with the direction of the separation plane (0 or 180°),
the area of the zone of possible collision will be
6,8x 10* mmz, or 6,8% of the area of this plane.

At the angle of the location of the feeding line
12...25°, the area of the collision reaches its maximum
value of 7,7x10* mm>.

The minimum value of the collision zone of seeds,
which is 0,2 x 10* mm? can be achieved by placing the
line of supply of the seed mixture relative to the direc-
tion of movement of the canvas at an angle of 95...120°.
At angles of 100...110° the collision of seeds will not
occur at all (Fig. 2b).

On the area of the zone of possible collision of dif-
ferent-quality seeds is significantly influenced by the
length of the supply line of the dosing device, which
confirms the graphic dependencies shown in Fig. 4.

The analysis of the presented dependencies shows
that an increase in the supply line of the dosing device
leads to an increase in the area of the possible collision
zone of the seeds. For lengths up to 275 mm this growth
is insignificant. With an increase in the length of the
supply line of more than 275 mm, a sharp increase in

the area of the zone of possible collision of the seeds is
observed. The given data testify that in order to achieve
the greatest separation effect, the supply line of the dos-
ing device of the electro-frictional separator should be
in the vicinity of 275 mm.

CONCLUSIONS

1. Separation efficiency of seed mixtures is signifi-
cantly influenced by the location of the canvas of the
electro-frictional separator of the dosing device and the
value of the feed line. This effect results in the for-
mation on the surface of the canvas of possible zones of
contact between components of the seed mixture with
different physical, mechanical and electrical properties,
which is an undesirable phenomenon of the process of
electric separation on inclined moving planes enforced
by electric field.

2. Based on the simulated different parameters of
the electric separation of the trajectories of motion on
the separation plane of various-quality seeds and analy-
sis of the zones of their possible collisions, the location
and size of the dosing device supply line were justified.
In order to avoid possible zones of collision of various
seeds, and as a consequence, to increase the efficiency
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of their electric separation becomes possible due to the
location of the seed feeding line relative to the direction
of the separation plane at an angle of 100 ... 110 ° and to
ensure its value in the vicinity of 275 mm.

10.
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Summary. The article presents legal bases and
state of progress in construction of the real estate cadas-
tre regarding building structures as objects of this cadas-
tre. The legal status and practical solutions were re-
ferred to both Poland and Ukraine.

Based on the analysis of the currently applicable
laws in Poland, the authors formulated definitions of the
contour of a building structure and its development area.
The applicability of these definitions in surveying prac-
tice has been illustrated in photographs of the existing
building structures.

Formulation of the definition of the contour of a
building structure and its development area, prior to
the implementation of the register of building struc-
tures in Ukraine, was preceded by an in-depth analy-
sis of the legislation applicable in Poland in recent
years, as well as extensive studies of consequences of
incorrectly formulated definitions which may occur
in practice. Applying in Ukraine the definitions of the
contour of a building structure and its development
area proposed in this paper will allow to avoid nu-
merous problems encountered in Poland when enter-
ing building structures into the database of the real
estate cadastre.

Key words: building structure, real estate cadastre,
register of buildings, contour of a building structure, de-
velopment area, spatial data

INTRODUCTION

Both in Poland and in Ukraine, the registers of
land and buildings have their formal and legal bases
which, in a more or less strict and legible manner, de-
fine principles of their maintenance, establishment or
modernization. Numerous interesting publications on
this subject have occurred in both countries, includ-
ing [6, 9, 4] in Poland, and [23, 28] in Ukraine. In
this article, the author formulated proposals for a def-
inition of the contour of a building structure and its
development area. Their formulation, prior to the
possible implementation of the register of building
structures in Ukraine, was preceded by an in-depth
analysis of the definitions applicable in Poland in re-
cent years. Application of the definitions proposed in
this paper in Ukraine, will allow to avoid numerous
problems encountered in Poland when entering build-
ing structures into the database of the real estate ca-
dastre [3].

ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

Problems of maintenance and accuracy of the
records in the system of cadastre of real estate objects
are studied in the researches of the scientists in Po-
land and Ukraine. There are still many problems,
connected with formation of real estate objects, legit-
imization of the rights for them and entering of the
data into real estate cadastre.

OBJECTIVES

The task of the research is to make a compara-
tive analysis of methodic approaches to determination
of constructive elements of a real estate object in the
cadastre system of Poland and Ukraine.

THE MAIN RESULTS OF THE RESEARCH

As far as building structures are concerned, the
legal acts in Poland in chronological order were as
follows: Decree on the cadastre of land and buildings
[12] and Decree of 2 February 1955 on the register of
land and buildings [13]. According to this legal pro-
vision, the parcel and the building became basic ele-
ments of the register. The Decree was to be provided
with detailed guidance on establishing and maintain-
ing records, but it was implemented only 14 years
later, by the Order of the Ministers of Agriculture and
Municipal Affairs of 20 February 1969 on land regis-
ter [21].

Although this Order is no longer in force,
knowledge of its contents is necessary due to a large
number of documents that were issued and entered
into the records under it. The above-mentioned De-
cree was repealed only by the current law of 17 May
1989 - the Geodetic and Cartographic Law [15],
which has been the main legal regulation in the field
of surveying in Poland until this day. Since 1989, this
law has been amended several times. Pursuant to art.
2 clause 8 of the Geodetic and Cartographic Law, the
terms of the real estate cadastre and of the register of
land and buildings can be used interchangeably.

In addition, art. 2 clause 8 of the Law stipulates
that the real estate cadastre is an information system
that provides for the collection, update and making
available the information on land, buildings and
premises, their owners and other entities who hold or
manage land, buildings or premises, in a manner uni-
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form for the whole country. According to the Law,
maintenance of the register of land and buildings is
governor’s responsibility, who is a representative of
the local administration. The updatedness and relia-
bility of the data contained in the register of land and
buildings is of great importance, as pursuant to the
Geodetic and Cartographic Law, they form the basis
for various fields of the country’s economy (Fig. 1).
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Fig. 1. Utilization of the data of the real estate ca-
dastre in Poland*.
*Source: own study based on [15]

The first secondary legislation to the Geodetic and
Cartographic Law was the Regulation of the Minister of
Land Management and Construction of 17 December
1996 on the register of land and buildings [14]. The is-
suance of this Regulation was aimed at adapting the
maintenance and manner of establishing the register of
land and buildings to the requirements of the Geodetic
and Cartographic Law, and in §28.1, a list of the build-
ing's cadastral and descriptive data was formulated for
the first time. Based on this Regulation, register of
buildings and premises was implemented in pilot areas
in Poland, but it did not cover a large area of the coun-
try. However, the 1996 Regulation was quickly recog-
nized as non-compliant and, after four years, the Regu-
lation of the Minister of Regional Development and
Construction of 29 March 2001 on the register of land
and buildings was issued [15]. This Regulation is the
secondary legislation currently in force, but it has been
amended twice: in 2013 [17] and in 2015 [18]. With re-
gard to buildings, these amendments were very signifi-
cant as they changed numerous definitions related to a
building structure and expanded significantly the num-
ber of attributes, i.e. descriptive data of a building,
which should be entered in the database of the real es-
tate cadastre.

These amendments to the Regulation on the regis-
ter of land and buildings were one of the effects of Po-
land's accession to the European Union and the resulting
need to comply with the European Parliament Directive
of 14 March 2007 establishing the Infrastructure for
Spatial Information in the FEuropean Community
(INSPIRE) [22]. The consequence of this directive was
the adoption of the Act on Spatial Information Infra-
structure [20]. Amongst numerous aspects of spatial da-
ta listed in the Directive and in the Act, there are also

building structures, but only with regard to their geo-
graphic location, or spatial location.

The database of the register of land and building is
one of the registers occurring in the Act on Spatial In-
formation Infrastructure. This Act provides that spatial
databases are to enable reciprocal relationships of con-
ceptual models of data contained in them. At the same
time, they must be interoperable, which means that it
must be possible to reciprocally supply and update the
databases. In order to enable such information flow be-
tween the databases, data harmonization is necessary,
i.e. consistency of conceptual models. Therefore, correct
functioning of the databases for which the cadastral da-
tabase is a reference base, depends on high quality of
reference spatial data, avoidance of data redundancy
(repetition of data) and avoidance of excess information.
These issues were dealt with in detail in [1, 5, 10,].

The Regulation on the register of land and build-
ings was amended in 2013, resulting in development of
a conceptual model of the data of the register of land
and buildings and a GML application scheme for this
data exchange, based on the methodology of conceptual
modeling of geographic information, used e.g in the In-
ternational Standards ISO 19100 series [7, 8, 11,]. Con-
sidering the information contained in the databases, it
can be concluded that in Poland the database of the real
estate cadastre forms the basis for the national spatial
information infrastructure.

In Ukraine, supply, use and disposal of residential
property by a person, as well as rights and responsibili-
ties of the subjects of legal housing relations, are regu-
lated by the Housing Code, Civil Code, Laws “On pri-
vatization of the state housing fund”, “On local self-
government in Ukraine” and others. State Committee of
Building, Architecture and Housing Policy of Ukraine is
the body of special competence in housing sphere,
which makes proposals concerning development of the
state housing policy, supports implementation of re-
forms in the housing and utilities sector. Managerial ac-
tivity of the state has long been focused on building of
houses in big cities. Such policy has resulted in misbal-
ance in supply and landscaping of housing in the settle-
ments of different sizes, as well as caused degradation
of villages and small settlements. Acting legislature and
other normative acts, approved in the years of Ukraine’s
independence, need crucial changes. The current hous-
ing legislature, being valid since 1985, does not corre-
spond to the changes, having happened in the last twen-
ty years in the economy of the state and needs urgent
changes in the direction of correspondence to the system
of market economy. Recently, one has observed spread-
ing of new reveals of anti-public actions in the field of
house purchase and disposal of it, requiring direct par-
ticipation of the state in order to protect citizens’ rights.
Thus, Ukraine has approved the Law “On registration of
property rights for real estate objects and their re-
strictions” and the Order of the rights registration. Min-
istry of Justice is authorized to legitimate rights of citi-
zens for residential property. Accordingly, registration
of real estate objects is made after implementation of
technical inventory or acceptance into service of fin-
ished building objects of real estates. Basing on the ma-
terials of technical inventory, one completes property



PROPOSED IMPLEMENTATION OF THE REGISTER OF BUILDING STRUCTURES IN UKRAINE 61
DRAWING ON POLAND'S EXPERIENCE — SPATIAL DATA

inventory files and technical data sheets, determining
actual area and volume, results of inspection and esti-
mation of technical conditions, value of the object. The
mentioned materials make base for introduction of in-
formation into the register of property rights for real es-
tate objects and supply of information certificate for cit-
izens from the State register of property rights for real
estate objects concerning the object of real estate.

In recent years, Poland saw very intensive and
thorough modernization of the register of land and
buildings. These projects are largely financed by the Eu-
ropean Union and are carried out under the construction
of the so-called Integrated Real Estate Information Sys-
tem. Fig. 2 is a proof of how important it is. It illustrates
cadastral districts of two poviats in the Podkarpackie
province, which are directly neighboring the territory of
Ukraine. Areas after the modernization of the register
are marked in dark green, cadastral districts where the
register has not been modernized yet are marked in
pink, and in blue-areas where, in 2017, the moderniza-
tion of the records is currently being carried out.

Powiat Bieszczadzki Powiat Kro$nienski

Fig. 2. Modernization progress in poviats in the
Podkarpackie province*
*Source: own study

Figure 2 clearly demonstrates that progress of the
modernization of the Polish register is very diversified.
As a rule, there are very few building structures in the
register of land and buildings in the districts before the
modernization; they are entered into the cadastre after
the modernization.

Technical data sheet is a primary document, sup-
plying base for other documents, which are necessary
for the real estate object to be registered in cadaster and
other state registers [27, 34].

Plan of a flat or house, with determination of its all
sizes and application, i.e. description of each room of
the object and its size, is an obligatory part of a tech-
nical data sheet. In case of different number of stores in
different parts of the house, and when the house is lo-
cated on a slope land parcel, and thus, number of stores
increases because of the slope, the number of stores is
mentioned for each part of the house. Determining
number of stores of the terrestrial part of a house, it is
necessary to include all stores on the surface, including
technical, attic and basement, if top of its flooring is not

less than 2 m above the average plan mark of the land
[31, 32, 33].

Design of technical data sheet is made with Ar-
chiCAD software [26]. The program enables a detailed
development of architectural-building constructions and
documents of it. The program is very important for
preparation of calculations, because after loading of an
appropriate initial information into the ArchiCAD sys-
tem, the program gives characteristic and calculations of
a budget plan. An inbuilt “virtual building” technology
is the main peculiarity of the program, as it creates a
space model of a real construction. It supplies different
information for completing of the information of munic-
ipal information system of the settlement. Such system
accumulates and generalizes data, supports appropriate
level of interaction of local authority subdivisions or
other institutions, which are concerned with life of set-
tlements, provides convenient mechanisms of infor-
mation supply, which can be useful, and asked by popu-
lation.
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Fig. 4. Development of a “virtual building” in
ArchiCAD system

When dealing with establishing and updating the
database of the real estate cadastre for building
structures, the surveyor must comply with the definition
of the contour. In Poland, the definition of the contour
of a building structure was formulated in the Regulation
on the register of land and buildings of 2001 [14], and
then amended twice in the amending regulations: in
2013 and 2015. Thus, over the last 17 years, the third
version of the definition of the contour is currently in
force in the Polish legislation. Therefore, the same
building may be seen in a significantly different
cartographic form, depending under which regulation it
was mapped. Detailed analyses of these cases were
presented in [2]. Table 1 contains definitions of the
contour of a building structure, according to the three

versions of the register of land and buildings.

Table 1. Definitions of the contour of a building structure in the existing Polish legislation*

REGULATION ON THE
REGISTER OF LAND AND
BUILDINGS OF 2001, § 63:

REGULATION ON THE REGISTER
OF LAND AND BUILDINGS OF 2013,
§ 63 sections la-lc:

REGULATION ON THE REGISTER
OF LAND AND BUILDINGS OF 2015,
§ 63 sections la-1b:

3) numerical description of
the  contour defined by
rectangular projection of the
outer planes of the outer walls
of the building's ground floor
onto the horizontal plane, and
for the buildings on pillars, the
storey based on these pillars —
further referred to as the
contour of a building structure

la. The contour of a building structure,
referred to in section 1 clause 3, is
understood to be a closed line defined by
rectangular projection of the lines of
intersection of the outer walls of a
building with the surface of the ground
onto the horizontal plane.

Ib. If foundation of a building
intersects with the surface of the ground,
or if a building is constructed on pillars,
the contour of a building structure shall
be, respectively, a line defined by
rectangular projection of the line of
intersection of the outer edges of the
foundation or the outer edges of the
pillars with the surface of the ground
onto the horizontal plane.

Ic. In the case of building structures
with underground floors only, the
contour is a closed line defined by
rectangular projection of the outer edges
of that building onto the horizontal plane.

la. The contour of a building structure,
referred to in section 1 clause 3, is
understood to be a closed line defined by
rectangular projection of the lines of
intersection of the outer walls of a
building with the surface of the ground
onto the horizontal plane.

1b. If foundation wall of a building
intersects with the surface of the ground,
or if a building, or its part, is constructed
on pillars, the contour of a building
structure, or part of this contour, shall be,
respectively, a line defined by
rectangular projection of the lowest outer
edges of the building's walls which are
based on these foundation walls or on the
pillars onto the horizontal plane, and in
the case where the roof of a building is
based on the pillars - the outer edges of
the roof.

*Source: own study based on [15, 17, 18].
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Unfortunately, these definitions contained in Table
1 do not allow for a uniform approach to a broad spec-
trum of building structures with different architectural
solutions. Therefore, in this paper, the authors formulat-
ed new definitions of the contour, which will help to
avoid errors currently occurring in Poland. Photographs
of building structures (Fig. 4 — Fig. 10) will be present-
ed as a comment to Table 1, and new definitions of the
contour of a building structure will be proposed in
Table 2.

Due to the technological process of erecting a
building structure, the most common situation in the
field is that the foundation wall, based on foundations
buried underground, intersects with the surface of the
ground [16] (Fig. 4). This is the most common case in
practice, and therefore it will be mentioned first in the
definition of the contour (§ 1.1 in Table 2). The places
where the contour of a building structure is measured
(measurement point) were marked with red arrows —
Fig. 5.

deska thki
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drutowa : {

] [ tawa fundamentowa

Fig. 4. Foundation and foundation wall of the
building*
*Source: [http://www.jak-zrobic-dom.pl]
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Fig. 5. § 1.1 - Measurement point of the founda-

tion wall of the building*
*Source: own study, photo by: M. Busk

s
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In the Polish legislation regarding registers, there
is a concept of a block of a building structure. This is
this part which is not covered by its contour, as illustrat-
ed by the examples in Fig. 9. In the architectural and
construction nomenclature, such parts of a building
structure are referred to as overhangs. Overhangs can be
supported by pillars (as illustrated on the left of Fig. 9 or
not supported by pillars (as illustrated on the right of
Fig. 9). Overhangs should be treated as blocks of build-
ing structures.
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L]

Fig. 6. § 1.2 - invisible foundation wall*
*Source: own study, photo by: M. Busko

building structure*

Table 2. Proposed definition of the contour of a

to be entered into the database of the
real estate cadastre, the contour of a
building structure shall be a line de-
fined by rectangular projection of the
outer edges of the roof onto the hori-
zontal plane.

If, in a multi-storey building, rectan-
gular projections of some of its sto-
ries onto the horizontal plane are not
consistent with the contour, or if
neighboring buildings are connected
by skyways or subways, those parts
of a building that extend beyond the
contour or are connections, are dis-
tinguished in the cadastral database
as blocks of a building structure, us-
ing numerical description.

Fig. 9

1.5 Fig. 10

No.

Content of the definition of the con-
tour of a building structure

Remarks
Fig. No.

§1

The contour of a building structure is
understood as follows:

1.1

If foundation walls of a building
structure intersect with the surface of
the ground, the contour of a building
structure shall be a line defined by
rectangular projection of the line of
intersection of these foundation walls
with the surface of the ground onto
the horizontal plane.

Fig. 5

1.2

If foundation walls of a building
structure do not intersect with the
surface of the ground, the contour of
a building structure shall be a line de-
fined by rectangular projection of the
line of intersection of the lowest out-
er edges of the building's overground
walls with the surface of the ground
onto the horizontal plane.

Fig. 6

1.3

If a building is entirely constructed
on pillars only, the contour of a
building structure shall be a closed
line defined by rectangular projection
of the lowest outer edges of the
building's walls which are based on
these pillars onto the horizontal
plane.

Fig. 7

1.4

In the case of a specific type of a
building structure, such as a pavilion,

Fig. 8

*Source: own study.

Fig. 7. § 1.3 - A building entirely constructed on
pillars*
*Source: own study, photo by: M. Busko

Fig. 8. § 1.4 - Contour of a pavilion as a specific
type of a building structure*
*Source: own study, photo by: M. Busko
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Fig. 9. § 1.5 — A building with overhang supported
by pillars and overhang not supported by pillars — block
of a building structure*

*Source: own study, photo by: M. Busko

A skyway between two buildings is also consid-
ered to be a block of a building structure, as illustrated
in Fig. 10.

Table 3. Cartographic symbols for building structures*

. DiEIrn I =

Lol

Fig. 10. § 1.5 - Skyway between buildings - block
of a building structure*
*Source: own study, photo by: M. Busko

In any case, regardless of the presence of pillars or
their lack, overhangs as blocks of a building structure
should be included on the map. For this purpose, carto-
graphic symbols are required, examples of which are
presented in Table 3.

The legislation on the register of land and build-
ings in Poland, introduced with the amendment to the
Regulation in 2013, require the collection of numerous
cadastral data on building structures in the real estate
cadastre. A great deal of these data are duplicated from
architectural and construction records and they are un-
necessary load to the cadastral database. In addition,
provisions of law, especially those relating to the con-
tour of a building structure, are incomprehensible and
chaotic. For this reason, instead of literal application of
legal regulations, space is created for their arbitrary in-
terpretation.

However, the biggest mistake is discrepancy be-
tween definitions related to building structures con-
tained in surveying regulations and in construction law.
In Poland, unfortunately, such discrepancy has oc-
curred, and therefore the provisions of law should be
amended as soon as possible.

Name Cartographic symbol

Remarks

Contour of a building structure — 4
storeys

The number refers to the highest storey
of a building

Contour and block of a building
structure — overhang supported by

5 storeys of a building structure
Overhang on storeys
3,4and 5

Contour and block of a building
structure — overhang not supported
by pillars

L]
pillars Q‘?ﬂ]
33

3 storeys of a building structure
Overhang on storeys
2and3

Contour and block of a building
structure — passages

Ll

4 storeys of a building structure
Skyway at the height of storeys 2 and 3

*Source: own study.
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It is equally important to correctly define the devel-
opment area of a building structure. Currently in Poland,
the development area in surveying regulations is con-
sistent with the contour of a building structure, while in
the construction law it is consistent with the external
outline of a building structure. This discrepancy is par-
ticularly noticeable when overhangs or passages be-
tween buildings occur. Thus, in the revised version, def-
inition of the development area of a building structure in
surveying regulations should be as follows: Develop-
ment area of a building structure is the surface area of a
geometric figure defined by its contour, together with
the area of a geometric figure defined by its blocks, if
applicable.

CONCLUSIONS

It is not recommended to enter too many attributes
of a building into the cadastral database, both due to the
difficulty of capturing them and their frequent
variability. As a result, the cadastral database of
building structures will not be up to date. It is important
to precisely specify those registers that will use the
cadastral data, and those that will automatically
implement the data into the register of buildings. In
these registers, definitions of the building structure, the
contour of a building, the development area, and other
elements of a building should be uniform. Then,
between the register of buildings and other registers for
which the cadastre is the reference base, as well as the
registers which are reference for the cadastral database,
harmonization of data will be ensured.

When building an IT system for data flow in the
register of buildings, it is important to ensure that
cadastral information is automatically circulated
between registers, preferably in real time, or in series -
in small time intervals.

In the appendixes to the Regulation, it is essential
to precisely specify the form and content of the forms in
which cadastral data on buildings will be collected, both
during a field inspection and surveys, and in the
database of the register of land and buildings. These
forms should be uniform for the country.
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