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The article is dedicated to the development of technology and equipment for the reuse of waste and
stimulation of its transformation into raw materials for other industries. The problems of laboratory
determination of oil and grain impurities in grain are analyzed, and a set of impurity properties requiring
further investigation is defined. Samples of laboratory equipment from leading manufacturers are reviewed,
the main criteria of interaction between raw materials and the working environment are formulated, and the
directions for the development of separation equipment are substantiated. It is shown that grain waste mixtures
are characterized by stochasticity and the emergence of properties under conditions of an unstable working
environment, which is manifested through fluctuations of airflow parameters, turbulence, and complex
aerodynamic phenomena. These features require not only preliminary identification of fraction properties but
also the implementation of measures for stabilizing the working environment during analysis. Based on the
performed analysis, a laboratory sorting machine with vertical pneumatic separation is substantiated as the
most rational solution. The proposed equipment should be equipped with automated control systems, an
adaptive vibrating feeder with adjustable amplitude and frequency, a raw material deaerator, aspiration and
dedusting units, antistatic inspection windows, and protective elements against reverse airflows. The main
design concept is based on aggregation and modularity, which ensures adaptability to various types of raw
materials and research tasks. A system of criteria for evaluating laboratory grain analyzers is proposed,
including the availability of separation methods, absence of grain injury, possibility of process intensification,
fractionation capability, automation level, and network integration. The implementation of the proposed
solutions enables reduction of analysis time, improvement of accuracy and repeatability of results, and
expansion of functional capabilities of laboratory equipment in grain processing and waste utilization
technologies.
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Table. 2. Ref. 31.

1. Problem formulation

Technological innovations in the food industry cover a number of solutions, which can include
technical and technological support for resource-saving technologies and technical and technological support
for the use of waste as a resource source. The problem of waste use in the food industry requires solutions in
the context of studying the properties inherent in waste. The main goal is to implement the principles of
sustainable development and rational use of resources, which formed the basis of the concept of the “circular
economy" as an economic model. The concept is based on the reuse and stimulation of the transformation of
one industry by-product into raw materials for another industry [1, pp. 93-98]. Ukraine has joined the trend,
and the conditions of the crisis stimulate new approaches and acceleration of the processes of digital
transformation of the production and processing of agricultural raw materials.

On the way to implementing new approaches, problems have emerged that need to be resolved.
Ukraine is an agrarian country that grows a significant amount of grain and oilseed crops, has achieved
significant success in increasing yields [2], [3], [4], and also generates a significant amount of waste in
agriculture. For example, the oilseed processing industry generates 4% of the main seed waste and 17% of
sunflower husk. It is known that the oil impurity in the main seed waste is about 45%, and the oil admixture
in the husk is 4-6%, although studies show the percentage of oil admixture in the husk up to 12%.
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Oil and grain admixtures are suitable for the production of food and feed products by their
technological and biochemical indicators, but insufficient study of the physical and mechanical properties
inherent in waste and products of intermediate grain processing, the lack of waste sampling methods, waste
sample preparation methods, the lack of laboratory means of determining the number of waste fractions that
can be used to manufacture products, as well as the lack of multi-criteria means of technical and technological
equipment for processing waste into finished products, hinder technological innovations.

List of main problems: there is a gap in the study of the properties inherent in waste and products of
intermediate grain processing, lack of methods for preparing samples of garbage and waste that ensure sample
representativeness, lack of technical and technological means for laboratory determination of the percentage
of oil/grain admixture and multi-criteria means of technical and technological equipment for processing waste
into finished products.

2. Analysis of recent research and publications

The State Standards of Ukraine for Grain and Seeds and the International Requirements [5] for Grains
in terms of Sample Selection and Preparation have two areas of application: general requirements that apply
to both grain and seeds in terms of sample selection and preparation, as well as standards that take into account
the specifics of individual grains and seeds.

According to the DSTU 4138-2002 standard [6], the amount of waste and oil/grain impurities is
determined for all crops that can be used for the production of food and feed products. According to the
DSTU 8837:2019 [7], DSTU 3768-2019 [8], DSTU 3769-98 [9], DSTU 4524-2006 [10] and others, the
percentage of waste and oil/grain impurities is determined, which takes into account the specificity of the seed
mixture of an individual agricultural crop.

The standards for all crops recommend a manual method of analysis for the content of garbage / oil
impurity, and as an auxiliary means to reduce the time of analysis, a sieve manual method or a method using
a mechanical scatterer is recommended. In case of need for an arbitration determination of the content of
garbage / oil impurity, the standards recommend only a manual method of analysis.

To determine the amount of oil / grain impurities, there is still no recommended technical and
technological means of laboratory determination of oil impurity.

As for the products of intermediate processing of cereals, there are several standards that regulate the
method of determining oil / grain impurity. For example, DSTU 7123:2009 [11] recommends determining
quality indicators at least once a month or in the event of replacing a batch of raw materials, which does not
allow using the analysis results in Automated Process Control Systems (APCS). There is also no method for
determining the quality indicator "Qil impurity content”. The standard recommends determining the mass
fraction of fat and extractive substances in absolutely dry matter. Such an indicator cannot be used in the
technological process of oil extraction for a significant time to determine the percentage of oil in the husk and
the large discrepancy in the percentage of oil, which is introduced by botanical and sorption oiliness, as well
as the presence of a large amount of wax, aldehydes, phosphatides and a number of other substances soluble
in petroleum solvents, which distort the real amount of oil impurity in the waste.

The recommended methods of sampling and preparation of samples used for compound feed are not
valid in Ukraine. It was determined experimentally that the methods of sampling and preparation of samples
used for sampling sunflower, rapeseed, compound feed are not representative when used for sampling waste.
Thus, at an oil extraction enterprise in Ukraine, experiments were conducted to determine the percentage of
oil impurity by the methods recommended for sampling sunflower and by the method of determination using
an experimental sorting machine for extracting oil impurity from sunflower husks [12]. The oil impurity was
sorted for 24 hours by a sorting machine and accumulated in big bags, after which it was weighed. Spot samples
were taken by the method of cutting the husk flow every hour and the obtained samples were mixed to obtain
a daily sample with subsequent quartering. By manual disassembly in the laboratory of the enterprise, the
percentage of oil impurity determined was 2.0%, and the experimental sorting machine isolated 6.0%.

In recent years, significant research has been conducted on the indicators inherent in grain processing
waste [12, p.31-34]. Indicators that can be used in the development of equipment for sorting oil extraction
waste were obtained [13]. The researchers analyzed the properties inherent in fractions of sunflower oilseeds,
technical means of post-harvest processing. The results of research on pneumatic sieve and pneumatic gravity
separators allow for further improvement of the technological efficiency of the devices. Analysis of the
technical equipment of post-harvest processing of sunflower seeds and theoretical studies of the process of
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separation of air-separated impurities, the results of laboratory and field studies of experimental devices allow
for the practical application of the results of the research [14].

The scientific foundations of technical and technological support for waste-free processing of grain
raw materials into food products and feed have been developed [15], [16] and examples of technical support
for processing grain raw materials into food products and feed have been provided (cylindrical trier for
preparing grain components, plant for manufacturing feed pellets, disperser-homogenizer, expander), as well
as new technologies for processing solid raw materials into products and feed.

But the main properties of the waste mixture submitted for sorting have not yet been studied. Sunflower
oilseeds are a mixture of fractions, the composition of which is given in DSTU 7011-2009 [17]: crushed; eaten
by pests; sprouted; damaged; immature; seeds caught by frost; completely or partially collapsed, shriveled,
damaged by herbivorous bugs; the sizes of the fractions of which are smaller than the sizes of the main grain.
Grain fragments have various sizes, but the overwhelming number of oil impurity fractions have a common
characteristic - this is density. Thus, sunflower waste, sunflower litter have a number of particles of
longitudinal dimensions, have branching of the particle body. In the process of sorting, the particles of the
mixture are compacted and form conglomerates, which is characterized by an increase in the internal resistance
of the mixture, an increase in the shear resistance index, uncertainty of the angle of natural slope, etc.
Conglomerates prevent stratification (de-laminating) of the mixture, especially of small-sized particles of the
mixture. As determined by experiments according to the DSTU 7123:2009 method [11], the mass fraction of
fat and extractive substances in absolutely dry matter is almost 10% due to the dense fraction with dimensions
of 0.2-1.0 mm, which remains in the mixture and is not sorted, but which can be used for the needs of product
manufacturing.

When sorting garbage with an increased amount of moisture, the quality of sorting decreases. First,
moisture leads to an increase in morphometric indicators, density, midsection, critical speed, etc. Second,
moisture in garbage is a factor that stimulates the hydrolysis of carbohydrates in garbage and fruit shell.
Hydrolysis products have the property of gluing together individual particles of the mixture.

The fruit and seed shell of the kernel of oil crops is an active sorbent of oil (triglycerides), which have
the property of polymerizing, have adhesion to the components of the mixture that is subjected to sorting. The
property of triglycerides to polymerize is used in the manufacture of drying oils as a solvent and hardener for
oil paint.

Moisture, carbohydrate hydrolysis products and triglyceride polymerization products lead to gluing of
mixture particles, leads to caking of the mixture, lump formation, blocks the sorting process and requires
additional scientific research into the phenomena of stratification, emergentity, the influence of fluctuations in
the working environment [18] (vibration, air pulsations, internal and boundary tribological properties, etc.) and
the development of the latest technical and technological means, modernization of equipment for grinding and
deauneration of settled raw materials.

3. The purpose of the article

Based on the study of the current state of the problem of determining the percentage of oil/grain
impurities in raw materials, to propose possible solutions for the technical and technological support of
laboratory determination.

4. Results and discussion

Analysis and classification of existing laboratory equipment can be determined depending on the
method of interaction of the working environment with raw materials:

* equipment using one method of interaction of the raw materials to be sorted and the working
environment to determine a separate indicator of grain quality;

* equipment using several sequential methods of interaction of the raw materials to be sorted and the
working environment to determine one separate or several indicators of grain quality;

* high-tech analytical laboratory equipment for the simultaneous determination of several indicators
of grain quality.

Analysis of literary sources indicates a large number of laboratory mechanical equipment that
calculates the means of technical and technological support for sorting of grain, waste and intermediate
products of processing. But from the study of the state of the art of sorting equipment and the achievements of
fundamental research, it is possible to propose several methods of intensification of sorting processes and
improvement of its quality. Such methods include the Magnus, Coanda, Karman effects.
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The Magnus effect is a physical phenomenon that occurs when a grain moves through an air stream and
rotates. As a result, a transverse force is created that acts perpendicular to the direction of the flow. This force is
directed from the side where the direction of rotation coincides with the direction of the flow to the side where
these directions are opposite. This phenomenon can be used to split the flight paths of oil impurity fractions.

The Coanda effect is a physical phenomenon that consists in the fact that the air stream flowing out of
the nozzle tends to deviate towards the wall. If a solid wall is located near the stream, the cross-section of the
secondary flow decreases on the side of the solid wall. This leads to the jet being deflected towards the wall
under the action of atmospheric pressure until the jet touches the wall. This phenomenon can also be used to
split the flight paths of oil impurity fractions.

Karman effect, vortex trail, chains of vortices observed when air flows around elongated cylindrical
bodies (or other linearly elongated profiles that flow around them poorly) with a longitudinal axis
perpendicular to the direction of motion of the continuous medium. The separation of vortices occurs on both
sides of the body in turn; after separation, the vortices form two chains behind the body, the direction of rotation
of the vortices in one chain is opposite to the direction of rotation in the other. The Karman effect can be used
to design a deaerator for loosening a settled mixture of oil impurities.

WESTRUP LA-HT [19]. Gravity spiral separator Small-scale spiral separator LA-HT is designed to
separate round seeds of one diameter from round seeds of another diameter using gravity. It is used for
fractionation of seeds by density, it is possible to adjust to the required grain diameter. It has very limited
application, for spherical grains, grain injury is present, additional adjustment is very limited and depends on
a number of independent environmental factors (air humidity, presence of condensate, oiliness of seeds, initial
injury, dust dispersion, tribometric indicators of grains, etc.).

WESTRUP LA-BG BELT GRADER [20]. Laboratory belt grader separator for separating round seeds
from flat seeds - for example, primrose seeds from begonia seeds. LA-BG BELT GRADER separator is
designed to separate round seeds from flat seeds by morphometric criteria. It makes sense to use when there is
a pair of seeds of maximum size: flat and spherical size. Limited use for seeds of transitional shape (sunflower
seeds, wheat). Lack of automation, limited interface.

HALDRUP LT-15 [21], LT-20, LT-21, LT-35 offers a number of models of laboratory air threshers/sorters
for laboratory determination of impurities during harvesting and for assessing the quality of combine operation
when harvesting grain heaps. The equipment provides a fine threshing process without macro- and micro-trauma
of the grain. The presence of only air cleaning, the possibility of additional settings for corn, sunflower, sorghum.
The absence of the possibility of fractionation, process automation and local network interface.

CHOPIN Technologies ROTACHOC offers a spreader, to which a set of sieves with a diameter of 25,
40, and 50 cm is attached, and upon additional request of users, sieves are made with holes of any diameter.
The spreader is able to provide 2 speeds of rotation of the sieve package, installation of three sieve sets
simultaneously, additional functions such as vertical shaking of sieve sets and rectilinear reciprocating
movement of sieve sets. Presence of seed trauma, limited local network interface and lack of automation.

PFEUFFER GmbH MLN Sample Cleaner [22]. The cleaning process largely corresponds to the process
of a conventional cleaning machine. The process is carried out using sieves and aspiration. The separator
determines the proportion of impurities (coarse particles, fine particles, aspiration discharges) and fine grains.
High seed trauma, complex procedure for resetting (sieve replacement), limited automation of the process.

PFEUFFER GmbH SLN Sample Cleaner offers a sieve separator. Number of sieves 3, all sieves with
rectangular holes, fully automatic cleaning with a defecator and aspiration. The separator is equipped with sieve
sorting with cleaning balls. High seed injury, complex procedure for reconfiguration (replacement of sieves).

PFEUFFER GmbH Auto Sample Cleaner (ASC), Automatic separator equipped with aspiration,
deauner - loosener and cleaning of sieves with balls. Available touch screen display, built-in printer and local
network interface. High seed injury, complex procedure for reconfiguration (replacement of sieves).

CHOPIN Technologies NSP [23] - Laboratory sieve separator using flat sieves and aspiration. High
seed injury, complex procedure for reconfiguration (replacement of sieves). Limited automation and interface.

REITER Seed Processing GmbH & Co. Its laboratory equipment [24] positions it as laboratory
aspirators of the RPA-120, RPA-500, RPA-600, RPA-1500 type, although it can be attributed to aerodynamic
sorting machines. The separator is equipped with a vibrating feeder with a drive control system, large antistatic
windows made of impact-resistant glass for visual inspection, an air valve with 2 pneumatic covers, an exhaust
air dust removal system. High seed damage.
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RIELA RF-14 Pre-Cleaner [25] The sieve-drum aspiration separator with a conical sieve has a design
specific to laboratory equipment, which imitates the company's separators. The grain mixture is pre-cleaned and
aspirated. High seed damage, complex reconfiguration procedure (replacement of sieves). Limited automation.

HUICHUAN Heavy Industry, Live magnetic separator [26]. Equipped with a leather-covered
magnetic drum connected via a vibrating feeder. Magnetic field strength 1800-6000Gs. Designed for all types
of grain. No sub-settings, automation and LAN interface.

MCC Lilliput Laboratory magnetic separator [27]. Laboratory magnetic separator. The seed mixture
is pre-mixed with a fine-grained ferromagnetic powder and during the subsequent sorting process is
magnetized to the magnet together with the grain. Designed for a limited type of grain, without sub-settings,
automation and local network interface.

SOLLAU LSV Laboratory high intensity magnetic separator [28]. The LSV laboratory high-intensity
magnetic separator is mainly used in laboratory conditions for the separation of magnetic and paramagnetic
particles, bulk materials. Limited use for the separation of paramagnetic materials, limited use for the separation
of diamagnetic materials due to the laboriousness of cleaning from metal debris. Limited automation.

WESTRUP LA-T Laboratory trier [29] is designed for sorting grain of different lengths. Has a high
technological efficiency of removing long particles, Limited automation.

HALDRUP DC-20 [30] Densimetric sorting and cleaning column. Densimetric cleaning and sorting
column. Equipped with an electronically controlled feeder, cleaning in a vertical air stream, a fan with
adjustable feed. The densimetric column is a unit of pneumatic, air, aerodynamic and aspiration blocks.
Possibility of fine sorting

OLISLAB 1100. Laboratory scatterer (RLU-1) [31]. The company "Olis", Ukraine, manufactures
scatterers for sieve analysis and fractionation of grains.

Table 1
Equipment and methods of interaction of grains with the working environment
Methods of interaction of grain with the working
environment
g
Mechanical laboratory sorting machines S § 2 E S| o © %
o = S| S| = 2 | B| | &
3 | 5 S| 2| g @ el 2| Y
(= _E o % © g
S
Westrup LA-HT °
Westrup LA-BG °
HALDRUP LT-15 ° °
CHOPIN Rotachoc °
«OLIS» RLU-1 d
PFEUFFER MLN ° °
PFEUFFER SLN ° °
PFEUFFER ASC ° o
CHOPIN NSP ° °
REITER RPA-120 °
RIELA RF-14 ° °
HUICHUAN HI ° °
MCC Lilliput °
SOLLAU LSV °
HALDRUP DC-20 o (o |0 |0o
WESTRUP LA-T ° °
SORTMASH CC-002-05 o o [0 |0 |0

Source: developed by the author
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Experimental laboratory equipment SORTMASH CC-002-05 [12] has a number of advantages.
Among them are versatility, the use of vibropneumatic, air, aerodynamic, aspiration methods of separation,
additional methods of process intensification, the possibility of additional settings, the possibility of
fractionation, process automation, the available local network interface. The disadvantages include the limited
sorting of mineral impurities, the presence of traumatization of some types of grain. But the presence of
disadvantages does not limit the scope of application, since the oil impurity, for the sorting of which the
analyzer is being developed, is already a completely traumatized raw material. As for the mineral impurity, its
amount is within the initial requirements for the main raw material, the granulometric composition is improved
by the dispersing equipment of the following technological processes (rolling, pressing, crushers,
conditioners). The presence of a mineral component for some types of domestic animals and poultry is a vital
component (for example, a certain amount of mineral stones is always present in the stomach of a bird).

Table 1 shows the ways of interaction of grain and waste with the working environment, from which
it is possible to conclude that the best result can be achieved when sorting waste using an upward air flow and
the maximum number of ways of interaction of raw materials and the working environment.

To assess the possibilities of using existing laboratory equipment in the laboratory analysis of grain
and their waste oil/grain impurities, it is possible to use a list of criteria that are not exhaustive (Table 2). The
criterion "universality" determines the possibilities of using equipment for analyzing grain of several crops,
i.e., not one crop.

Table 2
Criteria for evaluating the use of laboratory equipment for waste analysis
Evaluation criteria
E e n 3
B2 |8 2|8 g
8 g g E o c ) 4
. . . b L Y S 5 B E— o -E 5
Mechanical laboratory sorting machines = |29 3 e ® c | B | < e
g€ |8 | |2 |E |58
5 | 285 |5 |s |8 |g |2
> = 3 = = S = @
Q c S k=] =
= s |5 | 8 < =
s | 8 | © = Q
5| © =
Westrup LA-HT
Westrup LA-BG °
HALDRUP LT-15 ° °
CHOPIN Rotachoc ° °
«OLIS» RLU-1 °
PFEUFFER MLN °
PFEUFFER SLN ° °
PFEUFFER ASC ° °
CHOPIN NSP °
REITER RPA-120 ° ° °
RIELA RF-14
HUICHUAN HI ° °
MCC Lilliput ° )
SOLLAU LSV ° °
HALDRUP DC-20 ° ° ° ° ° °
WESTRUP LA-T ° ° °
SORTMASH CC-002-05 ° ° ° ° ° ° °

Source: developed by the author
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The presence of several implemented methods of separation and interaction of raw materials with the
working environment should be determined by the criterion "availability of separation methods". Given the
special effectiveness of using the link of separation methods in the design of a laboratory analyzer, Table 1
provides an additional analysis of the number of methods used in the design of laboratory machines. When
assessing by the criterion of “absence of injury”, the percentage of grain that was injured during the analysis
is determined, and the injury should not exceed the normative percentage of the standard indicator. If there are
additional methods of intensification of the sorting process in the design of the analyzer (vibration, cleaning
of working bodies, pneumatic treatment, aspiration treatment, etc.), the indicator “additional methods” is
determined. In the analysis process, it is necessary in some cases to carry out “additional adjustment”, for
example, to compensate for fluctuations in the working environment or fractional composition of raw
materials. In production conditions, the task often arises to carry out “fractionation” of the grain mixture
according to one or more criteria, the assessment of which is provided by laboratory equipment with available
capabilities. Reducing the time for laboratory analysis and conducting analytical processing of the result
corresponds to arranging laboratory equipment according to the criteria of “process automation” and the
presence of a “local network interface”.

5. Conclusion

A feature of grain waste mixtures is the stochasticity and emergence of its indicators. The variability
of waste is complemented by the uncertainty of the working environment. Thus, when sorting by air flow,
fluctuations in pressure, temperature, flow velocity, turbulence, aerodynamic phenomena of Magnus, Karman,
Coande and others require preliminary determination not only of the indicators of raw material fractions, but
also determination of changes in properties (emergence) of the mixture, as well as implementation of measures
to stabilize the working environment.

Analysis of the advantages of each of the designs of mechanical laboratory sorting machines proves
that the following solutions should be implemented for the proposed laboratory sorting machine: sorting should
be automated and in a vertical ascending air flow with the connection of pneumatic, air, aerodynamic and
aspiration blocks, which allows to achieve the tasks of cleaning grain from clogging to the greatest extent;the
laboratory machine must be equipped with a vibrating feeder with the ability to control the amplitude and
frequency of oscillations; the air flow generator must be equipped with an electronic control unit; the laboratory
machine must be equipped with a deauner — a raw material loosener; the machine must be equipped with
antistatic windows for visual inspection, an air valve to prevent reverse air flows, an exhaust air dedusting
system; the main design directions should be aggregation and/or modularity.
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AHAJII3 TEXHIYHOI'O TA TEXHOJIOTTYHHOI'O OBJIAAHAHHSA J1J151 BUBHAUYEHHSA
JIOMIIIOK Y HACIHHEBIV CUPOBHHI

Cmamms npucesiuena po3pooyi mexHono2ii ma 001a0HaKHs 01 NOBMOPHO20 BUKOPUCMAHHS 8I0X00i6
Mma CMUMYTIOBAHHS iX NepemeopeHHss Ha CUPOBUHY OAS THWUX eanyzeti npomucrnogocmi. Ilpoananizosarno
npobremu 1ab60pamopHO20 GUSHAYEHHS 8MICIY Ol Ma 3epHOBUX OOMIWOK Y 3€pHI, a MAaKOXC SUSHAUEHO
KOMNIEKC GAACMUocmel O0OMIWOK, Wo HOmMpedyioms nooamwuo2o 00cniodcents. Poszensnymo 3pasxu
1abopamopHo2o 00AAOHAHHS NPOBIOHUX BUPOOHUKIE, CPOPMYTLOBAHO OCHOBHI KpUmMepii 63aeMOo0ii CUpOBUHU
ma pobouoeo cepedosuwsa, a mMaKotc OOIPYHMOBAHO HANPAMKU DPO3BUMK)Y CENnapayiniHo2o 00IAOHAHHS.
THokazano, wo cymiwi 3epHO8UX 8i0X00i8 XapaxKmepuzyiomoecs CMOXACMUYHICMIO MA BUHUKHEHHAM
eracmusocmeti 8 yMo8ax HecmabOilbHO20 POOOH020 Ccepedosuya, WO NPOLGIACMbCA Yepe3 KOMUBAHMS
napamempis nOGIMPsAHO20 NOMOKY, MYpOYyIeHmMHICMb ma CKIAOHI aepoouHamiuni asuwa. Lli ocobausocmi
suMazaioms He aule nonepeonvoi idenmudgbixayii éracmueocmeti paxyit, ane i 6NPOBAOICEHHS 3aX00i6
wooo cmabinizayii pobouozo cepedosuwya nio vac ananizy. Ha ocnosi npogedernozo ananizy o0rpyHmosano
1a00pamopHy  COpMYBANLHY MAWUHY 3 GEPIMUKATLHUM NHEGMAMUYHUM CEeNnapyBaHHsaM SK HAuOiibu
PpayioHanvie piulents. 3anponoHosane 001AOHAHHA MA€E OYMU OCHAWeHe A8MOMAMU308AHUMU CUCEMAMU
KepyB8aHHs, AO0anMUBHUM BIOPAYITIHUM HCUBUIBHUKOM 3 Pe2yIb08AHOI0 AMNIIMYO00 mMd 4acmomoro,
deaepamopom CupouHU, ACNIPAYIUHUMYU A NUTOOYUCHUMU YCIAHOBKAMU, AHMUCATMUYHUMY 0218008UMU
BIKHAMU MA 3GXUCHUMU elleMeHmamu 8i0 360pOMHUX NOSImpAHuUX nomokie. (OcHo6Ha KoHYenyis
NPOEKMyBaHHA DA3YEMbCA HA azpe2ayii ma MOOYIbHOCHI, Wo 3a0e3neuye a0anmueHicms 00 PIZHUX MUnie
CUPOBUHU MA  OOCTIOHUYLKUX 3A60AHL. 3aNPONOHOBAHO CUCMEMY KPUMepIie OyiHKU 1aO0pamopHux
AHANi3amopie 3epHa, GKIOYAIOHU HASGHICMb Memooié pO30iNeHHs, GIOCYMHICMb MPAGMYSAHH 3EPHA,
ModACIUBICMb IHMEHCUiKayii npoyecy, MOXCIUBiCMb PPaKyioHy8anHs, piGenb ABMOoMamu3ayii ma mepesicesy
inmeepayiio. Bnposadicennss 3anponoHo8aHux piuieHb 0036078€ CKOPOMUMU YAC AHALI3y, NiOGUWUMU
MOYHICMb ™A NOBMOPIOEAHICMb  Pe3VIbMmamie, d MAKONC POSUWUPUMU  (DYHKYIOHATbHI  MONCIUBOCHI
1abopamopro2o 001A0OHAHHS 8 MEXHON02IAX nepepoOKU 3epHa ma ymunizayii 6i0xXo0is.

Knrouoei cnosa: nabopamopis, 8i0xo0u, onitina 0oMiwKa, 3epHo8a OoMiwKa, cenapayis, oO1a0HaHHS,
KOHCMPYKYIA.
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