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In this difficult time of war for Ukraine, the issue of increasing the efficiency of agricultural production is an urgent
state and scientific applied problem. One of the ways to solve it is to further improve the various technical means used, in
particular for tillage before sowing and for simultaneous sowing. At the current stage of development, disc tools are quite
promising among them. Compared to shelf implements, their main advantage is significantly lower energy consumption in
many agricultural processes. Also, disc implements help to maintain proper soil structure and better meet environmental
requirements.

The purpose of this publication is to present the proposed mathematical apparatus aimed at ensuring an effective
computer definition of rational variants of double-disc coulters. The latter is realised through the detailed presentation
and analysis of analytical dependencies between the basic geometrical structural and operational parameters of
these products. This applies to the diameters of the discs, their deviation from the vertical, angles of rotation in the
horizontal plane, the position of the vanishing points, the depth of tillage and the nature of the resulting furrow profiles.
The presented mathematical apparatus and illustrated relevant geometric modelling techniques not only improve the
accuracy of various calculations, such as agricultural mechanics, but also allow further improvement of the quality
and productivity of computer-aided design of the agricultural implements under consideration, in particular, by means
of structural and parametric shaping. This is carried out on the basis of variant computer-aided design based on the
above methodology. It was developed by the Scientific School of Applied Geometry of the National Technical University
of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” and tested in the domestic aviation industry. Extension of the
accentuated approach to agricultural mechanisation will contribute to further improvement of both existing theoretical
provisions and existing practice. In the author’s opinion, the outlined topic is a promising area for conducting appropriate

applied research.
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Introduction. The current period of life in Ukraine is
quite difficult in many aspects, including military, social,
economic, etc. In the latter case, the most pressing
problem at the state level is to preserve and increase the
efficiency of existing production. Under current conditions,
agriculture plays a leading role in this regard. Therefore,
the task of improving the technical and other means used
in it is particularly relevant. Some of the priority areas
are presented in the publication (Khudaverdiieva, 2022)
regarding the cultivation of grain crops. It is emphasised
that the growth of gross harvest should be carried out
not only by increasing the area under crops, but also
by improving the relevant material and technical base,
introducing advanced resource-saving technologies and
improving economic conditions. (Kravchenko, 2020)
provides mechanisms for implementing innovations in
agriculture, emphasising the importance of agricultural
science for this purpose. The authors of (Rud et al.,
2024) define precision agriculture as a modern innovation
system. (Rudenko, 2019) analyses the multifactorial
impact of computer technologies in the agricultural sector.
The above aspects are also presented in (Abbasi et al.,
2022).

One of the most promising areas for technical
improvement is the further development of tillage tools,

in particular disc tools. The latter, for example, are
characterised by lower energy consumption compared to
shelf tools for a large number of agricultural processes.
Discs contribute to the preservation of soil structure and
better meet environmental requirements. (Teslyuk et al.,
2016) presents the results of theoretical and practical
research on tillage disc units. The article (Parihar et al.,
2023) reviews various coulters to compare their energy
consumption, furrow profile formation, seed placement
accuracy, sowing performance, etc. Zubko et al. (2016)
concluded that the rational choice of a coulter depends on
the characteristics of a particular soil and climatic zone.
Researchers (Ahmad et al., 2020) study the application
of the discrete element method to model the behaviour
of disc coulters of different designs in rice fields. (Karayel
et al.,, 2024) analyse the effect of the configuration of
these tools on the productivity of corn sowing without
tillage immediately after wheat harvesting with uneven
soil coverage with plant residues. In Khosravani et al.
(2023), the forces acting on the seeder depending on the
angles of the discs are predicted by analytical means and
the discrete element method. The authors (Kumar et al.,
2021; Ranta et al., 2021; Malasli & Celik, 2023) investigate
the effect of the working speed of disc coulters on soil
destruction and cutting of plant residues when using
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a no-till system. Zeng et al. (2021) and Xu et al. (2023)
show that the geometry of discs is essential for ensuring
high productivity of tillage technologies. The article (Sun et
al., 2020) presents mechanisms for reducing the traction
resistance of coulters by reproducing mechanical and
biochemical tillage processes using the finite element
method. The publication (Vanin et al., 2019) is devoted
to the classification of tillage tool discs based on the
methodology of structural and parametric shaping and
their automated geometric modelling. The basic principles
of this approach are presented in the monograph (Vanin
et al., 2022). The publication (Yablonskyi et al., 2022)
provides a generalised description of tools for computer-
aided shaping of modern agricultural tillage tools.

Theissues of designing double-disc coulters are analysed
in the literature (Ahmad et al., 2015; Wang et al., 2020; Li
et al., 2023; Sugirbay et al., 2023; Ye et al., 2023; Chen et
al., 2024; Rosu et al., 2024; Tukhtakuziev et al., 2024) and
are considered further in the presentation of the relevant
material. The main purpose of this publication is to present
the proposed mathematical tools for computer modelling of
the basic structural and operational geometrical parameters
of double disc coulters. These tools serve as one of the
foundations for further effective computer-aided design,
comprehensive structural and parametric optimisation of
these agricultural tillage tools.

Materials and methods of research. The purpose
of the coulter is to form a furrow of the required profile
in the surface soil layer, to apply seeds and fertilisers
evenly along it and to sprinkle them with soil of a fine
lumpy composition. Agrotechnical requirements do not
allow mixing with the lower soil layers in order to preserve
moisture. At the same time, the field surface should be
levelled as much as possible and the bottom of the furrow
should be compacted.

Today, for sowing seeds of most industrial crops (cereals,
legumes, vegetables), two- and single-disc coulters are
most often used. The advantage of the former, despite their
certain technical complexity, is their suitability for use on
soils of various types and structures.

From the point of view of forming the furrow profile, the
main conceptual components of the double disc coulter
design (Fig. 1) are the riser (body) 1, axle 2, and flat discs 3.
It should be noted that such components as seed conduits,
flanges, cleaners, wrappers, etc. are not considered in the
aspect under study. This also applies to additional structural
means that eliminate the ridge formed by the discs along
the row axis, as well as the issue of soil shedding from the
furrow walls. These tasks may be the subject of further
scientific research.

The left image (Fig. 1) is a view in the direction of
the coulter’s working movement, and the right image
corresponds to the axonometric projection. The discs
are installed symmetrically relative to the longitudinal
vertical plane of the tool, forming an angle 8 of deviation
from the vertical at first, and then rotated by an angle ain
the horizontal plane. During their operation, they rotate,
cut the soil, spread and compact it, forming a furrow.
Its profile depends on the diameter D of the discs, the
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required processing depth a, the angles B and a, which
determine the position of the vanishing point, which
corresponds to the minimum distance between the discs.
Depending on the size of these angles, a distinction is
made between conventional and narrow row coulters. In
the latter case, two closely spaced furrows are created.

1

Fig. 1. The main conceptual design components of a
double disc coulter: 1 —riser (body); 2 — axle; 3 — disc
with hub and rolling element

The purpose of the publication is to define the analytical
dependencies between the above structural and operational
parameters. This mathematical apparatus was also
generalised by using an additional value in the form of the
angle y of rotation of the given implement around the axis
perpendicular to the plane of its symmetry. On the basis of
the proposed approach, a conceptual design of an improved
adjustable double-disc coulter was developed.

Results. Let us use the Cartesian coordinate system
Oxyz (Fig. 2), the x-axis of which is opposite to the direction
of movement of the coulter, the Oxy plane is horizontal, and
the z-axis is vertical. The equation of a circle of diameter
D located in the Oxz plane with a centre at point O and
a shaping parameter in the form of an angle u, which is
counted counterclockwise from the x-axis, is

x:?cos(u), y=0, z=- gsin(u),

where ue[0°, 360°].

(1)

Fig. 2. The outer circle of the disc, positioned vertically
along the direction of travel of the coulter

Rotate the circle that represents the disc around the
x-axis by an angle of B counterclockwise (Fig. 3).
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Z=- gcos B sin(u), @)

where ue[0°, 360°].
The point S of disc convergence is illustrated in Fig. 5.

Fig. 3. Disc rotated around the x-axis

In this case, the dashed line shows the initial position of
the object. Based on expressions (1) using transformation
matrices in homogeneous coordinates

1 0 0 0 Fig. 5. Point S of disc convergence

[x y z 1]- 0 ?OSB sinf 0 = Its analytical definition is carried out using the ordinate
0 -sinp cosp 0 of expression (3), i.e.
0 0 0 1 D
"(u) = —=(sinasin(u) + cosasinBcos(u)) =0. (4
=[x ycosp—zsinB ysinf+zcosp 1], y(w) 2( o sin(u) asinp cos(u)) @)
From equation (4) it follows

we obtain the equation of the new circle tg(u) = —ctgasin B, (5)
xX= gcos (), y= gsinﬁsin(u), zZ=- gcosﬁsin(u), (2) where

0 0 0 0
where ue[0°, 3607, oc (0 500, pe(0. 90D, ©)
Next, rotate it by an angle of a clockwise around the Dependencies (5) and (6) allow us to determine the

z-axis (Fig. 4), where the view along the coulter movement  required parameter ug of the point S of disc convergence.

is shown and the previous disc positions are shown with thin ~ For the gaps in (6), the value of (5) is negative. Since S is

lines. located in the front lower part of the disc, and the arctangent
function has a set of values (-90°, 90°), then

ug = arctg(—ctgasin ) + 180°. (7)

Based on the calculated u  and formulas (3), we calculate
the coordinates of the point of convergence of the discs

S = (xg, Vg, 2s)- (8)

The influence of the angles a and B on the height of the
ridge in the middle of the furrow can be estimated (Fig. 6)
using the surface graph (7). As can be seen, with an increase

Fig. 4. Disc additionally rotated around the z-axis in a, its upper point (uy) increases, and with an increase in
B, it decreases.

The analytical description of the constructed figure
is determined on the basis of the relations (2) and the
corresponding coordinate transformation matrices

coso -sino 0 0
sinaa cosoo. 0 0

11- _
ey 2 1y 0 1 0

0 0 0 1

=[xcosa + ysino -xsina+ ycosa z 1],

As a result, for the first disc we have

X = g(com cos (u) + sin a sin B sin(u)),

D . . .
y= 3(005 acsin psin(u) —sin a cos(u)), Fig. 6. Influence of a and B angles on the crest height
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The equation of the circle of the second disc is obtained
by applying the coordinate transformation matrices
1 0 0 0

Lo 0o
beyedllg o 1 o

Xg Vg tg |1
1 0 0 0 1 0 0 0
0 -1 0 0 0 1 0 0
o o0 1 o]0 0 1 0f
0 0 I 1]|xg ¥y zg |1

=[x 2y -y z 1]

ordinates (8) and dependencies (3).
Then for the second disc

X = g(com cos (u) + sin a sin B sin(u)),

y= 2yS + g(sin o cos(u) — cos a sin B sin(u)),

7=- Qcosﬁsin(u),

2
where ue[0°, 3607].
Note that the above coordinate transformation result can
also be obtained using the relation
N t)
s 2 ’
where y, and y, are the ordinates of the points of the first
and second discs.
According to expressions (3) and (9), the lowest points of
the discs correspond to the parameter u=90°. The distance
between them (Fig. 7)

©)

b, =2y, + g (sin a. cos(90”) — cos acsin B sin(90%)) —
D . . 0 . 0
5 (cos asin Bsin(90°) — sin o cos(90°)) =

= 2y¢— Dcosasinp.

(10)

b [

h

Fig. 7. Dependence of the furrow profile on the depth a
of tillage

The width of the upper part b, of the furrow is influenced
by the depth a of tillage, its sum with the distance h to the
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ground, based on the figure and the calculations performed,
is equal to

(11)

Using the application of formulas (3) and (9) from relation
(11), we have

D
h= — .
a+ 2cos[?»

(12)

where u_ is the parameter corresponding to the starting
points of the disc circles at height h.
Based on dependence (12), we obtain

2a
. 13
Dcosp ) (13)
The maximum working depth of the disc is approximately
two-thirds of its radius, i.e.

h= gcosﬁ —a= gcosﬁsin(ue),

u g=arcsin(l —

(14)

D 2 D
a max= ?-§~COSB = gcosﬁ.
Based on relations (13) and (14)

amax ) —

u . =arcsin(l —
Dcosp

min

_ arcsin(l - 2D€0SB ) arcsin(%) ~19.5";

3Dcosp

U max=180" —u . =180"~19.5 =160.5";  (15)

where u_, u__ are the minimum and maximum values
of the parameter of the arc of the disc circle that forms the
furrow profile.

So, in this case
welu . U max] =119.5"; 160.5°] .

By analogy, for a particular such arc

(16)

uelug, 180" —ugzl . (17)

Note that in expression (17)

u g< 90

(18)

The value b, of the width of the upper part of the furrow
is calculated as

b =2y, + g(sin a cos(u,) — cos o sin Bsin(u,)) —
D . . .
5 (cos asin Bsin(u,) — sin o cos(u,)) =

= 2y, + D(sin o cos(u,) — cos a.sin Bsin(u,)). (19)

Thus, the relations (1) ... (19) for the considered double-
disc coulters analytically describe their basic structural and
operational geometric parameters and are further used for
proper automated design.

In the Oxyz coordinate system (Fig. 2), the coulter
moves along the x-axis. The placement of these tools
along the y-axis provides the required row spacing, and
along the z-axis the required tillage depth. In addition to
the analysed angles B and a, respectively, the rotation
of the discs around the x and z axis, the resulting furrow
profile is also affected by a possible rotation around
the y-axis by an angle of y. In order to generalise the
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above mathematical apparatus, this issue is considered
further.

Let the position of the specified centre C of the rotation
be determined by the coordinates

C=(xcs Ysr2¢)- (20)

The definition of the equations of the circle of the first
disc is based on the transformation matrices
1 0 0 0

a0 0o
N

e Vs e !
cosy 0 -siny 0 1 0 0 0
0 1 0 0|10 1 0 0
Isiy 0 cosy 0 || O 0 1 0|~
0 0 0 L] |xc vg 2o 1

=[(x - x_) cosy +(z - g )siny +

+X_ Y ( X - X) siny + (g — zc)cosy +2, 1],
values (20) and dependencies (3).
As a result, for the first disc

X = g(cosa cos (u) + sin a.sin Bsin(u))cosy + (1 — cosy) x_ —
D . .
—( 5 cos B sin(u) + z.)siny,
D . . .
y= > (cos a.sin B sin(u) — sin o cos(u)),

z=(x_- g(cosa cos (u) +sin asin Bsin(u)))siny + (1 - cosy)z, -

- g cos cosy sin(u), (21)

where ue[0°, 3607].

As with expressions (3) and (9), which differ only in their
ordinates due to the symmetry of the discs, a similar situation
is also found in the case of (21). Therefore, in the circle of
the second disc, the abscissa and apposites correspond to
the last formulas given, and the ordinates correspond to the
relation (9). Note that in dependencies (21), the value of the
angle y can be either positive or negative. Its specific range
is determined by the existing conditions.

Thus, we have outlined the basic theoretical
provisions of the proposed approach to the use of an
additional control value for the structural and operational
parameters of a double-disc coulter in the form of the
angle of rotation of this tool around its transverse
horizontal axis. The next part of the article is devoted
to illustrations of the practical implementation of the
developed methodology and its comparison with the
results of other studies.

Discussion. Let us consider some aspects of the use
of the above mathematical apparatus. For computer-aided
design, one of the most important aspects is the ability of
geometric models to effectively create various variants of
the designed technical objects. In many cases, the basis for
this is the appropriate flexible analytical dependencies. Let's
show this using specific examples from our case.

Suppose that the following sets of parameters of double
disc coulters are to be analysed:

D = (300 mm, 350 mm, 400 mm),
a=(58" 12°), p=(0° 5°10° 15°, 20°, 25°),
y=(=30°, 15", -5°,0° 59,
Xo = (=20 mm, -10 mm, 0 mm),

Zc = (110 mm, 130 mm, 150 mm), (22)

which achieve their maximum working depth.

Without the means of automated processing of the
elements of tuples (22), the productive generation of rational
varieties of the given tillage tools is very problematic. In the
above case, according to the basic rule of combinatorics,
the number of possible variants can reach

N=3-3-6-5-3-3=2430.

A certain way out of this situation is the methodology
of structural-parametric forming mentioned at the end
of the first part of the article. However, for its successful
application, analytical expressions similar to those proposed
in this publication describing the relevant subject area are
required. After the general comments, let's move on to the
direct illustrations, which will be performed on the example
of furrow profile formation. Its shape and dimensions largely
determine the nature of many operational parameters of the
studied agrotechnical processes and are closely related to
the chosen design of disc tillage tools.

Let us first consider a conventional coulter, the theoretical
furrow profile of which is calculated by the ordinates and
appliers of dependencies (3) and (9). At the same time, we
take into account the value u; of relations (7), u_ and u__
of formulas (15). As a result, we have

u<[19.5% min(u g, 160.5")]. (23)

To make the graphs clearer, let's move the Oxy plane to
the level of the furrow bottom. Then the applications will be
equal to

7=- gcos B sin(u) + gcos B= gcos B(l —sin(u)). (24)

Some constructed profiles, taking into account
expressions (23) and (24), are shown in Fig. 8, where the
graphs are given in mm.

These images allow us to visually assess the influence
of the design parameters of double disc coulters on their
performance characteristics in the form of furrow profiles.
Note that Fig. 8f corresponds to the case of narrow-row
sowing.

Comparing the obtained scientific results with the information
from other studies, we emphasise the following points. Practical
experiments (Ahmad et al., 2015; Rosu et al., 2024) confirm
the furrow shape defined theoretically in this paper. This also
applies (Chen et al., 2024) to the proper computations by the
discrete element method. The publication (Sugirbay et al.,
2023) uses a similar basic design of a double-disc coulter to
the one considered in this paper. (Tukhtakuziev et al., 2024)
uses a similar calculation scheme, but a different mathematical
apparatus. The paper (Wang et al., 2020) analyses the impact
of an additional furrow compaction device. The article (Ye et al.,
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Fig. 8. Profiles of the maximum furrow:
a- D=300 mm, a=5° B=20° b — D=350 mm, a=5°, f=20°; ¢ — D=400 mm, a=5°, f=20°; d — D = 300 mm, a=8°, f=25°,

e — D=350 mm, a=8°, B=25";

2023) is devoted to the study of a fluted double-disc coulter. In
this case, the results obtained by the discrete element method
regarding the furrow geometry coincide with the results obtained
in this paper with a certain accuracy.

The variation of the angle v is illustrated in Fig. 9, where
the graphs are given in mm. It can be seen that with proper

f— D=400 mm, a=12°, B=0°

control, the desired reduction of the ridge at the bottom of
the furrow is achieved. It also generates a slightly different
shape and size of the furrow.

If necessary, for example, increase the furrow width
shown in Fig. 9¢ and Fig. 9f, this can be done by increasing
the angle a (Fig. 10).

un
(=]

1004

-50

f'VSU 0 50 100 0 50 100 -50 0 50 100
a) b) c)
150 156 150
/ \ [
100\ 166 \ I T iﬂb \
=al\ / =h \ / 50 \
30 \U >0 S0 \/
=50 0 50 160 -50 0 50 100 -50 0 50 100
d) e) f)

Fig. 9. Effect of angle y on the furrow profile of a double disc coulter with a=5°, =87, x =0 mm, z =110 mm:
a- D=300 mm, y =0° b — D=300 mm, y =-15%; ¢ — D=300 mm, y=-30°;
d - D=400 mm, y =0°; e — D=400 mm, y=-15°; f — D=400 mm, y=-30°
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1o
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b)

Fig. 10. Furrow width control by application
a=6°, f=8°, x =0 mm, z =110 mm, y=-30°
a-D=300 mm; b - D=400 mm

The following image (Fig. 11) shows the technical
implementation of the above improvement. Compared to
Fig. 1, an additional adjustment bracket is used to provide
the necessary discrete fixation of the discs by rotating them
to the desired angle y around the specified axis.

1

Fig. 11. Improved conceptual design of the double disc
coulter: 1 —riser (body); 2 — axle; 3 — disc with hub and
rolling element; 4 — adjustment bracket

Thus, a mathematical apparatus has been developed
that combines the basic structural and operational geometric

parameters of double-disc coulters. On its basis, a new
conceptual design of this tillage tool was created, which
improves the quality of seed placement in the soil, thereby
increasing its field germination.

Conclusions. The main results of the study are
the development of a new mathematical apparatus for
computer geometric modelling of the basic structural
and operational parameters of double-disc coulters. On
the basis of this, an improved design of this tillage tool is
proposed, which is able to flexibly adapt to the changing
agrotechnical conditions of its application. The prospects
of this research in theoretical terms include the areas of
direct combination with the methodology of structural and
parametric shaping, implementation in the environment of
specific computer-aided design systems, such as Autodesk
Inventor, Solidworks, Catia, etc. This will allow for effective
variant computer-aided design of these technical objects for
the purpose of their comprehensive optimisation. In terms
of practical aspects, it is important to conduct proper field
experiments to clarify certain parameters and characteristics
of the prototypes of the analysed weapons. As a result, all of
this can serve as a justification for the industrial production
of the considered double-disc coulters.
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Bopo6tioe O. M., cmapwul suknaday, HayioHanbHUl mexHiyHul yHigepcumem YkpaiHu «Kuiscbkut nonimexHiyHut
iHcmumym imeHi leops Cikopcbkozo», M. Kuis, YkpaiHa

Komm’romepHe ModentoeaHHs 6a3o08ux KOHCMPYKUiLIHO-eKcrlyamayiliHux 2eoMempuYyHUX mnapamempie
deoduckosux COWHUKi8

Y HUHIWHIU cknadHUl 80eHHUU yac O YKpaiHu numaHHs nideuueHHs eekmusHOCMI CirbCbK020Crn0dapChKo20
8UPOBHUYMea cmaHo8UMb akmyarsbHy 0epxaeHy ma Haykosy npukinadHy npobremy. OOUH i3 Wiisixie ii 8UPILEHHS Noss2ae
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8 rnodanbwomy 800CKOHaeHHI Pi3HOMaHIMHUX 3acmocosysaHUX meXHIYHUX 3acobie, 30kpema Onsi 06pobimky rpyHmy
reped rocisoM ma 3a yMosu o0Ho4YacHoi ciebu. Ha menepiwHboMy emarni po3sumky ceped Hux 008osi nepcrnekmueHi duc-
Ko8i 3Hapsi005. Y MOPIBHSIHHI 3 MONULEBUMU IXHBOI 20/108HOK0 MEPE8Az0I0 € CYMmMEBO MEHLWI eHepaemuyHi aumpamu npu
BUKOHaHHI bazamb0ox azpomexHiYHUX rpouecie. Takox OUCKosi poboyi opeaHu Cripusiiomb 36ePEXEHHI0 HasleXHOI CMpyK-
mypu rpyHmy, kpawe 8i0rnogidaroms eKos02idHUM 8UMO_aM.

Mema 0OaHoi nybnikayji nonsizae y suknadeHHi 3arpornoHO8aHo20 MameMamuyHo20 anapamy, SKull crnpsmosaHuli Ha
3abe3reqeHHs1 eheKmueHoOI KoM’ romepHoi eqbiHiuii payioHanbHUX eapiaHmie 0800uckosux cowHukie. OcmaHHe peari-
3yembcsi 3a805iKU Ookna0HO nodaHUM | npoaHani3ogaHUM aHanimuyHuUM 3amexHoCmamM Mix 6asoeumu 2eoMempuyHUMU
KOHCMPYKUIUHO-eKcrlyamauyiliHuMu napamempamu 3a3HaqyeHux supobig. Lje cmocyembcs Oiamempie Ouckig, ixHb02o 8i0-
XUIIEHHS1 8i0 8epmukari, Kymie noeopomy 8 20pU30HmMarbHill MIOUUHI, MOTOXEeHHST MOYOK CXOOXEHHS, 21UbUHU 06pobimKy
IPYHmMy ma xapakmepy ompumMysaHux rnpu ubomy npoginie 60posHu. HasedeHuli Mamemamuy4HUU anapam i npoincmpo-
8aHi 8i0noeioHi MpulioMu 2eo0Mempu4yHO20 MOOEKBaHHS CrPUSIOMb HE MINbKU MiOBULEHHIO MOYHOCMI PI3HOMaHIMHUX
po3paxyHkig, Hanpuknad, 3eMnepobcbKoi MexaHiku, a U 0o380m1stomb Hadari nokpauysamu sikicmbs ma MpodykmuseHicmb
asmomMamu308aH020 MPOEKMYBaHHS PO32MISIHYMUX CiflbCbK020Crno0apchKux 3Hapsidb, 30Kpema, 3acobamu cmpykmyp-
HO-rapamempu4Ho20 ¢hopMoymeopeHHsi. Lle 30ilicHIoembCs Ha OCHOBI 8apiaHMHO20 KOMITMEPHO20 KOHCMPYHBaHHS,
WO criupaemscsi Ha 8kasaHy Memodosnoait. Ii Harpaub08aHO HayKoBoK WKOMOK MpuknadHoi 2eomempii HauioHansHo2o
mexHi4Ho20 yHigepcumemy YkpaiHu «Kuigcbkuli nomimexHiyHut iHemumym imeHi leopsi Cikopcbko20» U anpobosaHO
y 8imyu3sHsHil asiayitiHit eanysi. lMowupeHHs akuyeHmosaHo20 nioxody Ha 3acobu MexaHisauji CinbCbKo20CnodapCbko20o
supobHuymea cripussmume nodasnbwomy 800CKOHAIEHHIO SIK ICHYYUX MEoPemUYHUX M0SI0XKeHb, MaK | Hasi8HOI MpakmMuKuU.
OkpecrneHa memMamuka cmaHosumsb, Ha OyMKy asmopa, 6i0nogiOHuUl nepcrnekmueHUU HanpsMOK MPOBEOEHHST HanexHuUxX
NPUKMadHuUXx Haykogux 00CITIOXEHb.

Knrovosi cnoea: asmomamu3osaHe NpoeKMy8aHHs, CillbCbKo2ocrodapchbKi rpyHmMoobpobHi 3Hapsi00s, AUCKo8si cow-
HUKU, 2e0MempuyHe MOOesTo8aHHs, CmMpyKmypHO-napamempuyHe ¢oopMOymeOPEHHSI.
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