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Abstract

The article presents data on the population of dogs and cats in European countries for 2018, countries with a
high number of animals per capita. On the basis of the conducted scientific research, the composition of compound pet
food, the needs of domestic animals for nutrient and biologically active substances, their content in recipes and the cal-
culation of compound feed recipes are analyzed. The features of technological processes for the production of extruded
pet food are determined and their characteristics are given. A technology has been developed for the production of dry
pet food, which makes it possible in private enterprises to ensure the production of domestic competitive in the market
complete pet food, depending on their breed, age, and physiological condition.

A line for the production of dry compound feeds for dogs with a productivity of 1...3 t/h with the possibility of
producing up to 20 tons of finished compound feed per month has been developed. To organize production, a produc-
tion manufacture, a raw material warehouse, a finished product warehouse, a utility room, and the ability to drive vehi-
cles into the raw materials storage and unload them are necessary. To service the feed production line, two specialists
are needed - a technologist and an operator for servicing the extruder and expander, as well as a worker who is re-
sponsible for the preparation of components and packaging of finished products. To implement the project, technologi-
cal equipment is needed: a hammer mill, air conditioning, extruder, hopper scales, mixer, expander, dryer, cooler, de-
vice for spraying on the surface of the liquid components. The main stages of production include intake, unloading and
refining of raw materials; grinding grain components in the same fraction; extruding and cooling grain components;
grinding extruded grain components; weighting of feed components; mixing the components to a homogeneous mixture;
conditioning; expansion of bulk feed; drying; size control of finished products; spraying on the surface of the liquid
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components; cooling; feed packaging.

Key words: pet food, extrusion, expansion, technology of pet food production.

Introduction

The global pet care market reached U.S.$125
billion in 2018 and 73 percent of that total, about
U.S.$91.1 billion, was global pet food sales. Those fig-
ures represent a 6 percent compound annual growth rate
(CAGR) since 2013 and 31% overall growth during the
same period.

Dry dog food is the dominant pet food segment
worldwide in terms of formats, recording value sales of
nearly U.S.$35 billion in 2018, according to Euromoni-
tor’s data. Though the segment has experienced healthy
growth since 2013 of about 5 percent CAGR, growth was
stronger for dog treats (almost 6 percent CAGR), dry cat
food (5.5 percent) and, especially, cat treats, the highest
growth segment at 9 percent CAGR.

Global cat treat sales are relatively low, only
about U.S.$2 billion in 2018, but their growth is even
more robust in some regions such as Asia-Pacific, which
saw a rise of 23 percent CAGR from 2013-2018. In that
region particularly, the cat treat segment includes newer
formats, such as seafood “sticks” and creamy purees [1,
2].

In their latest report, the European Pet Food
Federation (FEDIAF) estimated the number of dogs in
cats in Europe in 2018. FEDIAF estimated that at least
80 million European households include at least one pet
animal. In the European Union countries, 26 percent of
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households owned dogs, compared to 24 percent in
Europe as a whole.

In 2018, FEDIA estimated that annual sales of
pet food in Europe reached a turnover of EUR 20.5 bil-
lion and a volume of 8.5 million tons. The pet food in-
dustry grew 2 percent per year over the last three years.
In addition, the federation counted 132 companies pro-
ducing pet food in Europe in 2018, which operated 200
production facilities [3].

The European Pet Food Federation (FEDIAF)
estimated the number of cats in Europe in 2018, along
with other data on EU member and other European pet
food markets, in the latest edition of the report “FEDIAF
Facts & Figures.” Compared to 2017, cat ownership in-
creased slightly compared to dogs (fig. 1). Russia, Ger-
many and France held the largest numbers of cats owners
overall (fig. 2) [4].

Some of the countries with the highest cat popu-

lations ranked lower in per capita cat population. The top
countries for cat ownership purr capita in 2018 were
Romania, Hungary and France.
Russia provided a home to the most dogs overall in 2018,
while Romania had the highest per capita dog density.
Those dog demographics are similar to the cat population
in Europe. Russia, Germany and the United Kingdom
held the largest numbers of dogs overall (fig. 3). Some of
the countries with the highest dog populations ranked

http://grain-feed.onaft.edu.ua
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lower in per capita dog population. The top countries for
dog ownership per capita in 2018 were Romania, Portu-
gal and Poland (fig. 4) [5].

Purpose and objectives of the analysis

The purpose of the research was the theoretical
justification and development of a line for the production
of dry compound feeds for dogs.

Analysis of the literature data

Feed production begins with the calculation of
feed recipes. For the calculation, it is necessary to know
the species of animals, its physiological state, the need
for nutrients and biologically active substances, the re-
quirements of standards, restrictions on the introduction
of components, the chemical composition of the compo-
nents, the availability and amount of raw materials at the
enterprise. For the calculation of recipes people use spe-
cial programs which optimize the composition of recipes
with the lowest cost to ensure maximum quality [6, 7].

The nutrient content of compound feed recipes
for cats and dogs is different. The analysis of dry com-
pound feeds (Table 1) showed that in 100 g of compound
pet food of metabolic energy ranges from 1250...2000 kJ,
crude protein — 20...42 %, crude fat — 5...24 %, crude
fibre — 2...5 % [8-12].

38

Germany

Italy

Bussia

Hungary

United Kingdom
Spain

Czech Republic
Poland

Portugal
Fomania

v Pl = =
0 005 01 015 02 025
cats per person
Fig.2 - Top 10 cats per capita in Furope
in2018

United Kingdom

Smin
Czech Repuilic -
g L .

Portugal

Romania — )

0 0,1 2 0.3

dogs perperson

Fig. 4 -Top 10 dogs per capita in Furop in

2018

The nutritional value of feed depends on the
species, breed, age and physiological condition of the
animals. So, for example, in compound feeds for pup-
pies, as the rule, the content of proteins and fats is higher
than in compound feeds for adult animals. Also in these
compound feeds there is a high content of minerals and
vitamins: vitamin A — 15000 IU per 1 kg of compound
feed, vitamin D3 — 1200 IU, vitamin E — 120 mg per 1 kg
of compound feed. The gross energy of compound feed
for puppies is 1630...1797 kJ per 100 g of compound
feed [8, 13].

The crude protein content in compound feeds
for adult dogs ranges from 25...27 %, crude fat content is
10...16 %, and minerals content is 6...6.5 %. The gross
energy of 1 kg of feed is 16302...17556 kJ.

In aging dogs, the metabolism in the body slows
down, the tone, motor activity decreases and the muscu-
loskeletal system weakens, diseases of the internal organs
arise. Therefore, in compound feeds for aging dogs, as a
rule, an increased content of vitamins C and E is ob-
served to slow down the aging process. Such compound
feeds have a low phosphorus content to prevent kidney
disease and an increased digestibility. The risk of kidney
disease is reduced if the protein content in the diet is re-
duced [8, 11, 14].
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Table 1 - The nutrient content of the pet food

. . Content, %

Animal species Gross energy, kJ/100 g Thaue | Crode fat " Crodo fibre
Mixed feeds for dogs

Adults dogs 1450...1750 20...27 12...19 2..5

Puppies dogs 1500...1850 26...36 14..24 2.5

Aging dogs 1250...1750 17..27 5..16 2.4

Active dogs 1550...2000 27...32 20...29 2.4
Mixed feeds for cats

Adults cats 1600...1800 25...32 10...20 2..5

Puppies cats 1750...1900 35..42 17..22 2..5

Aging cats 1450...1700 20...35 15...18 2..5

Active cats 1750...2000 35..42 17..22 2..5

In compound feeds for active dogs, the content
of proteins and fats is 10 % higher than usual. The calo-
rific value of such compound feeds is 18000...20500 kJ
per 1 kg of compound (mixed) feed [8, 15].

For overweight dogs, compound feeds with a
reduced content of fats and proteins are made. But, so
that the dog does not feel hungry, such feeds contain a
large amount of fiber, which, getting into the stomach
swells and creates a feeling of the satiety. The content of
vitamins and minerals is the same as in mixed feeds for
adult animals [15].

Compound feeds for cats and dogs vary in nutri-
tional value. Therefore, it is not recommended to feed
cats with dog feed and vice versa. The protein and fat
content of a cat's diet should be significantly higher than
that of a dog. High fat content not only improves the pal-
atability of the feed. Young cats that get enough fats
grow and develop much better than those that lack these
fats. Cats, unlike dogs, have a great need for vitamin A.
Moreover, they need it not in the form of provitamin,
which is found in green vegetables and fruits, from which
vitamin A is then formed, but in a ready-made synthe-
sized form [16].

In a young cat that grows, the need for crude
protein is 34...40 % of the total dry weight of animal
feeds. In an adult cat, for proper metabolism, proteins
should be about 24 %. This amount is necessary to cover
the needs for protein in feeds. For cats, the need for pro-
tein in feed is 2...4 times higher than for dogs of the same
age [8, 16, 17].

Cats are sensitive to a lack of taurine amino
acid. The need for taurine cannot be fully satisfied
through the synthesis of amino acids containing sulfur
and come only with feed. Therefore, cats should be given
feed containing mainly animal protein, since taurine is
not found in plant components. According to scientists,
the minimum level of taurine should be 1000 mg per 1 kg
of dry feed, or 0.1 %, and 2 times more for wet feed, that
is, 0.2 % [8, 17].

Cats are characterized by a high demand for B
vitamins. Compared to dogs, cats have a 2 times more
needs for B vitamins. The need for mineral salts in cats is
lower than in dogs. It is necessary to ensure the exact
ratio of calcium and phosphorus to vitamin D. Calcium
and phosphorus cats should receive in a ratio of 1:1. The
skeleton of an aging animal does not grow and does not
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develop, as in young ones. Therefore, for aging animals it
is not recommended to change the content of phosphorus
and calcium, and leave it at the same level as for young
animals, about 0.6...0.7% per dry substance [8, 17].

In the technology of production of pet food the
following technological processes are used: cleaning,
grinding, weighting, mixing, extrusion, conditioning,
expansion, drying, adding of fat and application of liquid
components to the surface of the finished compound
feed, cooling and packaging.

The cleaning process.
The feed components are cleaned of impurities
that worsen the processing conditions. This operation is
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mandatory, as it prevents the ingress of various types of [ ]

impurities into the feed. For cleaning grain raw materials
from non-feed waste, light impurities, sieve-air separa-
tors are used. Sieve separators are used to clean sun-
flower meals, meat and bone meals, fish meals etc. Met-
allomagnetic impurities are isolated by the magnetic
separators based on differences in the magnetic suscepti-
bility of components and impurities [18, 19].

The grinding process.

In the production of compound feeds for domes-
tic animals, the grain components included in their com-
position are mainly grinded. When grinding, the total
surface area the feed particles increases, which contrib-
utes to better absorption. In addition, the grain shell is
destroyed in cereal crops, which inhibits the action of
enzymes on other parts of the grain. Therefore, the di-
gestibility of feed is in direct proportion to the particle
size of the components that make up its composition.
Grinding all types of raw materials to the same particle
size contributes to their better mixing and prevents self-
sorting during transportation. The grain raw materials are
crushed on hammer mills, in which a sieve with holes &
3...4 mm is installed, which reduces the yield of powdery
fraction and improves the efficiency of extrusion [18, 19,
22].

The extruding process.

Due to the physiology and structure of the gas-
trointestinal tract, pets do not digest starch well. Extrud-
ing is used to increase the digestibility of starch of grain
components. During the extrusion process, significant

http://grain-feed.onaft.edu.ua
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changes occur in the qualitative and quantitative charac-
teristics of the nutrients included in the biochemical
complex of grain and animal feed, the digestibility of
protein and starch increases, and the palatability of the
feed and its sanitary condition improve [20-22].

Twin screw extruders have the processing ad-
vantage over single screws for high-meat pet food extru-
sion due to the improved mixing and kneading capabili-
ties within twin screw design. Processing high meat lev-
els requires a reduction in throughput rate relative to
classic dry food. The challenge for the extruder manufac-
turer is to develop methods that allow the higher
throughput rates needed to process the high-meat slurries
within the extruder, while still maintaining overall physi-
cal size [23, 24]

The weighing and mixing processes.

Weighing and mixing processes mainly deter-
mine the quality of the finished product, its cost and the
competitiveness in the market. As a result of weighing-
mixing, a homogeneous mixture of doses according to
the recipe of the components is obtained. The quality and
intensity of the mixing process mainly depends on the
physic-mechanical characteristics of the components of
the mixture. Therefore, the mixing process must be orga-
nized in such a way as to ensure the highest homogeneity
of the mixture with a minimum duration of the process
with minimal energy consumption [25-27].

The conditioning process.

The purpose of the process is to moisten and
heat bulk feed with hot dry steam at a pressure of
0.2...0.5 MPa and a temperature of 110...130°C, under
which the feed is softened, warmed up to a temperature
of 65...75°C, it becomes more viscous. This creates the
best conditions for extrusion-expansion processes. The
pre-conditioning process ensures the humidification of
the feed, allows the introduction of an increased amount
of liquid components in the feed, increases the sanitary
quality of the feed, reduces the load on the extruder-
expander and the energy costs of the process, wear of the
working bodies of the extruders and expanders, reduces
the duration and increases the productivity of the pro-
cesses. Mixed feed conditioners are installed before of
the extruders and the expander in the line [22].

The expanding.

It is used to process bulk feed in order to obtain
the final product of a certain shape, which depends on the
installed matrix. This allows you to receive feed in the
form of: pellets, tablets, balls, seeds, pads, squares,
hearts, etc. The principle of the expander and its main
structure are similar to an extruder. The difference lies in
the fact that the product is pressed out not through the die
matrix, but through the annular gap, the size of which is
regulated using a special hydraulic system. Steam is sup-
plied to the expander casing, additionally provides heat-
ing of the product. Because to such changes, the specific
energy consumption for expansion is reduced by 2.0...2.5
times, compared with extrusion, and amounts to
25...60 kWh per 1 ton of raw material. An additional
advantage of the expander is the ability to introduce up to
20 % fat into the composition of the expandate, while
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during extrusion the introduction of fat cannot be higher
than 5 %, since the extrudated pellets become brittle [22].

The drying.

Diets containing large amounts of fresh meat are
particularly difficult to dry. The meat contains significant
moisture, resulting in a significant risk of deformation
because of the soft texture of the extruded pellets or kib-
bles. The undenatured and functional proteins in the meat
tend to retain moisture, requiring long drying times.

Pellets are spongy, soft and have a high mois-
ture content on leaving the extruder. While being con-
veyed, they are easily deformed. Some 2...3 % of the
moisture content is lost by evaporative cooling while
they are still hot. However, about 10...15 % of the mois-
ture still needs to be removed by a dryer.

Using a predryer with a shallow bed to reduce
the moisture in the product helps to prevent this problem.
The shallowness of the layer means that the possibility of
deformation or clumping from the weight of the top pel-
lets is minimised. However, a large, relatively costly is
needed to ensure a consistently shallow depth throughout
predrying.

There are two kinds of dryers commonly used in
pet food processing. The first is the horizontal fluidized
bed dryer. This is a long, oblong unit consisting of a
slow, perforated conveyor belt with a swing-feeder inlet
on one side and an exit on the other. These machines may
be single pass, in which case the product moves through
the machine only once, or multiple pass, meaning that the
product moves through and drops to a second level, mov-
ing back the same way and then exiting.

Vertical bed dryers have several decks or layers.
The product enters at the top level and then drops from
one level to another. All or some of the product can be
discharged to a lower level of the dryer in a controlled
way, so that the drying profile can be varied. This per-
mits considerable flexibility, so that a differentiated
product line can be produced.

Both vertical and horizontal dryers can be divid-
ed into zones with different temperatures. Horizontal
drying technology is sometimes said to be less energy-
efficient than vertical dryers. However, drying uniformity
is generally better maintained by horizontal dryers. Initial
drying zones often warm the product at 80...100 °C, with
subsequent primary drying taking place at 120...150 °C.
The final zones are again often maintained at 80...100 °C
[28].

The adding of the fat to the compound feed.

The adding of fats in the composition of com-
pound feeds allows the increase the level of energy; it
improves taste and leads to the saving of grain and pro-
tein types of ingredients. When extruding, you can add
from 3 to 5 % fat. The adding of more fat degrades the
quality of the granules, makes them brittle and reduces
the performance of the press equipment. Fat is metered
into the feeder of an extruder or expander. A fat can be
applied to the surface of extrudated feeds by equipment
specially designed for this purpose. The fat is sprayed
onto the product with the help of nozzles, while its ab-
sorption by the porous surface of the product occurs. The
amount of fat that can be introduced in this way depends
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on the total surface area of the pellets. The smaller is
their diameter, the greater the adsorption capacity of the
granules is. This method allows you to apply on the sur-
face of the granules up to 3...20 % fat [29, 30].
The cooling process.

One of the critical processing steps in the production of
extruded, dry pet food is cooling. The cooling step is
required after the drying and liquid-coating processes to
remove excess heat. If enough heat is not removed, con-
densation can occur in the product storage bins or in the
product package.

For cooling, vertical shaft or counterflow coolers
are used, much less often horizontal belt types are used.
The general design of a horizontal cooler consists of a
perforated conveyor on which the pet food is uniformly
distributed up to depths of 4 to 12 inches. The conveyor
is sized with sufficient length and width to provide ample
retention time to cool the product. Ambient or chilled air
is pulled through the product bed with a centrifugal fan to
remove the heat. The temperature of the pellets after
cooling should not exceed the ambient temperature by
more than 10 °C, and the humidity should not be higher
than 14.5 %. When cooling, it is important to ensure the
air flow rate in the range of 0.4...0.5 m/s at an air flow
rate of 1500 m*/t. The duration of cooling depends on the
size of the pellets and is 300...900 s. An increase in the
air flow rate accelerates the cooling process of the pel-
lets, however, the surface layer of the pellets hardens,
which slows down the diffusion of moisture from the
center to the outer surface. This contributes to moisture
condensation, leads to the appearance of microcracks on
the surface of the granules and increases their fragility.
Such pellets during storage quickly mold [31].

Results and its discussion

At the Department of Mixed Feeds and Biofuel
Technologies of the Odessa National Academy of Food
Technologies, by order of entrepreneurs, a technology
and a project for the production of dry compound feeds
for dogs have been developed. The productivity of the
manufactory is 1...3 t/h. The production of up to 20 tons
of finished feeds per month is possible. To organize pro-
duction, you need a production manufactory, a ware-
house of raw materials, a warchouse of finished products,
and a storeroom. It is also necessary to ensure the possi-
bility of vehicles accessing the raw materials and unload-
ing them, as well as provide packaging and shipment of
finished products.

To service the feed production line, two workers
are needed — a technologist and an operator for servicing
the extruder and expander, as well as a worker who is
responsible for the preparation of components and pack-
aging of finished products. For the production, equip-
ment of domestic and foreign manufacturers is used. The
main equipment necessary for the implementation of the
project: hammer mill, feed conditioner, extruder, hopper
scales, mixer, expander, dryer, cooler, device for spray-
ing on the surface of the liquid components.

The production process consists of the following
steps (fig. 5):
intake, unloading and cleaning of raw materials;
grinding of the grain components to the same

fraction;
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extrusion and cooling of grain components;
grinding of the extruded grain components;
weighting of feed components;

mixing of the components to a homogeneous

mixture;
— conditioning;

expansion of bulk feed;

drying;

size control of finished products;

spraying on the surface of the liquid compo-

cooling;

feed packaging.

According to the developed technology, the
grain raw materials from the bins 1 are sent for weighting
to the bunker scales 2. The weighted grain components
are conveyed by a conveyors 3, 4 to remove metal-
magnetic impurities (5) and no feed wastes (7). The
cleaned grain components are grinded by a hammer mill
8, in which a sieve with holes ¢ 3 mm is installed and
then sent to the feed conditioner 9. The extrusion (10) of
the grain components is carried out under the following
conditions: a pressure in the working area of the extruder
is 2...3 MPa, a power consumption of the electric motor
is 4.0...4.5 kW, the temperature of the product at the exit
of the extruder is 100...110° C, the duration of 60...120 s,
the diameter of the hole of the matrix 10 mm The hot
extrudate is cooled by using a vertical cooler 11 to a
temperature not exceeding the ambient temperature of
more than 15 °C. The cooled extrudate is crushed on a
hammer mill 8. The crushed extrudate is sent to a weigh-
ing bin 2.

Non-cereal components are prepared at the same
time. Meat-bone meal, fishmeal, mineral raw materials
and premix are unloaded, if necessary, they are cleaned
of no feed waste and metallomagnetic impurities. Pre-
pared non-cereal components will be sent for weighting
to the bunker scale 2. Weighted ingredients (according to
the recipe) are mixed in a batch mixer 13. The obtained
bunk feed is sent for moisturizing and heating to a condi-
tioning 9, and then processed to an expander 14. The feed
is expanded (14); in the following regimes: an average
moisture content of the feeds is 18...20 %, the pressure in
the working zone of the expander is 2...3 MPa, the tem-
perature of the product at the outlet of the expander
90...100 °C. The obtained expandate is sent to a horizon-
tal dryer 15 and is controlled by size (16). A large frac-
tion of the feed is sent to the device 17 for spraying on
the surface of the liquid components, cooled (18) and
sent to the packaging (20). The fine fraction is sent to a
re-expansion.

Conclusions

Based on the conducted scientific research, the
composition of compound feeds for dogs and cats, the
content of nutrient and biologically active substances in
the recipes are analyzed, the main technological process-
es of their production are described. The technology has
been developed for the production of the dry compound
feeds for pets, which makes it possible in private enter-
prises to ensure the production of domestic competitive
in the market complete feed for dogs and cats, depending
on their breed, age, and physiological condition.
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INPAKTUYHI OCHOBH BUPOBHUIITBA KOMBIKOPMIB
JJIA JOMAIIHIX TBAPUH

Anomauisn

Y ecmammi npeocmaeneni danni wooo nonynayii cobax i komie y kpainax €eponu 3a 2018 pik, kpain 3 euco-
KOI0 KIMbKICMIO meapun Ha Oyuty Hacenenns. Ha 0cHogi nposedenux HayKosux 00CIiONCceHb NPOAHAI308AH0 0COOIUBO-
cmi cknady KomMOIKopmie 0nisi cobak ma Komis, nNompeobu OOMAWHIX MEAPUH Y NOAHCUBHUX A OIOI02TUHO AKMUBHUX pe-
YOGUHAX, IX éMiCm Y peyenmax ma 0coOIUBOCMI PO3PAXYHKY peyenmie KOMOIKopmie. BusznaueHi ocobausocmi mexHono-
2IYHUX NPOYeci8 SUPOOHUYMEBA eKCMPYOOBAHUX KOMOIKOPMIG 01 OOMAWHIX MEAPUH Md 0aHd IX Xapakmepucmukd.
Pospobrena mexnonozis eupobHuymea cyxux KOMOIKOPMIE 015 OOMAWHIX MEApUH 00360JiA€ 3a0e3neuumu 8 yMo8ax
NPUBAMHUX RIONPUEMCINGE BUPOOHUYMBO BIMUUSHAHUX KOHKYPEHMOCNPOMONCHUX HA PUHKY NOBHOPAYIOHHUX KOMOIKOD-
Mi8 01151 cobax i KOmig 8 3anediCHOCHI 8I0 IX Nopoou, iKYy ma (PizioN02iuH020 CIMAHY.

Pospobnena ninis no eupobruymey cyxux komoikopmie 01s cobax npodykmusHicmio 1...3 m/200 3 mocnugic-
mio 8upobruymea 0o 20 m 20moeoco KomoOiKopmy Ha micays. [na opeanizayii supobrHuymea neobXionul eupooOHUYULl
yex, CKIad CupoBUHU, CKIA0 20moBoi npoodyKyii, noOYymose NPUMIWeHHs, d MAKONC MOACIUBICMb Nid i30y asmompanc-
nopmy 00 Cknady Cupo8UHU ma tlo2o po3ganmasgiceits. /s 06caye08y8anus Ainii no eupoobHuYymey Komoikopmie neoo-
XiOui 08a ¢haxisys — mexnonoz i onepamop no 00CIY208Y8aAHHIO eKCMPYyoepa ma eKcnamoepa, a makodic pooouuil, aKuil
8i0N08i0ac 3a Ni02OMOBKY KOMNOHEHMIB | YNAKOBKY 20mo8oi npodykyii. [{na peanizayii npoexmy nHeobxione mexnonozi-
yHe 00aOHAHHS MOJIOMKO8A OpobapKa, KOHOUYIOHep, eKcmpyoep, 6a2u OYHKepHI, 3MIulyeay, eKCcnamoep, Cyuapkd,
0X0N10024CY6aY, NPUCMPILl Ol HAHECEHHsl PIOKUX KOMIOHEHMI8 HA NOBEPXHIO 20M06020 KOMOikopmy. OcHoeHi emanu
BUPOOHUYMBA GKTIOUAIOMb NPUILMAHHS, PO3BANMANCEHHS. MA OYUUWEHHS CUPOGUHU, NOOPIOHEHHS 3ePHOBUX KOMNOHEH-
mie 00 00HAK080I Ppaxyii; excmpyOy8aHHs Ma OXOJOONCEHHS 3ePHOBUX KOMNOHEHMI8, NOOPIOHEHHsT eKCmpPYO08aHUX
3€PHOBUX KOMNOHEHMIB, 003V68AHHS KOMNOHEHMI8 KOMOIKOPMY,; 3MIULYB8AHHS KOMNOHEHMI68 00 0OHOPIOHOT CyMiuti; KOH-
OUYIOHYBAHHSA, eKNAHOYBAHHS PO3CUNHO20 KOMOIKOPMY, CYWIHHA, KOHMPOTb KPYRHOCHI 20M060T NpOOYKYii; HanuIeHHs
HA NOBEPXHIO PIOKUX KOMIOHEHMIG; 0XON00NCEHHSL; NAKYBAHHS KOMOIKOPMY.

Kniouosi cnosa: xombikopmu 0 cobax ma komie, eKCmpyoy8amHs, eKCRanOy8anHsl, MexHOI02is GUPOOHUYM-
6a.
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