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Abstract. The problem of using natural building materials in low-rise construction lies in ensuring their durability during
operation in conditions of atmospheric fluctuations, as well as in ensuring their thermal insulation properties. The purpose
of this study is to find the thermal insulation properties of materials, namely thermally modified common hornbeam wood
(the outer surface of the building), common pine wood (the inner surface of the building) and a thermal insulation layer
of reeds, which allow justifying the effectiveness of their use in construction. The study uses a comprehensive research
method, which included figuring out the thermal insulation properties of materials and justifying their feasibility in
construction. The thermal insulation properties of wood and reed materials were calculated based on thermophysical
dependences. The coefficient of thermal conductivity for wood reaches 0.0082 W/(m'K), and for reed - 0.0022 W/(m-K).
Therewith, the thermal conductivity is no more than 0.19-10° m?/s, the heat capacity of wood is within 70+90 kJ/(kg-K),
and the heat capacity of a reed product is 337.2 kJ/(kg-K) respectively, which refers them to thermal-insulating materials.
The practical value of this study lies in the substantiation of the method of establishing thermal insulation characteristics
of building materials by finding their physical and thermophysical properties. The obtained results also expand the scope
of application of products and building structures made of wood and reed

Keywords: natural building materials, wood and reeds, thermal insulation products, thermal conductivity, thermophysical
properties

Introduction

Products made of organic materials, namely wood and its
modifications, such as thermally modified wood, reeds,
etc., are used in construction. Since they have several
unique characteristics — low volume weight, low coefficient
of thermal conductivity, rather high weather resistance. Fur-
thermore, they are described by high strength and elasticity.

Wood and reed products are widely used in low-rise
construction. Thermally modified wood is used for exterior
decoration of structures, as it can withstand atmospheric
fluctuations [1]. Reed boards are mainly used in the con-
struction of walls, partitions, floors, and roofs, which are
protected by thermal-insulating and sound-proofing ma-
terial. Having a tubular stem structure, reeds have a low
weight and low thermal conductivity, and due to the pres-
ence of flint deposits in reed cells, they are less susceptible
to rot than wood. The production of construction products
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from reeds is not difficult and without excessive costs can
be organised in places with reed stands. Reed nodes are
thickened rings-joints and are placed along the stem every
15-20 centimetres. Inside the rings, there are partitions
that do not allow air and water to pass through. Such struc-
ture of reeds causes low thermal conductivity of products
made from it and sufficient strength.

Thus, the use of products made of wood, including
thermally modified, and reed, for the construction of walls,
requires the establishment of certain characteristics of the
materials. For effective design and subsequent manufac-
ture of construction products, it is necessary to establish
thermophysical properties. Therefore, conducting these
studies is relevant and of great practical importance.

The use of plant-based materials in construction has
gained great importance recently. Therefore, the search and
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justification of technological aspects of the production of
building structures based on wood panel boards with the
necessary thermal insulation characteristics is the basis
of many studies [2; 3]. However, the task does not make
provision for an analysis of the physical condition of the
product during long-term operation in an environment
with changes in temperature and humidity. Technologies
for moulding materials with the addition of mineral impu-
rities to plant fibres are increasingly being developed. Vari-
ous combinations of hydrophobic components with natural
materials such as asbestos, mica, basalt, etc. are used [4; 5].
As a result of this combination, structures of increased ri-
gidity are obtained, but their resistance to atmospheric
fluctuations has not been studied.

In [6], the authors investigated the dependence of
the density and plasticity of a material made from a mix-
ture of linen fibres and cotton on quantitative changes in
plant components. In addition, the authors studied the in-
dicators of flexibility of such thermal insulation products,
which change depending on the applied binding element.
The issue of thermal conductivity stays unresolved, which
reduces the effectiveness of the results obtained.

The study [7] estimates the influence of the envi-
ronmental conditions of operation of products made of fi-
breboards on their thermal conductivity. It was proven that
the reliability of data on the thermal properties of insu-
lation materials is crucial in numerical modelling, which
increases efficiency with the correct design of structures.
However, the method for determining thermal conductivity
has not been covered.

The study [8] presents the data on the production
technology of a construction material based on hemp fibre
glued with alabaster binding material, as well as the ther-
mophysical properties of the material. The authors sub-
stantiated the possibility of its use as a thermal-insulating
construction element. But finding the influence of struc-
tural components on its thermal insulation stays an unre-
solved issue. The products presented in [9] are made based
on of basalt fibre and are described by prominent thermal
insulation properties. However, the production technology
and methodology for determining thermal insulation and
strength properties are not given.

The cited studies [10] substantiate the modelling
that describes the regularities of heat distribution and its
retention in the insulating material, considering the fea-
tures of the thermal insulator. Combinations of both nat-
ural and synthetically produced fibres were considered
as structural elements. However, the dependence of heat
transfer on changes in the pore shape of composite particles
in this model is not considered.

The study [11] presents a method of a hot disk tran-
sition plane source, which allows characterising the ther-
mal properties of various materials in a few minutes. This
method is increasingly used to estimate the thermal con-
ductivity of insulating building materials. Three types of
materials are tested: conventional isotropic materials (e.g.,
extruded polystyrene foam), anisotropic compressible ma-
terials (e.g., wood fibre insulation), and heterogeneous
anisotropic materials (e.g., lightweight bio-concrete). The
influence of tuning parameters (volume heat capacity, time
limit for estimation) is analysed in the light of repeatability
and reproducibility errors. The suitability of the hot disk

method based on an isotropic or anisotropic model for char-
acterising non-contiguous isotropic heterogeneous materi-
als is discussed and compared with steady-state measure-
ments. The results obtained for particular cases cannot be
generalised, especially for heterogeneous materials, such as
biological-based building insulation materials.

The study [12] presents an assessment of environ-
mental impact by analysing the life cycle of a new type of
wood-based sandwich panel. To identify the processes that
most affect the environment of the proposed cross-lami-
nated timber (CLT) panel solution during the life cycle. The
analysis is performed considering various life cycle com-
pletion scenarios during production. The study includes
a comparative assessment of changes in the thickness of
wood layers relative to the optimised cross-insulated timber
(CIT) panels; the use of an alternative to the base material,
namely insulation cork board (ICB); the use of structur-
ally equivalent CLT panels. The results show that the CIT
panel manufacturing process, namely polyurethane foam
production and the moulding and curing processes during
panel assembly, are the ones that have the highest impact.
This means that an optimised solution in terms of economic
costs is also the solution that has the least impact on the
environment. Compared to equivalent CIT panels with ICB
core and CLT solutions, the environmental characteristics
of the proposed panel were better for some impact categories,
while they were worse for others. However, there is still the
need to switch to natural materials in the future.

The study [13] focused on the possibility of reducing
the amount of diphenylmethane diisocyanate (pMDI) in
the composition of insulating wood fibreboards by 50% by
adding 1% BioPiva 395 or Indulin as two types of soft wood
kraft lignin and lignin-rich canola husk together with pro-
pylene carbonate as a solvent. As a result, panels with a
density of 160 kg/m® and 40 mm thick were obtained. The
curing of this material was investigated using two types of
methods: hot steam (HS) and the innovative hot air/hot
steam (HA/HS) process. The insulating wood fibreboards
were then tested for their physical and mechanical prop-
erties. The equilibrium moisture content was found under
two different climatic conditions. An approximate study of
thermal conductivity was also performed. The plates under
study also underwent further chemical analysis for the con-
tent of extractives and elemental (C, N) composition. The
results show that it is possible to produce insulating wood
fibreboards with less pMDI resin and the addition of lignin
with improved physical and mechanical properties of the
board, which do not lose thermal conductivity or moisture
absorption, especially when curing using the HA/HS process.

The paper [14] investigated the use of plaster filled
with two untreated plant-based fibres — wood fibre and
grain straw fibre, for their use in the thermal insulation
of buildings. Composite materials were made with differ-
ent densities (0%; 5%; 10%; 15%; 20% by volume). Their
thermophysical features were described in terms of chem-
ical structure, crystallinity, thermal conductivity, thermal
conductivity coefficient, and water absorption. Two linear
correlations were established regarding the thermal con-
ductivity and thermal conductivity of the samples. The re-
sults show that the introduction of wood fibres and grain
straw fibres reduces the thermal conductivity, as well as
the heat capacity and weight of composite materials. A
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comparison of other composite materials shows that the
proposed composite is a good competitor compared to the
materials used in insulation.

Thermal insulation is considered one of the key
technologies to combat the ever-increasing energy con-
sumption. In [15], the authors propose an efficient method
for developing innovative and cost-effective basic materials
for vacuum insulation panels (VIP). They contain natural
and resistant wood pulp fibres with the addition of vari-
ous amounts of glass fibre as a reinforcing component. To
create such a hybrid multi-level network composite, the
usual wet paper manufacturing is used. The authors in-
vestigated the main features of both wood pulp and glass
fibre, including the effect of glass fibre on the texture prop-
erties and thermal insulation characteristics of composite
panel core materials. The results showed that all compo-
nents achieved a uniform distribution over the thickness
of the material, and the fibre axes were randomly placed in
a three-dimensional structure. As the glass fibre content
increased, the thermal conductivity of the panels gradually
decreased due to structural changes in the filling materials.
Both the pore diameter and porosity increased along with
the glass fibre content. As a result, thermal conductivity
of 6.48 and 4.69 mW/(m-K) was obtained, respectively, for
panels made of 100% wood pulp fibre and wood pulp/glass
fibre composites (mass ratio of 50%). Furthermore, after
365 days of storage, the composite material with 50% fibre-
glass maintained a thermal conductivity of 7.42 mW/(m-K)
without a gas absorber or dehumidifier. Even under con-
ditions of accelerated ageing, after 28 days the increase in
thermal conductivity was less than 5.00 mW/(m-K).

Given the current environmental awareness and
growing interest in advanced and sustainable materials, the
use of waste wood fibre and phosphogypsum has led to the
development of environmentally friendly composites. The
article [16] presents a study of a new composite material
made from a phosphogypsum matrix reinforced with waste
wood fibre made from used fibreboard or natural wood fibre
obtained from natural wood. Fibre in the samples was in-
cluded in the amount from 0 to 5%. Furthermore, a certain
amount of synthetic zeolite waste has been added to re-
duce the content of harmful soluble acid impurities. It was
found that wood fibres from boards improve the mechan-
ical strength of the material more effectively than natural
fibres. The highest values of compressive strength — 25.1
and 21.9 MPa — were achieved with the addition of 0.5% of
fibres from boards and 1% of natural fibres, respectively. A

a)

further increase in their number reduced the compressive
strength of the samples by reducing the density of the ma-
terial. Thermal conductivity decreased due to the addition
of fibre, while the level of sound absorption did not change.
Considering the comprehensively investigated properties,
the optimal recipe for phosphogypsum composite samples
includes 3% wood fibre obtained from boards, demonstrat-
ing a compressive strength of 13.5 MPa, a thermal conductivity
of 0.39 W/mK and a sound absorption level of 64.5 dBA.

Thermal insulation materials made by mixing carpet
waste with a solution of raw colemanite ore and with the
addition of colemanite waste were also studied [17]. It is
shown that adjusting the content of components becomes
possible to ensure the process of thermal insulation.

Thus, the use of a wall from wood and reeds, primarily in
construction, requires the establishment of thermophysi-
cal properties. Finding these indicators is a relevant area
of research and is aimed at the effectiveness of design and
subsequent manufacture of products with thermal insulation
features.

The purpose of this study was to establish the ther-
mophysical characteristics of construction products made
of wood and reeds for determining the conditions of thermal
insulation of a building structure.

To achieve this result, the following tasks were set:

- to establish the features of reducing the heat exchange
process for walls made of thermally modified wood (external),
pine wood (internal) and reed as a thermal insulator;

— to substantiate the features of the heat transfer process
between the elements of a building structure made of wood
and reed.

The scientific originality of this study lies in finding
the thermophysical properties in a combination of a building
structure made of thermally modified common hornbeam
wood, common pine wood and a thermal insulation layer
made of reeds, as well as in substantiating their use in the
manufacture of building walls.

Materials and Methods

For the study of thermal conductivity, the authors used
samples of thermally modified common hornbeam wood
(outer surface), common pine wood (inner surface) with
dimensions of about 150x150x20 mm, and reeds with a di-
ameter of up to 10 mm (thermal-insulating layer) bound in
a mat with dimensions of about 150x150x25 mm (Fig. 1).
Therewith, reed stems of different layers were placed per-
pendicular to the previous one.

Figure 1. Samples of materials for research: a — thermally modified common hornbeam wood,
b — thermal-insulating reed mat, c — common pine wood
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Special equipment was used to investigate the
thermal insulation properties of materials [3].

The essence of studies to determine thermal con-
ductivity is that a thermocouple of a heater was placed in
a sample of the material, and a thermocouple was placed

on the reverse side of the wall to control heat transfer
(Fig. 2). The end of the thermocouple was fixed so that
the sample was pressed against it. The heater voltage was
turned on and the temperature on the sample surface was
measured.

Heater

Researched material

Thermostat

2
7

L Thermocouple

/

Thermal insulation

Thermal insulation

Analogue-to-digital

converter Computer

Figure 2. Device for studying the thermal conductivity of materials

When the temperature reached 70°C, the heater was
switched off, continuing to measure the temperature until
the value was set 0.5T, _on the reverse side of the assembly
wall. The thermal-insulating properties of the sample were
figured out from the measured values.

The criterion for determining the thermal con-
ductivity of the material from the heat source is the time
it takes to reach the temperature at 0.5T, _from the back
surface of the wall.

Modelling of parameters of heat exchange processes in
various materials of building structures. It is precisely the
method of figuring out the thermal conductivity for a plate
that is proposed to establish the thermophysical character-
istics of the materials under study [3]. One of the sample sur-
faces is heated by a heat flow passing through the wall, and
the temperature changes along the same vector (Fig. 2). To
establish the thermal insulation properties, it is necessary to
find the temperature distribution along this vector at any time.

To describe the heat transfer process, a differential
equation is applied, which has the following form [18]:

9°T(xr)  19T(x1) _ .
== =0,(1>0;0 < x < ). 1)

For this equation, the initial and boundary conditions
are as follows:

T(x,0) =T, 2)
oT(x1)

A 5 = 4 = const, 3)
T(oo,7) =0, “4)
OT(0,7) _
ren _y, 5)

where T, is the temperature of the material in the initial
period, °C; T(x, T) is the temperature field of the wall at
points with coordinates x at a time 1, °C; a is the coefficient
of thermal conductivity of the wall, m%/s; t is the duration
of stay of the sample in a high-temperature field, s; q is
the temperature flow, W/m?; A is the coefficient of thermal
conductivity of the wall, W/(m-°C).

In the paper [3], the solution of equation (1) is given
considering the initial and boundary conditions (2)-(5),
and the thermophysical characteristics for a flat sample are
determined - Table 1:

Table 1. Formulas for finding the thermophysical characteristics of solid materials

Thermal activity coefficient = %
o . . 1 X 2
Temperature conductivity coefficient a=,- (E)
2
Thermal conductivity coefficient A=b-va
Specific heat capacity c=—
ap
Vol. 13, No. 2, 2022 Ukrainian Journal of Forest and Wood Science 38



Modelling of thermal conductivity of a wooden wall...

where AT is the temperature difference between the
heater and the reverse side of the sample, °C; B is the ar-
gument of the error integral function; p is the material
density, kg/m?3.

Results and Discussion

To establish the thermophysical characteristics of materials,
namely common pine wood, thermally modified common
hornbeam and reed, the features of the heat transfer process
from the heating source are studied (Fig. 1).

The characteristics of the heater are as follows: an
electrical insulation plate measuring 100x100 mm with a

thickness of 1 mm, a winding made of nichrome wire, the
resistance of which is 84 Ohms. During the experiment,
a voltage of 24.6 V was applied. To partially reduce heat
consumption around the perimeter, the installation was
placed in a thermal-insulating plate.

The studies on finding the temperature level and in-
duction rate of heat transfer through a wall sample, which
includes common pine wood and thermally modified com-
mon hornbeam wood, as well as thermal insulation from
reeds, were performed on the equipment and according to
the methodology described above. The results of thermal
conductivity are presented in Figures 3, 4.
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Figure 3. The results of thermal conductivity tests: 1 — heating curve, 2 — temperature level from the back surface
of common pine wood, 3 — temperature level from the back surface of thermally modified wood.
Points t, correspond to the average temperature of the heating curve and
1, - to the average temperature value on the reverse surface
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Figure 4. Results of tests of thermal conductivity of reeds: 1 — heating curve,
2 - temperature level from the back surface of reeds. Points t, correspond to the average temperature
of the heating curve and 1, - to the average temperature value on the reverse surface

Analysis of Figure 3 and Figure 4 shows that heating
with heat transfer along the thickness of the sample be-
gan immediately when it was brought to the surface of the
heater. However, on the reverse side of the wall, a slight
increase in temperature was recorded in the period over
800 s. For the reed sample, the time to reach the tempera-
ture on the reverse surface surpassed 1900 s. That is, when
using reeds as thermal insulation, it was found that the

thermal conductivity of this sample is described by a pro-
longed heat transfer, namely, the heat transfer is inhibited
by the air barriers formed in the reeds, which allows influ-
encing the thermal insulation.

Based on the results of the measured temperature
using the method given above, the thermophysical char-
acteristics of wood and reed materials were calculated
(Table 2).
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Table 2. Thermal insulation properties of wood and reed

Calculated parameters
. Thickness, | Weight,
Material name mm gg Density p, The.rr.nal Tempera.ltl.lre Then.n?l Heat capacity,
kg/m’ activity, conductivity, conductivity A, KJ/(kg-K)
W-s/(m-K) m?/s W/(m-K)
Pine wood 6
150150 mm 19.8 214 475 18.7 0,19-10 0.0082 90.8
Thermally
modified 20.0 308 684 18.7 0,15-10° 0.0073 71.2
hornbeam wood,
150x150 mm
Reed 6
150x150 mm 26 133 172.7 11.5 0,039-10 0.0022 337.2

When figuring out the thermal insulation properties
of materials, it was found that the thermal conductivity of
wood does not exceed 0.19-10° m?/s, whereas for reed, this
value decreases by almost 5 times. The thermal conduc-
tivity of the wood sample did not exceed 0.0082 W/(m-K),
and for the reed product it is 0.0022 W/(m-K). Furthermore,
the heat capacity of wood corresponds to a value within
70+90 kJ/(kgK), and the value of heat capacity for a reed
product is 337.2 kJ/(kgK), respectively. Thus, these mate-
rials correspond to the values of the thermal insulation
material [19].

The calculation of the thermal parameters of the
outer wall is based on finding the following basic values —
the required heat transfer wall resistance R and the wall
thickness & determined on its basis [20].

Finding of R ":

Rg — n-(tin—tout) (6)

)
Atin-ain

where n is the coefficient that depends on the position of
the outer wall to the environment, (n=1); t,, is the calculated
value of the internal air temperature taken according to the
house design standards, °C, (t, =18°C); t_, is the calculated
outdoor temperature in winter, taken as the average daily
value of the 5 coldest days, °C, (¢, =-20°C); At, is the stan-
dard temperature difference between the indoor air tem-
perature and the temperature of the inner surface of the
wall, °C, (At, =7°C); a, is the heat transfer coefficient of the
inner surface of the wall, (a, =7.5-1.163 W/m*°C).
Thus:
1-(18—-(-20 K
Ry =200 _ggym- X
The estimated wall thickness is calculated according
to the following formula [20]:

5p=[Rg—(i— 1)]-2, ()

QAin Qout

where a, is the heat transfer coefficient of the outer
surface of the wall (per the DBN B.2.6-31:2016 [20]),
(a,, =20-1.163 W/m*°C); A is the coefficient of thermal
conductivity of the wall material.

The coefficient of thermal conductivity is found
according to the following formula [20]:

i = inom.KP'KX’ (8)

where A is the nominal value of the coefficient of ther-
mal conductivity; found by a diagram constructed from
experimental data for pine wood across the fibres depend-
ing on temperature; A = =0.45 W/(m*K); K, is a coeffi-
cient that considers the basic density of wood; K =1.11 at
8=550 kg/m?; K_is the coefficient that considers the vector
of heat flow; K =1.
Hence,

A=0.45-0.87-1=0.39 W/(m>K),

1 1
7.5:1.163 20-1.163

6, =10.62 — -0.39 = 0.204 m.
p

Thus, the thickness of the house wall will be 0.20 m
(wall width) (Fig. 5).

HoRH

\4__ Thermally modified wood

7%

Heat-insulating mat

4—— Pine wood

Figure 5. Scheme of thermal insulation of the house wall

Based on consumer demand, there are increased re-
quirements for the appearance of thermal-insulating mate-
rials used for furnishing premises, therefore the use of nat-
ural thermal-insulating materials is more effective. Thus,
thermomodified wood with increased weather resistance is
reliable for the manufacture of external structures, and it is
advisable to use reed as a thermal-insulating material.

Thermal conductivity through the wall of the build-
ing is considered as the process of heat energy transfer from
the room to the outside and occurs until the temperature

Vol. 13, No. 2, 2022

Ukrainian Journal of Forest and Wood Science 40



Modelling of thermal conductivity of a wooden wall...

balance, which follows from the obtained results (Table 2).
This phenomenon is caused by the formation and applica-
tion of large and coupled pores in the material structure
and the use of materials with low volume weight. Further-
more, the heat transfer is influenced by the following fac-
tors: the nature of the material and its structure, the degree
of porosity, the nature of the pores, humidity and the aver-
age temperature at which heat transfer occurs. Thermal in-
sulation products must meet the following requirements:
have stable thermal insulation indicators, be environmen-
tally safe and resistant to atmospheric fluctuations. This
coincides with the results in [8; 9], where the authors asso-
ciate the effectiveness of thermal insulation with the use of
natural low-density materials. However, unlike in [14; 15],
the data obtained by the authors of this study regarding the
influence of natural and sustainable fibres of wood cellulose
and straw of cereal crops allow stating the following:

— the main parameter for suppressing thermal conduc-
tivity is both the density and porosity of the material, since
low values of these properties inhibit heat transfer;

- substantial influence on inhibition of heat transfer
upon using natural materials is exercised towards the for-
mation of a thermal insulation structure resistant to de-
struction under temperature and humidity fluctuations.

The obtained results are of practical importance,
as they allow for a reasonable approach to figuring out the
required amount of thermal insulation materials and prod-
ucts in a building structure. From a theoretical standpoint,
this allows asserting the determination of the mechanism
of inhibition of heat transfer by the wall, which constitutes
a certain advantage of this study.

However, the calculated results indicate an ambiguous

effect of natural materials on changes in thermal conduc-
tivity. This uncertainty imposes some restrictions on the
use of the results obtained, so in the future it is necessary
to conduct added experiments to identify the time from
which a sharp jump in thermal conductivity begins. Thus,
it will be possible to figure out the factors influencing the
heat exchange process.

Conclusions

Thermal insulation properties of wood and reed materials
were calculated based on thermophysical dependences.
The coefficient of thermal conductivity of wood reaches
0.0082 W/(m-K), and for a reed product, this coefficient is
0.0022 W/(m-K). Therewith, the thermal conductivity does
not exceed 0.19-10° m?/s, while the heat capacity of wood
is within 70+90 kJ/(kg:K), and the heat capacity of a reed
product is 337.2 kJ/(kg-K), respectively, which refers them
to thermal-insulating materials.

The speed of the heat transfer between the elements
of the structure made of wood and reed lies in the formation
of air pores. The inhibition of heat transfer in the material is
caused by the lack of air movement in the air pores.

In the future, it is necessary to conduct added ex-
periments to obtain updated data. It is necessary to cre-
ate conditions sufficient for the qualitative conduct of the
heat transfer and detect the time point at which the drop
in heat resistance begins. Such detection allows investigat-
ing the transformation of the surface of the material based
on thermally modified wood and reed, moving towards low
temperature with increasing transfer time. This also allows
finding those variables that substantially affect the begin-
ning of the transformation of this process.
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MopenoBaHHSI TEIVIOMPOBiTHOCTI AepeB’THOI CTiHKMU
3 QUEPEeTSHNM TeIUIOi30/ALiIHMM MaTOM

Cepriit Mukonarosuu Masypuyk!, IOpiit Bomogumuposuu Ilanko’,
Onekcauapa IOpiisHa I'op6auosa!l, Onexciit IOpiitoBuu Ianko?

'HarioHa/ibHMIT YHiBepcUTeT 6iopecypciB i MpUpoaoOKOpUCTYBaHHS YKpaiHu
03041, Byn. 'epoiB O60oponnu, 15, m. Kuis, Ykpaina

2YKkpaiHCbKUIi Aep>KkaBHUIT HAYKOBO-AOCTiAHNI iIHCTUTYT «Pecypc»
03150, Byn. Kasumupa ManeBuua, 84, m. Kuis, Ykpaina

Awnoranis. [Ipo6iema 3acTOCYBaHHS IPUPOIHUX OYIiBeTbHUX MaTepiaaiB B MaJIOTIOBEPXOBOMY OYIiBHUITBI MoJsATae
B 3abe3meyveHi iX JMOBTOBiYHOCTI Mpu eKkcIulyaTallii B yMoBaxX aTMoc(hepHOTro KOJMBAHHS, a TakoxX y 3abesreueHi
TeIUIOi30/TI0B/IBHMX BJIACTMBOCTE. MeTa NpOBeNeHMX MAOCTiIKeHb TIOATAE€ Y BMU3HAYEHI TeIIOi30/MI0BaTIbHUX
BJIACTMBOCTE}I MaTepianiB, 30KpeMa, TepMiuHO MopudikoBaHOi mepeBMHM rpaba (30BHIIIHS MMOBEPXHS OYmIiBIIi),
JlepeBUHM COCHM (BHYTPIIIIHS ITOBEPXHS OY/IiBJIi) Ta TEII0i30/SIIiifHOTO IIapy 3 OUEePETY, 1110 JO03BOJISIIOTh OO PYHTYBaTU
edexTMBHICTh 3acToCcyBaHHSI iX y OymiBHMIITBI. B po6OTi BMKOPMCTAHO KOMIUIEKCHUIT METOJ, NOCTiIKeHHS, LI
MOJISITaB Y BU3HAUEHI TEIIOi30MSIiiHKX BIACTUBOCTEl MaTepialiB Ta 0GIPYHTYBaHHI iX HOUiTbHOCTI ¥ O6YAiBHUITBI.
3a TeruiodizsMUyHMMM 3aJI€KHOCTSIMY PO3PAaX0OBAHO TEIUIOi3OJSIiHI BJACTUBOCTI MaTepialiB 3 IepeBUHU Ta OYepeTy,
30KkpeMa, KoedilieHT TermonpoBimHocTi Ayst mepeBuHu csrae 0,0082 Br/(m-K), a ajist Bupo6y 3 ouepeTy CTaHOBUTD
0,0022 Bt/(m'K). IIpr 11boMy TeMIIepaTypoOIpoOBiAHicTh ckiamae He Ginbuie 0,19-10-6 M2/c, TETUIOEMHICTb A€PEBUHU
3HAX0AUTHCS B Mexkax 70+90 kIIx/(kr-K), a TerymoeMHicTh 1151 BUPOOY 3 ouepeTy ckiaagae 337,2 kIx/(xr-K) BigmoBigHo,
110 BiJHOCUTD iX A0 TeIIOi30MsALiiiHUX MaTepianiB. [IpakTMUHA LiHHICTh OTPUMAaHUX Pe3y/bTaTiB MO/MSITA€ Y TOMY, 1110
OGI'PYHTOBAHO METO[ CTAHOBJIEHHSI TEIIOi30/SILIHNX XapaKTePUCTUK OYAiBeJbHUX MaTepiasliB uepe3 BU3HAUEHHS
¢disnuHMx i TerIodisMUHMX BAACTUBOCTE Ta pO3MMPUTH chepy 3aCTOCYBaHHS BUPOGIB i 6ymiBeIbHUX KOHCTPYKILii 3
IepeBMHU i ouepery

KnrouoBi cmoBa: npupoaHi 6yaiBenbHI MaTepianu, IepeBuHa i oueper, TeIrIoi3onsiiiiHi BUpo6y, TeIIoNpOBiAHICTD,
Ter1o¢i3nyYHi BIaCTUBOCTI
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