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Examination of thermophysical characteristics of food products
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Abstract. The development of food, biotechnological, and processing industries, the invention
of new ingredients, optimisation and improvement of technological processes require reliable
information about the main thermophysical characteristics of raw materials and materials of
biological origin. This paper presents the results of the cooperation of specialists from leading
universities and scientific institutions of Ukraine, embodied in the developed methods of analysing
the parameters of thermodynamic and mass transfer processes and determining the thermophysical
characteristics of the latest substances and products using modern metrologically certified devices
and information-measurement systems. The main problem in analysing materials of biological
origin is the inhomogeneity and heterogeneity of the structure of samples. It is demonstrated that
it is advisable to determine the coefficient of effective thermal conductivity of bulk materials and
cereals in a stationary thermal mode on a device for determining the thermophysical characteristics
of materials and thermal effects, equipped with heat flow and temperature sensors, in which a
symmetric scheme of the thermometric measurement method is implemented. The simultaneous
use of four measuring cells allows for performing a synchronous comparative analysis of several
samples, and the rotary-clamping mechanism helps to minimise contact resistances. The developed
method of measuring the coefficient of effective thermal conductivity considers the features of
bulk food products and substantially improves the accuracy of the examination by introducing a
correction for the contact resistance of the wall layer. Long-term observations allow for analysing
thermolabile materials, examining thermal effects in samples, and evaluating volumetric and
integral heat generation. It is necessary to use the STA system to conduct calorimetric studies
of a wide range of biological materials and substances with the necessary accuracy, which
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implements methods of step-by-step scanning and synchronous thermal analysis to determine the

specific heat capacity, the heat of evaporation, and the ratio of free and bound moisture in non-

homogenous materials. These characteristics are necessary parameters for analysing the kinetics

and optimisation of heat and mass transfer processes, in particular, drying, in the calculation and

design of technological equipment
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Relevance

The main task of the food industry is to pro-
cess agricultural products into high-quality
food products. It should be conducted with the
lowest financial and material costs, which is
impossible without using the achievements of
modern science. Science is the basis of modern
technologies. Any technology is a set of pro-
cesses by which raw materials are converted
into the final product. Deep knowledge of the
regularities of processes conducted during food
production allows for intensifying processes,
creating new types of apparatuses, and devel-
oping methods for optimal process control.
Most of the processes of food, biotechno-
logical, and processing industries are thermal,
the speed of which is described by the laws of
heat transfer (heating, cooling, condensation),
and mass transfer — diffusion, which are char-
acterised by the transfer of one or more com-
ponents of the initial substance from one phase
to another (drying, sorption, rectification, etc.).
Most often, these processes are interrelated and
occur simultaneously. Many papers by Ukrainian
and foreign researchers are devoted to the exam-
ination of the laws of heat and mass transfer.
But any such calculation is impossible
without knowledge of the basic thermophysi-
cal characteristics of materials and substances,
which include, in particular, the coefficients

of heat and temperature conductivity, specific
heat capacity, heat of evaporation, and their
temperature dependences. Usually, such data
is taken from the reference literature, and un-
til recently, specialists in the food and pro-
cessing industries used well-known reference
books [1; 2]. Currently, modern editions have
been published [3; 4] containing the main ther-
mophysical characteristics of semi-finished
products and products necessary for calculating
processes and equipment for the food industry.
In addition to tabular data, the thermophysical
parameters of many products, especially bulk
and non-homogeneous ones, are presented in
the form of empirical dependencies. This allows
for performing technological and engineering
calculations with a certain accuracy, which is
currently insufficient for research works.

The invention of new ingredients, the cre-
ation of food products based on them, and the
development of technological processes for their
manufacture require updating the existing base
of thermophysical characteristics. This requires
additional research on a modern instrument
base. Imported instruments can meet all the
requirements for accuracy and reproducibility
of measurement results, but the main problem
with their use is the need for periodic calibration
to ensure proper metrological indicators.
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The specialised scientific Institute of Tech-
nical Thermophysics (ITTP) of the National
Academy of Sciences of Ukraine has accumu-
lated more than half a century of experience
in determining the main physical parameters
of thermodynamic and mass transfer processes
in various sectors of the national economy.
The achievements of thermometry, electronics,
and metrology of heat flow measurements are
embodied in devices and systems for precision
measurements of thermal conductivity and
heat capacity of materials and substances, the
study of energy effects in the physicochemical
and biological processes of the food and pro-
cessing industry.

Research Analysis

Difficulties in obtaining qualitative and ade-
quate information about the thermophysical
characteristics of substances of biological ori-
gin are usually associated with their inhomoge-
neity and heterogeneity of structure. For exam-
ple, bulk food materials — crops and cereals as
objects of research have specific physical char-
acteristics: flowability, self-sorting, and duty
cycle. Mechanisation and automation of grain
processing processes in the flow [5], the use of
pneumatic and vibrotransport, the introduction
of new drying methods [6] require definitions of
their heat, temperature, and thermal conduc-
tivity, heat capacity, ability to self-heat [7; 8].
Therewith, the thermodynamic parame-
ters of air, which is an integral part of the grain
mass and affects all the processes that occur
with it, play a huge role. In particular, air gaps
contribute to the transfer of heat by convection
and the movement of moisture in the form of
steam. Due to self-sorting, the porosity of the
grain mass, that is, the presence of gaps be-
tween its solid particles filled with air, can be
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uneven. The porosity and bulk density of grain
also depend on the shape, elasticity, size, and
surface condition of solid components. These
factors together lead to variability in the value
of contact resistance between material parti-
cles and should be considered when developing
a measurement methodology, because they can
substantially distort the results of examination
of thermophysical characteristics.

Calorimetric studies are used to calculate
the thermodynamic characteristics of substances,
chemical equilibria, establish a relationship be-
tween the thermodynamic characteristics of a
substance and its properties and structure, and
draw up thermal balances of technological pro-
cesses in the food, biotechnological, and phar-
maceutical industries [9]. Differential scanning
calorimetry (DSC) is used to obtain reliable
calorimetric information about the material
during its linear or stepwise heating or cooling.
DSC is also used to determine the melting point
and assess the degree of purity of substances,
investigate the kinetics of drying, lyophilisa-
tion, and crystallisation processes, investigate
the stability and thermal decomposition of sub-
stances and determine their shelf life, deter-
mine the glass transition temperature of amor-
phous substances, etc. [10]. DSC in combination
with thermogravimetric analysis (TGA) forms
a method for synchronous thermal analysis of
materials and substances (STA).

Now there is a wide range of foreign devices
for synchronous thermal analysis, the principle
of operation of which is based on the simul-
taneous determination of mass reduction and
the amount of heat consumed by liquid evapo-
ration. Their versatility and wide temperature
range are their undoubted advantages. However,
most of them are poorly adapted for analysing
samples of plant origin, the liquid in which is a
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mixture of water and numerous complex sub-
stances (saccharides, organic acids, plant pig-
ments, colloidal solutions of pectins, essential
butyric acids, aldehydes, alcohols, terpenes,
etc.). Another negative factor is that the size of
the crucibles of modern devices is calculated for
a weight of the order of a milligram, which is
very small and not informative for plants due to
the size of their cells.

Analytical determination of the specific
heat of evaporation of plant raw materials is
also associated with substantial difficulties and
is often almost impossible since it is necessary
to calculate simultaneously the characteristics
of a mixture of several liquids and insoluble
substances [11]. This is especially important
when calculating and optimising the parameters
of the drying process of any raw material of plant
origin, which is associated with the removal of
moisture, free and bound [12]. The experimen-
tal method of synchronous thermal analysis is
much more appropriate for this purpose.

The purpose of the study is the develop-
ment of a methodology for measuring the coef-
ficient of effective thermal conductivity of bulk
food products, in particular, cereals and crops,
and examination of the specific heat capacity
and heat of moisture evaporation during the
drying process of biological raw materials.

Materials and Methods for
Analysing Thermal Conductivity

Various experimental methods for determining
the thermophysical characteristics of bulk ma-
terials, including stationary and non-station-
ary heat flow, are known — probe and non-con-
tact — optical [13; 14]. The presence of air
between the particles of bulk materials allows
for predicting that their thermal conductivity

is commensurate with the thermal conductiv-
ity of heat-insulating materials, therefore, the
method of analysing the coefficient of thermal
conductivity regulated in ISO 8301-1991 can be
applied to them [15].

The essence of the thermometric method
regulated in ISO 8301 is to create a stationary
heat flow through a flat sample directed per-
pendicular to its front (largest) surfaces. The
coefficient of thermal conductivity is deter-
mined by the results of measurements of the
thickness of the sample, the difference in the
temperature values of its working surfaces and
the surface density of the heat flow that passed
through the sample, provided that it is unidi-
rectional and uniform.

Studies are conducted in a stationary
thermal mode on a device for determining the
thermophysical characteristics of materials
and thermal effects, developed at the ITTP of
the National Academy of Sciences of Ukraine,
which implements a symmetric scheme of the
thermometric method [16]. The device, which is
displayed in Figure 1, is an information-meas-
urement system consisting of a functionally
combined thermal unit 1, which is displayed
in Figure 2, an electronic unit 2 with a built-in
temperature control device for the reference
junctions of thermocouples and a computer
with specialised software 3.

Main technical characteristics of the device:

« range of measured heat flux density
5...500 W/m?;

- limits of permissible relative error ¥3%;

+ operating temperature range minus
40°C...180°C;

- sample size:

— 1 sample 250%x250%(10...120) mm;

— 4 samples @100x(10x50) mm.

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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Figure 1. Appearance of the device (operating position):
1 - thermal unit, 2 — electronic unit, 3 — software
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Figure 2. Scheme of the thermal unit of the device: 1 — temperature control units;
2 - heat-measuring units; 3 — thermal insulation inlay; 4 — rotary clamping device;
5 — guide posts; 6 — retainer; 7 — fan units; 8, 9 — measuring cells
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A characteristic design feature of this de-
vice is the presence of a rotary mechanism,
which allows setting the heat unit in the work-
ing position at an angle of 90°, as presented in
Figure 1. This allows ensuring the necessary ac-
curacy of measuring the heat flow and temper-
ature of samples during the experiment. When
assembled, four (8, Fig. 2) or one (9, Fig. 2)
measuring cell, designed to accommodate sam-
ples of experimental material and provide the
necessary thermal and temperature conditions.
The use of four measuring cells allows for per-
forming a synchronous comparative analysis of
four samples at once.

The temperature control units 1 with the
inlay 3 installed between them and the proto-
types are placed in the rotary-clamping device
4, which is a frame structure on the guide posts
5 and is designed to fixate the samples and
minimise the contact resistances between them
and the heat-measuring units in the measur-
ing cells. The force is set by means of a screw
mechanism with a power spring. The struc-
ture is rotated by an angle of 90° and set to the
working position (vertical, Fig. 1), securing with
a retainer 6.

The software of the device is designed for
long-term (from several hours to several days)
indication and recording of the values of tem-
perature and density of heat flow in the sample
for further processing and analysis of thermal
processes, calculation of thermal resistance

and coefficient of effective thermal conductiv-
ity of samples of bulk materials.

Calculation formula for the coefficient of ther-
mal conductivity A, W/(m*K), has the form:

A=h-(4T/§—RQ™, )

where: h — thickness of the prototype equal to
the thickness of the thermal insulation inlay,
m; AT=T,-T, - temperature difference T, and
T, respectively, the upper and lower working
surfaces of the sample, K; § = 0,5 (qg + qn) -
mean value of the heat flux density, W/m?,
passing, respectively, through the upper g, and
the lower g, working surfaces of the sample;
R, - correction for the total contact thermal re-
sistance of the measuring cell, which is deter-
mined during calibration of the device, m*K/W.

The value of the coefficient of thermal con-
ductivity of samples of the experimental mate-
rial is determined as the mean value, consid-
ering the measurement error according to the

formula:

= 1
ATZE Iiv=1)LT,i+6: 2

where: 1; — mean value of the coefficient of
thermal conductivity for the temperature value
T; A~ value of the thermal conductivity coeffi-
cient i- th sample at temperature T; N — number
of samples; § —-measurement error.

Research results of samples of grain mass
in the range of average temperature values
from 35 to 70°C are displayed in Fig. 3.

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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Figure 3. Results of the examination of the coefficient
of effective thermal conductivity of grain mass

Samples 1 through 4 were examined simul-
taneously in cells @100 mm, and sample 5 was
examined in a 250x250 mm frame. The bulk
density of all samples was within £3%. The av-
erage graph for the four samples correlates well
with the results obtained for sample 5.

The device can also be used to study
the thermal effects that accompany the

q, W/m?
2807;

260{
240—2
220
200-

1807

examination of thermolabile materials, for
example, in the presence of heat release in
samples. Therewith, the information and
measurement system records and processes
signals from primary sensors throughout the
entire process time, resulting in graphs of
changes in heat fluxes on the sample surfaces,
as presented in Figure 4.

160 ! T T
0

T, hours

Figure 4. Graphs of changes in the surface density of heat flow on sample surfaces during heat
release at a temperature of 20°C
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The following formula is used to determine
the volumetric heat release:

qy — (qZ;ql) (3)

Values of integral heat releases Q, kJ/m?, for
the time t, are obtained using the formula:

q, W/m?

6000 -

No. 4

5000
4000
3000
2000
1000

Q. = J qvdr, @)
where 7 - current time value, h, 7- value of the
heat release start time, h.

The results of calculations of heat release
of chicken droppings samples in four tempera-
ture conditions are presented in Figure 5.

Volumetric heat rease
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Figure 5. Volumetric and integral heat release of samples in temperature conditions:
No. 1 - 20°C, No. 2 - 30°C, No. 3 - 40°C, No. 4 - 50°C

Therefore, the presence of a limited vol-
ume of cells allows for maintaining the same

bulk density of the material in different exper-
iments, and measurements simultaneously on

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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four samples give a substantial gain in time.
Comparison of experimental data for different
sample thicknesses allows compensating for
the influence of the contact resistance of the
wall layer on the result of measurements of the
thermal conductivity of bulk grain material.

The method of conducting long-term stud-
ies enables the investigation of the thermal ef-
fects and changes in sample parameters during
heat release in real time, which expands the
functionality of the device.

Materials and methods for
analysing the heat capacity and
heat of evaporation

As mentioned above, it is advisable to use the
synchronous thermal analysis (STA) method for

analysing the processes of dewatering plant raw
materials, which covers the following analysis
methods:

o differential microcalorimetry — measure-
ment of the expenditure of energy for a phase
transition in the test sample,

e thermogravimetry — recording changes in
sample mass loss over time.

The STA system developed by ITTP of NAS
of Ukraine combines calorimetric and thermo-
gravimetric analyses and allows determining
with sufficient reliability the specific heat of
evaporation during the drying of a thin layer
of wet dispersed material and liquids in the
chemical, microbiological, pharmaceutical, and
food industries [17]. The appearance and block
scheme are presented in Figure 6.

ELECTRONIC
| UNIT OPERATOR
e "| CONVERTER
AIR FLOW UNIT MODULE [ |
SENSOR =S
' L~ COMPUTER
btk '—‘ REGULATOR
} MODULE
BALANCE
| COMPRESSOR | ﬁ

Figure 6. Appearance and block scheme of the STA system

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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The STA system is an information and
measurement complex of a functionally com-
bined thermal unit, analytical scales, compres-
sor, electronic unit, and personal computer with
the appropriate software. The main difference
between this system and its well-known ana-
logues is the ability to perform measurements
under the optimal temperature regime, main-
taining the surface temperature of the product
approximately equal to the temperature of the
dynamic medium. This is achieved due to the
fact that the calorimeter platform has inde-
pendent temperature control.

The object of research can be both pure
liquids (water, alcohols, organic solvents) and
various materials: food and vegetable products
(grain, vegetables, fruits, etc.), pharmaceuticals,
lacquers, paints, etc. for determining the

evaporation of both free and material-bound
liquids.

Main technical characteristics of the STA
system:

¢ range of measured specific heat of evapo-
ration from 500 to 2500 J/g;

e limits of the permissible relative error
of measuring the specific heat of evaporation
*0.5%;

e temperature range from 18 to 105°C;

e limits of the permissible error of temper-
ature measurement +0.5 K;

e range of mass values of the sample of the
test solid is from 1 to 5 grams.

In the thermal unit of the installation, the
scheme of which is presented in Fig. 7, there is a
working chamber with a replaceable calorimet-
ric platform for analysing samples.

Figure 7. Schematic diagram of the working chamber of the heat unit : 1 — upper thermostatic

unit; 2 - lower thermostatic Unit; 3 - calorimetric platform with the main electric heater;

4,5 — heat flow sensors; 6 — cell with a sample of the test substance; 7 — reference cell;

8 — working chamber; 9 - analytical scales

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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The working chamber is formed by two
thermostatic units with built-in heaters, which
allows for maintaining an isothermal mode in
the working chamber during the experiment.
The calorimetric platform is mounted on a coax-
ial rack, which is placed on analytical scales used
to record the mass reduction of the wet sample
during the drying process. Therewith, the plat-
form is not mechanically connected to the static
elements of the thermal unit, and electrical

communication is conducted using a special
collector consisting of loop-shaped radially ar-
ranged wires with a diameter of 0.03 mm. This
design of the current collector minimises the
impact of electrical wires on mass measurement.

Replaceable calorimetric platforms are rep-
resented by three versions of calorimetric cells
(Fig. 8), which expands the range of types of
materials suitable for the study, depending on
their characteristics.

Figure 8. Variable calorimetric platforms with open cells, flat cells with sample fixation and high
cylindrical cells

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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In each of the designs, the cells are made as
similar as possible in both geometric and ther-
mophysical parameters. Each cell is equipped
with heat flow sensors (HFS). One cell is a
working cell and is intended for placing the
test sample in it. The second cell is a reference
cell and remains empty during the experiment,
or serves to place the comparison substance.
The platform contains an electric heater and
two platinum resistance thermometers, one of
which registers the platform temperature, and
the second is part of the platform temperature
control system.

The open-cell calorimetric platform is
equipped with two cup-shaped open cells with
heat flow sensors under the bottom of each of
them. Such a platform is designed to examine
the heat of evaporation of solvents from solu-
tions, pasty materials, liquid homogeneous
samples, and the heat capacity of solid samples
with a prepared surface that provides thermal
contact with the flat bottom of the cell.

The platform with high cylindrical cells
is designed for analysing samples with a dis-
persed structure and high thermal resistance
between particles. A special feature of this plat-
form is that the heat flow sensors of the cells
are located on the perimeter along the cylin-
drical walls of the cell. This allows for obtaining
correct information about the thermophysical
and thermodynamic characteristics of inhomo-
geneous materials due to the almost complete
coverage of the sample by the heat flow sensor.
This platform is convenient for analysing the
heat capacity of a wide range of materials, in-
cluding wet samples of moderately large sizes.

Determining the specific heat of evap-
oration of liquids from some materials may
be difficult due to changes in their geometric

parameters during drying. Deformation during
drying of samples such as leaves of medicinal
plants, thin sections of parenchymal tissues of
fruits, some organic thin-leaf materials, and
sections of tissues of small thickness leads to a
disruption of the thermal contact of the sample
with the flat surface of the cell. This introduces
an additional error or completely distorts the
measurement information. For such studies,
a platform with flat cells of rectangular shape
with heat flow sensors under the bottom of
each and a sample holder - a flexible tape of
small diameter was developed.

The system implements the possibility of us-
ing two different research methods: the method
of synchronous thermal analysis for analys-
ing the heat of evaporation and the method of
step-by-step scanning, regulated by ISO 11357-
4:2014 [18], for analysing the heat capacity. The
preparation of the sample for the study also
differs depending on the structure and charac-
teristics of the sample material, and the type of
calorimetric platform chosen.

During the study of the specific heat ca-
pacity, the temperature range in which the
measurement will be performed is divided into
equal intervals (steps) of sufficient duration
to establish an equilibrium state in the work-
ing chamber of the system and maintain it for
at least 20 minutes. If the temperature of the
heaters increases to the next interval, the heat
flow sensors of the cells record the amount of
heat that is spent on heating the working cell
with the sample and the reference cell to the set
temperature. The signals of all primary temper-
ature and heat flow sensors are recorded by the
information-measurement system, processed,
and displayed on the computer monitor in the
form of graphical dependencies (Fig. 9).

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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Figure 9. Graphs of step-by-step temperature changes and corresponding heat
flow values over time

The value of the specific heat capacity for
a single interval is calculated by the formula:

c=1/m- [ [7? 8Q(x)dr/AT — Cy + ACBALJ (5)

where: m — mass of the test sample; AQ - dif-
ference in heat fluxes recorded by the work-
ing cell and the reference cell for the time
from 7, to 7, (interval duration); AT - differ-
ence in temperature values between inter-
vals; AC,,, — parameter that considers the
difference of the thermophysical parameters
of the working cell and the reference cell; the
heat capacity of the container C, is consid-
ered if the test sample is in the container and
the reference cell is empty.

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

During the study of the specific heat of evap-
oration by synchronous thermal analysis, the
dependence of the mass loss of the sample over
time and the amount of heat that is spent on the
evaporation of liquids from the sample in an iso-
thermal medium for the corresponding period of
time is recorded. The study continues until the
evaporation of liquids from the sample stops,
which is determined by the cessation of the de-
crease in mass readings and the stabilisation of
the signal of the heat flow sensors of the cells.

Mean value of the specific heat of evapora-
tion over the time interval from the initial mo-
ment 7, until the final moment 7, is calculated
using the formula:
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_ 1101 ()= @z (T)+Qur(M)]dx
rij (T; m; T) = (6)

m(z;))-m(tj)

where: Q, - heat flow passing through the work-
ing cell; Q, - heat flow passing through the ref-
erence cell; Q,, — uncontrolled heat exchange
of the sample with the medium, which is not
detected by heat flow sensors; m(z) - m(r) -
loss of mass of the sample over time from the
moment 7, until the moment .

Study results

Researchers of ITTP of the National Academy of
Sciences of Ukraine, the National University of
Food Technologies, and the National University
of Life and Environmental Sciences of Ukraine
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conducted a number of studies of some food
products and plant raw materials intended for
the production of biofuels using the STA sys-
tem. The purpose of these studies was not only
to determine the thermophysical parameters of
the samples but also to establish temperature
and time parameters and optimise the drying

process.

Thus, based on thermophysical experi-
ments, experimental-statistical models of the
drying process of the stem and cap of a cultivat-
ed Champignon mushroom (Fig. 10) are creat-
ed, the expediency is proved, and a technologi-

cal scheme for separate drying of Champignon
is developed [19; 20].

T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
humidity, %

—t40 —t50 —t60 —t70 —t80

Figure 10. Dependences of changes in the heat of evaporation on humidity at different
temperatures during the drying of the mushroom: a — stem, b — cap

The total increase in the specific heat of
evaporation of moisture from native tissues
of the cap at different temperatures compared
to the table value for evaporation of pure wa-
ter from the free surface is ~9%, and the nature
of its dependence on humidity correlates with
the dynamics of changes in the state of free

and bound water in the case of dewatering of
the fungus. A gradual increase in the total heat
consumption for evaporation almost from the
very beginning of the drying process of fungal
tissues leads to a decrease in the proportion of
free water and an increase in the proportion of
bound moisture. In the further development of

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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this study, to solve the problem of determining
the ratio of free and bound moisture in inhomo-
geneous materials, the concept of a cryocalorim-
eter for analysing the energy of the phase tran-
sition of moisture in a material is proposed [21].
Investigating the latest materials, for ex-
ample, solutions for the manufacture of bio-
degradable polymer packaging and their dewa-
tering parameters from 69-72% in the initial
substance to 6% in the dried film/coating in
production conditions is of interest [22].

Conclusions and Prospects

Food production technologies are constantly
progressing, and the product range of process-
ing enterprises in the industry is constantly
increasing. Modern science offers a wide range
of studies of the parameters of thermodynamic
and mass transfer processes and the determi-
nation of the thermophysical characteristics of
the latest substances and products. Positive is
the fact that Ukraine has its own material and
technical base of metrologically certified de-
vices and systems for measuring temperature
and heat flow, thermal resistance, coefficients

of thermal conductivity, and heat capacity of
various materials and substances.

The developed method of measuring the
coefficient of effective thermal conductivity
considers the specific features of studies of bulk
food products and enables the introduction of a
correction for the contact resistance of the wall
layer of bulk materials, which substantially in-
creases the accuracy of analysing their thermal
conductivity. The possibility of long-term ob-
servations allows for analysing thermal effects
in samples and calculating volumetric and inte-
gral heat dissipation.

The STA system provides the ability to de-
termine the specific heat capacity by step-by-
step scanning and the heat of evaporation by
synchronous thermal analysis during the study
of a wide range of substances and products of
biological origin.

Studies of the thermophysical character-
istics of non-homogenous materials and sub-
stances will allow for optimising production
processes and further developing technologies
in the food, biotechnological, and processing
industries.
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JociimkeHHs Tena0(i3snYHIX XapaKTePHUCTUK XapUYOBHX MPOIYKTIB

3. A. Byposal, C. O. Ianos?, T. 0. Poman3, B. I1. Bacuiis!, M. M. JKemrincekal,
M. M. Mymrpyk!, L. I1. [Tanamapuyk!, B. B. Capana!, M. M. I'yn3eHKo!

'HauioHanbHMiT yHIBepCcUTET 6iopecypciB i MPUPOIOKOPUCTYBAHHS YKpaiHu
HHcTuTyT TexHiuHOi Terutodisukm HAH Vkpainn
SHarioHapHMIT YHIBEPCUTET XapuOBUX TEXHOOTI

AHoTaIis. 310poBe XapuyBaHHS € OMHMUM 3 HABAKIMBILIMX eJIEMEHTIB 30epeXXeHHS 30POB’S Ta
3MillHEHHS IMyHITeTy Hallil, HeOGMiHHOIO YMOBOIO JOCSITHEHHSI aKTMBHOTO JOBTOJITTS HUHIIIHIX
Ta MaitbyTHiX MOKOMiHb. BMHaliJeHHSI HOBUX iHIPeAi€HTIB Ta CTBOPEHHS XapuOBMX MPOLYKTIB Ha
ixHiif OCHOBi, po3po6Ka HOBUX Ta BAOCKOHAJEHMX HASIBHMX TEXHOJIOTiii MOTpebye MOCTOBipHOL
indopmaiiii mpo ocHOBHI Ternodi3nMuHi XapaKTepUCTUKM CUPOBMHM Ta MaTepianiB 6i0a0riuHoro
TTOXOMKEHHSI Uil PO3PaxXyHKy # OINTUMi3salii Terio MacooOMiHHMX IIpOIeCciB Iepepobku i
BUpo6GHMIITBA. CydacHa HayKa IIPOITOHYE MIMPOKE KOJIO AOCTiIKEHb ITapaMeTPiB TEPMOIMHAMIUHUX
Ta MacOOOMiHHMX IIPOIIeCiB, BU3HAUeHb TeIUTOGMI3MUHUX XapaKTePUCTUK HOBITHIX PEUOBUH
Ta TMPOXYKTIB i3 3acTOCYBaHHSIM METPOJIOTIYHO aTecToBaHMX NIpwianiB Ta iHdopmaliitHo-
BUMipIoBa/IbHUX cyucTeM. OCHOBHOIO MPOGIEMOIO TIif] Yac AOCTiIsKeHHS MaTepianiB 6iosoriauHoro
MOXOMXKeHHSI € IXHSI HEerOMOTeHHICTb Ta HEeOOHOPIOHICTb CTPYKTypM 3paskKiB. BusHaueHHS
KoeoilieHTa eeKTUBHOI TEIJIONMPOBIZHOCTI CUIIKMX MaTepialiB Ta KpyH AOLITbHO MPOBOSUTHU B
CTallioHapHOMY TEIIOBOMY PEXKMMIi Ha MpUafi 1151 BUSHAUEHHS TerIoQi3sMuHMX XapaKTepUCTUK
MaTepiamiB i TernmoBux edekTiB, y SIKOMY peajsi3oBaHa CMMETPUMYHA CXeMa TeIJIOMETPUYHOTO
MeTOAY BUMIpIOBaHb i3 3aCTOCYBAaHHSM CEHCOpiB TeIJIOBOTO IOTOKyTaTeMIlepaTypu.
BuKopuCTaHHS YOTMPbOX BUMIpPIOBJIBHUX KOMIpPOK JA€ MOXKIMBICTb MPOBOOUTU CUHXPOHHMIL
MOPiBHSUIbHMIA aHali3 [OeKiJbKOX 3pa3kiB, a IOBOPOTHO-TIPUTUCKHMUIA MexXaHi3M CIIpusie
MiHimi3alii KoHTakTHMX omopiB. Po3pobieHa meTonuka BMMiploBaHb KoedilieHTa edeKTUBHOL
TEIUIONPOBITHOCTI BpPaxOBYe OCOGIMBOCTI CUIIKMX XapuOBMX IMPOAYKTIB Ta 3HAUHO IIiIBUIIYE
TOUHICTh JOCTiIKeHHS iXHbOI TEeIJIONPOBIITHOCTI Yepe3 BBeIeHHS MOIpaBKy Ha KOHTAKTHUI OITip
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MPUCTIHHOTO Iapy. MOX/IMBICTb MPOBEIEHHSI TOBIOTPUBAINX CIIOCTEPEKEHDb A€ MOKIUBICTH
IOCTiIKyBaT TePMOabiibHI MaTepianu, aHai3yBaTu TeIUIOBi edeKkTM B 3pa3Kax, OIL[iHIOBATHU
o6’eMHeTa iHTerpajJbHeTeIUIOBUAiNIeHHs. KajlopuMeTpuuHi OOCTIAKEeHHS LIMPOKOI raMm
GionoriuHMx MaTepiaiB Ta peUOBMH i3 JOCTATHHOIO TOUHICTIO MOKHA IIPOBOAUTH Ha cucteMi STA,
y sIKili pea/si30oBaHO MeTOAM MOKPOKOBOTO CKaHYBAHHS Ta CMHXPOHHOTO TEIJIOBOTO aHali3y JJis
BU3HAUYEHHSI MMTOMO] TEIVIOEMHOCTI Ta TETUIOTY BUITAPOBYBAHHS, MOCTiIKeHHS CITiBBiJHOIIEHHS
Bi/JIbHOI Ta 3B’s13aHOi BOJIOTM B HETOMOTeHHMX MaTepianax. L[i XapaKTepucTUKM € HeBil e MHUMM
rapamMeTpaM¥u IIif] Yac JOCTiIKEHHS KiHETUKY TeIIOMacOOOMiHHMX ITPOLIECiB, 30KpeMa CYILiHHSI,
IUIST PO3PAXYHKY i MPOEKTYBAHHS TEXHOJOTiYHOTO OO6iMamHAHHS. IoCTimkeHHST TermodisnyHux
XapaKTepUCTUK HETOMOT€HHMX MaTepiasiiB Ta peuoBMH JaayThb 3MOTY ONMTMMi3yBaTy BUPOGHMUI
Tpoliecu Ta HaZali PO3BMBaTU TEXHOIOTI XapuoBoi, 6i0TeXHOIOTiUHOITa TepepobHOi ramysi

KnouoBi cimoBa: HeomHOpimHi Matepiann, KoedilieHT e¢peKTUMBHOI TeILIONpPOBiTHOCTI,
TeIJIOBU/IiIEeHHS, MUTOMAa TeIJIOEMHICTh, TeIJIOTa BUTIAPOBYBAHHS, CYIIiHHS
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