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In the modern world, refrigeration equipment systems, in particular, continuous refrigeration chain sys-
tems, without which food safety cannot be fully ensured, are becoming more and more popular. Special
interest in artificial cooling systems in the grain economy of Ukraine, which is one of the country's bud-
get-generating industries. Grain is one of the most important basic human food products, for the cultiva-
tion and collection of which large resources are involved. Post-harvest processing and storage is a key
link in grain production. According to the Food and Agricultural Organization of the United Nations
(FAOQ), about 20% of harvested grains in the world spoil annually. Reduction of grain losses at all stag-
es of harvesting, transportation, storage and processing and ensuring its preservation is determined by
the technology after harvest processing. In the conditions of ever-increasing volumes of grain and high
rates of harvesting, the problem of preserving the harvest, more than half of which is harvested in a wet
state, is becoming increasingly acute. Freshly harvested wet seed grain is unstable in storage and re-
quires immediate processing. Low-temperature conservation in the places of preparations allows to solve
the problem of long-term and high-quality storage of grain products. Small grain varieties due to their
small inherent linear size, are most prone to damage during heat drying. Combined compression-
absorption water-ammonia refrigerator the machine allows you to abandon the use of mains electrical
sources for 7 months of the year. Such a refrigerating machine can be made in a transport autonomous
version and solve the task of air conditioning in field conditions. To adapt to field conditions, the ab-
sorber is made with two-phase thermosiphons and with air heat removal to the environment.
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1. Introduction

The solution to the country's food security prob-
lems within the parameters set by the Law of Ukraine
"On Food Security of Ukraine™ and the stabilization of
food prices are connected, first of all, with the devel-
opment of its own high-tech and competitive agro-
industrial production.
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In the conditions of ever-increasing volumes of
grain and high rates of harvesting, the problem of pre-
serving the harvest, more than half of which is har-
vested in a wet state, is becoming increasingly acute.
Freshly harvested wet seed grain is unstable in storage
and requires immediate processing.

Conservation of wet grain is possible with the
help of organic acids, by storing grain without access
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to oxygen (hermetic and in an environment of inert
gases), as well as by cooling.

In the modern world, refrigeration equipment
systems, in particular, continuous refrigeration chain
systems, without which food safety cannot be fully
ensured, are becoming more and more popular.

Special interest in artificial cooling systems in the
grain economy of Ukraine.

It should be noted that among all types of grain
products, the greatest effect of primary low-
temperature processing can be achieved for small
grain varieties (rapeseed, flax). They, due to their
small inherent linear size, are most prone to damage
during heat drying.

Due to the fact that rapeseed can be effectively
used for the production of biofuel, at the beginning of
the XXI century. in Ukraine, this culture began to
conquer new areas. It is a well-known fact that Ger-
man biofuel producers intended to lease 50,000 hec-
tares of agricultural land in Ukraine in 2008 in order
to provide themselves with raw materials for a long
time.

2. Literature analysis

2.1. Technical aspects of cold storage of grain
products

Grain masses are stored in bulk or in containers.
The main and most common is the first method.

In typical granaries, grain is placed in bins or in
bulk in piles.

Such warehouses are mechanized and non-
mechanized. In warehouses with horizontal floors,
several different batches of grain are stored. For this,
the warehouse is divided into compartments with the
help of collapsible shields.

Grain silos and ground granaries are being built
on farms. The first are convenient for separate storage
of small batches of seed and variety, and the second -
for large batches of commercial grain.

Combined granaries are also being built. The
grain is also stored in a container, the length of the
stack depends on the size of the storage and the batch
of seeds, the width and length of three to five bags,
the height — the number of bags stacked up (depend-
ing on the crop and the season). Each batch of grain is
placed separately in a stack on a wooden floor, which
is located at a distance from the floor of at least 10 cm.
The distance between the stacks and the storage walls
is at least 0,75, and between individual stacks — 1 m.

According to the degree of mechanization, grana-

ries are mechanized (with stationary means for mech-
anizing the loading and unloading of grain), partially
mechanized (with stationary means for performing
one operation, more often - for loading, which makes
it possible to ensure the quick acceptance of grain and
seeds and store them in an embankment of the maxi-
mum permissible height , and unloading is carried out
by means of mobile mechanization) and non-
mechanized (to facilitate the work, only mobile means
of mechanization are used).

Dry grain is placed in elevator-type silos up to 30
meters high.

One of the most important ways to reduce losses
and improve the quality of products is the obvious
provision of each farm with its own modern granary.
Thus, in agriculturally developed countries, up to 80%
of the harvest is kept by its producer.

In the USA and Canada, and recently in Europe,
tower storages equipped with active ventilation and a
grain temperature control system are becoming more
and more common, with the help of which infor-
mation is output to a computer laboratory.

2.2. Technological aspects of refrigeration
processing of grain products

Grain is a living biological system, it has a com-
plex chemical composition, is in a state of constant
changes, in it there is a continuous biological ex-
change of substances both within the grain itself and
with the environment.

The main task of grain storage is:

- save grain without mass loss or with minimal loss;

- save grain without quality deterioration;

- to reduce the cost of labor and money per unit
mass of grain while preserving its quantity and quality
in the best possible way.

As long-term experience in the technology of
primary processing of freshly harvested grain has
shown, one of the urgent tasks is its cooling to tem-
peratures that ensure safe storage. Numerous physio-
logical, biochemical and technological studies have
established that lowering the temperature of grain be-
low 8-10 °C sharply reduces the intensity of physio-
logical and biochemical processes, helps preserve the
original quality of grain and increases its storage time,
both during long-term storage of grain and during its
temporary storage to possible additional processing in
the dryer.

Thus, according to the data of the company
"GRANIFRIGOR" (Table 1), the duration of storage
of grain (even wet) increases significantly.
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Table 1 — Grain storage terms depending on temperature and humidity

Initial Seed grain Food grain Forage grain
moisture.% Storage tem- | Duration of | Storage tem- | Duration of | Storage tem- | Duration of
' perature, °C storage perature, °C storage perature, °C storage

12...15 9...12 unlimited 10...12 unlimited 10...12 unlimited
15...16,5 8...10 1...1,5 years 9...10 unlimited 9...10 unlimited
16,5...18 5..7 4...6 months 8...10 5...10 months 8...10 6...13 months
18...20 5 2...3 months 8...10 2...7 months 9...10 3...9 months
20...22 5 3...4 weeks 6...8 4...16 weeks 6...8 5...20 weeks

The combination of high temperature and humid-
ity of the grain mound determines the intensive vital
activity of seeds and microorganisms and rapid self-
heating.

An increase in grain temperature can be observed
in the hopper of the combine and in the body of motor
vehicles. Pre-cleaning somewhat slows down the pro-
cess of self-heating, but to completely prevent it re-
quires more radical measures to ensure grain preserva-
tion.

A freshly harvested seed is a biologically living
object that requires moisture, heat, and oxygen to
maintain its vitality. The intensity of the physiological
activity of seeds depends on the level of influence of
these factors. By managing them, you can direct the
life process in the necessary direction.

Along with humidity, the temperature of the
grain mass has a decisive influence on the develop-
ment of respiration. At 0 °C, grain respiration is prac-
tically zero, in the range of 0...10 °C it increases
slightly, and at a temperature above 10 °C, it sharply
intensifies. A decrease in the temperature of the grain
mass to 8...10 ° C, as L. A. Trisvyatskyi points out,
has a noticeable inhibitory effect on the entire micro-
flora of the grain, and although it does not lead to its
death, it greatly inhibits its development.

Artificial cooling contributes, without the risk of
reduction, to a better preservation of the initial quality
of the grain, prevents its self-heating, reduces the in-
tensity of its respiration and thus reduces the heat re-
lease of the grain.

Reduces the loss of dry matter, inhibits and stops
the development of microflora, mold, fungi and their
mycotoxins; protects grain stocks from being eaten by
insect pests, and grain losses from their activity are
reduced.

Costs for grain fumigation are reduced, there is
no need to process grain expensively and in such a
way that harms the environment of chemical pro-
cessing and prevents possible contamination of grain.
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Cooling of grain will eliminate the main causes
of biological loss of grain such as respiration, germi-
nation, development of microorganisms and mites,
self-heating and, therefore, will eliminate mass loss
and deterioration of grain quality.

2.3 Types of refrigerating machines used for
refrigerating processing and low-temperature sto-
rage of small-seeded grains.

Various types of refrigerating machines are usu-
ally used as a source of cold necessary for the pro-
cesses of air cooling and drying. Refrigerators of vari-
ous types, differing in device and principle of opera-
tion, have their own characteristic features, thanks to
which they can satisfy one or another requirements of
consumers of artificial cold.

For refrigerating processing and low-temperature
storage of small-seeded grains, the following types of
use of refrigerating machines can be distinguished:

1. On the basis of vapor compression refrigerat-
ing machines, which have become widespread in in-
stallations used to process their air flow. It is they who
make up the largest (one might say the majority) part
of the fleet of all installations operating in the world.

In comparison with machines of other types, they
have a higher (other things being equal) cooling coef-
ficient and low energy consumption during operation.
Compressors of various types are used in their compo-
sition.

Piston compressors have a high compression ra-
tio, but they are characterized by greater vibration
than other types of compressors. Pistons are very good
in machines with low and medium cooling capacity
and are too bulky, heavy and less energy efficient in
machines with high cooling capacity.

So, for example, FrigorTec GmbH has been pro-
ducing GRANIFRIGOR ™ grain cooling units
(Fig. 1) in series for many years.

Recently, screw compressors have been widely
used. Screw compressors have a higher cooling capac-



XonoawunbHa TexHika Ta TexHonoris, 58 (3), 2022

ity than reciprocating compressors with similar di-
mensions. In addition, their electricity consumption is
much lower. Screw compressors that have a large ca-
pacity have the most pronounced difference in effi-
ciency (higher).
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Figure 1 — Unit for grain cooling GRANIFRIGOR ™

However, in the area of low refrigerating capaci-
ty, they still cannot compete with reciprocating units
in terms of energy efficiency, but they are almost
comparable to them in terms of this indicator in the
area of medium refrigerating capacity. The main ad-
vantage of screw compressors is high reliability, they
are not afraid of water hammer and low vibration.
Disadvantages include the increased noise level and
the bulkiness of the oil system.

2. Absorption refrigerating machines (ARM). In
contrast to compression refrigerating machines, in
ARM the circular process is carried out by a working
mixture of substances, consisting most often of two
components. These substances have significantly dif-
ferent boiling points at the same pressure. One com-
ponent is a refrigerant, the other acts as an absorbent.
The compression of refrigerant vapors from the suc-
tion pressure to the high condensation pressure is per-
formed by a thermochemical compressor, which rep-
resents a set of devices in which heat and mass ex-
change is carried out.

There are intermittent and continuous ARM. In
industry, only continuous-acting AHMs have been
used, and in the future only this type of refrigerating
machines will be considered. Solid and liquid sub-
stances are used as absorbents.

According to the type of refrigerant, the solutions
used in ARM can be divided into the following
groups: water, ammonia, alcohol, freon, hydrocarbon.
The group of solutions in which water is used as a coo-

ling agent includes: H,O-LiBr, H,O-LiCl, H,O-LiJ,
H,O-NaOH, H,0-CaCl,, H,O-LiCl-LiBr. Of all the
listed solutions, the working mixture H,O-LiBr has
become the most widespread, and to obtain cold water
in air conditioning systems on an industrial scale,
bromistolithium refrigerating machines are mainly
used, which allow the use or disposal of heat of low
temperature potential.

The advantages of absorption refrigerating ma-
chines include:

- a small number of moving parts;

- the ability of machines to work on a cheap heat
source (exhausted steam, gases, hot water, etc.);

- a slight change in cooling capacity with a de-
crease in temperature boiling.

The disadvantage of absorption machines is the
increase in their mass as a result of replacing the com-
pressor with thermal devices.

Also, absorption refrigerators have a number of
indisputable advantages compared to compression
ones, their number primarily includes:

- absence of moving parts and, therefore, higher
reliability and durability;

- absence of heterogeneous and expensive mate-
rials in the refrigerating apparatus, and, therefore,
higher manufacturability and lower cost;

- silent operation and the possibility of using
cheap sources of thermal energy instead of electric
energy;

- high performance in conditions of increased
outdoor air temperature (in areas with a tropical cli-
mate), etc.

The listed advantages and increased energy per-
formance of absorption refrigerators indicate that they
can compete with compression refrigerators.

3. Research

The purpose of the research is to develop cooling
systems for the primary low-temperature processing
and storage of grain of small-seeded crops. To achieve
the goal, the following main tasks must be solved:

1) conduct an analysis of the current technical
and technological state of development and research
of cooling systems for primary low-temperature pro-
cessing and storage of grain of small-seeded crops and
determine the most promising ones;

2) to develop promising energy-saving systems
of primary low-temperature processing and storage of
grain, including with the help of alternative renewable
energy sources.
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The systems of primary low-temperature pro-
cessing and storage of grain of small-seeded crops in-
clude enclosures with air supply and exhaust air ducts
and refrigerating machines that ensure cooling of the
air flow to the required temperature.

Let's consider promising schemes and designs of
systems for primary low-temperature processing and
storage of grain of small-seeded crops.

Let's start with artificial cooling systems.

In Fig. 2 presents a diagram of grain cooling us-
ing a vapor-compression ammonia refrigerating ma-
chine (VCARM).
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Figure 2 — Scheme of grain cooling using a vapor
compression refrigerating machine:
I — compressor; /I — condenser;
111 — regulating valve; 1V — liquid separator

Pressure fan

The mobile refrigerating machine is connected
with the help of flexible hoses to the object of cooling
- grain of small-seeded crops. The circuit of the sys-
tem is closed and the air, after passing through the
grain mass, is supplied to the evaporator, where it is
cooled, and moisture falls on the heat exchange sur-
face of the air cooler. Next, the heat-treated air enters
again to cool the small-seeded grain.

In Fig. 3 presents a diagram of grain cooling us-
ing an absorption water-ammonia refrigerating ma-
chine (AWARM).

AWARM can be used as stationary refrigerating
units for heat treatment of small-seeded grain crops.
Air cooling is also carried out in a closed cycle — this
allows us to save energy costs during heat treatment
of air.
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Figure 3 — Scheme of grain cooling using an absorp-
tion refrigerating machine: | — pump; Il — regulating
valves; Il — condenser; IV — evaporator

Prospective scheme of a combined refrigerating
machine for primary low-temperature processing and
storage of small-seeded grain

When developing the scheme, the requirements
of environmental safety and minimization of energy
costs were taken into account.

It is possible to use alternative renewable sources
- biogas and solar thermal radiation.

The schematic diagram of a refrigerating ma-
chine for primary low-temperature processing and
storage of small-seeded grain is shown in Fig. 4.

Taking into account the features of the modes of
low-temperature processing and storage of small-
seeded grain and ecological and energy requirements,
it is proposed to make the refrigerating machine in a
combined form, which consists of a vapor-com-
pression VCARM block and a block of an absorption
water-ammonia refrigerating machine (AWARM).

Consider the operation of such a compressor-
absorption type machine in the modes of low-
temperature processing and storage of small-seeded
grain. Ammonia is the working fluid in the VCARM
cycle, and water-ammonia solution (WAS) in the
AWARM cycle. In all cases, the working body is a
natural component that does not harm the ecology of
the planet.

WAS is fed into the ammonia vapor generator 1.
The amount and composition of WAS is selected on
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the basis that part of the ammonia in the liquid phase
will constantly be in the liquid separator 18.

To move ammonia to the liquid separator 17, the
AWARM is started by supplying heat to the generator
1 from a waste or alternative energy source, 11 and
12, respectively. When the AWARM is started, the
valves 14, 16 on the emission sources are open, and
13, 15, 17 are closed.

On the solar heat source, valves 13 and 16 are
open, and 14, 15 and 17 are closed.

Figure 4 — Refrigerating machine with electric, waste
and solar energy sources: 1 — ammonia steam genera-
tor; 2 —main compressor; 3 — booster-compressor;
4 — air condenser; 5 — throttle of liquid ammonia;

6 — evaporator-air cooler; 7 — air absorber; 8 — circu-
lation pump of solid solution; 9 — heat exchanger of
strong and weak solution; 10 — weak solution throttle;
11, 12 — sources of heat energy, respectively, waste
and sun; 13-17 — latches; 18 — liquid separator

In both cases, the work of generator 1 AWARM
will take place until the liquid compartment 18 is
filled with liquid ammonia. Mode | — grain loading at
ambient temperature.

In this case, the maximum cooling capacity of the
cooling system is required, and for this, the VCARM
unit is connected.

When electric energy is supplied to the main
compressor 2, the pumping of ammonia vapors from
the evaporator 6 and its injection into the air conden-
ser 4 begins. In the condenser 4, the ammonia vapors
are liquefied and through the throttle 5 are sent to the
lower part of the liquid separator 18 (below the level
of liquid ammonia). From the liquid compartment 18,
ammonia enters the evaporator 6, where it boils at low
pressure and temperature, ensuring the production of

artificial cold. The pressure in the evaporator 6 is se-
lected taking into account the maintenance of the re-
quired temperature of the cooling object — small-see-
ded grains.

Evaporator 6 is made in the form of an air cooler.
The air fan is selected based on the calculation of the
supply of the required amount of cooled air and pres-
sure to overcome the local resistances of the pipeline
fittings and the layer of processed grain.

When the required grain temperature is reached,
the main compressor 2 is turned off and the refrigerat-
ing machine is switched to mode Il — grain storage.

In the storage mode, the main compressor 2 is cut
off from the system with the help of latches 15 and 17,
and with the help of latch 16, the absorber 7 AWARM
is connected.

A heat load is supplied to the generator 1 of the
AWARM from a waste 11 or solar 12 heat source.

In the first case, latch 14 is open, and 13 is
closed.

In generator 1, when the thermal load is supplied,
the WAS boils with the predominant formation of a
mixture of ammonia vapor and water. The vapor mix-
ture, passing through a dephlegmator or a rectifier
(not shown in Fig. 4.3), is cleaned of water vapor and
pure ammonia enters the air condenser 4, where it is
compressed with the removal of the heat of vaporiza-
tion to the environment. Liquid ammonia enters the
liquid separator 18 through the throttle 5 and then into
the evaporator-air cooler 6.

Ammonia vapor enters the air absorber 7 from
the evaporator 6.

I 111
I\ I

a1 .

v

A

Figure 5 — Scheme of the air absorber in the com-
bined compressor-absorption water-ammonia refrig-
erating machine: |1 —air absorber; 1l — channel of the

evaporator-air cooler; Il —throttle of a weak solu-
tion; 1V — circulation pump of solid solution; V — two-
phase thermosyphons with fins in the condensation
zone (removal of heat to the environment)
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In the absorber 7 from the generator 1, due to
pressure resistance through the regenerative heat ex-
changer 9 and the throttle 10, the ammonia-depleted
weak WAS enters. A weak and partially cooled WAS
actively absorbs ammonia vapor from the evaporator,
while maintaining a decrease in pressure and tempera-
ture. Heat removal of phase transition and absorption
is carried out due to air cooling with atmospheric air.

When saturated with ammonia, the "weak" WAS
becomes "strong", saturated, and with the help of the
circulation pump 8, through the regenerative pump 9,
it is fed into the upper part of the generator 1, and the
AWARM cycle is repeated.

In the presence of low-potential heat energy
sources, for example, solar collectors with a tempera-
ture of 70...100 °C, it is necessary to increase the pres-
sure in the air condenser 4.

For this, a special booster-compressor 3 is con-
nected with a valve 13, the main line with a valve 14
is cut off, instead of a waste heat source 11, a solar
collector system 12 is connected.

The booster-compressor 3 supplies additionally
compressed ammonia vapor to the air condenser 4 and
the AWARM cycle is repeated.

An innovative absorber with air cooling is part of
the combined development for the operation of
AWARM.

Heat removal from the internal volume of ab-
sorber 1 is carried out using horizontal two-phase
thermosyphons. Each such thermosyphon has one
evaporation zone inside the volume and two heat re-
moval (condensation) zones outside the internal vol-
ume of the absorber. To intensify the heat exchange in
the condensation zones, ribs 5 are installed.

The supply of weak WAS to the absorber is car-
ried out through the throttle 3 in the showering mode
through the nozzle.

In the lower part of the absorber, a strong WAS
accumulates, which is fed by circulation pump 4 to the
regenerative heat exchanger of solutions and then to
the AWARM generator.

The location of the evaporation zones in the
shower zone allows to maximize absorption heat re-
moval and minimize the weight and size parameters of
the structure.

A distinctive characteristic of the combined re-
frigeration unit is the minimization of the amount of
circulating ammonia, and the same amount of ammo-
nia is used during the operation of the compressor part
and the absorption part.
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Minimizing the amount of ammonia allows you
to reduce safety measures for personnel and fire safety
measures during operation.

Its operation does not require special water
sources to remove heat from heat-loaded elements
(condenser, absorber).

Since the condenser and the evaporator-air cooler
are common to both the compressor and absorption
units, this significantly simplifies the design, reduces
the metal consumption and increases the reliability of
operation.

At the same time, the proposed scheme of the
combined refrigerating machine meets all environ-
mental requirements and in its work, due to waste and
alternative energy sources, uses the minimum amount
of electrical energy during the climatic calendar year.

4. Conclusions

Combined compression-absorption  water-
ammonia refrigerator the machine allows you to
abandon the use of mains electrical sources for 7
months of the year.

Such a refrigerating machine can be made in a
transport autonomous version and solve the task of air
conditioning in field conditions.

To adapt to field conditions, the AWARM ab-
sorber is made with two-phase thermosiphons and
with air heat removal to the environment.

Minimization of the amount of circulating am-
monia and the same amount of ammonia is used dur-
ing the operation of the compressor part and absorp-
tion part.

Ocobuctum BHecok aBTopiB CRediT

Boabac J.P: nmepesipka, GpopManbHuil aHani3, HaIlu-
caHHs — orysan Ta penaryBaHHsa. Ilerymenko C.M:
KOHIIENTyai3allisi, METOI0JIOT s, TOCIIPKSHHS, HallH-
CaHHS — OPUTiHAILHUN TIPOEKT, aJIMiHICTPyBaHHSI.
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30Kpema cucmemu 0Oe3nepepeHO0 XON0OUTbHO20 JAHYI02a, 0e3 AKUX HeMONCIUBO NOBHOI MIPOio
3abe3neuumu Oe3nexy xapuoeux npooykmis. Ocodausuil inmepec 00 CUCMEM WMYUHO20 OXOL00NCEHHS 6
3epHogoOMYy eocnodapcmei Vkpainu, sxe € 00HI€Io 3 DI00XCemoymeopioyux 2anysei Kpainu. 3epHo €
OOHUM i3 HAUGANCIUBIUUUX OCHOBHUX NPOOYKMIE XapUYS8aAHHA NHOOUHU, OJisl BUPOUYBAHHS MA 300pY K020
sanyuaiomsca eenuxi pecypcu. llicnazoupanvua 0b6podka ma 30epicanusi € KIOYOB0I0 JIAHKOIO SUpOO-
Huymea 3epra. 3a danumu Ilpodosoavuoi ma cinbcvrozocnodapcvkoi opeanizayii OOH (FAO), 6auzvko
20% 3ibpanoco 3epna y cimi wopiuHo NCYEMbCA. 3MEeHUeHHs. 6mpam 3epHa HA 6CiX emanax 30upamnisi,
MpAHCNOpMYBaHHs, 30epicants, nepepooKu ma 3abe3neyeHHs U020 30epedceHHs GU3HAYAEMbC mex-
HOJI02IEI0 NICAA30UpanbHoi 00podKU. B ymosax nocmiiinozo 30invbulenHs 00CA2i8 3epHa ma BUCOKUX
memnig 30UupanHa 8ce 2ocmpiuie NOCMAE NPod.IeMa 30epedcenHts 8poxcaro, Oilbuie NOA0BUHU AK020 30U-
paioms vy eonoeomy cmani. Cgidcozibpane 60102e nocighe 3epHO Hecmilike 8 30epicanHi i eumazac
mummesoi 06pooku. Huzbkomemnepamyphe KOHCEPEY8AHHA 8 MICUAX 3A20MOB0K 00380JAEC GUDILUUMU
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npoobremy mpueanoco ma AKicHo2o 30epicanHs 3epHosux npooykmig. Crio 3asHavumu, wo cepeo ycix
81016 3ePHOBUX NPOOYKMIB HAUOLILUL020 egheKkny 610 Nep8UHHOT HUZLKOMEeMNePpamypHoi 00poOKU MOJNCHA
oocsemu 051 OpiOHO3epHOBUX copmis (pinak, 1boH, npoco, 2ipuuys). Bowuu, uepes ceill Hegenukuil
eracmugull JHIUHUL po3Mip, HAUuOiNbWL CXUNbHI 00 NOWKOOJCeHb ni0 yYac mennogoi cywinns. Kom-
OIHOBAHA KOMNPEeCOPHO-abCOPOYIHA B000AMIAUHA XONOOUNLHA MAWUHA O00380J5€ GIOMOBUMUCS BI0
BUKOPUCTAKHSL Odicepen  eneKkmpomepedci npomsieom 7 micsyie nposmeom poxy. Taxa xonoounvHa
MawuHa Mmodice 6ymu GUKOHAHA 6 MPAHCNOPMHOMY AGMOHOMHOMY 6apianmi i eupiuyéamu 3a60aHHs
KOHOUYIOHYBAHHS NOGIMPSL 8 NOALOGUX YMOBAX. [ adanmayii 00 nONbOGUX YMO8 abcopbep SUKOHAHULL 3
08oghazHuMu mepmocughonamu i 3 6i08e0eHHAM MENIA NOBIMPsL 8 HABKOIUUHE cepedosulye.

Knwuogi cnosa: Ilepsunna obpobra; Huzvkomemnepamypne sbdepicanus; /piononacinue 3epno; Kowm-
npecopHi peppuscepamopu, Abcopoyiiini pedhpusicepamopu; Anomepramusui Oxcepena enepeli; Enepeais.
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