SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua

Scientific Horizons, 24(2), 27-36

UDC 630*812:630"165
DOI: 10.48077/scihor.24(2).2021.27-36

COMPARATIVE ASSESSMENT OF SOME PHYSICAL AND MECHANICAL PROPERTIES OF
WOOD OF DIFFERENT SCOTS PINE CLIMATYPES

Siarhei Rabko?, Aliaksandr Kozel?, Ivan Kimeichuk?3, Vasyl Yukhnovskyi*

Belarusian State Technological University
220006, 13a Sverdlova Str., Minsk, Republic of Belarus

2Bila Tserkva National Agrarian University
09117, 8/1 Soborna Sq., Bila Tserkva, Ukraine

*National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroyiv Oborony Str., Kyiv, Ukraine

Article’s History:
Received: 22.03.2021
Revised: 14.05.2021
Accepted: 19.06.2021

Suggested Citation:

Rabko, S., Kozel, A., Kimeichuk, I., &
Yukhnovskyi, V. (2021). Comparative
assessment of some physical and
mechanical properties of wood of
different scots pine climatypes.
Scientific Horizons, 24(2), 27-36.

SO

Copyright © The Author(s). This is an open
access article distributed under the terms of
the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/)

*Corresponding author

Abstract. For a more efficient and rational use in the production of Scots
pine wood of various geographical origin, it is necessary to know its physical
and mechanical properties. The purpose of this study was to determine the
physical and mechanical properties of wood of 17 climatic ecotypes of
Scots pine and to carry out a comparative analysis of the indicators obtained
for the studied climatypes separately and when they are grouped into
subspecies in accordance with the classification of L.F. Pravdin. The range
of the geographical origin of the places of seed procurement is from 47 to
62° north latitude and from 22 to 85° east longitude. The modern density
universal testing machine MTS INSIGHT 100 was used for research. As a
result of the research, it was found that the density of wood in an absolutely
dry state varies from 370 kg/m?* (Kursk climatype) to 524 kg/m? (Volgograd
climatype), and at 12% humidity - from 397 kg/m? (Kursk climatype) to
550 kg/m? (Volgograd climatype). The index of the strength of wood of
the studied climatypes for compression along the fibres was from 32 MPa
(Kursk climatype) to 54 MPa (Volgograd climatype), and for static bending -
from 55 to 92 MPa for the Vologda and Ulyanovsk climatypes, respectively.
Distribution of Scots pine climatypes into subspecies in accordance with
the classification of L.F. Pravdin and the obtained data on the physical and
mechanical properties of wood have a certain pattern.The maximum density
of wood at 12% moisture is typical for the European Scots pine subspecies
is 497£8 kg/m?, the minimum value of this indicator for the Siberian Scots
pine subspecies is 423*30 kg/m3. An intermediate position is occupied
by the subspecies of Lapland pine and Forest-steppe pine with values of
483%16 and 464+12 kg/m?, respectively. The strength index of wood in the
studied subspecies for compression along the fibres ranged from 47+1 MPa
(European subspecies) to 33*4 MPa (Siberian subspecies), in the Lapland
pine subspecies - 44*2 MPa and somewhat lower in the Forest-steppe pine
subspecies — 42%2 MPa. The maximum value of the static bending strength
of wood is typical for the European pine subspecies - 784 MPa, and the
minimum - for the Siberian pine subspecies - 61*14 MPa. This indicator
turned out to be equal in subspecies of forest-steppe and Lapland pine and
amounted to 72%4 MPa. The practical value of the work lies in identifying
the existing differences and variability among climatypes according to the
studied physical and mechanical properties of wood and selecting the
most promising of them for further breeding purposes
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INTRODUCTION

One of the most important indicators of the quality of
Scots pine wood is its density and strength, which must
be taken into account both in forest reproduction and in
industrial use [1-4]. Density affects not only the physical,
but also the mechanical properties of wood [5]. The density
of wood is the most objective and universal indicator
of its quality. In most cases, there is a clearly expressed
direct correlation between the density and strength of
wood. The higher the density, the higher the strength,
and the degree of correlation reaches 0.8-0.9 [6].

Many scientists in their works note the exist-
ing significant differences among climatypes in survival
rate [7], preservation [8], growth [9; 10], resistance to
pests and diseases [11; 12], productivity [13], as well
as in the composition of chlorophyll, the structure of
needles [14; 15], the composition of essential oils, fruit-
ing and other characteristics [16-18]. In this regard, there is
interest in possible differences in the quality of wood
in different climatypes, which are determined by indi-
cators of physical and mechanical properties. Unique in
this regard, experimental model objects are geographic
plantations created by seed offspring of the most char-
acteristic populations of different ecotypes (climatypes)
in order to test them in new conditions. They serve as an
object for studying the geographical variability of the
hereditary properties of forest species. The first geo-
graphical plantations of Scots pine were established in
Belarus in 1959 on an area of 8.7 hectares by V.G. Mishnev
and E.D. Mantsevich. They consisted of 65 geographic
variants with a geographic range of 48-62° north altitude
and 22-111° east longitude. The detail history of the
objects is described in the paper [19]. At present, the
area of plantations is 6 hectares,the number of surviving
variants is 44. These plantings served as the object of
the research. To assess the physical and mechanical prop-
erties of wood, 17 climatypes were selected from the
variants of the origin of the places of harvesting seeds
in the range of 47-62° north latitude and 22-85° east
longitude.The indicated geographical coordinates of the
places of seed procurement are quite consistent with the
classification of Scots pine into subspecies according to
L.F. Pravdin [20].

The purpose of the research is to determine the
physical (density of wood in an absolutely dry state, den-
sity of wood at 12% moisture) and mechanical (strength
of wood for compression along the fibres and for static
bending) properties of wood of various climatic ecotypes
of Scots pine and conducting a comparative analysis of
the obtained indicators. The novelty of the research lies
in the fact that for the first time in Belarus the physical
and mechanical properties of Scots pine wood of various
origins at ripening age were determined in the range of
geographical origin of seed harvesting places from 47
to 62° north latitude and from 22 to 85° east longitude.

MATERIALS AND METHODS

The geographical culture of Scots pine under study
is located in the Negorelsky forestry of the Negorelsky
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training and experimental forestry enterprise,which is a
branch of the Belarusian State Technological University
and is geographically located in the Dzerzhinsky district
of the Minsk region of the Republic of Belarus (50 km
from Minsk).The age of Scots pine climatypes growing in
geographical cultures at the time of the study is 60 years.

To assess the physical and mechanical properties
of wood 17 climatypes were selected from the variants
of the origin of the places of harvesting seeds in the range
of 47-62 north latitude and 22-85 east longitude. The
choice of climatypes for carrying out research with such
arange of geographical coordinates of the places of har-
vesting seeds is due to the fact that the indicated parent
stands are quite consistent with the classification of Scots
pine into subspecies according to L.F. Pravdin [20]. Of the
5 subspecies of Scots pine (Lapland, European, Siberian,
Steppe and Hooked) the studied climatypes were sub-
divided as follows: the subspecies Lapland (61-62° NL)
included the Arkhangelsk and Leningrad climatypes, the
European subspecies included 2 varieties - Western Eu-
ropean (53-59°NL and 22-40°EL) with Vologda, Estonian,
Latvian,Vitebsk and Minsk climatypes and Eastern Euro-
pean (54 NL and 48-58°EL) that includes the Ulyanovsk
and Bashkir climatypes. The Siberian subspecies (57 NL
and 85°EL) includes the Tomsk climatype. Also, due to
the lack of representation of climatypes of the Steppe
pine subspecies (Kustanai, Akmola, Pavlodar, Kokchetav
and Semipalatinsk climatypes of Kazakhstan died at
the early stages of growth), a subspecies of the Forest-
steppe pine was conditionally distinguished (47-51°NL
and 27-42°EL) with Belgorod, Kursk, Volgograd, Khmel-
nytsky, Poltava and Rostov climatypes. A subspecies such
as hooked pine, isolated by L.F. Pravdin and growing in
the Crimea and the Caucasus was not initially repre-
sented in geographical cultures. Thus, for a more logical
analysis of the physical and mechanical properties of
wood, the studied climatypes of Scots pine are distrib-
uted in accordance with the classification of L.F. Pravdin
with minor changes.

To study the properties of wood in the model
trees of each of the studied climatypes, was taken trunk
sections 60 cm long at the same height - 6.5 m, after
which samples were made from them to study the
physical and mechanical properties of wood. The stud-
ied the following properties of wood: density of wood
in an absolutely dry state and at 12% moisture content,
strength of wood for compression along the grain and for
static bending.The study of these properties was carried
out in accordance with generally accepted methods:
ISO 16483.0-78 Wood. Sampling methods and general
requirements for physical and mechanical tests [21];
ISO 16483.1-84 Wood. Density determination method [22];
ISO 16483.3-84 Wood. Method for determining the ultimate
strength in static bending [23]; ISO 16483.7-71 Wood.
Moisture determination method [24]; ISO 16483.10-73
Wood. Method for determining the ultimate strength in
compression along the fibres [25].

Wood samples on the site of Scots pine geographical




plantations were harvested in February 2020 (Fig. 1a),
the determination of the physical and mechanical prop-
erties of wood was carried out in May 2020. During the
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research, a universal testing machine MTS INSIGHT 100
was used (Fig. 1b).

Figure 1. Taking of samples of Scots pine cuts of various origins in geographical cultures (a) to determine the physical
and mechanical properties of wood using a universal testing machine MTS INSIGHT 100 (b)

The use of a universal testing machine of this
brand MTS INSIGHT 100 in such studies allows obtaining
results with a sufficiently high accuracy, which served
as the main criterion for choosing this equipment. The
assessment of the reliability of the differences in the results

obtained was carried out using the MS Excel software.

To confirm or refute the hypothesis about attributing
the studied indicators of the physical and mechanical
properties of wood to the same set of average data, we
calculated such a parametric criterion as the Student'’s
t-test or the difference t-test. In this case, it allows

finding the probability that both averages belong or
not to the same population. Recalculation of indicators for
standard humidity for samples with humidity at the time
of testing was carried out according to the generally
accepted formula [22; 26].

RESULTS AND DISCUSSION

Statistical processing of indicators for calculating the
density of wood in an absolutely dry state is presented
in Table 1.

Table 1. Statistics of density of wood in an absolutely dry state

g Density of wood by climatypes in an absolutely dry state, kg/m3
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Table 1, Continued

5 Density of wood by climatypes in an absolutely dry state, kg/m3
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Note (names of climatypes): Kr-1 — Kursk, Vt-4 — Vitebsk, Bl-5 — Belgorod, Es-8 — Estonian, Vg-9 — Volgograd, Lt-10 — Latvian,
Bt-11 — Buriat, Gr-15 — Grodno, T-23 — Tomsk, Ul-41 — Ulyanovsk, Rs-47 — Rostov, M-48 — Minsk, Ar-52 — Arkhangelsk,

L-53 — Leningrad, Pl-55 — Poltava, VI-57 — Vologda, Kh-58 —

It can be seen from the data presented that the
average density of different climatypes is in the range
of 370-524 kg/m?, i.e., the magnitude of the variation
exceeds 150 kg/m?®. Based on the literature data [27],
which are averaged indicators calculated from highly
variable values,the density of pine wood in an absolutely
dry state is about 480 kg/m3. The variability of the in-
dicator under consideration, which is characterised by
the coefficient of variation (V), can be considered insig-
nificant, since in most cases it does not exceed 10%.The
relative error does not exceed 5%. Statistical processing
of the data showed that in many cases the confidence
intervals (¢,,S,) of one population (climatype) overlap
to some extent with those of another population. It was
found that the density of wood of the Vitebsk (Vt-4) and
Grodno (Gr-15) climatypes is within the same population,
and the average sample of the Minsk (M-48) climatype
significantly differs from the average of the climatypes
Vt-4 and Gr-15. The average sample of the Belgorod
climatype (BL-5) does not significantly differ from the
average of ten other studied climatypes. The average
wood density of the Volgograd climatype (Bg-9) signifi-
cantly differs from all other climatypes. The Kursk (Kr-1)
and Buryat (Bt-11) climatypes do not significantly differ
from the Tomsk (T-23) and Estonian (Es-8) climatypes.

Kharkov

On average, the compared indices of the density of one
climatype did not significantly differ from the analogous
indices of any five other climatypes.

Since the density of wood directly depends on
moisture content, it is generally accepted in wood sci-
ence to carry out a comparative assessment of the prop-
erties of wood at a standard moisture content of 12%.
The value of this density is difficult to obtain directly
from experience, since it is very difficult to bring wood
to a moisture content of exactly 12%. Therefore, the
density of wood at 12% moisture content is calculated
by the appropriate formulas, depending on the mois-
ture content of the wood at the time of testing [22]. The
average density of pine wood at this moisture content
corresponds to 505 kg/m?* according to [26, 27]. Accord-
ing to some literature data [25], the density value from
the indicated average value can fluctuate up or down,
that is, from 350 to 650 kg/m3. The average density of
pine wood by climatypes varies within 397-550 kg/m?.
As for the values of statistical indicators, there is a sim-
ilar situation with the previous calculations indicated
in Table 1. This is explained by the fact that the values
of the density indicators of wood at 12% moisture were
found by recalculating similar indicators at moisture at
the time of testing (Table 2) [22].

Table 2. Statistics of wood density at 12% moisture

g Density of wood by climatypes at 12% humidity, kg/m?

>

E Kr-1 Vt-4 Bl-5 Es-8 Vg-9 Lt-10 Bt-11 Gr-15 T-23 Ul-41 Rs-47 M-48 Ar-52 L-53 PI-55 VI-57 Kh-58
o < o ™~ (o)) N — N~ ~ o)) o~ e} O (o] NeJ — ~
[¥a) ~ e o N [¥a) o < o~ LN (o] o [e)} N N o~ ~

X Ne) o ) - =) ~ o o N O ) o o < N L ~
(o)) o 0 ~ LN o N o o~ (o)) (o)) LN o] N~ o~ ~ LN
M n < tn n g LN ) < < < <~ <~ < <~ <~ <

Scientific Horizons, 2021, Vol. 24, No. 2




Rabko et al.

Table 2, Continued

5 Density of wood by climatypes at 12% humidity, kg/m?
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As is known, the mechanical properties of wood
are closely related to density, which characterises
its ability to resist the action of external mechanical
forces. These properties of wood are highly dependent
on its moisture content; therefore, the evaluation and

comparison of the results of mechanical tests are carried
out at a standard 12% moisture content.

Statistical processing of the calculation data for
the compressive strength of wood along the fibre at 12%
moisture content is presented in Table 3.

Table 3. Statistics of the compressive strength of wood along the fibre at 12% moisture

A . . . .
S Compressive strength of wood in terms of climatypes along the fibre at 12% moisture content, MPa
S
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It should be noted that the compressive strength
of wood along the fibres is the most characteristic of
the mechanical properties of wood and the most im-
portant in practical terms. According to some literature
data [6],this indicator can vary from 27 to 63 MPa, with an

average value of 46 MPa. The obtained average strength
indicators of the tested samples of all climatypes were
in the range of 32-54 MPa.Analysing the statistical indi-
cators of calculating the compressive strength of wood
along the fibres, it is easy to see that they have a certain
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similarity with those of calculating the density of wood.
For example, the strength of wood of the Belgorod cli-
matype (BL-5) does not reliably differ from ten others
and the Latvian one (Lt-10) from seven others.

But at the same time, there are certain differences.
For example, wood of the Buryat climatype (Bt-11) does
not have significant differences in strength from five other
climatypes, while in terms of wood density it does not
differ significantly only from the Estonian climatype (Es-8).
The strength indicators of the Belarusian climatypes
turned out to be significantly different (the values of the

density indicators of wood at 12% humidity were found
by recalculating similar indicators at humidity at the time
of testing).

The test results and statistical processing of the
data for calculating the static bending strength of wood
at 12% moisture content are presented in Table 4. Since
the variability of the strength of wood in many variants
turned out to be significant (V>10%), and the value of
the relative error in six cases exceeded 5%, a compara-
tive analysis of the strength indicators of wood for static
bending within climatypes was not carried out (Table 4).

Table 4. Statistics of the bending strength of wood at 12% moisture content

3 . . .
8 Static bending strength of wood by climatypes, MPa
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The obtained indicators of the physical and me-
chanical properties of wood of various climatypes of
Scots pine,grouped in accordance with the classification
of L.F. Pravdin into subspecies, have a certain pattern.
The maximum density of wood at 12% moisture is typical
for the European Scots pine subspecies is 4978 kg/m?,
the minimum value of this indicator for the Siberian
Scots pine subspecies is 423%30 kg/m*. An intermediate
position is occupied by the subspecies of Lapland pine
and Forest-steppe pine with values of 483%16 and
464+12 kg/m?, respectively. The strength index of wood

in the studied subspecies for compression along the fi-
bres ranged from 47£1 MPa (European subspecies) to
33*4 MPa (Siberian subspecies), in the Lapland pine
subspecies - 44+2 MPa and somewhat lower in the For-
est-steppe pine subspecies - 42+2 MPa. The maximum
value of the static bending strength of wood is typical
for the European pine subspecies - 78+4 MPa, and the
minimum - for the Siberian pine subspecies - 6114 MPa.
This indicator turned out to be equal in subspecies
of forest-steppe and Lapland pine and amounted to
72%4 MPa (Table 5).

Table 5. Indicators of physical and mechanical properties of Scots pine wood by subspecies

Name of the climatype and Geographic coordinates, ° Indicator
subspecies (varieties) of
Scots pine North latitude East Longitude P, kg/m? 6., MPa 6, MPa
Scots pine Lapland subspecies
Leningrad 61 34 47428 41%2 68+6
Arkhangelsk 62 43 490%21 47+3 77%5
By Lapland subspecies 61-62 34-43 483+16 44%2 72%5
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Table 5, Continued

Name of the climatype and Geographic coordinates, ° Indicator
subspecies (varieties) of
Scots pine North latitude East Longitude P, kg/m? 6., MPa 6, MPa

Scots pine Western European variety

Vologda 59 40 415%9 391 55+11

Estonian 58 27 52116 49+2 87+3

Latvian 57 22 503#11 47%2 764

Vitebsk 55 29 509+11 49+1 90+5

Minsk 54 27 459+10 42+1 73%5

Grodno 53 24 509+17 46%2 8013

By Western European variety 53-59 22-40 489+9 46%1 77%5
Scots pine Eastern European variety

Ulyanovsk 54 48 49730 46%4 9211

Bashkir 54 58 530%7 50%2 71£19

By Eastern European variety 54 48-58 516#13 48%2 82+11

By forest subspecies 53-59 22-58 497+8 47+1 78+4

Scots pine forest-steppe subspecies

Belgorodsky 51 38 489+44 40+8 74%12

Kursk 51 34 3977 321 59+12

Volgograd 51 42 550+19 54%3 897
Khmelnitsky 50 27 452%6 42+1 6016
Poltava 49 33 424*11 36%1 63%5

Rostov 47 40 499+14 48+2 864

By forest-steppe subspecies 47-51 27-42 464+12 42%) 72%5

Scots pine Siberian subspecies

Tomsk 57 85 423+30 33+4 61+14
By Siberian subspecies 57 85 42330 334 61+14

Note: p , is the density of wood at 12% moisture content, __is the compressive strength of wood along the grain, 6,  is
the static bending strength of wood

From the data presented, it can be seen that in  was calculated, which allows finding the probability that
some cases the averages of the studied indicators for  both means obtained relate to the same population. If
subspecies overlap with confidence intervals, that is, this probability p is below the significance level (p <0.05),
they admit the hypothesis that the obtained averages then it is considered that the samples belong to two dif-
relate to the same population. To test this hypothesis, ferent populations (Table 6).

a parametric test — Student's t-test (difference t-test)

Table 6. Values of actual t-criteria of differences among the subspecies of Scots pine
in terms of density and strength of wood

The actual value of the probability p by indicators for the subspecies
Scots pine subspecies
Lapland Forest Forest-steppe Siberian

Density of wood at 12% moisture (p,,)

Lapland - 0.098 0.055 0.001

Forest 0.098 - 0.000 0.000

Forest-steppe 0.055 0.000 - 0.015
Siberian 0.001 0.000 0.015 -

Compressive strength of wood along the fibre (s )

Lapland - 0.050 0.101 0.000

Forest 0.050 - 0.000 0.000

Forest-steppe 0.101 0.000 - 0.000
Siberian 0.000 0.000 0.000 -
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Table 6, Continued

The actual value of the probability p by indicators for the subspecies

Scots pine subspecies

Lapland Forest Forest-steppe Siberian
Static bending strength of wood (s, )
Lapland - 0.055 0.821 0.091
Forest 0.055 - 0.058 0.024
Forest-steppe 0.821 0.058 - 0.113
Siberian 0.091 0.024 0.113 -

This parametric test (Student's t-test) allows find-
ing the probability that both means relate to the same
population. If this probability p is below the significance
level (p<0.05),then it is generally accepted that the sam-
ples belong to two different populations.

Analysing the obtained average values of the den-
sity of pine wood by subspecies, it should be noted that
this indicator for the Lapland pine subspecies does not
statistically differ from the analogous indicators of pines
of the forest and forest-steppe subspecies (t/.m=0.098
and 0.055, respectively). A similar situation is observed
when comparing the compressive strength of wood along
the fibres (¢, =0.050 and 0.101, respectively). As for the
strength of wood for static bending, no significant dif-
ferences were also found among pine subspecies, de-
spite the greatest difference between the Lapland and
forest-steppe (t/m=0.821) and forest-steppe and Siberian
(¢, =0.113) pines.

Jfact
CONCLUSIONS

Thus, summing up the results of the study performed
to identify differences in the physical and mechanical
properties of pine wood (density at 12% moisture content,
compressive strength along the fibres, strength in

static bending) of 17 different climatypes, it should be
noted that in most cases the statistical significance of
differences between wood of different climatypes was
not found. The similar situation can be traced when
comparing the studied properties of wood of various
subspecies of pine, identified by L.F. Pravdin. This is due
to the fact that wood, which is of plant origin, has a fairly
high variability of its properties. This natural feature
of wood is determined by its age, growing conditions,
hereditary characteristics and other factors that man-
ifest themselves in the process of tree growth. More-
over, it should be noted that most researchers point to
a significant variability of wood properties within the
breed. The nature of the variability of indicators of some
properties of wood can be judged by such a statistical
indicator as the coefficient of variation (variability). The
smallest variability within the species is characteristic of
wood density indicators and is 2.8-10.2%. For the strength
in compression along the fibres, the variability varies
from 4.8% to 20.6%, for the strength in static bending
it is 2.7-21.7%. Ultimately, it can be assumed that an
infinitely large number of sample tests are probably
required to achieve an acceptable level of confidence in
the difference between the studied parameters.
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NMOPIBHSAJIbHA OLLIHKA OEAKUX DISUKO-MEXAHIYHUX BJIACTUBOCTEN OEPEBUHMU
PISBHUX KNIMATUMNIB COCHU 3BUYANHOI

Cepriit Bonogumuposuu Pe6ko?, OnekcaHap Bonogumuposuu Kosen?,
IBaH Bacunbosuu Kimeituyk?3, Bacunb lOpiitoBuu KOXHOBCbKMIA®
1Binopycbkuii AepXKaBHUIM TEXHONOTIYHWUIA YHiBEPCUTET
220006, Byn. CBepanoBa, 13a, M. MiHcbK, Pecnybnika binopycb
’binouepkiBCbKMIA HaLiOHANbHMI arpapHUii yHiBepCuTeT
09117, Byn. CobopHa nnowa, 8/1, m. bina Llepksa, YkpaiHa
*HauioHanbHWit yHiBEpCUTET BiopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHu
03041, sByn. lepois O60poH#u, 15, M. Kuis, YkpaiHa

AHoTauis. g 6inbw edeKTMBHOrO i paLioHaNnbHOro BUKOPUCTAHHS Y BUPOOHMLTBI AePEBUHM COCHM 3BMYAMHOI
pi3HOro reorpadiyHOro NOXOAXKEHHS HeobXiZAHO 3HATK i Pi3MKO-MeXaHiYHi BNacTMBOCTI. MeTo OOCNIAXKEHHS €
BM3HAYEHHS Qi3NYHUX (WiNbHICTb AEPEBMHU B aDCOMTHO CYyXOMY CTaHi, WiNbHICTb AepeBuHM 3a 12 % BonorocTi)
i MexaHiYHMX (MILHICTb AepEeBUHM 33 CTUCKAHHS B3A0BX BOMIOKOH i Ha CTaTUYHUI BUTMH) BNACTUBOCTEN OEepeBUHU
17 KkNiMaTUYHMX eKOTWMIB COCHM 3BMYAMHOI Ta NPOBEAEHHS MOPIBHANBHOIO aHani3y OTPUMAHMX MOKA3HWKIB Y
[OCNIAKYBAHUX MOXOOXEHb OKPEMO i 3a iX rpynyBaHHS y MNigBMAM BiAnoBiAHO A0 knacudikauii J1.M. MpasaiHa.
[iana3oH reorpacdiyHOro NOXoAXXeHHs MiCLb 3aroTiBAi HAaCiHHA — Big 47 fo 62° niBHiYHOI WKpoTK i Big 22 oo 85°
cxigHoi foBrotu. Jng npoBefeHHs focniaxeHb 6yna BUKOpUCTaHa CyvyacHa yHiBepcanbHa BUNpobyBanbHa MalUMHA
MTS INSIGHT 100. B pe3ynbtati focnifxeHb BCTAHOBMIEHO, WO LWiNbHICTb AepPEBMHM B aBCOMOTHO CYyXOMY CTaHi
Bapitoe B Mexax Bif 370 kr/M* (KypCbKuii kniMaTtun) 8o 524 kr/m?* (Bonrorpafacbkuii kniMatun),a npm 12 % sonorocTi -
Bif 397 kr/mM> (Kypcbkuit knimatun) no 550 kr/m® (Bonrorpapcbkuit knimMatun). NMokasHUK MiLHOCTI LepeBUHU
[OCNIAKYBAHMX KNIMATUMNIB Ha CTUCKYBAHHS B3[0BX BO/OKOH CTaHOBMB Bif 32 Mlla (Kypcbkuit knimaTtun) go 54
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MlMa (Bonrorpagcbkuit KAiMaTUN), @ Ha CTaTUYHMIA 3rMH — BiA 55 no 92 MIlla y BONOroacbKoro i yabsiIHOBCbKOMO
KnimMaTunie BiANOBIAHO. Po3noain KNiMaTMniB COCHM 3BMYAMHOI Ha NiABUAM NPOBEAEHO BiAMNOBIAHO A0 Knacudikauii
JNI.®. TMpaBgiHa i oTpuMaHi AaHi di3MKO-MexaHiYHMX BNACTMBOCTEW OEPEBMHM MatoTb NEBHY 3aKOHOMIpPHICTb.
MakcuManbHa WinbHiCTb fepeBuHM npu 12 % BoNOrocTi xapakTepHa AN NiABMAY COCHU 3BMYAMHOI EBPOMENCHKOI
i cTaHOBUTL 4978 Kr/M3, MiHiMaNnbHe 3HaYeHHS JAHOrO MOKa3HWKa Y MiABMAY COCHU 3BMYAMHOI CMBIpCbKOi -
423£30 kr/M>. TpOMiXXHE CTaHOBMLLE 3alMMa€E MigBMA COCHM NaniaHACbKOT i COCHM NiCOCTENnoBii 3i 3HAYEHHAMMU
483%16 i 464%12 kr/m* BignoBigHo. MoKasHMK MiLHOCTI LEepeBUHM Y LOCNILXKYBAHMX MiABWUAIB HA CTUCKYBAHHS
B3[,0BX BOJIOKOH CTaHOBMB Bifg, 47+1 MIla (nigsua eBponeicbka) Lo 334 Mla (nigsua cubipcbka), y nigBMAY COCHU
nannaHacbkoi — 44+2 MIMa i Tpoxu Huk4ye y niaBuAay COCHM nicoctenosin — 42%*2Mlla. MakcuManbHe 3HaYeHH$
NMOKa3HMKa MILHOCTI AepeBUHM HA CTAaTUYHUI 3MMH XapaKTepHO 419 NiABMAY COCHM €Bponencbkoi — 78*4 Mla, a
MiHiManbHe — y COCHM NiaBuay cmbipcbkoi — 6114 Mla. Lielit NnokasHMK BUSIBUBCS OOHAKOBWMM Y MiABUAIB COCHU
NiCOCTeNnoBOI i NannaHACbKOi i CTaHOBMB 72%4 MIMa. [MpakTMyHa LiHHICTb pO6OTM NONSra€ y BUSBAEHHI HAasBHUX
BiAMIHHOCTEN i MIHAMBOCTI cepen KNiMaTuMMiB 3 AOCAIAXKYBaHMUX (Di3UKO-MeXaHIYHMX BNACTMBOCTEN OEPEBUHM Ta
NpoBeLeHHs Biadopy HaWbiNbLL NepCneKTUBHMUX 3 HUX AN NOAANbWMX Linen cenekuii

KntouoBi cnoBa: LWiNbHICTb AEePEeBUHU, MiLLHICTb AEPEBUHU, CTaTUYHWUIA 3TUH, MIHAKBICTb
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