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To support human well-being, green (or ecological) infrastructure policy stresses the need to
sustain functional networks of representative terrestrial and aquatic ecosystems for the sus-
tainable provision of multiple ecosystem services. Implementing this means that the com-
plexity of interactions between social and ecological systems at multiple spatial scales and
levels of governance needs to be understood. Place-based knowledge production and learn-
ing through integration of different research disciplines in collaboration with actors and
stakeholders (i.e. transdisciplinary research) is a key feature to achieve this goal. Using a
suite of local landscapes and regions on the European continent’s West and East as a labora-
tory, we developed and applied a step-wise approach to produce knowledge and encourage
learning towards functional green infrastructures. Our diagnoses of forest landscapes show
that the functionality for wood production and biodiversity conservation was inversely relat-
ed in the gradient from long to short forest management histories. In Europe’s West there is
a need for increased quantity of, and more functional, protected areas; diversification of
management methods; and landscape restoration. In NW Russia there are opportunities to
intensify forest management, and to continue the land-sparing approach with zoning for
different functions, thus reducing biodiversity loss. Examples of diagnoses of social systems
included the evaluation of comprehensive planning in Sweden, outcomes for biodiversity
conservation of forest certification in Lithuania, and learning from environmental managers.
We conclude that the main challenge for securing functional green infrastructure is poor
cross-sectoral integration. Treatment of social-ecological systems requires knowledge-based
collaboration and learning. The diversity of landscape histories and governance legacies on
the European continent’s West and East, including Russia, offers grand opportunities for
both knowledge production about performance targets for green infrastructure functionality,
as well as learning to adapt governance and management to regional contexts. Integrating
project funding for both researchers and stakeholder collaboration is a necessary strategy to
fill the transdisciplinary research agenda. However, formal and informal disciplinary and
administrative barriers can limit team building despite self-reflection and experience.

Keywords: biodiversity, bio-economy, collaboration, ecosystem services, environmental
history, gap analysis, governance, green infrastructure, habitat modelling, intensification,
landscape approach, planning, stakeholder mapping, transdisciplinary, rural development.

Introduction

Natural capital, in terms of species, habitats and ecosystem processes, is the
ultimate base for the provision of ecosystem services supporting human well-being.
Today, the demands on what different ecosystems in landscapes are expected to
deliver in terms of goods, functions and values is increasing. Intensified land and
water use for production of wood, food, feed and energy results in loss and frag-
mentation of habitats for both wild species and humans in rural and urban land-
scapes. To satisfy multiple ecosystem services there is a need to maintain many
types of land covers as functional networks. The EU policy concept green infra-
structure captures this [25]. Examples of green infrastructure include different kinds
of forests and other wooded land, grasslands, wetlands, rivers and streams, and ur-
ban green space. Working towards functional green infrastructures calls for the in-
tegration of sustainable use of ecosystems natural resources, protected area devel-
opment and landscape restoration. This requires governance and management ap-
proaches, which integrate public, private and civil sectors at multiple levels in soci-
ety, and treat landscapes as coupled social-ecological systems. Ecological, econom-
ic and socio-cultural sustainability pillars all need to be included into landscape
governance and management. However, this is often neglected because individual
sectors tend to focus on their own aspect of sustainability without sufficiently ad-
dressing conflicting objectives, or even avoiding making them visible.
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The term landscape approach captures the need to develop locally and re-
gionally adapted sustainable solutions in landscapes as social-ecological systems
[20, 69, 70]. Landscape approach is about carrying out place-based transdisciplinary
research with stakeholders. This requires (1) sufficient time to develop collaborative
capacity among participants: “gyroscope” according to [53]; (2) existence of long-
term data about the states and trends of ecological and social systems: “compass”
according to [53]; and (3) sufficient coordination [5, 8]. A wide range of concepts
aimed towards place-based knowledge production and engaged stakeholder collabo-
ration have emerged. One such concept is the Long-Term Socio-Ecological Re-
search (LTSER) platform [e.g., 45, 73]. Other examples are Model Forest [59] and
Biosphere Reserve [22]. The focus in all of them is on continuous relevant
knowledge production and learning towards securing sustainable landscapes.

The aim of this paper is to advocate the need for collaborative evidence-
based knowledge production and collaborative learning about how to satisfy eco-
nomic, ecological and socio-cultural dimensions of forest landscapes by combining
evidence-based knowledge and collaborative learning. We summarise a decade of
development and application of diagnosis and treatment of different green infra-
structures, and their governance, planning and management toward functionality, in
rural and urban landscapes [6-9]. First, we focus on concrete tools that can help
facilitate evidence-based collaborative learning and decision making processes. For
ecosystems these are regional gap analysis of green infrastructure supporting strate-
gic planning, habitat suitability modelling supporting spatial planning, and habitat
restoration. For social systems these are stakeholder mapping, policy implementa-
tion and horizon scanning. Second, we present examples of results from our re-
search in regions with different forest landscape histories and landscape governance
systems on European continent’s West and East, such as in the Baltic Sea region
and NW Russia. Finally, we discuss the barriers and bridges towards transdiscipli-
nary research, developing cultures of collaborative learning, and introduction of
problem-based learning in education.

Policy context

The dominant natural potential vegetation in most of the European continent
is forest. Forests provide a range of goods, services and values that create opportu-
nities to address many of the most pressing sustainable development challenges
[84]. The gradual emergence of policy on sustainable forest management (SFM)
reflects a transition from harvesting of forest in naturally dynamic forests and de-
velopment of sustained yield wood production on the one hand, to also satisfying
ecological and socio-cultural objectives on the other [33]. This increased complexi-
ty has resulted in the need to transition from single to multiple spatial planning
scales within local administrative units and regions [8]. The policy term green (or
ecological) infrastructure as a means of sustaining natural capital as a base for
providing ecosystem services for human well-being captures this (Figure 1).

Currently, new policy objectives, such as forestry intensification for climate
change mitigation have appeared [60]. This further complicates previous challenges
of biodiversity conservation and rural development [13, 62, 63, 77]. Intensification,
which links closely to terms like bio-economy, bio-based economy and knowledge-
based bio-economy, is becoming a new influential forestry discourse. There are in-
dications that the bio-economy discourse is beginning to dominate the previous sus-
tainable forest management discourse, which simultaneously considers economic
benefits, forest biodiversity conservation and rural development [66]. There are thus
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Governance,
planning and
management
for functional

Ecosystem services

in landscapes
as social-
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systems

Natural capital in terms of biodiversity

Fig. 1. The policy term “green infrastructure” [9, 25] conceptualizes the need to maintain suf-
ficient amounts of representative ecosystems as functional networks by spatial planning.
Green infrastructure is a tool towards delivering ecosystem services and human well-being

tensions between different SFM objectives; notably between increased production
and extraction of forest biomass, and the contributions made by the same biomass
to soil fertility, biodiversity and protective functions [14, 85]. Production of wood
versus non-wood forest products in rural areas is another example [65, 77]. Trans-
lating SFM policy objectives into action on the ground is therefore described as a
“wicked problem” [e.g., 30]. Thus, there is a need for new collaborative decision-
making approaches towards sustainable use of forest goods, services and values [20,
70]. This stresses the need to assess the role of alternative forest value chains for
economic, ecological and social dimensions of SFM in time and space [e.g., 63].

Methodology
A tool-box for diagnosis and treatment towards sustainable landscapes

To support knowledge production and learning towards functional repre-
sentative habitat networks as green infrastructure in landscapes requires integration
of academic and non-academic actors. This means that researchers representing
humanities, social sciences and natural sciences, as well as stakeholders in the land-
scape, co-produce the knowledge needed to protect, manage and restore functional
habitat networks [20]. The term transdisciplinary research captures this [2]. View-
ing landscapes as individuals, we use a systematic case study approach (e.g., [42])
in seven steps [6] to “diagnose” green infrastructures as well as societal steering
processes, and to identify “treatments” to maintain functional green infrastructures
(Figure 2). Comparing landscapes, such in the Baltic Sea Region and NW Russia
(Figure 3), which host regions and countries with different governance systems and
landscape histories, is an innovative approach [5, 6, 8, 35].
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Fig. 2. Knowledge production and learning towards functional green infrastructure require a
systematic approach [5, 8, 19]. For each landscape case study, both diagnoses and treatment
are needed. Firstly, diagnoses of both the ecological system and the social system are made
to understand barriers and bridges for a functional green infrastructure (steps 1-6).
Secondly, treatment is provided in the form of knowledge production and social learning
through analyses and visualization tools as a basis for integrated spatial planning by actors

from different levels and sectors of society (steps 6-7)

Fig. 3. The Baltic Sea Region and NW Russia in northern Europe’s West and East
hosts a steep gradient of landscape histories ranging from long to short, and with dif-
ferent approaches to governance and planning. This forms a valuable laboratory for
knowledge production and learning towards sustainable forest landscapes [8, 9, 35].
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The ecological system

Gap analysis for strategic planning

The aim of a regional gap analysis is to present and apply an evidence-based
systematic approach to support strategic planning towards learning for conserva-
tion, management and restoration of functional habitat networks as green infrastruc-
ture (e.g., [16]). This involves several steps. First, analyses are made of the transi-
tions of representative types of potential natural vegetation to new land covers
managed to derive human benefits. Second, the present amount of representative
land covers is compared with what is needed to maintain natural biodiversity in the
long term. This should be grounded on evidence-based knowledge about tipping
points for how much habitat loss that can be accepted without losing species [3].
Third, the necessary amount of protected and other conservation areas to the current
amount among representative land covers is estimated.

The results from quantitative gap analysis can then be fed into a hierarchical
conservation planning processes (e.g., [3]). Once identified, gaps may be filled
through new reserve acquisitions or designations, or through changes in manage-
ment practices. The goal is to ensure that all ecosystems are represented adequately
[71]. This involves (1) formulation of long-term strategic gquantitative targets re-
garding the amount of areas to be allocated to land use that maintains natural and
anthropogenic land covers that are not compatible with intensive forestry and agri-
culture (e.g., [79]), (2) development of tactical spatial planning about where action
(protection, management and restoration) is needed based on analyses of the func-
tionality of different types of set-asides as green infrastructure (e.g., [39]), and (3)
operational execution of these plans by establishing set-asides with appropriate
management, including allocation of required funding to carry out management, to
compensate land users and owners for the limitations in land use that follow from
area protection, how traditional village systems can be maintained, or to acquire
land for conservation.

Habitat modelling for spatial planning

Habitat Suitability Index (HSI) modelling can assist tactical spatial planning
towards maintaining functional habitat network. HSI-models combine empirical
knowledge about focal species' habitat requirements using variables and parameter
values for relevant land covers, digital land cover data, and a geographic infor-
mation system (GIS) to run ecologically relevant spatial models (e.g., [57]). The
focal species approach is a useful starting point for biodiversity conservation in that
it provides explicit recommendations rather than general principles. This approach
allows transparent spatially explicit predictions for the expected occurrence of par-
ticular species, such as resident woodland birds [43, 63]. Focal species modelling
can be used to help predict the effects of land use change on habitat networks [48].
The creation of HSI models involves three main steps; (1) the selection of patches
with suitable forest land covers, as required by the target focal species; for example
a certain forest type with a certain age class and tree species structure; (2) removal
of patches not satisfying the minimum areas required by the target focal species;
and (3) identification of areas where patches are sufficiently concentrated to meet
the species-specific critical thresholds at the landscape level [1]. This results in a
probability map identifying areas where the focal species may be found.

Operational landscape and habitat restoration

The long-term focus of traditional forest management on high wood and
biomass yields has resulted in a predominance of even-aged forest management in
Europe’s West (e.g., [64]). This has simplified forest landscapes’ composition,
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structure and function, and has reduced the amount of habitats for both wild species
and human well-being to low levels [37]. This calls for defining benchmarks for
habitat and landscape restoration [56], and appropriate management methods be
developed. For wild species emulation of natural forest disturbance regimes, to
which species have adapted, is one approach to derive forest management alterna-
tives (e.g., [44]). For studies of human well-being suitable survey-based approaches
include semi-structured interviews with rural and urban citizens (e.g., [37]), and
Discrete Choice Experiments (DCE) involving representative samples of a popula-
tion as a means of defining the desired land cover types [86, 87].

The social system

Mapping of stakeholders

According to the Aarhus Convention [26] citizens can more effectively con-
serve the environment if they can rely on this convention’s three pillars (i) access to
information, (ii) public participation in decision-making, and (iii) access to justice
in environmental matters. To identify key actors and stakeholders linked to a parti-
cular place or topic, one must consider all people or groups that are affected by, can
influence, or may have an interest [31]. Stakeholder mapping can be done by a re-
search team, but works better in collaboration with relevant organisations and local
key informants, and should be carried out throughout the project to ensure key
groups are included. Identification of stakeholders is an iterative process, for exam-
ple by following a snowball sampling approach until no new stakeholders are iden-
tified. Stakeholders can then be grouped, for example as belonging to private, pub-
lic and civil sectors; local, regional and national levels of governance; and having
different levels of participation in in the topic at hand [36].

Barriers for policy implementation

To understand the extent to which a particular policy or norm is handled
through governance, planning and management, one can define a normative model
for how different societal actors should ideally act to implement policies (e.g., [24].
This can be applied to (1) the policy process, (2) to outputs (e.g., a planning process
or management approach) or (3) the consequences the process has for the issue at
hand (e.g., biodiversity conservation in terms of population viability) (see [67]).
How does a particular policy take into account different stakeholders’ realities and
needs? Is the perspective rural or urban, or on goods, services or values? According
to [55] there are three prerequisites need to be realised for the effective implementa-
tion of policies, say, through planning and management outputs. First, actors need
to understand what is expected. This can be derived from policy documents and
from existing scientific knowledge. Second, actors need to have essential resources
(e.g., data, tools, staff, money). Third, they need to have the willingness to act.
Finally, the consequences on the ground for economic, ecological and socio-cultural
aspects of sustainability need to be assessed.

Horizon scanning for the future

Social science with a “phronetic (prudent) approach... is to carry out analy-
ses and interpretations of the status of values and interests in society aimed at social
commentary and social action, i.e. praxis...” [41]. This can be addressed through
three questions: Where are we going? Is this desirable? What should be done? Hori-
zon scanning for the future is an approach to address those questions. It is the for-
mal process of gathering, processing and disseminating information to support decision-
making in the future (e.g., [72]). Various methods exist and may comprise ques-
tionnaires, focus groups and workshops conducted in various forms but also use of
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issue trees, literature search, trend analysis and scenario planning [23, 78].
A horizon scanning is both an approach to begin the process of knowledge produc-
tion and learning with stakeholder groups, and to interpret and discuss the results.
By comparing stakeholders’ perceptions with contents of policies, such as the Unit-
ed Nation’s sustainable development goals [84], a “gap analysis” also for human
well-being in rural and urban development contexts can be made.

Review of results
The ecological system

Gap analysis for strategic planning

Angelstam P. and Andersson L. [1] estimated the need for protected areas to
maintain forest biodiversity in Sweden. Using habitat loss thresholds for long-term
survival of specialised species in different forest types they estimated that, depend-
ing on the type of natural forest dynamic, the long-term need of protected areas
ranged from 9 % in northern Sweden to 16 % in southernmost Sweden. No need for
protected areas was assumed for forest environments that can be emulated by forest
management that mimics natural forest disturbance regimes, which is more difficult
for forest types typical for southern Sweden. A follow-up 10 years later [3] con-
cluded that existing area of protected and set-aside forests is presently too small and
with too poor connectivity. However, because the ideas about novel biodiversity-
friendly forest management system aimed at mimicking natural forest dynamic
(e.g., [44]) were never realised, the need of protected areas is actually higher [8].

As an example, a gap analysis was conducted for the Ukrainian Carpathians
as the first attempt to provide a quantitative estimation of the needs to maintain
green infrastructures represented by both natural forests and biocultural landscape
values in this ecoregion [16]. The results clearly indicate two patterns. Regarding
natural forests, loss of forest areas (especially lowland broadleaved forests), tree
species replacement (Norway spruce monoculture forestry, and forestry intensifica-
tion) are the key problems threatening forest naturalness. Regarding cultural land-
scapes, they are currently maintained as a result of the need for people in rural areas
to secure their livelihoods by subsistence farming. For NW Russia, Kobyakov K.
and Jakovlev J. [18] reported gaps and limited representativeness of the protected
area network.

When performing gap analyses for biodiversity conservation it is crucial to
have evidence-based knowledge about thresholds for how much habitat that is needed
to maintain viable populations of species that represent different levels of specialisa-
tion and land covers. Research on land-use history and land cover change forms an
important avenue to define benchmarks for green infrastructure maintenance, and to
facilitate learning towards understanding the development trajectories of functionality
of habitat patch networks. Manton M. and Angelstam P. [56] defined an approach to
derive evidence-based knowledge about how much (amount, quality, and patch size
requirements) habitat is enough to maintain viable populations of species. Using a
representative example of the European landscape gradient between agricultural and
forest landscapes in southern Sweden [58], they analysed the historic range of vari-
ability of the total area, quality, and size of grassland patches, and compared this to
the requirements of focal grassland species. To develop evidence-based performance
targets also for aquatic habitats, a suite of representative aquatic species needs to be
analysed with respect to their qualitative and quantitative habitat requirements
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(e.g., [81-83]). In Sweden the application of aquatic gap analyses for fish species is
enhanced due to available databases on fish and habitats (see [82]).

Habitat modelling for spatial planning

Manton M. et al. [57] applied Habitat Suitability Index (HSI) models using
three different Swedish forest spatial land cover data sets. Results showed that this
method is an appropriate way to gain insight into the functionality and connectivity
of habitat networks. However, land cover data used must be carefully, evaluated
and combined with other landscape information for effective conservation planning
of particular forest stand types (e.g., [75]). Quality assurance through validation of
HSI-models with independent field data is important [32].

Angelstam P. et al. [14] and Naumov V. et al. [63] used two types land cover
data and a macroecological approach along the steep West-East gradient in the Bal-
tic Sea Region and NW Russia to assess regional profiles of economic vs. ecologi-
cal benefits delivered by forest landscapes. They found an inverse relationship bet-
ween the opportunities for economic benefits based on intensive wood and biomass
production on the one hand, and biodiversity conservation on the other (Figure 4).

| Forest management plans
m Satellite data

Ratio between indicators for
wood production and
biodiversity conservation

0.1

Fig. 4. Spatial data based on open access remote sensing [14] and forest manage-
ment plans [63] showed that green infrastructures for wood production and bio-
diversity conservation, using for example resident birds as indicators, are in-
versely related among the case study regions. Therefore, while restoration
for biodiversity conservation is needed in the West, intensified use of wood
and biomass is possible in the East. However, a cautious approach should be
applied because intensification of wood production threatens biodiversity

Study areas in NW Russia demonstrated the highest levels of biodiversity,
whereas economic indicators were low. This can be explained by insufficient road net-
work and undeveloped legislation that inhibit proper silvicultural treatments such as
pre-commercial thinning [13, 61]. Comparing the contribution of voluntary set-asides
within the framework of forest certification in Lithuania showed that formally protected
areas were more important for green infrastructure than voluntary set-asides within for-
est certification [39]. Thus, HSI models are a tool that can help to resolve a wide range
of barriers when managing landscapes for the maintenance of biodiversity.
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Operational landscape and habitat restoration

Maintenance of functional habitat networks requires restoration at different spa-
tial scales. A study at the landscape scale conducted in Fulufjéllet National Park located
across the border between Norway and Sweden revealed that restoration of naturalness
of forest habitats in the surrounding managed matrix is viewed as an economically via-
ble option by citizens in both countries [87]. In contrast, results of the twin study con-
ducted in the Bialowieza National Park located across the border between Poland and
Belarus provided rather mixed evidence [86]. This was due to the considerable propor-
tion of respondents preferring status-quo in terms of the protected area.

Operational stream restoration and riparian forest conservation management re-
quires both a local perspective, and integration at the catchment level [80, 89] of water,
forest, nature conservation and forest education actors [15]. Using a local stream section
and an entire river catchment Térnblom J. et al. [82] developed evidence-based
knowledge about the habitat requirements of brown trout, and applied this to local prac-
tical dam removal in the field to get practical experience and build trust and confidence
between involved stakeholders. Students of a forestry BSc programme regularly take
part in planning activities for forest management close to aquatic environments, and
local concrete actions and demonstration sites evolved with the vision to make an entire
river catchment into a landscape based laboratory of different study and demonstration
sites of different collaboration initiatives in space and time. The impact of this study
was scrutinized using system thinking approach [27].

The social system

Mapping of stakeholders

Governance includes structures and processes, through which stakeholders
may make and implement decisions. Elbakidze M. et al. [36] compared Swedish
(Vilhelmina and Bergslagen) and Russian (Komi and Pskov) Model Forest initia-
tives, and showed that the stakeholders encompassed all societal sectors, i.e., civil,
private, and public. However, in three of the MFs, more than 40 % of stakeholders
represented just one sector. In Bergslagen and Komi there was a balance between
stakeholders at local to global levels. In Vilhelmina Model Forest, almost 50 of all
stakeholders represented local-level stakeholders. Model Forest initiatives represent
attempts to establish a new type of governance of forest landscapes in both the Rus-
sia and Sweden. In both countries stakeholders of the Model Forest initiatives had
begun to develop a network-based type of governance system locally to internation-
ally (e.g., [21]).

Barriers for policy implementation

As top-down approaches only cannot sustain forest goods, services and val-
ues in an effective way, new non-state-centred civil society and market oriented
means of decision-making are emerging [46, 76]. Many studies describe new ways
of governance that go beyond the centralised state [17, 46]. FSC certification is one
example of an informal institutional governance instrument. At the policy level
Elbakidze’s et al. [39] study on FSC certification outcomes for biodiversity conser-
vation in Lithuania shows that there was a clear mismatch between criteria and in-
dicators related to biodiversity in the FSC standard and evidence-based knowledge.
A key gap in the standard in Lithuania was the lack of any requirement to maintain
connectivity of habitats. There are also context-specific differences in environmental
policy implementation, both within and among countries. Henry L.A. and
Tysiachniouk M. [47] showed that forest companies in NW Russia are more ecological-
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ly responsible than those in the Russian Far East. This regional variation is explained
by different levels of biodiversity, proximity to markets that are not sensitive to FSC
certification and different degrees of penetration by multi-national companies.
A comparison of the Russian and Swedish FSC standards by Elbakidze M. et al. [34]
showed that the Russian standard included indicators for all spatial scales of biodi-
versity conservation (tree, stand, landscape, ecoregion) while the Swedish mainly
on stand and tree scales. Additionally, set-aside areas for biodiversity conservation
in Sweden were two orders of magnitude smaller than in Russia, had much lower
structural and potential functional connectivity and were located in a fragmented
forestland holding.

Spatial planning is a necessary tool to integrate economic, ecological, socio-
cultural policy agendas. Regarding planning processes, as shown by Blicharska M.
et al. [24] about biodiversity conservation including stakeholder participation in
Poland, planners had insufficient knowledge about both those topics, limited re-
sources and tools for planning of functional habitat networks and collaboration,
poor connections between local and regional planning, and limited public participa-
tion. The key problem was related to planners’ ability to act. In Sweden, compre-
hensive planning by municipalities aims to steer territorial development and help to
solve conflicts among different interests. Also in the Swedish Bergslagen region,
planners experienced difficulties to integrate different topics and engage stakehol-
ders in long-term spatial planning [38]. Supplying data about the state and trends of
different dimensions of sustainability is one way forward [19].

Blicharska et al. [24] also showed that participation in planning can be a chal-
lenge. The Aarhus Convention [26] and the Access to Environmental Information
Directive [28] and the INSPIRE Directive [29] together create a legal foundation
for the sharing of environmental information between public authorities and with
the public in EU countries. However, implementation takes time. In Poland for ex-
ample, according to The Environmental Implementation Review (EIR) (EU, 2017)
not all spatial information needed for the evaluation and implementation of EU en-
vironmental law in Poland has been made available or is accessible on the INSPIRE
geoportal. However, Poland has taken steps to centralise information about the data
(i.e. metadata) using the national geoportal (geoportal.gov.pl) and reforming the
public environmental data policy, aiming for a higher level of transparency and the
larger part of this missing spatial information is available under this service. At the
same time the Environmental Implementation Review show that Sweden's perfor-
mance on the implementation of the INSPIRE Directive as enabling framework to
actively disseminate environmental information to the public is good, but needs
some improvement in the part of accessibility of missing documented spatial data
sets 'as is' to other public authorities and the public through the digital services.

Horizon scanning for the future

Here we present two examples of wicked problems, viz. large carnivore con-
servation at the expense of the rural population, and reconciling intensive forest
management, biodiversity conservation and nature-based tourism.

Centralized management of large carnivore populations in rural and remote
landscapes used by local people often leads to conflicts between the objectives of
wildlife conservation and rural development. The return and recovery of wolf popu-
lations in Scandinavia is an example where the wolf’s ecological needs for suitable
habitat and prey may be satisfied [54, 88]; but where the social and economic pillars
of the sustainability concept in rural settings are neglected [40, 50, 74]. In Norway,
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recovery the wolf population have been politically decided at the international and
national levels, but needs to be put into force and tolerated locally on privately
owned property in rural and remote areas [49]. This may have economic costs to the
rural population. The assumed mechanism is that hunters fear that their economical-
ly and culturally valuable hunting dogs may be killed by wolves [52], which results
in reduced hunting and thus reduced revenues for the landowners. It is important to
note that while the economic impacts of wolves may be compensated where
governments have the will and the economic resources, the impacts on the lifestyles
of rural people (e.g., hunter’s fear of losing prized dogs to wolves) will remain con-
troversial. Acknowledging these economic and social consequences of hosting
wolves is important for successful wolf conservation.

Evoked by international policy developments, and a national strategy for long-
term sustainable land use, Sweden developed a national forest programme in 2016 —
2018 that aims at increased wood and biomass production, biodiversity conservation
and rural development. However, this involves conflicts between different types of
use of forest landscapes at multiple scales. It also affects the portfolios of ecosystem
services that can be delivered in a particular forest area. Laxd municipality in the in-
formal Bergslagen region is a good example with most forests aimed at wood and
biomass production [12]. During spring 2017, Laxa pronounced itself as an “ecotour-
ism area”. The assets are the forests in the southernmost boreal forest massif in Swe-
den, and with Tiveden National Park as the focal area for nature-based tourism. How
to plan for and satisfy different interests are key issues. Following the Model Forest
concept’s recipe of partnership towards sustainability in a landscape, “Collaboration
Tiveden” was established. It represents the municipality Lax4, the state forest compa-
ny Sveaskog, and local tourism businesses. The focus is on how to use a 20 square
km “buffer zone” on Sveaskog’s land around Tiveden National Park to develop other
forest management methods than the prevailing clear-felling systems. The aims are to
learn what visitor-friendly forestry methods involve, and to include both traditional
and new forest benefits into spatial planning.

Discussion
Mutual learning for sustainable forest landscapes

Achieving sustainable development as an inclusive societal process, which
results in sustainability and resilience on the ground in the relationship between
human societies and the natural environment in real-world landscapes is a grand
challenge. Comparing NW Russia and Sweden Nordberg M. et al. [64] showed that
challenges and experiences are in some cases very different, and in other cases very
similar. Thus, there is opportunity for mutual learning. This is emphasised by the
fact that forestry is a global business, both in terms of trade and concerning interna-
tional agreements, including conservation planning. Regions in different stages and
trajectories of development can learn from each other to improve their approaches
to forest governance, planning and management [4]. Border regions, such as be-
tween EU and non-EU countries are particularly interesting [11, 87].

To encourage the necessary collaborative learning among actors and stake-
holders, there is a need to develop integrated place-based partnerships involving all
key players across different sectors at multiple levels in local landscapes that matter
to people living there. The term landscape approach captures this, and focuses on
strengthening cultures of maintaining inclusive social processes on the one hand,
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and sharing different actors’ and stakeholders’ views and needs of what multi-
functional landscapes and regions should satisfy and how to accomplish that on the
other. “Partnership towards sustainable landscapes”, such as defined by IMFN [59]
is one type of landscape approach that is applied globally, and with initiatives in
both Sweden and NW Russia [21, 36].

The European continent’s West and East form a ‘time machine’, which pro-
vides unique potential for mutual learning towards multi-functional landscapes and
regions through collaborative learning. This is possible due to the steep gradients in
land use history whereby the gradual exploitation and intensive management of for-
est resources has spread like a tidal wave from areas of high demand in the West to
more and more remote regions in the East. Similarly, there are large regional differ-
ences in governance arrangements and social and cultural capital.

The contrast between landscape histories, land ownership, legacies of
governance/government, cultural meanings and socio-economic situations, such as
in the Baltic Sea Region and NW Russia, is the ideal base for twinning between
regional clusters of rural landscape stakeholders towards locally and regionally
adapted solutions. However, a key challenge is to determine the effectiveness of
different approaches to maintain multi-functional landscapes. One dichotomy is the
societal culture of land-sharing, which believes in wood/fibre/biomass/food com-
modity production is compatible with social and cultural sustainability as well as
biodiversity conservation across the entire landscape; and land-sparing, in which
intensive land use is segregated from multiple-use and protected area networks as
functional green infrastructure. While land-sparing is not popular in the West, it is
indeed supported by evidence-based analyses across the world, and has been ap-
plied through zoning forest landscapes for different purposes in for long time in
today’s Russia [62]. This means that social innovations that facilitate learning need
to be encouraged in landscapes as social-ecological systems [21].

Environmental history and landscape as tools for integration

Implementing policies aiming at sustainable forest landscapes requires that
the history and contemporary states and trajectories of forest landscapes, including
both their biophysical, anthropogenic and intangible interpretations are understood
[10]. As an interdisciplinary field of research, environmental history is an appro-
priate framework for studying the dynamics of landscapes as social-ecological sys-
tems. Worster’s [90] environmental history framework is very useful when embark-
ing on transdisciplinary research with stakeholders in a geographical area as space
and place: (1) natural environments of the past, (2) human modes of production, and
(3) ideology, perceptions and values.

Research on biophysical change of ecosystems is a crucial avenue to generate
knowledge and facilitate learning about benchmarks for green infrastructure
maintenance, understand the deviation from such benchmarks, and develop trajecto-
ries of habitat patch networks’ functionality [51]. Comprehending the biophysical
developments of a landscape and its habitat network can be achieved by using a
time series of either or both spatial data and statistical data to determine spatial pat-
tern (e.g., habitat amount, alteration, fragmentation and connectivity [56]), and al-
tered processes affecting the functionality of a habitat network (Figure 5). Another
approach is to compare contemporary landscapes with different histories
[14, 63].
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Fig. 5. Example of the historic range of variability of semi-natural grasslands in the Kris-
tianstad Vattenrike Biosphere Reserve in Sweden presented in Manton M. and Angelstam P.
[56]. This figure shows how data on the historic range of variability of a particular land
cover and evidence-based knowledge about threshold interval for local extinction due to
habitat loss can be combined to derive benchmarks as targets for landscape restoration and
spatial planning towards a functional green infrastructure. The grassland cloud at the top
represents the range of historical variability. The benchmark area illustrates the proportion
of the historical range of variability that forms the benchmark level required for ecological sus-
tainability. The grey line indicates the change over time in the amount of semi-natural grassland
within Kristianstad. The three maps represent the three-time periods and show the loss and frag-
mentation of semi-natural grasslands over 2 centuries from 1812 to 2004. Finally, the arrows
represent the need for landscape restoration and the need for pro-active spatial planning towards
land-sparing. This study exemplifies this general approach using semi-natural grasslands
and avian umbrella species. Illustration by M. Manton

To understand the proximate mechanisms behind biophysical landscape
change it is important to consider the human technologies and ways of organizing
production through land management strategies (including land abandonment) that
have transformed natural systems. To identify the main actors that shaped the land-
scape, using a local area in the Komi Republic in Russia as a case study, Naumov V.
et al. [61] reviewed literature about forest history, statistical reports, forest
management plans and archive documents. To collect information about local stake-
holders they employed focus group interviews as qualitative method to understand
opinions and extract knowledge about societal barriers to intensification of forest
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management. In parallel, Stryamets N. [76] studied the governance of non-wood
forest products, the production of which is negatively affected by forestry intensifi-
cation. Interviews with 70 stakeholders from different sectors and levels of gover-
nance showed a shift from top-down government to a multi-stakeholder form of
governance. This was legitimised by informal institutions, such as the FSC forest
certification standard, and by formal institutions on the level of the Komi Republic.
Another example is landscape restoration. This is important to maintain functional
green infrastructures [56]. Dawson L. et al. [27] analysed the causal structures un-
derlying governance and management of landscape restoration in Sweden. Key so-
lutions were to secure institutional flexibility, timely availability of sufficient funds,
and effective learning and knowledge production processes.

Ideologies are linked to values and perceptions, which influence political and
economic life of society. Naumov V. et al. [61] analysed the ideologies behind for-
est landscape changes was made using data from literature review, interviews and
focus group discussions. The focus was on understanding (1) what interests
different actors and stakeholders pursued, (2) what values the forest management
decisions promoted, and (3) what market structures dominated in the study
period.

Transdisciplinary research problem-based learning

Knowledge about both social and ecological systems is a necessary but insuf-
ficient criterion for the development of sustainable forest landscapes. Knowledge
must also be co-produced in real world conditions with governors, planners and
managers to help dissolve barriers and provide real solutions [82]. For ecosystems,
a set of specialized species and knowledge about their habitat requirements is an
effective tool [68]. Analogously, for social systems, the needs of different stake-
holder groups must be understood, and good governance developed. This stresses
the need for social sciences that complements natural science by discussing values
and goals [41].

The diversity of landscape histories and governance legacies among regions
and countries representing Europe’s West and East offers grand opportunities for
both knowledge production about habitat loss thresholds for green infrastructure
functionality, and learning to adapt to regional contexts regarding different ecosys-
tems, landscape histories and legacies of governance and land ownership [6]. The
necessary transdisciplinary research process requires (1) avoiding disciplinary for-
mal and informal control, (2) integrating project funding to fill the transdisciplinary
research agenda, (3) engaging key stakeholders, and (4) long-term team building
based on self-reflection and experienced leadership [2].

One approach to supporting this would be a transdisciplinary research school
for PhD students, post-docs and junior researchers, which can support problem-
based learning using real world landscapes as laboratories. Communication and dis-
semination will bring the research school idea to the research community, and to
actors and stakeholders in private, public and civil sectors. The research school
could be used to share knowledge on how to (1) craft peer-review publications, (2)
design research and data collection, (3) write competitive research proposals, and
(4) how to establish landscape approach laboratories by (i) integrating researchers
from different disciplines, (ii) analysing quantitative and qualitative data, and (iii)
engaging stakeholders in knowledge production and learning. This approach would
support development of a new generation of young professionals capable to analyse
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complex sustainability problems, of knowledge transfer, and of integration
of academic and non-academic partners towards sustainable rural development
in Europe.
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B nensx noanepkanus OJIaronpUsTHON IUIsl YeJIOBeKa Cpelibl 3eIeHast (9KOJOrnYecKas) H-
(dpacTpykTypa A0oKHA 00ecneynBaTh QYHKIIMOHUPOBAHUE HA3EMHBIX U BOJHBIX DKOCHCTEM
JUISL 9KOJIOTUUYECKU O€30IaCHOr0 U PacCUUTaHHOTO Ha AJIMTEIbHYIO IEePCIEKTHBY MOIyde-
HUSI OT HUX Pa3HOOOPa3HbIX MOJE3HOCTEH (IKOCUCTEMHBIX yciyr). CII0)KHOCTh B3aUMOJEH-
CTBHS COIIMAJBHBIX M HKOJOTHYECKHX CHCTEM B IPOCTPAHCTBEHHBIX MaclITabax W Ha pas-
HBIX YPOBHSIX yNpaBJieHUs TpeOyeT noHuManus. KimodeBbM (akTopoM B JOCTHIKEHHH ATOH
LIENIN SIBJISIETCS TOJyYeHNE HOBBIX 3HAaHMH M OOydeHHE Ha MEcCTax 3a CHYeT OOBeIUHEHUS
Pa3IMYHBIX HCCIEA0BATEIBCKUX AUCIUIUINH IIPU COTPYAHMYECTBE BCEX 3aMHTEPECOBAHHBIX
CTOPOH (T. €. MpOBEACHHE MEKAMCLHUIUIMHAPHBIX HCcchaenoBanuid). Mcnone3ys naHzg-
maTHBIE 30HBI PETHOHOB Ha 3amaje U BOCToke EBponbl B KauecTBe 1ad0paTOpuH, MBI pas-
pa60TaJm U MPpUMEHUIIN MOIIArOBBIM moAXO0/J K MOJYYEHHUIO HOBBIX 3HAaHUM U MMOAACPIKKE
00yd4eHus B OTHOIIEHUH (YHKIIMOHUPOBaHUS 3eeHoN UH(pacTpykTypbl. Hamn ananus nec-
HBIX HaH}IIHaq)TOB IMOKa3bIBACT, 4YTO O6CCHC‘{€HH€ 3aroToOBKU JAPEBCCUHBI U COXPAHCHUEC

Jns yumuposanus: Anrenbctam I1., Manton M., Xaymsix O., Haymos B., Ilenepcen C.,
Crpsiment H., TopaOIH0M 1., Banaciok C., SImensiaen T. [NomyueHne HOBBIX 3HAHUH U 00Y-
YeHre B cepe YCTONUMBBIX JIECHBIX JaHAMAPTOB: 3ama] U BOCTOK EBpoIbI kak nabopato-
pus /[ Jlecu. xypu. 2019. Ne 1. C. 9-31. (M3B. Beicin. yueG. 3aBemenumii). DOI:
10.17238/issn0536-1036.2019.1.9
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OHMOJIOrMYECKOr0 Pa3HOO0pa3us MIOXO COBMECTUMBI C TOUKH 3pEHUs JiecoycTpoiictBa. Ha
3anazie EBpomsl cyiiecTByer moTpeGHOCTh B YBEIMYCHUH KOIHYECTBA OXPAHIEMBIX TeppHU-
TOpHA, TUBEepCUHUKALIUE METOJIOB YIIPaBJICHUsI U BOCCTaHOBIeHHU NaHmadros. Ha cese-
PO-BOCTOKE Poccun ecth BO3BMOXKHOCTH JJIA I/IHTCHCI/Iq)I/IKaHI/II/I JICCOIIOJIb30BAaHUA U NIPUME-
HEeHHUs1 cOeperaroiiero 3emienelus, KOTopoe MpeaycMaTpuBaeT paiOHUpOBaHKE, O3BOJIs-
IOI[ee COKPATHTh IOTEPU OMOJOTHYECKOTO Pa3sHooOpasus. [IpuMepsl AMAarHOCTHKH COIU-
ANBHBIX CHCTEM BKJIFOYAIH OIIEHKY KOMIUIEKCHOTO IiaHupoBaHus B llIBermu, pe3ynsTaThl
COXpaHeHHs OMOPa3HOOOpasus B paMKax JICCHOH ceprudukaiyu B JIuTBe U 00y4YeHUue WH-
JKEHepaMH 0 OXpaHe OKpyKaromier cpenpl. OCHOBHOM mpoOiieMoll B o0ecriedeHUH (PyHK-
[UOHUPOBAHUS 3€JIEHON MHQPPACTPYKTYpPhI SBISIETCS cl1aboe MeXOTpacieBOoe B3auMOjeH-
ctBue. B3anmopeiicTBue ¢ CONMATBLHO-IKOJIOTHISCKUMH CHCTeMaMH TpeOyeT BHeIpeHHs
HAYKOEMKOTO COTPYIHHYECTBA M 00ydyeHusi. PasHooOpaszue naHmmadTHBIX U3MEHEHUI H
MpaKTHKa YIPaBICHUs Ha 3amajie U BocToke EBporbl, BKito4Yas Poccuio, OTKPHIBAIOT MIXPO-
KH€ BO3MOXKHOCTH Kak JJisl TOJYYEHHs 3HAHHH O LIENEBBIX MOKa3aresisiX (DyHKIHOHHPOBA-
HUSI 3€JIEHON MH(PACTPYKTYphl, TaK U Al OOYUYCHUs] B IEJSIX afanTallid YIpPaBICHHS K
perHoHaJIbHBIM yCIOBUSAM. VHTErprpoBaHHOE (MHAHCUPOBAHKME MPOEKTOB, MPEIIOJIararo-
11ee COTPYHUYECTBO YUEHBIX U TPYIIT 3aWHTEPECOBAHHBIX JIUII, HEOOXOAUMO JJIsl IPOBEIe-
HUA YCIICHIHBIX MEXKAUCHUIIIIMHAPHBIX HCCJ’[C}]OBaHHﬁ. Tem He MCHEC, ¢)OpMaJ'II)HI)IC u HE-
(hopMaNbHBIC JAUCIUILTUHAPHBIE W aJIMHHUCTPATHBHBIC Oaphepbl MOTYT OIPaHHUYUBATH HUX
KOJUICKTHBHYIO pa0OTy, HECMOTpSI Ha MPOBEJCHHBIA aHAJIN3 M OTIBIT UCCIICIOBAHUSL.

Knrouesvie cnosa: ©OuopaznoobOpasme, OHOIKOHOMEKA, COTPYIHHYECTBO, SKOCHCTEMHBIC
YCIIyTH, 3KOJOTHYECKHEe W3MEHEHUs, aHAM3 Pa3pbIBOB, TOCYIIpaBlIcHUE, 3elieHas HH(pa-
CTPYKTYypa, MOJEIUPOBAHUE Cpelbl OOMTaHMs, WHTeHCH(UKaIWMs, JaHAma(THBI MoaXo/,
TUIAHUPOBAaHKE, ONpeIeIeHHe Kpyra 3aHHTEPECOBaHHBIX CTOPOH, TPAHCAUCIUILIMHAPHOCTD,
Pa3BUTHE CEIBCKON MECTHOCTH.

IMoctynuna 11.02.18
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®OPMUPOBAHHUE JTPEBECHHBI CTBOJIA PICEA ABIES (L.) KARST.
B PABHBIX TUTIAX COOBIIECTB TAEXKHOM 30HBI

HU.T. Kuwenko, 0-p ouoa. nayx, npog., un.-xkop. PAE
ITerpo3aBoickuii ToCy1apCTBEHHBI YHUBEPCUTET, Tpoctl. JlennHa, a. 33, r. [letpo3aBojck,
Pecniy6nuka Kapenust, Poccust, 185035; e-mail: ivanki@karelia.ru

[pu n3yueHnn OHOJIOTUIECKON MPOIYKTUBHOCTH APEBOCTOEB HAMOOJbIICe BHUMAHNIE YICIS-
€TCsl APEBECHHE CTBOJIOB JIECOOOPA3YIOMINX BUIOB KOPEHHBIX THIIOB JIECHBIX coobmmecTs. st
YCTaHOBIICHHSI BIMSHUS yCIOBHHA MECTOIPOM3PACTAHNS Ha aHATOMHYECKHE TOKa3aTeNu Jpe-
BecuHsl cTBouia Picea abies (L.) Karst. B 2014 r. Hamu IPOBEIEHBI HCCIICIOBAHKS B CPEIHEH
noyzone Taiirn (FOxnas Kapenust). OObekTaMu HCCIIEJOBAaHUH CITYXKWIN Haubolee pacrpo-
CTPaHEHHBIC B TAHHOM PETHOHE THIIBI JICCHBIX COOOIIECTB. 3alI0)KEHO S5 MPOOHBIX ILIOMIAICH,
Ha Ka)XIOH U3 KOTOphIX BIOpaHO 1o 20 ydeTHbIX AepeBbeB |l-111 xiaccoB pocta u pa3Butus
(mo Kpadry). Beiceukn npeBecHHBI CTBOJIa OTOOPAHBI B KOHIIC BETCTAIIMOHHOTO MEpHojia Ha
BbicoTe 1,3 M, MpoaHaTM3MpPOBaHbl MPUPOCTHI 3a mocieanue 3 roaa. M3 Bbiceuek rOTOBUIU
TIpernaparkl, Ha KOTOPBIX B TPEX MECTAaX U3MEPSUTN IMUPHHY TOAMIHOTO KOJBIA, IMUPUHY 30HBI
TTO3THEW IPEBECHHBI U YUCIIO TPAXCHIHBIX PSAOB. Y CTAaHOBIICHO, YTO C YXYAIICHUEM YCIIOBHI
MECTOTIPOM3PACTAHMS Ka9eCTBO JAPCBECHHBI CHIDKACTCS, MIMPHHA TOTUYHOTO KOJBIA YMEHbB-
maercs. ITocnenHuil 1mokasareis B €JIbHUKE KUCIIMYHOM COCTABIIAET 3,59 MM, uto Ha 3,6; 5,6;
8,8 u 11,6 % B, UeM B €MbHUKAX YEPHUYHOM, OPYCHHYHOM, OOJIOTHO-TPaBSIHOM U cdar-
HOBOM. Kpome Toro, B enpHHKE KHCIUMIHOM (OopMHUpyeTcs OOJbIee YUCIO TPAXEUAHBIX Psi-
J0B (51 mT.) MO CPaBHEHHIO C CIbHHUKAMHU UYCPHHYHBIM, OPYCHHYHBIM, OOJIOTHO-TPaBSHBIM
U c(harHOBBIM COOTBETCTBEHHO Ha 5,9; 15,7; 20,0 u 27,5 %, a Taxke HauOOJbIIas IMPHHA
30HBI NO37HEH npeecunbl (1,37 mm). [Tocneanuii nokasarenb B eIbHUKaX YePHUYHOM, Opyc-
HUYHOM, OOJIOTHO-TPAaBSHOM W C(arHOBOM MEHBIIE COOTBETCTBEHHO Ha 7,9; 13,6; 20,0
u 28,6 %. Ilpu GpopMHPOBaHUM TOAMYHOTO KOJBIA JOJIS MO3IHEH TPEBECUHBI MAKCHMAITLHOU
BEJTUUYMHBI JIOCTUTACT B IbHUKE KUCTHIHOM (38,9 %), a B elbHUKAX YCPHUIHOM, OPYCHUYHOM,
OOJIOTHO-TPABSHOM M C()ParHOBOM OHA COCTABIIIET COOTBETCTBEHHO 37,1; 36,0; 34,6 1 34,1 %.

Knioueswie crosa: Picea abies (L.) Karst., anaromusi, roan4HO€e KOJBIIO, APEBECHHA, THUIIBI
neca.

Bseoenue

[Ipr M3ydeHHHn OMOJOTHYECKOW MPOTYKTHBHOCTH JIPEBOCTOEB HaWOOJbIIEEe
BHUMaHHUE YICIIAETCS JPEBECHHE CTBOJIOB JIECOOOPA3YIONIMX BUIOB KOPEHHBIX TH-
OB JIECHBIX c000mIecTB. [Ipy 3TOM UCCIIEAYIOTCS KaK KOJIMYSCTBCHHBIC, TaK U Ka-
YECTBEHHBIEC ITOKA3aTeNId aHATOMHYECKOTO CTPOEHUS JIPEBECHHBI CTBOJA. Takummu
HAJC)KHBIMUA KPUTEPUSIMH KaueCTBa JPEBECHHBI SBIIIOTCS JOJIS MO3AHEH APEBECH-
HBI, TOJIIMHA KJICTOYHBIX 000JOYEK M pa3Mepbl Tpaxeus, GOPMUPYIOUIUX Y XBO-
HBIX pacteHuid 6osee 90 % maccel cTBOA.

B oTeuecTBeHHOI 1 3apyOexHON TUTEpaType KOJIMYSCTBEHHBIM ITOKA3aTeIIsIM
[IPUPOCTA IPEBECHHBI CTBOJIA XBOMHBIX PACTEHUH BCEr/a yIEIIOCh OOJIBIIOE BHU-
manue [1-4, 6, 7, 10, 12-22]. YcTaHOBICHO, YTO TEXHUYECKUE CBOWCTBA JAPEBECUHBI

Jla yumuposanus: Kumenko U.T. ®opmupoBanue apeBecunbl ctBosa Picea abies (L.)
Karst. B pa3HpIX THIIaX cOOOmIECTB TaekHOU 30HHI // JlecH. sxypH. 2019. Ne 1. C. 32-39.
(M3g. BeIcHI. yueb. 3aBemennii). DOI: 10.17238/issn0536-1036.2019.1.32
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BO MHOTOM OIIPEIENSIOTCS OCOOCHHOCTSIMH €€ aHaTOMH4ecKoro crpoeHus. [Ipm
3TOM aBTOPBI MOJYEPKHUBAIOT, YTO CYJHTh O KayeCTBE JIPEBECHHBI TOJILKO IO €e
AHATOMUYECKUM II0Ka3aTeNsiM HEKOPPEKTHO, a HeoOXOIUMO H3y4aTh ee (PU3UKO-
MEXaHHUYECKHEe CBOMCTBA, TIOMHS O TOM, YTO MEKIY NMEPBBIMH U BTOPBIMH CyIIe-
CTBYIOT BIIOJIHE ONpEAeICHHBIE 3aBUCUMOCTH. Bce 3TH XapaKTepuCTHKY APEBECUHBI
CBSI3aHBI B OCHOBHOM C OCOOCHHOCTSMH OMOJIOTWMH BHJA PACTEHHH M JKOJIOTHYE-
CKUMH YCIIOBUSIMHU HMX mpouspactanus [1-4, 6, 7, 10, 12-22]. YcnoBus npouspac-
TaHUA OOYCJIOBJIEHBI KaK MOTOTHBIMH (DaKTOPaMH, TaK M KOHKPETHBIMH OCOOEHHO-
CTAMH cpezbl JaHHOTO (uToneHo3a. [ToaToMy aHaTOMUYECKHE ITOKAa3aTeNH ApeBe-
CHHBI CTBOJIA JTOJDKHBI M3Y4aThCsl KAK BO BCEX PaCTUTENBHBIX 30HAX, TaK U BO BCEX
TUNax JecHbIX coobmecTB. [logobnbIe McciaenoBanus B TaexxHoW 30He Poccun Ho-
cAT (parMeHTapHBIN XapaKTep.

Lenp HAamuMxX MccIeNOBaHUN — YCTAaHOBUTDH BIIMSHHE YCIOBHHA MECTONPOM3-
pacTaHus Ha aHATOMHYECKHE MOKA3aTeNIN IPEBECHHBI CTBOJIA €1 OOBIKHOBEHHOU
(Picea abies (L.) Karst.) B Taexxnoii 30He (FOxnas Kapenus).

Obwexmul u Memoobl UCCAeO08AHUA

Paboter npoBogwim B cpeaner moazone tairu (FOxnas Kapemuns, Cyosips-
CKHU{ MyHUIIMNAIBHBIN paiioH, 61°55' c. m1., 32°49" B. 1.) B 2014 r. OOBbeKTamMu uc-
CJIEAOBAHMS CIIY>KWIH APEBOCTOU €JIbHUKOB KUCIMYHOTO, YePHUYHOTO, OpYCHUYHO-
ro, OOJIOTHO-TPABSHOTO U C(arHOBOTO THUIIOB, HAMOOJIEe PACTIPOCTPAHEHHBIX CPEAH
JIECHBIX COOOIIECTB NTaHHOTO peruoHa (Tadi. 1).

Ta6numa 1

XapaKTepMCTmca APEBOCTOEB B Pa3HbIX TUIIAX €JI0BbIX COOﬁl]IeCTB

Cpe\)’l- Cpennne Yneno 3amac
HUI OtHocu- | Kirace IpeBe-
Tun Cocras JIUaMeTp CTBO-
Gmectsa BO3- HopoT BBICO- | " ma. | TETBHAA OoHu- 0B CHHBI
coo pacr, T2, M > | momHoTa | Tera > B KOpE,
™M IIT.
JIeT M
Enpank
KUCJIUYHBIN 51 10E 15,7 14,8 0,9 1.6 1280 238
E. yepHuyHbIi 55 10E+b 16,7 16,2 0,8 1.1 1367 243
E. 6pycunu-
HBIH 53 9E1b 16,1 15,9 0,7 11.4 1276 231
E. 6onoTHO-
TpaBsHOM 54 10E 11,7 13,7 0,8 1.2 1988 131
E. charnoBsrit 59 8E2b 10,9 10,5 0,6 V.0 2338 92

Ha cxione mecuaHbIX BO3BBIIIEHUH (Ha a0pyITe) MOYBBI CPABHUTEIBHO TUIO-
nopoaHsle (cynecuansie). CBA3aHO 3TO C TEM, YTO TyAa MOCTYIAlOT PaCTBOPHI MU-
HEPAIBHBIX JJIEMCHTOB W3 BBIIIENEKAIIMX OHOTEOIEHO30B C TOBEPXHOCTHBIM
Y BHYTPUIIOUBEHHBIM CTOKAaMH, a TaK)X€ C TPYHTOBbIMH Bojamu [11]. 3aecs cozna-
IOTCSI YCTIOBUS ISl CPABHUTEIILHO XOPOULIETO pocTa (PUTOICHO30B EFHUKOB KHUC-
JUYHOTO, YepHUIHOTO 1 OpycHmuHorO | 1 Il kitaccoB GoHuTETA.

ITo Geperam pek GopMHUPYIOTCs 3a00JI0UCHHBIC MMOYBBI C MPOTOYHBIM YBJIaXK-
HEHHMEM, JOCTAaTOYHO XOPOLIO 00EecIeYnBaonie KOPHU PAaCTCHUH MHHEPaIbHBIMU
COMSIMH M KHCIOponoM. TyT mpowuspacTaroT (PUTOLEHO3BI elbHHKa OOJOTHO-
tpassHoro |1 k1acca 6oruTeTA.

PexxuM yBIaXHEHUS B MOHWKCHHBIX dJIEMEHTaX penbeda (Ha rurakate) 00y-
CJIOBJICH BBINAJAIOMIMMHU aTMOC(EPHBIMH OCAJAKAMHU, IPUTOKOM BOABI C BBILIETC-
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JKAIUX TEPPUTOPUN M BHIXOJAMHU TPYHTOBBIX Bol. Clolla MO CKIIOHY ITOCTyMaeT
3HAYUTETHFHOE KOJMYECTBO MUHEPAIBHBIX M OPTaHUYECKUX BEIIECTB, KOTOPHIE, OJ1-
HAaKO, YCBaWBalOTCSA PACTEHUSMHU C TPYAOM H3-3a HEJOCTaTKa KHCIOpOJa BCIEM-
CTBHE 3aCTOMHOrO yBIaXHEHHS. Ha TOpIHHCTO-TIOA30IUCTO-TIEEBBIX ITOYBAX,
KpaifHe HeOnaronpusaTHbIX 1 pocta jeca (IV-V knaccel Oonutera), GopMUPYIOT-
cs1 GPUTOIIEHO3HI eTbHUKA CharHoBOTO.

B cBs3U ¢ 3TUM NpOU3PACTAIOIINE B PA3HBIX IKOJOTUYECKUX YCIOBUAX Jepe-
BbSI OTHOTO BU/Ia OY€HB 3aMETHO OTIMYAIOTCS TI0 Pa3INIHBIM TaKCAIIHOHHBIM TIOKa-
3aTessM, B TOM YHUCIIE M 10 MPOAYKTUBHOCTH. [103TOMY THI JIECHOTO COOOIIECTBa
SBIISIETCSI HAJIE)KHBIM HHTETPATBHBIM ITOKa3aTelieM, XapaKTePHU3YIOIUM pPa3IndHs
B UHTCHCHUBHOCTHU NPOTEKaHMsI OMOMPOYKIIMOHHBIX MTPOIECCOB.

3aknaaky mpobusrx mromasnei (I111) u reoboTaHndIecKoe ONMMCcaHUe JECHBIX
(bUTOLIEHO30B MTPOBOAMIIM IO OOMIETIPUHATHIM MeToaukam [8, 9]. 3amoxeno 5 TII1,
Ha KaKIO0W M3 KOTOPHIX BEIOpaHo 1o 20 yueTHbIX aepeBbeB |I-111 xmaccos pocra u
pasButus (o Kpadry). Beiceuku npeBecuHbI CTBOIA OTOMpAIH B KOHIIE BEreTallu-
OHHOTO Tiepuonaa Ha BbicoTe 1,3 M. M3 Bhiceuek rotoBuiu npenaparbl. Ha HUX B
TpPEX MECTax U3MEPSIIN IMUPHUHY TOANIHOTO KOJIbIla, IMUPUHY 30HBI TO3THEH ApeBe-
CUHBI, a TaK)KE YHCIO TPAXEHIHBIX PANOB (II0 PaANyCy) C TOMOIILI0 MUKPOMETpa
OKyJIsipHOTO BHHTOBOTO MOB-1 ¢ TouHOCTBIO +0,25 MKM [13]. BeOOpKka mo maH-
HBIM TIOKa3atensM coctarisuia 30 u3mepenuii. U3BeCTHO, YTO MOJ BIMUSHHEM T10-
TOJHBIX YCIIOBHIA, a TaK)Ke B TPOIlecCe OHTOTeHEe3a MHTEHCHBHOCTh (POPMHPOBAHUS
KaMOHMeM ApeBecHHBI CTBOJIA M3MeHseTcs. [loaToMy aHammM3MpoBaIM MPUPOCTHI 3a
rocneaHue 3 roja.

JlanHBIE BCEX BBIOOPOK MPOBEPEHBI 3aKOHOM HOPMAJIBHOTO PaclpeIeiICHHUS.
MareMatndeckast 00padoTKa JaHHBIX BKIIIOYAJIA MOYUCHHE CPETHUX apudmeTrdae-
CKMX BEIMYHMH, MX OIIUOOK W CPEIHEKBAJAPATHUSCKUX OTKIOHEHW. [ umoresy
0 3aBHCHMOCTH aHATOMHYECKHX OCOOEHHOCTEH OT YCIOBHI MECTOIPOM3paCTaHUs
KOHTPOJIMPOBAJIH, YCTAaHABIIUBAsS JOCTOBEPHOCTh PA3JINYMIA MEKAY OJHOMMEHHBIMH
MTOKAa3aTeNIIMU JAEPEBHEB PA3HBIX THUIOB JIECHBIX cO00mIecTB. M3 MOMyd4eHHBIX de-
MEHTApPHBIX CTATUCTUK CIIEAYET, YTO MOKa3aTellb TOYHOCTH OmbiTa — 3...5 %, K03 -
¢unment Bapuaruu — 18...22 %.

Pesynomamut uccredosanust u ux oocysicoenue

B xozxe mpoBeneHHOTO MCCIeNOBaHMS MO YCPEIHEHHBIM 3a 3 rojia JaHHBIM
YCTaHOBJICHA 3aBUCHMOCTh aHATOMHYECKOTO CTPOCHHS JPEBECHUHBI OT YCIOBUH Me-
cronpouspactanus. [Tokazano (Tabi. 2), uro HauboJiee MUPOKOE FOJUUHOE KOJIBIO
(dopmupyeTcs B eNbHUKE KUCTUIHOM — 3,59 MM. [lo cpaBHEHHIO ¢ 3TUM THUIIOM CO-
o0IIIecTBa B €IbHAKAX YEPHUYHOM, OPYCHUYHOM, OOJIOTHO-TPABSIHOM M CParHOBOM
JIAaHHBIN TOKa3aTesIb MEHBIIIE COOTBETCTBEHHO Ha 3,6; 5,6; 8,8 u 11,6 %. O6Hapy-
JKEHHAs 3aBUCHMOCTH IIMPHHBI TOAWMYHOTO KOJbIA OT YCJIOBHS MECTONPOU3pACTa-
HUS JJI Pa3sHBIX THIIOB Jieca 3a MCCIeAyeMbIe TOABI COXpaHsIach 0e3 M3MEHEHHs.
YBeauueHHe MIMPUHBI TOJUYHOIO KOJIbIa XBOHHBIX PACTEHUH B JIYUIINX YCIOBUAX
MECTOIPOU3PACTAHUSI OTMEUEHO U APYTUMHU YueHbIMH [2, 5, 7, 14, 17, 18]. Bnoane
MIOHSITHO, YTO C POCTOM HIMPUHBI TOAUMYHOTO KOJIBIIA YHCIIO TPAXEHIHBIX PSAIOB, €T0
(hopMupyIOIINX, COOTBETCTBEHHO BoO3pacTaeT. [loaToMy WX Hambosbliee 4UCIO B
TOJUYHOM KOIIbIlE OOHApYyXEHO B €JNBHUKE KHCIUYHOM, YTO COCTABHIIO
B cpenHeM (3a 3 roxa) 51 mwir. (tabum. 2). JlaHHBINA MMOKa3aTeNb JUIS €IbHUKOB Yep-
HUYHOTO, OPYCHUYHOTO, OOJIOTHO-TPABSHOTO U C(ArHOBOTO MO CPaBHEHUIO C KHUC-
JIMYHBIM MEHBIIIE COOTBETCTBEHHO Ha 5,9; 15,7; 20,0 u 27,5 %. BrliaBiaeHHas 3ako-
HOMEPHOCTh B BEIIMYHMHE JAHHOTO IMOKA3aTelisl B CBSI3U C YCIOBHSIMH IPOU3PACTA-
HUS 32 HccienyeMble 3 To1a ocTaBaiach MOCTOSHHOM.
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Tabauma 2

OO0masi IIMPUHA TOAMYHOI0 KOJIBIA CTBOJIA (B YMCIUTEIE, MM)
M YHCJI0 TPaXeMIHBIX Ps/IOB (B 3HaAMeHaTeJle, IT.), ero GopMHUpPyOIINX,
y nepeBbeB Picea abies (L.) Karst. B pa3HbIX THIAX eJIOBBIX COOOLIECTB

Tun roﬂ 06pa30BaHI/I}I TOAUYHOI'O KOJIbIIa
coobmiecTa 2012 2013 2014

ENbHUK KACIMYHBINA 3,62+0.07 3,57+0,04 3,59+0,07
51 50 52

E. 4epHHYHbIH 3.49+0.09 3.4540.06 3.46+0,10
49 49 48

E. 6pycHIUHBIT 3.41+0.09 3.3240.13 3.39+0,03
44 42 43

E. GOJOTHO-TPaBsAHON 3.20+0.07 3,25+0.04 3.2940,03
41 40 41

E. c(parHoBbIit 3.1540.05 3.1640.06 3.18+0,07
36 38 37

[uprHa 30HBI NO3HEH APEBECHHBI U MPOLIEHT €€ yyacTusl B GOPMHUPOBAHUU
TOAMYHOTO KOJIBLA SIBISIOTCS OMHUMH U3 BOKHEHWIINX MOKa3aTesel, XapaKkTepu3y-
IONIMX TEXHUYECKUE CBOMCTBA JIPEBECUHBI: YeM OOJIbIlle HX BEJIMYHHA, TEM IPOYHEE
JIpEeBeCHHA KaK Ha M3JIOM, TaK U Ha CXKaTue. Y CTAHOBJICHO, YTO KayecTBO (HOpMu-
pYyIOLIEHcsl TpeBECHHBI CTBOJIA HANPSMYIO CBA3aHO C OCOOCHHOCTSIMH ITOYBEHHO-
TPYHTOBBIX YCJIOBHH: YeM OHHU Jy4lle, TEM BBIIIE KayecTBO JAPEBECHHBI. Tak,
HanOOJbIIAs IMMPHUHA 30HBI TO3JIHEH JpEeBECHHBI POPMUPYETCS B €IbHUKE KUCIINY-
HOM M cocTaBiseT B cpeaneM 1,37 mm (tabxn. 3). B enpHHKax 4yepHUYHOM, Opyc-
HUYHOM, OOJIOTHO-TPaBSHOM M C(arHOBOM 3TOT IOKa3aTelb MEHBIIE COOTBET-
cTBeHHO Ha 7,9; 13,6; 20,0 u 28,6 %. I[logoOHasi 3aBUCUMOCTh YCTAHOBJICHA JIJIs
JIEPEBHEB, IPOU3PACTAIONINX U B IPYTHX PACTUTENHHBIX 30HAX [2, 7].

Tabnuma 3

IIIupuna 30HbI NO3HEH APEeBEeCUHBI B TOAMYHOM KOJIbLIE CTBOJIA
(B yucauTelie, MM) U YMCJIO TPAXeHAHBbIX PSAOB (B 3HAMeHaTeJIe, IIT.) B JTAHHOH 30He
y nepeBbeB Picea abies (L.) Karst. B pa3HbIX THNAX €JI0BBIX COO0IIECTB

Tun Toz 06pa30BaHKs TOIUYHOTO KOJIBIIA
cooOrecTsa 2012 2013 2014

ENBHYK KMCIMYHBIH 1.43+0,09 1,39£0.07 1,37+0.04
25 26 25

E. uepHu4HbIil 1,2940,07 1.26+0,10 1.31£0.06
21 22 22

E. 6pycHudHbIii 1,2120,04 1.23+0,04 1.20+0.,08
18 19 17

E. GONOTHO-TPaBSHBIN 1.14+0.06 1,12+0.10 1,11+0,07
. 16 15 16

E. caruoBblii 1,08+0.05 1,07+0,08 1.09+0.03
' 18 19 18

Jlons mo3aHel MpeBeCHHbI MpU (OPMUPOBAHUU TOAMYHOTO KOJIbIA MAKCH-
MaJlbHa TaK)Ke B €TbHUKE KHUCIUIHOM — B cpeaHeM 38,9 % (tabm. 4).
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Tabnuna 4

JoJus no3aueii ApeBecunnl (%0) B roIUYHOM KOJIbIIE
y AepeBbes Picea abies (L.) Karst. B pa3HbIX THIIAX €JIOBBIX COOOIIECTB

Tun I'ox 06pa3oBaHMs TOJMYHOTO KOJIBIA
coo01ecTBa 2012 2013 2014
EJBHUK KUCIUYHBIA 39,5 38,9 38,2
E. yepHU4HBIH 37,0 36,5 37,9
E. 6pycHUYHBIH 35,5 37,0 35,4
E. GonoTHO-TpaBsiHO 35,6 34,5 33,7
E. charnoBsrit 34,2 33,9 34,3

B enpHUKax 4YepHUYHOM, OPYCHHYHOM, OOJOTHO-TPABIHOM M C(arHoBOM
JIaHHBIM TMOKa3aTellb COCTaBIsieT cooTBeTCTBeHHO 37,1; 36,0; 34,6 u 34,1 %. Jpy-
THE UCCIICIOBATENN TAK)KEe OTMETAIOT CHIDKEHUE JIOJU TTO3THEH IPEBECHHEI B MEHEE
MIPOJAYKTHUBHBIX THIAX Jieca [2, 7].

Bce ycraHoBieHHBIE pa3auymsl B 3HAYCHUSIX aHATOMUUYECKHX TOKa3aTenel nepe-
BBEB, ITPOU3PACTAIONINX B PA3IMIHBIX TUTIAX COOOIIECCTB, OKA3aIHCh JOCTOBEPHBIMIL.

Boi6o0wi

1. C yxyAlieHueM yCIOBUN MECTONPOU3PACTAHUS IIUPUHA TOAUYHOTO KOJIb-
Ia yMeHbImaercs. [1o cpaBHEHHIO C €ILHUKOM KHCIMYHBIM, TAE JTOT IOKa3aTelb
cocraBisieT 3,59 MM, B ebHUKAX YEPHUYHOM, OPYCHUYHOM, OOJIOTHO-TPABSIHOM U
c(harHoBOM OH MEHBIIIE COOTBETCTBEHHO Ha 3,6; 5,6; 8,8 u 11,6 %.

2. Haunbonbiiee 4HCIO TpaxeWAHBIX PAIOB (POPMHUPYETCS B €IbHUKE KUCITNY-
HOM (51 mT.), TOr/Ia KaK B €bHUKAX YePHIIHOM, OpYCHUYHOM, OOJIOTHO-TPAaBSIHOM U
charHoBOM 3TOT MTOKA3aTe/Ib MEHBIIIE COOTBETCTBEHHO Ha 5,9; 15,7; 20,0 u 27,5 %.

3. Kak u 4mucio TpaxeuaHbBIX PsJIOB, HAMOOJBIIAS IIMPUHA 30HBI MO3HEH
IpeBecuHbl hopmupyercst B enbHuKe kuciamdHoM (1,37 mm). [lo cpaBHeHHIO € co-
00IIIECTBOM STOrO THIA B €JIbHUKAX YCPHUYHOM, OPyCHHYHOM, OOJIOTHO-TPABSIHOM
U carHOBOM JaHHBIM TOKa3aTellb MEHBIIE COOTBETCTBEHHO Ha 7,9; 13,6; 20,0
u 28,6 %.

4. Jlonsg mo3gHEeH npeBeCHHBI B (DOPMHUPOBAHUHU TOJAMYHOTO KOJIBIIA MaKCH-
MaJIbHOM BETMYMHBI IOCTUTAET B €IbHUKE KUCIUYHOM (38,9 %). 3HaueHus TaHHOTO
MOKa3aTeNss JJs eNbHUKOB UYEPHHYHOIO, OpYCHHYHOTO, OOJIOTHO-TPaBSHOTO
u ¢(harHOBOTO COCTABJISIOT cooTBeTcTBeHHO 37,1; 36,0; 34,6 u 34,1 %.
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research in the middle taiga subzone (South Karelia) in 2014 in order to determine the influ-
ence of site conditions on anatomical indicators of trunk wood of Picea abies (L.) Karst.
Study objects were the most common types of forest communities for the region. Five test
plots were grounded. Twenty trees of I1-I11 classes of growth and development (according
to Kraft’s classification) were chosen on each of the plots. Hewings of the trunk wood were
picked at the end of the vegetation period at a height of 1.3 m; increments for the last 3
years were analyzed. Preparations were made from the hewings. Width of the tree-ring,
width of the autumn wood zone and number of tracheid rows were measured on the prepara-
tions in three spots. It was found that tree-ring width and wood quality decrease with deteri-
oration of the site conditions. This indicator in sorrel spruce forest (3.59 mm) is 3.6, 5.6, 8.8
and 11.6 % higher in comparison with myrtillus, vaccinium, swampy with grass and sphag-
num spruce forests respectively. Furthermore, larger number of tracheid rows (51 pcs) is
formed in sorrel spruce forest in comparison with myrtillus, vaccinium, swampy with grass
and sphagnum spruce forests by 5.9, 15.7, 20.0 and 27.5 % respectively; as well as the
greatest width of autumn wood zone (1.37 mm). The last indicator in myrtillus, vaccinium,
swampy with grass and sphagnum spruce forests is 7.9, 13.6, 20.0 and 28.6 % less respec-
tively. Proportion of autumn wood reaches its maximum in sorrel spruce forest (38.9 %)
during the tree-ring formation. Values of this indicator in myrtillus, vaccinium, swampy
with grass and sphagnum spruce forests are 37.1, 36.0, 346 and 341 %
respectively.

Keywords: Picea abies (L.) Karst., anatomy, annual ring, wood, forest types.
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Ha ocHoBanum maHHBIX 73 NpOOHBIX IUTOLIa/EH, 3aJ0XKEHHBIX B IOJ30HE CpenHell Tairu
(Kapenbckuii TaeKHBIN paiioH), ONpeeIeHsl 3anackl KPYIMHBIX IPEBECHBIX OCTATKOB (Ipe-
BECHOTO Je0puca) COCHOBBIX HacaxkaeHMH B Bo3pacte 81-120 mer. Ilokasarens 3amaca
KPYIHBIX JIPEBECHBIX OCTATKOB OTIHYACTCS BEICOKOH BapuabenbHocThio (0...180 M*/ra) u B
cpenHeM ouieHuBaercs B 50,9+5,62 M3/ra, T. €. MOXeT aocturath 15...20 % Hamu4yHOTO 3a-
maca. B paspe3e THIONIOTHMYECKOH CTPYKTYphl JecHoro QoHna PecrmyOmuku Kapenus
HauOOJBIINMH 3alacaMH KPYNHBIX JPEBECHBIX OCTAaTKOB XapaKTEPU3YIOTCSI COCHAKH dep-
HiaHble (63 M°/ra), HAMMEHbBIIMMHY — JHmIaiieiKoBble (12 M°/ra); 3amachbl B OpYCHUYHBIX H
Gary/IbHUKOBBIX THIIAX JIECA COCTABIAIOT 34 i 35 M°/ra COOTBETCTBEHHO. Y CTAHOBJIEHO, UTO
CHIDKEHHE Kylacca OOHUTETa HACAKICHUH MPUBOANT K YMEHBIICHHIO 3araca KpyIHBIX Ape-
BECHBIX O0CTaTKOB. I[ToATBEpkKIeHa 3aBUCMOCTh 3TOTO TTOKa3aTes OT 3amaca APEeBOCTOS — C
€r0 YBEIMUCHNEM BO3PACTAET M KOJIWIECTBO APEBECHBIX OCTAaTKOB (Ko3(durment koppemns-
UM U1 CTPYNIUPOBAaHHBIX JaHHBIX — 0,90). Yka3aHHas 3aKOHOMEPHOCTH OTYETIIMBO IPO-
cnexuBaetcst B auarasone 150...400 M>/ra, 94To mpeoNaracT BO3MOXKHOCTh HCIIONB30Ba-
HUSI TIONYYEHHBIX JaHHBIX B pacuerax JJisl JaJIbHEHIIEro omnpenesieHus: 00beMOB KPYITHBIX
JIPEBECHBIX OCTaTKOB M MAcCChl YIJIepo/ia COOTBETCTBYIOIIETO MyJia Ha OCHOBE JaHHBIX [ oc-
YAApCTBEHHOTO JIeCHOro peecTpa. CTaTUCTUYECKH MOATBEPXKJCHA CBA3b 3amaca KpPYMHBIX
JPEBECHBIX OCTaTKOB C JPYTMMH TaKCAIlMOHHBIMH MOKa3aTEISIMU JAPEBOCTOEB — CPEAHUMH
JIMaMETPOM M BBICOTOM, CYMMOH IUIOIIaleH CEYEHH, OTHOCUTEIbHON MOJHOTON, KOJIUue-
CTBOM PACTYIIMX JEPEBLEB. BhIsABICHA TEHICHIMS CHIKECHUS 3araca KpyIHBIX JPEBECHBIX
OCTaTKOB B HACAXKJCHMAX, MPOWAECHHBIX pyOKaMH pa3HOW AaBHOCTH M MHTEHCHBHOCTH, IO
CPaBHEHHIO C HE3aTPOHYTHIMU HMH. 3aKOHOMEPHOCTB MPOSIBIISIETCS B APEBOCTOAX C MHTEH-
CHBHOCTBIO M3pEXHUBaHUA 10 15 % 1o unciry crBonos (150 mHeii/Ta).

Kniouesvie cnosa: mopy0boUHBIE OCTaTKH, YIIIEPOJ, COCHOBBIC HAaCaX/CHHUS, 3amac, BO3pacT,
OoHUTET, pyOKH.

Beeoenue

Jleca Poccuiickoit ®eneparuu 3aHUMAaioT 1wiomanb okoiro 800 muH ra. Ha
(done mpuobperaromux Bce OOJNBIIYI0 BaXXHOCTH BOMPOCOB YIIIEPOTHOrO OanaHca
Ha3eMHBIX KOCHCTEM HAJINYUE CTOJIb O'POMHOM TEPPUTOPHU C PA3TMYHBIMHU KITH-
MaTU4YCCKUMH U JIECOPACTUTCIIBHBIMU YCIIOBUAMUA TpeGyeT TOYHON M a)IeKBaTHOﬁ
OLICHKH HE TOJILKO MIPUPOAHBIX PECYPCOB, HO U IyJIOB OPraHUYECKOTO YIIIepoia.
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N3BecTHO, 4TO MEpPTBOE OPraHMYECKOE BEIIECTBO — O0s3aTeNbHAs COCTaBIIs-
formast o000 dKoyorudeckor cucrteMsl [14, 16]. B necHbIXx OmoreomneHo3ax OHO
MIPEJICTABICHO B BUAE KPYHHBIX npeBecHbIX octaTtkoB (KO, npesecHoro merpura,
neOpuca) W JIECHOW TMOACTHIIKH. JIpeBECHBIN ACTPUT SBISAETCS ONHUM W3 BaKHBIX
CTPYKTYPHBIX KOMIIOHEHTOB JIECHOTO OMOIICHO034, TTOCKOJIbKY B 3aBUCHMOCTH OT HETO
HaxOJIUTCA UENbIA Psii OPTaHU3MOB pa3HbIX TakcoHomuueckux rpymm [10]. Kpome
toro, KJIO umerot 60bIioe 3HaYeHNE B III00aIBHOM yTiiepoaHoM nukdie [13-15, 17,
18 u ap.]. Ilo manuem JI.I'. 3amonomunkoBa ¢ coasT. [1], BKIaa myja MepTBOM ape-
BECHHEI JIECOB MOXKET TOCTUTATh 8 % 0O0IIel BeMIMHBI cToKa yriepoaa. [lo MHeHHrO
P.®. Tpeiipensna u O.H. KpankuHotii [8], MMEHHO HeTOCTATOK MH(POPMAITUY O 3aria-
cax KJIO B necax Poccuu siBisiercs oJHOW M3 OCHOBHBIX NPUYMH PACXOKICHHUN
B CYIIECTBYIOIINX OIICHKAaX OOIIMX 3aIacoB M MIOTOKOB yTJIEPO/Ia B HUX.

B HacTositiee Bpemsi CyIiecTByeT HECKOJIBKO OCHOBHBIX METOIMK OIpe/eIie-
HUS 3aIlacoB YTIIEpPoAa JIECHBIX SKOCUCTEM. B Hareil cTpaHe mmpoKoe pacipocTpa-
Henue umeer cucrema POBYJI, mo3Bomstomnas paccuutarh 3amachl yriepoja Bcex
OCHOBHBIX IyJioB [5]. CpaBHUTENBHAS OLIEHKA 3anacoB yriiepoza myna KO cocHs-
koB Kapennu ¢ mpuMeHeHneM yKa3aHHON METOAWKH BBISBHIIA OoJiee 4eM JBYKpaT-
HOE MPEBBILICHUE HAJ| HAITUMH pPe3yJIbTaTaMu, MOTYyYEeHHBIMA Ha HAYaJlbHOM dTare
nccienoBanuii [6]. CTOIb CyIIeCTBEHHBIE pa3InIus U 00YCIOBHIIN HEOOXOIUMOCTh
UX JalbHENUIIErO MPOBEICHHUS.

Takum 00pazom, oOIIel 1eTbI0 UCCIIeIOBAHUS SBUIIACh OlleHKa 3arnacoB KJ[O
B COCHOBBIX JIecax CPEIHETaeKHOH MOM30HBI Ha Teppuropuu Pecnyomuku Kapemus,
BBISIBJICHHE 3aKOHOMEPHOCTEH, CBsI3€i C TaKCAIMOHHBIMU TOKA3aTeNsIMU HacaxKie-
HUH W OIlCHKAa WX TECHOTHL. B mampHEHIIEM 3TO MO3BOIMIO OBl aKTyaJM3UPOBAThH
nmaaable 1Mo obmwM 3amacam KJIO u cOOTBETCTBYIOIMIETO ITyJia yTIIepoaa Ha PErro-
HaJILHOM ypoBHe. COCHa B KaueCTBE M3ydaeMOU MOpOJIbl BEIOpaHA BBUY €€ JOMU-
HUpoBaHUs B JiecHOM (ouae Kapemun. B kadecTBe mccieayeMoro o0beKTa BBICTY-
TMWJIa TPYyTIa ApeBOCToeB B Bo3pacTe 81—120 ser.

Obvexmul u Memoobl UCCIe008aHUS

Pecrryonmka Kapenus pacmosioskeHa Ha ceBepo-3amajie eBpOINeHCKONH JacTu
Poccun. IlpoTskeHHOCTD ee Te;)pI/ITOpI/II/I c ceBepa Ha or coctasisieT 660 kM, 06-
mast omans — 180,5 Teic. kM. ['eorpaduyeckoe nmonoxeHune peciryOauKu, BBITS-
HYTOCTh €€ TEPPUTOPUHU B HNIMPOTHOM HAINpPABICHUH, HaJM4YUe OOJBIIOTO KOIHYe-
CTBa BOJIOEMOB M TEPECCUYECHHOCTh peibeda ONpeAessIIoT Pasiuyus B KIMMAaTe,
MOYBAX W PACTUTENFHOCTH OTACIBHBIX €€ YacTel.

Hccnenoanust npoBOJUINCHh B BOCBMU pailOHAax, pacloi0KEHHBIX B I0KHOU
gactu Pecrryonmukn Kapenws. B Oonee mmpokom reorpadudeckoM acrekTe 0ObeKT
HaXOAMTCS B Mpejenax MOJ30HBI cpenHeit Tairu. [lomyueHHble B X0/1€ HcciIe10Ba-
HUS pe3yJbTaThl MPENoJNIaracTcsl HCIONb30BaTh sl ytouHeHus myma KO
B necax Kapemuu u, BO3MOXHO, B PETHOHaX CO CXOAHBIMH €CTECTBEHHO-
reorpau4eckuMH U KIUMATHYECKHUMHU YCIOBHSIMU.

HaGmoeHvst BBITTOMHSIIMCE HA TTIOCTOSTHHBIX ¥ BPEMEHHBIX MPOOHBIX IIIOIIA-
nsx (IT) MactutyTa neca Kapensckoro nHayuHoro nenrpa PAH. @opma npoOHbIX
IIoWAaAe NpsAMOyToibHas WIM KpyroBas HOCTOSHHOrO panuyca. [Lmomans Bpe-
meHHbIX [IIT cocraBimsma or 400 mo 800 MZ, noctosaHHBIX — oT 2000 mo 4000 M.
Ha IIII npou3BoAMIIMCH CIIOIIHOW MEPEUET paCTyIEN YaCTU APEBOCTOA, ONUCAHUE
MOAPOCTA, MOAJIECKAa U >KMBOTO HAIOYBEHHOTO MOKpOBa. OTIEIBHO YUHUTHIBAIUCH
KJ1O, cyxocToii 1mo 2-CaHTUMETPOBBIM CTYIICHSM TOJIIMHBI, BAJICK — IIyTeM oOMe-
pa IUIMHBI U JAMaMeTpa B BEPXHEM U HIDKHEM KoHIax OpeBHa. OOBeM KOpHei



42 ISSN 0536 — 1036. UBY3. «JlecHoii :kypHam». 2019. Ne 1

onpenemsuics o manaeiM H.U. Kasnmuposa u A.E. Mutpykosa [2]. Yder 3amacoB
KO na I1IT npon3Boanics ¢ y4eToM Kiacca pa3iokeHUsI B COOTBETCTBUH CO IIKa-
no#, npeanoxenHoir E.B. Illopoxosoii 1 A.A. IllopoxossiM [10]. Beero yuer 0bu1
ocymiectnieH Ha 73 IIII, pacmono)keHHBIX B OCHOBHBIX THUIMaxX jieca COCHAKOB. Ko-
nryectBo 111 mo Tumam Jieca pactpenessioch CIeAyIOIUM 00pa3oM: JTHIIAHHUKO-
Bas Tpynma (JIMIIaiHUKOBEIA TuM) — 14 %; 3eneHoMomHas rpymma — 75 % (Opyc-
HuuHbie — 27 %, depanunbie — 48 %); carnosas rpymma (6aryJIsHUKOBBIE, OCOKO-
Bo-carHoBbIe | T. I.) — 11 %. YdyacTue riaBHOI MOPOABI B COCTaBE HACAKICHHIMA
konebamock ot 5,3 mo 10 ex. (B cpemueM — 8,4 en.), mucTBeHHBIX — oT 0 1m0 3 exm.
(B cpennem 0,7 en.). Knacc 6onurera BapeupoBan ot | go IV,5, otHOCcuTenpHas
nonHoTa — oT 0,43 1o 1,30. Bonbmas yacte IpeBocToeB ObUIa MpoiAeHa pyOKamMu
yxona pasnuuaoi nasaoctd (10-30 er).

IIpu kamepanbHOl 00pabOTKE PACCUUTHIBAIMCHL OCHOBHBIE TaKCAIIMOHHBIE
ToKa3aTelld HacakIeHus (CocTaB, 3armac, MOJIHOTa, OOHHUTET U T. J.) M 3aIac MepT-
BOI npeBecuHbL. s Oojiee NeTanbHOrO aHaiu3a JaHHBIX 00pa0OTKa MOJTYYCHHBIX
MaTepUaNoB MPOBOAMIACH MO MAaCCOBBIM MaTepHajaM TaKCallMd HaCaXICHUH,
a TakKe B IEJIAX MOBBIIICHUS COTIIACOBAHHOCTH CTATUCTHYECKUX PE3yIbTaTOB — IO
CrpYNIMAPOBAHHBIM JaHHBIM. Heo0X0AMMOe KOJIMYECTBO TPYIIT ONPENSIsLUIOCh B
COOTBETCTBHH C TpaBuiioM Ctepmkecca:

n=1+3322IgN, (1)
rae N — oOiiee uncio HaOIIOAEHUH.

WuTepBan (mar) rpynmupoBKY BEIYUCIISIICS 110 cleAyomnei hopmye:

I = (Xmax - Xmin) / n, (2)
r71€ Xmax B Xmin — MUHAMAaJIbHOE M MaKCHUMaJbHOE 3HAUEHUE ITOKA3aTesl.

Jl1s1 BRISIBIICHMSI 3aBUCUMOCTH Mekry 3amacoMm KJIO m TakcanmmoHHBIMH T10-
Ka3aTeJsIMU BBIMIOJIHEHBI KOPPEIISIUOHHBIA M PErPECCUOHHBINA aHAIH3 MOTyYESHHBIX
IIAHHBIX C UCIIONIB30BaHUEM makera Statistica 10.

OreHka BIUSIHUS paHee MPOBEACHHBIX pyOOK Ha 3amac KPYIHBIX JPEBECHBIX
OCTaTKOB OCYIIECTBJISIACH CIIEIYIOINM 00pa3oM: KpoMe TaKCAIlHOHHBIX TIOKa3aTe-
neit n 3amacoB KJ1O, ma IIIl 6pun yuTeHsl creapl pyOOK, a MUMEHHO KOJIHYECTBO
U pa3Mepbl ITHEH, a TakiKe KIIACC Pa3IoKEHHUS UX JIPeBeCHHbl. IHTEeHCMBHOCTH pyO-
KU OIpeeNsiiach Yepe3 Yicio MHeW Ha equHuIe riomann. V3naganesHo B oOpa-
0OTKYy OBIIM BOBJICUCHBI BCE HACAXIEHHS YKa3aHHOW I'PYIIbI, HO B JallbHEHIIEM
nuckmodensl 111, pacrionoxeHHbIe B HEAOCTATOYHO OJArOMPHUATHBIX YCIOBUSAX
(JTMTIIaiiHUKOBBIE, OaryTbHUKOBBIC, C(arHOBBIE W T.11.). [IpHYHHON 3TOTO CIy>KMIH
BBISIBJICHHBIC B XOJIE HCCJICIOBAaHHMS 3HAYUTENbHBIC OTIMuYMs 3amnacoB KJ[O
B HAaCAXKACHUAX Pa3HBIX THIIOB Jieca. B KOHEYHOM BapuaHTe NIPU aHATU3E MCIIONb-
3oBanuch Matepuansl Aessaty [1I1 mnomansio 0,2...0,4 ra. Bee ykazannsie I1I1 pac-
TTOJIO’KEHBI B YePHUYHOM THIIE JIEca.

Peszynomamul ucciedosanus u ux oocysxcoenue

CornacHo nony4yeHHbIM AaHHBIM 3anac KO (Mkgo) B cIiesbIX COCHSIKax Ba-
pBUPYET B [OBOJIBHO IIMPOKUX mpenenax — ot 0 mo 180 m/ra (B cpeHeM
50,9 m°/ra), uro cocrapmsier 15...20 % HaIM4HOTrO 3amaca IPeBOCTOS. Takas oco-
OCHHOCTh M3y4yaeMoro IOKa3aTels, KaK BBICOKAas BapHadEIbHOCTh, OTMeYajach
u panee [4]. Ha BennumnHy 3amaca BIHMSET HECKOJBKO OCHOBHBIX (DaKTOpPOB: JIECO-
pacTUTeNbHbBIE YCIIOBHS, CTPYKTYypa M COCTAB HacaXICHHA, a TAKXKE paHee MpoBe-
neHHbele pyOku. K BakHBIM (pakTopaM Takke MOKHO OTHECTH IOBPEXKIECHHOCTDH
MoKapaMu pazINYHOM JaBHOCTH, CHETOJIOMaMH, HACEKOMBIMU U TPHOHBIMU Oo0Je3-
HSIMH, OOJIBIIIOE 3HAYEHUE MOKET UMETh PeKpeallMoHHasi Harpy3Ka Ha jeca.
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[IpoBeneHo cpaBHEHME MOTYYEHHBIX PE3YJIBTaTOB C MMEIOIIUMUCS B JIUTEpPATy-
pe. JloBOJIbHO OJIM3KMMU OKA3aJIMCh TAHHBIE, PACCUUTAHHBIE HA OCHOBE MCCIICJOBAHUS
P.®. Tpeiidensaa n O.H. Kpankumoii [4], — 53 M*/ra (+4 %), HECKOIBKO GOJIBIIHE OT-
KJIOHEHMsI OOHAPY KMBAIOTCS TIPH COITOCTaBJICHUH ¢ pe3yabTaramu J[.I'. 3amomoaumko-
Ba ¢ coasT. [1] — 67 M*/ra (+31 %). HanGobliie OT/IHYIS TIOTY4eHbI ¢ OLICHKOH, 0C-
HOBaHHOU Ha Matepuanax A.3. llIBugeHko ¢ coasT. [9], — moutu 72 M/ra (+41 %).
Crieyer yTOYHUTh, YTO pacyeThl coriacHo [9] mpeaHa3HauyeHbl Ui OLIEHKH 3araca
KJIO B BO3pacTHOM TpyIIIe «CIIENbIE U MTePECTONHBIE HACAKICHHUS», YTO OTYaCTH MO-
JKeT OOBSICHATH pPa30opoc pe3ynbraToB. Elle Oosblive OTINYUS, HO YK€ C 00paTHBIM
3HAKOM, HaOJTFOIAFOTCS TIPU CPABHEHHH C ITOKA3aTeISIMH, TTOTYYEHHBIMU IS 3anatHoi
Eporsl. Tak, mo gaaasiM B. Ekbom et al. [11], 3amac KJIO B cocHsKax ¥ eJIbHHKAX
GopeansHOl 30HBI EBporbI coctaBnser B cpemHeM 14 M/ra, a, mo uH(opMaimn
J. Fridman, M. Walheim [12], B cocroBbix mecax IlIBemmn — Bcero 4,9 m/ra. Ctonb
3aMeTHBIE PACXOKACHHUS MOTYT KOCBEHHO CBHJIETEIILCTBOBATH O CPAaBHHUTEILHO HEBBHI-
COKOM MHTEHCUBHOCTH BEJCHUS JIECHOIO XO34MCTBA, [0 KpaliHE Mepe B 4acTH IIPOBE-
JeHus pyook yxoza B Poccun B nenom u Kapenuu B yacTHOCTH.

BrmonHeHHOE HCcIeI0BaHNe HECKOIBKO PACIIAPHIIIO IIOHIMaHNE CTPYKTYPHI
KJ1O, a Takxe mMO3BOJIIIIO BBISIBUTH ST 3aKOHOMEPHOCTEH. 3armac 1peBeCHOTO JIeT-
pUTa pacmpeesieH 1Mo KaTeropusM B YKa3aHHOW BO3PAaCTHOW TpyIINe MOYTH MOPOB-
Hy: 25,7 M°/ra IPUXOUTCS Ha CYXOCTOH, 25,2 M%/ra — Ha Banex. CpeIHss YHCIeH-
HOCTh — 570 mIT./Ta, TIpHU 3TOM paclpeae/IieHne 1Mo KaTeropusM YK€ WHOE — 371eCh
60 % npezacTaBiIeHO BaJIe)KHBIMU cTBoJaMH. O0BEM CpeHEro CyXOCTOMHOTO CTBO-
na cocrasnser 0,112 v, wmu 23,8 % 0T 06beMa CpeTHEro pacTyIIEro Aepesa.

[IpoBenena oreHka 3amacoB U CTPYKTYPHI IPEBECHOTO IETPUTA B pa3pese TH-
MOJIOTHYECKON CTPYKTYpbl pecryOonuku. [ljis 3Toro Ha mpeaBapuUTENbHOM JTare
ObUIM BBIJICTICHBI YETHIPE OCHOBHBIX THUIA Jieca: JIMIIAHHUKOBBIA, OpyCHUYHBIMH,
4epHUYHbIM U charHoBblil. COraacHo MONyYEHHBIM pe3yjbTaTaM, HauOOJIbIINMHU
3HaYEHUAMH XapaKTEPU3YIOTCS COCHSKHM YEPHHYHBIC, HANMEHBIIUMHU — JIMIIANHH-
KOBBI€ (CM. TaOJUILy U puc. 1).

BpycHuuHbIi 1 carHOBBIN TUIBI Jieca 001aqat0T OJM3KUMH HOKa3aTeNsIMH.
MuHUManbHbIE 3HAYSHHUS B COCHSKAX JIMIIAHUKOBBIX OMPEIEINSIOTCS HEBBICOKMMU
TYCTOTOH, TEMIAMH pOCTa M, COOTBETCTBEHHO, HU3KHM YPOBHEM KOHKYPEHIHH
B JpeBocToe. Henmp3sd Takxke MCKIIOYaThb U BEPOATHOCTH MEPUOANYECKOTO YHUUTO-
JKEHHSI YaCTH Bajieka B XOJIe TOXKAPOB, CIEbI KOTOPBIX OYEHBb YacTO PETHCTPHPO-
BaJIMICh B TAKUX MECTOOOUTAHUSIX.

TakcanHOHHAsl XapaKTEPUCTHKA CHeJIbIX cocHAKOB Kapennu no Tunam Jeca

3
Ko Cpennne Hami- . 3amac KJ10, m°/ra
T 4eCTBO Jamerp BBI- HBIA ofHOTa Knacce C
Hil eca I1I1, Ha Bbl- coTa, 3arac, OTHOCH- Oonureral y’“jc' Banex | Bcero
cote 3 TeJIbHas TOH’
IIT. M m°/ra
1,3M, cMm

JInmraitany-

KOBBI 10 22,3 17,8 206 0,72 1V,2 54 6,7 12,1
BbpycHuunbIit 20 21,9 22,6 283 0,83 1,0 |16,2| 175 33,7
UepHU4HBIN 32 26,2 23,4 384 1,05 11,4 30,8 | 32,2 63,0
CdarHoBbrit 11 15,2 16,2 179 0,70 V.6 | 234 | 11,9 35,3
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Puc. 1. 3anmac KJIO cnensix cocHAxkoB Kapenun no tumnam seca

Fig. 1. CWD stock of mature pine forests in Karelia according to forest types

CpaBHeHHE paclpeneeHus] APEBECHOr0 JAETpUTa MO KaTeropusMm (cyxo-
CTOW/Bajie’k) HAa THUIOJOTHYECKON OCHOBE HE BBIIBHIIIO CYIICCTBCHHBIX OTIIMUHWH.
MuHNMaNbHOE KOJWYECTBO OTMEPIIUX APEBECHBIX PACTCHHH 3aperHCTPHPOBAHO
B COCHSIKaxX JIMIIAHHUKOBBIX, MAKCUMalIbHOE — B C()arHOBBIX. DTH JiBa THIIA Jeca
XapakTepU3yIOTCsl HaWMEHBLIMMH OObEMaMH CpPEIHEro JepeBa  CyXOCTOS,
nanbonpmas Benmauaa (0,13 M) OTMeUeHA B COCHAKAX YepPHHYHBIX. BHe 3aBHcH-
MOCTH OT THIA Jieca 00bEM CpeHEro JepeBa cyxoctos coctariuser 21..30 % ot
o0beMa CpeTHEro PACTYIIEro IepeBa HaCAKICHUSI.

BaxupiM acriektoM uccienoBanus 3anacoB KO sBisercs ycTaHoBiIEHHE
CTaTHCTUYECKH JOCTOBEPHBIX CBA3CH C TaKCAIMOHHBIMH ITOKA3aTENIIMU HacaXKie-
HUM, 0coOeHHO ¢ HanboJee 3HAYMMBIMH — BO3PAacTOM U 3amacoM. [locToBepHOTro
BIIMSIHUSL BO3pacTa HacaxIeHUH Ha Mypo He OOHApyKEHO, 4TO INOATBEPXKIAeTCs
HU3KHUM 3HaueHrneM koad¢ummenta koppesmsiuun (0,22). [lo-sunumomy, 3T0 00BsiC-
HSETCSI Y3KUMH BO3pPAcCTHBIMM paMKaMU HccienoBaHMA. VIcronb3oBaHME JaHHBIX
0e3 cToJb CTPOroro orpaHuyeHus (B auamnazoHe Bo3pacTtoB oT 15 mo 200 net) ge-
MOHCTPUPYET AOCTATOYHO BBICOKYIO COTJIACOBAHHOCTD MOKa3aresel [7].

Brisiena cBs3p KJ1O ¢ 3amacom HacaxaeHust (My,.). YBeIudeHue mociae/-
HEro 3aKOHOMEPHO COINpPOBOXKIAETCA POCTOM KOJMYECTBA JPEBECHOTO JETpUTA
B ApeBoctoe. IIpennonaraeM, 4rto 3TO sSBJICHUE OOYCIIOBJICHO YyCHUIEHHEM BHYTPH-
¥ MEXBHJIOBOH KOHKYPEHITNH B 00Jiee PO YKTHBHBIX HACAKICHHUSIX, YTO MTPUBOIUT
K Oonee aKTHBHOMY H3PEKUBAHHIO Cpeld JpeBecHbIX pacteHuid. Koadduument
Koppensauuu cocrasiser 0,76.

IIpu 3TOM IOBOJBHO Ba)kKHBIE PE3yJBTATHI NACT pasfiefbHas (II0 KaTerOpHiIM
CYXOCTOH/BaJIe’K) OICHKA MOITYYCHHBIX AaHHBIX. [IpOBeeHHBIH aHaNU3 CBHICTEINb-
CTBYET O 3HAYMTEJBHO OOJBIIEH COTJIACOBAHHOCTH My, ¢ 3amacoM Bajiexa (My,,):
kodpdummenT xkoppesun coctapiser 0,83 nporus 0,53 s cyxocros. Takum 06-
pa3oM, HECMOTPS Ha CXOIHBIN XapakTep IWHAMUKH MOKa3aTelel, 3a1achl CyXoCTos
(M.yx) xapakTepu3syroTcs Oonee BbIpaKeHHOH (IIyKTyallMOHHOI cocTaBistomeil. Be-
POSITHO, 3TO BO MHOTOM OIIPEAEISAETCS HE TOJBKO MPOAYKTUBHOCTHIO JPEBOCTOSI, HO
U APYTAMH (B3aMMOCBS3aHHBIMH M HET) (DaKTOpaMu, TAKMMH KakK BO3pPacT IepeBa,
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pa3MEpLI CTBOJIA, IICPUOJ BPEMEHU N0 USMCHCHUA KaTCTOPHHU, a TaKXKE pa3IMUHbIMU
BUJAMH TPHUPOJHOIO M AHTPOIOI€HHOTO BO3JEHCTBMI Ha II€HO3. 3amac Bajexa
B MEHbLICH CTENEHH MOABEPKEH CIyYalHbIM KOJIEOaHUSIM, B TOM UYHUCIIE, BO3MOXK-
HO, B CHJIy AOCTAaTOYHO [UINTEIBHOI'O CIBHUTA (CMEILEHHs) BO BPEMEHH C MOMEHTA
yCBIXaHHA epeBa A0 ero naneHus. [loaromy oH MokeT cuutarbes Oosee cTabuib-
HBIM H PENPE3eHTaTUBHBIM ITOKa3aTeJIeM.

['pynmupoBKa TaHHBIX ¢ MpuMeHeHneM mpaBmia Ctepmxecca (6 Tpymm, WH-
TepBan 50 M) MPHBONT K 3HAYMTENHEHOMY yCHICHHIO cBsi3u (puc. 2). Kosddurm-
eHT Koppensiuu Bo3pactaeT 10 0,90. HexkoTopbslM HEJOCTaTKOM JTUHEHHOH (YyHK-
[IUM MOKHO CUMTATh HyJIEBbIE 3HAUCHUS HCCIEAYEMOTO MOKa3aTessl B HACaKACHHUIX
¢ 3amacoM meree 70 M*/ra. HaubombIas pernpe3eHTaTHBHOCTh MOJICITH JOCTHTHYTa
B MANa30He HATHYHEIX 3amacoB 150...400 m/ra.
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Puc. 2. 3aBucumocts 3amaca KJIO ot 3amaca HacakIeHHS B CHENBIX COcHsAKax Kapemnm
(crpynnupoBaHHBIE TaHHBIE)

Fig. 2. Dependence of CWD stock on plantation stock in mature pine forests in Karelia
(grouped data)

OOHapy>keHa CXOJHas 10 XapaKTepy U CTETeHH COMPSHKEHHOCTH CBS3b HCCIIe-
JIyeMOTO TOKa3aTeysl ¢ APYTUMHU TaKCAIIMOHHBIMH MMOKA3aTeISIMUA JPEBOCTOST — CPEI-
HUMH JUaMETPOM M BBICOTOM, CYMMO# TUIOINAIeH cedeHusi, TycToToi. Hanbompmei
COIIACOBAaHHOCTBIO XapaKTEPU3yETCs 3aBUCUMOCTh Mo OT CYMMBI IIIOIIAAEH cede-
Huit (I = 0,74), Hanmensieit — ot rycrotsl (I = 0,52). KoaddumnmenTts koppensiumm
JUTSI CPETHUX TUaMeTpa u BICOTHI cocTaBisitoT 0,70 u 0,68 COOTBETCTBEHHO.

B xonme uccnemoBanus oueHena cBs3p 3amaca KJIO ¢ kmaccom OoHuTera
HacaxeHus. [IombITKa OIEHUTH BIMSIHUE TTOKa3aTenel 0e3 ydera Bo3pacta (BO BceM
MacCHBE JIAHHBIX) APEBOCTOS TOKa3aja MOYTH MOJHOE OTCYyTCTBUE CBs3U. [lomyden-
HBIN pe3yJibTaT, Ha Halll B3TJIS, BIOJHE 3aKOHOMEPEH, TTOCKOJIbKY OJIM3KUMH Kiac-
camu OOHHTETa MOTYT XapaKTePU30BaThCSl HACAXKICHNUS, HE TOJILKO IMPOU3PACTAFOIINE
B Pa3HBIX YCJOBHAX (HAmpuMep, COCHSIKM OaryJIbHHKOBOTO W BEPECKOBOTO THIIOB
Jieca), HO M pa3HbIX BO3PACTOB/CTAIUIl CYKIIECCUM U, COOTBETCTBEHHO, CO CBOUMH
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0COOEHHOCTSAMH TMPOLIECCOB €CTECTBEHHOT'O U3PEKUBAHUSA, HAKOIUICHHUS U pa3iioxe-
HUSL MEPTBOH JApeBecuHbl. [103TOMYy BasKHBIM 3JIEMEHTOM IPH OLIEHKE B3aMMOCBSI-
3ell M1y STUMHU IOKa3aTeJsIMU CTAHOBHUTCS BO3PACT.

Ilpu aHanmu3e HaHHBIX B COCHSKaxX MCCIEAYEMOIO BO3PACTHOrO JHAara3oHa
CBS3b MOKAa3aTeleld CTAHOBHUTCS OYEBHUAHON. 3aBUCHUMOCTH XapaKTEPU3YETCs OTPH-
LATeJIbHBIM 3HAKOM U YMEPEHHOH TECHOTOH — C yXy[IIIEHHEM YCIOBHH MpoH3pac-
TaHusA cHWxaercs: Myo. Koadduuuent koppemsiunu cocrasiser —0,66 Ha ypoBHE
3aayumoctd 0,05. OmHako HCMONB30BaHME JTUHEHHON (YHKIMM B AabHEHIINX
pacuerax ObUIO OBl HE COBCEM KOPPEKTHO, MOCKOJIBKY SIBHO MPOCIEKUBACTCS UCKa-
)eHne pe3ynbraToB B BeicmuX (1) m Husmmx (IV u Huke) kmaccax 6onutera. Oco-
OEHHO 4ETKO OHO IpOsBIAETCS B Kilaccax OoHuTeTa Huxke |V, rae Mypo Moxer
OBITH paBeH HYJIO M Jake OTpulareneH. bojee KOPPeKTHO MCHONB30BAaHHUE TMOJH-
HOMUAJIBHON Wi cTeneHHol ¢pynkuun — 1o 0,60 Bo3pactaeT KOdQPULIUEHT aeTep-
MUHALlUY, CHIKAEeTCsl OTKIOHEHUE B «KpaWHUX» Kiaccax OoHurera. HemocraTtkom
MTOJIMHOMHUAJIBHOHN (DYHKIIMH B TaHHOM CIIy4ae MOXKHO CUHTATh CII0KHOOOBSICHUMOE
yBenuueHne nokasatens B 1V u Hibke Ki1accax OOHUTETA.

3nech Taxoke ObUIAa MPUMEHEHA IPYIIMPOBKa cornacHo (opmyne Crepmxecca
(7 rpymm, unrepBan — 0,5 kinacca 6onuteta). Ilocie npeaBapuTeIbHOM OIEHKH MOITy-
YEHHBIX pe3yJIbTaToB OBbLIO MPHUHSATO pelieHHe OOBEIUHUTH JBE HWKHHX (TOocien-
nux) rpymnst (111,6-1V,0 u IV,1-1V,5) n3-3a mManoro xonuuectBa AaHHBIX U CyILe-
CTBEHHO BO3POCIIEH IO 3TOH NMpHUYWHE cTaHmapTHOH ommOku. IIpoBeneHHas obpa-
00TKa 3aMETHO yCHJIMIIA COTIPSHKEHHOCTD ToKa3arenei (puc. 3).
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Fig. 3. Dependence of the CWD stock on bonitet class of mature pine forests in
Karelia (grouped data)

Koaddumment xoppemnsimn Boipoc Ao 0,83, omHako, Tak ke Kak ¥ IpH OIeH-
K€ HECTPYNITUPOBAHHBIX JaHHBIX, UCIOIb30BaHUE JIMHEHHON (DYHKIIMK COMPOBOXK-
JaeTcsl UCKAKEHUSIMU B KpaiHuMX 3HaueHMsX. CBs3b mokasaTesieil Hambonee Kop-
PEKTHO OINHUCHIBACTCS MOJMHOMHAIBHOM M CTeNeHHOM ¢yHKuusimu. OLeHKa 3aBU-
CHUMOCTH DAa3[elbHO IO KaTeTOpUsAM (CyXOCTOMH/Bajie’k) IpPOJEMOHCTPHPOBAIa
OOJIBIIYIO COTIACOBAHHOCTD My, C OOHUTETOM.
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Takum 06pazom, MPOBEACHHOE MCCIIEOBaHNE, OCHOBAaHHOE Ha aHAJIN3E JIaH-
HBIX 110 TUIY Jieca, HaJMYHOMY 3aracy JIpeBOCTOs M KiacCy OOHHUTETa, BBISBUIIO
1 MaTeMaTHYECKH HMOATBEPAMIIO 3aBUCUMOCTb Mo OT IPOJYKTUBHOCTH HacaX.e-
HUs. VIMEHHO 3TOT moKasarenb, B JII0OOM €ro MpelCTaBIeHUH, BO MHOTOM OIIpere-
JIIeT OCOOEHHOCTH POCTa W Pa3BUTHS JPEBECHBIX pPAcTeHUH, (GOPMHUPOBAHUS II0-
POIOHOTO cOCTaBa, BHYTPU- M MEXKBHIOBBIX OTHOLICHWH, a B JaJbHEWIIEM CPOKH
Y MHTEHCUBHOCTb €CTECTBEHHOTO M3PEKUBaHUs B HacakaeHun. Haubonee npoayk-
TUBHBIM JI€HIPOLIEHO3aM CBOMCTBEHHBI HE TOJBKO BBICOKHE ITOKA3aTENd POCTa, HO
U COOTBETCTBYIOMIAs 3(PEKTUBHOCTH MEXaHU3Ma PETYIISIUH YHUCICHHOCTH. 3HAUH-
TEJIBHBIA OTMaJ B TaKUX YCJIOBHUSX, MO-BUAMMOMY, HE KOMIIEHCHPYETCS MAaxe
OoJpIIell aKTHBHOCTHIO KCHJIOTPOGHBIX TPHUOOB, OOYCIIOBIEHHOW CpPaBHUTEIHHO
BBICOKOH MX YHCJIEHHOCTBIO. DTy OCOOEHHOCTh Hanboee MpOIyKTUBHBIX COCHAKOB
Kapenun — 4epHUYHBIX, B CPAaBHEHUH C OPYCHUYHBIMU M JHINAHHUKOBBIMH, OTME-
yanu B.M. KpyToB ¢ coasr. [3].

BrisiBineno BimsiHME pyOOK Pa3NWYHBIX BHIOB M JaBHOCTH Ha 3amac KJIO
COCHSIKOB YepHHYHBIX. ECTeCTBEHHO, YTO BECTH peyb 00 OJHO3HAYHBIX MaTeMaTH-
YECKUX MOZENsX, yuuTbiBas pazopoc I1II mo npoayKTuBHOCTH, a TakXKe BUI U JaB-
HOCTb TIPOBEACHUA PYOOK, ciokHO. OIHAKO 3TOT aHAJM3 MTO3BOJIWI BBISBUTH TEH-
neHnuu n3MeHenus 3anacoB K/1O B 3aBUCHMMOCTH OT HalIM4HA/OTCYTCTBUS CIEIOB
pyOOK, a Takke MX MHTEHCHBHOCTHU. [lomydyeHHBIE pe3ynbTaThl CBHICTEIbCTBYIOT
0 HAJIMYUH CBSI3U MEXAY Mo 1 YUCIEHHOCTBIO BRIPYOJICHHBIX AEPEBbEB (pHC. 4).
KonuuecTBo ApeBecHOro nedpuca B HE 3aTPOHYTHIX PyOKaMH HACAXKICHHSIX Ipe-
BBIIIAET TOKAa3aTellb MPOHACHHBIX UMH B 2 pa3a u 6onee. Heo6Xxonumo oTMETUTD,
YTO yYacTKH C IOJHBIM OTCyTCTBHEM ciienoB pyook (2 IIII) xapakrepusoBanucs u
Hambosiee BBICOKOW MPOAYKTUBHOCTHIO. OHAKO W TIOCIE MCKIIOYEHHUS 3TUX HaH-
HBIX U3 00pabOTKM TeHAeHIus yMeHblneHus 3anaca KO ¢ yBennueHneM 4ucieH-
HOCTHU TTHEW COXpaHsAETCsl.
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Fig. 4. Relation between CWD stock and improvement thinning intensity in mature
pine forests in Karelia
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Pesromupys U310KEHHYIO B 3TOM YacTH Hccie10BaHusI HH(OpMaInio, HYKHO
OTMETHTH CIIeAyIOlIee. HanOojee BEICOKONPOAYKTHBHEIE CIIENbIe COCHOBBIE Hacax-
JEHUsl CpelHe TalUTru — COCHSIKU YEPHUUYHBIE, XapaKTEPU3YIOTCS BECbMa BBICOKUM
3anacom KJIO — B cpennem 63 m*/ra. Bonee Toro, B He 3aTPOHYTHIX PYyOKaMm
HacaXJCHUSIX €ro BeIMYMHA MOXKeT mpeBbimaTh 100 M¥ra, T. e. mocTHrath
20...30 % ot HayM4yHOTO 3amaca. B 1enoM 3To KOCBEHHO MOATBEPKIACT BhICKAa3aH-
HOE B Havajie CTaTbd MHEHHE O CPAaBHUTEIFHO HEBBICOKOU d(h(peKTHBHOCTH MpUMe-
HeHUs pyOOK yXxoma B cucTeme JiecHOro xossiiictBa PecmyOmmkum Kapemms. Ocy-
MIECTBICHUE ATUX XO3SMCTBEHHBIX MEPONPHUATUN TO3BOJUT TIOBBICUTH pasMep
MOJIb30BaHUS APEBECUHON C €IMHHUILIBI JIECHOHN IUIOMIaAXd HE TOJBKO 3a CYET CO31a-
HUS ONTHUMAJIBHBIX YCIIOBHU IS OCTABIIMXCS, HO M 32 CUET aKTUBHOTO M CBOEBpE-
MEHHOTO U3BATHS U3 APEBOCTOS CTAPHIX, OTCTABIINX B POCTE U yCHIXAIOUIUX Jepe-
BBEB, B IEPCIEKTHBE (POPMHUPYIOMIUX HCCIEAYeMbIi KOMIIOHEHT OHMOTeoleHO03a.
VYuuteiBas BbigABIeHHBIN 3anac KO 1 mMOKphITYIO JIecOM IUIOLIAb, MpeIoaraem,
49TO pyOKH yX0/1a, IPH YCIOBUU KA9€CTBEHHOTO U CBOEBPEMEHHOTO MX IIPOBEICHUS,
MOTYT CTaTh CEPHbE3HBIM JOMOJHHUTEIHHBIM HCTOYHUKOM APEBECHOTO CHIPHS IS
necHoro komiiekca Poccun.

3aknrouenue

3amac KpyHHBIX JPEBECHBIX OCTATKOB B COCHSIKAaxX CPEAHEH Talru B BO3pacTe
81-120 ner BapeupyeT B mMpOKHX mpenenax — ot 0 go 180 m*/ra (B cpenHem
51 m*/ra, wm 15...20 % oT HAMMYHOTO 3araca HacaxaeHus). CpeIy HaubosIee Pacpo-
CTpaHEHHBIX THUIIOB Jieca HaWOOJNBLIMM TIOKa3aTeleM XapaKTepH3yIOTCS UYEpPHUYHBIC
(63 m%/ra), HanmeHbLHM — THmaiinnkossie (12 MY/ra). CocHsKE GpyCHUUHBIE 1 car-
HOBBIE 00JIAAI0T GIIM3KUMH BETMYHHAMY 3ariaca (34 1 35 M/ra COOTBETCTBEHHO).

3amac KJIO HampsiMyto 3aBUCHT OT TaKCAllMOHHBIX [TOKa3aTenel APeBOCTOS —
3amaca, CpelIHUX JAWaMETpa U BBICOTHI, I'YCTOTBI, CyMMBbI IUIOIIAJEH CEYEHHI.
Haunbonee npumenumbIM ais oueHkH 3anaca KO siBisieTcst HamMUHBIN 3amac ape-
Boctosl. Ero yBenmuueHre MpUBOJUT K 3aKOHOMEPHOMY POCTY KOJIMYECTBA JpeBeC-
HOTO ZieOpuca B 11eHOo3¢e. BEIsIBIICHHAs] 3aBUCIMOCTD OTUYETIIMBO NPOSIBIISICTCS B A~
nasone ot 150 10 400 M%/ra u XapaKTepHU3yeTCs BBICOKO CTEIEHBIO COMPSKEHHO-
ctu niokazareneit (0,76 — ans He crpynnupoBaHHBIX, 0,90 — I CrpyNNHPOBaHHBIX
naHHbIX). [TodydeHHBIe 3aKOHOMEPHOCTH MOTYT OBITh MCIIOJB30BAHBI JUIS OICHKH
3amacoB KJIO u yrieposa cOOTBETCTBYIOIIETo ITyJia Ha OCHOBE JaHHBIX 1 ocynap-
CTBEHHOTO JIECHOTO peecTpa.

OOHapy’keHa TeHJICHIINSI CHUYKEHUSI 3a1lacoB KPYITHBIX JIPEBECHBIX OCTAaTKOB
B COCHSIKax YEpHHYHBIX, MPOHJICHHBIX pyOKaMH pa3NUuHONW MHTEHCUBHOCTH. 3aKO-
HOMEPHOCTB MPOCIICKUBACTCS B IPEBOCTOSX C MHTEHCHBHOCTBHIO M3PEKUBAHUS OT
1 1o 23 % 1o unciy crBoioB. [lomydeHHbIC TaHHBIE CBUICTEIBCTBYIOT O BAXKHOCTH
CBOEBPEMEHHOTO MTPOBEACHHSI PyOOK yX0/a.
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Stocks of coarse woody debris (CWD) in pine plantations of 81-120 years old were deter-
mined according to the data from 73 sample plots grounded in the middle taiga subzone
(Karelian taiga district). Index of CWD stocks differs by the high variability (0-180 m*/ha)
and is estimated at an average of 51 m%ha, i.e. up to 15-20 % of the total available stock.
Myrtillus pine forests (63 m*ha) are characterized by the largest stocks of coarse woody
debris in the context of typological structure of the Republic of Karelia forest fund; lichen
pine forests (12 m/ha) are characterized by the smallest stocks. Stocks in vaccinium and
ledum pine forests are 34 and 35 m*/ha respectively. The CWD stock was found to positive-
ly correlate with plantation bonitet class. The dependence of CWD stock on stand stock was
confirmed. The higher the stand stock the higher the amount of woody debris (correlation
coefficient for the grouped data is 0.90). This relationship is seen quite clearly in the 150-
400 m*/ha range. This allows to use these data in future calculations for further determina-
tion of CWD amounts and carbon mass of the respective pool based on data from the State
Forest Register. A positive correlation between the stock of coarse woody debris and other
stand valuation parameters (mean diameter and height, sum of basal areas, relative density,
number of growing trees) was statistically confirmed. A tendency in reduction of CWD
stocks in plantations after thinning of different recentness and intensity in comparison with
plantations without thinning was detected. This patterns is observed in stands with a remov-
al rate of up to 15 % of trees (150 stumps/ha).

Keywords: coarse woody debris, carbon, pine plantations, stock, age, bonitet, thinning.
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B cratse mpuBeneHbI pe3yNbTaThl aHAMM3a JeKopaTHBHOCTH 410 OIHOBO3PACTHBIX JEPEBHEB
KalllTaHa KOHCKOTO OOBIKHOBEHHOTO (Aésculus hippocdstanum), TpoOU3pacTaloOuX B ypOoHa-
CaXIEeHMsIX fora-3amana PocroBckoil obmactu (Mcroprdeckas 4acts T. HoBodepkaccka). Dcte-
THYECKHE KadyecTBa PAacCMaTpUBAIH IO IIKaJle KOMIUIEKCHOM OIIEHKH JIEKOPaTHBHOCTU pacTe-
HUH. VI3MeHeHne IeKOpaTUBHOCTH CBA3BIBAIM C (peHo(a3amMu KallTaHa U MPHCYIIHIMH UM CyM-
Mamu 3} deKTHBHBIX TeMneparyp. COryIacHO pe3ybTaTaM HCCIIeI0BaHHN, MaKCHMAaIbHAsI KO-
PaTHBHOCTH KallITaHA OTMEYAEeTCsl B TIEPHO/]] [IBETEHHUsI Ha TPOTsDKeHHU 22 nHei. Bemymmm ac-
TETHYECKUM TIPU3HAKOM SIBIISIETCS apXMTEKTOHWKAa KpOHbL OJIHAKO HeraTHBHbBIC (DaKTOpEI
OKPY’KaroIIeH Cpe/bl OKa3bIBAIOT BIMSHMC Ha BHEIIHHKA OOJHMK 3TOro pacrteHus. Tak, Bo3meii-
CTBHE CyXOBEIHBIX BETPOB Ha ()OHE HM3KOW BIIAYKHOCTH BO3/TyXa IIPUBOJIHUT K MOATOPAHUIO Kpa-
eB ymcTheB. C Havana XX| B. KaliTaH Hayas MOBCEMECTHO MOBPEXKATHCS OXPUICKONH MUHUPY-
romeit Monbro (Cameraria ohridella). Bosuukaronmii mpu 3TOM HEKpO3 JIHCThEB B OOJbIIICH
CTereH: 00yCIIOBIIEH SHTOMOJIOTHYECKHM (akTopoM. COBOKYITHOE MOPayKEHHE aCCHUMUIISIIIHOH-
HOTO arapara MOJIbIO M 0’KOTOM NPHBOJWT K ITOCIIEA0BATENBHO CMEHSIOIIMM JPYT Jipyra je-
XpoManud, Jieopmaryy, AeQoMaliy JIMCTHEB U YBEINUCHUIO aKYPHOCTH KpOHBL B KoHeu-
HOM HTOTE€ 3TO CKa3bIBAaCTCS HA CPOKAX M CTENEHHU JIEKOPATUBHOCTU PACTCHHH. Y CTaHOBIEHO,
YTO ACTETHKE ypOOHACAXKICHWH KallTaHa MPHUCYI PUTMHYCCKUN Xapaktep, oOyCIIOBICHHBIN
(beHOTIOTHEH TOTO PACTEHHUS W CPEIOW MPOM3pacTaHMs. Pe3ynpTaTsl HCCIeIOBaHMS TIPEICTaB-
JISFOT HAYYHBIH M MPaKTUUECKUH UHTEpeC U JTaHIA(THBIX apXUTEKTOPOB, SKOJIOr0B, 03¢eJIe-
HHTENeH, paboTaronyX 1o nporpamme GopMHUpoBaHusi KOM(POPTHOI TOPOACKOMN CpeibI.

Kniouesvie cnosa: xamTaH KOHCKUH, JE€KOPAaTUBHOCTh, HEKPO3 JINCTHEB, OXPUACKUN MUHED,
a)KyPHOCTb KPOHBI.

Beeoenue

JlexopaTuBHOCTh pacTteHusi (OT jaT. (ecor0 — ykpaiiar) — COBOKYITHOCTh
BHEIIIHUX CBOMCTB OpraHU3Ma, ONPECISIONMX OOJIHMK, SMOIHOHAIBHYIO BBIpPa3u-
TENBHOCTB M SCTETHYECKYIO POJIb BU/A B OKpYKalolei yenoseka cpene. Jekoparus-
HBI 00pa3, HopMUpyeMBIi TAOUTYCOM, MPEIOIIPENESICH TEHOTHIIOM U KOPPEKTHPY-
eTcs cpenoi oburanus. Mopdooruyeckue NpU3HaKy, CO3A0IINE 00K PAaCTCHUS
U €ro ACTETHYECKOE BOCTIPUSITHE, HOCAT Ha3BaHUE JICKOPATUBHBIX KAYeCTR.

Jna yumuposanus: Pessxko N.W., Manuenko B.C., Pessko E.1. [lekopatuBHOCTE Aésculus
hippocdstanum B ycnosusix ypoomanmmadra «HoBouepkacck» // JlecH. xypr. 2019. Ne 1.
C. 52-62. (U3B. BeICcHI. yueb. 3aBeaenmii). DOI: 10.17238/issn0536-1036.2019.1.52
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Karmrran xoHCKHit 00BIKHOBEHHBIH (Aésculus hippocdstanum) — BBICOKOIEKO-
paTHBHOE pacTeHUe, MOJTyUYHBILIEe IIMPOKOE PACIPOCTPAHEHHNE B 03€JIEHEHUH TOPO-
OB MHOrouMcieHHbIX cTpaH EBponsl, Cpenneil u Bocrounoit Asum, CeBepHoil
Awmepuku. Brigarommmucs 3CTETHYECKUMH KaueCTBaMHU BUAA SBISIIOTCA. CIIOXKHO-
nanpyaTele 5—/-J0TacTHbIE 3eJieHbIe JUCThA, 00pasylolre He MEHee NpHUBIEKa-
TEJIBHYIO TUIOTHYIO IIMPOKOOBAJIbHYIO KPOHY C OPUTHHAIBHBIM BETBJICHUEM; KPYII-
Hble Oenble IPSAMOCTOSYME COLBETHS C MPHUATHBIM apOMaTOM; IUIOABI — PACKPHIBA-
folrecs KOpoOOUYKH ¢ MUMO00pa3HBIMU BBICTYIIAMH; TUTACTHHYATAs Kopa, Ipuaa-
romnas nepeBy 3 ¢ekT Bo3pacta. MakCUMAIBHOM JIEKOPATUBHOCTH KaIlITaH JOCTH-
raetT B MEpUOJ LBETEHHUs NPH CBOOOAHOM MpOM3pacTaHuu [4], B 1Oro-zamagHbIX
M IOKHBIX paiioHax PocTOBCKOI 005acTH MCTONB3yeTCs B PSAAOBBIX, COJMTEPHBIX
Y TPYIIIOBBIX MOCAIKAX MapKOB U yiuIl [3].

Jo cepenunsbl 80-x rr. XX B. KallTaH CYUTAJICS BBICOKOYCTOWYHMBBIM K IIO-
BPEXKACHUIO SHTO- U (PUTOBPEOUTEISIMUA BHIOM, BXOJWJI B COCTaB OCHOBHOTO ac-
COPTHMEHTA TIOPOA IS O3€JIEHEHUs OONBITMHCTBA TOpoaoB LlenTpansHoit 1 Bo-
crouHoil EBponbl. HauaBmascs ¢ 3T0ro BpeMeHU MHTEHCUBHAS DKCIAHCUS KAIlTa-
HoBO# MuHHpyromeii moau (Cameraria ohridella Deschka, Dimi¢) mpuBena x mo-
BCEMECTHOMY MOPaKEHUIO pacTeHUil BO Bcex cTpaHax EBpomsl [7-28]. B mporecce
Pa3BUTHUS JIMYMHKN HACEKOMOTO ITOATANHO MUTAIOTCS KJIETOYHBIM COKOM U TKaHIMHU
BEPXHEr0 CJIO0s MalIUCaJHOW MapeHXUMBI, (GOpMUpYs BAOJb JUCTOBBIX JKUIIOK Xa-
PaKTepHbIE MUHBI, COACP)KAIINE SKCKPEMEHTBI, TMHOYHBIC SK3YBUU U 00ECIBEUEH-
Hble X07bl. B pesynbraTe mopa)keHHs aCCUMMIIIIMOHHOTO ammapaTa HapyllaeTcs
NPOLYKTUBHOCTH (POTOCHMHTE3a, OCNAOAETCS POCT U COCTOSHHE AEPEBbEB, CHHUKA-
€TCsl UX NEKOPaTUBHOCTH [2].

Lenp nccnenoBanus — (peHOIOTHYECKas! OIEHKA IEKOPAaTHBHOCTH KalllTaHa
KOHCKOTO B YCIIOBHSIX DKCIIAHCUH MUHHPYIOIIEH MOJIH.

Obvexkmul u Memoobl UCCIeO08aAHUS

Uzyuenne nexopaTHBHOCTH MPOBOAWIIN HA MPOTSIKEHUH BEreTAIlMOHHBIX TIe-
puogoB 2016-2017 TT. B OZHOBO3PACTHBIX HacaxaeHUsAX ypOomanamadta «Hoso-
YepKacCK», PaclooKeHHOTO B UCTOPHUYECKON YacTu ropoja (OsmBmuii [lepBomaii-
ckuil p-H). Ha uccnenyempix o0beKTax KallTaH MPEJCTAaBICH OTHOPSIHBIMH I10-
CaJIKaM¥ WJTH COJIMTEPaMH, ITPOU3PACTAIONINMH B padaTKaxX WM Ha ra30HaxX, pacro-
JIO’KEHHBIX BJIOJIb TIPOE3KEN 4acTh YIIHIl.

JIeKOpaTHBHOCTH KalllTAaHA ONPEAESUIM B COOTBETCTBUH CO ILKAJIOH KOM-
IeKcHO# orenkn nekoparuBHocTu pactermid O.C. 3ansiBekoit, H.A. baduua [1],
CpoKamMH Hayayia u okoHuaHus ¢eHodas [5, 6]. B nmepuon uBereHus aeKOpaTHB-
HOCTPH OIIEHWBAJIM Yepe3 JACHb, B OCTANbHbIC MEPHOABI — ONWH pa3 B Hepemto. Cre-
MIeHb MOBPEXK/IEHUS JHCTHEB YCTAaHABINBAIN II1a30MEPHO, aXXYPHOCTh KPOHBI — Me-
TOJIOM ONTHYECKO IJIOTHOCTU MPH TOMOIIXM MOOWIIBHOTO mpuioxenus: HabitApp.
B kagectBe mokazareis MOTEHIIMAIBFHOW JEKOPATHBHOCTH PACTEHHS MPUHUMAIN
3CTETUYECKOE COCTOSTHUE JAEPEBBEB, MIPOU3PACTAIONINX 10 yJI. MOCKOBCKOM B ycio-
BUSIX PEryJIsIpHOTO cOopa omana. PerpeccMoHHBIN aHanmM3 pe3ysbTaToB HaOJOIE-
HUI OCYIIECTBISUTH C MCIIOJIb30BaHMUEM CTATHCTUYECKOTOo Takera Statistica 7.0 mis
ormeparrioHHoN cucteMbl Windows.

Pesynvmamut uccredosanus u ux obcyscoenue

B cBs3u ¢ Tem, 4To rabuTyc pacTeHus! MOJABEP)KEH CE30HHBIM M3MEHEHMSIM,
CTENEHb JEKOPAaTUBHOCTH H3y4YaJd B JWHAMHKE C YYEeTOM Beca IPU3HAKOB
U IIPOJIOJDKUTENILHOCTH MX NposiBiIeHus (Tadi. 1, puc. 1).
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Tabnuna 1
HoTeHnuanbHas 1eKOPATHUBHOCTH MPU3HAKOB
Hara CyMMapHbIii 6asmt Bec
Hucno . | Tmpu3HaKa
[Ipuznax o Bbamn 3a BETreTAIllHOHHBIN
Hauanmo | Konen | nameit B CPETHEM
Tepuoxa
baie
ApXUTEKTOHUKA
KPOHBI 01.1 31.XII 365 4 1460 4,00
JmurensHOCTH
LIBETEHUSA 30.1V 22.V 22 4 88 0,24
CreleHbp 1BETCHUS 30.1vV 22.V 22 5 110 0,30
Okpacka U BeTUIMHA
LIBETOB 30.1V 22.V 22 5 110 0,30
IIpuBnexaTenbHOCTh
BHEIIHETO BHAA
IIJIOIOB 29.V 18.1X 109 5 545 1,49
OceHHsist OKpacka
JINCTHEB 25.1X 13.X 18 4 12 0,20
[IpogomKUTETHHOCTD
0OJINCTBEHUS 15.1V 13.X 178 4 712 1,95
ApoMaT [IBETKOB,
IUIOZIOB 30.1V 22.V 22 4 88 0,24
Hmozo 3185 8,72
JIeKOPaTHBHOCTE,
GaruIe! &
27,5
25,0 25
22,5
20,0+
17,5 =
15,04 "’m
13
12,5 | 12
10,0 -
7.5
5,04

—»

[] ApxHTEKTOHHEA KPOHBI
[[[] Cremens oGmrcTBeHHS
[ [mMTeNLHOCTE RETEHHS
|I|]I[] CTeneHnb BETEHHA

Puc. 1. luHamMuKa MOTEHITHAILHOMN TEKOPATUBHOCTH KaIlITaHa KOHCKOTO

Fig. 1. Potential decorative effect dynamics of horse chestnut

E= Okxpacka H BelIHYHHA LBETKOB

[] Apomar
|:| BHeImHHH BHI, IVIONOB

H3 Ocenuss oKkpacka THCThLER

Mecans!
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Kaxk cremyer u3 npenctaBieHHOTO Ha puc. | pacnpeneneHus, 1eKOpaTHBHOCTb
BUJIa TIOJIBEP)KEHA CE30HHBIM M3MEHeHHsM. HauBhIcIIero cBoero 3HaueHus (IepBbIit
MMUK) OHA JOCTUTAET B TEPUOJ I[BETEHUS PACTCHUH, Korna CyMMbI 3()()EeKTUBHBIX
TEMIIepaTyp BO3IyXa HaxoAsTcs B amamasoHe or 195,7£2.5 °C (30 ampens) mo
418,0+4,2 °C (22 mas) [S]. Bropoii muk JeKopaTUBHOCTH CBsi3aH ¢ (a3oii oOpa3oBa-
HUS TUTIOJIOB, OTMEYAIOIIEHCS B MEPHOA C 1-i NeKaabl MIOHS M 10 BHICBOOOXKICHUS
ceMstH U3 okooruioauka (2314,5+32.9 °C, 18 cenrs6ps) [6]. TpeTnii muk corpsbkeH
C OCEHHUM pacllBEYUBAHUEM JIHCTHEB, TPUXOSIIMMCS Ha MEPUO C KOHIIA CEHTSIOPS
o 2-10 JeKany OKTAOps. HauMeHbIyr0 JeKOPaTUBHOCTh KalliTaH UMEET B MEPHO
OCEHHe-3UMHET0 aHaOuo3a. B 1enom cpeHeB3BelIeHHbIN 0all JeKOPaTHBHOCTH CO-
craBiseT 8,72. JIOMMHAHTHBIM MPU3HAKOM JIEKOPATUBHOCTH PACTEHHS BBICTYIAET
apXUTEKTOHWKA KPOHBI. Hapsimy ¢ 3TMM MpU3HAKOM BECOMBIMHU SIBJISIOTCS TIPOJIOJI-
KHUTETBHOCTH obucTBeHus (1,95 Gania) v npuBiieKateapbHOCTh 0108 (1,49 Gasa).

Cremyer OTMETHUTb, YTO CTEIICHb JIEKOPATHBHOCTH 3aBUCUT OT arpeCCHBHOCTH
(akTOpOB BHEITHEW CpeJibl, KOTOPHIM B 3HAUYUTEIBHON CTENICHU MOABEPIKEH KallITaH.
Taxk, ¢ magana XXI| B. mucThs KamiTana B POCTOBCKOI 001acTH MOBCEMECTHO M Mac-
COBO TIOpa)KaeT KallTAHOBAsI MUHUPYOIIA MOJIb — OXPHACKUN MUHED (pHuc. 2).

Puc. 2. TloBpexieHue JUCTHEB
KallTaHa OXpUJICKUM MUHEPOM

Fig. 2. Leaf blight by horse chestnut
leaf miner

Kpome Moy, acCUMHISIIMOHHBIN anmapar MoJBEPracTcsi BO3JACHCTBUIO CY-
XOBEHHBIX BETPOB, KOTOPHIC B COBOKYITHOCTH C BHICOKHMH TEMIIEpaTypaMH BO3/yXa
BBI3BIBAIOT MTOATOPAHNUE KPaeB JTUCTOBOU TIACTHHKH (pucC. 3).

Puc. 3. Oxor JIUCThEB KalTaHa
Fig. 3. Chestnut leaf burn
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Hexkpo3 TkaHel acCUMUIISILIMOHHOIO almapara H3-3a CyXOBEHHBIX BETPOB B
COYETaHWHU C BBICOKOH TEMITEpaTypoil BO3ayXa COMPOBOXKIAETCS MOCIENI0BATEIHHO
CMEHSIOIMUMH JIPYT ApyTa Iexpomaruedt, negopmarueii U gedoauaieii TUCThEB.
B pesynbpTare 3TOTO OTMEUAIOTCS YBEIHUEHHE aXXYPHOCTH W CHIDKEHHE TUIOTHOCTH

KpOHHI (pHC. 4, Tabm. 2).
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10 20 30 a0

60
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Puc. 4. 3aBucumocts axxypHocT (A) KpOHBI OT 0OIIeH moBpexaeHHOCTH JicTheB (I1)
(r=0,773£0,154) (3mech u nanee, Ha puc. 5: TOYKH — COBOKYITHOCTh SKCIIEPUMEHTATBHBIX
JIAHHBIX; TpsIMasi TUHUS — rpadMuecKoe BHIPAXKCHUE CBSI3U MTPU3HAKOB)

Fig. 4. Dependence of crown openness (A) from total damage of leaves (IT)

(r=0.77340.154) (hereinafter, fig. 5: points — experimental dispersion; straight line —
a graphic expression of relationship between the parameters)

Tabnuma 2
CBs3b NOpakeHNs JHCTHhEB € AKYPHOCTHIO KPOHBI
AsKypHOCTS KpoHSL, % YHCII0 epeBbeB, [ospexenue, % CymMapHoe .
IIT. MHUHEPOM 0KOT'OM noBpexieHue, %
5 42 16,47 11,03 27,50
7 3 18,33 11,67 30,00
10 36 21,25 12,08 33,33
15 23 37,13 13,26 50,39
20 30 26,17 13,83 40,00
25 16 26,88 12,81 39,69
30 44 26,36 14,88 41,24
35 7 41,43 13,57 55,00
40 46 28,15 19,34 47,49
45 1 70,00 10,00 80,00
50 27 32,59 18,14 50,73
60 31 39,52 17,74 57,26
65 4 23,75 26,25 50,00
70 31 43,06 17,90 60,96
75 2 45,00 10,00 55,00
80 28 38,82 16,93 56,75
85 6 45,00 15,00 60,00
90 24 48,33 20,96 69,29
95 9 58,89 15,00 73,89
HUmoeo 410
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W3 nByx paccMaTpuBaeMbIX (PaKTOPOB BO3HHMKHOBEHHUS HEKpo3a Hauboliee
BIUSTEIBHBIM SBIIAETCS SHTOMOJIOTUYECKUH (puc. 5).

A%

10 20 30 40 50 60 70 80 M,%

Puc. 5. 3aBuCHMMOCTD aXXypHOCTH KPOHBI (A) OT CTEIEeHH ITOpaXkKeHHs JTHCTheB (M)
JMYAHKAMH oXpuzckoro murepa (r = 0,653+0,184)

Fig. 5. Dependence of crown openness (A) on degree of leaf damage (M) by larvae
of horse chestnut leaf miner (r = 0.653+0.184)

B pesynbrare HEKpo3a JIMCTHEB TAKKE COKPAIIAIOTCS IEPHOJT OOIMCTBEHHS, BEC
HPU3HAKOB U, KaK CIICACTBHE, OAJLT 3CTETHIECKOro BocrpusTus (Tabi. 3, puc. 6).

Ta6nuna 3
dakTHYecKasi IeKOPATHBHOCTH MPU3HAKOB
Hata Cymmap- Bec
HBIN Oan
Yucno pU3HaKa
[Tpu3nak . bamn 3a Berera-
Hagano | Komer | AHEH woHnpi | CPCAHEM
Gane
HEpHOJL
ApPXHUTEKTOHHKA KPOHBI 01.1 31.XI1 365 4 1460 4,00
JITUTEeIbHOCTD IIBETCHUS 30.1vV 22V 22 4 88 0,24
CTeneHb IBETCHHUS 30.1V 22V 22 5 110 0,30
OKkpacka v BeJIMYMHA IIBETOB 30.1vV 22.V 22 5 110 0,30
IIpuBnexaTenbHOCTh
BHEIIHETO BUJA IJI0I0B 29.V 18.1X 109 5 545 1,49
OceHHsIst OKpacKa JIMCTHEB 25.1X 13.X 18 1 18 0,05
[Ipo10mKUTENBHOCTD
00JINCTBEHUS 15.1V 01.1X 136 3 408 1,12
ApoMaT LIBETKOB, III0A0B 30.1V 22.V 22 4 88 0,24
HUmoeo 2827 7,74
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JeKOpaTHEHOLTE,
Galsl 4
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Mecarnsl

- ApPXHTeKTOHHEA KPOHEL E OEpacka H BENHYHHA BETEOB
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B2 JinuTenbHOCTh UpeTeHHs [ | BHeHHH BHI III070B

[ Cremnens upereruq F$J Ocennss okpacka MHCTHER

Puc. 6. [lnramuka (hakTHaeckor IeKOPATHBHOCTH KallTaHa KOHCKOTO

Fig. 6. Dynamics of actual decorative effect of horse chestnut

B cpaBHEeHHH ¢ MOTCHIMATIBHON JAEKOPATUBHOCTBIO (CM. puc. 1) dakThueckas
Hwke Ha 0,98 Gar. 10 00YCIIOBICHO COKPAIICHUEM MPOIOKUTEIBHOCTH M CTCIICHH
obmctBennst kponsr (0,83 Gasra), CHIDKEHMEM TIPUBJIEKATENEHOCTH OKPACKH JINCTHEB
(0,15 6ana).

Baxnouernue

Kak mokasamu pe3yibTaThl HCCIeNOBaHUs, JIEKOPAaTUBHOCTh KalllTaHa KOH-
CKOTO TIOJIBEpIKEHA CE30HHOMY BJIMSTHHUIO. MaKCHUMaJILHOTO 3HaueHUS (TIEPBBIH ITHK)
OHa JIOCTHTAeT B MEPHOA IBETeHHA pacTeHui (25,0 6amra), BTOpoi U TpeTuil MUKN
3CTETHYECKOTO BOCTIPHUATHS MPUXOAATCSA Ha (hazy cospeBanus mionos (13,0 6ana)
U OCEHHETo pacuBeynBaHus auctheB (12,0 6ana).

[loTeHMaNbHBIA cCpeTHE3BEeMIEHHBIN 0aJUT SCTETHYECKOTO BOCIIPHUITHS BHIA
B ycioBusx r. HoBouepkaccka MoxeT mocTturatsd 8,7. [Ipu 3ToM Bemymmm aexopa-
THUBHBIM MPU3HAKOM KallITaHa SBJSICTCS apXUTEKTOHMKA KPOHbI, DakTuueckast 10Jis
MPU3HAKa B CPETHEB3BEIICHHOM 0ajuie 3cTeTnyeckoro Bocpustus — 51,6 %.

ACCUMWIALIMOHHBIN anmapaT KallTaHa TOJBEPKEH MACCOBOMY HOPaKESHUIO
MUHUPYIOIIEH MOJIBIO U 05k0roM. COBMeCTHOE EeHCTBHE 3TUX (PAaKTOPOB MPHUBOIUT
K TIOCIIEZIOBAaTENbHON CMeHe aexpomanud, aedopmannu, nedomani JTUCTHEB H
YBEIIMYCHHIO a)XypHOCTH KpoHbI (I = 0,773+0,154).
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Hawubonbiiee BnusHUE HA a)KypHOCTh KPOHBI KallITaHa OKAa3bIBAET HEKPO3, BbI-
3BaHHBIN MOpPAKEHWEM JIMCThEB JMYMHKAMM oxpujackoro muHepa (I = 0,653+0,184),
YTO CHMXKAeT JEKOPAaTHUBHOCTH OOJIMCTBEHHOH KpoHsl (Ha 0,83 Oamia) m oceHHEH
okpacku aucTheB (Ha 0,15 Gamna). Kak criencrsue, GpakTidecKkas 3CTETHYHOCTH BHIA
ymenbinaercs Ha 0,98 6amra (11,2 %) u mocTHraeT CpeaHEB3BEIICHHOTO 3HAYCHUS
7,7 6aina.
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Decorative effect analysis results of 410 even-aged horse chestnut trees (Aésculus
hippocdstanum) growing in urban areas of the south-west of Rostov region (Novocherkassk
historical part) are represented in the article. Esthetical features were considered by a scale
of comprehensive assessment of plant decorative effect. Dynamics of the decorative effect
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were associated with chestnut phenophases and their inherent resulting temperature sums.
According to the research results the maximum decorative effect of the chestnut can be
observed during the flowering stage for 22 days. Crown architectonics is a key esthetical
plant feature. However, environmental threats affect the chestnut habit. Thus, the impact of
dry winds against the background of low air humidity leads to leaf edge burns. Chestnut has
widely been damaged by the horse chestnut leaf miner (Cameraria ohridella) since the
beginning of the 21st century. Leaf necrosis occurs as a result. This is more due to entomo-
logical factor. Cumulative damage of assimilation apparatus caused by leaf miner and burn
leads to successive dechromation, deformation and defoliation of leaves and increasing of
crown openness. Ultimately, this affects the timescales and degree of the plant decorative
effect. It was established that the rhythmic character determined by the chestnut phenology
and its habitat is peculiar to urban areas esthetics. The research results are of scientific and
practical interest to landscape architects, green space workers, ecologists, who work on a
program basis of creating a comfortable urban environment.

Keywords: horse chestnut, decorative effect, leaf necrosis, horse chestnut leaf miner, crown
openness.
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W3yyeH MUTMEHTHEBIA COCTaB 1- u 2-JIeTHEH XBOW IUTFOCOBBIX JEPEBLEB (OPTETOB) €U €BPO-
nelickoil u3 cocraBa apxuBa KIoHOB Ne 3 ['ocynapcTBeHHOro OroJpKeTHOTO yupexaenus Hu-
JKeropozckoit oomacTn «CeMEHOBCKHI CIICIICEMIIECX03», TAE OHH MPEACTABICHbI TPUBUTHIMH
pacTeHHsAMH (KITOHaMH WM pameTamu). Llens mccrnenoBannii — BbIABIECHHE (aKTa HATHIUSL
TEHOTHITMYECKH OOYCIIOBIEHHON CIIEIM(HKN IUTIOCOBBIX JICPEBBEB €M EBPOINEHCKOH MO Co-
CTaBy IIMTMEHTOB, YYacTBYIOIIUX B (DOTOCHHTE3€, U YCTAHOBJIECHHE MacIITaboB ee MposBIIe-
HUA B 1- m 2-netHell xBoe. Bee ydeTHBIE pacTeHHsl MMENU OIMHAKOBBIE IUIOMIAMM MHTaHHS
W CXEMbI pa3MeIleHus], TIOJIydaln eUHbII MepeYeHb JIECOBOJCTBEHHBIX M arpOTEXHUYECKHUX
yxoznoB. OT6op 00pa3loB XBOW MPOBENCH OAHOBPEMEHHO C YYE€TOM €€ BO3pacTa W IpHHAl-
JIOKHOCTH K OpTETaM W pameTaM. AHaJIM3UpyeMble TI0Ka3aTelu: cojiepkaHue Xjaopoduuia a,
xJopoduiuia b, KapoTHHOMIOB, UX CYMMAapHOE KOJNHYECTBO, COOTHOLICHHE MEKIY HHUMH.
B skcniepuMeHTe MCHONIB30BaH CIEKTPOPOTOMETPHYECKHI aHain3 Kak Hauboinee ahexTus-
HBIA CcIOCOO KOJIMYECTBEHHOTO BBISBICHUS BaXHEHIIMX IIACTUIHBIX MUTMEHTOB. DKCTpPaK-
IIMOHHBIHN areHT — 96 %-# 3TaHo1. MaKCHMyMBI MOTJIOIIEHHUS MIPU KOJIMYECTBEHHOH (HKca-
IIMY ONTHYECKON IUIOTHOCTH BHITSDKEK COOTBETCTBOBAJIH CJIETYIOIINM JUTMHAM BOJIH: 663 HM —
st Xjopoduiuia a; 645 uHM — i xnopodwnia b; 440 um — nnst HeauddepeHIMPOBaHHBIX
KapOTHHOWMOB. J[yisl craTncTHueckod 0OpabOTKM MPHUBIEYEH OAHO- M ABYX(AKTOPHBIN IvC-
MEPCHOHHBIN aHAIN3. Y CTAHOBJIEHBI 3aMETHBIC PA3IMYMsl MUTMEHTHOTO COCTaBa JIMCTOBOTO
anmapara IUTIFOCOBBIX JICPEBBEB €M €BPOIEHCKON MPH BHIPAIMBAHUK HA BHIPOBHEHHOM 3KO-
(one. OnHODAKTOPHBIH AUCIIEPCHOHHBIA aHANIN3 TOATBEPIMI UX CYIIECTBEHHOCTh Juisi 1-
W 2-JIeTHEH XBOM MO BCEM 3aJIeHCTBOBaHHBIM B ONbITE NMpU3HakaM. BiusHue cnenuduku re-
HOTHIIOB TUTIOCOBBIX J€peBbeB, 3(D(PEKT KOTOPOro Mpu3HaeTcsi B KauecTBe Kod(uuueHTa
HacJIeyeMOCTU B MIMPOKOM CMBICIIE, JOCTaTOYHO BEIUKO U JOCTOBEPHO MO BCEM paccMaTpu-
BacMbIM Npu3HaKaM. Pa3jienbHOE BIMSHHE CHEUU(UKH T€HOTUIIOB IUTIOCOBBIX JIEPEBBHEB
W Pa3Nuuuii B BO3pacTe X XBOW Ha (opMupoBaHue (HEHOTHITHYECKOW N3MEHUMBOCTH 3a(uK-
CHPOBAHO B IBYX()aKTOPHOM JIHCIIEPCHOHHOM aHani3e. BiusHue Bo3pacta XxBou Ha (opmu-
pOBaHHUE Pa3IMIMil B COIEPKAHUHU OTIEIBHBIX MMTMEHTOB M MX TPYIII JIOCTOBEPHO, HO HEBE-
JUKO U B menoM coctaBmwio ot 7,10+0,16 % (comepkanue kapotuHOHmoB) a0 9,40+0,15 %
(cymmaproOe copepxanue xjaopodumuia). Jons qucnepcn, CBI3aHHON CO CTICIM(HKON TeHOTH-
TIOB IDTFOCOBBIX JIEPEBHEB, B OONBIIMHCTBE CITydaeB 3HaunTeNbHA: 10 48,87 %. B3anmoneticteue
OpTraHM30BaHHBIX (PAKTOPOB HAIE BHI3BIBAET JOCTOBEPHEIA 3PQEKT, OAHAKO OIS ITOTO Op-
raHU30BaHHOTO (haKTopa B CTPYKType oOIIeH (PeHOTHIHYECKOH ANUCIEPCUU MPAKTHYECKH

*Brazodaprocms: ABTOPBI BBIP@XalOT OJaroapHoCcTh 10CY/IapCTBEHHOMY OFO/PKETHOMY
yupexaeanto Hikeropoackoit oo6mactn «CeMEHOBCKHMN CIIEIICEMIIECX03Y.

s yumuposanus: beccuernoBa H.H., beccuernos B.I1., Epmos I1.B. I'enoTunmueckas o0y-
CJIOBJIEHHOCTh IIMTMEHTHOTO COCTaBa XBOM ILTIOCOBBIX JIEPEBBEB €M eBporeiickon // JlecH.
xypH. 2019. Ne 1. C. 63-76. (U3B. BBICHI. yueb. 3aBemenmii). DOI: 10.17238/issn0536-
1036.2019.1.63
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HUKOTZa He mpeobnamaer. Hamnume ocraTowyHo#l aucmepcun OOYCIIOBIEHO HEM30EKHOH
MECTPOTO# IKOIOTHYECKOTO (hoHa.

Knrouesvie cnosa: enb CBpOHeﬁCKaH, MJIFOCOBBIC J€PEBbs, APpXUB KIIOHOB, XBO4, MMUTMEHTHEIN
COCTaB, XJ'IOpO(i)I/IJ'IJ'I a, XJ'IOpO(i)I/IJ'IJ'I b, KapOTHHOUABI, TCHOTUIINYECKAA O6YCJ'IOBJ'[€HHOCTI>.

Bseoenue

OpmHMM W3 TITaBHBIX YCIIOBHH YCTOWYHBOTO Pa3BUTHS OTEYECTBEHHOTO JIECHOTO
XO3AUCTBa sBIsIeTCS Hammune 3()()eKTUBHO (PyHKIMOHHUPYIOUIEH MOCTOSIHHOW JIeco-
ceMeHHoI 6assl [7]. B kauecTBe KiroueBoro acnekTa ee hopmupoBanus B Poccun u B
JPYTUX TOCYAapCTBaX PacCMAaTpPUBAIOTCS TUTFOCOBBIE JIEPEBbS OCHOBHBIX JIeCOO0pa-
3yromumx nopon [3, 14, 15, 26, 34]. B ux uucie e eBponeickas rno mpaBy 3aHMUMaeT
muaupyromue nosumun [14, 15, 22]. Ob6nanas x03sHCTBEHHO BaKHBIMU MPU3HAKAMU
B COUYETAHUU C BBIPAXKEHHON YCTOMYMBOCTBIO U SKOJIOTMYECKON MIACTUYHOCTHIO, OHA
BBICTyTIaeT MPEAMETOM MHOTOYHMCIIEHHBIX W Pa3HOIUIAHOBBIX HCCIIENOBAHUA OTede-
CTBEHHBIX [4, 5, 8, 13, 16] u 3apyOexubIx [22, 25, 40] yuenpix. Hemanast gacthb 3THX
paboT HocBsIIeHa BCECTOPOHHEMY M3yUEHHIO JIMUCTOBOTO amrapara.

IIurMeHTHBIM CcOCTaB XBOM BIIOJNIHE CHPABEIIMBO OTHOCST K BaKHEUIINM
OHMOIOTMYECKUM XapaKTePUCTUKAM JIPEBECHBIX BUIOB, CBSI3aHHBIM C PEKUMOM (o-
TOCHHTE3a, MPOJAYKTUBHOCTBIO U aJanTUBHOCTHIO [12]. OOOCHOBaHHO MpHU3HACTCS
€ro 3allUTHAs POJIb: MPUCYTCTBUE XJIOPO(HUIIIa U KAPOTHHOUIOB YCHUIIMBAET PE3U-
cTeHTHOCTh pactenuit [10, 37]. JluHAaMUKy NMUIMEHTHOTO COCTaBa CUMUTAIOT ajarl-
TUBHOM peakiuell XBOWHBIX, B TOM YHUCJIE U €JIM €BPOINENUCKOMN, Ha YCIIOBUA OCBE-
menHoctu [20, 35, 36, 38, 39, 41]. U3BecTHO, YTO B HANpaBICHUU C I0ra Ha CeBEp B
reorpaduyeckoM Macmrade 0oliee yCTOWNYMBBEI PACTEHHS C MOBBIIIEHHON MUTMEH-
tanueit mucroBoro ammapara [10]. OOHapykuB mpeobiagaHue CHIHLHO MUTMEHTH-
poBaHHBIX QOpM B IeHTpax GopmoodpazoBanus, H.M. BaBuios paccmatpuBani 3To
SIBIICHHE KaK 3aIUTHYIO PEAaKIHUIO PACTCHUI Ha JIeiicTBUE MyTareHHbIX (pakTopoB
[6]. CoBuru B comeprkanuu xiaopoduiia a, xaopoduiia b, ux cymMMapHOM KoJIHve-
CTBE M KOHIICHTpAIlMd KapOTHHOWJIOB SIBJISIOTCS peakiiueil Ha N3MeHeHHe KOHIICH-
TpalUu yrieKucioro rasa B armocepe [28, 33]. M3BecTHa 3aBUCUMOCTh COJepKa-
HUS 3€JICHBIX IMMTMEHTOB XBOW OT TEMIIEpaTyphl MOYBHI U JPYTUX MOYBEHHBIX Xa-
pakrepuctuk [40]. Coobmaercs o poTomeproandeckord peakIuu, KoTopas BBIpa-
JKaeTCsl B U3MEHEHUH coJiep kanusi TUrMeHToB [40], peakiuu Ha cofepKaHne 030Ha
[23], na 3arps3Henue [27]. Bmecte ¢ TeMm y nceBaoTcyru MeH3uca CylecTBEHHbIX
M3MEHEHUI B KOHIICHTPAINH MATMEHTOB T0JT BIUSHUEM YIbTPaprOIETOBBIX TyUeit
He oTtMeueHO [19]. IIurMeHTHBIN cOCTaB XBOM B 3HAYMTEIHHON Mepe KOHTPOIHPY-
€TCsl TEHOTHUIIOM M SIBJISIETCSA B 3HAUMTENIBHOM CTENEHU HACJeTyeMbIM ITOKa3aTeseM
[2, 3], 9TO MOATBEPKIAETCS UCTIBITAHUSIMH TIOTOMCTB OT KOHTPOJIUPYEMBIX CKpe-
mmBanui [33] u reHetmueckumu uccienoBanusmu [32]. dpyrue creruaiucThbl
[14], HapOTHUB, CYUTAIOT, YTO CTENIEHb T€HOTUITNYECKOH IETEpMUHAIIY TPU3HAKOB
IMMTMEHTHOTO COCTaBa XBOWHBIX HEBBICOKAa. OTCYTCTBHE €IMHOTO MHEHHUS O Hac-
JIeICTBEHHOHN crienn(rKe YKa3aHHBIX MPU3HAKOB M CBOMCTB Y APEBECHBIX PACTEHHI
CITy’KUT JIOCTATOYHBIM OCHOBAHUEM JUIS MTPOIOJKEHUS paOboT B YKa3aHHOM Harpas-
JIEHWH, B YaCTHOCTH B OTHOLIEHHH €JI1 €BPONEHCKOM.

Lens nccnenoBanuii — BeIABIEHNE (paKTa HATAYIHS T€HOTHITHIECKH 00yCIIOB-
JICHHOH cIieln()MKHU TUTFOCOBBIX ICPEBHEB €T CBPOINEUCKON 110 COCTaBYy MUTMEHTOB,
YyYacTBYIOIINX B (POTOCHHTE3€, M yCTAaHOBJIEHHE MacIITa0OB €€ MpOSBICHUS B |-
U 2-JIeTHEH XBOE.
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Obvexmol u Memoobl UCCe008aAHUS

OOBEeKTaMH HCCIICIOBAHUN BBICTYIANN IUTFOCOBBIC NIEPEBBS €M CBPOIICH-
CKOM, BBIIEJICHHBIE B €CTECTBEHHBIX HacaxIeHuax Hukeropoackoit obmactu co-
IJIACHO JCWCTBOBABIIMM HAa MOMEHT OTOOpa MHCTPYKUMSIM M HOpMaTuBaM. OHH
BXOAMJIM B COCTaB MPHUPOAHBIX MOIMYJSIUNA JaHHOTO BHUA, TAIIMYHBIX IS Iecopac-
TUTETBHOTO palioHa XBOWHO-IIWPOKOJMCTBEHHBIX (CMEIIAHHBIX) JIECOB €BPOIICH-
ckoii yactu Poccuiickoin @enepannu. VX BereraTtuBHbIE PENPOAYKIUU 3apE3EPBU-
poBaHbl B apxuBe KiIoHOB Ne 3 ['ocynmapcTBeHHOro OromkeTHoro yupexaenus Hu-
JKeropojackoi obmactu «CeMEeHOBCKUH crericemiecxos3y». Bo3pacT mpuBHUTHIX pac-
TEHUI OJIMHAKOB M COTJAacHO MAacHopTy apXuBa KJIOHOB cocTaBisgeT 34 rona. Bee
KIJIOHBI (paMeThl) KaKI0TO W3 M3yUYEHHBIX TUTFOCOBBIX JIEPEBHEB (OPTETOB) B TIpEIe-
JlaX yKa3aHHOTO apXHBa OBLIM pa3MEUIeHBI 110 eAUHON MOCaJOYHON CXeMe ¢ OIMHa-
KOBOM IUIOIIAJpI0 MUTAHHUS. PeXXuM coiepkaHds apxXwBa Mpearnojaran OOImHn
KOMIUIEKC arpOTeXHHYECKHX W JIECOBOJCTBEHHBIX MEPOTPHUAITHIA, IPOUYHE YCIOBHUS
POM3PAcTaHusl TaKkKe ObUTH MIEHTUYHBIMU. CleyeT YUMTBIBaTh, YTO CYLIECTBY-
IOIIMH perjJaMeHT CO3AaHUsl U COIEPIKAHUSl TaKUX OOBEKTOB €IMHOI0 I€HETHKO-
CEJIEKIIMOHHOTO KOMIUIEKCA HalpaBlieH Ha MEXaHHMYECKOE BbIPABHMBAHHUE IOBEPX-
HOCTH y4yacTKa, OTBOAMMOIO IOJ HHX, Ha CIJI&KMBAaHHE PACXOXACHUI B €ro Jo-
KaJbHBIX MOYBEHHBIX XapaKTepUCTUKaX. Takod OopraHU3allMOHHBIA MOAXOI HE CO-
3/1aBaJl HU OJJHOMY YUYETHOMY JIEpPEBY IMPEUMYIIECTB B JOCTYIE K pecypcaM pocTa
Y Pa3BUTHUS M 00ecreunBall MPUHLMI €JUHCTBEHHOT'O JIOTHYECKOT0 pa3nuuusi. Bos-
pacT XBOM BBICTYIAJl OJHUM W3 OPraHU30BaHHBIX (PAKTOPOB AMCIEPCHOHHOTO aHa-
nu3a. B cooTBeTcTBHM € 3TUM BCe ocTayibHBbIE AP (HEKTHI, CBI3aHHBIE C BO3MOKHBIM
BO3HUKHOBEHHEM BpPEMEHHOW HM3MEHYHMBOCTH, HUBETHPOBAIHMCH WM HCKIIOYAIUChH
MOJIHOCTBIO. DTO JOCTUTAIOCH OJJHOBPEMEHHBIM BBHINOJHEHHEM 0TOOpa Ouosormye-
CKUX 00pa3IoB /JIs aHAIM3a U OJHAKOBBIMU CPOKAMH TIPOBECHHS BCEX €T0 JTAIoB.
®opmupoBaHHe BEIOOPOYHBIX COBOKYITHOCTEH M BKJIIFOUEHHE B X COCTaB IEPBHYHBIX
SIIMHUI] BEIOOPKH BBITIOJHEHEI B 00IenpuHsaToM Topsiake [9, 11]. PeanmsoBansr 1mo-
JIEBOM cTallMOHAPHBIM U J1a00paTOPHBII ONBITHL. VX OpraHu3alMOHHAs CXeMa I103BO-
muia chopMHupoBaTh ABYX(aKTOpHBIE paBHOMEPHBIE M IPOIIOPLUOHATIBHBIE TUCTIEp-
CHOHHBIE KOMIUIEKCHI, B KOTOPBIX KaXIbIii OpTET OBbUI MpPEACTAaBIECH 3 paMEeTaMH.
C nepudepun cpemHero sipyca XOpoIIo OCBELIEHHOTO Y4acTKa U3 KPOHbI CPE3aIX 10
5 BeTBeW, U3 cpelHEN YacTH KOTOPBIX OTAEIIUIN XBOIO Ul TOCJIEAYIOIIEH 3KCTpaK-
LIM1 TMTMEHTOB. B urore no kaxxaomMy npu3Haky noiaydeHo 315 nepBUYHBIX €AWHUILL
BbIOOpKH. [locKkoNbKY MpHCYTCTBHE XJIOpOHIIa U KapOTHHOUAOB B XBOE KOPPEIH-
PYET ¢ YCTOMYMBOCTBIO PAaCTEHHH K JIMMHTHpYIOMIUM Qakropam cpens [1, 12, 37],
MPOBEICHNE aHAIM30B YCTaHOBJICHO Ha Jiekadpb 2016 T.

Omnpenenenne coliepaHusi MUTMEHTOB, YYacTBYIOIMMX B (OTOCHUHTE3E, pea-
JIM30BaHO TPAAMIIMOHHBIMH METOJIAMH B X0JIe KaMepaJIbHOI0 3Tara Hcciel0BaHui
[17, 18, 29-31, 40, 42]. BriosiHe pe3yJIbTATHBHBIM U JIOCTATOYHO TOYHBIM METOJIOM
WCCIIEZIOBaHMSI IMTMEHTHOTO COCTaBa JIMCTOBOTO amiapaTa Mpu3HaH CHeKTPogoTo-
MeTpuaeckuii anamm3 [17, 18, 21, 24, 31, 42]. C ero momMompi0 yJIaeTcsi OICHUTh
KOHIICHTPAIWIO TTUITMEHTOB IO ONTHYECKOH TNIOTHOCTH BBITSDKKH U3 N3METhUYEHHON
XBOH B ONTHYECKH YHCTOM areToHe Wi B 96 %-m sTanone. B pabore ObLT 3ameii-
CTBOBaH anekTpocnexkrpodoromerp Grating 722, npu 3TOM MakCHUMYyMBbI IOTJIOLIE-
HUS IIPU KOJMYECTBEHHON (PUKCALMM ONTUYECKOW IUIOTHOCTH BBITSKEK COOTBET-
CTBOBAJIM CIIEIYIOIIUM JJIMHAM BOJH: 663 HM — Juig xJopoduna a; 645 um — s
xaopoduita b; 440 um — Ui HenuddepeHInPOBaHHBIX KAPOTUHOHIOB. M3BeCTHO,
YTO MOJIOKEHHE MAaKCHUMyMa TOTJIOIIEHHUS B CHEKTPAJIbHOM aHAJIN3€ CABUTACTCS B
Ty WIH MHYIO CTOPOHY NIPH MCIOJIb30BaHUHU pa3HbIX 3KkcTparentos [17, 18, 21, 31,
42]. 310 yunuThIBaNIOCH B dKCTiepuMenTe. CoepikaHne aHaIN3UPYEMbIX TUTMEHTOB
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paccunThIBaNIM MO ypaBHeHUsM Bertmreiina u Xomema [17, 42], mpu 3ToM I
HaXOKAECHHUS! KOHLEHTPALUH, BEIPA)KEHHON B MIJUIUTpaMMax Ha I'paMM, IO KaxIoH
HaBECKe ONpEAeIUIN conepkaHue abCOJIOTHO CyXOro BeulecTBa. B moctpoenun
ITOPUTMOB ISl YKa3aHHBIX PacyeTOB YUUTHIBAIM W3BECTHBIE METOANYECKUE MPH-
eMbl [28-31]. AHaIM3MpOBaIK CONEPIKaHWE M COOTHOIICHHS XJIOpodHiuia a, XJIo-
podmuia b, kKapoTHHOMIOB, MX OJIM U CyMMapHOE KOIM4YecTBO. PaboTy cTpomiu
Ha m1aTpopMe KOMIIEKCHOCTH MHOTONapaMEeTPHUYECKHX HCcleoBaHui [2, 3], ne-
Jeco00pa3HOCTh KOTOPBIX obmenpusHana [28—31, 40]. IlepBuunylo 1ecOBOACTBEH-
HYI0 HHQOpMaIHI0 00padaThIBaId C UCIIOJIIF30BAaHUEM HM3BECTHBIX CTATHCTHUECKUX
cxem [9, 11].
Pesynomamot uccneoosanus u ux obcysicoenue

YcTaHOBNIEHBI 3aMETHBIE Pa3Nyusl MUTMEHTHOTO COCTaBa JINCTOBOTO amiapara

IUTIOCOBBIX JIEPEBLEB €JIM €BPOIEHCKON MPY BHIPAIIMBAHUN HA BRIPOBHEHHOM SKO(OHE.

OnHobaKTOPHBIA AUCTICPCHOHHBIN aHAIN3 TTOATBEPANI UX CYIIECTBEHHOCTD I 1- 1
2-TIeTHe! XBOH IO BCEM 3a/IeHCTBOBAHHBIM B OIBITE NpH3HaKaM (Tadim. 1).

Tab6numa 1
CylecTBEHHOCTh Pa3MYUil MUTMEHTHOT0 COCTABA XBOU
IUIFOCOBBIX /IEPEeBbEB €JIN eBPONeiCcKOil
Jons Bmustaus daktopa (h°E s;°) Kpurepun
IIpuznak Fon 1o [Tnoxunckomy o CHenekopy pasnuyuui
hz I +Sp2 hz | +Sp2 HPCgys | Dgs
1-nemmuss xeos
Xopoduit a (a) 22,38 | 0,6036 | 0,0270 | 0,5814 | 0,0285 | 0,190 | 0,343
Xnopodua b (b) 28,95 | 0,6632 | 0,0229 | 0,6448 | 0,0242 | 0,037 | 0,068
Cymma xmopogmmuios (a+b) | 22,67 | 0,6066 | 0,0268 | 0,5846 | 0,0283 | 0,114 | 0,205
Kaporunounsr (K) 15,37 | 0,5111 | 0,0333 | 0,4828 | 0,0352 | 0,031 | 0,056
Otnowenue a/b 11,71 | 0,4435 | 0,0379 | 0,4104 | 0,0401 | 0,163 | 0,293
Otnomenue a/k 26,24 | 0,6409 | 0,0244 | 0,6212 | 0,0258 | 0,373 | 0,672
Otnomenue b/k 31,54 | 0,6821 | 0,0216 | 0,6649 | 0,0228 | 0,221 | 0,398
Hons xmopoduina a 10,42 | 0,4148 | 0,0398 | 0,3796 | 0,0422 | 0,015 | 0,028
Hons xnopodumia b 10,42 | 0,4148 | 0,0398 | 0,3796 | 0,0422 | 0,015 | 0,028
ot KapOTHUHOUIOB 20,52 | 0,5827 | 0,0284 | 0,5592 | 0,0300 | 0,007 | 0,013
Otromenue k/(a+b) 18,76 | 0,5607 | 0,0299 | 0,5358 | 0,0316 | 0,009 | 0,017
CyMMa MUrMeHTOB 25,44 | 0,6338 | 0,0249 | 0,6136 | 0,0263 | 0,279 | 0,504
2-1emHusisl X60s1

Xopoduit a (a) 18,50 | 0,5572 | 0,0301 | 0,5320 | 0,0318 | 0,195 | 0,351
Xnopodua b (b) 13,80 | 0,4842 | 0,0351 | 0,4540 | 0,0371 | 0,044 | 0,079
Cymma xmopogmmuios (a+b) | 18,43 | 0,5563 | 0,0302 | 0,5311 | 0,0319 | 0,123 | 0,222
Kaporunounsr (K) 6,38 | 0,3027 | 0,0474 | 0,2590 | 0,0504 | 0,047 | 0,084
Otnowenue a/b 4,98 | 0,2530 | 0,0508 | 0,2054 | 0,0541 | 0,155 | 0,280
Otnomenue a’k 2,48 | 0,1442 | 0,0582 | 0,0876 | 0,0621 | 0,638 | 1,152
Otnomenue b/k 4,44 | 0,2318 | 0,0523 | 0,1825 | 0,0556 | 0,257 | 0,463
Hons xmopoduina a 4,21 | 0,2228 | 0,0529 | 0,1727 | 0,0563 | 0,014 | 0,026
Hons xnopodumia b 4,72 | 0,2431 | 0,0515 | 0,1946 | 0,0548 | 0,013 | 0,023
ot KapOTHUHOUIOB 2,95 | 0,1671 | 0,0567 | 0,1124 | 0,0604 | 0,010 | 0,018
Otromenue k/(a+b) 3,63 | 0,1979 | 0,0546 | 0,1458 | 0,0581 | 0,011 | 0,021
CyMMa MUrMeHTOB 17,57 | 0,5444 | 0,0310 | 0,5184 | 0,0328 | 0,308 | 0,556

IIpumeuanue: F,, — onbiTHOE 3HaueHue kpurepus dumepa; h? — nonst BaHMsHUS OPraHu30-
BaHHOrO (hakropa; +Sp* — OMIMOKa JOJHM BIMSHHUSA OpraHu3zoBaHHoro ¢akropa; HCPgs —
HauMeHbIlIasl CYILECTBEHHAs! Pa3HOCTh Ha S-NIPOLIEHTHOM ypoBHE 3HauMMOcCTH; Dgs — KpuTepuii
ThrOKM Ha 5-IIPOLIEHTHOM YPOBHE 3HAUUMOCTH.
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Jl1st XBoM Bcex BO3PacTOB OIBITHBIC 3HaueHUs kputepus Durmiepa (tabm. 1)
MpeoA0JIeTu KPUTUUECKUN MOPOT Kak Ha 5-, TaKk U Ha |-TIPOIEHTHOM YpPOBHE 3Ha-
yuMOCTH. B Oomnbiioil Mepe 3T0 00YCIOBIIEHO NOCTAaTOYHBIM YHMCIIOM IE€PBUYHBIX
€JIMHULl BHIOOPKH, BBEJCHHBIX B Ka)/Iblil JTUCIICPCUOHHBIA KOMIUICKC. BiusHue
crenu(uKN TeHOTUIIOB TUTIOCOBBIX JEpeBBEB, 3(PPEeKT KOTOpoil paccmarpuBaeTcs
KaK KO3 (UIIUEHT HACIIEAYyEMOCTH B IUPOKOM CMBICTIE, TT0 BCEM aHATN3UPYEMBIM
MI0KAa3aTeJIsIM JOCTOBEPHO M IOCTATOYHO Benuko. B wactHocTH, nmst 1-netHeid xBon
B BBIUUCIICHHUAX 110 airoputMy [ImoxuHCKOro coaepikaHue XiIopoQuiia & cocTaBu-
710 60,36+2,70 %, s xmopodwminia b ono ObLIO erme Boime — 66,32+2,29 %. Mak-
cumyM (68,2142,16 %) MOCTUTHYT Uil OTHOIICHUS COjaepaHus xjaopodmmuia b
K COJepKaHUI0 KapoTHHOUAOB. PacueTHriii MeTon CHenekopa aaeKBaTHO MOKa3all
OJIM3KHe 10 3HAYEHUSIM UTOTH BBIYUCIICHUI.

Jis1 2-neTHEl XBOM yKa3aHHBIN 3(p(PeKT okazacs HECKOIBKO HIDKE, HO BIIOJHE
COTIOCTaBUM 10 3HAYEHHSAM: M0 COAepXkaHWio xijopodwmmia-a — 55,72+3,01 %,
xaopodpuina-b — 48,42+3,51 %. JlocraTo4HO BBICOKHE pE3yJIbTATHl B 3TOM Ciydae
OTMEYEHBI IJIsl CYMMapHOTo cozepkanusi xyuopodmmna (55,63+£3,02 %) u obmeit
cyMMbl TTUrMeHTOB (54,4443,10 %). BmecTe ¢ TeM OLIEHKM HACIEACTBEHHOH 00Y-
CJIOBJICHHOCTH HaIN4Us KAPOTUHOUAOB B 2-JICTHEH XBOE ObUIM HIKE, 4eM B 1-JeTHeH
xBoe. CHU3WIICH pe3yibTaThl M JAPYTHMX MpHU3HaKoB. Kpurepuu cymiecTBEHHOCTH
pasnmuunii (HCPgs 1 Dgs) onpenenstoT ypoBeHb, JOCTUTHYB KOTOPOT0, pa3HHULIA MEX-
Iy CPeTHHMH 3HAYCHUSMH XapaKTEePUCTHK TUTIOCOBBIX JI€PEBHEB NMPU3HAETCS CyIIe-
CTBEHHOM, T. €. 0OYCIIOBJIEHHOW NMPENMYIIECTBEHHO MX HACIEICTBEHHBIMH OCOOCH-
HOCTSIMH.

Cy11ecTBEHHOCTh pa3iNuuil MIIIOCOBBIX JIEPEBLEB €I €BPONEUCKON MO MUT-
MEHTHOMY COCTaBy, MOATBEp:KIEHHas /g 1- U 2-1eTHeil XBou, Ompeaenuia Bo3-
MOJKHOCTH BBISIBIICHHS 3¢ deKTa WHANBUIYATFHOTO BIMSHUS KaXKIOTO M3 OpraHu-
30BaHHBIX ()aKTOPOB Ha OOMIYIO (PEHOTHITMYECKYIO TUCTIEpCHI0. B uacTHOCTH yuTe-
HO BJIMSIHME Pa3iIUuuil MEXKAYy CaMUMU IIJTIFOCOBBIMH JIEPEBBSIMU U PA3INUYUN B BO3-
pacrte X XBOU OT/AEIBHO MO KaXJIOMY U3 3THX (hakTopoB (Tadi. 2).

[IpakTryaeckn Bo Bcex CiIydasix ydeTa OpraHW30BaHHBIE (haKTOPHI TEHEPHPY-
0T JIMCIEPCHUIO, YPOBEHb IPOSBICHHUS KOTOPOW COOTBETCTBYET CYIIECTBEHHBIM
Pa3IMUUsAM MEXy JIEMEHTaMH JUCIEPCUOHHOTO KoMIulekca. ONBbITHbIE KPUTEPUH
Ouirepa oKa3aNyuCh 3HAYUTENBHO OOJIBIIE COOTBETCTBYIONIMX HOPMATHUBHBIX 3HA-
YEeHUH Ha S-TPOLEHTHOM YpOBHE 3HaUYMMOCTH. VICKIIFOUEHHEM SIBWJIMCH OLICHKU I10
Pa3sHOBO3PACTHOW XBOE AJISl OTHOIICHWH COAEpKaHMS XJIOpoduiuia a K coaepKa-
HHIO KapOTHHOMIIOB M COJiepaHus Xjopodumia b k comepikaHnio KapOTHHOUJIOB.
D10 yKa3pBaeT Ha WHAH(PGEPEHTHOCTs OamaHca pasmuYHBIX (popMm xmopodrnia
M KapoOTHHOJOB B OTHOIIEHHH YBEIWYEHHsS BO3pacTa XBOU. BrIpakeHHas XpoHO-
rpaduueckas cTaOMIBHOCTh YKa3aHHBIX XapaKTEPHCTHK IUIIOCOBBIX JIEPEBHEB MpPU
JIOCTAaTOYHO BBICOKOH WX TEHOTHUIUYECKON oOycioBnennoctn (22,48+2,64 %
u 30,5942,36 % cOOTBETCTBEHHO) MO3BOJISACT NMPU3HATH 3HAYUTENBHYIO HH(pOpMa-
TUBHOCTH M OO0JIbIIOE HICHTU(HUKAIIMOHHOE 3HAYCHUE COOTHOLICHUN MEXIY ABYMS
¢dopmamu xyopodwiia U KapoTHHOWZAMH. B COOTBETCTBHMU C ITHM yKa3aHHBIC
MPU3HAKH MOXHO PEKOMEHIOBATh K MCIOJIB30BAHMIO IS OIEHKHU (TIpW OTpenere-
HUH) CHEUU(UIHOCTH IJIIOCOBBIX IEPEBLEB B MPOLIECCE CETCKIIMOHHON MHBEHTAapH-
3amMd  OOBEKTOB TIOCTOSHHOM JleCOCEMEHHOW 0a3bl W eQUHOTO T'eHETHKO-
CEJIEKIIMOHHOTO KOMILIEKCa, a TaKkKe IPH BRIPAOOTKE PEKOMEHIAINH M0 WX BKIIFO-
YEHUIO B COCTAB JIECOCEMEHHBIX TUIAHTALU.
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BnusHue Bo3pacta XBoM Ha (OPMUPOBAHHE DPA3IMUUM B COAEPIKAHUU OT-

JENBHBIX MMMTMEHTOB M WX Tpymn (Tabi. 2) AOCTOBEPHO, HO HEBEIUKO U B IIEJIOM

coctasmio ot 7,10£0,16 % (comepxkanue xaporuHouaos) Ao 9,40+0,15 % (cym-
MapHoOe cojepxaHue AByX (opMm xnopoduia). ONeHKH Majio pa3iuydaroTcs,

1 HanOoJIbINasl M3 HUX MPEBOCXOIUT HAUMEHBIIYIO B 1,32 pasa, mpu TOM 4TO OOIIHit

pasmax 3HAUCHUN B BapuaHTax C IOATBCPKACHHOU CYHICCTBEHHOCTBHIO PAa3IMYUMN

OICHUBACTCAA COOTHOIICHUEM 124,27 H3menenue ¢ BO3pacTOM J0JIM COACPIKAHUA

B XBO€ xnopocbmma a bojee 3aMETHO 110 CpaBHCHUIO C APYTUMHU XapPAKTCPHUCTUKAMU
MMUTMEHTHOTO cocTaBa. B YaCTHOCTH, BJIMSIHUC q)aKTopa «BO3pacT XBOW» NOCTHUIACT
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74,56£0,04 % u MOXeT OBITh CBSI3aHO C OIIYTUMBIM IOBBLIIICHUEM COJIEPKaHUS JaH-
HOT'O MHUIMeHTa B 2-leTHed XBoe. OTUETIMBO BhIpak€Ha peaKlys Ha yBEIUYEHHE
BO3pacTa XBOM B COZiepKaHuu XJopoduiuia b: 27,75+0,12 %.

Brmustaue pa3nnauii MeKITy TUTFOCOBBIME AEPEBBIMHU Ha 00N (DOH M3MEHIH-
BOCTH aHAJIM3UPYEMBIX XapaKTEPUCTUK MUTMEHTHOTO COCTaBa MX JMCTOBOTO aIlmnapa-
Ta 3aHMMAaeT 3HAYMTENbHYIO 4acTb B OONBIIMHCTBE CiiydaeB. BemnumHa 3Toro 3¢-
¢exTa cocraBmsier ot 23,62+2,60 % (conmepkanne KapoTHHOWAOB) A0 48,87+1,74 %
(comepxxanue xnopodmmia a) u 48,59+1,75 % (cymma IUTMEHTOB), 4TO 3aHUKCH-
pPOBAaHO B OTHOUIEHHWU COJEP)KAaHUS OTJENBbHBIX NMUTMEHTOB U UX CYMMapHOIO KO-
JryecTBa. XapakTEPUCTUKU COOTHOLIEHHUS MCCIEAYEMBIX MJIACTHUAHBIX MHUTMEHTOB
B OOJbIIE Mepe CBS3aHBI C HACTEICTBEHHON crenn(puKoil OPpTETOB M MEHBIIIE 3a-
BHCAT OT BO3pacTa XBou. BmecTe ¢ TeM HacienCTBeHHas 00YyCIOBIEHHOCTh pa3iiu-
YUl MEXIy IUTIOCOBBIMHU JI€PEBBAMH B 3TOM CIydae BBIPaKeHA B HECKOJIBKO MEHbB-
HIel CTENeHH, YeM ISl OLIEHOK COAEP>KaHHsI TUTMEHTOB.

B3anmogeiicTBre opraHn30BaHHBIX (DAKTOPOB Hallle BBHI3BIBAET JOCTOBEPHBII
3¢ dekT, 0THAKO JOJIS 3TOr0 OPraHU30BaHHOTO (DakTOpa B CTPYKType 00IeH (heHo-
TUIHMYECKOHN TUCIIEpPCUM MPAKTUYECKH HUKOrAa He npeobianaer. OctaTouHas nuc-
nepcus, HaJudue KOTOPOM, KaK MPaBUIIO, CBS3BIBAIOT C MECTPOTOH MapaMeTpoB
cpeapl Ha OOBEKTax MOCTOSHHOW JIECOCEMEHHOW 0a3bl M €JMHOTO0 Te€HETHUKO-
CEJIEKIIMOHHOTO KOMIUIEKCA, K KOTOPBIM OTHOCHTCS UCCIIEIOBAHHBIN apX1B KJIOHOB,
uMeeT HEOJHO3HAuHble OLEHKH. [Ipu 3TOM B psle paccMaTprBaeMbIX NPU3HAKOB
OHa JIOMUHHPYET, YTO 3a(pMKCHUPOBAHO B OTHOLICHUU COJEP KaHUs XJI0pOouiuia-a K
coJep)KaHUIO KapoTHHOMIOB (62,97 %) u comepkaHHs KapOTHHOUAOB K CyMMap-
HOMY coaepkanuto xsnopodumna (60,10 %). B menom yka3aHHbBIE pe3yJIbTaThl
BITOJIHE a/IEKBATHBI CBEJICHUSIM, ITOJy9€HHBIM B MpOIEcce OJHO(PAKTOPHOTO JHC-
MIEPCUOHHOTO aHAIN3a Kak 1Mo |-eTHe, Tak u 1Mo 2-JeTHEeH XBoe.

Baxnouenue

ILmrocoBbIe AepeBbs €11 €BPONEHCKON CYIIECTBEHHO Pa3InyatoTCs M0 UIUpO-
KOMY CHEKTpy MoKa3aTesieil MUTMEeHTHOro cocTaBa 1- u 2-netHeit xBou. CTeneHb
HacJIeICTBEHHOW 00yCIOBICHHOCTH HPOSIBICHUN Pa3HbIX MPU3HAKOB HEOAMHAKOBA.
OueHky coaepxanus xjaopoduiua a, xiopoduiia b u uX cyMMapHOTro KOJIHYeCTBa,
collepKaHUsl KapOTHHOWAOB M OOme CyMMBl TNHIMEHTOB TECHO CBSI3aHBI
C TEHOTHMIIOM HCCIEA0BaHHBIX KJIOHOB. [lokazarenn cOOTHOLIEHHS] MEXAy Iuia-
CTUIHBIMM IMI'MEHTAMHU B LIEJIOM UMEIOT MEHBIIYIO CTEIIeHb TeHOTUIIMYECKOH 00Yy-
CJIOBJICHHOCTH TIO CPAaBHEHHIO C KOJIWYECTBEHHBIMH OILIEHKAMH WX COJCPKAHMS.
Ol1eHKH OTHOLICHHS XJOpoduiia a u xjaopodwuia b Kk comepkaHHI0 KapOTHHOH-
JIOB BecbMa CTaOMJIbHBI B OHTOT€HETHYECKOM IUIAHE, YTO CBHJICTEIBCTBYET 00 HX
0oJpIIOM HASHTH()HKAIMOHHOM 3HAYEHWH W YKa3blBaeT Ha IIeJecoo0pa3HOCTh
MPUMEHEHUs] TPU PEBU3MHM YHCTOTHI ACCOPTHMMEHTHOI'O COCTaBa JIECOCEMEHHBIX
TUTAHTALUM 1 apXUBOB KJIOHOB.
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We have studied annual and biennial needles pigment composition of Norway spruce plus
trees (ortets) from the composition of clone archive no. 3 of the State Budgetary Institution
“Semyenovskiy spetssemleskhoz” in Nizhny Novgorod region, where they are represented
by grafted plants (clones or ramets). The research purpose consist of identification of speci-
ficity determination by genotype of Norway spruce plus trees in terms of pigment composi-
tion, which participate in photosynthesis, and establishment of specificity display extent in
annual and biennial needles. All record plants had the same feeding areas, and plant spacing
and received the same silvicultural and agrotechnical tending. Needle sampling was held
taking into account their age and affiliation with ortets and ramets. Test parameters were the
content of chlorophyll a, chlorophyll b, and carotenoids, their total amount and the relation
between them. Spectrophotometric analysis was used as the most accurate method for quan-
titative detection of vital plastid pigments. Ethanol of 96 % was used as an extraction agent.
The absorption peaks in quantitative fixation of extract optical density corresponded to the
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following wavelengths: chlorophyll a (663 nm), chlorophyll b (645 nm), and undifferentiat-
ed carotenoids (440 nm). One-way and two-way analyses of variance (ANOVA) were used
for statistical processing. Perceptible differences in the pigment composition of plus tree leaf
apparatus of Norway spruce were established when grown in a leveled environmental back-
ground. One-way ANOVA confirmed their essentiality for annual and biennial needles for
all parameters involved in the experiment. The influence of the genotype specificity of plus
trees, effect of which is recognized as the coefficient of heritability in a broad sense, is quite
large and reliable according to all considered parameters. Separate influence of the genotype
specificity of plus trees and differences in the age of their needles on the formation of phe-
notypic variation was recorded in two-way ANOVA. Effect from needle age on the for-
mation of differences in the content of individual pigments and their groups was reliable, but
small and generally ranged from 7.10 + 0.16 % (carotenoid content) to 9.40 + 0.15 % (total
chlorophyll content). The dispersion proportion associated with the genotype specificity of
plus trees is significant in general and up to 48.87 %. The interaction between the organized
factors often causes a significant effect; however, its share in the structure of total phenotyp-
ic dispersion hardly ever prevails. The presence of residual dispersion is due to inevitable
diversity of environmental background.

Keywords: Norway spruce, plus trees, clone archive, needles, pigment composition, chloro-
phyll a, chlorophyll b, carotenoids, genotypic conditionality.

REFERENCES

1. Barskaya E.I. Izmeneniya khloroplastov i vyzrevaniye pobegov v svyazi S moro-
zoustoychivost 'yu drevesnykh rasteniy [Changes in Chloroplasts and Shoot Ripening Due to
Frost Resistance of Woody Plants]. Moscow, Nauka Publ., 1967. 223 p. (In Russ.)

2. Besschetnova N.N. Mnogomernaya otsenka plyusovykh derev’yev sosny
obyknovennoy po pokazatelyam pigmentnogo sostava khvoi [Multidimensional Assessment
of Scots Pine Plus Trees Using Indicators of Needle Pigment Structure]. Vestnik Povolzh-
skogo gosudarstvennogo tekhnologicheskogo universiteta. Seriya: Les. Ekologiya. Prirodo-
pol’zovaniye [Vestnik of Volga State University of Technology. Series: Forest. Ecology.
Nature Management], 2013, no. 1, pp. 5-13.

3. Besschetnova N.N., Besschetnov V.P. Sosna obyknovennaya (Pinus sylvestris L.).
Morfometriya i fiziologiya khvoi plyusovykh derev’yev [Scots Pine (Pinus sylvestris L.).
Morphometry and Physiology of Plus Tree Needles]. Nizhny Novgorod, NNSAA Publ.,
2014. 368 p. (In Russ.)

4. Besschetnova, N.N., Kul’kova A.V. Sravnitel’naya otsenka predstaviteley roda el’
(Picea L.) po soderzhaniyu zhirov v tkanyakh godichnykh pobegov [Comparative Evalua-
tion of the Genus Spruce (Picea L.) Representatives by the Fat Content in Annual Shoot
Tissues]. Nauchnyye i innovatsionnyye razrabotki molodykh uchenykh agrariyev: sh. tr.
molodykh uchenykh FGBOU VPO Nizhegorodskaya GSKhA za 2014-2015 gg. [Scientific
and Innovative Solutions of Young Agricultural Scientists: Collected Papers of Young Sci-
entists of the Nizhny Novgorod State Agricultural Academy for 2014-2015]. Nizhny Nov-
gorod, NNSAA Publ., 2015, pp. 53-58.

5. Besschetnova N.N., Besschetnov V.P., Kul’kova A.V., Mishuchkova [.V.
Soderzhaniye krakhmala v tkanyakh pobegov raznykh vidov eli (Picea A. Dietr.) v uslovi-
yakh introduktsii [Starch Content in Shoot Tissues of Different Spruce Species (Picea A.
Dietr.) in Introduction]. Lesnoy Zhurnal [Forestry Journal], 2017, no. 4, pp. 57-68. DOI:
10.17238/issn0536-1036.2017.4.57

6. Vavilov N.I. Ucheniye o proiskhozhdenii kul’turnykh rasteniy posle Darvina [The
Doctrine of Origin of Cultivated Plants after Darwin]. Izbr. tr. v 2 t. T. 1 [Selected Papers in
Two Volumes. Vol. 1]. Leningrad: Nauka Publ., 1967, pp. 303-327.



74 ISSN 0536 — 1036. UBY3. «JlecHoii :kypHam». 2019. Ne 1

7. Gosudarstvennaya programma Rossiyskoy Federatsii «Razvitiye lesnogo kho-
zyaystva» na 2013-2020 gody: utv. rasporyazheniyem Pravitel’stva Rossiyskoy Federatsii
ot 28 dek. 2012 g. Ne 2593-r [Government Program of the Russian Federation “Forestry
Development” for 2013-2020, Approved by the Government Decree of the Russian Federa-
tion Dated by December 28, 2012, no. 2593-p]. Sobraniye zakonodatel’stva Rossiyskoy
Federatsii [Collection of Legislation of the Russian Federation], 2013, no. 2. 124 p. Available
at: http://www.nbchr.ru/PDF/042_oos.pdf (accessed 17.09.13).

8. Deryugin A.A., Rubtsov M.V. Dinamika sostoyaniya populyatsii eli pod pologom
bereznyakov yuzhnoy taygi Russkoy ravniny [Dynamics of Spruce Population Status under
the Canopy of Birch Forests of the Southern Taiga of the Russian Plain]. Lesnoy Zhurnal
[Forestry Journal], 2016, no. 2, pp. 47-58. DOI: 10.17238/issn0536-1036.2016.2.47

9. Dospekhov B.A. Metodika polevogo opyta (S osnovami statisticheskoy obrabotki re-
zul tatov issledovaniy) [Methodology of the Field Experiment (With the Basics of Research
Results Statistical Processing)]. Moscow, Agropromizdat Publ., 1985. 416 p. (In Russ.)

10. Mosse 1.B., Molofey V.P., Kostrova L.N. Razvitiye idei N.I. Vavilova o zash-
chitnoy roli pigmentov v geneticheskikh eksperimentakh [Development of N.I. Vavilov’s
Ideas about Pigment Protective Role in Genetic Experiments]. Selektsiya, geneticheskiye
resursy i sokhraneniye genofonda lesnykh drevesnykh rasteniy (Vavilovskiye chteniya): sb.
nauch. tr. [Breeding, Genetic Resources and Conservation of Gene Pool of Forest Woody
Plants (Vavilov Readings): Collection of Academic Papers]. Gomel, 2003, no. 59,
pp. 220-223.

11. Nikitin K.E., Shvidenko A.Z. Metody i tekhnika obrabotki lesovodstvennoy in-
formatsii [Methods and Technology for Processing of Silvicultural Information]. Moscow,
Lesnaya promyshlennost’ Publ., 1978. 272 p. (In Russ.)

12. Ozolina 1.A., Mochalkin A.I. Rol’ pigmentov v zashchitno-prisposobitel’nykh
reaktsiyakh rasteniy [Role of Pigments in Protective and Adaptive Reactions of Plants]. lzv.
AN SSSR. Ser. Biol. [Proceedings of the Academy of Sciences of the USSR. Series: Biolo-
gy], 1972, vol. 1, pp. 96-102.

13. Pekkoev A.N. Kachestvo drevesiny kul’tur eli pri uskorennom lesovyrashchivanii
[Wood Quality of Spruce Crops under Intensive Growing]. Lesnoy Zhurnal [Forestry Jour-
nal], 2016, no. 1, pp. 89-99. DOI: 10.17238/issn0536-1036.2016.1.89

14. Rone V.M. Issledovaniye i proverka nasledstvennosti plyusovykh derev’yev [Re-
searching and Verification of Plus Tree Heredity]. Lesnaya selektsiya [Forest Selection].
Moscow, Lesnaya promyshlennost” Publ., 1972, pp. 180-199. (In Russ.)

15. Rone V.M. Mezhsemeynyy i klonovyy otbor eli obyknovennoy [Interfamily and
Clonal Selection of Norway Spruce]. Geneticheskiye issledovaniya drevesnykh v Latviyskoy
SSR [Genetic Studies of Woody Plants in the Latvian SSR]. Riga, Zinatne Publ., 1975,
pp. 34-44.

16. Sungurova N.R., Konovalov V.N. [Spruce Assimilation Apparatus in Plantations
at the Polytric Cutting]. Lesnoy Zhurnal [Forestry Journal], 2016, no. 2, pp. 31-40. DOI:
10.17238/issn0536-1036.2016.2.31

17. Tret’yakov N.N., Karnaukhova T.V., Panichkin L.A. i dr. Praktikum po fiziologii
rasteniy: ucheb. posobiye dlya studentov vyssh. ucheb. zavedeniy [Workshop on Plant
Physiology: Educational Textbook for Students of Higher Educational Institutions]. Ed. by
N.N. Tret’yakov, Moscow, Agropromizdat Publ., 1990. 271 p. (In Russ.)

18. Shlyk A.A. Opredeleniye khlorofillov i karotinoidov v ekstraktakh zelenykh
list’yev [Determination of Chlorophylls and Carotenoids in Green Leaf Extracts].
Biokhimicheskiye metody v fiziologii rasteniy [Biochemical Methods in Plant Physiology].
Moscow, Nauka Publ., 1971, pp. 154-170.

19. Bassman J.H., Edwards G.E., Robberecht R. Long-Term Exposure to Enhanced
UV-B Radiation is not Detrimental to Growth and Photosynthesis in Douglas-Fir. New
Phytologist, 2002, vol. 154, iss. 1, pp. 107-120. DOI: 10.1046/j.1469-8137.2002.00354.x


http://www.nbchr.ru/PDF/042_oos.pdf

ISSN 0536 — 1036. UBY3. «JlecHoii :xypHam». 2019. Ne 1 75

20. Bouvier F., Backhaus R.A., Camara B. Induction and Control of Chloroplast-
Specific Carotenoid Genes by Oxidative Stress. Journal of Biological Chemistry, 1998,
vol. 273, no. 46, pp. 30651-30659. DOI: 10.1074/jbc.273.46.30651

21. Dere S., Giines T., Sivaci R. Spectrophotometric Determination of Chlorophyll —
A, B and Total Carotenoid Contents of Some Algae Species Using Different Solvents. Turk-
ish Journal of Botany, 1998, vol. 22, no. 1, pp. 13-17.

22. Eerikdinen K., Valkonen S., Saksa T. Ingrowth, Survival and Height Growth
of Small Trees in Uneven-Aged Picea abies Stands in Southern Finland. Forest Ecosystems,
2014, vol. 1(5), pp. 1-10. DOI: 10.1186/2197-5620-1-5

23. Elvira S., Alonso R., Castillo F.J., Gimeno B.S. On the Response of Pigments
and Antioxidants of Pinus halepensis Seedlings to Mediterranean Climatic Factors and
Long-Term Ozone Exposure. New Phytologist, 1998, vol. 138, iss. 3, pp. 419-432. DOI:
10.1046/j.1469-8137.1998.00136.x

24. Gitelson A.A., Buschmann C., Lichtenthaler H.K. The Chlorophyll Fluorescence
Ratio F73s5/F70 as an Accurate Measure of the Chlorophyll Content in Plants. Remote
Sensing of Environment, 1999, vol. 69, iss. 3, pp. 296-302. DOI: 10.1016/S0034-
4257(99)00023-1

25. Haag C., Stober F., Lichtenthaler H.K. Pigment Content, Chlorophyll Fluores-
cence and Photosynthetic Activity of Spruce Clones under Normal and Limited Mineral
Nutrition. Photosynthetica, 1992, vol. 27, iss. 3, pp. 385-400.

26. Kowalczyk J. Combining Production of Improved Seeds with Genetic Testing in
Seedling Seed Orchards. Seed Orchard: Proceedings from a Conference at Umed, Sweden,
September 26-28, 2007. Ed. by D. Lindgren, Umed, SLU, 2008, pp. 126-134.

27. Kurteva M., Gateva R. Influence of Industrial and Transport Pollution on the
Plastid Pigments of Pinus sylvestris L., Picea abies Karst. and Thuja orientalis L. Scientific
Papers of Jubilee Scientific Conference with International Participation “70th Anniversary
of the Forest Research Institute”, Sofia, Bulgaria, October 67, 1998. Sofia, Forest Re-
search Institute, 1998, vol. 1, pp. 146-151.

28. Kvicala M., Lackova E., Urbancova L. Photosynthetic Active Pigments Changes
in Norway Spruce (Picea abies) under the Different Acclimation Irradiation and Elevated
CO, Content. ISRN Environmental Chemistry, 2014, vol. 2014, article ID 572576. 4 p. DOI:
10.1155/2014/572576

29. Lichtenthaler H.K. Biosynthesis and Accumulation of Isoprenoid Carotenoids
and Chlorophylls and Emission of Isoprene by Leaf Chloroplasts. Bulletin of the Georgian
National Academy of Sciences, 2009, vol. 3, no. 3, pp. 81-94.

30. Lichtenthaler H.K., Buschmann C. Chlorophylls and Carotenoids: Measurement
and Characterization by UV-VIS Spectroscopy. Current Protocols in Food Analytical Chemis-
try, 2001, vol. UNIT F4.3., pp. F4.3.1-F4.3.8. DOI: 10.1002/0471142913.faf0403s01

31. Lichtenthaler H.K., Wellburn A.R. Determinations of Total Carotenoids and
Chlorophylls a and b of Leaf Extracts in Different Solvents. Biochemical Society Transac-
tions, 1983, vol. 11(5), pp. 591-592. DOI: 10.1042/bst0110591

32. Lidholm J., Gustafsson P.A. Functional Promoter Shift of a Chloroplast Gene: A
Transcriptional Fusion between a Novel psbA Gene Copy and the trnK(UUU) Gene in Pinus
contorta. The Plant Journal, 1992, vol. 2, iss. 6, pp. 875-886. DOI: 10.1046/j.1365-
313X.1992.t01-4-00999.x

33. Major J.E., Barsi D.C., Mosseler A., Campbell M. Genetic Variation and Control
of Chloroplast Pigment Concentrations in Picea rubens, Picea mariana and Their Hybrids.
I. Ambient and Elevated [CO,] Environments. Tree Physiology, 2007, vol. 27(3),
pp. 353-364. DOI: 10.1093/treephys/27.3.353

34. Matras J.A A Review of the Seed Orchard Programme in Poland. Seed Orchard:
Proceedings from a Conference at Umed, Sweden, September 26-28, 2007. Ed. by
D. Lindgren, Umea, SLU, 2008, pp. 165-176.



76 ISSN 0536 — 1036. UBY3. «JlecHoii :kypHam». 2019. Ne 1

35. Niinemets U. Acclimation to Low Irradiance in Picea abies: Influences of Past
and Present Light Climate on Foliage Structure and Function. Tree Physiology. 1997,
vol. 17, iss. 11, pp. 723-732. DOI: 10.1093/treephys/17.11.723

36. Niinemets U. Stomatal Conductance Alone Does not Explain the Decline in Foli-
ar Photosynthetic Rates with Increasing Tree Age and Size in Picea abies and Pinus syl-
vestris. Tree Physiology, 2002, vol. 22, iss. 8, pp. 515-535. DOI: 10.1093/treephys/22.8.515

37. Peguero-Pina J.J., Morales F., Gil-Pelegrin E. Frost Damage in Pinus sylvestris L.
Stems Assessed by Chlorophyll Fluorescence in Cortical Bark Chlorenchyma. Annals
of Forest Science, 2008, vol. 65(8), pp. 813p1-813p6. DOI: 10.1051/forest:2008068

38. Porcar-Castell A., Juurola E., Ensminger 1., Berninger F., Hari P., Nikinmaa E.
Seasonal Acclimation of Photosystem Il in Pinus sylvestris. Il. Using the Rate Constants
of Sustained Thermal Energy Dissipation and Photochemistry to Study the Effect of the
Light Environment. Tree Physiology, 2008, vol. 28, iss. 10, pp. 1483-1491. DOI:
10.1093/treephys/28.10.1483

39. Porcar-Castell A., Juurola E., Nikinmaa E., Berninger F., Ensminger 1., Hari P.
Seasonal Acclimation of Photosystem I1 in Pinus sylvestris. I. Estimating the Rate Constants
of Sustained Thermal Energy Dissipation and Photochemistry. Tree Physiology, 2008,
vol. 28, iss. 10, pp. 1475-1482. DOI: 10.1093/treephys/28.10.1475

40. Rosenthal S.l., Camm E.L. Photosynthetic Decline and Pigment Loss during
Autumn Foliar Senescence in Western Larch (Larix occidentalis). Tree Physiology, 1997,
vol. 17, iss. 12, pp. 767-775. DOI: 10.1093/treephys/17.12.767

41. Skuodiene L. Quantitative Changes in Aminoacid Proline and Chlorophyll in the
Needles of Picea abies Karst. (L.) during Stress and Adaptation. Biologija, 2001, no. 2,
pp. 54-56.

42. Wellburn A.R. The Spectral Determination of Chlorophylls a and b, as Well as
Total Carotenoids, Using Various Solvents with Spectrophotometers of Different Resolu-
tion. Journal of Plant Physiology, 1994, vol. 144, iss. 3, pp. 307-313. DOI: 10.1016/S0176-
1617(11)81192-2

Received on June 20, 2018




ISSN 0536 — 1036. UBY3. «JlecHoii :xypHam». 2019, Ne 1 77

VK 630%187:574
DOI: 10.17238/issn0536-1036.2019.1.77

BJIMSAHUE NNOKAPOB HA ®JIOPUCTUHYECKOE PAZHOOBPA3UE
COCHOBBIX JIECOB BOCTOUHOI'O 3ABAMKAJIbA

B.Il. Maxapos, kano. 6uon. Hayk, cm. Hayy. COmp.

O.®D. Manvix, nayu. comp.

U.B. I'opoynoes, kano. 6uon. nayk, nayu. comp.

JI.H. Ilak, kauo. c.-x. HayK, cm. nayy. comp.

10.B. 3uma, kano. zeozp. nayx, nayu. comp.

E.A. Banwuxoea, unic.

T.B. Kenubo, unoic.

WHCTUTYT TPHUPOIHBIX PECypCoB, dKOJOTHH U Kpuonorun Cubupckoro otneneHus PAH,
yi. Hemopesosa, 1. 16a, r. Yuta, Poccus, 672014; e-mail: vm2853@mail.ru

[TokazaHo BiMsIHME OOIIMPHBIX M HEOJHOKPATHBIX JIECHBIX IOXKAapOB Ha (IOPHCTHYECKOE
pa3HOOOpa3ue COCHOBOTO Jieca, THITMYHOTO JUIS JIECOCTEITHOM 30HB BocTounoro 3abaiika-
mps1. O0mas xapakTepUCTHKa COCHOBOTO Oopa MpoBeAeHa 10 MaTepHaliaM JIeCOyCTpOoiicTBa
1994 r. 1o Bo3meicTBHS OOMMPHEIX MOKapoB. COBpEMEHHOE COCTOSIHHE W IUTOMIaNN Hapy-
IIEHHBIX YYaCTKOB JIECA BBIABJICHBI C TIOMOIIBI0 KOCMUYECKIX CHUMKOB U ITIOJIEBBIX HCCIIE-
JoBaHUH. MeTo0M MPOOHBIX IUTOMIaAeH onpeseicH (IOPHUCTHISCKUN COCTaB ITUTEIbHOE
BpEMs HE TOPEBIINX U HAXOOAIINUXCA B pa3H0171 craaguu BOCCTaHOBHUTEIHLHOM CYKIECCUH I10-
ClIe MOYKapOB PaCTUTEIBHBIX co00IecTB. s OlleHKH UX OMOpa3HO00pa3us UCIIOJIb30BAIH
MHJIEKC KOHLIEHTPALMH BUIOBOTO OOTaTCTBA, MHIEKC PEIKHX PACTEHHUH, JOIIO «JIECHBIX»
W a/IBEHTHBHBIX BHJOB PaCTEHUI. Y CTaHOBJIEHO, YTO COCHOBBIH MaccuB c(hOpMHUPOBaH pas-
HOOOpPa3HBIMH THUIIaMH JiECa, JOMHUHUPYIOT N0 IUIOLIAJH COCHSKH POJOJEHIPOHOBEIE, COC-
HSIKY 371aKOBO-Pa3HOTPABHBIE 3aHMMAIOT MEHBIIYIO ITomaas. Ha COCHIKM OCOKOBBIi, TOp-
HO-KaMEHHCTBIH, 0aryJIbHUKOBBIN 1 MPUPYYEHHBIH TpUXoauTest 10 5 % ot obmiel mioma-
1. COOTHOIICHNE TUIOIIAeH MOHO- U OJIUTOJJOMHHATHBIX JIECOB B ONPEICIICHHON CTETICHH
CBSI3aHO C HAINPaBICHHEM CKJIOHA. llmomranw, 3aHATbIE MOHOJOMHHAHTHBIMH JIECAMH,
Oosplre TIIOMAAEH ONWIOJOMUHAHTHBIX JIECOB HAa CKJIOHAX CEBEpO-3allaJHOW M IOTO-
sanaaHoﬁ 3KCH03HHHﬁ. HpI/I OTOM Ha IOKHbBIX, CECBEPHBIX, 3alla/IHBIX U BOCTOYHBIX CKJIOHAX
Oouplive IUIOMAU 3aHUMAIOT OJIMTOJJIOMHHAHTHBIE Jieca. [0 BO3HMKHOBEHUs OOIIUPHBIX
JICCHBIX MTO’KapOB B COCTaBE JICCHOTO MaccuBa 06ojiee 50 % COCTaBISIN MOJOAHIKH U CPE-
HEBO3pacTHbIe HacaxaeHus. Ha mpucnesaromiye ApeBocTon Npuxoaunoch okoio 40 %, Ha
crnensle u nepecroifueie — 10 10 % ot Bceil neconokpsiToit mwion@aau. COOTHOIIEHHE BO3-
pacTHBIX TPYII HacaKJAECHUH MOCIE MOXKapoB U3MEHHJIOCh Majlo, OJHAKO MOTHONN CTapo-
BO3pacTHBIE HacaxeHus B Bozpacte Oonee 110-130 ner. KonmaecTBo BUIOB pacTeHuid Ha
JUIITENTLHO HE TOPEBIINX YYacTKax Jieca JOCTOBEPHO OOJbIlIe, YeM Ha rapsx, BHIPYOKax U B
KyJbTypax cOCHBL. MHEeKC KOHIIEHTpAIMK BUIOBOTO OOraTcTBa BBIIIE HAa BRIpyOKax M B JUIH-
TENBHO HE TOPEBIINX HACAXICHUSIX. [locime BO3MEHCTBUSI MOKapOB MHIACKC PEIKUX BHIOB Ha
rapsx cHu3mics ot 1,25 (mmrensHO He ropeBmme Hacaxaerns) o 0,25. Ha rapsx mpouso-
IO YBEIMYECHHUE 0 aJBEHTUBHBIX BHIOB PAaCTEHHUH, a TAKKE PACTCHUH, XapaKTEPHbIX AT
CTEMHBIX co00IIecTB. B pe3ynbrarte nccnenoBaHuii yCTaHOBICHO, YTO JIECHBIE ITOKaPhI PH-
BCJIM K 3HAYUTCIIBHOMY CHUXCHHUIO JICCUCTOCTH, IIJIOMIaANU JJIUTCIBHO HE T'OPEBIIUX JIECOB U
YHUKAQJIBHBIX TJIAHTAIMH JPEBECHBIX PAcTEHHH, BUIOBOTO pa3zHOOOpasms, WHAEKCOB KOH-
LHEHTpalMd BUIOBOTO OOraTrcTBa M pEIKUX BHUJOB, JOJIM YYacTHs B pacCTUTECIHHOM

Jna yumuposanusa: Makapos B.I1., Maneix O.®., l'opoyros U.B., ITak JI.H., 3uma }0.B.,
Banmmkosa E.A., )Kexn6o T.B. Biusaue mokapoB Ha GIOPUCTHYECKOE Pa3HOOOpasne coc-

HOBBIX JiecoB Bocrounoro 3abaiikanbs // JlecH. sxypa. 2019. Ne 1. C. 77-86. (M13B. BBICIIL
yue6. 3aBegenwmii). DOI: 10.17238/issn0536-1036.2019.1.77
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COOOIIECTBE «JIECHBIX» BHJOB, & TaK)Ke 3aCOPEHHIO PACTUTEIBHBIX COOOIIECTB Yy>KepO.-
HBIMH BHJaMH Ha rapsix. Pe3ysiprarel paboThl MOTYT OBITh UCIIOJIB30BAHBI ITPU OLICHKE BITU-
SIHUSI KJIIMMATHYECKUX HM3MEHEHUI M IMO0XapoB Ha OMOJIOTMUECKOe pa3HOOOpasue JIECHBIX
COOOIIECTB B pEeTHOHE, pa3paboTKe MEPONPHUATHI IO COXpaHEHUIO OMOpa3HOOOpa3usl, IJia-
HUPOBaHHNH pyOOK Jieca U JIECOBOCCTAaHOBHUTENILHBIX padoT u Ap.

Kurouesvie crosa: 3abaiikanbe, COCHOBBIN Jiec, KIMMAT, TTOXAapHl, (GIOPUCTHYECKOE Pa3HO-
obpazmue.
Beeoenue

bruopaznooOpasue B mocieqHee NeCATHIIETHE CTAHOBUTCS OJHUM M3 CaMBIX
pacrpoCTpaHEeHHbIX TOHATHH B HAYYHOH JIHTEpaType, MPUPOIOOXPAHHOM JBIKE-
HUU U MEXKIYHApOAHBIX CBA3sX. HayuyHble McCieqOoBaHUs JOKa3al, 4TO HE00XO-
TUMBIM YCIIOBHEM HOPMAIbHOTO (YHKIIMOHHUPOBAHHS IKOCHCTEM W Omochepsl B
LEJIOM SIBIISIETCSL JOCTaTOYHBIN YPOBEHb MPUPOJHOTO pa3HO0Opa3ws Ha Halle ria-
Hete. B Hacrosimee BpeMsi OMOIOTMYECKOE pa3HOOOpa3We paccMaTpUBAETCS Kak
OCHOBHOW TIapaMeTp, XapaKTepU3YIOMINHA COCTOSIHHE HaJOPTaHU3MEHHBIX CHCTEM.
B psige cTpaH UMEHHO 3Ta XapaKTEPUCTHKA BBICTYMAET B Ka4ecTBE 0a3bl IKOJIOTH-
YECKOW TIOJIUTUKU TOCYAapCTBa, CTPEMSAIIETOCS COXPaHUTh CBOM OHMOIOTHYECKHE
pecypchl U 00eCeUnTh YCTOHINBOE SKOHOMHUYecKoe pa3Butue [11-15].

C 1885 mo 2012 r. cpeanss rogoBas TeMIeparypa Bo3ayxa B 3abaiikaibe mo-
BeIcHITach Ha 2,0 °C. I[IpoosKUTEIFHOCTD TEIUIOTO MIePHoia Ha BCEH €ro TeppPHUTo-
PHUU C CepeArHBI MPOIIOro BeKa yBenuyniaach Ha 3—19 1qH., a MOBBIIICHHE TeMIIe-
paTypsl BO3IyXa TMPHUBENIO K YBEIWYECHHIO IPONOIDKUTEIHFHOCTH BETeTallHOHHOTO
nepuona [7].

B I0KHBIX W IOrO-BOCTOYHBIX paiOHaX PETrHOHA KOJMYECTBO aTMOCHEPHBIX
0Ca/IKOB YMEHBIIINIOCH, B CEBEPO-BOCTOYHBIX — HA000pOoT Bo3pocio. [logobHo Temrre-
patype Bo3/lyXa B IOCIEIAHUE JBA JECATUIIETUS pacTeT 3acylUIMBOCTb. MHOTOIETHIH
XOJ TUAPOTEPMUIECKOT0 KO((DHUIIMEHTa aHATIOTUYEH X0y KOJIMYECTBA OCAIKOB.

CoCHSIKM HIMPOKO pacipoCTpaHeHBbl 1Mo BceMy 3abaiiKalibio, BCTPEUAOTCs T10-
BCEMECTHO BIUIOTH A0 Yapckoii 1 Myiickoil kotioBuH [6]. B kpae obuias miomanb
COCHOBBIX JIECOB, OOpa30BaHHBIX COCHOW 0ObIKHOBeHHO# (Pinus sylvestris L.),
cocrasiusger 2408,2 Teic. Ta, UX A0 OT 00mmed mmomamun — 9,69 %, 3amac —
275,2 ThIC. M3, oyt oT obiero 3amaca — 11,55 %. I[ToMuMo cOCHBI OOBIKHOBCHHOM,
B IOTO-3alaIHBIX paiioHax 3a0aiiKalbCKOTO Kpas KeIpoBEIE Jieca 00pa3yeT cocHa CH-
oupckas (Pinus sibirica Du Tour or (Loudon) Mayr), Ha F0r0-BOCTOKE CTEITHBIC OOPBI
COCTOSIT U3 KOTHUITA COCHBI OOBIKHOBEHHO# — cocHbI Kpbutoa (Pinus sylvestris susp.
krylovii (Serg. et Kondr.) Busik), mo coBpeMeHHbIM JaHHBIM OJHM3KOW 10 OHUOJIOTHH
C OSKOTHIIOM COCHBI OOBIKHOBeHHOH — KynyHauackod (Pinus sylvestris susp.
kuludensis Sukacz. ex Pravdin). Kpome TOro, B BBICOKOTOPHBIX pailOHaxX, OCOOCHHO
Ha ceBepe Kpas, mpouspacTaeT keapossiit ctianuk (Pinus pumila (Pallas) Regel).

CocCHSIKH TIO JIECONOKPHITON mtomaan 3abalKkaabCKOTO Kpasi pacrpeieIeHbl
HepaBHOMepHO. bonee mmpoko OHU mpencTaBieHbl B [leTpoBck-3abaiikanbCckoM,
XWIOKCKOM, YIIETOBCKOM W AKIIMHCKOM pailOHaX M 3aHMMalOT KaK PaBHUHHBIC
YYaCTKHU C ITeCYaHbIMH M CYNIECYaHBIMH ITOYBAMH, TaK W CKIIOHBI TOP C pa3HOOOpa3-
HBIMH, YaCTO KAMEHHCTBIMHU U HEIOPa3BUTHIMH NouBaMu. Hanboiee xapakTepHo ux
MIPUCYTCTBHE HA CYXHUX IMECYaHBIX MAacCHBaX M FOKHBIX CKJIOHAX Top, pexke BCTpe-
YaIOTCS HAa BBICOKHUX YPOBHSIX PEUHBIX IIOMM, B IIPEAENIaX CTENMHBIX TeppuTopuil. ITo
0OJIBIINM MEXTOPHBIM MOHWKEHHUAM U CKJIOHAM IIMPOKHX JOJIHH COCHSKH TITyOOKO
MIPOHUKAIOT B 30HY CTENeH M HapsAAy C JIMCTBEHHHYHHUKAMH CIIOCOOCTBYIOT (opMHu-
POBaHHMIO JICCOCTEIHBIX JaHadToB [§].
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@dopa COCHOBBIX JIECOB HACUUTHIBaeT cBhilIe 450 BUIOB pacTeHU (HE CUH-
Tas MXOB, JTUINAHHUKOB U TpruOoB). OHa oOoraiieHa MHOTOYUCICHHBIMU CTCITHBIMU
paCTeHUSMH, IIUPOKO BHEAPSIONIMMUCSA HE TOJNBKO B JIECOCTEIHEBIE OOPHI, HO U B
COCHSIKH Ta€XKHOTO TI05ICa, M PSIIOM TaeKHBIX PacTeHUH, 0COOEHHO pa3HOOOPa3HBIX
B TE€X DKOTOTAaX, KOTOPHIE paHee OBLIN 3aHATH TEMHOXBOWHOM WM JINCTBEHHUIHOMN
Taiiroif. bonpmmMm paszHooOpasuem otinmyarorcs 6o6oBwie (Vicia, Astragalus,
Oxytropis, Lathyrus), smaku (Poa, Festuca, Elymus, Calamagrostis, Stipa) u gp.,
a Take cioknonBetHeie (Artemisia u Saussurea). Hanboiee MacCOBBIME M pac-
MIPOCTPaHEHHBIMU KOMIIOHEHTAMH IMOJIIECKa U TIOKPOBA COCHOBBIX OOPOB SIBIISIOTCS
Rhododendron dauricum, Duschekia fruticosa, Spiraea, Rhodococcum vitis-idaea.

OdeHp pa3HOOOPA3EeH COCTaB COCHOBBIX JIECOB HA BHICOKMX YPOBHSAX PEUHBIX
MO¥M, NUTeH(HOB FOPHBIX CKIOHOB C XOPOIIO Pa3BUTHIMU M YBIA)KHCHHBIMU TTOYBa-
MU, Ha KPYTHIX FOXKHBIX CKJIOHAaX, a TaK:Ke B JIECOCTENHBLIX Oopax. Jlake Ha He-
oompmux yuactkax (0,5 ra) B HuX Berpedaercs oT 40 no 80 u Gosree BUIOB BRICIIIUX
pacreHmii. 3HaUNTENBHO OeIHEE COCHAKK C MOIIHBIM Tomeckom u3 Rhododendron,
Duschekia, a Taxxe 6113 BepxHel TpaHHUIBI MX pacrpocTpaHeHus (peaxo Ooee
15-20 BumoB). lHTEpecHON 0COOCHHOCTRIO COCHIIKOB SIBIISIETCS c1aboe pa3BUTHE B
HUX MXOB W JIMIIAWHUKOB. HaroyBeHHbIN MOKPOB MOYTH BO BCEX COCHAKAX, 3a He-
00JBIINM HCKIIIOUEHHEM, WIH OTCYTCTBYET, WIM pa3BUT ciabo (MmokpeITHe OT 1...2
o 15...24 %), MeNnKuMH MATHAMH, TJIIABHBIM 00pa30M Ha KaMHSX W THHIOIIEM Ba-
nexHuke [9].

Uucno u miomaas moxapos B BocrounoM 3abaiikalibe YBEIMUUBAIOTCS 3HA-
gutenbHbIMU TeMnaMu ¢ 2000 r. CpeaHee 4ucio MOkKapoB BO3POCIIO B 2 pasa, a uxX
wiomaas — moutu B 10 pa3. IHTEHCHBHBIE HU30BBIE MOXKaphl COMPOBOXKIAIOTCS
3HAYUTEIHHBIM BBITOPAHHEM HAIIOYBEHHOTO ITOKPOBA, APEBOCTOM H3PEKHBAIOTCH,
CHIDKAIOTCS MX TMOJTHOTA U 3arac JpeBecuHbl. Ha yyacTkax mocienokapHbIX peanH
Y MYyCTOIIEH 3HAYUTEIBHO YMEHBIIIAETCS YHCIO BCXOJI0B, HECMOTPS Ha OJarornpu-
STHBIA PEXUM aTMOC(EPHBIX 0CaTIKOB. BO300OHOBIIEHHIO COCHBI PETATCTBYET KOH-
KYpPEHIIUS CO CTOPOHBI TPABSIHOTO TIOKpoBa [3].

B pernone yBenmuuuBarTCs IUIONIA[M HAPYUICHHBIX MOXKapaMU yYaCTKOB
JIECHBIX 3eMelb. [[porcxXoasaT OcTeMHeHNEe KPYITHBIX Tapei B IECOCTEMHBIX pailoHax
3abaiikanbCKOTO Kpas M Ha CKJIOHAX IOXKHBIX SKCITO3UINHA, UX OIyCTHIPHBAHHUE B
LUEHTPAIBHBIX paiioHaX. B CKIaJbIBAOIINXCS YCIOBHUSIX TMOXKAPhl BBICTYMAIOT KaK
MOIIIHBIA 3KOJIOTHYECKUN (PAKTOP, OMPEeNesIOIUA BO3MOXXHOCTh CYIIECTBOBAHHS
3HAYNTEITHLHOM YaCTH JIECHBIX SKOCHUCTEM Kpas [2].

B 3THX ycnoBUSIX Ba)KHO BBISICHUTH, KaK U3MEHSIOTCS MOKa3aTeinn OHOJIOTH-
YEeCKOro pazHooOpas3us COCHOBBIX JiecOB B 3a0aiiKalbCKOM Kpae, Ilie 10 HacTosIe-
T0 BPEMEHHU TOJJOOHBIE MCCIIETOBAHMS HE TTPOBOINIIHCE.

Obvexmol u Memoobl UCCIe008aAHUS

Pabotel mpoBenensl B 2017 r. Ha TeppuUTOpUH UUTHHCKOTO JIECCHUYECTBA.
OOBEKT UCCIIEIOBAHUA — TUIIMYHBIN UIS JIECOCTEITHONU 30HEI BocTouHOoro 3abatika-
JIbsI COCHOBBIU JIEC, PACITOJIOKCHHBIA Ha CeBEpO-3amagHbIX oTporax xpedTa Uepcko-
ro (puc. 1). Ero momane oxono 9 teic. ra. Jlec HeogHOKpaTHO OBLT MPOWICH Jiec-
HBIMH TIO’KapaMH, 0COOEHHO pa3pyIuTeNbHBIMA HaunHast ¢ 2007 T.
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RKocvocwmmox co crymina Landsal 7 om 24.05.1993 &,

Puc. 1. PacrionoxeHue wccienyeMon TEpPUTOPHH B CHCTEME TaHAIIahTOB 3a0aifKaIbCKOTO Kpast

Fig. 1. Study area location in the landscape system of Zabaykalsky Krai

Jlanamagt Gopa OTHOCHTCA K OOpealbHOMY BOCTOYHO-CHOMPCKOMY THILY,
MOATHUILY TACKHBIH, KJacCy I0)KHO-CHOMPCKOMY, TPpYyIIe JaHAIAa()TOB — FTOPHOTAEK-
HBIE COCHOBBIE, BUJLy — CKIIOHOBBIC TPABSHBIE C KYCTAPHUKOBBIM TOJIECKOM.

CocHOBBIN MaccuB C(OPMHPOBAH PAa3HOOOpPA3HBIMU THIIAMH Jieca, JOMUHH-
PYIOT 1O IJIOMAAX COCHSIKH poaoaeHnpoHoBbie (77 %). CylecTBEHHO MEHBIITYIO
IUIOIIAAb 3aHUMAIOT COCHSIKH 371ak0BO-pazHoTpaBHbIe (11 %), Ha COCHSIKM OCOKOBBIH,
TOPHO-KaMEHHCTBIN, OaryIbHUKOBBIN U mpupydeinbni npuxogures 0,3..5,0 % ot
o01eil naomaay Maccusa.

XapakTepucThKa COCHOBOTO OOpa MpoBe/icHa 10 MaTepHaaM JIeCOyCTpoiicTBa
1994 r. CoBpeMEHHOE COCTOSIHME U IJIOLIAAN HapYIIEHHBIX YYaCTKOB JI€ca BbISIBIIC-
HBl C TIOMOIIBI0 KOCMHYECKHMX CHHMKOB M TIOJIEBBIX HccienoBaHuil. Ha mpoOHbIX
IUTOMIAASX pazMepoM 25%25 M (B peakux ApeBocTosx 50x50 M) OnUCHIBAIIN YCIOBUS
MectooOuTanus (penbed, KpyTu3Hy M SKCHO3UIMIO CKIOHOB, YCIOBHS YBIAKHEHHS
MOYBHI TI0 IIKaJIe THAPOTOIOB, €€ IPaHyJIOMETPUIECKUI cOCTaB, CTEIICHb MTOBPEXIe-
HUSI TIOYKapaMu — 110 00LIeMy COCTOSIHMIO JIPEBOCTOSI M BBICOTE Harapa Ha CTBOJIAx,
roji moXapa — I0 BO3pacTy MOAPOCTa, JIECOYCTPOUTEIBHBIM MaTepuaiaM), COCTaB
JPEBOCTOSI, COMKHYTOCTh KPOH, MPOEKTUBHOE TIOKPHITHE MOJPOCTA, MOJJIECKa TPaBsi-
HOTO M MOXOBO-JIMIIAHHUKOBOTO MOKPOBA. 3HAUYUTEIEHOE BHUMaHUE OBUIO YJEJICHO
(IIopHCTHYECKOMY COCTaBY PACTUTEIBHBIX COOOIIECTB.

st onenkn 0ropazHooOpas3ust paCTUTEIBHBIX COOOIIECTB UCTIOIL30BAIH:

UHJIEKC KOHIleHTpalmu BumoBoro 6orarcta (I = S/ 1g(A), rae S — gucio Bu-
II0B; A — TUIOMIAIs TEPPUTOPHUN);

uHgekc peaknx BumoB pacrenuit (MPB = ZNi/C;, roe N; — umcio BugoB maH-
HOW TpyNIbl (HApUMep, BBICIIHE COCYIMCThIE PACTECHUsI, MXH, JTUINAHHUKA H Jp.)
oIpeneNieHHON Kateropun penkoctd; Cj — kaTeropus peakocTd Buaa (IO KJIACCH-
(ukanuu, npuHsITON B KpacHoii kHuUTE);

JIOJI0 «JIECHBIX» U anBeHTHBHBIX BUmoB pacteruit (K = (N,/N)-100, roe K —
JOJISL JIECHBIX WJTH aJBEHTHBHBIX BHIOB, %; N, — UHCIO JECHBIX WM aJBEHTUBHBIX
Bu10B; N — o011ee 9ncio BUmoB GIIophl).
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Pesynomamul uccredosanus u ux oocyscoenue

B xone uccnenoBanus ycTaHOBIEHO, 4To ¢ 1994 r. B pe3ynbpTaTe moxapoB
JIECHCTOCTh TEPPUTOPUH TMPEUMYIIECTBEHHO CHH3MIIACh Ha 39,6 %; oOmas momis
HapyIICHHBIX 3eMellb B HacTosiee Bpems — 44,1 %.

OmHUM U3 KPUTEPHUEB, XapPaKTEPUIYIOMINX OMOpa3sHOOOpas3me JECOB, SBIISICT-
csl UX BO3pacTHOM cocTaB. Hampumep, cTapoBo3pacTHBIC Jieca CUUTAIOTCS Hauboee
[EHHBIMU JJI1 COXPAHEHUS PEIKUX PACTEHUH U IPYTHX OPraHn3MoB. [0 BO3HUKHO-
BEHHSI OOIIMPHBIX JIECHBIX MOKAPOB 3HAYUTEIHHYIO JOJTI0 B COCTABE JIECHOTO Mac-
CHBa MMEIM MOJOJTHSKH U CPeIHEBO3pacTHBIe HacaxaeHus — 54,9 %, Ha mpucre-
BaOIKE IpeBocTou mpuxoaunock 37,9 %, Ha crenble U NepecToilHble — COOTBET-
creerHo 10,0 u 0,3 %. ITocme moXkapoB COOTHOIICHUE BO3PACTHBIX T'PYIIT HACAXK-
JICHUH Majio U3MEHWJIOCH, OJIHAKO 3HAYMTEIBHO CHU3UIIACH OOIIAas OIS UX y4aCTHS
B CJIOXKEHUU JIECOB, ITOTUOJIM CTAPOBO3PACTHBIE HACAXKIEHUs B Bo3pacTe Oonee 110—
130 et (puc. 2).

40 - 37,9

m1994r. m2017r.
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Hons yuacrus, %
N N
o a1

[ERN
(6]

10

BospactHble rpymnibl ApeBOCTOs

Puc. 2. MI3MeHeHHe BO3pacTHOIO COCTaBa COCHOBOTO Oopa

Fig. 2. Changes in the age composition of pine forest

JlecHple mOXapbl OTPAa3MIIMCh Ha YPOBHE BHJIOBOI'O Pa3HOOOpa3us JIECHBIX
coobmiecTB. OOIee KOJIMYECTBO BHJOB PACTCHHH Ha JUIMTENLHO HE TOPEBIIUX
yJacTKax Jieca JOCTOBEpHO OoJbIlle, YeM Ha TapsxX, BBIPyOKax W B KYJBTypax
COCHBL.

PasHuna B KonuyecTBe BUIOB MO KATETOPHUSIM JICCHBIX 3eMelb JOCTOBEPHO
OTpakaeTcsl Ha pa3HOOOpa3ny BUIOB TPaB, MXOB U JIMIAHHUKOB (puC. 3).
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B JimnTensHo He TopesmHe B Tapn M BeipyOoxn B KyIBTYPHL COCHBL
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I'pymmel pacTeHHit

Puc. 3. 3MeHeHne KOIMYeCcTBa PacTeHHH B MOP(OJIOTHUYECKUX TPYIIaxX B 3aBUCHMOCTH
OT HapyIICHHOCTH JIECOB

Fig. 3. Changes in the number of plants in morphological groups depending on forest disturbance

WNHaeke KOHLEHTpAlMM BHIOBOTO OOraTcTBa, XapaKTEpU3YIOMHUI O0O0LIyIo
TCHACHIIMIO B M3MCHCHUU YHCIJIa BHUI0B paCTeHI/Iﬁ N JXUBOTHBIX Ha KOHKpCTHOﬁ
TEPPUTOPHH, BBHI3BAHHOM KaK MPHUPOJHBIMH, TaK U aHTPOIOTEHHBIMH (aKTOPaMH,
ObUI BhIIIE HA BEIPYOKaxX M B JUIMTEILHO HE TOPEBIIMX HacaxIeHUAX. Bricokuil uH-
JIeKC KOHIIGHTpAIUU BHUAOBOrO OOraTcTBa Ha BBIPyOKaxX MOXKHO OOBSCHHUTH CO3JIa-
HUEM JIydlInX YCJIOBI/Iﬁ Ipu OCBCTJIICHUU MCCTOO6I/ITaHI/IH AJId pa3BUTUA TPAaBAHOTO
MMOKPOBA M KYyCTapHHUKOB, & TAaK)KE€ COXPaHEHHEM BHIOBOTO COCTABA JPEBECHBIX I10-
POA TPH OTHOCHUTENIHFHO HEOOJBINON IIIOIIAAN BBHIPYOKH M JUIMTEIEHOM IEpUOIe
(oxos10 20 J1eT) BOCCTAHOBJICHHSI PACTUTEIBHOTO MIOKPOBA MMOCie Hee (CM. TabuuiLy).

HNuaekc KOHIEHTpauuu BUA0BOI0o oorarcTBa
M0 KaTeropusam JIECHbIX 3eMeJIb

Kareropus 3emenp 3HayeHne UHAEKCA
JnurensHO He ropeBIIMeE Jeca 55,5
Tapu 33,2
BripyOku 73,8
KynbTypbl COCHBI 36,3

ITogo0HbIe pe3yabTaThl OBUTH MOTYYCHBI HAa BHIPYOKaxX M JIPYTUMHU HCCICIO-
Baremsimu [1, 5, 10].

B necHom MaccuBe oTmedeHo 5 BUIIOB pacTeHuid 3 KpacHoit kauru 3abaii-
KaJbCKOTO Kpast: muust nencunbanckas (Lilium pensylvanicum Ker-Gawler), kpa-
cogueB Maineiii (Hemerocallis minor Miller), kacatuk kpoBaBo-kpacubiit (Iris
sanguinea Donn), poauona posoBas (Rhodiola rosea L.), psbuna cubupckas
(Sorbus sibirica Hedl.). JTns Bcero necuoro maccusa MIPB = 2,25. Tlocie BO3/ei-
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CTBHA MOKapOB Ha rapsAx 3TOT NoKazareiab cHuxkaercs 10 0,25, B COCHOBBIX JIH-
TEJTHHO HE TOPEBIINX HACAXKIEHUSIX OH cocTaBisieT 1,25.

W3BecTHO, 94TO KPYIHBIE MO TUIOMIATH W 4Yepe3 HENpOODKUTEIHHOE BPEMS
MTOBTOPSIFOIIMECS TTOXKaphl MPUBOAIT K OCTEITHEHUIO JIECHBIX 3€MENIb — 3aMEHE Jiec-
HBIX COOOILECTB CTEMHBIMU. Takas TeHIEHIMS MPOCISKUBACTCS U Ha MCCIeyeMon
Tepputopun. COOTHOLIEHNE BUOB PACTEHUH, OTHOCAIIMXCS K CTEITHOMY M JIECHO-
My KoMmImieKkcaMm (IIUpOTHO-TeorpaduueckuM rpynmam) [4], B JUINTENBHO HE TO-
PEBIINX HAacaXXIEHHUAX HAXOAWTCS B paBHBIX mpomnopuusx. OmHako mocie oommp-
HBIX ¥ YacTO MOBTOPSIOIIMXCS JIECHBIX MOXAapOB OTMEUYEHO yBEIWYEHUE JOJIH BH-
JIOB PaCTeHUH, XapaKTePHBIX I CTEITHBIX COOOIIECTB (pHcC. 4).

70 - W Jlecurie ® CtenHele
60 -
50 -
X
£ 40 -
5
530 -
=®
S 20
10 -
0 |

JlnutensHO HE TOpeBLINE I'apn

Kareropuu iecHBIX 3eMenb

Puc. 4. VI3MeHeHne COOTHOIICHHS JIECHBIX M CTETIHBIX BHJIOB PACTEHUH Ha rapsx

Fig. 4. Changes in the ratio of forest and steppe plant species in burnt areas

Taxast >xe TeHACHIMs HAOII0AaeTCs MIPH OIICHKE YHCIIa aIBEeHTHBHBIX (3aHOC-
HBIX, YY>KEPOJHBIX) pacTeHHi. B 1umTenbHO HE TOpeBIINX HACAXACHUSAX HE OOHa-
PY’KEHO 3aHOCHBIX PAaCTEHMH, a Ha rapsix Ux okoijo 5 %. IIpucyTcTBHe 3aHOCHBIX
pacTeHuit MOXXHO OOBSCHUTH TE€M, YTO Ha rapsAx NMPOBOAMICS BBIBO3 CTOPEBIIETO
JIPEBOCTOSI 10 BPEMEHHBIM [IOpOraM. 3aHOC PACTeHHH MOT OBITh OCYIIECTBIICH
TpaHcroptoM. Kpome Toro, Hu3koe MPOEKTUBHOE MOKPBITHE MPUPOIHOIO TpPaBoO-
CTOSI TIOCJIE BEPXOBOTO CHIIBHOTO T0Kapa CIOCOOCTBYET HEBBHICOKOW KOHKYPEHIIMU
MEX]ly BHJIaMHU.

AHTpOIIOTEHHOE BO3JeHCTBUE (PYOKH, pacmaiika 3eMeib MO CeIbCKOXO-
3sTCTBEHHBIE KYJBTYPBHI, YCTPOUCTBO MPOCEK M JOPOT, CO3JIaHHE KYJIBTYp COCHBI)
Ha JIECHOH MAacCHB MMEET CYIIECTBEHHO MeHbIMe (Iuomanb okono 4,5 %) mac-
mTadbl M0 CPABHEHHIO C JIECHBIMH Mokapamu. OHO MPHUBENO K YHUYTOKEHHIO He-
0OJIBIION YacTH APEBECHBIX HACAXKIECHHI, CIOCOOCTBOBAJIO BOJHOM 3PO3HHU MOYBHI,
YBEJIMUYCHHUIO JIECOMOKPBITOM IJIOMIATH 32 CUET MOCAAKHU KYJIbTYP COCHBL.
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Raxnrouenue
JlecHble TOXaphl OMPEIETUIN U3MEHEHHE JIECHBIX 3KOCUCTEM paliOHa HCCIIe-
JIOBaHUH, ero (QuopucTHUecKoe pazHooOpasue. [Ipou3onuio 3HaUNTEIbHOE CHIIKE-
HUE JIECUCTOCTH, IUIOIIAIN JJIUTEILHO HE TOPEBIIMX JIECOB, BUIOBOIO Pa3HOOOpa-
3Wsl, UHJCKCOB KOHIIEHTPAIlMU BU0BOTO 0OraTCTBa M PEIKUX BUIOB, J0JIH Y4acTHs
B PAaCTUTEILHOM COOOIIECTBE «JIECHBIX» BHUJIOB, & TAKIKE 3aCOPEHHUE PACTUTEIbHBIX
COOOIIECTB YyKEPOAHBIMHI BHIAMH Ha Tapsx.

CIIMCOK JIMTEPATYPBI

1. byposa H.B., Topoux /].H., @exrucmos I1.A. I3meHeHNE PIOPUCTUICCKOTO pas3-
HOOOpa3usi mocyie BEIOOPOUHBIX PYOOK B eNbHHKax depHUYHbIX // BectH. MI'VJI — JlecH.
BectH. 2010. Ne 5. C. 49-52.

2. Bypsx JL.B., Kykasckaa E.A., Karenckas O.I1., Manvix O.®., Bakweesa E.O. Tlo-
CIIE/ICTBHS JIECHBIX MMOXKAPOB B IOMKHBIX U IIEHTPAIbHBIX paiioHax 3abaiikanbckoro kpas //
Cu0. necH. xypH. 2016. Ne 6. C. 94-102.

3. Esooxumenxo M.J]. TluporeHHble HapyIICHHS JIECOPACTUTEIBHON CPEIbl B COCHSI-
Kax 3abalikanbsa U UX JIECOBOACTBEHHBIE nTocnenctsus // Jlecosenenue. 2014. Ne 1. C. 3-12.

4. Manvuwes JI.U., Ilewxosa I'.A. Ocodennoct u renesuc ¢hiaopsr Cudbupu (Ipex-
Oaiikanbe u 3abaiikanbe). HoBocubupck: Hayka, 1984. 265 c.

5. Mapmeinosa M.B., Cynmanosa P.P., Cazeymounosa P.P. Biusaue pyOok Ha co-
CTOSIHHE HIDKHHX SIPYCOB PacTUTEIBHOCTH B JIMTIOBBIX JiecaX // COBpeMEHHOE COCTOSHHE,
TpaaAMLK U MHHOBAIIMOHHBIE TeXHOJOTHU B pa3Butun AIIK: MaTepuansl MexxayHap. Hayd.-
mpakT. KoH(., Yda, 14-17 mapra 2017 r. U. 1. Yda: bamkup. 'AY, 2017. C. 65-69.

6. Hosocenvyesa U.@. Jleca Untunckoit oomactu // Jleca CCCP: B 5 1. T. 4. Jleca
VYpana, Cubupu u lansnero Bocroka. M.: Hayka, 1969. C. 438—468.

7. O6:a306 B.A. I3MeHeHHsT COBPEMEHHOTO KJIMIMaTa M OIEHKa MX TOCIEINCTBHU IS
MIPUPOTHBIX M TPUPOTHO-aHTPOIIOTEHHBIX CHCTeM 3abalkanbs: aBToped. Ouc. ... I-pa
reorp. Hayk. Kazans, 2014. 38 c.

8. Ilanapun U.U. Jleca Uutunckoro 3abaiikanss. HoBocubupck: Hayka, 1977. 232 c.

9. Ilpendaiikanbe u 3abaiikanse. M.: Hayka, 1965. 492 c.

10. Cepeuenxo B.I"., Heanoe A.M., Bracos P.B., Aumonos O.H. JlpeBecHbIii onam u
OunopasHooOpa3ue Ha yd4acTKax BBIOOpPOUHBIX pyOok Jlenunrpanckodr oGmactu // Tp.
CIIoHMMJIX. 2015. Ne 3. C. 4-19.

11. Bouchard M., Pothier D. Long-Term Influence of Fire and Harvesting on Boreal
Forest Age Structure and Forest Composition in Eastern Québec // Forest Ecology and
Management. 2011. Vol. 261, iss. 4. Pp. 811-820. DOI: 10.1016/j.foreco.2010.11.020

12. Hansen A.J., Spies T.A., Swanson F.J., Ohmann J.L. Conserving Biodiversity in
Managed Forests: Lessons from Natural Forests // BioScience. 1991. Vol. 41, iss. 6.
Pp. 382-392. DOI: 10.2307/1311745

13. Lavoie L., Sirois L. Vegetation Changes Caused by Recent Fires in the Northern
Boreal Forest of Eastern Canada // Journal of Vegetation Science. 1998. Vol. 9, no. 4.
Pp. 483-492. DOI: 10.2307/3237263

14. Schaich H., Milad M. Forest Biodiversity in a Changing Climate: Which Logic
for Conservation Strategies? // Biodiversity and Conservation. 2013. Vol. 22, iss. 5.
Pp. 1107-1114. DOI: 10.1007/s10531-013-0491-7

15. Venier L.A., Thompson I.D., Fleming R., Malcolm J., Aubin I., Trofymow J.A,,
Langor D., Sturrock R., Patry C., Outerbridge R.O., Holmes S.B., Haeussler S, De
Grandpré L., Chen HY.H., Bayne E., Arsenault A., Brandt J.P. Effects of Natural Resource
Development on the Terrestrial Biodiversity of Canadian Boreal Forests // Environmental
Reviews. 2014. Vol. 22(4). Pp. 457-490. DOI: 10.1139/er-2013-0075

Mocrynuna 04.04.18



ISSN 0536 — 1036. UBY3. «JlecHoii :xypHam». 2019. Ne 1 85

UDC 630*187:574
DOI: 10.17238/issn0536-1036.2019.1.77

Influence of Fires on Pine Forest Floristic Diversity of the Eastern Transbaikal Territory

V.P. Makarov, Candidate of Biological Sciences, Senior Research Scientist

O.F. Malykh, Research Scientist

1.V. Gorbunov, Candidate of Biological Sciences, Research Scientist

L.N. Pak, Candidate of Agricultural Sciences, Senior Research Scientist

Yu.V. Zima, Candidate of Geographical Sciences, Research Scientist

E.A. Banshchikova, Engineer

T.V. Zhelibo, Engineer

Institute of Natural Resources, Ecology and Cryology of the Siberian Branch of the RAS,
ul. Nedorezova, 16a, Chita, 672014, Russian Federation; e-mail: vm2853@mail.ru

The article shows the effect of extensive and repeated forest fires on the floristic diversity
of pine forests typical for the forest-steppe zone of the Eastern Transbaikal territory. Pine
forest general description carried out according to the materials of the forest valuation of
1994, before the extensive fires. The floristic composition of long-term non-burning plant
communities in different stages of secondary succession after fires was determined by the
method of sample plots. Indexes of species abundance accumulation and rare species, and
the share of forest and adventive plant species were used to estimate the biodiversity of plant
communities. Pine forestland is formed by a variety of forest types, where rhododendron
pine forests dominate by area; while cereal mixed herbs pine forests occupy the smaller
area. Sedgy, mountain-lapideous, ledum and riverine pine forests occupy up to 5 % of the total
area. Area ratio of monodominant and oligodominant forests to a certain extent associated
with slope direction. Monodominant forests areas are larger than oligodominant forests
areas on the slopes of the North-West and the South-West exposure; while oligodominant
forests occupy large areas on southern, northern, western and eastern slopes. Young and
middle-growth plantations were more than 50 % of the forestland before the extensive forest
fires. There were about 40 % of ripening forest stands and up to 10 % of mature and over
mature forest stands of the total forested area. The age ratio of plantation has changed a little
after fires, however, old-growth plantations over 110-130 years old has failed. The number
of plant species in the long-term non-burning forest areas is significantly higher than in
burnt areas, logged lands and pine crops. The index of species abundance accumulation is
higher in logged lands and plantations without burnings. The index of rare species have de-
creased from 1.25 (long-term non-burning plantations) to 0.25 after fires. The share of ad-
ventive plant species as well as plants native to steppe communities had increased in burnt
areas. As a research result, it was established that forest fires led to a significant decrease in
forest cover, area of long-term non-burning forests, unique plantations of woody plants,
species diversity, indexes of species abundance accumulation and rare species, the share of
plant communities in forest species and colonization of plant communities in burnt areas by
alien species. The results of the work can be used in assessment of the impact of climate
change and fires on biological diversity of forest communities in the region, development of
measures for biodiversity conservation, planning of forest thinning and reforestation, etc.
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IJIYBUHBI 3UMHET O ITOKOSI IPEBECHBIX ITPEJICTABUTEJEN
CEMEMCTBA FABACEAE LINDL., HHTPOAYIIUPOBAHHBIX
B HIOKET'OPOJCKOM OBJIACTH

E.U. 3axaposa, kano. 6uon. Hayk
Huxeropoackass rocygapcTBeHHas CEIbCKOXO3SMCTBEHHas akaiemusi, npocn. ['arapuHa,
1. 97, r. Hwxuuit Hosropoxa, Poccus, 603107; e-mail: robinia@bk.ru

XomnomoBast aKKIMMaTU3alMsl — CJIOXKHBIN MPOIIECC, KOTOPBI BKIOYaeT B ce0si OONIMPHYIO
MOJU(UKAIMIO PACTUTENFHOTO MeTabonn3Ma. OCeHBIO APEBECHBIE PACTEHUS YMEPEHHBIX
MIAPOT MPOXOJST CBOCOOPA3HYIO MOATOTOBKY K 3UMHHUM YCJIOBHUSM, OJarofapsi 4emy CTaHo-
BATCSI OOJiee TOJIEPAaHTHBIMH K OTPHLATENBHBIM TeMIIeparypaM. MakcHMallbHOH MOpO30-
YCTOWYHMBOCTH PACTEHHS IOCTHTAIOT B CEPEANHE 3UMBI, TOTAA KaK IPH MOBBIICHUN TeMIIe-
paTypsl BECHOHW TEpSIOT aKKIMMAaTH3UPOBAHHYIO YCTOHYMBOCTD K 3aMOPAKMBAHUIO IyTEM
JeakkmuMaTr3anui. OJHAM 13 TIOKa3aTeled aganTHPOBAaHHOCTH PACTEHHH K HOBBIM YCIIO-
BUSIM IIPOM3PACTAHUS ABJIIETCS UX CIIOCOOHOCTH TMHAMHUYHO MEPEXOIUTH B COCTOSHUE TIO-
KOSI ¥ BBIXOJUTh U3 HETO IPHU OIPEACICHHBIX N3MEHEHHUAX BHEIIHUX ycinoBui. Llens uccie-
JIOBaHWS — M3y4€HHE TIyOWHBI 3UMHETO IIOKOS y HEKOTOPBIX JIPEBECHBIX MPEACTaBUTENCH
cemeiictBa Fabaceae Lindl. (Robinia pseudoacacia L., Amorpha fruticosa L., Caragana
arborescens Lam.) B ycmoBusix Hukeropoackoit o6mactu. J{ist 1oCTHKEHUS TTOCTABIEHHOM
LEeJTM HAMH PUMEHSUICS. METOJ] PETHCTPAIlM TEPMOMHAYIIMPOBAHHBIX N3MEHEHHI BHELTHUX
yCIIOBUi. DKCIIEpUMEHTAIBHBIA MaTeprall ObUT IIpeACTaBieH |-IeTHIMHU oberaMu u3yydae-
MBIX BUJIOB, 3arOTaBJIMBAaEMbIMHU B YCJIOBUSX IIEHTPalIbHOM yacTh Hikeropoackoi obmacT.
HccnenoBanus npoBoauiii ¢ HosiOpst o deBpanb B Tedenue 5 ner. [locie cpes3kn nobdern
TIOMeIIai B eMKOCTH C BOJIOH B J1a00OpaTOpHBIX ycioBusx npu Temneparype 20 °C. Exe-
JTHEBHO KOHTPOJIMPOBAIN (PEHOJIOTHIECKOE COCTOSIHUE MOOETOB M TEMIEpPaTypHBI PEeXHM.
ITpoBeneHHbIE MCCIENOBAHUS MTOKA3AIH, YTO CPOKHM MPEPHIBAHHS MEPHOAA TOKOS y H3yde-
HBIX HHTPOAYIIEHTOB CYIIECTBEHHO BIISIIOT Ha MIEPEX0/l K aKTHBHOMY MeTabonm3My. Boisas-
JIEHO, YTO TIPH YCTAHOBJICHUH CTAOMIBHBIX OTPHUIATENBHBIX TEMIIEPATYp BO3ILyXa B 3UMHHUH
MepUoj H3ydaeMble 00BEKThl (DOPMHUPYIOT BBICOKYIO TOJEPAHTHOCTh K 3aMOPaYKHMBAHHIO.
OTO MOATBEPIKAAETCS TEM, YTO [P UCKYCCTBEHHOM ITPEPhIBAHUM MEPUOJA TTOKOSI U POpCH-
pOBaHMM TOTEIUIEHHs C HOsOps 1o (eBpanb 00beKTaM TpeOyercsl 3HAYMTENbHAs CyMMa
aKTHBHBIX TEMIEPaTyp Ui mepexoja Kk mMerabonusmy. Caragana arborescens Lam. Beixo-
JIUT U3 COCTOSIHUSI 3UMHETO IOKOS MpU CyMMe aKTHUBHBIX TemmepaTyp oT 87 mo 136 °C
(B 3aBHCMMOCTH OT KaJICHJAapHBIX CPOKOB MPEPBIBAHMS IEPHO/Ia TIOKOS), YTO COOTBETCTBYET
5...7 IH. HaXOXAEHUSA B TEIUIE MPU CpeAHEN TeMIepaType oKpyxkaromei cpensl 24...25 °C.
Amorpha fruticosa L. nepexoauT k akTHBHOMY METa0OJIH3MY MIPU CyMMe aKTHBHBIX TeMIIe-
patyp ot 255 no 378 °C, Robinia pseudoacacia L. — ot 198 no 476 °C. lanHble, NOTy4YeH-
HBIE B XOJIE MCCIICZIOBAHUS, JOMOIHSIIOT OCHOBHBIE MOJIOKEHUS (PAKTOPHATBEHON 3KOIOTHH
JIEMOHCTpAIIAeH aJlanTanuii IPeBECHBIX MpeICTaBuTeNeH cemeiictBa Fabaceae Lindl. u mo-
TYT OBITH HCIOJIB30BaHbI AJSI IPEABAPUTEIHHON OICHKH MEPCHEKTUBHOCTH HX IIHPOKOTO
KyJIbTHBUpOBaHus B Hikeropoackoi 06aacT.

Kniouesvie cnosa: (heHonorus, 3MMOCTONKOCTb, COCTOSHHE IMOKOs, TOJICPaHTHOCTh, Cara-
gana arborescens Lam., Amorpha fruticosa L., Robinia pseudoacacia L.

Jna yumuposanua: 3axapoa E.M. I'myOWHBI 3MMHETO TOKOSI JPEBECHBIX INPEICTaBUTENCH
cemeiictBa Fabaceae Lindl., uarponyrmpoBanusix B Hukeroponckoit oGmacti // JlecH.
xypH. 2019. Ne 1. C. 87-95. (M3B. BbICIHI. yueb. 3aBemenmii). DOI: 10.17238/issn0536-
1036.2019.1.87
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Bseoenue

Bueapenne apeBecHbIX BHIOB cemelictBa Fabaceae Lindl. B macaxmenus
Pa3NUYHOro LIENEeBOro Ha3HAUYeHHs Ha ypOaHU3MPOBAaHHBIX TeppuTopusax Hiskero-
POACKOM 00TaCTH, UMEIOIINX MAJIOIICHHBIC 3eMJIM ¢ OCTHBIMH TIECUaHBIMU ITOYBa-
MH, OyJeT IIHUPOKO HCIOJIB30BaThcsl Ha MpPaKTUKE. BONBIIMHCTBO BUIOB JEKOpa-
THUBHBI, HEMIPUXOTIHUBHI K TIOYBE, OTIIMYAIOTCS BHICOKOM YCTOWYMBOCTHIO K HeOiaro-
NPUSTHBIM YCIIOBUSIM TOPOJICKOM Cpeibl, a MpeCTaBuTeNH noaceMeiictea Faboideae
CIIOCOOHBI PEIINTh OJHY W3 BAXHEHIINX TMPOOJIEM B 00IACTH CETHLCKOXO3SIHCTBEH-
HO OMONIOTHH — OMOJIOTHYECKON (PUKCcAaLMK aTMOC(HEPHOTo a30Ta.

EnuHCcTBEHHON MPUYUHON, CIOCOOHOW OTpaHUYUThH MCIOJIH30BAHHE JIPEBEC-
HBIX BHIIOB cemeiicTa Fabaceae Lindl. B Hmxkeropoackoi obmactu, sBiasieTcss ux
3UMOCTOHKOCTb. VccietoBaHNs MOKA3bIBAIOT, YTO PACTEHUS, pAaHO 3aKaHUYMBAIOLIHE
POCTOBBIE ITPOLIECCHI, CBOEBPEMEHHO BXOAALINE B COCTOSIHUE TIOKOS M TIPOXOASIIHUE
3aKallMBaHUE, OTIMYAFOTCS BEICOKOW 3UMOCTOMKOCTEIO [3].

OpmHUM U3 aCTEeKTOB COXpPaHEHHs KM3HECHOCOOHOCTH PacTeHHWH, Mpou3pac-
TAIONIMX B YMEPEHHBIX IIUPOTAX, CIY)KUT UX CIOCOOHOCTh BXOAWTH B COCTOSIHHE
[IOKOSl B MEPHOJ MOHMKEHHBIX Temmeparyp. [lokoil onpeznensieTcss Kak HECOCOO-
HOCTb HHHLIMUPOBATH POCT U3 MEPUCTEM (M APYTHX OPTraHOB M KJIIETOK, CIIOCOOHBIX
BO300HOBUTH POCT) NpU OnaronpuaATHbIX ycnoBusx [11, 14]. [myOuna nokost — cko-
pPOCTh peakIy pacTeHHs Ha TeMIepaTypHOE BO3ACWCTBHE — 3aBUCUT OT Hamps-
KEHHOCTH AeHCTBYIOIIEro (akropa (MHTEHCUBHOCTH M NMPOJOJKUTEIBHOCTH), Te-
HETUYECKHA OOYCIIOBIICHHON yCTOWYMBOCTH M COCTOSHUS pacTeHus. OU3noiIornde-
CKOE 3HAYEeHHE TIIOKOS 3aKII0YaeTCsl B MPHCIOCOOIEHUH K NEPHOAUIECKOMY
HACTYIUICHHIO HEOJArONpHUATHBIX BHEIIHUX YCJIOBHM, 3alIUTE OT 00€3BOXKMBAHUA
[4]. ¥V pacTeHuii pa3nn4aroT BBIHYXICHHBIH MMOKOH, 00yCIOBJICHHBIA (akTopamMu
BHENIHEH cpellbl, U (pU3roNnornyecKuii (OpraHuuecKui, TITyOOKHit) TOKOM, KOTOPBIH
perynupyercsi 0ajgaHCOM CTUMYJISITOPOB M MHruOuTopoB poctra [12, 15]. Ilpu
BCTYIJICHWH PACTeHWH B TMEPHOJ IOKOS MPOHCXOJSAT MPOIECCHI, MOBBIIIAIOIINE
YCTOMYMBOCTH UX KJIETOK K HEONIAronpusaTHBIM (pakTopam cpesbl.

I'myOuHa mepuoa mokosi 3HAYUTENBHO BIHSAET Ha PEAKIUI0 PACTEHUH K M3-
MEHEHUIO TeMIIEpaTypHbIX (hakTopoB cpensl [S5, 8, 18]. Ocobblif nHTEpec U3yyeHne
JAHHOTO IIpollecca MpeACTaBIseT NpU MHTPOAYKIHUK pacTeHnil. Hepemko komeOa-
HUsI TEMIIEpaTyp B 3MMHHI NIEpUO/] B paliloHE HHTPOILYKIIMU NPUBOJIST K CHUKEHUIO
a/IaTITaI[MOHHBIX CBOWCTB pacTeHUH. DKCIEpUMEHTAIILHBIC WCCIEOBAHUS MTOKA3bI-
BAIOT, YTO TMOJIOKHUTEIbHBIE TEMIIEPAaTyphl B OCEHHE-3UMHUI MEPHOJ MOTYT 3aMejl-
JISITh BBIXOJ] PACTEHHIA U3 COCTOSHUS MTOKOS BECHOM, 3a/IepKuBasi MpOXoxaeHue ¢e-
HoJioruueckux a3z [13, 16].

Lenp nccnenoBanus — U3ydeHNe TITyOMHBI 3UMHETO TTOKOS Y HEKOTOPBIX Jpe-
BECHBIX MpeacTaBuTeNel cemeiictBa Fabaceae Lindl. B ycnosusx Huxeropoackoit
o0xacty.

Obvexkmul U Memoobl UCCIe008AHU

OOneKkTaMu HCCIE0BaHMs CITY)XWIIN IPeBEeCHbIC BUBI ceMeiicTBa Fabaceae
Lindl. moxcemeiictea Faboideae, BeIparieHHBIE B YCIOBHAX MEHTPABHON YaCTH
Hwmxeroposckoii oomactu: Robinia pseudoacacia L., Amorpha fruticosa L., Caragana
arborescens Lam.

Knumar paiiona uccieqoBaHusi yMEPEHHO-KOHTUHEHTANIBHBIN, C TOAOBBIMU
kosebanusamu Temreparypsl 79,4 °C u konmuecTBoM ocaakoB 600...700 mm. Ilepe-
XOJI CPETHECYTOUHBIX TemrepaTyp Bo3myxa uepe3 0 °C B CTOPOHY MOBBIIICHUS
MIPOMCXOANT MTOYTH OJHOBPEMEHHO 10 Bcel 00nacTv B Havane amnpenst. CXoa CHex-
HOTO TIOKpPOBa NMPUXOANUTCS Ha CcepeluHy—KOHel ampend. BeretanoHHbBIN nepron
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HAaYMHAETCs ¢ CepeAUHbl anpes, mpogoipkaercs 165...175 nH. 1 IPaKTUYECKU COB-
majiaeT ¢ IPOJODKHTEIFHOCTBIO BEreTalnoHHOro mepuoga Robinia pseudoacacia
L. (178+14 nn.), Caragana arborescens Lam. (16548 an.) u Amorpha fruticosa L.
(185+11 nH.). YcToWuuBEIA Nepexoi CpeaHEeH CYTOYHOM TeMmmepaTypsl BO3IyXa
yepe3 0 °C B CTOPOHY IOHIDKEHHS MPOUCXOAWT B Hayaie HOsO0ps. AOCOIMOTHBIC
MUHUMAaJIbHBIE TEMIIEPATyphl BO3AyXa B 3UMHHE Mecanbl gocturaior —42 °C. B Te-
YeHUE 3UMHUX MECSIECB TEMIepaTypa MOXKET UMETh U MOJIOKHUTEIbHbIC 3HAUCHHS —
1o +8 °C, mpoJI0HKUTENBHOCTh OTTeNneNne — 10 S...7 IH.

Jns v3ydeHnst [UIMTETHHOCTH W TITyOMHBI COCTOSIHUSI TTOKOSI Y MHTPOIYIHPO-
BaHHBIX PaCTEHUH NPUMEHSUIICS METO/ PErHCTPALMY TEPMOWHIYLIMPOBAHHBIX M3MEHE-
HUI BHEITHWX YCIIOBUH. B KayecTBe SKCIepUMEHTALHOW EAWHUIIBI UCIIOJIE30BAIUCH
1-reTare MOOETH M3ydaeMBIX 00beKTOB. McceqoBanys 3MMHETO TTOKOSI, TPOBOTUMEIS
PSIOM aBTOPOB, YKa3bIBAIOT HA BO3MOKHOCTH ITPUMEHEHHS TI0OETr0B, 3ar0TOBJIEHHBIX C
pacTeHuil, MoJABEePrIInXCcs BO3AEHCTBUIO OTPULIATENBHBIX TEMIIEPATyp, A U3yUeHUS
rryOnHBI TIOKOSL. [Ipu 3TOM 3amedeHo, YTO OTBETHBIE PEAKIH CPEe3aHHBIX MOOEroB
COBITAJIAfOT C TAKOBBIMH y LIENBIX pacteruii [9, 10].

st onibITOB 1-JIeTHHE TOOETH M3y4aeMbIX HHTPOIYIIEHTOB 3arOTaBINBAIICD
B HECKOJIEKO CPOKOB (¢ HOSIOps 110 (heBpatib) C mepudeprun CpeaHero sipyca XopoIio
OCBEILIEHHOI0 y4acTka KpoHsl [7]. MccienoBaHusi mMpoOBOJIUIMCh B TE€UEHHUE 5 JIET.
[MoGern ObLIM MaKCHUMAaTbHO WACHTHYHBI APYT Apyry. Kaskapli u3 u3ydaeMbix BU-
JIOB B SMIIMPUYECKUX HCCIICOBAHUSAX OBLI MPEACTABICH HE MEHee 4eM 3 moberaMmu
HE MeHee 4eM ¢ 3 yUeTHBIX pacTeHuil. B maGopaTopuu modern HaXOIWIHCh B OTH-
HAKOBBIX YCJIOBHUSAX (B YACTHYHO CBETOIPO3PAYHOM ITOMEIIEHNH ), OHH ITOMEIAINChH
B €MKOCTH ¢ BoZoH. Takum o0Opa3oMm ObUI peain30BaH MPUHIHII €AWHCTBEHHOTO
JIOTHYECKOTO pa3yinuusl MeX1y n3ydaeMbiMu oObektamu [11]. Habaronenus 3a co-
CTOSHHEM IOOETOB M TeMIepaTypoil B MOMENIEHHH OCYIIECTBISUINCH €KETHEBHO.
YYuTBIBAINCH CIIEAYIONINE MOKAa3aTelN: KOJIMYECTBEHHbIE — KOIUYECTBO KaJleHIap-
HBIX JHEH ¢ MOMEHTa Hadasla OIbITa 10 GUKCHUPYEeMOTo M3MEHEHHsI (PeHOIOTHYECKO-
TO COCTOSIHHSA, CyMMa aKTHBHBIX TEMIIepaTryp 3a TOT K€ NEepHO; KadyeCTBEHHbBIE —
HacTymenne Gpenomornueckux ¢as [1, 2, 6, 17], ¢peHomornueckmne COCTOSHUS TIO-
OcroB (HaOyxaHuEe BETETATUBHBIX MOYEK — HAYAIO OTXOKACHUS KPOIOIIMX Yerryn
MOYeK), OTpacTaHue Mo0eroB (Hayaylo yAJIMHEHHs BEPXYIIIEYHONW YaCcTH TIOYKH).

Peszyromamul uccieoosanus u ux oocysxcoenue

CrrocoOGHOCTH TO0EroB BBIXOJUTH M3 COCTOSHUS 3UMHETO TIOKOS IPH €ro HC-
KYCCTBEHHOM IPEPHIBAHUH JEMOHCTPHUPOBAIN BCE M3y4aeMble BHUbI HE3aBUCHUMO
OT KaJICHIAPHBIX CPOKOB (opcupoBaHus noTemieHust. CpegHue AaHHbBIE, TONTyYeH-
HBIE B XOJ/I¢ 5-JIETHUX HCCIeN0BaHUH (0 MecsaM), IOKa3bIBaloOT, YTO paccMaTpH-
BaeMble MHTPOAYLIEHTHl HEOAMHAKOBO PEarupyroT Ha IOBBILICHUE TEMIIEPATypHl B
3uMHU# nepuos (puc. 1-4).

Hawubonee riyOokuM MOKOEM B Hadaie 3MMbI Xapakrepusyercs Robinia
pseudoacacia L. (puc. 1). /lns BbIX0Ja U3 COCTOSHUS MOKOsI TOOEraM JIaHHOTO BHJIA
norpeboBanack CyMMa akTHBHBIX Temmeparyp (Zt > +5 °C), pasnas 476 °C, urto
COOTBETCTBOBAJIO COACP)KAHHMIO NPH CPEAHEH TeMIlepaType OKpY)KaloLled cpensl
25 °C B Teuenue 24 nu. Y Caragana arborescens Lam. nabyxaHue 3UMYFOIIHUX 110-
YeK MPOU3O0IIJIO Ha 7-i JIeHb, YTO COOTBETCTBOBAJIO CyMME aKTHUBHBIX TEMIIEpaTyp,
pasHoit 136 °C. ®opcupoBanue MoTEIIEHUS B HOSIOpe BbI3BasIo HaOyXaHHE MOYEK
Amorpha fruticosa L. B cpennem Ha 13-ii 1eHb, WM IIPU CYyMME aKTUBHBIX TEMIIE-
patyp 259 °C.
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Caragarna arbarescens Lam.

Amorpha fruticosa L.

OOBEKT HCCIOBAHNA

Robinia pseudoacacia L.

0 100 200 300 400 3500 o600 700 800

CyMMa AKTHBHBIX TeMmepaTyp, C

BErepHogIIoKos W HEIGYXEIH]-‘IC novyeK HEoTpacTaHe o6 eros

Puc. 1. deHocnekTphI BBIXOa MOOETOB IPEBECHBIX TIPEACTaBUTENCH cemeiictBa Fabaceae
Lindl. u3 cocrostaust mokost (TpephIBaHIE TTOKOS B HOSIOpE)

Fig. 1. Phenological spectra of shoot yield of Fabaceae Lindl. family woody species
out of dormancy (dormancy interruption in November)

Jliis mepexoja B ciaeayronyo (EeHOJOrHUecKy o a3y — OTpacTaHHe M00eroB,
Robinia pseudoacacia L. notpeboBanach cymMMa akTHBHBIX Temrmeparyp B 735 °C,
uwnn 37 OH. ¢ MOMeHTa Hadana ombita; Caragana arborescens Lam. — 240 °C, unu
12 nau.; Amorpha fruticosa L. — 455 °C, wiu 23 nH.

[Ipu npepwiBaHMK TIepHONA TOKOSI B JekaOpe (puc. 2) 3UMYIOHIUM IOYKaM
Robinia pseudoacacia L. mis nepexoja K akTHBHOMY MeTabOJIM3My MoTpeboBasiach

Caragana arborescens Lam.

Amorpha fruticosa L.

O0BeKT HCCIeJOBAHIA

Robinia pseudoacacia L.

=]

100 200 300 400 500 600 700 800
CyMMA AKTHBHBIX TeMmepatyp, C

EriepHonokos BHAOyxaHHIeIIouek M oTpacTaHHe ITo0eros
Puc. 2. ®eHocrekTphl BoIXO/1a OGETOB APEBECHBIX MpeacTaBuTeneil cemeiictea Fabaceae
Lindl. u3 cocrosinus mokost (pepbIBaHKE MOKOsI B IeKadbpe)

Fig. 2. Phenological spectra of shoot yield of Fabaceae Lindl. family woody species
out of dormancy (dormancy interruption in December)



ISSN 0536 — 1036. UBY3. «JlecHoii :xypHam». 2019, Ne 1 91

CyMMa akTHBHBIX Temneparyp B 464 °C, wnu 24 aH. ipu cpeHel Temneparype Bo3-
nyxa 24 °C; Caragana arborescens Lam. — cootrserctBerno 119 °C, uro Ha 17 °C
MEHbIIIe, YeM NpPH MPephIBAaHUKM 3UMHEro MoKos B Hosi0pe; Amorpha fruticosa L. —
cootBercTBeHHO 378 °C, uro Ha 119 °C Oosnbllle YeM B Hayajle 3UMBL, Wik 14 1H.

ITpu nipepbiBaHKH TIEpHUO/IA TTIOKOs B ekabpe oTpactaHue moderos y Robinia
pseudoacacia L. otmeuanock Ha 36-if eHb OT JaThl Hayama HAOMIOJACHUHN (CyMMa
akTHBHBIX Temrieparyp 675 °C); y Caragana arborescens Lam. — nHa 9-if nenb
(211 °C); y Amorpha fruticosa L. — na 26-ii nenn (568 °C).

[IpepriBanre mepuoza Moxkos B sHBape W (eBpajie UMeNo TEHACHIHU K CO-
KpallleHWI0 KOJIW4YecTBa AHEH (CyMMBl aKTUBHBIX TeMIeEparyp) AJs JOCTHKEHHUS
¢ukcupyembIx QpeHomorndeckux a3 y Bcex n3ydaeMbIX 0OBEKTOB.

Tak, npu npepbiBanum Mokos B siHBape (puc. 3) Robinia pseudoacacia L. ms
HaOyxaHHs MOYeK MOTpedoBalach CyMMa akTUBHBIX Temneparyp 396 °C, unu 21 1H.
TIpU CpefHeW TeMIlepaTrype okpyKaromed cpeabl 24 °C, a mis oTpacTaHus mode-
roB — 608 °C, unu 34 au. BereratuBusie mouku Caragana arborescens Lam. naua-
nu HaOyxaTh IPH CyMMe aKTUBHBIX Temnepartyp 87 °C, wiu Ha 6-if nenb; Amorpha
fruticosa L. — coorBerctBenHO — 353 °C, wiu Ha 13-11 1eHb.

Caraganaarborescens Lam. - I

Amorpha fruticosa L.

100 200 300 400 3500 o600 700 800

O0LeKT HCCIeR0BAHNA

=]

CyMMA AKTHBHBIX TeMmepatyp, "C

EriepHoATIoKos M Haﬁ}’XEIHHe rnovuex H oTpacTaHHe 1oGeroe

Puc. 3. denocnekTpsl BRIXOa MOOETOB PEBECHBIX MpEACTaBUTENeH cemeiictBa Fabaceae
Lindl. u3 cocTostHust mOKOs (TIpephIBaHKE TOKOS B SHBAPE)

Fig. 3. Phenological spectra of shoot yield of Fabaceae Lindl. family woody species
out of dormancy (dormancy interruption in January)

[Ipu uccnenoBaHuM CTENEHN TIYOHHBI TIOKOS Y U3y4aeMbIX BUJOB OBIJIO BbI-
SBJICHO, YTO CKOPOCTb MPOOYXIACHHS HMX 3UMYIOLUIMX MOYEK MHPSMO MPONOPIHO-
HaJIbHAa TIIyOWHE OPraHW4ecKoro Mokos. B Haudame 3uMbl, Koraa riyOMHa MOKOS
MaKCHMaJbHa, ITOYKaM HYy)KHa OOJbIIAas CyMMa aKTHBHBIX TEMIEpaTyp Uil Ipo-
XOXJIEHHS COOTBETCTBYIOIIMX (eHo(a3, a B KOHIE 3MMBbI, KOT/ia TIyOMHA ITOKOS
CHIDKEHA, UM TpeOyeTcsl MeHbIIasi CyMMa aKTHBHBIX TeMrepatyp (puc. 4).
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Caraganaarborescens Lam. -

O0BeKT HCCIeNOB ARSI

Robinia pseudoacacia L.

=]
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CyMMa ARTHBHBIX TeMmeparyp, C

B r1ep o IoKosA ] HEIGYXEIHI-‘IC rovexk HoTpacTaHie roGeros

Puc. 4. ®denocnekTphl BBIX01a MOOETOB APEBECHBIX IMpecTaBuTeNei cemeiictBa Fabaceae
Lindl. u3 cocrosuus mokos (mpepbiBaHKe MOKOs B (heBparie)

Fig. 4. Phenological spectra of shoot yield of Fabaceae Lindl. family woody species
out of dormancy (dormancy interruption in February)

OpnHako OTMEYEHO, YTO Ha BBIXOJ| PAaCTEHHH U3 COCTOSHHUU 3MMHETO IMOKOf,
KpOM€ TeMIIepaTypHBIX ToKa3aresel, BiusieT u ¢oronepuoa. Poronepruoandeckas
peaKuys pacTeHUH Ha BBIXOJ M3 COCTOSIHMS 3MMHETO MOKOs 00yCJIOBJIEHA yBeIHYe-
HUEM MPOAOJDKUTENIEHOCTH CBETOBOTO JIHA, a BCTYIUIGHHWE PAcCTeHUN B COCTOSIHHE
[IOKOSI 3aBUCHUT OT €ro CokpamieHus. Tak, HauOOoJbIIyI0 ITTyOMHY 3UMHETO ITOKOS
H3ydaeMble BUABI JEMOHCTPHUPYIOT B JekaOpe—sIHBape, KOr/a NpOJOKUTEIbHOCT
CBETJIOTO BpEMEHH CYTOK MUHHMaibHa (cpenHsas monrora nHi 7 4 07 MuH),
HauMeHbIyo — B ¢eBpate (9 1 38 MuH).

Raxnouernue

YcraHOBNIEHO, YTO B YCIOBHAX HMHTpoaykKuuu Hwkeroponckoi obmactu
JUTS N3YYEHHBIX HAMH BHJIOB XapaKT€pPHO HaX0KJCHHUE B COCTOSTHUM OpPraHUYECKOrO
IIOKOSI B TEYEHUE BCEH 3MMBI. DTO SABIAETCS IOJIOKUTENBHOM ajganranuel, mo-
CKOJIbKY IIpU IOSIBJICHUM KPaTKOBPEMEHHBIX OTTEIENEW B 3UMHUN IEPHOJ IOYKHU
JaHHBIX PACTCHUIl HE TPOTaloTCsl B POCT M HE HCHBITHIBAIOT HEOJIArONpHsITHOTO
BO3AEHCTBHS NPH NOCIEAYIOIEM CHIDKEHHU TeMIepaTypsl. HauMeHbIyro cnoco6-
HOCTh MHUIIMMPOBATh POCTOBBIE MPOLIECCHI TIPU OJIArONPHUATHBIX YCIOBHSIX U3y4YeH-
HbIE JpPEBECHBIC BUABI INPOSIBIAIOT B KOHIIE OCEHH—Haudale 3HMBI; I10Ka3aTelb
rIIyOMHBI TTOKOSI B 3TOT mepuoA B 1,5-2,5 pasa BrwllIe, ueM B KOHLE 3UMBI. [ToBpe-
XKICHUS y JPEBECHBIX BHJOB B YCIOBHAX Hipkeropojckoil obimacTh BBI3BIBa-
IOTCS PaHHUMH OCECHHMMH WJINM BECEHHHMH 3aMOpO3KaMH, KOIZa pacTeHHs eIle
HE BOLUIM B COCTOSTHHE 3UMHETO MOKOS WM YK€ BBIILIM U3 Hero. JJannoe oOcros-
TENBCTBO MOXKHO CKOPPEKTHPOBATh, UCIHOJB3Ysl arpOTEXHUYECKHE MPUEMBI TOBBI-
LICHUS MOPO30CTOMKOCTH, HAlpUMep BHECEHHWEM YIOOpeHMH B Npen3uMHHNA
IIEPUOJ.
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Cold acclimatization is a complex process that involves extensive modification of plant me-
tabolism. Woody plants of temperate latitudes undergo a kind of preparation for winter condi-
tions in autumn; as a result they become more tolerant to negative temperatures. Plants reach
the maximum frost hardiness in the middle of winter, while they lose the acclimatization har-
diness by deacclimatization with the increase of temperature in spring. One of the indicators
of plant adaptation to the new growth conditions is their ability to dynamically move into
a state of dormancy and leave it under the certain changes of external conditions. The research
purpose was to study winter dormancy depth in some woody species of the Fabaceae Lindl.
family (Robinia pseudoacacia L., Amorpha fruticosa L., Caragana arborescens Lam.) in
Nizhny Novgorod region. We used detection method of thermally-induced environmental
changes to achieve this purpose. The experiment material was represented by annual shoots of
the studied species harvested in the central part of Nizhny Novgorod region. The studies were
being carried out from November to February for 5 years. After cutting, the shoots were trans-
ferred to laboratory conditions (t = 20 °C), where they were placed in the containers with wa-
ter. The phenological state of shoots and temperature mode were daily recorded. The studies
have shown that the interruption timeframe of dormancy significantly influence the transition
of the studied introduced species to active metabolism. It was found that, when the steady
negative air temperatures are established in winter, the studied objects form high frost hardi-
ness. This is confirmed by the fact that with the artificial interruption of dormancy and warm-
ing acceleration from November to February the objects require a significant amount of active
temperatures for transition to metabolism. Caragana arborescens Lam. leaves winter dorman-
cy under growing degree-day of 87...136 °C (depending on the calendar periods of dormancy
interruption) that is equivalent to 5...7 days of being in warm conditions at an average ambient
temperature from 24 to 25 °C. Amorpha fruticosa L. turns to active metabolism in growing
degree-day of 255...378 °C; the same happens with Robinia pseudoacacia L. under
198...476 °C. The data obtained during the research update the fundamental principles of fac-
torial ecology through the demonstration of woody species adaptations of the Fabaceae Lindl.
family. They can be used for perspective preliminary assessment of their wide cultivation in
Nizhny Novgorod region.

Keywords: phenology, hardiness, dormancy, tolerance, Caragana arborescens Lam., Amor-
pha fruticosa L., Robinia pseudoacacia L.
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0 BO3MOXXHOCTH MEPEPABOTKH COCHOBOM JKUBUIIbHI
HA MECTAX EE 3ATOTOBKH®

A.U. I'opkun, Kauo. c.-x. HayK
CesepHblit (ApkTHyeckuil) Genepanbhblii yHuBepcuter uM. M.B. JlomonocoBa, Hab. Ce-
BepHoii J[Bunebl, 1. 17, r. Apxanrensck, Poceus, 163002; e-mail: a.gorkin@narfu.ru

IIpoMpInuieHHas 3aT0TOBKAa COCHOBOM »KUBHIIBI B Poccuiickoil denepanuy o4ty NOJHOCTHEO
npekpartmiack. 11 BOCCTAHOBJICHNS yTPAUSHHBIX TTO3UIMH HEOOXOIMMO PEIIUTh CIIEIYIOIINE
BOIIPOCHL: CO3[JaHUE MPOM3BOJICTBEHHBIX MOIIHOCTEH IO MepepabOTKe COCHOBOM KMBHUIIBI HA
MecTax ee JOOBIYH; BOBJICYCHHE B IPOLIECC 3aTOTOBKH JKUBHIIBI JIECHBIX YYaCTKOB, HAaXOs-
muXcda B apC€HAC IO APYTrUM BUOAM JIECOINOJIb30BaHUA; CO3JaHUC JIOTUCTHUCCKUX CXEM IJId
pean3aliy JKUBHIBI U TIPOAYKTOB ee IepepaboTku. JJaHHOe mccienoBaHue MOCBSIIEHO CO-
3AHUIO TaKOW TEXHOJIOTHH IepepabOTKH COCHOBOI JKMBHIIBI, KOTOPYIO MOYKHO OBLIO OBI HcC-
TOJIb30BaTh Ha MPOM3BOJICTBEHHOHN 0a3e XO3sIMCTBYIOIIEro cyobekra. B pesynbrare ananmmsa
BBISIBJIEHBI OCHOBHBIE OCOOEHHOCTH TEXHOJIOTMYECKOTO LKA MepepabOTKH >KHBHIIBL, YTO
ObUIO yUTEHO B pa3padaThIBAEMOI TEXHOJIOTHH. DKCHEPUMEHTHI MPOBOAMIINCH HA OIBITHOM
o0opynoBaHur. TeXHOIOTHYECKHI TPOIECC COCTOSUT U3 CTAANH OYMCTKH JKUBHIIBI OT IpHMe-
ceil u ee mepepabotku. [lormydyenHble kaHM(OIs ¥ CKUNMIAP MMENH ITOKAa3aTeNn KadecTna,
COOTBETCTBYIOIIME CYIIECTBYIOIIMM HOpMaM. B TexHoIOrmueckoi cxeme MCHONIB30BANN JBE
HarpeBaroINecs] MOBEPXHOCTH M XOJOAWIBHYIO ycTaHOBKY. OIJHA M3 MOBEPXHOCTEH BBIIIOJI-
Hs1a QyHKIMIO TUIaBHJIBHHKA, C TIOMOUIBIO BTOPOH (KaHHM(OIEBapOYHOI) MOBEPXHOCTH H XO-
JIOUITLHOW YCTaHOBKH MOJTy4aind KaHU(OIIb U CKUITUIap. BaxxHbIM acriekToM pa3paboTaHHOM
TECXHOJIOTUHU ABJIAIOTCA TEMIICPATYPHBIC PEKUMBI U IIPUMECHACMBIC CHOCO6BI OYUCTKHU MOoJIy4a-
€MBIX MPOJYKTOB OT OPraHMYECKUX W MHHEPAIbHBIX IIpUMeced. Y CTaHOBJIEHO, YTO MpHU HUC-
TIOJIG30BaHUHU TIPOMBIIUIEHHOH YCTaHOBKHM, MMEIOIIEH IuIomans KaHH(OJIeBapOYHOH YacTH
2 M, MOXHO TepepaboTaTh 35 T KHBHIEI 32 6 MeC., T. €. 33 CE30H MOACOUKH. M3roToBIeHue
TaKoro 00OpYZOBaHMS HE TPECTaBIAeT OOJBLION CIOKHOCTH, a TadapuTHBIE Pa3Mephl 1103-
BOJISIIOT MIPUMEHSTH €r0 Ha HEOOJIBIINX MPEATPHATHSIX.

Knrouesnvie cnosa: 3aroToBKa JKHUBUIBI, ITIOACOYKA, KaHI/I(l)OJ'II), CKUIIUAAap, TCXHOJIOI'us Iepe-
pa6OTKI/I JKUBUIIBI.

Beeoenue

OnHMM M3 BUJOB JIECOTIOJIB30BaHUs, pa3pelieHHbIXx B Poccuiickoit denepa-
LI1H, ABIIsiETCs 3aroToBKa >kuBuibl. CornacHo nanuaeM I1.M. Jlykesnosa [7], Boep-
BbIE OCYIIECTBIISITh MOACOYKY AEPEBHEB COCHBI M IepepadaThIBaTh KUBHILY CTaIH
B XVIII B. Ha ceBepe Poccun, B Benpckom okpyre Bomoromckoro HaMecTHHIECTBA.
Vxe B 1867 r. Ha BcemupHo# BricTaBke B [lapwxke kynen JlaryHo us Lllenkypcka
9KCIIOHUPOBAJ Pa3jMYHBIE COPTAa CKUIMHUAApa, a KPEeCThIHUH AHAHBMH W3 ApxaH-
reJIbCKOTo ye3a PUkacoBCcKOl BOOCTH — BBICHIME COpPTa CKUNMUAapa (CepHbIi, mo-
Jy4eHHBIH U3 COCHOBOI CEpbl; MEYHO, TOTYUeHHBIN pH repepaboTKe IPEBECHHBI
B Ileyax; CMOJIbHBIH, MOJYYEHHBIH NPH IMEpepadOTKE CMOJBI B TEK). 3aBOJUMK

*HccrnenoBanne BBIOMHEHO TPpH GMHAHCOBOH mommepxkke PO®U u npaBuTenscTBa ApxaH-
renbCcKoi 00acTH B pamkax HayuHoro mpoekta Ne 16-12-29003 «DxoHomuyeckoe oboc-
HOBaHHE BOCCTAHOBJIICHUSI 3arOTOBKHM JXHMBHIBI B O00BEMax IIPOMBIIUICHHOH IOJICOYKH
B KOHTEKCTE 00eCIeueH s YCTOMUNBOTO Pa3BUTHS JIECOB APXaHTEIbCKOI 00IacTi.

Jna yumupoeanus: T'opkun A.M. O Bo3MOXXHOCTH nepepabOTKU COCHOBOW JKUBHIIBI HA Me-
crax ee 3aroToBku // JlecH. xypH. 2019. Ne 1. C. 96-105. (M13B. Bbicil. yueO. 3aBeJCHHIA).
DOI: 10.17238/issn0536-1036.2019.1.96
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Yy nuHOB npencTaBuil KaHU(OIIb, BRIPa0OTaHHYIO Ha €ro 3aBOAE, HAXOAUBILIEMCS OJTH3
r. Benbcka. Benbckoe necHIIecTBO 1eMOHCTPHPOBAIO OETIBIi (CepHBII) CKUTHAAP.

B panpHeiimeM eCOXMMHYECKOE TPOU3BOACTBO Pa3BUBAIOCH OBICTPHIMHU
temnamu. Hauboubiire nokasarenu Obutd 1ocTUTHYTHI B 80-¢ Toabl XX B. B aTOT
nepuos B CCCP moacouka eXerogHo MpoBOAWIaCh Ha miomanu 1,3 MiH ra, 3aro-
TOBJISIOCH OKOJIO 145 THIC. T *KUBHIIHI [9], B TOM Ymclie B ApXaHTeIbCKON 00IacTh
B TIOZICOYKY BOBJIEKAJHCh COCHOBBIE IPEBOCTOM Ha ruiom@aan Oomee 80 ThIC. Ta
¢ 00BbEMOM 3aroTOBKH A0 3,7 THIC. 1.

IlepepaboTka >XHMBUIIBI OCYILECTBISUIACH HA JIECOXUMHUUYECKUX 3aBojax. B es-
ponerickoil yactu Poccum takue 3aBojibl Haxoawiuchk B Bonorne, Tuxsune u Hux-
Hem Hosropoae. B mpouecce nepepaboTku M3 COCHOBOH KHMBHILBI ITONyYaId 1B
OCHOBHBIX JIECOXUMHYECKHX NPOIYKTa — COCHOBYIO KaHH(OJIb U KUBUYHBIN CKU-
nuzap. Tam ke Ha 3aBOAax MPOM3BOIAWIM MOAU(UIMPOBaHHBIE BHIBI KaHU(OIH,
YIOBIIETBOPSIBIIKE TPEOOBAHHUAM Pa3IMYHBIX MOTPEOUTENEH K €€ KaueCTBY, a TaKKe
BBIITYCKaJIM JIAKOKPACOYHYIO MPOAYKIHMIO Ha OCHOBE KaHM(oMu W ckunupapa. Ha
MPOTSHKEHUU MOYTH BCETO COBETCKOTO MEPHOAA NaHHAs TEXHOJIOTHYECKas LENoYKa
ycnemHo (pyHKIMOHUPOBaja Ha KPYIHBIX JIECOXUMHYECKUX 3aBogax. C mepexo1om
POCCUICKON PKOHOMHUKH Ha PHIHOYHBIE OTHOIIEHUS MPOU3BOJCTBEHHBIE CBSI3U IO
3arOTOBKE M IepepadoTKe >KUBHLBI pa3pylnianch. OCHOBHBIMM IPHUYMHAMU I10-
JOOHOW CHTyaluy CTalH MaJeHHe CIpoca Ha KMUBHYHYIO KaHHU(OIb POCCHICKOTO
MPOM3BOJICTBA, BBI3BAHHOE OSKCIOPTOM OoJjee aemeBoil mpoaykuuu u3 Kutas,
U 3aMelleHue XUBUYHOH KaHU(OIN Ha TAJUIOBYIO, KOTOPYIO TONy4YaloT MpU Bapke
IIEJUTFOJIO3HI Ha MEJUTI0I03HO-0yMaKHBIX MPEATPUATHAX [8].

Kpowme Toro, Poccust moutn JUIIMIKCE CHIPHEBOM 0asbl AJIsi OCYIIECTBIICHHUS
pabot o noacouke. B JlecHom xoaekce Poccuiickoit denepanny He IponrcaHbl Me-
XaHW3MBI BOBJICUEHHS B MOJCOYKY JIECHBIX y4YacTKOB, B3ATBIX B apeHAy AN Lenei
3arOTOBKH ApeBecrHBI. 110 3T0i mprdnHe B3Th B apeHAY JIECHOH YJ9acTOK ISl IIeTeH
3arOTOBKH JKMBHUIIBI JIOCTATOYHO MpoOiaeMaTnyHo. Ha ceromHsimHuii 1eHb B CTpaHe
MPAKTUYECKH HE OCTAJIOCh MPENNPUATHH, OCYIIECTBISAIOIIMX 3arOTOBKY COCHOBOM
xwuBHIEL. Harmpumvep, B 2017 1. B ApXaHrenbckoil 001acTH 3THM 3aHUMAaIHCh BCETO
2 XO3UCTBYIOHIMX CyObeKTa ¢ 00IUM 00BEMOM 3aroTOBKU OKOJIO 2 T. B pesynbrare
Yero JIECCOXMMHUYECKUE 3aBOJIbl, HE UMES ChIPbs, WIN NMPEKPATUIIM CBOE CYIIECTBOBA-
HHE, WIK NepenpouiInpoBaid TEXHOJOIMYECKHE JIMHUN Ha MOJIyYeHHE NPOLYKLHH
Ha OCHOBE TAJIOBOW KaHW(OIH. 3aKOHCEPBUPOBAHHBIE MOIIHOCTH 3THX 3aBOJIOB HE
MOTYT OBITH UCIIOJIB30BaHbI MPU MepepadboTKe KUBHUIBL, J0OBIBACMON MaJbIMH Hap-
tusiMu. [loHOLIEHHYTO IEpepabOTKy COCHOBOH KHUBHUIIBI OCYILECTBIISIET TOJIBKO 3aBOJ
«JIecoxummky, pacronoxeHHbIH B T. boprucos (Pecrrybnmka bemapycs).

[To cyTH, B naHHOW OTpaciy BO3HUKJIA HyJIEBasi HCXOHAS MO3UILINS, TO3TOMY
JUIE BO3OOHOBJICHHS TOACOYHOI'O NPOU3BOJICTBA HEOOXOOMMO PELIMTH P KOH-
KPETHBIX BOIIPOCOB:

9KOHOMHYECKOE 00OCHOBaHHME BOBJICUCHHUSI B IPOMBIIUICHHYIO MTOJICOYKY TO-
T'O WIN UHOT'O JIECHOTO Y4acCTKa;

CO3JIaHKE ITPOM3BOJACTBEHHBIX MOIIHOCTEH IO NepepadoTKe COCHOBOW >KUBU-
B, CTIOCOOHBIX YIOBJIETBOPSATH MOTPEOHOCTH XO3AWCTBYIOIINX CYOBEKTOB, OCY-
IIECTBIISIONINX €€ 3aTOTOBKY;

Ipon3BOICTBEHHO-TEXHIYECKHE OTYETHl 110 TOACOYHBIM H OCMOJIOMNOICOYHBIM paGoTam
0 MIPEANPHUATHIM TpecTa «Apxxumiiec» 3a 1965, 1967-1969, 1972, 1982, 1983 rr.
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BOBJICUEHHE JIECHBIX yYaCTKOB, HAXOMSIIMUXCS B apeHIe MO IPYTUM BHIAM
JIECOTIOIB30BAHUS, B 3aTOTOBKY JKUBHIIHI;

CO3/IaHUE JIOTUCTUYECKHUX CXEM Pear3allii COCHOBOM JKUBUIIBI U IPOAYKTOB
ee epepaboTKH.

BapuanT npekpaiiieHusl BCSUYECKUX MOMBITOK BOCCTAHOBUTH YTEPSHHBIC TIO3H-
LU HENpPUEeMIIEM TP HAJTMYUH OTPOMHBIX 3aI1acOB JIECHBIX PECYPCOB, IOTPEOHOCTEH
POCCHICKHX TPOU3BOJCTBEHHBIX MPEANPUATHI B KaHU(DOIIN M CKUTTHAAPE U B IUIAHE
pelIeHHs aKTyalbHBIX Ha CETOHANTHAN IeHb BOIPOCOB UMIOPTO3aMEIeHHUS [5].

Heo06xommmMo 0TMETHTB, 9TO KPOME H3BECTHBIX CITIOCOOOB IPUMEHEHHSI COCHO-
Boii kaHudou [11], paccmMaTpuBaroTCsi BapuaHThl HCIONB30BaHUS JAHHOTO MPOAYK-
Ta B MenuuuHe [12] 1 B mpou3BOACTBE APYruX BUAOB mpoaykuuu [10].

Ilepen HaMu cTosIa 3a7a49a pa3padOTaTh TEXHOJIOTHIO, KOTOpast ObLIa OBI IIpH-
emIieMa JijIsl YCIIOBUIM HEOOIBIINX MPEIIPUATHI 10 epepaboTKe COCHOBOMN KHBHIIBI
Ha KaHu(OJb ¥ CKUITHAP C HCIIOJIb30BaHUEM MaJIOTa0apUTHOTO 000Dy TOBAHHS.

TexHonoruIo nepepadbOTKU KUBHUIILI, IPUMEHSBIIYIOCS Ha paHee IeUCTBYIO-
[IUX JIECCOXUMHYECKUX 3aBOJAX, MOKHO CUHTATh COBEpPIICHHOH. TexHomornaeckuii
MIPOLIECC Pa3/esUIC Ha ABE CTaIUH: OYMCTKA )KUBHIIBI OT IPHMECed U BOJBI, Tepe-
TOHKA >KUBHIIBL.

Ilo cBOeMy XMMHYECKOMY COCTaBY >XHBHIA TPEACTABISET COOOW pacTBOP
CMOJISTHBIX KHCIIOT ¢ 001e# Gpopmyioni CyoHzoO; B TepreHOBBIX yrileBogopoaax [6].

TBep/pie MOCTOPOHHUE TPUMECH B KHUBHIIEC TOPA3/IEISIOTCS Ha OpraHude-
CKH€ (XBOSI, KyCOUKH KOPBI, HACEKOMEBIE H T. J.) 1 MUHEPAIbHBIC (MEITKHE YaCTHIIHI
MBUTM M Tecka). Menkuil cop MpeacTaBiseT INaBHYIO YacTh IpUMeEcel, Haxozs-
IIMXCSl BO B3BEIIEHHOM COCTOSIHWU B XHUBHIIE. 1Ipy 1i1oXoif ee o4ncTKe OHU Ioma-
JAIOT B TOTOBYIO KaHU(OIb, 3HAUMNTEIIFHO CHMXas e€e KadecTBO. s oTaenmeHus
MpUMeEceH TYCTYIO XUBHUIY Pa30orpeBalOT B CICHHUAIBHOM IUIABHIIBHUKE C HCIIOJNb-
30BaHUEM IIEPETPETOrO IMapa, MPH 3TOM €€ BI3KOCTHh 3HAYUTEIHHO YMEHBIIAETCS.
OpraHuueckrue IPUMECH MOTYT ObITh OTJCJICHBI OT PACIUIABICHHOMN JKUBHUIILI MPO-
CTBIM (PHIBTPOBaHHEM, BOJla — oTcTanBaHueM. OOBIYHO 00€ 3TH OTepaluy MprUMe-
HSIOT TTOCJIeI0BaTeNBHO [1].

B nponecce mnaBneHust Ajs MOBBIMICHUS IUIOTHOCTH >KUBHIBI M JIy4YILIEro
OTCTaWBaHUS JTOOABIIIOTCS CKHUIHIAP W ITOBApeHHAS COJb: Ha 1 T KUBHITHI TPeOy-
ercs 20...100 xr ckunuaapa u 15...20 xr conu. Eciu )KuBUIIa XpaHUTCS B JKEIE3HBIX
Ooukax, To mobammserca eme 20..40 kr cynepdocdaTHON BBITSKKH, KOTOpas
HeoOXoauMa JJIsI OCBETIICHUS KUBHIBI, OKUCIHUBIICHCS OT COPUKOCHOBEHUS C JKE-
ne3zoM. Eciau nosectu conepskanue ckununapa 10 40 %, To B npouecce MmiaBiIeHUs
MO>KHO O0OUTHCH 0€3 MOBapeHHO! COJHM, TaK KaK B 3TOM CITydae TMOoJIydaeTcs J0CTa-
TOYHASI PA3HOCTh IJIOTHOCTEH BOJBI M JKHBUIIBI, KPOME TOTO, BSI3KOCTH MOCJIEIHEH
MTOHIKaeTcs. PacmaBieHHas )KUBUIA OTGUIIBTPOBEIBAETCS OT OPTaHUYECKHUX TPH-
Meceil gepes3 JI0KHOE THO IUIABMIIBHMKA M TIOCTYTIaeT B OTCTONHHKH, TJie OTCTanBa-
etcs 95...98 % Boawl 1 OosIbIIast YaCTh MUHEPAIBHBIX MTpUMecei [6].

[Ipoananmu3upoBaB 0COOEHHOCTH TEXHOJIOTUYECKOTO IUKIIA OYHCTKU KUBHIIBI
OT IIpUMeEceH 1 BOJABI, OTMETHUM CJIEYIOIIEE:

JKUBUIIA HArpeBacTCs B IUIABWIIBHUKAX, YTOOBI CO3[aTh YCJIOBUS UL €€
OYHCTKY;

JKUBUIIA OT OPraHMYECKUX MPUMECEH OUnIIaeTcss PUILTPOBAHUEM, OT MHHE-
PANBHBIX IPUMECEH U BOJBI — OTCTANBAHHUEM;

XpaHEHUE YKUBHIIBI B JKEJIE3HOH 0OYKOTAape MPUBOJIUT K €€ OKHCICHHUIO U J10-
MIOJIHUTENLHBIM 3aTpaTaM Ha OCBETIICHHE.
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[leperonka XMBHILIBI MPOU3BOAUTCSA JIBYMS CIIOCOOAMHU: TEPUOTUYECKUM —
B Ky0ax, HelIpepbIBHBIM — B KaHU(OJIEBAPOUHBIX KosIoHHaX. [1epBhIii crocod, nme-
IOIINI OTAENbHBIE HEAOCTATKH, HET HEO0OXOAUMOCTH aHATM3UPOBATh.

KomoHHBI IS TIEPETOHKH JKUBHIIBI TIPEACTABIIAIOT CO00H HENMPEPHIBHO JIEH-
CTBYIOIIIME ammapartbl, B KOTOPBIX pacIIaBI€HHAs W OYMIIEHHAS OT IMPUMECEH KU-
BUIIA IBUKETCS CBEPXY BHH3, €l HABCTpeUy CHU3Y MOAAeTCs OCTphIi map. Jletyune
TEPIICHOBBIE YTJIEBOIOPOIBI U3BJIEKAIOTCS U3 PACIUIABICHHON XKHUBULIBI [10]] BO3JICH-
CTBHEM I1apa M MO HANPABJICHUIO €0 JBIKEHHUS MMONaJaloT B XonoamibHuK. OOpa-
30BaBILUICA B XOJIOAWIBHUKE KOHJEHCAT CTEKAET BO (MIIOPEHTUHY, TJE OH pa3zaeis-
eTcs Ha CKUMUAAp U BOAY. BXoasmiyue B cOCTaB COCHOBON HMBHLBI CMOJISTHBIE KHC-
JIOTHI TUTABATCS M 00pa3yroT KaHU(DOJIb.

TexHONOTHYEeCKUH Mpolecc MepepadOTKU KHUBHUIBI HUMEET TeMIlepaTypHbIE
orpannueHus. McxoqHas ®HUBHLA, OUUIIEHHAs OT BOJABI M COpa, HAUMHAET KUIETh
npu temmeparype t = 179 °C. Ilo Mepe OTrOHKH JIETYYHX BEIIECTB TeMIlepaTypa
ObIcTpo moBbImaercs, U npu t > 220 °C HaunMHaeTcsl pa3joXeHue KaHudosu, 4To
OTpHUIIATEIHFHO CKa3bIBAETCSA Ha €€ KauecTBe. TakuMm 00pazom, I MpeI0TBpPAIIeHUS
pasiiokeHHuss KaHU(OIU TpU MeperoHke HeoOXOAWMO PEeryiIupoBaTh TeMIIEpaTyp-
HBII pexum.

Oopazyromascst B mpolecce NeperoHKy KHUBUIBI KaHU(OIb CTEKaeT B HUX-
HIOIO YacTh KOJIOHHBI, OTKyZa Yepe3 CHelHaIbHOe OTBEpCTHE MOMaJaeT B IpOMe-
JKYTOYHBII COOPHUK AJIsl PO3JIMBA B Tapy.

IIponecc po3nuBa kaHU(OIN UMEET CBOM TEXHOJIOTHYECKHUE OCOOEHHOCTH,
TaK KaKk OHa MOXXET KPHUCTAJUTM30BATHCA U B TAKOM BHJE CTAHOBUTCS HE MPHUTOIHOM
st npumenenunsi. Kpucrammm3zanus npoucxomut npu t = 90...110 °C. OcHOBHBIM
CHoco0OM MPEeJOTBpAIICHUs] KPUCTAIUIM3aUUMK KaHU(OIM sBIseTcs ObICTpoe ee
oxJaxzaenue. st aToro ropsa4uyro kKaHu(OIb 3aNUBAIOT B Tapy TOHKUMH CIIOSIMH B
HECKOJIBKO MPHUEMOB HJIM MPHUMEHSIOT CHEIHaIbHbIE YCTPOUCTBA — OXJIAXKIAIOIIHE
OapaOaHsbI.

[Ipy n3ydeHNM TEXHOJOTMUYECKHX MapaMeTpoB Ipolecca nepepaboTku coc-
HOBOM JKWBHUIIBI BBISBIEHBI OCHOBHBIE OCOOCHHOCTH, CYIIECTBEHHO BIHSIOIINE Ha
Ka4eCTBO CKUNHUAapa U KaHU(OIIH:

KaHU(OJIb NOTYYaeTCsl IPU IEPETOHKE C NEPErpeThiM BOASHBIM I1apoM;

MepPEeroHKy HeoOxoanmMo rmpoBoanTh Tipu t = 179...220 °C;

BO U30eXaHNEe KPUCTAIUTM3ALUKN PO3NIUB KaHU(OIH TOHKEH OCYIECTBISATHCS
NIPY YCJIOBHH €€ OBICTPOTrO OXJIXKICHUSI.

Obvexmul u Memoobl UCCIeO08aAHUS

Jist pemeHust CTosIel epesl HaMu 3aJaqyd KpOMe aHAIUTHYECKOTO MpHMe-
HSUICSL SKCIIEPUMEHTANBHBIH METOJ HCCIIeA0BaHUA. MeTo 1 mpenonaraeT u3roToB-
JICHHE SKCIIEPUMEHTAIBHOTO O0OPY/IOBaHHUSA U OTPAOOTKY TEXHOJOTHYECKUX T1apa-
METPOB €r0 PaboTHI B CIIEAYIOIIEH mocaeaoBaTeIsHOCTH [6]:

pa3paboTKa TEXHHUYECKOI'O 3a/JaHHsI Ha OMBITHO-KOHCTPYKTOPCKYIO paboTy
(OKP);

nposeneane OKP, Bkiogaromeit B ce0st pa3pabOTKy TEXHHYECKOW TOKYMEH-
TaIlM{, U3TOTOBJICHHE M UCTIBITAHUE OMBITHBIX 00Pa3I0B U IPUEMKY PE3YJIbTaTOB;

MOCTaHOBKA Ha TIPOU3BOJICTBO.

Hannas pa®oTa BBRIOMHUIACH HA TMPOTSDKEHUH JTOBOJBHO JUIUTENBHOTO BpE-
MeHu. HadanwsHbiii aTan nccnemnoBanuii (1999 r.) ocymecTBisics B ApXaHTelbCKe,
B CeBepHOM Hay4HO-MCCIENOBATEIILCKOM HWHCTUTYTE JIECHOrO Xo3siictBa [9].
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Ha atom 3Tane kayectBo Moy4aeMoi KaHU(OJIM 1O IBETHOCTH HE COOTBETCTBOBA-
70 TpeOOBaHUSIM BBICHIETO M TIEPBOTO COPTOB. DKCIIEPUMEHTaIbHbIE paObOTHI ObUIN
MIPOIOJKEHBI U TO3BOJIMIIN 00OCHOBATh BCE TEXHOJIIOTHUECKHUE MTapaMeTphl MPOLeC-
ca nepepabOTKH COCHOBOI >KUBHIIBI, IPUEMJIEMbIE [UIL UX HMCIOJIb30BAHUS XO3sii-
CTBYIOIIMMU CyOBEKTaMHU Ha MECTax €€ JOObIUH.

B cBsi3u ¢ TeM, 4TO pe3yNbTaThl UCCIEIOBAHUHN TOJDKHBI COOTBETCTBOBATDH
tpeboBanusm ['OCT P 15.301-2016 [4], a TeMa cTaThH 3aTparuBaeT OCOOCHHOCTH
TEXHOJOTHYECKOTO IHKJIA MepepadOTKU COCHOBOM JKUBUIIBI, Mbl HE OyJeM yAesTh
0co00r0 BHHMAaHHS BOIPOCAM COCTABJICHHS PA3JIMUYHBIX JOKYMEHTOB, MOITBEp-
XKIAIOMIMX BBINOJIHEHHBIE 3Tambl paboT. OCHOBHOE BHMMAaHHME COCPENOTOYUM Ha
nposenerann OKP, Brumouarorei B ce0si pa3pabOTKy TEXHHYECKOW JOKyMEHTAINH,
H3TOTOBJICHUE OMBITHBIX 00pa3loB, TaK KaK HalIeH 3amadeil sBIsieTcs 000CHOBaHHE
TEXHOJOTMYECKHUX NapaMeTPOB, IPH MPUMEHEHNH KOTOPBIX BO3MOXKHA IepepadoTKa
COCHOBOM JKMBHILIBI Ha MECTax €€ AOObIYM C MCHOJIb30BAHHMEM MAalorabapuTHOTO
0bopyIoBaHUS.

B pamkax pa3paOOTKH TEXHUUECKOTO 3a/IaHUsI OTIPEACNeHbI MoKa3aTenu P Qek-
TUBHOCTH Pa0OTHI 000PYAOBaHHMS, a TAKKE TEXHUKO-IKOHOMIUYECKIE TPEOOBAHMS:

JKCIIEpPUMEHTAIIEHOE 000PYIOBAaHUE JIOJDKHO TiepepadaThiBaTh COCHOBYIO YKUBH-
1y B 1a00OPaTOPHBIX YCIOBUSIX, IMUTUPYIOIINX PEATbHBIC YCIOBUS DKCILTyaTalHY;

npu pa3paboTKe SKCIEPUMEHTAIFHOTO 000pYOOBaHHS IOJDKHBI OBITH HC-
[I0JIb30BAaHbl TEXHOJIOTHYECKUE IMAapaMeTpbl M XapaKTEPUCTUKU IMPOMBIIIJIEHHOTO
oOpasiia Toro ke Ha3HauCHUS;

B mpoluecce paboThl JOIKHBI OBITH ONpeesieHbl TPeOOBaHUs K Ka4eCTBY Ka-
HUGOIM M CKUIMIApa, NpUEMIIEMble Ui BO3MOKHOCTEH 3KCIIEPUMEHTAIBHOTO
00opyIoBaHMS;

Ka4eCTBO IMOJyYaeMbIX MPOJIYKTOB JIOHKHO OBITH COIMOCTABIEHO C TpeOoBa-
HusiMu [[OCToB Ha cocHOBYIO KaHH(OJIb ¥ KUBUYHBIN ckunuaap [2, 3];

Ha OCHOBAHUU JJAHHBIX, MTOJYYECHHBIX IIPU MCIIBITAHUN 3KCIIEPUMEHTAIBHOTO
000pYZIOBaHHMS, JOJDKHBI OBITH OTPEIEICHbl TEXHUKO-IKOHOMHYECKHE TPEOOBaHHUS
K MIPOM3BOJCTBEHHBIM 00pa3iaM 000pyA0BaHuUs.

I'maBHBIM TpeOoBaHueM 110 3 (PeKTHBHOCTH paOOTHI 00OPYOBaHMUS, & TAKKE
CaMoil TEXHOJIOTUH SIBJSIETCS. MAKCUMAJIbHOE YIIPOIIEHHE CXEMBI MepepadOTKH KH-
BUIIbI IPH MUHUMAJIBHBIX IOTEPSIX Ka4eCTBa I10JyYaeMbIX IPOLYKTOB, T. €. TJIaBHAS
LIeJTh MPOBOANMBIX pabOT — CHIDKEHHE ce0eCTOMMOCTH MPOM3BOACTBA KaHU(DOIN H
CKUMHJApa.

Peszynomamul ucciedosanus u ux oocysxcoenue

B ocHOBy pa3pa0OoTKu MOJIOKEH NPUHLIUI HarpeBaHUs KMBUILBI IPH aTMO-
chepHOM AaBiieHUN. JJaHHBIN cITOCO0 TIepepadOTKH MMEET OTPUIATETFHBIE OT3BIBBI
[1]. Ho pe3ynbraTsl 1a00paTOPHBIX 3KCIIEPUMEHTOB TOBOPST O TOM, YTO MOJIydae-
Masi KaHu(oJib MMEeT IOKaszaTeld IIEPBOIO COpTa IO TeMIeparype IJIaBJICHMS
U KUCJIOTHOMY 4Hciy. LIBeTHOCTh KaHH(OTM BO MHOTOM 3aBHCUT OT CTETICHH OKHC-
JICHUS KUBULIBI ¥ IPOJOJDKUTEIILHOCTH €€ Harpesa.

Kax y»xe roBopmiioch, OKHCIEHHE XKUBHUIBI BO3HUKAET OT CONPHUKOCHOBEHUS
ee ¢ xxene3oM. JKuBuna craHoBUTCA yepHOU. st momydeHust KaHU(OIU C BEICOKH-
MH II0Ka3aTesIMUA 1O LIBETHOCTH HA JIECCOXHUMHYECKUX HPEANPUATHIX IPH OTCTau-
BaHUM JJIS1 OCBETIICHHS JKUBULIBI IPUMEHSIOT CIIeMaIbHbIe XUMUYECKHIE PeareHThI.
B paspabaTreiBaeMOii HAMH TEXHOJIOTUH JaHHBINA BUA paboT He MpeaycMaTpuBaeTcs,
TaK KaK B TEXHOJOI'MYECKOM IIPOLECCEe 3aT0TOBKHU U cOOpa KUBHILBI OyAET yCTpaHEeH



ISSN 0536 — 1036. UBY3. «JIecHoii :kypHam». 2019. Ne 1 101

€€ KOHTAaKT C YKEJIe30M, T. €. OHa He OYJIET OKUCIATHCSA. DTa 0OCOOCHHOCTD SBJISETCS
BAaXXHBIM HpeI/IMYIIIeCTBOM, ITIO3BOJIAOILIINM HpI/IMeHSITB pa3pa6aTLIBaeMy}0 HaMHn
TEXHOJNIOTHIO. TEeXHOJOTMYEeCKU mpolecc NepepadOTKH JKUBUIBI CXEMATHYHO
n300pakeH Ha puc. 1.

Puc. 1. CxemMa TeXHOJOTHYECKOTO MpoIlecca MepepadOTKH COCHOBOM KMBHUIBI: 1 — mmuma-
BWJIbHHK; 2 — (UIBTP OYMCTKH JKUBHIBL, 3 — KaHU(OIEBApOYHOE YCTPOMCTBO; 4 — XO0JI0-
JUIBHUK; 5 — (uibTp ounctku kaHudonu; 6 — tapa mis kanudonu; 7 — QiaopeHTrHa;
8 — tapa s ckunugapa
Fig. 1. Flow chart of pine sap processing: 1 — melter; 2 — pine sap filter; 3 — rosin boiling
apparatus; 4 — refrigerator; 5 —rosin filter; 6 — container for rosin; 7 — separating flask;
8 — container for turpentine

HoBr3Ha TEXHONOIMYECKOW CXEMBI 3aKJIF0YaeTCs B UCIOJb30BAHUM YCTPO-
CTBa, COCTOAILErO U3 JBYX IUIOCKUX HArpeBAIOIIMXCS IMOBEPXHOCTEN U XOJOIMIIb-
HOH yctaHOBKM. Ha ontHOH 1OBEepXHOCTH (B IJIaBMJIBHHUKE) IIPOUCXOJUT IJIaBJICHHUE
KUBHIIBI, HA PYTOi TOBEPXHOCTH (B KaHU(OJIEBAPOUYHON YACTH) B 3aBUCUMOCTH OT
TEMIIEpaTypbl HarpeBa OTIOHSAKOTCS JIETYYUE TEPIIEHOBBIE YTJIEBOAOPOJbl, INpU
OXJIaXJICHUH KOTOPBIX B XOJOAMIBHOM yCcTaHOBKE 0Opasyercst ckunugap. He obmna-
Jarolye JEeTyYUMH CBOWCTBAMHU CMOJISTHBIE KHCIOTHI 00pa3ytoT KaHu(osb. YToOs!
YIPOCTUTh TEXHOJIOTMUECKHM IPOLECC, IIABICHUE U IEPETOHKY JKHUBHIBI OCY-
LIECTBIISIFOT HE 3@ CUET IEPErpeToro napa, a 3a CYET KOHTAKTa KUBULBI C IOBEPX-
HOCTBIO, HArpeBaeMoil TEIUIOBBIMH JJIEKTPUUYECKUMH HarpeparelssMH. Boma otne-
JISI€TCSL OT KUBHIIBI IyTEM €€ UCIIAPEHHUSI C HaIrPEBAIOIIUXCS TIOBEPXHOCTEM.

O4YnCTKY KUBHUIIBI OT MIPUMECEH MPOBOJIAT B /1B cTaauu. Ha mepBoitl cragnm
€€ OYMIIAIOT OT OPraHMYECKUX NMPUMECEH, YTO MPOUCXOIUT (HUIBTPALMOHHBIM CII0-
co0OM TpH TIepeTeKaHNWH JKUBHUIIBI C TIOBEPXHOCTH, HA KOTOPOI MPONCXOANT TUIaB-
JIEHWE, Ha MMOBEPXHOCTb, T/Ie OCYIIECTBIISIETCS OKOHYATeIbHAasl nepepaboTka KUBU-
pl. B xauecTBe QUIBTPALIMOHHOTO DJEMEHTA HCIOJB3YeTCsl MeNKasi CeTKa, M3To-
TOBJICHHAs U3 MEJIU WM HEP>KABEIOIIEH CTaH.
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Ha BTOpOi1 cragnu pacmiaBieHHas KaHU(OIb OYUIIAETCS OT MHHEPAIbHBIX
puMecei myTeM QIIBTPOBAHUS Yepe3 MIIOTHYIO 0A3€BYIO TKaHb.

BaxupiM (akTopoM ais MOMy4yeHHs KauecTBEHHOW KaHM(OIM sBiseTcs
TeMIIepaTypa HarpeBaeMbIX HMOBEPXHOCTEH. B Xome sKCIepHMEHTa yCTaHOBIEHO,
YTO TeMIIepaTypa HarpeBaeMbIX MOBEPXHOCTEN JOJIKHA COCTABIATH: B IIaBUIIbHU-
ke — 100 °C, B kaaudoreBapounoi gactu — 180 °C.

KomnmuecTBO KUBHUIIBI HA TPOBEIEHUE OJHOTO IIUKJIa paOOTHI UMEET OOJIBIIIOE
3HaueHue. HarpeB kaHu(oau OT MOBEPXHOCTH KaHU(OIEBapOUHOW YacTu oOopy-
JOBaHMsI OCYILECTBISIETCS HEPABHOMEPHO. B MecTax CONpPUKOCHOBEHUS JKUBUILIBI C
MMOBEPXHOCTHIO 00OPYAOBaHHS TeMIleparypa OyZeT Bcerna BhINIE, YeM B BEpXHEH
yacty ciod. C yBenTuueHHeM TOJIIIUHBI CJIOS 3Ta pa3Huua Oyaer Bo3pacTats. llepe-
TPEeB XUBUIIBI, @ TAK)KE ATUTEIFHOE €€ HaXOXKJIEHHE B 30HE BHICOKHUX TEMIIEPATYypP
OTPHLATENILHO CKa3bIBaeTCAd HA LBETHOCTH KaHHU(osn. ONBITHEIM MyTEM YCTaHOB-
JICHO, YTO TOJILIMHA CJIOS KUBHLIBI HE JOJDKHA MIPEBBIMIATh 1 CM, IIPH 3TOM IPOJOJI-
KHUTENBHOCTH Mpoliecca Bapku kaHudomu coctapiseT 20 MUH.

[IpomomKuTeIbHOCTh POTPEBaHMs KHUBULBI BO MHOTOM 3aBUCHT OT MeTall-
Ja, TPUMEHSEMOTO I M3TOTOBIIEHUS KaHM(OJIEBAPOUHON yacTH 000OpyHIOBaHHUS.
B cBs3M ¢ 3TUM yCTaHOBJIEHO, YTO HAWIyYIlINE MTOKA3aTeN! MporpeBa XKUBHUIBI J10-
CTHUTaIOTCsl Ha 000PYAOBaHUU U3 ATFOMUHUSL.

[MepepaboTKy KHMBHIBI 3aBEPLIAIOT NMPU AOCTHKEeHUH Temneparypsl 180 °C.
B 3Tux ycnoBusx MuHepaibHbIE IPUMECH HE BIHAIOT Ha KayecTBO KaHU(omnu. [To-
Ka3aTenu KauecTBa KaHMU(OJIM U CKUMHIAAPa, MOTyUYeHHBIX B MPOIIECCE TepepadoTKu
KUBHIIBI (Ta0J. 1 u 2), oTBeuarot TpedboBanusm ['OCTos [2, 3].

Taonuma 1
Cpennne moka3aren KauecTBa KaHu(pon
TToka3zarens 3HaueHue
Brenrauii Buj CrexJIoBHIHAS Macca
MHTEeHCHBHOCTH OKPacKu X: W
MaccoBast gonst Boasl, % He 6oiee 0,2
Maccosas 1055 300561, % He 6onee 0,04
MaccoBas 10511 MeXaHUYeCKUX pumMecei, %o He 6onee 0,04
Temmepartypa pazmsaruenus, °C He menee 68
Kucnornoe yucno, mr KOH na 1 r npoaykra He menee 168
CKIIOHHOCTB K KPHUCTAJUTH3AIUU OTCyTCTBHE METHOTO
MOPUCTOTO OCTATKA

Tabnuma 2
CpenHue noka3ate/u KauecTBa CKUNUAApa
IToxa3arens 3HayeHue
Bueunuit Bun u 3anax IIpo3paunas neTyuas *KUIKOCTb
C XapaKTepHBIM 3araxoM 0e3 ocajika 1 BOJIbI
Inotrocts p mpu 20 °C, r/em® 0,860

OO6bemHast 107151 OTTOHA B TIpeieax
Temnepatyp npu aasneann 101 325 I1a
(760 MM pr. c1.), %!

no 155 °C OTtcyTcTBYET
o 170 °C He menee 90
MaccoBas nois ocTarka OT ucnapeHus, % He 6omnee 0,5
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[Tomyuennsie B mporecce paboThl KaHM(OICBAPOUHOTO 000PYIOBAHHUS TIPO-
IYKTHI TpeOyeTcsl IOMEeCTHTh B Tapy. Ho mpeaBapurenbHO HEOOXOANMO BBITOTHUTD
CIIeYFOINE TEXHOJIOTHUECKUE OIEPaIIny.

KonpeHcar, coctosmuii 13 TEPIEHOBBIX YTIIEBOJOPOIOB M BOABI, HAIIPABIIA-
0T I pasaciCHusA BO @HOpeHTI/IHy, 3aTe€M CKUIIMAAp CJIMBAKOT B CHCHUAJIBHYIO
Tapy, a KaHudoib A OTACICHUS MHHEPAIbHBIX MPUMEced mepen 3aTapruBaHHEM
¢GuIbTPYIOT uepe3 Os13eByI0 TKaHb. Tak Kak KaHU(OIb MEHee Bs3Kas, YeM KUBHIIA,
TO OHA MMPOCAYHMBAETCS Yepe3 MEIKUE MOphI O3€BOM TKAaHHU, YTO MPEJOTBpAIlacT ee
KPUCTAJUTH3AIIHIO.

[IpoBeneHnble Uccaeq0BaHUS MO pa3pabOTKE TEXHOJIOTHH IepepaboTKu coc-
HOBOM JKHBHIIBI, OCYIIIECTBICHHBIC aHATUTHYECKAM M SKCIEPUMEHTAILHBIM CIIOCO-
Oamu, majau MOJOKUTEIBHBIA pe3ynbraT. O0pasnbl KaHU(OIN U CKHIHIAPa, ITOTY-
YeHHBIE Ha JKCIIEPUMEHTaIbHOM O0OpYAOBaHUH, COOTBETCTBOBAIU TPEOOBAHUSIM
TOCY/IapCTBEHHBIX CTaHIAPTOB MO KadecTBY. ITOTH BBIMTOJHEHHON pabOTHI IMO3BO-
JISIFOT CAENATh BBIBOJ O LEIeCO0Opa3sHOCTH MPOJOIKEHHS HAaudyaThIX JKCIIEPUMEH-
TOB, HO YK€ Ha IPOMBIIIIJIEHHOM 000PY/I0BaHUHY.

OcCHOBEBIBasICH Ha OKCIICPUMCEHTAJIBHBIX OaHHBIX, MOXHO CA€jaTb BBIBOO O
TOM, YTO Ha MPOMBIIIICHHOM OOOPYAOBaHHWU C KaHH(OJIEBAPOYHOH YacThiO 2 M’
MOXHO TIepepadoTaTh 35 T COCHOBOM JKHUBHIIBI 332 6 MeC., T. €. 32 CE30H IMOJICOYKH.
N3roToBuTh Takoe NPOMBINUIEHHOE 00OpYyJOBaHHE HE MpPEACTaBIAeT OOJbIION
CIIOHOCTH, TpeOyeMble MaTepHallbl JOCTYIHEI. ['abapuThl yCTAHOBKH TPUEMIIEMBI
JUIA UCIIOJIB30BaHHUA HA HEOOIBIINX MpEaANpUATHAX.

Takum 00pa3oM, ¢ y4eTOM TEXHHKO-dKOHOMHYECKHX TpeOOBaHMH, a Takxke
HEOOXOMMMEBIX TOKa3aTened 3P¢GeKTHBHOCTH PabOTHI MPOMBIIIICHHOTO 000pYI0-
BaHWs, BBIABJICHHBIX OCHOBHBIX TEXHOJIOTMYCCKUX MApaMETPOB OYUCTKU OT IIPUME-
cell U MepPEeroHKN COCHOBOM JKUBUIIBI, IPUMEHSEMBIX Ha JICCOXMMHUYECKUX 3aBOJIAX,
pa3paboTaHa TEXHOJIOTHs, IpUeMIIeMast U HCTIOJIb30BaHMsI Ha MPOU3BOJICTBEHHON
0a3ze XO3SIMCTBYIONMX CYyOBEKTOB, OCYIIECCTBISIONINX 3ar0OTOBKY U OJHOBPEMEHHO
nepepaboTKy COCHOBOM KHBHIIBI.

Baxnouenue

[IpoBenennble UccaeI0BaHUS MO pa3pabOTKE TEXHOJIOIHH IepepaboTKu coc-
HOBOH JKMBHIIBI, OCYIIIECTBICHHBIE aHATUTHUYECKUM H SKCIEPUMEHTAIBHBIM CIIOCO-
0amMu, Jamy MOJIOXKHUTENBHBIN pe3ybraT. O0pasupl KaHU(GOIN U CKUIIUAAPA, MOJTY-
YeHHBIE Ha IKCIEPUMEHTAIFHOM OOOPYIOBAaHWH, COOTBETCTBOBAIHM TPEOOBAaHUSAM
rOCyJapCTBEHHBIX CTaHAApTOB MO KauecTBY. MTOrM BBIMOIHEHHOH pabOTHI MO3BO-
JSIFOT CAEJNATh BBIBOJ O LIEIECOOOPAa3sHOCTH IPOJODKEHHS HAaudaThIX 3KCIIEPUMEH-
TOB, HO Y€ Ha IIPOMBIIIJICHHOM 000pYAOBaHHU.
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On the Potential of Pine Sap Processing in the Places of Its Extraction
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The industrial production of pine sap almost completely passed away in the Russian Federation.
In order to regain lost ground it is necessary to resolve the following issues: creation of produc-
tion capacities for pine sap processing in the places of its extraction; involvement of forest areas,
rented for other types of forest exploitation, to pine sap production; creation of logistic schemes
for sales of pine sap and products of its processing. The research is focused on development of a
technology for pine sap processing, which could be used on production basis of an economic
entity. As a result of analysis, the key features of the technological cycle of pine sap processing
are revealed, that was accounted in the developing technology. The experiments were done on
test equipment. Technological process consisted of pine sap decontamination and processing.
The obtained rosin and turpentine met the existing standards for their quality. Two heating sur-
faces and a refrigeration unit were used in the technological workflow. One of the surfaces ful-
filled the function of a smelter. The second surface (rosin boiling) and refrigeration unit were
used in order to obtain rosin and turpentine. The important aspects of the developed technology
are temperature modes and applied methods for purification from organic and mineral impurities.
It has been established that with the use of an industrial plant having a rosin boiling part area of
2 m?, it is possible to recycle 35 t of pine sap for 6 months, i.e. for the tapping season. Manufac-
turing of such industrial equipment is not very difficult. Its dimensional specifications are quite
acceptable for the capabilities of small enterprises.

Keywords: pine sap production, tapping, rosin, turpentine, technology.

For citation: Gorkin A.l. On the Potential of Pine Sap Processing in the Places of Its Extrac-
tion. Lesnoy Zhurnal [Forestry Journal], 2019, no. 1, pp. 96-105. DOI; 10.17238/ issn0536-
1036.2019.1.96


mailto:a.gorkin@narfu.ru

ISSN 0536 — 1036. UBY3. «JIecHoii :kypHam». 2019. Ne 1 105

REFERENCES

1. Gordon L.V., Fefilov V.V., Skvortsov S.O., Atamanchukov G.D. Tekhnologiya
lesokhimicheskikh proizvodstv: ucheb. dlya tekhnikumov [Technology of Wood Chemical
Industries: Textbook for Technical Schools]. Moscow, Goslesbumizdat Publ., 1960. 419 p.
(In Russ.)

2. GOST 1571-82. Skipidar zhivichnyy. Tekhnicheskiye usloviya [State Standard
1571-82. Sap Turpentine. Technical Specifications]. Moscow, Izdatel’stvo standartov,
1990. 22 p.

3. GOST 19113-84. Kanifol’ sosnovaya. Tekhnicheskiye usloviya [State Standard
19113-84. Pine Rosin. Technical Specifications]. Moscow, Izdatel’stvo standartov, 1990.
13 p.

4. GOST R 15.301-2016. Sistema razrabotki i postanovki produktsii na proizvodstvo.
Produktsiya proizvodstvenno-tekhnicheskogo naznacheniya. Poryadok razrabotki i post-
anovki produktsii na proizvodstvo [Russian State Standard 15.301-2016. System of product
development and launching into manufacture. Products for Industrial and Technical Purpos-
es. Procedure of Product Development and Launching into Manufacture]. Moscow,
Standartinform Publ., 2016. 12 p.

5. Ignatovich M.V. Importozameshcheniye kak faktor ekonomicheskoy bezopas-
nosti gosudarstva [Import Substitution as a Factor of Economic Security of the State]. No-
vaya nauka. Strategii i vektory razvitiya, 2016, no. 11, pp. 204-206.

6. Komshilov N.F. Kanifol’, eye sostav i stroyeniye smolyanykh kislot [Rosin, Its
Composition and Structure of Resin Acids]. Moscow, Lesnaya promyshlennost’ Publ.,
1965. 163 p. (In Russ.)

7. Luk’yanov P.M. Istoriya khimicheskikh promyslov i khimicheskoy promyshlennosti
Rossii do kontsa XIX veka. T. 3 [History of Chemical Crafts and Chemical Industry of Russia
till the End of the 19" Century. Vol. 3]. Moscow, AN SSSR Publ., 1951. 606 p. (In Russ.)

8. Pastukhova N.O. Izucheniye zarubezhnogo opyta podsochki i vozmozhnost’ ego
ispol’zovaniya v Arkhangel’skoy oblasti [Study and Possibility of Using Foreign Tapping
Experience in Arkhangelsk Region]. Molochnokhozyaystvennyy vestnik [Molochnokho-
zyaistvenny Vestnik], 2016, no. 3(23), pp. 16-21.

9. Razrabotat’ tekhnologiyu pererabotki zhivitsy sosnovoy na mestakh eye do-bychi i
obosnovat’ primeneniye dannoy tekhnologii na predpriyatiyakh Arkhangel’skoy oblasti:
otchet o NIR [To Develop a Technology for Pine Sap Processing in the Places of Its Extrac-
tion and Substantiate the Use of the Technology at the Mills of Arkhangelsk Region: Scien-
tific Report]. Arkhangelsk, SevNIILKh Publ., 2000. 30 p.

10. Yarunov A.S., Gorkin A.L., Petrik V.V. Prizhiznennoye pol’zovaniye lesom na
Severe [Lifetime Use of Forest in the North]. Nauka — lesnomu khozyaystvu Severa: sb.
SevNIILKh [Science to the Forestry of the North: SevNIILKh’s Collection of Academic
Papers]. Arkhangelsk, Press A Publ., 1999, pp. 126-129.

11. Demulle D. Rosin and the Art of the Squish. CreateSpace, 2016. 32 p. [In Eng.]

12. Jones H.L. Process of Rosin Sizing Paper. International Paper Company. New
York, U.S. Pat. 3,421,976. 1969.

Received on May 05, 2018




106 ISSN 0536 — 1036. UBY 3. «JlecHoii :xypHaa». 2019. Ne 1

@ JIECOOKCIUTYATALIA

VK 634.037.4
DOI: 10.17238/issn0536-1036.2019.1.106

OCOBEHHOCTHU KOHTAKTHOI'O B3AUMO/JIENCTBUSI
TPEJIEBOYHOM CUCTEMBI C MEP3JIBIM ITIOYBOT'PYHTOM

Pyoog C.E.", kano. mexn. nayx

Hlanupo B.A.%, 0-p mexn. nayk, npogp.

Tpuzopves H.B., 0-p mexn. nayx, npogp.

Kynuuykasn 0.A.°, 0-p mexn. nayx, npog.

I'puzopvesa O.1.% kano. c.-x. Hayk, 0ou.

'Boennas akanemus cBsa3u uM. Mapmana Coserckoro Coroza C.M. bynennoro, Tuxopeu-
kuit npocrt., a. 3, K-64, Cauxr-IletepOypr, Poccus, 194064; e-mail: 89213093250@mail.ru
2CaHKT-HeTep6yp1"01<1/1f/'1 roCyAapCTBEHHBIN JIE€COTEXHUYECKUI YHUBEPCUTET

uMm. C.M. Kuposa, MacTHTYTCKHI TIeP., 1. 5, CankT-TletepOypr, Poccus, 194021;

e-mail: shapiro54vlad@mail.ru, grigoreva_o@list.ru

3$IKyTCKa;1 roCyJlapCTBEHHAs CENIbCKOXO03sMCTBEHHAs akafgeMus, 3-if Kk, A. 3,

1. Ceprensaxckoe, T. SIkytck, Pecriyonuka Caxa (Skytus), Poccus, 677007,

e-mail: silver73@inbox.ru, ola.ola07@mail.ru

[TpoBenenue Jeco3aroToBUTENBHBIX paboOT B paiionax Kpaiinero CeBepa NpPOUCXOIMT B
KpaifHe CIIOXKHBIX KIMMAaTHUYECKUX YCIOBUAX. B TpaguIIMOHHBIN AJIS 3arOTOBKH JAPEBECHHBI
3UMHUH TIEpUO]T JISCHAs TEXHUKA B 3THX paiOHax paboTaTh HE MOXKET M3-32 IKCTPEMATIBHO
HU3KHAX TEMIepaTyp, KOTOPBIC HE BBIACPKUBAIOT METAUT M THApPABINKA MamwuH. [loaToMy
MIEPUO]] YCTOHYUBOTO MPOBEICHHS JICCOCEUYHBIX PaOOT W BBIBO3KH 3arOTOBIICHHOHN JpEBECH-
HBI CPaBHHUTEIIFHO HEBEIHK. [lepexoisl TeMuepaTyphbl OKPYXKAIOMIEro BO3AyXa OT OTpHIa-
TENBHBIX K MOJIOKHUTEIBHBIM 3HAYCHUSM, XapaKTepPHbIC I pe3KO KOHTHHEHTAIBHOTO KIIH-
Marta, Hampumep B PecmyOnuke Caxa (SIKyTusi), OCTaHaBIMBAIOT JI€CO3arOTOBUTENbHBIN
mporiecc Ha OOJbIIeH YacTH JIECOCEK M3-3a OTTAaUBaHMSA MEP3JIbIX MOYBOIPYHTOB. B mpomec-
Ce JKCIUTyaTallud TPEJICBOYHBIX CHCTEM HEOOXOAMMO CUHTATBHCS C TEM, YTO MEpP3JbIi MMou-
BOTPYHT TIpeACTaBIsgeT co0O0H CIOXKHYI0O MHOTOKOMIIOHEHTHYIO cpeny. Ha ocHoBaHmM pe-
3y/lbTAaTOB HCCIEIOBAHUN YCTAHOBIJICHO, YTO HA ONPEAETCHHBIX IIyOWHAX NPH YCIOBHU
MOAATIMBOCTH (POPMHUPYETCS TaK HAa3bIBAEMOE MMEPBUYHOE SAPO YIUIOTHEHHUS ITOYBOIPYHTA.
B cirygae, ecni KOMITOHEHTHI OIS HATIPSDKCHAN HA OOJBIINX IIyOWHAX 0OecredaT BBIMMOJ-
HCHHE TPHUHATHIX KPUTCPUEB pPa3pyIICHUS MEp3JIOro MOYBOTPYHTA, TO SAPO YIUIOTHEHHS
Oyzer mepeMemmaThCsi BHU3, ¥ TOJ ACHCTBHEM TPEJICBOYHOM CHCTEMBI TOYBOTPYHT MOIYIUT
JIOTIONTHUTENbHOE yIDIOTHeHHE. [Iporece MOrpy:KeHus sapa YIUIOTHEHHS COMPOBOXKIACTCS
MOHIKEHUEM TEMIIEPaTypPHI, YTO B CBOIO OYepeb 00YCIOBIMBACT POCT MPOYHOCTH U MOXIY-
ns ynpyroctd. TakuM 00pa3oM, YCTaHOBJICHHBIE 3aKOHOMEPHOCTH BIUSHUS TEMIIEPaTyPhl U
BJI&YKHOCTH MEP3JIbIX TPYHTOB Ha MX (PU3MKO-MEXaHMYECKHUE CBOWCTBA IO3BOJIIIOT OoJiee
TOYHO OIICHHUTH BEIMYMHY Ha4aIbHBIX KOHTAKTHBIX MTapaMETPOB B MPOIECCE TPEIEBKH Mad-
K{ JIECOMAaTEepHaJIOB C 3apaHee 3aJaHHBIMH CTAaTHYECKMMH Harpy3kamu. llomxydeHHbIE pe-

Jna yumuposanua: Pynos C.E., lllamupo B.A., I'puropses U.B., Kynunxkas O.A., I'purops-
eBa O.11. OcoOCHHOCTH KOHTAKTHOT'O B3aMMOJCHCTBHS TPEICBOYHOW CHCTEMBI C MEP3JIBIM
nousorpyntoMm // JlecH. xxypH. 2019. Neo 1. C. 106-119. (M13B. Bbicil. yueb. 3aBelCHHN).
DOI: 10.17238/issn0536-1036.2019.1.106
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3yNIBTATHl SABIAIOTCS OCHOBOH U1 (hOPMHPOBAHMS HAYAIBHBIX YCJIOBHM IPH pacyeTax Ia-
paMeTpoB pa3pyIICHHs HAIPSHKEHHO-Ae()OpMHI-POBAHHOTO MACCHBA MEP3JIOTO IIOYBOTPYHTA
U €ro YIUIOTHEHHUS MOJ ACHCTBHEM CTAaTHYECKHX HAarpy30K, BO3HHKAIOIINX B MPOILECCE IKC-
IUTyaTaluy Pa3INYHbIX JIECHBIX MAIIMH U TPEIEBOYHBIX CHCTEM.

Knioueswvie cnosa: Mep3HLIﬁ IMMOYBOI'PYHT, JICCO3aroToBKa, TpeJICBOYHAasA CUCTEMA, YIJIOTHEC-
HHUC N )Ie(l)OpMaIlI/IH NOYBOI'pyHTa.

Beeoenue

JlecHble 9KOCHCTEMBI Ha MEp3JIbIX MOYBOIPYHTaX 0Co00 paHMMBI. BpemHoe
BO3JICHCTBHE JIECHBIX MAIMH Yepe3 YIUIOTHEHHE U JAe(HOPMAIIHIO TIOYBOIPYHTOB Ha
9KOCHUCTEMBI JIECOCEK M3BECTHO MCCIIEIOBATENIAM Kak B Poccum, Tak U 3a pyOexom
[5, 13-17].

Heo6xoammo BBIICIUTD TPH OCHOBHBIE CYOCTAHITMHM MEP3JIOTO ITOYBOTPYHTA:

COOCTBEHHO TBEP/IbIif BEICOKOIUIOTHBIN CKEJIET TPYHTA;

BOJIa B Pa3JIMIHOM COCTOSIHUH, B TIEPBYIO OYepeb CBOOOIHAS U CBSI3aHHAsS C
MEPEMEHHOM TIOTHOCTBIO, 3aCOMIEHHOCTRIO U, KaK CIIEACTBHE, CYIIECTBEHHO OTIIH-
Yaromasics TeMIIEpaTypoil 3aMep3aHus;

e,

DT 00CTOATENBCTBA C Y4eTOM (haKTOpa HHU3KHX TEMIEparyp, pasindHON
BJIQ)KHOCTH M 3aCOJICHHOCTH MEP3JIOr0 MOYBOTPYHTA OKA3bIBAIOT CUIIbHOE BIIHSHUE
Ha KOHEYHBIE TIOKA3aTeIH ero (pU3NKO-MeXaHHUYECKUX CBOMCTB.

OcHOBHBIE TTOKa3aTeNn (PU3NKO-MEXaHHUECKUX CBOMCTB TAKOTO 0OBEKTA IM0-
IpOoOHO M3y4eHbl B paborax [1, 2, 6, 9], rae oco00 oTMeYaeTcs BIUSHUE yCIOBHIMA
MTHOBEHHOTO M JTUTEILHOTO TMPHJIOKEHHS CTATHYCCKUX HATPY30K, MPU KOTOPHIX
XapaKTEPUCTUKH MEP3JI0r0 MOYBOTPYHTA, B YACTHOCTH MPOYHOCTHBIC, OTIUIAIOTCS
BeChbMa CYIIECTBEHHO: KPAaTHO, a B Psijie CIIydaeB Ha MOPSIOK U Ooree.

B HaIlIeM HuccjieJ0BaHUN YCJ'IOBI/IMCH, qTo HpI/I pa60Te JICCHBIX MAIIIMH ITOKa-
3aTCJIn (I)PI?)HKO'MGX&HI/I‘IGCKI/IX CBOf/iCTB COOTBeTCTBy}OT HpI/IJ'IO)KeHHI)IM MI'HOBCH-
HBIM Harpy3Kam.

Llenb vccneIoBaHus — yCTAHOBICHHE 0COOCHHOCTEN B3aMMOICUCTBUS TpeEIe-
BO'-IHOﬁ CUCTEMBI C Mep3HBIM HO‘IBOprHTOM.

Obvexmul u Memoobl UCCAeO08aAHUA

JI1si OCHOBHBIX Pa3HOBHIHOCTEH MeEp3JIOro TpyHTa (TIECKOB, CYIECel, Cy-
TJIMHKOB U 1Ip.) panee [1, 6, 9] BBIABIEHBI HEKOTOPHIE 00IKE 3aKOHOMEPHOCTH. B
YaCTHOCTH YCTAHOBJICHO, YTO €r0 MPOYHOCTH YBEJIUUMBAETCS HPU CHIKEHUH TEM-
MepaTypbl, CTENIEHH TUCTIEPCHOCTH, BIAXKHOCTH, & TAK)KE BO3PACTAHUH JIBJAUCTOCTH
JI0 TIOJTHOTO HACBHIIIEHHS TI0P TPYHTA JIbJOM ¥ MHTEHCUBHOCTH TPUJIOKEHHS BHEII-
Hell Harpy3ku. [IpouyHOCTh MEp3JIoTO TPYHTA B CTENEHb €TI0 COMPOTHBIICHHUS BHEII-
HUM Harpy3kaMm YMEHbBLIAETCS N0 Mepe YBEIMYCHHS IMOPUCTOCTH W CHMKCHHUS
IUIOTHOCTU TPYHTA. YUWTHIBAST MHOI'OKOMIIOHEHTHOCTH MEP3JIOr0 IMOYBOIPYHTA,
KOTOPBII MpecTaBisieT cOO0H MHOTOCTIOWHYIO CHCTEMY, COCTOSIIYIO U3 HECKOJIb-
KUX OPraHWYECKUX M OJHOTO FUIM HECKOJBKMX MHUHEPAIBHBIX ClIoeB [15], mox ero
TUTIOTHOCTBIO (p) CIIEAYEeT MOHUMATh CPETHEB3BEIIEHHOE 110 00beMaM 3HaueHHe.

I'pyHTBI 110 MIOTHOCTH KJIACCUOUIHUPYIOT HA 5 KaTeropuii, HAYMHAs OT KaTe-
ropun | (ouens perxisie, p = 1,1...1,3 1/m°) m0 karteropun V (OUeHb ILIOTHBIE,
p > 2,1 /).
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OueBUAHO, YTO OJHUM M3 OCHOBHBIX IIOKazaTesiell (U3MKO-MEXaHWIECKHX
CBOWCTB MEP3JI0TO IIOYBOIPYHTA SIBJIAETCS ero Temneparypa. [lpu stom 1 kaxno-
ro TpyHTa XapakTepHa CBOs TeMIepaTypa Hadaja 3aMep3aHus, B CpPEeIHEM
7,=-0,2..-0,4°C.

[pownmtoctpupyem 310 rpadukamu (puc. 1), MONYyYEHHBIMH Ha OCHOBE
OTIBITHBIX JAaHHBIX [6] 711 HEKOTOPBIX MEP3JIBIX TPYHTOB B palioHe 1oc. AMepMa.
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Puc. 1. TlonmwkeHue TeMmmepaTypbl TPyHTa C po-
CTOM TIIyOWHBI €T0 3aJleTaHus: ¢ — U3MEHEeHHe ao-
COJIIOTHBIX 3HAYCHUH TemIeparyp; 6 — OTHOCH-
TEJIbHBIX

Fig. 1. Soil temperature decrease with increase of

its depth: change in absolute («) and relative (6)
temperature values

Ha puc. 1, a npencrasien rpaguk U3MEeHEHHsT TeMIlepaTypbl 7' OT TITyOHHBI
3aieranus ciosi rpyHra h. Harnsauee nanubie puc. 1, @ MOXXHO MPEACTaBUTh B OT-
HOCUTENHHBIX (Oe3pa3MepHBIX) BeMMUMHAX. Ecim Temmneparypy Ha TOBEPXHOCTH
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MMOYBOTPYHTA MPHUHATH 32 MacIITabHYIO e€ANHMILY, TO Ha puc. 1, 6 mmeem Oe3pas-
MepHbIl kodpPuuuent Kz, xapakTepu3yromnii ”HTEHCUBHOCTh MOHM)KEHUSI TeMIIe-
paTypbl ¢ pOCTOM TeKyIei KOOpAHHATHI (TJTyOHHBI) N.

C BBICOKOW CTENEHBIO JJOCTOBEPHOCTH 3aBHCUMOCTD Ha PUC. |, @ ONHChIBACT-
Csl TOJITMHOMOM BTOPOM CTETEHH, MPHYEM TPH TeKyIiux 3HadeHusx h < 0,5 m mo-
HW)KEHHE TeMIIEpaTyphl MPOUCXOIUT MPAaKTUUECKH JuHEHHO. HeoOxomumo orme-
TUTh, YTO MOIIHOCTBb Mep3ioro ciost rpyHToB (N,), Kak MpaBWIIO, U3MEHSETCS B
npexenax h, = 0,6...2,5 M. Takum oOpa3om, OyJaeM CYUTATH, YTO MPOLECC KOHTAKT-
HOTO B3aMMOJICHCTBUS TPEIEBOYHON CUCTEMBI PEaIM3yeTCs B MpeIenax H3MCHEHUS
riyounsl h ot 0 10 h,.

3apucumocts Ky () ¢ BbicokuM ko3pduuuentom nerepmubarmu (R® =
= 0,9663) MOXHO MPEACTABUTH KaK

K,(h) = —17,455h + 34,155h + 0,6795. (1)

TemmepaTypa 3aMep3aHusi MEp3JIOTo TpyHTa T, 3aBHCUT OT CTENECHU €To 3a-
cosieHHocTH. [Ipu 3TOM Mep3Jibie IPYHTBI MOTYT OBITh 11200 (CyMMapHOe cojiepika-
HHE JIETKOPACTBOPHMBIX cojieir B Macce cyxoro rpynra C = 0,3 %) u u30bITOYHO
(C > 8...10 %) 3aconeHHBIMH.

Ha puc. 2 npencrasneno Biausiaue napamerpa C Ha T, 1u1st ciabo u cpeaHesa-
COJICHHBIX MAJIOBJIAXXHBIX M BECbMa BJIAXKKHBIX MCEP3JIBIX TPYHTOB C YUCTOM HUX
BaaxaoctH (W).

05
Puc. 2. Bimsgaue 3acoileHHOCTH - & \,y\ ,:,:._1 -:-.IG ,:,:S 1 o4 %
MEp3JIOro I'PyHTa Ha €ro TeMIepa- o _
Typy 3aMep3aHHs C yU4eTOM BIaXK- * u y= 242:?);5%&)85
Hoct: 1 — W = 20 %; . 2 '
2-40% 1“ *
Fig. 2. Influence of frozen soil \
salinity on its freezing point with “L5 e
regard to humidity: 1 — W = 20 %; y = -1,5787x + 0,0609 * u
2-40% 2 T R?=0,9761 \
-2.5
*
T, °C

Xopomias JUHEHHAs aNlpOKCUMAalNXs AAHHBIX MTO3BOJISIET O 3HAYEHHSM yT-
JIOBBIX KO3((UIMEHTOB NPSAMBIX CleJaTh 3aKII0UEHHE, YTO YBEJIWYECHUE BIAXKHO-
CTH B 2 pa3a CHWXaeT 3aBucuMocts T, ot C B 1,53 pa3za.

Kak oTmeuanoch BbIllie, MO JAaHHBIM HCCien0BaHui [1], mapameTp Temmepa-
TypbI CYyIIECTBEHHO BJIMAET HAa MPOYHOCTHBIE MOKAa3aTeNN MEP3JIOro TPyHTa, Cpeau
KOTOPBIX HEOOXOAMMO OTMETHTH MHPEAENbl €ro MPOYHOCTH Ha CXKATUE (Ocy), CIBUT
(Ocy) ¥ pa3phIB (Gy).

B Ta6un. 1 npuBeneHsl pe3ynbTaThl UCCIEAOBAaHUH [ 1] AJst YeThIpeX Mep3IIbIX
rpynToB (MI'1 — meieBoit necok, MI'2 — kBapuesblii necok, MI'3 — cynecs, MI'4 —
[JIMHA) 1 JIbJa C YIETOM NOHMKEHHSI TEMIIEPaTyPhI.
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Tabnuma 1

Mi3MeHeHHe Mpeie/ia MPOYHOCTH HA C/KATHE 6., (107 k1a)

Mep3JIbIX TPYHTOB H JIbJA MIPH NOHMKEHHH TeMIepaTypbl
T,°C MI'1 MI2 MTI3 MT4 Jlen
-0,1 80 45 9 2 1
-1,0 108 62 15 19 5
-2,0 120 73 21 42 13
-3,0 131 81 31 50 21
4,0 138 85 41 56 28
-5,0 144 93 48 61 39
-10,0 165 122 59 89 47

AHanu3 gaHHBIX TaOy. 1 MOKa3bIBAeT, YTO 3HAUCHMS MPOYHOCTH HA CXKATUE
XapakTepU3ylTCAd CYIIECTBEHHON BapUaTUBHOCTHIO NAXKE M1 OJHOM TpPYIIIbI
MEpP3TBIX TPYHTOB, B yacTHOCTH MI'1, yTO CHMXKaeT HAJACKHOCTH MPOTHO3HBIX U
paCyYCTHBIX MCTO0B.

st cpaBHUTENBHOTO aHAIN3a U KOJIMYECTBEHHOI'O COMOCTABJIEHUS JaHHBIX
Tabmn. 1 u puc. 3, a ONBITHBIE 3HAYCHUS GOy JJISl TIECKOB U CYNECH MpPEACTaBICHBI B
Oe3pa3zmMepHOM BHUjIE (TI0 aHAJIOTHU C puC. 1, 6) MpHU 3a7aHHON TeMIepaType Ha Io-
BEPXHOCTH TpyHTa, npunsroit 7 =-0,1 °C.

Kak BugHO Ha mpumepe meckoB (kpuBble 1 m 2 Ha puc. 3, @), HECMOTpPS Ha
CYLIECTBEHHBIC Pa3In4Ms UX a0CONIOTHBIX 3HAYECHUH Gy, JOCTUIAIOLINE B CPEIHEM
50 % u Gonee, OTHOCUTENbHBIE BETHYUHBI Gy OTIMYAIOTCS HE3HAYUTEIEHO — MEHEE
yeM Ha 10 %, mosToMy pacxokaenue KpuBbix 1 u 2 — HeGonbmoe. Kpusast 3 (s
CYIIECH) CBHJETEIBCTBYET yKe 0 OoJiee CYIIECTBCHHOM BIMSHUM MOHMKECHUS TEM-
nepaTypsl Ha IPOYHOCTH JAHHOTO MEP3JIOro TPYHTa IIPU OJTHOOCHOM CHKAaTHH.

IIpencraBisieT MHTEpEC aHAIU3 U3MEHEHUS! IPOYHOCTHBIX CBOMCTB MEP3JION
TJTMHBI TIPU CKATHH TI0 CPABHEHHUIO €O JIbJoM (puc. 3, 6). B aToM ciryuae abcosmroT-
HBI€ 3HAUEHUS Gy OTIMYAIOTCS KPAaTHO, XOTSl KPUBbIE OTHOCHTEJILHOIO YBEIIMUCHHS
MPOYHOCTH C TIOHIKEHUEM TeMIepaTyphl BeCbMa OJIU3KH.

[Tonmy4eHHBIN pe3ynbTaT MOKHO OOBSCHHUTH TE€M, YTO IJIMHA, KaK IMPaBUIIO,
MMEET IMOBBIILICHHYIO BIaXXHOCTb, & OONBLIOE COAEp)KaHHE 3aMep3lueil Boasl 00y-
CIIOBJIUBACT €€ MOBEIEHHE MPH CXKaTHH, CXOXKEEe C MPOLECCOM CXaTus jabaa. s
MPaKTHYECKUX PACUETOB yA00HO MCITOIB30BaTh aHanuTHueckue cBsa3u K (7).

Jlist Mep31Ioii cyrecu naHHoe cootHourerue xopouro (R® = 0,9744) onuceisa-
€TCsl CIENYIOIEN TOJMHOMUAIBHON 3aBUCUMOCTBIO:

Kex(7) = —0,04687%-1,075T — 0,0585. (2)

Ecnu 06paTtuTbes K KOJMYECTBEHHOH OICHKE BIIMSHHS BIaXHOCTH HA MPOY-
HOCTHBIE CBOMCTBa MEp3JIOr0 TPyHTa, TO, MO JaHHBIM [l], Ans cyneced 3aBUCH-
MOCTb Gy 0T W momumHseTcs 3aKOHY KBaJpPaTUYHOM THIEpOOJBI B JUAara3oHe
m3menenuss W ot 10...15 % (cyxue cynecn) o 35...40 % (yBnakHEHHBIC CYIIECH).
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lcm(lOzKHa)

T, °C -1 -5 -G -4 -2

=

T,°C 10 -5 -6 -4 -2 o
]

Puc. 3. 3aBHCHMOCTh OTHOCHUTEIBHOM BEIHYHHBI O, OT 1
st MI'1 (1), MI'2 (2), MI'3 (3), MI'4 (4) u nbaa (5)
Fig. 3. Dependence of the relative value of o, (ultimate compres-
sion strength) from T (temperature) for frozen soils (1-4)
and ice (5)

Jnst raset nipu T = —3..-4 ° C cHmKeHHE 6., 0T 5000 no 3500 xIla ormeuaeTcs
mipu pocte W ot 15 10 35 %. [ KOHKPETHBIX TEXHOJIOTHYECKHUX YCIOBUN HEOOXO-
JIIMO OTIPEIEIATH COOTBETCTBYIONIYIO 3aBUCHMOCTD G, (W).

PaccMmoTrpum enie oMH Ba)KHBIM NPOYHOCTHOW IOKA3aTENb — MPEENT Ipod-
HOCTH Ha CIIBUT O,

Kacarenbnple Hanpspkenust T mo Teopun Kynmona—Mopa 3aBUCST OT cuerie-
Hus K 1 yria BHyTpeHHero TpeHUsl ¢, KOTOpbIe B 00IIEeM cllydae 3aBUCST OT TeMIIe-
patypsl 7 [1]. B cBOO 04Yepenp MIOTHOCTh MEP3JIOTr0 OYBOTPYHTA P TECHO CBSI3aHA
C YIJIOM Q.

B Tabn. 2 mpuBeaeHbl aOCONIOTHBIC 3HAYEHHsS MPOYHOCTH HA CIABUT G,
(10° ITa) mns ABYX BHMAOB Mep3ioro rpyHra (mis cymecu MI'3 u rimmsr MI'4)
cpeneii mwiotHocTH (p = 1,7...1,9 T/M°) B CpaBHEHHH ¢ IPOYHOCTHIO HA CIBHT JIbJa
10 Mepe MOHKeHUs 7.
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Tabnuma 2
Mi3MeHeHHe Mpeiesia MPOYHOCTH HA CABHT o, (107 kI1a)
Mep3JIbIX TPYHTOB H JIbJA MIPH NOHMKEHHH TeMIepaTypbl
T,°C MI'3 MI'4 Jlen
-0,1 1,2 11 0,8
-0,5 4,0 3,0 2,0
-1,0 10,0 8,0 4,0
-2,0 14,0 12,0 15,0
-3,0 21,0 18,0 19,0
-4,0 26,0 22,0 25,0

Ha puc. 4 nanssle Taba. 2 1O aHATOTHH ¢ PUC. 3 TPEJACTaBICHB B Oe3pas-
MEpPHOM BHJIC.

(107K Ta)
b ¥

N
Tan T :

T,°C -4 -3 -2 -1 0
Puc. 4. 3aBucuMOCTM OTHOCHUTENIBHOH BEJIUYUHBI G,y OT T
quist ibaa (1), MI'3 (2) u MI'4 (3)

Fig. 4. Dependences of the relative value of o, (ultimate
shear strength) from T (temperature) for ice (1) and frozen

soils (1-3)

OnHOW M3 OCHOBHBIX XapaKTEPUCTHK YHPYyro-ne(OpManvOHHBIX CBOWCTB
MEP3JI0ro MOYBOIPYHTA SBJIAETCS MOJYJIb YIIPYTOCTH E, paBHBII OTHOLIEHUIO CHKH-
MAIOIINX HaNpsDKEHUH K OTHOCHTENBHOM YIpyroi aedopMaivu B yCIOBHSAX KpaT-
KOBPEMEHHOTO JIEHCTBHSI Harpy30K.

B 1a61n. 3 npuBeneHs! aOCONMIOTHBIE 3HAYEHUS] MOAYIIS YIPYTOCTH JUIS psiAa
TPYHTOB B 3aBHUCHMOCTH OT UX TeMIepaTypsl [8].

Tabmuma 3
H3menenne MOAyJisi yIPyrocTa Mep3JbIX TPYHTOB
MpPH MOHIZKEHHH TeMnepaTypst T
3nauenne £ (10° xI1a) npu 7, °C
I'pyHT

-0,2..-0,5 -0,5..-1,5 -15..-6,0
Iecok 1000 3000 5000
Cymnecs 800 2000 3000
CyriauHOK 500 1200 2000
T'muHa 300 600 1000




ISSN 0536 — 1036. UBY 3. «JlecHoii :xxypHam». 2019. Ne 1 113

3aBucuMocTh 6e3paszmepHoro kodpdurmenta Kx(7) mo Mepe CHIKEHUS TEM-
MepaTypbl OMUCHIBAETCS MPAKTHIECKN (YHKITHOHAIEHO (R?=1):

K(T) = —0,5457%— 3,0435T + 0,0015. (3)

Y CTONUMBBIX KOPPEISILUOHHBIX CBSI3E€H MEXIy MOAYJIEM YIPYIOCTU U BIAX-
HocThO rpyHTa W 110 1aHHEBIM [ 1] BEIIBUTH HE yIAIOCh.

B nmumanasone m3menenus temmeparypel ot —0,1 g0 —1,0 °C koaddurment
[Tyaccona v xonebnercs B npenenax 0,2...0,5 [1, 2, 8], mpu 3TOM OH CYIIECTBEHHO
3aBHUCHUT OT BIAXKHOCTH.

Xapakrep moBeneHus: 6e3paszmepHoro kodpounuenta K, (W) mpakruyuecku
(YHKIMOHANBHO OMKCHIBAETCS CIIEAYIONIEH SKCIIOHCHITUATBHON 3aBHCUMOCTBIO:

K.(W) = 0,38 exp (0,0534 W). (4)

Koadduuuent Ilyaccona ompeznensier BennuuHy Kodd¢uimeHta GOKOBOTO
pacropa:

A=v/(1-v).

[Tockonpky HOpManbHbIE (CKUMAOIINE) W TAaHT€HLHUAIbHbIE (pacTITrMBaro-
[I1e) KOMIIOHEHTH! TEH30pa HANPSHKEHUH B MOJEINAX Pa3pyLICHUS! TPYHTOB C BHYT-
perHuM TpeHueM [3, 10] oTnuuaroTCss IMEHHO Ha BEIMYUHY A, TO AJISL BIAXKHBIX
TPYHTOB 10 Mepe npubmmkeHus A K 3HaueHusMm 0,45...0,50 riaBHbIe HanpsbKEHHS
OyZayT NpaKTUYECKH COBIAIATh.

[lonmy4yeHHbIE OLIGHKU BIHMSHUS MApaMETPOB BIAXKHOCTH M TEMIIEpaTypbl Ha
nokazarenu (U3NKO-MEXaHHMYECKHX CBOHCTB MEP3JIBIX MOYBOTPYHTOB MO3BOJISIOT
MepeTH K pelIeHuIo 3a/1a4l BO3ACHCTBYS JIECHBIX MAIIMH U TPEJIEBOYHBIX CUCTEM
Ha 3TH [TOYBOTPYHTHIL.

Peszynomamer uccredosanus u ux obcysxcoenue

KoHTakTHBIE 337]au MEXaHUKU pa3pyLIEHUs CIUIOLIHBIX CPeJ C 3apaHee 3a-
JNaHHBIMU CBOICTBaMH, B YaCTHOCTH HEMEP3JIbIX TPYHTOB MJIM MacCHBOB KODBI Jie-
PEBBEB PA3IMYHON TEMIIEPATyphl, B pe3yjbTaTe BO3AEHCTBHS MHAECHTOPOB pa3HO-
00pa3Hoii koH(pUTypaluK Mo gpoOHO paccMOTpeHbI B padorax [4, 11, 12].

[TycTh TpeneBouHast cuCTeMa COCTOUT M3 TpakTopa Maccod G M TelexKH C
MayvKoi JiecomaTepuanaoB Maccoil Q 1 xojecHas 6a3a TPeJIEBOYHOM CUCTEMBI HUMEET
XapaKTepHbIN paanyc Kojeca (InHbI) R.

[Mon meficTBeM cyMMapHOHW CTaTH4ecKoi Harpy3ku maccod P =G + Q Ha
MOBEPXHOCTH MOYBOTPYHTA MPH YCIOBHH €r0 MOJATIUBOCTH 00pa3yeTcsi 30Ha KOH-
TaKTa pajMycoM a, IUIOMANbI0 S = 7a® M TIyOMHOI KOHTAKTHOTO COIIKEHHs
(HavaspHas TIyOMHA MOTpY)KeHHs Koseca ) N, DTH mapaMeTpbl SBISIOTCS ONpe/ie-
maomuMu [12] npu olieHKe AEUCTBYIOIIMX HAYajdbHBIX AABICHUHA TPEIEBOYHOU
CHCTEMBI B 30HE KOHTAKTA ILIMHBI C MEP3JIBIM [TIOYBOTPYHTOM.

OCHOBBIBasICH Ha MOJIOKEHUSIX [7], ompe/es M napamerpsr @ u h,:

= [BPASVOR | - R (5)

CyMmMmapHas Harpy3ka P, pacopejaeieHHas IO IUOmaaud S, GopMupyer
HavalbHOE YCPEOHEHHOE JaBlIeHUE (,, @ TAKXKE HayaJlbHbIE MAKCUMaJIbHbIE BEPTH-
KallbHOE (G,) ¥ TOPU3OHTAIBHOE (G;) JABIEHUS B IIEHTPE IIJIOIAIKH:

— P 3. _ _
qa - Ef'l G — EQaa Cr = 7\'6}31 (6)
rae f — ko3 uIeHT COnPOTHBICHHUS KaYeHHIO KoJieca.



114 ISSN 0536 — 1036. UBY 3. «JlecHoii :xypHaa». 2019. Ne 1

Kak cnemnyer u3 (6), A7 BIaXKHBIX TPYHTOB IIPH CTPEMIIEHUH V K TIPEIETBHO-
My 3HaueHuto 0,5 ropu3OHTaJIbHAs KOMIIOHEHTAa G, = G, (A= 1) W HampsHKeHHOE
COCTOSIHUE TIOYBOTPYHTA B MJIOCKOM MOCTaHOBKE OJMU3KO K COCTOSHHIO JABYCTOPOH-
HETO CHKaTHsl.

Mopnyne ynpyroctu E yuateH B (6) ommocpemoBaHHO depe3 cooTHomeHue (5)
KaK MepeMeHHasl BeJIMYMHA, 3aBUCALIAs OT TeMIepaTypbl 7 B COOTBETCTBUH (3).

3HavyeHUs] yKa3aHHBIX HayaJbHBIX MapaMeTPOB KOHTAKTHOTO pa3pylICHHS
IPH 33JaHHON CTATHYECKON Harpyske maccoi P (wim yaenbHoi Harpy3ke m = P/R)
(bopMHPYIOT HayaJIbHbIE KOMIIOHEHTHI (BEPTHUKAJIbHbBIE U TOPU30HTAIBHBIE) TEH30pa
HanpsDKEHUH U JaibHellIee pa3BUTHE Mpoliecca pa3pylIeHUs TOYBOTPYHTA B 30HE
KOHTaKTa MpH NMPEBBIIICHNH PACYCTHBIX HAMPSIKCHUH MPENeNoB NPOYHOCTH Mep3-
JIOTO TOYBOIPYHTA (HA CXKATHE Gy, CABHUI Gc; WIM Pa3pbiB G,) B 3aBUCHMOCTH OT
NPUHATOTO KpuTepusi paspyuieHus. Ilpu 3Tom yder Temmeparypsl MOYBOTPYHTA B
MPOYHOCTHBIX XapaKTEPUCTHKaX Oa3upyeTcsl Ha JaHHBIX pHC. 3 1 4.

HOCKOJ’IBKy N3 OTMCYCHHBIX BBIIIC MPOYHOCTHBIX nokasarejieii MUHUMaJlb-
HbI€ 3HAUEHMs IPHHUMAET Gp, TO JJIS OLICHOK Pa3MEPOB 30H pa3pyLICHHs LEIeco-
00pa3HO NPUHATH B KadeCTBE KPUTEPUS PaspyLICHUs CIEIYIOLIee HEPABEHCTBO:
6; > O, Ecnu naHHBIA KpuTepuil BBINOIHSAETCA M HECYINash CHOCOOHOCTh MOY-
BOTPYHTa HapylleHa, TO MOJA ACHCTBUEM Harpy3Kud Maccoil P (CyMMapHOW MacChl
TPEJICBOYHOM CHCTEMBI) Oy/A€T MMETh MECTO IMOTPYKEHHE KoJjieca Ha BEIUYHHY
KOHTaKTHOTO cOMmkeHust h,,.

Takum o6pa3om, mapameTpsl a u h, 3aBHCAT OT CyMMapHON Macchl TPEJIeBOY-
HOU CHCTEMBI, pa3Mepa ee KOJIECHOM 0a3bl, a HHTETPAIbHO — OT YIENbHOW HATrpy3KU
M, a Takke OT YIPYroIJIaCTUYECKUX CBOMCTB MEP3JIOrO MOYBOIPYHTA, B MEPBYIO
ouepeabp OT Moxyns ynpyroctu E, koadduuuenra Ilyaccona v, KoppensiiuoHHO
3aBUCSIIMX OT €r0 TEMIIEPaTyphl U BIa>KHOCTH.

[TpoOHBIe pacueThl OBUIM MPOU3BEICHBI JJIi MEP3JIOH CYNECH C IIOTHOCTHIO
B €CTECTBEHHOM 3aieranuu p = 1,7 T/m° npu HopmanbHOit BraxkuoctH (W = 25 %) ¢

temreparypoit 3amep3anust 7, = —0,2 °C u npu Temmeparype Ha MOBEPXHOCTH
T, = -0,1 °C (mpakTudecku Taublii TPyHT). MOIIHOCTH MEP3JIOrO CJIOS MPUHSTA
h,=0,6 m.

[MapameTpsl TpeneBO4YHOW cHcTeMbl B pacuerax: macca G = 14 1, macca
Q=5 T, T. e. o0mas macca cucremsl P = 19 1; R = 0,45 M (cTtaTrueckas Harpys3ka
m = 42,2 1/m), koabdumuent f = 0,1. Koaddumuent Ilyaccona v = 0,29 onpezaenex
JUTs 3aaHHOM BiakHOCTH W ¢ TOMOIIBI0 COOTHOIIEHUS (4).

Jst mpunsitoit temnepatypst T, = —0,1 °C ¢ yuetom cootHomenust (2) moy-
YEHBI 3HAYCHUS Ocy U Op, PaBHBIE COOTBETCTBEHHO 48,52 u 9,70 kIla, a ¢ yuerom
cooTtHomeHwus (3) — 3HadeHne Moyns ynpyroctu E = 240,32 xlla.

B coBokymHOCTH 1711 3THX JAHHBIX W3 COOTHOIIEHUH (6) mMeeM: cpenHee
napneHue (, = 72 xlla; makcuManpHOE BepTHKaNIbHOE naBieHue (, = 107,85 klla;
MaKCUMAaJIbHOE TOPU30HTaNIbHOE naBiieHue (. = 44,05 klla, T. e. moyly4eHHbIE pe-
JISNbHBIE HArpy3Kd CYIIECTBEHHO IIPEBBIMIAIOT ITPOYHOCTHBIE XapaKTEPUCTHKHU
TPYHTa B 30HE €TI0 MOBEPXHOCTHOTO 3aJICTAHUSI.

[Ipu BBINOJHEHUH Pa3pPYIICHUS 3a CUET pa3phiBa U TEM caMbIM (OPMHUPOBA-
HUSl YCJIIOBUH JJIsl TIOJATIMBOCTH TPYHTA MPOM3BEAEM PACUETHI 10 OIPEEICHUIO
3aBUCHMOCTH MapaMeTPOB KOHTAKTHOTO B3aMMOJICHCTBUS TPEIEBOYHON CUCTEMBI C
MMOBEPXHOCTHIO MEP3JIOT0 MOYBOTPYHTA.
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Pe3ynbTarhl pacueToB NpENCTaBICHBI HA PHC. 5, T OTPAXKEHO BIUSIHUC TEM-
neparypbl 7 u Bnaxkaocta W Ha KOHTaKTHBIE TapaMeTphl a (kpuBas 1 — pagmyc 30-
Hbl KOHTAaKTa) U h, (kpuBasg 2 — rIyOHHA MEPBUYHOTO MOTPYKCHUS TPEICBOUHON
CHUCTEMBI).

a, h,, (10_2_M)
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T.°C -3 -2 -1 _ 0
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Puc. 5. BamsHue Temmepatypsl (@) W BIQXHOCTH
rpyHTa (6) Ha KOHTaKTHBIE MapaMeTpsl a u h,
Fig. 5. Influence of temperature (a) and soil humidity
(6) on the contact parameters a u h,

Kaxk BugHO U3 puc. 5, a, HanboJee HHTEHCUBHOE CHIDKeHUE a U h, Habro1a-
eTcst B Marna3oHe ymenbiierus temmeparypsl ot —0,10 1o —0,35 °C, T. e. npu me-
pexoze temrepatypsl uepes —0,2 °C. XapakTep JajbHENIIEro CHIKEHHUS TEMIIEPa-
TYPBI MOYKHO CUUTATHh ACUMIITOTUICCKUM.

Pacuerts! o BeIsBIEHHIO BIUSHUS BIakHOCTH W (puc. 5, 6) Ha KOHTAaKTHBIE
rapaMeTphl TTOKa3alid, 9TO TIPH €€ YBEITUUICHHUH U IEPEX0JIe OT HOPMATBHOT'O COCTO-
SHUS K BIQXHOMY HaOJI0aeTcsi HEKOTOPOE OTHOCHTENbHOE CHIDKEHME a u h,, He
npesblimapomee 12...15 %, 4To Oka3pIBaeT HE3HAUUTEIHHOE BIMSHHE HA MPOLIECC
YIUIOTHEHUSI MEP3JI0T0 MOYBOTPYHTA MO JCHCTBUEM TPEJIEBOYHOU CUCTEMBI.

OrneHnM BIUSHUE yAETHFHON CTaTHYECKOW HAarpy3Kd M Ha TIyOWHY TEpBHY-
HOTO TIOTPYKEHHUS TPEJIEBOUHOM cucTeMbl N,. Pe3ypTaThl pacueToB moKas3aiiu, uTo
3aBUCUMOCTD N,(M) MOTUMHACTCS CTEIIECHHOMY 3aKOHY:
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h, = 2,4546 m®°*?, (7)

Ucnonw3oBanue cootHomenus (7) B coueranuu ¢ Gopmysioit (1) mo3Bossier
YCTAHOBUTbH CBSI3b MEXKIY [IapaMETPOM YIIEJIbHOW Harpy3kud M U MPOrHO3HBIMU JUIS
pacyeToB 3HAUYCHUSMH TEMIEpaTyphl MOYBOTPYHTA B MPOLECCE KOHTAKTHOTO BO3-
JICUCTBHUS HA HETO TPEJICBOYHON CUCTEMBI U TIOTPYKEHUS Ha TITyOouny h,,.

C yueToM pa3HOHANpPABICHHOTO BIUSHHS MapameTpoB 7' u M Ha h, ocoObIit
UHTEpPEC BBI3bIBACT aHAIHM3 JAByMepHOH (yHkiwu hy(7, M), pe3ynbraThl KOTOPOTO
nokasanu, 4ro npu temmeparype Hike —0,35...—1,00 °C (1. e. mpu nepexone mod-
BOIPYHTA B YCTOHUMBOE MEP3JI0€ COCTOSIHHE) POCT M 10 MaKCUMAJbHBIX 3HAUE€HUN
(m = 53,3 /M) He BBIBOJMT 3HAYEHHS TITyOUHBI orpyxeHus h, 3a mpeneinst 0,05 m.

Jns Tanmplx W clerka MOAMOPOKEHHBIX Ha IMOBEPXHOCTH IOYBOTPYHTOB
(T > —0,35 °C ) orHOCHUTENBHO HEOOJbBIIME CTATUYECKUE HArpy3ku (10 m =
= 33,3 1/M) OT JAeiiCcTBHS TPEICBOYHON CHCTEMbI yBeanuuBaoT h, B 3—4 pasa, T. €.
h,=0,15...0,20 m.

OTu BBIBOJBI X0potio coriacytotes ¢ nonoxenusmu ['OCT 12248-2010, rae
COCTOSIHUE OTTauBaHMS MEP3JIOTO IPYHTA XapaKTEPU3YETCsl KaK COCTOSIHUE Iepexo-
Ja, IpU KOTOPOM pa3pyLIAIOTCSl KPHUOT€HHBIE CTPYKTypHBIe CBsi3u. Ilpu sTom
YCTOMYMBOE COCTOSIHUE MEP3JIOT0 IpyHTa HAOMIOAaeTCs MPH 3HAYCHHSAX TeMIepa-
TYpBI HIDKE TeMIepaTyphl 3amep3anus Ha 0,5 °C st ¢;1a00 3aCOJNIEHHBIX TPYHTOB U
Ha 1,0 °C 1y1st 3aCONEHHBIX MEP3IIBIX TPYHTOB.

Raxnouenue

Ha ycranoBneHHBIX riyOMHax h, Mpu yCIIOBUU MOJNATIMBOCTH MOYBOTPYHTA
dbopMupyeTcs Tak Ha3blBAEMOE MEPBUYHOE SIPO €ro YIIOTHeHHs. B Tom ciydae,
€CJIM KOMITIOHEHTHI I10JIs1 HaNpsDKEHUH Ha OOJbIINX INTyOMHax obecredaT BhIITOIHE-
HUE MPHUHATHIX KPUTEPHEB Pa3pyILIEHUS MEP3JI0ro MOYBOIPYHTA, SAPO YIIOTHEHHS
Oyzer mepemelaTbCsi BHU3 M MOYBOTPYHT IMOJ JEHCTBHEM TPEICBOYHOM CHUCTEMBI
MOJYYHT JIOTOJIHUTEIbHOE yIIOTHEHHe. Heo0X0oaumMo OTMETUTbh, 4TO MpPOIECC Io-
TPY’XKEHHUS A7pa YIUIOTHEHHUS COMPOBOXKIAETCS MOHMKEHHEM TEMIEpPTYphl, YTO B
CBOIO ouepeib 00YCIOBIUBACT POCT IIPOUYHOCTH U MOAYJISL YIPYTOCTH.

YCTaHOBIEHHBIE 3aKOHOMEPHOCTH BIMSHHMA TEMIEPATypbl M BIAXKHOCTH
MEp3IBIX TPYHTOB Ha TIOKa3aTeld UX (PU3MKO-MEXaHHYECKUX CBOMCTB MO3BOJISIOT
0oJiee TOYHO OIIEHMBATh 3HAYEHUS HA4aJIbHBIX KOHTAKTHBIX ITapaMeTPOB B MpPOIlEC-
ce TPENEBKH MMaYKU JIECOMAaTEPUANIOB C 3apaHee 3aJaHHBIMU CTaTHYECKUMH Harpys-
KaMH.

[Monmy4eHHbIEe pe3yabTATHl SBIAIOTCS OCHOBOW sl (OpMUpPOBaHUS Hayallb-
HBIX YCJOBUH MpH pacueTax NapaMeTpoB pa3pyLICHUs HaNpsLKeHHO-AedopMu-
POBAHHOTO MaccHBa MEp3JIOTO MOYBOTPYHTA U IPOLECCOB €ro YIUIOTHEHHS IOA
JIEHICTBHEM CTaTUYECKHX HArpy30K, BOSHUKAIOIIMX MPU IKCIUTyaTallly JIECHBIX Ma-
IIMH U TPEJIEBOYHBIX CUCTEM.
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Logging in the Far North is carried out under extremely difficult climatic conditions. In the
traditional for timber harvesting winter period, forestry equipment in these areas cannot ope-
rate due to the extremely low temperatures which vehicle metal and hydraulics do not with-
stand. Therefore, the period of sustainable logging operations and removal of harvested
wood is relatively short. Changes of ambient air temperature from negative to positive val-
ues are common to sharp continental climate, for example, to the Republic of Sakha (Yaku-
tia). This stops logging in the most part of the cutting areas due to thawing of frozen soils. In
operation of skidding systems it is important to take into account that frozen soil is a com-
plex multicomponent environment. Based on the research results, it has been found that at
certain depths, under the pliability condition, the so-called primary bulb of pressure is
formed. If the stress field components at deep depths implement the accepted standards of
frozen soil destruction, the bulb of pressure will move down and receive additional compac-
tion under the weight of the skidding system. The immersing of bulb of pressure is accom-
panied by decrease in temperature followed by strength enhancement and modulus of elas-
ticity increase. Thus, the established patterns of temperature and humidity influence of fro-
zen soils on their physical and mechanical properties allow us to estimate more accurately
the value of initial contact parameters during the skidding of a timber bundle with predeter-
mined static loads. The obtained results provide a basis for the formation of initial condi-
tions at calculations of destruction parameters of the stress-strain block of frozen soils and
their compaction under the action of static loads arising from the operation of various forest
machines and skidding systems.

Keywords: frozen soils, logging, skidding system, compaction and deformation of soils.
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B mnocnenHee AecATHIETHE PAa3BUTHE JIECO3arOTOBUTEIBHON MPOMBIIIICHHOCTH B MUpPE Xa-
paKTepU3yeTCs CYIIECTBEHHBIM YBEIMYCHHUEM Pa3HOOOpa3Hs aBTOMApKa JIeCO3arOTOBUTEN b-
HOM TexHukH. CIIPOC Ha COBPEMEHHOE BBICOKOIPOU3BOIUTENHLHOE 00OPYIOBaHHUE, TTO3BO-
JSIFOLIee TOBBICUTH APPEKTUBHOCTH 0OPAOOTKH Jieca, BHIHYKIAET YUCHBIX U MPOU3BOAUTE-
Jell JIECHBIX MaIlMH pa3pabaThiBaTh HOBYIO TEXHHUKY U PErYJISPHO COBEPIICHCTBOBATH €€
nedictByromue Monend. OcoOblii MHTEpPEC BBI3BIBACT YIYUIICHHE KOHCTPYKIUH pabodmx
OpraHoB MHOFO(I)yHKHI/IOHaJ'H)HI)IX JICCO3aroTOBUTCIBbHBIX MallWH (XapBeCTepOB " 1pouec-
copoB). llenp mpeanaraeMoil MOJAEpHH3aLMH CY4KOPE3HOTO OpraHa — CHIDKCHHE BO3JIEH-
CTBHSI TUCCUTIATHBHBIX CHJI M SHEPrOEMKOCTH MPOIecca MyTeM CBOSCBPEMEHHOI'O IEepeBoa
HOKa B MOJIOKCHHUC CPE3aHU CYYbEB U YAAJICHUA €0 OT CTBOJIA AC€PEBA IPU UX OTCYTCTBHUU.
3TO IOCTUTAeTCs 3a CUET TOTO, YTO MepeMelIeHHEe CYYKOPE3HOTO HOXKa U3 HAKJIIOHHOTO (He-
pabouero) monoxeHuss B pabouee, mapajuielibHOE HAMPABICHHIO MOJAYM CTBOJIA JIepeBa,
MPOUCXOUT TIOCIIE BO3/ICHCTBUSI Ha KOPIYC HOXKa BHEIHEW HArpy3KH, MepeaaBacMoi emy
IPU CMEIICHUH PACIOJIOKEHHOT0 Mepe]; HOXKOM Toskatelns. TolkaTenb cMeIaeTcs 3a npe-
JIeIIbl ICHCTBUS PEXKYIIEH KPOMKH CYYKOPE3HOT0 HOXa MO/ JeHCTBHEM HArpy3KH OT cpe3a-
€MbIX CYYheB U BO3BpAIIAETCS B MEPBOHAYAIBLHOE IMOJIOKEHUE Cpasy Mocie cpe3anus. B
pe3ysibTaTe HMCHOJIB30BAHUS MPEUIaraeMoro crnocoda paboThl CYdKOpPE3HOTO HOXa OCy-
IIECTBIIIETCSL €ro OBICTPOE U CBOEBpEMEHHOE TiepeMelieHne B pabouee wiu Hepabodee mo-
JIOXKCHHUEC. HpI/I BOIUIOMICHHUU B XU3Hb HOBOI'0O TEXHUYCCKOTO PCHICHUA OCO60€ BHUMAaHHEC
YASISUIOCH POYHOCTH U HAIC)KHOCTH KOHCTPYKIHH, Pa0OTAIOIICH MPH BRICOKUX HArpy3Kax,
CHMIKXCHUIO YYBCTBUTCIIbBHOCTU CYYKOPE3HOTO HOXKa K 3arpsA3HCHUSIM M IMOCTOAHHBIM Yya-
pam. BHeapeHue MpeIOKEHHOTO BapHaHTa PabOThI CYYKOPE3HOrO HOXA IS OYHUCTKU
CTBOJIA JIEPEBBEB OT CYYbEB MO3BOJHUT YMEHBIIUTh BO3JACHCTBUE AUCCUIIATUBHBIX CHII, CHU-
3UTh YHEPTOEMKOCTh MPOIIECCa U MOBBICHTH KA4eCTBO 0OpabOTKH JiepeBa Ha 3TO# omnepanuu
TEXHOJIOTHYECKOT0 MPOIIecca.

Kniouesvle cnosa: Banka Jieca, JIECO3aroToOBUTCIIbHAsA TEXHHKA, XapBECTCDP, Cy‘lKOpeSHHﬁ
HOK, XapBCCTCPHas IoJIOBKa, TUCCUITAaTHUBHBIC CUJIbI.

Beeoenue

Pa3BuTHe 51€C03ar0TOBUTENBHOM MPOMBIIUIEHHOCTH B MUPE B TIOCJIEIHEE Jie-
CATHJIETHE XapaKTEePU3YeTCsl CYIIECTBEHHBIM IIOBBILIEHHEM pPa3HOOOpa3usi aBToO-
napka JiecHbIX MalMH. CIIpoc Ha COBPEMEHHOE BBICOKOIPOU3BOAUTENIBHOE 000pY-

*@unancuposanue: Pabora BeINoIHEHA NpH prHaHCOBOH moamepxkke OO0 «Maptpeia» B
paMKax Hay4HO-HMCCIe0BaTeIbCKoi TeMbl Ne 06.522/18.

Jna yumuposanus: Pyxomoiinukos K.I1., Benepaukos C.B. MoaepHu3samus cy4kope3Horo
HOXXa xapBecTepHoit ronoBku // JlecH. xypH. 2019. Ne 1. C. 120-127. (M3B. BbICII. y4eO.
zaBegenuid). DOI: 10.17238/issn0536-1036.2019.1.120
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JOBaHWE, TTO3BOJISIONIEE TOBBICHTE AP (EKTUBHOCTh 00pPaOOTKH Jieca, BBIHYKIAeT
Pa3paboOTYUKOB M MIPOU3BOIUTEICH JECO3arOTOBUTEILHON TEXHUKH CO3aBaTh HO-
BBI€ U PETYJISIPHO COBEPILICHCTBOBATH JIEHCTBYIOIINE 00Opa3IIbI.

OnHuMm u3 HauOosee NEPCIEKTUBHBIX M HHTEHCHBHO Ppa3BUBAIOIIUXCS
HaIpaBJICHUH IPU 3aroTOBKE JECOMATEPUAIOB SIBJSIETCSl MCIOJIb30BAHHE COBpE-
MEHHBIX JIECO3arOTOBUTENBHBIX MAIINH, CIOCOOHBIX BBITIONHATH OYHCTKY JE€PEBbHEB
OT cyubeB Ha jecoceke [1]. K Takum MamiHaM MOKHO OTHECTH XapBeCTEphI U IPo-
neccopsl. be3 mpuMeHeHHs NpOrpecCHBHBIX TEXHOJIOTHI BeleHHs paboT B Jiecy
HEBO3MOXKHO TIOBBIIIATH BBIPAOOTKY JIECO3arOTOBUTEIBHBIX MPEANPUATHH, yIyd-
maTh KadecTBO OCBOEHMS JIECOCEK, CHIKATh OTPHILATENBHOE BO3AEHCTBHE Ha
OKPY’KaloIlyl0 NpuponHyto cpeny. CrenoBaTenbHO, MOACPHHU3ALUS TEXHOJIOTHYE-
CKOTO 000pYIOBaHUS (XapBECTEPOB U MPOIIECCOPOB) aKTyallbHA B HACTOSIIIIEE BPEMS
Y UMeeT HayyHOe U MPaKTUIeCKOoe 3HaUCHHeE.

MHorue poccuiiCKHe y4YeHbIe 3aHMMAJIMCh W 3aHUMAIOTCSl PELICHHEM 3aAad
[0 COBEPLICHCTBOBAHUIO KOHCTPYKLHH PabOYMX OPraHOB CYYKOPE3HBIX U CYUYKO-
pe3Ho-packpspkeBouHbIX MamiH. Cpenu Hux B.C. Crones [6], IT.M. Masypkun [4],
@.B. Tomapuukos [5] u ap. I1.B. Bynaukom u A.B. Jlemuykom [1, 2] Ha ocHOBa-
HUM (QYHKIMOHAIBHO-TEXHOJOIMYECKOT0 aHANIN3a XapBECTEPHON T'OJIOBKH MOCTPO-
€Ha MaTpHlia pa3BUTHS, B KOTOPOH CPOPMYTUPOBAHBI OCHOBHBIE IYTH €€ COBEp-
meHcTBoBaHust. Cpeny MpoYnX HampaBJICHHH MOBBIIEHHUS d((EKTUBHOCTH (YHK-
LUOHUPOBAHUS XapBECTEPHOH T'OJOBKH BBIJENCHA HEOOXOOUMOCTb CHHXKEHHUS BO3-
JeMCTBUS JUCCUNIATUBHBIX CHJI IIPU MIPOTACKUBAHUH JiepeBa depes Hee.

KoHCTpyKTHBHO XapBecTepHas U MpOLEeCCOpHasl TOJIOBKM aHAJIOTUYHBI APYT
JIpyTy ¥ IpeaycMaTpyBalOT HaJIMYUE MOJABMKHBIX CYYKOPE3HBIX HOXEH, pacrono-
KEHHBIX C JIByX CTOPOH U OJJHOBPEMEHHO BBIMOJHSIOLIMX POJIb 3aXBaTOB. Y CJIOBHO
HENOABWKHBIA CYYKOPE3HBIA HOX, PAaCIOJIOKEHHBIM Ha BEpXHEH 4acTH KOpILyca
YCTPOKCTBA, CIOCOOCTBYET 00OpE3Ke CyUhEeB CO CTOPOHBI CTBOJA JIEpeBa, HEJOCTYII-
HOU 151 J1€3BUM MOABMKHBIX CYYKOPE3HBIX HOKEH.

CymiecTBYIOT pa3iu4Hble BUIbl TEXHUYECKUX PELICHUH pabOThl XapBecTep-
HBIX ToJI0BOK. Hampumep, B koHCcTpyKImsx [3, 9, 10] ucnonb3yercs Cy4KOpe3HbIH
HOX, XKECTKO 3aKpEIICHHbI Ha KOpITyCe.

HenocraTtkoM faHHOTO BapHaHTa SBISIETCS MOBBIMICHHAS! BEPOSITHOCTH HEXe-
JIaTeNbHOTO BHEIPEHHsI HOXKa B HEPOBHOCTU CTBOJIA JiepeBa. HexenartenbHble MO-
CIIEZICTBUSI — JIOTIOJHUTENFHBIE SHEPTETHUECKHE 3aTpaThl Ha 00pabOTKy CTBOJIA M
MOBPEXKJCHUS IPEBECHHBI. JTa MpobieMa 4acTo BO3HUKAET Ipu obpaboTke 1y0a,
Oyka, Oepe3bl U JIPyruX MOpoJ JEPEBhEB, XapaKTEPH3YIOIIMXCsl 00Jiee NCKPHUBIICH-
HOM (opmoii cTBosa. HeoOX0auMo OTMETHUTh, YTO Y MHOTHX ITOPOJ BETBH Paciio-
JIOKEHBbl JIMIIb B BEPIIMHHON YacTH AEpeBa, CIEeI0BATEIbHO, CONPHUKOCHOBEHHE
CYYKOPE3HOTO HOKa C HIKHEW YacThlO CTBOJIA NPUBOAUT K BO3HUKHOBEHUIO H3-
JIUIITHUX TUCCUTIATHBHBIX CHIL.

B pa3nuuHBIX KOHCTPYKTHBHBIX PEIIEHHUSX HCIOIb3yeMble CYYKOPE3HbIE
HOXH OBIBAIOT KaK HETOBIKHBIE, TAK U YCIOBHO TOJIBIKHBIE, CITIOCOOHBIE TIepe-
MeIIaThCA MO MIEPOXOBATOM MOBEPXHOCTH CTBOJIA MOBAJIIEHHOTO JepeBa. [Ipumepsr
HOJXXEH JUIsl Cpe3aHusl CyubeB MOAPOOHO pacCMOTPeHbI B padoTax [7, 8]. Bo3moxHO
WCTIONBb30BaHUE CYYKOPE3HBIX HOXKEW MOBOPOTHON KOHCTPYKIMH. Pexxyias KpoMka
HOEH IpU OTCYTCTBUH HArpy3Kd OT CPE3aeMbIX CYYbeB MOKET OBITh CMeEIlleHa OT
CTBOJIA Jajble, YeM OOBIYHO, OJarogaps BO3SMOXKHOCTH HakjIoHa Hoxel. [TogoOnas
KOHCTPYKLMSI M IPUMEHSEMBbIH B HEll MpUHLIMI PabOThl CYYKOPE3HOrO HOXa pac-
cMOTpeH B [3] ¥ B OTJIMYME C IPYTHMH XapBECTEPHBIMH U MPOIIECCOPHBIMHU T'OJIOB-
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KaMH XapaKTepH3yeTcs 1Mojauei CTBOJIA B TPOIOIBHOM HAIIPABIEHUU TIOCPEICTBOM
MEXaHU3Ma, COCTOSIIETO W3 HECKONBKUX MPOTACKUBAIOIINX BalbloB. CTBOJ IBU-
JKETCs CKBO3b KOJBIO, 00pa30BaHHOE M3 CYYKOPE3HBIX HOXEH, BBHIMOTHSIOIINX
POJIb 3aXBaTOB, & CO CTOPOHBI CTBOJIA, MPUMBIKAIONIEH K KOPIYCY YCTpOWCTBa, 00-
pabaTbIBaeTCsl Cy4KOPE3HBIM HOKOM, KOTOPBI UMEET MOMEPEYHYI0 OCh BpallleHHS
JuIs HakioHa. [IpudeM 3TOT HOX, HaXOAACh B pabodyeM IMOJOKEHHH, PACIIOIOKEH
napaulelIbHO HAIPaBICHUIO MMOJaYH CTBOJIA, HO MIPU OTCYTCTBUHM HArpy3Kd OT CO-
HPUKOCHOBEHUS C CyYbsIMH MOXET OBITh HAKJIOHEH 3a CUET ero II0BOPOTa OTHOCH-
TENIFHO MONEPEYHOH OCH BpAIlleHNs U OTOJIBHHYT OT CTBOJA B Hepabodee IMoJoke-
Hue. OHAKO B NPEAJIOKECHHOW KOHCTPYKLIUH HE YUUTBIBaeTCs (hopMa OCHOBAHHS U
HaKJIOH Cy4YbeB MPH 00pa0OTKE HEKOTOPBIX MOPOJ IEPEBLEB, YTO MOXKET OBIThH CY-
[IECTBEHHBIM MPEISITCTBUEM JISl €€ UCTIONB30BAHUSI.

Llens nperaraeMoil HAaMH MOJICPHU3AIMN CYYKOPE3HOTO HOXA — CHIDKEHHE
BO3JICHCTBHS TMCCUITATHBHBIX CHJI M DHEPrOEMKOCTH Ipoliecca OYMCTKH CTBOJIA OT
CYYbeB ITyTEM CBOEBPEMEHHOT'O IEPEBOJa HOXKA B TOJIOKCHUE CPE3aHMs CYYbeB U
yIaJeHus] ero OT CTBOJIA JepeBa IPH MX OTCYTCTBHH, YTO OyIEeT CIOoCcOOCTBOBATH
HOBBIIIEHHIO KauecTBa 00pabOTKHU JiepeBa Ha ITOH TEXHOJIOIMYECKON OIepaliH.

Obvexmvl U Memoobl UCCe008aHUS

IIpu pa3zpaboTke HOBOrO TEXHHUYECKOTO pEIICHHs, HalpaBICHHOTO Ha yIIyd-
mieHre paboThl CYYKOPE3HOr0 HOXa, 0C000€ BHUMAHHE YIESUIOCH MPOYHOCTH U
HaJIOKHOCTH KOHCTPYKIIUH, YTO HEOOXOJNMO YUHTHIBATH BCICICTBUE BO3ICHCTBHS
Ha HEro BBICOKMX HArpy30K, a TaK)Ke CHHW)KCHHIO YyBCTBHUTEIBHOCTH HOXa K 3a-
IPA3HEHUSIM W TIOCTOSIHHBIM yrmapam. Kpome TOro, Cy4KOpe3HbIii HOX JIOJDKCH
CBOEBPEMEHHO TIEpEMEIIaThCs B pabouee MONOKEHUE ¥ OBITh JOCTYIICH I 0Opa-
OOTKH CyYhEB BPOBEHB C MOBEPXHOCTHIO CTBOJIA.

[TocraBieHHas Npy KOHCTPYUPOBAHUU LIE€JIb JOCTUTAETCS 3a CUET TOrO, YTO
HepeMeIeHre CYIKOPE3HOro HOXa M3 HaKJIOHHOTO (Hepabodero) B pabouee 1OJI0-
JKEHHe, MapajjieJbHOE HANpaBICHUIO MMOJaYl CTBOJIA JIEPEeBa, MPOMCXOIUT IOCIE
BO3JCHCTBHSI Ha KOPITYC HOXKA BHEIIHEH HArpy3KH, IMepelaBaeMoil Ha HEro INpu
CMEIIEHHH PACIIOIIOKEHHOTO TMepel HOKOM TOJIKaTesst. ToJKaTeslb CMeIaeTes 3a
npeesIbl PEKYIEeH KPOMKH CYYKOPE3HOTO HOXKa MO/ JEHCTBHEM HArPy3KH OT Cpe-
3a€MBIX CYYhEB M BO3BPAINACTCS B TIEPBOHAYAIBHOE MOJOKEHHE Cpa3y MOCIe cpe-
3aHUus cqueB Cy‘IKOpe?)HBIM MEXAaHHU3MOM.

OCOOCHHOCTBIO TEXHHUYECKOTO PEHICHUs MPEeylaraeMoro HOBOTO Crocoba
paboOThl CYYKOPE3HOIO HOXa SIBJISETCSA TO, YTO BEPXHSIS €ro MOBEPXHOCTh MMEET
BBICTYTAIOIINE MITUIbI, KOTOPhIC BXOMAT B Ma3bl YCTAHOBICHHOTO HAJ HEW Hampas-
JISIFOINETO DyieMeHTa. HanpaBnistonuii 3IeMEeHT 3aKperieH Ha KOpIyce YCTPOUCTBA
mapayiebHO HAalPaBICHHIO [TOIaui CTBOJIA JepeBa. BHYTpH €ro HaXOMUTCS TOJIKa-
TCIIb, I/IMCIOHII/II‘/II BO3MOXHOCTH BO3BpaTHO-HOCTyHaTeHBHOFO JOBWKCHUSA. HepeIIHSISI
4acTh TOJIKATENIS BHIMOJIIHEHA B BUIe ()OPMBI, aHATOTUYHON (OpPME KPOMKH JIE3BHS
CYYKOPE3HOro HoKa. [IpH OTCYTCTBHH BHEIIHUX CUJI, BOSHHUKAIOIIMX MPU COMPH-
KOCHOBCHHH TOJIKATENS C CYyUbsiIMUA 00pabaThIBAEMOT0 JIEPEBa, TOJIKATEIb PACIIONO-
JKEH TIepe]l CyUYKOPE3HBIM HOKOM. [IpH CONMPUKOCHOBEHUH €0 CYYbsIMA BO3HUKACT
BHEIIHSS CHJIA, CMEINAKOIAs TOJKATENIh BHYTPH HAMPABIIAIONIETO 3JEMEHTa K KOp-
MyCy YCTPOMCTBA. 3a CYET TAKOTO MEPEMEIEHHS TOIKATEIh HAXXMMAET Ha IIHUIIHI,
BBICTYIAIONINE U3 BEPXHEW MOBEPXHOCTU CYYKOPE3HOTO HOXKa, KOTOPBINA MEPEBO-
JUTCs B pabouee MOoJI0XKEeHHE.
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Peszynomamer uccredosanus u ux obcysxcoenue

[Ipennaraemas KOHCTPYKIMA MPHUBEACHA Ha pHC. 1, HA KOTOPOM HM300pakeH
001Nl BUI XapBECTEPHOH TOJIOBKHU IIPH MCIIOJIB30BAHUH TPEI0KEHHOTO TeXHIYE-
CKOTO pelICHHUS.

Puc. 1. O6mmii Bug ycTponcTBa
Fig. 1. General view of the device

YCeTpoicTBO UMEET HECYIIHI KOPITYC ¢ MPOTACKUBAIONTUMU BaibIlaMu 1 jis
MPOTAaCKHUBaHUS CTBOJIA 2 CKBO3b KOJIBIIO, COCTOSIIIEE U3 IMOABMKHBIX 3 U YCIOBHO
HETIOABMKHOTO 4 cydkope3HbIX Hoked. Ocu 5 mpemHasHadeHsl s MOBOPOTa I10-
JIBIDKHBIX CYYKOPE3HBIX HOXKEH U 3aXBaTa CTBOJIA.

Ha puc. 2 moka3ansl pabouee u Hepabodee MONOKEHUST YCIOBHO HETOIBHK-
HOTO CYYKOPE3HOTO HOXa, MPeIHA3HAYeHHOTO Ui OOpa0OTKH YacTH CTBOJA CO
CTOPOHBI, IPUKATON K KOPILYCY XapBECTEPHOU MOJIOBKH.

MexaHu3M HAaKJIOHA YCJIOBHO HEIOJBM)KHOTO CYYKOPE3HOTO HOXKa COCTOWT
n3 npyxuH 1 u monepeyHoil ocu BpamieHust 2. Hampasistomuii snemenT 3 ycra-
HOBJICH Ha KOPITyC€ YCTPONCTBA MapaUIeIbHO HAIPaBJICHHUIO OCYIIECTBICHUS I10-
Jlagu CTBOJIA MPOTACKUBAIONIMMH BaJIbIIaMH. BHYTpH HampaBIISIONIETO JIEMEHTA
pacnonoxen TonkaTtens 4. Ero mepemHsiss 4acTh BBITOJNHEHA aHAJIOTUYHO (opme
KPOMKH JIE3BUSI CYYKOPE3HOTO HOXKa. Bo3BpaTHOe mepeMelleHue TOJKaTels Opu
MCYE3HOBEHUHU HArpy3KH OT CY4beB oOecreuuBaetcs npyxuHoi 5. [ToBepXHOCTH
YCJIOBHO HEMOABMXKHOTO CYYKOPE3HOTO HOKa OCHAIlEHAa B3aMMOJCUCTBYIOIIUM C
TOJIKATeJIeM IIUIOM 6, KOTOPBIH MMeeT HAKIOHHYIO WIH JYyrooOpa3HyH BEPXHIOHO
MEPEIHIO KPOMKY W (PMKCHpYET TOJIKAaTelb B HEpaOO4YeM IOJIOXKCHHH IOCPE/I-
CTBOM T1a3a 7, COOTBETCTBYIOIIEro opme u pasmepam muna. lIun umeeT HaKIOH-
HYI0 KPOMKY M COOTBEeTCTByeT (opMe W pasmepam mnaza. [is moBbImeHHs
HAJKHOCTH KOHCTPYKIMH M (DUKCAI[MM HOXa IPH BO3HUKHOBEHHU YJIapHBIX
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Puc. 2. Mexanusm aisi oOpe3kd Cy4beB JiepeBbeB (B paspese):
a — pabouee MOOKEHHE; O — HepaboUee MOI0KESHUE
Fig. 2. Delimbing device (in section): a — operative position;
6 — nonoperative position

Harpy3oK OT CyYb€B MEXaHHU3M OCHAILEH OIPaHUUIHTENIEM 8, CIIPOEKTUPOBAHHBIM Ha
Kopiyce ycTpoicTsa. [Ipy BO3HHKHOBEHHH HArpy3KH OT CpPE3aeMBIX CYYbeB HOX
NPKUMACTCS K OTPAaHUYUTEII0 MOCPEACTBOM yHopa 9, pacroioXEHHOTO B ThUIb-
HOW 4acTH HOXKa.

PaboTa cyukope3HOTro HOXa OCYIIECTBISIETCS B CIICAYIOIIEM TTOPSIKE.

[Ipu o6xBaTe cTBOJA MPOTACKUBAOIIUMH BAIBIIAMU U CyYKOPE3HBIMU HOXa-
MU, BBIIOJHSIOIMMH POJIb 3aXBAaTOB, HOXKH 00pa3yloT KOJBLO, Yepe3 KOTOPOe MOJ
BIIMSIHUEM TIPOTACKUBAIOIIUX BaJIbIIOB MIEPEMEIAETCSl CTBOJ 00pabaThIBaeMOro Jie-
pesa.

B nensix cHMKeHHs BO3MOKHOCTH BHEIPEHHUS! HOXKaA B CTBOJI A€PEBA YCIOBHO
HETOABWXHBIN (Haxondmuiicas B HepaOO4YeM TMOJOKEHUH) CYYKOPE3HBIH HOX
(puc. 2, 6) OBEpHYT Ha yroJ ¢ MOMOIILIO MPYKWH MEXaHW3Ma HaKJIOHA HOXa.
[Ipu 3TOM ero pexyIias KpOMKa OTOJBUHYTa OT CTBOJIA M HE CONPUKACACTCS C HUM,
a mun (QUKCUPYET TOJNKATellb, HAXOSICh B Ma3e. Takoe MOJOKEeHNE YCIOBHO HETO-
JBIDKHOTO CYYKOPE3HOTO HOXKa MPUMEHWMO Tpu 00paboTKe BCEX JPEBECHBIX I10-
POJI, B TOM YHCJIEe XapaKTePU3YIONIMXCS 3HAYUTEITLHON HEPOBHOCTHIO MTOBEPXHOCTH
CTBOJIa U OTCYTCTBHEM BETOK B HIKHEH YaCTH.
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[Ipu pabote ycTpoiicTBa M B3aMMOAEWCTBUH €r0 C CyYbsSIMH Harpy3ka oT HUX
MOCTYMNAeT Ha ToJKaTeNb. [Ipr 5TOM ToNKaTenh CKUMAET MPYKUHY U MPIKAMAETCS
BHYTPH HAIPABJISIONICTO AJIIEMEHTAa K KOPIyCy yCTpoicTBa. TolkaTenb cMemaer
LIUI HOXA, MepeiaBasi Ha HEro Harpy3Kky OT cy4beB. [Ipy CKONbKEHUHM HAKJIOHHOU
MOBEPXHOCTH IIWIA MO MOBEPXHOCTHU TOJKATENSI MPOUCXOIUT Iepeaada Harpys3Ku
Ha HOXX, TIOBOPAYNBAOIINNACSA Ha MTONEPEYHON OCH W MEPEeXOIsIuil B pabodee 1o-
noxenue (puc. 2, a). Ilox geiicTBHEM HArpy3KH TOJKATENb CMEIIAETCS 3a PEXKYIILY O
KPOMKY YCJIOBHO HEIMOABMXHOTO CYYKOPE3HOTO HOXKa. PexyIas KpoMKa JTBUKETCS
MO MOBEPXHOCTH JiepeBa ¢ yrioM 3 = 0 1 BXOAWUT BO B3aWMOJCHCTBUE CO cpe3ae-
MbIM cydkoM. [Ipu goctmxenuu yrina f§ = 0 ynop, npeayCMOTPEHHBIN B 3a/IHEH 4a-
CTH HOXa, COIPUKACAETCS C OTPaHUYHTENIEeM, TPUHUMAIOMINM Ha ceOs Harpy3Ky u
MPETSATCTBYIOINM JalbHEHIIEMy TOBOPOTY HOXA OTHOCHUTEIFHO MOTIEPEYHON OCH
BpalEHHUSL.

[Ipu 3aBepiieHUN Cpe3aHusl KaKIOTr0 CydKa Harpyska MCcUe3aeT U MpyKHUHa,
PpacriojioK€HHasA BHYTPHU HAIIPABIAIOMICTO MEXaHU3Ma, BBITAJIKHMBACT TOJIKATCIIb B
Hepabouee monoxkeHue. llum moAnpyXMHEHHOTO CyYKOPE3HOTO HOXa, MEepexoIs-
mero B Hepabodee MOJI0KEHUE, CKOJB3UT Ha HAKIIOHHOM MOBEPXHOCTH I1a3a TOJKa-
TeNs U (UKCHPYET €ro MoJIOKEHHE B HampaBisiolieM 3jieMeHTe. JlanpHelee me-
pemeleHre HoXKa BJIOJb CTBOJIA IO Hadajia B3aUMOJCHCTBHS CO CIEAYIOIINM CyY-
KOM JlepeBa OCYILICCTBIACTCS B IEpBOHAYaIbHOM Hepabouem momoxeHuu. [lpu
BO3HUKHOBEHHH Harpy3KHd OT B3aMMOJEHCTBHSA TOIKATENS CO CIEAYIOUINM cpe3ae-
MBIM CYYKOM BCE OTEPaIliH IIOBTOPSIOTCSI.

Baxnouenue

Hcnonp30BaHKe MPEUIOKEHHOTO BapHaHTa pabOThl CyYKOPE3HOTO HOXKA MPU
KOHCTPYHPOBAaHWH PaOOYMX OPraHOB MAIWH JUIsi OYHCTKH JIEPEBHEB OT CYYhEB
CHHU3UT BO3ACHCTBHE IUCCUNATUBHBIX CHJI U JHEPrOEMKOCTb pPacCcMaTpUBAEMOMN
olepanyy TEXHOJIOTHYECKOTo Ipoliecca.
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In recent decade, the development of the logging industry in the world is defined by a signifi-
cant increase in the diversity of logging vehicle fleet. The demand for modern high-capacity
equipment, which allows increasing of forest processing efficiency, forces scientists and
forest vehicles manufacturers to develop new equipment and regularly improve its existing
models. Design development of multifunctional harvesting equipment working bodies
(harvesters and processors) is of particular interest. The purpose of the proposed delimbing
knife modernization is impact reduction from dissipative forces and energy intensity of the
process by forehanded moving the knife to the position of cutting limbs off and removing
the knife from the tree trunk in their absence. This is achieved due to the fact that delimbing
knife movement from angular (nonoperative) position to operative position parallel to tree
trunk feed direction occurs after the knife body undergoes an external load from displace-
ment of a pusher located in front of the knife. The pusher is shifted beyond the area of de-
limbing knife cutting edge under the load from cutting limbs and returned to its original
position immediately after cutting. As a result of using the proposed delimbing knife opera-
tion method, the knife is moved quickly and in a well-timed manner to operative or nono-
perative position. Special attention in realization of the new technical solution was paid to
strength and reliability of construction operating under high loads, reducing the sensitivity
of the delimbing knife to dirt accumulation and constant impacts. Implementation of the
proposed delimbing knife operation for tree trunk pruning will allow to decrease the influ-
ence from dissipative forces and energy capacity of the process, and to increase the quality
of tree processing at this stage of the technological process.
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tive forces.
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TexHuKa B COBPEMEHHOM MHpE JOJDKHA COOTBETCTBOBATh TPEOOBAHUSAM HMHTEHCH(UKAIMU
MPOU3BOJICTBA: MPUEMIIEMasi ISl IOTPEOUTENs 1IeHa, BRICOKOE KayeCTBO, MUHUMAJIbHAS Ce-
6ecronmocth. Kpome 3TOro0, OHa NOJDKHA 00NafaTh MaTeHTHOU YucToTOH. KadecTBo TexHu-
KU XapaKTepH3yeTCs MPOHM3BOJHMTEIBHOCTBIO, JHEPro3arpaTaMM, HaJe)KHOCTBIO, SPrOHO-
MHYHOCTBIO, 3CTETHYHOCTBIO, SKOJIOTHYHOCTBIO, 0€30MaCHOCThIO, PEMOHTOIPHIOJHOCTBIO,
BO3MOXKHOCTBIO YTHJIM3AIlMH, & TAaK)Ke BBICOKUMH YKOHOMUYECKUMH MOKA3aTeNsIMU (IKOHO-
MHUYECKUM IPPEKTOM, PEeHTAOSIFHOCTBIO, CPOKOM OKymaeMocTH). CedecTOMMOCTh BKITIOYa-
eT 3aTparhl Ha IEPCOHAN, MPOBEICHUE MPUKIAJHBIX HAYYHBIX HCCIICIOBAHUI, NaTCHTHBINA
MOUCK M NPOBEPKY MaTEHTHOM YHCTOTHI, HA MaTepHUasbl, CIPbe M KOMIUICKTYIOIINE, YHEp-
THI0, U3TOTOBJICHHE U COOPKY W3/eNusi, COJepKaHNue MOMEIIEHUH U IKCIUTyaTaluio TEXHO-
JOTHUYECKOr0 00OPYJOBAaHUS, pealu3anuio u3zenus. [laTeHTHas 4uCTOTa — IOPHANYECKOE
CBOMCTBO 00BEKTa TEXHHUKH, 3AKIIIOYAETCS B TOM, YTO €0 MOXKHO HCIOJIb30BaTh B JJAHHOW
cTpaHe 0e3 ONacCHOCTH HapYIIEHHUs JCHCTBYIOIIMX HA €€ TEPPUTOPUH MATEHTOB MCKJIOYH-
TEJILHOTO IIpaBa, MPUHAJISKAIIUX TPETHUM JHlaM. KOHCTpyKTOpaM cOBpeMEHHOH TeXHUKH
NpPH CO3JAHWH HOBBIX JICCONMMJIBHBIX CTAHKOB, COOTBETCTBYIOLIMX IIEPEUUCICHHBIM BBIIIE
TpeOOBaHUSM, CIIEIyeT NMPUMEHITh U COBPEMEHHbIC METOABI KOHCTPYHpOBaHUs. B crarhe
PAacCMOTpPEHBI TMPHMEPHI UCIIONB30BaHUSl STHX METOAOB IPH COBEPLICHCTBOBAHUH JIECO-
HHJIBHOTO 000PYIOBaHHS.

Kniouesvie crosa: HWHBCPCHUA, DMIIATUA, aHAJIOT W, KOMIICHCALlM, KOM6I/IHI/IpOBaHI/I€, arpera-
TUPOBAHUEC, KOMIIAYHIUPOBAHUEC, KOHCTPYKTUBHASA MPECMCTBCHHOCTD.

ITpu pa3paboTke U COBEPIIEHCTBOBAHUH JIECONMMILHOTO 000pYJOBaHHUS 1ie-
71ec000pa3HO MCHONB30BAHUE CIETYIOMNX COBPEMEHHbBIX METO/IOB.

Hneepcuss — nonydeHre HOBOW KOHCTPYKLHMH IyTeM H3MEHEHUs (pyHKIMH,
dopM U pacrionokeHus ee JacTeil. Bo3MOXKHBI CleAyIolMe BapuaHThl WHBEPCUU:
BCJIYH];I/II\/’I 3JICMCHT CTAHOBUTCS BCIOMBIM, OXBaTLIBaIOHII/Iﬁ — OXBAaTbhIBACMBIM, HEC-
MOJBMKHBIN — MOJBMXKHBIM (MJIH HA000pOT); AeopManus pacTsHKeHUs 3aMEHseTCs

Ina yumuposanus: TlpokodeeB I'.®., Kabakoa M.IO., IIsetkoBa T.B. [Ipumenenue co-
BPEMEHHBIX METOJIOB KOHCTPYUPOBAHUS MIPU COBEPLICHCTBOBAHUHU JIECOTUIIBHBIX CTAHKOB //
JlecH. xypH. 2019. Ne 1. C. 128-140. (M3B. Bwicul. yueb. 3aBexmenuit). DOI:
10.17238/issn0536-1036.2019.1.128
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Ha nedopmaruio cxaTus. MIHBepcHs MO3BOJSIET CO3/1aBaTh HOBHIE OPUTHHAIHHBIE
KOHCTPYKITUH. KOHCTPYKTOp MODKEH NpOoaHATW3WPOBAaTh WCXOJHBIH W HMHBEP-
CUOHHBII BapUAHTHI U BHIOPATH JTYYIIUH U3 HUX.

[Ipumep 1. B neconmieHn# IIMPOKOE MPUMEHEHHE HAIUIN JICHTOYHOITNIH-
Hble cTaHKH. Cxema JICHTOYHONWIBHOTO CTaHKa TPAAWIMOHHOW KOHCTPYKLIHH C
NUIBHBIMY IIKUBAaMU IPUBEICHA Ha pucC. 1.

Puc. 1. TpamumnuoHHass KOHCTPYKLUS

JICHTOYHOIIMJIBHOTO CTaHKa C ITHJIBHBI-

MH IIKHBaMU: 1 — BEIOMEIA IIKHB;

2 —nwmna; 3 — BeAyuii IKUB; 4 — AJieK-

TpOABHUraTeb; 5 — MEXaHU3M HaTsIKe-
HUS TTUJIB

Fig. 1. Traditional design of a bandsaw 4
machine with saw pulleys: 1 — driven
pulley; 2 — saw; 3 — leading pulley;

4 — electromotor; 5 — saw tensioner

iy -

ARRAR AR S AR TR L R e e Sy

JlocTonHCTBa TaKMX CTaHKOB: Mayas IIMPHHA MPOMMIIA, XOpOIlIee KauyecTBO
MUJIOMaTEpUANIOB IO IIEPOXOBATOCTH MX MOBEPXHOCTEH, HE TPeOyIOT MacCHBHBIX
¢bynaamenToB. VX HemocTaTKM: HU3KAas TOYHOCTH MWJICHHUS NMPU BBICOKHX CKOPO-
CTSIX MOJIa4H, Majas JOJTOBEYHOCTH IHJI, OOJIbIIIHE TabapUThl U METAIIOEMKOCTb.

IIpuMeHsis METO MHBEPCUU, MOKHO CO3/1aTh HOBBIN JICHTOUHOIUJIBHBIN CTa-
HOK, JIMIIEHHBIH OTMeYeHHBIX HemocTaTkoB. llpod. [.®. [IpokodreB npemmoxmi
3aMEHHUTH BpAIIAIOIINEcs] MUIbHBIE IIKWBHI HEBPAIIAIOUIUMHUCS KPUBOIUHEHHBIMU
a’pocTaTuieckuMu HampasistomuMu (a. ¢. Ne 408773) [1]. KoHcTpyKkius Takoro
CTaHKa IT0Ka3aHa Ha pucC. 2.

WHBepcust mo3BoJSET CO3AaTh JIGHTOUHONMIBHBIA CTAHOK, 00€CIIeUNBAIOIIUI
BBICOKYIO TOYHOCTh NMUJICHHS, MOBBIIIEHHYIO JOJITOBEYHOCTDh IHJI, CHHXEHHE Tada-
PUTHBIX pa3MepoB U MetaiuioeMkocTH. IlogpoOHee omucaHue JTEHTOUHOMMIIBHBIX
CTaHKOB TaKOTO THIIA TIPUBEJIEHO B padore [15].

[Mpumep 2. JleconmmibHble pambl NIMPOKO MPUMEHSIOTCS B JIECONMICHUH
Onaroyapss WX YHHUBEPCAIBHOCTH, TMPOXOJHOMY METOJY IHJICHUS OJIOKOM IIHI,
HU3KUM TPeOOBAaHHUSM K KayecTBY ChIpbA. PeXylMi WHCTPYMEHT JIECONMHMIIBHBIX
paM TPOCT B W3TOTOBIEHWH, MOATOTOBKE M WCHOIB30BaHWU. HemocTaTkom
JICCOMUITBHBIX paM sIBIIsieTcst OouibIas cBoOoaHas amuHa nui | (puc. 3, a), paBHas
PACCTOSHUIO MEXY MEXIUIBHBIMU IPOKIIAIKaMU:

l =hna +H,

rae Ry ax — MakCHMajbHas BRICOTA IPONKiIa, MM; H — X0/ MUJIbHOM PaMKH, MM.
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\
8 7 6
Puc. 2. KoHCTpyKIUS JIEHTOYHOIMJIBHOTO CTaHKA C HEBPAIIAIOIIMMHUCS KPUBOJIMHEHHBIMH
a’pPOCTATHYECKUMH HaNpaBIstomUMu: 1 — orpaxkaenue; 2 — nuina; 3, 6 — BEpXHSSA U HYKHSIS
KPHMBOJIMHEIHBIE a’pOCTaTUUECKHE HarpaBisionye; 4 — MeXaHu3M HaTsHDKEHHS; 5 — Mexa-
HU3M 1ojauu; 7, 8 — mpuBOHbIC HPUKIIMOHHEIC KOJieca

Fig. 2. Design of a bandsaw machine with irrotational cam aerostatic guides: 1 — fencing;
2 — saw; 3, 6 — upper and lower cam aerostatic guides; 4 — tensioner; 5 — feeder;
7, 8 —driving friction wheels

N, <N,

! Puc. 3. IlpuHIMNIMANBHBIE CXEMBI y371a

I ) pe3anus JIECOTIUIBHOMI paMbl:
a — TpaJMIMOHHAs KOHCTPYKIHS;
0 — MOJIEpHU3UPOBAHHAST KOHCTPYKIIHS
: : R Fig. 3. Circuit diagrams of a frame saw
S 1 : ! machine cutting unit: @ — traditional
S~ h e R 1 . .
i I design; 6 — upgraded design
1
! '
I I
! |
I i
I |
|
L
N, N, <N,
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Ipu hpax =300mMMu H = 600 MM uMeeM | = 900 Mmm.  Tlpu  Takoi
CBOOOTHON JUTHHE ISl oOecriedeHus] TpeOyeMOl TOYHOCTH MWJICHUS MPUXOAUTHCS
HATATHBATh MUJBI C OOJBIIOW CHIIONW, YTO CHWIXKAET MPOYHOCTh MX U DIEMEHTOB
MIIBHOW PaMKH, WIN yBEIWYMBATh TOJIIMHY IIWI, YTO IOBBILIAET YHEPro3aTpaThl U
CHMYKaeT OOBEMHBIN BBIXOJ] MHIOMaTEPHAIIOB.

[Mpumennm Meton uHBepcuu (pHc. 3, 6): BMECTO MEXKIWIBHBIX MPOKIAIOK,
COBEPLIAIOIINX BO3BPATHO-TIOCTYNATENIFHOE JBIKEHHE C MHIBHOW PaMKOM,
YCTaHOBMM HaJ pacHWIMBaeMbIM MaT€pHAJOM M IOA HHUM HEIOABHKHBIC
HampaBIsIOMIME Ui MWL, pabouyue MOBEPXHOCTH KOTOPBIX BBIIOJHEHBI B BUAE
aspocrarndyeckux omop. IIpy 3ToM cBoOomHas AiMHA THJI yMEHBIIUTCS Ha
BEIIMUUHY Xona muibHOM paMku (I = hy,y), B Halem mpuMepe — B 3 pasza. D10
MO3BOJINT IIOBBICUTH JKECTKOCTh NHJI M TOYHOCTh mwjeHus. KoHcTpykuws
MOJICPHU3UPOBAHHOTO y3Jla pe3aHust MpuBeaeHa B padote [13].

Omnamus — OTOXIECTBICHHE pa3paboTyMKka C KOHCTPYKLIHEH WM
MIPOLIECCOM, IOTBITKA YBUIACTh U3HYTPHU TO, YTO MOKHO U3MECHHUTb.

IIpumep. Ilpu nuneHuu IpeBECUHBI HA JIECONWIBHONW paMe C HENPEPBIBHOM
nojiaueii 3yObsi MWJIBI, YCTAHOBJICHHOW C YKJIOHOM, PaBHBIM IIOJIOBHHE IOJa4d 32
OIMH 00OPOT KOJICHYATOrO Balia, B
KOHIIE XOJIOCTOTO WM B Hayaje

pabouero  xoma  KacaroTcs JHA
nponuia. YBEIWYCHHUE YKIOHA TTHI i
MPUBEACT K BO3PACTAaHHIO OTXO0Ja 5
3yObEB OT JJHA MPOIUIIA, U C HAYAIOM 6
pabodero xona OymeT HaOIHOAATHCS
MoTepss XO0Ja, 4YTO HEKelaTeIbHO. 7
I[Ipu pabGodem xo0me  CKOPOCTh
JBYDKEHHS MTUIT TIEpEMEHHast, ¥ 3yObs 8

B JIPEBECUHE IBWKYTCS IO KPHUBOI
(xocuHycouzae). MakcumainbHas I0-
Jada Ha 3y0 OylneT B Hadajie U B
KOHIIe pabodero xoaa nui. B Havane
XOJIOCTOr0  XOJa  HaOIIOAaloTCs
BJIaBJIMBaHHE 3yObEB B JIPEBECHUHY U
UX CKOOJIeHHEe O AHO mporwia. Takas
KHHEMATHKa  JICCOMMIBLHONH  pambl
CHIDKAET KaueCTBO MUJIO-MATEPUATIOB
U TPUBOJAUT K BO3HHK-HOBEHHIO
OOJIBIINX THKOBBIX CHJI pPE3aHHUs,

YMEHBIIAIONIUX HaJEK-HOCTh
paboTHI 2IIEMEHTOB y3J1a Pe3aHusl.
Heo0xoauMo M3MEHUTH KUHE-
MaTUKy JIECONMWIBHON paMbl MyTEM
COIJIaCOBAHUS CKOPOCTEH pe3aHus U
mogaun (a. ¢. Ne 676444 ) [2, 13]. Ha
puc. 4 mpuBelIeHa CcXeMa JIeco-
NUIBHOM paMbl C  U3MEHEHHOM
KOHCTPYKITHEH y37a pe3anus. 3yObs
MWI y TakoOW paMbl ABWXKYTCA TIO
AJUTUNTHYECKOW  TPAaeKTOpUHU, YTO

Puc. 4. JlecommnpHas pama C MEXaHH3MOM

COITIACOBAHUS CKOPOCTEH PE3aHMs U TOJAYH:

! — nuna; 2, 7, 9 — ppaary; 3, 6 — MOJI3YHBI,

4 — crolika; 5 — IaTyH KPHUBOLUUIIHO-

KOPOMBICTIOBOTO MeXaHM3Ma; &§ — MIaTyH
KPUBOLIMITHO-MOA3YHHOTO MEXaHU3Ma

Fig. 4. Frame saw machine with mechanism

for matching of cutting and feed speeds:
1 —saw; 2, 7, 9 — levers; 3, 6 — slider blocks;

4 — leg; 5 — crank rod of crank-balance
mechanism; 8 — crank rod of slider-crank
mechanism
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MO3BOJISIET YCTPAHUTHh OCHOBHBIE HENOCTATKH, NPHUCYIIHE JIECONMIBHBIM pamMaM
TPaZULUOHHON KOHCTPYKIUH.

Ananozusi — UCHONB30BaHNWE TEXHUUECKHMX PEIICHWH W3 APYrHMX oTpaciei
MPOMBILUIEHHOCTH U 001acTel TEeXHUKU NPH CO3JaHUU HOBBIX KOHCTPYKLUH ISt
paccMaTpuBaeMOro MPOMBIIIIEHHOIO 00beKkTa. KOHCTPYKTHBHBIE PELICHUS MOTYT
OBITH 3aMMCTBOBAHbI TAKXKE U3 JKUBOW MPUPOIBI.

B Teopun mexanumsmoB u MammH [8] paccmarpuBaercs paboTa KyIMCHBIX
MeXaHnU3MOB. Ecii paccTosHHE e MeXIy OCSIMM KPUBOIIMIA U KYJIUCHI BBIITOJIHUTH
MeHbIIe paauyca kpusommna » (A =€/ <1), TO mOIyYMM KPHBOIIMIIHO-
KYJIUCHBI MEXaHM3M C Bpaljarouieics Kynucoi. Ilepenratounoe OTHOLIEHNUE TAKOTO
MeXaHu3Ma

1+ Acos@

l=1+27\coscp+7\2 ’

TJI€ (p — YToJl TOBOPOTa KPUBOILIUIIA KYJTUCHI.

[Mpumep. Takoli MexaHH3M MOXET OBITH HCIIOJIB30BAH JJISI COIIACOBaHUS
CKOpOCTEH pe3aHHs W TNOJaudl JIECONMMIBHON paMbl ITyTeM H3MEHEHHs MEXaHU3Ma
nofay (a. c. Ne 697318) [3]. Cxema neconuabHON paMbl ¢ KPUBOIIUITHO-KYTHCHBIM
MEXaHU3MOM COINIACOBAHMsI CKOPOCTEN pe3aHus U II0/1auM [IPUBEICHA Ha puc. 5.

Puc. 5. Cxema necommnbHOH pamMbl C KPHUBOLIUITHO-
KYIUCHBIM  MCXaHH3MOM  COIJIACOBaHHS  CKOPOCTEH
pezanust u nojgauu: [ — Kymuca; 2, 6 — KpUBOIIMIIBI
KPUBOIIMITHO-KYJIHCHOTO MEXaHHW3Ma M KOJICHYATOTO Baja
JIECOMMIIBHOM pambl; 3 — MOAAIOIINE BajbIIbl, 4 — IICITHBIC
Tepeaavn; 5 — BapuaTop
Fig. 5. Scheme of a frame saw machine with a crank-
rocker mechanism for matching cutting and feed speeds:
1 — rocker; 2, 6 — cranks of crank-rocker mechanism and
crankshaft of the frame saw machine; 3 — feed rollers;
4 — chain gears; 5 — variator
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HcnpiTanns npeasioxKeHHOTO MEXaHW3Ma Ha SKCIIEPHIMEHTAIbHONH YCTaHOBKE
Jand  TIOJOXHUTEIbHBIE  pe3ydasraTsl  [15].  BhImonHEHHBIE  TeopeTHdecKue
uccnenoBanus [ 14] mo3BOIWIN ClIENaTh CACAYIONINE BEIBOJIBI:

1) yMeHbIIaOTCA MakCHUMalbHas IMofada Ha 3y0 mpu pabodeM Xofe MWl U
[IyOWHa BIABIMBAHHUA 3yOheB (CKOONEHHS) B pPACIMIMBAEMBIN Marepual IpHu
XOJIOCTOM XOJie COOTBeTCTBeHHO Ha 20 u 22 %;

2) ykIOH mui Y JOMKEH COOTBETCTBOBATh MapaMEeTPy KPHUBOIIMITHO-
KymucHoro — mexanmsma: mpu A, =0;0,3;0,4;0,5 wumeem Y=0,500A;
0,407A; 0,379A; 0,352A (A — mogaya pacUIMBaeMOro Marepuana 3a OIuH 000pOT
KOJICHYATOT'O BaJia, MM);

3) CHWXKaTCA TMUKOBBIE CHJBl pE3aHUs ¥ YBEIHYMBAETCA I0[ada
pacnunuBaemMoro Marepuana Ha 15...20 %.

Komnerncayus — ypaBHOBEIIMBAaHUE OTPHUIIATCIBHBIX (PAKTOPOB JACHCTBUAMU
MPOTHUBOIIOJIOKHOTO 3HAKA.

[Ipumep. [Ipu paboTe KPUBOMIUITHO-TION3YHHOTO MEXaHMU3Ma JIECOMMIBHBIX
paM BO3HUKAIOT 6OHBHH/IC CHUJIbl MHEPUHHU, BBI3BAHHBIC BO3BPATHO-ITIOCTYIIATCIIbHBIM
JABUXKCHUEM MMUJILHOMN paMKu C IMOCTaBOM ITHJI. OTH CHJIBI OTpULATCIbHO BJIUAIOT
KaK Ha caMy JIECONMIBHYIO PaMy, TaK ¥ Ha OKPY KAIOIIHNE MEXaHU3MBI, CBSI3aHHBIE C
ee paboToii. [loaTOMYy ypaBHOBEIIMBAHUIO CHJT MHEPIIAH JIECOTMIIBHBIX PaM JIOJKHO
VACIATHCS 0O0JIBIIIOC BHUMAHUE.

Ha puc. 6, a mpuBeeHa cxeMa KpUBOIIMITHO-IIATYHHOTO MEXaHNW3Ma 0e3 ypas-
HOBEIIIMBAHUS CUJT HHEPIIUY, TTOATOMY OHU NIEPENA0TCs Ha CTAHWHY U (PYHIAMEHT.

BepTukaibHbIe CHITBI MHEPITUH MOYKHO TIOJTHOCTBIO YPABHOBECHTH 3a CUET TPO-
TUBOBeca (pHc. 6, 6), HO IPU 3TOM BO3HHKAIOT OOJIBITUE CUITBI MHEPLIUH OT MPOTHUBO-
Beca MPH HAXOXKJIEHHW KPHUBOIIXIA B TOPU3OHTAILHOM Ton0keHuu. [lostomy mayT
Ha KOMIIPOMUCC — BEPTUKAJIbHBIC CWJIBI MHEPIHUH YPAaBHOBCIIMBAIOT YaCTUYHO.

!
!
i 2
3 3
4
3 R
a 7] 6
Puc. 6. CxeMbl KpPUBOUIMITHO-TIONI3YHHBIX MEXaHU3MOB: a — 0€3 ypaBHOBEIIMBAHHUS,

6 — 4aCTHUYHOE YPaBHOBCHINBAHUEC,; 6 — IIOJIHOC YPABHOBCIINBAHUC, 1- TOJI3YH; 2— IIaTyH;
3 — kpuBOILIHIT; 4 — IPOTHBOBEC; 5 — IOMOJHUTEIbHBIN IIPOTHBOBEC
Fig. 6. Schemes of slider-crank mechanisms: a — without balancing; 6 — partial balancing;

¢ — full balancing; 1 — slider block; 2 — crank rod; 3 — crank; 4 — balance weight;
5 — additional balance weight
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i 1OJHOTO ypaBHOBEMIMBAHMS CHJI WHEPLHMM KPHBOIIMITHO-TIOJI3YHHOTO
MexaHu3Ma u3o0peratens JlaHdecTep HpeAsokKHI BBECTH B MEXAaHU3M JIOTIOJIHH-
TEJIbHBIA MPOTUBOBEC, BPALIAIOIINICS B MMPOTHBOIOIOKHYIO CTOPOHY C OCHOBHBIM
(mar. CHIA Ne 1163832, 1915 r.). IlpuHiunuansHas cXeMa TaKOrO MeXaHH3Ma
MpUBEcHa Ha pHC. 6, 6.

Bonpocam BHOPOAKTUBHOCTH JIECOMWIBHBIX PaM M YPaBHOBEIIUBAHUIO CHII
WHEPILMU TOCBANICHO 3HAYMTENILHOC KOJIMYeCTBO pador [5, 7, 9, 11, 16-19], B
OOJIBLIMHCTBE U3 KOTOPBIX NPH YPAaBHOBEIINBAHUH CHJI HHEPLIMHU JIECONMIBHBIX PaM
ucnonb3yercs meron JlaHuectepa.

Kombunuposanue — uctions30BaHue B HOBOM HU3IEIIMU COUETAHUS Pa3IMYHBIX
KOHCTPYKLUH, MPOLECCOB.

IIpumep. M3BecTeH JICHTOUHOMUIBHBIM CTAHOK C MUJIOM, ABMXKYILIEHCS IO
KPUBOJIMHEHHBIM a’pocTaTudeckuM Harpasisoomum [15]. [punnunuansHas cxema
€ro MpuBeJcHa Ha puc. 7, a.

CymecTByeT KOHCTPYKIHA JTHHEHHOTO 3nekTpoasurarens [6]. [Ipu komOu-
HUPOBAHUH JICHTOYHONWJIBHOTO CTaHKa C KPWUBOJMHEHHBIMH a’pOCTaTHUYECKUMU
HANpaBJISIONIMMA U JIMHEHHOTO SJIEKTPOABHUTATENS TONYyYeH HOBBIM JIGHTOYHO-
HWIBHBIA CTAHOK, MPHHIMIKAIBHAS CXeMa KOTOPOro mokasaHa Ha puc. 7, 6 (a. c.
Ne 8188662) [4].

Puc. 7. Cxembl y37a pe3aHust ICHTOYHOIMIIBHOTO CTaHKA C KPUBOJIMHEHHBIMH a3pOCTaTH-

YECKUMH HAIPaBJISIONIMMHI: ¢ — MPUBOJ MHIJIBI C IMOMOIIbIO (DPUKIHUOHHBIX KOJIEC:

1 — npwxumMHOEe (HPUKIUMOHHOE KOJIeCcO; 2 — MPUBOAHOE (GPHKIMOHHOE Koiyieco; 3, 6 —

BEpXHsIS M HIDKHSSI HANPaBILSIFOLIME; 4 — MEXaHM3M HATsDKEHUs; 5 — mmna; 7 — 3IeKTpo-

JIBUTaTelb; 8 — peMeHHas Iiepesiada; 6 — MPHUBOJI C ITOMOIIBIO JIMHEHHOTO 3JIEKTPOIBUTa-

tesisi: 1 — kopmyc cratopa; 2 — 0OMOTKa ABUTaTesst; 3, 6 — BEpXHsS M HWKHSS Harpass-
IoIIKe; 4 — MEXaHU3M HATSHKEHHMS; 5 — miia

Fig. 7. Schemes of a cutting unit of a band saw machine with cam aerostatic guides:

a — drive the saw using friction wheels: 1 — clamping friction wheel; 2 — driving friction

wheel; 3, 6 — upper and lower guides; 4 — tensioner; 5 — saw; 7 — electromotor; 8 — belt

gear; 6 — drive the saw using a linear electromotor: 1 — stator shell; 2 — motor winding;
3, 6 — upper and lower guides; 4 — tensioner; 5 — saw
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Berymee marautHOE mosie ctatopa, 0OMOTKa KOTOPOTO OTHOAeT HMKHIOKO
KPHUBOJIMHEMHYIO a3pOCTaTHYECKYIO0 HaIpaBisAOIIYI0, NPUBOJUT B JABUXKEHUE
JIEHTOYHYI0 TIITY, BBITIOJHAIONIYIO (YHKIHIO pOTOpa 3NeKTpoaBurarens. Tak
KaK MarHUTHOE TOJI€ CTaTOpa OJHOBPEMEHHO OTHOAeT MUY OT KPUBOJIUHEHHON
HampaBIAIONIe, TO UMeeM a’pocTaTHdeckyio omopy. llomywaercs manoraba-
PUTHBIN CTAaHOK OPUTMHAJIBHOW KOHCTPYKIIMH JIMIIb C OJHOW NMOJBHKHOMN JeTa-
JIBIO — JIEHTOYHOM MUJIOM.

Aepecamuposanue — MeTOA KOHCTPYHUPOBAHHUS H3AENHA HAa OCHOBAaHHH
NPUMEHEHHS] YHU(QUIIUPOBAHHBIX M CTAaHAAPTHBIX COCTaBHBIX YacTel (MOmayIeil)
IIyTEM U3MEHEHHUS XapaKTepa UX COCAUHEHUN U MPOCTPAHCTBEHHOI'O COYETAHUSA
MPUMEHUTENIBHO K 3a/laHHBIM YCIIOBUSM. ArperaTUpoBaHHE COKpauliaeT TpyAo-
€MKOCTh IPOEKTHUPOBAHUSI U MU3TOTOBJICHUS HU3IEIUN, YNIPOIIAET UX 3KCIUIyaTa-
IuIo U peMoHT [12].

[Ipu co3manny HOBBIX JIECOMIUIBHBIX JIMHUN HEOOXOIUMO HCIOJIB30BAThH
CIeYIOIIHe MOIYJIH: MEXaHWU3Mbl IOJaudd, Y316l pe3aHus (KpyTJIONUIBHEIE,
JIEHTOYHONHIIbHBIC, C MOJOCOBBIMHU MHIIaMU, Qpe3epHble), MEXaHU3MBbI MMO3HIIH-
OHUPOBAHUS Y3JIOB PEe3aHUsI, CKAHUPOBAHUS MINIOBOYHOTO CHIPBS IS pa3padoT-
KU ONTUMAJIbHBIX IJIAHOB PACTIUIOBKH U PEKHMMOB MIJICHHS, CPEACTB aBTOMATH-
KU JU1s1 YIPABICHUS TEXHOJIOTHYECKUM MIPOLIECCOM.

Komnaynouposanue — MeToJ coO3jaHUsd HOBOTO H3JENUs MYTEM COEIHUHE-
HUS ABYX WK 0oJee OAMHAKOBBIX KOHCTPYKIHH B LENSAX YBEIWYEHUS MOIIHO-
CTH WM MPOU3BOJUTEIBHOCTH. DTH KOHCTPYKLUHH MOTYT OBITh yCTaHOBICHBI
napajjeNbHO KaK HE3aBHCHMBIE WM CBS3aHbl MEXAYy COOOW pa3IMuHBIMH
yCTpOCTBaMH (CHHXPOHU3UPYIONIUMU, TPAHCIIOPTHBIMH H T. II.).

[Ipumep. Ilpu ucmonb30BaHUM OJHOMUIBHOTO JEHTOYHOMUIBHOTO CTaH-
Ka JUIsl paCIIMJIOBKH OpEBEH Ha BYXKaHTHBIEC OpYyChst MoUTH 2/3 BpeMEHHU pacxo-
JyeTcsl Ha BCIIOMOTaTeNbHbIe onepanuu (ycTaHOBKa OpeBHa Ha TEJEXKY, OCTa-
HOBKa IIOCJIE TIEPBOTO MPOMKJIa, CMEIIEHHEe, BO3BPAT, KAHTOBKA).

[IpuMeHeHre CIBOCHHOTO JICHTOYHONMIBHOTO CTaHKa IMO3BOJISET MPOU3-
BOJIUTh MHIICHHE HAa TPOXOJ H cpa3y TIONydarTh JABYXKaTHBIM Opyc (mart.
2305625) [10], uto yBenmuumBaeT MPOU3BOIUTEIHLHOCTE 10 6 pa3 (puc. 8).

PaGoTtaer MHOTONMIIBHBIN JTEHTOYHONUIBHBIA CTAHOK JTaHHOW KOHCTPYK-
nuu cieayomuM odpazoM. C TOMOIIBI0 MTPOTPAMMHEIX CPEACTB B 3aBHCHUMOCTH
OT pa3MepHO-Ka4eCTBEHHBIX XapaKTEPUCTUK MHUIOBOYHOTO CHIPhS aBTOMaTHYe-
CKM BbIOMpaeTcs IiaH ero packpos. CoraacHo eMy MOJaeTcsl KOMaHa Ha O3 HU-
[IHOHEPHI JJISI TepEMENIEHHUS JIEHTOYHOTUIIBHBIX MOAYJIEH Ha PacCTOSHHUSA, COOT-
BETCTBYIOLIUE IUIaHY packposi. OTHOBPEMEHHO C HA4aJlOM MEPEMEIEHHS MOIY-
Jiel BKIIIOYAETCs Mojjavya K MOJI3yHaM CKAaToro BO3AyXa, 00pa3yIomero aspocra-
THYECKHE OIMOPHI, UTO CHIDKAET TPEHHUE MOJI3YHOB O Hampasisomue. [Ipu okoH-
YaHUU NepEeMEIeHNs] MOyJIEN Ha 3aJaHHbIE PAacCTOSAHMS I0Jada CKaToro BO3-
oyXa TpeKpamaercs, OJHOBPEMEHHO BKIIOYAIOTCA JJEKTPOMArHWTH. Takas
KOHCTPYKIIMSI MHOTONMJIBHOT'O CTaHKa 00ECIEYMBAET BBHICOKYIO MPOU3BOAUTEN b-
HOCTb, OBICTpOE MO3WIIMOHUPOBAHHE MOIYNEH M YKECTKOCTh WX (DHKCAllUHU B
MpoIecce MUIEHUS.
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Puc. 8. Cxema pacniioBki OpeBHA ¢ MOJIYYEHHEM NBYXKaHTHOTO Opyca Ha CIBOCH-
HOM JIEHTOYHOIIMIBHOM CTaHKE T'MOKHX ABTOMATU3UPOBAHHBIX JICCONMNIIBHBIX JIMHAM:
1- MNOJABUIKHAs CTaHWHA OAHOIIMJIIBHOI'O MOIYJIA; 2 — JJICKTPOMArHUT IJIs JKECTKOH
(I)I/IKCB.LII/II/I MOAYJIA; 3 - BO3AYXOIIPOBOI; 4 — HEIIOABMI)XHAA CTaHHMHaA CIABOCHHOI'O
CTaHKa, 5- TO3UIUOHED
Fig. 8. Scheme of log sawing for obtaining two-edged cant on a dual bandsaw ma-
chine of flexible wood-saw transfer lines: 1 — chassis frame of a single-blade unit;
2 — electromagnet for rigid fixation of the unit; 3 — air duct; 4 — fixed frame of a
double edger; 5 — positioner

Koncmpyxmuenas npeemcmeenHocms — 3T0 IO3TAIIHOE COBEPILIEHCTBOBA-
HUE YCTPOWCTBA M3JENUs IIyTEM YJIy4dIIEHUS OTHENBHBIX €0 JETaJCH U y3JI0B WU
BBEJICHUS JIOTIOJTHUTEIBHBIX HOBBIX JJIEMEHTOB.

IIpumep. Ha puc. 9 mpuBeneHsl BapuaHThl COBEPIICHCTBOBAHUSA y3Jla pe3a-
HUA JICHTOYHOIIMJIBHOI'O CTaHKa.

[TuJ1bl TEHTOYHOIMIIBHBIX CTAHKOB, HE HMEIOIIHE HANpaBisiionmx (puc. 9, a),
001a1af0T HEAOCTATOYHOH JKECTKOCTHIO M YCTOHUMBOCTBIO U HE IO3BOJISIOT HPOU3-
BOAUTH NHUJIOMATCpUAIIBI C Tpe6yeM0171 TOYHOCTBHIO. Takue CTaHKH HE HAIId npu-
MEHEHHus! B npomblnuieHHOCTU. lleneBble Hampaistomue (puc. 9, 6) MWUPOKO HUc-
MOJIB3YIOTCSl B JICHTOUHONMJIBHBIX CTaHKaxX Oylarojaps MpocTOTe KOHCTPYKLUUHM U
HU3KUM TpeOOBaHUSIM K MaTepualiaM, U3 KOTOPBIX OHM H3roTaBiuBaroTcs. OnHaKo
OTHW HAIIPABJIAOMME HE OKA3bIBAIOT BJIWAHUA Ha yCTOfI‘IHBOCTL DIkl U JIUIIb Ya-
CTHUYHO TOBBIIIAIOT €€ )KECTKOCTh. [IpeMMyIIeCTBEHHO OHHU CIIy»KaT OTPaHUUIMUTEN -
MU MIPEJeNIbHBIX OTKJIOHEHUH MBI BO BPEMS pabOTHI.

Bonee 3¢ bekTHBHBI 0JHOCTOPOHHNE OT)KUMHBIC Hampasisiomme (puc. 9, 6).
OHu penaroT cBOOOAHYIO [UIMHY MWJIBI MEHBIIE B IUIOCKOCTH €€ HauMEHbLICH
JKECTKOCTH, 33 CUET 3TOr0 IMOBBIIIAIOTCS €€ KECTKOCTh U YCTOWYMBOCTH, @ TaKkKe
TOYHOCTH ABMIKCHHSA B 30HC pE3aHUA. OTXKHUMHbBIE HaIIpaBJIAOUINE BBIITOJIHAKOTCA U3
JIOPOTUX TEIUIO-U3HOCOCTOMKUX MaTEPUAIIOB.
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Puc. 9. Cxemnl COBCPLICHCTBOBAHMA Y3JIa pE€3aHUsA JICHTOYHOIIMJIBHOI'O CTaHKa:

a — OTCYTCTBUC HAIIPABJIAIOMINX Y IHWIbI; 6 — HICJICBbIC HAIPABJIAIOIIHNC,

6 — OT’)KUMHBIC KOHTAKTHBIC HAIPABJIAIOIIHNC, ¢ — OT’)KUMHBIC HAllPABJIAIOIIUC,

pa60qne HOBCPXHOCTU KOTOPBIX BBIIIOJIHEHBI B BUAC A9POCTATHUICCKUX OIIOP

Fig. 9. Development design of a bandsaw machine cutting unit: @ — no saw

guides; 6 — slotted guides; ¢ — squeezing contact guides; 2 — squeezing guides,
which working surfaces are designed as aerostatic supports

CylIecTBEHHO CHU3UTh TPEHUE TIOJI0THA MBI O HANPABJISAIONINE MOXKHO TPU
KCIIOJIb30BaHUM I'a30BOH cMa3ku (puc. 9, 2), T. €. koraa padoune MOBEPXHOCTU OT-
YKUMHBIX HAPaBJISIONIMX BBIOJHSIIOTCS B BUJAE a’pocTtaTuieckux omnop. JlocTtonH-
CTBa TaKWX HAIPABISIONINX: OXJIAXKJIEHUE MWJIBI UCTEKAIONUM BO3yXOM; MaKCH-
MaJIbHOE CHM)KCHUE TPEHMS MHJIbI O HANPaBIISIFOIINE; OTCYTCTBHE UX M3HOCA; H3IO0-
TaBJIUBAIOTCS M3 HEJOPOTUX TEIUIO- U M3HOCOCTOMKHUX MaTEPUAIOB.

LlenecooOpa3HOCTh MPUMEHEHUST OTKUMHBIX a’pOCTATUYECKUX HAIPABIISIO-
ITUX TPH MOJIEPHU3AIINN JICHTOYHOIMMIFHEIX CTAHKOB ITOKa3aHa B pabore [13].

Buwi60o0wi

1. OcHoBHas 3a7ava, CToAllas nepeq JIECOIIUILHOM OTpacCiiblO CTpaHbl, — UH-
TCHCI/I(i)I/IKaHI/IH IMpOU3BOJACTBA.
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2. B mpomiecce coBepiIeHCTBOBAHHUS JIECOMIITFHBIX CTAHKOB, CO3/IaHUS HOBBIX
CTaHKOB Ha 0a3e BBICOKHMX TEXHOJIOTHH HEOOXOUMO MPUMEHSITh COBPEMEHHBIC Me-
TOABI KOHCTPYHUPOBAHMUSL.

3. IpuBeneHpl HAIAAHBIE TIPUMEPHI UCIIOIB30BAHHS COBPEMEHHBIX METO/IOB
KOHCTPYUPOBAHUS IPU Pa3padOTKEe TEXHMYESCKUX PEIICHHI, HS UMEIOIIUX aHAJIOTOB 3a
pyOeXOM U HaIpaBJIEHHBIX Ha COBEPIIEHCTBOBAHME JIECOIIIIBHOTO 000PY/I0BAHHSI.
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Modern equipment must comply with the production intensification requirements: price ac-
ceptable to consumer, high quality and low prime cost. Patent clearance factor is also im-
portant. Quality of equipment can be described by its efficiency, economic performance
(economical effect, cost effectiveness, payoff period), power consumption, reliability, ergo-
nomics, aesthetic qualities, environmental compliance, exploitation safety, maintainability
and possibility of recycling. Prime cost includes personnel costs, carrying out applied re-
searches, testing of patent clearance and patent search, raw materials and supplements, ener-
gy, manufacturing and assembling, maintenance and operation of technological equipment,
product sales. Patent clearance is a legal property of a technological item. This means its
ability to be freely used in the country without infringement of patents. Saw machine de-
signers should use modern design methods to meet the requirements mentioned above. The
article describes the examples of using these methods for development the sawmill equip-
ment.
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HccnenoBaHbl IpoIlecChl BOJOMOATOTOBKM B YCIOBHSX MPEANPUATHS LEJIIIOJIO3HO-
OyMa)XHOW IPOMBIIICHHOCTH. BBISIBIEHBI HEJOCTATKH, CYIIECTBYIOIINE B CXEME OYHCTKH
BOJIbI HA (PUIBTPOOUYHMCTHBIX COOPYKEHHUSIX LEUTI0I03HO-0yMakHOTO KOMOMHATa B ApXaH-
TeJIbCKOW 00JacTH: BIMSHHE CE30HHBIX KoJeOaHWH KauecTBa BOABI Ha 3((HEKTUBHOCTH
OUHCTKH, COJECP)KaHWE OCTATOYHOTO AIMIOMHUHHUS M XMMHYECKOe MOTpeOseHHe KUCIoposaa B
oOpaboTanHO# Bozme. JIsi MOBBIIIEHHUST KauecTBA BOJOINOJATOTOBKH TNPEJIOKEHO 3aMEHHUTh
HCTIONB3YEMBIN pPeareHT Ha OJWH M3 COBPEMEHHBIX KOaryJsHTOB. B mabopaTopHOM 3KcIe-
pUMeHTe paboTaIH 1Mo METOAMKE MPoOHOI Koarysinuu Boas! p. CeBepHas [IBuHa NpH TeM-
neparype 15...20 °C. O160p npo0, onpeaeneHre UCXOAHBIX MOKa3aTeNlel KauecTBa BOJbl U
KOHTPOJIb IpoIiecca 0 OCTaTOUHBIM JKele3y M aJIOMHHHUIO, IIBETHOCTH, pH, xummueckomy
MOTPEOJIEHUIO KHCIIOPOAA BBIIOJHEHBI MO CTaHJapTHBIM MeToiukaMm. Mcxomnas peuHas
BOJIa MMeJIa BBICOKYIO I[BETHOCTb, MaJlyl0 MYTHOCTb, HU3KYIO IIEJIOYHOCTh M BBICOKOE CO-
JIepKaHWe OPTaHMYECKUX HMPUPOAHBIX COEAWHEHWH. VI3ydeHbl yCIIOBHS NMpHMEHEHUs pea-
TeHTOB JUIsl KOAryJsIMU W BIHMsSHUE WX 103bl Ha pH Boapl. OmpeznerneHa 3QpQekTUBHOCTH
NPUMEHEHHUS PeareHTOB Ha OCHOBe mosnokcuxiopuaa amomunus (PAX XL100, UltraPAC-
V1, UltraPAC-V2, TIOXA), CepHOKHCIOTO aTIOMHHHS W COJM TPEXBAJICHTHOTO JKeje3a —
Ferix-3. BoImosHEeH CpaBHUTEIbHBIN aHATN3 3(P(HEKTUBHOCTH JACHCTBHUS KOATYISTHTOB MEXIY
c0o00ii ¥ ¢ IPUMEHSAEMBIM T10 CTaHIAPTHON CXEME CEPHOKHUCIBIM amoMuHIeM. OTMEYEHO, YTO
UCTIONIb30BaHHUE KoaryisiHTa Ferix-3 B HEONTHUMAaNbHBIX YCIOBHAX (HHU3KHE 3Ha4yeHus pH,

Jna yumuposanua: boiikoBa T.E., Bormanosmu H.M., Boponmos K.b. DddexrnBHOCTH
NIPUMEHEHHMS KOAryJITHTOB IIPH BOJONIOATOTOBKE B IIEIUTIOJIO3HO-0yMasKHOH IIPOMBIIIIIIEHHO-
ctu B yenoBusx Cesepa // JlecH. xypH. 2019. Ne 1. C. 141-152. (U3B. BbIcII. yueO. 3aBele-
Huii). DOI: 10.17238/issn0536-1036.2019.1.141
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HEOCTATOYHAS WM M30BITOYHAS 1034 PEarcHTa) MPHUBOJUT K YBEINYEHHIO I[BETHOCTH 00-
paboTaHHOH BOJBI B HECKOJILKO pa3 MO CPAaBHEHHIO C UCXOJHBIMHU MOKa3aTesIMU. Y CTAHOB-
JIEHO, YTO NPH NPUMEHEHUH CEPHOKHCIIOTO alOMUHMS 3HAUUTENBHO yMeHbIaeTcst pH Boabl
M3-32 €€ HEBBICOKOTO LIETOYHOI0 3amaca, Ipu 3TOM 3((GEKTHBHOCTD KOATyJSIIIAN CHIKACT-
csi. it penieHust 9Toit mpodi1eMbl HEOOXOIUMO YBEJMUMBATH JIO3MPOBKY IIEIOYHOTO pea-
reHTa. DKCIepUMEHTANbHBIE JaHHbIEC TOTBEPKAAIOT OOIBINYI0 3(PEKTUBHOCTD U TIIyOUHY
OUYHNCTKH B cirydae ucnoip3oBaHusa [IOXA 1o cpaBHEHHIO ¢ IpyTuMH peareHTtamu. Jokasza-
Ha I[eJIeco00Pa3HOCTh 3aMEHBI CepHOKUCIOro amoMuHus Ha [IOXA mpu odncTKe BOIBI C
BBICOKOH I[BETHOCTBIO, HU3KUMH MYTHOCTBIO M ILEJIIOYHOCTHIO M OOJBIIMM CO/EPKAHUEM
MPUPOTHBIX OPTAHUYECKUX COCIMHEHHUI.

Knrouesvle cnosa: B3BELICHHBIC BCIICCTBA, pH, OBCTHOCTbH, OCBCTJICHUC HpHpOI[HOfI BOJIbI,
KoaryJjsnus, noJTUOKCUXJIOPpUA aJIIOMUHUA.

Beeoenue

Bona B 1memmono3H0-0yMaKHOM TIPOMBIIUIEHHOCTH — Ba)KHBIM KOMIIOHEHT,
KOTOPBIM HCIIONB3YETCsl Ha BCEX CTAAMAX MPOM3BOACTBA: MPH BapKe LEIUIFOIO3BL,
MPOMEBIBKE, cOpTHpoBKe U Ap. Ha BeipaGotky 1 T Oymaru pacxoayercs ot 100 no
200 M> BozbL. [ oGecreyeHus: HeOOXOAMMOr0 KauecTBa LEJUTION03bl U H3/EInii
Ha ee OCHOBE TpeOyeTcs YucTas BOAA, COIACpKAaHUE IMpUMecel B KOTOPOH CTPOTro
nuMuTHpoBaHo. [loBbieHHBIE TPeOOBAaHUSI K KaueCTBY BOJBI, UCIIOJIB3YEMOH B
TEXHOJIOTHH LIeJUTIOJI03HO-0YMa>KHOT'O TIPOU3BOACTBA, 00YCIIOBIEHBI TEM, YTO LIEI-
JIF0JIO3a SBJISIETCS! AKTHBHBIM IOTJIOTHTENEM Pa3IMYHbIX NMPUMECEH, pacTBOPEHHBIX
U CyCIeHIUpOBaHHbIX B Boje [8]. Ha moBepXHOCTH IEITOI03bI HMEETCST OOJIBIIIOE
KOJINYECTBO (PYHKLIHOHAIBHBIX IPYII, TOCPEICTBOM KOTOPBIX OHA BCTYNAET B XH-
MHUYECKOE B3aMMOJICHCTBUE C PACTBOPEHHBIMH B BOJIE BEILIECTBAMH, a pa3BUTas I10-
BEPXHOCTh U TIOPUCTOCTH BOJIOKHHCTOW MacChl HEIUTIONI03bI 00YCIIaBIMBAET €€ XO-
polre copOunoHHbIE cBOMcTBA. OpraHnvecKkue IpuMecH B BOJE NPUAAIOT LEJUIIO-
JI03€ OKpacKy, CHIDKAIOT Oenu3Hy OyMaru, yxyzmias KauecTBO MOJTy4aeMOH Ipo-
JYKIIWH.

s nennrono3Ho-0yMaXHOTO IPOM3BOACTBA 3HAYMMBIMU SIBJISIFOTCS CIIELY-
IOLIME TIOKA3aTeNN Ka4yecTBa TEXHOJIOTMUECKON BOJBI:

1. LIBeTHOCTH OMpe/IENsIeTCs COEPKAHUEM B BOJIE PACTBOPEHHBIX OpraHuve-
CKUX TYMYCOBBIX KHCJIOT U U3MEpSAETCS B rpagycax IJIaTHHOBO-KOOAJIbTOBOM IIKa-
gt (‘TIKI). BecuBeTHast Bojja HeoOXoquMa [Uisi BhIpaOOTKH BBICOKOKA4ECTBEHHBIX
BHJIOB IIEIITIONO3BI (KOPIHOW W ameTratHoi) m Oymaru. 1[BeTHOCTh HEBO3MOXKHO
JUKBUINPOBATh OTCTaMBaHUEM M (UIBTPOBAHUEM, JJISI €€ CHHKEHUS UCIIOJIB3YIOT
KOaryJsimio ¢ nocienyouen ¢punprpanueii 2, 10].

2. Ha pH cymecTBeHHOE BIHSIHUE OKa3bIBaeT HAIMYME B BOJE TYMYCOBBIX
BEIIECTB M JIPYTuX MPOAYKTOB Pa3lOKEHHsI pacTUTENbHBIX ocTaTKoB. [loka3zarenn
3HAYUTEIILHO M3MEHSETCSI B TEUYECHHE ToJia M JIaXKe B TeueHHe CyTok. [Ipu orcyT-
CTBHH KOHTPOJIS 32 3TUM TOKAa3aTelleM UET Mepepacxo i HAITOIHHUTENEH, IPOKIICH-
BAIOIIMX BEIIECTB, KPACUTENEH U APYTHX MaTepHaJIOB.

3. OKHCHseMOCTh — KOCBEHHBIH TOKa3aTelb 3arps3HEHHOCTH OpraHuve-
CKHMH U HEOPTaHWYECKHMH BEIECTBAMH, BBIPAKAFOIIUICS KOJINIECTBOM NOTpEO-
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nmeHHoro kuciopona (MrO,/m). 3HaUYWTEeNbHOE IOTPEOJICHHEe KHUCIOpOoJa CBHIE-
TEIBCTBYET O BO3MOXXHOM 3arpsi3HCHUU BOJIBI.

4. OcTaTOYHBIN AIFOMUHHUI — 3TO KOHIICHTPAIUsI HOHOB Al”.B OUMILICHHOM
BOJIC, B BOJJOEMAaX XO3SMCTBEHHO-ITUTHEBOTO U KYJIBTYPHO-OBITOBOTO Ha3HAYCHHUS
ATOT TOKa3aTeNlb He JoJukeH mnpepbimaTth 0,2 mr/m [5], B MUThEBOUM BojE IICH-
TpanbHBIX cucTeM BogocHaOxeHus — 0,5 mr/m [12]. Ilpn HU3KHX TemmepaTypax
MPOIIeCC KOaryJIsiuy MpoTeKaeT He Bcerna 3P PeKTUBHO, U Jaxke TOBBIIICHUE J10-
361 BBOJIUMOTO KOAryJsHTa He MPHUBOJIUT K JTydIIeMy OCBETJICHHIO, B BOJE OCTa-
torest nousl Al B KOHIIEHTPAIINH, MTPEBBIMIAIOIIEH MpeebHO-I0MyCTUMBIEC 3HAa-
yenus [7, 13, 15].

Lenn nccnenoBanus — moxbop Hamboee 3¢p(HeKTHBHOTO COBPEMEHHOTO KOa-
TYJISIHTA JIIST OCBETJICHUS BOABI MPH BOJOMOJATOTOBKE Ha IIEIUTIONIO3HO-OYMakHOM
KOMOMHATE; KOHTPOJIb 32 ToKa3aTreasiMu pH, IIBETHOCTH U COEPIKaHUEM B3BEIIICH-
HBIX BEIECTB B 00pabaThIBaeMOl BOJE; CHIDKEHIE YPOBHS OPTaHUYECKIX BEIIECTB
Y IIBETHOCTH MPUPOTHON IMOCTYMAFOIIEH BOIBI IIPH HU3KHUX TEMIIEPaTypax.

Obwexmul u Memoobl UCCAeO08AHUA

Bony ms uccnenoBanus oroupanu u3 p. CepepHas J[BrHa B paiioHe BOJ03a-
6opa ¢unbTpoounctHeix coopyxennii OAO «Apxanrensckuii [IBK» — AIIBK
(r. HoBonmBuHCck Apxanrenbckoil obmactu). ALIBK wucmonmbs3yer anst mpousBoi-
CTBEHHBIX HYXI BOAY W3 p. Meukwu, BeITeKaromle u3 60moT u Brnagaromei B Ce-
BepHyto JBuHy. Bozma moctymaer mo cucreme peuHbIX BOAOBOJOB Ha (DUIBTPO-
OYKCTHBIE COOpPYKEHHS CTAHIIMW BOJOOYHCTKH KOMOWHATA, TJIE pEeaIn3yeTcs ABYX-
crynen4arasi cxema. OUYHCTHBIE COOPYXEHUS, BBEACHHbBIC B AKCIUTyaTalMIO €IIe B
1940 r., paboratot o crangaptHoi cxeme [7]. K mocrynuBiieit B cmMecurens Boje
no0aBisieTcs CHavalla KOaryJIsHT — cepHOKUCIbIN amomMuanii (CA) B KonuyecTse
7,2 %, nanee — rUMOXJIOPUT HATPUsl U1 HEPBUYHOIO XJIOPUPOBAHMSA M OKUCIICHHUS
OPTaHMYECKUX BEIIECTB, KOTOPBIE TOPMO3ST mpouecc koaryiasuuu. JlobaBka mo-
CIITHETO ITO3BOJIIET CHHU3UTH 03y KOAryJsHTa M OOECIeUMBAET XOpOIlee CaHH-
TapHOE COCTOSIHME 000PYAOBaHMs cTaHIMU. Tyzaa e BBOOUTCS LICTOYHOM peareHT
— KaJIbLIMHUPOBAaHHAs COJa, B KOHIIE cMecuTelsl — QUIOKYIIHT. Bona ¢ pearenramu
MOCTYyMaeT B HIKHIOIO YacTh KaMmep XJIONMbeoOpa3oBaHUs, JBUTAACh BBEPX, NPH
3TOM CKOPOCTh IOTOKA 3aMeAJISIeTCsl, IPOMCXOAMT MpoLece 00pa30BaHus U YKpYyII-
HeHus xjomnbeB. KoarynmpoBaHHas BoJa NEPETEKaeT B JABYXbBAPYCHBIH YETHIPEX-
KOPUJOPHBIM OTCTOMHUK Il OCAKIEHUs XJonbeB. [locie OTCTONHHMKA OCBETIICH-
Has BOJIa OCTYNaeT Ha CKOpbIE PUIIBTPHI ATl yAAICHUS] MEJIKHX XJIONbEB [7].

Ha BbIXoz€e 13 BOJOOYHCTHBIX COOPYKEHHUI MTOKa3aTeIH BOJBI JOIHKHBI COOT-
BeTCTBOBaTh TpeboBanusM [11, 12]. Ho ecTh HEKOTOpBIE TPYJHOCTH B TIONTYYEHUH
BOJIBI HYXKHOT'O KauecTBa 10 psay nokasareneil: nsetHocts, pH, XIIK, octaTounsrit
amomunwnii [10, 15]. Do cBs3aHO ¢ TeM, YTO BOJIa CEBEPHBIX PEK HMEET BBICOKYIO
uBetHOCTH (10 200 °TIKII B meproa oceHHE-BECEHHETO MaBOAKa) MPU MaJlol MyT-
HOCTH M Hu3Kyto Temriepatypy (1..3 °C) B TeueHnue 8 mec., 4TO 3aTpyIHSET MPO-
[[ecC OCBETICHUSI MEeTOZOM Koaryssinuu [2, 3, 9]. OnHuM uU3 pelieHuit, HarnpaBieH-
HBIX Ha JINKBUJAIMIO yYKa3aHHBIX 3aTPyIHEHHUH, SABISETCS MPUMEHEHHE COBPEMEH-
HBIX BBICOKO3()()EKTUBHBIX pEarcHTOB.



144 ISSN 0536 — 1036. UBY 3. «JlecHoii :xypHaa». 2019. Ne 1

Jl71s1 DKCIIepUMEHTOB HCITONIB30BANIA COBpEMEHHEIE, Ooree A heKTHBHBIE, KO-
arynsaThl [3, 19, 21-23] pa3nuuHbIX MapoK: cepHOKUCIBINA amoMuamid (CA); momu-
OKCHXJIOPHI AIIOMHHMS C cojaep:kaHumeM ocHoBHOro BemecTBa (Al,O3) 30 %
(TIOXA); UltraPAC V-1 u UltraPAC V-2 pasmuunoii mrotaocta; PAX XL100 ¢
conepxanneM ocHoBHOTO BerecTBa (Al,O3) 17 % (Ha ocroe [TOXA); Ferix-3 Ha
OCHOBE CEPHOKHCIIOTO XKele3a.

IIpn noGaBiennn B 0OpadaTbIBaeMyl0 BOJY COJIEH aFOMUHUS MPOUCXOIUT
THIPOJIH3, TIPH 3TOM 00pa3yeTcsi MI0X0 PacTBOPUMBIH B BOJEC TMAPOKCHU]L aJFOMHU-
HUSI, KOTOPBIN OKa3bIBACT KOATYJIUPYIOIEe BO3ICHCTBUE HA 3arpsA3HEHHS KOJUIOU/I-
HOM CTENEeHU AUCTIEPCHOCTH:

AP + H,0 = AI(OH)* + H*
AI(OH)* + H,0 = AI(OH)," + H*
AI(OH)," + H,0 = AI(OH)3| + H*

A" +3H,0 = AI(OH)3| + 3H"

JanHas peakuusi MOXeET MOJHOCTBIO MPOTEKaTh JIMOO TONBKO MPU yCIOBUU
HelTpanm3anuu 00pas3yromIericss KHCIOTHI, TH00 3a cueT KapOOHATHOW MIEIOYHOCTH
BOJIBI, JIMOO 3a cyUeT JA00aBKHU IICIOYHBIX pearcHTOB (rameHoi u3BecTu Ca(OH)y,
KanblHUpoBaHHOM combl Na,COs, ruapokcuaa HaTpus) ¢ noBeaeHueM pH mo om-
TUMaJbHBIX 3Ha4yeHuit [6, 16]. TToaToMy B X01e SKCIEPUMEHTa KOHTPOJIHPOBAIH
pH, nipu Heodxoaumoctu modasmsanu NaOH (10 %).

LIBeTHOCTH HCCIIEAYEMON BOJBI OINPEAesuid (POTOKOIOPHMETPUIECKUM Me-
tonoM [4], pH — mynerutecrom ArnoH 4100, XIIK — apOuTtpaxxHbIM MeTOAOM [4].

OKCTepUMEHT MPOXOIUI MPH TeMIleparype uccienyemoit Boasl 5 °C. Boay
OXJIXKJIANN U TIOAJEP)KUBAIA HEOOXOAUMYIO TeMIlepaTypy BOJBI B JaOOPaTOPHUH.
B o0pa3sie o6padaTeiBaemoii BojbI (1Tpobootdop 10 oktsaops 2017 T, mepuos oceH-
HEr0 TaBOJIKa) Cpa3y MCCIEeNIOBalli OCHOBHBIE IIOKAa3aTelW: IIBETHOCTh —
150 °TIKI; pH 7,03; conepraHue B3BelleHHbIX BemiecTB — 46,2 mr/im; XIIK —
57,6 MrO,/n (mpu HOpMe 15 MrOy/n 11l BOJIOEMOB MUTHEBOTO BOIOITOIE30BAHUS)
[12]. O6paboTKy NPOBOJAMIM CICIYIOMIUM 00pa3oM: B CTakaH BMECTUMOCTHIO
250 mut HaymBaym 200 MIT BCClIeTyeMOU TPUPOJTHON BOJIBI, B KOTOPYIO HPH TIOCTO-
STHHOM ObICTpOM TiepeMeriBanuu (180 o0/MuUH) BHOCWIM 3aJaHHBI 00BEM pac-
TBOpa KoaryisiHTa (cragus ruapoinsa). [IpoOy mepememmBanu B TeueHue | MuH
Npy HenpepsiBHOM KoHTposie pH (Ipyu HEOOXOAMMOCTH OCYIIECTBISLITH KOPPEKTH-
poBky pactBopoM NaOH). Ilocne 3Toro mepexiaovain Memalky Ha MEJICHHOE
nepememmBanne — 50 06/MuH (niepro xionbeodpazoBanus) B Tedenue 10 mun. [To
OKOHYaHUM Tmpolecca MpoOy NepesMBald B MEPHBIH LMIMHAP BMECTUMOCTBHIO
250 M ¥ M3MEpSUTH BBICOTY CJIOSl OCa/Ka, COJACp’KaHHWE B3BEIICHHBIX BEILECTB B
HAJIOCAJI0YHOM CJI0e KaXK/Iple 15 MUH, a TakKe OCHOBHBIE MTOKA3aTeNd KauyecTBa BO-
Ibl ocne ¢unbTpoBanus: pH, nsernocts, XIIK, KOHIIEHTpaLnIO B3BEIICHHBIX Be-
mectB. [lo pasHOocTM TOKazaTeneil 10 M mociie 00paboOTKH paccuuThBaIu 3Pdek-
THBHOCTH obecnBeunBanus u cHkeHuss XIIK. B skcmepuMenTte BapsupoBaid J0-
3upoBKy KoaryistHaTa oT 0 1o 100 mr/in. pH nognepxuBanu He HUXKE 5, TaK Kak MpU
Oosiee HM3KHMX 3HAYCHUSAX YKPYIHEHHUS XJIONBbEB HE MPOMCXOAMIIO M HNPUMEHEHHE
KOaryJsiHTa CTaHOBWIJIOCHh HEd((peKTHBHBIM.
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Peszynomamer uccredosanus u ux obcysxcoenue

Pesynbrathl SKcrieprMenTa nmpeacTaBieHsl B Ta0u. 1, 2 u Ha puc. 1, 2.
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Tabauma 1
JAunamuka usmeHenus pH u uBeTHoCTH NPOPUIBLTPOBAHHON NMPOOLI BOABI
B 3aBUCHMMOCTH OT J103bl KOATYJIIHTA

pH LBetHOCTE MOCTE punbTparmu, °TTIKII
&
=8 | o | 7|9 o | 7| @
N IEEY =T - S S>> o
5l &g — O O U § - ] Q = §
ale® | X | | | 2S5 | X[ 2| |28 5
= 5 X< Q % g = X % % e =
e < B B < = =
N o ) ) o > >
1| 10 |7,00|686|688| — |587(686| 52 | 132 | 117 - 18 | 140
2| 20 | 584|651 |654|6,25|5,02|6,52| 18 22 31 | 312 | 3 32
3| 30 |572|642|6,40| - |460(631| 1 13 19 - 2 14
4 | 40 |493|6,21|6,14 | 5,67 |4,51|5,97 - 13 | 104 | 1 16
5| 50 | 454 6,10 |6,01 5,06 | 4,48 |5,89 20 17 1 6
6 | 60 |4,67|597|582|4,32|4,42 5,69 — 16 1 7
7| 70 | 436|582 |577 336|428 |550| 51 6 16 1 5
8 | 80 |4,17|5,63|5,37 3,28 |4,27|5,30| 113 — 12 10 1 —
9| 90 |4,66|541|553| - |441|526| 81 - 10 - 15 | 84
10 | 100 | 4,12 | 522 | 5,31 | 3,12 | 4,34 | 523 | 102 | 77 35 8 3 -
Tabnuma 2
JAunamuka ¢popMuUpoOBaHUSA M O0CAaKIeHMS B3BelIeHHbIX BewiecTB (BB)
B 0YHIAeMOM Bojie
Conepxanne BB, mr/n
s Ha HAYaJI0 OCBETJICHHS yepe3 15 MuH gepe3 30 MuH
£ E o | © o | o o | o
21251382 o <182 a <S> = <
s|27 R[22 s|5|x|2|2|s|5|x|2|2|s|%
2 OIX|E|2 El5 gl =g =
N a |5 ~ |5 a | 5
1] 10 | 22|11 67 | 13| 22 | 11 46 | 13 | 21 | 12 18 | 14
2| 20 | 25|24 |16 |52 |47 |28 |18 |16 |41 |25 |25 |17 16| 3 |23
3|13 |28|18| — |40|63 (30|12 — |14 |24|24| 7 | - | 2 |13
4| 40 |22 |20 |32 |37|79|23| 8 |31|9 30|26 |31]1]|12
51 50 | 2222|513 |57]|24 43 | 4 |34 | 23| 5 (21| 1 |18
6 | 60 |25 |35|51|33|48 |26 34| 4 120|124 | 7 | 21| 1 |15
7| 70 | 23|37 |76|29 |5 23|10 |21 | 2 |34 |23 | 7 (15| 1 |23
818 |23/38|5|19| —|24(18|11| 2 | - |23 |15|10| 1 | -
9| 90 | 24|29 | — |28 |57 |25|19 | — | 1 |48 |24 |15 | — |15 | 46
10| 100 | 24 |37 |64 |36 |36 |25 |24 13| 2 | — |25|15| 8 | 3 | —
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Puc. 1. BnusHue IO3MPOBKH KOaryisHTa
(1x) Ha comepkaHHME B3BEUICHHBIX BEIECTB
(Css) B ocBeiIeHHO#M Boze: a — PAX XL100,
6 — UltraPAC V-2, ¢ — TIOXA, 2 — CA,
0 — Ferix-3
Fig. 1. Influence of coagulant dosage (1) on
the content of suspended solids (C,;) in clari-
fied water: ¢ — PAX XL100, 6 — Ultra
PAC V-2,6—PAC, 2 — AS, 0 — Ferix-3

I, Mr/m
O0mun O15 mun 830 mun

0

[Ipu ouenke >pPeKTUBHOCTH KOaryasHTa BHIOMpaTy HaMMEHbIlee 3HaUCHUE
I, moctaTouHoe 11 JecTabuinn3aiuy KOJUIOUAHON CUCTeMBl 1 00pa3oBaHus Ocaj-
ka. TpeOyeMmbiii 3 PeKT ObUT JOCTUTHYT NPH Hcronb3oBanun [TOXA npu 103upoB-
Ke KoaryisiHTa y:xe 20 mr/i (tabi. 2), mpu 3TOM coziepKaHKe B3BEIICHHBIX BEILIECTB
(Css) B HAZOCAZOYHOM CJIO€ COCTABISIO 47 MI/I Ha HA4Yallo OCAXKACHUS, 4yepes3
15 mun — 25 mr/n, yepe3 30 muH — 23 MI/i1. ITO CBUIETENHCTBYET 00 00pa3oBaHUU
KPYITHBIX, XOPOIIO OCAXKIaeMbIX XJIOMbeB. [107100HBIE pe3yabTaThl IEMOHCTPUPYET
u CA mpu toii xe nmosupoBke 20 mr/n (52—41—3 mr/m), Ho mpu 3tomM pH
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Puc. 2. Bausinue 103MpOBKU KOATyJIsH- L P
ta ([I) Ha >hdexTMBHOCTL O4MCTKH o 1 [ ./ 5 P
BoAbI (O,;) O IIBETHOCTH mg f 4
Fig. 2. Influence of coagulant dosage ~ “1/// . @
(1) on the efficiency of water purifica- g
tion (3,,) by chromaticity gy
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©PAX XL100 OFerix-3 aUltraPAC V-1 xUlraPAC V-2 X[IOXA OCA

yKe mpuOnmxkaercss k kputudeckod ortmerke 5,02. Koarymsut UltraPAC V-2
naeT chOpMHUPOBAaHHBIE OCAXKIAEMbIE XJIONbS MPH AO03UPOBKE B 3—4 pasa Oosnblie
(60...80 wmr/m). Ilpu sTOoM Takxke He TpeOyercs moxmenauynBanus. KoaryisHrt
Ferix-3 cranoButcst 3(QeKkTHBHBIM MpH J03UPOBKE B 2,5 pa3za OojblieH, T. e.
50 mr/n (51—43—21 mr/n), Ho pH Tarke mpubIMKaeTcss K KpUTHIECKOH OTMETKe
5,06. TTocne mobasnenust koarynsatoB PAX XL100 u UltraPAC-V1 chopmupo-
BAHHBIX OCAXKJIAEMBIX XJIONBEB HA JJAHHOM UCXOJHOU BOJE IPU HU3KOM TeMIlepaTy-
pe He ooHapyx)eHo. Kpome Toro, PAX XL100 3rauntensHo ymeHbma pH obpabda-
TBIBa€MOM TPOOHI.

MaxkcumManbHasi 3QPEKTHBHOCTH 10 (OPMUPOBAHHIO KPYIHBIX XJIOMBEB JIO-
crurayTa koaryisiatoM [TOXA B mosuposke 40 MI/i mpu copep’KaHWU B3BEIICH-
HBIX BemecTB 79 mr/i Ha Hayaso ocBeTineHusa. CA Taxke 3¢ GeKTHBEH MPpU JaHHOU
JIO3UPOBKE, HO COJICp)KaHHE B3BCIICHHBIX BEIIECTB HAa HAYall0o OCBETJICHUS —
37 mr/n, mpu 3TOM xXJomnbs xopomo ocaxaanuck. UltraPAC V-2 nokaspiBaeT Mak-
CUMYM TIpu J1o3upoBke B 1,5-2 pa3za Oounbmie (60...80 mr/n) u He TpeOyer morie-
nauuBanus, Ferix-3 mpu nosuposke 70 mr/m camkaer pH mo 3,36, TpeOys 3Ha4H-
TEJBHOTO MOIIEIAYABAHS.

OxcnepuMeHTalbHble TaHHble 1o XIIK ounieHHol BoAbl MOKa3aiu, 4To 1O
3¢ GEKTUBHOCTH CHIKEHHMS 3TOr0 IOKazaTells JYYIINH pe3ysbTaT MOIydYeH Hpu
ucnonb3oBannu koarynssHToB CA, Ferix-3 (adpdexruBHOCTE 75 % TpH 103MpOBKE
80 wmr/m), Heckonmbko xyxke — [TOXA (72 % npu nozupoBke 70 Mr/m), ocTanbHbIE
koarynsHThl cHikaroT XIIK B npeaenax 52...56 % mnpu Toii xe mozuposke. HeoO-
XOAMMO OTMETHTh, YTO OKHCIIIEMOCTE MPOOHI Mociie ee 00paboTKH KoaryasHTaMH 1
(WIBTPOBaHUSI YMEHBIIAETCS 3HAYUTEIHHO MEHBINE, YeM I[BETHOCTh: OKHCIIsie-
MOCTh — Ha 75 %, uBeTHOCTh — Ha 97...99 %. DTO CBUAETENBCTBYET O HAIMYUU B
JaHHOW NPHUPOJHON BojE OOJIBLIOrO KOJIMYECTBA HEOKPAIICHHBIX OPraHUYeCKUX
BEIIECTB, HE YCTPAHIEMBIX B IPOLIECCE KOATYIISIINY.

Baxnouenue

AHaiu3 MOJyYeHHBIX B X0JIe IKCIIEPUMEHTa JTaHHbIX MOKa3all, 4YTo Hauboee
apdextrBHbl kKoarynsHTel CA u [TOXA, Hemtoxue pe3ysbTaThl MOTYYEHBI TAKKe
npu ucnonb3oBanun UItraPAC V-2. Onnako 60iee SKOHOMUYHBIM U 3KOJIOTHYHBIM
okazancsa [IOXA. ITpumenenne koarynsata [IIOXA 1mo3BoJUT COKpaTUTH 103y BBO-
IMMOTO peareHra, MOBBICUTH 3()()EKTUBHOCTH OCBETICHHUS BOABI MPH 3HAYUTEIHEHO
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MEHBINIEM CHW)KEHUM HCXOJIHBIX 3HaueHW pH cpeibl, 4TO MpUBEAET K SKOHOMUH
HIEJIOYHOTO PearcHTa.

[Iporecc koarynupoBaHus 3HAYUTEIBHO YCKOPUTCS, €CJIM B BOJY J00ABIIATH
(GIIOKyYISHTBI, 0Opa3yoIIKe ¢ BOJAOH KOJUTOUAHBIC qUCHEpCHbIe cuctemsl [1, 3, 14,
17, 18, 20]. Yactums! (HIOKyIIHTA BMECTE C OTPUIATENFHO 3apsHKEHHBIMU YaCTH-
[[aMH B3BECHU aJCOPOUPYIOTCS Ha XJIOMbIX KOATYISHTOB, YTO YCKOPSIET YKPYITHCHHE
Y OCaXJICHUE XJIOMBER.

CIIMCOK JIMTEPATVYPBI

1. Anenvyuna E.U., bensesa C /., Kopomrxosa E.B. UccnenoBanue BIUSHUS CBONCTB
AQHMOHHBIX (IOKYJISIHTOB Ha (P (PEeKTUBHOCTh KOAryJSIMOHHON OYUCTKU MPUPOIHBIX LBET-
HbIX BOJ // V3B. XKuiui.-koMMyH. akaj. rop. Xo3-Ba u skosoruu. 1999. Ne 3. C. 64-68.

2. Babenxos E.J]. Ounctka Boasl Koarysstatamu. M.: Hayka, 1977. 356 c.

3. I'anoypuna JI.B. Opranndeckue (IOKYISHTH B TEXHOJOTUH OYNUCTKH HIPUPOIHBIX
U TIPOMBIIIUIEHHBIX CTOYHBIX BOX M 00paboTkm ocanka: aHanmut. 0630p / ®I'YII BOATEO.
M., 2002. 41 c.

4. I'emmanyes C.B., Heuaes U.A., I'andypuna JI.B. O4ucTKa MPON3BOJICTBECHHBIX
CTOYHBIX BOJ KOaryJssHTamu U ¢uiokyisaramu. M.: ACB, 2008. 272 c.

5. T'H 2.1.5.1315-03. IIpenensHo nomyctumsle koHueHTparmu (I1JIK) xumudecknx
BEILIECTB B BOJIE BOJHBIX 00BEKTOB X03HCTBEHHO-ITUTHEBOTO U KYJIBTYPHO-OBITOBOTO BOZIO-
nosnb3oBaHus. ['uruenndyeckue Hopmatussl. M., 2003. 154 c.

6. I'onuapyx B.B., I'epacumenxo H.I. DNEKTPOKUHETHYCCKHE CBONCTBA MPOIYKTOB
THAPOJIN3a OCHOBHBIX CYJIB(ATOB Xkeje3a B YCIOBHUSX MPoIecca BOJOMOATOTOBKH //  XUMuUs
1 TexHosorus Boabl. 1996. T. 18, Ne 3. C. 227-232.

7. 3ybaxosa JLB., Teeruna A.C., [Jasankoe A.bh. CHHTETHUECKHE HOHOOOMEHHEIE Ma-
tepuansl. M.: Xumust, 1978. 184 c.

8. Komuccapenkog A.A., Ilpyeno I'.®., @edopos B.A., Pedoposa O.B. OCHOBHI BO-
JIOTIOITOTOBKH B IEIUTFOJIO3HO-OYMaKHOW MPOMBIIUICHHOCTH ¥ TEIIOPHEPTETHKE: y4del.-
MeTo. nmocobue. CII6.: CITIOI' TYPII, 2012. 98 c.

9. Kopsikuna A.B., Aroxaes P.1. TlpuMeHeHHe ONOTEXHOIOTHH UII OYHCTKU BBICO-
KOLIBETHBIX HPUPOJHBIX BOJl M3 MOBEPXHOCTHBIX MCTOYHMKOB B ycnoBusix Cesepa // U13B.
KazaHn. roc. apxurekTypHo-cTpout. yH-Ta, 2010. Ne 1(13). C. 245-251.

10. Jlomow B.E. Dxonorusi mpupoomosbp3oBanus: yueb. nocodbue. ExatepunOypr:
W3n-so YpI'VIIC, 2002. 540 c.

11. CanlluH 2.1.5.980-00. I'nruenndeckne TpeOOBaHHUS K OXpaHE MOBEPXHOCTHBIX
Boa. M.: Mun3zapas Poccun, 2000. 18 c.

12. CanlluH 2.1.4.1074-01. ITuteeBas Boma. ['urueHnveckne TpeOOBaHUSA K Kade-
CTBY BOJIBI IEHTPAIU30BAHHBIX CHCTEM IHUTHEBOTO BoJMOCHaOXeHHs. KOHTpOJb KadecTBa.
I'uruennyeckne TpeboBaHMs K 0OecTieueHHIO OE30ITaCHOCTH CHCTEM TOpSYero BOJOCHa0kKe-
Hus. M.: Undopm.-u3n. uentp Munzapasa Poccun, 2002.

13. Ebeling J.M., Sibrell P.L., Ogden S.R., Summerfelt S.T. Evaluation of Chemical
Coagulation—Flocculation Aids for the Removal of Suspended Solids and Phosphorus from
Intensive Recirculating Aquaculture Effluent Discharge // Aquacultural Engineering. 2003.
Vol. 29, iss. 1-2. Pp. 23-42. DOI: 10.1016/S0144-8609(03)00029-3

14. Folkard G.K., Sutherland J.P., Shaw R. Water Clarification Using Moringa
Oleifera Seed Coagulant. London: Intermediate Technology Publications, 1999.
Pp. 109-112.

15. Letterman R.D., Driscoll Ch.T. Survey of Residual Aluminum in Filtered
Water // Journal AWWA. 1988. Vol. 80, iss. 4. Pp. 154-158. DOI: 10.1002/j.1551-
8833.1988.tb03020.x



ISSN 0536 — 1036. UBY3. «JlecHoii :xypHam». 2019. Ne 1 149

16. Letterman R.D., Pero R.W. Contaminants in Polyelectrolytes Used in Water
Treatment // Journal AWWA. 1990. Vol. 82, iss. 11. Pp. 87-97. DOI: 10.1002/j.1551-
8833.1990.th07056.x

17. Muyibi S.A., Evison L.M. Coagulation of Turbid Water and Softening of Hard-
Water with Moringa Oleifera Seeds // International Journal of Environmental Studies. 1996.
Vol. 49, iss. 3. Pp. 247-259. DOI: 10.1080/00207239608711028

18. Narkis N., Rebhum M. Flocculation in Present of Organic Macromolecules of
Natural Water and Secondary Effluents // Water Science and Technology. 1997. Vol. 36,
iss. 4. Pp. 85-91. DOI: 10.1016/S0273-1223(97)00423-X

19. Park H., Lim S., Lee H., Woo D.-S. Water Blending Effects on Coagulation-
Flocculation Using Aluminum Sulfate (alum), Polyaluminum Chloride (PAC), and Ferric
Chloride (FeCls) Using Multiple Water Sources // Desalination and Water Treatment. 2016.
Vol. 57, iss. 16. Pp. 7511-7521. DOI: 10.1080/19443994.2015.1025583

20. Roussy J., Van Vooren M., Dempsey B.A, Guibal E. Influence of Chitosan Cha-
racteristics on the Coagulation and the Flocculation of Bentonite Suspensions // Water Re-
search. 2005. Vol. 39, iss. 14. Pp. 3247-3258. DOI: 10.1016/j.watres.2005.05.039

21. Wei N., Zhang Z., Liu D., Wu Y., Wang J., Wang Q. Coagulation Behavior of
Polyaluminum Chloride: Effects of pH and Coagulant Dosage // Chinese Journal of Chemi-
cal Engineering. 2015. Vol. 23, iss. 6. Pp. 1041-1046. DOI: 10.1016/j.cjche.2015.02.003

22. Zhang Z., Wang J., Liu D, Li J., Wang X., Song B., Yue B., Zhao K., Song Y. Hy-
drolysis of Polyaluminum Chloride Prior to Coagulation: Effects on Coagulation Behavior
and Implications for Improving Coagulation Performance // Journal of Environmental Sci-
ences (China). 2017. Vol. 57. Pp. 162-169. DOI: 10.1016/j.jes.2016.10.014

23. Zhao Y.X., Phuntsho S., Gao B.Y., Yang Y.Z., Kim J.H., Shon H.K. Comparison of
a Novel Polytitanium Chloride Coagulant with Polyaluminium Chloride: Coagulation Per-
formance and Floc Characteristics // Journal of Environmental Management. 2015.
Vol. 147. Pp. 194-202. DOI: 10.1016/j.jenvman.2014.09.023

Ioctynuia 16.02.18

UDC 628.161
DOI: 10.17238/issn0536-1036.2019.1.141

The Efficiency of Coagulants in Water Treatment
in the Pulp and Paper Industry in the North

T.E. Boykova, Senior Lecturer

N.1. Bogdanovich? Doctor of Engineering Sciences, Professor

K.B. Vorontsov?, Candidate of Engineering Sciences, Associate Professor

'Severodvinsk Branch of the Nothern (Arctic) Federal University named after M.V. Lomo-
nosov, ul. Kapitana Voronina, 6, Severodvinsk, Arkhangelsk Region, 164520, Russian Fed-
eration; e-mail: t.boykova@narfu.ru

*Nothern (Arctic) Federal University named after M.V. Lomonosov, Naberezhnaya
Severnoy Dviny, 17, Arkhangelsk, 163002, Russian Federation; e-mail: n.bogdanovich@
narfu.ru, k.vorontsov@narfu.ru

For citation: Boykova T.E., Bogdanovich N.I., Vorontsov K.B. The Efficiency of Coagulants
in Water Treatment in the Pulp and Paper Industry in the North. Lesnoy Zhurnal [Forestry
Journal], 2019, no. 1, pp. 141-152. DOI: 10.17238/issn0536-1036.2019.1.141



150 ISSN 0536 — 1036. UBY 3. «JlecHoii :xypHaa». 2019. Ne 1

Water treatment processes at a pulp and paper mill were studied. Weaknesses of the water
purification scheme on the wastewater filter treatment facilities of the pulp and paper mill of
Arkhangelsk region are revealed: influence of water quality seasonal fluctuations on the
purification efficiency, content of residual aluminum, and chemical oxygen demand (COD)
in the treated water. In order to improve the water treatment quality, it was offered to re-
place the used reagent with one of the modern coagulants. The experiment was made under
the laboratory conditions by the procedure of trial coagulation of the Northern Dvina river
water at a temperature about 15-20 °C. Sampling, definition of initial parameters of water
quality, and control of residual iron and aluminum, chromaticity, pH, COD were carried out
by the standard methods. The initial river water had high chromaticity, low turbidity, low
alkalinity, and high content of organic natural compounds. Reagent application conditions
and the influence of a reagent dosage on pH were studied. The usage efficiency of reagents
based on polyaluminum chloride (PAX XL100, UltraPAC-V1, UltraPAC-V2, PAC), alumi-
num sulfate and ferric salt — Ferix-3 is defined. Comparative analysis of coagulant efficien-
cy was made between the coagulants and with aluminum sulfate (AS) applied according to
the standard scheme. Ferix-3 coagulant usage in suboptimal conditions (low pH values, in-
sufficient or excess dosage of reagent) leads to increase in chromaticity of the treated water
by several times in comparison with the initial parameters. AS usage leads to the significant
decrease of water pH because of its low alkaline water supply, at the same time the coagula-
tion efficiency decreases. It is important to increase alkaline reagent dosage in response to
this problem. Experimental data confirms high efficiency of treatment with polyaluminum
chloride (PAC) in comparison with other reagents. The relevance of replacement AS by
PAC in water purification with high chromaticity, low turbidity and alkalinity, and high
content of natural organic compounds is approved.

Keywords: suspended solids, pH, chromaticity, clarifying of natural water, coagulation,
polyaluminum chloride.
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B HacTosmee BpeMs B cTpaHe 3aroTaBiuBaeTcs okoio 200 miH M npesecussl. IIpu sTom
Ha BCEX CTaAMsX Ipoliecca (0T 3aroTOBKHU 10 NepepabOTKU APEBECHOTO CHIPhS) 00pa3yercs
00JIBILIOE KOJMYECTBO OTXOZOB, KOTOPhIE HE HAaXOMASAT MPUMEHEHHUS M OKa3bIBAIOT OTpHIIA-
TeNbHOE BO3JIEIiCTBHE Ha OKpY»Karolyto cpexy. OfHUM U3 BO3MOXKHBIX HAIlpaBICHUH mepe-
pa6OTKI/I TaKuX OTXOHOB ABJACTCA UX MHUPOJIU3. BI)IXO,I[ MMPOAYKTOB IMUPOJIM3a 3aBUCUT OT
BHEITHUX YCJIOBUH M CBOWCTB CBIpbsi. [IpuBeieHO onrcaHne yCTaHOBKH, pa3paboTaHHOW JIs
MIPOM3BOJICTBA AKTUBUPOBAHHOTO YTJISl M3 JPEBECHOM IIETIBI. Y CTAHOBKA BBHITIOJIHEHA B BHJIC
IIaXThl, B HEH NMEETCs 30Ha MUPONIN3a, paboTaronias B IEPHOINICCKOM pekiMe. B HIDKHEH
YaCTH MUPOJM3HON 30HBI PACIIOJIOKECHBI HarpeBaTeIbHBIC JIEMEHTHI, IPOrPEBAIOIINE TEX-
HOJIOTMYECKYIO IIEMy JI0 Hadaja MHTEHCHBHBIX 3K30TepMHUYECKUX peakiuid. Harpesarens-
HBIM 3JIEMEHTaM TEIUIOBas SHEPTHs NepeJaeTcsi ¢ MOMOIIBIO TEIUIOBOH TPyOBI, pa3MerieH-
HOM B JPEBECHOM YTIIIE MOCIE CTAAUN aKTHBALMK, HMEIOIIEM TeMmIepaTypy okojo 800 °C.
C HCToNIb30BaHUEM 3TOW YCTAHOBKHM U3 APEBECHBIX OTXOJOB IOIYYalOTCS LIEHHBIE MPOAYK-
ThI, MOJIB3YIOIIHUCCH 6OJ'II)IHI/IM CIIPOCOM B MPOMBINUICHHOCTH, U PEIIACTCA OKOJOTHYCCKas
mpobjieMa MHOTHX JIepeBONepepadaThIBAIONINX MPEANPUATHIl — yTwin3anus oTBanoB. Ha
OCHOBE aHanm3a (U3NUECKOil KapTUHBI U (hopMaH3aliy Ipolecca MUPOJIH3a B YCTAHOBKE
MIPOU3BOJICTBA AKTUBUPOBAHHOTO YIJIS pa3paboTaHa MaTeMaTHUYeCKas MOJENb Ipoliecca,
TIO3BOJISTIOIIAsT paccyUTaTh o0Iee BpeMs, 3aTpaueHHOE Ha NMepepadoTKy APEBECHBIX OTXO-
JIOB, ¥ OCHOBHbIE KOHCTPYKTHBHbIE ITapaMeTPhl YCTAHOBKH.

Kniouesvie cnosa: mareMaTdecKast MOZ€CJb, TEIIJIOMACCONCPCHOC, ,leeBeCHLIﬁ yroijib, n1po-
JIN3, aKTUBAIys, ra30BBIN ITIOTOK.

Beseoenue

[IpoGiiemamu 1epeBOOOPAOOTKM HA COBPEMEHHOM 3Talle SBISIOTCS HU3Kas
3¢ (HEeKTUBHOCTh MCIIOJIb30BAHUS JAPEBECHOTO ChIPbs, BHICOKHE SHEpPro3arparhl Ha
nepepadoTKy BTOPHYHBIX OMOPECYPCOB, CBSI3aHHBIE C OTCYTCTBHEM SHeprocOepe-
raromiero o0OpyA0BaHUs U METOJIUK JUIsl ero pacyera. K cyIecTByIONMM HepCcreK-
THUBHBIM HalpaBJICHHUIM HePEePabOTKH APEBECHBIX OTXOJ0B OTHOCHUTCS TEPMOXHMH-
YECKOE C MOTyUYeHHEM aKTUBHPOBAHHOTO YT [2, 3, 6, 7].

I yumuposanus: Cadpuna A.B., TumepbaeB H.®., 3uatnunosa J[.®., Cadun P.I'., Xa-
6ubymmHa A.P. MozpennpoBaHue TerioMaccolepeHoca B MUpOoIn3Hoi 30He // JIecH. xKypH.
2019. Ne 1. C. 153-160. (M3e. Beicm. yueb. 3aBeaenuid). DOI: 10.17238/issn0536-
1036.2019.1.153
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[Ipu TepMoxummyeckoil mepepaboTke MPOTEKAIOT B3aUMOCBS3aHHBIC IMPO-
[ECChl TEIUIOMACCOIEPEHOCa, OCIOKHEHHBIC XUMUYCCKUMH IMPEBPAIICHUSIMHU, CO-
CTOSIIIIUMH U3 MHOXECTBA MapajlIeIbHO MPOTEKAIOIINX PEaKIUi, B KOTOPBIX dHII0-
TEPMUYECKHE TPOIECCHl CO CTOKOM TEIUIOBOIM 3HEPTHH CMEHSIOTCS K30TepMHUe-
ckumi [1, 12, 13].

Bompocam mwmporeHeTnyeckol TnepepabOTKH JPEBECHBIX MaTEepPHaJIOB II0-
CBSAIICHBI UCCIICIOBAHUS OTCUCCTBEHHBIX U 3aPYOCIKHBIX YUCHBIX.

B cBsI3M C MOBBINIEHHON CIIOXHOCTBIO MPOIIECCOB, MPOUCXOMAIINX MIPH TEP-
MHUYECKOM Pa3JIOKCHUU APEBECUHBI, OTCYTCTBYIOT €IMHBIC METOJbI PACUCTOB TEX-
HOJIOTHYECKHX TPOIIECCOB U allllapaToOB HEMPEPBHIBHOM MUPOTCHETUYECKON TEXHO-
JIOTHH TIepepabOTKH JPEBECHBIX OTXOJIOB B aKTHBHPOBAHHBII YTOIb.

Obvexmol U Memoobl UCCIe008AHUS

Ha xadenpe nepepaboTky ApeBeCHBIX MaTepuanioB Ka3zaHCKOrO HaIlMOHAIBHO-
IO HMCCIIEI0BATEIBCKOTO TEXHOJOIMYECKOIO YHHBEPCUTETa CO3/1aHa yCTAHOBKA IS
nepepadOTKH IPEBECHBIX OTXO/I0B B aKTUBUPOBAHHBIN YTONb (CM. pUCYHOK) [1, 5].

YcTaHOBKa COCTOUT U3 BEPTUKAIBHOM PETOPTHI 2, B KOTOPOH 3a CUET TPaBH-
TAI[MOHHBIX CHJI MPOUCXOIUT JBWKEHHE JAPEBECHBIX OTXOMOB Uepe3 30HBI MpeBa-
PUTENHHOTO HarpeBa 3, CYIIKH 4, muponu3a 5, akTuBUpoBaHus 7, oxnaxaenus 9, 10
C TPEBpAICHUEM OTXOJIOB B aKTHMBUPOBAHHBIM YTOJlb, CHCTEMBI CeMapaliy MUpo-
JM3HBIX Ta30B, TOMOYHOE YCTPOUCTBO 22, CUCTEMBI Ta3004UCTKH 21, peKynepaTus-
HbIe TerI000MeHHUKHU 8, 14. '0TOBBIM MPOAYKT OXJaXKJaeTcs B JABE CTYNEHH: Ha
NEPBOM CTYNEHH TEIJIO OT aKTUBUPOBAHHOI'O JPEBECHOTO YIS OTBOAUTCS C IIOMO-
HIBIO TETUIOBOH TPyOb! 6 Ha HarpeB APEBECHBIX YACTHUI] B 30HAX MUPOJIH3a 5 U mpe-
BapUTENLHOTO Harpesa 3.

Ilpu cemapanuu B KOHAEHcaTopax cMemnieHus 15, 23 nuposiu3Hble ras3bl pas-
JIENSIOTCST Ha BBICOKO- M HU3KOKUIsIIe (pakuuu. HekoHaeHcHpyrommecs ra3sl
CKHTarTcs B Tonke 22. TeruioBast 3HEPTHs TOMIOYHBIX Ta30B pacxojyeTcs Ha Ipo-
M3BOJICTBO IIE€PErpeToro mapa Ajsl NPOBEICHUS MPOLECCOB CYIIKH OPEBECHBIX Ya-
CTHL M akTuBauuu yriisg. OKHCIMTENb Iepel NoAadyeil B TONKY IOAOrpeBaeTcs 3a
CYET KOHBEKTHBHOTO OXJIaXJICHHsSI aKTUBHPOBAHHOTO YIJIsI HA BTOPOW CTYNEHH U
KOHJIyKTHBHOTO OXJIaXJI€HHS TOIIOYHOTO Ta3a B PEKYNEpPaTHBHOM TEIJIOOOMEH-
HUKe 8. Iy oXNakIeHusl XjIajareHTa B KOHAEHCATOpaxX CMELICHHS HCIIONb3YIOT
0oTpabOTaHHBIN aOCOPOCHT M3 HACAIOYHOW KOJIOHHBI 21.

Texnosnornyeckue 30HbI peroptsl 3, 4, 5, 7, 9, 10 pasneneHsl mMUOSPHBIMU
3acmorkamu 12, 13, 16, 19, 20 u u30mmMpoBaHbl OT OKPYKAIOIIEH Cpebl CEKIIMOH-
HBIMHU nuTaTesmu 1, 11.

B pasgenurensHoM ammapare 17 sKmkKa OXJIaXIaeTcs OTpaOOTaHHBIM ab-
copbeHTOM U mapoBast (paza MHUPOJIU3HBIX T'a30B Pa3lesisieTcs HA CMECh BBICOKO- M
HU3KOKHUIIALINX KOMIOHEHTOB.

CxKIKeHHBIE BRICOKOKHITSIINE KOMIIOHEHTHI ¢ TEMITEPaTypoi KUIeHus Ooiee
100 °C cobuparorcst B eMKOCTh 18, a 00€3BOXKEHHBIE HU3KOKHIISIIIIUE KOMIIOHSHTBI
(remnepatypa xkunenust meHee 100 °C) — B emkocTb 24.

Junis 3amycka yCTaHOBKM W TOJJIEpKaHUsl TpeOyeMoro TeIuioBoro OanaHca
npeaycMOTpEeHa Mojjaua B TONKY IMIPHPOHOTO rasa.

B pesynbraTe akTUBUpPOBAaHUS CBOOOAHAS MOBEPXHOCTH JPEBECHOTO YIJIs
yBennuuBaetcst oT 100...150 M/t 10 600...900 M?/r, uTO MPUBOJIUT K BO3PACTaHUIO
COpOIIMOHHON aKTUBHOCTH TOTOBOTO MpoaykTa [1, 2].
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YcraHoBka JJIL IPOU3BOACTBA AKTUBUPOBAHHOT'O YTJIA
Activated carbon plant

Peszynemamul uccnedosanus u ux oocysicoenue
MaremMaTH4yecKH IpOLECC MUPOIN3a B YCTAHOBKE ONKMCAaH HAMH CIIEAYIOIIUM
obpazom.
TeMneparypHoe I1oJie B TEXHOJIOTHYECKHX 30HaX YCTAHOBKH OIIPEAENseTCs
ypaBHeHueM teruioneperoca [8, 10, 11], koTopoe omuchiBacT U3MEHEHHE BO BpE-
MeHH(T) TeMIepaTypsl Matepuana o ciuosm [1, 4, 6]. s oJHOMEpHOTO CIIOsI UMe-

eM:
or,, oT oT,
c on al o |y , 1
p ccn 61: 8h ( o ah j qcn ( )

TJIe Pey — HACHITHAS IUTOTHOCTD CJI0S MATEPHANA, KI/M®; Coy — TETIIOEMKOCTh HACHITI-
Horo ciost Marepuana, [x/(kr-K); T,, — temnepatypa cios, °C; h — koopauHara
YaCTULBL B CJI0E, M; A, — 3(EKTUBHBIH KOI(QQHUIMEHT TEMIONPOBOHOCTH CIIOS
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marepuana, Bt/(M'K); Q., — yaeabHBINA MOTOK TEILIa, JIK/M?- ¢, OTpeIemsie MBI [po-
IPEBOM MAaTepuaa M MPOTEKAIOMIMMH XUMHYECKUMU peakuusimu, 0, =0, +0,;

O, — CTOK Tema Ha mporpeB Matepuana, Jix/(M%-c); Oxp — CTOK (IIPUTOK) TEILIa 3a
cueT XuMudecKnx peakumii, Jx/(m°-c) [1, 4, 6].
Pemenne nuddepennmansaoro ypapaeHus (1) mpoBOAUTCS MIPH CIIETYIONINX
KpaeBbIX YCIOBHSIX:
T.(0;h)=T,;
T, (r;O)zTn.
3nech T, — HauanpHas TeMIepaTypa B cJioe, ONpeersieTcs] KOHEYHOH TeMIle-
paTypoil MaTepuana mocie npeablaylen 30Hbl; 1), — TEMIEpaTypa TEIIONOABOA-
LIMX NOBEPXHOCTEU, OMpPENESIETCs TEKyIIeH TeMIepaTypoil Ha TPaHMIIEC CIIOS Ma-
Tepuana.
[Ipu temneparype 6Gosee 180 °C HauMHaeTCAs TEPMOXHMHUYECKOE PasjIokKe-
HUE JPEBECHHBI C 00pa30BaHUEM YTIIS, TapOra30BOi CMECH W YOBLIBIO MaCCHI Ape-
BCCHHBI.
M3menenne macchl B CAUHUIIC O6’beMa A KaXXJI0ro M3 NEpCUMUCICHHBIX
KOMITOHCHTOB MOKHO 3aIucath B ciieayromiem suze [1, 4, 6]:
JUTSL APEBECHUHBI

op! ,
a_j:p = _kappup : )
JUTSL YTIIst
op! .
5_‘: = QKD 3)
JUISL TapoTa30BoOi cMecH
oy, ,
? = (1_ (P) kHPpHP ! (4)
’ m}Ip v 3 ’ my
rae pZl = V—— yJeabHas Macca JIPSBECHHBI B MUPOIM3HON 30HE, KI/M”; p, = V_ —
p 0 0

piiy
VO
pa30BaBHINXC NMUPOTra30B, KF/MB; mﬂp, my u M, — Macca ApEBECHUHBI, YITIs U NUpOra-
o -1
30B, kﬂp— KOHCTaHTa CKOPOCTHU XUMHUYCCKOU pCaKIIUN PA3JI0KEHUA JPEBCCUHEL, C .
CrernecHb MMUPOJIN3a OIIPEACIIACTCA KaK

!
Py
’ ’ "
py + pﬂpo
H3MeHeHne Macchl Mapora3oBoi Ga3sl MAPOTU3HON 30HBI HAWAEM MO0 CyMME
MACCOBBIX IIOTOKOB 3a CUHET KOHBCKIIMU H peaKHI/Iﬁ TepMI/I‘IeCKOI‘O pa3J’[O)KeHH§I
npesecunsl [1, 4, 6]:

yIeIbHAs MAacca yIiisi B MHPOIH3HOI 30HE, KI/M; pl = — yZAenbHas Macca 00-

(p:

o(epy) _ O(Wypr)
ot dh
rJIe € — IOPUCTOCTD YACTHUIIBI, M3/M3,

+ (1= 0K, Py )
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Jlnist onpeieNieHnst CKOPOCTH TIOTOKA Ta30B BOCIIONIb3yeMcs 3aKOHOM Jlapcu:
K, AP

W= , 6
T H (6)

rae K, — razoBas nponumaemocts yactuipl, K, =1-@)K + oK,; K, Ky —raso-

Basl IPOHHUIIAEMOCTh MUPOra30BOM CMECU U YIUIA; |, — JAAHAMUAYECKAs BSI3KOCTb
nuporasos, Ila-c.

Crox Temia mpu MHPOITU3E APEBECUHBI BIHMSIET HA M3MEHEHHE TeMIIepaTyphl
cinosi. Cuuraem, 4TO TEMIEPaTyphl JPEBECHOW YaCTHUIBI M 00OpPa3yIOIIUXCS MUPOra-
30B OJINHAKOBHI, a Ta30Bast U TBepAas (pa3bl HAXOAATCSA B TEPMOJMHAMUYCCKOM PaB-
HOBecHH. Temrieparypa 4acTHUIIBI TIPY 3TOM OIPEIENIeTCs U3 YPaBHEHUSI COXpaHe-
Hus dHepruu [5]:

q

ERa

9

orT.
q W - pnrcnrwnr a€ + qXp’ (7)

or, orT, oT,
(cypy + cﬂppﬂp) (k

rae { — TeKyllas KOOpJMHATa YacCTHUIlBl, M; A, — KO3(D(PHUIMEHT TEIUIONPOBOI-
HOCTH Ut 4acTuilbl, BT/(M-K); W, — CKOpOCTh MHpPOra3oBOil cMmecH, M/C;
Oyp = 0o (—KyP,p); Go— YZIETbHAS TEIIOTA XUMUIECKOH peakiuu, JIx/Kr.

Koncranra CKOpOCTHU XUMHYCCKOM PCaKun onpeaAC/IsICTCA B COOTBETCTBUHU C

3aKOHOM AppeHHyca:
Ea
kﬂp = kﬂpo eXp(_ RT j’

N -1
rae Ky, — TpeIdKCHOHCHINABHBIH MHOXHTENb, C ; E, — SHEprus aKkTHBAIWH,
JIx/MOb.
3anuieM HavdalbHbIC YCIOBHS IS perieHus ypasHenuii (2)—(5) u (7):
’ e 0 A — ) _
pﬂp :pﬂpg’ py _O’ pnr _O’ Tq _TH’

a TaKKe TpPaHUYHBIC YCIIOBHSA [T ypaBHeHU (7):

T'-l

ﬂ:L = Tcn *
D¢ dexTuBHbI KO3(DOUIUESHT TEIUIONPOBOAHOCTH A

., B ypasHenuu (1) 3a-
BHCHUT OT TOPO3HOCTH M TEMITCPATYPhI CIIOSI:
Ay =T T,,),

T. €. €0 MOXHO OIPEICIHUTH IKCIIEPUMEHTAIBHBIM ITyTEM.
Koaddunment temmonpoBogHOCTH A 4acTUIBI B ypaBHeHHH (7) Haiiiem
KaK CyMMY TEIUIOIIPOBOJHOCTEH JPEBECUHBI (M), yris (Ay) U TETy4nX BemecTs (A,)
C yYETOM CTEIeHH MUPOJIN3a U U3ITy4eHHs Teruia uepes nopsl [3, 9]:
13,5¢, T° d
_ 0 nop
dy =(1=@) A+ A, +E A, + 0T
Ve
2,14
rae co — Ko3QGUIMEHT n3iydeHns abcomoTHo yepHoro Tena, Br/m*-K"; d,,, — pas-
mep 1op, d,,,, =5 -10°(L— ) +10"@; y, — cTeneHb YepPHOTHI FA30BOI0 MOTOKA.
Takum oOpa3oM, pazpaboTaHHass HaMH MaTeMaTH4YecKas MOJENb Ipolecca

MO3BOJISIET PACCUATATh €T0 OCHOBHBIE XapaKTEPHUCTUKH, a TAKXKe IMapaMeTpsl ycTa-
HOBKH.
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Raxnouenue

Ha ocHoBe aHanu3a gu3uUeckoil KapTHUHBI IpoIlecca MUPOIN3a B YCTAHOBKE
JUTSL IPOM3BOJICTBA JIPEBECHOTO YIS Obla pa3paboTaHa MaTeMaTH4YecKas MOJETh
TEIJIOMACCOIIEPEHOCa, OCIOXKHEHHOTO XHMHYCCKHMH TIPEBPAMICHUSIMH, KOTOpas
OIHCHIBACT MUPOTCHETUYCCKOE PA3I0KCHUE APESBECUHBI U MOXKET OBITH HCITOJIB30-
BaHa NJIsl MaTEMaTUYECKOTO MOJCIUPOBAHUS U MPOBEACHUS PACUETOB MPHU MPOEK-
THPOBAaHUU 3TUX YCTAaHOBOK.
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Nowadays, about 200 mln m® of timber is harvested in our country. At all stages of the pro-
cess (from harvesting to raw wood processing) a large amount of waste that does not find
any usage and has negative influence on the environment is generated at the same time.
Pyrolysis is one of the feasible directions of such waste processing. The yield of pyrolysis
products depends on the external conditions and the raw materials properties. The article
describes a plant targeting for production of activated carbon from wood chips. The plant is
designed as a mine. It has a pyrolysis zone operating in periodic mode. Heating elements are
located in the lower part of the pyrolysis zone. They heat industrial chips prior to intense
exothermic reactions. Thermal energy is transferred to the heating elements by a heat pipe
placed in charcoal after the activation stage, which has temperature about 800 °C. Valuable
products are obtained from wood waste with the use of this plant, which are in a great
demand in the industry. The environmental problem of many wood processing enterprises is
being solved; disposal of waste dumps. Mathematical model of the process has been devel-
oped based on the analysis of the physical phenomenon and pyrolysis process formalization
in the activated carbon plant. The model allows calculating the total time spent on wood
waste processing and the main design parameters of the plant.

Keywords: mathematical model, heat and mass transfer, charcoal, pyrolysis, activation, gas
flow.
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JlecozaroToBuTenbHas OTPACIb HAa CETOAHALIHUN IeHb BeCbMa NMPHUOBLIbHA U IPOLYKIIUS ee
BocTpeOoBaHa. OfHAKO ycI0BHA PabOTHl TEXHUKU B pallOHAX J1eco3aroToBok B Poccuu co-
otBeTcTBYIOT |l1-V Kareropmsam skcmyaTanuu. AKTyadbHBIMHU SIBISIOTCS TPOOJIEMBI, CBS-
3aHHbIE ¢ pabOTON TEXHUKH B XOJIOJHBIN HEepHo roaa. B mosHOI Mepe 3TO OTHOCHUTCS U K
CHCTeMaM 3JIEKTPOIMTaHUS, OCHOBY KOTOPBIX B PsiJie CIy4aeB MOT'YT COCTaBIISITH BBICOKO-
SHEPreTUYECKHe JINTHEBbIC XMMHUYECKHE HCTOYHHKH TOKa, 00ECHEeYHMBAIOIINE HAJCKHYIO
paboTy J1eco3aroTOBUTEIbHON TEXHHUKH M 00pa3lOB CIEIHMAIGHONW TEXHHKH B CIOXKHBIX
YCIIOBUSIX dKCIUTyaTanuy. [1o cpaBHEHMIO ¢ TPaAMIIMOHHBIMHU JICKTPOXUMHUECKUMH CHCTe-
MaMH (HHUKeIb-KaJIMHUEBOH, HHMKEIb-METAUITHIPUAHON M CBHHIIOBO-KHUCIIOTHOM) JUTHIA-
HOHHBIE aKKyMYJIITOpHBIE Oaraped OO0Namgar0T TaKUMHU NPEUMYIIECTBAMM, KaK BBICOKHE
HaMpsKEHNE U TUIOTHOCTh YHEPTUH, IIMPOKUH AUATIa30H pab0vINX TeMIepaTyp, ATUTEIbHbIH
cpok xpaHeHus. OHAaKO JaHHBIE UCTOUYHUKHM TOKA MMEIOT PSA HEIOCTATKOB, OJHUM H3 KO-
TOPBIX SBISAETCA MX M0OXKapO- U B3PBIBOOMACHOCTH, T. €. BO3MOXKHOCTh BOSHUKHOBEHHS TPHU
OTIPE/ICICHHBIX YCIIOBUSAX HEYIPABISAEMbIX XUMUUECKUX PEAKIUH, TPUBOIAIMINX K BO3ropa-
HUIO U B3pHIBY. B cTaThe Mmoka3aHa HEOOXOAUMOCTh IPUMEHEHHUS B BBICOKOMOIIHBIX JTUTHI-
MOHHBIX aKKyMYJISITOPHBIX OaTapesx 3JIEKTPOHHBIX CPEJCTB 3aIINTHI, PACCMOTPEHBI CHCTe-
MBI KOHTPOJIS W YIPaBJICHUS C MACCUBHOM M aKTUBHOM 0ajlaHCHPOBKOW aKKyMYJISITOPOB,
MPEUI0KEHBl PEKOMEHALUK M0 UX AKCIuTyartanuu. [IpuBeneHbl pe3ynbTaTbl HCIBITAHUI
9KCTIEPUMEHTAIILHOTO 00pa3ia JINTHH-HOHHOW CTapTepHON aKKyMYJIITOPHOW OaTapeu.

Kniouegvie cnosa: cucTeMbl KOHTPOJISL U yIIPaBJIEHHs, BEICOKOMOIIIHAS JINTUH-MOHHAsI aKKy-
MyJSTOpHas OaTapesi, MOXapo- M B3pHIBOOE30IACHOCTh, NTACCHBHAS M aKTHUBHAs OajaHCH-
pOBKa.

s yumuposanus: AdanaceeB A.C., boaasipeB M.A., Boposrmos I1.C., Cycnos B.M., Ko-
toB 10.T., Boponunsin B.K., Kamycun A.A. Cucrema KOHTpOJISL U YNPaBIECHHUsS BBICOKO-
MOIIHBIX JTUTHH-HOHHBIX aKKyMYJISITOpPHBIX Oartapeii // JlecH. xkypH. 2019. Ne 1. C. 161-170.
(U3B. BeIcHL. yueb. 3aBenenwmii). DOI: 10.17238/issn0536-1036.2019.1.161



162 ISSN 0536 — 1036. UBY 3. «JlecHoii :xypHaa». 2019. Ne 1

Beeoenue

[IpoOnembl 3aroTOBKM APEBECHHBI B HAllleH CTpaHE CTAHOBATCS Bce Oojee ak-
TyanbHbIMH. CeronHs Jeco3aroTOBKH MOJTHOCTBIO MEeXaHu3upoBaHbl. Ha necocexkax
MOXXHO YBHIETh DPa3HOOOPA3HYIO JI€CO3arOTOBUTENbHYIO TEXHHKY: OT BaJIOYHO-
MAKETUPYIOIIMX MALIHMH 10 XapBECTEPOB, OT TPEJIIEBOYHOIO TPAKTOPa 10 (hopBaprepa.
Bornee monoBuHBI COBpeMEHHBIX M OOJBIIMHCTBO MEPCIEKTUBHBIX PaOHOB JIeco3a-
TOTOBOK B Poccru HaxoasTcs B TpeX KIMMAaTHUECKHX MOsicaX (XOJIOAHOM, YMEPEHHO
XOJIONHOM U OY€Hb XOJIOAHOM), T1i€ CPeNHss NPOJOKUTEIBHOCTh [IEPHUOAA C OTPHU-
HaTeJabHBIMU TemIiepatypamu coctasisier 180 cyT npu cpenreii temneparype —15 °C.
Temmneparypa Bo3gyxa HamOojee XOJOMHOM MSATHAHEBKHM MOXKET JOXOIUTH
10 —35...-40 °C, naubosee X0noaubIx cyTok — 10 —39...—45 °C [2, 3].

YcnoBust paboTHI JIECO3aTrOTOBUTENFHON TEXHUKH B PaiOHAX JIECO3arOTOBOK CO-
orBetcTBYIOT |lI-V kareropusiM skcrmyaranmn. Kpome Toro, mpeobnamator Oesra-
paXXHOE ee XpaHEHHE M IMPOJOJDKUTENbHAs paboTa B OTPBIBE OT IPOU3BOICTBECHHOM
0a3b1 [8]. B momHOM Mepe 3TO OTHOCHTCS M K Pad0Te WX CHUCTEM DIIEKTPOIIUTAHHUS B XO-
JIOAHBIN Tepro]] roAa. B psine cimyuaeB OCHOBY CHCTEM 3IEKTPOIUTAHUS MOTYT COCTaB-
JISITh BBICOKO3HEPTEeTHYECKHE JINTHEBBIE XUMUUEeCKHe NCTOUHUKU Toka (XUT).

Obvexkmol U Memoobl UCCIe008AHUS

XUT MoryT sIBISTBCS OJAHUMH M3 OCHOBHBIX KOMITOHEHTOB, 00ECIIEYHBalO-
HIMX HA/ICKHYIO paboTy J1ec03aroTOBUTENFHON TEXHUKH M 00pa3loB CHEIHaTbHON
TEXHHUKH B CIOXHBIX YCJIOBUAX dKCIDTyaTalyd. 110 cpaBHEHHIO ¢ TpagWLIMOHHBIMU
3NIEKTPOXUMHUYECKHUMHU CUCTEMaMH (HHUKEb-KaIMUEBOH, HUKEIb-METAJUIT M APUAHON
Y CBUHIIOBO-KHUCJIOTHOMW) JINTUH-UOHHBIE akKyMyJisiTopHbie Oatapeu (JIMAB) obna-
JTAIOT BBICOKMMH HAIPSDKEHHEM U TUIOTHOCTBIO SHEPTHH, IIUPOKUM TUAa30HOM
pabounx Temreparyp, JUIMTENBHBIM cpokoM xpaHeHus. imenno JIMAD BeicTynatoT
0o0BbeKkTOM Hariero uccienoBanud. OHAKO TaHHBIE MCTOYHHUKH TOKA MMEIOT Psij
HEJOCTaTKOB, OJTHUM M3 KOTOPBIX SIBISIETCS MX MOXapO- U B3PHIBOOMACHOCTb, T. €.
BO3HUKHOBEHHE TPU ONPEICIECHHBIX YCIOBHAX HEYNPABISIEMBIX XUMUYECKUX PEAK-
Ui, IpUBOAAIIMX K BO3ropaHuio U B3peIBY [10]. CoBpeMeHHBIE BBICOKOMOIIHBIE
JIMAB criocoOHBI HaKarIMBaTh 3HAYUTEILHOE KOJUYECTBO SHEPTHH, BRICBOOOXK IE-
HHE KOTOPOH HEKOHTPOJIMPYEMBIM CIIOCOOOM (BO3rOpaHUE MIIM B3PBIB) MOKET MPH-
BECTH K KaTacTpo(huIecKuM MOCIeACTBUsAM. B cBs3u ¢ 3TMM nipu pa3paboTke BbICO-
komoiHbIx JIMAB ocoboe BHUMaHHEe HEOOXOAMMO YACATH BOIpocaMm olecreue-
HUS MX MOXKapo- U B3pBIBOOE30MACHOCTH, YTO MCKITIOUMIIO ObI BO3MOXKHOCThH BO3-
HUKHOBEHMsI B3pbIBa M BO3rOpaHMs B IpPOIECCE XpaHEHWs M dKcmryaranuu. [lo
HACTOSAIIET0 BPEMEHH 3TH BOMPOCH M3y4deHBI HemocTaTouHo. Llenb ganHoi# ctaThu
0oJiee MOTHO OCBETUTH COBPEMEHHBIE MOAXOJBI K 00ECIEUYEeHUIO MOKapo- U B3PHI-
BoOe3omacHocTH BeicokoMotTHbIX JIMAB.

Peszynomamer uccredosanus u ux oocysxcoeHue

TTogxon Kk perieHuio TaHHOTO BOMpOca OOYCIOBICH HEOOXOIMMOCTHIO IITH-
pokoro BHeapeHust JIMAB B mepcrekTuBHBIE 00pasibl JECO3arOTOBUTEIHLHOU M
CIICUMATIbHON TEXHUKH, SHEPrOBOOPYKEHHOCTh KOTOPHIX MPU 3TOM CYIIECTBEHHO
Bo3pacraeT. Hanbosee 3pPpeKTHBHBIM METOJIOM OOECIICUCHHUS MOXKAPO- U B3PHIBO-
6e3omacHoctr BbhicOKOMOIIHBIX JIMAD siBisieTcs BKIIOYEHHE B MX KOHCTPYKIIHIO
JIOTIOJTHUTENbHBIX 3JEKTPOHHBIX YCTPOMCTB — CHUCTEM KOHTPOJIA U YHPaBICHUA
(CKY) [9].
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CKY mnpencraBnsger coboit cioxHOe PYHKIHOHATFHOE YCTPOHCTBO, MPEaHA-
3HAYEHHOE AJIs1 KOHTPOJISI COCTOSIHUS OaTapeu, KIFUEBBIX SKCIUTyaTallMOHHbIX I1a-
paMeTpoB BO BpeMs 3apsia M paspsaa (HanpspkeHHe, TOKH, BHYTPEHHSS TeMIepa-
Typa U TeMIIepaTypa OKpy:Karollen cpeabl OaTapen). BosHUKHOBEHHE mepe3apsiia 1
nepepaspsiia, KOPOTKOTO 3aMBIKaHUSI M YPE3MEPHOI0 pa3orpeBa — BOT OCHOBHBIE
npuianHbl Bo3ropanus U B3peiBa JIMAB. Konrponupyromme nenn CKY obecneun-
BaIOT MOJjauy CUTHaJIa Ha YCTPOMCTBA 3alllUThl, KOTOPBIE JAIOT CUTHAJI TPEBOTH JIHU-
00 OTKIIIOYAIOT OaTapero 0T Harpy3KH WM 3apsAHOTO YCTPOMCTBA NIPH BBIXOJE JIFO-
00ro U3 MapaMeTpoB 32 YCTaHOBJICHHBIC TIPECIbI.

3ammrTa OT BOSHUKHOBEHHUSI OMAaCHBIX pexxUMoB pabotel JIMAB ocymecTsis-
eTcs MyTeM HUBEJIMPOBAHMS pa3OaliaHCa HANPSHKEHUM aKKyMYJISITOPOB, BXOISIIMX
B €€ cocTaB, U (OPMHUPOBAHUS YNPABILIIOIINX CUTHAIOB U U3MEHEHUs] pabOoThI
BHEIIHUX YCTPOUCTB ¢ moMoIpio CKY, KOHCTpYKTHBHO pa3MemaeMoil Kak B CO-
crase JIMAD, Tak u BHe ee [1].

B CKY, obecnieunBarommx BBIpaBHUBAaHUE CTETICHH 3apsDKEHHOCTH (OanmaH-
CHPOBKY) aKKyMYJISITOPOB, IPUMEHSIIOTCSI METOJIbI TIACCHBHOW M aKTUBHOW OanaH-
CHUPOBKHU.

CKY c nmaccuBHO# 0alaHCHPOBKOW OTIMYAIOTCS TEM, YTO YaCTh SHEPTHH aK-
KyMyJsTopa ¢ OOJBIIUM HampsHKCHHEM OHHU pacceMBalOT B BHIE Tellla
B OKpy»Karolee npoctpaHcTBo. [Ipu 3apsime mytem oTOopa 4acTH dHEPruM (TOKa)
takass CKY cHmkaeT TOK 3apsija HUBEJIUPYEMOI'O aKKyMyJISATOpa, YMEHbIIAs CKO-
POCTh 3apsiia 10 TeX MOop, IOKa He 3apsIsiTcs BCe OCTalbHbIe aKKyMmynsaTopsl. Co-
OTBETCTBYIOIYI0O CXEMYy MOXKHO CO3/1aTh C TMOMOIIBIO PE3UCTOpa HEOOXOAMMOM
MOIIIHOCTH M YIIPABJIAEMOT'O KJIrO4a. HI/IBGHI/IpOBaHI/Ie MOXXHO OCYIIECTBJIATH IpakK-
TUYECKU Ha NPOTSHKEHUHU BCETO BpeMeHH 3apsza. [Ipumep cxembl mocTpoeHus mnac-
CHBHOI OallaHCHPOBKY MPUBEJIEH Ha puc. 1.

R | Mukpocxema
N 1 GanaHcnpoBKu
| ]
|
|
! -
Rea ! r=i
e e I
_ batapen BHewHW 1
1 |
= [_Kanioy l
_1 I
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Puc. 1. Cxema naccuBHOM OanaHcHpoBKH (lgy — TOK OanaHcH-

poBKH; lgjs — TOK cMmeteHust; Rgy — CONPOTHBIICHHE OalaHCH-

POBKH; Vg — HampspkeHUE Kimtoua; Reyn, Rex — BBIXOIHOE
COIPOTHUBIICHHE)

Fig. 1. Scheme of passive balancing (Igy — electric current of

balancing, lgjss — displacement current, Rg, — resistance of

balancing, Vg — Voltage of key, Rgqi, Rexe — output
resistance)
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IIpu Takoit peanmzanuu KOHTpoJUIEp (MUKpOCXeMa) OCYIIECTBISIET cOOp WH-
(hopmanyu 0 COCTOSHUM BCEX aKKyMYJISITOPOB OaTapeH, CpaBHUBAsI HANPSDKEHUS Ha
KaXXIOM aKKyMYJISITOpPE C BEPXHUM M HHYKHUAM IIOPOTOM JOIMYCTHMOTO HATIPSKECHHSL.
[lo pesynbTaTaM CpaBHEHHS! C IIOMOIIbIO BHYTPEHHETO JIOTMYECKOTO YCTPOWCTBa
M3MEHSIETCS] alNrOPUTM pabOThI 3apATHOTO WM Pa3psiIHOTO KIFOYEBOTO TPAH3UCTO-
pa. B pexxume, korga 4acTb akKyMyJISITOPOB JIOCTUIaeT BEPXHEI0 IIOPOTa HampshKe-
HUSL, 3apsAHBIN IPOLIECC BBIITIOIHIETCS OAHOBPEMEHHO C Pa3psiioM KaKIOro U3 Ta-
KHX aKKyMYJIITOPOB Ha CBO€ COIPOTUBICHHE C IIOMOLIbI0 BHYTPEHHUX TPaH3M-
CTOPHBIX KIIOUYEH, T. €. OCYHIECTBIACTCS BBHIPABHUBAHHE CTEMCHH 3apsDKEHHOCTU
(banmancupoBka) akKyMyasTopoB. [Ipm sToM KimrouM paspsaa Heno3apsHKEHHBIX
JJIEMEHTOB He BKIOYatoTcs. [1oCKONbKYy HEOOXOIMMO YNpaBisTh U 3apsioM, H
paspsnoMm Oatape, T. €. TOKAMHU, TEKYILIUMH B IPOTHBOIOJIOKHBIX HAlpaBJICHUSX,
B CXEME YINpPAaBICHUS NODKHO OBITh KaK MHHHMYM [IBA TPAH3UCTOPHBIX KIIIOYA.
CKY c naccuBHO# 0alaHCHPOBKOW B OCHOBHOM mpuMensttoTcst aist JIMAB otHoCH-
TEJIbHO HEOOIBIION EMKOCTH MPY OTPAaHMYEHHOM 00beMe pa3MelieHus [5].

B CKY ¢ akTuBHOI 0allaHCHUPOBKOH Iepeiaua SHEPrHH OT OoJiee 3apsKeH-
HOIo K MCHEC 3aps’KCHHOMY AKKYMYJIATOPY OCYHICCTBIIACTCA C MUHUMAJIbHBIMU
sHepreTudeckuMu motepsmu. B [13] mpuBoguTcs cxeMa mOCTPOSHHS CHCTEMBI aK-
TUBHOW OaJaHCHPOBKHU C HCIIOJNB30BaHHEM MuKpocxembl BQ78PL114, mpousse-
JIEeHHOM 1o TexHonoruu PowerPump, n naaykTHBHOTO IpeoOpa3oBaTens A mnepe-
Jaau sHepruu (puc. 2).

V2o ° Kpusaa HanpaxeHua
= QI0n 5 unep'exmoq'arouxemyme
—_ Y 1 |
(™ = g T

& op3s 5:
V20 /_Nepexniovatowmis % WW'l | A
Q10ff yaen ¢ E : r

&= 1 '
o P2N e Vol :
pa :'E" 01! T
'QlOff'On'QlOff"

Vie - ® Bpema, 1 mkc/gen.

Puc. 2. Cxema aktuBHOU OamaHCHpOBKH 10 TexHONoruu PowerPump (Ql, Q2 — xiroun
ynpasienus; V1, V2 — HanpsbkeHus Ha BbIBoJiax akkymyssitopa; P3S, P2N — ynpasisitomue
BbIBO/JIbI MI/IKPOCXGMLI)
Fig. 2. Scheme of an active balancing system designed by PowerPump technology (Q1, Q2
— control keys, V1, V2 — voltages at the battery terminals, P3S, P2N — microchip gate
terminals)

Merton mepepacipeneneHus 3apsaa Mo TeXHoioruu PowerPump mpu Huse-
JUPOBAHUH aKKyMYJISITOPOB YUHTHIBAET COCTOSHHUE 3apsiaa O6arapen, a He HaIpsiKe-
HUE Ha aKKYMYJIITOPE, YTO 3HAUUTENBHO yaydmaeT xapaktepuctuku JIMAD [10].

[loneBble TpaH3UCTOPBI M APOCCENb COCTABIIIOT MPOMEXKYTOUHBIH TOHMKAI0-
I/ TIOBBIIAIONINN TpeoOpazoBatenb. Ecinyn MUKpocxema onpenensier, YTo BepXHe-
My aKKyMYJSTOPY HYXHO MepeaaTh SHEPTHUIO HIHKHEMY aKKyMYJISTOPY, TO Ha BBIBO-
ne cxembl P3S ¢opmupyercst curnan gacroroir okosio 200 k[ ¢ koaddurimeHTOM
3aronHenus: mpumepHo 30 %. Korma ximroa Q1 OTKPHIT, SJHEPTHSI BEPXHETO aKKyMy-
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JsITOpa 3amacaercs B Apoccene, Koraa kmod Q1 3akpwIT, SHeprus, 3amaceHHas B
npoccene, yepe3 00paTHbIi nuoj kmoda Q2 mocTymaeT B HIKHUH akkyMmymsTop. [lo-
TEpU SHEPTUM MIPU 3TOM HEBEJIMKU U B OCHOBHOM IMPUXOIITCSA Ha AUON U Jipoccenb. B
KayecTBE HaKOMUTEJIEH SHEPIUU MOT'YT UCIIOJIb30BaThCsl KOHAEHCATOPHI [1].

AKTUBHYIO 0aJaHCHUPOBKY aKKyMYJISITOPOB B OaTapesx MOXHO TaKkXe OCy-
IIECTBIATH C TIOMOIIBIO TTpeoOpa3oBatenel sHeprun. B aTux ycrpoiicTBax ams BbI-
paBHMBaHU 3apsiia MPUMEHSIIOT HHIYKTOPHI, WM IIpeo0pazoBaTeiIy Al nepeHoca
SHEPTUU C OJHOTO aKKyMYJISITOpa Ha APYTOH.

K aktrBHOMY cnocoOy OalaHCHPOBKH aKKyMYJISITOPOB B OaTapee MOXKHO OT-
HECTH U CIEAyIOIIee peleHre. 3apsaj] KaXJIOoro akKyMyJsaTopa MpPOM3BOIAMUTCS OT-
JIeNIbHO, a KOHTPOJIb MapaMeTpoB aKKyMyJATOpOB (HampspKeHHe, TemIeparypa U
T. A.) ¥ CBOEBPEMEHHOE OTKIIOYEHHE OaTaped OT HArpy3Ku IPU JOCTHKEHHH IIpe-
JETbHBIX 3HAUCHHWH MapamMeTpoB OCYIIECTBILIIOTCS 32 CUET BCTPOCHHOHM B OaTapero
cxembl. Ilpu 3TOM 3apsaHOE YCTPOMCTBO HE TOJIBKO KOHTPOJIMPYET HANpsDKEHHE
Ka)XI0r0 aKKyMYJISITOpa, HO ¥ IPEIOXPaHseT BCe aKKyMYJIATOPBI OT Tepe3apsiaa [12].

CoBpeMeHHas! KOHLIENIUS TPOEKTHPOBAHUS JIEKTPHUUECKOI CXEMBl aKKyMYJIs-
TOpPHOM Oataper CBOAUTCS K TOMY, YTOOBI CHAOAUThH OATapero AJICKTPOHHBIM OJIOKOM,
YIpaBISTIOMAM ee paboToil. Kaxplit akkymymsaTop OaTapen MMEeT CBOI0 MHKPOCXe-
MY, KOTOpasi KOHTPOJIMPYET 3apsiIHbIA LUK, TEMIEPATypy, AABICHHUE U T. A. ¥ IIPOEK-
TUpYETCs UL K&KIO0T0 THIA aKKYMYJISATOpa IO 3alaHHBINA HAOOp IapaMeTpoB.

XoTs ucnoiab30BaHHe MHKpokoHTpoiuiepoB B JIMAB ysenuuuBaer crou-
MOCTB, MacCy U pa3Mepbl 000PYA0BaHUsI, HO 3aTO MHOTOKPATHO TIOBBIIIIAET Pecypc,
Ha/IGKHOCTD U, TTIABHOE, I0KapO- U B3PHIBOOE30MACHOCTb.

Bricokomomasie JIMAB nMeroT B cBoeM cocTaBe 0ONbLIOE KOJUYECTBO aK-
kymynsitopoB. B JIMAD kaxapiit akkyMynsiTOp JOKEH OBITh CHa0KEeH CBOUM COO-
CTBEHHBIM YCTPOMCTBOM OOHapy>KeHMs MNepeHanpsbkeHus. TpeOyroTcs Takke He-
CKOJIBKO TeMIIepaTypHBIX AATYMKOB, TaK Kak Oarapes He MMEEeT OJHOPOIHOMN TeM-
mepaTypsl 1Mo BceM akkymyistopam. [locrmenoBaTenbHO coelWHEHHBIE aKKyMyJIs-
TOPBI AOJDKHBI KOMITJIEKTOBATHCS OJHHUM YCTPOWCTBOM KOHTPOJISI U 3alUTHI, €CITU
TOJIKO KOHCTPYKIHMS HE MPEAIOJIaraeT, YyTo 3apsii KaXAO0ro akKyMmyisTopa obec-
MEYNBACTCS OTIENBHO. B Takux ciydasx Ui KaXa0ro akKyMyJsiTopa rpenoiara-
eTcs cOOCTBEHHbIM KOHTpoJb. [logo0HOE ycinoxHEHHEe HEOOXOOUMO Uil BBICOKO-
BOJILTHBIX Oatapei, copepkamux OOJbIIoe KOJIWYECTBO MOCIEIOBATENILHO COCH-
HEHHBIX aKKyMYJSTOPOB. B MpOTHBHOM cily4ae OTAENbHBIE aKKyMYJISTOPbI MOTYT
CTaTh Iepe3apsHKEHHBIMU U BBI3BATh IIPEKIEBPEMEHHBIH 0TKa3 Lenoi darapen.

Jsisi BBICOKOBOJIBTHBIX Oaraped cieayeT HPHUMEHSTh NPUHLUMI OJI0YHO-
MOJIYJIBHOTO KOHCTpyMpoOBaHUs. B 3ToM ciryuae Garapen cobuparoT M3 MOIYyINeEH,
COCTOSIIIMX He OoJiee 4eM M3 8 IMOCIeNOBATENBHO COSIMHEHHBIX aKKyMYJISITOPOB.
KoncTpykiust Momysst 1ommkHa oOecrednBaTh aBTOMaTHYECKOe OTKIIIOUEHHE OTKa-
3aBIIIETO aKKyMYJIATOpa C COXpaHEHHEM PabOTOCTIOCOOHOCTH Beero Moxyist. Komu-
gecTBo Monyneil B coctaBe JIMADB ompenensiercss TpeOyeMbIMU 3HAYEHUSIMH BbI-
XOAHOTO HANpSDKEHUS] U eMKOCTH. KakIplii MOAyNb JTOJDKEH MMETh COOCTBEHHOE
YCTPOMCTBO 3JIEKTPOHHOI'O KOHTPOJIS.

Bricokomomabsie JIMAB OGobIIoi €MKOCTH I1e1eco00pa3HO KOMIUIEKTOBATH
TOJIBKO JTATYMKAMH JABJICHUS M TEMIIEPATyPhl, a TOKOBBIBOJBI OT KaXKIOTO aKKyMYJIs-
TOpa BBIBOJUTH Ha OTAEIBHBINA pa3beM. B 3TOM citydae MUKPOKOHTPOJLIEPOM JIOJKHBI
OBbITH CHAOXKEHBI U 3apsiAHbIE yeTpolicTa. [1pH ycoBepieHcTBOBaHNM IO TpeOOBaHHIO
notpeOurenss B Takue OaTaped MOTyT OBITh JOMOJHHUTEIBHO BCTPOEHBI MHKPO-
KOHTPOJIJIEP, TEPMOIIPEAOXPAHUTENH, TATUUKU TEMIIEPATYPhl U JaBICHUS A UHAM-
BUAYaJILHOTO 3apsifia ¥ pa3psaa ¥ KOHTPOJIS MapaMeTPOB KaKIOTO aKKyMYyJIIsATOpa.
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B 2014 r. B ma6oparopun @wmmana ®I'BY «46 IIHUN» Munobopons! Poc-
cuu OBUTM TIPOBEICHBI HCIBITAHUA SKCIIEPHIMEHTAIBHOTO 00pasia JTUTHH-MOHHOM
cTapTepHoll akkymyssTopHoi Oarapen 7x10JIMITI-K, paspaGoranHoii ®usumko-
TEXHHUYECKUM HHCTUTYTOM UM. A.®. Hodde ¢ wucmomp3oBaHUEM NPUBEICHHBIX
BBIIIIE IPUHIUIIOB 00ECIICUeHHUS TI0KAPO- U B3PHIBOOE30MACHOCTH.

Uens ucnpiTanmii — onpezeneHne (aKTHIECKUX SKCIUTYaTallMOHHBIX Xapak-
TEPUCTUK W BO3MOKHOCTH TIPHUMEHEHHS BRICOKOMOITHBIX JIMAD B mepcrieKTHBHOM
JI€CO3arOTOBUTENBHON U CHELUAIBHON TEXHUKE.

Texunueckue xapakrepuctuku JIMAB 7x10JIUI'TI-K, monydyenHsie B xoae
JKCICPUMEHTa, MPUBEACHBI B TAOJIMIE, a BOJBT-aMIIEPHBIC XaPAKTEPUCTHKH —
Ha puc. 3.

E
XapakTepucTuka S 3HayeHue
U3MEPCHUA
HomuHansHOe HanpsoKeHue B 25
HomwuHansHas eMKOCTB Au 190
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Puc. 3 (nauano). Bonsr-amnepusie xapakrepuctuku JIMAB 7x10JIUTTI-K npu
paspsiie CTapTepHBIM PEKHUMOM B HOPMAJIBHBIX KIMMATHYECKUX YCIOBHSX (&)

Fig. 3. (Continue on next page). Volt-ampere characteristics of Li-ion batteries
7x10LIGP-K at discharge in starter made under normal climatic conditions (a)
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Puc. 3 (oxonuanue). BonpT-ammnepnsle xapaxrepuctuku JIMAB 7x10JIATTI-K
MPU BO3/ICHCTBUY MOBBIIICHHON (6) U MOHWKECHHOM (8) TEMIIEPATyphl OKpYyKa-

FOILIEH cpeibl

Fig. 3. (Continued). Volt-ampere characteristics of Li-ion batteries 7x10LIGP-K

at exposure to high (6) and low () temperatures of the environment

B pesynbrare ucnbITaHWi 3KcriepuMeHTaIbHOTO oOpasua 7x10JIUITI-K B
HOPMAJIBHBIX KIMMATUYECKUX YCIOBUSAX U IPU BO3JIEHCTBUM IMOBBIIIEHHON U TO-
HIDKEHHOU TeMIIepaTypbl OKpYXKarolled cpeibl ObUIa MOATBEpXkKAeHa ero paboro-
CHOCOOHOCTH TPH TIOCIIEN0BATEIBHBIX MUKINIECKUX Pa3psAaax CTapTEPHBIM PEXH-
MOM COTJIaCHO AMarpamMMe Harpy30K MEepPCIEeKTUBHBIX OOBEKTOB CIEIMAIbHON TEX-

Huku [4-7, 11].

besomacuocts akcmmyaramun 7x10JIMITI-K oGecnednBaeTcsi BCTpOEHHOM

CKY, xoTopast OCyIIeCTBIISET:
OanmancupoBKy akkymynaTtopos B JIMADB ¢ Tounoctsio +0,05 B;
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M3MEpeHre HampsHKeHHH Ha aKKyMmynsropax ¢ TogHocteio +0,02 B
B paboueM ananazoHe U3MEHEHUs HampspKeHnsd Ha akkymyssitope 1,40...4,14 B;

U3MEPEHUE TEMIIEPATYPhl AKKYMYIISITOPOB C TOYHOCTHIO +2 °C;

M3MEPEHHE TOKA C TOYHOCTRIO £3 A

yIpaBJIeHHE MPOIIECCOM 3apsiza.

CKY copepxuT naccuBHylo cucteMy OanaHca, OJOK MUTaHHS, MYJIbTHILICK-
COp HampspKEHUH OJOKOB aKKyMYJISITOPOB U JAaTYMKOB TEMIEPaTyphl, TaTYUK TOKA,
CHJIOBOE 3apsITHOE peie, MAaTYNK KOHTPOJS MPEeIOXPaHUTEIs, MPeIOXPaHuTENbh Ha
50 A, OJOK ycwiuTelleld COIJIaCOBaHMsI, IPOILECCOP YIPaBIEHUS (MHKpO-
KOHTpOJIIep). YCTPOHCTBO C MOMOLIBIO CHUCTEMBI OanaHca oOecrieunBaeT OanaHc-
WUPOBKY (BBIpAaBHHUBAHHWE) HANPSHKCHUH aKKyMYJSITOPOB IMOCIEIOBATENBHO COCIH-
HEHHBIX aKKyMYJISTOPHBIX OJIOKOB, CBOJSI Pa3HOCThH HAIPSDKEHUI CaMOro 3apsKeH-
HOT'O ¥ CAMOT'0 Pa3psHKEHHOTO 0JIOKa B aKKyMYJISITOPHOM OaTtapee K MUHUMYMY.

B pesynprare mcmeiTaHuit monarBepxkaeHa 3¢dexTuBHOCTH padotel CKYVY,
HEIITaTHBIX CUTyalllid B OTHOIIEHUH OE€30MMaCHOCTH JKCIUTyaTallid HCIIBITYEMOTO
oOpa3siia He 3apUKCHPOBAHO.

3axniouenue

Cucrema KOHTPOIS U YIPABIECHUS SBISIETCS HEOTHEMIIEMON YacTHIO COBpe-
MEHHBIX BhICOKOMOIIHBIX JIMADB u npennaznadena i 00ecrevueHus UX MoKapo- U
B3pbIBOOe3omacHocTH. DyHKIMOHaN U cxeMbl ioctpoenust CKY B JIMAD, kak mpa-
BUJIO, PEATU3YIOTCS MHANBUAIYAJIHHO C yUETOM TPeOOBaHMI KOHKPETHOTO TOTPEOH-
TeJsL.
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Today the logging industry is very profitable and its products are highly-demanded. Howev-
er, the operating conditions of vehicles in the Russian logging areas correspond to the 3rd —
5th operation categories. Topical issues connected with the vehicle operation in the cold
period. It applies to power supply systems to the full extent. High-power lithium chemical
current sources, which ensure reliable operation of logging vehicles and samples of special
vehicles under difficult operating conditions, can be a base for the power supply systems. In
comparison with traditional electrochemical systems (nickel-cadmium, nickel-metal hydride
and lead-acid), lithium-ion batteries have such advantages as high voltage, and energy den-
sity, broad range of operating temperatures, long shelf life. However, these current sources
have a number of drawbacks; one of which is risk of fire and explosion, i.e. the possibility
of uncontrolled chemical reactions in certain conditions leading to flame development and
detonation. The article shows the importance of usage electronic means of protection
in high-power lithium-ion batteries; control and management systems with passive and ac-
tive balancing of batteries; offered recommendations for their use. The results of testing an
experimental sample of a lithium-ion starter battery are presented.
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HOBASI KHUT'A O MEXKAYHAPOJIHOM COIO3E
JIECHBIX UCCJUIEJOBATEJIbBCKUX OPI'AHU3ALIUA

B cents6pe 2018 r. 8 KopBammuce (mrat Operon, CIIIA) Bo BpeMs 3acena-
Hus CoBeTa MexayHapOAHOTO COO3a JIECHBIX MCCIEN0BATENbCKUX OpraHU3aIHii
(MKIODPO) cocrosutace mpeseHtanuss HOBoW kHUrH Bukropa KoncrantuHoBHYa
Temnsakoa «IlouerHsle wiensl HMIO®PO: 1953-2017/Honorary Members of
IUFRO: 1953-2017», uznanHoii B BeHe Ha aHTMiickoM s3bike. B Heli BiepBbie
MpeJCTaBIeHbl KpaTKue Ouorpaduyeckue OYepKH O COpOKa MOYETHBIX UJICHAX
NIO®PO ¢ momeHTa ocHOBaHUsl B 1953 r. 3TOro caMoOro BBICOKOIO MPU3HAHUSA
HNIO®PO u 10 HACTOSIILIETO BPEMEHU.

ConepkaTenbHbIIl TEKCT KHUTW MpeaBapsieT BCTynmHUTedbHOE cioBo [Ipesn-
neara MHO®PO mpodeccopa Maiikina Bunardunmga, KOTopelil TEIUIO U BeChbMa KOM-
IUIMMEHTapHO 0To3BaJics 0 padore B.K. TemnsikoBa, ymoMsHYB U €T0 MPEIIEeCTBY-
0Ny, M3IaHHYI0 Ha ABYX si3bikaXx MoHorpaduro «Hcrtopus cwe3noB MIODPO u
Poccus».

HNIKO®PO, ocHoBanHslil B 1892 1. B DOepcBaiibjie © OTMETUBIIHNA CBOM 125-
neTHUH ounei B D0epcBanibae 1 Opaitdypre, Ha TPOTSHKEHUH MHOTHX JieCsSTHIIC-
TUH 00bEIUHSET UccienoBaTenei Jeca co Bcero Mupa. Coro3 SBIsSeTCs] HEKOMMEp-
YECKUM U JIOOPOBOJIBLHBIM MEXIyHAPOIHBIM HAyYHBIM OOBEIMHEHNEM, OTKPBITHIM
JUTSL BCEX OpraHM3alliii W YaCTHBIX JIUI], YYACTBYIOIINX B M3YYCHUU JIECHOTO JIela.
B nactosmee Bpems B coctaBe MKODPO 6omnee 110 cTpaH, KOTOphIE TPEACTaBISIOT
6osee 15 000 ygensix u3 700 yupexneHui-wieHoB. OpraHnu3anuy, yUpesKIeHus U
YYeHBIE HaIlllell CTPaHBbI MHUPOKO, XOTS MOXKET OBITh W HEJIOCTATOYHO, MIPEJICTaBIIe-
HbI B 3TOM Coro3e.

HeoOxomumo npusHath, uto ctpyktypa MFODPO — coBOKYIHOCTD, Kak Mpa-
BUJIO, JIOCTATOYHO aKTUBHBIX W TUIOJAOTBOPHBIX y4YeHBIX-ydacTHHKOB Coro3za — J10-
CTaTOYHO TPEJCTABUTEIHHO OTPAKAET BECh CIIEKTP JIECHBIX (B CAMOM IIMPOKOM
CMBICJIE CJIOBA) U CMEXHBIX C HUMU HccieioBaHui. M B 3TOM cirydae BBIXOJ B CBET
KHHUTH Omorpadwuii HanOoJee BBIIAIONINXCSA W U3BECTHEHIINX yUEHBIX, (PaKTHIECKU
SJINTHI JIECHON HAYKH, CIIELyeT CUUTATh 3HAYMMbIM COOBITHEM.

Cpenn nouetHsIx wieHoB MIODPO — yuensie ABctpanuu, ABcTpuu, Bemn-
koOputanuu, Beurpun, ['epmannn, Wramun, Kamane, Manaiizuu, Hunepinaunmos,
Hopgeruwu, onbmu, Pecriyoinku Kopes, Coeaunennsix 1lltatoB Amepuku, Oun-
nsaauu, Opanrun, Lseinapun, [Benwn, FOrocmasuu. B 1986 r. ma XVIII Bee-
mupaoM koHrpecce MIODPO B JlobnsHe (FOrociaBust) mMOYETHBIM YJIEHOM CTal
Halll COOTEUECTBEHHHUK, akaaeMuk MBan Crenanosuu Menexos. Hapsany ¢ mmpoko
M3BECTHBIMU TpodeccroHanbHbMu AocTikeHnssMu U.C. MenexoBa Obuta oTMmeue-
Ha ero nouTtu 30-netHsst aestenbHOCTh, B MIODPO kak yd9acTHHKA W JOKJIATINKA
Ha ps/ie KOHIPECCOB, B pa3HbIe I0JIbl B KAUECTBE PETMOHAIBHOTO NMPEACTABUTEINS OT
Bocrounoit EBpomnbl, unena I[locrosunoro komurera MKO®PO, McnonnutensHoOro
coseta MIO®PO, Homunarmmonroro komurera MIODPO mo HarpaxaeHUsIM.
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O6bpem kuuTH Tpenonpenenui hopmy Omorpadudecknx odepkoB. Kaxkmprit
W3 HUX BKIIOYAET TOJbl )KU3HU, KPATKOE OMUCAHHUE CEMBH, MTOJIy4eHHOTO 00pa3oBa-
HUSI, Pa3BUTHSA Kapbepbl, XapakTEPHUCTUKY MNPO(ECCHOHATBHON AESTEIbHOCTH H
MpU3HAHKE 3aCIyT HA HAI[MOHAIBHOM W MEXKIyHApOJHOM YPOBHSX, OMHCAHHE pa-
60oter B MIODPO, xpaTkuif CIUCOK BaKHEHIINX ITyOJIMKAINA, a TaKKe CCHUIKH Ha
oubnuorpaduueckue UCTOUHUKK. KHUTa HamucaHa Ha aHTTTUICKOM S3BIKE, OJTHAKO
B Hell OBbIIM WCIOJIb30BaHbl Pa3HOOOpa3Hble MaTepHalbl Ha APYIUX S3bIKax, 4To,
€CTECTBEHHO, ITOTPEOOBAIO TOTIOTHUTEIBHBIX U BEChMA TPYAOEMKHX YCHIIHH.

OueHuBast UHANBUAYATbHO MOYETHBIX wieHoB MHODPO, MoxHO HailTH MHO-
ro oOIIMX YepT: XOPOIIUi HCCIeoBaTeb, aIMHUHUCTPATOP, IeJaror U 00IeCTBEH-
HBI JesITeNh, MPU3HAHHBIN Ha HAIIMOHAIFHOM W MEXIyHapOJHOM YpOBHAX. Bce
STH BBIJAIONINECS JIOAHM B Pa3HBIE TOABI OKa3aH 3HAUYNTEIFHOE BIMSHUE HA Pa3BU-
tie MIODPO, crnocoOCTBOBAIM POCTY M PACHIUPEHUIO Cep NEeSITSIbHOCTH 3TON
cTapeiniell U yHUKAIbHON opraHn3anuu. VX nudnHas uctopus u mpodecCHoHaTb-
Hasl Kapbepa OTPaXKarOT Pa3BUTHE PA3IMYHBIX HAPABICHUN JIECHBIX MCCIICIOBAHUMA
B IOCTOAHHO H3MCHAIOIHNXCA COIHMAJTIBHBIX, 3KOHOMUYCCKUX H ITOJIUTHYCCKUX
ycnoBusiX. [loueTHbIE WIEHBI SBISIOTCS SIPKUMH [PUMEpPaMU MyAPOTO PYKOBOJICTBA
B IPEOJOJICHUH NPEHSITCTBUI, MPU MOAACPKKE U Pa3BUTUU BO3MOKHOCTEH. X
OTIBIT MPEJICTABINISAET BECbMa LIEHHBINH pecypc, U3 KOTOPOTO HE TOJBKO MOJIOABIE, HO
1 COCTOSBIIMECS YYCHBIC MOT'YT M3BJICUDb IOJIOKUTCIBHBIC YPOKU U CO3/1aTh OCHOBY
Ha Oymymiee.

Ota KHHWTa, HECOMHEHHO, OyJIeT TIPECTABIIATh ONpEACICHHBIN UHTEepPEC s
CTYJICHTOB, HCCJeloBaTeNel U pyKOBOAMTENEH JECHBIX OTpaciei, A TeX, KTOo
ctpemurcst 6onbine y3Hatb 00 MKODOPO u myTsx pa3BUTHs HCCIIEOBAHHUN B Jiec-
HOM CEKTOpe.

TexkcT KHUTH B 3JEKTPOHHOM BHJE pasMereH Ha caiite MIODPO B pazgene
«Ocnosubie myomukarm/General Publicationsy: https://www.iufro.org/uploads/media/
iufro-/honorary-members-2018.pdf.
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