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DETERMINATION OF LINEAR DIMENSIONS OF BOXES
AND THIRDS OF INDIVIDUAL CASTOR VARIETIES

Summary. The article is devoted to the study of geometric characteristics of heap
of castor. The varieties of castor seeds studied were the following: Donska, Aphrodite,
Olesya, Khortychanka, VNIIMK-165, Hybrid early, Khortytska 1, Khortytska 3,
Khortytska 7. The aim of the article is to establish the linear sizes of bolls and thirds for
individual varieties of castor bean in the context of their percentage. The length and
thickness of castor bolls and the length, width and thickness of thirds of the
corresponding castor bean varieties were determined as experimental data. After
statistical data processing, the interval series of each geometric size of the components
of the heap of castor were determined. The distribution characteristics of a randomly
determined individual size were evaluated using characteristics of variation series, such
as: sample arithmetic mean, variance, standard deviation, coefficient of variation, range
of variation, asymmetry and excess. The significance of the obtained results lies, firstly,
in establishing the law of normal distribution, which is suitable for calculating the
percentage of the heap with a fixed geometric size, and secondly - in obtaining some
estimates of practical interest.

Keywords: castor seeds, heap of castor, geometric characteristics, castor bolls,
thirds.

Introduction. It is possible to increase the efficiency of the process of
post-harvest processing of castor in each technological operation by using
special machines in this technology with the mandatory consideration of
the physical and mechanical properties of castor components. One of the
Important ones is the geometric dimensions of the castor seed pile
components: pods and thirds. Such characteristics are required when
determining the design parameters and technological modes of machines
for separating castor seed heaps from impurities and in peeling machines
that separate castor seeds from their heaps. Accordingly, establishing the
geometric dimensions of the pods and thirds of the heap of castor seeds is
an urgent problem today [1-3].

Recent research and publications analysis. The most important and
complex stage in the system of measures for the processing of castor seeds
Is its post-harvest processing operations, namely cleaning, drying and
sorting of the bunch. Carrying out post-harvest processing of the pile

© Zhuravel D., 2023
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determines the yield and quality of the products that go to further
processing [4].

During the cleaning operation, the heap is separated according to
physical and mechanical properties (size, density, speed of drift, etc.). The
heap includes castor pods, both whole and broken, a significant mass of
plant parts: stems and leaves, as well as extraneous impurities, which is due
to the condition of the agro background before harvesting the castor crop.

Accordingly, the task of the cleaning process is to separate impurities
and thresh castor seed pods first into thirds, and then thresh the thirds with
further separation of clean seeds.

However, compared to other technical and grain crops, castor has a
complex of specific features: multi-component composition, uneven
moisture content, high oiliness of the kernel, fragility of the shells, high
clogging, the need to peel the elements of its bunch, etc. The consequence
of such specific features of castor oil is the impossibility of effective
application of the existing technology for its post-harvest processing [5].

Special equipment for cleaning operations is extremely limited.
Accordingly, when using the existing technology, the specific features of
castor oil are not taken into account. So, for example, during the operation
of peeling castor beans, the high-oil core can be injured. The consequence
of this is the oiling of the working elements of the cleaning machines
(machines for peeling and separating) of the castor pile and directly oiling
the pile itself. As a result of this, firstly, the entire process of post-harvest
processing is disrupted, both the castor itself and the castor seeds cannot be
completely separated on the existing cleaning machines, and secondly, the
yield and quality of the valuable product — castor oil — subsequently
decreases. oil in the technological process of castor seed processing.

As a rule, the existing studies of castor geometric characteristics in the
world refer to regional features, which are difficult to apply to castor
varieties grown in Ukraine. So, for example, in work [6] the geometric
characteristics of castor seeds, which were grown in Nigeria, were studied.
In work [7-10], the research concerned local castor varieties grown in
Pakistan and castor variety DS-30 Variety. In works [11-13], the research
concerned local seeds grown in Iran and bought on the market in Tehran. In
addition, local climatic conditions, soil and seasonal features of cultivation
will further influence the geometric dimensions of the castor pile [10-13].
Castor oil is a high-oil technical crop, the main product of its processing is
castor oil, which is used in the chemical, electrical, medical, aviation, other
industries and in the production of biofuel [14-24]. In some industries,
castor oil is often an irreplaceable or difficult to replace product [25-30].

Purpose statement. Justification of the methodology and equipment
for determining the linear dimensions of boxes and thirds of individual
castor varieties.
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Results and discussion. The parameters of the geometric
characteristics of the components of the castor bean seed heap, which must
be determined, are the following: the length and thickness of the castor
bean bolls (Fig. 1) and the length, width and thickness of the castor bean
trebles (Fig. 2).

When determining biometric characteristics, the following castor bean
varieties were studied: Donskaya, Afrodita, Olesya, Khortichanka,
VNIIMK-165, Early Hybrid, Khortitskaya 1, Khortitskaya 3, Khortitskaya
7.

For measurements, an electronic vernier caliper MIOL 15-241 with a
scale length of 150 mm and a measurement accuracy of 0.01 mm was used
(Fig. 3).

The research methodology was as follows:

1. From the total amount of castor bean of one variety, a castor bean
boll was selected. Its length and thickness were measured with a caliper.
The value was recorded. Then, they took another boll and repeated the
same measurements. The total number was 100 measurements.
Measurements were carried out for each castor bean variety.

2. Castor bean boll, divided into treble. For each third, the length,
width and thickness were measured with a caliper. The total number of
measurements was 100 for each castor bean variety.

3. To construct an interval series, the size of the interval was
determined, the full scale of intervals was set, and the results of
observations were grouped in accordance with it. To determine the optimal
value of the interval h, at which the series would not be too cumbersome
and, at the same time, would allow identifying the characteristic features of
the random variable x, the Ster-Jess formula was used [9]:

_ Xmax ~ Xmin ’ (1)
1+3,322Ign
Xmax» Xmin — Maximum and minimum options, respectively;
n - number of experiments.

At the beginning of the first interval, it is recommended to take a value
equal to [9]:

a1 = Xmin _g’ (2)
then [9]:
8 =aj_1+h, (3)
1=2,3,4....
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6

Figl. General view of a boll of castor:
| — is the length of the boll, ¢ - is the thickness of the boll

a b
Fig 2. General view of a the third part of the castor bean boll:
a — top view; b — side view; | — length of the third; b — width of the third;
o 1s the thickness of the third

Fig 3. General view of the electronic support MIOL 15-241 when
measuring the geometric parameters of the castor bean boll
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The construction of the intervals was continued until the beginning of
the next interval is equal to or greater than x.,, .

The distribution characteristics of the random variable x were
estimated using the characteristics of the sample (characteristics of
variation series), which at increasing n converge in probability to the
corresponding characteristics x, and at a sufficiently large n can be
approximately equal to them [10].

The main characteristics of variation series include: sample arithmetic
mean - X, corrected variance - S*2, standard deviation - S*, coefficient of
variation - V, range of variation - R, asymmetry - As, excess - Ex.

The sample arithmetic mean X was determined by the formula:

2 Xi
The dispersion S*2was determined by the formula [9, 10]:
i(xi -%)?
s*?=1 . (4)
n-1

The standard deviation of S* (empirical standard) was determined by
the formula [9, 10]:

S = (5)

The coefficient of variation of standard deviation v was determined by
the formula [9, 10]:

V= %100%. (6)
The range of variation R, was calculated by the formula [9, 10]:
R =max x; —minx;. (7)
Asymmetry A, was determined by the formula [9, 10]:
i(xi -%)°
S IR 8
A=t (8)
Excess E, was determined by the formula [9, 10]:
i(xi -x)*
Ey=1—7F7—-3 9)
n-S

The average values are generalized quantitative characteristics of a set
of similar phenomena on a variable basis. The arithmetic mean
characterizes the average value, close to which the possible values of a
random variable are grouped. The variance is a measure of the scatter of
these values relative to the mean. The standard deviation is a measure of
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oscillation, but in contrast to the variance is an absolute value expressed in
the same units as the variants. The coefficient of variation is a relative
indicator of fluctuations.

The variational range (or width of the distribution) is unstable, an
extremely random variable that serves to estimate the variation. Asymmetry
and excess are indicators of the deviation of the distribution function f(x)
for x from the normal distribution law. If A, = 0, then the curve for f(x) is

symmetric, for A, # 0 - asymmetric. At A, > 0 the right part of the
distribution is longer than the left, A, <0 - vice versa. Excess characterizes
the steepness of the distribution curve. If E, = 0, then the vertex of the
curve for f(x) is either above (atE, > 0) or below (at E, < 0) the vertex of

the normal distribution curve [11].

The linear dimensions of oilseeds are always subject to the law of
normal distribution, which is determined taking into account the
characteristics of variation series and based on the typical relationship [11]:

X=X
__ 1 [_232J 10
P N (10)

When measuring the geometric characteristics of the boxes and thirds
of castor seeds, it was found that the sizes of individual varieties have
almost the same values. According to the above, in the process of research,
the varieties of castor studied were divided into three groups: small, which
corresponded to the varieties: Olesya, Khortychanka, Khortytska 7;
medium - for varieties: VNIIMK-165, Hybrid early, Khortytska 1; large -
for varieties Donska, Aphrodite, Khortytska 3.

As a result of the conducted researches variational series of
distribution of castor bolls by: length (fig. 4), thickness (fig. 5), variational
series of distribution of thirds by: length (fig. 6), width (fig. 7) and
thickness are established (fig. 8).

Taking into account the experimental dependences (Figs. 1...5) and
formulas (3... 9), the characteristics of variation series of bolls and thirds
of castor varieties are determined (Table 1... 3). The calculated values of
the parameters of the sample arithmetic mean of each variation series
(Table 1... 3) must be taken into account in the technological processes and
designs of machines when separating the castor bolls and peeling its thirds.

Centering of variation series obtained in the course of research (Fig.
1... 5) was carried out by determining the law of normal distribution of the
series according to formula (10). To do this, it is necessary to take into
account the results of the characteristics of the variation series of the
geometric parameters of the components of the castor heap (Table 1... 3).
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Fig 5. Variation series of distribution of castor bolls by thickness

Results of calculations of laws of normal distribution of variational
series of distribution of bolls on length and width; and thirds of bolls in
length, width and thickness for different varieties of castor are given in

table. 4.
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Table 1
Characteristics of variation series for a group of small varieties of castor
Mathematical Castor bolls Thirds
characteristics By By By By By
length width length width hickness
Selective 383
arithmetic  mean, | 13,65 14,48 13,3 ’ 6,45
X
Dispersion, S™ 1,56 1,54 1,38 0,39 0,44
The — standard |, .0 |15, 1118 0,62 0,66
deviation, S
Coefficient — of | 915 g5 | gg3 7.03 10,27
variation, V
Eange ofvariation, | 5 57 535 |31 3,24 3,71
Asymmetry, Ag -0,07 -0,55 0,56 0,18 -0,45
Excess, E, -0,41 -0,16 1,39 -0,03 0,85
Table 2
Characteristics of the variation series for the group of medium varieties of
castor
Mathematical Castor bolls Thirds
characteristics By By By By By
length width length width hickness
Selective
arithmetic  mean, | 16,27 16,36 15,27 9,55 7,76
X
Dispersion, S™ 1,66 0,78 1,17 0,92 0,44
The — standard |, ,q 0.88 1,08 0,96 0,66
deviation, S
Coefficient - of |/ 4, 5.4 7.09 1003 | 0,49
variation, V
Eange of variation, 5.8 41 6 4.4 37
Asymmetry, Ag -0,066 -0,82 0,69 0,09 -0,46
Excess, E, -0,45 0,52 1,93 -0,6 0,89
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Table 3
Characteristics of the variation series for a group of large varieties of castor
Mathematical Castor bolls Thirds
characteristics By By By By By

length | width length | width hickness

Selective arithmetic | 1o 76 | 1744 1838 |1039 |8,84
mean, x
Dispersion, S* 1,82 1,3 1,14 0,5 0,26
The — standard|, o5 1444 107|071 |051
deviation, S
\'jange of variation, | ; 19 |54 581 | 6,83 5,76
Eange of variation, 5 5.0 5 35 31
Asymmetry, A, -0,067 |-0,64 0,25 0,2 -0,56
Excess, E, -0,5 -0,009 1,71 -0,33 1,72

Table 4

Laws of normal distribution of variational series of distribution: bolls in
length and width; thirds of bolls in length, width and thickness for different
groups (varieties) of castor seeds

Biometric characteristics of castor bolls and thirds

Castor bolls by length

Small varieties of | Medium varieties of | Large varieties of castor
castor castor
(_x—13,65) [_x—lG,Z?J (_x-l&?Sj

®=032-¢" ®=031e % ®=0296-¢" %
Castor bolls by width
Small varieties of | Medium varieties of | Large varieties of castor
castor castor

[_x—14,48j [_x—l6,36] [_x—17,44j
»=0323.¢ 30 ®=0454.¢" 1O ®=035-¢" 2°
Thirds by length
Small varieties of | Medium varieties of | Large varieties of castor
castor castor

[_x—13,3j [_x—15,27] (_x—18,38j
®=0338-¢' *7° ®»=037-¢" > ®=0373-¢" 2%
Thirds by | width
Small varieties of | Medium varieties of | Large varieties of castor
castor castor
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x—8,83j

Xx—9,55
@ =0644. e(_ 0,78 j

®=0,416- e(_ 184 @ =0,562- e(10,39—x)

Thirds by thickness

Small varieties of | Medium varieties of | Large varieties of castor
castor castor

_x—6,45j

X—7,76
@:o,eos-e( 088 ) j

x—8,84
@ =0,605- e( 0.8 J

®=0783. e(_ 0,52

Conclusions. As a result of the studies of the geometric characteristics
of the components of the castor pile, it was established:

1. The geometrical dimensions of a bunch of castor beans depend on
the type of castor and vary in a fairly wide range: according to the length of
the pods: 10.55 - 22.5 mm, according to the width of the pods: 11.5 - 20.2
mm, according to the length of the thirds: 10.86 - 22.5 mm, width of thirds:
7.36 - 12.3 mm, thickness of thirds: 4.8 - 10.2 mm. The percentage ratio for
the size of the castor pile is determined by its varietal characteristics.

2. To increase the efficiency of the separation of pods and peeling of
its thirds, depending on the group of castor varieties, the following
geometric dimensions are established: pod length: small - 13.65 mm,
medium - 16.27 mm; large - 18.78 mm; box width: small - 14.48 mm,
medium - 16.36 mm; large - 17.44 mm; length of the third: small - 13.3
mm, medium - 15.27 mm; large - 18.38 mm; width of third: small - 8.83
mm; medium - 9.55 mm; large - 10.39 mm; third thickness: small - 6.45
mm, medium - 7.76 mm; large - 8.84 mm. The specified parameters must
be taken into account in the relevant technological processes of castor oil
processing and machine designs.

3. For each variation series of the distribution of components of the
castor pile, taking into account the corresponding group of castor varieties,
centering is ensured by establishing the law of normal distribution of the
corresponding variation series.
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. Kypaseiab
TaBpilicbKkuii 1ep:KaBHUII ATPOTEXHOJIOTTYHUI YHIBEpCUTET
imeni /Imurpa MoTopHoro

BCTAHOBJIEHHS JIHIMHAX PO3MIPIB KOPOBOYOK I
TPETUHOK OKPEMUX COPTIB PULIMHU

Anomauin

Pobota mpucssiueHa oOrpyHTYBaHHIO JIIHIMHUX PO3MIpiB KOPOOOYOK 1 TPETHHOK
OKpPEMHUX COpTIB PpHUIMHH Yy po3pi3l iX BIACOTKOBOI KulbKocTi. B sxocti
eKCTIEpUMEHTAIBHAX MaHUX OyJI0 BU3HAYCHO JIOBKUHY 1 TOBIIMHY KOPOOOYOK PUITUHH
Ta JOBXHHY, IIUPUHY 1 TOBIIMHY TPETUHOK BIAMOBIAHUX COPTIB puiuHU. [licas
CTaTUCTUYHOI 0OPOOKM JaHMX, BUSHAYEHO 1HTEPBaJIbHI PAIU KOKHOTO T€OMETPUYHOIO
pO3Mipy KOMIIOHEHTIB BOPOXY PHIIMHH. BiAMOBIIHO 3a7adero MPOIECY OYHIIEHHS €
BIJITUIEHHS JIOMIIIOK Ta 0OMOJIOT KOPOOOYOK HACIHHS PULIMHU CIIOYATKy Ha TPETHHKH,
a TOTIM OOMOJIOT TPETHHOK 13 TOJAIBIINM BIJUIUICHHSIM YHUCTOr0 HaciHHs. OnHak, y
MOPIBHAHHI 3 THITUMH TEXHIYHUMH 1 36pPHOBUMH KYJIbTypaMH, PUIIMHA MA€ KOMILIEKC
cnenuiuHuX 0COOJMBOCTEH: 0AaraTOKOMITIOHEHTHICTh 11 CKJIaay, HEPIBHOMIPHICTH IO
BOJIOTOCTi, BHCOKAa OJIHHICTh Spa, KPUXKICTH OOOJOHOK, BEJMKAa 3acCMIYEHICTb,
HEOOXITHICTh JIYIIEHHS €JIEMEHTIB ii Bopoxy Tomio. HacmigkoMm Takux crenudiaamx
O0COOJIMBOCTEH PUITMHU € HEMOXKJIUBICTh €()EKTHBHOTO 3aCTOCYBaHHS 1CHYIOUOI TEXHIKH
st 11 micnsa30upanbHoi 00poOKku. CremiaibHOI TEXHIKM TPU TPOBEICHI Oreparii
OYHMIIEHHS BKpail oOMexeHo. BiamoBimHO, NMPH BUKOPHCTAHHI ICHYIOYOI TEXHIKH HE
BpPaxOBYIOThCS CrienM(idHi 0COONMMBOCTI pUIIMHM. TakK, HAMpPUKIAJ, MiJ Yac omneparlii
JMYIIEHHS TPETUHOK PHUIMHH MOXKE TpaBMyBaTHCS BHCOKOOIiKHe sapo. Hacmigkom
OTO € 3a0JIIOBAHHA POOOYUX EJNEMEHTIB OUMINYBaJbHUX MAIIMH (MAaIlIUH IS
JNyIIEHHS 1 PO3AUICHHS]) BOPOXY PHUIMHU Ta O€3MOCEpeIHbO 3a0JiIOBaHHS CaMOTo
BOpoxy. B pesynbTari 11p0r0, M0 mepiie, NOpyUIyeThCsl BECh MPOLEC Micas30upanbHOl
00poOKH, K camMOi PUIIMHU TaK 1 HACIHHS PUIIMHU HE MOXKE OyTH MOBHICTIO BIIIIJICHO
Ha ICHYIOYMX OYMIIYBAJIbHUX MAIllMHAX, a MO-Apyre, B MOJAJBIIOMY BiJOYyBa€eThCs
3HIDKEHHSI BUXOJY 1 SIKOCTI I[IHHOTO MPOAYKTY — KacTOPOBOi OJlii B TEXHOJOTTYHOMY
mporeci nepepoOKH HACiHHS pULMHU. XapaKTEPUCTUKH PO3MOALTY BHUIIAJKOBO
BU3HAQUYEHOTO OKPEMOro pO3Mipy OLIHIOBAJIM 32 JOMOMOTOK  XapaKTEePHUCTUK
BapiallifHUX PsIIB, TAKUX SK: BHOIpKOBa cepeiHs apu(METHYHA, JUCIIEPCis, CEpeIHe
KBaJpaTUYHE BIIXWICHHS, KoeillieHT Bapiarlii, po3Max Bapiarlii, aCHMETpis Ta eKCIIeC.
3HAaYUMICTh OTPUMAHUX PE3yJbTATIB MOJIATAE, MO-TEpIIe, Y BCTAHOBIEHHI 3aKOHY
HOPMAJILHOTO PO3MOALUIEHHS, 10 MPUAATHUN IJs PO3PaXyHKIB BiABIAHOI BiICOTKOBOT
KUJIBKOCTI BOPOXY 31 BCTAHOBJIEHHMM TI'€OMETPUYHHM pO3MIPOM, a IO Jpyre — B
OTPUMAaHHI JIeSKUX OI[IHOK, I10 MalOTh NMPakTU4YHUH iHTepec. Lle crocyeTbes BuOOpPY 3
ypaxyBaHHSIM OTPUMAaHUX TEOMETPUYHHMX  XapaKTEPUCTUK BOPOXY  PHUIIMHH,
KOHCTPYKLIH poOOYMX OpraHiB CUIbCBKOTOCIOAAPCHKUX MAIMH, 110 3a0e3MeuyroTh
BUKOHAHHA oONepaliii po3AiIeHHs KOpPOOOYOK 1 JYIIEHHS TPETUHOK BOPOXY B
TEXHOJIOTTYHOMY IpoIieci MicaA30upaabHOi 0OpOOKH PULIMHH.

Knwouoei cnosa: niHiliHi po3MipH, T€OMETPUYHI XapaKTEPUCTHKH, BOPOX PHILIMHH,
¢binbTpaliis, KaCTOpOBa OJisl, BapialiiHuil psja, KOPOOOUKH, TPETUHKH.
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