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Abstract. An essential stage in the establishment of seed orchards is the formation of an
optimal composition, avoiding inbreeding depression in the produced seed material, which
develops as a result of crossbreeding between closely related plus trees. The negative effect
can be reduced by ensuring the genetic heterogeneity of the seeds. The purpose of this study
is to give a relative evaluation of the plus trees of Scots pine (Pinus sylvestris L.) as one
of the most economically significant tree species on the European continent according to
their physiological conditions. The formation and lignification of the xylem of the plus trees
were investigated in the Nizhny Novgorod region of Russia. A histochemical examination
was performed using the reaction of phloroglucinol to lignin. Phenotypic differences in the
physiological conditions of plus trees appeared on a uniform ecological background that
indicates their genotypic determinism. This fact was confirmed by ANOVA. The share of
the influence of differences between the proper plus trees was between 25.16+8.91 % and
53.9845.48 %. According to the results of the factor and cluster analysis, the association of
plus trees was generated by the similarity of the multidimensional estimates of the xylem
conditions. The objects that were statistically most distant from the others were determined.
The hereditary conditionality of the identified differences among plus trees allows us to
consider their grouping into clusters as genotypically determined. This information provides
a reasonable approach to the formation of an assortment of Scots pine clonal seed orchards.
Keywords: Scots pine, plus trees, clones, inbreeding depression, xylem, lignification,
hereditary conditionality

This is an open access article distributed under the CC BY 4.0 license
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Annomayusn. BaxHBIM MOMEHTOM IPH CO3/IaHNH JIECOCEMEHHBIX IIAHTANNH ABIAeTCs (op-
MHPOBaHHME MX ONTHMAJIBHOTO COCTABA, MMO3BOJISIONIETO M30€XaTh MPOSBICHUN MHOPETHOM
JIETIPECCHH TIOJTyYaeMOr0 Ha HHX CEMEHHOTO MaTrepHaja, KOTOopas BO3HUKAET BCIIEICTBHUE
CKpEIIMBAHUS MEKIY OTM3KOPOICTBEHHBIMH IIITFOCOBBIMH JIEPEBBSIMU. DTOT HETAaTUBHBIN 3(-
(DEKT MOJKHO CHU3UTB ITyTeM 00CCIIeueHHs] HACJIEICTBEHHOI TeTepOreHHOCTH MaTepraa Juls
CO3IaHUsI JTECOCEMEHHBIX MIaHTanuil. Llemsp paboTel — 1aTh CPABHUTEIBHYIO OLEHKY IIITIOCO-
BBIX JIEPEBbEB COCHBI OOBIKHOBEHHOM (Pinus sylvestris L.) kak 0qHOM 13 HanOoIee 3HAYMMBIX
B XO3AHCTBEHHOM IJTaHE IPEBECHBIX MOpoA Ha EBporieiickoM KOHTHHEHTE 110 X (pU3M0I0TH-
YECKOMY COCTOSTHHIO. MI3ydeHo 00pa3oBaHue 1 OPEBECHEHNE KCUIIEMBI ILTIOCOBBIX EPEBLEB,
BBIIENCHHBIX B Hmkeroponckoit oomactu Poccnn. IIpoBeneHO THCTOXMMHYECKOE HCCIEN0-
BaHME C MCIIOIb30BAHUEM pPEakuy (proporTonuHa Ha JUTHUH. DEHOTUITHUECKIE PA3ITHIHS
B (pM3MOIOTHYECKOM COCTOSHHUN TUTIOCOBBIX JIEPEBBHEB MPOSIBUINCH HA BEIPOBHEHHOM 3KOJIO-
rudeckoM (hOHE, YTO yKa3bIBaCT HA MX TCHOTHUIMHWYECKUN AeTepMUHU3M. JlaHHbIi (akT moz-
TBEPXK/ICH ANCTIEPCHOHHBIM aHAIN30M. {0l BAMSHUS Pa3InInil MKy COOCTBEHHO ILTIOCO-
BBIMH J€pEBbsAIME cocTaBmia ot 25,16+8,91 1o 53,98+5,48 %. I1o pesynsraram hakTopHOTO U
KJIACTEPHOTO aHAJIN3a BHIIIOJIHEHO O0BEJMHEHNE TUTFOCOBBIX IEPEBLEB HA OCHOBE CXO/ICTBA 10
BCEMY KOMIUIEKCY OLICHOK COCTOSIHUS KcuileMbl. MaeHTudunupoBansl 0ObEKTHI, CTaTUCTH-

©beccuernoBa H.H., beccuetrno B.I1., babuy H.A., bpeianes B.A., 2023
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Introduction

The production of a balanced composition of the vegetative offspring of plus
trees on clonal seed orchards (CSO) of the first order is one of the challenges in
contemporary forest selection [8, 27, 31, 33, 48]. This problem is related in many
ways to the risk of the occurrence of inbreeding depression in the seed progeny
of plus trees in seed orchards [2, 27, 31]. According to some estimates, its effect
can vary from 26 % to 65 % [18], while other studies have considered it as 28.6 %
and 59.3 % [23]. Therefore, it is necessary to avoid closely related crossbreeding.
They occur for 10-20 % of coniferous trees, more frequently in CSO than in natural
plantings. Therefore, they are the primary source of inbreeding [26]. However,
another informational source [35] indicates that the rate of self-pollination in CSO
is 4 %. Thus, it is important to provide enough clones in seed-bearing plantations
[22, 23]. Nevertheless, it is a fact that plus selection based on mass selection by
phenotype of the best species of natural populations remains still the most effective
strategy for the selective improvement of forests in many countries [8, 23, 58].
Although the issue of plus trees selection effectiveness has been discussed for
a long time in literature, some tasks are still waiting for final solutions, requiring
comprehensive answers to some questions arising from practice [23, 36, 37, 54-56].

It is currently widely accepted to use histochemical examination as a method to
identify the biological characteristics and diversity of woody plants [4-6, 12, 29, 30].
Indicators of the plant physiological state determine the adaptability of the organism
to the environment [44], the resistance to drought and xylem embolism [16], the
success of xylogenesis [14, 45], the survival of the progeny [15], the biological
potential for reproductive activity [29, 30], and regeneration ability [46]. The state
and rate of the development of xylem in woody plants, the xylem cell formation and
lignification processes, the ratio between the formation of early and late wood, as
well as their hereditary conditionality are the subjects of systematic, comprehensive
studies [16, 29, 30]. These aspects are of particular importance in relation to native
tree species, which play an important role in the formation of forest resource potential.
Among them is the Scots pine (Pinus sylvestris L.), which is a dominant species in
forestry not only in Russia [7-9, 47], but also in many European countries, where it
is constantly at the center of attention of the researchers [3, 4, 6, 10, 16, 44]. In the
studies of Scots pine polymorphism, the solution to the problems associated with
plus selection of this biological species is the establishment of seed orchards and
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an increase in effectiveness. They are the subjects of numerous scientific studies
conducted over a long period of time [26, 27, 36-38, 50, 51]. In this context, the
solved scientific-theoretical and practical (economic) problem can be presented as
overcoming the negative effect of inbreeding depression on the seed progeny of plus
trees. Consequently, the purpose of our work is to conduct a comparative assessment
of the plus trees of the Scots pine in relation to the formation and lignification of the
xylem of annual shoots.

Object and methods

The object of the study was 21 plus trees of Scots pine, which were isolated
from natural stands in the Nizhny Novgorod region of the Russian Federation using
mass selection methods generally accepted in forestry breeding. Their vegetative
progeny was cultivated in a clone archive (collection for in situ conservation)
located in the same region. Formally, it is a part of the Semenovsky Spetssemleskhoz
State Budgetary Institution of the Nizhny Novgorod Region (a dedicated company
producing forest seeds and planting material). Each plus tree (ortet) in the clonal
archive was represented by 6-23 grafted seedlings (ramets). The total number was
320 pcs. They were arranged in rows on a rectangular pattern of 3x6 m. The location
of the experimental site was 56°44'20" N and 44°20'59" E. This clone archive was
formed in 1980 by planting 3-year-old seedlings generated through grafting of plus
tree cuttings onto well-developed 2-year-old seedling rootstocks, which had been
cultivated in an open ground forest nursery of the Semenovsky Spetssemleskhoz.
The trail plot was 1.6 ha. The properties of the soil, such as fertility, mechanical
composition, and moisture conditions, in this plot were typical of forest areas in the
Central Zone of the European part of Russia.

The studies were carried out through field stationery and laboratory methods,
using such schemes as work organization and sampling construction, which allowed
for the implementation of the principles of the only logical distinction, reliability,
suitability, and expediency of experience. The elimination of the differentiating
influence of environmental factors was achieved by comparisons of the studied
objects and samples (plants and their shoots), which were carried out only within
the boundaries of one experimental site, on which uniform schemes, with respect to
seating and plant feeding areas, were maintained. A single regime for maintenance
and cultivation was supported, and the uniformity of the initial planting material
(the same type of three-year-old grafted saplings) used for the creation of the clone
archive was provided. The same silvicultural and agrotechnical measures were
carried out. As a result, the experience in each of the work blocks was organized
under the conditions of the aligned ecological background. The rows of clones were
placed in their archives in accordance with the applicable regulations regarding the
creation of objects with a constant forest seed base and a single genetic breeding
complex. In particular, a randomized placement of rows in the plot was provided.
This eliminated the targeted provision of any of the progenies of plus trees, including
benefits in terms of growth and the formation of the plants, their shoots, and in the
end, their physiological characteristics. The elimination of time factor influence,
causing chronographic (phenological and ontogenetic) variability of the analyzed
characteristics of the studied plants, was achieved by the simultaneous harvesting
of biological samples, simultaneous measurements, observation, and accounting
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of the analyzed parameters, and comparison of only same-age trees and their parts.
In practice, this condition was achieved by simultaneous planting and by using the
same age of planting material in the creation of such objects. Thus, the minimization of
the influence of background factors on the phenotypic manifestation of physiological
differences between plants allowed us to explain the presence of such differences as
being due to the action of the hereditary specificity of the studied objects in relation to
the analyzed features. The correctness of the procurement of the initial material was
provided by a preliminary audit of the assortment structure of the surveyed archives of
clones, during which the identification of each registration tree (ramet) was carried out,
and it was established that they each belonged to a clone of a concrete plus tree (ortet).

The primary unit of a sample in the histochemical experience was represented
by temporary preparations of cross-sectional cuts from the average part of the annual
growth, which were analyzed using a light microscope (Mikmed-2) after staining
and fixation. The magnification was 10x20. The lignification of cellulose in the
xylem cell walls was assessed using the traditionally applied qualitative reactions of
phloroglucinol to lignin: a 10 % solution of phloroglucinol in 95 % ethanol with a few
drops of hydrochloric acid. As asighting control, we used slices that were not affected
by the test reagents. The color of their xylem cells corresponded to the absence of
lignification [4, 32]. The number of formed cells in each accounting zone of the
xylem was counted along not less than 3 radial files (transects). These slices were
compared to the slices treated with appropriate reagents and placed on the following
scale: 0 — no staining, no differences between the state of the painted slices and that of
the control slices; 1 — weakly expressed pale pink coloration; 2 — well-fixed pale pink
coloring; 3 — medium-intensity pink coloring; 4 — saturated pink coloration with an
above-average intensity but not reaching the maximum; and 5 — maximum intensity
bright crimson coloration [4, 32]. For each zone separately, we counted the number of
rows of cells by transects in the radial direction, from the first row in the early xylem
to the last visible row of the late xylem before the cambium. The degree of xylem
lignification was expressed as a percentage of the total number of rows of its cells.
The ratio of early and late xylem zones was estimated by the balance of the number
of cell rows in each of them at the end of the vegetation period, when all cells of late
xylem underwent lignification. To construct an integral assessment of the state of
xylem, we considered indicators that determine the degree of its development and the
level of lignification in the observed sight sector, covering all accounting zones from
the core to the cambium [4, 32]:

the total number of rows of xylem cells formed at the time of accounting,
which was determined by counting all rows of xylem cells in radial direct, regardless
of the fact and degree of their lignification (feature 1);

the number of rows of completely lignified early xylem cells, which was
determined by counting the rows of cells in the walls in which the process of
lignification was fully completed, as confirmed by their uniform intense color,
corresponding to an assessment of 5 points (feature 2);

the number of rows of absolutely non-lignified xylem cells, determined by
counting only those cells in the walls in which the signs of lignification were not fixed
and there was no staining (i.e., assessment of 0 points) (feature 3);
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the number of rows of partially lignified xylem cells, determined by counting
only those cells in which the process of wall lignification was fixed but not completely,
as confirmed by their uniform color of different intensities from 1 to 4 points (feature 4);

the depth of the lignification of xylem cells, taking into account the coefficient of
their lignification grading, determined as the sum of the products of the number of cell
rows in a separate accounting of each zone of xylem, on their lignification score (from 0 to
5 points), carried to the maximum assessment (5 points). This was expressed as the number
of rows of xylem cells, corrected for the degree of lignification (feature 5);

the absolute percentage of the lignification of xylem cells, which was
determined as a percentage share of lignified xylem cells, in varying degrees (from
1 to 5 points), relative to their total number (feature 6);

the relative percentage of xylem cell lignification, determined as a percentage
share of fully and partially lignified xylem cells, the number of which was adjusted to
the degree of their lignification (feature 7);

the total sum of rows of the fully lignified (5 points) cells of early and late
xylem (feature 8).

In order to obtain clear information concerning the importance of the actual
analysis of the dynamics of plant physiological indicators and comparatively assess
them, a static indicator fixed to the observation date was used. The sampling times
were confined to the characteristic phenological plant states: the period of rest
(the first period of accounting), the exit from the state of rest (the second period
of accounting), the beginning of the formation of late xylem (the third period of
accounting), the transition to the state of rest (the fourth period of accounting).
In addition, we took into account the fundamental possibility of involving the number
of analyzed parameters in multidimensional analysis in addition to the signs of direct
accounting and the signs derived from them. The above signs were recorded at each
seasonal accounting, at the same time, in January (the first accounting period), sign
8 did not appear since, by the indicated moment, the early xylem of the current year
had not yet been formed. For this reason, only the most informative signs recorded
in all phases of seasonal plant development are left in Table 1. This approach is
traditional in the organization of forestry and biological research, including those
conducted by methods of histochemical analysis [1-3, 7-11, 32].

The actual material obtained in the course of the studies was processed statistically
using one-way ANOVA according to Snedekor’s algorithm with a Tukey pairwise test.
In addition, according to generally accepted algorithms, phenotypic means, standard
deviation, and coefficients of variation for all studied features of each plus tree were
calculated. Complex estimates of the relative genetic proximity or distance of the
compared objects were obtained in the course of principal component analysis (PCA)
[17] and cluster analysis [53]. These techniques are actively used in the study of tree
species [52], including histochemical [3, 8, 32] and forestry studies [43, 52, 53], the
estimate of primary roundwood production [28], the comparative assessment of plus
trees [24, 25], including the clonal analysis of their reproductive parameters [7, 50],
population genetics [59], and the determination of genetic proximity [26]. An obligatory
condition of the experiment was accepted, according to which it was ensured that all plus
trees had the same set of quantitative characteristics, the number of which determined the
dimension of Euclidean space. Clones that did not have at least one of the characteristics
or did not receive reliable estimates during the preliminary statistical processing were
excluded from the scheme. The accepted order of the formation of numerical arrays
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made it possible to calculate the correlation and covariance estimates of each of the
characteristics with all other object features in a multidimensional comparison complex.
Amendments to the unevenness of complexes were not entered since the accounting of
all parameters of the multidimensional objects in the surveyed site had the same number.
In the calculations, we included the standardized values of the initial parameters, obtained
by the z-transformation and based on the ratio of the deviation of the characteristic value
from its average value to the corresponding standard deviation. As a result, a matrix of the
normalized values of the features was obtained, which served as the basis for calculating
the generalized statistical distances in Euclidean space. This approach yielded uniform
and dimensionless characteristics, allowing the comparison of the object coordinates
in the multidimensional feature space. The cluster analysis method was an ascending
hierarchical procedure. The square of the Euclidean distance was used as a metric, and
the agglomeration was considered the average linkage between groups.

Results and discussion

An assessment of the physiological condition of the plus trees in the examined
clone archive, considering a wide range of features describing the level of xylem
development and the degree of cell lignification in the tissues of annual shoots,
revealed a noticeable differentiation in the composition of the analyzed clone archive
(Table 1). Since the identified phenotypic differences between the plus trees appeared
in the unified environmental conditions, there is a reason to believe that the source
of their occurrence is primarily genetic. Statistical confirmation was provided by
analysis of variance, in which the actual value of Fisher's F-criteria for most features
exceeded the minimum acceptable limit at 5 % and 1 % significant levels. Significant
differences failed to be confirmed in only two cases for features 4 and 5. We validated
the effect of the differences between the actual plus trees (ortets), which in such cases
is considered the coefficient of heritability in its wide meaning, on signs concerning
the essentiality of the differences. This effect ranged from 16.85+9.90 % for feature 1
to 49.59+6.00 % for feature 2, with a general background of phenotypic differences.

The statistical reliability of the obtained results and the presented evidence
of the hereditary conditionality of the revealed phenotypic diversity of plus trees
with respect to the physiological state of the xylem of their annual shoots created
sufficient ground for conducting multivariate analyses. In the factor analysis (PCA),
these characteristics were grouped according to the principal components. The results
of this transformation are reflected in Fig. 1 and in Table 2.

Figure 1 displays the extraction of the principal components and indicates quite
a satisfactory outcome of this variant of the transformation factor. The distribution
of analyzed variables (values of investigated features) is clearly visible, systematic,
and logical (Table 2). Note that features 4 and 5, as well as features 6 and 7, were
always a part of the same components. In the formation of the principal components,
feature 1 always participated in combination with feature 8, and feature 3 with
features 6 and 7. At the same time, some specificity in the structure of the principal
components was revealed on each of the observation dates. Note that the information
on feature 2 in the first term of registration is not presented due to the absence of the
number of rows of fully lignified cells of early xylem formed in the current year at
the time of registration of the actual indicator. The general tendency in the procedure
of extracting the principal components was, for all accounting periods, a convincing
exclusion of insignificant values close to 0 (Fig. 1).
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Table 1
Average values of indicators of the physiological status of plus trees
Plus Feature of xylem state (M+m)
EoN 1 2 3 4 5 6 7

14 [24.33£2.19 | 21.78+2.27 | 1.67+0.17 | 0.89+0.31 | 0.60+0.21 | 92.34+1.34 | 91.04+1.58
3 [22.11£1.18 | 20.33£1.05 | 0.78+0.15 | 1.00+£0.29 | 0.71+0.20 | 96.44+0.72 | 95.21+0.58
19 [29.56+1.25] 27.56+1.21 | 1.00+0.00 | 1.00+0.29 | 0.7340.22 | 96.56+0.18 | 95.67+0.33
6 |37.89+1.80 | 35.56+1.67 | 1.00+0.00 | 1.33+0.24 | 0.91+£0.18 | 97.31+£0.14 | 96.21+0.21
22 21.78+0.92 | 19.89+0.89 | 1.00+0.00 | 0.89+0.26 | 0.60+0.16 | 95.34+0.20 | 94.02+0.50
1 ]30.44+2.68 | 28.56+2.61 | 1.11+0.11 | 0.78+0.28 | 0.56+0.20 | 96.13+0.46 | 95.46+0.45
5 119.78+1.66 | 18.11+1.60 | 1.11+0.11 | 0.56+0.24 | 0.40+0.19 | 94.17+0.56 | 93.38+0.56
17 [43.56+4.61 | 41.11+4.46 | 1.33+0.17 | 1.114+0.26 | 0.78+0.20 | 96.85+0.33 | 96.04+0.36
18 |31.67£1.00 | 29.67+0.94 | 1.00+0.17 | 1.00+0.29 | 0.78+0.26 | 96.83£0.51 | 96.10+0.48
40 |23.33+0.80 | 21.44+0.91 | 1.00+0.00 | 0.89+0.31 | 0.67+0.25 | 95.68+0.14 | 94.71+0.35
41 |34.56+1.16 | 32.33+1.25 | 1.00+0.00 | 1.22+0.28 | 0.93+0.23 | 97.08+0.09 | 96.22+0.24
45 [22.78+1.02 | 21.00+1.09 | 0.89£0.11 | 0.89+0.26 | 0.60£0.19 | 95.93£0.52 | 94.68+0.64
47 124.78+2.41 | 22.56+2.33 | 1.00+0.00 | 1.22+0.22 | 0.87+0.17 | 95.70+0.36 | 94.25+0.50
29 |31.7842.34 | 29.44+2.29 | 1.334+0.17 | 1.00+0.24 | 0.73+0.17 | 95.72+0.49 | 94.89+0.64
49 123.78+3.14 | 21.67+3.12 | 1.00+0.00 | 1.11+0.26 | 0.87+0.24 | 95.23+0.57 | 93.98+0.86
39 [21.00+0.82 | 19.00<1.11 | 1.00£0.00 | 1.00+£0.37 | 0.78+0.31 | 95.18+0.18 | 94.04+0.65
21 |32.56+2.10 | 30.44+1.82 | 1.11+0.11 | 1.00+0.33 | 0.73+£0.26 | 96.53+0.30 | 95.79+0.24
20 |21.44+1.33 | 19.33+1.25 | 1.00+0.17 | 1.11+0.31 | 0.80+0.22 | 95.07£1.03 | 93.72+0.98
30 |31.00+1.40 | 28.78+1.30 | 1.00+0.17 | 1.22+0.22 | 0.87+0.15 | 96.77+0.48 | 95.64+0.36
42 |34.22+43.02 | 31.8942.77 | 1.11+0.11 | 1.22+0.55 | 0.91+0.43 | 96.60+0.33 | 95.70+0.61
44 | 27.56+1.26 | 25.56+1.31 | 0.89+0.11 | 1.11+0.26 | 0.69+0.15 | 96.74+0.44 | 95.11+0.86
Total | 28.0940.62 | 26.00+0.60 | 1.06+0.03 | 1.03+0.06 | 0.74+0.05 | 95.91+0.14 | 94.85+0.16

Note: The most informative characteristics (features 1-7) are used. Abbreviations of the fea-
tures are used as specified in the Methods section. M — the average of the feature; + m — error
of the representativeness of the sample mean.

Table 2
Structure of the principal components of xylem state of plus trees
by the accounting periods
) Principal components of the accounting period
lsnl irésa?élr(; the first period the second period the third period
first second first second | third first | second | third
Feature 1 | 0.944 — — — 0.793 | 0.962 — —
Feature 2 — — —0.794 - - 0.966 - -
Feature 3 — —0.972 — 0.847 — — — —0.931
Feature 4 | 0.982 - 0.864 - - - 0.936 -
Feature 5 | 0.989 — 0.962 — — — 0.939 —
Feature 6 - 0.986 — —0.838 - - - 0.763
Feature 7 — 0.980 — 0.684 — — — 0.713
Feature 8 | 0.980 - — - 0.721 0.966 - -
Initial eigenvalues of principal components
Value | 3.9214 | 2.9845 | 3.5994 | 1.6475 | 1.1740 | 5.0405 | 1.7811 | 1.0901
The share of the variance of principal components, %
Dispersion | 56.020 | 42.635 | 44.992 | 20.594 | 14.675 | 63.007 | 22.264 | 13.627
Cumulative variance of principal components, %
Dispersion | 98.655 | 80.261 | 98.897

Note: The rotated components of factor analysis are presented herein.
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Fig. 1. Initial eigenvalues of the components with respect to the timeframes for measuring the
plus tree xylem states: a — January; b — April; ¢ — July

The sufficient stability and uniformity in the formation of the principal
components in terms of timeframes for measuring the seasonal states of xylem during
the year made it possible to perform a factor analysis (PCA) on a summary data set
(Table 3, Fig. 2). It contains 23 features: 7 in the first accounting period and 8 in the
second and third periods, respectively.

Figure 2 illustrates the allocation of six major components from the entire list
of characteristics. The information provided in Table 3 demonstrates their structure,
in which the distribution of the variables under consideration is determined, mostly
seasonally, by the independent factors (principal components). The material attained
at this stage of the work created an opportunity to perform a cluster analysis with
the use of both normalized values of the original features (Table 4, Fig. 3) and the
principal components derived on their basis (Table 5, Fig. 4).
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Fig. 2. Initial eigenvalues of the components for all accounting periods of the seasonal state
of xylem in the shoots of plus trees

Table 3
Structure of the principal components for all accounting periods
Signs and Principal components of factor analysis on the seasonal state of xylem
indicators first second third fourth fifth sixth
Feature 1 — 0.9317 — — - -
Feature 2 — — — —0.9550 — —
Feature 3 — 0.9736 — — — -
Feature 4 — 0.9786 — - — —
Feature 5 — — — 0.9641 — —
Feature 6 — — — 0.9473 — —
Feature 7 — 0.9738 — — - -
Feature 8 — — — — 0.6315 —
Feature 9 — — —0.7404 — — —
Feature 10 — — —0.7769 — — —
Feature 11 — — 0.8779 — — —
Feature 12 — — 0.7534 — — —
Feature 13 — — 0.7449 — — —
Feature 14 — — —0.4339 — — —
Feature 15 0.9785 - - — — —
Feature 16 0.9733 — — — — —
Feature 17 0.9778 - - — — —
Feature 18 — — — — 0.8805 —
Feature 19 - - - - — 0.7950
Feature 20 — — — — — 0.8085
Feature 21 0.7383 - - — — —
Feature 22 0.7954 — — — — —
Feature 23 0.9785 - - — — —
Initial eigenvalues of principal components
Value | 6.1104 | 51788 | 42336 | 23068 | 1.8718 | 1.2290
The share of the variance of principal components, %
Dispersion | 26567 | 22516 | 18.407 | 10.029 | 8.138 | 5343
Cumulative variance of principal components, %

Dispersion | 91.001

Note: The rotated components of factor analysis are presented herein.
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Fig. 3. Dendrogram of the similarities across plus trees based on the normalized values
of the source characteristics of the physiological state of xylem

The clustering procedure was accomplished by constructing a hierarchical
system, in which the plus trees were grouped according to the criterion of closest
similarity for the analyzed feature combinations of the physiological state of xylem
(Table 4, Fig. 3). This structure contains well-formed macroclusters with plus trees
numbered 40, 49, 22, 45, 5, 18, 44, 1, 6, 30, 19, 29, 41 and 17. It has noticeable
differences from the others in terms of the connection distances. Its own structure is
represented by three micro-clusters of roughly the same additional density but with
different numbers.

The dendrogram created with the principal components of the considered set
of features (Table 5, Fig. 4) also had a discrete hierarchical composition. Meanwhile,
while maintaining a certain specificity in each of the analysis options, the structures
of these dendrograms were fundamentally similar. Note that the plus trees marked
by the indices 40, 49, 22, 45, and 5, located on the first dendrogram (composed using
the normalized values of 23 initial features) near each other, preserve the similarity
of positions on the second dendrogram (created by 6 principal components). On
both the first and second dendrograms, separate pairs of plus trees were detected,
such as 18 and 44, 6 and 30, 47 and 39. In this case, in each of the variants of
the analysis, plus tree 47 and plus tree 39 were among those that had the largest
values with respect to the distance of the hierarchical cluster combination. The
most specific object, the plus tree 14, remained in the same position on each of the
dendrograms.

The resulting material revealed a fundamental similarity in the graphical
representations of the structure with the relationship between the plus trees in the
multidimensional space of features. This indicates that the observed connection
related xylem state among the plus trees has a stable character.

The presence of plus trees, which have characteristics that largely distinguish
them from others, indicates that these plus trees are potentially unrelated to the
primary composition of the provided archive of clones.
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Fig. 4. Dendrogram of the similarities across plus trees based on of the principal components
of physiological evaluation of the seasonal state of xylem

As the points for discussion. The results of this study provide an opportunity to
test the potential genetic proximity of plus trees in practice. The tests are planned to be
included in CSO. Objective information might reduce, and even eliminate completely,
the risk of inbreeding depression of seed offspring. The requirement for a preliminary
assessment of the reproductive compatibility of plus trees in forest seed plantations
was noted by many experts and is reflected in the works of A. Lewandowski [34],
D. Lindgren [36, 37], A. Sivacioglu and S. Ayan [50], T. Funda [22], O. Vanek [54],
C.E.Durel [18, 19], H.P. Koelewijn [27], T. Wang [57], J.H. Russell and D.C. Ferguson
[48], A.D. Bower and S.N. Aitken [13]. They emphasized the importance of generating
a range of CSO at which the risk of inbreeding is minimized or eliminated entirely.
Even though this problem was clear from the beginning of seed orchard development
[33, 41,42, 57], unfortunately, it is still relevant [2, 21, 23, 31]. Currently, the affords to
resolve this issue are made quite widely in many countries of the world: in Poland [38],
Portugal [20], Canada [51], New Zealand [1], Denmark [40], France [55], Japan [49],
Finland [27], Spain [20], China [39], USA [21].

The main results of the investigation are the following:

the fact of heterogeneity was determined, and phenotypic differences for pine
trees were revealed by the physiological characteristics (parameters) of the xylem state;

the hereditary dependence of the discovered physiological heterogeneity of the
plus trees was proved, and the degree of genotypic conditionality of the specificity
of the plus trees was determined by their ability (potential) to form a well-developed
xylem and obtain a high level of its lignification;

a multiparametric assessment of the relative proximity of the studied plus trees
according to the tested complex of physiological characteristics was obtained, and
the most similar plus trees and those with complex differences, between which the
greatest values were found,

an assessment of potential risks was given when the most similar physiological
characteristics of plus trees were included in the composition of seed plantations, the
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most preferred of the possible combinations of plus trees in the assortment of seed
plantations were identified, ensuring minimization of the risk of inbred depression of
their seed progeny.

Potential application of results — object and territorial aspects:

the results, the conclusions and the recommendations derived from them can
be extended to other species of pine trees and other representatives of the pine family;

the presented methodological scheme can be applied to studies of a wide range
of species of woody plants that belong to the pine family;

the tested methodical apparatus, the results that we obtained during its
implementation, generalizations and conclusions based on them can be geographically
extended to other regions.

Conclusions

The plus trees of Scots pine are heterogeneous with respect to the physiological
state of xylem. To a large extent, their specific abilities to form xylem layers with
diverse thicknesses during one vegetation period are determined by genotype. The
rate of annual desiccation of shoot xylem cells (lignification) is also influenced by
heredity. The carriers of these features are most favored in the composition of seed
orchards. In composing clone archives, the ability to select a group of plus trees (and
particular plus trees) that are the most distinct compared to others in physiological
characteristics is essential. The hereditary nature of the features of such plus trees
suggests that they have a minimum chance of being closely related. The use of this
approach in the creation of seed orchards can reduce the risk of inbreeding depression
in seed offspring and minimize its harmful consequences. The proposed method
of comparative evaluation of the degree of genetic proximity of plus trees on the
physiological parameters of xylem can be considered as one of the tools for testing
their reproductive compatibility in the composition of clonal seed orchards.
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Annomayus. J1ns1 3p(HEeKTHBHOTO U palliOHAIBHOTO MCIIOb30BaHMS B TPOU3BOJICTBE IPEBECH-
HBI COCHBI OOBIKHOBEHHOH Pa3iIMYHOTO reorpaduueckoro MpouCXOXkICHHs HEOOXOMMO 3HATh
ee (hM3HMKO-MeXaHnueCcKue CBoicTBa. L{erblo rccreioBanus sIBIISIeTCs onpeiesieHre (H3NUeCKIX
(MJIOTHOCTH APEBECHHBI B a0COIIOTHO CyXOM COCTOSTHUAU U TIPH 12%-i1 BIAXKHOCTH) U MEXaHHYC-
CKHX (IIPOYHOCTB JPEBECHHBI MPH CIKATHH BJIOJIb BOJIOKOH U ITPU CTaTHYECKOM U3rHOE) CBOWCTB
JpeBecuHb! 17 KIMMaTHYECKUX 3KOTHIIOB COCHBI M IIPOBEICHUE CPABHUTEIBHOTO aHaIM3a Mo-
JIy4eHHBIX MOKa3aTesel B OTAEIBHOCTH JUIs KaXKJ0TO MPOUCXOXKACHHS U MIPU UX IPYHIHPOBKE
T10 TTOJIBU/IAM B COOTBETCTBUH ¢ Kiaccudukarmeii JI.D. [Ipapauna. [nana3on reorpaduueckoro
MIPOUCXOMKAEHHS MECT 3arOTOBKHU ceMsH — oT 47 10 62° c. 1. u ot 22 g0 85° B. A. [lns nposene-
HUS MCCIIEIOBaHUH OblIa MCIOJIb30BaHa COBPEMEHHAsl YHUBEPCAIbHAsI MCIIbITaTeIbHAsT Mallly-
Ha MTS Insight 100. YcTaHOBJICHO, YTO TUIOTHOCTH IPEBECUHBI B a0COIFOTHO CYXOM COCTOSI-
HUM BapbupyeT OT 370 (Kypckuil Knumarui) 10 524 xr/m* (BOATOrpajcKuil KIIMMATHUI), TIPH
12%-it BnaxxHocTH — OT 397 (KypcKuid kiuMarun) 10 550 kr/m? (BOArorpaacKuil KITMMATHIT).
IIpouHOCTh IPEeBECHHBI UCCIEAYEMbIX KIMMATHUIIOB MIPU CKaTUH BAOJIb BOJIOKOH COCTaBUIIA OT
32 (xypckmii kmumarui) 1o 54 Mlla (Bonrorpaackuii KIMMaTHII), IPH CTaTHYECKOM H3ruoe —
ot 55 mo 92 MIla y BOJIOTOJICKOTO U YJIBSIHOBCKOTO KJIMMATHIIOB COOTBETCTBEHHO. Makcu-
MajbHas MJIOTHOCTh APEBECUHBI MpU 12%-i BIa)kHOCTU XapaKTepHa AJS MOJBHA COCHBI
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OOBIKHOBEHHON E€BPOMEWCKO U cocTaBimsieT 49748 Kr/mM°, MHHUMANbHOE 3HAYCHHE TaHHOTO
MOKAa3aressi Y COCHbI OOBIKHOBEHHON cuOupckoit — 423+30 kr/m®. TIpoMexyTouHOE MONOXKeE-
HHE 3aHUMAIOT COCHBI JIATUTAH/ICKAs U JIeCOCTenHas co 3HaueHUsIME 48316 u 464+12 kr/m?
COOTBETCTBEHHO. [IpOYHOCTE APEBECUHBI NIPU CKATUU BJIOJIb BOJIOKOH Y UCCIEAYEMBIX MOBH-
JoB coctaBmia ot 47+1 (eBporneiickas) 1o 33+4 Mlla (cubupckast), y COCHBI JIAIUIaHJICKON —
44+2 Mlla n HeckoJbKO HMXKE y COCHBI jecocTenHol — 42+2 MIla. MaxcumanibHas npod-
HOCTb JJPEBECHHBI [IPU CTATUUECKOM M3IHOE XapaKTepHa JUIsl COCHbI eBporielickor — 78+4 MIla,
a MUHHMAaJIbHast — JUIsl COCHBI cHOMpCKoi — 61+14 MITa. JlaHHbIH TTOKa3aTellb UMEET PaBHbIC
3HAUEHUs JUI COCHBI JIECOCTENHOM U aranackoi — 72+4 MITa.

Knioueewie cnosa: cocHa OOBIKHOBEHHAsl, KJIMMATHII, TUIOTHOCTb JIPEBECHHBI, TPOYHOCTH
JIPEBECHHBI, CTATUYECKUI U3rN0, N3MEHUYUBOCTD
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Abstract. 1t is important to comprehend the physical and mechanical properties of Scots
pine wood from various geographical origins in order to use it effectively and rationally in
production. The purpose of the study is to determine the physical and mechanical properties

This is an open access article distributed under the CC BY 4.0 license


https://www.webofscience.com/wos/author/record/3362286
https://orcid.org/0000-0002-6892-2859
https://www.webofscience.com/wos/author/record/1400059
https://orcid.org/0000-0002-2802-7614
https://www.webofscience.com/wos/author/record/2319030
https://orcid.org/0000-0002-2755-4439
https://www.webofscience.com/wos/author/record/2569486
https://orcid.org/0000-0002-2270-5234
https://www.webofscience.com/wos/author/record/2715135
https://orcid.org/0000-0002-5946-4470
https://www.webofscience.com/wos/author/record/3334926
https://orcid.org/0000-0002-5562-1184
mailto:rebko@belstu.by
mailto:kozel@belstu.by
mailto:poplavskaya@belstu.by
mailto:pavel_tupik@belstu.by
mailto:nosnikov@belstu.by

28 «H3BecTHs By30B. JlecHoii skypHai». 2023. Ne 4

of Scots pine wood from 17 climatic ecotypes and to conduct a comparative analysis of
the received indicators for the studied climatypes separately and for subspecies, which
were grouped according to the classification of L.F. Pravdin. The physical properties that
were chosen for the investigation were wood density in an absolutely dry state and at
12 % moisture content. The mechanical characteristics were the tensile strength of the wood
along the fibers and the tensile strength in static bending. The range of geographic origins
of the seed harvesting locations was from 47 to 62 °N and 22 to 85 °E. The investigation
was conducted using contemporary universal testing equipment, MTS Insight 100. It was
found that the density of the wood varied from 370 kg/m*® (Kursk climatype) to 524 kg/m?
(Volgograd climatype) under absolutely dry conditions and from 397 kg/m?® (Kursk climatype)
to 550 kg/m3 (Volgograd climatype) at 12 % moisture content. The tensile strength of wood
along the fibers ranged from 32 MPa (Kursk climatype) to 54 MPa (Volgograd climatype), while the
tensile strength in static bending was from 55 to 92 MPa for the Vologda and Ulyanovsk climatypes,
respectively. The maximum wood density at 12 % moisture content was 497+8 kg/m?, which is
typical for European subspecies. The minimum value of this indicator was 423430 kg/m?. The
medium values had Lapland subspecies and Steppe subspecies 483+16 kg/m® and 464412 kg/m’,
respectively. The tensile strength of wood along the fibers in the studied subspecies ranged from
47+1 MPa (European subspecies) to 33+4 MPa (Siberian subspecies). For Lapland subspecies,
it was 4442 MPa and slightly lower for Steppe subspecies, which was 42+2 MPa. The maximum
value of the tensile strength in static bending for European subspecies was 7844 MPa. The
minimum value for the Siberian subspecies was 61+14 MPa. This indicator was equal for Steppe
subspecies and Lapland subspecies, which was 72+4 MPa.

Keywords: Scots pine, climatype, wood density, tensile strength of wood, static bending,
variability
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Bseoenue

OpHrMHE W3 BaXHEWIINX ITOKa3zaTellell KadecTBa JIPEBECHHBI COCHBI OOBIK-
HOBEHHOH SIBIISIIOTCS €€ IUIOTHOCTh M MPOYHOCTh, YTO HEOOXOIUMO yUUTHIBATh KaK
IIPU JIECOBBIPAILIMBAHUU, TaK U MPHU MPOMBIIUICHHOM HCIOJIb30BAHUU APEBECUHBI
[21-25]. TInoTHOCTH BIMSET HE TOJBKO Ha (PU3UYESCKUE CBOMCTBA JPEBECUHBI, HO U
Ha MexaHm4deckue [8, 26], BeICTymnas B KauecTBE Hanboiee 0ObEKTUBHOTO U YHUBEP-
CAJIbHOTO TIOKa3areis ee KadecTBa. B OONBIIMHCTBE CIyyaeB MEXIY TUIOTHOCTBHIO
Y TIPOYHOCTHIO IPEBECHHBI CYIIECTBYET YETKO BhIPAKEHHAS MPsiMast 3aBUCUIMOCTD —
YeM BBIIIE TNIOTHOCTh, TEM BEIIIIE TPOYHOCTH, PUYEM CTETICHb KOPPEISAIIUU J0CTH-
raet 0,8-0,9 [12, 18, 19, 23, 24].

Psan yueHbIx B cBOMX pa0OTax OTMEUAET CYIIECTBEHHBIC PA3IUYUs KIUMATH-
TIOB TIO IprKuBaeMoctH [ 16, 27], coxpannoctu [10, 16], pocty [4, 5], ycToitunBoCTH
K BpEAUTEIIM 1 00Jie3HsIM [ 3, 6], TpoayKTHBHOCTH [ 1, 9], a TakKe 1o COCTaBy XJI0PO-
(mnna u ctpoennto XBOMHOK [7, 13], cocTtaBy a¢upHBIX Macedn [ 15], TutomoHomIeHHI0
u apyrum npusHakam [2, 11, 17]. CnenoBarenbHO, BOZHUKAET BOIPOC O BO3MOKHOM
pa3Iyuy Ka4ecTBa IPEBECUHBI Y Pa3HbIX KJIUMATUIIOB, KOTOPOE OMPEIENsIeTCs MOo-
KazaresiMi (PU3MKO-MEXaHUYECKUX CBOMCTB.,

YHUKaJIBHBIME B 3TOM IUIAHE OIBITHBIMH MOJCIBHBIMUA OOBEKTAMH SIBJISIOTCS
reorpauueckre KyibTypbl, CO3/aBaeéMble CEMEHHBIM TIOTOMCTBOM HamOojee Xapak-
TEPHBIX TOMYJISIINIA Pa3HBIX YKOTHUIOB (KIIMMATHUIIOB) C LENTBIO MX WCITBITAHUS B HOBBIX
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ycroBusxX. Takue MozenbHble OOBEKTHI CTyXKaT 0a30i Uit U3ydeHHs! reorpaduyecKon
M3MEHYMBOCTH HACJICICTBEHHBIX CBOMCTB JIECHBIX TIOpO/I. [1epBbIe OIbITHI ¢ reorpadude-
CKUMH KYJBTYpaMH COCHBI OOBIKHOBEHHOH Ol Hauatsl mog MockBoii B 1878—1893 rr.
M.K. Typckum Ha JlecHoil onbITHOM gade IleTpoBckoi 3emiieniennbueckon U JIECHOM
aKaJileMuu (B HacTosiee BpeMs: POCCHIICKOro rocyapcTBEHHOTO arpapHOro yHUBEPCH-
TeTa — MOCKOBCKOH cenbCKoX03sicTBeHHOM akagemun uM. K.A. Tumupsizesa).

Lens pabotsl — omnpenenenrne GuU3NUEeCKUX (IUIOTHOCTH JIPEBECHUHBI B a0Co-
JIIOTHO CYXOM COCTOSIHUM M TIpH 12%-1 BIaXKHOCTH) U MEXaHUYECKUX (IIPOYHOCTH
JIPEBECUHBI MIPU CXKATHH BJIOJH BOJOKOH U MPH CTATHYECKOM M3TH0E) CBOWCTB Jpe-
BECHHBI PA3JIUUHBIX KIMMAaTHYECKUX SKOTUIIOB COCHbI OOBIKHOBEHHOH U IIPOBEIICHHUE
CPaBHHUTEIBHOTO aHaJIM3a MOJIYYEHHBIX IOKa3aTelel y HCCIIEAYyEeMBIX MPOBCHHUECH-
uuii. HoBu3sHa nccrenoBanuil 3akiodaercs B TOM, 4TO BIepBbie B benapycu onpene-
JIeHbl (PU3UKO-MEXaHHMUECKUE CBOWCTBA JPEBECHHBI COCHBI OOBIKHOBEHHOW pa3iiny-
HOTO MPOMCXOXKJICHHS B TPHUCIICBAIOIIEM BO3pacTe B JUara3oHe reorpaduyeckoro
MIPOUCXOXKICHUS MECT 3arOTOBKH ceMsH oT 47 10 62° ¢. 1. u ot 22 10 85° B. 1.

Obvexmbl u Memoowbl UCCAEO08AHU

B Benapycu nepBbie reorpaguueckue KyJIbTypbl COCHbI OOBIKHOBEHHOH 3aJ10-
xeHsl B 1959 1. B.I. Mumnessim u E.J[. Mannesuuem coBmecTHO ¢ LlenTpanbHoi
KOHTPOJIbHOW CTaHIIMEN JIECHBIX CEMSAH U beopycckoi KOHTPOJIBHOM CTaHIMEe! Jec-
HBIX CEMSH Ha IUTOMAIH 8,7 Ta U COCTOSUTH U3 65 TeorpadruecKuX BapuaHTOB C THa-
MMa30HOM reorpaduyeckoro mpoucxoxaenns 48—62° c. m. 22—-111° B. 1.

Cemena momyuensl u3 200 mynkroB ObiBmiero Coserckoro Coroza. Omna-
KO Oonblias X 4acTh Obla MCKJIIOYEHA M3-3a THIIOJOTMYECKON HEOJHOPOTHOCTH.
B pesynbrate otobpano 65 00pa3oB ceMsH W3 HacaXIEHHW IPYIbl THUIIOB Jeca
6opbI-3esieHoMOIIHUKH. [loceB ceMsiH ocymiecTsieH B anpesne 1958 . B mUTOMHUKE
Heropenbckoro yuebHO-ombITHOTO Jlecxo3a. [lo mMexaHmueckoMy cOCTaBy ITOYBa B
MTUTOMHUKE TIPEJICTABISIET COO0 MmecoK CBSI3HBIN. [l moTydeHns oMHAKOBOHU Ty-
CTOTBI CTOSIHUS CESIHIIEB B OJTHOM CTPOKE BBICEBAJIOCH OIMHAKOBOE KOJIMYECTBO KH3-
HecriocoOHbIX ceMsiH Ha 1 mor. M. [Tocne mocesa rpsiabl mokpbiBairchk MxoM. Jo ce-
PENVHBI UIOJST BCXOABI OTEHSUIMCH JPAaHOYHBIMHU MIMUTaMU. 3a CeSHIIaMH IPOBOAMIICS
YXO[I, 3aKJTFOYAIONTUICS B 3-KpaTHOU MPOTIOIKE M PHIXJICHUH TTOYBBL.

YyacTok moj reorpadudecKkue KyIbTypbl OTBeICH B kBaptaime Ne 15, jeco-
KyJIbTypHAas TIIOMIAIb TpeACTaBisiia co0oi BeIpyOKy 1958 T., BRITSHYTYIO C ceBepa
Ha 0T U UMEIOLIYIO MTPaBWIbHYI0 KoHpUrypauuto. OceHblo ecoceka Oblia packop-
YyeBaHa M BBIPOBHEHA Oy/IbJ03€pOM, 3aTeM BClaxaHa Ha ryOuHy 25 cMm. B ampene
1959 1. mmoma e MOBTOPHO BBIPABHUBANIACH OYJIbI03€pPOM M OOPOHOBANIACH JTHCKO-
BBIMU OOpoHamu B 2 cniena. [lepen mocaakoi KyasTyp IPOU3BOIMIACH OKOHYATEIb-
Hasl TUTAHUPOBKA TUTOMIAAN BPYUHYIO C BEIOOPKOW M COKUTAHNEM KOPHEH.

[IpocTpancTBeHHOE pa3MeleHne KYJIbTYp TPOU3BEACHO MO TPUHITUITY BBIIE-
JIEHUsI KPYTHBIX KIIMMAaTHYeCKUX PalioHOB. DTH paliOHbI pacIOiIaraloTCs Ha y4acTKe
B HaNpaBJIEHUU C CeBepa Ha IOT, a C 3amajia Ha BOCTOK IPYyNIMPYIOTCA MO MpHU3Ha-
Ky HauOoIbIIero reorpaguyeckoro pa3nuuus. Kaxmas aaMuHuCTpaTHBHAS 00JacTh
MpEACTaBlIeHa YYaCTKOM KyJbTyp mutomazapio 0,1 ra. DT yyacTKH OrpaHHYEHBI CO
BCEX CTOPOH 2-METPOBOH Moporoit u ocromonensl. C 3amagHol CTOPOHBI KO BCEMY
y4acTKy MPUMBIKaeT 4-MeTpoBasi opora. B HacTosimee BpeMs TUIOImab KyJabTyp CO-
CTaBJsIeT 6 ra, KOJIMYECTBO COXPAHUBIINXCS BAPHAHTOB — 44.
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Hccnenyembie reorpadpuueckue KyabTypbl COCHBI OOBIKHOBEHHOM pacmoio-
xeHbl B HeropenbckoMm JiecHnuecTBe Heropenbckoro y4eOHO-OIBITHOTO Jecx03a,
KOTOPBIH SIBIsIETCS (UIMAIOM benopycckoro rocy1apcTBEHHOTO TEXHOJIOTHYECKOTO
YHUBEPCHUTETA U PACITONIOKEH B []3epkuHCKOM patioHe MuHCKo# ob1actu Pecrryomu-
ku bemapycs (B 50 kM oT . MuHCKa). Bo3pacT KIMMaTHUIIOB COCHBI OOBIKHOBEHHO,
MIPOM3PACTAIOLINX B reorpad)nuecKux KyJIbTypax Ha MOMEHT UccienoBaHust, — 60 JeT.

Hnst oneHkr (pHU3HKO-MEXaHMYECKUX CBOMCTB JAPEBECHHBI OBLIM OTOOpaHBI
17 KAMMAaTUIOB M3 BapMAHTOB IMPOMCXOXJIEHUH MECT 3aroTOBKM CEMSH B JMara-
30He 47-62° c. 1. u 22—85° B. 1. BRIOOp KIMMATHIIOB ¢ TAKUM TUATIA30HOM T'€O-
rpadU9ecKuX KOOPIMHAT MECT 3aTOTOBKH CEMSH OOYCIIOBIIEH TeM, YTO YKa3aHHBIC
MaTepUHCKHUE IPEBOCTOM COOTBETCTBYIOT Kiaccupukaruu JI.d. [Ipapnuna [14]. M
BBIJICJICHO 5 MOJBHUIOB COCHBI OOBIKHOBEHHOM: JIaIIaHJICKasl, eBpOIeicKast, cuoup-
CKasi, cTenmHasi U KproukosaTas. Mccienyemble KIMMaTUIIBI pacipeaeeHbl HaMU 10
JAHHBIM TOABHJAM CleayomuM oopasom. B moasua nammanackas (61-62° c. mr.)
BOIIIJIM apXaHTeIbCKUH 1 ICHUHTPAICKAN KIMMAaTHUIIBI, B TIOIBH/] €BpOMeiicKast — eB-
pomneiickas 3amamHas (53-59° c. mr. 22-40° B. 1I.) C BOJOTOACKHM, dCTOHCKUM, JIaT-
BHUHCKUM, BUTEOCKMM W MHHCKUM KIIMMATHITAMHU U €BporelicKas BocTouHas (54° c. mr.
48-58° B. 1.) C yABSIHOBCKMM U OAIKMPCKUM KinMmatunamu. K mogsuny cubupckoi
(57° c. m. 85° B. A.) OTHECEH TOMCKHMH KIMMatul. BBUIY OTCYTCTBHS IpeaCTaBH-
TeNel MO/ABHJA COCHBI CTEMHOW (KyCTaHAaWCKUH, aKMOJMHCKWM, IaBJIOJAPCKUi,
KOKYETaBCKUH W CEMHUMAJATMHCKUNA KiIuMaTunsl 3 Kazaxcrana morubiam Ha paH-
HUX 3Talax pocTa) YCIOBHO BBIIETICH MOABHUI COCHBI OOBIKHOBEHHOM JIECOCTEITHOM
(47-51° c. 1. 27-42° B. 1.) ¢ 6eNTOPOACKUM, KyPCKHM, BOJITOTPAJICKAM, XMEIbHHII-
KHUM, TIOJITABCKUM M POCTOBCKUM KinMarunamu. CocHa OOBIKHOBEHHAs! KPIOYKO-
BaTas, €CTECTBEeHHO mpouspacTaromas B Kpeimy u Ha KaBkase, B reorpaduueckux
KyJBTYpax He MpeJcTaBlIeHa n3HaYalbHO. TakuM 00pa3om, uist Oojiee JTOrHYeCcKOro
aHayM3a PU3UKO-MEXaHMYECKUX CBOMCTBA JPEBECHUHBI HICCIIEyeMble KJIMMAaTHITBI CO-
CHBI OOBIKHOBEHHOH pacIipeiesieHbl B COOTBETCTBHH ¢ kiaccudukarueit JI.O. [Tpas-
JIMHA ¢ HEOOIBIIMMA N3MEHEHHSIMH.

Jl1 u3ydeHus CBOMCTB APEBECHHBI Y 5 MOJETBHBIX JI€PEBBEB KAXKI0TO U3 UC-
crenyeMbIX KauMatunoB B ¢espanie 2020 T. (cM. pUCYHOK a) ObUIH B3STBHI OTPE3KH
CTBOJIOB JJIMHOM 10 60 c¢cM Ha BbICOTE 6,5 M, IOCJIC YEro M3 HUX HU3rOTaBIMBAIMCH
00pasIel I U3yUeHUsT PU3NKO-MEXaHUIECKUX CBOMCTB JApeBecHHE!: 1o 10 06pasiion
JPEBECUHBI U3 pacdeTa Ha OJHO MOJENBHOE JIEPEBO U OMpEAeTIeHHs MapaMeTpOB
Ka)XJIOTO U3y4aeMoro (PM3NKO-MEXaHUIECKOTO CBOIMCTBA JIPEBECHUHBI.

B kauecTBe n3yyaeMbIX CBOWCTB IPEBECHHBI BEIOPAaHBI INIOTHOCTH B 20COIIOTHO
CYXOM COCTOSIHUU U TIpu 12%-11 BIa)KHOCTH, IPOYHOCTH MPH CKATUHU BIOJIb BOJIOKOH
U TP CTaTHYecKoM u3rube. M3mepeHne MaHHBIX CBOMCTB mpoBeneHo B Mae 2020 r.
B COOTBETCTBHH ¢ obmenpuaiIThiMA MeTonukamu: I'OCT 16483.0-78 «/IpeBecuna.
MeTtonstr 0TO0pa 00pa3IoB u 00IIHe TPEOOBAHUS MTPU HHU3HKO-MEXAHUICCKUX HUCTTBI-
tanusax», [OCT 16483.1-84 «pesecuna. Meton onpeneneHus miotHoctu», [OCT
16483.3-84 «JlpeBecuna. Meton ompezeneHus Mpeaesia MPOYHOCTH MPH CTaTHYe-
ckom m3rude», [OCT 16483.7-71 «/IpeBecuna. MeTo/bl OMpeesieHUs BIAKHOCTH,
I'OCT 16483.10-73 «/lpeBecuna. Metoasl OINpeAeseHus mpeaena MPOYHOCTH TPH
CKaTWX BIOJb BOJIOKOH». VIcronp3oBaHa yHHBEpCalbHAs HCIBITATENbHAS MAlliHA
MTS Insight 100 (cMm. pucyHOK 6). JlaHHBIN ammmapar Mo3BOJISET MOMYIUTh PE3yIIbTa-
TBI C JIOCTaTOYHO BHICOKOW TOYHOCTHIO, UTO TIOCITYKIJIO TJIABHBIM KPUTEPHEM BBIOOpa
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3TOro 000pynoBanus. OeHKa JOCTOBEPHOCTH Pa3IMinil MOTYYEHHBIX PE3yJIbTaTOB
OCYILECTBIISUIACH ¢ ToMOIIbIo maketa MS Excel. Jlinst moaTBepskaeHUS WM ONIPOBEP-
JKEHUSI THIIOTE3bI 00 OTHECEHUH K OJTHOW M TOM YK€ COBOKYITHOCTH CPEITHIX 3HAUCHHI
nokasaresiel (PU3NKO-MEXaHHUECKUX CBOWCTB IPEBECHHBI PACCUMTHIBAJICS t-KpHUTE-
puit CtbrofieHTa, Win t-KpuTepuil pa3nuuus. B 1aHHOM cilydyae OH MO3BOJISIET HAUTH
BEPOSITHOCTB TOTO, YTO 00€ CPEHUX BEITMUYMHBI OTHOCATCS K OAHOM M TOH e COBO-
kynHocTu. [lepepacuer mokaszareneil Ha CTaHAAPTHYIO BIaKHOCTH [ 00pasLoB ¢
BJIKHOCTHIO B MOMEHT HCIIBITAHHUSI OCYIIECTBISUIN 10 OOLIENPUHATON (GopMye B
cootBercTBUH ¢ [[OCT 16483.1-84 [20].

3aroToBka OO0paslOB CIWJIOB COCHBl OOBIKHOBCHHOW PA3MTUYHOTO TIPOHMCXOMKICHUS
B reorpauueckux KylIbTypax (a) Ans ompeneneHus (GU3NKO-MEXaHHIECKHX CBOWMCTB Ipe-
BECHHBI C HCIIOJIb30BAHHUEM YHUBEPCAIbHON HcmbiTaTeabHON Marmasl MTS Insight 100 (6)

Preparation of Scots pine cross-section samples with various origins in geographic forest
plantations (a) for determination of physical and mechanical properties of wood using the
universal testing machine, MTS Insight 100 (6)

Pezynomamot uccnedosanust u ux oocysncoenue

PQSyHLTaTLI CTaTUCTUYECKOM O6pa6OTKI/I IOKa3aTenei MIOTHOCTH APEBECHUHBI
B a0COJIIOTHO CyXOM COCTOSAHUHA NMPCACTABJIICHBI B Tabm. 1.
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W3 npuBeneHHBIX MaHHBIX (Tabi. 1) BHIHO, YTO CPENHSS IUIOTHOCTH pa3-
JIMYHBIX KJIMMATUIIOB HAXOMUTCS B mpenenax 370-524 kr/m?, T. e. Bapuanusi 6oiee
150 xr/m®. Ommpasich Ha JuTeparypHble cBemenus [19], mpemcrapusromme coboi
YCpEeIHEHHBIC TMOKA3aTEeNIM, BBIYUCICHHBIC MO CHUIBHO H3MCHYUBHIM BEITHYHHAM,
MOYXHO OTMETHUTbh, YTO TUIOTHOCTH JIPEBECHHBI COCHBI B a0COJIOTHO CYyXOM COCTOSI-
HUH paBHseTCs mpuMepHO 480 kr/m>. I3MEHUHBOCTD pacCMaTPUBAEMOTO ITOKa3aTelst
HEe3HaunTeNbHA U B OONBIIMHCTBE CiTy4aeB He npeBocxoauT 10 %. Benuunna otHO-
CUTEIIbHOM OIIMOKHU HE mpeBbIiaet 5 %.

Crarucruueckast 00pa0dOTKa JaHHBIX TIOKa3aJia, YTO BO MHOTHX CIIy4asiX JOBeE-
pUTENbHBIE HHTEPBAJIBI OHOW COBOKYITHOCTH (KJIMMATHIIA) B HEKOTOPOU CTETICHH Iie-
PEKpBIBAIOTCS JOBEPUTEIEHBIMI HHTEPBAJIAMU APYTOW COBOKYITHOCTH. YCT@HOBIIEHO,
YTO TUIOTHOCTH JPEBECHHBI BUTEOCKOTO W TPOJHEHCKOTO KJIMMATHIIOB HAXOMUTCS B
TpeJieNax OJHOM COBOKYITHOCTH, a CPE/IHSS INIOTHOCTh BRIOOPKU MUHCKOTO KITMMATHIIA
JIOCTOBEPHO OTIIMYAETCS OT CPEIHEH IIIOTHOCTH MEPBBIX IBYX. CpeHss INIOTHOCTh BbI-
O0pKH OEITOPOCKOTO KIMMATHIIA IOCTOBEPHO HE OTIIMYACTCS OT CPEAHEH TIOTHOCTH
10 npyrux n3y4aemMbx KIUMaTUIIOB. CpeaHss TUIOTHOCTH JIPEBECHHBI BOJITOIPaICKOTO
KJIMMaTHUIa IOCTOBEPHO OTIIMYACTCS OT IUIOTHOCTH BCEX OCTAJIBHBIX KIIMMAaTHIIOB. Kyp-
CKHUW M OYPSTCKUH KIIMMATHITBI JOCTOBEPHO HE OTIMYAIOTCS OT TOMCKOTO M ACTOH-
CKOTO COOTBETCTBEHHO. B cpelHeM IUIOTHOCTH OJHOTO KJIMMAaTHIA IOCTOBEPHO HE
OTIMYANIaCh OT AaHAJIOTHYHBIX MMOKa3aTenel S MOOBIX IPYTUX KIUMATHIIOB.

[1n0THOCTD IpeBECUHBI HATIPSMYIO 3aBUCUT OT BIAXKHOCTHU, TIOITOMY B IPEBECH-
HOBEICHUH OOIICTIPHHATHIM SIBISIETCS TIPOBE/ICHIE CPABHUTEIBHOW OIIEHKH CBOMCTB
JIPEBECHHBI IPU CTAaHIAPTHOM BIAKHOCTH, paBHOH 12 % (Tabm. 2). /laHHyTO TIIOTHOCTH
TPYIHO MOTYYUTH HETIOCPEACTBEHHO U3 OIBITA, TAK KaK CJIOKHO TIPUBECTHU IPEBECUHY
K BIaXHOCTH TOouHO 12 %. [ToaToMy moTHOCTH ApeBecuHb! NpH 12%-11 BIaxHOCTH
HAXOJIUTCS PACUETHBIM CITOCOOOM IT0 COOTBETCTBYIOIIMM (POPMYIIaM B 3aBUCUMOCTH OT
BJIQKHOCTH JPEBECHHBI B MOMEHT HCIBITaHus B cooTBeTCTBHM ¢ [OCT 16483.1-84.
Cormmacho [19, 20], cpemHsis INIOTHOCTH IPEBECHHBI COCHBI TIPU TAKOH BIIAYKHOCTHU CO-
orserctByeT 505 kr/™M>. TTo manueiv TOCT 16483.10—73, mIOTHOCTH MOXKET KoJieOaTh-
csi B OOJIBIIYIO MJIM MEHBIIYIO CTOPOHY OT YKa3aHHOTO CpeIHero 3HaueHus — oT 350
10 650 kr/m®. CpemHsisi INIOTHOCTD PEBECHHBI COCHBI 10 KJIMMATUTIAM H3MCHSETCS B
npenenax 397-550 kr/m®. Uto kacaeTcss CTAaTUCTHUECKHMX ITOKa3aTesiei, To 371ech Ha-
OJTFOZIaeTCs CXOXKast CUTYAIUs ¢ Pe3y/IbTaTaMu JUisl TNIOTHOCTH JIPEBECUHBI B a0COITIOT-
HO CYXOM COCTOSIHUHM. DTO OOBSCHSACTCS TEM, YTO IJIOTHOCTh APEBECHHBI pH 12%-i
BIIYKHOCTH HaXOJMJIACh ITyTEM IepepacueTa aHAJIOTHYHBIX TIOKa3aTeNei Py BIayKHO-
CTH B MOMEHT uctbITaHust B cooTBeTcTBHU ¢ [ OCT 16483.1-84.

C IJIOTHOCTBIO APEBECUHBI TECHO CBSI3aHBI €€ MEXAHUYECKUE CBOMCTBA, KOTO-
pBIE XapaKTepU3yIT CIIOCOOHOCTh MaTepHalia COMPOTHBISATHCS JCHCTBUIO BHEITHHX
MEXaHNYECKUX yCWInH. [[aHHBIE CBOMCTBA JIPEBECUHBI CHJIBHO 3aBHUCAT OT €€ BIIaXK-
HOCTH, TIOPTOMY OIICHKA M CPABHEHUE PE3YIBTaTOB MEXaHIMUCCKIX UCIILITAHUNA TIPOBO-
JIATCS IpU cTaHaapTHOH 12%-11 BakHOCTH.

Pesynbrarhl cratrcTrdeckor 00padOTKY 3HAYSHUH TIpejieria MPOYHOCTH IPEBECH-
HBI TIPA CYKATHW BIOJH BOJIOKOH TIPEICTaBIeHH B TaOm. 3. [IpoyHOCTh JpeBeCHHBI TIpH
CKaTUX BIOJIb BOJIOKOH SIBISIETCSI HAMOOJIEe XapaKTEPHBIM W3 MEXaHMIECKUX CBOICTB
JIPEBECUHBI ¥ HANOOJIee BYKHBIM B IPAKTHYECKOM OTHOIICHUH. COIIaCHO HEKOTOPBIM JIH-
TepaTypHbIM CBEACHUSM [12], naHHBIM NOKa3aTeab MOKET U3MEHAThCs oT 27 1o 63 Mlla,
npu cpeaneM 3Hadenuu 46 Mlla. [lomydenHble cpeHre MPOYHOCTHBIC TTOKA3aTeIN UC-
MIBITHIBAEMBIX 00PA3IIOB BCEX KIIMMATUITOB HAXOMMIIUCH B Tipezenax 32—54 MIla.
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Tabnuna 4

Craructuyeckasi 00padoTka 3HaYeHH i POYHOCTH JIPeBeCHHbI

npu cratudeckom uzrude (MIla) npu 12%-ii BIa:KHOCTH
Statistical data processing for tensile strength in static bending (MPa) at 12% moisture content
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AHanM3upys CTaTUCTUYECKHE T10-
Ka3arejid 3HAY€HUW MPOYHOCTH JIpe-
BECHHBI NPU C)KaTHH BIOJIb BOJIOKOH,
HETPYOHO 3aMETHTh, YTO OHU HMEIOT
OIIPEAEICHHOE CXOICTBO C PE3Ylb-
TaTaMy Ul TJIOTHOCTH JAPEBECHHBI.
Hanpumep, npouHocTh peBecHHBI Oe-
TOPOJICKOTO  KJIMMAaruma J0CTOBEPHO
He oTiudaercs oT 10 mo0bIX APYTHX,
JATBUHCKOTO — OT 7 JIOOBIX IPYTHX.
Bmecre ¢ TeM ecTb U OIpeaeTeHHbIC
ommnunsi. Tak, ApeBecuHa OypsSTCKOrO
KJIUMaTUMa MO IMPOYHOCTH HE HMeEeT
JIOCTOBEPHBIX pa3iauuuii ¢ 5 Jpyru-
MU KIMMaTHIIaMH, B TO BPEMs Kak IO
IUIOTHOCTH JPEBECHHBI OH JI0CTOBEPHO
HE OTJIMYACTCS! TOJBKO OT 3CTOHCKOTO
knumaruna. [IpouHoCTHBIE OKa3aTenu
0EOPYCCKUX KJIMMATHIIOB OKa3aJHCh
JIOCTOBEPHO Pa3IMYHBIMHU.

TTockonbKy M3MEHYHMBOCTH IPOY-
HOCTH JPEBECHUHBI BO MHOTUX BapHaH-
tax Obuia 3HaunTensHOU (V > 10 %),
a OTHOCHUTENbHas omuMOKa B 6 ciyda-
SIX TpeBblana 5 %, CpaBHUTENBHBIN
AQHAJIN3 IPOYHOCTHBIX IIOKa3aTesei
JIPEBECUHBI TIPH CTATHIECKOM H3THOE B
Ipezenax KJIMMATUIIOB HE MPOBOIMIICS
(Tabm. 4).

[lony4yennsle mnokazarenu ¢u-
3UKO-MEXaHUYECKUX CBOMCTB JpeBe-
CUHBI PA3IMYHBIX KIUMATUIIOB COCHBI
OOBIKHOBEHHOW,  CTPYNIHPOBAHHBIX
B COOTBETCTBMU C Kiaccupukaruen
JL.®. IlpaBauna mo noaBUAaM, HUMe-
10T ONPEAETICHHYI0 3aKOHOMEPHOCTb.
MaxkcumanbHasi IUIOTHOCTh  JIpeBe-
cubl npu 12%-#1 BIaXXHOCTH Xapak-
TepHa JJIsi MOJBHJIA COCHBI OOBIKHO-
BEHHOI eBpomeiickoit — 497+8 xr/m?,
MHUHHUMAaJIbHAsT — 751 COCHBI OOBIKHO-
BEHHOW cuOmpckol — 423+£30 wr/m’.
[IpomexxyTouHOE TOJIOKEHNE 3aHUMa-
IOT COCHBI JIaIJIaHJCKas U JIECOCTEll-
Hast — 483+16 u 464+12 xr/M® coort-
BeTCTBEHHO. IlpouHOCTH HApeBecHHBI
IpU CXKAaTUU BIOJb BOJIOKOH y HCCIIE-
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JlyeMBIX MOJIBUJIOB cocTaBmiia oT 47+1 (eBpormetickas) no 33+4 MIlla (cubupckas),
y CcOCHBI jamaniackon — 44+2 Mlla 1 HECKOIBbKO HUXKE y COCHBI JICCOCTCITHON —
4242 Mlla. MakcumanbHasi IPOYHOCTD JIPEBECHHBI TIPU CTATHYECKOM M3rH0e oTMe-
YeHa JUTsl TOJIBUIA COCHBI eBpoTIeiicKoit — 78+4 MIla, MuHUMAaNbHAS — IS COCHBI CH-
oupckoit — 6114 Mlla, y coceH JIecocTernHo| U JIaIUIaHACKON JaHHBIA MTOKa3aTelb
cocraBui 72+4 MIla (tabim. 5).

Tabnuua 5

DH3UKO-MeXaHHYeCKUX CBOICTBA IPeBeCHHbI COCHbI 00LIKHOBEHHON Pa3HbIX
MOJABH/I0B

Indicators of physical and mechanical properties of Scots pine wood subspecies

Feorpa(bH%CKHg IInoTHOCTH ITpouHocTsb
O KOOPAMHATEL, ... JPEBECHHI JpeBeCHHEI
npu 12%-i IIpU CXKAaTUU BAOJIb
C. . B. 1. BIIQ)KHOCTH, KI/M3 BoJtokoH, MIla
Cocna nannanockas
Jlenunrpaackuit 61 34 474128 41+2
ApxaHrenbcKuit 62 43 490+21 4743
Cpeonee 61-62 3443 483+16 44+2
Cocna esponeiickas 3anaoHast
Bomoroacknmit 59 40 41549 3941
DCTOHCKUI 58 27 521+16 4942
JlaTBuitckuit 57 22 503+£11 47+2
Burebckmii 55 29 509+11 49+1
MuHcKkwHi 54 27 459+10 42+1
I'ponnenckuit 53 24 509+17 46+2
Cpeonee 53-59 22-40 489+9 46=+1
CocHa egponetickas 60cmouHas
VabsHOBCKUI 54 48 497+30 46+4
bamkupckuii 54 58 530+7 5042
Cpeonee 54 48-58 516+13 48+2
coponcicenee ol 53-59 | 22-58 49748 47+1
Cocna necocmennast
Bbenroponckuit 51 38 489+44 40+8
Kypckmit 51 34 39747 32+1
Bonrorpanckuii 51 42 550+19 5443
XMEIbHULIKUI 50 27 452+6 42+]
ITonTaBckuit 49 33 424+11 36+1
PocroBckuit 47 40 499+14 48+2
Cpeonee 47-51 2742 464+12 4242
CocHna cubupcras
Tomckwuit 57 85 423+30 33+4
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W3 npuBeaeHHbIX AaHHBIX (Tall. 5) BUAHO, YTO B HEKOTOPBIX CIydasx Cpef-
HUE TOKa3zaTelau IO TOJBHAAM IEPEKPBIBAIOTCS JIOBEPUTEIbHBIMUA HHTEPBAIaMHU,
T. €. IOTYCKalOT TUTIOTE3Y O TOM, YTO CPEAHNE OTHOCSTCA K OHOM U TOM K€ COBOKYTI-
HOoCTH. JIJId MPOBEPKHU JaHHOW TMIIOTE3bl PAacCCUMTAH MapaMeTPUUYECKUM KPUTEpUN —
t-kpurepuii (Tadin. 6). Ecinu BeposSTHOCTh OTHECEHHOCTH 3HAYCHUS K OJTHOW U TOH ke
COBOKYIHOCTH HWKE€ YpOBHS 3HauMMOCTH p < 0,05, To BBIOOPKH OTHOCATCS K ABYM
pa3HBIM COBOKYITHOCTSIM.

Tabnuma 6

DdakTHYecKHil t-KpUTepuid pa3inyms N0 NJIOTHOCTH M NPOYHOCTH APeBeCUHBI s
MOABUJI0B COCHBI 00LIKHOBEHHOM
Values of actual t-tests difference among Scots pine subspecies according
to the density and strength of the wood

[lonBun Jlannannackas EBponelickas JlecocrenHas

ITnomnocme dpesecunsvt npu 12%-u erasxcnocmu

Jlanmanackas 0,098 0,055

EBponelickas 0,098 0

Jlecocrennas 0,055 0

Cubupckas 0,001 0 0,015

Ipounocms Opesecunvl Ha coicamue 8001b 80IOKOH

Jlanmagackas 0,050 0,101

EBponelickas 0,050 0

Jlecocrennas 0,101 0

Cubupckas 0 0 0
Tlpounocme Opesecurnvl Ha cmamuyeckul u3euo

Jlammanackas 0,055 0,821

EBpomnelickas 0,055 0,058

Jlecocrennas 0,821 0,058

Cubupckas 0,091 0,024 0,113

AHanmm3upyst JaHHbIE Tabd. 6, MOXKHO CIIeNIaTh BBIBOJ, UTO TOTyYeHHBIE CPEeI-
HUEC 3HAYCHUS TINIOTHOCTU APCBECHUHBI COCHBI 1O MOABUAAM [JId COCHBL J'IaHHaHILCKOI‘/'I
JIOCTOBEPHO HE OTIIMYAIOTCS OT AHAJIOTUYHBIX MTOKA3aTENe COCEH EBPONEUCKOH U Jie-
COCTETTHOM (tdm= 0,098 u 0,055 coorBercTBeHHO). CXOXasi CUTyalusi HAOIHOIACTCS
TP CPaBHEHUH TIPOYHOCTHBIX TTOKa3aTeiel IpeBEeCHHBI MIPH CYKATHHU BIOIb BOJIIOKOH
(t pnr 0,050 1 0,101 coorBeTcTBEHHO). JI0CTOBEPHBIX PA3NUYHI IS TPOUHOCTH JPe-
BECHHBI TIPH CTATHYECKOM H3THOE TI0 MOJIBU/IaM TaK)Ke HE YCTaHOBIIEHO, HECMOTPS Ha
MMEIOIIYFOCS] HAUOOJIBIIYIO Pa3HHUILY Y JIAIUIAHACKOW U JIECOCTEIHOM (t pnr 0,821) u
JIECOCTEITHON 1 CHOMPCKOU (t(bm =0,113) cocen.

Raxnrouenue

[TonBons UTOrK MCCICAOBAHMS 10 BBISBICHHUIO PA3IMUYHi (HU3UKO-MEXaHUYE-
CKUX CBOHCTB JIPEBECHUHBI COCHBI (INIOTHOCTH B aOCOJFOTHO CYXOM COCTOSIHWH U TIPH
12%-i1 BIa)KHOCTU, MIPOYHOCTD IMPHU CXKATUU BAOJb BOJIOKOH, MPOYHOCTH MPU CTaTH-
4eCcKoM M3ruoe) 17 pa3nuyHbIX KIUMATHIIOB, CIIEYeT OTMETUTD, YTO B OOJIBITMHCTBE
CIIy4aeB JIOCTOBEPHOCTh PA3JIMUUi CPaBHUBAEMBIX IOKAa3aTeJIed MEXKIY JPEBECUHOMN
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Pa3HBIX KJIMMATUIIOB HE BbIsBIcHA. [IpakTHUeCcKkn aHAJIOTUYHASI CUTYaIUsl TPOCIIe-
JKUBACTCS U MPH CPABHECHUH CBONCTB JAPEBECUHBI PA3IMYHBIX TOJABHU/I0OB COCHBI, BbI-
nenenubix JI.®. [IpapaunbiM. D10, CKOpee Bcero, 00yCIOBICHO TEM, YTO IPEBECHHA,
HMesl paCTUTEIBHOE ITPOUCXOXK]ICHUE, 00JIaaeT JOBOJIBHO BEICOKOW H3MEHUYHUBOCTHIO
CBOICTB, Ha KOTOPBIC BIMSET €€ BO3pacTa, YCAOBHS MPOU3PACTAHMUs, HACICACTBCH-
HbIE OCOOCHHOCTH U JpyrHe (akTopsbl, MPOSIBISIOMIMUXCS B MPOIECCEe POCTa JICpeBa.
Crnenyer OTMETUTh, YTO OOJILIIIMHCTBO MCCIIEIOBATENICH YKa3bIBAIOT HA 3HAYUTEIb-
HYI0 M3MEHUYHUBOCTh CBOMCTB JPEBECHHBI B IIPE/IEIIax MOPOJIbI.

O xapakTepe H3MEHUMBOCTH MOKa3aTeseil HEKOTOPhIX CBOMCTB IPEBECUHBI MO~
HO Cy/IUTh 10 KO PUIMEHTY Bapualyu (M3MeHYMBOCTH ). HanMeHbIass H3MEHUYHUBOCTh
B TIperieNiax MopoAbl XapaKTepHa ISl TUIOTHOCTH ApeBecuHbI 1 cocTasisieT 2,8-10,2 %.
JI71st MPOYHOCTH MTPU CYKATHH BIOJIb BOJIOKOH M3MEHYMBOCTD BAPHUPYET B MpeJiesiax oT
4,8 10 20,6 %, 171t MPOYHOCTH MPH CTaTUIeCKoM u3rude — ot 2,7 10 21,7 %.

MOKHO TPEANONIOKUTE, YTO I JOCTHKECHHUS MPUEMJIEMOI0 YPOBHS J0CTO-
BEPHOCTH Pa3IMyMsl U3ydaeMbIX Mokaszarelnieil Tpedyercsi 06CKOHEUHO OOMBIIOEe KO-
JINYECTBO MCIIBITAHUN 00Pa3IIOB.
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Annomayus. 1lens — N3ydUTh NCTOPHIO CO3/IAHMS W ITPOM3PACTAHHS WHTPOAYLIEHTOB Pinus
sibirica Du Tour u Larix sibirica Ledeb. B MypMmaHCKOii 00JacTH B UX COCTOSHHUE Ha OCO-
00 oxpaHsieMbIX TPUPOAHBIX TeppuTopusix. Keap cubupckuii B 3anonsipbe BIEepBble 0OHa-
pyxen B 1911 r., nmucrBennuna cubupckas — B 1925 . [loceBbl keapa M JIMCTBEHHHIBI HA
TEPPUTOPUHU PErHOHA aKTUBHO Mpou3BoAuiInch B 1930-e u 1950-60-¢ rr. MHOTHE yyacTku ¢
KE/IpOM M JINCTBEHHUIIEH OXPAHSIOTCS KaK MaMSTHUKH HPUPOABI PETMOHAIBHOTO 3HAYCHUS.
PaccMoTpeHO cocTosHIE KEAPOB M JIMCTBECHHUI HA 3eMJISIX 9 TTAMSATHUKOB ITPUPOIBI PETHO-
HaJILHOTO 3HaueHHMs 1 JIaliaHICKOT0 TOCyAapCTBEHHOTO IIPUPOAHOTO 6rnocdepHoro 3anose-
HUKa. Mccnemyemple TOpobl 3aHMMAIOT 3/1ech Iuroa s npumepHo 70 ra. CrenaH CrjIonIHOH
WM BBIOOPOYHBII NIepedeT JIEPEBbEB U MOJPOCTA ¢ M3MEPEHHEM BBICOTHI M IMamerpa. Bricora
nccaeayeMbix kenpoB BapeupyeT oT 0,02 mo 18,00 m, mucteennur — ot 0,01 no 18,00 M; nua-
MeTp KeapoB HaxomuTcest B mranaszone 0,3...31,7 cm, muctBennuntp — 0,4...38,3 cm. [Tokaszano, ato
XBOHHBIE HHTPOYLIEHTHI XOPOIIIO aKKJIMMAaTH3NPOBAINCH B IPUPOIHBIX YCIOBUSIX APKTHKH,
YBEIMUYMBAIOT OMOpPa3HOOOpa3ye JICCHBIX YKOCHCTEM M MOBBIMIAIOT UX 3CTETHYHOCTH. B yc-
nousix Konmbekoro CeBepa KeJp CMOMPCKHI M JIMCTBEHHMIA CUOMPCKAst TUIOOHOCST, UIET
€CTECTBEHHOE BO300HOBIIEHHE. PEeKOMEHIyeTcsl PEeryisipHO CIEANTh 32 COCTOSHHEM Kenpa
CUOUPCKOTO U JIMCTBEHHUIIBI CHOMPCKOH, IIPOU3PACTAIOLIMX 3/1€Ch, IPOBOAUTH HEOOXOIUMBIi
yxoz. ITpu BKIIFOUEHNH Y4aCTKOB C IPOU3PACTAHUEM HCCIIEIOBAHHBIX BUIOB B 0CO00 OXpaHsi-
eMYI0 IPHPOAHYIO TEPPUTOPUIO HEOOXOIMMO M3YydaTh UX COCTOSHHUE, MECTOMOJIOKEHHE, 10-
CTYIHOCTB, II€JICHAIIPABICHHOCTD HCII0Ib30BaHus. OneHKa 3((EeKTUBHOCTH CYIIECTBYIOIINX
JIECHBIX MaMSTHHUKOB IIPHPOJIBI TIO3BOJIUT OOJiee PALlOHAIBHO TOJOUTH K COXPAHEHHIO JUIS
3anonspbs EHHBIX JAPEBECHBIX TIOPOJ] KEIpa ¥ JTMCTBEHHHIIBL.

Knrouegwie cnosa: cocna cuOupckasi, JIMCTBEHHUIA CUOMPCKast, MHTPOIYKIMS, XBOHHBIC HH-
TPOJYLIEHTHI, COCTOSIHUE MHTPOAYLIEHTOB, MypMaHCKast 00acTb, 0c000 OXpaHseMble MpH-
POZIHBIC TEPPUTOPUHT
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Abstract. The purpose of this study was to investigate the history of growth of the introduced
species Pinus sibirica Du Tour and Larix sibirica Ledeb. in the Murmansk region and their
state in natural areas of preferential protection. The first finds of Siberian cedar in the Arctic
region were recorded in 1911, and Siberian larch in 1925. In the 1930s and 1950s—1960s,
these kinds of trees were extensively cultivated in the region. Many cedar and larch growth
areas are protected as natural monuments of regional significance. Currently, there are eight
natural monuments with Siberian cedar growing on the territory of the Murmansk region and
seven natural monuments with Siberian larch. The condition of the trees in the territories
under preferential protection and the Lapland State Natural Biosphere Reserve was studied
in detail. The invasive species occupy a territory of about 70 ha. It was a complete or random
enumeration of the trees and undergrowth with measurements of height and diameter. Siberian
cedar ranged in height from 0.02 to 18.00 m, whereas Siberian larch was between 0.01 and
18.00 m. Cedar diameters varied from 0.3 to 31.7 cm, whereas larch diameters ranged from
0.4 to 38.3 cm. It is shown that coniferous introduced species are well acclimatized to the
natural conditions of the Arctic, which increases the biodiversity of ecosystems and aesthetic
perception. Pinus sibirica Du Tour and Larix sibirica Ledeb. fructify in the conditions of the
Kola Arctic region that is a sign of a natural regeneration. It is recommended to monitor the
conditions of the plantations on a regular basis in order to provide appropriate care. With
the inclusion of plots with the growth of the studied species in natural areas of preferential
protection, it is necessary to study their condition, location, accessibility, and targeted
application. Evaluation of the effectiveness of existing forest management system will allow
a more rational approach to the conservation of valuable cedar and larch tree species in the
Arctic region.

Keywords: Siberian pine, Siberian larch, adaptation, coniferous introduced species, condition
of introduced species, Murmansk region, natural areas of preferential protection
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Beeoenue

MypmaHckasi 00IacTh TOYTH TIOHOCTBIO pacrionokeHa cesepHee [lomsproro
Kpyra, Ho BiusiHHE CeBepo-ATIaHTHYECKOTO TETJIOr0 TEYEHHUS OTpe/IeNsieT MITKOCTbh
kirMara [29] u pa3BuTHE OOpeabHBIX TUIIOB PACTHTENHLHOCTH [22]. OCHOBHEIE JIeCO-
oOpasyrolre mopojsl — eiib Picea obovata Ledeb., cocna Pinus sylvestris L. u Gepesa
Betula pendula Roth. JIuctBennunia cubupckas Larix sibirica v cocHa cubupckast Pinus
sibirica B MypMaHCKO# 001acTH ABJISIOTCS XBOWHBIMH MHTPOIYILIEHTaMH. B cBs3u
STUM H3y4YEeHHE aCTIEKTOB HHTPOMAYKIIMH COCHBI CHOMPCKOM U JIMCTBEHHUIIBI CHOMPCKOM
B perrone akTyaiabHo. Cam (hakT CyliecTBOBaHHS M XOPOIIETO Pa3BUTHUsI CHOMPCKOTO
KeJlpa ¥ JIMCTBEHHUIIBI B YCIOBUSIX 3aMONISIPhs, B MECTAX, YAAJICHHBIX OT €CTECTBEHHOTO
apeara, pe/ICTaBIsieT OONBIION MPAaKTHICCKUH M TEOPETHIECKUI MHTEpEC.

JlecHast MHTPOAYKIINS CIIOCOOCTBYET BOIIONMU BUJIA, PACHIMPSET apeall ero
pacmpocTpaHeHus, oooramaeT BUAOBON COCTaB JICCHBIX (uTOoleH030B. B 30-¢ T,
koHI1le 50-X 1 Hadane 60-X IT. IPONLIOTO CTOJICTUS HHTPOIYKIIHS APEBECHBIX TIOPOJT
ObUTa MpHU3HAHA 3a]a4eil HapOI0X03sICTBEHHOTO YPOBHS [6].

Cocna cubupckas keaposas (kenp cudbupckuit) Pinus sibirica DuTour ¢ apea-
JIOM B BoCTO4HOM 4acTu EBporneiickoii Poccun, Ha Ypane, B Cubupu oOpa3syer jeca,
BBITOJTHSIONE BOKHYIO 3KOCHCTEMHYIO pOJib. biaromapst COBOKYIMHOCTH TIOJIE3HBIX
CBOMCTB Ke/Ip CHOMPCKHH SIBISIETCSI OJIHUM U3 CTApEHIINX UHTPOAYIICHTOB B €BPOIICH-
ckoit yact Poccun [1] u ceBepnbix cTpanax [30, 35, 36, 42, 44]. IHTpomyKIusi COCHBI
CHOMPCKOM 3a Tpe/esbl apeaia YBEINIHBaeT OMOpPa3HOO0pa3ne IKOCUCTEM, C YIETOM
ee JIEKOPATUBHOCTH W OPEXOHOCHOTO 3HAYCHUS TI03BOJISIET CYIIECTBEHHO PACIIUPUTH
CITMCOK JIECHBIX TI0JIb30BaHUM [6, 7, 24]. BaxxHbIe OMONIOrHUeCKHEe 0COOCHHOCTH COCHBI
CHUOUPCKOI — 3UMOCTOMKOCTD, JIBIMOYCTOHYNBOCTh, BBICOKUE a/IalITUBHBIE BO3MOYKHO-
ctu [9]. JlauHs1ii BU 1peBECHOM MOPOIBI OTHOCUTCS K TEHEBBIHOCIUBBIM, 3HAUUTEIHHO
MIPEBOCXOAS COCHY OOBIKHOBEHHYIO. BT IIperounTaeT CyriIMHNUCTEIE W CyTeCUYaHbIe,
JIOCTaTOYHO YBJIAXXHEHHBIE, XOPOIIIO IPEHUPOBAHHBIE TIOAOPOHBIE TIOUBBI.

JluctBennunia cubupckass Larix sibirica Ledeb. ectecTBeHHO mpowmspacTa-
er B ocHoBHOM B Cubupu u Ha [lanpHem BocToke, BcTpedaercs Ha Ypaye U ceBe-
po-BocToke EBponetickoii Poccun [8]. Ha EBponeiickom CeBepe Poccun ecrectBen-
HBbI€ JIMCTBEHHUYHUKH TMPOU3pacTaioT B ApxaHrenbckoi, Bomoroackoil obiactsix,
Pecrryommkax Komu u Kapenwnm [12, 13, 27, 31]. [lo naHHBIM nasie000TaHUYECKUX
WCCIIEZIOBAaHUi, B paHHEM TOJIOIIEHE JINCTBEHHMIIA ObliIa pacpoCTpaHeHa Kak B €B-
poneiickoit vactu Poccun, Tak u B @unmnsaauu u [eenun [36-38, 45]. JluctBeHHua
cuOupcKasi, BEIpallieHHast U3 CEMSTH, 3aBe3eHHbIX U3 Poccrn, akTHBHO KyJIETHBUPYETCS B
Ounnstaanu [39]. D10 cBeTomoOuBas IpeBecHas mopoaa. JlncteeHHua oopasyer pe-
KOCTOMHBIE CBETIIBIE JIECa, YUCTHIE U CMEIIIaHHbIE HACAXKIEHHS, JIETKO TIEPEHOCHT CYpO-
BbIE YCIIOBUSI, Ha CEBEPE €€ apeall MPOCTUPALCTCS JI0 TYHAPHI, @ B TOpax MOAHUMACTCS
IO BepxHEl rpaHuIlpl Jieca. IpeBecuHa TUCTBEHHUIIBI CUOUPCKON BBICOKO IIEHUTCS
Y IMEET MPaKTUIeCKOe MPIUMEHEHUE B HAPOIHOM XO35HCTBE HE TONBKO B Poccuu, HO
u 3a pyoexom [32, 40-42]. B OuHIsHAMM JTMCTBCHHNUIIA CYUTACTCS YIKBUBAJICHTHOM
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COCHE IIOTIAHJICKON M0 YCTOMYMBOCTU K THHEHHUIO [43]. JIMCTBEHHHUIIA 4acTO HC-
TTOJTB3YETCS B 03CTICHEHUH CEBEPHBIX TOPOIOB M HACCIICHHBIX ITYHKTOB [4, 5].

Lens paGoThl — 0030p UCTOPUH CO3/IAHHUS JICCHBIX KYJIBTYP COCHBI CHOUPCKOW U
JIMCTBEHHUIIBI CHOMPCKOH Ha TeppUTOpruE MypMaHCKO#T 001aCTH U BBHITIONTHEHNE UHBCH-
TapU3aIMK ATUX IK30TOB HA 0CO00 OXpaHseMbIX MPUPOAHBIX Tepputopusix (OOIIT).

Obvexmbl 1 Memoobl UCCIE008AHUSA

OObeKTaMu HCCIIeAOBaHNs MOCTYKUIM COCHAa CUOMPCKasi U JINCTBEHHHIIA CH-
OupcKasi NCKyCCTBEHHOTO MPOUCXOXKACHUS Ha TEPPUTOpHH MypMaHCKOH 0OIacTH.
Ocy1ecTBieH 0030p UCTOPUHU CO3AAaHUS JIECHBIX KYJIBTYP JaHHBIX MOPOJ, MX pac-
MIPOCTPaHEHNE B PErHOHeE.

[loneBble nccaenoBaHNs COCTOSHUS JPEBECHBIX MOPOJ BBITOIHEHB! HA 3€MIISX
OOIIT: 9 mamsitaukoB nipupozs! (I111) peruonansHOTO 3HAUSHNS W JIarIaHICKOTO TO-
CYIapCTBEHHOTO MPUPOHOTO OHochepHoro 3amoBeqHuKa (Tadmn. 1, cM. pucyHok). Jla-
TUTaH/ICKUI TIPUPOHBINA 3armoBeqHUK oOpas3oBaH B 1930 . boranmueckue necHeie T111
ObuTH co3MaHbl pereHneM MypmaHckoro oomucnonkoma Ne 537 ot 24.12.1980 . u
Ne 24 or 15.01.1986 1. KaK yCHENTHBII OIBIT BHEIPEHHS JAPEBECHBIX TTOPO, HEXapak-
TepHBIX 11 Kombckoro moiyocTpoBa M MMEIOIIMX OONBIIOE 3HAYECHHE B YCIOBHSX
3anomnspssl.

[Ipu oGcnenoBaHUM y4acTKOB C MPOU3PACTaHWEM CHOMPCKOrO Keapa W JIu-
CTBEHHUIIBI CHOMPCKOM CIENIaH CIUIONIHON MM BBEIOOPOYHBINA TEpEYeT IEPEBHEB U
MOAPOCTa C U3MEPEHHUEM BBICOTHI U inameTpa (Ha BeicoTe 1,3 M) cTaHIapTHBIMH Me-
TofamMu. PaccuuThIBas CpeaHNE MOKA3aTEeNH, YYUTHIBAIH TOJIBKO )KUBBIE PACTCHHUS.

Pesynomamut ucciedosanus u ux oocyscoenue

Keop cubupckuii. TlepBble cBeIEeHUS 0 TPOU3PACTAHUN CHOMPCKOTO Keapa B
MYpPMaHCKOM 3arojisipbe ObUIH OITyOJNHMKOBAaHBI pycckuM reodoranukom P. [Tone B
1913 1., xeapel oOHapYkeHBI Ha Tpanuile ¢ Hopeerueli, B TyHApe y MecTeuka bopuc
u ['ne6. Jlerom 1911 . Mosofiple Kephl HaiiieHbI psijoM ¢ 1. Kanganakied, Ha Oe3-
necHolt BepruHe T. KpectoBoii [9]. B 1926 1. kempsl 00HAPYKEHBI B OKPECTHOCTSIX
r. Koner [18]. I'M. Hecrepuyk [20] Takxke cooOmaeT o mpou3pacTaHuu KeJIpoB Y T.
Koib! (10)KHBIN CKITOH X0JIMa BOCTOUHOTO Oepera Koibckoro 3anmBa), o €ro mpe-
MTOJIOKCHUIO, BT OBLI CITyUalfHO 3aHECEH YeJIOBEKOM IpuMepHo B 1850-X rr., Korja
BOCHHBIE CyJla CTaIH 3aX0auTh B Konbckuil 3a1uB.

Y4uTBIBasK HEMPUXOTIUBOCTH CHOUPCKOTO KeJIpa K MOJISIPHBIM YCIOBUSM U B I1e-
NIIX oborameHus odenneHHON (opsl MypManckoro 3amosisipbst B KoHIe 1920-x TT.
OpPraHU30BaH MOCEB Kejpa CUOMPCKOTO B HEKOTOPBIX JICCHBIX MAaCCHBAX JICCHUYCCTB
Hotozeproro (r. Koma), MiManapoBckoro (GkeIe3HOMOPOXKHAS CTAHIWSI XWUOWHBI) U
Kanpanakuickoro (;keneznonopoxHast ctannusa Kannanakma) [20]. B paiione xenes-
HOZIOPOXKHOU cTaHny XUOWHBI ¢ 1923 mo 1970-x rT. Haxommack lomsipHas onmeITHAS
cranius (IIOCBUP), psimom ¢ nenTpansHoil ycans6oii craniuu B 1930-x T pacmo-
maranoch ViIMaHAPOBCKOE JIECHNYECTBO. BeposTHO, IECHUYECTBO MMEN0 MTUTOMHHK
JIPEBECHO-KYCTapHUKOBBIX MTOPOJI, T/IC BEIPAIIMBAIUCH KEPhI U JINCTBCHHUIIBI U3 Ce-
MSTH, TIOJTydeHHbBIX u3 Crubupwu [15], 3aTeM CakKeHIIBI 3TUX IPEBECHBIX MOPOI BHICA-
YKUBAJIU B PaliOHE PACIIOJIOKEHHSI OITBITHOW CTAHIIMH U Y TTOTHOXHSI TOPHOTO MaCCH-
Ba Xubuubl. O0 THX Kenpax coodmaeT Takke M.K. Tuxomupos [23]. B HacTosee
BpEeMsI BO3JI€ JOMOB U BJIOJIb OCHOBHOM JIOPOTH CT. XHMOUHBI MPOU3PACTAIOT «CTapO-
BO3pACTHBIC» KEAPHI C THaMeTpoM cTBoa 6omee 30 cm.
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Pacnonoxxenne OOIIT ¢ necHbIMH KylIbTypaMH Kelpa U JIMCTBEHHHIIBI
(romepa OOIIT cooTBeTcTBYIOT HOMEpaM B Taou. 1)

Location of Specially Protected Natural Territories (SPNT) with cedar and larch
forest crops (SPNT numeration corresponds to the numeration in tabl. 1)

W3zBectHO, uTo B 1950—-1960-X IT. 110 Beeit MypMaHcKkol o0acTi Ha oOIen
wiomaau 500 ra, Ha rapsx U BEIPYOKax, KeAp CHOMPCKUI BBICAXKUBAJICS JIECX03aMU
Kak BHJI-MHTpoAyLEeHT [15]. B Hacrosimiee BpeMs MHOTHE YYacTKH MPOU3PACTaHUA
Kezipa CHOMPCKOrO UCKYCCTBEHHOTO MPOMCXOXKIEHHS BKJIIOUCHBI B JIECHbIE OOTaHU-
yeckue [1I1 pernoHanbHOrO 3Ha4YEHHUs.

Camblif ceBepo-3amafHblii y4acTOK C KEApPOM cHOMpCcKUM BbisiBieH B [le-
YEHI'CKOM paliOHe, Ha CMEXHOW C TOCYAAPCTBEHHBIM IMPUPOJHBIM 3all0BEHUKOM
«ITacBuk» Tepputopun (1. Paskocku U B OKpeCTHOCTSX 1. SIHUCKOCKH), rae oOHa-
pyxeHO 2 niepeBa Kejpa CHOMPCKOTO, BBHICOTOM OKOJI0 2 M [14], a caMblii CeBepHbIH —
IIT «Kenper 3amaguoit JIumsry. Camas BocTOYHasl TOYKa MOCaAoK keapa B Myp-
MaHCKOW 00yacTH HaxoAuTcsl B parione p. Kymbiiok — ceBepHOro mnpuroka [loHos,
Ha 137 xm 509-i cTtpoiiku MunncTepcTBa BHYTpeHHHX Aen 1950-x T skene3Hou
noporu Turan-Mokansra [15]. H.C. Iappentsera [21] u E.I. BopoGsera [3] nator
ONHCaHNE MECTOHAXOXKIEHUH KEIPOB B FOXKHOM 4acTH pernoHa — Ha ocTposax Kan-
Janakmickoro 3anuBa benoro mopsi: o. [onosun (0OHapyxen B 1937 1), o. Jloneinbii,
0. Boponwuii, 0. Kypudek (mpoOHsbrii moceB 1956 1), Takyke ObUIM Hal/IEHBI €TUHUYHEIC
kenapbl B 1970-x 1T Ha 0. Bonbiiom Cemnoarom B [opheii ryde u Ha KozckoMm mo-
myoctpoBe. OTaenbHas MHGOpPMALUS O MECTOHAXOKICHUN U COCTOSHUM HEKOTOPBIX
JIepeBLEB CUOUPCKOTO Kezpa B MypmaHckoii o0actu copepkutces B padorax T.I1. He-
kpacosoii [19], E.A. Yepkuzona [28], M.JI. Pamenckoii [22], JI.A. Kazakosa [11].

B 2017 1 2019 . Hamu ObUTH IPOBEEHBI HAYYHO-UCCIIEA0BATEILCKHIE PAOOTHI 11O
WHBEHTapU3alH Keapa cuoupcekoro Ha tepputopun 111 Pesynbrars! cBeaeHs! B Ta0m. 2.
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1 «Kedpwvr 3anaomnoii Jluyvry, «Kedpvr ypouuwa OxyHesoey. YUaCTKU C
CHOMPCKUM KEeIPOM Ha JaHHBIX TEPPUTOPHSX MPEICTABISLIOT 0COOYIO MPUPOTHYIO
1 UCTOPUYECKYIO IIeHHOCTh. B raszere «lIpaBma» ot 25 saBaps 1970 1. koppecnoH-
neHt M. buTtronkuii B craree «PactyTt B 3amonspse Keape» coodimaeT, 9to Ha bora-
ThIph-TOpe (BOMM3UM Konbckoro 3amBa) Ha COTKax, CKaJlaX M BalyHaX pacTer Oojee
100 nepeBneB cubupckoro keapa [9]. B anpene—mae 1944 1. keapbl Ha miiomazsx
stux [1I1 BeIpOCIN U3 OpeIKoB, OOPOHEHHBIX COBETCKMMHU congatamu Cudupckoi
JTUBU3UH. [0 cHX MOp COXpaHMIMCH CO3/1aHHBIE BOGHHBIMHU YKPBITHS, PaZioM C KOTO-
peimMu pactyT kenpsl. JI.W. Kpectesimmn [16] Ha3pIBaeT 3TO MECTO caMOi CEBEPHOM
TEPPUTOPHUEH MTPOU3paACTAHUS Keapa CHOMPCKOTO B eBpormeiickoi yacTu Poccrm. Ke-
JIPBI PACIIONArarTCs KypTHHAMH U OMHOYHO. B HacTosIee BpeMst BO3pacT KPYITHBIX
KeZpoB cocTaBiseT 75-76 netT. HekoTopble AepeBbsl MIOAOHOCIT. MaKCUMalbHBIHN
nuameTp keapoB — 31,7 cM, makcuManbHasi Beicota — 18 M. B pesynbrare nmpouspac-
TaHHUS B CYPOBBIX KIIMMATHUECKUX yCIOBUSX 22 % KeIpOB MMEIOT MOPO300OIHbIC
TPEIINHBI CTBOJIA.

11T «Keopul ecnozo kopoona Kpuseyy. CocHa cHOMpPCKas 31€Ch PacTET psi-
namu. Camble KpynHbIE I€PEBbs KeApa UMEIOT auaMmerp ot 18,5 no 21,4 cm, Bbico-
Ty — oT 14 mo 16 M. B ogHOM mocajiouHoM MecTe (THe3/e) pacronaraercs ot 1 1o
6 nepeBbeB. PakT NMpor3pacTaHys B OJHOM T'HE3/l€ HECKOJIBKHUX KEAPOB pa3IMyHON
BBICOTHI U Juamerpa (00BIYHO 1—2 KpYITHBIX U HECKOJIBKO MEJIKHX) MOYXKHO OOBSIC-
HUTB TEM, YTO CEMEHa (OpEIIKH ) P MOCEBE 3aKJIIaIbIBAIIMCH B 3eMITIO 0€3 TIpeABapH-
TeapHOU cTparndukamuu. Kpome Toro, ceMeHa CHOMPCKOTO Keapa o0IamaroT CBOM-
CTBOM JIJTUTEIILHOTO CEMEHHOTO TMOKOsl. Takke OTMEUEHO, YTO y CHOMPCKOTO Keapa
MOTYT YKOPEHSTHCS HUKHHE BETKH [9], T. €. BO3MOKHO pa3MHOKEHHE BETE€TaTUBHBIM
myTeM. HekoTopble Kepbl MII0JJOHOCST.

1T « Yyacmok kedpa uckyccmeenno2o npoucxodicoenus». IloceB cemsiH kempa
OBLT OCYIIIECTBIICH Ha cTapoil rapu (Toxkap 1925 1) psgamMu B TUIOMIAIKH Pa3MeEpoOM
Ix1 m. [luameTp KpynHbIX J€PEBBEB Keapa BapbupyeT oT 14 1o 18 cm, BeicoTa — OT
10,5 no 16 m. Keap mnononocutr. B ogHOM mocagoyHOM MECTE pacmnoiaraercs OT
1 o 10 xenpoB. ManeHbkHe KeAPBl, KOTOPBIC PACTyT B OJHOM THE3/i¢ ¢ OOJIBIIMMHU
KeZlpaMu, B OCHOBHOM 3aCOXJIM MJIM YCBIXalOT B pe3yJIbTaTe YTHETEHUs, IPOUCXOTUT
€CTEeCTBEHHBIH oTnaa u GopMUpOBaHUE APEBOCTOSI.

Keop cubupckuii na meppumopuu Jlannanockoeo sanogeonuxa. JIecoKymbTyp-
HbIe PabOTHI (TIOCEB CEMSIH Keapa CHOMPCKOTO) Ha TEPPUTOPHH 3allOBETHHKA, TI0 Ma-
Tepuanam «Jleronucu npupoas», npoBoauiuch B 19391940 rr. coTpyagHuKamMu 3amo-
BeAHuKa U B 1955-1956 rr. — Jlanmnanackum necHudectBoM. IlepBbie moceBbl kenpa
(1939-1940 rr.), BeIMONHEHHBIE O Tapu B JoiauHax pp. Haska n UyHa, He BBDKUIH,
cestibl moruoiu. B 1955-1956 1. cocHa crbupckas Oblia MocesiHa THE3I0BBIM CIIO-
cobom Ha 2 yyacTkax ruromaasio 1,6 n 0,4 ra Ha 10)KHOM CKJIOHE CTapoid TapH, pa3Mme-
IIeHne KyIbTyp Kempa 3%3 1 4x4 M cOOTBETCTBEHHO. JlecHbIE KyIBTYpbI 00CIIeIOBAHBI
B 1996-1997 rr. Yuteno 670 (Ha mommamu 1,6 ra) u 383 (0,4 ra) ®UBBIX KeApa, BHICOTA
KOTOpPBIX BapbupoBaia oT 8 10 355 cMm u ot 2 10 450 cM cooTBeTCTBEHHO. Pa3HuIly 1Mo
BBICOTE MOYKHO OOBSICHUTB TOCEBOM HECTPAaTU(PHUIIMPOBAHHBIX CEMSH, a TAK)KE BEreTa-
TUBHBIM Pa3MHO)KEHUEM 3a CYEeT YKOPEHEHUS! HIKHUX BETOK [3, 9].

11 «Kedpwt u nucmeennuyvl 6ozie cmanyuu Xubunovry. CeSHIBI KeApa |
JINCTBEHHHUIIBI OBUTH BBICAXKEHBI B MpeAropbe XuOWH mpuMepHo B 1933-1935 rr
[15, 17, 23]. Ha MmomenT co3panust I1I1 Ha mimomanu 2 ra npouspacrano 28 KeIpoB.
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B 2017 1. yureno 28 kenpoB (BricoToii ot 3,3 10 14,5 M ¢ iuaMeTpom cTBojia OT 3 110
26 cm). Kenp cubupckuii Ha reppurtopu [I1 mmogonocut (53,7 % ot oOriero uncia
keapoB Ha romann). Jlannsrii [1I1 yacto mocemaeTcst TypucTaMu U MECTHBIM Hace-
JIEHHEM, UMEET PEKPEallMOHHYI0 Harpy3Ky.

[To pesynbsraram uccienoBanus keapa cubupckoro Ha 6 OOIIT moxeM caenath
BBIBOJI, UTO COCTOSTHHE KEJIPOB YJIOBIETBOPHUTENbHOE. Kenphbl, BeIpocIye U3 ceMsH Ha
camol ceBepHoil rpanuiie Konbckoro 3anonsphs, B HACTOSIIEE BPEMsI UMEIOT BO3PacT
7778 ner. Uner popmupoBanme kenxpoBHUKoB, moutd Ha Bcex OOIIT keapsl momo-
HocsT. CemeHa kenpa cubupckoro B yenosusix Kpaitnero CeBepa MOTyT mpopactarb
yepe3 JAECATKH JIET HaX0XKJIeHHUs B MouBe. Takke BO3MOYKHO BEreTaTUBHOE pa3MHOKe-
HUE KeZlpa Yepe3 YKOpEeHeHHe HIKHUX BeTBell. CieqyeT OTMETUTh, YTO MHOTHE KHUTe-
JIM PETHOHA BBICAXKMBAIOT Ha CBOMX 3€MEJIbHBIX YYaCTKaX KeJp CHOMPCKUIA.

Jlucmsennuya cubupcxas. llepBoe ynmoMuHanue o JUCTBEHHHUIE HAa Koabckom
MOJIyOCTPOBE OTHOCHUTCS K 1925 I, KOrna TMCTBEHHUIIA BHICOTOH 3,5 M Obliia Hali/ieHa
Ha I0r0-BOCTOYHOM Nobepexne Kombckoro nomyoctposa B MecTe 1oJ1 HazBaHueM Bo-
poHbH comnku okoio ¢. CocHoBka [27]. [To coBpeMeHHBIM TaHHBIM 3Ta JIUCTBEHHULIA
3acoxJa [34].

[lepBble KyabTypbl TMCTBEHHMIIB! Ha KosbekoM nomryocTpose co3nansl B 1930-x rr
U TIPEACTABISLIA co00M HEOOMNbIINE TIAHTALMK BIOJb Jkene3Hoi noporu Cankr-Ile-
TepOypr—Mypmanck. CemeHa JTHCTBEHHMIB 3aBO3WIN B MypMaHCKyr0 o0nacTe W3
Cubupu u ¢ ansHero BocToka. JlucTBeHHMIy CTany MIaHOMEPHO BHICEBATH B pas-
HBIX 4acTsx MypMaHCKoW 00JIaCTH, YTOOBI H3YUUTh PUKUBACMOCTD PACTECHHUSI B €BPO-
nieiickoii yactu Poccuu [25]. IMaHIpOBCKOE JIECHUUECTBO, O KOTOPOM OBLIO CKa3aHO
BBIIIE, BOBMOJKHO, HapaBHE C CEMEHAMH Kellpa CHOMPCKOTO pacrloyiaraio ceMEHaMU
JIMCTBEHHMIIBI: BO3JIE JOMOB M BJOJIb OCHOBHOHM JIOPOTW CTaHIMU XHUOWHBI CETOTHS
MPOU3PACTAIOT «CTAPOBO3PACTHBIC» JIMCTBEHHUIIBI C IMaMETpoM cTBona 6oree 30 cm.
B 1950-1960-x T o Bceit MypmaHCKo# 001acTH Ha rapy U BEIPYOKH JIECX03aMH MH-
TpoayLHpoBaachk JUCTBeHHHULA cuOupckas — Ha 2000 ra [15].

B HacTosiiiee BpeMsi MHOTHE YYaCTKH MTPOU3PACTAHUS JIMCTBEHHUIIBI CHOUP-
CKOHM MCKYCCTBEHHOTO MPOUCXOKACHUS, KAK M YUIACTKH KeJpa CHOMPCKOTO0, BKITIOUE-
HBI B JIECHbIE OOTAHUYECCKUE MTAMSITHUKH TTPUPOBI PErHOHAIBHOTO 3HAYCHUSI.

Ha BocTounoMm noGepeskbe Kombckoro moiayocTpoBa B €J10BO-0epe30BOM Jiecy
oxkoro a. [Tanuua B 2015 . oOHapykeHa nucTBeHnuna Larix archangelica P. Lawson
BbIcOTOM 9—-10 M. [Ipouspacranre faHHON TMCTBEHHULIBI HA ’TOM YYaCTKE BBI3BIBAET
MHOTO0 BorpocoB [34]. MccnenoBanust TMCTBEHHUIBI B MypMaHCKO# 001acTy Takxke
npoBeaeHbl Hamu B 2017 u 2019 rr. (Tadmn. 2).

I «/lucmeennuynas powa Taiibonvry. Jlanneiii [1I1 — oquH U3 nepBBIX OIIbI-
TOB MHTPOAYKIIUHU JINCTBEHHMIIBI cCUOUpCcKoii B MypMaHckoi obnactu. CeMeHa Jiu-
CTBEHHUIIBI ObUIHM TIOcesiHBI B 1932 1, B HacTosiee BpeMsi 00pa3oBaiach JTUCTBEH-
Hu4Has ponia Ha wiomaau 1,0 ra [17]. [Tpu obcnenoanuu I111 B 2019 1. BEIsBIICHO,
YTO CPEAHMN TuaMeTp JMCTBEHHUI] cocTaBua 15,9 cM, cpeanss Beicota — 11,5 M.
Huamertp nuctBeHHuI| Bapbupyet ot 4,5 1o 37,9 cm, Beicota — ot 5,0 10 17,0 m.
Cpenuuii TuaMeTp caMblX KPYIHBIX JiepeBbeB JUCTBCHHUIBI — 24,0 cm (ot 18,0 no
37,9 cm), cpennss Beicota — 15,0 M (ot 13,5 no 17 m). Bee kpynHbBIE TUCTBEHHUIIBI B
XOpOILIEM COCTOSIHUH, XapaKTePU3YIOTCs Kak 310poBble. JINCTBEHHUIIBI PAaCTyT psja-
MH, 6omee 700 mT., XOpOLIO MIOAOHOCST, Ha Tepputopun [1I1 1 psitoM ¢ HUM MHOTO
caMoceBa, MEJIKOTO MOJPOCTa JIMCTBEHHUILIBI BHICOTOM OT 3 710 40 oM.
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1 «Jlucmeennuywvr Huoicne-Tynomckoeo éodoxpanunuwyay. [loceB ceMsiH Jin-
CTBEHHHUIIBI BhIMOJAHEH B 1953 1. Ha mromanu 4 ra [17]. O6cnenoBannem 2019 1.
BBISIBJICHO, YTO CPEIHUN TUaMEeTp JINCTBEHHHUIT COCTaBUI 15,6 cM, cpemHsis BBICOTa —
12,2 m. luametp Bapwsupyet ot 3,2 10 27,9 cm, Beicota — o1 4,5 no 16,0 m. Y kpyn-
HBIX JIepeBbeB quamerp — ot 18,5 mo 27,9 cm (cpennee — 20,8 cM), BeicoTa — OT 14 110
15 m (cpennee — 14,4 m). JINCTBEHHULBI PACTYT INIOTHBIMH, CHJIBHO 3aryICHHBIMH
psaaamu. bosee 58 % JUCTBEHHUII HAXOIATCS B OCIA0JICHHOM COCTOSIHHU B PE3YJib-
TaTe MIOTHOTO PACIIOIOKEHUS B PSIIax U MeXAYPSAAbIX. JINCTBEHHHUIIA XOPOIIIO TIJI0-
JIOHOCHT, MHOTO CaMOCEBa, B HEKOTOPBIX MECTaX MEKIYPSIbS TUIOTHO 3apOCiIH MO/I-
POCTOM JIUCTBEHHUITBI, KOTOPBIN B pe3yabTaTe 3arylieHHOCTH HaXOAUTCS OOJbIIeit
4acThIO B YTHETEHHOM M TIOTHOAIOIIEM COCTOSIHUH, XapaKTepU3yeTcs KaKk MEJIKHHA
CJIOMaHHBIH, ero BelcoTa — 710 2 M. KpoMe NTUCTBEHHULIBI B TOAPOCTE MPUCYTCTBYIOT
cocHa, ek u Oepesa. Teppurtopust [1I1 — eAMHCTBEHHOE MECTO B pErHOHE, TJIE BCTPE-
yaercsi peikuii, BHeceHHbIH B KpacHble kaurn Kuposcko#, Uensiounckoii, Cepa-
JoBCcKoi obmacrelt, [lepmckoro kpas, Pecyonmuku Yamyptus [2] rpub Boletinus
asiaticus Singer. BeposiTHO, crtopbI Tprda monaiy BMECTe ¢ CEMEHAMH JINCTBEHHULIBI
Y B HACTOSIIEE BpeMs IpUO pacTeT B CEBEPHBIX YCIOBUSIX B UCKYCCTBEHHO CO3JIaH-
HOM JINCTBEHHUYHOM Jiecy. B ®uHIsTHIMM rpuld TakKe OTMEYEH KaK PeIKU MUKOPH-
3HBIN BUJI IOl MHTPOAYLMPOBAaHHOM Larix sibirica [33].

HIT «Yyacmok necnvix KyIvmyp aucmeeHHuybl cubupckoily. JIMCTBEHHUIIBI
pacTyT psiiaMu, XOpOIIO IIOAOHOCST, HIET aKTHBHOE €CTECTBEHHOE BO30OHOBIE-
Hue. Cpenu JTUCTBEHHUYHOTO APEBOCTOSI BCTPEYAIOTCS KPYIHBIE JTHCTBEHHUIBI OT
18 no 28,8 cM B nuamerpe, BeicoToid 10 17,7 M. B Hacrosiiee Bpems [T naxogurcs
BONIM3H a’poropra I. MypMaHCKa U TIPOe3/] Ha JaHHYIO TEPPUTOPHIO 3aIPEeIIeH.

HIT «Yuacmox nucmeennuysvl cUOUPCKOU UCKYCCMBEHHO20 NPOUCXOHCOCHUS Y.
JIucTBEHHUIIBI pacTIpeeNICHEI O IIOMIAIN Xa0THIHO. KpyIHbIe 1epeBhbsi UMEIOT JIH-
ametp ot 17,2 10 26,2 cm, BeicoTy — oT 11 10 15 m. I1I1 B HacTosIIIee BpeMs HAXOIUT-
Csl B OKpECTHOCTSIX T. KOJIbI, pSIOM CTPOUTCS JIMHUS DIEKTPOTIepeIadu, KOTTEIKH, Ha
teppuropuu 11 MHOTO TpoOI.

Jlucmeennuya cubupckas na meppumopuu Jlannanockozo 3anogeonuxa. Ha
TEPPUTOPHH 3AIOBEIHUKA CEMEHA JIMCTBEHHUIIBI CHOMPCKOI ObLIH BhICESIHBI B 1938 T
B JICHIIpOJIOTHYEeCKOM mUTOMHUKE (rtomans — 0,4 ra) [10]. B 1997 . B muromHmKe
pocnu 28 KpyIMHBIX JUCTBEHHUI], AHaMeTpoM oT 8 10 24 cMm. B ycnoBusax 3amoBen-
HHKA B3POCIBIC 0COOM JTUCTBEHHUITBI CHOMPCKOH OOMIBHO TIOAOHOCSAT, HO CEMEHa
MMEIOT HU3KYI0 BCXOXKECTh U BO3MOXKHOCTh CEMEHHOTO Pa3MHOXECHHS HEOOJbIIasl.
Bricora moapocTa nmucTBeHHHIBI (caMoceB) coctaBisia B 1997 1. ot 11 1o 90 cm
[10]. B Hacrosiiiiee BpeMsi MHOTHE U3 STHUX CESHIICB MOTHOJIN, )KUBBIX CESHIIEB 0CTa-
nock npumepHo 10-20 %. Bexonpl modTy cpasy nmorudaroT u3-3a HeOIaronpusTHbIX
YCIIOBHI TPOM3pacTaHus (3aXJIAMIIEHHOCTh CYyXHMHU OTABITUMHU BETKAMH, 3apacTa-
HUE TePPUTOPUU NMUTOMHHKA MBOU M JIp.) U HOBBIC TIOYTH HE TOSABISIOTCS WIX IO
HCTEUEHUH HEKOTOPOTO BPEMEHHU YCHIXaroT. HaOmoneHns 3a COCTOsIHIEM JIEPEBHEB,
MOSIBJICHUEM CESTHIEB U UX POCTOM HE MPOBOAATCS. JI€HPOMUTOMHUK MOCEIIAIOT TY-
puctbl. O0OcieI0BaHNEe COCTOSIHUS JTUCTBEHHUI] HE BBINOJIHSUIOCH ¢ 1997 1. BaxHo
CenaTh MOBTOPHOE 00CIIeIOBAaHNE COCTOSIHUSA HHTPOTYIIEHTOB.

1111 «Kedpwvr u nucmeennuywt 6ozne cmanyuu Xudurory. CESHITBI TUCTBCHHUIIBI
ObUTH BBICasKkeHBI 0KoJ0 1933—-1935 rr. Ha MmomenT co3manus I111 3mecs mpomspacTaio
5 3K3eMIUISIPOB JUCTBEHHULBL. B 2017 . onrcano 3 KpyMHBIX JIMCTBEHHULIBI, BEICOTON
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ot 15 mo 18 M, nuamerpom ot 18,6 no 38,3 cM, u 1 nucTBeHHMIIAa BBICOTOM 14,5 M U
nuametpom 18,6 cm, a Takoke 111 sK3. mogpocTta (camoceB), BEICOTOM OT 1 ¢M 110 8,5 M.

B Hacrosiiee BpeMst yqacTKy ¢ IPOU3PACTaHNEM JIMCTBEHHHIIBI CHOMPCKON Ha-
XONATCS B OCHOBHOM B IICHTPAJBHOHN M 3amagHoi yacTy MypmaHckoi obmactu. JIu-
CTBEHHUIIA CHOMPCKAsi XOPOIIO aKKIMMAaTU3UPOBaiach M MPKUiIach B MypMaHCKOM
o0nacTH, Ha yJacTKax C MPOU3PACTAHUEM ATOIO MHTPOAYLIEHTa CYOPMHUPOBATIUCH JIU-
CTBEHHUYHHUKH, aKTUBHO UJIET €CTECTBEHHOE BO30OHOBIEHHE. JINCTBEHHNUIIA B perHOHE
BBICKCHA B TOPOJIaX M HACEJIECHHBIX MYHKTaX JUIsl O3€JICHEHHSI, BIIOJIb aBTOMOOMIIbHBIX
M KeJE3HBIX JIOPOT, B MPUPOTHBIX YCIOBUAX MPH CO3AAHUM JIECHBIX KyIbsTyp [4, 11,
26 u np.]. YacTHOE KyIBTHBUPOBAHHUE JIMCTBEHHUITHI HE3HAYUTENHHO, XOTSI MHOTHE JKH-
TEJI PETHOHA BBICA)KUBAIOT Ha CBOMX 3arOPOJIHBIX YUaCcTKaX JIMCTBEHHHUITY CHOMPCKYIO.

Keop cubupckuii. Jlucmeennuya cubupcas.

Bosnukaer Bompoc 00 3p(EeKTUBHOCTH M HCHONB30BAHUU CYIIECTBYIOLINX
[T n BeImONTHEHUN UMU (DYHKIMH C TOYKH 3PCHUSI HAyYHO-TIO3HABATEIBLHOU, UCTO-
PpHUYECKOM IEHHOCTH, 03HAKOMJIEHHS C OTIBITOM CO3/IaHUs JIECHBIX KYJIBTYp U3 HHTPO-
JyLEHTOB U T. 1. Kak BBISICHUIIOCH B X07€ UccaenoBanus, He Bee I1I1 cooTBeTcTBYIOT
LEJIsIM, ONPEACNICHHBIM IIpU uX co3nanuu. Hampumep, Bokpyr 1111 naer aktuHoe
CTPOMTEJILCTBO KOTTEIDKEH U JIMHUH AJIEKTpoIepeay, LIeHHbIE JepeBbs BRIPYOaloT-
cs1 («Y4acTOK JIMCTBEHHHIIBI CHOMPCKOM HCKYCCTBEHHOTO POUCXOKICHHS» ) WK 32
JIECHBIMU KYJBTypaMHU HET yXoJa M, KaK CJIEJCTBHE, HaCaXJIeHHEe CHIIBHO 3aryIie-
HO, UET ycbixanue apeBoctos («JIuctBennuusr Hmxae-TymoMckoro BogoxpaHu-
mumia»). Hexotopseie I1I1 HaxomaTcst Jajgeko OT OCHOBHBIX TOPOT WM B HACTOSIIIEE
BpeMs IPOE3]1 K 3TUM TEPPUTOPHUSIM 3aIPELLEH, IO3TOMY BO3HUKAIOT TPYAHOCTH € UX
nocenieHneM («Y4acToK Keapa MCKYyCCTBEHHOTO MPOUCXOKICHUS, «YUaCTOK Jiec-
HBIX KYJBTYD JMCTBEHHHUIIBI CHOMPCKOI» ).

Raxnouenue

HccnenoBanue MHTPOAYKIMH COCHBI CHOMpPCKOW (Keipa CHOMPCKOTO) W JIU-
CTBEHHHIIBI CHOMPCKOH B MypMaHCKO# 001aCTH TTOKA3aJ10, 9TO ATH APEBECHBIC IIOPO-
JIbI YCIICIITHO aKKJIMMATU3UPOBAJIMCH B YCIOBHSX 3arOISIPhs U IPH OJIATONPUSTHBIX
JUTSL HUX YCIIOBHSIX ITPOU3PACTaHUsI BHOCSAT pazHooOpasue B TaH{madT peruoHa.

B ycnousx Kombckoro 3amosipbst Ha HEOOIBITIX TEPPUTOPHIX CHOPMUPOBA-
HBI HOBBIE TUIIBI PACTHTEIBHBIX COOOIIECTB — KSJAPOBHUKH U TUCTBEHHUYHUKH. Kemp
CUOMPCKUHN W JIMCTBEHHUIA CHOMPCKAsl TUIOAOHOCST, UAET €CTECTBEHHOE BO30OHOB-
JIeHue. YCTaHOBJIEHO, YTO CeMeHa Keapa cuOupckoro B yeinoBusax Kpaitnero Cesepa
MOTYT IIPOpacTaTh MOCJIC HAXOXKACHUS B [IOUYBE B TEUCHUE AECITKOB JIeT. Takke BO3-
MOYKHO BEr€TaTUBHOE Pa3MHOKEHHE KeJpa uepe3 YKOpPEeHEeHHE HUKHUX BETBEH.

[Ipu co3manum JECHBIX TAMATHUKOB IIPUPOJBI U3 JIECHBIX KYIBTYp-UHTPOIY-
LEHTOB HEOOXOANMO Hallle MPOBOANUTH OLIEHKY COCTOSIHUS JPEBECHBIX MOPOJ, COOT-
BETCTBYIOIIMIA YXOJ U CIIEAUTh 332 CTENIEHBbIO COOTBETCTBHUS IIeJIel CO3aHusl 0c000
OXpaHsSIeMOU NIPUPOAHON TEPPUTOPHUH €€ UCIIOJIH30BAHUIO.
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Annomayusn. XBOWHBIE XapaKTEPU3YIOTCS OIPENEICHHOW WHIAMBUIYAILHOH H3MEHYHMBO-
CTBIO COJZICPIKAHUS CTPECCOBBIX METAOOJIUTOB, KOTOPAs MOXKET ABJATHCSA PE3yJIBTaTOM TE€HO-
TUIHYECKUX PA3TUUNN MM PACXOXKACHUI B YCIOBUAX MPOU3PACTAHUS OTACTBHBIX IEPEBHEB.
Lenp uccenoBanusi — OLEHKA W3MEHYMBOCTH OMOXMMHYECKHX TPH3HAKOB y (pOpM COCHBI
OOBIKHOBEHHOM, Pa3IMYaOIIMXCS [IBETOM MYKCKHX CTPOOMIIOB, TMPH aJanTainuy 3THX GopM
B YCJIOBHUSIX TIOCTOSHHOTO M30BITOYHOTO YBIQKHEHHS MOYB CEBEpHOU Taifru. M3zyuenue au-
HaMHKU MeTabOJIMYEeCKHX MoKazareneil y popm cocHbI 0OBIKHOBEHHOM MPOBEJICHO B KyCTap-
HUYKOBO-C(arHOBBIX COCHSIKAaX Ha OOJIOTHBIX BEPXOBBIX MOUBAX B paiifoHe ycThbs p. CeBepHOii
JIBuHEI (ceBepHas moj30Ha Taiiru). Y 10 nepeBbeB COCHBI KaX 101 U3 BBIICIEHHBIX IO I[BETY
MYXCKHX CTPOOHIIOB (hOpM 0TOOpaHbI 00pa3iibl XBOU Ha 1oderax, (OPMHUPYIOIINXCS B TEKY-
meM rogay — B urone—Hosi0pe 2018 1. B 1abopaTopHBIX YCIOBHSX OMPENETIeHO COJAepKaHue
(DOTOCHUHTETHYECKUX MUTMEHTOB, aHTOIIMAHOB, ACKOPOMHOBOM KHCIJIOTHI, TIPOJIMHA, BOJOPAC-
TBOPUMBIX OCIIKOB, a Takke ypoBeHb pH. YcTaHOBIEHO, YTO B 3aCyIUIMBEIH JISTHUN MEPHOS
CHHTE3 XJIOPO(QHIUIOB B XBOE TEKYIIET0O roja (JOPMUPOBAHUS CHIKAETCS y JIEPEBBEB 00EHX
(dopM. braronpusTHBIN TEMIEpaTypHbIH PEKUM OCEHBIO CHOCOOCTBYET YBEIHUUCHUIO -
TENLHOCTH HAKOIUICHUSI (POTOCHHTETHYECKHX MUTMEHTOB, YTO B IIEJIOM MOXKET OTPHUIIATEIBHO
CKa3aTbCs HA MOATOTOBKE JCPEBHEB K MEPE3NMOBKE. 3HAYUTEIBHBIX PA3TUYNN KPACHOIBLIb-
HUKOBOI M JKEITONBIILHUKOBON (POPM IO COICPIKAHUIO XJIOPO(UIIIOB U KAPOTHHOUIOB, aH-
TOLIMAHOB, ACKOPOMHOBOM KUCIIOTHI, CBOOOTHOTO MPOIMHA, BOIOPACTBOPUMBIX OenkoB 1 pH
(dhopmupyroIIeHics MOJIONI0 XBOW HE O0HAPYKEHO. BBISIBICHO CXOACTBO B aalTallMy dTHX
($OpM K MOCTOSTHHOMY M30BITOYHOMY YBJI@KHEHHIO TI0OYB B YCIOBHSX CeBepHO Taiiru. O6-
Hapy»KEHO CYIIIECTBEHHOE BIMSHUE CE30HHOTO (pakTopa Ha JMHAMHUKY OMOXMMHUYECKHX MOKa-
3aresniell y iepeBbeB HccliienyeMbix (hopM. Beicokas Temmeparypa Bo3iyxa B JISTHHH MEPUOJ
MIPUBOJIUT K 00JIe€ AKTHBHOMY HAKOTIJICHHIO aCKOPOUHOBO KHCIIOTHI, MPOJIMHA U aHTOI[HAHOB
B XBOE, a CJIEIOBATENIBHO, K MOBBIIICHUIO €€ aHTHOKCHAHTHOW aKTUBHOCTH M Pa3BUTHIO 3a-
IIUTHBIX MEXaHU3MOB, HAIIPABJICHHBIX HA MPEIOTBPAIICHIE OKUCIUTEIHHOTO CTPEcca B 3THX
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ycioBusix. [loBbIIeHNE coziepkaHusl BOIOPACTBOPHMBIX OCIIKOB B XBOE B OKTSIOpe—HOSIOpe
CIOCOOCTBYET YCWIJICHUIO KPUO3AIUTHBIX (DYHKIINI IIPH TOATOTOBKE JIEPEBHEB K IIEPE3MMOBKE.
YpOBHM MH/IMBHIYaJIbHON U3MEHYMBOCTH COJEPIKaHHS aCKOPOMHOBOM KHMCIIOTHI M MPOJIMHA B
XBOE COCHBI C JKEJITHIM [IBETOM MUKPOCTPOOHIIOB IIPH yCTaHOBJICHUH OTPULIATEIbHBIX TEMITEpa-
TYp B HOSIOpE CYIIIECTBEHHO BBIILIE, YEM Y COCHBI C KPACHBIMUA MUKPOCTPOOMIIaMHU. DTO CBS3aHO
C HOPMOH peakIyy AepeBbEB PasHbIX (POPM Ha BIHSHHE OTPHULATEIBHBIX TEMIIEpaTyp.
Knroueswvte cnosa: Pinus sylvestris, KpaCHONBUTLHUKOBAs (hOpMa, JKEJITONBLILHUKOBAST (Op-
Ma, XBOSI TEKYIIEro roja, pOTOCHHTETHYECKHE MUTMEHTBI, aHTolManbl, pH, ackopOuHoBas
KHCIIOTA, POJIMH, BOJOPACTBOPUMBIE OCIIKH, [UINTEIBHOE N30BITOYHOE YBIXKHEHNE IT0YB
bnazooapuocmu: ViccnenoBanusi BHIIOTHEHBI B pamkax roc3aganust @UL koMIiekcHOro u3-
yuenust Apkruku uM. akagemuka H.I1. JlaBéposa ¥YpO PAH (npoekt Ne FUUW-2022-0057,
Ne I'P 122011400384-2).
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Abstract. Conifers are characterized by a certain degree of individual variability in the
content of stress metabolites, which can be caused by genotypic variations or divergence in
the growth conditions of individual trees. The purpose of the study is to evaluate the variation
of biochemical traits of Scots pine, which are different in the color of male strobilus, during
adaptation to the conditions of constant excessive moisture in the soil of the northern taiga.
The dynamics of metabolic parameters of Pinus sylvestris L. were investigated in shrub-
sphagnum pine stands on marshy upland soils at the mouth of the Northern Dvina River
(northern taiga subzone). From July to November 2018, needle samples from shoots were
collected from 10 pine trees of each of the male strobilus types, differentiated by color. The
contents of photosynthetic pigments, anthocyanins, ascorbic acid, proline, water-soluble
proteins, and pH were measured under laboratory conditions. The synthesis of chlorophyll in
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the needles in the current year of formation decreased in trees of both forms during the dry
summer period. A favorable temperature in the autumn period could promote an extension
of photosynthetic pigment accumulation, which might negatively affect tree preparation for
overwintering. There were no significant differences between f. erythranthera Sanio and f.
sulfuranthera Kozubow in the needle content of chlorophyll and carotenoids, anthocyanins,
ascorbic acid, free proline, water-soluble proteins, or pH. The similarities in the adaptation of
the trees to the constant excessive soil moisture in northern taiga conditions were revealed.
The seasonal factor had a considerable impact on the dynamics of biochemical parameters.
Ascorbic acid, proline, and anthocyanin were more actively accumulated in the needles
throughout the summer due to the high air temperature, resulting in an increase in antioxidant
activity and the development of protective mechanisms aimed at reducing oxidative stress.
The increase in water-soluble protein content in needles from October to November is one
of the cryoprotective mechanisms of the trees for the winter period. Individual differences
in ascorbic acid and proline contents in yellow microspore-bearing pine needles at the
establishment of minus temperatures in November were considerably higher than in red
microspore-bearing pine needles. This is regarded as the norm of the reaction for different
types of trees to the influence of negative temperatures.

Keywords: Pinus sylvestris, f. erythranthera Sanio, f. sulfuranthera Kozubow, needles of the
current year, photosynthetic pigment, anthocyanin, pH, ascorbic acid, proline, water-soluble,
prolonged excessive soil moisture
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Beseoenue

PacTenust HCTIONB3YIOT psii CTpaTeruil Uil agantanud MeTabonu3ma K u3Me-
HEHHIO YCIIOBHI BHEIIHUH CpeJibl, IPU ITOM IUAaIla30H BapbUPOBaHMs MeTabomye-
CKUX TPU3HAKOB 3aBHCHUT OT JKCTPEMAIbHOCTH BO3JICHCTBUSI BHEITHHX (PAKTOPOB
[15]. IIpu TMmOKCHH KOPHEBOW CHCTEMEI Y EPEBHEB HAONIOMACTCS aKTHBAIIHS Me-
XaHU3MOB aJIaNTAllN: CUHTE3 CBOOOJHBIX aMHHOKHCIIOT, OCITKOB, HU3KOMOJICKYJISP-
HBIX YIJIEBOJOB, OKHCIUTENBHBIX (DEPMEHTOB U IPYTUX MPOTEKTOPHBIX COCAMHEHHUN
[28, 29, 37]. XBoiiHbIE XapaKTEpU3YIOTCS ONpPEAeNIeHHON MHINBUAYaIbHON U3MEH-
YUBOCTBIO COJICPIKAHUS CTPECCOBBIX META0OIUTOB, KOTOPAst MOXKET SIBJISITHCS PE3YJib-
TAaTOM TCHOTUIHMUYECKUX Pa3IMYMi WM PACXOXKICHUH B yCIOBUSX MPOU3PACTAHHS
OTIENBHBIX AepeBbeB [31, 52]. Peakumu nepeBbeB pa3HBIX (HOPM MOXKHO pacIieHHBATh
KakK aJlalTUBHbBIC, TIO3BOJISIONINE 00CCIEeUNBaTh UX YCTOWYMBOCTD K BO3/ICHCTBHIO
CTpeccoBBIX (hakTopoB. [Ipr3HaKH reHepaTUBHBIX OPraHOB SBIISIOTCS HanOonee Ha-
JESKHBIMH MOP(OIIOTHUECKUMHI MapKepaMH HacJIEACTBEHHBIX (DOPM y JPEBECHBIX.
[Ipu3Haky reHepaTUBHBIX OPTaHOB 00JIAaI0T HU3KUMHU YPOBHIMH DKOJIOTHUECKON U
reorpaduyeckoil K3MEHYHBOCTH, CTAOUIIBHBI BO BCEX MeTaMepax KPOHbI JIEPEBLEB U
Bo BpemenH [ 1, 15, 23, 24, 26]. Cauraercs [7], 9TO B 3TOM clTydae B IIPOIIECCE OHTO-
reHe3a MPU3HAK He 3aBUCUT OT (POPMHUPYIOIINX €r0 YCIOBHUH, a €ro pa3BUTHE ONpe/ie-
JSIETCSl TPEUMYILECTBEHHO T€HOTUIIOM 0COOH. Y COCHBI OOBIKHOBEHHOH pa3nuius B
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OKpacke MUKPOCTPOOHIIOB SIBIISUTMCH OCHOBAaHHEM JJIsI BBIICJICHUSI KPACHOBUTLHUKO-
Boii (f. erythranthera Sanio) u xenronbuibHUKOBOH (f. sulfuranthera Kozubow) dopm.

W3meneHus: B TUrMEHTHOM (OHJIE OTPAKAIOT CTPYKTYPHO-(QYHKIIMOHAIBHYIO
peoprannzanuio (OTOCHHTETHUECKOTO ammapara U SIBISIIOTCS HEOThEMIIEMOM co-
CTaBJSIIOLIEH KOMIUIEKCHOTO MpOIecca 3aKaluBaHus pacteHui [27]. [nst XBOHHBIX
BUJOB IOKa3aHbl CE30HHAS PEOPraHU3aLus THIAKOMIHONW CHCTEMBI XJIOPOILIACTOB
MUTMEHT-0EJIKOBBIX KOMIIIEKCOB, KOJIMUECTBCHHBIE M KaUueCTBEHHBIC N3MEHEHUSI TTHT -
MeHTHOrO (onza [18]. B psije pabot coobiiaercst 00 yMeHbIIeHHH (HOHJIA 3ETICHBIX
MMUTMEHTOB B pe3yJIbTaTe OKUCIUTENFHON AETPaJallii YacTH XJIOPO(UIIA B IUCTHIX
B HeOmaronpusTHBIN mepuon rofa [16, 20, 32, 45]. Takoe sBJICHNE UMEET aIalTHB-
HOE 3HAYCHUE /17151 BBDKUBAHMS PACTCHUH, 3UMYIOIIUX C 3€JICHBIMU JIUCThHSIMU, TIOTO-
MY YTO 3TO IMO3BOJISAET CHU3UTH KOJIMYECTBO MOIVIOMIEHHON M HE MCIIONB3yeMON Ha
¢dortocunTes sHepruu [45]. B yclaoBusSX BBHICOKOH MHCONSIMM YacTO HaOMIOIAeTCs
MOBBIIICHHUE IO KAPOTHHOM/IOB, BBHITIOIHSIONIMX B 3TOM cilydae (DYHKIIUIO 3alll-
TbI OT ¢oronHrunOupoBanus [40]. AmanTanus TUTMEHTHOTO armapara MPOUCXOIUT
ITyTeM TpaHc(hOopMaImu CBETOCOOHUPArOIero MurMeHTHOTO KoMmrutekcea [41]. 1o maH-
HBIM [9], Ha JTOJTI0 aHTEHHBIX (CBETOCOOMPAIOIINX ) XJIOPO(UIIIOB PACTEHUH Tae)KHOM
30HBI €BpOIIECKOro ceBepo-BocToka Poccuu npuxonutcest 55-65 % donna 3eneHbIx
nurMenToB. [TockonbKy xsopoduit b HaXOOUTCSl B MUTMEHT-OEIKOBBIX CBETOCOOU-
parorumx Komiuiekcax porocucteMsl 11, n3MeHeHre COOTHOIICHUS XJI0podusLioB a/b
MOXET OBITh CBSI3aHO C U3MEHEHHeM ee QyHKIHoHupoBaHus [36]. M3sectHO [14],
YTO HACHIIIICHUE TTOYBHI BOIOH BOKPYT KOPHEH pacTeHHW Hanboiee CHIIBHO BO3MCH-
CTBYET Ha CBETOCOOUPAIOIINI XJI0PO(UILT /b — OETKOBBIN KOMITIEKC.

Bce BupI cTpecca y pacTeHHid CONPOBOKAAIOTCS YCUICHUEM OKHCIUTEbHBIX
MIPOIIECCOB M aKTUBU3AIMEH CHCTEM aHTHOKCHIAHTHOM 3amuThl [33]. OmHu uccie-
JIOBaTeNN B KauecTBe Oosiee 23pPeKTHBHOM 3alTUTh METa00IM3Ma OT aKTUBHBIX (hOpM
KHCJIOpOJa BBLACISIIOT (DepMEHTAaTHBHYIO CHCTeMY [53], Ipyrue — HU3KOMOJICKYJISp-
HBbIE AaHTHOKCHIAHTHI [38]. AHTOIMAHBI HETTOCPEACTBEHHO YYaCTBYIOT B J€TOKCHKA-
MU CBOOOHBIX pagrkaiioB [39, 50], cMmsaryarot aeiicTBre yiaprpaduonera, 00ragaroT
AHTHOKCHIAHTHON aKTMBHOCTBIO B YCIOBHSIX PA3IMUHBIX CTPECCOBBIX BO3ACHCTBHI
[50]. XomogocToiikue BUABI HIMEIOT TY JK€ CHCTEMY aHTUOKCHIAHTHOU 3aIUTHI, YTO U
terutonmoOuBkie [44]. JloMuHHpYIOIIee TTONOKEHHE BO BHYTPH- U BHEKIIETOYHOM 3a-
[IMTE 3aHUMAeT aCKOPOMHOBAsS KUCIIOTA, SBISISICh TIOTEHIUATBHBIM JOHOPOM aTOMOB
BOJIOPOJIA U DJIEKTPOHOB, MCIIONB3YEMBIX JJISi BOCCTAHOBIIECHHS MEPEKUCH BOIOPOIA
WJIH HEKOTOPBIX CBOOOTHOPAANKAIBLHBIX TPOIYKTOB [22].

Haxomnnensl skcriepuMeHTallbHbIE JTaHHBIE, IEMOHCTPUPYIOIINE OCMOIPOTEKTOP-
HBIE CBOMCTBA TPOJIMHA, €TO CIIOCOOHOCTh CTAOMIM3UPOBATH CTPYKTYPY OCTKOB M pe-
rynupoBars pH IUTOIIIa3Mbl, CHIKATH CONlEpKaHNe akKTHBHBIX (hopM Kuciopoxaa [S1].
[TponuH MOKET BBICTYNATh B KaUECTBE CUTHAJIBHON MOJIEKYIbI, OBITH MOAYISTOPOM
nponudepanyn 1 rudenu kiaeTok [51]. B kneTkax pacteHui, HaXOAAMINUXCS B CTpeC-
COBBIX YCJIOBUSIX, IPOJIMH COCTABIISIET OKOJIO 5 % OT BCEro ImyJia CBOOOIHBIX AMHHO-
kucnot [43]. [IponuH HakamIMBaeTcsi B OpraHax MHOTHX BHJIOB PacTEHHH B OTBET
Ha 3Kosiorndeckuit crpecc [46]. OceHbio Ha (OHE OOILIEr0 CHUKEHUS aKTHBHOCTH
METa0OIMYECKUX MIPOLECCOB B MEPUCTEMATHYECKUX KIIETKAaX Yy XBOWHBIX HaOona-
eTcs MHUIMALMS 11eJI0T0 PsAa aJalTHBHBIX MEXaHU3MOB, BKJIIOYAIONINX U3MEHEHHE
(U3UKO-XMMUYECKHX CBOMCTB IIMTO30JIS1 TIOCPEJCTBOM CHHTE3a BOJIOPACTBOPHUMEBIX
coeZIMHEeHM, B ToM uuciie 0enkoB [3]. [1o yBennveHuo ypoBHS BOIIOPACTBOPUMBIX
OCITKOB MOYKHO CYIUTH 00 aKTHUBAITUH 3alTUTHBIX PEAKITUI COCHBI [12].
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Lenb paboThl — OLIEHKa U3MEHUYMBOCTH OMOXMMHYECKUX MPU3HAKOB y (HhopM
COCHBI OOBIKHOBEHHOH, pa3Invarorxcs [BETOM MYKCKUX CTPOOHIIOB, ITPH UX aJiar-
TaIlUH B YCIOBUAX MMOCTOSTHHOTO M30BITOYHOTO YBIQ)KHEHHUS TIOYB CEBEPHOM TalTH.

Obwvexmul u Memoobl UCCAE008AHUS

HccnenoBanus mpoBeieHbl B CEBEPOTACKHBIX PA3HOBO3PACTHBIX KyCTapHUYKO-
BO-C(parHOBBIX COCHsIKaX B paiioHe ycTbs p. CeBepHOit [IBuHBI (ApXaHTeNnbCKOE JICCHU-
4ecTBO, IkeMckoe yuacTKOBOE JIECHUUECTBO, kBapTan 121, 64°45 c. m. 41°02' B. 11.),
i€ TMOYBHI MPEICTaBIEHb! TOP(HOM, KaK MpaBuiio, c(harHOBBIM WM IyLIHLE-CHarHo-
BBIM, HU3KOM cTereHu paznoxenus. Topd nmeer cuibHyo peakimto cpeasl (pH core-
BOM cycneH3un — 2,6-3,2), BRICOKYI0 OOMEHHYIO U THIPOIUTHYECKYIO KUCIOTHOCTB,
OY€Hb HU3KYIO CTENIeHb HACKHIIIIEHHOCTH ocHOBaHMsIMU (11-14 %). ComeprkaHne 30761
B BepxHeM cioe Topda cocrapiser 2—4 %. B cocHskax Takoro Tumna 00JIbIIyI0 4acTh
TEIUIOTO TIEpHOa YPOBEHB MMOYBEHHO-TPYHTOBBIX BOJI HAXOIUTCS B HEMOCPEICTBEH-
HOM OM30CTH OT MOBEPXHOCTH U TOJBKO SMHU30JMUECKH, ITOCIE UTUTEIBHBIX CyXUX
nepuoaoB, cHmxkaeTcs 10 25-30 cm. CpemHsis MpOIODKATETHHOCTD MOATOIUICHHUS
BepxHero 10-caHTUMETPOBOIO CJI0s 1OUBkI coctaisietr 64 aust [11]. Topd BepxHUX
TOPU30HTOB XapaKTEPU3yeTCsl HU3KOH 00beMHOW MacCOM, BHICOKOM MOJIEBOH BiIax-
HOCTBI0, OJM3KOM K rosHOM Biaroemkoctu (90-94 %). JlecoBoncTBeHHO-re000TaHNYC-
CKOE OITMCaHUe, TAKCAIIMOHHYIO XapaKTePUCTHKY IPEBOCTOEB JaBajl OOIICTPHHSITHIMU
metonamu [4, 19, 21, 30]. CocraB apeBoctos — 10C, cpennuii Bo3pact — 100 jert, cpeausis
BbicoTa — 10 M, cpeguuii quametp ctBoja — 11 cM, coMkHyTOCTH KpoH — 0,4, Kilacc
OoonuTera — Va. TpaBsSHO-KyCTapHUYKOBBIN SIpyC XapaKTepu3yeTcs mpeoliajanneM
OarynpHHKA, KIIFOKBBI, KaCCaHJPHI, Toadena, romyoukn. M3 TpaB mHOTIa BCTpeda-
FOTCSI ITyTITHIAa B MOPOITKa. MOXOBOW IMTOKPOB CILIONIHOM, COCTOSIIIAN M3 c(harHOBBIX
Mx0B. W3 mosiecouHbIX BHIOB OOBITHA KapIHKOBas Oepesa.

g onpenenenust OMOXMMHYECKUX MTPU3HAKOB Yy 10 1epeBheB COCHBI KaXKI0U
U3 BBIJICTICHHBIX T10 IIBETY MY)KCKHUX CTPOOMIIOB ()OpM OTOMpa 00pasibl XBOH Ha
noberax, (JOPMHPYIOIIUXCS B TeKylieM roay. [is n3yueHus ce30HHOH JAWHAMHKH
3THX NMPU3HAKOB OTOOP 00pa3IOB XBOU MPOU3BOIMIM Ha OJHUX U TE€X XKe JAePEBbIX
B nepuoa ee (OPMHUPOBAHHMS, B KOHIIE BEreTallMd ¥ MOATOTOBKH BHOBH 0Opa30BaH-
HBIX TIOOETroB K Nepe3nMoBKe — B Hroje—Hos10pe 2018 . B naboparopHbIX ycaoBusiX
CHEKTPO(OTOMETPHUUECKIM METOIOM IpH oMo crnekrpodoromerpa Nano Drop
2000C ompenesnsinu cofepkaHue B XBoe (POTOCHHTETUYECKUX MUTMEHTOB [25] 1 aHTo-
umaHoB [17], ackopOuHOBOI KHCIOTHI [§], cBOOOIHOTO TipomuHa [35], BomopacTBopu-
MbIX OernkoB o Metoay Kalb, Bernlohr [5]. J{omro xmmopodmiiios B cBeTocobuparomiem
KOMITJICKCE paccunThiBaad 1o gopmyne [42]. C momomsio pH-merpa Delta 320 pH
(Mettler Toledo) m3mepsiu pH romorenara xBowu [6].

Pesynomamut uccredosarus u ux oocyscoenue

MakcuMmasibHOE cofiepKaHue XJIOpOoQUIUIOB ¢ U b, a TakKe CyMMapHOE CO-
JepyKaHUe B XBOE TEKYIIErO rojia XJI0pOPHUUIOB U KAPOTHHOUIOB Y COCHBI OOBIK-
HOBEHHOW C pasHbIM IIBETOM MHUKPOCTPOOMIOB HAOIIOMACTCs B TICPBOM JeKaje
okTsa0ps (puc. 1). JlocToBepHbIC Pa3MUynsl KOHICHTPALUH XJIOPOPHILIA @, CyMMBI
XJIOPOMHUILIIOB, OOIIEro COJACPIKAHHUSI MUTMEHTOB BBISBICHBI MEXTY MOKa3aTeIsIMU
OKTS0pst U ntons (t = 2,85-8,19; thos = 2,45-2,57). ConepxaHue TUTMEHTOB B XBOE
o0benx (Gopm cocHBI OombIlie B OKTIOpe. KoHIleHTpamusi KapOTHHOUIOB B XBOE pa3-
HBIX ()OPM CYIIECTBEHHO Pa3IMYaeTCs MEX/Ty TOKa3aTeIsIMU UIOJS, aBryCcTa U CeH-
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T$I6p}1 C OJIHO¥ CTOPOHBI U MTOKA3aTeIISIMU OKTSIOPs U HOSIOpst ¢ ipyroit (t = 2,73-8,65;
t0s = 2,26-2,57). Coneprkanue KapOTHHOH/IOB B OKTSIOpe—HOA0PE 3HAYUTEIBHO OOIb-
1I€ TI0 CPABHEHHUIO C COZICPIKAHKEM B HIOJIe—CCHTSIOpe. Y GOpPMBI ¢ KPACHBIMUA MHUKPO-
CTpoOMIIaMU B HOSIOPE TI0 CPABHEHHUIO C OKTSIOPEM CYIIIECTBEHHO YMEHBIIIAKOTCS COTICP-
JKaHHE XJTOPO(UIIIOB i 001Iast CyMma mUrMeHToB (t=5,92-7,34;t . =2,31). Basrycre
U ceHTsA0pe y GOPMBI C KPACHBIMA MHUKPOCTPOOMIAMH KOJIMYECTBO (DOTOCHHTETHYC-
CKUX MTUTMEHTOB 3HAUUTEIBHO MEHBIIIE, UeM B OKTsOpe (t = 4,12-8,65; toos = 2,26).
Y (GhopMBI ¢ JKENTHIME MUKPOCTPOOUIAMH B aBI'yCT€ OTMEUYECHO CYIIIECTBEHHOE CHH-
JKCHHE TOJIbKO KOHIICHTPALMU KApOTHHOUJIOB, a B CEHTIOpe — Xiopoduiia b, kapo-
TUHOM/JIOB U O0IIIel CyMMbI TUTMeHTOB (t = 2,50-3,85; tos = 2,26). Haubomnbmiee co-
nepkanue XI0poUIIIa ¢ IO OTHOMICHUIO K XJIOPO(GHILTY b B XBOE TEKYIIEro Tofa y
00enx GopM COCHbI HAOMIOMACTCSI B aBI'YCTE, @ OCEHBIO 3TOT MOKA3aTeNb CHIKACTCS
(puc. 1). Y dhopMbI € KEATHIM [IBETOM MUKPOCTPOOUIIOB COOTHOIIICHUE XJI0poduiuia
a ¥ b CylIecTBEHHO MEHBIIIC B HIOJIC [0 CPABHEHHIO C ITOKA3aTe/IsIMHU aBryCcTa U CeH-

Ts10ps (t = 2,58-3,50; toos =2,26-2,57), a B OKTIOpE — 10 CPAaBHEHUIO CO 3HAYCHHUEM

st aBrycra (t=2,63; t .= 2,26). Y hopMbl ¢ KPACHBIMH MHKPOCTPOOUIIAMH OTHO-
LIIEHHE COEPIKAHIS XT0podUIIa ¢ K XIOpoDHILTy b B OKTIOPE M HOSOPE 3HAUNTEIb-
HO HIKE 110 CPAaBHCHHIO C OTHOLICHNEM JuIst aBrycra (t = 3,59-4,80; t .. = 2,26).
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Puc. 1. Ce30HHass qUHAMHUKA COMEPIKAHUS, MT * T BO3IYIIHO CYXOH MAcChI, XJIOPO(HILIa
au b (Xa u Xb), kaporunonnoB (K) u moau xaopouiuioB CBETOCOOMPAIOIIETO KOMILIEKCa
(CCK) B xBoe Tekymiero roga (I1.07-II1.11 — nexana. mecsir)

Fig. 1. Seasonal dynamics of the content of photosynthetic pigments in the needles of the cur-
rent year (mg - g air dry weight). Xa — chlorophyll a; Xb — chlorophyll b; K — carotenoids;
CCK —the fraction of chlorophylls in the light-absorbing complex (1.07 —I11.11 — decade. month)
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OTHolieHre XJI0pO(UILIOB K KApOTUHOUIAM Y 00eux (hopM B aBryCTe U CCH-
TA0pe CYIIECTBEHHO OOIBIIIE MO CPAaBHEHHIO C APYTUMH MECSIaMH, MUHUMAIbHOE
3HAYCHHUE ATOTO TOKa3aTelis HabonaeTcs B HostOpe (t-kpurepwii; p < 0,05). YV dop-
MBI C JKEJITHIM IIBETOM MHUKPOCTPOOMIIOB JOBOJIBHO YETKO BBIPAKECH HIOTHCKUI MaK-
CUMYM JIOJIU XJIOPO(UILIOB B CBETOCOOMPAFOIIEM KOMILIEKCE. Y (DOPMBI ¢ KpaCHBIMHU
MHUKpPOCTPOOMIIAMH 3TOTO HE HabmromaeTcs. MUHUMaNbHAS BEWYHHA JAHHOTO T10-
Kazareysi OTMeYaeTcs y JiepeBbeB 00enx (popMm B aBrycre. JlocToBepHBIC pa3Indust
a0COINTIOTHBIX M OTHOCHTENBHBIX MTOKa3aTelell comepikanus XJI0po(PHIUIOB U KapOTH-
HOHJIOB, JIOJIN XJIOPO(UIIJIOB CBETOCOOUPAIOIIETO KOMILIEKCA B XJIOPOIUIACTAX XBOU
pasHbIX $popM He HabmonaoTes (t <t ). 3aBUCHMOCTD COLEpPIKAHIS XIOPOhUIIOB
a v b ¥ KapOTUHOU/IOB, MX COOTHOIICHHIA, JTOJU XJIOPOPHUILIIOB CBETOCOOUPAIOIIETO
KOMITJIEKCa B XJIOPOIIIACTaX XBOH OT C€30Ha y (POPMBI ¢ KpaCHBIMH MHUKPOCTPOOH-
JaMH TIOJTBEPKIACTCS pe3yIbTaTaMHu OJHO()AKTOPHOTO JUCIICPCUOHHOTO aHaIH3a
(F =3,44-1825; F = 2,61). Y (QopmbI C KeNTHIMH MUKPOCTPOOHIIAMHU 3aBHCH-
MOCTh OT CE30HA Jl0Ka3aHa JJisi KOHIICHTPAIUUA KapOTUHOU/IOB, OTHOCHUTEIBHBIX KO-
JIMYECTB XJIOPOPIILIOB U KApOTHHOUIOB, JOTH XJIOPODHUIIIIOB CBETOCOOHPAIOIIETO
KOMILIeKca B xjopormnactax xsou (F = 3,95-14,45; FOVO5 =2,60).

Haomromarorest cymecTBeHHBIC pa3iIndus TUCIIEPCHil Toka3aTeneil (hOToCHH-
TETUYECKOTO MUTMEHTHOTO KOMIUIEKCA XBOU MEXKJY OTICIbHBIMU KaJCHIIAPHBIMU
riepuoamMu, a Takxke pasasiMu popmamu (F-kpurtepuit; p < 0,05). UaausuayansHas
M3MEHYHMBOCTH COJIEPKAHUS (DOTOCUHTETUYCCKUX TUTMEHTOB B PA3JINYHBIC TEPHOIBI
1y pa3ubix Gopm nmeet pasusie ypoau (CV = 8-78 %) (puc. 2).
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Fig. 2. Individual variation of photosynthetic pigments in the needles of the current year
(the notations are the same as in fig. 1)
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VY GOpMBI ¢ KEATHIMA MUKPOCTPOOUIIaAMU KOHIIEHTPALMS aHTOL[MAHOB B XBOE
TEKYIIETO TO/Ia JICTOM 3HAYUTEIILHO OOJIBIIE IT0 CPaBHEHHUTO ¢ 0ceHbIo (t = 2,43—4,10;
toos = 2,26). Y COCHBI C KPAaCHBIMH MUKPOCTPOOMIAMH COICP)KAHHE aHTOLMAHOB
B XBOC B aBT'yCTE CYIIECTBEHHO OOJBINE, UeM B OKTAOpe m HOsOpe (t = 2,43-2,54;

tyos = 2,26) (puc. 3). JlocToBepHBIC pa3iuuust CONCPKAHMS AHTOLMAHOB MEXK/LY ITH-
MH (opMamMH HE yCTaHOBICHSI (t < t, ). MeTonoM 0HO(paKTOPHOTO AHCIICPCHOH-
HOTO aHajM3a JOKa3aHO BIMSHUE CE30Ha Ha COIEPKAHKE aHTOLMAHOB B XBOE 00EUX
dopm (F = 3,25-9,00; F| ;= 2,58-2,59). UnnuBuayanbHas BapuabenbHOCTh COaep-
JKaHWSl aHTOLMAHOB MEXKITy AEPEBBSIMU C )KEITHIMA MUKPOCTPOOUIIAMH B UIOJIC U aB-
rycte 3HaunTenbHO BhIiIe (CV = 41-48 %) 1Mo cpaBHEHHIO C OCEHHUMH MECSIIaMH
(CV =20-25 %) — F-xputepnii; p < 0,05. YV nepeBbeB ¢ KpaCHBIMH MHKPOCTPOOH-
JITaMH 3TOT TIOKa3aTellb B aBrycTe cymecTtBeHHo Boime (CV = 45 %), uem B HOsIOpe

(CV =23 %)~ t=243-2,54; 1, , = 2,26 (puc. 4).
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Puc. 3. Ce3onnas nuHamuka cojepkanus antonnanoB (AlIl), %, ackopOMHOBOW KHCIOTHI
(AK) u nposmna (IT), MKT * ! BO3AYIIHO CyXO#l Macchl, ¥ BomopacTBOpuMbix 6enkoB (B),
MT - ! BO3MYIIHO CyXOi Macchl, a Takke ypoBeHb pH 1u1st XBOM TeKyIero roaa

Fig. 3. Seasonal dynamics of anthocyanins (AII), %, ascorbic acid (AK), proline (IT),
mg - g air-dry weight, water-soluble proteins (b), mg - g air-dry weight and pH level for
the needles of the current year

VYcTaHOBIIEHO MOCTENEHHOE MOBBINICHUE C HIONS A0 KOHIa Hos0pst pH ro-
MOTCHATa XBOW TEKYIIETO Tod y JEPEBbEB C Pa3HBIM IIBETOM MHKPOCTPOOHIIOB
(puc. 3). Paznuuns 3TOTO IMOKa3aTenss MEXAY Pa3sHBIMH MECSIIAaMU JO0CTOBEPHBI
(t-xputepuit; p < 0,05). Mexny dhopmamu gocTtoBepHbIe paznuuus pH XBou He BbI-
siBIeHEI (t <t ). IIpu oToM Koa(duuuenT Bapuanuy mnokasarens pH Mexuay ot-
JENIbHBIMU  JIEPEBBSIMU COCHBI C KPAacHBIMH MHKPOCTPOOMJIAMH HE INPEBBIIACT
3,7 %. Y (hopMmbl C XKEATHIM LIBETOM MHKPOCTPOOMIIOB — He mpeBbimaeT 2,3 %. Ox-
HAKO JIOCTOBEPHBIC pasiuyus Mex 1y popmamu He BisiBieHsl (F <F ). Pesynbrarsl
0JHO(AKTOPHOTO IUCIEPCHOHHOTO aHalU3a CBUIETEILCTBYIOT O BIUSHHU CE30HA
Ha pH romorenara xsou (F = 120,53-239,07; FO’O5 =2,58).
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Fig. 4. Individual variation of biochemical parameters of the needles of the current year
(the notations are the same as in fig. 3)

Conep:kanue acCKOpOMHOBOM KHCIIOTHI y AEpeBbEB 00ernx (HOPM B HIOJIE 3HAYH-
TEJIbHO OOIbLIE, YeM B aBrycTe, CeHTs0pe u okrsibpe (t=4,49-6,27; ) = 2,26-2,31)
(puc. 3). B Hosi0pe HaOmomaeTcst CylniecCTBEHHOE YBEIMYCHUE 3TOTO MOKa3aTessl y
o0enx (opM 1Mo CpaBHEHHIO C aBTyCTOM, CEHTsIOpeM H OkTsiOpem (t = 6,12—-13,13;
tyos = 2,26-2,31). Mexay nepeBbsMH KPACHOIBLIBHUKOBOM M KEJITONBUIbHHUKOBOM
(hopM 1OCTOBEpHbIE pa3IM4Msl KOHLEHTPALMKU aCKOPOMHOBOW KHCIIOTHI HE HaOI0-
patotest (t <t ). Pesynsrarsl 01HO(QAKTOPHOrO AMCIIEPCHOHHOTO aHaIN3a HOATBEp-
KJIAIOT 3aBUCUMOCTB COZICP’KaHMS aCKOPOMHOBOW KHCIIOTHI B XBOE TEKYIIEro roja
ot ce3oHa y obeux ¢opm (F = 26,78-27,92; Fyos = 2,58-2,59). Bimsinme ¢akropa
(hopMBI Ha U3MEHYUBOCTH ITOTO TIOKa3aTelsl He SIBISIETCS] TOKa3aHHBIM ITPH KPUTH-
yeckuX 3HaueHusIX F-xkputepus (p > 0,05). YcranosieH 0ojiee BRICOKAN YPOBEHD HH-
JUBHUIYalbHOW M3MEHYMBOCTH KOHLIEHTPALUHN aCKOPOMHOBON KHCIIOTHI B HOSIOpE y
KeNToNbUILHUKOBOH (opMbl (CV = 16 %) mo cpaBHEHHIO C KPaCHONBUIBHUKOBOH
(CV=8%)-F=4]70;F . =3,20.

Hawnmenbliee conepxanue MpoIMHA B XBOE TEKYIIETO Tofa y pasHbIX (Hopm
COCHBI OOBIKHOBEHHOW oTMeuaeTcsi B aBrycte (puc. 3). HaOmiomaercs ero moBbI-
LICHHAs] KOHLEHTpalKs y JNEPEBbEB C PA3HbIM LIBETOM MHUKPOCTPOOWJIOB B HIONIE
(t = 4,14-8,17,; tyos = 2,26) u B okTss0pe—Hos10pe (t = 2,48-3,99; thos = 2,26) 1o
CPaBHEHHIO C aBryCTOM—CEHTs0peM. CylIecTBEHHBIC Pa3iMyusl COACPIKAHHUS MpO-
JMHA MEXIy (HOpMaMu C KEITHIMUA M KPAaCHBIMH MHUKPOCTPOOMIAMHU HE BBISBICHBI

(t < t,,5)- Meromom 0HODAKTOPHOIrO AMCIEPCHOHHOTO aHAM3a J0KA3aHO BIIMS-
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HHE CE30Ha Ha KOHIICHTPAIMIO TIPOJIMHA B XBOe jAepeBbeB obeux dopm (F = 5,03-8,19;
Fios = 2,58). OTMedeHO CyICCTBEHHOE CHHKCHHE KOO(D(UUMEHTa BapHALUK
KOHIICHTPALMU TPOJIMHA MEXIy JepeBbIMU 00enx (opM B aBrycre—ceHTsOpe
(CV =19-28 %) o cpaBHeHwHIO Cc OKTsIOpeM—Hosg0peM (CV =44-75 %) — F-xpurepuii;
p < 0,05 (puc. 4). Y popMbI ¢ KpaCHBIMA MUKPOCTPOOMIIAMH B WIOJIE€ WHIMBHIYallb-
Hasi BapuabesbHOCTh 3TOro mokasareis cymectBenHo Hiwke (CV = 17 %) no cpas-
HEHUIO ¢ (OPMOH ¢ KeNnThIM 1BeToM MuKpoctpobomioB (CV = 36 %) — F = §,60;
F( 45 = 3,20. B HOs10pe koo dureHT Bapuauu COACPKaHUs IPOJIMHA TAKKE 3HAUU-
TEJIBHO HIKE y (hOPMBI ¢ KpacHBIMU MUKpocTpobuamu (CV =48 %) mo cpaBHEHHIO
¢ bopmoii ¢ xxenTbiMu MukpocTpodmamu (CV =75 %) - F =341; F .= 3,20.

BbIsiBI€HO CylecTBEHHOE MOBBILICHUE COIEP KaHHsl BOIOPACTBOPUMBIX OEIIKOB
B XBO€ TEKYILEro rofa y GopMbl ¢ KpaCHBIMH MHUKPOCTPOOHIaMU B HOSOpE TIO CpaB-
HCHHIO C MIOJIeM, aBrycToM U ceHmsiopem (t = 2,60-2,72; t .= 2,26-2,31) (puc. 3).
JlocToBepHBIE pa3nuyus 3TOro MoKazaress MeXIy (GopMaMy C pa3sHbIM [BETOM MH-
KPOCTPOOHIIOB HE YCTAHOBNCHBI (t > t ). 3aBHCHMOCTb KOHIICHTPALMH BOIOPACTBO-
PUMBIX OEITKOB B XBOE JIEPEBHEB ATHX (POPM OT ce30Ha MOATBEPKAACTCS Pe3yabTaTaMu
onHo(akTopHOTO nuctepcronHoro anammsa (F = 2,87-4,20; Foos =25 8). UnauBuy-
aJIbHAsl U3BMEHUUBOCTh COJICPIKAaHUSI BOJIOPACTBOPUMBIX OCIIKOB y 00erx (hopM OCCHBIO
camkaercs (CV = 14-30 %) no cpaBrenwmro ¢ uronem (CV = 37-39 %) (puc. 4). Paznu-
yrst K03 uImenTa Bapuaimm STOro MmoKa3arelis MeXy HIOJIeM, aBI'yCTOM, CEHTOpeM
¢ onHoli croponbl (CV = 23-37 %) u HostOpem ¢ apyroit (CV = 14 %) nocroBepHsI
(F =3,84-8,85; F, . =3,20-3,40) y popmbI C KpaCHBIMH MUKPOCTPOOHIAMH. Y (HhOpMBI
C EITBIMH MUKPOCTPOOHIAMH PA3INyMsl ATOTO OKa3aTesl JOCTOBEPHBI TOJIBKO MEK-
ny mionem (CV =39 %) n nosiopem (CV =25 %) —F =4,80; F . =3,20.

OcCHOBHBIM (haKTOPOM, ONPEICISIONTIM JMHAMHUKY YPOBHS ITOYBEHHO-TPYH-
TOBBIX BOJI, SIBJISIETCS KOJIMYECTBO BHIMAJAIONIMX OCAIKOB. BOINBIINYIO0 4acTh Bere-
TAIIOHHOTO MEpPHOJa YPOBEHb MOYBEHHO-TPYHTOBBIX BOJ HAaXOJUTCS B HEMOCPE.-
CTBEHHON ONMM30CTH OT TMOBEPXHOCTH MOYBHL [lpm 3TOM conepaHuWe KHCIOpoaa
B MOYBEHHOW BOJIC HE MPEBBIIIACT 2 MI/J, YTO 3HAYMTEIHHO MEHBIIIE €r0 YPOBHSI,
HEOOXOMMOTO JIUIsl HOPMabHOTO (DYHKIIMOHHUPOBaHUsI KOPHEBOH cucrembl. Cpen-
HEMeCsIIHas TeMIlepaTypa Bo3ayxa B pailoHe mccienoBanmii B utone 2018 1. Oputa
Boime (19,4 °C) cpennemHoronerHeit s atoro mecsna (15,6 °C), a konmuecTBo
ocajikoB OoJjiee ueM B 2 pa3a MeHblIie (31 MM) 110 CpaBHEHHUIO CO CPEIHEMHOIOJICT-
HUMH TT0Kazarensmu (64 mMm). Temrreparypa Bo3myxa B aBrycte (15,3 °C) okazanack
HECKOJIbKO BBIIIE HOPMBI, 2 CyMMa OCAQJIKOB B 3TOT Mecsil (118 MM) BbIllie HOPMBI
(67 mm) moutu B 2 pasa. Cenrsopp Obu1 Temiee (10,7 °C) o6vrunoro (7,9 °C),
ocamkoB (56 MM) BbITIao okoiio HOpMEI (69 Mm). [To maennto B.H. Konosanosa,
JI.B. 3apy6unoii [13], Takoe KOIM4ECTBO OCAIKOB 00yCIaBIUBAET Ha TOPPIHBIX MO-
YBax MOJATOIUICHHE KOPHEOOUTAEMOTO CJI0sI M HEOJIaroNpHUsITHO OTPaXKaeTCs Ha MPo-
reccax Merabonmsma. [1o HammmMM JaHHBIM, 3TO IPUBOIUT K CHHKEHHIO CYMMapHOTO
coaeprkanus xyuopoduios. B To xe Bpemsi, cogepikaHie MeTaOOIUTOB, UTPAIOIIUX
3alIUTHYIO POJb (2aHTOIIMAHOB, aCKOPOMHOBOW KHCIIOTHI), y 00euX (OpPM COCHBHI B
HIoJie TOBEIMaeTcs. EcTh cBenenus [13], 4To mpu HACTYIUICHUH YXKapKOH W CyXOu
MO0/l KMCIIOPOX B TIOYBEHHOH BOZE MOJHOCTBIO Mcue3aeT. B cBoo ouepenp us-
BECTHO, 4TO arMoc(epHble 0caaKu 000TralaT BoAy KuciaopoaoM. OnHaKO aHAIIN3
TTOYBEHHOH BOJIBI, TIPOBEACHHBIN Ha 2-1 IEHb TIOCIIC BRIMAICHNUS OOUIBLHBIX OCAIKOB,
MTOKA3aJI, YTO M B 3TOM CIIy4dae COJiepKaHne PAaCTBOPEHHOTO B HEW KUCIIOPOJIA HE TIpe-
BBIIIAET 2—3 MI/J, T. €. cocTaBisieT okoio 30 % OT HopMaIbHOTO HackimeHus [13].
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YMeHblIeHrue (OHJIa 3€JICHBIX TUTMEHTOB Y XBOWHBIX BEUHO3CJICHBIX PaCTe-
HUU SIBIISIETCS XapaKTePHBIM aJanTHUBHBIM mpu3HakoM [32]. XKapkast u cyxas moro-
Jla B WIOJIE OKasaja OTPHIATeNIbHOE BIMSHUE HA HAKOTUIEHHE 3€JIeHBIX IMMTMEHTOB
B xBoe 2018 1. hopMupoBaHHsI, YTO CITIOCOOCTBOBATIO YMCHBIICHHUIO OOIICH CyMMBI
(hOTOCMHTETHYECKUX IMUTMEHTOB y JepeBheB pa3HbIX (hopM. CormacHo paHee IMoiy-
YEeHHBIM B Xoze uccienoBanuil Ha CeBepHoMm u [Ipunonsipaom VYpaie pesynbratam
[10], mpu >kapkoil U cyxoil moroze HaOmiomaeTcs nenpeccus (pOTOACCUMIISINN Y
JIUCTBEHHMIIBI CHOMPCKOH, COMPOBOXKIAIOIIASICS CHUYKEHHEM TIPOBOIMMOCTH YCTHHI]
XBOU. MOYXHO TIPEATIONIOKUTH, YTO 3TO MPOABIISETCS U B PEAKIIUN XBOU COCHBI OOBIK-
HOBEHHOH Ha Ha4aJbHOW CTaguu ee (pOpPMHUPOBAaHUS W HETAaTHBHO OTpa)kaeTcs Ha
CUHTE3€e XJIOpo(uILIa.

VYBenuueHne COOTHOLICHUS XJI0pouiioB @ u b B aBrycre—CceHTs0pe cBue-
TENBCTBYET O HETATUBHOM BIIMSIHUM BHEIIIHEH CPe/Ibl Ha JOJIO0 XJIOPO(UILIOB CBETO-
coOuparoIero KoMIUiekca B xjioporiactax. [lo HammM JaHHBIM, JTOJS XJIOPOQHII-
JIOB, JIOKaJIM30BaHHBIX B CBETOCOOMpAIOIIEM KOMILJIEKCE, B CPEIHEM I10 Mecsiam
(c mromnst o HOsOPB) coctaBmseT 35-55 u 41-69 % cooTBeTcTBEHHO TS (OPMBI C
KpPacHBIM H 5KEJITHIM [BETOM MHKPOCTPOOUIIOB. DTa aMILINTY/IA CBsI3aHa C aJlarTalu-
el (hOTOCUHTETHYECKOTO armapara pa3Hbix (HOpM COCHBI OOBIKHOBEHHOM K CBETOBBIM
YCIIOBUSIM B BBICOKHX IIHPOTaX.

Y (GOpMBI ¢ KENTHIM [[BETOM MUKPOCTPOOHUIIOB BBIPAXKEH HIOJIBCKUN MaKCH-
MyM JIOJIH XJIOPO(PHIIIIOB B CBETOCOOMPAIOIIEM KOMIUIEKCE, @ Y (POPMBI C KPACHBIMHU
MHUKpPOCTPOOMIIaMH TOTO He HabmonaeTcs. Takas 3aKOHOMEPHOCTb CBUIETEIHCTRY-
€T 00 0COOCHHOCTSX aAanTaui GOpM K CE30HHBIM KIMMAaTHIECKIM M3MEHEHUSM B
YCIIOBHUSIX TIOCTOSTHHOTO M30BITOYHOTO YBIQKHEHUs ITOYB B BBICOKUX IIMpOTax. Pa-
Hee Takke Obljia oKa3aHa 3aBUCUMOCTD COJICPIKAHUS M COOTHOIIICHUS XJIOPO(DUILIOB
1 KapOTUHOUJIOB OT JKU3HEHHOW ()OPMBI pAaCTEHHH B TACKHOW 30HE €BPOICHCKOTO
ceBepo-BocToka Poccun [9].

CpenHemecsaHast TeMIIEpaTypa Bo3ayxa B TIEpBoi mekane okTsops (3,5 °C),
1o WH(pOpPMaAIUN METEOCTAaHIINN «APXaHTEIbCK», OblIa OoJiee yeM B 2 pa3a BBIIIE
cpeaneil MHoronetHeil ans storo mecaua (1,5 °C). bnaronpusiTHell Temneparyp-
HBI PEXHUM CIIOCOOCTBOBA HAKOILICHUIO ()OTOCHHTETUYECKHX MUTMEHTOB B XBOE
TEKYIIETO roJia B 3TOT MEPHOJ] Y JepEeBheB pa3HbIX GpopM. MOKHO mpe/nonararh, 4To
OJaronpusTHBIC METEOYCIOBHS B CEHTIOPE—OKTAOPE HE CIIOCOOCTBOBAIH 3aKaINBa-
HUIO COCHBI B 9TOT TMIEPUOA. YMEHbBIIIEHHE COEPIKaHM XJIOpodHIIa B XBOE TEKYIIle-
ro roga GOpMHUPOBAHUS HAOIIOAAIOCH IPY 3HAYUTEILHOM ITOHIKEHUH TEMITepaTy bl
Bozayxa (o —1 °C) B HosI0pe, B TIepUO/] 3aKaTHBAHUS.

3HauUTENIbHOE YBEIMYCHUE COACPKAHHUI KapOTHHOHMIOB B OKTAOpe—HOs0pe B
XBOE TEKYILEro rojia (GOpMUPOBAHUS Y COCHBI CBUACTEIBCTBYET O MOBBIIICHUH UX
3alIMTHOMN POJIM TIepes] ePEe3UMOBKOM B YCIOBUSX CE30HHOTO KJIMMara. Y YUThIBas,
YTO KapOTHHOW/IBI B aHTEHHOM KOMITJIEKCE BBITIOIHSIOT 3alTUTHYIO (YHKIIHIO, CBS-
3aHHYIO C TYIICHHEM BO30YKIEHHBIX TPUILIETHBIX COCTOSTHUN XJI0PO(UIIIa H aKTHB-
HbIX opMm Kuciopona [47, 48], a Takke 3alIMIAIOT JTUMHIHBIA OMCION MeMOpaH,
CHIDKEHUE UX KOHIICHTPAIIMK MPABUWIBHO OOBSICHATH MX YCHJICHHBIM PAacXOJIOM Ha
nojiepkanrue (OTOXUMHUUECKON POSU XJIOpOpHIUIa B YCIOBHAX CTPECCOBOIO BO3-
neiictBus [34, 49]. D10 MpOSBUIIOCH HA HAYANBHBIX CTAIUAX (HOPMUPOBAHUS XBOH
COCHBI B HIOJIE—CEHTSIOpE U CBA3AaHO, ITO-BHIANMOMY, C €€ (PH3UOTOTHIECKUM COCTOSI-
HUEM B CTPECCOBBIX YCIIOBUSX.
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JleTHee moBbIIIEHUE COMEPKAHUS AaHTOLIMAHOB B XBOE TEKYILETO rojila MOKHO
OOBSICHUTH YBEJIMYCHUEM OCBEIIICHHOCTH B 3TOT CE30H. B OIbITE 110 MHIYKINHK HAKO-
TUTEHUS] aHTOLIMAHOB B PACTEHUSIX O3UMOTO parca, yBEIWYEHHE OCBEIIEHHOCTH TpH-
BEJIO K TIOBBIIICHNIO KOJIMYECTBA aHTOIMAHOB B THITOKOTHIIAX M CEMSIONSX parca [2].
EcTp BeposITHOCTB, YTO BBICOKAsl TeMIleparypa Bo3ayxa JjietoM 2018 r. Ttaxxke ctu-
MYJIHpOBaJia HAKOIIJICHUE aHTOLIMAHOB B XBOE COCHBI, UTO M CIIOCOOCTBOBAJIO MOBHI-
LICHUIO €€ aHTUOKCUAAHTHON aKTUBHOCTHU. bojee 3HaYnTENbHbIC HHAUBUIYATbHBIC
pas3Iniusi IEPEBbEB COCHBI C Pa3HBIM IIBETOM MUKPOCTPOOMIIOB 110 COACPIKaHHIO aH-
TOLMAHOB B JIETHUI CE30H IO CPABHEHUIO C OCEHHUM, IIPEIIOJIOKHUTEIBHO, CBSA3aHbI
C 3aIIUTHBIMH PEAKITUSIMH OTACIBHBIX JEPEBbEB B OTBET HA YIBTPa(HOIETOBOE BO3-
nelictBue. Hekotopbie gepeBbs XxapaKTepu3yIOTCs 0oJiee 3HAUNTEIbHBIM yBEITUICHHU-
€M YpOBHS aHTOLIMAHOB B XBOE B CBS3H C OCBEIIEHHOCTBIO KPOH B JIETHUH NMEpPHUO,
U, KaK CIeJCTBHE, HEOOXOANMOCTBIO MOBBIIICHNSI YCTOWYNBOCTH. Jlpyrue nepeBbs
SBJISIFOTCSL OoJiee TOJNIEPaHTHBIMU HIIM Cila0ee MPOTHBOICHCTBYIOT 3TOMY (akTopy.
Taxum 06pa3zomM, HHIUBUAYaTbHAS U3MEHUYNBOCTH COJIEPKAHMS aHTOLMAHOB B TIOITY-
TSI COCHBI OOBIKHOBEHHOH B JIETHUW TIEPHOJ YBEIWINBAETCSA, YTO, CKOpEE BCETO,
00BSICHSIETCA UX YCTONYNBOCTBIO.

[Tokazarens pH XBou cOCHBI OOBIKHOBEHHOH 3aBHCHUT OT €€ BO3pacTa U ce30Ha
rojia: MokKas3aresib U3MEHYMB B NEPUOJ] BEreTallud U OTHOCUTENILHO MOCTOSTHEH MPH
3UMHEM II0KO€. B nmeproj1 Bererauuy JaHHbII [10KA3aTelb OTPAKAET CONEPKAHUE Op-
FaHUYECKUX KUCIIOT B XBoe. UeM HMke UX cojepkaHue, TeM Boiiie pH. [To Hamum
JaHHBIM, pocT pH XBOW TeKkyIiero roja ¢ WIS MO HOSOPH YETKO MPOSBIACTCS Y
JIEPEBBEB COCHBI PA3HBIX (POPM B YCIOBHUAX ITOCTOSHHOTO H30BITOYHOTO YBIaKHEHUS
MOYBBI CEBEPHOH Talirk. TO TOBOPUT O CHM)KEHUU COZEP/KAHUS B XBOE OpraHHYe-
CKHX KHCJIOT U MOBBIIIEHUN COJIEpKaHUs caxapoB. MOKHO OTMETUTh TEHJIEHIIUIO K
pOCTY MHIMBHyalbHOW BapuabenbHOCTH pH roMorenara XBou y KpacHOIBUIbHUKO-
BOH (hOPMEI TI0 CPABHEHUIO C YKEITOIMBUTHHIKOBOM.

3HaYATETHHOE YBEIMICHHE CO/IEPIKAHMS aCKOPOMHOBOM KHCIOTHI B XBOE TEKY-
IIETO To/a B UI0JIE CBA3aHO C 3aCYIUIMBBIME YCIOBUAMHE B ATOT MECSAII (TeMIieparypa
BBIILIE HOPMBI, @ KOJIMYECTBO OCAAKOB CYIIeCTBEHHO HIke). [lepen mepe3snmoBkoii, B
HOsI0p€e, TIOBBILIICHUE COACPIKaHMsI ACKOPOMHOBOM KHUCIIOTHI 00YyCIIOBIICHO ACHCTBHEM
OTpHIIATEIbHBIX TEMIIEpaTyp. Bce 3To cBUAETENBCTBYET O PAa3BUTHH 3AILUTHBIX Me-
XaHMU3MOB Y COCHBI OOBIKHOBEHHOM TSI ITPEIOTBPAIEHUS! OKUCIUTEIHHOTO CTpEcca.
Boree omryTumbie pa3mdans 1epeBbeB MEXK Ty COOOM IO COACPIKAHNIO0 aCKOPOMHOBOM
KHCJIOTBI [IEpE]] MEPE3UMOBKOM CBA3aHBI C IIUPOTON HOPMBI UX PEAKLIMU HA BO3JECH-
CTBHE OTPULIATENbHBIX TEMIIEPATYP.

Cyqis 10 moJy4YeHHBIM HAaMU JJAHHBIM, JKapKas U cyXas IOrojia B UIOJIE U 0CO-
OEHHO OceHHee MOHMKEHHE TEMIIEPATYPhl B OKTIOpEe—HOSIOpE BBI3BIBAIOT HHTEHCHB-
HO€ HAKOIIEHHE MPOJIMHA B XBOE TEKYIIEro roga (opMupoBaHUs B OTBET Ha IKOJIO-
rudecknii crpecc. CHIKEHNE HHIUBUAYAIbHBIX Pa3INInii IEpEeBbEB PAa3HBIX (JOPM B
aBI'yCTe—CEHTSIOpE M0 COIePIKaHUIO B XBOE ITPOJIMHA, BEPOSATHO, CBA3aHO C UX (hU3HO-
JIOTUYECKOHM aKTUBHOCTBIO MPU OJIATONPUATHBIX YCIOBUSAX B ATOT IEPHOJT BEreTalluu
M0 CPaBHEHUIO C APYTMMH MECSIAMH, YTO CIIOCOOCTBYET HUBEJIUPOBAHUIO JTAHHOTO
MoKa3aressi aHTHOKCHJIAHTHOM aKTUBHOCTH Yy pa3HBIX JE€pPEeBbEB COCHBI. MHIUBH-
JyaiabHasi ©3MEHUYNBOCTH COAEP)KaHHUS MPOJIMHA B BHIOOPKAX JIEPEBHEB C KPACHBIM
IIBETOM MHKPOCTPOOHUJIOB B HIOJI€ CYIIIECTBEHHO HMUXKE, YeM Y (POPMBI C JKENITHIM IIBe-
TOM MUKPOCTPOOMIIOB. B HOSIOpe 3TOT NOKa3arenb 3HAYUTEITHHO MEHBIIE Y (POPMBI C
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KpacHBIMH MHKPOCTPOOHIaMHU TIO CPaBHEHUIO C (POPMOH C KEATHIMH MUKPOCTPOOH-
namu. ITocnenHee yka3bIBaeT Ha TeHETHYECKU OOYCIIOBIEHHbIE Pa3/INyusl AE€PEBLEB
JTaHHBIX (HOPM B OTHOILIECHUH UX PEAKIMI Ha HKOJIOTUYECKUI CTpecC.

CommacHO HamMM JaHHBIM, YBEJIMYEHHE COIEP)KaHUS BOLOPACTBOPUMBIX
OEJIKOB B XBOE€ COCHBI B OKTIOpe—HOS0pEe CBUACTEJILCTBYET O MOBBILICHUH UX KPH-
O3alLUTHONW POJIM MPH MOATOTOBKE JEPEBbEB K Nepe3uMoBKe. B okTsiOpe—Hos10pe
JepeBbs (OPM C KPacHBIM LIBETOM MHUKPOCTPOOHMIIOB MEHBIIE Pa3IHYarOTCsl MEKIY
co00M 10 COAEPIKaHUIO BOAOPACTBOPUMBIX OCJIKOB B XBOE 10 CPABHEHUIO C UIOJIEM,
aBTYCTOM W CEHTAOpeM. DTH JepeBbsl pearupyloT Ha MOHIDKEHHE TeMIIepaTryphl B
OCCHHUM Nepuoj CXOAHBIM 00pa3oM, M HHANBUAYaJIbHASI N3MEHUUBOCTh ITOKa3aTess
B JIaHHBIH IEPHOJ OIYCKAETCS 10 OYeHb HU3KOT0 M HU3KOro yposHel (CV =5-10 %).

Raxnouenue

BrrsBrieHo cxozncTBO B afanTanyu (JopM COCHBI C pa3HBIM IIBETOM MHUKPOCTPO-
OWJIOB K TIOCTOSSHHOMY M30BITOYHOMY YBIIQXKHEHHIO Ha OOJIOTHBIX BEPXOBBIX TOYBAX
CeBepHOH Tairu. MccnenoBanus moKas3aiy, 4To KapKasi M cyXas Morojia B UIOJIe OKa-
3bIBAaCT OTPHULIATEIILHOE BIMSAHUE HA CHHTE3 3€JICHBIX IMTMEHTOB B XBOE TEKYILETO rojia
(hopMupoBaHus Y pa3HBIX (OPM COCHBI OOBIKHOBEHHOH. DTO MOXKET OBITH CBA3aHO C
OCTPHIM JIe(UIMTOM KHCIOpOAa B KOPHEOOMTAEMOHW CJIO€ TOYBBI JJIsi HOPMaJlbHOM
JKH3HENISSITEIbHOCTA KOPHEBOW CHUCTEMBI M JIeTpeccueld (JOTOACCHMUIISIINK, KOTopast
COTIPOBOXKIAETCS CHIDKEHHEM TIPOBOJMIMOCTH YCTBHIL XBOW. YBEITMUEHHE TTOKAa3aTels
cooTHomIeHus xiopoduiuioB ¢ u b B aBrycre (3,9-5,5) u centaope (4,6-5,2) cBume-
TENILCTBYET O HETaTUBHOM BO3/IEHCTBHM (PAKTOPOB BHELIHEH Cpelbl Ha XJIOPO(MHILIBI
CBETOCOOMPAIOILETO KOMIUIEKCA XJIOPOILIACTOB XBOM COCHBI B YCJIOBHAX JTUTEIEHOTO
M30BITOYHOTO YBIAXKHEHUs 1OYB. [T0CKONBKY cunTaeTCst, YTo XJI0pOo(UILT b HAXOAUTCS
B TINTMEHT-0EJIKOBBIX CBETOCOOMPAIOIINX KoMIUIeKcax Gorocuctemsl 11, To n3ameHenue
COOTHOIIIEHUSI XJIOPOMHILIOB a/b MOKET OBIThH CBSI3aHO C M3MEHEHHEM e¢ (DyHKITMOHU-
poBaHus. braronpusTHBIN TeMITepaTypHbIi pexuM B ceHTsiope—okTsiope (10,7 u 3,5 °C
COOTBETCTBEHHO) IPUBOIUT K YBEINYCHHIO IEPHOIa HAKOIJIEHUSI (POTOCHHTETHUECKUX
MMUTMEHTOB Y JIePEBbEB PazHbIX (JOPM, OTHAKO ITO HE CIIOCOOCTBYET UX 3aKaJTHMBAHHIO
B JIAHHBIH TIepHoJl. YMEHBIICHHE COACpKaHUs XJopoduiuia B XBOe TEKYIIEro roja
tdopmuposanms 10 0,616-0,822 mr - 1! BO3IYNIHO CyX0# MacChl HAOMIOMAETCS TOJTh-
KO TIPY JIOBOJIEHO 3HAYUTEIHHOM TIOHIDKEHUH TeMIIepaTyphl BO3AyXa B Hadane HOsOps
(mo —1 °C). Ilo-BumuMoMy, 3TO CITOCOOCTBYET YMEHBIIICHHIO KOJIMYECTBA TIOTIIOIEH-
HOM CBETOBOM SHEPIUH B IIEPHO]] 3aKaJIMBaHUs Iiepe] epe3nMoBkoil. ConepaxaHue Ka-
POTHHOMJIOB B MOJIOJION XBOE PE3KO TMOBBIIIACTCS B OKTA0pe U Hosiope — 0,208-0,226
n 0,220-0,268 Mr * 1! BO3AYIIIHO CyXO# MacChl COOTBETCTBEHHO. VX 3aIlUTHAS POJTh B
OCEHHMI U 3UMHMI [IEPUOJIbI BO3PACTAET.

Bricokast Temmeparypa Bo3ayXa JIETOM MPUBOIUT K OoJiee aKTHBHOMY HaKOTLIe-
HUIO aHTOIMaHoB B XBoe (15,3-19,4 °C), TeM caMbIM ITOBBIIIAs €€ aHTHOKCHIAHTHYTO
akTuBHOCTB. C HIons o HOsIOpb mokazaresis pH Moonoii XBou, (GOpMHUPYIOLIEHCS B
TEKYyILEM TOfY, Y AepeBbEB pa3HbIX (HOpM cOCHBI yBenmmuuBaetcst (10 5,0), uto conpsi-
YKEHO CO CHI)KEHHEM B XBOE COJIEPKAaHUSI OPraHMYECKUX KHUCIIOT M MOBBIIIEHHEM CO-
JIepKaHusI caxapoB. SHAYUTEIBHBIA POCT COAEPIKAHKS ACKOPOMHOBOW KUCIIOTBI B XBOE
Tekymero romga B utone 2018 1. (3733-4012 MKT/T) CBsI3aH ¢ 3aCyIIIMBBIMHU YCIIOBHSI-
MH B 3TOT TIepro (Temrieparypa Bo3ayxa — 19,4 °C, xommdaecTBo ocaakoB — 31 Mm).
[lepen nepe3nMoOBKOi, B HOSIOpE, MOBBIIIEHUE COACPKAHUSI AaCKOPOUHOBOH KHCIIOTHI
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(mo 3551-3704 MKr/T) cBsI3aHO C AEHCTBMEM OTPHLATENBHBIX TEMIIEparyp. ITO CBH-
JIETENILCTBYET O Pa3BUTUH 3aLIUTHBIX MEXaHM3MOB Y COCHBI OOBIKHOBEHHOM LISl TIpe-
JIOTBPAIICHUS] OKHCIIUTEIBHOTO cTpecca. XKapkas U cyxast morojia B Mrojie ¥ 0COOCHHO
OCeHHee TIOHIKeHne Temneparypsl B okTsiope (3,5 °C) u Hosope (—1,0 °C) BBI3BIBA-
0T MHTEHCUBHOE HAKOIUIeHHE mposiHa — 10 123—157 u 132—134 mkr - ! Bo3mymm-
HO CyXOH Macchl Uit ()OPM C JKEITBIMH M KPaCHBIMH MHUKPOCTPOOHIAMH COOTBET-
CTBEHHO — B XBOE TEKYIETO rojia JOPMUPOBAHUS B OTBET Ha IKOJIOTHYECKHUH CTpECC.
VBennueHne CollepKaHusi BOIOPACTBOPUMBIX OEJIKOB B XBOE B OKTSOpe—HOSOpe 10
48,2-58,6 u 47,2-60,3 Mr - 17! BO3AYIIHO CyXOil Macchl JUIst POPM C KEATHIMHA U
KPacHbIMU MUKPOCTPOOMJIaMH COOTBETCTBEHHO CBHJETEIBbCTBYET O IOBBIIICHUU UX
KPHO3aIIUTHON POJIX IPH MOATOTOBKE IEPEBLEB K IIEPE3UMOBKE.

C ycTaHOBIEHHEM OTPHULATEIBbHBIX TEMIIEPAaTyp B HOSOpE MHIMBHUILyaJbHAsS
W3MEHYMBOCTH COACPIKAHMSI aCKOPOMHOBOM KHCIIOTHI B XBOE Y COCHBI C JKENITHIM I[BE-
TOM MHUKPOCTPOOUJIOB MMEET CpeIHHUI ypoBeHb 1o 1kaie C.A. Mamaesa (ko3¢ u-
[UEeHT Bapuayu — 16 %), a y COCHBI ¢ KPAaCHBIM IIBETOM MHKPOCTPOOHIIOB — HU3KHH
(xoapurent Bapuanmu — 8 %). anuBuayansHas BapruaOeIbHOCTh CONEPIKAHUS
nposuHa B HosiOpe y hopM ¢ sxenaTeiMu MukpocTpoduinaMu (CV =75 %) cyiiecTBeHHO
BBILIE 10 CPAaBHEHUIO C POpMOIi, nmeroliell KpacHble MUKpocTpoOuiiel (CV = 48 %).
3TO CBsA3aHO C HOPMOM peakLuy JAePEeBbEB Pa3HBIX (DOPM Ha BIMSHUE OTPHLIATEIb-
HBIX TEMIIEPATYP.
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Annomayua. Ha neckax M mecuaHbIX M0OYBaX CTENHOW 30HBI eBpomeiickol yactu Poccun
B nepuoy 2009—2020 rr. co3maBainch JIECHBIE KYJBTYPBI COCHBI KpBIMCKOH (Pinus palla-
siana D. Don). Ilpn anamu3e npuduH HHU3KOH 3(P(HEKTHBHOCTH JIECOBOCCTAHOBJICHHS aB-
TOpaMHM IMPEJIOKEHA THIOTe3a O TOM, YTO IpaBUiIa MOCAAKH, PEKOMEHAYEMbIE Ul COCHBI
OOBIKHOBEHHOW B YaCTH BEJIMYMHBI 3aITyOIeHHsI KOPHEBOH IIEHKH U 0OBIYHO MPUMEHsIEMbIe
JUISL COCHBI KPBIMCKOH, JUIsl TIOCJIEIHEH MOTYT OBITh HenpuemieMbIMu. Llens paboTel — Ha
OCHOBE aHaJIN3a JUHAMUKYU MPHKUBAEMOCTH U COXPAHHOCTH PACTEHUH B JIECHBIX KYIbTypax
Ha OyrpUCTBIX IecKax 00OCHOBATh HEOOXOIMMOCTh 3ariTyOJIeH!Us] KOPHEBOM IIEHKN CESTHIEB
1 HanOoJjIee ONTUMAIBHYIO BEJIMUMHY 3arTyOsIeHus. DKCIIepUMEHTAIbHbIE JIECHBIE KYJIBTYPBI
cozganel B 2017 1. McnblTaHsl BapuaHTBl TJIyOMHBI pacIiOjOXKEHHsS KOPHEBOW IEHKH
pacTeHuil OTHOCUTENBHO NOBEepXHOCTH MOuBHL 0, 2, 4, 6 CM K 10 Hayana OXBOECHHON 4acTU
cestHIa. KOHTpOIIEM CITy KHIIH JIeCHBIE KYJIBTYPBI, CO3/IaHHBIE MEXaHU3UPOBAHHBIM CIIOCOOOM,
IIpY KOTOPOM IITyOMHA MOCa/IKU pacTeHHH cocTaBisiia 6 cM u 6onee. [Ipu nocaake BpydHyro
MaKcUMallbHas MproKkuBaeMocTh (94,2-94,6 % B 1-it roa) U coxpaHHOCTh pacteruid (67,0—
94,6 % na 4-i ron), a TakKe UX HanOoJIee paBHOMEPHOE pacIpeielIeHNe MO JIECOKYIBTYPHON
wromamu (ko3 ¢unnent Bapuanuu — 6,6-28,8 %) BEISIBICHBI B BapuaHTax C IIIyOMHOI
nocanku 2 u 4 cMm. OrcyrcTBue 3arimyOneHus M riyOokas mocajka (Ha 6 cM) HPUBOAAT K
YMEHBUICHUIO NPUKUBAEMOCTU U COXPAHHOCTHU pacTeHuil Ha 7,6—18,6 % u yBenn4eHuto au-
arazoHa BapbUpOBaHUs 3THX nokasarenei (10,2—60,6 %). [Ipu MmexaHn3npoBaHHOI Mocasike
C 3arIy0JeHrueM KOpHEBOH IeHkH Ha 6 cM U OoJiee KOJIMYECTBO COXPAHUBIINXCS PACTEHHUN
MuHUMaNBHO (58,4 u 32,7 % — B 1-i 1 4-i TONBI COOTBETCTBCHHO), a BapHallus IOKa3are-
151 MakeumaibHas (30,5-70,1 %). AHanuTHYecKoe BBIPaBHHBAHHE BO3PACTHOM ITMHAMUKH
TYCTOTBI NI0KA3aJI0, YTO MPOrHO3UPYEMasl TyCTOTa HE JOCTUTHET HOPMAaTUBHOMN BEJIMYMHEI B
BapuaHTaX NP OTCYTCTBHH 3arTyOJICHUS U ITPHU TITyOOKOH ITOCajIKe CesTHIEB. Y CTAaHOBJIEHHbIE
CTAaTUCTUYECKH 3HAYMMBIE Pa3INuMsg MPUKUBAEMOCTU JIECHBIX KYyJbTYp Ha MPOTSKEHUU
BCEro Mepro/ia HaOIFOICHUIA (tq): 2,12-4,38 > t ;= 2,12-2,45) CBHJIETENBLCTBYIOT O LENECO-
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00pa3HOCTH 3arTyONicHHs] KOPHEBOH IICHKHU TPU MOCajKe pacTeHui. ONTHMaNTBHON e¢ Beu-
YMHOM cJIeyeT cuuTarh 2—4 cM, HO He OoJiee 4eM JI0 Hadaya OXBOCHHOM 4acTH CesHIIa.
Knrouegwie cnosa: crennas 30Ha, OyrpucTbie IECKH, COCHA OOBIKHOBEHHAs!, COCHA KPBIMCKasl,
CeSIHIIBI, BEJIMUMHA 3ariyOJieHns] KOPHEBOM IIEWKH, JIECHBIE KYJIBTYpbI, MPUKHBACMOCTb,
COXPaHHOCTb PaCTEHUH
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Abstract. Forest crop cultivation of Crimean pine (Pinus pallasiana D. Don) was implement-
ed in 2009-2020 on sandy and sand included soils in the steppe zone of the European part of
Russia. During the analysis of the reasons for the low efficiency of reforestation, the authors
proposed the hypothesis that the rules of planting recommended for Scots pine relative to
the depth of rooting may not be acceptable for Crimean pine. The purpose of the work is to
substantiate the necessity and the most optimal value of deepening the root collar of Crimean
pine seedlings on hilly sands. Experimental forest cultures were planted in 2017. The depth of
the plant collar relative to the soil surface was tested at 0, 2, 4, 6 cm, and until the seedling’s
foliated part. The reference group was created by machine cultivation, which required a root-
ing depth of 6 cm or more. In the case of hand cultivation, the variants with planting depths
of 2 and 4 cm had the highest rates of plant survival (94.2-94.6 % in the first year), plant
safety (67.0-94.6 % in the fourth year), and their most even distribution over the silvicultural
area (variation coefficient (v) at 6.6-28.8 %). The lack of deepening and very deep planting by 6
cm led to a decrease in plant survival and preservation by 7.6—18.6 % with an increase in the
range of the variation coefficient (v, 10.2—60.6 %). The mechanized planting with a root collar
depth over 6 cm gave the lowest number of preserved plants (58.4 % in the first year, 32.7 %
in the fourth year), and the greatest range for the variation coefficient (v, 30.5-70.1 %). An an-
alytical equalization of the density of age dynamics showed that the predicted density would
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not reach the normative value with low and very deep planting. The established statistically
significant differences in the survival rate of forest cultures throughout the observation period
(t.=2.12-4.38> t . = 2.12-2.45) indicated the expediency of deepening the root collar. The
optimal value is 2—4 cm, but until the seedling’s foliated part.

Keywords: steppe zone, hilly sands, Scots pine, Crimean pine, seedlings, depth of root collar,
forest cultures, survival rate, plant safety
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Beseoenue

Byrpucteie necku, 1o pasHbIM OLEHOYHBIM JaHHBIM, 3aHUMaroT oT 30 1o 80 %
001Iei TIomaay MeCYaHbIX MaCCUBOB CTEITHOM 30HBI Poccun [2, 3, 12, 13]. B cury
oporpaguuecKkux 0COOECHHOCTEH, TPaHyIOMETPUYECKOro cocTaBa (mpeodnanaHue
Cpe/iHe- ¥ KPYyIMHO3EPHUCTHIX (hpakuuii necka npu aone Gpusndeckoii rMuHbI He 00-
nee 10 %), HU3KOTO TIOMOPOANS (TYMYCOBBIA TOPH30HT OTCYTCTBYET WIIM TTOTPEOEH,
cojiepkaHHue Tymyca He mpeBblaeT 2—3 %), 0COObIX BOJHO-(PU3MYECKHX CBOMCTB
(HM3Kast BIArOEMKOCTh U BBICOKAs! BOAOIPOHHUIIAEMOCTH) OYTPUCTHIC TIECKU CIIPaBE-
JIUBO CYUTAIOTCS HanOoJIee CIOKHBIM OOBEKTOM JIJISl JIECOMETMOPATUBHOTO OCBOCHUS
[2, 3, 12]. TToaToMy co3fjaHHBIE HA HUX JIECHBIE HACAKACHUS (TPEUMYIIECTBEHHO U3
XBOMHBIX MTOPOJA) UMEIOT UCKIIIOYHUTENIFHOE METMOPATUBHOE 3HAYEHHE, B HEKOTOPBIX
CITydasiX SIBJIAIOTCS MCTOYHWKOM TIONyYeHHS JPEBECHHBI JUIS YTHIUTAPHBIX IeNied U
MECTHOH JiepeBo0oOpadaThiBaroIieli MpoMbIIIIeHHOCTH [2, 5, 10].

['nGenp necHpIX HaCAXKACHUH, TPOUCXOAINAs IPEUMYIIIECTBEHHO BCIIEACTBHE
BO3ZICHCTBUS MTUPOTEHHOTO (haKTOpa aHTPOIIOTEHHON MPUPOIBI, CIIOCOOCTBYET «BO3-
Bpary Iiomaaei» B GoHa JecoBoccTaHoBIeHUsI. COMacHO JaHHBIM, MPEACTaBIICH-
HBIM B IIPOEKTax JiecoBoccTanopiIeHus, B iepuoa 2009-2020 rr. Ha Tepputopuu Po-
CTOBCKOM 00NacTH OOJIbIIAs YacTh YYACTKOB ISl CO3JAHHUS JICCHBIX KYIBTYP COCHBI
KpbIMcKOit (97,1 %) mpenocTaBisuiach MIMEHHO B YCIIOBHSAX MEIKO- M cpenHeOyrpH-
ctoro penbeda [6].

K coxanernio, 3()HEKTHBHOCTL JICCOBOCCTAHOBICHHS B PETHOHE HU3Kas.
B ykazaHHBIN BBIIE TEPHOJ MPUMEPHO IMOJOBHMHA IUIOMIAAN CO3MAHHBIX JICCHBIX
KyJIBTYp HU3-32 HECOOTBETCTBHSI HOPMATHUBHBIM TapameTrpam TPKUBaeMOCTH (TIpH-
ka3 Munnpupons! Poccnu ot 04.12.2020 Ne 1014 «O6 ytBepxknmennn [IpaBmi jeco-
BOCCTAHOBJICHHUS, COCTaBa NPOEKTa JIECOBOCCTAHOBIICHHS, TOPsAKa pa3pabOTKu Hpo-
eKTa JIGCOBOCCTAHOBIICHMSI M BHECEHHsS B HEro M3MEHEHWi») Obuna cnmcana. [lpe-
oOmaaromIeii MPUIMHON THOETN HA3hIBACTCS KITMMATHICCKUHN (haKkTop — HEOIaronpusT-
HBIE TIOTOJIHBIC YCIIOBHUS. BO3MOXHBIMU NPUYMHAMHU TAKKE SBILSIFOTCS HETOCTATOYHOES
(rHaHCHUpPOBaHKE, UCTIONB30BAHNE MAIIIMH X MEXaHU3MOB C BLICOKOM JI0NEH (PU3MIECKOro
M3HOCA, IMTHOPUPOBAHKE HEOOXOMUMOCTH dKOJIoTHYIeckor auhepeHITay OTIeITBHBIX
TEXHOJIOTMUYECKUX ONEpalii U HekoTopsle apyrue [4, 11, 12].

Oco0ble KOJIOTMYECKUE YCIOBHSI TIECKOB OTPaHMYUBAIOT MIEPEUYCHb BhIPAIH-
BacMbIX JIPEBECHBIX MOpoJ. Yarie BCEro HCHONB3YIOTCS ONUTOTPO(dHBIC BHIBI, U3
KOTOPBIX MPENMYIIECTBEHHOE PAaCIpOCTpaHEHHE IMOMydYMiIa COCHA OOBIKHOBEHHAS
(Pinus sylvestris L.) [2—4]. MHoTOMeTHEH MPAKTUKOH JIECOMEITNOPAIINA BEIPAOOTAHEI
OCHOBHBIE TpaBWIIA MTOCAAKHN pacTeHui. Cpen HHINKATOPOB €€ KaueCTBa BBIIEIHM
JBa:
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1. kopHeBas IIeHKa PacTSHUH JIOJHKHA HAXOJUThCS HAa YPOBHE IMOBEPXHOCTHU
MTOYBBI WJIM UMETHh HE3HAYUTEIHHOE 3arTyOIeHNE;

2. KOpHEBas CHCTEMa PaCTeHUH JIOJKHA UMETh IIEIIOCTHYIO CTPYKTYPY.

Ecnu B oTHOIIIEHUH BTOPOTO TIOKA3aTEINS SKCTIEPTHAS OIICHKA €IMHA, TO MHCHUS
OTHOCHTEIIFHO HEOOXOIUMOCTH 3ariTyONieHHsT KOPHEBOU IICHKH CESHIIEB M €€ Bel-
YHHBI SBJISIOTCS MPEAMETOM JUCKyccud. Ha HayalibHOM STarie OCBOCHUSI OyTrpPHUCTHIX
meckoB (TepBas mojoBrHA XX B.), KOTJIa Mpeodanal pyIHOH criocod Co3maHmsI Jiec-
HBIX KYJIBTYp, 3anIyOJisiTh KOPHEBYIO IICHKY HE PeKOMeHNI0Bajoch. [lpu BHEenpeHun
CPEeACTB MEXaHM3AIMH Havyalla JIeHCTBOBATH IpyTasi pEKOMEHIANs: KOPHEBYIO MIEHKY
HEOOXOIIMO pacrioyiarath HIKE YPOBHS MOBEPXHOCTH TOUBHL [Ipu 3TOM onrumais-
Hasl BEJIMUMHA 3arTyOJIeHHs, yKa3biBaeMas pasHbIMH aBTOpaMu, ObUia pasnuuHas [2,
3,9, 10]. B 70-x rr. XX B. cudTaioCh, YTO KOPHEBas IlIeHKa paCTEHUI Ha MECYAHbIX U
CYIeCUaHBIX TIOYBAX JIOJDKHA 33JIeIbIBATHCS HA ITyOHHY 6—8 CM HIKE YPOBHS TTOBEPXHO-
ctr [3]. B magane XXI B. peKOMEHIOBAaHHOW BETMIMHON 3ariTyOJICHUS SBISICTCS 2—3 CM

[9]. H.C. 3103b [2] B KauecTBE ONTUMAIBLHOU MPEIIOKUI OTHOCUTEIbHYIO BEIHYH-
HY 3annyOJieHHs] — MOJIOBUHY BBICOTHI CTBOJIMKA. AHAJIOIMYHOC MHEHHUE BBICKA3bIBaI
W.I". Cypxaes [10], cunraromuii, yTo 3artyOleHne pacTeHuil B mouBy A0 1/2—2/3 BbI-
COTBI CTBOJIMKA SIBJISICTCS] OJJHUM U3 Hau00JIee HaICHKHBIX CPEICTB MOBBIIICHUS IPHKHU-
BAaEMOCTH KYJBTYp Ha IecKax M MecyanbIX moyBax. HaydHoro 000CHOBaHUS BhINIEYKa-
3aHHBIX PEKOMEHJIAINI aBTOPbI, K COXKAJICHUIO, HE TIPUBOJIST.

C nagana XXI B. Ha OyTPUCTHIX MTECKAX CO3AI0TCS MPENMYIIIECTBEHHO JIECHBIE
KYJIBTYPbI COCHBI KpBIMCKO# (Pinus pallasiana D. Don) 1 0CHOBHBIM HCIIOJIb3yEeMbIM
M0CaI0YHBIM MaT€pPHAJIOM SIBJISIOTCS 2-JIETHUE CESHIIB. DTa JIpeBeCHas Mopoja, Kak
coobmmaercs B mpukaze Munnpuponsl Poccun Ne 1014 u B [9, 20], TomepanTHa K
CTCIHBIM YCJIOBUSM, JIYUIIIMMH JJIs1 €€ POCTA U Pa3BUTHS SBJISIOTCS IMOUBKI Cylecya-
HOTO ¥ CYIYTMHUCTOTO TPaHyJIOMETPpUIECKOTO cocTara [13, 22]. MHeHus uccienona-
TeJIe 10 TIOBO/LYy pPeaKIK COCHBI KPBIMCKOW Ha 3aCyXy PacXoAsATCs: OT YCTOWYHBO-
ctu [10] mo wyBcTBHUTENBEHOCTH [15, 17, 18]. IIproputeTHOE UCIIONBL30BAHUE COCHBI
KPBIMCKO 00YCJIOBJICHO TaKke 0ojiee BRHICOKUM B CPaBHEHUH C COCHOM OOBIKHOBEH-
HOW a3poMeNTMOpaTHBHBIM P dexToM. HacakaeHus cOCHbI KPIMCKOM TPH yCIOBUH
BBIpAIIMBAHNS HA TIOMMMHAHEPATHHBIX TIeCKax 00IagaroT OONBIIEH yIIeponIenoHu-
pYIOIIEH 1 KUCIOPOANPOAYUpYomiel pyHKiuen [5].

B peruoHe oTCYTCTBYET aganTUPOBaHHAs JUIsl COCHBI KPBIMCKON TEXHOJIOTHS
CO3/IaHus JIECHBIX KYJbTYyp. CIIONB3yI0TCS TIepedeHs, MoCeI0OBaTeIbHOCTh 1 KpaT-
HOCTh TEXHOJIOTUYECKUX OIEpaIUil, IPEyCMOTPEHHBIX JIJISl COCHbI OOBIKHOBEHHOM.
To ke xacaeTcs M MPaBHJI MOCAAKN — BEIMYMHA 3arTyOJIeHHsI KOPHEBOW MIEHKHU CO-
CTaBJIseT 6—8 CM, KaK | JUIsi COCHBI OOBIKHOBEHHOM.

N3-3a oporpaduyecknx 0COOEHHOCTEH OYTpUCTBHIX TECKOB HA WX PAa3HBIX
y4acTKaxX CKJIAJbIBAIOTCS Pa3IMyYHbIC YCIIOBUS IJII POCTa M PA3BUTUS PACTCHUH.
JednsiuoHHble MpOoIecChl, BOSHUKAIOIINE TMPAKTUYECKH Cpasdy IOCIe CO3IaHHS
JIECHBIX KYJBTYD, MPUBOAAT K HUBEIMPOBAHUIO MPO(HIIs 00pO3/1bl, BEIBETPUBAHHUIO
WINCTBIX (PakUuil U, KaK CIIEACTBUE, TIOBPEKACHHIO BHICAKCHHBIX pacTeHui [13].
B MexOyTrpoBBIX MOHKEHUAX U HA HIDKHUX 9aCTAX CKIIOHOB KYITETHBUPYEMEBIE pac-
TEHUS 3aChINAIOTCS TIECKOM, 8 Ha BEPIIMHAX M BEPXHUX YaCTAX CKIOHOB OyrpoB, Ha-
0060poT, HaOMIOMaeTCs OOHAKEHIE KOPHEBOH cHCTEMBI cestHIeB. C OTHOM CTOPOHBI,
WTHOPHUPOBaHNE 0COOEHHOCTEH Me30- B MUKpOpelbeha JIeCOKYIBTYPHBIX TUIOIIACH
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MPUBOANT K CHHKEHMIO MPHKMBAEMOCTH M OKa3bIBAE€T OTPUIIATENILHOE BIMSIHUE Ha
pPOCT JIECHBIX KYJIBTYp, HO ¢ Ipyroi, mecomocagodnsie Mamuubl (CbH-1, CJIH-1,
MJIY-1) cKkOHCTPYUPOBaHBI TAKUM OOPA30M, YTO CAXKAIBIIUKU CUAST CIIMHOM K Ha-
MIPaBJICHUIO JIBIKEHHSI TPAKTOpa U OporpadruecKue pa3Iiuus 3aMedaroT He Cpasy.
«B 30HY prcka» B TIepBYIO OYepe/lb MOIAIAl0T CESHIIbI, UMEIOIINE 3HAYUTEIbHYIO
BEJIMYHMHY 3aryTyOJIeHUs] KOPHEBOH HICHKH.

[Ipu BUAMMOM OTCYTCTBUH WM HE3HAYUTEITLHOM MTPOSBICHNAN NI TTPH-
YUHOM rMOeny pacTeHHi NMpu NIyOOKOW Mocajke MOXET ObITh HapylieHue (Gpusno-
JIOTHYECKUX TporieccoB. [Ipu HermyOoKoi mocajke 30Ha MPOBEJCHUST KOPHS TIpakK-
TUYECKH BCEra OKa3bIBACTCS B CyXOM MOYBEHHOM CIIO€, TE€M CaMbIM HapyIaeTCs
BOZIOCHAO)KEHHE PACTeHUH, 0COOCHHO B TIEpHOJ 3acyXH. [Ipu cuiibHOM 3artyOiieHrn
Y TIOCIIEAYIONIEM 3aChITaHUM 3aMETHO CHI)KAIOTCA TMPOIEecChl POTOCHHTE3a. 3ele-
Has HaJ3e€MHas 4acTh PACTEHUS] HAXOAUTCA MOJ CJIOEM MeCKa HMEHHO B TOT MEPUOJ
(Mmaii, MTOHB), KOT/Ia comepykaHue XJI0po(nia B XBoe 00BITHO yBenmunBaerces [17].

Kpome Toro, B KCepo(pHUTHBIX TUTPOTONAX B XBOE COCHBI KPHIMCKOI HalIona-
eTCs CHIDKEHHE KOHIIGHTpaIu 0o0IIero xjiopoduiuia B CpaBHEHUH ¢ Oosee Onaro-
MNPUSTHBIMU [0 YBIAXKHEHUIO ycnoBusiMu [15, 18]. Ilpu cCHM)KEHUN KOHLIGHTpaUUU
XJIopo(uIIa 3aMeIISIOTCS IPOLEcChl (POTOCHHTE3a, YTO MPUBOAUT K YMEHBILICHUIO
ycTounBOoCTH pacTeHui. ClieoBaTebHO, CESTHITHI C 3aCHITaHHBIM 3eMJIeH (JacTud-
HO WJIM MOJTHOCTBIO) (POTOCHHTE3UPYIOIIMM alllapaTtoM B IEPHOJ aJanTaluyd K HO-
BBIM JIECOPACTUTEIHHBIM YCIOBUSM HE MOJIYYarOT JOCTATOYHOTO KOJMYECTBA Opra-
HUYECKHUX BEIIECTB JUIsl POCTA U Pa3BUTHS.

Kak BuzHO, OHOIOTHYECKast 3HAYUMOCTD 3ariyOJIeHUs] KOPHEBOH IICHKHU CesTH-
IIEB COCHBI KPHIMCKOW Ha TIeCKaX ¥ MEeCYaHBIX MMOYBaxX M3ydyeHa maino. [loatomy mc-
CJIC/IOBaHUE CTEIICHU BIMSHUS 3aryOJeHUs] KOPHEBOW HICHKHU CESTHLEB MMEeT 00Jb-
[I0€ TEOPETUYECKOE M MPAKTHIECKOE 3HAYCHNE.

PexoMenmanmy 1o 3antyOJeHUIO KOPHEBOH ILIEHKK pacTeHUH pH MOcaike UMe-
0T, BOBMOJKHO, M (pri3ndeckoe 000CHOBaHUE. B cOOTBETCTBUM C TPEOOBAHUSIMHU ITPUKa-
3a Munnpupoasl Poccun Ne 1014, crangapTHbie 2-I€THUE CESHLBI COCHBI KPHIMCKOM
JOJDKHBI UMETh CJIEAYIOIINEe MUHUMAaJbHbIE OMOMETPUYECKUE ITOKA3aTeNId: BBICOTY
Hag3eMHoM yactu — 10 cMm, quameTp KopHeBoi meiiku — 3 M (puc. 1). TpeboBanus
K MOKa3aressiM Macchl PeyCMOTPEHBI HE BO BCEX CTpaHaX, IIe KyJAbTUBHPYETCS dTa
JpeBECHAs MOPOJa, XOTS JUIA CETHIEB XapaKTepHa AUCIIPOIIOPIINS MEKIY Maccoil Hal-
3eMHOH U Mo/3eMHOI yactelt pactenuit [7, 8, 14, 19, 21]. B 3aBucumoctu ot peruo-
Ha MPOUCXOKACHUS CEMSIH M BhIPAIIUBAHUS CESHIIEB, JIECOPACTUTEIBHBIX YCIOBUH B
MMUTOMHHUKAX, IIPIMEHAEMBIX TEXHOIIOTH, HATMYHUS WM OTCYTCTBHS CPEACTB OMOCTH-
MYJIHPYIOIIET0 BO3AEMCTBUS MPEBBIIIEHUE MAcCOBBIX MOKa3aTeneil HaJ3eMHON 4acTH
CESTHIICB HaJI TIOA3EMHON MOYKET COCTaBysITh OT 1,2-2,2 [14, 19, 21] mo 4,1-6,8 [7, 8]
pasa. Jlucnpornopnys nokasaresieil Macchl B CIIy4ae MEJIKOW IMOCaIKi MOYKET PUBECTH
K OTCYTCTBHIO (PM3HYECKON YCTOHYMBOCTH PACTCHUI.

Tak Kak pocT KOpHEH HaYMHAETCS HE cpa3y, PH JIECTPYKTYyPHU3AINHN TIeCYaHbIX
II0YB B MPOLIECCE MX BBICBIXaHMUS CLEMJIEHe KOPHEBOM CUCTEMBI C TPYHTOM YXy/lIaeT-
Cs1 M BO3MOYKHO «TIaJICHHE) CESHIIEB TIO]T ISHCTBHEM «COOCTBEHHOM MacCh», 0COOEHHO
IIpU CKOpOCTH BeTpa oT 5 M/c [13, 16]. imenHo 3a cueT 3armyOneHus YacTH CTBOJIUKA
B MOYBY MOXET OBITh JOCTHTHYTO yCHJIEHHE (PH3MUYECKON YCTOHYMBOCTH PACTEHUSI.
[IpuMepb! oTpHIIATEIBHBIX ITOCIIEACTBUM TITyOOKOM TIOCAAKH TTPUBE/ICHBI BHIIIIE.
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10 cu
Puc. 1. Buomerpuueckue moka3aTenu
CTaHJAPTHBIX CESHIIEB COCHBI KPHIMCKOM 4 ene
(cpenHye naHHBIC)
Fig. 1. Biometric indicators of the
standard Crimean pine seedlings
(average data)
20 e

Takum oOpa3om, TTpaBmIIa TIOCAIKH PACTEHUN COCHBI OOBIKHOBEHHOM B YacTH
BEJIMUMHBI 3arTyOJICHUS KOPHEBOM HICHKH M HEOOXOIMMOCTH YCTAHOBJICHHUS €€
ONTHMAJbHON BEIMYMHBI HE MOTYT OBITh MEXaHWYECKH TEePEHECeHbI Ha COCHY
KpBIMCKYI0. {7151 9TOM mpeBecHO# mopoasl HeoOXxoamma pa3paboTka cOOCTBEHHBIX
pEKOMEHJALIUN.

Llenp uccienoBanusi — 000CHOBAaTh HEOOXOMUMOCTD 3ariTyOJeHHsT KOPHEBOU
IICHKH CESHIEB COCHBbI KPHIMCKOW M HauOoJiee ONTUMAIbHYIO BEJIHUUHY 3ariyoJie-
HUS TIPY CO3JITAaHUH JICCHBIX KYJIBTYp Ha OYyIPUCTBIX ITECKaX.

3amaun: MpoaHAIU3UPOBATh AMHAMUKY TPWKHUBAEMOCTH JIECHBIX KYIBTYD;
BBISIBUTH BJIMSIHHE BEJIMYMHBI 3arTyOJICHUST KOPHEBOM IICHKK CESHIICB HAa BaprHadesib-
HOCTb IPHKUBAEMOCTU U COXPAHHOCTH PaCTCHUH.

Obwvexmul 1 Memoovl UCCILe008AHUS

Jns peanuzanuu nenw W 3amad uccienoBaHus BecHol 2017 1. B ycioBusX
CpeaHedyrpucToro penbeda Ha CBSI3HONECYaHOH METKO3EPHUCTOH IEPHOBOM MOYBE
CO3[aH ONBITHBIN OOBEKT — JIECHBIE KYJIBTYPhl COCHBI KPHIMCKOW. MecTomoaokeHne
obnexTa: lllomoxoBckoe necHnuectBo (PocToBckas obnacts), KomyHnaaesckoe ydacT-
KoBOE JiecHHuYecTBO, kBapTas 30, Bbimen 13 (49°43'16,8" c. mr. 41°44'40,3" B. 1.).
Hcnonp30BaHHbBIE TEXHOJIOTUYECKHE NMPHUEMBI, II€PEUYCHb MAIIUH M MEXaHH3MOB, a
TaK)Ke BAPUAHTHI OTIBITA IPUBEICHBI B TA0M. 1.
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Ta6nuna 1
TexHosiornyecKue NapaMeTpbl BApUAHTOB OMNbITA
Technological parameters of the experiment options
TeXHOIOTUYECKHE OTIEPAI Cxena SarnyGrenie e
ArpoTeXHHYeCKHe pa3MeleHust | KOPHEBOM HIEHKH omfll'ra*
O06paboTKa OYBEI ITocangka YXOJBI, TOT — pacTeHii, M CesHIIEB, CM
KOJINIECTBO
0 PO
Bpyunyto 2 P2
(mon 4 P4
JIoTarTy) — 3%0,7 6 6
ONBITHBIC | pyiyienne moussl
Hapeska 6opo3a | papuante (KJTB-1,7): AO Hadalia
(PH-60) ocenbto 2017 _’5. : OXBOEHHOM PX
MPEALIECTBYIOILErO 2018 — 4j qacTH CesIHIa
rona Mexa- 2019 -3
HU3HUPO-
BaHHas
X
(CJIY-1, 3x0,8 6 u Oonee M6
MITY-1) -
KOHTPOJIb

* [lepBast OykBa B a0OpeBuaType 0003HaYaeT Croco0 CO3aHuUs JICCHBIX KYJIBTYp, TOCICAYO-
mee nudpoBoe 1 OyKBEeHHOE 0003HAYCHUE — BEJIMYHMHY 3arTyOJIeHHsI KOPHEBOH IIEHKH MpH
nocaJjike.

1 co3manus ECHBIX KYJIBTYpP UCIONB30BAUCH 2-JIETHUE CESHIIBI, BBIPAIICH-
Hele B [IurapeBckoM jecHOM NHTOMHHKE (0a30BBI MUTOMHHK TEPPUTOPHUATEHOTO
JIECHUYECTBa) U TI0 OMOMETPUUYECKHUM TOKA3aTelisiM COOTBETCTBYIOIIUE KPUTEPHSIM H
TpeOOBaHMAM K ITOCAOYHOMY MaTepualry I JIESCOBOCCTAHOBIICHUS B paiiOHE CTETIeH
eBponelickoit yactu Poccuiickoit ®enepannu (puka3 Munnpupoast Poccun Ne 1014).
KoHTponbHBIM BapHaHTOM SIBJSUTHCH JIECHBIE KYJBTYpBI, CO3aHHbIE MEXaHW3UPOBAH-
HBIM CTIIOCOOOM TI0 TIPOEKTY JiecoBoccTaHoBIeHHs [6]. [Ipearocanodnas moarotoBka
CEsHIIEB 3aKJII0YalIach B MOAPE3KE KOPHEBBIX CUCTEM M 00Pa0OTKE HX MOYBEHHO-BOJHOM
cycrieH3uei (0onTyIIKa) mepe 3arpy3koil B OyHKep JISCOMOCaI0UHON MAIITHHEI.

B onbITHBIX BapuaHTax JIECHBIE KYJIBTYPbl CO3AAaHBI BPYUYHYIO C IIaroM IIO-
caaku 0,7 M ¢ Bapranmeil BeTUYUHBI 3arTyOIeHUs] KOPHEBOM MISHKH MPH MOCAAKE OT
0 cMm (6e3 3anmybrienns) 10 6 CM WM JI0 Hayasla OXBOCHHOW 4acTH cesHIa (4—5 cm).
[ToBTOpHOCTH OMBITA — 5—9-KpatHas (mo 100 pactenuit B kaxaoii). [lepen mocaakoi
pacTeHnii MpOBeIeHa TPEHUPOBKA BU3YAIM3aIMN BEJTMYMHBI 3arTyOlIeHUs] KOPHEBOM
LICWKN: CHayasla TpeOyeMyro BEIMYHHY 0003HAYaIU C TOMOIIBIO TMHEHKH, BIOCIE-
CTBHUH OHA OTPEEISIACh B MOJEBBIX YCIOBHUAX ITIa30MEPHO.

O6cnenoBanue JIECHBIX KyJIbTyp npoBoamiock B 2017-2020 rT. gBaXkabl B TOA:
B HaJaJjie BEreTallMOHHOTO TIePHOoJIa U TI0 er0 OKOHYaHNH. COCTOSHHUE JIECHBIX KYJIBTYP
OIIEHMBAJIOCH TIO JMHAMUKE OTIa/1a pacTeHni u npmwkuBaeMoctu. [lepsyro (%) ompe-
JIeNIAIM C UHTEPBAJOM B IOJITO/A 1O Pa3HOCTH JIAHHBIX IMPHUKUBAEMOCTH B KOHIIE
neprona (BeCeHHe-JIETHEeTo MM OCEHHEe-3UMHET0) U MPeAbIAyIero 3Ha4enus. Bro-
pyto (%) BBIYUCIISUIN KaK OTHOIIEGHHE YHCIa KU3HECIIOCOOHBIX PACTEHHUH K 001IeMy
YHCITy ITOCAJ0YHBIX MECT.
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Craructuueckas o0paOOTKa pe3yibTaTOB HCCICIOBAHUN BBIIOIHIIACH B
nporpamme Microsoft Excel u cucteme Statistica [1]. I1o momy4eHHbIM JaHHBIM CTPO-
WJIACH TUarpaMMBbl, [JI€ I OTPaKEHHsI BETMYMHBI OLIHMOKN CPETHEH MPHUIKUBASMOCTH
MCIIOJIb30BAJIM TUIAHKY IMOrPEIIHOCTH. J{jIs onpeseeHus] CTENCHU BIMSHUS 3ariy-
OJIeHUsT KOPHEBOMW IIEHKHU CESHIIEB MCIOIb30BaIN Kod(duiment CroroneHTa (t) Kak
KPUTEPHI JOCTOBEPHOCTH PAa3HOCTH CPEIHUX 3HAYCHUH Ha 5%-M YpOBHE 3HAYMMOCTH.

Pezynomamut uccnedosanus u ux oocyxcoenue

HaunOonee BakHBIM B Pa3BUTHH HCKYCCTBEHHO CO3[JAaHHOTO HAaCaXICHHS
siBisieTcs 1-i1 ron. B TOT mepuoj mpouCXOAUT aganTalis BICAXKEHHBIX PACTCHUMA
K HOBBIM JIECOPACTUTENbHBIM ycioBHsM. IlmaHoBas HWHBEHTapu3alus JECHBIX
KyJbTyp, BBITIONHSEMAs MO WTOraM |-TrO BETeTalMOHHOTO TEepHoJa, IMO3BOJSET
yCTaHOBUTH 3G (EKTUBHOCTh MPOBEACHHOIO MEPONPUSATHA M HNPUHSTH PELICHUE O
HEOOXOIMMOCTH arpoTeXHUYECKUX yXOJOB B BHJE JIONOJHEHHUS JIECHBIX KYJIbTYP
pu IprxUBaeMocTH 25—85 % wmin 00 OTHECEHUH JIECHBIX KYJIbTYp K MOTHOLINM U
UX MOCJENYIOIIEM CIMCAaHUU MPU MPUKUBAEMOCTH MeHee 25 % (B COOTBETCTBUU C
npukazoM Munnpupozst Poccuu Ne 1014).

B oOme#i omenke 3(PQPEKTUBHOCTH JICCOBOCCTAHOBJICHHUS IOKA3aTelN
NPMKUBAEMOCTH W THOenu pacTeHui (0THanx) SBISIOTCS B3aMMO3aBHCHUMBIMH U
00paTHO COIPSKEHHBIMH, T. €. YeM MEHBIIE OTIaJ, TeM OOJblle MPHKUBACMOCTh
u Haobopor. [lodTOMy NPUMEHHTETFHO K OOBEKTY WCCICIOBAHUS CUNUTAEM
1es1ecoo0pasHbIM aHaJIU3 000MX MOKa3aTeseH.

Oco0OeHHOCTh KJIMMaTra CTEMHOM 30Hbl — HaIWYWE B Pa3HbIC MEPUOABI Toja
KOMITJIEKca HeONMaronpusITHEIX abHoTHYecKnX (pakTopoB. B BeceHHe-neTHHI TepHoa
3TO BBICOKHE TEMIIEPATYPBl, CyXOBEH, OTCYTCTBHE OCA/IKOB; B OCEHHE-3UMHHUI — paHHHE
3aMOpPO3KH, JUINTEIbHOE BO3/EHCTBHE HU3KUX TEMIIEpaTyp, OTCYTCTBHE CHEXHOIO
MOKpOBa. YK€ B CaMOM Hadaje BEreTallid TPOUCXOAUT OBICTpOE HapacTaHhe
TeMIlepaTypbl BO3AyXa, YTO B COBOKYIMHOCTH C OTCYTCTBHEM OCAJIKOB IIPUBOAUT
K MCCYIIEHHIO BEPXHEro IMOYBEHHOIO Tropu3oHTa. CIEeICTBHEM 3TOr0 CTAHOBUTCH
HapyIIeHHe MPOIIECCOB BOJ00OMEHa y HEeaaTHPOBAHHBIX K HOBBIM AKOJIOTHYECKUM
YCIIOBHSIM PaCTEHUH, IPUBOLIEE K MX THOeny. Jlaxe mpu ycI0BHH, UTO BEre€TalOHHbIE
nepuoasl 2017-2019 rr. uMenu mydive B CPaBHEHMU CO CPEJHEMHOIOJIETHUMM
3HAYCHUSIMHU TIOKAa3aTeNN BjaroodecrieueHHOCTH [13], 3akOHOMEpHO, WTO BO BCEX
BapHaHTaX OIbITa HANOOJIbIIEE KOJTMYECTBO MOIMOIINX PACTeHNH (PUKCUPYETCs IMEHHO
B 1-i1 roj pocTa iecHbIX KynbTyp (Tabm. 2). B mocnemyromnye nepuoapl 3TOT MoKa3aTeb
OTHOCHTEJIEHO CTAaOMIICH M €r0 MaKCUMaJTbHAs BETMIUHA HEe TipeBhimact 10 %.

Jlunamuka oTmaga pacTeHUH B 3aBUCHMOCTH OT CHOCO0A CO3AHHUS JIECHBIX
KyJbTYp ¥ NPUMEHSBIIUXCS BapUAHTOB MOCAIKK MUMEET HEKOTOPbhIE 3aKOHOMEPHOCTH
(B K&KIIOM TTOCIIEITYFOIIEM TIEPHOJIC — BECEHHE-JICTHUI U OCCHHE-3UMHIIN — OTIIa]] MCHb-
11e, YeM B MPEIIECTBYIOIIEM) U OCOOCHHOCTH, CBSI3aHHBIC, B TOM 4MCIIE, C OHOJIOTHU-
YEeCKMMHU CBOWCTBAMHU COCHBI KpbIMCKOH. [Ipu MexanusupoBanHoi nocaake us 60,1 %
noruOmmx B 1-# Tox pacTeHuil (MakCHMaIbHBIN U3 BCEX BAPHAHTOB ITOKA3aTeNb) a0Cco-
JIFOTHOE OOJIBLIMHCTBO ITPUXOIUTCS Ha BECEHHE-IETHUH nepruoa. MeHblas 1o Belnniu-
HE OTIaJa, HO WICHTUYHAs TeHACHLU HAOMOOaeTCs U B BapHaHTaX PyuyHOH MOcaaku
C MakCHMaJIbHBIM 3anTyOieHreM KOPHEBOW Ieiku (Ha 6 cM ¥ J0 Hayajla OXBOSHHOM
qacTu cestHua). [lpuunnoii rubenn pacTeHui SBISETCsl YaCTUYHOE MM MOJIHOE YHUY-
TOKEHUE TIPH TIOCAJIKE M arpOTEXHUYECKHUX yX0AaxX (POTOCHHTE3UPYIOIIETO ammnapara.
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TabGuuna 2

JlunamMuka oTnajaa pacTeHUi B JIECHBIX KYJbTYPax cOCHbI KPbIMCKOI
Dynamics of plant mortality in forest cultures of Crimean pine

Otnan pactenuii ipu cniocobe coznanns (%)
Tonpocra | Tlepuon BPY4HYIO C 3arTyGlIeHHeM KOPHEBOT MeHku Ha (CM)
JICCHBIX POCTa JIECHBIX A0 Hadalla | MEXaHH3H-
KyITYD KyTETYp OXBOGHHO# | pOBaHHBII
0 2 4 6
JacTHu
CEaHIIa
Becene- 12,3-13,6 | 5,0-5,8 | 3,7-8,3 | 11,7-19.3| 12,8 41,6
it JICTHHUH
Ocenrre- 9,4-21,6 |8,4-17,2(8,0-12,5| 1,3-15,0 9,3 18,5
3UMHUU
BeceHHUG— 7,4-10,0 | 2,4-6,2 |4,5-13,4|11,1-28,7 4,0 1,5
. JICTHUH
2-i 0 -
CCMNE | 0405 [04-100| 0-08 | 0558 | 0,1 0.3
SHUMHHI
Becennie- 0,647 | 0-1,7 | 03-1,6 | 1,6-3,2 4,5 0,8
o JICTHUH
3-i
Ocenne-
3UMHHI 0225 | 2,750 | 2,554 | 0-0,1 L3 4,6
At Becenne-
JIETHUH

B BapmaHTax mocajnkd, KOrja OXBOCHHAs 4acTh IOJHOCTBIO HAXOOWTCS HA MOBEPX-
HOCTH, OOJIbIIE BCEr0 PACTEHUH MMOrMOAaeT B OCEHHE-3UMHMHI MEPHOJI, YTO CBSA3aHO C
HETaTUBHBIM BO3/ICHCTBHEM HHU3KHX TemIieparyp (OCOOCHHO B Havaje Mepuoja) Ha
JOCTaTOYHO TPeOOBATEIBbHYIO K TEIUTy COCHY KPBIMCKYIO. JlomoiaHuTEnbHBIM (hakTo-
POM, TIPUBOMSIIMM K THOCITN pacTeHUH B BApHAHTE TIOCAJKK 0e3 3arTyOJIeH st KopHe-
Boif mieiikn (Bapuant P0), sBisieTcss 0OOHaKEHNE Y HUX 30HBI POBEICHHS KOPHEW MO
JericTBrueM Ie(IIsIIMOHHbIX IPOLIECCOB B BECEHHE-JICTHUH NEPUOJ 1 MOCIIEAYOLIEe HX
MOJMEP3aHHE B OCEHHE-3UMHHUH.

Ha npotsxkennn Beero neprona HaOMIOACHNH M3MEHEHHE IO COXPAHMBILIMXCSI
pacTeHuii (MPU>KMBAEMOCTh) U BapHalysl TOTO IOKa3aTesisi UMEIOT 0COOCHHOCTH, CBSI3aH-
HBIE KaK CO CITIOCOOOM CO3MIaHMS JICCHBIX KYJIBTYP, TaK U C BAPHAHTOM TOCAIKHU (pHUC. 2).

ITo pesynsraram mHBeHTapu3anuu (1-if rom), IPHKUBAEMOCTH JIECHBIX KYJIb-
TYp TP MEXaHM3MPOBAaHHOH Mocajke coctaBuia 58,4 % u MpH mocaake BPYIHYIO —
84,0-94,6 %. B ciyuasix, korga ¢akTuyeckasi MpHKUBAEMOCTh Obllla MEHbLIE 3aIpo-
EKTUPOBAHHOTO Mokazaress 65 % [6], BecHoit 2018 1. mpoBeIcHO TOMOIHEHUE JICCHBIX
KyJABTYp 10 MCXOIHOW rycToThl. Kak rmoka3bIBaroT JaHHbBIE (pHUC. 2), BBIIOIHEHHBIH
arpoTeXHHYEeCKUH yXoJ] He TIOBBICHI 3()(PEKTUBHOCTD JIECOBOCCTaHOBIEHMS. [IprKu-
BaeMOCTh JIECHBIX KYJIBTYP B CPAaBHEHHH C BapHaHTAMH MOCAIKH BPYYHYIO MEHBIIE
B 1,51-2,01 pa3a — na 2-#i rox, B 1,39—1,99 paza — na 3-i1, B 1,58-2,15 paza — Ha 4-ii.

IIpn cpaBHEHMH NPHKUBAEMOCTH JIECHBIX KYJIBTYpP B BAapHaHTAX PY4YHOTO
crioco0a cO3JaHusl BBIBISIOTCS Pa3iMyMsl, CBA3aHHBIC C BEJIMYMHOM 3ariryOneHHs
KOpHEBOM meiiku pacteHuid. [Ipu rmyOokoii mocanke (Ha 6 cM), paBHO Kak U IMpH
OTCYTCTBHH 3arinyOJIeHHsI, HAYHHAS CO 2-TO ToJla pocTa MPHUKUBAEMOCTh PacTEHHH
MHHUMAaJbHA: 57,8-63,6; 51,9-60,3 u 51,8-58,8 % Ha 2—4-i roJibl COOTBETCTBEHHO.
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Bonbinme 3HaYeHUsT OTMEUEHBI B BApHAHTaX ¢ 3arTy0ieHHeM KOPHEBOW IIeHKH Ha 2,
4 cM U 10 Havaa OXBOCHHOM YacTH cesHua. Pasmmuus coctaBmiu 10,3-19,5 % — Ha
2-it rom, 9,0-22,5 % — Ha 3-i1, 8,2—-18,6 % — Ha 4-H.
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Puc. 2. TIpmKxuBaeMOCTb JIECHBIX KYJIBTYP COCHBI KPBIMCKOM
o BapuaHTaMm onbIta: a — 2017; 6 — 2018; 6 — 2019; 2 — 2020 .
(Ha cToNOIax qUarpaMMBbl YKa3aHa CpeIHss MPIKABACMOCTh Ha
KOHEI] BETETAIOHHOTO TIEPHO/Ia U OIINOKA €€ OTIPEIeIICHYIA)
Fig. 2. Survival of Crimean pine forest cultures by the experience
options: a—2017;6—2018; 6—2019; 2— 2020 years (the diagram
columns show the average rooting rate at the end of the vegetation
period and the error in determining it)
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Takum 00pa3oM, CYIIECTBEHHOE BIUSHUE HA MPUKUBAEMOCTH JICCHBIX KYIIb-
TYp OKa3bIBalOT U CIIOCO0 MX CO3JaHus, M BeMUMHA 3arTyOJIeHNs] KOPHEBOW LICHKH
CEsIHIIEB MPU TOCAJIKE.

KpomMe mpmxnBaeMOCTH B KauecTBe Mokazarens 3()(EeKTHBHOCTH JIECOBOC-
CTAHOBJICHHUS BBICTYIIA€T PABHOMEPHOCTH PA3MEIIEHUS COXPAHMUBIIUXCS PACTECHUI
IO TUTOMAAN y4acTka. THAWKaTopoM ee OlleHKH SBIseTCsl KO HUIIMEHT BapHaIlliy.
IIpu cozmanum JECHBIX KYJAbTYp BPYUHYIO B 1-i TOj1 pocTa BapbUpOBaHUE CpeHEN
nprkuBaeMoctu (6,6—15,4 %) He TpeBBICHIIO CPENHUN yPOBEHh M3MEHUHUBOCTH H
JIECHBIE KYJIETYPBI COOTBETCTBYIOT OTHOPOAHOM COBOKYITHOCTH (puc. 2). I'nbens pac-
TEHUU BIOCIEIACTBUU MPUBOIUT K YBEIMYCHUIO M3MEHUYUBOCTH MPHKUBAEMOCTH.
MuHuMansHOE BapbUpPOBaHUE MPU3HAKA, HE BBIXOJSIIEE 3a TPAHUIIBI OTHOPOAHOU
coBokynHOCTH (33 %), HaOnronaeTCs B BApHAHTAX MOCAIKH CESIHIICB C 3arTyOJIeHHEeM
KOPHEBOM IIEWKH Ha 2, 4 CM U 10 HaYaJla OXBOCHHOU YacTu cesHa. B coyuasx PO
u P6 Bapuamus nprmkuBaeMocTu coctapisier 25,8—48,8 % Ha 2-if ro pocTa JIeCHBIX
KyneTyp, 30,3—60,6 % — Ha 3-if rox, 34,041,5 % — na 4-i1. Jlonst coxpaHUBIITUXCS
pacTeHui 31ech MUHUMAaIbHA, 4 BapUaIlus MPU3HAKA MAaKCUMaJbHA, YTO SBISACTCS
CJIEICTBUEM HEPAaBHOMEPHOTO PAa3MENICHHS PACTEHUH IO JICCOKYIBTYPHOU IIIOMIA-
. Emie 6omnee HepaBHOMEpHOE pacipesiesieHe pacTeHN OTMeYaeTcsl IPH MeXaHH-
3WPOBAHHOM CIIOCO0E CO3aHUs JIECHBIX KYJABTYp: BaAPHUPOBAHHE IPHIKHBAEMOCTH
cocrapisieT 71,0; 49,9 u 67,9 % Ha 2—4-1i rofibl pOoCcTa COOTBETCTBEHHO.

CraruCTHYECKH 3HAYUMMBIE Pa3JIMuMsl IPHKUBAEMOCTH JIECHBIX KYJIBTYP
(t s t,s) BBISBJICHBI JUISl MEXaHU3UPOBAHHOTO CII0CO0A CO3IaHMs 10 BCEM BAPUAaHTaM
PYUHOH MOCagKy MpH 3arTyOlIeHuN KOPHEBOH IEWKH pacTeHui 10 6 ¢M 1 QUKcHpY-
FOTCSI B TEUCHHUE BCETO Teproa HadmoaeHui (Tadi. 3).

Ta6nuna 3

CymecTBeHHOCTh pa3an4uii (Mo CThIONEHTY) NPHKABAEMOCTH JIECHBIX KYJbTYP COCHBI
KPBIMCKOH € pa3jiM4HbIM 3ari1y0/ieHHeM KOPHeBOil 1IeKHU cesiHIeB NPU I0Ca/iKe
Significance of differences (according to Student’s test) in the survival rate of Crimean
pine forest cultures with different depth of the plant collar of seedlings during planting

KoaddummenT cyniecTBeHHOCTH pa3ininii HA MOMEHT OKOHYAaHUS
CpapruBacumbie BETETAIMOHHOIO [Iepro/ia Uil roia
BapHUaHTbL
2017 2018 2019 2020
PO-P2 2,12 1,83 1,28 0,89
PO-P4 1,88 1,66 1,70 1,45
PO-P6 0,58 0,53 0,69 0,71
PO-PX 0,03 127 0,99 0,76
PO-M6 3,36 1,88 2,23 2,18
P2-P4 0,12 0,21 0,46 0,44
P2-P6 2,22 1,82 1,59 1,58
P2-PX 1,30 0,43 0,17 0,08
P2-M6 4,38 2,94 3,36 2,91
P4-P6 2,05 1,70 1,89 2,20
P4-PX 1,19 0,25 0,58 0,22
P4-M6 4,27 2,84 3,71 3,48
P6-PX 0,47 1,44 1,40 1,31
P6-M6 2,82 1,26 1,09 1,56
PX-M6 3,00 2,61 3,00 2,50

[Mpumeuanue: IlomyxupaeiM mpudrTom BbLIeneHbl Koddduimentsr CrhioeHTa Oomble
CTaHJapTHOTO 3Ha4YeHMs Ha 5%-M ypoHe (t, = 2,12-2,45).
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MakcumansHoe ¢axThdeckoe 3HaueHHe Koddduuuenta CTblofeHTa B ATUX
BapuaHTax HaOJtonaeTcs Mo OKOHYaHWU BEreTallMOHHOTO mepruoja 1-ro roga pocra
necHbIX KynsTyp (t, = 3,0-4,38 > t .= 2,12-2,45). C Teyennem BpeMeHH k02 duu-
€HT YMEHBIIAETCs], TCHACHIMS XapaKTepHa Ul BCEX CPAaBHUBAEMbIX BAPHAHTOB, HO
CTaTUCTUYECKH 3HAYUMbIE Pa3iuuusi coxpanstorcs. [IpubnmwkeHasM no 3¢ dexrus-
HOCTH K MEXaHH3HUPOBAHHOMY CIIOCO0Y SIBISETCS pyUHas IOCaJAKa C MAKCHMAIbHBIM
3anTyOeHreM KOpHEBOW MHIeHku pacTeHuil (BapuanT P6). 3nech 3HauMMble paznuyms
MPIKUBAEMOCTH (PUKCUPYIOTCS TOJIBKO B 1-11 rof (Tadu. 3). DTo 03HaYaeT, 4TO He3aBUCH-
MO OT Crtoco0a Co3MaHus JIECHBIX KYJIBTYp DIyOOKast ocajKa pacTeHuit (¢ morpedeHuem
(hOTOCHHTE3HUPYIOIIETO aIapara) OMMHAKOBO OMacHa. B BapraHTax py9yHOTO criocoda
CO3JaHMs JIECHBIX KYJIBTYP 3HAaUMMOCTb Pa3iIMuMid MPHKMBAEMOCTH B 3aBUCUMOCTHU
OT BEJIMYMHBI 3aTyOJIeHHs KOPHEBOH IIEHKN CEesHIIEB NPOsBIsieTcs mo-pazHomy. [lpn
CpaBHEHHH BapHaHTOB 3anTyOJIeHUsI KOPHEBOH LIEHKH, KOTOPBIE IO APYTUM IMTOKa3are-
JsiM ObUTH TTpU3HaHBI onTuManbHbIMU (P2, P4, PX), crarncTnyecky 3HaYMMBbIe pa3iiu-
YHs IPMYKUBAEMOCTH HE YCTAHOBJIEHHI (t o 0,12-1,30 <t = 2,12-2,45). B Bapuanrax
¢ orcyTcTBHeM 3artyonerus (P0O) n ¢ MmakcuMansHOM ero BemuanHoM (P6) cratreTide-
CKH 3HAUUMBbIE paszanyust GUKCUpYroTcs B 1-i1 (t o= 21221,= 2,12) u B 4-1i roel pocta
JIECHBIX KYJBTYD (t o 2,20 > t,=2,12) COOTBETCTBEHHO.

HezaBucuMo 0T mpoMCXOXKIEHHS HacaXAeHHs (€CTECTBEHHOE WM HCKYC-
CTBCHHOE) B HEM IPOMCXOJUT 3aKOHOMEPHOE YMEHBLICHHE KOJMYECTBA JICPEBHEB
MpY yBEJIMYEHUH Bo3pacta. To e caMoe MOKHO CKa3aTh M O JIOJE COXPaHSIONIHX-
Cs1 K OIIPEAETICHHOMY BO3pacTy PacTEHHH B JIECHBIX KyJIbTYPax — OHa 3aKOHOMEPHO
yMeHblaeTcs. [[puMeHuTenbHO K 00bEKTY MCCIe0BaHUS 3TOT MPOLECC JIy4lle BCe-
O alIpOKCUMHPYETCA JTOTapru(PMUUECKUM YPaBHEHUEM BHA:

Y =aln(X) + b,
rae Y — jons coxpaHWBHIMXCS pacTeHuit, %; a, b — k03hOUIHEHTH ypaBHEHHUS;
X — BO3pACT JIECHBIX KYJBTYP, JIET.

I'paduueckoe n3o0pakeHue YpaBHEHHUH 110 BapHaHTaM OIIbITA C YKa3aHUEM
BeJMYUH K03 GHUIHeHTOB a, b u ko3 dunmenrta nerepmunarmu (R?) npuBenaeHo Ha
puc. 3.

100 -
—P0 —P2 —P4 —P6 —PX —M6

80 A

60 A

40 4

20 A

Jlonst COXpaHUBIIMXCS pacTeHUH, %

0 T T T T )
0 2 4 6 8 10
Bospacr, aer

a b R? OmbiT a b R?
PO —20,7 83,869 0,313 P6 24,16 80,562 | 0,222
P2 —20,14 93,432 0,349 PX —14,25 85,921 | 0,204
P4 -16,86 92,101 0,314 M6 -18,09 56,069 | 0,186

Puc. 3. JlunaMuKka COXpaHHOCTU PACTEHUH B JIECHBIX KYJBTYpax
COCHBI KPBIMCKOH
Fig. 3. Dynamics of plant safety of Crimean pine forest cultures
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Bricokue npmknBaeMOCTb M COXPaHHOCTh PACTCHNUH, HU3KUH IUaIa30H UX Ba-
PBUPOBAHMSI, MUHUMAJIbHBINA OTIIAJ PACTCHUN, HAOI0JaeMble B BapHaHTax IOCAIKH
¢ 3arTyOieHueM KOPHEBOW ILEHKH cesHIeB Ha 2—4 cM, a Takke OJIM3KUe 3HAYCHHS
K02(PUIIMEHTOB YPaBHEHUH PETPecCu U MaKCUMaJIbHbIC KOA(QHUIIMEHTHI JeTEPMH-
HalM{ MO3BOJISIIOT CUUTATh 3arilyOJieHHe KOPHEBOW LICHKU PACTCHUN HeoOX00UMbIM
aCTeKTOM CO3/IaHHUs JIECHBIX KYJIBTYp COCHBI KPBIMCKOH, a YKa3aHHYIO BEIMYUHY —
onmumanbHol. Bo-epBbIX, IpU HAXOXKAECHUM CTBOJIMKA B IIOYBE JIMKBUIAMPYETCA
JUCTIPOTIOPLIMS MEXKY MaccOl HaJJ3eMHOM U MO3EMHOM yacTel pacTeHHs U TEM ca-
MBIM O0ecreuyrBaeTcs ero pu3nUecKasi yCTonunBOCTh. BO-BTOPBIX, MOTHOCTHIO Ha-
XOISIIUICS HA TIOBEPXHOCTU TMOUYBBI (DOTOCHHTE3UPYIOLIMIA anmapar crocoOCTByeT
OBICTPOH aJanTalyy PacTCHUS K HOBBIM SKOJIOTUYECKUM YCIOBHSIM U HOPMaJbHOMY
OCYILECTBICHNIO (PU3UOIOTHUECKUX ITPOLIECCOB.

Bruskue K 9TUM BapuaHTaM TOKa3aTelll COXPaHHOCTH PACTECHUH M JMHAMUKH
OTIIa/1a BBIABJICHBI U IIPU IIOCAJKE C 3ariyOJCHUEM CTBOJIMKA /10 Hadaja OXBOCHHON
yactd. OJJHaKO BBICOKAs BapHalLlUsl MpU3HaKa, 0COOCHHO Ha 4-i rox pocTa, U MH-
HUMAaJIbHBI Cpey BapHaHTOB PYyYHOW TNOcCaaKkh KOIQOUIMEHT IeTepMHHAIMH
YKa3bIBAIOT Ha YBEJINYEHUE BEPOATHOCTH TMOEIN pacTeHUN BCIEICTBUE 3aChIaHMs
CJI0OEM TiecKa, OO0JIbIIe BCETO MPU MPOBEACHUH MOCIEIYIONMX MEXaHU3UPOBAHHBIX
arpoTeXHUUYECKUX yX0J0B. OTpULaTEe/IbHbIE MOCIEACTBUS ITOTO SIBICHUS U3BECTHBI
[11,12,15,17, 18]. [TockonbKy IpH CO3/JaHUH JIECHBIX KyJIbTYp MEXaHU3UPOBAaHHBIM
croco00OM HEBO3MOXKHO C BBICOKOM TOYHOCTBHIO OOECIEYHTH IOCANKY CESHIEB C
BEIMYMHON 3arimyOieHns KOPHEBOW MICHKH, MPU3HAHHOW ONTHMalbHOU (2—4 cM),
CUYMTAEM MIPUMEHUMBIM K YCJIIOBHUSAM YKa3aHHOTO CIIOc00a CO3aHUs JIECHBIX KYJIbTYP
BapHaHT MIOCAAKH «JI0 HauaJla OXBOCHHOM 4acTH CEsSTHLA».

Pe3ynbsraTom necoBoCCTaHOBIEHHUS SBISAETCS OTHECEHUE MIIOUIAAN MOIOHS-
KOB K JIECOTIOKPBITHIM 3eMiisiM (Tiprka3 Munnpupoasl Poccun Ne 1014). Hopmupo-
BaHHBIMH JJIS1 KaXKI0M IIaBHOW APEBECHOW MOPOIBI MHANKATOPAMU SIBIISIOTCS BO3-
pacT, KOJIWYECTBO JIEPEBHEB M BBICOTA. 10 €CTh OLIEHKAa COOTBETCTBHS CO3JaHHOTO
Haca)KACHUSI HOPMAaTUBHBIM TPEOOBAHUSAM OCYIIECTBIISICTCS HE IO OTHOCHTEIbHBIM
MoKazaressiM 3QPEeKTUBHOCTH (IIPUKUBAEMOCTh, COXPAaHHOCTh PACTCHUH), a 0 al-
COIOTHOH Benu4uHe (TyctoTa). JlJ1sl TECHBIX KYJIBTYP COCHBI KPHIMCKOM, BBICAKEBae-
MBIX B JIECHOM paiioHe creneil eBponeiickoil vactu Poccun, B Bo3pacte 9 et J0mKHO
npouspactars He MeHee 1800 pactenwii Ha 1 ra mmomaam (mpuka3 MUHIPHUPOIEI
Poccun Ne 1014).

AHaIUTHYECKUI pacyeT, BHIITOJHEHHBIN HA OCHOBE BBISBJICHHBIX 3aKOHOMEp-
HOCTEH COXPaHHOCTH PacTeHHH (PHUC. 3) M C yUETOM UX HCXOIHOW TrycTOTHI (4760 1
4166 mrt./ra — Npyu pyYHOH M MEXaHU3UPOBAHHOMU MOCAKE COOTBETCTBEHHO), MTOKa-
3aJ1, YTO HOPMATHUBHBIX IIAPAMETPOB AOCTUTHYT HACAXKIEHUS, CO3JaHHbIE BPYUHYIO,
1 1pu 00s13aTeIbHOM COOJIONCHNH YCIOBUS 3ariTyONeHHs KOPHEBOM IIEHKH MPH T10-
caake pacreHuil. Ero MuHMManbpHas BeIMYuHa — 2 €M, MaKCUMaJIbHas — JI0 Hadasia
OXBOCHHOM YacCTH CEsHIA, T. €. 4—5 cMm (Tadi. 4).

[IpuMeHeHne mpaBuiI MOCAAKH PACTCHUH, pa3pabOTaHHBIX ISl COCHBI OOBIK-
HOBEHHOH, NPH CO3aHUU JIECHBIX KYJIBTYpP COCHBI KPHIMCKOW MEXaHHW3UPOBaHHBIM
CIOCOOOM NPUBOAMUT K HEOOXOIUMOCTH YBEJIWYEHHUS MCXOTHOH T'yCTOTBI JIECHBIX
KyasTyp. C y4eTOM yCTaHOBIEHHOM TEHICHIINY N3MEHEHHS] COXPAaHHOCTH PACTEHHI
(puc. 3), ucxomHas TyCTOTa JIECHBIX KyJBTYpP JOJKHA ObITh HE MeHee 11 ThIc. mT./Ta.
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Tabnuua 4

M3meHenne rycToThbl JJeCHBIX KYJIbTYP COCHbI KPBIMCKOI1 P Pa3HbIX BApHAHTAX
3ar1y0/1eHUs] KOPHeBOIi lIeifiku pacTeHui
Changes in the density of Crimean pine forest cultures with different depth of the plant

collar
Bo3pacT 1ecHbIX ['ycrora pacteHmid, THIC. IIT./Ta, IO BAPHAHTAM OIBITA
KYJIBTYD, JIET PO P2 P4 P6 PX Mo
1 3,99 4,45 4,39 3,84 4,09 2,34
2 3,32 3,79 3,83 3,04 3,62 1,81
3 2,93 3,39 3,50 2,57 3,35 1,51
4 2,65 3,12 3,27 2,24 3,15 1,29
5 2,43 2,90 3,10 1,99 3,00 1,13
6 2,25 2,73 2,95 1,78 2,88 0,99
7 2,10 2,58 2,82 1,60 2,77 0,87
8 1,97 2,46 2,71 1,44 2,68 0,77
9 1,86 2,34 2,62 1,31 2,60 0,68

[Mpumeuanue: J{ist Bo3pacrta JeCHbIX KyIbTyp 1—4 rojia MpuBe/ieHbl BHIPOBHEHHBIE 3HAYCHHSI
TYCTOTBI; JUIsl BO3pacta 5—-9 jeT — MporHo3upyeMblii okazarelns. [1oayKupHbeIM mIpudpTOM
BbIJICJICHBI BAPDUAHTBI OIbITA, B KOTOPHIX BEIPOBHEHHASI U IPOrHO3UPYyEMasi I'yCTOTa pacTEHUI
B JIECHBIX KYJIbTypax HE COOTBETCTBYIOT HOPMATHBHBIM MAaHHBIM (IpHKa3 MHUHOPUPOABI
Poccuu Ne 1014).

[TpuHUMas BO BHUMAaHHE MOJIOKUTEIBHBIN 3P (EKT, MonyueHHbIH B pe3y/bTa-
T€ MCIMOJB30BAHUS MHBIX 10 CPABHEHUIO C TIPABUJIAMH TSI COCHBI OOBIKHOBEHHOM
MPaBUIJT TIOCAJKKM PACTEHHUH, CUMTAEM IIeIECOO0Pa3HBIM MX HCIIONB30BAHUE U MPU
MEXaHU3UPOBAHHOM CITOCO0E CO3/IAHMS JIECHBIX KYIBTYp. AHAIUTHYECKHAE PACUETHI
MOKa3bIBAOT, YTO B CITydae OCYIICCTBICHHUS MEXaHU3UPOBAHHOM MMOCAIKH PACTCHHIA
¢ 3anTyOlicHHEeM KOPHEBO# MIEHKH Ha YCTAHOBICHHYIO ONTHMAJIbHYIO BETUIUHY IS
obecrieueHus B OyyIeM HOPMATHBHOM I'YCTOTBI CO3IaHHOTO HACAXKICHUSI TOTPeOy-
€TCsI BJIBOC MECHBIIIEE KOJUUECTBO MOCAJ0YHOTO MaTepHraia rmo CpaBHEHHUIO CO ClTyda-
€M HEeCOOJIIo/IeHUs] TPeOOBaHUH K BEIMYMHE 3arTyOJICHUSI.

Taxum 06pa30M, HeO6XOZII/IMBIM DJIECMECHTOM TCEXHOJIOTHH CO34aHUA JICCHBIX
KYJIBTYp COCHBI KPBIMCKOW Ha MECKaX W MECYaHbIX MOYBAX CTEIHOW 30HbBI JOJIKHBI
ObITh crienu(pUUeCKre TpaBHiIa MOCAJAKA PACTEHHI, COOTBETCTBYIOIIHE OHOJIOIO-
IKOJIOTHUECKUM OCOOCHHOCTSIM MOPOIBI M YCIOBUSIM BhIPAIIUBAHUS.

Baxnouenue

BrimonHeHHOE HCcie0Bante TOATBEPINIO aBTOPCKYIO THIIOTE3Y O HETTPHEM-
JIEMOCTH UCTIOIH30BaHUS TIPH CO3/IaHUH JIECHBIX KYJIBTYpP COCHBI KPHIMCKON HEKOTO-
PBIX AIIEMEHTOB TEXHOJIOTUYECKUX OIEpaIlnid, pa3padoTaHHBIX Ui COCHBI OOBIKHO-
BEHHOH, 1 HEOOXOIMMOCTH ayTeHTU(HUKALUHU MPABUJI MOCAJKU CESHIEB Ha 0YBaX
JIETKOTO TPaHyJIOMETPHUYECKOT0 COCTaBa.

[IpakTrka «TryOboKO# mocamkm» (KOpHEeBas IIelKa pa3MeleHa HIDKE YPOBHS
MTOBEPXHOCTH TIOYBHI Ha 6 CM W 0oJjiee) UMEET OTpHIaTeNbHbIe TocaeacTBus. Co-
XPaHHOCTh PAaCTeHHH B JIECHBIX KYJIbTypax Ha 4-i TOI W TIpU MEXaHU3UPOBAHHOM,
U TIpU PYyYHOM citocobe cozaanusi MunumaineHa (32,7-51,8 %), Bapuanust nokasare-
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15t MakcumanbHa (41,5-67,9 %), nporaozupyemast ryctota B 9-imeTHeM BO3pacTe He
JIOCTUTAeT HOPMATUBHBIX TTOKa3arenei. OTCyTCTBHE 3arTyOIeHUsS KOPHEBOH IMIEHKN
TaK)KE OTPHUILATEIBHO CKa3bIBAETCS HA COCTOSHUM JIECHBIX KYNbTYp. COXpaHHOCTb
pactenuit Ha 4-if ro coctaBiseT 58,8 % npu HEPaBHOMEPHOM PAa3MEIICHHUH 10 TIIO0-
magn (34,0 %). doctrxeHue HOPMaTUBHOM I'yCTOTHI BO3MOXHO TOJIBKO B Cllydae
YBEJIMYEHHS €€ UCXOIHOr0 MoKa3areasi MUHUMYM Ha | ThIC. IIT.

Cpenu npu4uH rudeiny KyIbTHBUPYEMbIX PACTEHUH BBIICINM CICAYIOLINE:

1) mocanka Ge3 3aryOIeHUs] KOPHEBOM ILIEHKH U, KaK CJIeICTBHE, OAMEp3a-
HUe OOHAKEHHBIX KOpHEH B 3UMHHIA TIEPHUOJT 1 YCHIXaHHE JIETOM;

2) MaccoBOE 3achllIaHWE NIECKOM JI0 Hadaljla pOCTOBBIX MPOLIECCOB HAA3EMHOM
4acTH npu nry0oKoii mocajke (Ha 6 cM u donee).

Crnenyer y4ecTb, YTO IPH OTHECEHUH MOJIOTHSKOB K JIECOMOKPBITHIM 3EMIISIM
PYKOBOZCTBYIOTCSI ITPEKE BCETO KOJIMYECTBOM JIEPEBbEB INIaBHBIX Nopoj. JlocTmxke-
HUE€ HOPMaTUBHOM I'yCTOTBI JIECHBIX KYJIBTYpP BO3MO)KHO ITPH OCYIIECTBICHUH TTOCA-
KH PacTeHUH C 3arTyOJeHneM KOPHEBOH Ieiku Ha 2—4 cM. DTa BeIM4rHa SIBISETCS
ONTUMAJIbHOU. [[71 MeXaHU3MPOBAaHHOM IMOCAJKHA BO3MOXEH €€ aJalTHPOBaHHBII
BapHaHT — J]O HayaJla OXBOCHHOM YaCTH CesHIA.

Pesynbrars! ncciie1oBaHn, TPOBEACHHBIX HA ONBITHBIX 00bEeKTax PocTOBCKOI
o0nacTy, ¥ PEeKOMEHIyeMble Ha X OCHOBE NpaBUja MOCAAKH PACTEHUH IpHU co3la-
HUH JIECHBIX KYJBTYP COCHBI KPBIMCKOH MOTYT OBbITh UCIIOJIb30BaHbl M B APYTHX JIEC-
HUYECTBAX CTEITHOW 30HBI C AHAJIOTHYHBIMH JIECOPACTUTENbHBIMH YCIOBUSIMH.
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Annomayusn. CocHa oObikHOBeHHAs (Pinus sylvestris L.) sSBISETCS NMEPCIEKTHBHBIM UHTPO-
JILIEHTOM, KOTOPBIi MOKET OBITh MCIIONB30BaH Ul BOCCTAHOBIICHHUS JIECHBIX HACXKICHHUH B
1okHOM vactu IIpumopckoro kpast. [laHHast ApeBecHast Moposia UMEET BOAOPETyNIUpyolee U
rOpHOYKpenuTenbHoe 3HaueHue. [1Iupoko nmpumensiercs B HapogHoM XossiiictBe. OnHako pyo-
Ka Jieca MPUBOJUT K COKPAICHHIO IUIOMIAAN ee pou3pactanus. OIUH U3 CrIoco00B YCKOPEH-
HOTO BOCCT@HOBJICHUSI COCHBI OOBIKHOBEHHOH — HCIOJIb30BaHUE CTUMYJISATOPOB pocra. Llensb
HacTosmIel paboThl — MCClleJOBaHNE BO3JICHCTBUS TperapaToB HatypaibHoro (L{upkon, Jko-
nH, PubaB-Dxcerpa), a Takke cuHrernueckoro (Kpesanms, DmuH-DKCTpa) MPOUCXOKICHUS
Ha TPYHTOBYIO BCXO)KECTh CEMSIH U OMOMETpHYECKUE MoKa3are |—2-JeTHUX CESHIIEB COCHBI
OOBIKHOBEHHOM: BBICOTY, IMAMETP KOPHEBOH IICHKH, JUTMHY MOYKH KOpHs 1 6nomaccy. [lepen
MOCEBOM CeMeHa B Teuenue | 4. 3amaunsanu B pacteope KMnO, (0,5 %), a 3arem B pacTBo-
pax CTHMYISITOPOB POCTA, KOHIICHTPAIs KOTOPbIX cocTaBmsiia 1-4-1072 mu/n, B Tedenue 20 .
B KauecTBe KOHTpOISI CIIy)KWJIM CEMEHa, He 00paboTaHHbIe cTUMy/sitopamu. Ha 15-if neHb
OITpeIeIIsUTH TPYHTOBYIO BCXOXKECTh. B paMKax TOro e OnbITa BhISBISUTN A()()EKTUBHOCTH CTH-
MYJISTOPOB MU KOPHEBOH mojkopMke 1-2-neTHux cesiHieB. Konnenrpanuu pactsopos — 0,2
n 0,1 mu/n Bogpl. [{nist cpaBHEHMsI MCTIONB30BAIN CESHIIBI, TIOJIKOPMKA KOTOPBIX HE OCYIECT-
BIISLJIACh. YCTAQHOBJICHO, YTO 3HAYMTEIILHBIN 3((PEKT Ha TPYHTOBYIO BCXOXKECTh CEMSIH OKa3alIH
npernaparsl Kpesarmn, Pudas-Okcrpa n DxonuH — BexoxkecTs 92,7-94,0 %. [Ipesblmienue mo
OTHOIICHUIO K KOHTpoto — 5,7-7,2 %. [lpu BbIpamuBaHum CEsiHIIEB COCHBI OOBIKHOBEHHOM
HanOonee rddexTrBHBI cTUMYISITOPBI pocTa Kpesanwmu, Pubas-Okcrpa, [{upkoH u DKomuH.
B 1-#t ron pocta oTMeUYeHO yBenUUEHHUE TIOKa3aTeneil BICOTHI cesiHieB Ha 20,3—43.5 %, nua-
MeTpa y KOpHeBoil meliku — Ha 22,2-38,9 %, niauHbl MOukH KOpHS — Ha 23,5-52,9 %. Bo 2-i
TOJl POCTa 9TH MOKA3aTeIN MPEBLIIIAIN KOHTpob Ha 18,4-75,5; 2,9-11,8 u 15,0-36,1 % coot-
BETCTBEHHO. broMacca 2-1eTHUX CesHIIEB B ClIydae NMPUMEHEHUS! YKa3aHHBIX CTUMYJISTOPOB
YBEJIMYHUIIACh B CPABHEHUH C KOHTPOJIBHOM rpynmnoit Ha 63,7-185,2 %. Konuenrpaius pactBo-
pa 0,1 mn/n 6onee adpdexrrBHa. [IBylIeTHHE CESHIIBI COCHBI OOBIKHOBEHHOM, BBIPAIIICHHBIC C
MPUMEHEHHEM KOPHEBOH MOIIKOPMKH pacTBOPaMH € yKa3aHHBIMH BBIIIE TIpenapaTami, 1o Ouo-
METPHYECKUM TOKa3aTelsiM COOTBETCTBYIOT TpeboBanusM [Ipasun secoBoccranonenns 2020 .,
CYILIECTBEHHO IPEBHIIIAsi 0003HaUCHHBIE TaM 3HAYCHUS. JJaHHBIE CESHIIBI MO>KHO HCIOJIb30BATh
JUIS 3aKJIA/IKH JIECHBIX MACCUBOB U B 03€JICHCHUHU PallOHOB HACETIEHHBIX ITyHKTOB.

© Octrpourenko B.1O., Octporenxo JI.1O., 2023
Crarbsi oy0OIMKOBaHA B OTKPBITOM JIOCTYIIE M pacipocTpaHnsercs Ha ycnosusx muensun CC BY 4.0
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Abstract. Scots pine (Pinus sylvestris L.) is a potential introduced plant that can be used for
reforestation in the southern part of Primorsky Krai. This plant is valuable for water regulation
and mountain strengthening. It is widely used in the national economy. However, the growing
area of the stands reduces with logging. It is possible to speed up the regeneration process by
applying growth stimulants. The purpose of this study is to investigate the impact of natural
(Zircon, Ekopin, Ribav-Extra) and synthetic (Krezatzin, Epin-Extra) growth stimulants on
seed germination and biometric parameters of annual and biennial Scots pine seedlings
(height, root collar diameter, length of root lobes, and biomass). Before cultivation, the seeds
were soaked for 1 hour in a solution of KMnO, (0.5 %) followed by 20 hours in growth
stimulant solutions with concentrations 1.4-10~ ml/l. The control group was presented with
seeds without stimulant treatment. The soil germination was controlled on day 15. It was also
determined the effectiveness of the stimulants as root top dressing for annual and biennial
seedlings. The concentrations of the solutions were 0.2 and 0.1 ml/l with water as a solvent. The
referentce group was seedlings without fertilization. Krezatzin, Ribav-Extra, and Ecopin had
a significant impact on seed germination (92.7-94.0 %), exceeding the control group by 5.7—
7.2 %. Krezatzin, Ribav-Extra, Zircon and Ecopin were most effective for Scots pine seedlings.
In the first year of growth, seedling height increased by 20.3—43.5 %, root collar diameter by
22.2-38.9 %, root lobe length by 23.5-52.9 %. In the second year, these indicators exceeded
the control group by 18.4-75.5, 2.9-11.8 and 15.0-36.1 %, respectively. The biomass of
biennial seedlings increased by 63.7-185.2 % compared to the control group with the use
of these stimulants. The solution concentration of 0.1 ml/l was more effective. The biennial

This is an open access article distributed under the CC BY 4.0 license
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seedlings grown using the stimulants as root top dressing according to biometric indicators
meet the requirements of the Reforestation Regulations 2020, significantly exceeding the
values specified in them. These seedlings can be used for planting woodlands and landscaping
in populated areas.

Keywords: stimulants, root dressing, Krezatsin, Ribav-Extra, Zircon, Ecopin, Epin-Extra,
Scots pine, germination, seedlings, seedling care, seed pre-treatment

Acknowledgment: The research was carried out under the state assignment of the Ministry of
Science and Higher Education of the Russian Federation, theme No. 121031000120-9 «Study
and Monitoring of Terrestrial Biological Resources of the South of the Russian Far East».

For citation: Ostroshenko V.Yu., Ostroshenko L.Yu. Influence of Growth Stimulants on Seed
Germination and Seedlings Growth of Scots Pine (Pinus sylvestris L.). Lesnoy Zhurnal =
Russian Forestry Journal, 2023, no. 4, pp. 93—104. (In Russ.). https://doi.org/10.37482/0536-
1036-2023-4-93-104

Beeoenue

[Tpumopbe — ofiuH U3 HanboIIee KPYITHBIX JaTbHEBOCTOYHBIX pernoHOB Poccun.
Best Tepputopust kpast IpOTSHYJIACh BJIOJIb IOOEPExkbsi SIITOHCKOTO MOPsI, 4TO OKa3biBa-
€T CYIIECTBEHHOE BJIMSHUE HA KJIMMAT U PaCTUTEIbHOCTh. [Tocnennuii mpoBeieHHbIN
ydeT JIECHOTO (pOH/Ia TToKa3all, 4To 00IIast mIona s JecoB [IprMopckoro Kpast mpeBbI-
maet 10 000 ra 1 Goee MOIOBUHBI 3TOW TUIOIIAAN MTPUXOUTCS HA XBOWHBIC JIPEBEC-
HbIe oposbl (He Meree 5300 Toic. ra) [17]. Ha 3emisax (hoH/1a akTHBHO BBIPAIIIUBAIOTCS
npezacraBuTen poaa Pinecae: cocHa, nmuxTa, €lib M JIUCTBCHHUIIA.

JlambHEeBOCTOUYHBIE JIeca MPEUMYIIIECTBEHHO MTPON3PACTAIOT B TOPUCTOM MECTHO-
ct. B atux ycnoBusx (ropHblil peibed, KaMeHHCTasl [104YBa) MPU HAJTMUUK JIETKOpa-
HUMOH W CIIO)KHOBOCCTAHABJIMBAIOMICHCS AKOCHCTEMbI MMEHHO COCHAa OOBIKHOBEHHAS
3aCITy)KeHHO CUMTAETCS OIHOW M3 CaMbIX JIYHIIHX JIECHBIX ITOPOJ, CIIOCOOHOH 3aKpe-
MUTh OBPAry, MECUaHble CKJIOHBI, MOJIE3AIIUTHBIC U MPUAOPOKHBIE TONOCHL. B TO ke
BpeMsi JIDEBECUHA COCHBI OOBIKHOBEHHOW aKTHBHO MPUMEHSETCS IS Pa3JIMYHbIX Ha-
POIHO-XO3UCTBEHHBIX HYXKI, B CBSI3U C UM IOJIB3YETCSI CIIPOCOM U aKTUBHO BEIpyOa-
eTcsl. YUeHbIe NMPUIILTHA K BBIBOIY, UTO OMOIIOTHICCKHE U YKOJIOTHIECKHE 0COOCHHOCTH
COCHBI OOBIKHOBEHHOH 00YCIIaBITMBAIOT HEOOXOMUMOCTE €€ aKTUBHOM 3aIUTHI ¥ 4acTO-
TO TIPOBEJICHHST MEPOTIPHUSTHIA, TIETTHEO KOTOPBIX SBIISAETCS BOCIPOU3BOACTBO BuAa. OuH
CEMEHHOH rofi B COCHSKAX PErMOHa MOXET MPUXOIUTHCS Ha 3—4 HEypOoKaMHbBIX C€30HA
[10] u y ceMsiH P TaKOM JUTUTEIILHOM XPaHEHUH CHIKAIOTCS SHEPTUs IPOPACTAHUS U
BCXOXKECTh, MO3TOMY TpeOyeTcsi uX 00padoTKa pacTBOpaMK CTUMYJISITOPOB POCTA.

CTUMYIISATOPBI POCTA — 3TO BEIIECTBA, SBJISIOIINECS KaueCTBEHHBIMU MHTHOM-
TOpaMH WJIM aKTUBATOpaMH TPOIIECCOB POCTa W pa3BUTHS J000ro pacTeHus. OHU
MOTYT OBITh HATypaJbHBIMU (TIPUPOIHOTO TPOUCXOXKIEHUs, Harmpumep Llupkon),
00 UCKYCCTBEHHO CHHTEe3upoBaHHbIMU (Hanpumep Kpesarun). [lepBrie uccieno-
BaHUS CTUMYJIATOPOB POCTA, MPUMEHSIEMBIX B CEIHCKOM X034MCTBE, MPOJEMOHCTPU-
POBaJId BBICOKYHO 3(PPEKTUBHOCTh UX HCIOJb30BaHMsI. CeMeHa, MpeIBapUTEIbHO
00paboTaHHBIE TpemapaTaMy, OTIMYAIOTCS XOPOIIMMHU ITOKa3aTesiMU jJaboparop-
HOW ¥ TPYHTOBOH BCXOXKeCTH. PoCT cestHIIeB, 715 MOJKOPMKH KOTOPBIX TPUMEHSIIIHCH
CTUMYIIATOPBI, CTAHOBUTCS O0Jiee akTUBHBIM. KpoMe TOro, MOBBIIIASTCSI KX COXPaH-
HOCTh [2, 3, 5-8, 11-19].

Haubonee pacnpocTpaHeHHbIE B Cepe CEITBCKOrO XO3SHCTBA CTHUMYJISTOPHI
MIePEUNCIICHBI HUXKE.
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Kpesayun — cuHTETHYECKUI UMMYHOCTHUMYJISITOP, KAUECTBEHHO XapaKTepU3y-
eTCsl IMUPOKUM CIIEKTPOM OHOJIOTHYECKOW aKTUBHOCTH, JIETKO PacTBOPSIETCS B BOJIE
WJTU CIIUPTE, COBEPIIICHHO HE pacTBopsieTcs B adupe [9].

Pubas-Oxcmpa — npomyKT, BeIpadaThIBa€Mblii MUKOPU3HBIMH TPUOaMH, BBIJIE-
JICHHBIMU U3 KOPHEH KEHBIICHsI TIOCPEICTBOM NMPUMEHEHHUSI OMOTEXHOJIOTHI, HMEeT
B CBOEM COCTaBE YHHKAIIbHBIM HATypalIbHBIH KOMILUIEKC (AMHUHOKHCIOTHI + (UTO-
TOPMOHBI + BUTaMHUHBI), 1a)kKe MUHUMAaJIbHBIE JI03bI MTpenapara CrioCOOHBI aKTUBU3H-
pOBaTh BCE MPOLIECCHI )KUZHEIEITENILHOCTH y pacTeHUM. JlelCTBYOINM BEIECTBOM
srssercst 0,00125 r/n L-ananuaa u 0,00196 1/ L-miryTaMuHOBOM KUCTOTHI [9].

L{upxox — CTUMYASTOP, KOTOPBINA MOTYYAIOT IIOCPEICTBOM 00PaOOTKH BBITSIK-
KM U3 [[BETKa DXHWHAIIEH ypPIyPHOH, UMEET B COCTaBe KOMILIEKCHBIE 3(pUpBI HA OC-
HOBE PacTBOPSIEMBIX B CIUPTE THAPOKCUKOPUUHBIX KUCIOT (Ko(eHHOH, UKOPUEBOH,
XJIOPOT€HOBOI1), ONMpEACISIOMMX NIyOMHHOE BIHMSIHUE Tpernapara Ha MeTaOoiIu3M
KJIETKH U YYaCTBYIOIIUX B ONPE/IEIICHUH TOPMOHAIILHOTO CTaTyca U YH3MMaTHYECKO-
ro npoduis [4].

Okonun — TIpenapar, coCcTosImui u3 6,2 T/KT MOIu-0eTa-THAPOKCUMACIISTHON
KHCIIOTHI B COYETAHUH C TEPIICHOBBIMH KHCIOTaMU U HAOOPOM 3JIEMEHTOB IMUTAHUSI.
[Ipeacranser coboit mpoayKT OMOCHHTE3a MOYBEHHBIX OAKTEpUil ¢ HAYAIbHBIM Ha-
00poM NHUTaTEeIbHBIX 27eMeHTOB. O0agaeT anTucTpeccoBbiM 3dextom [9].

Onun-Oxempa — POILYKT aHAJOTMYHBIH pUpogHOMY (utoropmony. Ero neii-
CTBYIOIIIEE BEIIECTBO SMUOPACCUHOIN]] AKTUBU3UPYET OMOIIOTHYECKUE TTPOIIECCH B
pacTeHusnx, YPpPEKTUBHO CTIIAKUBAsT MOCICICTBUS OOJIE3HEH, CTAPOCTH WU CTPEC-
COBBIX cuTyauui [9].

Ha3zBannble npenapatsl 00Ja1al0T MaJIOH TOKCHYHOCTBIO U TIOJIHOCTBIO 0e30-
MACHBI JIJIsI YeJIOBEKa, Pa3IMYHbBIX TETNIOKPOBHBIX )KUBOTHBIX, HEKOTOPBIX HACEKOMBIX
1 pbI0. JIMIIeHBI MyTareHHOTO BO3JICHCTBUSI, CIIOCOOCTBYIOT CHIDKEHHUIO B PACTCHUSIX
KOJIMYECTBA COJIEH M TSKENBIX METAJIOB, TIOBBIMAIOT COMPOTUBIIEMOCTh PACTEHHI
3aMOPO3KaM, 3aCyXe MM M30BITOYHOMY YBIQXKHEHHUIO. [[0JTHOCTRIO pacTBOPSIOTCS B
Bozie 0e3 ocajka, He HAKAIJIMBAIOTCS B MTOYBE, HE 3arPSA3HSAIOT MOBEPXHOCTHBIX HJIH
IPYHTOBBIX BOJI, HE(PUTOTOKCHYHBI. AOCOIIOTHO OE3BPEIHBI C 3KOJIOTMYECKOH TOUKH
3peHus. PekoMeH10BaHbI JUIsl IPEAIIOCEBHOU, KOPHEBON U BHEKOPHEBOU ITOJJIKOPMKH.
Bce npenaparsl 3aHeceHbI B CIIMCOK MECTHIIUIOB U arPOXHUMHUKATOB, Pa3pPELICHHBIX K
MIpUMEHEHUI0 Ha Tepputopun PO [9].

Ienp uccnenoBanus — U3y4eHHE BO3ACHCTBUS KOPHEBOU OAKOPMKH IEPEUHC-
JICHHBIMU CTHMYJISITOPAMH Ha TPYHTOBYIO BCXOXKECTh CEMSIH, POCT CESHIIEB COCHBI
OOBIKHOBEHHOU M X OMOMETPUYECKHE TIOKA3aTEIH.

Obvexmbl 1 Memoovl UCCIe008AHUSA

OOBEKTOM HCCIEOBaHMS SBIAIOTCA |—2-TIETHHE CEeSHIBI COCHBI OOBIKHO-
BEHHOH, BbIpallleHHble B nuToMHuKe [opHoTaexxHol cranuuu um. B.JI. Komaposa
(pmman ®HILL buopasznoobpasus HazemHoU O6uoThl Boctounoit Azun JIBO PAH),
HaxoxsmeMcs B ¢. [opHo-TaexxHoe, B 25 KM K I0T0-BOCTOKY OT I. Yccypuiicka. Tep-
PHUTOPHS XapaKTepPHU3yeTCsl KaK TOPHO-JIECHOH Oypo3eM ¢ TIOA30JIMCTHIM CII0EM TpYH-
Ta. Penped cmaGoBOMHUCTHIN ¢ HEOOMBIIUM YKIOHOM. [IIMIIKn cOCHBI OOBIKHOBEH-
HOH cOOpaHbI OCEHBIO B JICCHOM MAacCHBE, BOJNW3HM TeppUTOpUH cTaHmuu. CeMeHa
W3BIIEUYEHBI U3 COOPAHHBIX IIHUIIEK, OYUIICHBI OT KPBUIATOK, 2 BECHOM MOCESHBI Ha
IPAAKY B muToMHUKE. [11011a1b 0JJHOTO BapHaHTa cocTaBmiIa 3,6 M2,
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[ToaroToBka k moceBy 3akirodaiach B ciemyromnieM. [1ouBy BckanbIBaiu Bpyd-
HYI0 U 00yCTpamMBalld TPsAKH ISl ToceBa ceMsiH. Bricota rpsim — 20 cM OT ypoBHs
MoYBHI. Pacrono)keHre MoCceBHBIX CTPOK — MonepeyHoe. PaccTosiane Mex 1y IeHTpamMu
cTpok — 20 cM, MeX Iy BapuaHTaMu orbIToB — 40 cM. CemeHa B TeueHue 1 9. 3amaqn-
Bayu B pactBope KMnO, (0,5 %), a 3arem B Tedenue 20 4. MX OTHOBPEMEHHO BbIIED-
JKHBAJIM B pacTBOpax 5 cTUMYIsATopoB pocTa: Kpesauun, Pubdas-Okcrpa, Llupkon, Jko-
nuH 1 DnuH-Dkerpa. KoHeHnTparys pactBopoB coctaBuia 1-4-107 miu/n. B kauectBe
KOHTPOJISL HCIIOJIB30BAJIM CEMEHa, He 00padOTaHHbBIE CTUMYIISITOPAMH POCTA.

CeMeHa JBak/bl BRICEBAIN B 3-KpaTHOM MOBTOPHOCTH. B Ka)x10i MOBTOPHO-
ctu (moceBHO# cTpoke) — mo 100 mT. cemsH. B omrom Bapuante — 600 mT. Beero, ¢
Y4ETOM NPOBEJECHUS NadbHENIIEH KOPHEBON MOJKOPMKH pacTBOpaMH IPENnaparoB B
konneHnTpanuu 0,2 n 0,1 mi/n, Beicesun 3300 wt. cemsn: mo 600 wt. ceMsH, oOpa-
0OTaHHBIX KaXIbIM CTUMYJIATOpOM, U 300 mT. ceMsH KoHTpois. [TyOuHa 3a1enku
ceMsiH coctaBmia 1,5 cm. Ha 15-i geHp onpenensiyiv TpyHTOBYIO BCXOXKECTh CEMSIH.

B pamkax Tex e OnbITOB BBIBISUIA d(Q(EKTHBHOCTh CTUMYISITOPOB POCTA
IIPY KOPHEBOH MOIKOPMKE CESHIIEB IT0 BCEM BapHaHTaM, 38 HCKIIFOUEHUEM KOHTPOJIS.
C MOMeHTa NOSIBIICHHS BCXOJI0OB 1 HayaJla uX pocTa, a 3aTeM uepe3 2 HeAe It (B HIOHE)
1 Ha 2-i ToJ] pocTa OAUH pa3, [0 BeuepaM, €CIM HE MPOTHO3UPOBAIHU IOk b, IPO-
BOJIMJIA TTOJIKOPMKY ITOJITOTOBJIEHHBIMU PacTBOPAaMHU IMPENapaTroB KOHIEHTPAIUSIMU
0,2 u 0,1 mut/n Bozsl (110 300 IIT. CESIHIIEB HA KaXK[yHO KOHIICHTPALIMIO pacTBOpPa).

Ha mpotspxennn 2 JeT 3a CesHIIaMU MTPOBOAMIIN MTOCTOSIHHBIN yxo. Tiarens-
HO TIPOMNAJIBIBATIN COPHAKU M Pa3phIXJIIN MOYBY MEXKIY ITOCEBHBIMH CTPOKAMU: B
1-i1 rog pocTa 3Ta nmpoueaypa OCyLeCTBIsUIaCh ABaXbl, BO 2-i ros — oiuH pa3. Bece
CestHIIbI perynsapHo nonusanu. [locne Beretanuu ot KaKA0ro U3 BapuaHTOB OTOMpa-
JIY CIy4aiHbIM 00pa3oM 1o 25 cesHIleB. JIuHelkol ¢ TouHOCTHIO 10 0,1 MM y HUX
M3MEpSUTN BBICOTY CTBOJIMKOB. 3aT€M PAaCCUMTHIBAIHN CPEITHUE BETUUYHUHBI.

[To 3aBepuieHNH BeTeTAIMOHHON CTAIMH OT KaKJI0TO U3 BapUAHTOB MCCIIEI0-
BaHMs 0TOMpAH 110 3 cesHIa cpeJHel BhICOTHI. VX KOpHH TIIATEIbHO OTMBIBAJIHN OT
cyOcTpara, IpOTHUPAIN CyXOH XJI0M4aToOyMa)kKHOW TKaHBIO U MOJACYIINBAIHU B 3aTe-
HEHHOM nomeleHuu. [locie npocyniku TMHEHKON 3aMepsiIn JUIMHY MOUYKH KOPHS,
a MITaHTeHIMPKYJIeM ¢ TouHOCTho 10 0,1 MM — auametp ero meliku. [lanee kopHe-
BYIO YacTh CESIHIIEB OTACIISUTN OT HaA3EMHOM YacTH (CTBOJIMK, XBOsI, 0OKOBBIE IT00ETH
BETBJICHNS), BBICYIINBAINA KKIYI0 M3 3THX JABYX YacTe M B3BEIIMBAJIN Ha Becax
BJIKT-500 ¢ Tounocteio 1o 0,01 .

CratucTHUeCcKUil aHaJIN3 TI0Ka3aTeslel TPyHTOBONW BCXOXKECTH CEMSH U BBICO-
THI CEsIHLIEB MpoBeaeH B mporpamMme Microsoft Excel 2007. Mtoru cpaBHUBamM 1o
BapHaHTaM MPOBEIEHHOI0 HCCIIEI0BaHMs U C KOHTPOJIbHBIMU MOKa3zarensaMu. Cyte-
CTBEHHOCTb Pa3JIM4Mi ONPEeIIsuIn yTeM IPUMEHEHHS JOPMYITBI pacueTa pa3induii
MEXJy IByMsI CPEHIMH MOKa3aTessIMH U AUCTIEPCHOHHOTO aHanu3a [1].

Pesynomamul uccneoosanus u ux obcysxicoenue

Htoru meteonabmonennii Ha 00bEeKTe UCCIeIOBAHUI MPOAEMOHCTPUPOBAIIH,
YTO TIOTOJIHBIE YCIIOBHSI B MIEPUO OCYIIECTBIICHHUS ONBITOB OBUIM B MpeeiaX cpef-
HEMHOT'OJIETHUX IOKa3aTelIeH.

[IpenmoceBHass 00pabOTKa CEMSH COCHBI OOBIKHOBEHHOW CTUMYJISTOpAMHU
pocTa TOBBICHIIA UX TPYHTOBYIO BCXOXKecTh (Tabum. 1). OHa Haxomusach B Ipeenax
91,0-94,0 %. IlpeBbiieHne O OTHOLIEHUIO K KOHTpouto — 3,8—7,2 %. Haubonee
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MOJIOKUTENbHBIN A dekT okazanu npenaparsl Kpesanun, Pudas-Okcrpa 1 DkoruH.
OTmeueHa CyIEeCTBEHHOCTh Pa3INunii ¢ KOHTPOJIBHBIMU MOKazaTensimu t > 3. Ilpu
00paboTKe CeMSH CTUMYJISITOPOM DNUH-DKCTpa HAOIOIANICS MHTHOUPYIOMIHH (-
(bexT: TpyHTOBasI BCXOXKECTh ObLTAa HIDKE, 4eM B KOHTpone Ha 5,7 %. Jlucnepcrnon-
HBIM aHAJM30M ObLIa YCTAHOBJICHA JIOCTOBEPHOCTD TIOYUYCHHBIX 3HAYCHUI.
Tabnuna 1

BiusiHMe CTHMYJISITOPOB POCTa KOHUeHTpalueii pactBopos 1-4-10° ma/a
HA TPYHTOBYIO BCXOKECTh CEMSIH COCHbI 00BIKHOBCHHOM
The influence of growth stimulants with solution concentrations
of 1.4-10 ml/l on soil germination of Scots pine seeds

B Bexoxects, % CyIeCcTBEHHOCTh
apl/IaHT OIlbITa o
M+m K KOHTPOJIIO pasnnuni, t
Konrtposnb 87,7+1,5 - -
Kpesaun 94,0+0,6 +7,2 39>3
PubaB-Dkcrpa 93,6+0,3 +6,7 42>3
Hupxon 91,0+0,6 +3,8 1,5<3
DKOIUH 92,7+0,6 +5,7 3,1>3
82,7+0,3 -5,7 -3,3<3
DnuH-DKCTpa —JF_ 12,6662 > 7.71

[o3utnBHBIN 2P PeKT KOPHEBOH MOJKOPMKHU C TPUMEHEHUEM IMPENapaToB OT-
MeueH yike B 1-i roy BeipamuBanus (Taom. 2).

Tabnuna 2
Biusinue KOpHeBOii NOAKOPMKHU CTUMYJISTOPAMHU Ha POCT
1-1eTHHUX CesHIEeB COCHbI 00LIKHOBEHHOM
The influence of root dressing with stimulants on the growth
of annual seedlings of Scots pine
Juamerp meiiku JlmmHA MOYKH
Crumynsrop Bricora Cyme- KopHst KopHst
KOHII)IZETTZaHHﬂ Mem o CTBEHHOCTh .
] POLCHT | a3 mpramid, t | mm POUCHT oM TPOHEHT
pacTBopa, MJI/J1 cM K KOHTPOJIIO K KOHTPOJIIO K KOHTPOJTIO
Kontponb 6,9+0,2 — — 1,8 - 6,8 —
Kpezamun
0,2 8,7+0,2 +26,1 6,4>3 | 2,2 +22,2 9,8 +44,1
0,1 9,5+0,4 +37,7 5,823 | 2,4 +33,3 10,1 +48,5
PubaB-Okcrpa
0,2 8,5+0,4 +23,2 3,623 | 24 +33,3 8,4 +23,5
0,1 9,8+0,2 +42,0 104>3 | 2,5 +38,9 9,7 +42,6
upkox
0,2 9,3+0,2 +34,8 86>3 |24 +33,3 9,4 +38,2
0,1 9,9+0,3 +43,5 83>3 | 2,5 +38,9 10,4 +52,9
OKxormH
0,2 8,3+0,1 +20,3 6,4>3 |23 +27,8 8,6 +26,5
0,1 9,2+0,2 +33,3 82>3 |24 +33,3 10,3 +51,5
OnuH-DKCTpa
0,2 7,6+0,2 +10,1 2,5<3 |20 +11,1 8,1 +19,1
0,1 8,0+0,5 +15,9 2,0<3 | 21 +16,7 9,2 +35,3
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Ha npupoct 1-neTHUX cesHIeB Mo BBICOTE HAUOOIBIIEE BIUSIHUE OKa3ana ux
2-KpaTHasg TIOAKOPMKa pacTBOpaMH CTHMYJsATOpoB pocta Kpesamwn, [{upxon, Pu-
0aB-DOxctpa u JxoruH. Tak, MpU KOHIEHTpanuu pacTBopoB 0,2 MII/J MpeBHIIIICHHE
IO OTHOIIEHHIO K KOHTpOJTto coctaBmio 20,3-34,8 %, npu kortertparyu 0,1 mt/m—
33,3-43,5 %, cpenHss BEICOTa HaXoAmiIach B npeaenax §,3—9,3 cm. OtMmeueHa cyrie-
CTBEHHAs! pa3HULA ¢ KOHTposeM: t > 3. ComtacHO JaHHBIM JIUCIIEPCHOHHOTO aHAIN32
BIIMSIHME CTUMYIISITOPOB Ha YBEJIMYEHHE BBICOTHI JOCTOBEPHO HA 5%-M ypOBHE 3Ha-
yuMocTH (Tabu. 3). DnuH-DKCTpa oKazan MeHbIIHA 3(h(HeKT: OBLIO BBISBICHO MPEBHI-
LICHHUE 110 OTHOUICHHUIO K KOHTPOJILHOMY MOKa3aTeto UMb Ha 16 %.

Tabunuua 3

JlucrepcHOHHBIN aHAN3 BJIUSHAS CTHMYJISITOPOB POCTA HA BBICOTY
1-1eTHHX cesiHIIeB COCHBI 00BIKHOBEHHOI
Dispersion analysis of the effect of growth stimulants on the height
of annual seedlings of Scots pine

CpaBHUBaeMble df S MS F F

COBOKYITHOCTH crar radn
Mesxny rpynnamu 10 219,6360 21,9636 13,0415 4,28
BuyTtpu rpynn 276 464,8205 1,6841 - -
Ooee 286 684,4565 - - -

VYBenn4yeHue npupocTa auaMeTpa ek KOpHs ObII0 BBI3BAaHO MPUMEHEHHEM
BCEX CTUMYIATOPOB. Tak, MpH HUCMOIB30BAaHUU CTUMYIATOpa Kpesanun mnpessiiie-
HHUE KOHTPOJIbHOW OTMETKHM B 3aBUCHMOCTH OT KOHLEHTPAaLUU HAXOIWIOCh B IIpe-
nenax 22,2-33,3 %; npu UCIoiIb30BaHUK cTUMYIATOpoB Llnpkon, Pubas-Okcrpa —
33,3—-38.9 %, Oxonun — 27,8-33,3 %. [Ipu kOpHEBOH TOAKOPMKE PaCTBOPAMH C Ipe-
naparoM OnHH-DKCTpa npesbimienne cocrasmwio 11,1-16,7 %. Ilpuuem daktuue-
CKUI [raMeTp ObLT MPaKTUYECKH OIMHAKOBBIM IpH KoHIeHTparusix 0,2 u 0,1 mi/m —
COOTBETCTBEHHO /10 2,4 1 2,5 MM.

HauOonpmast yinHAa MOYKHM KOPHS OTMEYEHAa IpU NPUMEHEHHM Mpernapa-
ToB PubaB-Oxcrpa, Kpesamun, Dxonue u Lupkon. CpenHss BeTUYWHA COCTABHIIA
8,4-9,8 cm 1u1a koHUEeHTpauuu pactBopa 0,2 M1/ (moKas3aresib NPEeBbICHI KOHTPOJIb
Ha 19,1441 %) u 9,7-10,4 cm it koHnenTpanuu 0,1 /i (IPEBBIIICHUE 110 OT-
HOIICHUIO K KOHTPOTO — 35,3-52,9 %). [Ipu npumMeHnenuu npemnapara SMUH-IKCTPa
JUTMHA MOYKH KOpHS cocTaBuia 8,1-9,2 cm.

CymiecTBeHHOE pa3BUTHE |-I€THUX CESHLEB, BEI3BAHHOE KOPHEBOH MOJKOPM-
KOW CTUMYJISITOPAaMH POCTa, XapaKTEPU30BaJIO HOCIECAYIOMNN POCT 2-JETHUX CEesH-
ueB (Tabi. 4).

HcnonpzoBanue pactBopa koHueHtpauueil 0,1 ma/n cnocobcTBoBao Gomnee
CYIIIECTBEHHOMY POCTY CESHIEB 10 CPABHEHUIO C PUMEHEHHEM pacTBOpa KOHIIEH-
tpanueit 0,2 mu/n. Tak, npu koHueHTparmu 0,2 MI/J CesHIIBI TPEBBICUIN KOHTPOJIb
mo BeicoTe Ha 17,0-31,3 %, BeIcoTa cocraBmina 17,2-19,3 cm. Ilpu koHIEHTpannu
pactBopa 0,1 M/ — Ha 19,0-75,5 %, nipu cpenneii Beicote 17,5-25,8 cm. Pazmuuus
C KOHTpOJIeM J1ocToBepHbI: t > 3. Ctumyssitopsl Kpesanun, Pubdas-Okerpa, Lupkon
u DxonuH Haubonee 3pdexkTuBHbI. C TOMOIIBIO AUCTIEPCHOHHOTO aHaIM3a J0Ka3aHa
JIOCTOBEPHOCTD BIIMSHUS CTUMYJISITOPOB Ha BBICOTY cestHIEeB (Talr. 5).
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BiansiHue KOpPHEBOii MOAKOPMKH CTUMYJISATOPAMH HA POCT

2-JIETHUX CesTHIEB COCHBI 00LIKHOBEHHO
The influence of root top dressing with stimulants on the growth
of biennial seedlings of Scots pine

Tab6uuna 4

_ Huamerp mieiiku JmuHa
CrumynsTop Bricora CCT};;IE_ KOpHSI MOYKH KOPHS

pocra — 0cTh
KOHlIeHTpalIl/I/ﬂ e — paglnnqnﬁ, TPOLEHT MpOLEHT
pactBopa, M/ | M+m,em | KOHTPOTIEO t MMk konrpomio | M| k konTporo
Kontpoinb 14,7+0,2 - - 3,4 - 13,3 -
Kpezauun
0,2 19,3+0,3 +31,3 12,8>3 | 3,5 +2.9 15,8 +18,8
0,1 25,8+0,5 +75,5 20,6>3 | 3,8 +11,8 169 +27,1
Pubas-Okcrpa
0,2 18,1+0,4 +23,1 7,6>3 | 3,5 +2.9 169 +27,1
0,1 21,2+0,5 +44,2 12,0=>3 | 3,7 +8,8 18,1 +36,1
Hupkon
0,2 19,2+0,6 +30,6 7,1>3 | 3,6 +5,9 17,1 +28,6
0,1 24,3+0,5 +65,3 17,8>3 | 3,7 +8,8 17,5 +31,6
DKonuH
0,2 17,440,3 +18.,4 , 3,5 +2.,9 15,3 +15,0
0,1 20,5+0,8 +39,5 1> 3,6 +5,9 17,7 +33,1
OnuH-JKeTpa
0,2 17,2+0,3 +17,0 6,9 > 3,5 +2.9 148 +11,3
0,1 17,5+0,3 +19,0 7,8 > 3,6 +5,9 16,1 +21,1

Tabnuma 5
JMcnepcHOHHBII aHAIN3 BJAUAHUS CTUMYJISITOPOB POCTA HA BBICOTY
2-JIeTHUX CesIHIEeB COCHbI 00bIKHOBEHHOM
Dispersion analysis of the effect of growth stimulants on the height
of biennial seedlings of Scots pine

CpaBHHBaeMBbIe daf S MS F

COBOKYITHOCTH crar Tabi
Mexny rpynnaMmu 10 2743,4877 274,3488 19,5246 428
BuyTtpu rpynn 276 3878,2036 14,0515 - -
Obuiee 286 6621,6913 - - -

Ha yBennyenune nuamerpa KOPHEBOH HICWKH IMOJIOKUTEILHO MOBIHSIIA TIOA-
KOpPMKa BCEMH CTHUMYJISITOpAMH POCTa MpH KOHIEHTpanuu pactBopa 0,1 mu/a (mpe-
BBIIIICHUE KOHTPOJIBHON OTMETKHY Ha 5,9—-11,8 %), mnaMeTp B 3TOM CIIydae COCTaBIII
3,6-3,8 mMm. Menee sddextuBHa KoHIIEHTparws 0,2 MII/JI: IPEBBINICHAE 110 CpaBHE-
HHUIO ¢ KOHTPOJIEM HaxoAWJIoCh B npenenax 2,9-5,9 %, cpenHue nokasarein cocTa-
BUJH 3,5-3,6 MM.
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Haubonee no3utuBHbIi 3 ekt HA TPUPOCT JAITUHBI MOYKU KOPHSI ObLT OKa-
3aH cTUMYyJsITopaMu pocta Pubas-Oxcrpa m LupkoH (ipy 06enx KOHIEHTPAIUIX
pacTBopoB), a Taxxke DxoruH (npu koHHeHTpanuu 0,1 mi/m). [IpeBsimienne o or-
HOILIEHUIO K KOHTPOJIBHBIM MOKa3aTesaM JISKUT B npenenax 27,1-36,1 %, cpennue
IoKas3aTeiu coctaBmim 16,9—18,1 cM.

[IpuMeHeHHBIE B OIBITAX CTUMYJISITOPHI POCTa OKa3aJld MOJIOKUTEIFHOE BO3-
JICHCTBUE HA YBEIIMUYCHHE OMOMACCHI CEsHIICB. Tak, Mpu WX KOPHEBOM MOJKOPMKE CTHU-
MyssITopoM KpesanuH mpeBbIllieHre 10 CPABHEHUIO C KOHTPOJIHHBIMU BEITHIHMHAMU
cocraBmio 108,9-136,3 %, npenaparamu Pubdas-Okcrpa, Lupkon, Dxonua — 124,4—
162,2; 63,7-108,1 u 131,9—-185,2 % coOTBETCTBEHHO. DMUH-IDKCTPa OKA3aJICs MEHEE
3¢ peKTUBEH, TIOKA3aTe M PEBLICKUIIN KOHTPOJIB Jiniib Ha 30,4—46,7 % (Tabi. 6).

Tabnuma 6

Bo3eiicTBHE pacTBOPOB CTHMYJISITOPOB POCTA Pa3HOil KOHIEHTPAaNUU Ha Guomaccy

2-JIeTHUX CesITHIEB COCHBI 00BIKHOBEHHOI1

Impact of growth stimulant solutions of various concentrations on biomass
of biennial seedlings of Scots pine

Crumymsarop

Macca cesHIa B BO3AYIIHO-CYXOM COCTOAHUH, I'

OOKOBEIE

HUTOro

KOpHEBas oOmrast
CTBOJIMK mobderu XBOs Haa3EeMHas
BCTBJICHHUA 4acTh cuerema macea
Kontponb 0,41 0,01 0,52 0,94 0,41 1,35
Konyenmpayus pacmsopa 0,2 mn/n
0,82 0,02 0,78 1,62 1,20 2,82
Kpezamun
+100,0 +100,0 +50,0 +72,3 +192,7 +108,9
0,91 0,02 0,81 1,74 1,29 3,03
PubaB-Dkcrpa
+122,2 +100,0 +55,8 +85,1 +214,6 +124,4
0,73 - 0,71 1,44 0,77 2,21
Iupkon
+78,0 - +36,5 +53,2 +87,8 +63,7
0,96 0,02 0,87 1,85 1,28 3,13
DKomuH
+134,1 +100,0 +67,3 +96,8 212,2 +131,9
0,61 - 0,63 1,24 0,52 1,76
OnuH-JKeTpa
+48.,8 - +21,2 +31,9 +26,8 +30,4
Konyenmpayus pacmeopa 0,1 mn/n
1,19 0,02 1,39 2,58 0,61 3,19
Kpeszanun
+190,2 +100,0 +167,3 +174,5 +48,8 +136,3
Puban 1,31 0,02 1,58 2,91 0,63 3,54
n6aB-OKcTpa
P +219,5 +100,0 +203,8 +209,6 +53,7 +162,2
0,94 0,01 1,32 2,27 0,54 2,81
Hupkox
+129,3 - +153,8 +141,5 +31,7 +108,1
1,42 0,02 1,72 3,16 0,69 3,85
DKONMH
+246,3 +100,0 +230,8 +236,2 +68,3 +185,2
0,72 — 0,68 1,40 0,58 1,98
OnuH-DKCTpa
+75,6 - +30,8 +48,9 +41,5 +46,7

HpI/IMe‘IaHI/ICZ B HmkHel sueiike MMPUBCACH NPOUCHT MO OTHOICHUIO K KOHTPOJIIO.
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Raxnouenue

[IpoBeneHHble Hccaen0BaHNUS IPOAEMOHCTPUPOBAIN IPPEKTUBHOCTL CTUMY-
nsaTopoB pocta L{npkon, OxormH, Pubas-Okctpa, Kpeszannn n DnuH-DKCTpa 11 BBI-
paluBaHus CESIHLEB COCHBI OOBIKHOBEHHOM mpH KoHueHTpauuu 0,1 mui/i, omHako
npenapar JnuH-DKCTpa okazaics MeHee ()(EeKTHBHBIM 10 CPABHEHHIO C JPYTUMHU
npenaparaMd. OTMEUEHO MOBBIIIEHHE TPYHTOBOM BCXOXKECTH, a TaKXKe CyIleCTBEH-
Has aKTUBAIMs POCTA CESHIICB IO OOJBIIMHCTBY OMOMETPHUYCCKUX ITOKA3aTelieH.
JIByneTHHE CesIHIIbI, BHIPAIMBACMbIE C IPUMEHEHUEM KOPHEBOH IMMOJKOPMKHU YKa3aH-
HBIMH CTHMYJISITOPAMH, HE TOJIBKO COOTBETCTBYIOT IIOKA3aTeJsIM, MPOIHCAHHBIM B
neiictBytomux IIpaBunax necoBoccranoBinenus (npuka3 Munnpupoast Poccun ot
04 nexadpsa 2020 . Ne 1014 «O6 yrBepkaenuu [IpaBun necoBocCTaHOBICHHS, CO-
CTaBa IPOEKTA JIECOBOCCTAHOBIICHHUS, OPSIJIKA Pa3pabOTKU MPOEKTA JIECOBOCCTAHOB-
JICHUS] ¥ BHECEHHS B HETO U3MEHEHMI»), HO M MPEBBIIIAIOT UX 110 CPeIHEH BBICOTE
1 IHaMeTpy KOpHEBOH mieiku. TakuMm oOpa3om, BBRIpAICHHBIC ¢ MUCIOIL30BAHUEM
KOPHEBOM MOKOPMKH 2-JIETHUE CESIHIIbI COCHBI OOBIKHOBEHHON MOT'YT CIIy>KHUTb B Ka-
YeCTBE I10CAI0YHOr0 MaTepHralia Mpy 3aKJIaIKe JIECHBIX MACCHBOB U IIPH 03€JICHEHUH
HAaCEJIEHHBIX ITYHKTOB.
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Annomayus. 1lenp naHHON paObOTHI — CPABHUTEIBHBIN aHAIN3 U3MCHYMBOCTH JIMHCHHBIX U
paJuaNbHBIX IPUPOCTOB COCHBI OOBIKHOBEHHOM (Pinus sylvestris L). mobepexbs Kanmanak-
HICKOTO 3ainBa benoro Mopsi B 3aBUCUMOCTH OT YCJIOBHH IPOU3PACTAHUsI, a TAK)KE OLCHKA
OTKJTUKA 3TOTO BUJIa HA BO3ICHCTBUS TEMIIEPATYP U OCAJIKOB TEKYIIIECTO U MPEIBIAYIIECTO BEere-
TAIMOHHBIX CE30HOB. VICI0Ib30BaHbI CTAHIAPTHBIC CIIOCOOBI H3MEPCHUIT U aHAJIN3A JTAHHBIX.
B kadecTBe mokaszareisi OTKJIMKA JPEBOCTOCB Ha BO3ICHCTBUS (DAKTOPOB Cpellbl OOMTAHUS
CITy’)KWJia JMHAMHKA IPUPOCTOB B BBICOTY U 1O quameTpy. [IpoBeneHa cTaTucTiHyeckas OIcH-
Ka BapHaOEIbHOCTH MPUPOCTOB B 3aBUCUMOCTH OT THIIA MECTOOOUTAHUS, a TAKKE OIICHKA
CBsI3U OMOMETPUYECKHX MTOKa3aTeei JPEBOCTOCB C CyMMaMHK OCaIKOB M CPEIHUMH TeMIIepa-
Typamu. i psiIoB MHACKCOB JIMHCHHBIX MTPUPOCTOB BBISBICHBI 3HAYUMBIC OTIHYUS MEKIY
pa3IMYHBIME OMOTOMAMHU; JJIsl PaUalIbHBIX — HE BBISBICHBI. TakuM 00pa3om, MO psijam pa-
JTUANTBHBIX TIPUPOCTOB BO3MOXKHO MTPOBOMTE HAOIIOCHHUS 38 TUITMYHBIM TTOBEJICHUCM U3MCH-
YHBOCTH JICPEBHEB BHE 3aBUCUMOCTH OT TUIa OMOTOMNA. JTO 1aeT OCHOBAHHME K OCYIIECTBIIE-
HUIO JIOITOCPOYHOTO PETPOCIICKTUBHOTO aHalN3a B3aUMOOTHOIICHUN JPEBOCTOCB U CPEIbI
C MCIOJIb30BAaHUEM JIPEBECHO-KOJIBIIEBBIX XPOHOJIOTHH Oe3 ydeTa yCIOBHH MPOU3pacTaHusl.
[TonTBepskcHa POJTb OCAIKOB KaK JIUMUTHPYIOMIECTO (haKTOpa I PalualIbHBIX M JTHHCHHBIX
MPUPOCTOB B X0J¢ (peHO(a3bl pOcTa MEKIOY3IHIA U Pa3BUTHS PaHHEH TpeBecuHbl. JIMMUTH-
pyroliasi poiib TEMIIEpaTyp OOHapyKeHa sl paJHaIbHBIX IPUPOCTOB JIUIIb Ha dTanax (op-
MHUPOBaHHUS MMO3IHCH JIPEBECUHBI U HAKOIUICHUS PECYpPCOB JIJIsl POCTa B CICAYIOIICM BereTa-
IIUOHHOM Ce30HE. BBIsSBIICHA BBICOKAs! UyBCTBUTCIBHOCTh K BO3JICHCTBUSIM KIIMMATHYECKHUX
(aKTOpOB JIMHEWHBIX MPUPOCTOB, YTO OOYCIIABIMBAET MX OONBIIYI0 MHPOPMATHBHOCTH B
KaueCTBE KPUTEPHUsI OIICHKU COCTOSIHUS JICCHBIX IKOCUCTEM il KOpOoTKuX (10 30 Jiet) mepu-
onoB. OTHAKO 3TO, B CBOIO OYEPE.lb, TUKTYET HEBO3MOKHOCTh (DOPMUPOBAHUST MHOTOJICTHUX
PAOB, KaK ISl PaHalibHBIX IPUPOCTOB, UTO SIBJISICTCS CYIICCTBEHHBIM OTPAHUYCHUEM TPU
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UCIIONB30BAaHUY AaHHOTO MeToza. CleaHo 3aKI0YeHHEe O TOM, YTO BBIOOP METO/IOB aHAIU3a
T10 JINHEHHBIM WJIU IO paiaibHBIM IPUPOCTAM ONPEAEISIETCs LEeNIMHU ITAaHUPYEMOT0 HCCIle-
JIOBaHUSI — MOHUTOPHHTA JIECHBIX SKOCHCTEM B COBPEMEHHBIX YCIOBHUSIX U3MEHEHUS KIIMMara
WY IOATOCPOYHOTO MaAeOKINMAaTHYECKOTO aHAIN3A.
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Abstract. The purpose of this study is a comparative analysis of linear and radial increments
of Scots pine (Pinus sylvestris L.) as a response to the growing conditions on the coast of
the Kandalaksha Bay of the White Sea, as well as an evaluation of the temperature and
precipitation influences of the current and previous growing seasons. These were applied
to the conventional methods of measurement and data analysis. The dynamics of growth
in height and diameter were employed as indicators of the stands' response to habitant
conditions. A statistical analysis of the growth rates was performed, which vary depending
on habitat type, as well as an assessment of the connection between biometric indicators of
the stands and the amount of precipitation and mean temperature. The significant differences
in the series of linear increment increases were found as distinctions between biotopes, but
they were absent for the radial increment. Therefore, it is possible to monitor the typical
behavior of tree diversity independent of the biotope type using radial growth series. This
provides the foundation for a long-term retrospective analysis of environmental impact on the
stands by using the annual rings of the trees without taking growing conditions into account.
Precipitation was determined to be a limiting factor for radial and linear growth throughout
the phenophase of internodal growth and early wood formation. Temperature was identified
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as a limiting factor for radial development only during the stages of late wood formation
and resource accumulation for the following growing season. The high sensitivity of linear
increases to climatic conditions was revealed, which makes it useful as a criterion for assessing
the state of forest ecosystems over short time periods (up to 30 years). However, this, in turn,
dictates the impossibility of forming long-term linear increment series, as for radial growth,
which is a significant limitation of this method. The choice of linear or radial growth analysis
methods is concluded to be determined by the goals of the intended study, i.e., monitoring
forest ecosystems under current climate change conditions or long-term paleoclimate analysis.
Keywords: Scots pine, linear increment, radial increment, biotope, precipitation sum,
temperature, Kandalaksha Bay, the Republic of Karelia

For citation: Koukhta A .E., Maksimova O.V., Kuznetsova V.V. Influence of Climatic Fac-
tors on Scots Pine (Pinus sylvestris L.) Growth on the Coast of the Kandalaksha Bay of the
White Sea. Lesnoy Zhurnal = Russian Forestry Journal, 2023, no. 4, pp. 105-119. (In Russ.).
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Beeoenue

Pa3ButHe U NMPOAYKTUBHOCTH PACTUTENBHBIX COOOIIECTB HAMPSIMYIO 3aBHCAT
OT KIIMMaTH4YeCKUX (pakTopoB. [I0BBIIIEHHON yA3BUMOCTBIO B YCIOBUSX M3MEHEHHUS
KIIMMaTa XapaKTepu3yloTcsl apKTHYeCKhe (UTOICHO3bI. B mocneqHue aecsaThieTus
PETUCTPHUPYIOTCS pa3IMYHbIe KIMMAaTOTEHHBIE MPeo0pa3oBaHus OMOMOB TalTH U
TyHapsl [8, 10, 14, 24]. [lng ycrnenrHoro BbIABIEHHs TPEHOB U MPOTHO3UPOBAHUS
COCTOSIHMSI OOPEaIbHBIX JICCHBIX OMOTEOIIEHO30B HEOOXOAUMO UMETh HH(POPMALIUIO
0 TOM, KaKHe€ METEOPOJIOTHIECKUE (PAKTOPHI SBIISIOTCS JIMMUTHPYIOIIUMH JIJISI pOCTa
IpeBocToeB. Perienuro 3Toi 3a1a4i MOCBAIICH PsIJl OTEUECTBEHHBIX U 3apyOesKHBIX
pador [8, 19, 20, 27].

MeTonbl AEHIPOXPOHOJIOTHH C WCIOIB30BAHWEM PSIOB MHIEKCHPOBAHHBIX
KOJIBIIEBBIX IIPHUPOCTOB JEPEBHEB IIUPOKO NMPUMEHSIOT C IIEJbI0 M3YYEHHsS MHOTIO-
JIETHUX B3aUMOJICMCTBUN KJIMMara U JEeCHbIX d3kocucteM. [lonydaembie JaHHbBIE CO-
Jieprkar nH(OpMAITHIO 00 MHTETPUPOBAHHBIX OTKIMKAX APEBOCTOEB HA BO3IEHCTBUS
TEMIIepaTyp, 0CAAKOB U HHBIX ()aKTOPOB BHEIIHEH cpenbl. B wacTHOCTH, IeHIPOXPO-
HOJIOTHYECKHI METOJ PaclpoCTpaHeH NMPH MOCTPOCHUHU MAaJEOKIMMATHYECKUX pe-
KOHCTPYKIWH M HCCIIEIOBAHUAX COCTOSHUS dKOCUCTEM Tiponuioro [7, 22, 27]. B tom
YHCIIe U3BECTEH PSIIL ICHIPOXPOHOJIIOTHUECKUX UCCIe0BaHUM T ToOepexbs bemo-
ro mops [4, 5, 12].

B panee omyOnmkoBaHHBIX pabOTax MBI BBICKa3bIBAM MPEATOIOKEHUE, YTO
napameTpsl H3MEHUYMBOCTH PaAlaIbHOTO MPUPOCTa B OOpeanbHbIX OnoTonax (a 3Ha-
YHT, U OTKJIMK Ha BO3IEHCTBUE KIMMAaTHUYECKON CHCTEMBI) HE 3aBHCAT OT Xapakrepa
ycioBuii mponspactanus. [lomydaercs, 9To IEHAPOXPOHOIOTUIECKUE METOIIBI C HC-
MOJIb30BAHUEM KOJIBLEBBIX XPOHOIOT U TPUMEHUMBI 17151 OLEHOK IUTENbHBIX epU-
0JI0B BHE 3aBHCHMOCTH OT yCJIOBHH mpouspactanus [19, 20].

[Ipu nconp30BaHUM ASHIPOXPOHOIOTHIECKOTO METO/IA B KAYECTBE MCXOIHBIX
JIAHHBIX U1 aHAJIU3a MOTYT CIY>KUTh MPUPOCT B BBICOTY U MPUPOCT MO AUAMETPY.
Juis  Goree KOPOTKMX BPEMEHHBIX MepruooB (110 30 1eT) OleHKa OTKIIMKA JePEBbHEB
Ha BHEITHHE BO3ICHCTBHUS MPOU3BOAMUTCS 10 MPUPOCTaM B BhIcoTy [19, 25]. Tlouknu
BO300HOBIICHHS IPEBECHBIX TIOPOJI, U3 KOTOPBIX Pa3BUBAIOTCS MEXKI0Y3JIHsI, B IPOTH-
BOTIOJIOKHOCTH KaMOHI0, 00eCIIeurBaloieMy poCT JepeBa B IIUPUHY, PEICTABISIIOT
c0o00lf OCHOBHYIO MHIIICHb IIPECCHUHTA METeopojiorTnueckux ¢akropos [8, 19, 20].
JluHe#HbIM TIpUpOCcTaM CBOMCTBEHHA OOIbINAsl, YeM y palualbHbIX, 3aBUCHMOCTh
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OT BHEIIHHUX (aKTOpPOB, U, CIEIOBATEIbHO, PEaKIUU Ha (HAKTOPbI BHEIIHEH Cpelibl
Oosee oueBHIHBL. OrpaHUuEeHIEM METO/Ia ICHIPOXPOHOJIOTHH 110 JTHHEHHBIM PUPO-
CTaM B OTIIMYME OT aHAJIN3a 0 PATUAIBHBIM ABIISETCS KOPOTKHI MEPHO/I, B TEUCHHE
KOTOPOT'0 BO3MOXHO U3YUEHUE KJIMMATUIECKOro CurHana. JleHapoXxpoHOI0rndeCKUi
METO/l, HallPaBJICHHBIA HA aHAJIN3 IPUPOCTA TOANYHBIX KOJEL M MX Pa3JIMuHBIX Ma-
pameTpoB (paHHss, HO3IHAA APeBeCHHA, MaKCUMaIbHasl INIOTHOCTh, AaHATOMHYECKHUE
XapaKTEePUCTUKU U TMPOY.), IIUPOKO MUCHOIB3YETCs JJIs JEHIPOKINMATHYECKUX pe-
KoHCTpyKuui [11, 22, 27] n obnamaeT 6onbleii NPOTHKEHHOCTHIO BPEMEHHBIX PSJIOB
10 CPABHEHMIO C aHAJIM30M IO JIMHEeiiHOMY npupocty. [lostomy 06a MeTozna B coBo-
KyIHOCTH NPEJCTABIISIIOT HHTEPEC sl N3yUEeHUs KaK PErHOHAIBHOI0, TaK U JIOKAJIb-
HOT'O KJIMMaTUYeCKOro CUrHaja 3a pa3Hble BpeMEHHbIE HHTEpBabl [6, 19, 20].

Lens — npoaHanu3npoBaTh N3MEHYUBOCTh JTMHEWHBIX U PaJHalIbHBIX MIPHPO-
CTOB B 3aBHCHUMOCTH OT THIIa OMOTONA W BBIIBUTH NPUYMHBI CXOICTB/Pa3inIuid UX
JUHAMMKH, a TAKXKe ONPEAETUTh JUMUTHPYIOLINE POCT APEBOCTOEB KIMMAaTHUYECKHE
(bakTOpHI B pa3HBIX MECTOOONTAHNUAX HA TT0Oepexbe bemoro mops.

Obwvexmul u Memoobl UCCAE008AHUSL

HccnemoBanne MpoOBEACHO B TOCYIAPCTBEHHOM KOMIUIEKCHOM (JTaHIITa(THOM)
3aKa3HUKE perrHoHabHOro 3HaueHus «llomsapHeril kpyr», B Pecriyonuke Kapenus, Ha
nobepexbe Kanmanakmickoro 3ainusa benoro mops (66°32' ¢. mr. 33°11' B. x1.). Teppu-
Topus pacnoyiokeHa B Konbcko-ITewopckoii noanposuniuu EBpoasuarckoi TacxkHON
obnacty, B CeBepoeBpONECHCKOM (PIOPUCTHUECKON TPOBUHINH, Ha CTBHIKE 3 (IIOpUCTH-
4YecKux paiioHoB — MiManposckoro, Bapsyrckoro u Tonosepckoro. [Ipeobagaronum
THTIOM PACTUTEILHOCTH SIBJIIOTCS ceBepoTaekHbie Jieca [10]. Mypmanckast 061acTh
HaXOOUTCS B ATIAaHTHKO-apKTUYECKOH KIMMaTHYeCKOl 001acT yMEPEHHOTO Tosica, B
30He n30bITOuHOTO yBiIaxHeHwus [ 1]. Cormacuo JI.C. Bepry [6], cpenooOpa3yrommmu
(hakTopamu B OOpealTbHBIX OMOTEOIIEH03aX SABJISIOTCS TYMHUIHBIN KITUMAT, a TAK)KE MHU-
Kpo- 1 Me3openbed MeCTHOCTH. Bricokuii ypoBeHb pazHO0Opasus JanamadToB o0y-
CIIABITBACT MO3AMYHOCTh MECTOOONUTAHUI 1 MHOTOOOpa3Ke YCIOBUI PONU3PACTaHHUSL.

B cootBerctBrm ¢ kiaccmdeckoit trmosnorueid B.H. Cykauera [13], BeImemeHbI
3 OCHOBHBIX THIIa MECTOOOMTaHMH (OMOTOMOB): BIayKHbIE, CBEKUE U CyXHe. Brnakubie
OMOTOIIBI TPECTABIISIOT cO00M cocHsku charnoBeie (Pineta sylvestris fruticuloso-
sphagnosa). J1ns cBeXX OMOTOIIOB OOBIYHBI COCHOBBIE ipeBocTou (Pineta fruticuloso-
hylocomiosa) ¢ mpumecsto enu eBponeiickoit (Picea abies (L.) H. Karst.), 6epessl nio-
Bucioi (Betula pendula Roth) u psiOuHbl 00bIKHOBEHHOM (Sorbus aucuparia Kom. ex
Gatsch). B cyxux Ouotormnax, Ha Tak Ha3bIBAEMBIX KHTOBBIX JI0aX — BBIXOJAX CKAIBHBIX
OPOJT — OOBIYHBI COCHSKU JIMINANHNUKOBBIE (Pineta sylvestris cladinosa) [13, 15].

Jisi aHanu3a OTKJIMKA JPEBOCTOECB COCHBI HAa M3MEHEHHS KIMMAaTHYeCKHX
rapaMeTpoB OBLTH HCIIONB30BAHBI PE3YIBTATHl U3MEPEHUH JIMHEHHBIX TPUPOCTOB
(T. €. TOIMYHBIX IPUPOCTOB MEXKJIOY3JIHI ) COCHBI OOBIKHOBEHHOU Pinus sylvestris L.,
1753 (xnacc Pinopsida, mopsinok Pinales, cemeiictBo Pinaceae) [10, 26].

W3mMepennst THHEHHBIX MPUPOCTOB MOAPOCTA, MOJOAHAKA U MPHUCIIEBAIONINX
nepeBbeB npoBoawiuch B 2007 1. mo MeToAuKe, npeacTaBieHHou B [8, 19]. [epeBbs
YKa3aHHBIX BO3PACTHBIX KJIACCOB B paccMaTpHBaeMbIX OOpealbHBIX (PUTOLEHO3aX
HE MPEBBIIAIOT 2 M B BBICOTY. TOUHOCTh U3MEPEHUI ONpeAeIIsIach UCIOIb3YEMbIM
CPEACTBOM M3MEPEHUH — MepHOHU pyseTkol. [IpoOHble miomaay, Kaxaas paanycom
1o 10 M, ObIIH 3aJI0’KEHBI MAPILIPYTHBIM METOIOM B CBEKUX (7 TPOOHBIX MJIOMIAZACH),
cyxux (8 mpoOHBIX IIOMACH) U BIAKHBIX (4 MPOOHBIX TJIOMIAIH ) MECTOOOUTAHUSIX
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(Bcero 19 mpoOHbIX Mnomaaeit). Ha xaxxmoit mpoOHOH uomaan cay4aiHeiM oOpa-
30M OTOHMPAIOCh U M3MEPSIIOCH IT0 5 IePEBhEB OJJHOTO Kilacca Bo3pacTa 0€3 BUINMBIX
nospexkaeHuil. Takum 00pa3oM, B CBEXHUX OHMOTOIIAX PaccMaTpHBAJIOCh €XKETOIHO
35 nepeBbeB, B cyxux — 40, Bo BnakHbIX — 20 (Bcero 95 nepeBbeB). Y BEIOpaHHBIX K-
3eMIUISIPOB OIPECISUTUCH pa3Mephbl MEKIOY3JIHsI CTBOJIMKA/CTBOJIA HAYMHAS C BEPX-
HETo M JI0 MOCJIEIHEro YeTKO Pa3IMuuMOro Hal KOpHEBOW wielikol. B pesynbrare
9THX U3MEpPEHHH OB TIoNTyueH apxuB 3a nepuoxa 1980-2007 rr.

Jst orieHKM mapaMeTpoB paAuaIbHBIX IPUPOCTOB B3ATHI KEPHBI Y 15 nepeBbeB
B CB&XKHX OMOTOIAX, B CyXuX OnoTorax —y 15 nepeBbeB, Bo BaxHbIX —y 12. cnoms-
30BaHBI ICHAPOXPOHOIOTHYECKHE 00pa3ibl COCHBI OOBIKHOBEHHOM, OTOOpaHHBIE U3
KHUBBIX JIepeBbeB. JJ1s Kaykaoi MpoOHO TUTOIAAN U3MEPEHa IUPUHA TOAMYHBIX KO-
Jien] — paAuajIbHbIA IPUPOCT ApeBecUHbl. M3Mepenns mpon3BOAUINCEH MIPY TOMOIIH
crenuanu3upoBaHHoi nmporpammbl TsapWin (TouHocTs coctaBmsiia 0,01 mm). Kon-
TPOJIb KadecTBa 00pa3IoB BBIMOJIHSUIICS ¢ TIoMoIbio porpammbel Cofecha [21, 22].
Ko Bcem oOpasnam npumensuiock 100-neTHee nmHeitHOe crinaxkuBanue [18]. DToT
(GUIBTP MO3BONISIET YAAIUTh HEKIMMATUYeCKUI CUTHAT U3 Psijia JCHIPOXPOHOIOTH-
YEeCKUX JJAHHBIX (€KeroIHBIA IPUPOCT TOIUIHBIX KOJIEI).

Psinpl panuanibHBIX U JIMHEHHBIX MPUPOCTOB MHICKCUPOBAINCH, T. €. U3 HUX
HCKJII0Uaach BO3pacTHas KOMIIOHEHTa. B eHAPOXPOHONIOIMYECKHUX CEpUsiX BO3-
pactHoii Tpenn [16, 29] ynamnsics ¢ momoisio mporpaMmMmbl ARSTAN [17], nnst gero
3HAUCHHE JIMHEHHOTO NPUPOCTA 3a KAKIbIH IO/l IOAETICHO Ha 3HAYCHUE TOUYCUHOH aIl-
MPOKCUMUpYIOIIeH (yHKINU 32 3TOT rofl. Pe3ynsraTroM Takoi mpoueaypsl CIyKUIn
JTUHAMHYECKHE PSAJIBI MHAEKCOB IPUPOCTOB, IS KOTOPHIX CTAHOBUIOCH BO3MOKHBIM
MIPOBEJCHNUE CPAaBHEHUSI OMOMETPUUYECKUX MOKa3aTesel JepeBbeB pa3HOro BO3pacTa
Ha BO3/ICHCTBHE KIMMAaTHUYECKUX (DAKTOPOB C yUETOM MO3aWYHOCTH MECTOOOUTAHHI
n3ydaeMbIx ipeBoctoes [7, 9, 11, 19, 20]. [l momydeHus: yCTOHYUBBIX BHIBOZOB IO
OTHOULICHHUIO K aHAJM3y U3MEHUYMBOCTH MHJIEKCOB IPUPOCTOB M UX CBSI3U C METEO-
(axTopaMu TPOU3BOIUIIOCH YCPEAHEHUE MHICKCOB MO BCEM JIEPEBBSM IUIOIIAI0K
yYKa3aHHOTO OMOTOMA 32 KaXKIBIN TOJ.

MerteonanHnsie nonydensl ¢ cailta Beepoccuiickoro Hayuno-uccnenoparenb-
ckoro mHCTUTyTa ['mapomereoponoruueckoin Mudopmanuu (http://meteo.ru/) mo
JTAHHBIM METEOPOJIOTHYEeCKON CTaHIuK KaHAamaKIICKOro rocyJapcTBEHHOTO MpH-
poaHoro 3anoBenHuka [2, 3]. AnvHa psaoB METEOAaHHBIX COOTBETCTBYET JJIMHE Ha-
OnrofeHuil 3a TMHEHHBIM U paialibHBIM [IPUPOCTAaMH — OOLIHMI TIEPHON IS CepHid
coctabisgeT 21 roxa, ¢ 1984 o 2005 .

[ mccaenoBaHus CBSA3M JIMHEWHBIX U PaMaibHBIX IPUPOCTOB CO CPEIHUMHU
TeMIIepaTypaMu U CYMMapHBIMHU OCaJKaMHU BEIOWPAIMCh TIEPHOJIBI C UIOJIS TI0 aBI'YCT
MIPEIIeCTBYOIIEro To/a M ¢ arpesis Mo aBryct Tekyiunero. JJanHsiii nepuos BeIOpaH
IUIs aHaJIM3a, TTIOCKOJIBKY (heHOo(da3a aKTUBHOI'O POCTa MOYKH BO30OHOBICHUS JUIUTCS
C CepeaMHbI BETETallMOHHOTO CE30HA JI0 OCEHH.

Jlns mepBUYHOTO aHanmm3a BapuaOEIbHOCTH WHIEKCOB JIMHEHWHBIX W pPaju-
aJBHBIX MPUPOCTOB HCIIONB3yeTcs auarpamma box-and-whiskers (smuk ¢ ycamn),
KOTOpasi TMO3BOJISIET MPOBOANTH CPaBHEHHE MAaCCHBOB Pa3HBIX O0OBEMOB HE TOJIBKO
10 MEMaHHBIM 3HAaYEHUSAM (pa3MedaeMbIM BHYTPH SIIMKa), HO U OI[EHUBATh BapH-
a0eIbHOCTD Ka)KAOHM IPyHIbI MO0 pa3MepaM SIIIMKOB, TPAaHHUIbI KOTOPBIX 33aJar0TcCs
1-M u 3-M kBaptuiasmu [28]. JIst cTaTUCTUYECKON OICHKHU BIUSHUS THIA OHOTOIA
MPOM3PACTAHUS COCHBI Ha BApHAOEIBbHOCTh €€ IMHEHHBIX U paJUaIbHBIX IPUPOCTOB
MCTIOJB30BAJICS HemapameTpuuecknil kputepuil Kpackema—Yomnuca (H-kputepuil)
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[23]. DTOT KpUTEPHL CBOOONEH OT TUIA paclpeesieH s JaHHbIX, YTO MPU HeOOIb-
mHx o0beMax BBIOOPOK, KaK B HAIlEM Cllydae, UCKII0YAaeT BO3MOXXHOCTH OMIMOOK
MPEANONOKEHHUSI HOPMAJIbHOCTH JaHHBIX. KpuTepuii OCHOBBIBAETCS Ha IIPOBEPKE pa-
BEHCTBA MeJIMaH HECKOJIBKHUX Ipymil [ 1], H-cTaTucTka KpUTepHs UMEeT BT

12 n R}

H=—=—2%" —L-3(N+1),

S N(N+1)“= g,

~ . m (V3
e n,— YHCII0 Ha6J'IIO,Z[€HI/II/I B I'PpYHIIC 1] N = E ) lni — 061uee YHCJI0 Ha6J'IIO}_'[€HI/II/I BO
i=

BCEX M TPyINIax; R, — CyMMa paHroB HaOJIONECHUHN B IPYTITIE i.

JlaHHBIE KaK 1O JIMHEHHOMY, TaK M 1O paJHaIbHOMY IPUPOCTAM MEXKI0Y3-
JIMA Ha TEPPUTOPUHM 3AMIOBEHMKA 32 KaXK/IbII OTJEIbHBIN IO/ OABEPKEHBI CUIIBHOM
BapraOebHOCTH, TIOATOMY TSI BBISIBIICHHS KOPPESIIMOHHBIX CBSI3€H C OCaJAKaMH H
TeMIepaTypaMy BMECTO UCTIOJIB30BaHUS CPETHETO IIPUPOCTA 32 TOJ] BEIOPAHO ero Me-
JMaHHOE 3HaueHue. MeuaHbl yCTOMYUBBI K SKCTPEMaIbHBIM 3HAUYCHHSIM B BBIOOPKE
(BBIOpOCAM) M TEM CaMBIM JAfOT OOJIeE MTOTHOE MPEACTABICHHIE O «TUITIYHOMY 3HAUe-
HUM [IPUPOCTOB MEXKIOY3IIUH, YeM npocToe cpeauee. /i OLeHKH CBsI3M MEAnaH HH-
JICKCOB JIMHEHHBIX IIPUPOCTOB MEKI0Y3JIUH COCHBI M CyMMapHBIX arMOC(hepHBIX 0cal-
KOB, a TAKK€ TEMITePaTyp UCTIOIH30BATUCH KO HHUITHEHTHI Koppesamuun [ lupcona (r) ¢
OLIEHKOH 3HauMMOCTH 110 KpuTeputo CteronieHTa Ha ypoBHe o = 0,05. s peanuzanuu
KOPPENALMOHHO-PErPECCHOHHOT0 aHAIN3a BPEMEHHBIX PSAJIOB U CTATUCTUYECKOTO OlLle-
HUBaHUS MPUMEHITACH TIPOTPAMMHBIN MOy b Statistica 15 u maket Excel 2016.

Pesynomamol uccredosanus u ux oocysxcoenue

Bapuabenvrocms auHelnblx U paouaibHbIX NPUPOCMOE 8 PAZTUYHBIX MUNAX
buomonos. Panee mpoBeseHHbIE HAMU HCCIICAOBaHUS MO3BOJIWIIM YCTAaHOBUTD, YTO
M3MEHYMBOCTh MPHUPOCTOB KaK ITOKa3aTelb OTKIMKA JPEBOCTOEB Ha BO3/EHCTBHE
BHEITHUX ()aKTOPOB 3aBUCHT OT THUIA MecTonpouspacranust [7, 9, 19, 20]. B nannoii
paboTe MHIEKCHI TUHEHHBIX U PaANalIbHBIX IPUPOCTOB TaKKe MPEICTABICHbI s 3
TUTIOB OMOTOTIOB: CBEXWIA, BIaKHBINA 1 cyxoi [13]. Jlns oneHkn BIUSHAS THTIA OHO-
TOIa Ha JIMHEMHBIE U palualbHbIe IPUPOCTHI COCHBI B3AT nepuox ¢ 1984 no 2005 r,,
TaK Kak JJIs 9TOro Mepuojia UMEIOTCS CONOCTaBUMBIE PsA/bl NHAEKCOB MPUPOCTOB.
BapuabenbHOCTh TPUPOCTOB BU3YaIbHO MPEACTaBICHA Ha pUC. | B BUE IMarpaMMbl
box-and-whiskers [ 28], oTroOpakaroliiieii pa3inurst H3MEHYUBOCTH OT I'0ZIa K TO/TY B KaXK/IOM
OMoTOIe KaK B MHTEPKBAPTIIILHOM pazopoce (/OR), Tak U B pa3Maxe dTHX 3HadeHHi (R).

BusyanpHbIi aHanmm3 nokasaresst BapuadbenbHoCcT [QR ISl WHAEKCOB JTHMHEH-
HBIX U PaJMabHBIX TIPUPOCTOB BBIABIII clieaytolee. J{ist TMHEeHHBIX IPUPOCTOB IIPO-
JEMOHCTPHPOBAHA MEHbLIAs MEXKIOJ0Basi H3MEHUMUBOCTD BO BJIAKHBIX U CyXHX OHO-
TOIAX 110 CPABHEHHIO CO CBEXHUMHU (puC. 1, a). DTO 0OBSICHACTCS TeM, YTO B JIAHHOM
OroMe cBexre OMOTOITBI TPEICTABISIOT COOO0H 30HY PKOJOTMYECKOTO ONTHMYyMa IS
COCHBI, a CyX¥e U BIIa)KHBIE MECTOOOUTAHHS — 30HY ITECCUMYMa, T/e, COTTIACHO OTHOMY
13 OCHOBHBIX DKOJIOTHYECKUX MPHHITUIOB — 3akoHy lllendopaa, ormedeHo xecTroe
JIUMHTUPOBAHUE TI0 PSIy PECYpPCOB, B TOM YHCJIE TI0 KOJMYECTBY BIIard B cyOcTpare.
CrenoBatenbHO, KaK MMOKa3aHO B HAIIMX paHHee OMyOIMKOBaHHBIX padorax [8, 19],
JIaBJIeHHE €CTECTBEHHOTO 0TOOpa B CBEXKMX OMOTOMAX HUKE, YEM B CYXHX U BIAXKHBIX.
MesxronoBasi HI3MEHYNBOCTh MHJIEKCOB PaJMaiIbHBIX MPUPOCTOB BU3yaJbHO OOJIBIIE,
HO OT OmoToma K 6noromny paznuans /JR sSBHO He BeIpakeHHI (puc. 1, 6).
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Puc. 1. luarpaMmsl jisi HHICKCOB MPHUPOCTOB COCHBI B 3 THIax OMOTONOB 3aka3Huka «Ilo-
TApHBIHA Kpyr» ¢ 1984 mo 2005 1.: @ — mUHEHHBIX; 6 — paIuaIbHBIX

Fig. 1. Box-and-whiskers plots for Scots pine increment indices in three biotope types of the
Polar Circle Nature Reserve from 1984 to 2005: a — linear; 6 — radial

Craructudeckoe cpaBHEHHE PsI0B Tokazarenei /OR i pa3HbIX TUIIOB OHO-
TOIIOB C TIOMOILBIO HENAPaMETPUIECKOTO /{-KPUTEPHsI BBISIBUIIO:

3HauuMble oTH4MsA [QR ISl MHIEKCOB JIMHEHHBIX NPUPOCTOB OT OMOTOMA K
ouoromy (p = 0,008 < a), mpu 3TOM B cBexkHX OnoTonax /QR 3HauuMO OobILIE;

He3HaynMble ommmuusg [QR Ans  WHICKCOB PaJMANbHBIX TPHPOCTOB
(»=0,8213> o).
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TakuMm 00pazoM, XapaKTepPUCTUKU PA3THUYHBIX TUTIOB OMOTOIOB CIIEyeT MpH-
3HATh Pa3HBIMHU C TOUKH 3PEHHS BO3JACHCTBUSI HA JIMHEWHBIC IPUPOCTHI IPU YPOBHE
3HAUUMOCTH Ol U C TOUYKH 3PEHHs BO3ACHCTBHS Ha pajuanbHble TpUpocThl. [ucro-
rpaMMbl, COCTaBJICHHbIE 115 TToKa3aresis /QR, MMEIOT KOJIOKOI000pa3HbId BU IS
pazuabHBIX IPUPOCTOB (PHUC. 2) U TEM CaMbIM JONOJIHUTEIBHO [OKA3bIBAIOT OJI-
HOPOTHOCTH WX BapHaOeIbHOCTH OT OMOTOIA K OMOTONY B OTIIMYHE OT THCTOTPaMM
IUIs1 TMHEHHBIX IPUPOCTOB. DTO O3HAYAET, YTO XapPAKTEP M3MEHUYNBOCTH PaIUaIbHbBIX
TIPUPOCTOB (M, CIIEOBATEIHHO, MX OTKJIMK Ha BO3ACHCTBHE (DAKTOPOB CPEMIBI) CXONCH
B Pa3HBIX THIAX OMOTOIIOB, T. €. BO BCEX YCIOBUSAX MPOU3PACTAHMS.

B omnume oT pasinanbHBIX MPUPOCTOB ApaMeTPhl K3MEHUYNBOCTH JIMHEHHBIX
IIPUPOCTOB HE JIAIOT CTATUCTHUYECKOTO MOATBEPIKIEHHUS CXOACTBA OT OHOTOMNA K 610-
TOITY, TapaMeTpbl BApHadeabHOCTH /QR 3HAYMMO Pa3IMYaIOTCs JUTS BIAXKHBIX, CYyXUX
U CBEXKHMX MECTOOOMTaHUH.

JlononHUTENbHOE MCCIICAOBAHNE PABCHCTBA MEIUAHHBIX 3HAUYCHWH WHICK-
COB PaAMalbHBIX MPUPOCTOB (B YCIOBHAX CTATUCTUYECKOW HE3HAUMMOCTH PA3IIH-
Yl BapuaOeIbHOCTH) MO H-KPUTEPHUIO TAKKe MOKa3bIBAET HE3HAYMMBIC OTIIMYMS:
MOJIyYeHHAasl pacyeTHasi cratuctuka kpurepust p = 0,8338 > a. D10 moaTBepkaaeT
HE3aBUCUMOCTb PaJilaIbHBIX IPUPOCTOB COCHBI OT TUIA OMOTOIA, YTO A€T BO3ZMOXK-
HOCTb HAOJIOAATh 32 JaHHBIMU I10KAa3aTeJIIMU BHE 3aBUCUMOCTH OT MECTOOOUTAHUSL.
JlonONMHUTENbHBIN aHAJIN3 MAaCCUBOB MHIEKCOB PaJMaJIbHBIX [IPUPOCTOB BO BpEMe-
HU TaK)Ke BBISIBIII OTHOPOTHOCTH OT OMOTOMNA K OMOTOITY, UTO SBISIETCA €Ie OJHIM
JI0Ka3aTeIbCTBOM BO3MOXKHOCTH MPOBEJCHNS aHAJIN3 OTKIIMKA IPUPOCTa Ha BO3JIEH-
CTBHE KIMMaTH4YeCKUX (pakTOPOB BHE 3aBUCUMOCTH OT THIIAa OHOTOMA.

Céa3b MUHElHbIX U PAOUATLHBIX NPUPOCHIOS CO CPEOHUMU MmeMnepamypami. u
cymmapnvimu ocaokamu. I3MeHYNBOCTD TAPaMETPOB POCTA COCHBI B BHICOTY 3aBHCHUT
OT THIa OMOTOMNA, T. €. JIMHEHHBIA MPUPOCT OoJIee MOABEPIKEH CITyYaiiHOMY BIIHSTHHIO
pasnuuHbIX (pakTopoB cpenpl oOuTaHus. [l OLEHKH CBS3M MPUPOCTa ¢ KIMMaTHie-
CKMMH TNapaMeTpaMH 11e7eco00pa3HO paccMaTpuBaTh CBSI3b C €ro MEAWAHHBIMH 3Ha-
YEHUSIMU KaK LIEHTPaJbHOW TEHICHUMEH BBHIOOPKH. BBHIY MOIyYEHHBIX 3HAYUMBIX
pa3nuuuii BapuaOeIbHOCTH HMHAEKCOB JIMHEHHBIX MPHUPOCTOB OTHOCHUTENBHO THIIA
OuoTona fanee UCCIEAYIOTCsl MeJUaHHbIe 3HAUCHUS U paJlajbHbIX, U IMHEHHBIX IpH-
POCTOB JIsl COLIOCTABUMOCTH pe3yibTatoB. Kak Obu1o 0TMEUeHO, IPOBOIUTEL HAOIIO-
JICHUSI 38 TUIIMYHBIM TIOBEJICHUEM U3MEHUUBOCTH PAAUATBHBIX IPUPOCTOB BOZMOXKHO
BHE 3aBUCHMOCTH OT THIa OHOTOIMA, TI03TOMY J1ajiee OyJieM paccMaTpuBaTh I MHICK-
COB paJIMAITbHBIX MPUPOCTOB OOIIUI MacCHB JaHHBIX. Beiienum 2 neprosia TeKyIero
rojia: anpeab—Mai, Korjga IpOMCXOAUT aKTUBHBINA POCT B BBICOTY, & PaJAHAJIbHBIN ITPU-
POCT OCYIIECTBIISIETCSI 38 CUET PaHHEH JPEeBECHHBI (B 3TOT MEPUOJ AIMKAIBHBIA POCT
3a4acTylo JOMUHHUPYET HaJl pOCTOM CTBOJIA B IIUPHUHY ), U HIOHb—ABIYCT, KOIZa JIOMH-
HUPYET KOJIBLIEBOW IPUPOCT (3a cYeT 00pa30BaHMs MO3AHEH JPEBECUHBI), & MEKA0Y3-
TS 3aMEUUISIIOT U B JAJIbHEHIIIEM NpeKpallaroT pa3surie. st Npoluioro Bereramu-
OHHOI'0 CE30HA BBIICJIUM aBI'yCT—CEHTAOPH KaK Mepuo (pOpMUPOBAHUS COCHOM MOYEK
BO300HOBIIEHHSI, 00€CTIEUMBAIOIIIX POCT IMOOETOB B CIEAYIOIEM Toxy. Paccunrannbie
K03(UIMEHTHI KOPPEISALUY C BETUUNHAMU CyMMapHBIX aTMOC(EPHBIX OCAJIKOB Be-
TETAITMOHHBIX TTIEPHUOIOB TIOKA3BIBAIOT (TA0M. 1):

3HAYMMBbIE TTOJIOKUTENFHBIE CBA3M HAOIIOMAIOTCS B TIEPUOJ allpelsi—Mas Te-
KYyIIEro rojia Kak JJisl paAualibHBIX MpUPOCToB (7 = 0,35), Tak U A JIMHEHHBIX IO
KpasiM 9KOJIOTHUECKOM HUIIM (B cyxux Onoronax » = 0,32 u Bo Binaxusix 7 = 0,35); B
MIEPHOJT aBI'yCTa—CEHTAOPS MPOIIIOTO TO/Ia OTMEUAETCs 3HAYUMast CBSI3b /IS JINHEH-
HBIX TIPUPOCTOB B Cyxux Onoromnax (r = 0,34);
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3HAYMMBIC OTPUIATEIBHBIC CBSI3M OOHAPY)KEHBI TOJBKO ISl TMHEUHBIX MPU-
pPOCTOB BO BCeX OMOTOMAX B MEPHUOJ] UIOHI—UIONS TeKyIero roga (» = — 0,43; —0,30;
—0,37) nnst CBEKUX, BIAKHBIX M CyXUX OMOTOIOB COOTBETCTBEHHO.

Tabnuma 1

Koy puuueHTHI KOPPEIAIIH MEKIY MeTHAHAMH HHIEKCOB JINHEHHBIX H PAIHAIbHBIX
NPHUPOCTOB COCHBI M CyMMaMH ocaakoB 3a 1986—2005 rr.
Correlation coefficients between medians of pine linear and radial increments indices
and total precipitation level between 1986-2005 years

HaeKehl NPUPOCTOB u1st GroTona
HCpI/IO,El 0cankos JIMHEHUHBIX pagnaibHBIX
CBEXHUI cyxoH BIIAYKHBIN 00BbEIMHEHHBII
Arnpenb—Mail TeKyiero roja 0,11 0,32 0,35 0,35
HroHb—110J1h TEKYIIETO To/1a —0,43 —0,30 -0,37 -
HroHb—aBrycT TEKYIIEro rojaa - - - -0,07
ABI'yCT—CEHTIOPb MPOIILIOTo rojia 0,12 0,34 0,08 0,05

IIpumedanue: 31eck U B Ta0M. 2 MOTYKUPHBIM MIPH(YTOM BBIJICICHB HHIEKCHI, 3HAYMMBIC Ha
yposae 0,05.

[IprunHa MOMOKUTETHFHON CBSI3M JTMHEWHBIX MPUPOCTOB B CYXUX OMOTOMAX C
0CaJIkKaM{ B Hadaje JieTa OYEeBHJIHA: OTOT meproa — ¢peHodasza anuKaIbHOTO POCTa,
B TEUEHHUE KOTOPOH (popMUpOBaHUE MEXKAOY3Nuil TpeOyeT Hamu4us NeUIIUTHON B
JaHHBIX YCIIOBHSX NMPOU3pacTaHus Biaru. Bo 2-if monoBuHe geHodassl pocrta Me-
KIOY3/IMH aTMOC(EpHBIE OCAJKH SIBISIOTCS MPUYMHONW BBIMBIBAHHS U OOCIHEHMS
cyocTpara, Ha KOTOPOM Pa3BHBAETCsl KOPHEBAsI CUCTEMa COCHBI, U, CIIE0BaTENIbHO,
CHIDKEHUS JUTMHBI MEXA0y3Tuil. [loNoKnTEeNbHbIE CBSI3U MPHUPOCTOB C OCAJKAMHU
aBTyCTa—CEHTSOPS MPEIBIIYIIEr0 BETeTalliOHHOTO MTePHOoia OOBSICHIIOTCS TEM, Y4TO
0CaJIKF KOMIIEHCUPYIOT HEIOCTATOK BJard, HEOOXOIUMOM ISl Pa3BUTHS TTOYEK BO3-
OOHOBJICHUSI U, COOTBETCTBEHHO, IPUPOCTA CJICAYIOIIETO To/a.

Bo BnaxxHbIx OMOTOmax B Hawaje jera arMoc(epHble OCaaKd, MOCTymas B
XOJIOHYIO M 3aKUCIIEHHYIO Cpely OOMTaHHsS KOPHEBOH CHCTEMBI JIEPEBBEB, AETIAI0T
BJIary JIOCTYITHOM JJIsl YCIICIIHOTO pocTa MEX10y3ui. B cepeaune BereTalluOHHOTO
ce30Ha M30BITOK OCAJKOB, HAIIPOTHB, BHI3BIBAET y JIEPEBHEB BOAHBIN CTpecc, N3-3a
Yero pOCT JIepeBa B BEICOTY 3aMeIsieTCs. DTHUM OOBSICHIETCS OTPULIATEIFHOE 3HaUe-
HUE KO3 PUIHEHTa KOPPEISLUHA MEKIY 0CaAKaAMHU M JIMHEHHBIM IPUPOCTOM B cepe-
JIMHE JIETa BO BJIQKHBIX OMOTOMAX.

B cBexxnx Onoromnax qpeBOCTOM HE UCTIBITHIBAIOT AeduimTa Biaru. Kpome toro,
paiioH uccieoBaHMi OTHOCUTCS K 00IacTH M30BITOYHOTO yBIaXHEHU [1, 7], u ipu
MTOCTYTIJICHUH OCAJIKOB BO 2-1 rmonoBuHe (peHodasbl pocta MeKI0y3/IHil 1epeBbs Tak-
K€ MCIIBITHIBAIOT BOHBIN CTPECC, MPEMSATCTBYIOUIHNA ONTUMAIEHOMY (hOPMHUPOBAHHIO
KpoHbl. Crie1oBaTenbHO, KOAQ(GUIMEHT KOPPELUHA UMEET OTPHLIATEIIFHOE 3HAYCHHE.

B oTtnnuune oT nMHENHHBIX pajnaiIbHbIEe TPUPOCTHI MOJOKHUTEIBHO CBSA3aHBI C
KOJIMYECTBOM OCAJIKOB JIUIIb B Havasie (heHo]a3bl HopMUPOBaHUS paHHEH JpEBECH-
Hbl. B manpHeiiemM B TeueHHe BETETAI[IOHHOTO C€30Ha POCT CTBOJIOB B IIUPHUHY HE
CBSI3aH C IMOCTYIUICHHEM aTMOC(hEpHOI BIIaTH.

KoaddunmeHTs! KOppensnnn THHEHHBIX U paJualbHBIX TPUPOCTOB CO CPEe-
HUMH TeMIIEpaTypaMH MPEACTABICHBI B Ta0M. 2.
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Ta6uuna 2

Ko>(ppunmeHThI KOppeasuu Me:KIy MeTHAHAMH HHIEKCOB JUHEHHBIX H PaIHaTbHBIX
NPHUPOCTOB COCHBI M CPeIHUMHM Temueparypamu 3a 1986-2005 rr.
Correlation coefficients between medians of pine linear and radial increments indices
and mean temperatures between 1986-2005 years

Wnpexcsl mpupocToB Juist GHoTona
Ilepuon ocankoB JIMHEMHBIX paavaIbHbIX
CBEXUI cyxoi BJIQYKHBIN 00bEIMHEHHBIN
Anpenb—Mai TeKyIIero roja -0,04 -0,06 -0,21 0,13
HroHb—u1011b TEKYIIETO ro/ia -0,17 -0,06 -0,21 -
Hronb—aBrycr Tekyuero roga - - - 0,41
ABryct—ceHTsI0pb mponwioro roga | —0,32 0,09 0,26 0,43

3HaunMast OJIOKUTEIIbHAS CBI3b CO CpeaHuMu TeMIICpaTypaMu B IIEPHUOJ] aK-
THBHOTO PagraIbHOTO TMPHPOCTA COCHBI (MIOHB—aBTYCT TeKyIero roaa, » = 0,41)
MEPUOJ TPOLIIOTO rojia (aBrycT—ceHTIaops, » = 0,43) c uHIeKcaMy paiuaibHBIX TIPH-
pocToB 00yCIIOBIIEHa HEOOXOJMMOCTBIO Habopa cyMM 3(QQEKTUBHBIX TEMIIEPATyp
IUISL YCHIELITHOTO NPOX0XkaAeHHs! (peHoa3bl GOPMUPOBAHUS MTO3IHEH APEBECHHBI B Te-
KyILIEM Ce30He ¥ HAKOILICHUS pecypca IjIsl pocTa cTBoia B Oyaymiem roxy. Hanporus,
VIS MHZIEKCOB JIMHEHHBIX IPUPOCTOB B CBEXHMX OMOTOIIAX HAONIOAAETCs 3HaUMMast
OTpHLIATEIbHAS CBSI3b CO CPEIHUMH TEMIIEpPaTypaMH aBryCTa—CEHTSOPs MPOILIOTOo
rona (r =—0,32) mo nmpuunuHEe HEraTUBHOTO BO3JEHCTBHA MOBHIIIEHUS TeMiepatyp (1,
KaK CJICCTBHE, HEXBATKU BJIarv) HA KaueCTBO MOYEK BO3OOHOBIICHHUS U MIPUPOCTA B
BBICOTY Ha CJIEAYIOLIHNA IO,

Ha BeanunHy KOJIbLIEBOrO MPUPOCTA TEKYILETO T0Jja HOMUMO PACCMOTPEHHBIX
(aKTOpoB BIMAET MHOKECTBO JIPYTHX, Takux Kak conepxxanue CO, B Bo3myxe, o0e-
CIIEYCHHOCTh [10YBBl MUHEPAJIbHBIMHU 3JIEMEHTaMHU, JECOPACTUTENIbHBIE YCIOBUS U
ap. [Tostomy nomydeHHble KO3(QQUIUEHTH KOPPEIALNN PAaAUAIbHOTO MPUPOCTa C
CYMMApHBIMH OCaJIKaMH U CPEAHUMU TEMIIEpaTypaMu OTpaXaroT 3HAYMMYIO CBA3b,
HO He MOATBEPKAAIOT MPSIMYIO 3aBUCUMOCTb.

Raxnrouenue

Ha marepuane uccnenoBanusi APEBOCTOEB COCHBI OOBIKHOBEHHOW Pinus syl-
vestris KOMIUIEKCHOTO (JIaHTmagTHOTO0) 3aKa3HuKa «[lomspHBIi KpyTr», pacionoKeH-
Horo Ha nobOepexbe Kanpanakuickoro 3ainusa bermoro mops, mokasaHo, 4To CBSI3b
napamMeTpoB M3MEHUYMBOCTH PaJAHAIBHBIX MPUPOCTOB C XapaKTepoM MecTooOuTa-
HUSI CTaTHCTHUYECKU He3HaunMma. ClieoBaTesbHO, OTKIIMK JAAHHBIX ITOKa3areseil Ha
BO3/eiicTBUE BHEUIHUX (B TOM YHMCIIE KIMMAaTHYECKUX) (PAKTOPOB MOKHO OXKHIATh
CXOJTHBIM U B CYXHX, M B CBEKHX, U BO BIQXHBIX OHOTOMAaxX. JDTO JaeT OCHOBaHHE
K OCYLIECTBJICHHUIO JOJITOCPOYHOTO PETPOCIIEKTUBHOTO aHAIN3a B3aMMOOTHOILICHUH
JIPEBOCTOEB U CPEJIbl C UCII0JIb30BAHUEM JIPEBECHO-KOJIBLIEBBIX XPOHOJIOI Ui Oe3 yue-
Ta YCJIOBHH IPOU3PACTAHUSL.
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OOHapyKeHO HECXOJACTBO OTKJIMKA JMHEWHBIX MPUPOCTOB Ha BO3IACHUCTBHE
KIIMMaTHYECKUX (aKTOPOB B CyXHUX, BIaKHBIX U CBEXKUX OHoTOmax. Jpyrumu cio-
BaMH, THIT OMOTOIIA SIBIISIETCSI CYIICCTBEHHBIM YCIIOBHEM JUTs (DOPMHUPOBAHHS XapaK-
Tepa M3MEHYMBOCTH JITHH MEXKA0Y3THi. YKa3aHHas 3aKOHOMEPHOCTh ITO3BOJISIET OT-
JIEJIATH KIIMMAaTH4YeCKu 00YyCIOBJICHHbBIE PEaKIIMHA OT MEKIOI0BOW HHIUBUIYaIbHOM
HW3MEHYUBOCTH JAE€PEBHEB, T. €. 10 ONPEACICHHON CTENEH! CHU3UTh YPOBEHbD «IIyMay,
MaCKHPYIOLIETO HCKOMBIE TPEHIBI.

[ToaTBepskaeHa poiib OCAJIKOB KaK JTMMHUTHUPYIOMEro (akTopa Ui paaualib-
HBIX U JITHEHHBIX PUPOCTOB (JUIS IOCTISTHUX — B CYXHX M BIIXKHBIX OMOTOIAX, T. €.
B 30HaX DKOJIOTHUECKOTO ITecCHMyMa) B Xo7ie (heHo(ha3sl pocTa MEKI0Y3JIHHA U pa3BH-
TS paHHEH ApeBecuHbL. JIMMUTHpPYIOIas poibh TEMIIEpATyp BbIABICHA JJISl paHallb-
HBIX IPUPOCTOB JIMIIb HA 3Tarnax GOpMUPOBAHUS TO3THEH IPEBECHHBI M HAKOTIICHHS
PECYpPCOB ISl pOCTa B CIEAYIOLIEM BEreTallMOHHOM ce30He. JIMHeHbIe MPUPOCTHI B
OTJIMYHME OT PaJUalbHBIX CTATUCTHYECKU 3HAYMMO 3aBUCST OT TEMIIEPATyp U OCAJIKOB
B X07ie Bcex eHoda3 TeKyIIero v MpeIblIyiero BereTaliOHHOTO CE30HOB U TI03TO-
My OoJee pernpe3eHTaTUBHBI IPH OCYIIECTBICHUN MOHUTOPHHTA JIECHBIX SKOCHUCTEM,
XOTS ¥ HEMPUMEHHUMBI JUTsI CO3JIAaHUS JUTUTEIBHBIX XPOHOJIOTHHA M3-3a KOPOTKHX Psi-
JIOB U3MEPEHHH.

Takum 00pa3oMm, TMHEHHBIE TPUPOCTHI (C YUYETOM UX UyBCTBUTEIBLHOCTH K BO3-
JEUCTBUSIM KIMMATHYECKUX (aKTOPOB) SIBISIIOTCA OoJiee MH()OPMATHBHBIM HHCTPY-
MEHTOM OIICHKH COCTOSIHHS JICCHBIX DKOCHCTEM 3a KOpoTkui (mo 30 meT) mepuomn,
4yeM paauanbHeie. OZHAKO OCHOBHBIM OTPAaHWYEHHEM IPH MCTIONB30BAaHUH JINHEH-
HBIX TIPUPOCTOB JIJISl aHAIN3a 3aBUCUMOCTH XOJIa POCTa COCHBI OT KIIMMATHYECKUX
(haKTOpOB CTAHOBUTCS HEBO3MOXHOCTD (DOPMHUPOBAHHS MHOTOJIETHUX PAIOB, TAKUX,
Kak JJIsl paJIlaIbHBIX IPUPOCTOB, B CHITY BO3PACTHBIX N3MEHEHHI 1ePEBHEB.

Bribop MeTonoB aHaiW3a MO JMHEHHBIM WM 10 PajHalbHBIM MIPUPOCTaM
orpe/ieNisieTcs eNsIMH TUIAHUPYEMOTO UCCIIeIOBaHUSI — MOHUTOPUHTA JIECHBIX DKO-
CHCTEM B COBPEMEHHBIX yCIOBHIX M3MEHEHHs KIIMMaTa MM JOITOCPOYHOTO Tasieo-
KIIMMAaTUYEeCKOTO aHaJIH3a.
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Annomayun. CoBEpIICHCTBOBAaHUE METO/IOB M MOJIETIEH TPEIBAPUTEIHLHOTO pacueTa MoKa-
3areneit 3(h(PEKTUBHOCTH MPUMEHEHUSI MAaHUITYIIITOPHBIX JIECO3arOTOBUTEIBHBIX MAIMH Ha
JIECOCEUHBIX paboTax MpeciIeayeT Lellb YIyqlInTh 000CHOBaHHOCTD HCIIOJIb30BAHHS TEX HITH
MHBIX BU/JOB MAIINH U TEXHOJIOTHH JUTS ONPEIENIEHHBIX TPUPOJHO-ITPOU3BOICTBEHHBIX yCIIO-
Buit. Ctocob6oM yBeTM9IeHUSI TOYHOCTH PACYETHBIX MOJICIIEH SBIsIETCS Ooee MOTHOe H 00BEeK-
TUBHOE OTPa)KEHHE YCIIOBUI MPOU3BOACTBEHHOMN CpPE/lbl M MPOTEKAIOIINX TEXHOIOTMYECKUX
nponeccoB. PaccmarpuBaercst 3a/1a4a 10 MOJEIHPOBAHMIO MEPEIBIKEHUS JIECO3ar0TOBHU-
TEIHHOM MAITHEI OT OJHOH pabodeli CTOSHKH K IPyTOH IIPH BEIOOPE MTO3UINH ¢ HANOOIIBIITNM
KOJIMYECTBOM JIOCTYIHBIX AepeBbeB. OOCYKIaeTCsl BOMPOC O PACHPENEIICHUN JIEPEBLEB T10
TEPPUTOPUH JIECOCEKH, pa3paboTaH alrOPUTM M MTOCTPOCHA MMHTAIMOHHAS MOJEIb ITOHC-
Ka MECT MO3UIIMOHNPOBAHIS MAIlIMHbI Ha pad0vnX IUIOIIAIKaX, BBINOJHEHA CTATUCTHIECKAs
00paboTka pe3ynbTaroB. IMHTAIIMOHHONW MOMETBIO U e MPOTPaMMHON peann3arnueil ObuTi
c(hOpMHPOBAHEI CIETYIONINE MACCUBBI TaHHBIX, HEOOXOIUMBIE IS OIICHKH 3()(HEKTHUBHOCTH
pa0oTHI MAIIMHBI: PACCTOSHUE MEXK/Ty paOOYNMH CTOSTHKaMH MAIlIMHbI ¢ MAKCUMAaJIbHBIM KO-
JIMYECTBOM JJOCTYIHBIX JAE€PEBHEB, BPEMsI INKJIA 3aTOTOBKH M O0BEM JIEPEBHEB HA CTOSHKAX.
IIpencTaBnensl pe3yabTaThl CTATHCTHUECKOM 0OPaOOTKM yKa3aHHBIX JAHHBIX U 00OCHOBaH
BBIOOP TEOPETHUYECKHUX 3aKOHOB PACHPENENICHNsT BEpOsiITHOCTEH. [l oneHkH nenecoodpas-
HOCTH BbIOOpa MECT AJIs1 pabOYNX CTOSHOK MAIIMHBI C Y9€TOM PACIIONIOKEHHS AEPEBbEB ObLT
HCIIONIB30BaH KPUTEPUH 4acOBOW MPOU3BOANTENBHOCTH. OH PACCUNTaH Ul BApUAHTA C (DUK-
CHPOBaHHBIM PACCTOSHHEM TIE€PEABMKEHHS MAIIMHBI, PaBHBIM Pa3HOCTH MAKCHMAJIBHOTO U
MHHHMMAJIbHOTO BBIIETa MAHUITYJISITOPA, U JUI BApHAHTA MTPU TIOMCKE MECT CTOSTHOK C MaKCH-
MaJIbHBIM KOJIMYECTBOM JJOCTYIHBIX A€PEBbEB. PacueT KpuTepHst 4acOBOM MPOU3BOJUTEIHHO-
CTH MaIlIMHBI BBITOIHEH B BUJIE (DYHKIINU CIy4aiHbIX BEJIMYHMH, XaPAKTEPU3YIOIINX YCIOBHS
pa0oTHl MalIMHBI HA CTOSIHKAX. [IJIs MOJyYEHHBIX PE3yJIbTaTOB pacueTa KPUTEpusi, KOTOPBIH
TaKXe SBISETCS CIyJaifHOI BETMYMHON, TPOU3BEAEHA CTAaTUCTHIECKass 00pab0TKa JaHHBIX.
CpaBHeHne 3HaYEHUH KPUTEPHUS [0 BapHAHTaM MOKa3aJI0 BBICOKYIO BEPOSTHOCTH CyIIECTBEH-
HOTO yBEJIMYEHUS IPOU3BOJUTEILHOCTH MAHUITYIATOPHON JIECO3arOTOBUTEIBHON MAIINHBI,
KOTOPOE€ B CPEAHEM COCTaBIIseT § % INpu cpefHeM KBaaparuueckoM otkinoHenun 0,199, mpu
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Abstract. An improvement of methods and models for preliminary estimation of the
performance of harvesters in timber production intends to support better justification of
the use of certain harvester types and technologies for specific natural and production
conditions. It is possible to increase the accuracy of calculation models with a more
complete and realistic description of the production environment and operational processes.
The article presents a modelling of the harvester’s movements across cutting areas for
selecting a position with the highest number of accessible trees. The investigational process
involved the creation of an algorithm along with a simulation model and the statistical
processing of the results. The problem-solving process required consideration of the tree’s
distribution within the cutting region. The data arrays, which were necessary for efficiency
evaluation in the simulation model and its software implementation, were the following: the
distance between the working stands of the machine with the maximum number of available
trees, the time of cyclic processing, and the number of trees in the area. The results of the
statistical analysis of the data are presented with justification from the theoretical laws
of probability distribution. The choice of machine working stands, which considered the
arrangement of the trees, was estimated using the productivity per hour index. The index
was calculated with a constant distance parameter that is equal to the difference between the
maximum and the minimum manipulator’s movement, and it was also calculated for a stand
with a maximum number of accessible trees. The calculation function for the index involves
random variables that characterize the working conditions of the stand. The index itself is
conceded as a random variable. The values for it were found by statistical data processing.
A comparison of the values determined a high probability of a significant increase in the
productivity of the harvester. At the stand with the maximum number of trees, it is estimated
at around 8 % with a standard deviation of 0.199.

Keywords: working stand, harvesting, computer modelling, time of cyclic processing, random
variable, productivity of a machine
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Bseoenue

PaboTra MaHUITYIATOPHBIX JIECO3arOTOBUTEIBHBIX MAIUH (BaJOYHO-TIAKETH-
pyromas ¥ BaJIOYHO-TPEJIeBOYHAS MAIlIMHBI, XapBeCcTep U Ip.), UMEIONIUX B HA0O-
pe BBHINONHAEMBIX ONEpaluil BajKy WJIN CIUJIMBAHHUE JIEPEBBHEB C MOCIEAYIOLICH
YKIAAKOH B TMaYKy, OCYIIECTBIISIETCS C TEpPEABHIKCHHEM MAIIWHBI 110 3aJaHHOMY
MapIpyTy MpH TOCIEOBATENBHBIX OCTAHOBKaX Ha pabouyuX IJIOMIAJKax, TJIe
MIPOU3BOJIUTCS 3aTOTOBKA OINPEEIEHHOTO KOIUYECTBA JEPEBbEB B 30HE JACHCTBUS
MaHuIynsTopa. [Ipon3BoIuTENbHOCTD J1€CO3ar0TOBUTENBHON MAIIMHBI KaK OAMH
13 mokazareneil dp¢deKTUBHOCTH ee paboThl OmpesenseTcss CyMMapHBIM O0be-
MOM 3aroTOBJICHHOU JPEeBECHHBI HA pabOYMX IUIONIAJIKAX 32 KOHKPETHBIN MepHOJ
BPEMEHH, KOTOPBIH BKIIOYAET CYMMAapHYIO MPOAOJKUTEIBLHOCTh PabOThl Mallu-
HBI Ha pa0dOoYMX IUIOMIAJKaX, CyMMapHOE BpeMs Mepees3sia MallMHbl MEXIy IIO0-
aJIKaMHi, a TakKe JOMOJIHUTENhHOE BpPEMS Ha TEXHOJOTHYECKHE Tepee3fnl U
O6CJIy)KI/IBaHI/Ie MAaIlluHBbI. BpeM;[ OUKJIIa pa6OTBI MAaIllMHBbI HA IIOHIAJAKE COCTOUT
13 BPEMEHH OCYILECTBICHUS HECKOIBKUX (110 KOJIMYECTBY JIepeBbEB) HAOOPOB I0-
BTOPSIIOIIMXCS 3JIEMEHTOB TEXHOJOTHYECKUX ONEepaluuil mo oOpadoTKe NEPEeBHEB.
B uucio aTtux omepamnuii BXOJAT HaBEACHHE MAHHITYIISATOPA, BHEITIOJHEHHE Ollepa-
U 3aXBaTHO-CPE3AIOMINM YCTPOMCTBOM, BaJIKa FUIM TEpEeHOC Aepesa u np. [1, 4,
6, 11, 12]. [IpomnomKUTENHHOCT BBITIOJHEHUST OTIEpAIlUil OTpeneNsieTcsl pa3Mepa-
MU U PaCIONIOKEHHUEM JAEPEBHEB OTHOCUTEIBHO MAllWHbl. 3HAYUTEIbHBIH 00beM
AKCIIEPUMEHTATBHBIX HUCCIEIOBAaHUNA M WMUTAIMOHHOTO MOJEIHPOBAHUS PAOOTHI
MaHUITYJIATOPHBIX JICCO3aroTOBUTCIbHBIX MAIIWH IIPU BBIIIOJHCHHUU IEPEUNCICH-
HBIX TEXHOJIOTHYECKUX OTepanuii Ha paboyeil iomaake 1 B ejioM 1Mo pa3paboTke
JIECOCEKH OTPa)keH B psiie myOnukanuii [2, 16-21].

Ha ocHoBanuu uccnenoBanuii [3, 7-9, 25] caenan BbIBOM, YTO KOJMYECTBO
JIepEBhEB Ha paboueil TUTOMAIKe SBISICTCS CIyIaifHON BEIMYMHON, 3aBUCSIIEH OT
CPeIHero Juamerpa APEeBOCTOs, 3armaca IPeBeCHHbl Ha | Ta, paccTOSHUS BbUIETA
MaHUIyJsTOpa MamwuHbl. [lepeunciennsie GpakTopbl — 3TO BHEIIHUE, WM 3aJaH-
HbIe yclIoBUsA paOoThl. Oco0yIo TpyIIy COCTABISIOT (PaKTOPBI YIIpaBICHUS, WITH
peIICHY, IPUHUMAEMBIC OIIEPATOPOM U MOAKPEINNICHHBIC KOMIBIOTCPHBIMU IIPO-
rpaMMaM¥i OITUMHU3AIIUNA U MAIIMHHOT'O 06yquI/15{ JJIA BBIIIOJTHEHUS TEXHOJIOTNYEC-
ckux onepauuii [6, 13, 24]. OgauM U3 GakTOpOB AAHHOH TPy SBISIETCS BEIOOD
MecTa pacCIoOJIOKEHUSI MAIIMHBI (TIO3UIIMOHUPOBAHKE) TSI OCYIIECTBICHUS OIle-
panmii o 3aroTOBKE JepeBhEB Ha paboueil rromraake. OCHOBHBIMH KPUTEPHUSIMHU
JUJIsA B1>160pa MCCTa ABJIAIOTCA KOJIMYECTBO JOCTYIHBIX ACPEBLEB AJId CIIMJIMBAHUA
MAaIIMHOM U cpeiHee BpeMs Ha 00paboTKy aepeBa. Pacuer m Makcumuszanus 1-ro
13 KPUTEPHUEB MPOBOISTCS C MOMOIIBI0O METOIOB aHAIUTHYECKOH TeOMETPUU TIPH
HU3BCCTHOM PACIIOJIOKECHUU ICPECBHEB OTHOCUTCIIBHO HAIIPABJICHUA JABUXCHHUA Ma-
mHbl. OnpeaeneHue 2-ro KpUTepusi, KOT/a MoJI0KEHUE MALTHBI BEIOPaHO, MOYKHO
BBIMIOJIHUTh UIMUATAIMOHHBIM MOZICTTUPOBAHUEM TEXHOJIOTHUYECKUX OTIEpaLnii 1Mo 3a-
TOTOBKE JIOCTYITHBIX JIEPEBHEB.

Br160p panuoHanbHOTO MeCTa Paclo0KEeHUsI MAIIMHBI H, COOTBETCTBEHHO,
paboueii TeppUTOpHH, C KOTOPOH MalluHA MOXKET CIUJIMBATh JEPEBbs, MO3BOJSET
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MaKCUMH3UPOBATh 3arpy3Ky MAaIlWHBI U CHU3UTH JIOJIO0 BPEMEHHU IMepeMEICHHUS,
HOPUXOASIIYIOCS Ha 00paboTKy OfHOro AepeBa. B To xke Bpems yBenudeHue cpea-
HETO KOJIMYECTBA 3ar0TaBINBACMbIX JIEPEBLEB C OJHOTO MecTa MmoTpedyeT coomro-
JIeHNs1 000CHOBAHHOTO MOPS/IKA UX CITMIIMBAHHUSL.

Llens nccrienoBanus — pa3paboTaTh aIrOPUTM BHIOOpPA PAIMOHATIBHOTO Me-
CTa TMO3MLUOHMPOBAHUS JIECO3arOTOBUTEIBHON MalIMHbI Ha paboyeil miomanke
MPH CIUIOIIHOM pyOKe Ha OCHOBAaHUM KPUTEPHUS POCTA MPOU3BOJUTEIBLHOCTH NPHU
YMCHBIICHUH BpeMeHH 00paboTku 1 aepeBa, a Takke MPOrpaMMHYIO peaTn3aiuio
JAHHOTO aJITOPUTMA.

Obvexmbl u Memoowbl UCCAEO08AHU

HMmuTanmoHHOE MOAETMPOBAHUE NEPEABUKECHUS JIECO3arOTOBUTEIILHOM Ma-
LIMHBI 110 JIECOCEKE OT OAHOM pabouel CTOSHKU K APYTOi BO3MOXKHO NPU HATUYHUN
CJIEIYIOIUX UCXOAHBIX JAHHBIX: TEXHUUECKHX XapaKTePUCTUK MAaIIMHBI (Ipexe
BCEro, MakCHMaJbHOTO U MHUHHMAaJIbHOTO BBUIETA MAHHITYJSTOpPAa) U KOOpIWHAT
pacIoNIOKeHUs IEPEBbEB B TOJIOCE JBIDKEHHsI MaluHbL. /i pacyeTa BpeMeHH
IIUKJIa pabOTHI MANTUHEI TI0 CIIFUIMBAHUIO U 00pabOTKe JePEBHEB HA CTOSHKE TaKKe
TpeOyIoTCs AaHHBIE O Pa3MEPHO-KAauYCCTBECHHBIX XapaKTEPUCTHKAX IEPEBbEB: IUa-
METpEe B MECTE CHWJIMBAHUS, BBICOTE, IOPOAE, 00BEME, KOIUYECTBE U PACIIONIOKE-
HUH CyYbEB.

Jannple ayiss GOpPMHUPOBAaHUS MacCUBa XapaKTEPUCTHK JEPEBbEB MOXKHO
MOJYYUTh TIOCPEJICTBOM M3YYEHHUsI CITyTHUKOBBIX CHHMKOB WJIM JAHHBIX a’dpodo-
TocheMKH [5, 15, 22], HazeMHOTO OOCIEAOBAHUS JIECOCEKH FUIM PAa3bITPHIBAHUS
3HAQUECHUM NpU MOMOIIM BEPOATHOCTHBIX 3aKOHOB pacnpenenenus [2, 10, 14, 23].
[Tpu pazpaboTke ¥ OTIIAXKUBAHUN MOJIEJIH ONpPEesICHHEe NapaMeTPOB U KOOPIWHAT
JIEPEBBEB CIIOCOOOM pa3bIlpbIBaHMA 3HaueHHH (MetogoM Monte-Kapio) nmeer
oTIpe/ieJICHHOE MMPEUMYIIECTBO, TaK KaK MOXKET MPEIOCTaBUTh 3HAYNTEIBHOE KOJIH-
YEeCTBO BAPHAHTOB XapaKTEPUCTUK JAPEBOCTOSI.

B HacTosimiee Bpems CyIIECTBYIOT OTPa0OTaHHBIC METOIbl Pa3bIrPbIBAHUS
KOOPJIMHAT JIEpeBhEB M Mojieliell Xo/1a pocra apeBocTtosd. B padore [2] 060CHOBEI-
BAETCSl METOJ] Pa3bIrPBIBAHUSI KOOPANUHAT JEPEeBbEB Kak 2-MEpPHOH ciydyaiiHON Be-
JMYMHBI TIPU [TIOMOIIM PAaBHOMEPHOTO 3aKOHA pacipesesieHus: BepositHoctel. [Ipu
WCCIICA0BAHUH ITPONU3BOIUTEIBHOCTH MAIIMH PUMEHSIETCS CIIOCO0 Pa3bIrphIBAHMUS
PacCTOSTHUI MEXTy MPOSKIUSIMHU PACIIONOKEHHUH JIEPEBhEB HA KOOPAMHATHBIC OCH
10 DKCITOHEHIIMAIBHOMY, DpJIaHTa Wi TaMMa- 3aKkoHaMm pactpeneneHus [2]. [Ipu
M3YUYEHUH MPOLECCOB Pa3BUTHUS ApeBocTos [14] pacnpenenenue AepeBbEB MO IIO-
I1aJI1 pacCMaTPUBAETCS KaK OHOPOAHOE MIIN HeogHOopoaHoe ITyacconoBckoe mosne
TOYEK C MEPEeMEHHONW MHTEHCHBHOCTBHIO NMPOU3PACTAHHS IEPEBHEB Ha OTAEIBHBIX
iomagsax. Jas oTpakeHuss B MMUTAIIMOHHBIX MOJEINISIX HEOJHOPOAHOCTH IUIOT-
HOCTH TpouspactaHusi aepesbeB [10, 14] mcmonb3yercs 2-cTaguifHBIN crocoo
pa3bpIrpbIBaHUsI KOOPANUHAT JEPEBbEB ¢ KOMOMHALMEH pa3HbIX 3aKOHOB pacipene-
JICHUSI BEPOSITHOCTEH.

Ha puc. 1 mpencrasiieH BO3MOXHBIA BapHaHT paclpeieieHUs MOJOKECHUH
JIEpEeBbEB Ha pazpabaTbiBaeMO JICHTE, KOTOPBIN SBISETCS NPUMEPOM JJISl pele-
HUS 3a]1a4¥ 110 TIOUCKY ONTHUMANBHBIX MMOCIE0BAaTEbHBIX MECT PabouuX CTOSTHOK
MaIlIUHBI.
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» D g1, Iy

X3, Y3, K3, D3, g3, h3

a

Puc. 1. Cxema 118 MOAEIMPOBAHUS  MEPEIBHKECHUS
MaHUMYJIATOPHOM JIECO3arOTOBUTENILHOM MAllMHBI TIPH BBIOOpE
OINTUMAJILHOU TTO3UIIUH. Xj, Yj, Kj, Dj, q hj — j-51 3aIlACh Iapa-
METPOB JiepeBa Ha maceke (KOOpIMHATHI, OTMETKa O BBIOOpE,
AMamMeTp, 00BEM U BBICOTA COOTBETCTBEHHO); R,; — paccTosHueE
OT 1-U CTOAHKHW MallWHBI 10 j-TO A€peBa;, T. ¢ — HOMEP TOYKHU
IMPOMEKYTOYHOT'O [TO3UITUOHUPOBAHUA MAallIMHBI,; H- MO[leﬂbeIﬁ
mar rnepeABUNKCHUSA MalllnHbL
Fig. 1. The scheme for modelling the movement of a harvester
when choosing the optimal position: X, Y, K, D,, q,, h; — j-th
record of the parameters of the tree in a clearing (coordinates,
selection mark, diameter, volume and height, respectively);
R, —adistance from the i-th stand of the harvester to the j-th tree;
T. i — a number of the intermediate positioning point of the
machine; H — a model step of the machine movement

Hcxonnoe monoxeHnue MamuHbl Ha puc. 1 o6o3Havyeno kak T. 0. Ha paccros-
HUW MAaKCUMaJIbHOI'O BBIJIETA MAHUITYJIATOPA R ot HNCXOOHOI'O ITOJIOXKCHUS OCPEBbS
CTMJICHBI U TIOSIBJICHUE HOBBIX JEPEBHEB Ha paboueil IIomaaKe BO3MOKHO TOJIBKO
NP TIEPEIBIKCHUN MAIIMHBI HAa HOBYIO MO3MIMIO. BEIOOp HOBOrO Mecra aist Ma-
IIMHBI C HAUOOJIBIIMM KOJIMYECTBOM JEPEBHEB B 30HE JICHCTBHS MAaHUIYISATOPA BbI-
MOJTHSIETCS] METOAOM ITOCJICAOBATENILHBIX MPUOIMKEHUN € [IaroM MepeaABHKEeHUs H.
ANTopuTM pacueTa rnepeiBUKEHNs MalllMHbI IPEICTaBIIEH Ha pHC. 2.
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Xapaxrepucruku aepeebee Md (X ¥, K D, g, h)
Macaue nepeeser naceku M = {Md }
M cxonHEIE KOOPAMHATE MalIMHEL Xm, Ym

#

3apaHue
HanparRNeHus NMepefBICKeHUSE O
mara nepefriKeHus A

#

TepeneuxeHue
i=i+1
Xm = Xm + hcosa
Ym = Ym + hsina

IIpoeepka, 910 AEPEBLA,
HaxoffuIuecs B paboueii 20He, He
BHILILITH 32 €€ MpeeNsl npu
MOJIENTEHOM NP OABMKEHHH MAIIHHEl
Ha CJ1e Ay IMIi mar

OTMeHa HOBOTO MpofiRMKeHus | Het/ R <X i )ﬁrz)2 - (Yj— Ym)2
H BHIXOTI U3 IPOLEAYPH r 2N - XmY + (¥ ;- Ym)

3amick XapaKTepUCTHK HOBRIX
HepeBbeR MaceKH B MACCHE JIep€BbER
paboueii IwIomAAKK Mo CIe

nepeABMXEHUS MAIIMHE HA ; 3 )
MOJIebHEI Mmar j=j+1 Ra/R> “(in' Xm)™+ (Yii' Ym)
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Puc. 2. ANroput™M HMHTAIHOHHOW MOJEIH IEPEIBIKCHUS MAIIMHBI HA HOBYIO
pabotyto MmIomanKy
Fig. 2. The algorithm of the simulation model of the movement of the machine to a
new work site

ANTOpUTM UMUTAIMOHHONW MOJEIM IO MOUCKY MECT CTOSHOK MAIIMHBI BbI-
MOJHSACTCS] TPH CIENYIOMMX CHOPMUPOBAHHBIX JaHHBIX: €CTh MAacCHUBBI 3amucen
XapaKTEPUCTUK MPOU3PACTAIOIIUX HA TEPPUTOPUH JIECOCEKH JEPEBBEB, YCTAHOBIIECH
MapIIpyT MePeaBHKEHNUS JIECO3arOTOBUTENFHON MAIIMHBI B KOOPJMHATAX pa3pada-
TBIBAEMOM JIECOCEKH U 3aJJaHbl OCHOBHBIC TEXHHUUYECKUE XapPAKTEPUCTUKU MallUHBI.
MakcuManbHbli R 1 MUHUMAJIBHBIN 7 BBUIET MAaHUIIYJSATOPA U JP. YKa3aHbI B CO-
OTBETCTBUHU C JIAHHBIMHM HAay4YHO-HCCIICIOBATENBCKOM padoThl 1o Teme «Co3nanue
MPOM3BOCTBA MHOTO(YHKIIMOHATIBHBIX YHEPro3(h(HEeKTUBHBIX U IKOJOTHIECKH 0€30-
MAaCHBIX JIECHBIX MAIlIMH ITyTEM HCIIOIb30BaHMsI IU(PPOBBIX TEXHOIOTUH B JIECO3aro-
TOBUTENBHBIX Ollepanusax». KoopauHaTel HOBOTO MOJO0KEHUS MAIIUHbI IIPU €€ Iepe-
JIBUJKEHUU Ha MOJEJbHBIN IIar ONPEEISIFOTCS B 3aBUCUMOCTH OT YIVIa IPUMbIKaHUS
0, TACEYHOr0 BOJIOKA, IO KOTOPOMY ABMXKETCSI MalllMHA, K MAarCTPajIbHOMY BOJOKY.
Ecnu maructpasibHbIH BOJIOK UMEET HAKJIOH K 0a30BOI CTOPOHE JIECOCEKH — MECTY
pacronoKeHHs MOTPy30YHOTO MYHKTa, — TO YroJd O MPEACTaBIsIeT cO00i cymMmy
YIJIOB MPUMBIKAHUS [TAaCEYHOTO BOJIOKA K MAarkCTPAIbHOMY BOJIOKY U ITOCJIEIHETO K
0a30B0i1 CTOPOHE JIECOCEKH.
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Pabora anroputMa Mojenu CTpouTCs clieayrommmM oopasom. [locne nepensu-
JKCHHSI MAIlIMHbBI HA OJIMH MOJICJIbHBIH I11aT IPOUCXOIUT BBITIOJHEHUE JIBYX HPOLICIYP.
ITepBas mpormenypa (Moxynb 1) mpou3BoauT Tepebop 3amucell XapaKTepUCTUK JIie-
PEBBEB B MACCHBE, KOTOPBIC PACTIONIOKEHBI B 30HE JICHCTBUS MAHUITYJISITOPA MAIITHHEI
¢ mpexHei nmosurmu. [Ipu nepedope 3amuceit 0CymecTBISICTCS] BBIYUCICHHE PACCTO-
AHUH R, ; OT HOBOTO TOJIOKEHHs MALIMHBI 110 IEPEBbEB. 110 paccunTaHHbIM paccTos-
HUSIM MIPOBEPSIETCS, YTO JICPEBbs HE BBIILUIN U3 30HBI JICHCTBUS MaHUITYJISATOPA U HE
MPUOJIM3WINCH K MAITMHE OJIMKE YeM HAa MUHUMAJIbHBIN BBUICT 7

R<R  =<r.

Ecnu nanHOe HepaBEHCTBO HE COOIIONAETCs, TO padoTa MOIENN 3aKaH4u-
BaeTCsl, a KOOPAMHATHl MAIIMHbI IPUHUMAIOTCA PaBHBIMU 3HAUEHUSAM Ha IMPENbI-
nyuiei no3unun. Heob6xoqumMo OTMETHTh, YTO HEBBIIIOJIHEHUE 3TOTO HEPaBEHCTBA
BO3MOYXXHO TOJIBKO TIPY MEPEIBHKCHUN MAIINHBI 0ojiee YeM Ha R—7 OT UCXOIHOTO
ITOJIOKEHUS.

B momyne 2 mpousBoamTcs mepebop 3ammcell XapaKTepUCTHK JIePEBBEB,
KOTOpBIE pacIioyiaratoTcsi Ha TEPPUTOPUM pa3padaTbIBA€MON MAIIMHOW MAaCeKH, B
Maccuse. /[l cokpaleHus: pacueToB B 3alKMCH AJIs KaKJIO0TO IepeBa BBEJIEH Mapa-
MeTp K, mpuHuMaronuii 3uauenue 0, ecau AepeBo He BBHIPYOIEHO WM HE YYTEHO
Ha pabouell omaake. B mpoTuBHOM ciyyae napamerp K npuHUMaeT 3HaYyeHHE 1.
[TepeGop 3ammceil — XxapakTEepPUCTUK JEPEBbEB JJIl paCUeTOB PACCTOSHUM — Mpo-
n3BoauTCS Tombko mipu K = 0. B manpHeimeMm, kak U B MOaysie 1, MPOUCXOIUT
CpPaBHEHME PACCTOSHUN OT J€PEBLEB 10 MECTA PACIIOJIOKEHHS MAIIMHBI CO 3HaYe-
HHUSIMU MaKCHMaJIbHOTO U MHHUMAJIBHOTO BbUIETa MaHUIyisaTopa. Korga npuse-
JIEHHOE HEPaBEHCTBO ISl POBEPSEMOr0 PAaCCTOSHUSA BBIMOJIHIETCA, XapaKTepH-
CTUKH JIepeBa 3alMChIBAIOTCS B MACCUB JIJIsl padoyeil miomaaky, a napamerpy K
JAHHOTO JiepeBa NpucBanBaeTcs 3HadeHue 1. [Ipu HeBBIOJHEHUN HEpaBEHCTBA
3aIliCh O AEPEBE MPOIYCKAETCS.

Ha ocHOBaHHH COCTaBICHHOW MOACIIH PAOOTHI JI€CO3ar0TOBUTEILHOM MaIIH-
HBI Ha TIaceke B cpene Visual Basic Obuta pa3paborana KOMIIBIOTEPHAS ITpOTrpamMma,
B KOTOPOH OCHOBHBIE 3TaIlbl MOACTMPOBAHUS OTPAKAIOTCS B OTACIBHBIX (popMax.
[Ipumep paboThl opM MporpaMMbl MPEACTABICH Ha puc. 3-5.

B pesynbrare paboThl MOJENH 1O MPHUBEIECHHOMY QITOPUTMY W B Cpele
KOMITBIOTEPHON MPOTPaMMBI MOJTydaeTcss Habop KOOpJUHAT CTOSTHOK MAIIMHBI IO
[IACEYHOMY BOJIOKY C MaKCHMaJbHBIM KOJIMYECTBOM JIEPEBHEB Ha PAaOOUYMX ILIO-
manakax. [IpuMep BbIOpaHHBIX MECT CTOSHOK Ha HECKOJBKHX IMAaceKax JIECOCEKH
MIpeCTaBIIEH Ha puc. 6.

Jist mpuHATHIX B pa3paboTaHHOM MOJIeNTn XapaKTEpPUCTUK MAHUITYIISITOPa Jie-
CO3aroTOBHUTENBHON MAIIMHBI pa3HHUIA MEXAY MAKCUMaJIbHBIM U MUHUMAIbHBIM
BBIJIETOM COCTaBIsAeT 7,5 M. [laHHast BeTWIrHA MPEACTABISICT COO0H HIIKHUN Mpe-
JIeJT PACCTOSTHUSL MEXKy CTOSHKaMHU MaIllMHBI, KOTOPBIM UCIOJIB3YETCSl B aHAIUTH-
YECKHMX pacueTax Mpou3BOAUTENbHOCTH. Kak BUIHO U3 pHC. 6, pacCTOSIHUE MEXTY
CTOSSHKaMH B MOJIENIN SBIIETCS CIy4alHON BEJIMYMHOM, CYIIECTBEHHO MPEBHIIIA-
IOILlE¥ HUKHUM Ipesiell. B ¢BA3U ¢ 3TUM IPOU3BOAUTEIBHOCTD MALIUHBI SIBIISETCS
(dyHKIMEH cllydailHOW BEJMYUHBI PACCTOSHUS MEPEMEICHHSI MEXIYy CTOSTHKAMH
HapsAy ¢ MPOYNMHE CITy9alHBIMHU BEITHYNHAMH JIECOPACTUTEIHHBIX YCIOBHI.
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Puc. 3. Pa3bIrpsiBaHNe PacHOIOKEHUS AEPEBHEB HA JIECOCEKE

Fig. 3. Random generation of tree’s locations in the cutting area
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Puc. 4. [IpoexTrpoBaHue paclolOKeHUs TPEICBOYHBIX BOJIOKOB U pa3OUeHHe
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Fig. 4. Designing the location of the skidding trails and splitting the array of
trees by clearing strips



ISSN 0536-1036

Formé

3anuck I
3anuch |

OYUCTUTL

m
H
E3
=

NpousBoauT2 |

a
Formé

@
9
=
3
a
{2

£
&
3

CHEMa Necoceku

«H3BecTHs By30B. JlecHoii skypHay». 2023. Ne 4

=
; &
M
5 |wo £l 3 g Bl El|lmn & |m
S & |o = I T 12 w
S 212 = 1 s |8 5 &%
sl &3 3|3 < g2 =2 2 =
g [ B 2 b b 8
@ (x] - o & {xz] =

128

Ha MOCTOSTHHOEC PaCCTOSTHUE R*I"; 6 —Ha TJIOIIaAKH ¢ MAaKCUMAJIbHBIM KOJINYC-
CTBOM JOCTYITHBIX I€PEBLEB

distance R—r; 6 — in the areas with the maximum number of available trees

Puc. 5. MonenmupoBanue paboThI JIec03aroTOBUTEIFHON MAIIMHBI MIPH €€ TepeMere-
Fig. 5. Modeling the operation of a harvester when it moves: @ — across the constant

HHUU: d —
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Puc. 6. PacronokeHre pabodnx CTOSHOK MAIIUMHBI ¢ MaKCHMallb-
HBIM KOJIMYECTBOM JOCTYMHBIX JCPEBBEB: T. j, I — LIEHTP CTOSHKH
JUIS j-i IACeKU U i-i CTOSIHKU
Fig. 6. Location of the working stands of the machine with the
maximum number of available trees: T. j, i — parking center for the
Jj-th clearing strip and the i-th stand

Pesynomamul uccneoosanus u ux oocysxicoenue

Hepen CTaTUCTUYCCKUM aHAJIM30M IIOJYYCHHBIX B PE3YJIbTAaTC MOACIMPOBA-
HUA OAaHHBIX O MPOU3BOAUTCILHOCTHU JIECO3arOTOBUTEJIHLHON MAaITHHBI GI)UIa npo-
BEJICHA CTaTUCTHYECKas 00paboTKa MacCHBa 3HAUCHHUM PACCTOSHUS MEPEMEIICHHUS
MAIUHBI MEX/Y CTOSHKAMHU ¢ MAKCHMAJTBHBIM KOJIMUYECTBOM JIOCTYITHBIX JICPEBBCB.
CratucTryeckoe pacrpe/elieHHe MacCHuBa JaHHBIX allllPOKCUMHPOBAHO OIHOCTO-
POHHE-YCEYEeHHBIM HOPMAaJIbHBIM 3aKOHOM pacHpeielICHHsI U raMMa-pacipe/eieHuU-
€M CO CMCUICHHUEM Ha BCIIMYMHY MUHUMAJIBHOTO NIEPECMCIICHU A MAalllIMHbI B MACCUBC
JlaHHBIX. Pe3ynbTarhl cTaTUCTUYECKON 00pabOTKH M apaMeTphl 3aKOHOB pacipeie-
nenus (puc. 7) Caemyronue:



130 «3BecTus By30B. JlecHoi :xxypHaa». 2023. Ne 4 ISSN 0536-1036

CraTtuctuueckoe Y ceueHHbI HOpMaNbHBIN lNamma-pacnpenenenue
pacnpenencHue: 3aKOH pacrpeIeTICHU: CO CMEIICHHUEM:
MunaumansHOeE... 7,8  MUHHMaNBHOE................. 7,8 CMEILEHHE. .....oeeeeee. 7,8
MakcumanpHoe... 18,7 MakcuMalbHOE................ 0 MakcuManeHoE................ o0
NuTencuBHOCTH
CpenHee MoJHOro (xpurepuit Konmmoroposa
Cpensee........... 10,53 HOpManbHOTrO 3aKOHA....... 5,65 Ao 0,56
Cpennee Cpennee KBapaTHIECKOE Creniens (mapamertp k).... 1,53
KBaJIpaTHYECKOE OTKJIOHEHHE MOJTHOTO
OTKJIOHEHHE....... 2,21 HOpPMAaJIBHOTO 3aKOHA....... 18,2
TabnmuHOe 3HaUCHUE )2 TabnmuHOe 3HaUCHHE )2
IIPY YPOBHE 3HAYUMOCTH IIPY YPOBHE 3HAYUMOCTH
0,05 12,592 0,05...ccoieiiniiiiiieceene, 12,592
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[TnoTHoCTL BEpOATHOCTH
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Pacctoanue MEXY CTOAHKAMH MamMHbBI, M
Puc. 7. I'ucrorpamMmma 1 T€OpeTUUECKUE KPUBBIE paclpenese-
HUS I CITy4aifHOTO PacCTOSHUS MEXLY CTOSHKaMH: [ — yce-
YEHHBIH HOPMAaJbHBIA 3aKOH PACIPENEICHUS BEPOSTHOCTEH;
2 — CIBUHYTBIH TaMMa-3aKOH pacnpeeIeH s
Fig. 7. Histogram and theoretical distribution curves for
a random value of the distance between parking lots:
1 — truncated normal probability distribution law; 2 — shifted
gamma probability distribution law

Ha cnenyromem stane uccienoBanus ObUia BHITIONHEHA CTaTUCTHYECKas oOpa-
00TKa CMOJIENTMPOBAHHBIX MACCHBOB JJAHHBIX BPEMEHHU LIUKJIA TI0 3aTOTOBKE JICPEBHEB
Ha paboumnX IIIOMAAKaX TPU TOCTOSHHOM IIare epeMerieHus: Mamunabl R— (1-i Ba-
PHMAHT) ¥ IIpH 1LIare IepeMEeLLeHus], 10Ty4aeMOM IPU BbIOOPE INIOMIAZA0K C MAKCUMAJIb-
HBIM KOJIMYECTBOM JIOCTYIHBIX JiepeBbeB (2-i BapuaHT). OCHOBHbBIE CTaTUCTHUECKHE
NapaMeTpbl MacCUBa JAHHBIX, IIAPaMETPhI allPOKCUMUPYIOLIUX 3aKOHOB pacIpee-
JICHUsI BEPOSTHOCTEH M 3Ha4eHus Kputepus [lupcona y2 cenensl B Ta0i. 1. Hecmotpst
Ha TO, YTO JUIsl OT/AENBHBIX OTPaHHYEHHBIX M0 00beMY BBIOOPOK HAOIIOIAIACh ACHMME-
TPUYHOCTH CTAaTUCTUYECKOTO PACTIpe/IeNICHHs, sl BRIOOPOK 3HAYNTENLHOTO 00bheMa,
OXBAaTBIBAIOIINX HECKOJIBKO MACEK, PACIpeeIeHNE BIOJIHE CUMMETPUIHOE H XOPOIIO
COIVIACYeTCsl C HOPMAJIbHBIM 3aKOHOM PACIpEIEIIEHHsI BEPOSTHOCTEH.
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Tabnuna 1

ITapaMeTpbl CTATHCTHYECKOI0 pacipeesieHHs H HOPMAJILHOI0 3aKOHA BePOSITHOCTEI
BpPeMeHHU LMKJIa 3ar0TOBKH JiepeBbeB Ha padoueil miomaake

The statistical distribution parameters and the normal probability law for the time
of the cyclic processing on the operating area

ne}lse?\feﬂuilézm Pranenme KB(a:prI:fI[:::OG Koadguuuert 2 2
MHUHU- MAaKCH- Hee o1\ BapHAIIHH X'raon | X pacu
MallUHbI vansaoe | mamsmoe | PR OTKJIOHEHHE
gfrpaccm’m”e 41,835 | 533,951 |283,417| 94,693 0,334 [14,067|5,669
Ha monenupyemoe| ) 150 | 715490 (373.462| 115,767 0,310  [12,592(6,923
paccTostHue

Crnenyromeli CIiy4aifHON BETMYUHOM, BIHSIONICH HA TPON3BOAUTEILHOCTh Ma-
ITUHBI, SBISCTCS 00bEM 3aTOTaBIMBACMON JIPEBECUHBI C OMHON pabovei IITOIIaIKH.
Pesynbrarel crarncTryeckoil 0OpabOTKM MacCHBa NAHHBIX ITOW CITy9alHON BEIH-
YUHBI, MTOJyYEeHHBIX B PE3YJIbTaTe MOACITUPOBAHMS, M MapaMeTPhl TEOPETUUECKUX
anTMpPOKCUMHPYIONUX 3aKOHOB pacIpe/ie]ICHUs BEepOATHOCTEH MPHUBEICHBI B Ta0M. 2.
Kak u panee, paccmMaTpuBaauch BapuaHThl IEPEMEIICHUS MAIIUHBI MEX]Ty CTOSHKA-
MU Ha PACCTOSIHUE R—r U Ha pacCTOSHUE, MPU KOTOPOM JOCTUTaeTCs MaKCHUMAJIbHOE
KOJIMYECTBO JOCTYITHBIX ACPCBLEB.

Tabauma 2

HapaMeprl CTATUCTUYECCKOI'0O pacnpeaejieHusl U HOPMAJIbHOI0 3aKOHa BepOﬂTHOCTeﬁ
00beMa 3aroTaBJIMBaeMOM APE€BECHUHBI HA paﬁoqeﬁ miomajake

The statistical distribution parameters and the normal probability law for the volume
of harvested wood on the operating area

Bapuant 3HayeHne Cpennee Koshdumment
rnepeMenieHus MHHI- e KBaJIM4YeCcKoe N — Lossn | Loen
MAIIHHBI MambHOe | MambHOE pean OTKJIOHEHHE
gfrpacm’m“e 0,537 | 6303 | 3241 | 1,149 0,354 [14,067|5.410
Ha wonemmpyemoe| | 44y | g356 | 4550 | 1429 0,314  |12,592]9,349
paCCTOﬂHI/Ie

Ha ocHoBaHMM MOMy4YEHHBIX MPU MOAEIMPOBAHUM JAHHBIX ISl IByX Bapu-
AHTOB MEPEMEIICHUSI MAIIMHbl PACCYUTHIBAJIACH YacOBas MPOU3BOIUTEIBHOCTh KaK
¢$yHKIMS ciaydaiHbIX BenwuuH. /s 1-ro BapuaHTa Ciiy4allHBIMU BEJIMYWHAMHU SIB-
JISTFOTCSL 00BbEM 3aroTaBIMBAEMOM JIPEBECHHBI C OJIHOM TUIOMIAIKH Qpn BpeMsl LIUKJIa
paboThl MalMHEI Ha rtomaake 7,. Jing 2-ro BapuanTa KpoMe TeX e JIBYX BEJIMYUH
0OABIIAETCS TPETHS CIIyIaifHas BEIMINHA — PACCTOSTHHUE TTIEPEMEITICHIS MK TIIO0-
IIagKaMH Lpac. CKopocCTb MepeMelleHus] MallluHbI OT CTOSHKHU K CTOSIHKE V IpuHHMa-
Jlach B JIMAIIa30HE TIOHMKEHHOU repenadu 0—7 KM/4, YTO COOTBETCTBYET CKOPOCTH
XapBecTepa, yKa3aHHOW B paboTe, BBITIOJHEHHOW B paMKaxX Ha3BAaHHOU BHIIIC HAy4-
HO-HCCJIEN0BATECILCKOM TEMBI.

qaCOBaH HpOI/I3BOZ[I/ITeJIBHOCTB B BHUJC q)yHKIlI/II/I CJ'Iy‘-IElfIHBIX BCJIMYUH I10 Ba-

pHaHTaM PacCYUTHIBAIIACH IO (hOpMyIIaM
_ 36000,

yl — 5
R-r
T, +
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~ 36000,

4y2
Lpac

T, +

CrarucTuueckas 00paboTKa pe3y/bTaToB pacyeToB CIyYaiHbIX BenwduH 11,
I1,,, ornomenus 11,/ [T, m kpuTepuu coracus JUis alpOKCHMHUPYIOLIEro TeOpeTnye-
CKOTO HOPMAJIBHOTO 3aKOHA PACIPE/ICIICHHUS MTO3BOJTUIIA MOTYYHTh JaHHbIC, TPECTaB-
JIEHHBIE B Ta0II. 3.

Tabnumna 3

HapaMeprl CTATUCTHYECKOT0 pacnpeaejJeHusi H HOPMAJIbHOT0 3aK0HA BepOﬂTHOCTeﬁ
4acoBoOi NMPOU3BOAUTECIBHOCTH

The statistical distribution parameters and the normal probability law for the
productivity per hour index

3HaueHue C
pesuee
Bapuant | o KBAIPATHYECKOE KO;i)%ZEEEHT Poor | Pouea | 2
manbHoe | manphoe | PEAMCE | OTKIOHEHHE
I, 17,610 | 55,600 | 38,50 5,310 0,128 14,07] 9,14 10,390
I1, 30,730 | 54,230 | 40,76 4,230 0,104 12,59 2,96 {0,428
/1L, | 0,553 | 3,079 | 1,08 0,199 0,184 N I

W3 tabn. 3 BuAHO, YTO YacoBas NPOU3BOAUTEIBHOCTD JIECO3arOTOBUTENBHON
MallHHBI KaK 0 1-My BapHaHTy NepeIBUKEHUS, TaK U 110 2-My BIIOJIHE COIIACyeTcs
C HOpMaJIbHBIM 3aKOHOM pacIIpellelIeHHeM BEpOATHOCTeN 110 kpuTepusam Ilupcona y?
u Konmoroposa A. Cpeanee otHomeHus ciydainsix sennuud I1,/ I, pasuo 1,08,
YTO T'OBOPUT O IIPEBBIIIEHUH YaCOBON MIPOU3BOAUTENBHOCTH 10 2-My BapUaHTY IIpU
BbIOOPE CTOSIHOK ¢ MAaKCUMaJIbHBIM KOJINYECTBOM JIEPEBLEB HaJl IIPOU3BOIUTEIBHO-
CTBIO 10 1-My BapHaHTy C IOCTOSHHBIM PACCTOSHHEM R—1 MEKAY CTOSHKAMU B CPEJI-
HeM Ha 8 %.

Buioowr

Pesynbrarel MMUTALIMOHHOTO MOAEIMPOBAHMS JJsl BBIOPAHHBIX HCXOAHBIX
JaHHBIX: CPEAHEro 3anaca Ha 1 ra, cpeaHero ooObemMa XJbICTa, BbUIETa MAaHUITYIIATOPA
MAIIIMHbI — TO3BOJISIOT CAEAaTh CIEAYIOIINE BBIBOJIBI.

1. YBennueHue paccTOAHHUS Nepee3na MEeXIy CTOSHKaMH IS BapHaHTa Tie-
PEABIKEHHS] MAIIWHBI, TP KOTOPOM OCTAaHOBKA IMPOHM3BOJUTCS B MECTE C MaKCH-
MaJIBHBIM KOJIMYECTBOM JIOCTYIIHBIX [UI MAHUILYJISITOPA AE€PEBbEB (2-1 BapuaHT), 1O
CPaBHEHHIO C BAPHMAHTOM, KOTZA [TOCTOSIHHOE PACCTOSHUE MEXIy CTOSHKAMH PaBHO
Pa3HOCTH MakCHMaJIbHOTO M MUHMMAJIBHOTO PajinyCcoB BblIeTa MaHUIyssitopa (1-i
Bapuant), coctanisieT 40,4 %. [Ipu 3ToM OTHOILIEHNE BpeMEHH Tepee3a K 00beMy
3aroTaBjIMBaeMOM JPEBECHHBI Ha paOOUYMX IUIOIAAKAX JJIsi 00OWX BapUAHTOB OCTa-
€TCsl HEN3MEHHBIM.

2. Bpems paboTsl Ha paboueli Iomaake ¢ MaKCUMaITBHBIM KOJIMIECTBOM J0-
CTYIHBIX JiepeBbeB (2-i BapuaHT) yBenuuusaercs Ha 31,8 % mo cpaBHeHMIO € 1-M
BapUaHTOM, [IPH 3TOM OTHOIICHHE BpeMEeHH paboThl K 00bEeMY 3aroTOBJIEHHOH Ape-
BeCHHBI cHIKaeTcs Ha 0,1 %. Takoe cHIKEHHE OOBACHSIETCS TEM, YTO KOJIMYECTBO
3aroTaBIMBAEMON TPEBECUHBI C OMHOM TuTOmaaku yBenmuuBaercs Ha 40,4 %, 9Tto
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OosbliIe yBeTUUEHHS BpEMEHH pabOoThl Ha MJIOMIAJIKE C MAKCUMAIbHBIM KOJINYECTBOM
JIOCTYIHBIX JI€PEBHEB.

3. PocT mpou3BOIUTENFHOCTH TI0 BapHAHTY PaOOTHI C BHIOOPOM MECT CTOf-
HOK C MaKCHMAaJIbHBIM KOJWYECTBOM JepeBbEB COCTaBisieT 8 % (10 CpaBHEHHIO C
1-M BapmaHTOM) MPH YMEHBIIIEHUN CPETHETO KBaJPaTHUECKOTO OTKJIOHEHHS M KO-
s punmenta Bapuarnyu Ha 20,3 u 18,8 % coorBercTBeHHO. Ha 0CHOBaHMU JTaHHBIX
0 CTAaTUCTUYECKOM pPACIPEeIEHUH OTHOLIEHUH NMPOU3BOAUTENBHOCTEN 11 1-T0 M
2-ro BApHaHTOB MEPEIBIKECHNS MAILIMHBI IIPU BepoATHOCTH 99,6 % MOKHO TOBOPHUTH
00 M3MEHEHHUH TTPOU3BOIUTEIBHOCTH OT CHIKeHMs Ha 37,3 % mo pocra Ha 81,6 %
OTHOCHUTENFHO CPEHETo 3HaYeHus 1-T0 BapHaHTa.
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Annomayusn. OnyH U3 KPYIHBIX HEJ0CTATKOB JICHTOYHOIIMIIBHBIX CTAHKOB — HU3Kasl JI0JIT0-
BEYHOCTb JICHTOYHBIX NHJI. Bo Bpemst paboThl M3-32 yCTaJOCTHBIX SBJICHUH B MEK3yOOBBIX
BIAJMHAX JICHTOYHBIX ITHJI 00pa3yIoTCsl TPEIIMHBI, KOTOPHIE, pa3BUBAsICh, IPUBOIAT K pas-
pyuieHuto nui. [IpoYHOCTh JICHTOYHBIX MHJ CYUTACTCS 00ECIIEUeHHOH, e KO GUIIUEHT
3araca MpoYHOCTH He MeHee TpeOyeMoro. PekomeH10BaHO MpUHUMATH KO3 UITHEHT 3aria-
ca MPOYHOCTH PAaBHBIM 2. BBINOIHEHBI pacueTsl Ha MPOYHOCTh JCHTOYHBIX MUJI C HCIOJb-
30BaHMEM CXEMAaTH3MPOBAHHOW JMarpaMMbl NpPeAeIbHBIX aMILUTUTY/. BeiBeneHa dopmysa
Ut pacueta ko3¢ (GUIUCHTa 3amaca MPOYHOCTH JICHTOYHON muiibl. [1o mpencTaBicHHON
(dopmyne paccunTan K03(GUIMEHT 3araca NPOYHOCTH JICHTOYHBIX MTUJI, U3TOTOBJIEHHBIX MO
T'OCT 6532—77, xoTopble MPUMEHSIOTCS B IETUTEIbHBIX IEHTOYHOMMIBHBIX cTaHkaX. [To-
JIy4eHHBIH KodpuIneHT 3amnaca npoyHocTH — 1,44. J{ist TIEHTOYHBIX MTUJI IJaHHOE 3HAaYCHUE
SIBIISIETCSI KpaifHe HU3KHUM, TaK KaKk HAMHOTO MEHbIe Tpedyemoro. Jliist IpoaomKUTe IbHOM
Y HaJIe)KHOH HKCIUTyaTallny JICHTOUYHBIX I He00X0iMMa X perysisipHast 3aTOYKa HE TOJIBKO
JUTst o0ecIieueHus: TpeOyeMOl OCTPOThI 3yObeB, HO U JIJIsi OOTOUKH MEK3yOOBBIX BIIAIMH C
LEeNbI0 yAaleHHus Ae(QEeKTHOTO Cosi, 00pa3yIoIIerocs: u3-3a yCTajJOCTHBIX siBieHul. [Ipu-
BOJISITCS M IpyTH€ PEKOMEH/IAIMH JUIsl TIOBBILICHUS JOJITOBEYHOCTH JICHTOUHBIX IHJl. JlaHa
OLICHKA JOJITOBEYHOCTH MHJI JICHTOYHOIMIBHOTO CTaHKa HOBOTO THIIA C KPUBOJIMHEHHBIMU
a’pOCTATHYECKUMH HAIIPABIISIOIIUMHE U 3yObsIMH, OCHALIICHHBIMU TBEPBIM CIsIaBOM. Pac-
YeThl MOKa3ajiH, 4YTo KOd((UIMEHT 3anaca MPOYHOCTH B ATOM ciydae — 2,4, 1 BO3MOXK-
Ha JUTUTENbHAs M HaJIe)KHas SKCIUTyaTalisl TAaKoTro cTaHka 0e3 MepruoAnYEecKoil 00paboTKH
MeX3yOOBBIX BHaJuH. TakuM 00pa3oM, JEHTOUYHBIE MBI UMEIOT HU3KYIO JI0JITOBEYHOCTD,
BBI3BAaHHYIO MX IOBBIIICHHBIM aBapUHHBIM PAcXOJOM. JTO HETaTHBHO OTPAKaeTCs Ha UX
HN3HOCOCTOWKOCTH, YBEJIIMYMBACT 3aTPaThl Ha MOJrOTOBKY M IMIPHOOPETEHHUE, TOITOMY HOIY-
YEeHHBIE PE3YJbTaThl UMEIOT MPAKTHYECKYIO IEHHOCTD.

Kniouegvie cnosa: nentodHas nuia, yCTalOCTHBIC TPEIIUHBI, KOI(QGHUINEHT KOHIICHTPAIUU
HaIpsDKEHUH B MEK3yOOBBIX BIaIMHAX, KO3()(UINEHT YyBCTBUTEIBLHOCTH Marepuaia JeH-
TOYHBIX MU, KOA(QQUIMEHT 3anaca MPOYHOCTH JICHTOYHBIX MTHJT
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Abstract. One of the major disadvantages of band saws is their low durability. Breakages
during the operation are mostly caused by fractures in notches between the blades of the
band as a result of the fatigue phenomenon. The strength of the band saw blades is ensured
if the assurance coefficient value is greater than the theoretically determined one. The value
of the assurance coefficient of 2 is recommended. A schematic limit-amplitude diagram was
used to calculate the durability of band saws. A formula for the estimation of the assurance
coefficient was derived. It was used for the calculation of the assurance coefficients of the
band saw blades manufactured in accordance with GOST 6532—77, which are applicable
in dividing band saw machines. The resulting value of the assurance coefficient was 1.44.
The value is extremely low for the band saws because it is much lower than required.
Band saw blades should be sharpened regularly to ensure a long and reliable service life.
It should be made not only to ensure the required sharpness of the blades but also to remove
the defective layers in notches caused by fatigue phenomena. In the article, there are
more recommendations for improving the durability of the blades of the band saws. The
durability of a new type of band saw with curved aerostatic guides and hard alloy blades
was evaluated. Its assurance coefficient was 2.4. Therefore, the machine can be operated
reliably for a long time without regular treatment of the notches. Consequently, band saws
have low durability due to their increased breakdown rate and low wear resistance. Hence,
the costs of their purchase and treatment rise. Therefore, the results presented in the article
are practically applicable.

Keywords: band saw, fatigue fractures, stress concentration coefficients in notches,
material sensibility coefficient of band saws, assurance coefficient of band
saw blades
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Beeoenue

Bompocamu nepeBooOpadOTKH, B YaCTHOCTH BOIIPOCAMH NMUAJICHUS APEBECHHBI
JIGHTOYHBIMU MMUJIAMU, 3aHUMAJIUCh MHOTHUE aBTOpkI [3, 4, 7, 9, 11, 14-22].

JleHTOUHONIUIIBPHBIE CTAHKU HAILIM LIXPOKOE MPUMEHEHHE B JICCOMHIICHUU
Onarofaps psty MPEUMYIIECTB MEPe]] IPYTUMH BUIAMHU JICCOMMIBHBIX CTaHKOB. Oc-
HOBHBIE IOCTOMHCTBA JICHTOYHOITMILHBIX CTAHKOB CIICAYIOIIHE:

HEBBICOKAs IIEPOXOBATOCTH MTOBEPXHOCTH MOJIYIaEMBIX ITHJIOMaTEpHUaIoB Oma-
rozaps OOJBIIMM CKOPOCTSIM PE3aHHs U MaJIbIM ITo/ladaM Ha 3y0;

HE3HAYUTEITbHBIN pacXo/l IPEBECUHBI B OMMIIKH 32 CUET MAJIbIX TOJILUH MTIJT;

BO3MOXKHOCTh PacCIUINBATh OpEeBHA OOJBIIUX TUAMETPOB, KOTOPBIC HEIb3s
pachuiInBaTh Ha JICCOMMIBHBIX CTAHKAX APYTUX BUIOB;

MHANBHUIyaJbHAs PAaCIMIIOBKa OPEBEH C yU4eTOM O0COOEHHOCTEH MX CTPOCHHUS
¥ KauecCTRa;

OTCYTCTBHE MAacCCHBHBIX (DYHJaMEHTOB, TaK KaK HET OONBIINX CHJI WHEPIIUU
pu paboTe CTaHKa;

BO3MOYKHOCTh HCIOJIb30BATh OJTHOIUIIBHBIC JICCOTMIILHBIC MOJYJIM B THOKUX
ABTOMATU3UPOBAHHBIX JIECOMUIBHBIX JIMHUSX.

BwMmecTe ¢ 0TMEUEHHBIMH JI0CTOMHCTBAMU JICHTOYHONMIIBHBIE CTAHKHA UMEIOT H
PAI CYIIECTBEHHBIX HETOCTATKOB. OHUM M3 HUX SBISETCS HU3KAs TOJTOBEYHOCTD
JICHTOYHBIX MWJI. ABApUHHBIA pacXoj] ICHTOYHBIX TTHII HAMOOJBIINHN 110 CPABHEHHIO C
JIPYTUM JIECOMUIbHBIM UHCTPYMEHTOM.

O¢ddexTuBHOCTh MUICHUS APEBECUHBI HAa JICHTOYHOWIBHBIX CTAHKAX B 3Ha-
YUTEJLHOW CTEICHH 3aBHCUT OT TOYHOCTH MHJICHHS M OT JOJTOBEUHOCTH MHJI. Bo-
MIPOCHI TTOBBIMIEHUST TOYHOCTH MTUJICHUS IPEBECHHBI pacCMaTPHUBAIOTCS B padoTtax [1,
2, 5]. JlaHHas cTaThsl MOCBAIIEHA BOIIPOCAM JOJITOBEYHOCTH JIEHTOUHBIX ITHJI, U3TO-
taBnuBaeMbIX 10 'OCT 653277 «IIusbl J€HTOUHBIE ISl PACTIUIIOBKH JPEBECUHBI.
TexHUYECKHE YCIOBUS», HO OCHOBHBIE METOUYECKHE MOJIOKEHUS MOTYT OBITh HC-
MI0JIb30BaHbI U MIPH pacueTax JEHTOYHBIX M, U3roToBieHHbIx mo 'OCT-10670-77
«[Tusel IEHTOYHBIE JIJISI PACHIHIIOBKU OPEBEH U OpyCcheB. TEXHUYESCKUE YCIIOBUS.

Lens uccienoBanmst — pa3padoTKa PEKOMEHIAITIH JJIS IIOBLIIICHUS TOJITOBEY-
HOCTH JICHTOUHBIX TTHJI 71T PACTIIIOBKH IPEBECHHBI.

Obwvexmul u Memoobl UCCAE008AHUSL

OOBbeKTOM UCCIIeOBaHMs SBIIAETCSA JIGHTOYHAsl TMHJa, W3TOTOBJICHHAS T10
I'OCT 6532-717.

HccnenoBanusiMu yCTaHOBIJIEHO, YTO Pa3pyLIEHUE JIEHTOUHBIX IHMJI HOCHUT B
OCHOBHOM YCTaJIOCTHBIN xapakrtep [8, 16]. IIpoyHocTs muitel cumraeTcsi obecte-
YEHHOM, eclii KO QHULUUEHT 3amaca MPOYHOCTH # HE MeHee Tpedyemoro [6], T. e.
JIOJKHO OBITh BBINIOJIHEHO YCIOBHE 71 = N, 6 0, BEIMYMHA TpeOyemoro kospdu-
LMeHTa 3amaca MPOYHOCTH 000 JeTalli 3aBHCHUT OT ee Ha3Ha4deHHs, JeHCTBYIO-
LIMX Harpy30K, XapaKTepPUCTUK MaTepuasa, HaJudus KOHIIEHTPATOPOB HAIIPSKEHUH,
TEXHOJIOTUH U3TOTOBJICHUS W TIOATOTOBKH K paboTe. B mccnemosanuu [10] ¢ yueTom
MIEPEYNCIICHHOTO PEKOMEHI0BaHO NpUHUMATh n = 2. [Ipu pacuere JEHTOUHBIX IMTHJI
Ha npo4yHocTh B [10] mcmonp3oBaHa cxeMaTH3MPOBAHHASI JUarpamma MpeaesbHbIX
ammuTya. Ha ocu abcmuce oTkiaapIBagach BEMYMHA MpeAeia MPOYHOCTH, a Ha
OCH OpJIUHAT — [IpeJiesia BBIHOCIUBOCTU IIPY CUMMETPUYHOM LIUKJIE HATPYXKEHUS G .
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[Ipsimast muHUS, COETUHSIONIAsA 3TH TOYKH, COOTBETCTBYET YCTAIOCTHOMY pa3pylle-
HUIO Muibl. [IpyHIKMTIHANEHO BO3MOXKHO BOSHUKHOBEHHE B MUJIE TUIACTHYECKUX Jie-
(dbopmanuii, eciiy HanpsLKEHUs IPEBBICAT Ipeaen Tekydectu o,. Ha auarpamme no-
MOJTHUTENIFHO OTKJIA/IBIBAIOTCS 3HAUCHHUS NIpeJiesia TeKy4eCTH G, Ha ocsx adcuuce u
opauHar. [IpsiMast IuHUS, COSMHSIOMIAs 3TH TOUYKH, COOTBETCTBYET IIACTUYECKUM
nedopMaLHsIM.

B coBpemMeHHBIX HPOYHOCTHBIX pacueTax IIHPOKO MPHUMEHSETCS auarpam-
Ma Cepencena—KunacomBuiu [6]. Ha xpuBo#, COOTBETCTBYIOIIEH YCTalIOCTHOMY
pa3pyLIEHUIO, IONOJHUTEIBHO BBOIUTCA TOYKA, 0003HAYarolasi OTHYJIEBOM LUK
Harpy>xeHus. JJoCTONHCTBO NIPUMEHEHUS TaKOW IuarpaMmbl — 0ojiee BBICOKAs TOY-
HOCTB pacueToB. B maHHOMN cTaTbe MPUHAT 3TOT BUJA CXEMaTU3UPOBAHHON JUarpam-
MBI (puc. 1). YyacTok ycTaaoCTHOH KpUBOW 3aMEHEH NPSIMOH JIMHUEH, TPOXOASLIeH
yepes Toukd A u C, COOTBETCTBYIOIINE MTPEAEIbHBIM CUMMETPUYHOMY U OTHYJIEBOMY
LUKJIaM COOTBETCTBEHHO. J[JI IUIaCTUYHBIX MaTepHasioB, K KOTOPHIM OTHOCHUTCS H
Marepuas JEHTOYHbIX MU, ONIACHO HE TOJbKO YCTaJIOCTHOE pa3pyllIeHUE, HO U BO3-
HUKHOBEHHME OCTAaTOYHBIX Ae(opmanuii Mpu JOCTMXKEHUM Ipenena Tekyuectd. Ha
nuarpamme (puc. 1) mokazana o6nacTb, orpaHudeHHas TuHIed ML, BHyTpH KOTOpOit
BCE TOYKH O€30IacHbI OT OCTATOYHBIX Aedopmanuii.

T >
L Gm | I ‘
b

6J/2 |
T

Puc. 1. Cxematu3upoBaHHas qrarpaMma MpeaebHBIX HalpsKSHUH

Fig. 1. Schematic diagram of ultimate stress

Vpasuenue npsamoit AC, npoxoasiuei yepes Touku ¢ koopaunaramu A (0; ¢ )
u C (6,/2; 6,/2), UM€eT BU:
20,

Ga :Gm l_ - +G,13 (1)
0

IJe ©,— aMIUIMTYJa LUKJA; G, — CPEAHEE HAIPsHKEHUE LUKIIA.
VYpasuenue npsimoir ML, npoxonsmieit uepe3 Touku ¢ koopauHaramu M (0;
o) nL (o 0):

Gy, =01 =G (2)
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Pemast cucremy ypaBuenwii (1) u (2), moimy4aem abCIECCY TOUYKH IEPECEUCHUS
C'3THX IPAMBIX:

o+ —OC

ro_ T -1
Gm_—c
201 -==L

Gy

IIpu 6, <G’ BO3MOXXHO YCTaJIOCTHOE pa3pylleHue, a Ipy G, > G, — BOZHUKHO-
BEHHME IIACTUYECKUX AedOopMaluii IpU MPEBBIIEHUN NIPEeIa TEKyYECTH.
Koaddunuenr 3anaca npouHOCTH 110 yCTATIOCTHOMY Pa3pyLIEHUIO AT UKIIA,

COOTBCTCTBYIOLICIO TOYKE N, OIpEACINUTCS KaK OTHOLICHUC W 4 3 HOZ[O6I/I$I Tpe-
OK _OA
ON OA"

26_, -0,

yroibHUKOB OAK u OA'N cnepyet, uro 7 = N3 puc. 1 Haxonum

OA=0,u OA'=0E+ EA' =¢,+t0, "tgy=0, +0,
Oo

OrTcrona nmeem
G

20,

G, +0 -1

a m

Oy
[t pacdera xoaddurperTa 3amaca MpoIHOCTH HEOOXOIUMO KPOME OTMEUCH-
HBIX ()aKTOPOB YUHUTHIBATh KA4ECTBO 3aTOUYKH 3yObEB, KOTOPOE OLICHUBAETCS KO hu-
nuentoM P = 0,6...0,9, 1 S5KBUBaJICHTHBIA KOA(PPULIUEHT KOHIECHTPALMH HarpsiKe-

HUH, onpeiesisieMblii cornacHo padote [10] mo ¢popmyie:
k _ ]/IG]/I + HGH
5 )
G, +0,
rae k,, k, — ko3 puIueHThl KOHIIEHTPALUK HAPSDKEHUH COOTBETCTBEHHO TP U3TH-
0e 1 HaTsSHKeHUH.

Takum 00pazoM, k03 GHUIMEHT 3arnaca MPOYHOCTH JICHTOYHBIX I TPH JJTH-
TeNbHON paboTe 0e3 00paboTkM Mek3yOOBBIX BINAJAWH MOXKET OBITH OMpPEAETICH MO
crnenyroiieit Gpopmyie:

G_
n= ! . 3)
] 2’671 1
-G, +0, -

B Go

Pesynomamet uccnedosanusi u ux oocyxcoenue

OmnpenenuM JONATOBEYHOCTD JETUTEIbHOMN JIEHTOUHON MUJIBI, U3TOTOBJICHHON
no 'OCT 6532-77, umerowieit Toamuny 1,2 MM 1 mMpUHY 1oJoTHA b = 115 mMm.
JuaMeTp NMUIBHBIX IKUBOB ACIUTEIHHOTO JEHTOYHOMMIBHOTO cTanka D = 1250 MMm.

[Muta gomkHa OBITh HATSHYTA M HCIIBITHIBATH HATIPSHKEHUS OT CUJIBI HATSDKCHHSI
50...100 MlIla [12]. IIpuaumaem o, = 80 Mlla.

Hamnpspxenust ot u3ruba muiIbl Ha IIKHBAX:

o, =£E,
D
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rae S — ToNmMHA MUibl, MM; £ — MoAynb ynpyroctd marepuana nuibsl, Mlla,
E=2]1"-10.

IIpu § = 1,2 mm, D = 1250 MM, o, = 201,6 MIla xo>(pduuueHTs!
KOHLIEHTpallMy HanpspDKeHUi npu musrube nwiel k, = 1,23 n Harsokenus k, = 1,53
MIPHUBEIEHBI COOTBETCTBEHHO B paborax [13] u [12]. DxBuBaneHTHbIH KO DUIIEeHT

KOHICHTpAInunu HaHpH)KeHI/Iﬁ IIpHU pEKOMCHAYCMBIX 3HAYCHHUAX O, U O :
k.o, +k,o, 1,23-201,6+1,53-80
k, = - =1,32.
c, +0, 201,6 + 80

CormnacHo TexnonormaeckuM pexknmam PU 04-00 «IloaroroBka qemuTeIbHBIX
JICHTOYHBIX TTHII», JIOTYCKAeTCsl paauaibHOe OMEeHWE MUWIBHBIX IIKWBOB JCITUTEINb-

HBIX JICHTOYHOIIMJIBHBIX CTaHKOB 0,15 MM, 4TO OJa€T AOIOJHUTCIBHOC HATAXKCHHC

AL 0,15
mnAc, = TE [Tpu cBoGoxHOM mmuHe i L =2000 mm A 6, = 2(’)00 2,1-105=

= 15,75 MIla.

B pabote [13] npuBoauTcsl 3HaUEHHE Mpeliesia BHIHOCIUBOCTU MPH CHMMe-
TPUYHOM LIUKJIE HATPYKEHUsI IPU U3rubde 1nojaoTHa JeHTouHoH muisl 6, = 308 MIla
U IIpU OTHYJIEBOM LIMKJIE Harpy:xeHus c,= 498 Mlla.

Cpennee HanpsHKEHUE KA JJIST HAPYKHBIX CIIOEB JICHTOYHOM TTHITBI:

; °2 +o, =¥+80=180,8 MITa.

AMITIUTYA IHKIIA HArpy>KeHUs JIEHTOYHOM THJIBI IS HApY>KHbBIX U BHYTpPEH-
HUX CJIOEB IUJIBL:

c _ 20L,6

— u
o, =—+Ac,

+15,75 =116,55 MIla.

KauectBo 3arouku 3y0ObeB, oneHHBaeMoe koadduiuentom B = 0,6...0,9, xa-
paKkTepH3yeT MIepOXOBaTOCTh MOBEPXHOCTH MEXK3YyOOBBIX Bl iH. MeHblIee 3Haue-
HUE KOAPPUIIMEHTa COOTBETCTBYET rpy0oii 3arouke. [Ipuanmaem B = 0,9.

[ToxcraBuB 3Havenus 6 ,, k,, B, 6,, 6,, U G, B ypaBHeHHe (3), HOIy4aeM KO-
3¢ GUIMEHT 3amaca MPOYHOCTH JICHTOYHOH IMHJIBI ACTUTEILHOTO JICHTOYHOTUIBHOTO

CTaHKa:
308

1’32116,55+180,8 2-308 _,
0,9 498

JIJis TIEHTOUHBIX MW TO KpaliHe HM3KHK KOA(HUIMEHT 3amaca MpOYHOCTH.
OH 3HauuTENbHO MeHblIe TpeOyemoro. C Henblo MPONOKUTEIBHON M Halle)KHON
9KCIUTyaTalliH JICHTOYHBIX T HEOOXOANMa UX perysspHas 3aTo4YKa HE TOJBKO IS
obecrieueHus TpeOyeMoit OCTPOTHI 3yObeB, HO U JJIS MTPOTOYKH MEXK3yOOBBIX BITATNH
C TETBI0 yIalIeHus 1e(EeKTHOTO CII0s1, 00pa3yIOMEerocs n3-3a yCTalOCTHBIX SBICHUH.
s m30exanus uckaxxeHust mpoduiisi 3yObeB HEOOXOAMMO BEITIONHATH PETYIISIPHYIO
npaBKy 3aTouHOro Kpyra. [Ipu noanuingoBke Mex3y00BBIX BIIAAMH MalbLEBON (pe-
3011 oOecrieunBaeTCcs yMEHbIICHHE PUCOK U U3MEHSIETCSl MX HalpaBJICHHE.

[IpennmoskeH HOBBIA THUN JIEHTOYHOMIIBLHOTO cTtanka [11]. Tonkas crampHas
JICHTa JABWKETCS 110 IByM KPUBOJIHMHEWHBIM a3POCTATHIECKUM HAIPABIISIONINM, pac-
MTOJIOKEHHBIM HaJl U TIO]T pacTiINBaeMbIM MarepraioM. OOInii B TAKOTO CTaHKa
nmokaszaH Ha puc. 2. [logpoOHoe onricaHre cTaHKa MpuBeeHO B padore [11].

n=

=1,44.

b
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Puc. 2. OOmui BUA JETUTEIBHOTO
nenrouHonuibHOTO cTanka JICI 150

Fig. 2. General view of the LSD 150
dividing band saw

JlanuM OIeHKY JIOJATOBEYHOCTH JICHTOYHOMN MUJIBI HOBOTO JICHTOYHOTIMIIEHOTO
CTaHKa.

XapakTepuCTHKa CTaHKA: JCHTOYHAS MiiIa TOMMMUHON 1,0 MM IBIKETCS 1O
KPUBOJIMHEHHBIM a3pOCTATUUSCKUM HAMpPaBIISIOMNUM, UMEOmuM mupuHy 100 M.
Pamnyc mampasnstonux R = 750 mm. Cua Harsoxerus el 7 = 5000 H. buenne
Bl OTCYTCTBYeT AG, = 0.

Hanpspxenne n3rnda mumbt

B 10
" 2R 2-750

Hanpspkenne HaTsDKCHHS THITBI
T 5000

(e) e ————

" Sh 1,0-100

DOKBHMBaJICHTHBIH KO3()(GUIMEHT KOHLIECHTPALUU HAPSKESHUH
ko, +k,o, 1,23-140+1,53-50

o 2,1-105=140 MIla.

=50 MIla.

k, L, 3.
G, +0, 140 + 50
CpenHee HanpsKeHUE LIUKIIA
o, =2 yo =10 50-120 MTa.

2 2

AMIUIATY/Ia IIMKJIa HArpY )KEHHS
o, =2 - 140 _ 26 MiTa.
2 2

[Ipenen BBIHOCAMBOCTH NPU CUMMETPUYHOM HarpyxeHuu o , = 308 MIla.

[Ipenen BBIHOCIMBOCTH NPH OTHYJIEBOM LUKIE HarpyxeHus 6,= 498 MIla. Koad-
(ULUCHT, YYNTHIBAIOMINI Ka4eCTBO 00pabOTKH MEX3yOOBBIX BIIAJIWH, MPUHUMAEM
B =0,9. IToncraBus 3Hauenus ¢ |, k,, B, 6,, 6, U 6, B popmyiy (3), umeem n = 2,4.
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Takoii BbICOKHI K03(p(PUIIMEHT 3amaca MPOYHOCTH TO3BOJISIET 00ECICUUTD UIUTEIb-
HyI0 Oe3aBapHiiHyt0 padoTy JICHTOUHONMIBFHOTO CTaHKa C MHJION, OCHALIICHHOM T1J1a-
CTUHKaMH TBEPJIOTO CILIABA.

B 1991 r. Ha skcniepuMeHTalbHO-ITPOU3BOJCTBEHHOM 3aBojie «KpacHbIl OK-
T0pb» (T. ApXaHTelIbCK) OBUTH TIPOBEIEHBI MCIIBITAHUS Ha JOJITOBEYHOCTH JICHTOU-
HOW MHUJIBI AKCTIEPUMEHTAIBHOTO JEIUTENBHOTO JEHTOYHOIMMIBHOTO CTaHKa ¢ KpH-
BOJIMHEWHBIMU a’pocTarnueckumu Hampasistonmmu JIJ[150-13 [11]. Ucnbrtanus
BBIIOJIHEHEI HA JICHTOUYHOM mmiie, u3rotoiaeHHor 1mo I'OCT 6532-77, umerome
tommuny 1,0 mm, mmpury 125 MM, mar 3yoseB 30 mm 1 amuHy 5500 mwm. Ilnma
TTOITOTOBJICHA B COOTBETCTBUH C TexHOJMorndeckumu pexxumamu PU 04-00. Kaxxmas
BETBb MBI HaTsiHYTa ¢ cuutolt 6,0 kH. Ckopocth nBmkeHus cocraisiia 30 m/c.

[Tuna paborana Bxonoctyto 20 nH. o 3 4. B mponecce ucnbITaHNi MEX3y-
OOBBIC BIAJIMHBI 3yObeB HE 00pa0aThIBAIMCH M OOCIICIOBAINCH YePe3 Kax/bIie 3 4.
[Mocne 60 4. UcTIBITaHMI Ha XOJIOCTOM XOAY HU OJTHON TPELIMHBI B MEK3yOOBBIX BIla-
IUHAaX He 0OHapy»)eHo. Bo Bpems ucnbITannii muna npereprena 2,5-10° mukioB Ha-
rpyxkenust. Takum 00pa3oM, pe3ylbTaThl BHITOJTHEHHBIX PACUETOB IMOITBEPKIAIOTCS
WCIIBITAHUSIMH, KOTOPBIE TTPOBOIMIIUCH paHee.

Ha ocHoBannu npoBeIeHHBIX PACYETOB U JaHHBIX, HOTYYEHHBIX B XOJ€ UCIIbI-
TaHW, MOYKHO 3aKIIIOUUTh, YTO KOHCTPYKIIHUS JICHTOYHONMIBHOTO CTAaHKa C KPHBOJIH-
HEHHBIMU a3pOCTATUYECKUMH HAIMPABISIONIMMU 3HAYUTENBHO YBEIMUUBACT JIOJTO-
BEYHOCTH MWJI U TTO3BOJISIET MPUMEHATh Ha CTAHKAaX TAKOTO THIIA JICHTOYHBIE MHIIBI,
OCHAITICHHBIC TUTACTHHKAMH W3 TBEPIBIX CIUIABOB 0€3 MEPHOAMYCCKON 00paboTKh
Mex3y0oBbIX BrajnH. COKpamiaercss pacxoi MUJI, CHUKAIOTCS TPYA03aTpaThl Ha UX
MOJTOTOBKY, OBBIIIAETCS KAYECTBO MUJICHUS APEBECUHBI.

Boioowt

1. Pa3zpaborana MmareMaTrueckas MOJIEINb JIJIsl pacyeTa JISHTOYHBIX MU Ha J0J-
TOBEYHOCTb.

2. JlnurenbHass paboTa JICHTOUHBIX THJI JICIUTEIIBHBIX JICHTOYHOMUIBHBIX
CTaHKOB TPAIUITMIOHHON KOHCTPYKIIMU C MTAIHLHBIMU IIKUBAMHU BO3MOYKHA MTPHU YaCTON
3aTOYKE MU ¢ TPOTOYKOW MEK3YOOBBIX BIAJAWH U yIAICHUEM e()HEKTHOTO CIIOSI.

3. TmarensHas moanUIH(OBKA MEX3YOOBBIX BIAIUH IO3BOJIICT HE TOJIHKO
YMEHBIIUTH TITyOUHY PUCOK, HO U U3MEHSET UX HAIlpaBlIeHUE, YTO JaeT TOBHIIICHUE
JIOJITOBEYHOCTH JICHTOUHBIX T Ha 40 %.

4. IIpuMeHeHre ICHTOUYHBIX MU JJI1 PACITUIOBKH IPEBECUHBI B KOHCTPYKIIUU
JIEHTOYHOMMIILHOTO CTAHKA ¢ KPUBOJIMHEHHBIMU ad9POCTATUICCKUMHU HATIPABIISIFOIIIH-
MU MO3BOJISICT 00ECIIEUHTh JUIUTEIIbHYI0 0e3aBapuiiHy0 paObOTy MUIIbI IPU OCHAIIE-
HUU 3yObEeB M3HOCOCTONKIMH MaTepHATIaMH.
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Annomayusn. 3bGeKTUBHOCTH pabOThI KPYITIONMMIBHOIO CTaHKa OMPEASsieTCss paboToCO-
COOHOCTBIO M SKCIUTyaTallMOHHOHM HAJEKHOCTBIO JEPEBOPEXKYIIEro MHCTpyMeHTa. B mpo-
recce paboThl MOJIOTHO KPYIVIOH MUIIBI OABEPraeTCs CIOKHOMY BO3JICHCTBHIO CHIIOBBIX M
TemreparypHbix (akTopoB. COCOOHOCTH MUIIbI MTPOTHBOACHCTBOBATh BO3MYILAIOIIUM CH-
JIaM pe3aHus CKJIAJbIBAeTCs U3 KECTKOCTH U YCTOHYMBOCTH ee MonoTHa. Kpyras numa npea-
CTaBJIsI€T CO00M TOHKMH CTAJBHOW JMCK C LIEHTPAIBHBIM OTBEPCTHEM U 3y04aToil pexyiiei
KpOMKO#. JIMCK KpyTJIOH MHJIBI KMEET 3 30HBI: NepuepUiHYI0, CPSIHIO U IICHTPAIBHYIO.
HawuOonbliee BIUsIHUE HAa YCTONYMBOCTD MOJOTHA MBI OKa3bIBAIOT CPEHSS U nieprdepuii-
Hasi YacTH Aucka. s mpuganus nusie paboToCrnoCcoOOHOCTH B €€ TOJIOTHE (POPMUPYIOT co3/1a-
HHMEM IUIaCTHYeCKON JedopManuell rpaHMYHbIX PaJraIbHbIX MOJIOCOBBIX YYaCTKOB CEKTOP-
HbIE 30HBL. B 0TeYecTBEHHOW 1 MUPOBOH MTPaKTHKE 00padOTKA TAKUX YYaCTKOB BBIOJIHSICTCS
npokoBKoi. HopMupoBaHHbIE HANPSHKEHUS B MTOJIOTHE KPYIVION MUJIBI MOTYYaIOT JIOKAJIBHBIM
MEXaHMYECKUM KOHTAKTHBIM BO3JEICTBHEM pabouero opraHa MIJIONPABHOIO MHCTPYMEHTa
10 pPa3MEUeHHBIM PalycaM MOJIOTHA MUJIBI ¢ OPMHUPOBAHUEM MTOJIOCOBBIX YYaCTKOB TIIACTH-
yeckol aedopmaiu MeTasia ¢ HOpMajabHO HANPaBICHHBIMH K PaJNyCy Pa3HOCTOPOHHUMHU
HanpspKeHUSIMU. [Ipu 3TOM cO CTOPOHBI CMEXKHBIX CEKTOPOB MOSIBIISIOTCS] KOHTPHANPSKCHNUS,
MNPUBOJAIINE K B3aUMHOMY «OTTAJKHUBAHUIO» CEKTOPOB U MOSBICHUIO HANpPSDKEHUM CxKaTus,
KOMIICHCHUPYIOIIUX CHUJIBI IEHTPOOESIKHOTO YCKOPEHHUsI, TEMIIEpaTypHOro HarpeBa OTJECIbHBIX
30H IOJIOTHA MUJIBI, BHEIIHUX MPOAOIBHBIX U TOMEPEUHBIX U3THOAIOIIMX CHJI, BOSHUKAOLIUX
B IIOJIOTHE MHUJIBI TIPH 00paboTke napeBecuHbl. CyMMapHOE B3aMMOJICHCTBHE BCEX CMEKHBIX
CEKTOpPOB 00ecneYrBaeT HATSHKEHUE MOJIOTHA MUIIbI U YCTOHYMBOCTD MHCTpyMeHTa. Co3na-
HHUE PaJualbHBIX MOJOCOBBIX yYaCTKOB ITPOKOBKOH MMEET CYLIECTBEHHbIC HEJOCTATKH, IS
YCTpaHEeHHs! KOTOPBIX MPEIJIOKEH MPUHIMIIHATIBHO HOBBIN MOAX0] — (OpMHUPOBAHUE CEKTOP-
HBIX TIOJIeH OCTAaTOYHBIX HATIPSKEHUI B TOJIOTHE THJIBI TEIUIOBBIM BO3ACHCTBHEM, 3aKIIIOUAI0-
IIMMCS B CO3JaHUM HOPMHUPOBAHHBIX OCTaTOYHBIX TEPMOIUIACTUYECKUX HAMPSKCHUN B MTHJIb-
HOM TIOJIOTHE KPaTKOBPEMEHHBIM (1—2 ¢) KOHIIEHTpUPOBAaHHBIM TEILJIOBBIM BO3/ICHCTBHEM Ha
MAaCCHBBI JIOKAJIBHBIX PAJHAIBHO PACTIONIOKECHHBIE 110 MOJOTHY MUJIBI TIOJIOCOBBIX YYaCTKOB.
B pesynbTrare npoBeeHHBIX HCCIEIOBAHUH OMPEIETICHbI IPAHUIIBI YIaCTKOB TEIJIOBOTO BO3-
JICWCTBHSL HA TIOJIOTHO NMWJIBI M JMana3oH TemIieparyp, obecrieunBaroinii GopmupoBanue
HOPMHPOBAHHBIX OCTATOYHBIX TEPMOIJIACTUYECKUX HAMPSKEHUH B MOJIOTHE KPYIVION MUIIBI
IpY KOHLIEHTPUPOBAHHOM MMITYJIbCHOM HarpeBe MacCHBa PaHalIbHBIX MOJIOCOBBIX YYaCTKOB.
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Abstract. The efficiency of a stationary circular saw is determined by the performance and
operational reliability of the woodcutting unit. During operation, the circular saw blade is
exposed to a variety of complex loads and thermal conditions. The rigidity and stability
of the saw blade determine its capacity to resist the perturbing cutting forces. The cutting
compound itself is a thin disc made of steel with a hole in the middle that has a serrated
cutting edge. It consists of three areas: peripheral, middle, and central. The stability of the
saw blade is determined by the middle and peripheral parts. The increase in durability is
achieved by plastic deformation to form the strip boundaries of the radial sections. These
parts are treated by forging in both national and international practice. Normalization of loads
on the blade in case of local mechanical contact with the working body is formed in the strip
boundaries of the radial sections through the formation of places with plastic deformation
of the metal, which rearrange the loads and place them in the radial direction. At the same
time, countertension appears from the adjoining sections, leading to mutual “repulsion” of
them and the creation of compressive tension that compensates for the forces of centrifugal
acceleration, thermal heating of separate areas of the saw blade, external longitudinal and
transverse bending tension that arise during wood processing. The combined interaction of
all adjoining sections provides the tension and stability of the saw blade. The creation of the
radial sections by forging has some significant disadvantages. Their elimination requires a
fundamentally new approach, such as the formation of the residual stress sections in the saw
blade by thermal exposure. It creates a normalized residual thermoplastic tension in the saw
blade by a short-time (1-2 s) focused thermal influence on the strip boundaries of the radial
sections. The results of the conducted research determined the boundaries of the sections
for thermal treatment and the temperature range, which ensure the formation of normalized
residual thermoplastic tension in the circular saw blade through concentrated pulsed heating
of the strip edges of radial sections.

Keywords: circular saw, thermoplastic tension, stability, focused thermal exposure
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Bseoenue

Ha necomunbHO-1epeBO0OpAOATHIBAIONINX — MPEANPHUITHIX  MPUMEHSIOT
KpPYIJIONUIbHBIC CTAHKH, PA00OYMM WHCTPYMEHTOM KOTOPBIX SIBIISICTCS KpyTJiasi THJIA.
OddexTuBHOCTL pabOTHI CTAaHKA OMPEACISAETC PadOTOCIIOCOOHOCTRIO U AKCILTyaTa-
LIMOHHOW HAJIEKHOCTBIO JIEPEBOPEKYIIETO MHCTPYMEHTA.

B mpomecce paboThl MOIOTHO KPYTIIOW MHIIBI TTOJBEPTACTCS CIOKHOMY BO3-
NEHCTBHUIO CHJIOBBIX W TeMIeparypHbIx ¢aktopos [4, 11, 13, 14, 16, 18, 19]. He-
PaBHOMEPHBIN HArpeB MOJIOTHA MO PAIUYCY MUIIbI OT ASUCTBUS CHUJI TPCHUS U CHUJIBI
COIPOTHUBJICHUSI PE3aHUIO BBI3BIBAIOT JC(POPMAIIMIO MUIBHOTO IOJIOTHA, MPUBOJS-
LIYI0 K BO3HUKHOBEHWIO BHYTPEHHUX HAINPSIKEHUM, BBIBOAAIIMX €r0 U3 IUIOCKOM
(hopMBI YIIPYroro paBHOBECHS W CHIIKAIOIIMX PabOTOCIOCOOHOCTh MHCTPYMEHTA.
PaboTocmocoOHOCTh THITBI, COXpaHEHHUE € TIIOCKOH (POPMBI PABHOBECHS 3aBHCAT OT
JKECTKOCTH M YCTOWYMBOCTH MOJOTHA MUJIBL.

Kpyrnas nuna — TOHKMI CTalbHON AUCK C IEHTPAJIbHBIM OTBEPCTHEM U
3yOuaroil pexymeid kpomkoid. IlpuHATO paccMarpuBaTh AWCK KPYIJIOW IHJIIBI
KaK cocCTOsIMi u3 3 30H: nmepudepuilHol, cpeqHed U neHTpaibHol [12—14].
Ha ycToW4mBOCTH MOJOTHA MUJIBI B HAUOONBINEH CTCNICHHW BIUSIOT CPEIHSIS U
nepud epuitHas 9aCTH ITUCKA.

B ucXogHOM COCTOSIHMM MOJIOTHO IMOATOTOBJIEHHOM KPYIVIOW MHUJIBI UMEET
IJIOCKYIO0 (JOPMY paBHOBECHS, KOTOPasi MOXKET OBITh HapYIICHA MPH ONPEICICHHOM
BHELIHEM BO3JEHCTBUM Ha MUY B MPOLECCE PE3AHUS, UYTO BBI3BIBAET OTKJIOHEHHUE
JIUCKa U PEXYILIEH KPOMKH IMHJIBI OT UCXOJHOTO COCTOSIHUS, OTEPI0 YCTOMUMBOCTH
Y CHIDKEHHE TOYHOCTH 00paboTkM ApeBecuHbl. s mpuaanus paboTocrmocoOHO-
CTH TIWJIE B €€ MOJIOTHE (POPMUPYIOT TIOCPEACTBOM CO3/IaHUS TPAHUYIHBIX Pajnaiib-
HBIX TTOJIOCOBBIX YYaCTKOB MEXaHMUYECKOW TIACTHUECKON NehopMaliieil CeKTOpHbIe
30HbI. B oTeuecTBeHHON U MUPOBOI
MpakTuKe 00padOTKa TaKUX ydacT-
KOB BBITNIOJIHSETCA TaK Ha3bIBa€MOU
CEeKTOpHOM  mpokoBkoil  [12-14].
HopmupoBaHHbIE HamnpsKeHUs B
MOJIOTHE KPYIVIOW MHUJIBI MOIYyYaroT
JIOKaJbHBIM ~MEXaHUYECKUM  KOH-
TaKTHBIM BO3JICHCTBUEM paboyero
OopraHa NUJIOMPABHOTO HHCTPYMEH-
Ta MO Pa3MEUEHHBIM paJUycaM IO-
notHa muikl. [pu aTom dhopmupyrot
MOJIOCOBBIE YYAaCTKU IUIACTHYECKOM Puc. 1. MexaHuveckne IUIACTHYCCKHE HAIpsDKe-
nedopMaid MeTajula ¢ HOpMallb- HHUs B KPYDIOW nuie: / — MONOTHO MWk, 2 — 3a-
HO HAaIIPaBJICHHBIMH K paguycy pas- JKUMHOM (bHaHGII; 3 - LHCHTPAJIBHOC OTBEPCTUEC,
HOCTOpOHHI/IMI/I HaHp)DKeHI/DIMI/I Gnm 4— CCKTOPBHI; 5- paarajibHbIC TOJIOCOBBIC YYACTKH
(puc. 1). Kak cnencrsue, co cropo- Fig. 1. Mechanical plastic tension in circular saw
HbI CMEXHBIX CEKTOPOB TosiBysitoTest  blade: / — saw blade; 2 — clamping flange; 3 —
KOHTPHAIPSDKCHHS G, TPHBOISIINC central hole; 4 — sectors; 5 — radial strip sections

KH?
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K B3aUMHOMY «OTTAJIKMBAHWIO» CEKTOPOB M CO3/IaHUIO HANPSIKEHUH CXKaTus, KOM-
MEHCUPYIOIIUX CHJIBI IEHTPOOEIKHOTO YCKOPEHUSI, TEMIIEPaTypHOTO HarpeBa OT/eib-
HBIX 30H TIOJIOTHA MHJIBI, BHEITHUX MPOJOIBHBIX U MOTEPEYHBIX M3TH0AIOMNX CHI,
BO3HHKAIOIIUX B MTOJIOTHE MTPU 00paboTKe MpeBecuHbl. CyMMapHOE B3aUMOJICHCTBIC
BCEX CMEXHBIX CEKTOPOB NPUBOAMT K HATSDKEHUIO TIOJIOTHA ITHJIBI, YTO OOECIICUNBAET
YCTOHYHBOCTh MHCTPYMEHTA.

I'myOuHa ciiea MpOKOBKM Ha MOBEPXHOCTH TOJIOTHA OT YIapoB O0iKa MpOKo-
Bounoro mHcTpyMenta pocturaet 0,05 mm (I'OCT 980-80. «Ilmnbl kpyTibie TI0-
CKHeE ISl pPaCIIMIIOBKY IPEBECHHBI. TeXHUYECKHE YCIOBUA» ), TOATOMY HANPSIKEHHS
pacTsHKEHHs TP MEXaHHYECKOM BO3JCHCTBUM HA MOJIOCOBON yYacTOK BO3HUKAIOT
TOJIBKO B IIOBEPXHOCTHOM CJIO€, HE PaclpOCTPaHssICh B IyOUHY IUCKA MHJIBI, U HE
o0ecnieunBatoT HOPMHUPOBAHKSI PABHOMEPHOTO TOJIS1 HANPSHKEHUH 10 TONILIMHE T10-
notHa sl [ 12—-14]. B marepuane nonoTHa Meay NPOKOBAaHHBIMH OBEPXHOCTHBI-
MU CJIOSIMU TTOJIOCOBOTO y4YacTKa I0JIe HalpsKeHNH ocTaeTcst Hem3MeHHbIM. [pu no-
MTOJTHUTEIFHOM BO3IEHCTBUY HA TIOJIOTHO IHJIBI, HAIIPUMED TETIJIOBOM, HApyIIaeTCs
0ajaHC Pa3HOHAIPABICHHBIX HANPSHKEHUH (TETJIOBBIX, TIOBEPXHOCTHBIX U BHYTPCH-
HUX) U YBEJIMUYUBAETCS PUCK IOTEPH INIOCKOH (OPMBI YIPYroro paBHOBECHUS JHCKa
1 YCTOWYMBOCTHU ITHJIBI.

Jnst ycTpaHeHHs! HEJOCTaTKOB CEKTOPHON MPOKOBKH MPeAIoKeHa MPUHIIUIIH-
abHO HOBas TexHojorus. [Ipeanoxeno GopMUpOBaTh CEKTOPHBIC TIOJIS OCTATOYHBIX
HaNPsHKEHUH B TIOJIOTHE MUJIBI TEPMOIUTACTHYECKIM BO3ICHCTBHEM, KOTOPOE 3aKITIO-
YaeTCsl B CO31aHMHM HOPMHUPOBAHHBIX OCTATOYHbBIX HANPSKEHUH B IMIIBHOM IOJIOTHE
KpaTKoBpeMEeHHBIM (1—2 ¢) KOHIEHTPUPOBAHHBIM TEIJIOBBIM BO3/ACHCTBHEM Ha Mac-
CHUB PaJUaJIbHO PACIOJI0KEHHBIX IO MOJIOTHY MUJIBI TOJIOCOBBIX Y4acTKOB [6—8, 16].
JT10 0obOecneynT paBHOMEPHOE paclpe/eeHie HANPSKCHUH B MaTepHuaje MHCTPY-
MEHTa 10 BCEMY MacCHBY IOJIOCOBOTO y4YacTKa U OJHOPOJHOCTh CTPYKTYpHI HOJIeH
HaIPSHKEHUH.

HccnenoBannii B 3TOM HaNpaBJICHUH paHee HE MPOBOIMIOCH. [t oOocHO-
BaHMS PEKUMOB ITOATOTOBKH ITOJIOTHA MHJIbI KOHLICHTPUPOBAHHBIM TEIJIOBBIM BO3-
JIeHICTBHEM Ha paJualbHbIE JIOKAJIbHBIE ITOJIOCOBBIE YYACTKH TOJOTHA BBITOIHEHBI
L[eJIeHaNpaBIeHHbIE HCCIIEJOBAHNUS.

Obvexmbl u Memoowbl UCCAEO08AHUS

PaccmarpuBaeMasi TEXHOJIOTHS MOATOTOBKU KPYIIIOW THJIBI K PabOTE OCHOBBI-
BaeTCs Ha TEIUIOBOM criocobe [4, 612, 16] co3nanus HaNpPsHKEHUH B TIOJIOTHE MTUJIBI
UMITYJTbCHBIM WHJIYKIIMOHHBIM HAarpeBOM PAJMATBLHO PACIIOJIOKEHHBIX MOJIOCOBBIX
YYacTKOB, KOTOPBIE SIBJISIOTCS TPAHWYHBIMH JUTSI CMEXKHBIX CEKTOpOB TOJoTHA. [Ipu
HArpeBaHUM MAacCHBA MOJIOCOBBIX YYaCTKOB 00Pa3yIOTCsl MO30HHO PACIIOIOKEHHBIC 10
MOJIOTHY MWJIBI HOPMAJBHO K PAJIMyCy JIMCKA pa3HOHAIPABICHHbBIC TCIUIOBBIC HApSs-
JKEHUS G
[Tpu 3TOM B MaccuBe y4acTka BO3HHKAIOT BTOPHYHBIC TEPMOIUIACTHYCCKUE OCTATOY-
uHele nedopmaruu [1-10, 15-17], obecneunBaromue (GopMHupoBaHHE B TPAHUIHON
30HE CMEXHBIX CEKTOPOB TIOJIOTHA MMUJIBI PA3HOCTOPOHHUX OCTATOYHBIX TEPMOILIACTH-

MMPEBLIIIAOMINE IPEACT TECKYUCCTU (yr[pyr OCTI/I) G,, Marc¢puajia I1ojJ0THa.

TEM.?

YECKUX HAINPSHKEHUH G

TIUT

cs1 o(hhexT HATSHKEHNS TIOIOTHA KPYTJION IHJIBI BCIISICTBHE B3AUMHOTO OTTAJIKUBAHHS
CMEXHBIX CEKTOPOB U JIOCTHI'AETCSl YCTOMYMBOCTb ITUJIBI B TIPOLIECCE PAOOTHI.

(puc. 2). Ilog Bo3neHCTBIEM 3TUX HAMPSHKEHUHN TIPOSIBIISCT-
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KonuuecTBeHHas olleHKa OCTaTOYHBIX TEPMOIUIACTHUECKUX HaNpsKeHUH Ipu
HarpeBaHNM MacCHBa PaJMajIbHOTO MOJIOCOBOTO Y9acTKa M M3MEHEHHUH Toel ocTa-
TOYHBIX TEPMOIUIACTUYECKUX HAPSKEHUH 10 IPaHULIE CMEXHBIX CEKTOPOB I10JIOTHA
MWJIBI BHITIOJHEHA C YYETOM JMHAMHUYECKHX W TEMIIEPaTypHBIX HanpshKeHUH, BO3-
HUKAIOIINX B Mpolecce padoThl MUJIBI, IO MaTeMAaTHIECKON MOJIEIH, PaHEe PaccMo-
TpEeHHOi1 B pabotax [6, 7].

Jlng onpeneneHus 30HbI TEIJIOBOTO BO3/IEHCTBUS Ha MOJIOTHE MHJIBI M Ipee-
JIOB TEMIIEpaTyp, BbI3BIBAIOIIUX (OPMUPOBAHUE OCTATOUHBIX TEPMOTLIACTUYCCKHX
HaNpsDKEHUH B MOJIOTHE KPYIVION MUJIBI IPU MMITYJIbCHOM MHAYKLIMOHHOM Harpese
pazuaibHOrO TMOJIOCOBOTO YYacTKa CMOIENMPOBaH Mpolecc (GOPMHUPOBAHHS pajau-
AJBHBIX ITOJIOCOBBIX TMOJIEH OCTATOYHBIX HANPSIKEHUH B mojioTHEe Tkl [Ipu sTom
[IPUHATH BO BHUMAHHE TUHAMUYECKHUE HANPSDKEHUS B IOJIOTHE KPYIIIOH MUJIbI, 00-
YCIIOBJIEHHBIE BpAIlleHHEM, U HEpaBHOMEpHBIE TeMIlepaTypHble HampshkeHus. Pas-
MEpHBIC XapaKTePUCTUKH MUIBL: nuameTp — 500 MM; TommmHaa — 2,5 MM; IHAMETP
LEeHTPOBOTrO oTBepcTs — 50 MM; 3axkumMHOU (pranerr — 100 mm. Marepuan mojoTHa
el — ctaib 9XO (FOCT 5950-2000. «IIpyTKu, MOTOCH 1 MOTKH M3 HHCTPYMEH-
TaJbHON JIETUPOBAHHON cTanu. OOume TeXHHYECKHe YCIOBHUS»). XapaKTepHUCTH-
KH TIOJIOTHA MHJIBL: MOAyNb yrpyroctd E = 196,1 I'Tla; koaddunument Ilyaccona
u = 0,27; mmotHOCTh cTamu ¥ = 7,86 - 103 kr/M?; npenen TeKy4ecTu G, ONpesIensie-
MBI 110 rpaduKy 3aBUCHMOCTH TIpeJieia TEKyUeCTH CTalu oT Temneparypsl, Mlla;
cpenHuii kK03(QPUIIMEHT TUHEHOTO PacIIupeHus o (l‘ ) =11-10"° ex./°C.

[lpu nuneHuu apeBecHHbI NepudepuiiHas 30Ha UCKa MUl HATrpPEeBaeTCs
6ompmie neHTpanpHOi [13, 14]. Temmeparypubiii rpaguent A7 mo paauycy AHMCKa
U COOTBETCTBYIOLIME pPaAualbHble M TAaHTCHLUMAIbHBIE COCTABIIOIINME TEMIepa-
TYPHBIX HaNpsDKEHHUH MPHUBOIAT K MOTepe OallaHca HANPSHKEHUH U TIOCKOH (OPMBI
YIPYTOrO PaBHOBECHS TUCKA M YCTOWYMBOCTHU MUJIBI. TaHTeHIIMANbHbBIE COCTaBISIO-
LIMEe TEeMIIEPaTyPHBIX HAIPSKEHUH OKa3bIBAIOT OOJIblee BIMSAHUE HAa yCTOWYNBOCTD
nosjoTHa sl [10].

J1g onleHKH XapakTepa pacnpeziesieH!s] TAHTeHIINATbHBIX COCTABISAIONINX Ha-
HpsDKEHUR Gy NP NEpenaje TEMIIEpaTyp 0 paJuycCy MUIBHOIO AUCKA IPUMEHEHA
¢bynkyst [12, 14]:

r -1 r m r -2
oor =ATaE | mn | 2| +(m+)n| 5] —m| | 0,
rae o — Ko3(p@UUUEHT JIMHEHHOro pAaCIIMPEHUsl Marepuajia IOJOTHA IWJIBI;
N> Ny N3> Ny — QYHKIMH, ONPEIENAEMBIE TIOKA3aTENEM CTENEHU 71, B 3aKOHE pac-

npexeneHus temmepatyp [15] oTHomeHueM muamMerpa (piaHIAa K JUAMETPY TUCKa
MWIBl ¥ OTHOIIGHHWEM TeMIepaTyp IEHTPaIbHON W mepudepuitHOW 30H IHCKa;
7 — TeKyIu# (paccMaTpUBaeMBblii) paguyc, M; R — paJuyc MUIbL, M.
[Ipu BBINONHEHMM pacyeToB HpUHATO #n, = 3, nuamerp ¢uianna — 100 mwm,
AT=60°C, torna n, = 0,042; n, = -0,179; n, = -5,705-107; n, = 0,143.
PacueTsl BBIOMTHEHBI C UCTIONB30BaHUEM MPOrPaMMHOT0 KoMIutekca Mathcad.
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TaHFCHHI/IaHBHLIC COCTAaBJIAOIINE NTUHAMHUYCCKUX HaHpH)KeHI/II\/’I 09’ BO3HU-
Karmnx HpI/I BpaI]_[eHI/II/I II1UJIBI BO BpeMS[ pa6OTBI, OHpeI_[eJ'ISIIOTCSI n3 BBIpa)KeHI/ISI
[7, 12, 14]:

2
’
5 5 2 2 My (Rj - Mzcz (|~l1c2 - (3 + H))

.
Gy = d-(1+3u)| = | +pc?—| L= :
6 (L+30)| & | +me” —| & T

IJie Y — IVIOTHOCTB CTAJIH; V — OKPY)KHAsi CKOPOCTh BPAICH)s MIIIBL, M/c; € = Fy / R,

IIe 1y, — Pajnyc 3aKUMHOTO (ranua; p — koapduument [Tyaccona (L= 0,3; w, = 1+w;
H=1-p).

Pezynomamut ucciedosanust u ux oocysncoenue

3aBHCUMOCTH TAHI€HIMAIBbHBIX COCTABISIOIINX TEMIIEPATYPHBIX M JTUHAMHU-
YEeCKHUX HalpsDKEHUH MIPUBEACHBI Ha pUC. 2.

Gg, MIla
Gy MIla
60 -
40 1 gg.\.

—
=
0 i . — .
0.2 04 0,6 \QK 1 7R
-20 4 AN

60 —— - oy(r/R)
----- - Gg(7/R)
— - 04(7/R) + 64 (¥/R)

Puc. 2. Pacnpe,ueneHI/Ie TAHTCHIIUAJIBHBIX COCTABJIAIOIINX TEMIICPATYP-
HBIX W JUHAMHUYCCKUX HaHpH)KeHI/Iﬁ 10 paanycCy MMUJIbl

Fig. 2. Distribution of tangential components of temperature and
dynamic loads along the blade radius

AHanu3 3aBUCUMOCTEN MOKa3bIBAET, YTO BO3HUKAIOIIIKUE IO/ JEHCTBUEM IICH-
TPOOEIKHBIX CUJI TAHTCHIHAJbHBIE HAMPSXKEHUS G, ABIIAIOTCSA PACTATHBAIOIUMU 110
BCEMY paJuyCy IIWIbI, @ HEPABHOMEPHBIM HATPEB 110 PAJNYCY KPYIVION MUJIbI BBI3bI-
BaeT 3HAKOTIEPEMEHHbIE TAaHTEHITHAFHBIC HATIPSDKEHUS Oy (PACTSKEHUS B CPEeTHEH
30HE IOJIOTHA U HAINPSDKEHUS cxkatus B nepudepuitHoit). Touka nepexona cymmap-
HBIX TAHI'CHIIMAJIbHBIX HaHpH)KCHI/Iﬁ GOT + Ge PaCTsKCHUS B HAIIPSAXKCHUA CIKATUA
HaxXOIWUTCS Ha OTHOCHUTEILHOM pamuyce /R = 0,65. Hanpspxenus cxarus B mepude-
pUITHOH 30HE CIIOCOOCTBYIOT OCIIa0IEHUIO 3y0UaTol KPOMKH, MOTEPEe ILIOCKOH (hop-
MBI YIIPYTOrO PABHOBECHS JUCKA U YCTOMUHNBOCTHU MUJIBL.
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st obecrniedenust paboTOCMOCOOHOCTH MUJIBI HAMIPSDKEHUS CKaTHsI HE0OXO0AU-
MO KOMIICHCHUPOBATh, YTO JIOCTHUTAETCS CO3JJAHUEM COOTBETCTBYIOIIUX OCTATOYHBIX
TEPMOILIACTUUECKUX HanpskeHui [1, 6-8].

[Tone ocTaTOUHBIX TEPMOIUIACTHUECKUX HAMpPSDKEHWH B MOJIOTHE MUIIBI (hop-
MHUPYETCsI IEPBOHAYAIBHBIMH TEIUIOBbIME JAehopmanusmu [ 1-5] (puc. 3).

Puc. 3. TepMmomnacTudeckue HampsbKeHHsI B pa-
JIMaJIbHOM TIOJIOCOBOM Y4YacTKe: / — JIUCK TIMJIBI;
2 — 3a)XUMHOM (raHen; 3 — cekTop; 4 — paanab-
HBIE ITOJIOCOBBIE YYACTKH
Fig. 3. Thermoplastic loads in the radial strip
section: / — saw blade; 2 — clamping flange;
3 — sectors; 4 — radial strip sections

IIpu HarpeBe MaccrBa MOJIOCOBOTO YYACTKA JI0 TEMIIEPATyPhI B HEM BO3HUKA-
IOT TeIJIOBBIC HaMpspKeHus [1]:

o, (t)=-Ea(1)t.

3aBUCHMOCTH TEIJIOBBIX HAIpPSDKEHUH O, (t ) U Tpeaena TEeKy4yecTH CTalld
9XD o, ,(f) npuBeaEHBI Ha PHC. 4.
G, MIla
o, MIla
1600
1400 -
1200 -
1000 -

L

800 -
600 -
400 A -
200 - —\
0+% . . . . . . .
0 100 200 300 400 500 600 700
-Gy, (1) t,°C
fffffffffff -0,(0)

Puc. 4. TemniepatypHble HaIpsHKEHUS U IPEAET TeKydecTH ctanu 9XD B
3aBUCUMOCTHU OT TEMIIEPATypPhbl

Fig. 4. Temperature loads and yield strength of 9XF steel depending on
temperature

W3 ananusa 3aBucumocteil cienyet, uto npu ¢ = 220 °C u BbllIe TEIUIOBbIE
HAIIPSUKEHUS G, PEBBIIAIOT MPEJIEN TEKYYECTH G, cTanu 9XO. [1pu sTom Terosoe
BO3/I€IiCTBHE BBI3bIBACT OCTATOUHBIC TEPMOIUIACTUYECKHE HAIIPSKEHUS HA IPaHULe
MacCHBa PaJIMaIbHOTO MOJOCOBOTO YyUacTKa G, = G, [1].

W3-3a HarpeBaHusi MaccuBa IIOJIOCOBBIX YYacTKOB IO pajuycaM IWJIbI Ha
y4acTKe, OTPaHUYEHHOM OKPY>KHOCTSIMH 32)KMMHOTO (prraHna u paauycom » = 0,65R,
00pa3yroTcs CXKUMAIOLINE OCTaTOYHbIE TEPMOILIACTUUECKHIE HANIPSKEHUS B CpeTHEN
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30HE U HaNPsDKCHUS pacTsHKEeHUs B iepudepuitHoil 30He aucka. [Ipu aToMm cxumaro-
[IMe TeMIeparypHble HapspKeHHus B nepudepuiiHol 30HE OT HEpaBHOMEPHOTO Ha-
rpeBa MBI B TIpoIiecce paboThl B3aMMHO YPaBHOBEIIINBAIOTCS I KOMITEHCHUPYIOTCS.

Raxnrouenue

@opMUPOBAHUE HOPMHUPOBAHHBIX CEKTOPHBIX IIOJIEW OCTATOYHBIX TEPMOILIA-
CTUYECKHUX HANPSDKEHUN B MOJOTHE KPYIION NMUIIbI KOHLIEHTPUPOBAHHBIM HMITYJIb-
CHBIM TEIUIOBBIM BO3JIEHCTBUEM HA PAJINAJIbHbIE TPAHUYHBIE IT0JIOCOBBIE YUACTKH I10-
3BOJISICT YCOBEPIIEHCTBOBATH TEXHOJIOTUIO IIOATOTOBKH ITHJIBI, 00ECIICUUTD IUIOCKYIO
(dbopMy ynpyroro paBHOBECHs IIOJIOTHA U YCTOHYMBOCTh KPYIJIOW MUJIBI B padorTe.

B pesynbrare npoBeEHHBIX UCCIIEAOBAHUI ONpPEENIEHbl IPAHUIBI YUYACTKOB
TEIJIOBOTO BO3/ICHCTBHS Ha TOJIOTHO MWJIBI M JHANa30H TeMIepaTyp, oOecrednBa-
oM popMUPOBaHUE HOPMUPOBAHHBIX OCTATOUHBIX TEPMOIUIACTUYESCKHUX Harpsi-
JKEHUH B IOJIOTHE KPYIIOM NUJIBI IIPU KOHLIEHTPUPOBAHHOM HMITYJIBCHOM Harpese
MacCHBa paJiiaiabHBIX TOJOCOBBIX YUaCTKOB.

CIIMCOK JIMTEPATYPHI / REFERENCES

1. Bupeep M.A. Octarounsie HanpspkeHus. M.: Mamrus, 1963. 232 c.

Birger [.A. Residual Tensions. Moscow, Gosudarstvennoye izdatel’stvo
«Mashinostroyeniye» Publ., 1963. 232 p. (In Russ.).

2. bocamoe A.A. MexaHuueckue CBOWCTBA U MOJAETH pa3pyLICHUS METaJIOB.
Exarepun6ypr: YI'TY-YIIH, 2002. 329 c.

Bogatov A.A. Mechanical Properties and Models of Metal Destruction. Yekaterinburg,
USTU-UPI Publ., 2002. 329 p. (In Russ.).

3. boeamog A.A. OctaTouHble HANIPSDKCHUSA U pa3pyIIeHue MeTaa / THHOBaIImOHHBIC
TEXHOJIOTHH B METAJUTYPrHM M MAaIIMHOCTPOCHUH: MaTepHajbl 6-i MEXayHap. HAyd.-TIPAKT.
KOH(}. YpasibcKasi Hay4yHO-TIiefaroruueckas mkona uM. npod. A.d. l'onosuna, Exarepunoypr,
29 okr.—1 Hos10. 2012 1. ExarepunOypr: Ypain. yH-1, 2013. C. 95-101.

Bogatov A.A. Residual Tensions and Metal Destruction. Innovative Technologies in
Metallurgy and Mechanical Engineering: Proceedings of the 6th International Scientific-
Practical Conference of Ural Scientific-Pedagogical School named after Professor
A.F. Golovin, Yekaterinburg, 29 October — 1 November 2012. Yekaterinburg, Izdatel’stvo
Ural’skogo universiteta Publ., 2013, pp. 95-101. (In Russ.).

4. boposukos E.M., Opnos b.®. Tepmudeckuii crioco0 MOATOTOBKU KPYIIIBIX THJI K
paborte // 13B. By30B. JlecH. xypH. 1974. Ne 6. C. 90-94.

Borovikov E.M., Orlov B.F. Thermal Treatment of Circular Saws. Lesnoy Zhurnal =
Russian Forestry Journal, 1974, no. 6, pp. 90-94. (In Russ.).

5. bopooun U.H., Maiiep A.E., [lempog FO.B., Ipy30xoe A.A. MakcumyM npenena
TEKY4YeCTH IpU KBa3HCTaTHYECKOW W BBICOKOCKOPOCTHOM IUIACTHYECKOH Jedopmanuu
MmetasuioB // ®usuka TBepaoro tena. 2014. T. 56, Bemt. 12. C. 2384-2393.

Borodin I.N., Mayer A.E., Petrov Yu.V., Gruzdkov A.A. Maximum Yield Strength
Under Quasi-Static and High-Speed Plastic Deformation of Metals. Solid State Physics, 2014,
vol. 56, no. 12, pp. 2384-2393. (In Russ.). https://doi.org/10.1134/S1063783414120051

6. Menexos B.U., Conosves M. M. Co3naHue TEPMOIUIACTUUYECKUX HAIMPSDKEHUN B
MUIBHOM JMCKe Kpyriioi el // M3B. By30B. JlecH. sxypH. 2010. Ne 2. C. 87-91.

Melekhov V.., Solovyov LI. Creation of Thermoplastic Tension in Circular Saw
Blade. Lesnoy Zhurnal = Russian Forestry Journal, 2010, no. 2, pp. 87-91. (In Russ.). http://
lesnoizhurnal.ru/upload/iblock/b08/b087c4466253da22ed3e19¢778437576.pdf



https://doi.org/10.1134/S1063783414120051
http://lesnoizhurnal.ru/upload/iblock/b08/b087c4466253da22ed3e19c778437576.pdf
http://lesnoizhurnal.ru/upload/iblock/b08/b087c4466253da22ed3e19c778437576.pdf

154 «H3BecTHs By30B. JlecHoii skypHay». 2023. Ne 4 ISSN 0536-1036

7. Menexos B.U., Conosves U.U., Tiopuxosa T.B., I[lonomapesa H.I. TloBblieHue
YCTOHYMBOCTH AEPEBOPEIKYIINX ITHII TEPMOIUIACTHUECKIM BO3EHCTBUEM Ha paclpe/ieiieHue
OCTaTOYHBIX HAINpspKeHUH B monotHe // M3B. By30B. JlecH. xypH. 2020. Ne 6. C. 172—-181.

Melekhov V.., Solovyev LI., Tyurikova T.V., Ponomareva N.G. Improving the
Stability of Wood-Cutting Saws by Thermoplastic Action on the Distribution of Residual
Stresses in The Blade. Lesnoy Zhurnal = Russian Forestry Journal, 2020, no. 6, pp. 172—181.
(In Russ.). https://doi.org/10.37482/0536-1036-2020-6-172-181

8. ITarent 2434952 C1 PO, MIIK C21D 9/24, HO5B 6/02. YcTpo#icTBO IS CO3MAHUS
TEPMOIIJIACTUYECKUX HANpPsDKEHUH B MUJIBHOM JuCKe Kpyrmod mubsl: Ne 2010117098/02:
3asBi. 29.04.2010: omy6ir. 27.11.2011 / .M. Conosbes, B.I1. Menexos.

Melekhov V.1, Solovyev L.I. Device for Creating Thermoplastic Stresses in Circular
Saw Blade. Patent RF no. RU 2434952 C1, 2011. (In Russ.).

9. Ilarent 2684521 C1 Pd, MIIK C21D 9/24. VYcrpoiicTBOo aisi co3qaHuUs
TE€PMOIJIACTHYECKUX HOPMHUPOBAHHBIX HampsbkeHUH B kpymiod mwmie: Ne 2018121970:
3asBi. 15.06.2018: omy6ir. 09.04.2019 / B.1. Menexos, .W. ConoBbes.

Melekhov V.I., Solovyov LI. Device for Creation Thermoplastic Normalized Stresses
in Circular Saw Blade. Patent RF no. RU 2684521 C1, 2019. (In Russ.).

10. IHozoees A.A., Hawun FO.H., Tpycos I1.B. OcTaTouHBIC HAPSHKEHUS: TEOPUSI U
punokeHus: MoHorp. M.: Hayka, 1982. 109 c.

Pozdeyev A.A., Nyashin Yu.l., Trusov P.V. Residual Stresses: Theory and Applications:
A Monograph. Moscow, Nauka Publ., 1982. 109 p. (In Russ.).

11. Ilpoxogves [ ®. CoznaHue BBICOKOTEXHOJOTHMYHBIX JIECOMUIBHBIX CTAHKOB:
MoHoOrp. Apxanrensck, 2018. 157 c.

Prokofiev G.F. Creation of High-Tech Sawmills: A Monograph. Arkhangelsk, Solti
Publ., 2018. 157 p. (In Russ.).

12. Cmaxueg FO.M. YcTOHYMBOCTD M KOJE€OAHUS IUIOCKUX KPymIbIX mwia. M.: JlecH.
poM-cTh, 1977. 296 c.

Stakhiyev Yu.M. Stability and Vibration of Flat Circular Saws. Moscow, Lesnaya
promyshlennost’ Publ., 1977. 296 p. (In Russ.).

13. Cmaxueg FO.M. HayuyHO-TEXHOJIOTHYECKUE OCHOBBI TPOU3BOCTBA, OATOTOBKU U
9KCIUTyaTalny TUIOCKUX KPYIIIBIX MHJI JUIS PAcHIOBKH JIPEBECHHBL: aBroped. Juc. ... A-pa
TeXH. HayK. ApxaHrensck, 2002. 32 c.

Stakhiyev Yu.M. Scientific and Technological Bases of Production, Setting-Up and
Operation of Flat Circular Saws for Wood Sawing: Dr. Eng. Sci. Diss. Abs. Arkhangelsk,
2002. 32 p. (In Russ.).

14. Axynun H.K. TlonrotoBka KpymisIx i k padore. M.: JlecH. mpom-cTh, 1980. 151 c.

Akunin N.K. Setting-Up of Circular Saws. Moscow, Lesnaya promyshlennost’ Publ.,
1980. 151 p. (In Russ.).

15. Bathe K.J. Finite Element Procedures in Engineering Analysis. New Jersey,
Prentice Hall Publ., 1982. 735 p.

16. Bayer R.J. Mechanical Wear Fundamentals and Testing, Revised and Expanded.
New York, CRC Press Publ., 2004. 416 p. https://doi.org/10.1201/9780203021798

17. Calladine C.R. Theory of Shell Structures. Cambridge, Cambridge University
Press Publ., 1983. 763 p. https://doi.org/10.1017/CBO9780511624278

18. Hughes T.J.R., Hinton E. Finite Element Methods for Plates and Shells: Elements
Technology. Vol. 1. Swansea, Pineridge Press Publ., 1986. 315 p.

19. Meyers M.A., Chawla K.K. Mechanical Behavior of Materials. Cambridge,
Cambridge University Press Publ., 2009. 856 p. https://doi.org/10.1017/CB0O9780511810947

Kongnuxkm unmepecos: ABTOpHI 3aBISAIOT 00 OTCYTCTBUH KOH(MINKTA HHTEPECOB
Conflict of interest: The authors declare that there is no conflict of interest

Bxuiag aBropoB: Bee aBToph! B paBHOIT 710J1€ y4acTBOBAIN B HAIMCAHUH CTAaTbU
Authors’ Contribution: All authors contributed equally to the writing of the article


https://doi.org/10.37482/0536-1036-2020-6-172-181
https://doi.org/10.1201/9780203021798
https://doi.org/10.1017/CBO9780511624278
https://doi.org/10.1017/CBO9780511810947

Lesnoy Zhurnal = Russian Forestry Journal. 2023. No. 4 155

~— TEXHOJIOT U XUMUYECKOU
HNEPEPABOTKU JPEBECHHbI 1 ITPOU3BOACTBO
JPEBECHO-ITIOJIMMEPHBIX KOMIIO3UTOB

Hayunas crares
YK 006.82
DOI: 10.37482/0536-1036-2023-4-155-168

IToryueHnne 0MOKOMIIO3MTOB ¢ MOIUMEPHOI (a30il MIACTH(PUIPOBAHHBIX
aleTaToB HEJUII0JI03b] ¢ PA3IMYHON CTENECHBIO aAlleTHIINPOBAHUSA

A.E. IlIkypo™, kano. mexn. nayx, oou.; ResearcherID: A-2772-2014,

ORCID: hitps://orcid.org/0000-0002-0469-2601

B.B. I'nyxux, 0-p mexH. Hayk, npogh.; ResearcherlD: A-2418-2014

ORCID: hitps://orcid.org/0000-0001-6120-1867

K. A. Ycoea, unsic.-uccneooeamenn; ResearcherlD: GOJ-9248-2022

ORCID: hitps://orcid.org/0000-0002-6237-955X

/1. Hupkos, unsc.-uccieoosamensv; ResearcherlD: GOJ-9173-2022

ORCID: https://orcid.org/0000-0002-8027-1753

I1.C. 3axapos, acnupanm; ResearcherID: GOJ-9111-2022

ORCID: hitps://orcid.org/0000-0003-4016-2269

A.B. Bypacko, 0-p mexu. nayk, npogh.; ResearcherID: AAC-5594-2021

ORCID: hitps://orcid.org/0000-0002-9471-085X

VYpanbCKkuil rocyaapcTBEHHBIH JIECOTEXHUYECKUI yHuBepcHuTeT, yia. CHOMPCKUI TpakT,
n. 37, r. ExarepunOypr, Poccus, 620100; shkuroac@m.usfeu.ru™, gluhihvv@m.usfeu.ru,
usovaka@m.usfeu.ru, chirkovdd@m.usfeu.ru, zaharovps@m.usfeu.ru, vurasko2010@yandex.ru

Hocmynuna 6 peoaxyuto 23.08.22 / Odobpena nocne peyensuposanus 02.11.22 / Ipunsma k nevamu 05.11.22

Annomayusa. C pocToM IIEH HAa CHHTETUYECKHE TEPMOIUIACTUYHBIE MOJIMMEpPHI, MOJyya-
eMble 13 He(TSHOTO M ra30BOTrO CHIPhS, OKUAACTCS YBEJIHMYCHHUE O0BEMOB IPAKTHYECKOIO
MIPUMEHEHHUS JIPEBECHO-TTOJMMEPHBIX KOMIIO3UTOB MPUPOIHBIX BO30OHOBISIEMBIX IOJIHME-
POB ¥ HX NPOU3BOJAHBIX (OMOKOMIO3UTOB). HeoOX0qMMOCTh 3aMEHBI B KOMIIO3UIIMOHHBIX
MarepHagax TaKMX CHUHTETHYECKHX IOJIMMEPOB, KaK MOIMATHIICH, MOIUIIPONHUIEH, MOJIUBH-
HWIXJIOPUJ U APYTHX, CBA3aHA U C UX IKOJIOTHYECKONW OMACHOCTBIO B CBSI3U C HU3KOU CTe-
MIEHBIO Pa3JIoKEHHsI B MPUPOJHBIX cpeax (rpyHTe, Boje, Bo3ayxe). JJononHuTensHol mpo-
OneMoii JuIs IPOU3BOAUTENCH JIPEBECHO-TIOIMMEPHBIX KOMIIO3UTOB SIBISIOTCS TPEOOBaHUS
3aKOHO/IATENIbHBIX aKTOB OPraHU3allMi CaMOCTOSTENILHOIO 00€3BPE)KMBAHMS BCEX OTXOJ/IOB
npous3BoacTBa. OMHUMM U3 NMEPCIEKTUBHBIX MAaTePHANIOB ISl MPAKTHYECKOr0 MPUMEHEHUS
B IIPOU3BOJICTBE JIPEBECHO-IOJIMMEPHBIX KOMIIO3UTOB SIBJISIIOTCS CBS3YIOIIME HA OCHOBE
1acTU(UIMPOBAHHBIX AllETaTOB LEJUII0I03bl. OTEUECTBEHHBIMU U 3apyOSIKHBIMU YUCHBIMH
M3YYEHO BIHMSHHE CTEIIEHH ALeTHINPOBAHUS Al[eTaTOB LIEJUTION03bI HA CBOWCTBA MOJIMMEPHBIX
MaTepualioB 0e3 JIMTHOLEILIIONIO3HBIX HaromHuTeNei. Her cBejenuii 00 nCroib30BaHuN JIIst
MOJTyYEeHHUs IPEBECHO-MIOJIMMEPHBIX KOMIIO3UTOB OTXOJIOB alleTaTOB IIeJUII0I03bI. B naHHOM
CTaThe MPECTABICHBI PE3yJAbTaThl UCCIIEAOBAHUSA 110 MOIYUYECHUIO TOPSUUM MPECCOBAHUEM
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OMOKOMIIO3UTOB C MOJIMMEPHOIT (ha30ii IaCTU(HHUINPOBAHHBIX Al[ETATOB IEIUTIONIO3bI Pa3IHy-
HOW CTENeHH alleTHIMPOBAHNS M HAIOJIHUTEISIMU: APEBECHON MYKOW M OTXO/IaMH aleTaTHOH
¢dororenku. Pa3zpaboraHbl afekBaTHbIE /IS JOBEPUTEIbHON BeposiTHOCcTH Oosee 0,9 skcre-
PUMEHTAJIBHO-CTATUCTHYECKUE 3aBUCHMOCTH BIIMSIHUSI CTEIECHH alleTUIIMPOBAHMS alleTaToB
LIEJUTIONO3BI M COJIEpIKaHMsl HAIOJHUTENEeH B OMOKOMIIO3UTAX HAa MX CBOMCTBA: Pa3JIOKECHUE
B aKTHBUPOBAHHOM TPYHTE, BOJOMONIOLIEHHUE, IIPOYHOCTD NPU M3rube, TBepAoCTh 1o bpu-
Hequtio U Jip. [lo HEeKOTOPBIM MOKa3aTessIM MONTyYeHHbIE OMOKOMITO3UTHI HE YCTYIAIOT 3Ta-
JIOHHOMY JIPEBECHO-TTOJIMMEPHOMY KOMITO3HUTY C (ha30il MOJMITHIICHA BHICOKOH MJIOTHOCTH C
coziepkanueM apeBecHor Myku 50 %. BeiBesieHHbIE 3aBUCUMOCTH MO3BOJISIIOT MPOTHO3UPO-
BaTh M3MEHEHUs CBOHCTB OMOKOMITO3UTOB IIPH Pa3HBIX CTENEHSX alleTHIMPOBAHUS IUIACTH-
(UIMPOBAHHOIO aleTara LEeJUTION03bl U COACP)KAaHUU B HUX HAIOJHUTENS, a TaKKe periarh
3aJ1a4u M0 BEIOOPY ONTUMAILHOTO XMMHUYECKOTO COCTaBa JIPEBECHO-TIOIMMEPHOTO KOMITO3UTA
JUISl ©3TOTOBJICHUSI METOJIOM T'OPSTYEro MPECCOBAHUSI KOHKPETHOTO M3/IENHSI.

Kntouegvie crnosa: KoMno3nuThl, ONOKOMITO3UTBI, alleTaThl LIEJIIOI03bI, IPEBECHasI MyKa, OT-
XOJIbl alleTaTHOW TUICHKH, CBOMCTBA OMOKOMIIO3UTOB, SKCIIEPUMEHTAILHO-CTAaTUCTUYECKUE
MOJIEJIU CBOMCTB

bnazooapnocmu: Asropsl OnaromapHsl MHHHCTEPCTBY HayKW M BbICHIero o0Opa3oBa-
Hust Poccuiickoit Denepanuu 3a (UHAHCOBYIO IMOAJEPKKY B paMKax HayYHOTO IPOEKTa
«FEUG-2020-0013».
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Abstract. 1t is anticipated that the creation of wood-polymer composites (WPC) made of
naturally renewable polymers and their derivatives (biocomposites) would have a significant
practical use due to the rise in prices for synthetic thermoplastic polymers derived from oil
and gas. Furthermore, the necessity to replace synthetic polymers such as polyethylene,
polypropylene, polyvinyl chloride, and others as components of composite materials is also
associated with environmental hazards caused by their low degradation rate in the natural
media (soil, water, and air). A further problem for manufacturers of WPC is the legislative
requirement for autonomous neutralisation of production waste. One of the potential materials
for practical application in the production of WPC are binders based on plasticised cellulose
acetates. Russian and foreign scientists have studied the influence of the degree of acetylation
of cellulose acetate on the properties of polymeric materials that do not contain lignocellulose
fillers. There is no information found concerning the secondary use of cellulose acetate
waste for the production of WPC. This article presents the results of an investigation into
the hot pressing of biocomposites with a polymer phase of plasticised cellulose acetates
of varying degrees of acetylation and fillers: wood flour and waste acetate photographic
film. An experimental and statistical dependence of the effect of the degree of acetylation
of cellulose acetate and filler content in the biocomposite on its properties was developed,
sufficient to exceed a confidence level of 0.9. The experimental specifications included
decomposition in activated soil, water absorption, bending strength, Brinell hardness, etc.
Some test results showed that the derived biocomposites have the same level of properties as
the reference WPC, which consists of a high-density polyethylene phase with a wood flour
content of 50 %. The derived dependencies allow us to predict changes in the properties of
biocomposites at different degrees of acetylation of plasticised cellulose acetate and filler
content. Moreover, they solve the problem of choosing the optimal chemical combination for
WPC for manufacturing a specific product by hot pressing.

Keywords: composites, cellulose acetates, wood flour, acetate film waste, properties,
experimental-statistical models of properties
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Beeoenue

[Iporunozupytor [7, 11, 12, 14, 15, 17, 19], ucxons u3 aHanuza 3KOHOMUYE-
CKOM M DKOJIOTUYECKOM CUTYallUU, POCT MIPOU3BOJCTBA U3ICTUIN U3 KOMIIO3ULIMOHHBIX
MaTepHUaIoB C MOJUMEPHBIMU CBS3YIOIIUMU, MTOTYYECHHBIMA HA OCHOBE TPUPOTHBIX
TEPMOIUTACTUIHBIX TTOTUMEPOB M MX MPOU3BOMHBIX (OMOKOMIIO3UTOB), MJISI TIPHME-
HEHUS B MEAWIIMHE, TIPH BOJAOOYUCTKE, B TEINIODHEPTETHUKE, IS YIIAKOBKH, B a3PO-
KOCMHYECKOW TIPOMBIIIIJICHHOCTH, IS aBTOMOOMITFHBIX KOHCTPYKIIMOHHBIX JeTajei,
CTPOUTENFHBIX MaTEPUAIOB U MeOeIH.

B 3aBucumocT 0T 00MacTH MCTOIb30BaHUS OMOKOMIIO3UTOB CYIIECTBYIOT
MIPOTUBOIIOJIOKHBIC TPEOOBAaHUS K CKOPOCTH HMX PAa3JIOKEHHUS O] BO3ICHCTBHEM
OKpy’Karomieit cpenpl. Tak, HapuMep, I TPUMEHEHHS] B CTPOUTEILCTBE Mare-
pyanbl U W3ACNHS, HEMOCPEACTBEHHO KOHTAKTHPYIONIHE C TPYHTOM, BOIOH, MH-
KpOOpTraHu3MaMH, COTHEYHBIM CBETOM, JOJKHBI UMETh MHHHMAIBHYIO CKOPOCTH
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pasznoxeHnust. JlJisi MaTepuanoB M W3JCNIHI, TPUMEHIEMBIX B Ka4eCTBE OJIHOpa-
30BO# YIIAKOBKH, TPEOYIOTCS HEOOXOUMBIN TOTCHIIUAJ PA3JIOKCHUS U 3aaHHasI
CKOPOCTH Pa3IOKEHUS B TPYHTE, BOJE, KOMIIOCTHOU cpefe. B cBsI3u ¢ yxkecTode-
HHeM B Poccum u psjie cTpaH 3aKOHOIATENbCTBA B 00JIACTH DKOJIOTHIECKOH 0e3-
OTIACHOCTH OTXO/OB IPOU3BOICTBA U MOTPEOICHUS POIYKIIUN BOZHIKAET CIIPOC
Ha U3JIeNUS W3 TMOJMMEPHBIX KOMIO3UIIMOHHBIX MAaTePHAIOB ¢ KOHKPETHBIMH
CKOPOCTBIO Pa3JI0KEHHS B PA3JIMUHBIX CPelaX M MOKa3aTeJsiMu (DU3UKO-MEXaHHU-
YEeCKHUX CBOMCTB.

B Hacrosimiee BpeMst B 00JIbIINX 00beMaxX MPOU3BOAT PA3IUUYHYIO TIPOIAYK-
LIMI0 C UCTIONB30BAaHNEM TEPMOIUTACTUYHBIX TIPOU3BOAHBIX IIEIUTIOIO36], B TOM YHC-
ne aretaroB 1esmtoi03bl (AlLL). ALl mpuMeHSIOT Kak OCHOBHBIE KOMITOHEHTHI Ma-
TEPHUAJIOB JUIsl K3TOTOBIIEHUS (PUIBTPOB, MEMOpaH, TUICHOK, TEKCTUJIS, TUTACTUKOB.

YcTaHOBIIGHO BIIMSIHUE cTerneHu aretrnnpoanust All Ha ux (usuko-mexa-
HUYECKHE CBOMCTBA U CIIOCOOHOCTh K OuopasinoxeHuto [4, 7, 13, 19, 21]. 3amena
TUAPOKCUIIBHBIX TPYII LE/UTFOJI03bI Ha alleTUIbHBIC U3MEHICT TEPMUUYCCKHE, XH-
MHYecKue, PU3NIecKrue U MeXaHUIeCKHEe XapaKTePUCTHKHN TTOJTUMEpa, ero Crocoo-
HOCTb K paznoxenuto [1, 13—-16, 20]. U3BecTHO, 4TO LeIIII0JI03a HEPACTBOPUMA B
OOJBIIMHCTBE TPAAUIIMOHHBIX pacTBopureneit [9]. Jlnamerar memirono3sl pacTBo-
PHUM B alleTOHE WK TeTparuapodypaHe, a TpUaleTar [eJUTI03bl — B JUXIIOPMETa-
HE U APYTUX XIJIOPCOEPKAIUX PaCTBOPUTENAX [8].

Cornacuo [10], ¢pusnko-MexaHU4YeCKHE CBOMCTBA IIEJITIONO3BI U €€ IMPOo-
M3BOJHBIX BO MHOTOM 3aBUCAT OT WX MOJIEKYJSIPHOW, HaAMOJEKYIIPHON B MOp-
(homornyeckoit cTpykTypbl. [lepcreKTHBHBIM METOOM H3y4eHUss Mopdoioruu
MIPOU3BOIHBIX IEJUTFOJIO3BI ABISETCSI CKAaHUPYIOIIAs 3JIEKTPOHHAS MUKPOCKOIIHS.
Tak, ¢ ee MOMOIIBIO YCTAHOBHIIU [5], UTO CHMIKEHUE CTEIICHU alleTUIUPOBAHUS
Al npuBOIMT K pOCTY KojudecTBa GUOPUILT B CTPyKType Marepuana. OOpasiisl
¢ 0oJice HU3KHUMHM CTEMECHSIMU alleTHINPOBAHUS UMEIOT CTPYKTYPY, MTOXOXKYIO Ha
CTPYKTYpy Teutono3bl. O0pasibel ALl ¢ 60mee BEICOKMMHU CTETICHIMH alleTHIH-
pOBaHHUs XapaKTEepU3YIOTCS MEHbITUM (HUOPUITHPOBAHHEM TTOBEPXHOCTH C TEH-
JEHIIHeH K 00pa30BaHUIO MOBEPXHOCTEH T'y0uaToro Tumna. ABTOPHI TaKKe OTMe-
YaloT, YTO CTEIEeHb KPUCTAUTMYHOCTH All CHHM>KaeTCs mpOMOpPIMOHATBLHO POCTY
CTETICHU aIlCTUIUPOBAHUS.

B pa6orax [18, 21] mpeacTaBieHBl pe3yabTaThl HCCICTOBAHUS Pa3HBIX
CBOMCTB TUTACTH(GUIHPOBAHHBIX ALl 1 yCI0BUI MX pa3IoKeHUS B PA3TUIHBIX Cpe-
JaX ¥ 10 Pa3INYHbIM METOAHMKAM, YTO 3aTPYIHSET CpaBHEHHUE TOJYyYEHHBIX JaH-
HbIX. B [13] mpennoxxeHn mexaHusM Omoperpaganuu Al ¢ pasHBIMU CTEEHIMU
AlCTUIMPOBAHUS. ABTOPBI OTMEYAIOT, YTO paziokeHue (pemonumepusarius) ALl
rpuOKaMyu BO3MOXKHO TOJIBKO MPHU JIOCTHKCHUHU ONPEICICHHON CTEICHU alleTUIIU-
poBanus (He 6oiee 2,0), CHIKAIOIIEHCS O] ISHCTBUEM dCTepas, TPYIIbI hepMeH-
TOB, KaTaM3UPYIOMINX TUAPOIHTHYECKOE paCIIeTUIeHne CIOXKHBIX 3¢GupoB. [Ipu
stoM U1 AL co cTeneHpio aleTHIMPOBaHUS BhILIE 2,5 NeCTBUE 3CTEPA3 OKa3bIBa-
eTCs 3a0JIOKUPOBAHO CTEPUYECKHUMU TperpagaMu, 00Opa30BaHHBIMU alleTUILHBIMH
rpynnamu. Takum oOpa3om, ALl ¢ BRICOKUMU CTENIEHSAMU allETUITHPOBAHUS OKa3bl-
BAIOTCS 3alUIICHBI OT OMOPA3JI0KECHMsI HA YPOBHE CHHETHYECKHX TEPMOJIACTHY-
HBIX [TOJINMEPOB.

B 0630pe [9] mpuBeaeHbI pe3ynsTaThl paboT MO W3YUYSHUIO BIHMSHHUS CTEIIe-
HU alleTHIMpOBaHus Ha criocoOHocTh ALl k Omoperpamanmu Mo BO3AEHCTBHEM
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MHUKpOOpraHu3MoB. OTMEUEHBI pa3IUyuHbIe XapaKTep U CTETNCHb OMOPa3IOKECHUs
All B rpyHTE B 3aBUCHUMOCTH OT BHJOB MUKPOOPTaHU3MOB U APYTUX IMapaMeTPOB
rpyHTa. ABTOpHI [21] cunTaloT, 4TO MPHU U3yUYEHUU OMOPA3IOKEHHS MaTepUaIOB
B TPYHTE TI0 TOTEPE MAcChl MMPOMCXOANT OLEHKA MX PA3JIOKEHUS HE TOIBKO IO
JIEHCTBUEM MHKPOOPTAaHU3MOB, HO U JAPYTHX IMPOIIECCOB, CBI3aHHBIX C YCIOBHIMHU
okpyskatouiei cpeasl. [loaToMy o JaHHON METOAMKE OLIEHUBAIOT OOLIYIO Aerpaja-
U0 MatepuanoB. B padore [6] ckazaHO O Ba)KHOH POJIM OTHOCUTEIBHON BIAXKHO-
CTH, TEMIEPATypPbl, colepkanus 1 qudy3un riactuhukaTopa B BOJy Ha Ipoliec-
CBI pa3yioyKeHus mIacTuGUIMpoBaHHbIX ALl

ITonyuyenue ALl u BIUsIHUE CTETIEHU UX allETUIMPOBAHUS HA CBOWCTBA KOM-
MO3UIIMOHHBIX MaTepPUAJIOB C YUYETOM UX MOJUMEPHOH (ha3bl M BXOASIIUX B COCTAB
JIUTHOLIEJUTIONO3HBIX HAMOJIHUTENEH M3y4YeHbl Majo. B paHee BBINOJIHEHHBIX HUC-
CJIeIOBAaHUSAX PACCMOTPEHBI CBOMCTBA Pa3IMYHBIX KOMIIO3ULMOHHBIX MaTepHasoB
TOJIBKO Ha OCHOBE JIMAlLleTaTOB U TPHAIIETATOB IIEJIIIOI03bI C HEOPeIeJICHHON cTe-
MeHbl0 anetmwinpoBanus [1-3].

B 9ncno akTyanpHBIX COBPEMEHHBIX 3a/1a4 BKIIIOYAIOT 00€3BpEKIBaHIE MTPO-
MBIIIJIEHHBIX OTXOJ/IOB, BBIMIEAIINX M3 TOTPEOICHUS IPOAYKTOB, copepxammux All.
OpHuM U3 HauboJiee PacIpoOCTPAHEHHBIX BUAOB TAKUX OTXOAOB SIBJISIIOTCS alerart-
ueie ieHku (OAIT).

Lens paboTsl — MonydeHre METOAOM TOPSUYEro MpeccoBaHMUs OMOKOMITO3U-
TOB C IOJIUMEPHOU (ha3oii B Bujae muactuduuupoBaHHbix ALl U HamomHUTEISIMU
(mpeBecHoit myxkoi (JIIM), OAII), a Takke ompeneiecHHe 3aKOHOMEPHOCTEH BIH-
STHHUSI XMMHYECKOTO CTPOCHHS M KOMIIOHEHTOI'O COCTaBa OMOKOMITO3UTOB Ha WX
CHOCOOHOCTh K PA3JIOKEHHUIO B aKTHBHPOBAHHOM I'PYHTE M (DU3MKO-XMMHUYECKHE
cBoiicTBa. B 3amaum uccrienoBaHUs BXOAWIM BBIBEACHHE M aHAIN3 HKCIEPUMEH-
TalbHO-CTAaTUCTUYECKUX 3aBUCHMOCTEH JIJIsl CBOMCTB KOMIIOHEHTOB IOJYYEHHBIX
OMOKOMITO3UTOB 1 OIIEHKA MX MOTEHIIHAIA JUIsl TPAKTHYECKOTO IMPUMEHEHHUS.

Obvexkmul U Memoobl UCCAeO08AHUA

OOBEeKTOM HCCIIe0BaHUs CTAIH OMOKOMIIO3UTHI B (popMe IHCKOB TONIIMHON
5 MM 1 tuamerpoM 90 MM, OTyYEHHBIE B JIAOOPATOPHBIX YCIOBHSAX TOPSIYUM IPEC-
coBaHMEM B Tipecc-popme npu Temmeparype T npecca 180 °C u BeIgepKKe MpH
MakcuMalibHOM AaBieHuu 10 MIla B Teuenuu 15 MUH ¢ TOCIEAYIONTAM OXJIAXK/ICHU-
em 10 temrieparypsl 60 °C. JlonmomHATENbHBIME 00beKTaMU OBLTH JUCTHI, CHOPMHU-
POBaHHbBIC M3 MEXaHHYECKOH CMECH KOMIIOHEHTOB OMOKOMIIO3MTOB Ha Jlaboparop-
HBIX Bajlbllax Npu Temneparype BaiblieBanus 150—-160 °C, a Takke BbIpe3aHHBIE U3
MOJTYYEHHBIX AUCKOB 00pa3Ilbl OMOKOMITO3UTOB € TPEOYEMBIMH pa3MepaMHu.

B kxadecTBe MCXOTHOTO CBHIPBS IJIsi OMOKOMIIO3UTOB Mcmoib3oBanu: ALl co
crenenHpio arnetwinpoBanus 2,41, mpousBeaeHubii OAO «ArneraT XUMBOJIOKHOY
o TpeboBanusaM TV 6-05-943-75; Tpuanerar rimiepuHa (TpUAIETHH ); U0y THITO-
BbIH 3¢up draneBoit kucnoTsl (qudyTuadTanar); Tpudytuindocdar; creapar Kajib-
uust; JIM xBoiHbIX mopoa Apesecunsl Mapku 180, mpoussenennyo OO0 «tOnaiT»
o TpedoBanusim ['OCT 16361-87; OAII, npenocrasierrbie COrO30M 0TXOA0IIEPE-
pabaThIBalONINX MPENNPHIATHH Ypalibckoro denepaibHoro okpyra. OTXo/bl IUICH-
KM U3MEJIBYAIN C IIOMOIIBI0 BEICOKOCKOPOCTHOMN J1a00paTOPHOI MENbHULIBI 0 JH-
amerpa gactuil He O6ornee 0,7 MM.
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O6pasupl ALl ¢ pa3nu4yHO# CTENIEHBIO ALCTUIINPOBAHHUS (k) MOITYUEHBI IIEI0Y-
HBIM T'HJIPOJIN30M TpHAIeTaTa LEeJUTI0NO03bI:

[C:H,0,(CH;CO0);]n + H,0 —[CH,0,(OH), (CH;CO0),],.

Peakuuro ruaponusa npoBomwin cienyromuM oopazom. K 15 T u3mensueH-
Horo ALl no6asistmn 300 M1 Boxsl U 315 M 0,5 H. pacTBOpa TMAPOKCHAA HATPHS
nipu Temmeparype 20+0,5 °C npu nocToSHHOM NepeMeInBanuu. [ nanpHeinero
HccaenoBanus oroupany npoost uepes 1, 3, 5 u 10 mun. 3MeHeHHE XUMUYIECKOTO
cocraBa 00pa3noB All B mpouecce 11eI04HOT0 M'MIPOIN3a MOATBEP)KICHO TaHHBIMU
HK-cnexTpockonuu.

JLi1st mosTy4eHHBIX KOMIIO3UTOB ONPEAEISUTN TBEPAOCTH 110 bpuHeto, Moayib
YIOPYTOCTH MPHU CKaTHH, TIACTHYHOCTH 10 ['OCT 4670—67, mpouyHOCTh TIpH U3rHde
o 'OCT 17036—71 u Bogonoromuienue no 'OCT 19592.

s u3yyeHns cnocoOHOCTH KOMITO3UTOB K OMOPA3I0KEHUIO ObLIT UCIIOJb-
30BaH aKTUBHUPOBAHHBIN I'PYHT, MOJIYYEHHBIN 11O cleaytomiel perentype: 89 00. %
cagosoro rpyHra ('OCT P 53381-2009), 1 06. % MHUKPOOHOIOTHIECKOTO Iperna-
pata «Tamup» (TY 9291-002-70213832-2007) u 10 00. % AUCTHUIIMPOBAHHOM
Bozabl. B cocraBe mpenapara «Tamup» mpucyrcrBytot Oakrepuu Lactobacillus
casei, Streptococcus lactis, Saccaromyces cerevisiae, canpo@UTHbIE MUKPOOP-
raHu3Mbl, EepMEHTHl ¥ OMOJOTHYECKH aKTUBHBIC BEIECTBA, CIOCOOCTBYIOIINE
Pa3JIOKEHHUIO OpraHUuYecKuX coeauHeHuil. CTeneHp pa3iokeHus o0pas3loB ole-
HUBAJIM 110 BEJINYMHE OTEPH MACCHI I10CJIE 3KCTIOHUPOBAHMS B AKTHBUPOBAaHHOM
rpyHte. IlpeaBapurensHo B3BeLIEHHBIE 00pa3lbl OMOKOMIIO3UTOB B BHJIE IUIa-
CTUH pa3MepoM 15%10 MM momeniany B eMKOCTb ¢ aKTUBUPOBAHHBIM TPYHTOM Ha
ryOouHy 2—3 ¢M B TOPU30HTAJbHOM MoJIOKeHUH. [lociae okoHYaHHs cpoKa 3Kc-
MMOHMPOBAHUA 00pa3Ibl U3BJIECKAJIN M3 TPYHTA, OUYMINAJIN 3THJIOBBIM CIHUPTOM H
CYIIWJIN B T€UCHUE CYTOK TIpu Temmeparype 105 °C.

Pezynomamur uccnedosanus u ux oocyscoenue

J1st mpoBeACHMSI SKCTIEPUMEHTOB HEOOXOIMMO OBIITO TIOA00PaTh YHUBEPCATb-
HBIH COCTaB MIacTU(GHUKATOPOB, CIIOCOOHBINM 00ecIeunBaTh JOCTATOYHYIO TEKYyYeCTh
cmecu All ¢ miactudukaTtopamu 11 coequHeHus miactuguurpoBanubix ALl ¢ Ha-
MOJTHUTENSIMI OMOKOMITO3UTOB MPY MCIIOIb30BaHUN METO/Ia BajiblieBaHus. Kputepu-
€M BBIOOpa coCTaBa CMecH TIacTU(UKATOPOB CTaJl MMOKa3aresib TeKy4eCTH paciiiaBa
(ITTP) nnactuduimposanubix ALl He Hmke 0,05 r/MHH npu HAarpy3Ke 5 KIc U TEM-
rieparype 190 °C.

B pesynbrare onpenenenus [ITP mnactudunmpoBanusix ALl mis mambHe-
LIMX SKCIEPUMEHTOB OBUIO BBIOPAHO CIIEAYIOLIEE IMOCTOSIHHOE COOTHOLICHHE KOM-
MTOHEHTOB TIOJIMMEPHOTO CBS3YIOIIEro OMokoMmno3uToB: 62 mac. 4. All, 30 mac. 4.
TpuaneTtnHa, 8 mac. 4. Tpulytundocdara. B Tabn. 1 npuBeneHb pe3ynbTaThl onpe-
nenenns [ITP mnactundunmupoBanasix All ¢ maHHBEIM MaccOBBIM cooTHoOmeHneM Al
1 TIaCTH(UKATOPOB.

st OLleHKM BIMSHUSI CTENEHU ALeTWIMPOBAHMS LIEJIIIONIO3bI HAa CBOMCTBA
OnoxoMIio3uTa Ha ocHoBe IuactTuduuupoBanHoro ALl n JIM Obul BBINOTHEH JKC-
MIEPUMEHT, B KOTOPOM IS KaXXJOW U3 cTereHel anerunuposanus: 2,41; 2,29; 2,19;
2,07; 1,81 — komuuectBo JIM Opanu 0; 11,1; 42,9 u 100,0 mac. 4. B 3Tom skcniepu-
MeHTe BappupoBasn gomo /IM B coctaBe kommno3uta B quamnasone 0—50 %.
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Tabmnuna 1

Iloka3aresb Teky4ecTH paciviaBa 00pasuos miaactuguuuposaHubix ALl
€ pa3JUYHbIMH CTeNeHsIMH alleTHIMPOBAHUS

Fluidity indicator of melting samples of plasticised cellulose acetates
with different degrees of acetylation

BxomHoti daxrop UYwucnooe 3Ha4ueHUE (pakTopa
Crenent, 2,41 2,29 2,19 2,07 1,81
ALCTHINPOBAHHUS
IITP, r/ Mmun 32,9 8,9 3.4 2,1 0,7

Jlist mosryd9eHHBIX 00pa3IoB TUCKOB OTPEACIICHBI CIEAYIONINE TTOKA3aTeNn UX
CBOMCTB: IJIOTHOCTB, TBEPAOCTH MO bpHHENTIO, MIaCTUYHOCTh, MOAY/b YIPYTOCTH
MIPY CKaTHH, yAapHas BA3KOCTh, IPOYHOCTh NPU M3THOE, BOIOMOMIOUICHUE 32 CyTKU
1 30 cyT., CTeneHb pa3iokeHus NMPH BbIIEP/KKE B aKTUBUPOBAHHOM I'PYHTE B TEUEHHE
90 u 120 cyT.

[lo maHHBIM PErpecCUOHHOIO aHaIU3a JUIsl MAKCUMAJILHOTO 3HAYEHUs JOBEPH-
TENBbHON BeposTHOCTH (HO He MeHee (0,9) ObLTH yCTaHOBIIEHBI CIIEIYIOIIHE aIeKBAaTHBIE
9KCTIEPUMEHTAIBHO-CTaTUCTUYECKHE 3aBUCHUMOCTH BIIMSHUS CTETIEHU aleTUINPOBa-
Hus ALl u conepxanus JIM nHa 100 mac. u. mactuduimposansoro All (Z,, mac. 4.) B
MOJTY4YeHHBIX 00pa3iax OMOKOMIIO3UTOB HA MX CBOMCTBA C KOAQ(HUIIMEHTOM MHOXKeE-
CTBEHHOU Koppensuuu R:

IUIOTHOCTD, KI'/M3:

1206 + 0,2636k - Z, (R = 0,45);

TBepAOCTh 110 bpunemno, MIla:

23,9k +0,619Z, (R = 0,92);
IUIACTUYHOCTb, %!

40,9k -0,391Z, - 12,6k* + 0,00293Z,% (R = 0,89);

MOZYJb YIPYTOoCTH npu cxaruu, Mlla:

226,8k +8,386Z, (R=0,91);
yaapHas BS3KOCTh, KJ[k/M2:

15,5k—0,1093Z, - 3,7k* (R = 0,88);

MIPOYHOCTH MpH u3ruode, Mlla:

25,8k—0,0961Z, (R =0,92);

BOJIOTIOTIIONIEHNE 32 CYTKH, Mac. %o:

109,5 - 100,1k + 0,5269Z, — 0,215k - Z, + 23,2k* (R = 0,85);

Bojpononiomnienue 3a 30 cyT., mac. %:

24,4 -8,9k+0,177Z, (R = 0,94);
MOTEPSl MACCHI TP BBIIEP’KKE B aKTUBUPOBAHHOM TpyHTE B Teuenue 90 cyT., % :
23,0-6,7k— 0,062k - Z, + 0,00133Z2 (R = 0,55);
TOTepst MAacChl P BBIIEPYKKE B aKTUBHPOBAHHOM TpyHTE B TedeHne 120 cyr., %o:
26,1 — 7,4k — 0,074k - Z, + 0,0016Z2 (R = 0,58).

V3meHeHue BeNUYMH UCCICAOBAHHBIX BXOIHBIX (DaKTOPOB (CTENCHM alleTHIIU-
poBanus ALl u cogepkanust B Onokommno3utax JJM) oTpaxaercst Ha BceX CBOHCTBaX
MOJTy4YEHHBIX KOMITO3UTOB.

[110THOCTH OMOKOMITO3UTOB BO3pACTAET MPOIMOPIIMOHATHHO YBEITHUCHHIO 3HA-
YeHUH 000MX BXOTHBIX (PAaKTOPOB.
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Ha crenenp pasznokeHHs MOJTYYEHHBIX OMOKOMIIO3UTOB B aKTHBHPOBAHHOM
TpyHTC HaI/I6OJ'H)HIee BJIMSAAHKUEC OKa3bIBACT U3MCHCHUEC CTCIICHU allCTUIINPOBAHUA A]_I
Ee moBbllIeHNE NPUBOIUT K YMEHBIICHHIO CTEIIEHH PA3JIOKEHUs OMOKOMIIO3HTOB
(puc. 1). Brusiare Ha 3TO CBOMCTBO COJIEpKAHUA B ITOMYyYeHHBIX Orokommno3nTax JIM
MMEeT SKCTPEMaJIbHBIA XapaKkTep: NPU HEBBICOKUX CTENEHSIX HAIOJHEHUS CIOCO0-
HOCTb MaTepuaia K OMOpa3IoKHHUIO B TPYHTE CHUKAETCS, JOCTUTasi MUHUMYMa IIpH
copepxkanuu JIM mopsinka 50 Mac. 4.; mpu JaibHEHIIeM YBETUYEHHH KOJIMYEeCTBA
JM criocoOHOCTh MaTepHaa K pa3ioKeHHIO B aKTHBUPOBAHHOM TPYHTE BO3PACTaET.

[ToBeimenne cremenu anerwaupoBaHuss All ymeHbImIaeT Takke BOIO-
MIOTJIONIEHNE TIONYYEHHBIX OMOKOMIIO3UTOB (pWC. 2), HO CYIIECTBEHHO YBEIH-
YUBAaeT WX MOMAYJIb YIPYTrOCTH TNPH CXKATUU W TPOYHOCTh MpHU u3rude (puc. 3).

m(0-5 m5-10 = 10-15
m(0-5 m5-10 =10-15 =15-20

- 15 °\°,
S g 20
g 10 g 15
= &
= 53 10
g 5 24 5 24
E 5 = 5
0 21 ’ S
0 >
a0 60 1.8 ’ SY) 1.8
Conep:xanue JIM, mac. 4. 80 100 ’ Conepxarme JIM, mac. 4. 100
a o

Puc. 1. 3aBUCHMOCTD pa3yiokKeHusi OHOKOMITO3UTOB OT COJEPIKAHMS B HUX JIPEBECHON MyKH
U CTEIeHH aneTunupoBanust ALl npu BeIIep:KKe B aKTHBUPOBAHHOM rpyHTE: @ — 90 CyT.;
6 —120 cyT.

Fig. 1. Dependence of degradation of biocomposites on the content of wood flour and the
degree of acetylation of cellulose acetates when held in activated soil: @ — for 90 days;
6 — for 120 days
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Puc. 2. 3aBUCUMOCTb BOIOIOIIIONIEHNSI OMOKOMIIO3UTOB OT COJEP)KaHHs B HUX JIPEBECHOM
MYKH ¥ cTernienu auetwinpoBanust ALl: a —3a 1 cyt.; 6 —3a 30 cyT.

Fig. 2. Dependence of water absorption of biocomposites on the content of wood flour and the
degree of acetylation of cellulose acetates: a — for 1 day; 6 — for 30 days
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Puc. 3. 3aBucumMocTh 1okasaresieii CBOUCTB OMOKOMIIO3UTOB OT cojepxanust B HuX JAM u
crenieHn anerwinpoBanust All: ¢ — MOIyJIb YyHPYroCTH NpU CXKATHH; 6 — MPOYHOCTH MPH
n3rude; ¢ — IIACTUYHOCTD; 2 — yJapHasi BSI3KOCTb
Fig. 3. Dependence of the properties of biocomposites on the content of wood flour in them
and the degree of cellulose acetates acetylation: @ — modulus of elasticity at compression;
6 — flexural rigidity; 6 —ductility; e — impact strength

Poct nokazarenei (pu3MKO-MEXaHUUECKHX CBOHCTB OMOKOMITO3UTOB IPU 3TOM 00Y-
CJIOBJICH CHM)KEHHEM MHTEHCUBHOCTH 00pa30BaHUs BOIOPOJHBIX CBSI3EH MEXKIAY Ma-
kpomonekyiaamu ALl B oOpasmax ¢ Oojiee BHICOKMMH CTETICHSIMH alleTHIIUPOBAHIS,
4TO, B CBOIO OYEPE/b, T03BO3JISET MOIY4YaTh OMOKOMIIO3UTHI ¢ O0jIee PaBHOMEPHBIM
pacripeieieHreM HaroJHUTeNs B ToinMepHo# (aze ALl YBennuenue conepkanus B
komro3uuu /IM MoBbIIAET MOYIIb YIIPYTOCTH NIPU CKAaTHU, HO YMEHbBIIAET MpOY-
HOCTB IIPH U3TH0e, TNIACTHYHOCTD U YIApHYIO BA3KOCTh OMOKOMITO3UTA (pHC. 4).

[To mokazarensaM ymapHOH BSI3KOCTH W MPOYHOCTH NPU U3THOE MOITyYeHHBIS
OMOKOMIIO3HUTHI BO BCEM HCCIICJIOBAHHOM JIMTIA30HE CTETICHU alleTHIIMPOBAHUS Ijia-
ctuduimpoBannoro ALl u conepkanus JIM CyliecTBEHHO MPEBOCXOAT 3TAIOHHBIH
JPEBECHO-TIOIMMEPHBII KOMITO3HT ¢ (ha30i MONUITHUIICHA BBICOKOW TIOTHOCTH C CO-
nepkanueM apeBecHo Myku 50 %, y KOTOPOTo 3HAUEHUS ITHX TOKa3aTeleld cooT-
BETCTBEHHO paBHbI 3,5 kJIx/M? n 40,3 MIla.

Jlns m3ydeHus BO3MOXKHOCTH COBMECTHOTO wcronb3oBanms JIM u OAII
B Ka4yeCTBE HAIONHUTENECH /i IUTacTU(GUIIMPOBAHHOTO TpHUAIETaTa IEJITIOIO3bI
(k=2,41) ObLIM TOTYYEHBI TOPSIYUM IIPECCOBAHUEM 00pa31ibl OMOKOMIIO3UTOB B (hOP-
M€ JICKOB, PELENITYphI peAcTaBieHbl B Ta0m. 2. [Ipu npuroToBieHUH cMecH Beex
KOMITOHEHTOB OMOKOMIIO3UTOB BajbIIEBAHHEM MAacCOBOE COOTHOILIEHHE MEXKIY TpH-
areTaToM IEJUTIONO03bI U TuIacTH(UKaToOpamMu (TpUAICTUHOM U TpUOyTHIIhocharom)
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He MeHsuH — 667 : 266 : 67 mMac. 4. Conepkanue B komnosure /IM BapbupoBaiu oT
0,9 10 29,1 %, OAIIl - ot 0,9 10 29,1 %, a conepx*anue TyOpUKaHTa (CTeapara Kajb-
1ust) ObLTO MOCTOSTHHBIM — 1,5 %.

Tabnuna 2
CocTaB noJiy4eHHbIX 00pa31[0B 0MOKOMIIO3UTOB
The composition of the obtained samples of biocomposites
KommonenT CO}lep)KaHI/Ie KOMIIOHCHTA, Mac. 4.
M 21,9 | 51,51 36,5 | 1,0 | 535 (276 1219 | 73 [ 182 ] 1,1
OAII 21,9 | 51,5 7.3 53 |1 27,6 | 53,5 1219 | 36,5 | L1 18,2

[Ipumeuanne: Comeprkanue mmactTuduuupoBaHHoro ALl mms Bcex cimydaeB OBUIO paBHO
100 mac. u.

[To maHHBIM perpecCHOHHOTO aHajW3a JJIs MAaKCUMAIIbHOTO 3HAYCHUS JIOBE-
pUTENIbHOM BeposiTHOCTH (HO He MeHee (0,9) ycTaHOBIEHBI CIEAYIOIINE aleKBaTHbIE
IKCIIEPUMEHTAIIbHO-CTATUCTHYECKUE 3aBUCIMOCTH CBOHCTB OMOKOMITO3UTOB OT CO-
Jep>KaHusl B HAX (110 OTHOIICHUIO K COZICPKaHMIO TIACTU(UIIMPOBAHHOTO TpHAlleTa-
Ta nemwnono3sl) JM (Z)) u OAIl (Z,) co 3HaueHnAMH KO3 PUIIEHTa MHOXKECTBEH-
HOW KOppendiuu R:

IDIOTHOCTD, KI/M?:

1194 - 1,661Z, + 0,09659Z, - Z,— 0588 Z2 (R = 0,86);

TBEpAOCTH 110 bpunemno, MITa:

53,6 +0,0187, - Z, (R = 0,69);

TUTAaCTUYHOCTB, Y%0:

30,8 -0,01344Z, - Z, + 0,01507Z2 (R = 0,93);

poyHOCTh pu n3rude, Mlla:

49,6 +0,3043Z7, - Z,-0,02138Z2,2—-0,01656Z? (R = 0,93);

BOJIOTIOTJIOIICHUE 3a CYTKH, Mac. %:

1,6 — 0,00619Z7, - Z, + 0,00507Z,2 + 0,00252 Z,2 (R = 0,95);

Bononornomenue 3a 30 cyT., mac. %:

4,4+0,231Z,-0,01171Z, - Z, + 0,006093 Z 2> + 0,004381Z,% (R = 0,99);

MOTeps MAacChl IIPHU BBIIEPIKKE B aKTUBUPOBAaHHOM IpyHTE B TeueHue 90 cyT., %o:

5,6 +0,003114Z2 (R = 0,90).

W3 naHHBIX 3aBUCUMOCTEH CIIyeT, YTO MPHUCYTCTBUE B COCTABE OMOKOMIIO-
3uta OAIl cTatucTHYecKn 3HAYMMO BIMSET HA MEPEUHCICHHBIE CBOMCTBA OMOKOM-
MO3UTOB C MONUMepHOU (a3oil mmacTu(UIMPOBAHHOTO TpHUAIETaTa IEJITIONO036l B
HCCIIEI0BAHHOM JIMaNla30HE U3MEHEHUI COJEP/KaHN B HUX HAIIOJIHUTENEH.

Ha crenenn pazmoxxeHHs OMOKOMITO3UTOB MPHU HMX BBIAEPIKKE B aKTUBUPO-
BaHHOM IpyHTEe B TeueHue 90 cyT. Bo3aeHCTByeT TonbKo conxepxanue M B ot-
JUYHE OT KOMIIO3UTOB C MOJIMMEPHON (pa30il muracTu(UIMPOBAHHOTO TpHUAIETATa
LEJUTE0JI03bI, HanoaHeHHBIX [IM (puc. 1). OueHuBas CrioCOOHOCTH K Pa3JIOKECHUIO
OMOKOMITIO3UTOB B aKTUBHPOBAHHOM TPYHTE, CIEAYET OTMETHTH, YTO CTENEHb pa3-
JIOKCHHS KOMIIO3UTOB, HAMMOTHEHHBIX cMechbio JIM ¢ OALII, pacTeT ¢ yBenmnueHneM

cogepxanus JIM u cyliecTBeHHO OOJIbINE MO CPAaBHEHHIO ¢ OMOKOMITIO3UTaMH, Ha-
MTOJIHEHHBIMH TONTbKO JIM (puc. 4).
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Puc. 4. 3aBucHMOCTH pa3yiokeHUE OMOKOMIIO3UTOB C TIONMMEpHOW (a3oi TuracTuuIn-
POBaHHOTO TpHAaleTaTa IIEJUIIONIO03bl MPH BbIIEPKKE B aKTHBUPOBAHHOM TPYHTE B TEUCHHUE
90 cyT. ot conepxkanus JJM: a — koMmo3ut, HanonHeHHBIH cMechio IM n OAIL; 6 — koMno3urT,
HanoJHeHHbIN [IM
Fig. 4. Dependence of the decomposition of biocomposites with a polymeric phase of
plasticised cellulose triacetate upon exposure in activated soil for 90 days on the content
of wood flour in them: a — composite with a mixture of wood flour and acetate films;
6 — composite with wood flour

Ha BojonoriomieHne 1 miacTHYHOCTh OMOKOMITO3UTOB OKAa3bIBACT BIIMSIHUC
JI0JIs1 OOMX KOMITOHEHTOB HAIOJHHMTE/ISI OTHOCHUTEIIBHO MOJIMMEPHOHN (ha3bl IIacTH-
¢unmposarroro ALl (puc. 5). Ilpy MHUHAMAaTBEHOM COAEpKAHUU B CMECH HAITOJI-
Huteneit JIM mporCcXOomuT POCT BOMOTOINIONICHUS! W TJIACTHYHOCTH KOMITO3UTOB C
yBenmueHueM B HuX jgonu OAIL a mpu makcumanbHOM (= 50 Mac. 4. OTHOCHUTEIb-
HO iactuimpoBanHoro All) — HaGIrOMaeTCS SKCTPEMabHBIN XapaKTep BIMSIHUS
nonu OAII Ha 9TH CBOIICTBA.
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Puc. 5. 3aBucuMocCTH BIMSHUS COJIep KaHHs HAIIOJIHUTENEH B OMOKOMITO3UTaX C OJIMMEPHOM
dazoii macTHGUIUPOBAHHOTO TpUALIETATa LEUII0I03bI Ha UX Bopononiomenue 3a 30 cyT. (a)
U IJTACTHYHOCTS (6)

Fig. 5. Dependences of the influence of the content of fillers in biocomposites with a polymeric
phase of plasticised cellulose triacetate on their water absorption for 30 days (a) and ductility (6)

[IporuBomonoxusie 3h(EKTh HAa TBEPIOCTh MO BpUHEIUTI0 OGMOKOMITO3UTOB
OKa3bIBacT 10751 00OMX KOMIIOHEHTOB HAIIOJHMTENSI OTHOCHTEIBHO MOIMMEPHON
¢azel actuduuupoanHoro ALl (puc. 6). [Ipn MUHUMaTBLHOM CONIEPKAHUHT B CMECH
HanosHuTene JIM mpoucxXonuT yMEHbIIEHUE TBEPAOCTH 110 BpHuHEII0 KOMIIO3UTOB
¢ yBenmueHueM B HuX g0 OAIl, a mpu MakCHMaJIbHOM — TTOBBIIIIEHUE TIOKa3aTenei
nipu pocre jgonau OAIL Tlpu MUHMMATIBEHOM COZIEpP)KaHUU B cMeCH HanosiHuTene J[IM
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TaK)Ke HaOJIONAeTCsl YMCHbBIIICHHE MPOYHOCTH MPU U3rHOe KOMIIO3UTOB C POCTOM
B HuX nomu OAIl, a mpu MakCUMaJbHOM — SKCTPEMAIbHOE U3MEHEHHE ITUX TMOKa-
3areneit u yBenmuenue goiau OAIL IlpucyrctBue B cmecu namomauteneit OAIL no
10 Mac. 4. OTHOCHTENHHO MOMMMEPHOH (a3bl MIacTUGHUITMPOBAHHOTO TpHaIleTaTa
LIEJUTIONO36I C POCTOM COJEepKaHMs B KoMIo3uTe J|M MPHUBOAUT K CHIDKEHHIO €T0
IIPOYHOCTH IIPHU U3TU0OE, YTO HE OTMEUYCHO /Il OMOKOMITO3UTOB, HAIIOJIHEHHBIX TOJb-
ko [IM (puc. 3).
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Puc. 6. 3aBUCHMOCTH BINSHUS CONEPKaHUS HAIIOJIHUTENEH B OMOKOMITO3UTAX C IIOJIMMEPHOH
(ha3oif ITacTHGUINPOBAHHOTO TPUAIETaTa EJUTIONIO3B! Ha UX TBEPAOCTH Mo bpuHemtio (a) u
MIPOYHOCTH TP M3rHoe (0)

Fig. 6. Dependences of the influence of the content of fillers in biocomposites with a polymeric
phase of plasticized cellulose triacetate on their Brinell hardness («) and flexural rigidity (6)

Job6asnenne xk JIM B kadecTBe HamomHHUTENS H3MenpdeHHBIX OAIl mpuBo-
JIT K CHWYKEHHUIO MTPOYHOCTH ITPH M3TMOe OMOKOIIO3UTOB C IMOMUMEpHOH (hazoif 1uia-
CTU(UIIMPOBAHHOTO TpHUAIleTaTa IEJUIIOI03bI, HO Ipu coxepxkanuu B HuX OAIL no
15 mac. 4. uX IpeuMyIIecTBO Mepe] STATIOHHBIM IPEBECHO-TIOIMMEPHBIM KOMITO3UTOM
¢ (ha3ol MoNMMATHIICHA BRICOKOH TJIOTHOCTH C COZIEpKaHueM JipeBecHor Myku 50 % 1o
YAApHOH BSI3KOCTH M IMPOYHOCTH TpH M3rnde coxpansercs. [lo Hamemy MHEHHIO, 3TO
CO3IIaeT MepCIeKTUBHI mpakTuaeckoro mpuMeneHuss OAIl ms mpon3BoAcTBa OHOKO-
ITO3UTOB C IMOMUMEPHOH (pazoil macTu(GUIMPOBaHHOTO TPHUAIETATA IEIUTFOI03bI.

Raxnouenue

Pesynbrarh! uccnenoBaHus MOKa3aad BO3MOXKHOCTh TTOIYIE€HUST METOJIOM TO-
pSAYEro MpeccoBaHUsl OMOKOMITO3UTOB C MOJMMEPHOH (ha30il MIIACTH(PUIIMPOBAHHBIX
aleTaToB LEJUIIONO3bl CO CTENEHbI0 anerunupoBanus 1,81-2,41 u HamonHurtensem
JIPEBECHOM MyKOH XBOMHBIX OpoJ ApeBecuHbl Mapku 180. BriBeneHsl sxcnieprMeH-
TabHO-CTATUCTUYCCKHUE 3aBUCUMOCTH BIUSHUS CTCTICHHU alleTUINPOBAHUS TIACTH-
(hUIMpOBaHHOTO areTara IMEJUTIONIO3bI M COACPIKAHUS B KOMITO3UTE IPEBECHON MYKH
Ha CTEMNeHb ero Pa3JIoKEHHs MPH BBIIEPKKE B aKTHBHPOBAHHOM TPYHTE, BOJOIIO-
IJIOIICHUE W PsIJ TTOKa3arenel (PU3NKO-MEeXaHHUECKUX CBOWCTB. YCTAaHOBIEHO, YTO
YBEIMYCHUE CTCIICHU AllCTUIMPOBAHUS alleTaTa LEJUTI0JIO3b] MOBBIIAET CTOMKOCTh
KOMIIO3UTOB, MOJIYYCHHBIX Ha €T0 OCHOBE, IIPHU BLIICPKKE B AKTHBUPOBAHHOM TPYH-
T€ W YMEHBIIAET WX Bojpomomiomenue. [Ipu 3ToM y OHOKOMIIO3UTOB BO3pPACTAOT
MOIYJb YIPYTOCTH TPHU CXKATHH M TPOYHOCTH NMpH u3ruode. [lo 3TnM mokazarensm
MOJTydeHHbIE OMOKOMITO3UTHI BO BCEM M3yUEHHOM JHITa30HE CTETIEHU alleTHIINPOBa-
HUS TIACTU(UITUPOBAHHOTO alleTara MEeJUTION03bl U COePIKaHus TPEBECHON MYKH
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CYIIECTBEHHO MPEBOCXOMAT 3TAJOHHBIN JPEBECHO-TIOJIMMEPHBIA KOMITO3UT ¢ (ha3oit
MIOJINATUJICHA BBICOKOU TIIOTHOCTH € 50 % ApeBecHON MyKH B COCTaBE.

HOHy‘IeHHI)Ie B XOZ€ UCCJIICAOBAaHUA JaHHBIC TAKXKC ITO3BOJIMIIN BBIABUTH BO3-
MOJKHOCTB HCIIOJTb30BaHUS OTXOIOB aIlleTaTHOW (DOTOIJICHKH C APEBECHON MYKOH B
COCTaBe HAITOJHUTEIIS JIJISi U3TOTOBJICHHSI OMOKOMITO3UTOB Ha OCHOBE TIACTU(HUITH-
POBaHHOTO TpHALETaTa IEJITINI03bL. J00aBIeHNEe K APEBECHON MyKe N3MEITBICHHBIX
OTXOJIOB alleTaTHOMW IJICHKH MPUBOJIUT K CHIDKESHHUIO TIPOYHOCTHU MPH U3THOE OHOKO-
MO3UTOB C MOJMMEPHOH (Pa3oil mIacTuGUIMPOBAHHOTO TPHALETATA IIEIUTION03bI, HO
TP CONEPYKAHMH B HUX OTXOJIOB alleTaTHOH IJICHKH 10 15 Mac. 4. UX MPeuMyIIeCTBO
nepes] ATAJOHHBIM JPEBECHO-TTOIUMEPHBIM KOMIIO3UTOM B TOKA3aTeNsIX YAapHOU
BSI3KOCTH Y IIPOYHOCTH MIPH U3THOE COXPAHSIETCS, 9TO CO3/JAeT IEPCIEKTHBBI IPAKTH-
YECKOTO MPUMEHEHUS OTXO0B alleTaTHOW (POTOIICHKH /I IPOU3BOJCTBA OMOKOIIO-
3UTOB C MOJUMEPHOM (Da30l MmIacTH(GUIIMPOBAHHOTO TPHUAIETATA I[EJITFOJIO3BL.
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Annomayus. Ilpouecc pa3Moia BOJIOKHUCTOW MacChl N3 BTOPUYHOTO BOJIOKHHCTOTO CBHIPbS
B 3aBUCHMOCTH OT PEKHMa CBSI3aH CO 3HAYMTEILHBIM M3MEHEHHEM CTPYKTYpHO-MOP(OIIo-
THYECKHUX XapaKTEPUCTHK BTOPUYHOTO BOJIOKHA M BO3HUKHOBEHHEM JIOTIONTHUTEIBHBIX KOJIH-
YeCcTB BOJOKHHCTON Mernouu. [locnenHss okas3bIBaeT CyIIECTBEHHOE BIMSHHE HA CBOICTBA
BOJIOKHHCTOH MAacChl, TEXHOJIOTHUECKHH MPOIECC M3TOTOBJICHUSI OyMark W MokKa3aTenn Ka-
4yecTBa IMOMy4aeMoil mpomyKiuu. CTeneHb BIMSHUS BOJOKHHCTOH MEJNOYM Ha KauecTBO
MIPOIYKIIMHA ¥ TPOILECC €€ M3TOTOBJIEHHS, B CBOIO OUYepellb, 3aBUCHUT OT CTPYKTypHO-MOp-
(omornuecknx CBOMCTB "acTHIl Menouu. Llenp paboTsl — MccienoBanue CTPYKTYPHO-MOP-
(omornuecKnx CBONCTB BOJOKHHCTOH MEJOUYH, COAEpIKaleiics BO BTOPUYHOM BOJIOKHE U3
BJIArONIPOYHOTO CHIPbHS, 0Opa3yromelcsl B MpoIecce MATKOTO pa3Moiia BOJOKHUCTON Mac-
CBbl. BTopruHOE BOJIOKHO TTOJy9EHO B PE3yNbTaTe POCITYCKa BIAroNPOYHON THCCHIO Ha OC-
HOBe OeJIeHO Cynb()aTHON IENITI0NI036l IO HECKOJIIBKUM BapHaHTaM: B YCIOBHUSIX TEIUIOBOH
00paboTkn Maccel B mpucyTcTBHH eaxoro Harpa (NaOH), B ycrmoBusiX peareHTHO-IIENOU-
HON 00pabOTKM ¢ NMPUMEHEHHEM B KaueCTBE aKTHBATOPOB POCITyCKa mHepcyibdara HaTpus
(NaOH + Na,S,0,) u Mononepcynbdara kaaus (NaOH + KHSO;). C ucnonpzoBaHueM ONTH-
geckoro aHamu3aropa L&W Fiber Tester ycTaHOBIIEHO, YTO TIPHU MSTKOM Pa3MOJIe BOIOKHH-
CTOM Macchl, TIOJ[y4eHHOH B YCIIOBUSX YCKOPEHHOTO POCITYCKA BIIaroNpOYHOIl MaKyJIaTyphl C
IIPUMEHEHHEM Tiepcynb(dara HaTpusi 1 MOHONepCyab(aTa Kajaus, IPOUCXOIUT HE3HAIUTEIhb-
HOE yBeJIMYeHHEe 10U Menouu — B cpenneM Ha 0,20...0,28 % no aynuue u Ha 0,9...1,5 % no
KOJIMYECTBY YAaCTHI] MEJIOYH. BOIIOKHNCTAs MEIOYb MPEeICTaBIsIET COO0 OTHOCUTEIHHO TIPS-
MBI YaCTHIIBI (CpEeTHEB3BEIICHHBIH 110 [utHHE hakTop popmsl —93,5...94,0 %), obnanaromue
MaJIol MOJHUANCIIEPCHOCTHIO (OTHOIIEHHE CPEIHEB3BEIICHHOTO MO JUTHHE U cpefHeapudme-
THyeckoro 3HadeHus AmuHB — 1,08...1,09). Cpemanii k03pQUITHCHT BBHITIHYTOCTH YaCTHI
MEJIOYH COCTABJISICT OKOJIO 7, B OTAEIBHBIX Kiaccax IHHEI — 110 8...9. MukpodoTorpapun
MTOBEPXHOCTH OyMaru — pe3ynbTaThl padoThl CKAHUPYIOIIETO 3JIEKTPOHHOTO MUKPOCKOTIA, — a
Tak)Ke 3HAYCHUS CPEIHUX JUTHHBI YaCTUI] BOJTOKHUCTON Menoun (132...134 MKM) ¥ IIUPUHBI
BTOPHYHBIX BOJOKOH (29,7...30,0 MKM) MTOKa3BIBAIOT, YTO MEJOYB CIIOCOOHA y4acTBOBAThH B
JIOTIOTHUTETBHOM MEKBOJIOKOHHOM CBSI3€00pa30BaHNH MOCPEACTBOM (hOPMUPOBAHHS MOCTH-
KOB MEX/ly BOJIOKHAMH B 30HE MX MTOTEHIINAILHOTO KOHTAKTA.
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Abstract. The process of recycled pulp refining is usually associated with a significant change
in the morphological characteristics of the secondary fiber and the formation of additional
amounts of fines. It is well known that fines have a great impact on the pulp properties,
the papermaking process and the quality of the resulting paper. At the same time, the effect
of fines both on the paper properties and on the papermaking process depends on the
morphological characteristics of the fines. The aim of the study was to evaluate the changes
in the morphological characteristics of the fines during gentle low-consistency refining of
the recycled pulp. The recycled pulp was obtained from commercial wet-strength tissue
paper, consisting of 100 % bleached softwood kraft pulp (BSKP) made from pine (Pinus
sylvestris L.). The repulping of wet-strength paper was performed at 60 °C in three ways,
namely, repulping with sodium hydroxide (indicated as RP (NaOH)), repulping with sodium
hydroxide and sodium persulfate (RP (NaOH + Na,S,0,)), and finally repulping with sodium
hydroxide and potassium monopersulfate (RP (NaOH + KHSO.)). Using an optical fiber
analyzer, L&W Fiber Tester, it was found that accelerated persulfate and monopersulfate
repulping of the wet-strength paper led to an increase in fines content after pulp refining by
0.20...0.28 % on length and by 0.9...1.5 % on number of particles. In addition, some fines
were not detected due to the limited resolution of the measuring device. The morphological
characteristics of the recycled pulps showed that the studied fines were relatively straight
particles (S, = 93.5...94.0 %) with low length polydispersity ((L,/L,) = 1.08...1.09). Fines had
a mean slenderness ratio (L/W), and (L/W), of about 7, which in some length classes reached
8...9. Taking into account the experimental data on fines length (L, = 132...134 um) and fiber
width (W,=29.7...30.0 um), as well as SEM images of recycled paper, we can conclude that
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these particles can form fines-assisted bridges between several close deposited fibers in the
fiber network, thus strengthening the paper web.

Keywords: wet-strength paper, repulping, recycled pulp, gentle refining, fines, morphological
characteristics
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Beeoenue

Hcnonp3oBanne MATKUX PEKUMOB pa3Molia C IEIbI0 MAaKCHMAaJIbHOTO CO-
XpaHeHUSI UCXOMHOU IIWHBI U JPYTUX CTPYKTYPHO-MOP(OIOTUUESCKIX XapaKTe-
PUCTUK BTOPUYHOTO BOJIOKHA (BB) siBisieTcss OAHUM K3 OCHOBHBIX MPHUHIIUIIOB
MOJITOTOBKY MakKynarypHoit maccel [3, 5, 10]. B xone 1-it wactu paboTs [2] ycTa-
HOBJICHO, YTO Ha M3MEHEHHE CTPYKTypHO-MOp(hoIorndeckux cBoiicTB BB mpu
MATKOM pa3MoJie BOJOKHUCTON MacChl U3 BIAronpodHON MaKyJlaTyphl OKa3bIBalOT
BIIUSAHHE cTeNu(UIecKre yCIOBUS MPOIecca ee POCIycKa, TaKue KaK TeruioBas
U peareHTHO-IIEeI0Hast 00paboTka. MSATKHI pa3MoJl BOJIOKHHCTONH Macchl, OJy-
YEHHOU B YCIOBUSX YCKOPEHHOI'O POCITYCKA BIATOMPOYHON MaKyIaTyphI C MpUMeE-
HeHueM Na,S,0, u KHSO,, npuBoauT K ONpeeIEeHHOMY BBIIPAMIIEHUIO BOJIOKOH
Y COOTBETCTBYIOIIEMY YBelnUeHHIO uX ¢akTopa popmel. [Ipu 3TOM yckopeHHBIH
pocmyck obecnieanBaeT okosto 60 %, a Markuii pazmoin — okono 40 % ot obrmiero
pocta dakropa popmsr BB, nocturaemoro B pesynbpraTre KOMOMHHPOBAHUSI yCIIO-
BUH MacCOIOATOTOBKH [2].

YuuThIBasi, 4TO MPOIECC Pa3MOJia BTOPUYHBIX BOJOKHHCTBIX IMONy(adpuka-
TOB B TOM WJIM MHOM CTENCHU MPUBOAUT K MOSBICHUIO JOTIOJIHUTEIbHBIX KOJIUYECTB
Menouu [7, 14, 19], a Takxe npuHUMas BO BHUMaHUE CYLIECTBEHHOE BIUSHHUE Me-
JIOYM Ha CBOMCTBA BOJIOKHUCTOM MAaccChl, TEXHOJIOIMUECKUI MPOLECC U3TOTOBICHUS
¥ TIOKa3aTey KadecTBa moiydaemoit oymaru [7, 14, 15, 18, 19], B HacTosmeH pa-
00Te M3Y4YEHBI CTPYKTYPHO-MOP(DHOIIOTHYECKHE CBOWCTBA BOJIOKHUCTOU Mestouu. Hc-
M10JIb30BaH aBTOMaTUYECKUI aHAIM3aTOpP, PEAIU3YIOIIUNA ONTUYECKUI METOJ OLIEHKH
CTPYKTYPHO-MOP(OJIOTrHUECKUX XapaKTEPUCTUK BOJOKHUCTHIX TMOITYy(pabpUKaToB.
HecMotpst Ha TO, 4TO HEKOTOPOE KOJTMUYECTBO YACTHI] MEJIOUH JISKHUT 32 TpeieTaMu
YPOBHS IETEKIIH, CBOHCTBEHHOTO IS ONTHYECKUX aHAIM3aTOPOB, TaHHOMY METOTY
OIICHKH MEJIOUH yAeJseTcs 3HaunTenpHoe BHUMaHue [13, 15, 16]. [IpumenuTenpHO
K BJIArOMPOYHON MaKyJaType UCCIIe0BaHMsI TOJ0OHOTO THIIA BBITIOJHEHBI BIIEPBBIC.

Lenb paboThl — U3yueHUE CTPYKTYPHO-MOP(HOIOTHIECKUX CBONCTB BOJOKHH-
CTOW MeJouH, cojeprxkaiieiics Bo BB 13 Braronpo4Horo cwipbsi, 00pasyrolieics B
MPOIECCe MITKOTO Pa3MoJia BOIOKHUCTON MacChl.

Obwvexmul U Memoowvl UCCILe008AHUS

OObexToM nccinenoBanus, Kak U B 1-if gactu padotsl, ctano BB, monyuen-
HOE M3 MaKyJaTypbl B BUJIE BIATOMPOYHON TUCCHIO HA OCHOBE OCJICHOH Cynb(haTHOM
IEJUTFOJIO3BI U3 APEBECUHBI COCHBI OOBIKHOBeHHOU (Pinus sylvestris L.) — COAXBLI,.
[IpenMeTom — CTPYKTypHO-MOP(HOIOTHYECKHE CBOMCTBA BOJIOKHUCTOW MEJIOYH.
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CBolicTBa HCIIOJIB30BAHHON BJIAroMpPOYHON MakyjiaTypbl, JiabopaTOpHBIE
YCJIOBHS MPOIIECCOB €€ POCIyCKa, pa3MoJia BOJOKHUCTOH Macchl, 0COOCHHOCTH
MIPUMEHSIEMOTO JUIsl pa3Moiia JIaboparopHOTO OOOPYAOBaHUS OBLIA MOAPOOHO
omucansl B 1-i1 wactu paboTsl. [Ipu 3ToM BB ObI10 mOydeHo B mporiecce po-
CIIyCKa BIArONMPOYHON MAaKyJIaTyphbl O HECKOJILKUM BapUaHTaM: B YCIOBHSIX Te-
IJIOBOM 00pabOTKK Macchl B MpUCYTCTBUU ejkoro Hatpa — BB (NaOH), B ycio-
BHSIX PEareHTHO-IIEJI0YHONH 00pabOTKH ¢ MPUMEHEHHEM B KaueCTBE aKTHBATOPOB
pocnycka nepcyiabdara Harpus — BB (NaOH + Na,S,0,) — u Mmononepcynbdata
kanus — BB (NaOH + KHSOy) [2].

CrpykTypHO-MOpdoIornIeckre cBoicTBa BB ncciaenoBaHbl ¢ MOMOIIBIO OTI-
trdeckoro ananmusaropa L&W Fiber Tester [1]. B cOOTBeTCTBUY ¢ MEXITyHAPOTHBIM
cragnaproMm ISO 16065-1:2014 [11], permaMeHTUPYIOIIUM YCJIOBHS OTpENEICHHUs
JUTMHBI BOJIOKHUCTBIX MONY(HhaOpHKAaTOB ONTHYECKHUM METOAOM, MEJIOUBIO SIBIISIOTCS
00BEKTHI BOJIOKHUCTON Macchl juiHoU MeHee 200 mxM. Pa3OneHne NCXOqHBIX JaH-
Heix (Raw Data) Ha 2 rpymnmbl: gaHHBIE A7 BOJIOKOH W JAHHBIE JUIA MEJOYH — H
BBITIOJTHEHNE COOTBETCTBYIOIINX PAaCcdyeTOB JAIOT BO3MOXXHOCTH JETaTbHON XapaKTe-
PHUCTHKH HE TOJILKO BOJIOKOH (KaK 3TO MPOUCXOJUT IPH aBTOMATUYECKHUX pacueTax Ha
ONTUYECKOM aHAJIM3aToOPe), HO U YaCTHUI] MEJIOYH.

Ha ocHoBaHMU MEpBUYHBIX JIAHHBIX JJISI YaCTHUI[ MEJIOYH OB ONpEIelCH
elle OAMH CTPYKTYPHO-TEOMETPUUECKUN MapaMeTp — KodpuuueHT GopMbl, WIH
K03((PHUIMEHT BBITAHYTOCTH, MPEACTABIAIOMHNN COO0H OTHOIICHHWE IJIWHBI Ya-
CTHI] MEJIOYH K uX mupure [4, 6, 16]. KoapdumueHT BRITIHYTOCTH TPUMEHHU-
TEJIBHO K YaCTUI[aM MEJIOYH MMEET BaXKHOE 3HAUeHHE, MTOCKOIBKY OTpEEIseT ee
THII U CBOMcTBa [16].

Ucxonupie nanubie pa3ouBanu Ha 10 kmaccoB mo miuae: |50...65|, [65...80],
180...95|, 95...110], |110...125], |125...140], |140...155|, |155...170], |170...185| u
[185...200] MKM™.

B xaxxnom kiacce Ui 4acTHLl MEIOYM HAXOAWIN CPEIHUE UIMHY [, IIMPUHY
w,, haxTop opmbI (IPSIMU3HBL) S; U KOIDGHUIUESHT BEITSIHYTOCTH [/W,.

C y4eToM KOJIMYEeCTBA YaCTHUI[ MEJIOYM B KaXKJOM Kiacce 1o ¢opmyiam [9,
11, 16] paccuntbiBamy cpeaHre apuMETHUECKUE U CPEIHEB3BEIICHHBIEC MO ATHHE
U Macce 3HadeHus Jusel L, L, L, mupusel W,, W, W, baxropa popmsr S,, S, S, 1
ko3¢ punmenta hopmst (L/W) , (L/W),, (L/IW),,

[onmaucnepcHOCTh YacTHIT MEJIOYH TI0 JUTWHE W TI0 Macce BBIYHMCIISUTH COOTBET-
CTBEHHO Kak oTHomenue L,/L, u L /L, [20].

Jnst mocTpoeHus iuarpaMm pacrpeesieHns MeJIOUH 110 JTHHE JO0I0 110 JTH-
HE MEeJIOYH ONpEeIsiIN KaK MPOLEHTHOE OTHOLICHHE CYyMMApHOH JTMHBI YaCTHII
MEJIOYH B i-M KJlacce K OOIIeH IIuHe MelIo4yd Bo Beex kiaccax (i = 1...10), momro
10 YHCITy YACTHUI] MEJIOYH — KaK ITPOIIEHTHOE OTHONICHHE CyMMapHOTO KOJNYeCTBa
YaCTHI] MEJIOYH B i-M KJIacce K 00IIeMy KOJMYEeCTBY MeIIoYHu BO BceX kiaccax. Co-
JiepXKaHHe MEJIOYH IO JUTMHE HaXOJMIH KaK MPOLEHTHOE OTHOIICHHE CyMMapHOU
JUIMHBI MEJIOYH K O0IEeH JJIMHE BOJIOKOH U JUIMHE MEJIOYH B aHAJIM3UPYEMOi pooe,
coZiepKaHKe MEJIOUH 110 YHCITY YacTHUI] — KaK MPOLEHTHOE OTHOIICHHE KOJTMYeCTBa
YacTULl MEJIOYH K 00IIEeMy KOJHYECTBY BOJOKOH M KOJIMUYECTBY YaCTHI] MEJIOYH B
aHATM3UpyeMoii mpooe.
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Pesynomamul uccnedosarnus u ux oocyscoenue

Ha puc. 1 mokazano BiussHIE MSTKOTO pa3MoJIa BOJIOKHHUCTOM MacChl Ha COMEp-
JKaHUE MEJIOYH.

40 304 [ ]

=

)
|

(]

G
.

30,2 30,3 30,3
bl 28,8] [28.,8 28.9)
5.67| 379 3.7 3,73| |

'w
[=}
L

Conep:xaHue Menout, %
o
[=]
(=]
Coznepxxanue Menodn, %
%)
(=]
|

2,5 15
24 °1IP 36°I1IP 24 °IIIP 36°I1IP

O COAXBI] OBB (NaOH)
OBB (NaOH + Na,5,0)  mBB (NaOH + KHSOs)

a 9]

Puc. 1. BousiHue Msrkoro pa3MoJia Ha COACPIKAHUEC MEJIOYU: d — 10 JJIUHE; 6 — 110 YUCITY 4aCTHL

Fig. 1. Effect of gentle refining of the pulps on length weighted (@) and arithmetic (6) fines
content (L& W Fiber Tester)

W3 npeacraBineHHbIX Ha puc. | JaHHBIX BUAHO, YTO HAUMEHbIIEE COACpIKa-
HUE MEJIOYH N0 JUIMHE, KaK J10, TaK M IOcJe MITKOro pa3Moja, XapaKTepHO s
MIEPBUYHOTO BOJIOKHA — CyNIb(aTHON XBOWHOM IEIITI0N036l. boiiee HU3KOoe cofep-
YKaHWE MEJIOUN TI0 KOJIMUECTBY YacTHIl oTMedeHo 111 BB. IlepBoe MokHO 00BsiC-
HUTBH OONBIIEH CpelHel ATMHOM BOJIOKOH IEJITIONO3bl. Tak, cpeHeB3BelICHHBIC
3HA4YECHUS JUIMHBL L, U L JJIs LEIUII0I036l 0 pa3Moia COCTaBISIOT COOTBETCTBEH-
HO 2,15 m 2,72 mm, nns BB u3 BnaronmpodHoit MakyiaaTypbl — COOTBETCTBEHHO
2,01...2,02 m 2,58 MM [2]. 3Hadenus L, u L, 1u1d 1eIUIION036I oce pasmona — 2,14
u 2,70 MM COOTBETCTBEHHO, 111 BB u3 BinaronpouHoil makynatypsl — 1,99...2,00
n 2,57...2,58 MM [2] cooTBeTCTBEHHO. BTOpOE 00CTOATENHECTBO, HA HAI B3IVIAI,
CBA3aHO C YaCTUYHBIM BBIMBIBAHHEM MEJIOUH TIpH (POpMOBaHUHU OyMard B CETOYHOM
yacTh OyMarojesiaTeIbHOW MaIllHBbI.

B nponecce MArkoro pasmorna BOJOKHHUCTOW MaccChl, MOJIYYEHHOH C MpH-
MEHEHHEM YCKOPEHHOI'O POCITYCKa, JIOJISl MEJIOYHM yBEJIMYMBACTCS B CPEIHEM Ha
0,20...0,28 % no nnune u Ha 0,9...1,5 % no konuuecTBy yactull. Kak orMeuanock
paHee [2], cpemHss THHA BOJIOKOH B IMPOIIECCe MATKOTO pa3MoJjia MPaKTHIECKA HE
nuzMensiercs. [103ToMy MOXXHO ToJiaraTh, 4YTo 00pa3oBaHHE JOMOTHUTEIHLHOTO KO-
JIMYCCTBA MEJIOYHU IMMPOUCXOAUT B OCHOBHOM HE 3a CHCT MONCPEYHOI'0 U3MEIIBYCHUA
(pyOKu) BOJOKOH, a B pe3yJbTare MPOJOIBHOTO JeJIaMUHUPOBaHHs (DparMeHTOB
KJICTOYHOHM CTEHKM M BHeUIHero GpudpusuinpoBanus BosokoH. OOpa3oBaHue Melo-
M [IpU MATKOM pasmosie BB, momyueHHOro B pesynbraTe yCKOPEHHOTO POCIyCKa
BJIArONPOYHON MaKyJIaTypbl, BBIPAXKEHO B OOJIBLIEH CTENEHH, YeM IIPU IIPOAOIIKH-
TEIBHOM MeOYHON 00paboTKe MaKyIaTyphl.

Ha puc. 2 npezncrapnensl fuarpaMMbl pacTipeAeieHts 10 JJTHMHE YacTUL MEJIOUH.
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Puc. 2. Pactipenenenue 4acTUI] MEIOYH MO JIFIMHE B MPOIIECCe MITKOTO pa3MoIia BOTOKHUCTON
Macchl: a — 10 pa3morna (24 °I1IP); 6 — mocine pasmona (36 °11IP)

Fig. 2. Fines length distributions (L&W Fiber Tester): a — before gentle refining of the pulps
(24 °SR); 6 — after gentle refining of the pulps (36 °SR)

Kak BugHO U3 puc. 2, MATKUH pa3MoJl BOJIOKHUCTON MAacChl IPAKTUYCCKU HE
M3MEHSET paclpe/ieICHHe 10 JUTHHE YaCTHI] MEJIOYH. DTO CIPaBEJIMBO KakK IS Tep-
BHYHOTO TToNTyadbpukara B BUAE CyTh(GaTHOW XBOWHOW IEJUTION03BI, TaK U IS BTO-
PUYHOTO BJIArompOYHOIO ChIPbs, K3rOTOBJIICHHOTO Ha €€ OCHOBE.

Ha puc. 3—5 moka3aHbl 3aBUCHMOCTH IIHPUHBI, KOA((HUITUEHTA BBITIHYTOCTH
u paxTopa GOpMBI OT CpeTHEH UTMHBI YaCTHUI] MEJIOYH B KJIAcCax JI0 M TIOCTIE MSATKOTO
pa3moJia BOJJOKHUCTOM Macchl.
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Puc. 3 3aBI/ICI/IMOCTL IMUPUHBL OT JJWHBI YaCTUI MEJIOYM OO0 M TIOCJIC MATKOIro pas-
Mona BojokHucToi Macesl: a — CPAXBI]; 6 — BB (NaOH); ¢ — BB (NaOH + Na,S,0y);
2—BB (NaOH + KHSOy)

Fig. 3. Fines length vs fines width before and after gentle refining of the pulps:
a —BSKP; 6 — RP(NaOH); 6 — RP(NaOH + Na,S,0;); 2—RP(NaOH + KHSO;)
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Puc. 4. 3aBucuMocth KOX(QHIKEHTa BHITAHYTOCTH OT JUIMHBI YaCTHII MEIOYHA 10 U
mocJie MSTKOTO pa3Moiia BOJOKHUCTOH Macchl: a — CDAXFBI[; 6 — BB (NaOH); ¢ —
BB (NaOH + Na,S,0y); 2 — BB (NaOH + KHSOj)

Fig. 4. Fines length vs fines slenderness ratio before and after gentle refining of the pulps:
a — BSKP; 6 — RP(NaOH); 6 — RP(NaOH + Na,S,0,); 2 — RP(NaOH + KHSO,)
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Puc. 5. 3aBucumocth akropa (OPMBI OT JUIMHBI YACTHUI] MEJIOYH JIO M IOCIE MSTKOTO
pa3mora Bonokuuctoi Macesl: a — COAXBIL; 6 — BB (NaOH); 6 — BB (NaOH + Na,S,0,);
2—BB (NaOH + KHSO;)

Fig. 5. Fines length vs fines shape factor before and after gentle refining of the pulps:
a—BSKP; 6 — RP(NaOH); 6 — RP(NaOH + Na,S,0,); 2 — RP(NaOH + KHSOj)

W3 npencTaBieHHBIX Tpa@UueCcKUX 3aBUCUMOCTEH BUIHO, YTO XapaKTEPUCTH-
KN MCJIOYHU ITPU MATKOM pa3sMoJIe BOJIOKHHCTOM MacChl IMMPAKTUYCCKHU HC UBMCHAIOTCA,
HCKITIOYEHHUE COCTABISIET (PAKTOP (OPMBIL, KOTOPBII JIEMOHCTPUPYET HE3HAYUTEIILHOE
YBEIUUCHHUE B CJIydac MCMOJIB30BAHHUS BTOPUYHOTO BIATOMPOYHOTO ChIphs. Takike
CTOUT UMETh BBHUJIY, YTO HEKOTOPOE KOJMYESCTBO YACTHI[ MEIIOYU MOXKET HAXOIUTCS
3a Tpe/ieNlaMu YPOBHSI IETEKLIUH ONITHYECKOT0 aHAIN3aTopa.

CpenHue 3HaUYCHUSI CTPYKTYPHO-MOP(OJIOrHUSCKUX MapaMeTPOB MEJIOYH JI0
1 TIOCJIe Pa3MoJia BOJIOKHHCTON MacChl TAK)KE OCTAIOTCS MPUOTU3UTEIBHO HA OJTHOM
ypoBHE (CM. TaOIHITy).

JlaHHbIC TAOMHIIBI B I[EJIOM XapaKTePU3YIOT MEI0Yb, HAXOASIIYIOCS B BO-
JIOKHUCTOM Macce W3 BTOPUYHOTO BIATOMPOYHOTO CHIPhS, KaK OTHOCHTEIHHO
npsiMble yacTuiel — S, = 93,5...94,0 %, — obnagaromue Maaol MOIUAUCIEPCHO-
cteio — (L/L)) = 1,08...1,09. Cpennnii k03QPUIHEHT BBITIHYTOCTH YaCTUIl Me-
JIOYM COCTABIISIET OKOJIO 7, MOCTUTas B kKiaccax miuuHb |155...170|, [170...185|,
[185...200] mxm 10 8...9 (puc. 4, 6—2). Ha ocHOBaHWM JaHHBIX 3HAYEHHUH KO-
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¢uLreHTa BRITIHYTOCTH YaCTHIl MEJIOYU MOKHO TOJIarath, YT0 OHU CIIOCOOHBI K
00pa30BaHUIO MOCTUYHBIX CTPYKTYP, UIU MOCTUKOB [16], My OMu3nexKamniu-
MH BOJIOKHAMH B CTPYKType OyMakHoro nucta (puc. 6).
CTpyKTYpHO-MOP(}OI0rHYeCKHX NapaMeTPhbl YaCTHIl MeJIOYH
Morphological characteristics of pulp fines

3HayeHue napameTpa

NaOH NaOH
) . COAXBI NaOH + +
CrpykTypHO-MOpdOIOrHuecKuit Na,8,0, KHSO,

rnapamMeTp MeJI04n

Crenens nomoria, °11IP

24 36 24 36 24 36 24 36

Cpennsist AuHa, MKM:
122 123 123 123 124 122 123 122

n

L, 133 | 133 | 134 | 133 | 134 | 132 | 134 | 133
L, 142 | 143 | 143 | 143 | 144 | 142 | 143 | 143
[MonuaucnepcHoCTb:

o pimne (L/L,) 1,09 | 1,08 | 1,09 | 1,08 | 1,08 | 1,08 | 1,09 | 1,09
o macce (L, /L) 1,16 | 1,16 | 1,16 | 1,16 | 1,16 | 1,16 | 1,16 | 1,17

CpenHsis mMUpHUHA, MKM:
19,6 | 19,6 | 20,0 | 20,0 | 20,1 | 19,7 | 20,0 | 19,7

n

W, 20,1 | 20,1 | 20,6 | 20,6 | 20,7 | 20,3 | 20,6 | 20,2
w, 20,6 | 20,6 | 21,3 | 21,2 | 21,3 | 20,9 | 21,2 | 20,8
Cpennnit ko3 dumnment
BBITSTHYTOCTH:

mw), 6,6 6,6 6,5 6,5 6,5 6,5 6,5 6,5
mw, 6,9 6,9 6,8 6,8 6,8 6,8 6,8 6,9
omw), 7,3 7,3 7,1 7,2 7,1 7,2 7,1 7,2

Cpennuii pakrop dopmsl, %:
94,6 | 94,5 | 93,4 | 93,8 | 93,7 | 94,0 | 93,9 | 94,1

S, 94,5 | 94,4 | 93,1 | 93,6 | 93,5 | 93,8 | 93,7 | 93,9

S 94,3 | 94,2 | 92,8 | 93,3 | 93,3 | 93,5 | 93,5 | 93,7

Cpennsist nmuHa yactun Menoun (L, = 132...134 mxm) Oosnble cpeqHel mupu-
HBbI BOJIOKOH (W, =29,7...30,0 MKM [2]), 103TOMY B 30HY OTE€HLIUAILHOTO KOHTAKTa
MOTYT OJHOBPEMEHHO TIOIajaTh Oojiee AByX Onm3iexanux BojaokoH. OOpa3oBaHue
MOCTHKOB C Y4aCTHEM YaCTHUI] MEJIOYH ITO3BOJIIET O0JIee PABHOMEPHO PaclpeieysTh
Harpy3Ky B 30HE KOHTaKTa BOJIOKOH [16] M, Kak CIEICTBHE, CIIOCOOHO OKa3bIBaTh
JIOTIONTHUTENIFHOE K BHEIIHEMY W BHYTPEHHEMY (HOPHIUITMPOBAHUIO BOJIOKOH IPH
pasmore [8, 12, 17] monoxuTensHOE BIUSHAE HA MEXaHUIECKUE CBOHCTBA Oymarmy.



Lesnoy Zhurnal = Russian Forestry Journal. 2023. No. 4 177

H BOJIOKHA

H MeJoub

30Ha

KOHTaKTa

a

Puc. 6. MocTuku Mexay OMM3IeKAINIMMH BOJIOKHAMH, 00pa30BaHHbBIE C yYaCTHEM YacTHII
MEIIOYH: @ — IPUHIIUI 00pa30BaHus; O — NPUCYTCTBHE B CTPYKType Oymaru

Fig. 6. Load-carrying bridges composed of fines material in fiber network: @ — mechanism of
bridges formation; 6 — presence of bridges in the paper web (SEM)

Baxnouenue

HccenemoBaHbl CTPYKTYPHO-MOP(]OTIOTHIECKHAE CBOMCTBA BOJIOKHUCTON MeJo-
Y, COfIeprKaleiicss BO BTOPHYHOM BOJIOKHE M3 BJIArOIPOYHOTO CHIPKSI, 00pa3yromieii-
sl B IIpOIlEcCce MATKOTO pa3MoJjia BOJOKHUCTON Macchl.

YcTaHOBIIEHO, YTO MPU MITKOM pa3MoJjie BOJOKHHCTONW Macchl, MOTYyYEHHOH B
YCIIOBHUSIX YCKOPEHHOTO POCITyCKa BIArONpOYHON MaKyJIaTyphl C IPUMEHEHNEM Tep-
cynb(ara HATPHsl © MOHONIEpCYb(ara Kaus, IPOUCXOJAUT HE3HAYUTEIEHOE YBEIH-
JeHue aomu Menmodu — B cpenaeM Ha 0,20...0,28 % mo mmure n Ha 0,9...1,5 % 1o
KOJIMYECTBY YaCTHII.

BonoknucTast Meno4b NpeAcTaBiasieT OO0 OTHOCHUTENBHO MPSIMbIE YaCTHILIBI
(cpenHeB3BelIeHHBIN 110 auHE dakTop dhopmbl — 93,5...94,0 %), obnamaronue ma-
JIOW TTOTUAMCIIEPCHOCTHIO (OTHOIIEHHWE CPEeTHEB3BEUIEHHOTO 10 JJIMHE U Cpe/iHea-
pudmernueckoro 3adeHus ;uMHBI — 1,08...1,09). Cpennuit koapureHT BHITSIHY-
TOCTH YaCTHI] MEJIOYH COCTABIISET OKOJIO 7, B Kiaccax JumHk [155...170),170...185|,
[185...200| MmxMm mocturaer o 8...9.

C y4eToM HalIEHHBIX CpeIHUX JIUHBI yacTuil menouu (132...134 mMxm) u
HMIMPHHBI BOJIOKOH (29,7...30,0 MKM) MOKa3aHO, YTO YacTUIbl BOJOKHUCTOW MeEJo-
YK CIOCOOHBI Y4aCTBOBATh B JOTOJIHUTEIHLHOM MEXKBOJIOKOHHOM CBSI3€00pa30BaHUN
MocpesICTBOM (POPMHUPOBaHUSI MOCTHKOB MEX]Ty BOJIOKHAMH B 30HE MX TOTCHIHAITb-
HOTO KOHTAaKTa.
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Annomayus. B xoze ucciienoBaHus ObUIa BBISBICHA KOPPEISALUS MEXKIY HHTCHCHBHOCTBIO
BBIZICJICHHS COKa Oepe3ol M IHaMeTpOM CTBOJIA, CTEHNECHBIO Pa3BUTHS KPOHBI M BO3PACTOM
nepeBa. VIHTEHCHMBHOCTD BBIJETICHHS COKA TaKXKe 3aBHCENa OT IIOTOJHBIX YCIOBHH U CIIOCO-
6a moxcouku. OOBEKTOM MCCIICTOBAHUS CTAJl CIENBIA Oepe30BhIid APEBOCTON ¢ YCPHUIHBIM
HamouBeHHBIM TOKpoBoM (Kupurickoe necrHndectBo Jlemmurpaackoir obmactu, Poccus).
CocraB nmpeBoctost (%): 65 — Gepessr, 21 — enn, 8§ — ocunsl, 3 — onbxwu, 2 — Bs3a, | — KIIeHa.
[omaora — 0,6. IlpoexTnBHOE TOKphRITHE Tojiora — 0,73. CpemHme BO3pact, IHaMETpP
1 BbICOTa — 76 Jet, 25 cM u 24,3 M cooTBeTcTBeHHO. [lofcOUKa MPOBOIIIIACH 3aKPBITHIM
cnocobom. Kananer Haxommmuesr Ha 3040 cM BBIIE KOPHEBOW MICHKH. YCTaHOBICHO,
YTO MHTEHCHBHOCTb BBIJEJICHHS COKA 3aBUCHUT OT KOJIMYECTBA KAHAJIOB M HMX PAacIojo-
KEHHs. MakcuMallbHasi MHTEHCHBHOCTD BBIICNICHUS COKA M3 OJHOTO KaHalla COCTaBJsiIa
285 MI1/4, B 3aBHCHMOCTH OT JHaMETpa CTBOJA W BO3pacTa AepeBa. IIHTEHCHBHOCTH BBIIE-
JICHUsI COKa MEHSJIACh B TCUCHHE ITHS: yBEIMUYMBANACh C yTpa U A0 13—14 4 mHS U 3aTeM
yYMeHbIIANack 0 Mo3xHero Bedepa. Houbro oHa ObUIa HaMMEHbIIEH, MO0 COK HE BBbLie-
JISUICS, HE3aBHCHMO OT BO3pacTa JAEpeBa, CTENICHW Pa3BUTHS KPOHBI M JAMaMeTpa CTBOJA.
[Ipu cpegnecyTouno#t Temneparype oT +3 mo +6 °C B macMypHYIO IOTOAY KaKI0€ JIEPEBO
maBaino coka 0,54—1,37 n/cyt., a mpu GoJiee BEICOKOH TeMIepaType B COTHEYHYIO TIOTOLY —
2,50-6,22 n/cyT. UeMm BEIIIe TeMIIepaTypa BO3IyXa W MOYBHI, TEM HHTEHCHBHEE COKOBEIIEIe-
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nue. [Ipu temneparype Bozayxa —3 °C cok 3amep3aer. Eciiu cpeHecyTouHast TeMmneparypa
BO3/IyXa B TCUCHHE HECKOJIBKUX JHEH nepkutcs Boimie +10 °C, cok HaYMHACT COpakuBaThCS.
Knrouesvte cnosa: necHoii GUTOICHO3, IPEBOCTOH, OEPE30BBIii IPEBOCTOMN, BBIICICHUE COKa,
WHTCHCUBHOCTH BBIJCIICHUS COKa, Betula pendula Roth
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Abstract. The study showed a correlation between the intensity of sap release by birch
trees and the trunk diameter, degree of crown development, and tree age. In addition to the
characteristics of trees, sap release intensity also depended on weather conditions and tapping
methods. The study object was a mature birch stand with blueberry ground cover (Kirishi
forestry unit of the Leningrad region, Russia). The composition of the stand consisted of
birch (65 %), spruce (21 %), aspen (8 %), alder (3 %), elm (2 %), and maple (1 %); the basal
area was 0.6. The projective cover was 0.73. The average age, diameter and height were
76 yrs, 25.0 cm and 24.3 m, respectively. Tapping was carried out by the closed method.
The tapping channels were 30—40 cm above the root neck. The intensity of sap release was
found to depend on the number of channels and their location. The maximum intensity of
sap release from one tapping channel was 285 mL/h, depending on the trunk diameter and
tree age. The intensity of sap release varied throughout the day: it increased in the morning
and early afternoon (until 1-2 pm), and decreased in the late afternoon. At night, sap release
intensity was the lowest, or it stopped completely regardless of the tree's age, degree of crown
development, and trunk diameter. At the average daily temperature between +3 and +6 °C in
moky weather, each tree produced 0.54—1.37 L of sap per day, and at a higher temperature in
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sunny weather, 2.50—6.22 L per day. The higher the air and soil temperatures, the more intense
the sap release. At the air temperature of —3.0 °C, the sap freezes. When the average daily air
temperature stays above +10.0 °C for several days, the sap begins to ferment.

Keywords: forest phytocenosis, forest stand, birch stand, sap release, sap release intensity,
Betula pendula Roth
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Bseoenue

Pecypcer necHoro (oHIA — IKOJIOTHYECKH YUCTOE ChIphe. C KaKIBIM TOIOM
JUHEWKa TPOIYKIMH, TTOJIYy4aeMOH B JIECHBIX SKOCHCTEMAX, PacIIUpsIeTCs, HAMETH-
JIach TEHACHIINS KOMIUIEKCHOTO HCIIOJIb30BAaHMSI JIECHBIX pecypcoB [1, 6-8, 10, 15,
18-20]. ChopmupoBaiock 0cob0e HaIpaBiICHUE MPUPOJIONOIE30BAHUS — arpojiec-
HbIE GUPMBI 1 KOMIUTEKCHI [18, 19]. MHOTOYNCICHHBIC Ty OIMKAITIHI CBUACTCIHCTBY-
0T O POCTe MHTEpeca MCCIeoBaTeNlel MHOTHX CTpaH MHpa K pa3HOOOpa3HBIM pe-
cypcam jeca [1-8, 10-13, 15-17, 19-22].

[To cpaBHEHUIO C APYTUMHE TOCYIaPCTBAMU, UMCIOIIUMHU Ha CBOSH TEPPUTOPUU
neca, Poccust ocobeHHo Oorata napamu jieca. DTUMH JapaMu, B IEPBYIO OYepelb
JICKAPCTBEHHBIMH, MUIIEBBIMU U MEIOHOCHBIMH PECYpCaMH, TEXHHUECKUM ChIPhEM,
HaceJeHUE TIOIB3yeTCs B TeUeHHE MHOTHX BekoB [ 14, 11-13, 21].

bepe3oBbiii COK OTHOCHUTCS K MUILEBBIM pecypcaM. 3aroTOBKa U HUCIIOJIb30Ba-
Hue 0epe30BOTo CoKa Ha TeppuTopui Poccuu BeyTcs ¢ JaBHUX BPEMEH U JI0 HACTO-
sero Momenrta. B benapycu, Ha Ykpaune, B Octonuu, JlarBun u Jlutee Taxxe u
CETOJTHS 3aTOTABIMBACTCS OCPE30BBIN COK, YTO OOBSCHSACTCS HATMYUEM B 3TUX CTpa-
Hax OOJIBIIMX IUIOINIAJCH Oepe30BhIX JICCOB. bepe3oBhlil M KIICHOBBIN COK IIUPOKO
HCIIONIB3YIOTCSI BO MHOTHX CTpaHax mupa [1-4, 7-13, 15-17, 19-22].

OnyOnmuKoBaH psiJl UCCIIEAOBAHIM, TTOCBSIIIEHHBIX 3aTOTOBKE O€pe30BOTO COKa
Y BJIMSIHUIO BHEIIHUX YCJIOBUM HA COKONMPOAYKTUBHOCTH [3, 4, 7, 9, 10, 15, 17, 22].
EcTh myOnmukanuu o BO3JICHCTBUN TEMIIEPATyPhl U JAPYruX (PakTOpOB BHELIHEH cpe-
JIbl HA THTEHCUBHOCTH COKOBBIZICICHUS B YCIIOBUSX JiecocTend [3, 4, 7, 10, 15]. B [4,
12, 16, 17, 19, 22] paccMOTpeHBI CBOMCTBA OEPE30BOTO COKA M €r0 MCIOIH30BAHUC
HE TOJBKO B Ka4eCTBE MUIIEBOTO MPOAYKTa, HO M B MEIUIIMHCKUX IETISAX U B KOCMe-
TUYECKUX MPOIYKTaX.

Llenp uccienoBanns — yCTAaHOBUTh OCHOBHBIE (DAKTOPBI, BO3/ICHCTBYIOIUE HA
COKOBBIJIeJIEHHE TIpH TIoficouke Betula pendula Roth, a Taxoke cTenieHb BIMSHUS Kaxk-
JIOTO U3 HUX.

Obwvexmbl u Memoobl UCCIE008AHUS

OObekT uccaenoBaHus — OEpe3HAK CMELIAHHOTO cocTaBa B 28-M Bblie-
ne 82-ro kBaprana Kupumickoro necanuecta Jlenunrpasckoit oomactu. Cocran
apesoctost — 65621E80¢301 2Bs31Kin, cpennuii Bozpact — 76 JIeT, OTHOCUTENb-
Has noiaHoTta — 0,6, COMKHYTOCTh KpoH — 73 %, 3amac — 344 m3/ra. Cpennuii nua-
METp CTBOJIOB — 25 cM, cpennsis Beicota — 24,3 M. Kitace 6onurera — 1. Tum neca
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(mo B.H. CykaueBy) — Oepe3HsK YepHUYHBIH, THII YCIOBHH MECTONPOU3PACTAHUS
(mo I1.C. ITorpeGnsky) — B,. Koopaunarsr necHoro yuactka — 59°22'328" c. m1. u
32°15'423" B. 1.

[Ipu crutorrHOM TIepedeTe JepeBbeB (PUKCHPOBATH AWAMETP CTBOJIA M CTE-
MeHb Pa3BUTHS KPOHBIL. V3 001Iero KoinmyecTBa JIepeBbEB U3 OIBITA OBLTH UCKITIO-
YEeHbI TOBPEXKICHHBIE, 00JIbHBIC, HAKJIOHUBIIHNECS AEPEBbS U IEPEBBS C TUAMETPOM
cTBOJIa MeHee 18 cM, Tak Kak Mo JEeHCTBYIOIIMM MpaBUJiaM IOJICOYKa TaKHX Je-
peBbeB 3anperena [9].

B xonme reoboTaHMYECKOTO OMMCAHUS JIECHOTO YYacTKa OTMEUYAIH JIEMEHTHI
MUKpopenbeda, I3MepsITH OCBEIIEHHOCTh, TEMIIEPATyPy BO3AyXa M MOYBBI, THHAMHU-
Ky U MPOAOIDKUTENILHOCTh COKOBBIZICNIEHUS. YUeT HUKHHUX SIPYCOB PACTUTEIILHOCTH
(moxmpocta, moaecKa, TPaBsHO-KYCTAPHUYKOBOIO M MOXOBO-JUIIANHHUKOBBIX SIPY-
COB) MPOBOAMJIM HA KPYTOBBIX YUETHBIX IUIOIIAAKax paanycom 1,785 m (10 m?) B
cooTBeTCTBHUH ¢ rateHToM PO No 2084129 [6].

[ToacouKy ocymecTBISsITN 3aKphITEIM criocobom. Ha oHOM cTBOIIE 3aKiiajibI-
Bay OT 1 710 4 MOACOYHBIX KaHaa quaMerpoM 10 MM Ha mryonny 30—40 MmM. Beicora
3QJI0KEHUA NOACOYHBIX KaHanoB — 30—40 cMm oT kopHeBOH wIelKU. NTHTEHCUBHOCTh
COKOBBIJICJIEHUS] U3MEPSUIA C TOYHOCTBIO 5 MIT Uepe3 Kaxble 2 4, 3aMblKasi CyTOUHBIE
LUUKIBL. J[711 cpaBHEHUS pe3yJabTaTOB MU3MEPEHMsI BBIMOJIHIN B CYXYIO COJHEYHYIO
U nacMypHyto noroxy. OJHOBpEMEHHO MoJcayuBaii 16 1epeBbeB C pa3HbIM Tua-
METpOM CTBOMA. |1 KaskJ0TO MOJENBHOTO JIepeBa (PMKCHPOBAIN HA4YaJIo0 U OKOH-
YaHWE COKOBBIICTICHHUS M TEM CaMBbIM YCTAaHABINBAJIH €T0 TPOIOIHKUTETBHOCTE. 1o
pesynbraraMm MHOTOJeTHHX uccienoBanuid (2017-2019 rr.) ompenensum JUHAMUAKY
COKONPOTYKTUBHOCTH.

CoOpaHHble MOJIEBBbIE MaTepuanbl ObUIM 00paboTaHbl METOAAMHU BapHALU-
OHHOM CTaTUCTHKH C HMCIIOJIB30BAaHHEM CJIEIYIOIIEro MpOrpaMMHOIO 00eCTIeUeHHUS:
Statistica 11 u Microsoft Excel. Jlist paGoThI ¢ IOTy4YeHHBIME JaHHBIMU TPUMEHSITN
KOPPEISIITMOHHBIN W TUCTIEPCUOHHBIN aHanmm3 [14].

Pesynomamul uccneoosanus u ux oocysicoenue

C yBenuyeHHeM JuamMeTpa CTBOJIA HHTEHCUBHOCTh COKOBBIJICICHIS, KaK Tpa-
BUJIO0, Bo3pacTaeT. CKOPOCTh BBIAETICHHS COKA 3aBHCUT TaKXKe OT BO3pacTa JiepeBa u
CTETEeHU Pa3BUTHS KpOHBI. BO Bcex cliydasix JAepeBbs ¢ XOPOIIO Pa3BUTOM KPOHOM
BBIJICTISIIOT OOJBINE COKA, a IPY OJIMHAKOBOM JHaMETPE CTBOJIA OOIbIIE COKa BBIJE-
JSIOT OoJiee MOJIOJIbIe JepeBbs (Tadu. 1).

Kak BumHO, pa3max BapbHpPOBAaHUS HHTCHCUBHOCTH COKOBBIJICIICHHS 3HAYUTE-
seH, ona cocrasisieT 40-285 mn/u. He Bcerma makcuManbHass HHTEHCUBHOCTE COKO-
BBIJICIIEHHsI XapaKTepHa JUIst J€PEBhEB ¢ OOJBIINM JHaMeTpoM cTBosa. Hampumep,
MoJIeTh 2 ¢ TMaMeTPOM CTBoJIA 17 ¢M 3a eIMHUITY BPEMEHH JTaeT CoKa B 4 pasza 00ITb-
11e, 9YeM JepeBo ¢ AUaMeTpoOM cTBoja 28 cM (Moxenb 9), u B 3 paza Ooublie, 4eMm Je-
peBo ¢ quamerpoM ctBoia 38 cm (Mozmenb 14). CrenoBartensHO, €CTh U ApyTUe (akx-
TOPBI, OKA3bIBAIOIINE 3aMETHOE BIUSHUE HA KOJTUYECTBO COKA, BHIACISIEMOTO OHUM
JiepeBoM. B 11esoM 3aBUCMMOCTh MHTEHCUBHOCTH COKOBBbIAETeHH (Y) oT quamerpa
CTBOJIA (X) MOYXHO BBIPA3UTh TOJTMHOMOM 2-ii CTETICHH:

Y=0,6595x2—2,7386x + 107,9400.

Koadpdpunment nerepmunanuu (R?) pasen 0,68.
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TabGuuma 1

Buinsinue Bo3pacra gepeBa, JHaMeTPa CTBOJIA U CTeNeH! Pa3BUTUSI KPOHBI
HA HHTEHCHBHOCTh COKOBbI/IeJIeHHsI

Influence of tree age, trunk diameter and crown development on the intensity
of sap release

Homep Juametp Bospact laburyc CpenHsist HHTEHCHBHOCTh
MOJIeH CTBOJIA, CM Jepesa, JeT KpOHBI* COKOBBIJICTICHHS, MJI/4

1 63 - 105
17

2 54 N 175

3 16 56 93

4 61 60

5 22 68 - 205

6 24 63 133

7 66 + 146
23

8 73 96

9 28 68 40

10 58 285
29

11 76 + 157

12 30 70 99

13 36 66 70

14 76 - 64
38

15 72 + 190

16 37 76 234

* «+» — IepeBbs ¢ XOPOIIO Pa3BUTONH KPOHOM; «—» — O cJ1abo pa3BUTOM.

Janusble, mpeacTaBicHHbIe B Ta0m. 1, CBHAETEIHCTBYIOT O TOM, YTO MPH
OJINHAKOBOM JHMaMETpe CTBOJIa 00Jiee BHICOKAS WHTEHCHUBHOCTH COKOBBIJEICHUS
XapakTepHa AJis JePEeBbEB, BO3PACT KOTOPBIX MEHbILE, HAPUMEp, I MoJeleH
9—11. IIposiBnsieTcs U BIUSHUE CTETICHU PA3BUTHS KPOHBI JiepeBa Ha KOJIMYECTBO
BBIIEIsIeMoro coka. Hanmpumep, monenu 14—16 uMeroT npakTUYECKU OAMHAKOBBIH
JUaMeTp M OJIMHAKOBBIA BO3PACT, HO IPH ITOM 3K3EMIUISIPBI C XOPOIIO Pa3BUTOM
KpOHOM (TIPOTSDKEHHOCTh KPOHBI OOJIbIIE, TUAMETP KPOHBI OOJbINE) — MOJEIH
15 m 16 — BEIACHAIOT coka B 3—4 pa3a OoJbIe, 4eM JepeBO CO Ci1abo pa3BUTOM
KpOHOM — Mojienb 14.

YcnoBHO Bce JIepeBbsi HE3aBUCUMO OT UX BO3pPAcTa U IMaMeTpa CTBOJIA 110 WH-
TEHCUBHOCTH COKOBBIJIEIEHUSI MOXKHO Pa3AeiUTh Ha CIEAYIOINE TPYIIIBL: JEPEBbS C
MakcuManbHoi (6omnee 400 mi/4), MuHuManbHOW (MeHee 200 Mil/4) U cpeaHel uH-
TEHCUBHOCTBHIO COKOBBIJICIICHHSI.

B oTnenbHbBIE TepHONBI MTOJICOYHOTO CE30HA MPU TIOJIOKHUTEIBHON CpeTHecy-
To4HON Temmeparype (+3... +6 °C) B macMypHYIO MOTOAY OIHO AEPEBO 3a CYTKH
MoxeT BoiAesaTh oT 0,54 1o 1,37 1 coka, a mpu Oosiee BRICOKOW TeMIepaType B COJl-
HEYHYIO ITOTO/Y ATOT 00BEM YBEJIIMUMBACTCS B HECKOJIBKO pa3 — oT 2,50 10 6,22 n/cyT.
[Ipu Temneparype Bozayxa —3,0 °C cok 3amep3aet. Eciin cpeHecyTouHas Temmepa-
Typa Bozayxa aepxutcs Boiie +10,0 °C B TeueHHe HECKOIBKUX THEH, COK HaUWHAET
OpOIUTH.
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B xone ombITHBIX pabOT yCTAaHOBJIEHO, YTO Y JICPCBBEB, PACIIOJIOKCHHBIX B
MUKPOIIOHIKEHUAX, HA4aJ0 COKOBBIJICICHHS 3ama3apiBacT Ha 1-3 AHs MO cpaBHE-
HUIO C IEPEBBSIMHU, KOTOPbIE MPOU3PACTAIOT HA MUKPOIIOBBIIICHHUSX (TIeperaj BEICOT
0,51 M). DTO CBSI3aHO C PA3IMIHON TEMITEpaTyPO ITOUBHI IO dJIEMEHTAM MHKPOpE-
meeda. Y NIepeBbeB B MUKPOMOHMIKEHUAX TIEPUOJ] COKOBBIICIEHHS TPOI0KASTC,
HE3aBHCHMO OT pa3MepOB U BO3pacTa JiepeBa, Ha 2—4 mHs OObllle, YeM Y JIEpEeBbeB
Ha MUKPOIOBBIIICHUSAX. B 00111eM POI0IKUTEIIBHOCTh COKOBBIICIICHISI IEPEBhSIMH
Ha Pa3HbIX MEMEHTaX MUKpopenbeda B TCUCHUE CE30Ha TOJICOUKU BHIPABHUBACTCSI.
YCTaHOBIJIEHO, YTO CBSI3b MHTEHCHBHOCTH COKOBBIJIEJICHUS C TEMIIEPATYPON MOYBBI
TECHee, YeM C TeMIIepaTypoil Bo3ayxa.

Hcnonp3oBaHne OJHOBPEMEHHO HECKOJIBKUX ITOJICOYHBIX KaHAJOB Ha OTHOM
CTBOJIC TIOKA3bIBAET, YTO BBIACICHHUE COKA U3 KaXIOr0 KaHalia MIPOUCXOIUT B CBOEM
pekuMe. DTO MOXKHO OOBSICHUTD TEM, YTO ITPH PACIIONIOKCHUH KaHaJIa HaJl KOPHEBOK
JIariol MTHTEHCUBHOCTD COKOBBIACJIICHHA U3 HET'O BBICOKAA, a €CJIN HOILCO‘IHI)II‘/'I KaHala
PacCIioIOKEH MEXKAY KOPHEBBIMH JiallaMH, MHTCHCHUBHOCTb COKOBBIJICIICHUS 3HAYU-
TeTHHO HIDKE — Moenn 9, 12—14 (tabm. 2).

Tabnuna 2

MHTEeHCHBHOCTDL COKOBBIICJICHUA B 3ABUCHMOCTH OT KOJIHYECTBA KAHAJI0B

The intensity of sap release depending on the number of tapping channels

COKOBBIJICTICHHE, MJI/4
Homep KonnuecTBo kananos KaHaj
MOJIEITH Ha CTBOJIE cpennee 3a 1 4
1-it 2-i 3-it 4-i
1 1 105 — — — 105
2 2 75 230 — — 175
3 3 130 25 125 - 93
4 4 75 - 45 90 60
5 1 205 - - - 205
6 2 125 140 — — 133
7 3 250 105 90 — 146
8 4 103 95 - 90 96
9 1 40 - — - 40
10 2 290 280 — - 285
11 3 165 150 — — 157
12 4 53 105 130 110 99
13 1 70 — - — 70
14 2 43 92 - - 64
15 3 240 245 85 — 190
16 4 103 345 155 330 234

[Tpumeuanue: [Tpouepk o3HaUAET BBIMAJCHUE JAHHBIX IO Pa3HBIM IPHYHHAM.

Ha Bcex oObekTax mccieqoBaHusi Hauboyiee HHTCHCUBHOE COKOBBIACICHHE
Yy MOZAETBHBIX JIepeBheB HAONIOAANN B CEPEIUHE THS B MPOMEKYTKE BPEMEHH OT
13 o 15 9. C pannero yrpa u 10 13—14 4 UHTEHCUBHOCTH COKOBBIJICJICHUS B IIe-
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JIOM yBEIUYHUBACTCS, a ocie 15 4 HauMHAeT MOCTENEeHHO CHMXarhes. [Ipu aTom
B Cp€aAHEM 3a 6 4 1-ii TOJIOBUHEI JHA UHTCHCUBHOCTH COKOBBIJACICHUA HECKOJIBKO
MEHbIIIE, YeM CpPEIHIe 3HAaUYeHU 3a 6 4 BO 2-ii oIoBMHE AHS. B HOUHBIE U yTpeH-
HHE€ Yachl OTMEUaeTCss MUHUMAaIbHAasi HHTEHCHBHOCTD COKOBBIIENIEHUS Y BCEX MO-
JIETbHBIX JIEPEBbEB, HE3aBUCHMO OT JIMAMETpa CTBOJIA, BO3pacTa JiepeBa U CTEIICHH
pa3BUTHUS KPOHBIL.

IIpu cHmkeHNM TeMrepaTypsl BO3AyXa U MOYBbI MUHUMAJIbHBIC 3HAYCHUS UH-
TEHCHUBHOCTH COKOBBIACIICHUA OTMEYAKOTCSA BO 2-i TOJOBHHE HOYH U B YTpEHHUEC
gacel. Eciii Temmneparypa octaercsi cTadbMiIbHOM B TEUEHUE CYTOK, TO M3MCHEHHS HH-
TEHCHUBHOCTH COKOBBIJICIICHNS 32 3TOT MIEPUOJ MEHEE BHIPAYKEHBI, HO B JHEBHBIE YaChI
OHa BHIIIIE, 2 B HOYHBIE HECKOIILKO HUKE.

YeM moIbliie IEpro]] COKOJIBIKEHHS U MTPOIECC MOJICOYKH, TeM OoJiee BhIpa-
’KEHO CHIKEHUE MHTCHCHUBHOCTU COKOBBIJICIICHUA. Y BCEX MOJCIBHBIX JACPEBHEB B
HaYaJILHBIN nepruoa noACO4YKM MHTCHCUBHOCTL COKOBBLIACJICHHUA MaKCUMaJIbHAsA, 4TO
BHJTHO M3 JIaHHBIX Ta0I. 3 (31€Ch MPEACTABICHBI MOJICIIbHBIC IEPEBbS C OMHUM IO/~
COYHBIM KaHAJIOM).

Tabauma 3

,Z[I/lHaMl/IKa COKOBBI/ICJICHUSA 1€PEBbAMHU C PA3HBIM IMAMETPOM CTBOJIA
B HAYaJIbHBIH nepuox moacouKu

Dynamics of sap release in the initial tapping period by trees
with different trunk diameters

WHTEHCUBHOCTH COKOBBIICICHHUS, MJI/MUH
Howmep
mozaen B TCUCHHUE Hepes
1-ro gaca 2yq 3yq 4y
1 7,33 2,33 1,27 0,55
5 7,50 2,67 1,33 0,50
9 6,75 0,33
2,33 1,00
13 7,70 0,70

CaMoe 3HAUNTEILHOE CHIDKECHNE MHTEHCUBHOCTH COKOBLIZEJICHHUS HaOIIOma-
eTCsl B TeUEHHUE 1-X CYTOK, B 1-¢ HECKOJIBKO YacOB MOCJIE HavYaia MOJICOYKH, YTO OT-
YEeTIMBO BUIHO W3 TaOMI. 3, a Ha 2—3-M CYTKH MHTEHCUBHOCTH COKOBBIJICIICHUS CTa-
OWIN3UPYETCs U B TSUEHUE BCETO TIEPUO/Ia MOJICOYKU OCTACTCS IPUMEPHO Ha OJTHOM
YPOBHE HJIH ¢J1a00 CHUYKACTCS.

Koppensmonnsnii ananu3 o kpureputo Crimpmena st 16 ciaydaes moxasain
HAJINYHME CTATUCTHYCCKH 3HAYMMOM CBSI3H MEXKTY JHaMETPOM JiepeBa U HHTEHCHBHO-
CTBIO COKOBBIZICJICHHSI I 00bEMOM COKa B JIeHb (Tabi. 4).

JlucriepcHOHHBIN aHaMM3 BBISBWJI 3HAUYUTEIBHYIO PasHUILYy IS KJIAcCOB
JIMaMETPOB JIepeBa U KOJUYESCTBA KAHAJIOB M0 MHTCHCUBHOCTH COKOBBIJICJICHHUS
(Tabu. 5).

CHM)KeHME MHTEHCUBHOCTHU COKOBBICJICHUS B 1-€ Yackl mociie Havaja I0o/-
COYKH MPOUCXOJUT y BCEX MOJICIBHBIX JIEPEBbECB MPAKTUYCCKH CHHXPOHHO. Pa3-
HBI YPOBEHb HHTEHCHUBHOCTH COKOBBIJICIICHUST OOBACHSICTCSI HEOAMHAKOBBIMU JTH-
aMETPOM CTBOJIa, CTEIICHBIO Pa3BUTHSI KPOHBI M BO3PAaCTOM MOJICILHBIX JICPECBhEB.
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Ta6uuna 4

Kos¢pduunents! panrosoii koppesasinuun Cnupmena R,
€ NMOKa3aTeIIMH COKONPOAYKTHBHOCTH

Spearman’s rank correlation coefficients R, with sap yield indices

ITapamerp R, t p

s

CTyIeHb TONIIMHBI 1 HHTCHCHUBHOCTH
COKOBBIJICIICHHS, M1/ 0,491 2,110 0,053
CTyIeHb TONIIMHBI 1 00hEM COKa B JICHB, JT

CTyHeHL TOJIIIWHBI U IPOAOJKUTCIIBLHOCTD

0,829 6,116 0,001
COKOBBIJICIICHUS, TH.

Tabaumna 5

I[I/ICHepCl/IOHHl)Iﬁ aHAJIU3 3HAYUMOCTH MOKAa3aTeJieidl HHTEHCUBHOCTH COKOBBIIeJIeHUS
o KJjiaccam amaMeTpa 1epeBbLeB 66[)63])1

ANOVA analysis of significance of sap intensity indices by birch tree diameter classes

[Mapamerp SS df MS SS df MS F D
CryneHb TONILUHBI
1 UHTEHCUBHOCTh 0,1621 0,0125 | 0,0019 0,0009 | 12,88

COKOBBIJICIICHN A, MIT/4

14 2 0,05
CTyneHb TONIIUHEI U

MIPOJOIIKUTETHLHOCTD 93,3030 7,1771 | 1,1145 0,5572 | 12,87
COKOBBIJICICHUS, JTH.

VYBennueHre HHTEHCUBHOCTU COKOBBIICNICHUS ITPU MOBBIIICHUH TEMIIEPATyPhl
BO34yXa U MOYBLI 6I)ICTpee MMPOUCXOUT Yy IE€PEBLEB C He6OJII)HII/IM ANaMETPOM CTBO-
na. Ha 2-e cyTku mociie Havasa MmoJjCOYKH HHTEHCHBHOCTH COKOBBIICNIEHNUS CTa0MIIN-
3UpyeTcs M Ha M3MEHEHHE PEeKUMa OCBEIICHHOCTH, TEMITEPATYPhl BO3AyXa U MTOYBBI
JIEPEBbsI pearupyroT OoJee 3aMeTHO.

OnbITHBIE Pa0OTHI, MPOBOAWMEIE B TedeHHE 4 CE30HOB, MOKA3BIBAIOT, YTO
MPOJOIKUTEILHOCTh COKOBBIACICHUS MEHACTCS 0 ToJlaM U 3aBUCUT OT MOTOJHBIX
ycioBuil U npyrux (akrtopoB. 3a 4 rojga HaOMIONCHUI COBMAJCHHI JaT Hauaida u
OKOHYAHUSI COKOBBIICNICHUS JEPEBBSIMU Oepe3bl HEe ycTaHOBIEHO. [loromubie ycio-
BUS OTPEAEISIOT MHTEHCHBHOCTD, MTPOAOIDKUTEIFHOCTh COKOBBIIETICHNS U OOIIYIO
COKOTIPOTyKTHBHOCTE O€pe3HsIKa 110 TOaM.

Taxum 06pa3oM, HHTEHCHBHOCTH COKOBBIJICTICHHS JIEPEBhIMU Oepe3bl 3aBUCHT
OT MHOXeCTBa (DakTopoB. [1aBHBIC W3 HUX — JAMAMETP CTBOJA, CTEICHb Pa3BUTHS
KPOHBI, TUII JIECa U MOTOIHLIC YCIOBHSI.

3axnouenue

ITosy4yeHHsle pe3ysIbTaThl O3BOJISIOT ClIEIaTh BBIBOJ O TOM, YTO HA HHTEHCHB-
HOCTH COKOBBIJICJIEHUS] U COKOTIPOAYKTUBHOCTH O€pPE3bl OKa3bIBAIOT BIMSHUE MHOXKE-
cTBO (pakTOpOB. B KauecTBe OCHOBHBIX MOKHO BBIJEIUTH AUAaMETP CTBOJIA U CTEIIEHb
pa3BHUTHUS KpOHBI. IHTEHCUBHOCTH COKOBBIIETIEHHS 3aBUCUT TAKXKE OT TEMIIeparyp-
HOTO PEeKMMa BO3AyXa U mouBbl. COKoiBHIKEHHUE Y Oepesbl, Ipou3pacTaromieil Ha Mu-
KPOIOBBIILICHHUSAX, HAUMHACTCS] Ha 2—3 JHS paHblie, 4eM y Oepe3bl B MUKPOIIOHKeE-
HUSX. DTH (akTOpbl HEOOXOIUMO YUHUTHIBATh B IIEPBYIO OYepe/Ib IPH TUNIAHUPOBAHUN
paboT 1o 3aroToBke OEPE30BOr0 COKA B TIPOMBIIIICHHBIX MacIITa0ax.
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Annomayus. PaccMOTPEHBI BONIPOCHI, CBA3aHHBIE ¢ YHHUTOKEHHEM MAJIOIEHHBIX MOPOJ
JIUCTBEHHBIX JICPEBHEB XMMUIECKUM ITyTEM B MOJIb3Y XBOMHBIX. OOCYKIat0TCs MPEeHMyIIie-
CTBa M HEJOCTATKH PA3JINYHBIX CIIOCOO0B N30ABICHNS OT HEKENATEIbHOM PACTUTEIBHOCTH.
B nienTpe BHUMaHUA XUMHUYECKHH YXO/ B MOJIOJHSAKAX ITOCPEACTBOM IIPUMEHEHUS apOopu-
uunoB. [Ipn 3TOM ydTeHO, YTO XMMHUYECKHE BEIIECTBA AOJKHBI 00/1a1aTh N30MpPaTEIbHOM
CIOCOOHOCTBIO — CHIIBHO BO3/ICHCTBOBATh HA HEXKEJATEIbHBIC BUIBI PACTCHNH (BBI3BIBATH
X OTMUpPAHHUE) U HE ACHCTBOBATh Ha XO3AHCTBEHHO-LIEHHBIE, OBITH OE30MACHBIMHU ISl 3710-
POBBS YellOBEKa W JIeCHOH (ayHbl. VccinemoBaH CyIIECTBYIONINA Ha HACTOSIINNA MOMEHT
1 HCIOJB3YEMBIIl Ha MPAKTUKE CHOCOO XMMHUYECKOTO yXO/a IyTEM BBEICHHS MHBEKIU
apOopunnaa B 3apyOKH Ha JAPEBECHBIX CTBOJAX. B KkadecTBe albTepHATHBHBIX PEIICHUN
MIPEIaraloTCsl yCTPONHCTBA, MOATBEPKICHHbBIC TaTeHTaMu PD, 115t poBeeHNS yKa3aHHBIX
BHJOB paboT. [IpuHINT 1efiCTBHS HOBBIX YCTPOICTB OCHOBBIBAETCS HA CBEPIICHUH JPEBEC-
HBIX CTBOJIOB C TIOCJIEAYIOUINM BBEJICHIEM HHBEKIINH apOOPUIINIA B 3apYOKH, ITOJTydCHHbIE
B pe3ynbrare cBepieHus. lIpeniaraemble 31eKTpodUINPOBAHHBIE YCTPOUCTBA I XUMHU-
YECKOTO yXO/ia TO3BOJISIIOT CHU3UTH TPYJOEMKOCTh IPOILECCA, YMEHBIINTh (PU3HUECKYTO
HarpysKy Ha omeparopa Ipu paboTe U MepeHOCe YCTPONCTBa, TEM CaMbIM YBEIHUYHUTD MPO-
M3BOIUTENBHOCTh TPyAa. Pe3ynbTaTel MPUMEHEHHsSI PEII0KEHHBIX aBTOPAMHU yCTPOMHCTB
COIIOCTABJICHBI C pe3ynbTaTaMu Aisl ycTpoiicTa «KobOpa», KOTopoe MIMpOKO MPUMEHSIOCH
B Coserckom Coro3e, a 3aTeM HadajIo NCIONb30BaThes B Poccun. MccnenoBanue npoBeaeHoO
B MOJIOAHSKAX, TPEOYIOMNX OCYIIECTBICHUS XUMHUECKOTO YX0/a € HENbI0 ()OPMUPOBAHUS
XO3SHCTBEHHO-IIENIECO00Pa3HOr0 COCTaBa APEBOCTOS ISl €0 MoCIeayoero pocra. Pado-
ThI BBITTOJTHEHBI HA TEPPUTOPUH apeHAHBIX ydacTkoB Kokmmaiickoro seca u HlynknHcKoro
necHndecTBa B Pecrybmmke Mapwmii O11. [1o pesynasraraMm CpaBHHUTEIHHOTO YKOJIOTO-JIECO-
BOJICTBEHHOTO MOHUTOPHHTA COCTOSHUS KYJIBTYP XBOMHBIX ITOPOJ MOCIE XUMHUECKOTO yXO-

© Iapes E.M., Pykomoiinukos K.I1., Anucumos C.E., Kontoxosa T.A., Kpenes A.B., 2023
Crarbsi oy0IMKOBaHA B OTKPBITOM JIOCTYIIE M pacipocTpaHnsercs Ha ycnopusx muensun CC BY 4.0


https://www.webofscience.com/wos/author/record/2489219
https://orcid.org/0000-0001-5695-3028
https://www.webofscience.com/wos/author/record/1065317
https://orcid.org/0000-0002-9956-5081
https://www.webofscience.com/wos/author/record/1923997
https://orcid.org/0000-0003-3332-0927
https://www.webofscience.com/wos/author/record/2506826
https://orcid.org/0000-0002-3897-560X
https://www.webofscience.com/wos/author/record/2906816
https://orcid.org/0000-0002-7670-9732
mailto:RukomojnikovKP@volgatech.net
mailto:AnisimovSE@volgatech.net
mailto:KonyukhovaT.A.@volgatech.net

Lesnoy Zhurnal = Russian Forestry Journal. 2023. No. 4 191

Jla BBISBJIICHBI IPEMMYILECTBA PEIIIOKEHHOTO YCTPOMCTBA O CPABHEHHUIO C YCTPOHCTBOM
«KoOpa». Marepuaibsl cTraTbi MOT'YT OBITh PEKOMEH/IOBaHbI apEH/1aTOPaM IPH MTPOBEICHUH
XMMHYECKOTO yX0Jia IIIaBHBIM 00pa3oM B MOJIOJHSIKAX.

Knrouesvie cnosa: XuMuveckuii yXoj 3a JIECOM, MOJIOHSKH, apOOPUITUJIBI, HHBEKIIHS ap0o-
PHILIMJIOB, 3aNTyLIAOIINE TOPOJIbI, HHBEKTOP, CBEPIICHUE
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Abstract. This article covers concerns about the elimination of low-value deciduous trees
by chemical treatment in favour of conifers. Various methods for removing undesirable
vegetation are discussed with an indication of their advantages and disadvantages. Central
attention is given to the use of arboricides for the treatment of young growth. It is considered
that the chemicals must selectively affect the unfavourable plants, avoid any influence on
economically valuable species, and be safe for human health and forest fauna. A practically
common method of chemical maintenance was investigated, which includes the injection
of arboricides into notches on tree trunks. The authors suggest devices confirmed by the
patents of the Russian Federation that are suitable for this purpose. The operational principle
is the drilling of the notches with the subsequent injection of arboricide. The proposed
mechanical treatment increases productivity by decreasing the complexity of the procedure
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as well as the physical load on the operator during handling and moving of the equipment.
The investigational results are compared with the properties of the Cobra apparatus, which
was widely used in the Soviet Union and later in the Russian Federation. The research was
performed in young stands of Kokshaysky Forest and Shulkinskoe Forestry in the Republic
of Mari El. The comparative results of ecological and silvicultural monitoring on coniferous
conditions after chemical treatment revealed the higher performance of the proposed device
over the Cobra apparatus. The material in this article is recommended to forestry operators as
a guide for chemical maintenance, mainly in young stands.

Keywords: chemical treatment of stands, young growth, arboricides, arboricide injection,
smothering crops, injector, drilling
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Beeoenue

PyOku yxona — 310 hopma yxojia 3a JCCHBIMU yYaCTKaMH IyTeM YIAJICHUS
13 HaCaX/IEHUS Ha Pa3HbIX ATalax pPa3BUTHSA JPEBOCTOEB HEXKENIATEIbHBIX JIEPEBHEB
Y CO3JaHMsI ONArOMPHUATHBIX YCIOBHH IS POCTa JYYIINX MEPCIIEKTUBHBIX JI€PEBb-
€B IJIaBHBIX mopoxa. PyOku yxoma HampaBieHbl Ha (GOPMHPOBAHHUE BBICOKOTIPOIYK-
TUBHBIX KaueCTBEHHBIX HacaxiaeHui. Ha stamne ¢hopMupoBaHUS MOJIOIHSIKOB PyOKH
yXojla MOTYT OBITh HA3HAUCHBI 110 PE3yJIbTaTaM MOHUTOPUHTA COCTABA U COCTOSHHUSI
CMBIKAIOIIETOCsl KpoHaMu mozapocTta [4, 7].

Bricokast TpynoeMKocTs pyOOK yXo/a He TO3BOJISIET OXBAaTUTh BCE HYKAAI0-
miecs B HUX 00BEKTHI. B CBA3M ¢ ATHM BO3HHKIIA MMOTPEOHOCTH B TPUMEHEHUN XU-
MHYECKUX CPEJCTB — apOOPHIIUIOB — TSI TTOJIABICHUS HEXKENaTeIbHOW JPEeBECHOM
pacTuTenbHOCTH. TpaJMIIMOHHBIE METOABI yXoja 3a JiecoM (pyOKH yxoyia) UMET
AKOJIOTHUYECKHE MPEUMYIISCTBA TIepe]l XUMUIECKUM yXxooM [19], Tak kak xummude-
CKHUI yX0Jl He0e30IaceH dKOJOTHYECKH W OTPUIATENILHO BIUSIET Ha JIECHOW Ouore-
oreno3 [17, 20], HO B TO k€ BpeMsl XUMHUYECKHI yXOJl BXOIUT B YHCIIO Hamboiee
3 (PEeKTUBHBIX, Majo3aTpaTHBIX M, CIEIOBATEIHHO, TEPCIICKTHBHBIX MeTomoB. C
MTOMOTIIFIO COBPEMEHHBIX apOOPHUITNIOB MOXKHO BCETo 3a OJHY 00pabOTKy mpesoT-
BpaTUTh BO30OHOBIICHUE HEXKEJIATSILHOW PACTUTEIBHOCTH M O00ECIICYUTh IOMUHU-
pOBaHUE XO3SIMCTBEHHO-TIEHHBIX TIOpoj [ 16]. XuMudeckuit yxoj COKpaIiaer 3aTparhbl
Ha MOJATOTOBKY paboyeil CHIIbI M 000pyIOBaHUS [UIS BBIOJHEHUS paboT, obnanaer
BBICOKOI 3))eKTUBHOCTBIO U HEOOJIBIIIOHN TPYJTOEMKOCTBIO TI0 CPABHEHHIO C MAIIIUH-
HBIM 1 MEXaHWMYECKHMH CTI0CO0aMHU yXo0/a, a TaKXKe MO3BOJSET MPENOTBPATUTH 3a-
DIYIIEHUE XBOMHBIX MOJIOJHSKOB MSTKOJIMCTBEHHBIMU nopojamu [15]. OH npeana-
3HA4Y€H B OCHOBHOM JJIsl IPUMEHEHHS Ha 3Tare (hOpMUPOBAHHS MOJIOIHSIKOB HAYMHAS
¢ 1-ro mara — OCBETJICHUSI.

B ocHOBe XMMHYECKOTO yXo/1a — BO3/IEHCTBHE Ha HEXeJaTeJIbHbIE JIEPEBbs B
HacakJIeHUM apOOpUIINAAMHU C IIEJIBIO TIOJHOTO WM YaCTUYHOTO YHUYTOXXEHHS Ta-
KHX JIepPeBbEB, OCNalIeHNsI UX POCTa, CHMKEHNS KOHKYPEHTHOH CIOCOOHOCTH IO
CPaBHEHUIO C JYYIIMMH U BCIIOMOTATEeIHHBIMU JepeBbsiMu. llpu kaxymieiics mpo-
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CTOTE€ XUMHUYECKUI yXOJl 3a JecoM TpeOyeT 0co00ro BHUMAaHHS OT JIECOBOAOB. XH-
MHUYECKHE BEIIECTBA JOJDKHBI 00NazaTh M30MpaTeNbHON CIOCOOHOCTBIO: CHIIBHO
BO3/ICICTBOBATh Ha HEXKEJAaTeIbHBIE PACTEHHUs, BBI3BIBAS X OTMHUpPAHUE, U HE Jeil-
CTBOBaTh HA IVIaBHbIE NMOPOABI. JJIsI IPaKTUYECKOrO NMPUMEHEHUSI PEKOMEHIYIOTCS
TOJIBKO MaJIOTOKCHYHBIC IIpenapaThl, HE HAKAIUIMBAIOILUECS B SKOCHCTEMaX (COJH
u 3¢upsl 2,4-nmuxnopadeHOKCHYKCYCHON KucaoTsl (2,4-11), Benbnap, rapion) [18].
[Tpy rpaMOTHOM TPUMEHEHHH HKOJIOTHUYECKasi 0e30MaCHOCTh XMMUYECKOTO METOAa
MOJHOCTBIO COOTBETCTBYET COBPEMEHHBIM TpeOoBanmsM [ 12—14].

B nHacrosiiee BpeMsi OCTPO CTOUT BONPOC (HOPMHPOBAHHS IIEHHBIX JIECHBIX
MacCHBOB Ha 00pa3oBaBIIUXCSA B pe3ynbTare moxapos yiera 2010 r. roperbHHUKAX,
€ Y’K€ CMBIKAIOTCS KPOHBI IOAPOCTa, GOPMUPYS JIECHYIO cpeay. MOHUTOPHHT Co-
CTOSIHMSI MOJIOJJHAKOB Ha 3TUX IUIOLIAJSIX CBUIACTEIBCTBYET O HEOOXOAUMOCTH MPO-
BE/ICHUSI OCBETIICHHH C IIeTbi0 (POPMHUPOBAHMS XO3SAHWCTBEHHO-IENECO00Pa3HOTO
cocTaBa MOJIONHAKOB. [Iponcxoasime 3/1ech MpoLecchl MPUBOAT K BETE€TaTUBHOMY
BO300HOBJICHHIO JIUCTBEHHBIX MMOPOJ U CHUKEHHIO d(PPEKTUBHOCTH JIECOBOJICTBEH-
HBIX yXOMOB. XUMHYECKUN MeTon yxoma [1, 3, 5, 6] B oTiuune OT MEXaHUIECKOTO
yAaJIeHHUsl HE)KenaTeJbHOW NMPUMECH B COCTaBE MOJIOIHSKOB IO3BOJHUT HE TOJIBKO
MOJCYIINTb KPOHBI JINCTBEHHBIX, HO U YCTPaHWUTh UX JaJbHEHIIEe BEreTaTUBHOE
BOCCT@HOBJICHHE, TEM CaMbIM YMEHBIIUTH KOJIMYECTBO YXOAOB, HEOOXOMAUMBIX LIS
(dopmupoBanus TpeOyeMOro cocTaBa JIpeBOCTOsL.

Ha ceronHsmHuil 1eHb CyIIECTBYIOT YCTPOMCTBA JUIsl XUMUYECKOIO YXO/a 3a
JIECOM IIyTeM MHBEKLUH B cTBOJI. OHUM U3 yCTPOICTB, MPEACTABIISIFOLINX HAUOO0IIb-
LIM{ HHTEPEC, SABJSIETCS yCTPOHCTBO A5l XUMUUECKOTO YXO/a 3a JIECOM 0] Ha3BaHU-
em «Kobpa» [9]. Onnako HegocTaTKaMH JaHHOTO YCTPOMCTBA SBIISIOTCS CIOXKHOCTD
KOHCTPYKLIMH, HU3Kas HAJEKHOCTb, BBICOKAsl TPYAOEMKOCTh IIpoLlecca Cpe3aHws,
Oonplas (pu3MUecKas Harpy3Ka Ha oreparopa Ipu padoTe U MepeHoce yCTPOUCTBa.
Bce nepeuncnentnoe BeneT K CHIKEHUIO TPOU3BOIUTEBHOCTH Tpyaa [2, 8].

ABTOpaMHU CTaThH MPEIOKEHBI HOBBIC yeTpoticTa [10, 11] It XuMUIeCcKoro
yXO71a 3a JIECOM, HO3BOJISIIOIINE CHU3UTh TPYAOEMKOCTh IPOLEcca, YMEHBIINTh (u-
3MUYECKYI0 Harpy3Ky Ha Oolleparopa M yBEIHYUTh IPOU3BOAUTENBHOCTh TPYAA.

Lens wnccnenoBaHus — aHaJINW3 KOHCTPYKLUMH TPEASIOKEHHBIX aBTOpaMHU
YCTPOMCTB JIsI XUMHUYECKOTO YXO7Ia 3a JIECOM ITOCPEZCTBOM IPOBEICHHS CPAaBHUTEIb-
HOTO KOJIOTO-JIECOBOJICTBEHHOTO MOHUTOPUHTA COCTOSHUS KYJIBTYP XBOHHBIX TIOPOJ
[ocjie XMMHUYECKOTO YX0Ja B MOJIOAHSKAaX C MpUMEHeHHeM MexaHusma «KoOpa» u
MPEAJIOKEHHBIX HOBBIX TEXHUYECKUX PELICHUI.

Obwvexmul 1 Memoobl UCCLe008AHUS

OO0BeKTOM HCCIeT0BaHUA CTAIN KOHCTPYKIIMH YCTPONUCTB JIJI1 XUMUYECKO-
ro yxoja 3a jiecoMm: ycTpoiictBo «KoOpa» W HOBBIE, IPEAIOKEHHBIE aBTOPAMH
yCTpoiicTBa.

OKcIepUMEHTaNbHBIE Pa0OThI TIPOBEICHBI B MOJIOJHSKAX C MPeo0aaHueM
enu Ha apeHaHbIX yuacTkax Kokmatickoro neca u lllynkunckoro necuuyectsa B Pe-
cnyonuke Mapwii i1, Ha jiecHBIX ydacTkax ObLJIO 3aJI0KEHBI 25 MPOOHBIX TUIOIIAI0K
pazmepom 10x10 m. Ha kaxmaom ydactke orpadboTano mo 10 cTBoioB Oepes, U3 Ko-
TOPBIX 5 CTBOJIOB — yCTpocTBOM «KoOpa» 1 5 CTBOJIOB — MPEIIOKEHHBIM aBTOPAMH
YCTPOMCTBOM C DIEKTPUUYECKUM aKKyMYISTOPHBIM (PYYHBIM) TTPHBOIOM PEKYIIETO
WHCTPYMEHTA.
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OcobeHHOCTBIO HOBOTO ycTpoiicTBa (puc. 1) sBisiercs cnenyromiee. B mepen-
Helt yacTu kopiryca [ T-o0pa3Hoit hopMbl paciioiararoTcst YIopsl 2, a Takxke map-
HHUPHO Pa3MENICHO COIUIO 3 ISl BIPBICKA XMMHYECKOTO pacTBOpa. BHYTpH HIDKHEH
4acTH KOPITyca BMOHTHUPOBAH MEXaHU3M IMpHUBoJa 4 coruia 3. MexaHu3M BBINOJIHEH
B BHJIE 3yO4aTO-peeqHOl mepeayn 5 U CBSA3aH C CHIIOBOM YCTAHOBKOH 6 M pPEeXy-
LIUM UHCTpYMEHTOM /. C JI€BOH CTOPOHBI KOPITyca €CTh PyKOsITKa § ¢ yCTPOMCTBOM
BIIPBICKA 9, KOTOPBIH COEIMHEH MOCPEICTBOM THOKOro Tpybomnposona /() ¢ coriom
€MKOCTBIO // 111 XUMHUYECKOTO pacTBOpa, pPa3MELIeHHOM B BEpXHEH 4acTH KopITyca.

Puc. 1. VcrpoiicrBo

JUISL XUMHYECKOTO YXO-
Lt s Jla 32 JIECOM C DIIEKTPH-
! YECKHM TPUBOJIOM

Fig. 1. Device for chem-
ical carding of stands
with electric drive

9

YerpoiicTBo paboTaeT Tak. T-00pa3HbIi KOPITyC MOAHOCUTCS K pacTyLieMy Aepe-
BY, YIIUPAETCSl B HETO YIIOpaMH, 3aKPETUICHHBIMU B TIEPEAHEH 9acTH KopItyca, mocpe-
CTBOM PYKOSITKH ¥ CHJIOBOH YCTaHOBKH. [ociie 3Toro BKIItOUaeTcs CHIoBas yCTaHOBKA,
MIPOMCXOMIUT HAJBUTaHKE €€ Ha JIEPEBO, 32 CUET YEero MPOUCXOJUT CBEPIICHUE OTBEp-
CTHA Ha 33J]aHHYIO TITyONHY, OTpaHIMYSHHYIO yriopami. [Ipu 5ToM coruto mogauMaercst
BBEpPX IO YaCOBOMW CTpEJKe IO ICHCTBHEM 3y04aTo-peedHol nepenadn. 3aTeM CHjo-
Basi YCTaHOBKa IepeMelaeTcsi OT JepeBa Has3a] NpH IMOMOILIM MEXaHW3Ma MPUBOJA,
COIUIO MOJ ACHCTBUEM 3y0UaTO-peeuHoil repeiadn OMyCKaeTcsl BHU3 POTHB YaCOBOH
CTPENIKH U YCTaHABJIMBACTCS MEPE/l OTBEPCTHEM, CACIaHHBIM cBepiioM. [Ipoucxomut
BIIPBICK XUMHUYECKOTO pacTBOPA B JAHHOE OTBEPCTHE IIPU ITOMOIIN MEXaHU3Ma BIIPEI-
CKa, pacIiojoKEeHHOTO Ha pykoaTke. CHIioBas yCTaHOBKA BO3BPAIACTCS B MCXOIHOE
nonokeHue. OCyIecTBISIETCS IEPEX0] K PYTOMY JIEPEBY H ITUKII TIOBTOPSIETCSL.

KoncTpykuust ycTpoiicTBa ¢ pydyHBIM NPHBOAOM PEKYLIETO HHCTPYMEHTa
npezcTaBieHa Ha puc. 2. JlaHHOe yCTpOHCTBO COCTOMT M3 KOPITyca B BHJE PY4HOU
npenu [ ¢ pexylniuM OpraHoM — CBEpJIOM 2, K KOTOPOMY B BEpXHEH 4acTH KECTKO
3akperuieHa miactuHa 3. [1o KpasM MIacTHHBI Pa3MEIICHBI POJIMKHU 4, BXOISIINEC B
KOHTAKT C HampasJstomieir 5 T-o0pa3Hoii popMbl, KECTKO COETMHEHHON C KOPITyCOM
MeXaHH3Ma BIPBICKA XUMUYECKOTO PacTBOpa. MexaHu3M BIPHICKA COCTOUT U3 €MKO-
CTH 6, cOTUTa 7, THOKOTO TPpyOOTIpOBOAa 8§ M PYKOSATKH 9, a HAIlpaBIIAIONIAs CBS3aHA
C MEXaHHU3MOM BO3BpaTa, BHIMOJIHEHHOIO B BUje NpyKuHbI /0 ¢ ynopom /1, 3akpe-
IUIGHHOM B 3aJ{HEW 4aCTH KOpITyca Jpeliu.

YcTpoiicTBo paboTtaer ciaemyromuM obpa3oM. Pydnas apens MOTHOCHUTCS K
MECTy CBEpIJICHHUSI OTBEPCTHA Ha pacTyieM JepeBe. CBepiieHHe OCyIIeCTBISIETCS 10
MIOJIOBUHEI TameTpa jaepesa (puc. 2, a). [locne atoro pexxynuii oprad Bo3Bpariaert-
Csl B ICXOJIHOE TIOJIOKEHUE, JPEIIb OMyCKAETCsl BHU3 HA BEJIMUMHY, PAaBHYIO PacCTOsI-
HUIO MEX/Iy PEXYIIUM OPraHOM U COIUIOM. Takum 00pa3oM, COIIo OKa3bIBAETCs Ha
YPOBHE MIPOCBEPICHHOTO OTBEpCTHs (puc. 2, 6). JIpenb ynmupaeTcs B CTBOJ pacTyIie-
ro JiepeBa PeKyIIMM OPTaHOM B IEJISIX HAJICKHOTO YIEPIKaHUs JUIsl TOCIeyoIeH
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paboTsl. [Ipu moMOIIM PYKOSITKH BITPBICKa XUMHUYECKOTO PAcTBOpPa (pHC. 2, 8) IPOKC-
XOJIUT JBMYKEHHUE KOPITyca BIIEPE]] ¢ TOMOIIBIO TNIACTHHBI U POJIMKOB IO HAIPaBIISIO-
meit. [IpyxuHa, 3aKkperuieHHas Ha yrope, pacTATHBAETCs, COTUIO OKa3bIBAETCs B OT-
Bepctuu. [lo rmOxoMy TpyOOITpOBOY BIPBICKMBACTCS XUMUYEeCKUi pacTBop. [locie
3TOTO 32 CYET MPYKUHBI EMKOCTh XMMUYECKOTO PACTBOPA BO3BPAIIAETCS B HCXOIHOE
MOJIOKEHNE M COIUIO BBIABUraeTcsl U3 oTBepcTus. OCyLIECTBIsAETCS EPEXon K apy-
TOMY JIEPEBY M LIUKJI TIOBTOPSIETCSL.

3 45 6

Puc. 2. YCTpOHCTBO ¢ Py4HBIM TIPUBOIOM 11
JUIL XUMHYECKOTO yXoia 3a JIeCOM: a —
CBEpJIeHHE; 6 — BIPBICKUBAHUE; 6 — BUJ
ycTpoiicTBa cBepxy (/2 — mMpoCBepICHHOE
oTBepcTHe; /3 — pacTyiiee JepeBo)
Fig. 2. Device for chemical carding of
stands with a manual drive: a — drilling;
6 — injection; 6 — top view of the device
(12 — drilled hole; /3 — growing tree)

o

o=

6
Jiist onpeiesieHust MOJOKUTENBHBIX Ka4eCTB MPEITIOKEHHBIX YCTPOUCTB OBbLIO
IIPOBEACHO UX CPAaBHEHHUE C MIPUMEHAEMBIMH Ha MPAaKTUKE ycTpoicTBaMu. Kpurepu-
€M OLIEHKH CTaJla IPOIOJKUTEIbHOCTh BPEMEHU C MOMEHTA BBEJICHHS HHBEKIUH 10
OTMHUPaHHS JCPEBbEB JIUCTBEHHBIX TOPoA (O6epes3bl).

13

Pesynomamul uccnedosarnus u ux oocysicoerue

XapaKkTepucTUKa MOUISKAIINX YAAJCHUIO TIOPOA Ha SKCIEPUMEHTAIbHBIX
TUIOMIA IKaX MpeJicTaBIeHa B Ta0. 1.
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B Ta61. 2 cBeieHbI JaHHbBIC IS OKCIICPUMEHTAIBHBIX HcciienoBanuid. O0mmm
JUTSL BCEX YCTPOWCTB SIBJISUICS CITOCOO 00pa0OTKH — MHBEKIIMS B CTBOJI JIepeBa.
Tabnuna 2
I[aHHLIe JJIS TPOBEACHUSA IKCIIEPUMEHTA

Experimental data

CpenHsisi BEICOTA
IIpenapat (mons
o I'myOuna BrpeIcKa, BIIPBICKA OT
YcrpoiicTBo rpenapara u J10J1s BOJbl
MM TIOBEPXHOCTHU
B pacTBOpE)
3eMJIH, CM
Kobpa 3.5 10...12
YerpolicTBo 11
XMMMYECKOTO yX0/1a € Y cpeiHero 15..20 Paynnan (1:3)
JNIEKTPUYECKUM / PYUYHBIM | TMaMeTpa CTBOJIA
MIPUBOJIOM

Ha puc. 3 nmoka3zaHsl yCTpOMCTBO JJIsl XUMUYECKOTo yxona «Kobpa» u mpreMsl
PaboTHI € €ro UCTIOIb30BAHUEM Ha CTBOJIE IEPEBa.

Puc. 3. YeTpoiicTBO ISl XUMHUYECKOTO

yxoma «KoGpa»: a — obmwii BUI yCTpOii-

CTBa; 6 — Ha/Ipe3 CTBOJIA JEPEBA C MHbB-

eKIMel B HETO XUMHYECKOTO PacTBOPA;

6 — CTBOJI JIepeBa IOCJIE BIPBICKA XUMHU-
KaToB

Fig. 3. Device Cobra for chemical
carding of stands: @ — general view of the
device; 6 — incision of a tree trunk with
injection of chemical solution; ¢ — tree
trunk after injection of chemicals

[Tpu npoBegeHNnH KCIIEPUMEHTA IPUMEHSIITH AIEKTPOPHULUPOBAHHBIA HHCTPY-
MeHT (puc. 4). Ha puc. 4 npezacraBiieH mpolecc CBepieHHs 1 BIPbICKa XUMHKATOB
C UCIIONIb30BaHUEM TIpeJyiaraeMoll TeXHOIOTHHU padoT B LynkuHCKOM NlecHHYeCTBE
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[P MPOBEJICHUH OcBeTiieHus (puc. 4, 6), a TaKXkKe CTBOJIBI JIEPEBHEB TOCIE BBOJA
WHBEKINH Ha yuacTke Kokmaiickoro neca (puc. 4, 6).

Puc. 4. DnexrpodupoBaHHBI HHCTPYMEHT JUISI XUMHUECKOTO yXO0/ia 32 JIeCOM:
a — 00K BUJ YCTPOMCTBA; 6 — IPOLIECC BIPHICKA XUMUKATOB; 6 — CTBOJI JiepeBa
MOCJIe BIPBICKA XMMHUKATOB
Fig. 4. Device for chemical carding of stands with a rechargeable battery:

a — general view of the device; 6 — incision of a tree trunk with injection of
chemical solution; 6 — tree trunk after injection of chemicals

Ha puc. 5 cxemarnyHo mokasaHO paclpoCTpaHEHHE XMMHUYECKOTO pacTBOpa
[0 CTBOJIy JiepeBa AJisi ciydasi IpUMeHeHus ycrpoiictBa «KoOpa» u ycTpoiicTsa,
MIPEIOKEHHOTO aBTOPaMH.

Puc. 5. PaciipocTpaneHre XUMHUECKOTO PacTBO-

pa 1Mo TOAWYHBIM KOJIBI[AM CTBOJIA JEpeBa: a —

yctporicTBo «Kobpay; 6 — anekrpoduiiupoBan-
HBIIf HHCTPYMEHT

Fig. 5. Distribution of the chemical solution

along the annual rings of the tree trunk: a — by
Cobra device; 6 — by electrified device
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Yepes 15 agnelt mocne NpoBeICHUS ONbITa HAOIIOAAIH, YTO KPOHBI IEPEBbEB,
00pabOTaHHBIX C HCIOJIB30BAHUEM HOBBIX KOHCTPYKLHMH, MOJHOCTBIO YCOXJIH
(puc. 6, 6), B TO BpeMs Kak KpOHBI JiepeBbeB mocie oopadorku «Kobpoit» crann
yChIXaTh MOCTENEHHO, JHIIb Ha BEPIIMHAX (PHC. 6, @). DTO 00bACHSIETCS pacipo-

CTPaHEHHUEM XMUMHUYECKOTO PACTBOPA M0 FOIUYHBIM KOJIbIIAM CTBOJIA JIEpEeBa B clydae
MPUMEHEHUS] HOBOTO yCTPOUNCTBA (pHC. 5, 6) U BIPHICKUBAHUEM Ipenapara TOJIbKO
BO BHEITHIOIO YacTh CTBOJIA TIPH UCITOJIb30BaHUH HHCTpYMeHTa «Kobpay (puc. 5, a).

Puc. 6. JlepeBbs mocne 06pabOTKH ¢ UCTIONB30BaHNEM: a — ycTporcTBa «Kobpay; 6 — HOBBIX
TEXHUYECKHUX PELIEHUI

Fig. 6. Trees after the treatments with: a — Cobra device; 6 — new technical solutions

Ha puc. 7 nokasaHsl SKCIIEPUMEHTAJIBHBIE PE3YJIBTAThl OCBETICHUS C IIPUMeE-
HEHHEM IPeJI0KEHHOI0 YCTPONCTBA, HO y’Ke ¢ UCIONb30BaHUEM Ipenapara ['enmoc
Okerpa, BP. 13 puc. 7 BunHO, 4TO pe3yasTaTsl TakkKe MOJ0KHUTEIbHBIE.

Puc. 7. DxcieprMeHTaNbHBIC PE3YABTAaTHl OCBETIICHHS C TPUMEHECHHEM
HOBOTO yCTpoiicTBa u xumukara ['ennoc Dkctpa, BP

Fig. 7. Experimental results of clarification using the new device and the
chemical Helios Extra, VR

Raxnrouenue
CpaBHHUTETHHBIA aHAIHN3 TTOKA3aJI, YTO B PE3yJIBTATe UCIIOIB30BAHUS TIPEIII0-

KEHHBIX KOHCTPYKIHH YCTPOMCTB CHUKAETCS TPYAOEMKOCTh IIPOLIECCa OCBETICHUS,
yMeHbIIaeTcs (hpu3nueckas Harpys3Ka Ha oneparopa Ipu paboTe U epeHoce yCTpoii-
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CTBa, 32 CUET YETro yBEJINYUBAETCS MPOU3BOAUTEIBHOCTD TPY/IA, YCKOPAETCS Mpoliece
YTHETEHUSI ¥ TUOCIIH HEe)KeNaTeNbHBIX PACTEHUI — CO3/Ial0TCs OJIaronpHsTHBIE YCIIO-
BHSA JIJIS1 yBEJIMUEHUS PUPOCTA JTYUIINX JIEPEBHEB MOCPEACTBOM YBEITHMUEHUS OCBE-
meHHOCTH. KpOHBI yrHEeTaomuX Iopoj AepeBbeB, 00pab0OTaHHBIX B X0/ IKCTIEPH-
MEHTAJIBHBIX UCCIIEIOBAHMIA C IPUMEHEHNEM HOBBIX YCTPONCTB, MOTHOCTHIO YCOXIIH
1 HE MPENATCTBYIOT IPOHUKHOBEHUIO COJIHEUHOTO U JOXKIEBOTO IIOTOKOB K JIEPEBHSIM
ME€PCTIEKTUBHBIX OPOJ.
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Annomayusn. Beicokuii ypoBEeHb 3HEPrOBOOPYKEHHOCTH M TEXHUUYECKOW 00ECHeYeHHOCTH
JIECO3aTOTOBOK HapsANy C MEPEOBBIMU TEXHOJIOIMAMH 00ECHEYMBalOT KOHKYpPEHTOCIOCO0-
HOCTH NPCANTIPUATHUA. Bwmecte ¢ Tem CCTOAHAIIHEC COCTOSAHHC MaTepI/IaHI)HO-TeXHI/I‘IeCKOﬁ
0a3bl OPTaHU3ALMI JIECHOTO XO3SHCTBAa PETHOHOB SIBISIETCS, KaK IPABHUIIO, HEYAOBICTBOPH-
TENBHBIM. 3HAYNTETbHAS TEXHUKO-TEXHOIOTHYECKAst OTCTAIOCTh MAaTePHATbHO-TEXHUIECKOM
6a3b1 00ycIIOBIIEHa CIIEU(HUKONH COBPEMEHHOW OpraHM3aIiy JIECHOTO Xo3siicTBa. C menbio
obecriedenunst 3pHeKTUBHOCTH MPOU3BOACTBEHHOM JESTEIBHOCTH OPraHN3alyi JIECHOTO XO-
351ICTBA PETMOHOB HAa OCHOBE IOBBILICHUS YPOBHS SHEPrOBOOPYKEHHOCTU U TEXHUYECKOU
00ECIIEYCHHOCTH JIECO3arOTOBOK HEOOXOOMMO IIPOBEICHUE COOTBETCTBYIOIIMX HCCIENO-
BaHUil. MeToq0norn4eckiue OCHOBBI OLIEHKH JieCa KaK DKOCHCTEMBI SBIIIOTCS aKTyaJlbHBIM
HaMpaBJIEHUEM TEOPETHYECKHUX M NPUKIAJHBIX UCCIENO0BAHUI. B MHPOBOW M OTEYECTBEH-
HOW MpaKTHKE MPU OLIEHKE MPUPOAHBIX PECYPCOB UCHONB3YIOT 3 OCHOBHBIX MOJIXOJA: CPaB-
HUTENbHBIN, 3aTPaTHBIA U JOXOAHBIN. [IpuMeHeHne MEeTOJ0I0IH CTOUMOCTHON OIIEHKH K
IPUPOAHBIM pecypcaM IMO3BOJSAET MOTY4YHUTh THOKYIO CHCTEMY IOKasaTeleil ¢ BO3MOXKHO-
CTBIO OIICHWUTHh MPUPOAHBIC PECYPChl B 3aBUCHMOCTH OT 00beMa JOCTYIMHON HH(GOPMALIUU
1 TpakTHdeckux menei. C Mmo3ummid MpoCTPaHCTBEHHOW SKOHOMHKH HAMH TPEUIaraeTcs
pa3paboTaTh MUIOTHBIN MPOEKT MOBBIIICHUS 3(P(PEKTHBHOCTH TPOU3BOACTBEHHOMN NESITEINb-
HOCTH T'OCYJapCTBEHHBIX aBTOHOMHBIX YUPEKIACHUH JIeCHOTro Xo3stiicTBa Pecrryonuku bar-
xopTocTaH. [IpoekT mpu3BaH JaTh NPAKTUYECKHE PEKOMEHALNHU MO BBIACICHUIO 2—3 TpyIn
OpraHu3aluil JIECHOIO X034iCTBa B 3aBUCUMOCTU OT UX peUTuHra. [Jjisi OLeHKU pelTuHra
JIECX030B HAaMH UCTIONIb30BaH 3KCIIEPTHHIN MOAX0A. B ero 0CHOBY MOIOXKEHBI OLIEHKH, JAHHBIC
HaMH paHee IPeANPHSTHAM JIECHOTO X03stiicTBa PecryOnmkn bamkopTrocTan (TocyaapcTBeH-
HBIC AaBTOHOMHBIC YUPEXKICHHS). 3HAYCHHUS KOJMUECTBEHHBIX KPUTEPHEB BKIIOUAIOT OLICHKH
9KCIIEPTOB M CTAaTUCTUYECKYI0 MH(OPMALUIO M3 Pa3IMYHBIX MCTOYHHKOB, TAKUX KaK OTYe-
THI, CIIPABOYHUKH, PE3YJIBTaThl 00CIIE0BaHN, ONIPOCOB U T. . Kpurepuu ObuN pa3OoNTHI HA
2 Tpynribl: KOJUYCCTBCHHBIC (HaJ'II/I‘lI/Ie JIECO3aroTOBUTEIIHLHOM TCXHUKH, TPpaHCIIOPTHAA H0-

© Konbakosa C.A., bynxos H.A., 3aukun A.H., Ky3nenos C.I', Cusakos B.B., 2023
Crarbsi oIy0OIMKOBaHA B OTKPBITOM JIOCTYIIC M pacipocTpaHnsercs Ha ycinosusx mmuensun CC BY 4.0


https://www.webofscience.com/wos/author/record/292895
https://orcid.org/0000-0002-3523-1488
https://www.webofscience.com/wos/author/record/339816
https://orcid.org/0000-0002-0373-374X
https://www.webofscience.com/wos/author/record/1860353
https://orcid.org/0000-0002-1831-6893
https://www.webofscience.com/wos/author/record/39673639
https://orcid.org/0000-0003-4617-2732
https://www.webofscience.com/wos/author/record/466563
https://orcid.org/0000-0002-0175-9030

Lesnoy Zhurnal = Russian Forestry Journal. 2023. No. 4 203

CTYITHOCTb, pacueTHasi JECOCEKa) U KaUeCTBEHHbIE (COCTOSHHE J1€CO3ar0OTOBUTEIBHON TEXHU-
KM, pEMOHTHast 0a3a W opraHusaius yrpasicHus). [1o pesynbraraMm MHTETpalbHON OIECHKH
JIECX03bI pacTpeieNneHsl Mo 4 rpynmaM. Ha oCHOBaHHMH BBITOTHEHHOH OIEHKH LIEIecoo0pas-
HO BBIJIEJIEHHE «TOYEK POCTa» MpU peaiu3alvy MUIOTHOTO MPOEKTa MaTepUabHO-TEXHUYE-
CKOM MOJIepHHM3aLUH NPEANPUATHI JIECHOTO X03sIMCTBA.

Kniouesvie cnoea: neco3aroToBky, JIECHOE XO35ICTBO, OLIEHKA JIESTEIBHOCTH JIECX030B, Ma-
TepHUaIbHO-TEXHUYCCKAs 0a3a MPEANPHUSITUH, MPOCTPAHCTBECHHAS YKOHOMHUKA, PecmyOnuka
bamkopTrocran
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Abstract. The high level of power supply and technical provision of logging, along with
advanced technologies, ensure the enterprise’s competitiveness. The current state of facilities
and resources at forestry institutions in the regions is, as a rule, unsatisfactory. Significant
engineering and technological backwardness of facilities and resources is due to the specifics
of the modern structure of the forest sector. With the purpose of ensuring the production
effectiveness of forestry institutions in the regions on the basis of increasing the level of
power supply and technical provision for logging, it is necessary to carry out appropriate
research. The methods for assessing the forest as an ecosystem are a relevant area of theoretical
and applied research. There are 3 basic methods used in world and Russian practice in the
assessment of natural resources: comparative, cost, and income. The methodology of cost
estimate for natural resources provides a flexible system of indices, which allow assessing
natural resources depending on the amount of available information and practical purposes. In
terms of spatial economics we propose to develop a pilot project to improve the efficiency of
production in the state autonomous forestry institutions of the Republic of Bashkortostan. The
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project is intended to provide practical guidance on the allocation of 2-3 groups of forestry
institutions. We used an expert approach to assess the rating of forestries. Our earlier estimates
for forestry enterprises in the Republic of Bashkortostan (state autonomous institutions)
were used as the basis for it. The values of quantitative criteria include expert estimates
and statistical information from numerous sources, such as reports, handbooks, results of
surveys, interviews, etc. The criteria were divided into 2 groups: quantitative (availability
of logging equipment, transport accessibility, calculated logging area) and qualitative (state
of the logging equipment, repair depot, and management structure). According to the results
of the integral assessment, the forestries are divided into 4 groups. Based on the assessment
performed, it is advisable to identify the points of growth in the pilot project of modernization
the facilities and resources of forestry enterprises.

Keywords: logging, forestry, assessment of forestry’s performance, facilities and resources of
enterprises, spatial economics, Republic of Bashkortostan
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Bseoenue

OnHUM U3 BUOB JIESITEIBHOCTH NMPEANPHUSITHI JIECHOTO XO3IHUCTBA, HAPSIY C
paboTamu 10 BOCIIPOM3BOJICTBY JIECOB, X 3aILUTE U OXpaHe, SBJISETCS 00ecreueHue
00bEMOB M KadecTBa Mpoliecca JIeCO3aroTOBOK. AHalU3 TpeOOBaHUH K OCHOBHBIM
(akTopam pa3zBUTHS TaKOW JEATEIHLHOCTH MOKA3bIBAET, YTO CYIIECTBYET HEOOXOH-
MOCTb IIMPOKOTO BHEIPEHUS! HOBBIX, BICOKOIIPOM3BOAUTEIIBHBIX TEXHUUECKUX CH-
CTEM, MAIIMH 1 000PYIOBaHUsI 1J1s1 OEPEKHOTO MCIIOIb30BAHUS JIECHBIX 3€METIb.

CrpemiieHHe K AOCTHXKEHHIO KOHKYPEHTOCIIOCOOHOCTH JICCHOTO XO3AHCTBA
o0yclaBInBaeT HEOOXOAMMOCTD JOCTAaTOYHO BBICOKOTO YPOBHS SHEPTOBOOPYKEHHO-
CTH, a TaKKe TEXHMYECKOW 00ECNEeYeHHOCTH BCEX BBIMOIHICMBIX MPEANPUSTHIMH
JIECHOTO X03stiicTBa (DYHKIMH, HAYMHAS C CO3/IaHUsl, 3alIUThI, OXPaHbl H BOCIIPOU3-
BOJICTBA JIECOB U 3aKaHYMBAs Jieco3aroToBkaMu. OHAKO TEKyIIee COCTOSHUE MaTe-
pHAaTBLHO-TEXHUYECKON 0a3bl OpraHMU3aIyi JIECHOTO XO3sHCTBA PETHOHOB B 001aCTH
JIECO3arOTOBOK SIBJISICTCS IPEUMYIIECTBEHHO HEYOBIECTBOPUTEIbHBIM.

CraTbst OCHOBBIBAETCS HA JIAHHBIX MOJIEBOTO UCCIIEOBAHUS, IPOBEAECHHOIO B
2018 r. [3] Ha mpeANPUATHIX TOCYAAPCTBEHHBIX aBTOHOMHBIX YUPEKICHUN JIECHOM
oTpaciu (OsBIIMX Jiecxo3ax) Pecmybnmku bamkoprocran. Llensio ObUT0 M3yueHUE
BO3MO)KHOCTH YBEJIMYEHUsI 00bEMOB JIECO3arOTOBOK 3THX NPENIPUSITHN U1 00e-
CIICYECHHUS] HEOOXOOUMBIMU O0BEMAaMHU JPEBECHOIO ChIPbS IPOU3BOJICTBEHHON [esi-
tenbHOCTH OO0 «Kponomman bamkoprocran», 3akmounsuero B 2012 r. nuBecTu-
LUMOHHOE coramieHne ¢ PecryOnuKkoil Ha OTKpBITHE 3aBOJa 10 AEPEBOOOPabOTKE U
BBIIYCKY CTPOUTENIBHBIX MaTepHaloB.

Hecmotpst Ha onryTMoe yMEHBIIEHHE 00bEMOB MIPOU3BOACTBA B PD necHbIX
MaIllH, POAYKIHS OTE€YECTBEHHOTO JIECHOI'O MALIMHOCTPOEHUs BCE elle Ipeodia-
JaeT Ha POCCHMCKUX JIECO3arOTOBUTENBHBIX MpeAnpuatusx. IIpu sTom crenens ee
H3HOCA MPEBBIIIACT KpUTHUYECKoe 3HaueHue. Tak, yxxe B 2007 . ypoBeHb U3HOCA TAp-
Ka JecHbIX ManmH npudnmxaics k 100 % [1]. YeyryOunseT n1aHHYH CUTYaIUIo U TO,
YTO MAIIMHOCTPOUTENIbHBIE 3aBO/IbI MPAKTUUECKH MEPECTaIN BBITYCKATh 3alacHble
yacTtu i gaHHoi TexHuku. Eciu B 1990 . OHeXCKuit TpaKTOPHBIN 3aBOJT BBIITY-
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ckan 6osee 10 ThIC. TyCEHUUHBIX TPakTOpoB, To B 2019 . n3roToBMI TONBKO 18 mT.
AmnanoruuHasi KapTuHa HaOmoaeTcs, K OOJIbIIOMY COXKAJICHHUIO, U Ha IPYTUX OTeue-
CTBEHHBIX 3aBOJIaX T10 BBITYCKY JIECOXO35IICTBEHHOM TeXHUKH [7].

Kak moxazanu mpoBe/ieHHBIE WCCIIEIOBaHMs, B OBIBIINX Jiecxo3ax PecmyOmm-
ku bamkoprocTan (TocyjapcTBEeHHbIE aBTOHOMHBIE YUpexk1eHus) [3], 32 pekuM uc-
KIIIOYCHHEM, OTCYTCTBYET HEOOXOnuMasi TEXHUKA, UCIONb3YIOTCS M3HOIICHHBIE Ma-
LIMHBI, 4aCTO COOPaHHBIC U3 HECKOIBKHUX.

Ha neco3aroroBurensHbIX npeanpustuax Poccun mpeoGnagaeT cOpTUMEHT-
Has 3aroToBka [2, 7, 8, 13, 18-20, 24, 26], a Ha TITaBHBIX pabOYINX omepanusix (Bajka,
o0pe3Ka CyJIheB, pacKpsDKEBKA), KaK TIPABHIIO, PUMEHSIOTCS] OCH30MOTOPHBIC TTHJITBI.
B To xe Bpems 3a pyOe:koM OCHOBHBIE OOBEMBI JIPEBECHHBI 3ar0TABIHBAIOTCS MTPH
nomoly xapsectepoB [11, 12, 15-17, 21-23]. Bricokasi TEXHUKO-TEXHOIOTHYECKas
OTCTAJIOCTh MaTepUaIbHO-TEXHUYECKOM 0a3bl 00ycIoBIeHa criequ(HUKOl COBpEeMEH-
HOM OpraHu3aluu JIECHOro Xo3sicTea B PO.

QOyHKIMOHUPOBAHKE JIIOOOW OTPACTH MPOU3BOJICTBA JOHKHO YUHUTHIBATH KaK
BHYTPEHHIOIO YKOHOMHUYECKYIO CIEI(HKY, CBI3aHHYIO C HOMEHKIIATYPOH BBIITyCKa-
€MOH MPOAYKIIMH, TaK ¥ BHEIIHUE (AKTOPHI (IKOHOMHUYECKHE, MPUPOI0OOXPAHHEIE,
9KOJIOTHUECKHUE, COLMANbHBIC, TPaBoBbIe U 1Ip.) [4]. Cnenuduka JecHOro X03gHCcTBa
MPOSIBIISIETCS] KaK B 00NIalaHUK M YIIPABJICHNUH JIECOM B Ka4eCTBE HEABMKMMOTO UMY-
IIECTBA, TaK U B IPOLIECCE JIECOXO35IIICTBEHHOTO MTPOU3BOJICTBA:

JIeC SBJISIETCS BOCIPOM3BOIMMBIM MTPUPOTHBIM PECYPCOM C JUTUTEIBHBIM TIPO-
LIECCOM IPOU3BOACTBA;

JieC BBICTYIAET KaK MPEAMET, IPOIYKT U CPEACTBO TPYLa;

pu coOJIIOIEHUH JIECOBOJCTBEHHBIX MPABHJII CO3JAI0TCS YCIIOBHS ISl €T0 BOC-
CTaHOBJICHMUS;

JieC XapaKTepu3yeTcsi MHOrO()yHKIMOHAIBHBIM 3HAYCHUEM;

JIECOX03IUCTBEHHOE TIPOM3BOJICTBO OCYIIECTBIISIETCS 110 CE30HAM;

JIECHOE XO3SHCTBO HEOOXOANMO BECTH Ha OTPOMHBIX TEPPUTOPHSIX;

[IPU OCYILECTBIICHUN YIIPABJICHUS JIECAMU U JIECOXO3SIICTBEHHOTO MPOU3BOA-
CTBa HY)KHO YYHTBIBaTh PasHOOOpa3ne JeCOPACTUTENBHBIX H JIECOOKOHOMHUYECKUX
ycinoBui [4].

VYka3 Ilpesunenta Poccuiickoit ®enepanuu ot 07.05.2018 . Ne 204 «O nHa-
LMOHAJIBHBIX LEJAX M CTpaTernyeckux 3ajaadax pasButust Poccuiickoit denepaiun
Ha miepuof 1o 2024 roma» B 4acTH meliei pa3paboTKy U pealn3aiui HalIMOHATBHBIX
MIPOEKTOB B c(hepe IKOIOTUN aKTyalu3upyeT HeOOXOMUMOCTh COXPAHEHHS JIECOB Ha
OCHOBE HMX BOCHPOM3BOICTBA. VcromHureneM u pa3pabOTUYMKOM 3aKOHOAATEIBHBIX
WHHULIMATUB B JaHHOU cepe sBisieTcss MUHUCTEPCTBO MPUPOAHBIX pecypcoB PD. C
2019 r. Hayanu NPUHUMATh 3aKOHOIMPOEKTHI, HATPaBJICHHbIE HA YIyUYIIeHHE COCTOs-
HUS JIECHOTO XO341CTBA U, KaK CIIEIICTBHUE, JIECOTPOMBIIIUIEHHOTO CEKTOPa YKOHOMHU-
KU CTpaHbl B 11eJIoM. Tak, HalpuMmep, Ha apeHAaTOPOB JIECHBIX YYaCTKOB BO3JIAraeTCs
00513aHHOCTh CO3/IaHUSI B TEYCHHUE Tojia MOKPHITOH JIECOM IUIOMIAAN, PABHOM BBIPY-
onenHoi. Kpome Toro, noBbImaercst I0puaMdecKasi OTBETCTBEHHOCTD 32 MPEI0CTAaB-
JIeHWE JI0JHDKHOCTHBIMU JIMIJAMU HEJIOCTOBEPHOHM MH(POPMAILIMH O COCTOSIHUH JIECHBIX
¢doH10B B cyObekTax PD.

JlocTikeHHe TPUOPHUTETHBIX Iiefiell coxpaHeHust U 3(p(eKTHBHOTO HCTOIb-
30BaHMS JIECOB 00yCIaBINBAET HEOOXOANMOCTh COBEPIIEHCTBOBAHUS B TOM YHCIE
HAyYHO-METOIMYECKOTO 00ECIIEYeHUSI B CIIOCOO0B OIICHKH COCTOSIHUSA M d(PPEKTHB-
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HOCTH JEATEIbHOCTH OpraHM3allMi JIECHOTO XO3siiCTBa B KOHTEKCTE MPHUHIMUIIOB
MPOCTPAHCTBEHHON IKOHOMHUKH.

Meronuueckuii IOAXOJ K OLEHKE AESATEIBHOCTH OpraHU3aluu JIECHOIO XO-
3s11CTBA B COBPEMEHHBIX YCJIOBUAX JOJDKECH OBITh HAIPABJICH HA aHAJIN3 HE TOJIBKO
(hMHAHCOBO-XO035IICTBEHHOH AEATEIILHOCTH U UMYIIECTBEHHOTO ITOJIOKEHUSI JIECX03a,
HO U pecypcHOM 0a3bl JIECOMOIb30BAaHHUS U BOZMOXHOCTEH Pa3BUTHsI OpraHU3aLMH
JIECHOT'O XO351CTBA.

Ha ocHoBe nH(OpManny 0 TEKyIeM COCTOSIHUU TOCYJapCTBEHHBIX aBTOHOM-
HBIX yUpeXJIeHH JiecHol oTpaciiu PecnyOonuku bamkoprocTan HaMu mpejyiaraet-
cs1 pa3paboTarh MPOCKT MOBBIMIECHUS dPPEKTUBHOCTH UX MPOU3BOICTBEHHOM Ies-
TEJILHOCTH, KOTOPBIA NPU3BaH AaTh NPAKTUYECKHE PEKOMEHAALMH 10 BBIACICHUIO
2-3 rpynn opraHu3aluii JeCHOro X03siicTBa:

BeyIINE, KOTOPBIE SIBJSIOTCS JIOKOMOTHBAMM OTPACIIH, BBIMOJHAIOT MUJIOT-
Hble (YHKIUH B MCIOJB30BAaHUM METOJOB U MPUEMOB Pa0OTHI M Ha 0a3e KOTOPBIX
MIPOM3BONTCS anpoOaIysl YIpaBIeHUYEeCKUX U TEXHOIOTHIECKUX PEIIeHH;

[IOCTEIIEHHO BHEAPSIOIIME U Pa3BHUBAIOIIME OIBIT MHJIOTHBIX OpraHM3aLUil
JIECHOTO XO3SIHCTBA C YYETOM CIEHU(PHUKHN CBOEIO MaTepUalbHO-TEXHUYECKOro obe-
CIICUCHUS U PECYpPCHOI 0a3bl, ypOBHS pa3BUTUSI HHOPACTPYKTYPBI;

OTCTAroIIMe, TPEeOYIOIIUE PEOPraHn3alliy WK JIUKBHIAINN B paMKax o0Iei
CTPYKTYPBI Pa3BUTHS JIECHOTO X034HCTBAa pEeruoHa.

Obwvexmbl u Memoobl UCCAE008AHUS

HUccnenoanue nposeaeHo 1isi Tepputopun Pecrybnnku bamkoprocran. Jleca
oxBaThBatOT 30 % 3emenb perroHa. JIecomokphITas TEPPUTOPHS XapaKTEPU3YETCS
HEOJMHAKOBBIMU JKOJIOTHYECKHUMH (HaKTOpaMH, OOECIIEUMBAIONIUMHI COCYIIECTBO-
BaHHE COOOMIECTB OT OCTEITHEHHBIX JHCTBEHHUYHHUKOB IO OJHXOBO-UYEPEMYXOBBIX
YPEMHUKOB U pa3HooOpasue nanmmadToB. Jlecucrocts Tepputopun PecryOnuku
cocrasisieT okoi1o 40 %. [Tpu 3ToM HAOIFOAOTCS 3HAYNTEIIBHBIC KOJIeOaHusI TOKa3a-
Tenst: oT 6,2-9,1 (ocTenustomuecs paiioHsl — J{aBnexkanoBckuii, CTepIuTaMakCKUi,
brnarosapckuii u Kyroprazuackuii) go 81,2-92,0 % (ropuo-necHas 30ua — benoper-
Kl paiioH). [opHBIE Jeca, BRIMOTHIIONINE BaKHBIC TTOYBO3AIUTHBIC, BOIOPCTYITH-
pyIoIIue 1 BOAOOXpaHHbIe (YHKIINH, 3aHUMaI0T OoJiee 3/4 TUIoIau JeCoB PeruoHa.
[Tnomane 3emens JecHOro QoHAA, HAXOASIIUXCSA B BeleHUH DeepalbHOTO areHT-
CTBa JIGCHOTO XO3siicTBa Ha TeppuTopuu PecrnyOnuku bamkoprocraH, mo cocrto-
ssHuto Ha 1 sHBapst 2022 1., paBHsiercs 3,618 muH ra. OOmmii 3anac JpeBECHHBI B
aTHX Jecax — 538,96 MiH M3, B TOM YHCIIE CIIENBIX U MMEPECTONHBIX HACAKICHUN —
332,92 ma M3, M3 obmiero 3amaca APEBOCTOM C MpeoOagaHueM XBOWHBIX TOPOT
cocTaBisitoT 167,44 MITH M3, U3 HUX CHEJBIX U NEPECTOUHBIX — 58,12 MitH M3,

OObeKTaMu UCCIIEIOBAHMUSI SBISFOTCS TOCYAapCTBCHHBIC aBTOHOMHBIC YUPEK-
JICHUsI JISCHOTO X03siicTBa (ObIBIIKE Jiecx03bl) PecniyOnuku bamikoprocras.

OCHOBY OIXO/a K OIIEHKE MPEANPUITHIA JIECHOTO XO35S1CTBA C MO3UILIAN TIPO-
CTPAHCTBEHHOW YKOHOMHKH JOJDKHBI COCTABIISATEH MPUHITUIIBI yU€Ta JIECOPECYyPCHOM
0a3bl, MPOCTPAHCTBEHHOTO Pa3MEIICHHUS U JIOTUCTHKH, MaTepHaIbHO-TEXHUYECKOTO
obOecrnieueHns oObeKkTa oneHku. [IpakThueckas peanu3aius MPUHIMIIOB B paMKax
€/IMHOW METOMKHA BO3MOXKHA NMPU KOMOWHAIIMY CIICIIUATBHBIX METOJIOB OIICHOYHOU
JIESTSIILHOCTU C METOJIaMU MaTeMaTHUECKOTO MOJISIIMPOBaHUs, Kaprorpaduu u sKc-
MEPTHOM OLIEHKH.
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[Mpuxnun yyera yiecopecypcHoi 6a3bl OpraHu3almii JIECHOTO XO35HCTBa IMO0-
3BOJIUT MPHUHATH BO BHUMAHHUE MPHU IUIAHUPOBAHUM CTPATETHH PA3BUTUS KOHKPET-
HOTO NPENpHUATHS JIECHOTO XO3SIMCTBa M JIECHOIO XO34MCTBa pEeruoHa, MOpOIHbIN
COCTaB JIECOB, UX LICHHOCTb. METOA0IOrHYECKNE OCHOBBI OLICHKH JIeca KaK 3KOCH-
CTEMBI SIBJISIFOTCS aKTYaJbHbIM HAIIPABJICHUEM TEOPETHUECKUX U IPUKIAIHBIX UCCIIE-
noBaHuil. [Ipu 3TOM OlleHKA IPUPOIHBIX PECYPCOB JOJDKHA YUUTHIBATH MHOXKECTBO
pa3iauuHbIX (PAKTOPOB, TaK KaK OJHU U T€ ke MPUPOIHBIC PECYPCHl UIMEIOT Pa3HbBIC
obOnacTu ucnonab3oBanus [10].

Kak B MUpOBOH, Tak U B OT€YECTBEHHOM MPAKTUKE OLIEHKH PUPOJIHBIX pecyp-
COB CYILIECTBYIOT 3 MO/IX0/Ia: CPABHUTENbHBIN, 3aTPaTHBIA U JOXOAHBIN. [[puMeHeHue
METOIOJIOTUM CTOMMOCTHOM OIEHKH B 00JIACTH MTPUPOTHBIX PECYPCOB ITO3BOIISET I10-
JyYUTh TUOKYHO CHCTEMY IOKa3aTelied, OLIEHUBAIOIINX PUPOAHBIE PECypChl B 3a-
BUCUMOCTH OT 00beMa JOCTYIMHOW HH(OPMAIIUU U Tiesiel ucnonb3oBanus. Cucrema
YUHUTBHIBAET MOKa3aTesu 3 TUIOB: pacCYMTaHHbIE HA OCHOBE 3aTPAaTHBIX METOJIOB (I10
BOCITPOM3BOJICTBEHHON CTOMMOCTH O0BEKTA), HA OCHOBE JOXOIHOTO MeTofa (10 Be-
JUYHE PEHTHOTO JI0X0/]a) M Ha OCHOBE COBOKYITHOCTH 3aTpaT Ha OCBOEHHUE M JI0XO-
JIOB OT UCIOJIb30BaHUS IPUPOAHBIX pecypcoB [5].

B.B. Ileuarkus npeanaraeT 5K0J10ro-35KOHOMHUYECKYIO OLIEHKY JIECHOTO IMOTEH-
[[MaJIa C y4eTOM BBIMOJHSAEMBIX JIECAMHU M0JIe3HbIX (yHKIui. [To ero MHEeHUIO, «Jec-
HOU MOTEHIIMAJ PErHOHa KaK 00BEKT IKOHOMUYECKOTO, DKOJIOTHUECKOTO 1 TIPAaBOBOTO
PETYANPOBAHMS TIPEICTABIIETCS B BHJIE COLMO-IKOJIOT0-3KOHOMHYECKONW CHCTEMBI,
JUTSE KQKJTOTO KOMITOHEHTa KOTOPOH TOCYIapCTBy HA/JIEKUT YCTAHOBUTH 00sS3aTelb-
HBbIE TIpaBUjIa, OOECIEUMBAIONINE YCTOWYMBOE, HEHCTOIIMMOE JIECOTOIh30BAHUEY
[6, c. 31]. JlecHoil moTeHnnan paccmarpuBaercs B.B. IleuaTkuHbIM Kak COBOKYII-
HOCTbh IKOJIOTHYECKHX, COITUAIBHBIX (DYHKIIUU U JIECHBIX PECYPCOB, OTPAXKAIOIIUXCS
B KOHEYHOM HTOT€ HA BEJIMYMHE JIECHOW PeHTHI. JlaHHas METOAMKa MPUMEHNMA IS
OIIEHKH JIECHBIX PECYPCOB PETHOHA B IIEJIOM, OTHAKO HE YUNUTHIBAET OPraHU3AIMOH-
HBIE acTeKThl d((EeKTUBHOCTH TEPPUTOPHATBHO-TIPOCTPAHCTBEHHOTO Pa3MEICHHS
JI€CO3arOTOBUTENIbHBIX MPEANPUATUH.

[IpuMeHeHue npuHIUIA yYeTa MPOCTPAHCTBEHHOTO Pa3MEIIEHUS U JIOTUCTH-
KH OOBEKTa OLEHKU TMO3BOJHT YBSI3aTh KAYCCTBCHHBIC M IMOPOJHBIC XapaKTEPUCTH-
KM JIECHOTO MOTEHI[MaJIa C BO3MOXKHOCTBIO OPTaHU3allMH MPOLIEcca JIECO3ar0TOBOK,
BBIOOPOM TEXHOJIOTHU M 000pynoBaHus. BaxubiMu (akropamu 3()(HEKTHBHOCTH
JIECO3aroTOBOK SBIISIOTCS HAWYHNE TOCTATOYHBIX OOBEMOB CHIPhS, HHPPACTPYKTypa
Y pa3BuTas TpaHCIOPTHAs ceTb. [eorpadudeckas pa3OpOCaHHOCTb, SIPKO BHIPAYKEH-
Has CE30HHOCTh MPOMU3BOACTBA U 3aBUCUMOCTbH OT MMOYBEHHO-TPYHTOBBIX YCIIOBUH
OTIPENEISIOT crieU(UKY JIeco3aroToBOK. [10TpeOHOCTh MPOEKTHPOBAHUS CE30HHBIX
30H JIECO3arOTOBUTEIBHOTO MPOU3BOCTBA 00YCIOBICHA HEOOXOAMMOCTBIO CHUKE-
HUS SKCIUTYyaTallMOHHBIX W KalTUTAJIBHBIX 3aTpaT Kak Ha CTPOUTENLCTBO JOPOT, TaK
¥ Ha TPOM3BOACTBO B mejoM. LlemecooOpasna pa3paboTka METOIWKH CE30HHOTO
paiioHupOBaHUS, TTO3BOJIAIONIasE 000CHOBAaTh OTHECEHUE JIECHBIX IIOMIA/IEH K TOMY
WM WHOMY CE30HY JIeCO3aroTOBOK, YUHTHIBAIOIIAS KIMMATHYECKHE OCOOCHHOCTH
peruoHa M SKCIUTyaTallMOHHBIC XapaKTEPUCTUKHU JIECHBIX HacaxaeHuil. Kak orme-
yaeT B. CyxaHOB, «po0lieMa OCBOCHHUSI JIECOCEK C MEePEyBIaXHEHHBIMU TPYHTaMU
(TpeneBka qpeBeCHHBI) TEXHUUECKH BECbMa CIIOKHas. B HacTosmiee BpeMs B MUpe
HEeT MOMOOHON JIeCHOM TeXHUKH. UTO KacaeTcsl CTPOUTEILCTBA JICCOBO3HBIX JOPOT
KpYyIJIOTOIOBOTO JIEHUCTBUS — 3TO, B OCHOBHOM, 33/1a4a YKOHOMHUYECKOIO XapakTepa.
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Bricokasi CTOMMOCTB CTPOUTENIBCTBA JISCOBO3HBIX JIOPOT TAKXKE CBsA3aHa ¢ Hebaro-
MPUATHBIMH XapaKTEPUCTUKAMU TPYHTOB B pOCCHIICKHX Jiecax. Ha Teppuropusix co
CIa0BIMH U TTepEyBIAKHECHHBIMU I'PYHTAMH PEIKH MECTOPOXKICHUS JOPOKHO-CTPO-
HUTEBHBIX MAaTepUasioB. boNbIre pacCTOSHUS JOCTABKU JTOPOKHO-CTPOUTEITHHBIX
MaTepHUalioB OTPUIATEIIEHO BIHSIOT HA CTOUMOCTBH CTPOUTENHCTBA. B aTHX ycio-
BHSIX TIEpe]] MPEANPUSATUIMU CTOUT 3a/iaya BHIOpaTh YKOHOMUYECKH Haubolee J10-
CTYIHBIE TEXHOJIOTUH CTPOUTEIHCTBA JIECOBO3HBIX JOPOT U3 MECTHBIX CTPOUTEIb-
HBIX MaTtepuayiony [9, c. 29].

[IpuHtun ydeTa MarepuaabHO-TEXHHUECKOTO OOECTICUEHHUs ITO3BOJIAT OIIe-
HHTH TOCTATOYHOCTD VIS TIPOIlecca JIECO3aroTOBOK TEXHUYECKUX CPEACTB, MAIIUH
u obopymoBaHus, chopMUPOBATh €AWHBINA TOAXO] K OpraHHW3alllH JIECO3arOTOBOK,
PEMOHTHOTO X035ICTBa HA MECTaX, OBBICHTH MOJIE3HOE UCTIOIB30BaHUE 000PYI0Ba-
HUS WU pa3paboTaTh I1aH OOHOBJICHHSI MAaTePHAIIbHO-TEXHUYECKOM 0a3bl Jieco3aro-
TOBUTEJIHBHOTO MTPOU3BOJICTBA B PETHOHE.

O06001IeHNe TaHHBIX MPUHITATIOB MOCPEACTBOM PEHTHHTOBOM OIICHKU TTO3BO-
JIUT, TI0 HAIleMy MHCHHIO, BEIICIUTh B PETHOHAIBHOM pa3pe3e OpTraHu3aIliuH Jiec-
HOTO XO3SIICTBa, CIIOCOOHBIE CTAaTh «TOYKAMHU POCTa» ISl peasln3allii MHUIOTHOTO
rpoekrta 3(pPeKTHBHOTO OCBOCHHUS JIeCOB. BhlfieneHre opranu3anuii — TO4eK pocTa —
3aKJIF0YaeTCs B BEIOOPE Ha OCHOBE aBTOPCKOW PEHTHHIOBOU OLIEHKM HauboJee mep-
CIIEKTUBHBIX TOCYIAPCTBEHHBIX ABTOHOMHBIX YUPEKICHUH.

Pesynomamet uccnedosanust u ux oocyxcoenue

st hopMupoBaHUs peHTHHTA HCIIONIB30BaH SKCIEPTHBIN nmoaxoa. B ero ocHo-
BY TIOJIOKCHBI OLICHKH, JaHHbIE HAMH COCTOSIHHIO MaTepHalbHO-TEXHUYECKON Oa3bl
rOCYJIapCTBEHHBIX aBTOHOMHBIX YUPEXKICHUH JIECHOTO X03s1iicTBa Pecryomuku bam-
KoprocTaH [3, 25].

HHTerpanbHbIe SKCIIEPTHRIC OTICHKN (PEUTHHTH) pacCUUTaHBI B TAKOH MOCITE-
JIOBAaTEIIEHOCTH:

1. Omnpenenensl KPUTEPUH, BIMSAIOIINE HAa PELIEHUS O MPEANOUYTUTEILHOCTH
TOTO WJIM MHOTO Jiecxo3a. Kpurepuu pa3aeneHs! Ha 3 TPYIIBL: KOJTUYECTBEHHBIE, Ka-
YeCTBEHHBIE U peneliHble («Iay/«HeT»). Takoe pacnpenescHue Mo3BOISIET UCIIOIb-
30BaTh PA3IMYHbIE MOAXOABI MMPH pacyeTe MHTErPATbHBIX OLEHOK /I KOHKPETHOTO
JIecxo3a.

2. Ans KaKI0r0 KPUTEPUST PACCUUTAHBI BECOBBIC KOA(P(PULUEHTHI M, ONpee-
JIAIOUINE CTENEHb BIUSHUS OTJENIBHO B3SITOTO KPUTEPHS HA NHTETPAIbHYIO OLICHKY.
BecoBble k03()(UIMEHTH MONYyYSHBI KaK Uil KOJIWYECTBEHHBIX, TaK M Ul Kaue-
CTBEHHBIX KpUTEpHEB. [Ipr 5TOM 3HAUUMOCThH KPUTEPHEB yUTeHA 10 Gopmyie:

2(N—-i+1)
('Oi VYV 1= 1, N’
N (N -i+1)
T7Ie { — paHT, WIN 0aljl, KOTOPBIM OB NMPUCBOCH i-My KPUTEPHIO; N — UHCIIO

KpPUTEPUEB.

3HayeHUs! KOJIMYECTBEHHBIX KPUTEPUEB BKIIOYAIOT OLIEHKH HKCIEPTOB U JaH-
HBIC U3 Pa3JIMYHBIX UICTOYHUKOB HH(OPMAIIUU, TAKUX KaK OTYETHI, CIPABOYHUKH, pe-
3yJIBTaThl 00CIICIOBAHMUI, OTIPOCOB U T. 11.).

3. KonuuecTBeHHbIE KpUTEPUH 00pa0OTaHbI B COOTBETCTBUU C METOJIAMH KBa-
JIUMETPUH:
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HOCTPOEHBI TAONHIIBL, TI€ B TOPU3OHTAILHBIX CTPOKAX YKa3aHbI KPUTEPUHM, a B
CTONOLAX — 3HAYEHUs KPUTEPHEB 1, ISl KAXKIOTO U3 HPEANPHUATHIT IECHOTO XO3sHCTRA;
JUIS Ka)KJIOrO MapaMeTpa B 3aBUCUMOCTH OT BIUSHMS KPUTEPUEB HA OOIILYIO
OLIEHKY OIPENENEHO TAIOHHOE 3HAUYCHUE — MAKCUMAIIbHOE MJIM MUHUMAJIBHOE;
[pu BBIOOPE HAMOONIBUIETO STAIOHHOTO 3HAYEHUS @, . BCE 3HAYEHHUS JTAHHON
CTPOKH MOJEJIEHBI HA HETO, PE3YJILTAThl 3aHECEHBI B TAOIMILY
aij*' = aij /aimax;
Y BBIOOPE HAMMEHBILETO HTAJOHHOTO 3HAYECHHUS @, ; JTAIOHHOE 3HAYCHHE
HOJENEHO Ha APYTHE 3HAYCHHS JAHHOM CTPOKH, PE3yJIbTaThl 3aHECEHHI B TAOJIHUILY
.
Ay = Qi /[ G-
YT106BI MONYYNTH OLEHKH IS KAYECTBEHHBIX KPUTEPUEB MBI BOCIIONL30Ba-
JuCh PYHKIMEH JKeIareIbHOCTH, 3HAYEHUS KOTOPOI pACCYUTHIBAIOTCS MO (HOPMYyIIE:

o; = exp (— exp (-, )),
e y,— 3HaueHHe i-To IIapaMeTpa Ha KOAUPOBAHHOM IIIKaJIe.
3HayeHue ), Ha KOAUPOBAaHHOM IlIKaJle PAcIoaaracTcsi CHMMETPUYHO OTHOCUTEINb-
HO 0. CpeiHue ¥ rpaHnYHbIe 3HAYEeHHs (DYHKIIMH JKeNaTeIbHOCTH IPUBEJICHBI B Ta0M. 1.
Tabauma 1

OueHKHU KaYecTBA U COOTBETCTBYIONINE UM CTAHIAPTHbIE OLIEHKH
Mo LIKAaJIe KeJaTeJbHocTH [14]

Quality assessment and corresponding standard desirability scale scores [14]

I/IHTepBaH OueHKa KadeCTBa OTMeTKa Ha IIKaJIe KeIaTeIbHOCTH

JMana3on CpEJIHEE 3HAYEHUE
3,140 OTnnyHO <0,951 0,975
2,1-3,0 Od4eHpb XOpoIIIo 0,876...0,950 0,913
1,1-2,0 Xopormo 0,691...0,875 0,782
0,1-1,0 Y 10BJI€TBOPUTEIBHO 0,368...0,690 0,530
(-1,0)-0,0 [Tnoxo 0,067...0,367 0,285
(-2,00—(-1,1) OueHb m10X0 0,001...0,066 0,033
(-3,0—-(-2,1) Haunxynmmit pesynsrat >0,001 -

@OyHKIHMS KETaTeIbHOCTH 1aeT BO3MOKHOCTb IPUBECTH KAYECTBEHHBIE OLICH-
KM TOKa3aresiel K KOJMMYeCTBEeHHBIM olleHKaM, B uHrepnaie 0,1-1,0 s tex u apy-
rux. KauecTBeHHbBIE OIICHKN YHUQHIIUPYIOTCSI OTHOCHTEIHHO MAaKCUMAJIBHBIX 3Haue-
HUM 1O CTPOKAM.

Ha ocHOoBaHMHM NPOBEIEHHOIO HAMU MCCIIEAOBAHMS M aHAJIM3a €ro pe3ysbTa-
TOB OBUIN CPOPMUPOBAHBI KPUTEPUU MHTETPATIBHOM OLIEHKU U uX panry (1-8):

PacueTHAS TE€COCCKA, TBIC. M3, .. uuut ettt et e e e et e et e e e aeees 1
D) PEeKTUBHOCTD OPTAHUBAIUU YIIPABICHUS . ... veveeneenneeneeneenneennennennenn 2
COCTOSIHHE JIECO3arOTOBUTEITBHOM TEXHUKH . ...\ evttentseenreeanreenneeanneennns 3
Hanmame 1€c03aroTOBUTEIBHOM TEXHUKH, IIT. ...uvveeennreeeeaannneeeannnnenns 4
ABTOMOOMIIBHAS TPAHCTIOPTHASL CETh (10 Y(DBI), KM..\vvvirinianinranennne, 5
PaccTostHrE 10 KETEZHOM JIOPOTH, KM. ... uutneenttenteneenneaneennenneaneennennns 6
PaccTostHre 10 YV (PBI 110 JKEITE3HOM JOPOTEC, KM. .. neneeeneeneaneneaneanennnnes 7

PeMOHTHAS 023 TIPEIITPHATH. . ..« e ettt aeeneeneeeee et e e eeeeeeeieeenenn 8
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Kputepuu pa3douthl Ha 2 rpymibl: KOJHMYECTBEHHbBIC (HATMYHE JISCO3ar0TOBH-
TEJNBHON TEXHUKH, TPAHCIIOPTHAS JOCTYITHOCTh, pacuyeTHas JIECOCEeKa) U KaueCTBCH-
HbI€ (COCTOSIHUE JIECO3arOTOBUTEIIBHOM TEXHUKHU, peMOHTHast 0a3a u 3(h(heKTUBHOCTh
OpraHu3alyy yIpaBieHus ). Pe3yabrarbl HHTErPaTbHOW OIEHKH JIECX030B, a TaKkKe
HX pachpeieiCHUe Mo IpyInaM npeicTaBIeHbI B Ta0. 2.

Tabnuna 2

HNuTerpanbHas oueHka peiiTunra jgecxo3oB Pecny6imku Bamkoprocran

Integral rating of forestries of the Republic of Bashkortostan

Jlecxo3 / aBTOHOMHOE yupekIeHNE Ornenka Peiitunr I'pynma
CrepnuraMakcKuit 0,734 1
MakapoBCcKuit 0,673 2
BenebeeBckuii 0,671 3
Hypumanosckuii 4 Bricokuit pedTuHr
Urnunckuit 0,642 5
ApXaHTeIbCKHH 0,638 6
Swranpckuit 0,634 7
Benokaraiickumit 0,610 8
SAnaynsckuit 0,602 9
JyBanckuit 0,596 10
la¢gypuiickuii 0,579 11
Kapannensckuit 0,568 12 Cpennuii peTuHT
CanaBaTckuit 0,559 13
ACKUHCKUI 0,536 14
Batimakckuit 0,521 15
WH3epckuii 0,519 16
AB3sTHCKHI 0,509 17
Byp3sHckuii 0,454 18
Tylima3zuHckuit 0,448 19
AJBIIICeBCKHN 0,442 20 Huskuit peliTunr
A03eInI0BCKUI 0,432 21
WnuieBckuii 0,429 22
Bypaesckuii nec 0,428 23
Kananukobckuii 0,395 24
Vdumcknit 0,385 25
Kyrapunnckuii 0,375 26
Bupckuii 0,361 27
3uaHuYypUHCKHHA 0,360 28 OuyeHb HU3KUN PEUTHUHT
benopenkuii 29
TupnsaCKHN 0,319 30
VYuanuHckuit 0,307 31
Kanracunckuii nec 0,293 32
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Ha ocHOBaHMM BBINOJIHEHHOW OIIEHKU CUUTAaeM LeJiecO00pa3HbIM BhIIEICHUE
JIECXO030B — «TOYEK POCTay MPH peaju3aliy MUIOTHOTO MPOEKTa MaTepHalIbHO-TeX-
HAYECKOW MOJIEpHI3AINH: 3unanpckuii 1 CTepauTaMakcKui (JI€COCTEmHAs JIecopac-
TUTENbHAs 30Ha FHOKHO-YpanmbCcKOTO JECOCTEITHOTO JIECHOTO paioHa), SIHayabCKuit
(JlecopacTuTenbHas 30Ha XBOMHO-IIMPOKOJIMCTBEHHBIX JiecoB EBponeiickoll yactu
P®) u benebeerckuii (1ecocTenHast iecopacTUTEIbHAsI 30HA JIECOCTEITHOTO paiioHa
EBponeiickoii uactu P®). [Ipuunna Takoro BEIOOpa Kak peTHHIOBas OLEHKA MPe-
npusitus (pedTuHr He Huke 0,0), Tak U OTAAJIICHHOCTh OJJHOTO IPEANPHUITHS OT JPY-
roro (¢ IeIhi0 MAaKCUMaIbHO BO3MOKHOTO OXBaTa TeppuTopun PecryOnuikn) u npu-
BsI3KA K CETH JKEJIe3HOW JOPOTH — CYIIECTBYIONIEH 1 MEPCIIEKTUBHON (CM. PICYHOK).
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Raxnouenue

B pesynbrare mpoBeICHHON OLIEHKU TOCYAapPCTBEHHBIX aBTOHOMHBIX YUPEK-
JeHUH JIecHOH oTpacnu (ObIBIINX Jecx030B) PecryOnuku bamkoprocran Ha ocHOBe
METOIUYECKOTO TOAXO0a € MO3ULUUN NPOCTPAHCTBEHHOM SKOHOMHUKH B LEJISX aHa-
au3a BO3MOXKHOCTH obecnieyenus apesecunoil OO0 «Kponomman bamkoprocran»
chopMyIHPOBaHBl KPUTEPUN MHTETPaJbHON olleHkH. Kputepun Obuin pa3OMTHI Ha
KOJIMYECTBEHHBIE (HAJIMYHE JI€CO3arOTOBUTENBHON TEXHUKH, TPAHCTIOPTHAS TOCTYI-
HOCTb, PacueTHas JIECOCEKa) M KaueCTBEHHbIE (COCTOSHHUE JIECO3arOTOBUTEIbHON
TEXHHUKH, PEeMOHTHas1 06a3a n 3(PEeKTUBHOCTh OpraHU3alny yrpasieHus). Mccneno-
BaHME MIO3BOJIMJIO YCTAHOBUTH!

COBPEMEHHOE COCTOSIHHE JAaHHBIX YUPEXIEHHH He JaeT BO3MOKHOCTH obe-
cneunts OO0 «KpoHomman bamkoprocran» 1peBecnHON B TpeOyeMbIX 00beMax;

JUTSL TIOBBIIICHUST d(QGEKTHBHOCTH TPOU3BOJCTBEHHON JESITEIBHOCTH TOCY-
JApCTBEHHBIX aBTOHOMHBIX YUPEXICHUH JIECHOTO XO34HCTBa HEOOXOAMMO obecre-
YEHUE UX COBPEMEHHOMN JI€CO3arOTOBUTEIBLHON TEXHUKOM;

JUISL IPOBEPKH IPUHSTHIX PELICHUH TpeOyeTcst Co31aHie MUIOTHBIX MPEAIpH-
SITUH 17151 MOJIEpHHU3ALIMHY UX MaTepUallbHO-TEXHUYECKOW 0a3bl Ha OCHOBE 4 JIECX030B
C Y4E€TOM MX BBICOKOTO PEHTHHTa U TEPPUTOPUATIBHOTO pa3MelIeHNs — MaKCUMaJIbHO
BO3MOYKHOTO OXxBaTa Teppuropuu PecryOmuku bamkopTrocTan u NpUBA3KH K CETH
JKEJIE3HOM JI0pPOTH.
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