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Abstract. In theoretical study of most of agricultural machines working bodies there is a need of the modeling of material particles (material
points) motion on their working surfaces. Questions of such modeling in cases when the specified surfaces are give to material points
movement with difficult trajectories are especially difficult. Objective of this research is to develop the basic provisions of complex
movement theory of material point. When carrying out research methods of modeling theory, theoretical mechanics, higher mathematics, in
particular differential geometry, methods of drawing up programs and numerical calculations on the personal computer are used. As a result
of the conducted theoretical research the complex movement of material point which relative movement happens in a moving trihedron of
curve which is defined by the natural equations is considered. The figurative movement of a trihedron is defined by differential
characteristics of curve. Competency of use of Frenet formulas for finding absolute speed and point acceleration in projections on unit
vectors of the moving trihedron is proved. As a result of numerical calculations on the personal computer there were found absolute
trajectories of material point movement and qualitative assessment of received results was carried out.

KEYWORDS: TRIHEDRON, COMPLEX MOVEMENT, MATERIAL POINT, ABSOLUTE SPEED, ACCELERATION, THEORY

1. Introduction

The motion of the material point along the plane (the
gravitational surface, the rough plane, etc.) has been the subject of
research of many scientists, with a worldwide reputation ranging
from Galileo, Huygens, Newton, Euler, Ostrogradsky and others.As
a most fundamental studies of the motion of a material particle on
frictional surfaces of agricultural machines should be considered the
works of academician Vasilenko P.M [1] and other domestic
scientists academicians ZaikaP.M, BergB.A, and also
Grigorieva S. M., Melnikov S.V. and others. A considerable
number of analytical problems in the theory of agricultural
machines still need the application of the theory of motion of a
material point (particle) or a solid body over surfaces that are used
in the design of new structures.

2. Preconditions and means for resolving the
problem

2.1. Formulation of the problem

The theory of the complex motion of a material point has a
completed form and does not even need any refinement. It is based
on the fact that the motion of a point is investigated simultaneously
with respect to two coordinate systems. One of them (the main one)
is assumed to be fixed, and the second one is providing relative
motion according to a given law in relation to the fixed point.
Generally, the relative motion of the material point is carried out in
the relative movement of the coordinate system. The sum of these
movements (relative and portable) creates the absolute motion of
the material point with respect to the basic coordinate system. In
this case, the movements (both portable and relative) are usually
given by the dependencies in the time function.

There is also known the natural way of specifying the motion
of a material point, in which the velocity and acceleration are
considered in the projections onto the units of the accompanying
trihedron of the trajectory (the Frenet trihedron). However, in the
available literature it is not possible to find the application of the
Frenet trihedron as a moving coordinate system in which the
material point is moving relatively. The development of the theory
of the complex motion of a material point along the horizontal plane

with the use of the Frenet trihedron is the subject of our
investigation

2.2. Analysis of recent research and publications

The natural way of specifying the motion of a material point is
considered quite well known and is widely used in studies on many
issues in the field of mechanization of agriculture and the theory of
agricultural machines. In this case, the vast majority of simple
motion of material points is considered. There are known the
examples with the use of a trihedron and Frenet formulas when
considering the motion of a rigid body in its system, for example, an
aircraft [2]. The kinematics of the motion of the accompanying
trihedron of a helical line is considered in [3]. In the latest scientific
and educational publications, the kinematics of the accompanying
trihedron of a trajectory as a rigid body are either not considered at
all, or are considered with reference to earlier studies and
publications [4, 7, 8]. Meanwhile, as shown in [5, 9, 10, 11], the
trihedron and Frenet's formulas can be successfully used in
problems of kinematics and the dynamics of the complex motion of
a material point, in particular when considering issues that are
related to the study of agricultural machines.

2.3. Purpose of the study

As amain aim of our study is the further development of the
theory of the complex motion of a material point along the plane
with the application of the accompanying trihedron of the curve and
the Frenet formulas.

3. Results and Discussion

At any point of the curve, three mutually perpendicular
directions can be constructed. Single units along them (tangent,
principal normal and binormal) form the accompanying (natural)
trihedron of the curve or the triaxial Frenet. For a planar curve, the
unit vectors u are in the plane of the curve, and the unit vector is
perpendicular to it (see Fig. 1, a).

If you move the trihedron at a given speed V, along the curve,

you can determine the velocity and acceleration of any point of the
trihedron, the magnitude and direction of which will depend on the
curvature of the curve. The velocity of point of the trihedron will
consist of velocity of pole (the origin of coordinates A) and velocity
of this point in the rotational motion of trihedra around the
instantaneous rotation axis, which coincides with the binormal hort



b . During a certain period of time At, the trinedron moves along
the curve to a new position, due to displacement to a distance
As and rotation through an angle Aa (Fig. 1, b).

d

Fig. 1. — Accompanying trihedron of the Frenet curve:
a) position of the vector of the instantaneous rotation axis; b) to
determine the angle of rotation A« when the trihedron is moved

along the curve by a distance 4s (the binormal b is projected to a
point)

The magnitude of the angular velocity @ can be defined as the

limiting ratio of the increment of the angle to the increase in time:
o= lim 2252, ()
At—>0
We pass from the time parameter t to the arc coordinate s
(paths along the arc):
da dads da
o T asd has @
where k — curvature of the curve at the current point A.

Thus, the magnitude of the angular velocity of the trihedron
depends on the speed of its motion along the curve and the
curvature of the curve itself at the point where the vertex of the
trihedron is located.

We fix the point B rigidly in the trihedron system and we find
its velocity. The radius-vector T, that determines the position of the

point B relative to the fixed coordinate system Oxy (Fig. 2) can be
specified with the help of two vectors: T,, which determines the

position of the vertex of the trihedron in the coordinate system Oxy,
and p, which determines the position of point B in the trihedron

system. The value of the radius vector T will be:
=T +p. @3)

0] X X

Fig. 2. — Position of the point B in two coordinate systems:
the immovable Oxy and the movable trihedron of the curve 7hb

Let the point B in the system of the accompanying trihedron will
be given by a vector p =const whose components in the projections

on unit vectors (orthes) have the value p_ and p, (Fig. 2).

We write the vector sum (3) in the projections on the axis of
the fixed coordinate system Oxy. We will have:
Xg =X, + p,C0Sa — p, Sina; 4

Yg = Ya + P, Sina + p, cosa.

Differentiating (4) with respect to time t, we find the
projection of the velocity of point B on the coordinate axes of the
immovable system:

dry _dxg ds _,, dxy

= = =V, (X, —p.a'sina—pa'cosa);
at dsd ds Ak Pn )
dy, dyg ds dy .

=8 =V, 2B =V (Y, +p.a'cosa—pa'sina).
dt ds dt A ds A(yA P Pn )

In expressions (5) there was done the transition from the time
parameter t to the arc coordinate s — the arc length of the curve. In
this case, the components of expressions (5) acquire a geometric

content [7]:

()

X, =c0sa; Y,=sina; a'=k. (6)
Taking into account (6), the projections of the absolute

velocity of the point B in (5) on the axis of the immovable
coordinate system are written as follows:

Vo, = X5 =V, [ (1-kp,)cosa —kp,sina |; -
Ve, = ¥ =V, [ (1-kp, )sina +kp, cose |.

The result (7) can also be obtained from the well-known
formula [4]:
Ve =V, +oxp, ®
where the first component \TA is the velocity of the pole A, and the
second wxp is the speed of the point B around the pole.

Accordingly they can be found in this way:
_dx, _dx,ds ., dx,

=_CA _ =V,—2=V,x, =V, cosa;
Mo T ds dt A ds MR T AR @
dy, dy,ds dy, , .
=JA_ A"y Ay =V,sina.
Y o T ds dt A s AJaTYASINE
X y z
OxXp= 0 0 V,k|,

p.Cosa—p,sina  p, sina+p,cosa 0
from where:

oxp={-Vk(p,sina+p,cosa);Vk(p, cosa—p,sina);. (10)

Having added the components of the projections (9) and (10)
to the corresponding coordinate axes, we obtain the already known
result (7).

And now we show how it is not very difficult to find the
absolute velocity of the point B in the projections onto the unit
vectors of the accompanying trihedron of the curve. For
comparison, we first do this using formula (8), and then applying

Frenet formulas. We find the vector ﬁx; in the projections onto
the unit vectors of the trihedron:

T n b
oxp=0 0 V,kl=-Vkp, +nV,kp,. (12)
P P O

Considering the fact that the speed of pole A in direction
coincides with the orthom 7, ie. V, =V,z, we rewrite expression
(8) with regard to (11):

Vg :VA[;(l—kpn)+ﬁkp,} : (12)

The geometric sum of the components (7) and (12) will give
the same result:

Ve =V, (1* kp, )2 +k’p . (13)



Now we consider an alternative with the using of Frenet
formulas. The vector equation (3) in the system of the
accompanying trihedron will be written as follows:

Rg =Ty +7p, +1p,. (14)
If we assume that the coordinates p, and p, do not change

along the curve when the trihedron moves, that is, the point B is
fixed in the trihedron, then its absolute velocity can be found by
differentiating expression (14) with respect to time t. However, the
position of the trihedron on the curve depends on the arc coordinate
s, so when differentiating (14), it is necessary to go from the
independent variable t tothearc s:

dR, _dR; ds _,, dRB_V{olrA dr _ dn

B =V,|—2+—p.+—p,|. (15
gt ds dt *ds ds ds”" dsp"} (19)

In expression (15), the derivative % =7, i.e. this is a single
S

unit of the tangent. The remaining derivatives — % and C:Tn —are
S J
known Frenet formulas, which have a kinematic interpretation [6].
They are the basic formulas of differential geometry, in which the
independent coordinate is the arc coordinate S (we give a

simplified version for a plane curve):

o'=kn; n'=—kr, (16)
where k - the curvature of the curve, which is given by the natural
equation k =k(s).

The Frenet formulas (16) make it possible to quickly and easily
obtain derivatives with respect to the arc coordinate s from the unit
vectors 7 and 1 in the projection on these units. In the kinematic
interpretation, the derivatives (16) are projections of the velocities
of the ends of unit vectors 7 and n on these units in the rotational
motion of the trihedron [6]. Taking (16) into account, expression
(15) assumes exactly the same form as it was obtained in (12).
Thus, the application of the Frenet formulas (16) makes it very easy
to find the velocity of the point B in the rotational motion around
the pole A, which in the other case must be found as a vector
product (11). Even more effectively, they work when finding the
absolute speed of point B in a complex motion, to the consideration
of which we proceed further.

Now we assume that the point B moves in the system of the
accompanying trihedron, i.e. ector p is a function of time:
P =p(t). In this case, the absolute velocity of the point B will be
determined as the sum of the transport velocity, which can be found
from formula (12), and the relative velocity, which we obtain by
differentiating the vector p with respect to time t . However, the
portable speed is a function of the arc coordinate S, so the relative
speed must also be related to this independent variable:
v-dp_dpds_ dp

dt ds dt ds

Let us write the vector equation (17), which determines the
relative velocity in the trihedron system, into two components along
the directing vectors 7, n and we add to the transport velocity
(12). After grouping the terms and taking the pole velocity V, off
the brackets, the absolute velocity of the point B in the projections
onto the vertices of the trihedron can be written as follows:

A =VA[?(1—kpn+p;)+ﬁ(kpr+p;)]. (18)

Now we can show how it is easy to obtain the result (18) with
the help of the Frenet formulas. To do this, we differentiate
expression (14) under the condition that the coordinates p and p,

are the functions of the arc coordinate s :

(17)

Ry =747 p, +T pl+1 p, +0p). (19)
Substituting in (19) the expressions for the orthonormal

derivatives of the trihedron from the Frenet formulas (16), we
obtain:

R, =z+nkp, +7p. —7kp, +Np) = (20)

=7(l-kp, + p;) +n(kp, + p,).

Comparing equations (18) and (20), we can conclude that the
differentiation of equation (14) with the use of Frenet's formulas
gives the absolute velocity of the point given in the trihedron
system by a removable distance p = p(s) in the projections onto
the trihedron orbits at the velocity of the trihedron along the curve
V,=1m-s™. In the case where the speed V, differs from one, each
projection must be multiplied by an amount V,. So, we can
formulate the following rule:

If the point in the system of the mobile accompanying
trihedron of the curve is given by the radius vector in the form (14),
then in order to find its absolute velocity in the projections onto the
units of the same trihedron, it is necessary to differentiate equation
(14) along the arc coordinate of the curve S using Frenet formulas
and to multiply obtained result by the velocity of the vertex of the
trihedron along the curve.

The position of the point B in the system of the accompanying
trihedron of the curve can also be specified in the polar coordinate
system — by the distance p and the angle ¢, the count of which is

taken from the orbit 7 (Fig. 2). In this case, the position of point B
in the trihedron system in vector form will be written as follows:
Ry =T, +ZpCos@ +Npsing.

To obtain the absolute velocity of the point B, we need to
differentiate the equation (21) along the arc coordinate s [using
the Frenet formula (16) taking into account that p = p (s) and ¢ = ¢
(s)], and multiply the result by the speed of motionv, of the top of
the trihedron:

A =\7A{f[l+p'cosw—p(k+(p')sin(p]+ -
+ﬁ[p’sin(p+p(k+(p')COS(p]}. @)

The absolute velocity modulus of the point B for formulas (18)
and (22) respectively, will be written as follows:

2 .

Vo =V (L-kp, + 1) + (kp, + 2L (23)

’ 2 H ! 2

V, =VA\/(p +c0sp)” +[sinp - p(k+¢)] . (24)
Now we turn to finding the absolute trajectory of point B, i.e.
trajectory in the fixed coordinate system Oxy. The dependencies
P.=p.(8), pP=p(s) or p=p(s), p=g(s) specify the
trajectory of motion in the system of the accompanying trihedron,
i.e. a trajectory of relative motion. The sum of the relative and
movable motions of point B will give the trajectory of its absolute
motion. After all, we need to go from the vector equations (14) or
(21) to their coordinate recording in the projection on the axis of the
fixed coordinate system. Due to the motion of the trihedron, the
position of its vertex A(X,,y,)in the Oxy system will vary
depending on the arc coordinate s. The coordinates of vertex A in
the projections on the axis of the fixed system Oxy can be found if
there is known the dependencek =k(s) - the so-called natural

equation of the curve. The transition formulas have the form [7]:
Xy = jcos a ds; Vo= J'sina ds, (25)

where « =a(s) - the regularity of the angle « change (Fig. 2)
when the vertex A moves along the curve and which is also
determined from the dependence k =k(s) [7]:

a = [kds. (26)

The absolute trajectory of the point B in the coordinate system
Oxy is obtained by parallel transfer of the vertex A along the axes
on the parameters (25) and by the simultaneous transition from the
coordinates of the point B (p,,p, Or pcose, psing) in the

trihedron system to the coordinates of the point B(Xg,Yg) in the

fixed coordinate system. To do this, we combine their axes by
turning the trihedron around the binormal by an angle a =a(s).




After the rotation, summation and substitution (26) in (25), the
vector equation (14) is written in the projections on the axis of the
fixed coordinate system:

Xg =P, cos(Jkds) - P sin(fkds) + fcos(fkds)ds;

Vg = prsin(J‘kds)+ Pa cos(_[kds)+ Isin(jkds)ds.

Since the parametric equations (27) describe the absolute
trajectory, their differentiation with respect to a parameter s can be
used to find the components and the modulus of the absolute
velocity of point B as a function of s:

X, =(W=kp, + p{)oos([kds) - (kp, + pj)sin| [ kds):
vy, =(1—kp, +p;)sin(jkds) +(kp, + p;)cos(jkds); (28)

Va(8) =X + Y5 =\L=kp, + pl)’ + (kp, +p})°
Comparing the last expression (28) and expression (23), we
conclude that they are similar. For a complete analogy, the last
expression (28) needs to be multiplied by the speed V,, since in
this case we will move from the equation V, =V,(s) to the equation
Vg =V ().
Applying a similar coordinate transformation with respect to

the vector equation (21), we obtain the parametric equations of the
absolute trajectory of the point B:

Xg = pcowcos(_[kds)—psin gosin('fkds)+.fcos('[kds)ds;

Yp = pcos<psin(fkds)+ psin ¢cos(fkds)+jsin(fkds)ds.

Equation (29) can be written in a more compact form by
applying trigonometric formulas for the sum and difference of
angles:

(29)

Xg = pcos(go+Ikds)+jcos(jkds)ds;
Vg = psin(¢;+Jkds)+Jsin(jkds)ds.

Analogously to the previous case, by differentiating (30) with
respect to the parameter s, we can find the absolute velocity

components of the point B V, =V, (s) , multiplying which byV, we
obtain the result which was obtained earlier in (24).

(30)

We consider the following examples. In view of the directing
(initial) curve along which the accompanying trihedron moves with
speed V, , we take a chain line whose natural equation has the form:

a
K a?+s?’
where a — constant parameter.

The absolute velocity can be found from formulas (18) and
(23) and an absolute trajectory according to equations (27) in the
case when the relative motion in the trihedron is given by the
dependences of p =p.(s)and p, = p,(s). If these dependences

have the form p = p(s)and ¢ = (s), then we must use formulas

(22), (24) and (30). We will use the second variant and consider the
kinematics of the point B for some dependences p = p(s)and

@ = @(s) . After substituting (21) into (30) and by integrating, we
obtain:

31

__P
Ja?+s?
Y, =—L2—
va?+s?

By substituting the given dependences p = p(s) and ¢ = ¢(s)

in (32), we obtain the parametric equations of the absolute
trajectory of the point B. We find the absolute velocity in the
projections onto the unit vectors of the accompanying trihedron
from expression (22), and its modulus from expression (24). On
Fig. 3 from the equations (32) there are constructed the absolute
trajectories of the point B for different dependences of p = p(s)

and ¢ =¢(s).

The value of the constant a is assumed to be a = 25, the change
in the arc coordinate s occurred within the range s = 0 — 100. For p
=0, from equations (32) we obtain the initial curve — the chain line,
which is on Fig. 3 depicted by thickened line. On Fig. 4 there are
presented the graphs of the absolute velocity modulation of the
point B, which are plotted as a function of the arc coordinate s,
using formula (24) for V = 1 m-s* for the trajectories shown in Fig.
3c and in Fig. 3d.

X

5 (acosw—ssin(p)JraArshi;
(32)

asing +scosg)++/a? +s2.
(asing ?)

l=15.4]; ; :
100 =R o [ = i 1
S T, b
80 S HTTT 90 ‘ - "/
~|/ //.-Xf,-, 15 \ 4 / / 80 s
60 \/\%7 / s A | / pe
/ / Fp=-10 p=0.25s { 60 { B
p=0 / | / ~SLLY
40 " 50 (L7 — s
= ’ / / | 40 i
» ]
Y =Y LA A Qﬁ/
— T e | 20—
200 0 20 40 60 80 0 20 40 60 80 100 20 0 20 40 60 80
3) b) )
120 :
100 / \I \ 100 f
/ ] 100 [ ! g@
80 04 /] 7( -*J ¥ &
/“(DJ/ " ‘ ‘
60 5% /(A) 60
) 1 60 — D
40 AT QS%/ 40 J
= o[ 12 o
( .
20 — 20 .
20 0 20 40 60 80 200 0 20 40 60 80 20 0 20 40 60 80
d) e) f)
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Let us proceed to the next stage — finding the absolute
acceleration of point B. According to the classical theory, it is
defined as the geometric sum of the three vectors:

Wy =W, +W, +20xV, . (33)

The first vector from (33) is called the transport acceleration
and is determined by formula [4, 7]:

W, =W, +£x p+ ox(@x p), (34)
where & — vector of the angular acceleration.

We find the expressions for all the components of expression
(34) and their sum. The first vector w7 of acceleration of the origin
of the trihedron it is found by differentiating the corresponding
velocity, while moving from the time parameter t to the arc
coordinate s :
d\TA:d\TA‘ds_V dv,

w, = =
Adt ds

at A ds

d, - dv,- ., dr
:VA&(VAT) = VA[dST +VAdSJ.

(35)

The equation (35) Z—T can be considered as first from the
J

frenet formulas (16). Taking into account (16) the equation (35) can
be written as follows:
w, =V, V.7 +V2kn . (36)
In the case when v, =const the acceleration of the vertex of
the trihedron will have one component directed along the principal
normal n, and its modulus will have a value VA2 -k or VA2 /1, since

k=1/r, where r —is the radius of curvature of the curve. This is
known as the so-called normal acceleration. If the speed of motion
of the trihedron is variable, then another component appears,
directed along the tangent — tangential acceleration.

Thus, expression (36) is a well-known formula for determining
the acceleration of a point's motion along a curve in which an arc
coordinate s serves instead of a time variable. The second

component of the (34) includes the angular acceleration vector

RGN

To determine it, we differentiate the angular velocity vector
According to (2) we know the parameter @ : @ =V,k . Since the vector

& isdirected along the binormal b , the differentiation gives:

Cdt dsdt “ds (37)
d = I h ’
:VAE(bVAk) =V, [ BV, k +b(V,k) |

In view of the Frenet formulas (16) and after further
differentiation, we obtain:

e=b-V, (Vi -k+V,-K). (38)
Now we find a vector composition &x p :
T n b
2)(7: 0 0 V "k‘FV"k’ =
P A(Va A K (39)
pr pn pb

=V, p, (VL k+V, K)+n-V, - p (V) -k+V, k).
The last component in expression (34) - vector composition
wx (wx p) we can find by analogous way. Below is the final result:
X p=—T-p,-Vy-K+n-p_-v, k. (40)
ox(@xp)=—t-V2-k¥-p —n-V2.k?. p . (41)
Substituting the vectors (36), (39) and (41) into (34), after
grouping of the components according to corresponding directions

of the unit vectors, we obtain the vector of the transport
acceleration:

W, =7V, [V = o, (Vik +V,K) -V, K, ] +
NV, [Vk+ p, (Vik +V,K) =V, K p, |.

The next component in the formula (33) is called the relative
acceleration, i.e. this is the acceleration of point B with respect to
the system of the Frenet trihedron. It can be obtained by
differentiating the expression for the relative velocity. The relative
velocity V, is obtained as the derivative of the radius vector p in

the system of the accompanying trihedron:
7 dp_dp s dp
" dt ds dt " ds’
After differentiating of the expression (43), we obtain:
—  d dp) ds d dp Y —
W [v —pj——-—(v —”j=vA(vAp HV,E0). (44)

(42)

(43)

"t “ds ) dt ds\“ ds
Placing the vector (44) along the directions of the unit vectors
of the trihedron, we obtain:
W=V, [f PV )+, +VAp,§’)] -
Finally, the third, the last vector in the expression (33) is called
the Coriolis acceleration. We find it as a doubled vector conjuction
of the angular velocity vector $:5-VA-k and relative velocity

vector V, (43). We will have:

T n b
20xV.=| 0 0 V,kl=2Vik(-zp, +np’). (46)
Vo, Vap, O

Substituting (42), (45) and (46) into (33) and grouping the
components of the vectors along the directions of the unit vectors of
the trihedron, we finally obtain the expression for absolute
acceleration of point B:

W=, [v; A—kp, + p)4V, (ol —K'p, ~K'p, - 2kp,z)} s
@)
IV, [Vi(kp, + p))+V, (0] ~K'p, =K, +k + 2Kpl) |

By formula (47), we can find the absolute acceleration of point
B in complex motion if there known the law of its motion in the



contiguous plane of the trihedron p.= p.(S), o= pn (S), and the
trihedron itself moves with a given velocity v = v(s) along a plane
curve with the known natural equation k = k (s). It should be
emphasized that the absolute acceleration is obtained in the
projections on the axis of the mobile accompanying trihedron of the
curve.
Now we find the formula for the absolute acceleration of point

B when its motion is given by equation (21), that is:

P, = pCosy; Py = psing. (48)

Differentiating twice the equations (48), we obtain:
P, =p'cosg - pg'sing;
Py =p'sing + pg'cose;

” " ! ’ U " H 49
pl=(p"-pp”)cosp— (20" + pp")sing; (49)

pr=(p"—pg”)sing+(20'¢' + py")cose.
Substituting (49) in (47) we obtain an expression for finding
the absolute acceleration of point B in the case when its relative
motion is specified by the distance p = p(s) and angle ¢ = ¢(s):

We =7V, {V; [1+ p'cosp — p(k + ¢)sinp] +
WV, [ "= plk+¢) |cosp-
—[2p'(k +¢) +K'p + pp"]sin (p} +

- (50)
+nV, {Vi[p'sing + p(k +¢)cosp] +

+V, [p" —p(k +(/J')2]Singo+

+[2p'(k +¢)+kKp+ p(p"]COS(p + k}.

The modulus of the absolute acceleration vector of the point B
(47), which is given by the projections onto the orthograms of the
trihedron, or (50), where the point B is given by the distance p and
the angle ¢, is defined as the geometric sum of its projections on the

unitvectors r u n:
Wg = VWBzr + Wsi' (51)

Formulas (47), (50) for finding of the absolute acceleration are
obtained by methods of the classical theory with finding each
component: transport acceleration, relative acceleration and
acceleration of Coriolis.

And now we show how simply can be obtained theses
formulas with the help of Frenet formulas, without dwelling on
finding each individual component of absolute acceleration. This is
the purpose of this study.

The determination of the vecor of an absolutte acceleration of
the point B is carried out by differentiating the expressions (18) or
(22) of the absolute velocity, since this is done in the study of
ordinary motion. Anyway, it must be differentiated along the arc
coordinate s, since the expressions (18), (22) are its functions. We
differentiate, for example, expressions (18) in detail using the
Frenet formulas (16):

Vs =Vi[r@=kp, + pl) +nlkp, + p}) |+
V[ 7-kp, + p)+ ko, + p}) | =

=V [z@-kp, + p)+n(kp, + p}) | +

+VA[? (A—kp, +pl)+7(—Kp, + pl) +
(52)

41 (kp, + pL)+ ke, + p;)'} -
=V [7-kp,+p))+n(kp, + p})]
V[ mk@=kp, + o) +7(~K'p, —kpy + pI) -

~tk(kp, + p) +1(K'p, +kpl + p}) |
Grouping in the expression (52) the components along the
directions of the unit vectors 7 and n , we obtain:

Vs =7[Vill—kp, + ) +V,(p! =K'p, =K’ p, = 2kpl) |+

+n[Valkp, + o) +Vu(p) +K'p, —Kop, +k+2kp)) |
Comparing the expressions (47) and (53), we see that they
differ only by multiplier V, . This is understandable, since we have

differentiated the expression (18) along the arc coordinate s. When
differentiating with respect to time t, as it is necessary to do in
order to find the acceleration, we obtain

— dVe dVsds ., dVe
Weg = = —=V, '
dt ds dt ds
i.e. from (54) it is clear that the result (53) obtained must be
multiplied by the velocity V, . After this, expression (53) will be

analogous to expression (47). In the same way, by differentiating
expressions (22) one can obtain an expression (50).

So, it was shown how simply is to find the absolute
acceleration vector of point B in complex motion with the
application of the accompanying trihedron of the portable trajectory
and the Frenet formulas. The obtained result can be formulated in
the form of the following rule:

If the material point in the system of the mobile accompanying
trihedron of the curve is given by the radius vector in the form (14),
in order to find its absolute acceleration in the projections onto the
units of the same trihedron, it is necessary to differentiate the
expression of the absolute velocity (18) along the arc coordinate s
using the Frenet formulas and the obtained result to multiply by the
velocity of the vertex of the trihedron along the curve.

The formulated rule also applies to formula (21), when the
material point in the contiguous plane of the trihedron is described
as a polar coordinate system, i.e. it is necessary to differentiate
expression (22) and obtained result to multiply by the velocity of
the vertex of the trihedron along the curve.

Let us consider an example that explains the dynamics of the
motion of a material point in a complex motion.

A tractor trailer that contains a flat cargo moves at a constant
speed V, along a curve, which is a chain line given by the natural

equation (31). At a certain point of time, as the curvature of the
curve increases, it comes into motion relative to the trailer. To find
the relative and absolute trajectories of cargo movement, as well as
its speed, if the location of the cargo in the trailer at the beginning
of the slip and the coefficient of friction f are known.

Neglecting the size of the cargo, we take it for the material
point, which is in the front left corner of the trailer along the tractor
movement. This angle is taken as the vertex of the trihedron, which

is rigidly tied to the trailer, and the ort z is directed along the
tangent to the chain line along which the indicated point of the

trailer moves, and the unit vector n — to the center of curvature of

the curve. The parametric equations of the chain line after the
transition from the natural equation to the parametric equations
according to (25), (26) take the following form:

y=+a’+s’. (55)

This curve has an axis of symmetry that passes through the
vertex (at s = 0), in which the curvature is the largest and takes the
value k = 1 / a. When the trihedron moves along a curve with a
constant velocity in the direction of the vertex, the curvature of the
chain line will increase, like the centrifugal force. In this case, the
moment may come when the frictional force will be overcome and
the relative movement of the load in the trihedron (or trailer) system
will begin.

To compose the equation of motion in the form mw, =F , we

must find the expression for the absolute acceleration of the particle
B. We obtain it from (47) for V, =0. Since the applied friction

force F =fmg acts in the direction opposite to the relative velocity,
it is necessary to find the projections of the unit tangent vector to

the relative trajectory. Its projection on the unit vectors 7 and will

(54)

x=aArsh§;
a

n have the same ratio, which is the components of the relative



velocity p! u p; T.e.

Jo J2
P and. P (56)
NVARYS NVARYS

Let us write down the vector equation mw, =F in the

projections onto the unit vectors of the trihedron, taking (50) and
(56) into account, and also that V = const. After reducing to the
mass m particles, we obtain a system of two differential equations in
the form:

’

’

V/f(pi’—k’pn—kzpr—ka;):—fg'%:
pr +p|-|
, (57)
Vi +k+kp, =k p, +2kp!) = -fg - ———,
P+t
where k = za K=o 2as Ny
a +sS (a2+sz)

A graphical presentation of the results of numerical integration
of the system (57) is shown in Fig. 5. Integration was carried out by
changing the arc coordinate s from —80° to +80°. The value of the
constants is: a = 25; f=0.35; V =10 m-s™.

From Fig. 5a, it is seen that the relative movement of the load
began at approximately s ~#—10° and it is ended at s ~25°, with the
maximum relative velocity reaching V, ~0.8 m-s™.
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The value of the arc coordinate s, at which the relative motion
began, can also be determined analytically. Relative motion will
begin when the centrifugal force at the vertex of the trihedron (i.e.,
with p, = p, = 0) exceeds the frictional force F,, =fmg. Equating
these forces and substituting the expression k = k(s), we obtain an
equation with an unknown value of the arc coordinate s of the form:

s= /fig (V2 -afg). (58)

The solution of equation (58) for conditions of the indicated
constants shows that the relative movement of the load begins at s >
-10.15°. Having passed the way to the symmetrical point at s =
10.15°, the cargo continues to move along the body, but with a
slowdown, since the values of the centrifugal force are not
sufficient to continue this movement.

The graph of the relative motion trajectory (Figure 5, b) shows
that the load in the trailer will move approximately 1.5 ° towards
the opposite side and approximately 0.2 ° in the direction opposite
to the tractor's direction of travel.

from where

n
1 1
= 2
=] o))
[ —

S8
2 <15 -0 05 0
7
b)
- 104
7
= N
103 /\
2102
210.1 \
=
g J
£10.0
-50 0 50
S, m
d)

Fig. 5. Graphs of dependencies obtained as a result of integration of the system (57):
a) graph of the change of relative speed; b) the trajectory of relative motion in the trihedron system;
¢) a chain line and absolute trajectories of motion (additionally shown for f = 0.3 and f = 0.25); d) graph of absolute speed changes

The graphs of the absolute trajectory (Figure 5, c) show that
for different coefficients of friction the relative movement of cargo
in the trailer starts from different points of the chain line. After the
discontinuance of the relative movement, the absolute path of the
load obtains the form of a curve parallel to the chain line.

From the graph of the change in absolute velocity (Figure 5, d)
it can be seen that after the discontinuance of a relative movement,
the absolute speed of the load will be greater than it was before it,
since it occupies another position in the trihedron system.

There are possible also other examples of similar processes.

4, Conclusions

The application of the accompanying trihedron of a plane
curve as a moving coordinate system relative to which a relative
motion of the point is carried out is quite possible when
investigating the complex motion of a material point along the
plane. The Frenet formulas make it possible to quickly and easily
find the absolute velocity of a material point in its complex motion
in the projections onto the orthograms of the trihedron and to find
the absolute trajectory in a fixed coordinate system.

In this case, it is much easier to find the absolute acceleration



of a point in a complex motion in the projections onto the
orthogonal faces of the trihedron, which automatically includes all
three of its components. This allows us to solve, on a new scale, the
problems of the dynamics of a material point in the moving system
of the Frenet trihedron. A method which is developed considerably
simplifies the solution of problems of complex motion of a material
point, which determines its further development and effective
application.
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Abstract. The article examines the current state and investment of supplying the agriculture with the main types of agricultural machinery.
The availability and capacity of combine harvesters and tractors of all brands at agricultural enterprises and households has been analyzed.
The issues of agricultural machinery renovation, including the expense of imports, are considered. In order to justify the most effective
external funding the investments in agricultural machinery, a comparative analysis of financial leasing conditions and bank lending for
purchasing a new tractor and a combine harvester. The prospects for further research have identified the justification for the rational
composition and structure of the material and technical basis for the intensification of agriculture in the region.

KEYWORDS: LOGISTICS, FINANCE INVESTMENTS, FINANCIAL LEASING, BANK CREDIT, TRACTORS OF ALL BRANDS,

COMBINE HARVESTERS

1. Introduction

Overcoming the crisis in agriculture, the development of
market economy, food security is not possible without a
corresponding development of logistics and effective investment in
technical equipment of agricultural production.

2. Analysis of recent researches and publications

The issue of technical equipment of agricultural production
covered in the scientific work of scholars such as Y.K. Bilousko [1,
11] O.V. Vishnevetska [1], A.S. Danilenko [2] O.V. Zaharchuk [4]
A.M. Karpenko [2], V.E. Skotsyk [7-9], and many others. However,
the complexity and diversity of the mentioned problems requires
further comprehensive study of what is due relevance of the chosen
topic.

3. Formulation of the problem
The object of the article is to study the current state of
agriculture equipment agricultural machinery and to identify

effective ways to invest.

4. Results and discussion

Among the factors intensifying agricultural mechanization is a
priority. According to the World Bank [6], in terms of provision of
agricultural machinery, tractors per 100 square km of arable land
Ukraine lags far behind the developed European countries. Thus,
among the considered 31 European countries in 2000 (the most
comprehensive data analysis) together with Bulgaria Ukraine with
the index 98 units occupied 28-29 position, just ahead of the
Russian Federation (60 units) and Croatia (27 units). At the same
time the three leaders entered Slovenia, Switzerland and Italy with
indicators respectively 6600, 2654 and 1938 units, exceeding the
national average, respectively 67, 27 and 20 times. During 2000-
2008 in Bulgaria the number of agricultural machinery and tractors
per 100 square km of arable land increased by 75.5% to 172 units,
but in Ukraine during the same period it increased only by 5.1%.

According to the State Statistics Service of Ukraine, the
dynamics of the current number of agricultural machinery at
agricultural enterprises and households in 2000-2015 has shown a
negative trend (Table 1).

So, for 2000-2015 years the number of tractors of all brands
(excluding tractors, are mounted on the machine) as a whole
declined by nearly one fifth of and made in 2015 309.7 thousand.
Units combine harvesters - under 16, 4% to 56.3 thousand units.
Based on the analysis of the trend can be concluded that over the
period the number of tractors decreased annually on average by 3.8
thousand. Units combine harvesters - by 1.0 thousand Units (Table
2).

Table 1. Dynamics of agricultural machinery availability at agricultural enterprises and

households of Ukraine

— ; including including

© [CEE =Ty o5

5gESSEE | sy | 8 |25 g ¢
Years S53stez | 25| £ |E¢s/ 55| $

t58gs58 | 25| 2 |Gggl 2g| &

= sEg 25 2 25 2
2000 382628 281650 | 100978 | 67366 | 65240 | 2126
2005 331457 196080 | 135377 | 59937 | 47150 | 12787
2006 325505 182552 | 142953 | 59174 | 44252 | 14922
2007 320034 169953 | 150081 | 57503 | 41032 | 16471
2008 319872 161800 [ 158072 | 57435 | 39091 [ 18344
2009 318788 153791 | 164997 | 56580 | 36783 [ 19797
2010 310248 137757 | 172491 | 53531 | 32750 [ 20781
2011 313480 134554 | 178926 | 54074 | 32062 | 22012
2012 322209 137958 [ 184251 | 54651 | 31997 [ 22654
2013 315261 129341 | 185920 | 52065 | 29364 [ 22701
2014 309111 120638 | 188473 | 50019 | 27196 | 22823
2015 309716 127852 | 181864 | 56328 | 37537 [ 18791

2015 in % by 2000 80,9 454 180,1 83,6 57,5 | by 8,8x

Source: compiled according to the State Statistics Service of Ukraine
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In the provision of equipment and farm households observed Table 3. Dynamics of load indicators at agricultural
the opposite trend (Table. 1, 2). So, for 2000-2015 years the total enterprises and farms of Ukraine
number of tractors of all brands (excluding tractors, which are T including 8 including
mounted on the machine) in agricultural enterprises decreased by 8 = E =
54.6%, while in households by contrast, increased by 80.1%. % g & s
Accordingly, the number of harvesters at agricultural enterprises s< | 88 3 -3 ®4 3
has decreased by 42.5% and at households - increased by 8.8 times. Years e | 2 = S sg8 |22 S
oS5 | 32| @ 22 (32|
. I . L sg|28| 3 |s32|28| 3
Table 2. Trends in the availability of agricultural machinery in =S| 25 o >0 | 25| 8
agricultural enterprises and farms Ukraine in 2000-2015 é g 3 s
The equation Ratios of 2000 82 69 | 104 <503 184 | 786
Indexes - correlation (R),
of the trend line determination (D) 2005 98 | 102 | 80 | 250 | 244 | 273
Tractors of all 2006 100 106 80 245 252 225
brands (excluding 2007 101 114 76 263 285 207
tractors. are y =-3817,1x + R=0,6919 2008 102 | 121 | 72 | 272 | 310 | 192
mounted on the 348004 D =04787 2009 102 | 126 | 70 | 280 [ 330 | 186
machine), total units 2010 105 | 140 [ 68 | 282 | 344 | 183
including: B B 2011 104 | 143 [ 66 | 291 | 366 | 181
agricultural y -;ggggx + g = 8%82 2012 101 | 141 | 63 | 283 | 358 | 177
enterprises e 2013 103 148 64 301 394 181
h hold y =6675,8x + R =0,9205 2014 105 160 62 296 391 183
ousenolds 118639 D = 0,8474 2015 105 | 152 | 64 | 262 | 286 | 214
Combine harvesters, y =-1006,4x + R =0,8138 2015in %
total units 63097 D = 0,6623 to2000 | 1279|2216 6141 129.2 | 1556 | 27,2
;r(j;(;llléﬂllaﬁ'al y = -2303,6x + R = 0,8084 UkraiSr(]Jeurce: compiled according to the State Statistics Service of
. 53678 D =0,6535
enterprises
_ R=0,79 Analysis of trends in the burden on the technique proves
households y =1297,2x+ 9419 D =0,6241 (Table 4), for 2000-2015 arable land area per 1 tractor average in

Source: compiled according to the State Statistics Service of
Ukraine

With settlements established inverse relationship between the
number of tractors of all brands (excluding tractors, which are
mounted on the machine) in agricultural enterprises (in) and farms
(x):

y =-1,6656x + 431036; R = 0,9764; D = 0,9534.

That is, increasing the number of tractors in farms 10 units
accompanied by a decrease in their agricultural enterprises by 17
units. The correlation coefficient R indicates a close relationship,
close to the function.

A similar situation is observed for combine harvesters:

y =-1,7222x + 69448; R = 0,9924; D = 0,9848.

Increasing the number of tractors at households by 10 units is
accompanied by their reduction at agricultural enterprises by 17
units. Impact factors are not taken into account in the model -
1.52% (coefficient of determination equal to 0.9848).

Loading agricultural machinery in Ukraine (tab. 3) times
higher than corresponding figures in developed countries, hindering
the necessary process operations on time and leads to yield losses.

The load on the tractor in the whole Ukraine with 82 hectares
of arable land in 2000 increased by almost a third, amounting in
2015 105 hectares (for comparison: in the US - 28 hectares in
France - 14 ha per tractor [9]). In this figure farms of 69 hectares in
2000 increased to 152 hectares, or 2.2 times, while in farms from
104 hectares in 2000 it was reduced to 64 hectares in 2015, or at
38.6%.

The load on the combine harvester in general in Ukraine with
203 hectares of grain and leguminous crops in 2000 increased to
262 hectares in 2015, or 29.2% (for comparison: in the US, France
and Germany to combine load of about 55 hectares [9]). In the
farms, the figure of 184 ha in 2000 increased by 55.6% and
amounted to 2015 286 hectares of private households - according to
786 hectares in 2000 decreased by 72.8% and amounted to 214 ha
in 2015.

Ukraine increased annually by 1.2 hectares. In the agricultural
enterprises of the increase annually by 6.8 hectares, while at
households - on the contrary, decreased by 2.8 hectares
respectively. Area grains and legumes per 1 combine harvester on
average in Ukraine for 2000-2015 increased annually by 5.6
hectares, including households 13.9 ha. Increasing the number of
harvesters in households led to an annual reduction of the burden on
them in accordance with an average of 26.6 hectares.

Table 4. Trends stress on technique in agricultural enterprises
and farms of Ukraine in 2000-2015.

Trend Rati(_)s of
Indexes equation correlation (R),
determination (D)

The area of arable land per y =1,2227x R =0,7085
1 tractor, hectares + 92,655 D =0,502
including: y = 6,8156x R =0,945
agricultural enterprises + 82,476 D =0,893
households y = -2,822x R =0,8525

+ 90,861 D =0,7267
Avrea grains and legumes y =5,6222x R =0,7456
per 1 combine, total, ha +232,4 D =0,5559
including: y = 13,922x R =0,7806
agricultural enterprises + 221,56 D =0,6094
households y = -26,586x R =0,5593

+ 421,77 D =0,3128
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Source: compiled according to the State Statistics Service of
Ukraine

The analysis of the movement of agricultural equipment
indicates that negative trend observed excess of that which is left
out during the year to that received (Fig. 1).

Thus, in 2008-2010. Number of tractors and combine
harvesters, who dropped out for a year and a half to two times
higher than that which came respectively. Lowest in years 2008-
2015. This ratio was in 2011-2012. (104.1% and 81.5% for tractors,
93.1% and 103.3% for combine harvesters, respectively).

State Program realization of technical policy in the agricultural
sector for the period up to 2015 [3] included in the 2015 production
of competitive tractors at 9.5 thousand units, combines - 1.5
thousand units. Total state support for agricultural production




technical support provided funding in the amount of 134.23 billion
UAH. Increased technical support of agricultural production in
2015 was 7.6% help reduce the losses of agricultural production as
a result of timely and quality of the mechanized operations by 30%.
Unfortunately, starting from 2012 funding of this program is not the

case. According to calculations [8], a garden tractor is now 45% of
the needs of agriculture, combine harvesters - 48%, other types of
equipment - from 35 to 60%.
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Fig.1. Ratio of technology in agricultural enterprises, which for the year dropped to one that came, in %
(Source: compiled according to the State Statistics Service of Ukraine)

Average rate of deterioration of agricultural machinery is 70%,
including 78% of tractors, harvesters - 71%.

Dynamics buying farms Ukraine new tractors and combine
harvesters for 2011-2015 presented in Table 5.

Analysis of the data of Table 5 shows the reduction in the
number and simultaneous substantial increase in cost of purchases
of tractors and combines as a result of price increases. The average
annual growth rate of average prices for all kinds of tractors for

2010-2015 is amounted to 129.8% and harvesters - 124.6%,
respectively.

Despite the fact that domestic appliances cheaper agricultural
producers prefer imported counterparts, whose share is more than
80% of the total value of funds spent on the purchase of technical
support. Foreign technique works longer without repair, fuel spends
more economical, less harmful to the environment, can significantly
save human resources [7].

Table 5. Dynamics of purchasing new tractors and combine harvesters by agricultural enterprises of Ukraine

Tractors of all types Combine harvesters
average price average price
Years number, total cost, - number, total cost, -
units. UAH. UAH_, per % by previous units. million UAH. UAH_, per % by previous
unit. year unit. year
2011 2983 1352,4 453374 133,1 804 1140,3 1418244 129,3
2012 3010 14719 488997 107,8 541 802,3 1482984 104,6
2013 2788 1512,7 542566 111,0 524 806,2 1538600 103,8
2014 1822 1305,5 716533 132,0 336 673,6 2004757 130,4
2015 2095 26274 1254125,2 175,0 479 1573,7 3285475,0 163,9
ino
20152(')”11A’ by 702 194,3 276,6 X 59,6 138,0 231,7 X

Source: compiled according to the State Statistics Service of Ukraine
*Excluding the temporarily occupied territory of the Autonomous Republic of Crimea, Sevastopol and the zone of the antiterrorist

operation

But the high cost of imported machinery is a deterrent to the
modernization and renewal of technical machinery in agricultural
production. Table 6 shows the data on the dynamics of the number
and value of import tractors and combine harvesters.

According to Table 6 during 2011-2015 there can be observed
a significant reduction in imports of machinery. Thus, the number
of tractors of all brands, imported to the country fell by more than
two-thirds harvesters - almost half. The value of the purchased
tractors fell by 59%, combine tractors - by 60.8%.
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According to the Ministry of Agrarian Policy of Ukraine, the
minimum scientifically justified annual update of tractor fleet to the
technological needs of the prices prevailing at the beginning of
2016 is 35 bln UAH, including about 40 thousand tractors (15 bin
UAH) and nearly 7 thousand combine harvesters (10,5 bin UAH)
[5]. In conditions of severe shortage of agricultural enterprises
owning funds to upgrade agricultural machinery is needed to find
the most effective external financing investment in technical
support of agriculture. Among the most common can be identified
financial leasing and bank lending.




Table 6. Dynamics of import of tractors and combine
harvesters

Tractors Combine harvesters

Years tﬁéﬂ:ﬁég million, number, million,
. ' uUsD units. USsSD

units.
2011 146,4 559,1 2619 2722
2012 104,9 564,8 1647 187,3
2013 156,0 562,6 1570 183,3
2014 108,8 273,7 935 95,5
2015 39,7 229,3 1285 106,6
2015in %

t0 2011 27,1 41,0 49,1 39,2

Source: compiled according to the State Statistics Service of Ukraine

We conducted a comparative analysis of financial leasing and
bank loans for the purchase of new agricultural machinery in
accordance with NAK "Ukragroleasing” and Ukreximbank. NJSC
"Ukragroleasing” with an annual interest rate of 11% provides a
choice of term loans (3, 5 and 7 years), options of debt settlement
(payment every month, once every 3 or 6 months), and the size of
the down payment (10, 15 or 30%). In Ukreximbank with an annual
interest rate for the purchase of new agricultural machinery and
22% for loans up to 5 years, monthly or quarterly repayment of
debt, the size of the down payment of 15%. The analysis shows that
the conditions of financial leasing are more attractive than bank
lending. Rise in credit services NAK "Ukragroleasing” depending
on the selected size of the down payment is respectively 23.5%
(down payment of 15%) and 24.3% (down payment of 10%). At the
same time the rise in credit Ukreximbank services is 52.6%, more
than twice as much.

The shortage of own financial resources, special attention
should be given opportunities of foreign investment. Unfortunately,
in the ranking of the degree of ease of doing business,
characterizing investment attractiveness of Ukraine in 2016 took
only 83 among 189 countries. Among the components of the
ranking (Fig. 2) is the most problematic "Resolving Insolvency",
"Obtaining construction permits" and "Connecting to power supply"
- Ukraine's place these criteria in 2016 amounted to 141, 140 and
137 positions.

The highest places in the ranking in 2016 Ukraine ranked
according to criteria "Getting credit” and “starting a business" -
respectively 19 and 30 positions. To improve the situation, the
relevant areas developed 43 objectives, the implementation of
which will not only facilitate the business environment, but also
improving the investment climate in Ukraine as a whole.

5. Conclusion

Thus, we can conclude that to strengthen the competitive
position in the markets of agro-food production and sustainable
development of the domestic agricultural sector is an urgent need
for increasing investment in technical support for agricultural
producers. However, its level for a long time tends to decrease as a
result of many factors, chief among which consider the lack of
sufficient own funds to upgrade the machine-tractor fleet. As an
effective source of funding the investment in agricultural machinery
is offered more extensive use of financial leasing.

Prospects for further research this issue is the rational study the
composition and structure of logistics for the intensification of
agriculture in the region.
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Fig. 2. Components of the rating level ease of doing business in Ukraine in 2016 (Source: compiled from data [6])
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THE STUDY WIDE SPAN TRACTOR (VEHICLES) FOR
CONTROLLED TRAFFIC FARMING
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Abstract: Promising energy technology means for controlled traffic farming are wide span tractor (vehicles). The effectiveness of the
practical use of wide span tractor (vehicles) depends on a sound scientific base or theoretical frameworks, concerning the study of their
technological properties. The article presents the theoretical basis of the dynamics of plane-parallel movement wide span tractor (vehicles)
in the horizontal and vertical plane as well as its cornering. Developed the theory of plane-parallel movement wide span tractor (vehicle)
allows for the justification of new schemes, design parameters and operating modes with acceptable controllability and stability of motion in
the horizontal plane. Ride wide span tractor (vehicles), as a dynamical system, moving through the traces of permanent tramlines
significantly depends on the characteristics of the irregularities of the longitudinal profile. The desired character of the internal structure of
the longitudinal profile laid tramlines is almost possible to obtain the appropriate technology for its formation. Quality testing of dynamic
system input perturbations, which are irregularities of the longitudinal profile permanent tramlines and the unevenness of the traction
resistance of the soil, depends on the scheme and the constructive and other settings wide span tractor (vehicles). A significant impact on the
smoothness of the latter renders the rigidity of the tire support wheels, the magnitude of which can be influenced, within certain limits, by
changing the air pressure in them. Improve driving dynamics the technological part of the wide span tractor (vehicles) is observed by
increasing the rigidity of the tire its supporting wheels and operating mass. The offered new scheme of the turn of a wide span tractor
(vehicle) for controlled traffic farming on the turning strip by turning the undercarriage, using the steerable wheels from its one board
around the turning centre arranged in the centre of the space between the wheels from the other board, allows shifting of the tractor,
simultaneously with the turn, to the next operating position with better kinematic parameters. In addition to it, the improvement of the
turnability characteristics is achieved at such a design embodiment of the wide span tractor (vehicle) when the relation of its wheelbase to
the width of the wheeltrack is as small as possible.

KEYWORDS: CONTROLLED TRAFFIC FARMING, WIDE SPAN TRACTOR (VEHICLES), AGRICULTURE, MOVEMENT IN THE
HORIZONTAL AND VERTICAL PLANE, TURN.

1. Introduction dynamics of tractor units based on traditional tractors, and do not
relate to the solution of the specified problem. The accumulated

A promising direction for further stable development of the  scientific and practical experience in the use of traditional machine-
world agriculture is the introduction of innovative technologies,  tractor units in controlled traffic farming is allowed to justify certain
which should include controlled traffic farming [1-8]. Its  requirements on the parameters of permanent tramlines and energy
application provides the basis for automation of most technological ~ resources. However, these requirements do not take into account the
processes in crop production, ensures the effective implementation ~ atypical layout scheme wide span tractor (vehicles), specific
of "precision" agriculture and provides other significant advantages. =~ Mounting and operating conditions [13,14], therefore, needs to be

Promising in thls respect is the use of W|de Span W|de Span Clal’lfled. At the same tlme, the now famOUS methodology Of ChOIce

tractor ore vehicles [3-11]. The use of a wide span tractor (vehicles) ~ Of constructive schemes, parameters and modes of operation of

allows to obtain the maximum efficiency (technological, social, ~ Machine and tractor aggregates cannot be used to study the
environmental, economic) in the processes of tillage and ~ dynamics of movement wide span tractor (vehicles). Therefore,
maintenance of crop plants [3-12]. from the perspective of effective use of wide span tractor (vehicles),

The effectiveness of the practical use of wide span tractor there are unresolved issues relating to the Study of conditions that

(vehicles) depends on a sound scientific base and theoretical ~ are imposed on their design and other parameters.

framework for the study of their technological properties.

Constructive-technological features of these wide span tractor 2.2. Purpose of the study

(vehicles) require the development of a fundamentally new system The purpose of researches is the increase of efficiency of
for their operation and use. The question in this respect, scientists ~ functioning and the use of wide span tractor (vehicles) by study
have studied not enough, and the effective practical realisation of ~ schemes, technological, etc. parameters.

the potential of technological properties of wide span tractor

(vehicles) are currently missing. Therefore, from the perspective of 3. Results and discussion
the solution of the food problem in the world, as well as the
development of resource-saving technologies, which are based on Wide span tractor (vehicles) is a rather complex dynamic

the principles of a track system of agriculture, in accordance with  system. This complexity is determined by its multi-dimensionality,
the trends of scientific and technological progress in the  high order differential equations of motion and especially the
mechanization — improving the functioning of the technical means presence of nonlinear relationships between its individual
at the expense of complex mechanization, electrification,  coordinates. Therefore, at this stage of the study of the dynamics of

automation and robotics — this area of research is very important. wide span tractor (vehicles) it is advisable to consider it a simplified
diagram in the form of stationary linear model. This idealization of

2. Preconditions and means for resolving the the system in many cases is quite effective for complex agricultural
problem units and their control systems, the dynamics of which is still

insufficiently studied.
In the study of movement wide span tractor (vehicles) in the

2.1, Analysis of recent research and publications longitudinal-horizontal plane of the dynamic system has two

All known studies on this issue aimed at the study of the
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degrees of freedom (fig. 1), which correspond to two generalized
coordinates: the heading angle ¢ and the displacement of the
Xs

abscissa of the of it

S[.

center mass

Y

Fig. 1. Scheme of the forces acting on wide span tractor (vehicles)
in a horizontal plane when the kinematics method of its control
(wheel rotation)

Analysis of amplitude and phase frequency characteristics of
the influence of circuit and parameters of a wide span tractor
(vehicles) on its handling and stability of motion [15-17] have
shown a significant dependence on speed. At low speeds (1m/s)
have a significant nedouregulirovannymi in a dynamic system the
control action (rotation angle o of the front wheels). In this case, the
desired frequency of oscillation of the angle of the front wheels is at
the level of 0.5 s, where the gain value of the input control action
is close to 1. However, the increasing speed, wide span tractor
(vehicles) to 2 and 3 m/s at low frequencies (o < 1,3 s™%) contributes
to the overshoot of the dynamic system, at frequencies ® > 1,3 s
on the contrary - brings characteristics to the ideal. As for the phase
shift of mining, dynamic system control, when the increase of
working speeds wide span tractor (vehicles) up to 3 m/s the phase-
frequency characteristic closest to the ideal.

The main perturbations that cause vertical movement of the
wide span tractor (vehicles) in a longitudinal vertical plane, there
are irregularities of the longitudinal profile of the traces of
permanent tramlines, the fluctuations of the traction resistance of
agricultural implements (R, and R,) and the main moment of
resistance (Mg) (fig. 2).

lK

Fig. 2. The scheme is equivalent to a dynamic system of movement
wide span tractor (vehicles) in a longitudinal vertical plane

As a result of mathematical modeling of the dynamics of
plane-parallel movement wide span tractor (vehicles) in a
longitudinal vertical plane established [18] that, from the point of
view of the desired testing dynamic system perturbations, a
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significant increase in the stiffness coefficient of the tire to its
supporting wheels is effective only in the case when the variances
of the fluctuations of the roughness profile permanent tramlines are
concentrated in the frequency range 0..8 s and 16...20 s™.
Consider a dynamic system almost does not respond to the outrage,
if the main range of the variances of roughness permanent tramlines
is concentrated in the frequency range of 13-15 s™. Practically this
can be achieved by the appropriate technology of formation of
traces of permanent tramlines or change in the stiffness of the
pneumatic tire by adjusting this air pressure in it, which would
ensure minimum response of a dynamic system to an input
disturbance. If the variance of roughness profile permanent
tramlines are concentrated in the range of lower frequencies,
reducing the rigidity of the tire wheel wide span tractor (vehicles) is
effective.

Theoretically established, if the main range of the dispersions
of the irregularities of the permanent tramlines will be concentrated
in the high frequency range of 13-15 s, the coefficient of stiffness
of the tires of the supporting wheels of the technological part of the
wide span tractor (vehicles) must not be more than 25 kN/m, or at
least 200 kN/m. Also found that the operational weight of the
technological part worsens the dynamics of its motion in the vertical
plane. Informed that the character of mining oscillations of the
traction resistance of wide span tractor (vehicles) essentially
depends on the position of the hinged mechanism. It is established
that the displacement of the hinged mechanism of the position of
rear mounting in the central — worsens the dynamics of its motion in
the vertical plane. From a practical point of view the unsatisfactory
result of the latter can compensate for the change in the stiffness of
the pneumatic tire by adjusting this air pressure, which would
ensure minimal dynamic response of the system to irregularities of
the profile of permanent tramlines.

The offered new scheme of the turn of a wide span tractor
(vehicle) for controlled traffic farming on the turning strip by turning
the undercarriage, using the steerable wheels from its one board
around the turning centre arranged in the centre of the space between
the wheels from the other board, allows shifting of the tractor,
simultaneously with the turn, to the next operating position with better
kinematic parameters. In addition to it, the improvement of the
turnability characteristics is achieved at such a design embodiment of
the wide span tractor (vehicle) when the relation of its wheelbase to
the width of the wheeltrack is as small as possible (fig. 3) and (fig. 4)
[19].

Fig. 3. Schemes of the turn of a wide span tractor (vehicle) around
the turning in the centre of the space between the wheels of one of
the boards



Ys

Fig. 4. An equivalent scheme of the turn of a wide span tractor
(vehicle) with steerable wheels of the left board

4. Conclusion

1. Developed the theory of plane-parallel movement wide span
tractor (vehicle) allows for the justification of new schemes, design
parameters and operating modes with acceptable controllability and
stability of motion in the horizontal plane.

2. Ride wide span tractor (vehicles), as a dynamical system,
moving through the traces of permanent tramlines significantly
depends on the characteristics of the irregularities of the
longitudinal profile. The desired character of the internal structure
of the longitudinal profile laid tramlines is almost possible to obtain
the appropriate technology for its formation. Quality testing of
dynamic system input perturbations, which are irregularities of the
longitudinal profile permanent tramlines and the unevenness of the
traction resistance of the soil depends on the scheme and the
constructive and other settings wide span tractor (vehicles). A
significant impact on the smoothness of the latter renders the
rigidity of the tire support wheels, the magnitude of which can be
influenced, within certain limits, by changing the air pressure in
them. Improve driving dynamics the technological part of the wide
span tractor (vehicles) is observed by increasing the rigidity of the
tire its supporting wheels and operating mass.

3. The offered new scheme of the turn of a wide span tractor
(vehicle) for controlled traffic farming on the turning strip by
turning the undercarriage, using the steerable wheels from its one
board around the turning centre arranged in the centre of the space
between the wheels from the other board, allows shifting of the
tractor, simultaneously with the turn, to the next operating position
with better kinematic parameters. In addition to it, the improvement
of the turnability characteristics is achieved at such a design
embodiment of the wide span tractor (vehicle) when the relation of
its wheelbase to the width of the wheeltrack is as small as possible.

5. Literature

1. Chamen T. Controlled traffic farming — from world wide
research to adoption in europe and its future prospects // Acta
Technologica Agriculturae Nitra. — 2015. —=Ne3. — P. 64-73.

2. Kingwell R., Fuchsbichler A. The whole-farm benefits of
controlled traffic farming: An Australian appraisal // In Agricultural
Systems. — 2011. — vol. 104, Ne 7. — P. 513-521.

3. Chamen W.C.T. Assessment of a Wide Span Vehicle
(Gantry), and Soil and Cereal Crop Responses to Its Use in a Zero
Traffic Regime // Soil & Tillage Research. — 1992. — Ne24(4). —
P. 359-380.

4. Chamen W.C.T. Design, Operation and Performance of a
Gantry System: Experience in Arable Cropping // Journal of
Agricultural Engineering Research. — 1994.— Ne59(1). — P. 45-60.

17

5. Onal I. Controlled Traffic farming and Wide span tractors //
Journal of Agricultural Machinery Science. — 2012. — Ne8(4). — P.
353-364.

6. Pedersen, H.H. Harvest Capacity Model for a Wide Span
Onion Bunker Harvester // In Automation and System Technology
in Plant Production / CIGR section V & NJF section VII
conference, 30 June - 2 July 2011.

7. Chamen W.C.T. A New Methodology For Weed Control And
Cereal Crop Production Based On Wide Span Vehicles And Precision
Guidance: Biotrac // 4th EWRS Workshop on Physical Weed Control,
Elspeet, The Netherlands, 20-22 March 2000. - P.51-55.

8. Pedersen H.H., Sgrensen C. G, Oudshoorn F.W,,
McPhee J.E. User requirements for a Wide Span Tractor for
Controlled Traffic Farming. International Commission of
Agricultural and Biological Engineers, Section V. CIOSTA XXXV
Conference “From Effective to Intelligent Agriculture and
Forestry”, Billund, Denmark, 3-5 July 2013.

9. Kuvachov V.P. Specialized vehicle for the trip of agriculture
(In Ukrainian language) // Bulletin of HNTUA. — 2014. — Ne 148. —
P. 63-69.

10. Kuvachov V.P., Kutsenko S.M., Kovalev V.V. Electric
agricultural vehicle is an efficient solution to the problems of
mechanization of agricultural production (In Ukrainian language) //
Papers TSAU. — 2012. —1s. 12, v. 2. — P. 86-92.

11. Kuvachov V.P. Bridge agriculture on the basis of
sprinkling machines (In Ukrainian language) // Scientific Bulletin
TSAU. -2012. -Is. 2, v. 5. — P. 15-23.

12. Kuvachov V.P. Land use in the regeneration field for
working energy tools bridge type (In Ukrainian language) //
Scientific Bulletin TSAU.— 2013. - Is.1, v.3. — P.116-126.

13. Kuvachov V.P. Justification of energy saturation
specialized self-propelled energy means of the bridge type (In
Ukrainian language) // Scientific Bulletin TSAU.— 2014. — Is.4, v.2.
- C. 124-131.

14. Kuvachov V.P. Justification of energy saturation of the
self-propelled energy means of the bridge type (In Russian
language) // Actual problems of scientific-technical progress in the
agro-industrial complex: collection of scientific articles on materials
of VIII International scientific-practical conference "Resource - and
energy saving in the agricultural sector. Alternative fuels". —
Stavropol: AGRUS of Stavropol state agrarian University, 2013.-
P.101-110.

15. Kuvachov V.P. Evaluation of stability of motion the broad-
gauge of the power and process of mechanization of agricultural
production (In Ukrainian language) // Papers TSAU. — 2015. — Is.
15, v.3.- C. 204-210.

16. Nadykta, V.T., Kuvachov V.P. Assessment of the
manageability of the traffic the broad gauge of the power and
process of mechanization of agricultural production (In Ukrainian
language) // Scientific Bulletin TSAU. — 2016. - Is. 6., v.1. - P. 99-
110.

17. Kuvachov V. Modeling of plane-parallel movement in the
horizontal plane broad-gauge means in the kinematic method of its
control (In Russian language) // Motrol. — 2015. — Vol. 17, Ne 9. —
P. 49-54.

18. Kuvachov V., Mitkov V., Shulga O. Modelling of plane-
parallel movement in a vertical plane of means for broad-gauge
track system of agriculture (In Russian language) // Motrol. — 2016.
—Vol.18, Nel. - P. 3-12.

19. Kuvachov V.P. The kinematics of the rotation the broad-
gauge mechanization of agricultural production for the track system
of agriculture (In Ukrainian language) // Bulletin Sumy state
University. — 2016. — Is. 10/2 (30). — P. 46-49.
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Abstract. Reveals the scientific and methodological principles of determining the needs of farmers in the technical means to perform
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1. Introduction

Modern agricultural production processes are characterized by
a high level of mechanization and automation and are aimed at
creating favorable living conditions of plants and soil
microorganisms. Technology used for mechanization of the process
is knowledge-intensive, its cost is growing because there is a
problem in the rational use of its mechanized processes that can
reduce operating costs for agricultural production.

The high level of technology in agricultural production,
technical excellence and high cost of equipment requiring a high
level of management of the technical resources, finding ways to
reduce the share of material and energy costs in the cost of
agricultural products.

Search for sustainable solutions in the composition and use of
machine-tractor fleet of agricultural enterprises - one of the most
difficult tasks, because when its decision should take into account a
large number of factors, the overwhelming share are probabilistic in
nature and ungovernability. Effective technical means on which it is
advisable to complete machine-tractor fleet management,
determined on the basis of technical and economic calculations [1-
9, 11-14]. For their performance the scientists developed a number
of methods and computer application software based on the
methods of linear or dynamic programming [9]. For optimization
criterion used straight or given operating costs.

2. Preconditions and means for resolving the
problem

Modern trends in technology provide the technological
operations in clearly defined terms of cultivation techniques,
providing favorable conditions for plant growth and development
and yield formation. This is especially true for spring sowing and
harvesting, as each day deviation from the optimal timing of harvest
shortfall increases [15, 18, 20].

To perform all the work in the shortest possible time necessary
to provide differentiated approach to each transaction and prepare
for their implementation tractor units, which provide high quality
work, productivity and the lowest possible fuel consumption.

Characteristics of agricultural processes are probabilistic in
nature. The scope of work and terms of their performance in the
economy during the year variable. In certain periods there are so-
called "peak load", the largest of which is calculated quantitative
need for machines and power tools.

According to research authors [4, 5, 8, 11], timely and quality
execution of all work positively affects the productivity of crops.
From the level of the park and farm equipment with new equipment
depend on production costs. Therefore, in determining the
efficiency of the machine-tractor fleet should pay great attention to
the requirements of agricultural technology, scope of work and
terms of operation the machine-tractor units and their service
provision.

Presence of modern computers, powerful operating systems,
database management systems and applications has enabled
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scientists to develop algorithms and software economic and
mathematical modeling of agricultural production processes,
planning mechanized operations, determining the need agricultural
enterprises in the engineering and assembly of the basis of rational
the structure of the machine-tractor fleet.

To solve the problem "Planning mechanized operations”,
basically use a mathematical model that solve linear programming
method [8-11, 18 etc.]. Solving this problem to optimize machine-
tractor fleet minimum criteria for direct exploitation or reduced
costs. More and more in solving this problem, the method of
dynamic programming [16, 17]. The essence of this method is that
it does not require the linearity of the objective function and takes
into account the cost of landscaping and expenses caused by the
loss of production due to deviations from optimal deadlines.

These methods are focused on performance and average values
do not include probabilistic nature of the factors of production
processes, and therefore do not provide optimal solutions in terms
that differ from those in the calculations.

There is also a method of optimizing machine - tractor fleet by
the criterion of minimum energomachines [4]. This criterion,
according to the authors provide minimum operational costs. This
assumption focuses on the feasibility of acquisition machine -
tractor park power means high power, use of which will increase the
productivity of machine-tractor units and works fewer machines.
However, this does not guarantee that the work will be done with
the lowest possible operating cost.

Also widely used method of statistical simulation modeling
Agricultural productions justification for the need to implement
them. [3] The use of these techniques requires appropriate specialist
skills, inaccessible because the vast majority of farms.

3. Results and Discussion

When manning a machine-tractor fleet of agricultural
enterprises for various types of work settings agree on technical
means for the width, capacity and load factor that can increase the
efficiency of their use. The parameters auxiliary machinery agree
with the parameters of machines to perform the main technological
operation.

To determine the parameters of the machine should consider
the following factors [5]:

1) requirements for quality farming operations that set the
terms of farming production of the type of product and are made of
steel;

2) agronomic calendar and deadlines that have grown
dependent on culture, state of the field, and weather conditions are
variable;

3) the cost of technical tools that determine the value of the
operating costs.

Selecting units to perform manufacturing operations carried
out by the criterion according to performance requirements farming
appointment to the quality of the work. The composition of the unit
determined by the amount of work and permissible duration of their
implementation.



The scope of work that must be done by one day R; determined
by the formula:
T

)]

where S - the total amount of similar work in different cultures in
the ij-th period, ha or ton; T - agrotechnical permissible duration of
the work, day.

If the unit is independent of the volume of work that can be
performed by this unit per day, determined by the formula [4]:

(2) PI :Wzm't'ko'kT‘

where R; - the amount of work that can be performed unit per day,
at a certain kind of work, ha or ton; Wzm - performance unit for a
certain kind of work an hour alternating time, ha/h; t - the duration
of a given operation throughout the day, hours; k, - factor for the
simple organizational reasons; k. - factor for the time spent to
perform technical maintenance and repairs.

Various authors [5, 18, 19] suggested a number of criteria for
pre-selection units:

- Minimum operating costs per unit of work;

- Maximum coefficient operation;

- Maximum performance machine - tractor aggregates;

- Maximum performance per unit of power;

- Minimum labor costs;

- Minimum energy vehicles.

Limited to one of the suggested criteria is inappropriate
because they do not take into account the quality and timeliness of
work and cost of ownership of technology. Therefore, the choice of
machines should be carried out using the eligibility criteria
indicators of quality of work and productivity requirements of
agricultural technology, maximum use of machines in the
production and minimum necessary cost of ownership of
technology. The value of the costs to own this or that machines
must not be greater than the cost of production lost due to untimely
and poor quality of work performed in the household during field
work cycle without machines.

In terms of quality machines selected in terms of their
appointment with the terms of their compliance with agricultural
technology to perform a technological operation:

@) Qn = Q,,
where Q,, - quality of work machine; Q, - an indicator of quality
requirements farming operations unit.

In terms of performance determined parameters such technical
means by which the amount of work required to be done in optimal

terms:
w, > 2R,
7P

R

(4)

Number of units required for each operation, determined by the
formula [3]:

©) )
where X;s - number of units required for the performance of the total
volume of similar works in optimal time; p;s - performance s-th unit
in the i-th operation.

In terms machine parameters selected from the conditions that
the cost of car ownership was not greater than the value of proceeds
from the sale of additional products produced with the use of a car,
and a variable cost was less than the value of work performed under
the contract of lease:

(6) C,<S-U-C,
where C, - constant annual cost of the technique, UAH; S - the
amount of work to be performed in the best technical means periods
ha or ton; U- culture yield, t/ha; C - the price of additional products
produced using machines due to the quality and timeliness of work,
UAH/.

To determine the performance of machines and technological
complexes tractor fleet manned base on tractors with engine
capacity of 130-140 kW and 44-60 kW has been calculated by the
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example of farm acreage 2700 hectares. To calculate the need for
tractor fleet management adopted a 4-rotation of the fields sown
areas structure (shown in Table 1) for intensive farming systems
and selected tractor units to perform manufacturing operations plant
production.

Table 1. Structure acreage of crops in the fields 4-rotation
intensive crop production

Agricultural crops Area crops
ha %
Winter wheat 675 25,0
Corn for grain 1350 50,0
Sunflower 405 15,0
Soy 270 10,0
Total: 2700 100,0

After the appropriate calculations, it was determined the need
for technological machinery for production system of intensive
agriculture, namely the need for technical equipment (Fig. 1) and
their annual download; Direct operating expenses technological
complex machines and their structure by growing operations.
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Fig. 1. Estimated demand for technical means for completing

future structure tractor fleet

Established that the cultivation of crops for intensive
technology park with a specific machine-tractor units direct
operating costs in the structure of total expenses are 31% (Fig. 2).

31%

- 69%

Fig. 2. Structure of the cost of crop production for intensive
technology in short rotation rotation

M - direct operating costs

4 - other operating costs

4, Conclusions

Using mathematical models proposed selection criteria and
technical and operational parameters of means the specified
volumes and crop production technologies provide choice



complexes cars and manning rational structure of machine - tractor
fleet management and improve the efficiency of crop production.
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EXPERIMENTAL STUDY OF STRIP TILL MACHINE

Mitev®. G.V., Kr. Bratoev*

“Angel Kanchev”University of Ruse, 8 Studentska Str. 7017 Ruse, Bulgaria

Abstract: Strips tillage machine with simultaneous fertilizing in the depth of processing is examined. The experiments were carried out
by standard methods known as the theory of the experiment, at the same time is determined and the optimization task with which to establish
the optimum setting of the machine. The results obtained show that the machine corresponds to all requirements, the best results are

achieved at a speed of 9,0km / h and a depth of 0,25m.

Keywords: strip till, soil productivity, agricultural machines

Introduction
It was found that as a result of the annual deep tillage of the soil,
due to the structural features of the machines with which they are
applied immediately below the plow layer is formed compacted
horizon called. "Plow pan". This phenomenon has caused excessive
compaction of the soil, to prevent the ingress of solid and becomes
an obstacle difficult to overcome for the development of roots in the
depth of penetration of air, water and nutrients.

Deep plowing emerged as one of the main causes of soil
degradation in recent decades. More and more tangible for
producers effect of decreasing soil fertility, manifested mainly in
reducing organic matter content.

This requires the application of such technology for growing
crops where along with maintaining high vyields should be
monitored and conservation of soil fertility. One of the areas is the
application of technologies for production with reduced number of
tillage. Wherever possible, the turning of the soil layer is replaced
with subsoiling, but without inverting the layers (so scarifying the
soil). The purpose of this study consists in application of a reduced
number of the treated soil using deep handling of soil in strips.
Regarding the objective of the study has the following main tasks:
e Study the work process of stripe working tolls.
* Optimizing the operating mode of stripe till machine.

Material and Methods

To conduct production research as experimental model used for
subsoiling tillage in strips produced by the company "Unverferth”,
USA, Figure 1. The machine is designed for deep tillage in strips,
after appropriate reorganization and introduction of solid mineral
fertilizers in the depth of processing. The working width of the
machine is 4,2 m. Structural width of 4.2 m is imposed by Engine
Power indicators tractors. Usually this type of tillage needed 47-50
kW of power for operating authority. Used tractors with a capacity
of about 280-300 kW, [2,4,6].

On the frame are six working body with them cultivators
subsequent sections, and above them are volume of fertilizer
regulations. The maximum working depth of tines that can handle
the soil is 0,60 m. It is set by means of two pneumatic support
wheels across the width at both ends of the frame.

Through parallelogram mechanism after every working body
hanging cultivator section in which a pair of disks closes the groove
and then moving them tines mixed and aligned and the soil surface.
At the base of the hoppers for fertilizer are six fertilizer apparatus of
the grooved type, that through flexible tubes bind to the solid pipes
rigidly attached to the rear of steam each working body. Fertilizer
equipment the machine can provide fertilizer rate to 500 kg /ha,
1,4,9].

For normal operation of the machine it needs to be aggregated
with a tractor, providing 30 + 45 kW of power to the working
section. Joining energetic means going through the three-point
lifting device mounted on the machine frame.

Conducted preliminary studies related to the choice of control
factors influencing processes in basic research, but also with
justification indicators (parameters optimization).

Research in the field of processed soil indicate that the
mechanical and handling affect too many factors. In general they

21

can be grouped as constructive and kinematic factors related to
physical - mechanical properties of the soil.

Fig. 1. Strip till machine with fertilizer system: 1 frame of the
machine; 2 fertilizer regulations; 3 deep ripening working body; 4
cultivator section

The most commonly used controllable factors in machines for
soil cultivation are: operating speed of the machine; the depth of
processing and the angle of attack in order to break up large
aggregates subsoil. The majority of the physical and mechanical
properties of the soil appear random factors which are constantly
modified in the course of its processing. Such factors include
humidity, hardness, abrasion, organic matter content, stickiness and
others. This multitude of factors acting simultaneously makes the
process of probabilistic processing.

The quality of the principal tillage is judged primarily by the
degree of fragmentation of soil aggregates and the degree of
insertion of plant residues in the soil. So when testing machines for
basic tillage, they are used as parameters of optimization, ie Y; -
degree of plowing of crop residues and Y, - the amount of soil
aggregates, [3,5,8,10], .

Of the numerous factors that influence these parameters with
the greatest weight is the operating speed of the machine and the
depth of tillage. As the study carried machine and direct import of
solid mineral fertilizers is desirable to check whether the pilot
process would not have filed disruptions in the flow of the main
process (tillage). It follows from this that as a first control factor
includes the operating speed of the machine -x;, and as a second
factor is the depth of processing -x,. The influence of all other
factors not participate as manageable in experiments reported by
aggregate impact of confounding factors.

In accordance with the tasks conducted active experiment. By its
nature, it is a multifactor regression analysis conducted during the
field experiments.

In the fixed values of control factors x; (i = 1,2 ..., m), by the
action of the unguided (disturbing) factors Wy (k=1,2 ..., q) each of
the parameters (responses) Yj (j =1 2 ..., p) the output will be
random in nature. If controllable factors are quantitative
(measurable), the general appearance of the relationship between



parameters Y; (j = 1,2 ..., p) and control factors is represented by the
so-called. "Function response" [11]:

ELY, /X X | = 0000, X0 %) W
where ElY,-/Xsz’---XmJ is the conditional mean value of

parameter Yj.

The equation (1) is called the regression equation, and the
surface that it describes the - surface of the response. The type of
function ¢(x,, X,,...x,, )depends on the nature of change of

parameterst in the selected area of change the factors Xys Xg e X -

In carrying out the multi-factor experiments, which has the
character of an optimization problem to obtain the type of the
equation (1) using a polynomial model of the second level which
M when the factor has the form:

y:ZﬂiXi + Zﬂikxixk +Z X
iz ik i1

where Bo BB, A€ the parameters of the regression

coefficients of the model.
It should be borne in mind that the polynomial model simply
approximated with some accuracy function (p(Xl, X, ,...xm)in a small

range of variation of control factors. One of the major tasks of any
experimental study is seeking zoom function response based on the
received experimental data. This may be a good approximation, it is
necessary attempts to hold a special scheme - run the experiment.
With many good properties are the plans of type Bm, [11,12,13].

Since the selected control factors were quantified, then to find a
mathematical model of the research process (main tillage) using
regression analysis [86, 89, 90].

Because of the possibility of error in experimental data and
because of their finite number are determined not true model
Bo: By 3, parameters and their estimates.. Therefore, to describe

@

the area of optimum parameters optimization separately for each
expression (2) is presented in the form:

= m (e} m 0O o m O2 (3)
y:b0+zbi Xi+zbi,k X Xk+zbii X
i—1 k=1 i—1

To determine the optimum mode of operation of the test
machine is used by the method of optimization of the desirability
function [13].

For this purpose, the target function of Y; and Y, is
represented by a generalized function of desirability, which is of the
type [90]:

D = dl'dZ 1 (4)

Where ¢ and g, are private functions desirability
defined by the equation:

d = exp|-exp(-Y )| ®)

In determining the function of desirability some
restrictions are used: Y, >90% and Y, <25%. For indicator Y,

restriction provides the necessary degree of plowing of crop
residues in the field, and to limit Y, provides agro-technical
requirements for the size of soil aggregates after treatment. For the
summary function of desirability is sought after model type [21].
The summary function of desirability is determined for two series of
experiments. Thus, from the values obtained for her look the most
and determine the optimum values of factors. The possible values
for summary function of desirability are listed in Table 1.
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Table 1.
Values on the scale of desirability

Desirability | Values on the scale of desirability
Excellent 1,00

Very good 1,00-0,8

Good 0,8-0,63

Satisfied 0,63-0,4

Not satisfied 0,4-0,3

Bad 0,3-0

Very Bad 0

Essential to the reliability of the test results is the
exclusion of conflicting mode of study experienced machine. Such a
regime at the trials is the process of scratching deep loosening tools.
Determine the length of this section are the way of the detachable
machine to the linkage of the tractor and constructive set back
corner of the working bodies. This mode is removed in the region
corresponding to the path of scratching of deep loosening element
not conducting measurements. The duration in various attempts
multifactor experiment at a constant length of the test section is
amended in the range of 95+150s depending on the set speed of the
unit. Within this interval, the experimental installation process strips
right length as 142,8 m early not involved in measurements due to

the above mentioned reasons.

Studies are conducted under real field conditions, subject
to agro-technical deadlines and comply with the soil - climatic
conditions for the implementation of the agricultural event.

Firld experiments are made in sections of the field, which is piled
previous culture and has not carried out then treated soil. The
machine is aggregated with a tractor power 265 kW, equipped with
a navigation system for guiding field. This provides the necessary
distance between border clubs in treated soil strips, which should be
sown the seeds of the crop. The depth of working of the soil is
adjusted by screw mechanisms mounted on two support wheels of
the machine, taking into account their sinking into the soil, which is
from 0.02 to 0.04 m.

The speed of the machine is set by the experiments conducted and
regulated by mechanics, Managing tractor selects the appropriate
gear from the gearbox the energy machine.

Reporting the optimization parameter Y, is done using a square
measuring frame size of the country equal to the width of the treated
strip. Initially, the framework is put in place individual attempts
before treatment and defines an area covered with debris. After
crossing the machine in test points in the treated areas, measuring
frame is repositioned and define the areas over which remained non
putted into the soil plant debris.

Reporting parameter Y, it using a screen classifier for soil
aggregates. Take soil samples from treated areas that are weighed
before placing them in the classification, and after passing through
it weighed rest of the sieve fraction.

The preconditions under which the experiments were conducted are
presented in Table 2. The studies were conducted in farmland ET
"Renaissance". Lozenets, Municipality of Krushari,
Dobrich.District.



Table 2.

Measured values of the indices immediately before conducting

experiments

Indicator Dimension Value
Soil: Carbonite chernozem - -
Power of the organic horizont. m 0,60 —
Flat field, depth 0.60 -0.90 m 0,90
Mechanical structure - sandy- - -
loam to light clay
Prticle size 0,25 -0,05 mm % 8
Below <0.001 mm % 15
oH - 6,0-6,8
Organic matter content % 24-16
Cultivated area — flat
Direction of cultivation
Previous Crop — Winter wheat
Height of cutting the stems at m 0.20 —
harvest 0.25
Available crop residues % 100
Condition of the field. Stubble, | tm® 1,65-1.75
heavily padded.
Set up the tillage depth m 0.25-0.35
Absolute Soil Moisture % 18
Soil density before the tillage in
the range of 0.01 — 0.80 m

t/m® 1,68-1,70
Crop residue depth leave onthe | m 0.07 -
soil surface 0.11
Degree of Uniformity of the crop | % 20
residue spread out
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Fig. 2. Diagram hardness of the soil before switching on the
machine for soil cultivation in strips

The surface layer of the soil is heavily compacted Fig. 2. The
measurements made by the instrument for measuring the hardness
of the soil in the range of 0 - 0.80 m, indicate that there are two
levels of sealing.
The first level is in the range of 0.07 - 0.15 m. This type of seal is
obtained after passage of heavy machinery on wet soil, i.e. during
the retraction of the production.
In the second level, the soil is heavily compacted in depth between
0.24 - 0.43 m. This indicator shows tillage reversed layers - deep
plowing, as subsoil is compacted over limits.
The analysis of these studies and determine the depth to be
conducted to determine the quality of the machine for soil
cultivation in strips without turning the layers. The specified
working depth is 0.25 and 0.35 m.
The summarized experimental data are presented in Table 3.

Table 3.
Overall experimental data with data processing software "Statistics"

X1 X Y; Y,
No: of the Km/h cm % %
experiment
1 2 3 4 5
1 7 25 90.90 22.40
2 7 35 60.40 19.80
3 7 30 90.79 26.80
4 8 25 92.30 17.20
5 8 35 92.40 13.80
6 8 30 92.40 16.20
7 9 25 94.00 13.50
8 9 35 94.00 13.00
9 9 30 92.80 14.20
where

x1is the operating speed of the MTA, km / h;
X, - the depth of treatment, m;
Y; - the degree of plowing of crop residues%;
Y, - resulting yields, kg / ha;
Y5 - soil aggregate size greater than 50 mm,%.
The results of the regression analysis are presented in

Table 4.
Table 4.
Results of regression analysis of the second degree model
forY,
O6o0LLeHe Ha perpecuoHHVs aHanu3 3a 3aBuMcuMa
npomMeHnmBa.

N=9 Regression Summary for Dependent variable: Y;
R=0,98512209 R?=0,97046553 Adjusted R?=0,92124142
F(5,3)=19,715 p<0,01678 St. Error of estimate =0,36918

b* St. error b Std. t(3) p
of b* Error of — value
b

Interse 20,7422 | 20,9573 | 0,9897 | 0,39526
pt 2 5 4 9
X 12,592 | 2,84645 | 19,1283 | 4,32375 | 4,4240 | 0,02144
7 2 3 2 8
X - | 2,28208 - | 0,69330 - | 0,52703
1,6283 5 | 0,49467 0,7135 4

0
X1X; - | 1,21924 - | 0,03692 - | 0,23304
1,8164 9 | 0,05500 1,4898 8

0
x12 - | 2,75148 - | 0,26105 - | 0,02990
10,733 5| 1,01833 3,9009 2

4 4
x3 2,6627 | 2,06465 | 0,01347 | 0,01044 | 1,2896 | 0,28759
7 7 2
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Table 4 shows that the significance level a = 0,05, are significant
factors b; = 19,128 and b;; = —1,01.. This shows the strong




influence of factors x; on parameter Y;. The influence of x,on Y is
significantly less. (See p-value at which the values are greater than
0.05).

The coefficient of determination e R? = 0,97 . l.e. 97% of cases
amending Y due to controllable factors and describes the model of
the second degree, who include all odds model has the following
specific type, equation 6.

Y; = 20,74 + 19,13x; — 0,49x, — 0,055x,x, — 1,018x% +
0,0135x3 (6)

The graphical representation of the model shown in
Figure 3. The surface of the model Minimax and in-depth analysis
is necessary to make a section through line at the same level figure
4,

M >4

Bl <9375
B <92,75
[d<9175
B < 90,75
Bl <8975

36

34

32

30

x2

28

26

24
6,8

7,0

72 74 76 78 8,2

Figure. 4. Lines with the same level Y; = f(x;,x;)=const

The lines at the same level it is clear that large amounts of Y; are
obtained at higher speeds and lower working depth of the tines.
Regression analysis parameter ¥,
Table 5
Regression analysis parameter Y,

0606LLeHNe HA PETPECUOHHUA aHaAW3 3a 3aBUCMMA NPMEHMBA
Y,.
N=9 Regression Summary for Dependent variable: Y5,
R=0,84264071R%=0,71004336 Adjusted R?=2,9359,0949
b* St. error b Std. t(6) p
of b* Error — value
of b
Intersept 52,200 | 12,025 4,340 0,0048
X -0,843 | 0,21983 | -4,583 | 1,1985 | -3,824 | 0,80046
X, 0,0580 | 0,21983 | 0,0633 | 0,2397 | 0,2642 | 0,80046
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From Table 5 it is apparent that the influence of x; (operating
speed) on Y, (size of soil aggregates) has been demonstrated. With
increasing x; - Y, reduced.

It is obvious that the surface is Minimax Figure 5.
The regression equation has the following full record:

Y, = 187,27 — 56,13x; + 4,78x, + 2,95x,x, + 0,15x% — 0,01x3

()
In this case, the best value factors, or some of them are the
boundaries of the field of climate factors. This is shown by the lines
of equal responses presented in Figure 6.

-2
<2
B <23
<21
[d<19
<17
B <15
B <13
<1

-2
<25
B <23
<21
[d<19
<17
92-<15
Il <13
<1

8,2

Fig. 6. Lines of uniform response ¥, = f(x{,x,)=const.

On the lines of uniform response (Fig. 6) it is apparent

that small values of Y, (i.e., greater crushing of soil components) is
obtained at higher speeds and smaller working depth of the working
organs.
The total extreme of the two functions is found by performing
optimization of workflow summary function of desirability. Data
from optimization performed are presented in Table 6 and in Figure
7.



Table 6.
Results obtained for summary function of desirabilit

1 2 3
x1 X2 D
1 1 1 0,616999
2 -1 1 0,254702
3 1 -1/ 0,764495
4 -1 -1/ 0,279304
5 1 0 0,642522
6 -1 0 0,189018
7 0 1/ 0,559031
8 0 -1/ 0,770853
9 0 0 0,589063
| ‘ \\\ \\
\
.
/)
04 s
e
06 i
08 g /’//// /////
e g // — 065
T — 0,55

-1,0

0,45
o 0,35
— 0,25

0,8
Figure 7. Lines at the same level for the function of desirability

From the data in Table 4.8 shows that in the seventh experience
levels factors provide a very good function of desirability (D = 0,8),
wherein the values of the parameters satisfy the constraints of the
optimization: Y, >90% and Y, < 259% . Lines presented at
the same level in Figure 7 shows that the optimal operation of the
machine is achieved at levels of factors x; =1 and x, = —1..
Expressed in natural units, these levels correspond to 9,0 km / h and
0,25 m. From these two factors with greater weight on achieving
optimum performance of the machine is x;, since its exclusion from
the model summary function of desirability, the coefficient R? =
0,1, while off x, - R? = 0,42.

Conclusion
The survey indicates that the appropriate adjustments made
processing machine for processing strips of soil with simultaneous
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application of mineral fertilizers in depth corresponds to the
agricultural requirements. From the resulting regression models for
the studied parameters shows that to achieve the best possible
results must be preferred to work at a higher speed. This is
confirmed by the conducted optimization problem, which shows
good results at a speed of 9,0km / h and a depth of 0,25m.
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POWER CONSUMPTION AT INERTIAL THRESHING OF SESAME
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Abstract. The power consumption of a flow fruit detacher and classic thresher with equal nominal throughput at sesame threshing has been
determined. The results show that the total power consumed by the detacher is 4.81 times smaller than by the conventional thresher. This
result is due to inertial threshing which does not require destruction of capsules and deformation of stems for detaching of seeds.

Keywords: SESAME HARVESTING, MECHANICAL THRESHING, POWER CONSUMPTION

1. Introduction

An experimental unit of a flow detacher with non-symmetric
angular oscillations has been developed at the Agricultural Univer-
sity - Plovdiv, BULGARIA (Ishpekov S. et al., 2015a). It is de-
signed for detaching of fruits and seeds from plants through inertial
way. The detacher achieves the best indicators about degree of
threshing, portion of impurities in the threshed mixture and me-
chanical damage of the seed (Ishpekov S. et al., 2016). Moreover, it
threshes sesame without destruction and deformation of its capsules
and stems, which is the significant difference with the classic
thresher (Ishpekov S., 2013, Ishpekov S. et al., 2015b). The various
ways of threshing cause a difference between their power consump-
tion.

The aim of the study is to determine the power consumption of
the flow detacher at inertial threshing of sesame and its comparison
with that of the conventional thresher.

2. Experimental method

The power consumption of the detacher has been determined
experimentally through the magnitude of current consumed by the
drive motor. The measurement of the AC is conducted with an
experimental installation presented in figure 1. It is composed of the
detacher (6, 7, 8, 9), electric motor 4, frequency inverter - 3 and
ammeter - 2. The detacher is driven by three-phase asynchronous
motor - 4 with a nominal power of 750 W. It is connected under the
scheme "star", which supplies 3 phases of 220 V to the coils, and
not as a normal - three phases of 380 V. Therefore, the engine de-
velops /3 times less power, i.e. 433 W. The speed of the electric

motor is controlled by frequency inverter Schneider Electric -
ATV12HU22M2 - 3 (http://www.schneider-electric.com/ww/en/).

Power consumption of the electric motor - Py, [W] is calculated
by the formula

P =U.l.p cosg (1)

where:
U is the voltage supplied to the motor, [V];
I - the current consumed by the three phases, [4];
cosp - the power factor of the used electric motor
(cosp=0,74);
1. - the mechanical efficiency of the system. Is calculated
by reference (Trubilin E., 2010);
The power consumption of the detacher is determined for three
operating modes that are typical for the thresher of grain harvester:
- In acceleration mode without loading with stems;
- In idling mode with constant rotation frequency of the central
wheel of the pulse mechanism - 7;
- In mode with loading with stems.
An experiment according to design B, (Mitkov At., 1993) with
three replications has been conducted for each of the three operating
modes with the following controllable factors:
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- \

7 8 9
Figure 1. Scheme of experimental installation
1 - power supply, 2 - ammeter, 3 - frequency inverter, 4 - three-
phase electric motor, 5 - belt drive, 6 - one-way clutch, 7 - pulse
Chalmers mechanism, 8 - fingers, 9 - shaft.

- The rotation frequency of the central wheel of the pulse
mechanism - n, [min*];

- Initial elastic momentum of the clutch - Mg o, [N.m].

The natural and coded values of controllable factors are pre-
sented in table 1.

The current consumed by the drive motor - | has been meazured
and by formula 1 is calculated the power consumption of the
detacher - Py.

The power consumption of the frequency inverter has been
measured and reduced from this of the electric motor in all experi-
ments.

Table 1. Natural and coded values of controllable factors

n Mel 0

code min? N.m
-1 120 0

0 420 1,28

+1 720 2,56

The power consumption of the conventional thresher is analyti-
cally determined by the following relations (Ishpekov S., 2013):

P = Aw+Bo’ 2
where:
Aw is the power to overcome friction in the bearings,
[WI;

Be® - the power to overcome air resistance, [W];



Py - the power idling, [W];
The coefficients A and B have been taken from reference book.
(Ishpekov S., 2013).

®

where:
g is the productivity of the conventional thresher, [kg/s];
V;; - the peripheral speed of the drum, [m/s];
f - the coefficient for accounting the resistance of the
concave (for rim thresher f =0,65+0,75);
P, - the power for threshing, [W];

P=P+P )

where P it the total power consumption of the conventional
thresher, [W].

The resulting power consumption translates to one kilogram
threshing stems. The results are used to compare the two devices
and the two working methods of threshing.

3. RESULTS

The power consumption of the detacher and of the threshing
apparatus of the plot combine harvester Wintersteiger - classic
(www.wintersteiger.com) have been determined and compared. The
main technical data for the two devices are presented in table 2.
Both have the same nominal productivity, but operate on different
principles. The detacher releases sesame seeds on inertia way and
threshing aparatus of the combine harvester - by rubbing and
strokes.

The measured power consumption of the inverter at a constant
mode is 16,3 W and at acceleration reaches 954 W. During
acceleration up to speed of the central wheel shown in table 1 is
seen an increase of power consumed by the detacher from 138,4 W
to 488,4 W. At an acceleration up to n=720 min? the power
consumption reaches 112,8 % compared to the nominal, which in
this case is 433 W. The electric motor works with an overload of
12,8 %, which is acceptable for a short time.

In idle mode the power consumption is changed from 137,3 W
to 241,5 W, which is from 31,7 % to 55,8 % of the rated (Fig. 2).
The remaining power may be used for the technological process in
the detacher.

Table 2. Technical dasa of the investigated devices

Threshing
Parameter Dimension Detacher apparatus_ of
Wintersteiger
- classic
Diameter of m 0,48 0,35
the drum
Width of the m 1,3 0,785
drum
Peripheral
speed of the m/s 1,45 - 3,05 15
drum
Frequency of
angular oscil- Hz 12 -
lations of the
drum
Rated
productivity ka/s 1 1
Principle of - inertial rubbing
threshing and strokes

In mode with loading with stems, which mass is 0,87 kg for the
power consumption P, of the detacher is obtained the following
regression equation -
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P =131,8415+0,0373n ~12,5068M, , +0,0002n" +3,2570M |

with coefficient of determination R?=0,99, Fisher criterion
F42,=558,15, and probability p(F)=0,00001.

600 1
--------- At Mel_0=0 Nm, acceleration
At Mel_0=1,28 Nm, acceleration
s00 4 [T At Mel_0=2,56 Nm, acceleration
- = At Mel_0=0 Nm, n=const e
At Mel_0=1,28 Nm, n=const __;'
------ At Mel_0=2,56 Nm, n=const -
400 A
~ 300 A
o™
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100 A
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0 100 200 300 400 500 600 700 800
n, [min'l]

Figure 2. Power consumption Py of the detacher depending on the
speed of the central wheel n and the initial elastic moment M ¢ in
mode without loading with stems.

Equal level lines for power consumption P, in mode with load-
ing of the detacher with stems are presented in figure 3. The power
consumption is from 174,2 W to 258,8 W, which is an increase
compared to idling from 36,9 W (26,6 %) to 17,3 W (7,2 %). This
increase is less at high speed of the central wheel, because then the
inertial forces are increased, but the proportion of torque for
vibrations and movement of the stems - decreases.

The results obtained demonstrate two important facts:

- In load mode the detacher has a large supply of power to over-
come temporary overloads;

- The initial elastic moment the clutch Mg, o, which is resistance
type, has no significant impact on the power consumption of the
detacher in idling and loading modes (Fig. 3). It increases the power
consumed in acceleration mode only.

2,5 1
1%0 %0 1%0 240 230 240
2,0 1
140 160 1k0 200 200 2fo
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Z
C>hl
©
s 10 26p
140 160 180 200 200 240
0,5 1
260
0
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0,0 T h T { T T
200 300 400 500 600 700
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Figure 3. Equal level lines for power consumption P, of the detach-
er depending on speed of the central wheel n and initial elastic
moment Mg, o in loading mode with stems which mass is 0,87 kg.



The power consumption of both devices at threshing equal
amount of stems is presented in table 3. Apparently, the detacher
consumes 2,04 times less power at idle due to lack fan effect. It
consumes 43,35 times less power for threshing, because it does not
deform stems and capsules for removing seeds, while in classic
thresher this is inevitable. Total specific power consumption of the
detacher is 4,81 times smaller than of the conventional thresher with
the same productivity.

Table 3. Specific power consumption by the investigated devices
[W/kg] at threshing stems with a mass 0,87 kg.

Thresher of Difference
Parameter Detacher | Wintersteiger .
i (times)
- classic

Specific power
consumption in 277,6 567,3 2,04
idling mode
Specific power
consumption for 19,9 862,1 43,35
threshing
Total specific
power consump- 297,5 14294 4,81
tion

It should take into account that the power consumption of the
detacher has been determined experimentally and of the
conventional thresher - analytically. Besides that, it is presumed an
equality of both resistance coefficients of the concave at threshing
of wheat and sesame. The value of this coefficient for sesame
threshing is unknown, but probably is greater than that for wheat
threshing. Therefore, it is possible the actual power for sesame
threshing P,, by conventional thresher to be greater than analyti-
cally obtained. For this reason, it can be expected that the actual
differences between power consumption of inertial and classical
threshing to be larger than those obtained in this study. Those as-
sumptions may lead to experimental error of the first kind, which
does not lead in bad consequences of the results (Mitkov At., 1989).

4. CONCLUSION

The initial elastic moment of the clutch has no significant im-
pact on the power consumption of the detacher in constant mode of
operation. In idling the detacher consumes up to 48,3 % of the
power that is consumed in acceleration mode. Power consumption
for threshing of the detacher is up to 7,6 % in comparison with the
power for its acceleration. The total power consumed by the de-
tacher is 4.81 times smaller than by the conventional thresher with
the same productivity.
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Abstract: Researchs of the influence of the soil particles were perfomed on the powder loamy soil to powder clay texture. Standard and
welded ploughshares were tested. The standard ploughshares are made of steel 50Mn7. The welded ploughshares are made by applying C-
Cr-Co-Ni-Si additional material on the steel 50Mn7. The ploughshares are tested on the plough roller machine. Researches were perfomed
in periods of 120, 240 and 360 hours of ploughing, or 60, 120 and 180 work hours of each ploughshare. After 180 hours of work at least
average reduction of the ploughshares lenght was at welded ploughshares and it amounted to 8,27 % of the initial length. At the same time
reduced the average length of the top of the ploughshares with standard ploughshares amounted to 19,65 % of the initial length. It was
concluded that the application of welded ploughshares can contribute to increased of the productivity.

Keywords: PLOUGHING, SOIL PARTICLES, WEAR OF PLOUGHSHARES, PRODUCTIVITY

1. Introduction

While ploughing the soil certain parts of the plough wear,
mostly ploughshares. The most weared parts of the surface are
the top and blade. They dull during the work, causing the loss of
the mass and dimension changes of the ploughshares. Standard
ploughshares which are supplied while buying ploughs do not
meet the requirements of sustainability. Delays which are caused
by wear and dull of the ploughshares require some time to
replace with new ones. It increases the costs and reduces the
efficiency of the tractor. One of the possible solutions to the wear
problem of the ploughshares is the surfacing hard layers to the
top of the blade. Wear problems of the tools for the soil
ploughing was among the first engaged by the scientist
Richardson [1]. He found that the soils contain abrasive particles
with a hardness greater than the hardness of ploughshares.
Further examinations of the ploughshares different hardnesses
author notes that the surface hardness is one of the most
important characteristics of resistance to wear during operation.
In the nineteen seventies experiments with the application of the
hard layers of the additional material on the blades for the soil
ploughing began [2]. Conclusion was that on the sustainability
and wear, significant influence has humidity and mechanical
composition of the soil during ploughing. Natsis and colleagues
[3] investigated the influence of type and soil moisture and the
sharpening of ploughshares on power consumption, performance
and quality of ploughing. They conclude that on the clay and
loamy soils ploughshares wear decreases with increasing soil
moisture, and that on the sandy soils wear increases with
increasing moisture content. They note that during the work with
the worn-dull blade of the ploughshares comes to increasing the
necessary traction force for 62 %, and consequently to reduce the
effect of efficiency for 30 %. Banaj and colleagues [4] analyzed
the arrangement of the moisture in depth and found out that,
depending of the soil type, the difference between the layer of 0
to 10 cm and 20 to 30 cm is around 5 %. Top of the ploughshares
first dulls, and then other cutting surfaces [4, 5]. Aim of this
research is, based on the comparision of the results of the welded
and standard ploughshares, to find: change the basic dimensions
of ploughshares, weight loss, and that based on these parameters
define which of the tested ploughshares showed the best results.

2. Ploughshares materials and research methods

Research was performed with two tractors (W, and W, )
power of 129 kW with drive to all four wheels and two rotational
ploughs with working width of 120 cm. Two characteristic soil
types were selected for the analysis.

For the analysis for the wear resistance during ploughing are
selected: 1. standard ploughshares, manganese steel 50Mn7, test
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sample mark ,,A“, 2. own welded ploughshares, an optional
protective layer on the base material C-Cr-Co-Ni-Si on the basic
material of manganese steel 50Mn7, test sample mark ,,B“.

2.1. Types of soil

Research on the influence of soil to wear of the standard and
welded ploughshares was performed on silty loamy and silty clay
soil. Research was performed from september to december. Pre-
crop on plots on which was performed research were wheat and
corn. Those pre-crops, due to the much larger soil compaction
than after eg. turnip, affecting soil that has a higher resistance
when ploughing [6]. The soil composition and the level of current
humidity were tested, middle value on the depth from 0 to 30 cm,
Table 1.

Table 1: Composition, humidity and textural mark of the soil.

Mechanical composition of the soil, % particle, mm
. Big | Small | Total
Sample Moisture sand sand sand Dust Clay
content, Texture
number o
0 2 0.2 2 05 mark
- - = = < of soil
02 | 005 | 005 | o002 | 2%
mm mm mm mm

1 19,32 0,25 0,93 1,17 | 67,95 | 30,88 PrGl

2 26,72 0,98 1,69 2,67 | 74,67 | 22,65 Prl

3 26,28 0,80 1,40 2,20 70,84 | 26,96 Pri
4 35,39 0,46 1,28 1,74 67,78 | 30,48 PrGl
5 26,13 0,89 1,64 2,53 69,51 | 27,96 PrGl
6 25,72 1,08 1,39 2,47 66,46 | 31,07 PrGl
7 23,99 0,37 1,08 1,45 | 6506 | 33,49 PrGl
8 24,28 1,01 1,67 2,68 | 68,95 | 28,37 PrGl
9 32,37 0,70 1,13 1,83 | 66,50 | 31,67 PrGl
10 24,25 1,09 1,28 2,36 67,77 | 29,86 PrGl

11 21,41 0,92 1,70 2,61 71,24 | 26,18 Pri

12 24,76 1,35 1,64 2,99 71,67 | 25,34 Pri
13 21,24 0,34 2,05 2,39 69,35 | 28,26 PrGl

14 23,61 0,49 2,02 2,51 | 70,83 | 26,66 Prl

15 25,08 1,16 2,00 3,16 | 71,90 | 24,94 Prl

“Soil mark: Prl - silty loam; PrGlI - silty clay loam.

The smallest share of the current humidity is established on
the land no. 1 (19,32 %), while the highest was on the no. 4
(35,39 %). It was found that the proportion of clay particles is in
the range of 22,65 % on the land 2 to 33,49 % on the land. 7. On




this lands soil is silty loam (41,17 %) to sily clay loam texture
(58,83 %). Percentage of particles of clay with silty loam soil
texture ranged 22,65 % on the land 2 to 26,96 % on the land 3. In
silty clay soil texture percentage of clay particles ranged from
27,96 % on the land 5 to 33,49 % on the land 7. Increased share
of clay particles affects a range of chemical and physical
properties of soil. The main characteristic of the clay is swellable,
and when the soil is dry, it is shrinking and decreasing volume.
Clay particles are impermeable to water, have very high plasticity
and stickiness when wet and compact and hard when dry.

2.2. Material of the ploughshare

Standard ploughs, mark ,,A“ are made of the manganese steel
50Mn7. On experimental steels, standard ploughs and for making
your own ploughshares chemical analysis was performed.
Composition of both steel meets the requirements, Table 2.

Table 2: Chemical composition of the basic material and standard and
own ploughshares.

Steel mark . . : 1o
5OMn7 Chemical composition of the basic material, %

EN ;88‘215'2: clsi|m| s | P |cr|Ni|Mo|cul|N
owandard Lo, [o | L | o | o fofo]o o]0
v 45 | 33| 78 | 020 | 024 | 22 | 13 | 04 | 02 | 007
OIZ‘L” ‘r’]"seh'gfeds olol| s |o o lololololo
Pl 55 | 25 | 63 | 027 | 030 | 20 | 12 | 09 | 03 | oo8

Top of the ploughshare is part of plough is most exposed to
reducing the dimensions during ploughing [6]. Except top, wear
is exposed to the back part of the ploughshare blade. For the
continuation of studies were selected: - to weld the top of the
ploughshare with electrode C-Cr-Co-Ni-Si, with hand-arc
process, - to secure back part with inductive melted powder C-
Cr-Co-Ni-Si. Hand-arc process is chosen because of complicated
"the pointed" shape top of ploughshares (top triangle should be
welded from the back side). The outer pard of the ploughshare is
welded first, shaped in the letter ,,V*, and then fills the top of the
triangle (dimensions ~ 150 mm down part, b = 120 mm upper
part in shape of ,V*“). Back part of the ploughshare blade is
welded with the inductive melted powder. Weld width is 20 mm,
thickness is 3 mm. First, inductive device is welding the blade,
and then with the hand-arc procedure is welded top from the front
and the back side. The length of both sides of the top of
ploughshares has the shape of a triangle side (= 50 mm).
Inductive procedure is selected because of the possibility of
achieving evenly distributed layer, evenly thickness and the
speed of the melting procedure on such large lenghts (over 500
mm). Chemical composition of the additional material is shown
in Table 3.

Table 3: Chemical composition of the electrode and metal powder of the
additional material.

Chemical composition, %

C Si Mn Cr Ni Mo Co

3,30 1,49 0,43 24,32 3,13 0,10 3,20

Analysis is performed with spectrometric method on the
device SPECTRUMAT - 750 GDS. Characteristic dimensions of
ploughshares are marked on Figure 1. By controlling the
dimensions before, during and after the ploughing their wear will
be followed. Measuring of the ploughshares ,,a“, ,,b“, ,.c“ and ,,d“
was performed with the caliper, measuring range 0 =+ 200 mm
with the accuracy of measurement (+ 0,01 mm).

Mass of the tested ploughshares will be determined by
weighing on an electronic scale with measuring range to 6000 g
and accuracy + 1 g.
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Figure 1 The characteristic of ploughshares dimensional control: a - the
length of the top of the ploughshare; b - hight of the
ploughshare on front part ; c - hight of the ploughshare on
middle part; d - hight of the ploughshare on back part; I, -
lenght of back part of blade; I, - lenght of upper part of
ploughshare.

2.3. Making of test ploughshares

For the purposes of this research are purchased/constructed
two sets of ploughshares, 8 ploughshares on every plough. Total
of 16 ploughshares. One set of standard ploughshares was
purchased (mark ,,A“) and one set of own ploughshares with the
surface layer of the additional material ,,B* was made, with same
dimensional characteristics like standard one. Standard
ploughshares are purchased from suppliers and on them were
performed tests of the chemical composition, hardness,
dimensional and mass control. With hand arc procedure top of
the ploughshare was welded, and with inductive melting powder
procedure back part of the ploughshare was surfaced. Surface
preparation was performed before welding procedure. In arc
welding process: sanding and degreasing, and in inductive
process: milling of the surface prior to welding. For inductive
welding of the ploughshare metal powder was used, and for arc
welding the diameter of the electrode was @ 4,5 mm. Thickness
of the additional material is around 3 mm. Average surface
hardness of the standard ploughshares ,,A“ is 44 HRC, while on
the welded ploughshares ,,B“ average hardness is around 46
HRC. The characteristic appearance of standard ploughshares
A" is showed in Figure 2, own welded ,,B* in Figure 3.

Upper side

Figure 2 Standard ploughshares ,,A* before ploughing.

Upper side

Figure 3 Welded ploughshares ,,B*“ with basic material 50Mn7, before
ploughing.

3. Test results

Researchs were performed on both sets of the ploughshares, 8
ploughshares on every plough. During the reasearch roller
ploughs were used. Average start lenght of the top ,a“ of
standard ploughshares ,,A“ was 198,50 mm, width ,b* 142,13
mm, ,,c* 127,63 mm, ,,d“ 121,25 mm, while the average lenght of
the top ,,a“ of welded ploughshares ,,B* was 199,63 mm, width
b 143,75 mm, ,,c“ 132,13 mm and ,,d“ 125,63 mm. Control of
dimension change and mass loss of the ploughshare ,,A“ and ,,B“
was performed in three periods: 120, 240 and 360 working hours.

So, the roller plough was used, every ploughshare is
controlled after 60, 120 and 180 hours of work. Before starting
and in any defined time of the research measurement was



performed in order to determine size and weight. Results of
change of characteristic dimension are shown in Table 4, and
results of weight loss in Table 5. Figure 4 and 5 show

ploughshares after testing/ploughing.

T,
B S

Down side

Figure 4 Standard ploughs_hares ,,A*“ after ploughing.

Upper side

Down side

Figure 5 Welded ploughshares ,,B*“ on basic material 50Mn7, after
ploughing.

Table 4: Average dimension reduce of 8 ploughshares during ploughing.

Average reduction of characteristic dimensions

After 60 hours of After 120 hours of After 180hours of
work work work
Ploughshares Nominal dimension a
type Wear Wear Wear
mm % mm % mm %
Standard ,,A* 16,13 8,12 27,38 13,79 39 19,65
Welded ,,B* 6,25 3,14 12,13 6,07 16,5 8,27
Nominal dimension b
Standard ,,A* 563 | 397 [ 925 | 651 [ 1363 [ 959
Welded ,,B* 313 [ 218 [ 6 | 418 | 813 | 566
Nominal dimension ¢
Standard ,,A* 688 | 539 [ 105 | 823 [ 1413 [ 11,07
Welded ,,B* 575 | 435 [ 875 | 663 | 1075 | 814
Nominal dimension d
Standard ,,A“ 613 | 504 [ 1025 | 835 [ 1438 11,85
Welded ,,B* 513 | 408 [ 825 [ 657 [ 10 [ 7,95

Table 5: Average weight reduce of standard and welded ploughshares.

After After After
Ploughshares 60 hours 120 hours 180 hours
type Weight loss | Weight loss Weight loss
g % g % g %
« 678, | 17, 1.
Standard ,,A 355 | 9,04 75 29 | 032,50 26,29
« 381, 708, | 16,
Welded ,,B 5 8,82 75 39 971,25 | 22,45

During research average speed of all tractors was monitored
with chronometer in lenght of 100 m. In all tests the speed of the
tractor is set to 7 km/h. The optimal speed is selected to obtain a
good turn of the furrows. (,,that the ridges along as sheets of the
book*), and to obtain appropriate tempo of ploughing. In the
event of an increase in the occurrence of resistance of soil sensor
in the transmission registers it. The automatic transmission shifts
gears in the lower level of the movement, and has avoided the
manual gear changes. The monitoring has found that during the
experiment speed of tractors ranged from 6,8 to 7,2 km/h. The
controller of high pressure pump adjusts engine speed and in
terms of the major resistance it increased to a maximum of 200
r/min. Size of treated surface is measured with the measuring
tape, and work hours of tractor are measured with the
chronometer, Table 6.
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Table 6: Size of treated surface and work hours of tractor.

Work time, h Treated surface, ha Térlzznocvtgi\lc(:’t%rs

Standard ploughshares ,,A*
120 119,23 120
240 110,23 120
360 101,79 120

Welded ploughshares ,,B*
120 127,36 120
240 113,92 120
360 107,60 120

Plough depth (h,) was determined with depth sonar, while the
plough width (b,) was determined with measure tape, Table 7.
Measures are in both cases performed 30 times with 3 repeats
(total of 90), and it determined the average of depth and width of
plough.

Table 7: Middle values of the depth and width of ploughing.

Depth and width of plough, cm
Tractor’s Standard Welded
work time, h ploughshares “A” ploughshares “B”
ho bo ho b,
120 29,17 163,68 29,67 163,90
240 29,11 163,43 29,57 163,30
360 29,03 163,41 29,93 163,09

4. Analysis of the results and conclusion

Average depth of plough with the standard ploughshares is
29,10 cm. For welded ploughshares ,,B" average depth of
ploughing was 29,71 cm. Analysis of the average reduction of
ploughshares on characteristic parts (Table 4) determined
significantly higher reduction of average dimension of standard
ploughshares ,,A“ in comparision with the welded ploughshares
»,B“. The average weight of standard ploughshares ,,A* before
starting the work was 3.927,50 g, and welded ploughshares ,,B“
4.330,00 g. Average reduction of weight on standard
ploughshares ,,A* and welded ploughshares ,,B“ after 60, 120 and
180 hours was shown in Table 5. On welded ploughshares ,,B“
whose surfaces were welded with combined technique of
welding, there was less wear compared with the standard
ploughshares ,,A“. Wear of ploughshares in sandy clay Prl is
higher than in silty clay loam PrGl. This is consistent with the
results [7] where is stated that the weight reduction of
ploughshares in sandy soil was 30 to 150 g/ha, while the weight
loss of ploughshares in clay soil was 5 to 30 g/ha. The intensity
of the wear of ploughshares during ploughing increases with
increasing the share of sand in the soil and ranges from 90 to 210
g/ha [8, 9].

Table 8: Treated surface, working time and coefficient of utilization of

working time.

. Time of | Loss of .
Tractpr s | Treated tractors | tractor's Totql Utlllzatl'on
working | surface, . working | of working

- clean working - .
time, h ha - time, h time, %
work, h | time, h
Standard ploughshares ,,A*
120 119,23 120 78,39 198,39 0,60
240 110,23 120 74,70 194,70 0,62
360 101,79 120 93,10 213,10 0,56
Welded ploughshares ,,B*
120 127,36 120 50,17 170,17 0,71
240 113,29 120 47,54 167,54 0,72
360 107,60 120 51,74 171,74 0,70

Natsis and colleagues [3] indicate that the ploughing
performance is decreased for 30 % when the thickness of the
ploughshare on blade during wear increases from 1 mm to 6 mm.



Longer life of ploughing tools increases the performance and
the productivity. One of the reasons is less loss of work time due
to frequent changes of the ploughshares [10]. Coefficient of
utilization of working time with standard ploughshares ,,A“ was
0,60 %, 0,62 % and 0,56 %. When ploughing with welded
ploughshares ,,B“ coefficient of utilization of working time (at all
measures 120, 240 and 360 hours) was 0,71 %, 0,72 %, 0,70 %,
Table 8. Based on these preliminary results, an advantage in the
application should be given to the welded ploughshares.
Continuation of research through analysis of relations of
influence of the structure of surface layers of ploughshares
should point out the ratio of carbide in dull core, in order to get
higher performance. We should not leave out either the economic
effects that include not only the direct costs of
development/acquisition of new ploughshares, but also possible
indirect tribological "losses".
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Abstract: The article presents the chisel plow of the new generation developed on the basis of the systematic approach and adaptability
of technological impacts from soil-climatic and agro landscape conditions. The principle of the use of the alternating movement of working
elements for the destruction of the layer in the so-called lines of the least connections was built into the basis of the chisel plow construction.
The chisel plow is multipurpose: it performs the present technological process of soil processing of fields on different depth and spaces between
rows of perennial plants on the depth which is differentially changed distancing from the bole due to the architectonics of the root system
disposition. Working elements of the chisel plow contain the fastened clutches on hinges, the angle of the mounting is determined by the action of
soil resistance forces but the destruction of the layer is executed by differently directed deformations. Researches showed that the chisel plow
qualitatively fulfills the present technological process and corresponds to agro-technical demands. The amount of agronomically valuable
aggregates increases in the arable layer under the processing of soil by the chisel plow. The chisel plow is fairly aggregated with the 7-150K
according to energetic indexes. The decrease in traction resistance (by 12.27%) and specific energy consumption (1.14%) when using the
working elements with self-centered clutches have been observed. There was set the reasonability of the application of the type without
clutches at the deeper tillage, and it is necessary to use the chisel plow with self-centered clutches under the soil treatment on small and
medium depth. To treat soil in arid conditions there was developed the construction of the combined chisel plow presenting the combination
of the chisel plow with a roller. The comparative analysis of technological process indexes testifies increasing the quality under function of
the chisel plow with a roller and unimportant increase of power inputs in normal ranges. According to the acceptance tests on the South-
Caucasian MIS chisel plow is recommended to the application in agricultural production.

KEYWORDS: CHISEL, SOIL, WORKING ELEMENTS, DEFORMATION, TECHNOLOGICAL PROCESS, TRACTION RESISTANCE

1. Introduction

Modern trend of mechanization of agricultural production provides
for the creation of a new generation of machines and aggregates to
treat soil developed on the basis of the systemic approach and
adaptability of technological effects from soil-climatic and agro-
landscape conditions. The solution of the present problem must be
based on the analysis of interaction of working elements with soil,
the choice of optimal parameters and regimes of functioning
allowing us to execute the present technological process with
required qualitative rates under the least power inputs.

2. The problem of the discussion

Under designing the soil-cultivating machines it is necessary not
only to eliminate fluctuations leading to the loss of stability but to
use the alternating movements of working elements to destruct the
layer by the so-called lines of the least links. This method is based
on the principle of operation of working elements of the chisel plow
(CDA-3,6) which is versatile, it executes the specified technological
process of field soil tillage at different depths and between rows of
perennial plants in the depth which is differentially varying as the
distance from a tree (shrub) respectively to architectonics of the root
system disposition.

The working elements of the chisel plow contain the hinged
fastened clutches whose angle of mounting, relatively to the bay with
chisel in cross-vertical plane, is determined by the action of soil
resistance forces but the destruction of the layer is implemented by
differently directed deformations at the expense of alternating
movable elements (clutches). The hinged assembly of clutches with
the bay promotes fluctuations of a working element not worsening
the stability of a machine.

The object of researches is the technological process of soil
tillage by the chisel plow with options of working elements:
clutches are fixed in position "flat cutter”; clutches are not fixed and
self-mounted in the cross-vertical plane under the action of soil
resistance forces transforming the "flat cutter" into the "chisel";
clutches are absent (Figure 1).

Figure 1 — Chisel plow with options of a working element
1 — the chisel plow of the new generation; 2 — position "flat
cutter";3 — position "chisel".

3. Purpose and methods of research

It is known that the energy consumption for basic soil processing
can be around 40% of the total costs on the cultivation of a crop.
That is, these studies are to examine the possibility of reducing the
traction resistance of a machine, and hence the energy costs of
tillage. The reduction of energy inputs is possible with the impact on
soil by differently directed movement of working elements when the
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layer is destructed along lines of the least links. All possible options
(in general type) of working elements for deeper tillage:
transforming with full range of change of the mounting angle (0-
90°) of its movable elements (clutches) in the cross-vertical plane as
well as the flat-cut (mounting angle of clutches 0° and chisel
(mounting angle of clutches 90° or their absence) are exposed to the
comparative analysis on results of agro-technical, energetic and
dynamic assessments.

4. Results of researches
The chisel plow effectively carries out the present technological
process (Table 1) and corresponds to agro-technical requirements.
The deviation of the depth from given one (2,03-2,16 cm) is in
normal range (to 3cm). Some overstated irregularity at depth 19 cm
(11% at admitted to 10%) is conditioned to multifocal uptakes of the

The fixation of clutches in position “Flat-cutting” does not
influence significantly the change of agro-technical indexes
characterizing the quality of technological process of the chisel
plow. At all models of the working element (fixed, non-fixed and
absent clutches) the chisel plow effectively makes the subsurface
tillage with slight cut of the layer in coverage and corresponds to
agro-technical requirements.

Data of comparative analysis of the structural soil content before
and after chisel processing with different models of working
elements (Table 2) testify to the increase of agronomically valuable
aggregate content in layers 5-15 cm and 15-25 c¢m on 8,2-8,6%
using the working element with non-fixed clutches.

Table 2 — Data of structural content of soil

upper layer of soil. With increasing depth to 26.7-33.8 c¢cm the Content of fraction in % from absolutely dry .
unevenness is reduced to 8 and 6% respectively and is within the e soil > &
tolerance (10%). - c 8%
It can also expl_aln the high percentage of ridge fro_m _the depth E?EL c g c c c E g E ol
19cm (28,8%), which however does not exceed the limits (up to Sc & 5 £ £ £ w5 YN |SE8E
- < ! ™ N — o 0O o S S5E
30% agricultural demands). Bo | A | S| b | s | & | d|os| VvV |ZESS
Black soils simple weak humus vigorous light-clayey on loess-like clays
Table 1 — Agrotechnical indexes of the chisel plow Before treatment
5-15 17,7167 |15 |84 |46 | 04 | 104 [10,3 | 72,0
Value of working element option 15-25 1329 |81 |68 |75 [ 67 |34 |24 22 | 649
Index title Clutches are not Clutches are Clutches 25-35 | 216 |79 |88 [95 |00 |52 |36 34 | 750
fixed fixed are absent Clutches are not fixed (depth 27 cm)
Technological Subsurface tillage with slight cut of layer in the 5-15 115|174 6,7 (121 (161 |95 | 88 79 80,6
operation depth of coverage (chisel plowing) 15-25 | 21,0 | 40 (45 |86 | 12 | 82 | 66 59 73,1
Depth of treatment: 25-35 | 31,3 (230 [124 |75 |94 |62 |54 |48 | 639
- average, cm Clutches are missing (depth 34 cm
- average square 19,0 26,7 27,0 338 5-15 53,195 | 56 | 49 8,4g 6p,7 5,9) 59 41,0
deviation, + cm 2,09 214 216 203 15-25 | 25,8 [20,6 [114 [76 [111 [ 84 [ 78 |73 | 669
- coe_ffl_Clent of 1 3 8 6 25-35 | 11,8 |29,6 |19,0 |11,0 |118 | 69 | 51 4,8 83,4
variation, %
Ridging of surface, 55 55 5.4 55 At soil treatment by chisel plow with missing clutches, on the
Percentacgr: ofridge contrary,_ in the layer of 5-15 cm a sharp decrease in the content of
from the depth, % 288 20,6 20,0 16,3 agronomically valuable aggregates (from 72,0 to 41.0%) takes
3041 place, in the layer of 15-25 cm — it remains the same (and 64.9 and
Coverage, m 3251% | Ty 3,2£1% 3.2£1% 66.9%), and increases by 8.4% in the layer of 25-35 cm at the depth
Stubble 60...7 of the chisel plow’s passage.
preservation, % 60...70 0 60...70 60...70 So, it can be marked the increase of amount of agronomically
Degree of weed 100 100 100 100 valuable aggregates in layers 5-15 cm and 15-25 cm under treatment
trimming, % by the chisel plow with non-fixed clutches in the layer 25-35 cm — at
Ii;‘érr“il;"#gc‘t’if;:: missing clutches.
mm, %: - above 35 35 34 40 Therefore, it is advisable to use the option with missing clut(_:hes
50 65 65 66 60 at the deepest tillage, and to use a chisel plow with non-fixed
- less 50 clutches at the tillage on small and medium depth.
Blocking % 3 9 9 8 The experimental studies of energy rates of the chisel plow are
Sealing and shown in Table 3, calculated on the basis of experimental values of
blockage of not observed traction resistance.
working elements The analysis of data testifies to the increase of traction

Ridging with the increase of depth treatment practically is not
changed (5,4-5,5 cm). The absolute value of ridging slightly exceeds
the norm (to 4 cm), but the relative value determining in percentage
from the depth of treatment is within the tolerance. 60-70% of plant
residues (stubble) at admitted 60% and more remain on field surface
after soil treatment by the chisel plow. Weeds were cut entirely.

The chisel plow provides the stable depth of coverage with
irregularity 1% at admitted 2%.

In the treated layer of soil the fractions with diameter up to
50mm (60-66%) with the required 60 or more prevail, and their
number with increasing depth decreases slightly. At the maximum
depth (33.8 cm) some reduction of content in the treated layer the
fractions with diameter up to 50 mm (60%, and on smaller and
medium depth of 65 and 66%, respectively) is conditioned to the
density of the low soil layers and as well as the method of cultivation
of the layer by working elements at a given depth (in the absence of
flat-cutting clutches).

Blocking is within normal range, amount of clots in diameter
more 100 mm in treated layer does not exceed 8-9% at admitted to
20%.
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resistance consumed output and specific power intensity with
increase of depth treatment [1, 2, 3].

It follows that from the analysis:

— increasing the speed of the aggregate from 6,67km/h (1% gear
of the tractor T-150K) to 8,57km/h (3 gear) traction resistance
increases in 1,5 times;

— traction resistance with the increase of depth increases more
intensively than with the increase of speed. So, with the increase of
soil treatment depth in 1,4 times by the chisel plow with non-fixed
clutches the traction resistance increases in 1,7 times.

At soil treatment depth in 27 cm and the option of working on
with non-fixed clutches the traction resistance of the chisel plow is
close to the nominal traction force of the tractor of traction class 3T,
which indicates to the rational consumption of power with specified
operation mode.

In the result of researches there was determined that the traction
resistance of the chisel plow with non-fixed clutches on the depth in
34 cm with clutches insufficient to the capacity of the tractor T-
150K. So, the way of soil treatment with option of a working



element without clutches is rational to use at the deeper tillage (34
cm and more).

On the depth in 19 cm the traction resistance of the chisel plow
is quite less than at 27 cm, the consumed power is lower, the speed
is 6,67; 7,35 and 8,57km/h on 1, 2 u 3 gears, that corresponds to the
norm at maximum traction capacity of the tractor of the traction
class 3T.

Based on the foregoing, we can conclude that the traction
resistance of the chisel plow satisfactorily is aggregated with the
tractor T-150K.

The comparison of energy characteristics of the chisel plow
(Table 4) indicates to the decline of traction resistance (by 12.27%)
and decrease of specific energy intensity (1.14%) when using the
working elements with non-fixed clutches, it supports the hypothesis
that the destruction of the layer along the path of the least resistance
by self- mounting of clutches at the angle of natural soil cleavage.
The increase of traction resistance is conditioned by the increase of
pressure of the soil layer on the surface of working elements in the
option with fixed clutches [4].

Table 4 — Comparative assessment of chisel plow energy rates

Value for option of working
Rate title element
non-fixed clutches fixed clutches
Work rate: -
speed, km/h 6;70 6;70
- depth, cm
_ Traction 32,5243,2 37,07+3,8
resistance, kN
Decrease of
traction resistance, % 12,27 -
Specific energy
intensity, KWt-h/ha 3321 37,76
Decrease of
gpeuﬂ_c energy 114 :
intensity, time

So, the angle of soil deformation on the sides of the chisel plow,
under which the clutches are mounted to loosen the layer, is
determined by the physico-mechanical properties of the treated
medium (humidity, hardness, etc.), we can assume that under other
circumstances, the reduction of traction resistance, and,
consequently, specific energy consumption in the process is more
important than the results of field experiments.

Analyzing the obtained deviation of traction resistance from the
average one (Table 3), it follows to note the decrease of irregularity
with the increase of treatment depth conditioned by the miter of
dynamic influences of the top layer of soil. So the coefficient of
variation of traction resistance at the depth of 19 cm in average
amounts for 14.06%, at the depth of 27 cm — 10,02%, at the depth of
33-34 cm - 8,67%. In this case the average deviation of traction
resistance is not practically changed from speed, depth, and type of
a working element of the garden chisel plow and is in the limits of
tolerance (in average about £3 kN).

Despite the fact that the great cut plant residues remain on the
surface, the topsoil does not have sufficient erosion resistance, as
plant residues are badly crushed, there are areas with large clots of
soil, thereby mulch surface | not provided. These disadvantages can
be eliminated by means of application in the construction of disk
working elements to crumble the plant residues and adjustments to
improve the soil crumbling (rollers). It is necessary to apply the
compaction of the top treated layer by the roller in arid areas,
because the blowing of fertile soil is decreased and moisture is
preserved better because of decrease of intensity of convection-
diffusion flow of vaporous water, the intensity of which will be
higher in loose soil. In combination with disks the rollers create the
insulating layer on the soil surface decreasing the moisture
evaporation.

On the basis of researches there was worked out the construction
of the combined chisel plow presenting the combination of the
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chisel plow with a roller, whose general form is presented on the
fig.2.

The technological process of the chisel plow with a roller is
implemented in the following way: during the moving of the
aggregate across the field the clutches with a bit cut soil on a given
depth, which is crumbled and then is subjected to additional tillage
and crumbling of large soil clots by a roller-ripper with
simultaneous leveling of surface.

Agro-technical indices of the chisel plow with a roller were
obtained [5] at tillage of black soils along stubble of winter wheat.
Relief and microrelief of fields are smooth. Humidity and soil
solidity on the background 2 is in normal range, the background 1 is
characterized by increased solidity and low soil humidity in a treated
layer (Report Nel1-64-12 (1010032) North-Caucaswian MIS)

[
-

4. 2 I. 2
Figure 2 — Chisel plow with a roller:
1 —frame; 2 — supporting wheel; 3 — working element; 4 —
roller-ripper

Agro-technical indices obtained at working elements with
clutches on the depth 13; 20 and 27 cm and without clutches on the
depth 27 and 30 cm. The unit runs steadily by the depth of soil
treatment (deviation of 1.3...3.0 cm).

Agro-technical indices of the chisel plow with a roller are
presented in the Table 1.

Table 5 — Agro-technical indices of the chisel — plow with a
roller

Value of rate for a working element
Rate title with clutches without clutches
(background 1) (background 2)

Depth of treatment:
-average, cm 12,24 | 19,10 | 27,56 | 26,42 | 29,49
- deviation, +cm 1,30 1,76 2,16 1,30 3,00
- coefficient of
variation, % 14,79 | 9,28 7,88 4,92 10,50
Soil crumbling, %:
- size of fractions to
50 mm 76,49 | 63,88 | 57,51 | 7191 | 61,44
- size of fractions
more 50 mm 2351 | 36,12 | 42,49 28,06 | 38,56
Ridging of soil
surface, cm 3,25 4,50 5,03 5,79 5,88
Stubble 5052 | 47,42 | 4330 | 8558 | 8512
preservation, %
Change of erosion-
hazardous soil
particles in the i i i i i
layerof 0..5¢m, | 549 | 276 | 404 | 514 | 519
+%

The quality of soil crumbling is good, the number of fractions
up to 50 mm made of 57.51...76,49%, which meets the agronomic
requirements (not less than 25% in fallow field). During almost at
all operation modes the number of fractions up to 50 mm accounted
for more than 60% with the exception of the variant with clutches on



the depth 27,56 cm (of 57.51%), due to the increased soil hardness
in the treated layer on the given background.

Blocking of soil layer amounted for 3,25...5,88 c¢m, it meets the
requirements (not more than 30% from depth of treatment).

The preservation of stubble on the background of normal
moisture and solidity meets the agro-technical requirements (not less
85%) and amounted for 85,12...85,88%. However, this rate does not
exceed 50,52% on the background of increased solidity and low
moisture, as far as the stubble got spilled in the crack between dry
soil clots.

After the passage of the aggregate the amount of erosion-
hazardous particles in the top soil layer decreased to 2,40...5,19%, it
corresponds to agro-technical requirements (it must not increase).

So, at soil tillage by the chisel plow with a roller without options
of working elements on all regimes the aggregate’s work on all
agro-technical characteristic corresponds to requirements excluding
the preservation of stubble with increased solidity and low humidity
that is connected with arid soil-climatic conditions [5].

The analysis of energetic characteristic testifies to the increase
of speed and depth of treatment the traction resistance consumed the
capacity and specific power inputs are increased

The most traction resistance 41,7 kN at 6,67 km/h and depth 27
cm is explained by the increased soil solidity of the background 1
and by low soil humidity of treated layers that led to the remultiplex
of the layer.

The analysis shows that the chisel plow with a roller due to
traction and capacity rates is satisfactorily aggregated with the
tractor T-150K.

During the operation of the chisel plow with a roller the soil
tillage technological process damages (blockage and sticking) were
not noticed on all regimes, it testifies to the stability of technological
process operation, the coefficient of reliability is 1,0, and it meets
standard requirements (not less 0,99).

5. Conclusion

Researches show that the chisel plow with a roller meets the
requirements due to rates of technological process of soil treatment
and is recommended to the application in agricultural production on
the results of tests on North-Caucasian MIS.

The comparative analysis of agro-technical rates testifies to
increase the quality of crumbling and decreasing of height of ridges
on the surface of treated soil under functioning the chisel plow with
a roller (Table 1 and Table 5), that is the power inputs will slightly
increase (Table 3 and Table 6) and are in normal range. From above
mentioned we make conclusions on reasonability of the chisel plow
modernization.
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Abstract: In the article the essence and content of the concept "rural areas". Investigated the current state and problems of development of
rural areas, identifies the main factors: economic, social and environmental that prevent their development, and the prospects of their

development.
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1. Introduction

Today in the developed world are formed and develop
models of the information society. Economically developed
countries have recognized the priority of development of science
and education as the guarantor of the progressive movement in
the future, building a competitive economy, to meet the
constantly growing needs of the people. So there is a smooth
transition to a new level of understanding of reality that is
characterized by the formation of “knowledge economy”.
Ukraine is also moving in that direction.

Since Ukraine is an agro-industrial state, the development
of rural areas is one of the main priorities of the state policy of
Ukraine aimed at improving the living standards of rural
population, growth of efficiency of functioning of agricultural
production, improve the environment and improve the quality of
life of the rural population.

The state policy of development of rural areas aims to
ensure the formation of favorable institutional, organizational and
economic environment at national and regional levels, to
encourage the establishment of effective mechanisms for
attracting domestic and foreign investment into the country and
to create comfortable conditions for living and work residents of
the Ukrainian village.

In the socio-economic life of the country rural areas hold
a special place. Are home to 31.1% of the population of our state
and accounts for about 90% of its area. The importance of these
territories is enhanced by their exceptional contribution in
establishing food security and increasing export potential of the
country. These and other levers make the development of rural
areas one of the main priorities of the state policy of Ukraine
aimed at improving the living standards of rural population,
growth of efficiency of functioning of agricultural production,
improve the environment and improve the quality of the human
population. Improving the efficiency of agricultural production
under condition of preservation of the environment, overcoming
the economic and financial crisis and social revival of the village
— the processes are organically related. Reform of the agricultural
sector will have positive results in their social direction,
improving living standards in rural areas.

For a long time Ukraine was considered to be a rural
country, even now, despite our achievements in rocket and
aircraft construction, agriculture is an important sector of the
economy and the rural population remains a real reserve of the
Ukrainian society. In Europe there is no country where
agriculture is in the state's economy of more than 3.5 % of GDP.
But in Ukraine, the agricultural sector generates about 11 %
[11].

Using the methodology of systemic-structural approach
allows us to consider the national economy as an economic
system, i.e. as a set of subsystems and their elements, which is
formed from separate relatively independent elements, the
interaction between which determines the occurrence of the
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common qualities and characteristics of a holistic organic unity,

is not inherent in its individual elements . Consider the example

of research on the sectoral structure of the national economy,

which reflects the interaction of the main economic activities in

the country (table. 1).

Table 1 The dynamics of the employed population on branches of
economy of Ukraine, %

Indicators 2010 | 2011 | 2012 |2013 | 2014
Industry 150 | 146 |145 | 138 | 138
Agriculture 4.0 3,6 3,6 3,2 3,4
flecommanications | 13 | 14 | 15 | 15 | 16
Services 79,7 | 80,4 |[804 |815 |82

Services/manufacturing | 4,2 4,4 4,4 4,8 4,7

Services/ agriculture 199 | 223 | 223 | 255 | 23,9

Services/ information 61,3 | 574 |536 | 54,3 | 50,8

Agriculture / 3.1 2,6 2.4 2,1 2,1
information

It is worth noting that the share of employed population
in services and information between 2010 and 2014 each year
increases, which indicates the dominance of the sphere of
information products and services, i.e. information and
knowledge become important factors that affect the
competitiveness of the economy. The share of employment in
agriculture of Ukraine on the average for 2010-2014 was 3.6 %.
The share of employment in services in 2014 is 24 times higher
than the share of employment in agriculture.

2. Status and problems of development of rural
territories of Ukraine

Recently, the concept of "rural area" is widely used in the
scientific literature, but also to determine the nature and content
yet dominated by highly specialized approach, namely the "rural
areas" is:

- economical-ecological category, regional-territorial unit
with the specific climatic, socio-economic conditions where
economically and environmentally balanced and energy are
interrelated the various resources (natural, labour, material,
energy, information, financial, etc.) to create the total social
product of a particular territory and a full-fledged living
environment for present and future generations [5];

- country area specific natural, economic, administrative-
territorial parts of the country;

- the resource base for agriculture;

- two-component concept that reflects the characteristics
of the empirical object, has a significant number of features with
complex internal structure;

- the combination of production and economic, political,
social, and natural components that are subject to local



governments, public authorities and the regulatory impact local
communities, businesses and the public;

- the physical territory within which are the
representatives of the flora, fauna and man as a biosocial
creature;

- rural part of the territory, within the space [2].

The study of literature and own research allows to
allocate the following factors influencing the development of
rural territories of Ukraine: economic, social and environmental.
Identified the key problems of development of rural territories of
Ukraine, which is represented in Fig. 1

PROBLEMS OF DEVELOPMENT OF RURAL TERRITORIES

- monofunctionality agricultural sector;
- outdated farming methods;
- disparities in agricultural production

ECONOMIC

- worsening of the demographic
situation ;

- low level of quality of life;

- high unemployment;

SOCIAL

Particularly acute today is the issue of social development
of rural areas for social welfare of rural people depends on the
further development of rural areas. For the analysis of the social
component of the knowledge economy rural areas need to
consider the following indicators: demographic, infrastructure,
security, living standards, security of human and intellectual
resources. The current state of social condition of the village is
given in table. 3

Table 3 The main indicators of social development of rural
territories of Ukraine

Indicators 2010( 2011 | 2012 2013 2014
The share of ru!’al population 313| 32 313 311 31,0
in total population, %
The life expectancy of the 60.02] 69,76 | 6975 | 69,88 | 69,72

rural population

The number of preschool
education institutions, 8,5 9,0 9,2 9,4 9,3
thousand units

The enrolment of children in
institutions (percent of
number of children of
appropriate age)

33 35 37 41 40

The unemployment rate of
the working population in 71| 75 7.4 73 9,5
rural areas %

The gap between the money
income of 20 % most and

- soil degradation;
ENVIRONMENTAL - - - .
- distribution of erosion processes;

Fig. 1. Problems of development of rural territories of Ukraine
(compiled by the author)

2.1. Economic aspects of the study of development of rural
territories

The current state of development of rural territories of Ukraine
reflect the macroeconomic indicators for 2010-2014 (table. 2).

Table 2
Main economic indicators of development of rural territories of
Ukraine

Indicators 2010 | 2011 2012 2013 2014
Agricultural production, | 19,9 | 2337 | 2233 | 2529 | 251,
bin. . ; ' ; /
The GDP share of
agriculture in total GDP, 74 8,1 7.8 8,7 10,2
%
Agricultural GDP per
capita, thousand UAH. 301,1 [368,8 |357,8 434,3 477,4
The index of selling
prices of agricultural
enterprises, % to the 130,0 |113,6 |106,8 97,1 214.3
previous year
The rate of growth of
production of 985 (1199 | 955 | 1133 | 994
agricultural products, %
to the previous year

2.2. Social development of rural areas

- labour migration of the rural 20% least well-off 3,6 35 3,3 3,2 3,2
population; population of rural areas,
- the decline of social infrastructure Since i
- low life expectancy; Tr_}e share of ru_ral population
- low level of education ; path monetary ncomes 265| 244 | 242 | 214 | 202
low level of information security minimum, %
The share of rural population
- deterioration of environmental \t’)‘"th monetary Incomes 265| 244 | 242 | 214 | 202
situation: elow the subsistence
! minimum, %
The presence of the housing
o e . stock in average per person 26,4| 26,8 27,2 | 275 | 276
- application of fertilizers; living in rural area, m2
- I0\_N level of current e_xpendltures on Average monthly nominal
environmental protection wages of agricultural 1472| 1853 | 2086 | 2340 | 2556
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workers, RS.

The share of employed
population in agriculture in 40| 3,6 3,6 3.2 34
total employment, %

The level of education of

personnel, % 265

26,7 29,2 | 30,0 | 30,6

Having considered the indicators of social development
of rural territories of Ukraine, it is worth noting that the rural
population over the period 2010-2014 decreased by 2.5 %, the
birth rate remains approximately at the same level, while the
mortality rate greatly exceeds. Population decline is a
consequence of the continuous outflow of economic active
sectors of the rural population, which in turn caused weak
development of rural areas.

In rural Ukraine there is a low security network of rural
educational institutions. During 2010-2014 in the villages was the
number of schools was reduced by 8% due to the reduction of
school-age children in the village.

The deterioration of the situation in the village is also
associated, in particular, low quality of health services and
unequal access of different segments of the population. Acute
problems are a shortage of medical facilities, trained medical
personnel, low level of equipment of medical institutions, lack of
ambulances and the quality of the roads.

A characteristic feature of Ukraine at the present stage is
the growing poverty among the working population. On average,
23.3% of the farmers have incomes below the subsistence
minimum. Also the ratio of incomes between the richest and the
poorest peasants in the Ukraine is extremely high and an average
of 3.4 times.



Negative trend of formation of labor potential of
agriculture is a gradual reduction in the numbers employed in her
youth. In 2010-2014, the number of employed in agricultural
production has declined by 11.3 thousand persons, or 8.9%. The
employment rate of young people in the region on average was
0.24.

Social infrastructure of the village is to satisfy the vital
needs of a leading productive force of society — the person, and
thereby contribute to the development of rural economy. The
absence of important structural elements of the social sphere is
the cause of a mass outflow of labor force from rural areas and
decline of rural areas.

2.3. Environmental factors of development of rural
territories

From the point of view of ecology, sustainable
development of rural areas should ensure the integrity of
biological and physical natural systems, their viability depends
on the global stability of the biosphere. Of particular importance
is the ability of such systems simultaneously and adapt to various
changes, instead of storing in a static condition or degradation
and loss of biological diversity.

In Ukraine in the agricultural turnover is about 80% of
the arable land, whereas in countries with intensive development
of agriculture is much lower (Germany: 67%, France 61%,
United States — 43%, UK 35%). The high proportion of tilled soil
is a negative phenomenon for our country, for two reasons: first,
it promotes the loss of humus; second, the evidence
predominantly extensive agriculture and low level of culture of
agricultural production .

Brought ecologically valid ratio of the area of arable land,
natural grassland, forest and water areas that adversely affect the
sustainability of the agricultural landscape, causing the
degradation of soil and is a real threat to economic security in the
agricultural sector.

Evaluation of indicators of ecological safety of
development of rural territories of Ukraine in 2010-2014 is
shown in table. 4.

Table 4 Indices of ecological safety of rural territories of

Ukraine
Figure 2010 |2011 [2012 | 2013 | 2014

IThe coefficient of ecological
stability of land use, points 040 | 040 | 040 | 040 | 0,39
Coefficient of anthropogenic
load 3,53 3,53 3,52 3,52 | 3,53
Coefficient of atmospheric

ollution 8,10 8,20 8,70 8,00 | 7,70
Level the plowed farmland 078 | 078 | 078 | 078 | 078
[The ratio of capital expenditures 064 | 051 | 057 | 024 | 035
lon environmental protection ' ' ' ' '
The ratio of current expenditures
lon environmental protection 036 | 049 | 043 | 076 | 0,65
IThe ratio of costs for air

rotection 0,004 | 0,01 0,01 0,02 | 0,01
Number of employees industry
agriculture, working in
conditions not meeting sanitary- ATT | ATT | 425 | 425 1369
hygienic norms, thousand people
% to the account of payroll
employees in the industry 83 83 8,7 8.7 8,7

Ukraine is the poorest of the water resources of Europe
and is one of the regions with significant anthropogenic pressures
on water sources and lack of sufficient fresh water. The
coefficient of purity of the water used in agriculture is very low —
0,01. The coefficient of water use efficiency is also low, at 0.1,
besides, tends to decrease. Under the influence of chemicals in
agricultural production, land drainage, water resources are
undergoing significant changes.
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Now most countries are trying to reduce the negative
environmental impacts of farming, translating agricultural
production on organic principles of growing of crop production.
Ukraine has also introduced organic farming.

3. Directions of improvement and development of rural
territories of Ukraine

Also a significant problem of rural development of the
agrarian sphere as ecosystems of knowledge economy is the lack
of financial resources. However, even existing resources are not
always effective and are not earmarked in the development of
rural areas. To solve problems and improve the condition of rural
areas requires the following actions Fig. 2.

DIRECTIONS OF IMPROVEMENT AND DEVELOPMENT OF
RURAL AREAS

- beginning and development in rural areas
agricultural business;

- the active involvement of people from the
cities for doing business in the village;

- technological upgrading of agricultural
sectors;

- development of information and consulting
support of agricultural producers

ECONOMIC

- overcoming the negative demographic
processes ;
- balanced state policy in the field of medical

services;

SOCIAL .
- the employment of rural population,
cooperation and small business in the niches

that are left out of the field of view of
agricultural holdings;

- improve rural education and infrastructure;

- the creation of United territorial communities;
- the restoration of social engineering and

- rational use of natural resources

- environmental protection

the development of the recreational potential
of rural areas

- introduction of modern green technologies
- development of organic production

- conservation of forests.

ENVIRONMENTAL

Fig. 2. Directions of improvement and development of rural
territories of Ukraine (compiled by the author)

The above steps will help form a favorable climate and
ensure the development of rural territories of Ukraine. For rural
development, Ukraine should pay attention to the European
counterparts, namely, interest (motivation) of employers in the
transfer of production capacity of enterprises in rural and
peripheral areas. The impetus for the development of the village
is the construction of new and rehabilitation of existing roads.
Should also work on implementation while promoting the
development of rural areas of advanced models of self-
organization and training for distribution business as it was



carried out during the reform of rural areas of the Nordic
countries.
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EXPERT APPROACH IN ANALYZING THE NECESSITY OF IMPROVING THE
PLANT GROWING TECHNIQUES IN DRYING UP AND WATER SCARCITY

CONDITIONS
Mitev G.V.

EKCIIEPTEH IIOAXOO ITP1 AHAJIN3 HA HEOBXOAMMOCTTA OT YCBbBBPIIEHCTBAHE HA
TEXHOJIOIT'MYHUTE ITPOLIECHU B YCJIIOBUATA HA 3ACYIIABAHE U BOAEH JEOUIIUT
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Abstract: The production of agricultural products in the conditions of droughtdrying up and water scarcity is accompanied by the
use of insufficiently complete and reliable information. In doing so, problems arise that are not well structured, have many outbound links,
and virtually do not lend themselves to algorithmization. The production of agricultural produce requires the possession of complex
knowledge and skills, compliance with a number of environmental conditions and market conditions. For these reasons, justifying the need to
improve technological processes from a technological point of view is an important step towards validating innovative solutions. An expert
group was set up to assess the efficiency of applying advanced technological processes to the cultivation of trenches.

KEYWORDS: TECHNOLOGY, EXPERTS, AGRICULTURAL LAND, EVALUATION CRITERIA

Introduction
The production of agricultural produce in drying up and water
deficit is accompanied by the use of insufficiently complete and
reliable information. In doing so, problems arise that are not well
structured, have many outbound links, and virtually do not lend
themselves to algorithmization. In the studied technological
processes, the alternatives are the following:

1. Maintain the application of the technological processes of
soil tillage, sowing and use of water for the needs of plants
at the level of their classical performance. This includes:

a. Spreading of mineral and / or organic fertilizers on the
soil surface;

b. Yearly deep plowing, mainly in the direction of the
slope;

c. Using classic seed drills for precise sowing, seeding
the seeds in one row;

d. Using water for plant needs according to falling
rainfall and / or after applying some of the types of
irrigation - where possible by sprinkling, gravity,
improved gravity, drip, subsoil but without improving
storage conditions.

2. Partial replacement of machines in existing complex
technological lines (KTL) for soil treatment, sowing and
water use for plant needs (irrigation);

3. Complete renovation of the KTL for the aforementioned

technological processes, meeting the requirements for
protection of the soil and water resources, preservation of
the soil fertility and increase of the yields.

The application of modern technologies for agricultural production
requires the possession of complex knowledge and skills,
compliance with a number of environmental conditions and market
conditions. For these reasons, justifying the need to improve
technological processes from a technological point of view is an
important step towards validating innovative solutions.

The selected criteria allow for an overall assessment of all the
essential aspects of the alternatives by meeting the following
requirements:

Clear and accurate formulation of selected indicators that provide a
clear understanding of all members of the expert group, provided
they work fully independently of each other;

Mutual independence of the criteria;

Minimum number of criteria that can assess alternatives with
sufficient accuracy for the study, Table 1. The final number of
criteria is determined after determining the weight ratios, R
[2,10,11,12].

The technological processes of soil cultivation, sowing and use of
water for plant needs can be formalized with a number of factors
whose levels form an ever-increasing set of factors. This division is

cp!

conditional, as some of the factors can be considered as continuous
or discreet.
Tabauna 1. Kpurepuu 3a olieHsIBaHe Ha alTepHATHBUTE

Criteria

No: Descrfiption Criteria content (Criteria

content (explanation)

1 2 3

1 Scale of application Q The area of arable land
(volume of production) that can be cultivated

Opportunity to develop
2 Technological abilities T promising technology
to reduce the number

of soil treatments
Influence on  the Ability to raise a
already applied (up to higher level of
now) technological technical and

3 Processes. B | technological

opportunities for soil
cultivation, sowing and
water use for plant
needs.
Management and Opportunities for
technological proper organization in

4 prerequisites for \ O | the implementation of
|mprovem_ent of the optimized
technological .
processes. technological

processes. Engagement
and commitment of all
participants according
to the final results
obtained.

5 Possibilities for | M, | Are used machines
universal use of the included in other TCM
machines during the examination

period of vegetation
Possibilities for Likelihood of
technical and achieving the technical

6 technological success Yr and technological

indicators ~ of  the

machines according to

the specified

agrotechnical

requirements
Probabilities for

7 manufacturing or Ability to reorganize
dellvqry of the tested I and / or use already
machines for used  units  and
optlmlzathn of the a P
terchnological ggregatqs or new
processes. construction machines
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Has the number of
Hkonomuuecka passes on the soil
8 eexTHBHOCT or | M3 | syrface been reduced?
YCBBBPIICHCTBARC  Ha Is the volume of soil
E;ﬁizzzmqmm that is used by the root
system  of  plants
optimized? Is it
possible more
effectively to use water
from natural rainfall?
Possibility to further
9 Hxonomiriecka Un | significantly increase
flepeniekTHBa the interest in the
improvement of the
technological
processes.
10 BepositHocT 3@ | Yy Competitiveness  on
MKOHOMHHCECKH yCIex exit to the external
market and risk factors
The availability of
11 Kanposa obe3nedenoct K qualified specialists to
show ways to improve
technological
processes

Practically, a mixed type scale is used to evaluate the criteria in
Table 2. It is a continuous scale divided into several areas. For each
of these areas the characteristics of the assessed criterion are
formulated [1, 3, 4, 8, 17,].

Table 2. Continuous (1.00-6.00) Scoring Criteria (Sixth
scale)

E Qualitative characteristic

valuation

1 Totally inappropriate

2 Inappropriate level. It may be an obstacle
to optimizing technological processes and
introducing new technology

Critical area. Part of the technological,
technical and economic criteria do not meet the set

3 | agrotechnical requirements.

4 Insufficient good but still acceptable level,
in accordance with technological, technical and
economic criteria.

5 Good and completely satisfactory level

Very good level of the optimized
technological ~ process  criterion  considerably

6 | exceeding the level of the relevant criterion in the
classical performance

The expert group includes the most competent specialists. Of these,
the most reliable estimates are to be expected. The procedure for
formation of the expert group is as  follows:
Drawing up a list of questions and criteria on which expert advice
should be obtained.

Drawing up a list of possible experts.

Send the list to each of the experts, asking them to comment on
which questions they can answer competently.

The expert group shall be composed in such a way that each
question can be evaluated by at least one expert. According to the
literature, the number of experts is at least 15, [4, 8,15,16,17].
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After obtaining and ranking the proposed technological solutions
for optimization of the technological processes in the conditions of
drought and changing climate, the results are presented in an expert
ranking table.
Based on the assumption that some of the contributing experts are
unable to evaluate the proposed technological and technical
solutions from the aggregate examined, the resulting primary
preference matrix will be incomplete. Summing on the basis of the
sum of the ranks gives unreal results. To overcome the difficulties
resulting from incomplete ranging, the method of Gordon and
Hayward was used [8,16,17].
The following symbolic symbols have been entered for this
purpose:

x;; the rank that the expert has attributed to this jth
technological solution;

n - the number of technological solutions evaluated;

m- the total number of experts involved;

m; M_j - the total number of experts who evaluated the i
technological solution.
Determine the average rank of each of the technological solutions,
R

cpj
_ Tic1 DXy
Repj = =5 @
Determination the arithmetic mean S, , of all rankings
, X ZxjRey sy
Scp.,qz— (2)

Xmj-n
Determination of dispersion
technological solutions

_ Y[R Zxy]-Rp X Xy

SZ

& Of average ranks for all

Stp. = — @®)
Determination of average B for technological solutions
_ (Em)’-xm?
T (-DIm j @)
Determination of average reliability y in single ranging
Sczp-uv_stzpvpv (5)

V=2, +61sE,,
Determining the reliability estimate y; of each technological
solution

ml-y
=Y 6

Yi 1+(m;—1)y ©)
Determine the actual rank rating @; of any technological solution

a4 = ch.(l - yi) + yich.}' Q)
In the case of unrelated ranks, the coincidence coefficient W is

determined by the formula.
1212

w = m2(m2-n)-m Z}l:l T; (8)
Where n  is the number of technological solutions evaluated;
m - the total number  of  experts involved;
L - the consistency of the opinion of the experts;

With the full consistency of expert opinion, the sum of L? has the
maximum.

1
T 12m2(m3-n)

T =X () —t;) (10)
where ¢;; is the number of iterations of each i-th rank in the j-rank.
The coincidence factor takes values in the range 0 < W < 1. With
W=0 there is a complete inconsistency in the expert opinion, and
with  W=1 - there is a full agreement of their opinions.
The significance of the coincidence factor is checked by x?2, as the
number of factorsen > 7. (n=11)

x:=mnh-1DW
With a true zero hypothesis H,: W=0 and the magnitude of A2, we
have a A2distribution with degrees of freedom k = n — 1. In the
case of x2>yxZ., the hypothesis H, is rejected and the
coincidence coefficient is significant.

L? ©)



The main treatment of the soil as a technological process can be
done in several ways, Table 3.

In the conducted experiments a comparison of the eight ways of
cultivation of the soil is made. Take the deep plow for control. The
reason to assume control is the massive and annual application.
For ease of processing the results, the comparing technologies are
presented in Table 3.

The experiments are carried out on areas of the same size, similar
relief and uniform soils. The type of soils belongs to the group of
carbonate chernozems, which are characteristic of the region of
Northeastern Bulgaria. The size of the parcels surveyed is
determined by the accuracy with which the parameters of the
experiment have to be read.

According to the accepted dimensions of the investigated sections,
the working machines with the appropriate working width and the
wheeled power machines with the necessary weight class are
selected.

Table 3. Coding of comparing methods for soil treatment

No: Type of the soil Code Period of Statement
tillage conducting
1 2 3 4 5
1 Owvnboka opaH c A Annually Control plot
nemexeH nnyr
2 | Obn6oko Comparison
paspoxkBaHe Mo Annually
usanaTta noBbpPXoCT B
noysara ypes
paspyLuaBaHe
MOYBEHUS CNon Ha
ronemMuTe NnoYBeHu
arperaTu
3 abnboka opaH + C Annually Comparison
npoabnboyasaHe
4 npoabnboyasaHe D Annually Comparison
+ nbnboka opaH
5 | npoabnboyaBaHe
C BHacsHe Ha In every 5 years Comparison
BOJOAKYMYnNupaLLm E
matepuanu (BAM)
+ nogpasHsiBaHe +
nbnboka opaH
6 | obpaboTBaHe Ha Annually,
noysata B WBMLM F (included into Comparison
6e3 BHacsHe Ha the crop
MUHepanHu rotation)
TopoBe
7 obpaboTBaHe Ha Annually,
noysara B MBMUM C G (included into Comparison
BHacsiHe Ha the crop
MUHepanHu wu/vnu rotation)
opraHv4Hu TopoBe
8 OuckoBaHe H Annually Comparison
9 Hyneso | (included into Comparison
obpaboTBaHe Ha the crop
noysaTta rotation)

§ = 1200da

ol

| 8 =405da

MONENK

Fig. 1. Intensive grid for making measurements in field
conditions

In the conducted study we study separately the influence
of the different ways of soil treatment on the content of organic
matter and the yield of plant production. The processing of the
experimental results is carried out according to the methodology for
carrying out one-factor dispersion analysis. The analysis is
performed separately for each of the parameters - organic matter
and yield. The studies for each of the parameters were conducted
with 5 (five) parallel (repeat) experiments - one per marketing year.
The results of the experiment are presented in tabular form, with an
individual table being formed for each individual parameter of the
study. The data are processed by the dispersion analysis
methodology
If the influence of the factor on the research parameter is proven, an
optimization task should be solved. The aim is to establish in which
of the studied soil cultivation technologies the maximum values of
the organic matter in the soil and the yield from plant production are
observed with minimum values of the erosion index. To solve this
task, the methodology is used to form a general optimization
criterion through a desirability function. Each of the criteria (the
parameters studied in the dispersion analysis) is involved in the
acquisition of private desires of function, which then determine the
generalized function of desirability. The desirability scale ranges
from 0 to 1, with the value 1 (unit) of the generic desirability
function corresponding to the best possible value of the parameters.
Exposition
The applied method of expert assessments is intended
To verify the ranking of the eleven criteria relating to the three
alternative soil cultivation technologies presented. The method
makes it possible to identify the most important criteria according to
the experts for each of the technologies to be observed in their
application.
The results of the fourteen expert surveys are presented in Tables 4,
5 and 6.
The sum of the rankings of the individual criteria is indicated in the
last column of each of the three rank matrices. By incorporating this
amount into a dedicated methodology, two main elements of this
assessment are identified. This is the consistency of the experts'
opinions on the given criteria and the ranking of these criteria of
significance.

Table 4. Ranking matrix for alternative 1

The duration of the study was 5 consecutive years during which the
results of the experiment were observed. With regard to one of these
the yields, the research by a number of authors suggests that such a
length is statistically sufficient to track a trend.

Measurements shall be made for each of the surveyed agricultural
areas for each of the years mentioned.

From the preliminary tests with a soil penetrometer, it was found
that in a five-fold repetition of the measurements at one point, the
average relative error was less than 5%. This is a reason to assume
sufficient five times repeatability at each of the nine measuring
points from the "intensive grid" of the surveyed agricultural area,
fig. 1, [6, 14].

Exp
rt
O BT T IR I s
1 2 3 4 5 6 7 8 9 10 1 2 3 4 ) X
j=1

Cri

eria
9 6 8 7 9

X1 10 10 3, 10 s 1 118
5 9 6 5 5 9 5 5 8 5 5 5 5 0 5
5 9 7 9

X2 10 1 109
5 9 6 5 4 9 5 8 8 8 5 5 5 0 5
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4 4 9 4 8 6 8
X3 3, , s 71, X10 s , s s , 1 6,
2 5 7 2 3 5 8 5 5 5 4 5 5 5 8 5 8 7 5 7 0 8 3 5 99
4 6 4 7 9 8 6 8 6 7
X4 y s , s X11 s s s , , , 6, 106
4 5 5 5 5 8 4 5 5 78 9 5 9 5 5 5 8 7 5 7 5 8 5 5 5
4 1 "
875
X5 s , 69, Z
6 8 1 9 3 8 4 5 5 5
- 9 6 s 4 Table 6. Ranking matrix for alternative 3
5 5 7 3 5 5 4 4 5 75 Excrie
T
4 6 4 4 n
1 1 1 1 1
X7 2, , ) 3, , ) 63, 1 2 3 4 5 6 7 8 9 0 1 2 3 4 ) X
2 5 2 5 5 5 4 5 5 5 =1
Kpu
1 puiit
X8 10 1, )
2 1 5 2 1 5 2 1 5 31 5 3 5 1 3 5
X1 , y s 0, , ,
9|7 6| 6|5|6|5|6|9|5|9| 5| 9|5|5]| 5] 106
X9 10 10 , )
6 8 4 9 5 5 5 5 5 97
9 5 5 5 5 9 5
X2 , | o N T I T
9 4 6| 6|5|6|5|0o]9|5|5| 8|9|s5|5]5 5
X10 ) 2, 1, ) 47,
5 5 4 2 3 5 1 2 5 5 5 3 1 3 3 3 3
X3 , o , , o] ez
9 9 6|6|5|6|5|5|5|5[3|5|5]|4|5]|¢5 5
X11 ) 10 s 1
6 8 7 9 5 5 8 5 0 105 2 1 7 2 3 7
i X4 , , o 2, | . |,
Z 866 2|5|6|6|5|6|5|5|3| 5|5]|4]3]s 5
2 2 1 2 3 1 1 2
. . - X5 ’ ! ! ’ ’ ! ’ !
Table 5. Ranking matrix for alternative 2 2|5 |5|6|5|6|5|5[3|5[5[5]|5]|5]| 4
Exene 2 9 2| 5[5 3 1] 5
3 ) X6 , , N T R I A ] es,
1 1 1 6 6 5 6 5 6 5 5 5 5 5 4 5 5 5
3|als|e|7]s . o ;x
2 1 3 1 1
Kpu X7 s , s , s 21,
puitit 2 1 5 5 5 5 1 1 1 1 1 5 2 1 5
1 7 9 9 9 1 9 9
X1 0, 1 s 6, 102 X8 1 s , , 0, s )
4 4 8 3 4 5 0 5 5 5 0 6 5 6 5 6 9 5 9 5 9 5 5 9 122
8 1 1 9 9 9 9
X2 , 1 0, X9 1 1 , s , s , 104
9 5 8 4 8 7 0 4 5 102 0 0 6 5 5 2 5 5 9 5 9 5 5 9 5
4] a2 3 9 9 9
X3 s , s s 6, 53, X10 1 s 1 , s 112
5 5 5 2 5 3 4 3 5 5 6 0 6 3 5 0 9 5 9 8 9 5 5 9 5
4 4 6 3 7 9 9 5 9 5 5
X4 ) , ) , , 72, X11 1 1 , , 1 s , ) ,
9 5 5 5 5 3 4 5 3 5 0 0 5 4 5 0 9 5 9 8 3 5 5 5 108
4 8 6 1 7 896
X5 s , , s s Z 5
5 5 1 5 8 3 5 5 2 69
; —— Typical of the three tables is the association of ranks in
X6 6 | 70 | them. This shows that experts can not confidently differentiate the
15| 8|5]|5]| 7 4 3| 5 5 significance criteria. From the values obtained for the co-ordinating
factor, dependence (11) that are remote from a unit, it becomes
4112 1 clear that there is little consistency in their views. A little better
X7 I I . 21, . - ] .
slelalal ol . o p con5|ste_ncy between expe'rt opinions is observed with respect to
alternative 3, where the ratio is the highest.
4 4 6 7
X8 N , 1 | s w; =0,361
5 5 8 5 8 7 0 5 5 93 M/2 = 0,348 (11)
4 1] 4 3 1 7T 1 W3 = 0,582
X9 N o o However, this incomplete agreement between experts is
5|5|5|2|5] s 7 5| 5| 8 considered to be significant because in all three cases Pirson's
calculated criterion (12) is greater than its table value:
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x? =139,63 > x¢(s5.10 = 183
X5 =139,65 > x¢ 5,10 = 18,3 (12)
X5 =139,42 > x¢ (5,40 = 183

From the chart diagrams presented (Figures 2.a, 2b and
2.c) one can see what the influence of the criteria in each of the
technologies is, according to expert assessments.

Tx; 140

120 ——

100 -

20 -

x1 x2 x11 x9 x4 x6 x3 x5 x7  x10 x8

Fig. 2a. Rank diagram of alternative 1 (Maintain application of
the main technological processes soil cultivation, sowing and use
of water for the needs of plants at the level of their classical
performance)

120
Ix;

100 -

80

60

40 - I

20 -

0

x11  x1 x2  x10 x8 x9 x4 X6 X5 X3 x7

Fig. 2b. Alternative Ranking Chart 2. (Partial replacement of
machines in existing Complex Technology Lines (KTL) for soil
treatment, sowing and use of water for plant use)

Sx; 140

120

100 -

80 -

20 -

x8 x10 x11 x1 x9 x6 x3 x4 x5 x7

Fig. 2¢c. Ranking charts: c) - Alternative 3 (Complete renovation
of the KTL for the above-mentioned technological processes
meeting the requirements for protection of soil and water
resources, preservation of soil fertility and increase in yields).

The chart of alternatives 1 (Figure 2, a) has a linear
character, which justifies each of the criteria being
considered significant, but the criteria xg, (U);] _3) can
be given preference; x;9 (¥,) and x;(I1 _10 because they
have the smallest sums of ranks.

When assessing alternative 2, it is first necessary to have qualified
specialists x;to show how to improve the technological processes
followed by the possibility of processing large areas x3. The ability
to raise a higher level of technical and technological opportunities
for soil cultivation, sowing and water use for plant needs is among
the top three priorities.

The possibility of reorganizing and / or using already used units
and aggregates for new machine constructions x;, is not preferred.
First of all, it is possible to reduce the number of passages on the
soil surface, optimize the volume of soil used by the root system of
plants and the possibility of more efficient use of water by natural
rainfall.

The two diagrams (Figure 2b, Figure 2c) are distinguished by their
parabolic character, which allows the criteria to be grouped into
weak and strongly influential. In both alternatives, the group of
highly influential ones consists of the same criteria - x3, x4, x5, X¢
and x,, arranged in a different sequence, without the last of them. It
is evident from the sum of the ranks that the criterion x; has the
greatest significance for both alternatives.

Because of their innovativeness, the technologies described as 4, 5,
6, 7 and 8 (Table 3) are still not applied in mass production. The
interviewed experts determine first of all technologies 6 and 7,
Table 3. Secondly, there are technologies for soil treatment in
stripes and introduction of WAM. After further clarification of the
advantages and disadvantages of each type of soil treatment, the
experts rank the merged deep soil treatment at one of the last sites.
The survey also shows that it is imperative to supplement the TCMs
with a new generation of machines that are consistent with the
objectives of protecting soil and water resources while preserving
and/or increasing soil fertility and yields.

Experts express two important agreed opinions on the importance of
applying alternative technologies and the degree of risk that is real
in drought and changing climates. They categorize risk conditions
in five groups.

Group 1. Factors not influencing the risk
Group 2. Factors influencing poorly the risk category;
Group 3. Significant risk factors;

Group 4. Sufficiently important risk factors to be subjected to
permanent control;

Group 5. Very important risk factors.

The analysis shows that 85% of all factors are classified as
significant, sufficiently important and very important risk factors,
fig. 3.

category;

Hlpynal
B pyna?2
lpyna3

mlpynad
mlpyna5

36%

Fig. 3. Division of risk factors into groups of significance

When assessing alternative 1, the experts rank first the criterion

xg (denoted as 1z in Table 1) decrease in the number of passe
on the soil surface, competition on exit to the external market,

n assessment of the activities to prevent or mitigate the effects of
the negative effects of the listed factors is also presented, fig. 4 and
Fig. 5.

x10 (W1 of Table 1) The possibility of processing large areas,
secondly - the possibility of raising a higher level of technical
and technological possibilities for soil cultivation, sowing and

use of water for the needs of plants.



Evaluation scale

1 2 3 4 5 6
Changes in purchase prices
Control of the crops conditions T
Use of second crops \
Considering the type of crop
with soil-climatic conditions P
Change varieties 7

1 2 3 4 5 6

Evaluation scale

Fig. 4. Activities that offset the use of risky technologies
It is important for agricultural production that it is not immediately
possible to set a sharp boundary between risk prevention activities
and those that offset the use of conventional practices in
technological processes, fig. 4

Group 1 Group 2 Assessment scale
1 2 3 4 5 6
Reduced use of Conduct
mineral fertilizers | effective
technological
control
Application of Carry out

intermediate
(green) crops

analyzes of the
main resources

Reducing the
number of soil

Reducing the
deviations from |

treatments the set
manufacturing
technology

Conduct a proper | Testing of

crop rotation alternative
technologies on
small areas

Preliminary Insurance of

protection of crops

sowing and

planting material

Using biological

methods to speed
up the production
of organic matter

Use of appropriate
technique

1 2 3 4 5 6

Assessment scale

Fig. 5. Risk prevention activities  group 1; group 2

Conclusion

Because of their innovativeness, the technologies described as 4, 5,
6, 7 and 8 (Table 3) are still not applied in mass production. The
interviewed experts determine first of all technologies 6 and 7,
Table 3. Secondly, there are technologies for soil treatment in
stripes and introduction of WAM. After further clarification of the
advantages and disadvantages of each type of soil treatment, the
experts rank the merged deep soil treatment at one of the last sites.
The survey also shows that it is imperative to supplement the TCMs
with a new generation of machines that are consistent with the
objectives of protecting soil and water resources while preserving
and / or increasing soil fertility and yields.

It is important for agricultural production that it is not immediately
possible to set a sharp boundary between risk prevention activities
and those that offset the use of conventional practices in
technological processes.
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