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Abstract

Proper and balanced nutrition is the key to a person's physical health, especially in the face of deteriorating environmental
conditions and the effects of daily stress caused by the accelerated pace of life in recent years. In this regard, the attention of many
researchers and entrepreneurs is focused on the development and implementation in mass production of foods that would fully meet
human needs for protein, vitamins, micro-and micronutrients, etc. Recently, ingredients made from non-traditional vegetable raw
materials have been used for the production of functional foods. Amaranth belongs to such vegetable raw materials. Amaranth cul-
ture has been known since ancient times, used by the ancient Aztecs. The main feature of this culture is the unique chemical composi-
tion, which causes an extremely wide range of its use, which is not limited to the food industry. In terms of amino acid composition,
amaranth grain protein is close to the composition of an ideal protein. The presence of squalene in amaranth oil makes it possible to
use it for the manufacture of medicines and cosmetics. However, despite the prospects for the use of amaranth, producers face diffi-
culties with the characteristics of the grain of this crop. Small grain sizes require careful selection of mode parameters of technolog-
ical equipment for post-harvest processing.

To substantiate the cleaning regimes, a study of the particle size distribution, physical-mechanical and aerodynamic proper-
ties of amaranth grain mass has been carried out.

Based on the research, it is established that despite the fact that some amaranth species like “shchyrytsya” have almost the
same grain size and shape, the transgression coefficients calculated according to certain divisibility values can predict the possibility
of separating a mixture of freshly harvested amaranth grain and its impurities, in particular from difficult to separate . It is proposed
to use a set of sieves with round holes of the following sizes (mm) to separate this mixture: Bl — 1.0...1.1; B2 — 1.0...1.1; B2 —
1.0...1.2; G1—0.7...0.9; and elongated holes with dimensions (mm): B1 — (0.8...1.0) x20, B2 — (0.5...0.7) x20, Bl — (0.4...0.6) %20 .
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Introduction

The development of various technologies in re-
cent years has significantly accelerated the pace of life in
modern society. Some production technologies, despite
the implementation of appropriate measures, are still
capable of harming the environment. The stress caused
by these phenomena, the deterioration of the environ-
mental situation can lead to negative impacts and affect
human health. That is why the attention of many scien-
tists is focused on the development and implementation
in production of functional products that can provide the
human body with all the necessary substances. Non-
traditional raw materials can be used as ingredients for
such products. And such a plant as amaranth, due to the
uniqueness of its chemical composition, is quite capable
of use in this direction. It is important that all above-
ground parts of this plant are edible, as they contain a
large amount, compared to traditional cereals and
oilseeds, of biologically active substances. This opens up
an extremely wide range of opportunities for the use of
amaranth in the food industry and in medicine, pharma-
cology, cosmetology, as well as in feed production and
feeding of farm animals. Amaranth grain is especially
valuable for further processing.

In addition to the above, an important feature of
amaranth is that this culture is quite resistant to environ-
mental conditions, it is also characterized by adaptability
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to growing in conditions of insufficient irrigation. Ama-
ranth, according to many domestic and foreign research-
ers, is a cost-effective crop for growing and using. At
present, a significant number of domestic varieties of
amaranth have been bred, zoned and introduced into pro-
duction in Ukraine: Ultra, Kharkiv, Aztec, Sam and Lera
and many others.

But from harvesting to direct production of grain
must go through a range of technological operations of
post-harvest processing, which aims to prevent losses
and preserve all its useful properties. Despite the large
number of various grain cleaning and drying equipment
on the market, producers face some difficulties in organ-
izing and conducting post-harvest processing of amaranth
grain. This is due to the fact that the physical and techno-
logical features of the grain of this crop require careful
selection not only of the technological equipment, but
also its operating parameters. Therefore, the development
of a technological scheme for post-harvest processing of
amaranth grain, taking into account its physical, techno-
logical and biochemical characteristics is an urgent issue.

Literature review

Despite the large number of studies on amaranth,
most of them relate to the selection of new varieties, ag-
ricultural cultivation, isolation and study of certain sub-
stances from different aboveground parts of the plant,
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research of chemical composition, use of amaranth grain
as raw material in the production of various foods [1- 8,
13,14,18, 24].

For example, many works by both national and
foreign scientists are devoted to the study and study of
the chemical composition and biochemical properties of
various anatomical parts of amaranth. Among them are
R. Saunders., R. Becker, (1984), whose studies have
shown that the dependence of the species of amaranth on
the chemical composition of the seeds varies greatly; and
0. Konovalov, E. Ofitserov (1995), who found that ama-
ranth pectins are able to combine with toxic metals and
radioactive compounds and be excreted from the body as
certain insoluble compounds. C. Kauffman and L. Weber
(1990) proved that amaranth, like quinoa (Chenopodium
quinoa), has the smallest, microcrystalline 0.8-2.5 pum
starch granules, which, in their opinion, is essential for
both industrial applications and for use in food products.
T. Chirkova (1999) found that amaranth seeds contain an
average of 15-17% protein, 5-8% oil and 3.7-5.7% fiber,
which is higher than in most cereals. : the protein content
of corn is 10-12.6%, fat - 4.6-6.7, rice protein - 8, fat -
1.1, wheat protein - 9-14, fat - 1.1- 3.4%) [13, 18, 24].

The works of S. Lymanskaya, S. Mosyakin, K.
Robertson, J. Abbot, G. Aynilian J. Pita and J. Martinez-
Laborde and others are devoted to the issue of species
classification. A. Babych, E. Garmas, M. Girenko, V.
Golovin, T. Goptsiy, A. Zheleznov, K. Chan, M. Coons,
M. Sun, S. Desai, B. Joshi, A. were engaged in selection
of new varieties. Mujica [4, 5].

S. Antonov, G. Babayev, V. Barylnyk, V. Belleva,
Z. Kadyrova, S. Kohut, V. Kryuchkov, V. Moiseenko, E.
Nikolaev, M. Altieri, M. Gorshunska were engaged in
the development of cultivation technologies in different
years, H. Hauptli [4].

The matters concerning processing and possibili-
ties of use of amaranth in the food industry, medicine,
fodder production and feeding of animals were re-
searched by V. Gnoevyi, O. Dymchyn, Y. Duda, K.
Iorgacheva, S. Kadoshnikov, L. Karnaushenko, O.
Kozlovsky, O. Konovalov, N. Leontieva, O. Makeev, S.
Pankova, Z. Tsaryk, I. Chernov, N. Shmalko, T. Yanyuk,
W. Acar, W. Breene, R. Bressani, W. Broekaert [1-8].

L. Ovsyannikova, G. Stankevich, I. Chernousov,
R. Abalone, A. Betschart, A. Cassinera, J. Roberts, E.
Ronoh and others dealt directly with the issues of post-
harvest processing and storage of amaranth grain. [9-12,
15-17,19-21, 24-25].

So R. Abalone and others. studied the physical
and technological properties, and T. Yanyuk studied the
hygroscopic properties of amaranth grain of some varie-
ties.

AN. Calzetta Resio et al. [22] investigated the
process of drying amaranth grain in a thin layer and pre-
sented a mathematical model and determined the coeffi-
cients that allow to predict this process with sufficient
accuracy. Drying of amaranth grain with a humidity of
32.5% was performed at a temperature of the drying
agent +40... 70 ° C. The grain moisture after drying was
5%. Koltyugina O.V. a technological model of amaranth
grain preparation for storage is proposed, which provides
for acceptance, cleaning from impurities and drying of
amaranth grain in mine grain dryers with a drying agent
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temperature of + 65... 90 ° C. However, the authors did
not take into account that the use of a drying agent with a
temperature above 60 ° C can lead to a deterioration in
the quality of amaranth grain.

ClJTorres-Mifio and co-authors [23] dried ama-
ranth grain using microwave energy and concluded that
microwave drying of amaranth seeds at + 40 ° C could be
an alternative to convective hot air drying, as it would
reduce the drying time by 22%. and energy savings of
78% without affecting seed viability. Similar conclusions
were obtained in the works of Stankevich G.M. [16-17]
and Valentyuk N.A. [27]

Ronoh E.K. [26] simulated the process of drying a
thin layer of amaranth grain in an open convective solar
awning dryer. And although this method of drying is
much cheaper, it can not be used for natural and climatic
conditions of Ukraine, because the harvest of amaranth
falls in the autumn, when high humidity can reach 100%,
there are clouds and rain.

Zhuravlev O.B. and Borodkina O.V. developed a
mathematical model for drying amaranth seeds in an ap-
paratus with a suspended-twisted layer, which allows to
intensify the drying process and increase technical and
economic indicators and will be useful in the design of
modern grain dryers.

Shmalko S.0. and Smirnov SO [19] proposed a
method of cleaning amaranth grain from impurities to
prepare it for grinding into food flour. The method in-
volves the separation of grain mass into components us-
ing a pneumatic classifier with a closed air cycle for aer-
odynamic properties, photo separation on a photo separa-
tor ORTIMA. The use of a photo separator at the same
time with increasing efficiency significantly increases the
cost of the cleaning process.

Formulation of the problem

Amaranth grain differs not only in its unique nu-
tritional value, which must be preserved in the process of
post-harvest processing, but also in the small size of the
grains, which requires careful selection of technological
equipment for its processing. For this purpose it is neces-
sary to substantiate the modes of purification of freshly
harvested amaranth grain from impurities.

To achieve this goal, a number of tasks were for-
mulated:

- To study of particle size distribution, physico-
mechanical and aerodynamic properties of amaranth
grain depending on its humidity;

- To predict the possibility of separation of the
grain mixture using the transgression coefficient;

- To provide recommendations on the choice of
sieves for cleaning amaranth grain on sieve and sieve-air
separators.

Materials and methods

Amaranth grain of Ultra variety was selected for
research. This variety is a type of domestic selection. The
originator is Kharkiv National Agrarian University. V.V.
Dokuchaeva. Variety of "Ultra" was listed in the Register
of Plant Varieties of Ukraine in 1998, early ripening,
grain.

Sampling was performed according to DSTU ISO
13690: 2003. Grain moisture was determined according
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to DSTU 29144: 2009 (ISO 711-85).

To substantiate the modes of grain cleaning by
conventional methods were determined: the angle of nat-
ural slope according to GOST 28254-89, particle size
distribution, bulk density (nature) (GOST 10840-64),
weight of 1000 grains according to (DSTU 10842-89),
and grain porosity.

Analysis of particle size characteristics of grains
and impurities was performed using methods of mathe-
matical statistics based on direct measurements of length,
width and thickness of individual grains. After that, using
certain statistical characteristics of the grains of the main
crop and impurities, the mass fractions of the compo-
nents using the known patterns of distribution of the
signs of divisibility predicted the possibility of separation
of the grain mixture.

To determine the speed of soaring amaranth grain
used a laboratory air classifier (Fig. 1).

The installation consists of a transparent conical
tube, a fan and a settling chamber. An iris diaphragm is
installed to regulate the flow of air pumped through the
installation. The change in air flow rate is controlled after
the inlet manifold by a U-shaped manometer installed in
the cross section of the pipe at a distance of one diameter
from the manifold. The wall thickness of the transparent
conical pipe is 3 mm, the inner diameter is 48.5 mm, the
opening angle of the collector is a = 52.7 °.

Fig. 1 — Installation for determining the speed of soaring grain:
1 — conical pipe; 2 — fan; 3 — sedimentation chamber,
4 — collector; 5 — U-shaped manometer.

At the inlet and outlet of the conical pipe mass air flow is
the same, i.e.

O1= 0y orwiF; =wni, (1)
where

v =i (F1/ Fy). (2)

To determine the speed of air flow in the section
where the grain floats, enter the correction factor

K= Fl /Fz

Since F=nd’/4, 10 K=d, / d>.

In the experimental setup, the diameter of the con-
ical pipe in the inlet section d; = 48.5 mm. Since the pipe
is a cone, the distance 1 from the inlet section of the pipe
diameter will be

d,=d,+Ad=d, + 2 [ sina,
where a is the angle at the vertex of the cosine.

€)

“4)
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1 - is the height at which the proportion of the
test sample fluctuates.
Given that in the installation at / = 100 mm Ad =
2,5 mm, then sina = 0,025.
Then the correction factor K will be equal to

o df 4857 232505 )
(d,+Ad)*  (48.5+Ad)* 48.5+0.05

where / is the height (number of divisions on the

conical tube, mm), near which the grains of the test spec-

imen oscillate.
Determining the dynamic pressure in the inlet sec-

tion
H;=gh, Pa, (6)
h is the pressure determined by the U-shaped ma-
nometer,
and, given that in this section Hy = Hg, you can
calculate the air flow rate in the inlet section

v=129H, , m/s )

and then the soaring speed of the test grain sample
Usoar = VK; m/s (8)
The experiments are repeated for 10 grains. The
dependence of the search speed of the matters of the
studied material on humidity is presented in a graph. If
this graph gives the value of the polling rate, it can be
concluded that they can be separated from the grain in
the aspiration channels of air-sieve separators.
The information that the relationship between the
fast life options and the parity coefficient Kp is deter-
mined as follows:

g

soar — ’
Kp

where g is the acceleration of free fall, m /s.

v

(€)]

Results of the study and their discussion

For the correct organization and conduct of the
process of post-harvest processing of grain in connection
with mechanization and automation, development and
implementation of new methods of cleaning, drying
grain, use of pneumatic transport, storage of grain in silos
of modern elevators, metal bunkers, warchouses, taking
into account physical, physical mechanical and aerody-
namic characteristics of grain mass as an object of pro-
cessing is of great importance. The correct calculation
and correct use of these properties of the grain mass can
significantly reduce losses by determining the optimal set
of operations related to the production and use of grain.

Amaranth grain has a rounded lenticular shape
with a diameter of 0.6 to 1.5 mm. The seed coat consists
of one layer, in the central part of the seed is smooth, the
surface is slightly wrinkled in the area of the germ ring.
The color of the grains can be from pale yellow to cream.

The linear sizes of separate grains of amaranth
depending on humidity (tab. 1) can fluctuate within:
length 1,20 + 0,30 mm; width 1.02 £+ 0.28 mm; thickness
0.9540.35 mm.

The physical and mechanical properties of the
grain mass include such indicators as nature, angle of
natural slope, weight of 1000 grains, duty cycle, dimen
sional characteristics of individual grains, coefficients of
friction and others (Table 1).
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Table 1 - Linear sizes of amaranth grains

(n=3,p=095

-

grain - 98%) and impurities (Amaranthus
retroflexus L. - another species of

Grain || Length (), mm || Widih (2), mm || Thickness (), mm | hchyrytsya” grain - 2%) (Table 3). This

. o = = = suggests that almost all grains (99.7%) of
O, % || i max min max min max both the main crop (amaranth) and impuri-

9.2 1.02 1.20 0.74 1.10 0.73 1.00 ties  (specie  of  amaranth  called

14.9 0.90 1.20 0.60 1.10 0.60 1.10 “shchyrytsya”) are in the zone x + 3s.

19.3 0.99 1.50 0.90 1.30 0.80 1.30 In this case, complete separation of

Studies of the geometric characteristics and phys-
ical and mechanical properties of the grain mass of ama-
ranth (Table 1, 2) allow us to conclude that each of the
indicators in some way depends on the initial moisture
content of the grain. Thus, with an increase in grain
moisture from 9.9% to 18.9%, there is an increase in the
mass of 1000 grains by 2%, the angle of natural slope -
16%. The value of nature decreases by 6%. Also, an in-
crease in humidity leads to an increase in the coefficients
of friction at rest and in motion. These observations al-
low us to predict with sufficient accuracy changes in the
specified properties of the grain mass of amaranth de-
pending on its humidity, and, accordingly, to determine
the complex and sequence of technological operations
and select the optimal equipment modes.

With the known statistical characteristics of the
grains of the main crop and impurities, taking into ac-
count the mass fractions of the components that make up

the grain mixture will be possible provided:
X1+ 35 <x;—3s, (10)
where xi, x, - the average size of the main crop
and impurities;

s - standard deviations.

It is possible to estimate the divisibility of this
grain mixture by determining the transgression coeffi-
cient 7, which is the fraction of the area of mutual pene-
tration (compatible for distribution) to the total area:

T:m1131+m2})2 (11)
m, +m,
where m;, m, - mass fractions of components 1 and 2
(amaranth and shchyrytsya);

P,, P, - fractions of the area of mutual (compati-
ble) overlap of the distribution of components 1 and 2.

In the case of the normal distribution law P; and
P, is determined by the table of values of the normalized
Laplace function:
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the'grain mass with.tl'le. h.e'lp of known patterns of Fiistri— Pi=05+d(t); 1 = Xomin ~ Xl aver : (12)
bution of signs of divisibility, it is possible to predict the s,
possibility of sepa}ration of th?s .n'lixture.. ' oy
To determine the possibility of isolating amaranth, P,=0.5+d(t); t, = 2mn  Tlaver] (13)
which is a difficult-to-separate impurity, assume that the P!
whole grain mass consists of the main crop (amaranth
Table 2 - Physico-mechanical properties of amaranth grain mass
n=3,p=095)
i S S g2 . e
%n e :j & S Q Coefficients of external friction || = é ke
Test sample 5 S g = T = at rest: 25 3
3 Z & g 85 S E =
> = & 2 2 ; SE7
Z H g plastic steel rubber ©3
Grain 9.9 762 0.687 40.10 25 0.314 0.309 0.363 0.287
moisture, 14.5 740 0.699 39.66 27 0.327 0.318 0.382 0.308
% 18.9 715 0.701 40.84 29 0.349 0.335 0.389 0.311
Table 3 - Initial parameters of the grain mixture
(n=3,p=095
Components Thickness, mm Width, mm Length, mm
Amaranth 0.5-1.3 0.6-1.7 0.7-2
min 0.50 0.60 0.70
max 1.30 1.70 2.00
Average value 0.90 1.15 1.35
The standard deviation 0.13 0.18 0.22
Amaranth (other specie “shchyrytsya”) 0.4-1.1 0.6-1.5 0.5-1.7
min 0.40 0.60 0.50
max 1.10 1.50 1.70
Average value 0.75 1.05 1.10
The standard deviation 0.12 0.15 0.20
1 5 http://grain-feed.onaft.edu.ua
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where @(¢) is the value of the Laplace function;

t, t, - normalized values of the normal distribu-
tion;

Xlavers X2aver - the average values of the sizes of
components 1 and 2:

X2 min = X2 aver — 3525 X1 max = X1 aver T 3513
s1, §; - standard deviations of the sizes of compo-
nents 1 and 2.

Substituting in the above formulas the corre-
sponding values of the values we obtain the transgression
coefficients:

by thickness:
T 98-0.9463+2-0.9773

98+2
in width:

7 98-0.9738+2-0.9983
98+2
in length:

T 98-0.9441+2-0.9793
98+2

=0.95;

=0.97;

=0.94.

Calculations of transgression coefficients allow us
to state that in the case when the thickness is a sign of
divisibility - then only 5% of the cuticle can be removed;
if the width is 3%, if the length is 6%. Therefore, the use
of any one sign of divisibility is not able to achieve the
desired effect. In this case, to separate the grain mixture,
it will be advisable to use several signs of divisibility.
Thus, we can conclude that by calculating the regression
coefficient based on the established statistical indicators
of grain size and impurities, it is possible to predict the
efficiency of grain cleaning.

Aerodynamic properties of grain are characterized
by such indicators as speed of soaring and soaring ratio.
The results of studies of the aerodynamic properties of
amaranth grain are given in table. 4.

Table 4 - Experimental values of soaring speed and
soaring coefficient of amaranth grain
(n=3,p=>0.95)

Grain Soaring Coefficient of
moisture, % speed, m/ s soaring, 1 / m
9.5 3.28 0.91
12.1 3.32 0.89
14.3 3.38 0.86
16.8 3.45 0.82
19.5 3.51 0.79

After the mathematical processing of the research
results, it was found that the dependence of the soaring
speed and soaring coefficient on the moisture content of
amaranth grain is linear. The dependence of the hovering
speed and sail coefficient on grain moisture is described
by the following expressions:

Usoar= 3,043 + 0,024 w, (14)

K;=1,035-0,013 w. (15)
The results show that with increasing humidity of
amaranth grain from 9.5% to 19.5%, the soaring speed

increases by 7%, and the soaring coefficient decreases by
13%.
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Fig. 2 — Technological scheme of aerodynamic separator:
1 — large impurities; 2, 3 — purified grain,
4, 5 — light impurities, thin and broken grain

Approbation of research results

The obtained research results will be useful in the
organization and conduct of post-harvest processing of
freshly harvested amaranth grain.

Quite small sizes of amaranth grains (0.6... 1.5
mm) and, accordingly, low soaring speed (3.3... 3.5
m/s), determine the feasibility of cleaning the grain mass
from impurities on non-sieve (aerodynamic) separators
type ISN (MCH), ALMAZ (AJIMA3), SAD (CAJ),
"TOR" («TOP») or on grain cleaning complexes (mobile
ZAV (3AB) type SOK (COK), etc.). Aerodynamic sepa-
rators allow, in addition to cleaning the grain from impu-
rities, to divide it into several fractions. Productivity of
separators like SAD (CAJl) makes from 4 to 150 t / h.
Therefore, they can be recommended for small farms as
well as for elevators and handling complexes.

The principle of operation of the aerodynamic
separator (Fig. 2) is the distribution by specific gravity
using air flows of grain mass into fractions. The grain
mass is fed into the hopper-feeder, then using the grain
feed regulator it is fed to the roller, where it is pseudo-
liquefaction and alignment over the entire thickness of
the separation chamber. In the separation chamber, the
grain is separated and separated by specific gravity,
which occurs due to the action of air flows, which are
formed by a high-pressure fan prepared by a jet genera-
tor. After separation, the grain is divided into fractions
and sent to the receiving bins or immediately packed in
containers (bags).

The capture of dust, fine particles and other light
impurities contained in the grain mass is designated to
the cyclone built into the separator.

In addition, for cleaning the grain mass of ama-
ranth, you can also use already existing in the industry
screen air separators or grain cleaning stationary com-
plexes ZAV (3AB). In this case, to clean amaranth from
impurities, we can recommend the shape and size of the
holes of the sieves are given in table. 5
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Table 5 - Recommendations for the selection of
sieves for cleaning amaranth grain on sieve and sieve-

air separators

1. It is proved that an increase in the moisture
content of amaranth grain from 9 to 19% leads to an in-
crease in the geometric dimensions of an individual

>

Placement of Desig- The size of the grain. As the moisture content of amaranth grains also
sieves nation of holes sieves, increases, the mass of 1000 grains increases by 2%, the
sieves mm angle of natural slope by 16%, the coefficients of friction
Bl ---__ B1(B1) || o (0,8...1,0)%20 at rest and in motion, an.d the natural weight fiec.reases by
B2 --._ 52(B2) || 0 (0.5...0.7):20 6%. The speed of soaring of amaranth grain is 3.28...
Bl --_ o ‘B2 = 3.51 m/s, and the coefficient of soaring is 0.91... 0.79,
- B1 (CD || 0(0.4...0,6)x20 respectively. As the humidity increases, the soaring
BRI B2(C2) | @1,2 speed increases by 7% and the soaring coefficient de-
riL (1) | @09 creases by 13%, which must also be taken into account

during active ventilation and drying of amaranth grain.
Notes: 2. Based on the calculation of transgression coef-

ficients, the possibility of predicting the separation of a
mixture of freshly harvested amaranth grain and its impu-
rities, in particular, difficult-to-separate amaranth, is
shown. Despite the fact that there is some a close relative
of amaranth called “shchyrytsya” and has almost the
same size and shape of the grain, it can be removed from
the grain mass.

3. The conducted researches allow giving recom-
mendations on the choice of sieves for cleaning of ama-
ranth grain on sieve and sieve-air separators. To isolate
the main impurities, we can recommend a set of sieves
with round holes of the following sizes (mm): B; —
1.0...1.1; B, - 1.0...1.1; B, — 1.0...1.2; D — 0.7...0.9;
and elongated holes with dimensions (mm): B; —
(0.8...1.0)x20, B, — (0.5...0.7)x20, C1 — (0.4...0.6)x20.

1) the sizes of holes of sieves can vary within the
specified limits depending on the geometrical sizes of a
party of amaranth grain which are specified at carrying
out trial cleaning according to "Instructions Ne 9-5-82 on
cleaning";

2) the air flow rate in the pneumatic channel of the
separator is adjusted according to the size of the grain to
prevent its removal into the waste impurities

Conclusions:

Determining the main geometric characteristics,
physical-mechanical and aerodynamic properties of ama-
ranth grain depending on its humidity will allow in the
future with sufficient accuracy to model the post-harvest
processing process and select the optimal operating pa-
rameters of the technological equipment used.

GREEN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY
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OCOBJIMBOCTI MPOLIECY OYUIIEHHS 3EPHA AMAPAHTY BIJ
TTOMIIIIOK

Anomauin

Tlpasunvie ma 36arancosane xapuy8anus JOOUHU € 3aNOPYKOIO 1T Pi3uyH020 300p08’s1, 0COOIUBO 8 YMOBAX NO-
2IpueHHsl eKoa02iuHol cumyayii ma Oii WoOeHHUX CMpecié GUKAUKAHUX NPOMA2OM OCHAHHIX POKI8 NPUCKOPEHUM eM-
nom osrcummsi. Y 38 83Ky 3 yum ygaea 6a2amvox 00CAIOHUKIE Ma NIONPUEMYIB CNPIMOBAHA HA PO3POOKY i BNPOBAOICEH-
H Y Macose UPOOHUYMEO XApHOosUx NpooyKkmie, siki 6 yinkom 3abesneyyéanu nompedu moOUHU y OLIKY, 6IMAMIHAX,
MIKpo- ma mikpoeremenmax ma in. OCMAHHIM 4ACOM OISl BULOMOGACHHS NPOOYKMIB XaAp4y8anHs QYHKYIOHAILHO2O
NPUSHAYEHHS 3A1YHAIOMbCSL THZPeOIEHMU U2OMOBIEeHT 3 Hempaduyitinoi pocaunnoi cuposunu. Came 00 maxoi pociun-
HOI cuposunu gionocumscs amapanm. Kynemypa amapanm iooma 3 0asHix uacis, BUKOPUCMOBYBANACY We NPAOABHIMU
aymexamu. 1on061H010 ocobaugicmio yiei Kyabmypu € YHIKanIbHUll XiMiYHUL CKIa0, o 00YMOBIIOE HAO3BUYAIHO WUPO-
KUl cnekmp 1020 BUKOPUCTANHS, AKUUL He 00MeNCYEmbCcs MilbKU Xapyoeoi npomuciogicmio. 3a amiHOKUCIOMHUM
CKA0OM OINOK 3epHA aMapanmy HAOIUNCYEMbCSL 00 CKAAdy ideanvhoco 6inky. Hasasnicmv 6 amapanmositl oalii ckéane-
HY 0A€ MONCTUBICIb BUKOPUCTNOBY8amU 1T 011 BUCOMOGNEHHS IIKAPCOKUX 3ac00i8, Kocmemuunux 3acobis. Oonaxk He
36axcaOuU HA NEPCNEeKMUBHICIb BUKOPUCTIAHHA AMAPAHMY, y 8UPOOHUKIE SUHUKAIOMb CKIAOHOWI, WO NO08 sA3aHi 3
ocobausocmamu 3epra yici Kyromypu. JApioui poamipu 3epra sumazaroms pemeibHo20 niobopy perCuMHux napamempis
MeXHON02IUH020 00AA0HANHS OISl NICAA30UPATLHOT 0OPOOKU.

s 0OTpyHmMYSaHHA PeNCUMIB OUUWEHHS NPOBEOEHO OOCTIONCEHHSA 2SPAHYIOMEMPUYHO20 CKAAdY, (Di3uKo-
MEXAHIYHUX Ma aepoOUHAMIYHUX 61ACMUBOCIEN 3ePHOBOT MACU AMAPAHINY.

Ha ocnosi nposedenux docriodcens 6CmaHo61eHo, Wo He36aicalou Ha me, o AMApanm ma wupuys Maomo
Matidce 0OHAKO8I po3Mipu ma Gopmy 3epua, 3a OONOMO2010 PO3PAXOBAHUX 3d NEGHUMU O3HAKAMU NOOLTbHOCMI 3HAYEHD
KoegiyicHmie mpaucepecii MOJ’CHA NPOSHO3Y8AMU MONCIUBICIb PO3OLIEHHsL CYMIWE CBINCOZIOPAH020 3ePHA aMApPAHMY
ma 1020 OOMIULOK, 30KpeMa 6I0 8adNCKO 8i0OKPeMI08AHOL wupuyi. 3anponoHo8ano Oisi po30ileHHs OaHOi cymiwi 3a-
cmocosysamu Habip pewiim 3 Kpyeniumu omeopamu maxux posmipie (um): b1 — 1,0...1,1; 52— 1,0...1,1; B2 —1,0...1,2;
'l —0,7...0,9;, ma npoooszysamumu omeopamu 3 posmipamu (mm): b1 — (0,8...1,0)x20, B2 — (0,5...0,7)x20, Bl —
(0,4...0,6) x20.

Kniouogi cnosa: amapanm, 3epno, mexumonozis, niciazoupaibHa 06pooKa 3epra, ouuwenHs 3epha 6i0 OOMIUOK.
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