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PERSPECTIVES AND FEATURES
OF BRANCH UTILIZATION
TECHNOLOGIES IN INTENSIVE
GARDENS AND PARKS

In most countries of Europe and North America, wood chips
obtained in the process of cutting brushwood and branches are widely
used in intensive gardens and parks as a mulching agent.
Technologies that involve the disposal of branches have a wide list of
technological operations. One of the most common involves manual
pruning with the help of simple technical tools such as a chainsaw and
cordless saws. The cut wood is transported and piled into piles, which
are burned when there is enough accumulation. This technology is
primarily environmentally harmful, as it pollutes the environment.
Therefore, the property of using chopped branches as mulch between
rows in gardens and park alleys is quite an important factor.

The goal is to study the application of the technology of
cutting branches into chips with a high-tech unit, which will make it
possible to reduce labor costs by approximately 1.5 times, fuel costs
by 1.4 times, eliminate environmental pollution, replenish the soil with
organic and mineral additives and use additional areas of land. which
are now set aside for wood burning sites.

Technologies that involve the disposal of branches after
trimming the crown of trees have the most diverse directions of use of
the pruning product and a wide list of technological operations. Each
of them is interesting in its own way, has advantages and
disadvantages, and therefore requires more detailed coverage.

One of the oldest and most primitive technologies involves
manually loading cut wood onto vehicles, taking the branches to
storage sites, where they are burned. This technology is poorly
mechanized and requires extensive use of unproductive manual
labor. The coefficient of utilization of the carrying capacity of vehicles
is very low, as itis impossible to place the collected wood tightly under
load. Currently, it is used in small farms.

Keywords: technology, wood, alternative energy sources,
mulching, garden, orchards, brush, shredding, aggregate.

technologies: shredding of cut branches directly

combine harvester for simultaneous contour pruning
and wood grinding, developed at the Institute of
Horticulture of the Ukrainian Academy of Sciences,
deserves attention. In the first version, the branches cut
by the disc saws of the machine fall on the conveyor,
which feeds them to the shredding drum [1]. With the
help of a fan, the chopped chips are fed into the hopper,
which, after filling, is unloaded into vehicles, which take
this wood outside the garden. In the second option, the
wood chips are spread between the rows. The use of a
harvester makes it possible to combine several
technological operations and exclude the removal of
whole branches [1].

Well-known and

more  widespread
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between the rows of the garden by mobile shredders
with the loading of chips into a hopper, their removal
from the garden, the use of wood for making compost
and then spreading it in the garden [2].

In 1986, scientists compared the most
common technology with a number of others, which
involved shredding the collected wood outside the
garden on cage roads and directly in the rows of the
garden with mobile shredders. It is noted that it is
economically more expedient to use the selection and
crushing of branches directly in the rows of the garden
with even more expensive and less productive mobile
pick-up-shredders, than to simply collect the mass on
inter-cage roads with branch pick-ups that are simple in
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design.

There are many ways of using cut branches.
Collected wood, after appropriate processing, can be
used to prepare composts, in the woodworking industry
for the production of wood boards; in the hydrolysis
industry for the production of fodder yeast, which is
used as an additive in animal rations. For comparison,
the feed value of 1 kg of completely dry straw is 0.2 -
0.25 feed units, and branches with a diameter of up to
40 mm are 0.25 - 0.4 feed units. The wood of branches
can also be used as fuel for heating greenhouses or
drying fruits. But all these disposal methods require
additional technological costs. Domestic and foreign
researchers note that 1 ton of wood contains the same
amount of dry matter as 2 tons of manure. It is also
known that every 100 tons of crushed mass can give
the soil up to 450 kg of nitrogen, more than 80 kg of
phosphorus and about 500 kg of potassium [3].

The agro-requirements presented by the
Institute of Horticulture of the Ukrainian Academy of
Sciences for the mobile shredding of tree branches
determine that the length of the main mass (at least
80%) of the chopped branches should not exceed 150
mm, based on the conditions of free passage, without
clogging, working bodies of tillage machines and rapid
decomposition of fruit wood. For quick decay of the
cuttings, itis necessary to dig immediately after grinding
to a depth of 7-12 cm in the most biologically active
layer of the soil.

If crushed wood particles are used as muich in
tree trunk strips, it will increase the biological activity of
the soail, increase its ability to retain moisture, and
stimulate the development of nitrogen-fixing bacteria
and fiber-decomposing microbes. Plants will absorb
mineral fertilizers better, and the growth of weeds under
the layer of mulch slows down.

It is also noted that the application of crushed
wood chips in the form of mulch to the surface of the
soil will help solve the issue of processing and using
wood waste, and will allow valuable organic material to
be returned to the cycle of substances. The muich itself,
like a layer of straw, preserves soil moisture, and the
content of humus in the soil increases.

Recently, intensive compacted gardens,
which have already gained recognition abroad, are
becoming more and more common in Ukraine.
Gardens of this type compared to ordinary ones have
advantages in terms of fruit quality, early fertility, yield
(for comparison: the yield of apples in such gardens s
reaches 350 - 500 t/ha, when in ordinary type gardens
it is 150 - 200 t/ha) and culture of care after them. The
width between rows of compacted gardens ranges
from 3 to 5 m, and the distance between trees in a row
is 1-2 m. In such planting schemes, trees on dwarf
rootstocks are used. The use of this type of tree is
directly reflected in the geometric dimensions of the
branches that are cut during the maintenance of the
crown of the compacted garden (according to our data,
the maximum diameter of the branches in the cut plane
does not exceed 30 mm). Both the diameter and the
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length of these branches are significantly smaller
compared to the branches that are cut from the crown
of trees in gardens of the usual type [3]. This creates
favorable conditions for their grinding using single-
stage grinders with simple structural and technological
schemes.

Analysis of recent research and
publications. In the mechanized technology of
utilization of branches of fruit trees and bushes cut
during planned cleaning of plantations, the most
widespread and important is the process of their
grinding, the quality indicators of which are determined
by agrotechnical requirements.

The technological process of grinding is very
complex and depends on a number of factors: the
physical and mechanical properties of materials (size,
shape, moisture, strength), the type of grinders, their
working organs and the mode of operation of the
machine. In engineering terms, chopping branches is
the most energy-intensive operation. During the
grinding of wood waste, the energy consumption is 20
- 27 kJ/kg.

Crushing is the separation of a solid body into
parts due to the application of external forces, when
internal stresses exceed its strength limit.

Depending on the method of action of the
working body on the branches and the type of
deformation that occurs in the wood, grinding is carried
out mainly by a combination of blows with the use of
hammers, knives and cutting due to sharpened working
bodies (knives).

The foundations of the theory of grinding due
to knives are laid down in the works of scientists [1-3,
5, 7, 9-14]. The research describes the process of
material grinding in the chamber, the dynamics of the
grinding drum, the aerodynamics of the grinder and the
energetics of the process.

But the results of these studies cannot be
directly used to calculate the rational parameters of
mobile shredders, which are designed to shred
branches and wood waste for their disposal. This is due
to the difference in physical and mechanical properties
of materials and structural and technological features of
shredders [4-6].

Branches and wood as a whole are an elastic-
viscous-plastic material with clearly expressed
anisotropy, the specific feature of which is the presence
of a structure: a frame with elastic and plastic properties
and an aggregate with viscous properties.

Among the works on the study of the
development of deformation and stress relaxation in
the plastic region of organic matter, the leading place is
occupied by the works of the Ukrainian academic F.
Belyankin, in which it is noted that when crushed, the
viscous resistance forces of the aggregate increase.
Therefore, for the destruction of wood, it is necessary
to apply a much greater load, compared to what is
sufficient for destruction by static forces. The increase
in destructive forces during the increase in the speed of
their application is noted in [3-5].
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Many scientists have studied the process of
shredding wood waste with mobile shredders, but until
now, the issue of optimizing the modes of operation of
the shredder when shredding wood waste with mobile
shredders, from the point of view of joint consideration
of quality and energy indicators of the process, has
been little theoretically investigated, although it is of
great scientific and practical interest.

Professor I. Revenko described the balance of
energy expenditure A for crushing material in a closed-
type hammer crusher with the following equation [7]:

A=Ag+Ac+Apn+A, @

Ag - energy consumption for grinding itself,
which depends on the properties of the material and the
degree of its grinding (determined by the formula of C.
Melnikov); AC - energy consumption for separation
(overcoming the resistance of the grating surface

2
75N = Aw + Bw® + Agy + Ko + By + V(= D + 25,

A, B - empirical coefficients; Agr - specific
work of grinding; w - angular velocity of the rotor,

rad/s; l/) - specific weight of the roll, gr./m3; g - material
supply, kg/s; B - the machine's grip width, m; VM -
working speed of the machine, m/s; A - degree of
grinding; Ksc - splitting coefficient; V - material grinding
speed, m/s.

The most complete power balance of grinding
coarse forage of the hammer type is presented [7]:

N = Ng +Noy + Ny + Ny, + Ny, &

N, - the power consumed in the process of
grinding the stalks at the entrance to the grinding
chamber; Ng and Np - the power consumed in the
process of overcoming the friction of the particles of the
circulating layer against the loaded part of the
hammers, respectively, in the areas of the deck and the
sieve; Ny - the power consumed in the process of hitting
and giving speed to feed particles.

In order to determine the power consumption
directly for the coarse forage grinding process itself, the
value of the probability Ps of stalks hitting the adjacent
row of knives is additionally entered into the formula,
which makes it more accurate and replaces work A,
which is spent on destroying one stalk with an average

effort Ppeo [7]:

Qn - crushing productivity, kg/s; Gst - average
weight of one stalk, kg; Rp - radius of the rotor at the

Ler

= 0.001P,, 2R

N des pcp GerKp

— 1) Ps, (5)

lep
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during sieving of the product); ACOn - energy
consumption for moving material in the working

chamber; AT, - energy consumption for transporting
the product to the receiver.

According to research data [6,8,9], the total
energy consumption of a shredder for shredding wood
waste consists of energy consumption: for the

destruction of wood waste - Agesr; on the
compression of wood by a shredding device before its

destruction - ACT; for transporting particles from the
shredder - A, and on its idle speed - Ay:

A=Agest t Aer T Ay T A @

The power balance of a mobile rotary shredder
with sharpened working bodies when shredding wood
waste is calculated according to the equation [7]:

©)

ends of the knives, m; Lst - length of stems, m; Kp - the
number of rows of knives; Icp - average length of
crushed patrticles, m.

The following two terms of the formula for
determining the total power can be determined by
formulas that are similar to each other:

QHVBSMnMprLd

N4 = 0.00025
TRy hsLyV g1

ftr > ®

V, - relative speed of knives, m/s; S_m -
surface area of the loaded part of the knife in the
material layer, m2; nmr - the number of knives in one
row; Ld - length of deck, m; hs - thickness of the
circulating layer, m; Lk - width of the grinding chamber,
m; Vsl - speed of the material layer in the shredder
chamber, m/s; ftr - coefficient of friction of mass
movement on the steel surface.

The power consumed in the process of hitting
and giving speed to feed particles:

N, = 0.001P, 4, 22?7

7
180V Y

ifr

Pi - specific impact force, N/kg; @ - angle of
girth of the soundboard.

Based on the above review, it can be noted
that each of the scientists determines the power
balance equation using the formula for the threshing
drum and at the same time strives to specify its
components under the conditions of their process and
based on research objectives [8-11].

The study of the stability of the movement of
hammer crushers established that when designing
them, it is necessary to take into account not only the
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geometry and mass of the hammers, but also the ratio
between the dimensions of the hammer and the rotor.
In the absence of balancing of the hammer on impact
during grinding of materials, the impact impulse is
transmitted to the bolt, which hinges the hammer to the
rotor disk; from the bolt to the disk, from the disk to the
rotor shaft and bearings, which leads to rapid wear of
the entire shredder and its inefficient operation. By
balancing the hammers on impact, it is possible to free
the machine from impact reactions in the connections
[20].

According to the theory of impact balancing of
hammers, to eliminate impact reactions, it is necessary
that the square of the radius of inertia of the hammer p2
relative to the axis of its suspension is equal to the
product of the distance ¢ from the given axis to the
center of mass of the hammer by the distance from the
same axis to the line of impact | [8]:

p? =c, ®

Along with this, it is shown in the works that the

hinged hammer of the grinding devices is periodically
affected by the forces associated with grinding the
mass, which cause the hammers to deviate from their
radial position. These authors proceed from the fact
that when the rotor rotates with a horizontal axis of
rotation under the action of centrifugal forces, the
hinged hammers are set in a radial position and
maintain their position until they meet the material being
crushed. After interacting with the material, the hammer
is deflected by a certain angle, making free oscillations
in the field of centrifugal forces relative to its radial
position. The most effective grinding occurs under the
condition that at the moments of subsequent meetings
of the hammer with the grinding material, the direction
of relative rotation of the hammer in its oscillating
motion near the axis of the suspension coincides with
the direction of rotation of the rotor. In this case, the
speed of grinding is equal to the sum of the speeds of
relative and transfer movement, while reaching its
maximum value. Therefore, the most advantageous
position of the hinged hammers during their next
meeting with the material being crushed and ensuring
the appropriate selection of the design parameters of

the hammers and the rotor. This condition is
determined by the [8]:
Al 1,
=1, 9
mcR ( )

I, - moment of inertia of the working body
relative to the suspension axis, m;

R - the radius of the suspension of the working
body - the distance from the axis of the rotor to the axis
of its suspension, m;

¢ - distance to the center of mass of the
working body from the axis of its suspension, m; m is
the mass of the hammer, kg; A is a positive

1 35
== )

number( , =
2°2°2
The given equality determines such a
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relationship between the parameters of the rotor, in
which during the interaction of the working bodies with
the material, the angular velocity of the hammers'
oscillations coincides in direction with the angular
velocity of the rotor, at its maximum value. As we can
see from the expression that at any angular speed of
the rotor, the required ratio will be preserved, and it
depends only on the geometric parameters of the latter.

There are different judgments both when
choosing the design parameters of the rotor and when
determining the rational weight of the hammer. Thus, in
order to reduce the energy consumption associated
with the oscillation of the hinged hammers of the
chopper rotor when grinding the vines, it is
recommended to use a rotor with a light drum and
sufficiently heavy hammers.

Many scientists in their works also prefer
threshing drums with a smaller diameter and moment
of inertia [10]. It is noted that a drum with a large
moment of inertia works more calmly, that is, it
develops and loses its speed more slowly than a drum
with a small moment of inertia. With a small number of
revolutions, a large drum will work quite well even with
a weak engine. It is noted that by increasing the
diameter of the rotor, it is possible to reduce its rotation
frequency and thus reduce vibrations and dynamic
loads in the machine. It was determined that in order to
reduce the power consumption in brush cutters -
shredders with a rotor rotating in a horizontal plane, a
flywheel is installed. When grinding corn, a rotary
grinder with heavier hammers had lower specific power
consumption and better performance indicators
(smaller average length of crushed particles) than
when using lighter hammers [10-14].

The authors of the work suggest increasing the
mass of the hammers, which will automatically reduce
their angle of deviation from the radial position when the
material is crushed. This factor, along with an increase
in the radius of the working chamber, leads to an
increase in the angle of attack of the working bodies,
which, in turn, has a positive effect on the efficiency of
the hammers when crushing mass by impact.

When researching the grinding process on
hammer crushers of viscous-plastic materials), which
includes wood, the authors prefer sharp knives
compared to ordinary (blunt) working organs. With
sharpened knives, the material is crushed mainly as a
result of the shock-cutting action of the working bodies
with grinding elements. The use of such working bodies
sharply reduces the energy consumption of the
process, more uniform grinding of the material is
achieved [12].

Materials and methods. In the work, when
comparing options for the execution of the working
chamber of a hammer crusher, compared to open-type
machines. Preference is given to crushers in which the
working chamber is closed with sieves. The latest
crushers have better performance indicators and
almost do not differ in performance and energy
consumption from open type crushers. As a
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conclusion, it can be noted that the results of the above
studies cannot be directly used to justify the rational
parameters and modes of operation of mobile hammer
shredders, which are intended for shredding branches
and wood waste. is related to the difference in the
physical and mechanical properties of wood and
grapevine waste, grain and stalk fodder and the variety
of design features of shredders, their working bodies
and modes of operation. But from the known studies, it
is possible to use some approaches, methods and
theoretical provisions to substantiate the process of
shredding branches and wood waste. The rational
value of the necessary speed of the working bodies of
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hammer grinders must be determined
comprehensively, taking into account its influence on all
indicators of the machine (technological, energy and
quality).

The goal is to study the application of the
technology of cutting branches into chips with a high-
tech unit, which will make it possible to reduce labor
costs by approximately 1.5 times, fuel costs by 1.4
times, eliminate environmental pollution, replenish the
soil with organic and mineral additives and use
additional areas of land. which are now set aside for
wood burning sites.

IRIRIRINE
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Fig. 1. Structural and technoloé]ical scheme of the unit for processing brushwood: 1 - body; 2 -
rotor rod; 3 - skiing; 4 - fairing; 5 - inlet; 6 - lattice; 7 - supporting wheel; 8 - counter hammer; 9 - traction;
10 - three-point hitch mechanism; 11 - hydraulic motor; 12 - hydraulic hose; 13 - lattice fastening; 14 -

hammer.

Hammers, which have a pointed chamfer
(edge), hit the branches, while, depending on the size
of the branches and their position, the following is done:

a) separation of branch particles and their
movement along the tangent paths of the hammers at
the indicated points into the working chamber;

b) transfer of branches into the working
chamber due to impact action of hammers.

Particles of chopped wood freely fall from the
chamber to the soil surface if their size is smaller than
the gap between the bars of the grid and they have the
appropriate orientation in space. Otherwise, the
branches or their particles fall into the opening between
the face of the hammers and the counter hammers
(Fig. 1) [4,6], where their support grinding is performed.
Further transportation of wood is carried out under the
action of hammers to the exit through the gaps between
the lattice bars. In addition, insufficiently crushed wood
particles circulate in the working chamber, splitting
between the surface of the grid and the face of the
hammers and again and again falling under the blows
of the working bodies, until their length reaches the
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appropriate dimensions to pass freely between the bars
of the grid. With such a technological scheme of the
device, the main grinding of branches takes place
mainly when they enter the grinding chamber, and in
the chamber itself - cases of unsupported grinding of
wood, and grinding using counter hammers - supported
grinding, as well as as a result of pulling the mass along
the surface of the grate.

The unit for crushing brushwood is aggregated
with tractors with a power of 120-135 HP. Valtra G 135
type with a pump capacity of 110 I/min.

Selection and calculation of hydraulic drive
elements. High-speed filming shows that in hammer
crushers, which are used for chopping wood, the
destruction of branches takes place due to the free
impact of the hammer and during the impact of particles
on the deck (rackets) or counter hammers.

For the proposed technological scheme, the
main grinding of branches occurs mainly when they
enter the grinding chamber, unsupported grinding of
wood and the use of counter hammers, supported (Fig.
1), as well as as a result of pulling the mass along the
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surface of the grid. The total power required to perform
the process of chopping wood with a two-rotor mobile
branch chopper is determined from the following
histogram (Fig. 2):
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Fig. 2. A histogram showing the share of
the components of the power balance equation
from the total power N of the drive of the two-rotor
shredder of branches at different speeds of

movement V1 of the hammers (Q=1.58 kg/s): 1-—
Nexi 2=NjP: 3=N}; 4=NJ}P, 5=
N.6 = N7 = N,,,.

N - drive power kW, V1 vehicle speed, Q raw
material supply,
Nyx, NJ2,NZ, N2, NJ2, NI, Ny, accordin
gly, the power required for: deformation of the branch
when it is struck off-center with a hammer during
unsupported wood grinding (at the first stage of grinding
- at the entrance to the chamber and directly in it);
deformation of the branch during support grinding of
wood (at the second stage of grinding with the
participation of counter hammers); throwing a branch
(giving it translational speed) when it is struck off-center
with a hammer during unsupported chopping of wood;
throwing a branch (giving it a linear speed of rotation at
the point of impact) when it is struck off-center with a
hammer during unsupported wood chopping;
discarding a branch during the support grinding of wood
(at the second stage of grinding with the participation of
counter hammers); overcoming the forces of friction of
the patrticles of the circulating layer of wood against the
loaded parts of the hammers during drawing and
circulation of the mass between the surface of the
grates and the hammers; idling of the shredder.

The machine developed by us is aggregated
with Valtra G135 or Fendt 211 tractors. We know the
necessary drive power of the unit for crushing brush
(Fig. 2), the maximum value of which reaches 26 kW.
So, let's calculate the hydraulic drive of the unit for
crushing brush.

On the (Fig. 3) shows the basic hydraulic
diagram of the drive of the rotors of the brush crushing
unit.
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Knowing the required power of the drive, we
will choose the necessary hydraulic pump for driving
the working bodies. The maximum power of the drive is
26 kw, the frequency of rotation of the pump shaft, n =
955 rpm; P nominal pressure in the hydraulic system,
P=16 MPa. The hydraulic pump of the NSh type
corresponds to these indicators, and the main
functional dependencies of the selected hydraulic

pump are given.
5 6

o Lc

2719
TV

Fig. 3 Basic hydraulic scheme of the drive
of the rotors of the brush crushing unit: 1 -
hydraulic tank; 2 - hydraulic pump; 3 - safety valve;
4 - hydraulic distributor; 5 - hydroline; 6 - hydraulic
motors; 7 - manometer; 8 - filter.

We will calculate the main parameters of the
hydraulic pump. Let's determine the theoretical flow of
the hydraulic pump.

Qr =:L%'

n
—, (r/min) ,

10
1000 (19

|/

p - working volume of the hydraulic pump,

cm3 from (Fig. 1, a) it can be seen that at a shaft
rotation frequency of 955 rpm. Vp=100 cm?3.

955
Q@ =100- 1000 = 95,5 (/min).

The actual supply of the hydraulic pump:

_ L NV .
Qr =V, n Toog (min)

Ny - volume Coefficient of useful effect of the
pump, 17y, =0,96

Qr

Volume Coefficient of useful effect of the pump

__100-955-0,96

= = 91,68 (r/min).
1000

Ny pump is the ratio of the actual supply to the
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theoretical nyy = Qq,/ QT;

N - mechanical efficiency is due to the loss
of mechanical energy in the hydraulic machine, to
overcome friction during the movement of the elements
of the hydraulic machine through the liquid, friction in
the liquid itself between its particles 7], = 0,98.

Overall efficiency:

n="nv 'Muw

n=0,96-0,98=0,94
Let's determine the useful power of the pump
Nk is the power provided by the pump to the working
fluid

11

_APQ;
T 612’

K 12)

AP - pressure drop at the inlet and outlet of the
hydraulic pump, MPa AP=15,8;

15,8-95,5 24 6 kW
KTo612 T
Pump power N is the power consumed by the
pump:
AP'Qq)
= ; KW.
61,2'7
15,8-91,68
= ———— =25
61,2:- 0,94

Torque on the pump shaft:

M=9554'%,H'M, (13)

25

Determination of the main parameters of
hydraulic motors.

As can be seen from fig. 3, our scheme
provides for the serial connection of hydraulic motors
for driving working bodies, to ensure the necessary
power of the drive, we will choose rotary hydraulic
motors of the OMR-125 type as hydraulic motors.

The torque on the hydraulic motor shaft is
determined by the formula:

M=V’“'A2%,H-M, (14)
_125-158-098 .
-7 2.314 _Cor oM

Conclusions. The use of wood waste as a
source of heat energy can be considered the most
promising direction in the development of alternative
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bioenergy. According to approximate forecasts, if all
existing wood waste is processed and used as fuel, it is
possible to obtain 2.4 billion kW of energy, which is
equivalent to 300 million m3 of natural gas. Therefore,
the formation of a clear structure of the processing and
use of wood waste is an urgent and necessary task to
increase the level of energy security of the state as a
whole.

Other ways of using wood waste, in particular
for mulching gardens, will reduce the loss of fertile soil
by reducing erosion processes. Mulching will provide
an opportunity to obtain organic products, will ensure a
reduction in the use of chemical plant protection agents,
and will also generally improve the environmental
situation in agricultural production.
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NEPCIMNEKTUBHICTb | OCOBJINBOCTI
TEXHONOMA YTUMI3ALI MIOK Y
IHTEHCUBHUX CAOAX | MAPKAX

lposedeHo docnidxeHHT mexHoroeil, SiKi
rnepedbayaroms ymuriizauyito 2ifoK i Maromes WUpPOKUU
niepenik mexHornozidHux oriepaujt. OdHa 3 Haubinbw
rnowupeHux nepedbayae py4Hy 0bpi3Ky rnpu Aornomosi

ma mexHorsoegissx
2023

MPOCMUX MEeXHIYHUX 3acobig 5K 2irikopi3Hy beHsonusy
i akymynsmopHi  nunu.  3pizaHy — OepesuHy
mpaHcrnopmyroms i Hakonudyrome 6 bypmu, sKi npu
docmamHbOMYy  HakorudyeaHHi  crniansme. [aHa
MmeXxHOsIoaisi 8 nepuly Yepay WKiOuea 8 eKoroaiyHoMy
rnaHi, mak siK 3abpyOHIoe HasKoMUWHe cepedosuue.
Tomy enacmusicms euKopucmarHsi MOOPIGHEHUX
2irnok e sskocmi MyrbYy8aHHsI MKpsiOb 6 cadax i anesix
rapkie € 0oCcUMb 8aXJ/UBUM (hbaKImMOPOM.

[ocriioxeHHs1 3acmocysaHHs1 OaHoi
mexHonoaii  MoOPIGHEHHS einok e weny
BUCOKOMEXHOJO2IYHUM azpeaamomM, Oacmb 3mMoay
3MeHwWUmMuU eumpamu ripauj opieHmoeHo 8 1,5 pasu,
rnanuea 8 1,4 pasu, eukmoyums 3abpyOHeHHs
HaBKOMuUWHL020 cepedosulya, MOMO8HUMU PyHM
opaaHidHuUMu | MiHepanbHUMU dobaskamMu ma
sukopucmosysamu 0o0amkosi oW 3emesibHUX
yaiOb, sKi 3apa3 eideedeHi nid nnowadku Ons
crnantoeaHHs1 0epesuHu.

TexHornoeil, siki nepedbadyarome ymurizauito
2inok ricrii  0bpi3ysaHHs KPOHU Oepes, Matomb
HaUpi3HOMaHImHiwi  HarpsamMKu 8UKOopUCMaHHs
npodykmy  06pi3ku  ma  WUpoKUl  repersik
mexHornoaidHUX ornepauit. KoxHa 3 HuUx ro-ceoemy
uikaea, Mae riepegaau ma Hedorliku, i momy rnompebye
6inbw demarnbHo20 8uceimneHHsi. ®DopmyeaHHs
4imKoi  cmpykmypu  ripouecy nepepobku ma
8suKopucmaHHs1 8i0xo0ie OepesuHU € akmyarnbHUM ma
HeobXiOHUM 3asdaHHsiM, Ot MI08UUUEHHST  PiGHS
eHepaemu4HoI besrneku Oepxxasu 8 uisiomy.

Knroyoei crnosa: mexHonoeisi, OepesuHa,
anbmepHamueHi Oxeperia eHepeii, Myrb4ysaHHs, cao,
riodosuli cad, xmu3, MoOpPIGHEHHSI, agpeaam.
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