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The use of plant biomass as a primary source of energy is currently unacceptable both from an
economic and environmental point of view. The experience of a number of industries, in particular
hydrolysis production, enables to solve the problem of profitability of organic biomass treatment by
its deep complex processing with the resulting components whose cost exceeds the cost of organic raw
materials as fuel. Currently, the main results of complex processing of organic raw materials are still
energy-intensive products — bioethanol and hydrolyzed lignin, which energy characteristics are
commensurate with fossil fuels. Bioethanol production from starch-containing, sugar-containing or
lignocellulosic raw materials requires the use of different technological stages and, accordingly, the
cost of bioethanol for each type of raw material is different. Compared to bioethanol produced from
sugar and starch raw materials, bioethanol from manufactured lignocellulosic raw materials is more
expensive. Bioethanol from lignocellulosic raw materials is more expensive compared to bioethanol
obtained from sugar and starch raw materials. The most energy-intensive in the technology of
bioethanol obtaining from lignocellulosic raw materials is the stage of pretreatment of raw materials
for hydrolysis, because the process of preliminary preparation and hydrolysis with dilute acids occurs
at high temperatures and pressures. During enzymatic hydrolysis, the process temperature is
maintained for a long time (up to several days). To ensure deep integrated processing of plant raw
materials, as well as to reduce overall costs, it was proposed to improve the technology and equipment,
which allow increasing the degree of conversion of raw materials into basic and by-products.

Key words: bioethanol, biomass, preliminary preparation, hydrolysis, lignin, rotary pulsation
apparatus.

1. Biomass as a renewable resource

The demand of the world economy for
energy resources is growing every year. Thus,
global oil reserves (as at 2015) amounted to
1657.4 billion barrels. Given that world oil
consumption is estimated at 99 million barrels
per day, there is a need for widespread use
of renewable energy sources. Biomass is the
largest renewable resource used in the world
economy (more than 500 million tons per year)
[1]. The most important sources of biomass are
wood and crops.

The annual growth of biomass in the world
is estimated at 146 billion tons in terms of

dry matter [2], which is energy equivalent to
80 billion tons of oil. The biomass potential in
Ukraineisupto 20,2 million tons of oil equivalent
[3]. These are straw, agricultural waste, waste
from woodworking enterprises, etc.

Biomass is considered one of the key
renewable resources of the future. Its amount
reaches 2.42310'%t, or~550 Gt of carbon (C), of
which ~ 80% is accounted for by plants, among
which terrestrial plants are predominate [4].

Biomass is the most important source of
energy for 3/4 of Earth’s population living in
developing countries. In developing countries,
biomass provides an average of 38% of primary
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energy (in some up to 90% ). Biomass is likely
to remain an important global source of energy
in the 215 century. The most common sources
of biomass are plants (wood, peat, straw). In
the process of their use and processing, a large
amount of renewable waste is generated every
year. It is estimated that only 25% of waste is
used efficiently. Developing countries, at the
cost of biomass, can theoretically cover 15% of
energy needs, industrial — 4% [5].

2. The state of bioethanol production
in Ukraine and the types of raw materials
available in Ukraine

In 2018, there were about 13 bioethanol
producers in Ukraine. Six of them are
quite successful — Zarubinsky, Gaisinsky
distilleries, private plants Ecoenergy and
Fazor, as well as Uzinsky and Gnidavsky sugar
factories. In 2017, they produced 80,000 tons
of bioethanol, which went to the production of
alternative fuels [6].

Currently, industrial plants in bioethanol
production employ mainly two types of
primary raw materials, namely starch from
cereals and juice or molasses from sugar crops
(first generation bioethanol) [7].
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Energy crops for ethanol production in the
European climate zone, which includes Ukraine,
are plants with high sugar and starch content —
cereals, potatoes, sugar beets, corn for grain [8].

Corn has the highest yield of bioethanol
per product unit — an average of 40 liters
per 1 centner of grain (with dry grinding).
The result of corn complex processing (wet
grinding) is starch, gluten, glucose-fructose
syrups, lysine, food alcohol, or bioethanol,
citric and lactic acids, protein-mineral vitamin
concentrates [9].

Another type of raw material that can be
used for bioethanol production in Ukraine
is sugar beet. This culture provides the
highest yield of ethanol from 1 ha, does not
require additional costs for pre-treatment of
raw materials, allows reducing greenhouse
gas emissions [10]. By-products of sugar
production are beet pulp, which is used as
fodder for agricultural livestock, molasses,
and filtration sludge [11].

Studies on the use of energy crops as raw
materials for bioethanol production are energy
willow, miscanthus, sugar sorghum [12].

The optimal raw material for bioethanol
production in Ukraine is molasses — a by-
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Fig. 1. Ukrainian enterprises of various forms of ownership that produce bioethanol (for 2018) [6]
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product of sugar production. According to the
authors of [13], the total energy consumption
for one ton of bioethanol from molassesis 9 459
MJ, from corn — 56 565 MdJ. The difference in
production energy consumption is due to the
presence of the stage of the operation of boiling
raw materials and saccharification of starch
by malt enzymes or enzyme preparations.
The process of molasses preparation for
fermentation consists only of homogenization
of antiseptic molasses and dilution with water
(spreading).

The main disadvantage of molasses as a
raw material for bioethanol production is its
limited amount. According to statistics, in
2019 the sugar factories of Ukraine received
832581.6 tons of sugar, 256067.6 tons of
molasses, and 1297780 tons of pulp. That is,
from 256067 tons it is possible to get 77896
tons of bioethanol, or (77896 tons - 0.64 =
49853.44 tons of oil equivalent) [14].

However, molasses are also used as a raw
material for the production of food acids,
baking, and feed yeast, as an additive to farm
animal feed, as well as a binder in the lumping
of fine coal [15].

The simplified block diagram of complex
processing of grain raw materials for
bioethanol obtaining with designation of by-
products are shown in Fig. 2.

The comparative characteristics of
different types of biomass as raw materials for
bioethanol production are shown in Table 1.

3. Economic efficiency of different methods
for bioethanol obtaining

It should be noted that the use of
plant biomass as a primary energy source
is currently unacceptable from both an
economic and environmental point of view.
The experience of a number of industries,
in particular hydrolysis, allows solving the
problem of profitability of organic biomass
processing by its deep complex processing to
obtain components whose cost exceeds the cost
of organic raw materials as fuel.

The main results of the complex processing
of organic raw materials are increasingly
energy-containing products — bioethanol
and hydrolyzed lignin, which energy
characteristics are commensurate with fossil
fuels.
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Fig. 2. Block chart of complex processing of grain raw materials and molasses for bioethanol obtaining with
by-products designation
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Table 1. Technological evaluation of raw materials for bioethanol production in Ukraine [16]

Type of raw Yield of bioethanol, th/tons of raw The required sowing area for the
material material production of one ton of bioethanol, ha
Spiked cereals 0.3 1.24
Beet 0.08 0.42
Sorghum vulgare 0.09 0.14
var. saccharatum,
Sorghum
saccharatum
Molasses 0.24 -
Wheat straw up to 0.1%* -

Note: enzymatic hydrolysis with pretreatment by purified KOH [17].

Themain direction of improving the process
of complex processing of organic biomass,
in particular plant raw materials, is the
introduction of technologies and equipment
that increase the degree of conversion of raw
materials into basic and by-products without
a significant increase in energy consumption.

The main factor that determines the
efficiency of bioethanol production is energy
consumption per unit of output.

Table 2 shows the average energy
consumption of the plant for 1000 liters of
bioethanol production. These indicators are
typical but may vary depending on specific
local conditions (according to VOGELBUSH
Biocommodities) [18]. Steam consumption and
supplied power vary depending on whether
the drying of the post-alcoholic bard (wine
concentration) takes place or not.

From the data given in Table 2 it can be
concluded that the production of bioethanol
from molasses is 44% less energy consuming
compared to the production of bioethanol
from wheat. The additional operation of
drying the post-alcoholic bard, offered by
the manufacturer, adds about 60% to energy

consumption (for molasses) and more than
twice as much for wheat.

As an example of efficiency of deep grain
processing, the material balance of typical
plants offered by the VOGELBUSH group of
companies is given (Table 3).

There are a number of studies on the cost-
effectiveness of processing for various types
of plant raw materials in order to obtain sugar
with subsequent production of ethanol and
by-products [20—-22], in particular in [22]
the fixed capital costs (buildings, equipment
and plant construction costs, and production
costs (including materials, labor, utilities,
maintenance fees, and capital depreciation)
(Fig. 3).

The figure shows that when investing
in fixed capital, pulp processing has higher
fixed costs than that of first-generation raw
materials.

The acid-based pretreatment has the
highest fixed cost because of the extra costs
required to guard against equipment corrosion.
The ionic liquid and organosolv pretreatments
have the second highest fixed costs because of
the additional equipment needed for recycling

Table 2. Average energy consumption of the entire plant for 1000 liters bioethanol production
(according to VOGELBUSH Biocommodities)

Raw material Part of Quantity, Steam, kg Power, KW /h
(SSI‘;ZZ;I‘}‘) kg Drying of post-alcoholic.bard or
vinassa concentration
no yes no yes
Wheat 62 2420 1400 3150 115 260
Cereals 65 2285 1250 2750 110 220
Molasses 52% 3210 1700 3000 65 105
Cane juice Sorghum vulgare var. 18+% 8640 1200 2550 60 90
saccharatum, Sorghum saccharatum
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Table 3. Added value of typical plants (according to the VOGELBUSH group of companies) [19]

Type of enterprise Wheat, thousand tons/year | Added value, million euros/year
A simple plant for grain processing into 500 47.7
bioethanol
Deep processing plant grains 500 77.1
Plant for deep grain processing and
bioethanol production 1000 123,3
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Fig. 3. Costs of sugar production from different types of feedstocks:
a — fixed capital cost; b — production cost [22]

17



BIOTECHNOLOGIA ACTA, V. 13, No 6, 2020

and facilities for storing the solvents. On
the other hand, the least expensive sugar
production operation used sugar crops because
it required a relatively simple process for juice
extraction.

Fixed costs for the wet grinding process
are higher than for the dry grinding process
due to operations related to the fractionation
of corn grain.

Equipment wused for raw material
processing, pretreatment, and lignin
separation is a major factor in increasing fixed
capital investment for pulp raw materials.

As it is shown in Fig. 3, b, pretreatment
of raw materials before hydrolysis using
acid has the lowest cost of sugar production,
because it has high efficiency and productivity
of sugar. Lower sugar alkaline pretreatment
productivity leads to higher sugar production
costs.

The most promising lignocellulosic
raw materials for complex processing are
agricultural waste. Thus, in 2017, primary crop
waste (straw and stems) amounted to 15039
thousand tons of oil equivalent, or 57.7% of
the total biomass potential of agricultural
enterprises of Ukraine, wood biomass — 16.3%,
energy crops — 14.5% [23].

Fig. 2 shows that the common stages of the
technological process of bioethanol obtaining,
for these types of raw materials are the
generation of yeast, fermentation, distillation,
and dehydration of ethanol. The differences
of the previous stages are determined by the
type of raw material, the method for obtaining
from it a sugar solution for fermentation and
byproducts obtaining from it that are not used
in ethanol production.

The most energy-intensive is the method
of bioethanol obtaining from lignocellulosic
raw materials, which consists of a stage
of pretreatment for hydrolysis and direct

hydrolysis. The main energy consumption is
to maintain high temperatures and pressures
during pretreatment and hydrolysis with dilute
acids and to maintain a certain temperature for
a significant time (up to several days) during
enzymatic hydrolysis.

The main purpose of pretreatment of
lignocellulosic raw materials for hydrolysis
is the removal of lignin, which prevents the
access of cellulolytic enzymes to cellulose
fibers. Commercial pretreatment technologies
are shown in Table 4 [24].

Cost  distribution for the general
lignocellulosic enterprise equipment is given
in [24]. Pretreatment and steam production
are the most cost-effective areas.

One of the ways to increase the efficiency
of complex processing of lignocellulosic raw
materials is the application of equipment
that enables to increase the degree of raw
materials conversion into basic and by-
products. An example of the equipment
that significantly intensifies heat and mass
transfer in liquid multicomponent media are
rotary pulsation devices, which are effective
devices in technologies related to mixing,
homogenization, dispersion, etc. [25]. In
particular, there are a number of studies on
the use of rotary pulsation devices in the
technology of making wort from starch-
containing raw materials [26, 27].

The research results on the use of rotary
pulsation apparatus for delignification of
wheat straw in the process of its preliminary
preparation for hydrolysis are given in [28].
The hardware-technological scheme of the
pretreatment stage for hydrolysis using a
rotary pulsation apparatus and alkali as an
agent for removing lignin is shown in Fig. 5.
The receiving tank I and the rotary pulsation
apparatus 2 are filled with an alkaline solution.
After the engine start, the pre-crushed chips

Table 4. Commercial technologies of of lignocellulosic raw materials prearrangement for hydrolysis

Type of process

Manufacturer

Characteristic

Steam explosion

Beta Renewables

Low xylose yield
A large amount of enzyme preparation

One-stage treatment with dilute Abengoa High yield of xylose
acid medium amount of enzyme preparation
Two-stage treatment with diluted Poet—DSM High yield of xylose
acid Small amount of enzyme preparation
Ammonia and steam Dupont Requires a large amount of enzyme preparation
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Fig. 4. Cost distribution for equipment of the enterprise
for the bioethanol production from cellulose-containing raw materials [24]

of annual plant raw materials are added into
the solution moving in the reverse flow. The
resulting dispersion passes through a rotary-
pulsation apparatus. Processing is carried
out in the recirculation mode at certain
temperatures (up to 100 °C) and pressure (up
to 0.1 MPa). The resulting dispersion is fed
to filter 3 (optionally diluted with water), in
which the filtrate containing lignin and the
solid cellulose residue, which is fed to the stage
of hydrolysis, is separated.

The filtrate from the filter is fed to the
intermediate tank 4 and subjected to chemical
treatment with sulfuric acid up to pH = 2,
after which it is fed to filter 5. The precipitated
lignin remains on the filter and is fed to the
drying stage. After filter 5 the filtrate is fed
to the stage of hydrolysis.

If bioethanol is considered as an item, it
has a stable high demand and turnover, which
has a profitability of 15-30% . The production
building is quite compact 30x21x24 meters. Of
course, by building a complex for bioethanol
production, the company has the opportunity
to modernize processing and launch the
production of baker’s yeast, furfural or
liquefied carbon dioxide, which are sold as
separate products. Among the options for
the future, the construction projects are
considered for biogas production facilities
through the methanation of bard and pulp
with the production of green electricity, which

is implemented with a factor of 2.2—-2.5. Every
day, the plant, which processes 200 tons of
molasses, produces 50 tons of bioethanol,
40 tons of carbon dioxide [29].

Lignin and bioethanol are energy-intensive
products of plant biomass processing. The
calorificvalueofdryligninis5500—-6500kcal /kg
and is comparable to the calorific value of
equivalent fuel (7000 kcal/kg). The caloric
content of the product with a moisture content
of 18-25% is 4400-4800 kcal/kg and the value
of the product with a moisture content of more
than 65% 1500-1650 kcal/kg, the caloric
content of ethanol is respectively 6405 kcal /kg.

27 thousand tons of fuel equivalent per
year could be produced from 43 thousand
tons of absolutely dry lignin with a moisture
content of 60% .

According to the world leader in lignin
production Borregaard, 400 kg of cellulose, 50
kg of ethanol, 3 kg of vanillin, and 400 kg of
hydrolyzed lignin are obtained from 1000 kg
of wood after autoclaving, decolorization and
drying.

According to various sources, the amount
of lignin in Ukraine (waste from the yeast,
feed, pulp, and paper industry) is from 5 to 15
million tons.

It is known that deep complex processing of
plant raw materials can significantly increase
the profitability of the relevant industries by
obtaining additional products with high added
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Fig. 5. Hardware-technological configuration of the pretreatment stage
for hydrolysis using a rotary-pulsation apparatus:
1 — receiving capacity; 2 — rotary pulsation aparatus; 3, 5 — filter; 4 — intermediate capacity; 6 — pump

value, thus reducing the cost of basic products
and increasing the profitability of production
as a whole. So, the substances obtained in the
process of chemical destruction of organic raw
materials in hydrolysis or yeast production
are in great demand in the pharmaceutical,
chemical, cosmetic industry, construction,
and so on [5]. Much attention is paid to the
integrated processing of organic raw materials
in industrialized countries.

The centers for integrated processing of
organic raw materials operate in Austria,
France, Denmark, Germany, Canada, the
Netherlands.

Thus, the Austrian company “Lenzing AG”
produces furfural, acetic acid, sodium sulfite,
potassium, lignin. At the same time, thermal
and electrical energy is produced on the basis
of lignin as an energy carrier.

In Canada, “Ensyn” recycles crop and wood
waste, produces biodiesel, charcoal, binders,
“green gasoline” (bioethanol), diesel, and
aviation fuel (rapid pyrolysisisused). Biodiesel
is used to produce heat and electricity, motor
fuels, and a number of chemicals.

GEA Wiegand GMBH from Germany,
producing bioethanol, additionally produces
gluten flour, starches, dextrose, fructose
syrup, and other high-value products.

20

Lignins, as products of complex processing
of plant raw materials, have been used as
dispersants, emulsifiers, binders and adhesives,
sorbents for medical and technological purposes,
sorbents for wastewater treatment [30, 31].

In the pharmaceutical field, lignin is
considered asa promising material for hydrogels
production, because lignin has antioxidant and
antibacterial properties [32], it can be used as a
material for 3D printers for the manufacture of
dressings for wounds. The components of lignin
decomposition are considered as antiviral drugs
and antioxidants [33].

However, commercially lignins continue
to be used as biofuels (fuel briquettes, pellets,
including in a mixture with sawdust, coal and
peat dust, fuel gas production, including the
production of electricity in gas-piston gas
generators, boiler fuel, etc.).

The most common type of use of hydrolyzed
lignin with a humidity of 60-65% is its
combustion to produce heat.

Modern operating enterprises for
lignocellulosic raw materials processing use
lignin obtained during processing as fuel for
steam production at the enterprise.

The use of lignin and fuel quality can cover
up to 73% of the thermal energy demand for
bioethanol production in an alkaline way [34].
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Bioethanol obtaining from  starch-
containing, sugar-containing orlignocellulosic
raw materials requires the use of different
technological stages so the cost of bioethanol
for each type of raw material is different
accordingly. Compared to bioethanol with
sugar-containing and starch-containing raw
materials, bioethanol from lignocellulosic-
containing raw materials is more expensive.
The most energy-consuming is the stage of
preliminary preparation of raw materials for
hydrolysis in the technology of bioethanol
obtaining from lignocellulosic raw materials.
Increasing the profitability of bioethanol
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PEAJIII CLOTOAEHHSA TA IEPCIIEKTUBH
KOMIIJIEKCHOI ITIEPEPOBKH
POCJIMHHOI CUPOBUHHU
HA BIOETAHOJI TA IIOBIYHI TPOAYKTH

0. M. O60o0osuu, B. B. Cudopenko

TacTuryT TexHiuHOI TenodisuKku
HAH VYxpainu, Kuis

E-mail: tdsittf@ukr.net

BukopucranHa pocauHHOI 6iomacu AK mep-
BUHHOTIO JsKepeJia eHeprii Ha chbOroNHi € Henpuii-
HATHUM Hi 3 eKOHOMIUHOIO, Hi 3 €KOJOTiuHOTO
moraany. JlocBim HMBKM BUPOOHUIITB, 30KpeMa
rigposiszHOro, mae 3MOT'Y BUPIIIUTH IPOOJIEMY
peHTabenbHOCTI 00po0IeHHA opraHiuHoi Gioma-
KM 3 OTPUMAHHAM CKJIAJOBUX, BapPTiCTh AKUX
IepeBUINlye BapTicTh BUXigHOI opranHiuHoi cu-
poBUHU AK majgmBa. Hapasi roloBHUMU Pe3yJib-
TaTaMB KOMILJIEKCHOI IepepoOKU opraHiuuoi
CUPOBUHU 3aJUIIAIOTHCS €HEeProBMiCHI IPOAYK-
™1 — 06ioeTaHOJI Ta TiApOoJIisHUU JirHiH, AKi Ma-
IOTh eHEePreTUYHi XapaKTepUCTUKH, CIIiBCTaBHi 3
BUKOIHUMU najnuBamu. OTpuMaHHA 6ioeTaHOTY
3 KpOXMaJIeBMiCHOI, ITyKpoBMicHOI abo Jiruore-
JIF0JI030BMiCHOI CMPOBUHY IIOTPEOyE 3aCTOCYBaH-
HA Pi8HUX TeXHOJOTIUHUX cTamiu i, BiAmoBigHO,
cobiBapTicTh OioeTaHONy MO KOMKHOTO BHUIY
cupoBuHU € pisHoM0. IlopiBHAHO 3 GioeTaHOJIOM
i MYKPOBMIiCHOI0O Ta KPOXMAaJIEBMiCHOIO CUPOBU-
HOI0 0ioeTaHOJI 3 JIirHOIIEeJI0J030BMiCHOI CHPO-
BUHHN € AOpokumM. HalieHeproBuTpaTHIiIIIO B
TexXHoJOTil oTpumManHsA OioeTaHOJYy 3 JIirHOIIE-
JII0JIOBOBMIiCHOI CUPOBUHMU € CTAJAis MOIepeIHbol
OiITOTOBKY CHPOBHHU MO0 TiApPOJi3y, OCKiJIbKH
el mpoIec i riposais po3BeleHNMHY KUCJIOTaAMU
BimOyBa€eThCcsa 3a BUCOKUX TeMIepaTypu Ta THUC-
Ky. Ilig uac eH3MMAaTHUUYHOrO TiAPOJai3y TeMmepa-
Typa mpolecy HNifTPUMYyEThCA IPOTATOM TPUBA-
Jjoro yacy (mo Kinbkox ni6). Iia 3abesmeueHHS
rInOOKOI KOMILIEKCHOI IepepoOKM POCIMHHOI
CUDOBUHU, & TAKOXX 3 METOI0 3MEHIIEeHHA 3a-
TaJbHUX BUTPAT 3aIPOIOHOBAHO BIOCKOHAJIEH-
HA TeXHOJIOTiI Ta o0JagHAHHSA, II0 YMOMKJINBUTD
30iJbIIIeHHSA CTYIeHA KOHBepcili BUXigHOI cupo-
BUHU B OCHOBHI Ta O6GiuHi IpoAyKTH.

Knwuosi cnosa: 6ioetanosn, 6iomaca, momepemsHs
OiArOTOBKA, TiApOJi3, JIrHiH, POTOPHO-IyJIhCAa-
ImidHUYT amapar.

PEAJIMHA HACTOAINETO U ITEPCIIERTHUBbI
KOMIIJIEKCHOM IEPEPABOTKH
PACTHUTEJIBHOI'O CbIPbA
B BUO9TAHOJI 1 IIOBOYHBIE ITPOAYKTbI

A. H.O600osuu, B. B. Cudoperko

WHCTUTYT TEeXHUUECKOU TeIJIO(DUSUKYI
HAH Vxkpaunsl, Kues

E-mail: tdsittf@ukr.net

Ha ceroguamiauii qeHb MCIIOJb30BaHUE pac-
TUTEJbHOII 6oMacchl KaK IMEePBUYHOTO MUCTOYHU-
Ka 9HEPTUU SABJIAETCSA HEIPUEMJIEMBIM HU C KO-
HOMUIYECKOM, HU C DKOJIOTUYECKOM TOUKY 3PeHNUd.
OmneIT psAma MIPOU3BOLCTB, B YACTHOCTU T'HUAPO-
JIN3HOI'0, II03BOJISET PEIIUTh IP0o0JeMy pPeHTa-
0eJIbHOCTH 00paboTKM OpPraHNYecKOH O6rMOoMACCHI
IIyTeM TJIyOOKOII ee KOMILJIEKCHOI IlepepaboTKu
C MOJIYUYEeHUEM COCTABJIAIOINX, CTOUMOCTH KOTO-
PBIX TIPEBBIIIIAET CTOMMOCTb MCXOJHOTO OpPTaHU-
YECKOr'0 ChIPhS KaK TOILIMBA. HbIHe IiIaBHBIMU
pesyJbTaTaMMU KOMILIEKCHOM mepepaboTKU opra-
HUYECKOTO CHIPbSA OCTAIOTCSA dHEProcoAepsKalme
MIPOAYKTHI — OMOATAHOJ U TUAPOJIUSHBIN JIUTHUH,
UMeIoIINe 9HepPreTuUecKre XapaKTepPUCTUKHU, CO-
U3MePUMBIe C ICKOIIaeMbIMY TOILJITBAMMU.

ITonyuenne OmosTaHOIa M3 KPaXMAaJICOIEP-
JKaIIero, caxapocoIeprKaIlero Uin JUTHOIeLIIO-
JIO30COZIEPIKAIIeTO ChIPhbsA TPeOyeT MPUMEHEHUs
Pa3IMYHBIX TeXHOJOTUUYECKUX CTAAUM 00paboTKU
U, COOTBETCTBEHHO, Ce0ECTOMMOCTH OMO3TaHOJIA
IUIA KayKJIOro BUAa ChIPbaA passumuHa. Ilo cpas-
HEHHUI0 ¢ OMOSTAHOJIOM C CaXapoCOAEeP:KaIllero u
KpaxMaJICOIepPs;Kalllero ChIPbs CTOUMOCTB OMO-
9TaHOJIa W3 JIMTHOIEJLIIOJIO3HOTO CHIPhS SABJISET-
ca OGosee BhICOKOIT. Hawmbosiee sHeprosaTpaTHOI
B TEXHOJIOTUY IIOJIYUYEeHUA OMO3TaHOJIA U3 JIUTHO-
IIeJLITI0JIO30COIEPIKAIIETO ChIPhA ABJIAETCA CTaUA
IIPeIBaPUTEILHON MOATOTOBKY ChIPbSA K THIPOJI-
3y, IIOCKOJIbKY 9TOT IIPOIECC U I'UAPOJIN3 pasbas-
JIEHHBIMU KHCJIOTAMU IPOUCXOAUT IIPU BHICOKUX
TeMIepaType U AaBjieHuu. Bo BpeMsa sH3UMaTHUUe-
CKOTO TMAPOJIM3a TeMIlepaTypa IIpolecca IoAmep-
JKMBAETCS B TeUeHUE 3HAYUTEIHHOTO0 BPpeMeHH! (10
HECKOJBbKUX CyTOK). 15 obecmeueHUsA TIIyOOKOI
KOMILJIEKCHOII IepepadOTKU PACTUTEJIHLHOTO ChI-
Pbs, a TaKIKe C [eJIbI0 YMEeHbIITeHUA 00IITUX 3aTpaT
MIPEeAJI0KEeHO COBEPIIIEHCTBOBAHNE TEXHOJOTUU U
000py0BaHYE, ITIO3BOJIAOIIEE YBEJINUUTH CTEIIEHD
KOHBEPCUY UCXOJHOTO CHIPHs B OCHOBHBIE U ITI000U-
HbIE IPOLYKTHI.

Kntouesvle cnrosea: 6mostanos, buomacca, mpeji-

BapuTeJgbHaA IIOATOTOBKA, THUAPOJU3, JIUTHUH,
POTOPHO-ITYJIBCAITMOHHBIN anmapar.
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