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ABSTRACT

A method is proposed for the assessment of the effect of the soil surface irregularities upon the loss of
mass and the residues of the leafy tops during the sugar beet harvesting process. A new mathematical
model is constructed and dependences of the loss of mass and the top residues are obtained depending on
the distribution parameters of the soil surface irregularities. The established dependences of the loss of the
root crop mass and the residues of the leafy tops on the root crops depending on the statistical distribution
parameters of the soil surface irregularities and the cutting height of the tops without a tracer allowed
justification of an agrotechnically acceptable level of mathematical expectation of the soil surface
irregularities and the cutting height of the root crops without a tracer.

AHOTALIA

BarniporioHogaHa MemoduKa OUjHIO8aHHSI 8MIUBY HepieHOCMeEU MOBEPXHI IPyHMy Ha empamu macu i
3anuwKU 2UYKU Ha 2ori08kax Kopedersiodie e npouyeci 36upaHHs UyKpogoezo Oypsiky. Po3spobreHa Hoea
MamemamuyHa mModerib ma ompumaHi Ho8i (hopMyrnu empam Macu | 3aruliKie 2udKku 8 3anexHocmi 8id
napamempig po3nodinly HepigHocmelu osepxHi rpyHmy. BcmaHoerneHi 3anexHocmi empam macu
KopeHeriodie | 3anuwkie eudyku Ha 20/08Kax KopeHernnodie & 3anexHocmi eid napamempis
cmamucmu4Ho20 po3rodiny HepieHOcmel MO8epxHi rpyHMy i aucomu 6e3KomipHO20 3pi3y audku 003807uu
0brpyHmyesamu azpomexHiyHe Oonycmumull piseHb MameMamu4yHO20 O4iKys8aHHS HepigHocmeul oeepxHi
rpyHmy i gucomu 6e3KonipHO20 3pi3y KopeHernodie UyKkposoz2o bypsiKy.

INTRODUCTION

The production of sugar beet and sugar is an important branch of agriculture in the leading states of
Europe and America (Marlander B. et al, 2018; Maurus K, et al., 2018, Rajaeirfar M. et al., 2019). Despite the
high technical level of development of the modern beet harvesting machinery, there are problems in the
process of sugar beet production that need quick solution (Lilleboe D., 2014, Merkes R., 2001). In particular,
at the stage of the sugar beet harvesting there are significant losses of the crop (more than 5%), and soiling
of the pile of root crops (more than 5%) (Carenko O., Jacun S., 2000; Hoffmann C., 2018). These
disadvantages are caused by many factors. However, the main ones are the imperfect technical level of the
working tools separating the leafy tops of the sugar beet. It has been found out that increased soiling of a
root crop pile with the leaves only by 1% above the agrotechnical requirements reduces the sugar output by
0.1%, and, when storing in clamps with a leafy content of about 4%, the average daily sugar losses amount
to 0.02% (Martynenko V.,1996, Zuev N.,1988; Bulgakov V. et al., 2016). Therefore, an important scientific
and technical problem is to reduce the loss of mass and residues of the leaves on the root crops. It has been
clarified that the soil surface irregularities have a significant impact upon the accuracy of the cutting height of
the sugar beet tops without a tracer; however, there are no studies on how they affect the quality indicators
of the separation process of the beet tops (Pogorelyi L, Tatjanko N., 2004; lvanc¢an, S. et al., 2002).
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A mathematical model is known for predicting the losses of the sugar-bearing mass and the amount of
the top residues (Martynenko V., 1996, Bulgakov V. & al., 2015) on the root crops depending on the cutting
height without a tracer and the statistical distribution of the protrusion heights of the root crop heads.
However, a significant disadvantage of this model is the assumption that the surface of the soil is absolutely
flat. Under real conditions, due to imperfect agrotechnics of soil cultivation and many other factors, there are
significant soil surface irregularities that have an adverse effect upon the regulation accuracy of the cutting
height without a tracer. Therefore, establishment of dependencies between the soil surface irregularities and
the loss of mass of the root crops, and the foliage residues on them is an important scientific and practical
task. The aim of this work is to develop a mathematical model of cutting the sugar beet tops without a tracer,
taking into account the soil surface irregularities. Application of such a model in designing will help reduce
the loss of mass of the crop and the residues of the leafy tops in the heap of the root crops.

MATERIALS AND METHODS

In order to establish a relationship between the soil surface irregularities and the performance quality
of the top removing machines, the following assumptions were made: for the base (reference) surface we
choose a conditional averaged plane of the soil irregularities (Fig. 1), in relation to which the irregularities of
the soil were measured, and their distribution does not contradict the normal law. The heights distribution of
the protruding root crop heads relative to the soil surface does not deny the normal law either. The top
cutting tools move in parallel to the averaged plane of the soil surface irregularities. Let us consider the
cutting process of the sugar beet tops without a tracer, taking into account the soil surface irregularities on
which they are located. Since in the well-known model (Bulgakov et al., 2015) an absolutely flat surface of
the soil is studied, then under real conditions, due to the soil irregularities (depressions and protrusions), an
error occurs in setting the height of cutting. To state this error, we consider the following design flow chart
(Fig. 1). Let the location of an arbitrary sugar beet root, located in the soil, has deviation from the soil surface
Ah. It can take positive values (protrusions) and negative values (depressions). We will denote the protrusion
height of the root crop head relative to the averaged plane as hy, and the protrusion height of the root crop
head relative to the soil surface as h. The root crop cutting plane relative to the averaged line of the soil
surface irregularities will be at height h,.

T
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Fig. 1 — A design flow chart of cutting the sugar beet tops without a tracer,
taking into account the soil surface irregularities
1 - the averaged plane of the soil surface irregularities; 2 — the surface of the soil irregularities

To determine the losses of the sugar-bearing mass and the amount of the residues of the tops of an
arbitrary sugar beet root, we will determine the thickness of the cut layer of the root crop head h,.
To determine the loss of the sugar-bearing mass and residues of the tops of an arbitrary sugar beet root
crop, we will determine the thickness of the cut layer of the root head hy.

hzk = hk - hz g (1)

or h, =(Ah+h)—h,. 2)

Values Ah and h constitute a distribution system of random values the geometric interpretation of
which can be represented using the distribution density (Kallenberg, 2005).
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The distribution density of a system of two random values according to (Kallenberg, 2005) is
determined by the expression:
9°F(Ah,h)
oAhoh
where F (Ah, h) — the probability function of a combination of random values Ah and h.
We select an arbitrary region from the range (A, B; Aq, Bg) of size n. We take the area of the
protrusion height from A to B, and the area of the soil irregularity distribution from A4 to By, and divide them
into n intervals. Then the probability of occurrence of a region with borders (h;, hi.1) (Ah;; Ah;,,) according to
(Bulgakov et al., 2015) will be equal to:

f(Ah,h) = ©)

Ahjg by,
P(ah,h) = j If(Ahj,hi) dah, dh, . 4)
Ah; by
Taking into consideration dependence (4), we will write expressions to determine the losses of the
sugar-bearing mass B; and the amount of the residues of the tops Gj for an arbitrary region (h;, hi.1; Ah;,
Ahji1). We have for B;;:

Ah. —h
B, =NP(Ahj,hi)pf( - ] 5)

where N — the quantity of the root crops per 1 ha, pcs-ha’l;
P — probability of occurrence of root crop head with location parameters Ah;,h;;

p — the density of the sugar beet roots, kg-m's;
f — the function of the volume of the cut root crop head, m>.
f(h, 4h)

-

Fig. 2 — A model of the distribution density of the systems of two random values according to the normal law

Accordingly, for Gj:

Ah, —h
Gy = NP (ah, h ) fy | = |, (6)

where Py — probability of occurrence of root crop head with location parameters Ah;,h;;

oy — the density of the sugar beet tops, kg'm;

f, — the function of the volume of tops residues, m®.

In general, for the entire distribution region of the systems of random values Ah; and h; with the
statistical characteristics of the protrusion heights distribution of the root crops m and o, and the soil surface
irregularities mgy and oy, the losses of the sugar-bearing mass and the amount of the top residues will
constitute (m, mg — mathematical expectation, mm; o, o, — mean-square distribution, mm):
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B = i iNP(Ahj,hi )f [%j %)
G= 3 SNP. (A ), [%J ®)
{=A, i-A

Next, we will fix the value of the distribution characteristics of the losses of the sugar-bearing mass
and the top residues on the root crops of the mathematical expectation m and the mean-square distribution
o, and will construct dependencies B, G upon the distribution characteristics of the surface irregularities mg
and gy. To this end, we developed a new algorithm for the mathematical model of the cutting process of the
sugar beet tops without a tracer, taking into consideration the soil surface irregularities (Fig. 3).
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Fig. 3—-The algorithm of the mathematical model of the cutting process
of the sugar beet tops without a tracer, taking into consideration the soil irregularities

36



Vol. 59, No. 3/2019 INMATEH — icultural

The essence of this algorithm is as follows:

1) Preparation and introduction of the following input data and variable factors of the model: h, = (0:
140) — the variation range of the cutting height without a tracer relative to the averaged row line with a
10 mm step, mm; a = 30° — the angle of the taper of the root crop, degree; m = 60 is the mathematical
expectation of the protrusion height of the root crop heads with respect to the soil irregularities; o = 20 — the
mean-square deviation of the protrusion height of the root crop heads relative to the soil surface
irregularities; mgy = (-30: 30) — the variation range of the mathematical expectation of the distribution of the
soil surface irregularities relative to the averaged plane, mm (Fig. 2); o4=10 — the mathematical
expectation of the distribution of the soil surface irregularities relative to the averaged plane, mm; n =10 —
the discreteness of the model; N = 100000 — the quantity of the root crops per 1 ha, units; p = 1100 — the

density of the sugar beet roots, kgm; Pg = 900 — the density of the sugar beet tops, kg-m™.
2) Calculation of the limits of the protrusion height distribution
A=m-30;,B=m+ 30.
3) Division of the range h = (A; B) into intervals with a step s,:
B-A

0= ©)
4) Starting the cycle for each element of the range h, = (0: 140).
5) Starting the cycle for each element of the range my = (-30: 30).
6) Division of the range Ah = (Aq ; By) into intervals with a step sy
B —
s =—| il (10)

tp n

7) Calculation of the value of the integral function for ranges (A; B) (Ag; Bg) by integrating, using the
Simpson method:
P=f(h,m, 0) (12)
Py =T (Ah, mg, Ty) (12)
8) Starting the cycle for each value h.
9) Starting the cycle for each value Ah.
10) Determination of the average value of the interval (h; ; hi+1) hg; :

Ah. —h,
h, =h +| — (13)
2
11) Determination of the average value of the interval (Ah;: Ah;..) Ah;:
Ah'+l - hi
Ah, =h +| ———— (14)
2
12) Determination of the height of the base of the green leaves hy:
h, =0.36 hg; + 16 (15)
13) Determination of the protrusion height of the root crop heads relative to the averaged plane hg:
hs i = hci + Ahcj (16)

14) Determination of the occurrence probability of a combination of intervals (h;; hy;) and

(Ah; ; Ahitq) Paag:
Paag .y = (Pix1-Pi)"(Pg j+1-Pg) (17)

15) If the cutting height of the root crop heads relative to the averaged plane h, ( is less than (Ag —

gg), then:
h,4 = (Ag — 0g)

16) If the protrusion height relative to the averaged plane hs ) <=h, ¢ is less than the current
cutting height, then the root crop is not cut off h, = 0. We calculate the height of the base of the green
leaves:

hzb = (N2 — Nsg)) + Mo (18)
We determine the amount of the top residues for the combination of intervals (h; ; hi.1) and (4h; ; Ah;.,):
Sqip = N Paagi Fg(hs(i,j)a hc(i)y hz(k)y hy, bz, N, @, Pg) (19)

We calculate the summary amount of the top residues for the current h, and mg:
G =G + Sy (20)
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17) If hsg p > h, ), then we calculate the cutting height of the root crop:
ha = hs ij) — hz(k) (21)
18) If h, > hy,, then the amount of the top residues is zero, and we calculate only the losses of the
sugar-bearing mass:

Sy = N Paagiijy F (hegy, ha, @, 0) (22)
We calculate the summary loss of the sugar-bearing mass for the current h, and mg:
B=B+ Sg(i,j) (23)

19) If hy <hy, then the cutting plane passes between the upper part and the base of the green
leaves. We calculate the cutting height of the leafy tops:

hzb = (hb - hzk) (24)
We calculate the amount of the top residues:
Syip = N*Pzagijy "Fo(Nsip, Nes Nzgor b Bz hzn, @, g) (25)
We calculate the losses of mass:
Sy = N*Paagqiy"F (Negiy, ha, @, p) (26)
We calculate the summary loss of the sugar-bearing mass for the current h, and mg:
B=B+ Sg(i,j) (27)
We calculate the summary loss of the tops for the current h, and mg:
G=G+ Sg(i,j) (28)

20) Formation of a matrix of values B, = B, G, = G.

RESULTS AND DISCUSSIONS

As a result of the implementation of the above algorithm on a PC in the Octave 4.2 environment,
there were obtained the following dependences of the losses of mass and the leafy top residues on root
crops, depending on the height h, of cutting without a tracer and the mathematical expectation mgy (Fig. 4).
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Fig. 4 — Response surfaces of the losses of the sugar-bearing mass B and the residues of the foliage G on the
root crops, depending on the cutting height h; of the root crops without a tracer and the mathematical
expectation of the distribution of soil irregularities mg
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From the resulting graphical dependences (Fig. 4) we see that under the condition that the cutting
height is set at the upper level of the soil irregularities and the mathematical expectation is mg =30 mm

(which corresponds to increased soil roughness), the losses of mass will be 4 tha™ or 8% of the entire root

crop yield, which exceeds the agrotechnical requirements for the losses of the root crop mass.
Nevertheless, with the indicator my decreasing to -30 mm (30 mm below the averaged plane), the

losses of the root crop mass will be 0.6 t"ha™ or less than 2%, which is not a violation of the agrotechnical
requirements. But in this case the amount of the top residues exceeds the agrotechnical requirements,

constituting more than 3 t-ha™ or 7% of the total root crop mass.

On condition that the cutting height is more than 60 mm, the losses of mass do not exceed the
agrotechnical requirements of 2% of the total crop mass. However, the amount of the leafy tops on the root
crops, if the cutting height is 60 mm, vary from 2 to 7%, in case mg = -30 mm and my = 30 mm respectively. If
the cutting height h, = 120...140 mm, the residues of the tops will constitute from 5 to 8%.

To confirm the adequacy of the developed new mathematical model for forecasting the losses of the
sugar-bearing mass and the residues of the leafy tops during the sugar beet harvesting process without a
tracer, preliminary experimental investigations of this process were carried out under real field conditions.
The main characteristics of the working area where the experimental studies were conducted are as follows:
the yield of the sugar beet root crops - 46.4 t - ha™’; the vyield of the leafy tops - 44.8 t - ha™"; the number of the
root crops is 11.2 - 104 pcs - ha™. Determination of the statistical distribution of the soil surface irregularities
in the sugar beet inter-row spacing by means of a profilograph showed that they are of a high-frequency
character with a period of 0.68 m and with an average amplitude of 0.058 m, which corresponds to the
mathematical expectation, equal to mg = 30 mm.

Fig. 5 shows the results of experimental investigations (graphs) of the losses of the sugar-bearing
mass (Curve 2) and tops residues on the sugar beet heads (Curve 4), processed by statistical methods on a
PC, the investigations being carried out in five repetitions for the cutting heights without a tracer in a wide
range, namely: 0, 20, 40, 60 and 80 mm. Here similar calculation results are shown for the developed
mathematical model, carried out using a PC, which are presented by Curves 1 and 3, respectively, and
obtained for the above conditions.
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Cutting height h, , mm

Fig. 5 - Dependence of the theoretical (1, 3) and the experimental (2, 4) values of the losses
of the sugar-bearing mass (1, 2) and the remains of tops on the root crops (3, 4)
upon the cutting height without a tracer at mg = 30 mm

Analysis of the curves of theoretical and experimental dependences presented in Fig. 5 shows that
in all the five variants of setting of the topping aggregate, tested under real field conditions, the difference
between the actual and calculated values does not exceed 7.8%. This coincidence of the experimental and
the calculated data points to the adequacy of the developed mathematical model, which gives reason to use
it for reliable justification of the cutting height without a tracer.
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CONCLUSIONS

A refined mathematical model has been developed for the cutting process of the sugar beet leafy
tops without a tracer, taking into account the impact of the soil surface irregularities. Dependences of the loss
of the root crop mass and the amount of leafy residues on the root crop tops have been established
depending on the parameters of the statistical distribution of the soil irregularities and the cutting height of
the tops without a tracer, which make it possible to justify an agrotechnically acceptable level of the
mathematical expectation of the soil irregularities mgq = -30...10 mm and the cutting height of the root crops
h, = 60...70 mm. The conducted verification of the adequacy of the developed mathematical model shows a
discrepancy between the experimental and the theoretical data not exceeding 8%, which gives reason to use
it for the justification of the cutting parameters of the sugar beet tops without a tracer within the working
range of the cutting heights h, = 20 ... 60 mm.
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