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The issues of variability of pinewood (Pinus sylvestris L.) properties in growing stock locat-
ed in the vicinity of operating industrial facilities is still relevant. The paper aims to assess
the technogenic impact on the radial increment as well as the physical and mechanical prop-
erties of pinewood in the conditions of Northern Taiga. The impact of the distance from the
source of emissions on variability of the radial increment and the volume and technical
properties of wood were determined. Distribution maps of the conventional wood density
and its compressive strength along the fibers inside the trunk were formed. It is found that
with a decrease in the distance from the source of emissions, the average value of the radial
increment of trees occurs. It is revealed that there is a decrease in wood density from the
butt to the top, and from the pith to the sapwood. Also, it is determined that wood density
increases as the distance to the source of emissions decreases. However, there were obtained
no valid differences of the indicator of wood resistance to compression along the fibers at
various distances from to the source of emissions.
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Introduction

The issue of studying heterogeneity of the pine trunk (Pinus sylvestris L.) in
terms of the physical and mechanical properties of wood is still of practical interest.
Such studies help to better understand the process of wood formation at various age
stages of tree growth and depending on the growing conditions [14, 15]. In tandem
with the study of growth, wood density indices also make it possible to evaluate the
intensity of tree cambium activity in various trunk zones [19, 34]. Uniformity of
wood density inside the trunk appears to be its advantage in terms of wood pro-
cessing, whereas sharp fluctuations of strength characteristics of wood inside the
trunk up and down its section are unfavourable for most product ranges [12].
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It is obvious that within a single forest stand, the physical and mechanical
wood properties of individual trees can vary significantly. Typically, the variability of
these properties occurs at a low level of variability. For example, specific wood densi-
ty of pine in an air-dry state fluctuates within the range from 0.41 to 0.60 g/cm’. Trees
of the same age class, similar in development and growing in the identical conditions
are supposed to form wood with similar properties [3, 13, 22, 25, 26, 32].

With the advancement to the south from the northern areas, pine shows an
expected decrease in the technical properties of wood. Our data shows [3, 16, 28,
33] that the average value of the compressive strength along the fibers of pine,
which grows in the Northern European conditions, is 450-500; in the Central Euro-
pean regions — 439; within the territory of Ukraine and Biatowieza Forest — 384 and
377 kgf/em?, respectively (measurement units are given in accordance with the data
sources). Moreover, there is a functional dependence of the technical and bulk
properties on the structure of annual growth. It should also be taken into account
that the data on the high variability of the physical and mechanical properties of
wood from individual trees that can be found in scholarly literature is substantially
influenced by differences in research objects and varying methodological approach-
es used by the authors [20].

The studies show [4, 5, 21, 30, 33] that due to the impact of industrial emis-
sions, in particular the wood processing industry, a decrease in the period of cambi-
al activity of conifers was observed, as a result the number of early wood tracheids
declined in the annual ring of the wood trunk, while the share of late wood grew
alongside the deterioration of the growing conditions. Also, there is an upward
trend in the percentage of late tracheids in the structure of the annual ring as long as
the distance to the sources of pollution decreases. As the distance to them gets
shorter, a consistent decrease in the total value of the radial increment is noted. The
impact of the anthropogenic load is more vividly reflected in low-productive forest
stands, in particular, in forest stands of the sphagnum group.

The study purpose is an analysis of the technogenic impact on the radial in-
crement as well as the physical and mechanical properties of pine wood in Northern
Taiga.

Research objects and methods

The research was carried out on 11 sample plots (trial areas) in the ripe pine
stands of the 5th quality class of the fruticulose-sphagnum forest type in the North-
ern Taiga zone (the area of the Northern Dvina River estuary). Establishment of the
sample plots was done at various distances from the nearest source of aerotechno-
genic emissions (Arkhangelsk Pulp and Paper Mill; Arkhangelsk Thermal Power
Plant) in accordance with the procedures, recommendations and regulatory refer-
ence materials adopted from the forest management practice [2, 8, 18, 23]. The dis-
tance towards the source of emissions reflects the degree of aerotechnogenic pollu-
tion [29].

There was a complete inventory of trees carried out on the sample plots with
the measurement step of 2-cm thickness. Based on the results of the measurement
performed with the help of the methods adopted from forest inventory, the average
diameter, height, sum of the trunk cross-sections, the overall stock, and the
composition formula of the forest stand were determined. To determine the radial
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increment at the height of 1.3 m from the trunk base the cores of the pinewood were
selected based on the method of random sampling (not less than 30 pine trees per
each sample plot).

To determine the physical and mechanical wood properties beyond the area
of the sample plots, 7 model trees were selected [10]. A sample of saw cuts and
cores from each model tree was done at the following heights: 1.3 m from the root
collar; at relative heights (H) of the trunk: 0, 1/4, 2/4, 3/4. At each height, up to
5 wood samples of 20%x20x30 mm in size were selected: 3 samples in the core (cen-
ter, middle and periphery) and 2 samples in the sapwood [7]. The zone of juvenile
wood was excluded from the experiment. The value of the radial increment as well
as the width of the zones of early and late tracheids was measured in wood cores
using a stereoscopic microscope MBS-1 with an accuracy of +£0.01 mm. The per-
centage of late wood in the annual ring was calculated [24].

The basic wood density was determined based on the method of maximum
sample humidity, which has a relatively small volume [9, 13, 31]. The basic wood
density characterizes the dry basis of lignin in the volume unit of the fresh wood. In
addition to it, an indicator of wood compressive strength along the fibers was cho-
sen as a criterion of wood mechanical properties. Also, the validity of this choice is
determined by the fact that wood structures, for the most part, while in operation
appear to undergo a load precisely under compression and, to a lesser extent, struc-
tures undergo a load under bending and tension [16, 30]. Moreover, when conduct-
ing strength tests, it is enough to provide a load along the fibers, that is, along the
trunk axis, while rotation around the axis does not affect the accuracy of the exper-
iment in any way, which does not hold true, for example, when determining the
wood’s ultimate strength under compression across the fibers. This largely deter-
mines the low level of variability of this indicator [6, 13, 33]. The research test [11]
was conducted with the help of a universal testing machine SHIMADZU, model
AGS-100kNX, which was verified at the Arkhangelsk Center of Standardization
and Metrology.

The processing of the experimental data is based on correlation analysis [17].
The findings and regularities are reliable at a significance level of 5 %. All meas-
urement results were processed using MS Excel and developed to accelerate calcu-
lations of analytical programs in C++ using a specialized statistical analysis and
forecasting package ALGLIB.

Results and discussion

As a result of this study, it was determined that the total value of the radial
increment in pine stands of the fruticulose-sphagnum forest type decreased when
approaching the source of emissions (Fig. 1). The approximation ratio of the ob-
tained dependences increases from the center of the core to the sapwood. At the
same time, in the central part of the core, the coefficient of determination (R) does
not reach the value of 0.2. The lack of dependence is obviously associated with a
low level of aerotechnogenic pollution in the 1940s. The detected dependence is
marked at the heights (0H, 1/4H, 1.3 m) located in the trunk part cleared of wood
knots. The difference in the radial increment of the sapwood and the core periphery
between the forest stands growing at a distance of up to 8 km and farther from the
source of emissions is noticed.
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Fig. 1. Variability of the radial increment at the pine trunk bottom depending on the distance
from the source of emissions: / — sapwood; 2 — core periphery; 3 — core middle;

4 — core center

Fluctuation of variability of the radial increment (all along the trunk radius)
occurs within the range of 25-54 % with an increase in the basipetal direction in-
side the trunk and when approaching the emission source. A tight correlation be-
tween the value of growth in diameter and the width of the late wood zone (Table)
is observed, which is very logical and consistent with conclusions of other authors
[1, 4, 27, 29]. When evaluating growth only over the last 30 years, the correlation
ratio significantly reduces. The result obtained requires additional studies to be
conducted and applying measurements of the anatomical organization of individual
elements in the radial increment such as the number of tracheids of the early and
late wood zone, their linear sizes, etc.

Values of the correlation ratio between growth and width of the late wood zone

Distance, km 4 8 12 16 20

Correlation ratio (r) 0.815 0.836 0.797 0.781 0.823

The width of the late wood zone and the share of its participation in the for-
mation of the annual ring are some of the most important indicators that character-
ize the technical properties of wood; the higher their value, the stronger the wood
both at fracture and compression. Based on the research results, it becomes possible
to talk about a downward trend in correlation between the percentage of the late
wood and increment value as the distance from the source of pollution increases;
the level of the environmental pollution decreases (Table).

Based on the results of laboratory measurements of basic wood density, a da-
ta set was formed, during the processing of which maps of the density distribution
inside the trunk were designed separately for the experimental plots, and on the
whole for the study area (Fig. 2). A decrease in the basic density was determined
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alongside an increase in the height of the wood sample with a slight levelling off in
the crown area. This pattern seems quite logical, provided that the distribution of
the main mechanical loads on the butt-log portion of the trunk is taken into account.
The nature of the dynamics of wood density along the trunk radius for various
heights of sample selection is described by the following dependences: s-shaped
curve at the height of 0H, a hyperbolic curve at the breast height (1.3 m); and a par-
abolic curve or a straight line at the heights of 1/4H and 2/4H. The density changes
between wood in the central part of the core and sapwood at the heights of 0H and
1.3 m are significant.

Fig. 2. Wood density distribution

inside the pine trunk. Forest type —

fruticulose-sphagnum; areca — the

Northern Dvina River estuary.

Isolines, g/cmS: 1-350;2 - 375;

3 — 400; 4 — 425; 5 — 450;
6 — 475; 7 — 500; 8 —525

00 02 04 06 08 1.0
Relative radius

It was found that pinewood density at the recorded heights (average radial
value) of the sample increased whenever the distance to the source of emissions
decreased (Fig. 3).

On average, the region under study reveals a consistent positive correlation of
the basic density and wood compressive strength along the fibers, both in the core
and in the sapwood of the trunk (0.767 and 0.547, respectively). The different na-
ture of the dynamics of the indicator under consideration along the radius depend-
ing on the height of the sample was determined (Fig. 4). In the butt-log portion of
the trunk (OH and 1.3 m), the indicator of wood resistance to compression decreases
incrementally with the advancement along the radius from the center of the trunk.
In contrast, at heights above 1/2 H and 1/4H it increases.
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Fig. 3. Wood density distribution inside the pine trunk at different distances
from the source of emissions, km: / —4;2—-8;3—-12;4—16
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Fig. 4. Dynamics of wood resistance to compression along the fibers inside the pine trunk:
1-0H;2—-13m;3-1/4H;4 —2/4H; 5 — 3/4H (height)

The level of variability of the indicator of wood compressive strength along
the fibers does not exceed 20 %. When comparing the values of the indicator under
consideration at different distances from the source of emissions, no valid differ-
ences were registered.
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Conclusions

1. As the distance from the source of emissions decreases, the value of the
radial increment of the fruticulose-sphagnum pine stands in the northern Taiga sub-
zone decreases, while the density of pine wood increases.

2. Inside the trunk of a growing tree wood density decreases from the butt
log to the top and from the center of the trunk to the sapwood.

3. A positive correlation between indicators of the relative wood density
and its resistance to compression along the fibers was determined. No significant
differences of this indicator at various distances from the source of emissions were
revealed.

REFERENCES

1. Anexcees A.C. PanuanbHbIi IPUPOCT EPEBBEB U IPEBOCTOEB B YCIOBUIX aTMO-
ctepuoro 3arpsisuenust // JlecoBemenue. 1993. Ne 4. C. 66—71. [Alekseev A.S. Radial
Increment of Trees and Stands under Ambient Conditions. Lesovedenie [Russian Journal of
Forest Science], 1993, no. 4, pp. 66-71].

2. Anyyun H.II. Jlecnas takcauusa. 5-¢ uzn. M.: JlecH. mpom-1b, 1982. 552 c.
[Anuchin N.P. Forest Inventory. Moscow, Lesnaya promyshlennost’ Publ., 1982. 552 p.].

3. Babuu H.A., Menexos B.U., Aumonos A.M., Kresyos /[.H., Konosanos /[.IO.
BrustHre ycnmoBHI MECTONPOM3PACTAHUS HA KA4eCTBO JIPEBECHHBI COCHBI (Pinus sylvestris
L.) B nocesax // XBoiinble 6opeanbhoii 3061 2007. T. XXIV, Ne 1. C. 54-58. [Babich N.A.,
Melekhov V. 1., Antonov A.M., Klevtsov D.N., Konovalov D.Yu. Impact of Habitat Condi-
tions on the Quality of Pinewood (Pinus sylvestris L.) in Plantings. Hvojnye boreal 'noj zony
[Conifers of the boreal area], 2007, vol. 24, no. 1, pp. 54—58].

4. Benoe A.A. OcoOOEHHOCTH PaJHalbHOIO MPUPOCTA JPEBECHHBI B OCIA0JICHHBIX
COCHSIKax-4YepHUYHUKaX BpsiHCKO# oOsiacTy, 3arpsi3HEHHBIX panuoHykiuaamu // Jlecoxos.
uapopm. 2017. Ne 1. C. 42-51. [Belov A.A. Features of the Radial Wood Growth in the
Weakened Pine-Bilberries of Bryansk Region Contaminated with Radionuclides. Lesokho-
zyaystvennaya informatsiya [Forestry information], 2017, no. 1, pp. 42-51].

5. Baxuuna M.JI. PagnanbHBIN PUPOCT COCHBI OOBIKHOBEHHOW (Pinus sylvestris L.)
B 3€JICHOM 30HE T. UHTHI BO BTOPOH IMOJIOBHHE MponuIoro croieTws / ['eorpadus u mpupoHbie
pecypesl. 2011. Ne 1. C. 180-182. [Vakhnina I.L. Radial Increment in Scots Pine (Pinus syl-
vestris L.) in the Greenbelt of the City of Chita in the Latter Half of the Last Century. Geografiya
i prirodnyye resursy [Geography and Natural Resources], 2011, no. 1, pp. 180—182].

6. Buxpos B.E., Jlobacenox A.K. TexHndeckue cBONCTBA JIPEBECHUHBI B CBSI3U C THIIAMHU
neca. Munck: M3n-Bo M-Ba BeiciL., cpen. creil. u mpod. odpasosanust bBCCP, 1963. 72 c.
[Vikhrov V.E., Lobasenok A.K. Technical Properties of Wood in Relation to Forest Types.
Minsk, MVSSPO BSSR Publ., 1963. 72 p.].

7. Taysnep C.U., Kusuruc C.C., Ocoxuna A.Il, Ilasnosckuii A.H. V3mepenue
Maccel, o0beMa W IUIOTHOCTH. M.: M3p-Bo crammaptoB, 1972. 624 c. [Gauzner S.I.,
Kivilis S.S., Osokina A.P., Pavlovskiy A.N. Measurement of Mass, Volume and Density.
Moscow, Izdatel’stvo standartov, 1972. 624 p.].

8. TOCT 16128-70. IIpoOHBIE MJIOIIAIN JIECOYCTPOUTEIbHBIC. MeTOIbI 3aKIa IKH.
M.: U3n-Bo cranmapros, 1971. 23 c. [GOST 16128-70. Forest Management Sampling Plots.
Methods of Laying out. Moscow, Izdatel’stvo standartov, 1971. 23 p.].

9. TOCT 16483.1-84. JlpeBecuna. Metoa ompeseneHus TIoTHOCTH. M.: M31-Bo
craaaapToB, 1985. 6 ¢. [GOST 16483.1-84. Wood. Methods for Definition of Density. Mos-
cow, Izdatel’stvo standartov, 1985. 6 p.].

10. TOCT 16483.6-80. [IpeBecuna. MeToabl 0TOOpa MOAEIHHBIX JIEPEBLEB U pa3-
JIENIKU MX Ha KPSDKU ISl OTIpe/iesieHnsT (PU3UKO-MEXaHUUECKUX CBOWCTB JIPEBECHHBI HACAXK-
nennit. M.: U3n-Bo cranmaptoB, 1980. 4 c. [GOST 16483.6-80. Wood. Method of Selection
of Model Trees and Logs for Determination of Physical and Mechanical Properties of Wood
Plantations. Moscow, Izdatel’stvo standartov, 1980. 4 p.].



120 «H3BecTHs By30B. JlecHoii :kypHam». 2020. Ne 4 ISSN 0536-1036

11. TOCT 16483.10-73. JIpeBecuna. MeToapl OmpeneneHus mpeaena MpoIHOCTH
MY CXKATHU BHONb BONOKOH. M.: M3x-Bo crtammaptoB, 1999. 7 c. [GOST 16483.10-73.
Wood. Methods for Determination of Ultimate Strength in Compression Parallel the Grain.
Moscow, Izdatel’stvo standartov, 1999. 7 p.].

12. I'pu6 B.M. BnusHue X03SCTBEHHBIX MEPOIPUSTHH Ha KauyeCTBO JAPEBECHHBI
COCHBI 0OBIKHOBEHHOH // COBEpIIICHCTBOBAHUE JICCHOTO XO3SHCTBA M 3alUTHOTO JIeCOpa3-
BesieHmst: c0. Hayd. Tp. YCXA. Kues, 1987. C. 55-58. [Grib V.M. The Influence of Eco-
nomic Measures on the Quality of Scots Pine Wood. Improving Forestry and Protective
Afforestation: Collection of Academic Papers of USKhA. Kiev, 1987, pp. 55-58].

13. JlpeBecuna. Ilokazarenn ¢usuko-mexanudeckux cBoiictB. PTM. M.: Kowm.
craagaptoB npu CM CCCP, 1962. 48 c. [Wood. Characteristics of Physical-Mechanical
Properties. Technical Guides. Moscow, Committee of Standards at the Council of Ministers
of the USSR, 1962. 48 p.].

14. Kuwenro U.T. ®opmupoBaHue IpeBecHHBI cTBoNA Picea abies (L.) Karst. B pas-
HBIX THITAX COOOIIECTB TaekHOW 30HBI // U3B. By30B. JlecH. sxypr. 2019. Ne 1. C. 32-39.
[Kishchenko I.T. Formation of Picea abies (L.) Karst. Trunk Wood in Different Taiga Zone
Communities. Lesnoy Zhurnal [Russian Forestry Journal], 2019, no. 1, pp. 32-39]. DOI:
10.17238/issn0536-1036.2019.1.32, URL: http://lesnoizhurnal.ru/upload/iblock/f41/32_39.pdf

15. Kocuuenxo H.E. ®opmupoBaHue CTPYKTypbl M IUIOTHOCTH B OHTOreHe3e //
Crpoenue, cBOWCTBa U KauecTBO ApeBecuHbI-2000: matepuans! III mexa. cumi. Ilerposa-
Bonack: MJI KapHII PAH, 2000. C. 58-61. [Kosichenko N.E. Formation of Structure and
Density in Ontogeny. Structure, Properties and Quality of Wood-2000: Proceedings of the
3rd International Symposium. Petrozavodsk, IL KarRC RAS Publ., 2000, pp. 58-61].

16. Jleonmwveg H.JI. VccnenoBanne (QU3NKO-MEXaHHICCKIX CBOMCTB KOJBCKOU
cocHBI // @m3HKO-MexaHHMYECKUEe CBOWCTBa apeBecwHBL. M.; JI.: T'ocmecOymmzmar, 1953.
C. 122-141. [Leont’yev N.L. A Study of the Physical and Mechanical Properties of Kola
Pine. Physical and Mechanical Properties of Wood. Moscow, Goslesbumizdat Publ., 1953,
pp. 122-141].

17. Jleoumves H.JI. TexHnka CTaTUCTHYCCKUX BBIYUCICHHH. 2-¢ m3a. M.: JlecH.
npoM-cth, 1966. 250 c. [Leont’yev N.L. Technique of Statistical Computations. Moscow,
Lesnaya promyshlennost’ Publ., 1966. 250 p.].

18. JlecoTakcallMOHHBIN CIIPABOYHHMK JJIsi CEBEPO-BOCTOKA EBPONEUCKOW YacTH
CCCP: HopMmaTHBHBIE MaTepuaibl i ApXaHreibckod, Bomorojckoit obnacteit u Komu
ACCP. Apxanrensck: [IpaBna Cesepa, 1986. 358 c. [Forest Inventory Handbook for the
Northeast of the European Part of the USSR: Guidance Materials for Arkhangelsk and Vo-
logda Regions and the Komi ASSR. Arkhangelsk, Pravda Severa Publ., 1986. 358 p.].

19. Jlobowcanuose D.J1., I'oyupuosze JI.A., [unyaoze M.C. buonorus obpa3oBaHUs
nIpeBecuHbl cocHBI // COBpeMEHHBIE MPOOIeMBI ApeBecHHOBeneHMs. KpacHospck, 1987.
C. 64-65. [Lobzhanidze E.D., Gotsiridze L.A., Tsintsadze M.S. Biology of Pinewood For-
mation. Modern Issues of Wood Science. Krasnoyarsk, 1987, pp. 64—65].

20. Mamaes C.A. ®opmbl BHYTPHBHIOBON HM3MEHYHMBOCTH JPEBECHBIX PACTCHHH
(Ha mpumepe cemeiictBa Pinaceae Ha Ypane). M.: Hayka, 1973. 284 c. [Mamayev S.A.
Forms of Intraspecies Variability in Woody Plants (Case Study of Pinaceae Family in the
Urals). Moscow, Nauka Publ., 1973. 284 p.].

21. Mapmuiniox A.A. CoCHOBbIE 3KOCUCTEMBI B YCIOBUSX a’POTEXHOTE€HHOIO 3a-
rpsizHenns. M.: BHUMJIM, 2004. 160 c. [Martynyuk A.A. Pine Ecosystems in the Condi-
tions of Aerotechnogenic Pollution. Moscow, VNIILM Publ., 2004. 160 p.].

22. Menexos U.C. 3HaueHue CTPYKTYpbl TOJUYHBIX CIOEB U €€ AUHAMHKH B JIECO-
BOJICTBE M JieHApOKiIuMaronorun // M3B. By3oB. JlecH. xypH. 1979. Ne 4. C. 6-14. [Mele-
khov V.I. The value of the structure of annual layers and its dynamics in forestry and den-
droclimatology. Lesnoy Zhurnal [Russian Forestry Journal], 1979, no. 4, pp. 6-14].
URL: http://lesnoizhurnal.ru/apxiv/1979.pdf




ISSN 0536-1036 «H3BecTHs BY30B. JlecHoli :xxypHa». 2020. Ne 4 121

23. Metoauueckre peKOMEHAALMH 110 BBIIEIEHUIO IPYII TUIIOB Jieca B TaeKHOU
3oHe eBporneiickoit yactu PCOCP. M.: BHUWJIM, 1979. 61 c. [Instructional Guidelines for
the Identification of Forest Type Groups in the Taiga Zone of the European Part of the
RSFSR. Moscow, VNIILM Publ., 1979. 61 p.].

24. Monuanos A.A., Cmupros B.B. MeTtoauka u3y4eHus NpupocTa APEBECHBIX pac-
tenuit. M.: Hayka, 1967. 95 c. [Molchanov A.A., Smirnov V.V. Methodology for Studying
the Increment of Woody Plants. Moscow, Nauka Publ., 1967. 95 p.].

25. Mockanesa C.A., Yubucos I''A., Kpwiscanoeckas JI.E., bBerosa T.B. Bnusaue
PYOOK yXo/a Ha IUIOTHOCTH JJPEBECHHBI CTBOJIOB COCHBI B ITPOIOJILHOM HanpasieHuu // Ma-
Tepuasibl oTyeT. ceccun no uroraMm HUP 3a 1987 r. Apxanrensck: AWJINIIX, 1988.
C. 63-65. [Moskaleva S.A., Chibisov G.A., Kryzhanovskaya L.E., Belova T.V. The Influ-
ence of Cleaning Cutting on Wood Density of Pine Trunks along the Length. Proceedings of
the Reporting Session Summarizing the Research Results in 1987. Arkhangelsk, AILILKh
Publ., 1988, pp. 63-65].

26. Ilepenvieun JI.M. Ctpoenne npesecunbl. M.: M3a-so AH CCCP, 1954. 200 c.
[Perelygin L.M. Wood Structure. Moscow, AN SSSR Publ., 1954. 200 p.].

27. Iunowpa b.C., Cemenuyx E.C. VI3MeHeHHE COOTHOMICHHUS IPUPOCTA PaHHEH H
MO3/IHEH JPEeBECUHBI Y e(OTUMPOBAHHBIX XBOWHBIX B KCIICPUMEHTE // XBOWHBIC JCPEBbS
n Hacekomble-fenapodaru. Upkyrck: Cub. uH-T pU3NOIOrUU 1 OMOXUMHUU pacTeHui, 1978.
C. 105-113. [Pindyura B.S., Semenchuk E.S. Change in the Growth Ratio of the Early and
Late Wood in Defoliated Conifers in the Experiment. Conifers and Dendrophagous Insects.
Irkutsk, SIFIBR Publ., 1978, pp. 105-113].

28. Ionybosapunos O.HU., Dedopos P.b. V3MEHUNBOCTh IUIOTHOCTH JPEBECHHBI
cocHel U emu B EBpormetickoif wactu CCCP // JlecoBoACTBO, JIECHBIE KYJIBTYPHI H IOYBOBE-
nenwue. JI.: JITA, 1982, Beim. 11. C. 128-133. [Poluboyarinov O.1., Fedorov R.B. Variability
in Wood Density of Pine and Spruce in the European Part of the USSR. Forestry, Forest
Crops and Soil Science. Leningrad, LTA Publ., 1982, iss. 11, pp. 128—133].

29. Tapxanos C.H., Ilpooscepuna H.A., Konosanos B.H. JlecHble 5KOCUCTEMBI Oac-
ceitna CeBepHoil JIBUHBI B YCJIOBHSX aTMoc(epHOro 3arpsisHeHus. JluarHocrtuka
cocrostans. ExatepunOypr: YpO PAH, 2004. 333 c. [Tarkhanov S.N., Prozherina N.A.,
Konovalov V.N. Forest Ecosystems of the Northern Dvina Basin in the Conditions of At-
mospheric Pollution. Diagnostics. Y ekaterinburg, UB RAN Publ., 2004. 333 p.].

30. Tapxanos C.H., ll]exanes P.B. BHyTpruopraHu3MeHHasi 1 BHYTPUIIONYJISILIMOHHAS
M3MEHUYMBOCTh KOJMYECTBEHHBIX TPU3HAKOB Pinus sylvestris L. B ceBepHoi Taiire Ceepo-
JlBuHcKoro Oacceitna npu arMochepHoM 3arpsiaenu // JlecH. BectH. 2007. Ne 5. C. 116-123.
[Tarkhanov S.N., Schekalev R.V. Variability of Quantitative Attributes Pinus sylvestris L. at
a Level of an Organism and Group in Northern Taiga at Atmospheric Pollution. Lesnoy
vestnik [Forestry Bulletin], 2007, no. 5, pp. 116—123].

31. Veones 5.H. VictblTaHusl JOpeBECHHBl U JpeBECHBbIX MaTepuanoB. M.: JlecH.
npoM-cth, 1965. 251 c. [Ugolev B.N. Testing of Wood and Wood-Based Materials. Mos-
cow, Lesnaya promyshlennost’ Publ., 1965. 251 p.].

32. Yasuasaoze E.C. JlpeBecuna xBoiHbIX. JI.: Hayka, 1979. 169 c. [Chavchavadze E.S.
Wood of Conifers. Leningrad, Nauka Publ., 1979. 169 p.].

33. Iexanes P.B., Tapxanog C.H. PaguanbHbI TPUPOCT M KaYECTBO APEBECHHBI
COCHBI OOBIKHOBEHHOH B yCIIOBHAX aTtMocepHoro 3arpssHenns. ExarepunOypr: YpO PAH,
2006. 125 c. [Schekalev R.V., Tarhanov S.N. Radial Increment and Quality of Scots Pine
Wood in Terms of Atmospheric Pollution. Yekaterinburg, UB RAS Publ., 2006. 125 p.].

34. Seth M.K., Chaman L., Madhu B. Effect of Several Variables on Specific Grav-
ity in Different Zones of Blue Pine. Indian Journal of Forestry, 1988, vol. 11(1), pp. 42-47.



122 «H3BecTHs By30B. JlecHoii :kypHam». 2020. Ne 4 ISSN 0536-1036

N3MEHYMUBOCTDb XAPAKTEPUCTHUK JAPEBECHUHBI Pinus sylvestris L.
B IPEBOCTOSIX IIPU TEXHOT'EHHOM BO3JENCTBUA

P.B. ll[emmeel, KaHo. buon. Hayk, ResearcherID: AAH-3861-2019

ORCID: https://orcid.org/0000-0001-7657-1705

A.A. Mapmuiniok', 0-p c.-x. nayk, un.-kop. PAH; ResearcherID: AAB-7622-2020

ORCID: https://orcid.org/0000-0001-7592-2614

B.H. Menexoé’, 0-p mexu. nayx, npogh; ResearcherID: Q-1051-2019,

ORCID: https://orcid.org/0000-0002-2583-3012

'Beepoceniickuii HaydHO-MCCIEI0BATENBCKHIT HHCTHTYT JICCOBOJCTBA M MEXAHM3AIHH JIeC-
HOTO XO035HCTBa, yi. UncTHTyTCKasA, 1. 15, 1. [lymxuro, MockoBckas oo, Poccns, 141202;
e-mail: schekalevrv@yandex.ru

*CesepHblii (ApKTHUecKHil) deaepanbHblii yauBepcuteT M. M.B. JlomonocoBa, Hab. Ce-
BepHoit [IBuHsl, a. 17, r. Apxanrensck, Poccus, 163002; e-mail: v.melekhov@narfu.ru

Bonpockl M3MEHYMBOCTH XapaKTEPHCTUK APEBECHHBI COCHBI OOBIKHOBEHHOH (Pinus syl-
vestris L.) B HaCXKICHUSIX, IPOU3PACTAIOLINX B 30HAX BIIUSIHUS IIPOMBIIIICHHBIX 00BEKTOB,
HE TepSIOT CBOCH aKTyalbHOCTH. Llenb aHHOW pabOTHI — OIEHKA BIUSHUS TEXHOTCHHOTO
BO3JICHCTBYSI HA PAAHAIBHBIN PUPOCT U (PU3NKO-MEXaHNIECKUE XapaKTEPUCTUKN IPEBECH-
HBI COCHBI B yCJIOBHAX ceBepHOM Taiiru. [IpoanammsupoBaHo BinsiHUE (HAKTOPA PACCTOSHUS
OT MCTOYHHUKA MPOMBIIIICHHBIX BRIOPOCOB HA M3MEHUYMBOCTb PAIMAIBHOTO MPUPOCTA, 00B-
EMHBIX ¥ TEXHHUECKHX XapaKTepPUCTHK apeBecuHbl. CHOpMHUPOBAHBI KapThl pacTIpeeICHUS
YCIIOBHOH TNJIOTHOCTH JIPEBECHHBI M €€ CONPOTHBICHUS CXKATHIO BJIOJb BOJIOKOH BHYTPH
CTBOJIA. BBIsIBIICHO, UTO ¢ COKpAIIEHUEM PACCTOSHHUS 10 UCTOYHHKA BHIOPOCOB MPOUCXOIUT
YMEHBIICHUE CPEIHEH BEIMYHHBI PAJAHAIBLHOTO MPHUPOCTA JIEPEBbEB. Y CTAHOBICHO CHIKE-
HHE TUIOTHOCTH JIPEBECHHBI OT OCHOBAHMUS K BEPXHEIl yacTu epeBa U OT CEp/LIeBUHbBI CTBO-
1a X ero 3abosionu. OmnpereneHa TeHACHIUS MOBBILICHUS INIOTHOCTH APEBECHHBI C COKpa-
IICHUEM PaCCTOSHHMS 10 UCTOYHMKA SMHUCCHHA. JIOCTOBEpHBIX pa3nnyuii mokazaTessi Conpo-
THUBJICHHUS! JIPEBECUHBI CKATHIO BJIOJIb BOJIOKOH Ha Pa3HOM PACCTOSHUU OT UCTOYHUKA SMHUC-
CHii HE BBISIBJICHO.

na yumuposanusn: Schekalev R.V., Martynyuk A.A., Melekhov V.I. Variability Proper-
ties of Pinus sylvestris L. Wood in Growing Stock under Technogenic Impact // 13B. By30B.
JlecH. xxypH. 2020. Ne 4. C. 113—-122. DOI: 10.37482/0536-1036-2020-4-113-122

Kniouesvie cnosa: COCHA, ApeBECHHA, pannanbﬂmﬁ IpUPOCT, IIIOTHOCTb APEBCCUHBI, COIIPO-
THUBJICHUC APEBCCHUHBI C)KATUIO BJIOJIb BOJIOKOH, PACCTOSAHUE 10 UCTOYHHKA BLI6pOCOB.

IMocrynuna 29.12.19 / Received on December 29, 2019




