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Abstract

Science and practice proved the high efficiency of granulated mixed fodders. This article presents an overview of granula-
tion technologies for various industries. This article discusses the application of granulation technologies in various industries. The
processes of granulation are mass technological processes currently used in a wide range of industries: feed industry, food industry,
pharmaceutical industry, fertilizer production, polyethylene, metal production, mining, etc. A wide range of different materials are
granulated, including chemicals, iron ore, mixed fodder, and much more. Granulation is a process of pressing or shaping a material
in the form of granules.

Granulation is widely used in the production of pigments, dyes, synthetic detergents, catalysts, plastics, soot, chemical rea-
gents, etc. The use of granular raw materials in the metallurgical industry helps not only to mechanize processes, but also to in-
crease their intensity by increasing the contact surface of interacting media. Granular fertilizers retain their properties for a long
time. In the mining industry, granulation processes are used at the stage of preparation and enrichment of raw materials and release
of the finished product.

Particular attention is paid to the feed industry. Granulation allows to ensure stable homogeneity, to improve sanitary and
hygienic parameters, to increase nutritional value, to increase the storage period, improve the physical properties. However, despite
all the advantages, the existing granulation production lines have a relatively high productivity and, at the same time, a high energy
intensity. In this regard, this article proposes a technology for improving the granulation of mixed fodders. According to a prelimi-
nary literary review, It should be concluded that improving the technology of the granulation process for feed production is a topical
issue in the feed industry today. The development of technology for improving the granulation process, by obtaining a separate ex-
panded product in the granulation line, will not only improve nutritious and sanitary quality of mixed fodder products, but also in-
crease their productive effect. And the main advantage is the reduction of energy costs. But, the effectiveness of this technology will
be confirmed in the future, based on in-depth studies and obtained results.

Keywords: technology of granulation, pharmaceutical industry, production of polymer and polypropylene, production of
biofutel, production of fertilizers, chemical industry, manufacture of metal, feed industry, reduce energy consumption, mixed fodder.

Overview
The processes of granulation are mass techno-
logical processes widely used at present. Granulation
technology have been used by a wide range of industries,
from the feed industry, pharmaceutical industry to the
fertilizer and the mineral processing industries. Granula-
tion technology is the process of compressing or molding
the material into the shape of a pellet and granules. Wide
ranges of different materials are pelletized including
chemicals, iron ore, mixed fodders and more. The granu-
lation technology combines mixing of the raw material,
forming the pellet and a thermal processing baking the
soft raw pellet to the hard spheres. Granules have a good
mobility, they do not adhere to the surface of the hopper,
do not dust during transportation and packaging. The use
of granulated intermediate products allows to intensify
the technological process, improves the sanitary quality.
On the presented industries there's a difference in

Table 1 - Application of granulation technologies in various industries, %

numbers, 5 - 10%. This difference depends on the char-
acteristics of the industry, region, country, year, perfor-
mance, the volume of production and many other factors.
The table shows the averaged numbers.

Aim of this article

To familiarize with technologies of granulation
in various industries. To consider the problems of feed
industry for granulation of mixed fodders and ways to
solve problems. Consider each branch separately.

1. Granulation technology in the manufacture of
metal wares.

Granulation of metal is the production of shaped
blanks or parts by pouring molten metal into a special
shape, the cavity of which has the configuration of the
workpiece or parts. When granulation, the metal is simul-
taneously cleaned with mechanical separation of scales,
oxides, residual molding material, and other foreign par-
ticles. In the process of granulation, a
special crucible with fine holes is used
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48 % to mechanically filter the metal melt,
32 % and a thermocouple is placed in the side
72% wall of the crucible. The process of
’ granulation is carried out continuously.
The metal enters the crucible as the
5,5 % previous portion of metal is released.
2,2 % To prevent access of oxygen to the
2,0% granulator, the content of the inert gas
1.4 % is constantly maintained in the system.
[2].
1,2 % 2. Technology of granulation
0.5 % in the chemical industry.
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The basic condition for the successful manufac-
ture of chemical products is a safe manufacturing process
and the compliance with strict environmental require-
ments. At the same time the enormous competitive pres-
sure demands a high economic efficiency. [5]

Processes of building ceramics technology in-
clude processing clay raw materials and preparing the
mass. There are three main ways of processing raw mate-
rials and preparing the mass: semi-dry (moisture content
8-13%), plastic (moisture content 18-26%) and slip
(moisture content 45-60%). Semi-dry method of prepara-
tion of the mass consists in rough grinding of the raw
material, its drying, fine grinding, screening of large in-
clusions, mixing it with additives and moistening. It is in
this method that granulation is realized. Before drying in
drying drums, raw materials with high humidity (15-25%
for clays and 38-45% for diatomite) should be granulated
in order to obtain particles of the same size. Granulated
masses after drying in the drying drum differ slightly in
humidity fluctuations. [6]

Also in the manufacture of ceramic materials are
used the processes of fluidised bed technology.

The processes of fluidised bed technology, for
example spray granulation, meet the requirements of the
chemical industry in a cost-efficient way. The fluidised
bed technology is an efficient process optimally suited
for these targets: The high material yield makes the use
of expensive raw materials more effective and the im-
proved product properties secures the competitiveness.
The fluidised bed technology offers many advantages for
processing ceramic materials.

The method for producing lightweight, high-
strength ceramic includes heat treatment of the raw alu-
minum silicate raw material. Then occurs milling and
granulation of thermally treated aluminum silicate raw
material with constant mixing of the mass and its mois-
tening, drying and sieving of the obtained granules. Then
the granules are crushed. Then the final firing of the pel-
lets and the sifting of the burned pellets takes place. [5,
6]

3. Granulation technology in the food industry.

In the food industry, agglomeration is used for a
long period of time in order to obtain agglomerates with
improved dispersibility of fine powders. It is carried out
by granulation. The technology of granulation is also
used in the food industry: to produce dishes and products
in the form of fillers for ice cream, creams, cheese mass,
puddings, jelly, caviar, and also to obtain food granulated
product from liquid food products. For example, fruit and
vegetable raw materials, balms, tinctures from flowers,
cocktails, etc. With the preservation of organoleptic indi-
cators, characteristic of fresh liquid food products, fruits,
fruits, berries and vegetables. This technology is as fol-
lows. Mingled the liquid food product and a solution of
sodium alginate and a thermotropic polysaccharide into
which a slightly soluble calcium salt is added. The mix-
ture is granulated at high temperatures. The proposed
method allows to obtain a granular product from liquid
food products, namely juice, puree, kvass, wine, cider,
balms, tinctures from flowers and cocktails. Technology
of granulation is used to produce an analogue of natural
granular caviar. The essence of it is as follows: the mus-
sel broth obtained with blanching mussels is boiled to a
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solids content of 10-20%. The cooled broth is mixed with
gelatin, sodium caseinate, vegetable deodorized refined
oil, a pasty dye is added. The mixture is thoroughly
stirred, heated to a temperature of 45-50 °C. and filtered.
The formed granules are separated from the oil, washed
with water, treated with 0,2% solution of pectin and
0,25% calcium solution of acetic acid. Next, the culinary
processing of granules in the protein-oil emulsion, which
consists of mussel broth and vitamin-oil mixture. [10]

4. Granulation technology in the production of
fertilizers.

Water-soluble mineral fertilizers in granular
form have better physical properties. They well retain
flowability over time, do not dust, are more effectively
used by plants. They are more slowly washed out by soil
waters and less degraded in soil, because of the smaller
contact surface with its components. Granular fertilizers
are produced with granule sizes of 1-6 mm, usually 2-4
mm.

The optimal technology for the production of
organic and organo-mineral granules is their granulation
in fluidized bed apparatus with jet spraying. The installa-
tion works as follows. Preliminarily, the initial slurry
passes through a grinding step. The received mass is dis-
infected. Directly the granulation process takes place in
the working chamber of the fluidized bed apparatus.
There, a flow of hot air is supplied in an amount provid-
ing a stable fluidized bed of granules. [7]

5. Technology of granulation in the production
of biofuel.

Wood pellets are small cylindrical pressed wood
products with a diameter of 4-12 mm, length 20-50 mm,
processed from dried residues of woodworking and
sawmill production: sawdust, shavings, wood flour,
wood chips, wood dust, etc.

The technology of production of fuel pellets, as
well as fuel briquettes, is based on the process of press-
ing crushed wood waste, straw, husks, etc. Raw materi-
als (sawdust, straw, etc.) enter the crusher, where they
are ground to the state of flour. The resulting mass enters
the dryer, from it - into a press granulator, where the
wood meal is compressed into granules. Compression
during pressing increases the temperature of the material,
the lignin contained in the wood softens and glues the
particles into dense granules. Finished granules are
cooled, packed into large big bags (several tons each) or
small packaging. Granules are used in boilers for obtain-
ing thermal and electrical energy by burning.

6. Technology of granulation in the production
of polymer and polypropylene.

Granulation is the final stage of the technologi-
cal process for the production of ethylene polymers.

The technology is as follows: the polymer
moves continuously using a screw through several heated
zones with different temperatures, and is melted under
the action of friction and heat. The feed hopper maintains
a temperature in the range of 60-115 °C, in the zone of
the forming spinner - 180-260 °C. Further, the material
is cut with knives, which rotate to lengths of the estab-
lished length - granules. Hot granules are cooled by wa-
ter. The technological parameters of granulation (temper-
ature in the zones of the granulator, the speed of rotation
of the screw, the degree of compression, the cooling re-
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7. Granulation technol-
ogy in the pharmaceutical in-
dustry.

There are a number of
granulation technologies available to pharmaceutical
manufacturers. Granulation, the process of particle en-
largement by agglomeration technique, is one of the most
significant unit operations in the production of pharma-
ceutical dosage forms, mostly tablets and capsules. [4]

During the granulation process, small or coarse
particles are converted into large agglomerates called
granules. Generally, granulation commences after initial
dry mixing of the necessary powder ingredients along
with the active pharmaceutical ingredient, so that a uni-
form distribution of each ingredient throughout the pow-
der mixture is achieved. Although granules used in the
pharmaceutical industry have particle size in the range of
0,2-4,0 mm, they are primarily produced as an intermedi-
ary with a size range of 0,2-0,5 mm to be either packed
as a dosage form or be mixed with other tablets. [3]

The process granulation depend on particle size
of the drug, the type, concentration, and volume of binder
and/or solvents, granulation time, type of granulator,
drying rate (temperature and time), etc. Blend of powders
containing pharmaceutical excipients can be compressed
into tablets either by direct compression or after making
granules by agglomeration or granulation techniques.

Granulation process can be divided into two
types: wet granulation that utilize a liquid in the process
and dry granulation that requires no liquid. (figure 1).
The type of process selection requires thorough
knowledge of physicochemical properties.

Dry granulation uses mechanical compression or
compaction to facilitate the agglomeration of dry powder
particles, while the wet granulation uses granulation lig-
uid (binder/solvent) to facilitate the agglomeration by
formation of wet mass. Forming granules without mois-
ture involves compacting and size reduction of the mix to
produce a granular, free flowing blend of uniform size.
Dry granulation can be done in two ways: in tableting
press or between two rollers.

Wet Granulation. The process of adding a liquid
solution to powders involves the massing of a mix of dry
primary powder particles using a granulating fluid. The
fluid contains a solvent that must be volatile, so that it
can be removed by drying, and be non-toxic. Typical
liquids include water, ethanol and isopropanol, either
alone or in combination.
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Among these two techniques, wet granulation is
the most widespread granulation technique used despite
the fact that it involves multiple unit, which are complex,
time consuming, and expensive.

Like any other scientific field, pharmaceutical
granulation technology also continues to change, and
arrival of novel and innovative technologies are inevita-
ble. Obviously, the pharmaceutical granulation tech-
niques and technologies have improved over the years.
Nevertheless, efficient and cost-effective manufacturing
methods have always been the keen interest of the phar-
maceutical industries. Each technique has its own merits
and limitations. [3, 4]

8. Granulation technology in the feed industry.

The feed industry is one of the most competitive
industry in the agricultural sector. In 2011, around 734.5
million tons of feed were produced annually around the
world. The United States is one of the largest feed pro-
ducers in 2011-2014. One of the largest Asian feed pro-
ducers is Charoen Pokphand, a thai company producing
18 million tonnes of compound feed at various locations
across East Asia. In Ukraine, the production of mixed
fodder is an important branch of agricultural products,
which is constantly evolving. [11]

Mixed fodder is balanced mixture, enriched vit-
amins, minerals fodder, which produce to agricultural and
domestic animals in the course of animal husbandry. The
main ingredients used in commercially prepared feed are
the feed grains, which include corn, soybeans, sorghum,
oats, and barley. The amount of grain used to produce the
same unit of the conversion of fodders varies substantial-
ly. According to an estimate reported by the BBC in
2008, cows and sheep need 8 kg of grain for every 1 kg
of meat they produce, pigs about 4 kg. The most efficient
poultry units need a mere 1,6 kg of feed to produce 1kg
of chicken. Feed grains are the most important source of
mixed fodder globally. Also mixed fodder includes hay,
straw, silage, compressed and pelleted feeds, oils and
grains wheat, oats, barley, legumesand etc. Traditional
sources of mixed fodder include household food scraps
and the byproducts of food processing industries such as
milling and brewing. Material remaining from milling oil
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crops like sunflower, soy, and corn are important sources
of fodder and is called extraction feed. Mixed fodder may
also include premixes, which may also be sold separate-
ly. Premixes are composed of vitamins, minerals, chemi-
cal preservatives, antibiotics, fermentation products, and
other essential ingredients. Because of the availability of
these products, a farmer who uses his own grain can for-
mulate his own rations and be assured his animals are
getting the recommended levels of minerals and vita-
mins. Mixed fodder are formulated according to the spe-
cific requirements of the target animal. They are manu-
factured as meal type, pellets or crumbles. [1, 13]

The technology of granulation began to develop
in the 1950-1960s passed a period of rapid development
in the 70s. From 2010-2012, the share of production of
granulated mixed fodder has grown to 70-80% (if we
consider the countries of Western Europe, for example,
the Netherlands, then up to 90-95% - large feed mills and
large holdings). Granulation allows to ensure stable ho-
mogeneity of mixed fodder, to improve sanitary and hy-
gienic parameters, to increase nutritional value, to in-
crease the storage period; Improve the physical proper-
ties: the parts of the components do not self-segregate,
the product and transport losses are reduced during trans-
portation and storage, the efficiency of using storage
tanks, silos and vehicles is increased. The indicators of
growing mixed fodders are at least 10-15% higher when
using granulated mixed fodders. However, despite all the
advantages, the existing granulation production lines
have a relatively high productivity and, at the same time,
a high energy intensity. [8]

Preparation of loose mixed fodders begins
hammer mill crushes raw material. Also, feed ingredi-
ents are first combined and mixed thoroughly by a feed

Loose mixed

mixer. Loose mixed fodders comes to bunkers metering
section through the receiving device. At the same time
the movement of raw materials provides by special con-
veyors screw. Loose mixed fodders is then weighed on a
balance control. After this process, loose mixed fodders
is ready for granulation, which is carried out in the re-
spective production line. (figure 2).

Process of preparation of mixed fodder involves
several operations such as preliminary milling, weighing,
blending feed, and then granulation, drying, or cooling,
addition. In the context of granulation, it is important to
understand compaction processes to establish desirable
granule properties for granulation performance. The wet
granulation process must generally achieve the desired
granule properties within some prescribed range. How-
ever, common to most processes is a specific product size
distribution. Size distribution affects flow and segrega-
tion properties, as well as compaction behavior. [8]
Granulation of agriculture mixed fodder result in gran-
ules from 1.2 mm (shrimp feeds), through to 3—4 mm
(poultry feeds) up to 8-10 mm (cows and cattle feeds).
The granulation animal feed is done with a granulator.
Wet granulation is process whereby small particles are
agglomerated, compacted, or otherwise brought together
into larger, relatively permanent structures. In wet granu-
lation, granules are formed by the addition of a liquid or
steam in loose mixed fodder, which is under the influ-
ence of working machine organ. In such instances, a lig-
uid solution that includes a binder matter is required.
Fat, molasses, and others is one of the most commonly
used binders matter. This process results in the formation
of granules. The process can be very simple or very
complex depending on the technical specifications, pro-
cess parameters and the equipment that is available.
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Figure 2 - Scheme of the technology of granulation of mixed fodders [1]
1 - temporary storage bunker,; 2 — separator, for the cleaning; 3 - magnetic separator, 4 — granulator;
5 —cooler; 6 - crusher 7 - separator, for product separation
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Granulation is done in a compound feed plant,
where feed is normally conditioned and thermal treated
in the fitted conditioners. The mixed fodder is pushed
through the holes and exit the granulator as granuled
feed. In the granulator loose mixed fodder is moved into
the mixer in which the mixture and nutrients, minerals,
amino acids, oils and others are mixed, according to a
specific recipe. After granulation the granules are cooled
with a cooler. After going through all the processing
steps on the granulator the finished mixed fodder has
easy to store compact form. [12]

One of the problems of industry

It is necessary to reduce energy costs for granu-
lation of animal feeds. In connection with this, recent
attention has been paid to the methods of pre-
conditioning and expansion of loose mixed fodder before
granulation. A number of studies were carried out at the
Department of Technology of Combined Feed and Bio-
fuel ONAPT, and the following technological solution
was proposed. The prepared loose animal feed passes
through all the stages of standard preparation before the
granulation process. Then part of the mixed fodder is
granulated, and some are expended.

This makes it possible to obtain a part of the
granulated and part of the expanded product. The effec-

tiveness of this technology will be confirmed in the fu-
ture, based on in-depth studies and obtained results.
Based on the results of previous experiments, one can
judge the positive effect of this technology, since the
total energy consumption of the entire granulation line as
a whole decreases. [13]

Conclusions on work

According to a preliminary literary review, It
should be concluded that improving the technology of
the granulation process for feed production is a topical
issue in the feed industry today. The development of
technology for improving the granulation process, by
obtaining a separate expanded product (coarse expander,
followed by grits) in the granulation line, will not only
improve nutritious and sanitary quality of mixed fodder
products, but also increase their productive effect. And
the main advantage is the reduction of energy costs. [11,
12]

Today, more than ever, granulation is an im-
portant step in the total agricultural production process.
With the advances in production of animal feeds technol-
ogy, reductions in energy consumption, and increasing
automation available there are many cost-effective solu-
tions to reduce energy costs to provide quality production
of animal feeds.
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H.O. BATIEBCBKA, acnipant, B.Il. ®EJJOPSKA, 1-p c.-r. Hayk, npodecop
Ooecvka HAYIOHATLHA AKAOEMIsl XAPHUOBUX MEXHOAO02Il
34CTOCYBAHHA TEXHOJIOI'II TPAHY/TFOBAHHA
Y PIBHUX I'AJ1Y3AX HPOMHUC/IOBOCTI
Anomauisn

Hayxa i npakxmuxa ooeenu sucoky eghexmusHicms panynvoeanux npooykmis. Y yiti cmammi npeocmagneHuii
027180 MeXHON02Il 2PAHYNI08ANHHS ONiA PI3HUX 2any3ell npomuciosocmi. [Ipoyecu epanynioeanus - ye mMacosi mexHoaoei-
YHi npoyecu, AKi BUKOPUCIOBYIOMbCA 8 OAHULL YAC 8 WUPOKOMY CHEeKmpI 2any3ell: KOpMOBAd NPOMUCIOBICIb, XapU08d
NPOMUCOBICMb, (hapmayesmMuuHa NPOMUCTIOGICMb, SUPOOHUYMEO 000PUS, NOIeMUIeH, 8UPOOHUYMEBO Memaie, Udo-
6ymok kopuchux konaau i inwe. [IIupokuil cnekmp pizHUX Mamepianié epaHyi0EmMbCs, GKIYAIOYU XIMIKAMU, 3ATI3HY
PYoy, kKombixopm i 6azamo inwoezo. I panynayis aensie coboio npoyec npecy8anus abo opmysants mamepiany y 6uais-
0i epanyn.

Tpanynayisa wupoko 8UKOPUCOBYEMBCA Y BUPOOHUYMSE NieMeHmi8, OAPEHUKIB, CUHMEMUYHUX MUIOYUX 30CO-
018, Kamanizamopis, NAACMMAC, CAJIC, XIMIUHUX peakmusie i m. 0. Bukopucmanns epanyivbo6anoi cuposunu 8 Memaiy-
PRUlHil NPOMUCIO80CMI 00NOMA2AE He MITbKU MeXaHi3yeamu npoyecu, ane i 30iibuygamu ix IHMeHCUBHICMb 3a paxy-
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HOK 3011bWy104U KOHMAKMHOT N08ePXHI 83aEMO0iouux cepedosuy. I panyivosani 0odpuea 36epicarome c80i 61acmu-
80CMI NPOMA2OM MPUBANIO20 YACY. V 2ipCbKill NPOMUCIOB80CMI NPOYecU SPAHYIIO8AHHA BUKOPUCMOBYIOMbCA HA cmadil
nio2omosku i 30azayeHHs CUpoOSUHU i BUNYCKY 201080 NPOOYKIYii.

Ocobauea ysaza npuoiinemvcs KoMOIKOpMmosoi npomuciosocmi. I panyasiyis 0036oas¢ 3abe3nevumu cmadiib-
HY OOHOPIOHICMb, NOINWUMU CAHIMAPHO-2IZIEHIYHI napamempu, 30ITbUWUMU NONCUBHY YIHHICMb, 30i1bUUMU MEPMIH
36epicanns, noainwumu @izuuni eracmusocmi. OOHAK, He38axNCAOUU HA 6CI nepesasu, iCHYIOUI JIHII epAHYII08AHHS
Mawome GIOHOCHO BUCOKY NPOOYKMUSHICMb I, 8 MO Jce 4ac, 8UCOKI eHepzosumpamu. Y 36'a3Ky 3 yum 6 yiu cmammi
NPONOHYEMBCS MEXHONI02IA NONNULEHHSL 2PAHYIIOB8AHHS KOMOIKOPMIS. 32I0HO 3 NonepeoHimu JimepamypHuMy 02is10am,
Cio 3pobumu 6UCHOBOK, WO 600CKOHANCHHS MEXHOA02IT npoyecy epanyno8anis OJis GUPOOHUYMBA KOMOIKOPMIE € aK-
MYanbHow NPoOIEeMOI0 8 KOPMOSIL NPOMUCIOBOCHT Cb0200HI. Po3pobka mexnonoeii no yOOCKOHANEHHIO npoyecy epany-
JIOBAHHSL UWATIAXOM OMPUMAHHS OKPEMO20 POUUPEH020 NPOOYKmMY (excnandamy) Ha JiHil epanynio8anHs e miibKu no-
JERWUMb ROJNCUBHY | CAHIMAPHY SKICMb KOMOIKOPMIG, A MAaKodic RI0suuums ix npodykmugnuii epexm. I 2onosHorw ne-
pesazoio € 3HudNCeHHs enepzogumpam. Ane egpexmusnicme yici mexnonoeii 6yoe niomeepodceHa 8 MaloymHboMy Ha
OCHOBI NO2IUONEHUX OOCTIONCEHD | OMPUMAHUX Pe3YTbMAaAmis.

Knrouosi cnosa: mexnonozia epanynioganus, apmayesmuina npomMuciosicms, UpOOHUYME0 noximepie i no-
Jinponineny, supooHUYmMEo bionaiusd, sUpoOHUYMBEO 00OPUE, XIMIUHA NPOMUCIOBICMb, BUPOOHUYINGO Memay, KOPMO-
84 NPOMUCTIOBICTND, SHUIHCEHHS CHONCUBAHHS eHep2ii, KOMOIKOPM.
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«MObBIKAH>» - BI/IKOBO-BITAMIHHO-MIHEPA/IbHA
HAObABKA [JJ15 JOMALLUHIX TBAPUH

Anomauis

B mamepianax cmammi nasedeni npobaemu nposagy oucniasii y O0omawimix meapun (cob6ax) ma winaxu ii ycyHenus 3a 0o-
NOMO20K 68€0€HHs 68 PAYIOH OIIKOB0-8IMAMIHHO-MIHEPATbHUX 000a80K. [Ipedcmagneni HayKo8i ma NPAKMuyHi pe3yibmamu po3po-
oxu TY V 10.9-2574413678-001:2017 binkogo-gimaminno-minepanvna 0obaska ons cobax “Mobixan”.

Ha ocrogi Hopm 200i6ni, XiMIuHUX 61acmugocmeti KOPMOBOi CUpOBUHU, OIOIOSTUHUX MA 300MEXHIYHUX 00CI0NCEHb HAYKOBO-
00IpyHmosani ckiad ma peyenmypa OiIK080-gimaminHo-mineparvnoi dobasku (bBMJ]) ona cobax. BBMJ] ons cobax “Mobixan”
6U20MOBIIAIOMb 32I0HO 3aMBEPONCEHUX PeYEeNnmyp WIIAXOM 003Y6AHHS MA 3MIULYBAHHS NONEPEOHbO OUULYeHOi | ni020moeneHoi 6inko-
601 CUPOBUHU MBAPUHHO20 | POCIUHHOZO0 NOXOOICEHHS!, MIHEPAIbHOI CUPOBUHU, NPOOIOMUKY, RPEMIKCY | PimobiomuKie (cyxux ekxcm-
paxKmie pocium).

Haoano onuc ma npunyunosy é6nok-cxemy supoonuymea BBMJ] ona cobax. Texunonoeiuna cxema supoonuymea BBMJ] ona
cobax 6KNI0UAE HACMYNHI onepayii: po3maproéanHs ma OYUCMKA 6CiX 8UOI8 CUPOBUHU, ii NOOPIOHEHHA Ma ePAHYIOMEMPULHA Ni020-
moeKa;, 003y8anHs. NI020MOBNEHUX MAKPO- | MIKPOKOMNOHEHMIB;003V6AHHA | 3MIUYBAHHA NONEPeOHbOi CyMitti MIKPOKOMHOHEH-
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