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V]IK 536.244
UNIT VS-300KPI FOR DRYING CASEIN AND SIMILAR
THERMOLABILE PRODUCTS

Ph.D., professor Marchevskyi V., master student Glibovets S.,
master student Shashkov V.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. As an analogue, the design of a unit for drying casein in a vortex
layer, developed at the Kiev Polytechnic Institute, is considered and is mass-
produced according to the technical conditions of the USSR. The design flaws to
be eliminated in the modernized design are indicated. The main indicators of the
VS-300KPI unit required for modernization and economic calculations are
presented.

Key words: UNIT, MODERNIZATION, DRYING, VORTEX LAYER,
CASEIN.

ATPET'AT BC-300KIII AJIsI CYINTHHS KA3EIHY I TOJIBHUX
TEPMOJIABLJIBHUX NPOAYKTIB
K.T.H., ipodecop MapueBcrkuii B.M., marictpantka ['nubosens C.B.,
marictpanT [llamkos B.O.
HauionaabHuii TexHiuauid YHiBepcuTeT YKpaiHu

«KuiBcbKui noJiTexHiYHui iIHCTUTYT iMeHi Irops Cikopcbkoro»

Anomauia. B saxocmi ananoea pozenaHymo KOHCMPYKYil0 azpezamy OJisl
CYWLIHHA KA3€iHy Y 6UXpo8omy wapi, po3pobiaernoco 6 Kuiscbkomy noiimexuivHomy
incmumymi ma eunyckaemvcs cepiuno 3a mexuiunumu ymosamu CPCP. Bkrazani
HeOONIKU KOHCMPYKYIL, AKI NOMPIOHO YCYHYymMuU y MOOEPHI308aHIU KOHCMPYKYI.
Hageoeno ocnosni nokaznuku acpecamy BC-300KIIl, neooxiouni ons mooepuizayii

ma eKOHOMIYHUX PO3PAXYHKIG.
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The VS-300KPI unit for continuous drying of casein and other thermolabile
products in a vortex fluidized bed was developed at the Kiev Polytechnic Institute
on the assignment and with the participation of the Ministry of Meat and Dairy
Industry of the Ukrainian SSR.

A feature of the unit is a high specific productivity, high technical and
economic indicators, compactness, complete mechanization and automation of the
processes of dehydration and drying of casein [1, 2].

The unit includes a fluidized bed apparatus 1 with a pneumatic loader
attached to its body and a built-in dust collector, a granulator press 2, a storage
hopper 3, a block of heaters 4, a bath 5 for heating raw casein, a control panel 6, a
blowing fan 7, suction fan 8, grain pump 9, circulation pump 10, pneumatic
conveying line 11, air ducts 12.

Drying is carried out in a fluidized bed, the hydrodynamic structure of which
is created with the help of a sinkless prismatic gas distribution device, which
provides favorable conditions for drying high-moisture thermolabile products. The
supply of heated raw casein from the tank 5 to the press-granulator 2 is carried out
by the grain pump 9. The press-granulator has an original design of the press
cylinder, which allows to reduce the loss of casein during pressing and to facilitate
the removal of pressed water through the surface of the cylinder.

Pressed raw casein in the form of granules with the help of a pneumatic
loader is fed into the fluidized bed apparatus, where it contacts with a hot heat
carrier, intensively mixed and dried. The dried product is continuously removed
from the apparatus through the overflow threshold and is fed through a pneumatic
conveying line to a storage hopper equipped with a bagging device.

The dust collector built into the body of the apparatus ensures the maximum
compactness of the apparatus with a good degree of purification of the waste heat

carrier from small particles of casein.
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Automatic regulation of the technological parameters of the drying process
within the specified limits is carried out by changing the supply of raw casein to
the drying zone of the fluidized bed apparatus.

The VS-300KPI unit is easy to manufacture and install. It does not require
special foundations. All its nodes are freely located on an area of 36 m? (6x6 m).
The high reliability of the unit is due to the complete absence of mechanisms and
movable joints in the fluidized bed apparatus, as well as a transmission link for
transporting raw casein from the press to the drying apparatus.

The units are introduced and operated at dairy factories.

In the process of industrial operation of the VS-300KPI units, the need for
the modernization of individual elements of their design was revealed. Work to
improve the design of the unit will be carried out in the diploma project.

The annual economic effect from the introduction of one unit with an annual

production of 400 tons of casein is 30 thousand dollars.

- ooo

5

Figure 1 — Unit diagram
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Technical specifications
Unit performance, kg/h:
dry product 200-300
evaporated moisture 300-330
Air temperature, °C
at the entrance to the apparatus 130£10
at the exit from the apparatus 45-50

Specific consumption per 1 kg of evaporated moisture:

air, kg 37

steam, kg 1,77

electricity, kWh*h 0,1
Installed power of the unit electric drives , kWh 45

Overall dimensions of the vortex fluidized bed

apparatus, mm 4600x1240x2950
Mass of the vortex fluidized bed apparatus, kg 1180
References:

1. Pomankos ILI'., PamkoBckas H.b. Cymika BO B3BEIIEHHOM COCTOSIHUH. —
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UDK 66.047.75
Physical model of zeolite drying process
PhD student Kushniruk V.M., assistant professor Novokhat O. A.
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

AHoTamisg: 3anponoHoBaHo (i3UYHY MOJIENb MPOIECY CYUIIHHS LIEONITY.
OmnucaHo paaialiiHO — KOHBEKTUBHE CYIIIHHS LeoniTy. [loka3zaHo, K BIUIMBAOTh
TEIIOB1 MOTOKHU HA YACTUHKY LIEOJITY Ta SIK BUAAISETHCSA BOJIOTA 3 LIEOITY.

KJIIOUYOBI CJIOBA: LEOJIIT, KAIIIIPHO-ITOPUCTHIA
MATEPIAJI, THOPAUEPBOHE BUIIPOMIHIOBAHHS, PAJIALIIMHO —
KOHBEKTHWBHE CYIITHHA.

Abstract: A physical model of the zeolite drying process is proposed.
Radiation - convective drying of zeolite is described. It is shown how heat fluxes
affect the zeolite particle and how moisture is removed from the zeolite.

KEYWORDS: ZEOLITE, CAPILLARY-POROUS MATERIAL,
INFRARED RADIATION, RADIATION-CONVECTIVE DRYING.

Drying of wet zeolite in which the heat required to evaporate the liquid and
heat the zeolite, is transferred mainly by radiant energy. This type of drying is
usually called radiation drying or drying by infrared radiation (IR).

Drying by thermal radiation is accompanied by drying with heated gas, so
in most cases there is radiation - convective drying [1].

To effectively implement the radiation - convective drying process in
drying equipment and select energy-saving process modes, it is necessary to
experimentally and theoretically investigate the phenomena that occur during
moisture removal from zeolite, study the kinetics of moisture removal and develop

a model of mathematical description of the process.
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To create a physical model of the process of radiation - convective drying

1s necessary in order to be able to describe and mathematically analyze the effect
of physical phenomena on zeolite particles.

The object of study is zeolite - a capillary-porous body. The kinetics of
dehydration significantly depends on the thickness of the material. The study plans
to study the kinetics of dehydration of a zeolite particle in the form of a sphere,
taking into account the shape coefficient, because zeolite crystals have the shape of
a tetrahedron.

The physical model of the zeolite drying process is presented in Figure 1.

W-

..U,

q — heat supplied by an infrared emitter; g«.»— heat from hot air;

uj, u2, u3..n— moisture content in different layers of the particle;

W. — speed of hot air; t;,— temperature from the infrared emitter;
t1, t, t3..n — temperature in different layers of the particle;

t... — temperature of heated air; R — radius of the zeolite particle;

o — thickness of the layer.
Figure 1 - Physical model of zeolite drying process

11
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Pre-selected radiation-convective drying method. There is a source of
infrared radiation from which the heat flux (¢) enters the surface of the sphere
according to the Stefan-Boltzmann law, and the sphere absorbs infrared radiation
according to Bouguer's law. There is also a heat source from hot air (convective
component) (gxox). Forced convection occurs and heat is transferred to the surface
of the sphere according to Newton Richman's law (heat transfer law) [2].

The zeolite particle is conventionally divided into infinitesimal layers
starting from the outer surface to the center. Thus, the moisture content (z) and the
drying time will increase from the outer surface to the center, and the temperature
(r) will decrease. Inside the sphere there is a thermogradient (temperature
difference). Heat passes through the thermogradient into the middle of the sphere
due to the thermal conductivity according to Fourier's law.

Zeolite, as a capillary-porous body, contains free moisture, moisture in
capillaries and adsorption-bound moisture. In the first drying period, free moisture
evaporates, and the process speed is limited by the intensity of the heat flow. In the
second drying period, the rate is initially limited by the diffusion of moisture into
the evaporation zone (removal of moisture in the capillaries), and at the end of
drying is limited by the destruction of adsorption bonds of moisture with zeolite
and its evaporation.

Therefore, when using the radiation-convective drying method, it is
possible to predict an increase in the drying rate. The temperature of the product
during drying is within the limits that ensure the preservation of its valuable
properties.

References:

1.  Lykov AV Theory of drying / AV Lykov - M., Energy, 1968. - 472 p.

2. Sazhin B.S. Scientific bases of drying technique / Sazhin B.S. - M.:

Science, 1997. - 448 p.
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YK 66.047.3
MODERNIZATION OF THE SEA SALT PRODUCTION PLANT WITH
THE DEVELOPMENT OF A DRUM DRYER AND A CYCLONE
Graduate student Boychuk Yaroslav, lecturer assistant Podiman Hrihorii, senior
teacher Sachok Roman
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. A description of the technological scheme of sea salt production
is given. It is proposed to modernize groups of devices to increase the efficiency of
drying and separation of sea salt.

Keywords: DRUM DRYER, CYCLONE, SEA SALT, DRYING PROCESS.
MOIEPHI3AIISA YCTAHOBKHU BUPOBHUILITBA
BUPOBHUIITBA MOPCBKOI COJII 3 PO3POBKOIO BAPABAHHOI
CYHIIAPKU TA IUKJIOHY
Mmarictpast boituyk . 1., acuct. [loguman I'. C., ct. Bukinagau Cavok P.B.
Hauniona/ibHUil TeXHIYHUI YHiBepcUTeT YKpPaiHH
«KuiBcbkniil mostitexHiyHu iHCTUTYT iMeHi Irops Cikopcbkoro»

Anomauin. Haseoerno onuc mexnonociunoi cxemu supoOHUYmMEa MopcobKoi
coni. 3anponoHoano MoOOepHi3yeamu 2pynu  anapamié 01 NiO8UUEHHs
eghekmugHocmi CyWinHA Ut pO30LIeHH MOPCHKOL COJIL.

Knrwwuoei cnoea: BAPABAHHA CVIIIAPKA, [IHUKJIOH, MOPCHKA
CL/Ib, IIPOLJEC CVIIIIHHAL.

Salt is one of the most important foods for humans and animals. Due to its
action, gastric juice is released, which is necessary for digestion. Salt minerals act
as important electrolytes in the body. They help maintain muscle function, water
balance and transmit nerve impulses. [1].

Salt 1s used not only in the food industry, but also as a fertilizer in
agriculture, and is also used in cosmetology. Therefore, it can be divided by
discarding salt with various additives and color, and leaving only two types:
kitchen and sea. Kitchen, or rock, salt is formed from crystals formed by the drying

13
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of ancient seas many years ago, and sea salt is extracted, respectively, from sea
water. Both in the first and in the second case the process of liquid evaporation
takes place [2]. The technological scheme of the sea salt processing plant is shown
in Figure 1.

Seawater after filtration in filter 1 is fed to heater 2 from which the heated
mixture is obtained, which in turn enters evaporator 3. After the evaporator, the
mixture 1s cooled in the heat exchanger 4 and enters mold 5, which further
crystallizes salt on the surface of existing crystals. After crystallization, the salt is
fed into a centrifuge 6, which due to the centrifugal force is released from the
water. After centrifugation, the salt is washed with water in apparatus 7, filtered in
filter 8, and dried in a drum dryer 9. Next, the dried salt enters cyclone 10, where
the sieving and drying of the material. Before being released into the atmosphere,

the exhaust gases are cleaned in Cyclone 11 [3].

/ 2
// —_— 4
Seawater / / i 5 6
W / / / ) /
P - //
11 Water
Y
10
< ) 9 8 pa
Purified air / / ZF /
- 2 / /
/ N N N / ’—‘
e 4 ',ﬂ {

l Water
Dust
Sea salt

1 — filter; 2 — heater; 3 — evaporator; 4 — heat exchanger; 5 — crystallizer;
6— centrifuge; 7 — the device for washing by water; 8 — filter; 9 — drum dryer;
10 — cyclone for salt purification; 11 — cyclone for air purification

Figure 1 — Technological scheme of the marine processing plant
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The work aims to modernize the dryer and the cyclone to improve the sea

salt production process.
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PREPARATION OF FILM FROM POLYMERIC MATERIALS BY
EXTRUSION METHOD
Graduate student Hushcha Maksym, lecturer assistant Podiman Hrihorii
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The urgency of the problem of making a film from polymeric
materials is considered and the basic scheme of the structure of the extrusion
installation of polymeric materials is described.

Keywords: POLYMER, EXTRUSION, FILM, POLYMER FILM.

OTPUMAHHS IJIIBKUA 3 ITOJIIMEPHUX MATEPIAJIIB METO/IOM

EKCTPV3II
Mmarictpant ['yma M. O., acuctent [loguman I'. C.
Hauniona/ibHUil TeXHIYHUI YHiBepcUTEeT YKpPaiHH
«KuiBcbKui noJriTexHiyHuii iIHcTUTyT iMeHi Irops Cikopcbkoro»

Anomauia. Pozensanymo axmyanvhicme npoOiemu 6u2omoenienHs. niieKu 3
NOJIMEPHUX Mamepianie ma OnUCaHa NPUHYUNo8a cxema Oy008U YCMAHOBKU
eKCcmpy3ii noJiMepHUx Mamepiais.

Knwwuwoei cnoea: 110JIIMEP, EKCTPVY3IA, IIIIBKA, IIOJIIMEPHA
[IJTIBKA.

Polymer films are solid polymer layers with a thickness of 0.1-0.2 mm [1].
Thicker layers of polymeric materials are called sheets [2].

Polymer films are obtained from natural, artificial, and synthetic polymers.
The largest group consists of synthetic polymer films. Among the films of this
group, polyolefin, polyvinyl chloride, polyimide, polyamide, and polystyrene films
are the most widespread.

In most cases, films are made of synthetic polymers. on a complex of
physical and mechanical and chemical properties, surpass films from natural and
artificial polymers therefore their industrial production and consumption
continuously grow.

Along with good technological properties, thermoplastic polymers have in

some cases have a unique combination of performance properties: lightness,
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resistance to aggressive environments, excellent dielectric, optical, frictional
properties. That is why films made of polymeric materials are widely used in many
industries.

Most often, films are used as packaging materials for food products,
consumer goods, liquid, and bulk chemical and petrochemical products, for
household purposes.

Polyethylene, polypropylene, cellulose and its ether, polymer, and
copolymer of vinyl chloride, polystyrene, polyamide, polyester, natural rubber
hydrochloride, etc. are used for the production of packaging films. Some specific
properties have multilayer packaging materials such as film-film, film - paper or
film-foil, as well as foam films.

Also, widely used electrical insulating films are used for the manufacture of
winding and assembly wires and cables in the manufacture of capacitors for groove
insulation of electrical machines. The cable industry uses films in combination
with special grades of paper, fiberglass, or synthetic fibers.

Greenhouses, frames, and coatings for greenhouses, portable weatherproof
coatings that protect plants from frost are made of weather-resistant transparent
polymer films.

Waterproofing films are used in construction in the construction of artificial
reservoirs, canals, and other purposes.

Among the numerous methods of obtaining polymers from thermoplastics,
extrusion is the most productive.

Extrusion is a continuous technological process consisting in pushing
material with high viscosity in the liquid state through a forming tool - a matrix, to
obtain a product with a cross-section of the desired shape.

In the industrial processing of polymers by extrusion, various moldings are
made: pipes, sheets, films, cable sheaths, elements of optical systems of luminaires

- diffusers, etc.
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The main technological equipment for processing polymers of the product
by extrusion are single-screw, multi-screw, piston, and disk extruders. The scheme

of the horizontal extruder is shown in Figure 1.
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1 - loading hopper; 2 - matrix; 3 - auger; 4 - heaters; 5 - filter; 6 - head

Figure 1 - Schematic diagram of a single- screw horizontal extruder [3]

The extruder consists of the case with heating elements; working body
(auger, disk, piston), located in the housing; the node of loading of the processed
material; power drive; systems for setting and maintaining the temperature regime;
control-measuring and regulating devices.
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Abstract. The technological process of manufacturing and cooling
polymer pipes by the extrusion method is given.

Keywords: PIPE, POLYMER, COOLING BATH.

OXOJOJAKEHHSA NOJIIMEPHUX TPYB 1P BUPOBHUILITBI
METOJI0M EKCTPY3Ii
Marictpant Konsinenko Brnanucnas, acuctent [loguman ['puropiii
HaunionaJbHuil TeXHIYHUN YHiBepcUTEeT YKPaiHU

“KuiBcbKkui noJiiTexHiyHui iHcTutyT iMeHi Irops Cikopcbkoro”

AHomauis. Haseoeni mexnonociunuii npoyec 6uco0mo8ieHHs ma
0X0JI00HCEHHSL NOJLIMEPHUX MPYO MEMOOOM eKCMpPY3ii.

Knrouoesi cnosa: TPYBA, IIOJIIMEP, OXOJIO’)KYBAJIbHA BAHHA.

Pipes are one of the most common products obtained from thermoplastic
polymers by extrusion. Since the beginning of the third millennium, the production
of polymer pipes has been growing both in Ukraine and abroad. At the same time,
the process of their production remains quite a resource- and energy-intensive. In
the production of polymer pipes, the limiting stage of extrusion is usually the
cooling of the billet after its formation due to the low thermal conductivity of the

polymers.
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One of the promising ways to intensify and reduce the cost of production of
polymer pipes is the use of a two-way cooling system. Double-sided cooling can
also improve the quality of the shape of the pipe and its inner surface.

The technological process of manufacturing polymer pipes by extrusion is

shown in Figure 1.
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irrigation; 6 - traction device; 7 - cutting device; 8 - receiving device.
Figure 1. Schematic hardware-technological scheme of manufacturing smooth
polymer pipes

The granular polymer is fed into the loading hopper of extruder 1. In the
extruder is melting and homogenization of the polymer, and creates the pressure
required to push the polymer through the pipe head 2, in which the pipe blank is
formed. In calibration device 3 is the calibration of the billet and its partial cooling.
Further molding and final cooling are carried out in vacuum 4 and irrigation bath 5
or several such baths depending on the diameter and wall thickness of the pipe.
The traction device 6 provides movement of the pipe through all devices after the
extruder. The motor of this device is synchronized with the electric motor of the
extruder. Pipes with a diameter of more than 50 mm are cut into segments of 6, 9,
12 m with a cutting device 7 (pipes with a diameter of less than 50 mm are wound
into bays). Next, the pipes enter the receiving device 8.

The design of the installation for cooling polymer pipes is shown in Figure 2.

The installation implements both one-way external and two-way cooling
schemes. The pipe is heated in a cabinet 7.

External cooling of the pipe is realized under conditions of free convection by
immersing the pipe in a layer of running water or irrigating the pipe with water in
the bath 2. Internal cooling is carried out with air or air-water mixture formed by
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spraying water in the pipe cavity 2. Regulation of water flow in the internal

cooling system carried out by valve 10, in the external cooling system - by valve
11. The volume flow of water is controlled by a rotameter 12. Air for internal
cooling is supplied by a fan 1. Measurement of cooling water temperature is
carried out with a mercury thermometer 9. Temperature change in the pipe wall is
measured which 1s converted into a thermoelectric converter 5, which is connected
to a computer 6. Temperature measurements are recorded every second. Processing
and display of temperature changes are carried out using a program in the graphical

programming environment LabVIEW 8.5 [3].

Air N [ TE -+ PC| Air outler

8 Drain the water
1 - fan; 2 - bath; 3 - pipe; 4 - thermocouples; 5 - thermoelectric converter;
6 - computer; 7 - thermal cabinet; 8, 13, 14 - cranes; 9 - thermometer;
10, 11 - valves; 12 - rotameter.
Figure 2. Installation for cooling polymer pipes [3]
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The need for products made of polymeric materials is growing every year
and with it one of the biggest problems of mankind - the emergence of polymer
waste [1]. For example, the decomposition of plastics in the natural environment
takes up to 500 years. Therefore, the problem associated with the disposal or
recycling of polymer waste is relevant.

That is why there are specialized companies that process these wastes for
reuse of such polymers, which, in addition to preserving nature from waste, also
saves primary raw materials.

In addition, during the production of products sometimes there is a
shortage, due to which it cannot be used for its intended purpose. Therefore for
such production, as a rule, at the same enterprises, there are specialized places for

processing and the subsequent drying of secondary polymer.
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The secondary polymer according to the method of production is divided

into crushed and granulated after recycling [2]. Crushed has a significant
advantage - it does not melt, and, accordingly, retains its mechanical properties
without the influence of thermal destruction. However, it also has disadvantages,
the main of which is the absorption of moisture. That is why it needs drying. Also
during transportation, storage, or simply when preparing the material for use, most
polymers need drying [3].

The filtering layer apparatus is most widely used for drying the secondary
polymer. This is due to the long drying period and the small value of the water

diffusion coefficient in the material (Figure 1).
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1 - The housing of the installation "fluidization"; 2 - lattice; 3 - material; 4 -
cylinder; 5 - crushed secondary polyethylene in gauze containers; 6 - the case of
the drying installation; 7 - weight sensor; 8 - TEN

Figure 1 - Installation for drying the secondary polymer [2]
As an example, for the production of polyethylene pipes, the need for
drying is justified by the following technological factors [3]: the inner surface of
pipes and shells should be smooth; the melt in the molding tool should not form

"scale" (film crosslinked by moisture polyethylene).
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Conclusion: The problem of reducing polymer waste requires the study of
processes related to the recycling of polymers for their further use in the
production of polymer products.
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Abstract. The procedure of calculating the equipment of mobile
vibroextrusion unit for forming fiber concrete products has been proposed. The
main factor influencing the calculation of the technological mode of the plant's
components is determined by the performance of the forming vibroextruder.
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25



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

The mobile vibroextrusion unit is designed for testing the technology of
forming fiber concrete products in industrial conditions and producing pilot

batches of products for the needs of construction (Fig. 1).

1 - cement mortar feeder; 2 - vibrating table; 3 - fiber feeder; 4 - conveyor;
5, 6 - mixing vibrating extruders; 7 - shaping vibrating extruder; 8 - mold

Figure 1 - Vibroextrusion plant

To ensure a continuous vibroextrusion process, it is necessary to maintain
the same productivity of the equipment for the fiber concrete mixture in all
sections of the installation. The determining factor in this case will be the flow rate
in the forming vibro extruder, which in each case is determined depending on the
size and shape of the products [1].

The process of mixing of fiber concrete mixture on the basic unit (Fig. 1) is
carried out in vibro extruders 5, 6, 7 in converging flat channels. The average value

of shear strain is calculated by the formula:

= 2(L2—L1)2(1— 29,
7. = cos2¢,)

LiL, lni—z(sin 2¢00—2@y COS2¢Q,) ’
1
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where L; - distance from the origin of coordinates to the outlet cut of the hopper,
m; L2 - distance from the origin of coordinates to the entrance of the pyramidal
channel; L>-L; - height of the mixture column in the hopper, m; - angle of the
inclined wall of the channel to the vertical, advice. (¢, < 45°).

The computational scheme of the process is shown in Figure 2.

Figure 2 - Calculation scheme of fiber concrete flow in the channel of the vibrating

extruder hopper

The number of vibrating extruders for mixing is selected from the condition
that for the basalt-fiber concrete compositions used, mixing is considered
satisfactory if the total shear strain ), 7, > 26.

Calculation of molding technological mode (speed of conveyor belt 4,
time of inclusion of dispenser-feeder of cement mortar 1, vibrating table 2,
conveyor 4, vibrator of vibrating table where mold 8, dispenser-feeder of
fibers 3, vibrating extruders 5, 6 productivity of forming vibrating extruder 7
are located.

Adjustment of disperse armature feeding is carried out by displacement
of needle drum relative to inclined conveyor of feeder feeder for fibers 3, and
parametric calculation of the improved cement mortar feeder [2] is performed
by the method suggested by the authors [3].
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ABSTRACT.
The external and internal microstructures of the granule were studied by optical
microscopy. It is established that the granule has a porous structure, pore size 50 -

100 um, microlayers consist of a crystalline framework of the basic substance
(ammonium sulfate) with a size of 10 to 100 um.

The main provisions of the physical model of the process of solid layer formation
on a heated solid particle are formulated.

KEY WORDS: physical model, ammonium sulfate, impurities, mass crystallization
YTBOPEHHS TBEPJIOI'O IIAPY ITPU KPUCTAJIIBAIIII TOHKHX
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AHOTAIIA.

Jocniooiceno 308HiwHI0O Ma GHYMPIWHIO MIKDOCMPYKMYPU 2SPAHYIU MEmOO0OM

Onmu4HoOi Mikpockonii. Bcmanoeneno, wo cpamyna mae nopucmy cmpykmypy,
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posmipom nop 50 — 100 mxm, Mikpowiapu CcKiaoaomscs 3 KPUCMAIiYHO20 KApKAcy
OCHOBHOI peuogunu (cynvgam amonito) posmipom 6io 10 0o 100 mxm.
Cdhopmynvosano ocHOBHI nonodcenHs Qizuunoi mooeni npoyecy YmeOopeHHs.
meepoo2co wapy Ha Hazpimii meepoitl 4acmuHyi.

KIIFOY0BI CJ/IOBA: ¢izuuna modensv, cynvgham amomito, OOMIWKU, MACO8A

Kpucmanizayis

The creation of granules with a layered structure is achieved by a layered
granulation mechanism, which can be implemented in fluidized bed granulators.
The process of forming a solid microlayer on the surface of the granule affects the
morphological properties of the obtained granules, so the creation of a physical
model of the process of formation of a solid layer on the surface of a solid particle
is an important task.

The process of formation of a solid layer on the surface of the granule by the
method of isothermal mass crystallization occurs during the simultaneous
evaporation of the solvent, resulting in a concentration of solute continuously
increasing. Therefore, in a solution with a concentration close to saturation of the
solute, the nuclei of crystals and their growth in the liquid film begin to form. This
process is quite complex, due to the fact that in the process there are two phase
transitions, namely external (solvent evaporation) and internal (crystallization),
resulting in a certain balance in the film at each time. It also significantly
complicates the presence of impurities in significant concentrations.

To set the basic provisions of the physical model of the process, it is
necessary to determine the basic parameters of the surface on which the process
takes place directly. Photos of the external and internal microstructure of the
obtained granules of ammonium sulfate with impurities of humates are shown in
Fig. 1.

The crystalline layer is an array of microcrystals of the basic substance
(ammonium sulfate), ranging in size from 10 to 100 pm, combined into a
framework in which impurities are placed. The inner side of the granule has the

porous structure, the size of pores are 50-80 um (Fig. 1-b).
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The physical model of the process of forming a solid layer due to mass
crystallization on the surface of the granule is shown in Figure 2.
Heat 1s supplied to the thin film from the surface of the heated granule due to

thermal conductivity and from the gaseous coolant due to convection. The equation

of heat balance has the next form: 9 =0, +0Q,+0,,, where O :47rRl,(TS —Tf);

0, =27RA, (Tg —Tf)-Nug; 0,,=J,-L. The heat of crystallization and dissolution in

the heat balance can be neglected. Evaporation

rate: J, = —dm,, /dt =27RD,, ( p,, — P, )Sh,

Pores lm purities

200 1177 e 100 pm e—
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b)
Figure 1 — Photos of the outer and inner structure of the granule

wg Jw =-dm w /dt

__ Formed
solid layer

On the
new cycle

Figure 2 — Physical model of the process of forming a solid layer during

dehydration of the film on the surface of the granule
Conclusions. A physical model of the process of solid layer formation due

to mass crystallization on the surface is formulated. In the future, based on the

physical model, it is necessary to formulate a mathematical model of the process.
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ABSTRACT. 1t is proposed to modernize the stripping distillation column by
replacing the shape of the cap from cylindrical to conical in the modernized caps,
which will increase the contact area of the vapor with the liquid on the plate. In
turn, will increase efficiency. A simulation experiment was performed, which
confirmed an increase in efficiency by 8%.

KEY WORDS: RECTIFICATION COLUMN, CAP, MODRNIZATION,
SIMULATION, SIMULATION EXPERIMENT

MOJIEPHI3AIIISI OUMCHOI KOJIOHU YCTAHOBKH OUYHUIIIEHHS
MACTUJIA
Mmarictpant Imutpyk A.B., k.T.H., gou. Ctenaniok A.P.
HauioHaibHUil TeXHIYHUN YHIBepCUTET YKpaiHu

"KuiBcbKUH NOJiTeXHIYHUI IHCTHTYT"

AHOTANIA. 3anpomnoHOBaHO MOJIEpHI3alil0 BiANMapHOi pekTUudikamiiitnoi
KOJIOHM INUISIXOM 3aMIHUTH Yy MOJEPHI30BaHUX KOBIAuKiB (OpMy KOBMauka 3
HUJIHIPUYHOT Ha KOHIYHY, IO MpHU3Bele A0 3a0e3MeueHHs] 30UIbIICHHS IOl
KOHTAKTy MapiB 3 PIAUHOIO, IO 3HAXOJIWUTh HA Tapiiui, 1o. B cBow uepry,
npusBene a0 30uibmieHHs KK]I. BukoHaHo cuUMyINSIiHHUN €KCIIEPUMEHT, SKUU
MiITBEpAUB 301bIIIeHHS €(eKTUBHOCTI Ha 8%.

KJIOYOBI CJIOBA: PEKTU®IKAIIMHA KOJIOHA, KOBITAUOK,
MOJIPHI3AIIISL, MOJIEJTFOBAHHS, CUMYJISIIMHUNA EKCIIEPUMEHT
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The purpose of this work is to modernize the oil production plant [1, 2] by

modernizing the stripping column. To increase the efficiency of heat transfer in the
cap column, it is proposed to replace the shapes of the caps. The stripping column is
shown in Figure 1. The initial mixture (phenol, cresol and lubricant) is loaded
through the fitting 5. Through the fitting 7 water vapor is supplied, which rises. The
substance enters the plate through the holes in the caps, where it comes into contact
with water vapor. It is proposed to replace the shape of the cap from cylindrical to
conical in the modernized caps, which will increase the contact area of the vapor with

the liquid on the plate, which, in turn, will increase the efficiency of the column.

4 =
Pagiram

1 - elliptical cover; 2 - cylindrical shell; 3 - tsarga with plates;
4 - cube; 5 - the union for an entrance of a refinery; 6 - the union for an exit of a
refinery; 7 - fitting for water supply; 8 - fitting for the release of vapors of the
azeotropic mixture

Figure 1 - Scheme of the stripping column

34



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

Figure 2 (a) shows cylindrical caps [3], Figure 2 (b) shows modernized

conical caps.

a 0
Figure 2 - Caps of cylindrical (a) and conical shape (b).

The simulation was performed using the programming language Three.js, and a
stimulation experiment was also performed.

Figure 3 shows the results of simulation simulation of the output of vapors from
the cylindrical cap, on the left in the figure shows a side view, and on the right a top

view.

Figure 3 - Simulation of vapor output from the cylindrical cap.
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Figure 4 shows the results of simulation simulation of the output of vapors from

the upgraded conical cap, on the left in the figure shows a side view, and on the right

a top view.

Figure 4 - Simulation of vapor outputs from the conical cap.

According to the simulation results, it was found that the replacement of
caps of the traditional cylindrical shape with modernized conical ones, it was found
that the cross-sectional area of the liquid layer through which the steam moves is

8% larger.
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YK 66.074.2

DEPOSITION PROCESS IN THE MODERNIZATION
OF THE CYCLONE BUNKER
student Khomenko M., associate professor, Ph.D., Stepaniuk A.
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

Abstract. A simulation experiment of the process of removal of particles

from upgraded cyclone hopper. The results of the simulation experiment are given.

KEYWORDS: DEPOSITION, PARTICLES, MODERNIZATION,
SIMULATION, EXPERIMENT, BUNKER, CYCLONE

MMPOIIEC OCAJI)KEHHSI YACTUHOK B MOJEPHI3OBAHIN
KOHCTPYKIII BYHKEPY IIUKJIOHY
cryaeHtka XomeHko M. B., k.T.H., nou. Crenantok A. P.
Hauniona,jbHUil TeXHIYHUI YHiBepcUTEeT Y KpPaiHH
«KuiBcbKHil MOJMITeXHIYHNH YHIBEPCUTET YKPaAiHU

imeHi Iropst Cikopcbkoro»

AHOTANIA: Buxonano cumynayiunuu exkcnepumenm npoyecy 6UHOCY
YACMUHOK 3 MOOepHi308aH020 OyHukepa yukioHy. Haseedeno pe3zyromamu

CUMYTAYIUHO20 eKCNepUMEHNL).

KJIIOYOBI CJIOBA: OCA/PKEHHA, YACTUHKU, MOJAEPHI3ALILA,
CUMVJIALLA, EKCIIEPUMEHT, bYHKEP, LIUKJIOH

The most common method of flue gas cleaning is cyclone equipment, as it
has a number of advantages such as: versatility, ease of manufacture, repair and
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operation, relatively inexpensive equipment. But the main disadvantage is the
relatively low degree of purification. Therefore, it is important to find ways to
increase the degree of cleaning of cyclone equipment without losing the versatility
of its use [1].

The purpose of the modernization is to reduce the number of particles
removed from the cyclone bunker to increase its efficiency.

The modernization of the bunker consists in the vertical installation of two
grids perpendicular to each other and so that they touch the walls and bottom [2].

The bunker consists of a bunker body 4, a fitting 2 and two grids 3 (Figure 1
a). The structure works as follows: the particles descending on the walls of the
cyclone 1 pass between the wall of the fitting 2 and the mesh 3 and settle in the
bunker 4. The air flow moving to the bunker hits the mesh 3 and loses speed,
which slows it down and reduces the amount of removal particles to them from the
bunker 4. Thus is discharged through the exhaust pipe of the cyclone 5 more
purified stream.

For visual comparison, the simulation of processes performed in the program
SOLIDWORKS 2019, with the use of modernization (Figure 1 a) and without
modernization (Figure 1 b).

From the presented figures (Figure 1 a, b) it is seen that when the
modernization is installed, the turbulence of the flows in the bunker disappears,
and therefore, the removal of particles from the bunker decreases to a minimum
value.

Advantages of this modernization:

- reducing the number of particles removed from the bunker;

- ease of manufacture;

- relatively low cost of modernization;

- possibility of installation in bunkers of already working cyclone

equipment.
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Therefore, the use of upgrades for the cyclone bunker will improve the
performance of the cyclone, as the degree of purification increases and the

hydraulic resistance decreases.

1 - cyclone body; 2 - fitting; 3 - two grids; 4 — bunker body; 5 - exhaust pipe
Figure 1 - Simulation of the process of particle deposition
a - using the modernization of the cyclone bunker

b - without modernization
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APPLICATION AND PRODUCTION OF HYDROGEN
Student Ovdii D.Yu., Associate Professor, Ph.D. Novokhat O.A.

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. Describes the scope of hydrogen. The advantages and
disadvantages of using hydrogen are indicated. A description of the technological
process of hydrogen production is given. The devices for receiving hydrogen are
specified.

Key words: hydrogen, fuel, hydrogen production, technological scheme.

3ACTOCYBAHHSA TA BUPOBHUILITBO BOJAHIO
Crynent Osgaiit JI. YO., gouent, k.T.H. HoBoxat O. A.
Hauniona/ibHUil TeXHIYHUI YHiBepcUTeT YKpPaiHH

“KuiBcbKkui nmoJiiTexHivyHui iHcTuTyT iMeni Iropsa Cikopcbkoro”

Anomauia. Onucano cghepy 3acmocysannsi 600HI0. Brkazano nepesacu ma
HeooliKu 3acmocy8anHsi 6o0Hw. Hadano onuc mexHoN02IYHO20 npoyecy
ompumanHs 600HI0. Bkazano anapamu 015 0MpuUManHs 600HIO.

Knwuoei cnoea: sooenv, nanugo, GUpOOHUYMBO B0OOHIO, MEXHOJO2IUHA

cxema.

Hydrogen is an extremely energy-intensive resource. It burns at the same
temperature as natural gas. At the same time, combustion of a substance per unit
mass emits almost 3.5 times more heat than combustion of hydrocarbon oils or
coal. Hydrogen fuel is much more efficient than diesel or aviation fuel. This
resource can be transported both by pipelines (at the same speed as hydrocarbons)
and by means of containers for compressed or liquefied gas - at ultra-low
temperatures.
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For Ukraine, hydrogen is a promising fuel that, subject to strict safety

requirements, can replace hydrocarbon energy sources and reduce the country's
energy dependence. The main task in this way is to ensure a sufficiently high
efficiency of production, transportation and storage of hydrogen, the development
of competitive power plants for its use, including for daily and seasonal balancing
of the electric power system of Ukraine. Given the available scientific potential,
these problems can be solved in Ukraine in the near future.

The potential effect of this technology is difficult to overestimate. The use of
hydrogen as an alternative energy carrier and resource will not only reduce the
dependence of economies on fossil fuels (coal, gas, oil), but also significantly
reduce greenhouse gas emissions caused by the old "hydrocarbon" economy.

Promising areas of hydrogen use are industry, road transport, aviation and
shipbuilding. Hydrogen is widely used in the chemical and petrochemical
industries. Most of the hydrogen in the world goes to ammonia production. In
second place in terms of its consumption is the petrochemical industry
(hydrotreating oil from sulfur, hydro cracking, catalytic reforming, petrochemical
synthesis, production of synthetic fuels), in third place - the production of
methanol. Some amounts of hydrogen are consumed in the food industry, mainly
for the hydrogenation of fats, in pharmaceuticals, in the production and processing
of metals, in electronics.

There are different ways to produce hydrogen. Hydrogen production
technologies:

1. The Kvarner process.

. Biological production.

. Electrolysis with biocatalysts.

. Electrolysis of water.

2

3

4

5. Electrolysis at high pressure.

6. Electrolysis at high temperatures.

7. Photoelectrochemical splitting of water.
8. Concentration of thermal solar energy.
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9. Photoelectrocatalytic production.
The technological scheme of hydrogen production from convertible gas is

shown in Figure 1.
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Figure 1 - The process of hydrogen production
The production of hydrogen from convertible gas is converted by converting

gas into carbon dioxide by conversion with water vapor by reaction:
CO+ HzO: COZ +H2

Conversion of carbon monoxide is adopted according to a two-stage scheme:
- the first stage - on a medium-temperature catalyst;
- the second stage - on a low-temperature catalyst.
The technology of hydrogen production from convertible gas is promising
and needs detailed consideration for its modernization
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PARAMETRIC CALCULATION OF THE SOLUTION FEEDER-FEEDER
Pinchuk Andrii, Andreiev Igor
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Abstract. The algorithm of parametric calculation of the feeder-feeder of
cement-aggregate solution of vibro-extrusion unit of fibro-concrete products
formation has been provided. The design of the improved solution feeder and
design formulas were proposed by the authors in previous works.

Key words: dispenser-feeder, vibroextrusion, cement-sand mortar.

IMAPAMETPUYHUI PO3PAXYHOK JIO3ATOPA-)KUBUJBbHUKA
PO3UYUHY
acnipant [liHuyk AHapiHd, K.T.H., goil. AHApeeB Irop
HauioHaibHUil TeXHIYHUN YHIBepCUTET YKpaiHu

“KuiBcbKu# nmoJiiTexHiyHui iHcTuTyT iMeHi Iropsa Cikopcbkoro”

Anomauia. 3anponoHo6aHo ancopumm  NAPaAMEmpUuyHO20 PO3PAXYHKY
003amopa-HCUBUIbHUKA — YEeMEeHMHO-NIWAHO20  pO3YUH)y  8iOpOeKCmpy3ilHOl
ycmanosku gpopmysanns (iopodoemonnux eupooie. Koncmpykyisi y0oCKOHANIEHO20
003amopa-HCUBUIbHUKA POZYUHY | PO3PAXYHKOGI hopmyau Oyau 3anponoHo8aHi
asmopamu y nonepeonix pooomax.

Knrwuoei cnosa: 0o3amop-s#usunvHuk, 8i0poexcmpy3is, yemMeHmHo-
NIWaHut po3yuH.

Feeder-feeder mortar feeder is an integral part of vibro-extrusion unit
forming the fibro-concrete products. In order to accelerate the process of formation

a thin layer of cement-aggregate mortar at installation and to increase the
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productivity of the device as a whole, the authors proposed a new design of feeder-

feeder solution [1], contains the correct quadrangular pyramidal channels (Fig. 1).

Fig. 1 — Design scheme of the pyramidal channel

To determine the productivity of vibro-extrusion flow the solution in such
channels, a "method of influence" was used [2], which showed proximity to
experimental values [3]. Taking into account the decrease of volumetric
consumption in the channel of rectangular cross-section compared to the flow

between flat inconsistent plates, a formula was proposed [4]:

g = 0,4pgLiL3 (2 o cos 2 o —sin2 po)tg @o (1)
Ucos2 @y cos?@y(Ly+Ls) ’

where p — density of solution, kg/m?; ¢ —o.s1 m/s? —acceleration of gravity; L, —
distance from the beginning of coordinates to hopper, m; L2 — distance from the
beginning of coordinates to entrance of the pyramid channel, m; £, -z, — height of
the mixture column in hopper, m; i — velocity of solution, Pa's; ¢, — angle of
inclination the channel to vertical, rad. (¢, <45°).

To calculate the geometry of forming channels the feeder dosing, it is
necessary to determine the density and viscosity of liquid. The angle of inclination
channel to vertical ¢, = 30°, the distance from the origin of coordinates to output
gate of hopper L; = 0,5a ctgp,, where a — the side of output square of the forming
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channel, m. From practical experience, it is recommended to accept the size of the
side a, at least 0,03 m.
The equation (1) became the output formulas for calculation value of L, [5]:

_ qu cos2 @y cos? gL, +VD
0,8pgL3 (2 9o OS2 Po=sin2 @o)tg ¢o

L,
(2)
where n — the number of forming channels in feeder- feeder, the value of D is

calculated by the formula:

D = (qucos2 @y cos?pyLy)? +

+ 1,6pgL3 (2 ¢y cos2 @y — SIN2 Pty o - qQULCOS 2 PocoS% @y L.

The complete algorithm of calculating the size of
forming channels of the feeder-feeder should contain:

1) Calculation the consumption of forming vibroextruder installation
according to relevant formulas depending on the size of products manufactured and
the characteristics of fibro-concrete mixture according to method [6].

2) Calculation the consumption of feeder-feeder the solution (based on the
productivity of the forming vibroextruder and the composition of fibro-concrete
mixture).

3) Determination the density and viscosity of fluid.

4) Selection the angle of inclination feeder-feeder of solution to vertical ¢,.

5) Selection the size of side output square section forming channel a 3 into
account that it should be at least than 0,03 m.

6) Calculation of distance from the beginning coordinates to output slice of
hopper according by the formula L; = 0,5a ctgg,.

7) Selection the number of forming channels 7.

8) Calculation of distance from the beginning of coordinates to input

pyramid channel L; by formula (2).

References:
47



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

1. [Tpuctpiii nas ogepkaHHs MIapy LHEMEHTHO-TIIAHOTO PO3YUHY: TaT.
146706 U Ykpaina: MIIK B28 B 1/08 (2006.01) B28 B 13/00 (2021.01). Ne u202007058;
3asBi1. 03.11.2020; omy©6:1. 10.03.2021, bros. Ne 10.

2. AuapeeB I. A. OrpumanHs crpouieHoi popMymau Jyisi ONUCy JaMiIHAPHOI
Teuli HbIOTOHIBCHKOI PIAMHU B MNPSIMOKYTHOMY KaHalll 3a JOMOMOTOI0 «METOMY
BIuBY». Haykosi Bicti HTYY “KIII”. Kuis, 2010. Nel. C. 88-92.

3. Augapees 1. A., BanyiickoBa C. C. ®16po0eToH. Y 10CKOHAJIEHHS MPOoLecy
OTPUMaHHsI TOHKOTO IIapy LIEMEHTHO-IIIIAHOTO PO3YMHY IIiJl Yac BIOPOEKCTpPY3ii.
XimiyHa npomucioBicTh Ykpainu. Kuis, 2012. Ne4 (111). C. 27-29.

4. AunpeeB 1. A., Tlinuyk A. €., Kpamap O. B. BibpoekcTpy3iiinuil miaux
OETOHHUX CyMIIIEH Yy MNPaBHUIBHOMY YOTHPUKYTHOMY IMipaMiJadbHOMY KaHall.
BicHMK HallOHANBHOTO TEXHIYHOrO YHIBepcuTeTy YKpainun “KuiBchbkuid
noiiTexHiyHui 1HCTUTYT iMeHi Iropst Cikopcbkoro”, cepis ,,XiMiuHa 1HXEHEpIs,
eKoJioTisi Ta pecypcoszodepexenns”. Kuis, 2021. Ne 3 (20). C. 9-15. DOI:
10.20535/2617-9741.3.2021.241018

5. Andreiev Igor, Pinchuk Andriy, Polishchuk Denys. Calculation of the
forming channel of the cement mortar feeder. Modern engineering and innovative
technologies, Karlsruhe, 2021. Issue 17, Part 1, P. 32-35. DOI: 10.30890/2567-
5273.2021-17-01-038.

6. Aaapees . A. [Iponec BiOpoekcTpy3ii hidpodeToHy: MmoHOTpadis. Kuis:
HTVY «KIIl», 2016. 194 c. URL: http://ela.kpi.ua/handle/123456789/17692.

48



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

UDC 66.048.5
THE MODERNIZATION OF WASTE WATER TREATMENT
PLANT FOR METALLURGICAL INDUSTRY EFFLUENTS
student Aitubaiev L.I., assistant professor Ph. D. Huliienko S.V.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

The metallurgical industry is the branch which is mainly responsible for
extraction and purification of metals. This industry is subjected to continuously
innovations with aim to reach sustainable production with minimal influence on
environmental. Together with production if metal products the metallurgical plants
generate the waste products in solid, liquid and gas forms. The water is often used
on different stages of metallurgical processes, such as extraction, flotation,
nodulizing, carbonization, furnace gases purification, steel production, steel roll,
etching process and electrodeposited coating. The amount of waste water generated
on metallurgical branch make significant contribution to the general volume of
industrial waste waters. For example, in China the volume of disposal wastewaters
from metallurgical plant in 2011 reach to 0.63 milliards m’. In rare-earth
metallurgy for production of each tone of rare-earth metal oxide or other
pacificated species the 60-100 tone of waste water 1s generated [1].

The presence of heavy metals in waste waters increased with industrial
development and humane activity, fir example in production of accumulator box,
pesticides, in mining industry, in textile industry, eliquation of metals,
petrochemistry, pulp and paper industry and electrolyze. The waste waters polluted
by heavy metals is got to the environmental impending to the human heals and
ecosystem. The heavy metals do not taken to the biological destruction and may be
cancerogenic, therefore, the presence of this metal in water in larger quantities may

lead to the critical problems with heals of living bodies [2].
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The thermal distillation and evaporation are the most investigated and

understood methods of desalination of high mineralization waters. It allows to
build the multiple-effect evaporators almost for any productivity [3].

One of such processes is the technology of wastewater treatment shown on

7
3
l%

1 — bleed waters; 2 — tank of feed water; 3 —pump; 4 —primary vapor; 5 —

figure 1

evaporators with natural circulation; 6 — selfevaporator; 7 - tant of secondary
vapor condensate; 8 — sulpuric acid; 9 — reactor; 10 - clarifier; 11 — pulpl; 12 —
evaporators with forced circulation; 13 — thickeners; 14 —centrifuges; 15 — sodium
sulphate; 16 — sodium chloride; 17 — condenser.
Figure 1 — Scheme of the plat of the thermal desalination of bleed waters
from metallurgical plant
In proposed scheme the evaporators is used for the following operations:
e Concentration of bleed water up to salinity, close to the equilibrium for
sodium sulphate taking into account the treatment by acid.
e Two stage evaporation the circulating clarified concentrated solution with
crystallization and separation of the sodium sulphate in first stage and

sodium chloride on the second one.

The principle of operation of this scheme is that the bleed waters 1 are pumped
to evaporator 5, where they are heated and evaporated by using of primary steam 4
which proceeded to the heating chamber of evaporator. The secondary steam
which formed in first housing of evaporator is used for heating and evaporation of
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water ib second housing, in which the solution is boiling under lower temperature
due to decreased pressure. The secondary vapor from second housing is
correspondingly used in third housing.

One of the problems of evaporation set-ups is carry-over of evaporating
solution drops, which passed to the vapor space. This phenomenon is happened
when the drops of boiling solution are set by secondary vapor and carried-over
from apparatus.

For prevent of carry-out of drops with vapor from evaporation set-up and
improving the separation vapor phase from liquid yje separator is established in the
top part of evaporator.

The example of this element version is represented in patent Ne US
2019/0292083 Al [4] (figure 2 A)). There the liquid-vapor separator of cyclonic
type is described. In it the condensed liquid tangentially sputtered and passes along
inner round surface in a form of spiral slow. This is archived by using of inlet
nozzle which is connected to the round surface of chamber tangentially, and also
by installing in top part of vapor space the barrier for prevent of lifting of humid
vapor.

The disadvantage of this construction is the stagnant zones which formed from
inner part of said barrier. The condensed in this zone liquid cannot leave the barrier
and during the further accumulation the stable operation of separator can be
disturbed.

For preventing of mentioned disadvantages and increasing of effectivity of
phase separation it is proposed to install the additional barrier from at least two
conical details of different size (figure 2 B)). Therefore, the dwelling time of vapor
in the separation zone is increased, the distribution of vapor become better and the

probability of the stagnant zones is decreased.
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Frigure 2 — The schemes of separators
A) considered design; B) proposed design
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Physical and mathematical model of thermoplastic melting in disk extruder
graduate student Kovba A, Ph.D., associate professor Shved M
National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute "

ABSTRACT: The implementation of the principles of sustainable
development is connected with the creation of new equipment and technological
solutions.In modern conditions, due to the emergence of new polymers, as well as
the increasing use of composite materials with alloying additives that significantly
change the reological characteristics of raw materials and, accordingly, processing
modes, there is a need to create universal, flexible in the management of cascading
schemes of polymer extrusion, in which the whole process of extrusion is divided
into separate cascades with the possibility of autonomous management of them.
The most common cause of poor-quality product is insufficient melt
homogenization, which can be caused by the action of external factors and the
failure to take into account the properties of raw materials. Therefore, an in-depth
study of hydrodynamic and thermal processes in disk extruders with dosed

nutrition is important.

KEYWORDS: extruder, melting zone, melting zone, physical model,
dispersion model.

The melting process in extrusion equipment is key. Both the productivity of
the equipment and the quality of the melt prepared for the formation depend on
it.In studies of the process of melting a polymer in the channel of a worm extruder,
various physical and mathematical models are used, which differ in the
interpretation of the process and taking into account various factors influencing the
process.

In the mid-1980s, Tadmore conducted experimental work and theoretical

analysis with the development of a classical mathematical model of melting.In this
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so-called "cork" model, the melting process is considered in the Cartesian
coordinate system. The condition for the movement of the material in the melting
zone 1s more friction between the stopper and the cylinder than friction between
the stopper and the worm.

This model is based on the assumption that the movement of the material in
the melting zone is stationary, the speed and temperature fields in each section of
the channel are constant, and the polymer has a clearly defined melting point.. Heat
to the solid stopper is transmitted from the inner surface of the cylinder through a
thin melt film moving above the stopper. Additional heat is generated in film due
to viscous friction [1].

Melting speed in a thin layer on the surface of the section "melt — cork" in
any cross section is determined by the power of the heat flow supplied to the
melting surface [2].

However, some studies have found that solid particles under certain
conditions do not actually collide, but are dispersed in molten material. Examples
include dosed extruders, double-skin extruders, or those that provide for the return
of part of the melt to the melt zone. The dispersion model of melting is shown in
Fig. 2. 1. As can be seen from the figure, the solid granules of the polymer are
wrapped in melt. Their total surface is many times higher than the melting surface
according to the Tadmore model, and the heat is transferred to a much larger

distance, which does not exceed half the diameter of the granules.
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Fig. 1. Dispersion model of polymer melting
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Preliminary studies have shown that the length of the melting zone when
using the dispersion model is significantly reduced and is 3-5D against 10-15D
according to the Tadmore model.

In order to intensifie the process and reduce the total length of the melting
zone, it 1s proposed to implement a model of dispersion melting in the disk
extruder.The authors believe that the dispersion model of melting in the disk
extruder can be achieved without changing the design of the main organ, and with
the help of "dosed" power, that is, with a limited supply of material to the loading
zone. Dispersion model of melting in disk extruder with limited feed is presented

in figure 2.

SO0 00 [V}

RRRF
Mixing = Melting = Loading

Fig. 2. Dispersion model of melting with limited supply of disc extruder: 1 -
weight dispenser, 2 - loading and plastic zone, 3 - dispersion polymer stopper, 4-
semi-melt polymer, 5-homogeneous melt polymer.
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THE MODERNIZATION OF THE BARIUM CHLORIDE
PRODUCTION PLANT
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AHoTamisi: B gaHiii poOOTi po3KazaHO MPO KOPUCTh 1 BUKOPHUCTAHHS
XJopuay Oapito 1 3arajdbHUM METOJ BUTOTOBJIEHHS peuoBMHHU. OmnucaHO Ta
HaBEJCHO TEXHOJIOTIYHY cxeMy. Po3i0paHO poib 3BOPOTHOTO OCMOCY B JaHIi
CXeMl 1 MOSICHEHO TOIIIBHICTH 1i BIIOCKOHAJICHHS.

Kurouosi ciioBa: Xnopua 6apiif, 3BOPOTHIN OCMOC, OTpyTa, TEXHOJIOTIYHA
CXeMa, BUIIApHUU amapar.

Abstarct: This paper discusses the benefits and uses of barium chloride and
the general method of manufacturing the substance. The technological scheme is
described and given. The role of reverse osmosis in this scheme is analyzed and the
expediency of its improvement is explained.

Key words: Barium chloride, reverse osmosis, poison, technological
scheme, evaporator.

Barium chloride is a solid chemical compound having the formula BaCl 2
(if in powdered, or anhydrous, form) or BaCl 2 «2H 2 O (if in crystalline form)[2].
This material has high solubility in water which increases with temperature
increasing. During heating to the temperatures above 113°C barium chloride loses
the crystalline water and becomes the white powder. Anhydrous barium chloride
has density of 3.86 kg/sm? and melting temperature 962°C [1-3]

The barium chloride find wide range of applications in industry and
agriculture.

In agriculture the barium chloride is used as poison for crop pest control
especially in case of truck and orchard crops
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The water solution of barium chloride with concentration of 3-5% is an
entero poison for many pests, for example white beet pests (Asproparthenis
punctiventris), cotton plant, vegetable plant crops, vine shoot, berry and orchard
crops, clover, Lucerne and others field grasses.

In industry, the anhydrous form of barium chloride (BaCl 2 ) is used
primarily as an ingredient in heat-treating salts and metal fluxes--molten baths used
to harden metal parts, usually small specialty steel parts such as tools and dies.
Crystalline barium chloride (BaCl 2 «2H 2 O) is used primarily as an intermediate
in the production of molecular catalyst sieves, which in turn are used in oil refinery
complexes to separate out industrially useful paraxylene molecules from other
mixed xylenes. [2].

There are many methods for obtaining of barium chloridem but in industry
the hydrochloric acid and calcium chloride methods are most widely used. The
sodium chloride, ammonium chloride, magnesium chloride chore and others
methods do not have wide range of application despite some of theme may be
effective.

The technological scheme is shown of figure 1. The main reaction in process
1S:

BaSO4+ CaCly «» CaSOs+ BaClz

The imteraction among BaSO4, CaCl> and Carbone 1s the basis of calcium
chloride method also known as Duflot method. This is complicated process, which
include many reactions which has different rates of reaction.

The calcination of reacting mixture is carried out in periodically acting short
rotating drum furnaces, which are placed horizontally. The mazout is the fuel,
which is pumped to the furnace thorough atomizer burner.

1.5-2 tones of barite is loaded to the furnace after melting to the 0.5-5 mm.
The Carbone is added in in 13-15% from weight of barite. After that the hatchway
is closed, the furnace become rotate, ant the gases leave the heated reservoir
thorough the tube, installed in furnace throat. Then the concentrated solution of
calcium chloride with concentration 800-900 mg/l CaCl: is added. The heating of
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the reservoir with calcium chloride is carried out with aim to avoid of cyclisation.

The amount of calcium chloride which is added into furnace, is 48-49% from
weight of barite. The required solution of calcium chloride is obtained by the
vacuum evaporation of the distiller liquid from soda production, which consist of

100 mg/1 of CaCl>
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1 — jaw breaker for barite; 2 — elevator; 3 — hopper for shredded barite; 4 —
tube mill for shredded barite; 5 — hopper for milled barite; 6 — hopper for chark; 7 —
automated scales for barite; 8 — automated scales for chark; 9 — mixer; 10 —
rotating furnace; 11 — reservoir for gases; 12 — boiler for calcium chloride solution;
13 — dilly with calcinatory; 14 — jaw breaker for fusion cake; 15 — leacher for
fusion cake; 16 — centrifuge for pulp separation; 17 — reservoir- depositing tank for
barium chloride solution; 18 — centrifugal pumps; 19 — reservoir for barium
chloride solution; 20 — vacuum evaporator; 21 — heating chamber; 22 — barometric
condenser; 23 — liquid trap; 24 — crystallizer for barium chloride; 25 — ventilator
for cooling air flow into crystallizer; 26 — centrifuge for separation of barium
chloride crystals; 27 — tank for mother lye; 28 — hopper for barium choride; 29 —
dryer

Figure 1 — The technological scheme for barium chloride production by

calcium chloride method
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During 1.5-2 hours after loading the temperature in furnace is maintained at
the level of 770-780°C. In such condition the wet is evaporated and furnace feed
became the melted mass. Then the temperature is increased to 900-950°C and
melted mass become foam. By 1-1.5 houre the reaction is ended. To the end of
process the temperature is increased up to 1000-1100°C; the shrinkage is happened
and the mass become uniform. The temperature of gases is varied in a range from
200°C to 800°C (in average 300-400°C). The duration of one melting operation is
4-5 hours. It depends on amount of loaded furnace feed, raw material quality, and
degree of fineness. The overmelting in furnace except of decreasing of BaClx
content leads for its solidification, which complicate the further leaching of fusion
cake.

When fusion cake is prepared, the rotation of furnace is finished, it turned in
position when hatchway is oriented down, and the fusion cake is drained in the
plate cast-iron reservoir placed under the furnace, or in the mobile calcinatory
placed on the dilles. There fusion cake is cooled down during 1.5-3 hours. The
fusion cake consists 55-60% of BaCl,. 4-12% of CaCl,, about 7% of CaS, about
3% of BaSOys, about 0.5% of BaS, and 20-25% of others additive agents including
non-reacted coke, BaSOs, FeS, S10; etc.

The yield of bartum chloride in fusion cake include about 90% of theoretical
possibility in regard with loaded barite. The cooled fusion cake is broken on
fragments, then it is broken to the fineness of 30 mm and sent to the leaching.

The leaching of the fusion cake is carried out by hot water (60-80°C)/ After
leaching the solution separated from pulp in the centrifuges. The pulp is rinsed by
water and stacked into the spoil bank. The solution which consists 300-350 g/l of
BaCl: is defecated from mud and passed for evaporation and crystallization of
barium chloride.

The one of main disadvantages of calcium chloride method is high energy
requirements, especially for evaporation process. This problem mat be reduced by
using of reverse osmosis before evaporators. Due to this solution it is possible to
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decrease of vapor demands in evaporators. At the same time the energy

requirements for reverse osmosis is much lower.
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LINE FOR PRODUCTION OF CASEIN IN FLOW

Ph.D., professor Marchevskyi V., student Shashkov V.
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Abstract. A critical analysis of the design of a line for continuous casein
production in flow was carried out. Analysis of technical and economic indicators
for two line modifications shows that many of them are higher than similar foreign
ones. The productivity of the R3-OKL3 line is lower than that of the VS-300KPI
unit. The line needs to be modernized.

Key words: CASEIN, SERUM, LINE, WASHING, COAGULATION,
PRODUCTION.

JIIHIA JJ151 BAPOBHUIITBA KA3EIHY B IOTOIII
K.T.H., ipodecop MapueBcbkuit B.M., marictpant [llamkos B.O.
HauionaabHuii TexHiuauid YHiBepcuTeT YKpaiHu

«KuiBcbKui noJiTexHiYHui iIHcTUTYT iMeHi Irops Cikopcbkoro»

Anomauia. I[Iposedeno KpumuuyHuii auaniz KOHCMPYKYit JNiHil O
HenepepusHoco BUPOOHUYMEA KA3eiHy 6 NOMmOoyi. AHANi3 MexXHIKO-eKOHOMIYHUX
NOKA3HUKIB, BUNOBHEHUU OJis1 080X MOOUpiKayiil 1iHil, NOKa3ye, wo 6a2amo 3 HUx
suwe anano2ivhux 3apyoiocnux. IIpooykmusnicmo niniti P3-OKJI3  menwe
npooykmuernocmi acpecamy BC-300KIIU. Jlinito neobxiono modepHizysamu.

KmouoBi ciaoBa: KA3EIH, CUPOBATKA, JIIHII, [TPOMUNBAHHS,
KOATYJIALIA, BUPOBHUIITBO.

The line for the production of casein in flow was created on the basis of
drying equipment (units VS-150KPI-M1, VS-300KPI-M and presses PSh-300M,
PSh-600M), which has proven itself in production.
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The line, depending on the amount of raw materials and the type of dryer,
provides a capacity of 100 to 200 kg/h for dried casein and guarantees stable casein
quality, environmentally friendly waste (whey) and high profitability.

In comparison with the well-known Ya9-OKL [1], the R3-OKL.3 line
allows to increase the yield and improves the quality of casein, provides a 20-25%
decrease in energy consumption and a significant increase (by 200%) in reliability.

The line is equipped with a coagulator of a fundamentally new design, which
reduces the cost of acid whey, increases the yield and quality of casein. The small
dimensions of the line allow it to be placed on a production area of 36-40 m?. The

line 1s served by 2 operators.

The line includes:
1. Line P3-OKL.3 for continuous coagulation of skim milk and washing of the
obtained coagulate.
2. Screw press PSh-300M or PSh-600M.
3. Drying unit VS-150KPI-M1 or VS-300KPI-M, depending on the required

performance of the line.

According to its performance, it corresponds to the best foreign samples,
but at a cost 15-20 times cheaper, it does not require special foundations, is easy to
install, maintain and operate.

You can get acquainted with the operation of the line at the Obukhovsky
and Tetievsky plants of the Kiev region, where it has been in operation since 1995.

Line cost: 50.000-55.0008%.
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Technical characteristics of the line R3-OKL.3

M

1. Performance, kg/h:
for skim milk
for casein

2. Consumption:
steam (P=3 kg/cm?), kg/h
electricity, kWh*h
whey (210-230°T), m*/h
rinsing water, m>/h

3. Casein humidity, %(w):
after the press
after the drying unit

4. Dimensions of the line, mm:
length
width
height

with dryer
VS-150KPI-M1

4000-5000
100-125

450

26
0,8-1,0
2,2

58+2
10-12

5950

4755
4062

63

with dryer
VS-300KPI-

8000
200

900
48
1,6-2

6012
10-12

6370
4755
4062
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1 - line of coagulation and washing P3-OKL.3; 2 - press PSh-600M;
3 - unit for drying VS-300KPI-M

Figure 1 — Scheme of a line for continuous casein production in flow
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YK 678.5
OOPMYIOUI I'OJTOBKH JIS1 JABOPATOPHOI'O EKCTPYJAEPA
Hepkcen B., marictpanT; bumiko M., aciiipadt; Cemiacbkuii O., KEepIBHUK.
HaunioHaibHUil TeXHIYHUN YHIBepCUTET YKpaiHu

«KuiBcbKui noJiTexHiYHui iIHcTUTYT iMeHi Irops Cikopcbkoro»

AHOTALIA

[TpoananizoBaHo npobsieMy 3a0pyIHEHHSI TUIACTUKOM JOBKULIA. BigzHaueHo
TEHJEHLIi 10 3pOCTaHHA 00CSTIB IUIACTUKOBOT'O CMITTS, 1110 3arPOXKY€ CTa0lIIbHOMY
ICHYBaHHIO €KOCUCTEM. 3a3HAaU€HO MIIXOAH 10 3MEHIIICHHS! HEraTUBHUX (PaKkToOpiB
BHACIIJOK CHOKMBAHHS IUJIACTUKY. PO3INIAHYTO TMpU3HAYEHHA Ta OCHOBHI
KOHCTPYKIUIi eKCTPY31MHUX T'OJIOBOK.

K/IIOYOBI CJUIOBA: IUIACTUK, 3ABPYJIHEHHSA, JAOBKIUIA,
I[TEPEPOBKA, EKCTPVY3IA.

SUMMARY

The problem of plastic pollution of the environment is analyzed. Trends in
the growth of plastic waste, which threatens the stable existence of ecosystems,
have been identified. Approaches for reduction of negative factors due to plastic
consumption are indicated. Purpose and basic constructions of extrusion heads are
described.

KEYWORDS: PLASTIC, POLLUTION, ENVIRONMENT,
RECYCLING, EXTRUSION.

3 poKy B pIK, y CBITI 3pOCTa€ MOMUT Ha BHUPOOHHUIITBO IUIACTHUKA, IO
3YMOBJICHO JCIICBU3HOI0 WOT0 BUPOOHHUIITBA Ta BUCOKHMH EKCIUTyaTaIliiHUMU
SKOCTSIMH, OCOOJIMBO SIK MaTepiayly JUisi BUTOTOBIICHHS TOBApiB CIOKMBAHHS Ta
CYKYITHUX TPOJYKTIB (HAIpUKIAJ, T[MaKOBaHHS). 3O0UIbIIEHHS YHUCEIbHOCTI
HaceJeHHs 3aKOHOMIPHO 30uIbllye HeoOXinHI 00’eMu 1uiactuka. Lle cTBoproe

npo0JieMy B Y BUTJISAII HAKOMUYEHHS TJIACTUKOBOT'O CMITTSL.
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VY 3BiTi CNBC [1], pOo3risiHyTO TEHHELII0 10 3pOCTaHHsS 3a0pyJAHEHHS
manetyd a0 2040 poky yepe3 301IblIEHHS 00’ €MIB BUKOPUCTAHHS OJHOPA30BOTO
IJIACTUKY, Y 3B'SI3KYy 3 UMM Psii KpaiH BBIB OOMEKEHHSI Ha BUPOOHUIITBO MPOAYKIIi
3 miactukiB. JlieBl nNUIAXWM JUIsl 3amo0iraHHs «IJIACTUKOBOI'O THUCKY» Ha
HABKOJIMIIHE CEPEJOBUIIE MOJATAlOTh y MPOJOBKEHHI 30UIBIIEHHS BiJICOTKY
nepepoOKu MIACTUKY abo 3MIHM BUPOOHMIITBA IJIACTUKOBUX BUPOOIB HAa KOPUCTH
010pO3KJIaJHUX aHAJIOTIB 0€3 3MiHU BUPOOHUYOTO 00JIaIHAHHS.

BaxnuBicTh omnucaHoi MOpoOJeMU 3yMOBIIOE aKTYaJbHICTH PO3POOOK
CIIpSIMOBAaHUX Ha i1 BUpILIEHHS. ABTOpaMU TPOBOMASTHCA POOOTHU 31 CTBOPEHHS
71a00paTOPHOT YCTAHOBKU JJISI MPOBEICHHS JOCIII)KEHb 32 11€10 TEMATUKOIO.

VYcranoBka moOyaoBaHa Ha 0a3i €KCTpyJepa OPUTIHAIBHOI KOHCTPYKIIIi,
BAXKJIUBUM €JIEMEHTOM SIKOTO € (POPMYIOUMil IHCTPYMEHT (€KCTpy3iiiHa T'OJOBKa).
PosrnsiHemo niesiki 3 HUX Ha OCHOBI 1H(opMailii, HaBeeHoi y [2].

BinbIIicTh KOHCTPYKIIN €KCTPY31MHHUX TOJOBOK (puC. 1) BKIIOYAE PENIITKY
4, 10 BCTAHOBIIOETHCS HA BXOAl 10 (OPMYBAIBHOTO I1HCTPYMEHTY 1, KU
KpIMUThCA JO0 LWIIHApa 2 eKkcTpynaepa. Pemnitka CTBOpHOE€ J0JaTKOBUUN
TIApaBIIYHUN OMIp MOTOKY, IO MOKpAIIy€e€ OJHOPIAHICTh po3IiaBy mojiMmepy. o
PEUITKU KPIMUThCA MakeT CUT 3 3 MEBHUMHU pO3MipaMH KOMIpoK. BiH BHKOHYE
byHkIi0  GUIBTPY, MO 3amobira€ MOTPAIUISIHHIO CTOPOHHIX BKJIIOYEHb B
eKCTpy3iiiHy ronoBky. KpiM TOro, 3a J0moMororw 3MIHHMX PENIITOK 3 OTBOpaMu
pI3HUX JlaMeTPiB MOKHA 3MIHIOBATH Jlana3oH MPOAYKTUBHOCTI €KCTPYyJiepa, KOJIH
MOXJIMBOCTI PETrYJIFOBAHHS IIBUIKOCTI O0OEpTaHHS IIIHEKA OOMEKEHI.

OinpTpyBaldbHI PEIIITKH, K1 3a3BUYall BUKOPUCTOBYIOTHCS B €KCTpYyAEpax,
MalTh MOPIBHAHO HEBEJIUKY IUIOLLYy (UIBTPYIOYOi IOBEpPXHI, PIBHY IUIOLII
BHYTpPIIIHBOTO TMepepidy uwuiaiHapa. [ns 30uibmieHHs 1oiomi  (QuIbTpyBaHHS

BUKOPHUCTOBYIOTHCSI TPUCTPOI CHEIIaTbHUX KOHCTPYKITIH.
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Puc. 1. Cki1aioBi 4aCTHHH eKCTPY3iHHUX I'0JIOBOK:
1 — dbopMyBanbHUIT IHCTPYMEHT; 2 — HIIIHAP €KCTPYAEpa;
3 — makeT cuT; 4 —perriTka.

Big siKOCTI pemniTky 3aJIeKUTh HAAIMHICTh POOOTH BCHOTO €KCTPY31MHOTO
arperary, a croci0 i OYMIIEHHS BIUIMBA€ HA TPUBAIICTH Oe3MepepBHOI poOOTH 1
qac NpocCToIo.

CraluIbHICTE pOOOTH PEIIITKM Yy HaBEJEHOMY HAWIPOCTIIIOMY BaplaHTI
JOCSITAEThCS JIMIIE 32 YMOBHM BHCOKOI YHMCTOTH MEPEepOOIIOBAHOTO MaTepiaiy.
HeBukoHaHHsl 11i€i yMOBHM MPU3BOAWTH 0 HEOOXIAHOCTI YacTOro OYHUIICHHS
(GIBTPYBAJIBHUX €JIEMEHTIB €KCTPY31MHUX T'OJIOBOK, 110 301IbIIYE HEMPOAYKTHBHI
BUTPATH BUPOOHUYOIO Yacy 1 BTpaTu Matepiany. Buxij 3 Takoi cUTyailii moyisrae y
BUKOPHUCTAHHI OUIBII KOHCTPYKIIMHO CKJIAJHUX MPUCTPOIB, 10 3a0€3MeUyr0Th
0e3yNuHHY 3aMiHy (DUIBTPYBAIBHUX €JIEMEHTIB a00 iX OUUILIEHHS.

Jns oTpuMaHHS JUCTOBUX BHUPOOIB BUKOPHUCTOBYIOTHCS TJIOCKONIIUIMHHI
EKCTPY3iliHI TOJIOBKM. Y KOHCTPYKI[ISIX TakuX TOJIOBOK OcCOOJIMBa yBara
MPUIISETHCS PIBHOMIPHOCTI MIBUIAKOCTI BUXOAY PO3IUIABY MOJIMEPY MO HIMPHUHI
[IIJTUHA.

3a crnocoOOM MiABEAEHHS PO3IUIAaBY 10 IIUIMHHOTO KaHajdy TOJIOBKH IS
eKCTpy3il JUCTa MOXHa PO3JUIMTH Ha JBa THUIH: TOJOBKH, B SKHUX PO3ILJIaB
noyiMepy 3 eKCTpyAepa HAaAXOAUTh OE3MOCepeHbO y BXIJAHY 30HY HIIJIMHHOTO
KaHaly, 1 TOJIOBKHU 3 PO3MOJITIbHUM KaHAJIOM.

J1o roJI0BOK MEPIIOro TUIY BIAHOCHUTHCS KOHCTPYKLIS, HaBeI€Ha Ha pHC. 2.

[i 0co6nuBicTh HOMIATaE y TOMY, IO BXiZHA 30HA 1 PO3IIMPIOETECA Y HAPAMI PyXy
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nojiMepy 1 NEpPeXOoauTh Yy BHUPIBHIOBAJIbHY IOPOXKHHUHY 2, SIKa 3aKIHUYEThCS

($hopMyBaIbHOIO MIUIUHOKO 3.

k%
Puc. 2 CxeMa mi10CKOIIiTMHHOL Puc. 3 Cxema K0JIEKTOPHOI F0JIOBKH:
rOJI0BKH THITY «pHO's1YHil XBICT»: 1 — rosioBka; 2 — KOJIEKTOP; 3 — JIUCT.
1 — po3muproBaibHa BXi/HA 30HA;
2 — BUPIBHIOBaJIbHA MOPOKHUHA;
3 — dopmyBanbHa MIUIKHA.

VY MUIMHHUX TOJIBKax Jpyroro Tumy (puc.3) po3iuiaB MiABOAUTHCA 0
I[UTMHU TI0 TUAJIHIPUYHOMY a00 OBAJIIbHOMY PO3MOAUTFHOMY KaHaly (KOJEKTOopY),
pO3TalIOBaHOMY MapaneiabHo (poHTy wiMHU. Konekrop mnpueaHyerbcs 10
EKCTpyJiepa OJIHUM KIHIIEM a00 CepeIMHOIO.

VY KOHCTPYKULIAX IJIOCKOIIUIMHHUX TOJIOBOK HEOOXiIHO 3abe3nedyBaTH
00TiuHy (hOpMYy 1 BUCOKY YHCTOTY OOpOOKHM pOOOYMX MOBEPXOHb, HE JOMYCKATH
PI3KUX MEpexOoiB BiJ OJHIE€I MOBEPXHI /10 1HINOI 1 YTBOPEHHS 3aCTIMHHUX 30H,

HAsIBHICTb SIKUX MOX€ MPU3BECTHU JI0 MEPETPIBaHHSA 1 IECTPYKIIil MOIIMEDY.

Bioaiorpadis:

1. https://www.cnbc.com/2020/07/23/enormous-amount-of-plastic-will-fill-
oceans-and-land-by-2040-report.html.

2. Kum B.C. Teopusa u npaktuka 3kctpy3uu noammepoB. — M.: KomocC,

2005. - 568 c.
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V]IK 678.5
BAPIAHT TEXHOJIOTTYHOI JITHII JIUISI TEPEPOBKH
IUTACTUKOBUX ILISIIIOK JIJIS1 HATIOIB

Hepkcen B., marictpanT; Kocenko B., acniipant; Cemincekuii O., KEpiBHHUK.
HauioHabHUil TeXHIYHUN YHIBepCUTET YKpaiHU

«KuiBcbKui noJtiTexHiYHui iIHcTUTYT iMeHi Irops Cikopcbkoro»

AHOTANIA

Onucano  mpoOiieMy — 3a0pyJHEHHS  IUIACTUKOM  HABKOJMIIHLOTO
cepelioBUIA. 3a3HAYEHO MIAXOAUW JO 3MEHIIEHHS HEraTUBHUX (akTopiB
CIO’KMBAHHS IJIACTUKY. 3allPONOHOBAHO 17110, IO CIPHUsi€ BTOPUHHIN mepepoOIrl
IJJACTUKOBUX BIIXOMAIB 3 iX MOJAJBIINM BUKOPUCTAHHSM SIK CHUPOBUHM IS
BUTOTOBJICHHS HOBUX BUPOOIB.

KJIFOYOBI CJIOBA: EKOJIOI'TA, HABKOJIMIIIHE CEPEJOBUIIE,
[IJTACTUK, BTOPUHHA ITEPEPOBKA.

SUMMARY

The problem of plastic pollution of the environment is described.
Approaches to reducing the negative factors of plastic consumption are indicated.
The idea that promotes the recycling of plastic waste with their further use as raw

materials for the manufacture of new products is proposed.

KEYWORDS: ECOLOGY, ENVIRONMENT, PLASTIC, RECYCLING.

VY CchOrojieHHUX peanisix IJIACTUKOBI BIAXOIM CTAIOTh OJHIEIO 3 HAWOIIBII
HarajabHUX TpoOneM mronctBa. Koxken sxutens Ykpainu 3a 2020 p. y cepeIHbOMY
BUKMHYB 302,7 kimorpamu cMmiTT, 3 SKUX He MeHume [120kr He Oynu

nepepoOieni [1]. 3HayHa yacTKa MUX BIJAXO1B MPHUIAIa€ Ha TIACTUKHU.
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VY cTpyKTypi BCiX MOJIMEPHUX BIAXOJIB, 110 YTBOPIOIOTHCS, Bigxoau [IET
ckianaTh Outbiie 30 %, ane Ha AaHUM Yac 3 HUX MEPEPOONSETHCA TUIBKU
nopsaaky 12 %.

Icuyroui Bapiantu ytumizauii [IET BigXoaiB MonsraroTh y 3aXOpPOHEHHI
IbOr0 I[IHHOTO TOJIMEpY, SIKUH OTPUMYIOTh 3 HEBIIHOBIIOBAHOTO peCypcy, IO
pOOUTH BEJNMYE3HI TEPUTOPIi HENPUIATHUMH JIsi BUKOPUCTAaHHS. Takox
BUKOPHUCTOBYETHCS CHATIOBAHHS 3 METOI0 BHUPOOJICHHS €HEprii, aje TaKuil MeTO]l
€KOJIOTIYHO HEOE3MEeUHU Ta €KOHOMIYHO HEeIOLIbHUM. BpaxoByroun HEZONIKU
IUX METOJIB BTOPUHHA NepepoOka Bukopuctanux BupoOiB 3 IIET ekonoriuno ta
€KOHOMIYHO JOI[iIbHA.

Hapasi Bropunna nepepooka IIET mepenbadae BUpOOHMIITBO MOJIMEPHUX
rpaHyl, Kl y MOJAlIbIIIOMY BUKOPUCTOBYIOTHCS JJIi BUTOTOBJICHHS TOBApPHOI
npoAyKIi (HalyacTilie y KOMIIO3UIISAX 3 TMEPBUHHUM MOJiIMEpoM). Po3BUTOK
TEXHOJIOTIA  BIAKPUBAE TMEPCHEKTHUBY CKOPOUEHHS IUMKIY MEPETBOPEHHS
MJACTUKOBUX BIIXOMAIB y KiHIIEBI BUpoOuU. Lle MoOxiMBe 3aBASKM 3aCTOCYBAHHIO
aAUTHUBHUX TEXHOJOrH, 0co0iuBO 3D-apyKy, s SIKOTO Yy SIKOCTI BHXIJHOT
CUPOBUHU BUKOPUCTOBYIOTHCS MOJIMEPHI CTPEHTH.

Ha ocHoBi BimomocTeit 3 [2] 1 [3] MOKHA MIPEJACTABUTH TEXHOJIOTIYHY CXEMY
nepepoOKH TMJIACTUKOBUX IUISIIOK JUIs HAIOIB JJIS BUTOTOBIICHHS CTPEHT Y
BUTJISA/I1, HaBEEHOMY Ha puc. 1.

BTtopunna cupoBHMHAa 'y BUIJIS[I MPEC-NMAKETIB  3aBAHTAXKYETHCS Y
KUBUWIBHUK 1. Y Mipy npocyBaHHsS MaTepialy B )KUBWJIBHUKY TPU 00€PTOBI ITHEKU
MOJIIIAIOTh CIPECOBaHI IUIAIIKK 1 MOJAIOTh iX Ha CTPIYKOBUM KOHBEEp 2, 3a
JIOTIOMOT OO SIKOT'O MaTepiall MOJA€ThCs Ha MOAPIOHEHHS.

Cucrema mOapiOHEHHS CKJIAIAa€ThCA 3 TMOXUIOr0 KOHBeepa 3, mipeaepa 3
MOBITPOJYBKOIO 4 1 MEPBUHHOI CHUCTEMHU BIJICMOKTYBAHHS 3 HHJIO30IpHUKOM.
[Mnamku moapiOHIOIOTHECS HAa YaCTUHKU 3 PO3MipamMu MO JOBXKHUHI (IIMPUHI)
Onu3bko 2,5 cM, TOBITPSIHUN KiIacU(PIKaTOp BUJANSE ETHUKETKH, IICIS YOro

Marepiall TPaHCIIOPTY€EThCS HAa MPOMUBAHHS y (JIOTAI[IiHY EMHICTD 3.
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1 — )KUBWIBHUK; 2 — CTPIUYKOBUM KOHBEEP; 3 — MOXUIUN KOHBEEP; 4 — cucrema

noApiOHEeHHS; 5 — cucTeMa MPOMUBAHHS; 6 — BUBAHTA)XXYBaJIbHUN KOHBEED; 7 —
cucTeMa cemnapailii; 8 — cucteMa BIAMUBAHHS 1 CylIiHHS; 9 — ekcTpynep; 10 —
OXO0JIO/IKyBaJibHA BaHHA; 11 — cymapka; 12 — HaMOTyBaJIbHUM MPUCTPI.

Pucynoxk 1. TexHonoriuna cxema mnpoiecy nepepoOKu MiIacTUKOBUX BIJIXO/IB

®dnoraiiiiHa €MHICTh TpU3HA4Y€Ha JJIsi BUJAJICHHSA MOJINPONIJIEHOBUX
KPUIIEYOK Ta iHIIMX BKJIIOYEHb i3 MaTepianiB ryctuHoro Mennre 1000 kr/m?. Tlpu
3aBaHTa)XEHH1 MaTepially B EMHICTh IJIaBy4l YACTUHKH ITEPEMILLYIOTHCA B OJJUH 01K
3a pomoMororw kpwiatku. IIET 3aHyproeTbcs Ha OHO Ta BHUBAaHTAXYETbCS 3
€MHOCTI 3 1HIIIOTO OOKY 3a JOMOMOTOI0 KOHBE€epa 6.

Cucrema cemaparliii 7 nmpu3HadeHa IJI1 BUAAJICHHS CTOPOHHIX YaCTHHOK, IO
YTBOPIOIOTHCSI TPU TOMEPEIHbOMY TOAPIOHEHH] TUISIOK. CTOPOHHI YaCTUHKH
BigauisatoTees Bif [IET, sikuit mogaeThes 10 CUCTEMHU BIIMUBAHHS 1 CYLIIHHS 8.

CuctemMa BIAMUBaHHS 1 CYIIIHHS BHUKOHAHA Yy BUIJISAl MOCIIJOBHOCTI
o0eproBuXx OapalaHiB, MEpPUIMN 3 SKUX MPU3HAYEHUW I BIJIMUBAHHS, APYTUd —
JUI. IPOMUBAHHS, TPETIM — JJI1 BUJAJICHHS BOJM, a YETBEPTHUM 1 M'ATHH — HJIA
CYILIHHS.

Murounii IpyUCTpii 00JAIITOBAHUH COIJIAaMHU PO3MUIIOBAYa JJI BUIAJICHHS
XapyoBHX 3QJIMIIKIB Ta 1HIIMX 3a0pyHEHb. Y Mipy MPOCYBaHHS MaTepiany yepes
Oapaban 3a0pyaHEHHS BIJIMUBAIOTHCA Ta BUAAISIOTHCS pa3oM 3 Bojaow. Cucrema
BOJIONIOCTaYaHHS MPAIIO€ 32 3aMKHYTHUM IIUKJIOM: BUKOPHCTaHa BOJIa HATPIBAETHCS

1 OUMIIIAETHCS 32 IOMOMOTOI0 CEAMMEHTAIll] Ta (UILTPYyBaHHS.
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VY npyromy 6apabani maTepiaia IpOMHUBAETHCS CBIKOIO BOJIOKO.

VY tpetroMy Oapabani 3 MaTepialy BUAAISIETHCSA BOJIA 1 HAAXOAUTH JO €EMKOCTI
BIIMHUBAHHS.

UerBepTuii 1 m'atuil 6apabaHu — 1€ pOTalliiiHl CYIIApKH, y SIKUX B SIKOCTI
CYIIMJIBHOTO areHTy BUKOPUCTOBYEThCA Harpite moBiTps. [IoBiTpsi HarpiBaeThCs
eJIEeKTpOHArpiBayaMu 1 IUPKYIIIOE Y CUCTEMI.

3 cucTeMH BIJIMHUBaHHS 1 CYUIIHHS Mareplajl IepeBaHTaXYe€TbCsS B
YUIUTBHIOBAJILHY BUPBY €KCTpyAepa 9. BepTukanbHO BCTAaHOBIEHUN y BUPBI IITHEK
VUIUTbHIOE — TOoApiOHeHuM  matepian, 100 3a0e3nmeyuTd  MpPOTYKTUBHICTD
eKCTpyJepa, 1 TPAHCTIOPTYE HOTO B 3aBAHTAXXYBAJIbHY 30HY €KCTpYAEpa.

Jns tepmocrabinizanii, monudikarii BTropuHHOro IIET abGo BBeaeHHs
OapBHUKIB Yy CKJIaJl YCTaHOBKH MOXXe OyTH mepeadadueHa cHUcCTeMa J03yBaHHS
100aBOK.

[lepeminryBaHHsl, TUIaBJA€HHS 1 TOMOTEHI3allisl MOJIMEPHOI CHPOBHHH 1
100aBOK 3/1ACHIOIOTHCSA B eKCTpyAepi. [IpoayKTUBHICTh €KCTpYAepa 3aJIeKUTh BiJl
CKJIaly BHUXIJJHUX KOMIIOHEHTIB Ta IX HACUIHOI TYCTHMHHM. THCKOM, IO
CTBOPIOETHCSl IITHEKOM €KCTpYyJAepa, pO3IUIaB TMOJIMEPY BHUTHUCKAETHCS YEpe3
OTBOPU (PIIIBLEPHU 3 YTBOPEHHSIM CTPEHT.

Ha Buxomi 3 exkcTpyaepa CTPEHTM  OXOJOJKYIOThCA  BOJIOIO Y
OXOJIO/KYBaJIbHIM BaHH1 10, 1, micis gocyuryBaHHs y cymapui 11, HaMOTyroThCs
Ha pUCTpoi 12 1 CKIaayIOThCHA.

3a MOPIBHSAHO MaJIUX OOCSTIB MEPEPOOKH MOKIUBE MPOBEIAEHHS COPTYBaHHS
BpYYHY, 1110 3HAYHO CHPOIIy€e BUPpOOHUIITBO. Lle 103B0IsIE CTBOPIOBATH KOMITAKTHI
YCTAHOBKH JIsl TOOYJIOBH JIOKAJIBHUX HIANPUEMCTB a00 HaBITh BUKOPUCTOBYBATH

ix Oe3mnocepeIHbO y MyHKTaX 30MpaHHsI BTOPUHHUX B1AXO/IIB.

Bioaiorpadis:

1. Binxonu [Enextponnuii pecypc] JepxaBHa ciiy»0a CTaTUCTUKU
VYkpaiau — 2021. — Pexum noctyny 1o pecypcy:
http://www.ukrstat.gov.ua/operativ/menu/menu_u/ns.htm.

72



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

2. YenuokoB A. OcHoBbl 3kojioruu / A. Yennokos, JI. FOmenko, U.
KMmbIx0oB. — MuHCK: «Brimmiimas mkonay, 2012. — 480 c.
3. KnunkoB A. VYTunuzamuss W BTOpUYHAs TMepepabOoTKa Tapel U
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VK 664.8.047
INFLUENCE OF HEAT CARRIER TEMPERATURE ON THE DURATION
OF THE DRYING PROCESS OF COLLOID CAPILLARY-POROUS
MATERIALS FOR FUNCTIONAL PURPOSE
PhD, Senior Researcher Slobodianiuk K.
Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. Research and analysis of the obtained data on the influence of heat
carrier temperatures were performed 100°C, 80°C, 70 °C, and 60°C for the duration
of the drying process of colloidal capillary-porous materials for functional
purposes. It is established that with decreasing coolant temperature, the drying
time increases accordingly, but the high-temperature regime cannot ensure the
quality of the obtained processing product. The expediency of further studies of the
influence and duration of the coolant temperature on the change of qualitative
characteristics of the dried material is substantiated.

Keywords: DRYING, TEMPERATURE, COLLOID CAPILLARY-
POROUS MATERIAL, QUALITY.

BIIJIUB TEMIIEPATYPHU TEIIJIOHOCISAA HA TPUBAJIICTH TIPOLECY
CYIIIHHS KOJIOITHUX KANLIAPHO-MIOPUCTUX MATEPIAJIIB
OYHKHIOHAJIBHOI'O ITPU3HAYEHHSA
K.T.H., cTap.HaykK.criBp. Cnoboasuiok K.C.

Incmumym mexniunoi mennogizuku HAH Ykpainu

Anomayia. BUKOHaHO JOCHIJDKEHHS Ta aHall3 OTPUMAHHMX JaHUX BIUIMBY

temneparyp Termionocis 100°C, 80°C, 70 °C, ta 60°C Ha TpuUBaIICTh HPOIIECY
CYIIIHHS  KOJIOIMHUX  KaNUIIPHO-TIOPUCTUX  MarepiaiB  (YHKI[IOHATHLHOTO
npu3HaueHHs. BcTaHOBIEHO, 10 13 3MEHIIEHHSM TeMIEpaTypu TEeIIOHOCIsS
BIJIMOBITHO 30UIBLIYETHCS TPUBAIICTh CYILIIHHS, aje€ BHUCOKOTEMIIEpaTypHUN
pexXUM HE MOXe 3a0€3MeUuTU SKICTb OTPUMAHOrO TMPOAYKTY HEPEPOOKH.
OOrpyHTOBaHO JONIIBHICTh MOJATIBIIUX JOCHIIKEHb BIUIMBY Ta TPHUBAJIOCTI
TeMIepaTypyu TEIJIOHOCIS Ha 3MIHY SKICHUX XapaKTepPUCTUK BHCYILIEHOTO
Marepiany.

Knrwouoei  cnoea:  CYUIIHHS, TEMIIEPATYPA, KOJIOIHUN
KAITIIIPHO-ITIOPUCTHI MATEPIAJIL, IKICTb.
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Temperature exposure is the most common heat technology operation in the

processing of vegetable raw materials, and the drying process is one of the most
relevant methods of preparation, processing, canning, and semi-finished functional
food plant raw materials [1].

In the Institute of Technical Thermophysics of the National Academy of
Sciences of Ukraine performed research on the processes of convective drying of
functional colloidal capillary-porous material on an experimental convective stand.
The stand is technically equipped with automatic collection and processing of
information by the application program "Sushka", developed by the staff of the
Institute [2].

The results of research in the form of a drying curve W = f(7) are

presented in Figure 1 [1].
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Fig. 1 Influence of heat carrier temperature on the drying kinetics of colloid
capillary-porous materials for functional purpose.
Mode parameters of the heat carrier: 6 = 15 mm, W% =4 %; V = 2,5 m/sec,
d =10 g/kg dry air. 1 — 100°C, 2 — 80°C, 3 — 70 °C, 4 — 60°C.

In fig. 1 presents the results of research of influence of heat carrier
temperature on the drying kinetics of colloid capillary-porous materials for
functional purpose. As can be seen from the figure, the shortest drying time of the
material at the temperature of the heat carrier 100 °C. As the heat carrier

temperature decreases, the drying time increases accordingly. The longest duration
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at the temperature of the heat carrier 60 °C. However, the high temperature regime
cannot ensure the quality of the obtained processing product (drying) [1].

Conclusions. In the case when the object of drying is a colloidal capillary-
porous material for functional purposes, there is a need to study the effect and
duration of the heat carrier temperature on the change in the quality characteristics
of the dried material.
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UDC 662.73
INVESTIGATION OF KINETICS OF DRYING OF BIOGRANULES ON
THE BASIS OF PEAT, SLUDGE AND BIOMASS
graduate student Novikova Yu., graduate student Petrov A.

Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The paper presents studies of the kinetics of the drying process of
two- and three-component biogranules based on peat, sludge and biomass on a
convective drying stand.

Key words: peat, sludge, biomass, drying.

JOCIIAAKEHHSA KIHETUKU CYHITHHSA BIOT'PAHYJI HA OCHOBI
TOPD®Y, MYJOBUX BIAKJIAAEHb TA BIOMACH
acniipantka HosikoBa FO.I1., acnipanTt [letpos A.lL.

IncTuTyT TexHiuHOI Temogizuku HanionanbHol akaaemii HayK YKpaiHu

Anomauia. Y pobomi nagedeHi 00CHiOHNCeHHs KIHemuKu npoyecy CYUliHH:
080- Ma MPbOXKOMNOHEHMUHUX OI02paAHYl HA OCHO8I MOpdy, MYI08UX BIOKIAOEHb
ma oiomacu Ha KOHBEKMUBHOMY CYWUTLHOMY CMEHOI.

Knrwouoei cnosa: mopg, mynosi gioknadenus, biomaca, CyuinHs.

To create biogranules, peat from the Chernihivtorf deposit, sludge deposits
from Fastiv sewage treatment plants and biomass in different proportions were
used. Preparation of raw materials and creation of compositions with subsequent
granulation from obsolete sludge, peat and biomass are given in previous
publications [1].

Studies of the kinetics of the drying process, after granulation on a hydraulic
press, were performed on an experimental convective stand with an automatic

system for collecting and processing information, which allows heat treatment of
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biogranules at a drying agent temperature of 30 - 150 °C and a speed of 0.5 - 5 m/s

[2].

Moisture, %

0 2 4 6 8 10 12 14 16 18

Time, min
Fig. 1. Change in moisture content (1,2,3) and temperature inside the layer (1', 2,
3") of two- and three-component biogranules over time.
Mode parameters t = 120°C, V=2 m/s, d = 6 mm:
1, 1" — two-component biogranules based on obsolete sludge and peat;
2, 2" — three-component biogranules based on obsolete sludge, peat and buckwheat
husks; 3, 3’ — three-component biogranules based on obsolete sludge, peat and

sawdust

Figure 1 shows the drying kinetics curves of two- and three-component
granules and their temperature curves. As can be seen from Figure 1, the drying
kinetics of the biogranules of the three-component compositions are similar and
the curves overlap (curve 2, 3). Curves of drying kinetics obtained from two- and
three-component compositions of biogranules show that drying takes place with a
gradual decrease in humidity. The drying time of two- and three-component
biogranules is in the range of 17 - 18 minutes.

Temperature curves are of different nature. Three-component biogranules

based on sludge, peat and sawdust are heated intensively up to 16 min at a uniform

78

Heating temperature, °C



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

temperature (curve 3'), but biogranules with buckwheat husk are heated slowly up
to 14, and then there is a sharp increase to the final value (curve 2’).

Effective drying modes have been determined, in which the duration
is 17-18 minutes. The obtained drying kinetics curves have the same character in
two- and three-component granules, but the temperature curves have a different

character.
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YK 637.142
JOCJIIJIP)KEHHS BIIJIUBY KABITAIIIl HA IEPEBIT MTPOIIECY
KPUCTAJIBAIIL IAKTO3H
np.H.c., k.T.H. llenens b.4., np.H.c., a.T.H. IBanuupkuii I'.K., c.H.C., K.T.H.
Paguenko H.JI., ron. Texuonor lenkin B.1.

IncturyT Texniunoi Temnodizukn HAH Ykpainu

Anotanis: [TpoBeneHo MOCHIIKEHHS TMPOLECY KpUcTalizalii JaKTOo3u B
3rylieHid MOJIOYHIM cHUpoBatii 0OpoOieHi B pOTOPHO-IyIbCALlITHOMY amnapari
Oe3nepepBHOi aii. JlocmimkeHo 3MiHY (PI3MKO-XIMIYHUX BJIACTHUBOCTEH 3rYILEHOT
MOJIOYHOI CHpPOBATKM 1 BIUIMB TEXHOJOTIYHUX T[apaMeTpiB Ha yTBOPEHHS
KPUCTAJIB JIAKTO3W Ta IX AUCTEPCHHUNA PO3Moia. OTpUMaHO KPUCTAIU JAKTO3H 3
JTUCIIEPCHUM PO3MOJAUIOM B Aiana3zoHi 5,0+6,5 MKM, 10 JAO3BOJUTH OTPUMYBATH
MPOAYKT BUCOKOI SIKOCTI.

Abstract: The study of the process of lactose crystallization in concentrated
whey processed in a rotary pulsation apparatus of continuous action was carried
out. The change in the physical and chemical properties of concentrated whey and
the influence of technological parameters on the formation of lactose crystals and
their dispersed distribution are investigated. Lactose crystals with dispersed
distribution in the range of 5.0+6.5 microns were obtained, which will allow to
obtain a high quality product.

Kuo4oBi ciioBa: naktosa, Kpuctaiiizalisi, pOTOPHO-ITyJIbCAIllIMHUI amapar,
JTUCTIEPCHUM PO3TOIL.

Keywords: lactose, crystallization, rotor-pulsation apparatus, dispersed
distribution.

JlakTo3a — €AWHUWI y TPUPOII BYTJIEBOJ TBAPUHHOTO TMOXOKCHHS BMICT
AKOr0 B MOJIOLI CTaHOBUTH 4,4-+5,2%. Lle 00yMOBITt0O€ HEOOX1THICTD OAEPKYBATH ii
y BUINIAAL cHEUU(PIYHOTO MPOAYKTY — MOJOYHOTO IYKPY, SKUH 3HAXOIUTh
3aCTOCYBaHHS B MEAMIMHI, Xap4yOBId MPOMMCIOBOCTI, BUPOOHUIITBI MPOAYKTIB
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OUTSYOr0 1 JIETUYHOIO XapyyBaHHSA TOWIO. BBaxaeThcs, 1O EKOHOMIYHUN
MOTEHI[lal KpUCTali3alli JIAKTO3M 33 YMOBHU BUKOPHUCTaHHS Cy4YaCHMX METOJIB
0oOpoOJICHHS CUPOBUHHU, 30KpeMa 3TYIIECHHsS, a TaKoXX HOBUX CIOCOOIB —
KPIOKOHIIEHTPYBAHHSI, 3BOPOTHUH OCMOC Ta 1H. TIOKpUBAE BUTpPaTH Ha
pO3p00JIeHHST Ta BUPOOHUIITBO, TOMY IHT€pEC HAYKOBIIIB 1 BUPOOHUKIB MOJOYHOL
MPOIYKLIi 10 BAPOOHUIITBA MOJIOYHOTO I[yKPY Ma€ CTIHKY 3all1KaBJIEHICTb.

Kpucranizaiiss J1akTo3u B 3TYIIEHIM MOJIOYHIA CHpOBaTil Mepedirae B
CKJIQJHUX T1APOAMHAMIYHMX YMOBaxX 1 IIMPOKOMY Jlama3oHi TeMmmeparTyp.
OTpuMaHHS KPHUCTAJIIB JIAKTO3M 3 MOJIOYHOI CHUPOBATKU MOAUISIOTH HAa YOTHUPHU
CTali: 3ryIIeHHS MOJIOYHOI CUPOBATKH, il IEpEeHACUYEHHSI, 3aPO/IKEHHS KPUCTAIIB
JaKTO3M 1 iX 3poctanHs. Ilix yac mpouecy kpuctanizalilii BaXIMBO KOHTPOJIIOBATH
9ucTOTY, (hopMy 1 po3mip kpuctaniB. [Iporiec mpoBoniATh, B OCHOBHOMY, B
amapaTtax MepioJM4YHOI Jii, 0 3HUKY€E €PEKTUBHICTh MPOLIECY KpUCTai3allii, siKa
3QJIEKUTHh BIJI MOXJIMBOCTI MOro aBTOMAaTH3allii, KEPOBAHOCTI Ta 3a0e3MedYeHHs
OJTHOPIJTHOCTI JTUCIIEPCHOCTI KPUCTATIB.

[IpoBeneHO HOCHIIKEHHST MPOIECy KpucTalizalii JIAKTO3W B 3TyHIEHIN
MOJIOUHIM cupoBaTiii 00poOyieHilt B poTopHO-MyJibcalliinoMmy amnapati (PITA)
oesnepepBHOi Aii. JocmimkeHo 3MiHY (Hi3UKO-XIMIYHUX, (PI3UKO-MEXaHIUHHX,
(yHKI10HAJIbHO-TEXHOJIOTTYHUX BJIACTUBOCTEN 3TYIIEHOI MOJOYHOI CHPOBATKU 3
MacoBOIO JOJICI0 CyXHUX pedoBUH 55+62% o0pobnenoi nHa PIIA. Takox
JIOCJIIIDKEHO BIUIMB 4acy 0OpoOKH, yacToTu oOepTaHHs pobouux opraHiB PITA Ha
YTBOPEHHS KPUCTANIB JIAKTO3M, iX KUIBKICTb 1 CEpeAHid po3Mip, BU3HAYWIH
TeMIepaTypy MacoBOi KpUCTaIi3allii JaKTO3M 1 KUTBKICTh JaKTO3H, 110 MepeuIiia B
Kpuctaimiunuil crad. [Ipoiec kpucranizaiii JaKTO3U MPOBOAMIM 32 CTAHJAPTHOIO
METOIUKOIO.

BcTranoBieno, mo o0poOka AaHUM CHOCOOOM CHUPOBATKH MOJIOKA Iepen
CTaJI€I0 KpHUCTai3alli JIaKTO3W JIO3BOJISIE TICJISL  3aBEPIUICHHS MPOLECY
KpUCTali3alii OTPUMYBATH KPUCTAIU JIAKTO3M MEHIIOTO PO3MIPY 3 BY3bKUM
JUCIEPCHUM PO3MOJIIOM B J1ana3oHi 5,0+6,5 MKM 3 METOI0 OTPUMaHHS MPOAYKTY
BHCOKOT SIKOCTI.
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VJIK 661.72

BIIJIUB I'TAPOMOAYJIIO HA TUCITEPYBAHHS COJIOMUA
INNEHUYHOI ITPH 11 OBPOBIII B POTOPHO-
HYJIbCAHINHOMY AITAPATI

I-p TEXH. HayK, c.H.c. O0onoBuy O.M., kana. TexH. Hayk Cugopenko B.B., kan.
TexH. Hayk Jlumap A.1O., Azapos C.I1., Xomenko B.O.
InctuTyT Texniunoi Temnogizukn HAH Ykpainu

AHoTanisi: Po3risiHyTO BIUIMB TIAPOMOAYII0 BOAHUX JUCHEPCI COJIOMH
MIIEHUYHOI MPHU X JUCIEPryBaHHI B pOTOPHO-IYJbCAIITHOMY amapaTi Ha po3Mip
yacToK. BuznaueHo, 110 o0po6ka B poTOpHO-MyJibcalliiHOMY amnaparti npotsirom 10
LUKIIIB TpH TApoMoAydl 1:5 3meHIrye BMICT 4yacTok 3 po3mipamu >400 MkM 3 69
10 20% Ta 3011bI1y€ BMICT YacTOK 3 po3mipamu <80 3 2 1o 44%.

Abstract: The influence of the water/solid ratio of aqueous dispersions of
wheat straw during their dispersion in a rotor-pulsation apparatus on the particle
size is considered. It is determined that the treatment in the rotor-pulsation
apparatus for 10 cycles at a water/solid ratio of 1: 5 reduces the content of
particles with sizes> 400 pm from 69 to 20% and increases the content of particles
with sizes <80 from 2 to 44%.

KuarwuoBi cioBa: 0ioetaHon, cojoMa MIIEHUYHA, MOMEPEIHS IiATOTOBKA,
JUCTIEpTyBaHHS, POTOPHO-TYJIbCALlIMHUI anapar.

Keywords: bioethanol, wheat straw, pretreatment, dispersing, rotor-
pulsation apparatus.

OpuuM 3 BUpilIanbHUX (PAKTOPIB €PEKTUBHOCTI CY4YaCHOI'O BUPOOHMIITBA €
piBeHb O€3BIAXOTHOCTI 1 KOMIUIEKCHHUM XapaKTep NepepoOKH CUPOBUHHU.

@®i3u4H1 Ta XIMIYHI BIIACTUBOCTI POCIMHHOI CUPOBUHU, TaKi, SIK CTPYKTYpa,
BOJIOTOEMKICTb, BOJIOTICTh, BU3HAYaIOTh IIBUJKICTh, CTYIIHb TiIPOJII3y 1 BHUXI]

PEIyKYHOUYUX peyoBHUH [1].
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[lonepenuss oOpoOka CHUPOBMHM MOXKE 30UIBLIMTA JIOCTYIHY IUJIOIILY
MOBEPXHI 1 pO3MIp Mip, 3HUZUTH KPUCTAIIYHICTh 1 CTYHIHb MOJIMepHu3alli
uentosio3un [2]. IloapiOHeHHST MOke OyTH BHKOPHUCTAHO JJIsi 3MIHM XapaKTEepHOI
YABTPACTPYKTYPH JITHOLIENIONO03U 1 CTYNEHSI KPUCTAIIYHOCTL, a OTXKe, 3pOOUTH ii
OUTBII JOCTYMHOK JJISl MOJATBIIOTO TiIpoiii3y. YuM MEHIle po3Mip 4acTOK, TUM
OlbIIEe MUTOMA MOBEPXHS, BIAKPUTA AJIS T1APOMI3Y 1 TUM IIBUAIIE BiOYBa€ThCS
YTBOPEHHS PEAYKYIOUHMX PEUYOBHH. OmgauM 3 00’€KTIB  3aCTOCYBaHHS
JUCIIEPrOBAaHO1 POCIMHHOI CUPOBUHU € BUPOOHUIITBO OioeTaHomy [3].

Metoro poOoTu € 30UIbIIeHHS €(EeKTUBHOCTI AUCHEPryBaHHS POCIUHHOI
JITHOIETIOI03HOI 010MacH 3a paxyHOK JUCKPETHO-IMITYJIbCHOTO BBEJEHHS €HEPTii
Ta IHHOBAI[IMHOTO TEIIOMacOOOMIHHOTO 00JIaTHaHHS.

Marepianu 1 Metonud. MarepiaioM JOCHIKEHb OyJio 0oOpaHO CoOJoOMY
MIICHUYHY . ['panynomerpuuHuii  CKJIaJl CHPOBUHU micis  oOpoOku B
nesinTerparopi aesinrerpatopi 8255 Nossen, VEB Maschinen Anlagenbau
Nossen, Himewunna, HaBeaeHo B Tabn. 1. Ilomanpiie moapiOHEHHS BOIHOI
JUcIiepcii COJOMU TMPOBOAMIM Ha TEIJIOMAacOOOMIHHIM YCTaHOBII 3 POTOPHO-
MyJbCalliiHUM anapaTom [4].

Ha puc 1 HaBeneHo rpaHyJIOMETpUYHUN CKJIAJ] BOJHOI JUCIEPCIi COJIOMU
numeHuni y cmiBBiaHomendi 1:5; 1:10; 1:15 Tta o00pobGieHoi B poTOpHO-

nyJibcaliitHoMmy anapati npotsrom 10 HHKIIiB.
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M BIIXITHA CHIPOBHIHA M 1:5 1:10 1:15
80
70
60
50
40
30 - —
20 - —
10 —
0 -
<80 80...125 125...200 300...400 =400
PORIOALT YACTIHOK COTOMII IIIIIEHITTHOI Ha CITaX, MKM

Puc. 1 3anexHicts rpanyinoMmerpuuHoro ckiagy (% mac.) BoAHOI aucnepcii
COJIOMH MIIIEHUYHO1, 00pOOJIEHOT B POTOPHO-ITYJIbCAIIMHOMY anapati npotsarom 10
IUKJIIB BiJ T1JPOMOTYJIIO

Busznaueno, 1mo o6poOka B pOTOpHO-MyJibcalliiHOMY amapati npotsrom 10
LUKJIIB MIPHU T1IpOMOIyJl 1:5 3MeHIIye BMICT 4acTok 3 po3mipamu >400 MxM 3 69
10 20% Ta 3011bIIy€ BMICT YacTOK 3 po3mipamu <80 3 2 10 44%.

[Tat. Vkpainu Ne 123463 CI12P 7/10 (2006.01), C12P 19/02 (2006.01)
Cnoci6 nonepeaHb0i OOpPOOKM POCIMHHOI CHPOBUHU [ (EPMEHTATHBHOIO
rigponizy / A.A. Jlomincekuii, O.M. O6onosuu, B.B. Cunopenko, A.1O. Jlumap,
C.II. Azapos, B.O. Xomenko; 3asiBka a2019 03817; 3asen. 12.04.2019, omy0u.
07.04.2021, 6rom. Ne 14. (5 cTop).

BucHoBoKk:

O060B’S13KOBOI0 YMOBOIO MiABUIIEHHSI €PEKTUBHOCTI Ipoiiecy O010KOHBEpCii
€ BHCOKa JIUCIEPCHICTh YAaCTOK POCIMHHOTO MaTtepialy, 110 OOyMOBIIIOE
PO3BUHEHY TMOBEPXHIO, JOCTYNMHY [1i (QepMeHTiB. bynb-akuii HanmpsiMoOK
BUKOPHUCTaHHA MOMeNy 010Macu noTpedye 3HaHHS 1i TPaHyJIOMETPUYHOTO CKIaay B
3JIEKHOCTI BiJ] TEXHOJIOTTYHUX PEKUMIB OJIEp>KaHHS Ta BUKOPUCTAHHSI.

IlepeJsik mocuJjIanb:
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V]IK 628.164

HOBI PIIEHHA IIOAO HIAI'OTOBKU BOAU AJ15 JKUBJIEHHSA
MMAPOBUX KOTJIIB
JI-p TEXH. HayK, c.H.c. O0onoBuy O.M., kana. TexH. Hayk Cunopenko B.B., kan.
TexH. Hayk Jlumap A.1O., Azapos C.I1., Xomenko B.O.
IncturyT Texniunoi Temnogizukn HAH Ykpainu

Anoranisi: HaBeneHo pesynbraTd 3MIHH (DI3UKO-XIMIYHUX TOKA3HUKIB
BOJM apTE31aHCBbKOI B 3aJ€XKHOCTI BiJ 4Yacy OOpOOKHM METOJIOM JHUCKPETHO-
IMITYJIbCHOT'O BBEJICHHSI €HEPTii B pOTOPHO-IyIbCallITHOMY anapaTi (TOBIIMHA M1XK
uuiHapoBoro 3azopy 100 mxm) 3a mouarkoBoi Temmneparypu 20°C .

Abstract: The results of the change of physicochemical parameters of
artesian water depending on the time of treatment by the method of discrete-pulse
energy input in the rotor-pulsation apparatus (thickness of the inter cylinder gap
was 100 pm) at the initial temperature of 20°C presented.

Ku1ro4o0Bi cjioBa: BOJOMIArOTOBKA, KOTEJ, BOJHEBUI MOKA3HUK, )KOPCTKICTb,
POTOpPHO-TITyJIbCAIIMHUI anapar.

Keywords: water treatment, boiler, hydrogen index, rigidity, rotor-pulsation
apparatus.

3a0pyaHEHHS 1 KOpO3is BHYTPIIIHIX MTOBEPXOHb HarpiBy
TEIUIOEHEPIeTUYHOTO OOJIaTHAHHS € BAXKIUBUMU (DaKTOpamu, 110 BIUIUBAIOTH HA
€KOHOMIYHICTB 1 HaJIMHICTh POOOTH CHCTEM TeruionocTadanHs. [IpoBeaeHi yac Bif
4yacy KHCJIOTHI YM I1HIII BIJIMUBAaHHS 1 OYHUILIEHHS BHYTPIIIHIX MOBEPXOHb BiJl
BIIKIAJA€Hb JOCHTh JOPOTH 1 3MEHIIYIOTh TEpPMIH CIyKO0M OOJIagHAHHS.
3aragpHOBIIOMO, IO >KOPCTKICTh BOJAM CIPHUS€ YTBOPEHHIO HAaKUIy B KOTJax,
TermooOMiHHMKax 1 TpyOax. Ilpm mosiBI Hakumy BHTpaTa NalvBa 3pOCTAE
OJTHOYACHO 31 3HI)KEHHSIM IOTY>KHOCTI KoTeiabHI. KpiM TOro, Hakum Moxe
MIJBUIIYBAaTH TEMIIEPATypy IMOBEPXOHb HArpiBy 4acto Ouibll HiK Ha 50%, 110

MOX€ MPUBECTH 10 KOPO3IMHOTO pO3TPICKYBAHHS 1 CEPHO3HUX MOMIKOXKEHb. [1].
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[Ipu mepepoOIli Xap4oBOi CHPOBHMHU IIMPOKO BUKOPUCTOBYIOTHCS TEILIOBI
MPOIIECH: TIacTepu3allis, CTepuii3allis, BapiHHA, BHUTOIUICHHS, JaedpocTallis,
BUMAPIOBAHHS, CYIIKa, BUIIYKA, OOCMaltOBaHHS TOIIO. AHali3 BUKOPUCTAHHS
TEIUIOTH Ha Xap4yOBUX MHIANPUEMCTBAX MOKA3ye€, MO i1 BUTpaTa Ha TEXHOJOTIUHE
TEIJIOCIOXKUBAHHSA CTaHOBUTH 45-60%, rapsiue BomomoctadanHs - 23-30%,
onaneHHs: 1 BeHTwsMio - 10-25%, BnacHi notpedbu - g0 10%. Tomy xapuoBi
MIIIPUEMCTBA BIAHOCSATHCS A0 €HEPTOMICTKUX BUPOOHUITB. [2]. Po3unHeH1 y BOi
KHCEHb 1 BYIJIEKUCIUN ra3 MiABUILYIOTh MBUJIKICTh KOPO3il CTalIM, OCOOIUBO MpH
MIJBUIIIEHUX TeMIepaTypax. JlocmipKeHHsT 1100 BUKOPUCTAHHS METOIY
JUCKPETHO-IMITYJIbCHOTO BBEJCHHSI €HEprii JAJisl OYUIIEHHS BOJMU MPOBOJUIUCH B
InctutyTi Texuiunoi Termnodizuku HAH Ykpainu [3,4].

Mertoto pob6OTH € IiABUIIEHHS HAAIMHOCTI Ta MOJOBXEHHS pecypcy KOTIIIB
JIKBP 3a paxyHok iHTeHcu]ikallii mpolecy XIMBOJAOOYHUIIEHHS ILUIIXOM
BUKOPUCTAHHS MEXaHI3MIB JUCKPETHO-IMIYJbCHOTO BBEIECHHS €HEprii s
MATOTOBKHU XUBHILHOI Boau KotimiB JJKBP.

B tabnuii HaBeneHO pe3yiabTaTy 3MiHU (P13UKO-XIMIYHUX MOKa3HUKIB BOJHU
apTe31aHChKOI B 3aJIEKHOCTI B1J] Yacy 0OpOOKH METOJIOM TUCKPETHO-IMITYILCHOTO
BBEJCHHA €HEpPrii B pPOTOpPHO-MyJbcallifHOMY amapaTi (TOBIIMHA  MIXK
uuiiaapoBoro 3azopy 100 mxm) [3] 3a mouyaTkoBoi Temneparypu 20°C .

Tabmuns 1 — @i3uKo-XIMIUHI TOKA3HUKH BOJM apTE31aHCHKOI 3a PI3HUX

YMOB 00pOOKH 3 BUKOPUCTAHHSIM METOAY TUCKPETHO-IMITYJILCHOTO BBEJICHHS

eHeprii
HopmatusHi
O6pobxka 5
) Onnopas . MMOKA3HUKHA
Buxingna O6poOka | 1UKIIB + .
ITokasHuk oBa : o YKUBUJIBHOI
BOJIa 06006k 5 muxmB | 0,01% mac. S —
P NH:OH, % .
(1 nuxm) KOTJIIB
Boes 712 | 751 7.81 9,05 8,5-10,5
MOKa3HuK, pH
SaraeHa 1,8 174 | 17 0,36 0,04
AKOPCTKICTB, *K
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BucuoBok:

TakuM 4YHMHOM, JAOJaBaHHS JO BHUXIJHOI BOAM TIAPOKCUAY aMOHIIO Y
kinbkocti 0,008-0,015 % 3 HacTynmHOIO OOpOOKOIO 33 BUKOPUCTAHHS METOAY
JMCKPETHO-IMITYJIbCHOTO BBEJICHHS €HEPrii B POTOPHO-MYJbCALIMHOMY arapari

3a0e3Meuye CyTTEBE 3HMXKEHHS dKOPCTKOCTI BOJIH.
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YK 664.8.047
Cyu4acHi Mmeroau cymriHHs rpudiB muiraxke (Lentinula edodes)
K.T.H., CT. HayK. ciiBp. Camoiinenko K.M.
IncrutyT Texniunoi temogizuku HAH Ykpainu
Anomauin: Y pobomi HageoeHo 0210 ICHYIOUUX CNOCco0i8 CYWiHHA 2pubdis
wuimaxe (Lentinula edodes) ma sucsimneni ocHo6Hi npobaemu npu CYUiHHI.

Knrwouoei cnosa: memoou cywinus, epubu wuimaxe, meniomacooOMiH.

UDC 664.8.047
Modern methods of drying shiitake mushrooms (Lentinula edodes)
Senior Research Fellow, Ph.D. Kateryna Samoilenko
Institute of Engineering Thermophysics of NAS of Ukraine

Abstract: The paper provides an overview of existing methods of drying
shiitake mushrooms (Lentinula edodes) and highlights the main problems in
drying.

Key words: drying methods, shiitake mushrooms, heat and mass transfer.

3 KOXHUM POKOM BcC€ OUIbIlIE CTAa€ MOMYJSIPHUM HANPSIMOK Yy XapyoBid
MPOMUCIIOBOCTI - HepepoOKa MPOJYKTIB XapuyBaHHS HUISXOM 3HEBOJHEHHS Ha
MOPOILIOK Ta BHUKOPUCTAHHA B TaKOMYy > BHUIJISAI HAa BUPOOHUITBI SKICHHX
MPOAYKTIB IIBUAKOIO MPUTOTYBAHHS, 110 Ma€ psJl MepeBar: HEMae MOTpPeou y
BEJIUKUX CKJIAJChKUX MPUMINIEHHAX, 30UTbIIYETHCS TEPMIH 30€piraHHs MPOAYKTY,
JETKICTh TPAHCHOPTYBaHHS ToHI0. TakoxX AesKl XapuoBl MPOIYKTH MOTPEOYIOThH
MUTTEBOI MEPEPOOKHU, OCKIITLKM BOHM MOYMHAIOTH BTpavyaT CBOi Xap4yOBI I[IHHOCTI
Bifpa3y micis 30upanHs. Jlo Takux BimHOCAThCA Tpubu mmwmitake (Lentinula
edodes), 10 € OOHUMH 3 HAWUMOMYJISPHINIUX 1 MIHUPOKO CIOXKUBAHUX TPUOIB Y
BCbOMY CBITI.

['pubu mmwmitake (Lentinula edodes) maioTh yHiIKanbHUM 1 30aJlaHCOBaHUU
CaMOI0 MPHPOJIO0 Hablp BiTaMiHIB, aMIHOKHUCJIOT, TOJICaxapHuIiB, KIITKOBHUHH,
MIKPO- 1 MAKPOEJIEMEHTIB, 5Kl MalOTh MMO3UTUBHUM BILUIUB HA IMYyHITET, TPUBAJIICTh
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KUTTS;, HOPMAJI3Yy€e Ta MOKpalllye poOOTy OOMIHHUX MPOLIECIB OpraHi3My, OUHIILY€E
Bil IIJIaKiB, TOKCHHIB, CIIpUs€ BTpaTli 3aiBoi Baru. Takox € e(eKTUBHUM
AHTUOKCUJAHTOM, IO aKTUBHO JOTMOMAara€e OpraHiaMmy OOpOTHCS 13 HETaTUBHUM
BIUIMBOM BUIBHUX paJWKaliB. 3aBISKH BMICTY IOJicaxapuaiB, BiAOyBaeThCs
CTUMYJISILISI YTBOPEHHS 1HTepPepoHy — OUIKa, [0 HE JI03BOJISIE BipycaMm 1
OakTepisiM PO3MHOXKYBAaTHCSA. XIMIYHUM CKIIaJ IIHITaKe, MOPIBHAHO 3 I1HIIUMU
rpubamMu, TOCUThH CKIIQJHUMN, ajieé KOKEeH 3 KOMIIOHEHTIB € HaJ3BUYaHO KOPUCHUM
JUTSL JTFOJTUHU.

OCHOBHUMH 3aBJaHHSMHU IIpU BHOOpPI METOJy CYIIIHHS Ta pPo3pooIl
PEXKUMHHX TTapaMEeTPIB €: MIABUIIECHHS SIKOCT1 periapartaiiii, mo BeJe 10 BUCOKOTO
Koe(imieHTa BITHOBJIEHHS 00'eMy, 30epexeHHs 3B'A3Ky MOp Ta IUIICHOCTI
KIITUHHOT MeMOpanu. He NOBHOIIHHO BUCYIIEHUNA NPOIYKT AY>KE IIBUIKO
MOKPUETHCS UBULIIO, a TOW, SAKUW, HaBNakKu, Oyne MEepecylieHui, MTpPOCTO
PO3KPUIIUTHCA.

Icnye ©Oe3miu  cmocoOiB  3HEBOJHEHHS TpuUOIB  IIMITaKe, 30KpeMa
cyOnimManiiiHe, pO3NWIIOBaJIbHE, KOHBEKTHBHE, BaKyyMHE, MUTTEBE CYIIIHHS 3
KOHTPOJILOBAHUM IEPEMNaOM TUCKY, KOMOIHOBAaHE — BAKYYMHO-MIKPOXBHIILOBE Ta
y TnoeaHaHHl 13 1H(padepBoHMM. J[0O OCHOBHHMX HENOJIKIB  OMNUCAHUX
BHIIE3a3HAYEHUX METO/IIB BITHOCUTHCS T€, IO HE JUBISYMCH HA Pi3HI KOMOIHAIlIT
METOJIIB CYIIIHHS MOTPIOHO BPaxOBYBAaTH JIOCUTHh BUCOKE CIIOKHUBAHHS TEILIOBOI
eHeprii, MoAaTKOBI 3aTpaTH Ha JOMOMIXKHI MaTEplId, Taki K CTPYKTypyloui
no6aBku Ta iH. Tomy nuTaHHs po3poOKU Ta 3aCTOCYBaHHS TEXHOJOTII MepepoOKu
rpubiB muitake (Lentinula edodes) Ha sSIKICHUW CyIIEHHH NPOAYKT 13 HU3BKOIO
c001BapTICTIO, MPOCTOTOI0 Ta ONTUMI3AIIEI0 Yacy BUPOOHUIITBA € JOIIIBHUM Ta

AKTyaJIbHHUM.

Cnucok BUKOPUCTAHMUX JAKepeJi:

1. Hataichanok Kantrong & Ampawan Tansakul &Gauri S. Mittal (2012).
Drying characteristics and quality of shiitake mushroom undergoing microwave-
vacuum drying and microwave-vacuum combined with infrared drying.
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UDC 662.7:661.9
USE OF LIQUID HYDROCARBON MIXTURES OF TECHNOGENIC
ORIGIN AS FUEL

senior researcher, candidate of technical sciences Chmel V., researcher Novikova
L.
Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. Development and research of a method of using liquid
hydrocarbon mixtures of man-made origin as fuel.

Key words: inverse emulsion, hydrocarbon mixtures, combustion.

BUKOPUCTAHHSI PIIKUX BYTJIEBOJHEBUX CYMIINIEN
TEXHOTI'EHHOI'O HIOXOIKEHHS B SIKOCTI ITAJIMBA
CT.H.C., K.T.H. Umens B. M., H.c. HoBixosa L.I1.

IncTuTyT TexHiuHOI Temogizuku HanionanbHol akaaemii HayK YKpaiHu

Anomauia. Po3pobka ma oocniodxcenns cnocody UKOPUCMAHHA PIOKUX
8Y21€800HEBUX CYMiLUell MEeXHO2EHHO20 NOXOOICEHHS 8 IKOCMI NATUBA.

Knrwouoei cnoesa: 360pomna emynscis, 8y2ne800Hi CyMiull, 20piHHSL.

There are a large number of varieties of liquid hydrocarbon mixtures of
man-made origin: the burial of which is not resolved. These are oil spill charges,
flooded fuel oils, oil sludge, saline water, domestic water, waste motor oils and
bilge water, crude oil unsuitable for refining, as well as resins obtained by dry
distillation of wood.

These liquid hydrocarbon mixtures of man-made origin are not suitable for
direct combustion due to the presence of various impurities and water. But their

heat of combustion and quantity allow, under certain conditions, to use them as

fuel [1].
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Our research has shown that it is most effective to use them as fuel in the
form of water-fuel emulsions.

The most suitable for use as fuel inverse emulsion - with drops of polar
liquid in a non-polar environment, ie water in hydrocarbon mixtures.

The combustion of water-fuel emulsions occurs as ordinary hydrocarbons.
But the water present in the emulsion affects both the combustion kinetics and the
technology of its combustion.

In most cases, the fuel is supplied by injectors, as a result of which the fuel
is crushed into fine droplets. The combustion process is quasi-heterogeneous.

According to the above kinetics of combustion of water-fuel emulsion, the
process of its combustion should be carried out using technologies that allow it to
be carried out in high-temperature mode. The most suitable of the existing methods
is thermochemical treatment [2,3], which allows to influence the reactivity of fuels.
The combustion of fuels is carried out in the mode of spontaneous combustion,
which is achieved by heating the fuel to the temperature of spontaneous
combustion by high-temperature combustion products of the fuel itself or
additional fuel: liquid or gaseous.

For the use of liquid hydrocarbon mixtures of man-made origin as fuel, we
have created a set of equipment that allows them to be burned in various types of

furnaces and boilers of industrial and municipal energy.

Fig.1. Water fuel emulsion generator Fig.2. Burner device

Fig.3. Torch flame emulsion
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The main components of the complex are the generator of the water-fuel
emulsion of the reverse type (Fig. 1) and the burner device (Fig. 2) [4], built on the
principles of fuel combustion by the method of thermochemical treatment.

Experiments have shown that when burning a water-fuel emulsion based on
spent engine oil, the flame flame appeared immediately in the contact zone of the
oxidant (air) and fuel (water-fuel emulsion) (Fig. 3), emitted little and was blue.

The completeness of the combustion of the water-fuel emulsion was almost
complete.

Experiments have shown the possibility of using liquid man-made waste as
fuel at the place of their production: ports, railways, large farms, factories, and at

the same time solves the problem of environmental protection.
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VJIK 666.9

Ilasixu BUpilIeHHs NP00JIeMH BHCOJIIOBaHHS Oy/AiBeIbHUX MaTepiaJiB 3
JIY’KHOAKTHBOBAaHOI KPEMHE3eMHUCTOI CHPOBHHH.

Cobuenko B.B., KaiiBoponok B.A., Coduenko I'.O.
Incmumym 2azy HAH Ykpainu, m. Kuis, Ykpaina

Ha rtenepimniii yac ams 3a0e3neyeHHs] 3HWKCHHS CHEProBUTpAT B YKpaiHi HaOyJIH JOCHUTH HIMPOKOTO
BUKOPHCTAHHS CyYacHi TEIUIOI30JIALINHHI MaTepiany 3 JIy>KHOAKTHBOBAHOI KpeMHE3eMHUCTOI CHpoBUHH (Tpereiy) [1].
Ix BHKOPHCTOBYIOTH fK TEINOI3ONALINHI 3aCHNKH, IS HANOBHEHHS JIETKMX OETOHiB, BHIOTOBJICHHS
TEIUIOI30MAIMHIX OJOoKiB Tomo. IlepeBaramMu BHKOpPHCTaHHS TaKOTO THITy TEIIOI30/SMIHHUX MaTepiajliB e:
HasIBHICTH MIMPOKO PO3IOBCIOKEHOT Ta HEOPOT0i CHPOBUHH; HU3bKa Terutonposigicts 0,03...0,065 Br/(M-K), sika
JIOCATAETBCS 3a PAXYHOK HAJIaHHS MOPUCTOI MaKpOCTPYKTYPH; HHM3bKa nuToMa TyctuHa 80...250 kr/m>; mmpoxnii
¢dpakmiitauit ckaan Bix 0,1 mo 20 MM; HU3BKE BOAOIMOTIIMHAHHSA, 10 8 %; MOPO30CTIHKICTh He MeHIIe 50 IUKIIIB Ta
HEBHCOKA BapTICTb BUPOOHHIITBA 32 PaXyHOK HH3BKOTO Jialla3oHy TEpMOOOPOOKM Marepiaiy, IO 3a3BHYai HE
mepeBumye 600 °C. OmHak UM MaTepialaM BIACTHBI 1 HENOINIKH: BiJITHOCHO HEBHCOKA MIIIHICTh, OOMEKEHHS
BUKOPHCTaHHSI MaTepiany i3-3a MOXKJIMBOCTI BHJIYTOBYBaHHS (BHCOJIIOBAHHS) Ha IOBEPXHI MarepialliB, KUCIOTHOI
MTOJIIKOH/ICHCAIlli CHIIIKATHUX 3B’S3KiB (COJI alOMiHIIO) a00 HAJMIPHOTO 3IIMBaHHS CHJIIKATHOI CTPYKTYypH 3a
paxyHOK BHCOKOI MoJisipu3aniifHol aii (cosi Kaiblifo, Martiro). OcTaHHIM HENOJIK NMPU3BOAWUTH JIO MOTIpPIICHHS
€CTETHYHOTO BUIIIAY KOHCTPYKIiH, 3 4acoM, 1 3HIKEHHS eKCIUTyaTallifHIX XapaKTepUCTHK OyiBeib. AKTyaJIbHUM
3alUTaHHAM € JOCIIUKEHHS MEXaHi3MIB BHCOJIIOBaHHS, 3HAXOJDKEHHS METOJIB IIONEPEKEHHS Ta YCYHCHHS
HaCJIiJIKIB.

Incruryrom rasy HAH Vkpainu Oyiio po3poOieHO TEXHOJIOTIUHI acleKTH BUPOOHHIITBA TETI0i30 i HHIX
MarepianiB it OyniBeNbHOI 1HIYCTpil i3 JIy)KHOAKTHBOBAHOTO KPEMHE3EMHHCTOTO MaTepiaiy (Timpocuiikary)
HaTpieBUM UM KamieBUM Jyrom [2]. Excruryaranis mporo Marepiaty HpOTSATOM JIOBIOTPHBAJIOrO Yacy BKasaia Ha
HasIBHICTh HEAOJIIKY BHCOJIOBaHHS Ha IMOBEpxHi. OCHOBHOIO NPHYMHOIO TOSBH BUCONIB € HAsBHICTH JIYTY B
OyniBenpHOMY Martepiani (Omm3pko 15 %). MexaHi3MH TOSIBU BHCOJIIB Ha TOBEpXHI OyMiBEJIFHUX MaTepiajliB
oKa3aHo [3].

OnmHUM 3 TIOSICHEHb € Te, II0 BHUCOKMHM BMICT JIyTy B MaTepiaji CYIpPOBOMKYETHCS 30UIBIICHHSIM HOTO

KOHLICHTpALlil B TOBEPXHEBUX Iapax OyiBeJIbHOT0 MaTepiaiy, e BiH MOXXe KapOOHi3yBaTHCS.

2NaOH + CO, + H,0 — Na,CO, +2H,0, 2KOH + CO, + H,0 > K,CO, +2H,0

I1i mporiecn mpoTiKalOTh 3 JESKUM 30UIbIIeHHSIM 00’eMy TBepmoi ¢aszu. Koediuientn 30inbieHHs 00’ eMy
TBepaoi ¢asm jura mepmoi i apyroi peakuii 1,12 1 1,04 BimnosizHo. B ymoBax 3MiHHMX Temmeparyp i mirparii
BOJIOTH 3 CepefMHM OyAiBEIbHOrO Marepially J0 NPHUIIOBEPXHEBUX HIApiB KapOOHATy HATPIIO YW Kallilo OyIyTh
MIPOXOJUTH BTOPUHHY TipaTaliio 3 YTBOPEHHSAM TipaTiB KapOOHATY HATPIIO UM KaJIiI0, KA CYIPOBOKYETHCS BXKE

3HAYHHUM 301ITBIIICHHSIM 00’ €My TBepaO1 (a3m.
Na,CO, +10H,0 - Na,CO, 10H,0, 2K,CO, +3H,0 - 2K,CO, 3H,0
KoedimienTn 36inpIeHns 06’ €My IS TEPIIOT Ta ApYyTroi peakmii CKIIaxyTh BiMOBIAHO:

_ v, (1+a) _2,53 (1+17) _ 472, v, = 2,43 (1+0,2)
Y, 1,45 2,04

=142,

0
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ze Tx - ryCTHHA BUXiqHOI TBepOT Pasm, r/cM’; Ty . TE X JUIA TiApaTHUX (a3 kapOoHaTiB,

oa=m,/m, . XIMIYHO 3Bsi3aHa BOJa B BHJI CHIBBIIHOIICHHS MOJEKYJSIDHUX Mac 3BsS3aHOI BOJM Ta
KapOOHaTiB, 10 OEpyTh Y4acTb B peaKiii y CTEXOMETPHYHHX CIiBBIIHOIICHHSX.

lgparamiss mop B yMOBaXx HAaCHYCHHS IIOBEPXHEBUX IIapiB OyaAiBeNbHOrO Marepiany 0e3BOAHUMHA
KapOOHaTaMM HaTpilo 1 KaJlilo NpU 3HAYHOMY 301UIbIIEHHI 00eMy TBepzoi a3y MOKEe NMPHU3BECTH JI0 PYHHYBaHHS
CTPYKTYpH NOBEPXHI Oy IiBEILHOTO MaTepiaiy.

CriocobaMyu yCyHEHHsI BKa3aHOTO HEJIOJIKY MOXKYTh OyTH [4]: mo-mepie, Ha OYaTKOBIN cTajil eKcIuryaTamii
OyniBesb MaKCUMaJIbHO HA/IaTH MOXIIMBICTh BHJIYTOBYBAHHIO, a MOTIM ITPOBECTH OUYMILECHHS 1 3MHMB Ta 3aXHCTHTH
MOBEPXHIO TiZpoobi3amiero, po3paxoBaHOO HAa OJOKYBaHHSA 3AJIMIIKIB JIYTy; IO-APYIe, MOXIIMBE BBEICHHS B
OyniBesIbHUI MaTepiall JOMIIIOK, SIKi MICTATh HENPOpEaroBaHUH MIKPOKpEMHE3eM, SIKHI 3B’sDKe HasiBHUH JIyT 1 He
JacTe 30UIpIHMTH 00°€M TBepoi (a3u (He mpu3Bee A0 MOSBH BHYTPIMIHIX HANPYXEHB), 10, HA HAIIy TYMKY,
6inpm  porineHO. [lmaHylOThCS TOMANBIINI  TOCHTIPKEHHS IPOIECIB IPH BUCONIOBAHHI, BH3HAYEHHS METOJIB
TIOTICpEeKEHHSI Ta yCYHEHHS HACHTIi/IKIB.
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1. Kpusenko I1.B., ITymxkapeBa K.K., Kogesux M.O.. 3anoBuioBaui s 6etony. Kues, 2001,
400 c.
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MIOJy4EHHsI TIOPHCTBIX HEOPTAaHWYECKNX 3arlojHHUTENeH JUIs TEIUIOM3OJSIIMOHHBIX MAaTEpHaloB B ammaparax ¢
NICEBJOOXKIDKEHHBIM ~ cloeM  //  Matepuanbl ~ MEXAYHApOAHOH  HAayYHO-TEXHMYECKOM  KOH(EpeHINH
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3. Knmumos B.I1. MexaHu3Mbl BICOIO00pa30BaHMs HAa TOBEPXHOCTU HAPY>KHBIX CTEH 3[JaHUN Ha
OCHOBE HITYYHBIX CTEHOBBIX MaTepHaoB, aBToped. K.T.H., Y pa, 2007, 24c.
4. Anpnepouy U.A. CriocoObl TpeAOTBpaIeHUsI BHICOJIOB Ha KEPaMUYECKOM Kuprude. - M,

BHHNNOCM, 1993, 71 c.

96



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

YK 532.528:66.061
3ACTOCYBAHHS I'INIPOJJMHAMIYHOI KABITAIIII B
MHNPOLHECAX EKCTPAT'YBAHHSA
ros1. rexnonor lenkin B.1.!, ron. mexanix Ilynsax B.B.!, c.u.c. Taprteir A.IL!,
Benuuko O.]1.2
Tucruryr Texniunoi remnodiznkn HAH Ykpainu

’KuiBchbKuii HAIOHAILHMIT TOProB0-eKOHOMIYHHMI YHiBepcHTeT

AHoTtanisi: Po3risHyTO icHYrO4l crnocoOu iHTeHcHQIKalli mpouecy
exkcTtpakiii. JlocHiPkeHO KIHETHYHI 3aKOHOMIPHOCTI 1HTeHCU(]iIKyro4oi i
TAPOJMHAMIYHOI KaBiTallii y MacOOOMIHHUX Tpoliecax ekcTparyBaHHs. [IpoBeneni
JIOCJIIIKEHHST TONepeIHbOoI 0OpOOKM €KCTpareHTa Ha KaBiTallliHOMY amapaTti 31
IIBUJIKICTIO €KCTpareHTa B pobouiid yactuui 7,2 m/c Ta 11,5 M/c 1 B MexaHIYHIN
Mimanmi 31 mBHAKicTIo obepranHs 6,3 ¢! ta 16,5 c¢!. BcraHoBneHo, 10
TiApOoJMHAMIYHA KaBITallisl JO3BOJISIE MPUCKOPIOBATH MPOILIECH EKCTparyBaHHS 1

BUJIYUCHHS POCIMHHOIO KOMIIOHCHTY.

Abstract: Existing methods of intensification of the extraction process are
considered. The kinetic regularities of the intensifying action of hydrodynamic
cavitation in mass transfer extraction processes have been studied. Studies of pre-
treatment of the extractant on a cavitation apparatus with the extractant speed in
the working part of 7.2 m/s and 11.5 m/s and in a mechanical stirrer with a rotation
speed of 6.3 s and 16.5 s! were carried out. It is established that hydrodynamic
cavitation allows to accelerate the processes of extraction and extraction of the
plant component.

KuarouoBi ciaoBa: ekcrparyBaHHs, NE€peMillyBaHHS, TiApOAHMHAMIYHA

KaBiTallisl, iIHTeHCU(IKaIlisl, POCIMHHA CUPOBUHA.

Keywords: extraction, mixing, hydrodynamic cavitation, intensification,

vegetable raw materials.

ExcTparyBanHsi — MIMPOKO PO3MOBCIOJKEHUM MpoLeC, KU BIAPI3HIETHCS

JIOBIOI0 TPUBAIICTIO Ta EHEProeMHICTIO. IcHyroui cmocobu i1HTeHcupikali
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MPOIECY EKCTPAKIli CHOpPsSMOBaHI Ha CKOPOYEHHS 4Yacy IMPOBEJCHHS IMPOIIECY,
3HUKEHHSI €Hepro3arpaT 1 3MEHIIEHHS BTpPAaT PEUYOBHH, LIO EKCTParyrThcsa. 3
(13UYHOT TOUKM 30py MAOCHIKYBAaHMM MPOIEC EKCTparyBaHHA 3 OJMHOYHHUX
YaCTUHOK € BHYTPIIIHBO-AU(PY3IMHUM pPyXOM €KCTparoBaHuUX CyOCTaHINN 1
KOHBEKTUBHUM IMEPEHECEHHSIM MacH 3 IOBEPXHI TBEPJOI YACTUHKU B 00’ €M
€KCTpareHra.

Metoro  poOOTM €  JOCHIKEHHS  KIHETUYHUX  3aKOHOMIPHOCTEU
iHTeHCH(IKyI04YOol Ail TIAPOJMHAMIYHOI KaBiTalli y MAacOOOMIHHHMX Mpoliecax
ekcTparyBaHHs. [iapoauHamiyHa KaBiTallii YTBOPIOE CHUJIbHI  JUCKPETHO-
IMITyJIbCHI BIUIMBU Ha OOpOOJIEHY pEYOBHHY, IO POOUTH ii HAaWOLIBII AlEBUM
CrOCOOOM  JIOCATHEHHS BHCOKHMX EHEPreTUYHUX TOKAa3HUKIB Yy TEXHOJOTISX,
MOB’A3aHUX 3 OOpOOKOI PIAMHHUX JOucHepcHUX cepefoBunl. Kasiraiiiini
MEXaHi3MH 3M1MCHIOIOTh BIUIUB HAa MIKpPO- 1 HAHOPIBHI Ha CYHPOMOJIEKYJISpHI
CTPYKTYPH, KJIITUHU MIKPOOPTaHi3MiB, J03BOJISIOTH KEPYBATH KIHETUKOIO MEPEOiry
XIMIYHHUX 1 O10JIOTIYHUX PEaKiliii B po3ynHax.

[IpoBeneHi  JOCHIKEHHS  TOMEpPEHbOI  OOpOOKM  eKCTpareHta Ha
KaBITalllTHOMY amapaTi 31 MBUAKICTIO eKCTpareHTa B poOoyiil yacTuHi 7,2 m/c Ta
11,5 mM/c i B MexaHiuHili Mimami 3i mBHAKicTIo ob6epranHs 6,3 ¢! ta 16,5 ¢
O6poOky mpoBogmwnu mo 10 xB., TemmepaTypa ekctpareHta crtaHoBuia 20°C.
OOpoOneHuit eKCTpareHT MOMIIaJIM B KaBIiTalllMHUM amapar Ta MeEXaHIuHYy
MIIIAJKY 3 POCIMHHUM KOMIIOHEHTOM 31 CHIBBIAHOLUEHHSM, BHOpaHUM 3TIAHO
CTaHJAPTHOT METONUKHU. Pe3ynbTatu eKCIepUMEHTY MOKa3aliM, 1[0 KOHIIEHTpallis
POCJIMHHOTO KOMIIOHEHTY B €KCTPaKTi mpu 0OpoOIll eKCTparenTa 3i MBUAKICTIO 7,2
M/C Ta IBHAKOCTI 0o0epTaHHA Mimanku 6,3 c-! 3MiHIOETbCS HE CyTTEBO. 3MiHa
KOHIIEHTpAaIlli POCIMHHOIO KOMIIOHEHTY miciasi OOpoOKM eKcTpareHTa B
KaBiTalliHOMY amaparti 31 IIBHUJIKICTIO ekcTpareHtra 11,5 m/c 30uiblnyBanace, y
MOPIBHSIHHI 3 OOpOOKOIO0 €KCTpareHTa B MEXaHIYHIA MIMal 31 MIBUIKICTIO
obepranns 16,5 ¢!. Omke, rigpoguHaMiuHa KaBiTalis JO3BOJSE MPUCKOPIOBATHU

MpouecCH CKCTparyBaHHsA 1 BHUJIYUCHHS POCJIMHHOIO KOMIIOHCHTY.
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YK 543.573:635.112:635.48
STUDY OF THE PROCESS REMOVING WATER FROM APPLES
METHODS TG AND DTA
Ph. D. Husarova O., Ph. D. Shapar R., Ph. D. Mykhailik V.

Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT. The process of removing water from apples was studied by TG
and DTA methods for more reasonable identification of possibilities of
intensification of drying and deeper understanding of the processes that occur
during dehydration of apples.

KEYWORDS: DERIVATOGRAPHY, DRYING, APPLES, STEAM
TREATMENT, AVERAGE SPECIFIC HEAT OF DEHYDRATION, FREE AND
BOUND WATER.

BUBYEHHS NTPOLECY BUJAJIEHHSA BOJAU 3 SABJYK
METOAAMMU TT TA ATA
K. T. H. 'ycapoBa O. B., k. T. H. lllanap P. O., k. T. H. Muxainuk B. A.

IncturyT TexHivHoi Temopizuku HAH Ykpainu

AHOTAIIA. ]Jina Oinbw 00IPYHMOBAH020 — BUAGNIEHHS MONCIUBOCHEl
inmencugikayii cywinHa ma enudulo2o po3yMiHHs npoyecie, saxi 6100y8aromuvcs nio
yac 3He8oOHeHHs a0ayk, memooamu TI' ma J[TA 6yno oocnioixceno npoyec

BUOAIEHHA 600U 3 HUX.

KJIIO90BI CJIOBA: JEPUBATOIPA®IS, CVYIIIHHA, ABJIVYKA,
OBPOBKA TIIAPOIO, CEPEAHA IIMTOMA TEIIVIOTA 3HEBOJAHEHHS,
BIVIbHA TA 3B’ SI3AHA BOJIA.

The purpose of the work. The process of removing water from apples was
studied by TG and DTA methods for more reasonable identification of possibilities
of intensification of drying and deeper understanding of the processes that occur
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during dehydration of apples.

Fresh and steamed samples of parenchymal tissues of apples of Renet
Simirenko and Jonathan varieties were used as objects of the study. The study
was performed in a Q—1000 derivatograph in the range of 25...250 °C at a heating
rate of 3.6 K/min. Apples dehydration was carried out by the method of convective
drying to a residual moisture content of 6 % [1].

Results. The temperatures of the maximum rate of dehydration, the transition
of parenchymal tissues to a state due to the content of exclusively bound water, and
temperature intervals of thermal decomposition of organic matter were determined.

The course of the dehydration process under controlled heating depends on
the state of the water. The average rate of water removal from steam treated fabrics
in Renet Simirenko apples is 14 % higher than in fresh ones [1].

First for apples Reinette Simirenko shown that couple treated samples due to
the destruction of cell membranes redistribution of free and bound water, some
bound water moved in the free, as evidenced by the average values of the specific
heat of dehydration that for fresh apples Reinette Simirenko in the temperature
range of 25...181 °C is defined at the level of 2630, and for steam treated in the
temperature range of 25...183 °C — 2500 kJ/kg. Steamed apples of both types of
bound water are ~ 3 % less than fresh ones [1].

Conclusions. Studies confirm the feasibility of heat and moisture treatment of
parenchymal tissues of raw materials before drying in order to intensify
dehydration and reduce energy costs. The obtained results can be used when
choosing the mode of preliminary heat and moisture treatment of apples and in

thermal calculations of the dehydration process.

References:
1. I'ycapora, O., Muxaitnuk, B., & llanap, P. (2021). BiuiuB maporepMiuHOi
o0poOKku s0MyK Ha TEIOTy 3HeBOAHEHHs. Scientific Works, 85 (1).

https://doi.org/10.15673/swonaft.v8511.2069

100



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

YK 662.73

JOCJI)KEHHSI METOJIB ITHTEHCU®IKAIIl 3HEBOJHEHHS
KOJIOITHUX KANIJISIPHO-IOPUCTUX MATEPIAJIIB

JIoKTOp TEXHIYHUX HAYK, TPOBIAHUN HayKOBUH cIiBpoOITHHK, [1a3tok B.M.,

acripadnT BumneBcrkuit B.M.

[HcTUTYT TexHIuHOT Teruodizuku HamionansHo1 akaiemii Hayk YKpaiHu

AHotanis. HusbkoTemmnepaTypHe CyIIiHHS OUIOKayaHHOI KallyCTH IIpH
temnepatypi TerioHocis 50...60 °C mae rapHi pe3yJbTaTH SKOCTI MPOIYKIIIi.
[aTeHcudikamis 1MUX peXUMIB MOXKIMBA 32 PaXyHOK BBEJEHHS CTYIEHEBHUX
pexuMiB a00 BHUKOPUCTAHHS 1H(QPAUYEPBOHOTO BHUIPOMIHIOBAHHA B Mpoleci
CYILIHHS.

Abstract. Low-temperature drying of white cabbage at a coolant temperature
of 50... 60 °C gives good results in product quality. Intensification of these modes
1s possible due to the introduction of step modes or the use of infrared radiation
during drying.

Kirouosi cinoBa. Kanycra, cyniiHas, pe:KuMH, IHTEeHCU]IKaLlis.

B nitepatypHuX mKepenax HaBOJIUTHCS TEXHOJOTISI BUPOOHHUIITBA CYIIEHOI
OlIOKayaHHO1 KamyCTH sKa mependadae JOBrOTpHUBAjIe KOHBEKTHUBHE CYIIIHHS
CUPOBUHU TIpU TemmepaTypi TemioHocis 65...70°C mpotsrom 12...24 ronm 3
HAaCTyNHUM oXoJiomkeHHsM [1]. Jnsa mocnimxeHHs Oylio o0paHO KamycTy
Ol10KayaHHY 3 METOI 1HTeHCHU(IKaIlli KOHBEKTHUBHOI'O CYIIIHHS Ta PO3POOKOIO
KOMO1HOBAHHUX CITOCOO1B 3HEBOHEHHSI.

[IpoBeneHi HamMu JOOCHIDKEHHA OyliM CHOpPSIMOBaHI Ha I1HTEHCUQIKAIIIO
Ipolecy CYLIIHHA OUIOKauYaHHOI KalyCTH Ta 30€peKeHHs SKOCTI Marepiaiy.
Jlocii>keHHs] TPOBOAMIIUCH B JIBA €TaIlH.

Ha nepmiomy erami 3 MeTor0 iHTEHCU]IKAIT TIpoliecy, HaMU OyJIM BUKOHAaHI
JOCJIIPKEHHS, SIK1 TIOKa3au 110 MiJBUIIEHHS TeMMepaTypu TeroHocis Big 50 go
80°C 3MeHIIye TpUBAIICTh CYIIIHHS B 3,23 pa3u Ta 3HUXKYE SKICTb Mareplany
(HaObyBae KOPHMYHIOBATOrO BIATIHKY). A cryneneBuit pexkum 80/60°C € Ouibil
NPUUHATHUM TOMY WO JIO3BOJISIE JAOTPUMATHUCS TEXHOJOTIYHHUX BHUMOT SIKOCTI
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CyIlIEHOTO MaTepiany [2].

Ha npyromy erami Hamu Oyio JIociifpkeHO BIUIMB BuKOpucTaHHs [YB Ha
3arajbHy TPUBAIICTh MPOLIECY CYIIIHHS.

PesynbTaTn  AOCHiPKEHb ~ BIUIMBY  KOHBEKTHMBHOTO  CYIIIHHA  Ta
iH(ppauepBOHOTO BUIMPOMIHIOBAHHS HA TPHUBAIICTh 3HEBOJAHEHHS KaIyCTH
O1JIOKauYaHHO1 IIPE/ICTAaBJIEHI HAa PUCYHKY 1.

3 puc. 1 BumiuBae, mo cymiHHs MeroaoM [YB e HaliTpuBamimmm Ta SKICHI
MOKA3HUKU 3HUXKYIOTbCS, Marepian miaropae. [ns iHTeHcudikauii mpoiecy
3aCTOCOBYEMO  KOMOIHOBaHy  JIif0 KOHBEKTHMBHOTO Ta  1H(pauepBOHOTO
BUIPOMIHIOBaHHA NIpHU TemnepaTypi Teraonocis 60°C ta termmoBomy mnotoiil 2600-

3000 Br/m>.
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7. x6
Puc.1. BniuB KOHBEKTUBHOIO CYIIIHHS Ta 1H()PauepBOHOTO BUITPOMIHIOBAHHS
Ha TPUBAJIICTh 3HEBOJHEHHS KalyCTH OL1oKayaHHoi, V' =3 m/c, 0 = 15 mmM,

d =10 kr/r c.i.: 1,4 — iHppauepBOHE BUIIPOMIHIOBAHHS; 2,5 — IHPpauepBOHE
BUnpoMiHioBaHHs 30 XB + KOHBEKTUBHE CYIIIHHS; 3,6 — iHdpauepBOHE
BUMPOMIHIOBaHHS + KOHBEKTHUBHE CYIIITHHSI.

BucnoBku. 3a paxyHOK 3acTOCyBaHHSI KOMOIHOBaHOTrO iH(pauepBOHOIO
BUMNPOMIHIOBaHHS Ta KOHBEKTUBHOI'O CYIIIHHSI CKOPOUYETHCA 3arajbHa TPUBATICTh

MPOIIECY, a MaTepial He BTpava€e MOKA3HUKIB SKOCTI.
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CYYACHI IPOBJIEMHU KABITAIIIMHUX ITPOIIECIB I'IIPOHACOCIB
no1l., K.T.H.PyonsoB A.B.

HAIIOHAJIBHUM TPAHCHOPTHUM YHIBEPCUTET

3araJibHONPUUHATAM y €Bpomi TMO3HAYEHHSM KaBITAI[IMHOTO 3amacy
npuiiHaTo BBaxaTtu aOpeBiatypy NPSH (Net Positive Suction Head).
Xapakrepuctuka NPSH BinoOpakae HE3IaTHICTh HAaCOCY CTBOPIOBAaTH Ha BXOJi
aOCOJIIOTHUN BakyyM 1 3a0e3leuyBaTd BCMOKTYBAaHHS PIMHU 3 BUCOTU PIBHOIO
a6o Oubioro Hix 10,33 MeTpa, 110 BIJMOBIIA€ 3HAYEHHIO aTMOC(HEPHOTO TUCKY Ha
piBH1 Mops. 3 ¢di3uuHO1 Touku 30py mapameTp NPSH mnoka3ye aGConOTHUN TUCK
Ha BXOJIl B HACOC, JIOCTATHIM JIJIsl 3aro0iranHs Kasitailii npouecy. Kapitaiisa Oyne
CYHpOBOJI)KYBAaTH CIpoOy Hacocy 3AIMCHUTH MiAHOM MEBHOI KUIBKOCTI BOAM 3
rIUOWHM, 1110 TIEPEBUIIYE JOMYCTUMY XapaKTEPUCTUKAMU BUCOTY BCMOKTYBaHHS.

BupoOHrK HacocHOro 00JaHaHHS Cepell OCHOBHUX XapaKTEPUCTUK HACOCY
BKa3y€ MaKCHUMajbHY BHUCOTY BCMOKTYBaHHS 1 HAJa€ XapaKTEPUCTHUYHY KPHUBY
NPSH sk ¢yHKLiIO 3a1€XKHOCTI BlJ MIBHJIKOCTI MOTOKY piAMHHU. MakcumalibHa
BHCOTa BCMOKTYBaHHS 1 KaBiTalliiHa XapakTepuctuka Hacocy NPSH

B3a€MOIIOB'sI3aHI:

Hmax = A - NPSH - Hasp - Hr, m,

ne A — aOCONMOTHUM THUCK B METpax Ha BUIBHY MOBEPXHIO PIAUHU Yy
BCMOKTYBaJIbHIM €MHOCTI. [Ipy BCMOKTYBaHHI piAMHU 3 BIIKPUTOIO JDKEpPENa, 110
3HaXOJUThbCS B TNPSIMOMY KOHTAaKTI 3 arMoceporo, THUCK A JIOpIBHIOE
aTMOC(EPHOMY THCKY;

Hasp - BTparu Hamopy Ha MOAOJAHHS OMNOPY pyXy HOTOKY pPIAUHHU Y
BCMOKTYIOUOMY TPyOOIIPOBO/II, M;

Hr - Tuck mapoyTBOpEeHHS PIAMHU B METPAX BOASHOIO CTOBIIA;
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Ha - 3nauenns HeoOxigHoro NPSH, mio BruimBae Ha mojaady Hacocy:
noka3Huku NPSH 30u1b1ryeTbest 31 301IbIIEHHAM IIBUIKOCTI IOTOKY CEPENOBHUILA,
110 MEePEKAYYETHCS.

Jlnst 3abe3nedeHHs] HOpMaJbHOTO PEXUMY pOOOTH HACOCY JAOCUTH YaCTKOBO
MEPEKPUTH 3aCyBKY B MariCTpaJlbHOMY TpyOONpPOBOJ1, 3HU3UBIIHN, TAKUM UYUHOM,
MPOAYKTUBHICTH Hacocy. [Ipu He0oOX1AHOCTI 3a0€3MeUnTH MPOAYKTUBHICTh HACOCY
B YMOBaX HEIOCTaTHHOIO KaBITALIMHOIO 3aIacy, BHUPILIEHHS MPOOJIIEMH MOXKE
OyTH TOB'sI3aHO 31 30LIBLICHHSIM TUIOPO3MIPY HACcOCy 3 OUIbII HHU3bKUM
3HaueHHssM NPSH npu 3aaH1ii npoAyKTUBHOCTI HACOCY.

PiBHSIHHS TakoX IOKa3ye, IO  €(pEKTUBHHM CHOCOOOM 30UIbILIECHHS
JOMYCTUMOT BHUCOTH BCMOKTYBaHHSI BHUSBIISIIOTBCS, 3aXOJM, CIPSAMOBAHI Ha
3HM)KEHHSI 3arajibHUX BTPAT Ha OIIp MOTOKY Y BCMOKTYIOUOMY TpyOompoBojl. 3
i€l TNPUYUHU PEKOMEHAYETbCS 3aCTOCOBYBATHM Ha JIiHII BCMOKTYBaHHS
TpyOOIpPOBIJl 3 BHYTPIIIHIM J[IaMETPOM, 1110 HE POOUTH OMIP MOTOKY BCMOKTYBAHOL
pinuHu. {1 MiHiMI3alii BTpaT BUCOTH BCMOKTYBAHHsI JIiHIHA HMIBUJKICTH PyXY

PIAMHYU Y BCMOKTYIOUOMY TpyOOIIpOBO/I1 HE MOBUHHA NepeBuulyBaT 1-1,5 M/ c.
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Po3polOxa MeTogu4yHHX MaTepiaJiB Ta pe3yJbTaTH BUNIPOOYBAHHS NMPALe3IaTHOCTI
ra3operyJisiTOpHoro o0JiaiHaHHsI HA Ta30BOAHEBUX CyMillIax
Hronsmyk A.M., IIannx K.€., Kocrorpus K.II.

Incmumym 2azy HAH Ykpainu, m. Kuis, Ykpaina

V 3B'13Ky 31 3pocTarouuM iHTEpecoM A0 BoAHEBOI eHepreTuku B €C Ta YKpaiHi, OfHi€I0
13 KOHIIEMIIIH SIKOT € TpaHCTIOPTYBAaHHS BOAHIO BUpobiaeHoro B/IE mo icHyrounM razonpoBojam,
IIISIXOM JI0/IaBaHHS J0 NPUPOIAHOTO Ta3y y KUIbKocTi 10 20% 00’eMHHUX, BUHUKIJIA HEOOXITHICTD
NEPEBIPKU MOKJIMBOCTI BUKOPUCTAHHS ICHYIOUMX CHCTEM PEIyKyBaHHS rasy Ta BY3JiB OOIIKY
ra3y npu poOoTi Ha cymilri BoAHIO 3 pupoanuM razoM (20% Hz / 80% CH4) (mauni - cymim), a
TaKO0X BU3HAYCHHS BIUTUBY JIaHOT CYMIIIll Ha HAJIMHICTh Ta MPALE3AaTHICTh IIUX CUCTEM.

Jlist BUpilIeHHS JaHOTO 3aBaaHHs [BaHO-DpPaHKIBCHKUM HAI[IOHATBHUM TEXHIYHUM
yHiBepcuTeTOM HaTH 1 razy pazom 3 Incturytom rasy HAH Ykpainu Oyiio cTBOpEHO METOIUKY
Ta TOPSI0OK BUMIPOOYBAHHS 34aTHOCTI POOOTH KOMIUIEKCIB Ta30pEryJIsITOPHOrO OOJaJHAaHHS Ha
razoBojHeBux cymimax (nmami — Ilopsmok). I[lopsaok mnpusHayeHMH A7 OIHKU BIUTUBY
ra30BOJIHEBUX CyMimeil Ha poOoTy oOiagHaHHSA KOMIUICKCIB JJIsi 3HIDKEHHS THUCKY rasy Ta
HiATPUMAHHS MOT0 Ha 33JaHOMY piBHI, IO MiJ 3arajJbHOI0 HAa3BOIO ITYHKT PEIyKYBAaHHS Tazy»
(ITPT") oxommotoTk: razoperyistopHi mynkru (I'PIT), madosi razoperynstopui mynktu (LLT'PIT)
(y T.u. LIT'PIIB), razoperymnaropHi ycranoBku (I'PY) Ta in. CxianeHo #oro y BiAMOBIIHOCTI A0
JII0YMX Ha CHOTOJHINIHIA JeHh HOPMATHBHHX IOKYMEHTIB (3akoH Ykpainu "lIpo oxopony
npaui”, 3akoH VYkpainu "lIpo wMetposorito Ta MeTpoioriuny aisuibHICTR", Komekcy
razopo3noninsHux cuctem, [IbH B.2.5-20-2018, ICTY EN 334:2015 Ta iH.)

[IpenmeToM AOCHIPKEHb € BUBYEHHS BIUTUBY BOJHIO, 1[0 MICTHUTBHCS y Ta30BOJHEBHX
cymimax, Ha obnamnanas IIPI" y mpomeci BumpoOyBaHHS HOro poOOTHM Ha Ta30BOJHEBHX
cymimax. JloCmi[UKeHHS TPOBOJMIUCH HA EKCIEPUMEHTAIBHUX IOJITOHAaX OIepaTopiB
razopo3noninbHuX Mepex (I'PM), 3 BuU3Ha4ueHHSIM #Oro mpane3JaTHOCTI, HAJIHOCTI Ta
0€3MeYHOCT] eKCIITyaTallii.

06’exToM poboTtu €: npuctpoi perymonanns razy LII'PII, By3zmu o6aiky rasy (BOI') ta
npuiagy SKi B HUX BUKOPUCTOBYIOTBCS: PETYJSATOPH THUCKY, 3amoOikHi-ckuaHi (3CK) Tta
3ano0ixHO-3amipHi kinananu (33K) npunaau Ta iH.

[TopsinkoM mepenbadeHo OOOB’S3KOBE BUKOHAHHS IOPIBHSUIBHOTO  BUIPOOYBAHHS
obmaguanns [IPT": ¢inbTpiB razosux (PI'C/PI'K), 33K, 3CK, BOI' Ta perymaropiB THCKY, 3a
YMOBH iX poOOTH Ha MPUPOTHOMY ra3i Ta CyMilIi.

[Tix yac MOPIBHSAIBHOTO BUIIPOOYBAaHHS Ha Ta30BOJHEBIN CyMillli Ta NMPUPOJHOMY rasi
HEOOXiHO 3a0€3MEUYUTH OJTHAKOBY TEIUIOTY 3TOPSHHS CHAIoBaHOro 00’eMmy. OCKUIBKM HMXKYa
TEIUIOTA 3TOPSAHHS BOIHIO CKiagae 3a pobounmx ymoB 10,05 MJDx/M?, a mpupomHoro razy —
34,73-34,75 M]JIx/M?, T0 i3 30iNbIIEHHAM YaCTKU BOJHIO B CyMilmi ii miZCyMKOBa Temwiora
3TOPSIHHS 3MEHINYEThCSI. TaKuM YMHOM, HEOOXiTHO 30UTBIIMTH 00’€M CHAIOBAHOI CyMIlI st
3a0e3MeueHHs] TOr0 CaMoro oOcsATy eHeprii OAep)KaHOro TiJ Yac CHANIOBaHHS Ta30BOJHEBOI
cyMmimn. Tox, HouinbHO nochimkyBatu mpanesgatHicts [IPIT, 3 ypaxyBaHHSIM He0OXiTHOCTI
TPAHCIOPTYBaHHS 30UIbIIEHOr0 00CATY Ta30BOIHEBOI cymimri. 3a yMOBH BMicTy BoAHIO y 20%
00., ekBiBasieHTOM | M®> TIPUPOAHOIO Taszy 3 TEIIoTor 3ropsuus 34,54 MJx/m> Gyne 1,165 m3
ra30BOJHEBOI CyMilll 3 TemIoToro 3ropsuus (0,8%34,54+0,2*10,05)=29,64 MJIx/m>.

VY 3B’s13Ky 3 HEOOXiIHICTIO 3a0€3MeYUTH OTHOPIAHI Pe3yIbTATH, SIKI MOYKHA TTOPIBHIOBATH
OJIMH 3 OJHHUM ISl CIIBCTaBJICHHS POOOTH PI3HUX THUIIIB PETYJIATOPIB HA PI3HUX Ta3ax, MOKa3u
IpUiIaiB, 0 BUMIPIOIOTh TUCK Ta BUTPATY, MalOTh OyTH MPUBEAEHI 10 pOOOYUX YMOB.

[Tpunanu 11st BUMIpIOBaHHS TUCKY ITOBHHHI MaTH Kjlac TOYHOCTI He HibK4e 1% Ta mkaiy,
110 He OUTBII SIK y/IBi4i MEPEBUILLY€ 3HAUECHHS BUMIPIOBAHOI BEJTMUMHH.

3aco0u BUMIpPIOBaHHS TEMIEpAaTypH MAalOTh BHUMIpPIOBATH TEMIIEpaTypy 3 TOUYHICTIO, HE
ripmre 0,5°C.
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Po3pobnennii Ilopsimok BU3HA4ae BUMOTH J0 MOHTaXy, YMOB IIOJAO 3a0e3redeHHs
JpKepesia ocTayaHHs ra30BOAHEBOT CyMillli, OISy oOMagHaHHs, HOTO MPOAYBKU Ta MEPEBIpPKH
Ha TePMETHYHICTb.

Xi BUKOHAHHS BUIPOOYBAJIBHUX IOCHIKEHb O0a3yeTbcs Ha MEpeBIpIi TOTOBHOCTI
ITPI'/BOI" no excnepumenty, nepesipui 33K Ta 3CK, mepeBipiii 30BHIIIHBOI Ta BHYTPILIHBOI
TepMETUYHOCTI, BU3HAYCHH] MaiHHS TUCKY Ha ra3oBoMy (ijbTpi Ta mepeBipii mpane3aaTHOCTI
perynstopa Ha [IPT" 3 BU3HauUeHHSIM HOTO TOYHOCTI.

Tako MOPSIIOK MICTUTh BUMOTH 10 OE€3IMEKH 3TiTHO 3raJlaHuX BUIIE 3aKOHIB Ta IHIIUX
HOPMAaTHUBHUX JJOKYMEHTIB.

[TonboOBi eKcriepuMeHTaNbHI BUIPOOYBaHHS Ta30pEryJISITOPHOrO OONagHAHHSA, 3TiJHO 13
3atBepkeHUM «llopsiikoM BUIIPOOYBaHHS 31aTHOCTI POOOTH KOMILIEKCIB ra30peryisTOPHOTO
oOlaHaHHS Ha Ta30BOJHEBUX CcyMilllax», 3iiicHIOBajocs omeparopamu ['PM Ha 1m’atu
nocmigaux noiniroHax (AT «XKuromupras», AT «/luinponerpoBcbkrasz», AT «Xapkisraz», AT
«Bomunbraz», AT «IBano-®pankiBchkrasy). Harmsinm 3a mpoBeAeHHSM BCIiX JIOCHIHKCHb Ta
KOHTPOJIb 32 TOTPUMaHHsAM BUMOT [lopsaky 3aiiicHioBanu criBpoOiTHukM [HCTHTYTY razy HAH
VYkpainu npu ywacti npencraBHukiB 3amoBHHKa TOB "Hadroraz6yningopmaruka" ta IBano-
@paHKiBCHKOr0 HAIIOHAJIBHOTO TEXHIYHOTO yHiBepcUTeTy HaTH i rasy. JlocmiukyBanuch Taki
cKki1agoBi cucteM penykyBanus razy: ®I'C/DI'K, 33K, 3CK, BOI ta perymnsaropu THCKy.

Jns  3a0e3nedeHHs] TMOPIBHSUIBHUX —pE3yJbTaTiB  BUNPOOYBaHHS oOOJIaHAHHSA, BCI
JOCIHIJKEHHSI IPOBOIWINCH Ha MPHPOJHOMY Tasi Ta Ha CyMillli BOAHIO 3 NPHUPOJHUM Ta30OM.
Bceboro Oymo gocmimkeHo 26 oauHUL 0071 JHAHHS Ha BIUTHB BOJHIO.

AHanmizyloun JaHHI pPOOOTH pETryJsTOpiB THUCKY MOXKHA CKa3aTh HACTyIHE: Ha
IPUPOJHOMY Ta3i B IIIJIOMY BOHHM IPALIOIOTH OUIBII TOYHO HIXK Ha CyMillli, @ 3HMKEHHS TOYHOCTI
po6otu perynstopa Ha 0,45% He Moxxe cyTTeBO BIUIMHYTH Ha QyHkuionyBanus LII'PIT. B xoxi
BCIX IPOBEIEHUX BHUIPOOYBAaHb BIAXHICHHS THCKY IPH POOOTI PEryisTopa HE MEpPEeBHILYBAJIO
10% Bix BCTAaHOBJICHOTO 3HAYCHHS.

Pi3HuI y BHYTpIIIHINA TepMETUYHOCTI PETYISATOPIB THCKY MPH poOOTI Ha MPUPOTHOMY
ra3i Ta cyMmili He BHUSBJICHO, OCKUIbKM CEpeJHE 3HAUCHHsS 3pOCTAaHHS THUCKY Ha CyMilli He
MEPEBUIILY€E TaKe 3HAUEHHS JUIsl IPUPOTHOTO Ta3y.

Binxunenns Tucky npu skomy crparpoByBaB 3CK mpu mepeBulleHi THUCKY Yy BCiX
BUNIPOOYBaHMUX PEryJsATOpiB He nepeBuinyBano 10%. CepenHe BIAXUICHHS MK HaIAIITyBaHHIM
3CK Ta THCKOM CHpaIlOBaHHS Ha MPUPOJHOMY Ta3i Ta CyMillli BiIPI3HSAIOTHCS HE CYTTEBO.
Taxkum unHOM, M Yac MPOBEACHHS TOCTiKeHb pi3HUL y poboTi 3CK Ha mpupogHOMy rasi ta
CYMIIllIi HE MOX€ BIUIMBATH Ha MPaIEe3aTHICTb.

BinxunenHs Tucky mnpu sikoMmy crpanboByBaB 33K mpu mepeBHIIEHI THCKY Y BCiX
BUNIPOOYBAaHUX DPETYJATOPIB Takoxk He nepeBuiryBaio 10%, mpu oMy pi3HMLS y TOYHOCTI
poOOTH Ha TPUPOAHOMY Ta3i Ta cyMilli HecyTTeBa. TakuM UYWHOM, IiJl 4Yac MPOBEACHHSA
JOCIHIKeHb CYTTEBOI pi3HULI Y po6oTi 33K Ha mpupoaHoMy Tasi Ta cyMmillli He TaKOK BUSBJICHO.

OTxe, MOYKHA BBaXKaTH, [0 BCe 0ONaTHAHHS, KOTpe BXoAuTh a0 ckiany LIIPIT ta BOI'
BimoBigae kinacy tounocti AC 5-10.

PesynpTat mpOBEACHHX EKCIIEPUMEHTANBHUX JOCHIKeHh Ha moxironax PI'K
MIPOBEICHUX 3TiAHO 13 3aTBepKeHnM «IlopsakoM BUITPOOYyBaHHS 31aTHOCTI pOOOTH KOMILIEKCIB
ra30peryjasTOpHOTO OOJIaZHAHHS Ha Ta30BOJHEBHX CYMIIIAax» MiATBEPIKYIOTh MOXKJIHMBICTD
pobotu cydacuoro obnaaHanus [1IPI/BOI sk 3 mpupogHuM ra3oMm Tak i 3 CyMIMIIIIO BOJAHIO 3
npupoaauM razom (20% Hz/ 80% CHy).
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YK 621.21
JUSTIFICATION OF JET-PULSATING MODE OF FLUIDIZATION
Kornienko Y.M., Haidai S.S., Yevziutin P.Y, Sameliuk O.V.
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: The conditions for introducing a liquefying agent through the
cracks of the gas distribution device and the formation of gas bubbles, which
ensures the absence of immobile zones of granular material on the working surface
of the gas distribution device and realizes the pulsation jet-pulsation mode.

KEY WORDS: FLUIDIZATION LAYER, HYDRODYNAMICS, JET-
PULSATING FLUIDIZATION, GRANULATION.

OBI'PYHTYBAHHS CTPYMEHEBO-ITYJbCAIIIMHOT O PEXKUMY
HCEBJAO3PIIKEHHS
Kopnienko .M., T'aitnait C.C., €B3toTin [1.YO., Camemntok O.B.
HaunioHaibHUil TeXHIYHUN YHIBepCUTET YKpaiHu

«KuiBcbKui noJtiTexHiyHui iIHcTUTYT iMeHi Irops Cikopcbkoro»

AHOTAINIA: OOrpyHTOBaHO yMOBHM BBEJEHHS 3pIJKYyBaJIbHOTO AareHTy
yepe3 IMIUIMHU Ta30pO3MOJIUIBHOTO MPUCTPOI0 Ta (OpPMYBaHHS Ta30BHX
OyNbOaIloK, MPU SIKUX 3a0€3MeUy€ThCs BIICYTHICTh MaJIOPYXOMUX 30H 3€PHUCTOTO
Marepialy Ha poOodiil MOBEpPXHI Ta30pO3MOAUIHLHOTO MPUCTPOIO Ta pealli3yeThCs
CTPYMEHEBO- MyJIbCAIIMHUI PEKUM TICEBIO3P1IKEHHS.

KJIFOYOBI CJIOBA: IICEBJIO3PIJKEHUIA [ITAP,
I'TJIPOJJMHAMIKA, CTPYMEHEBO-ITYJIbCAIIIMHE IICEBJIO3PIIXKEHHS.

Methods that increase the intensity of diffusion-controlled processes include
the pulsation regime of the gas coolant over the surface of a solid body during
dehydration and granulation of liquid systems in a fluidized bed [1-10].

109



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

In works of [11] is analyzed in detail the conditions for the transition of the
jet mode to bubbling, when the ratio of the height of the breakdown torch Yrto the
height of the fixed bed Ho is more than 0.5, Figure 1.
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Figure 1 — Physical model of interphase interaction in gas-solid particles
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system in gushing fluidization mode [11]

At the same time, stagnant zones can form in the granulator with perforated gas
distribution devices, Figure 2. Even if the holes are located so that the coalescence
of gas bubbles is possible.

Reduction of the probability of occurrence of stagnant zones on the working
surfaces of the gas distribution device is provided by the horizontal direction of the
gas jet through the slits of the gas distribution device [11], Figure 3.

The gas jet moves in the horizontal direction to a distance of Y from the
slit, which begins to move to vertically directed at a distance xop [11], Figure 3.

The height of the fixed layer of material in the apparatus Ho = mm is
determined from the conditions of mass transfer with stable kinetics of the

granulation process experimentally.
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Figure 2 - Model of interaction of several gas bubbles in the bed of solids in

the bubbling mode of fluidization [11]
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Figure 3 — Scheme of horizontal supply of a gas torch [11]

Previous studies [12-20] found that the breakdown height of the gas torch zy
for granular product with a density of p,=1450 kg/m?, equivalent diameter d. =
1,42...3,97 mm when using slit-type gas distributing device with a coefficient of
living cross section @ = 4,9 % 1s z$=80...100 mm. The breakdown range of the
horizontal (primary) jet 1 is xrop=80 mm [12-20], Figure 4 B, which is introduced

from dot p, Figure 4. At a distance xrop. the jet changes the horizontal direction to
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the vertical and at a height A (point k) from the plane /-7 begins to transform into a
gas bubble.

It is proposed to introduce an additional (secondary) gas jet 2 vertically at
the point k4, which creates a gas torch with a height of z . The channel of the
formed jet 2 is intensively fed by the primary gas jet 1.
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Figure 4 — Physical model of interaction of flat gas jets with granular material:
a) phase of gas bubble formation; 6) phase of inertial removal of the material;

B) the formation of gas torches near the surface of the gas distribution device

As a result of the fact that the rate of gas supply to the combined stream

exceeds the rate of filtration along the perimeter of the formed gas cavities, at a
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height of A+zy the gas bubble begins to grow if (A+z¢)/Ho << 0,5. If this condition
1s not met - the usual gushing mode is implemented.
The state of equilibrium of the forces acting on the bubble at the time of its

movement to the upper limit of the layer will be written:

APyizsiomy = APrigpocrarmmmiis (1)
Vp-(1 — £9)g = Fs(Ho — dg — Zy — A)p(1—g9)g (2)

or:
Vs = Fs(Ho — ds — 2y — 4), 3)

Where Vs = nds’/6 — volume of spherical gas bubble, m?; Fs = nds*/4 — horizontal
cross section of the bubble, m?.
For the case of flat slits through which gas jets are fed, the formed bubble

has a cylindrical shape with a horizontal axis of symmetry and a width of cylinder

B, that 1s:
v, = niﬁz B; Fs = dgB, 4)
Where B — camera chamber width, m.
then: " o _ 4y (Ho — dg — 29 - 1), 5)
whence the diameter of the bubble:
4

The material in front of the frontal part of the bubble, at its exit will be
inertially removed outside the initial bed of height Ho. If the residual height of the
layer in the area of the jet 2 in the plane kn is Hsa>(A+zg), Figure 4, — the
formation of a secondary gas bubble is correspondingly smaller.

If the condition Hsar. = (A+zg) the secondary bubble is not formed and the
gushing mode is realized.

The granular material inertially removed from the conditional line bdns
under the action of gravity descends from the height A% in zones /I and 711, which
causes a dynamic impact directed in the opposite direction to the movement of the
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gaseous medium. This leads to an instantaneous decrease in activity in the gushing
zone and, as a consequence, stops the movement of granular material on the
working surfaces of the gas distribution device.

In addition, the mixing of granular material takes place in zones /I and I/
and almost does not capture zone /. This nature of the movement of solid particles
does not intensify the renewal of the contact surface of phases in the irrigation
zone, Figure 4, and leads to uncontrolled agglomerate formation.

Thus, the usual jet-pulsation gushing mode is unsuitable for dehydration and

granulation processes using high-temperature coolant.
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YK 621.21
HYDRODYNAMICS OF NON-UNIFORM FLUIDIZATION
Kornienko Y.M., Haidai S.S., Yevziutin P.Y, Sameliuk O.V.
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: The conditions of introduction of the liquefying agent
through fractures of fracturing at which absence of sedentary zones of granular
material on a working surface of fracturing is provided and the qualitative self-
oscillating mode of inhomogeneous jet-pulsation fluidization is realized are
substantiated.

KEY WORDS: FLUIDIZATION LAYER, HYDRODYNAMICS,
INHOMOGENEOUS FLUIDIZATION, GRANULATION.

Ir'aPOANHAMIKA HEOJHOPIZAHOI'O IICEBJAO3PII)KEHHS
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yepe3 muHU ['PII, mpu gxux 3abe3nedyeTbcs BIICYTHICTH MaJOPYyXOMHUX 30H
3epHHUCTOr0 Matepiany Ha pobOouiii moBepxHi ['PII Ta peanidyerbcs sikicHUM
aBTOKOJIMBAJIbHUI peXUM HEOJHOPIAHOTO CTPYMEHEBO-ITYJIbCALIITHOTO
MCEBA03PIIKEHHS.

KJIFOYOBI CJIOBA: TICEB/JO3PIXKEHUIA [IAP,
I'NAPOANHAMIKA, HEOAHOPIAHE ITCEBIO3PI/DKEHHA, TPAHY JIALILA.

The use of fluidization techniques for dehydration and granulation processes

allows to achieve a heat utilization factor of up to 50% [1-10].
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The kinetics of such multifactorial processes is controlled by diffusion
processes of moisture removal from the film of the liquid phase located on the
surface of the granule and the formation of a layer of microcrystals, which causes
an increase in the size of the granule.

To increase the intensity of diffusion processes, it is necessary to maintain
the driving force of mass transfer and to reduce the linear dimensions of the
diffusion sublayer located directly near the surface of the moistened granule.

Effective methods of intensification of diffusion-controlled processes
include the supply of gaseous coolant to the apparatus with a fluidized bed.
Authors [20] proposed to implement such a hydrodynamic mode by installing a
mechanical pulsator directly in front of the apparatus along the supply line of the
heated coolant, which with a certain frequency completely covers the supply of
gaseous coolant. In the period of absence of supply of the gas heat carrier the
granular material which is on a surface of the gas distributing device (hydraulic
fracturing) is in a motionless condition. When the coolant supply is restored, the
maximum speed difference between the gas and the solid particles is achieved. It is
at this point that the thickness of the diffusion sublayer on the surface of solid
particles decreases significantly, which significantly increases the concentration
gradient and the efficiency of mass transfer. However, the main disadvantages of
this method of organizing the process is the high risk of melting of the material on
the working surfaces of the gas distribution device (GDD) when using a coolant
whose temperature significantly exceeds the melting point of thermolabile
components of the solution.

The elimination of these shortcomings is achieved in works [1-19] in which
a new approach to the creation of a pulsating fluidization mode using the
movement of at least 1/3 of the mass of granular material outside the initial layer
with local uneven distribution of this mass across the width of the apparatus.

This uneven mass distribution leads to the creation of additional hydraulic
resistance in the area of introduction of the reference gas jet and leads to a
significant reduction in gas velocity. Due to the hydrodynamic cycle there is a
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movement to the initial state, which leads to a decrease in hydraulic resistance and,

accordingly, increase the flow in the reference gas jet. That is, due to the
asymmetric method of introducing the gas coolant into the apparatus, the jet-
pulsation mode of fluidization is realized.

The physical model of inhomogeneous fluidization is shown in Figure 1
[18, 19].

The peculiarity of this hydrodynamic mode is that the chamber of the
granulator, equipped with a gas distribution device (GDD) slot type 2 (at the
bottom), the liquefying agent is introduced through two slits - points p and k,

Figure 1, in the horizontal (m;) and vertical (m.) directions, respectively.
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mj and m: - mass flow of gas in the reference and feed streams
Figure 1 - Physical model of inhomogeneous fluidization in self-oscillating mode

[18, 19]

BiacTanp Mix MIUIMHAMY ¢ BU3HAYAETHCSI TOPU3OHTAILHOIO JalIeKO01MHICTIO
ra3oBoro CTPyMEHS Xrop, @ (hopMa pobOouoi moBepxHi miactuHu ['PII moBuHHa
BIAMOBIATU #oro KoHpirypaiii. Lle oO0yMoBiIt0€ HEOOXIAHICTH PO3TALIyBaHHS
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apyroi uiiauHu (Touka k) Ha BUCOTI A BIAHOCHO MEPIIOi MIUIUHHU (TOYyka p). Y
Toulli k BiAOyBa€eTbCs 3IUTTS ABOX CTPYMEHIB y aBTOKOJIMBAIBHOMY PEXHUMI, IO
MPU3BOAUTL /10 YTBOPEHHS 00’ €JHAHOTO CTPYMEHSA 13 BHUCOTOI MPOOOI0 Zg.
YMOBHI IUJIOIIMHY, TPOBEACHI Yepe3 TOUKH p 1 k, NIIATh KaMepy amapary Ha Tpu
30HHU OJJHAKOBOI IMTUPUHH A/3.

The distance between the slits 7 is determined by the horizontal range of the
gas jet xnor, and the shape of the working surface of the fracturing plate must
correspond to its configuration. This necessitates the location of the second slit
(point k) at a height A relative to the first slit (point p). At the point k, the two jets
merge in the self-oscillating mode, which leads to the formation of a combined jet
with a breakdown height zr. Conditional planes drawn through the points p and k,
divide the chamber of the apparatus into three zones of equal width A / 3.

However, the quality of the self-oscillating mode of inhomogeneous
fluidization is determined by the minimum residence time of the sedentary granular
material on the surface of the gas distribution device. The second important factor
is the influence of the height of the layer in zone / on the mass flow of gas in the

reference jet.
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YK 536.55: YK 536.41
METOJAUKA JOC/IIKEHHA 3SMIHU I'YCTUHHA
BAI'ATOKOMITIOHEHTHOTI'O MATEPIAJIY 3 ®A30BUM
HNEPEXOJO0OM
K.T.H., p.H.c Konuk A B!, crynentka Xomenko M.B.?
Tncruryr rexniunoi remnodiznkn HAH Ykpainu, ZHanionannnuii

TexHiyHuil YHiBepcuTeT YKpainu «KIII im. Irops Cikopcbkoro»

Mera npociikeHb — JOCHIIUTA 3MIHY TYCTUHH O0araTOKOMIIOHEHTHOTO
Marepiany 3 (pazoBUM NEPEXOIOM B 3aJ€KHOCTI BiJl TEMIIEPATYPH.

OO0’€eKT TOCHIIKEHb — T'YCTHHA TEIUIOAKyMYJISLIIHOro MaTepiaiy 3 GpazoBUM
NEPEXOOM.

[Ipeamer pochipkeHb — OaraTOKOMIIOHEHTHUM —TEIJIOAKYMYJIALIIMHUIMA
Marepiai 3 (a30BUM MEPEXOJI0M.

JocnipkyBaHuil  0araTOKOMIIOHEHTHUN — TEIUIOaKyMYJIALIIMHUN  MaTtepian
(mami TAM) 3 ¢da3oBuUM TepexoqoM CKIAAAEThCA 3 BOAM, (PI3UKO-XIMIUHI 1
TeruioQ13UYHI BJIACTUBOCTI SKOi JOCHUTh JETalbHO JociifpkeHo [1-3] Ta 3
KOMITOHEHTIB OPraHIYHOTO IMOXO/KEHHS, BJACTUBOCTI SKUX HE BIIOMI Ha JaHUM
qac.

JlocmipkeHHsT  TYCTMHU — 3JIIMCHIOETHCSI  BU3HAUEHHSM  BIJHOIICHHS
nonepenHbo 3BakeHoi macu TAM 1o Horo 3MiHM 00’€My, IO 3HAXOJIUTHCA B

MIpHIM MiNeTIl Mij] Yac HarpiBaHHS:
m
p(t) = — (1)

Jns  pocnimkeHHs 3MIHM 00’€My CTBOpPEHO J1abOpaTOpHHM CTEH[,
300pakKeHU Ha PUCYHKY 1, 110 CKIAJa€ThCS 3 HATPIBAILHOTO Mpuiiany 1, BOJAsSHOI
«OaHi» 2, 110 NpeacTaBlisie COO0 EMHICTh 3 BOJOI0, KPUIITKH 3, MIpHOI MineTku 4
3 TpaaylOBaHHsSM, 110 3anoBHeHa TAM, natuuka temmepaTypu (Tepmomnapu) 5,

KWW 3’€THAHUH 3 KOHIIeHTpaTopoM BuMipiB Triton 6004 Ta mtaTuBy 6.
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| — HarpiBanbHUI OpuUIIa; 2 — EMHICTD 3 BOAOIO; 3 — KPUIIIKA;

4 — MmipHa mineTkKa; 5 — JaTYUK TeMnepaTypu; 6 — ITaTUB.

Pucynok 1 — ExcnepumeHnTanbauii 1abopaTOpHUI CTEH]T

Mertoauka npoBeACHHS JOCTIIKEHb:

1. Ha wHarpiBambHuil mpuiaa 1 BCTAHOBIIOETHCS TEPMOCTIiMiKa koyda 2
3allOBHEHA BOJOIO, 110 3aKPUBAETHCA KpUIIKOW 3. Kpuika 3 mae 2 oTBOpU A
BCTAHOBJICHHS MIMETKHU 1 JaTYMKa TEMIIEPATypH.

2. Mipna mninerka 4 3 TpagylOBaHHIM JUIsl XIMIYHUX 1 OIOXIMIYHHUX
OOCIIKEHh MICTKICTIO 1 Mo Ta TouHicTIo +0,006 MI  3amOBHIOETHCS
nociikyBaHuM TAM, micist 4oro 3aKynOpIOETHCS HUAKHIA OTBIP 1 32 JJOIOMOTOIO
IITATUBY 6 KPIMUTHCS YEPE3 KPUILIKY 3 B EMHICTSD 2.

3. Uepes KpUIIKy 3 B €MHICTh 2 BCTAHOBJIOETHCS JATYUK TEMIIEPATYpH 5,
AKAA 3a JIOMOMOTOI KOHIIEHTpAaTOpa BHUMIPIB BHUBOIAUTH 1 PEECTpyE 3MIHY
TeMrepaTypu Ha MOHITOP.

4. B niana3oni temnepatyp Bia 20 mo 90 °C, uepes koxHi 10 °C, dikcyeThes
3MiHa 00’ eMy.

5. 3M1iCHIOETHCS MaTEMAaTUYHUN PO3PAXyHOK I'YCTUHHU.
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JIns OLIHKH JOCTOBIPHOCTI TMPOBEJACHHWX BUMIPIOBaHb 3a MPEACTABICHOIO
METOJUKOIO B [4-6] BU3HAaUa€eThCsl TOXUOKA BUMIPIOBAHb.

CepellHe 3HAaUEHHSI BUMIPIOBAHb:

N_ v
(v,) = 2=t @)

ne Vi — 3HaueHHs NOKa3HUKa O00’eMy 3alleHO B1I Temmeparypu; N —
KUIbKICTh BUMIPIOBAHb.

CepenHe KBaJpaTUYHE BIIXUJICHHS:

Y=y (Ve—(Ve)?
S = (== (3)

BI/IHaI[KOBa CKIaaoBa MMOXHOKH:

Sy
S<Vt> - ?1\; 4)
Ay,= Ky - S,y (5)

ne Ky — xoeoinient nosipu [4].

I[ToBHa moxuOKa:

abCoMI0THA Ay, = / Sy +4Ay? (6)

: A
BIJIHOCHA Oy, = <7Vt> (7)
’ t

[IpencraBieHa MeTonMKa  JO3BOJISIE  OLIHUTH  KUIBKICHO  MOXHOKY
IIPOBEJICHUX BUMIPIOBaHb. METOAMKY OLIHKM MO>XHa BUKOPUCTOBYBATH JJisi OYyb

SKUX BUMIPIOBaHb.

Ilepenik nocunans

1. ACTY 7525:2014 Bopga nutHa. BuMorm Ta MeTOaM KOHTPOJIIOBAHHS
SKOCTI

2.TOCT 6709-72 Bona nuctunboBana. TexHiuH1 YMOBH. (HEAIIOUNIA)

3. ACTY ISO 3696:2003 (ISO 3696:1987, IDT) HarionanpHuii cTaHgapT
Vkpainu. Bopa nnsi 3actocoByBaHHs B jaboparopisix. Bumorum Tta Metonu

nepeBipsIHHS
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CONTROL OF TEMPERATURE UNIFORMITY IN DISC EXTRUSION
OF POLYMERS

PhD student Novodvorskiy V.V., Ph.D., Associate Professor Shved M.P.,
Ph.D., Shved D.M
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute'

The process of extrusion in a disc machine is shown in Fig. 1. At first the
coils are gradually filled, then under the influence of the rubbing force the granules
begin to melt and create a thin film (external element B) due to the dissipation of
energy. In the homogenization zone the melt with high temperature, which is
temperature irregular and in the homogenization zone, which begins when the
threading coils are finished, the melt is intensively mixed and temperatures begin
to equalize. By changing the disc gap and the disc circumferences it is possible to
control the melting quality and energy consumption without interruption in the

extrusion process.
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Figure 1 - Extrusion process in the disc extruder
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It is possible to reduce the consumption of electric energy or to increase the
homogeneity of the melt by changing the rotation frequency or the value of the
working gap of the disk extruder within +30 % of the nominal value [1].

The field of velocities in the disk extruder is shown in Fig. 2 [2]. Ensuring
the required level of quality can be achieved by changing the thermo-mechanical
pressure on the melt, i.e. by controlling the speeds of tangential - Fig.2.a or radial -
Fig.2.b. The arrow line corresponds to the nominal value of the speed, and the
dashed line to the minimum and maximum values. In according to the possibility
of regulating the quality of melting, it is suggested to develop a nomogram of

quality.

Figure 2 - Profile of velocities in a disk extruder with the ability to regulate

velocities: a) tangential; b) radial

Molecules of melted granules rub against each other Fig. 3.a and the disk
walls take up their speed. Fusion can be viewed as balls (Fig.3.b) and due to the
created pressure and wrapping of the disk these balls are moving one by one
(Fig.3.c). Due to the significant pressure of the fluid they are heated. The power of
dissipation, through which the heat is produced, depends on the velocity of the
medium. And since the field of deformation rates in the disk extruder is
unidirectional, the temperature increment in the balls of the channels will also be

unidirectional.
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Figure 3 - Melt on the disc wall

Figure 4 shows the possible effect of shrinkage on the geometry of the
finished product due to poor mixing, which resulted in temperature inhomogeneity,

and good mixing (shown conditionally).

"7,
4

Figure 4 - Influence of shrinkage at temperature inhomogeneity
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Abstract. A description of the technological scheme of benzene
purification is given. It is proposed to modernize the groups of devices to increase
the efficiency of benzene purification.

Keywords: BENZENE, DISTILLATION COLUMN, STEAM GENERATOR.
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Benzene, or phenyl hydrogen, is an inorganic chemical compound. This
type of liquid is colorless and flammable with a sweet odor. The toxic and
carcinogenic compound is one of the most toxic in the human environment. The
largest amount of benzene is in emissions from factories and smog. Unfortunately,
no industrial enterprise can exist without benzene. Like unsaturated hydrocarbons,
benzene burns with a highly smoky flame. Forms explosive mixtures with air,

mixes well with ether, gasoline, and other organic solvents, with water forming an
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azeotropic mixture with a boiling point of 69.25 ° C (91% benzene). Solubility in
water 1.79 g/1(at25° C) [1].

Benzene is the main component of gasoline. It is also used to create
veterinary, medical products, synthetic rubber, dyes, plastics, and many other
elements. It 1s also part of crude oil, but in industry, it is synthesized from other
components.

Much of the obtained benzene is used for the synthesis of other products:

* about 50% of benzene is converted to ethylbenzene (alkylation of benzene
with ethylene);

 about 25% of benzene is converted into cumene (alkylation of benzene
with propylene);

* about 10-15% of benzene is hydrogenated to cyclohexane;

about 10% of benzene is used for the production of nitrobenzene;

* 2-3% of benzene is converted into linear alkylbenzenes;

approximately 1% of benzene is used for the synthesis of chlorobenzene.

The main sources of benzene are products of coking coal (coke oven gas
and coal tar) and petroleum products. The resulting coke oven gas is passed
through an efficient system of condensers and scrubbers to separate the products
that are part of it (Figure 1) [2].

Volatile coking products (direct coke oven gas) from furnace 1 enter the
risers in the gas collection pipe 2. There is the primary cooling and condensation of
the gas due to the evaporation of ammonia water, which is injected into the pipe
through special sprinklers. The coking products are cooled to 85-90 ° C, and some
part condenses. From the gas collection pipe, coke oven gas enters refrigerator 3,
which is cooled to 30-35 ° C, while condensing an additional amount of resin. The
gas leaving the refrigerator contains a resin mist and for its separation passes an
electrostatic precipitator 4, after which the gas blower 5 is sent to installation 7 for

trapping ammonia and pyridine bases.
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1 - coke oven; 2 - gas pipe; 3, 8, 12 - refrigerators; 4 - electrostatic
precipitator; 5 - gas blower; 6 - separator; 7 - installation for the capture of
ammonia and pyridine warnings; 9 - absorber; 10, 13, 16, 17, 18, 19 - heat

exchangers; 11 - desorber; 14 - distillation column, 15 - steam generator;
20 - heater; B - coal; ¢ - resin; 1o - pyridine bases; k - coke oven gas; 6+t - crude
benzene and toluene; nmoB — air
Figure 1 - Technological scheme of benzene purification

The condensate from gas pipe 2 of refrigerator 3 and the electrostatic
precipitator 4 is divided in the separator 6 into organic and aqueous layers. The
organic layer is a coal tar containing higher-boiling organic substances; it is sent
for processing in a "tar" shop. The aqueous layer (ammonia water) is partially
returned to the collecting pipe 2 for primary cooling of coking products and
partially sent to the same place where the coke oven gas after the electrostatic
precipitator: to installation 7. This installation has an ammonia evaporator from
ammonia water, a saturator to absorb bases sulfuric acid, a crystallizer for
ammonium sulfate, and an apparatus for displacing pyridine bases with ammonia
from their sulfates.

The gas after installation 7 contains vapors of volatile organic compounds
(benzene, toluene). To capture them, the gas is cooled with water in the refrigerator
directly 8 mixings and sent to the absorber 9, irrigated with absorbent oil. The so-
called reverse coke oven gas coming from the absorber is used to heat coke ovens.
Much of the gas is sent for chemical processing. Saturated absorbent oil coming

from the lower part of the absorber passes through the heat exchanger 10, which is
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heated by the regenerated return oil and enters the desorber 11. There is a

distillation, which distills a mixture of light aromatic compounds (crude benzene).
The crude oil released from the crude benzene gives off heat to the saturated oil of
the heat exchanger 10, is further cooled in the refrigerator 12, and is again used to
absorb the benzene hydrocarbons from the coke oven gas.

Crude benzene 1s preferably a mixture of low-boiling aromatic
hydrocarbons. It is processed to extract benzene, toluene, xylenes, and solvent
(solvent oil). The processing of crude benzene is complicated by the presence of
unsaturated compounds and sulfur-containing compounds (thiophene and its
homologs), the boiling points of which are close to the boiling points of the basic
substances. Therefore, the processing of crude benzene consists of two main
processes: 1) purification of aromatic hydrocarbons from impurities of unsaturated
and sulfur-containing compounds and 2) separation of the mixture of purified
aromatic compounds by distillation [3].

The main method of purification is washing with concentrated sulfuric
acid, followed by neutralization with an alkali solution. The processes of
polymerization, copolymerization, condensation, and sulfonation form the so-
called acid resin, products soluble in water and sulfuric acid and easily separated
from hydrocarbons, and substances that are partially soluble in the hydrocarbons of
the benzene series and are released during subsequent distillation 14 as VAT
residues.

The work aims to modernize the distillation column and steam generator to
improve the benzene purification process.

References:

1. Benzene: main properties, applications, features and benefits [Electronic
resource] https://kurs.if.ua/society/benzol-osnovni-vlastyvosti-zastosuvannya-
osoblyvosti-ta-perevagy/

2. Rusyanova ND Coal chemistry. - M .: Hayka, 2000. - 289 c.

3. Azimov AL Machines and equipment for coke batteries and pecocoke
plants. - M .: Metallurgiya, 1980. - 80p.

134



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

YK 662.749

MODERNIZATION OF ETHANOL PRODUCTION PLANT WITH
DEVELOPMENT OF RECTIFICATION COLUMN AND HEATER
Graduate student Yanitsky Vladislav, lecturer assistant Podiman Hrihorii
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The description of the technological scheme of ethanol
production is given. It is proposed to modernize groups of devices to increase the
efficiency of ethanol production.
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Ethanol is an active ingredient in alcoholic beverages, which are usually
made by fermenting carbohydrates. In addition, in the food industry, ethanol can be
used to dissolve food flavors, as a preservative in bakery products and
confectionery. Known as a food additive E1510 [1].

Other applications: as fuel and fuel, solvent, alcohol thermometer filler, and

disinfectant/disinfectant component. As a fuel (motor, rocket, for internal
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combustion engines, heaters, and touring burners) methylcarbinol can act
independently and together with gasoline. It is also used to produce high-quality
fuel and gasoline components.

The chemical industry uses this substance for the synthesis of various
compounds (ethane, sulfuric ether, tetraethyl lead, acetic acid, methyl trichloride,
ethyl acetate, ethene, etc.). It is part of automotive antifreeze coolants and glass
cleaners. Do not overestimate its importance as a solvent for the paint industry, in
the manufacture of household chemicals (detergents, especially for glass and
plumbing, as well as repellents), and other purposes.

In medicine, ethanol is also used as a solvent, but also as an extractant and
antiseptic. When applied externally, it disinfects and dries, so it is often used to
treat tools and hands. With its help, drugs are dissolved, tinctures and extracts are
prepared, which also acts as a preservative. He can also serve in this field [2]:

- defoamer for oxygen supply, artificial lung ventilation;

- a component of warming compresses;

- physical cooler at high body temperature (rubbing);

- an element of general anesthesia in the absence of medication;

- an antidote to certain toxins (methanol and ethylene glycol).

With his participation, bio preparations are fixed and preserved. Ethyl
alcohol is a solvent in the perfume and cosmetics industry. Here it is part of
perfumes, colognes, eau de toilette, aerosols, shampoos, shower gels, toothpaste,
and other fragrant products.

For industrial purposes, ethyl alcohol is often synthesized from petroleum
and gas raw materials by the catalytic hydration of ethylene. The technological
scheme of the ethanol production process is shown in Figure 1 [3].

Mature brew from the fermentation compartment is fed to the heater, where
it is heated by condensation of steam distillate formed in the fermentation column.
The brew heated to 80 ° C is sent to separator 1. Separator 1 separates the brew

from CO2 and other gases formed during the fermentation stage.
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The decarbonized brew from the separator is sent to the brew column and,
after separation from it and volatile impurities, the brew is removed through the
bragoregulator for further implementation. The vapors of the distilled distillate in
the reflux condenser 4 are fed to the additional vertical condenser 3. As a result,

the other aldehyde fraction is obtained.
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1 - separator; 2 - brachial column; 3, 7, 10 - capacitor; 4 - heat exchanger;

5, 9 - reflux condenser; 6 - epuration column; 8 - distillation column

Figure 1 - Technological scheme of the ethanol production process
The condensed malt distillate enters the purification column 6. There the mixture is
released from the main impurities
The final distilled distillate, the separate, is removed from the exhaust port of the
column, the feed plate of the distillation column 8.
Part of the distillate, consisting mainly of non-standard alcohol, is used as reflux,
and part is returned to the purification column 6.
As a result of distillation, rectified alcohol is formed, which is taken from the
upper plates, as well as intermediate fractions, such as fusel alcohol and fusel oil.
The bottom residue of the column is lutter water, the concentration of alcohol in

which 1s not allowed.
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The work aims to modernize the distillation column and heater to improve the

ethanol production process.
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Abstract. The innovative construction of the cascaded disc-gear extruder is
considered. The upgraded layout of the plant will reduce energy and material

consumption for polymer products.
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Anomauia. Pozenanymo iHHOBAYIUHY KOHCMPYKYIIO KACKAOHO20 OUCKOBO-
wecmepenno2o exkcmpyoepa. MoodepHizosana cxema YCMAHOBKU O00380IUMb
3MeHWUmMyU Sumpamu eHepeii ma mamepiany Oas 6U2OMOGIEHH 6upodis 3

noaimepis.

Knrouoei cnosa: cmanuii po3gumox, nonimep, KAcKaoOHull OUCKO8O—UeCmepeHHuti ekcmpyoep.

The introduction of the principles of sustainable development in the polymer
industry involves the creation of energy-efficient equipment and new technological
solutions. Especially in the case of processes of manufacturing and processing
polymers, which are growing steadily globally. Traditional techniques for
processing polymers using single-screw and twin-screw extruders, where the
processes of feeding, melting, homogenizing and creating pressure are carried out
by a single working unit, are widely used in large-scale operations, but such
machines are not flexible enough to handle and have considerable inertia.

In modern conditions due to the appearance of new composite polymer
materials, it is necessary to create universal, flexible in the management of cascade
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extrusion circuit, in which the whole process is divided into separate stages
(cascades) with the possibility of autonomous control. This makes it possible to
quickly set rational operating modes for individual operations ensure quality of
process.

Until recently, the extrusion processes at the final stage used mainly viscous
screw measuring pumps to create pressure and dosage, whose energy efficiency for
the above processes does not exceed 10%, and productivity fluctuations at the exit
of such pumps cause increasing of dimensional tolerance, often by 10-15%,
respectively, to overconsumption of raw materials and energy.

In order to avoid these disadvantages, the design of a cascaded disk-gear
extruder was developed where a disc extruder with a dosed power supply is used as
a melter-homogenizing agent, operating in an adiabatic mode, and its energy
efficiency is 30% better than screw extruders. More efficient use of dissipation
energy makes it possible to smoothly and flexibly control the melting and
homogenization processes by adjusting the thermomechanic load on the polymer at
constant performance. In the disk extruder loading area, this is achieved by
adjusting the disk speed at the limits of 30% of the nominal value and in the disk
area by the working gap. The processes for producing pressure and dosing are
carried out by a three-dimensional gear pump which, in such a scheme, stabilizes
the fluctuations of pressure and performance, and also allows the extruder to
operate at a lower pressure with less friction heat emissions.

Figure 1 presents a schematic of a pilot cascaded disc-gear extruder. The
initial feedstock from the dispenser 1 enters the disc extruder 2, where a multiple-
thread screw is captured, heated, melted and fed as a melt for homogenization into
disc clearance 9. Under pressure created by a screw-thread, and the pressure of the
Weissenberg effect melt is supplied by a pump 3, which makes it possible to
stabilize the performance oscillations occurring in the disc extruder, allowing it to
operate at a lower pressure and with a lower amount of friction heat.

The mechanism of movement of the melt in the gear pump consists of three
types of transfer: discrete transfer of the main part of the melt by interdental
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cavities of the gear, transfer of part of the melt by the boundary surface due to

viscous friction and transfer of the melt due to pressure gradients.
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1 — screw doser; 2 — disc extruder; 3 — gear-type pump;
4,5, 6 — rotary actuators of estruder; 7 — bin; 8 — loading nozzle;
9 — terminal working clearance of disc extruder; 10 — shaping tool; 11 —
JATYNKHU TEMIIEPaTypH;
PT — temperature detectors; TE pressure detectors
Pucynox 1 — Scheme of cascaded disk-gear extruder
Regerences:
1. Jlyuenko I. B. IlepeBarn BUKOpPHUCTaHHS KaCKaJHUX CXEM Ta

J03YIOUMX IIECTEPEHHUX HACOCIB MpHU eKcTpy3ii momimepis / [.B. Jlyuenko,
M.IIL. lIBen, J.M.IlIBen, A.C. boratup // TexHONMOT1YHMI ayAUT Ta pe3epBU
BupoOHmIITBa. — 2013. — Ne1/2(9). — C.21-25.
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«EKOJIOT'ISI TA TEXHOJIOT'ISI POCAWHHUX NOJIMEPIB»
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SEMICELLULOSE FROM PAVLONIA IN CARDBOARD COMPOSITION
R. Cherepkina, associate professor, S. Yatsenko, master, A. Denysenko Ph.D
student
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

Summary
General information about cardboard and waste paper is provided. It is
proposed to obtain semicellulose natron method from paviovnia and its use in the

composition of cardboard container with waste paper.

HAIILEJIOJIO3A 13 MABJOBHIT Y KOMIIO3ULII KAPTOHY
R. Cherepkina, associate professor, S. Yatsenko, master, A. Denysenko Ph.D
student
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»
Anomayis
Hasedeno  3acanvni  6idomocmi  npo  Kapmon ma  Maxyiamypy.
3anpononosano ompumanHs HANieYen0103u HAMPOHHUM CHOCOOOM 13 NABNOGHIT

ma it BUKOPUCMAHHA ) KOMRO3UYLL KAPMOH) MAPHO20 3 MAKYIAMYPOIO0.

Two last years of the coronavirus pandemic have dramatically affected on
pulp and paper industry in general and especially on cardboard production sector.
According to many manufacturers, the shortage of cardboard products on the
market is due to, on the one hand, a significant increase in demand for it, on the
other - the lack of raw materials (waste paper) and primary fibrous semi-finished
products [1].

Dependences on the purpose of cardboard are made of three types. One of

the directions it is used to pack food products that protects them from damage.
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However, most cardboard today is used for food packaging. Such packaging meets
all standards and ensures reliable transportation and safety of products. Another
type of cardboard is its use as a transport container, that is, as part of corrugated
cardboard. The advantages of cardboard as a packaging material also include low
weight, ease of disposal [2].

It is known that today the main raw material for the production of cardboard
1s waste paper. Waste paper is a secondary raw material and its main disadvantage
is the previous multicyclic processing, which complicates its preparation for
production hight quality cardboard. The main changes with the secondary fiber
occur during drying, which leads to irreversible processes of keratinization of the
surface. As the result, the swelling of the fiber is reduced and also the ability to
form hydrogen bonds is lost, which causes a decrease in its paper-forming
properties.

One of the ways to solve the problem of improving the quality of waste
paper can be considered the addition of primary fiber to the mass. The primary
fiber, especially hardwood, contains a significant proportion of hemicelluloses,
which swell easily in water and fibrillate well during grinding to form additional
bonds. This technological solution provides an increase in the strength of the
cardboard canvas, which is a sufficient condition for the requirements for
packaging types of cardboard [1, 2].

The purpose of this work was to study the effect of semi-cellulose obtained
from paulownia wood on the strength of cardboard.

To obtain semi-finished products were used annual shoots of paulownia in
the form of chips, which were treated with a soda solution with an active alkali
consumption of 18% in units of Na,O by weight abs. dry. raw materials. The
temperature mode is selected with pre-impregnation for 45 min from 80 °C to 150
°C and the duration of cooking at a final temperature of 150 °C for 60 min.
Preliminary impregnation of chips was carried out in order to maximize their
uniform absorption of the cooking solution over the entire thickness. It is known
that in the soda method, the reactions between the active components of the
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cooking solution and the wood occur from the very beginning of the processing of

raw materials at low temperatures. However, this initially causes the dissolution of
low molecular weight fractions of hemicelluloses, which cannot be allowed to
preserve and lignin begins to dissolve only at temperatures above 100 °C. The
result is a semi-finished product with a yield of about 80% with a lignin content of
approximately 17%, which characterizes it as semi-cellulose. Indicators of the
strength of the obtained semi-cellulose are the following:breaking length 9300 m,
burst strength — 650 kPa, tear resistance — 265 mN, break strength 1100 k.p.p. As a
result, we obtained semi-cellulose with high strength. The composition of
cardboard weighing 200 g/m? is composed of dissolved in a hydraulic breaker
waste paper in the form of a corrugated box with the addition of primary fiber. The
results obtained for cardboard are shown in the table.

Table - Quality indicators of container cardboard

Composition,% Thickness, Compressive Break forse by ring Absolute
Waste paper/Semi mm strength short- comression, RCT, resistance to
cellulose span test, SCT, H/mm bursting, kPa
kN/m
0/100 0,215 8,5 457 780
50 /50 0,273 6,2 468 510
60 /40 0,323 5,6 454 452
70/30 0,286 4,9 384 448
80/20 0,305 4,5 365 430
90/10 0,356 4,3 407 425
100/0 0,355 3,9 353 345
TU U 21.1 - 05509659 2,5 160 420
- 026:2005 - Waste tare
cardboard

Analysis of the data showed that the use of primary fiber in the composition
of the cardboard increases the compressive strength short-span test from about
10% to 63%, break forse by ring comression increases by 13 — 25%. However, it

should be noted that the main indicator of absolute resistance to bursting can be
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achieved already in the presence of up to 10% of the primary fiber in the
composition, which provides the conditions of the standard [3].
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1. B makynarypy cnanu aeaspru. CoIph€ A1 MPOU3BOICTBA YIIAKOBKH JTOPOKAET BO
BCEM MHUPE. [ EnmekTpoHHUMi pecypcl. Pexunm JOCTyIYy:
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3ACTOCYBAHHSA JUCKOBOI'O ®UIbTPA JIJIA YJIOBJIIOBAHHSA
BOJIOKHA
Marictpant Illanoan O.M., nou.. Yepronkina P.1.
HarionanbHuil TeXHIYHUH yHIBEpCUTET YKpaiHU

«KuiBcbkuii momiTexHiuHUM iHCTUTYT» iMeHi [ropst CikopcbKoro

Bci mporecu migroToBKM MakyJaTypHOI MacH i BUPOOHHIITBA 3 HEi mamepy Ta KapTOHY
BiIOYBAaIOThCSI y BOAHOMY cepenoBuii. J[isi 3MEHIEHHS KIUIBKOCTI CKHIB Ta 3HIDKEHHS
NUTOMHUX BUTpAT CBDXKOI BOJXM 3HauHa ii 4acTUHA BUKOPUCTOBYETHCS TOBTOPHO 32 pPaxyHOK
PELMPKYIALIT B CHCTEMI BUPOOHUIITBA.

VY I0CKOHAJEHHSI CUCTEMHU BOJOKOPUCTYBAHHS Iependayae MiHIMaldbHI BHTPATH CBIXKOI
BOJM Ta MAaKCUMAaJIbHUI CTYIMiHb OYMILEHHS CTIYHHUX BOJ 32 YMOBU €KOHOMIUHO OINpaBJaHUX
3arpar. lle 3anexuTh Bif BHIY 1 KUIBKOCTI MakyJlaTypH, XIMIYHO JOTOMDKHUX PEYOBHH, SIKi
BUKOPUCTOBYIOTBCSI, CTYIEHS YTPUMaHHS IIMX pPEYOBHMH Yy TOTOBIM MNpoaykuii, mapameTpiB
TEXHOJIOTIYHOTO TIPOIIECY 1 iH.

Haiibinpmmit  cTyninb 3a0pyJHEHHS B XOJI BCHOTO TEXHOJOTIYHOIO IPOLECY
BUPOOHHUIITBA MANepy 1 KapTOHY 3 MAaKyJIaTypu Ma€ BoJa BiJ| 3TYIIyBadiB, BAXPOBUX OYHCHUKIB,
copryBasiok. [Ipu mbOMy KOHIIEHTpaIlisi 3a0pyIHEHb Yy I[iii BOJI MiABHILYETHCS 31 3HIKEHHSIM
MUTOMOTO CIIOXKHBAHHS CB1)KOT BOJIH.

3 MiABHMILIEHHAM CTYNEHSI 3aMKHYTOCTI CUCTEMHU KOHLIEHTpAIlisl 3a0pyAHIOI0UNX PEYOBUH
B OOOpOTHIM BOJI MOXXE JOCSATTH TAaKMX 3HAUY€Hb, B PE3YJIbTATI SKUX PI3KO MiJBUILYIOTHCS
MPOLIECH KOpO3ii, CIM3EYTBOPEHHS, 3HIDKYEThCS SKICTh mpoxaykmii. s 3abe3meueHHs
HOPMAJIHOTO TEXHOJOTIYHOIO TPOLECYy MIATOTOBKM MAaKyJaTypH piBeHb 3a0pyIHEHHS
3HWKYIOTh IIUISIXOM BUKOPUCTAHHS PI3HUX METOJIIB OUHUILEHHS 000POTHOT BOIH.

VY Xoni MATOTOBKM MakyJaTypH BOAA MICTHTh 3BaKCHI PEYOBHMHHU Y BUIJISI BOJOKOH
pi3HOI JOXHHHU, 30JbHI KOMIIOHEHTH, a TAKOX OpPraHiYHi CIIOJYKH PO3YMHEHI 1 AUCIIEProBaHi y
BO/II.

[3-32 HecTabUTPHOCTI BJIACTUBOCTEH MAaKyJaTypHOI CHPOBMHHU KUIBKICTH 1 XapakTep
3a0pyIHIOIOYNX PEUOBHH HEOJHAKOBUM. HasBHICTH IIMX PEUYOBHH B OOOPOTHIiH BOJI MPU3BOJIUTH
70 Tpo0JIeM y CUCTEeMI MiATOTOBKU MAKyJIaTypHOI MacH.

Jlyis BUpIimIeHHS IUX MPOOJIEM BUKOPHCTOBYIOTH CHCTEMH OYHIICHHS BOJW BCEPEAMHI IIEXiB,
NPU3HAYCHHS SIKUX TIOJSra€ y BIOBJIIOBaHHI, B OCHOBHOMY, BOJIOKOH Ui 3a0e3MeyYeHHS
BIJIMOBIAHOI SIKOCTI 000pOTHOT BoAM. OCOONMBICTIO CUCTEMH OYMWIIICHHS BOJU BCEPEIUHI IEXY
BUPOOHHUIITBA, SIKE BUKOPUCTOBYE Ta MEPEpOOIIsie MaKyIaTypy, MOJIArae B TOMY, L0 i3 BOJH, SIKY
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MiJIal0Th OYUIICHHIO HEOOXITHO BJIOBHTH TUIBKH BOJOKHHCTY CKJIAOBY, a HE BCIO Macy
3BOKEHUX DPEYOBHH. TOMy, Ui YIJIOBIIOBAHHS BOJIOKHA B XOJl MepepoOJICHHS MakyJaTypH
BUKOPUCTOBYIOTh OOJIaJIHAHHS, a CaMe JUCKOBI (UIBTPHU pPI3HUX CUCTEM, (DIOTOJIOBYIIKH,
(bpakiioHaTopu Ta 1HIIII.

MeTo10 po6OTH € TIOKpAILICHHs YJIOBIIOBAaHHS BOJIOKHA B X0/ MiATOTOBKH MaKyJIaTypHOi
MacH 3a paXyHOK BUKOPUCTAHHS TUCKOBOTO (UIbTpA.

Koprmyc Bamy ckiagaeTscsi i3 J1BOX KOHIEHTpuuHHX TpyO. IIpoctip Mix Tpybamu
MOJIEHO TMO3/0BXKHIMU pebpamu Ha 16 repmernyHux kamep. Kamepu Bama 3'eqHani 3
BaKyyMHOIO JIIHIEIO Yepe3 PO3MOoIUIbUy TOJIOBKY, Yepe3 SIKY BiIABOISATH BOAY, IO MPOMIILIA KPi3b
CITKY CETMEHTIB.

BBenenHss macu y BaHHY 3[IHCHIOETbCS 4Yepe3 HAMyCKHUH sIIUK. 3BepXy BaHHA
3aKpUBAETHCSA KOBMAKOM. J[J1s1 3HIMAaHHS Macu Bropi MK JUCKaMHM BCTaHOBJIEHI CHOPCKH, SIKi
BiJJPi3al0Th MOJIOTHO 3 MOBEPXHi JUCKIB 1 OAHOYACHO MPOMHUBAIOTH CITKY. [IpHiiManbHi KUIIEeHI
3'€ZIHaHI 3 MACONPOBOJOM, B SIKOMY BCTAaHOBJICHO TBUHTOBHUI KOHBEHED ISl TPAHCIIOPTYBAHHS.

VY nuckoBuX (UIBTpax IUCKH CKIAJAIOThCA 13 CEKTOpPIB, SKI MOXYTh OyTH Yy JBOX

BapiaHTax: 1) 31 3MIHHMMHU CITKaMH Ha CEKTOpax 2) CeKTOpu 0e3 CITKH 3 HepaBilodoi craii

(puc. 1).

Pucynok 1 — Cekrop 6e3 ciTku

[lepeBaramu ¢inbTpa 3 AUCKAMU 13 HEP)KABIIOUOI CTalli € MOXIWBICTh 3aMiHHM CITKH
(moBepxHst cekropa Mae otBopH 0,7 — 1,0 MM), MiABUIIIEHHS MEXaHIYHOI MIITHOCTI CEKTOpa, 3a
paxyHOK ropoBaHO1 MOBEPXHi 301IbIICHHS POOOUYOT MOBEPXHI.

[Tin yac obepTanHs Bana (puc. 2) CETMEHTH UCKIB 3aHYPIOIOTHCS B Macy, 1110 3aIlIOBHIOE
BaHHY, 1 B MOMEHT IOBHOI'O 3aHYPEHHS CETMEHTa CTBOPIOETHCS BaKyyM. BoJia BTATyeThCs uepes
CITKY BCEpeAMHY CErMeHTa, 3BIIKM Ii BIIBOIATH uepe3 KaMepy [0 Baja Ta BUXIIHHUHI OTBip y
pO3MoAIIbYIA rofoBHi. Y Ied MOMEHT Ha TOBEPXHI CITKM YTBOPIOETHCS IIap BOJIOKOH, a
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Bi(iNbTpOBaHA BOJA, IO MICTUTH JAEAKY KIJIBKICTh ApiOHOTO BOJIOKHA, BIJBOJIUTHCS Yepes
TOJIOBKY B KaHAJM, PU3HAYEHI JIJIs1 3aBOJIOKHEHOT BOJIU (MyTHUH (QibTpar).

[lin dYac moOManbIIOTO MEPEMIIICHHS CErMEHTIB IMIap BOJOKOH 30UTBIIYETHCS 1 CTae
3IaTHUM 3aTPUMYBATH IPiOHI YaCTUHKH, TOMY BOJIa, III0 HATXOAUTh YCEPEAUHY CETMEHTIB, CTa€E
OCBITIICHOI0. Y TIeif MOMEHT pPO3MOJALTIHFHA TOJOBKA CIIONYyYA€ThCS 3 KaHATAMH JJIsl BiIBEICHHS
ocBiTiIeHo1 Boau (cBiTiuit ¢inbTpar). [Iporec ¢inbTpalii MpogoBKY€ETHCS 10 BUXOAY CEIMEHTIB

3 MacCH.

CNOPCIA ANA NHDY MICH B LWe

Boasodi ex

BuaGefood urr
Qcunmoesl cnopod
Qbeprams o
r
|
-
bt CATMOHT QAOK
" ” |
Baoa dimtpa
Harmprogh Gax (nogava soai wa ovianesow)
l Coitméh demrpar

r— Mynod i tpar

PucyHnok 2 — cxema poOO0TH AUCKOBOTO (iIbTpa

Jis 3HATTA IIapy Macud 3 CETMEHTIB 3aCTOCOBYETHCS CHOPCK BHMCOKOTO THCKY a0o
NOBITPSHUIA HIK, SKUH 3HIMae Macy 3 TOBEpXHI JHUCKIB, MIiCIs 4YOro BOHA 30UpPAETHCS B
npuiiManbHii Kamepi, B AKiil 00epTaeThCs ITHEK [T TPAHCIOPTYBAHHS.

BucHoBok. /{uckoBi BakyyM-(iIbTpu €pEeKTUBHO MPAIIOIOTh TIIBKM 3 HAMUBHUM IIaPOM
BOJIOKHA, 10 MOJIAETHCS Ha CITKY 3 KOHIeHTpaui€eio 5 — 8 r/m. [Iporec ynoBmtoBaHHS BOJIOKHA Ta
IHIIMX 3BaYKEHUX Y OOOPOTHIH BOJII BOJIOKOH MPUCKOPIOETHCS 32 paxyHOK Bakyymy (30 — 40 ITa),
SKHI CTBOPIOETHCS B MOPOXKHUHI 1ucKa. EQexTuBHicTh ounmienHs gocsrae 80 — 90%, a nuroma

Maca yJIOBIIEHOTO Ocaay Ha QUIBTPi MOXKe CTaHOBUTH 10 12% BiJ Macu MPOTYKIIii.
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OCOBJMUBOCTI IIOBYJOBA ABTOMATH30BAHOI CUCTEMU BUMIPIOBAHHSI AKTUBHOCTI
M’S31IB PYKH JIIOJAWHHU
cmyoenm Tepewenro B.B., k.m.u. Boucesuy K.I1.
HanionanbHnii TexHivYHMIA yHIBepcuTeT YKpaiHu
“KuiBcbkmii moJritexniyanii incruryt imeHi Iropst Cikopcbkoro”
AHoTanis. B poOoTi mpoBeneHO KOPOTKMHM OIJIsA OCOONMMBOCTEH MOOYZOBH aBTOMATH30BAaHMUX CHCTEM
BUMIPIOBaHHS aKTHBHOCTI M's131B KiHIIIBOK JIFOJWHM. PO3IIITHYTO NPUHIMITY BUMIPIOBaHHs 010JIOTIYHUX CUTHAJIB 32
JIOTIOMOT010  MiorpagiuHux ceHcopiB. OnmcaHo NpHHIMIHN (DYHKLIOHYBaHHS METOJIB ITOBEpXHEBOi Ta (opc-
Miorpadii. 3ampomnoHoBaHO pilIeHHS JUIA 1MOOYJOBM aBTOMAaTH30BAaHOI CHCTEMH BHMIPIOBAHHS MiorpagidHoOro
curHaimy Ha 6a3i FSR cencopis.
KoniouoBi ciioBa: 6ioHiuHE TpoTEe3yBaHHs, Miorpadist, po3Ii3HaBaHHS PYXiB, PE3UCTUBHI JaTYNKH THUCKY.

FEATURES OF CREATING AN AUTOMATED SYSTEM FOR MEASURING THE ACTIVITY OF
HUMAN ARM MUSCLES
student Tereshchenko V.V., PhD Vonsevych K.P
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

Abstract. This work provides a brief overview of the features in construction of automated systems for measuring
the activity of human limb muscles. The principles of measuring biological signals using myographic sensors are
considered as well as described principles of functioning methods of superficial and force myography. Offered the
solution for construction of the automated measuring system of a myographic signal on the basis of FSR sensors.
Keywords: bionic prosthetics, myography, motion recognition, resistive pressure sensors.

INTRODUCTION

Today, the creation of an artificial limb is almost the only solution for
compensation of irreversible damages that humans received as a consequence of
amputations or serious traumas that affect the healthy functionality of the limb.
Since humanity has not yet achieved high success in the area of transplantation of
natural limbs, the study of precise prosthetic methods is still a highly relevant task.
At the beginning, prosthetic devices technologies allowed to partially restore only
the aesthetic of natural limbs and frequently caused social stigmatization of
patients. However, nowadays due to the development of high technologies in the
area of bionic prosthetics, artificial limbs allow to restore not only a set of natural
movements but also some sensations of the hand or leg.

The most complex task of bionic prosthetics is to correctly “read” what kind
of action a person intends to perform with one or another prosthetic part of the
body. As a consequence, the person's ability to freely control an artificial limb
without additional difficulties and differences from the usual lifestyle - the main

purpose that trying to implement researchers from around the world.
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One of the most important factors which allow to automate processes of

prosthetic limbs controlling are to increase the accuracy of motion recognition by
controle modules of bionic devices. The purpose of this article is to make a brief
analysis of the main principles which are used in the construction of biological
signal and limbs movements recognition systems as a base for further creation of
new automative muscle activity recognition systems for bionic hands. The most
popular research methods used to recognize the signals of the human body in
prosthetics are: electromyography, electroneurography, electroencephalography,
force myography, electro impedance tomography and ultrasound studies [1]. Each
of the aforementioned signal measurement methods uses different types of sensors.
For example, it is possible to build systems based on electroencephalographic
sensors by placing sensors-electrodes on a person's head to measure his
bioelectrical potentials, which was shown by the author of the work [2].

One of the most common methods which is used for studying the activity of
biological signals of the upper limbs is myography. This type of measurements
foresees sensor installation in certain working zones above the muscle surface in
order to register changes during the execution of certain types of movements and,
in the future, visualize these changes in the form of a signal. Moreover,
electromyography which measures electrical potential while muscle contraction is
a gold standard in the area of bionic hands creation. However, despite all benefits
which are inherent to electromyography this method of muscle activity
measurement is not ideal. As a consequence, uses of alternative sensors for
myography are actively researched nowadays. The modern approach which is used
as an alternative for electromyography is a Force Myography (FMG).
Measurement in FMG technology is based on an array of sensors that are able to
measure the pressure created by muscle fibers during their contraction while
performing different movements of the limb. For example, in the article [3],
authors used 8 as well as 16 force-myographic channels to measure the activity of
the hand muscles which made it possible to achieve further high accuracy of
biological signals recognition based on their classification.
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In this work authors propose a variant of constructing a system for
measuring myographic signal based on an array of ribbon-shaped flexible force
sensitive resistors. The FSR is a sensor which is able to change its resistance
proportionately to the applied pressure force and can be used in various measuring
systems biological and technical direction. In a future work authors plan to test
different amounts of measuring FMG channels in the myographic system and find
an optimal construction and processing method that will correctly classify different
types of hand movements.

CONCLUSION

In this work it was considered the problem of biological signals measuring
using myographic sensors. Has been provided a brief description of main signal
measuring methods which can be used for constructing limb prostheses. A variant
of a system for measuring the activity of arm muscles based on an array of FSR
sensors has been proposed.
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OCOBJINBOCTI NIOBY1OBU ABTOMATHU30BAHOI'O MOAYJIIO PO3IMII3HABAHHS TUITY
MNOBEPXOHb Y CUCTEMI BIOHIYHOI'O TPOTE3Y
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HanionanbHnii TexHivYHMIA yHIBepcuTeT YKpaiHu
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AHoTanisi. B po0oTi npoBeieHO KOPOTKHH 0TI 0COOIMBOCTEH MOOY/IOBH aBTOMAaTH30BaHUX CHCTEM Ta MOAYIIIB
JUIsS BUMIPIOBaHHS CUTHAJIIB 3BOPOTHOTO 3B 513Ky y OIOHIYHOMY ITpoTe3yBaHHi. PO3IIIIHYTO OCHOBHI NPHHIMITN Ta
oOMeXKeHHS, [0 BUHMKAIOTh IIPH peali3alii CHCTEM 3BOPOTHOTO 3B’SI3KYy, apryMEHTOBaHO HEOOXIHICTh iX
3aCTOCYBaHHS. 3alpONOHOBAHO PILIEHHS JUIs MOOYZOBH aBTOMAaTH30BaHOI'O MOAYJIIO iMeHTH(DIKAIIl THITYy TOBEPXHI,
110 MOYKE 3aCTOCOBYBATHCh Y OIOHIYHMX ITPOTE3aX BEPXHIX KiHI[IBOK.

KoaiouoBi ciioBa: 6ioHIYHE TPOTE3yBaHHS, 3BOPOTHHIA 3B’ SI30K, PO3ITi3HABAHHS THUITY ITOBEPXOHb, ONITHYHI JaTYHKH.
FEATURES OF CREATING AN AUTOMATED MODULE OF SURFACE RECOGNITION IN THE
BIONIC PROSTHESIS SYSTEM
student Shchur M.S., PhD Vonsevych K.P
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

Abstract. This work provides a brief overview of the features for construction of automated systems and modules
for measuring feedback signals in bionic prosthetics. The basic principles and limitations that arise in the
implementation of feedback systems are considered, the need for their application is argued. A solution for the
construction of an automated surface type identification module that can be used in bionic prostheses of the upper

extremities is proposed.
Keywords: bionic prosthetics, feedback, surface type recognition, optical sensors.

INTRODUCTION

One of the important issues in the area of modern biomedical devices is the
development of bionic prosthetics of organs and limbs. The main advantage of
bionic device is the possibility to allow restoring various functions of the human
body that are necessary for a normal life. One of the most complex task that
actively research in last decades is creation of automative mechanical-electronic
prosthetic limb, which will be allow to restore not only a biomechanical
possibilities of the hand but also will give a possibility to partially or fully recover
it sensitivity. In a case of considering the global structure of bionic prosthesis then
one of the most important components of it is ability to “recognize” objects with
which the prosthetic arm interacts. The sensing possibilities of a bionic limb
affects a number of its functional capabilities, for example: recognition of the
structure and shape of an object by the limb can help in improving grasping
movements. Because a different object structure should be connected with an
application of various strengths and a form of a grip. Also, the recognition of the

object material affects the ability of the bionic limb to work independently. Since
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the better the prosthesis can automatically distinguish between different shapes and
structures, the easier it will be for it to reproduce various natural movements
without the need for additional human approval. The main methods on which the
reconstruction of individual functions of natural sensing of objects in prostheses is
usually realized can be reduced to several general things. For example, for the
implementation of autonomous control systems for prostheses, in which the
functionality is regulated depending on external influences, it is important to
implement a feedback system (FS) between the artificial limb and the patient.
Moreover the FS itself can be divided into two conditional categories: with an
impact to the user's body and with independent autonomous control [1]. The choice
of FS category in practice depends on many factors. Usually it is necessary to take
into account the complexity of implementation, the ultimate goal of development,
the functionality of the prosthesis system itself, but do not forget about the most
important factor - the comfort of use by a potential user [2]. For the
implementation of feedback and reproduction of sensing in artificial limbs are used
various types of sensors, as well as their combinations. An example of a study in
which the issue of improving the sensorics of a prosthesis is being studied is the
work [3], where the authors proposed a method for recognizing the type of a
touched surface based on information about the sliding friction effect. That work
was investigated by combining six force and torque sensors in one system. Such a
decision allowed to increase an accuracy of recognising of objects with a
significant variety of the material structure: for soft investigated surfaces (from
paper to rubber) to an indicator of 91%, and 82.4% for materials with a hard
structure (aluminum and glass). In our work authors propose an implementation
option of a surface type identification module which can be further implemented in
artificial finger models. The main idea is to study a possibility of accommodation
and realisation of various schemes of measuring optical sensors and emission
sources in distal phalange of the artificial finger, with the help of which will be
performed the further optical scanning of the surface structure of the manipulated
object. At the same time, it is important to consider a set of certain restrictions
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which need to be taken into account during constructing a measuring system. For
example: wavelength of light radiation and the peak sensitivity of the sensor,
spectrum of the source of light, speed of sensor response etc.

CONCLUSION

In this work authors presented a brief review of the main principles of
construction devices for objects surface recognition in artificial limbs systems. As
also as the principle of developing an optical surface identification module with a
combination of several sensors and sources of optical emission was proposed,
factors and limitations that should be taken into account during the design of the
measuring modules have also been considered.
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UDK 676

IMPROVING THE TECHNOLOGY OF WASTE PAPER PREPARATION IN THE PRODUCTION OF
FLUTING
Master student Anashchenko A.!, Rudzei F.2 , PhD, Assoc. Prof. Halysh V.13
! _Tgor Sikorsky Kyiv Polytechnic Institute,
2_ PJSC "Kyiv Cardboard and Paper Mill"
3 — 0.0. Chuiko Institute of Surface Chemistry of NASU

It is proposed to improve the process of waste paper preparation in the
production of fluting, namely to install IntensaMaXX waste paper treatment
system for efficient removal of heavy inclusions such as wire, stones, glass, etc.,
fine paper cleaning system PrimeCLEAN, a new low-concentration disk refiner
from ANDRITZ with Prime grinding technology - TWINFLO Prime. This will
not only reduce fiber loss during the stages of cleaning waste paper, but also
allow you to effectively perform defibering and fibrillation of secondary fibers
without shortening them, which will have a positive impact on the physical and
mechanical properties of the final product.

Keywords: cardboard, fluting, waste paper, physical and mechanical
properties

B po6oTi 3anponoHOBaHO BUKOHATH YJIOCKOHAJIEHHS MPOIECY MiArOTOBKHU
MaKyJaTypy Mpu BUPOOHUIITBI (DIFOTHHTY, a CaM€ BCTAHOBUTU CHCTEMY OUYHCTKH
BiAXoiB riapopo3zouBayva IntensaMaXX na eDEeKTHBHOTO BUIAJICHHS TIKKUX
BKJIFOYCHb TaKWX, SK APOT, KAMEHIHHS, CKJIO Ta 1H., CHCTEMHU TOHKOi OYHUCTKH
nanepoBoi Mmacu PrimeCLEAN, HoBull nuckoBuii padiHep HU3bKOI KOHIEHTpaIil
Bim ANDRITZ 3 Texuomorieto po3memtoBanHs Prime — TWINFLO Prime. Ile
J03BOJINTh HE JIMIIE 3MCHINMUTH BTPATH BOJOKHA HA e€Tamax OYHINCHHS
MaKyJaTypHOI MacH, aje i 03BOJIUTh €()eKTUBHO BUKOHYBATH PO3BOJIOKHEHHS Ta
¢GiOpuioBaHHS BTOPUHHUX BOJIOKOH ©0€3 iX BKOpDOYEHHS, 10 MaTuMe
MO3UTUBHUM BIUTMH Ha (P13MKO-MEXHAUYHI MOKA3HUKHUKIHIIEBOT MTPOAYKIIIi.

KitouoBi cimoBa: KapToH, (OIIOTUHT, MakyjiaTypa, (I3MKO-MEXaHIuHI

BJIACTUBOCTI
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Packaging cardboard, which is designed for packing different goods, has a
number advantages over other packaging materials, including the availability of
raw materials, relative cheapness and ease of disposal, which is of great economic
and environmental importance. Due to the growing needs of the population in
cardboard and paper products, the existing mills are in need of modernization of
existing technological lines. Today, the main raw materials used in domestic mill
are waste paper of various brands, which allows not only to expand the raw
material base, but also to preserve the primary fibrous semi-finished products.
Improvement of existing technologies can be carried out to improve the quality of
products, reduce its cost, increase production capacity.

An important stage in preparing the waste paper pulp for paper sheet
formation is the removal of different inclusions, which occurs in several stages.
When used waste paper as a raw material for the production of paper and
cardboard, the first stage of cleaning the pulp is the separation of heavy and light
inclusions. Effective removal of heavy inclusions, namely wires, stones, sand,

glass, etc., can be achieved by using waste cleaning system IntensaMaXX (Fig.

).

Figure 1 — The IntensaMaXX pulper detrashing machine.

An important stage of cleaning paper pulp is the stage of removal of light

inclusions of non-fibrous nature. Effective removal of such inclusions can be

158



30ipHuk Te3 nonosineit XXI MikHapoIHOI HAYKOBO-NPAKTUYHOI KOH(pepeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

reached by the application of the system of fine cleaning — the PrimeCLEAN
(Fig. 2).

Figure 2 — Fine sortimg system of paper pulp the PrimeCLEAN.

The advantages of application the PrimeCLEAN waste paper sorting system

arc:

- compactness of the installation, due to the fact that two stages of sorting

take place in one installation due to dilution in the lower part of the cone;

- high productivity at low energy costs, due to the fact that the cleaning
process takes place at a high concentration of mass on the feed - up to 3% in the
lines of mass preparation and up to 2% when used in short circulation systems.

In general, it can be concluded that proposed changes will reduce the cost of
electricity for grinding, accelerate the dehydration of cardboard during formation

and improve the strength properties of finished products.
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UDK 676
DECREASE IN WASTEWATER TURBIDITY IN THE CARDBOAD

SHETT FORMATION
Master student Kryvosheiev A.!, Master student Vozovich A.!, PhD, Assoc. Prof.
Halysh V.!

1 _Tgor Sikorsky Kyiv Polytechnic Institute,
2 — 0.0. Chuiko Institute of Surface Chemistry of NASU

In this paper the possibility of using chitosan as an adhesive in the
production of cardboard for flat layers of corrugated cardboard was investigated.
The effect of composition of cardboard sheet onto the wastewater turbidity and
chitosan consumption in the range 0.5 — 2.5% on the wastewater quality were
studied.

Keywords: cardboard, chitosan, water turbidity, paper sheet.

VY nmaniii poOOTI JOCHIKEHO MOKJIMBICTh BHKOPHUCTAHHS XITO3aHY SIK
HAloOBHIOBa4Ya Yy BHUPOOHMIITBI KapTOHY MJiS IUIOCKUX IIapiB TOQPOKaApPTOHY.
JlocnipkeHo BIUIMB KOMITO3HUIIII KapTOHY Ha KaJlaMyTHICTh CTIYHOI BOJM Ta BUTPAT
xiTo3any B niana3oHi 0,5 - 2,5% Ha AKICTb MiICITKOBUX BO/JIH.

Kiro4oBi cioBa: KapTOH, XiTO3aH, KalaMyTHICTb BOJIU, MTAIepPOBE MOJIOTHO.

Chitosan is a natural and biodegradable polymer with non-toxic properties,
obtained by deacetylation of chitin, that is a structural component of the
exoskeleton of different insects, crustaceans, etc. Chitosan possesses good
adhesion and coagulation ability. That is why, it can be used in different branches
of industry. Chitosan is also can be used in the paper industry due to the presence
of hydroxyl groups, strong intramolecular and intermolecular H-bonds formation

in paper sheet can be obtained.
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The aim of the present work was to study the effect of chitosan application

on the turbidity of wastewater after paper sheet formation. For this purpose, 1%
chitosan solutions were prepared by dissolving chitosan in 5% acetic acid.

Recycled paper was used to prepare carboard sheets in laboratory. Recycled
paper was soaked in tap water during 30 min, then disintegrated in a laboratory
disintegrator during 10 min at approximately 3000 rmp/min. The concentration of
pulp was 4%. Pulp was used to produce cardboard sheets with a basis weight of
120 g/m?. The consumption of chitosan was from 0.5 to 2.5%. Chitosan was added
to fibre suspension under stirring during 1 min at 3000 rmp/min to ensure chitosan
adsorption onto fibre surface. The fibre suspension was t diluted to 0.3% (weight
of fibre/weight of suspension) using tap water, rested duringl5 min to ensure
maximum chitosan adsorption onto pulp fibres and then the pH of suspension was
measured before cardboard sheet formation. Paper sheets were formed on a
laboratory sheet former and dried at 90+2 °C under vacuum. The wastewater was
collected and analyzed for turbidity.

Effect of paper sheet composition onto wastewater turbidity is shown in

Fig. 1.
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Figure 1 — Effect of cardboard composition of wastewater turbidity: 1 —
paper sheet made from recycled paper; 2 - paper sheet from recycled paper

+ starch; 3 - paper sheet from recycled paper + chitosan.
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As can be seen, the application of the starch and chitosan as adhesives in
cardboard sheet formation caused decrease in wastewater turbidity due to the
prevention of fiber lost during paper sheet formation because of the strong

intramolecular and intermolecular H-bonds formation.

Effect of chitosan consumption during cardboard sheet formation on

wastewater turbidity is shown in Fig. 2.
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Figure 2 — Dependence of wastewater turbidity on chitosan consumption

during cardboard sheet formation.

As can be seen, an increase in chitosan consumption during cardboard
sheet formation leads to decrease in wastewater turbidity. The maximum decrease
in the value of turbidity corresponds to 0.5% chitosan consumption. A further
increase in the chitosan consumption up to 2.5% does not lead to a significant
reduction in the turbidity of the wastewater.

In general, it can be concluded that chitosan can be regarded as perspective
and promising adhesive for application in cardboard production with the

application of recycled paper as the raw material.

162



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

CEKLA 3
«TEOPETUYHA MEXAHIKA»

163



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

YK 531/534
STUDY OF THE APPLICATION OF GRAPHICAL AND ANALYTICAL

METHODS FOR SOLVING STATIC PROBLEMS
student Stasiuk A.Y., Doctor of philosophy, Associate Professor Shtefan N.I.
ctynent Craciok A.1O, k.1.H., nonient lredan H. L.
National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute'
HauioHaibHUil TeXHIYHUN YHIBepCUTET YKpaiHU
«KuiBcbknii mostitexHiyHuu iHcTUTyT iMeHi Irops Cikopcbkoro»

Annotation. The question of the application of graphical and analytical methods
for solving statics problems is investigated. This is done on the example of a
weightless frame that is in equilibrium. The theorem on three forces and the axiom
on two forces are shown. Also considered in detail all steps of graphic
constructions and writing of the corresponding equations of static equilibrium.
AHoTamist. JlocHipKyeThbcsi MHUTAHHS TMPO 3aCTOCYBaHHS TpalyHOTO Ta
aHAJITUYHOTO METOJIB PO3B’SI3yBaHHS 3a7au cTaTukU. Lle poduThcsa Ha mpukiai
HEBaroMoi paMu, W0 3HAaXOAUThCA B piBHOBa3il. Ilpu 1BOMYy mMOKa3aHO
3aCTOCYBaHHS TEOPEMU PO TPHU CHIIM Ta aKCIOMU HpO ABI CUIU. Takoxk J1eTalbHO
pO3MJISTHYTO BC1 KpOKU rpadiuHux mnoOyJ0B Ta 3amucy BIAMOBIIHUX PIBHSHb
PIBHOBAarv KOHCTPYKIIIi.
Keyword: equilibrium of construction, equilibrium equation, theorem on three
forces, axiom on two forces, convergent system of forces.
KuouoBi cjioBa: piBHOBara KOHCTPYKIIii, pIBHSIHHSI piBHOBaru, TeopemMa mpo Tpu

CHJIM, aKCcloMa TIpo JIB1 CHJIM, 301’KHA CUCTEMa CHJL.

Let us investigate the question of equilibrium of construction presented in

Figure 1, using different methods. First, consider the graphical method. Note that

the force acting on the hinge A- frame pressure (mark this force through E ) - 1s

not attached to the frame, so it cannot be found from the equilibrium conditions of
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the frame) To the frame is applied: force F, effort Sin rod BC and the hinge

reaction ﬁA = — R, ). So first we find the hinge reaction ﬁA(F ig. 1) So the frame
is in equilibrium under the action of three forces: force F, rod reaction S (directed

along the line BC connecting the hinges) and hinge reaction R "

Fe
Nt

P

Fig. 1 Fig. 2

Since the lines of force F and the rod reactions intersect, we apply the theorem on
three forces to solve the problem (Fig. 1) The reaction lines of the rod S and the

force F intersect at the point K, so the reaction line of the hinge R 4 passes through
the point K (intersect the lines of action of the three forces) and point A of

application of force.

Fig. 3

Next, we construct a force triangle (Fig. 3). By the law of sines we find:

F sin 60°
Ry =——

sina
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Next, from the rectangular AABK, we define:

a(1+1/V3) V3+1

ctga =
g a 73
Calculate:
_ 1 V3
sina = =
Vi+ctg?a /7+2v3
Hinge reaction Ry, = # ~1,62F.

Considering the equilibrium of the hinge A, by the axiom of the two forces we
define R',.

The force acting on the hinge:

R,=R,= F—tm ~1,62F.

Force direction R’ opposite force direction R 4

Now apply the analytical method. The rod reaction Sis applied at point B and
directed along a line passing through the fixed hinges B, and C and the reaction of

the fixed R ', hinge 1s applied at point A and represented by two components X 4 and
Y, (Fig. 4), because the direction of his reaction is unknown

m\l M*

e Fig. 4

Next, we write the equation of equilibrium of the structure for the input coordinate

system:
4

Fv3
ZFix:XA —Fcos30°=0= X, :T;
i=1
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F
=Y, +S+Fsin30°=0=>Y, =-S5 ——;

F, X

4
y
i=1

4
V3
ZMiA:aS+aFcos30°+2anin30°:0:>S:—F<—+1>.

2
i=1
Therefore,
F(\/3+1
y, = P03+
2
FJ7+ 23

R, = Xj +YA2 :#z 1,62F = R',.
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STUDY OF EQUILIBRIUM SYSTEMS
JOCJIAXKEHHSA PIBHOBAT'Y CUCTEMUA
Student Nefodova K. V., Doctor of philosophy, Associate Professor Shtefan N.I.
Crynent Hedronona K. B., k.1.H., nouent lltedpan H.I.
National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute"
HauioHabHUil TeXHIYHUN YHIBepCUTET Y KpaiHu

«KuiBcbKui noJtiTexHiyHui iIHcTUTYT iMeHi Irops Cikopcbkoro»

Annotation. There is investigated the question of application graphic and
analytical methods of solving problems balanced system. This takes into account
the sliding friction. On the example of a mechanical system in equilibrium,
graphical solution, problem solving and analytical are considered. It is shown that
the analytical method is more modern and convenient.

Keyword: the balance of structures, graphic method, analytical method,
equation of equilibrium, sliding friction.

AHoTauisi. /Jocnioocyemvbess numanHs npo 3acmocy8anHs 2pagiynoco ma
AHANIMUYHO20 Memoodie po38°A3y6anHs 3aday 3pieHogadxcenoi cucmemu. llpu
YbOMY 8paxo8yemuvcs mepms Koe3anusa. Ha npuknadi mexaniunoi cucmemu, wo
3HAX0OUMbCSL 8 PIBHOBA3I, PO3NAHYMO 2paghiune po38 A3Y8aAHHA NOCMABNEHOT
3a0aui ma awuanimuune. Illokazano, wo Oinbwl cyyacHum ma 3pPYYHUM €
AHATIMUYHULT MemOoO.

KurouoBi ciioBa: piBHOBara KOHCTPYKIii, rpadiyHUi METOJ, aHAITHYHUI
METO/I, pIBHSHHS PIBHOBAru, TEPTS KOB3aHHS.

When a body in equilibrium is held by friction bonds, we add an additional
condition to the equilibrium equations, which is determined by the formula:

Frpmax =N (1)
If under the condition of the problem it is known that the body is balanced,

then using the graphical method, we first determine the reaction R rough surface
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and the angle of friction o between the normal to the surface and R. Next, write

down the condition:

ltgal < fabo—f <tga<f. (2
Determine the components of the reaction of the rough surface: N and fp from
formulas

Fy,

= Rsina, N = Rcosa. (3)

Applying the analytic form of the equations of equilibrium, the normal
component (N) and the slip friction force are determined with the equilibrium
conditions. For this force, friction is depicted as a tangent component of the
support reaction.

If the direction of possible movement of the body in the absence of friction
force is obvious, the friction force should be directed in the opposite direction.

If the direction of the body’s possible motion is impossible or difficult to
determine, the friction force is drawn along the tangent in an arbitrary direction.

We apply the graphical and analytical method in the example of studying a
balanced system (Fig. 1) if the coefficient of friction between a wedge of weight P

and an angle 2 and plates equals f. The support on which the plates 1 and 2 lie, is

smooth.We define the smallest value of the force Q at which the given system is

balanced.

2a

Fig. 1
Graphical Solution Method. We consider the equilibrium of a wedge at
which three forces act: the weight P and the reaction of the rough surfaces of the
bodies (tinm Ry, 1 Ryy,) (fig. 2,a). According to the three-force theorem, the lines

169



30ipHuKk Te3 nonosigeil XXI MixkHAPOIHOI HAYKOBO-NIPAKTHYHOI KOH(epeHuil CTy/AeHTiB,
acmipaHTiB i MoJionx BYeHuX ”Pecypcoenepro3oepirarodi TexHosorii Ta 00J1afHaHHA”

of action of all forces intersect at one point. Since the mechanical system is
symmetrical, the surfaces of the bodies are identical and the reactions of the bodies
are equal in size
R = Rlnn + RZrma
vertically oriented (fig. 2,b). Therefore, by axiom (fig. 2, b) we have
P = 2R, sin(a + a”),

a” — the angle between the reaction of the rough surface of the bodies and
the normal reaction to the wall of the wedge.

We look at the equilibrium of the right plate to which the force is applied

applied Q, the weight P,,,, reactions of a smooth support N, and a rough wedge
surface.

Ry = —Ryu=N + Fy,
according to Newton's third law (fig. 2, a). Since the lines of action of the forces
13;mi IVOH coincide, they can be replaced by one equivalent
R* =P, +N,,.
Therefore, the plate is in equilibrium under three forces: Q, R* and ﬁx.)
Q

-

c Q 5
|
-~ X 3| p%
. N A\ o |?
Frmp S
N\ /
~B\ /| .
Y Pan
a 6
Fig. 2

Then we build a closed force triangle (fig.2, b), from which
Q =R.cos(a+a’).
So, we get
P(cosa —tga* sina)= Q(sina — tga” cos ).
Now we have

o gt = P —2Qtga
9% = ptga+ 20
In equilibrium, inequality is maintained
ltga*| < f.
Then
P —2Qtga
I
Ptga + 2Q
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1—ftga 1+ ftga
p# <20< pA_
f +tga tga — f
_ p 1-ftga
S0, Qmin = P2(f+tga)'

We use an analytical method to study the question. First, we look at the
balance of the wedge. We depict known forces: the weight of a wedge P, reactions

-

of plates N;, N,, (N; =N, = N;) and their rough surfaces(ﬁTpf Fipo= ﬁTp),
directed upwards - opposite to possible movement (fig. 3, a). The Oy axis is
directed vertically and the projected forces are recorded on this axis:

Fig. 3

Ul

Fy; =2F,cosa + 2Nsina — P = 0.
i=1
Then we consider the equilibrium of the right plate (fig. 2, a) and record the
equilibrium equation in the projection on the Ox axis:

5
Zin = —FE,sina+ Ncosa —Q = 0.
i=1

Then the friction force and the wedge reaction respectively
1 :
Fp = EP cosa — Qsina,
1, .
N :EPsma + Q cosa.

Solving inequality|15;p| < f N, we get
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_Pl ftga<Q< P1+ftga
2 f+tga tga—f
This expression is the answer to the task.
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Annotation. The question of the equilibrium of an absolutely rigid body in
the presence of sliding friction is investigated. Statically defined problems are
considered. The application of the analytical method on the example of an
engineering problem is show. The corresponding equations of equilibrium of a
design taking into account all forces are received. It is show that different
quantities can be determined.

AHoTanis. JlocmiKyeTbesi MUTAHHS MPO PIBHOBAry aOCOJIOTHO TBEPJIOTO
TiTa 3a HAABHOCTI TepTs KoOB3aHHA. l[lpm I1bOMYy pO3TIATAIOTHECS CTATUIHO
BU3HAYCHI 3amadi. [loka3aHo 3acTOCYBaHHS aHANITUYHOTO METOJY Ha TPUKIIAJI
1HKeHepHoi 3amadi. OTpuMaHi BIJNOBIAHI PIBHSHHS PIBHOBArd KOHCTPYKINI 3
ypaxyBaHHsIM BciXx cui. [loka3zaHo, 110 BU3HAQYEHHIO MOXYTh MIAJATATH Pi3HI
BETTUIMHH.

Keyword: structure balance, rigid body, equilibrium equation, force of
friction, force of stiction.

KuiouoBi ciaoBa: piBHOBara KOHCTPYKIIii, aOCOJIIOTHO TBEpJie TLIO,
PIBHSIHHS PIBHOBAru, CUjia TEPTsI KOB3aHHS, CUJIa TEPTS CIIOKOIO.

It is known from theoretical mechanics that a necessary and sufficient
condition for the equilibrium of an absolutely rigid body under the action of a
system of forces arbitrarily placed in a plane is the equality of zero algebraic sum
of projections of all forces on two mutually perpendicular axes and algebraic sum

of moments of all forces with respect to any point:

n

n
ZFXL' — Oiszi - O,
i=1

i=1

n

i=1
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The number of equilibrium equations is three.

Let's move on the study of the equilibrium of an absolutely rigid body in the
presence of sliding friction on the example of a statically defined problem.
Consider a horizontal rod 4B, which has a hole at the end of 4, which it is planted
on a vertical round column CD. The length of the plain bearing b = 2 cm, at point
B; at a distance a from the axis CD to the rod is suspended the load P.

Define, neglecting the weight of the rod 48, the minimum distance a from
the load P to the axis CD, so that under the action of its weight the rod remained in
equilibrium on the column, if the coefficient of sliding friction £ between the

column and the plain bearing is 0,1 (picture 1).

C

aly | —

A |
D;L a _

el L

Picture 1
Consider the equilibrium of the rod AB, mentally rejecting the elm — the
column CD. The rod is subjected to a vertical force P — the weight of the load,
applied at point B;. The rod is kept in equilibrium due to the friction forces
between the CD column and the inner surface of the hole. These forces can be
considered applied at points £ and K. There are friction forces due to the forces of
normal compression N—E> and N_,; between the column and the surface of the hole

(picture 2). We compose the equation of equilibrium of the rod:

Fab K = F.E
mp
— off 0, B
Nk —,—- = =y —»
o __ l_.x
E N: P
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Picture 2

( _ _

Zin = Np — Ng =0,

<ZFyi:FTg+FTI§—P=o, (2)
b

LZMOi =—Pa+(NE+NK)§—FT’f)-020:O.

From the first equation of system (2) we conclude that N = Ny = N, ie
these forces form a pair of forces, and since the magnitude of the static friction
force is proportional to the force of normal compression between body surfaces
(friction coefficient £— coefficient of proportionality — is the same at points £ and

K), it follows that FT’f) = FTIf) = F. The second and third equations of system (2) are

transformed into the following:

{ 2F —P =0,
—Pa + Nb = 0.

P

Pa
From here we have N = — F = e

Force of stiction satisfies the inequality

Fyp < fN,
P Pa
so F = 7 < f;, whence

_b_o02_
C=f 201 ™
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Annotation. The question of determining the center of gravity of a rigid body is
investigated. For homogeneous bodies of complex shape, the methods of
"splitting" and "negative" areas are considered and applied. Using such a body as
an example, the question of determining the coordinates of the center of gravity of
a rigid body of arbitrary shape is investigated.
AHoTauis. JlocaimKyeTbest MUTaHHS PO BU3HAYCHHS LIGHTPY Baru TBEPAOTO Tija.
JInst ogHOPIAHUX TUT CKIAAHOT (POPMH PO3TJIASHYTO 1 3aCTOCOBAaHO METOJU
«pO3OUTTS» Ta «BII'€MHHUX» Iuioll. Ha mpukiaal Takoro Tijia BUBYEHO MHUTAHHS
PO BU3HAYEHHS KOOPAUHAT LIEHTPa Baru TBEPAOIO TiJIa IOBUIBHOI (hOpMHU.
Key words: coordinates of the center of gravity, homogeneous solid, "partitioning"
method, "negative" areas method.
KuarouoBi cioBa: KoopauHATH IIEHTpa Barv, OJHOpPiAHE TBEPAE TIIO, METOJ]
«PO3OUTTSI», METOJT «B1JI’ €EMHUX) TIJIOIII.

As you know, if a homogeneous flat body (Fig. 1), then the center of gravity of

the body is determined by the formulas (1):

X _X151+X352+X353 y _ YS1+Y252+Y353 (1)
¢ S +S,+S; ¢ S1+S,+53

)

where S;, S5, and S; — are the areas of triangle ABC’, rectangle DKNC’ and

semicircle with base KN respectively.
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To determine the center of gravity of homogeneous bodies with cavities (Fig. 2),

the "negative" weight method is used. The center of gravity of such a body is
determined by considering it to be a solid homogeneous body with "negative"

gravity forces added in the places of the cavity according to the formulas (2)

|
Y} B
Fig.1
A
Y2=Ya[— —,
A I//7//
I
|
X1 X2 X3 X
1 n
Xe =5 (XoPo = Li=1%:Py),
1
yC:;(yOPO_E?:lyiPl‘)’ (2)

1
= - (20Po — Xiz1 2P,

Where P =Py — Y11 P;; Py, X0,Y0,Z9 — weight and coordinates of the center of
gravity of a solid body; P;,X;,Y;,Z; — “negative” weight and coordinates of the
center of gravity of the body of the i-th cavity, “filled” with the material of the
body.

For example, for the flat figure shown in Fig. 2, we have the following

formulas (3):

_ XoSo —X15;
TS =S
_ YoSo — Y151

‘ So—S1 '
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i

] - /,;/Z%//%

Fig. 2

where Sy, X, Yo — the area of the solid rectangle and the coordinates of its
center of gravity; S;, X1, Y1 — negative area of the circular cavity and coordinates of
its center of gravity.

Let us find the coordinates of the center of gravity of the plane figure shown in
Fig. 3, a (dimensions are in centimeters).

To do this, we use the splitting method in combination with the negative area
method. Let's select in this figure five simple shapes (Fig. 3, b): rectangle OABN,
circular sector ONP, rectangle DEE N, E; KK; M and triangle KK L.

Area of the rectangle OABN:S; = 0A x AB = 18- 6 = 108 ¢cm?; coordinates

of its center of gravity:

AB 04
x1:7:3cm, y1:7:9cm
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Fig. 3

The area of the circular sector ONP (R = 6 cm, a = g) 1s written with a minus

sign, since the sector 1s cut from a given figure:

S,=—a-R*= —%RZ ~ —28,3cm?, the length of the segment

. T
2  sing . :
0C, = ER + =~ 3,6 cm, and the coordinates of the center of gravity.

»13

s
x, = 0C, -cosZ = 2,55cm,

s
vy, = 0C, -sinZ = 2,55 cm.

Rectangle area EE;N S3 = DE x EE; = 24 - 6 = 144 cm?; coordinates of the

NE,

center of gravity x; = ON +~2=6+12=18cm,y; == =3 cm.

Rectangle E;KK;M has area S, = E;K-KK, =126 = 72 ¢cm?; center of
gravity coordinates.
ME,
x4=0M+T=24+3 =27 cm,

EiK
Va4 = - = —6 cm.
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The area of the triangle KK, Lis taken with a minus sign, since the triangle is
cut: S5 = — KK, -K;L=—--6-6=—18cm?.

Center of gravity coordinates
X, +xg+xg,  24+30+24

X5 = 3 3 =26cm,
V. +Vx + Yk —-6—12-12
Vs = 3 L= 3 = —10 cm.

We find the coordinates of the center of gravity of a given flat figure by the

formulas:

B X151 + X385, + x383 + X454 + x555 _

e = Si+ S, +S3+ 8,4+ Sc
B 3-108 + 2,55(—28,3) + 18-144+27-72 + 26(—18)
B 108 — 28,3 + 144 + 72 — 18 -
~ 15,55 cm
Yo = Y151 + Y252 + Y353+ YaSs + Ys5Ss
c= —

Si+S,+853+S5,+Ss
1
= X
108 — 28,3 +144+ 72— 18

x [9-108 + 2,55 (=28,3) + 3- 144 + (—6) - 72 + (—=10) - (~18)] ~ 3,89 cm.

So, the coordinates of the center of gravity of this flat figure are as follows:

Xc ~ 15,55 cm, Ye = 3,89 cm.
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Pimenusa

XXI mixkHApOAHOT HAYKOBO-TIPAKTUYHOI KOH(pEpEeHIIii
CTY/ICHTIB, aCMipaHTIB 1 MOJIOJANX BUCHUX.
«Pecypcoeneprosz0epiraroui TEXHOJIOTI 1 00JaTHAHHS

Ha 3aknrounomy mieHapHOMY 3aciiaHHl KoHdepeHlii OyJio MPUUHSITO
HACTYIHE PIIIEHHS:

1. Poboty Pagn mononux BueHux [HCTUTYTY TexHiuHOI Temiodizuku [TTD
HAH VYkpainu, OpranizamiiHoro KkomiTeTy HalioHalIbHOTO  TEXHIYHOTO
yHiBepcuTeTy VYKpaiHu «KuiBchbkuil mNOMITEXHIYHUN 1HCTUTYT 1MeH1 Irops
Cikopcbkoroy, Incrutyty I'asy HAH Vkpainn ta IlporpamMHOro KoMmiTeTy 3
MIJITOTOBKU Ta MPOBEACHHS 3aXOJIB Y paMKaxX MIXHapOJHOI HAYKOBO-IIPAKTUYHOI
KOH(epeHIIii «PECYPCOEHEPT'O-3BEPIT"AFOUI TEXHOJIOI'II TA
OBJIAIHAHHS» cxBanutu.

2. 3a pesyiapTaTaMu OOrOBOPEHHS TMPEACTaBICHUX Ha KoH(epeHIi
JIOTIOBIZIEH  BU3HATH MEPCHEKTUBHICTh BUKOHAHMX JOCHIIKEHb Ta CXBAJIUTH
JOLUIBHICTh TMOJANBIIOIO PO3BUTKY Ta MOIIMOJEHHS HAayKOBHX pPO3pOOOK Yy
BI/IMOBIHUX HAYKOBUX HAIMpsAMKaX, 10 BU3HAUEHI B TpoOJIeMaTHIll KOHPEPEeHIIi.

3. 3 METOI CTBOPEHHS HAayKOBO-METOJIOJIOTIYHUX OCHOB BHBYCHHS
OCHOBHHUX PECyCOE€Hepro30epiralounx 3axojiiB, 00JIaJlHAHHS TEIJIOTEXHOJOT1N Ta
XIMIYHUX TEXHOJOTiM B VYKpaiHi pEeKOMEHAYEThCS 3alyuydTH Marepiaiu
KoHpepeHIli g0  aucouiiiH  «OCHOBHI — TIpollecM  Ta  OOJIaJHAHHS
pecypcoeHepro3zoepiralounx TeXHOJOTi» Ta «CydacHe 0OJIaJlHAHHS XIMIYHHUX
TEXHOJIOT1i» 3 pO3pOOKOI0 BIMOBIIHOTO METOJAUYHOTO 3a0€3MEYEHHSI.

4. TlimBUIIKMTH piBEHb 3aJIy4Y€HHS CTYJEHTIB, aCIIPaHTIB 1O HAyKOBUX
JOCJI/IKEHb Y KpaiHU B Tally31 pecypco- Ta eHEpPro30epeKeHHs.

5. Bugatu 30ipHUK TIpaib KOH(PEPEHIIii.

6. PexoMmenayBaTu myOJiKallil0 IUIGHAPHUX JIOMOBIIEH B KypHaIaX «
XimiyHa 1HXXEHEPisl, €KOJIOTIS Ta PECYPCO30EPEKEHH», « XIMIUHA TPOMUCTOBICTD
VYkpainu» ta «lIpomucnoBa temnorexHika». [Ipocutu romniB cekiii KoHPepeHIli
BU3HAUYUTH JIONOBIAl BIJ CEKWi ainig onyOJiKyBaHHS B «YKpaiHCBKOMY
AHTAPKTUYHOMY KypHAII. YyacHukam KOH(epeHIii MPEJICTABUTH
PEKOMEHJI0BaH1 JOMOBIAl y BUIVIAAI MyOdiKauid 3riAHO MpaBWI IMyOJiKaii
BIJITOBIJTHUX >KYpHAJIB.

7. BuzHauutu 3a JOIIbHE NOMMpPeHHs 1HdopMalii npo KoH(EpeHIio B
3acobax MacoBoi 1H(opMalii Ta 3alyyeHHs JO0 HACTYNHUX KOH(pepeHUIn
IIUPOKOTO KOJIa BITYM3HSIHUX 1 IHO3EMHUX HAYKOBIIIB.

8. Opranizatopu KOH(EpEeHIli BUCIOBIIOIOTh BISYHICTh BCIM y4YacCHUKaM
KOH(epeHIIii.

Bukonyrounii 000Bsa3kM 3aBigyBava Kadeapu
MaIllMH Ta anapariB XIMIYHUX 1 HaTOTIEpepOOHUX
BUPOOHUXBUPOOHUIITBA A.P.Cremnantok
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