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Abstract. This research explores how long-term land use and cover changes affect urban
ecosystems and local livelihoods. It is focused on the impact of rapid urban expansion on
sustainable urban planning. The study has been conducted in Nkonko and Sasilo Wards,
Manyoni District, Tanzania, from 1993 to 2023. Remote sensing, GIS, satellite imagery,
participatory methods, and field surveys have been used to examine deforestation, urban-
ization, and ecosystem services, detailing land use and land cover and their impact on lo-
cal environments and livelihoods. The study has revealed significant urban expansion and
increased forest cover, accompanied by a decline in agricultural lands, indicating a shift
towards urbanization. The landscape has experienced a 2.88 % rise in forest cover, add-
ing 246.82 km?, and a 9 % increase in urban areas, expanding by 222.76 km?. In contrast,
agricultural lands have decreased by 17.17 %, a reduction of 119.72 km?. These changes
highlight a transformation in land use patterns, demonstrating a change from traditional
agriculture towards urban development and reforestation, reshaping the region’s topog-
raphy and land use dynamics. The research has demonstrated that urbanization and land
fragmentation in the Manyoni District has disturbed the ecosystem and the community’s
socioeconomic structure. It highlights the need for coherent urban planning and sustainable
land management. It has emphasized advanced remote sensing and GIS skills in planning
and conservation strategies.

Keywords: community livelihood, forest changes, GIS, land use change, remote sensing, Tan-
zania
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IHocmynuna 6 pedaxyuto 11.02.25 / Odobpena nocie peyensuposanus 13.05.25 / Hpunama x newamu 17.05.25

Annomayus. VI3yueHo BIVSIHUE TOITOCPOYHBIX M3MEHEHHH 36 MJICTIONIb30BAHHS U PACTUTEIb-
HOTO TIOKPOBA Ha FOPOACKNE SKOCUCTEMBI M 00pa3 >ku3HH HaceneHnsi. OCHOBHOE BHUMAHHE
yAeIsIeTCsl ObICTPOMY PACIIMPEHUIO TOPOIOB U BO3/ICHCTBHIO ATOTO Mpoliecca Ha YCTOHYHBOE
rOpocKOe IIaHnpoBanue. ViceaeoBanne mpoBoAMIOCh B paiionax Hronko n Cacuio okpyra
Maubonu, Tanzanus, ¢ 1993 mo 2023 rr. [{ns ananuza o0e3seceHus, ypOaHH3AMUNA U KO-
CHCTEMHBIX YCIIYT HCIIOJIB30BAIMCh METO/bI TUCTAHIIMOHHOTO 30HaupoBanus, I IC-TexHo-
JIOTHH, CITyTHUKOBBIC CHUMKH, APTUCHUIIATUBHBIE METOABI ¥ MPOBOIMIKCE TIOJIEBBIE HCCIIe-
JIOBaHUS, N€TAIN3UPYIOIINE H3MEHEHUS 3eMJIETIONb30BAHUS U PACTUTEIBHOTO MTOKPOBA U UX
BIIMSTHAE Ha MECTHYIO OKPY’KaloOIIyI0 Cpely W HaceJeHHe. BISBICHO 3HAUNTENEHOE PACIIH-
pEeHME TOPOIOB U YBEIMUYCHHE JICCHOTO MOKPOBA, COMPOBOXKIAIOIEECS COKPAILICHUEM Cellb-
CKOXO3STIICTBEHHBIX 3€MEJIb, UYTO yKa3bIBA€T Ha CIBUT B CTOPOHY ypOanmzanmu. Ilmomans
JIECHOTO TIOKpOBa TMoBBIcHIach Ha 2,88 %, nmm Ha 246,82 kM2, a ToponoB — Ha 9 %, win
222,76 xm2. Tepputopusi CenbCKOXO3SNCTBEHHBIX YTOAWM, HANpOTHB, YMEHBIIWIACh Ha
17,17 %, nnmn wa 119,72 kM2, DTH N3MEHEHHS CBHICTENBCTBYIOT O TpaHC(OPMAIIMK MOjie-
JIel 3eMJIeTIONB30BaHus, MepexoAe OT TPATUIMOHHOTO CEIbCKOTO XO3SHCTBAa K FOPOJICKOMY
Pa3BUTHIO U JIECOBOCCTAHOBICHUIO. [Ipy 3TOM penbed pernoHa u IUHAMHUKA 3E€MJICTIONb30-
BaHMs CTaHOBsITCs ipyrumu. [TokazaHo, 4o ypOanuzanus u parMmeHTaIys 3eMejb B OKpyre
MaHBOHN HapyHIMIA 3KOCHUCTEMY M COIMAJIbHO-?KOHOMHUYECKYIO CTPYKTYpY COOOIIECTBa.
IToguepkuBaeTcs HEOOXOAUMOCTD MOCIIE0BATENILHOTO TOPOJCKOTO [UIAHUPOBAHUS U yCTOM-
YHMBOTO yIPAaBJICHUsI 3eMeIbHBIMU pecypcamu. Ocoboe BHUMaHHE yAEIeHO MeToaM, 0a3upy-
IOMIMMCS Ha MCHOIB30BaHNH MaTepHalioB AUCTAHIIMOHHOTO 30HANpoBanus u ' IC-texnomno-
M TIpH pa3pabOTKe CTpaTEerii PUPOIOTIONb30BAHNSI.

Knroueswvie cnosa: odpas xxu3Hu cooliiecTsa, m3MeHeHus B ecax, | IC, m3MeHeHne B 3eM-
JIETIOJIB30BaHUH, TUCTAHLIMOHHOE 30HIUpOBaHue, TaH3aHUs

Bnazooapnocmu: ABTOPHI BEIpaXKaroT OmarogapHocTh KuTaiickoil HaIMOHAIEHOW MTPOTpaM-
Me KJIFOUEBBIX UCCIIEIOBAaHUI 1 pa3paboToK 3a (PMHAHCHPOBAHUE JTAHHOTO MCCIIET0BAHUS 10
rpanty Ne 2022YFF1300503-06.

/s wumuposanus: Sagali H.L., Huang Y. Remote Monitoring of Land Use in Fragmented
Urban Green Space Landscapes in Central Tanzania // 13B. By30B. JlecH. xypH. 2026. Ne 1.
C. 9-29. https://doi.org/10.37482/0536-1036-2026-1-9-29
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Introduction

Urban development issues and environmental sustainability are closely re-
lated to changes in land use and land cover (LULC), a crucial aspect of the world-
wide environmental transformation. The surface of the Earth is significantly altered
by this intricate dynamics, which is emphasized by both natural occurrences like
floods and wildfires and human activities like agriculture, urbanization, deforesta-
tion, and industrialization. LULC changes have far-reaching effects on biodiversity,
climatic patterns, soil health, water and air quality, and ecological balance, ulti-
mately affecting the resilience and ecological balance of natural systems [15, 17].
People’s quality of life and access to resources are directly impacted by the changes
in spatial organization of the cities and regions [4, 58]. The necessity for sustain-
able urban planning becomes evident when considering how to manage the chang-
es in LULC to accommodate urban expansion, especially given that the world’s
population is expected to approach 10 bn people by the middle of the 21st century
[34]. Understanding land-atmosphere interactions in depth is crucial, as evidenced
by the complex relationship between land use and climate change. Because of their
complexity, LULC changes must be efficiently monitored, predicted, and managed
using advanced tools such as remote sensing, Geographic Information Systems
(GIS), and modelling methodologies [28, 33]. This body of research is essential in
linking environmental science and policy-making to create pathways for achieving
sustainable development goals. It contributes to promoting a mutually beneficial
interaction between human communities and natural ecosystems even as we negoti-
ate increasingly severe changes in the global environment. [9, 13, 24], providing us
with new perspectives on creative approaches to socioeconomic development and
ecological preservation, both of which are crucial for fostering peaceful cohabita-
tion in a world undergoing fast change.

Urban planning, biodiversity, climate control, and human well-being are all
impacted by changes in LULC, and these effects are complex and require careful
analysis to be fully comprehended. Using a GIS-based analysis, Shah et al. [56] il-
lustrate how LULC changes impact the values of urban ecosystem services in Chan-
digarh, India. This highlights the importance of incorporating the changes into urban
planning to guarantee sustainable development. In a similar way, Shah et al. [56] ar-
gue for strategic land management to maintain biodiversity by highlighting the grave
effects of LULC changes on ecosystem services and biodiversity. In order to im-
prove climate resilience and mitigate the negative consequences of LULC chang-
es, the importance of green infrastructure in urban development is highlighted [55].
Additionally, overviews by Pereira et al. [48] and Pugara et al. [49] provide insight
into the ways in which LULC dynamics impact ecosystem services and climate man-
agement, highlighting the critical role LULC research plays in developing policies
promoting both socioeconomic success and ecological preservation. The importance
of LULC research in promoting a sustainable coexistence between human activity
and natural ecosystems is highlighted by these observations taken as a whole.

A gap in the understanding of the complex connections between urban growth,
environmental sustainability, and ecosystem services across fragmented landscapes
has been brought to light by the study of LULC changes in Central Tanzania during
the past 30 years. There is still an urgent need for a localized, in-depth analysis de-
spite a large body of research demonstrating substantial global impact of LULC
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changes caused by a confluence of natural phenomena and human activities on bio-
diversity, climatic patterns, soil health, water and air quality, and ecological balance
as a whole. This is necessary because of the complex ways in which these changes
impact the services provided by urban ecosystems and, consequently, the means of
subsistence for people living in certain geographical and socioeconomic circum-
stances. The literature indicates that, in order to promote both socioeconomic growth
and ecological preservation, there is widespread agreement on the significance of
incorporating LULC dynamics into sustainable urban planning and policy-making.
Nevertheless, there aren’t many in-depth case studies that connect these alterations to
the delivery of urban ecosystem services and their effect on local lives, particularly
in developing countries like Tanzania. Previous research is important for frequently
highlighting the necessity for strategic land management and the incorporation of
green infrastructure into urban development plans, however it does not offer specific
data or techniques for evaluating these effects locally. In addition, while acknowl-
edged, the role the cutting-edge technologies like remote sensing and GIS play in
tracking, forecasting, and managing LULC changes has not received enough atten-
tion in terms of how well they can be applied to the particular problems that Central
Tanzania’s fragmented landscapes face. This research attempts to close these gaps
by providing a thorough analysis of LULC variations, their direct consequences on
ecosystem services and local livelihoods, and identifying the main factors underlying
these changes. The Manyoni District from 1993 to 2023 has been chosen as its object.
A study with this level of focus is essential for developing evidence-based, targeted
policies for sustainable development and for the larger conversation about striking
a balance between human progress and the preservation of natural ecosystems in
a world that is changing quickly.

The aim of the research has been to study LULC changes in the Manyoni
District from 1993 to 2023 and their effects on urban ecosystem services and local
livelihoods. This has required the fulfilling of the following objectives:

1. To evaluate the variations in LULC that emerged from 1993 to 2023;

2. To assess the impact of LULC on ecosystem and community livelihood in
the study area;

3. To identify the primary driving factors for the changes within the study area.

Different studies [42, 63, 64] have focused on the changes in LULC in tropical
and fragmented landscapes. Their findings and methods shed light on the intricate
dynamics in these ecosystems. In order to record and analyze the changes in LULC,
deforestation, urban growth, and agricultural methods, remote sensing and GIS have
proven essential. In addition to using the cutting-edge instruments like NDVI to
evaluate the dynamics of land cover and vegetation health, these studies also make
use of field surveys and participatory techniques to gather firsthand information and
comprehend socioeconomic factors. The studies highlight how these landscapes are
significantly impacted by both natural and human-caused processes. For instance, as
the study by Miringay et al. [42] points out, deforestation is mostly caused by logging
and agricultural expansion, which results in habitat fragmentation and biodiversity
loss. Increased urbanization, especially in peri-urban areas as another research by
this team of scientists [41] shows, brings impermeable surfaces that interfere with
soil permeability and water movement. Zella et al. [63] and Zhang et al. [64], on
the other hand, highlight the adaptability and resilience of some ecosystems focus-
ing on the regions of natural regeneration and regrowth. To lessen the negative ef-
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fects of LULC changes, sustainable land management and conservation measures are
desperately needed. In addition, combining LULC data with socioeconomic factors
provides deeper understanding of the relationship between humans and the environ-
ment, which helps shape planning and policy for sustainable development. Together,
the methods and results which are reported in the previous studies [42, 59, 64] high-
light the significance of continuous observation and all-encompassing management
strategies for preserving the ecological integrity and welfare of human populations
relying on tropical and fragmented landscapes.

Ecosystem service theories have been developed to provide a thorough un-
derstanding of the various advantages that ecosystems offer human society, with
an emphasis on urban environments. The idea, which can be generally divided into
providing, regulating, sustaining, and cultural services, emphasizes the intrinsic
importance of ecosystems in urban settings where human activity has dramatically
changed the natural landscape [36]. The influence of changes in LULC on urban eco-
system services has been the subject of more research using these frameworks. For
example, the studies have demonstrated that the loss of biodiversity, the reduction
of carbon sequestration, and the elimination of green spaces due to urban growth
all have an adverse effect on the quality of life and environmental sustainability in
metropolitan areas [35, 61]. On the other hand, it has been shown that the incorpo-
ration of green infrastructure and strategic planning into urban landscapes improves
ecosystem services, including air and water quality, urban biodiversity, and aesthetic
and recreational advantages. In order to maintain and improve the well-being of ur-
ban populations, the studies emphasize how crucial it is to include ecosystem service
considerations in decisions about land use and urban planning [8, 62].

Today, to monitor LULC, environmental studies and urban planning mostly
rely on remote sensing technology. Because remote sensing provides timely, accurate,
and wide spatial coverage of the Earth’s surface, it makes tracking the dynamics of
LULC changes conceivable [7]. Advanced methods such as LIDAR (Light Detection
and Ranging), SAR (Synthetic Aperture Radar), and multispectral and hyperspectral
imaging can provide comprehensive insights on vegetation cover, urban sprawl, and
landscape fragmentation. Since remote sensing data has a temporal component that
helps us understand the pattern and velocity of change, we are able to study LULC
trends [27]. This capacity allows for the detection of deforestation, urbanization, and
agricultural expansion, making it simpler to assess the impact of these changes on
ecosystem services and biodiversity. Research using data from remote sensing has
identified areas vulnerable to ecological deterioration, quantified the amount of agri-
cultural land lost, and shown how urban areas are encroaching on natural ecosystems
[38, 57]. With remote sensing technology providing a thorough awareness of chang-
ing landscapes, it is easier to create targeted therapies aimed at ecosystem conserva-
tion and restoration in the face of rapid LULC changes [5].

Research Objects and Methods

The research has been done in the Nkonko and Sasilo Wards located in the Man-
yoni District as one of the districts in the Singida Region [54].

The Nkonko and Sasilo Wards are situated in the Manyoni District’s southern
part (as shown in fig. 1), which is located at (—5°27'-6°92' S and 34°42'-35°36' E).
The Manyoni District has 3 distinct seasons: the cold dry (May—August), hot dry



14 «H3BecTns By30B. JlecHoii skypHasm». 2026. Ne 1 ISSN 0536-1036

(August-November), and rainy (November—April) [53, 54]. The Manyoni District
experiences a uniform distribution of precipitation, with 49 rainy days on average and
an average annual rainfall of 624 mm on the higher elevations, where the majority of
thickets are found. Temperatures range from 19 °C in July to 24.4 °C in November
[39]. The borders of the Manyoni District Council are shared by the following dis-
tricts: the Ikungi District in the north-west; the Chemba District in the east; the Bahi
District in the east; the Chamwino District in the south-east; the Iringa District in
the south-west; and the Itigi Council in the west.
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Fig. 1. The maps of the Sasilo and Nkonko Wards and their position in Tanzania

Over a 30-year period (1993, 2003, 2013, and 2023), the study has used a mul-
timodal research methodology to examine how the changes in the land use have af-
fected the livelihoods of those living in the Nkonko and Sasilo Wards. In addition
to supervised classification algorithms and satellite imagery analysis, a combination
of qualitative and quantitative methods have been used in this work. Using super-
vised classification approaches, patterns of land transformation have been identified
by carefully tracking the temporal changes in land use within the designated periods
through satellite pictures. Stakeholder meetings have been another way the research
has entailed interacting with the community. Professional groups from the study re-
gion have attended these meetings, which have offered a forum for exchanging ideas
about the potential impacts of changing land use on local livelihoods. A carefully
planned and carried out household survey has been conducted in addition to these
discussions with the aim of collecting information on the land ownership statuses and
socio-economic characteristics. 353 households including men and women 25 ye-
ars of age and older have been polled in total, providing a large dataset for further
study. Focus group discussions (FGDs) have been conducted in order to get further
insight into the subtleties of livelihood transitions and to corroborate the results of
household surveys. A wide range of viewpoints has been ensured by the fact that
the participants in these talks have not been the same as those who have taken part
in the household surveys. The goal of the FGDs has been to investigate the different
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aspects and changes in livelihood strategies, supporting the information from the sur-
vey. Meticulous data processing protocols have served as the foundation for this
methodological approach. IBM SPSS 27 has been used to process the quantitative
data obtained from the surveys. A comprehensive picture of the dynamic interaction
between the changes in land use and livelihood adjustments throughout time has been
provided by this combination of approaches, which has included direct community
engagement through surveys and conversations and the study of satellite images.

Results and Discussion

In this study, we have used Landsat images that have spanned a 30-year period
from 1993 to 2023. The selected images have been represented by the geometrically
corrected Level 1T (L1T) scenes, acquired from the Operational Land Imager (OLI)
sensor, offering cloud-free operational land image data. Specifically, the images have
been captured along Worldwide Reference System (WRS) path 169 and row 064,
with a spatial resolution of 30 m accessed from the USGS Earth Explorer platform.

Multiple satellite images have been used in the study to capture LULC changes
over time. Specifically, Landsat images from the years 1993 (Landsat 5), 2003 and
2013 (Landsat 7), and 2023 (Landsat 9) have been acquired (Fig. 2). Each image rep-
resents a different time point in the 30-year analysis period. These images have not been
merged across years, but analyzed separately to compare LULC transitions between
time intervals. The selection of images has prioritized those acquired during the dry
season months (June to August) to ensure minimal cloud cover and consistency in veg-
etation phenology for accurate comparison. All the images have been Level 1T scenes,
geometrically corrected, and accessed from the USGS Earth Explorer platform.

Remote sensing data collection
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Fig. 2. The methodology and diagram structure framework of the study
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We have analyzed the vegetation change cover where for accurate land cover
analysis reflective of accurate land cover change, Landsat 5, 7, 8 and 9 image bands
have been utilized, as recommended by Thonfeld et al. [60]. Prior to the Landsat
image classification process, various preprocessing steps have been implemented to
enhance imagery quality, as outlined by John and Ngondo et al. [21, 46]. Radiometric
corrections have been applied using semi-automatic classification plugin of QGIS
3.28.2 to calibrate the data, eliminate atmospheric effects, and normalize the impact
of light factors [10]. The classification of Landsat images has employed a supervised
classification method known as Maximum Likelihood, conducted with ArcGIS 10.5
software. To validate the land cover classification, a 2-fold approach has been em-
ployed. The 1st step has been to do ground truthing during the 2023 field survey. This
has involved utilizing GPS to find reference sites in different types of land cover, such
as farmland, settlement, forest and barren land. These observations in the field have
given us precise information for judging the 2023 categorization [43, 44]. Second,
Google Earth’s high-resolution satellite photos have been utilized to visually inter-
pret land cover features and check the categorized outputs for years before 1993,
2003 and 2013. This made up for the lack of historical field data. [23, 60]. We have
utilized these reference sources to build confusion matrices and figure out the usual
accuracy measures.

The classification for 2023 has had an overall accuracy of 89.7 % and a Kappa
coefficient of 0.85, which shows that the classified data and reference inputs have
agreed with each other quite well. The fundamental attributes of the primary LULC
categories employed in the current investigation are following: farmland — agricultur-
al area, crop fields, fallow lands, vegetable lands; settlement — residential, commer-
cial, industrial + other built-up areas; forest — deciduous forest, mixed forest, palms,
conifers, shrubs, etc; barren land — land which has very limited or no trees/plants
(modified from Rahman, Huq and Mukul, 2023 [51]).

The land cover classification accuracy has been validated using ground truth
data and high-resolution Google Earth imagery. The overall classification accuracy
for 2023 has been 89.7 %, with a Kappa coefficient of 0.85, indicating strong agree-
ment between classified outputs and reference data. Similar accuracy levels have
been achieved for other years.

To assess vegetation dynamics and monitor changes over time, the NDVI has
been calculated using the spectral bands of red (Rred) and near-infrared (Rnir) of
the Landsat 5, 7 and 8 in QGIS 3.34.4 using the following equation [20, 31]:

Rnir — Rred
Rnir + Rred

This approach provides a robust tool for vegetation dynamics analysis, as-
sessment of environmental changes, and assistance with the management and pres-
ervation of natural resources by effectively distinguishing between vegetated and
non-vegetated areas. Differentiating between vegetated and non-vegetated regions is
within its analytical capabilities. Enhancing our awareness of environmental change,
improving our knowledge of vegetation dynamics, and contributing to conservation
strategies and natural resource management are all outcomes of this work.

The Key Forest Products as Drivers of Income and Forest Management.
The regression study has looked at how different factors that lead to changes in forest
cover affect the major source of income (Table 1). The parameter “Most important

NDVI =
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forest products” has proved the only one to have major effect (B = 0.994, p = 0.000),
which suggests that it is strongly linked to revenue. This implies that some forest
products are particularly vital for people’s livelihoods. If forest cover goes down
and makes them difficult to access, it might have a strong influence on income, but
the fact that people depend on important forest products shows how important it is to
manage forest resources in a way that is good for the environment.

Table 1
The regression coefficients affecting forest cover change
Coefficient™®
Model unstandardized standardized t Sig.
B Std. Error Beta
Constant 0.032 0.034 — 0.938 0.349
Education level —0.006 0.007 —0.004 —0.924 0.356
Sex of respondents 0.002 0.008 0.001 0.244 0.807
Reasons for decline —0.003 0.003 —0.006 -1.210 0.227
Current availability status -0.010 0.032 —0.002 —0.327 0.744
Firewood and charcoal 0.003 0.003 0.005 0.963 0.336
Most important forest products | 0.994 0.005 0.996 215.478 0.000

*Dependent variable: The main source of income.

The Evaluation of Variations in LULC from 1993 to 2023. Over the past 30 ye-
ars, the study region has experienced considerable changes in land use and land cov-
er, altering as much as 31.46 % of the region’s landscape, equivalent to 440.48 km?
(Figs. 3, 4 and 5). These transformations are characterized by a 2.88 % increase in
forest cover, adding up to 246.82 km?, alongside a 9.09 % growth in settlements,
which expands the urban area by 222.76 km?. Additionally, barren lands have seen
a 5.20 % rise, growing by 98.07 km?. Conversely, farmland has witnessed a signif-
icant reduction, decreasing by 17.17 % or 119.72 km? (Table 2). Collectively, these
changes signal a dynamic evolution in the region’s landscape, marked by the decline
in agricultural areas and expansion of both urban and forested zones.
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Fig. 3. The LULC change for the period from 1993 (a) to 2003 (b)
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Fig. 5. The LULC change for the period from 1993 (a) to 2023 (b)
Table 2
The changes in LULC from 1993 to 2023
Land cover 1993, km? | 2023, km? A, km? 1993, % 2023, % A, %

Forest 596.00 842.82 246.82 43.40 46.28 2.88
Barren land 10.14 108.21 98.07 0.74 5.94 5.20
Settlement 175.59 398.35 222.76 12.79 21.87 9.09
Farmland 591.41 471.69 —119.72 43.07 25.90 -17.17

The Impact on Ecosystem and Community Livelihood. Over the past 30 years,
from 1993 to 2023, the NDVI has consistently and significantly increased, show-
ing that the study area’s vegetation health and density have significantly improved
(Table 3). In addition to correlating well with the observed increase in forest cover
in the area, the steady rise in NDVI values over the period indicates a strengthen-
ing of vegetation growth and biomass build-up. Areas with higher NDVI indicators
appear to have had considerable gains in vegetation health and density, as indicated
by the positive trend in NDVI values, which indicates a strong link. Consistent with
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conservation initiatives and shifts in land use, this enhancement is more noticeable
in vegetated regions. This research shows that changes in land cover have a direct
impact on ecosystem health, as measured by NDVI.

Table 3
The NDVI with Standard Deviation from 1993 to 2023
Year NDVI Standard deviation
1993 0.28 0.14
2003 0.33 0.13
2013 0.38 0.12
2023 043 0.11

The mean and standard deviation of NDVI values in Table 4 and Fig. 6 have
been calculated for each time period (1993, 2003, 2013, and 2023, respectively).
The results have shown a consistent upward trend in vegetation health over the 30-year
period. Specifically, in Table 4 the mean NDVI has increased from 0.28 in 1993 to
0.43 in 2023, indicating a significant improvement in vegetation density and greenness.
The standard deviation has decreased slightly from 0.14 to 0.11, suggesting a more uni-
form vegetation distribution across the study area in recent years. These values support
the observed forest cover expansion and reinforce the findings of improved ecosystem
conditions due to conservation efforts and land management policies.
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Fig. 6. The NDVI for the period from 1993 to 2023: a — 1993; b — 2003; ¢ — 2013; d — 2023



20 «H3BecTns By30B. JlecHoii skypHasm». 2026. Ne 1 ISSN 0536-1036

Table 4
The percentage of land area by the NDVI class (1993-2023)

NDVI range Vegetation Status 1993, % 2003, % 2013, % 2023, %
<0.1 Non-vegetated/Bare 18.2 13.5 10.9 8.1
0.1-0.3 Sparse 34.6 31.2 26.7 18.7
0.3-0.5 Moderate 30.1 34.8 38.4 43.0
>0.5 Dense 17.1 20.5 24.0 30.2

The analysis of the NDVI from 1993 to 2023 exposes a substantial improve-
ment in vegetation cover across the study area of the Sasilo and Nkonko Wards in
the Manyoni District (Fig. 7). The proportion of land with dense vegetation (NDVI >
> (.5) has increased from 17.1 % in 1993 to 30.2 % in 2023, while the areas with
sparse or no vegetation (NDVI < 0.3) has decreased from 52.8 to 26.8 %. These re-
sults confirm that vegetation recovery is not limited to isolated pixels but represents
a widespread ecological improvement, reflecting the impact of conservation efforts
and changing land use practices over 30 years.
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The benefit of the NDVI chart is that it provides a clear temporal trend of
vegetation change across the entire study area, complementing the spatial insights
from the maps. To address the concern about isolated high values, we have included
the percentage distribution of NDVI ranges, which more accurately reflects broad-
scale vegetation improvement rather than relying on extreme pixel values.

The Primary Driving Factors for LULC Changes. The changes in LULC ob-
served in the area over the past 30 years can be attributed to a complex mixture
of contributing factors. Notably, conservation policies enacted after 2003 aimed at
protecting community forests near the Rungwa-Kizigo-Muhesi Game Reserves have
significantly influenced the rejuvenation of forest cover, highlighting the critical role
of legislative frameworks in land use management and conservation efforts. Concur-
rently, the growth of settlements driven by population expansion and the desire for
new sources of income has put greater demands for land resources, resulting mostly
in the conversion of farmland into settlement areas, while protected forested areas
have been recovering and expanding.
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Settlement expansion has primarily transformed farmland, while protected for-
est areas have been experiencing recovery due to conservation policies. This resolves
the earlier contradiction and distinguishes between the areas of pressure and regen-
eration.

Additionally, agricultural practices have adapted to the shifting availability of
arable land, with the changes in land use patterns emerging from both settlement ex-
pansion and conservation measures. The temporary halt in the decrease of farmland
areas observed in 2013 and 2023 illustrates the community’s adaptive strategies to
overcome the challenges posed by restricted land availability.

Forest Products Status in the Study Area. The residents of the Nkonko and
Sasilo Wards are obviously significantly dependent on forest products for a variety
of needs connected to their livelihood, as seen by the staggering 98 % of community
members using these resources (Table 5). The tiny minority of 2 % who do not use
forest resources contrasts sharply with the large majority, signifying unusual circum-
stances or non-normative preferences. The primary usage of firewood and charcoal
by over half of the respondents (51.3 %) highlights the vital role that these resources
play in providing families with the energy they need on a daily basis. There is a need
for improvement in community education and awareness of sustainable forest utili-
zation, as evidenced by the acknowledgement of non-timber forest products (NTFPs)
and the slight uncertainty (2.3 %). A few more forest products that demonstrate the di-
verse range of uses for forest resources are grass for livestock (12.3 %), timber and
bamboo (13.9 %), and honey (11.3 %).

Table 5
The forest products status in the study area
Variables Items Frequency, N freiﬁi:arfg;? o frCe 121?11:112;,‘/‘;)
Constant use of forest Yes 346 98.0 98.0
products No 7 2.0 100
Firewood and 181 51.3 513
charcoal
) Grass for livestock 44 12.3 63.6
Zr"er‘t’lslzlgl‘;‘:‘tlﬁpgr}t‘ﬁt‘ Timber and bamboo| 49 13.9 775
Honey 40 11.3 88.8
Other NTFPs 31 8.2 97.0
Do not know 8 2.3 100
R Declined 345 97.7 97.7
NTFPs availability Increased 0 0 977
status
Do not know 8 2.3 100
Agriculture 196 55.5 55.5
. Charcoal burning 78 22.1 77.6
Reasons for increase Bush burning e 12.2 89.8
or decline - :
Timber harvesting 32 9.1 98.9
Do not know 4 1.1 100

Significant changes in LULC over the last 30 years, primarily due to conserva-
tion initiatives, population shifts, and changes in agricultural methods, are intersect-
ed with this deep community engagement with forest resources. Land use patterns
have been permanently altered by the 1990s extension of the Rungwa-Kizigo-Muhesi
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Game Reserves, which has forced the migration of communities that had previously
been involved in agriculture inside these boundaries. This expansion has acted as
a contributing factor to the observed decline in farmland areas and demonstrated
the importance of conservation and legislative initiatives in influencing land use pat-
terns. The community’s adaptive methods in response to shifting land availability and
conservation policies are further reflected in the modifications made to agricultural
practices and the rise of settlements, which are driven by population increase and
the pursuit for new chances for livelihood. A complex interaction between conserva-
tion efforts, land use management, and community livelihoods is highlighted by these
developments as well as the community’s reliance on forest products. This emphasiz-
es the need for well-balanced approaches that support both ecological sustainability
and human well-being.

A regression investigation has shown that the variable “Most important forest
products” is the only one that significantly predicts income (B = 0.994, p < .001).
This shows that people depend on crucial forest products for their livelihoods. This is
similar to what happened in Liberia, where activities related to forest products have
raised household income by up to 167 % for non-timber items [1, 2]. A research from
Malawi has also shown that reliance goes beyond money and includes time and ac-
cess issues [45]. When the forest cover declines, it becomes much harder for people
to get crucial materials, as it one way or another can directly affect various sources of
income. This shows the importance of long-term sustainable forest management plan
for environment and people who depend much on these forests.

There have been noticeable changes to the study area’s geography over the past
30 years, with more urban areas and forests appearing, less farmland disappearing, and
more desolate terrain spreading out. Because of urbanization, changes in agriculture,
and conservation efforts, land use is changing all throughout the world, and these move-
ments reflect that. The significance of satellite imagery in monitoring environmental
changes is underscored by the fact that the increase in forest cover, as confirmed by
Loépez-Amoedo et al. [32], may indicate the success of afforestation and reforestation
initiatives or even natural regrowth [52]. At the same time, the larger tendencies of
urbanization, as those seen in Jodhpur city, where the social, economic, and ecological
effects of growing cities are being observed, are consistent with the 9 % growth in ur-
ban settlements [19]. This demonstrates the increasing urbanization of the research area
and highlights the need for environmentally responsible approaches to city planning.

There is an urgent need for more sophisticated methods such as object-based
image analysis (OBIA), multi-temporal change detection techniques, LiDAR,
high-resolution satellite data, and machine learning-based classification for detecting
changes in LULC if we are to solve the mystery of the increasing number of desolate
landscapes, which may be the result of overexploitation or the negative impact of
climate on soil quality. Simultaneously, the decrease in farmlands is in line with pre-
dictions made for Dongying City, China, which shows that agricultural land is being
replaced by urban one according to the results of predictive modelling. This tendency
is also mirrored in the research area [65]. Furthermore, studies that utilize Normal-
ized Difference Built-up Index (NDBI) to forecast changes in LULC raise concerns
about the growing demands for natural ecosystems, as evidenced by the shrinkage of
naturally vegetated lands [26]. NDBI is an index used to detect built-up or urbanized
areas [25]. Incorporating findings from the current research to situate the conver-
sation within Tanzania framework of land use dynamics, these findings emphasize
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the need for careful oversight and control of land cover changes to prevent detrimen-
tal environmental effects.

The strong rise in NDVI values from 1993 to 2023 in the study area is con-
sistent with the current scientific findings and highlights the impact of conservation
efforts and careful land management on plant dynamics. This increase indicates bet-
ter plant health and density. According to dos Santos et al. [14], who has examined
the NDVI and its use in human health research, this upward tendency reflects the mul-
tidisciplinary nature of NDVI, which expands its utility beyond ecological studies to
human health consequences. Simultaneously, changes in NDVI estimation methods,
like the ones described by A.L.P. De Ocampo [12], using NDVI estimation based
on filter augmented imaging, corroborate our findings, confirming that technological
advancement is crucial for improving the accuracy of vegetation monitoring. The re-
search by de la Iglesia Martinez et al. [11] and other studies on policy interventions
allude to the use of NDVI in urban greening policies, which supports our findings
on its positive effects on ecosystems. Consistent with the encouraging trends in veg-
etation that have been found, these references show that NDVI is valuable in many
ecological, technological, and socioeconomic contexts, and that it plays an essential
role in fostering environmental sustainability and urban well-being.

LULC changes in the study area over the past 30 years reflect broader world-
wide trends found in present research. These changes have been determined by
the dynamic interplay of conservation policies, settlement growth, and agricultural
adaptations. These findings are in line with the ones by Gaur et al. [18] insisting on
the significance of policy in sustainable land management, as the legislative frame-
works passed after 2003 to save community forests close to Game Reserves, have
been crucial in enabling the restoration of forest cover. The ecological consequences
brought up by Anthony et al. [3] are echoed by the pressures caused by population
development and settlement expansion, which result in the conversion of agriculture
and forested areas for human consumption. This case study, together with the tech-
nological developments in monitoring LULC changes that Karandikar et al. [22] an-
alyze, highlights the precarious equilibrium between protecting natural ecosystems
and allowing for human population growth. Through the temporary stabilization of
farmland areas, the community has been able to adapt to the changing availability
of arable land, which mirrors the hydrological and environmental impacts on LULC
dynamics studied by Lazurca (Andrei) et al. and Mekonnen et al. [30, 40]. These
studies shed light on the many facets of LULC changes and show how important it is
to have policies that drive comprehensive solutions combining human socioeconom-
ic requirements with ecological sustainability.

Based on their almost universal use (98 %) and dependence on forest products,
people living in the Nkonko and Sasilo Wards share views found in the current re-
search on sustainable forest utilization. The studies by E.R. Eslit [16] and M. Qanitha
et al. [50] shed light on the complex interplay between livelihoods and forest con-
servation. These researches support integrated strategies that, by using sustainable
practices, not only improve community welfare but also protect ecosystems. These
references emphasize conservation partnerships, the application of sustainable liveli-
hood frameworks, and the influence of community narratives in designing conserva-
tion strategies all of which are pertinent to the needs and reality of the Nkonko and
Sasilo Wards. The recognition of NTFPs and the wide range of uses of forest prod-
ucts, particularly the heavy reliance on firewood and charcoal, highlight the need for
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integrated forest management approaches. In order to guarantee that communities’
means of subsistence are sustainable and compatible with conservation efforts, these
tactics ought to involve and instruct local populations to follow the best sustainable
forest management practices.

The comparison demonstrates a general agreement regarding the crucial equi-
librium between utilizing forest resources for community sustenance and applying
sustainable methods to guarantee long-term ecological and economic well-being.

A complicated situation that is consistent with findings in current academic liter-
ature is presented by the large changes in LULC. This has been seen over the previous
30 years due to conservation programs, demographic shifts, and agricultural revolu-
tions. The 1990s development of the Rungwa-Kizigo-Muhesi Game Reserves, which
has forced agricultural villages to migrate and resulted in a reduction of arable areas,
highlights the significant influence of conservation and legal measures on patterns of
land use. The complex link between conservation efforts, land use management, and
community livelihoods that is highlighted in the studies [6, 29], is reflected in this
scenario. The study clarifies how forest conservation efforts might change the use of
agricultural land, requiring impacted communities to find alternate means of subsis-
tence. Longitudinal studies like the one by Nigussie et al. [47] show how conservation
policies change land use over time. These changes affect not just the physical land-
scapes but also the ways communities adapt. Also studies like the one by Masayi et al.
[37] show how these kinds of changes directly influence the livelihoods of households.
This shows how important it is to make sure that conservation efforts are in line with
regionally feasible and sustainable ways to make a living.

The state of the Rungwa-Kizigo-Muhesi Game Reserves and the aggregate
results from these studies highlight the urgent need for balanced approaches to land
use planning and conservation that take into account both ecological sustainability
and the welfare of local residents. In the face of shifting land use and conservation
landscapes, they support laws and procedures that guarantee ecological preserva-
tion while also enabling communities to develop adaptable livelihood alternatives.
Achieving long-term ecological integrity and socioeconomic stability requires this
dual approach.

Conclusion

The landscape of the area under study has undergone major changes over
the past 30 years, as evidenced by a thorough examination of changes in LULC. No-
tably, there has been a considerable expansion of urban settlements and forest cover,
combined with a notable drop in cropland. These alterations highlight how dynami-
cally population expansion, agricultural adaptations, and conservation initiatives in-
teract within the research region. The expansion of settlements brought about by de-
mographic changes and the rise in forest cover, which is attributable to conservation
measures implemented close to the Rungwa-Kizigo-Muhesi Game Reserves, serve
as an example of the many variables influencing LULC changes. The group’s heavy
reliance on forest resources for subsistence, together with the noted LULC changes,
emphasizes how closely land management strategies, conservation initiatives, and
community livelihoods are intertwined. This study clarifies not just how the environ-
ment is changing but also how important it is to implement sustainable management
practices that balance environmental preservation with human welfare.
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Policymakers and urban planners must devise and put into action plans that im-
prove urban ecosystem services while meeting the increasing needs of urbanization
in the light of the findings. In order to fully comprehend the effects of LULC changes,
future studies should concentrate on the in-depth evaluation of particular ecosystem
services, such as carbon sequestration and biodiversity protection. Innovative remote
imaging technologies and GIS may also make it easier to track the health of ecosys-
tems over time and give us a better understanding of how LULC changes over space.
Policymakers should consider including community-based conservation programs
that leverage regional knowledge and traditions in order to guarantee the sustainable
use of forest resources. Urban planning frameworks should prioritize the protection
of green spaces and stimulate the rehabilitation of damaged lands in order to maintain
ecological balance and enhance the quality of life for urban inhabitants.
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Annomayusa. KpaiiHe BaXXHOH! 71 NPUHATHUS pEIISHUN OpraHaMu rocyJlapCTBEHHOI Bia-
CTH B YaCTH COXPAHCHHsI JICCOB sIBJIIeTCS MH(pOpMAIHs O JiecoycTporicTBe. OObeKTHBHAS
XapaKTEePUCTHKA COCTOSIHUSI MCKYCCTBEHHBIX HACaXKJIEHUW pPa3HBIX BO3PACTOB IMO3BOJUT
WHTCHCU(PUIIMPOBATH JICCHOE XO3SICTBO M TIOBBICUTH €ro 3()(HEKTUBHOCTD, a TAKXKE ONpe/ie-
JIUTh KAYECTBO XO3SHCTBCHHOM JIEATEIBHOCTH B 3TOH cepe. Llenb nccnenoBanus 3akiova-
eTCsl B pa3pabOTKe KPUTECPHUEB OIICHKH JICCHBIX KYJIBTYP MPHU TAKCAI[UHU JICCHBIX HACAXKICHUI
C TOYKH 3PCHHUS HCOOXOIMMOCTH MPOCKTUPOBAHUS JICCOXO3UCTBCHHBIX MEPOMPUSITHI 110
uX coxpaHeHu0. OOBEKTOM U3yUCHUS CTAJIU JICCHBIC HACAXKICHUS UCKYCCTBECHHOTO MPOUC-
XOXKJICHHSI XBOMHO-ITUPOKOJIUCTBCHHBIX JIecOB PecryOonuku Mapuii D U 103KHO-TaeKHBIX
necoB PecryOnuku YamMypTuu. DKCIEPUMEHTAIbHBIMU JAHHBIMU MOCITYXKHIN Oa3bl JdaH-
HBIX JIECHBIX Y4acTKOB, BKitouaromux 11 735 en. necHbIX HACaKIEHUH MCKYCCTBEHHOTO
MPOUCXOXKACHUS. BBIMOMHEH aHanu3 AEUCTBYIOIIUX HOPMATHUBHO-TIPABOBBIX JTOKYMEHTOB
Y METOJUK OLIEHKU COCTOSIHUS JIECHBIX KYJIBTYDP Ha Pa3HBIX CTAUIX Pa3BUTHUS APEBOCTOSI.
BrisiBiieHa HEOTHO3HAYHOCTH OIIEHKH M MPUHSITUS PELIEHUN MO MPOEKTUPOBAHHUIO JIECOXO-
3SIUCTBEHHBIX MEPONPUSITHH, BIUSAIONIAsl HA YCHEIIHOCTh JECOKYABTYPHOTO MPOU3BOACTBA
Ha JeCHbIX ydacTKax. [Ipe/iokeHbl KpUTEpUH U MOKa3aTeNH OMPEAeSICHUs COCTOSIHUS JIeC-
HBIX KYJIBTYp Pa3HbIX KaTeropuil JIECHBIX 3€MeJb MPU JECOYCTPOMCTBE B 3aBUCUMOCTH OT
HEOOXOJUMOCTH MPOBEIICHUS JICCOX03IUCTBEHHBIX MEPOIPHITHI 0 COXPAHCHUIO JICCOB.
B mensx onTuM#3aIuy mpoiecca JIeCoyCTPONCTBA, MUHUMHU3AIUU CYObEKTHBHBIX OIIHOOK
U COBCPILICHCTBOBAHUS CHCTEMbI KOHTPOJS KaueCTBa CIICAYCT 3aKOHOMATEIbHO 3a()UKCH-
poBaTh YHUGUIIUPOBAHHBIC KPUTECPUH U aJTOPUTMBI OICHKHU JICCHBIX KyJIbTyp. Hopmarus-
HO-TIpaBoBasi 0a3a B 00JaCTH JIECOYCTPOWMCTBA JOJDKHA MPEIyCMaTPHUBATh 00S3aTCIIEHOC
BHECCHHEC B JIOKYMEHTAIUIO OIMOJHUTCIBHON HHPOpPMANUU O paHee CHOPMUPOBAHHBIX
JICCHBIX KyNbTypax. Takxke TpeOyeTcsi BOCCO3/1aTh B JICCHOM 3aKOHOATEIBCTBE TOJOXKE-
HUE, PETIAMEHTHPYIOIIEE CPOKHU U KOJTUYCCTBO YXOIOB, U 00CCIICUUTh €r0 MMILICMEHTAIIHIO
B JIECOXO3SMCTBEHHBIE PEITIAMEHTHI U MPOEKTHI OCBOEHUS JIECOB.
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Abstract. Information on forest management is extremely important for decision-making by
government authorities regarding forest conservation. An objective assessment of the con-
dition of artificial plantations of different ages will allow for the intensification of forest-
ry and increase its efficiency, as well as determine the quality of economic activity in this
area. The aim of the research has been to develop criteria for assessing forest crops during
forest stand inventory from the point of view of the need to design forestry measures for
their conservation. Artificial plantations of coniferous-broad-leaved forests of the Republic of
Mari El and south taiga forests of the Republic of Udmurtia have become the object of the re-
search. The experimental data have been collected from databases of forest plots, including
11,735 units of artificial forest plantations. An analysis of current regulatory documents and
methods for assessing the condition of forest crops at different stages of forest stand devel-
opment has been carried out. The ambiguity in the assessment and decision-making process
for the design of forestry measures has been revealed, affecting the success of silvicultural
production in forest areas. Criteria and indicators for determining the condition of forest crops
of different categories of forest lands in forest management have been proposed, depending on
the need for forestry measures to preserve forests. In order to optimize the forest management
process, minimize subjective errors, and improve the quality control system, unified criteria
and algorithms for assessing for assessing forest crops should be legislatively established.
The regulatory framework in the field of forest management should provide for the mandatory
inclusion in documentation of additional information on previously formed forest crops. It is
also necessary to recreate the provision in forest legislation regulating the timing and quantity
of forest management measures, and to ensure its implementation in forestry regulations and
forest development projects.

Keywords: forest inventory, forest crops, forest management, state forest management, eco-
nomic activity in the forest, assessment of economic activity in the forest, forest conservation,
the Republic of Mari El, the Republic of Udmurtia
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Beeoenue

Bo Bcem mupe ocTaercs akTyadbHBIM BONPOC OLEHKH JIECOBOCCTAHOBIIECHUS
BBHJIy BRXHOCTH WHTEHCH(HMKAIMY JICTTOHUPOBAHUS YIVIEpoia, MPEAOTBPAICHHS
9PO3WH TI0YB, MPOIECCOB OMYCTHIHWBAHUS, YAYUIIEHUS OOIIEH IKOIOTUIECKON 00-
CTaHOBKH, YBEIMYCHHUSI BO30OHOBIIEMBIX pecypcoB u T. A. [18-20, 23-26]. Ecnu
KOJTMYECTBEHHBIE XapPaKTEPUCTHKH YCIENTHOCTH JIECOBOCCTAHOBICHUS KOCBEHHO
MO’KHO OIIEHUTH C IIOMOIIbI0 IPUMEHEHHsI METOJIOB TUCTAHIIMOHHOTO MOHUTOPHUHTA
3emMiid [25] ¢ aBTOMAaTU3UPOBAaHHBIM PACYETOM BEreTallMOHHBIX MHIIEKCOB [20] 1 Ha
OCHOBE ITHX JIaHHBIX MPUHATH PEIICHHE O MPOBEACHUU JOMOTHUTEIHHBIX JIECOXO-
3sIICTBEHHBIX MEPOTIPUATHH, TO OLIEHKN KaUECTBEHHBIX XapaKTEPUCTHK JAJIS OIpee-
JIEHUS pecypCcHOH 0a3bl 1 (H(DEKTUBHOCTH €€ BOCIIPOM3BOICTBA: IIOPOJHOTO COCTABA,
JIOJIM TIEHHBIX TIOPOJ] UCKYCCTBEHHOTO MPOMCXOXKICHHS B 00IIeH Macce JIecoBO300-
HOBIICHUS Ha KOHKPETHBIX YYaCcTKaX — HEOJHO3HAYHBI M HEYHUBEPCAIBHEI, B TO Bpe-
M3l KaK MPUHSITUE PELICHUH TOIKHO OCHOBBIBATHCS Ha JIOCTOBEPHOU U ONEPATUBHOM
uHpopmanuu [22].

B pamkax ro6anbHOW MHHIMATHBBI 10 BOCIPOM3BOJCTBY JiecoB «boHckuit
Bb130B» (The Bonn Challenge) pa3pabatbiBaeTcsi KOMIUIEKCHAsE METOAOJIOTHS OLICH-
Ku BO3MOKHOCTEeH BoccraHoBieHHs (ROAM) mis xaxmon crpansl [24]. ROAM
BKITIOUaeT B ceOsl ompeiesieHNe ¥ BAIMAALUIO KIIOUEBBIX (PaKTOPOB, BIUSIOMINX HA
MIPOIIECCHI JIECOBOCCTAHOBIICHNSI, HAYMHAS OT MOTHUBAIIUN M BOBMOYXHOCTEH M 3aKaH-
yuBasi peanuzanueil. Kpurepun OmeHKH yCIENTHOCTH JIECOBOCCTAHOBICHHS TPE-
CTaBISIOT OO0 CMCTEMY MOHUTOPHHTA U OLIEHKH 3()(HEKTUBHOCTH C TOUKH 3PCHHUS
SKOHOMHYECKHX (PaKTOPOB PHIHOYHOW TMOTPEOHOCTH BBIPAIIUBAEMON IPEBECHHEI,
COMKHYTOCTH U BBICOTHI BO30OHOBIICHHS. TaKke MPUMEHSIETCS] KOHIETILUS Ompeie-
JICHHSI 1EJIeBBIX JIECOO0PA3YIONINX JAPEBECHBIX MTOPO/I, MTPE/oararomias mpruMeHe-
HUE IUPOKOTO TEPEYHS JIPEBECHBIX NOPOJ [ JOPMUPOBAHUS OOJee YCTOMYHBBIX
JIECHBIX OMOTCOEHO30B K KJIMMAaTHUYECKUM M3MEHEHHAM. OTMeuaeTcs: CI0KHOCTb,
a Taxke JOPOrOBU3HA HA36MHOTO MOHHTOPWHTA W HEJOCTATOYHOCTH MH(OpMAIIH,
MOJTy4yaeMol JUCTAaHIIMOHHBIM 30HIMPOBAHUEM 3€MJIM JJIS OLIEHKH KauyeCTBEHHBIX
roKa3aresiel JIecCOBOCCTaHOBJIeHUS [23].

Baxuelimum ncrouHukoM uH(popmaiuu B Poccuiickoin dDenepanuu s
MPUHSATHUS PElIeHU OpraHaMy TOCYIapCTBEHHOHN BIIACTH B YaCTH PETYIUPOBAHUS
XO3SIICTBEHHOW JIESITENHOCTH B Jiecax SBISIOTCS MaTepualibl JIECOyCTpPOICTBa.
MeponpusaTis o COXpaHEHUIO JECOB Ha3HAYAIOTCs 110 JAHHBIM TaKCalUH JIECHBIX
HaCaXJACHHH, MPHU BBHIITOJIHEHUH KOTOPOH MPOBOIUTCS OIIEHKA HECOMKHYBIIUXCS
JIECHBIX KYJIBTYP U JIECHBIX KyJIBTYp C ONMHCAaHHWEM UX TAaKCAIlMOHHBIX XapaKTepu-
ctuk. [IpaBUIBHOCTh U CBOEBPEMEHHOCTH MPOCKTHPOBAHUS MEPOIPHITHH IO J10-
MIOJIHEHUIO, YXOAY 3@ JIECHBIMU KYJbTYPAMH 3aBUCUT OT JJOCTOBEPHOCTH UX OLEHKH
U TIEPUOANYHOCTH JiecoycTpoiicTBa. Ecnu 2-if gpakTop 00ycCiIOBICH TJIaHOM Jieco-
YCTPOWCTBA, YTBEPKTA€MbIM OpTaHaMH UCTIOTHUTEIBHOHN BIIACTH, TO IPUHATHE pe-
LIEHUH 0 TPOBEJEHUU MEPOTIPUATUH 110 COXPAHEHUIO JIECHBIX KYJBTYD BBITEKAET U3
KpUTEpHEB KOJIMYECTBEHHBIX M KaueCTBEHHBIX ITOKa3aTesiei, OmpeaensieMbIX pH
TaKcaIuu Jjieca.

MHOrMMH 0T€4eCTBEHHBIMHU JIECOBOIAMU OTMEYAETCA HEJOCTATOYHOCTh KOH-
TPOJIsL, KOMMYECTBA ¥ Ka9€CTBA MEPOIPHUITHH 110 JOMOTHEHHIO U yXOAaM 32 JIECHBIMHU
KyaeTypamu [2, 4, 11, 12]. [lepBonpuunHOi TaHHOHN MPOOIEMBI SBISIETCS HEOIHO-
3HAYHOCTHh MH(OpMaNHH B cdepe MPaKTHIECKOro JiecoBoactra [8, 21-23], T. k. Ha-



ISSN 0536-1036 «H3BecTus By30B. JlecHoii skypHam». 2026. Ne 1 33

TypHOE 00CIIeIoBaHNE HECOMKHYBIITMXCS JIECHBIX KYJIBTYP BEIOOPOYHBIMU METOIAMH
OCYIIECTBIISIETCS B MOMEHT TIE€pEBOJIa HACAKICHUHN B MTOKPHITHIE JIECCHON pPaCTUTEIh-
HOCTBIO 3eMJIH [ 15], a mpwm Takcaluu yke epeBeIeHHbIX JIECHBIX KYJIBTYP HCIIONbB3Y-
10T COOTHOILICHHE 3aM1acoB 3JIECMEHTOB Jieca Yepe3 MpecTaBieHue GopMyibl COCTaBa
JIPEBOCTOSA, YTO, B CBOO OYepe/ib, HE SBISIETCS OObEKTUBHBIM KPUTEPHEM OILIEHKH CO-
crostaus sieca [ 1, 21] (mpuka3 Munnpupoast PO ot 11.03.2019 Ne 150 «O6 yTBepxk-
nenun llopsiika oTHECeHHs 3eMellb, MPeIHa3HAYCHHBIX ISl JIECOBOCCTAHOBIICHUS,
K 3eMJISIM, Ha KOTOPBIX PACTIOJIOKCHBI Jieca, U (DOPMBI COOTBETCTBYIOIIETO aKTay).
[Ipu necoyctpolicTBe naHHbIH QakT 00yCIOBIUBAET MacCOBOE CIMCAaHUE Y)Ke mepe-
BEJICHHBIX B TOKPBITHIE JIECHOW PACTUTEIBHOCTBIO 3€MIIH JIECHBIX KYIBTYp, a TUIO-
IaJ ¥ MECTOPACIIOIIOKECHNE HECOMKHYBIIMXCSl JICCHBIX KYJIBTYp B MaTepHaiax
TaKCalliu YKa3bIBAIOTCS IO JaHHBIM TOCY/IapCTBEHHOTO JIECHOTO peectpa. Crincanue
HECOMKHYBIIMXCS JIECHBIX KYJBTYD HE MPAKTUKYETCsI, [IOTOMY YTO METOIMKA U TOY-
HOCTB y4eTa C MOCIEAYIOIUM JOKYMEHTOOOOPOTOM SIBJISIFOTCSl HECOTOCTaBUMbBIMU
MIpH pa3HOM YPOBHE OOCIENOBaHMS JIECHBIX HacaxaeHuil. 11 HaoOGopoT, He oTcie-
JKUBAETCS CIIMCAHUE JIECHBIX KYJBTYP CTapUIMX BO3PACTOB IO UTOTaM MPOBEICHUS
JIECOyCTPOWCTBA.

Takske ocTaeTcst akTyaJIbHbIM BOTIPOC 3(P(PEKTUBHOCTH JIECOBOCCTAHOBIICHHS
Ha apeHyeMbIX JICCHBIX ydacTKaX. Tak, OlHOW M3 MHPOBBIX TEHICHIIUN SBISACTCS
MeHee yCIIEeNTHOE NCKYCCTBEHHOE JIECOBOCCTAaHOBJICHHE B TOCY/IaPCTBEHHBIX Jiecax,
MePeJaHHbIX B pa3Hbie (POPMBI apeH/Ibl, OJTHOBPEMEHHO OTMEYaeTCs, YTO Ha 4YacT-
HBIX TEPPUTOPHUSIX JIECHBIE KYIBTYPHI C HEYAOBIETBOPUTEIHHBIM COCTABOM W 3aIa-
coM BeTpevarotcst peke [1]. JlaHHbIH GakT MOJHOCTHIO 3aBUCHUT OT YIPABICHYSCKUX
pelIeHui, MPUHUMAEMBIX KOHTPOJIHPYIOIUMHI OpraHaMU HCIIOJIHUTEIILHOW BIIACTH,
U 3aMHTEPECOBAHHOCTH B HMHTCHCHU(HUKAIMU JICCONONB30BAHUS XO3SIHCTBYIOIIUX
cyobekToB. B Poccuu npu MakCMMallbHOM CPOKE apeH/Ibl JIECHBIX y4acTKOB 49 et
1 000poTe pyOKH 1O XBOWHBIM HACaXJEHHUSIM B DKCILTyaTallMOHHBIX Jiecax 81 rox
3¢ (EeKTUBHOE BOCCTAHOBIICHUE JPEBOCTOEB MOXKET OBITH 00ECIIEUEHO TOJIBKO 33 CUET
Ka4eCTBEHHOTO TOCY/IAPCTBEHHOTO YIIPABICHUS JIECAMHU.

KiTroueBbIM 2JIEMEHTOM TaKOTO YIIPaBIICHUS SBIISECTCS OOBEKTUBHAS OI[CHKA
COCTOSIHHS JICCHBIX KYJBTYp, OTPEICINISIoNas HeoOX0MMOCTh Mep 0 UX COXpa-
Henuto. Ilpu 3TOM 37€CH CyIecTByeT mpobiemMa OTCYTCTBUS YHU(DHIIMPOBAHHOM
METOJIUKH TOJICBOW TAKCAIMHK JIJIsl OIICHKU KYJbTYP, CO3JIaHHbIX Pa3JIUYHBIMU CIIO-
cobamu. Herounas mim 3amo3ianas OIeHKa MOXKET IIPUBECTH K HETaTUBHBIM TIO-
CJICICTBHSIM: THOCIH KYJIBTYP M HUX BBITCCHCHHIO JINCTBEHHBIMH TOPOJAMH, UTO
CBOJIUT Ha HET BCE WHBECTUIIUU B JIECOKYIBTYpPHOE MPOU3BOACTBO. Poccuiickas
CHCTEMa JIECOYCTPOICTBA, OMUPAIOIIASICS Ha Ha3eMHYIO TaKCAIUIO U KPYITHOMAC-
mTaOHbIe JJAHHBIC JUCTAHIIMOHHOTO 30HAMPOBAHUS, MPEJIAracT PelIeHUE STOH
poOIeMbl, 00ecTeunBas KOMIUIEKCHBI MOHUTOPUHT U OIIEHKY JIECOBOCCTAaHOBJIE-
HUSI, PEBOCXO/ISI MUPOBBIC aHAJIOTH.

Llenp uccnenoBanus — pa3paboTaTh CUCTEMY KPUTEPHUEB JIsI OIICHKH JICCHBIX
KYJIBTYP TIPH TAKCAIIUH JICCHBIX HACAXICHHUI 1 000CHOBAHUS IIPOCKTUPOBAHUS JIECO-
XO3SHCTBEHHBIX MEPOIIPUATHH 110 UX COXPAHCHHIO.

3amaun: BBHITOIHUTH aHAIN3 HOPMATHBHON 0a3bl W CYIIECTBYIOIINX METOIUK
OLICHKH JIECHBIX KYJBTYD; PACCMOTPETH PE3YJIBTaThI JIECOKYIBTYPHOTO TIPOU3BOJICTBA
Ha JKCIIEPUMEHTAJbHBIX yYacTKaxX MO MaTephaliaM JIeCOyCTPOMCTBa; pa3padoTarh
CUCTEMY KPUTECPHUCB OINUCAHUS JICCHBIX KYJBTYP U MPOCKTUPOBAHUS MEPOIPHUSITHIA
M0 UX COXPAaHEHHUIO.
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Obvexmubl u Memoowbl UCCAEO0EAHUS

OObeKTOM WCCIeOBAaHHS SBISIFOTCS JIGCHBIC KYNBTYpBI, MPOHM3PACTAIOLIHE
B 30HE IOXKHO-TAE)KHBIX M XBOWHO-IIMPOKOIUCTBEHHBIX JIECOB €BPONEHCKOI YacTu
Poccuiickoit denepanuu.

B kauecTBe 3KCIIEpUMEHTAIbHBIX JaHHBIX ObLIH UCTIOJIb30BAHBL:

0a3a JaHHBIX TAaKCALMOHHBIX XapaKTEPUCTHUK JIECOB beropenkoro yuacTkoBo-
To JIeCHHYecTBa [ 1a30BCKOTO JIECHUUECTBA, pacloiioxkeHHoro B Pecybnuke Yamyp-
Tuu Ha wiomaau 29 120 ra, sxmroyaroneit 7448,0 ra 1ecHbIX KyJIbTYD;

0a3a TaHHBIX TAKCAIIMOHHBIX XapakTeprcTHK JecoB CeHauHckoro u SImbarop-
CKOT'0 Y4acTKOBBIX JiecHHuecTB Mapu-Typekckoro necanuectsa B Pecnyonuke Ma-
puit O Ha mmomanu 34 441 ra, B T. 4. 8353,4 ra I€CHBIX KYJIBTYP.

Heobxomumo orMetnTsb, uTo B PecnyOnuke Mapuii O 00beKT MCCIeI0BaHUS
nepesaH B apeHIy Ul OCYLIECTBJICHHs 3arOTOBKHM ApeBecHHbl. Teppuropust bero-
PELKOro Y4acTKOBOTO JieCHU4YecTBa B PecriyOnuke YIMypTuu He HAXOIUTCS B apeHie.

AHanu3 TaHHBIX O JIECHBIX KyJbTypax B Pecniyonuke Mapuit O u Yamyprcekoit
PecmyOnuke BRISIBHIT CYIIIECTBEHHBIE pasnudus. B Mapwuit D11 cpeassis miomans Jiec-
HBIX HacaxJeHui coctasider 3,2 ra, a menuanHas — 2,0 ra. B Yamypruu >1t1 noxa-
3aTeu 3HAYUTEIbHO BhIme: 13,5 u 7,5 ra cooTBeTCTBEHHO. BBICOKMIT KOA(hHHUIIHESHT
Bapuanmu (6omnee 110 %) moaTBepkaaeT 3HAYUTENBLHBIN pa3dopoc B pazmepax Teppu-
TOPHIA JIECHBIX KyJBTYP B 000UX PETHOHAX.

OTH pe3ynbTaThl yKa3bIBalOT HA TO, YTO pPACHpEAETICHHE TUIOMAAEH JIECHBIX
KyJIbTyp HE sBJsieTcs HopMalbHbIM. ClenoBaTeNbHO, HMCIOJIB30BAaHUE CPETHETO
apu(METHICCKOTO 3HAYCHUS JJIST OIICHKH MOXKET OBITH HETOUHBIM. [l Gojiee 00b-
€KTUBHOT'O TOHUMaHUs pacnpeaeseHus MIoMaaen JeCHBIX KyJIbTyp PEKOMEHIyeTcs
HCIIOJIb30BAaTh KYMYJSITUBHYIO KPUBYIO M MEIMAaHy B Kaue€CTBE MEPbI LIEHTPAIbHON
TEHICHIINU.

B npouecce cOopa n 00pabOTKM TOJIEBBIX JaHHBIX O Jiecax OBLIM yUYTCHBI
TpeOoBaHwMsI, N3NIOKEHHBIC B «JlecoycTpoutenbHbIX HHCTpYKIuax» 2011 u 2018 rr.
B HoBoI1 «JlecoycTpoutenbHoit HHCTpYKIM» 2022 T. cofepKarcss He3HaUNTENIbHbIE
N3MEHEHUS B METOIUKE ONIPEENICHNS KOJIMUECTBEHHBIX U KAUECTBEHHBIX XapaKTepH-
CTHK JIECHBIX HacaxaeHui. OHaKO JaHHbIE U3MEHEHNs HE OKa3bIBAIOT CYIECTBEH-
HOTO BIIMSIHUS HA HAJECKHOCTD aHAJIN3a, BBIITOJTHEHHOTO HAa OCHOBE JIECOYCTPOUTEIb-
HBIX 0a3 JaHHbIX (prka3 Munmnpupozas PO ot 05.08.2022 Ne 510 «O6 yTBepKaeHIH
JlecoycTponTenbHOM HHCTPYKIUNY).

ITo marepuanam jecoycTpoicTBa OLeHeHa 3(PPEKTUBHOCTD JIECOKYIBTYPHOIO
MPOM3BO/ICTBA HA BCEH paccMaTprUBaeMOl TEPPUTOPUH U BBISBICHBI (DaKTOPHI pHCKa
IUIs ycrexa HCKYCCTBEHHOTO JIECOBOCCTAHOBJICHUSI.

B nenax obecrieueHuss TOUYHOCTH M HA/ICKHOCTH XapaKTEPUCTUKHA COCTOSHUS
HCKYCCTBEHHBIX HaCaXJCHUH M HECOMKHYBILIUXCS JIECHBIX KYJIBTYp pacueT W aHa-
JIM3 KOJIMUECTBEHHBIX M KAY€CTBECHHBIX II0KA3aTeIel MPOBOAMIN HA OCHOBE AAHHBIX
JIECOYCTPOMCTBAa HA HAYaJ0 W KOHEIl PeBU3MOHHOTO MEpPUOa. DTU JAaHHEIC, TONY-
yernble n3 cuctembl AISPOL, poxoaniy o0si3aTenbHy 0 BeprupUKAIUIO TyTEM CO-
MTOCTaBIJIEHUS C TPOEKTHON JOKyMEHTAaIlMel IECHUYECTB U JIECHBIX y4acTKoB [14].

[IpennoxeHHbIE MOAXO/BI K OLIEHKE COCTOSHUSA JIECHBIX KYJIBTYP COOTBETCTBY-
0T ICHCTBYIOIIMM HOPMAaTHBHO-IIPABOBBIM aKTaM B c(hepe JecoyCTponCcTBa U oXpa-
HBI JIECOB, @ TaK)K€ OCHOBHBIM MPHUHLUIIAM BEJICHHS JIECHOTO XO3SHCTBA, YCTAaHOB-
JeHHBIM «JlecHBIM KonekcoM PDy.
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Pezynomamot uccnedosanuss u ux oocyxcoenue

B nacrosmiee Bpemst olleHKa JIECHBIX KYJIBTYp MpPHU TaKCcallud U MHBEHTApH-
3allUM JIECOB BBIMOJHSIETCS B COOTBETCTBUHU C JICHCTBYIOLIMMH HOPMaTHBHO-TIpa-
BOBBIMU akTamu. OJIHAKO aHAIW3 HOPMAaTHBHO-CIPABOYHON MH(OPMAIIUN BBISTBUI
HEIOCTAaTOK KPUTEpUEB il 0ObEKTUBHON XapaKTEPUCTUKNA COMKHYBILIUXCS JIECHBIX
KyJIBTYp B IIPOLIECCE TAKCALIUK JIECOB. B uacTHOCTH, OMMCaHKE JIECHBIX KYJIBTYD, BbI-
MOJTHEHHOE B XOJ€ JIECOYCTPOICTBa, PEACTaBICHO B 0a3e NaHHBIX B BUAE aTpuOy-
TUBHOM MH(popManuu. ITa MHGOPMALUS, XPAHSILASLCS B JOMOJHUTEIbHBIX HOJAX,
Knaccupunupyercs 1mo 4 xareropusiM. Takasi Tpajamus MPOBOJUTCS M0 aHAJIOTHU
C OLIEHKOW ITPMKMBAEMOCTH HECOMKHYBIIMXCSI JIECHBIX KYJIBTYP, TOAPa3AEISIOIINXCS
Ha xoporue (IprKuBaeMocTs 0omee 85 %, He TpeOyeT JOMOTHEHMS), YIOBIETBOPH-
tenbHbIe (50-85 %), HeymoBneTBopuTeabHbIE (25—50 %) 1 norudiue (menee 25 %),
M OTpaKaeTcsi B MTOTaX €XEeTOAHON MHBEeHTapu3auu (mpuka3 MuHnpupoast PO
ot 04.12.2020 Ne 1014 «O6 ytBepxnaenuu llpaBuin necoBoccTaHOBIEHUS, COCTaBa
MIPOEKTa JIECOBOCCTAHOBJICHHSI, OPsIIKA pa3pabOTKU IPOEKTA JIECOBOCCTAHOBIICHHUS
Y BHECEHHUS B HETO M3MEHEHWi»), mpoBoanmMoii B cootBeTcTBHH ¢ OCT 56-99-93
«Kynberypsl necubie. Onenka kadectBay. [Ipu 3ToM HE0OXOANMO OTMETUTB, UTO TPH-
BE/ICHHBIC TPaJlaliui HE 3aKPeIIeHbl HOPMaTUBHO-IIPABOBBIMU AKTaMHM, & yIIOMHUHA-
Hue o 1-if u 2-i KaTeropusx JIECHBIX KYJIBTYp SIBJISETCS 4aCcThIO KOMIUIEKCHOM OleH-
KU C IPUCBOCHUEM 1-1 KaTErOpuH CIUIOLIHBIM JIECHBIM KYJIbTYPaM, PHKUBAEMOCTh
KOTOPBIX cocTaBisieT ooiee 80 %.

Tak»xe cyniecTByeT METOJIMKA OLEHKH JIECHBIX KYJIBTYp BCEX BO3PACTOB, CO-
neprkaascs B « TeXHUUECKHUX yKa3aHUSIX M0 MPOBEACHUIO MHBEHTAPU3ALUH JIeC-
HBIX KYyJIbTYp, 3alIUTHBIX JIECHBIX HAacaXJ€HWH, MUTOMHHUKOB, IUIOLIaeH C Mpo-
BEJACHHBIMH MEpaMH COACHCTBUSI €CTECTBEHHOMY BO300OHOBJICHMIO JIECA M BBOLY
MOJIOJTHSIKOB B KaT€TOPHUIO IIEHHBIX APEBECHBIX HacaxacHU» ot 1989 1., kotopas
OCHOBBIBAaeTCs Ha pacyeTe KOMOMHHUPOBAHHBIX KO3()(OULIMEHTOB KayecTBa JIECHBIX
KyJIbTYp, YUYUTBIBAEMBIX 110 PErMOHAJIbHBIM HOPMAaTHBAM KOJIMYECTBEHHBIX I10Ka-
3aTesiell STATOHHBIX HACAKACHUHN, pasHUIE PaKTHUECKUX U STAJOHHBIX BBHICOT [3]
M IMaMeTpoB [5] MCKYCCTBEHHBIX HAaCaXKICHUH M €CTECTBEHHOTO BO30OHOBICHUS
B HUX. OTMETHM, YTO JAaHHYIO METOJAMKY HEBO3MOXXHO HMPUMEHHTH ISl OLEHKH
KauecTBa KOMOMHUPOBAHHOTO JIECOBOCCTAHOBJICHHUS, CAXKCHIIEB C 3aKPBITOM KOp-
HeBO# crcteMoii [13] ¢ yMeHBIIIEHHBIM KOJIMYECTBOM MOCAIOYHBIX MECT Ha JIECO-
KyJBTYpHOM TUIOIIA/H, a TAKKE IPU OTCYTCTBUHM PETHOHAIBLHBIX HOPMAaTHBOB M OC-
HOBHBIX TTOJIOKCHUH BEICHHS JIECHOTO XO3SMCTBA IO CYOBEKTaM CTpaHbl. Takum
o0pa3oM, B HacTosilee BpeMsl HET OOLIETPUHATOrO Crocoda OIEHKH COCTOSHUS
COMKHYBIIMXCSI JIECHBIX KYJIBTYP M JIECHBIX KYJIBTYP BCEX BO3PACTOB, 3aJI0KEHHBIX
KOMOMHHPOBaHHBIM criocooom [10].

B cooTrBercTBHM ¢ JEHCTBYIOIIEH JIECOYCTPOMTENBHOW WMHCTPYKIUEH,
ONpEeIeHHEe OTHOCUTEIbHON MOJIHOTHl B MOJOIHSIKAX M JIECHBIX KYJIbTYypax co
cpelnHel BBICOTON MeHee 4 M OCYIIECTBISIETCS IO COOTHOLIECHUIO PaKTHUECKOTO
KOJINYECTBA ACPEBHEB U HOPMATHUBHOTO C YCIOBHEM, YTO NpH noaHote 1,0 momxk-
HO ObITh 9600 1mIT./Ta XBOWHBIX JepeBbeB Wik 11 900 mIT./Ta MATKONTUCTBEHHBIX.
OHOBPEMEHHO € 3TUM IIpaBHJIaMU JIECOBOCCTAHOBIIEHHUS pPEINIAMEHTUPYETCS I1e-
PEBOJL JIECHBIX KYyJbTYP B IOKPBITYIO JIECOM ILIOLIAJbL CO CPEAHEH BBICOTON Ha-
caxaenuit 0,8 M B Bo3pacTe 7 JET U NPU KOJIUYECTBE AepeBbeB 1,7 ThIC. WIT./Ta,
YTO COOTBETCTBYET TPEOOBAHUIO TEX K€ MPABMJII K I0CAIKE CAXKEHIIEB C 3aKPBITON
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KOPHEBOU CHCTEMOH, KOT/Ia KOJTUYECTBO BHICAXKUBAEMBIX PACTEHHH JOIKHO OBITH
He MeHee 2,0 Teic. mT./ra. OTCroa ClIeIyeT, YTO JIECCHBIC KYJIbTYPhI, IEPEBEICH-
HbI€ B MOKPBITHIE JIECHONH PACTUTEIBHOCTBIO 3€MJIH, C MPUKUBAEMOCTbIO 85 %
1 OIIEHKOH «XOpOIINe» MPH HAINYUU €CTECTBEHHOTO BO30OHOBICHUS OYIyT CUH-
TaThCS MOTHOMIMMU, T. K. ©X OTHOCUTEIbHAS ITOJTHOTA cocTaBisieT MeHee 0,2 mpu
MHUHUMAJIbHON OTHOCHUTEIBHOM MOJHOTE MOJOIHSIKOB JJISI OTHECEHUSI K MOKPHI-
TBIM JIECHOU pacTUTENbHOCTHIO 3eMiisiM 0,4.

[Ipu 5TOM MCKYyCCTBEHHBIMH HACAXACHUSIMH, CONIACHO JIECOYCTPOUTEIbHOU
WHCTPYKITUH, CUUTAIOTCS JIPEBOCTOU C IMPeoOdiialaHueM JIPEBECHBIX MOPOJ] HCKYyC-
CTBEHHOTO IMPOUCXOKIICHUS TI0 3amacy sipyca ApeBOCTOs. Takoil momxom K OIeHKe
JISCHBIX KYJIBTYpP IMPUPABHUBACT KOMOMHUPOBAHHBIC JICCHBIC KYJIBTYPbhI K TOTHOIIUM
WJI B JIYYILEM CIy4yae HEyIOBIECTBOPUTEIbHBIM.

Ecau npu olieHKe JIECHBIX KYJIBTYpP PYKOBOJCTBOBATHCS TOJIBKO JIECOYCTPOU-
TEeTLHON MHCTPYKIMEH, MOYKET BO3HUKHYTH HEOTHO3HAYHOCTh B UX ONMMCAHWUH. Tak,
MIPU PA3HUIIE CPEITHUX BBICOT JIECHBIX KYJABTYP U €CTECTBEHHOTO BO30OHOBIICHHS ME-
Hee 3 M BECh JAPEBOCTOM TAKCHPYETCsl KaK OJUH SIPYC U MO pPa3HHULIEC B KOJIUYECTBE
JIepeBbEB OyIeT OTHECEH K HEeYJIOBIETBOPUTEIHHBIM MM MOTHOIINUM JIECHBIM KYIIb-
TypaM, T. K. JIECHBIMHU KYJIbTYPAMH CUUTAIOT TOJBKO IPEBOCTOU C YUACTUEM BJIEMEH-
TOB JIeCa UCKYCCTBEHHOTO IIPOUCXOXKIEHUS ¢ 5 ex. [lpu pasHuie cpeqHux BBICOT OT
3 10 6 M SIpyC JIECHBIX KYIBTYP TaKCHUPYETCs OTIEIBHO U CTaBUTCS B OMKCAHUU HA
1-e MecTo, a OIIeHKa KaueCTBa UCKYCCTBEHHOTO JIECOBOCCTAHOBIICHUS TPOU3BOIUTCS
TOIBKO C y49eTOM (haKTHYEeCKON MPIKUBAEMOCTH. B TaknX cilydasx JIeCHbIE KYJIbTY-
PBI TEHEBBIHOCIIMBBIX JIPEBECHBIX TIOPOJ MOTYT KIacCH(UIIMPOBATHCA KaK XOPOIITHE
WM YIOBJICTBOPUTEIbHBIC. [IpU pasHulle CpeHUX BBICOT JIPEBOCTOEB OoJiee 6 M Ha
1-e MecTo CTaBUTCSI SIPYC €CTECTBEHHOTO BO30OHOBIICHUS, @ KATETOPUIO 3eMEIb pe-
KOMEH/IYIOT YKa3bIBaTh KaK HACAKICHUE €CTECTBEHHOTO IIPOUCXOKICHUS C JIECHBIMU
KYJIBTYpaMHU MOJ [TOJIOTOM, a C YYETOM IIPHUKUBAEMOCTH TOJIBKO YTHETEHHBIX JIECHBIX
KYJIBTYP CTaBUTCS TIOJIOKUTETbHAS OIICHKA.

[IpaBunamMu 1€COBOCCTAHOBICHUS PETIAMEHTUPYIOTCS TOMOIHEHUS, arpo-
TEeXHUYECKUE U JIECOBOJCTBCHHBIC YXOJbl 32 HECOMKHYBIIUMCS JICCHBIMU KYJIb-
TypaMH, HO TIOCJIE IEPEBOJA HACAXKACHUS B MOKPBITYIO JE€COM IJIOIIa[b BCTyIa-
0T B CHJIy TIpaBHJIa yXxoja 3a Jiecamu (mpuka3z Muanpuponst PO or 30.07.2020
Ne 534 «O0 yrBepxaenuu [IpaBui yxoza 3a jjecaMuy ), Ipeanoiararnme mpoek-
THPOBaHHUE PYOOK OCBETICHUS U MPOYUCTOK IO KPUTEPUIO OTHOCUTEIBHOHN MOJI-
HOTHI ¢ 0,8 ex.

[TomyuaeTcst, 4To TUTAHWPOBaHUE PyOOK yXO/1a B UCKYCCTBEHHBIX HACAKICHHSIX
HA4YMHAETCS TOJILKO TIOCIIC MTPOBEICHUS TAKCAIIMH JIECHBIX HACAKICHUHN U TIPU KOJIU-
YECTBEHHOM COOTHOIIICHHUH JICCHBIX KYJIBTYP M €CTECTBEHHOTO BO300HOBICH S | : 4,
KOT/Ia 3arilylICeHHE JTUCTBEHHBIMH MOPOAAMH YK€ MPOU30ILI0, a KATeTOPHUs 3eMelb
KIJIACCU(HUIUPYETCS B JIyUIIEM cydae Kak HaCcaKJeHHE C JIeCHBIMHU KyIbTypamu. Ta-
KO€ MIPOTHBOPEYHE MPH MPOSKTUPOBAHIH PYOOK yXO/1a B MOJIOIHAKAX YCHIINBAET TO,
4T0 00BEM MEPOIPUITHI 10 COXPAHCHHIO JICCOB B YaCTH YXOJOB 32 MOJIOIHSIKAMH
MIPU CO3/IaHUU MPOECKTHON TOKYMEHTAIIUH BCeX ypOoBHEH pacnpezensercs Ha 10 ner,
T. K. O4epPEIHOCTH pyOOK yXoja ObLIa ynpa3qHeHa IeHCTBYONMMHE PaBUIaMH YXO0/1a
3a JIECOM.

B Hacrosiiiee BpeMst Ipu OIIEHKE COCTOSHUS JICCHBIX KYJIBTYP TOIB3YIOTCS Pe-
koMeHaanusmMu OI'BY «Pocnecundopr» (tadm. 1).
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Ta6uuma 1

OueHka cOCTOSIHASA JIECHBIX KYJIbTYP coriiacHO ykazaHusM ®I'BY «Pocaecundopr»
The assessment of the condition of forest crops according to the instructions
of the Federal State Budgetary Institution “Roslesinforg”

HecomknyBImecs CoMKHYBILIECS

CocrosiHuE JIECHBIX KYJIBTYD OTHOCHTENBHAs MTOJTHOTa 0€3 TPUMEcH,

[MpmwxuBaemocTs, %

0,1 ex.
Xoportiee 81-100 0,8-1,0
YIOBIETBOPUTEIEHOE 25-80 0,6-0,7

0,4-0,5 — MONOTHSIKH
0,3-0,5 — cpeaHeBO3pacTHbIE
U crapuie
0,3 1 MEHbIIIE — MOJIOTHSIKHU
[Toru6ime 24 u MeHee 0,2 1 MeHblIIe — CPeTHEBO3PACTHEIE
U cTapiue

JIro0ast ¢ OTKIIOHEHHEM

HCyZ[OBHCTBOpI/ITGHLHOC
OT TEXHOJIOTNH

B cooTBeTCcTBUM ¢ TAaHHON PEKOMEHIALUENH K XOPOIIMM U YIOBIETBOPUTENb-
HBIM HECOMKHYBIIUMCSI JIECHBIM KYJIBTYPaM MOTYT OBbITh OTHECEHBI YYaCTKH, TPeOy-
foume fonogHeHus. OTMETUM, 4TO, COINIACHO IIPABMIIaM JIECOBOCCTAHOBJICHUS, Ta-
Kasl OLIEHKa MOKET MOBJIHUATh HA OTCYTCTBHE NMPOEKTHPOBAHUS JIECOX03IHCTBEHHBIX
MEPONPUATUH.

Hannuue comxnyToro sapyca (rmonxora 0,4 u 0osnee) eCTeCTBEHHOTO BO30OHOB-
JICHUs] B HECOMKHYBIINXCS JECHBIX KYJIBTYpax HE BO3JIEMCTBYET Ha XapaKTEPUCTUKY
IIPH JIECOYCTPOUCTBE CaMUX JIECHBIX KYNIBTYp, XOTS JJISl UX BBDKMBAHHA B TAKUX yC-
JIOBUSIX M JUIS pEIICHUs 3a]1a4 HOBBILICHHUS TPOJYKTUBHOCTH JIeCOB 1 3 (HEeKTHBHO-
CTH JICTIOHMPOBAaHMSI U KOHCEpBalMM yriepona [16] HeoOXoaumMo MpoeKTHPOBaHHE
arpoTeXHUYECKHUX M JIECOBOJICTBEHHBIX YXOIOB OOJbILCH HHTEHCUBHOCTH [7].

Ha mpaktuke oTHOCHTENIbHASI TOJHOTA JIECHBIX KYJIBTYp 0€3 IPUMECH Paccuu-

TBIBACTCS TI0 CIIEAYIOMEeH (hopmyIre:
n

m
D ks> b
PJ‘[K: Jj=1 101—1
rae P,, — oTHOCHTENIbHAS MTOTHOTA JIECHBIX KYIBTYP, €1.; # — YUCIIO AIIEMEHTOB Jieca
spyca, €1.; m — YUCJI0 dJEMEHTOB JIEca HCKyCCTBEHHOTO IPOUCXMKIECHUS sApyca, e11.;

b

m
st ; — cymma k03¢ pHIIMEHTOB cocTaBa AIIEMEHTOB JieCca UCKYCCTBEHHOTO MPOKC-
Jj=1 n
xoknenus, j = 1,2, 3...m, en.; ZPi — o0I11ast OTHOCHUTEIbHAS TIOJIHOTA sApyca, [ = 1,
2,3...n, ex. i=l
Takum 00pa3zoM, K XOPOIIUM JIECHBIM KYJIETYPaM 3a4acTyH0 MOTYT ObITh OTHE-
CEHBI TOJIBKO TEPEryIIeHHbIE MOHOKYIBTYPBI, TPEOYOIINe MPOBENCHHS PYOOK YXO-
Ja. XoTs ¢ TOUKH 3pEeHUs MPO(UIAKTUKY JICCHBIX TI0XKAPOB U YIIYUIIICHUS [T0KAPOY-
CTOWYHMBOCTH JIECHBIX HACAX/ICHUH MPUMECH JTMCTBEHHBIX IMOPOJT HeoOxomuma [6, 9].
JlanHbIe pa3nuuus B HOPMATHBHON 0a3e M METOMWKAX OICHKH COCTOSHUS
JISCHBIX KYJIBTYP OOYCJIOBJIMBAIOT HEOCTATOYHOCTh KOHTPOJIS, HECBOCBPEMEHHOCTh
Y HU3KOE KaueCTBO BBITIOTHEHUS MEPOTIPHUATHH 10 COXPaHEHUIO HCKYCCTBEHHBIX Ha-
caxxaeHuil. [Ipu 5ToM MeTOIMKA ¥ KPUTEPUH OIEHKU MOKPBITHIX JIECOM 3€MENb UC-
KyCCTBEHHOTO MTPOUCXOXKICHUS HE PETJIAMEHTHPOBAHBI.
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B coorBeTcTBUM C NEHCTBYIOUINM JIECHBIM 3aKOHOAATEIbCTBOM, BECh KOM-
IUIEKC MEPONPUATHI MO COXPAHEHUIO JIECOB B JIECHUYECTBE WM Ha apeHJOBAHHOM
Y4acTKe Ha3HAYaeTCsl U BBIIOJIHACTCS C MUHUMAJIbHBIMH CPOKAMHU B T€UEHHE PEBU-
3MOHHOTO MEPUOAA, ¢ 0053aTEIBHBIM KOHTPOJIEM U TIPUEMKON ITPOEKTHPYEMBIX MEPO-
MIPHUSATHAN OpTaHaMU HCTIOHUTENLHON BiacTh cyobekTa demeparum.

B Tab:n1. 2 npuBeneHbl pe3yabTaThl JIECOKYIETYPHOTO TPOM3BO/ICTBA HA JIECHOM
yuacTke miaomaneto 34 441 ra, pacnonokeHHOM Ha Tepputopur Mapu-Typekckoro
necHnyectBa Pecrybmuku Mapwuit O,

Tabnuua 2

CocTosiHue JIECHBIX KYJIBTYP Ha JlecHOM y4yacTke Mapu-Typekckoro JiecHu4ecTBa
Pecny6auku Mapuii i
The condition of forest crops in the forest area of the Mari-Tureksky Forestry
of the Republic of Mari El

[1n0omane eCHBIX KyIbTYp pa3HOro COCTOSIHUSA, Ta [Toru6-
Ipeobina- IMorn6-
Jarorast xopouiee YAOBACTBOPH- | HEYAOBICTBOPH= | - org | yrroro | mme HH/IJI;Ii
TEIJIIBHOC TEJIBHOC )
nopoza JIK, ra
JK |[HAK| JK |HUIK | JK | HJIK | JIK | HJIK ra
Kynomypol pesusuonnoeo nepuooa
Eib 1,7 [ 17,0 344 | 481 | 09 | 7.1 | 370 | 72,2 0 0
Juetsen-| 139 | g 215 | o 0 0 | 254 o0 0
HHUIIA
CocHa 50 | 182 3.8 | 552 | 85 1,1 | 173 | 74,5 0 0
Hmozo| 6,7 [39,1] 382 |1248| 94 | 82 | 543 |172,1| 0 0
Kynemyper cmapuiux 603pacmos
Enb 1212 | 0 |533,7] 0 [3463| 0 [10012] © 51,7 0
Jmetsen-| g | 27 | o [ 95 | o | 233 | o0 0 0
HHUIIA
CocHa 9422 | 0 |1400,8] 0 |6675| 0 |30105| 0O 17,2 0
Torons 5.9 0 55 0 0 0 11,4 0 0 0
Hmoz0|1080,4| 0 [19427| 0 [1023,3| 0 |40464| 0 68,9 0
Bcezo | 1087,1| 39,1 [1980,9| 124,8 | 1032,7| 8.2 |4100,7| 172,1 | 68,9 0
Kpome moeo, nacasxcoenue c necnvimu Kynomypamu™
Bepesa 0 0 0 0 4,3 0 4,3 0 |2256,1| 0
Usa 0 0 0 0 0 0 0 0 0,6 0
Kuen 0 0 0 0 0 0 0 0 7.3 0
JIuma 0 0 0 0 0 0 0 0 |9870| 0
Ombxa o o o | o] o | o]l o o | 19| o
cepasd
OcuHa 0 0 0 0 0 0 0 0 |7445| 0
Hmozo| 0 0 0 0 43 0 43 0 |4007,4| ©
Beezo | 1087,1 | 39,1 [1980,9| 124,8 | 1037,0| 8.2 |4105,0| 172,1 |4076,3| 0
Bcezo cozoano 83534

[Mpumeuanue: JIK — necHbie kynsrypbl; H/JIK — HECOMKHYBIIHECS JIECHBIE KYJIBTYphl;, * — B T.4. KyJb-
TYpbI IOJ] [10JIOTOM JIECA.

OneHka COCTOSTHUS JIECHBIX KYJIBTYP BBITIOIHEHA 110 MaTepuaiaM JIECOyCTPOH-
ctBa 2016 1. BeIsIBIIEHO, UTO OCHOBHOE ITPOM3BOJICTBO JICCHBIX KYJIBTYP OCYIIICCTBIIS-
soch B 1980-2010-x rT. neiicTBOBaBIIMM B TO BpeMs JiecIIpoMxo30M. 84,2 % JeCHBIX
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KyJIbTyp OBUIM CO3/IaHBl B JIMITOBO-KMCIMYHUKOBOM U JIMIIOBO-IITMPOKOTPABHOM TH-
ax Jieca, KOTOpble NPU3HAaHbl Hanbosee IPOU3BOIUTEIbHBIMU. [Ipu 3TOM pacmpo-
CTPaHEHHBIMHU THUIIAMH JIECOPACTUTENIbHBIX YCIOBHUH SIBISIOTCS CyOOpH M CypaMeHH,
3anumatonue 90,1 % miomanan Beex JIECHbIX KyabTyp. Clieayer OTMETUTh, YTO Xa-
PaKTEpPUCTHKH JIECHBIX KYJIBTYp Ta01. 2 COOTBETCTBYIOT JAHHBIM ITPOEKTOB OCBOCHHUS
JIECOB, MPOMIEIINX TOCYAAPCTBEHHYIO 3KcnepTusy B 2018 .

B Hacrosmee Bpemss B Mapu-TypeKkCKOM JIECHUYECTBE W3 YYTEHHBIX JIEC-
HBIX KyJIBTYp Pa3HOIO BO3pacTa Ha MCCIEAYEeMOM JIECHOM ydacTke Tonbko 36,0 %
HACaXXJICHNI MMEIOT YCTOMYMBBIN TOJOKUTEIBHBIA JECOKYIbTYpHBIH 3ddext. [lo-
ruOIINe JIECHBIE KYJIBTYPbl B OCHOBHOM IPEACTaBICHbI HCKYCCTBEHHBIMH Hacaxkie-
HUSAMU end. [TTaBHOW NMPUUYMHON OTMajga TaKuX HacaXJEeHUH SBISIETCS OTCYTCTBHE
WJIM HECBOEBPEMEHHOCTH YXO0/1a, YTO MPUBOIUT K 3aITYLICHUIO MATKOJIHUCTBEHHBIMH
mopojamMu. DTO CBsI3aHO ¢ OoJiee HU3KUMU WHTEHCUBHOCTBIO POCTa Ha CTAJUH CMBbI-
KaHMsI KPOH 1 001LEeH KOHKYPEHTOCIOCOOHOCTBIO Y MICKYCCTBEHHBIX IPEBOCTOEB €N,
4YeM y CBETVIOXBOWHBIX Topox [17]. Bce mpuunHbI rrlenu JecHBIX KylIbTyp (Ta) Ha
yuactke B Mapu-Typekckom necandectse Pecybnuku Mapwuit On (mo matepuanam
necoycTtporictBa 2016 T.) IepeunCIICHBI HIKE:

3 Y () ¥ 1 557 (= 4,5
1338 (0 3 0.1 21 (= F 40,1
3armynieHne MSTKOTHCTBEHHBIMHI TTOPOMAME. . .. . euene ettt eneeeeneeneateneeneaneneenennen 4040,3
HemocTarouHass HHTEHCUBHOCTD PYOOK YXOIA. ... .vusntnnenteneneeneanenneneaneneneanennanenns 6,0
HeOmaronpusaTHBIE KIMMATHUECKUE YCTOBHS . ... uuneneteneeneeenteteaeaneaneaeeneanenaanens 22,9
Be3 YKABAHMS TIPHUMH. .. ...ttt et ettt et e et et et e e eaeaas 1007,7
Bcero morun0mmx M HEyAOBIETBOPUTETBHBIX JIECHBIX KYITBTYP. e ueureneanennaneanennnn 5121,5

ITo mpoekram OCBOEHHMSI JIECOB Ha apeHIHBIX ydJacTKax, oOuias IIomais uc-
KYCCTBEHHBIX HaCaKJIeHUI cokpatuiach Ha 1836,9 ra mo cpaBHEHUIO ¢ JOroOBOpaMu
apeH[Ibl JIecHbIX ydacTkoB 2008 I., mpU4YeM MacCOBBIX JIECHBIX MOKapOB HE MPOUC-
xonwio. Haumnnas ¢ 1921 1. o01ias riomaas Co3aHHbIX JIECHBIX KYJIBTYP Ha Jiec-
HOM ydacTke cocTaBisuia 8353,4 ra u3 HuX 3a 3TOT nepuoy norudno 4076,3 ra, win
48,8 %. IlockonbKy JIeCHOM yuacToK ObLT niepean B apeHay B 2008 1., MOXKHO 3aKITo-
YUTh, YTO NPOOIeMa I'HOeH JECHBIX KYJIbTYp B JIECHUYECTBE CYIIECTBOBAIA yXKE 11O
YKa3aHHOTO TOfa.

TenaeHIMs COKpalleHHUs TEPPUTOPUU HMCKYCCTBEHHBIX HACAKACHUN TaKkKe
MOATBEepXkAaeTcs Ha ypoBHe cyobekTa Denepannu. Tak, Mo JaHHBIM JIECHOTO IJIaHa
Pecny6nuku Mapuit O ot 2012 1, ¢ 1921 mo 1992 1. 66u10 coznano 429,5 Teic. Ta
JIECHBIX KYJIBTYpP, U3 KOTOPBIX COXPAaHUIOCHh M YUTEHO JIECOyCTpOHCTBOM 244,9 THIC.
ra (pacnopsbkenne rinaBbl PecryOmmku Mapuit Om ot 16.10.2012 Ne 309-pr «O06
yrBepkaeHuu JlecHoro mnana PecmyOnuku Mapuit Om»). OTmeuaercsi, 4To IpHYH-
HaMM THOENH cTaiu moxkapel 1972 r., yacTUYHOE 3aTOIUICHHE TEPPUTOPUHU B CBSZU
C MOBBIIIICHHEM ypoBHsI UeOOKCapCKOH THAPOIIEKTPOCTAHIINY U 3aMTyIIEHHE MSTKO-
JUCTBEHHBIMH MTopofamu. B Pecrry6nuke Mapwuii D1, 110 JaHHBIM roCyIapCTBEHHOTO
nmecHoro peectpa (dhopma Ne 1), 3a mepuox ¢ 2008 o 2019 1. 3HAUNTETHHO COKpaATH-
JIach IUIOUIA/1b COMKHYBLIUXCS JIECHBIX KyAbTyp — ¢ 224,0 no 202,2 ThIC. Ta.

PaccmoTpuM oLieHKY COCTOSHUS JIECHBIX KYNBTYp B benoperkom yuacTkoBoM
necHuuectse [1a3oBckoro necunvectsa Pecnyonuku Yamypruu (tadu. 3). C 70-x rr.
Ha JAHHOHM TEPPUTOPUH IEHCTBOBAI JIECTIPOMXO03, KOTOPBIN 3ar0TaBINBAI JPEBECUHY
METO/IOM KOHIIEHTPHUPOBAHHBIX pyOOK M BOCCTaHABIMBAJ BBIPYOKH IPEUMYIIECTBEH-
HO JIECHBIMU KYJIbTypaMH €JIu.
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TabGuuna 3

Cocrosinue jJecHbIX KyJIbTYp besnopenkoro yuactkoBoro jgecuudectsa [1a3oBckoro
JecHn4ecTBa PecmyGimnkn Yamyprun
The condition of forest crops of the Beloretsky District Forestry of the Glazovsky
Forestry of the Republic of Udmurtia

[T01aab JIECHBIX KYJIBTYp pa3HOrO COCTOSIHUS, Ta
IIpeoGina- Tloru6- | Iloru6-

YAOBJIETBOPHU- | HEYIOBJIETBO-
Jaroniast Xopo1iee UTOTO HUTOTO e mue

TCJIBHOC PUTEIIBHOC
rnopoja JIK H/JIK | JIK,ra | H/JIK, ra
P JK |HUIK| JK [HAIK| JIK [H/JIK

Kynomypor peusuonnoeo nepuooa
Em | 49 [865] 91,8 [970] 0 |60 97 [185] 0o | o0
Kynemypwr cmapuiux 6o3pacmos

b 221 0 |4548] 0 ] 0 | 0 | 4670 o 0 0
Cocna | 883 | 0 | 4463 | 0 | 0 | 0 | 5346 | 0 0 0
Hmoz0|1005] 0 | 9011 ] 0 | 0 | 0 |1001.6] 0 0 0
Beezo| 1054 ] 86,5 | 992.9 | 97.0 | 0 | 6.0 | 10983 | 1895 | 0 0
Kpome mozo, Kynomypst noo nonozom neca
Bepesa | 0 | 0 | 0 | 0 [1543] 0 | 1543 ] 0 | 150 0
Ocma | 0 | 0 ] 0 | 0 | 48] 0| 48 | o 0 0
Hmozo| 0 | 0 | 0 | 0 |159.0] 0 | 1590 | 0 | 150 0
Kpome mozo, nacasicoenue ¢ 1ecHblMU KyTbmypamil
Bepesa | 0 | 0 | 0 | 0 |42] 0 | 42 | 0 |47532] 0
Emb oo o Jolo ol o 0 | 450 0
Vsa oo o oo ol o 0 | 17 0
Tuna ool o oo ol o 0 | 3833 0
gef;’a’;a ool o ol ool o 0 13 0
Omma | 0 ] 0] 0 | 0] 0] 0] o 0 | 7974 | o
dmozo| 0 | 0 | 0 | 0 | 421 0 | 42 | 0 |59819] o0
Beezo| 1054 | 86.5 | 992.9 | 97.0 | 1633 | 6.0 | 1261.6 | 189.5 | 59969 | 0
Bcezo cozoano 7448

[Mpumeuanue: YcioBHbIE 0003HAUYSHHUS — CM. Ta0OI. 2.

[lo 3aBepieHNH 3arOTOBKU APEBECUHBI HA TEPPUTOPHH JICCHUYECTBA JIECHOM
(OH/I B OCHOBHOM IPECTABICH HACAKICHUSIMHI MSATKOJIMCTBEHHBIX TIOPOJI CPETHETO
Bo3pacTa. B 1985 1. 010 mpunsATO perenue o popmupoanun CeBepHOTo rocyaap-
CTBEHHOTO OXOTHHYbEr0 KOMIUIEKCHOTO 3aKa3HMKA, B PE3YyJIbTaTe YEro CO3JaHHBIC
JIECHBIC KYJIBTYPhl OCTAINCH 0€3 yNPaBICHHS CO CTOPOHBI KAaKOTO-THOO0 XO3SHCTBY-
foutero cyobekra. Ha 3emisix jJecHHYecTBa MCKYCTBEHHbBIE HACaKACHUSI CO3/1aHbI
B CBEXKMX M BIAXKHBIX AyOpaBax (19,2 %), a Takke B CBEKHX U BIAKHBIX CIOKHBIX
cyoopsx (75,3 %). Haubonee pacnpocTpaHeHHBIMH THUIIAMH JIeca, I BCTPEUAIOT-
Cs1 HACAKJCHHS NCKYCCTBEHHOTO IPOMCXOXKICHUS, SIBIISIOTCS €IbHUKH KUCITUYHBIA
u munoBsii (64,1 %), a TakKe CHBITbEBBIN U mHpokoTpaBHelid (30,1 %).

ITo marepuanam yiecoycTpoiicTBa ObUIO BBISBICHO, YTO I0JIsI HOrMOIINX Jiec-
HBIX KyJIbTyp B benopenkoM ydacTkoBoM jecHudecTBe coctaBuia 80,5 %. Takxke
[pY TaKCallUU Jieca B COOTBETCTBUU C JIECOYCTPOUTEIFHON MHCTPYKLHUEH OBbLIN OT-
MEUEHBI JIECHBIE KYJIbTYphl, COXPAHUBIIHECS IO/ ITOJIOTOM JIeca, XOTS M3HAYaIbHO
OHHM CO3/1aBaJINCh HA OTKPBITOM MPOCTPAHCTBE.
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Ananmu3 nHGOpPMAIUKU O JIECHBIX KYJIbTypaX, B T. 4. O HECOMKHYBIIHUXCS, T10-
Ka3aJl, YTO MpHU NEPEBOJE UX B KATETOPHUIO MOKPBITHIX JIECOM 3€MEJb PUYNHBI He-
YIOBJIETBOPUTEJILHOTO COCTOSIHUS M TMOENN TaKUX HACaXIEHUH He (PUKCUPYIOTCS.
dakTopbl, MpUBE/IINE K THOCTH JECHBIX KyIbTyp (ra) B bemopenkom ydacTkoBoM
necHudecTBe [71a30Bckoro snecHuuecTBa PecnyOnuku YaMypTHH, B COOTBETCTBUH
C JIOKyMEHTAIHeH, CIeyIolue:

3antyneHre MArkoJIMCTBEHHBIMU TIOPOJaMu
be3 yKazaHUs HPUUMH. .....oouviniiiiiiie e,
Bcero noru0umx u HeYIOBICTBOPUTEIBHBIX JICCHBIX KYIBTYD .\ vuvvrerrnraneanennenenn. 6166,2

B OonpInHCTBE CilydaeB BbIBICHNE IPUYMH THOEIIHN AEPEBLEB IOCPEACTBOM
TaKcalluy Jieca CTajo HEBO3MOKHBIM M3-3a 3HAUUTEILHOTO BPEMEHHOTO J1ara. Tem
HE MEHee, MOJKHO MPEATONIOKUTh, YTO OTMUPAHHE JIECHBIX KyJIbTYp CBS3aHO C He-
JIOCTAaTOYHOM peanu3anuei JecoX03MCTBEHHbIX MEPOIIPUATHI, HAIIPABJICHHBIX Ha
NoJiep>)KaHue ¥ COXpPaHEHUE HACAKACHUH.

B 10KHO-TaeKHBIX JIecax Ha JIecOCeKax Iociie PyOKH CIENBIX M NepecToii-
HBIX JPEBOCTOEB €CTECTBEHHOE JIECOBOCCTAHOBICHUE MTPOXOAUT YCIEIIHO 3a CUET
JIMCTBEHHBIX IOPOJ BCJICACTBUE IPUPOAHBIX MPOLECCOB — JUIst [71a30BCKOTO JIECHU-
YecTBa 3TO OJAroNpHsTHBIC JIECOPACTUTENILHBIC YCIOBUSI U BBICOKAS JIECUCTOCTh
(6omee 95 %).

CormacHo necHoMy iany Pecrryonuku Yomyptun, ¢ 2008 mo 2018 rT. Takke
MPOM30MIIO YMEHBIICHNE TIOLIAIN MOKPBITHIX JIECOM 3€MeJb JIECHBIX KYIbTYp MO
BceMy JiecHOMY (poHay Ha 68,9 Thic. Ta. (YKa3 miaBel YaMypTckoil PecryOmmku ot
18.02.2019 Ne 17 «O06 ytBepxaenuu JlecHoro muana YaMypTckon PecryOmukmy).

AHann3 COBpPEMEHHBIX HOPMAaTHUBHBIX JIOKYMEHTOB B cepe JIECHOTO XO3sH-
CTBa BBISIBUJI MPOOEINBI B X CTPYKTYpE W COACpPKAHWW. B 4acTHOCTH, OTCYTCTBYET
yHU(UIMPOBaHHAs TadauuHas (opMa Uil MPeCTaBICHUs JaHHBIX O TUIOLIAIN UC-
KyCCTBEHHBIX HAacaXIEHHH 110 KaTeropusim 3emeinb. Kpome Toro, opmsl rocynap-
CTBEHHOTO JIECHOTO peecTpa, JOCTYIHbIE Il 03HAKOMIICHUSI, TPEACTABICHBI HE JUIs
BCEX JIECHUUYECTB.

Bce a0 IMPUBOAUT K HEBO3MOXKXHOCTHU IIPUHATHA pemeHHﬁ opraHamMu MCIIOJI-
HUTEJIBHOM BIACTH B YaCTH MHTCHCU(UKALINH JIECOTIOIb30BaHMS M PEIIaMEHTHPOBA-
HUS1 00BEMOB MEPONPHUATHH 110 COXPAHEHUIO JIECOB.

Takxe CTOUT OTMETUTh, 4YTO Ha JIECHBIX ydyacTkax Mapu-Typekckoro u I'na-
30BCKOTO JIECCHUYECTB OTCYTCTBYIOT ITOTHOIINE HECOMKHYBILIHMECS JIECHBIC KYIbTYPBI.
D10 00yCIIOBJICHO TEM, UYTO B JIECOYCTPOUTEIHLHON MHCTPYKIIMH HET METOIUKU HX
OLICHKH, YTO, B CBOIO OUYepe/ib, AEIaeT HEBO3MOKHBIM 00CII€0BaHNE TaKUX IUIOIIA-
JIeH IpU TaKCalMHK JIeca B COOTBETCTBHUH C IIPABUIIAMU JIECOBOCCTaHOBIEHUs. Kpome
TOT0, HE HAOIOAAETCs CBSA3U B TOKYMEHTOOOOPOTE MEKAY JIECHUYECTBOM U JIECOY-
CTPOMCTBOM B 4acTH yueTa, IEpPeBO/a B IIOKPBITYIO JIECOM IUIOLIAb U OLEHKH He-
COMKHYBIIIUXCS JIECHBIX KYJIBTYP.

CJOXXHOCTh OLIEHKH COCTOSIHUS JIECHBIX KYJBTYP M ONPENEICHUs KaTeropuu
3eMelib 00yCIIOBJICHA MHOYKECTBEHHOH BapHalliell UX TaKCallMOHHON XapaKTeprCTH-
KM Ha Pa3InYHbIX CTAUAX pa3BUTHA ApeBocTos. Tak, B IeHCTBYIOLIEH J1ecOyCTPOu-
TEJIbHOW MHCTPYKLMHU HET YETKUX KPUTEPHEB B3aUMOOOYCIOBICHHOCTH IIPOMCXOXK-
JICHHSI DJIEMEHTA Jieca U KaTerOpUU 3eMellb B TeX CIy4YasiX, KOT/a JIECHbIE KYIbTYphI
(OpMHUPYIOT YTHETEHHBIH SpYC MOA IOJIOTOM MSTKOJIMCTBEHHBIX Hopoa. B secoy-
CTPOUTCIIbHBIX Oasax JAaHHBIX MOXHO BCTPETUTH KaTCTOPUIO 3EMEJIb «KYJIBTYPHI 110/
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TMOJIOTOM JIECay, UTO SIBJISIETCS] HEKOPPEKTHBIM, T. K. JIECHBIE KYJIBTYpPbI H3HAUYAIBHO HE
CO3JaBaJICh O]l ITOJIOTOM 1-TO sipyca, a BO3pacT pa3HbIX SIPyCOB OJMHAKOB. Takue
JIECHBIE KYJIBTYPBI K BO3PACTy CIIEJIOCTH BEPXHETO sipyca, KaKk MPaBHJIO, TIOTHOAIOT,
YTO yXK€ Ha CTaJUH Pa3HUIBI B BHICOTAaX B 6 M JOHKHO HaXOAUTh OTPaKEHUE B UX
OIIEHKE KaK «IOTHOIIHe» 1 (PUKCHPOBATHCS 1O KATErOPUH 3eMeNb KaK «HACAKICHHS
C JICCHBIMHU KYJIbTYpaMu». ,Z[aHHBII‘/'I MeTOIII/I‘IeCKI/Iﬁ IMOAXO0 ONrpacTCsa Ha OTCYTCTBUEC
(hOpMaIIbHBIX TIPU3HAKOB OTHECEHUs K HECOMKHYBIIMMCS JISCHBIM KYJIBTYpaM I10JT
MOJIOTOM Jieca MO BO3PACTHOM CTPYKType COIIACHO MPaBUIIaM JIECOBOCCTAHOBIICHHUS
U SIBHYIO HEOCTaTOYHOCTD 3amaca KyJIbTyp B COOTBETCTBUH C 1. 272 J1ecoycTpou-
TeIbHON MHCTPYKIMH (puka3 Musnmpupoasr PO ot 05.08.2022 Ne 510). Boznuka-
€T PUCK HCOHpaB[IaHHOfI MMOJIOXKUTEIILHOMN OICHKN COCTOSAHWA YTHCTCHHBLIX JICCHBIX
KYJBTYP, T. K. TECHEBBIHOCIIUBBIE BUJIBI MOTYT HMETh BBICOKYIO MTPIKUBAEMOCTB JIaXkKe
0e3 mpoBeaeHHs JOTHKHBIX YXO/I0B.

OIHOBpPEMEHHO € 3THM JIECHBIE KYJNBTYpPbl, M3HAYAJIBHO CO3/1aBacMbIe O]
MTOJIOTOM JIPEBOCTOS, C IENIbI0 TIOBBIMIEHUSI CAaHUTAPHO-TUTHEHNYECKUX (DyHKITHHA
HJIn U3MCHCHUSA COCTaBa U CTPYKTYPBI MAJIOLICHHBLIX W HU3KOIMOJHOTHBIX JICCHBIX
HACaXXJICHUH JTOJKHBI OIIEHUBAThCSI B COOTBETCTBHHU C MPABUIIAMH JIECOBOCCTAHOB-
JICHUS 110 aHAJIOTMUM C HCCOMKHYBIIMMUCS JICCHBIMU KYJIBTYPaMHU. Taxum 06pa30M,
MIOATIONIOTOBBIE JIECHBIE KYJIBTYPBI CIEAYET 00ECIEUNTh BCEM KOMIUIEKCOM YXOJIOB,
MIPEINMCAHHBIM MTPAaBHIIAMH JIECOBOCCTAHOBIICHUS M TPAaBUJIAMH YXONa 3a JECaMH
C KOMOMHUPOBaHUEM MEPOIPHUSATHIA 110 3arOTOBKE JPEBECHHBI ITyTEM MPOEKTHPOBA-
HUS ¥ TIPOBEICHHSI PyOOK, Harpumep, nepedhopMupoBaHHsL.

MeTOI[I/IKa OLICHKH JICCHBIX KYJIBTYpP, CO3JaHHBIX KOM6I/IHI/IpOBaHHBIM CITIOCO-
OOM Ha YacTH JICCOKYJIBTYPHOH IUIOMIA/IN, TAKKe HE PerNIaMEHTHPOBaHA TIPH JIeCO-
yctpoiictBe. Cormacao OCT 56-99-93, Takue necHble KyJabTyphl OTHOCSTCS KO 2-i
KaTeropuu. s momyyeHus nojaoKUTEIbHON OLEHKH (XOPOILIe) HX MPHKUBAEMOCTh
JoibkHa cocTaBATh 50 %. OTo TpeOoBaHNE HE IPEAYCMOTPEHO JIECOyCTPOUTEITHHOM
HHCprKHHCﬁ, a MpU TaKCallMM OLICHKA OCYHICCTBJISACTCA MO MCTOAUKE, ITPUMCHSIC-
MO JUTS CTUTONIHBIX JIECHBIX KYJIBTYP.

[Tocne mepeBoga KOMOMHUPOBAHHBIX JIECHBIX KYJIBTYpP B MOKPBITYIO JIECOM
IUIOMIAAb B OOJIBLIIMHCTBE CIIy4aeB OHM CUMTAIOTCS MOTUOIIMMH, a UX KaTeropus
3eMellb TAKCUPYETCS KaK «HACAXKICHIE €CTECTBEHHOTO MPOUCXOXKICHHS C JIECHBI-
MU KYJIBTYpPaMmu» ¢ COOTBETCTBYIOIIUMH KPUTEPUSIMHU IPOCKTHPOBAHUS PyOOK yXO-
Jla 32 JIECaMH.

B xome moaroToBUTENBHBIX palbOT MO TAaKCAIMU B PaMKaxX JIECOYCTPOHCTBA
OCYILECTBIISIETCS COOp KOMIUIEKCHON MH(OPMALIUK O KOJIMYECTBEHHBIX U Ka4eCTBEH-
HBIX TTOKA3aTesIX HECOMKHYBIIUXCS JIECHBIX KYyJIBTYp, a TakXKe 00 WX TUIOIIAIH
U TpaHMLAaX Ha JIECHOM y4acTke. [l moaTBepskIeHUs] COOpaHHBIX TAaHHBIX B II0-
JIEBBIX YCIIOBUSX TPOBOAMTCA WX BHU3yalbHAs BepU(HUKAIMs HETIOCPEICTBEHHO Ha
Mecte. OleHKa COCTOSIHUS HECOMKHYBIITUXCS JIECHBIX KYJIBTYp UTPACT PEIIAOINTYIO
POIB ITPH IPOSKTUPOBAHUH MEPOTIPUSATHH IO OXpaHE U COXPAHEHUIO JIECOB B paMKax
JIECOyCTpOUCTRBA.

I'maBHasi 1enb OOBEKTUBHOW OLIGHKH COCTOSIHHMSI JIECHBIX KYJBTYp JOJIXK-
Ha 3aKJI0YaThCS B MPABHIBHOM M CBOEBPEMEHHOM IUIAHWPOBAHUH MEPOTPHUSITHHA
M0 WX COXPaHEHHIO, a HE B MaKCHMaJbHO BO3MOYKHOM COXPaHEHUH HCKYCCTBCH-
HBIX JIPEBOCTOEB JJIsi (POPMUPOBAHUS MEPETYIICHHBIX MOHOKYIBTYp. HecoMkHyB-
IMHECs JICCHBIC KYJIBTYPhI JOJKHBI €XKCTOAHO OGCHCI{OBaTbCSI N OLICHHUBATHCA II0
elIMHON YHU(UIUPOBAHHOH METOAMKE KakK IPH JIECOYCTPOWCTBE, TaK M NPU HH-
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BEHTAPU3aLMH, IPUEMKE JIECHBIX KYJIBTYP U IIEPEBOJIE UX B IIOKPBITHIE JIECHOU pac-
TUTEJIBHOCTHIO 3eMJIU. Takol MoAX0 ] K OLIEHKE JECHBIX KYJIbTYP MO3BOJHUT CO31aTh
LEJIOCTHYIO CUCTEMY YUY€Ta U PUHSATUS PELICHUI IIPU JIECOBOCCTAHOBIICHUHU U JIE-
COpa3BeICHUMU.

Ocraercs mpoOen B ONMUCAHMM TAKCAI[MOHHBIX XapaKTEPUCTUK KOMOWHHPO-
BaHHBIX JIECHBIX KYJbTYp. B Tabm. 4 mpuBeIeHBl KPUTEPHH /IS ONTUCAHUS COCTOSHHS
HECOMKHYBILIHXCS JIECHBIX KYJIBTYpP HPH JIECOYCTpOCTBE. Tak, BO3MOXKEH BapUaHT
pazzenieHus 1o sipycam JPEeBOCTOS] UCKYCCTBEHHOTO MPOUCXOXKICHUSI U €CTECTBEH-
HOT'0 BO300OHOBJICHHSI 0€3 OrpaHUYEHUH 110 MOJHOTE U BhIcOTE. OIICHKY YCIECIIHOCTH
KOMOWHHUPOBAHHOTO JICCOBOCCTAHOBJICHIS Ha BCEX CTATUSIX PA3BUTHS JPEBOCTOS HE-
00XOJIIMO TIPOBOJUTE MCXO/Sl M3 MPOIEHTHOTO OTHOIIICHUS MMPOCKTHOM U (pakThye-
CKOM OTHOCHUTEIBHOM MOJIHOTHI M KOPHEBOI'O 3araca.

Tabnuna 4

IIpensaraemMble KpUTEPHH 1JI51 OLIEHKH COCTOSIHUSI HECOMKHYBIIUXCS JIECHBIX KYJBTYP
NpH JiecoycTpoiicTBe (IPHAKUBAEMOCTb, %)
The proposed criteria for assessing the condition of the non-closed forest crops in forest
management (survival rate, %)

CocrosiHue

CrutomHsle KomOuHupoBaHHsle
JICCHBIX KYJIBTYP

85 u Gonee, HATMYKE €CTECTBEHHOTO
85 u Gornee, HanUYHe CEMEH- | BO300HOBIICHUS IIEHHBIX MTOPOJ B KOJIH-

Xoporee HOTO JIECOBO300HOBIICHNS, 4YECTBE, HE MEHEE YHCIa I0CaJ0YHBIX
0e3 CMbIKaHUsI KPOH MECT JIECHBIX KYJIBTYP NPONOPLHOHAIBHO
TUTOINAIH

50 u 6oJree, HAMYHE €CTECTBEHHOIO
85 u Gonee, oTcyTCTBHE Ce-

BO300HOBJICHUSI [IEHHBIX IOPOJ] B KOJIU-
MEHHOI'0 JIECOBO300HOBJICHUS

leOBJ'leTBOpI/I- YCCTBEC, HC MCHECC YHCJia IIOCAA0OYHBIX
WK HAJINYXE TTOPOCICBOI0

TEJILHOE MECT JIECHBIX KYJIBTYpP IPONOPLUOHAIBHO
JIECOBO300HOBICHUS, O€3
IJIOILA/IH, HAJTHYHE BO3OOHOBIICHHSI HEIlE-
CMBIKaHUS KPOH
JIEBBIX JIPEBECHBIX TMTOPOJT
Ot 25 1o 85
710 83, Ot 25 110 50,
HAJIMYKE COMKHYTOTO sipyca
Heynosnerso- HAJIMYME COMKHYTOTO SIpyca eCTECTBEH-
€CTECTBEHHOI'0 BO300OHOBIIE-
pUTEIbHOE HOT'O BO30OHOBJIEHHS MATKOJUCTBEHHBIX
HUSI MSITKOJIUCTBEHHBIX TIOPOJT
TTOPOJI IIOPOCIICBOTO MPOUCXOKICHHS
MOPOCIIEBOTO MPOUCXOKICHHUSI
TTorn6mme Memnee 25 Memnee 25

CortacHO mpaBHJIaM JIECOBOCCTAHOBIICHHSI, KOMOMHUPOBAaHHBIN CIOCO0 CO3-
JaHWs JIECHBIX KYJIBTYp Ha3HadaeTcs Npu Hanuyuu noapocta ot 0,5 wnu 1 teic. mr./
ra B 3aBUCUMOCTH OT TUTPOTOITHOCTH JIECOPACTUTENBHBIX YCIOBHM, a B TOKPBITHIE
JIECHOM pacTUTEIHHOCTHIO 3€MJTH TIEPEBOASITCS YYACTKU C KOJTMYECTBOM OCHOBHBIX
JIpEeBECHBIX OpoA OT 1,7 nim 2 ThIC. WIT./Ta IO TAKOMY ke npuHIuiy. OTciona cie-
JIyeT, YTO JIECHBIE KYJIBTYpbI, CO37aBaeMble KOMOMHUPOBAHHBIM CIIOCOOOM, JTOJIXK-
HBI OyayT 3aHuMaTh MUHUMYM 30 % rutomanu. [Ipu 3ToM yuecTs NpuKuBaeMoCTh
KOMOMHHMPOBAHHBIX JIECHBIX KYJIBTYp MpPH TaKCallMU 3a4acTyl0 HEBO3MOXHO, HO
ONIPE/ETUTD 3aac JPEBOCTOS IO JIEMEHTaM Jieca B JIO0M ciIydae HeOOXOAUMO.
Baxno yuects, uto, B coorBeTcTBUU ¢ OCT 56-99-93, mpmxuBaeMOCTh JIECHBIX
KyJIbTyp 2-r0 Kjlacca MokeT pocturarb 50 %. JlaHHBINM IOAX0A MO3BOJSET MUHU-
MHU3HUPOBaTh PHUCKH HEOOOCHOBAHHOW IOJIOKUTEIBHOM OLIGHKH JIECHBIX KYIBTYD,
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HaxoIAIIMXCS B YTHETEHHOM sIpyce. 3amachl JpeBECHHBI PEKOMEHIyeTCsl pacCyu-
THIBAaTh OTHEJILHO AJISI KAXKAOTO sipyca Mo 3JeMEHTaM Jieca, 4To odecreyuBaet 0o-
Jiee TOUYHYIO U OObEKTUBHYIO XapaKTEPUCTHUKY.

[IpaBuna yxona 3a JiecoM perIaMEHTHPYIOT ONTHUMAJIbHYI0 OTHOCHTEIBHYIO
MOJTHOTY IS APEBOCTOEB TI0 TPYIIIIaM THIIOB JIECA U TIOPOAHOMY COCTaBY, UCXOMS U3
3TOTO KPUTEPHUSI U HEOOXOIUMOCTH TIPUMECH JIMCTBEHHBIX TOPOJ Il 00eCIIeUeHUs
M0YKapOyCTONYNBOCTH JPEBOCTOEB MPEIIAraloTCs CIEAYIOIINE KPUTEPUU OLIEHKH

COMKHYBIITHXCS JICCHBIX KYITYp (Tab. 5).
Tabnuna 5

IIpennaraemble KpUTepPHH 151 ONEHKH COCTOSIHUSI COMKHYBIIHXCS JIECHBIX KYJIBTYP
U MPOEKTHPOBAHMS MEPONPHSITHIA 110 HX COXPAHEHHUIO
The proposed criteria for assessing the condition of closed forest crops and designing
measures for their conservation

3HaYCHUE KPUTEPUS OLICHKH COCTOSIHUS JIECHBIX KYJIBTYD
KOMOUHHPOBaHHbIE
COMKHYBIIHUECS -
Cocrosinue COMKHYBIITHECS JlecoxossiicTBenHOE
JICCHBIX MEPOIIPUATHUE,
OTHOCHUTECIIbHAsA 3anac JECHBIX KYJIb-
KyJIBTYp N MIPOEKTHOE PEIICHNE
COCTaB BepXHe- | IOIHOTA KyABTYp | Typ, % OT 00mIero .
TO sipyca 6e3 mpumecH, 3araca BCex sIpycoB Py
0,1 em. JIPEBOCTOS.
YucTsie 0,5-0,7
C mpumechbio
Xopouiee JTHCTBEHHBIX 0.5-0.6 50 u 6onee 1-i He tpebyetcst
opoJI OT ’ ’
3 en. u 6onee
OreHka He0OX0AUMO-
CTH MIPOBEJICHUS] MEPO-
VYnosnerso- N o o
A JIro0oit 0,3-0,4 Ot 30 g0 50 1-i1 MIPUSATHIA TIO TIOBBIIIIE-
pUTEIbHOE
HUIO TPOYKTUBHOCTH
HaCaXXJCHUH
YucTteie 0,8 u 6omee
H C npumechio
CYIIOBJICT- .
50 yIfI[TCJILHOC JIMCTBEHHBIX Ot 15 1o 30 2-i PyOku yxoma
p MOPOJT OT 0,7 u 6onee
3 ex. B cocra-
Be 1 Oosiee
0,3 1 MeHbILE — PyGku pexoHCTpyKIMH,
MOJIOTHSIKH; arpoyieCoOMeNIMOPATHB-
Tlornbmme —* 0,2 1 MeHbIIe — Mesnee 15 - HBIE MEPOTIPUSATHSI.
CpeaHeBO3pacT- ObocHoBaHue crocoda
HBIC U CTapIIe JIECOBOCCTAHOBJICHUS * *

*Kareropust 3eMelib, He OTHOCSIIASACS K HCKYCCTBEHHBIM HacaXICHHUAM. **[Ipu rubenn JICCHBIX KyJlb-
Typ HEOOXOOMMO IPOAHATM3UPOBATh MPUYUHBI U y4ecTh d(PPEKTHBHOCTH CIOCO0a JIECOBOCCTAHOB-
JIGHHS TIPU JajbHEHIeM BeleHHH Xo3siicTBa. Hanpumep, npu 3aniyIieHUH JICCHBIX KYJIBTYP MATKO-
JIMCTBEHHBIMH IIOPOJIAMH CJIEYeT NepecMaTpruBaTh HHTEHCUBHOCTh M KOJIMYECTBO arpOTEXHUYECKHX
M JIECOBOJICTBEHHBIX YXO/I0B B CTa/IMM CMBIKaHHs KPOH, a B 00JIee CTapIINX BO3PACTaX — HHTCHCHBHOCTD
¥l CPOKH MTOBTOPEHHsI pyOOK yX0/ia 3a JIeCaMH, T'YCTOTY CO3/[aBaeMbIX JIECCHBIX KYJBTYP, THIT TOCA/I0YHO-
ro Marepuana u T. I. [IpuHsATHE pemeHus O CIIMCaHUH JIECHBIX KYJIBTYp C UX IIEPEBOJIOM, B T. 4. ¥ COM-
KHYTBIX HACQ)KICHUH, B KATETOPHIO 3EMEJIb «ECTCCTBEHHBIC HACAK/ICHHS C JICCHBIMH KYJIBTYPAaMU» WITH
«eCTEeCTBEHHbIC HACAKICHHSD) JIy4llle IPOBOANTD BO BpeMs Takcauuu. Eciu ecTecTBeHHOE BO30OHOBIIE-
HHeE Jeca He HaOIogaeTcs, a JISCHbIE KyJIBTYpPhI IIOTHOJIH, BO3HUKAET HE0OX0AUMOCTh 000CHOBAT Iiepe-
XOZI K HHOMY CHOCOOY JIECOBOCCTAHOBJICHHUS. DTO PEIICHUE IOJDKHO ObITh IPHHSATO HAa OCHOBE aHAJIN3a
NPUPOJAHBIX MPOLUECCOB WJIN IO PE3YIbTaTamM OGCHeﬂOBaHHﬁ, IO UTOTaM KOTOPBIX MOXXHO PEKOMEHI0-
BaTh MEPHI JUIS TOAJEPIKKHI €CTECTBEHHOTO BO30OHOBIICHUS.
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Orpannyenuem sBisgercs M. 272 J1ecoyCTpOUTENbHON HHCTPYKINHU (TIpHUKa3
Munnpuponsl PO ot 05.08.2022 Ne 510), pernmaMeHTUPYIOWIKN ONpeesieHue Jie-
COKYJIBTYPHBIX KaT€TOpPUH JIE€CHBIX 3eMelb. OTHOCUTEIbHBIE TIOJHOTHI U COCTaBbI
JIpEBOCTOEB I OLIEHKU COCTOSHMSI JIECHBIX KYJIBTYpP COOTBETCTBYIOT CPEIHUM
KpUTEpUSIM NPOCKTUPOBaHUS PyOOK yxoxa. Mx muddepeHuumanus mno jiecopacTu-
TEJIbHBIM 30HaM U I'PyIIaM THIIOB Jieca B MPAaBUJIAX yX0/1a 3a IECOM He3HAUUTEIb-
Ha, caMa OLIEHKa HE BIMSET Ha IJIAHUPOBAHUE JIECOX03AHCTBEHHOIO MEPOTIPUSTHS,
a TOJIbKO 0TOOpakaeT ero A((HEKTUBHOCTh M1 HHTCHCUBHOCTE. Takast OIleHKa MOXKET
OBITH arperupoBaHa Ha JII0OOW YPOBEHb rOCYJapCTBEHHOIO YIPaBICHHS JIeCAMU
1 BKJIIOUEHA B KPUTEPHUN PE3YJIBTATUBHOCTH BBIIIOJIHEHUS MEPONPUATHIL 110 coXpa-
HEHUIO JIECOB.

Bwi6000b1

1. AHanu3 SKCTIEPUMEHTAIBHBIX TAHHBIX BHIABUI OTKJIOHEHUE pacipenesne-
HUS KOJIMYECTBA TAKCAIMOHHBIX BBIJCIIOB MO IJIOMIAU JIECHBIX KYJIBTYP OT HOP-
MaJbHOTO 3aKkoHa. CJemoBaTeNbHO, HCTIOIb30BaHNE CPETHET0 apu(pMeTHIeCKOTO
B KaueCTBE PENPE3CHTATUBHON MEPHI LIEHTPAJIbHON TEHACHIIUN IIPEACTABIACTCS
HEKOPPEKTHBIM. BMecTo 3TOr0 11 6ojiee TOYHOM XapaKTEPUCTHUKH paclpeiere-
HUA W YCTAHOBJICHUS €TI0 LHEHTpa CICAYECT NPUMCHATH KYMYJISITUBHYIO KPHUBYIO
U MEJIUaHY.

2. B cBsI3M C OTCYTCTBHEM TOCYAapCTBEHHOTO HAaJ30pa 3a IEJIEBBIMH TOKa-
3aTeIsIMU JISCHOTO (DOH/IA, MOJyYCHHBIMU B PE3yJIbTaTe JICCOYCTPONCTBA, OpraHaMu
TOCY/IapCTBEHHOU BJiacTH B c(hepe JeCHBIX OTHOIIEHUH HE MPUHUMAIOTCS CBOEBpE-
MCHHBIC PCIICHUSA IO OINTUMHU3aAlINN MepOHpHHTHﬁ, HalpaBJICHHBIX Ha COXpPaHCHUC
Y UCTIOJIB30BaHUE JIECHBIX PECYPCOB. DTO, B CBOKO OYEPE/lb, BENET K COKPAIICHUIO
TJIOIIa/IeN UICKYCCTBEHHBIX HaCAXICHUH.

3. TocymapcTBeHHBIN KOHTPOJIb 32 MPOEKTUPOBAHNUEM U BBIITOJHEHHEM MEpO-
MIPUATHAN TI0 COXPaHEHUIO JecoB (P (eKTUBHEH B apeHAyeMBIX Jiecax, KaK M JIeco-
KYJBTYPHOE ITPOU3BOJICTBO.

4. B cOBpeMEHHBIX JIECOYCTPOUTEIBHBIX CIIPABOYHHMKAX M 0a3aX JaHHBIX,
HCIIOJIB3YEMBIX B JICCHOM X03§II>'ICTB6, OTCYTCTBYET KaT€ropusa 3€MeEJib <<KOM6I/IHI/IpO-
BaHHbBIC JICCHBIC KYJIbTYpPhI». YCTPaHEHHE dTOr0 HEJOCTAaTKa BO3MOXKHO ITyTeM pa3-
paboTKH 1 peann3aliy alrTOpruTMa OIEHKH TAKOTO COCTOSTHHS HACAXKIEHHS C TOCIIe-
JIYIOIIMM BKJIFOUEHHEM B JEHUCTBYIOLLYIO MHCTPYKLHIO 110 JIECOYCTPOUCTBY.

5. C nenbto noBbITIeHUS 3PPEKTUBHOCTH JIECOyCTPONCTBA, CHUKCHUS BIIHS-
HUS 4€JI0BEYECCKOT0 (PaKTOpa M YIy4YIICHHs] KOHTPOJIS KaueCcTBa HEOOXOIUMO 3aKO-
HOJIATEIbHO YCTAHOBHUTH YETKHE KPUTSPUU H aJITOPUTMBI OLICHKH JICCHBIX KYJIBTYP.

6. 3aKOHOJATENLCTBO B 00OTACTH JIECOYCTPOMCTBA JOHKHO BKIFOYATH 00s3a-
TeJIbHOE TPEOOBAHHUE TI0 YKA3aHUIO JIOTIOJIHUTEIBHBIX CBEJICHUN O PaHEe CO3/IaHHBIX
JIECHBIX KYIIBTYpax.

7. HeoOXoauMo BOCCTAHOBHUTH B JICCHOM 3aKOHO/IATEIIBLCTBE HOPMY, OIIpeJie-
JISFOIYI0 CPOKH M KOJUYECTBO YXOJIOB 32 JICCHBIMU KYJIETYpaMH, U 00€CIICYUTh ee
00s13aTenbHOE BKITIOYCHHE B JIECOXO3SHCTBEHHBIE PErTIaMEHThI U TIPOEKTHI OCBOE-
HHUA JIE€COB.

8. B mecHBIX KynbTypax pyOKH OCBETIICHHUS U TPOYNCTKU 00s3aTebHBI B 3-J1€T-
HUH CPOK IOCJIe YTBEP)KIACHHS MarepHajioB Takcaruu. HeoOXonnMbIM sBIsETCS
U MOBTOPHOE 00CIIe/IOBaHUE BCEX YYaCTKOB 4epe3 S5 JIeT ¢ MOCIEAYIOUINM IpOBe-
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JCHUEM IIpU HGO6XO)Z[I/IMOCTI/I MGpOHpI/ISITI/Iﬁ 10 COXPAaHCHUIO JIECOB B COOTBETCTBUHN
C YCIIOBHUSIMH JIOTOBOPOB apeH/Ibl U IIPOEKTOB OCBOEHUS JIECOB. JlaHHBIN perlaMeHT,
[IPEAYyCMaTPUBAIOIUI HENPEPbIBHBII MOHUTOPHHI M YIPABJIECHHE HA YPOBHE OT-
JACJIBHBIX YYaCTKOB, COOTBETCTBYCT IPUHIHIIAM YHYaCTKOBOT'O METOJa HETIPEPBIBHOI'O
JIECOyCTPONCTBA.
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Annomayusn. [pyuBeneHbl pe3ysbTaThl HCCIEI0BAHHS COCTOSHUS JIEPEBHEB XBOMHBIX U JIH-
CTBEHHBIX MOPOJI, MPOM3pacTAONMX B JAeHApapur CHOMPCKON JIECHOM OMBITHOW CTaHIUH
r. TroMenu, isi BO3MOXKHOTO OOOCHOBAHHUSI MPUMEHCHUS MEPCIICKTHBHBIX BUJIOB B LEIAX
VAYYIICHUSI TIOPOHOTO COCTaBa JICCHBIX HAaCaKICHUN TIOMEHCKOW 00JacTH ¥ MOBBIIICHUS
UX YCTOHMYMBOCTH. YCTAHOBIICHO, YTO 110 CPEAHUM MOKA3ATENSIM CAHUTAPHOTO U )KU3HEHHOTO
COCTOSIHHMSI, @ TAKKe TI0 CPe/IHeH OTHOCHUTENILHOM BBICOTE OOJBIIMHCTBO M3 00CIIECI0OBAHHBIX
HHTPOIYIICHTOB XBOWHBIX IPEBECHBIX BUOB XapaKTEPU3YETCs KaK 3I0POBBIC U YCTONUMBBIC,
JIMCTBEHHBIX JPEBECHBIX TOPOJ — ociabieHHble. Jloysi CHIIbHO OCIabIeHHBIX YK3EMILISIPOB
y IpefcTaBuUTeNell XBOMHBIX M JIMCTBEHHBIX BUIOB He mpeBbimaeT B cpenHeM 20 u 30 %
COOTBETCTBEHHO. BBICOKMMH TOKa3aTeIsIMU COCTOSIHUS M JIEKOPATUBHBIX CBOWCTB Y MpezcTa-
BUTEJICH XBOWHBIX IPEBECHBIX MOPOJ OTinHuaroTcs Picea pungens Engelm., Larix sibirica L.,
Pinus sibirica Du Tour, U3 JTUCTBEHHBIX IpPEBECHBIX mopon — Betula pendula Roth.,
B. pubescens Ehrh., Populus balsamifera L., Tilia cordata Mill., Juglans mandshurica Maxim.
ITo OCHOBHEIM TaKCAIMOHHLIM TOKA3aTeIsIM TaKKe XBOMHbIE BUABL, Kak Larix sibirica Ledeb.
u Pinus sibirica Du Tour, x Bo3pacty 40—60 jet pactyT o la—I kmaccam 6oHHUTETa M HOpPMHE-
PYIOT BBICOKOTIPOAYKTHBHBIC IPEBOCTOH. J[aHHBIC BHIBI MOXKHO PEKOMEHIOBATh JJIsl TIAHTA-
IIMOHHOTO BhIpanuBanus. Picea obovata Ledeb., P. pungens Engelm., Thuja occidentalis L.,
Phellodéndron amurénse Rupr., Quercus robur L. ycrenHo mpucmocadInBalOTCs K yCIIO-
BUSIM YMEPEHHO KOHTHHEHTAJILHOTO KIIMMaTa JIECOCTENHOM 30HbI TroMeHcKo obnactu. O1o
SIBJISIETCSI TTOATBEPKJICHUEM BO3MOXKHOCTH WX HMCIIOJIB30BAHUS JUIsl O3€JICHEHUs I. TIOMEHH.
AnanTHpoBaHUE OT/ENBHBIX TPEJICTABUTENICH IPEBECHON PACTUTEIBHOCTH MOJ30HBI IIHPO-
KOJINCTBEHHBIX JIECOB U UX BHEJIPEHHE B JICCHBIC HACAKICHUS C IEIBIO CO3AaHMsI CIOXKHBIX
10 CTPOCHUIO ¥ COCTABY M 3a CUET 3TOT0 00JIee yCTOMUMBBIX JIECHBIX HACAK/ICHUH B YCIIOBHSIX
MEHSIIONIET0Cs KJIMMara U SKOJIOTHUECKOH CpeJibl JTIOJDKHBI BOMTH B UHCIIO IPUOPUTETHBIX 3a-
Jlad BEJICHHsI JIECHOTO XO3MCTBA B 3aIIMTHBIX Jiecax TIOMEHCKOi o0nacTu.

Knrouesvie cnosa: nennpapuii, IpeBecHbIe MOPOJIbI, HHTPOMYLICHTHI, TIOJ30Ha FOXKHOHU Tairy,
MOKAa3aTeNu COCTOsIHMsI, TFOMEHb
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Abstract. The article presents the results of a study on the state of coniferous and deciduous
trees growing in the arboretum of the Siberian Forest Experimental Station in Tyumen to pro-
vide a possible justification for the use of promising species in order to improve the species
composition of forest stands in the Tyumen Region and increase their sustainability. It has
been established that according to the average indicators of sanitary and vital state, as well as
the average relative height, the majority of the examined introduced coniferous tree species
are characterized as healthy and stable, while deciduous tree species are weakened. The pro-
portion of severely weakened specimens among coniferous and deciduous species does not
exceed, on average, 20 and 30 %, respectively. Among coniferous tree species, Picea pungens
Engelm., Larix sibirica L. and Pinus sibirica Du Tour are distinguished by high vital state
indicators and decorative properties. Among deciduous tree species, these are Betula pendula
Roth., B. pubescens Ehrh., Populus balsamifera L., Tilia cordata Mill. and Juglans mand-
shurica Maxim. According to the main inventory indicators, such coniferous species as Larix
sibirica Ledeb and Pinus sibirica Du Tour, by the age of 40—-60 years old, grow according to
Ia—I quality classes and form highly productive stands. These species can be recommended
for plantation cultivation. Picea obovata Ledeb, P. pungens Engelm., Thuja occidentalis L.,
Phellodéndron amurénse Rupr. and Quercus robur L. successfully adapt to the conditions
of the temperate continental climate of the forest-steppe zone of the Tyumen Region. This
confirms the possibility of their use for landscaping the city of Tyumen. The adaption of
individual representatives of woody vegetation of the broad-leaved forest subzone and their
introduction into forest stands with the aim of creating forest stands that are complex in struc-
ture and composition and, as a result, more stable in the conditions of a changing climate and
ecological environment should be among the priority tasks of forestry in the protective forests
of the Tyumen Region.
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Beseoenue

VYcunenne aHTPONOTEHHOTO BIHSHMS, HaOnroaromeecs B MOCIEIHNE ecs-
TUJIETUS Ha (POHE MEHSIONIETOCS KIMMaTa, IIPUBOJUT K CYIIECTBEHHON JeTrpajaluu
JIECHBIX DKOCHCTEM, COKPAIIEHUIO OMOJIOTHYECKOTO pasHOOOpas3wsi U JPyTruM Hera-
TUBHBIM TOCHEACTBUSM [2, 16, 22]. CHIKEHHE YCTOMUYMBOCTU PACTUTEIBHOTO IO-
KpOBa ¥ U3MEHEHHE apeasioB MPOU3PACTAHHS JIECOOOPA3YIONINX MOPOJ] KaK B Taexk-
HOM 30HE, TaK U B 30HE INPOKOIMCTBEHHBIX JIECOB COMPOBOXKAAETCS YBEIMUECHHEM
TeMneparypsl Bo3ayxa [12, 20, 23].

OnHUM U3 HapaBJICHUHN peIeHNs JaHHOH MPOOIEeMBI MOXKET OBITH BHEIpE-
HUE B MIPAKTUKY JICCOBBIPAIIUBAHUS UHTPOAYLICHTOB, MPEBOCXOIANIUX a0OpUTCH-
HBIEC BHUJIBI 110 YCTOMYMBOCTH K N3MEHEHHIO KIIMMATUYECKHUX YCIOBUH U ITPOSIBIISIO-
KX OOJIBIIYO TOJEPAHTHOCTD K Pa3THYHBIM BU/IaM aHTPOIIOTCHHOTO BO3/ICHCTBHS
[1, 11, 17].

Oco0yro 3HAUNMOCTh KaK CITIOCO0 pacIInpeHus] BUAOBOTO pa3HOOOpa3us Mmpu
03€JICHEHUH FOPOJIOB U APYTUX HACEIECHHBIX MTYHKTOB MPUOOPETAIOT HHTPOAYIICHTHI.
Cpenu MOMOXKHUTETHHBIX Ka4eCTB MHTPOAYIIEHTOB CJIEIyeT OTMETHTH BBICOKYIO Jie-
KOPaTHUBHOCTh MHOTHX M3 HUX, YTO JIa€T BO3MOKHOCTH CO3/1aBaTh MPHU O3EJICHEHUH
JMaHAmapTHRIE KOMITO3UIIMH KPYIIIOTOIUYHOTO AeiicTBus [9, 19, 21]. Komnekiuu un-
TOJYLIEHTOB SIBJISIOTCS 0a30i A1l MyOIMYHOTO U MPo(ecCHOHAIBHOTO 00pa30BaHus,
BOCIIUTAHUS Yy JIIOJICH HABBIKOB B OTHOIIICHUH Pa3yMHOI'0 UCTIOIb30BAHUS PACTUTENb-
HBIX pecypcoB, (GOPMUPOBAHUS IKOJIOTHIECKON OTBETCTBEHHOCTH.

B psine cnyyaeB HHTPOIYLIEHTHI 00pa3yroT OoJiee MPOAyKTHBHBIC PUTOLEHO3BI
10 CPaBHEHHIO ¢ aDOPUTCHHBIME BHIAMH [ 5, 6, 8]. Pacmmpenne mopogHoro cocTaa
JIECHBIX HACAK/IEHUH 3a CUET JPEBECHBIX HHTOPYIIEHTOB CIIOCOOCTBYET MOBBIIIEHUIO
YCTOHYHMBOCTH TEPBBIX K MPUPOTHO-KIMMATUYCCKUM YCIOBHSIM M OOINEH MPOIyK-
TUBHOCTH 34 CUET CO3J[aHHS CMEIIAHHBIX IPEBOCTOEB C MCIIOIIb30BAHMEM MECTHBIX
JIPEBECHBIX MOPOJ], a TAKXKE ABISAETCS NMEePCIEKTUBOM JIIsl IECOBOCCTAHOBIICHMUS.

BaxxHoe 3HaueHHE WMEET ONTHUMH3AIHSI aCCOPTUMEHTa BaKHEHIITNX JpeBec-
HBIX BUJIOB, IPUBIICKAEMBIX JJI CO3MaHUS TMPOMBINIICHHBIX TIaHTAIUH, 3alIUTHRIX
Y O3CJICHUTENbHBIX HacaxaeHuii [3, 14, 15, 24]. OnHako UCMONb30BAHUE IPEBECHBIX
WHTPOIYIIEHTOB JOIDKHO 0a3MpOBaThCS HAa TITyOOKHX KOMIUIEKCHBIX HMCCIIEOBAHUSIX
UX TEPCHNEKTUBHOCTU B KOHKPETHBIX AKOJOTHYECKUX yCHoBHsX. IIpumenenue He-
MIPOBEPEHHBIX WHTPOMYIIEHTOB HEPEIKO MPUBOIUT K UX THOCTH W IHUCKPEIUTAIIH
caMOH UJeH HHTPOLYKLIUU APEBECHBIX PACTEHU.

BiusiHue n3MeHeHUs KIuMaTa Ha YCTOWYUBOCTh M MPOJYKTUBHOCTH JIEC-
HBIX HACAXICHUH B MEPBYIO OYEPEb MPOSIBISCTCS HA TEX TEPPUTOPHUSIX, KOTO-
pble XapakTepU3YyIOTCS KXECTKUMU NPUPOJHBIMH yCAOBUSIMU. K TaKUM MOXKHO
OTHECTH FOKHYIO 4acTh TIOMEHCKOH 001acTH, JTeCHbIE HACAXKIEHUS 31EeCh MPOU3-
pacTarT B YCJIOBHSIX FOKHOU 1MOA30HBI Tairu (3anagHo-CuOUpCcKkuil mojTaexk-
HO-JIECOCTEITHOW paiioH JecocTenmHoi 30HBI). OIeHKa YCIeNHOCTH aJanTalnu
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JIPEBECHOM PACTUTENBHOCTH MPH MEHSIOIIEMCS] KIIMMaTre ¥ 00OCHOBAaHHE IMpPH-
MEHEHHUS] YCTOMUYMBBIX BUIOB C MEPCIEKTUBON BHEAPEHUS B COCTAB JICCHBIX Ha-
CAXKJIEHUHW YCTOMUYMBBIX HHTPOAYLEHTOB SIBJISIETCS] AKTYaJIbHBIM BOIIPOCOM.

B r. TroMeHU OTHUM U3 3HAYUMBIX OOBEKTOB JIsI BEIPAIIIMBAHUS U UCIIBITAHUS
WHTPOIYIICHTOB B YCIIOBUSX FOKHOU TTO/I30HBI TalTh sBIsieTca AeHnpapuii Cubup-
CKol JiecHOM onbiTHOM cTanimu (Cubupckas JIOC) — 65°45'49" ¢. m1. 57°16'04" B. 1.
Hennpapuit 3amoxen B 1972 r. Ha mnomanu 2,0 ra Ay U3y4eHHs] 30HAJIBHBIX OCO-
OCHHOCTEH APEBECHON PACTUTEIHLHOCTH W HAYTYHOTO 000CHOBAHUS METOIOB BEACHIS
JiecHoro xo3siicTBa B 3amagHor Cubupu (TromeHckas obnacts, SImamo-Henerkuit
1 XaHThI-MaHcuiickuii aBTOHOMHBIE OKpyTa). Ha ero Teppuropnu ObUTH BBICAKEHBI
Oonee 70 BUIOB JPEBECHBIX M KYCTAPHUKOBBIX PACTEHUIH MECTHOW (IIOPHI U HK30TOB,
a TAK)K€ KOJUIEKIUS JIEKAPCTBEHHBIX PACTCHUM.

[TepBoHAYATHHO TEPPUTOPUS NCHAPAPHUS IPEACTABILIA cCO00i moimy p. Typsl
C MHOXKECTBOM HEOOJIBIIIMX CTAPHII U HEMTYOOKUX MPOTOKOB [ 18]. BeicoTa Hax ypoB-
HEM BOJIBI IPEHUPOBAHHBIX YYaCTKOB cocTaBisiia He Oornee 1 m. [locnennee ompene-
JAIT0 TIpeoOiaiaHue Ha 3eMIISIX ACHApapus IEPHOBO-TIOA30IUCTHIX MOYB. THII Jeco-
pactutenbHbIX yenoBuit — C3. [lenapapuii MCIONB3yeTCst ISl POBECHHS YIeOHBIX
MIPAKTHUK CTYACHTOB JIECOX03IWCTBEHHOTO HarpaBieHus: o0y4enus [ocynapcTBenHo-
IO arpapHoOro yHUBEPCUTETAa U TIOMEHCKOTO KOJJIEKa MPOU3BOACTBEHHBIX U COLIU-
AJIbHBIX TEXHOJIOT M.

MecTononokeHue AeHapapusi onpeeseT cnennduieckne KIMMaTi4ecKue
ycioBus. B 1emmom kimMat MokeT OBITh OXapaKTepHU30BaH KaK KOHTHHEHTAJbHBIN
yMepeHHOro nosica. Ha xiaumarnuyeckue mokasaTeinu AeHApapusl OKa3bIBAaeT BIIU-
SIHAE PaBHUHHBIA penbed MecTHOCTH. TeppuTopus AeHApapus U OONbIas 4acTh
r. TroMeHH XapaKTepu3yloTcs BbICOTOM Haj ypoBHeM Mops 100—150 m, abcomroT-
HBIC OTMETKH yYaCTKOB MECTHOCTHU Ha HEKOTOPOM PACCTOSHUU OT JEHIpapus A0-
cruraot 300 m.

[TockonpKy palioH Hcce0BaHNs HAXOJIUTCA B IIEHTPE MaTepuKa B I0ro-3a-
najHoi yactu 3amagHo-CuOoupCcKoil HU3MEHHOCTH, 3/1€Ch Y€TKO TPOSBIISETCS BIH-
ssHUEe (PU3MUECKHUX CBOWMCTB CYIIIM Ha OCHOBHBIE IIOKA3aTeH KIMMaTa. B yacTHOCTH,
TeppuTopus I. TIoMEHU JE€TOM CUJIBHO MPOTPEBACTCS, & 3UMOMN, HAPOTUB, CUIIHHO
OCTBIBaET.

He BcTpeuas mpenarcTBus Ha CBOEM ITyTH, apKTHUECKHUE MAaCChl BO3yXa JIETKO
JIOCTHTAIOT palioHa MPOBEIECHUS HAYYHBIX pa0OT U TaKKe JIETKO BBITECHSIOTCS FOXK-
HBIMHU U IOT0-3aMIaIHBIMHU BETPaMH, IIOBTOPSIEMOCTh KOTOPBIX JocTHraeT 45 %. Yka-
3aHHOE 0OBSICHSIET OBICTPYIO CMEHY MOroAibl B I. TIOMEHH, U CpeAHEH TemMIepaType
3a rog +1,3 °C. Hanbomee TEIUIbIif MeCSI] HIONb XapaKTePU3yeTcsl CPEaHEH TeMITe-
parypoit +18,3 °C. MakcuManbHO HHU3Kas TeMIeparypa 3aQMKCUpOBaHa B SHBapE —
—45 °C, npu cpeanemecssuHoi Temneparype —17 °C.

K BaskHBIM JIJ1s1 TPOU3PACTAHUS IPEBECHBIX PACTEHUN (DAKTOpaM TaKkKe OT-
HOCSITCSI 4aCTO MOBTOPSIOIINECS MO3IHIE BECCHHUE U PAHHUE OCEHHHUE 3aMOPO3-
KU, MPOJIOJIKUTENbHOCTh BEr€TallMOHHOTO nepuoaa 157 nHeit u rogoBas cymma
0CaJIKOB 452 MM.

OTMeyaeMoe B TIOCIENHWE NECATHICTHS HM3MEHEHWEe KiuMara, B T. d.
u B TromeHckol obOnactu [10], BIUSIONIETO HE TOJBKO HA COCTOSTHUE OKPYIKAIO-
el cpepl, HO U HA JECHBIE HACAXKICHUS, SIBJISCTCSA OCHOBAHUEM Ui U3YUCHUS
Y TIepecMOoTpa ¢ Hay4YHbIM 000CHOBAaHMEM MEPCMEKTHBHOCTH UCIIOIB30BAHUS Pas3-
JIUYHBIX JPEBECHBIX MOPOJA-UHTPOAYLUECHTOB B COCTABE JIECOB 3ALUTHOTO U DKC-
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MJIyaTallMOHHOTO HAa3HAUYCHHS I yBeJIUUYeHUs OMopa3sHOoOOpasus U yCTONYHMBO-
CTHU MOCIEIHUX.

Lesp ucciienoBaHus — aHAJIU3 COCTOSIHUS I€PEBLEB XBOMHBIX U JINCTBEHHBIX
nopoz B AeHapapun puimana Beepoccniickoro HayYHO-HCCIIEA0BATEILCKOTO HHCTH-
TyTa JIECOBOJCTBA M MEXaHHU3AINH JIECHOTO X03stiicTBa — Cubdbupckoit JIOC r. TromeHs
1 Ha OCHOBE IMOJYUYCHHBIX JaHHBIX 000CHOBaHKE MMPUMCHCHUS NEPCIIEKTUBHBIX BU-
JIOB IPEBECHBIX PACTCHUH ISl YIyUIICHHS TIOPOJHOTO COCTABA JIECHBIX HACAKACHUH
1 TOBBINICHUS UX yCTOﬁQHBOCTH.

Obvexmbl u Memoobl UCCAEO08AHUA

OObeKkTamMu HCCIe0OBaHUS CIYKUIH OWOTPYIIITHI IePEBhEB XBOWHBIX U JIH-
CTBEHHBIX MTOPOJI, TPOU3paACTAIOIIHE Ha Tepputopuu aAcHapapus Cudupckoit JIOC.
Bcero ob6cnenoBano 509 nepeBbeB B PANOBBIX IHOcagkax M B Omorpynmax. 13
HHUX 6 BHUJOB — 3TO XBOWHBIC IMOPOINBI: JUCTBEHHHIA cuOupckas (Larix sibirica
Ledeb.), cocna oobikHOBeHHas (Pinus sylvestris L.), enb cubupckas (Picea obovata
Ledeb.), cocna cubupckas kenposas (Pinus sibirica Du Tour), Tyst 3anagnas (Thuja
occidentalis L.), env xonrouas (Picea pungens Engeln.) — dpopma cuzas; 9 BumoB —
TUCTBEHHBIe: Ny0 uepemruarsiii (Quercus robur L.), 6epeza nymmucras (Betula
pubescens Ehrh.), kien miaraHoBuHbIN (Aser platanoides L.), numna MeNIKOIUCT-
Has (7ilia cordata Mill.), 6epesa noBucnas (B. pendula Roth.), opex MaHWKypCcKuii
(Luglans mandshurica Maxim.), ssomous sronuast (Malus baccata (L.) Borkh.), To-
noJib Oanb3amuueckuit (Populus balsamifera L.), 6apxat amypckuii (Phellodéndron
amurénse Rupr.). Takke n3ydeHo cocTtosiHue 9 1epeBbeB COCHBI KEIPOBOW KOPEii-
CKOM, MPUBUTON HA COCHY OOBIKHOBEHHYIO.

BOnu3u nennpapus OTCYTCTBYIOT HPOMBILIICHHBIC TPEANIPUATHS KaK UCTOY-
HUKH 3arpsi3HeHns Bo3ayxa. C 10)KHOW CTOPOHBI JeHApapus Ha paccTosHuU 20 M
HaXOAUTCs aBTOTpacca. TeppuTopust AeHApapus CO CTOPOHBI aBTOTPACCHI OTOPOKEHA
3 pamamu 4epenyronmxcs JIePeBhEeB eI KOMo4Ye U Oepesbl, KOTOphle He OBLIN UC-
MOJIb30BaHbI B HAIlIEM HccieioBannu. [Ipeobnasanue B TeYCHUE rojia BETPOB 3ara/l-
HOT'O HAIPaBJICHUS] CHU)KAET BEPOSITHOCTH PACIPOCTPAHEHUS! BHIOPOCOB B CTOPOHY
TEPPUTOPHH JCHIpAPUSI.

JI71st OLIGHKHM COCTOSIHUSI JIEPEBHEB U UX COBOKYMHOCTH HMPHUMEHSJIN MOKa-
3aTeau CAaHUTAPHOIO U KU3HEHHOTO COCTOSIHUS, OTHOCUTENbHYIO BBICOTY [4, 7].
[ToMuMO 3TOTO, COCTOSIHUE JIEPEBHEB OMPENEISIIOCh B COOTBETCTBUY C IIpaBUIIa-
MH CaHHMTapHOW 0€30MacHOCTH B Jiecax (rmocraHoBieHue lIpaBurenscrBa PO ot
09.12.2020 Ne 2047).

Kareropuu caHuTapHOTO COCTOSHHS XBOMHBIX IMOPOJ] BKIIOUAIOT B ce0st 5 rpa-
nmanuit ot 1 mo 5, tme 1 — 3m0poBBIe AepeBhs O3 MPU3HAKOB OCIIA0JICHUS, a 5 — TI0-
rudmme. [ Kaxaoro Buaa ApeBeCHON pacTUTEIBLHOCTH PACCUMTBIBANIACH CPEAHSS
KaTeropusi caHUTapHOTrO cocTosHus (Kc) mo xonmm4ecTBy AepeBbEB KaXKIAOTO BUIA:
1,00-1,50 — 3mopoBsiit; 1,51-2,50 — ocnabnennsii; 2,51-3,50 — cuiibHO ocCIabiicH-
Hblif; 3,51-4,60 — ormMuparomui, 4,61 u 6onee — MOruoIUH.

J’KuzHeHHOE COCTOSIHHE JIEPEBHEB OINPEEISIIOCHh TI0 COCTOSIHUIO CTBOJIA C yde-
TOM HaJTMYHsI HOBPEXKICHUI Pa3IMuHOTO TIPOUCXOXKIICHUS U XapaKTEePUCTHUKH aCCHMU-
JISIMUOHHOIO anmnapara ¢ ucnoib3oBanueM mkaisl: o 100 go 80 % — 3x0poBoe, ot 79
110 50 % MOBPEXICHHBIN APEBOCTOH (0cmalieHHbIH); oT 49 1o 20 % — cuibHO MOBpe-
JKJICHHBIN (CHIIBHO 0c1abieHHbIN) 1 19 % 1 HMXe — MONMHOCTBIO Pa3pyLLICHHBIH.
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OTHOCHTENbHAS BBICOTA PACCUMUTHIBAJIACH KaK OTHOIIEHHE BBICOTHI JIepeBa
(cm) k ero auametpy Ha BbicoTe 1, 3 M (cm). [lpu otHOCHTEBHOI BBIcOTE OoNee 100
COCTOSIHHUE JIEPEBbEB OLICHUBAJIOCH KaK 0cjlabieHHoe. JleKopaTuBHOCTh J€PEBbEB OT-
JENBHBIX TOPOJ] OMPEACIIIach M0 CIEAYIOINM apamerpaM: (opma cTBosa U Kpo-
HBI, BBICOTa JiepeBa, ¢akTypa KpoHH [13]. OcHOBHBIE TaKCallMOHHBIE MOKA3aTeIH
JIEPEBbEB YCTAHABIMBAINCH C HUCIIOIB30BAaHUEM CTaHIAPTHBIX METOOB [7].

O0paboTKka NoIy4YeHHbIX JaHHBIX NMpoBeaeHa B nporpamme Excel ¢ onpene-
JIEHUEM OIIMOKM CpPeTHMX 3HAYEHHWI TaKCAIMOHHBIX TOKa3aTeseld W rmokaszaremneit
COCTOSIHHUA.

Pezynomamot uccnedosanust u ux oocyzncoenie

PeSYJ]LTaTI)I HCCJIICA0BaHUSA TPUBCACHBI B Ta6nnue.

Cpennue 3Ha4eHUs] OCHOBHBIX TAKCAIIMOHHBIX NOKa3aTeseil
U TIOKA3aTeJTU COCTOSTHUS HCCIeyeMbIX OUOTPYII JpeBeCHbIX MOPO/T
The average values of the main inventory and vital state indicators
of the studied tree species biogroups

Cpennue
Komu- | Bos- KaTeropus OTHOCHUTEIILHEIC
Hpesecuas nopona | CeMelCTBO | 4eCTBO, | PacT, | guamerp, | BbICOTa, CaHH- | KH3HEHHOE
IT. JeT cM M TapHOI'0 | cOCTOSIHME, | BBICOTA
COCTOSIHMS %

Tonocemennvie (Pinophyta), xeouinvie (Pinopsida)

Enb cubupckas
(Picea obovata 5 56 [24,240,9|19,340,6 | 2,6+0,2 | 73,0+2,0 | 80,1£2,1
Ledeb.)

Enb xomrouas —
(dhopma cuzas
(P. pungens
Engelm.)

5 30 | 11,0£0,7 | 8,3+0,4 | 1,4+0,3 | 81,0£1,9 | 76,5+5,7

JIucTBeHHHIIA
cubupckas (Larix 73 55 136,6+0,9 |25,7+0,3 | 1,5+0,1 | 82,8+1,8 | 72,4+1,4
sibirica L.) Pinaceae
Lindl.

CocHa kezipoBast
cubupckas 1
(Pinus sibirica
Du Tour) (cxema
pa3MerieHus
4x4 M)

CocHa kezipoBast
cubupckas 2
(cxema pa3meriie-
Hus 2,5%1 M)

88 | 43 |19,340,6 | 12,4+0,2| 14+0,1 | 77,1£1,4 | 66,7+1,1

196 43 12,3£0,3 | 9,2+0,2 | 2,2+0,1 | 60,9+1,4 | 75,5+0,6

Tys 3anagnas
(Thuja
occidentalis L.)

Cupressa-

6 — [ 11,4+0,6 | 8,0+0,3 | 1,8+0,3 | 75,8+3,0 | 73,0+2,4
ceae Bartl

CocHa 00OBIKHO-
BeuHas (Pinus 21 56 |23,6x£1,2(19,8+0,7 | 1,5+0,1 | 84,3+2,7 | 85,9+2.3
sylvestris L.)

Pinaceae
CocHa kezpoBast Lindl

KOpelcKast, mpu- 9
BUTAs HA COCHY
OOBIKHOBCHHYO

25 |13,0£0,6 | 12,440,9 | 1,6£0,2 | 74,5:1,6 | 95,4+4,7
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OxoHuanue madnuyvl

Cpennue

Komu- | Bos- KaTeropus OTHOCHUTEIIbHbBIE
JlpeBecHas nopona | CeMeHCTBO | 4ecTBO, | pacr, JIMaMeTp, | BbICOTa, CaHM- SKH3HEHHOE

IIT. Jer cM M TApHOI'0 | COCTOSIHME, | BBICOTA

COCTOSTHUS %
Toxkpvimocemennvie (Magnoliophyta), osyoonsnsie (Magnoliopsida)

Jly6 uepenryarsrii Facaceae
(Quercus robur & 7 50 |21,3+1,8 | 18,0+1,1 | 1,9+0,3 | 79,3+6,8 | 86,1+3,5
L) Dumort.
Bepesa nosucnas
(Betula pendula 51 50 |31,1£1,0 | 21,5+0,3 | 1,6+0,1 | 81,4425 | 67,4+1,4
Roth.) Betulaceae
Bepesa nymucras | S.F. Gray
(B. pubescens 8 55 |31,043,8 | 22,5+0,9 | 1,4+0,1 | 83,843,7 | 74,5+5,5
Ehrh.)
SI00Hs AronHas Rosaceac
(Malus baccata Juss 1 - 21,5 22,5 1,0 90,0 104,7
(L.)Borch.) )
JIuna cepaue-
punas (venwo- | Tiliaceae |y || g 5013 155:0,7| 1,6:03 | 82,0554 | 80,0+2,3
mucrHas) (Tilia Juss.
cordata Mill.)
Knen
IWIATAROBMGIA | Aceracae |y || 6 441 6| 15,6512 | 1,503 | 763+3,7 | 85,3£1,6
(4ser platanaides Juss.
L))
Opex Juglanda-
MAbTRYPCKH | CeaCA. | 5| g5 |19 4406 | 17,0410 2,3+0.8 | 70,0414 | 87,8423
(Juglans mand- Rich. ex
shurica Maxim.) Kunth
Tomnounp
Ganp3amuyeckuii | Salicaceae
(Populus balsam- Mirb. 17 — | 12,7+1,0| 11,3+0,8 | 1,4+0,2 | 83,1£3,5 | 89,7+2,8
ifera L.)
Bapxat amypckuit
(Phellodéndron Rutaceae 5 50 [20,2+1,3|18,4+1,2| 1,6£0,4 | 76,0+1,8 |91,1+1,6
amurénse Rupr.)

B xone o0OciemoBanus ObIJIO OTMEUEHO, YTO HAMOOJIBIIIYIO O IO YacTh
KOJUICKIIMH JIPEBECHON PACTUTENLHOCTH JEHAPAPHS COCTABISIFOT MOCAIKU COCHBI
KeApOBOW cHOMPCKON W nucTBeHHUIBI. COCHA KelIpoBasi CHOMPCKasi IpejCcTaBicHa
KyJIBTypaMU PsIIOBOY CXeMbI TOCaaku. JINCTBEHHUIA CHOMUpPCKast — PSIOBOM 1MOCa-
KOW BJIOJIb ajien ¢ 2 ee CTOpoH. JIpyrue BHIBI JPEBECHBIX MMOPOJ — B OCHOBHOM
IPYIMITOBBIMU TIOCAIKAMHU.

[MosoBuHA 00CIIEIOBAHHBIX BUIOB XBOWHBIX U JIMCTBEHHBIX 1O CPEHUM I10-
Ka3areJisiM CAHUTAPHOTO M KU3HECHHOT'O COCTOSIHHSI, @ TAK)KE OTHOCUTEIILHOM BBICOTE
XapaKTEPU3YIOTCS KaK 3[I0POBbIC WIIH YCTOHUUBBIC.

Panee mpoBecHHBIMU HAMH UCCIICIOBAaHUSIMH OBLITO JJOKa3aHO [9], 9TO oreHKa
JKU3HEHHOTO COCTOSIHHSI MOXKET OTpPa)kaTh CTENCHb aKKJIMMATU3aIlUH UHTPOJYIICH-
TOB B HOBBIX JICCOPACTHTENBHBIX YCIOBUIX. [locienHee CBUICTENLCTBYET O BHICOKOM
3HAYMMOCTH TIOKa3aTeliel )KU3HEHHOTO COCTOSHUS IS TIEPEHOCa PACTEHUI 3a Impe-
JIeNTbI UX €CTECTBEHHOTO apeaa.

BricokuMu rnoxasareissMu COCTOSIHHUS cpeaun XBOWHBIX APEBECHBIX MMOPOA OT-
JIUYAIOTCS €Jb KoJltovast — (hopMa cu3asi, IUCTBCHHUIIA CHOUPCKasi, COCHBI OOBIKHO-
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BEHHAsI, KeJpoBasi CHOMPCKasi U KeApoBasi Kopehckas. M3 TUCTBEHHBIX JPEBECHBIX
nopox — Oepesa moBucias, Oepe3a MyIIMCTAas, TONONb Oallb3aMUUYECKUH, sOMOHS
STOJIHASL, JINTIA CEP/IIICBUTHAS.

BoNbIIMHCTBO SK3EMIUISIPOB €€l M TYH XapaKTepU3yIOTCsl BRICOKOH JieKopa-
TUBHOCTBIO M COXPAHSIOT TIPUBJICKATEIBHBIA BUJI B TeUCHUE Bcero roaa. Mcceneno-
BaHHbIC BBl — Picea obovata Ledeb., P. pungens Engelm. u Thuja occidentalis L.
HMECIOT XOPOIIKE MOKA3aTEeId CAHUTAPHOTO M KHU3HEHHOTO COCTOSIHUS, @ TAKXKE OT-
HOCHTENILHYIO BBICOTY. JlepeBbsi XapaKTepU3yIOTCS MPSIMOCTBOJIBHOCTHIO M CHM-
METPUYHOCTBIO C(POPMUPOBAHHONH KPOHBI MHPaMHUIATBLHOH (DOPMBI C €KETOIHO
HAOMIOaEMbIM JIMHEWHBIM TPUPOCTOM, y OOJBIIMHCTBA JK3EMIUIIPOB OTMEue-
HO TuIofoHOmeHre. [lo TakcallMOHHBIM IOKa3aTesisiM ellb Koitodasi — (opma Ccu-
3as (P. pungens Engelm.) xapakrepusyercs Il xmaccom 6onuTeTa. Enb cubupckas
(P. obovata Ledeb.) — 11.

[To manHBIM pHc. 1, cpenu Bcex AepeBbEB aHATU3HPYEMBIX IPEBECHBIX MTOPOX
peolIamaroT 3M0pOoBhIe AK3eMIUIIPEL. OcaadeHHbIe T0 COCTOSIHHIO 0COOM B OO0JIb-
HIMHCTBE CIYYaeB XapaKTepPU30BAIMCh HE3HAYMTENLHBIM HM3MEHEHHEM I[BETa XBOU
B BEPXHEH YaCTH KOPHBI OT TEMHO-3EJICHOTO JIO KEJITOrO U KPACHOBATOrO OTTEHKOB. [1o-
clieiHee, BO3MOYKHO, CBSI3aHHO C OTMEYaEMBIMH B TIOCJICTHHE 2 T0/1a aHOMAJIBHO BBICO-
KUMH TEMIIepaTypaMy BO3/1yXa B BEr€TaLlMOHHBINA Mepros 0e3 JOCTaTOYHOro KoJnye-
CTBa 0CcanKkoB. J{oJsi CHITbHO OCITabIeHHBIX JIEpEeBhEB HE TpeBhIaeT B cpenHeM 20 %.

Tys 3anagnas

CocHa KeJipoBast Kopeiickast

Enp cubupckas

CocHa cubupckas kenponas 2
Cocna cubupckast kegpoas 1
CocHa 0OBIKHOBEHHAS!
JluctBeHHuIa cuOUpCKas

Enp xomouas- hopma cusas

CocHa KeJipoBast KopeiicKas, IpUBHTasI
Ha COCHY OOBIKHOBEHHYIO

0 20 40 60 80 100
Hons, %

®30poBble  Elociabiennsle B ciibHO 0cnabIeHHbIe ormuparonme  Mmorn6mme

Puc. 1. Pacnipenenenue nepeBbeB XBOMHBIX IIOPOJ 10 KATETOPHUSIM CAHUTAPHOTO COCTOSTHUS

Fig. 1. The distribution of coniferous trees by sanitary state categories

[IpuBeneHHbIe TaHHBIC YKA3bIBAIOT HA YCHEUIHYIO aJaNTAlMOHHYIO PEaKIuio
K YCIIOBHSIM yMEPEHHO KOHTHHEHTAJIbHOTO KJIMMAara JIECOCTEMHON 30HbI TrOMEH-
cKol obnactu pactenuid BUIOB Picea obovata Ledeb., P. pungens Engelm. u Thuja
occidentalis L. u IBISAIOTCS TOATBEPKICHUEM BO3MOKHOCTH MX MCIIOJIB30BAHUS IS
o3eneHenus . Tromenu. JlanHble BUBI IEPCIICKTUBHBI AJIS1 BEIPAILMBAHUS M UCTIONb-
30BaHMS B IIEJIAX O3CJCHEHHS M CO3JaHUs JaHAMA(THBIX TPYIH B 3€JEHBIX 30HAX
U JieconapKax B IO’KHOM IOJ30HE Taiiru B JIECOCTENHOM 30He TIOMEHCKOW 001acTH.
MOXHO peKOMEH/IOBATh BBICAKMBATh NEPEUHUCIICHHBIC BUJIBI OJJMHOYHO U TPYIIIaMU
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B JUICHHBIX TIOCAJKAX WU B JIAHAMIA(QTHBIX KOMIIO3HIIUSIX B COYCTAHUH C JIPYTHMU
BUJAaMH JIPEBECHO-KYPCTAaHUKOBBIX TTOPOJ] B JIECONMapKaxX M 3€JICHBIX 30HaX HACEJICH-
HBIX ITYHKTOB.

OTnenbHOr0o BHUMAHUS 3aciTy’)KUBAeT aHAIN3 COCTOSHUS TaKoW XBOWHOW moO-
pozbl, Kak JIUCTBeHHUIa cuOupckas (Larix sibirica Ledeb.), He sBistomeiicss WHT-
POAYLEHTOM JUIsl yCioBHii TIOMEHCKOH 00JacTH, HO MPEICTABNISIOIIEH MpaKTHye-
CKHY ¥ HAyYHBIH MHTEPEC JUIsl JTAHHOTO perruoHa. JTa ApeBecHas opoja K BO3pacTy
60 et Mo cpeaHUM TaKCAITMOHHBIM ITOKA3aTesIM XapakTepu3yercs [* kimaccom 60-
nureta. [lo cpeaHuM mokaszarensM CaHUTAPHOTO W KU3HEHHOTO COCTOSIHHMS, 8 Tak-
JKEe TI0 CpemHel OTHOCUTENBbHOU BBICOTE L. sibirica Ledeb. omenmBaercs xak 370-
poBad. IIpn 3TOM KOIMMYECTBO CHUIBHO OCIAOJIEHHBIX HK3EMIUISIPOB HE MPEBHIIIAET
15 %. CtBon nepeBbeB — MPAMOI, KpOHA — CHMMETPUYHO pa3BuTas. ¥ ocialieH-
HBIX 0c00eil 0TMeUaeTcss He3HAYMTEIHHOE TTOKEITEHNE XBOH. Y €IMHUYHBIX I€PECBb-
€B Ha CTBOJIaX HaONONAIOTCS MOP03000iiHbIe TpemuHbl. CeMeHomeHne OObIINH-
CTBa TIpeACTaBUTENICH BHIa oOmiIbHOE. [l0 HJaHHBIM TPOBEACHHBIX HCCIICIOBAHUM,
L. sibirica Ledeb. MO)XHO pEKOMEHAOBATH 15l CO3/IaHHS BBICOKOITPOIYKTUBHBIX C XO-
3STICTBEHHOW TOYKH 3PEHUS HACAKICHUN KaK YHCTOTO, TaK M CMEIIIAHHOTO COCTaBa.

OnbIT BhIpAIIMBaHUs COCHBI KeAPOBOW cubupckoi (Pinus sibirica Du Tour)
B ycnoBusx neHapapus Cubupckoit JIOC mokaspiBaeT, 4T0 HAUOOJBIIMMH TaKca-
[IMOHHBIMH TIOKA3aTEISIMUA OTIUYAIOTCS IEPEBhs, PON3PACTAIONINE B KYJIBTypax co
cxemoii pasmernienus 4x4 M. B HacTosiiee Bpemsi k Bo3pacty 43—45 ner P. sibirica
Du Tour pacrer no Il xmaccy GoHuTETa W XapaKTepPU3yeTCs BHICOKUMH CPETHU-
MU TOKa3aTesIMU COCTOSTHUS, 110 3HAUYEHHUSIM KOTOPBIX OIIEHHBAETCS KaK 3/10pOBasd
u yctoitunBas. [1o kommaecTBy npeo0agaroT 370pOBhIe AepeBbsi — 10 76 % oT ob1ie-
ro yucna. CHiIbHO 0CabJIeHHBIX OTMHUPAIOIINX AepeBheB He Oonee 12 %. OTmeuaeT-
Csl He3HAYMTENbHAs J0JIs TOBPEXKICHHBIX JCPEBBHEB — 110 5 % OT 00ILEro KoJIM4ecTRa.
@DayTHOCTh JEpPEBBEB IPEJCTaBI€HA B OCHOBHOM MOPO3000WHBIMH TpEIIHHAMUA
W pa3BOCHUEM KpOHBL. MoOpo3000iHbIE TPEUIMHBI NPEoOIaaloT y dK3EMILISIPOB,
MPOM3PACTAIINX B KpalHUX ps/Iax, HEMOCPEJACTBEHHO IMPUMBIKAIONINX K ajliee.
AHanornuuHas cuTyanus Habmogaercs Ui JepeBbeB JINCTBEHHHIIBI.

Kynerypsl P. sibirica Du Tour, pacmenieHHble o cxeme 2,5%1 M, OTIHYaI0TCs
MEHBIITUMH TaKCAIIMOHHBIMH TTOKA3aTEISIMH U K Bo3pacTy 43—45 J1eT XapakTepu3yloT-
cst IV xnmaccom Gonurera. [lo caHuTapHOMY M KM3HEHHOMY COCTOSIHUIO JPEBOCTON
XapaKTepHU3yeTcs Kak 0CIa0IeHHBIA. DTO OOBSCHSIETCS IOBOJIBHO OOIBIIAM KOJTHYe-
CTBOM CHJIbHO OCJIa0JICHHBIX, OTMHUPAIOIINX U MOTHOIINUX 0co0eit — B cpenHem 18, 15
u 2 % cootBeTcTBeHHO. TakuM 00pa3oM, HauboIee yCTOMYNBBIMU, IIPOYKTUBHBIMH
Y TIEpCIIEKTUBHBIMU KyNbTypaMu P. sibirica Du Tour psioBoit mocaaku siBiseTcs Ba-
pHAHT CO cXeMOM pa3meleHus 4x4 M.

Bonbmiolr mHTEpEC MMEET ONBIT BBIPANIUBAHUS IPUBUTHIX DK3EMIUISIPOB CO-
CHBI KOPEHCKOW Ha COCHY OOBIKHOBEHHYI0. M3 9 00cCienoBaHHBIX 3K3EMILISIPOB 1
HAXOJUTCSI B YTHETEHHOM COCTOSIHHH, CTBOJI IIOBPEKACH B HIKHEH yacT. OcTaib-
HBIE JIEPEBBS XapaKTEPHU3YIOTCS KaK XOPOIIHe, C YCIEeITHOW aJanTaiei K yCIOBHIM
okpy>xaroleil cpenpl. Kpona coceH cuMMeTpuyHasi, XBOsl I'ycTas, TEMHO-3€JIEHOTO
1BeTa. [y momydenus J0CTOBEPHBIX TaHHBIX O POCTE U Pa3BUTHH Pinus koraiensis
Siebold et Zucc. B ycnoBusix TroMeHCKOH 0071acTH HEOOXOAMMO MPOAOIIKHUTH Hayd-
HBIE W3BICKAHMS.

W3 MHTpOAYLEHTOB JHMCTBEHHBIX JAPEBECHBIX TOPOJA B HAMOOJBINEH CTere-
HU 3aCIIy’KUBAalOT BHUMaHMs 1y0 yepemrvatsiii (Quercus robur L.), 6apxar amyp-
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ckuit (Phellodéndron amurénse Rupr.), opex manskypckuit (Juglans mandshurica
Maxim.), cocTosiHHE KOTOPBIX B LIEJIOM XapakTepu3yeTcsl Kak ocnalnexnoe. [lpn
3TOM Ha JIOJIO 3I0POBBIX AK3eMIUIIpoB mpuxoauTcs 43, 40 u 33 % cOoOTBETCTBEHHO
(puc. 2). KonmnuecTBO CHIIbHO OCNIabIeHHBIX SK3eMIUISIpoB He npesbimaet 20-30 %.
B OonbiimHCTBE ciydaeB OCiableHHE COCTOSIHUE OOBSICHSACTCS TOBPEKICHUSIMU
CTBOJIa MOPO300OHHBIMU TPEIHAMHU.

bapxar amypckuit

Tomounp Oanp3aMHUYECKHIA

B SRR
A
R

JIuna MeakonucTHAS

Kren nmimaTaHOBUIHBIN

bepesa nosucnas

Opex MaH4bXKyPCKHIt

bepesa mymucras

J1y0 yepenrdatbiit

Hons, %

B310poBble ocabIeHHbIe B cunbHO Oc1abIeHHbIe B otmuparonye

Puc. 2. PacnpeueneHI/Ie JACPEBLEB JIMCTBEHHLBIX MOPO/ IO KaTCTOPUAM
CaHUTApPHOI'0 COCTOSTHUA

Fig. 2. The distribution of deciduous trees by sanitary state categories

JIoBONMBHO TEpPCIEeKTHBHBIMUA B BBIPAIIMBAHUY ¥ HCIIOIH30BAHUU B IEJSAX
03eJICeHeHUs] HACEJICHHBIX MyHKTOB JIECOCTEITHON 30HBI TIOMEHCKOH o0macTh sBIIs-
torcst P. amurénse Rupr., Q. robur L. JInsg 6oliee 1eTaIbHOTO aHAIH3a POCTA U Pa3-
BHUTHSA, a TaK)Ke TOJYYEHHUsS TOCTOBEPHBIX AAHHBIX 00 ajanTanuy BUIOB K TPH-
POMHO-KIIMMATHYECKUM YCIOBHSIM TIOMEHCKOW 00JacTH HEOOXOJUMO YIIyOUTh
HCCIIeIOBaHUS.

JI1st M3y4eHHBIX BUIOB APEBECHBIX TTOPOA-UHTPOMYIIEHTOB B YCIOBUSAX T. TFO-
MEHHU TIPE/ICTABISIET MHTEPEC OIEHKAa MEPCIIEKTUBHOCTH MTPUMEHEHUS TIPU CO3IaHUH
JIECHBIX HACAXICHUH U JTaHIIaQTOB peKpEarliOHHOTO Ha3HAYCHHS.

[IpencraBuTenu OpeBeCHON pPAaCTUTENFHOCTH, ONArOMOIYYHO aJalmTHPOBaB-
mrecss K YCJIOBHAM YMEPEHHBIX IMTUPOT, MOTYT OBITH BHEAPEHBI B JIECHBIC Haca-
KJICHUS C TENBI0 CO3/IaHUs CIIOXKHBIX M0 CTPOSHHUIO M COCTaBy, OoJiee YCTOWIHBBIX
KyJIBTYp B YCIOBHAX MEHSIOMIMXCS KIIMMaTa W SKOJIOTHUECKON cpenbl. JlocTmkeHme
YKa3aHHOTO Pe3yJbTaTa JIOJKHO CTaTh OJHOM M3 MIPHOPUTETHBIX 3a/1ad BeIeHUS Jiec-
HOTO XO3SHCTBA B 3alTUTHBIX JiecaX TIOMEHCKON 00IacTH.

Bw160061

1. bonpmiolt Hay4YHBIA W MPAKTUUYECKUN HMHTEPEC AJIsl JIE€COBOCCTAHOBIICHUS
B YCIIOBHSX YMEPEHHO KOHTHHEHTAJIHHOTO KIMMaTa JIECOCTEITHOM 30HbI TFOMEHCKOM
o0actu U3 00CIIeIOBaHHBIX BUIOB XBOWHBIX MPENCTABIAIOT Picea obovata Ledeb.,
P. pungens Engelm., Thuja occidentalis L., Pinus koraiensis Siebold et Zucc., Larix
sibirica Ledeb. n Pinus sibirica Du Tour; u3 nmuctBeHHBIX — Quercus robur L.,
Phellodéndron amurénse Rupr., Juglans mandshurica Maxim.
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2. Ilo cpeHUM CaHUTAPHOMY M JKHU3HEHHOMY COCTOSHHIO, & TaKKe OTHO-
CUTENIBHOW BBICOTE OOJBIIMHCTBO OOCJICAOBAHHBIX HHTPOAYLIEHTOB XBOMHBIX
IPEBECHBIX BUAOB XapaKTEPU3YeTCs KaK 310pOBbIE M yCTOHUYUBBIC, JINCTBEHHBIX
JIPEBECHBIX MOpoJ — ociabneHHble. Jons CHIIBHO OciaONeHHBIX 3K3EMIUIIPOB
y HpEeACTAaBUTENICH XBOWHBIX M JUCTBEHHBIX BHUJIOB HE MPEBBIIIAECT B cpeaneM 20
1 30 % COOTBETCTBEHHO.

3. O0cnenoBaHHbIE MHTPOLYLEHTbI XBOWHBIX JAPEBECHBIX BUJIOB XapaKTepH-
3yI0TCs OOJNBIIEH YCTOWIUBOCTRIO M 00JIee BEICOKMMH MTOKA3aTEISIMU COCTOSTHUS 110
CPaBHEHMIO C MHTPOAYLIEHTaMH JIUCTBEHHBIX BUJIOB.

4. Tlo OCHOBHBIM TaKCallMOHHBIM ITOKa3aTeNsIM TaKWe XBOWHBIC BUIBI, Kak
Larix sibirica Ledeb. u Pinus sibirica Du Tour x Bo3pacty 40—60 yer pactyT 1o
[~ xiaccam GoHHMTETa M (HOPMHUPYIOT BHICOKOIIPOLYKTHBHBIC APEBOCTOM. [laHHBIE
BUJIBI MOYKHO PEKOMEHIOBATh IS TUIAHTAIIMOHHOTO BBIPAIIUBAHHSI.

5. Picea obovata Ledeb., P. pungens Engelm., Thuja occidentalis L., o0na-
JAIOIME BBICOKUMH YCTOHYMBOCTBIO U JAEKOPAaTUBHOCTBIO, MOKHO PEKOMEH]IOBAThH
JUISL O3€JICHEHUSI HACeJICHHBIX MyHKTOB. HaumOomblieil 1eKopaTuBHOCTHIO U3 CpaB-
HUBAEMBIX HHTPOIYIIEHTOB XapakTepusyercs P obovata Ledeb., P. pungens Engelm.
C Pa3BUTOM APXUTEKTOHUKOHN U I'yCTOM NUPAMUIAIBHON KPOHOM.

6. B cuny omuuHOl ajantanuy K NpUPOAHO-KIMMATHYECKUM YCIIOBHSAM Jie-
cocrenHoit 30HbI TIOMEHCKOH 00JIaCTH M BBICOKUX JICKOPATHBHBIX KauecTB Quercus
robur L., Phellodéndron amurénse Rupr., Juglans mandshurica Maxim. cienyet
MPEAJIOKUTH AJIS1 UCTIONB30BAHUS B LIEJISIX 03€ICHEHHS JIECONAPKOBBIX U 3€JIEHBIX 30H
HACEJICHHBIX ITyHKTOB.
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Annomayusa. bornee BBICOKYIO YyBCTBUTEIBHOCTD K KJIMMAaTHYECKUM N3MEHEHHSM CPEeH JIpe-
BECHBIX TOPOJl UMEIOT XBOWHBIE, B YaCTHOCTH, COCHAa OOBIKHOBeHHas (Pinus sylvestris L.).
[enpto paboThI SBIACTCS OIEHKA TMHAMHKH COACPKAHUS (POTOCHHTETHYECKUX HMHTMEHTOB
B XBO€ COCHbI OOBIKHOBEHHOM B CBSI3M C M3MEHEHHEM KIIMMaTHYeCKUX (haKTOPOB B YCIIOBH-
SIX TIOCTOSTHHOTO M30BITOYHOTO YBIAXKHEHHUS TT0YB CEBEpHOI Tairu. VccaenoBanne mpoBOANIN
B KYCTQpHMYKOBO-C(DarHOBBIX COCHSIKAaX Ha OOJOTHBIX TOP(SHBIX MOUBaxX B ycThe p. CeBepHOit
JIBuHBL. Ha moCTOSHHBIX MTPOOHBIX TUIOMmaAsIX B iepuos ¢ 1998 mo 2019 rr. y 20-50 nepeBbeB
COCHBI OTOMpaK 00pasiibl 1-IeTHEH XBOH, Y KOTOPOi (POTOMETPHUECKUM METOJIOM OIIPEeNsi-
JIF COIePIKaHKE XJIOPO(UILIOB M KAPOTHHOWIOB. V3ydyeHne Ce30HHON TUHAMUKH ITOKa3aTesien
(OTOCHHTETHYIECKOTO MUTMEHTHOTO KOMILICKCA XBOM COCHBI, mpoBeacHHoe B 20132016 1t
MIOKA3aJI0, YTO COZIEPKAHUE 3€JEHBIX MUTMEHTOB HAUMHACT CYIIIECTBEHHO CHIKATHCS TOJIBKO
MIPH HACTYTUUICHUU MOPO30B B HOsiOpe. [TonokuTenpHas Temmneparypa B CEHTIOpe—OKTsOpe CIio-
COOCTBYET CHHTE3Y XJIOPO(DHILIOB, 9TO MOYKET HETATHBHO CKa3aThCs HA 3aKAJIMBAHIH JICPEBHEB
nepes] 3SMMOBKOH. B 0ceHHe-3MMHNE Mepro/T HaOMonaeTcsi akTHBHOE HAKOIIIGHHE B XBOE Kapo-
TUHOHJIOB, YTO CJIEIyeT pacCMaTpUBaTh KaK aJallTHBHYIO PEAKIMIO, HAPABICHHYIO Ha Pa3BH-
THE YCTONYUBOCTH (POTOCHHTETHYECKOTO allapara COCHBI K MEHSIOMINMCS YCIIOBHSM CPEIbI.
B mae—wntone 1998-2019 TT. ycTaHOBIEHO CXOJCTBO B JIMHAMHKE CPETHEMECSIHON TeMIiepa-
TYpPBI BO3AyXa U COEPKAHUS XJIOPO(DUILIA @ U KAPOTHHOUAOB B XBoe. /711 3TOro MpoMeKyTKa
BPEMEHH OTMEYEHA MOIOKHUTENbHAS KOPPEIAHS KOHIIGHTPAINN XJI0poQuiia a ¢ TeMIepary-
poit Bo3yxa. Takum 00pa3om, B Ha4yaje U B IEPUOJL AKTUBHO BEreTaliy B yCIOBUSIX CEBEPHOM
TAirM MOJIOKUTENbHASL TEMIIEpaTypa OKa3blBaeT CTHMYJHpPYIOLIee JeicTBre Ha (OpMHUPOBa-
HHe (POTOCHHTE3UPYIOIIETO alapara XBOM COCHbI. B yCIIOBUSIX M30BITOMHOTO YBIaXKHEHUs 32
20 JIleT KOIMYECTBO OCAKOB HE OKA3aJI0 3HAYUTEIHHOTO BIUSIHUSA Ha COAepKaHne (OTOCHHTE-
TUYECKUX TIUTMEHTOB B XBOE COCHBI.

Knioueewie cnosa: Pinus sylvestris L., nuHamuka pOTOCHHTETHYECKUX TUTMEHTOB, KIIUMAaTH-
4yeckue (hakTophl, TEMIEpaTypa, KOJTHUCCTBO OCAIKOB, H30BITOUHOE YBIAKHCHHE
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Abstract. Among tree species, conifers, in particular Scots pine (Pinus sylvestris L.) have
a higher sensitivity to climate change. The aim of the work has been to assess the dynamics
of photosynthetic pigments in connection with changes in climatic factors under conditions
of constant excessive moistening in the soils of the northern taiga. The research has been con-
ducted in dwarf shrub-shpagnum pine forests on bog peat soils at the mouth of the Northern
Dvina River. In the period from 1998 to 2019, samples of 1-year-old needles have been col-
lected from 20-50 pine trees in permanent sample plots, and the chlorophyll and carotenoid
content has been determined using the photometric method. A study of the seasonal dynamics
of the photosynthetic pigment complex of pine needles conducted in 2013-2016 has shown
that the content of green pigments begins to decrease significantly only with the onset of frost
in November. The positive temperature in September and October promotes the synthesis of
chlorophylls, which can negatively affect the process of hardening trees before overwintering.
In the autumn-winter period, there is an active accumulation of carotenoids in the needles,
which should be considered as an adaptive response aimed at developing the resistance of
the pine photosynthetic apparatus to changing environmental conditions. In May—June 1998—
2019, a similarity has been found in the dynamics of the average monthly air temperature
and the content of chlorophyll @ and carotenoids in the needles. During this period, a positive
correlation has been observed between the concentration of chlorophyll ¢ and the air tem-
perature. Thus, at the beginning and during the active growing season in the northern taiga,
positive temperatures have a stimulating effect on the formation of the photosynthetic appara-
tus of pine needles. In conditions of excessive moistening over a 20-year period, the amount
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of precipitation has not had a significant effect on the content of photosynthetic pigments in
pine needles.

Keywords: Pinus sylvestris L., dynamics of photosynthetic pigments, climatic factors, tem-
perature, amount of precipitation, excessive moistening
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Bseoenue

W3menenue kiauMara OKa3blBaeT BIMSHHE Ha JIECHBIE HKOCHUCTEMBI, YTO 00-
YCIIOBIIMBAET HEOOXOAMMOCTh Pa3paOOTKH CTPATErny BEICHHs JIECHOTO XO3scTBa
B HOBBIX ycnoBHsX. ComracHO pacueram, BBITOJHEHHBIM i [IaToro oreHo4Horo
noknana MI'OUK [17], B XXI B. B ceBepHBIX IIMPOTaX NPOTHO3UPYETCsl Haubosee
CHIJIBHOE TIOTETNIEHUE, CBA3aHHOE C YBEIMUEHHEM 0CaKoB. M3MeHenne ro0anbHoi
MpU3eMHOMN TeMnepaTypsl B koHLe X XI B., BeposiTHO, npeBricuT 1,5-2,0 °C o cpas-
Henuto ¢ mepuoaom 1850—1900 rr. [Totermenne kimMara Ha Tepputopun Poccrn 60-
Jiee 3HAUUTEIbHO, YeM TobanbHoe. [1o cBenennsm Pocruapomera [3], cpeanuit st
Poccun nuHeiHbIN TpeH K MOBBIICHUIO TemnepaTypsl B 1976-2012 rr. coctaBui
0,043 °C B roa. Haun6omnee 6victpo (0,052 °C B rox) TEemmeparypa pacTeT Ha eBpOIneii-
ckoit Teppuropun Poccuu. bornee BeipakeHHOE moTeruieHHe HaOmonaeTcs B 3SUMMHHAN
n Becennnit mepuoasl — 10 0,4 °C 3a 10 meT (3uMoit — HaJ KOHTHHEHTOM, BECHOH —
B BeIcokuX mupotax) [10]. B Apxanrenbckoii obmactu ¢ 1966 1. HabirogaeTcs ycTo-
YUBOE IMOBBILICHUE CPEAHEN Temmneparypbl Bo3ayxa [S]. B umenom no cTpane TpeHna
TOJIOBBIX CYMM OCaJIKOB ToJoxkuTeabHbIHN (0,8 MM B Mecs 3a 10 net). Hanmenbinee
YBEJIMYEHHE CYMMBI F'OIOBBIX OCaJIKOB OTMEUAETCs B eBpornelickoi yacty, [Ipnamy-
pwe u [Ipumopse (aa 0,5 MM B Mecsitt 3a 10 stet). B 3THX pernonax ocaaku SBHO yBe-
JMYUBAIOTCS JIMIIB BECHOH (Ha 1,5 MM B MecsI), a 1eToM — yMeHbInatoTes (Ha 0,8 MM
B Mecsr 3a 10 ner) [8]. Janasie PocrumpoMera mokas3sIBaroOT, YTO Ha CeBEpe CTPAHBI
0’KU/Ia€TCs TIOBBIIIEHNE KOJINYECTBA OCAKOB KaK B 3UMHHUH, TaK U B JIETHUN NEPUO-
1te1 [6]. Tlo mporHo3y crenuanucToB B 001acTH Io0aNbHOM Kkonoruu, EBponeiickuit
Cesep (bapeHII-perrnoH) MOJKeT 0Ka3aTbCsl AMUIICHTPOM KINMATHIECKUX N3MCHCHHM.
30Ha THPOTEPMUUECKOrO ONTUMyMa CMECTUTCS K ceBepy. AHAJIN3 TEMIIEPATYPHBIX
naHHbixX 32 1814-2014 rr., MoJy4YeHHBIX METEOCTAHIIUENH «ApPXaHTeNbCK», MOKa3al
TPEH]] Ha YBEIWYCHUE CPEIHEToA0BOM TemmepaTypsl Bo3ayxa ¢ 0,4 °C B XIX B. 10
1,0 °C B XX B. IIpu aTOM HabOIrOMANICS POCT TEMITEPATYPHI TIO BCEM CE30HAM.

JlpeBecHble TIOPOJBI UMEIOT Pa3InYHYI0 OT3BIBYMBOCTh HA M3MEHEHUs (hak-
TOPOB OKpY’Karomiel cpeapl. MHOTHE aBTOPBI IPUXOASAT K BBIBOLY O OOJbIICH dyB-
CTBUTEIBHOCTU XBOWHBIX IE€PEBbEB K KIMMATHUYECKUM M3MEHEHMSAM 110 CPAaBHEHUIO
¢ muctBeHHBIMU [ 19, 28]. [Ipu orieHke BAUSHUS KIUMATHUECKUX U3MEHEHHI Ha Jpe-
BECHYIO PaCTUTEIILHOCTh PACCMAaTPUBAIOTCSl KAK KPATKOCPOUHBIE, TaK U JOJIITOCPOY-
Hble 3G dexTol [24, 25]. JlonrocpouHble OTKIUKH B JIECHBIX IKOCHCTEMAaX CBS3aHbl HE
TOJILKO C TEPMUUYECKUMHU U3MEHEHUSIMH, HO U C U3MEHEHUSIMU PEXXHMa YBIIa)KHEHUS,
MHCOJISILMY, PACIPOCTPAHEHUSI IAaTOT€HOB U IpyruMu (pakropamu. Jloarocpoussle
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W3MEHEHUS] B JIECHBIX HKOCHUCTEMaX MOTYT COMPOBOXIATHCS (DU3MOIOTHYCCKHUMU
Y TEHETUUYECKUMHU NIEpepacIpeIeIeHUsIMU Y BCeX BUJOB [24] U pacTAHYTbCA MO Bpe-
MEHH Ha HECKOJIBKO TTOKOoJIeHHH [15, 26, 29]. B ¢BsI3u ¢ TeHeTHYECKUMH U3MEHEHMU-
SIMM BUJIBI TOJKHBI TIPOMTH «3BOJIOLMOHHYIO0 ananTanuio» [20]. IIpu ycToitunBom
MOTETUICHNH CIIETyeT OXKHJIATh TIOBBITICHHUS TIPOYKTUBHOCTH JIECOB 32 CUET C/IBUTOB
B MPOJOKUTEIILHOCTH BETETAI[IOHHOTO MEePHO/ia U CPOKOB POCTa JIEPEBHEB, YCH-
neHust uX (POTOCHHTETUYECKON akTUBHOCTH [ 15, 25], ¢ mpyroit cTopoHbI, BO3MOKHO
CHIDKEHHUE TIPOU3BOAUTEIHLHOCTH B PE3YJbTaTe YMEHBIIEHUS YPOBHS OCAJKOB U BO3-
HUKHOBEHHUSI 3acyxu [22].

Conepxanue u cocTaB (POTOCHHTETHYECKOTO ITMTMEHTHOTO KOMITJIEKCA SIBIISTFOT-
Cs1 MOKa3aTesIMU OCHOBHOTO MeTa00IM3Ma, OT KOTOPOTO 3aBHCHUT yCTOMYMBOCTh pacTe-
HUI K pakTopaM BHEITHEeH cpenbl. VX JrHHAMIKA OTIpeemsieTCsl TeHETHYECKUMHE CBOH-
CTBaMH H JKOJIOTHYECKUMH (AaKTOpamH, B T. 4. KiIuMarndeckumu. [eorpaduueckoe
MOJIOKEHHE U KJIMMaT paiioHa BIMSIOT Ha COOTHOIIEHHE (GopM (POTOCHHTETHUECKUX
MMUTMEHTOB pacTeHWil. BapeupoBaHue CTPYKTYpHO-(DyHKIIMOHAIBHBIX MapaMeTpOB
(hOTOCHHTETHUYECKOTO aIapara pacTeH!i CBA3aHO ¢ MX ajanranuei K kmmary [30].

3eneHble MUTMEHTHI U KapOTHHOUIB!I 00YCIOBIMBAIOT paboTy (hPOTOCHHTE3H-
pyromero ammapara pacteHuil. VX copeprkaHne W COOTHOIIEHHE B XBO€ KOppeu-
PYIOT C PE3UCTEHTHOCTHIO M MOTYT BBICTYNaTh MHJIUKATOPOM YCTOWYHMBOCTH K He-
OmaronprsITHEIM (pakTopam cpenbl [7]. Y XBOWHBIX MmOpox HAOMIOMAETCs Ce30HHAS
peopranuzanusi (HOTOCHHTE3UPYIOUIEH CHCTEMbI XJIOPOIUIACTOB, KOJIWYECTBEHHBIC
Y KaueCTBEHHbBIE M3MEHEHHUsI MUTMeHTHOTO (GoHma xBou [9, 14, 23, 27]. 3BecTHO,
YTO aJanTanusi MATMEHTHOTO armapara MPOUCXOAUT IyTeM TpaHc(hopMaluu CBe-
TOCOOHMPAIOIIET0 MATMEHTHOTO KoMImiekca [21]. B yCcIIOBUSX BBICOKOW HHCOISIIUU
9acTO HAOIIONAeTCs! TOBBIIIEHUE JTOTN KapOTWHOW/IOB, BBITIONHSIOMNX B JAaHHBIX
ycIoBUsX (YHKIHIO 3amuThl 0T oronHruouposanust [18]. [lockoneKy cumraercs,
9T0 XJIOPODHIT b HAXOAUTCS B TUTMEHT-0EITKOBBIX CBETOCOOHPAIOIITNX KOMILIEKCAaX
¢dortocuctemsr 11, To U3MEHEHNE COOTHOIICHUSI XJIOPOPHIUIOB @&/b MOXKET OBITH CBSI-
3aHO ¢ W3MeHeHHeM ee (hyHKIHOHHpoBaHMA [16]. Bo BIaxkHBIX MeCTOOOHWTaHUSX,
T7ie KOpHEBBIE CUCTEMBI JPEBECHBIX PACTECHHI 3aTOIICHBI TOBEPXHOCTHBIMU BOJAMH
C HU3KUM COZIEpKAHUEM KHCIIOPO/Ia, JINCThSI UMEIOT 3HAUNTENIBHO MEHBIIIE MIacTU/I-
HBIX IATMEHTOB U O0Jiee HM3KYIO (PU3HONIOTHYECKYIO aKTHBHOCTbD, YEM B JIECOPACTH-
TEJIbHBIX YCIOBUSAX ¢ OoJiee ApeHUPOBAaHHBIMU NouBamH [1].

Lemp mccnemoBaHusl — OIEHKA JWHAMHUKH COJEP)KaHUS (POTOCHHTETHUECKUX
MTUTMEHTOB B XBOE COCHBI OOBIKHOBEHHOM B YCIOBHUSX MOCTOSSHHOTO U30BITOYHOTO YB-
JIaKHEHHS TIOYB CEBEPHOM TaliIyl B CBSI3H C N3MEHEHNUEM KIMMAaTHYECKUX (PaKTOPOB.

Obvexmbl u Memoowbl UCCAEO08AHUS

OObekTOM HccienoBanus Oblla cocHa OObIKHOBEHHAsi (Pinus sylvestris L.),
MIPOU3PACTAOIIAS B YCIOBHUSAX MOCTOSHHOTO M30BITOUYHOTO YBIAXXHEHHS Ha BEPXO-
BBIX TOP(SHBIX TIOYBAX CEBepHOU Taiiru B ycTbe p. CeBepHO#t JIBuHbI (puc. 1).

B nepuon ¢ 1998 o 2019 rT. Ha OCTOSIHHBIX MPOOHBIX IIOMIANIAX B COCHS-
KaX KyCTapHHIKOBO-C(harHoBeiX y 20—50 mepeBbeB cocHBI Bo3pacToMm 80—100 et
orOupanu obpasupl xBou (He meHee 20 1-neTHux moderos ¢ 1 nepesa). B mabopa-
TOPHBIX YCIOBUSX B 1-1eTHEH XBoe (DOTOMETPUYECKH yCTaHABIMBAIM CO/IEPIKaHUE
(oToCHUHTETHUECKUX MUTMEHTOB [11]. Mi3Mepsiyiu onTHYECKY O IIJIOTHOCTh PacTBOpa
JUTS OTIPEJICIICHUS] KOHIIEHTPAIUH: XJI0po(Hilia ¢ — MpH JUTMHE BOJIHBI 665 HM, XJ10-
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podbwna b — 649 uM, kapoTuHOUAOB — 440,5 HM, COOTBETCTBYIOIIUX MAKCHMyMY
MOIVIOMICHUs] MUTMEHTaMu B pactBoputene (96%-m sranoze). PaccunTsiBain KoH-
IIEHTPAITUIO IUTMEHTOB B BEITSDKKE TI0 popmynam [11]. Knmumatudeckne hakTopsr —
TEMIIEPaTypy BO3AyXa U KOJIMYECTBO OCAIKOB OLIEHUBAJIHN 110 JAHHBIM METEOCTaHIIUU
«ApXaHrenbCK», HaXOIAUIUMCSI B OTKPBITOM JocTyne Ha caiitax CeBepo-EBpazuii-
ckoro KmMarudeckoro nentpa [13] u «l'ucmereo» [4].
35°E ~_ [40°E
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Fig. 1. The schematic map showing the location of sample plots

Pesynomamul uccneoosanus u ux oocyscoenue

CornacHO TIONyYEeHHBIM pe3ynbrataM (puc. 2), B 2013 1. Habmomamucey Cy-
IICCTBCHHBIC Pa3lIMuus MEXKAY COJepKaHMeM B l-JeTHed XBoe xyopoduiia a
(0,84 mr-r 1), xmopodurura b (0,31 Mr-r') 1 cyMMapHBIM COJZIEpIKaHHEM XJIOPODUII-
nmoB a u b (1,15 mr-r!) B utoze U UX KOHIICHTPAIMEH B KOHIIE Mas — Ha4alle UIOHS
(0,71, 0,24 u 0,95 Mr'T"! COOTBETCTBEHHO), a TAKXe COJEpKaHUEM XJopoduiuia a
(0,72 mr-T!) B KOHIIE CEHTSIOPsT — Havase oKTAOps. ComepkaHue KapOTUHOUIOB CY-
IICCTBEHHO YBEIMUMIOCh OCeHbI0 (0,24 Mr T!) MO CpPaBHEHUIO C BECEHHE-JICTHUM
nepuonom (0,16-0,21 mr-1'). Paznuuns mokaszareseil JocToBepHBI Ha 5%-M ypOBHE
3HaYUMOCTH (Tab. 1).
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Oxonuanue puc. 2
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Jlekana mecsia
8
Puc. 2. Ce30HHas TMHAMUKa OKa3areseil (POTOCHHTETHYECKOTO MMUTMEHTHOTO KOMILIEKCa
(cpenHee 3Ha4YeHUE ¢ oMMOKOW IO 2 Aekanam) |-eTHei XBou cocHbl: a — 2013 r;
6—20151;6—-2016T. Xa, Xb, K — conepxanue xnopopuuioB a, b 1 KapOTHHOHU/IOB
COOTBETCTBEHHO, MI''I'! CyXOl MacChl

Fig. 2. The seasonal dynamics of the photosynthetic pigment complex indices (average
value with error over 2 decades) of 1-year pine needles: a —2013; 6 — 2015; ¢ — 2016.
Xa, Xb, K — content of chlorophylls a, b and carotenoids, respectively, mg-g-!' dry weight

Tab6uuma 1

JocroBepHocTh paziuuunii nokasaresiei GoToCMHTETHYECKUX NUTMEHTOB
B 1-1eTHeii XBoe cOCHBI (t) 5 = 2,105 4995 = 2,10)
The reliability of differences in photosynthetic pigment indices
in 1-year-old pine needles (t) s = 2.10; q, 5 = 2.10)

CpaBHI/IBaeMLIe nepUuoaAbL

Ton IToka3arenn Xa Xb Xatb K
(mexanma mecsima)
1I1.05-1.06 t 5,01 4,25 5,04 7,03
1.07-11.07 qs 3,84 3,32 3,96 5,42
2013 1I1.05-1.06 t 0,47 1,82 1,30 2,71
111.09-1.10 qe 0,02 1,58 0,86 2,32
1.07-11.07 t 3,94 0,35 2,31 9,07
111.09-1.10 qs 3,30 0,27 2,06 8,41
II1.05 t 0,14 2,13 0,73 2,23
11.07 Je 0,12 1,76 0,59 1,97
II1.05 t 0,60 0,81 0,06 17,28
111.09 de 0,48 0,66 0,05 15,02
1I1.05 t 3,87 4,10 4,10 18,05
2015 11 qs 3,10 3,63 3,39 14,64
11.07 t 0,67 2,29 0,48 17,81
111.09 Js 0,55 1,95 0,39 15,22
11.07 t 343 5,87 4,45 18,46
L11 Js 2,76 5,08 3,66 16,31
111.09 t 3,44 2,07 3,08 1,22
L.11 Js 2,70 1,82 2,48 1,08
11.05 t 6,77 3,26 5,49 1,10
111.06 ds 6,38 3,53 5,73 0,87
11.05 t 9,19 3,95 7,02 1,59
11.07 Js 8,62 3,48 6,30 1,53
2016 11.05 t 8,80 6,41 8,55 5,99
11.09 ds 8,25 5,60 7,75 5,13
11.05 t 6,98 5,99 6,98 10,19
111.10 ds 7,86 6,52 7,98 10,82
11.05 t 4,47 3,72 4,49 8,86
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Oxonuanue maon. 1

Ton Cpa]z;g;:;rr;z;ggoﬂm ITokazarenn Xa Xb Xa+b K

11.12 e 4,09 3,23 3,99 7,53
II1.06 t 2,70 0,83 1,76 3,77
I1.07 e 2,85 0,88 1,96 2,95
II1.06 t 2,69 1,94 2,50 9,00
11.09 s 2,65 2,23 2,63 7,92
111.06 t 1,43 1,15 1,38 12,96
1I1.10 g 1,09 1,02 1,13 14,13
111.06 t 2,19 0,30 1,28 12,18
11.12 e 1,76 0,29 1,06 9,90
11.07 t 0,13 0,91 0,56 6,53

2016 I1.09 e 0,27 0,78 0,57 5,73
I1.07 t 0,92 0,11 0,45 11,23
III.10 s 2,13 0,15 1,09 12,38
11.07 t 4,78 1,21 3,04 10,21
11.12 qs 4,36 1,32 3,05 8,62
11.09 t 1,00 1,02 1,07 5,99
1I1.10 qe 2,19 1,43 1,98 5,88
11.09 t 4,66 2,59 3,95 3,87
I1.12 e 3,80 2,38 3,32 3,07
III.10 t 3,25 1,74 2,72 2,60
11.12 s 3,79 1,51 2,75 2,24

IIpumeuanue: t — kputepuil CTbIONEHTa; t) (s — t Ha 5%-M ypOBHE 3HAYUMOCTH; (, — KpuTepuil Thloku;
Js0.0s— 9 Ha 5%-M ypoBHe 3HaunMocTH; Xa, Xb, K — cogeprkanue xa0pohumios a, b 1 KapOTHHONIOB
COOTBETCTBEHHO, MI I ! cyxol Macchl. [TomykupHbIM IIPUQTOM BBIAEIEHBI JOCTOBEPHbIE Pa3IMUHs 110-
KazaTeseH.

B urone 2015 r. conepxkanue xmopodwuia b (0,34 mr-r') B 1-netHeil xBoe
CYIIIECTBEHHO TMPEBBIIIAIO 3TOT Tokazarenb oceHbto (0,26 mr-r'). KommuecTBo
xyopodmiria a (0,77 mr-r') u cymma xnopoduio ¢ u b (0,95 mr-r-') 3HaYUTEIb-
HO CHU3WINCH B Hayaje HOAOps, KOrAa yCTaHOBMJIACH OTPHULATEIbHAS TeMIIEpaTy-
pa Bo3myxa (B cpemHeM 3a MecsI] AToT mokazarenb B 2015 . cocraBmn —3,4 °C).
Paznnumst mokazareneld HOAOps ¢ KOHLIOM Masi — HavyajoM HIoHs (xyiopoduiun a —
0,94 mr-1'; cymma xnopouuioB a ub— 1,23 Mr-r'), a Taxoke ¢ utoseM (XJI0popuI a —
0,93 mr-r'; xnopopuwio a u b — 1,28 Mr ') U KOHIIOM CEHTIOPsI (XJIOpODHILT a —
0,97 mr-r!; cymma xmopoduiioB a u b — 1,23 mr-r') nocroBepHbl. KoHneHTpamms
KapoTHHOUIOB oceHbio 2015 1. cymecTBeHHO yBenudmiack (0,50 mrr!) mo cpas-
HEHHIO ¢ BeceHHe-neTHUM nepuogoM (0,23—-0,25 mr-r!). MuHUMaIbHBIH YPOBEHb
KapoTHHOW0B HaOmomaics B utone (0,23 mr-rt).

B mae 2016 1. conepkanue xsopodpmwios a (0,70 mr-r-'), b (0,23 mMr-r'), cym-
MBI xJopoduiuioB a u b (0,92 mr-r') B 1-neTHel XBoe OBUIO 3HAYUTEIHHO MEHBIIIE
o cpaBHEHHIO ¢ JieTHUM (xJjopodut a — 0,98-1,11 mr-r!; b — 0,37-0,42 mr-r;
xsopopmiioB ¢ u b — 1,35-1,53 mr-r1), ocennum (xaopodumr a — 1,06-1,12 mr-r;
xyopodumn b — 0,42-0,47 mr-1!; cymma xmopoduios a u b — 1,48—1,59 mr-1!) mme-
pHoOIaMH U Ha4aJoM 3UMbI (xiopodunt a — 0,88 mr-r!; xnopoduiut b — 0,35 mr-r;
cymMma xjopouuioB a u b — 1,23 mr-r!). Paznuuuns nokasareneid J0CTOBEpHBI Ha
5%-M ypOBHE 3HAYUMOCTH.
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B cocHsikax cgarHoBBIX W KYCTaPHHMYKOBO-C(ATHOBBIX HA BEPXOBBIX TOP-
(SHBIX TIOYBAaX CEBEPHOH TalirM B Mae—HMIOHE MOYBEHHO-TPYHTOBBIE BOABI OOBIYHO
OJM3KO K MOBEPXHOCTH, YTO CO3JAaeT OCOOCHHO HEOIArONpPHATHBIC YCIOBUS IS
KOpHEH IpeBECHBIX pacTeHUi. B 3THX yCIOBUSX B MOYBEHHOW BOJE COAEPIKHUTCS
MeHee 2 Mr-J1! Kucimoposa. OTo OTPUIATENIbHO CKa3bIBAETCS HA CHHTE3€ (POTOCHH-
TETUYECKUX MUTMEHTOB B XBO€ COCHBI [2]. B mekaOpe, ¢ HaCTymieHHEM MOPO30B
(cpenHss 3a 3TOT MecsL TeMieparypa Bo3ayxa B 2016 . cocraBuina —7,2 °C) conep-
xanue xiaopodmia a (0,88 Mr-1!) m cyMmMapHOe copepskanue XJI0podmnioB a u b
(1,23 Mr-r!) cymecTBeHHO MOHU3HUIIOCH 110 CPABHEHHIO C JIETHUM (XJopoduiut a —
1,11 mr-r!; cymma xmopodumioB ¢ u b — 1,53 Mr-r!) m oceHHUM (XIT0pOodIILI
a—1,06-1,12 mr-r!; cymma xnopopumios a u b — 1,48-1,59 mr-r') nepuogamu.
Hckirouennem cTano HECYNECTBEHHOE CHIDKEHHE CYMMAapHOTO COJIEPIKaHUS XJIO-
poduiIIoB @ U b B ekabpe conocTaBUTeNbHO ¢ uroHeM (1,35 mMr-1!). VBennueHue
KOJIMYECTBA B XBOE COCHBI 3€JICHBIX TUTMEHTOB B YCJIOBHAX W30BITOYHOTO yBIIAXK-
HEHWs TI0YB B CEBEpHOU M cpemaueit Taitre EBpometickoro CeBepa Poccuu rmaBHBIM
00pa3oM 00yCIIOBIIEHO MOBBIIICHUEM TEMIIEPaTyphl BO3yXa U IMOYBHI B JIETHHH Tie-
puon [12, 27]. 1o cBemenusM [2], B COCHAKaX KyCTapHUYIKOBO-C(arHOBBIX CEBep-
HoW u cpenneil taiirn EBponeiickoro Cesepa Poccun MmakcumyM doTtocuHTeTHYE-
CKHX TTUTMEHTOB B XBO€ COCHBI HAaOIII0[aeTCs B KOHIIE JIeTa — Hayalle OCEHU. 3UMOM
1 BecHOH xyopoduinia (ocobeHHO xiopoduiia b) B XBOE COCHBI B 3THX YCIOBUIX
Mmenblne. CopepikaHue KapoTHHOUIOB B oceHHe-3uMHuUH nepuon (0,34-0,44 mr-r-!)
0Ka3ajJoCh CYIIECTBEHHO Ooublie, 9YeM B BeceHHe-eTHHH (0,24—0,27 wmr-r1).
OceHHee yBEeIUYEHNE YPOBHS KapOTHHOHUAOB B XBOE CBSI3aHO CO CHUKEHHEM TEM-
neparypbl BO3/1yXa, MOBBIIIIEHUEM YPOBHS IIOYBEHHO-TI'PYHTOBBIX BOJI, CITIOCOOCTBY-
FOIIUM KOPHEBOU TUTIOKCUU U Turotepmuu [27]. Biusaue dakropa «ce30H» Ha CO-
JepKaHHe XJIOPO(PUIIJIOB U KAPOTUHOUIOB B 1-JIeTHEH XBOE COCHBI B pa3HbIC T'OJIBI
OATBEpKAaeTCs 1-PpakTOPHBIM AUCTICPCUOHHBIM aHATN30M (TaldI. 2).

TabGuuma 2

Buusinust paKkTOpa «ce30H» Ha cofepskaHue (POTOCHHTETHYECKUX MUTMEHTOB B
1-1eTHel XBoe cOCHBI (MI'I! cyXoii Macchl) O pe3yabTaTam
1-pakTOpPHOrO JUCNEPCHOHHOTO AHAIN32
The effects of the “season” factor on the content of photosynthetic pigments
in 1-year-old pine needles (mg-g-' dry weight) based on the results of a one-way
analysis of variance

TTokazarenn | Xopoduit a | Xopoduit b | Cymma xsopoduuioB a u b | Kapotunounabt
2013 2. (Fp5 = 3,006)

F 13,67 4,03 8,81 43,73
S, 0,164+0,012 0,055+0,014 0,113+0,013 0,386=+0,009
2015 2. (Fyp5=2,72)

F 6,20 8,84 6,86 213,78
T]Zj:Sn2 0,197+0,032 0,259+0,029 0,213+0,031 0,894+0,04
2016 2. (Fp5 = 2,29)

F 20,90 6,38 14,56 65,42
an:S]12 0,480+0,023 0,220+0,035 0,392+0,027 0,743+0,011

IIpumeuanne: F — kpurepuit Guinepa; F s — kpurepuit F Ha 5%-M ypoBHE 3HAYUMOCTH; 2 + S, ) — BIIH-
stHUE (pakTOpa ¢ OMHMOKOH.
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Ecnu paccMarpuBaTh CE30HHYIO TUHAMUKY COZIEpKaHHs (POTOCHHTETUIECKUX
MIUTMEHTOB B 1-JIETHEN XBOE COCHBI B T€UEHNUE 3 JIET, MO)KHO OTMETHUTD CIIEIYIOIIEE.
[Ipu moBeITIEHHON TemmepaTtype (IT0 CPaBHEHUIO CO CPETHEMHOTOICTHEH) OCEHBIO,
0 YeM CBHUIETEIBbCTBYIOT JaHHBIC Ta0l. 3, CyMMapHOE COIEpKAaHUE 3EJIEHBIX ITHT-
MEHTOB CYIIIECTBEHHO HE Pa3IM4aeTCs 10 CPABHEHHIO C JIETHUM IepuonoM. Kon-
HEHTpanus XJIOpo(QUIIOB HAYMHACT CYIECTBEHHO CHU)KAThCS TOJIBKO B HOsIOpE, KOT-
Jla HACTYMaloT MOpo3bl. Temasi OCeHb COCOOCTBYET CHHTE3Y 3€JICHBIX MUTMEHTOB
B XBOE€, OJTHAKO 3TO MOXET OTPHIIATENIbHO CKA3aThCs Ha MPOIIECCax 3aKaTuBaHUS MTPH
MOJITOTOBKE COCHBI K NMEPE3NMOBKe. AHAJIN3 CE30HHON TMHAMUKHN KOHIIEHTPALUHU Ka-
poruHouA0B B 2013 1 20152016 1. CBUAETENBCTBYET O 3HAYUTEIILHOM YBEIUUCHHU
UX COMEpKaHMs B OCEHHUM M 3UMHUI NEepHObI 110 CPAaBHEHUIO ¢ BECEHHE-JIETHUM
(t=2,71-18,46; to0s= 2,01-2,09). IloBbimieHre YpOBHS KaPOTHHOUAOB OCEHBIO—3H-
MOM HaIlpaBJIeHO Ha YCHIICHHE UX 3aIUTHOMN POJIM U pa3BUTHE YCTOHUUBOCTH (QOTO-
CHUHTETHUYECKOTO anmapaTa COCHbI K HEOIaronpHusTHBIM YCIOBHSIM CPEJIbI.

Tabnuma 3

MerteopoJioruueckue nokasaresu (B ceHTsI0pe—oKTaOpe)
paiiona uccJjie0BaHusi (MeTEOCTAHLUMA «APXAHIeJIbCKY)
The meteorological indicators (in September—October)
of the study area (“Arkhangelsk” weather station)

Ton | Temneparypa Bozayxa, °C | CymMMa 0CaikoB, MM
2013 a.
CeHts0pb 8,4/7,9 14/69
OxT10ph 2,6/1,5 102/63
2015 .
CeHTs0ph 10,6/7,9 71/69
OKT0ph 3,1/1,5 52/63
2016 e.
CeHTs10ph 9,0/7,9 41/69
OKTI0pH 3,0/1,5 22/63

ITpumeuanne: B uncnurene cpeaHemecsuHas TeMIepaTypa BO3AyXa M MECSIHAst
CyMMa 0CaJIKOB COOTBETCTBEHHO; B 3HaMEHaTeNe — CPeTHEMHOTOJIETHHE 3HAUEHUS].

AHanu3 TUHaAMUKHU COiepKaHus (POTOCMHTETUYECKUX MUTMEHTOB B 1-eTHEH
XBO€ U OCHOBHBIX METEOPOJIOTHUECKUX [TapaMETPOB B Ha4ajle U B IIEPUOJ aKTUBHOM
BereTanuu B Mae—uroHe 1o rogam (1998-2019 rr.) mokazan cienyrormiee. BrisiBieno
OIpEJeNICHHOE CXOJCTBO B JMHAMHKE CpPEJHEH TeMIIepaTypbl BO3AyXa M COAEpKa-
HUS XJOpodHiUIa ¢ M KapOTHHOUIOB B XBOE COCHBI B Mac—HIOHE Ha MPOTSIKCHHU
2 necsATUIETHH, OAHAKO B OTHOILIEHUH KOHLEHTPALUH XJI0popHiLIa b 3TOr0 OTMETHTh
Heb34 (puc. 3).

Mexay cpegHeld TeMIlepaTypoil BO3AyXa W COIEpXKaHueM XJopoduia
a B 1-neTHell XBoe B Mae—MIOHE TEKYIIETo rojia yCTaHOBJIEeHa ciaalasi MOJI0KUTENb-
Has (koo uiment koppensuuu pasen 0,49), Ho mocroepHas (t = 2,23; ty 5= 2,12)
cBs13b. KoappunmenT nerepmunanmm nuneitHo# perpeccun (R2) cocrasnser 0,245
(puc. 4). B nnHaMuKe KOJIMYEeCTBa OCAIKOB U COAEPIKaHUS TUTMEHTOB B XBOE B Mae—
HIOHE cXozcTBa He HabOmiomaeTcst. Koppemsiuuu conepkaHusi CyMMBbl XJI0pO(HIUIOB,
a TaKkKe KapOTHHOWAOB C KOJIMYECTBOM OCAJKOB B Mae—HIOHE TEKYIIETO rojia He
YCTaHOBJICHBI NIPU KPUTHUECKUX 3HAYCHUSIX t-KpuTepHs. 13-3a MOCTOSHHOTO U30BIT-
Ka BJIard B 3TOT NEPUOJ] ONPEACIISIIONLYIO POJIb B CHHTE3€ (POTOCUHTETUYECKUX IIHT-
MEHTOB UTPACT TeMIIeparypa, a He OCaJIKH.
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Puc. 3. /luHamMuKa METEOPOJIOrNUYECKUX MOKa3areleil (Mali—HIOHb) U CONlepIKaHMsI
(DOTOCUHTETHYECKNX TUIMEHTOB B 1-JIeTHEH XBoe cocHBbI: | — Xopoduint a;
2 — xyopoduiut b; 3 — KAPOTUHOUIBI, 4 — TEeMIIEpaTypa; 5 — ocaku
Fig. 3. The dynamics of meteorological indicators (May—June) and the content
of photosynthetic pigments in 1-year-old pine needles: 1 — chlorophyll a;
2 — chlorophyll b; 3 — carotenoids; 4 — temperature; 5 — precipitation
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Cpennss Temneparypa, °C
Puc. 4. Tpern TMHEHHOM perpeccru coepKaHus XJIopohunia a
B l-JIleTHEH XBO€ M cpeHel TeMIepaTypsl BO3ayXa B Mae—HIOHE
TeKymero rona (3a mepuox ¢ 1998 mo 2019 rr.)
Fig. 4. The linear regression trend of chlorophyll @ content
in 1-year-old needles and the average air temperature in May—June
of the current year (for the period from 1998 to 2019)

OTO COOTBETCTBYET pe3yiabTaraM, MOIYyYEHHBIM IpyTUMHU aBTopamu [12], ko-
TOPBIC YKa3bIBAIOT HA JIETHEE MOBBIIICHUE COAEPIKAHUS 3€JICHBIX IUTMEHTOB B XBOE
COCHBI M JIMHEHHYIO CBSI3b KOHIIGHTpPAIMH XJOpPOpHIUIa C TeMIEpaTypoil BO3oyXa
1 TIOYBBI B TEUEHUE BEreTaluy B C)arHOBBIX TUIAX Jiecax.
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3axnouenue

MOHUTOPHUHT META0OIUYECKUX PEAKIUN y JPEBECHBIX PacTCHU HE00XO-
JIUM JUIsl TIOHUMaHUs MIPOLIECCOB aJlalTallii U MPOTHO3UPOBaHUs (DYHKIIMOHUPO-
BaHUS JICCHBIX DKOCHUCTEM B M3MCHSIONINXCS YCIOBUAX BHEMNTHEH cpenpl. CTpyK-
TypHO-QYHKITMOHATbHAS TEPEeCTPOKa ACCHMUIJIAIMOHHOTO aIlliapara B CBS3H
C CE30HHBIM Pa3BUTHEM 00€CIIEYMBAET YCTOWYUBOCTH JIEPEBHEB MPU BO3ICHCTBHH
CTPECCOBBIX (haKTOPOB.

Wzydenue ce30HHOW AMHAMUKUA (POTOCHHTETHYECKOTO ITUTMEHTHOTO KOM-
meKca l-meTHel XBOM COCHBI MOKA3alio, YTO MPU MOJOKHUTEIBRHON Temmeparype
B OCCHHHI MEPHO]] KOJTUICCTBO 3EJICHBIX MUTMEHTOB CYIIIECTBEHHO HE CHIDKACTCS.
3HAYNTEIPHOE YMEHBINICHUE WX COMEPKaHWs HAOIIOmaeTcs TOMBKO MPU HACTYTLIC-
HUU MOPO30B B HOsi0pe—nexabpe. [loBblieHHas Temreparypa (110 CpaBHEHHIO CO
CPEIHEMHOTOJIETHEH) OCEHBI0 CTUMYIUPYET CHHTE3 XJIOPOPHUIIOB B XBOE, YTO MO-
JKET HETaTUBHO OTPA3UTHCS Ha 3aKaIMBAaHUU JIEPEBLEB IEpen Nepe3nMoBKoil. Bme-
CTE C TEM C OKTSOPSI ITPH TOJIOKUTEIIBHOM TeMIIepaType HaOIH0IaeTCs 3HAUNTEIIbHbIH
POCT KOHIICHTPAIIMH KapOTHHOHWIOB, YTO pacCMaTpyBaeTCs Kak aJalTHBHAS peak-
WS, HAaIIpaBJICHHAS HA MPEAOTBPAIICHIE (POTOTUHAMUICCKON TECTPYKITUH U Pa3BU-
THE YCTOWYMBOCTH (DOTOCHHTETHUYECKOTO arlmapara K HeOIaronpusITHBIM YCIOBUSIM
3MMBI B CEBEPHBIX MIMPOTaX. POJIb HU3KOMOJICKYIISIPHBIX HE(PEPMEHTATUBHBIX aHTH-
OKCHJAHTOB B ATOT MEPHUO YCUIHBACTCSI.

Jns mas—urons 1998-2019 rT. ycTaHOBIEHO CXOACTBO B TOMUYHON TUHAMUKE
CpeImHEeMECSIIHON TeMIIEpaTyphl BO3AyXa U COIEP KaHs XJI0podHilia ¢ ¥ KapOTHHO-
u70B B 1-neTHel xBoe. B yCIIoBUsAX H30BITOYHOTO YBIaKHEHUS 32 20-eTHHI TTIeproJ
KOJIMYECTBO OCA/IKOB HE 0KA3aJI0 3HAYUTEIIHHOTO BIHUSHHS Ha collepkaHue (DOTOCHH-
TETUYECKUX MMUTMEHTOB B XBOE COCHBL. MOXKHO MPEANOI0KUTh, UTO BCIEACTBUE TO-
BBILICEHHOW YBJIQXXHEHHOCTH IOYB CEBEPHOU TalirM B Hauajle BEreTalMy U B €€ aK-
THBHYO (ha3y TemIeparypa OKa3blBaeT 3HAYMMOE BIMSHUE Ha (POTOCHHTETHUYCCKYHO
aKTHUBHOCTH XBOW COCHEI. /lmHAMuWKa conep:kaHus (POTOCHHTETUYECKUX ITUTMEHTOB
XBOHW COCHBI MOXXET OBITH OJTHUM W3 KPUTEPHEB OIEHKH YCTOMYHMBOCTH COCHOBBIX
HACaXXJICHUH M pa3paOOTKU CTPATETUH BEJICHUS JICCHOTO XO3SMCTBA Ha M30BITOUHO
YBJIQKHECHHBIX [TOUBAX CEBEPHOU TAWTH B YCIOBHUSIX U3MCHECHUS KIMMATa.
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Annomayus. CrnourHsle pyOKH TPUBOIAT K HW3MEHEHHUIO CTPYKTYphl OHOTEOIIEHO30B,
BO3PAaCTHOTO U BUIOBOTO COCTaBa JIPEBOCTOEB, Pa3HOOOPa3us U OOMIIUS PACTUTEIHHOCTH.
B cratpe naHa J1€COBOJICTBEHHO-PKOHOMHYECKAs OIICHKA MEPOTPHUATHH 10 COXpPaHEHHIO
KITIOYEBBIX OMOTOIIOB C M30BITOYHBIM yBIXHEHHEM IOYB IIPH CIUIOIIHBIX pyOKax, mpoBe-
JIEHHBIX M0 COPTHMEHTHOM ¥ XJIBICTOBOW TEXHOJOTHSIM 3aTOTOBKH ApeBeCHHBI B Bomoroa-
ckoif obmactu. IlpoaHann3upoBaHbl YCTORYMBOCTD HACAKIACHUA M (IIOPUCTUIECKOE pa3-
HOooOpasue B KIFOYEBBIX OMOTOIAax, 000CHOBaHA HEOOXOAMMOCTh M TTapaMeTPhl BBIICICHHS
3aIUTHBIX 30H. MOHUTOPHHTOBBIC HAOMIOCHHS IOKA3BIBAIOT, UTO BBIACICHHBIC TP PyOKe
KITIOYEBBIE OMOTOIBI COXPAHWINCH B CBOUX IPAHUIIAX. B KITIOUEBBIX OMOTOMAX HE yTPaTHIN
JKU3HECTIOCOOHOCTh PENIKHE M IKCTPa30HAIbHBIC BUABI pacTeHuit. OrnieHnBas paznooOpa-
3ue (IIopHI, CICIYET OTMETUTh, YTO YKCIO BUJOB B OMOTONAX C BPEMEHHBIM M30bITOYHBIM
YBIQKHEHHEM B cpeiHeM B 1,5 pa3a mpeBbIIaeT YHCI0 BUAOB B TPAHUYAIINX IPEBOCTOSIX
10 pyOku u B 1,8 paza — ApeBOCTOEB Ha MPUMBIKAIONINX BBIpyOKax (cmycts 1—7 net mocie
pyOkn). B 6moTomax ¢ MOCTOSHHBIM H30BITOYHBIM YBIAQKHEHHEM 3TOT MOKA3aTeNb BHIIIE
B 1,7 u B 1,8 paza coorBercTBeHHO. [IpH MpoBeaeHIH CIITIONTHBIX PyOOK IO COPTUMEHTHOM
U XJIBICTOBOW TEXHOJIOTHSIM C COXPaHEHHEM KIIFOYEBBIX OMOTONOB U 0€3 peHTa0eIbHOCTb
JI€CO3arOTOBUTENBHBIX Pa0OT JOCTOBEPHO HE pasznudaercs. LlemecooOpa3sHOCTh XIBICTOBON
neco3aroToBku Ha 19,9 % mpeBwimaeT aHAJOTUYHBIN MMOKa3aTeNlb COPTUMEHTHOW TEXHO-
JIOTHH, YTO CBsI3aHO C Oojee HU3KOU cebecTomMOCcThio paboT. C J1eCOBOACTBEHHO-IKOIO-
THYECKOH MO3WINK OCTABIIEHNE KJIIOUEBBIX OMOTOIOB IpU pa3pabOTKe JIECOCEK SBISAETCS
3 PEKTUBHBIM MEPOIPUATHEM, HAIIPABICHHBIM Ha MOJICPKaHIE OUOJOTHYECKOr0 Pa3HoO-
o0pa3us Ha JOKaITbHOM ypoBHE. C S5KOHOMHYECKOH TOYKH 3PSHHSI COXPAHEHUE KITFOYEBBIX
OMOTOIIOB MPH CIUIOMIHBIX PyOKax jKEeJaTebHO M MO3BOJSET COKPATUTH MPOU3BOACTBEH-
HBIE PAacXOJbl Ha JIECOCEYHBIE PAOOTHI MMyTEM OCTaBICHUS HEAKCILTYyaTAIMOHHBIX Y4aCTKOB
C HU3KOKaueCTBEHHOU APEeBECUHOM.

Kniouesvie cnosa: Guonoruueckoe pazHooOpasue, CIIIOIIHAs BeIPYOKa, KIIOUeBOi 6uoTom,
saapo OMOTOIa, 3al|THAs 30Ha OMOTOIa, YCTOMYMBOCTh HACAXKICHUH, JIECOBO/ICTBEHHO-IKO-
HoMMYecKast 3 (PEeKTUBHOCTh
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Abstract. Clear-cutting leads to changes in the structure of biogeocenoses, the age and
species composition of stands, and the diversity and abundance of vegetation. The article
examines the results of a silvicultural and economic assessment of measures to preserve
key biotopes with excessive soil moisture during clear-cutting carried out using cut-to-
length and tree-length timber harvesting technologies in the Vologda Region. The results of
the assessment of stand stability and floristic diversity in key biotopes have been analyzed,
and the necessity and parameters for establishing protective zones have been substantiated.
Monitoring observations show that the key biotopes identified during logging have been
preserved within the boundaries. In key biotopes, rare and extrazonal plant species have not
lost their viability. When assessing the diversity of flora, it should be noted that the num-
ber of species in biotopes with temporary excess moisture is, on average, 1.5 times higher
than the number of species in adjacent stands before logging and 1.8 times higher than
the number of species in stands in adjacent cuttings (1-7 years after cutting). In biotopes
with constant excessive moisture, this indicator is 1.7 and 1.8 times higher, respective-
ly. When clear-cutting is carried out using cut-to-length and tree-length timber harvesting
technologies with and without preservation of key biotopes, the profitability of logging
operations does not differ significantly. The feasibility of tree-length timber harvesting is
19.9 % higher than that of the cut-to-length technology, which is due to the lower cost of
work. From a silvicultural and environmental perspective, the abandonment of key biotopes
in the development of logging areas is an effective measure aimed at maintaining biological
diversity at the local level. From an economic point of view, the preservation of key bio-
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topes during clear-cutting is desirable and makes it possible to reduce production costs for
logging operations by leaving non-operational areas with low-quality timber.

Keywords: biological diversity, clear-cutting, key biotope, biotope core, biotope buffer zone,
sustainability of the stands, silvicultural and economic efficiency
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Beeoenue

DKoNorndeckuii 0ajmaHc Ha 3emiie CBS3aH C OMOJOTHYECKHM pPa3HOOOpa-
3ueM. AHTPOIIOT€HHOE BO3JEHCTBHE HAa OKPY’KAIONIYIO Cpeay MPUBOJIUT K COKpa-
HICHUIO U ToTepe OuopazHooOpasus. Ecnu Ha pybexe XIX—XX BB. mpupoHbIe
TEPPUTOPUHU C ITOJTHOCTHIO YHUUYTOXKEHHBIMHU B PE3YJIbTATE X0351MCTBEHHON U MHOU
JIeTeIbHOCTH YelIoBeKa 3KkocrucTeMaMu 3aHuMaiu 20 % cymu, To kK koHiy XX cTo-
netust — 63,8 % [1]. C nauana XX B. HCUE3HOBEHUE COPTOB, BHJIOB H JIa’Ke POJIOB
MPOUCXOUT SKCIIOHEHIHANBHO [9]. YMeHbIIeHHE OMOpa3zHOOOpa3us HapyliacT
YCTOHYMBOCTH JIECHBIX 3KOCHCTEM, YTO HEIaTUBHO BIIMSET HA COCTOSIHUE OKpYXKa-
fonIei cpeibl.

B uuncno BUAOB CylIECTBEHHOIO OTPHUIATENBHOTO BO3JCHCTBHS HA JIECHBIE
9KOCHCTEMBI BXOAAT JIECO3arOTOBKH, BbI3bIBAIOIINE ITOYBEHHYIO IPO3HI0, 3arpsi3He-
HUE TI0YB U BOJI TOPIOYe-CMa30uHBIMU MaTepHajiaMy, HapyIIeHne THIPOIOTHYECKUX
YCIIOBUH, U3MEHEHHE B IPEHAKHOM PEKUME BOIOTOKOB, (hparMeHTanuo Mect o0u-
TaHWsI )KUBOTHBIX U pacTeHuii [ 13, 21, 23]. Bo3M0OXXHBIE KOJIOTHUECKHUE TTOCIEICTBUS
AQHTPOIIOTEHHOW AMHAMMKH JIECHOTO TIOKPOBa OYCHb PA3HOIIAHOBBI — OT M3MEHEHHUS
MHUKPOK/IMMAaTH4YECKUX YCIOBUHN 10 TpaHchopmanuu (Gropuctuyeckux 1 (ayHucTu-
YecKHX KOMIUIeKcoB [6]. Exxeronmnasi ruomanb BeipyOok B Bomoroackoit obmactu
npesbimaer 70 ThIC. ra, B CBA3M C YEM BOIIPOC COXPAHEHUs JIOKAJIbHBIX OOBEKTOB
OMOJIOTHYECKOTO Pa3sHOOOpa3usi NP JIECO3aroTOBKaX SIBISIETCS akTyalbHBIM. Oj-
HUM U3 BapHAHTOB cOeperkeHnss OnopazHoo0pas3us NpH pyOKax SIBJISETCS BBIACICHUE
KITIOUEBBIX OMOTOTIOB B BHJI€ HEIKCIUTYaTAllMOHHBIX TUIOMIAACH, I1Ie HEe TPOBOASTCS
x03slcTBeHHBIE MeponpusTus [4, 11, 22, 27].

Lesb paboThI — 1aTh JIECOBOACTBEHHO-3KOHOMUYECKYI0 OLIEHKY MEPOIIPUATHH
M0 COXPAaHEHHUIO KIIOUEBBIX OMOTOINOB Ha CIUIONIHBIX BBIpYyOKax B Bomoronckoit 06-
JIacTu.

Obvexmul u Memoowvl UCCILe008AHUS

CranoHapHbIe TOJIEBbIe O0BEKTHI PACIIONOKEHBI Ha TeppuTopuu Bomoros-
ckoit obmactu (bantuiicko-benozepckuit m KOkHO-TaeKHBIN JIeCHBIE paifoHbI EBpo-
nerickoit yactu PD).
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Ha o0ObekTax rccieoBaHus POBEICHBI CILIONIHBIC PYOKH C UCTIONE30BAHUEM
COPTUMEHTHOM ¥ XJIBICTOBOW TEXHOJIOTHUH 3aTrOTOBKH IpEBECUHBI (Tabm. 1):

1) Baska zepeBbeB M 0Ope3Ka CyubeB BBHIIIOJHEHBI B ITaceKax C MCIOJIb30Ba-
HUEeM OCH30MMJI, TPEJeBKa XJIBICTOB Ha MOTPY304YHYIO IUIOLIAJKy OCYIIECTBIIAIACH
C IPUMEHEHUEM TPEIICBOYHOTO TPAKTOPA C YOKEPHOI OCHACTKOM, PACKPSIKEBKA CTBO-
JIOB HA COPTHMEHTHI IMPOXO/MIIA Ha MTOTPY304HON TUIOMIA/IKE C IPUMEHEHUEM OCH30-
it (00BbeKT 8);

2) Banka JepeBbeB, 00Ope3Ka CyubeB, PacKpsKEBKa CTBOJIOB Ha COPTUMEHTBI
OCYILECTBJICHBI HA IIACEKaX C NMPUMEHEHHEM OEH30IIWII, TPEJIEBKAa COPTUMEHTOB Ha
MOTPY304YHYIO IIOMIAIKY — hopBapaepa (00bekT 7);

3) BaJIka JepeBbEB, 00pE3Ka CYy4YbeB, PACKPSIKEBKA CTBOJIOB HA COPTUMEHTHI
MIPOM3BECHBI Ha TACEKaX C HCIOIb30BaHUEM XapBecTepa, TPEJIeBKAa COPTUMEHTOB Ha
MOTPY304YHYIO TIIOMIAKY — opBapaepa (00vekTsr 1-5, 9, 10).

Tabauna 1

XapakTepucTHKA 00bEKTOB HCCJIeI0BAHUS
The characteristics of the research objects

Homep [Tnomane T'on mposenenus

TexHo0rus 3aroToBKu JAPEBECHUHBI
o0beKTa | JIeCOCeKH, ra pyOKH

Jlecocexu, epanuyawue ¢ yuacmramu ieca 6001b 6PEMEHHbIX BOOHbIX 00bEKMO8
(6pementoe uzdbimounoe yenadicHenue)

1 21,5 2018
2 11,0 2019 CopTuMeHTHas
3 18,4 2023

Jlecocexu, epanunawyue ¢ 3a60104eHHLIMU YUACTNIKAMU J1eCa 8 6eCCMOUHbIX NOHUNCEHUAX
(nocmosnnoe uzoblmounoe yenalicHeHue)

4 24,9 2019
CopruMeHTHas
18,5 2023
6 8,0 - 3aroToBka He MPOBOAMIIACH

Jlecocexu, epanuyawue ¢ yuacmrkamu eca Ha oOKpauHax 6oiom
(nocmosinnoe uzovbiMmoyHoe Y81adcHeHue)

7 12,2 2023 CopTuMeHTHas
6,0 2020 XnpIcTOBAs

JImst 3arOTOBKM IPEBECHHBI MCITONB30BAINCH CIIEAYIOMINE MAIIUHBI U MeXa-
HU3MBIL: XapBecTep (ryceHn4Hbli skckaBarop) Komatsu PS210LC-10MO c xapse-
ctepHoii ronoBkoil Ponsse H7 HD, dopBapaep «Amkonop 2662-01%», TpeneBoUHbIN
tpakTop T/T-55, 6enzonmna Stihl MS 361.

B xone pyOok Ha jecocekax COXpaHEHbI KJIIOYEBbIE OMOTOIBI ¢ BPEMEHHbBIM
(Y4acTkH Jieca BIOJb BPEMEHHBIX BOJHBIX OOBEKTOB) M MOCTOSHHBIM (3a00JI0UeH-
HBIE YYaCTKH Jieca B OECCTOYHBIX MOHMKEHUSX, YUACTKH Jieca Ha OKpanHax 00JoT)
N30BITOUHBIM YBIQXKHEHHEM B LEHTpaJIbHON yacTu (siape). Taxoke nmpeaycMOTpeHbl
3alUTHBIE 30HBI BOKPYT IIEHTPAIBHON YacTH Onoroma (sapa): Ha ydacTKaxX C Bpe-
MEHHBIM H30BITOYHBIM YBIAXXHEHUEM — MUPHHON 20 M, ¢ TOCTOSTHHBIM N30BITOTHBIM
YBIQKHEHHEM — 35 M (CM. PUCYHOK).
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o py6ic o pyiat

AL NAAASIT S

Bonoto

Mocne py6iu

Mocne py6iu

- He Menee :
20 merpos Bondk

Monynacexa

iBondk

T He Menee :
i 35 merpos Monynacexa :

TexHonornueckas cxema 3aroToBKH JIPEBECHUHBI C COXpPAaHEHHEM KIIFOUEBOro OuoTora
C BPEMEHHEIM (CJIeBa) U TIOCTOSHHBIM (CIpaBa) N30BITOYHBIM yBIa)KHEHHEM TTOYBHI
The technological scheme of timber harvesting with preservation of the key biotope with
temporary (left) and permanent (right) excess soil moistening

I'panuny mexnay sapom, 3alIUTHON 30HOH U JIECOCEKOM yCTaHABIMUBAJIU I10
M3MEHEHHIO pelibe(da, MOYBEHHO-THIPOJOTHYSCKUX YCIOBUN U BUJIOBOMY COCTaBY
pacTeHuii.

MeTtoauka ucciieIoOBaHusI BKITIOUajIa OOIIETIPUHSTRIC JIECOBOACTBEHHO-0MOITO-
rudeckue metonsl [3, 5, 7, 12, 14—19] u sxoHomuueckue noaxonsl [8, 20]. B xone
3aKJTaJKU TIOJIEBBIX OOBEKTOB M IOCIICTYIOIIMX MOHHUTOPHWHTOBBIX HAOIIOMCHU,
BBITIOJTHEHHBIX HA JIECOCEKAaX U B COXPAHCHHBIX KIIFOUYEBBIX OMOTOINAX B roj PyOKH,
a Tak)Ke Ha MPWIETAIOIINX K OMOTONaM BEIpYyOKaxX pa3lIMYHON JaBHOCTH, ITPOBEICH
NeTaTbHBIA yUET IPEBOCTOS, IIOAPOCTA, MOIJIECKA 1 dKUBOTO HAITOYBEHHOTO MTOKPOBA.

Pesynomamul uccneoosanus u ux oocysyicoenue

B psine Onotomos, B OTIIMYHE OT TPaHHYAIINX JIECOCEK, TPOU3PACTAIOT CIOXK-

HBIC 110 CTPOCHUIO JIPEBOCTOM C Oo0Jiee IMPOKUM BHIOBBIM pa3HOOOpa3ueM pacte-

HUH B peBecHOM sipyce. HekoTopsie kimroueBbie OHOTOTBI (OOBEKTHI 5 U 7) UMEIOT
CIIOKHYIO CTPYKTYPY JIPEBOCTOs, MPEACTABICHHYO 2 sipycamu (Tadi. 2).

TabGuuma 2

Kparkas TakcanuoHHasi XapaKTepPUCTHKA KJIK4YeBbIX 0UOTONOB
The brief inventory characteristics of the key biotopes

oomern | Guonone.ra| | Cocta mpevocton | LW | Tloawora | S SRR
Yuacmxu neca 60onv 8pemennvix 600HbIX 00bLEKMOB
1 1,30 6b2E20c¢ en.0n, en.JIn I 0,43 145
2 1,70 5SE3C25+0m, v 0,98 318
3 5,50 6E3CI15b en.lB 111 1,17 441
3abonouennvie yuacmru j1eca 6 OecCmoyHbIX NOHUNCCHUSIX
4 1,80 6b30c1E exn.Omn, 1I 0,81 231
5 150 1-# sipyc: 7630c¢+C 0,52 131
’ 2-i sipyc: 9E10m, 111 0,46 58
6 2,20 6E30c¢1b5+01, en.C 0,95 386
Yuacmku neca na okpaunax 6oiom
. 0.8 1-1i sipyc: 6630c1C 1,32 352
’ 2-i sipyc: 10E+Ou, I 0,40 49
8 1,30 8C2E+b 0,65 179
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Pe3ynbraTsl MOHUTOPUHTOBBIX HabOmroneHni 2025 T. MOKa3bIBaOT, YTO BBIE-
JICHHBIE TTpH pyOKe 1—7-7eTHel JaBHOCTH KIIOUeBbIe OMOTOIBI COXPAHUIIUCH B CBOUX
rpaHuniax. B 6uoronax oTCyTCTBYIOT CIE/bI TIOKAPOB, HEJETAIBHOI 3aTOTOBKH JIpe-
BECHHBI U APYTUX HETaTUBHBIX BO3JCHCTBUN.

Kak B MOMEHT 3aKJIaJIki OTIBITA, TAK M B HACTOSIIIIEE BPEMS IPEBOCTON B OMO-
TOIIAX XapaKTepHU3yIOTCs 0CIA0JICHHBIM cocTosiHIEeM. Kitacc CaHUTapHOTO COCTOSTHUS
HacaxJeHui m3mensercs ot 1,9 1o 3,3. Habmonarores 10KaabHbIE BETPOBAIBHBIC SIB-
JICHHS — IPENMYIIIECTBEHHO IO TpaHuIle 6noTona u BEIpyOKH. OObEeM CyXOCTOWHBIX
Y BAJICKHBIX JIEPEBHEB PA3IUYACTCS HAa OTACIBHBIX Y4acTKax U cocTaBiseT 1-22 %
OT 00IIIEer0 KOJMICCTBA COXPAHEHHOH B OMOTOITaX APEBECHHEI.

Pe3ynbraThl MOHUTOPHHTA CBUIETENBCTBYIOT O 00JIee BHICOKOM KIIacce YCTOM-
YUBOCTH JIMCTBEHHO-XBOMHBIX HACAKICHHI B KIIFOYEBBIX OMOTOIAX, B CPAaBHEHHH
C XBOWHO-JHCTBEHHBIMU HacaXieHHAMH. Hambonee yCTOHYMBBIMH K M3MEHEHUIO
YCIOBHH 1ociie pyOKH SIBIISIFOTCS JI€PEBbsl JTMCTBEHHBIX MOPOM, a TAKKE XBOMHBIC
JIepeBbsi, CPOPMHUPOBABIIKECS B TpefesiaX OTHOCHTEIHHO Pa3peKEHHBIX YYaCTKOB
MCXOJTHOTO IPEBOCTOSI — CO COSKUCTHIM CTBOJIOM M HU3KO OMYIIEHHON KPOHOH. DTOT
(hakT MO3BOIIIET PEKOMEH/IOBATh B MPUOPUTETHOM TOPS/IKE UX OCTABJICHHUE B Kaye-
CTBE JIOKAJIbHBIX 00BbEKTOB OMopa3HooOpasus (Tadi. 3).

TabOnuma 3

IMoka3aTe/in CAHUTAPHOTO COCTOSIHUSI M YCTOWYMBOCTH HACAKIAEHU I
B KJIKOUYEBBIX OMOTONAX
The indicators of sanitary condition and sustainability
of the stands in the key biotopes

Home O0BeM CyXOCTOHHOM Kiace
p Kateropus HacaxxaeHuit U BaJIGKHOH CAHHTAPHOTO
oGbekTa 0 YCTOMYHMBOCTH
ApeBECUHBI, % COCTOSTHUSI
Yuacmxu neca 6001b 8pemennvix 600HbIX 00bLEKMOB
JIucTBEeHHO-XBOMHBIE 22 IL,8
. 14 11,7 2
XBOWHO-JIMCTBEHHBIE
3 1 IL,1 1
3abonouennvie yuacmxu neca 8 6ecCmMoUHbIX NOHUNCEHUSX
. 19 11,4 1
JIucTBEeHHO-XBOWHBIE
5 1 11,0 1
6 XBOWHO-TMCTBEHHBIE 1 II1,0 1
Yuacmku neca na oxpaunax 6onom
JInCTBEHHO-XBOMHEIE 1 1,9 1
8 XBOWHO-TMCTBEHHBIC 14 II1,3 2

MOHHTOPHHT IOKa3aJl, YTO B 3AIIUTHBIX 30HAX OMOTOIIOB B HACTOSIIEE BPEMsI
COXPaHMJIM KU3HECIIOCOOHOCTD BUBI, XapaKTEPHbIC 151 LIMPOKOINCTBEHHBIX JIECOB!
nunia MenkonucTtHas (7illia cordata Mill), ke octponucTtHsii (Acer platanoides L.),
ny0 yepenruatslii (Quercus robur L.), a Taxke peKue BUIbI PACTCHUIN: KAMBILI YKO-
penstitormiics (Scirpus radicans Schkuhr), mobapust nerounas (Lobaria pulmonaria
(L.) Hoffm), nexepa nepucras (Neckera pennata Hedw.). B 7 u3 8 o0cienoBaHHbIX
KIIIOYEBBIX OMOTONOB OOHAPYKEHBI BHJIBI B €IMHUYHOM 3K3EMIUIAPE, YTO YKa3bIBaeT
Ha WX OTPEJICNICHHYIO YHUKAITbHOCTb.
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B ’XMBOM Hamo4YBEHHOM IOKPOBE sIpa KIFOUEBBIX OMOTOIOB OTMEUEHA T'H-
IpodunpHas paCTUTEILHOCTh. B MOHMKEHHBIX 2JIEMEHTaX pesibeda MpoJoiKaoT
noMuHUpPOBaTh ocoku (Carex), charHoBeie Mxu (Sphugnum) U Ipyrue BIaroiio-
OUBBIE BUJBI.

OnenuBas pasHooOpasue (GIopbl, MOXKHO CKa3aThb, YTO YMCIIO BUIOB, BKIIFOYAsI
JIPEBECHO-KYCTApHUKOBBIE U TPABSIHUCTHIC PACTCHUS, JTUIIAWHUKA U MXH, B OHOTO-
nax ¢ BPEMEHHBIM HM30BITOUYHBIM YBIQKHEHHEM B CpelHEeM B 1,5 pas3a mpeBbliiaet
KOJIMYECTBO BUJIOB B TPAaHUYAIINX APEBOCTOX 0 pyOKH 1 B 1,8 paza — Ha mpUMBbIKa-
IOLIMX BBIpyOKax (cmyctst 1-7 net mocne pyoku). B 6noronax ¢ mocTostHHBIM HU30bI-
TOYHBIM YBJIQ)KHEHHEM 3TOT MOKa3aresb Beile B 1,7 U B 1,8 pa3za COOTBETCTBEHHO.
JloCcTOBEpHOCTD pa3iu4uii MEXKILy YMCIIOM BHJIOB PACTEHUH B KIIIOUEBBIX OMOTOMAX
¥ Ha IPaHAYaIUX TSPPUTOPUSX JOKa3aHa HA BCEX YPOBHSX 3HAYUMOCTH (e = 5,2
npu t, = 3,5) (Tabmn. 4).

Tabnunua 4

Yucao BUI0B GUIopbI B Pa3IMYHBIX YJIeMEHTaX 00beKTOB HCCIIeI0BaAHUS
The number of flora species in various elements of the research objects

YHCIEeHHOCTh BUJIOB, IIIT.

DileMeHT Jieca . MPUMBIKAIOIIHE
KIJTFOUEBOM OMOTOII

JpeBOCTON BBIpyOKa

Obvexmbl ¢ Hanuduem 6UomMonos ¢ B8PEMEHHbIM U30bIMOYHBIM yeaasicnenuem

JpeBecHO-KyCTapHUKOBBIE PACTEHUS 9 7 7
TpaBsiHUCTBIE PACTEHUS, TUIIAHHUKY, MXU 31 19 15
Hmozo 40 26 22

Obvexmul ¢ Hanuyuem 6UOMON08 ¢ NOCMOAHHLIM U30LIMOYHBIM YEIAHNCHEHUEM
JpeBecHO-KyCTapHUKOBBIE PACTEHUS 9 7 7
TpaBsHUCTBIE PACTEHUS, JIMIIAHHUKY, MXU 23 12 11
Hmozo 32 19 18

Nnpnexcsr cxoncrBa XKakkapa n ChepeHceHa—YeKaHOBCKOTO, COCTaBISIONINE
menee 0,40 mis mapsl «OnoTon—upeBocroit» u meree 0,32 Juist mapbl «OMOTOTI—BBI-
pyOKa», CBUIETEIHCTBYIOT O HE3HAYMTEIHLHOM CXOJICTBE BH/IOB PACTCHUH B pa3imd-
HBIX 3JICMEHTaX 00BEKTOB UCCIIe0BaHUs (Ta0I. 5).

Tabnuna 5

YucIeHHOCTH BUIOB M HHAEKCHI CX0ACTBA (UIOPHCTHYECKOTO Pa3HO0Gpa3usi
151 ap «OMOTON—/IPEBOCTOI» U «OMOTON—BBIPYOKa»
The number of species and the indices of similarity of floristic diversity
for the “biotope—stand” and “biotope—cutting area” pairs

UucneHHOCTh BU/I0B PACTEHHH, Heke cxoncTsa
Tapa Homep _ IT. _
OOBEKTA | KIFOYEBOIl | MPUMBIKAFOITUIH CpepeHnceHa —
onororn JIPEBOCTOMN Kaxrapa YekaHOBCKOTO
Obvexmul ¢ Hanuuuem 6UOMONOE ¢ BPEMEHHBIM U3OLIMOYHBIM VELANCHEHUEM
BUOTOINAPEBOCTOH 2 41 (7/34)* 24 (7/17) 0,25 0,40
3 51 (13/38) 38 (9/27) 0,24 0,38
BuoTorsbipy6Ka 1 33 (11/22) 24 (7/17) 0,19 0,32
2 41 (7/34) 19 (6/13) 0,16 0,23
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Oxonyanue maon. 5

UucneHHOCTh BUI0B PACTEHHIA, HHjeKc cxofcTBa

Homep IIT.
Ilapa = ”
00bekTa KJIFOU€BOU NPUMBIKAIO T K CrepeHcena —
ouorton JIPEBOCTOM AKKAPA | yeganosckoro
p
Obvexmul ¢ Haauduem 6UOMONo8 ¢ NOCMOSIHHIM U3OBIMOYHBIM YEIANCHEHUEM
5 34 (6/28) 12 (3/9) 0,21 0,28
Bioto eBOCTOl 6 38 (8/30) 32 (12/20) 0,23 0,37
HOTOII—APEBOCTON
AP 7 15 (7/8) 8 (3/5) 0,21 0,35
8 37 (8/29) 29 (10/19) 0,22 0,36
buoron—BeipyOKa 4 32 (10/22) 18 (7/11) 0,11 0,20

*B uncnurene TMPUBEACHO KOJIHUYCCTBO APEBECHO-KYCTAPHUKOBBIX paCTeHI/Iﬁ, B 3HAMCHATEJIC — TPaBsIHU-
CTBhIX paCTeHHﬁ, JINIIIAHHUKOB ¥ MXOB.

PesynbraThl ucciieoBaHusl MOATBEPKAAIOT 00Iee BHICOKUN YPOBEHD (DIIOpH-
CTHYECKOTO pa3HO0Opa3usi B OMOTOMAX B CPABHEHHUU C TPAHUYALIMMHU TEPPUTOPUSI-
MU, YTO COOTBETCTBYET M JJAHHBIM JIPYT'HX HcchenoBareinei [2, 10, 24-26].

B xiroueBbIx OMOTOIAX M B TPaHUYANIUX JIeCOCEKaX (0 pyOKH) BO3MOMXKHO
TTOJTYICHIE XBOWHBIX TMTHJIOBOYHBIX OpEeBEH, Oepe30BOro (haHepHOTO KpsKa, XBOWHBIX
1 JINCTBEHHBIX OasiaHcoB (Tadi. 6).

TabOnuma 6

ToBapHO-cOPTHMEHTHAsI CTPYKTYpa JApeBocToeB (%) Ha Jecocekax (YHCAUTEb)
M B KJIIOUEBBbIX 0HOTONAX (3HAMEHATEJIb)
The commodity and assortment structure of stands (%) in logging areas (numerator)
and in key biotopes (denominator)

0 JlenoBas npeBecrHa 1 1 Kitacc
omep - poBsiHas | JIukBuaHas )
obpexra | THIO- | (anepHbIii Gasance! | utoro | ApeBecHHa | peBecuHa Orxont | TOB2P
BOYHHUK KPS HOCTH
Jlecocexu ¢ Hanuuuem GUOMONOEG ¢ 6PEMEHHBIM U30bIMOUHBIM VEIANCHEHUEM

1 12,1 21.9 324 66.4 26,6 93.0 7.0 i

11,7 18,1 12,2 42,0 45,8 87,8 12,2 111

5 484 3.8 10,0 62.2 28,5 90.7 9.3 il

29,2 6,8 8,3 44,3 45,3 89,6 10,4 111

3 39.8 B 34,5 73.1 16.4 89.5 9.3 i

52,8 25,4 78,2 13,3 91,5 8,5 11

Jlecoceru ¢ nanuuuem 6UOMONOG ¢ NOCMOSHHLIM U3OBIMOUHBIM YEIANCHEHUEM

4 1.7 25.8 37.6 65.1 253 90.4 9.6 i

1,7 17,8 19,7 39,2 49,0 88,2 11,8 111

5 17.2 7.6 13.7 38.5 51.2 89.7 10,3 111

7,1 11,4 15,0 33,5 54,2 87,7 12,3 111

7 29.8 5.6 16.7 52.1 38.1 90,2 9.8 I

7,1 14,7 15,5 373 51,1 88,4 11,6 111

3 49,9 B 18,5 68.4 22,2 90.6 9.3 I

37,7 38,9 76,6 14,5 91,1 8,4 1I

Brixon nenoBoil ApeBecHHBI B KIIOYEBBIX OMOTONAX C BPEMEHHBIM IIEpeyB-
JaKHEHUEM cocTaBiigeT B cpenHeM 54,8 %, ¢ MOCTOSHHBIM MepeyBIaKHEHHEM —
46,7 %. Pa3nuuust B BBIX0O/E AETOBBIX COPTUMEHTOB AOCTUTAIOT 8,1 % B MOIB3Yy Me-
HeE CHIPHIX YYACTKOB C BPEMEHHBIM TepeyBIaKHEHHUEM TTOYBBI.
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JlpeBocTon B Kimro4ueBBIX OHoTOMax xapakrepusyrorcs Il kimaccom ToBapHO-
CTH, B IpaHUYAIUX JPEBOCTOsAX 10 pyOku — Il kmaccom. B GnoTtomax ¢ BpeMeHHBIM
M30BITOYHBIM YBIIQXKHEHHEM BBIXOJ] JI€TIOBOM ApeBecwHBI Ha 12,4 % MeHbIe, 4em
Ha MPUMBIKAIOLIHX JiecoceKax (10 pyOKH), B OMOTOMAX C MOCTOSHHBIM H30BITOYHBIM
YBIQKHEHHEM ITOKa3aTesb HIke Ha 9,3 %.

3aroToBKa JAPeBECHHBI C COXPaHEHHUEM OMOTOIOB, HE3aBUCHUMO OT TEXHOJIOTUU
MpoBeieHUs PadoT, sBisieTcs peHradensHol (32,3-66,1 %) (Tabm. 7).

Tabnuma 7

Pe3ynbTrarhl 3KOHOMHYECKOI OLCHKH CILIOLIHBIX Py0OK 0e3 coXxpaHeHHs (YUCIUTENIb)
U ¢ COXpaHeHHeM (3HAMEHATeJIb) OHOTOIOB IIPH 3aT0TOBKE APEBECHHBI
M0 XJIbICTOBOM U COPTUMEHTHOH TEXHOJOTHAM

The results of the economic assessment of clear-cuttings without (numerator)
and with (denominator) preservation of biotopes during timber harvesting using
tree-length and cut-to-length technologies

Homep CTOMMOCTS, ThIC. P ITpuGbLis, PenrabensHoCTh

00BeKTa I;;gii?;i? 3aTpaThl THIC. P % A
Kmiouegvie buomonvi
CopmumeHmuasi mexHoL02Us 3a20MoeKU Opeseculvl (xapsecmep u (hopeapoep)

| 10 368.0 6292.2 4075.8 393 Lol
10 028,5 6080,4 3948,1 39,4 ’

5 10 367.0 42242 6142.8 593 +13
9167,5 3586,5 5581,0 60,9 ’

3 11174.9 5169.9 6005.0 53.7 118
3945,1 2292.8 1652,3 41,9 ’

4 10 046.5 6868.8 3177.7 31,2 11
9443.7 6395,8 3047,9 32,3 ’

5 9290.9 6324.8 2966.1 319 +0.5
8882,5 6004,2 2878,3 32,4 ’

CopmumeHmHas mexHonio2us 3a20mosKu Opegecutnvl (beH3onunvl u gpopsapoep)

7 6681.3 3039.0 3642.3 54,5 +0.5

6504,3 2929,3 3575,0 55,0 ’
Xnvicmosas mexnonoeust 3a20moeKu OpesecuHul
(6eH30nuIbL U MPENesoOUHbIL MPAKMOP € YOKePHOU OCHACMKOLL)

] 3337.8 1116,5 22213 66,5 04

2756,3 934.8 1821,5 66,1 ’

*Pasnuuusi MEXIy 3HAYCHHSIMH PEHTA0eNbHOCTH MPOBEICHHUS CIUIOIIHBIX PyOOK 0e3 coXpaHeHUs
U C COXpaHCHNEM KIJIIOUEBEIX OMOTOIIOB.

[Ipu mpoBezeHNN CIUTOMIHBIX PyOOK 10 COPTUMEHTHOI TEXHOJIOTUH C BBIE-
JICHUEM U COXPAHEHUEM JPEBOCTOS B OMOTONAX PEHTA0CIBbHOCTh JI€CO3ar0TOBUTEIh-
HBIX paboT cocTaBuia B cpeaaeM 46,2 %, mpu 3aroTOBKE JIPEBECHHBI B KIIFOYEBBIX
ouoromnax — 45,3 %. XJIbICTOBAsE TEXHOIOTHUS 3aTOTOBKH JIPEBECHUHBI C OCTABICHHEM
KITFOYEBBIX OMOTOTIOB TIO3BOJIHIIA TIOOUTHCS peHTadenbHoCcTH 66,1 % (TTpH uX BRIPYO-
ke 66,5 %). PentabenbHOCTh B 3TOM ciy4ae Ha 19,9 % npeBblliaeT aHAJIOTHYHBIH
MOKAa3aTelb JIIsl COPTUMEHTHON TEXHOJIOTHH, YTO CBA3aHO ¢ OoJiee HU3KOM cebecTo-
MMOCTBIO PaboT.

[Ipu BBINOJIHEHWHU CIUIOMIHBIX PYOOK IO paccMaTpPUBAEMBIM TEXHOJIOTUSM
C BBIJICJICHNEM M COXPaHEHNEM KITFOUeBBIX OMOTOTIOB IIIOMIab0 0 15 % ot o0rmmeit
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TEPPUTOPHUH JIECOCEKH OTMEUACTCS HE3HAYUTEIHLHOE YBEIMUYCHHUE PEHTAOCTHHOCTH
npousBoncTBa (10 +1,3 %). Ha oObekrax 3 u 8 menecooOpa3HOCTh 3aTrOTOBKH JIpe-
BECHHBI TIPH OCTaBJICHUH KJIFOUEBOTO OMOTOITa CHU3WIIACh COOTBETCTBEHHO Ha 11,8 1
0,4 %, 4T0, NO-BUAMMOMY, OOBSICHSICTCSI HAJTMUYUEM 3HAUUTEIILHOTO 3araca JIeIIOBOM
JIPEBECHHBI B KIIIOYEBBIX OMoTOomnax Ooipmmoi miomany (21,0 u 29,9 % ot obmero
pasmMepa JIECOCEKH).

Raxnrouenue

CoxpaHeHHe P CIUIONTHBIX PyOKax KITFOUEBBIX OMOTOTIOB ¢ M30BITOUHBIM YB-
JJAXKHCHHUEM SBIACTCA 3(1)(1)6KTI/IBHI)IM JICCOBOJACTBCHHBIM MEPOIIPUATHEM JI1 COXpa-
HEHHS PeHTA0CILHOCTH JIECO3arOTOBUTENLHBIX PAOOT.

[Ipu nmaHMpoBaHUY U IPOBECHNUH CIUIOIIHBIX PYOOK B KaueCTBE OHOTOIIOB pe-
KOMEHJTyeTCsI BBIICJISATh U COXPAHATH MEPEYBIAKHEHHBIC YYaCTKH Jieca U 3alllUTHBIC
30HBI BOKPYT HUX, YTO O3BOJIUT MOJJICPIKUBATH (IIOPUCTUIECKOE PasHOOOpasue.
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Annomayun. Tpornudeckue LUKIOHBI, NEHCTBYOIME B 3amajHOW uyacTH THXOro oxeaHa
B JICTHE-OCCHHEE BPEMs, TIEPHOJMUYECKH 3aXOMIsT Jajieko Ha ceBep, TPaHC(HOPMHUPYSCH BO
BHeTponnueckue. B 2014-2015 rr. mpu npoxoxaeHHH IUKIOHOB B IOT0-3aMaJHOW 4acTH
CaxanuHa ObUIM HapyIICHBI 3HAYUTEIbHBIC TUIONIA K JiecoB. Llens paboThl — MccnenoBaTh
MacIITadbl ¥ XapakTep MOBPEKACHUH B JIECHBIX HACAKICHUSX, OABEPIHYBIIMXCS KaTacTpo-
(ruecKrM BeTpoBaiaM TIPH MPOXOXKICHUH BHETPOITMYECKHUX [IUKJIOHOB HaJl I0T0-3aI1aJTHBIMA
paiioHamu 0-Ba CaxanuHa. OLeHKa MOBPEXKIECHHUH JIECOB MPOBOJMIACH KaK HA3€MHBIMH, TaK
U JIMCTaHIMOHHBIMU MeTofaMu. Ha mpoOHBIX MIIoImansx, 3aJ0KeHHBIX B Pa3IMYHbIX THIIAX
Jieca, MPOBOJIMIICS TIEPEUET JIEPEBLEB, YCTAHOBICHHE HEOOXOINMBIX JIECOTAaKCAlMOHHBIX Xa-
PaKTEpUCTHK, a 3aTeM OIpE/ICIICHHUE 3aMlacoB COXPAHUBILETOCS JIPEBOCTOSI U €TO MOTHOIICH
yacTH. JIecHble HacaX/IeHHs MO CTENEHN HAPYIICHHOCTH BETpOBaJaMU OBUIHM IOJpa3Jielie-
HBI Ha 3 KaTETOpHUH: MOJHAsI TMOEIb IPEBOCTOS MIIM C OOIBILION J0JICH MOTHOIINX JIEPEBhEB
(Boire 60 %), cpenneii moner (30-60 %) u HesHaumTenpHON noneil (Menee 30 %) oT mx
UCXOJHBIX 00beMOB. JIJIs1 MPOCTPaHCTBEHHOTO aHAJIM3a BETPOBAIBHBIX MPOTAINH HCIIOIb30-
BAJINCH JIOCTYITHbIE CHUMKH C KOCMHYecKoro ammapara Sentinel-2, noxyuennsie ¢ 2016 1o
2017 rr. KocMuyeckne CHUMKH HCCIIEIyeMOH TeppUTOpUH B KOMOWHanuu kaHayios 11-8-4
TOZIBEpraliich Kiaccuukammuu «c oOydenuem». OOydwaromiass BEIOOpKa BKIIOYasia Habop
MIUKCENIEH, TIPEICTABISIONINX H300pa)KEHNE ITAIIOHHBIX YYaCTKOB, HAa KOTOPBIX BHITIOJIHSUIUCH
TOJIEBbIE TEOOOTAHNUECKHME U JICCOTAKCAIIMOHHBIC MCClleioBaHus. B pesynbrare pemmbpu-
POBaHUS CHUMKOB BBISIBJIEHO, YTO CyMMapHasl IUIOIIaAb BETPOBaNIoOB B XonMckoM 1 Heenb-
CKOM pailoHax roro-3amaaHoi yactu o-sa CaxanuHa cocraBuia 22 735 ra. Jlns uccnenyemoit
TEPPUTOPUU OBIT PacCUMTAaH HOPMAIM30BaHHBIH OTHOCHUTENBHBIH MHJEKC PACTHUTEIHLHOCTH
(NDVI) n npoaHanu3upoBaHbl €ro 3HAYSHUs! C IIETbI0 000COOIEHNS YIaCTKOB C Pa3InYHON
CTENEHbI0 MoBpexaAeHuil. [Ipu 3ToM ycTaHOBIEHO, UTO B IOro-zamajgHoil yactu CaxanuHa
ITOJIHOCTBIO MJIH OONBIION JoJIeiH MOrHOIIne ecoHacaxaeHus 3anuMaroT 19,85 % miomanm,
B CpeAHel cTeneHH NoBpexeHHbIe — 41,86 %, He3HAUUTENBHO NOBpPEXkIeHHbIE — 38,29 %.

Knroueswie cnosa: BETPOBaAJl, BHCTPOIINYCCKNUEC IUKIIOHBI, KOCMUYCCKUC CHUMKU, FeOI/IH(l)Op-
Ma].IPIOHHLIfI aHaJIn3, JICCHBIC 3€MJIN, ,I[peBOCTOﬁ, HAapyHICHHOCTb
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Abstract. Tropical cyclones operating in the western Pacific Ocean in the summer and au-
tumn periodically go far north, transforming into extratropical ones. In 2014-20135, significant
areas of forests were disrupted during the passage of cyclones in the southwestern part of
Sakhalin. The aim of the research has been to investigate the scale and nature of damage in
forest stands subjected to catastrophic windfalls during the passage of extratropical cyclones
over the southwestern regions of Sakhalin Island. Forest damage assessment has been carried
out using both ground-based and remote sensing methods. In the sample plots established in
various types of forest, the trees have been tallied, the necessary forest inventory characteris-
tics have been established, and then the stocks of the remaining stand and its dead part have
been determined. Forest stands have been divided into 3 categories according to the degree
of damage caused by windfalls: complete loss of a stand or with a large (above 60 %), aver-
age (30—60 %) or insignificant (less than 30 %) proportion of dead trees from their original
volumes. The available images from the Sentinel-2 spacecraft, obtained from 2016 to 2017,
have been used for the spatial analysis of windfall glades. Satellite images of the study area
in a combination of channels 11-8-4 have been classified “with training”. The training sample
has included a set of pixels representing the image of reference sites where field geobotan-
ical and forest inventory studies have been performed. As a result of image interpretation,
it has been revealed that the total area of windfalls in the Kholmsky and Nevelsky Districts
of the southwestern part of Sakhalin Island has amounted to 22,735 ha. For the study area,
the normalized difference vegetation index (NDVI) has been calculated and its values have
been analyzed to isolate areas with varying degrees of damage. At the same time, it has been
established that in the southwestern part of Sakhalin, completely or largely dead forest stands
occupy 19.85 % of the area, moderately damaged — 41.86 %, and slightly damaged stands
account for 38.29 %.

Keywords: windfall, extratropical cyclones, satellite images, geoinformation analysis, forest
lands, stand, disturbance

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


https://doi.org/10.37482/0536-1036-2026-1-90-102
https://www.webofscience.com/wos/author/record/2219418
https://orcid.org/0000-0003-3427-8572
https://www.webofscience.com/wos/author/record/2219367
https://orcid.org/0000-0001-8919-8508
https://www.webofscience.com/wos/author/record/48702735
https://orcid.org/0000-0002-3826-7339
mailto:r.sabirov@imgg.ru
mailto:vamelkiy@mail.ru
mailto:ussr-91@mail.ru

92 «H3BecTns By30B. JlecHoii skypHasm». 2026. Ne 1 ISSN 0536-1036

For citation: Sabirov R.N., Melkiy V.A., Verkhoturov A.A. Windfalls in the Forests of the
Southwestern Sakhalin under the Influence of Cyclones. Lesnoy Zhurnal = Russian Forestry
Journal, 2026, no. 1, pp. 90-102. (In Russ.). https://doi.org/10.37482/0536-1036-2026-1-90-102

Beeoenue

B 6opeanpHBIX Jecax 9acTo MPOUCXOAT BETPOBAJIBI MO MHTEHCUBHOCTH,
YTO MPHUBOIUT K YCIOKHEHUIO MOP(OCTPYKTYPHI JIeCHBIX OMoreno3os [4, 29, 30].
B ciydae xaracTpoduiecKkux BETPOBAJIIOB HAHOCHTCS OTPOMHBIN yIiepO JIeCHOMY
XO3SIMCTBY U ASKOHOMUKE B 1eniom [13, 22, 25, 26]. Ecnu B apyrux pernonax Poc-
CHU KaTacTpo(uUeCKHUe BETPOBAIIBI HAOOMAIOTCS CPABHUTEIHHO pesiko, pas B 50-70
u Oonee et [5], To B necax JanpHero BocToka u conpeneNbHbIX TEPPUTOPUI OHU
BO3HHMKAIOT PETYJISIPHO BO BPEMS MPOXOKICHHS PA3IMUHBIX UKIOHOB MM Tail]y-
HOB, COTIPOBOXKIACMBIX YparaHHBIMHU BeTpamu [6, 7, 31].

Tatigyns! — 310 armMmocdepHble BUXPH, pa3HOBUAHOCTD TPONUYECKHX LIUKIIO-
HOB, IPOXOJISAIIHE C Mast 110 HOSOpb (HE UCKITFOYEHBI U B IPYTHe MECSAIIbI) HaJl CeBe-
po-3amamHoit gacteio Tuxoro okeana [10, 14]. CHuxeHIE NaBIEeHUS B IICHTPATHHOM
YaCTH HEKOTOPBIX LIMKJIOHOB TOCTUTaeT 895 MOap, pH 3TOM yCTOHYMBBIE BETPA, BO3-
HUKAIOIIHE B aTMOC(EPHOM BUXPE, MOTYT HMETh CKOPOCTh 10 50 M/c, a TOPBIBHI —
1o 280 km/u. [Ipoxoxknenue Tai(hyHOB HaJ OOSPEIKBSIMH M OCTPOBAMHU BOCTOYHOM
OKpanHBI EBpaznn compoBOXKIa€TCsI HE TOIBKO CHIBHBIMU MOPBIBUCTHIMH BETPaMH,
HO ¥ OOJIBIIIMM KOJMYECTBOM OCAIKOB. [{MKIOHBI B TPOIMHMUYECKUX JiecaxX ¢ KPYITHO-
MacIITa0HBIMU BETpPOBaJaMH MPOUCXOAAT 3HAYMTEIHHO Yallle, YeM B OOpeaslbHOM
30He [24, 31]. Tponudeckue MUKIOHBI MIPH MTEPEMEIICHHH K 00ee CeBEPHBIM IITH-
poTaM TpaHC(HOPMUPYIOTCS BO BHETPOIIMUECKUE. XapaKTePUCTHKA BHETPOITMYECKUX
IMKJIOHOB C yparaHHBIMH BETPaMU, MPOIIEAITIMHE HAJ TEPPUTOPUEH TaTbHEBOCTOY-
HOHN OKpauHbl PoccuM M IpWIETarOlUMU K HEH OCTPOBAMH, COIPOBOXKIABLIMXCS
3HAYHUTENBHBIMI BETPOBAIBHBIMH SIBJICHHSIMHU B JiecaX, MpUBeneHa B Tabi. 1. Dta
nH(pOpMaIHs JaeT MPEACTABICHHE O BO3PACTAHUHN KOJUYECTBA CIIy4aeB CMEIIECHHH
TPaeKTOPHI BHETPOITUUECKUX [IUKIOHOB Ha CEBEP.

Tab6uuma 1

OCHOBHbIE XapaAKTEePUCTUKH CHJIbLHBIX TUX00KEAHCKUX BHETPONUYECKUX HUKIOHOB,
npociaenopasmux no Jaasnemy Bocroky Pocenn [21, 32]
The main characteristics of strong Pacific extratropical cyclones that passed through
the Russian Far East [21, 32]

K Jasnenne | CkopocTb CkopocTh

o aTeropust o

Tatihyn JlaTbr SSHWS B LIEHTPE, | YCTOHYMBOIO TIOPHIBOB

MmOap BeTpa, M/C BeTpa, M/C

Kurrn 27.08-2.09.1949 3 952 35-40 57

Dwma 01-11.09.1956 4 930 35-40 69

Dncu (Hapennr) | 16-28.09.1969 5 895 45-50 78

VipBusr 07-18.08.1979 2 955 25-30 42

Dunnc 02-05.08.1081 | Pommic: | gg5 25-30 38
CKHHU IITOPM

oy 21-26.07.1989 4 910 35-43 57

Mermicca 11-19.09.1994 4 910 35-43 57

Tanac 23.08-07.00.2011 | TPOMIIE | gg9 22-27 40
CKHUH IITOPM

Bonasen 19.08-1.09.2012 4 910 45-51 63
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Oxonyanue maon. 1

K Jasnenue | CxopocTh CxopocTb

. areropus %

TaiipyH Jarst SSHWS B LICHTpPE, | YCTOHYHMBOTO |  TIOPBHIBOB
MOap BeTpa, M/C BeTpa, M/C

XanoHr 28.07-5.08.2014 5 915 45-55 72

Yoii-gan 01-10.10.2015 | Tpomuie- 965 25-31 36

CKHUU IITOPM
Jlafionpox 16-31.08.2016 4 940 35-46 60
Tanum 08-22.09.2017 4 935 45-49 61

HawuGonee pa3pymmTenbHbIM Cpe YKa3aHHBIX IUKIOHOB, HAHECIIMM OIPOM-
HBIH yiep0 HaceJIeHuo ¥ 9koHoMUKe CaxaTMHCKO# o0nacTh, Obu1 TaiipyH «Dumcy
aBrycta 1981 r. bomipmioe Koimm4ecTBO OCaaKOB, COMPOBOXKIABINEE IMPOXOXKICHHUE
9TOTO Tali(hyHa BBI3BAIO OTMOJI3HU W OOBAJIBI, CEJIEBBIC MOTOKH, KaTaCTpOohUIeCKUit
MOJbeM YPOBHEW BOJIBI B peKax W, CJIEOBaTeIbHO, HABOIHEHHS, KOTOPbIE YHUUTO-
JKUJTM ypOXKail Ha OTPOMHBIX IUIOLIAISX CEJIbCKOXO3SMCTBEHHBIX YTOAMH, MOBpPEIU-
JIM TOJIMHHBIM JiecaM, a TaKyKe MHOTMM OObEKTaM WH(PPaCTPYKTyphI B I0KHOW 4aCTH
octpoBa. CpeaHeMacITabHbIC M JIOKILHBIE HAPYIICHHUS JIECHOTO TIOKPOBa Ha O-BE
CaxanuHe, CTaBIINE CIEJACTBUEM JPYTUX Tali(hyHOB, MPOU3ONICAIINX B POILIBIC Jie-
CATWJICTHS, OCBEIICHHI B psae padot [2, 15]. Kpome 3Tor0, MpH MPOXOXKICHUHN Ta-
¢yHoB «Xamnonr» B aBrycre 2014 . u «Yoi-Ban» B okTsi0pe 2015 1. B roro-3amnagHon
YacTH OCTPOBA OBbUIM YHHUYTOXKCHBI JICCHBIC MACCHBBI Ha 3HAYUTEIBHON IJIOMIAAN —
Ha3BaHHbIC Tal()yHbI HOCHJIM YK€ KaTacTpopUUECKUIl XapaKTep.

Lenbto HacTosiiel pabOThl OBLIO HMCCICIOBAaHME MACHITAa0OB M XapakTepa
MTOBPEXKICHUH, MTOTyYEeHHBIX JIECHBIMUA HACAKIACHUSAMHU B PE3yJIbTaTe MPOXOXKICHHS
BHETPOMMUYECKUX LIUKIOHOB «XanoHr» U «Hoi-BaH» B I0ro-3amagHbIX pailoHax 0-Ba
Caxanuna.

Obwvexmul 1 Memoowvl UCCILe008AHUS

HccnenoBanue nmpoBOAMIOCH HA rOro-3amnaje o-sa CaxajluHa B Jiecax, B pas-
JUYHOM CTereHu MoBpexaeHHbIX Tahdynamu 2014-2015 rr. B paccmarpuBaemoit
YaCcTH OCTPOBA 30HAJBHOM JIECHOW PacTUTEIBHOCTHIO, COTNIACHO Te000TaHHYECKO-
My paiionupoBanuto CaxanuHa [18], sSBISIOTCS TEMHOXBOWHBIE Jieca ¢ Tpeodiaa-
HUEM IUXThI caxaluHCKoOU (Abies sachalinensis F. Schmidt) u enu asuckoit (Picea
ajanensis (Lindl. et Gord.) Fisch. ex Carr.) ¢ mpuMechIo psiia TTHPOKOTUCTBEHHBIX
nopoz. JlecHsle mojkapbl ¥ NPOMBILUIEHHbIE PyOKH B XX B. 3HAYUTEIBHO U3MEHUIN
KOPEHHOW COCTaB JIPEBOCTOEB, KOTOPBIN paHee ObLI MPEACTaBIeH B OCHOBHOM IHX-
TOBO-€JI0BBIMH Jiecamu. COBpeMEHHBIE Jieca — 3TO MPOU3BOAHBIE COOOLIECTBA C J0-
MHUHHPOBAaHHEM HE TOJIBKO TEMHOXBOWHBIX TIOPOJ, HO B OOJBIICH CTENeHH Oepe3bl
kaMmeHHoU (Betula ermanii Cham.) [27]. B Bo3pacTHOM CIIEKTpE JIECOB IPeo0aaroT
CPEAHEBO3pAcTHbIE U IPHUCIIEBalOIINe apeBocTou. Kpome 3Toro, BecbMa 3aMETHYIO
POJIb B JIECHOM (JOH/IE MTPAIOT JIECHBIE KYJIBTYPBI Pa3IMUHBIX XBOIHBIX opoz. Jleca,
i€ MPOBOJMIIOCH HCCIIEA0BaHUE, OTHOCATCS K HeBenbckoMy u X0IMCKOMY JieCHUYE-
ctBaM. [IpeBanupyroT MUXTOBO-ENOBBIC 1 KaMeHHOOepe30BbIe coodIecTBa (puc. 1).
HpCI[CTaBJIeHHBIC AuarpaMMbl HArIgAHO ITOKa3bIBalOT, YTO, HCCMOTPS Ha 6HI/I3OCTI)
TEPPUTOPUM U CXOJICTBO IMPUPOIHBIX YCIOBHH, IOPOIHBIM COCTaB JPEBOCTOEB HC-
CJIEAyEeMbIX PailOHOB 3aMETHO OTIMYAETCS: JOMUHUPOBAHNE B KOJIMYECTBEHHOM OT-
HOLICHUU TEMHOXBOWHBIX MOpoA B HeBeabCKOM JIECHUYECTBE CBSI3aHO ¢ MEHBLINM
BO3/IEHICTBUEM Ha 3Ty TEPPUTOPUIO TIOKAPOB U MPOMBILIIICHHBIX pyOOK B XX Beke.
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Puc. 1. I[TopomHslii cOCTaB JIeCOB B JIECHUUECTBAX Oro-3amnaanoi yactu Caxanuna, %:
a — HeBenbckoe mecHnYeCTBO; 6 — XOIMCKOE

Fig. 1. Forest species composition in the forestries of the southwestern part of Sakhalin, %:
a — Nevelsky; 6 — Kholmsky

HaseMHbIe nosieBbIe HCCie10BaHMs IECOB Ha BETPOBAJIBHBIX YYaCTKaX OCY-
IECTBISUIUCH IO U3BECTHBIM B JIECOBEICHUU U JICCHOM Takcaluu Metoaukam [11,
17]. Pa3mepsl MpoOHBIX IJIONIAECH B 3aBHCUMOCTH OT penbeda KOHPUTYpaIuu
TaKCAalMOHHOTO BBIJIeJIa W CTEIEeHW HAPYIICHWH HACaXICHWH BapbHUPOBAINA OT
0,25 no 0,38 ra. Ha xaxm0ii mpoOHOI MI0IIaan MPOBOAUINCH ITEPEUET IePEBHER,
YCTaHOBJICHHE HEOOXOIMMBIX JIECOTAKCAIIMOHHBIX XapaKTePUCTHK, a 3aTeM OIlpe-
JIeTICHUE 3aITacoB COXPAHUBIIETOCS JIPEBOCTOSl M €ro morudiiei yactu. Mx cym-
MapHble 00BEMBI COCTABIISIIA UCXOIAHBIN, JIOBETPOBAIBHBIN, 3a1laC HACAXKICHHS.
Jlnsa kaMepanbHON 00padOTKH TaHHBIX TOJIEBEIX paboT OBLIN 3aeCTBOBAHEI pe-
rUOHaIbHbIE HOPMAaTHBHO-CIIPABOYHBIE MaTepuaisl [12, 16].

[Ipu uccraenoBaHUsAX U3MEHEHUM JIECHBIX TEPPUTOPUI HIUPOKOE PACTIPOCTpPa-
HEHUE MOIYYUIN METOAbl AHAJIN3a KOCMUYECKUX CHUMKOB [8, 23]. Ilpu auctaHimon-
HOM aHaJIM3€ BETPOBAJHHBIX MPOTAINH UCIIONB30BAINCH JTOCTYITHBIE H300paKSHHS
¢ KocMHuuecKoro armmapara Sentinel-2 [28]. J{yst aToii ey ObUTH 0TOOPaHbI CHUMKH
C MUHUMAJIbHBIM KOJIMYECTBOM OOJIAKOB, BBIIIOJHEHHBIC B JeTHUU niepuoxa 2016 r.
(urormp—aBrycr). [Lmomaay, mogBepruyBIInecs BETPOBajiaM, BBIICICHB HA CHHTE3H-
POBaHHBIX CHUMKaX (CpeaHHi WH(PAKpACHBIA CHEKTp — OJIMKHUN MH(paKpacHBIH
CIIEKTp — 3€JICHBIA CIIEKTP) C BHITIOJHEHUEM IMOCIeIyIomei kinaccubukanuu [3].
OO0yuaromasi BBIOOPKAa OCHOBaHA Ha CIEKTPAJbHBIX XapaKTEPUCTHUKAX STAJOHHBIX
YYacTKOB, Ha KOTOPBIX MPOU3BOJIWIKNCH IOJCIYTHUKOBBIC HaONIOACHUS (JIeCOTaK-
CaIllMOHHBIE Pa0OTHI ¥ Te000TaHWYECKUE OMKCAaHUsA). be3lieCHbIe TepPUTOPUU TIPH
00y4eHH BRIOOPKHU HE YUIUTHIBAIIUCH, M UX IJIOMIA/b ObLIa UCKITIOYEHA U3 TIOCUeTa
ymep6a oT UKIOHOB. J[i1s aHammu3a BeTPOBaIbHBIX TOBPEXKICHUH Ha MCCIeTyeMOoi
TEPPUTOPUH OBUT PACCUMTAH HOPMAJM30BAHHBIM OTHOCHTEIBHBIH WHJICKC PaCTH-
TenpHOCTH [19, 20] ¥ HA ero OCHOBE BBIJICICHBI YYACTKU C PA3NUYHON CTCHCHBIO
pa3pylIeHus IPEBOCTOEB.

Pezynomamot uccnedosanust u ux oocyxcoenue

Tatidynsr 2014-2015 rr. B 3aBUCUMOCTH OT THIIA Jieca, COCTaBa JIPEBOCTOS,
9KCIO3UIIMY, KPYTH3HBI CKJIOHA, BBICOTHI HaJ YPOBHEM MOpS M APYTHX OCOOCH-
HOCTEH 3KOTOINa OKa3ajM Ha JIECHOW MOKPOB IOro-3amajHoi yactu o-Ba CaxanmuHa
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paziuuHoe BoszzeiicTBue. COOTBETCTBEHHO, pa3Mephbl, CTPOCHUE M KOH(UTyparus
BETPOBAIbHBIX OKOH WJIM HPOTAJIMH MMEIOT HEOTHOPOAHBIM XapakTtep. Ha omnux
JIECHBIX YYaCTKaX paccMaTpUBAEMOU TEPPUTOPUH IPOU3OILIN MACCOBBIE BETPOBAJIBI
1 OypeJioMBbl, a Ha IPYTUX Pa3pyIlIeHUs] KOCHYJIUCH IPEBOCTOCB B CPEIHEH UIH MCHbB-
mei creneHu (Tao. 2).
TabGuuna 2
XapakTep NOBpPesKIeHHs JeCHbIX CO00IIeCTB BETPOBAJAMHU
B I0T0-3aMaHOIi YacTH 0-Ba CaxajmHa
The nature of damage to forest communities by windfalls
in the southwestern part of Sakhalin Island

Jounst (%) rubenun

Kgsap- 3358 na- | Bos-
P CocraB A Tlon- | 3amac, JIPEBOCTOS
T, Turm neca cora, | MeTp, | pact, s
JIPEBOCTOSI HOTa | M3/ra | OT UCXOJHOTO 3araca,
BBIJIENT M oM et

0 TOpoAaM

Heeenvckoe necnuuecmeso

82;2 OIIE | o | 28 | 100 | 05 | 230 | H-47E-40;
EnoBo-nuxroBblit 3b, b -4
ga; 4 | CCMCHOMOMERIL O SIIE ) oy 30 110 | 06 | 310 | TTTHESS:
4B, b.—7
KamenHnoGepesHsik 75.1P6 B.—10: PG —0:
82; 6 C KypWIBCKUM X 16 28 100 0,4 70 K ’ ’
211 m-62
0aMOyKoM
127:3 EHOBO-HHXTOBLIVIZ 4113E 17 26 80 0.4 160 I1-55; E—76;
3€JIEHOMOLIHbIH 3b, b,—0
[MuxrapHuk ¢ . .
130; 17| xypmwmoxnv 6av- | Oobx | 18 | 28 | 100 | 03 | 130 | TT% B3
1bpx Bpx -0
OyKoM
EnoBo-nuxroBbiit
. 6I11E I1-74; E-85;
131; 1 C KypHIJIbCKUM 25101 16 24 80 0,4 140 B.—8: 010
6amOy KoM K K
132: 11 EJ‘[OBO-HI/IXTOBHI‘/‘I SITI2E 18 3 90 0.5 190 I1-50;E-77;
MallOPOTHUKOBBIN 3B, b.-9
Xonmckoe necnuuecmeo
EnoBo-nmuxToBbIi AII3E IT-95; E-90;
20; 22 C KYPUJIBbCKUM 3B 18 24 90 0,6 250 b,—70
6amOyKoM K b,—70
JIucTBeHHNYHMK

21;20 | manopOTHUKOBBIN 8JI211 15 18 60 0,7 180 JIm—93; IT— 88
(JIecHBIE KYJBTYPBI)

El0BO-IIMXTOBBIH ATLLE I1-64; E —62;
22;4 o 3b,1P6 14 18 60 0,7 170 b, —50; P6 - 52;
HaIOPOTHUKOBBIH 1Bpx Bpx — 60

EnoBo-nuxTOBBIM
45;3 3€JICHOMOIITHEII SII2E 18 22 74 0,7 290 I1-35; E —40;
(JIeCcHBIE KYIBTYPBI)

. KamennoOepesunsik | 6B 211 b, —30; IT - 35;
4510 KyCTapHUKOBBII 1JIu1P6 16 20 80 0.5 10 JI — 40; P6 - 25
. EnoBo-nmuxToBerit 7I1E I1-50; E —45;
46; 8 3€JIEHOMOIITHBII Iulb, 18 2 %0 0.6 240 JIn—-35; b, —-30
. 3E1IT ) )
53:7 EJ‘[OBO-HI/IXTOBI)EI/I 1JTuSB, 14 16 60 0.5 130 E —65; 11 - 45;
KyCTapHUKOBBII er. PG JIm—45; b, — 35

ITpumeuanue: I1 — nuxra caxaiauHckas; E — enb asHckast; b, — Oepesa kamenHasi; PO — pssOuHa cMmeraH-
Has; bpx — 6apxar caxanuHckuit; O — onbxa Bojocucras; JIi — nuctBennuna Kasunepa.
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B ¢BsI3u ¢ 3TUM JIECHBIC HACAKICHHUS 110 CTEIICHU HApyIIEHHOCTH BETPOBaa-
MU OBLIH TIO/Ipa3/ieNIeHbl Ha 3 KaTerOPHUH: ITOJTHAS THOEIh PEBOCTOS MITH C OOJIBIIION
noJieit moru6mmx aepesbeB (Boiie 60 %), B cpenneit crenenu (30-60 %) 1 He3HAUH-
TeIpHO ToBpexaeHHbIe (MeHee 30 % OT MCXOAHOTO KOINYECTBA).

Haubonpinee BnusiHue Tail(yHbI OKa3aJid Ha JPEBOCTOU C JOMUHHPOBAHUEM
TEMHOXBOWHBIX 1Oopo/1. [1ouTu Ha BCeX ydacTKax €Jib U MUXTa, HE3aBUCUMO OT THUIIa
Jieca M yCJIOBHI MECTONPOU3PACTaHUs, ITOJIBEPIITUCH BETPOBajIaM B CHIILHOW U Cpe/I-
Hel cTeneHu. B wacTHOCTH, mons rubenu 3TuX mopon B HeBenbCKOM JIECHUYECTBE
Bapbuposaina ot 40 no 88 %, a B XonmMckoM necHudectBe pocturaina 90-95 %. Takas
BBICOKasl ySI3BUMOCTD TIEPe]] BETPOBAJIAMH €JTU M IMUXThI 00YCIIOBJICHA MPEXK/IE BCETO
OCOOCHHOCTSIMH UX KOPHEBOH cuctemsl [1, 9], oHa sBIsETCS MOBEPXHOCTHOW U HE
MO3BOJISIET M BBICTOSITH IIPOTUB yparaHHbIX BeTpoB. Hapsity ¢ aTum Oepe3a kameH-
Hasl, UMeroIas OoJjiee MOIHBIE KOPHH, CIIEJ0BaTelbHO, 00Ia1as BEICOKOH BETPOY-
CTOWYHMBOCTBIO, XapaKTepH30BallaCh HE3HAYMTEIHHOW monell rmdenmu. Hampuwmep,
B HeBenbckoM JiecHUUECTBE B KaMEHHOOEpe3HsKax (kBapran 82, Beiaen 6) rudenb
npeBoctosi He mpeBbimana 10 %, a y 6epe3 TeMHOXBOWHBIX JIECOB BETPOBAIBHBIX
JIEpPEeBbEB OKa3aJoch erie MeHsbIe (10 9 %).

B Xonmckowm siecHuuecTBe 10 THOEIn Oepe3bl KaMEHHOUM BaphbUpOBalia
ot 30 no 70 %, psbunsl cmemanuo (Sorbus commixta Hedl.) — ot 25 mo 52 %,
a Oapxara caxanuHckoro (Phellodendron sachalinense (Fr. Schmidt) Sarg.),
obnaaromiero pa3BUTON KOpHEBOH cucTeMoi, cocrtaBmuia 60 %. Jlaxxe B mec-
HBIX KyJIbTypax nucTBeHHUUBl Kasunepa (Larix cajanderi Mayr) ¢ ri1y0oKuMu
CTEp)KHEBBIMH KOPHSIMH JOJS MOTHOIIEH yacTu apeBocTos gocturana 93 %
(xBapran 21, Beimen 20). Takue moka3aTenu oOyCIOBICHBI, Ha HAII B3I/, CITe-
nU(PUKON MECTHBIX TOPHBIX JIaHAMA(TOB: UX 00Jiee KPYThIMU CKJIOHAMH U 3Ha-
YUTENbHBIMU BBICOTHBIMH OTMETKaMH 10 CpaBHEHHWIO ¢ HeBembckuM pailoHOM.
Hawubonbinee pa3pymmnTeIbHOE BO3JICHCTBHE BETPOBAJIBI OKa3aJIM HA IPEBOCTOH,
PacCIOI0KEHHBIC Ha KPYTHIX BEPXHUX YaCTAX CKJIOHOB. HesHauurtenbHas Hapy-
IIEHHOCThH JIECHBIX MacCUBOB HaOJI0OAanach B JOJHHAX PEK, a TaK)Ke B HUIKHEH
YaCTH MOJOTUX TOPHBIX CKIOHOB [15].

W3ydenne o JaHHBIM TUCTAHIIMOHHOTO 30HIWPOBAHMS JIECOB, MOBEPIKECH-
HBIX KaTacTpo(UYSCKUM BETPOBAJIaM, MOKA3aJ0, YTO PA3IHMUNE MEXK/Yy TOKPBITOM
Y HEMOKPBITOM JIECOM TEPPUTOPUEH UMEET SIPKO BBIPAKEHHBIM XapakTep, MO3TO-
My HX BBISIBJICHHE TIPH JIEHIUPPUPOBAHUU CITYTHUKOBBIX CHHUMKOB HE BBI3bIBACT
3arpyjHeHU. BeTpoBaiibl, Kak rapu U BhIPYOKH, OTOOpaXarOTCs Ha CHHTE3HPO-
BaHHBIX CHUMKaX B KPaCHOBAThIX U CHHEBATHIX OTTEHKaX (B KOMOWHAIIMH KaHAJIOB
11-8—4). BeipyOKku Ha CHUMKax OTIMYAIOTCS 10 OJIM3KUM K MPABHIBHBIM, B OCHOB-
HOM JIMHEIHBIM TPaHUIIaM, YKa3bIBAIOIIINM Ha UX NCKYCCTBEHHOE MPOUCXOXKACHHE,
K TOMY K€ B UX IpelesiaX XOpOIIO MPOCMATPUBAIOTCS OCTABJICHHBIC CEMEHHBIC
KyPTHHBI, HA CHUMKax 00Jiee BHICOKOT'O Pa3peIleHHUs BhIACIISIOTCS SIUHUYHbBIC CO-
XpaHHUBIIHECS BO BpeMsi pyOOK jJepeBbsl Wiau ux HeOospmue rpymmbl. Ha rapsx
B OOJIBIIIMHCTBE CJIy4acB MOTHOIINE JEPEBbs OTOOPAXKAIOTCS pPa3HOHAIPABICHHO
110 TEPPUTOPUH, HAPALY C ITHUM XaOTHIHO PACIIPENEISIOTCS OJJUHOYHBIE COXPAHNB-
IIMeCs JIePeBbs WIKM UX KypTUHBI. Ha BETpOBaNIbHBIX y4acTKaX BbIBAJICHHBIC JIepe-
BbsI XOPOIIIO BUAHBI KaK IITPUXH, OPUEHTHPOBAHHBIE TIIABHBIM 00pa3oM B OJTHOM
HaIpaBJICHUH, 0COOCHHO XOPOIIO BBIICISIONINECS Ha CHUMKAX C BRICOKHM pa3pe-
IICHUEM.
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CuHTe3npOoBaHHbBIE KOCMHYECKHE CHUMKH H3y4aeMOM TeppUTOPUH TIOABEpra-
JHch Knaccuukanuu «c odyuennem». [Ipu cocraBiaennu oOydaromieli BEIOOPKU Ha
JUarpaMMax pacceMBaHMs Y4aCTKH BETPOBAJIOB JAOCTATOYHO YETKO 000COOISAIOTCS
0 CMIEKTPAJIBHBIM XapaKTepUCTHKAM OT APYTHX KiaccoB. BmecTe ¢ TeM cienyer oT-
METHTB, YTO I10 CIIEKTPAJIILHBIM XapaKTEPUCTHKAM MAaCCOBBIE BETPOBAJIBI TPOSIBIISIIOT
OO0JIBIIIOE CXOJCTBO C OE3JIECHBIMH TEPPUTOPUSIMH H PSIIOM JIPYTUX OTKPBITBIX TPO-
CTPAHCTB, a TAKXKE CEJIMTEOHBIX 30H. B CBsI3U ¢ 3TUM Takue yyacTKy ObLIM IpeaBapu-
TEJIHHO BBIJICJICHBI HA CHUMKAX M MCKIIIOUYEHBI U3 PACCMOTPEHHS.

Ha ocnoBe unnexcubix n3odpaxkenuii (NDVI) oTmedeHbl yyacTku ¢ paziny-
HOH CTENEHbIO NOBPEKIACHUN MO CTPYKTYPE U PACHpPENEICHUI0 aCCUMUISIUOHHON
MTOBEPXHOCTH, MPEJICTABIEHHOW COXPAaHUBIIMMHUCS 3€JI€HBIMHU JIEPEBBSIMHU U KypTH-
HaMH, a TaKXKe IOUIECKOM U MoApocToM. [ eonH()OpMaLMOHHBIN aHAIU3 IPOCTPaH-
CTBEHHOTO pacupeneneHus 3HaueHuid NDVI B mpenenax BETpOBAJIBHBIX YYaCTKOB
MTO3BOJIMJI BBIJIENIUTH MMOBPEXKACHHUS JIECOHACAKACHUN pa3IMUYHOIO XapakTepa oT BO3-
NEHCTBUS BHETPONMUYECKUX MTUKIOHOB (Tabm. 3) [15].

Tab6uumna 3

XapakTepHCTHKA HAPYLIEHHOCTH JIECHBIX MACCHBOB I0I0-3a/IHOI YacTH
o-Ba CaxayimHa
The characteristics of disturbance of forest areas in the southwestern part

of Sakhalin Island
Crenens Hapyennoctn XapakTepucTHKa CTeIIeHN 3Ha4yeHune
JIECHBIX MacCHBOB, % P P [Tnomans, ra | doms, %
HapyLIEHHOCTH NDVI
OT 00IIeT0 YKcIIa 1epeBLeB
~60 % ITomHas unu OoJbIIast JOIIS <0.5 4513.61 19,85
rubenIn IpeBoCTOs
60-30 Cpennsis 0,5-0,6 9515,44 41,86
<30 HesnauurenpHas >0,6 8705,95 38,29

HUmoeo| 22 735,00 100

[TokazaHo, 9YTO HapyIIEHHOCTH JIECHBIX MacCHBOB B PE3yJbTaTe BETPOBAIOB
HOCHT pa3InuHbId Xapaktep. HauOospiune muiomanu jgecoB ObLIM MOBPEKACHBI
B cpeaHelt creneHu U coctaBuiau 9,515 teic. ra (41,86 %). Ilpu 3TOM mONHOCTEIO
norudIIve Jieca Wi Jieca ¢ OONIBIINM KOJTHYECTBOM MOTHOIINX APEBOCTOEB 3aHUMA-
nu 19,85 % mnomaan BETpOBaJbHBIX YYaCTKOB,  HE3HAYUTEIILHO MOBPEKICHHBIC —
38,29 %. B nenom Ha paccMaTpuBaeMoil TEpPPUTOPHH JIOJIS JIECOB, TOCTPATAABIINX OT
JICHCTBYSI IMKJIOHA B CUIILHOM U CpEJIHEH CTEIeHH, paBHsuiach oonee 60 %.

Jlec na nmepudepun BeTpOBANBHBIX MATEH, HA YYaCcTKaX C JOKAIbHBIMH TTOHU-
KEHUsMU penbeda, a TakKe B J0JMHAX PEK U HIDKHEH 4acTU TOPHBIX CKJIOHOB I10-
BPEXKIAETCsl B MEHBIIICH CTENICHH, YTO XOPOIIIO 3aMeTHO Ha cHUMKax. [locie mpoxox-
JICHHSI ITUKJIOHOB BOKPYT YIIEJCBILIUX TPYIII JCPEBLEB — MOTCHIMAIBHBIX HCTOYHUKOB
CEMSTH, IIPOUCXONT MTOCTEIICHHOE 3apacTaHue MOIBEPTIINXCS HETATUBHOMY BIIHSIHUIO
ydacTkoB. OfIHaKo Ha [oro-3armaje 0-sa CaxannHa, TJe JOMHHAPYIOT 0aMOyYHHKOBBIE
THUIIBI JIECA, HA YYACTKaX ¢ YHUUTOXKECHHBIMH JICPEBbSIMH HAOJIONACTCSI HHTCHCUBHOE
paspactanue Kypuibckoro 6amOyka (Sasa kurilensis (Rurp.) Makino et Shibata), 3a-
METHO TOPMO3SIIIET0 €CTECTBEHHBIE JIECOBOCCTAHOBUTEIBbHBIE TIPOIIECCHI.

B pesynbrare nemmdpupoBaHns KOCMHYECKAX CHUMKOB U T€OMH(OPMAIINOH-
HOTO aHann3a ObUTO BBISBICHO, YTO CyMMapHas TUIOMIAAb BETPOBAIOB B XOIMCKOM
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u Hesenbckom necanuectBax CaxanuHa coctaBuia 22 735 ra, wiu 9,20 %, ot Je-
COTIOKPBITON Iiomaau. Pacnpenerienue moBpexkIeHHBIX BHETPOITMYECKUMHU ITHKIIO-
HaMH y4YacTKOB Jieca OTpakeHO Ha puc. 2. Kak MOXXHO 3aMeTUTb, TIPOHU3OIIE/IIIHE
IUKJIOHBI OOYCJIOBHJIM BETPOBAJIBI IPEBOCTOCB Ha BCEH FOTr0-3arajfHON 4acTH O-Ba
CaxanuHa, 1 OHM HOCHJIM KaTacTpo(UUECKUil XapakTep.

OXO0OTCKOE
MOD e

0. Caxannu

YCJIOBHBIE OBO3HAYEHUA
BETPOBAJIbHBIC YYACTKH

Xapakrep NOBPEXKEHHS JPEBOCTOS
B cunsroe (Goree 60 %)

[ ] cpemnee (60 - 30 %) [lIkana BEICOT B METpax

[ cnaGoe (menee 30 %) o I T 030

Puc. 2. [loBpexieHHbIC BHETPOIMYESCKUMHU IUKJIOHAMH YYaCTKH Jieca
(BO Bpe3Ke — XapakTep MOBPEKACHUS IPEBOCTOS)

Fig. 2. The forest areas damaged by extratropical cyclones
(the inset shows the nature of damage to the stand)
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Saxnouenue

[TocnenoBarenbHble BHETponuueckue HUKIOHBI 20142015 rr. B roro-3anaj-
HOW1 yactu 0-Ba CaxasimHa 00yCJIOBHIIN 3HAYUTEIbHBIC HAPYIICHUS JICCHBIX MACCH-
BOB U MacCOBBIE BeTpoBasibl. KoMIuIekcHas Ha3eMHast ¥ TUCTAHIIMOHHAS OI[CHKA Be-
TPOBAJILHBIX YUACTKOB ITO3BOJIAJIA YCTAHOBUTH MAaCIITA0ObI U XapaKTep MOBPEKICHUHN
JIECOB B IOro-3amajiHoi yactu octpoBa. [Ipy 3TOM miomaap JIeCHbIX HacCaKJIECHUN
C TIOJTHOM MJTv OOJIBIIION J0el oruOImuX aepeBbeB coctaBmia 4513,61 ra, co cpen-
Helt — 9515,44 ra u B MeHbLIEH cTeneHu noBpexkaAeHHbIX — 8705,95 ra. Jlons necos,
MOCTPAJABIINX B CHJIBHON U CPEIHEH CTeleHH, paBHsIack Oosee 60 % muromaau
HCCIICIOBAHHBIX BETPOBALHBIX YIACTKOB.

CrereHb TOBPEXICHUS JIECOB BHETPOMMYCCKUMHU ITUKIOHAMHU 3aBHCHT OT
THIIA JIeca, COCTaBa IPEBOCTOS U €TO MOJOKECHHI B penbede. Hanbomnpiree Biusame
LMKJIOHBI 0KA3aJIi HA APEBOCTOU C JOMUHUPOBAHUEM TEMHOXBOWHBIX opoa. [loutu
Ha BCEX ydacTKax pailoHa MCCIENOBaHUS €b U MHUXTa, HE3aBUCHUMO OT THUIIA Jieca
U yCIIOBUU MECTONPOU3PACTAHUs, MOBEPIIIUCH BETPOBAIaM B CHJIBHOU U CpenHein
crerieHu. B OoJibliieli creneHu ObUTH MOJBEPKESHBI BETPOBAIAM YUYaCTKU C KPYThIMH
CKJIOHaMHU, B UX CPEIHEN U BEpXHEN yacTsX — Ui Bcex NopoA. B To ke Bpems B ped-
HBIX JIOJIMHAX U B HWYKHEH YaCTU TOPHBIX CKJIOHOB OTMEUAJIOCh JIUIIIb HE3HAYUTEIb-
HOE MOBPEKICHUE IPEBOCTOECB.

BerpoBanbl cranu mpuUUMHOW CHIBHEWINEH TpaHCPOpPMAIUN JIECHBIX 3KO-
CHCTEM Ha 3HAYUTEIBHBIX MPOCTPAHCTBAX, YTO MPOSIBUIIOCH B THOENH IPEBOCTOEB,
(OpMHPOBAHUHN BETPOBAJILHBIX OKOH, a TAKKE€ B M3MEHCHUM COCTaBa W CTPYKTYPhI
HIDKHUX SIPYCOB PACTUTEIBHOTO TIOKpoBa. OOIIast IIomaas BETPOBAJIOB Ha TEPPUTO-
puu XonmMckoro U Hesenbckoro jiecHu4ecTB coctaBuia 22 735 ra, unu 9,2 %, ot ux
JIECOTIOKPBITON TwIomany. MaciraObsl U XapakTep MOBPEXK/ICHHI, BEI3BAHHBIX BHE-
TPONMMUYECKUMHU ITUKIOHAMHU, JIECOB B IOr0-3aa{HON yacTH 0-Ba CaxaiuHa MO3BOJISIOT
paccMaTpuBaTh U3yYCHHBIC ITUKIIOHBI B KAYECTBE KaTacTPO(PUUSCKUX BETPOBAJIOB.
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Annomayus. TIpencTaBieHbl pe3ybTaThl UCCIEIOBAHNS MUTMEHTHOTO KOMIUIEKCA JINCTHEB
6epe3bl TTOBHUCIIO PH MPOU3PACTAHUN B YCIOBHUSX PA3IMYHBIX THIIOB ITPOMBIIICHHOTO 3a-
rps3HeHus FOxHO-Ypansckoro perrnoHa: CTepiauTaMakCKUH MPOMBIIIIICHHBIA TIEHTpP (a3po-
TEXHOT€HHOE MOJIMMETAIITNUECKOE 3arpsizHeHue ), Kapabamckuit MeaeruiaBuiIbHbI KOMOMHAT
(a9pOTEXHOTEHHOE MOJINMETAIIIMYECKOE 3arPSI3HEHUE B COUETAHUN C CEPHUCTBIM AHTUAPH-
IIoM), YYaTMHCKHHA TOPHO-000TaTUTENBHBI KOMOWHAT (TIONMMMETAJUTMYECKOE 3arps3HeHHE
B YCJIOBHSIX OTBAJIOB BCKPBIIIHBIX TIOPOJ] METHO-KOTUETAHHONW TOPHOPYAHOM IPOMBIIILICHHO-
ctn), Kymeprayckuit OypoyroibHeIii pa3pe3 (MOINMETAIINYIECKOE 3arPA3HEHNE B YCIOBHAX
OTBAJIOB BCKPBIIIHBIX TOPOJ OypOyrobHOTO pas3pesa), Y GUMCKHI TMPOMBIIUICHHBIH HEHTP
(aspoTexHoreHHOE He(hTeXUMIUECKoe 3arpsa3Henue). [lokazan aucOanaHc MUTMEHTHOTO KOM-
TUIEKCa JINCTHEB OEPE3bI IS BCEX MCCIIEA0BAHHBIX THUIIOB 3ar PA3HEHHS, KOTOPBIN BBIPAKACTCS
B OTCYTCTBHH COITIACOBAHHOCTH MEX/y aJaNTHBHBIMH PEAKIUSIMI TUTMEHTOB U UX COOTHO-
meHnH. YeTKo BBIAETUTh OOIIYI0 aIalTHBHYIO PEAKIUIO Ul BCETO MUTMEHTHOTO KOMILIEKCa
B KaXJIOM HPOMBIIIJICHHOM IIEHTPE HE MPEACTaBIACTCS BO3MOXKHBIM. C HEKOTOpOH monei
YCIIOBHOCTH MOXHO OTMETHTh, YTO INPH MOIMMETAIIIMYECKOM 3arpsS3HEHUN B COUCTAHUH
C CEPHUCTHIM aHTHIPUAOM MUTMEHTHBIH KOMIUIEKC XapaKTEPU3YeTCs IPEUMYIIIECTBEHHO TO-
JIEpaHTHOH aJaNTUBHON peakluel, B yCIOBUAX OTBAJIOB BCKPBIIIHBIX MOPOJ MEIHO-KOIIde-
JTAHHOW TOPHOPYIHOM MPOMBIIIIEHHOCTH — CTPECCOBOH, B YCIOBHUSIX OTBAJOB BCKPBIIIHBIX
mopoA OypOyTOIEHOW TOPHOPYIHOH MPOMBIIIICHHOCTH — HEUTPaTbHOH, a IPH HE(PTEXUMH-
YECKOM U a9POTEXHOTEHHOM ITOJMMETAJUINIECKOM 3arpsI3HEHUSIX MPeo0Ialaromasi peakiist
orcyrcTByeT. [To cTenenn yBennueHus aucOananca B MMTMEHTHOM KOMITIEKCE TPOMBIIILICH-
HBIC IEHTPHI 00pa3yIoT Psijl 1Mo Bo3pacTaHuio: Kymeprayckuit OypoyronsHBIi pa3pes — Yda-
JUHCKHUHA TOPHO-000TaTHTENBbHBIA KoMOMHAT — Kapabamickuiit MeeniaBiIbHBI KOMOHHAT —
CrepiauTaMakCKUH MTPOMBIIIICHHBIA HEHTP — Y QUMCKHI MPOMBITUICHHBIH 11eHTp. COOTHO-
IIeHne XJIopoduiia a U b onpenessieT yCTOMYUBBIN OaaHC MEXITy XIOpOPHIUIAMU BO BCEX
TUIMAX 3arpsA3HEHUS, HO BBIIENSCT HEPTEXMMHUYECKOE 3arpsi3HEHHE Kak Oosiee 3HAYMMBIHA
ctpeccoBblii paxrop. CooTHOMEHHNE XI0pohmiIa a + b 1 KapOTHHOHUIOB ITOKA3BIBAET OTCYT-
CTBHE CTaOWIBHOCTH BO BCEX THIIAX 3arpsA3HEHMS U BBILACIACT a3POTEXHOTECHHOE MOJIMMETal-
JIMYECKOE, HEPTEXUMHUUIECKOE U MOTMMETAIUTHUECKOE 3arPSA3HEHNS B YCIIOBHSIX MEIHO-KOITIe-
JTAaHHBIX OTBAJIOB KaK 00Jiee 3HAYUMBIE CTPECCOBBIC (akTOphl. PazpaboTka pekoMeHaanuii mo
MIPUMEHEHHIO Oepe3bl ATl 3alIMTHBIX HACAKACHUH TOKHA OBITh OCHOBaHA HAa KOMILUIEKCHOM
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OIICHKE €€ aJallTUBHBIX peaKHI/II\/’I Ha pas3IMYHbIX UCPAPXUYECCKHUX YPOBHIAX. DTO MO3BOIUT
LCJICHAITIPAaBJICHHO HCIIOJIB30BAaTh 6epe3y B YCJIOBUAX, I/I€ OHA TOJICPAHTHA K 3arpA3HCHHIO
u 06H3}13€T BBICOKHM aJallTUBHBIM ITOTCHIIUAJIOM, U UCKIIIOYUTH €€ MPUMECHCHHE B ITOCaJIKax
B CTPECCOBBIX YCIIOBUAX, II€ €€ l'IpI/ICl'IOCO6I/ITeJ'IBHBIC BO3MOXHOCTH OI'paHUYCHBI.
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bBnazooapnocmu: Pabora BbinonHeHa B pamkax rocsamanus Ne 075-00570-24-01 mo teme
Ne 123020700152-5 «YcTolH4uBOCTD J1eCO00PA3YOIHMX APSBECHBIX BHIOB M SKOJIOTO-0HOIOTH-
YeCKHUe aIalTally C Y4€TOM aHTPOIOTeHHOH TpaHC(hopMauy JaHAaPTHO-ITPUPOIHBIX KOM-
IeKcoBy. Mcrosnb3oBana npudopHas 6asza L{eHTpa KOJIEKTHBHOTO MOJIb30BAHUS «ATH/IEIIBY.

Jna yumuposanusn: I'anumos P.P., Ypasruneaun P.B. Xapakrepuctrka NUrMEHTHOTO KOM-
TuIeKca JJUCTheB Betula pendula Roth. mpn pa3nndHbIX THITAX 3arpsisHEHUS B ycIoBHAX FOx-
HO-Ypaibckoro peruoHa // 3B. By30B. JlecH. xxypH. 2026. Ne 1. C. 103-120.
https://doi.org/10.37482/0536-1036-2026-1-103-120

Original article

Characteristics of the Pigment Complex of Betula pendula Roth.
Leaves in Different Types of Pollution in the South Ural Region

Ramil R. Galimov, Postgraduate Student; ResearcherID: KIH-6235-2024,

ORCID: https://orcid.org/0009-0002-1472-1469

Ruslan V. Urazgildin™, Doctor of Biological Science, Assoc. Prof-;

ResearcherID: K-9714-2018, ORCID: https://orcid.org/0000-0003-2071-9306

Ufa Institute of Biology — Subdivision of the Ufa Federal Research Centre of the Russian
Academy of Sciences, prosp. Oktyabrya, 69, Ufa, 450054, Russian Federation;
ramil_galimov_98@mail.ru, urv@anrb.ru™

Received on November 1, 2024 / Approved after reviewing on January 29, 2025 / Accepted on January 31, 2025

Abstract. The article presents the results of a study of the pigment complex of silver birch
leaves growing under conditions of various types of industrial pollution in the South Ural
Region. Those are Sterlitamak Industrial Centre (aerotechnogenic polymetallic pollution),
Karabash Copper Smelting Plant (aerotechnogenic polymetallic pollution in combination
with sulfur dioxide), Uchaly Mining and Processing Plant (polymetallic pollution in the con-
ditions of overburden rock dumps of the copper-pyrite mining industry), Kumertau Brown
Coal Mine (polymetallic pollution in the conditions of overburden rock dumps of the brown
coal mine), Ufa Industrial Centre (aerotechnogenic petrochemical pollution). An imbalance
in the pigment complex of birch leaves is shown for all the types of pollution studied, which
is expressed in the lack of consistency between the adaptive responses of pigments and their
ratios. It is not possible to clearly identify the overall adaptive response for the entire pigment
complex in each industrial centre. With a certain degree of conventionality, it can be noted
that in the case of polymetallic pollution in combination with sulfur dioxide, the pigment
complex is characterized by a predominantly tolerant adaptive reaction, in the conditions of
overburden rock dumps of the copper-pyrite mining industry — a stressful one, in the condi-
tions of overburden rock dumps of the brown coal mining industry — a neutral one, and in
the case of petrochemical and aerotechogenic polymetallic pollution, there is no predominant
reaction. According to the degree of increasing imbalance in the pigment complex, the indus-
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trial centres form a series in an ascending order: Kumertau Brown Coal Mine — Uchaly Min-
ing and Processing Plant — Karabash Copper Smelting Plant — Sterlitamak Industrial Centre —
Ufa Industrial Centre. The ratio of chlorophyll @ and b determines a stable balance between
chlorophylls in all types of pollution, but highlights petrochemical pollution as a more signif-
icant stress factor. The ratio of chlorophyll @ + b and carotenoids shows a lack of stability in
all types of pollution and highlights aerotechnogenic polymetallic, petrochemical and poly-
metallic pollution in the conditions of copper-pyrite dumps as more significant stress factors.
The development of recommendations for the use of birch for protective plantations should be
based on a comprehensive assessment of its adaptive responses at various hierarchical levels.
This will make possible the targeted use of birch in conditions where it is tolerant to pollution
and has a high adaptive potential, and will exclude its use in plantations in stressful conditions
where its adaptive capabilities are limited.

Keywords: silver birch, pigment complex of leaves, adaptive reactions, industrial pollution,
South Ural Region
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Bseoenue

HOxHO-Ypanbsckuii perroH SIBISIETCSl PAaHOHOM PaCIIONOKEHHUSI OOJBILIOTO KO-
JIMYECTBA TIPOMBIIIUIEHHBIX IIEHTPOB CO 3HAYUTEIBHBIM KOJIMYECTBOM 3arpsi3HUTEINEH
B cocTaBe BEIOPOCOB. [T0CTOSHHBIN POCT YMCIIa TEXHOTCHHBIX 3arpsi3HUTENCH OKa3bl-
BaeT MPOTHBOPEUUBOE BIUSHUE HAa PACTUTENBHBIC OPraHU3MBI, B T. 4. U HA ITUTMEHTHBIH
KOMIUIEKC JIPEBECHBIX PACTEHUH — OMO(UIBTPOB, pacTyIIMX BOJIU3U MPEINPHUSITHH.
Ponb nucTheB OpeBECHBIX PACTEHHI HE OTPAHUYMBACTCS OCAXKICHHUEM MPOMBIIILICH-
HOU TIBUTH, OHU TaK)Ke MOTIIONIAI0T TOKCHKAHTHI M BKIIFOYAIOT X B COOCTBEHHBIN MeTa-
Oosn3M. [laHHOE 0OCTOSITEIBCTBO CYIIECTBEHHO 3aTparuBaeT ()OTOCHHTE3 Kak Hanobo-
Jiee ysI3BUMBIi K BHEIITHUM BO3JIEHCTBUSIM (PH3HOIOTHUECKHUIT TIpotiecc. B cBs3u ¢ aTuM
aHaJM3 aJIalTHBHBIX PEaKinii MMTMEHTHOTO KOMIUIEKCa MPEICTABISET IIEHHOCTD JUIs
MPOTHO3UPOBAHMUS MPOAYKTUBHOCTH JPEBECHBIX BHIOB U OLIEHKH LIEJIECO00Pa3HOCTH
WX ACTIOJIH30BAHUSA B KauecTBe Oy(hepHBIX HacakaeHwmi [28].

OCHOBHBIM MUTMEHTOM, NPE0OpPa3yIOIIMM CBETOBYIO JHEPTHI0 B XHUMHUeE-
CKYI0, SIBIIIETCS XJIOPO(HILL, BEAYIIast POJb MPU ITOM MPHUHAUIEIKUT XIOPODUILTY
a. BerioMorarenbHbIi TUTMEHT XJIOpOo(GHIUT b TiepeiaeT SHEPTUi0 Ha XJIOPOPHILT a,
KOMIICHCUPY$ HEIOCTaTOYHOE OCBEILICHNE, @ KAPOTHHOMU/IbI TIONJIOLIAIOT CBET B CHHEH
CIIEKTPaTHLHON 00IaCTH 1 3aITUINAIOT MUTMEHTHYIO CUCTEeMY OT (poTtookmemenus [11,
12, 30, 32, 34]. Ilox Bo3aeiicTBHEM NPOMBIIIUIEHHBIX 3arpsA3HUTENEH B MUTMEHTHOM
anmapare pacTeHHU MPOUCXOIAT HapylieHus: HaOyxXaHWe XJIOPOIUIaCTOB, Jle30pra-
HU3AIHs UX MEMOPaHHOI CHCTEMBbI, CHUKEHUE CHHTE3a U aKTUBHOCTH XJIOpO(dHILIA.
doToCHHTE3 TaKKe WHTHOUPYETCs U3-3a YBEIHMUEHUS CHHTE3a a0CIIM30BOM KACIOTHI
[3, 4, 6, 16]. MexaHu3M JEHCTBUS MOJUTIOTAHTOB 3aBUCUT OT MHOTHX (paKTOPOB, HO,
HECMOTPS Ha Pa3IMYHYIO YyBCTBUTEIBHOCTD BHJIOB K HUM, OOLIEH peaKkiuel sBiseT-
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s pa3pyIIeHNUE TMTMEHTOB, YTO TIO3BOJISICT UCTIONIL30BATH COOTHOIICHHUS XJIOPOQHII-
na a u b u xnopopuia a + b 1 KAPOTUHOUIOB B KAYECTBE MAPKEPOB 3arps3HEHUS
Y TOJIPAHTHOCTHU K HeMy pacteHuii [7, 8, 21].

Amnanunz nyonaukanuii nmocnenHux 20 JET BBISBISAET CyIIECTBEHHBIE MPOOEITHI
B M3YYE€HUHU MTUTMEHTHOTO KOMILIEKCA JIPEBECHBIX PACTCHHUI B YCIIOBUSAX TEXHOTEHE-
3a. MccnenoBanus Ha OTBajlaX TOPHOPYAHON MPOMBIIUIEHHOCTH KpaifHe MaJlouucC-
JICHHBI, IPUYEM B HUX KOHCTaTHPYETCS TOAABIICHHUE COJCpIKAHUs MUTMEHTOB [25].
B 10 ke Bpems BIHSHUE MPOMBIIIICHHBIX TPENNPUSATHH U aBTOTPAHCIIOPTa OCBe-
LIEHO IIMUPOKO, IPU STOM B HAY4YHOH JINTEPAType CIOKHIOCH 2 MPOTHBOIOIOKHBIX
HaIpaBJICHAS B UHTEPIPETAINH JaHHBIX: OJHU aBTOPHI YKAa3bIBAlOT HA HETaTUBHOE
BO3JelicTBUE 3arpsizHenus [1, 2, 8, 14, 18, 26, 31, 33, 36-38], npyrue — Ha MOJIOXKU-
tenpHOE [13, 19, 21, 29, 39]. B penkux ciayyasx OpU3HACTCS OTCYTCTBUE CTPOTHUX
3akoHoMepHocTel [35]. [loutu B ka0l paboTe, HapsIy C JEKIApUPYEMBIMU CTPEC-
COBBIMH PEaKLMSIMH, OITMCAaHbI TOJIEpaHTHBIE, 1 Hao0opoT. HecMoTpst Ha To, 4TO Bee
aBTOPBI CXOJATCS BO MHEHHH 00 aJlaTHBHON MPHUPOJE BBIABICHHBIX PEAKINN, WX
Ka4eCTBEHHAs OIIEHKA (HAMPaBICHHOCTh aIaNTAlluN) OCTaeTCs HepackpbiToil. Kpome
TOTO, OTCYTCTBYIOT CPaBHUTENBHBIE UCCIIE0OBAHUS JIJISl OJHOTO BHJIA 110 CTaHJApT-
HOU METOJIMKE B YCIOBUSX Pa3HBIX THUIOB 3arpsi3HeHus. Bocnonnenue >Tux mpode-
JIOB OIIpEEIIsieT aKTyallbHOCTh U HOBU3HY HAIEro CCIEIOBaHMS.

Hacrosimass pabora HampaBieHa Ha CpPaBHUTEIBHBIA aHAIN3 BO3ICHCTBUS
PasHBIX BUJIOB a3POTEXHOTCHHOIO 3arps3HEHUs] U OTBAJIOB TOPHOPYAHOW MPOMBIII-
neHHocTy B HKOKHO-YpanbCckoM pernoHe Ha MATMEHTHBIN armapar JTUCTheB Oepesbl
MOBHCIION C MOCIEAYIONIeH KaueCTBEHHON OIIEHKOM aJanTUBHBIX peakiuil. 3agadn:
BEIOpaTh MPOMBIIIICHHBIE IIEHTPHI C KOHTPACTHBIMH THITAMH 3arpsiI3HEHHS, a TaKkKe
JPEeBOCTOM Oepe3bl MOBUCION CO CXOJHBIMH TaKCAIIMOHHBIMU XapaKTePUCTHKAMU
B 30HAaX 3arpsS3HCHUS U Ha KOHTPOJBHBIX y4acTKaX; coOparh MaTepual, BHITOIHUTH
€ro JIadopaTopHBIA aHAIN3, CTATHCTUYECKYIO 00paOOTKy M MHTEPIIPETAINIO TIOITY-
YCHHBIX JIAHHBIX.

Obvexmbl u Memoowbl UCCAEO08AHU

B HOxHO-YpansckoM peruoHe B Ka4eCTBE TOJTUTOHOB TSI HCCIICIOBAHMSI BhI-
OpaHbl 5 MPOMBIIIJICHHBIX LIEHTPOB, XapaKTEPU3YIOLIUXCSA Pa3HBIMU THIIAMH 3arpsi3-
Henus [9, 17]: Crepmuramakckuii mpomeinnieHHBINA 1IeHTp (CIIL) — a’spoTexHOTEH-
HOE ToJIMMETaJlTNuecKoe 3arpsisHenne; Kapabanickuii MeieriaBuiibHbIA KOMOMHAT
(KMK) — aspoTexHOreHHOE MOJUMETANIMUECKOE 3arps3HeHUE B COUETAaHUU C Cep-
HUCTBIM aHTHIPUIOM; YUAIUHCKUA TOpHO-o0oraTuTenbHblii komOuHar (YI'OK) —
MOJIMMETAJUIMYECKOE 3arps3HEHHE B YCIIOBHSX OTBAJIOB BCKPBIIIHBIX MOPOA ME-
HO-KOJTYCAAaHHOW TOPHOPYIHON MPOMBIIIICHHOCTH; Kymeprayckuii OypoyTroibHBIH
paspe3 (KbP) — monumeTaminueckoe 3arpsa3HEHUE B YCIOBHSIX OTBAJIOB BCKPBIIIHBIX
mopoJ; OypoyToJbHOTO pa3pesa; Y pumckuii npombinieHssii nentp (YIIL) — aspo-
TEXHOTCHHOE HE(PTEXHMMHUYECKOEe 3arpsisHeHre. B KaIoM TPOMBIIIICHHOM [EHTPE
B 3aBUCHUMOCTH OT PO3bI BETPOB MOAOOPaHBI JPEBOCTON B UMIIAKTHOW 30HE U B KOH-
Tpone (puc. 1).

B kauecTBe oObBeKTa HCCIIeOBaHUS BBICTyNmiIa Oepe3a moBucnas (Betula
pendula Roth.) — mronepHBI necoobpaszyrontuii By [Ipenypanbs, oTmndaromuiics
OBICTPBIM POCTOM M BBICOKOH HKOJIOTUYECKOHN IIACTHYHOCTBIO, YTO OOYCIIOBHIIO €
pacrnpocTpaHEHHE BO BCEX U3yYaeMbIX POMBIIIIEHHBIX IieHTpax [20, 24]. CoracHo
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HAIllUM JaHHBIM (Tali. 1), TakcallMOHHBIE MTOKA3aTeNN APEBOCTOEB B 30HAX 3arpsi3-
HeHus U Ha KOHTpoibHBIX yuacTkax CIIL, KMK u YIILI sBasttoTCs COMOCTaBUMBIMU,
YTO MOATBEPKAACT MPABUIBHOCTD MO00pa ydacTKoB. B cBoOIO ouepens, pazmuuus,
ormeuenHbie a1 YI'OK u KBP, cBsizaHbI ¢ BO3pacTHOW HEOTHOPOTHOCTHIO: JIPEBO-
CTOM Ha OTBajax CPOPMUPOBAIUCH B KOHIIE XX B. IMOCIIE 3aBEPIICHUS] OTCHIIIKU OT-
BAJIOB, TOI/Ia KAK KOHTPOJIbHBIE YUACTKH IPEICTABICHBI O0JIee CTAphIMU MOCAIKAMH.
B cBs13u ¢ 3TUM A7151 KOHTPOJIst OBLITM BBIOpaHbl HAUOOJIEe MOJIOJIBIE IOCTYIHBIE HAca-
JKIeHUs. Ba)kKHO OTMETHUTBh, YTO BO BCEX NMPOMIICHTPAX 3aM1ac APEBOCTOEB B YCIOBUSIX
3arpsi3HeHus npuMepHo Ha 100 M3/ra HrbKe KOHTPOJIBHBIX 3HAUYCHUH, YTO CBUCTE b=
CTBYET 00 OILyTUMOM CHM)KEHHH UX TPOAYKTHBHOCTH B MUMIIAKTHOM 30HE.

e

Puc. 1. Cxema npoMblliieHHbIX HEHTPOB FKOKHO-YpaabCKOro peruoHa ¢ BblJICIEHHEM
MPOOHBIX IUIOMIA/ICH B UMIIAKTHOM 30HE U B KOHTPOJIC C YICTOM T'OJIOBOM PO3BI BETPOB
(https://ru.meteocast.in) [5]

Fig. 1. The map of industrial centres of the South Ural Region with the allocation of sample
plots in the impact and control zone, taking into account the annual wind rose
(https://ru.meteocast.in) [5]
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Ta6uuma 1

Kparkas TakcanmoHHasi XapaKTepUCTHKA IpeBOcToeB [5]
The brief inventory characteristics of the stands [5]

Mectoro- Cpennee

IIpombinuien- Cocras [Tonno- | 3amac,

HBIU TIEHTP JloAKeHHE ZPEBOCTOS BO3pAcCT, | AMaMetp, | BBICO- Ta M3/ra

JPEBOCTOS neT cM Ta, M

CIIL [Ipom3ona 9b1TY 30 27 26 0,6 312,32
Konrposnb 951 1+OC 26 27 26 0,6 408,56
[Tpom3oHa 70 23 24 0,6 377,22

KMK Konrtposnb 10b 65 21 30 0,8 491,12

VTOK [Ipom3ona 5b5C 30 12 14 0,6 327,30
Konrposnb 10b 50 31 32 0,6 341,00

KEP [Ipom3ona 7C3b 20 15 18 0,8 187,04
Konrtposnb 10B 40 33 30 0,7 627,48

VI IIpom3ona 36 36 30 0,8 495,00
Kontpons | SJIISB+B+]] 40 28 27 0,6 582,04

Conepxanue GOTOCHHTETHUECKUX MUTMEHTOB (XJIOpOPUILIOB a, b 1 KapoTH-
HOMJIOB) OTIPEACIISITN CrieKTpodoToMeTprudeckum MetomoM [ 15, 27]. Ot6op nucTheB
1-it reHepannu mpoBoMiIx B KoHIle utois ¢ 11:00 go 12:00, uro coOTBETCTBYET NH-
KOBOM KOHLIEHTpauy NUrMeHTOB. [IpoObl 0TOMpaiy B MONEBBIX YCIOBUSX C HUKHEH
gacTy KpoHb! 10 MOJIENBHBIX IEPEBbEB, UMEIOLINX CpEeTHUE TaKCallMOHHbIE MTOKa3a-
tenu. C Kaxaoro nepesa Opaiu o 1 KoHeuHOMY JIHCTY ¢ modera Texyuiero roja. Jis
MPUTOTOBIICHUSI OOBEJIMHEHHOM MTPOOBI U3 IEHTPAILHON YacTH BCEX COOpPAHHBIX JIU-
CTBEB JIeJIaJI BBICEUKH, KOTOPBIE 3aTEM U3METBYAIN M CMEIINBAIIH C MOCIEAYIOIINM
nosryaerreM 10 HaBecok Maccoit o 0,1 T kakaas ¢ HCTIOIb30BaHUEM BRICOKOTOUHBIX
aneKTpoHHBIX BecoB Diamond (tounocts — +0,001 1). Kaxxmyro HaBecKy 3anuBanu
10 M1 96 % 3TaHONA U HKCTPArUPOBAIIN B YCIOBUSIX MOJTHOIO 3aTEMHEHUS B TEUCHUE
12 4 g mpenoTBpaieHus GoTopa3IoKeHUsI TUTMEHTOB. 3MepeHus: onTHYecKoM
IUIOTHOCTU BBIMONHIM Ha crnekrpodoromerpe KOK-5M (Poccus). Comepxanue
[IUTMEHTOB B JINCTHAX PACCUUTHIBAIN B 2 3Tana 1o GopMmysam:

I aTan — ycraHOBIIEHNE KOHLIEHTPALMU MUTMEHTOB JIMCTHEB B CIIUPTOBOM pacTBOpPE
(mr/m):

C.,a=13,7Dys — 5,76 D ,q;

C,,b=258Dy —7,6Ds;

Crap = 4,6957D,4 5 —0,268(C,a + C,,b),

rne Cya, Cy,b, Cy,, — KOHUCHTpALKs XIOPOPUIIOB @, b N KapOTUHOUIOB; Dy, Dy
u D,,,— onTh4eckas INIOTHOCTh CIIUPTOBOTO PACTBOPA MPU COOTBETCTBYIOIIUX JITH-

Hax BOJH (665, 649 u 440,5 HMm).
II sTam — HaxoX/IeHHE KOJTMYECTBA ITUTMEHTOB B JINCThSX (MI/T CBIPOI MacChl):

Ve
A=——",
1000 P
rae V' — oobem criupToBoid BRITSLKKHY (10 mi1); C — KOHIEGHTpaLUs IMTMEHTOB B CIHP-
TOBOM pacTBope (Mr/1m); P — HaBecka pactutenbHOoro Marepuana (0,1 r).

Ha ocHOBe moTy4eHHBIX KOJIMYECTBEHHBIX JTAHHBIX OBUIM pacCYMTAHBI WHTE-
TpajbHBIC TTOKA3aTeIN: COOTHOMICHUS XJIOPOGUIUIOB @ U b W CyMMBI XJIOPO(DHILIOB
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a n b x kapornHOUAaM. CTaTUCTUUECKAsT 3HAYUMOCTD PA3IMYMN MEXIy ONBITHBIMU
1 KOHTPOJIBHBIMH TPYIIIaMH OLICHUBAJIACh ¢ MoMolIbto t-kpurepust Ctoronenta. Kiac-
cuuKanys ajanTUBHBIX PEaKIMH IMUIMEHTHOIO KOMIUIEKCA IPOBOAMIACH COIIACHO
Metoauke P.B. Ypasrunpauna [22]. B cooTBETCTBUH ¢ JaHHBIM MOAXOAOM, K CTPECCO-
BBIM PEAKLHMSAM OTHOCST: CHIKCHHUE COAEpKaHUs XI0po(hWIIIOB a u b, KOMIIEHCATOp-
HBIH POCT YPOBHSI KAPOTUHOMJIOB, & TAK)KE YMEHBIIICHHE COOTHOIICHUH XIopoduinia
a ¥ b u xIopoduIIIoB @ + b U KAPOTHHOUIOB, YTO OTPAKAET KOMIIEHCATOPHBIH POCT
JI0JIell BCIIOMOTaTeIbHBIX MUTMEHTOB. CTaTUCTUYECKU IOCTOBEPHBIE U BBIPAYKECHHbIE
pPeaKLUM TaKOro XapakTepa HACHTH(HUIMPOBAHBI KaK CTPECCOBBIC, MPOTHBOIOIOXK-
HBIE UM — KaK TojepaHTHble. He3HaunTenpHble WM CTaTUCTUUECKH HEJOCTOBEPHBIE
W3MEHEHUS] OTHOCHITH K YMEPEHHO-CTPECCOBBIM M YMEPEHHO-TOIEPAHTHBIM PEAKIHSIM
COOTBETCTBEHHO, @ OTCYTCTBUE N3MEHEHUH — K HeUTpasibHBIM. CTaTncTHdeckast oopa-
0OTKa JaHHBIX BBIMOJHEHA CTAHIAPTHBIMH JIJIsl OMOJIOTHYECKUX MCCIISIOBAaHUI METO-
JIAMU C UCIIOJIb30BaHHEM MPOorpaMMHBIX TaketoB Microsoft Excel 2010 u Statistica 6.0.

Pezynomamot uccnedosanust u ux oocyxncoenue

Ha puc. 2 MoKa3aHbl U3MEHEHUS B COACPIKaHNU NMT'MCHTOB B JINCTBAX 661)63171

Ha UMIIAKTHBIX U KOHTPOJIBHBIX yYaCTKaX JJIs PA3IMUHBIX TUIIOB MPOMBILUICHHOIO
3arpsisHeHust FOXKHO-YpabCKOTO perHoHa.

0,6

CIIIL KMK YT'OK KBP VI

Cozaepxaunue, Mr/r

CIIa KMK YT'OK KBP VI

L
=N

,5

oo oo o
[SSRENVS]

Conepxanue, Mr/t

CIILL KMK YIOK KBP VIILL

6
Puc. 2. Conepxanue xnopoduiia a (a), xmopoduinia b (6) 1 KAPOTHHOUIOB (6) B YCIOBHIX KOHTPOJIS
1 IPOMBIIIIEHHBIX EeHTPOB (K — koHTponk; I1 — mpoMBIIIIeHHBIH HEHTD; l l, DD* pazmuaus
o kputepuio CTBIOIEHTA JOCTOBEPHBI U HEJOCTOBEPHBI COOTBETCTBEHHO; t — kpuTepHii CThIOEHTA,
P — YPOBEHb 3HAYUMOCTH)

Fig. 2. The contents of chlorophyll a (a), chlorophyll b (6) and carotenoids (6) under control and
industrial centre conditions (K — control; IT — industrial centre; l l, DD— significant and insignificant
differences according to the Student’s t-test, respectively; t — Student’s t-test; p — level of significance)
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AHanmm3 TMHAMUKA XJOPO(QHIUIOB BBISIBIII CHHXPOHHBIH XapakTep W3MEHEHUH
cofepkaHusl XJIOpOo(UIIIOB @ U b BO BCeX MCCIEAyeMbIX IPOMICHTPAX: CTaTHCTHYE-
CKHU JIOCTOBEPHOE YBEJIIMUEHUE KOHIEHTPAIM 000MX MUTMEHTOB OTMEUEHO B YCIIO-
Busix KMK (#a 0,09 u 0,06 mr/r coorBerctBerno) u YIIL] (1a 0,08 u 0,13 mr/T co-
orBeTcTBeHHO). B CIIL] 3adukcupoBaH HE3HAYNTENBHBII, HO TOCTOBEPHBI IPUPOCT
(1a 0,02 Mr/r as Kaxaoro nurmMenTa). [IpoTrBooI0KHAS TSHASHIHSI HAaOIF01aIach
Ha yuactke YI'OK, roe conep:kanue xiopoduiioB JocToBEpHO cHu3miIoch (Ha 0,07
1 0,04 Mr/r cOOTBETCTBEHHO), TOTna Kak st KBP pasnuuuii ¢ KoHTpoJieM He BhIsIBIIE-
HO. Peakuns KapOTHHOHMJOB MMeJa MHYIO HAalpaBIeHHOCTh. VX conepxaHue 10CTo-
BepHO Bo3pocio B 30He BiusHus CIIL (Ha 0,05 mr/r), KMK (na 0,04 mr/r) u YIIL]
(1a 0,07 mr/r). B KbP, HanipoTuB, 3a¢uKkcupoBaHO 3HAYUTEIHHOE YMEHBIIIEHHE YPOB-
Hs KapotuHounoB (Ha 0,03 mr/r), a Ha yuyactke YI'OK paznuuusi ¢ KOHTposieM He
BBISIBJICHBI.

CooTHoOIIEHNE TUTMEHTOB XapaKTEPHU3YETCsI CIEAYIOIUMH 3aKOHOMEPHOCTS-
MU (Tadm. 2).

Tabnumna 2

CooTHolIeHN e TUTMEHTOB B JIMCTBSIX Oepe3bl MOBHCJIOM
B YCJIOBHSIX PA3JIMYHBIX THIIOB 3arpsi3HEHHSI
The ratio of pigments in the leaves of silver birch under conditions
of different types of pollution

TIpoMbIIIIEHHBIIH Xaopodwt a/b Xaopoduiut a + b / KapOTHHOUIBI
HEHTP KOHTPOJIb IIpOM30Ha KOHTPOJIb MpOM30Ha

CIIL 1,60 1,60 1,5+0,03 1,4+0,04
KMK 1,60 1,60 1,4+0,01 1,6+0,04
VYI'OK 1,60 1,6+0 1,7+0,04 1,4+0,02
KBEP 1,60 1,60 1,4+0,03 1,5+0,06
VI, 0,6+0 0,60 4,7+0,02 4,3+0,04

[Mprmeuanne: YKupHBIM MIPUQTOM BEIIEICHBI TOCTOBEPHBIC PA3IIMUMS MKy KOHTPOJIEM H IIPOM30HOM.

CtaOMIIbHOCTH COOTHOLICHHUS XJIOPO(GUIIIOB ¢ U b BO BCeX MPOMBILUICHHBIX
[EHTPaxX OTHOCHTEIBHO KOHTPOJSI YKa3blBaeT Ha YCTOMYMBOCTH XJIOPO(HUILIOBOTO
KOMIUIEKCA ¥ TECHYIO (PYHKITMOHAIBHYIO CBS3h MEXIy MUrMeHTaMu. OHAKO BBISB-
JieHa crienuduka A pa3HbIx THoB 3arpsizHenus: B YIIL 3adukcupoBano npeo6-
TmagaHue Xjaopodmmia b Hax XJTOpOGUILIOM ¢, TOTTA KaK B OCTATBEHBIX MTPOMIIEHTPaX
HaOmomaeTcst oOparHasi cUTyalus. JTO TO3BOJISICT 3aKJIIOUUTh, YTO IMOJMMETAIITU-
YEeCKOE adPOTEXHOTCHHOE 3arpsi3HEHHE W YCIIOBUS OTBAJIOB BCKPBIIIHBIX MOPOJ] HE
YTHETAIOT CHUHTE3 XJIOpO(IUIa ¢, B OTIMYHE OT HE(DTEXUMUYECKOTO 3arps3HEHUs,
KOTOpOE CTHUMYJIHMPYET KOMIIEHCATOPHOE yBEIMUYeHHE JIoiH XJjopodumuia b. JuHa-
MHKa COOTHOIICHHS XJopoduiml (a + b) / KapOTHHOHWIBI HE MMEET OIXHO3HAYHOU
TEHJICHIIMHU: ToKa3arenb Bo3pactaeT Ha ydacTkax KMK (3HauntensHo) u KbP (He-
3Ha4NUTeNbHO), HO cHIKaeTcs ans CIIL (mesnaumtensho), YI'OK n VIIL (3Haun-
TenbHO). [lafeHre MaHHOTO WHIEKCA B YCIOBUSAX HE(DTEXUMUYECKOTO 3arpsi3HEHUS
W ME/IHO-KOJTYEJITAaHHBIX OTBAJIOB CBUETEIILCTBYET O CTPECCOBOM BO3JICHCTBHH, BbI-
pakaromeMcs B yMEHbIIEHUH AOJIH XJIO0poPHIUTOB Ha (hOHE KOMITEHCATOPHOTO POCTa
KapoTuHOUAOB. HampoTuB, B OypOyroibHBIX OTBajlaX M MPH MOIMMETAIUTHYECCKOM
3arps3HEHUN C IPUMECHI0 CEPHHUCTOTO aHTUPUIA IO XJIOPO(PHUIIOBOTO KOMILIEK-
ca yBenuuuBaeTcs. CpaBHEHHE IPOMIIEHTPOB MOKa3biBaeT, uto 11t Y11 nomst ximo-
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podmiioB B 3 pasza mpeBbIIACT MMOKA3aTeNv ISl APYTHX THIIOB 3arpsi3HEHUs, 3TO
00yCIIOBIICHO BBICOKMM COAEp)KaHHEM XJopoduiia b U HU3KUM — KapOTHHOUIOB
y nepeBbeB Ha Tepputopun YIIII.

Ha ocHOBaHUM MOMTyYSHHBIX JaHHBIX TPOBE/ICHA KITaCCH(PHUKALUS alalTUBHBIX
peaxiuii MITMeHTHOTO KOMITIeKca Oepe3bl IOBUCIION B YCIOBUSAX Pa3IMYHBIX TUITOB
3arpsizHeHus FOxHoro Ypaina (ta6mn. 3). CreneHb peajin3aluy aanTUBHOTO MOTEH-
1[Maa BUja MPOSBISAETCS B CHEIU(PUISCKUX COYCTAHUSIX Al TUBHBIX PEaKIIUi:

CIILl; woMIuIiekC amanTHUBHBIX PEaKIMil XapaKTepU3yeTcsl yMEepEeHHO-TOJIe-
paHTHBIMH (YBEJIMUEHHE XJIOPOPHIUIOB ¢ M b) CTPECCOBOM (POCT KapOTHHOHUIOB),
YMEpPEHHO-CTPECCOBON (CHIKEHHE COOTHOIICHHUS XJI0po(uiuT @ + b / KapOoTHHOUIHI)
W HEUTPaNbHOM (CTaOMIBHOCTH COOTHOLICHUS XJIOPO(QHILIOB) PEAKIIUSIMHU;

KMK: HaOnromaercs BoIpaKeHHASI IPEUMYIIIECTBEHHO TOJIEPAHTHAS aallTHB-
Hasl peakius (3HAUUTEIbHBIH POCT XJIOPOPHIUIOB @, b U COOTHOLICHHS XJIOPOPHILT
a + b / KapOTHHOMIBI), TPUTOM UYTO IMOBBIIICHHE YPOBHS KaPOTHHOWIOB yYKa3bIBaeT
Ha CTPECCOBYIO, & CTAOMIBLHOCTh COOTHOIICHHS XJIOPO(MUIIOB — Ha HEHTPAIHHYIO
peaximu;

YI'OK: npeobmamaer cTpeccoBas ajanTUBHAS peakius (CHUKEHHE KOIWYe-
CTBa XJIOPOQUIUIOB d, b ¥ UX COOTHOIIEHHS C KAPOTHHOMJAMHM) MPH HEHTPAIbHBIX
peaxnusax KapoTHHOMUOB M COOTHOILEHHS XJIOPO(PHUILIOB;

KbP: noMuHHpYIOT HEHTpaIbHBIC aalTUBHBIC PEAKITHN (CTA0OMIBHOCTD XJIO-
POMUIIIOB ¥ UX COOTHOILICHHMS) IPH HATWYHHU TOJICPAHTHOM (CHUKEHUE COACPIKAHUS
KapOTHHOWIOB) 1 YMEPEHHO-TOJIIEPAHTHON (YBEIHMUEHHE COOTHOIICHUS XJIOPOQIILT
a + b/ KapOTUHOUIBI) PEAKIIHIA;

VIILI: oTMeyaeTcst CMEIIaHHBIA OTBET — TOJIEPAHTHBIC A/IalITUBHBIC PEaKIIUU
XJIOPOMWIIIOB ¢ ¥ b COYETAIOTCSI CO CTPECCOBBIMU PEAKIUSIME KAPOTHHOHMJIOB M CO-
OTHOULICHHUS] TUTMEHTOB ¢ KAPOTHHOMIAMH ITPH HEUTPATbHON peaKMy COOTHOILCHHUS
XJIOPO(DHIIOB.

Tab6uumna 3

AJanNTHBHBIE PEAKIUH MUTMEHTHOT0 KOMILIEKCA JUCThEB Oepe3bl MOBUCJIO
B YCJIOBHSIX Pa3/IMYHBIX THIIOB 3arpsi3HEHUs
The adaptive reactions of the pigment complex of silver birch leaves
under conditions of different types of pollution

IIpombInuTeHHBII Xnopopunn | Kaporuno- | Xnopoduun | Xnopopumn a + b /
LEHTp a b UJIbI alb KapOTHHOMIbI
CIILL TYT | 1 VT T"mC (-HH 1 YC
KMK T tHT | 11c | OH T T
YI'OK Helue|] 0OH OH 1We
KBP OH|[OH| T | OH 19T
YL nT T nc () H e

IIpumeuanue: Peaxknuu nurmMeHToB W cooTHoumenui: C — crpeccoBas; YC — yMmepeH-
Ho-cTpeccoBas; H — nelitpanbnast; YT — ymepenno-tonepanTHas; T — TonepanrtHas. 13-
MEHEHHE COJEp)KaHUSI TMTMEHTOB M HMX COOTHOIIEHHH B MPOMIEHTPAX OTHOCHTEIBHO
KOHTPOJISL: 11 — 3HAUUTENBHOE U JOCTOBEPHOE yBEIMUCHUE; T — He3HAUUTEIIbHOE WU He-
JIOCTOBEPHOE YBEINIEHHE; (—) — I3MEHEHHUS OTCYTCTBYIOT; | — HE3HAUUTEIHHOE MU HEJI0-
CTOBEPHOE YMEHBIIEHHUE; | | — 3HAYNTENBHOE 1 JOCTOBEPHOE YMEHBIICHHE.

HpOBeI[eHHLIﬁ AHAJIN3 BbIAABUJI HAPYIICHUC C6aJ'IaHCI/IpOBaHHOCTPI IITUTMCHTHO-
T'O KOMIIJICKCA JINCTHECB 661:)63131 BO BCEX UCCIICAOBAHHBIX MMPOMBINIJICHHBIX HECHTpPAaX,
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YTO TIPOSIBIISIETCS B OTCYTCTBUHU €MHOM HANpPaBIEHHOCTH aJJallTUBHBIX PEaKIHi OT-
JEeNBHBIX MUTMEHTOB M UX COOTHOLIeHWH. BemeactBue storo maeHTHUIMPOBATH
JOMHUHUPYIOIIUI THUII aJalTUBHON PeakLuy AJIs1 MUTMEHTHOIO KOMILIEKCa He Mpel-
CTaBIISIETCSA BO3MOXKHBIM. TeM He MEHee C ONpeieIeHHOMN 10JIei YCIOBHOCTH MOYKHO
KOHCTaTHUpoBaTh, 4yTo B ycnoBusix KMK peakuuy HOCAT NpeuMMyIIECTBEHHO TOJie-
paHTHbIi XapakTep, B YI'OK — ctpeccoBrrii, a B KBP nurmMeHTHBIN KOMITIEKC 1eMOH-
CTpUpYET B LEJIOM HEUTpajbHYIO peakuuio Ha 3arpszHenue. B VIIL nabmonaercs
paBHOE TPEBATMPOBAHNE TOJIEPAHTHBIX M CTPECCOBBIX aIalITUBHBIX PEAKIIMA, TOT/Ia
kak B CIIL| 4 amanTuBHBIE pEaKLIUH MPOSBISIOTCS OTHOCHTEILHO He3aBUCHMO. To
€CTb BBIJCIUTH NIPEOOIaJArOMINi THII aAaNTUBHON PEaKLMU Ul KaXKI0ro U3 MPOM-
LEHTPOB Takke Helb3s. OHAKO OJHOBPEMEHHOE HaJIW4He CIENU(PHYCCKHX U He-
creun(pUUeCcKrX peakuil yKa3plBaeT Ha THOKOCTh PEaKMK MUTMEHTHOTO KOMITJIEKCa
Oepesbl Ha cTpeccoBbie akTopsl. [1o cTeneHu yBearnueHus aucOaianca B TUTMEHT-
HOM KOMIIJIEKCE IPOMUEHTPBI 00pa3ytoT psij o Bo3pactannio: KbP — YI'OK - KMK -
CIILL — YTILI.

CpaBHUTEIBHBIN aHAJIN3 TIOKA3aJl, YTO COOTHOLIECHHUE XJIOPOMUILIOB @ U b co-
XpaHsieT CTa0MJIBHOCTh KaK B (JOHOBBIX YCIOBHSX, TaK U MOA BO3/ICHCTBHUEM 3arpsi3-
Henus. [Ipu stom B VIII HaGmaromaeTcs npeobiaganue xjaopoduiuia b Haa XJIOpO-
¢uuIoM @, Torna Kak B OCTaJbHBIX MPOMLEHTPaX IOMUHHPYET XJopodwil a. Jrta
0COOCHHOCTB MTO3BOJISET PACCMATPUBATh HE(PTEXUMHUIECKOE 3arps3HEHUE Kak Han0o-
Jiee CTPECCOBBI (PaKTOp Cpenn OCTalbHBIX. B oTIMuMe OT cTabMIBHOTO COOTHOIIIE-
HUS XJIOPO(UILIOB, OalaHC MEXAY XJI0po(UIaMi U KapOTHHOUIaMU HapyIIaeTcs
BO BCEX MTPOMBIIUIEHHBIX IIeHTpax. Ha yuactkax CIIL[, YT'OK u YIILI 3adukcuposa-
HO CHWD)KEHHE JIOIH XJIOPO(UIIIOB IPH OZHOBPEMEHHOM POCTE KOJIMYECTBA KapOTH-
Hou 0B, Torna kak s KMK u KBP ormedena nmpotuBomnosoxkHas AuHamuka. Takas
peaxiys yKa3blBaeT Ha MOBBIIICHHYIO CTPECCOBYIO Harpy3Ky Ul pacTeHHH MpH ad-
POTEXHOI'€HHOM HOJIMMETAIUINIECKOM, He(TEXMMUYECKOM 3arpsi3HEHUH U B YCIIOBU-
SIX MEJTHO-KOJTUETaHHBIX OTBAJIOB.

AHann3 myOnuKanni NOCIEeqHNX JIET CBUACTENBCTBYET O TOM, YTO, HECMOTPSI
Ha OOLIMPHBIN MaTepra Mo PEeakusIM MUTMEHTHOTO KOMIUIEKCA JIPEBECHBIX, TPaBsi-
HUCTBIX ¥ KYCTaPHHUKOBBIX PACTCHUH Ha MPOMBILIUICHHOE 3arpsiI3HEHUE, OTCYTCTBYET
KaueCTBEHHAas! OLICHKA BBISBICHHBIX aJallTUBHBIX peakuuid. B c¢Bsa3u ¢ atum s co-
MOCTABJICHUS ¢ COOCTBEHHBIMU pPe3yNbTaTaMH aBTOpaMH OBUTH MPOaHaTU3UPOBaHBI
HE TOJBKO BBIBOZBI, HO M NMEPBUYHBIC AaHHbIC (TaONUIBI, rpauKU) U3 pacCcMaTpu-
BaeMbIX paboT. Takoil moxxon 00ycIOBUI B HEKOTOPBIX CIy4asX paclIipeHHYI0 UH-
TEPIIPETALHIO JUTEPATYPHBIX AAHHBIX 110 CPABHEHUIO C NEPBOMCTOYHHUKAMHU. DTOT
aHaJIU3 [103BOJISIET BBLACIUTD 2 MOJIOKEHUS: CYILIECTBEHHBIH IPo0eI1 B HCCIIEI0BAHU-
SX MUTMEHTHOTO KOMIUIEKCA PACTEHUH Ha OTBajax FOPHOPYIHOH MPOMBIILICHHOCTH;
MOJISIPU3ALMI0O MHEHUI OTHOCUTEJIBHO BIIMSIHUSI TEXHOI'€HE3a HA IMMIMEHTHbIM KOM-
IJIEKC pACTEHUI.

Ennnnunble paboThl, Takke Kak UCCIeJOBaHUE IOPOIHOTO oTBaja «FOKHBIN
KenpoBckoro yroipHOTO paspesa, JeMOHCTPUPYIOT 3HAYUTEIHHOE YTHETEHHE CHHTE-
3a XJOpopUUIOB y Oepe3bl MOBUCION MPH MEHEE BBIPAKCHHOM CHUKEHUH YPOBHS
KapOTHHOUIOB. ABTOPHI paCCMaTpPHBAIOT CIIEHU(PHUUECKOE COOTHOILICHUE TUTMEHTOB
(3-xparHoe mpeobiaganue xIopoduilia ¢ HaJl XJIOpOPUILIOM b U 2-KpaTHOE — CyM-
MBI XJIOPOHUIIIOB Ha/T KAPOTHHOUIAMH ) KaK MPU3HAK TOJIEPAHTHOM ajganranuu [25].
[TomyueHHble HAMHU PE3yJBTATHI JUIIb YaCTHYHO COIVIACYIOTCS C ATHUMHU JAHHBIMHU.
CxonctBo HaOmonaeTcs JUIb B oAasieHn xjaopopuuioB B YI'OK u kaporuHou-
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noB B KBP, uto, BeposTHO, 00yCIIOBIEHO TPUHIIMITHAIBHBIMUA PA3TUYUIMU B COCTaBE
MOYBOTPYHTOB (apTUILIUTBIL, aJIEBPOJIMTHI U ITECUaHUKH Ha 0TBajie «HOXKHBII» MpoTHB
reOXMMUYECKHX YCIOBUN MCCIIEA0BAHHBIX HAMH IIPOMLIEHTPOB). YacTHYHYIO aHao-
THI0 MOYKHO MIPOBECTHU C pe3ybTaTaMu U3y4eHus 3arpszHenus p. Murxu (MymOan,
Wnnus), rae BUAbl pacTeHUH KiIacCU(pUUUPOBAHbI Ha WHAWKATOPHBIC (CHIDKCHHE
MMUTMEHTOB), TOJIEpaHTHBIE (MX yBenudeHue) u 0e3 derkoil Tenaenuuu [34]. Co-
1acHo 3Tol cucteme, oepe3a B YI'OK MoxeT ObITh OTHECEHA K MHAMKATOpaMm, a B
KBbP — k Bumam ¢ HeomHO3HAUHOU peaknmei. OmHako gaHHAS KiaccH(UKAIus He
YUUTHIBAET Pa3HOHANPABICHHOCTH PEaKIUi XJIOpO(HUIIIOB U KAPOTUHOUIOB, UTO SIB-
JsieTcs KIIOYEBbIM B Hallel pabore.

3HaunTeNbHAS YacTh WCCIEIOBaHUA (PUKCHUpPYET HEraTUBHBIC TOCIEACTBUSI.
Hanpumep, B ycnoBusix I. Ap3amaca OTMEUEHO MOaBJIEHHE XJIOpO(UIoB, 0coOeH-
HO xJIopoduIlIa a, y JHIIbI, TOTOJS U UBbI HAa (JOHE POCTa J0JIM KapoTHHOU 0B [38].
AHaoru4Ho BeieAcTBUe 3arps3HeHus B UpkyTcko-UepeMxoBckol POMBILIIICHHOH
30HE CHIDKAeTCs COACP)KaHME BCEX ITUIMEHTOB B XBOE COCHBI, XOTS COOTHOLICHHUS
MMUTMEHTOB U CyMMBI IIUTMEHTOB K KapoTHHOHaM Bo3pacTatoT [33]. B SIpocnasie
MOBBIILICHUE KOHLEHTPALUU MOJUIIOTAHTOB KOPPEIUPYET ¢ YMEHBIICHHEM KOJIHYe-
CTBa XJIOPOQUILIOB U POCTOM KapOTHHOMIOB Y Oepe3bl, I U Toros [14].

Uccnenosanus B 30He BiausHus YIIL nemoHCTpupyoT BUAOCTIEHU(PUIHOCTD
peaknuii MUIMEHTHOTO amiapaTra APEBECHBIX PACTEHUH Ha HEPTEXMMHUYECKOE 3a-
rpsizHeHne. Y Oepesbl MOBUCION B (pa3e akTUBHOM BereTallMd OTMEYEH POCT KOH-
LEHTpaUnu BceX (POTOCMHTETMYECKUX IMUTMEHTOB. Y JIMIIBI MEJIKOJIMCTHOH 3a(HK-
CHUPOBAHO yBEJIMUCHHE COJIEPKAHMUS XIOPOPHILIA @ TIPU OJTHOBPEMEHHOM CHU)KEHHU
xnopopwiia b 1 KapoOTHHOMAOB. Y ayda yeperrdaToro Hallonanoch yMEHbIICHHE
KOJIMYECTBa XJIOpOo(HIUIOB Ha (JOHE BO3PACTAHUS JI0JIEBOTO YIACTHS KapOTHHOHIOB.
CooTtHoleHue xJ10pouioB ¢ u by Oepesbl 1 Ayda Ob1T0 cTaOUITBHO HA TPOTSHKEHUN
BCEr'0 BEreTalOHHOI0 IIEPHO/Ia, B TO BPEMsI KaK Y JIMIIbI B yCIOBUSIX 3arps3HEHUs 3a-
PETUCTPUPOBAHO 3HAYUTEIHHOE YBEIUYCHUE YPOBHS XJIOPOPHIUIA ¢ OTHOCHTEIBHO
xnopo¢pmina b. OOuiel 3aKOHOMEPHOCTBIO JUISL BCEX 3 BHJOB CTalIO Iiepepacnperie-
JICHHE TTUTMEHTHOTO (JOHJa B CTOPOHY YBEIMYEHUS JOJIHM KapOTUHOHIOB MIPHU OTHO-
CUTEIIbHOM CHI)KEHUH KOIIMYeCTBa XJI0poruios [23].

WccnenoBanns B mpombinuieHHOW 30He [laneBHmk (Ilompmra) mo3Bomstor
OTMETHUTh BHIOCHENU()UIHOCTD PEaKUH XBOMHBIX HA TEXHOTEHHOE 3arps3HEHUE.
VYCTaHOBIIEHO, YTO COIEpXKaHUE XJIOPO(UIJIOB B XBOE TEKYILEro rofga CHIKAeTcs
Yy COCHBI BEIMYTOBOM M COCHBI YEpPHOM, TOT/IA KaK y TICEBIOTCYTH U COCHBI OOBIK-
HOBEHHOH HaOJIIOAeTCsl MPOTHBOIMONIOKHASL TeHACHIM. [Ipu 9TOM U1 HEKOTOPBIX
BUAOB 3a()MKCUPOBaHA BO3PACTHAS AMHAMUKA: YBEJIMUCHUE KOHLIEHTPALUY TUTMEH-
TOB PETUCTPHUPYETCA B |-JIeTHEH XBOE COCHBI BEHMYTOBOH M COCHBI OOBIKHOBEHHOM,
a TaKxe B 2-JIETHEW XBoe COCHBI uepHoi [31].

3HAYUTEIbHOE KOJMYECTBO MCCIEJOBAHMN MOCBSIIEHO H3Yy4YEHHUIO BO3ZCH-
CTBHSI aBTOTPAHCIIOPTHBIX BEIOPOCOB Ha MUTMEHTHBIN alapar APEBECHBIX PACTEHUH.
B wactHOCTH, ycTaHOBIEHO, 4TO B I. bapbim aBTOMOOWIBHBIE YMUCCHU TPUBOIST
K CHIDKEHHIO COIEp)KaHUsI IMMIMEHTOB y Oepesbl, pu ATOM HanboJee CyliecTBEH-
HO YTHETaroTcs XJopoduiut b 1 obree comepskanne xiopoduios [1]. AHamormd-
Has TeHAeHLus Habmonaercs B I. KpacHosipcke, rie B XBO€ €111 10/ BO3/IeHCTBHEM
ABTOTPAHCIIOPTA KOHLIEHTPALMH XJIOPOGHIUIOB U KAPOTHHOUAOB CHIDKAIOTCS B 3,0;
3,5 u 3,6 paza COOTBETCTBEHHO, C COXPaHEHHEM JIOMUHUPOBaHUS XJIOpodUIIa ¢ Hall
xnopopmiom b [10]. UccnenoBanus B . KeMepoBO AEMOHCTPUPYIOT IPaJAUEHTHBIN
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XapakTep BO3/IEUCTBUS 3arpsA3HEHNUs: Ha HanOoJee Mo IBEPKEHHOM TaKOMY HEeTaTHB-
HOMY BJIMSIHUIO YYacTKe OTMeuaeTcs mopasieHue xiaopopwria b va 20-30 % npu
HE3HAYNTENbHOM CHWXeHNHU Xxjopoduiuia a (mo 10 %) 6e3 m3meHeHns ypoBHS Ka-
POTHHOHJIOB y PsIOMHBI CHOMPCKOM 1 Oepe3bl MOBHUCIIOH, TOrIa KaKk Ha MEHee 3arpsi3-
HEHHOH TEPPUTOPUM YTHETEHUE BCEX MUTMEHTOB 3HAUUTENBHO yCUJIMBaeTcs [26].
B 1. Kypcke BbIsiBIeHa pa3HOHANpaBlieHHAs TWHAMUKA: COJEpKaHUE XIOpOoHILIa
@ 1 KapOTHHOMIOB CHIKaeTcs (B 3 1 2,5 paza COOTBETCTBEHHO) € MPHOJIIMIKEHHEM
K aBTOJIOPOTE, B TO BPEeMA KaK KOHIIEHTpanus Xjiopoduiia b AeMOHCTpUPYET CKad-
K00Opa3Hble U3MEHEHHS TIPH TOM, YTO B UMIIAKTHOHM 30HE OTIMYHS 10 OTHOLICHHUIO
K KOHTPOJIIO OTCYTCTBYIOT [2]. JlanHbIe 10 T. bapHaymy moATBep kK 1at0T N30upareib-
HOE BO3/ICHCTBHE aBTOMOOMIIBHBIX BEIOPOCOB HA MUTMEHTHI C HAMOOJIBIITNM MO/IaBIIe-
HueM xyopoduiia a (Ha 58—64 %) no cpaBHeHuto ¢ xjaopoduuioM b (Ha 22-36 %)
u kaporuHouaamu (Ha 38—48 %) [18]. Mccmenoanmst B mHAUKHCKHX Topomax Cam-
Oanmyp [37] u Bapanacu [36] moKa3bIBatOT CXOIHYHO PEAKIMIO MUTMEHTHOIO ara-
para pacTeHUIl Ha aBTOTPAHCIIOPTHOE 3arps3HEHUE: B 00OUX CIydasX OTMEYaeTCs
n30uparenbHOe NoAaBIeHue xJopoduia b 1 KapOTUHOUAOB, COAEPKaHUE KOTOPBIX
CHIKaeTcs: Oosiee ueM B 2 pasa IO CPaBHEHHIO C XJIOPO(UIIIOM @, TAaKXKe BbISBICHA
KOPPEJISIUS MEXK/y YPOBHEM 3arpsI3HEHUST M U30UPATEIILHBIM MTOJJABICHUEM OT/ICITh-
HBIX TMTMEHTHBIX KOMIUIEKCOB.

JIums B pabotax [2, 14, 18, 38] ommcanbl CTpecCOBBIC aIallTUBHBIC PEAKIINH
Ha MPOMBIIIJICHHOE U aBTOTPAHCIIOPTHOE 3arpsizHeHne. B OonbImHCTBE MccienoBa-
HUM, HECMOTpPS Ha JEKIapUpyeMoe aBTOpaMM HEraTMBHOE BO3IEICTBHE 3arpsi3He-
HUS, TIPEJICTaBIEHbl CMEIaHHbIe PeaKliy, BKIIOYAIOIINe, Hapsay CO CTPECCOBBI-
MU, U TOJICpAaHTHbIC KOMIIOHEHTHI. [lomydeHHbIe HAMH TaHHBIE COIIACYIOTCSI C 3TOH
TeHaeHIuel: B ycaousax Y1 'OK moMuHMpOBaHNE CTPECCOBBIX PEAKIIUN COUETACTCS
C HaJIMYMEeM HEUTPaJbHBIX aaliTUBHBIX OTBETOB.

[pyrue ucciienoBaHusl CBUIETEIbCTBYIOT O CTUMY/IMPYIOIIEM BIMSHUM TEX-
HOTEHHOTO 3arpsi3HeHHs] Ha MUTMEHTHbIM ammapar pactenuil. B r. Kanununrpaze
OTMEUECHO YBEJIMUYEHHE COAEP)KaHHUS XJIOPO(PUIUIOB, aHTOLMAHOB M KAPOTHHOMIOB
B JINCTBSX PSIOWHBI, JIMITBI, KJIICHA W €JIH, TIPH 3TOM MEXKIy XJIopoduiiaMu 1 Kapo-
TUHOW/IaMH YCTaHOBIIeHa oOpaTHast 3aBUCHUMOCTH [13]. B 30ne Bo3aeiicTBus ChIk-
TBIBKAPCKOTO JIECONPOMBIIIIIEHHOTO KOMIUIEKCA B XBO€ COCHBI U €Y MOBBIIIAIOTCS
YpOBEHb XJIOPO(MUILIOB U COOTHOIICHUE XJIOPOMUIIOB ¢ U b, TOTJIa KaK JUHAMUKA
KOJIMYECTBA KAPOTHMHOMIOB M OTHOLICHUS XJIOPO(UIIIOB K KApOTHHOMIAM HUMEIOT
BUAOCTICIM(UUECKAN XapaKTep: MepBOe YBEIUYMBACTCS Y COCHBI MPH CHUKCHHU
y enu, a BTOpoe, Ha00OpOT, MOBBIIIAETCS y €JIM MPU YMEHBIICHUH Y COCHBI [21].
WccnenoBanus B . KpacHosipcke BBISSBIUIM Y O€pe3bl TIOBHCIION BO3pacTaHHE KOH-
LEHTPAlUU BCEX MUTMEHTOB ¢ HaHOOJBIINM MPHUPOCTOM XJIOPOPHILIA ¢, KOTOPBIA B
3 pasa mpeBbIman ypoBeHb KapOTHHOHIOB W xynopodwmmia b [19]. Hedrexmmmue-
ckoe 3arpsizHeHue B I. Maxmaxp (MpaH) cTUMyIupOBano CHHTE3 BCEX MUTMEHTOB
B JIUCTBSX KayumMcTeMoHa [39], a B mpomblinuieHHoH 30He FHOxkHoro [lypOanckoro
6acceiina (FOxxnas Adpuka) oOHapyKeHa TpsaMas KOPPESIHsS MEXIy KOHIIeHTpa-
Uel JUOKCHIA CEephl U coAepkaHueM XJopoduiuia y Opaxuiens [29]. Crnenyer oOT-
METHUTh, UTO JIMIIb B UCTOUYHHKAX [19, 29| ommcaHbl ToJepaHTHBIE PEaKIUU, TOTIA
KaK B OCTAJIbHBIX YKa3aHbl U CTPECCOBBIE KOMIIOHEHTBI, HECMOTpSI Ha JIeKJIapupye-
MBII aBTOpaMH HOJOKHUTEIbHBINA 3¢ ekt 3arpsizHenus. [lonyuyeHHble HaMu JaHHBIE
no KMK neMOHCTpUPYIOT CXOJIHYIO TEHJEHIIMIO: JIOMUHUPOBAHUE TOJIEPAHTHBIX
aJaNTUBHBIX PEaKIUN COYETAaeTCsl C HEUTPAILHBIMU M CTPECCOBBIMH.
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OTnenbHYI0 KaTeTOPHIO COCTABIIAIOT €IMHUYHbIE HCCIIEIOBAHNUS, aBTOPBI KO-
TOPBIX HE OOHAPYKMBAIOT CTPOTHX 3aKOHOMEPHOCTEH B OTBETE MUIMEHTHOTO KOM-
TUIeKca Ha TEXHOTEHHOE Bo3feiicTBue. HampumMep, mpu oleHke KOMOMHHPOBAHHOTO
BJIMSIHUS TBEPABIX YaCTHUI] U 030HA B I. Bapanacu He ObUTO yCTaHOBJIEHO CTaTHCTHYE-
CKH 3HAYUMOUW JTMHAMHKH COJIEP)KaHUS OTJENbHBIX MUTMEHTOB (XJIopoduiuioB a, b,
KapOTHHOWUIOB) M X COOTHOIIEHUH y 13 n3yueHHBIX BUJIOB JepeBbeB [35]. B Hamei
paboTe OTCYTCTBHE YETKON HANPABICHHOCTH aJallTUBHBIX PEAKIIHA 3aUKCHPOBAHO
st npeoctoeB KBP, VIIL u CITLI.

XoTs aBTOpBI MPOAHATU3UPOBAHHBIX PA0OT XapaKTEPU3YIOT BHISIBICHHBIE Pe-
aKIIMHY KaK aIalITUBHBIC, HATIPABICHHOCTH ATHX OTBETOB (TOJIEPAHTHBIN HITH CTPECCO-
BBIii) B OOJIBIIMHCTBE CIIydacB HE MOJy4YaeT KaueCTBEeHHOW MHTepnpeTannu. Kpome
TOTO, METOJIOJIOTUYECKHUI aHAIHN3 BBIABISET CyIIEeCTBEHHBIE Tpolenbl: 1) mpeodia-
JIAIOT Mccie0BaHus, cOKYCHPOBAHHBIC HA CUHUYHOM WCTOYHHKE 3arps3HEHHUS,
2) OTCYTCTBYET CpaBHEHHE, TP KOTOPOM OJHMH BHJ IPEBECHBIX PACTCHUH M3ydancs
OBl TI0 CTaHJAPTU3NPOBAHHONW METOAWMKE B YCIOBHSX PA3NUYHBIX THIIOB MPOMBIII-
JIEHHOT'O BO3JICHCTBHUS.

[IpoBeneHHbII aHaIU3 IUTEPATYPHBIX JAHHBIX JEMOHCTPUPYET, UTO PEaKLUU
MMUTMEHTHON CHCTEMBI PACTeHUH B YCIOBHUAX TEXHOT€HE3a XapaKTEePU3yIOTCs pa3HO-
HaNpaBICHHOCTBIO 1 HEOJMHAKOBON CTETIEHBIO BEIPAXKEHHOCTH HE3aBUCHUMO OT THIIA
[IPOMBIIIEHHOTO 3arpsi3HeHus1. [lonydeHHble HAMU pe3yJIbTaThl MOATBEPKAAIOT ATY
3aKOHOMEPHOCTB: BCE M3YYEHHBIE BH[bI 3arPS3HEHMS BHI3BIBAIOT JCCTAOMIM3ALNIO
MMUTMEHTHOTO KOMITJIEKCA JINCTHEB Oepe3bl, POSIBIISIONIYIOCS B HECOTIIACOBAHHOCTH
aJIaNITUBHBIX PEaKUWH OTAETbHBIX NMUTMEHTOB U UX COOTHOIIeHHH. OIHOBpeMeH-
Hasi PETUCTPAIUs B MIpe/IesiaX OAHOTO OpraHa crenu(puIecKknx 1 HeciennGuIecKux
aJIaTUBHBIX PEAKINH CBUICTEIHCTBYET O BBICOKOI UyBCTBUTEIHLHOCTH OEPE3BI K TEX-
HOTEHHBIM BO3/I€HCTBUSAM. BBIsIBIEHHas OTHOCHUTEIbHAS HE3aBUCHUMOCTH OTKIIMKOB
Pa3IMYHBIX KOMIIOHEHTOB MMIMEHTHOIO anapara NOATBEPKIAET €ro MIIaCTUYHOCTh
B OTBET Ha cTpeccoBble (hakTopbl. CpaBHUTEIBHAS OLEHKA ITO3BOJIMIIA YCTaHOBUTD,
YTO HamOoJiee 3HAYUTEIHHOE CTPECCOBOE BO3/ICHCTBUE HA MUTMEHTHBIH KOMILIEKC
Oepe3bl OKa3bIBACT 3arps3HeHue, HCTOUHUKHN KoToporo — CIIL, YI'OK u YIIILI.

Raxnrouenue

YcTaHOBIIEHO, YTO MPOMBIILIEHHOE 3arpsisHeHue B HO)kHO-YpalibCcKoM peru-
OHE IPUBOJUT K JeCTaOMIM3AIMH TUTMEHTHOT'O KOMIUJIEKCAa Oepe3bl MOBUCIION, 3TO
BEIpa)KaeTcs B Pa3HOHAIPABICHHOCTH aJJalITUBHBIX PEaKIUN OTACIhHBIX TMTMEHTOB
U uX cooTHoueHui. CieaoBaresibHO, BO3MOXXHOCTh OJJHO3HAYHOH KilacCH(DUKAIMN
oO1ieil ananTUBHON peakiuu (OTOCHHTETUYECKOTO arapara i KaKaoro MmpoM-
[IEHTPa MCKIFOYCHA. YCIIOBHO MO)KHO BBLICTUTH MPeoOIagaronife THITHI PEeaKITHii:
TOJIEpaHTHAas! — MPH MOJIMMETAIITHYECKOM 3arpA3HEHNUH C IPUMECHI0 CEpHUCTOTO aH-
THJIPHUJIA; CTPECCOBAst — B YCIIOBHUSX MEIHO-KOMYEIaHHBIX OTBAJIOB; HEUTpaIbHAS —
Ha OypoyrosibHBIX oTBajax. CTerneHs pealn3aiy aJIalTHBHOTO IMMOTEHIMaa Oepe3sl
BapbUPYET B 3aBUCUMOCTH OT THUIIA 3arps3HEHUs. B OTHUX TEXHOTCHHBIX YCIOBUIX
aJlaTHBHBIE MEXaHU3MBI A((EKTUBHBI, YTO 00€CIIEUNBAET TOJIEPAHTHOCTH K CTPECCy
Y TIOAJCP)KUBACT CHHTE3 NMUTMEHTOB Ha KOHTpolbHOM (Kymeprayckuiit Oypoyroib-
HBI paspe3, CPemHsisl peaju3als aJanTHBHOTO MOTEHIIMANa) WM TMOBBIIICHHOM
(Kapabamcknii MefienyiaBuIbHbIN KOMOMHAT, BEICOKAs peannu3anus) ypoBHIX. B npy-
TUX YCJIOBUSIX aJanTalys OrpaHuyeHa, YTo MPUBOIUT K CHUKEHUIO CUHTE3a TUTMEH-
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TOB (YYaluHCKHUI TOPHO-000TaTUTENbHBIA KOMOWHAT, HU3Kas peanu3aius). B ciyda-
ax HepTexumudeckoro (Y PUMCKHUN TPOMBIIICHHBIA HEHTP) U MOJIUMETAITTMYECKOTO
(CrepnuTaMakCKui TIPOMIICHTpP) 3arps3HCHUN BBIABUTH JOMUHHUPYIOIIYIO aTarTHB-
HYIO pEaKlWIo HE yIaeTcs: B MIEPBOM cilydac HaOIIOAAaeTCs paBHOE MPHCYTCTBUE TO-
JIEpAaHTHBIX M CTPECCOBBIX PEAKIMH, BO BTOPOM — OTHOCHTENbHAs HE3aBHCUMOCTh
4 amanTUBHBIX peakiuil. TeM He MeHee, OJIHOBPEMEHHAsl aKTHBAIMsI CIIeU(PUISCKUX
Y Hecren(hMIeCKUX PEeaknil B 3TUX IPOMIICHTPAX CBUJICTEILCTBYET O BHICOKOM TIIa-
CTHYHOCTH TUTMEHTHOTO KomIuiekca Oepesbl. [1o crenenn yBennueHus aucOanaHca
B MUTMEHTHOM KOMIUIEKCE HCCIIE0BaHHbIE MPOMBIILIICHHbBIE LEHTPBI 00pasyloT psin
1o Bo3pactanuio: Kymeprayckuii OypoyroinsHBIH pa3pes — Y9aanHCKAN TOpHO-000Ta-
TUTENBHBIN KoMOMHAT — Kapabanickuii MeiennaBiibHbI KoMOuHaT — CTepinuTaMax-
CKUH MpoMIIeHTp — Y PUMCKuil mpoMieHTp. [laHHBINA psif IEMOHCTPHPYET yCHUIICHHE
CTETICHN OTHOCHTEIILHOM HE3aBUCUMOCTH aJIallTUBHBIX PEAKIMi MUTMEHTOB M HX CO-
OTHOILICHHUH B 3aBUCMMOCTH OT THIIa 3arpsa3HeHus. Habmonaemast TEHICHIUS CITY>KUT
JIOTIOTTHATENTEHBIM CBHIETEBCTBOM IIACTUYHOCTH MMMTMEHTHOTO KOMILIEKCA.

CooTHoleHre XJI0poUILIOB @ U b OCTaeTCsl HEM3MEHHBIM OTHOCHUTEJIBHO
KOHTPOJIS BO BCEX MPOMIICHTPAX, OTpaxkasi yCTOWYHMBBIN OallaHC MEKIY OCHOBHBIMH
xnopopmiamu. OTHAKO B yCIOBUSIX HE(YTEXUMHYESCKOTO 3arpsi3HEHHSI IAHHBIH 110-
KazaTeJb CyIIECTBEHHO HIKE, YeM B IPYTUX MPOMLEHTPax, YTO MO3BOJISICT UICHTH-
(bunmpoBaTh 3TO 3arps3HEHNE Kak Hanmboee CTPecCoBRIi (pakTop mist 6epesnl. B ot1-
JIMYUE OT COOTHOIICHUS XJIOPO(HIIIOB, COOTHOMICHHE XJIOPODUILIBI/KapOTUHOUIBI
HapyIIaeTcs MpU BCeX TUIAX TEXHOTEHHOTO BO3/eicTBrsI. Hanbompe nekaxeHus
JTAHHOTO OayaHca 3aperrucTPUPOBAHBI IIPU adPOTEXHOTCHHOM ITOJIMMETAITHYECKOM,
He(PTEXMMUYECKOM 3arPsS3HEHUSX U B YCIOBUSX METHO-KOJTYEAAHHBIX OTBAJIOB, YTO
MOATBEPIKIACT UX MOBBIIICHHYIO CTPECCOBYIO 3HAYUMOCTb.

[TockonbKy MUTMEHTHBINH KOMIUIEKC HTPACT BayKHYIO POJIb B aJanTalMsix pac-
TEHUH, KOMIIEKCHBIM aHAJIN3 €T0 COCTOSHUS COBMECTHO ¢ OMOXUMHUYECKIMH, (HU3H-
OJIOTMYECKUMH, aHATOMUYECKUMH U MOMYJISIIIMOHHBIMU UCCIIEIOBAHUSIMH TTO3BOJIUT
pa3paboTaTh HayYHO 0OOCHOBAHHBIE PEKOMEHIAITNH 10 UCTIOIB30BaHUI0 Oepe3bl s
3alIUTHBIX HACAKACHUH. ITO 1aCT BO3MOXHOCTh PEKOMEHJIOBATH Oepesy AJisl yClio-
BUH, Ille OHA MPOSIBIISIET TOJICPAHTHOCTh U BBICOKMH aJanTUBHBIN MOTSHIUAN, U OT-
Ka3aTbCs OT €€ WCIOJb30BAHMUA B MECTaX C MpeodNialaHneM CTPECCOBBIX PEaKITHA
Y CHW)KEHHBIM MTOTEHIIMATIOM BUA.
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Annomayusa. 1lens paboTsl — U3ydeHNUE OCOOCHHOCTEH FOJMYHOTO MPUPOCTA OOETOB ae-
pEeBbEB COCHBI O0BIKHOBEHHOU (Pinus sylvestris L.) B 3aBUCUMOCTH OT I'MIPOTEPMHUYECKO-
TO peXMMa BO3AYLIHOW cpenbl B ycnoBusax I. OMcka. [IpeaMeroM nccienoBaHus SABISETCS
aHaJIn3 pocTa 1o0EeroB B TEUSHHUE BEreTallMOHHOTO Iiepruosa. PaccMoTpeH xapakrep ruapo-
TEPMUYECKOT0 PEKHUMA II0CPEACTBOM IIOCTPOEHU KIuMaauarpamm 1o l'occeny—Bainbrepy
JUIsL Masi Ha OCHOBE JAaHHBIX arpOMETEOpPOJIOTHYECKUX OroneTeHed OMCKOrO THAPOMET-
neHtpa ¢ 1960 r. mo Hacrosiiee BpeMs. M3ydeHbl 0COOCHHOCTH AMHAMUKH FOAMYHOTO IIPH-
pocra 1moderoB y JIepeBbeB COCHbI OOBIKHOBEHHOI Ha 3 pa3lIM4HBIX ydacTkax B I. OMcke.
IIpencraBieHa XapakTEepUCTUKA PAacCMAaTPUBAEMbIX YYaCTKOB KYJbTYP COCHBI, OIMCAHBI
3aKOHOMEPHOCTH TOAMYHOTO TPUPOCTa MMOOErOB MOAEIbHBIX JIepeBbeB. BhINOIHEH aHanu3
CHHXPOHHOCTH FOJMYHBIX IPUPOCTOB MOAETbHBIX AepeBbeB 1o C.I. [lluarosy. B pesynsra-
Te KOPPEJSIIIMOHHOTO aHAIN3a TI0 METOy CKOJIB3AIIeH cpeHe Oblia BhIsIBICHA YMEpEeHHAs
CBSI3b MEXKJly TOAMYHBIM [IPUPOCTOM U TEMIIEPATYpPOI BO3LYIIHON Cpebl 38 Mali—MIOHb Ha
BCEX y4acTKaX, YMEPEHHas CBsI3b C CYMMOM OCaJIKOB 3a Mail U Mail—MIOHb I10Jy4€HAa TOJIbKO
JUIst ogHOro y4yacTka. CorlacHO KJIMMaguarpaMMam, 3a MOCJHeIHUe 3 NecATUIIETHS B Mae
YBEJIUYUIACH YACTOTA BIIAKHBIX IIEPUOJIOB, B TO K€ BPEMs UX IPOAOKUTEIBHOCTh YMEHb-
mmiack. Kpome Toro, ycTaHOBICHBI 04eHb HU3KUE KOI(DDUIIMEHTHI KOPPEISIIMU TOAUIHOTO
IIPUPOCTA COCHBI C TEMIIEPATYPAMU U 0CAJKAMMU 3@ UCCIIEyEMbIE MECSILbl BET€TALlHOHHOTO
[IEpUOJIa, YTO IOATBEPKAAET OTCYTCTBHE IIPSIMOJIMHEHHBIX CBA3EH MEXIy HUMU. Marepu-
aJIbl UCCIIEIOBAHUSI MOTYT OBITh MOJIE3HBI IIPH OpPTaHU3alMK padoT MO yXOay 3a Hacaxk/e-
HUSIMH COCHBI OOBIKHOBEHHOM M pa3paboTKe TEOPETUUECKHX OCHOB ITPOU3BOJICTBA KYJIBTYD
COCHBI B TOPOJCKUX YCIIOBUSIX.
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et cpenel, koadduiment koppensiun, OMcK
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Abstract. The aim of the research has been to study the features of the annual increment of
shoots of Scots pine (Pinus sylvestris L.) trees depending on the hydrothermal regime of
the air environment in the conditions of the city of Omsk. The subject of the study has been
the analysis of shoot growth during the growing season. The nature of the hydrothermal re-
gime is considered by constructing climatic diagrams according to Gossen—Walter based on
data from the agrometeorological bulletins of the Omsk hydrometeorological centre from
1960 to the present day for May. The features of the dynamics of annual shoot increment
in Scots pine trees have been studied at 3 different sites in the city of Omsk. The character-
istics of the considered areas of pine crops have been presented, and the patterns of annual
increment of shoots of model trees have been described. An analysis of the synchronicity of
annual increment of model trees according to S.G. Shiyatov has been carried out. As a result
of the correlation analysis using the moving average method, a moderate relationship has been
found between the annual increment and the air temperature for May—June in all areas; a mod-
erate relationship with the amount of precipitation for May and May—June has been obtained
only for one area. According to climatic diagrams, over the past 30 years, the frequency of
wet periods in May has increased, while their duration has decreased. In addition, very low
correlation coefficients have been established between the annual increment of pine trees and
temperatures and precipitation over the studied months of the growing season, which con-
firms the absence of linear relationship between them. The research materials can be useful in
organizing work on the care of Scots pine plantations and developing theoretical foundations
for the production of pine crops in urban conditions.

Keywords: annual shoot increment, Scots pine, hydrothermal regime, climatic diagram, synchronic-
ity coefficient according to S.G. Shiyatov, moving average method, correlation coefficient, Omsk
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Beeoenue

K HacrositieMy BpeMeHU HaKOTUIEH JIOCTAaTOYHbIA 00beM WH(POPMAIIHH O TIPO-
TIOJDKUTEIPHOCTH W MHTCHCHUBHOCTH POCTa XBOWHBIX JCPEBBHEB B peruoHax Poccun
[2,4,5,16, 18, 22]. Beiasnensl [9, 12—15, 19-22] paznuuust 10 ypOBHIM MEXKIO0-
BOM M3MEHYMBOCTH TEILJIO- M BIAroo0eCreYeHHOCTH MECTOOOUTAHUNM XBOMHBIX BHU-
JIOB, TPYIII TOIMYJISIMA ¥ OTACIbHBIX MOMYJISIIIUNA, YTO HEOOXOAUMO YYUTHIBATH IPU
MIPOTHO3WPOBAHUH PEAKIINU BUIOB HA N3MEHEHUS KJINMaTa.
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B xoxne nccnenosanus [9] ycranoBuin, 4yTo B ycnoBusix EBpomneiickoro Cese-
pa ¢ IPOABMKEHHUEM K CEBEPY YBEJIMUUBAETCA BIMSHNE HAa TOAMYHBIN PUPOCT CO-
CHOBBIX KYJIBTYP B BBICOTY TeMIIEpaTyphl BET€TAlHOHHOTO TIEPHO/Ia MPEIbIIYIIIEeTO
rona. Tak, B ceBepHOH MOA30HE Taliru ApXaHTeIbCKON 00JacTH Ha TOANYHBIN MPH-
POCT COCHBI B BBICOTY IIpEBATHPYIOIIEe BO3ACHCTBUE MO CPABHEHUIO C OCTAIBHBI-
MU (aKTOpaMH OKa3bIBAIOT OCAJIKH 32 MA—HIONb U CPEAHSISI TEMIIEpaTypa BO3ayXa
3a MIOHb—UIOJb MIPeNbIyIIero roaa. [Ipyu aToM TecHOTa CBSA3M — OT 3HAYUTEIBHOM
JI0 BBICOKOM.

OOmmpHbIe HCCIEAOBaHMS BO3ACHCTBUS T'HIPOTEPMUYECKOTO PEXHMMa BO3-
JTyIITHOW CpeJIbl HAa POCT COCHBI OOBIKHOBEHHOU (Pinus sylvestris L.) Obutn ipoBere-
Hel A.I1. Tonbckum B yenoBusix Bysynykckoro 6opa [10]. BeisiBnena cBsizb 10 CHITb-
Hoii (r=0,70; 0,09) mpupocTa COCHBI C CyTOUHBIMA MHHUMYMaMH TEMIIEPaTyp B Mae.
lopnunstit moGer cocusl I1.b. PackaroB paccmarpuBall Kak HHIUKATOp HEOIAromnpu-
SITHBIX YCJIOBHI, B T. 4. 3acyX [8].

Jlns repputopun tora 3amagHoil CuOUpH MaHHBIC WCCICTOBAHUS TIPOBEICHBI
B HE3HAUUTEIHHOM KOJMYECTBE, OJHAKO OHU MPEACTABIISIOT OOJBIION HHTEPEC MpU
M3yYeHUHN HHTPOAYIIUPOBAHHBIX BUJIOB JIPEBECHBIX PACTEHHUIA.

AHanu3 JUHAMHUKH Pa3BUTHS MOOETOB MBHI TPEXTHIYMHKOBOW TNPH Pa3HOM
aTMOC(EepHOM YBJIaKHEHUHU MO3BOJIMII YCTAaHOBUTH, YTO 2- M 3- MHOTOJHEBHBIC
IUKJIIBl XapaKTEePHU3YIOTCSl HAaUOONIBIINM CYTOYHBIM IIPUPOCTOM 1OOEToB B 1-if mmo-
noBuHe nieta [1]. [Ipu 9TOM pexoMeHayeTcs: Mpu U3yYeHUH pocTa U pa3BUTHsI mobe-
TOB Y KJIOHOB MBBI TPEXTHIYMHKOBOW YUUTHIBATh HEPABHOMEPHOCTh paclpe/ieleHHs
0Ca/IKOB B 1-i1 MOJIOBHHE BEreTallMOHHOTO nepruosia. Hapsiay ¢ 3TuM 1o pesynsraram
MOHHTOPHWHTA PaHaIbHOTO POCTa COCHBI OOBIKHOBEHHOHN HAOIONAH [6] MTOBBIIIICH-
HYIO YyBCTBHTEIBHOCTh BH/IA K TEMIIEpaType 1 ocaakaM B cepeanne nions. Cormac-
HO [7], 4eM Bblllle MUHUMAaJIbHBIE TEMIIEPATYpPhl BO3AyXa B Mae, TeM OOJIbIIe TPUPOCT
110OETOB COCHBI.

Llenbto TaHHOTO MCCIIEAOBAaHUS SIBISETCS BBISBIEHHE 3aKOHOMEPHOCTEH Tro-
JIUIHOTO TIPUPOCTA MMOOETOB COCHBI OOBIKHOBEHHOH B 3aBUCUMOCTH OT PEKMMa 0Ca/l-
KOB M TEeMIIepaTypbl BO3AYIITHON Cpe/ibl B yCIOBUAX I. OMCKa.

Obvexkmbl u Memoobl UCCAEO08AHU

Jnst m3ydeHusi TMHAMHUKH TOAMYHOTO POCTa MOOErOB MOJAETHHBIX JE€PEBHEB
Y BBIBIICHUSI 3aKOHOMEPHOCTEH MX Pa3BHUTHSI B YCIOBHUSIX TOPOICKOHN Cpeapl ObLIH
BEIOpaHbI 3 yuacTKa, OCHOBHBIE XapaKTEPUCTUKU KOTOPBIX CIIEeIyOIINe:

Yuyactok 1 — Tepputopus aerapomnapka OMCKOTO roCyIapCTBEHHOTO arpapHo-
rO YHHUBEPCUTETA, PACIIONOKEHA Y OCHOBAHUSA CKJIOHA 2-i HAANOWMEHHON Teppachl
Ha TpaBoM Oepery p. MpTeimma. 3meck nmpouspacTaeT 2 MOJENBHBIX JiepeBa, moca-
>KeHHBIX B 1994 1., TycToTa MOCaAKd — OJUHOYHBIC, TEXHOJIOTUS MOCAIKUA — Pyd-
HBIM criocoOoM mon mMeuoM Komecosa. [lepeBbs xapakrepusytorcs I, II ximaccom
(mo Kpadry), nx Bozpact — 39 net, cpenusis Beicota — 11,6 M, 1uaMeTp Ha BBICOTE
1,3 M —ort 14,11 mo 14,84 cM, monoxeHue B mosore — crynenyaroe (mo I.P. Dittun-
TeHY), CPEOHUN TuaMeTp KpoH — 4 M, 37JOPOBBIC TT0 CAHUTAPHOMY COCTOSHUIO (0e3
MOBpexIeHUH). [lepeBbsi pacrooKeHbl Ha ONYIIEYHOW YaCTH C 3arafHONH CTOPOHBI
B 3aTEHEHHOM MECTE CPEe/IH JPYTUX BBHICOKHX JIEPEBHEB.

Y4acTok 2 pacmoioKeH OKOJIO TOCTUHHUILIBI «MpThimmy», Ha 1-i HaaMOWMEHHON
teppace p. Mpreima, Ha mpaBom Oepery. Beiopano 10 MojenbHBIX 1epeBbeB COCHBI
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OOBIKHOBEHHOM, KOTOpbIe ObUIM MOCaxeHbl B 1971 . pydHBIM CIIOCOOOM IMOJ MEY
KonecoBa 2-neTHUMH cakeHIIaMHU TI0 cxeme 2X2 M, rycTtota nocaiaku — 2500 mr./
ra. Kimacc pocra u pa3Butus o0ciieioBaHHbIX AepeBbeB — I, 11, BozpacT — mo 62 et
cpenuss BeicoTa 16,4 M, nuametp Ha Bbicote 1,3 M — ot 11,53 g0 25,10 cMm, cpenuuit
JUaMeTp KPOH — 5 M, IIOJIOKEHHUE B IIOJIOTE — CTYHEHYaToe, CAHUTAPHOE COCTOSHUE —
3mopoBEIe. JlepeBhs pacmoiokeHbl KypTuHHO Ha Twiomaau 100x200 M, 6e3 3areHe-
HUS B TEYCHHUE BCETO COJIHEYHOT'O MEPUOAA.

VYyacrok 3 HaxomuTcs B paifone yi. 22 [lexkabps Ha paccTtosauu oxono 300 m
ot asponopra uMm. J{.M. KapOsimesa, Ha ycryne 3-i HaamoiMeHHOH Teppackl. Bol-
Opano 10 MomenpHBIX AepeBbeB. lom mocanku — 1984 1., pasMmernieHue — 2-psaHoe
(Mexmy pazamu — 3 M, B paay — 2 M), TycToTa Mocajaku — 1667 mr./ra, TeXHOIOTHs
MOCAJKU — Py4HBIM criocoOoM nox Medu Konecosa 2-neTHuMH caxkeHIamu. JlepeBbs
nmerot [, 11 xraccer pocra mo Kpadrty, Bo3pact — mo 50 5eT, CpemaHIOI0 BBICOTY —
12,9 m, nuametp Ha BbicoTe 1,3 M — oT 16,24 10 27,52 cM, cpeaHuil AMaMeTp KpoH —
oT 5 10 7 M, MOJIOXKEHHUE B TIOJIOTE — CTYIIEHYaTOe, CAHUTAPHOE COCTOSIHUE — 3710PO-
Bble. JlepeBbs pacroyioKeHbl eIMHUYHO C CeBepa Ha 10T B 2 psijia B0 aBTOJOPOTH,
0e3 3aTeHeHMsI Ha IPOTSHKEHUN BCETO COJIHEYHOTO Nepruoja. Y H3yUeHHBIX IEPEBbEB
HaOI0/IaeTCsl OYMILIEHHE OT Cy4YheB Ha BBICOTY cTBoyia oT 1,5 mo 2 m. BerBu s
3aMepOB HaXOOWJIUCH Ha BeicoTe 1,8-2,2 M U copMuUpoBaIuch B peaenax 7-9 jger
[OCJIE [TOCAIKU CAXKCHLIEB.

Jnst ananmza ruApoTEpMUUYECKOTO PEKIMA BO3AYIITHOM Cpe/Ibl B IEPUOJT pOCTa
1m00OeToB COCHBI B OTEbHBIE TOBI ¢ 1960 10 2024 TT. Ha OCHOBE JAHHBIX arPOMETE0-
posoruueckux orouiereHet OMCKOTO THAPOMETIIEHTPA TOCTPOEHBI KIIMMaAuarpam-
MbI 1o [occeny—Banbrepy ¢ yuerom nononnenuit I'b. T'oprunckoro [2, 3].

Cpoku Havajia ¥ OKOHYAHHS TIeprojia pOCTa TMOOETOB Yy JAEPEBHEB SABISIOTCS
B)KHBIMU [TOKA3aTeNSIMU TOAMYHOTO IIPUPOCTA, T. €. PEaKLUH 0COOU Ha THAPOTEPMHU-
YEeCKHE YCIOBUS, IOCKOJIbKY HAIIPSIMYIO CBSI3aHBI C IEPEXOAOM TEMIIEPATYPbl BO3/Y-
Xa U TIOYBHI Yepe3 MOPOroBble KOJIMUYECTBA TEIlIa, OIYy4aeMoro pacTeHHUEM 3a MepH-
O[l, PENIIECTBYIONINIA HACTYIUIeHUIO eHodasbl [2].

B kauectBe cpoka Havaia Beretaiuy — BHIUMOIO pocTta o0eroB — Obiia Mmpu-
HATa Cepe/ivHa ampesis, T. K. KIMEHHO B 3TOT MEPUOA MPOM30IIEN NEPEXO] CPETHECY-
TOYHOH Temmeparypsl uepe3 +5 °C B CTOPOHY IOBBILICHUS; 32 OKOHYaHUE MIPUHSIIN
CepelrHy HIOHS, KOT/Ia 3aBepIIaeTCs IPUPOCT MOOETOB Y COCHBI. TakuM 0OpazoM, Kiu-
MaJuarpaMMbl ObUTH TIOCTPOEHBI AJISI alpelis, Masi ¥ MIOHS, a TAKXKe U1l CyMMapHbBIX
3HaUeHMH arpenb+Maii, anpenb+mai+uions U Maii+utons 1960-2024 rr. Micnons3o-
BaHbl TUIPOTEPMUYECKHE JaHHBIE [T0 PACCMATPUBAEMOMY MECSIY 32 COOTBETCTBYIO-
it roxn. Ha puc. 1 mpeacrapieHa kmuMaauarpaMma 3a Mai Kak MecsIIl, XapaKTepu3y-
foHIMicsd HanOOJIBIIMM TIPUPOCTOM COCHBI [2]. M3ydeHne KIMMaanarpaMm MoKas3alo
BBICOKYIO CTEI€Hb COOTBETCTBUSI I'MIPOTEPMUYECKOTO PEXMMa BO3IYIIHOH Cpelbl
. OMcKa oTpeGHOCTM APEBECHBIX pACTEHHH. DTO 03HAYAET, UTO TEPPUTOPHS ropoa
SBJISICTCS TIEPCIIEKTUBHOM /IJIsI MHTPOLYKLIMH XBOMHBIX BUIOB.

Knumannarpamma masi 3a paccmarpuBaeMble 63 roma BKIIOYAaeT B cedd Kak
OTZAEJbHBIC 3aCyIUINBBIC TPOMEXYTKH B 1—4 roza ¢ nmpeodiajgaHueM KapKod Cyxon
MOTO/bl, TAaK U MEPUOIBl N30BITOUHOIO YBIAKHEHMS NPH IOJIOKHUTEIBHBIX TEMIIe-
parypax. 3acylUIMBBIMH U HanOoJjee )KapKuMu okaszainuchk 1961-1965, 1967, 1972,
1978, 19801981, 1991-1993, 1997-1999, 2001, 2003-2006, 2016, 2020-2023 rr. —
Bcero okoio 39,68 % paccmarpruBaeMoOro BpeMEHHOTO oTpe3ka. CpenHue Temmepa-
TypBl Masi 3a U3y4aeMble TOAbl HaXoAATcA B pezenax ot +7 no +15 °C.
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l:l 3acyIUMBBIH MTEPHO

Ha Bcex yuacTkax y MOJETBHBIX JIEPEBHEB COCHBI YCTAaHOBJICHHE TOIUYHO-
r0 TIPUPOCTA TPOU3BOAMIIOCH B HIKHEH 4acTh KPOHBI Ha OOKOBBIX moberax. [Tobern
OBbUTH 3aMEPEHBI C UCTIONb30BAHUEM METAJUTMUECKON JIMHEHKH ¢ TOYHOCTHIO 70 0,1 cMm.
[lanee ¢ mOMOIIbIO METOIA CPABHEHUH PACCUUTHIBAIIM KO3(D(DUIIMEHTEI CHHXPOHHOCTH
no C.I'. 1luAToBy [U1s1 OEHKU CXOACTBA TOAWYHBIX MIPUPOCTOB COCHBI OOBIKHOBEHHON
Ha BBIOPAHHBIX yYaCTKaX M BBUBICHHUS OTIIMYMH 3aBUCUMOCTU MPUPOCTA OT OCAIKOB
Y TEMIeparyp B Pa3HbIX YCIOBUAX MTPOU3pacTaHus epeBbes [11].

[y ananu3a IMHAMUKY TOAXYHOTO IPUPOCTa MTOOET0B COCHBI OOBIKHOBEHHOMN
BBIYMCIICHBI MHAEKCHI C IEPHOIOM OCpeaHeHus 5 neT. s BeIsBIeHU CBsI3el ronnd-
HOT'O IIPUPOCTa MOOETOB COCHBI C THAPOTEPMUUYECKUM PEKUMOM BO3IYLIHOM Cpe/Ibl
HCTIOJIb30BAHBI CTATHCTUUECKNE METO/IbI M KOPPEIIUOHHbIN aHanu3. [1pu Berauce-
HUU KOPPEJSIMOHHOTO OTHOUIEHHS JJISl OLIEHKHU CBSA3M MEXy NMpPHU3HAKaMU IpUMe-
HeHa 1Kaita Yengoka.

Pesynemamul ucciedosanus u ux oocysxcoenue
Jnist pacyeToB KOAGGHULIMEHTa CHHXPOHHOCTH MOCTPOEHBI IPa)UKH TOTUIHBIX

MIPUPOCTOB TTOOETOB MCCIIEAYEMBIX JIepeBhEB (pHcC. 2).
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Puc. 2. HI/IHaMI/IKa TOANYHOIO NpHUPOCTa MOACIBHLIX JE€PEBLEB COCHBI HA PAa3JIMYHBIX
y4acCTKax B YCJIOBUAX T. Owmcka

Fig. 2. The dynamics of annual increment of model pine trees in various sites
in the city of Omsk
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Jus yuactkoB 1-3 monydeHbl cieayromme Kod(pQHUIMEHTH CHHXPOHHOCTH
npupoctoB (%):

Vaactkut 1 M 2., 26,32
VYuactkm lu 3., 32,14
VYuactkm 2 W 3. .o, 32,14

VYpOBEHb CHHXPOHHOCTH TOJIUYHBIX MPUPOCTOB MOJCIBHBIX JEPEBHEB HA
TUIOMIAJIKAaX COCTaBisieT MeHee 45 %, T. €. CHHXPOHHOCTh B JIMHAMUKE TOJUYHOTO
MPUPOCTa OOETOB OTCYTCTBYET. DTO CBSI3aHO C PA3IMYHBIM TeOMOPQPOIOTHICCKIM
MOJIOKEHUEM YYACTKOB HCCIICIOBAHUS U, COOTBETCTBEHHO, C OCOOCHHOCTSIMH B T'H-
JIPOJIOTUYECKOM PEKUME ITIOUBEHHO-TPYHTOBBIX YCIIOBHM.

B Tabm. 1 mpeacramieH pacdeT Kod(QHUINEHTA CHHXPOHHOCTH TOTUIHOTO
MPUPOCTA MTOOETOB ¢ KOJIMYECTBOM OCAJKOB M TEMIIEPaTyPaMHU.

Tab6uuna 1

Ko3¢PpuunenThl CHHXPOHHOCTU FOAUYHOIO NPUPOCTA MOOETOB
MoO/IeJIbHBIX IepeBbeB ¢ KOJUYeCTBOM 0Ca/IKOB U TeMIlepaTypaMu
The synchronicity coefficients of the annual shoot increment
of model trees with precipitation and temperatures

Mecsin VYuacrok | [lapamerp cpaBHeHUs g}?}‘gﬂﬁl{zﬁg
1 Ocanku 14,29
Temmeparypa 57,14
Anpess > Ocanku 25,49
Temneparypa 37,25
3 Ocanku 28,95
Temneparypa 28,95
1 Ocanku 67,86
Temnepatypa 25,00
. Ocanku 23,53
Mait 2 Temneparypa 29,41
3 Ocanku 52,63
Temneparypa 47,37
| Ocankn 46,43
Temneparypa 57,14
. Ocanku 39,12
Anpenb+maii 2 Tesmeparypa 35.20
3 Ocanku 42,11
Temmneparypa 31,58
| Ocanku 50,00
Temmneparypa 28,57
Ocanku 9,80
Hiors 2 Temneparypa 31,37
3 Ocanku 52,63
Temneparypa 23,68
| Ocanku 42 .86
Amnpenptmaii+ Temneparypa 28,57
+HIOHB ) Ocanku 29,41
Temneparypa 13,73
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Oxonuanue maon. 1

Mecsin Vuactoxk | [lapamerp cpaBHeHUs g}?}%%?{iﬁi?;
Anpenp+maii+ 3 Ocanku 52,63
+HIOHB Temneparypa 23,68
Mai+uroHb | Ocankn 32,14

Temneparypa 14,29
) Ocankn 39,22
Temneparypa 35,19
3 Ocanku 50,00
Temnepatypa 26,32

[Mpumeuanue: [TomyXupHbIM MIPUPGTOM BbLACIEHBI KO3()(GHUIUCHTDI, TOKa3bI-
BAIOIINE HU3KUiT YPOBCHb CHHXPOHHOCTH.

BBISIBIEHO OTCYTCTBHE CHHXPOHHOCTH TOIUYHOTO TPHPOCTa TOOETOB MO-
JIENIbHBIX JEPEBBEB C OJHOM CTOPOHBI U OCAJIKOB M TEMIIEpATyp ¢ APYroi B ampeie —
B 3TOT IIEPHOA TOJIKO HauuHaeTcs (eHodasa, BIUAHUS HAa KOTOPYIO IIPUOPUTETHO
OKa3bIBAIOT TeMrepaTypsl [2, 13, 16—18]. MckirouenueM ctan y4acTok 1, Ay KOTo-
POro nokaszaHa HU3Kasi CHHXPOHHOCTb B OTHOILICHUH TEMIIEPATYPbI, 4TO OOBSICHAETCS
MIPOU3PACTaHNEM MOJEIBHBIX JIEPEBHEB B YCIOBUSAX OKPYKEHUS APYTUMH BBICOKO-
CTBOJIbHBIMH JICPEBBSIMH JINCTBEHHBIX M XBOMHBIX ITOPOJ, YTO CO3AAeT CBOM, Oojee
CTaOMITBbHBIN, MUKPOKJINMAT, MEHEee pearupyronnii Ha KpaTKOBPEMEHHOE N3MEHEHHE
TEMIIEPaTypbl OKPYKAIOIIEH CPebl.

Jlis Mast Takke 3aMKCHPOBAHO OTCYTCTBHE CHHXPOHHOCTH T'OJUYHOIO MpPHU-
pocTa ¢ ocaakaMu M TemIeparypaMu. VIckitoueHneM BHOBB SIBJISIETCS y4acTok |
C HU3KOM CHHXPOHHOCTBIO B OTHOILICHHHU OCAaJKOB, TOCKOJIBbKY B Mae (eHodasa B pe-
THOHE y)K€ HAaYWHAETCH, BIUSHUE 0CAIKOB CTAHOBUTCS MPHOPUTETHBIM, YTO MOXKHO
00BACHUTD MPOU3PACTAHUEM MOAECIBHBIX ACPEBBEB B YCIOBUIX OKPYKEHUS JPYTUMU
BBICOKOCTBOJIBHBIMH JICPEBBSIMH.

JepeBbs Ha yuacTke 1 3a mepuof anpesnb+maii moka3aiin HU3KYI0 CHHXPOHHOCTb
B OTHOLUECHUM TeMueparypbl. OCTaJbHBIC YYAaCTKH TAKXKE XapaKTEPU3YIOTCS OTCYT-
CTBHEM CHMHXPOHHOCTH KaK OTKJIMKA HE TOJILKO Ha TeMIIEpaTypy, HO U Ha OCAJIKH.

B utone, a Taxke B IepUOABI allpelib+Maii-+UIOHb 1 Maii+UIOHb Ha BCEX y4acT-
Kax OTCYTCTBYET CHHXPOHHOCTb FOIMYHOIO IIPUPOCTA 10OET0B MOJEIBHBIX JEPEBb-
€B C YPOBHEM OCAaJIKOB U TeMIIepaTypaMHu.

Taxxe HEOOXOAMMO OTMETUTH, YTO Ha y4acTKe 2 CKJIAIbIBAIOTCS OTHOCH-
TeIbHO 0oJee OaronpusiTHbIe THAPOTEPMHUUECKUE YCIOBHS Ui POCTa U Pa3BH-
THsI COCHBI: Ha |-ii HaamoWMeHHOU Teppace GopMupyercs: OnaronpusiTHHIN Oa-
JIaHC BJArd B MOYBE 32 CYET MOBEPXHOCTHOTO CTOKA M MOATIOPA YPOBHS 3epKaja
I'PYHTOBBIX BOJI.

[TockonbKy 3aKOHOMEPHOCTH B Pa3BUTHH MOJICIIBHBIX IEPEBbEB HA PA3IMUHBIX
TUIOIA/IKAX TPH TTIOMOIIHN KOA(PPHUIMEHTOB CHHXPOHHOCTH HE BBISIBIICHBI, J1ajiee MC-
M0JIb30BaH CIIOCO0 CKOMB3AIIEH CpeHeN Kak OCHOBHOW U Hanbosee npocToi crnocod
TEXHUYECKOTO aHalIn3a, TI03BOJISIIOINNI HUBEJIMPOBATh Pa3INyus BO3pacTa UCCIIeay-
eMBIX JCPEBbEB U HEYUTEHHBIX (PakTopoB (puc. 3).

ITo manHBIM pHC. 3 MOXXHO OTMETHUTb CPEJHIOI NEPUOJUIHOCTh MHUHH-
MaJIbHBIX 1 MaKCHUMaJIbHBIX UHIAEKCOB TOAMYHOTO MPUPOCTA M0 KAKJOMY yUaCTKy

(Tabm. 2).
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Fig. 3. The dynamics of annual increment of Scots pine shoots in the city of Omsk

TabGuumna 2
JMHAMHKa NepHOIUYHOCTH HHIEKCOB MHUHUMAIBLHOIO
U MAKCHMAJIBHOI'0 FOIHYHBIX MIPHPOCTOB 100eroB
The dynamics of the periodicity of indices of the minimum
and maximum annual shoot growth
VYdacTox Ton(s1) Maxcumym Ton(sr) Murmnym
MIPUPOCTA, CM MIPUPOCTA, CM
1999 ) 1996 3
2001 2004
2001 2004
2004 3 2016 12
1 2004, 2006,
2008, 2009, 2 -
2011
2013 5 — —
2018 — —
Cpeodnee 2,7 10,0
1975 3 1976 3
1978 1979
1978 1979
) 2004 26 1990 1
2004 5 1990 12
2009 2002
2009 6 2002 6
2015 2008
Cpeonee 6,7 6,8
1990 7 1988 3
3 1997 1996
1997 1 1996 14
2008 2010
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Oxonyanue maon. 2

VuacTtox Ton(s1) Maxcumym Ton(s1) Munumym
NpHPOCTA, CM HpPHPOCTA, CM
2008 2010
4 4
2012 2014
2012 2014
3 5 4
2017 2018
2017 2018
3 3
2020 2021
Cpeonee 6,0 6,6

Boree miMHHBIE UKJIIBI [T0 TOIUYHOMY IPUPOCTY MOOETOB MOJICIbHBIX JICPEBb-
€B COCTAaBIIIOT TI0 MHHUMAJIBHBIM 3Ha4eHUAM 10 jeT (ydacTok 1) u mo Makcumaib-
HBIM — 6,7 5eT (yaactok 2). Hanbonee KpUTHYIECKIME TOAaMHU 71 BCEX YUACTKOB 10
MakcuMyMaM npupocTta sBisitores — 1999, 2002, 2004, 2005, 2007, 2009 u 2015 rr,
no MmuHUMyMaM — 1988, 1996, 2002, 2004, 2008, 2016 u 2021 rr.

Ha rpaduke puc. 2 XOpoIIo MpoCleKNBaeTCs CYIIECTBEHHAs aMILTUTYIa KO-
nebaHui TOMMYHOTO MPUPOCTA TTOOETOB MOJICIBHBIX AepeBheB. [lepronbl Mmakcumy-
Ma XapaKTePU3YIOTCs HAJIMYUEM TEIUIBIX BIaKHBIX TIEPUOOB KaK HEMOCPEICTBEHHO
B MOMEHT JIOCTIDKEHHUS MaKCUMyMa, TaK W B TPEANICCTBOBABIIUE eMy rojbl. Mu-
HUMYMBI CBSI3aHBI C TOJAMH ¢ HAMMEHBIIIMMUA aTMOC(EPHBIMU OCaIKaMHU B Mae WM
HU3KHMH TEMIIEpaTypaMu B arpelie.

OCOOGeHHOCTH THIPOTEPMHUYECKOTO pPEeXMMa MEPHUOAOB MAaKCHMyMOB W MH-
HUMYMOB JUTSI KQXK/IOTO ydacTKa CIeAyIomue. Y4acTok | oTnmyaeTcss HanOoIbIIM
MEPUOIOM MUHHMYMOB ¥ HAaUMEHBIITUM MEPHOIOM MaKCHMYMOB CPEIH paccMaTpH-
BaeMBIX Y9aCTKOB, HO 4ACTOTa MAKCUMYMOB HauOoubIas. Takas peakiust pacTeHu,
BEPOSITHO, BHI3BaHA MX MPOU3PACTAHHEM CPE/IH JIEPEBHEB, KOTOPBIE 00Pa3yIOT CBOM
YHUKAJIBHBIM OMOTeoneHo3. Y4YacTk 2 U 3 He OTIUYal0TCs YaCTOTOH IMePUOI0B MU-
HUMYMOB ¥ MAKCUMYMOB, a CPEJIHSS IIOBTOPSIEMOCTh TIEPUOIOB CXOHASL.

Jlnst Gonee mTyOOKOTO aHajM3a TOJUYHOTO MPUPOCTA IMOOETOB UCCIIEAYEMbIX
MOJICJIBHBIX JIEPEBHEB B 3aBUCUMOCTH OT CJIOKUBIIETOCS THIIPOTSPMHUUECKOTO PEIKH-
Ma B UCCJICIyEMbIC TIEPUO/IbI OBLIN BBIYUCIICHBI KOA(D(HUIIUEHT KOPPEIISAIMH U KOppe-
JSUOHHOE OTHOIIeHUE (Tabm. 3).

Tabnuma 3

Koa¢ppuunenTs! Koppenssuu 1 KOppeassuOHHOe OTHOIIEHHEe FOAUYHOI0 MPUPOCTA
1M00eroB cOCHbI 00LIKHOBEHHOI B 3aBHCUMOCTH
OT THIPOTEPMHUYECKOT0 Pe;KMMa BO3IYIIHOM cpebl B yeJaoBUsIX I. OMcka
The correlation coefficients and correlation ratio of the annual growth
of Scots pine shoots depending on the hydrothermal regime of the air environment
in the conditions of Omsk

Temmeparypa Ocanxu
Yuactok Mecsn K09 (PUUUEHT | KOPPENALMOHHOE | KOOP(UIMEHT | KOPPEISALHMOH-
KOppeNsIiu OTHOIIICHHE KOPpPENAIUH | HOE OTHOLICHHE
Amperb -0,06 0,06 -0,28 0,29
1 Maii -0,09 0,09 0,12 0,12
Anpenb+mait -0,10 0,10 -0,02 0,02
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Okonuanue maon. 3

Temneparypa Ocanxu
Yuactok Meesn k03 GuIHenT | KoppensuoHHoe | KodGGUIMEHT | KOPPEAIHOH-
KOPPEIALUI OTHOIICHHUE KOppeNSLUH | HOE OTHOIICHHUE
2020):13 —0,33* 0,34* 0,10 0,10
ATpesib+HuioHb -0,33* 0,35% 0,03 0,03
! Maii+uons | —0,32* 0,34* 0,15 0,15
Uronb co casu-
rom Ha | roj —0,08 0,08 0,14 0,14
Armpens -0,14 0,14 -0,22 0,22
Mait —0,38* 0,42%* 0,07 0,07
Arnpenb+maii -0,31%* 0,33* -0,04 0,04
) Uronb 0,14 0,14 0,01 0,01
Anpenb+utoHb -0,25 0,26 -0,03 0,03
Maii+uoHb -0,30* 0,32%* 0,06 0,06
Uronb co casu-
rom Ha 1 rox -0,16 0,16 -0,04 0,04
Anpenb -0,22 0,22 —0,14 0,15
Mait —-0,20 0,20 0,32%* 0,34*
Arnpenb—mait -0,28 0,29 0,24 0,25
3 Wronn —0,33* 0,35% 0,11 0,11
AnpenbHuroHb —0,39%* 0,42%* 0,25 0,26
Maii+uroHb —0,36* 0,38% 0,31%* 0,33*
Wrons co cnsu-
rom Ha 1 Tox 0,05 0,05 -0,01 0

[pumeuanne: KoodduuueHTsl 3HAUNMBL HA YPOBHE: ™ — Ly > Tos5 ™ — Ly > Lo

CornmacHO naHHBIM Tabn. 3, HaOMIOZAeTCs HECOMIACOBAaHHOCTb IPUPOCTA
BBIOpaHHBIX MOJICTILHBIX JEPEBHEB HA YUACTKaX C KOJHMUYECTBOM OCAJKOB U TEMIIe-
parypamu. Takasi 0COOEHHOCTh U3YUYCHHBIX JCPEBHEB ONpenenseTcs: reoMopdoo-
THYECKUMH XapaKTePUCTUKAMH MECTHOCTH, 00YCIIOBICHHBIMH aHTPOIIOTCHHBIM BITU-
SITHHEM B YCIIOBUSX TOPOACKOM Cpenibl, B UTOTE MPOSIBUIOCH KOCBEHHOE BO3/1EHCTBUE
Ha IPUPOCT TEMIIEPATyp U 0CAAKOB U [IOHMKEHA PEAKLUs JEPEBbEB B 3TUX YCIOBHSX.

Ha yuacTtke 1 BbIsSiBlIeHa HU3Kasi CHHXPOHHOCTD B arlpelie U anpesie+mMae ¢ TeM-
neparypamu (57,14 u 52,63 % cOOTBETCTBEHHO), IPH ITOM B Mae HaOJtonaeTcs HU3-
Kasi CHHXPOHHOCTh € ocajakamu (67,86 %), 4To MOATBEPKICHO TaHHBIMH Talml. 3.
Tak, TOQMYHBIN MPUPOCT HAXOOUTCS B yMepeHHOH 3aBucumoctH (ot 0,34 no 0,35)
C TeMIlepaTypoi BO3AYIIHOW Cpelbl IJisd MEPUOJIOB anpesib+ruiOHb U Mal+HIOHb,
a TaKk)Ke MIOHS, HO BMECTE C TEM B 3TH e IIePHO/IbI HAOIIOIAETCs B CpEIHEH CTENeHN
OTpHIIaTeIbHAs 3aBUCUMOCTH MpHUpocTa oT Temneparypsl (0,33, 0,33 u 0,32).

JlepeBbs Ha y4acTke 3 pearupyroT Ha BHEIIHHE (HaKTOPhI CXOJHO C y4acTKOM
1, T. e. BBIsIBIIEHA YMEPEHHAsI CBA3b C TEMIIEPATYPOH ISl MIOHS, allpesisi—UIOHS 1 Masi+
ntons. Taxke oOHapykeHa YMEPEHHAsI CBA3b C CYMMO# ocakoB 3a Mai (0,34) u maii+
nioHb (0,33); mpu 3ToM KodpduumenTs! koppemsiun (0,32 u 0,31) mokazanu nosno-
JKUTENbHBIA CPEIHUN YPOBEHb CBSI3U, JOCTOBEPHOCTH MPU 5%-M ypOBHE 3HAYMMO-
ctu kputepusa CThIOIeHTa.
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Ha ydacTke 2 cBsi3b IpupoCTa ¢ 0CaJKaMu He BhIsiBIeHA. Habmiomaercs yme-
peHHast ¢Bsi3b ¢ Temmeparypoi (ot 0,32 no 0,42) mis mas, anpens+mas u Masi-+UroHS,
noctoBepHO TpH 5%-M u 1%-M ypOBHSIX 3HAYUMOCTH, HO BMECTE C TEM B OTH KE
MIEPHUOIbI OTMEYEHA B CPETHEH CTETIeHH OTPHIIaTeNIbHAS 3aBUCUMOCTh TPUPOCTA OT
TemreparypHoro (¢aktopa B Mae, anpenetmae u maet+utone (0,38, 0,31 u 0,30 coot-
BETCTBEHHO), TOCTOBEPHOCTH ITPH 5%-M ypOBHE 3HAYMMOCTH.

Ha Bcex yuyacTkax oOHapy»XEHO OYEHb CJIa00€ BIHMSHUE TUIPOTCPMHUECKOTO
peXrMa BO3IYIIHOW Cpeasl B epros (OPMHUPOBAHUS TTOYKH (HMIOIH TPENBIIYIIEro
rojia) Ha Ce30HHBIN npupocT mobderos (ocagaku — ot —0,01 g0 0,14 u ot 0 mo 0,14;
temmeparypa — ot —0,08 1o 0,05 u ot 0,05 10 0,16), 3HAYCHUS HETOCTOBEPHEI.

Raxnrouenue

W3ydyeHnsIe KyIbTyphl COCHBI OOBIKHOBEHHON Ha TEppUTOPHH T. OMCKa UCITBI-
THIBAIOT BO3JIEHCTBHE PA3IMYHBIX COUYETAHUH IKOJIOTHYECKUX (PaKTOPOB, YTO IOJI-
TBep)KIIaeTCSI HHU3KUM ypOBHeM CHHXpOHHOCTI/I B JUHAMHUKE TOAUYHOIO HpI/IpOCTa
MO0OEroB 10 y4acTKaM.

AHaJII/I3 KJII/IMaI[I/IanaMM IIO3BOJINIT yCTaHOBI/ITL HCpI/IOI[I/I‘IHOCTb SBCYIHJII/IBI)IX
Y BIQXHBIX JIeT, HACTYIUIEHUS MUHUMAJIBHBIX TeMriepatyp B mae. OcoOEeHHOCThIO
KJ'H/IMaILI/IanaMMI)I 3a Maﬁ ABJISICTCA TO, UTO CpCILHHSI HpOILOH)KI/ITeJH)HOCTI) BJIQXKHBIX
nepuonioB ¢ 1960 1. cocraBuna 11,6 e, 3acynuiMBbIX — 5,5 JI€T, MUHUMAJIbHBIX TEM-
neparyp — 10,3 roga. Takxke HEOOXOIUMO OTMETHTb, YTO YACTOTA BIAYKHBIX MEPUO-
ITOB 3a MOCTEAHNE 3 ACCATUICTHSI YBEIMUNBACTCS, a MIPOJOKUTEILHOCTD TIeproIa
COKpallaeTcs.

Ouenp HH3KHE KOIDOUIMEHTH KOPPENSIUH TOJAWYHOTO MPHPOCTA COCHBI
C TeMIlepaTypamMH U KOIUYECTBOM OCAJIKOB 32 BECEHHE-JIETHHE MECSIbI (arpeib—
I/IIOHB) BEIreTAallUOHHOTO Hepnona ABJIAKOTCA HOI[TBep)KIIeHI/IeM OTCYTCTBI/IH HpSIMOJII/I-
HEHHBIX CBSA3EH MEXKTy STUMH ITOKa3aTeIsSIMU.

BBIHBJIeHa YMepeHHaﬂ CBSI3b JIA MasA—HUIOHSA U BCEX y‘laCTKOB MC)KI[y rogny-
HBIM TIPHPOCTOM H TEMIEpaTypoil BO3MYITHOW CPEIbl U TOIBKO HAa OJHOM y4YacTKe
JUJI Mast 1 Masi—MIOHS] — C CYMMOM OCaJIKOB.
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Annomayus. ViccienoBaHne BHOCUT BKJIQJ B pEIICHHE IMPOOJIEMBI HEKOHTPOIMPYEMO-
TO YBEJIMUYCHHMS IUIOMIAZel MPOW3BOIHBIX JIMCTBCHHBIX HACAKACHUH Ha MECTe KOPEHHBIX
XBOHHBIX JiecoB. Llenp — pa3zpaborarh crocod co3naHus aaropuTMa JIecooOpa3oBaTesIbHOTO
nporecca, BKIIIOYAIOIIET0 CHCTEMY MEPOIPUSTHH M TIO3BOJISIONIETO CYIIECTBEHHO CHU3UTH
BEPOATHOCTH 3aMEHBI KOPEHHBIX TEMHOXBOMHBIX JIECOB Ha IPOM3BOIHbBIC JINCTBCHHBIC Ha-
caxzaenus. Ha ocHOBaHMM COOCTBEHHBIX HAayYHBIX M3BICKAaHWH, 0OOOIICHUS OIBITa APYTHX
YUCHBIX-JIECOBEIOB MPEATIOKeHA (DYHKIIMOHATIBHAS MOJIENb JIECO00pa30BaTeIbHOTO Mpolec-
ca B TEeMHOXBOWHBIX Jiecax. OHa mpeacTaBieHa B BUJE rpadUuecKOil MAaTpHYHON CTPYKTYp-
HOHN OJIOK-CXEMBI, IOCTPOCHA Ha MPHUHILMIAX, M3JIOKCHHBIX B pabdorax b.A. MBamkeBuua,
pa3Buthix b.I1. KojecHHKOBBIM 1 MX TOCIIENOBATENSIMU, U PAacCMaTpUBacT BO30OHOBJICHHUE
KOPEHHBIX (YCIIOBHO-KOPEHHBIX) JIECOB Uepe3 BOCCTAHOBUTEIHHO-BO3pACTHBIC CMEHBI. Mo-
JIeNb TpetycMarpuBacT 2 OObeKTUBHBIX U HanOOJIee MepCIIeKTHBHBIX HanpaBlieHus Gopmu-
POBaHMSI TEMHOXBOWHBIX HACAKACHUH: 0€3 CMEHBI XBOWHBIX MTOPOJI Ha JINCTBEHHBIC U Yepe3
CcMeHy | ITOKOJIEHUsSI JIMCTBEHHBIX MOPOJ. DTO MaTpPUIA, B SIYCHKH KOTOPOH MTOMEIIEHBI TaK-
CaIlMOHHBIC XapaKTEPHCTHKH ApeBocTos. [Ipu coBnaneHnu (akTH4ecKod XapaKTepHCTHKH
TaKCallMOHHOTO BBIJEJIa C 3alMCAHHON B MaTPHIE OTKPBIBACTCS TEKYIIEE COCTOSHHE Haca-
JKICHHS M BAPHAHTHI PAa3BUTHS JICCHOTO y4acTKa Ha INepcrekTuBy. Hampasnenue necoobpa-
30BaHUS B CTOPOHY (DOPMHPOBAHUS TEMHOXBOHHBIX HACAKACHHH OCYIIECTBISCTCS 33 CUET
pyOok yxona n Tpancdopmanuu. [Tociaeqane npencTapiIsioT co00i KOMIUIEKC Mep T10 IIee-
HAaIpaBJIeHHOMY yXOIy 3a MOJIOABIMHU ITOKOJCHUSIMUA XBOMHBIX ITOPOJI, OCYIIECTBIIEMBIX JI0
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BO3pacTa pyOKH CIeNbIX Oepe3HSIKOB U OCUHHHKOB. B pe3ynbrare 3HAYUTENHLHO CHUXKACTCS
BEPOSITHOCTH ITOBTOPHOTO 3aCEICHHUS TUIONIAACH MITKOIUCTBCHHBIME TTOPOAaMHU U (hOPMHPO-
BaHUs BTOPUYHO-TIPOU3BOTHOTO MSTKOJIMCTBEHHOTO HacaxaeHus. CoBpeMeHHble nHpopma-
IIUOHHBIC TEXHOJOTHH MMO3BOJISIIOT HA OCHOBE (DYHKI[HOHAIBHOW MOJCIN CO3/1aTh IH(PPOBOIt
MPOAYKT B BHUJIE UMUTAIIMOHHOW MOJIETH JIECOO0Pa30BaTEILHOTO MPOIecca TEMHOXBOMHBIX
HacaxcHUi. Ee COBMeEIICHNE C CYIIECTBYIONIMMHU MIPOTPAMMAaMH 110 yUYETy JIECHOTO (hOH-
Jla U TPaKTUYECKOe TPUMEHEHHUE CIENIaloT BO3MOXKHBIM OTCIICKHBAHKE, MPOTHO3WPOBAaHNE
W HalpapJeHHUe JIeco00pa30BaTeIbHOIO MPOIIecca B CTOPOHY (POPMUPOBAHUS TEMHOXBOMHBIX
JIeCOB 32 cueT 3(GEKTUBHOTO YIIPABICHHS JICCOXO3SICTBEHHBIM TPOU3BOICTBOM.

Knroueswie cnosa: cvena nopos, GOpMHPOBAHHE KOPSHHBIX TEMHOXBOWHBIX JIECOB, CBHUK,
MO/JICITUPOBAHUE JIECOOOPA30BaTEILHOIO Mpoliecca, pyOKH yxona, pyoku Tpanchopmanuu
bnazooapruocmu: VccnenoBanue BBIITOJHEHO B paMKax TeMbl MUHUCTEPCTBA HAYKU U BBIC-
mrero oopazosanus PO FUWW-2023-0010 (Ne 225013105657-5).
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JIECOXO03SMCTBEHHBIX MeponpusaTuii // U3B. By3oB. JlecH. xypH. 2026. Ne 1. C. 134-146.
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Abstract. The study contributes to solving the problem of an uncontrolled increase in the area
of derivative deciduous stands in place of indigenous coniferous forests. The aim has been
to develop a method for creating an algorithm for the forest formation process, including

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


https://doi.org/10.37482/0536-1036-2026-1-134-146
https://www.webofscience.com/wos/author/record/1831961
https://orcid.org/0000-0001-5936-208X
https://www.webofscience.com/wos/author/record/185459
https://orcid.org/0000-0001-6318-3447
https://publons.com/researcher/O-6331-2018/
https://orcid.org/0000-0003-0434-7282
https://publons.com/researcher/AAE-5378-2020/
https://orcid.org/0000-0002-2186-0152
https://publons.com/researcher/AAD-2602-2020/
https://orcid.org/0000-0003-2771-2334
https://www.webofscience.com/wos/author/record/3900868
https://orcid.org/0000-0002-6672-2431
mailto:n_n_terinov@mail.ru
mailto:pobedinskyvv@mail.ru
mailto:gerz.e@mail.ru
mailto:mehrentsev@yandex.ru
mailto:urazovaaf@m.usfeu.ru
mailto:efimovyuv@m.usfeu.ru
mailto:pobedinskyvv@mail.ru

136 «H3BecTns By30B. JlecHoii skypHasm». 2026. Ne 1 ISSN 0536-1036

a system of measures and allowing for a significant reduction in the likelihood of replacing
indigenous dark coniferous forests with derivative deciduous stands. Based on our own scien-
tific research and generalization of the experience of other forest scientists, a functional model
of the forest formation process in dark coniferous forests has been proposed. It is presented
in the form of a graphical matrix structural block diagram, based on the principles set out in
the works by B.A. Ivashkevich, developed by B.P. Kolesnikov and their followers, and con-
siders the renewal of indigenous (conditionally indigenous) forests through restoration-age
shifts. The model provides 2 objective and most promising directions for the formation of
dark coniferous stands: without changing coniferous species to deciduous ones and through
the change of 1 generation of deciduous species. This is a matrix in whose cells the inventory
characteristics of the forest stand are placed. If the actual characteristics of the inventory area
coincide with those recorded in the matrix, the current state of the stand and options for the fu-
ture development of the forest area are revealed. The direction of forest formation towards
the formation of dark coniferous stands is achieved through thinnings and transformation
fellings. The latter are a set of measures for the targeted care of young generations of conifer-
ous species, which are carried out up to the age of felling mature birch and aspen forests. As
a result, the likelihood of repopulation of areas with soft-wooded broad-leaved species and
the formation of derivative soft-wooded broad-leaved stands is significantly reduced. Modern
information technologies make it possible to create a digital product based on a functional
model in the form of a simulation model of the forest formation process of dark coniferous
stands. Its compatibility with existing forest inventory programs and practical application will
allow for monitoring, forecasting, and directing forest formation processes towards the devel-
opment of dark coniferous forests, effectively managing forestry production.

Keywords: species change, formation of indigenous dark coniferous forests, spruce forest,
modeling of the forest formation process, thinnings, transformation fellings
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Beeoenue

OnxuM 13 3pPEeKTUBHBIX METOIOB M3YUCHUS AUHAMHYECKUX CUCTEM SIBIISICT-
Csl IMUTAlMOHHOE MOJICTMPOBAHNE C IPUMEHEHHEM COBPEMEHHBIX KOMITBIOTEPHBIX
TexHojorui. IlpupoaHeie 00beKTHl (OMOpecypchl) B 9TOM OTHOIICHUH CreHU(HY-
HBI ¥ paCCMaTPUBAIOTCS KaK OMOJIOrHYecKasi CHCTeMa U KaK O0BEKT XO3AHCTBEHHOU
JeSITeIbHOCTH. JIeCHBIE DKOCHCTEMBI BXOST B UMCIIO TAKHX OOBEKTOB, OTHOCSTCS
K KaTeTOPHH JTMHAMHYECKHX, HETIPEPHIBHO PAa3BUBAIOIINXCS. 3HAHHE 3aKOHOMEPHO-
CTEeH MX pOCTa MOMOTaeT BOBPEMsI PEarMpoBaTh Ha MPOUCXOISIIINE U OXKHUIaeMbIC
HPOLIECCHI B JICCHBIX KOCUCTEMAX, PEaTN30BbIBATh TOCTABICHHBIC IIETH JIECOTIOIb-
30BaHus. B pesynprare obecrieunBaeTcsi COXpaHHOCTb M YCTOHUMBOCTB Cpebl 00u-
tanust. CoBpeMEeHHAs CHUCTEMa YIPaBJICHUs JIeCaMH, IIOCTPOCHHAS Ha HOPMATUBHBIX
JOKYMEHTaX, COINIACOBAHUSX, CYyObEKTHBHBIX OIICHKaX, 3aTPYAHSET OOBEKTUBHOE
1 OTIepaTUBHOE pearupoBaHUe HA CUTYAIIUIO B PeXKHME peallbHOro BpeMeHH. Bmecte
C TEM COBPEMEHHBIC KOMIIBIOTEPHBIC TEXHOJIIOTHHU TTO3BOJISIIOT XPAHUTh M HAKaIlUIH-
BaTh HH(popMannio 00 00bEKTE, KOHTPOIUPOBATH, COMTPOBOXKIATH M IPOTHO3UPOBAThH
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Mporiecc jJecooOpa3oBaHus, MIPUHUMATh YIIPaBIEHUYECKHE PELICHUsS C UX CBOEBpe-
MeHHOH peanuzauueit. lllupoxkoe pacmpocTpaHeHHe NMPU MHBEHTAPHU3ALUU JIECHO-
ro (oHIa W TUTAHWPOBAHUN MEPOTPHUATHI B HEM TOIYYHIN METONbI, OCHOBAHHBIE
Ha ' C-texnonorusax. CleayronuM JOTHYSCKUM IIarOM B HAIPaBICHUU Pa3BUTHUS
U(GPOBBIX TEXHOJOTHH B JIECHOM XO3SHCTBE SBIICTCS CO3/aHUE MMUTAITMOHHOM
MOJIETH JIeco00pa30BaTebHOTO MpoIlecca, PACKPHIBAIONICH OOBEKTHBHBIC HAIpaB-
JICHUSI PA3BUTHS JIECHBIX 3KOCUCTEM.

Omnucanne mMpoIeccoB B JIECHBIX HACAKACHUAX, UX CBA3h C KIIMMATOM H APY-
MMM BHEIIHUMHU (DAaKTOpaMu Ha YPOBHE CXEM, PEIrPECCHOHHBIX M MaTeMaTHYeCKUX
MOJIeJIell B OT€YECTBEHHOM U 3apy0ekKHOIN HaydHOW TUTepaTrype MpeaCcTaBICHBI -
poxo [1-3, 12, 13, 19-23]. CoBpeMEHHBIMU CPEACTBAME OTCJICKUBAIOTCS ITAIBI TO-
CJIEIOBATEIILHOM CMEHBI PACTUTENBHBIX COOOMIECTB (CYKIIECCHiT) Ha OMpeIeIeHHOM
y4acTKe 36MHOM IMMOBEPXHOCTH, KOTOPBIEC 3aBEPIIAIOTCS 00pa30BaHUEM YCTONUUBBIX
(KTMMaKCOBBIX) HacaxaeHul [6, 9]. OxHako Ha Jleco0Opa3oBaHUE TTOMHUMO BHEIII-
Hel cpenbl, BHYTPEHHUX B3aMMOJCHCTBUI MEXAY PacTUTEIHFHBIMU COOOIIECTBAMH
Y OT/ICJIbHBIMHU BHJIAMU JIPEBECHBIX TIOPOJ BIIMSIOT aHTPOIOICHHbIC (DaKTOPBI, CBSI-
3aHHBIE C XO3UCTBEHHOH JIeATENbHOCThIO. CEeroMHAIIHIA 00K JIECOB BO MHOTOM
ompenensieTcs 3TuMu Gaxropamu [4, 24, 25]. B pesynbrare GyHKIIMOHHPOBAHHE JIEC-
HBIX 3KOCUCTEM CTAaHOBUTCS BCe OoJiee CIIOKHBIM U MHOTOBEKTOPHBIM. Hampumep,
MIPOM3BOIHBIE JIECa MOTYT HE BOCCTAHABIMBATHCS KOPEHHOM IMTOPOJIOH, a 3aMEHATHCA
TaKMMHU K€ TIPOM3BOJHBIMU HACAXKIEHHUSMH JIPYyroro mnopsjaka ¢ 6oiee HU3KOM Je-
MYTallMOHHON CHOCOOHOCTBIO. {11 MCKITFOUEHUs WIIM CYIIECTBEHHOTO CHIDKCHHS
BEPOSITHOCTH TAKOTO Pa3BHTHUS COOBITHI B MOJEIH Mpoliecca JIecoo0pa3oBaHus He-
00XOJIMMO BBECTH BHEIIHUH (haKTOp — aHTPOTIOTeHHBIH. Ha mpakTuke 3T0 03HadaeT
CBOEBPEMEHHOE MPUHATHE YIIPABIEHUYECKUX PEIICHUN U 003aTeIbHOE BHITTOTHEHHE
XO3MCTBEHHBIX MEPOIIPUITUIA.

Lems — pa3paborarh croco0 CO3MaHHS aJITOPUTMA JIECOOOPa30BaTEIHHOTO
MpoIecca, BKIIOYAIONIET0 CHCTEMY MEPONPHUATHII U MO3BOJISIOUIETO CYIIECTBEHHO
CHU3UTh BEPOSATHOCTH 3aMEHBI KOPEHHBIX TEMHOXBOWHBIX JIECOB Ha IPOU3BOJIHBIC
JIUCTBEHHBIE HACAXKICHUSI.

Obvexmbl u Memoobl UCCAEO08AHU

Ilepen co3gaHreM MMHTAMOHHON MOJCIIHN JIECOOOPAa30BaTEILHOIO MPOIIEC-
ca HeOOXOMMO PEIINTh P/l MPUHIMITHAIBHBIX BOMPOCOB. Tak Kak Kaxkjasl JeCHas
(opmarms (cocHOBas, Oepe30Basi, €10Bas U T. JI.) IMEET 0COOCHHOCTH, HEOOXO MO
BBIOpaTh OOBEKT HCCIeNOBaHMs. B HallleM cilydae 3TO €JIOBbI€ U MPOU3BOJIHBIC OT
HUX MSTKOJIMCTBEHHBbIC HacaxieHUs. CO3IaHUI0 aIropuT™Ma Jecoo0pa3oBaTeIbHOTO
mpolecca J0/KHA MPEIIeCTBOBATh Pa3padOoTKa ajJropuTMa APYroro MopsiKa B BUIE
CTPYKTYPHOUH OJIOK-CXeMbI B Tpa)uueCKOM N300pakeHUH.

[TpoGnema, Ha pelieHHe KOTOPOi HAMpaBlICHO UCCICIOBAaHKUE, CIEIyeT U3
HEYJIOBJIETBOPUTEIILHOTO COOTHOIICHHUS IIIONIAICH XBOWHBIX M JIMCTBCHHBIX JICCOB
C MEPCHEeKTHBONH COXPAaHEHWs 3TOW HETaTHMBHOW TEHJCHIIUW: JIOJIS MPOM3BOIHBIX
JIUCTBEHHBIX HacaXAeHWH yBenmmuuBaetcs [S5, 11]. Takum obpazoM, ciemyer mpen-
JIOKUTHh CHUCTEMY XO35HCTBa, KOTOpas MO3BOJUT CTa0MIIM3UPOBATh 3TOT IPOIECC,
a B MEPCIEKTHBE — IMOJJICPIKUBATH OMPENEICHHOE COOTHOIICHUE XBOWHBIX U JIU-
CTBEHHBIX ITOPOJI B JIECaX, UCXOS U3 UX IKOJOTUUECKOTO 3HAUYCHUS, JIECOPACTHTEIIb-
HBIX YCJIOBUH U MEPCIIEKTUB Pa3BUTHUS KOHKPETHOUW TEPPUTOPHH.
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OcHOBOM ISl CO3aHMs AITOPUTMa JIeco00pa30BaTeILHOTO Tpoliecca TOCIy-
JKUJIa TeOpHs, MOCTPOSHHAsI Ha MPHHIMIAX, H3JIOKEHHBIX B pabortax b.A. VBam-
keBu4a, pa3BUTHIX b.I1. KonecankoBsiM 1 ux mmocienoBarenssmMu. OHa 6asupyercs Ha
BO3POXKJICHUH KOPSHHBIX (YCIIOBHO-KOPSHHBIX ) JIECOB Ye€PE3 BOCCTAHOBUTEIHHO-BO3-
pacTHbBIE CMEHBI, T. €. Yepe3 MPOU3BOIHbIC HACAXIeH!s. TaKkoi MoIxo/ ¢ y4eToM pe-
TMOHAJIBHBIX OCOOCHHOCTEH YacTO HA3bIBAIOT reorpad)o-reHeTHYeCKuM. Pe3ynbrarsl
3TOH pabOTHI PeaTU30BaAIUCH B MPAKTHYECKOM PYKOBOZICTBE «JlecopacTUTenbHbIE yC-
JIOBUS U THUIHI JJecoB CBepmtoBckoi oomactu» [10] n «PekoMeHmanusx mo BeIeHUO
JISCHOTO XO3SHCTBA Ha 30HAJIBHO-THIIOJIOTHYECKON OCHOBE B jecax CBEpJIOBCKOM
obmactuy [8]. CxeMaTH4HO TPOIIECC BOCCTAHOBJICHHS KOPEHHBIX (YCIOBHO-KOPEH-
HBIX) HACaXJICHUH MPEJICTaBJICH Ha puc. 1.

2 0 e

Puc. 1. Jlecoobpa3oBaTenbHblii mpotiece: a, 6 — NepBUYHO-TPOU3BOHbIE HACAKACHMUS, CHOPMUPOBAB-
IIKECs 10 KOPOTKO-TIPOM3BOIHOMY THITy 0€3 CMEHBI MOPOJ M3 XBOWHOIO MOAPOCTa MPEeIBAPUTEIHHON
TeHepaluy U CO CMEHOI! JIMCTBEHHBIX MOPOJ Ha XBOMHBIEC B TEUCHUE XKU3HU | MOKOJICHUS TEMHOXBOM-
HBIX TTIOPOJl COOTBETCTBEHHO; 6 — BTOPHUHO-IIPON3BOIHOE HAacaXAEHHE, C(HOPMHUPOBABIIEECS 110 JUTH-
TEJILHO-IIPOU3BOTHOMY THITy CO CMEHOM JINCTBEHHBIX MOPOJ HA XBOWHEIE B TEUCHHE JKU3HU 2 MOKOJIE-
HUI TEMHOXBOWHBIX TIOPO/I; 2 — XBOMHOE YCIIOBHO-KOPEHHOE HACAXKICHHE; O — YCTOMYMBO-TIPOU3BOHOE
HacaXkJeHHe; e — MPOU3BOIHOE HAaCaKAeHHE, CHOPMHUPOBABIIEECS MO ATUTETBHO-TIPOM3BOJHOMY THITY
CO CMEHO# JINCTBEHHBIX MOPOJT Ha XBOWHBIC B TCUCHUE KU3HU HECKOJBKHX (Oosee 2) MOKOJICHUH TeM-
HOXBOWHBIX OPOJ

Fig. 1. Forest formation process: a, 6 — primary derivative stands formed according to the short-deriv-
ative type without changing the species from the coniferous undergrowth of the preliminary generation
and with the change of deciduous species to coniferous during the life of the Ist generation of dark
coniferous species, respectively; ¢ — secondary derivative stand formed according to a long-term de-
rivative type with the change of deciduous species to coniferous ones during the life of 2 generations
of dark coniferous species; ¢ — coniferous conditionally indigenous stand; 0 — stable derivative stand;
e — derivative stand formed according to a long-term derivative type with the change of deciduous spe-
cies to coniferous ones during the life of several (more than 2) generations of dark coniferous species

B cootBercTBHU C Lenblo uccaenoBaHus (puc. 1, 2) mepcrneKTHBHBIMU SIB-
JSIIOTCS HAIIPaBJIECHUS JIECOOOPa30BaHUSA 110 KOPOTKO-IIPOM3BOAHOMY THUILY uepe3
(opMupoBaHKE MTEPBUYHO-IIPOM3BOAHBIX HacakaeHuit (puc. 1, a u 6). [Ipu apyrom
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JUTUTEIIEHO-TIPOM3BOAHOM THIIE JiecooOpazoBanus (puc. 1, 6 U e) BO30OHOBJICHHE
XBOWHOTO JIeca PAaCTIHYTO BO BPEMEHU M BEPOSITHOCTH OCYIIECTBICHHUS 3TOTO TIPO-
necca Menbie. [Ipu HeOJHOKPATHOM (HOPMHUPOBAHMH HA OJJHOM y4YacTKe MPOU3BO-
JIHBIX JTUCTBEHHBIX HACAKACHUMN, HaIIpUMep B pe3ysibTare pyOook, MoxKapoB, BETpOBa-
JIOB, BOCCTAHOBJICHHE KOPCHHBIX XBOMHBIX JIECOB BOBMOXKHO TOJIBKO HCKYCCTBEHHBIM
MeTtonoM (puc. 1, 9).

Pesynomamul uccneoosanus u ux obcysicoenue

AJTOPUTM I1ecO00pazoBaTeIbHOTO TPOIEcca B eNbHUKAX IIAaHUPYETCS CO-
3aTh Ha OCHOBE (DYHKIIMOHAJILHOM MOMIEIHU JUIs 3TOW (pOpMaluu, MPeCTaBIICH-
HOW B BHJIE CTPYKTYPHOH OJIOK-cxeMbl. Ee BapuaHT 0e3 JeTalupoBKH H300paKeH
Ha PHUC. 2, pacCIpOCTPAHICTCS HA €JIOBBIC U MMPOU3BOIHBIC OT HUX MITKOJMCTBCHHBIC
HacaxneHus I-1II xraccoB OoHUTETA, MPUYPOYCHHBIC K JPEHUPOBAHHBIM ITOYBAM.
D10 OpyCHHYHHUKOBAS, ATOAHUKOBAS, Pa3HOTPaBHAs, IMITHIKOBAS M TPABSHO-3EJIEHO-
MotHas (TIpy ONPEJICICHHBIX OrpaHMUYEHUSIX) TPYIIIbI THIIOB Jjeca. Ha cxeme s
KaXXJIOTO COCTOSIHHSI HacaxaeHus (0003HAaYeHO MPSIMOYTOJIEHUKOM) C IKOJOTHYe-
CKUX U JICCOBOJCTBEHHBIX MO3UIMHA 000OCHOBAHO HA3HAYCHHE JICCOXO3IHUCTBECHHBIX
MeponpuaTUil (OBa) B paMKax 2 OCHOBHBIX HalpaBiIeHHN (POPMUPOBAHUS TEMHO-
XBOWHBIX HACAKICHUI: 0€3 CMEHBI XBOWHBIX IMMOPOJ] HA JIUCTBEHHBIC U UePE3 CMCHY
1 TIOKOJIEHUS] MATKOJIMCTBEHHBIX 1TOpo1. [lepBas mudpa B cxeme 0003HaYaeT HAITPAB-
JIeHHne Jecoobpa3zoBaHus: 1 — 0e3 CMEHBI IOPO; 2 — Yepe3 MEePBUIHO-TIPON3BOTHOE
MSTKOJIMCTBEHHOE HacaxaeHue. Bropas nudpa orpakaer kiacc Bo3pacta XBOHHBIX
(epBoe HarpaBIIeHUE) U JINCTBEHHBIX (BTOPOE HAIPABJICHUE) APEBOCTOEB COOTBET-
cTBeHHO. BTOpoe HampaBiieHHe COMPOBOKIACTCS CHCTEMOM pyOOK TpaHCchopMaIiu
(Ha cxeme 0003HAUEHA TEMHBIM TOHOM), KOTOpPasi, B COOTBETCTBUH C IMPUHIIUITAMU
CYIIECTBYIOIIEH CHUCTEMBI PyOOK yxona, MpelHa3HadeHa Ui BOCCTAHOBIICHHUS KO-
PEHHBIX €IBHUKOB C BBICOKOW BEPOSTHOCTBIO U 3a Ooliee KOpOTKHe cpoku [15, 16].
[TyHKTHpHOW TUHHEH TTOKAa3aHO HEXKEIATEIbHOE HAlpaBJIeHUE JIECO00Pa30BaTEIbHO-
ro mporecca.

Kaxxnass mpsiMmoyronbHast siueiika sIBISIeTCs M1aT(OpMOi WM MaTpuIleH, Tie
3amMcaHbl TAaKCAllMOHHBIE XapakTepucTUkd. [Ipm coBmageHmn QaxTHUecKonl Xxa-
PaKTEPUCTUKU TAKCAIMOHHOTO BBIJIENA C 3alMCAHHONW B MATPHUIIE MOXHO IMOTYyYUTh
MIPEJCTaBICHUE O HAIpPaBIEHUH JecOo00pa30BaTeNIbHOTO MpoIlecca W TEePCHeKTH-
Bax pa3BUTHS HacaxIeHWs. [locnencTBUS BBIMOTHEHHS WU HEBBIMIOJIHEHHUS Me-
POTIPUATHIA MPOSBATCS TPU CIEAYIONIEM Type WHBEHTapHU3alUH JieCHOro (oHa
(T. e. gepe3 10 7er), Korma Bce JIECHBIE YYACTKA 3aMYT MO3UIIUN B COOTBETCTBHU
C UX TEKYIIMMH TaKCAIlMOHHBIMU XapakTepucTukamu. Hampumep, mozunms x.1.1 —
3TO JPEBOCTOM C cOCTaBOM 4 ell. XBOMHBIX MOpoja U 6 eJI. JIUCTBEHHbIX. Takol co-
ctaB popMupyeTcs Tociie PyOOK C COXpAaHSHHEM IOAPOCTa MPEABAPUTEILHON Te-
HEpaluu WIH NPH HEKaYeCTBEHHOM YXOJIe 3a JIECHBIMH KynbTypamu. [lpu ycio-
BHH OCTaBJICHUSI TAKOTO COCTaBa BO 2-M Kiacce Bo3pacTa (mo3umus X.1.2) Bo3pact
XBOWHBIX JICPEBbEB Oy/ieT HaXOAUThCs B mipeenax 25—40 set. C 1enblo yBeIndeHus
B COCTaBe APEBOCTOS IOIM XBOWHBIX TIOPOJI IPOBOAUTCS pyOKa nepedopMrupoBaHus.
B mporuiecce pa3ButThs HacakIeHUS BEIHKA BEPOSTHOCTH TMOBBIIICHUS KOJIUYECTBA
XBOWHBIX JIEPEBBEB JI0 5 e/1. 1 Oosee 0e3 BHENTHETo BMeniarenbeTsa [7, 14]. B atom
ciydae B 3aBUCHMOCTHU OT BO3pacTa TEeMHOXBOWHBIX JEPEBHEB MEPEXOIUM K MTO3UIIN-
am 1.2 u 1.3 6e3 npoBenenust pyOku nepegopmuposanus (nozuuuu 1.2.1 n 1.3.1).
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B 3-M kiacce Bo3pacTta Npu COXpaHECHUH JIOMUHHMPOBAHHS JIMCTBEHHBIX MOPOJ HE
CTOUT OTKJIA/IbIBAaTh pyOKY epeOpMUPOBAHUS, T. K. K 3TOMY BPEMEHH Y €JTH U TUXTHI
B Bo3pacte 40-60 yeT HaOMIOMAeTCsT MAaKCHMAITBHBIN TeKymwi ipupocT [18]. bomee
MoAPOOHO BCE MO3UIUH B CXEME, COMTPOBOXKJAIOIIUE JIECO0Opa30BaTeIbHBIN MpoIece
XO3AMCTBEHHBIE MEPOTIPUSATHS C MX 000CHOBAaHUEM OIUCAHBI B auccepranuu [17].

Kak Ob110 OTMEUEHO, JIeCO00pa30BaHKUE 10 KOPOTKO-TIPOU3BOHOMY THITY U JI0-
MHUHHMPOBAHHE B MEPCIEKTUBE TEMHOXBOMHBIX MOPOJ MOCIIE MPOX0Jia HACAKICHHEM
CTaJIUM TEPBUYHO-TIPOU3BOJHOTO MSTKOJMCTBEHHOTO HACAXJICHHS COBEPINACTCS
Onaronapst cucreme pyook Tpancopmanuu (puc. 2, OJI0K 2, TOHUPOBaHHAS YaCTh).
Taxast cuctema mpencrasiseT coboit 1 pyOKy Wil IUKI BRIOOPOYHBIX PYOOK C IT0-
BTOpeHueM uepe3 8—10 JieT 10 Bo3pacTa CIeIoCTH MATKOJIMCTBEHHBIX IPEBOCTOEB.

KonnyectBo pyOOK 3aBUCHT OT MOSIBICHHMS MOAPOCTA €M, MUXTHI M Keapa
IO/ TIOJIOTOM JIMCTBEHHBIX TOpoj. [IpH 3TOM BO3pacT MoxpocTa JOKEH HAXOAUTh-
cst B uaTepBaie ot 15 no 30 netr. Hanpumep, equHcTBeHHAs pyOKa TpaHChopMayun
MIPOBOAMTCS, KOTJIa TEMHOXBOWHBIN TOAPOCT 3acersieTcs mof mosoromM 30—-35-et-
HUX JIEPEBbEB BEPXHETO JIMCTBEHHOTO sipyca — no3unus 2.4.1(1). I[Ipu Boszpacre mox-
pocta okojio 15 ;meT BO3pacT JMCTBEHHBIX JepeBbeB OynmeT coctaBisTh 45-50 et
(mo3unus 2.5.2). B nukie pyook TpaHcpopManuu MocaeHss pyOKa BBITOIHIETCS
B 2 mpuema crnoco0oM, Kak MpaBuiIo, 2-MPUEMHON paBHOMEPHO-TIOCTEIICHHON WIN
YepeCIOI0CHON MTOCTENeHHON pyOku. B 1-M ciydae 3a 1-if mpuem (mo3urus 2.5) u3
1-ro sipyca BeIpyOatoTCs MPEeUMYIIECTBEHHO XBOWHBIE JIEPEBbs (€CIIM OHU €CTh B CO-
CTaBe JPEBOCTOs1) U HanOoJee pa3BUThIE EANHUYHBIC SK3EMIUIAPBI OEPE3bl U OCHHBI.
[TomHoTa BepxHero sipyca JpeBoctos cHuxaercs 1o 0,4-0,5 (puc. 3). OtoT MeTox
0oT00pa JepeBrEB B pyOKY CYLICCTBEHHO YITyUIIAeT YCIOBHS Ul pOCTA TEMHOXBOM-
HBIX JIEPEBbEB HIDKHETO SIPyCa, YMEHBIIACT MOSIBICHUE TOPOCITH MATKOIMUCTBEHHBIX
MOPOJI ¥ BEPOSITHOCTD BeTpoBaia. Ha puc. 4 n300pakeHo cpeHeBO3PACTHOE TEMHO-
XBOIHOE HacaxieHue, chopMUpoOBaBILEecs Yepe3 7 JIET IOocje BTOPOro (3aKiIouu-
TEJBHOT0) MPHEMa YePECIIONIOCHOM MOCTEIIEHHOM pyOKH (ro3urus 2.6).

Puc. 3. CocrostHre HacaXACHUS uepes § JeT Puc. 4. CocrosiHue HacaXIeHHUs TOCIIE

mocrne 1-# pyOku TpaHchopMannu YepeCOI0CHON TIOCTETICHHON PyOKH
Fig. 3. The state of the stand 8 years after Fig. 4. The state of the stand after gradual
the first transformation felling alternate strip felling

Ha puc. 5 mpencraBieHna cxema, Mo KOTOPOM MOXKHO CPaBHUTH MEPHUOJ
(hopMHUpOBaHUS TEMHOXBOWHBIX HACAXICHUH pasHBIMH MeTomaMHu. B comocras-
JICHUH C JICHCTBYIOIIEH cXeMol pyOKku TpaHChOpMaIMU COKpAIIalOT MPOIOIKU-
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TEIBLHOCTH JOPMUPOBAHUS TEMHOXBOHHOTO HacaXAeHUsI MUHIMYM Ha 10—15 jet
U C BBICOKOW J10JIel BEPOSITHOCTH HCKJIIOYAIOT TOBTOPHOE 0Opa3oBaHME IPEBO-
CTOs C IpeoOnasaHueM MITKOJIMCTBEHHBIX MOPOX (BTOPUYHO-IPOU3BOAHOE Ha-

CaX/JICHUE).

IIpennaraemas cxema

JHeiicTByromas cxema

Ilepuon,
Jer
ITepBUYHO-TTPOM3BOHOE MSTKO- TIepBUYHO-TTPON3BOTHOE MSTKO-
JIICTBEHHOE HacaXKJCHHE C yda- JIICTBEHHOE HACAK/CHHE C yda-
CTHEM B COCTaBe JIPEBOCTOs 10 3 CTHEM B COCTaBe JPEBOCTOS 10 3
€J1. TEeMHOXBOMHBIX 1TOPOJL €. TEeMHOXBOMHBIX I10POJL
20 ¥x00 3a memnoxeoiinvim noo- Ilpouucmka
Mo Ppocmom npedeapumensioii
zenepauuu
v ,
CpeaHeBO3pacTHbIH CpeHeBO3pacTHbIH
MSITKOJIMCTBEHHBIN APEBOCTOM ¢ MSATKOJMCTBEHHBIH APEBOCTOM ¢
TEMHOXBOWHBIM MOPOCTOM TEMHOXBOWHBIM I10JJPOCTOM
MocIenyoel reneparun MocIeyoei reHepauu
VL
21-50 ILuxn py6ox mpancgopmayuu Ilpopexcusanue u npoxoonan
l PyoKa
1-60 MOoJIOHSK WITH CPEAHEBO3PACTHBIH Ipucnesarommii
S1- JIPEBOCTOH ¢ yyacTueM B cocTase 4 MSATKOJIMCTBEHHBIN APEBOCTOM C
1 GoJiee eIMHUIL] TEMHOXBOMHBIX TEMHOXBOHHBIM MOJIPOCTOM TI0-
opoJ crenyomeil reHepanun
Crienblii MATKOJIUCTBEHHBII
JIPEBOCTON ¢ TEMHOXBOHHBIM
61 u 6oee MOAPOCTOM TOCIeayomeit
reHepanny
l—| Pybka cnenozo opesocmosn
MonoHsIK WK Bropuuno-nponsBogHoe
70 u 6onee CpeHEBO3PACTHBIN IPEeBOCTON MSATKOJIMCTBEHHOE HACAX/ICHUE C

¢ yJactueM B cocrase 4 u 60-
Jiee eJ1. TEMHOXBOMHBIX [TOPOJ

ydJacTHe B COCTaBe APEBOCTOS JI0
3 e/1. TeMHOXBOWHBIX ITOPOJT

Puc. 5. Cxema popMHupOBaHNST TEMHOXBOHHBIX HAaCaKAEHUH pyOKaMu TpaHC(OpMaLUK
U pyOkamu yxona (neicTBytoras)
Fig. 5. The scheme for the formation of dark coniferous stands by transformation fellings
and thinnings (current)

[Ipu BKIIOYEHHH AHTPOTOTCHHOTO (PaKTOpa ANrOpUTM MOJENH Jecoobpa-
30BaTENHHOTO MpoIiecca MPUOOPETAET CIOKHYI0, HETUHEHHYI0, BEPOSTHOCTHYIO
cTpykTypy. C y4eToM 3TOro IpH €ro Co3JaHUM M aJIeKBATHOM OTPaKEHUHU HEOO-
XOAUMBI COBPEMEHHBIE METOAbl MMUTAIMOHHOTO MonenupoBaHus. [lo Hamemy
MHEHHI0, HauboJIee MEPCICKTUBHOM cpeioi mporpaMMupoBanus siBisieTcs Matlab.
OT1O0T pecypc obagaeT MUPOKUM CIIEKTPOM Bo3MoxHocTell. Kpome Toro, B Matlab
WHTErprpoBaHa nporpamma Excel, koTopas ncronb3yercs npu opOpMICHHH Ma-
TEpHaJIOB JiecoycTpoiicTBa. JlaHHBIN pecypc MOXKET OBITh HCIIOIB30BaH MPH TPYyII-
MUpoBKe U (GOPMUPOBaHUH 0a3 JaHHBIX, CIENaTh UX YIOOHBIMU IS ajbHEHIIeH
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pabotel. COBMECTUMOCTh TAKOTO POJIa B NMEPCIIEKTUBE MO3BOJIUT CO3/ATh YIOOHBIH
uHTep(deic A M0Ib30BaTEINS U IPEANOCHUIKH I BKIIOYSHHS IPOrPaMMBbl, UMH-
TUPYIOIIEH J1eco00pa30BaTeNIbHBINA MPOLECC, B KOMIUIEKC C APYTUMH IIporpaMma-
MU TI0 TUTAHUPOBAHUIO M OCYIIECTBICHUIO XO39HCTBEHHON ESTENBHOCTH JIECHBIX
OpeAnpUSTUN.

Baxnouenue

[Ipeanoxen crnoco0 co3naHMs anropuTMa JIecoo0pa3oBaTeIbLHOTO MpoLecca
JUIsl aBTOMaTHU3UPOBAaHHOM CUCTEMBI, TO3BOJIIOINEH OTCIEKHUBATh, COIMPOBOXKIATH
1 KOPPEKTUPOBATH HAIPABIEHHE JIECOO0Pa30BaTEIBLHOTO Mpoliecca AT PeIIeHus Co-
BOKYIHOCTH 337134, CBS3aHHBIX C BO30OHOBJICHHEM U (POPMUPOBAHUEM TEMHOXBOII-
HBIX KOPEHHBIX JIPEBOCTOEB YEpE3 IOCIEI0BATEIBHOCTh BOCCTAHOBUTEIBHO-BO3-
pactHbIX cMeH. Criocod 0cHOBaH Ha reorpado-reHeTHYeCKOM MOIXO0AE, U3I0KEHHOM
B paborax b.A. UBamkeBnua u b.Il. KomecankoBa. B kagecTBe MpoMeKyTOTHOTO
aTamna Ui pa3paboTKy anropuTMa co3gaHa (GyHKIHOHAIbHAs MOJEh Jiecoo0paso-
BaTEJIbHOIO IpoLEecca, MPEeICTaBIsIomas co0oi rpaduueckyro MaTpUUHYIO CTPYK-
TypHYIO OnoK-cxeMy. B Hell mpenycMoTpeHo 2 Haubolee MepCreKTUBHBIX HaIpaB-
JeHus: (pOPMHUPOBAHUSI TEMHOXBOWHBIX HACaKACHUI: 03 CMEHbI TEMHOXBOWHBIX
IIOPOJ U Yepe3 JOMUHHUPOBAHUE | MOKOJIEHUS] MATKOJUMCTBEHHBIX MOPOJ, T. €. Yepe3
(opMupoBaHKE TEPBUYHO-IIPOU3BOJTHOTO MSATKOJUCTBEHHOTO HacakaeHus. HeoTsb-
€MJIEMOH YacThIO MOJIENH SIBIISIFOTCS JIECOXO3SIICTBEHHBIE MEPOIPHUATHS, KOTOPBIE
HaNpaBIsIIOT Tpollece JiecooOpa3oBaHus B CTOPOHY (OPMHPOBAHHS TEMHOXBOM-
HBIX JecoB. Ha ocHOBaHMM anropuTma NIpearosaraercs Co3JaHHe MMHUTAMOHHOM
MOJIEJIM BEJICHUSI JIECHOTO XO35IMCTBA B TEMHOXBOMHBIX JIECAX, KOTOpas IO3BOJIAT
3 PEKTUBHO OCYLIECTBIATH YIPABICHUE JIECOXO3IUCTBEHHBIM MPOU3BOACTBOM. Ha
1-M 2Tane BOCCTaHOBIEHUS HACAKACHUS DTO MO3BOJIUT NPENOTBPATUT YBEINYCHHUS
IJIOIIA/IEN MPOU3BOJHBIX MITKOJIMCTBEHHBIX HACAXKJIEHUMW, a B NAJIbHEUIIEM — NOJI-
JIep’KUBATh ONMPEJEIEHHOE COOTHOIIECHNE XBOMHBIX M JINCTBEHHBIX JIECOB UCXOAS U3
HX 3KOJIOTMYECKOT0 3HAUEHUS, JIECOPACTUTENIBHBIX YCIOBUI U NIEPCIIEKTUB Pa3BUTHUS
KOHKpeTHoH Tepputopuu. Cozaanue uudpoBoro NpoayKTa Takoro poaa npuodpera-
eT ere OONBITNI HayYHBIN U MPaKTHYECKUN UHTEPEC B CBSI3U C TEM, YTO Ha3BaHHBIC
MOAXO/IBI U HU(PPOBBIC TEXHOJIOIHU B MPAKTHKE JIECOXO3IHCTBEHHOTO TIPOU3BOJICTBA
HE IIPUMEHSIOTCS.
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Annomayua. OnucaHbl IOCJIEACTBHSA HKCIUTyaTallUM AaBTOIOE3M0B B COCTaBE TAradei
C TIPHUIIETIaMHU-POCITYCKAMU B CJIOKHBIX JOPOXKHBIX ycIoBHsAX. [IprBeneHbI NEpCIEKTUBHbIC
HayYHBIC HAIIPABIICHHUS, CTIOCOOCTBYIOIINE MOBBIMECHUIO YPPEKTUBHOCTH pabOTHI TATaueit
C TIPUIETIHBIMU 3BEHBSIMHU. PaccCMOTpEHBI MpenMyIIecTBa pa3padoTaHHOTO MTHEBMOTHAPAB-
JINYECKOTO PEKYINEPaTUBHOTO KOHUKOBOIO YCTPOMCTBA C IIAPOBOW OMOPOM ISl JIECOBO3-
HOTO TATa4ya C MPHUIETIOM-pOcIyckoM. Llenbio paboThl SBISIETCS MCCIECAOBAHHUE BIUSHUS
apaMeTpoB MHEBMOTHPABIMYECKOTO PEKYIIEpaTUBHOTO KOHUKOBOTO yCTPOMCTBA C IApO-
BOI o1opoii Ha ero 3(h(h)eKTUBHOCTH U OIpE/IeNICHHE X ONTUMAIBHBIX 3HaueHni. Ha ocHo-
BE MaTeMaTHYECKOH MOJENIN M peau3yIollel ee KOMIBIOTEPHOH MPOTrpaMMBbl BEITTOJHEHA
ONTUMH3AIMS KOHCTPYKTHBHBIX MapaMeTPOB IIAPOBOM ONMOPBI MHEBMOTIMPABINYECKOTO
PEKyTIepaTHBHOIO KOHUKOBOT'O YCTPOWCTBA, 0OCCIICUYMBAIOIIAs] MUHUMAIBHYIO aMIUTUTYILY
pacKauuMBaHUs BEPXHEH 4YacCTU IPYKEHBIX JIECOMAaTEPUAIOB U MAKCUMAJbHYIO PEKyIlepHU-
pPYEMYIO YCTPONCTBOM MOIIHOCTH. BBISIBIECHO, YTO ONTHUMAaIbHOE IUICHO PACIOIOKECHUS
BEPXHHUX TOUEK KPEIJICHWS T'MAPOLMIMHIPOB IIAPOBON ONOPHI KOHMKOBOTO YCTPOMHCTBa
pu (PUKCHPOBAHHOM IIIEUE PACIONOKCHHS HI)KHUX TOYEK KPEIUICHHUS! THAPOLMINHAPOB
0,35 M cocrasmser 0,35...0,45 M, pu 3TOM 00ECTICUNBAIOTCS CPENHSAA peKyleprupyemMas
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MOITHOCTH Oonee 13 kBT u ammuTyna 6okoBoro cMmemienus rpy3a metee 0,27 M. YcTaHOB-
JICHO, YTO HaWJIYYIINI Uana3oH JaBjieHHs paboyel KHUIKOCTH ITHEBMOTHAPOAKKYMYJISTO-
pa — 35...50 MIla, pexynepupyemasi yCTPOHCTBOM MOITHOCTH B 3TOM CIJIydae MPEBHIIIAET
12,2 kBT, a aMmmumaTyga 60KOBOTO CMEIICHHUS TPYKEHBIX JIeCOMaTepHaIOB paBHICTCS HE 00-
nee 0,29 m. [o pe3ynbraram 2-(haKTOpHOM ONITHUMHU3ANNN HAWITYUIIIee TICT0 PACTIONOKEHHUS
BEPXHHUX TOYEK THAPOLMIMHAPOB IIAPOBOW ONOPHI KOHHMKOBOTO YCTPOWCTBA COCTABISIET
0,37...0,58 M, a naBnenue paboueil KUAKOCTH IMTHEBMOTHAPABINYECKOTO aKKyMyJsITopa —
35...50 MIIa. IIpu 3TOoM npeiaraeMoe MHEBMOTHIPABINYECKOE PEKYIEpaTUBHOE KOHUKO-
BOE YCTPOMCTBO I'eHEpUPYET MOIIHOCTH Ooiyiee 15 kBT, a amminTyna OOKOBOro CMeIeHHs
rpy3a He npesbimaet 0,2 M.

Kniwouesuvie cnosa: necoBo3Hble JOPOTH, THAPOLMINHIP, IPULEN-POCIYCK, JECOMATEPUAIIBI,
ONTUMM3ALMS, 1IaPOBast ONOPa, KOMIIBIOTEPHBIN HKCIEPUMEHT, PEKYIIEpUpyeMas MOIIHOCTb,
TATa4, KOHUKOBOE YCTPOHCTBO, aMILTUTYIa OOKOBOTO CMEIICHUs, pabodast KHUIKOCTh
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Abstract. The consequences of operating road trains consisting of tractors with pole trailers
in difficult road conditions have been described. Promising scientific directions have been
presented contributing to increasing the efficiency of tractors with trailed links. The advan-
tages of the developed pneumohydraulic recuperative conical device with a ball joint for
a hauling tractor with a pole trailer have been considered. The aim of the work has been to
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study the influence of the parameters of a pneumohydraulic recuperative conical device with
a ball joint on its efficiency and to determine their optimal values. Based on a mathematical
model and the computer program implementing it, the design parameters of the ball joint of
a pneumohydraulic recuperative conical device have been optimized, ensuring a minimum
swing amplitude of the upper part of loaded timber and the maximum power recuperated
by the device. It has been revealed that the optimal lever of the upper attachment points of
the hydraulic cylinders in the ball joint of the conical device with a fixed lever of the lower
attachment points of the hydraulic cylinders of 0.35 m is 0.35...0.45 m, while providing an
average recuperated power of more than 13 kW and an amplitude of lateral displacement of
the load less than 0.27 m. It has been established that the best pressure range of the hydraulic
fluid in the hydropneumatic accumulator is 35...50 MPa, the power recuperated by the device
in this case exceeds 12.2 kW, and the amplitude of lateral displacement of the loaded timber
is no more than 0.29 m. According to the results of 2-factor optimization, the best lever of
the upper points of the hydraulic cylinders in the ball joint of the conical device is 0.37 ...
0.58 m, and the pressure of the hydraulic fluid in the hydropneumatic accumulator is 35 ... 50
MPa. At the same time, the proposed pneumohydraulic recuperative conical device with a ball
joint generates a power of more than 15 kW, and the amplitude of the lateral displacement of
the load does not exceed 0.2 m.

Keywords: logging road, hydraulic cylinder, pole trailer, timber, optimization, ball joint, com-
puter experiment, recuperated power, tractor, conical device, lateral displacement amplitude,
hydraulic fluid

For citation: Posmetyev V.1, Nikonov V.O., Posmetyev V.V., Manukovskii A.Yu., Matyash-
ov A.E., Pozdnyakov E.V. Characteristics of the Pneumohydraulic Recuperative Conical De-
vice of a Hauling Tractor with a Pole Trailer. Lesnoy Zhurnal = Russian Forestry Journal,
2026, no. 1, pp. 147-160. (In Russ.). https://doi.org/10.37482/0536-1036-2026-1-147-160

Beeoenue

BaskHBIM 2716eMEHTOM X03SIICTBEHHOTO OCBOCHHUSI TEPPUTOPHI OOTATHIX JICCHBI-
MU pecypCcamH SIBIIICTCS] HATMYUE Pa3BUTON TPAHCIIOPTHON UHPPACTPYKTYPBI, KOTO-
pasi BKJIIOUaeT B ce0sl MarucTpaibHbBIE JIECOBO3HBIE JIOPOTH CO CPOKOM CITy:KOBI 20
u OoJiee JieT, IECOBO3HbBIE JOPOTH B BHJIE BETOK — OT 5 110 10 JIeT, a Tak)Ke BpeMEeHHBIC
JIECOBO3HEBIE JIOPOTH B BUJIE yCOB — 1—2 rona. M3 o01ieit ceTi moCTOSIHHBIX M BPeMEH-
HBIX JIECOBO3HBIX H0pOT 4 % mpuxonuTcst Ha MarucTpaiu, 13 % — Ha BeTku u 83 % —
Ha BpeMEHHBIE JIECOBO3HBIE JOpOru. OTHON U3 OCHOBHBIX MPOOJIEM, CACPKUBAIOILIUX
pa3BUTHE JIECONMPOMBIIIUIEHHOTO KOMIUTeKca Poccnn, aBnsieTcsi HU3KUI ypOBEHb pas-
BUTHSI 1 00yCTPOESHHOCTH JIECOBO3HBIX JIOPOT, 0COOCHHO BpeMeHHBIX. [[1oxoe cocTo-
STHHAE JIECOBO3HBIX JIOPOT BEJET K HEJOWCIIOIh30BAHUIO JIECHOTO (OH[A, CHIKEHHUIO
IMPOU3BOAUTEIIBHOCTH Tpyda, OrPaHUYCHHUIO 00BEMOB KpYyINIOrogu4Horo TpaHCIIop-
TUPOBAHUS MO0 HUM JIECOMATEPUAIIOB JICCOBO3HBIM aBTOMOOMIBHBIM TPAHCIIOPTOM,
CHIDKEHUIO 3(P(HEKTUBHOCTH (PYHKIIMOHUPOBAHUS JIECOBO3HBIX aBTOIOS3/IOB BCIIE-
CTBHE YaCTBIX MOJOMOK, KauecTBa JECOMaTepPHAaJIOB 3a CUET MX MOBPEXKICHHS MPU
TPaHCIIOPTUPOBAHUH, YBEITHUSHHIO KOHEYHOH ce0eCTOMMOCTH BHIBOHMBIX JIECOMa-
TEpUAJIOB M3-32 POCTA PACXOJIOB HA JIECOBO3HBIC aBTOTOE3/a MPH HCIIOIb30BAHUH
HEONTUMAJIEHOTO MapIIpyTa TpaHCIIOpTUpOBaHUs [4].

Db (HEeKTHBHOCTh MTPUMEHECHHS JIECOBO3HBIX TATAYCH C MPHUIIETTAMHU-POCITY-
CKaMHM 3aBHCHT IPEXKJEC BCETO OT COOTBETCTBHSI UX KOHCTPYKITUH JJOPOIKHBIM U TIPH-
POMHO-KIMMATHYECKUM YCIOBHUSM OJKCIUTyaTalnnd. J[OpoKHBIE YCIOBHS HCIOJb-
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30BaHM JIECOBO3HBIX TATAa4el € MPHUIENaMH-POCITyCKAaMH OKa3bIBAIOT Hambolee
CUJIbHOE BIUSHUE HA HATPYKEHHOCTh €r0 OCHOBHBIX Y3IIOB U JeTanei. Tpaauiu-
OHHBIE KOHCTPYKIUH KOHUKOBBIX TTOBOPOTHBIX YCTPOMCTB OTEUECTBEHHOTO U 3a-
PyOEXXHOTO MTPOU3BOJCTBA HE 00ECTIEYNBAIOT JOCTATOYHOTO CHIKCHHS THHAMUYe-
CKHX Harpy3oK, BO3SHHMKAIOIIUX MEXIY 3BEHBSMH JICCOBO3HBIX aBTOMOE3[0B IpHU
WX JIBUOKEHUH B YCIIOBHUSX IJI0X0 00YCTPOCHHBIX JIECOBO3HBIX JIOPOT. B pe3ynbrare
ATOTO CPOK CITYKOBI JIECOBO3HBIX TATAa4YeH C MPUIlETaMU-POCITyCKaMHU HEOTpaBaH-
HO COKpalIaeTcsi, YMCHbIIEHHE Tpobera JIECOBO3HBIX aBTONOE3/I0B, BBI3BAHHOE
MpeXIEBPEMEHHBIM U3HOCOM M Pa3pylIeHHEeM ero OTIEIbHBIX JeTaieil M y3J0B,
MIPOUCXOAHUT B OCHOBHOM IPH MEPEXOIHBIX, a TAK)KE HEYCTaHOBUBIINXCS PEKUMAaX
JBUKEHUs. [109TOMY COBEpIICHCTBOBAHNE HAMPSIMYIO BIHSIOIINX Ha TPOU3BOJIH-
TEIBbHOCTh KOHCTPYKIUI ITOBOPOTHBIX KOHHKOBBIX YCTPOUCTB ISl JIECOBO3HBIX TS~
raJeii, HalpaBJICHHOE HA MOBBINICHUE UX dP(PEKTUBHOCTH, SBISICTCS aKTyalbHOU
3ajaudeit [6, 7].

AHanu3 pe3yabTaToB MCCICIOBAHNUN, BBIMOJHEHHBIX POCCHICKUMHU U 3apy-
OC)KHBIMH YICHBIMH B 00JIACTH MTOBHITIIEHUS Y (DEKTUBHOCTH TATAUEH C IPUTICITHBI-
MU 3BEHBSIMH, TIO3BOJIMII YCTAHOBHUTD, YTO CYIIECTBEHHOTO Yay4IIeHUsS dPPEKTHB-
HOCTH MX (DYHKIITHOHUPOBAHHS MOKHO JOCTHYb 32 CUET: OCHAIICHUS aBTOMOE3/I0B
AJIEKTPOHHBIMH CHCTEMaMH MOHUTOPHUHTA HMX OJKCIUTyaTallMOHHBIX I1apaMeTpOB;
YBEJIWYECHHSI MOJIC3HON HArpy3Kd M CHUYKEHHUsS MacChl JIECOBO3HOTO aBTOIOE3/Ia;
YTOYHEHHS YCTAaHOBJIEHHBIX OTPAaHMYCHWH Ha OOIIWI BEC JIECOBO3HBIX aBTOMOE3-
JIOB; COKpAIICHUs BPEMEHH HaXOXKJEHHUS aBTOINOE3/a Ha JIECO3arOTOBUTEIBHBIX
TUTONIAJKAX M JIECONPOMBIIUICHHBIX TMPEANPHUITHSX; TUIAHUPOBAHUS TIOCTABOK
JiecoMaTepuaioB Ha TEPBUYHYIO TepepadOTKy; COBEPIICHCTBOBAHUS CIOCO0a
ompeneneHus 00bema JecoMarepranoB; 000CHOBAaHHOTO BHIOOpa MECT U CPE/ICTB
MOTPY3KH JIECOMaTePHUaioOB Ha aBTOTIOE3/T; COBEPIIEHCTBOBAHUS KOHCTPYKITUH TOP-
MO3HBIX MEXaHU3MOB U MPHUILIETTHBIX 3BEHBEB aBTOIOE3/I0B; aBTOMATH3aIH1 JIBHKE-
HUS TSrada C MPHUIICITHBIM 3BEHOM 3aJHUM XOJIOM; CHW)KEGHUSI Harpy3Ku Ha BOJIH-
TeJsl U YITyUIIEHHUs] BU3YaJIbHOTO KOHTPOJISL C €r0 CTOPOHBI MYTEM ONTUMAJILHOTO
yepeaoBaHus paboThI ¢ OTABIXOM [8—20].

MHOTOYHCIICHHBIE UCCIIEI0OBaHMS, BHITIOJIHEHHBIE aBTOPAMH B paMKax pas3pa-
OOTKH peKyNnepaTHBHBIX THIPOTPUBOAOB U PEKYNEPATUBHBIX CIEIHBIX YCTPOMCTB
JUTSI JIECOBO3HOTO aBTOMOOMIIBHOTO TPAHCIIOPTA, TTO3BOJIIIIN MPEIOKUTH ITHEBMOT U~
JPaBIMYECKOE PEKyTEPaTHBHOE KOHMKOBOE YCTPOHCTBO € IIapoBOii onopoi (puc. 1).
Hcnonb30BaHue TaKOrO YCTPOWCTBA HA JIECOBO3HOM TATAYE C TPUIICTIOM-POCITYCKOM
MIPH BHIBO3KE JIECOMATEPHAJIOB B YCIOBHUSX HEIOCTATOYHO OOYCTPOCHHBIX JIECOBO3-
HBIX JIOPOT 1a€T BO3MOKHOCTh: YMEHBUIUTH BIUSHUE THHAMUYECKUX HATPY30K, BO3-
HUKAIOIINX MEXIY 3BEHBSIMHU aBTOIIOE3/1a IPY HEYCTAHOBUBIIIMXCS PEKUMAaxX JIBHIKe-
HUSI; PEKYIIEpUPOBAaTh KHHETHUECKYIO SHEPIUIO OT MacC 3BEHBbEB C MOCICIYIOUINM
MIPUMEHEHUEM MTPe00pa3oBaHHON M HAKOIJICHHOM dHEPTUH padouel >KUAKOCTH B T'H-
JIPaBIUIECKOM TEXHOJIOTHUECKOM O0OPYIOBAaHHU aBTOTIOE3/1a; COKPATUTh PacXoJl TO-
TUIMBA TSra40M; IOBBICUTH HAJIS)KHOCTh PAMBI TSTa4a U JieTajieli KOHHKOBOTO yCTPOH-
CTBa; YJIYYIIUTH 32 CYET MOBBIIICHUS IJIABHOCTH XOJla aBTOIoe3/1a KoM(pOpTHOCTH
MIpH IBIOKEHUU [5].

Lenpro uccnenoBanms SBIAETCS ONTUMHU3ANNS KOHCTPYKTUBHBIX TapaMeTpOB
ITHEBMOTH/IPABIIMUECKOTO PEKYIEPaTUBHOIO KOHHKOBOIO YCTPOMCTBA € MIApOBOMH
OTIOPOH JIJIs1 IECOBO3HOTO TATa4a C MPUIIETIOM-POCITYCKOM.
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Puc. 1. Cxema pa3MerieHus: MHEBMOTHIPABIMUYECKOTO PEKYEPATUBHOTO KOHUKOBOTO
YCTpOICTBa € MIApOBO OMOPOI Ha JIECOBO3HOM TsTaye ¢ MPULETIOM-POCITYCKOM:

1 — 1sray; 2 — KOHUKOBOE YCTPOUCTBO; 3 — POCIIYCK; 4 — paMa Tsrada; 5 — mapoBasi oropa;
6 — Ipy>KUHA; 7 — ONOPHBIA THAPOIIIHHID; &, /0 — TpyOOIpPOBOIBL; 9 — THAPOIFIHHIID;
11 — obpatHbIi KnamaH; /2 — ruapobax; 13, 14 — npenoXpaHUTENbHBIA U peIyKIIHOHHBIH

KJ1anaHsl; /5 — nopt; 16 — MHEBMOTUAPOAKKYMYIISITOP

7 9

Fig. 1. The layout of a pneumohydraulic recuperative conical device with a ball joint on
a hauling tractor with a pole trailer: / — tractor; 2 — conical device; 3 — pole trailer;
4 — tractor frame; 5 — ball joint; 6 — spring; 7 — support hydraulic cylinder; 8, /0 — pipelines;
9 — hydraulic cylinder; // — check valve; /2 — hydraulic tank; /3, /4 — safety and pressure-
reducing valves; /5 — port; /6 — hydropneumatic accumulator

Obvexmbl u Memoowbl UCCAEO08AHU

OOBeKT nccieoBaHus — MHEBMOTHIPABINYECKOE PEKYTepaTHBHOE KOHUKO-
BO€ YCTPOWCTBO C LIAPOBOM ONOPOM, YCTAHOBIIEHHOE Ha JIECOBO3HOM TAraye C Mpu-
nenoM-pocnyckoM. IIpeamer — onTuManbHble KOHCTPYKTHBHBIE TTapaMETPhI MIapo-
BOM OIOpPBI ITHEBMOT'MJIPABIMYECKOIO PEKYIEPATUBHOIO KOHUKOBOI'O YCTPOHCTBA,
o0ecreunBaroIe MUHUMAJIbHYIO aMILTUTYRY A4 im PACKAYMBaHUS BEPXHEH yacTu
TPYKEHBIX JiecoMaTepraioB (Tpy3a) ¥ MaKCUMAIIbHYIO PEKYNEepHpPyeMyI0 YCTpPOii-
CTBOM MOLIHOCTb Ny, . JUIsl U3yd4eHHUSI BIUSHUS [UIeYa R, PACIIOIOXKEHHS BEPXHUX
TOYEK KPCIUICHHsI TMAPOLMIMHAPOB [IAPOBOW ONOPbI U HaBICHUS P, 4 pabodei
JKUJIKOCTH TTHEBMOTHJIPOAKKYMYIISITOpPa Ha 3PEKTUBHOCTH THEBMOTHIPABITHYECKO-
TO PEeKyIepaTHBHOTO KOHUKOBOTO YCTPOMCTBA C IIApOBOM OMOPOH pa3paboTaHbl Ma-
TeMaTU4ecKas MOJIEh M peaTu3yromias ee KOMIbIoTepHas mporpamma [1-3].

OCOOCHHOCTBIO MPETIOKESHHOTO TEXHUYECKOTO PELICHHS SBISICTCS PACIOo-
YKEeHHE BOKPYT MIAPOBOI OMOPHI KOHUKOBOTO YCTPONCTBA 4 THAPOIMIMHIPOB, 00e-
CIIEYMBAIOIINX JOTIOJIHUTENFHOE CHJIOBOE B3aUMOCHCTBHE MEXAY JIECOBO3HBIM
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TArauoM 1 Tpy30oM. [Ipu 3TOM ogHIME 13 HanboIee BaKHBIX KOHCTPYKTUBHBIX Mapa-
METPOB TAKOI'O KOHUKOI'O yCTPOMCTBA SBIIAIOTCS IUIEUX R, ¥ R, PACIIONOKEHUS HIXK-
HUX ¥ BEPXHUX TOUCK KPETUICHUS THAPOIFINHIPOB.

W3 KOHCTPYKTUBHBIX COOOpa)KeHUH IIedo R, HUKHUX TOYEK KPEIUICHUS TH-
JIPOLMIMHAPOB ObLIO MPUHATO PUKCUPOBAHHBIM U cocTaBisiio 0,35 m. [lnedo R, st
BEPXHHUX TOYEK KPEIUICHUS TUAPOUMIUHAPOB U3MEHSIOCH B cepuu u3 11 KoMmbIo-
TepHbIX 3KcnepumenToB ot 0,1 10 0,6 M ¢ marom 0,05 M. Kak BuaHo u3 puc. 2, B ce-
pUH DKCIIEPUMEHTOB OXBATBHIBAJIUCH CITydad, KOTJA BEPXHSS KBaJpaTHAas TUIACTHHA
KpEIUICHUS THAPOLIMIIHH/POB ObLiIa KaK MeHbIIe (PHC. 2, @, &), TaK U 0OJIbIIIe HUKHEH
(puc. 2, 6, e).

)¢
A 1Y

Puc. 2. Kondurypanusi THEBMOTHIPABINIECKOTO PEKYIIEPATHBHOTO KOHHKOBOTO YCTPOICTBA
C [IapOBOM OTIOPOH MPH PA3TUYHBIX MIeYax KPETUICHHUSI BEPXHHX IITOKOBBIX MIAPHUPOB
TUAPOLMINHAPOB: a—6 — poekuun XY; e—e —XZ; a,2—R,= 0,1 M; 6,0 —R,=0,3 M;
6,e—R,=0,5Mm
Fig. 2. The configuration of a pneumohydraulic recuperative conical device with a ball joint
for different mounting levers of the upper rod hinges of the hydraulic cylinders:
a—e6 — projections XY; e—e —XZ;a,2—R,=0.1m;6,0—-R,=03m;6,e—R,=05m

Cpenssist MOIHOCTD Ny 1, BBIICIISICMast THEBMOTH/IPABINYECKIM PeKyIepa-
TUBHBIM KOHUKOBBIM YCTPONCTBOM C IIAPOBOM OIIOPOM, ONIPEAENIANACH IIyTEM YCPE-
HEHMA MTHOBEHHON MOIIHOCTH, KOTOPasi PACCYMTHIBAIACE YEPE3 TapaMETPhI ITOCTY-

TJICHUA pa6oqel71 JKHUJIKOCTHU B TIHECBMOTUAPOAKKYMYJISATOP:

ZZTI Qpn.hydr (T) ’ Ppn.hydr (T);

1€ O hyar(T) — TEKYLIMH pacxox pabodei KUAKOCTH, MOCTYNAIOUIEH U3 MOIOCTEH
THIPOLMIIMH/POB IIAPOBOM OIOPHI B TTOJIOCTH C pabouei JKUAKOCTHIO ITHEBMOTUIPO-
aKKyMyJIATOpa; T, T U T, — IIar'¥M HHTETPUPOBAHMS 110 BPEMEHH, Ppn.hydr(T) — TeKylIee
JIaBJICHUE pa0dovell )KHUIKOCTHA B THEBMOTHJIPOAKKYMYJISTOPE.

o

Nrec.pow =
To—7

AmmnTyna Ayng im PACKaYMBaHUSA BEPXHEH 4acCTH IPy3a JIECOBO3HOTO TsArda
C IIPULIETIOM-POCITYCKOM ONPEIEIIAIach 110 CIEAYIOUeH 3aBUCUMOCTH:

b

Abund.tim =maXy <r<r, |y

T7Ie y — TIOTIepeYHast KOOPAMHATA OTHOM U3 MOJCIUPYEMBIX TOUCK Ipy3a; | | — ore-
parop BbIJICICHUST a0COIFOTHOTO 3HAUEHUS YNCIIA.
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MHOI‘O(i)aKTOpHaSI OoNnTUuMH3alus IMO3BOJIMIIA U3YYUTh OOAHOBPEMCHHOC BJIU-
SIHUE HECKOJBKHUX IMapaMETPOB IpPEIaracéMoro MHEBMOTHIPABIMUYECKOIO PEeKyIe-
PaTHBHOTO KOHHMKOBOTO YCTPOHCTBa Ha ero 3((eKTUBHOCTHh W OIPENEIUTh OITH-
MaJIbHble 00JacTH KOHCTPYKTHBHBIX mapameTpoB. st mpoBeneHus 2-¢paxTopHoOn
ONTUMH3AIINU BBIOpAHBI CIIEIYIOIIKe 2 KOHCTPYKTUBHBIX MTapaMeTpa: TIed0 paciio-
JIOKCHU S BCPXHUX TOYCK KPCIIJICHUA THAPOIUIIUHIPOB HIapOBOfI OITIOPbI KOHUKOBOT'O
YCTpOiiCTBa R, NaBICHHUE IHEBMOIUAPOAKKYMYISTOpA P\ g IS OnTHMHU3aNMHA
mapaMeTpoB IMApPpOBOM OIMOPbI MHEBMOTIMAPABINYCCKOIO PEKYNEPATUBHOTO KOHM-
KOBOTO yCTPOMCTBa BBIMIOJIHEHA CEPHsI SKCIIEPHUMEHTOB B pa3paOOTaHHOW KOMIIbIO-
TepHOH Tporpamme. [Ipu oCyImECTBIEHNN SKCIIEPUMEHTOB TUIEY0 R, U3MEHSUIA Ha
yposusix 0,2, 0,4, 0,6 M, a nasinenue Py, 4 — 10, 30, 50 MIla (tat6mn. 1). ITpu sTOM
CKOPOCTB JIBIYKSHHS JIECOBO3HOTO aBTOIOE3/1a Obliia MpHHSATA paBHOM 20 KM/4, Macca
rpy3a — 20 T, cpeqHsis BBICOTa HEPOBHOCTEH OMOpHON moBepXHOCTH — 0,2 M.

Tabauma 1

Pe3ysibTaThbl ONTHMH3AMUOHHON CEPHH KOMIBIOTEPHBIX IKCIIEPUMEHTOB
The results of an optimization series of computer experiments

3Kcigh;;%ﬂm R, ™M Py nyar MIla Nree pows KBT Apund.sims M
1 0,2 10 5,34 0,38
2 0,2 30 9,80 0,35
3 0,2 50 9,28 0,23
4 0,4 10 7,32 0,26
5 0,4 30 14,79 0,23
6 0,4 50 16,56 0,16
7 0,6 10 6,17 0,21
8 0,6 30 12,50 0,19
9 0,6 50 14,21 0,14

AHAIUTHYECKUM 00pa3oM 3a/1auy ONTUMH3AINHN [TAPaAMETPOB ITHEBMOTH/PAB-
JIMYECKOTO PEKYIIEPATHBHOTO MOBOPOTHOTO KOHUKOBOTO YCTPOMCTBA C IIAPOBOM OI10-
PO MOJKHO 3aTHCaTh B BUJIE CICTYIONICH CHCTEMBI:

Nrec.pow (Rva Ppn.hydr) — max;

o R, P
Abund.tim (Rvs Ppn.hydr) —> min;

pn.hydr>

opt opt
rae Rvp > pé). hydr — ONTHMAaJIbHBIC IIJIEYO RV PAacmoJI0KCHUs BEpXHUX TOUYCK Kpe-

IJICHUS! TUAPOILMIMHIPOB IIAPOBOM OMOpPH KOHMKOBOTO YCTPONCTBA U JaBJICHUE
P hyar PA0OUEH KUIAKOCTH THEBMOIUPOAKKYMYJISTOPA COOTBETCTBEHHO.

braronpusSTHRIMU CUMUTAIOTCS TAKUE PEKUMBI JIBHXKCHHUS JICCOBO3HOIO aB-
TOTOE3/1a, OCHAIICHHOTO THEBMOTHAPABINICCKIM PEKYIIEPAaTUBHBIM ITOBOPOTHBIM
KOHHKOBBIM YCTPOMCTBOM, IIPH KOTOPBIX B OIpPEICICHHOW 007acTH (PaKkTOPHOTO
npoctpancTsa (R, Ppn'hydr) CpelnHssl peKyrnepupyeMas MOITHOCTh Nrec.poW Oynet
MaKCUMaJIbHOM, a aMIUIUTYAa Ay, 4 im PACKAaUUBAaHUS BEpPXHEH yacTu rpys3a — Mu-
HUMaJIbHOM.
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B pesynprare npoBeneHus SKCIIEPUMEHTOB B KOMITBIOTEPHOM TPOTpaMMe BbI-
ABJICHBl AHAIUTHYECKHE 3aBUCUMOCTH JUId (QyHKIMH N iec pow (RV, Ppn.hydr) u
Apund.tim (RV, Ppn.hydr) . Taxue 3aBUCUMOCTH UMEIOT BUJ] MHOTOUJICHOB 2-T0 TIOPSI/I-
Ka:

K (RV9 Ppn.hydr) kl R2 + k2 Ppn hydr

+k3 RV Ppn.hydr + k4 y + k5 + k69

pn.hydr

rae K — xpurepwuii ontuMuzanuu (I, ); k,...ks — mapaMeTpbl moauHOMA.

rec.pow? bund tim
Pacuer napaMeTpoOB MMOJMHOMA BLIIIOJIHACTCA HAa OCHOBEC ME€TOAAa HAUMCHBIIINX
KBaJpaToB:

. 2 .
Zf\:]clomp'ex (Kanalytic (R Pi pn. hydr) Kéomp.ex (R P! pn. hydr)) — min,

Ie [ — HOMEp 9KCIIEPUMCHTA B KOMIIBIOTEPHON MPOrpaMMe; N o, ox — KOJINIECTBO
OKCIIEPUMEHTOB; K1\ i — NCKOMasi MOJMHOMHUANIbHAS 3aBUCUMOCTD KpUTEpHs K OT

ucciIeayeMbIX Gpakropos Ry v P,y g0 Klompex — KpuTepuii K B i-M 9KCIIEpHMEHTE

¢ mapamerpamu R, P! . hydr-

Hon nasnennem Py pabovell KUAKOCTH ITHEBMOTHAPABINIECKOIO aKKy-
MYJISITOpa MOHMMAETCsl TaKOe HACTPAaWBaeMOE€ PEKYINEpPaTUBHBIM T'MJIPOIMPHUBOIOM
JaBJICHUE, HIKE KOTOPOTO padoyasi XHUIKOCTh HE MOCTYMAeT U3 TMAPOLMIMHAPOB
IapOBOI OIOPbI KOHMKOBOTO YCTPONCTBA B THEBMOTMJIPABIMYECKUN aKKyMYJIATOD.
Yewm Bblle AaBiaeHUe P, 4 PAO0UCH KUAKOCTH, TEM PEKe NPH [IBHKCHUH 110 He-
POBHOH JOpOTe TPOSIBIISETCS HACOCHBIN A(PQEKT, OAHAKO TeM OOoJbIe Takue Mop-
LMY THAPABINYECKON SHEPTUHU. DTO CBA3AHO C TEM, UTO PEKyNeprupyemMasi MOIIHOCTh
Niec pow TPOTIOPLHOHATIBHA KaK PACXOy pabovei KUIKOCTH, TaK U [aBJICHHUIO, MO
KOTOPBIM MTPOU3BOIUTCS 3TOT PACKO/.

Jltst u3ydeHust BIUSHAS AaBICHUS P, 1, PAOOUCH XKHUIKOCTH ITHEBMOT HIPaB-
JIMYECKOTO aKKyMyJsiTopa Ha 3(Q(EeKTUBHOCTD MPEAIaraeMoro MHeBMOTHIpaBIIHye-
CKOTO PEKYyINepaTHBHOIO KOHMKOBOTO yCTPOWCTBA MPOBEAECHA cepus U3 12 KOMIbIo-
TEPHBIX JKCIIEPUMEHTOB, B KOTOPHIX JlaBlieHHe P mmMersum ot 5 1o 60 Mlla

pn.hydr
¢ mraroM 5 MITa.
Pezynomamot uccnedosanust u ux oocyzncoenie
[TonyueHHbBIE aHAJIUTHYCCKHUE 3aBUCHMOCTH JUTSE (byHKIHN

N, rec.pow (RVJ A pn.hydr) U Apund tim (RV’ A pn.hydr) , Xapakrepusyromue 3QpeKTuB-

HOCTh MPEAJIaracMoro MHEBMOTHAPABINYCCKOTO PEKYIEPAaTUBHOIO KOHHUKOBOIO
YCTPOKCTBA, UMEIOT CIEIYIOIINI BU:

Nrecpow (Rys Ponhydr ) =—83,5 R —0,006375 P2 hyar
+0,256 Ry Py nydr +66,162 Ry +0,457 Poy hyar —9,557;
Apund.tim (Rv> Pon.hyar) = 0,833 R} —6,667-105 P2 |\
+0,005 Ry Py hydr —1,167 R, —6,667 104 Py hyar +0, 588,

+

I1e eIUHUIIAMU U3MEPEHUs R, ABIAIOTCS METpHI, P Merarackaim, N,

pn.hydr > “Vrec.pow
KWJIOBATTHL, Ay 04 im — METPBI.
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3aBHCHMOCTb PEKYNEPUPYEMOH MOIHOCTH N,y o OT TIC4a R, HMEET BbI-
pa’keHHBI MaKCUMyM B auanasose mieda R, ot 0,35 no 0,45 m (puc. 3, a). Ycra-
HOBJICHO, YTO NPHU CJIMIIKOM MAajoM Ijiede R, 00ecreynBaroTCsi HEIOCTaTOYHO
BBICOKHH XOJ] MOPIIHEH THAPOLMINHIPOB, a IPU YPE3MEPHO OOJIBIIOM — HEAOCTA-
TOYHBIE CHJIBI, CIIOCOOCTBYIOLINE NEPEMEIIECHUIO MTOPIIHEH THIPOLMINHAPOB IIa-
POBOI OIOPBI KOHUKOBOIO ycTpoiicrsa. [Ipu yBennuenuu mieda R, ot 0,1 o 0,6
M aMILIMTYAA Ay, im OOKOBOTO cMelleHus rpy3a ymenbmaercsa ¢ 0,42 no 0,21 m
(puc. 3, 6). 3T0 MOXKHO OOBSCHUTH TEM, YTO IIPU MAJIOM IIeYE R, THAPOLMINHAPHI
OKa3bIBAaIOT HEYIOBIETBOPUTEIbHOE CTAOMIN3UPYIOILEe JeCTBIE Ha Kadaroluiics
Ha LIapOBOH ONOPE KOHMKOBOI'O YCTPOMCTBA IPy3, UTO COIIPOBOXKAAETCA ee Oonee
CUJIBHBIM pacKauuBaHUEM.

Nrec.pow, Abund.lim,

kBT Mo e

0,31 \
101 '*o..*._.
0,21

31 0,14

0 01 02 03 04 05 R.M™m 0 01 02 03 04 05 Ry,M™M
a o
Puc. 3. BnusiHue mieda pacroyiokeHusl BEPXHUX TOYEK KPETUICHUS THIPOLUINHAPOB
R, m1apoBoi1 OIIOPBI KOHUKOBOI'O YCTPOMCTBA HA CPENIHIOIO PEKYIIEPUPYEMYIO MOLTHOCTh

Niee pow (@) ¥ aMILTUTYty GOKOBOTO CMELIEHUS TPY32 Apyg i (0)

Fig. 3. The influence of the lever of the upper attachment points in the hydraulic cylinders
R, of the ball joint of the conical device on the average recuperated power N, .., (@)

and the amplitude of the lateral displacement of the load 4, .4 i (0)

OnrumaneHoe 1m1e40 R, BEpXHUX TOYEK KPEIJICHUS MMIPOLMIMHIPOB I1apo-
Boii oropsl coctasisier 0,35...0,45 m, mpu 5TOM 00ecrieunBaeTCs CpeHss peKynepu-
pyemast MOIHOCTb Ny ., Oontee 13 kBT, n ammumntyza 4,4 i, O0KOBOTO cMeIIeHus
rpy3a menee 0,27 m.

YCTaHOBICHO, YTO JUIsl YBEIMYCHHUS PEKYNEPUPYEMOH MOLIHOCTH Nygo oy
ONTHMAIIBHBIN ANANa30H AaBiaeHui P, 4 coctaiser 30...50 MIla (puc. 4, a).
B nannoM nuanasoHe pexkynepupyemas MoIHOCTh paBHa 11,9...12,5 kBt. Cuu-
’KEHHE MOIIHOCTH IPH HU3KUX JABJICHUAX OOBACHAETCSA TEM, YTO, XOTs MOPLHHU
paboueil )KUAKOCTH 4acTO MOCTYHNAIOT B MHEBMOTUAPABINYECKUN aKKyMYJIsATOD,
TIO/ICP)KMBACMOC HU3KUM [aBICHHE P,y 4 HE IO3BOJISCT IONYYHTH BBICOKHE
NPOM3BEACHNA pacxona Ha nasienue. llpu Gonbuiom nasnenuu P, g NOPLUHH
pabouell )KMIKOCTU CIMIIKOM PEJKU — TOJIBKO B CIydae MPEOJOJICHUsS HEYacTo
BCTPEUYAIOIUXCSI BBICOKMX HEPOBHOCTEH OIOPHONM IOBEPXHOCTH — M IO3TOMY
NPOU3BE/ICHUE PACXO/a Ha JaBICHHUE P\ 4 OKa3bIBACTCS HU3KHM H3-32 MaJOro
3HAYEHUs IIEPBOTO MMOKA3aTels.

Ammnuryna Aygim OOKOBOTO CMEIIEHMS TPy3a MMEET IOYTH IMOCTOSHHOE
BBICOKOE 3HaYeHue okono 0,32 M B obnacti Maibix JasneHuit Py, 4. 10..25 Mlla
(puc. 4, 6). llpn nanpHeiimem yBennuennn gasiaeHus ¢ 30 go 60 Mlla ammnrtyna
Apundsim 061cTpO yMenbmaeres ¢ 0,31 1o 0,14 M. C pocTom naBneHus padodast KH-
KOCTb Yallle OKA3bIBAETCS 3allepPTOM B MOJOCTAX TUIPOLMINHIPOB IIAPOBOH OMOPHI

KOHHNKOBOT'O YCTpOﬁCTBa, CHMIKACTCA HUX NOAATIIMBOCTb, U THAPOUMIMHAPBI OKa-
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3BIBAIOT OOJIbIlIeE CTAOMIM3UpYIOlIee ACHCTBIE HA TPYy3, MPEIOTBpaIlas ero KpeH.
OnTuManbHbIi JnanasoH AaBiaeHus P,y g THEBMOTHAPOAKKYMYJISITOpA COCTaBIISCT
35...50 MIla, ipu 3TOM peKymnepupyeMasi MOITHOCTD [V, npeseimaet 12,2 kBT,

rec.pow
a aMIuITyaa A OOKOBOTO CMEIIEHUsI Tpy3a paBHseTcs He 6onee 0,29 M.

bund.tim
N TEC.pOW, Abund.ﬁm;
KBT M
] 0,31
\
10 0,2 \
@

51 0,11

0 10 20 30 40 P, Mila 0 10 20 30 40 By, Mlla

a 0
Puc. 4. Bimsinue nasnenust P, y, 4, pab0U€ii XKHUAKOCTH B IHEBMOTUAPOAKKYMYIIATOPE
Ha CPEJIHION0 PEKYNICPUPYEMYIO MOLIHOCTE N, . 1\, (@) ¥ aMILIUTYy GOKOBOTO CMELICHHS

Py32 Apyng iim (0)
Fig. 4. The influence of the pressure P, ;, 4 of the hydraulic fluid in the hydropneumatic
accumulator on the average recuperated power N, ., (4) and the amplitude of the lateral

displacement of the load A4 im (6)

Ananus QpyHkiuu Nrec.pow (RV5 Ppn.hydr) 1 Apund.tim (RV9 Ppn.hydr) BBIIOJI-
HEH C MTOMOIIBI0 TpaduKoB (puc. 5) 1 kaprorpamm (puc. 6) ontumuzauuu. [ padpukn
JIAI0T BO3MOYKHOCTH BBISIBUTH TCHICHIUH BIMSHUS KOHCTPYKTHBHBIX IAapaMeTpPOB
MTHEBMOTHJIPABIMYECKOTO PEKYIIEPATUBHOTO KOHMKOBOTO YCTPOHCTBA € MIApOBOU
onopoit Ha ero 3gpdexTuBHOCTh. KapTOorpaMMbl ONTHUMHU3aLNN TO3BOJISIIOT rpadoa-
HAJINTHYECKUM METOJIOM OIIPENeNINTh IMOKa3aTeln 3(PPEKTHBHOCTH KOHHKOBOTO
YCTPOMCTBA € IAPOBOM OMOPOA.

Nreepow Abund tim 5

kBT

0,2
Ppn_hydr, Ppn.hydr,
MMa

R.,m 10 R, M 10
a o

Puc. 5. I'padmky BIusHUS 11€9a PACIIONOKEHUS BEPXHUX TOUEK KPETUICHHS
THAPOLMIIMHAPOB R, 1 laBieHus P, 1, 4, pPab0Ueii )HUAKOCTH B IHEBMOTUPABINIECKOM
aKKyMYJISITOPE Ha CPEHION0 PEKYNICPUPYEMYIO MOLIHOCTD N, o, (@)

U aMIUTUTYLy OOKOBOTO CMELICHUS IPY3a Ay 04 4im (0)

Fig. 5. The graphs of the influence of the lever of the upper attachment points
of the hydraulic cylinders R, and the pressure P, 4, of the hydraulic fluid
in the hydropneumatic accumulator on the average recuperated power N ., (@)

and the amplitude of the lateral displacement of the load 4, .4 i (0)
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Bunyar, P11 12 J° 7

6 Bonngar,
MIla MIla |~
( 16 \

40 40

30 \\ C\ ,/) 30

12 13.‘__,_7
L ) 20

10 — 10 T T T
0,2 0.3 0.4 05 R.Mm 0,2 0,3 0.4 0,5 R, M
a
Banyar, Babyar, |
MIla MIla
40 40+
304 30
20 20
10 T T T 10 T T T
0,2 0,3 0.4 0,5 R.M 0,2 0,3 0,4 0,5 R.M
6 2

Puc. 6. Kaprorpammbl oNTUMU3ALUY IUI€Ya PACHIOJIOKEHUS BEDXHUX TOYEK
KPEIUIEHHUs] TUAPOLUIMHAPOB R, apoBOi ONOPHI, 00€CHEeYNBAOILET0O MAKCUMAIbHYIO
PEKyNepUpyeMyt0 MOIHOCTb N, ., B 3aBUCUMOCTH OT JABICHUSA P, 1, g PabOUeii
KUAKOCTU B THEBMOTHIPABINYECKOM aKKyMYISITOPE U AMIUTUTYIbL Ay g i OOKOBOIO

CMEIICHUS Ipy3a:
a— Nrec.pow(Rys Ponhydr)s KBT; 6 — Abund.tim (Rv: Ppn.hydr) , M;
6—N rec.pow(Rva A pn.hydr) N Abund.tim (Rv B, pn.hydr) ; 2 — oNTHMalbHas 00J1acTh

Fig. 6. The cartograms of the optimization of the lever of upper attachment points of
the hydraulic cylinders R, of the ball joint, providing the maximum recuperated power
Niec pow depending on the pressure P, 4. of the hydraulic fluid in the hydropneumatic

accumulator and the amplitude 4,4, of the lateral displacement of the load:

a-— Nrec.pow(Rw Ppn.hydr) , kW; 6 - Abund.tim (RVa Ppn.hydr) PRUN
6 — Nrec.pow(Rva Ppn.hydr) N Abund.tim (Rva Ppn.hydr) ; 2—optimal area

Ha puc. 6, a npuBeneH npumep UCIOIb30BaHUs KapTorpaMMbl. Eciu te-
40 R, BEPXHHUX TOYEK KPEIUIEHUS THIPOLMINHAPOB ApOBON OMOPbI KOHUKOBOTO
ycrpoiicrsa — 0,3 M (Touka A) u nasienue P, ;4 pabOUeH KUIKOCTH HIHEBMOIU-
npoakkymyisitopa coctasiser 30 Mlla (Touka B), To, IpOBOAS M3 JAHHBIX TOUEK
napajuleibHble THHUUA OTHOCUTENBHO OCEHl KOOpAMHAT, HaXOAUM TOYKY HX IIe-
pecedenust C. DTa TOYKA JICKHUT HA YPOBHE N o = 13 KBT. AHanoru4yso ocy-
MIECTBISAETCS MOUCK aMIUIUTYABI Ay 4 i O0KOBOro cMerieHus rpy3a. OCHOBHBIM
KPUTEPUEM, ONPEENIAIONUM OIaronpHusaTHbIE 00IACTH, SABJISAETCA BO3MOKHOCTD
nepecedeHus 2 KapTorpaMM, KOTOpas IMOKa3blBaeT OOLIYI0 ONTHMAaJbHYK 00-
nacte (puc. 6, 6). Ha kapTorpamMmme onTUMH3alMH1 IJI€4a PACIIONOKEHHS BEPXHUX
TOYEK KPEIUICHUS THAPOLMIMHIPOB R, IapOBOii OIOPHI, 00€CIIeUNBAOIIET0 MaK-
CHUMAJIbHYI0 PEKYHNEPUPYEMYIO MOIIHOCTH 1V, B 3aBUCHUMOCTHU OT JaBICHHS

rec.pow
P

paboueil KUIKOCTH B MMHEBMOTHIPOAKKYMYIISITOPE U aMITUTYABI A

pn.hydr bund.tim
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OOKOBOrO CMELICHUS IPy3a, IMHUA N, . = 15 KBT pasnensier 1pyr oTHOCHTEIb-
HO JApyra OnaronpusiTHYIO U HeOnaronpusTHyto obnactu (puc. 6, a). dns xpure-
pust A, .qm TUHHEH, pa3rpaHUYUBaIONIS ONaronpusATHYO U HEOJaronpusITHYIO
obnactu, NpuHATA A4 im = 0,2 M (puc. 6, 6).

[lo pacrmonoXeHUIO BBIACICHHOW YEPHBIM LIBETOM ONTHMAaIbHOM 00JacTH
(puc. 6, 2) B uccrenyeMoM (pakTOpHOM TPOCTPAHCTBE BUIHO, YTO ONTHMAILHOE TIIe-
40 R, 7151 BEpXHUX TOUEK TUIPOLMIIMHIPOB MIAPOBOM OMOPHI KOHMKOBOTO YCTPOMCTBA
cocrasusier 0,37...0,58 m, naienune P, 4 THEBMOTH/PABINYECKOTO aKKYMyJISATOpA —
35... 50 MITa. Ilpu atom npeuiaraeMoe MTHEBMOTHIPABINYECKOE PEKyIIepaTUBHOE KO-
HUKOBOE YCTPOMCTBO C LIAPOBOM ONIOPOH F€HEPUPYET MOLIHOCTS JV, boxee 15 kBT,

rec.pow
a aMIunTyaa A4 OOKOBOTO cMeIleHus Ipy3a He mpesbimact 0,2 M.

bund.tim

Bwi6006b1

1. INoBeimieHust 3pPEKTUBHOCTH pabOTHI TATAYCH C MPHUIECTHBIMU 3BCHBSIMHU
MOXHO JIOCTHYb 32 CUET: OCHAICHMS aBTOMOE3/a MEKTPOHHBIMH CUCTEMaMH MO-
HUTOPHWHTA OKCIUTyaTalliOHHBIX MapaMeTPOB; YBEIWYEHHUS TIIOJNEe3HONW Harpy3Kd
W TIOJIHOW Macchl JIECOBO3HOTO aBTONOE3/a; YTOUHCHHUSI OIpaHMYCHHUH Ha oOumid
BEC JIECOBO3HOTO aBTOIOE37Ia; COKPAIICHHUS BPEMEHU HAXOXKJCHHs aBTOIMOE3/1a Ha
MOTPY3Ke Jieca; UCTIONIL30BaHUS 00Jiee COBEPIICHHOTO Crioco0a omnpeesieH s 00be-
Ma M MAacchl 3arpy’KaeMbIX Ha aBTOIIOE3]] JIeCOMaTepHajIoB; 000CHOBAHHOTO BBIOOPa
MECT 1 CPEJICTB IMOTPY3KH JIECOMATepPHAIOB Ha aBTOITOE3; COBEPIIICHCTBOBAHMS KOH-
CprKHI/II\/'I TOPMO3HBIX MEXaHU3MOB M MNPULCHHBIX 3BCHLECB aBTOIOC3/1a; CHUKCHUA
HArpy>XeHHOCTH BOAMTENS TATada MyTeM ONTHMAIBHOTO YEpEIOBaHUS €r0 PadOoThI
C OTIBIXOM.

2. llpemynokeHO MHEBMOTHAPABIMYECKOE PEKYIEpaTUBHOE KOHHUKOBOE
YCTPONCTBO € IIAPOBOM OMOPOU /JIg JIECOBO3HOTO Tsraya ¢ MPHUIEIOM-POCITYCKOM,
HCIIOJIb30BAHUEC KOTOPOI0 AA€T BO3SMOXHOCTL:! YMCHBIINUTDL BJIUAHNUC NJUHAMUYCCKUX
Harpy30K, BOSHHKAIOIINX MEX/y 3BEHBSMHU aBTOIIOE3/1a TIPY €T0 HEyCTaHOBUBIINX-
Ccsl peXKUMax JABHIKCHUS; PEKYIIEPHPOBATh KHWHETUYECKYIO DHEPTHIO OT MacC 3BEHbEB
C MOCJIEAYIOIIUM HCIIOIb30BaHUEM NPeo0pa30BaHHON M HAKOIJICHHOW SHEpruu pa-
Ooueil KHUJKOCTH B TUIPABIHMUECKOM TEXHOJIOTUIECKOM 000PYIOBAaHUH JIECOBO3HOTO
ABTOTIOE3/1a; COKPATUTh Pacxo]] TOIJIMBA; OBBICUThH HAZCKHOCTH paMbl TsArava u Jie-
TaJel KOHMKOBOTO YCTPOMCTBA; CO3/1aTh 3a CUET IMOBBIMIEHHS TNIABHOCTH X0/1a aBTO-
noesa 6osiee KOM(OPTHBIC YCIOBHUS JJIsl BOJIUTEIIS.

3. OnTUManbHOE TUIEYO PACIIONIOKEHHS BEPXHUX TOUCK KPETUICHHS THIPO-
IUJIMHIPOB MIAPOBON OMOPHI KOHUKOBOTO yCTPOMCTBA MPU (PUKCUPOBAHHOM TLIIE-
Yye pachoJIOKEHUS HIPKHUX TOUEK KperieHus: Tuapounausaapos 0,35 M cocrasisi-
et 0,35...0,45 M, mpu 3TOM 00€CIIeUnBACTCS CPETHSSI peKyeprupyeMasi MOIIHOCTh
6onee 13 kBT u ammiuryna 6okoBoro cmemienus rpysa menee 0,27 m. Onrtu-
MallbHBIH AMana3oH JaBJIeHUS padouyell KUAKOCTH MHEBMOTHUAPOAKKYMYISATOPA
cocrasmseT 35...50 MIla, mpu 3ToM pekynepupyemas yCTPOHCTBOM MOIIHOCTD
npesbimaet 12,2 kBT, a ammuntyaa O0KOBOIO CMEIICHHsI Ipy3a paBHsIETCs He 00-
saee 0,29 M.

4. Ilo pe3ynpratam 2-(GpakTOpHOH ONTUMH3ALMN HAWIYyYIlee TUIeU0 Pacioio-
KEHHS BEPXHUX TOYEK THIPOIMIIMHIPOB IMAPOBOM OIOPHI KOHMKOBOTO YCTPOHCTBA
cocrasisier 0,37...0,58 M, naBieHue paboueii KUIAKOCTH ITHEBMOTHIPABINYECKOTO
akkymysaropa — 35...50 Mlla. ITpu sToM npeanaraeMoe MHEBMOTHIPABINYECKOE pe-
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KyIIepaTUBHOE KOHMKOBOE YCTPOMCTBO C IIapOBOM OMOPOW I'€HEPUPYET MOIIHOCTH
Oonee 15 kBT, a aMmumTyna OOKOBOTO CMEIICHUSI TPYKEHBIX JIECOMATepPHAIIOB HE
npesbrmaet 0,2 M. J[71s mopirHeBhIX THEBMOTHIPABIMYECKUX aKKYMYJISITOPOB C MaK-
CUMAJIBHBIM JIaBJICHUEM paboueii xkuakoctu 35 Mlla onTumanbHOE IJIe40 paciolio-
JKEHHUSI BEPXHUX TOUEK FMAPOLMIIMHIPOB IIAPOBOM OMOPBl KOHUKOBOI'O YCTPOKCTBA
cocrabisier 0,5 m.
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Annomayus. IlepcrieKTUBHBIE TEXHOJIOTMU TPAHCIOPTUPOBKU KPYIIBIX JIECOMATEPUATIOB U3
YAAJICHHBIX PaliOHOB IPEyCMaTPUBAIOT TOCIIE MPOXOXK/ICHNSI MEITKOBOIHBIX Y4acTKOB (op-
MHUPOBaHHE M3 MaJIOTa0apUTHBIX MAKETOB 0€3 HAPYIICHMS MX LEIOCTHOCTH JBYXbSPYCHBIX
MAKETHBIX CIUIOTOYHBIX €AUHHUIL. B npeHa3HaueHHBIX AJI 9TOT0 YCTPOICTBaX MpeanoaaraeT-
sl BBIPaBHUBAHHUE TOPIIOB JAByXbAPYCHBIX MAKETHBIX CIIJIOTOUHBIX €MHUII, OCYIIECTBISIEMOE
C IEJIBIO MOBBIIIEHHS UX MPOYHOCTH U MOITHOAPEBECHOCTH, UTO MO3BOJIET CHU3UTh 3aTPAThI
Ha OyKCHPOBKY I10 OCHOBHOHM 4acT MapmpyTa. Llens uccienoBanust — noydenue Gopmyi
JUIsl pacdeTa CHil, TpeOyeMBbIX JUIsl BRIPaBHUBAHMS TOPIIOB IBYXbSIPYCHBIX MAKETHBIX CIUIOTOY-
HBIX €IMHUII, (JOPMHUPYEMBIX B BOJIC; yCTAHOBJICHNE XapaKTepa U CTENICHH BIUSIHASI OCHOBHBIX
OTIPEACISIONMX (haKTOPOB Ha YKa3aHHBIC CHIIBI. MeTo/ MccieoBanust — TeopeTnyeckuid. [1o-
JIy4eHBl aHAIUTHYeCKre (POPMYITBI ISl pacdeTa CHil, TpeOyeMbIX IIPU BEIPaBHUBAHWHU TOPIIOB
JIECOMaTEepHANIOB B HIDKHUX U BEPXHHX IAKeTaX JBYyXbSPYCHBIX MAKETHBIX CIUIOTOYHBIX €1~
Hun. OnperneseHne BEIMYNHBI ¢, BXOJSIIEH B YKa3aHHbBIE (POPMYJIBI, CBSI3aHO C BHIYUCICHUEM
HHTETPajioB, YTO B MPAKTUYECKHUX pacueTax HewKeslaTelabHO. J[oka3aHo, YTO a 3aBUCHUT OT KO-
s¢durrienTa HopMBI AKETOB, OT OTHOIMICHHS UX BBICOTHI K THAMETPY JIECOMATEPHAIIOB U OT
sipyca, B KOTOPOM HaxoAsATcst nakeThl. C HCTIONIb30BaHUEM YUCIEHHBIX METOA0B YCTAHOBIICHBI
3HAYCHUS ¢ TIPH PA3INYHBIX COUCTAHMSIX ONpeAesIomuX Gpakropos. I1o pesyasraram BeIYHC-
JICHUH JUIs HOPMaTUBHBIX K03()(PUIMEHTOB (hOPMBI MTOTYUEHBI allPOKCUMHUPYIOIIHIE 3aBUCH-
MOCTH, TTO3BOJISIOIINE BBIYUCIATH IPU MPAKTUUYECKUX PACUETAX g M yCUIIUS TOPLEBAHUS TS
MaKeTOB 000MX pycoB. [Ipu MpoeKTHPOBaHUH YCTPONUCTB PACUCTHOE YCHIIHE BBIPABHUBAHHS
TOPILIOB ABYXbAPYCHBIX MAKETHBIX CIIJIOTOUHBIX €AMHUI] CKJIAJBIBAETCS U3 COOTBETCTBYIOIIUX
YABOCHHBIX YCHIIMH JUISI BEPXHHUX M HIDKHHUX TakeToB. CaMbIM 3HaUUMBIM (paKTOPOM, BIHSI-
IOLIUM Ha YCUJIME BBIPABHUBAHUSI TOPLIOB JIECOMATEPUANIOB B MAKETE, SABISETCA OTHOIICHUE
€ro BBICOTHI K UX JHAMETPY. YBEJIMYEHUE 3TOTO OTHOILICHHS B MCCIEJOBAaHHOM JAMAMa30HE
COIIPOBOKAACTCS BO3PACTAHMEM PACCMaTpHBAEMOTO YCHJIMS JUIS IAaKETOB OOOMX SIPyCOB
B 4,90-5,02 pa3a. CyliecTBeHHO Ha BBIXOJHYIO BEJIIMUUHY BIHACT U KO3 umeHT HopMel
nakeToB. Ero poct ot 1,5 10 2,5 BEI3BIBACT yMEHBIIIEHUE YCUIIMS BeIpaBHUBAHUS HA 75—77 %
y HIDKHUX TTAKeTOB U Ha 52-56 % y BepxHuX. CBs3b ycuinsi BBIpaBHUBAHUS ¢ 00BEMOM T1a-
KeTa JIMHeWHast npsiMast. [ BBIpaBHUBAHUS TOPLIOB JIECOMAaTEpHAIOB B ITAKETaX BEPXHEIO
spyca TpedyeTcs OoJblliee YCHITHE, YeM B HHKHUX.
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Abstract. Promising technologies for transporting round timber from remote areas involve,
after passing through shallow water areas, forming small-sized packages into two-tiered pack-
age units without violating their integrity. The devices designed for this purpose are intended
to align the ends of two-tiered package rafting units, carried out in order to increase their
strength and nontaperity, which allows for a reduction in towing costs along the main part of
the route. The aim of the study has been to obtain formulas for calculating the forces required
to align the ends of two-tiered package rafting units formed in water and to establish the nature
and degree of influence of the main determining factors on these forces. The research meth-
od has been theoretical. Analytical formulas have been obtained for calculating the forces
required for aligning the ends of logs in the lower and upper packages of two-tiered package
rafting units. Determining the value of a, included in the given formulas, is associated with
the calculation of integrals, which is undesirable in practical calculations. It has been proven
that a depends on the shape coefficient of the packages, on the ratio of their height to the di-
ameter of the logs and on the tier in which the packages are located. Using numerical meth-
ods, the values of a have been determined for various combinations of determining factors.
Based on the calculation results for the standard shape coefficients, approximating dependen-
cies have been obtained, which make it possible to establish, in practical calculations, a and
the end-cutting forces for packages of both tiers. When designing devices, the calculated force
for aligning the ends of two-tiered package rafting units consists of the corresponding double
forces for the upper and lower packages. The most significant factor influencing the force of
alignment of the ends of the logs in a package is the ratio of its height to their diameter. An in-
crease in this ratio in the studied range is accompanied by an increase in the considered force
for packages of both tiers by 4.90-5.02 times. The package shape coefficient also significantly
influences the output value. Its increase from 1.5 to 2.5 causes a decrease in the alignment
force by 75—77 % for the lower packages and by 52—-56 % for the upper ones. The relationship

This is an open access article distributed under the CC BY 4.0 license
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between the alignment force and the volume of the package is linear. To align the ends of logs
in the upper tier packages, more force is required than in the lower ones.

Keywords: timber rafting, round timber, rafting units, alignment of log ends
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Beeoenue

ObecneunTh 5KOHOMUYECKYIO TOCTYIIHOCTh HanOosee KPyIHbIX 3aracoB Ape-
BECHOT'O CHIPBSI, HAXOISAIMXCS MPEUMYIIECTBEHHO Ha OOJIBIIOM yIaJIeHUH OT OTpe-
ouTeneil, BO MHOTHX CIy4asX MOXKHO JIMIIB TPH JIOCTABKE €r0 BOJHBIM TPAHCIIOPTOM
[IPY PaLMOHAIBHOM HCIOJIB30BAHUHU PAa3BETBICHHOCTH PEUHBIX ceTeil, 00ycioBieH-
HOW B OCHOBHOM MaJIbIMM M CPEAHMMH BOAOTOKaMH. Takas 1OCTaBKa, B COOTBET-
CTBHH C KOHIICTIIIUEH, U3JIOKeHHOU B padorax [11, 12], MmoxkeT ObITh 3PPEKTUBHO
peanu3oBaHa ¢ COONMIONEHNEM JIEHCTBYIONTUX AKOJOTHICCKUX Tpeboanmii. Cormac-
HO €€ TOJIOKEHUSIM, TTAKEThI JIECOMAaTEePUaIOB MaJIbIX Pa3MEPOB IOCIIE POXOKICHHUS
MEJIKOBOJHBIX YYaCTKOB C LENbI0 CHI)KEHHS 3aTpar Ha JajlbHEHIIYI0 OyKCHPOBKY MO
OCHOBHOW YacTH MapIIpyTa CIUTAYUBAIOT 0€3 HApyIICHHUs UX I[EIOCTHOCTH B 4-ma-
KETHbIE JBYXbSPYCHBIC €IMHMLBI C HCIOJIb30BAHUEM YCTpoWcTBa [9], mpemycma-
TPHUBAIOLIETO B MPOLIECCE CIUIOTKH BBIPABHUBAHHE TOPLOB (POPMHUPYEMBIX JIBYXb-
SIPYCHBIX MakeTHbIX crtoToyHbIX eauHuLl (JIICE) mi1s nmoBblmeHust UX MPOYHOCTH
Y TIOJTHOJIPEBECHOCTH [7], 4TO TakXKe IMpearnojaraeT CHHKEHHE YIeNbHBIX 3aTpart.
VkazaHHOe AEHCTBHE peain3yeTcst B pabodell KaMmepe YCTpOWCTBa HOCPEICTBOM
Ha/aBUTaHus Ha TopueByto nosepxHocTh AIICE oxgHOro u3 60OKOBBIX IIUTOB. YCHIIUE,
Tpedyemoe tst BeipaBHUBaHus TopuoB JAIICE, sBngercs oqHUM U3 OCHOBHBIX Hapa-
METPOB YCTPOWCTBA. YCTaHOBJIEHUE 3TOTO [TapaMeTpa cielyeT HaydHO 00OCHOBATb.
W3BecTHBIE CBEOECHUS MO BBIPABHUBAHUIO TOPLIOB JIECOMATEPHAJIOB MPEICTABICHBI
B [1-3, 5, 10, 13]. B HuX paccmarpuBaroTcsi NMPEUMYIIECTBEHHO JeCcOMaTepHabl
B OTACNBHBIX MTAYKax, MaKeTax M ITydKax, pacroaraiommxcs Ha cyme. [lpu stom Ha-
JITIUE CTATHBAIOIINX OOBSI30K M BIHsIHHE Kod(dumuerTa hopMbl CIUIOTOYHBIX SIH-
HUII, KaK IPaBUIo, He yuuThiBatoTcs. Pabot no BeipaBHuBanuio Topuos AIICE, nme-
IOLIEMY CYIIIECTBEHHBIE OCOOCHHOCTH, HE 00OHAPYKEHO. DTOT (HaKT B COBOKYITHOCTH
C U3TIOKEHHOW WH(OPMAIIHEH TTO3BOIII YOSTUTHCS B HEOOXOMMMOCTH TTPOBEICHUS
JTAHHOTO MCCIIEOBAHMS.

Lenpb — nonyuenue Gopmya st pacdera cuil, TpeOyeMBbIX JUIsl BBIpaBHUBAHUS
topuoB JITICE, popMupyembIx B BOjIE; YCTAHOBICHHE XapaKTepa U CTSIICHU BIUSHUS
OCHOBHBIX OIIpEAeIIoIUX (PaKTOPOB HA YKa3aHHbIE CHIIBL.

Ob6vexm uccredosanus — popmupyemast B Boge AIICE. Memoo — treopetnde-
CKUM, 0a3UPYIOIIUICS Ha MTOJIOKESHUSIX TEOPHH Chittyuei cpeapl [ 14, 16, 19] u rubkux
Hurei [6, 10].

Pezynomamot uccnedosanuss u ux oocyzncoenue

B nanHOM HCcrienoBaHNM ONMPANINCh HA METOJI, UCIIOJIb30BAHHBIN HAMU B CTa-
Tbe [8] mpu 060CHOBAaHMM YCHIIMS BBIPDABHMBAHHS TOPIIOB CBOOOJHO IJIABAIOIETO
[aKeTa KpymiblX JIECOMarepuasoB. B yKa3aHHOM HCTOYHMKE IOZPOOHO H3JIOKECHA


https://doi.org/10.37482/0536-1036-2026-1-161-173

164 «H3BecTns By30B. JlecHoii skypHasm». 2026. Ne 1 ISSN 0536-1036

CyTh METO/A U MPHUHATHIC MOMYIICHUS. YCHIUsS, HEOOXOMUMBIC NJisl BEIPABHUBAHUS
TopuoB naketoB B coctase [AIICE, cyiecTBEHHOTO OTINYAIOTCS OT YCUIIUH JIsl CBO-
00HO TIIaBaromero makera. [lakeTsl HIDKHETO sipyca HaXOISATCS B IMIOJTHOCTBIO 3aTO-

TIeHHOM cocTostHuu (puc. 1). Kaxnplii HUKHUI MakeT mpeacTaBisieTcs Kak ruoKas
o0ooyka, HaNOJTHEHHAs ChITTydel cpenoit oaHoro Buaa. KoHTyp momepeyHoro ceve-
HUs [1aKeTa paccMaTpUBaeTCs 3/1eCh Kak OfiHa IoJHas anacTuka. Ee pa3mep omnpene-

JsIeT MOAYJIsIpHast BEIcoTa /1y, hopMy — MOLYTIApHBIHA yron &, [6, 10].

s X
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Puc. 1. Pacuernas cxema JIIICE, ¢popmupyemoii B Bozie. YB — ypoBeHb BOJIbI

Fig. 1. The design scheme of the 2-tiered package rafting unit formed in water.
VB is the water level

JIlunuu, Ha3pIBaEMbIE MACTUKAMHU, OITUCHIBAIOTCS YpaBHEHUAMH [ 18]
1 .
Xi=o his
i = hoj,

2
I7ie | — HOMEp JIACTUKH U €€ CUCTEMBbI KOOPANHAT; X; U ; — KOOPAUHATHI; f3;, 6, — Ma-
paMeTpbl ypaBHEHU.

(M

Bi=2(2-sin28; ) (W (8;)-T (8,%:))-4( (8:)-7 (3;-7:)); 3)
G;= \[1—Sin26,'Sil'12‘Ci , (4)

T; — MapameTp, U3MEHSIOIIMICS 10 IIMHE AIAaCTHKY, ...° [6, 10]; W(6,~), J (6,),

T (Si, T; ) ,J (Si, t,-) — TMOJIHBIC ¥ HETIONHBIC JUIMIITUYECKUE UHTErpajibl 1-ro u 2-r0
POJIOB COOTBETCTBEHHO [15].

Ha CBIIIYYYIO CPpEAYy MAaKETOB HUKHETO ApyCa I[eﬁCTByIOT BCPTHUKAJIbHBIC CHUJIbI
TSXKCCTU U CUJIBI ApXI/IMCI[a, HaIpaBJICHHBIC B IIPOTUBOITIOJIOKHBIE CTOPOHBI. Huox-
HUEC MaKEThI YACPIKUBAIOTCA OT BCIUILITHA BEPXHUMMU. Cmnyqa;l Cp€aa HUKHUX ITaKe-
TOB C)KMMACTCA. CpeﬂHee JAAaBJICHUC B €€ CJIOAX OIIPCACIIAACTCS 11O CpOpMy.TIC

Dvi :(pw_pt)gnylk s (5)
e Py, P; — IIOTHOCTH BOIBI U JIECOMATEPUAIIOB COOTBETCTBEHHO, KI/M?; & — Ipa-
BUTALMOHHAS OCTOSIHHAS, M/C2; 1 — KOO()(QHIMEHT MOTHOAPEBECHOCTH ITAKETA JIe-

COMAaTepuasoB; Yy — OpAMHATA OCH k-TO CJIOSI B CUCTEME KOOPIMHAT 3IACTUKH IO
HOMEpoM 1, m.
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JIyist pacueTHBIX HaJ(BOAHBIX CIIOEB BEPXHHX IAKETOB (opMysa OyaeT UMeTh
BUIT
Dv2 =pPt8N)2;j . (6)

ITpy HanMYUK BEPTUKAIIBHBIX CUJI B ChIIIYUYEl Cpejie MOSIBISIFOTCS U TaK Ha3bl-
BaeMbI€ PAaCIOpPHbIE TOPU3OHTAIIBHBIE YCUIIHS U COOTBETCTBYIOIIME NaBieHus. Huxke
YPOBHSI BOJbI OHH OIPENEIIAIOTCS U3 BBIPAKECHUS

Pg1 =g (pw —Pt)gTUﬁk; (7
BBIIIC —
Dg2 =AaPr&NY2j )]

rae A, — KO3QQUIHMEHT akTHBHOTO pacropa [10].

CI/IHa, MPCIATCTBYIOIIAsA CABUTY JIECOMaTrcpualia B MakeTe B IMPOAOJIbHOM Ha-
MIPaBJIEHUH, OTIPENETAETCS U3 (POPMYIIEI
F;sz(Pv"'Pg)» )
e Pv 5 Pg — BCPTUKAJIIBHBIC U TOPU30HTAJIbHBIC CUJIBI CXKaTUsA COOTBETCTBEHHO, BOC-
NpUHAMAaEMbIC JiecoMaTepraioM B makere, H; f — koadduipent tperus.

ComnacHO BBIpa)KE€HUSIM, IPUBEACHHBIM JJI1 BEPTUKAIBHBIX U TOPU30HTAIIb-
HBIX JIaBJICHWH, OHM JIMHEHHO 3aBHCAT OT OpAWHAT. TakuM 00pa3oM, CHIIBI CKaTHA
MOKEM OIIPENENATh M0 CPEIHUM 3HAYEHHUSM COOTBETCTBYIOLIMX JaBICHUN Ha OCH
ciosi. C ygerom storo Gopmyny (9) npuBenu K BHILY

F=2f (pydl + pgydl), (10)
rne d, | — cpenHuii AMaMeTp M JIMHA IECOMATEPUATIOB COOTBETCTBEHHO, M.
[Ipunse Bo BHUMaHuE cBs3b Mexay (7) u (5), (8) u (6), mpeoOpa3oBamu BeIpa-

sxenue (10):

Fo=2p,dif (1+1,).

Cuna, TpeOyemast Jisi BRIpaBHUBaHUS TOPLIOB JIECOMATEPUAIIOB B CJIOC ITaKeTa
Fy =2nmopdif (1+1,), (11)
rae #;, — olliee KOJMMYeCTBO JIECOMATEPUANIOB B JJAHHOM CIIO€; o — JIOJISI JiecoMmare-
PHAJIOB, MOISKAIIMX BHIPABHUBAHUIO C OMHON M3 CTOPOH IMAKeTa.
n=>b/d, (12)
rne b — mmpuna ocu cios, M.
[IpeobOpazosanu (11) ¢ yuerom (12):
Fy =2bpyalf (1+2,). (13)
C yuerom (5) mutst coeB, HAXOISIIUXCS O BO/IOH, Bepaxxenue (13) mpusenu
K BHIY
Fye =2bcyi (pw-ps ) gnodf (1+2,). (14)

JU71st HaIBOJTHBIX CJIOEB BEPXHUX MAKETOB (hopMyIia ¢ MPUHATHEM BO BHUMaHHE
(6) umeer BUI

Fg =2b;y;pignadf (1+4,). (15)
B gopmynax (14), (15) Hapsay ¢ OAMHAKOBBIMH MHOXXHTEISIMH €CTh U 3HAYH-

TEJIbHO OoTHuaronmecs. /s 0003HaYeHUs TPYIIT 3TUX MHOKUTEINICH UCTIOIh30BaU
cuMBOJI A. 115 clloeB, HaXOASAIIMXCS 110 BOJIOM,

A =byi (pw—ps), (16)
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JUTSI HAJIBOJHBIX CJIOCB
Aj=byjp:. (17)
Ucnonw3ys (16) u (17), npusenu Beipakenus (14) u (15) k Bumy
Fg. =2Akgnodf (1424 );

Fy =2A;gnodf (1+1,).
Jlnst onpesiesieHust ycuius F, TpeOyeMoro Ipy BHIPaBHUBAHUH TOPIIOB MAKETa,
HCO6XOZ[I/IMO MIpOCYMMUPOBATh YCUJINA 11O BCEM €TI0 CJIOAM:
F=24.gnalf (1+1,), (18)

rae A, — cymMMa Benu4uH A4 110 BCEM CIIOSAM MaKeTa, KI/M.

Ha stane npoekTupoBaHus IUIOTHOCTH JIECOMaTEPHAIOB Ha JIECOCIIAaBe TPH-
auMaror 3a 800 kr/m3. C yyetom s1oro B coorBeTctBrH ¢ (16), (17) A, pakruueckn
SBJISIETCS 3aBUCUMOH TOJIBKO OT CyMMBI IIPOU3BEACHUH b 1 ), BBIYUCICHHON IS pac-
YETHOTO KOJIMUYECTBA CJI0eB NakeTa. [[ponsBenenus b u y onpenensrorcst GopmMoii ero
MOTIEPEYHOTO CEUCHUS, XapaKTepu3yeMon kodpdunreHToM popmbl C, KOTUISCTBOM
CHoeB, T. €. M, /d, a Taxoke wiomaapio cedeHust o . [Ipu pUKCHPOBAHHOM O, paBHON
1, 4, 3aBucut TONIBKO OT 1-X 1BYX (hakropoB. 4, npu ® =1 o6o3Haummu a. Ha ocHo-
BaHWH U3JIOKEHHOTO MOKEM yTBEPXKIATh, UTO a siBisietcs pyukiueit or Cu hy, /d.

Hcnonb3ys mony4eHHbIe aHATUTHYECKUE 3aBHCUMOCTH, BBITIOIHIIN PacyeT d,
Bapwupyst C u hy, /d. Tlakers B HkHeM spyce JITICE B ominume or BapuaHTa, paccMo-
TPEHHOTO Hamu B crarbe [8], mpu aHanmornuubix C U ® =1 umeror apyrue Ay, hu 3.
WX pacder 1 B JTaHHOM CiTydae OCYIIECTBICH B COOTBETCTBHH C aJITOPUTMOM, OTIHCaH-
HBIM B [8], ¢ momorkto popmyi (1)—(4) ¢ npuMEeHEeHHEM YUCICHHBIX METO/IOB.

[Ipu xaxxaoM pacuetHoM 3HadeHnH C 3a7aBajii OCIENOBATEIBHO PA3IUIHOE
KOJIMYECTBO CJIOEB. J{eneHrneM BBICOTHI TaKeTa Ha KOJIMUECTBO CI0EB BHIUUCIISUIN BbI-
coty cnos. OpInHATy OCH HWKHETO CJIOS OTIPEICTISUTA BRIYUTaHUEM BBICOTHI TTAKeTa
13 MOAYJSIPHOW BBICOTHI U MpHOaBIIEHHEM TIOJIOBHHBI BEICOTHI ciosi. OpiuHaTa Kax-
JIOTO CJIEIYFOIIEro CIIos OOJIbINe, YeM y MPEIbIIyIIero Ha BBICOTY cios. J[ist Bcex
ocCeil MyTeM JIeJICHHSI UX OPJMHAT Ha MOJYJISIPHBIC BBICOTHI BBIYHUCIISIIA G, COTIACHO
BBIpaKEHHIO (2), UCTIONB3Ys GOPMYITY

. [1-02
T = arcsin

b

sin23
MOJIYYSHHYO B pe3yJibTare npeoopa3oBanus (4), BEIYUCISUTN YIIIBI T JJIs TOUEK Mepe-
cedeHMs: ocell coeB U snacTuk. Ilo T onpenensiau B ¢ nomompo Gopmyis (3).
WHurerpanpl, KOTOpbIE OHA CONEP>KUT, BHIYMCISIM C HUCIONb30BaHUEM pAnoB [20].
Jlns ykazaHHBIX To4ek nepecedeHus mo hopmyne (1) ompenensii aOCIucehl. YMHO-
’KUB MX Ha 2, BBIUUCISUIM IIUPUHY OCH KaXKI0ro cios. Jlanee HaXoAuIu nNpous3Bee-
HUsl by ¥ CyMMY 3THX MPOU3BEIICHUI JIJIsl BCEX CJIOEB. B UTOre @ BBIUMCIISUIA YMHO-
JKEHHUEM 3TON CYMMBI Ha Py, — Py .

[Ipu BapeupoBanuu C npunep:xkuBanuck naTepsana ot 1,50 no 2,50 ¢ marom
oxono 0,25. Bennuune h,/d npucBauBanu 3Hadenus 4, 7, 10, 13, 17, 20. duamazo-
HBI BapbUpOBaHUs ()aKTOPOB Ha3HA4YCHBI ¢ yueToM Toro, 4to JIICE moryT ucnosis-
30BaTbCAd HE TOJHKO TPH pean3allid OCHOBHON TPaHCIIOPTHO-TEXHOJOTHYECKOH
cxeMbl. X mpuMeHEeHHE BO3MOXKHO TAKKE B CXeMaX, HE BKIIIOYAIOIIMX JTall Tep-
BOHayajbHOro ciasa. Ilpu Bcex coueranusax C u h,/d Beraucineno 30 3HaueHUH a.
OCHOBHBIC BEJIMYUHBI 110 KAXKIOMY pacueTy ¢ TMPHUBOIMIA B OTICIHHBIX TaOIUIIaX.
OpHa U3 HUX TIpejcTaBieHa Hike (Tabd. 1).
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Ta6uuma 1

OcHOBHBIE BeJINYMHBI 10 PacyeTy a 1151 HHKHUX nakeTos npu C =2,00 u A, /d = 10
The main values in the calculations of a for the lower packages at C=2.00 and £,/d =10

Croit V.M c T,...° B b, M by, M2
1 0,210 0,222 82,5 1,33 0,63 0,132
2 0,287 0,304 75,6 2,12 1,00 0,286
3 0,364 0,386 69,7 2,59 1,22 0,445
4 0,441 0,468 64,0 2,91 1,37 0,604
5 0,518 0,550 58,1 3,11 1,47 0,761
6 0,596 0,632 52,0 3,23 1,52 0,908
7 0,673 0,713 454 3,28 1,55 1,039
8 0,750 0,795 38,1 3,24 1,53 1,146
9 0,827 0,877 29,2 3,10 1,46 1,211
10 0,904 0,959 16,7 2,79 1,32 1,189

Hmoco 7,721

YMHOXXHUB CyMMY TIpou3BeAcHUH by 7,721 M? Ha pasHHIy yKa3aHHBIX TUIOT-
Hoctelr 1000—800 kr/m3, monyuwim a = 1545 xr/m. Pesynbrarer Bcex 30 pacuetoB
a TIpUBEICHBI B Ta0M. 2.

Brimonaunu nmepecyeT NpUBEACHHBIX ¢ HA COOTBETCTBYIOUINE HOPMATHBHBIM
BenunHBI C, YKa3bIBaeMbIE B TEXHUYECKUX YCIOBUAX. VICTIOIh30BaB UX, TIOCTPOMIH
rpa¢uku (puc. 2).

Tabnuua 2
Pe3ysbTaThl pacueToB « jjs H:KHUX nakeToB JIICE
The results of the calculations of a for the lower packages
of the 2-tiered package rafting units
c anpu h /d, kr/m
4 7 10 13 17 20
2,57 521 908 1296 1683 2200 2587
2,31 554 965 1377 1788 2336 2748
2,00 623 1084 1545 2006 2620 3081
1,61 817 1417 2018 2619 3420 4021
1,42 1061 1838 2615 3392 4429 5206
5000+
4500+
4000+
Puc. 2. 3aBucumocts a ot h,/d 35001
pH pasnuaHbIX C ISl HIDKHUX MTaKETOB = 30004
JAIICE 5 2500
Fig. 2. The dependence of a on h,/d 2000,
at different C for the lower packages 1500,
of the two-tiered package rafting units 1000,
500 -
0
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[Tosmyunnu COOTBETCTBYIOIINE ammpoKcuMupyiomme Boipakenus. na C =
=1,50

a =229 h,/d + 20,5; (19)
s C=1,75

a=177h,/d+12,2; (20)
ms C=2,00

a=154 h,/d+8,5; (21)
ms C=2,25

a=140 h,/d + 6,2; (22)
s C=2,50

a=130h,/d +4,8. (23)

JocTtoBepHocTs anmpokcuManuu s (19)—(23) Berme 0,99 [17].

OO0bI4HO B pacuerax npuauMarot o = 0,5 [5, 10]. [lyist iecoCIUIaBHBIX TpaHC-
MOPTHBIX eUHHII KO uImeHT Tperus f oepyt 3a 0,2 [4, 10], g = 9,81 m/c2. YnBo-
€HHOE TIPOM3BEACHHUE 3 ATUX BEIMYWH, MpucyTcTByromee B (18), paBuo 1,96. Jlns
nepexosa oT a, TMOJyYSeHHOH Ul eAMHIUYHOH TUIOLIA ! MOTIEPEYHOrO CEUCHHMS, K Be-
JIMYUHE, COOTBETCTBYIOIEH ero (pakTHUeCKOH IUIOMAaaN (), HEOOXOIUMO @ YMHOKHUTb
Ha ©. [IpeoOpaszoBas dhopmyiy (18) ¢ yueToM U310)KEHHOTO, IOy YHIN

F =1,96/loma (1+14,). (24)

[IpomwsBenenue /on paBHO 00bemy makeTa V. To ecth (24) MOXHO TIPUBECTH

K BULY
F=1,96Va(1+2,). (25)

OCHOBHBIMH CIUIABJIIEMBIMH [TOPOAAMH SIBIISIFOTCS €J1b M COCHA, Ul IEpBOH
Aq pexomenmyercs npuauMars 0,361, s Bropoii — 0,406.

B cootBercTBHM ¢ (25) HeoOXoaMMOE ycWiIHE NPU BHIPABHUBAHHU TOPLIOB
MPSIMO TIPOTIOPITUOHAIEHO 00BEMY ITaKeTa, OTHOIICHHUIO €r0 BBICOTHI K JIUAMETPY Jie-
comarepuanos (puc. 2) u ko3bduuuenty A,. U3 3 nepeunciaeHusix ¢aktopos h,/d
HamboIee CyIIeCTBeHHO BIMSET Ha pe3yisraT. Ero uamenenne ot 4 1o 20 nmpuBoauT
K YBEJIMYEHHUIO paccMmarpuBaeMoro ycuius B 4,90—4,97 pasza. 3aBUCUMOCTb YCHIIHA
ot ko3 durmenTa C HAISTHO NEMOHCTPUPYIOT rpaduku (puc. 3). C yMeHbIIEHHEM
ko3 dunmenTa B nuanasone 2,5—1,5 HeoO0X0IUMOE yCHIIUE JIJISl BBIPABHUBAHUS TOP-
LIOB HI)KHETO MaKeTa yBeauuuBaercs Ha 75—77 %.

5000
4500
4000
3500 Puc. 3. 3aBucumocts a ot C
< 3000 NIpY PA3INYHbIX /,/d 17 HUKHUX MAKETOB
S 2500 “—h,/d =4 JIICE
¥ 2000 Z;Zi ;8 Fig. 3. The dependence of @ on C
1500 B at different A /d for the lower packages
1000 . . .
500 - of the two-tiered package rafting units

0 - : : : )
1,50 1,75 2,00 225 2,50
C

[Ipu pacecmorpenun Bepxuux naketoB JIIICE mMmeem merno ¢ celtydei cpemnoit
2 BumoB. OAMH BUA HAaXOMUTCS IMOM BOAOW, Apyroil — Haa Bojou. JIunuu 0OBSI30K
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BEPXHHUX MMAKETOB PAaCCMAaTPUBAIOTCS KaK KOMOWHAINU (PPArMEHTOB AJIACTHK 2 BU-
JIOB, KOTOPBIC COMPSITAIOTCS Ha YPOBHE BOJHOMN MOBEpXHOCTU. TakuM 00Opa3om, Ka-
xKaoMy kodddurmenTty C makera COOTBETCTBYIOT IO 2 BETUIHHBI O, 4 1 T. Takoke mis
kaxjoro C B cucteMax x,0,y, U X0, y; CyLIECTBYIOT V,~ U V5, CBI3aHHBIE C TOUKAMU
COeTMHEHHS (PParMeHTOB.

Ha chimyuyro cpejy BbIlle ITOBEPXHOCTH BOJIBI JICHCTBYET cuiia TshkecTH. Chi-
my4asi cpefia B IMOJIBOTHON YaCTH BEPXHUX MAKETOB MTOMUMO CHJIBI TSKECTH BOCIIPH-
HUMAET BBITAJIKHUBAIOIIYIO CHJIY BOJIbI U YCHIIUS, TIEPelaBacMble OT HIDKHUX TTAKETOB.
BepTukanbHOe C)kaTHE MAKETOB B BEPXHEM SIpyce CYIISCTBEHHO Oobliie. B cooTeT-
CTBHH C BRIpaXeHUAMH (7), (8) 3TO MOXKHO CKa3aTh U O TOPH3OHTAIBHBIX JaBICHUIX.
O4YeBUIHO, YTO JJIsi BHIPABHUBAHUS TOPIIOB BEPXHUX MAKETOB MOTPEOYETCS yCUIIHE
0O0JIBIIIe, YeM JIJIS HHOKHUX U JJIS CBOOOIHO IIIaBaromux [8].

Bepxuue nakerst [AIICE, kak 1 HIOKHHUE, IPU aHAIOTHYHBIX KOA(DQUIIHEH-
Tax C ¥ eIMHUYHOH TUIOMIAJU TIOTIEPEYHOTO CEYCHUSI OTIUYAIOTCS OT CBOOOHO
MIJIaBAIOIINX 110 BBICOTE, MOIYIAPHBIM yIjlaM U BBICOTaM, (popme ceueHuns. Anro-
PUTMBI PACUYE€TOB, BBIMIOJIHSIEMBIX JIJII BEPXHUX H CBOOOHO IJIABAIOIIHUX ITAKETOB
mog00HBI [8].

B xoze pacyeToB aJisi BEpXHHUX MAKETOB MPHUJCPKUBAIKNCH TEX ke 3HAYCHUN
C u h,/d, uto n nna HWKHUX. AHanorndHo nomy4yunu 30 3HaueHuit a. OxHa U3
30 Tabnuil, 3aMOIHIEMBIX TIPU pacdeTax a, MpuBeaeHa Huke (Tadi. 3).

Tabnuna 3

OcHOBHbIE BeJIMYHMHBI 110 pacueTry & JAJIsi BepXHux naxkeros npu C=2,00 u i,/d =10
The main values in the calculations of a for the upper packages at C=2.00 and 4,/d =10

Croi y, M c T,...° | B | b, m by, m2
Tloosoouvie crou
1 1,203 0,682 77,0 0,369 1,181 1,421
2 1,278 0,724 66,7 0,602 1,387 1,773
3 1,353 0,767 58,7 0,724 1,495 2,023
4 1,429 0,810 51,4 0,787 1,550 2,214
5 1,504 0,853 44,1 0,803 1,565 2,353
6 1,579 0,895 36,4 0,775 1,540 2,431
Bcezco 12,215
Haosoonvie crou
0,322 0,484 61,4 4,426 1,469 0,472
8 0,246 0,371 68,8 4,039 1,341 0,330
0,171 0,257 75,9 3,402 1,129 0,193
10 0,096 0,144 83,4 2,351 0,780 0,075
Bceeo 1,070

YMHOXHUB CyMMY NpPOU3BENEHUIN b U y 10 MOABOAHBIM ciosim 12,215 m? Ha
pasuuiy otHoctei 1000—800 kr/m?, momyunnu 2443 Kr/M. AHAJIOTUYHO, YMHOXHB
CYMMY MTPOU3BEACHNUH b U y 110 HaABOAHBIM ciiosiM 1,070 M2 Ha MIIOTHOCTB JiecoMare-
puanos 800 kr/m3, momyuunnu u 856 kr/m. [IpocymmupoBas 2443 u 8§56 ycraHOBHIH
a = 3299 xr/m mns nanHoro ciydasi. Pesynsrarsl Bcex 30 pacdeToB a ISl BEpXHUX
MaKeTOB MPUBE/ICHBI B Ta0M. 4.
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Tabnuna 4
PesyabTarhl pacueroB a s Bepxuux nakeros JAIICE
The results of the calculations of a for the upper packages
of the two-tiered package rafting units
c a npu h,/d, kxr/m

4 7 10 13 17 20
2,57 1153 2006 2874 3722 4870 5722
2,31 1212 2108 2930 3910 5115 6010
2,00 1326 2304 3299 4271 5587 6567
1,61 1645 2850 4075 5278 6901 8109
1,42 1915 3399 4893 6209 8086 9579

Kak 1 115 HIKHUX TTaKeTOB BBIMTOJHUIIN TepecueT a Ha HopMmatuBHele C. [pn
Pas3Inunuu KOJMYECTBEHHBIX MIOKa3aTelell XapakTep HOITyuYeHHbIX 3aBUCUMOCTEH a OT
h,/d n C 111 BEpXHUX NTAKETOB aHAJIOTMYEH NPUBEACHHBIM Ha pUC. 2 1 3. ANIPOKCH-
MUpYIOIINE BBIPAXKEHUS AJIs1 BEPXHUX MaKeToB MMeEIOT By B ciaydae C = 1,50

a=441,4 h,/d+ 37,7, (26)
s C=1,75

a=369,5h,/d+22,1; (27)
s C=2,00

a=328,0 h,/d+ 14,2, (28)
g C=2,25

a=305,1h,/d-9,3; (29)
s C=2,50

a=290,1 h,/d - 8.,6. (30)

JlocToBepHOCTh anpOKCUMAaLUU U 3TUX BbIpakeHUH He MeHee 0,99.

W B nanHOM cityuae akTop /,/d Hanbornee CylecTBEHHO BIUSET Ha pe3yJIbTar.
Wzmenenue storo ¢axrtopa oT 4 10 20 NpUBOAWT K YBEJINUYECHHUIO YCHIIUS TOPLIEBa-
Hus B 4,92-5,02 pa3a. 3mech 0 CpaBHEHHUIO C HIKHUMH TMaKeTaMH YMEHBITASTCS
Biusiue kodddunuenta C, ocTaBasch TOBOJIBHO CyliecTBEHHBIM. C MOHMKEHHEM
ko3¢ unrenta ot 2,5 1o 1,5 ycumnue 1 BBIpaBHUBaHUS TOPLIOB pacTeT Ha 5256 %.

Hannuue smnupuyeckux Boipaxkernii (19)—~(23) ans HIKHUX TAKeTOB U (26)—
(30) st BEepXHUX MMO3BOJISET € MOMOINIBIO (hopMyibl (24) wiu (25) BEIUUCIATE YCH-
TSI U1 BBIPABHUBAHUS TOPLIOB.

BripasauBanue TopuoB JAIICE mMoxeT conpoBOXIaTbcs CABUIOM HE TOJBKO
JecomarepuanoB B nakerax. IlakeTsl B 1ienioM Takxke MOryT ciBurarbes. Haubomnee
CYLIECTBEHHOE B3aMMOJICHCTBUE MpPU 3TOM OyleT HaOMIoAaTbes MEXKAY MaKeTaMu
pasHbIX sIpycoB. BepXHuil makeT npensTCTBYET BCIUIBITHIO HIPKHETO U IPH 3TOM BOC-
MIPUHAMAET OT HETrO YCHIINe

Gk :Vg(pw _pt)-
[Tpu 3TOM CIIBUTY MaKeTa NPErsITCTBYET CUIla
Fy=Vef (pw—p1). (31)
3nauenus &, f, Py, Py MPUHSIA TAKUMH K€, UTO ¥ TIPH BEIBOE (25). B pe3yib-
tare u3 (31) momyunnm

F, =392V (32)
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Hcnounbsys (25) u (32), ycTaHOBUIIH, YTO I, MOKET IIPEBBICUTH YCUIINE BbIPaB-
HUBAHUS TOPIOB JIECOMATEPUAIIOB B TTaKeTe MU a, MeHblIel yeM 142 xr/m. Benu-
YUHBI @, IPEACTABIICHHEIC B Ta0I. 2 U 4, 3HAUUTEIHHO OOJIBITIE ATOTO MTOKazareys. To
€CTb IIPU IIPOCKTUPOBAHUN F, HE ABIIAETCS PACUCTHON BEIMYMHOM.

[ockompky HAIICE cocrouT u3 4 makeToB, JIJIsl ONPEEeHUsT yCUITUs, HE00-
XOJIMMOTO ISl BBIPABHUBAHUS €€ TOPIOB, CIEAYET CIOKUTh YCHIIUS JUIS HIDKHUX
1 BEPXHUX MaKETOB M YABOUTH MOIYYEHHYIO CyMMY.

3axnouenue

Hcnons3ys Teopun ruOKUX HUTEH W CBHITydeHd CpeJlbl, TONYYHIN aHAIATHIE-
ckue (popMyJIbI JUTsl ONIPEJICIICHUs] PACUSTHBIX YCWIINN BBIPABHUBAHUS TOPIIOB JISCO-
MaTepHalioB B HIHKHUX W BEPXHUX IMaKkeTax (popMupyemMoi B Bojie IByXbIpPYCHOM Ta-
KETHOM CIIOTOYHOM €TUHUIIBI.

YcTaHOBWIIH, UTO BEJIMYMHA d, BXOJAIIAS B YKa3aHHbIE ()OPMYIIbI, 3aBHCUT OT
ko3¢ urimenTa GopmMbI MaKeTOB, OT OTHOMIEHHS UX BBICOTHI K TMAMETPY JiecoMaTe-
PHAJIOB U OT sIpyca, B KOTOPOM HAXOAATCS makeThl. ONpeeieHne @ B KaXI0M ClIydae
AHAMTUYECKUM ITyTEM CBS3aHO C BBIYHCIIEHHEM HWHTETPAJIOB, YTO HEKEIATEIHHO
MIPHU MPAKTUYECKUX pacueTax.

Wcnonw3yss 4mcIeHHbIE METOIBI, JJISl TAaKeTOB IBYXBSPYCHOW CILIOTOYHOU
eMMHUIIBI, GOPMUPYEMOI B BOJIE, ONPEACITNIN ¢ TIPU PA3TUIHBIX COYCTAHUSIX YKa-
3aHHBIX onpeaelsonux (akropos. [lo pesynbraTam BBIUMCICHUHN IS HOPMAaTHB-
HBIX KOA((OHUIHMEHTOB (DOPMBI MONYUIIIA AMMTPOKCUMHUPYIONTHE 3aBUCUMOCTH, TIO-
3BOJISIIOIME YCTaHABIMBATh @ JJIs MTAKETOB HUKHETO M BepXHero sipycos. Hamnuue
ATHX 3aBUCHMOCTEH TI03BOJISIET HAXOIUTh TpeOyeMble YCHITNS BRIPABHUBAHUS TOPIIOB
C TIOMOII[BIO aHAJTUTHYECKHUX (POPMYIL.

BoisiBuin, 9TO CHIIBI, HEOOXOIUMBIE I MPOJOJIBHOTO MEepEeMEIICHUS OT-
JIeTHbHBIX TAKETOB B COCTaBE [BYXBSIPYCHOW MAKETHOW CINIOTOYHON €IMHMIIBI,
HaxoJsIeHCsa B BOJIE, BCETNa CYLICCTBEHHO MEHBIIIE CHII, MPUKIAABIBAEMBIX MPHU
BBIPAaBHUBAHUHU TOPIIOB JIeCOMATepHajoB B MakeTax. 1o eCcTh MpHU MPOEKTHPOBa-
HUM yCTPOUCTB CIIIBI TIEPBOTO BUA HE OTHOCSTCS K pacueTHRIM. |15 onipeaeneHus
YCWIIHSL TSI BEIPABHUBAHUS TOPIIOB JIByXbIPYCHOM MaKETHOW CIUIOTOYHON €UHU-
IIBI CIIEYET CIOKUTH yCHITHS JIJIs1 HIDKHUX U BEPXHUX MAKETOB U YIBOUTH MOTyUCH-
HYI0 BEJIUYHHY.

CaMbIM 3HaYMMBIM (PAKTOPOM, BIHUSIONIMM HAa YCHJIME BBIPAaBHHUBAHUS TOP-
IOB JIECOMaTepHaloB B MaKeTe, SBISIETCS OTHOIIEHUE €r0 BBICOTHI K MX JAMAMETPY.
YBeNnn4eHrne STOro OTHOIIIEHHUS B MCCIIEJOBAHHOM JTHAITa30HE COMPOBOXKIAETCS BO3-
pacTaHueM YCHIIHS JUTsI TTakeToB 06oux sipycoB B 4,90-5,02 paza. CymiecTBEeHHO Ha
BBIXOJIHYIO BEJIMUHMHY BIHsIeT 1 KodhuieHt popmel. Ero yBenwuenue ot 1,5 1o 2,5
BBI3BIBAET YMEHBIIIEHUE YCHITUS BRIpAaBHUBAHUSA HA 75—77 % y HIDKHUX TIAKETOB U Ha
52-56 % — y Bepxuux. CBsi3b yCUINSI BRIPABHUBAHUS C 00OBEMOM IaKeTa JTUHEHHAsS
npsimast. J[si BEIpaBHUBaHUS TOPIIOB JIECOMATEPUAIOB B IMaKeTaX BEPXHETO sipyca
TpebyeTcst 6ombllee yCUINe, YeM B HIDKHHUX.
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Annomayus. TlpencrapieH aHalu3 YKCIIEPUMEHTAIbHBIX AaHHBIX 110 ONPEIEICHHIO TOYHO-
CTH M3rOTOBJICHUSI 3JIEMEHTOB IIHMITOBBIX COCJMHEHUI B 3arOTOBKAX M3 COCHBI, MIOJIyYEHHBIX
CrocoboM TOPIIOBOTO MPECCOBAHUSA 0O€3 NMPHMEHEHHsS O0a3upyroIe-00KIMHON OCHACTKH.
B kauectBe (hopmMo0OOpasyoIero HHCTPyMEHTa MCIIONb30BAIICS CIICHATM3UPOBAHHbBIN ITy-
aHCOH M3 cTaiu 45 ¢ reOMeTpUYEeCKUMU TapaMeTpaMu: TOJIIMHA TUIOB — 2,2 MM, ITUPHU-
Ha mpoymwH — 2,0 MM, Beicota — 10 M. IlpeccoBanue BBITONHSIOCH Ha THIPABIHYECKOM
npecce ¢ yeuwnem ot 800 10 1100 kre u ckopoctsio ot 1,5 10 2 mm/c. enb uccnenoBanus —
OKCIIEPUMEHTAJIbHASL OLIEHKA TOYHOCTH (POPMHUPOBAHMS MPSIMOYTOJIbHBIX IIHUIIOB, MMOJY4€H-
HBIX XOJIOZIHBIM TOPLIOBBIM IIPECCOBAHHUEM, JUISI OIPEICNICHUS €€ COOTBETCTBHSI TPEOOBAHMUSIM,
MPEIBSIBISIEMBbIM K 3ar0TOBKAM JUIsl OCIIGAYIONIErO CpaliBaHus 110 JuinHe. M3MepeHs! To-
LIMHBI IIUIIOB M IIUPUHBI POYIIKH Ha 18 3aroroBkax. LUkl ¥ IpOYHIMHBI YCIOBHO MOpa3-
JISITAITA Ha 2 TPYIIIBL: HAXO/SIUeCs B KpalHUX 30HaX OJIMKe K OOKOBBIM KPOMKAM 3arOTOBKH
1 HaXOJSIIIMECs B LEHTPAJIbHOW 30HE. [IJisi OLIEHKH BIMSHHSI PACIIOIIOKEHHUS AIIEMEHTOB OT-
HOCHTEJIbHO KPOMOK Ha OTKJIOHEHHE UX Pa3MepOB MPOBe/CH 1-QpaKkTOpHbIN AUCIIEPCHOHHBIH
anaym3 (ANOVA) B MS Excel. OnpeneneHo, 94T0 TOYHOCTD MIHPUHBI IPOYIINH U TOJIHHBI
ITUTIOB COOTBETCTBYET 1 1—12 KBanmuTeTaM, OTHAKO KPAMHUE MPaBbIe AIEMEHTHI UMEIOT OTKJIO0-
HeHus 110 14 kBanuTeroB. [lonoxeHe npoyIuH OTHOCUTEIbHO KPOMKH 3arOTOBKH CTaTUCTH-
YEeCKM 3HAYMMO BO3JIEHCTBYET Ha TOUHOCTb, TOIIA KaK JUIsl IMIOB AaHHAsl TUIIOTE3a He MOJI-
TBepAnIack. CporHo3upoBaHa TOYHOCTb (POPMHUPOBAHMS LIIMIIOB TOPLIOBBIM [TPECCOBAHUEM:
95 % 351€MEHTOB IIUIOBOTO COEANHEHNUS OyyT COOTBETCTBOBATDH MOJIAM AOIycKoB JS13 s
npoyiuH u js13 st munoB. J{jist MOBBIIEHHS TOYHOCTH U3TOTOBIICHHUS JIEMEHTOB [IHIIOBO-
r0 COeMHEHHs HEOOXO0IMMO BHEpEHNEe 00KMMHON OCHACTKH JIJIsl KOMIICHCAIIMH TTEPEKOCOB
M OT)KMMa KpallHHUX ILIMIIOB, a TAK)KE KOPPEKIs 0a3MpOBaHUs 3ar0TOBOK HAIPABIISIOIINMHE
9NIEMEHTaMHU OCHACTKH.
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Abstract. The article presents an analysis of experimental data on the manufacturing
accuracy of tenon joint elements in pine workpieces produced by end pressing with-
out using locating-clamping tooling. A specialized punch made of 45 steel was used as
a forming tool, its geometric parameters are following: tenon thickness — 2.2 mm, mortise
width — 2.0 mm, and height — 10 mm. Pressing was performed on a hydraulic press with
a force ranging from 800 to 1100 kgf and a speed of 1.5 to 2 mm/s. The study aimed to
experimentally evaluate the forming accuracy of rectangular tenons produced by cold
end pressing to determine their compliance with requirements for workpieces intended
for subsequent lengthwise splicing. Tenon thicknesses and mortise widths were measured
on 18 workpieces. The tenons and mortises were conditionally divided into 2 groups:
those located in edge zones closer to the workpiece side edges and those in the central
zone. A one-way ANOVA in MS Excel was conducted to assess the influence of element
position relative to edges on dimensional deviations. Results showed that mortise width
and tenon thickness accuracy corresponded to IT11-12 grades, though edge elements on
the right side exhibited deviations up to IT14. The position of mortises relative to work-
piece edges had statistically significant effects on accuracy, while this hypothesis was
not confirmed for tenons. The achievable accuracy for end-pressed tenon forming was
predicted: 95 % of joint elements would comply with JS13 tolerance fields for mortises

This is an open access article distributed under the CC BY 4.0 license
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and js13 — for tenons. To improve forming accuracy, implementing clamping tooling to
compensate for skewing and edge tenon springback is recommended, along with work-
piece positioning correction using guide elements in the tooling.

Keywords: pine wood, tenon joint, cold end pressing, machining accuracy, ANOVA (analysis
of variance), IT accuracy grades, stamping tooling

For citation: Vedernikov Ya.D., Rubleva O.A., Vasilyeva E.S., Shishkina E.E., Gorok-
hovsky A.G. The Accuracy of Forming Rectangular Tenons by End-Pressing without Guiding
Tooling. Lesnoy Zhurnal = Russian Forestry Journal, 2026, no. 1, pp. 174—189. (In Russ.).
https://doi.org/10.37482/0536-1036-2026-1-174-189

Beeoenue

Kieenas mpoaykuust u3 KOPOTKOMEPHBIX OTXOJOB JICCOTUICHUS SBIISICTCS
pacrnpoCcTpaHeHHOW 3aMEHO MaCCUBHOM JIPEBECHUHBI B IPOU3BOJICTBE CTOJISIPHBIX
M3IeNWI U Pa3INYHbIX JAePEeBSHHBIX KOHCTpYKIU. Hanbomnee gacto BcTpeuaro-
IIUMHUCS KJICCBBIMU COCJMHCHUSMHU SIBIISIIOTCSI COCJIMHECHMS 3ar0OTOBOK I10 JUIMHE
MIPU TIOMOIITH 3y0YaThIX TOPIIOBBIX IIUIOB, TOJYYeHHBIX (ppe3epoBanueM [1, 2, 5,
6, 8, 32].

®dpesepoBaHHbIC 3y0UaThIC UL 00T PSAIOM MOJOKHUTEIBHBIX XapaKTe-
PUCTHK, TAaKHX KaK SKOHOMHS MaTepuaia npu Gppe3epoBaHUN U CKOPOCTh (hOpMHUpO-
BaHUs MUNOB. OJIHAKO MPU 3TOM €CTh U OTPUIIATEIILHBIC ACTICKThI: BEICOKUE CIIOXK-
HOCTh W CTOMMOCTH OOOpPYHOBaHUS M WHCTPYMEHTa, HEOOXOMUMOCTb B yHaJCHUH
CTPY)KKH, HECOBEPIIICHHAS T€OMETPHSI LIUIIA, BIUSIOIIAs HA IPOYHOCTb COCIUHCHHUS
(Hamu4Me mepepe3aHHbIX BOJIOKOH Ha OOKOBBIX ITOBEPXHOCTSAX M CKPYTJICHUH B Bep-
IMUHAX W OCHOBaHUAX mHUTIOB) [16, 19, 27, 29, 36, 38—40].

Agropamu [10, 14, 15] npeayioxken crioco0 (GopMUPOBAHUS IIIUIIOB HAa TOPIAX
JIEPEBSIHHBIX 3aTOTOBOK MPHHIIAITHAIBHO HOBBIM CIIOCOOOM — mpeccoBanneM. CyTh
cnoco0a 3akiouaercs B GOPMUPOBAHKH ITUITOB MPSIMOYTOJIBHOM (POPMBI ITyTEM BBE-
JISHUS B TOPEI] 3aTOTOBKU CTaJIbHOTO IyaHcoHa. [Ipoduip myaHcoHa 3epKaibHO OT-
paxxkaeT popMy CO3/IaBaEMbIX IEMEHTOB — IIUIOB U MPOYIINH 3aTOTOBKH.

D¢ dexTrBHOE MPOMBIIIUICHHOE IPUMEHEHHE JJAHHOTO METO/1a TPeOyeT MpoBe-
JIEHUS NCCIIeIOBaHNI Ha COOTBETCTBHE MOTy9aeMbIX COSIMHEHUH CTaHAapTaM Kade-
ctBa. KauecTBeHHBIC XapaKTEPUCTUKU COCJAMHEHUIN U MapaMeTpbl OLECHKU H3/ICIIHi
OTIpE/ICTISIOTCS HOPMATHUBHOW 0a30i, BKIIOUAIONIEH B ce0s MEXKIOCyIapCTBEHHBIC
u orpacieBsie crangaptel: 'OCT 15613.4-78, TOCT 15613.5-79, TOCT 4.223-83,
I'OCT 475-2016, T'OCT 16483.23-73, TOCT 16483.3-84, I'OCT 16588-91,
I'OCT 19414-90, CIT 64.13330.2017, a Takxke TEXHHYECKHE YCIOBHSI CEpUHU
CTO 36554501. OcHOBHBIMH KOHTPOJIMPYEMBIMHU TapaMEeTpaMU SBISIOTCS: reoMe-
TpUYECKass TOYHOCTh (POPMHUPYEMBIX DIIEMEHTOB, MPOYHOCTH U3TOTOBJICHHBIX JI€Ta-
JICH 1 KJIEEBOTO COCAMHEHMS, JOMTYCTUMBIC 3a30Pbl U HATSTH, & TAKKE XapaKTePUCTHU-
KH KJICEBOTO I11Ba, IIPU TOM ITPOYHOCTH KIEEBOTO COCMHEHUS SIBIISICTCS BAKHEUIITIM
nmokazarenewm [5, 16, 20, 21, 24, 29, 33, 35, 38].

CyllleCTBEHHOE BJIMSHAC HAa HAJIS)KHOCTh IIUIIOBOTO KJIEEBOTO COCIUHEHUS
OKa3bIBAIOT Pa3Mephl U TOUHOCTh TEOMETPHUUECKIX TTapaMETPOB IIEMEHTOB, o0ecTie-
YUBAIOIIME TPEOYeMyI0 BEIMYUHY U PaBHOMEPHOCTh 3a30POB MEXKIY OTBETHBIMH
AIIEMEHTaMH COCUHIEMBIX JIeTajel U, KaK CJIeJCTBHE, PABHOMEPHOCTh pacipeiese-
HUS KJIes ¥ Hy’KHYIO TOJIIIMHY KJieeBoro mBa [9, 16, 25, 26, 28, 31, 37].
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TpeOoBaHMs K TEOMETPHUYECCKAM TapaMeTpaM 3JIEMEHTOB, YUYaCTBYIOIINX
B IIMIIOBOM COEJIMHEHWH, paccMaTpuBaroTcs B paborax [12, 13, 16, 22-24, 27, 30,
33]. K Takum mapamerpam aBTopHl [7, 16, 26, 31, 34] oTHOCAT: pa3Mepsl IIUIIOB,
MOCAJKU, JJIUHY KJIEEBOIO IIIBA, PACIOIOKCHHE IIBA OTHOCUTEIBHO HANpPaBICHUS
BOJIOKOH JIPEBECHHBI.

[Ipu popMHUpPOBaHUH SJIEMEHTOB HIUIIOBOTO COSAMHEHUS METOJIOM TOPIIOBOTO
MIPECCOBaHUS CYIIECTBYET PUCK CHIDKEHUS TOYHOCTH NPOQUIIeH U3roTaBINBACMbBIX
IITUTIOB TIPW OTCYTCTBHH JOJDKHOTO Oa3WpOBaHUS M OOKMMa 3aroToBoK [3, 4, 11, 13,
14]. B yka3aHHBIX UCTOYHUKAX YCTAHOBIICHO, YTO TPEOOBAHHS K TEXHOJOTHYECKOM
OCHACTKe /ISl crtoco0a (popMUpOBaHUS MIUTIOB PECCOBAHUEM HEIOCTATOYHO IPOpa-
OoTaHbl. BMecTe ¢ TeM nepeuunciieHbl HanpaBICHUS UCCIICI0BAaHUI 110 TIOUCKY BapH-
aHTOB KOHCTPYKITUI TaKOW OCHACTKHU U 00ECTICYSHHS €€ TOYHOCTH. J{JIs BHITTOTHEHHS
JIAaHHBIX WCCIIECAOBAHUNA HEOOXOAMMO IMPOTHO3UPOBATH MOIYYAEMYI0 TOYHOCTH IITH-
MOBBIX AIIEMEHTOB.

OmnpeneneHne KpuTeprueB TOUHOCTH (OPMUPOBAHUS IITUTIOB paHee IPOBOIN-
JOCh B Xoje uccienoBanuii [7, 17]. U3yuanu 2 Tumopasmepa IIUIMOB: TOJIIHMHA
IIUIOB — 2 MM, IIMPHUHA IPOYIIUH — 2,2 MM, TIIyOWHA MPOYIIHH (BBICOTA IIUIIOB) —
10 MM ¥ TONIIMHA IIUNOB — 4 MM, IIKUPUHA TPOYIHH — 4,2 MM, rmyOuHa — 20 MM.
BrisiBieHo BausiHME MOCAIKU U TOYHOCTU M3TOTOBJICHUS 3arOTOBKU Ha IPOYHOCTh
KaK pe3yabTUPYIONIHH IMoKa3aTelh KadecTBa. 110 utoram HayIHBIX U3BICKaHUH [7,
16, 17] OBbLIM MPETIOKEHBI TEOPETUIYCCKHUE TTAPAMETPhI ITOCAIOK JIJIST MaJIbIX TOJ-
I[AH IIUIO0B 10 3 MM.

AKTyalIbHOCTh pabOThI 00YCJIOBICHA HEOOXOIUMOCTBIO MPOIOIKEHUSI HCCIIe-
JTOBaHUH B 00J1aCTH OIIEHKH TOYHOCTH TEOMETPUYECKUX MTapaMeTPOB IIUTIOB U €€ CO-
OTBETCTBUS JAaHHBIM, IMOJYICHHBIM MPU UCCIICTOBAHUSIX ONTUMATHHBIX PACUCTHBIX
3a3opa u Harsra [7, 16, 17].

Obvexmubl u Memoowbl UCCAEO08AHUA

B KkadecTBe 3aroTOBOK HCIOJIb30BAIUCH OPYCKH M3 COCHBI OOBIKHOBEHHOM
¢ TONMHOM, mupuHOH 1 JuHOo# 20, 40 u 160 MM cooTBeTcTBEHHO. CpenHss Blaxk-
HOCTP 3aT'OTOBOK, M3MEpPEHHas ¢ momoIisio Biaaromepa Bosch Universal Humid, co-
craBwia 8—10 %. OpueHTaIus BOJIOKOH — BJIOJIb JUTUHBI 3aroTOBKH. O0IIee Komnye-
CTBO 3aroToBOK — 18.

@dopMHpOBaHUE LIUIOB Ha TOPIAX 3aTOTOBOK OCYIIECTBISUIOCH ITPH TTOMOIIU
nmyaHcoHa u3 cranu 45 tBeprocteio 45 HRC. ITapamerpsl paboueli uacTu myaHCOHa:
TOJIITMHA TIHUIOB — 2,2 MM, MIUPHHA MPOymuH — 2,0 MM, BBICOTa IHTOB — 10 MM

(puc. 1).

2,2 >
Puc. 1. l'eomerpuueckune mapamMeTpol =
ITyaHCOHA
Fig. 1. Punch geometry dimensions =
2
40




178 «M3BecTus By30B. JlecHoii :xypHaa». 2026. Ne 1 ISSN 0536-1036

[IpeccoBanme MHUITOB OCYIIECTBISUIOCH HAa THApaBindeckoMm mpecce 116324,
ycunue npeccoBanust — o 800 go 1100 kre, ckopocTh mnpeccoBaHust — ot 1,5 1o
2 mm/c. [Ipu 3TOM OTHOCHTENBHAS BIAXKHOCTH BO3/IyXa cocTaBmia 6515 %, Temrie-
patypa Bozayxa — 20 °C.

YV nyaHcoHa 1 Ka)KA0i 3aroToBKY OblL1a 0003HaYeHa JIUIEBasi CTOPOHA, 10 HEl
CJIeBa HaNpaBo MPOBOAMIACH HyMEpalsl IMMOB. 3aroToBKa yCcTaHABIMBAalach Bep-
TUKQJIBHO Ha CTOJ Ipecca, 0a3upysich Ha HIKHEM Topue. Ha BepxHem Topie 3aro-
TOBKH pacCIojiaraJid IMyaHCOH TaKUM 00pa3oM, YTOOBI €ro OOKOBBIC CTOPOHBI OBLTH
3aMoJTUI0 ¢ OOKOBBIMH CTOPOHAMHM 3aroTOBKHU (pHUC. 2, a). 3aTeM OCyLIECTBISIIOCH
BHEJIpEHHE IyaHCOHA B 3arOTOBKY (puC. 2, 6).

a 6
Puc. 2. TIpouecc u pesynbrar (GOpMUPOBAHUS IIMIIOB: ¢ — 3ar0TOBKA U ITyaHCOH
Ha CTOJIe IIPecca; 6 — BHEAPEHUE IIyaHCOHA B 3arOTOBKY; 6 — BHEILIHUII BUJ| TyaHCOHA
1 TIPECCOBAHHOM 3ar0TOBKU

Fig. 2. The process and the result of the formation of tenons: @ — initial setup with punch and
workpiece; 6 — punch engagement phase; ¢ — final punch and workpiece geometries

CdopmupoBaHHbIE B 3arOTOBKAX IIUITBI U POYIIHHBI YCIOBHO MOJPA3/ICTHIIH
Ha 2 rpynisl (puc. 3): pacHoNoKeHHbIE B KpaiiHuX 30Hax (OMmke K OOKOBBIM KPOM-
Kam 3aroToBkH) Ne 1-9 u pacmonoxeHHBIC B IEHTpaTbHON 30HE Ne 2—8.

IlenTpanpHBle NIHITEL H IPOYIIHHEL

IIpoymmna Ne 8
IIpoymmma Ne 1

IITomr Ne 9

IMMem Ne 1

Kpaiiane
IIIHIT B DIPOyIIHHA . IIHII B IIPOYTITHHA

Puc. 3. Hymepanus un 0603Ha4eHNE IIUTIOB U MPOYIINH Ha JETaTN

Fig. 3. Numbering and marking of spikes and lugs on the part
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W3mMepeHne TOIIMHBI IIUIOB U MIMPUHBI MTPOYIIMH ITPOBOIMIOCH HA HHCTPY-
MeHTabHOM Mukpockone UMIJI 150x75 ¢ norpemnoctsio n3mepenus +0,003 mm.

IIpu onpeneneHny NPOrHO3UPYEMBIX TOJIIUH [IUIIOB U IIMPHUH IPOYIINH I10-
JyYeHHbIE CpeJIHUE 3HAYEHUsI aHAITU3UPOBAJIM, COOTHOCS HX C JIOITyCKaMU pa3MepoB,
nponucanHbiMu B 'OCT 6449.1-82 u 'OCT 25346—89.

BnusiHue pacrnono)xeHus MUIMOB U MPOYIIMH OTHOCUTEIHFHO KPOMKH JeTalln
Ha OTKJIOHEHHS MX IIMPUHBI OLIEHUBAJIOCH B NpukiagHoMm makere MS Excel ¢ uc-
MOJTb30BAHMEM CTATUCTUYECKUX METOMOB, BKIIOYAIONIUX |-(aKTOPHBIN TUCTIEPCH-
onHbIil ananu3 (ANOVA).

Pezynomamot uccnedosanust u ux oocyzncoenie

Pe3ynprarsl M3MepeHUs TOJIUIMH IIMIOB M IIMPUH TPOYIIMH NPUBEACHBI
B Tabm. 1 u 2.
Tabauma 1
Pe3ysbTaThl U3MepeHHs TOJIIUH UIOB, MM
Tenon thickness measurement results, mm

Jerans | w1 | Mun 2 | w3 | [y 4 | w5 | e 6 | a7 | Hlun 8 | un 9
2,036 | 1,980 | 1,972 | 1,979 | 2,065 | 2,100 | 1,959 | 1,998 | 1,954
1,825 | 1,959 | 1,979 | 2,049 | 1,934 | 2,006 | 1,880 | 1,996 | 1,948
1,896 | 1,961 | 1,962 | 1,914 | 1,963 | 1,983 | 1,921 | 1,978 | 1,722
1,853 | 1,917 | 1,969 | 1,927 | 1,881 | 1,883 | 1,859 | 1,895 | 1,842
1,980 | 2,046 | 1,966 | 1,999 | 2,006 | 1,901 | 2,061 | 2,021 | 2,027
2,079 | 2,061 | 1,980 | 1,999 | 2,094 | 2,029 | 2,077 | 2,102 | 2,056
2,114 | 1,946 | 2,177 | 1,973 | 2,031 | 2,121 | 2,110 | 2,084 | 2,087
2,002 | 2,046 | 2,022 | 2,024 | 2,047 | 1,999 | 2,002 | 1,979 | 2,124
1,975 | 1,987 | 2,033 | 2,028 | 2,087 | 2,234 | 2,080 | 2,000 | 1,992
1,997 | 2,046 | 1,953 | 2,117 | 2,025 | 1,995 | 2,105 | 2,033 | 1,999
1,932 | 2,009 | 2,002 | 1,882 | 1,915 | 1,945 | 1,945 | 1,958 | 1,856
2,006 | 2,100 | 2,031 | 2,088 | 2,096 | 2,063 | 2,039 | 1,984 | 1,999
2,065 | 2,055 | 2,071 | 2,005 | 2,029 | 2,099 | 2,023 | 2,093 | 2,152
2,010 | 1,918 | 1,908 | 1,942 | 1,872 | 1,944 | 2,055 | 1,976 | 1,963
1,979 | 1,946 | 1,935 | 2,044 | 1,956 | 1,959 | 1,950 | 1,957 | 1,922
2,050 | 2,110 | 2,071 | 2,125 | 1,994 | 1,999 | 1,998 | 1,948 | 1,995
2,009 | 2,030 | 2,049 | 1,955 | 1,945 | 1,940 | 1,965 | 1,998 | 1,911
1,942 | 1,994 | 1,948 | 2,036 | 2,010 | 2,039 | 2,048 | 1,949 | 1,939

e e N e e Y Y ey e
NI NI ISR A e I R A D D

TabGuuna 2

Pe3yabTaThl H3MepeHHs] IHPUH MPOYIINH, MM
Mortise width measurement results, mm

Hpoy- | TIpoy- | Tlpoy- | Ilpoy- | Ilpoy- | IIpoy- | Ilpoy- | TIpoy-
muHa 1 | muHa 2 | mwHA 3 muHa 4 | muHAa S5 | mmHA 6 | mMHA 7 muHa 8
2,217 2,189 2,229 2,150 2,168 2,204 2,280 2,589
2,324 2,310 2,132 2,171 2,217 2,198 2,267 2,242
2,241 2,291 2,279 2,303 2,264 2,308 2,321 2,725
2,301 2,237 2,214 2,340 2,380 2,357 2,351 2,507
2,212 2,199 2,223 2,183 2,266 2,169 2,239 2,221
2,194 2,162 2,225 2,127 2,187 2,117 2,108 2,190
2,279 2,157 2,030 2,228 2,094 2,135 2,019 2,139

Jeranb

N N[N [N~
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Oxonuanue mabi. 2
Jerans | 11Oy~ | Tpoy- | Ilpoy- | Ipoy- | Ilpoy- | Ilpoy- | Ilpoy- | Ilpoy-
muHa 1 | mmaa 2 | mmHa 3 muHa 4 | mwmuHa 5 | mwmHa 6 | 1mmHA 7 muHa 8
8 2,210 2,200 2,186 2,234 2,175 2,228 2,233 2,149
9 2,269 2,127 2,201 2,076 2,234 1,941 2,158 2,437
10 2,181 2,263 2,099 2,089 2,233 2,129 2,174 2,317
11 2,288 2,219 2,287 2,333 2,266 2,256 2,299 2,466
12 2,201 2,215 2,102 2,148 2,120 2,174 2,169 2,315
13 2,167 2,143 2,124 2,204 2,134 2,213 2,058 2,239
14 2,406 2,266 2,229 2,322 2,302 2,114 2,192 2,376
15 2,216 2,403 2,227 2,192 2,300 2,306 2,243 2,360
16 2,307 2,090 2,211 2,114 2,229 2,162 2,241 2,316
17 2,224 2,282 2,123 2,259 2,290 2,250 2,186 2,401
18 2,278 2,264 2,173 2,170 2,171 2,168 2,205 2,313

Brusnue 3onwi PAacnoniosCeHusl wmunoe U npoywur Ha OmMKJIOHEeHUA UX pasme-
pos. Tlomyuennsie B cpene MS Excel nuarpamMMsl pa3maxa MpUBEACHBI Ha puc. 4, 5.

2204

.
I 1

[

I

|

T

T

=X

J

Munl1l IMuo2 Muon3 Mund MuoS5 Mun6 Mun7 Mun8  lum 9

Puc. 4. luarpamma pa3maxa TONIIUH IUITOB

Fig. 4. Box plot of tenon thickness distribution

[To nuarpamme pasmaxa TONIIUH IIUIIOB MOXKHO CHENATh CIEAYIOIINE BBIBO-
JIBI: CPEHHE TOIIMHBI ITUITOB OTKJIOHSIOTCS OT HOMHHAIBHOM MIMPUHBI 2 MM He 00-
nee uem Ha 0,05 mm; 75 % Bcex TOMIUH HAXOmATCs B mpeaenax ot 1,92 mo 2,07 mm;
pa3dpoc pazMepoB kpaitHux munoB Ne 1 u 9 3ameTHO OoJIbIIe, YeM Y IIEHTPAIbHBIX.

2,80
2 2,70

2,10

IIlupuHa NpoywIKHE

1,90

3 2,60 1
2,50 1
2,401
2,301
2,201

2,00+

Hpoym;»ma 1 HpoymﬁHaZ HpoymlnﬂaS Hpoymi}ma4 Hpoymiﬂ-laS Hpoym;{ma6 Hpoym;{ma7 Hpoym;zmaS

Puc. 5. uarpamma pazmaxa IIMPUH NPOYILIUH

Fig. 5. Box plot of mortise width distribution
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HO Z[I/IaI‘paMMe pa3Maxa IHI/IpI/IH HpOYIHI/IH MOXHO CKa3arb, 4TO cpenHHe -
PUHBI TIPOYIINH OTKJIOHSIOTCS OT HOMHHAJIBHON IMUPHUHKI 2,2 MM He OoJiee 4yeM Ha
0,15 mM; 75 % Bcex mmpUH HAXOAITCS B mpeaenax ot 2,12 mo 2,3 MM 3a HCKITIoUe-
HUEM TpOyIIMHBI Ne 8, y KOTOpPOH BepXHsisl TpaHHIlA cocTaBiseT 2,7 MM; pa3dpoc
pasmepoB npoymirH Ne 7 u 8 3aMeTHO OOJIbIle, YeM Y OCTaJIbHBIX.

1-¢aKTOpHBIH TUCTIEPCHOHHBIA aHAIN3 TPOBOIUIICS C BBIIBIKCHUEM HYJie-
BOW THITOTE3bI O TOM, YTO MECTOIMOJOKEHHUE HINIA WU MPOYIIMHBI OTHOCUTEIHLHO
KpOMKI/I 3aroTOBKHU HEC BJIMACT HA €0 TOYHOCTD. HpI/I OTOM, JJIsI HCKIIFOUYCHUS BOSHeﬁ-
CTBUS TIOBTOPSICMOCTH KPAWHUX IIUIOB U3-32 CAMMETPUYHOCTH JICTAIIN aHAJIU3 ObLI
IIPOBECH OT/CIIBHO IS JICBOM M IIPAaBOM IIOJIOBUH JACTAId OTHOCHTEIBHO OCH CHM-
MeTpuu. Hibke npeicTaBieHbl pe3ysibraThl 1-(hakTOpHOTro TUCIIEPCHOHHOTO aHaIHM3a
TOJIIIUH IIWIOB Ha JICBOW W MPaBO MOJIOBHHAX JieTanu (puc. 6).

OO0 aKTOPHEL AHCIIEPCHOHHbIH AHAITH3

HTOI'

I pynnot Cuem Cyvmma Cpeownee J[ucnepcus
1Mo 1 18 35,75 1.986 0,0056776
1Mo 2 18 36,111 2,006 0,0034554
IiTem 3 17| 33,851 1.991 0.,0022814
1iTem 4 18 36,086 2,005 0,0045221
IITrm 5 18 35,95 1.997 0,0048807

JIHCTIepCHOHHEIH aHATH?3

Hemoynuk eapuayi S8 dr MS F P-3nayenue F kpumieckoe
Mexay TPyIIIaMH 0,005299 4 0,001325 0,3164776 0,866222804  2.,480322300
BryTpH rpynmn 0351612 84 0,004186
Hroro 0,35691 88

a

OHOGMAKTOPHEI THCIEPCHOHHELT aHATH3

HTOI'1

T pynnet Cuem Cymma  Cpeonee Jucnepcus
1Mo 5 18 3595 1.997 0,0048807
1ITwm 6 17 34,005 2,000 0,0047535
1Mo 7 18 36,077 2,004 0,0055992
1iTem 8 18 35949 1.997 0,0028952
1Tem 9 17| 33,766 1.986 0,0072749

JlHcnepcHOHHEIH aHaTH3

Hcemounux eapuaiu 88 dar MS F P-3uauenue F xkpumuyecxoe
Mesxay rpynmaMH 0,003108 4 0,000777 0,1536031 0,96087504 2,481661429
BuyTpu rpynm 0,41983 83 0,005058
Itoro 0,422938 87

o

Puc. 6. Peynbrars! 1-hakTopHOTO IHCIEPCHOHHOTO aHAJM3a TOJIINH [IUIIOB
JULst JIEBOH (a) 1 TIpaBoii (6) OJIOBHH JICTAIH
Fig. 6. One-way ANOVA results of tenon thickness for left (a)
and right (6) half of workpiece
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B pesynbrare nposeneHust 1-hakTOpHOTO TUCTIEPCHOHHOTO aHaIHU3a pazdpoca
pasMepoB TOJIIUH IIUIOB [UIs JICBOH MOJIOBUHBI IIMIOB MOJyYeHa CTaTUCTHYECKAs
3HAIUMOCTE p = 0,86 u ms mpaBoit — p = 0,96, 4TO TIpeBBIMIaCT YPOBEHD 3HAUM-
Mmoctu o = 0,05. 3To He MO3BOJSIET OTBEPTHYTH HYJIEBYIO THIIOTE3y 00 OTCYTCTBHU
BJIMSIHUS TTOJIOXKEHUS! ILIUIIAa HA €r0 TOYHOCTh. TakuM 00pa3oM, MOJKHO IIPUHSTb, YTO
TOYHOCTB IIUIIA HE 3aBUCUT OT ero nojoxenus. Kputepuit @uiepa, onpenensronuii
OTHOLICHUE MEKIPYIIIOBON AUCIEPCUH K BHYTPUTPYIIIIOBOM, IJIsl JIEBOM MOJIOBUHBI
cocraBmsiet 0,31, mrs mpasoit — 0,15, 9TO MEHBIIIE KPUTHIESCKOTO 3HaueHUs 2,48.
B cooTBeTcTBHU C 3TUM HyJeBas TUIIOTE3a HE MOXKET OBITH OTBEPTHYTA.

Hanee npuBeneHb! pe3yabraThl 1-(hakTOPHOro IMCIEPCHOHHOTO aHAIN3a JUIS
MIPOYIIMH B JIEBOM M NMPaBOW 4acTAX 3aroTOBKH (puc. 7).

OnHO(pAKTOPHELN THCIIEPCHOHHEI aHATH3

HUTOI'

1 pymne Cuem Cyava | Cpeonee Jucnepcus
IIpoynmna 1 18 40,515 2,250833 0,0036654
IIpoymmHa 2 18 40,017 2,223167 0,0057131
IIpoyummna 3 18 39,294 2,183 0,0046147
IIpoymmna 4 18 39,643 2,202389 0,0068139

JlucnepcHOHHEIH aHaTH3

Hemoynux sapuayui S5 daf MS F P-3uauenue F kpumuyeckoe
Mexay rpynmaMH 0,045606 3 0,015202 29224619  0,0400904 2,739502302
BHyTpH rpynmn 0,353721 68 0,005202
Hroro 0,399327 71

a

OnmrodaKTOPHEL THCIIEPCHOHHEIH aHATH3

HTOI'L

Tpynnut Cuem Cymna  Cpeownee [ucnepcus
[IpoymmHa 5 18 40,03 2.,223889 0,00538
IpoymuHa 6 18 39.429  2,1905 0,008663
Ipoymmuaa 7 18  39.743 2,207944 0,007542
IIpoymmna § 18 42,302 2.,350111 0,023693

JlucriepcHOHHEIN aHATH?3

Hemounux eapuayun S8 dr MS F P-3uayenue F xpumivecrkoe
Me:xmy rpynmaMi 0,284816 3 0,094939 8387127 8,0514E-05  2,739502302
BayTps rpynm 0,769731 68 001132
Hroro 1,054547 71

6

Puc. 7. Pesynbrars! 1-hakTopHOTO AMCIEPCHOHHOTO aHAJIHM3a IIUPUH MTPOYIIHH
JULst JIEBOH (a) 1 mpaBoii (6) MOJIOBHH JETalH
Fig. 7. One-way ANOVA results of mortise width for left (a)
and right (6) half of workpiece
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Pe3ynbTaTsl TUCIIEPCUOHHOTO aHANN3a IS paCIpeeNICHUs MUPUH MPOYIINH
MTOKA3bIBAIOT OOPATHYIO OTHOCUTEIFHO PACIIPEeIICHUS TOIIINHBI ITUTIOB CUTYAIIHIO:
craTucTudeckast 3HauuMocthb p = 0,04 g neBoii mosoBuHb! mumnos u p = 0,00008
IUISL TIpaBoi MeHbIe ypoBHs 3HaguMocTH o = 0,05. [Ipu stom xputepuit Ouriepa
JUTSE JIEBOHM YacTH cocTaBmi 2,92, nis npaBoi — 8,39, 4To 00JIbIlle KPUTHIECKOTO 3HA-
yeHus 2,74. DTO MO3BOJISET OMPOBEPTHYTH HYJIEBYIO TUTIOTE3Y 00 OTCYTCTBHH BIIHSI-
HUS TTOJIOKEHUS MTPOYIIUHEI Ha €€ TOYHOCTb.

Onpedenenue Keamumema mMOYHOCMU CHOPMUPOBAHHBIX WUNOE U NPOY-
wiun. JIIS HAXOXKICHUSI CPEAHUX KBAJIUTETOB TOJIIMH IIMIIOB U IIUPHUH MPOYIINH
ObUI paccuntan cpeHuii 1omyck A ,. COOTBETCTBHE KBAIUTETY YCTaHABINBAJIN 110
I'OCT 6449.1-82 uI'OCT 25346—89 B 3aBUCUMOCTH OT cpeAHero aomnycka. C uenbro
WCKIIFOYCHUS BIUSHUA 3HAKA OTKJIOHEHHUS! OT HOMUHAJILHOTO 3HAYEHUS MPU pacuere
CpEeIHEro JI0MyCcKa aBTopaMu Obljla MpeJIoKeHa clieaytoras Gopmyra;

n
_Zl |S S
i

HOM ,Elel7lCTB|

)

n

Aep
TIE S, 00 Speiiers — COOTBETCTBEHHO HOMMHAJILHAS U JISHCTBUTENbHAS TOJIIMHA [IUTIA

WJIW HIWPHHA ITPOYIIHUHBI, MM; 71 — KOJJMYECTBO H3MepeHHI>'I.

Pesynbrars! onpeneneHus CpeJHUX KBAJINTETOB TOJIIUH IIUIIOB U HIMPUH IIPO-
VILIUH IPUBEACHBI B Ta0M. 3 u 4.

TabGuuna 3
CpeHue KBAJIUTEThHI TOJIINH IINIIOB
Mean tolerance grades of tenon thickness
o Acp, MM KBanurer CpenHsis TONIHHA, MM
1 0,055 IT11 2+0,028
2 0,050 IT11 2+0,025
3 0,049 IT11 2+0,025
4 0,053 IT11 2+0,026
5 0,057 IT11 2+0,029
6 0,064 IT12 2+0,032
7 0,062 IT12 240,031
8 0,040 IT11 2+0,020
9 0,078 IT12 2+0,039
Tabnuna 4

CpeaHne KBaJIUTEeThI LIMPHH MPOYIINH
Mean tolerance grades of mortise widths

[poymmna | A, MM | Ksamurer Cpenuss mupruHa, MM
1 0,057 IT11 2,240,029
2 0,060 IT11 2,240,030
3 0,053 IT11 2,240,027
4 0,067 IT12 2,240,033
5 0,063 IT12 2,240,031
6 0,068 IT12 2,240,034
7 0,068 IT12 2,240,034
8 0,164 IT14 2,240,082

AHanu3 CpeaHero JAO0MycKa TOJIIMH IIUIMOB M UIMPUH MPOYIINH TOKa3bIBAET
JIOCTATOYHO PAaBHOMEPHBIN pa30poc pa3MepoB sl JIEBbIX KPalHUX U LEHTPAIbHBIX
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anemMeHToB: (bl Ne 1-5, npoymuasl Ne 1-3), He mpeBbImaronuii gomycka 11-ro
kBajureTa. LIUmbl u NpoymIMHEL, PAaCHONIOKEHHBIE ONMXKe K KpaliHe MmpaBoi 30HE
(mmmrer Ne 69, mpoymmab! Ne 4—8) uMeroT 60mbImmid pa3dpoc pa3MepoB, COOTBET-
cTBytouil 12-my kBamurety. Jis kpaiiHeit nmpoymmnsl Ne 8 HHTEpBan BappUpoOBa-
HUS COOTBETCTBYET 14-My KBAJIUTETY.

B03MOXXHBIMU TPHYMHAMH TAKOTO OTKJIOHEHHUS] MOTYT SIBIISITCS TIOTPEITHOCTD
MHCTPYMEHTA WJIM IIEPEKOC BEPXHEH ITUTHI Ipecca OTHOCUTENBHO €ro CToJa U, KaK
CJIEJICTBHE, IEPEKOC IMMyaHCOHA OTHOCUTENFHO 3aTOTOBKH.

IIpozno3zupyemvlie pasmepul 71eMenmo8 wunoguix coeounenutl. 1lomydeHHble
nmaHHeie (Tadm. 1 u 2) mpeAcTaBisIIOT U3 ceOs MOIMHOMKECTBAa HAOMIONCHUA TeHe-
PaJbHBIX COBOKYITHOCTEH. CTaTucTrueckas 00paboTKa STUX MOKa3aTelIe MO3BOJISET
C BEPOSITHOCTBIO 95 % ompenesnnTh HHTEPBAIbl PA3MEPOB 3JIEMEHTOB Ka)KJOU reHe-
pasibHON coBOKymHOCTH. C MpUMEHEHNEM UHCTPYMEHTOB ONHCATEeIbHON CTaTHCTH-
KH yCTAQHOBJICHBI JOBEPUTENbHBIC HHTEPBAIbI OTKIOHEHUH IMUPUH U TONILIMH diie-
MEHTOB. B pe3ynbrare ObUIM CLIPOTHO3UPOBAHbI pa3Mephl TOIIIUH IIUIIOB U MIUPHUH
MPOYIINH, T/1€ HOMUHAJIBHOM HIMPUHON (TOJIIMHOM) 3JeMeHTa SBJISEeTCS CpeaHee
3HAUCHHE, a OTKJIOHEHHUEM CIY>KUT JIOBEPUTEJIbHBIA MHTEPBAJ, TAK)KE ONPEIEICHBI
KBaJIUTETHI 3TUX pa3MepoB (Tadi. 5 u 6). [Iporunoszupyemslie pa3mepsl — 3TO pa3Mephl,
KOTOpBIE ¢ 95%-11 BEpOsTHOCTBIO OyAyT IMOMYyUYEeHbI IPH JAaHHOM criocode GpopMupo-
BaHUS MTPOQIIIS IITUTIOB.

Tabnuna 5
IIporHosupyemasi TOJIIMHA IIUIIOB, MM
Predicted tenon thickness, mm
i JloBepurenbublil | CpeqHsist IpOTrHO3UpyeMast Tomyex Kamirer
UHTEPBaAJ TOJIIITUHA
1 0,037 1,986+0,037 0,075 IT12
2 0,029 2,006+0,029 0,058 IT11
3 0,032 2,002+0,032 0,063 IT12
4 0,033 2,005+0,033 0,067 IT12
5 0,035 1,997+0,035 0,069 1T12
6 0,043 2,013+0,043 0,086 IT12
7 0,037 2,004+0,037 0,074 IT12
8 0,027 1,997+0,027 0,054 IT11
9 0,052 1,972+0,052 0,103 IT13
TabOnuma 6
IIporHo3upyemasi IIMPUHA MPOYLIMH, MM
Predicted mortise width, mm
[Mpoymmuna HOB;II;;IGT;;;:I)M Cpenss ;I;I%;H;;preMaﬂ Jonyck | Ksanurter
1 0,030 2,251+0,030 0,060 IT11
2 0,038 2,223+0,038 0,075 IT12
3 0,034 2,183+0,034 0,068 IT12
4 0,041 2,202+0,041 0,082 IT12
5 0,036 2,224+0,036 0,073 IT12
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Oxonuanue maon. 6

IIpoymuna HOB;E?;;;;;Hﬁ Cpenas SIEI %;I;O;Hp yemad Jonyck | Kpanurer
6 0,046 2,191+0,046 0,093 IT12
7 0,043 2,208+0,043 0,086 IT12
8 0,077 2,350+0,077 0,153 IT14

AHanu3 MpoOrHO3UPYEMbIX Pa3MEPOB IIMITOB U MPOYIIUH MOKA3bIBAET, YTO OT-
HOCHUTEIFHO HOMHUHAJIBHOTO Pa3Mepa IIUPHUHBI MPOYIIMHEI 2,2 MM U TOJIIUHBI IITUTA
2 MM TIOJIS IOTYCKOB SIBJISIFOTCSl HECUMMETPUYHBIMHU, U 9TO 3aTPYAHSCT ONPE/IeIICHHIE
OCHOBHBIX OTKJIOHCHI/Iﬁ. HHSI nux YCTaHOBHeHI/ISI HpI/IHSUH/I, qTo BepO?ITHBIe I10JI1 00-
MYCKOB MOTYT OBITh CHMMETPUYHBI OTHOCHTEIHHO HOMHHAJIBHBIX Pa3MepoB, Mak-
CHMaJIbHBIC OTKJIOHEHHS MPH 5TOM COOTBETCTBYIOT HAWOOJBIIMM OTKIOHEHHUSIM OT
HOMHHAJIBHOTO pa3Mepa, OnpeeIeHHBIM M0 JaHHBIM Ta0i. 5, 6. [ToaydeHHbIe MPo-
THO3HMPYEMBIC TIOJIS IOMYCKOB TOJIIUHBI [IMIIOB U IIHPUHBI MPOYIIHH MPUBEICHBI
B TabmI. 7.

Tabnuua 7

IIporuo3upyembie MOJIsi AONMYCKOB INHMPHHBI MPOYIIHH M TOJIIHHBI IIHIIOB
Predicted tolerance fields for mortise widths and tenon thicknesses

[l / Iuprsa | Momycx mpa- [Tone nonycka Tomuia Honyck | Ilone nomycka
[IPOYILUHA | IPOYILUHBI | HbI IPOYIINHbBI H?gy‘;ﬁ;;; mumna TOE;EE:M TOEI”;E:M
1 2,240,066 0,132 JS13 2+0,051 0,102 Jsi2
2 2,240,042 0,084 JS 12 240,035 0,070 js 12
3 2,2+0,034 0,068 JS 12 2+0,033 0,066 Js 12
4 2,2+0,023 0,046 JS 11 240,038 0,076 js 12
5 2,240,042 0,084 JS 12 240,038 0,076 Js 12
6 2,2+0,033 0,065 JS 12 2+0,056 0,112 js 13
7 2,2+0,030 0,059 JS11 240,041 0,082 Js 12
8 2,240,188 0,377 JS 15 240,030 0,060 js 11
9 — — 240,080 0,160 js 14

[Iporuosupyembie JOMYCKH Pa3MEpPOB LIMIOB M MPOYLUIMH COOTBETCTBYIOT
TpeOOBAHUSM, TPEABSIBISIEMBIM K JIOITYCKaM DJIEMEHTOB IIHUIIOBOTO COCAMHEHUS
ISl TIOCJIEIYIOIIETO CKIICMBAHUS 3ar0TOBOK 110 JytuHe [7, 16, 17]. Ilpu aTom ¢ Bepo-
ATHOCTBIO 95 % TONIIMHBI BCEX MIMIOB U IIUPHUHBI BCEX MPOYIINH OyAyT HAXOIUTh-
cs1 BHYTpH mouist omycka JS13/js13, uckiroueHue COCTaBISIOT KpaiHHe MpaBbie
3IIEMEHTBHI.

Boioowt

1. YcraHOBNIEHO, YTO TOYHOCTH TOJIIUH IIUIOB U IIUPHUH MPOYIINH, TOTydae-
MBIX TOPIIOBBIM IIPECCOBAaHUEM 0€3 MPUMEHEHHsI 00)KMMHOM OCHACTKH, IIPH TOYHO-
CTH 2JIEMEHTOB ITyaHCOHA, COOTBETCTBYIOIIEH 9 KBaTUTETy, B OCHOBHOM (IS IICH-
TpaJbHBIX IIUIIOB) COOTBETCTBYET 12-My KBaJIUTETY.

2. CnporHo3upoBaHa BEPOSTHOCTHAS TOYHOCTH DIIEMEHTOB, (POPMHPYEMBIX
TOPIIOBBIM IIPECCOBAHUEM, HE HIKE 12-T0 KBAaJUTETa; MPU ITOM IMPU MpecKa3biBa-
HUU CUMMETPUYHBIX TIOJEH JOMYCKOB TOYHOCTH HE IpeBbINIaeT 13-ro KBaIMTeTa,
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HOHy‘IeHHbeI pe3YIbTaT JA€T OCHOBAHMUC I1OJIararb, 4TO ¢)0pMpreMLIe 3JICMECHTBI
IIMITIOBOTO COEMHEHUs COOTBETCTBYIOT TPEOOBAHUSM, MPEABSIBISIEMBIM K 3aT0TOB-
KaM ISl CpaliBaHUs 0 JUTHHE.

3. YCTaHOBJIEHO, YTO TOYHOCTh Pa3MEPOB KpaWHUX IMPaBbIX IIUIIOB H MPOY-
IIMH HIDKE. DTO MOXKET OBITH 00YCIIOBJIEHO, BO-TIEPBBIX, HEMPABHILHOCTIO 0a3u-
poBaHUA 3aroTOBKH, YTO OG’I)SICHHGTCS[ KOHCTPYKTUBHBIMU OCO6CHHOCTHMI/I mpec-
COBOro 000pYI0BaHMS, BO-BTOPBIX, OTCYTCTBHUEM OOKOBOW MOJICPKKHA Marepuaia
npeBecuHbl. HecooTBeTCTBHE CcTaHIapTaM pa3sMepoB KpailHUX IIHUIIOB MOXET I10-
BJICYb 32 COOOW YMEHBIICHHE MPOYHOCTH IIUIIOBOTO COSAMHECHUS 1O JutnHe. s
YCTpaHeHHs ATUX (PaKTOPOB HEOOXOAWMO MPOESKTUPOBATH CIIEIUAIBHYIO 00XKUM-
HYIO TEXHOJIOTHYECKYIO OCHACTKY, MIO3BOJIIONIYI0 00ECTICYUTh KOPPEKTHOCTh B3a-
MMHOTO TTO3UIIHOHUPOBAHMSI 3aTOTOBKH H ITyaHCOHA, a TAKXKe OOKOBYIO TIOAIEPKKY
KpalfHUX IIWUIIOB TPU MPECCOBAHUM. DTO SIBIISETCS 3ajadeil clenyromei cTaauu
HCCJIeIOBAHUS.
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Abstract. This study investigates the variations in mechanical properties and fiber parameters,
along with wood densities, of 7 timber species commonly used in Sri Lanka’s furniture
industry as a promising one. Key parameters measured include wood density, compressive
strength (both parallel and perpendicular to grain), and static bending properties, following
the standards outlined in BS 373:1957. Mechanical tests have been conducted using a universal
testing machine (UTM-100PC), while fiber paramters have been analyzed via a modified
Franklin’s method. The results indicate no significant correlations between fiber parameters
(fiber length, diameter, and wall thickness) and mechanical properties such as compression and
bending strengths, including modulus of rupture and modulus of elasticity. However, the fiber
parameters have exhibited a decreasing trend with increasing wood density. Notably, timber
species with higher density and elevated Runkel ratios have demonstrated greater strength
values, suggesting the influence of fiber wall thickness relative to pore size on mechanical
performance. The findings obtained imply that wood density and fiber structural ratios
play a more critical role in determining strength than isolated fiber dimensions. The study
contributes to a better understanding of the physical and mechanical behavior of local timber
species and provides valuable data for optimizing timber selection and processing in Sri
Lanka’s furniture manufacturing sector.
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Annomayun. PaccMaTpuBaIOTCsS pazaNyUs B MEXaHMYECKUX CBOMCTBAX M MapamMeTpax BO-
JIOKOH, a TaKkKe IUNIOTHOCTH JAPEBECUHBI 7 MOPOJ, IIMPOKO UCHOIB3YEMBIX B MEOETbHOM Mpo-
mbiiuienHocT [lpu-Jlanku. K kiiroueBbIM M3MepsieMbIM IapamMerpaM B COOTBETCTBHHU CO
craunaptoM BS 373:1957 oTHOCATCS IIOTHOCTH JPEBECHHBI, IPOYHOCTH MPU CHKATHU (Kak
MapajuieNbHo, TaK U NePIEHINKYISIPHO BOJIOKHAM) M TIPU CTaTH4YecKoM H3rubde. Mexannde-
CKHUE HCIIBITaHHS MPOBOIMINCH C MPUMEHEHHEM YHHBEPCAIbHOW HCIBITATEIbHON MalllHBI
(UTM-100PC), a mapameTpsl BOJOKOH aHAJIM3UPOBAIUCH TIOCPEACTBOM MOIUDHUIIMPOBAHHO-
ro meroaa @pankinnHa. Pe3ynbTaThl IEMOHCTPUPYIOT OTCYTCTBHE CYLIECTBEHHOM KOppesis-
UM MEX[IY NapamMeTrpaMH BOJIOKHA (JUIMHA BOJIOKHA, AMAMETP M TOJIIMHA CTEHKH) U Me-
XaHMYECKMMHU CBOIMCTBaMH, TAKUMH KaK IPOYHOCTh HA CIKATHUE W W3rMO, BKIIOYAs MOAYJIb
pa3pbIBa U MOIyNb ynpyrocTd. OHAKO ¢ yBEIWYCHHEM IUIOTHOCTH JPEBECHHBI TTapaMeTPHI
BOJIOKHA JEMOHCTPHPYIOT TEHACHIMIO K yXyAleHuto. [IpumedarenbHo, 4To HOpoIsl JIpe-
BECHHBI ¢ 00JIee BBICOKOH IJIOTHOCTBHIO M TOBBIIMICHHBIM Kod(duirienToM PyHkens umeror
OOJIBIIYIO IPOYHOCTh, YTO CBUIETEILCTBYET O BIMSHUN COOTHOLICHHUS TOJIMHBI CTEHKH BO-
JIOKHAa M TPOCBETa MEXIy BOJOKHAMH Ha MEXaHMYECKHE CBOWCTBaA. [lomyueHHbBIE HaHHBIE
YKa3bIBalOT Ha MPEBATMPYIOIIYIO PONb MPH ONPEIeNCHUH NMPOYHOCTH BOJIOKOH IUIOTHOCTH
JIPEBECHHBI M CTPYKTYPHBIX COOTHOILIEHHUIH BOJIOKOH 110 CPABHEHUIO C pa3MepaMH OTACIbHBIX
BOJIOKOH. VccneoBanne croco0CTByeT NIOHUMAHUI0 (PU3MUECKUX M MEXaHUYECKUX CBOWCTB
MECTHBIX MOPOJ| JIPEBECHHBI U ONTUMHU3ALMK 0TOOpa U 00paOOTKH APEBECHHBI B MPOLIECCE
MebespHOTo npou3BozcTea B [lpu-Jlanke.

Knwuesvie cnosa: IJIOTHOCTD, XaPAKTECPUCTUKU BOJIOKHA, MEXaHUYCCKOC HCIIBITAHUEC, APC-
BC€CHHa

/lna yumuposeanus: Muthumala C., Arunakumara 1., De Silva S., Alwis A., Marikar F. The
Relationships between Fiber Parameters and Mechanical Properties of Timber Species // W3B.
By30B. JlecH. sxypH. 2026. Ne 1. C. 190-200. https://doi.org/10.37482/0536-1036-2026-1-190-200
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Introduction

The history of wood architecture reveals that architects and craftsmen with
natural creative skills have existed from the beginning of civilization. As a result of
low quality and strength of wood which has been used by these ancestral architects
and craftsmen, some of the wood creations have not lasted for long time [10, 12].

Wood is an excellent material for roof and other construction works, furniture,
interior decorations, doors and window frames, paneling, partition borders, floorings,
wood carvings, musical instruments etc. Mechanical properties are very important in
deciding on the applicability and suitability of timbers for both structural and non-struc-
tural purposes. However these properties vary with the species and also with some
other factors such as moisture content, the number and degree of defects, etc.

In hardwood, the anatomical organization is made up by vessels, fibers, paren-
chyma cells and wood rays. Fibers are the principal element that is responsible for
the strength of wood [11]. Fiber length, fiber cell wall thickness, pore diameter and size
of the pits are the characteristics associated with wood properties such as wood density,
modulus of rupture, modulus of elasticity, shrinkage etc. Wood density is an import-
ant property for both solid wood and fiber products [6]. Softwood fibers are generally
long (2-3 mm) [2—4], while hardwood fibers are shorter (1 mm) and less flexible [15].

The Runkel ratio, commonly used in pulp and paper industry to assess fiber
quality, is not a primary criterion for selecting wood in traditional furniture produc-
tion. Instead, furniture manufacturing typically focuses on macroscopic properties
such as strength, density, workability, and aesthetic appeal. However, the Runkel
ratio may have indirect relevance in the furniture industry, particularly for engineered
wood products like MDF or particleboard, where fiber morphology affects material
performance. In such contexts, the Runkel ratio can provide useful insights into fiber
rigidity and cell wall thickness, contributing to quality. The Runkel ratio, the ratio
between fiber cell wall thickness and pore size determines the suitability of a fibrous
material for pulp and paper production. If a wood species has a high Runkel ratio,
its fibers are stiff and less flexible and have poor bonding abilities. The variations of
the mechanical properties and fiber parameters of 7 timber species commonly used in
furniture industry in Sri Lanka have been studied during this research.

Materials and Methods

7 timber species commonly used for furniture manufacturing have been
collected from the Southern and Central Provinces of Sri Lanka (Table 1).

Table 1
Timber species selected for the research

Common name Botanical name Family Timber class* | Province
Rose gum Eucalyptus grandis Myrtaceae 2 Central
Jackfruit Artocarpus heterophyllus Moraceae Luxury
Arjuna Terminalia arjuna Combretaceae Special Southern
Mahogany Swietenia macrophylla Meliaceae Luxury
Caribbean pine Pinus caribaea Pinaceae 3 Central
Ceylon satinwood | Chloroxylon swietenia Rutaceae Luxury

- - Southern

Teak Tectona grandis Lamiaceae | Super luxury

*Source: Timber classification by State Timber Corporation, Sri Lanka.
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The samples for the tests have been prepared from defect-free sawn woods.
Determination of Wood Density. Each timber species sample has been repli-
cated 10 times. Wood density has been determined based on the volume when green
and oven-dry weight. The dry weight of timber samples has been obtained by placing
them in an oven at 105 °C for 48 h (BS EN 373:1957). Basic density has been calcu-
lated using the following equation:
Basic Density = Oven-dry wood weight (kg)
Volume of green wood (m?).
The samples placed in normal room temperature conditions have shown good
structural performance compared to the ones placed in hot and wet conditions [17].
Determination of Moisture Content. The samples (each measuring 20 x 20 X
x 20 mm) have been first weighed, and then oven-dried at 103 °C until a constant
weight. The moisture content (r, %) of each sample has been determined using
the equation below: M- M,

0

r x 100

2

where M, is the weight of the moist sample; M, is the weight of the fully dried sample.

Measuring Fiber Dimensions. Fiber morphological analysis has been per-
formed according to the modified Franklin’s method [7]. The matchstick size splints
have been taken from the tangential section of timber samples and put into boil-
ing tubes containing a mixture of glacial acetic acid and 30 % hydrogen peroxide
(1:1 by volume). The purpose of using hydrogen peroxide has been to ensure dehy-
drating and bleaching the samples. The glacial acetic acid has been used to dissolve
lignin enabling easy separation of the fibers (Fig. 1).

Fig. 1. The preparation of slides for measuring fiber properties:
a — matchstick size splints taken from timber samples; b — splints dipped into the mixture of
glacial acetic acid and hydrogen peroxide; ¢ — rack with test tubes kept at 60 °C;
d — test tubes after dissolving lignin; e — mounting the splints on the the slides with Canada
balsam; f— measuring fiber dimensions

The material in boiling tubes has transformed into pulp after keeping it at
a temperature of 65 °C for a period of 24 h. Then the remains have been rinsed in
distilled water and shaked gently to ensure measurable individual cells of xylem tis-
sues. The fibers have been carefully removed using a painting brush and mounted on



194 «H3BecTns By30B. JlecHoii skypHasm». 2026. Ne 1 ISSN 0536-1036

the slides using Canada balsam. They have then been covered with cover slips, named
and kept in an oven at 30° C for 2 days to complete drying. The micrographs have
been taken to measure the fiber thickness, pore diameter and wall thickness. The fiber
dimensions have been measured subjectively to minimize the possible variations in
the fibers due to such fastors as the age and sampling height of the tree, etc. [13, 14].
Micrometrics SE Premium 4.1 software has been used to determine the fiber
dimensions.
Calculating the Runkel Ratio. The Runkel ratio has been calculated using
the following equation [14]:
Runkel ratio = D,—-D,
D,
where D, is the cell thickness; D, is the pore diameter and D,—D, is the cell wall
thickness.

Determination of Flexural Strength. The samples have been cut from de-
fect-free, seasoned wood planks (average moisture content 12 %). 10 wood samples
have been prepared representing each timber species. The dimensions of each repli-
cate have been 20 x 20 x 300 mm. They have been prepared following the methods
of testing the small clear samples as stated in BS 373:1957.

A universal testing machine (UTM-100PC) manufactured in Australia has
been used for testing (Fig. 2). An assembling pressure of 6 MPa has been applied in
this study [5, 19].

UTM-100PC |

N |
H i . ) Fig. 2. The Universal testing machine
‘ (UTM-100PC)

Bending strength, modulus of rupture (MOR) and modulus of elasticity (MOE)
values have been calculated using the equations below, respectively, corresponding
to the test data: 3F L

2bd*

where F is the serviceability force (N); L, is the length of the span (mm); b is
the width of the sample (mm); d is the depth/thickness of the sample (mm).

Bending Strength =

MOR=3E§,
2bd

where F), is the maximum force (N); L, is the length of the span (mm); b is the width
of the sample (mm); d is the depth/thickness of the sample (mm).

3
MOE = EL ,
43bd’
where F, is the maximum load at proportionate state (N); L, is the length of the beam
between supports (mm); b is the width of the sample (mm); d is the depth/thickness
of the sample (mm); § is the deflection of timber sample (mm).
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Calculation of Compression Strength. The samples prepared for compression
parallel and perpendicular to grain are shown in Fig. 3.

Force

Direction Foeee
l_ Direction
el

Maoving ] ‘
~

Grsin Plate t . Moving
direm‘n}J " Plate
S0mim 50mm e
l Grain direction Fixed
- . Plate
50mm /
= r
- 20mm |  Fied i, S
I “*  Plate
a b

Fig. 3. The schematic presentation of compression tests: a — compression parallel to grain;
b — compression perpendicular to grain

The load on timber section at proportionate state has been measured. The ser-
viceability compressive strength has been calculated using the equation below.

Serviceability compressive strength =

Max load on the sample at proportionate state
= N/mm2.

Load actingarea
The direction of the load applied to the sample is shown in Fig. 4 and 5.
Load applying
direction
e Position of load
applying
4 P sition of joint

] oint direction

a b
Fig. 4. The compression parallel to grain test: a — loading setup; b — load applying direction

— Load applying
direction

qunt .
direction

Position of joint and
load applying

b

Fig. 5. The compression perpendicular to grain test:
a — loading setup; b — load applying direction

Results and Discussion

The fiber parameters of 6 hardwood species and 1 softwood species have been
compared as shown in Table 2.
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Table 2
The fiber parameters of timber species
. . . Average
Timber | Basic density, The Runkel
species kg/m? fiber . fiber _ pore ﬁber wall ratio
length, pm | diameter, pm | diameter, pm | thickness, pm

Rose gum 570 1,147.72 20.64 13.47 3.59 0.35
Jackfruit 645 2,070.94 22.35 12.34 5.00 0.45
Arjuna 756 1,613.15 18.43 11.15 3.64 0.39
Mahogany 570 1,431.68 20.48 13.82 3.33 0.33
Caribbean | 465 | 3387.86 | 44.53 27.79 8.37 0.38
pine
Ceylon 980 1,225.43 | 11.28 4.92 3.18 0.56
satinwood
Teak 720 1,203.77 22.14 14.12 4.01 0.36

The highest average fiber length (3,387.86 um) has been recorded in Caribbe-
an pine and the lowest (1,147.72 pum) — in rose gum. As for average fiber diameter,
the highest value (44.53 um) has been recorded in Caribbean pine and the lowest
(11.28 pm) — in Celylon satinwood. The highest average pore diameter (27.79 um)
has been recorded in Caribbean pine and the lowest (4.92 um) — in Celylon satin-
wood. As for average fiber wall thickness, the highest measurement (8.37 um) has
been recorded in Caribbean pine and the lowest (3.18 um) — in Celylon satinwood.
The thickness of the fiber cell wall is the major factor governing density and mechan-
ical strength of hardwood timbers [18]. In present study it shows the similar trend and
the Runkel ratio varies from 0.35 to 0.56, with Ceylon satinwood having the highest
(0.56) Runkel ratio (Fig. 6).

600

550

Runkel ratio

P S wn

(=] W (=3

(=} (=] (=}
Il Il Il

350

300 T
Caribbean

pine

‘ Teak Arjuna ‘ Ceylon ‘
satinwood

Rose gum ‘ Mahogany ‘ Jackfruit
Basic density (kg/m?)
Fiber wall-pore ratio —— Wall thickness

Fig. 6. The relationship between basic densities and the Runkel ratio
in tibmer species under study

Average basic density values of 7 timber species are listed in a descending or-
der: Ceylon satinwood — 980 kg/m?, arjuna — 756 kg/m?, teak — 720 kg/m?, jackfruit —
645 kg/m3, rose gum — 570 kg/m?, mahogany — 570 kg/m3, and Caribbean pine —
465 kg/m3. As depicted in Fig. 7, decreasing trends can be observed in the relation-
ships between the fiber parameters and basic densities. Similar trend has been record-
ed in the research conducted by M. Kiaei and R.M. Roque in 2015 [8]. The effect of



ISSN 0536-1036 «H3BecTus By30B. JlecHoii skypHam». 2026. Ne 1 197

fiber dimensions on the wood density of 3 parts (stem, branch and root wood) of alder
wood has been determined by M. Kiaei and R.M. Roque in the stem, branch and root
wood of Alnus glutinosa L. and the results emphasise that no significant differences
have been found between fiber length, fiber diameter and pore diameter with wood
density for each of the samples, while in the totality of the samples, there are signifi-
cantly negative relationships between fiber length, fiber diameter and pore diameter
with oven-dried wood densities.

5000 4

4500 4 e Average fiber length

4000 -
Average fiber diameter
3500 4

3000 + . e Average pore diameter

2500 - T e Fiber wall thickness

Fiber properties

2000 -
1500 -
1000 -
500 A

Caribbean 'Rose gum ‘Mahogany‘ Jackfruit Teak Arjuna Ceylon
pine ) . satinwood
Basic density ( kg/m?)

Fig. 7. The relationship between basic densities and fiber parameters
in tibmer species under study

The mechanical properties of the selected 7 timber species are shown in Table 3.

Table 3
The mechanical properties of timber species under study
Timber species pel?;)lrlzll)ressu);er(rlje/rrj(lirir(l:zlar MOR Bending strength MOE
to grain to grain (N/mm?) (N/mm?) (N/mm?)
Rose gum 45.19 491 71.13 36.56 8,203.65
Jackfruit 41.02 13.42 64.47 36.55 5,765.51
Arjuna 33.81 7.39 52.86 21.21 4,615.56
Mahogany 30.31 8.20 60.16 32.58 5,775.78
Caribbean pine 45.78 5.53 59.90 28.56 7,149.67
Ceylon satinwood |  46.36 16.65 106.6 50.85 10,819.05
Teak 47.40 9.20 84.36 44.36 8,538.29

The highest value of the compression parallel to grain (47.40 N/mm?) has
been recorded in the teak sample and the lowest (30.31 N/mm?) — in mahoga-
ny. Ceylon satinwood and Caribbean pine, respectively, have shown the highest
(16.65 N/mm?) and the lowest (5.53 N/mm?) values of compression perpendicu-
lar to grain. As for bending strength, the highest value (50.85 N/mm?) has been
recorded in Ceylon satinwood while the lowest (21.21 N/mm?) has been revealed
in arjuna. Ceylon satinwood and arjuna have shown the highest (106.6 N/mm?)
and the least (52.86 N/mm?) MOR values, respectively. As for MOE, the highest
value (10,819.05 N/mm?) has been recorded in Ceylon satinwood and the lowest
(4,615.56 N/mm?) — in arjuna.
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Table 4

Regression R-squared values of fiber parameters for timber species under study

Mechanical properties Fiber parameters R-Sq, % (a djL]?s_tig) % Sigr\l/i;(;znt P
MOR 20.6 4.8 0.306
Bending strength Length 21.1 5.4 0.299
MOE 8.7 0 0.521
Bending 19.5 34 0.321
MOR Average diameter 23.4 8.1 0.237
MOE 5.6 0 0.608
Bending strength 11.2 0 0.463
MOR Wall thickness 12.3 0 0.440
MOE 2.1 0 0.754
C . el Length 1.1 0 0.821

ompression parafie Diameter 4.1 0 0.662
to grain -

Wall thickness 9.8 0 0.493

C . Length 6.9 0 0.569

pgggggfgﬁ; to grain Diameter 31.6 17.9 0.189

Wall thickness 10.6 0 0.477

No significant correlations among fiber paramters (fiber length, fiber diameter
and fiber wall thickness) and strength values (compression parallel and perpenciducalr
to grain) have been observed (significant P value > 0.05). Similarly no significant cor-
relations have been found between fiber parameters (fiber length, fiber diameter and
fiber wall thickness) and bending strength, MOR and MOE (significant P value > 0.05)
(Table 4). Previous research conducted by J. Baar et al. in 2014 has revealed a weak
correlation between wood density and MOR [1].

However according to the research conducted by P.K. Thulasidas et al. (2001)
on the fiber length of teak, the wet site home-gardened one has exhibited shorter
fiber length (1.16 mm) than the dry and plantation site ones with values equaling
1.24 mm each [4, 16]. Hence, the habitat also affects the results. Another research
has shown that nutrient distribution has a significant positive correlation with wood
quality, wood density and fiber length [5, 9].

Conclusion

This study has been aimed at assessing the relationships between fiber param-
eters and mechanical properties of 7 wood species: rose gum (Eucalyptus grandis),
jackfruit (Aartocarpus heterphyllus), arjuna (Terminalia arjuna), mahogany (Swiete-
nia macrophylla), Caribbean pine (Pinus caribaea), Ceylon satinwood (Chloroxylon
swietenia) and teak (Tectona grandis). The highest average fiber length, fiber diam-
eter, pore diameter and fiber wall thickness have been recorded in Caribbean pine
(softwood species).

While the Runkel ratio is primarily used in the pulp and paper industry to eval-
uate fiber quality, it also holds contextual relevance in the furniture industry, particu-
larly in relation to engineered wood products. Although studies indicate no significant
correlations between fiber parameters (fiber length, diameter, and wall thickness) and
mechanical properties such as compression strength (parallel and perpendicular to
grain), modulus of rupture, and modulus of elasticity, wood’s structural components
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nevertheless exert influence. Mechanical properties arise from complex interactions
among anatomical features, including cell wall thickness and density, which more
directly affect strength and stiffness. Thus, fiber parameters contribute indirectly via
their effects on wood structure and density, rather than through simple direct correla-
tions. For instance, Ceylon satinwood exhibits the highest mechanical strength, den-
sity, and Runkel ratio, suggesting that in some species, denser fiber structures may
correspond to stronger mechanical performance. Therefore, while not a standalone
selection criterion, the Runkel ratio can still offer valuable supplementary insight into
the internal structure of wood that may, in certain cases, align with desirable physical
and mechanical properties for furniture applications.
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Annomayus. B Hactosimiee Bpems OTOENIKE MOIBEPraiOT BTOPUYHOE BOJIOKHO M3 MakyJa-
TYpPBI, COCTOSIIEH M3 OeNbIX BUIAOB OyMard, /sl IPOM3BOJCTBA M3 HETO M3/EJINI CaHUTap-
HO-TUTMEHNYECKOTo Ha3Ha4deHus. B naHHOM paboTe rccienoBaHa BO3MOXKHOCTh OTOCIIKU BTO-
PUYHOTO BOJIOKHA M3 MaKyaarypsl Mapku MC-5b (0Txozb! HcTIonbp30BaHus TOGPUPOBAHHOTO
1 KOPOOOYHOTO KapTOHA) ISl €70 BOBJIEYEHHS B IPOM3BOICTBO MaKyJIaTypHOTO KOPOOOUHOTO
kaproHa WLC c OerbIM TOKPOBHBIM CJIOEM BMECTO OelIeHOH Cylb(aTHO EIUII0I03bl, pH-
MEHSEMOH Ha JIaHHBI MOMEHT. AHAJIM3 JINTEPATYPHBIX NCTOYHUKOB TIO3BOJIMI YCTAHOBHTD,
4TO HanOoJee NMePCHEeKTUBHBIN cr10co0 OTOEIKH BTOPMYHOTO BOJIOKHA M3 MAaKyJIaTyphl Map-
k1 MCS5bB — or0ernka 3a cueT obecuBednBaHus XpOMO(OPHBIX TPYIIIT HEPOKCHIOM BOJOPOIA.
JlanHbIi criocoO siBisiercst 6os1ee SKOIOTHYHBIM 110 CPABHEHUIO C IPYTUMH, T. K. €70 HCIIOJIb-
30BaHUE HE TpEJIoaracT BKIIOUEHUsS B MPOIECC XJIOPCOAEPIKALINX PeareHToB U Tpelyer
MEHBIIIE YHEPreTHYECKUX 3aTpar 3a cUeT OTCYTCTBUS JeJUrHU(UKanuu. B xone nccnenona-
HUSI BBISIBIICHBI ONITHMAJIbHBIE TEXHOJIOTHYECKHUE TTAPAMETPBI OTOCIKH: KOHIICHTPALHS ITEPOK-
cuna Bogopoaa — 30 %, nNpogoIKUTENLHOCTE 0TOenKH — 60 MUH, TemIreparypa npouecca —
70 °C. OnHako NMpH TaHHBIX TEXHOJIOTMYECKHUX MapaMeTpax yaaloch MOBBICHTH 0enn3Hy ISO
TOJNBKO ¢ 23 110 36 % ¢ yBenMYeHNEM ONTHYECKNX CBOWCTB 0€3 3HAUUTEIBHOTO YXYAIICHHS
(U3MKO-MEXaHMUECKHX ITOKa3aTelIeH, T. K. OTOJIKA ITOYTH He OKa3aJla BIMSHUE Ha MOPQOIIO-
ruto BostokHa. [Ipn Ooree «KeCTKHX» TeXHOIOTHUECKUX MapaMeTpax Oein3Ha Bo3pacia ¢ 23
710 50 %, HO MpH 3TOM 3aMETHO CHU3MJIUCH IPOYHOCTHBIE XapaKTEPUCTHKH BOJIOKOH. Taxke
OBUIO OTMEUEHO YMEHBILICHNE COACPKaHMs JIMTHUHA MT0CiIe OTOCITKH B )KECTKHX YCIOBHSIX 110
texnonorun TCF.

Knrouegvie cnosa: ordeika, BTOPHIHOE BOJIOKHO, MaKyJIaTypa, IEpOKCH] BOIOPOAa, JaiHep
¢ OeBIM MOKPOBHBIM CII0EM, KOPOOOUHBII KapTOH
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Abstract. Currently, secondary fiber from waste paper, consisting of white types of pa-
per, is subjected to bleaching for the production of sanitary and hygienic products.
The aim of this paper is to investigate the possibility of bleaching secondary fibre from
MS-5B waste paper (waste from corrugated and boxboard) for its use in the produc-
tion of WLC boxboard with a white cover layer instead of the bleached sulphate pulp,
which is used today. An analysis of literary sources has revealed that the bleaching chro-
mophore groups with hydrogen peroxide is the most promising method for the second-
ary fiber from waste paper grade MS-5B. This method is more environmentally friendly
compared to others, since its use does not involve the inclusion of chlorine-containing
reagents in the process and requires less energy costs due to the absence of delignifica-
tion. The study established the optimal technological parameters for bleaching: hydro-
gen peroxide concentration — 30 %, bleaching duration — 60 min, process temperature —
70 °C. However, at these technological parameters the whiteness increased only from 23 to
36 % with an improvement of optical properties without a significant decrease in the physical
and mechanical properties, because bleaching had almost no effect on the morphology of
the fiber. Using more "rigid" technological parameters led to an increase in the whiteness from
23 to 50 %, but at the same time, the strength properties of the fibres noticeably decreased.
The lignin content reduced after bleaching under “rigid” conditions using TCF technology.

Keywords: bleaching, secondary fiber, waste paper, hydrogen peroxide, liner with a white
cover layer, white lined chipboard (WLC)
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Bseoenue

MupoBoe mpon3BoicTBO Oymaru u kaptoHa ¢ 2010 1. ocTaercss OTHOCUTETHHO
CTaOMIIBHBIM, COCTaBIAS B cpeHeM okono 400 MuTH T B T0oA. DTO CBS3aHO C POCTOM
notpebnennst Oymaru u kapTona B mupe, B 2023 . oHo coctaBuio 420 MiH T U,
10 IPOTHO3aM, IPOAOJDKUT PACTH B TE€UCHUE OJIM)KANIIETro JECSTUIETHUS], JOCTUTHYB
476 miua T k 2032 1. [19].
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Hawnbosnee maccoBbIME BUaMHU TIPOAYKITUH 3/IECH SIBIISIFOTCS TAPOYTTaKOBOYHEIE
Oymara, kapToH u Oymara st nedat. CiieyeT OTMETHTh, YTO CIIPOC Ha MeYaTHBIC
BHUIBI Oymaru magaetT u ¢ 2015 . UX TPOU3BOACTBO CHIDKAIOCH. OIHAKO MEIUTIONI03-
HO-OyMa)kHasi TIPOMBIIIICHHOCTD MPOJIOJKACT Pa3BUBATHCS Onarofapsi pacTylieMy
CIIPOCY Ha YIAaKOBKY M CPE/ICTBA TUTHEHBI Ha OCHOBE Oymaru u kaproHa [3, 18].

VYnakoBka ocTaercsi KpyImHEUIIMM CEKTOPOM MOTpediieHust OymMard M KapTo-
Ha. [lo manaeiv Euler Hermes, Ha momto kapToHa K koHIry 2023 1. mpuxoausiocs 2/3
MHPOBOTO OyMa)kHOTO Tpown3BozacTBa (1o manaemuu Covid-19 — Tomeko 1/2) [12].
CpenHeronoBoe yBelUYEHHE MPOM3BOICTBA TapOYNAKOBOYHBIX OymMar W KapTOHOB
coctaBmio 15,3 % — mporHO3UpyeTCs paclIupeHre phIHKa BTOPUYHOTO BOJIOKHA U3
Makyiarypsl [11, 17].

Makynarypa npeacrasiseT co0oii ObIBILINE B YIIOTPEOICHUN U3EINs HITH Tie-
YaTHYIO MPOIYKIMIO 3 OyMaru u KapToHa, a TAaKyKe OTXOJbl MX MPOU3BOACTBA U TIe-
pepabotku [2, 10]. OCHOBHOM HPUYMHON POCTa MCHOIB30BAHMS MaKyJlaTyphl CTa-
HOBHTCSI 3KOJIOTMYeCKas MOJIUTUKa. Ee 1enb — coxpaHeHue MpUPOIHBIX PECYPCOB,
YMEHbILIEHHE KOJTMYECTBA TBEP/BbIX OTXO/I0B.

[Tonesnoe ncnonb30BaHUE MaKyjIaTypbl B Poccuu pa3BuBaeTCst CTPEMHUTEIBHO
[13]. Py uccnenoBareneii paboTaoT B HANPABICHHUH BTOPHYHOTO HCIIOIH30BAHUS
MaKyJaTypsl U3 Oesbix copToB Oymaru [6-8, 20].

B manno#t paboTte paccMoTpeHa nepepadboTka Makynaarypsl Mapku MC-5b, ko-
TOpasi MPUMEHSIETCSl TIPU W3TOTOBIICHUH TapOyIaKOBOYHBIX BHJOB OyMaru W KapTo-
Ha, HarpuMmep JaiiHepa WM KOpOOOUHOIo KapTOHA, SIBJISIETCS OTXOIOM IPOU3BOACTBA
1 motpedieHus TohpUpoOBaHHOTO 1 KOPOOOYHOTO KApTOHOB, a TaKKe HawOolee pac-
npocTpaHeHa cpenu Beeld coonpaemoit makynatypsl [1]. Cormacao I'OCT 10700-97,
JTaHHAsl MaKyJaTypa He TOJDKHA COAEPKaTh MEYaTHYI0 KPACKy, YTO UCKITIOYaeT MY T1e-
pepaboTKe MpoLecc AEUHKHUHTA, OMHON U3 00s3aTeIbHBIX CTAANN KOTOPOTO SIBISIETCS
¢norauus. B Hactosiee Bpemst Ha roposIIMKY BCE Yallle CTAJIM HAHOCHUTH II€4aTh
MetonoM (rekcorpadun ¢ ucroiab3oBanueM 2—3 1BetoB. [Ipu duexcorpaduueckoit
MevYaTy MPUMEHSIOT BOJHO-CIIPTOBBIE KPACKH, KOTOPBIE JIETKO YAASIOTCS IPH Iepe-
paboTKe MaKyIaTypbl BO BTOPHYHOE BOJIOKHO Ha CTAJMH TEPMOIUCIIEPCHOHHON 00pa-
00TKH, ¥ IpOLIECC ICMHKUHTa BHOBB HE TPeOyeTCsl, 4TO BXOAMUT B YUCIIO IPEUMYILECTB
HCTIOJIb30BAHUS JAHHOTO BUJA MAKyJIaTyphl.

Bropuunoe BojoKHO 13 MakynaTypsl Mmapku MC-5b obecrieunBaeT BHICOKHE
MIPOYHOCTHBIE CBOIMCTBA TOTOBOI'O MPOAYKTA, OHAKO MOCKOJIBKY 3Ta MapKa Maky-
JIaTypbl B OCHOBHOM COCTOUT M3 OTXOAOB MPOAYKIIMH, U3TOTOBIEHHOMN M3 Hebene-
HBIX BOJIOKHUCTBIX MOIy(padpuKaToB, OHA UMEET KOPUUHEBO-KENThIN LBET. B cBsi3n
C 9THM IIPH TIPOU3BOACTBE KOpobouHOTO Makynarypraoro kaprona WLC (white lined
chipboard) s BepXHETo ciosi MPUXOAUTCS HCIOJIB30BaTh OCJICHYIO LEJTION03Y.
OTO NPHUBOIUT K HEOOXOANMOCTH YCTAaHOBKH JTMHHUH 110 PA3BOJIOKHEHHIO U Pa3MOILy
OeJICHOH 1IeJUTIONO3bI, YTO, B CBOIO OYEpE/Ib, BIICUET MOBLIIICHHE CE0ECTOMMOCTH
MPOLYKIUH.

B nactosimee Bpems B Poccun orOenke moaBepraioT BTOPUYHOE BOJIOKHO U3
MaKyJaTypbl, COCTOSILEH U3 OeNbIX M ra3eTHBIX BUAOB OymMaru, KOTOpOe 3aTeM HcC-
MOJIb3YIOT B OCHOBHOM IIPH IIPOU3BOJICTBE CAHUTAPHO-THTMEHUYECKON MPOAYKIUH.

Lens nanHol paboThl — ONMpEAeTUTh Haubolee MepCIeKTUBHBIE CIIOCOObI OT-
OeIKM BTOPUYHOTO BOJIOKHA M3 Makynarypsl Mmapku MC-5b mis ero manpHei1ero
WCIIOJIL30BAHUS TIPH MTPOU3BOJICTBE KOPOOOUHOTO KAPTOHA B OEJIOM TTOKPOBHOM CIIOE
B3aMeH OeNIeHOH Cynb(haTHON LEeUTION03bI.
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Obvexmubl u Memoowbl UCCAEO0EAHUS

B xadecTBe 0OBEKTOB HCCIICTOBAHUS B3SIJIM BTOPUYHOE BOJIOKHO, IMTOTYYCH-
HOE Toclie nepepaboTku Makyaarypsl Mapku MC-5b Ha POMBINIIICHHONW JTUHUH.
Bropuunoe BomokHO oTOMpany u3 OacceifHa NIWHHOTO BOJIOKHA ITOCJE €ro Tep-
MOJIUCIIEPCUOHHON 00paboTku. OTIMBKH, UMUTHPYIOIIUE BEPXHHUU CJIOW KOPO-
004HOTO KapTOHa, Maccoil 70+3 /M2 M3roTaBIUBAIHN HA JINCTOOTIIMBHOM arapare
Panun-Keren ¢ aBromatuueckum ympasieHueM. llepen M3roToBieHUEM OTIMBOK
Pa3MoJ1 He MIPOBOIUIIN.

B kagecTtBe oTOenMBarOmIEro peareHTa MCIOIb30BAIN TEPOKCH] BOJOPOAA.
Pacxon — 2,5 xr Ha 1 Kr aOCOJIFOTHO CyXOTro BOJIOKHA. OTOEIKY MTPOBOIUIN B TEPMO-
CTOWKHX CTaKaHaX C HarpeBOM Ha IEKTPOILINTE C TIOCTOSHHBIM TIEPEMEITMBAHNEM.

OTJIMBKY UCTIBITHIBAIN B COOTBETCTBUH CO CTaHAapTHRIMH MeTonamu 1o 'OCT.
UccnenoBanu BIMsHUE TPOMODKUTEIBHOCTH M TEMIIEPaTyphl Mpolecca, KOHIEH-
TpaIuy MEepOKCHIa BOAOPOJA HA ONTHYCCKUE, NIEUYATHRIC W (HU3HKO-MEXaHUICCKHE
CBOWCTBa BTOPUYHOTO BOJIOKHA. J[Jisi ompeencHuss MOPQOIOrHUSCKAX XapaKTepH-
CTHK BOJIOKHa puMeHsun anaimu3atop Morfi Compact. O6pasern mpomycKkaim uyepes
ONTUYECKYO STUCHKY, TTO3BOJISIFOIIYIO TIOTYYHTh U300paKEHUE BOJIOKOH C BBICOKHM
paspemenneM. OnTHyeckas paspeniaromnias crnocoOHocTh coctapisieT 10 MkM, pado-
Yasi pa3peniaroinas ciocooHOCTh — 4 MKM Oj1aroaapsi 00paboTKe pe3yabTaTtoB. MeTos
JIaeT BOBMOXKHOCTb YCTAaHOBUTH KOJIMYECTBO BOJIOKOH B CYCIICH3HUM, UX pacIpe/ee-
HUE B 0011eil Macce, apuMETHIECKYIO U B3BEIICHHYIO JUTHHY, ITUPUHY, KOJTHIECTBO
MEJIOYH TI0 JJTUHE, 110 TUIOIIA U, UHICKC (GPUOPUILIAIINY, a TAKXKE TPYOOCTh BOJIOKOH,
yTOIl N3rubda, CKPyuYnBaeMOCTh, T. €. ITOKa3aTelH, OT KOTOPBIX 3aBHCAT OymMarooopa-
3YIOIIUE CBOMCTBA BOJIOKOH.

Pesynomamul uccnedosanus u ux oocysicoenue

Makynarypa Mapku MC-5b cOCTOUT U3 pa3INYHbIX BU0OB BOJOKHHUCTBIX MOITY-
(habpukaToB: HEOCTIEHON IIETUTIONIO3bI, TTOMYIICIUTION03b], PA3TNIHBIX BUIOB IPEBECHOM
Macchl, BTOPUYHOT0 BOJIOKHA. [IprdeM OT mapTuu K HapTUH COCTaB U MPOLIEHTHOE CO-
OTHOILICHHE BOJIOKHUCTHIX MONy(haOpHUKaTOB MEHSIOTCS M HE XapaKTepHU3yIOTCs CTa-
OMIIBHOCTBIO. DTO CO3/1aeT MPOOIEMBI B BBIOOPE XMMHUKATOB U METOJIA OTOCIIKH.

Ot0esKy BTOPUYHOTO BOJIOKHA, COCTOSLIETO MPEUMYILIECTBEHHO U3 LIEILUIIOIO0-
3bI, TIPOU3BOJIAT 33 CUET JICUTHU(PUKAIINH, UCTIONB3YsT XUMHUKAThI, KOTOPBIC BCTYMAIOT
B PEAKLHIO ¢ XPOMO(QOPHBIMH CTPYKTYpaMH BOJIOKHHCTOTO nomydabdpukara [3, 5, 15,
16]. OcTaToYHBIN JUTHUH IEIDTIOIO3HBIX BOJIOKOH UMEET KOPUIHEBATHIA IIBET BCIIS-
CTBHE KOHICHCAIMHU TIPH TITYOOKOM XMMHUYECKOH nepepadoTke apeBecuHbl. Konnencu-
POBaHHBIH JIMTHUH XapaKTepU3YETCsl HAIMYUEM CONPSUKEHHBIX CTPYKTYP, apoMaruye-
CKHUX CTPYKTYP U JIBOMHBIX yIJIEPO/I-yITIEPOIHBIX CBSA3EH, KAPOOHMIBHBIX IPYIIIL.

Bonokna mexaHn4eckoll ApEBECHOM Macchl COAEpKAT JIUTHUH, KOTOPbIA Ha-
XOIUTCS B HEKOHIECHCHUPOBAaHHOM COCTOSIHUM U UMEET XpOMO(OpHbIE IPyMIIbl, 00-
pasyromuecs: B pe3yibTare OKUCIEHHs! (PeHOIbHBIX TUAPOKCHIIBHBIX TPYIII JIMTHUHA
B XMHOHHBIE B IIPOLIECCE POU3BOICTBA ATUX BOJIOKHUCTHIX Nosty(hadpukaros [9].

[Ipu conepxannn B MakynaatypHoii Mmacce 6osiee 15-20 % BOIOKOH MeXxaHude-
CKOH JIPeBECHOI Macchl HCIOIb30BAaHUE OTOCTMBAIOLINX PEAareHTOB, pa3pyaroIuX
JIMTHYUH, 3KOHOMUYECKH HEeLleIeco00pa3Ho, T. K. IPH ITOM CHIKAETCsl BBIXOJ] BOJIOK-
Hucroro nonygadpukara. [lpu orGenke MexaHHMYECKOH (IpeBeCHON) Macchl OCHOB-
Has 1IeJTb — yAalieHHe TOJIBKO XpOMOQOPOB — TPYTIT, TPUIAIOIINX TBET [5].
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[MaBHOE MPEMMYIIECTBO OOCCIIBEYMBAHKS COCTOUT B IMOJHOM HCKIIFOUCHUU
MIPUMEHEHUS XJIOPCOAEPIKAINX PEareHTOB — METO/I, TIOTYYHUBIITHI B TUTepaType Ha-
3Banue Total Chlorine Free, 4To 6:1aroTBOpHO BIMSET HA HKOIOTHYECKYIO COCTaBIS-
IOIIYFO TIpOoIiecca U TOTOBOM MPOAYKIMHU. [laHHBII BU OTOEITKM MEHEee SHepro3aTpar-
HBIM, T. K. HE TpeOyeTcs yAalleHUe JIMTHUHA U TEMUIICILTIONO03 U 33 CUET COXPaHCHHS
TeMHUIICIUTION03 YMEHBIIIACTCS] HErAaTUBHOE BIIMSHUE HA (PU3UKO-MEXaHUYECKUE CBOM-
cTBa BOJIOKHA [14].

K memocraTkam oOecriBeunBaHUS B CPaBHEHHHU C JACTWUTHA(DHUKAINEH MOXKHO
OTHECTH HEeCTaOWIbHYIO OCIM3HY 3a CYET TOTO, YTO HEKOTOPHIE BHJBI XPOMO(OPOB
mociie OTOCJIKM peareHTaMHd MOTYT CHOBA OKHCIIATHCS W BOCCTaHABIIMBATh CBOIO
OKPACKY, YTO TPUBOJUT K IMOXKEITCHUIO TI0 UCTCUYCHUH HEKOTOPOro BpeMeHu [10].

Jlnst oOeciiBeurBaHUs BTOPUYHBIX BOJIOKOH NPU MepepaboTKe MaKyJIaTyphbl
13 OeNIBIX BUIIOB OyMarw MCTIOJB3YIOT XMMHUKATHI, 00€CIICUMBAIONINE COXPAaHEHUE
JUTHWHA: TIEPOKCUJ BOAOPOJA, NUTHOHUT HATPHs, (OopMaMUANH CYIb()HUHOBOI
KHUCIOTHI [4].

B nanHO# paboTe UCmoab30Balld MEPOKCH BOJOPOA PA3HON KOHIICHTPAIUU
Y UCCIICIOBAJIN BIIMSHUE TPOJODKUTEIBHOCTH (Tabi. 1) U TeMreparypsl nporiecca
OTOCJIKM Ha ONTHYECKUE U (DU3MKO-MEXaHUYCCKUE CBOWCTBA, MOP(OIOTHIO BTOPUY-
HOTO BOJIOKHA.

Tab6uuma 1

Biusinue npogokKMTeTbHOCTH 0TOETKH HA CBOICTBA BTOPUYHOIO BOJIOKHA
NPU KOHIIEHTPALUHU Nepokcuaa Bogopoaa 37 % u remmneparype 90 °C
Effect of bleaching duration on properties of secondary fiber, hydrogen peroxide
concentration — 37 %, temperature — 90 °C

HpOI[OJ'DKI/ITBJII)HO CThb OT66J’IKI/I, MUH

CaoiicTBa 0 | 50 | 0 | 20
Onmuueckue u neyamuule c60UCM8a
Benmsna ISO, % 23 42 50 52
L{BeTOBBIE KOOPIUHATHI:
L,% 64 79 83 83
a 4,7 1,4 0,4 0,3
b 15,8 15,4 11,7 11,0
[IepoxoBaToCTh, MJI/MUH 880 530 1031 1971
BozayxompoHHTIaeMOCTh, MJI/MUH 1263 1587 4374 4520
Du3suro-mexanuiecKue ceolucmed
PaszpbiBHas JyiMHA, KM 4,0 3,8 2,5 1,7
ComnporusiieHue paspoiy, H/m 2726 2573 1690 1154
Conportusnenue pasaupanuto, MH 366 196 273 318
ConpoTuBIeHUE NPOAABINBaHuUIO, Klla 184 170 99 73
Mopdgonozuueckue ceoticmsa
CpenHeB3BelIeHHAs! UTHHA, MM 1,14 1,06 1,05 1,05
[[Iupuna, MKM 24.9 24,1 24,0 23,9
I'pybocTh, Mr/m 0,12 0,35 0,24 0,24
M3ornyTeie BoiokHa, % 21 49 46 48
CKpy4YrBaeMocCTh, %o 6,8 11,6 11,2 12,0
Crenenp pubpmusnuu, % 0,8 0,6 0,6 0,6
Conepxanne Menouu, % 14 13 12 12

Ipumeuanue: L, a, b — 1IBETOBbIE KOOPAWHATBI: IEPEXOJ OT YEPHOTO K GEIOMY, OT KPACHOTO K 3¢JICHOMY
U OT JKEITOr0 K CHHEMY COOTBETCTBEHHO.
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[TokazaHo, 9YTO IPH MOBBIICHUH ITPOJIOJIKUTEIBHOCTH OTOCTKH 110 60 MUH Oe-
nu3HayBenuuuBaeTcsc23 1050 % (moHmkaeTcs 3HaUCHUE LIBETOBOM KOOPIUHATHI —
epexoza OT XKeJITOro K CHHEMY ), IIEPOXOBATOCTh U BO3yXONPOHUIIAEMOCTb TaK-
JKe cTaHoBsiTcs Oonbiie. [Ipu nanpHeimeM pocTe MPOJOKUTEILHOCTH MPOIIEC-
ca 10 80 MHH ONTHYECKUE CBOKMCTBA, IIEPOXOBATOCTh U BO3AYyXOINPOHUIIAEMOCTh
M3MEHSIOTCS He3HauuTeNnbHO. [Ipu yBeaM4YeHHH MPOAOJIKUTENBHOCTH OTOEIKH
OILlyTUMO CHUYKAIOTCS [T0KA3aTEeIN, KOTOpPbIE B OOJIBIIECH CTEIIEHH 3aBUCSAT OT CHII
MEKBOJIOKOHHBIX CBSi3e# (pa3pbIBHAS IJIMHA, COMPOTUBIIEHUE Pa3phIBY U MPOja-
BJIMBAHUIO), YE€M OT JIJIMHBI BOJIOKHA (CONPOTUBICHUE Pa3aUpPaHuIo). DTO CBA3AHO
C TeM, YTO [UIMHA U LIMPUHA BOJIOKHA [TOYTH HE U3MEHSIOTCS, a CTeNeHb GuOpui-
JSIUU U COACPIKAHUE MEJIOYH, B OOJIBIIION CTENEHU ONpeesIoNIe CBsi3e00pa3o-
BaHHE, CHI)KAIOTCS IIPU yBEIMYEHUU IPpyOOCTH, CKPYUYUBAEMOCTH M H30THYTOCTH
BOJIOKOH.

Pe3ynbrate! uccnenoBanysl BAMSHHUS KOHLEHTPALUU MEPOKCHA BOIOPOJa Ha
onrtudeckre U GU3NKO-MeXaHUUECKUE CBOWCTBA U MOP(OIOT U0 BTOPUYHOTO BOJIOK-
Ha MpeJCTaBIeHBI B Ta0M. 2.

Tabnuna 2

Bausinue KOHIEHTPAILUHU MEPOKCH/IA BOAOPOAA HA CBOICTBA BTOPHYHOIO BOJIOKHA MPH
NMPOAOLKUTEIBLHOCTH 0TOeKN 60 MuH U Temneparype 90 °C
Effect of hydrogen peroxide concentration on the properties of secondary fiber,
bleaching duration — 60 min, temperature — 90 °C

. Hebenenoe Kounenrparus H,0,, %
CaoiicTBa
BTOPUYHOE BOJIIOKHO 30 37
Onmuueckue u newammvle C6OUCMEA
benuzna ISO, % 23 38 50
L[BeTOBBIC KOOPAMHATEHI:
L,% 64,0 76,6 83,0
a 4,7 2,0 0,4
b 15,8 15,8 11,7
[llepoxoBarocTk, MJI/MUH 880 1071 1031
BozayxonpoHuIaeMocTb, MII/MUH 1263 2393 4374
Duzuxo-mexanuyecxue ceoLcmea
Pa3pbiBHas anuHa, KM 4,0 3,2 2,5
ComnpotuBienue pas3pbiy, H/m 2726 2193 1690
Conportusnenue pazgupannto, MH 366 375 273
EﬁgpommeHne MIPOIABINBAHUIO, 184 148 99
Mopgonozuueckue ceoticmsa
CpenHeB3BenIeHHAs! ITTMHA, MM 1,14 1,13 1,11
[upuna, MKM 24,9 24,5 24,1
I'pybocth, Mr/m 0,12 0,26 0,24
W3orHyThIe BONOKHA, % 2 29 46
Ckpy4nBaeMocTh, %o 6,8 7,7 11,2
Crenens pubpmwium, % 0,8 0,6 0,6
Coneprxkanue menouu, % 14 15 12

Hcnonb3oBanue nepokcuaa Boaopoaa ¢ koHueHTpauueit 30 % B MeHblIIeH cTe-
[ICHHU MTPUBOIUT K CHUKCHUIO (DU3UKO-MEXaHUYECKUX CBOWCTB BTOPUYHOTO BOJIOKHA,
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T. K. IPAKTUYCCKU HE OKA3bIBACT BIUSHUE Ha MOP(OJIOTHIO, OHAKO OCJIM3HA yBEIH-
YUBaETCs TOJIBKO ¢ 23 10 38 %.

3aBUCHMOCTh CBOMCTB BTOPHMYHOIO BOJIOKHA OT TEMIIEPATypbl OTOCIIKH IpU
WCIOJIb30BAHUU TEPOKCHUA BOJOpoa ¢ KoHieHTpanued 30 % U mpoJoKUTEIBHO-
ctH nporiecca 60 MHUH MoKa3aHa B Tao. 3.

TabGuuna 3

Buiusinue TemmnepaTyphbl pouecca Ha CBOHiCTBA BTOPMYHOI0 BOJIOKHA MPU
MPOAO/LKHTETbHOCTH 0TOEJKH 60 MUH 1 KOHIIeHTPAaluH nepoxkcuaa sogopoaa 30 %
Effect of bleaching temperature on the properties of secondary fiber,
bleaching duration — 60 min, hydrogen peroxide concentration — 30 %

Croiictsa HeGenenoe Bro- Temneparypa, °C
PHYHOE BOJIOKHO 70 | 90
Onmuyeckue u neyamuvie c60lCmaa
[{BeTOBBIE KOOPAUHATHI:

L,% 64 76 77

a 4,7 2,7 2,0

b 15,8 16,8 15,8
benuzna ISO, % 23 36 38
[1IepoxoBaToCTh, MJI/MUH 880 1051 1071
BosyxonpoHuaeMocThb, MiI/MUH 1263 1814 2393

Qu3uKo-MexanuiecKue ceolucmaa
PaspbiBHas AyivHa, KM 4,0 3,7 3,2
Conportusnenue pa3psiy, H/m 2726 2556 2193
Conporusnenue pasaupanuto, MH 366 377 375
ConpoTUBIICHHE TTPOIaBIUBaHmIO, Kl1a 184 166 148
Mopgonozuueckue ceovicmsa

CpenHeB3BemIeHHas UIMHA, MM 1,14 1,10 1,11
[upuna, MKkM 249 24,0 24,1
I'pybocTs, MT/™M 0,12 0,24 0,26
W3oruyTele BomoKHA, % 21 25 29
CKpy4ynBaeMocCTb, % 6.8 7,1 7,7
Crenens Gpubpmwsauy, % 0,8 0,7 0,6
Conepxanne Menoud, %o 14 13 15

[IpoBenenue orOenku mpu Oojee «MSTKUX» YCIOBHSIX HPU KOHICHTPALUH
nepokcuaa Bopopona 30 % um temneparype npouecca 70 °C B MeHbIEH CTENEHH
CIOCOOCTBYET CHIIKCHHUIO COINPOTHBIICHUS Pa3pbiBy M IMPOAABIMBAHHIO, YEM IPU
temneparype 90 °C, mockoiabKy MOpQOIOTHYecKHe IMOKa3aTesd, ONpPEACISIONe
MPOYHOCTH OyMarooOpas3yromux cBs3eH, MpakTHIecku He naMensrores. OHako Oe-
JIM3HA TOBBIMAETCS nuib ¢ 23 1o 36 %. B cmydae pocra Temneparypsl ¢ 70 1o
90 °C yBesnmueHue OeIM3HBI COCTABISIET TOJIBKO 2 Y.

[IpoBenenue mporecca OTOCTKH B «KECTKUX» YCIOBUIX MPUBOIUT K TOMY,
YTO JIJIMHA U IMIMPUHA BOJIOKHA H3MEHSIOTCS He3HAYUTEIhHO, UTO OKa3bIBaeT Oa-
TONPUATHOE BIUSHUE HA CONPOTUBICHHE pazaupanuio. OJHAKO TEPMOOKHCIH-
TeJbHasl AeCTPyKUus GUOPUILI, HAXOISMIIMXCS HAa MOBEPXHOCTH BOJIOKOH (CHH-
JKEHHWE CTeNeHH (GUOPIILISIINN), U MEIKOTO BOJIOKHA (CHIDKCHHE COICpIKaHUS
MEJIOUU) MPUBOJUT K YXYAIICHUIO CBSI3¢00pa30BaHUsI MEXK/Yy BOJIOKHAMH M TIO-
BBIIIIEHUIO BO3IYXOMPOHHUIIaeMOCTH. [loTepst reMUIeIo03 yMeHbIIaeT Crioco0-
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HOCTB K aJIT€3MH B TOUYKaX KOHTAKTa W MPUBOJIUT K MOSBICHUIO TOTIOTHUTEIbHBIX
BOZIOPOAHBIX CBsi3eil. Bece 310 oOycnoBnuBaeT yxyameHnue OymMarooOpasyronimx
CBOWCTB M CHWIKEHHE IMPOYHOCTH BOJIOKOH TIPH OJHOBPEMEHHOM MOBBIIICHUH Oe-
nu3Hel ¢ 23 1o 50 %.

OTtbenka XUMUKO-TEPMOMEXaHNIECKOH MacChl MTPH MCIIOb30BAaHUH TIEPOKCH-
Jla BOJIOPO/Ia OCYIIECTBISIETCS B OCHOBHOM 32 CUET YIAJICHHSI TOJIBKO XpOMO(OPHBIX
TPYII C COXpaHEHUEM JIurauHa [4, 51.

Omnpenenenre coiepanus JTUTHUHA THAPOIN30M BOJOKHA CMECHIO CEpHOU
1 (hocPOpHOI KHCIIOT, NPeIBAPUTEIHHO MOABEPTHYTOIO SKCTPAKIINHU XJIOPHCTHIM Me-
treHoM (1o 'OCT 11960-79), mokasaio, 94To cofepKaHue JUTHHHA B HEOETICHOM
BOJIOKHE cOocTaBlsieT 26 %, mociie 0TOCIKH B KECTKUX YCIOBHUIX — 6 %.

BeposiTHO, BO BTOPHYHOM BOJIOKHE, OCOOCHHO TOCIE TePMOIMCIIEPCHOHHON
00paboTKH, MOMUMO yHaJeHHs XpPOMO(MOPHBIX TPYII MEPOKCHI BOAOPONA TaKKe
OKHCIISIeT KapOOKCUIIbHBIE U OCH3WIbHBIC CIUPTOBBIC TPYIIIBI B JUTHUHE U YaCTHY-
HO UX JIECTPYKTYPHPYET, 0COOCHHO TIPH BBICOKON TEMIIEpaType OTOCTKN U OOIBIION
MPOIOKUTEIBHOCTH NpoLiecca.

3axnouenue

[TokxazaHa BO3MOXHOCTB OTOGIIKH BTOPHYHOTO BOJIOKHA M3 MaKyJIaTypbl MapKU
MC-5b. Ha ocHOBaHMHM aHanu3a HAYYHOH JTUTEPATypbl YCTAHOBIEHO, YTO HanboJjee
MIePCIIEKTUBHEIM sIBIIsIeTCs oTOenka o metoxy Total Chlorine Free — ¢ mosHBIM Hc-
KITIOUEHUEM M3 Mpoliecca XJIOPCOAEpKAIUX PEareHToB.

OmnperneneHsl TEXHOIOTHYECKHUE NTapaMeTphl OTOENIKU MEPOKCHIOM BOAOPO.a,
MPU KOTOPBIX COXPAHSIOTCS BBICOKHE (DU3UKO-MEXaHMUECKUE CBOMCTBA BOJIOKHA!
koHueHTpauuss H,O, — 30 %, npogomkuTensHOCTh nporecca — 60 MHH, €ro Tem-
neparypa — 70 °C. IIpy maHHBIX TEXHOJIOTHUECKUX MapaMeTpax yAalloCh TOBBICUTH
6emmsny 1SO tosnbko ¢ 23 10 36 %.

[anee Oyner uccienoBaHa BO3MOMKHOCTh IOBBIIIEHUST OEIM3HBI BTOPUYHOTO
BOJIOKHA M3 Makynatypsl Mapku MC-5b 3a cyer ncnonb3oBaHusi CTaOMIIN3aTOPOB,
KOMILIEKCO00pa3oBaTesiell, Npe10TBPALIaloNINX Pa3IokKeHHEe IEPOKCH A BOLOPOAA.
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