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Abstract. It is necessary to ensure the protection of the adhesive-bonded wood structures from
the effects of temperature and humidity loads to improve their performance characteristics and
increase the service life — this determines the relevance of this study. The purpose of the study is
to examine, using a long-term method, the strength of thermoplastic adhesive-bonded joints of
thermally modified ash wood and unmodified pine wood. The data were subjected to statistical
processing and analysis. The experimental samples for the studies were prepared according to the
proposed methodology in production conditions according to the existing technological process.
The studies continued for two years, with periodic inspection of the samples and recording of
the changes that occurred during the experiments. Regularly, every three months of the study,
part of the samples was removed from the stand and tested to determine the change in strength.
Methods were selected and described for conducting long-term experimental studies to determine
the strength of adhesive joints of thermally modified ash wood and unmodified pine wood glued
with polyvinyl acetate-based adhesives with durability class D4. Based on the study results, it
was identified that the average strength of control samples of the thermally modified ash wood
and unmodified pine wood was 7.12 MPa, and after two years of long-term testing, it decreased
to 5.13 MPa (27.9%). In addition, it was identified that the operation of such adhesive-bonded
joints in natural conditions depends on the cyclic temperature-and-humidity load. Namely, in
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the summer-autumn period, the strength decreases, while in the winter-spring period, it remains
unchanged, and in some cases, increases. The obtained results are of great practical importance,
since such adhesive-bonded structures, can be used for the manufacture of joinery and building
products, which will improve their performance characteristics and increase their service life

Keywords: long-term method; pine; atmospheric factors; temperature-and-humidity loads;

service life; adhesion

Introduction

Wood is an anisotropic, fibrous structural mate-
rial that has certain advantages over other ma-
terials. L Kristak et al. (2021), Y. Li et al. (2021),
R. Afshar (2022) described that there are also
disadvantages that limit its use in conditions
with variable temperature and humidity loads.
To eliminate these shortcomings and for ration-
al use of wood, it is subject to modification (es-
pecially low-value and low-grade varieties). In
the studies by Sandberg et al. (2017), D. Jones &
D. Sandberg (2020), Repic et al. (2022), several
methods of wood modification were examined,
one of which is thermal modification. As a re-
sult of this modification, physical and mechan-
ical properties of the wood change, including
increased resistance to variable humidity and
temperature conditions of operation compared
to unmodified wood (Heat treatment..., 2017;
Hill et al., 2021, Giridhar & Pandey; 2022).
Therewith, there is a problem with gluing
such wood because during the modification pro-
cess, exposure to high temperatures changes the
chemical composition, physical and mechanical
properties of wood, including its adhesive prop-
erties (Candelier et al., 2017; Kozakiewicz et al.,
2020; Zigon et al., 2020). To date, several studies
were conducted (Biazzonetal., 2019; Changetal.,
2019) regarding the bonding of thermally modi-
fied wood together. However, there are no stud-
ies on the bonding of thermally modified wood
with unmodified wood. This problem cannot be
solved without thorough research in this area.

P. Krél et al. (2015) note that for bonding
thermally modified and unmodified wood to-
gether, both thermosetting (phenol-formalde-
hyde, urea-formaldehyde, polyurethane, etc.)
adhesives and thermoplastic adhesives (poly-
vinyl acetate) are used. Thermosetting adhe-
sives better withstand variable humidity and
temperature loads of the environment, cure
quickly, form a mesh structure of the adhesive
joint, and are relatively inexpensive.This en-
sures proper water, humidity, and heat resist-
ance of the adhesive joints. However, they are
environmentally dangerous both in the process
of preparing glue and during the operation of
finished products. In addition, such adhesives
have a high percentage of moisture absorp-
tion and low adhesive properties to thermally
modified wood, which does not allow the ad-
hesive joints to provide proper strength un-
der operating conditions. Kshyvetskyy et al.
(2019) state that modern thermoplastic (pol-
yvinyl acetate) adhesives have good adhesive
properties to wood, provide proper strength of
adhesive joints, and are eco-friendly and easy
to use, which makes them promising for use.

To solve these problems, the authors de-
cided to conduct experimental studies to exam-
ine the adhesive strength of adhesive-bonded
joints of thermally modified ash wood and un-
modified pine wood glued with thermoplastic
polyvinyl acetate adhesives with durability
class D4 (Datskiv & Kshyvetskyy, 2020).
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The purpose of the study was investigat-
ing changes in the strength of thermoplas-
tic adhesive joints of thermally modified ash
wood and unmodified pine wood by the long-
term method.

The object of the study is adhesive joints
of thermally modified ash wood and unmodi-
fied pine wood. The subject of the study is the
strength of thermally modified ash wood and
unmodified pine wood glued together with
thermoplastic adhesives.

The following tasks were set to achieve
this goal:

1. Describe the method of conducting long-
term experimental studies on the strength of
adhesive joints of thermally modified ash wood
with unmodified pine wood.

2. Conduct experimental studies to deter-
mine the strength of adhesive joints of ther-
mally modified ash wood and unmodified pine
wood by applying the long-term method.

3. Analyse the obtained results on changes
in the strength of adhesive joints of thermally
modified ash wood and unmodified pine wood.

Bonding of thermally modified wood and
unmodified wood is promising for the join-
ery and construction industry, mainly in the
manufacture of window blocks, since there is
a problem with their durability during opera-
tion, especially outdoor operating conditions.
Modern paint and varnish materials are not
able to provide proper operating conditions
for windows with prolonged negative effects
of external factors. This problem can be solved
by using an adhesively-bonded structure that
combines thermally modified wood and un-
modified wood.

Materials and Methods

The experimental studies determining the
strength of adhesive-bonded joints of ther-
mally modified ash wood and unmodified pine

wood were conducted in accordance with the
requirements of tests in natural conditions
(from November 7, 2019, to November 7, 2021),
and the samples were prepared in accordance
with the DSTU EN 205:2014 standard (2014).
For bonding, a thermoplastic adhesive based
on polyvinyl acetate RAKOLL ECO 4 (Germa-
ny) with durability class D4 was used.

The formation of adhesive joints was con-
ducted on the basis of the Long Life Wood
enterprise (Kyiv, Ukraine) under production
conditions using the existing technologi-
cal equipments. Thermal modification of ash
wood was conducted in an autoclave for 12
hours at a temperature of 195°C. After the
thermal modification, the samples were condi-
tioned (18 hours).

The first stage was the manufacture of
blanks (lamela), the dimensions of which
were 600x130x5 mm. They were calibrated
to a thickness of 5+0.1 mm before bonding.
The moisture content of pine wood slats was
12£1.5% and that of thermally modified ash
wood - 6%0.5%. A laboratory moisture analys-
er RAD WAG WPS 110 S (Poland) was used to
determine the moisture content of the work-
pieces. The glue was applied manually with
a brush. The adhesive was thoroughly stirred
up before application until a homogeneous
mass was obtained. The glue consumption was
160 g/m?. The viscosity was measured using a
VZ-4 viscometer and adjusted to the require-
ments of the bonding mode parameters (70
seconds). After applying the glue, a workpiece
was being pressed for 30 minutes at a tempera-
ture of +20°C using a pneumatic clamping ma-
chine. Technological exposure after bonding
was 7 days. The next stage was the formation
of samples of the appropriate shape and size
according to the DSTU EN 205:2014 standard
(2014). The dimensions of the experimental
sample were 150x20x10 mm (Fig. 1).
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Figure 1. Diagram and samples for
determining the strength of the adhesive
joint of thermally modified ash wood and

unmodified pine wood ( a) sample diagram;
b) experimental samples)

Source: compiled by the authors

Methodology for conducting long-term
experimental studies. A long-term (natural)
method was used to examine the strength of
adhesive joints of thermally modified ash wood
and unmodified pine wood, which allows for as-
sessing the change in the strength of adhesive
joints of wood under the influence of atmospher-
ic factors. This method of research is time- and
labour-consuming, but more reliable. The re-
sults obtained using the long-term method allow
considering the real impact of natural factors.

The shapes and sizes of the samples met the
DSTU EN 205:2014 standard (2014). Before the
study,a stand was made for testing samples,a glue

was prepared, samples were made, a stand was
installed, and the samples were fixed on it (Fig. 2).

Figure 2. Stand for testing experimental
samples in atmospheric conditions

Source: compiled by the authors

All the experimental samples that were used
for long-term studies were divided into two parts.
One part of the samples was placed on the test
stand in atmospheric conditions according to
the requirements described above, and the other
part was used as controls that were not exposed
to natural factors and were used to determine the
initial strength of adhesive joints. The number
of samples in one batch was determined by the
conditions for conducting experimental studies.

The prepared samples were placed on a
stand shelf at a distance of 20 mm from each
other to ensure air circulation. The stand with
the samples was fixed at a height of three me-
ters from the ground level. The studies in at-
mospheric conditions were conducted for two
years. Every three months from the start of
the study, namely after 3, 6, 9, 12, 15, 18, 21,
and 24 months, a batch of samples was re-
moved from the stand and subjected to tests.

Changes in atmospheric factors (average
daily humidity and ambient temperature) were
recorded during the entire experiment. In addi-
tion, changes in the appearance of the samples, of
their size and shape were periodically recorded.
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The strength of adhesive joints of ther- ing machine of the R-05 brand (Fig. 3). The re-
mally modified ash wood and unmodified sults obtained after the long-term tests were
pine wood glued with thermoplastic glue was recorded in the observation log. After that,
determined by stretching along fibres with a  statistical processing was performed on the
constant load (50 mm/s). The long-term test-  basis of which graphical dependencies were
ing of the samples was conducted on a break-  constructed.

Figure 3. Breaking machine R-05
Source: compiled by the authors
Results and Discussion mally modified ash wood and unmodified pine
The obtained results of the experimental stud- wood by using the long-term method are pre-
ies on the strength of adhesive joints of ther-  sented in Table 1.

Table 1. Strength of thermally modified ash wood
and unmodified pine wood glued with polyvinyl acetate adhesives

Adhesive joint strength, MPa

No. Initial Duration of experiment, months
strength 3 6 9 12 15 18 21 24
1 7.05 5.95 6.00 4.80 5.00 5.55 4.75 6.75 5.50
2 6.55 6.90 6.15 6.25 5.50 4.80 6.80 5.75 4.75
3 8.25 5.63 6.25 4.75 7.63 6.75 5.50 6.65 4.50
4 6.75 5.85 8.00 5.00 6.65 5.80 6.75 4.80 6.00
5 6.00 6.38 6.75 6.25 5.50 5.30 5.50 5.00 5.50
6 6.85 6.25 6.85 7.37 5.50 5.60 5.75 6.25 4.35
7 7.25 6.85 5.40 4.74 7.00 7.00 6.50 5.00 4.74
8 7.00 6.25 6.75 7.75 7.00 6.05 5.40 5.45 6.25
9 7.65 6.55 5.60 5.50 6.50 5.75 5.75 5.45 5.00
10 7.65 7.20 6.75 4.75 4.75 5.95 5.25 6.25 5.25
11 6.75 6.25 5.50 5.25 7.00 5.75 7.25 5.50 5.75
12 6.00 6.15 7.35 7.00 4.00 4.70 5.75 4.50 4.45
13 8.00 5.00 6.00 4.50 5.50 5.65 7.00 5.75 6.00
14 7.25 6.50 7.75 6.75 6.50 6.25 5.35 5.15 5.00
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Table 1, Continued

Adhesive joint strength, MPa
No. . Duration of experiment, months
Initial strength
3 6 9 12 15 18 21 24
15 8.35 5.80 7.10 6.75 4.50 6.50 5.25 6.00 6.00
16 6.90 5.25 7.10 4.75 6.00 5.50 6.50 5.15 4.45
17 6.55 6.25 8.25 7.25 5.25 6.25 6.25 5.25 4.50
18 7.25 7.11 6.60 7.75 4.21 6.05 6.50 5.75 5.75
19 6.40 5.70 5.00 4.75 6.00 6.65 5.50 5.25 5.50
20 8.00 7.11 6.50 5.75 6.25 5.25 6.30 6.35 4.50
21 7.55 5.50 6.20 7.00 6.25 5.80 5.75 6.00 4.10
22 6.95 6.20 5.75 6.00 4.75 6.15 6.25 5.35 4.30
23 6.78 6.80 7.75 7.50 7.25 6.65 5.75 5.75 5.50
24 6.95 7.55 6.50 6.25 5.45 6.10 4.75 5.35 4.50
25 7.25 7.50 6.25 6.75 5.25 5.05 6.25 6.10 6.00
Avg. 7.12 6.34 6.56 6.05 5.81 5.87 5.93 5.62 5.13

Source: compiled by the authors

Figure 4 shows a graphical interpretation
of changes in the average strength of thermally

7.5

modified ash wood and unmodified pine wood
during two years of natural testing.
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Figure 4. Change in the strength of adhesive joints during two years of testing

Source: compiled by the authors

The results of the long-term experimental
studies-on the strength of adhesive joints of
thermally modified ash wood and unmodified
pine wood glued with thermoplastic polyvinyl
acetate adhesives showed that the change in the

strength of such adhesive joints occurs along a
sinusoidal curve. Namely, the average strength
of the control samples is 7.12 MPa. The average
strength after 24 months of testing decreased
to 5.13 MPa, which is 27.9% as a percentage.
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This reduction in strength is not critical for ad-
hesively-bonded structures operating in a var-
iable temperature and humidity environment.

The change in the strength of such adhe-
sive joints will be further analysed step by step
in more detail according to the methodology
of experimental studies, namely every three
months of operation in natural conditions. Ac-
cording to the experiment plan, the samples
were put in a stand on November 7, 2019. The
first batch of the samples was removed from the
stand and destroyed three months later. Each
subsequent batch was removed similarly every
three months after cyclic temperature and hu-
midity tests, namely after 6,9, 12, 15,18,21, and
24 months. According to the tests, the average
strength was: 6.34 MPa, 6.56 MPa, 6.05 MPa,
5.81 MPa, 5.87 MPa, 5.93 MPa, 5.62 MPa,
5.13 MPa. That is, the strength decreases gradu-
ally with increasing duration of the experiment.

Therewith, as can be seen from Figure 4,
the strength of adhesive joints of thermally
modified ash wood and unmodified pine wood
glued with thermoplastic polyvinyl acetate ad-
hesives varies depending on the time of year.
Namely, in the summer, the strength decreas-
es with increasing test duration, which is not
observed in winter. As can be seen from the
graph, after testing in winter, the strength of
adhesive joints does not decrease, but on the
contrary, increases slightly. For example, ana-
lysing the period from 3 to 6 months of test-
ing, the strength of such a joint changes from
6.34 MPa to 6.56 MPa in three months of test-
ing, which is 0.22 MPa more than the strength
that was after 3 months of testing. The same
pattern is observed after 15 and 18 months of
operation. The strength changes from 5.87 MPa
to 5.93 MPa, which is 0.06 MPa higher than the
fifteen-month test period.

In accordance with the requirements for
wood adhesive joints, the bonding strength after
experimental tests is considered satisfactory if

its numerical value decreases by less than 50%.
In this case, this requirement is observed. There-
fore, it can be assumed that the adhesive bonding
of thermally modified ash wood and unmodified
pine wood glued with thermoplastic polyvinyl
acetate adhesives can be used for structures that
will be operated in a variable temperature and hu-
midity environment without any physical stress.
However, the strength of such adhesive joints
is lower than that of unmodified ash wood with
unmodified pine wood. The strength of such ad-
hesive joints, according to the previous studies,
should be within the strength limits of pine wood.
The behaviour of such an adhesive bond-
ing can be explained by physical and chemical
changes in thermally modified ash wood caused
by the action of elevated temperatures. Namely,
the action of temperature leads to the breakdown
of hemicellulose and cellulose to form furfural,
which affects the bondin g surface of ash wood.
Furfural leads to the formation of a smooth bond-
ing surface, which negatively affects the adhe-
sive properties of adhesives and thereby reduces
the strength of the adhesive joint. Therewith,
the increased temperature leads to a change in
the mechanical properties of such wood (Zelin-
ka et al., 2022). That is, it makes it more brit-
tle and changes its structure, which negatively
affects the penetration of glue into the wood.
B. Kshyvetskyy et al. (2019) note that glue-
ing is one of the most common types of wood
bonding used in the manufacture of joinery
boards, furniture boards, facing panel materi-
als, window and door blocks, floor coverings,
etc. This method of joining is based on the phe-
nomena of adhesion, that is, the ability to form
various kinds of bonds between glue and wood.
Adhesives for gluing thermally modified
wood, which would provide proper adhesive
strength under operating conditions, current-
ly practically do not exist. Therefore, there is a
problem with gluing thermally modified wood
and finding new adhesives.
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A. Can et al. (2021) examined the strength
of adhesive joints of thermally modified pine,
which was first dried at a temperature of 103°C,
and then modified in the temperature range
from 190°C to 212°C for 2 hours. Polyvinyl ac-
etate glue with a 195.54 hardener was used to
form the adhesive joint. The strength of such
adhesive joints decreased by 31-39% compared
with the initial strength. H.R. Taghiyari (2013)
concluded that this change in strength occurs
due to a decrease in the wetting index, oxida-
tion of the wood surface, changes in the chemi-
cal and physical properties of wood, and a sub-
stantial decrease in the number of polar groups.

M. Ilkiv et al. (2017) investigated the
strength of adhesive joints of thermally modi-
fied ash wood glued with polyvinyl acetate glue.
Thermal modification of wood was conducted
for 4 hours at a temperature of 160°C and 220°C.
The strength of the adhesive joints of the treated
ash wood at a temperature of 160°C is 3.45 MPa,
and at a temperature of 220°C - 6.34 MPa. The
authors explain this change in strength through
physical and chemical changes that occur in the
wood when exposed to high temperatures. The
increase in strength occurs due to an increase
in the lignin content due to the crosslinking
reaction. This creates more intermolecular
bonds between the wood and the adhesive.

Z.Vidholdova et al. (2021) investigated the
strength of adhesive joints of thermally modi-
fied spruce, which was dried at a temperature of
100 °C, and then subjected to thermal modifi-
cation at temperatures of 160°C, 180°C, 200°C,
and 220°C for 4 hours. Polyvinyl acetate and
polyurethane adhesives were used for bond-
ing. Forming adhesive joints, dried wood and
thermally modified wood were combined. The
bonded structures made only from thermally
modified wood showed a substantial reduction
in strength compared to the bonded structures
that were formed from dried wood and thermal-
ly modified wood. The authors concluded that

this change in strength is associated with the
degradation of amorphous polysaccharides un-
der the influence of high temperatures, which
leads to a decrease in the number of polar
groups in the cell walls of the wood.

Similar results for bonding thermally mod-
ified wood are also presented in the papers
(Uzun et al., 2016; Andromachi & Ekaterini,
2018; Taghiyari et al., 2020). The authors not-
ed that the decrease in strength is affected by
wetting ability, microcracks, density, surface
of thermally modified wood, and the physi-
cal-chemical characteristics of the adhesive.

The results were obtained using two meth-
ods, namely: long-term (natural) and accel-
erated (laboratory). As for the first long-term
research method, it was conducted for the first
time and deserves special attention, since it was
conducted in the natural conditions of the West-
ern region of Ukraine for two years. The obtained
results reflect the factual behaviour of such ad-
hesive joints under prolonged varying tempera-
ture and humidity loads. Therewith, the results
of the studies of changes in the strength of adhe-
sive joints of thermally modified ash wood and
unmodified pine wood allow for building a math-
ematical model for predicting strength from the
action of ambient temperature and humidity in
the future. The accelerated method of exper-
imental studies using various types of wood,
especially thermally modified wood, is rare in
adhesive structures. In the studies (Biazzon et
al. 2019; Chang et al. 2019; Can et al. 2021;), the
authors examined changes in the strength of
adhesive joints of several-species of wood, using
various adhesive materials, including polyvinyl
acetate composition. Therefore, this experimen-
tal study cannot be compared with the results
obtained by other authors, since they had dif-
ferent research conditions, namely the temper-
ature of thermal modification of wood, test con-
ditions, etc. In general, it can be noted that the
dynamics of changes in the strength of adhesive
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joints in this study and studies by other au-
thors occur according to similar dependencies.

Conclusions

Based on the results of long-term experimental
studies of the strength of adhesive joints of ther-
mally modified ash wood and unmodified pine
wood glued with thermoplastic polyvinyl ace-
tate adhesives, the following can be concluded:

1. A method for conducting long-term ex-
perimental studies in natural conditions was
selected for thermoplastic polyvinyl acetate
adhesive joints of thermally modified ash wood
and unmodified pine wood based on Ukrainian
and foreign standards. Samples were prepared
for experimental studies.

2. Tt was found that the strength of adhesive
joints of thermally modified ash wood and unmod-
ified pine wood decreased by 27.9% after two years
of testing and long-term experimental studies.
Namely, it decreased from 7.12 MPa to 5.13 MPa.

ash wood and unmodified pine wood in differ-
ent periods of operation does not change in
the same way, namely, in summer, the strength
decreases in a descending curve depending on
the duration of operation, and in winter, this
pattern is disrupted since the strength does not
decrease, but on the contrary, increases. On av-
erage, it increases by 1%.

4. Based on the results of the long-term
experimental studies, it was found-that adhe-
sive joints of thermally modified ash wood and
unmodified pine provide operational character-
istics in a variable temperature and humidity
environment.

In the future, it is planned to conduct stud-
ies on the strength of adhesive joints of other
species of thermally modified wood.
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Results of experimental studies...

Pe3ynbTaTi €eKCIepMMeHTATbHMX JOCTiIKeHb MIITHOCTi K1eiOBUX
3’¢IHaHb TepMiuHO MoaM(iKOBaHOI JepeBUHU SICEHA

Tanmua MuxonaiBHa /lankis
AcmipaHT
HauionanbpHmit ticoTrexHiuyHmMit yHiBepcuTeT YKpaiHu
79057, Byn. Tenepasna Yynipuaky, 103, m. JIbBiB, YKpaiHa
https://orcid.org/0000-0002-6254-7066
Borpan SIpociaBoBuy KiimBeubKuii
IToKTOp TeXHIUHUX HayK, Tpodecop
HauioHanbHMI1 1icOTEXHIUHMI YHiBepcUTET YKpaiHu
79057, Byn. Tenepana Uynpuuku, 103, m. JIbBiB, YkpaiHa
https://orcid.org/0000-0002-0315-3702

AHoTaujig. /I MokpalleHHs eKCIUTyaTaliifHMX BAACTMBOCTEN Ta MiABUINEHHS JOBrOBIYHOCTI
KJIEOBUM JEepPeBMHHMM KOHCTPYKIIiSIM HeOoOXimHO 3a6e3meunmTy ixX 3axucT Bif mil BIUIMBY
TeMITepaTypHO-BOJIOTICHMX HaBaHTaXXeHb, IIO i 3YMOBJIIOE aKTYyaJIbHICTh 1IOTO JOCTiIKEHHS.
Mertoio po60TH 6y70 HOCTiAKEHHS MIiI[HOCTI TEPMOIUIACTUYHUX KJIEMOBUX 3’€IHAHb TEPMiUuHO
MmoaudikoBaHOi mepeBMHM siceHa i cocHM HeMoaudikoBaHOi 3a TpUBaJIMM MeToAoMm. [JaHi
MiIgaBaJuCh CTATUCTUYHIM 06po6Ii Ta aHamisy. EKcriepyMeHTanbHi 3pasku ST HOCTiIsKEHHS
6y/IM TiATOTOBJIEHI 3TiTHO 3 3aITPOMTOHOBAHOI0 METOIMKOIO Y BUPOOHMUMX YMOBAX BiATIOBiMHO MO
iCHYI0YOTO TEXHOJIOTIYHOTO Tpolecy. JocaimKeHHS TPUBAIN ITPOTSITOM JBOX POKiB 3 IePioANYHNM
OIIIIOM 3paskiB Ta (ikcaiielo 3MiH, AKi TpoxXomwiM Iif, 4Yac BUIPOOYBaHb. PeryispHO
MiC/IsT KOKHMX TPbOX MICSLIB AOCHIAXEHb YacTMHY 3pasKiB 3HIManu 31 cTeHAy i mpoBomuin
BUITPOOYBAaHHS )11 BU3HAUEHHS 3MiHM MillHOCTi. ITigibpaHo Ta ONMMCaHO METOOMKY ITPOBEIEHHS
TPUBAIUX EKCIIEPMMEHTATbHUX JOCTIIKEHD 3 BUSHAUEHHS MilTHOCTi KJIIEJI0BUX 3’€THAHb TEPMiUHO
MoaudikoBaHOI JepeBUHM siceHa i cOCHM HeMOoau(iKOBaHOI, KIIesIM) Ha OCHOBI IOJTiBiHiMaerary
i3 kimacom goBroiuHocTi D4. 3a pesynabTaTamu JOC/TiIKeHb BCTAHOBJIEHO, 10 C€peIHSI MillHICTh
KOHTPOJIBHMX 3paskKiB TepMiuHO MoauQikoBaHOI JepeBUHM siceHa i cocHU HemomudikoBaHOi
craHoBwia 7,12 MIla, a micist JBOX POKiB TPUMBAIUX BUIIPOOGYBaHb 3MeHIIMIACh 1o 5,13 MIlla
(27,9 %). KpiMm TOro BCTaHOBJIEHO, IO eKCIUIyaTallisl TakKUX KIeHOBUX 3’€IHAHb Yy MPUPOSHUX
YMOBaX 3aJIEKUTh BiJl IMKIiYHOTO TEMITEPATyPHO-BOJIOTiCHOTO HaBaHTaKeHHs. A came, y JIiTHbO-
OCiHHii TTepiof, MilIHiCTb 3MEHIIYETHCS, @ 3MMOBO-BECHSIHMII 3a/IUIIIAETHCSI HE3MiIHHOIO a B AeSIKUX
BUIAAKAX i MigBMIyeTbcsl. OTpuMaHi pe3yabTaTH [OOCTIKEHb MaloThb BaskKIMBe ITpaKTUUHE
3HAYEHHSI, OCKIJIbKYM TaKi KJIeOBi KOHCTPYKIlii, MOXXYTb BUKOPUCTOBYBATUCDH IJISI BUTOTOBJIEHHS
CTOJIIPHO-OYiBeTbHUX BUPOOIB, O TO3BOIUTH MiABUIIUTY iX eKCILTyaTalliliHi XapaKTepPUCTUKU
Ta 30iIBIINTY JOBTOBIUHICTD

KiiouoBi cimoBa: TpuBaiMii MeTOH; COCHa; aTMocdepHi (hakTopu; TeMIlepaTypHO-BOJOTICHI
HaBaHTa)KeHHS ; JOBTOBIUHICTb, aATe3is
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