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Abstract. The existing semi-fluidisation devices are described by high-energy consumption during operation, heavy
metal structure, and complexity of the drive mechanism. Therefore, the search for effective heat exchange schemes
in low-temperature processing of fruit and vegetable products, provided that its damage and energy consumption for
the process are minimised, constitutes the relevance of this study. The purpose of this study was to determine and
substantiate the amplitude-frequency and power mode parameters of the vibration wave driving organ of the semi-
fluidisation machine for freezing fruit and berry products, the regularities of changes in the main characteristics of low-
frequency vibrations in the process under study. To perform these tasks, an experimental model of a semi-fluidisation
machine with a vibration wave driving organ was developed and a set of special devices was manufactured in the form of
a microcontroller system that provides measurement and automatic adjustment of the main parameters of the process
under study. Intensification of heat exchange in the process of fluidisation freezing in the conditions of a pseudo-
suspended state of products is described by a high heat transfer coefficient, which can exceed typical convective processes
by several orders of magnitude; an increase in the active heat exchange surface up to 100% is observed; the contact
surface with the energy carrier increases proportionally, which leads to a decrease in the active temperature difference;
there is a 2-3 times decrease in internal friction in the mass of products and, accordingly, the technological resistance
in the mass of loading is reduced, which is a potential for increasing the technical and economic characteristics of the
low-temperature processing under study. The practical value of this study can be attributed to the application of vibro-
slush freezing of the proposed structure with a vibration-wave product driver and a spatial elastic system for levelling
out parasitic vibrations, which allows simplifying the structure, reducing power loads and, accordingly, energy costs
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Introduction

The semi-fluidisation devices presented today have as a
load-carrying body a belt conveyor with a perforated sur-
face and standard drive equipment, the operation of which
is described by high-energy consumption, metal con-
sumption of the structure, and the complexity of the drive
mechanism [1]. Therefore, the development of effective
schemes for creating a travelling wave on the surface of the
tape upon using local mechanical vibration exciters allow
implementing heat exchange in subcooling or freezing of
products under the condition of minimising the force con-
tact interaction and, accordingly, energy consumption for
the process, which constitutes the relevance of this study.

As a physical phenomenon, fluidisation is inter-
preted as the transformation of a solid body into a pow-
der-like state to improve its transportation or subsequent
technological processing, namely low-temperature heat
exchange. Semi-fluidisation can be called the process of
supercooling or freezing, wherein the product layer moves
on a moving belt and is simultaneously ventilated by a jet
of cold air at a speed not exceeding a critical value, which
is limited by the technological and design requirements of
the process under study [2].

These processes combine the effect on the working
organs of the machine, the mass of products or the techno-
logical environment of centrifugal forces, the period, and
direction of which change with a frequency of the order
of 100...200 rad/s with amplitudes of 2.0...5.0 mm [3]. The
action of sign-changing centripetal and Coriolis accelera-
tions of individual particles of the bulk product mass leads
to the intensification of both the circulation and relative
movement of product particles in the working chamber
along the most diverse and arbitrarily complex trajectories,
the creation of a pseudo-fluidised layer of products and
coolant that provide optimal conditions for effective heat
and mass exchange between these technological compo-
nents of the process; a significant increase and intensive
renewal of the interaction surfaces of technological envi-
ronments, an increase in the speed of convective diffusion,
a decrease in the effective density of the material, and a
change in the rheological and structural-mechanical prop-
erties of raw materials during the implementation of the
food production under study.

Based on the analysis of Ya. Postolsky and F. Deng [4],
Reynolds in 1954 described the concept of fluidisation as a
process of rapid movement of gas through a layer of melt
to remove certain of its constituent elements and create
an oriented arrangement of them, while the outstanding
chemist O. Trishyn noted in 2013 that pseudo-fluidisation
and fluidisation are synonymous [5].

In the studies of S.M. Ashtiani, A.N. Chernenkova
et al., unique physical and mechanical characteristics are
presented, namely due to an increase in the heat transfer
coefficient a, an increase in the active heat exchange sur-
face up to 100% is observed [5; 6]. In case of an increase in
the heat transfer coefficient (in comparison with convec-
tive heat exchange, an increase of up to 20 times is possi-
ble), the contact surface with the energy carrier increases
proportionally, which leads to a decrease in the active tem-
perature difference and, accordingly, creates a potential for
increasing the technical and economic characteristics of
the low-temperature processing under study. Furthermore,
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according to the researches of O. Danyliuk, V.M. Atamaniuk
et al. in the conditions of a pseudo-suspended layer, there
is a 2-3 times decrease in internal friction in the product
mass [7; 8], which proportionally reduces the technolog-
ical resistance of such an environment and, accordingly,
the energy costs for its processing, namely upon sparging
through the bulk mass of the gaseous coolant flow.

The process of fluidisation freezing is often equated
with drying in the conditions of a suspended state of prod-
ucts, which is described by a very intensive heat exchange,
which in terms of heat transfer coefficient can exceed typ-
ical convective processes by several orders of magnitude.
In comparison with the methods of tunnel freezing with
forced circulation of the coolant according to the studies of
G.A. Nakov and N.I. Ivanova, fluidisation under low-tem-
perature treatment gives a 30-40-fold increase in the in-
tensity of heat exchange [8]. According to the study of
V.I. Osypenko, the average values of heat transfer coeffi-
cients under the conditions of the fluidisation layer exceed-
ed by 4-5 times the indicators obtained during freezing of
products in tunnel apparatuses with forced air circulation
at the same airflow rates [9].

Problematic aspects in these studies were that the
presented processes and equipment for low-temperature
processing of fruit and berry and vegetable products in mod-
ern food technologies were realised at a sufficiently high
metal consumption and energy consumption, in a fluidisa-
tion chute with a perforated bottom, under the action of a
variable flow of coolant, in the process of transporting prod-
ucts with a mesh tape, in the working area of a vibrating con-
tainer. The pseudo-weighted or fluidisation layer of prod-
ucts in such processes is realised by sparging the mass of
products with a flow of coolant from bottom to top through
holes in the bottom of the chute, the walls of the oscillating
container, and the mesh surfaces of the conveyor belt.

When implementing the semi-fluidisation process
according to Striling’s scheme [2], products are transport-
ed by a belt mesh conveyor, under which the evaporator of
the refrigerating unit is located. The air supplied through
the evaporator moves through the layers of products locat-
ed on the mesh surface of the tape, from bottom to top.
This movement ensures the transition of products to a
pseudo-weighted state at a small distance from the grid.
This processing is especially suitable for processing soft
and fragile products, such as strawberries, raspberries,
cauliflower segments, asparagus, and Brussels sprouts. To
reduce the possible damage to products with full fluidisa-
tion in the process, lower values of the Froude criterion are
used, for example, in the work of Savenkova for strawber-
ries, Fg = 50...60 [10; 11].

To exclude freezing of moistened particles to the
belt in some designs of freezers, a powerful jet of air is
used in the entrance zone of the tunnel at 4-6 m/s, in-
creasing the value of the Froude criterion, in particular,
for strawberries to the value of Fg=100...140. Under such
conditions, there is a local “boiling” of the fluidisation
layer, which is close in parameters to the process of com-
plete fluidisation. If the duration of the process is within
10-20 s, the danger of the product freezing to the grid is
eliminated, and at the same time, the probability of fruit
damage is considerably reduced, which is shown in the ar-
ticle by A.V. Shyshkin [12; 13].
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Therefore, the process of fluidisation refrigerat-
ing action showed high indicators of treatment efficiency
against conventional freezing in tunnels with forced air
circulation [13; 14] due to a considerable increase in the
intensity of heat exchange, an increase in the heat transfer
coefficient and the active surface of heat exchange, which
reduce the active temperature difference and increase the
economic indicators of the operation of low-temperature
equipment. The scientific originality of this study lies in
the transformation of mechanical forced vibrations into
a travelling and standing wave of a flexible load-bearing
body, which creates a technological movement of products.

High results were also obtained for the use of flu-
idisation in low-temperature processes occurring during
refrigeration, long-term storage of fruit, berry and vege-
table products, the development of which is the object of
research in this scientific article.

The purpose of this study was to determine and sub-
stantiate the amplitude-frequency and power mode param-
eters of the vibration wave driving organ of the semi-flu-
idisation machine for freezing fruit and berry products,
the regularities of changes in the main characteristics of
low-frequency vibrations in the process under study.

To achieve the purpose, the main tasks of scientific
study were set as follows: to analyse the current state, in-
novative developments of Ukrainian and foreign scientists,
to identify promising areas or the use of fluidisation action,
to substantiate the structural and technological scheme of
the semi-fluidisation plant; to determine the patterns of
changes in the main parameters of the oscillatory process
and substantiate its amplitude-frequency and power pa-
rameters.

Materials and Methods
Among the main stages of the performed study, it is possi-
ble to note the development and production of a research
installation for the implementation of the semi-fluidi-
sation process, which was carried out during 2020-2021;
compilation of the necessary measurement base for evalu-
ating electromechanical and heat exchange process param-
eters, in particular, ROBOTRON equipment for evaluating
amplitude-frequency and kinematic characteristics direct-
ly using oscillographs and indirectly based on graphically
obtained trajectories of movement of system points, watt-
meter, voltmeter, and ammeter, necessary power sensors,
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microcontroller system; analytical determination of the
main geometric, kinematic, and force parameters using
methods of higher mathematics, physics, theory of fluid
media in the conditions of a pseudo-liquefied layer, ge-
ometric analysis of an oscillating system, using the char-
acteristics of the experimental model; processing and
graphical interpretation of the obtained results using the
MathCad mathematical environment. This technique ef-
fectively combines experimental and theoretical studies,
the results of which are processed by modern information
technologies.

To perform these tasks, a pilot model of a semi-flu-
idisation machine was developed (Fig. 1) with a vibration
wave driving organ [1], which described the developed
scheme of using an unbalanced vibration exciter for the
development of a working wave on the surface of the tape,
manufactured a complex of the above-mentioned equip-
ment and devices in the structure of a microcontroller
system, providing measurement and automatic regulation
of the main parameters of the process of low-temperature
processing of fruit and vegetable products in a fluidised
state [15]. The presented developments allow realising the
effects of increasing the surface of heat and mass transfer,
soft power action on products, and reducing dynamic loads
on the support units of the drive mechanism.

Tensioning device 7 (Fig. 1), equipped with a spring
11 and an adjustment nut 12 of the tensioning device, sta-
bilises the movement of the load-bearing belt 1. Freezing
of the product 13 occurs due to the mass of snow coat or
finely crushed ice 14 in a fluidised layer, formed due to the
horizontal and vertical movement of the load-carrying belt
1, which gently throws it up, preventing injury or damage,
as in known designs of semi-fluidisation devices [16]. The
mass of the snow coat or finely crushed ice 14 is removed
through the tray 15 as a result of its separation in the vi-
brating sifter 16 from the products 13 being processed.
Product 13, which has been frozen and cleared of snow,
goes to the next operation. The processing cycle is then re-
peated to achieve the required performance, depending on
the technological requirements.

Studies of the effect of low-frequency oscillations
to create wave motion of the product mass, the snow coat
of the coolant on the surface of the tape were implemented
during the application of the accelerometer in the mode of
an autonomous probe placed in the process mass.

NN

Figure 1. Diagram of the developed fluidisation device for vibro-slush freezing
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The real-time microcontroller system allowed ob-
taining the information on the main parameters of the
process on the display of a personal computer, which ena-
bled the optimisation of the modes of heat exchange pro-
cessing, observed in the dynamics of product cooling to
the values specified by the technology. The set tempera-
ture of the refrigerant was maintained automatically if it
could be quickly adjusted using the power regulator. The
specified frequency and amplitude of vibrations were set
independently by an electronic device and by changing the
angle of the imbalance setting of the vibrator located in-
side the support rollers of the tape.

Results and Discussion

In the developed semi-fluidisation technological machine,
the process of heat removal is realised in the case of con-
tact of fruits and berries, which are prone to damage dur-
ing transportation in the working area, and the mass of the
snow coat in the conditions of their fluidised layer. As a re-
sult of this movement, gravitational and centrifugal forces,
and the influence of aerodynamic drag of the elements of
this technological environment are counteracted. Modern
schemes of these devices make provision for the creation of
a fluidised bed exclusively due to aeration through a per-
forated transport belt [17], which creates sufficiently large
technological supports and, accordingly, high-energy con-
sumption. The load-carrying body of the fluidisation-tun-
nel apparatus performs a longitu-dinal movement together
with the products, which makes it difficult to supply the
fluidised bed with a coolant flow [18]. The mechanisms
for tensioning the tape and motoring the drive drum are
complex enough for the considerable length of the working
chamber [5]. Under such conditions, heat transfer is carried
out only by convection, which helps press the products to
the conveyor belt and leads to a decrease in the free con-
tact surface in the process mass [19]. Furthermore, a com-
mon disadvantage of existing semi-fluidisation machines
is their high metal and energy consumption [5].

The application of the device for vibro-slush freez-
ing of the proposed design (Fig. 1), thanks to the installa-
tion of an unbalanced vibration exciter, moving shafts, a
tensioning device, spring sup-ports, an elastic element of a
tensioning device, an adjusting nut of a tensioning device,
a mass of snow coat or finely crushed ice, a tray for remov-
ing snow fur particles or of finely crushed ice, a vi-brat-
ing sifter for separating particles of a snow coat or finely
crushed ice from products, allows sim-plifying the design,
reducing energy consumption by 2.5-3.0 times, improving
the vertical movement of the product for the possibility
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of its longitudinal movement to ensure sufficient freezing
in one pass, increasing the intensity of heat exchange in
the fluidised bed with the possibility of bringing the area
of contact interaction up to 100%, which determines the
potential for increasing the produc-tivity of the freezing
process in general. The developed scheme also makes pro-
vision for heat ex-change by conduction, which is known to
substantially improve the contact interaction conditions of
the coolant and products [2].

The power parameters of vibration determine the
regularities of the mechanical impact on the machine el-
ements and the object of processing, among which it is
possible to note the magnitude of the driving force, which
directly creates the working movement of the executive
bodies of the ma-chine in the event of their removal from
the equilibrium position; forces that arise in the event of
de-formation of the elements of the elastic system, re-
turning the executive bodies to the equilibrium po-sition;
tension forces of elastic band branches; unbalanced forces
that arise in the system in the event of parasitic and work-
ing forces and reduce the reliability of the support unit and
the vibration exciter in general.

To generate vibrations during interoperational
transportation of fruit and berry products, name-ly straw-
berries, cherries, and snow coat, the machine under study
made provision for the use of two mechanical vibration
exciters mounted in the support rollers of the belt mech-
anism. The speed of ro-tation was registered from the
drive shaft with an accelerometer, and the power — with a
wattmeter. The presented mechanism allows reducing the
energy consumption by 2.5-3.0 times while maintain-ing
an intensive vibration-impulse mode of movement of tech-
nological masses and ensuring suffi-ciently comfortable
operating conditions of the bearing supports of the drive
shaft from the stand-point of levelling dynamic loads un-
der the spatial elastic system, since the proposed elastic
system of the vibration exciter allowed levelling the trans-
fer of parasitic vibrations to the supporting structure. The
dynamic load on the latter is reduced by 4.5 times also due
to the presence of a spring-loaded suspension of the guide
belt of the developed semi-fluidisation machine, which was
estimated by the corresponding decrease in the amplitude
of oscillations of the drive shaft up to 5 times for the re-
so-nant mode [20].

To identify the desired amplitude-frequency and
force parameters when using analytical geometry methods,
a calculation scheme was developed that illustrates the in-
itial (Fig. 2, a) and current (Fig. 2, b) position of the drive
mechanism, its main geometric parameters.




Palamarchuk et al.

43

Figure 2. Design scheme of the vibrational system of vibration wave transport in case of deviation from the equilibrium
position: 1 —roller; 2 — tape; 3 — drive shaft of the vibrator; 4 - counterweight; 5 — elastic suspension; 6 — vibration
resistance; m, — the mass of the drive shaft with the support assembly; m, — mass of roll, tape, and products;

m, — counterweight mass; C, - stiffness of the elastic suspension; C, - stiffness of vibration support; X, - linear horizontal
deviation of the centre of mass of the cylinder; Y, - linear vertical deviation of the centre of mass of the roller; ¢, — angular
deviation of the roller; ¢, — angular deviation of the centre of mass of the drive shaft of the vibration exciter

The developed oscillating system is characterised
by 4 degrees of freedom, namely, the angle of rotation
of the drive shaft ¢, the angle of rotation of rollers or
working and at the same time support rollers ¢,, linear
displacements of the centre of mass of the drive shaft
relative to the coordinate axes: X1 and YI. The system
is three-mass, for which m=m +m,+m, is the total mass

of moving parts of the system, kg; m, — mass of the drive
shaft; m, — mass of the working container; m, — mass of
the counterweight.

The driving or exciting force arising from the ro-
tation of the drive shaft of the vibration exciter can be
represented as the product of its two projections on the
coordinate axis:

F, = myl0? sinws t, B = myljwf cosw, t, Fy =\|F? F? (1)

Restorative or internal elastic resistance forces of
the system reveal elastic elements and vibration supports,
which characterise the occurrence of a double elastic con-
nection between the flexible load-bearing body and the
body of the installation, as well as between the elastic roll-

ers of the guide part of the machine and its base.

The first elastic connection determines the tension
force of the guide tape T, which depends on the total defor-
mation of the flexible connection Al and its stiffness C,:

T=Al-C, )

These characteristics are found based on geomet-
ric analysis of the oscillatory system under study. The
points of suspension of the O, tape and its contact with

y
Oy
o
OK/Ia
OKI'Iu
e O: Bno
< D
F A
| 0,
h ) p
>~Q
a

the support rollers on the left and right sides are respec-
tively denotedby O ,0, , 0 ,O_ (Fig.3).

K10

Figure 3. Geometric parameters of the roller coupling with the tape: a) the system in the initial position;
b) the system in the current state
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Then the distance between them is as follows:

Oy Oxgio =+ X2+ Y2 + R? -

Similarly, at the current moment of time, these dis-
tances will be equal:

On Ok =\/(X1 + Xp+ 1y sing)? + (Y — X, + 1y cos @)% + R? "

O Okrr =\/(XH_X1 +lipsing)? + (Y — X, — Lz cos 91)? + R?

For the vibration drive under study, the total spring-loaded suspension at the current moment of time
deformation of the tape and the elastic element of the for the left and right branches will be as follows:

Alﬂ =J(X1 —Xﬂ— 112 Sin(p1)2 + (Yﬂ— Yl + 112 coSs (pl)Z - R2 —JXij'F Yj% - R2 + R(pl
Al =105 Ogrl = Oy Ogrol — R, = ®)

= J(XH_XI + 112 Sin<p1)2 + (Yn— Yl - 112 cos (pl)Z + R2 —JX%]'F Y[% - R2 - R(pZ

Component Re, considers the rotation of the sup-  an angle ¢,. Then the tension forces of the tape for the left
port roller of the belt with the mounted vibration exciter by  and right branches are expressed as dependencies:

Tﬂ = Cnp [J(Xl _Xﬂ - 112 Sin(p1)2 + (YH - Y1 - 112 cos (p1)2 - Rz _\/X‘/Zy + y/% —R? + R(pzj (6)

Tp=Cy= (\/(Xn —X; + iy singy)? + (Y, =Y, — Iy, cos @)% — R? _\/X‘%l +Y7—R*+ R‘sz (7)

The presented dependencies are built using the
MathCad mathematical environment (Figs. 4; 5).

6x10 T T T 1x1073 T T T T
2x10 L E 5x103 1 -
X@) | gfwv\J\/\A/W ; Y(o,) '
-2x10° | | of st \rlllﬁlwv }1 -
-6x10* | | | (o) -5x107 | ! | ! (o))
-50 0 50 100 150 -100 0 100 200 300 400

Figure 4. Trajectories of the centre of mass of the working roller along the axes of the plane coordinate system
X and Y, (m) from the angular velocity of the drive shaft of the vibration exciter w1 (rad/s)

8X103 T T T

6x10°
Fwl)  4x10° | E

2x10°

0 ) . ) (wl)
-200 0 200 400 600

Figure 5. The absolute value of the driving force F_ (H) from the angular velocityof the drive shaft
of the vibration exciter o1 (rad/s)
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Graphical dependencies of the trajectory of the cen-
tre of mass of the working roller along the axes of the plane
coordinate system X and Y (Fig. 4) indicate a stable wave
mode of motion within the angular velocity of the drive shaft
of the vibrator o,=50-80 rad/s, which corresponds to the val-
ue of the vibration speed v = 0.10-0.18 cm/s (Fig. 5). The ab-
solute value of the driving force begins to increase substan-
tially at F=1-1.5 kN at values of o =100-120 rad/s (Fig. 5).

Conclusions

Considering the above directions for improving the pro-
cess of fluidisation freezing of fruit and berry products, a
semi-fluidisation machine with a vibration-wave driving
body for the movement of the belt mechanism was devel-
oped; a set of measuring devices for evaluating and deter-
mining the amplitude-frequency and power parameters of
the researched cooling process.

The developed method allows increasing the inten-
sification of heat and mass transfer due to the use of a flu-
idised bed of products, the use of vibration and wave effects
and the current scheme of the developed conveyor installa-

tion, which not only reduces the forces of internal friction
during transportation, but also forms a dynamic wave to
ensure the forced movement of products along a flexible
load-carrying body in conditions of continuous renewal of
product layers in case of their mixing.

A stable wave mode of movement of the developed in-
stallation is observed up to the value of the angular velocity
of the drive shaft of the vibration exciter m =100-120 rad/s.
Graphical presentation of amplitude-force dependences
allowed justifying the theoretical range of angular velocity
of the drive shaft of the vibration exciter in the range of
50-80 rad/s and the magnitude of the driving force to create
a given oscillatory mode in the interval of 0.5-1.0 kN for the
specified frequency interval.

This paper established that it is promising to use
vibration wave schemes for an organic combination of
transportation processes and low-temperature process-
ing of granular products, improvement of heat exchange
conditions through the combined use of convective and
conductive heat transfer, substantial reduction of product
damage, namely of fruits and vegetables.
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OOrpyHTYBaHHS CHJIOBHX IIapaMeTPiB mpouecy
cemicrroinu3ainiiitHOro MigMOpo:KyBaHHS IJI00BO- ATiTHOT MPOXYKIIiT

Irop IMaBaoBuu [Manamapuyk!, Cepriii Bomogumuposuu Kiopues?,
Banentuna OnexkcauapiBHa BepxosmaHiieBa?,
BorpaH I0piiioBu Bopoanu!, Terana KocrauTuHiBHa Jle6chbKal

'HamionapHMI1 yHiBepcuTeT 6iopecypciB Ta IPUPOIOKOPUCTYBaHHS YKpaiHM
03041, Byin. l'epoiB O60oponu, 15, M. Knis, Ykpaina

*TaBpiliCcbKMi1 IepsKaBHMI arpOTEXHOIOTIYHMI YHiBepcuTeT iMeHi JImuTpa MoTOpHOrO
72312, Byn. Bormana XmenbHUILIBKOTO, 18, M. MejtiTomnosb, 3arnopisbka 061acThb, YKpaiHa

AHorauis. IcHyroui cemiduioigu3aniiiHi amapaTté XapaKTepMU3YITbCS TMOPIBHSIHO BMCOKMMM €HEeproBUTpaTaMu Ipu
eKcIuTyaTarlii, MeTaJ0EMKICTI0O KOHCTPYKIIii, CKIaJHICTIO MPUBOMHOTO MexaHi3My. ToMy TONIYK e(eKTUBHUX CXeM
TeIIo06MiHy y TMpollecax HU3bKO-TEMIIEpPATypHOI 06pOOKM IJI0J00BOUYEBOi IPOAYKIii 3a yMOBM MiHimizamii ii
TIOIIKO/IKYBAHOCTI Ta €HeproBUTPAT Ha MPOIEC CTAHOBUTh aKTYalbHICThb MPOBEIEHUX OCIiIKeHb. MeTol poboTu €
BM3HAUYEHHS Ta OOIPYHTYBAHHS aMIUTITYJHO-YaCTOTHMX Ta CUJIOBUX PEXKMMHUX ITapamMeTpiB BiGPOXBMUIbOBOTO PYIIiiHOTO
oprany cemiduoinmusanifHoi MamMHM OIS MiAMOPOXYBAHHS IJIOLOBO-SITiAHOI MPOAYKLii, 3aKOHOMipHOCTe! 3MiHU
OCHOBHMX XapaKTePUCTMK HM3bKOYACTOTHMX KOAMBaHb y AOCIIIKYBaHOMY Ipoleci. [lJiss BUMKOHAHHSI NPUBENEHUX
3aBIaHb Oysa po3pobiieHa JOCTiIHa MoIenb ceMiduIoiqM3aniiiHoi MamHY 3 BiGPOXBWIbOBMM PYLIiTHMM OPraHOM Ta
BUTOTOBJIEHMIT KOMILIEKC CIeiaIbHMUX IPUIAiB Y BUIVISII MiKPOKOHTPOJIEPHOI CHCTEMMU, IO 3a6€31eUyI0Th BUMipIOBaHHS
Ta aBTOMATUYHE DEeryaloBaHHS OCHOBHMX TapaMeTpiB HOCTiIKyBaHOTO mpoiecy. [HTeHcudikallisi Terioo6MiHy B
nipotieci GuoigM3anifHoro 3aMOpPOKYBaHHSI B yMOBaX ICeB03BasKEHOTO CTaHY MPOAYKILii XapakTepu3yeThCsl BUCOKUM
KoedilliecHTOM TeIuionepenayi, sikuii Moyke IMepeBUILYBATM TUIIOBI KOHBEKTMBHI IpoLleCcHM Ha IeKiJbKa IOpPSAKiB;
CIIOCTepiTaeThCsl MiABUIEHHSI aKTUBHOI MOBepXHi Tertoo6miHy 1o 100 %; mpomopiiiiHO 3pocTae KOHTAKTHA TIOBEPXHSI
3 eHeproHoCieM, 10 MPU3BOAUTD 0 3HIKEHHSI aKTMBHOI Pi3HMIN TeMrepartyp; BinOyBaeTbCsl 3MEHIIEHHS y 2—3 pasu
BHYTPIIIHbOTO TEPTS B MACi ITPOAYKILii Ta BiATIOBiAHO 3HVIKYETHCSI TEXHOIOTIYHMI OTTip Y Maci 3aBaHTaKeHHSI, 110 CTAHOBUTD
TIOTeHITial /ISl TiIBUILEHHS TeXHiKO-eKOHOMIUHMX XapaKTepUCTUK IOCTiIKYBaHOTO MpPOolecy HM3bKOTEMIIEPATYPHOI
06p0o6Ku. [Io MPaKTUYHOI LIIHHOCTI IPOBeeHOI PO6OTM MOKHA BiTHECTM 3aCTOCYBaHHS BiGPOIIYTOBOTO IMiIMOPOKYBaAHHS
3aIPOITIOHOBAHOI KOHCTPYKIIii i3 BiOpOXBMUIBOBMM PYIIIieM MPOAYKIIii Ta MPOCTOPOBOI IIPYKHOT CHCTeMM [IJIsT HiBeTIOBaHHS
NapasuTHUX KOJIMBAHb, L0 JAE MOXKIIMBICTb CIIPOCTUTM KOHCTPYKIiI0, 3MEHLINTY CMIOBi HAaBaHTasKeHHSI Ta BiJIOBigHO
€HeproBUTpaTu

KirrouoBi c;1oBa: XBUJIbOBUIT KOHBEED, BiIOPOXBMUIBOBMI PYILifiHMIT OpTraH, 6Kyda XBUIS, 3SMYLITyI0Ua CMIa, HU3bKOYACTOTHI
KOJIMBaHHS, NebanaHCHMIT BiGPO36yIsKyBad
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