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INTELLIGENT APPROACHES TO ORGANIZING REMOTE QUALITY CONTROL
OF STORAGE OF GRAIN PRODUCTS

Abstract. Cereals are an essential part of the diet of Homo sapiens. Since late Neolithic times, with the transition to
sedentary farming, working with grain (growing, storing, processing, cooking food) has become a traditional type of
professional human activity. As part of the accumulated historical experience, numerous technological processes have been
developed and optimized for this type of activity. The relevant technologies evolved in close correlation with the changing
conditions of life, literally under the pressure of Darwinian natural selection, because they were directly related to the
survival of the Homo sapiens. Further development of grain-processing technologies remains invariably urgent today, as
evidenced by the report [1] presented by the UN on the state of food security and nutrition in the world - with horrifying
figures depicting the need and misery of the wide masses of the population of the planet. An important component of grain
processing is the technology associated with the storage of grain products. Part of the stored grain products is used as seed
stock for a new cycle of grain sales, the other - a significant part - for processing into food products. At the same time, new
developed (optimized, improved) grain storage technologies must be safe, low-cost, maximally compatible with previously
developed (available) equipment, and scalable to large volumes of stored material. Of course, the technology must ensure
proper efficiency, an indicator of which should be a reduction in the percentage of grain product losses. In this regard,
management methods used in the technological processes of grain products storage are substantially important, as well as
methods of control over the current state of grain products for the correct organization of the technological processes. In
particular, methods using elements of artificial intelligence are of high interest. Among them, neural networks are
promising, especially those capable of learning "without a teacher” - Kohonen Maps (KK). Modified KK algorithm [2]
implements reduced learning time[3], which is relevant in the implementation of adaptive procedures for processing the
results of measurements of controlled parameters. The purpose of this paper is to consider the principles of using modified

Kohonen maps to classify situations with applicability to remote quality control of grain products storage.
Keywords: Grain; Kohonen Maps; Conditions Identification System; Energy Saving.

Introduction

Briefly consider the elements of the subject area -
methodology, equipment and storage conditions of grain
products - in relation to the formulation of a general
model representation for the organization of quality
control systems of grain products storage.

At the moment, the main type of granaries are
tower-type structures. They are built with the same
standardized shape and unified design. The convenience
of this approach is that the project - a typical and done
once. Also the technology of erection is typical. No new
technical technological solutions are required every
time. The equipment that each tower is equipped with is
also typical, i.e. it is produced in series and therefore
has an increased repairability, interchangeability and
completeness of spare parts. In the end, all this makes
construction and subsequent operation cheaper.

Grain storage (towers) are built in groups of, for
example, 6-8 structures. Grouping simplifies the
construction process, including planning, financing,
land acquisition (legal issues), supplying electricity to
one site, providing roads to bring materials. Also, the
deployment of labor (builders) for the construction of
the complex, etc. is solved once.

Grouping facilitates the process of further
organizational and technical operation of the complex,
including: protection of the territory, maintenance of
electrical power supply equipment, regulatory
maintenance and running repairs of equipment and

machinery, etc. Grouping of granaries (towers) into
complexes solves (simplifies) also many issues of the
following target operation of granaries: delivery - pre-
processing - storage - export of grain, organization of
control of the stored grain material, preventive and
remedial measures to maintain the stored material in
condition, etc.

In organizational-operational terms, in the aspect
of  digitalization of the operation process
(implementation and maintenance of appropriate
software), including the drafting of this sketch model,
the grouping of individual granaries (towers) is
convenient as follows.

1. Erection of granaries (towers) is carried out
simultaneously or in close time. This is due to the need
to concentrate labor and construction equipment. But at
the same time, the towers themselves and all the
equipment are in approximately the same state of
readiness (operational deterioration). The component
equipment of the towers is also delivered and installed
simultaneously or at close dates and mostly by the same
specialists (builders, installers of equipment). Therefore,
it is just as uniform and equally worn.

2. The area of placement of granaries is usually
compact, because it is associated with problems of land
acquisition, economical use of resources, etc., including
the protection of the territory. Therefore, individual
granary towers are not far from each other. Therefore,
we can assume that all buildings are in the same natural
environment: illumination (heating) by the sun, blowing
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(cooling) by winds, exposure to precipitation, the risk of
power supply failures due to natural disasters, etc.

3. In the process of target operation (actually,
work with grain), the entire granary complex in terms of
organization and in terms of software (computer
support), can be under unified management. Hence, we
can speak of the unity (identity) of the approaches to the
problem of grain storage for each tower.

In view of the above-mentioned, when compiling
the model, it is possible (perhaps with certain
reservations) to speak about the identity of granaries
(towers) and the equivalence (similarity) of the
condition and storage conditions of grain in them.

Quality model description

Creating a model involves formalizing the
description. The basis of formalization can be
configuration concepts of the modelled object, the
characteristics of the object itself, as well as external
influencing factors. According to the totality of these
attributes of the description, the processes occurring in
the object are considered (studied, conceptually
assumed). It is assumed that the model should take into
account (describe, cover) the course (mutual influence)
of these processes, taking into account the interaction of

configuration and external influencing factors (Fig. 1).

The purpose of the model is to organize and
consolidate knowledge about the object, also ( ideally)
to implement predictive and instructive functions.

Knowledge Arrangement. It should be based on the
incompleteness of the available information about the
object. A model (the existence of a model) implies the
possibility of replenishing, supplementing and
modifying knowledge (perceptions) about the object
being modeled. The model should be adaptable
(configurable, reconfigurable, adjustable) in relation to
the object, and ideally learning and self-learning.

Predictive functions. With the use of the model, it
should be possible to describe the behavior of the object
(the course of processes in the object) in some (defined,
specified) future.

Instructional Function. With the use of predictive
functions (foresight functions) of the model, it should be
possible to produce recommendations to actively change
the processes taking place, in order to maintain the
simulated object in a particular defined state. We are
talking about using the model as the basis for an expert
system (decision support system) to control the object.
Consider the following factors affecting the
organization of remote control (Fig. 2).
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Fig. 2. Factors influencing the organization of remote control

These include: formalization of the configuration
factor, self-heating of the grain mass, convection
currents, cyclicality of the dew point passage.

Formalization of the configuration factor

The currently accepted (widespread) form of
building a granary is a straight circular cylinder. Filling
and extraction of grit material is done from above, in the
direction of the cylinder axis. The construction
advantage of this solution is the minimum material cost:
the maximum volume for a given amount of used
building material (sheet metal). The technological

advantage is the use of sheet material (metal sheet), bent
along the cylindrical formation. Of course,
geometrically, the spherical shape of the granary would
be even more profitable in terms of material/volume
ratio. Sphere - limits the maximum volume for a given
fixed surface area. But the non-planarity (non-
reducibility to a flat sheet material) of the structural
elements - sphere segments - significantly increases the
cost of such a design solution.

The operational advantage of the cylindrical shape
of the granary is the absence of corners (axisymmetry).
This ensures uniform distribution of stored material
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(grain) in all directions during axial loading
(backfilling). Consequently, there are no "special
places" that create difficulties in the removal of stored
material (grain).

Since the shape of the tower is a straight circular
cylinder, it is natural to use a cylindrical coordinate
system to describe the inner volume: (H, R, a ) - height,
radius, angle of rotation of the plane (H, R). It is
reasonable to consider (in a model approximation) the
product storage conditions in the storage volume as
axisymmetric. According to the conditions of filling the
product in the storage, there is no fundamental reason to
single out any of the directions in terms of o angle. In
this regard, in the future, only two parameters can be
used in the model to indicate a point of space inside the
volume: (H, R) - height and radius. The two-parameter
description (H, R) means that the layout (filling) of the
material (grain) inside the storage can be characterized
by two factors: layering (belonging to some layer along
the height of the cylinder) and the radius distance from
the central axis. This means that some point (a small
volume of stored product or a place where the i-th
sensor of the measuring equipment system can be
placed) is characterized by a pair of coordinates (hi, ri)
according to its location inside the cylinder.

This also means that various sensors located in
different places in the thickness of the stored product
and generally control the state of the product through
the volume of the storage, within the model can be
correlated with the coordinates on the plane (H, R), and
with a quarter of the plane with positive values of the
coordinates: hi, € (0, Ho), ri € (0, Ro), where Ho and Ry
are the height and half-diameter of the storage tower,
respectively.

Besides, in view of initially assumed (postulated
within the model) identity of towers and identity of grain
storage conditions in them (see above), coordinates of
sensors in all granaries of this group of towers can be
correlated with the same model plane (H, R).

Cyclicality of the dew point passage

The most important factors influencing the stored
grain  product and, accordingly, the factors
characterizing the state of the stored grain product are
temperature T and humidity P. The complexity consists
in the fact that these factors are interrelated and
significantly produced by the external environment.

There is some H,0 in the air all the time. The air
can be "wet" or "dry". There is a limit value for the
concentration of H-O in the air for a given temperature
value. When this concentration is exceeded, H.O is
released from the air in the form of fog or dew fall.
There is a concept of "dew point" - the temperature to at
which some concentration po of H,O in the air is the
limit. When po is fixed, at t < to the dew falls out -
excess moisture is released from the air and settles on
objects. At t > to the dew dries out - is absorbed by the
air. The process looks like it is reversible. But in the
case of loose substances, including grain in the granary,
the reversibility is not complete. The dew that falls at
t <to is partially absorbed by the grain. Consequently,
at t > t0, moisture enters the air mass inside the granary

(absorbed by the air inside the granary) partially from
outside, from the external atmospheric air, from the
environment. Result: With cyclic temperature changes
around the dew point, the grain mass accumulates
moisture. This phenomenon is really observed. The
cyclicity of temperature changes is ensured by the
change of day and night, and the presence of excess
moisture in the outer atmospheric air by meteorological
phenomena and seasonal climatic changes, (“rainy
weather™). At the same time, the humidity of the grain
mass  increases  (accumulates).  Exceeding the
permissible norms has a negative impact on the quality
of the stored product.

Convection currents

Another important factor (feature) of grain storage
is the emergence of convection currents. Due to the
radial temperature gradient of the grain mass,
convergent and divergent air flows through the grain
mass take place (automatically occur)[4]. The formation
and directionality of air currents is determined by
seasonality. Grain is usually stored in the late summer to
early fall season. Grain storage is done in fast time.
Therefore, initially the temperature of the grain mass
over the volume of the granary is homogeneous. Then,
during storage, the temperature change goes from the
periphery to the center.

When cold weather arrives, the walls of the
granary are cooled. First, the peripheral part of the grain
mass is cooled - along the walls of the cylinder. Then
the temperature decrease gradually spreads to the center
- to the axis of the cylinder. In general, the average
temperature of the grain mass (all the grain in the
storage) - decreases. But the central (axial) part of the
stored cools down more slowly. The result - the
emergence of convection heat air flows inside the grain
mass. Cold air flows down into the area along the walls
of the cylinder; warm air rises up along the axis of the
cylinder. The volume is confined and closed, so the
flows are closed. The warm air comes in contact with
the dome of the granary, cools and flows down into the
area along the walls of the cylinder etc. Warm air along
the central axial direction carries moisture to the upper
layers. There the air is cooled, the moisture condenses,
and the upper layers are humidified. Thus, in the upper
part of the granary a zone of high humidity of the stored
product is formed.

Further, during warming, the grain mass is heated
from the periphery to the center. In this case, the
direction of the general convection flow (circulation of
the air mass through the thickness of the stored product)
is inverted. The upward convection warm air flow at the
walls of the storage is generated. The central axial flow
inside the grain mass is cooler and directed downward.
The average temperature of the grain mass slowly rises.
But the cold air along the central axial flow transports
moisture to the lower layers. There, the moisture
condenses, and the lower layers become moist. In this
case, now in the lower part of the granary is formed
zone of increased humidity of the stored product.

Additionally, the seasonal processes of the
formation of convective air currents are superimposed
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on the diurnal processes of temperature fluctuations
near the "dew point". The result is a layered structure in
the distribution of moisture in the grain mass.

Self-heating of the grain mass

Another point related to grain storage is self-
heating of grain [5]. Grain (each grain individually) is a
biological object. Consequently, metabolic processes
inherent to the entire living environment take place in
grains. Metabolism is activated under some (not always
reliably diagnosed) combination of temperature and
humidity factors. The process initially develops slowly,
but then goes at an increasing rate, about 0.05 °C / day.
The result is self-heating of the thickness of the grain
mass up to +35°C. Thus, the effect of self-heating can
be commensurate in importance with the effects of
external (seasonal and daily) temperature and humidity
influencing factors.

Conceptual view of the dependencies
T(h,r)and P(h, r)

Daily and seasonal temperature-humidity changes
with the imposition of self-heating mode of grain mass
create a complex time-varying pattern of temperature
and humidity distribution, in the thickness of the grain
mass. Within the axisymmetric model under
consideration, the description of the current state is
reduced to a pair of surfaces - graphs of dependencies
on two variables: T(h, r) and P(h, ).

In qualitative terms, the temperature dependences
T(h, r) look like planes of complex shape with
decreasing in the radial direction from the axis to the
cylinder form. In the case of predominance of the
seasonal component of temperature changes - the
surface looks monotonically along the axis H (along the
height of the cylinder). When the component related to
self-heating dominates, a smoothly decreasing
maximum is localized near the H-axis (i.e., a local
heating area is seen in the center of the mass volume of
the stored product).

The moisture dependences P(h, r), in qualitative
terms, look the same with a smooth decrease in the
radial direction (from the axis to the cylinder walls), but
less uniform in the height of the cylinder (along the axis
H). This is due to the preferential axial centering of the
moistening area of the product and the above described
transfer of the moistening area in accordance with the
seasonal and diurnal temperature changes near the "dew
point". The result is a "wave" on the surface P(h, r) at
the top during the seasonal temperature drop; and a
similar "wave" at the bottom during the seasonal storage
temperature rise phase.

The specific type of surface graphs is determined
by the specific initial conditions: it depends both on the
geometrical parameters of a particular granary and on
the storage object and the adopted storage mode. In
addition, the specific phase of storage is essential. Grain
mass, of course, "“shows different behavior"
immediately after filling, after some time, when the
internal temperature-humidity balance is established, or
at the end of the storage period, with already formed
and possibly shifted areas of local moisture and (or)

warming.  Moreover, under certain  external
(atmospheric) temperature-humidity conditions, the
factors of self-heating and the area of local
humidification can mutually influence and, accordingly,
deform (modify) the configuration of the graph surfaces
T(h, r) and P(h, r). As follows from the consideration,
the dependences T(h, r) and P(h, r), taken separately,
mostly do not characterize the overall picture of grain
storage. But T(h, r) and P(h, r) together can be more
unambiguous in interpretation and can be applied to
adjusting, calibrating, and training models up to the
realization of predictive and recommender functions.

For the qualitative construction of the profiles T(h,
r) and P(h, r) actually corresponding to specific
situations of grain storage, there are (by now
accumulated) extensive data, because, as noted, grain
handling techniques have been an essential element of
traditional common human culture since the late
Neolithic. At the same time, technology and equipment
are constantly being improved, in this regard, applied
research is constantly carried out. As a result, in relation
to the considered cylindrical tower-type granaries, there
are generalized qualitative ideas about the nature of the
distribution of values of key parameters. On a constant
basis systems of sensors are used, which are located in
the thickness of the grain layer. Thus, in the system
described in [5], a bundle of 6 sensors in the vertical
direction with a spacing of 5 m is used in 30-meter
tower-type storages.

Sensors allow current control of distribution
profiles T(h, r) and P(h, r). And the totality of the results
for the whole cycle of product storage is an objective
time profile of the whole storage process.

Thus, with respect to the developed model, in
principle, a set of distribution profiles T(h, r) and P(h, r)
can be obtained, which can be used for calibration,
training or learning (depending on the direction of
development) of the software part of the system.

Modified Kohonen Maps

The model described at the qualitative level allows
us to follow the development of the situation up to the
prediction of possible next states and decision making.
It is of interest to study the elements of the intellectual
part of the system - prediction of the situation
development and decision making. To achieve this, it is
necessary to propose (consider) options for organizing
the actual remote control in terms of processing
algorithms, i.e., consider possible adaptive procedures
for information processing.

The situation under consideration is quite complex.
The data are known in fragments. In particular, only
individual irregularly located points are available for the
construction of surfaces. It can be about approximation,
probabilistic interpretation, a problem like pattern
recognition, identification of situations. An acceptable
variant of the solution is the Kohonen maps. Moreover,
the modified version [2, 3] is interesting, as it is more
economical in calculations.

This version of the neural network is based on the
principle of "learning without a teacher".

The network is trained to identify elements (states)
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by evaluating the degree of proximity or finding
differences between them. After a period of training, the
network will be able to classify states and assign a
particular realization to one of its distinguishable
classes.

The presented implementation can be a set of
parameter values, and the recognized class can be a
recommended solution variant for a given set of
parameters.

The main advantage of this toolkit is the ability to
significantly reduce the dimensionality of the system.

The input set of parameters can be
multidimensional, and the chosen solution can be one of
a linear series of values.

Three-level conditions identification system

In the subject area under consideration -
observation and making decisions on the process of
grain storage - at least three levels of informativeness of
observation of states can be distinguished. Each of the
levels is characterized by its structure and importance
for decision-making (Fig. 3).

| Three-level conditions identification system

The parameter values taken from an individual

specific parameter sensor

Individual time sections of parameter values,

taken from the sets of parameter sensors

© O

Full data sets taken from parameter sets of

Sensors

Fig. 3. Three-level conditions identification system

The first level is the parameter values taken from
an individual specific parameter sensor. Grain storage
assumes that there are sets of parameter sensors T and
P. Each of the sensors gives out individual values of
parameters in the corresponding point of the volume of
the granary. Information from this individual sensor - by
itself - is not very informative to describe the state of
the granary. But it is interesting for evaluation of
individual features of the sensor. A sharp difference
between the readings of this sensor and the others
suggests sensor failure. Further it can be excluded from
consideration. A slight systematic difference in the
sensor readings from several neighboring sensors may
indicate a calibration failure. A correction for such a
sensor can be introduced in the future. Of course, there
should not be too many sensors that are out of
calibration and/or out of order, and this should be
certified for a given sensor system before the grain store
is loaded.

The second level - individual time sections of
parameter values, taken from the sets of parameter
sensors. We are talking about synchronously taken data
sets over the entire granary. The time sections give a
view of the current state. This view may not be very
informative from the point of view of long-term storage.
But this view can be important in extreme cases.
Example. A sudden, localized increase in humidity at
the top of a grain store can be a signal that the roof is
leaking and needs to be repaired urgently.

The third level is full data sets taken from
parameter sets of sensors. Change of values of

parameters T and P occurs in time. The set of time
sections gives a picture of gradation of states for a
certain period of time, i.e. demonstrates the dynamics of
change of states. This information is complete and
comprehensive for a given cycle of grain storage, from
loading to unloading. It can reflect, in particular, the
entire cyclicity of the emergence and movement of local
areas of grain moisture. It can also be used to trace and
independently assess the conditionality of grain -
compliance with the required standards throughout the
storage cycle. But most importantly, this information of
the third level is a complete protocol of this storage
cycle, which is valuable in the aspect of accumulation of
experience for subsequent storage cycles.

Discussion

1. Obviously, there is a theoretical-multiple
relation of nesting between the information sets of these
three levels of awareness. The second level is the time
sections of the third level, and the first level is the
section of the second level by individual sensors. Thus,
all information must be captured, and the level of its
subsequent processing is a matter of processing
procedure. l.e., the division into three levels is just a
methodological approach for singling out the individual
components of the processing of the total unified array
of information, convenient in the lan of analysis of the
organization of the structure of subsequent processing.

2. For each of the three levels of awareness
considered, a separate processing procedure can be
performed using the Kohonen map toolkit [2]. For this
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purpose, a training sample can be organized for each of
the levels, on which the neural network will be trained.
Certainly, for these three levels, each next level works
with sample volumes at least an order of magnitude
larger than the previous one. Accordingly, the volumes
of training samples and the times (duration of
procedures) of training must differ by at least two orders
of magnitude.

3. Another option (perhaps more interesting) is to
use the "output product” of each next level as "input
data" for the next. Example. Individual numerical values
- individual sensor readings on the first level can be
recognized as "normal”, "dangerous" or “critically
dangerous". Individual combinations of sensor readings
taken from the first level results can be evaluated at the
second level as "normal”, "moisture formation from
above", "..in the center”, etc. Similarly, separate
combinations of indicators taken from the identified
situations of the second level can be recognized on the
third level as "movement of moistening area upwards",
"...downwards", "expansion of moistening area",
"reduction...", etc. Probably, in this case the volumes of
training samples and training procedures will be
correspondingly reduced. But perhaps the whole
procedure for building such a system will become more
complicated, due to the introduction of interconnections
between the relatively autonomous procedures of the
first, second and third levels separately.

4. The above (items 2 and 3) refers only to the
procedures of using the Kohonen Maps toolkit, which
provides pattern recognition and state identification.
Recommendations on  decision-making are the
competence of specialists in the applied field - grain

storage. Therefore, transforming the work of the
Kohonen map toolkit into meaningful recommendations
- the development and operation of an appropriate
expert system  may be a subject for separate
consideration.

5. The fourth level of information - generalization
(consolidation) of information of the third level -
combining the experience of several consecutive cycles
(several years) of using the granary of this type was
outlined above, but not specified. This fourth level may
include (take into account) the effect of wear and tear of
individual elements of granary equipment, individual
facts of repair and modernization of equipment,
individual facts of violation of the mode of operation,
etc. The "output product” of this fourth level of
awareness can be the development of recommendations
for the modernization of equipment and methods of
organizing the storage of grain material.

Conclusion

1. A schematic qualitative description of the
typical stages and basic processes of grain products
storage is presented.

2. A variant of formalization of the model for the
two-parameter case of information description of the
state of the stored grain product is considered.

3. The concept of a model three-level system of
organization of information processes in relation to the
remote quality control of the preservation of grain
products is considered.

4. The variants of realization of basic elements of
information quality control of grain products storage
were discussed.
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InTesiexkTyaabHi mixxoau 10 opraxizanii BUIa1eHOro KOHTPOJIIO AKOCTi 30epiraHHs 3epHOBHX NPOAYKTIB
B. O. Isuenxo, O. C. JIsmenko, O. I1. Mixans, M. C. YMaHenpb

AHoTanisi. 3epHOBI - 3HaAYHA YaCTHHA MOXXMBHOTO palioHy Ty Homo sapiens. 3 4aciB Mi3HBOTO HEOJITY, 3
MepexoJioM Ha OCiJIe 3emMiiepoOCTBO, poboTa i3 3epHOM (BHpOILYBaHHS, 30epiraHHs, nepepoOKa, MPUTOTYBaHHS
XapuoBUX NPOJYKTIB) CTaja TPaAWLIMHUM BUAOM mpodeciiiHoi JroachKoi AisibHOCTI. B pamMkax HakomudeHOro
ICTOPHYHOTO [MIOCBiMy, 3a IIMM BHUAOM IiSUIBHOCTI OyJO pO3pOoOJICHO Ta ONTHMI30BaHO YHCICHHI TEXHOJOTIUHI
mporiecd. BiamoBigHI TEXHONOTIi PO3BHBANMCS Yy 3B'SI3KY 31 3MIHOIO XKHTTEBHX NOTPeO, OYKBAIBHO IIiJ THCKOM
JapBiHIBCHKOTO TPUPOTHOTO BiIOOPY, OCKIIBKK Oynum Oe3lmocepelHBO TOB'A3aHi 3 BIKHBaHHAM Buay Homo
sapiens. Ilogampmmii PO3BUTOK TEXHOJIOTIH 3epHOOOPOOKH 3aJMIIAETHCS HE3MIHHO aKTyalbHHUM 1 IOHHWHI, Ha
MiATBEPIKEHHS 90r0 — nomoBiab [1], mogana OOH, mpo craH mpomoBONBEYO0i Oe3MmeKkr Ta Xap4yyBaHHS Yy CBITI — 3
KaxXJIMBUMH IUdpamu, 0o 300paxyroTh NOTPeOy Ta JHXa IMUPOKUX HAPOJHUX Mac HaceJCHHs IUTaHEeTH. BaxinBoo
CKJIaJTIOBOIO 3€PHOOOPOOKH € TEXHOJIOTII, MOB'sI3aHi i3 30epiraHHsIM 3epHONPOAYKTIB. YacTHHA 3epPHONMPOIYKTIB, 110
30epiraroThCsi, BAKOPHUCTOBYETHCS SIK HACIHHEBHIA (DOHI IS HOBOTO LUKJIY peaitizallii 3epHo3a0e3neueHHs, 1HIa —
iCTOTHA — JUIsL IepepoOKu B Xap4oBi NpoaykTH. [Ipu 1iboMy HOBI TEXHOJIOTIi 3epHO30epiraHHs, O PO3POOISIIOTHCS
(ONTUMI3YIOTBCS, YAOCKOHAIIOIOTHCS), MIOBUHHI OyTH O€3NEYHUMH, MaJOBUTPATHUMH, MAKCUMAJIBHO CYMICHUMH 3
PO3p0o0JICHUM paHilie 001aJHAHHAM, MacIITA00BAHUMH Ha BEJIHKI 00CATH MaTepiaiy, 110 30epiraeTbes. 3po3ymiso,
IO TEXHOJIOTii OBUHHI 3a0e3neuyBaTH HaJe)KHY €(eKTUBHICTh, MOKa3HUKOM HOT0 Mae OyTH 3HIDKEHHS BIJICOTKA
BTpAT 3¢PHOIPOAYKTY. Y bOMY BiIHOIICHHI CyTTEBO BAXKJINBI METOIM YIPABIiHHA, SKI 3aCTOCOBYIOTECS B paMKax
TEXHOJIOTTYHUX MpoLeciB 30epiraHHs 3epHONPOAYKTIB, a TAKOXK METOIM KOHTPOJIO 32 IOTOYHHM CTaHOM
3epHOMPOAYKTIB TSI KOPEKTHOI opraHizamii poOOTH TEXHONOTIYHHX mporeciB. l{ikaBuMu, 30kpemMa, € METOAU 3
BHKOPHCTAHHSAM CIIEMEHTIB IITYYHOTO 1HTEIEKTY. Y TOMY YHCII, IIEPCIIEKTUBHI HEHPOHHI Mepexi, 0cOOIMBO 3aTHI
110 HaBYaHHA «0e3 BunTers» - kaptu Koxonena (KK). MomndikoBanmii anroputm KK [2] pearnizye ckopoueHwmii gac
HaBYaHHA [3], mI0 € aKTyaJdhbHHM TIPH peaji3alii aZalTHBHUX IPOLEeAyp OOpOOKH pe3yNbTaTiB BHUMIpIOBaHb
KOHTPOJILOBAaHMX MNapaMeTpiB. Mera mi€i poGoTH — pO3MIIsA NPUHLMUIIB BUKOPHCTAHHS MOJU(IKOBAHUX KapT
Koxonena nnsi kiacudikamii cuTyariif CTOCOBHO IUCTaHIIHHOTO KOHTPOJIIO SIKOCTI 30epiraHHs 3epHOBHX
MIPOAYKTIB.

Kawuosi caosa: 3epHO, kKapt KoxoHeHa, cucteMa ineHTHdikamii yMoB, eHepro30epeskeHHs.

HHTeneKkTyalbHbIe MOAXOABI K OPraHU3AIMH YAATeHHOT0 KOHTPOIS Ka4ecTBA XPaHEeHHUsI 3ePHOBLIX MPOAYKTOB

B. A. [Isuenko, A. C. JIsmenko, O. ®. Muxans, M. C. YMmanen

AHHOTanusA. 3epHOBBIE — CYIIECTBEHHAs 4acTh MHUTATEJLHOrO paruoHa Bupa Homo sapiens. Co BpeMEH mo3mHero
HEOJITa, C TePeX0JIOM Ha OcelyIioe 3eMilesieNine, paboTa ¢ 3epHOM (BBIpallMBaHKHE, XpaHEHHE, IepepaboTka, MPUTOTOBICHUE
MIUIIEBBIX MPOIYKTOB) CTajla TPaJUINOHHBIM BUAOM IMPO(GECCHOHANBHON YeI0BEYECKOH AesSTeNbHOCTH. B paMKkax HaKOIIIEHHOTO
HCTOPHYECKOTO OMBITAa, MO MAaHHOMY BHAY JAEATENFHOCTH OBUIM pa3pabOTaHBl M ONTHMH3HUPOBAHB MHOTOYHCIEHHBIE
TEXHOJIOTHYIECKHe Tporiecchl. COOTBETCTBYIOIINE TEXHOJOTUH pPa3BHBAINCh B TECHOW CBA3M C W3MEHEHHEM J>KM3HEHHBIX
notpebHOCTeH, OyKBAIBHO IOJ JaBleHHEM JIapBHHOBCKOTO €CTECTBEHHOTO OTOOpa, IMOCKOIBKY OBUIM HEIOCPEICTBEHHO
CBsA3aHBl C BBDKHMBaHMeM BHma Homo sapiens. JlanpHeiiliiee pa3BUTHE TEXHOJOTHH 3€pHOOOPAOOTKH OCTAETCS HEH3MEHHO
aKTyaJbHBIM M IO Cei NeHb, B MOATBep)KAeHUE yero — poknan [1], npeacrasnennslii OOH, o cocTosiHHEe NPOJOBOJILCTBEHHON
0€30MacHOCTH 1 MHUTAHUSI B MUpPE — C YKacalolMMH HuppaMu, H300paxkarolMMi HYXK1y U OSICTBHS UIMPOKUX HAPOJHBIX Macc
HaceJeHHUs IUTaHEThl. BaXHOH COCTaBIAIOIICH 3epHOOOPAOOTKU SIBISIOTCS TEXHOJOTWH, CBSI3aHHBIE C XpaHEHHEM
3epHONPOAYKTOB. YacTh XpaHHMBIX 3EPHOIPOIYKTOB HCIIOJIB3yeTCs B KauyeCTBE CEMEHHOro (oHga Uil HOBOTO IIHMKIA
peanmm3anuu 3epHOOOECHIEUEHHs, Apyras — CYINIECTBEHHAs — I INepepaOOTKH B NHINEBBIE NMPOXyKTHL. [Ipm 3TOM, BHOBBL
pa3pabaTsiBaeMble (ONTHMHU3HPYEMBIE, COBEPIICHCTBYEMBIE) TEXHOJIOTHM 3€PHOXPAHEHUS JODKHBI OBITH OE30IacHBIMH,
MaJ03aTpaTHBIMH, MaKCHMalbHO COBMECTUMBIMH C pa3pabOTaHHBEIM paHee (MMEIOIUMCS B HaIMINM) 00OpyIOBaHHUEM,
MaclmTabUpyeMbIMH Ha Oosibiie OOBEMBI XPAaHMMOTO MaTepHana. Pa3ymeercsi, TEXHOJOTMH JOJDKHBI 00ecIednBaTh
HaJJIexaIlyo 3GpQeKTHBHOCTD, MOKa3aTelieM Yero JOJDKHO SIBISITHCS CHIDKCHHE MPOLCHTAa MOTeph 3epHONpoayKTa. B sToM
OTHOLLICHUHU CYLIECTBEHHO Ba)KHBI METOJbl YIPABJIEHUs, NMPUMEHsEMble B PaMKaX TEXHOJOTHYECKHX IPOLIECCOB XPaHEHMS
3epHOIPOIYKTOB, & TAK)KE METO/bI KOHTPOJIS 3a TEKYIUM COCTOSHUEM 3€PHONPOAYKTOB I KOPPEKTHON OpraHU3alud padoThI
TEXHOJIOTHYECKHX MporeccoB. MHTEpecHBI, B YaCTHOCTH, METO/BI C HCIOJIB30BAHUEM 3JIEMEHTOB HCKYCCTBEHHOTO MHTEIUIEKTA.
Cpenu HUX, NEPCIICKTUBHEI HEHPOHHBIE CETH, B 0COOEHHOCTH CIOCOOHBIE K 00yueHuIo «0e3 yuntemnss» - kapTel Koxonena (KK).
Mopndurmposanssii anroputm KK [2] peamusyer cokpaménHoe Bpemst oOydeHHs [3], 4TO akTyaJlbHO IpU pean3aluy
aJaNTUBHBIX TpoLeayp 00pabOoTKM pe3ylbTaTOB HM3MEPEHHH KOHTPOJIMpYeMBIX mapamerpoB. Ilenns HacTosimeli padoTnr —
paccMOTpeHHe IPHHIMIOB HCIOJb30BAaHMS MOAU(MUIUPOBAHHBIX KapT KoxoHeHa Ui KIAacCH(HKAIMK CHTyamui
MIPUMEHHUTETBHO K JUCTAHIIMOHHOMY KOHTPOJIIO Ka4eCTBa XpPaHEHHs 36PHOBBIX MPOTYKTOB.

KarwueBsie caoBa: 3epHO, KapThl KoxoHeHa, cucteMa MIeHTH()UKALINH YCIIOBHIA, SHEProcOepekeHNE.
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