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ABSTRACT

Detailed analysis of each technological operation at the stage of post-harvest processing of grain in the granary
system is characterized by a variety of technological parameters of machinery and equipment, these parameters can be both
controlled and uncontrolled, which causes some difficulties in complex mechanization and automation of production
processes. This aspect also creates difficulties in the development of application software for the management of the
technological process of grain production on the ground, as a holistic controlled system which includes all the basic
equipment and additional hardware in the granary system. Therefore, the development of methods for assessing the
effectiveness of automated process control systems on site is an urgent problem. Due to the stochastic dynamic nature of
the technological system of post-harvest grain processing, mathematical modeling methods cannot fully describe the work
of this system as a whole, so scientists are increasingly using computer modeling methods. The article considers the main
issues related to the development of the optimal structure of applied software for process control of grain production on
ground, as well as developed methods for evaluating the effectiveness of applied software for process control, based on the
calculation of comparative efficiency. Design approach to the management of the system of machines for post-harvest

processing of grain, the causal links between the technological parts of the system.

Keywords: software, mechanized work planning, model, factors, algorithm, simulation model, technological system, productivity.

INTRODUCTION

This article is devoted to the description of the
application software for managing the technological
process of grain production in the granary. Software for
controlling the technological process of grain production
on the current, designed to control the flow of grain mass
depending on the intensity of their receipt.

With a significant intensity of grain flow, modern
grain cleaning complexes do not always process the
required mass of grain in time, resulting in grain
stagnation in the interval between adjacent links of the
post-harvest technological line and increase the area of
grains in the granary, which require immediate processing.
During storage of unrefined grain from light and straw
impurities, as well as grain with high humidity, in 3-4 days
there is a phenomenon of self-heating of grain and
increasing the intensity of microbiological processes,
which reduces the sowing and nutritional qualities of
grain. As a result, up to 5% of the harvest is lost.

Such negative phenomena arise due to the
insufficient level of planning of technological systems for
servicing multi-item flows of grain crops. Improving the
efficiency of production and commodity quality of grain,
reducing its losses can be achieved by rational planning of
multi-item flows, as well as available technological
equipment for post-harvest processing of grain. To date,
research on the development of organizational and
technological projects of machines for post-harvest
processing of grain has been almost not conducted, so a
very important task is to increase the efficiency of existing
complexes of machines for post-harvest processing of
grain in intensive grain harvesting through organizational
and project planning.

The idea of this work is to harmonize the
parameters of technical support of granaries with

production programs for growing crops, which will reduce
the cost of growing crops.

The result of the application of this application
software is the structure of the reduced operating costs of
grain production in the granary and the efficiency of
investment.

LITERATURE REVIEW

The article by the authors [1] presents both a
literature review and empirical findings from three case
studies that reveal how companies conduct continuous
planning. The results indicate that continuous planning is
not commonly adopted and applied throughout these
organizations and that it currently involves only a certain
kind of planning (e.g., release planning). The results of
this study bring to light that the main elements of
continuous planning (i.e., organizational, strategic and
business planning) are tightly related to each other and
thus should be considered when companies seek to
improve their planning processes and practices. The
importance of continuous planning will only increase
dramatically in turbulent business environments that
include ever shorter planning cycles and the need to
improve transparency and knowledge-sharing in
organizations.

The paper [2] applies research in dependency
modelling to a process-based risk assessment methodology
suitable for critical infrastructures. The proposed
methodology dynamically assesses the evolution of
cascading failures over time between assets involved in a
business process of an infrastructure. This approach can be
applied by a CI operator/owner to explore how a failure in
a single component (asset) affects the other assets and
relevant business processes. It could also be applied in an
analysis that includes multiple CI operators in the same
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supply chain to explore the dependencies between their
assets and explore how these affect the provision of key
societal services. The paper presents a proof-of-concept
tool, based on business-process risk assessment and graph
modelling, and a realistic case example of a rail
scheduling process. The approach allows risk assessors
and decision makers to analyse and identify critical
dependency chains and it can reveal underestimated risks
due to dependencies.

Modern societies are becoming increasingly
dependent on critical infrastructure systems (CISs) to
provide essential services that support economic
prosperity, governance, and quality of life. These systems
are not alone but interdependent at multiple levels to
enhance their overall performance. To better understand
CISs to support planning, maintenance and emergency
decision making, modeling and simulation of
interdependencies across CISs has recently become a key
field of study. This paper [3] reviews the studies in the
field and broadly groups the existing modeling and
simulation approaches into six types: empirical
approaches, agent based approaches, system dynamics
based approaches, economic theory based approaches,
network based approaches, and others. Different studies
for each type of the approaches are categorized and
reviewed in terms of fundamental principles, such as
research focus, modeling rationale, and the analysis
method, while different types of approaches are further
compared according to several criteria, such as the notion
of resilience. Finally, this paper offers future research
directions and identifies critical challenges in the field.

The authors [4] considerable attention has been
paid to analysing and assessing the criticality of railway
infrastructure elements. Publications on the subject mostly
assess elements only from a certain point of view, such as
purpose, reliability or risk. This leads to only a partial
assessment of criticality without continuous correlation,
which may result some critical elements of the system
being omitted. The article introduces the railway
infrastructure criticality assessment tool (RICA tool),
which was created to evaluate the criticality of railway
infrastructure elements in all aspects. The integral
approach of the tool lies in comprehensively assessing the
technical and process factors of rail transport. The
criticality of railway infrastructure elements is therefore
assessed not only in terms of the relevance and resilience
of elements but also their interdependence, substitutability,
risk and impact.

The railway infrastructure has very specific
constraints that lead to the need of maximizing of the
availability of infrastructure, with high levels of safety and
quality, associated with an optimized cost. Having said
this, it is essential to understand the methods behind the
inspection and monitoring of existing railway
infrastructures, the way of processing their data, as well as
existing rehabilitation solutions. The present work [5]
begins with a brief description of the components of the
ballast track and its operation, the different types of
actions to which it is subjected to and the degradation
mechanisms at the level of the ballast layer, substructure

and transition zones, with particular attention being given
to the latter since it is a section of the road with
singularities that lead to a more pronounced degradation.
The rehabilitation solutions addressed in this work start
from a slight attack of the road (which can be considered
as a small intervention) until a complete renovation of the
road with reinforcement of the foundation. Based on the
previously mentioned concepts, it is possible to define
which variables, criteria and respective weights are more
important and influence the investment decision (on the
rehabilitation of the railway infrastructure), thus enabling
the methodologies of multi-criteria analysis applied to
these variables. Currently, the economic factor is one of
the variables that influence the most in decision making
due to the lack of investment capacity. Mainly because of
this factor and sometimes even without performing an
analysis, one of the common practices is the restriction of
circulation velocity rather than maintenance or
rehabilitation measures. The case study used is an excerpt
from a railroad in Portugal, where the entire described
process will be applied and consequently analysed.
Therefore, this work intends to contribute to a more
efficient planning of the railway maintenance and
rehabilitation measures, based on a better use of the data
resulting from the track inspection, through a multi-criteria
analysis.

The paper [6] describes the long process of
developing the transport system of risk assessment
models. Researchers in Central European countries many
years solved the risk assessment models which are based
on the accident scenarios. Purpose and objectives realized
research directed at finding the dependencies between the
state of transport infrastructure and its potential threat.
Various hazardous events, which have the potential to lead
to casualties probably, were defined by gathering various
accident reports and having conferences and workshops
with transport safety and security experts. The developed
models will be used to assess the accident risk of the road
and railway systems. The frequency of each hazardous
event was evaluated from the historical accident data and
structured expert Judgments by using the technique FTA,
ETA technique and other suitable methods were applied.
Research results have shown the need to return more new
measures in the response to new sources of risk.

The identification of Critical Nodes in
technological, biological and social networks is a
fundamental task in order to comprehend the behavior of
such networks and to implement protection or intervention
strategies aimed at reducing the network vulnerability. In
this paper [7] we focus on the perspective of an attacker
that aims at disconnecting the network in several
connected components, and we provide a formulation of
the attacker behavior in terms of an optimization problem
with two concurrent objectives: maximizing the damage
dealt while minimizing the cost or effort of the attack.
Such objectives are mediated according to the subjective
preferences of the attacker. Specifically, the attacker
identifies a set of nodes to be removed in order to
disconnect the network in at least m connected
components; the final objective is from one side to
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minimize the number of attacked nodes, and from another
side to minimize the size of the largest connected
component. The paper by providing a heuristic approach
to calculate an admissible solution to the problem at hand,
based on the line graph of the original network topology
and on the spectral clustering methodology.

The article by the authors [8] Adaptation of the
operations research models and methods to planning of the
critical infrastructure protection is considered. Adaptation
of these models includes taking into account stochastic,
informational, and behavioral uncertainty of terrorists. In
particular, relevant generalizations of the antagonistic
attack—defense game and optimal allocation of protective
resources are considered, and methods are proposed to
solve the occurring optimization problems.

The paper [9] introduces the CIERA
methodology designed for Critical Infrastructure Elements
Resilience Assessment. The principle of this method is the
statistical assessment of the level of resilience of critical
infrastructure elements, involving a complex evaluation of
their robustness, their ability to recover functionality after
the occurrence of a disruptive event and their capacity to
adapt to previous disruptive events. The complex approach
thus includes both the assessment of technical and
organizational resilience, as well as the identification of
weak points in order to strengthen resilience. An example
of the application of the CIERA method is presented in the
form of a case study focused on assessing the resilience of
a selected element of electrical energy infrastructure.

This paper [10] deals with cargo security and its
optimization as a result of transport experiments. It also
statistically evaluates these transport experiments with its
emphasis on local extremes (accelerations) and compares
the result of each day’s measurements. The article includes
a model of cargo security on a medium size off-road T-
810 6 x 6 truck, where the measured data was applied for
logistics purposes. The completed transport experiment
points to larger inertial forces during transport than
predicted based on the set of normative acceleration
coefficient values. Although the results of the experiment
show that the highest measured value of the coefficient of
acceleration is 3 times greater than the normatively
determined, we found the value to actually be 3.4 times
higher than predicted, using the standard values. Due to
the not inconsiderable percentage values which exceed the
specified values of normatively set coefficients of
acceleration (10.83%, respectively 13.31%) exceeding the
set values of inertia forces can be expected in these cases
as well.

The article by the authors [11] identifies and
classifies subject-agro meteorological events in the
technological processes of cultivating grain crops. The
analysis of these events made it possible to classify them
according to the periodicity of their appearance, as well as
to indicate the content of the influence of each of them on
the course of these processes, which made it possible to
develop appropriate algorithms for modeling the time of
occurrence of these events.

The distribution of the time of occurrence of
subject-agro meteorological events in technological

processes of growing of grain crops, in particular: the time
of restoration of spring vegetation, the completion of the
autumn vegetation period of winter grain crops, the time
of reaching their characteristic predecessors, and the
patterns of change in the duration of soil warming have
been established. The obtained regularities allow to predict
(generate) the onset of phases of development of plants
and time constraints for the implementation of mechanized
operations in the technological processes of cultivating
grain crops for different natural and production conditions.
The developed scientific and methodical principles of
modeling of subject-agrometeorological events in the
technological processes of cultivating grain crops underlie
the creation of their computer models. The practical use of
these models will allow you to predict the time constraints
for performing mechanized operations and the
characteristics of the flow of orders for their execution.

The methods of analysis and synthesis, system-
factor and system-event approaches to the study of
technological processes of cultivating grain crops were
used in the work. To develop algorithms for modeling
these technological processes, a discrete-event approach
was used.

The article by the authors [12] developed method
rationale parameters equipping items postharvest
processing of grain under the coordination of programs
with the characteristics of industrial harvesting of early
grain crops and grain systems parameters given the
variability of agrometeorological conditions of the region.
The article by the authors [13] suggest methodology of
rational seasonal scenario of inter-farm combine harvester
threshers use that is based on the design and management
of technological processes of harvesting of early -grain
crops is revealed. The proposed methodology involves a
step-by-step study of the combined influence of natural-
production and agrometeorological factors on the
efficiency of the technological processes of harvesting
early grains and the monetary evaluation of these
indicators. This gives reason to justify on cost criteria
(profit earned by reducing the yield loss of the crop),
rational seasonal scenario of inter-farm combine harvester
threshers use by business entities, united geographically or
administratively. The automated system for designing and
controlling the processes of harvesting early grain crops,
which was created to implement this technique, also
described. Using this automated system allows: for each
business entity to predict fields for which there is a risk of
loss of cultivated yield due to the untimely harvest of it by
the available fleet of combines; to define combine
harvesters which must additionally involve to the
harvesting on such fields; to predict the duration of the
involvement of these harvesters and select business
entities from which it is expedient to involve combine
harvesters. The developed automated system makes it
possible to increase the efficiency of the use of combine
harvesters of economic entities and to reduce the losses of
the cultivated harvest of early grain crops.

Researches of technological systems of
postharvest processing of grain were performed mainly in
the form of the description of work of separate links of
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technological system by mathematical dependences with
elements of the theory of probabilities and mathematical
statistics, and also in the form of tables with statistical
characteristics [14, 15, 16]. At the same time, these studies
do not take into account the dynamics of the technological
system as a whole and do not give a complete description
of the impact of the stochastic nature of the process on the
performance of the technological system. Computer
simulation is an alternative to studying the behavior of
post-harvest grain processing systems and their
characteristics.

Changes in humidity, purity of grain, the intensity
of its receipt within the season is random (stochastic),
which was proved by subsequent scientists using
probability theory [17, 18].

The developed method [19] foresaw the need for
equipment for post-harvest processing of grain and seeds,
which assumed the constancy of the characteristics of
grain flows. Analysis of known studies and publications
does not provide complete information to the designer on
the development of technological equipment for cleaning
and sorting grain in the granary in conditions of intensive
multi-item flow of grain to the cleaning-drying-storage
point. Therefore, the urgent task is to develop a
mathematical apparatus, as well as a simulation model of
the technological process of postharvest processing of
grain and storage in the current system, description of the
structure and development of basic principles for building
the developed model.

The studies presented in [20, 21] reveal the
possibility of using fuzzy systems of automatic control of
technical means in the storage of plant products, the use of
thermodynamic equations somewhat complicates the
calculations, but gives more accurate calculations.

METHODOLOGY

System-design approach to the study of
technological systems for servicing multi-nomenclature
flows involves identifying, comparing and justifying
alternative solutions that increase the efficiency and
productivity of technological systems.

Input factors are indicators that determine the
quality of grain entering the granary: W,;, - the moisture
content of grain entering the granary; ¥~ the clogging of
grain entering the cleaning-drying-storage point; Q,;,- the
intensity of grain supply. Also important are the
characteristics that determine the structure of the multi-
item flow: the duration-A4t,;,, the nomenclature—(?);,, the
volume of individual batches—Q,,;,.

In addition, an important initial condition is also a
change in the quality of the harvest over time, both during
the day and during the harvest period. After processing of
grain grain by a technological complex of machines of
granary, grain weight receives properties which can be
characterized by the following parameters: W,,(j)-the
final grain moisture; ¥,,(j)-the final grain clogging. An
important final parameter is the speed of grain processing
by a system of granary machines—Q,,,(j).

The instantaneous daily supply of grain from
combines to grain cleaning and drying and storage points
of agricultural enterprises differs significantly from the
average daily and depends mainly on simultaneously
operating combines and their vehicles, crop yields,
combine productivity, distance between fields and
cleaning and storage. Sown area of the harvested crop. The
average daily grain yield for the entire harvest period and
the average daily grain supply during the busiest harvest
period fluctuates significantly even in farms with the same
size of sown area, this is due to different levels of
organization of harvesting. The unevenness of the daily
grain supply characterized by the coefficient of daily
unevenness:

520, . (1)
40,

Where AQ;,the arithmetic mean of the three maximum
daily incomes of grain for the period of harvest;AQ ~the
average daily grain supply for the entire harvest period.

This coefficient is usually in the range from 1.5
to 2.2. It depends on the technical equipment of farms,
agricultural techniques for growing cereals (yield), and the
use of harvesting equipment and soil and climatic
conditions of farms. The coefficient of daily unevenness
significantly affects the optimal load line of the cleaning-
drying-storage point. The quality of processing and
technological efficiency directly depend on the
rhythmicity and constancy of the lines.

As can be seen from Figure-1, that with
increasing coefficient of non-uniformity & technological
efficiency of the system of machines for post-harvest
processing of grain decreases. Therefore, when the value
of the coefficient of daily unevenness over 2.0 transitional
hoppers are used, or wuse additional technological
equipment for grain cleaning.
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Figure-1. Dependences of technological efficiency on the
period of harvest at different values of the coefficient of
non-uniformity: 1 - when § =1.58; 2 — when § = 1.8;

3 -whend=23.
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The composition and characteristics of
technological systems for servicing multi-item flows
depend not only on the volume of grain supply to the
cleaning-drying-storage point, but also on the number of
crops harvested at the same time. It is also possible to
simultaneously harvest different varieties of the same
grain crop, which differ in their characteristics. In these
cases, the nomenclature of the incoming grain flow #(2) 4>
1[17].

Consider several options for the receipt of a
multi-item flow of cereals (Figure-2).

At
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0 Harvest period t, days
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0 Harvest period t, days
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»
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Figure-2. a) The consistent with the intervals between
periods of harvesting different crops 4¢; b)the consistent
without intervals between periods of harvesting different
crops; c)the parallel harvesting of different crops; d) the
sequential with intervals At parallel harvesting of different
crops

Figure-2a shows the most optimal of the
considered methods is the method, namely when the multi-
nomenclature flow is decomposed into single-
nomenclature in certain time intervals, and between the
periods of collection there is a gap A¢. During this period,
it is possible to reconfigure the system of machines of the
cleaning-drying-storage point to another culture. In
practice, this case is observed at the beginning and end of
the multi-item flow. This is due to the fact that both at the
beginning and at the end of the harvesting period, grain

crops ripen in single fields, so in most cases there is a
situation where it is necessary to harvest several crops in
parallel. In many cases, the phenomenon is shown, which
is shown in Figure-2b and is characterized by the fact that
over a period of time A¢ there is a parallel harvesting of
different cultures. For effective functioning in this period
it is necessary two and more current lines, or to involve a
complex of self-mobile grain cleaning machines which are
on a granary. The most unfavorable regime is the case
shown in Figure-2¢, in which case there is a parallel
harvesting of several crops or different varieties of one
crop. To do this, you need to have several current lines for
cleaning different varieties, or a group of grain cleaning
machines, depending on the crops that are collected at the
same time or use transitional hoppers for temporary
storage.

To prevent losses of grown products and facilitate
the management of current flows, developed software for
managing the technological process of grain production in
the granary.

The process of developing application software
for managing the technological process of grain
production in the granary (PPZ) can be divided into
several steps:

a) Substantiation of the structure of PPZ;

b) Development of the structure of PPZ;

¢) Calculation of automation tools;

d) The choice of basic means of automation of PPZ.

Consider the block diagram of the PPZ (Figure-3).
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Figure-3. S - sensor; CPD - control and protection device;
MC(T)-technological microcontroller; MC(t)-
microcontroller drive technical means; Ci-appropriate
equipment (unit, machine); Z; - flow initial state of the
grain; Z, - grain flow in the final state

The problem of the algorithm for the synthesis of

the effective structure of PPZ includes:
=  Synthesis of the structure of the controlled system, ie
the optimal division of the set of controlled objects
into separate subsets with specified characteristics. At
this stage: 1) selection of the number of levels and
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subsystems; 2) the choice of principles of
management, ie the establishment of the correct levels
between the levels; 3) the optimal distribution of
functions performed between people and computer
equipment; 4) the choice of organizational
hierarchical structure.
=  Synthesis of the structure of information transmission
and processing systems (including information-
control multifunctional complex): 1) synthesis of the
structure of information transmission and processing
systems; 2) synthesis of the structure of the
information and management complex (including the
problem of placement of service points of this
complex).
To determine the optimal structure of the PPZ,
the initial data are:
a) Performed by the system functions that can be

formalized in the form of many problems A = {Al} . Each

of the problems A[.,i = l,—a (where a - the total number
of problems solved by the system) may consist of stages
88 =1,_G,- (where G; - the number of stages of solving
the problem A;) and have solutions in the PPZ
®.,0 = ﬁ (where €; - the number of options for

solving the problem A)).

b) Relationships between problems and their
stages, which can be specified in the form of a graph
o, = {Ag, AL } where {4 A feA. Graph arcs
characterize the relationship of the path that exists
between the problems to be solved and their stages, and
correspond to the directions of information flows.

After analyzing the description of the system, we
can conclude that the technological process of post-harvest
processing of grain in the granary system is a rather
complex, continuous stochastic process. Applying a
systematic approach to the technological line of grain
production in the granary system at the level of structural
elements can be represented as a number of relationships
of technical and technological subsystems of postharvest
processing of grain in the granary system (Figure-4).

the beginning ‘
of processing =
® (B e

Figure-4. T/ - Formation of grain in the granary; 72 - Pre-
cleaning in the sides; 73 - Pre-cleaning of grain in the
complex; 74 - Grain aspiration; 75 - Drying of grain; 76 -
Primary grain cleaning; 77 - Secondary grain cleaning; 78
- Storage of cleaned grain (storage subsystem).

¢) Many possible nodes of PPZ V:{Vj}and

connections between them, which are given in the form of
a graph 0, ={V,»’Vj’} , Where j,j:l,_J. Vertices of the

graph Qy represent nodes and arcs are the connections
between them.

In some cases, a finite set of possible node
variants can be specified PPZand the connections between

them, ie Q‘fv,f: = I,_B, Ie Qé - &-th possible option, B -

number of possible options.
d) Types and characteristics of technical means,

the use of which is possible in the PPZ, let T = {tc} —many

possible technical means and C =1,L, where C — type of

technical means, L —number of technical means.

e) External to the system sources and consumers
of information at all stages of the problems.

Therefore, the problem of the optimal structure of
PPZ is to find:

- system nodes V;

- connections between them Qy;

- problems assigned to technical means Aand
options for their solution g, =1,Q), in their

distribution by levels and nodes of the system and
in the choice of a set of technical means 7, which
maximizes the effect of solving problems in the
PPZ, ie

max >, END X, @

g €A, 0,eQd

where E;’ —the effect of implementation g-th stage on the

i

i-th problem when using@-th variant of its decision;

. :
variable X ' .
8i-Jslc

problems when using @-th variant of its implementation is
solved in the j-th node #c-th technical means of type C, and
the value of O - otherwise.

Therefore, it is assumed that each stage of the
problem is solved in one node.

The optimal structure of PPZ is determined by
resource constraints, loading of technical means and
timeliness of solving problems, i.e.

takes the value 1, ifg-th phasei-th

> W XS S 3)

&isJitcsr 8isJ r
gi€A,0,eQtceT

where r = I,_R — the resource type; W, — the magnitude of

the resource used.
The total number of options for the analysis of
the construction of PPZ can be calculated by the formula:

Z Igisj ngsj’tc Xgi’jvtc <%

8i€A, 0, eQt-eT

j,tc s (4)

a)i
where 1 g —the intensity (frequency) of the decision g;-th
phase i-th problems when @-th variant of the decision;

b g ie —loading -th technical means of type C in j-
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thnodes; F“

8i-Jslc
problem in the j-th node t--th technical means when @-th
solution option.

Temporary constraints for different PPZ
problems can be complex and require analysis of the
operation of different nodes. For example, to solve
operational problems it is necessary that the probability of
exceeding the time of solving the problem of the allowable

- execution time g;-thstage of the i-th

value F;dmi“i‘)“ was not more than the specified value A,;:
; ; admission
' . <

P{ng,j,tc + Hé’,‘,],’c ng } - Agi ’ @)

where H ;0 ihe T waiting time in the j-th node.

The effectiveness of application software is based
on a reasonable ratio of profits and timing of their receipt.

RESULT AND DISCISSIONS

To start working with the program, you need to
create a new farm file, where you specify the name of the
farm, production conditions.

A general view of the input interface of a
computer program for calculating the composition of the
system of post-harvest grain processing machines is shown
in Figure-5. The program provides for two calculation
options: simplified calculation (Figure-5a) and extended
calculation (Figure-5b).

So, for example, having passed to the tab
"simplified calculation” the user, enters in fields the
following parameters: intensity of receipt of grain grain,
t/h; the average moisture content of grain for the harvest
period, %; average contamination of grain grain during the
harvest period, %.
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Figure-5. a) - tab "simplified calculation"; b) - tab
"advanced calculation".

On the tab "extended calculation" it is possible to
enter the following parameters in the fields: the number of
serving grain trucks, pcs.; number of simultaneously
operating combines, pcs.; average capacity of the grain
truck, t; actual productivity of the combine, t/h; size of
sown area, ha; yield, c/ha; average speed of the grain
truck, km/h; average distance between the field and the
granary, km; working time utilization rate of grain trucks
and combines.

Clicking the "Weather Parameters" button opens
a window for the user to enter weather conditions
parameters during compilation (Figure-6).

T MapameTpy NOroAHWE YMOE Mia yac 36upaHHa | = B R
BinHocHa BonoricTs NOBITPA. %
|75 T Monicea

+ JlicocTe

CepepHiii aTMOChepHHA TUCK, MH.PT.CT

740

CepenaHs TeMnepatypa NoeiTpsa, rpan,

|28

CepenHs WBMAKICTE BITPY. M/C

|25

Ok Biamina

Figure-6. General view of the window for entering the
parameters of weather conditions of the computer program
for calculating the composition of the system of machines
for post-harvest processing of grain.

The user enters the values of relative humidity,
average atmospheric pressure, average air temperature and
average wind speed in the appropriate fields, and you need
to select one of the natural and climatic zones of Ukraine.
If the user clicks the "Cancel" button, all values entered by
the user in the fields are erased. When you click "OK", all
field values are fixed and passed to further calculation.

After entering the required parameters both on
the tab "Simplified calculation" and on the tab "Advanced
calculation" to calculate the user must click "Calculation".
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After that, the program to calculate the composition of the
system of machines for post-harvest processing of grain
checks the entered values for correctness. If the entered
data do not meet the required criteria, the application
software displays a message to the user and the calculation
stops. Until the user meets the requirements specified in
the message, the calculation is not performed.

Skmio nani Oynu BBeJCHHI KOpekTHO, To I3 s
pPO3paxyHKy CKJIaay CHCTEMH MalldH Micas30upaibHOl
00poOKHM 3epHAa BUKOHYE po3paxyHOK.[ani, po3paxoBaHi
napaMeTpy BXIJHOTO 3EPHOBOTO IMOTOKY OOpOOISAIOTHCS
TaKUM JK€ YUHOM, SIK 1 NPU CIPOIICHOMY pPO3PaxyHKY
NepelatoThCs 10 OCHOBHOTO MOJYJISI IIPOTPaMHU.

Po3paxoBaHi mioma 3epHOCKIamy Ta 00’eM
OyHKepa-KOMITEHCATOpa BiAOOPAXKAETECA Y BUXITHOMY
iHTepdeiici y BiAMOBiAHUX moisx. aii 3 aBTOMaTHIHO 3
BiINOBITHUX 0a3 BUOMPAIOTHCS MPOAYKTUBHOCTI MAIINH
NOIEPEAHbOTO0  OYMIICHHS, CYNIapoOK Ta  MAaIluH
TICPBUHHOTO OYHIICHHS, HiCHH qoro BU3HAYA€THCA
HEeoOXi/THa KiJIBbKICTh BiJITIOBIIHMX MAIlUH.

Relevant pre-cleaning machines, dryers and
primary cleaning machines found on request are displayed
in the initial interface in the relevant tables, where you can
find the machine brand, manufacturer, passport
performance, technological efficiency, machine weight,
electric power consumption, specific energy and material
consumption. A general view of the interface is shown in
Figure-7.

f e rore— Er—>=
MAINHA NONEPEANBOro OMIIENNS:  Kinssic

T [T

Cymapka:

e

Figure-7. General view of the output interface of a
computer program for calculating the composition of the
system of post-harvest grain processing machines.

If necessary, the user can print the results of the
calculation by clicking on the "Print calculation results"
button. The tabular data of pre-cleaning machines and
their number, tabular data of dryers and their number,
tabular data of primary cleaning machines and their
number, calculated area of grain storage and capacity of
the compensator hopper are displayed in the column.

Thus, the developed program for the effective
functioning of technological systems for servicing multi-
item flows of grain crops allows the designer of grain
cleaning points, knowing the parameters of harvesting
systems and parameters of incoming grain flow, quickly
decide on the composition and parameters of postharvest
machines.

CONCLUSIONS

During the substantiation of the rational structure
with the help of the developed software it is possible to
obtain information about the structure of the reduced
operating costs of grain production on electricity and
capital efficiency.

Developed mathematical models of technological
efficiency and total cost ratio include parameters of
service systems and machines in the form of a
mathematical set of parameters that allows them to be
applied to any technological system of postharvest
processing and determine the direction of project
improvement in developing technological systems of
postharvest processing.

Experimental verification of statistical models for
determining the quality of grain flow from weather
conditions showed that statistical models describe the
process with satisfactory reliability and can be used to
predict the characteristics of grain flow.

The application software developed during the
research allows the user to quickly select the necessary
equipment for post-harvest processing of grain and
calculate its parameters using a database and has great
prospects for use.

Structural and functional mathematical models
have been developed that allow to reproduce all the main
technological options, the interaction of elements and
subsystems, to take into account the stochastic nature of
the external environment.
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