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Abstract. The relevance of the study is due to the search for rational geometric parameters of
screw nozzles and the identification of the influence of the compression ratio of twin screw
extrusion presses on the oil compression process. An important criterion in this paper is the
indicator of the value of oil yield to obtain economic profit. From the analysis of optimisation
methods in similar studies, the following variable geometric parameters of screw nozzles were
selected for twin screw extruders: axial pitch, channel width between turns, rig width of the turn,
and nozzle length. Two sets of experimental working bodies with modified geometric parameters
were manufactured based on theoretical calculations and computer modelling to improve the
working bodies of the EK 75/1200 twin screw extrusion press. Their theoretical compression ratio
is determined, which is 5.50 and 4.33, respectively. It is also defined for the basic set of working
bodies, which was recommended by the manufacturer, which was 4.69. It is established that the
general nature of changes in the free volume along the length of the screw shaft is accompanied
by an uneven decrease from 40 to 80% toward the press cake output. From the reviewed scientific
literature, it was identified that the nature of changes in the free volume of turns along the length
of the screw shaft characterises the correctness of its design. However, after analysing the results
of the work performed, it was determined that the selection of rational geometric parameters of
the working bodies should be considered in conjunction with other structural parameters, which
will further intensify the oil compression process. It is experimentally confirmed that the oil yield
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depends on the degree of compression due to the geometric parameters of the screw nozzles.

The oil yield increased by 0.9% when using a set of working bodies of set 1 when compared with

the basic set of working bodies from the manufacturer’s factory (set 2) in terms of volume of

processed raw materials per unit will bring additional profit. It was determined that with the

production volume of 50 tons of oil with an improved set of working bodies (set 1), the economic

effect amounted to UAH 19,250

Keywords: oil production, double screw extrusion press, improvements, geometric parameters

Relevance

Over the past ten years, the area planted with
oilseeds in Ukraine has grown substantially.
From 1998 to 2020, sunflower production in-
creased 6.7 times (from 2.26 to 15.254 million
tons), while seed exports decreased by almost
17 times. The capacity for processing oilseeds
increased 9.2 times (from 2.6 million tons to
24.0 million tons per year) and continues to
grow as a result of the construction of new
plants and the reconstruction and modernisa-
tion of existing ones. Sunflower oil production
increased 16.3 times (from 432.8 thousand tons
to more than 7.0 million tons). The fat-and-oil
industry of Ukraine is export-oriented. The in-
ternal market consumes up to 10% of the total
oil production in Ukraine [1]. The oilseed pro-
cessing facilities created in Ukraine allow the
processing of all grown crops (sunflower, soy,
rapeseed). However, due to the constant in-
crease in production capacity and mass export
of soybean seeds, rapeseed, and partial export
of sunflower seeds, processing enterprises are
not fully loaded, which creates competition for
raw materials in the internal market [2].

1,200 business entities are engaged in
processing oilseeds in Ukraine. Therewith, the
industry is characterised by a fairly high con-
centration of production: more than 90% of
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oil is produced by 51 specialised enterprises
of large and medium capacity [3]. In small-ca-
pacity workshops, unrefined oil is usually pro-
duced by pressing. Basically, these workshops
were created by agricultural enterprises to gen-
erate additional profit from processing their
own agricultural products. Their products are
focused mainly on the needs of the popula-
tion of villages and district centres. Since the
mid-90s of the 20™ century, the range on the
market among equipment for oil production
has increased rapidly. Press equipment of low
capacity (from 50 to 450 kg/h) was very diverse
in the design of presses and the complexity of
lines. However, most of them used unneces-
sarily energy-intensive, labour-intensive, and
bulky complexes of machines and presses for
oil production. Therefore, after a certain pe-
riod of time, many manufacturers of unprof-
itable pressing equipment quit the market.
Among the few manufacturers of equipment
for oil production that remained in demand by
processing enterprises, were manufacturers of
twin screw extrusion presses. They occupied a
certain niche among pressing equipment with
a capacity of 150-500 kg/h. During the opera-
tion of twin screw extrusion presses, there is no
need to use auxiliary equipment for preparing
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oilseeds: rudders, roller machines, roasters.
This allowed substantially simplifying the tech-
nology of processing oilseeds by combining the
operations of heat treatment, grinding, form-
ing (granulating) the press cake, and pressing
vegetable oil in one machine, which is certainly
beneficial for raw material processing in small
volumes. Notably, among other advantages of
such extrusion presses is that they do not re-
quire complex installation and large rooms, can
be serviced by unqualified workers, and within
2 hours they can be converted to other types of
oilseeds. In addition, it is possible to press out
the oil of unhulled sunflower seeds with twin
screw extrusion presses [4].

Oil-pressing screw presses belong to the
group of continuous machines, the main work-
ing body of which is a cylinder with one or more
set screw shafts placed in it. Numerical values
of the geometric parameters of the working
path of the press substantially affect the char-
acteristics of oil compression processes: pro-
ductivity, oil yield, long-term operation, and
power costs. Therefore, the study of geometric
parameters of working bodies remains a very
relevant issue for further substantiation of
their rational values and determination of eco-
nomic feasibility.

Analysis of Recent Studies and
Papers

The main principle of operation of the screw
press is to move oilseeds along the working
chamber and compress it with a screw shaft.
Compression of raw materials is conducted
by reducing the free volume of the channels
of the working area of the screw shaft, which
is achieved by shifting the pitch, reducing the

depth of the channel and the internal diameter
of the seer cylinder. Therewith, there is a wide
variety of specific combinations of these geo-
metric parameters [4, 5, 6].

In the study [7], the influence of the design
parameters of a screw shaft, the screw groove of
which is made in the form of a curved triangle,
on the energy indicators of a screw oil press is
proved. These theoretical dependencies allow
for calculating the total power consumption of
an oil press.

Oil yield is one of the most important
variables in the oil extraction process, so ana-
lysing this parameter is extremely important.
Papers [8, 9, 10] are devoted to the modelling
and optimisation of technological and de-
sign parameters for oil extraction. In the pa-
pers [11, 12], mathematical models have been
developed that consider the parameters of
controlling the pressing process with improved
press characteristics. The optimal geometric
parameters of the screw shaft design and opti-
mal operating conditions for maximum oil yield
were determined, and the influence of many pa-
rameters that affect the oil yield from the screw
press was investigated.

The shortage of cost-effective oil press
options is very noticeable in agricultural coun-
tries. Science-based advanced presses are the
perfect solution to this particular problem. In
the study [13], the design parameters of the
screw press were improved. The screw length,
pitch diameter, heating temperature, and rota-
tion speed were determined to have a substan-
tial impact on the oil yield efficiency.

The mechanical press method of oil ex-
traction is the most common in the world. How-
ever, most screw presses used for this purpose
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leave about 8-14% of the oil in the press cake.
A modified press was designed and developed
based on the new principle of two-stage sin-
gle-feed compression to improve the efficiency
of oil extraction [14].

The paper [15], which contains an analysis
of the use of twin screw extruders, deserves at-
tention. It provides a comprehensive overview of
the key parameters that affect the productivity
of the oil pressing process. Therewith, consid-
erable attention is paid to the development of
innovative processes using twin screw extruders.

From the conducted literature research,
it was determined that in the scientific litera-
ture more attention is paid to improving sin-
gle screw oil presses than twin screw ones [4].
There are quite a lot of papers [16, 17, 18] in
which the rheology of material behaviour in
the geometric space of the channel is well de-
scribed, formulas for calculating screw presses
and extruders are given, and the effect of mix-
ing and grinding working bodies of twin screw
extruders related to the processing of rubber
mixtures and plastics is described. From the
standpoint of mathematical modelling, twin
screw extruders are much more complex than
single screw extruders, and therefore for a long
time the choice of geometric parameters and
processing modes was based on practical ex-
perience and experimental data, and, in addi-
tion, they had limited application due to a more
complex design [4].

Little attention is paid to the problem of
investigating the influence of geometric pa-
rameters of the oil pressing path and screw
nozzles on the process of oil production in
screw presses in the Ukrainian scientific liter-
ature. Insufficient coverage of issues related to
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the scientific justification of rational parame-
ters and design of working bodies in twin screw
extruders substantially hinders their techni-
cal development, leads to the appearance of
imperfect equipment and unnecessary costs
for its manufacture and operation. Therefore,
there is a need to supplement the existing ideas
about the interaction of special grinding work-
ing bodies with transporting and compressing
screw nozzles and the development of grinding
units for twin screw extrusion presses.

The purpose of the study is to determine
the rational geometric parameters of screw
shafts of twin screw extrusion presses through
theoretical analysis and experimental studies.
The main task of the study was to offer the best
design and technological solutions, consider-
ing the characteristics of existing analogues of
extrusion presses for oil pressing and rational
geometric parameters of modern screw nozzles.

Materials and Methods

Experimental studies were conducted in pro-
duction conditions on the extrusion press pro-
duction facilities of SPE Extruder (Kharkiv) to
determine the rational geometric parameters of
the screw shafts of twin screw extrusion presses
for the efficiency of the oil extrusion process.
The research methodology included conduct-
ing preparatory works of the same type and
experiments, namely - setting the maximum
operating modes of the extruder for sunflower,
rapeseed, and soybean seeds, determining the
humidity of the selected batch of seeds for ex-
periments. When performing experiments, gen-
erally accepted methods were used from litera-
ture sources and developed in the course of the
study. The design-technological parameters of
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the extrusion press were controlled by various
measuring devices. The choice of devices and
measuring equipment was made on the con-
dition that they provide the accuracy of mea-
surements regulated by standardised methods.
Processing of experimental data and graphic
design of the work was conducted using com-
puter software: Microsoft Office Excel.

Main Material Presentation

During the development and operation of
screw presses of various designs, extensive ex-
perience has been accumulated. From the be-
ginning of pressing, the seed passes from one
physical state to another until the oil and press
cake are released. The method of their sepa-
ration (decomposition) and consideration in
parts is used to examine these processes. No-
tably, such separation in most cases is purely
conditional, since such parts are intercon-
nected and have an impact on previous and
subsequent processes. Therewith, each of the
processes in a complex processing system can

take place simultaneously (in parallel) or simul-
taneous-sequentially, which is implemented
inside the pressing path of the extruder, where
oilseeds, along with transportation, grinding,
mixing, are subjected to heating and pressing.

Improving the quality of oil pressing in ex-
trusion presses, in contrast to classic oil presses,
is achieved by replacing traditional turns (screw
nozzles) with two structural and technological
zones (power, compression) with screw shafts
with four main zones: power, compression,
grinding and mixing, final pressing. As a result,
twin screw extrusion presses are distinguished
by longer screw shafts, which is associated with
the introduction of special mixing and grinding
elements into their design [20].

The working shaft of twin screw extruders
is made as a set (Fig. 1) and consists directly of
a shaft-rod 1, on which screw nozzles are put
on 3, 4, 6, 7, triangular cam nozzles 5, interme-
diate or mounting rings, if necessary, which are
attached to the shaft by a spline or, preferably,

keyway connection.

Figure 1. Geometry of the screw channel of a twin screw extrusion press: 1 - shaft; 2 — case;
3,4, 6,7 - screw nozzles; 5 - triangular cam nozzles

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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The outer surface of the screw nozzles and
cams together with the inner surface of the
housing form a screw channel. The screw noz-
zle (auger) and channel are characterised by ex-
ternal and internal diameters D, and d , screw
step t, channel height h, channel width b, rig
width e, helical line lifting angle ¢, the gap be-
tween the cylinder wall and the coil rigs §,, the
gap between the rigs of one screw and the core
of another §,, the gap between the side surfaces
of the coil rigs §,, the length of the screw noz-
zles and the working area of the shaft, etc.

When describing a screw pressing mecha-
nism, the principle of its division into sections
is used. In general, a section is an elementary
screw mechanism with conditionally constant
parameters of the pressing process. The section
can end with a matrix or compression gate — a
section of the machine where the screw turn is
interrupted and the flow section decreases [4].

In twin screw extrusion presses with
hooked screws, the screw channels are divid-
ed by turns of conjugated screws into sepa-
rate C-shaped volumes. Complete extrusion
of C-shaped volumes due to the mutual hook-
ing of the screw shafts ensures equal time of
the material processing in the channels of the
screw nozzles, and this is an important factor
so that the oil-containing material does not
overheat. However, the need to ensure geomet-
ric compatibility of the screws implies the pres-
ence of gaps §,, §,, which violate the isolation
of C-shaped volumes and lead to material flow
between them.

Compression of oil-containing material in
the screw press during its movement through
the working chamber is conducted due to a
decrease in the free volume of channels in the
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working area of the screw shaft. The differ-
ence in the operating principles of twin screw
and single screw extruders is due to different
mechanisms for creating pressure in the pro-
cessed material. In twin screw extruders, unlike
single screw ones, there is a push-out effect of
the turns of the conjugated shafts. If in a single
screw extruder the ability to increase pressure
is determined by the depth of the screw shaft,
then in a twin screw extruder - by the geomet-
ric degree of closure of the screw channel (com-
pression degree), which is determined from the
Formula [4]:

) M

where e — width of the screw nozzle rig, t — screw
pitch, and i — number of screw thread entries.

Value k_shows which part of the channel
cross-section overlaps, and characterises the
compulsion to transport the processed material
to the forming tool of the extruder and the abil-
ity of the augers to gain pressure.

In a screw press, the degree of compression
of oil-containing material is the ratio of the
free volume of the previous turn to the free vol-
ume of the next one.

Kow =12, )
where k - degree of compression of the

oil-containing material; V_, V- respectively,

B1? B2
the free volume of the first (previous) turn and
the next, m3.

The seed mass, if it gets to the first trans-
portation turn, has a large number of cavities
between them, which should be eliminated as

soon as possible. Therefore, the free volume of
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subsequent nozzles should be sharply reduced.
At the end of the shaft, the free volume of the
last nozzles should change less intensively,
since the inner surface of the oil-containing
material decreases due to compression of the
capillaries of the gel part, the volume of which
is relatively small. The nature of changes in the
free volume of turns along the length of the
screw shaft characterises the correctness of its
design, and the degree of compression of the
oil-containing material created by the screw
characterises it from the quantitative side.

In a twin screw oil press with unidirec-
tional shaft rotation, the diameter of the screw
nozzles and the cylindrical surface of the case
around them and the height of the turns of the
screw nozzles are constant along the entire
length of the working part of the screw shaft. Ac-
cordingly, the mass is compacted only by reduc-
ing the volume of the C-shaped section of the
screw channels of each subsequent screw noz-
zle. This is done by stepwise reducing the pitch
of the turns of the screw nozzles and changing
the width of the rig of the turn. The width of
the turn rig can vary from larger to smaller and
vice versa, which means that there are a large

number of options for changing configurations
to find rational parameters. The pressure force
generated by the screw nozzles depends on the
screw thread pitch of the screw. Greater pres-
sure forces can be created by reducing the pitch,
but simultaneously reducing productivity.

The analysis of geometric parameters of
three sets of working bodies of a twin screw
extrusion press (set No. 2 — recommended by
the manufacturer, sets No. 1 and No. 3 — ex-
perimental screw nozzles made based on the
calculations of the study and partially by the
manufacturer, respectively) is conducted. Cal-
culations are made based on their geometric
parameters for determining the free volume in
each nozzle (screw nozzle “SN” and cam nozzle
“CN”) and the theoretical degree of compres-
sion in the working chamber. Usually, their
number, type, and size differ depending on the
oilseeds that are planned to be processed.

The results of determining the theoretical
degree of compression of oil-containing ma-
terial in the working chamber for three sets
of working bodies (for sunflower seeds) of the
EK 75/1200 extrusion press (SPE “Extruder”,
Kharkiv) by formula (2) are displayed in Table 1.

Table 1. Degree of compression of sunflower seeds along the pressing path of the screw shaft of the
working bodies

Nozzle number

Total compression

degree
SN SN CN SN CN SN SN CN SN CN SN SN SN SN Ne1/ Set
N2l N22 N2l N23 N22 N24 N5 N23 N9 N°4 N°27 N28 N29 SN N29
1 1.58 1.29 0.70 1.25 0.74 1.10 1.25 1.75 0.72 1.54 1.06 1.08 5.50 No. 1
1 170 129 0.80 1.25 0.80 1.12 1.11 1.86 0.67 1.49 1.06 1.08 4.69 No. 2
1 1.83 1.29 0.68 1.25 0.76 1.10 1.25 1.64 0.72 1.54 1.01 1.08 4.33 No.3

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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The total degree of seed compression ob-
tained by dividing the free volume in the zone
of the first conjugate pair of screw nozzles by
the free volume of the last pair of screw nozzles
is only theoretical, which to a certain extent
characterises the screw shaft. The nature of

changes in the free volume and compression ra-
tio of material along the length of the working
path of the press in each conjugate pair of screw
nozzles (SN), cam nozzles (CN) of the three an-
alysed sets of working bodies is displayed in the
diagram (Fig. 2) and chart (Fig. 3).
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Figure 2. Change in the free volume within the conjugate pair of the screw (SN) and cam nozzles
(CN) along the pressing path of the screw shaft
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Figure 3. Change in the compression ratio of material within the conjugate pair of the screw (SN)
and cam nozzles (CN) along the pressure path of the screw shaft
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The difference in the position of the com-
pression ratio curves of the material within
the conjugated pairs of screw nozzles of sets of
working bodies along the length of the press-
ing path of the screw shaft shows a smooth
(smaller) or larger angle of the nature of changes

in geometric parameters (screw pitch t, channel
width b, rig width e) of the nozzles. The next step
of the study was to identify the influence of the
calculated geometric parameters of the analysed
sets of working bodies of twin screw extrusion
presses on the oil yield experimentally (Fig. 4).

Figure 4. General view of experimental extrusion presses EK 75/1200

Based on previous studies with modes and
possible technological adjustments, rational
design, and technological parameters of the
upgraded extrusion press were established.
The temperature of the first and second heat-
ing zones of the cases for sunflower seeds was
125-130°C. The size of the gap in the matrix for

sunflower seeds was 5.0 mm. The angular ve-
locity of the screw shaft is 6-7 rad/s, the time of
technological influence on the oil-containing
material in the press path is 60-75 s. Their use
allowed for increasing the productivity of the
machine and reducing energy costs for the oil
pressing process.

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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Figure 5. Dependence of sunflower oil yield and compression degree on the set of working bodies
of installed nozzles

Studies conducted with sets of working
bodies with different geometric parameters
confirmed their effect on the oil yield. Even
with the same operating modes and technolog-
ical adjustments of the extrusion press, chang-
ing the geometric parameters of the first and
second nozzles already affects the throughput
of the number of seeds captured by the turns
of the screw nozzles. However, further changes
in the press path, namely a decrease in the free
volume in the next screw nozzle, caused an
increase in pressure at their edges, followed
by a decrease in it in the cam nozzle groups.
A rather rapid increase in pressure leads to a
greater load on the engine. Notably, the change
in the performance of the extrusion press also
affected the oil yield. However, it should be
considered in conjunction with the energy con-
sumption of the machine. These statements

Animal Science and Food Technology. 2021. Vol. 12, No. 3

may be the subject of further research on the
improvement of twin screw extrusion presses.

Conclusions

The theoretical degree of compression deter-
mined for three sets of working bodies of a twin
screw extrusion press for processing sunflower
seeds according to calculations is 5.50, 4.69,
and 3.33, respectively. It has been experimen-
tally confirmed that the oil yield depends on
the degree of compression due to the geometric
parameters of the screw nozzles. The general na-
ture of changes in the free volume in the zones of
nozzle groups is accompanied by an uneven de-
crease of 40-80% toward the press cake output.
The selection of rational geometric parameters
of working bodies should be considered in con-
junction with other structural parameters, which
will allow intensifying the oil pressing process.
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BnyiuB reoMeTpUYHHMX NapaMeTPiB TIBUHTOBUX HACAJAOK JBOTBUHTOBOTO
IpeceKcTpyaepa Ha BUXiJL OJIil

Maxkcum MuxkonaiioBuu I'ynzenko, Bonogumup ITaBnoBuu Bacuiris,

Muxaitno Muxaimosnu MymTpyk, Mapist MuxairiBHa YKerutiHcbKa,

Irop ITaBnoBuu ITanamapuyk, 3iHaiga AHapiiBHa Byposa,
BikTop Bonmogumuposuu CapaHa

HarionanbHuit yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainu
03041, Byn. 'epoiB O6oponu 15, m. Kuis, Vkpaina

AHoTanisi. AKTya/JbHICTh [OCTiI)KeHHS 3yMOBJIEHa IIOIIYKOM paljiOHaJbHUX TeOMETPUUHUX
rapamMeTpiB TBUMHTOBMX HAcaJlOK Ta BUSIBAEHHS BIUIMBY TIOKAa3HMKA CTYMEHI0 CTUCKAaHHS
JIBOTBMHTOBUX IIPeCEeKCTPYAEPIB Ha MpoLeC BiATMCKAaHHS ojii. 3HAYYIIMM KpuUTepieM B JaHil
po60Ti 06paHO MOKA3HUK BEJIUYMHM BUXOMAY OJTii 3 METOI0 OTPMMAaHHS €KOHOMIUHOTO MPUOYTKY.
3 MpOoBeneHOro aHaji3y MeTOAiB ONTMMIi3allil B aHaJOTiYHUX OOCTiIKeHHSIX OJISI JBOTBUHTOBUX
eKCTpyAepiB 06paHO HACTYIMHI 3MiHHI TreOMeTpUMYHi MapaMeTpy TBMHTOBMX HAcCamoK: KPOK
yepBsiKa, IMMPUHA KaHATY MK BUTKaMU, IIMPUHY rpeGHS BUTKA Ta JOBXKMHY Hacaaku. Ha ocHOBI
TEOPETUYHMX PO3PAXYHKIB Ta KOMIT I0TEpPHOTO MOJIETIOBAHHS 10 BIOCKOHAIEHHIO PO6OUMX OpraHiB
IBOIBMHTOBOTO Tpecekcrpynepa EK 75/1200 BUTOTOBJIEHO IBA KOMILIEKTY €KCIIEPUMEHTATbHUX
pPO6OYMX OPraHiB 3i 3SMiHEHMMY reOMeTPUIHMMM [TapaMeTpamMu. BU3HAUeHO iX TEOPEeTUYHY CTYITiHb
CTUCKaHHS, SIKa CTAHOBUTD, BimMmoBigHO, 5,50 Ta 4,33. Takoxk i1 BU3HaueHo AJist 6a30BOr0 Habopy
po6oUMX OpraHiB, IKMii 6yB peKOMEHI0BaHMI1 3aBOJJOM BUPOOHUKOM, sIKa CKiiaia4,69.BcraHoBieHO,
IO 3araJbHUIT XapaKkTep 3MiHM BiIBHOTO 06’€MY IO TOBXKMHi ITHEKOBOTO BTy CYMPOBOIKYETHCS
HepiBHOMipHUM 3MeHIIeHHSM BiZl 40 no 80% B CTOpOHY BMXOAY MaKyxu. 3 OJISHYTOI HayKOBOI
JliTepaTypu CTaJIO BigOMO, 110 XapaKTep 3MiHM BiJIbHOTO 06>€MYy BUTKIB IO TOBKMHi IITHEKOBOT'O
BaJIy XapaKkTepu3ye MpPaBUIbHICTh OTO KOHCTPYKIii. OmHak, MpoaHali3yBaBIIM pe3yabTaTu
BMKOHAaHOi POOOTH, BUSBWIM, IO MiA6ip pallioHATbHUX TeOMETPUUYHUX TapaMeTpiB poOoUMx
OpraHiB WIiJ pO3MISIAATY B KOMIUIEKCI 3 iHIIMMM KOHCTPYKLITHMMM TTapaMeTpaMu, 110 JO3BOIUTh
JIOMATKOBO iHTeHCHGiKyBaT Mpolec BiATUCKaHHS oii. EKClIepMMeHTaIbHO ITiATBEPIKEHO, 1110
BUXil Ol 3a/eXXUTh Bifj CTYMeHs CTMCKAaHHS, OOYMOBJIEHOTO T€OMETPUUYHMMM IapaMeTpaMu
IBUHTOBUX Hacajok. 36inbluennit Buxin omii Ha 0,9 % mpu 3acTOCYBaHHI KOMIUIEKTY POOOUMX
opraHiB Hab6opy 1 npu MOpiBHSAHHI 3 6a30BUM HAGOPOM POOOUMX OPraHiB Bif 3aBOAY BUPOOHMKA
(Habip 2) y mepepaxyHKy Ha OAMHUIO 06’eMy Mmepepob6ieHoi CMPOBUHM MpUHece MOJaTKOBMI
pubyTOK. BM3HaueHo, 1110 1pu 06cs13i BupobHuirTBa 50 T osii 3 BHoCcKoHaIeHMM Habopom po6ounx
opraHiB (Hab6ip 1) ekoHoMiuHM edekT ckiaaB 19250 rpH
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