0 TexHika, eHepreTuka

Ne1 (128) /2025 ’ ’

;%;Exi? P % az9/ TpaHcnopt AIIK
Vol. 128, Ne 1 /2025

UDC 634.0:620.1

DOI: 10.37128/2520-6168-2025-1-1

RESULTS OF LABORATORY STUDIES ON THE PHYSICO-MECHANICAL PROPERTIES OF
CASTOR FRUITS AND SEEDS

Elchyn ALIIEV, Doctor of Technical Sciences, Senior Researcher, Professor
Valentyn HOLOVCHENKO, Recipient of the Third Educational and Scientific Level, Junior Research Associate
Dnipro State Agrarian and Economic University

AJIIE€B Eabuun baxTusip oram, 1.T.H., CTApIIAA JOCIITHUK, TIpodecop
TI'OJIOBYEHKO Bajnentun BosionumupoBu4, 3100yBad TpeTHOT0 OCBITHRO-HAYKOBOTO PiBHS, MOJIOIIIAN
HAYKOBHI CIiBPOOITHHK
JuinpoBceKuil fepkaBHUM arpapHO-€KOHOMIYHHI YHIBEPCUTET

The aim of the study is to investigate the physicomechanical properties of castor fruits and seeds
(Ricinus communis L.) to substantiate the design and technological parameters of machines and equipment
intended for their extraction and cleaning.

Laboratory research on specialized equipment was conducted to determine the primary physical-
mechanical properties of castor bean fruits and their components (segments, seeds, and capsule particles). These
properties include geometric dimensions (length L and width B), mass M, bulk py and true pq densities, angle of
repose ¢, friction coefficients (sliding u' and static ), and terminal velocity V. It was found that seeds exhibit the
highest true density (567 £ 54 kg/m>) and the lowest friction coefficients, contributing to their superior flowability
and mobility in technological processes. Fruits have the largest mass (1.18 £ 0.13 g) and terminal velocity
(11.75 £ 1.43 m/s), influencing their cleaning and sorting methods. Capsule particles have the lowest density
(101 £ 17 kg/m®) and terminal velocity (3.21 + 0.51 m/s), allowing for effective separation using aerodynamic
techniques. The results were applied in numerical modeling for a castor bean seed cleaning machine.

Rheological analysis of the compression behavior of castor bean fruits and seeds revealed a pronounced
nonlinear dependence on time and absolute deformation. The deformation process of fruits involves multiple
stages: an initial linear increase in force within elastic deformation, capsule cracking (Fn = 63.67 + 3.52 N,
Axa = 3.32 = 0.75 mm), slowing of force growth in the plastic phase, a sharp drop during capsule rupture
(Fo=172.96 £ 9.55 N, Axxp = 7.19 £ 0.79 mm), followed by a smooth increase in force during internal
compression. A similar pattern is observed for seeds, but rupture (Fs; = 48.91 £ 8.34 N, Axs» = 2.4 £ 0.62 mm)
is accompanied by a sharp force decrease without a distinct plastic deformation phase. Statistical analysis
confirmed that the force and deformation distributions conform to the normal distribution law.

Key words: castor bean, seed, fruit, physical-mechanical properties, geometric dimensions, rheology,
compression, destruction, cleaning.

Fig. 6. Table. 2. Ref. 21.

1. Problem formulation

According to the latest bioeconomy directives issued by the European Union, the industrial sector
should rely more on bio-based materials instead of traditional petroleum resources [1, 2]. The agricultural
sector can contribute to this goal by improving the utilization of processed products from oilseed crops [3, 4].
However, the cultivation of industrial crops raises concerns regarding land use and, consequently, competition
between food and non-food crops [5]. The possibility of growing industrial crops on low-productivity lands
may serve as the best compromise for achieving the EU’s future energy targets without reducing the land
available for food production [6, 7]. Therefore, it is worth exploring value-added chains for crops with low
resource requirements to address current challenges for their large-scale implementation.

In this context, castor (Ricinus communis L.) is a promising non-food crop [8, 9], which can be
cultivated under low-resource conditions in Ukraine, achieving seed yields of 1.6-1.8 t/ha (variety Olesya),
1.7-2.1 t/ha (variety Khortychanka), and 1.5-1.7 t/ha (variety Khortytska 3) [10, 11]. Additionally, castor oil
can be used for various applications, such as biodiesel production, cosmetics, pharmaceuticals, paints,
varnishes, lubricants for two-stroke engines, or semi-rigid foam components for thermal insulation [12, 13].
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Its contribution to reducing the dependence of the EU and Ukraine on vegetable oil imports for industrial and
energy purposes could be significant if an efficient domestic supply chain for castor oil is properly developed.
Ricinus communis L. is known for its many wild and semi-cultivated types, which differ in genetic and
phenotypic characteristics, reaching heights similar to an average tree [14]. Castor seeds grow inside capsules
arranged on one or more racemes, which develop gradually throughout the plant’s life. As a result, seed
ripening on racemes is non-uniform [15, 16]. This complicates the mechanization of castor seed harvesting,
and the market still lacks specialized machinery. Therefore, seeds have to be harvested manually, increasing
the production costs of castor oil and its related by-products. However, manual harvesting is feasible for high-
reproduction seed material due to the small volumes involved [17]. Nevertheless, a technical challenge arises
in extracting and cleaning castor seeds from the fruits (capsules).

2. Analysis of recent research and publications

However, despite the promising potential of castor (Ricinus communis L.), its industrial cultivation
and processing face a number of technological challenges, the most significant of which is the lack of efficient
equipment for mechanized seed extraction and cleaning. This is due to the specific physicomechanical
properties of castor fruits and seeds, which differ significantly from those of other oilseed crops [18].

Currently, there is a lack of systematic research on the rheological and mechanical characteristics of
castor seeds, such as shell strength, elasticity, resistance to deformation, and other parameters that influence
the seed extraction process from capsules [19]. The absence of this data complicates the development of
specialized equipment capable of efficiently and gently separating the seeds without damage.

Given this, an important scientific task is to study the physicomechanical properties of castor fruits
and seeds to substantiate the design and technological parameters of machines for their cleaning. Conducting
such research will contribute to the development of efficient mechanized harvesting and processing
technologies for castor, which, in turn, will facilitate its large-scale implementation in production.

3. The purpose of the article

The aim of the study is to investigate the physicomechanical properties of castor fruits and seeds
(Ricinus communis L.) to substantiate the design and technological parameters of machines and equipment
intended for their extraction and cleaning.

4. Results and discussion

Laboratory studies of the physicomechanical properties of castor fruits of the «Khortychankax variety
and its components (segments (valves), seeds, and capsule particles) were carried out in several stages.

The determination of the moisture content of castor fruits and their components is carried out using
the Radwag MA 110.R laboratory moisture meter, which operates on the gravimetric principle of drying the
sample to a constant weight with automatic weight change control.

The determination of the geometric dimensions (length, width) of castor fruits and their components
is carried out using the thickness gauge TP 25-100, while the mass is determined using the TBE-0.3 laboratory
scale.

The determination of the bulk and true density of castor fruits and their components is an important
parameter for their transportation and subsequent processing. The bulk density is determined using the method
of filling a one-liter Pyrex PH-2 container, while the true density is calculated based on the mass and volume
of the displaced liquid.

The determination of the angle of repose of castor fruits and their components is an important
parameter for evaluating the flow properties of the material, which affects the processes of transportation and
technological processing. Specialized equipment is used for measurement. The method for determining the
angle of repose involves forming a cone of loose material by slowly and evenly pouring castor fruits or seeds
through a funnel onto a horizontal surface until a natural bulk cone is formed.

The determination of the coefficients of sliding and static friction of castor fruits and seeds against the
equipment wall was carried out using a device developed by Aliiev E.B. (Fig. 1) [20].

The determination of the falling velocity of castor fruits and their components was carried out in a
special setup (Fig. 2), consisting of a cylindrical vertical aerodynamic tube, a fan for creating an airflow with
an aerodynamic stabilizer (mesh), and a Benetech GM816 anemometer for measuring the air velocity.

The rheological properties of castor fruits and seeds were determined using a penetrometer developed
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by Aliiev E.B., Mykolenko S.Yu., and Dudyn V.Yu. [21]. The general appearance of the measurement process
is shown in fig. 3.

9 7 8 6 5 4 310 21
Fig. 1. Determination of the coefficients of sliding and static friction of castor fruits and seeds against the

equipment wall using a specialized device: 1 — control unit; 2 — workbench (steel or rubber); 3 — weight;
4 — carriage; 5 — strain gauge; 6 — guides; 7 — screw; 8 — limit switch; 9 — stepper motor; 10 — sample.

Fig. 2. Determination of the falling velocity of Fig. 3. Study of the rheological properties of

castor fruits and their components using castor fruits and seeds using a penetrometer:
specialized equipment: 1 — control unit of the penetrometer;
1 - vertical aerodynamic tube; 2-vertical displacement module; 3 - distance
2 — aerodynamic stabilizer (mesh); 3 — Benetech measurement module; 4 — limit switch module;
GM816 anemometer; 4 - centrifugal fan; 5-workbench; 6 — strain gauge; 7 — cylindrical-

5—asynchronous three-phase  electric  motor; shaped indenter; 8 — castor fruit or seed sample.
6 — Danfoss Micro Drive FC51 frequency converter

The castor fruit is an oval-globular three-celled capsule, which can crack open, either bare or with
spines, containing three seeds and having three valves. During the laboratory studies, the determination of the
main physicomechanical properties of the fruit, segments (valves), seeds, and capsule particles was carried
out, which were obtained as a result of the preliminary preparation of castor seed material. These properties
were used for simulating the processes of seed separation and cleaning.

The first step was the separation of the components of the castor seed mixture into distinct groups
(fruits, segments, seeds, capsule particles), which are shown in Fig. 4.
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Seeds Capsule particles
Fig. 4. Photos of the separate component groups of the castor seed mixture

The moisture content of castor fruits and their components was on average 6.82+0.74%.

The summarized table of data and results of the statistical analysis of the determined
physicomechanical properties of castor fruits and their components is presented in Table 4.1.

The results of the statistical processing of the variation series of the physicomechanical properties of
castor fruits and their components show significant differences between their parameters.

Geometric characteristics (length L and width B) gradually decrease when moving from whole fruits
to seeds, which is explained by the segmentation process of the fruits and the subsequent separation of the
seeds from the shell. Fruits have the largest dimensions (L = 14.8 + 2.2 mm, B = 13.5 + 1.9 mm), while seeds
are significantly smaller (L = 12.5 £ 1.8 mm, B = 7.1 £ 1.5 mm). The data confirm that the seeds have more
stable dimensions, as the correlation coefficient (R) for their length and width is 0.84-0.90, indicating high
homogeneity of the sample.

The mass of the studied objects also changes according to the structure of the fruits: the largest mass
is observed in the fruits (1.18 £ 0.13 g), while the segments (0.34 + 0.05 g) and seeds (0.29 £+ 0.04 g) have
significantly lower weights. High values of the correlation coefficient (R = 0.88-0.92) indicate the stability of
this parameter.

The density of the fruits and their components changes depending on their structure. Bulk density (pb)
is highest for seeds (485 + 48 kg/m?), while fruits have significantly lower values (264 + 30 kg/m?®), which is
due to the presence of air cavities in the interior of the fruits. True density (pd) is also highest in the seeds
(567 = 54 kg/m?), while for fruits, it is lower (434 + 51 kg/m?), and lowest for capsule particles
(248 + 33 kg/m?), which is explained by their loose structure. These data confirm that seeds are the most dense
component of castor, affecting their behavior during separation and cleaning.

The angle of repose (¢) indicates the flow properties of the materials. Fruits have ¢ =33.8 +3°, while
the segments are characterized by a higher value (37.7 + 3.2°), indicating their lower flowability and greater
tendency to stick together. This is explained by their irregular shape and the presence of shell residues, which
increase internal friction.

Friction coefficients demonstrate significant variability between the studied components. Fruits have
the highest sliding friction coefficient (urub = 0.548 + 0.056), which is explained by their rough surface and
the presence of the shell. For seeds, this value is much lower (0.226 + 0.026), indicating their smooth surface.
Static friction (ust) also decreases from fruits (0.209 + 0.028) to seeds (0.191 + 0.017), confirming the
improved mobility of the seeds during transportation and cleaning.
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Table 1.

Results of the statistical processing of the variation series distributions of the determined
physicomechanical properties of castor fruits and their components

Property Fruits2 Segments (\Z/alves) Seeds2 Capsule p?rticles
Value X R Value Y R Value X R | Value X R

Lomm | 1355 1743 [ose| '11F [1396|082| 0% | 770 00| - | - | -
Bmm | 3 | 854 085 0F | 932 osa| T o0 osa] - | - | -
Mg | Yigs | 877 [oen| %05 | 790 [oss| O00F | 803 [0s2| - | - | -
s | 264230 | 13.04 | 054 20T |1ealors| *0F 1611 082 | 90T | a6 |08t
s | 4451 | 15.01 | 0.84 Y’ 1062|089 | UF | 753 |083| “BF | 892 | 089
0,° | 338+3 | 1556 | 0.83 32'.7; 1029|080 | - . .

et 062.829; 1401 |089| - . 0&3117i 1492|087 | - .

b 0532; 838 |083| - N 062.326; 1057 | 085 | - -

wo | Sl 1001 085 | - e VIS Y- R N

W | 00 1388|088 | - N v I X~ - N R

vomis | 1VF 11049 080 | %L | 770 [0so| P20F | 769 084 | 2l 11274 086

The falling velocity (V) is an important parameter affecting seed separation. Fruits have the highest
falling velocity (11.75 = 1.43 m/s), which is related to their large mass and significant aerodynamic resistance.
Segments and seeds have lower velocities (8.11 = 1.14 m/s and 8.65 + 1.2 m/s, respectively), which allows
them to be efficiently separated from the fruits. The lowest value is observed in capsule particles
(3.21 £ 0.51 m/s), confirming their low density and lightness.

Thus, the obtained data indicate regular changes in the physicomechanical characteristics of castor
components, which can be explained by their morphological structure and structural features. The study of the
rheological properties of castor fruits and seeds involved their sequential compression using a penetrometer.
The number of samples (repetitions) for each group was 50. Examples of the obtained dependencies of the
compressive force F (N) of the castor fruits and seeds on time t (s) or absolute deformation Ax (mm),
considering the constant speed of the indenter (4 mm/s), are shown in Figs. 5-6.

The analysis of the force F versus time t dependence of castor bean fruits allows us to assess their
mechanical properties, such as elasticity, plasticity, and failure point. At the initial stage of testing, the force F
increases linearly, as the elastic deformation of the fruit shell occurs. At this point, the force-time relationship
is approximately described by a linear function. As compression time increases, when the force reaches the
value Fri(Axn), the shell cracks. After that, the fruit starts losing its elastic properties, the deformation becomes
plastic, and the rate of force increase slows down. In this zone, the relationship can be described by a power
or exponential function. Upon reaching the critical force Fr(Axr), the shell breaks, accompanied by a sharp
drop in force. At this moment, a peak is observed in the F(t) graph, after which the load sharply decreases.
Further compression occurs in the inner part of the fruit, namely the seed (not shown in Fig. 6), and the force-
time relationship becomes linear again, but with a smaller slope, as the seed is less elastic than the shell.
Therefore, the force compression dependence of castor bean fruits on time is nonlinear and includes several
stages: initial linear increase, shell cracking, slowing down in the plastic deformation zone, a sharp drop upon
shell rupture, and then a smooth increase during seed compression. Such an analysis allows us to evaluate the
mechanical characteristics of the fruits, which is important for their pre-processing, sorting, and transportation.

The analysis of the force F versus time t dependence for castor bean seeds allows us to determine their
mechanical properties, including elasticity, plasticity, and failure point. At the initial stage of testing, the force
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F increases linearly, corresponding to the elastic deformation of the seed. During this period, the force-time
relationship is approximately described by a linear function, as the seed resists compression, gradually
accumulating stress. When the critical stress is accumulated (force Fsa(Axs2)), seed failure occurs, and a sharp
decrease in force is observed. After that, as the load increases, the seed begins to lose its elastic properties, and
the force-time relationship transitions to a nonlinear regime, as plastic deformation occurs. At this moment,
the seed shell material gradually changes its structure, which can be described by a power or exponential
function. Thus, the force compression dependence of castor bean seeds on time includes several consecutive
stages: initial linear force increase during elastic deformation, a sharp drop after shell failure, and further
smooth force increase. Such analysis is essential for understanding the mechanical properties of castor bean
seeds, which is significant for their processing, sorting, and transportation.
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Fig. 5. Examples of the dependence of the compressive force F of castor bean fruits on time t

The summarized data on the statistical processing of the variation series are presented in Table 2.

Table 2.
Results of statistical processing of the variation series of force and absolute deformation distributions at
which cracking and destruction of castor bean fruits and seeds are observed

Property Fr, N Axq, mm Fr, N Axp, mm Fs2, N Axs, mm
Value 63.67+3.52 | 3.32+0.75 | 172.96+9.55 | 7.19+0.79 | 48.91£8.34 | 2.4+ 0.62
v 7.6 14.5 13.2 8.0 9.7 7.8
R 0.929 0.870 0.860 0.855 0.787 0.796

The analysis of the results of statistical processing of the variation series of force and absolute
deformation distributions, at which cracking and destruction of castor bean fruits and seeds are observed,
shows a high agreement between the empirical data and the theoretical law of normal distribution. The mean
values of the forces and deformations at which cracking and destruction occur have low standard deviations,
indicating relatively low variability in the structural properties of the fruits and seeds of castor bean. The
smallest destruction force is observed in the seeds (Fs; = 48.91+8.34 N), confirming their weaker structure
compared to the fruits (Fr, = 172.96+9.55 N). The absolute deformation at destruction is also smallest in the
seeds (Axs2 = 2.4+0.62 mm), indicating their lower ability to undergo plastic deformation compared to the
fruits (Axr, = 7.19+0.79 mm). The calculated values of the consistency criterion 2 for all parameters (ranging
from 7.6 to 14.5) are lower than the tabulated value yn2 = 16.9, confirming the conformity of the experimental
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distributions to the theoretical ones at the specified significance level (0.05). This indicates the absence of
statistically significant deviations and the reliability of the obtained data. The correlation coefficients R for all
parameters range from 0.787 to 0.929, indicating a strong relationship between force and the corresponding
absolute deformation. The highest correlation is observed for the cracking force of the fruits (R = 0.929),
indicating a high predictability of the behavior of the shell under load. The slightly lower correlation values
for the destruction force of the seeds (R = 0.787) may be related to the greater heterogeneity of the internal
structure of the seeds. Thus, the obtained results indicate the stability of the mechanical characteristics of castor
bean fruits and seeds and allow for acchra}:[Ie prediction of their behavior under compression.
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Fig. 6. Examples of the dependence of the compressive force F of castor bean fruits on time t

The high correlation between force and deformation, as well as the confirmation of the distribution
consistency according to the ¥? criterion, indicate the possibility of using these characteristics for further
optimization of processing and sorting technological processes.

5. Conclusion

As a result of laboratory research on specialized equipment, the main physical-mechanical properties
of castor bean fruits and their components (segments, seeds, and capsule particles) were established, including
geometric dimensions (length L and width B), mass M, bulk py and true pq density, angle of repose ¢, friction
coefficients (sliding p' and static p), and terminal velocity V. It was found that the seeds have the highest true
density (567 + 54 kg/m®) and the lowest friction coefficients, which provide better flowability and mobility in
technological processes. The fruits have the largest mass (1.18 + 0.13 g) and terminal velocity
(11.75 + 1.43 m/s), which affect their cleaning and sorting methods. Capsule particles have the lowest density
(101 = 17 kg/m?) and the lowest terminal velocity (3.21 = 0.51 m/s), which allows them to be effectively
separated using aerodynamic methods. The obtained results were used during numerical modeling of a machine
for cleaning castor bean seeds.

The study of the rheological properties of castor bean fruits and seeds showed that their mechanical
behavior during compression exhibits a pronounced nonlinear dependence on time and absolute deformation.
Analysis of the obtained compression force F dependencies on time t (absolute deformation Ax) indicates that
the deformation process of castor bean fruits involves several consecutive stages: initial linear increase in force
within the elastic deformation range, moment of capsule cracking (Fn = 63.67 + 3.52 N,
Axn = 3.32 £ 0.75 mm), slowing of force growth in the plastic deformation phase, sharp drop during capsule
rupture (Fr, = 172.96 £ 9.55 N, Axp, = 7.19 + 0.79 mm), and subsequent smooth increase in force during
compression of the internal part of the fruit. A similar deformation pattern is observed for castor bean seeds,
but the moment of rupture (Fs; = 48.91 & 8.34 N, Axs; = 2.4 + 0.62 mm) is accompanied by a sharp decrease
in force without a distinct plastic deformation stage. Statistical processing of experimental data confirmed the
conformity of the force and deformation distributions to the normal distribution law.
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PE3YJbTATH JIABOPATOPHUX JOCJAIKEHb ®I3UKO-MEXAHIYHUX BJACTUBOCTEM
J10OAIB I HACIHHA PULIMHUA

Memoro Odocnioxcenns € 6uueHHs (QI3UKO-MeXaHiuHux eracmueocmeti niooi@ i HACIHHA PUWUHU
(Ricinus communis L.) Ons 0OIpyHmMY8aHHS pPO3PAXYHKOSUX | MEXHONO2IUHUX RAPAMEempie Mawiun i
001A0HAHHS, NPUSHAYEHUX OJIS IXHbO2O 8UOOOYMKY MA OUULYEHHS.

JlabopamopHi O0ocniddcenHss Ha cneyianizo8aHomy 00ONAOHaHHI Oyau npogedeHi OJisl GU3HAYEHHs
OCHOBHUX (DI3UKO-MEXAHIUHUX AACUBOCMEN NJI00I8 PUYUHU MA IX KOMNOHEHMIE (CecMeHmis, HACIHHA ma
yacmunok kopobouxu). Lfi enacmueocmi eéxnouaromo 2eomempuuni posmipu (Ooexcuna L i wupuna B),
macy M, nacunuy pp i OTUCHY pd WiNbHICMb, KYM NPUPOOHO20 YKOCY (¢, Koeiyicnmu mepms (Ko83auHsa ' i
CHOKOIO W), @ MAaKodic weuoKicms eumants V. Bcmanosneno, wo Hacinmua mae Harguwyy OilUCHY WitbHicmb
(567 + 54 xe/m?) ma natinuorcyi koepiyicnmu mepms, wo 3ab6e3nevyc Uomy Kpawgy CUny4icmo i pyxausicms y
mexHonociynux npoyecax. Ilnoou marome uandinewy macy (1,18 + 0,13 2) ma weuoxicme eumanHa
(11,75 £ 1,43 m/c), wo eénaueae na memoou ix ouuwenHs ma copmyeanns. dacmunku KOpoOOUKU Maromo
Hatimenuty winonicms (101 £ 17 ke/m?) i natmusicyy weuokicme sumanns (3,21 £ 0,51 m/c), wo ooseonse
eqhekmueHo ix 8i00KpeMm08amMU 3a 0ONOMO2010 AepPOOUHAMIYHUX MemoOdis. Ompumani pe3yromamu 6y0yme
BUKOPUCMAHT NIO YAC YUCETbHO20 MOOETIOBAHHA MAUUHY 0I5l OUUUEHHS HACIHHSA PUYUHLL.

Peonociunuil ananiz noedinku niooie i HACIHHSA PUYUHU NIO HAC CIUCHEHHS NOKA3A8 GUPANCEHY HEHILIHY
sanexcuicme 60 uacy ma abcomomnoi Oegopmayii. Ilpoyec Oedpopmayii niodie exmouac Kilbka emanis:
nouamkose JiHiliHe 3DOCMAHHA CUTU 8 MeXNCaX NpYiCcHOL Oeghopmayii, MOMeHmM PO3IMPICKY8aAHHSA ODOIOHKU
(Frn=63,67 + 3,52 H, Axx1 = 3,32 & 0,75 Mm), ynosinbrenns pocniy cuiu 6 (pasi niacmudnoi oegopmayii, pizkuil
cnao npu pyunysanii oovonouku (Frp = 172,96 + 9,55 H, Axp = 7,19 + 0,79 mm), i nodanvute niaene 3p0cmants
CuIU nio 4ac CMUCKauHsa 8HympiuHboi wacmunu niody. 1odionuii xapaxmep deghopmayii cnocmepieaemovcs i 0
Haciuua, oOHax momenm pyunysanns (Fso = 48,91 £ 8,34 H, Axs = 2,4 + 0,62 mm) cynposooicyemucs piskum
SHUMICEHHSIM CUunu Oe3 eupadicenoi cmaodii naacmuunoi degpopmayii. Cmamucmuunuil aHaiz niomeepous, ujo
Po3n00inu cun i deghopmayiii iONoGI0arOMb 3aKOHY HOPMATLHO20 PO3NOOLTY.

Knrouoei cnoea: puyuna, uacinua, naio, Qi3uK-mexaniyHi 61acCmueoCmi, 2eOMempuyHi po3mipu,
Pe0JI02is, CMUCHEHHS, PYIUHYBAHHS, OYUUEHHSL.

Puc. 6. Taon. 2. JIim. 21.
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