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The technological process of vibrational digging-up of sugar beet has spread in many sugar beet-sowing coun-
tries. The experience of using this process demonstrated its advantages compared against other ways of dig-
ging-up, but there have been scarce experimental researches of the vibrational digging-up of sugar beet from
soil which makes this topic urgent for sugar beet production. Aim. The experimental determination of rational
parameters and modes of the vibrational digging-up working tool to ensure the required quality of conducting
the technological process of digging sugar beet from soil. Methods. The methods of planning a multifactor ex-
periment, field studies, statistical processing, regression analysis of the experimental data with building graphic
curves were applied. Results. A new model of a tool for vibrational digging-up of sugar beet from soil has
been elaborated. The accepted program and method were used to conduct experimental research on the impact
of the main construction and technological parameters of the vibrational digging-up working tool of the beet
harvester on the quality indices of performing the technological process of harvesting sugar beet. The energy
parameters of new vibrational digging-up working tools were studied in field conditions via registering the
values of tenzometric sensors in different modes of the device and different parameters and working modes of
the vibrational digging-up tools. Conclusions. It was established that there is a value of the vibration frequency
and running depth in soil of the vibrational digging-up working tool for each value of the translational veloc-
ity of the vibrational digging-up machine which corresponds to minimal losses and damage to crop roots. It
was also found that the degree of crop root damage depends on the conditions of performing the technological
process of vibrational digging-up (soil solidity and humidity), and the weight of damaged crop roots increases
with the increase in solidity and the decrease in humidity of soil.
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INTRODUCTION

The conditions, required for the technological pro-
cess of beet harvesting, are ensuring the performance,
decreasing the energy losses and increasing the quality
of the harvested products. As for beet harvesters, the
required condition of ensuring the quality of perform-
ing the technological process is avoiding the damage
to crop roots while they are dug up, first and foremost.
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Therefore, there is a need to investigate the process of
vibrational digging-up and to use its results to deter-
mine kinematic and constructive parameters of the dig-
ging-up working tools on condition of avoiding dam-
age to the crop roots.

The technological process of vibrational digging-up
of sugar beet has spread in many sugar beet-sowing
countries. Many years of using this process demon-
strated a number of its advantages compared against
other methods of digging-up. Therefore, this techno-
logical process requires further detailed analytical and
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experimental research which will lay the foundation
for the elaboration of improved vibrational digging-up
working tools.

Substantial theoretical research on the process of
vibrational digging-up of crop roots was done in the
works [1-4], but only the works [5] and [6] present
some experimental results of the impact interaction of
pendulum impact testing machine and a crop root. The
analysis of scientific literature [7-10] demonstrated
that quality indices of digging-up sugar beet from soil
are paid considerable attention in Europe. As stated
above, there have been scarce experimental researches
on the process of vibrational digging-up of sugar beet
from soil, therefore, this topic is urgent for sugar beet-
growing industry, as this research can allow improving
the most energy-consuming technological process.

The aim of the research is the experimental determi-
nation of rational parameters and modes of the vibra-
tional digging-up working tool to ensure the required
quality of conducting the technological process of dig-
ging-up sugar beet from soil.

MATERIALS AND METHODS

A new model of the vibrational digging-up working
tool was designed for experimental research on the pro-
cess of vibrational digging-up of sugar beet from soil
which was deemed to ensure quality extraction of crop
roots from dry and solid ground. The construction de-
sign of the vibrational digging-up machine is protected
with the Patent of Ukraine for an invention [11] Fig. 1.

The digging-up machine consists of digging-up
blades (1), installed on the ends of the mounts (2),
which are connected via suspension brackets (3) to the
drive mechanism (4) of the mentioned blades (1) to
obtain the vibrational movement. The mechanism (4)
has a device, which can be used to set (regulate) the
frequency and amplitude of the vibrational movements
of blades in a wide range of values (the frequency is
regulated from 8.5 to 20.3 Hz, the amplitude — from §
to 24 mm). The suspension bracket (3) of the mounts
(2) was equipped with an additional hinge which al-
lows for free movements of coupled mounts (2) in a
small range in the longitudinal-transversal plane. This
ensures the automatic installation of blades (1) during
the translational movement of the vibrational digging-
up machine.

The general view of the designed vibrational digging-
up working tool is presented in Fig. 2.
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Fig. 1. The construction and technological scheme of the
vibrational digging-up machine: / — a digging-up blade; 2 —
mounts; 3 — mechanism of regulating the distance between
blades; 4 — vibrational drive mechanism with the mechanism
of regulating the amplitude and the frequency of blade vibra-
tions; 5 — guide pins

a b

Fig. 2. The general view of the vibrational digging-up work-
ing tool: @ — computerized 3D model; b — a photograph A
towed four-row beet harvester was produced for laboratory-
field experimental research of the vibrational digging-up
working tool under different parameters and working modes
of the vibrational working tool (Fig. 3)
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Fig. 3. The scheme of the field experimental device to investigate the vibrational digging-up working tools: / — a wheeled
tractor; 2 — posterior supporting wheels; 3 — front (copying) wheels; 4 — vibrational digging-up working tools; 5 — beater; 6 —
four-blade beater transporter; 7 — drive mechanism of vibrational digging-up working tools; 8§ — digging-up blades; 9 — blade

mounts; /0 — tape roll; 7/ — frame

The experimental device (Fig. 3) consists of the fra-
me (11), bearing on posterior (2) supporting and front
(3) copying wheels. The front part of the frame (11)
has the installed vibrational digging-up working tools
(4), formed by digging-up blades (8), set on the mounts
(9). The posterior necked part of blades (8) has a beater
(5) with a 4-blade beater transporter (6) behind it. The
vibrational digging-up working tools (4) are connected
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to the drive mechanism (7) for oscillatory movements
with a wide range of amplitudes and frequencies.

To determine the energy-force characteristics, a ten-
zometric traction link was attached to the device for si-
multaneous measurement of the horizontal and vertical
components of the traction effort on the towed device
with a wheeled tractor (1). Foil tenzometric sensors
were installed on the mounts (9) to determine the ef-
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Fig. 4. The laboratory field experimental device () to investigate the vibrational digging-up working tools (b)

forts of the interaction between the blades (8) and soil.
The drive of all the working tools of the experimental
device was ensured by the power take-off shaft of the
wheeled tractor (1), class 1.4. To define the angular ve-
locity, the steering torque and the power, transmitted to
the working tools, an electric joint dynamometer was
installed between the power take-off shaft of the trac-
tor (1) and the drive shaft of the working tools of the
experimental device. The general view of the experi-
mental device during field experimental research and
that of the vibrational digging-up working tools under
investigation is presented in Fig. 4. A movable tenzo-
metric station, installed on a vehicle, was moving along
the laboratory field device during the experimental re-
search.

During the work of the experimental device, the dig-
ging-up blade (8) takes a complicated load, estimated
by the value of the bending motion of its mount (9)
with the installed tenzometric sensors. A track-measur-
ing wheel is attached to the frame to determine the ve-
locity of the experimental device.

The registration of tenzometric indices of the investi-
gated parameters within the energetic estimation of the
work of vibrational digging-up machines was conduct-
ed using the movable tenzometric laboratory ChEK-1
(based on UAZ vehicle) which was moving along the
experimental device during the experiments (Fig. 4,
a). This laboratory allows measuring, registering and
demonstrating the average values of power and veloc-
ity parameters via six independent measuring channels
immediately after the experiments.

The cleaning and transporting working tools of the
beet harvester were disconnected from the drive mecha-
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nism. A device for stripping the tape to collect the sugar
beet, dug up from soil, in order to estimate the quality
of their extraction in the field work was installed be-
hind the vibrational digging-up machines. The running
depth of the digging-up machine in soil was controlled
using the measuring device.

The determination of the agrotechnical indices of the
experimental field was conducted according to the gen-
eral method and the method of the Ukrainian Research
Institute of Forecasting and Testing of Equipment and
Technologies named after Leonid Pogorilyi [12—15].

To determine the indices of agrotechnical evaluation,
three standard plots, 20 m long and 2.7 m wide, i.e.
having the width of six rows, were indicated along the
sugar beet field.

The thickness of weeds in the plot was determined
by laying the rectangular frame of 90x111 cm (the area
of 1 m?) on two adjacent rows in five repeats along the
diagonal of the plot. All the weeds were counted within
the rectangular frame and separately in the 20-cm-wide
stripe of the row zone.

Prior to the experimental research, according to the
method of determining the quality of beet harvesters
[5] the following physical and mechanic properties
of crop roots were determined: maximal diameter of
a crop root; root length; weight of one root; distance
between roots in the row; width of interrow distances;
height of crop roots relative to the soil surface; devia-
tion of crop roots from the relative axis line of the row.

The results of experimental research were processed
according to the known method of statistical process-
ing of experimental data [12, 14, 16] with further pre-

33



ADAMCHUK et al.

sentation in the form of functional and graphic curves
and using the applications for PC.

Field testing of the beet harvester was conducted us-
ing the method of a multifactor experiment, which was
described in [12—15].

The analysis of scientific literature, theoretical stud-
ies and previous testing of the machine were used to
determine the rational ranges of factor changes, which
have the most considerable impact on the quality of
digging up crop roots from soil. Therefore, the veloc-
ity of the experimental device was set in the range of
1.3...2.55 m/s, the running depth of the digging up
blades in soil fluctuated in the range of 0.06...0.12 m,
the frequency of the working tool oscillations —
8.5...20.3 Hz. The listed factors are independent, thus
it is possible to change their values regardless from one
another.

A complete three-factor experiment on investigating
the impact of the mentioned factors on the quality in-
dices of work was conducted with the corresponding
standard matrix.

The impact of three factors on the quality indices of
work was described using the results of processing the
data of experimental research in regression equations
in the form of a polynomial of degree 2:

Y: bO + lel + b11X12 + bZ)(Z + 1)22)(22 + bSX; +

+ b33X;2 + blZ‘XVlXVZ t b23X 3 + b13X1X3’ (1)

where b, b, b, ,b,, b, b, b, b, b

- 11° Y22 Y220 Y30 Y330 Y0 Y30 b]3—rengSS10n
coefficients.

After the matrix of experiment planning was realized
on the experimental device, the coefficients for vari-
ables were defined using Statistica 6 program.

RESULTS AND DISCUSSION

During the experiment the agricultural background of
the experimental plot had the following parameters: soil
type — heavy clay loam, soil solidity — 3.8...4.0 MPa;
soil humidity — 6...8%; sugar beet density — 150 thou-
sand of plants per hectare; average sizes of crop roots:
diameter — 0.094 m, length — 0.24 m, weight — 0.9 kg.

The results of experimental research demonstrated
that the increase in the frequency of working tool oscil-
lations leads to the decrease in the loss of crop roots
with a slight increase in the degree of crop roots in
most cases.

The equation of the regression of the dependence be-
tween the losses of crop roots (¥)) and the frequency
of working tool oscillations (X)), running depth of the
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working tools in soil (X,) and the velocity of the trans-
lational movement of the vibrational digging-up ma-
chine (X)) is as follows:

Y, =12.751-0.365X, + 0.004X.2 + 175.545X, +
+0.912X X, + 884.748X 2-5.551.X,X, + 0.216X%, (2)

with the squared correlation coefficient (squared mul-
tiple correlation) R?> = 0.789; multiple correlation
coefficient R = 0.888; standard deviation S = 0.508.
For this type of function, regression coefficients are
insignificant for factors X, and X X..

The obtained model was used in the Statistica 6 ap-
plication to build the surface of the response of crop
root loss due to the frequency of oscillations of the
working tool and its running depth in the soil for the
velocity values of the translational movement of the
digging-up machine 1.3; 1.75; 2.1; 2.55 m/s and their
two-dimensional cross-sections were obtained (Fig. 5).

It was also important to investigate the dependence
of the crop root losses on the solidity and humidity of
soil during the vibrational digging-up. The beet har-
vester was tested at the frequency of the working tool
oscillations of 8.5 Hz. The study of the loss of sugar
beet losses depending on the velocity of the translation-
al movement (X)) and the running depth of the work-
ing tools (X)) was also studied under different working
conditions.

The following regression equation was obtained for
the soil solidity of 3.8 MPa and its humidity of 8.0%:

Y,=0.401 +9.242X, + 131.572X,~71.088X X, +
+1015.235X,2, 3)
at R2=0.950; R = 0.975; S = 0.454.

The model obtained was used to build the response
surface and its two-dimensional cross section (Fig. 5).

As seen from the obtained charts (Fig. 5), the losses
increase with the increase in the velocity of the trans-
lational movement of the digging-up machine and de-
crease with the increase in the running depth in soil.
This is explained by the fact that the higher velocity of
the translational movement of the digging-up machine
is, the fewer crop roots are taken by the working tool
(the frequency of 8.5 Hz provides for this capture less
with the increase in the translational velocity), the more
crop roots remain either not captured or broken in the
tail part. It is clear that the smaller the running depth
of the digging-up machine in soil is, the higher is the
level of breaking the tail part of crop roots or absence
of their capture, which allows for higher losses. When
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Fig. 5. The square area of the response (a) and the two-dimensional cross-section of the square area of the response (b) of the
loss of crop roots due to the velocity of the translational movement of the digging-up machine and its running depth in soil
(at the frequency of the working tool oscillations of 8.5 Hz; soil solidity of 3.8 MPa; soil humidity of 8.0 %)

the digging-up machine moves at a higher depth, the
impact of the translational velocity on the value of the
crop root losses decreases due to breaking the tail part
at a higher depth, thus this loss is smaller in percentage
and less dependent on the velocity of the translational
movement of the digging-up machine. The loss is mini-
mal for the running depth of 0.11 m in soil.

The following regression equation was obtained for
the soil solidity of 2.0 MPa and its humidity of 20.0%:

Y, =-7.75 +231.582X, + 3.301X,>~94.89 1.X X —
~682.32X 2, )
at R?=0.869; R = 0.932; S = 0.674.

The graphic presentation of the losses of crop roots
depending on the velocity of the translational move-
ment of the digging-up machine and its running depth
in soil under these conditions is presented in Fig. 6.

As seen from the presented chart (Fig. 6), in case
of the running depth of the working tool in soil of
0.06...0.09 m the losses increase with the rise in
the velocity of the translational movement of the
digging-up machine, and do not depend consider-
ably on the velocity in case of the running depth of
0.10...0.12 m. The reasons are the same as for the
previous case. The losses also decrease with the in-
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crease in the running depth of the working tool in
soil and become minimal at the running depth of
0.12 m in soil.

The obtained experimental data and charts (Fig. 6)
demonstrate that the losses for soil with the solidity of
3.8 MPa and the humidity of 8 % are 0.3...6.2 %; for
soil with the solidity of 2.0 MPa and humidity of 20 %
the losses of crop roots are in the range of 0.3...5.8 %.
Therefore, the change in the status of soil in the range
of 2.0...3.8 MPa and the humidity of 20...8 % does
not have any considerable impact on the value of crop
root losses.

The analysis of the data of the statistical processing
of the experiment results demonstrated that there is
a value of the vibration frequency and running depth
in soil of the vibrational digging-up working tool for
each value of the translational velocity of the vibra-
tional working tool which corresponds to minimal
losses and damage to crop roots. It was also estab-
lished that the degree of crop root damage depends on
the conditions of performing the technological pro-
cess of vibrational digging-up (solidity and humidity
of soil). The weight of damaged crop roots increases
with the increase in solidity and decrease in the hu-
midity of soil.

35



ADAMCHUK et al.

paof ———

008

0.08

Working depth, m

007 _ '/,'

e g G e
| NI
{ Y Y 4
i EEE AUy =
13 14 1.5 16 1.7 18 1.8 20 2 22

0.06

3
Speed of movement, m-s

b

Fig. 6. The square area of the response (a) and the two-dimensional cross-section of the square area of the response (b) of the
loss of crop roots due to the velocity of the translational movement of the digging-up machine and its running depth in soil (at
the frequency of the working tool oscillations of 8.5 Hz; soil solidity of 2.0 MPa; soil humidity of 20.0 %)
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Fig. 7. The energy-power characteristics of the vibrational
digging-up working tool (at the frequency of blade oscilla-
tions of 8.5 Hz and the running depth in soil of 0.09 m):
1 — towing force; 2 — moment on the power take-off shaft;
3 — thrust power; 4 — power on the drive mechanism of the
vibrational digging-up working tool

The experimental research demonstrated that the
dirtiness of crop roots, extracted by the vibrational
digging-up working tools of the new design is un-
der 1 %.

The performance of the beet harvester with the in-
stalled new vibrational digging-up working tools under
reasonable rational modes of its work was determined
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by its functioning and duration of stops for repairs, and
its efficiency was evaluated by the agrotechnical indi-
ces of harvesting sugar beet.

The results of experimental research demonstrated
that it is reasonable to use the design of the vibrational
digging-up working tool which would ensure the fre-
quency of oscillations of 10...18 Hz and the running
depth of 0.08...0.10 m in the range of velocities of the
translational movement of the digging-up machine
1.3...2.1 m/s. The mentioned kinematic parameters of
work ensure qualitative implementation of the techno-
logical process of the vibrational digging-up of sugar
beet which corresponds to current agrotechnical re-
quirements regarding losses and damage of crop roots.

The agrotechnical indices of the field plot, where
experimental research was conducted to define energy
parameters, are presented in the Table.

The investigation on the energy parameters of beet
harvester in field conditions was conducted by reading
the values of tenzometric sensors under different work-
ing modes of the machine and different parameters and
working modes of the vibrational digging-up tools. The
graphic curves of energy-power characteristics of the
vibrational digging-up working tool depending on the
velocity of its movement are presented in Fig. 7.
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The analysis of the graphic curves demonstrated a shift
in the towing force P — curve 1 — from 6.6 to 7.8 kN in
the investigated range of velocities (from 0.6 to 1.4 m/s).
Therefore, one may consider that the change in the ve-

The agrotechnical indices of the experimental field plot

locity of the experimental device conditions the increase
in the towing force in a small range. The change of the
rotational moment on the power take-off shaft M — curve
2 occurs in the range from 50 to 70 newton-meter.

According to the data

Indices
of technical conditions of testing
Characteristics of a crop:
deviation of crop roots from the theoretical axis of
the row, %:
0 No data 8.4
+10 The same 12.7
+20 -/ - 23.1
+30 — /- 31.5
+40 -/ - 243
mm and more location of crop root heads relative to
the level of soil surface, %:
— over —30 mm No data 0.0
— from —20 to —30 incl. The same 0.0
— from 0 to —20 incl. -/ - 0.5
— from 0 to +20 incl. — /- 41.7
— over +20 to +40 mm incl. —// - 23.9
— over +40 to +60 mm incl. -/ - 17.2
— over +60 to +80 mm incl. - 10.4
— over +80 mm - 6.3
Density of plants, thousands of plants/ha —/ - 81.7
Biological performance of crop roots, t/ha 70.0 53.6
Biological performance of tops, t/ha 20.00 19.2
The state of tops on crop roots by the form of leaf
location, %
— rosette No data 19.2
— semi-rosette The same 56.7
—cone _// = 24.1
Soil type and name by the mechanic composition — /- Deep low-humus chernozem
Relief Till 7° Even
Microrelief No data Even
Soil humidity, %:
0-10 cm 20.0...23.0 22.5
10-20 cm No data 22.1
20-30 cm The same 22.6
Soil solidity, MPa:
0—-10 cm — /- 1.8
10-20 cm /= 2.6
20-30 cm -/ - 2.6
Field weediness:
weeds, plants/m2 up to 100 cm high Not exceeding 5.0 4.0

Predecessor and previous soil tillage

No data

Winter wheat, inter-row tillage

AGRICULTURAL SCIENCE AND PRACTICE Vol.5 No. 1
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Fig. 9. The dependencies of the power, required for the drive
of oscillations, on the velocity of movement and frequency
of oscillations of the digging-up blades (running depth —
0.09 m); / —8.5Hz; 2—11.0 Hz; 3—15.0 Hz; 4 — 20.3 Hz

As indicated in [4], when the vibrational digging-up
tool is used, the tractive resistance decreases 2.5...3.5
times compared to the resistance of the passive disk
digger. Here, the resistance of the vibrational digging-
up machine increases less intensively with the increase
in the velocity of the translational movement compared
to that of the passive disk digger, and even more so —
that of the passive blade digger, which is proven by the
experiment results.

When the towing force N — curve 3, is calculated
along with the power on the drive mechanism of the
vibrational digging-up working tool N, —curve 4, the
graphic curves are built to demonstrate that NVand N |
of the vibrational digging-up working tool change from
4.0 to 7.0 kW.
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We built separate graphic curves for the dependence
of the power, required for the drive mechanism of the
oscillations of the vibrational digging-up working
tool, on the velocity of the movement and the running
depth of the digging-up blades in soil (Fig. 8) and on
the velocity of movement and frequency of oscillations

(Fig. 9).

As seen from the curves (Fig. 8), the lowest power,
used for the drive of the vibrational digging-up work-
ing tools to the oscillatory movements, is present at the
frequency of 8.5 Hz and the running depth of 0.06 m
in soil.

However, considering that the minimal losses and
damage of crop roots take place at the running depth
of the digging-up machine of 0.09 m in soil, it is more
rational to have the running depth of the digging-up
machine of 0.08...0.10 m and the frequency of oscilla-
tions of the working tool of 10...18 Hz.

CONCLUSIONS

The experimental research established that the losses
of crop roots decrease with the increase in the oscil-
lation frequency of the working tool, and the increase
in the velocity of the translational movement leads to
their increase. Here, in the range of velocities of the
translational movement of the digging-up machine of
1.3...2.55 m/s, minimal losses of crop roots are ob-
served at the running depth of the digging-up machine
0f'0.09 m, and these losses increase for lower and high-
er running depth of the digging-up machine.

It was established that at soil solidity of 4.0 MPa and
humidity of 8.0% under the running depth of 0.09 m
in soil and the range of velocities of the translational
movement of 1.3...2.55 m/s, the frequency of oscilla-
tions of the working tool of 8.5 Hz does not correspond
to the agrotechnical requirements to the loss of crop
roots (the losses are 2.7 %, 1.5 % is acceptable), and,
vice versa, the frequencies of 15.7 and 20.3 Hz meet
the requirements (the losses are 0.5 and 0.4 % respec-
tively).

It was experimentally established that at the soil
solidity of 4.0 MPa and humidity of 8.0 %, and the
change in oscillations of the working tool in the range
of'8.5...20.3 Hz, the damage of beet roots is of change-
able nature, but the impact of the change in frequencies
on the damage of crop roots is insignificant. There is
minimal damage to the crop roots at the running depth
of the working tool of 0.09...0.10 m. The damages to
crop roots increase with the increase in the velocity

AGRICULTURAL SCIENCE AND PRACTICE Vol.5 No.1 2018
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of the translational movement of the digging-up ma-
chine. For instance, at the velocity of the translational
movement of the digging-up machine of 1.3 m/s the
mass of the damaged crop roots is 8.0...9.8 %; at the
velocity of 1.75 m/s — 8.1...9.8 %; at the velocity of
2.1 m/s — 8.2...10.3 %; at the velocity of 2.55 m/s —
10.5...12.8 %.

The velocity of the translational movement of the
digging-up machine in the range of 1.3...2.1 m/s
meets the agrotechnical requirements in terms of
damage to crop roots (not more than 10% are accept-
able), but the velocity of 2.55 m/s does not meet these
requirements.

It was found that the mass of the damaged crop roots
depends on the solidity and humidity of soil consider-
ably. For instance, at the solidity of 2 MPa and humid-
ity of 18 % it is in the range of 3.0...6.2 %, and at the
solidity of 4 MPa and humidity of 8 % — in the range
of 8.0...13.0 %.

The application of the vibrational digging-up work-
ing tool allows achieving the 2.5...3.5-fold decrease
in the relative energy consumption of harvesting com-
pared to the application of the passive disk digger, and
even more so — the passive blade digger. It was estab-
lished that the change in the velocity of the transla-
tional movement of the digger conditions the increase
in the towing effort in a small range, and the change
in the rotational moment on the power take-off shaft
at the change in the velocity of the translational move-
ment in the range of 0.5...1.4 m/s is in the range from
50 to 70 newton-meter.

The smallest power, used for the drive of the vi-
brational digging-up working tools (providing oscil-
latory movements), corresponds to the frequency of
oscillations of the working tool of 8.5 Hz and the
running depth of 0.06 m in soil. Considering that the
minimal losses and damage of crop roots take place
at the running depth of the digging-up machine of
0.09 m in soil, it is more rational to have the running
depth of the digging-up machine of 0.08...0.10 m and
the frequency of oscillations of the working tool of
10...18 Hz.

It was found that the kinematic working parameters
of the vibrational digging-up working tool, ensuring
complete extraction of the crop root from soil on con-
dition of avoiding the break of the top part of the root
during the impact interaction, which were obtained
theoretically, meet the agrotechnical requirements in
terms of losses and damage to crop roots completely.
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It was established that it is reasonable to use the
design of the vibrational digging-up working tool
which would ensure the frequency of oscillations of
10...18 Hz and the running depth of 0.08...0.10 m in
the range of velocities of the translational movement
of the digging-up machine 1.3...2.1 m/s at the length
of the posterior part of the working plant passage of
0.15...0.20 m.
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TexHonoriunuii npouec BiOpamiiHOro0 BUKOIYBaHHS Kope-
HETUTOJIB OypsiKa IyKpOBOro HaOyB MOIIUPEHHS B OaraTbox
OypsIKOCISITBHUX KpaiHax cBiTy. J{ocBiJ BUKOpHCTaHHS 1[bO-
rO MpOIleCy IMOKa3aB, M0 BiH Mae psij IepeBar MOPiBHIHO
3 IHIIMMHU crioco0amMy BUKOITYBaHHS, ajle eKCIIePUMEHTab-
HUX JIOCIIDKCHb BiIOpaiiHOIO BUKOITYBaHHS KOPCHEILIO/IB
IyKPOBOTO OYypsIKy 3 IPYHTY JyXe Majo, TOMy JlaHa Te-
MaTHKa € aKTyaJIbHOIO JUIs raiy3i OypsikiBHunrsa. Merta.
ExcriepumeHTanbHe BU3HAYCHHS PALliOHAIBHUX MapaMeTpiB
1 peXXMMIB BiOpaIiHOTO BHKOIYIOYOTO POOOYOro OpraHy
Juist 3a0e3nedeHHst HeoOXiJHOI SKOCTI BMKOHAHHS TEXHO-
JIOT1YHOTO HPOLECY BHKOITyBaHHS KOPEHEIIONIB IIyKPOBHX
OypsikiB 3 TIpyHTY. MeToan. 3acTOCOBaHO METOAM IUIAHY-
BaHHs 0araTo(akTOpHOrO EKCHEepPHMEHTY, IOJILOBUX IOC-
JJUKEHb, CTAaTHCTHYHOI OOPOOKH Ta perpeciiiHoro aHamizy
JMOCITIHAX JaHWUX 3 MOOYIOBOI TpadiuHUX 3aTCKHOCTEH.
PesyabraTt. Po3po0ieHO HOBY KOHCTPYKINIO Ui BiO-
paLiifHOr0 BUKOIYBaHHS KOPEHEIUIOAIB LYKPOBOIO OYpPSKY
3 IpyHTy. Ha OCHOBI mpuifHATOI mporpamMu i METOIMKH
OyJI0 TIPOBEICHO EKCIICPUMEHTAbHI JOCIIDKCHHS BIUTH-
BY OCHOBHHX KOHCTPYKLIHHMX 1 TEXHOJIOTIYHMX Iapa-
METpiB BiOpAIifHOrO BHKOITYIOUOTO POOOUOTO OpraHy Ko-
peHe30MpaibHOi MAIIMHKE HA NOKa3HUKH SIKOCTI BUKOHAHHS
TEXHOJIOTIYHOTO TIpoLecy 30MpaHHs KOPEHEIUIONIB I[yKpO-
BOro OypsKy. B 1oipoBHX yMOBaX IOCHTIIPKEHO €HEepreTHY-
Hi TapaMeTpu HOBHX BiOpAIiifHUX BUKOMYIOUHX POOOUMX
OpraHiB MUISXOM pPEECTparlii MOKa3HUKIB TCH30METPHIHUX
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JATYHKIB Ha PI3HUX peXKUMaxX poOOTH YCTAaHOBKH Ta Pi3HUX
mapameTpax i peknMax poOOTH BiOpamiHHUX BHKOITYFOUMX
opraniB. BucHoBkH. BcraHoBIeHO, 1m0 A KOKHOTO
3HAYEeHHS IOCTYMaJbHOI IIBHUAKOCTI pPyXy BiOpamiiHOTO
Kolaya ICHy€ BiJINOBigHE 3HAYEHHS YaCTOTH KOJHBAaHB
Ta TIMOWHU XOMy B TIPYHTI BiOpamiHHOTO BHKOITYIOUOTO
pobodoro oprany, SIKOMY BiAIOBiIalOTh MiHIMaNbHI BTpaTu
Ta TIOIIKO/UKEHHS KOpEHEIUIoAiB. Takok BCTaHOBIIEHO,
0 CTYIiHb TIONIKO/PKEHHS KOPEHEIIOIB 3aJIeKUTh BiJ
YMOB BHUKOHAHHSI TEXHOJOTIYHOTO TIpoIlecy BiOpariitHoro
BUKOITYBaHHS (TBEPJOCTI 1 BOJIOTOCTI IPYHTY), IPUUOMY 3
POCTOM TBEPJOCTI Ta 3MEHIICHHSIM BOJIOTOCTI IPYHTY Maca
TMOIIKO/DKEHUX KOPEHEIIONIB 301IbIIYETHCSI.

KoiodoBi ciioBa: BiOpaliiine BUKOIyBaHHS, ITOJbOBUH €KC-
MEepUMEHT, IYKPOBHUH OypsK, KOPEHEIUIiJl, MOIIKOIKCHHS,
BTpATH.
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TexHOMOTHYECKAI TIpOIIecC BUOPAIIMOHHOTO BEIKAITEIBAHUS
KOPHETIJIOMOB CBEKJIBI CaXapHOH IMOMYYMJI pacipoCTpaHe-
HHE BO MHOTHX CBEKJOCCIOMINX CTpaHax wmupa. OnbIT
WCTIONB30BaHMS ATOTO TpoIlecca MOKa3all, YTO OH HMMEeT
PSA IPEUMYIIECTB MO CPAaBHEHHIO C IPYTUMH CIIOCOOaMuU
BBIKAITBIBAHUS, HO SKCIIEPUMEHTAIBHBIX HCCICIOBAaHUN BHO-
PAIIIOHHOTO BBIKATIBIBAHIS KOPHEIIONOB CaXapHOW CBEKIIBI
13 MTOYBBI OYCHB MaJo, TIOATOMY JaHHAs TeMaTHKa aKTyajlb-
Ha Ui OTPaciu CBEKJIOBOIACTBA. Lledab. DKCHepUMEHTAb-
HOE€ OTIpPE/IeICHNE PAIOHAIBHBIX TAPaMETPOB U PEKIMOB
BHOPAIIMOHHOTO BBIKAIBIBAIOIIETO pabouero oprana Jjist
obecmnieyeHnss TpeOyeMOro KauecTBa BBITIOIHEHUS TEXHOJO-
THYECKOTO TIPOIIeCcCa BBHIKANBIBAHMSA KOPHEIJIONOB caxap-
HOM cBeksbl W3 mouBbl. Metoabl. [IpuMeHeHbl MeTOnbI
IJIaHUPOBAHUA MHOFO(I)aKTOpHOFO OKCIIEPHUMCHTA, IMOJICBBIX
HCCIICIOBAaHNH, CTaTHUCTHYECKONH 00pabOTKH U perpecCHoH-
HOTO aHaJIn3a MCCIIEN0BATEIbCKUX JAHHBIX C MOCTPOCHH-
eM rpaduyeckux 3aBucumocteil. Pesyabrarbl. Paspabora-
Ha HOBas KOHCTPYKIUA BI/I6paIII/IOHHOFO BbIKAIIbIBAKOIIICTIO
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opraHa il BHOPAIlMOHHOTO BBIKANIBIBAHWUS KOPHETIJIONOB
caxapHOH CBEKJIbI M3 MO4YBBL. Ha oCHOBe MPHHSATOH mpor-
paMMBbl U METOJIMKH OBUIN IPOBEIEHBI SKCIIEPUMEHTAIbHBIE
WCCJICZIOBAHUS BIMSHHUS OCHOBHBIX KOHCTPYKIHMOHHBIX H
TEXHOJIOTHUYCCKUX MapaMETpOB BI/I6paL[I/IOHHOFO BbIKAIIbIBa-
IOIIero pabodero opraHa KOpHEyOOpPOYHOH MamIMHBI Ha
TMOKa3aTeJin Ka4CCTBa BBINTOJTHECHUA TEXHOJIOTMYCCKOTO PO~
mecca yOOpKM KOPHEIUIOAOB CaxapHOW CBEKIBL B 1mmo-
JIEBBIX YCIJIOBUSIX HMCCIIEJOBAHBI SHEPreTHYECKHUE Iapamer-
pBI HOBBIX BHOPAIIMOHHBIX BBIKANBIBAIOIINX padOdnX Op-
TaHOB MyTEM pErHCTpalUH IOKa3aTelell TEeH30MeTpHudec-
KHX JaTYMKOB HAa Pa3HBIX pexHMax paOOThl YCTaHOBKU H
pa3IMUHBIX MapameTpax M pexuMax padoTbl BHOpPAIMOH-
HBIX BBIKalbIBAIOIIUX OpPraHoB. BBIBOABI. YcTaHOBIEHO,
YTO JUIA Ka)KIOr0 3HAYCHMS IOCTYNATEeIbHOW CKOPOCTH
JIBIDKEHUS] BUOPAIIMOHHOTO BBIKAIBIBAIOIIET0 pabodero op-
raHa CyIIECTBYET COOTBETCTBYIOIEE 3HAYEHHE YacTOTHI
KojeOaHWii W TIYyOMHBI XOlIa B II0YBE BHOPAMOHHOTO
BBIKAIBIBAIOLIET0 PAabOYero opraHa, KOTOPOMY COOTBET-
CTBYIOT MHHHUMAJbHBIE TOTEPH M MOBPEKICHHS KOpHE-
10710B. Takke yCTaHOBJICHO, YTO CTEMEHb MMOBPEKIACHHS
KOPHEIJIOZI0B 3aBUCHT OT YCJIOBHH BBITIONHEHUSI TEXHO-
JIOTUYCCKOro Imporecca BI/l6paI_lI/lOHHOFO BbIKAIlbIBaHU S
(TBepmOCTH W BIAXHOCTH IIOYBBI), TPHYEM C POCTOM
TBEPAOCTH ¥ YMEHBIICHWEM BJIXXHOCTH IIOYBBI Macca
MOBPEX/ICHHBIX KOPHETJIOI0B YBEIUINBACTCS.

KaroueBble ciioBa: BI/I6paI_[I/IOHHOC BBIKAIIbIBAHUEC, II0JIC-
BOM OKCIICPUMCHT, CaxXxapHasi CBCKJIa, KOPHCIUIOMA, MOBPCK-
JCHUA, IIOTCPH.
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