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ANALYSIS OF THE PREREQUISITES

FOR THE EXPERIMENTAL DETERMINATION
OF THE PRESSURE OF BULK MATERIAL

ON THE BOTTOM OF A SILO CONTAINER

Purpose. The main purpose of the publication is to describe the experience of preparing and planning an exper-
iment to determine the pressure of bulk material on the bottom of a silo. It includes an analysis of global experience
in conducting similar experiments, a review of potential problems and difficulties during the experiment's prepara-
tion, and the specifics of the material and technical base for conducting similar experiments in Ukraine. Methodolo-
gy. To achieve the main objective, the global experience in conducting similar experiments was reviewed in detail.
The advantages and disadvantages of existing methods for experimentally determining the pressure of bulk material
on the bottom of a silo were examined. The availability of necessary technical means in Ukraine was analyzed.
Findings. It was found that the main problems in preparing similar experiments are the inaccessibility of necessary
equipment and the specific technological operations of most non-port elevators in Ukraine. An analysis of risks that
may hinder the quality of the experiment was also conducted, and a methodology for preparing for the experiment
was developed. Originality. This publication describes the process of planning and preparing for the experiment,
potential methods for conducting the experiment, assessment of possible difficulties and risks during the experiment,
and ways to mitigate these risks during preparation. For the first time, a method of using tensometric sensors to
measure pressure inside a silo is proposed, including the selection and installation of these sensors. Practical value.
The article provides a step-by-step guide for preparing for the experiment and describes possible methods for inves-
tigating the pressure of bulk material on the bottom of a silo, necessary tools, and calculations. The materials in the
article will facilitate the process of organizing and conducting future experiments on measuring the pressure of bulk
material on the bottom of a silo.
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Introduction The most modern method of storing and accu-
mulating grain at an grain storage facility is steel
silos. They make it possible to fully mechanize the
processes of loading and unloading grain, provide
its efficient storage, and monitor its condition dur-
ing storage. At the same time, Ukraine is experi-
encing a significant shortage of grain storage ca-
pacity; therefore, in the near future, such facilities
will be actively constructed and reconstructed
(JIeb6imp, 2012).

At the same time, some grain storage facilities
face problems related to the distress of these con-
structions (Bannikov, 2011). Part of the accidents

The largest export category of Ukraine over the
past decade has been agricultural products.
Ukraine is one of the world leaders in the grain
market. To transport grain across the territory of
Ukraine and abroad, a large number of grain stor-
age facilities have been constructed, performing
the functions of grain accumulation and its ship-
ment by various types of transport, mainly rail,
river, and sea. Efficient logistics in delivering grain
to the end consumer are extremely important for
maintaining our country’s position in the global
agricultural market. Proper and careful storage of

grain at transshipment terminals is an essential fac-
tor in the logistics of this product.

may be associated with the imperfection of the
method for calculating the pressure inside the silo.
The present study aims to investigate conditions
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related to excessive settlement of the silo floor.

Those deformations do not allow for mecha-
nized cleaning of the silo and, as a result, this work
has to be carried out manually.

Deformations of this type occur in foundations
with internal backfill due to its excessive compac-
tion and settlement. Similar deformations were
recorded during the inspection of six silos on a
foundation with internal backfill at Kononivskyi
Elevator LLC in the village of Pomynnyk,
Mankivka district, Cherkasy region (BunHHKOB,
Xapuenko, Kiuacos, & Mapuenko, 2024). An ex-
ample of such a foundation design is shown in
Fig. 1.

aatl]

Fig. 1. Example of a foundation with internal backfill

The old approach, which minimized “wet” pro-
cesses such as monolithic concreting, is no longer
relevant due to changes in construction methods, as
prefabricated elements are now rarely used in the
construction of silo foundations (Alkhdour,
Tiutkin, Bannikov & Heletiuk, 2023). Despite the
fact that soil properties in a saturated state are con-
sidered in foundation calculations, excessive de-
formations are still observed. One of the reasons
for such damage may be the imperfection of the
commonly accepted theory for calculating pressure
from bulk materials, described over 100 years ago
in the article by the German engineer Janssen (Jan-
sen, 1895). According to Janssen’s equation, the
pressure on the silo floor is uniform, equal across
the entire floor area.

Janssen’s equation has served as the basis for
most international standards for silo design (EN
1991-4, 2006; ANSI/ASAE EP433, 2015; AS
3774, 1990) as well as the partly cancelled national
standard (JIBH B.2.2-8-98, 2015). In the EU, US,
and Ukrainian regulations (EN 1991-4, 2006;
ANSI/ASAE EP433, 2015; JIBH B.2.2-8-98,
2015), the pressure on the silo floor is assumed to

be uniform across the entire container area, unlike
the Australian standard (AS 3774, 1990), where an
additional empirical coefficient is introduced into
the floor pressure calculation, depending on the
ratio of the ordinate (the distance from the center
of the silo to the point where the pressure is calcu-
lated) to the silo diameter (AS 3774, 1990,
6.2.3.2).

The vast majorities of silo manufacturers also
use Janssen’s equation in their calculations and
assume the product pressure on the silo floor to be
uniform.

There are a number of experimental studies that
have found that the actual pressure on the silo floor
is not uniform (Fank, do Nascimento, Cardoso, et
al., 2018; Horabik & Molenda, 2017; Schwab,
Ross, White, & Coliver, 1994). These studies indi-
cate that in certain areas of the silo, the actual floor
pressure can exceed the theoretical value calculat-
ed using Janssen’s equation by more than 50 %.
However, these pressure distribution studies are,
unfortunately, not applied in practice and are not
reflected in current calculation methodology,
which may be one of the reasons for the occur-
rence of the deformations described above. One
way to avoid such deformations may be the use of
a pile foundation, as the uneven loads on the silo
floor are distributed between the piles and the raft
(Timuenko, Kpimko, & Casenko, 2024). However,
a pile foundation is significantly more expensive to
construct compared to a foundation with internal
backfill. Therefore, the foundation with internal
backfill remains popular due to its economic feasi-
bility. Using more accurate floor pressure values in
calculations can provide the designer with a more
precise picture of the stress-strain state of the
foundation.

Purpose

Considering all of the above, in order to pre-
vent excessive deformations of silo’s floors, it is
necessary to further develop the theory of pressure
distribution on the floor of the silo. For a more de-
tailed study of the distribution of vertical pressure
on the floor, a larger number of experiments meas-
uring floor pressure must be conducted. The influ-
ence of different types of products and various ra-
tios of silo diameter to height (D/H) has to be taken
into account. Based on the results of a significant
number of experiments, the theory for calculating
floor pressure in silos should be refined and im-
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plemented in the practice of designing grain stor-
age facilities. This article presents the experience
of preparing such an experiment.

Methodology

Experiments to determine the pressure on the
silo floor were conducted using scaled models
(Horabik, & Molenda, 2017) as well as full-scale
silos (Schwab, Ross, White, & Coliver, 1994,
Fank, do Nascimento, Cardoso, et al., 2018). Full-
scale constructions allow for more realistic data,
taking into account the interaction between the
product and the silo structure. This article exam-
ines both the authors’ own experience and that of
previous experiments, presenting the preparation
stages and highlighting the specific features of
their implementation.

The following stages can be distinguished in
the process of preparation for the experiment:

1, Selection of a site for the experiment

One of the greatest challenges in organizing
this experiment is the time constraints, since the
technological process at most grain storage facili-
ties involves a rather long loading-unloading cycle
of the silo, which can last up to a calendar year.
Therefore, if the experimental site is chosen poor-
ly, only one experiment per year can be conducted
using a single set of equipment.

Grain storage facilities can be classified into
three types based on their purpose:

a) farm facilities;

0) industrial facilities;

B) port and rail terminals.

Farm facilities in Ukraine usually have two
loading periods during harvesting (May—June and
August—November). The storage duration of grain
in such facilities can range from six to twelve
months.

Industrial facilities usually have a single har-
vesting period. The loading and unloading cycle of
silos at such facilities ranges from three months to
one year, depending on the number of silos and the
ratio of storage capacity to processing volume.

Port and rail terminals specialize in providing
services for the accumulation and transshipment of
grain between different types of transport. Facili-
ties of this profile receive products throughout the
year. Such terminals can perform from two to
twenty cycles per year, making rail and port termi-
nals the most attractive sites for conducting exper-
iments.

It should also be noted that filling a single silo
can usually take from 5 days to several weeks. It is
desirable to monitor the pressure throughout the
entire loading period in order to obtain accurate
data on the grain pressure distribution at different
diameter-to-height ratios (D/H). Therefore, for
proper observation, daily measurements must be
recorded over several days or weeks. For this rea-
son, preference should be given to facilities located
as close as possible to the researcher’s location, to
simplify the organization of the scientific study.

Therefore, when selecting a facility for con-
ducting the experiment, it is necessary to:

1. Give preference to port or rail terminals.

2. Choose facilities located as close as possible
to the researchers.

3. Clarify the expected silo loading rate.

4. Determine whether elevator staff can be in-
volved in the experiment and provide them with
instructions on the procedure for conducting the
measurements.

2. Choosing a method for measuring pressure

The measurement of the actual pressure on the
silo floor was primarily carried out using two
methods. The first method involves the installation
of a second floor level, divided by expansion joints
into several concentric rings, each mounted on sen-
sors. This allows for the measurement of the total
pressure on specific sections of the floor (Schwab,
Ross, White & Coliver, 1994). The experimental
setup is shown in Fig. 2.

Grain —| Silo wall
- it b
Concentric rings O
i N
Support frame — |y <l Isolated silo
f 4 wall support
v —
:@ — Sensors

Fig. 2. The experimental setup for measuring floor pres-
sure using a second-floor level arrangement

The second method is based on the installation
of individual sensors to measure the local pressure
on specific areas of the silo floor (Fank, do Nasci-
mento, Cardoso, et al., 2018). Figure 3 shows a
photo of the sensor placement inside the silo.

The first method requires a large amount of
work to install a second floor level, which signifi-
cantly increases the time for assembly and disas-
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sembly of the equipment, as well as the overall
cost of the experiment. In addition, this method
requires adapting the equipment whenever the silo
diameter changes.

Fig. 3. Placement of sensors for measuring pressure
on the silo floor

The second method offers quick and easy in-
stallation, requires much less expensive equipment,
and allows sensors to be positioned freely, making
it possible to measure pressure at any point on the
silo floor. For these reasons, this method was se-
lected for the experiment.

3. Choosing equipment for pressure measure-
ment

The most suitable type of sensors for measuring
pressure from bulk materials are hydraulic pressure
sensors, commonly known as earth pressure cells.
These sensors were originally developed to meas-
ure pressure within soil or the pressure exerted by
soil on structures. They can also be used to meas-
ure the pressure of any bulk material (Instruction
Manual, Model 3500 Series Earth Pressure Cells,
GEOKON, 1984).

Unfortunately, it was not possible to find a
supplier of hydraulic sensors in Ukraine. There-
fore, strain-gauge sensors were chosen for the ex-
periment.

Strain-gauge sensors available on the Ukrainian
market are most often designed for use in weighing
equipment and are primarily intended to measure
point loads from beams, columns, or platforms.

Three types of sensors were considered for
measuring pressure:

1. Strain-gauge bending sensor with a weighing
range of 50kg to 2t, equipped with a damping
support unit and a pressure collection surface di-
ameter of 75 mm (Fig. 4).

2, Strain-gauge diaphragm sensor, with a
weighing range of 50 kg to 2 ton, was featuring a

point load application (Fig. 5).

3. Strain-gauge platform sensor, with a weigh-
ing capacity of either 2t or 5t, and a load collec-
tion plate diameter of 122 mm (Fig. 6).

Fig. 4. Strain-gauge bending sensor

The strain-gauge bending sensor required isola-
tion of the space beneath the sensor from the grain
to prevent the platform from resting directly on it.
Therefore, it was decided to discard this option.

The strain-gauge diaphragm sensor required an
enlarged load collection area, as it was designed to
measure point loads and had a load plate with a
diameter of only 10 mm. Therefore, the diaphragm
sensor option was also discarded.

Fig. 5. Strain-gauge diaphragm sensor
featuring a point load application

Fig. 6. Strain-gauge platform sensor

For the experiment, a platform-type strain-
gauge sensor was selected. This type of sensor is
already isolated from any grain getting beneath the
platform and has a load collection area with a di-
ameter of 122 mm. Among the drawbacks of these
sensors are their limited availability in Ukraine,
resulting in a four-month lead time. Another disad-
vantage was high maximum capacity (2t and 5 t),
which can lead to measurement errors at low pres-
sure.
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It should be noted that, to record data from the
sensors, they must also be equipped with a dedi-
cated data acquisition terminal.

Findings

After completing the organizational stages, the
practical preparation for the experiment began,
taking into account the design of the chosen silo.
This preparation consisted of the following stages:

1. Calculation of the expected pressure

One of the key factors in selecting a sensor is
the expected pressure. On one hand, the product
pressure should not exceed the sensor’s maximum
allowable load; on the other hand, the expected
pressure should be as close as possible to the sen-
sor’s optimal working range to ensure the most
accurate measurements.

The maximum expected pressure can be deter-
mined according to the European standard (EN
1991-4, 2006) under hydrostatic conditions. None
of the experiments mentioned above recorded val-
ues exceeding the hydrostatic pressure.

The pressure under frictionless conditions (hy-
drostatic conditions) can be calculated using the
following formula:

P = 9H, (1)

P_.. — pressure on the silo floor, Ym?* g — bulk

density of the product stored in the silo, t/m* H —
maximum silo filling height, m.

When conducting an experiment in a silo with a
diameter greater than 12 m, it is also necessary to
account for one-third of the cone height. In this
case, the height can be calculated using the follow-
ing formula (2):

H =h+%tga, (2)

h — silo wall height, m; o — angle of repose;
D —silo diameter, m.

The heaviest of the products that can be stored
in grain silos is wheat, with the following charac-
teristics: g = 0.8 t/m% o = 25°.

Thus, the final formula for the maximum ex-
pected pressure will be:

P - g(h+ Dtg“j. 3)

For the experiment, the Agro-KMR LLC grain

storage facility in Bohuslav, Pavlohrad District,
Dnipropetrovsk Region, was selected. This grain
elevator is equipped with silos manufactured by
Frame (ltaly), model FP 21/23, with the following
dimensions: wall height, h = 20.29 m; wall diame-
ter D=19.2 m.

The maximum expected pressure was calculat-
ed for wheat:

=17.43t/m>

19.2tg25"
P = 0.8(20.29 + —gj

The sensor purchased for the experiment has a
diameter of 122 mm. The load collection area for
this sensor is:

0.122%.3.14

A= =0.0117 m?,

Thus, the maximum expected force will be:
Frax =0.0117-17.43=0.2039 tf.

Thus, of the two available sensor models (2t
and 5 t), the 2 t model was chosen, as the expected
load is closer to the sensor’s optimal working
range.

However, the maximum expected pressure is
only about 10 % of the sensors’ maximum capaci-
ty. Therefore, it was decided to increase the load
collection area in order to raise the expected max-
imum force to approximately 70 % of the sensors’
allowable limit.

The required area for expansion can be calcu-
lated using the following formula:

_ 0,5F

Ay =0 (4)

max

- 2'
A, —expanded load collection area, m% F_ ., —

maximum load for the selected sensor, t. In our
case, ., =2t

It should be noted that this value depends on
the product to be stored in the silo and must be cal-
culated for each specific experiment. In our case,
the silo is expected to be filled with wheat, so the
previously determined value can be used. P_ =
17.43 t/m?’.

05-2

A, =2 _0,0574 .
r " 1743 m

The radius of the plate for expanding the load
collection area should be R=0.135 m.
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To expand the load collection area, it was de-
cided to fabricate a steel disc. To isolate the space
beneath the expansion plate, a section of welded
pipe was used, with a diameter 2 mm larger than
that of the expansion plate. A preliminary schemat-
ic of the sensor installation with the expansion
plate is shown in Fig. 7.

Fig. 7. Sensor setup with the expansion plate

In addition, the expected sensor readings for
each fill level were calculated in advance. For the
experiment, the expected values can be determined
using Jansen’s equation, as well as according to the
Australian standard. (AS 3774, 1990).

The experiment is planned using wheat with the
following  characteristics:  bulk  density -
0.705 t/m*; bulk density with 2 % compaction —
0.719 t/m?; silo wall friction coefficient — 0.4; in-
ternal friction angle — 24°; silo diameter — 19.1 m.

The calculated expected values are presented in
the table 1.

The calculations were performed in Mathcad
using the input data provided above.

Table 1
Expected sensor readings
Expected sensor readings, kg
Fill height Ac‘jord'“g to For AS 3774 (1990)
Zm ansen
All sensors Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 5
(0.117R) (0.341R) (0.598 R) (0.813R) (0.948 R)
1 84 105 101 90 78 68
2 117 146 140 126 108 94
3 149 185 178 160 137 119
4 180 223 214 192 165 144
5 209 260 249 224 192 167
6 238 295 283 255 219 190
7 265 330 316 284 244 212
8 292 363 348 313 268 234
9 317 395 378 340 292 254
10 342 425 408 367 315 274
11 366 455 436 392 337 293
12 389 484 464 417 358 312
13 411 511 490 441 378 329
14 433 538 516 464 398 347
15 454 564 541 486 417 363
16 474 589 565 507 436 379
17 493 613 588 528 453 395
18 507 630 604 543 466 406
19 530 659 631 568 487 424
20 547 680 652 586 503 438

2. Installation of the sensor inside the silo

Factors influencing the choice of the sensor in-
stallation location include both design and struc-
tural considerations.

Design considerations refer to the preferred
sensor installation locations where changes in pres-
sure, local decreases, or local increases are ex-
pected. Based on the experience of previous exper-
iments, it is recommended to have five pressure

measurement points (Schwab, Ross, White, & Col-
iver, 1994; Fank, do Nascimento, Cardoso, et al.,
2018; Horabik, & Molenda, 2017). Analysis of
these three experiments shows that different pres-
sure values can be observed at all five points. By
examining the experimental results, conclusions
can be drawn regarding the optimal sensor installa-
tion locations.

The highest pressure is expected at the center of
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the silo. Moving away from the center, the pressure
gradually decreases until approximately 0.69R ...
0.85R, where a local increase is observed. To cap-
ture this local pressure rise in the experimental re-
sults, one or two sensors should be placed just be-
fore the pressure increase zone. Therefore, the rec-
ommended range is 0.4R ... 0.7R.

The next sensor should be installed in the area
where a local pressure increase is expected, at ap-
proximately 0.82R ... 0.84R.

The final zone, where previous experiments
showed a sharp drop in pressure, is around
0.95R.The next important factor in selecting sensor
locations is structural. The sensors must be remov-
able before the sweep auger is activated.

The first area to be cleared of grain during silo
unloading is the zone along the unloading axis,
where the initial position of the loading auger is
located. To clear this area from the grain, discharge
outlets are provided in the silo floor (Fig. 8).

s

Fig. 8. Sensor installation layout
between the discharge outlets

It is recommended to place the sensors along
the silo’s unloading axis. This allows the sensors to
be removed before the auger is activated. If sensors
are positioned outside the unloading axis, they may
be at risk of being damaged when the auger starts
operating.

It should also be noted that significant forces
are developed during grain unloading. If a sensor is
placed too close to the discharge hopper, it could
be swept into the hopper along with the grain flow,
potentially damaging the unloading conveyor.
Therefore, the sensor installation zone was chosen
to be midway between the discharge openings,
where small ridges of grain remain before the au-
ger is activated. These ridges help to protect the
sensors from being dragged into the hopper (see

Fig. 8).

In the case of the silo chosen for our experi-
ment (D=19.1 m), with sensors positioned midway
between the discharge openings, they can be in-
stalled at the following locations (Fig. 9).

8500

6500
5000

orone

5710 (0.598R)
7760 (0.813R)
9020 (0.97R)

-

2500

I:ILF:I a]

_ 1120(0.117R)
3260 (0.341R) |

/

Fig. 9. Sensors placement layout for the experiment

Cables from the sensors to the outside of the si-
lo need to be routed to connect to the terminal.
This can be done along the path of the loading au-
ger cables, which are typically laid in the under-
silo tunnel.

When routing cables inside the silo, they must
also be securely fastened to the floor to prevent the
equipment from being drawn into the discharge
outlets. Additionally, the cables should be laid at a
distance of 0.5 ... 1.0 m from the discharge open-
ings (Fig. 10).

Ulﬂlﬂlﬂl 0

1120{0.117R)
3260 (0.341R)

5710 (0.598R)

60 (0.813R)

Fig. 10. Cable routing layout inside the silo

Outside the silo, the cables should be numbered
according to the sensor numbers to prevent mis-
takes. The connectors for the terminal and the sen-
sor labels must be protected from rain and dust.

3. Preliminary preparation for the experiment.

Before starting the experiment, it is recom-
mended to prepare a logbook in advance, where
the measurements will be recorded.
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Prior to the experiment, data should be collect-
ed on the stored product and the characteristics of
the silo, including:

— product name;

— measured bulk density of the product;

— measured internal friction angle of the prod-
uct;

— measured friction coefficient of the product
against the silo walls;

— silo wall diameter and height;

— sensor layout inside the silo and their num-
bering.

Next, a table is created for further analysis with
the following columns:

1. Date and time of measurement.

2. Amount of product received in the silo, t (da-
ta from the facility laboratory).

3. Amount of grain waste separated from the
product loaded into the silo, t (data from the facili-
ty laboratory).

4. Measured bulk density of the product after
drying and cleaning.

5. Height of the product pile along the silo wall
at the time of measurement, m.

6. Whether the measurement was taken during
silo filling or emptying, or if the product was stat-
ic, since pressure during loading or unloading can
differ from static conditions (Gandia, Gomes, de
Paula, de Oliveira Jr., & Rodriguez, 2021).

7. Sensor readings (1 ... 5), kg.

8. Status of the ventilation system during meas-
urement (on or off).

Originality and practical value

The process of preparing for the experiment
demonstrated the complexity of this work. Consid-
ering the difficulties and high costs associated with
the experiment, thorough preparation is essential to
prevent potential complications. As noted earlier in
the article, Janssen’s equation for calculating pres-
sure inside a silo does not fully reflect the actual
pressure distribution; therefore, the theory of pres-
sure calculation requires further refinement and
development. Unfortunately, due to the organiza-
tional challenges of such experiments, they have
been conducted insufficiently worldwide. This ar-
ticle aims to assist in organizing similar experi-
ments, accelerate research, reduce experimental
costs, and expand the experimental database for the
further development of pressure calculation theory
for bulk materials in silos.

Conclusions

1. Due to the technological features of grain
storage facilities operations, special attention
should be given to the selecting grain elevator for
the experiment. Selecting an inappropriate site may
result in only one experiment per year with a single
set of sensors.

2. The article presents pressure measurement
methods used in previous experiments and identi-
fies the optimal method.

3. The analysis of the equipment market for
such experiments revealed a lack of necessary sen-
sors for conducting these studies. However, a mod-
ification of the equipment available on the Ukrain-
ian market is proposed to meet the experimental
requirements.

4. Based on the analysis of data from previous
experiments, optimal sensor locations were select-
ed to provide the most accurate representation of
the pressure distribution curve.

5. The paper proposes and describes a method
for mounting sensors inside a grain silo.

6. The article details the preparatory work con-
ducted in the office prior to the experiment.
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AHAJII3 NEPEJYMOB
EKCHEPUMEHTAJIBHOTO BUSHAUEHHS
TUCKY CUIIYUOT'O MATEPIAJTY

HA JJHUIIE CUJIOCHOI EMHOCTI

Meta. OCHOBHOIO METOIO IyOJIKaLlil € OITUC IOCBIAY MiATOTOBKHM Ta IUIAHYBAHHS CKCIIEPUMEHTY 3 BU3HAYECHHS
THUCKY CHITy4OTO Marepially Ha JHUIIE CHIOCHOI €MHOCTI. AHaJi3 CBITOBOTO JIOCBiAy 3 MPOBEICHHS aHAJIOTIYHHX
€KCIIEPUMEHTIB, aHaJli3 MOXKJIMBUX MPOOJIEM Ta YCKJIAJHEHb MPH MiJrOTOBLI JI0 EKCIIEPUMEHTY, 0COOINBOCTI Mare-
pianbHO-TeXHIUHOI 0a3u [UIA MPOBEACHHS aHAJOTIYHMX EKCIePHMEHTIB B YkpaiHi. Meroauka. [ TOCATHEHHS
OCHOBHO1 MeTH OyJIO IETAIBHO PO3TISHYTO CBITOBUH OCBiA 3 TPOBEACHHS aHAIOTIYHUX E€KCIIEPUMEHTiB. BUBUeHO
nepeBary it HeJJOJIKH HasBHUX CIOCOOIB €KCIIEPUMEHTAIBHOTO BU3HAUYEHHS TUCKY CHIIy4Oro Marepially Ha IHHUILE
cuocy. IIpoananizoBaHo JOCTYHHICTE B YKpaiHi HEOOXiTHUX TEXHIYHHX 3aco0iB. PesyabTaTn. Bussneno, mo oc-
HOBHHMH IpoOJIeMaMy MiATOTOBKM AHAIOTIYHUX EKCIEPUMEHTIB € BaXKKOAOCTYIHICTH HEOOXiTHOTO 00jaJHAHHS,
0COOJIMBOCTI TEXHOJIOTIYHOT pOOOTH OLIBIIOCTI HE MOPTOBUX eeBaTopiB B YKpaiHi. Takox Oyio nmpoBeneHo aHawi3
PH3HKIB, SIKI MOXKYTb 3aBaJJUTH SKICHOMY IIPOBEJCHHIO €KCIIEPUMEHTY, PO3POOJIEHO METOJHUKY MiATOTOBKH 10 €KC-
nepuMeHTy. HaykoBa HoBu3Ha. Y myOuiikarii BAKOHaHO OIMC NPOLECY IUIaHyBaHHS Ta MiATOTOBKH EKCIIEpPUMEH-
Ty, MOJIMBI METOJM HOTO TPOBE/ICHHS, OLliHKA MOXKJIMBUX CKJIAJIHOIIB 1 PU3UKIB NPU NPOBEJECHHI €KCIIEPUMEHTY,
LULIXM YCYHEHHS IIMX PU3UKIB IIPH IirOTOBII IO EKCIIEPUMEHTY. YTIeplle 3alpolOHOBAHO CIOCIO BUKOPUCTAaHHS
TEH30METPUYHUX JAaTUYMKIB JJISI BUMIpPIOBAHHS THUCKY BCEpEIMHI CHIIOCY, ONMUCAHO crocid iX minbopy Ta BCTaHOB-
nerHd. IIpakTH4yHa 3HAYMMIicTh. Y CTaTTi po3p0o0JICHO MOKPOKOBY IHCTPYKINIO IMiJTOTOBKH J0 €KCIEPHUMEHTY Ta
OmHCaHi MOKJIMBI METOM JOCIIKEHHS TUCKY CHITydOTo MaTepially Ha JHHINE CHIIOCHOI eMHOCTi. HaBeneHi HeoO-
XiIHI IHCTPYMEHTH Ta pO3paxyHKH. MaTepiasm cTaTTi CIPOCTATH MPOILEC OpraHi3amii Ta MPOBEACHHA MalOyTHIX
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EKCIICPUMCHTIB 13 BUMIPIOBAHHS THCKY CHUITy4Or0 MaTepially Ha JHHIIEC CHIIOCHOT EMHOCTI.
Knrouosi cnosa: 3epHOBUI CUIIOC; €NIEBATOP; THCK CHUITYYOTO MPOAYKTY; 3¢PHO; NaTYUK THCKY; 3aYUCHUMN ITHEK;
MiAJIoTa CUIIOCY
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