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RELATIONSHIP BETWEEN TREE RING WIDTH WITH LAKE WATER
LEVEL IN CENTRAL YAKUTIA

Xiaohong Zhang

Supervisor AN. NikolaeV
Doctorin Biological Sciences
Supervisor LA. Pestryakova

Doctorin Geographical Sciences

North-Eastern Federal University

Lake hydrological dynamics are intricately linked to the surrounding
ecosystems. Fluctuations in lake levels play a pivotal role in comprehending
how ecosystems react to climatic variability. This research is centered on Central
Yakutia, where the extreme climatic conditions offer a distinctive backdrop
for investigating the interactions between climate and the hydrological dyele-
ring width (TRW), a weHestablished proxy in environmental change research,
has been extensively applied in climabtage studies. Nevertheless, within Central
Yakutia, with its extreme climate, the body of research correlating TRW data with
specific hydrological events remains scarce. In light of this, the objective of this study
Is to analyze the correlation betweeget radial growth and lake levels in this region,
elucidate the function of TRW changes in documenting and reflecting seasonal
hydrological events, and furnish a foundation for forecasting future ecosystem
responses to climate change.

The lake-| e v e | monitoring site in this
in Central Yakutia (62. 1838rh® €ampling sitts3 0. 7
are |l ocated in T¢gngelye¢e Village (62.200
(62.000000AN, 132. 500000AE) (as depict e

by an extreme continental climate, featuring long, frigid winters and short, warm
summersAnnual precipitation is low and mainly concentrated in the summer months.

Figurel. Locations of the treeing sampling sites and the hydrological stations in the Central
Yakutia region

E Zhang Xiaohong, 2025
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The lakelevel data employed in this study were sourced from the official
forecasts of FGBU AYakutsk UGMSO0O and ¢
to 202. In 2023, treging samples of larchL@rix cajanderiMayr) were collected
from three plots in the vicinity of Chapcha Village, namely Churapcha
(ablreviated as CHAL), Churapch& (abbreviated as CHR&), and Churapcha
(abbreviated as ITA-3). In 2024, samples were procured from three plot ne
Téengeéelye Vil-l @ipeviatedras Mg, T yoae 1-2y(abbreviated as
TUK-2 ) , an d-3Tabbregiated gsJUR).

Subsequently, these samples underwent natural drying, fixation, and polishing
procedures under laboratory conditiotey were scanned using a fla#éd scanner
equipped with SilverFast (6dit) scanning software at a resolution of 3200 DPI.
The scanned digital images were then imported into CooRecorder (9.3.1), where ring
boundaries were marked both manually and automatically [1]. The quality of-cross
dating was verified by means of the COFECHA program [2].

The timeseries data of Larix cajanderi Mayr were detrended through
the application of a negative exponential smoothing method, and the standard deviation
(STD) was computed. Ultimately, a Pearson correlation analyas carried out
between the treang width data and lake levels.

The time spans of tree ringstime two regions range from 1864024 (TUK-2)
and 17702022(CHA-1). Among shtistical parameters, the firstder autocorrelation
coefficient @ 1) variesfrom 0.466 to 0.729; the inteeries correlation coefficient
(Rbar), from 0.553 to 0.719; the sensitivity coefficient (MS), f@B828 to 0.430; the
populatiorexpressed signal (EPS), frdB65 to 0.982; and the sigratnoise ratio
(SNR), from 27.187 to 53.679. Owing to the geographical locaif Central Yakutia,
all treering chronologies display high mean sensitivity and standard deviatmoalty
of trees in arid and senairid regions. High inteseries correlation coeffients suggest
that our treeing width chronologies reliably capture standard climatic signals.

The average minimum temperature and absolute minimum temperature in July
of the previous year were significanthegatively correlated with treeng growth.

I n the T¢gngeéelyeé st uhddy cormlatienacoeffidlents 447 2 ¢
and0.39, respectively. In the Churapcha study area, Plot 1 showed stronger negative
correlations, with coefficients e0.53 and0.42, respectively.

| n t he Téengelyé study ar ea, Pl ot
the accumulated precipitation in June of the current year (correlation coefficient: 0.42).
All plots in both study areas were significantly positively correlated with
the accumulated precipitation in August of the previous year. The correlation
coefficients were 0.48, 0.53, and 0.52
and 0.46 for Plots 1, 2, and 3 in Churapcha, with Plot 2 in Churapcha having
the strongest correlation. Déffences in correlations were observed among different
plots in both study areas.

Il n the T¢ngelye¢e study area, the STL
positively correlated with lake levels in December of the current year (correlation
coefficients: 0.38 and 0.39, respectively; p < 0.01). Higher lake levels in December

10
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presumably enhanced soil moisture conditions, supplying more water resources for tre
growth, as manifested in treag characteristics (see Figure 2).

CHA-1 ®m CHA-2 Wm CHA-3 TUK-1 = TUK-2 mm TUK-3
065 020000 mma=e p<0.05 —— p<0.0I

Correlation coefficient

Ml M2 M3 M4 M5 M6 M7 M8 M9 MI10 MIll1 MI2
Month

Figure 2. Correlation coefficients betweenthe 'rBe ng STD Chr onol ogi es i
and Churapcha Regions and the Water Le

In the Churapcha study area, only Plot 3 exhibited a significant correlation with
lake levels. It was significantly positively correlated with lake levels in both September
and December (correlation coefficients: 0.42 and 0.48, respectively; p < 0.001).
The complex and pronounced effects in Plot 3 imply that different plots in the study
areas responded variably to lalevel changes, likely due to factors such
as geographical location, soil properties, and surrounding ecosystems.

Environmental factors, namely temperature, precipitation, and lakss]e
significantly impacttree i ng growth in the T¢gngelyeée a
temperatures in July of the previous year impede tree growth, whereas precipitation in
August of the previous year facilitates liake levels exert complex, arspecific
influences on tree growth. The variable correlations among plots mirror differential
responses to environmental changes, attributable to geographical and local factors.

The authors express their sincere gratitude to the head of laboratory A. Arzac
and postgraduate students K. V. Bogdanova and V. V. Agapova from the Laboratory
for complex studies of forest dynamics of Eurasia at Siberian Federal University
(Krasnoyarsk) fotheir assistance in scientific research and experimentation. They also
thank Aleksey Nikolaevich and Evgeny Sergeyevich for their support in fieldwork.
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FROM THE URALS TO YAKUTIA: STABLE SUMMER TEMPERATURE
SIGNALS IN BOREAL FORESTS REVEALED BY BLUE INTENSITY
PARAMETERS

V. V. Agapoval
ScientificsupervisolA. Arzact
Candidate of Biological Scienceassociate professor

1SiberianFederalUniversity

The boreal forests of northern Russia, dominated by larch species
(approximately 35.6%), play a crucial role in global carbon cycles and ecosystem
resilience. Understanding their responses to climate is essential for predicting future
environmental changes

To assess these responses, we selected six sites across two major biomes:
the foresttundra (Polar Urals (PUR) and Igarka (IGA), dominated by Larix sibirica
Ledeb., and Chokurdakh (CHO), dominated by L. cajanderi Mayr) and the northern
taiga (Northern Urals (PUR), dominated by L. sibirica, Tura (TUR), dominated
by L. gmelinii (Rupr.) Rupr. and Sunt&hayata (SKH), dominated by L. cajanderi).
These sites span over 3000 km, from the Ural Mountains to the Sakha Republic.
At each site, wood cores were coletttusing a 5nm increment borer and analyzed
for treering width (TRW) and blue intensity (Bl) parameters, including latewood blue
intensity (LWBI) and delta blue intensity (DBI), the latter calculated as the difference
between LWBI and EWBJI1]. The collected cores underwent standardized processing:
resin extraction with 96% ethanol, removal of wadeluble substances in warm water,
air-drying, and subsequent mounting and polishing. The polished core surfaces were
then scanned at high resoluti(8200 dpj for measurement. A total of 185 cores were
selected for TRW and Bl measurements using CooRecorder v9.3.TRW series were
visually crossdated, and validated using COFECHA. To isolate climate signals,
the series were detrended using a cubic smoothing spline, and residual chronologies
were further processed through autoregressive modeling to remove autocorrelation.
Correlation analyses were conducted between the detrensigdialechronologies
and monthly temperature and precipitation data from 19610&6.2Additionally,
we assessed the cumulative effect of climate parameters over consecutive months
to determine the timing and strength of climate signals. All statistical analyses were
performed in 3] using specialized packages (dpIR, TreeClim, Factoextra).

Despite the geographical distances between sites, significant correlations were
observed, particularly within L. sibirica chronologies between PUR and NUR (r = 0.32;
P < 0.01) and between PUR and IGA (up to r = 0.44; P < 0.01). Furthermore, TUR
exhibited srong correlations with PUR and IGA for LWBI (r=0.42 and 0.72; P < 0.01,
respectively). Pearsonos correlations

E Agap ®y2025V.
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temperatures on TRW, LWBI, and DBI at all sites, with variations in correlation
strength (Figre). LWBI and DBI chronologies consistently showed stronger
correlations than TRW chronologies, with the highest sensitivity occurring for June
July mean temperatures. Notably, Bl parameters captured the most robust and stable
relationships with temperatuoer time, whereas TRW showed declining sensitivity

in recent decades. Fordanhdra sites displayed more pronounced temperature signals
than northern taiga &$. This difference likely reflects the stronger temperature
limitation for tree growth above the polar circle, where even minor summer
temperature variations critically influence growth. At these tagitude sites, the
optimal temperature window for growth responses was remarkably consistent,
typically falling between June 10 and July 30 (DOY il&00). Despite working with

three different larch species across a wide geographical area, we observed striking
uniformity in temperature responses. All speckewed peak sensitivity to Judaly
temperatures, suggesting common physiological mechanisms of temperature response.
The similarity was particularly evident in DBI chronologies. As expected in these
temperaturdimited ecosystems, precipitation signalsrer generally weak. The few
significant correlations were negative at Urals sites, possibly reflecting waterlogging
effects in permafrost soils.

NUR
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IGA
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Figure. Pearson correlations between mean monthly temperature and total monthly precipitation
with TRW, LWBI and DBI residual chronologies for the 198020 periodAsterisks indicate
correlations with P < 0.

These findings demonstrate that Bl parameters, particularly DBI, provide
superior and more stable temperature proxies than TRW inldtide larch forests
independently of the species. This aligns with recent work on Larix sibirica in the Ural
Mountains where latewood blue intensity (LWBI) and delta blue intensity (DBI)
similarly outperformed traditional dendrochronological parameters in capturing
summer temperature signals [4]. The consistency across species and sites supports thei
use for largescaleclimate reconstructions, while biorspecific patterns highlight the
importance of ecological context in dendroclimatic studies.

This work was supported by the Ministry of Science and Education
of the Russian Federation [FSRB2060014].
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INFLUENCE OF SUMMER TEMPERATURES ON THE RADIAL GROWTH
OF CONIFERS IN CONDITIONS OF ARCTIC WARMING

K. V. Akulinina?
Scientific stpervisor A. Ar z
Candidate of Biological Sciencesssociate professor

ISiberian Federal University
Arctic ecosystems are warming nearly four times faster than the global rate,

impacting water balance, frozen soil thermal dynamics, and plant community structure.
Northern latitudes face permafrost thawing, reduced snow cover, and shifts in carbon

E Akulinina K. V., 2025
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and hydrological cycles [1]. The foresindra ecotone, a transition zone between
tundra and boreal forests, is especially vulnerable, where small temperature increases
alter woody vegetation distribution and growth. Understanding tree responses to these
changes is vital for predicting ecosystem shifts and their role in global climate balance.

This study investigates the influence of climatic factors, primarily temperature,
on radial growth otoniferous species in the permafrost zone above the Arctic Circle.
It aims to identify key climatic drivers, their spattainporal dynamics, and their role
in tree adaptation to warming. Four speci@mnus sylvestris L., Larix sibirica Ledeb,
Larix gmeinii (Rupr.) Kuzen, and Larix cajanderi Maywere studied across five sites
from 27AE to 166AE: Apatity ( AP/Aipirickior P
Khatanga (KHA) for L. gmelinii; Chokurdakh (CHO) and Bilibino (BIL) for L.
cajanderi. A total of 137 trees were sampled witkhrarb increment borer. Tredng
widths (TRW) were measured using CooRecorder, standardized in ARSTAN, and
correlated with monthly temperature and precipitation data from nearby stations
(Kandalaksha, Salekhard, Khatanga, Chokurdakh, Ostrovnoye) from Septdritize
previous year to September of the current year. In additioiye@6b (oneyear step)
moving correlations, dsed on mean monthly temperatures, were used to assess the
temporal stability of TRW climate signals.

Results indicate summer temperature, particularly June and July, as the primary
limiter of radial growth. At APAP. sylvestrisshowed a strong correlation with July
temperatures (r = 0.4p, < 0.01), linked to milder conditions and a deep active soll
layer (1- 2 m). Larix species at PUR, KHA, CHO, and BIL were more sensitive
to June temperatures, with highest correlations at PUR (r =©.54,.01) and KHA
(r = 0.43,p < 0.01), and weaker but significant at CHO (r = 0)24 0.05) and BIL
(r=0.41,p <0.01), reflecting extreme continentality and short vegetation periods [2].
Precipitation had a minor role, with rare significant correlations, though positive
signals at APA and BIL suggest sufficient snowmelt moisture.

Moving correlations showed rising temperature influence in recent decades.
At PUR and KHA, Junguly correlations @aked until the 1990s (r = 08065)
but later declined (r = 0.40.45). At CHO, the signal weakened since the 1980s
(r < 0.20), possibly due to warming, while at BIL it increased from r = 0.40 to r = 0.55
over 30 years, possibly indicating a divergence. Species physiology influenced
responses: evergreBnsylvestrivenefits from a longer photosynthetic season, relying
on July temperatusg whileLarix species depend on rapid June leaf unfolding in short
summer permafrost zones. Precipitation played a secondary role, with correlations
being mostly weak, but in rare cases significant negative or positive [3]. Rare positive
signals (e.g., on APA and BIL).

In conclusion, summer temperatures dominate conifer radial growth
in the permafrost zone, witR. sylvestristied to July andLarix species to June,
reflecting regional adaptations. Rising temperature influence indicates ongoing
adaptation to warming, with precipitation secondary. These findings inform-forest
tundra dynamics and carbon cycle predictions under climate change.

Acknowledgements
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RADIAL GROWTH OF LARCH IN THE NORTH OF CENTRAL
AND NORTHEASTERN SIBERIA UNDER CONTEMPORARY ARCTIC
WARMING

A. |. Kolmogorov!
SupervisoA. N. NikolaeVv
Doctor of Biological Sciences

ISiberian Federal University

Climate change has long been a central topic of scientific discussion
due to its impact on various aspects of natural ecosystem functioning and human
activity. It has been observed that Arctic regions are experiencing significant
temperature increases, far exceeding global averages. This warming is not uniformly
distributed across the hemispheres, with Siberia beitrikeng example, characterized
by particularly rapid warming rate€onsequently, norther@iberia has beconeekey
region for studying theffects of environmental drivers and climate change on forest
ecosystem growthiHowever, the influence of these factors on boreal forests remains
insufficiently understood.

Investigating the response of various ecosystem components in the region
to these climatic changes is an urgent task requiring multidisciplinary expertise,
including studies on tree growth dynamics in permafaffgicted areas [1].

The primary factor controlling tree radial growth in northern latitudes is climate,
particularly summer temperatures during the growing season. Due to the high climatic
sensitivity of vegetation in the fore&indra ecotone, these ecotones serve as kayg are
for monitoring ean responses to climate change [2,3,4].

In this study, we analyze the variability of radial growth and its sensitivity
to climatic changes in 313 larch trees (Larix spp.) from 13 habitats within the-forest
tundra ecotone across the Khatanga, Lena, Omoloy, and Indigirka river basins. These

E Kolmogorov A.l., 2025
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regions are critically important for understanding the response of pristine northern
forests to rising temperatures.

The study area extends from the eastern edge of the Taymyr Peninsula
in the west to the settlement of Chokurdakh in Allaikhovsky District, Republic
of Sakha (Yakutia). The investigated transect spans 1750 km, located between
6 8A2 AN afddt 7IAEG1A Fi gur e) .

The methodological framework of this research is based on approaches from
dendrochronological and dendroclimatic analysis [5].

Research materials were collected between 2013 and 2016 at 13 study sites.
For dendroclimatic analysis, we used the period from 1960 to 2013. This time frame
was selected based on the length of the obtained chronologies and the quality
of climatic data available from the meteorological stations in Khatanga, Deputatsky,
Kyusyur, Yubileyny, and Chokurdakh.

." 71°N
" \"‘
‘; Vg’\ h
/ Sample collection location
. ® Plots
" ©  Weather stations
=_ i
Afctic Circle ‘ Seas
550 km
| | ] JJ
\
105°E 115°E 125°EB 135°E 145°E 155°E

Figure Study arealnvestigated sites are marked with red dots, meteorological stations with green
dots.

The analyzed chronologies exhibit high sensitivity to external factors. For each
chronology group, generalized chronologies were developed according to their region
of origin. These were subjected to comparative analysis and dendroclimatic analysis
to determine whether this external signal is consistent across different regions.

The dendroclimatic analysis results indicate a relatively late onset afirigee
growth (June) and regional variations in climatic signals. These findings underscore
the importance of higprecision ground measurements across Siberian regions
for better understanding temperature impacts on boreal forest functioning
and productivity.

17
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RECONSTRUCTION OF OUTBREAKS OF INSECT DEFOLIATORS
OF CONIFEROUS TREES IN CENTRAL SIBERIA

A. V. Malchikov?
Scientific stpervisor A. Ar z
tandidate of Biological Scienceassociate professor

Siberian Federal University

Outbreaks of mass reproduction occur when favorable weather condlisanhk
as optimal temperatures, low precipitation, and low hunddaitow pest populations
to surge rapidly [1, 2]. Among conitelefoliating pests, the Siberian silkworm
(Dendrolimus superans Butler, 1877, syn. Sibiricus Tschetverikov, 1908)
(Lepidoptera, Lasiocampidae) is one of the most ecologically important
due to its extensive distribution and the severe damage. It is considered the most
destructive pest in boreal forests [3]. Whiieect population datanay be limited, past
outbreaks can be reconstructed using dendrochronological metfobisi§ approach
has enabled researchers to identify and date mass reproduction events of various leaf
eating insects over extended periods, sometimes spanning more than a thousand year
[5, 6,7, 8].

The aim of thisstudywas to identifyreduced annual ring widths @oniferous
treesduring known insect outbreaks and to reconstruct historical outbreaks.

E Malchikov A.V., 2025
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Five sites were included in the study: one in the Republic of Khakassia and four
in Krasnoyarsk Krai. The Krasnoyarsk Krai sites were located near the Yenisei
and Angara River confluence, while the Khakassian site was situated in the
southeastern part of the republic near Lake Chernoye. Larix sibirica Ledeb. and Pinus
sylvestris L. were selected as study species.

Krasnoyarsk Krai has a sharply continental, with an average annual temperature
of1.83. 0 AC aseéagroowit egnper atures iQOD0 AC)
Annual precipitation averages 450 mm. In Khakassia, winters are colder and summers
cooler, withgrowings e ason temperatur ei$¢87BD1BACAGCYet
110 days. Annual precipitation does not exceed 450 mm [4, 9].

A total of five sites wereexamined in the stud{lIKSH, GAL, YEN, EPI
and RNL) Tree cores were collected from only two site&rasnoyarsk KragilKSH
and GALduring the 2024 growing season uUsSi
Two cores per tree were extracted at breast heighitl(b.2n), yieldingd6 samples
in total For safe transpation cores were stored in plastic containers with slightly
larger compartments. Treeng width (TRW) were measured from polished
and scanned cores using CooRecorder 9.3.1. Chronologies were standardized with
ARSTAN [10].

Insect outbreaks were identified using five detection meth@d<Cpmbining
results from three affected sites (IKSH, GAL, RNL) revealed 46 potential outbreaks
between 1938 and 2022, with 38 years showing no defoliation signals. Overlapping
detections across multiple methods increasaafidence inoutbreakidentification
suggesting higher defoliation intensity.

Il

A\A“A “ : “‘ =

Figure.Time series of reconstructed outbreaks of the Siberilworm over the period 1932023.
Five different colors represent five outbreak detection methods.

The study reconstructed 16 defoliation events with annual precrsiosaling
increased insect activity in the late 20th and early 21st centuries. If current climate
trendspersist outbreak frequency may rise further.
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WIND IMPACT ON THE KEY SPECIES GROWTH OF THE MIDDLE
SIKHOTE -ALIN CEDAR -BROADLEAVED FORESTS

M. E. Rubleva, A. S. Vozmishchevd S.N. Bondarchuk?
ISiberian Federal University

The mixed cedabroadleaved forests of the Russian Far East include more than
40 tree species, with the life span of some exceeding several hundred years. These key
species arearix gmelinii(Rupr.) Kuzen.Picea jezoensi6 Si ebol d & ,Zucc
Abies nephrolepi¢Trautv.) Maxim. dominated binus koraiensisSiebold & Zucc.

The SikhoteAlin forests are globally significant for their endemic flora and fauna, but
their dynamics remain understudied in the context of climatic and abiotic stressors.
Wind, as a driver of mechanical stress and tree mortality, shapes stand structure and
succession  patterns. While temperature and precipitation dominate
dendroclimatol ogi cal research, wi ndos
understood, especially in middorests. This study addresses two questions: Does wind
speed variability correlate with annual growth increments of key conifers? Are species
differences in windthrow susceptibility linked to growth resilience? We hypothesize
that wind impacts are secang to climatic factors but amplify mortality risks in
physiologically stressed trees.

Core samples were collected from 80 dominant trees (20 per species)
in undisturbed stands of the Middle Sikhdtd i ni4(7ANATIL3BAE) . Site
selected to minimize anthropogenic and topographic biases-viRiitly series were
detrended using negative expone nrelated | C L
growth trends [1]. Residual chronologies were built to emphasize climate
and disturbancdriven signals. Monthly and annual wind speed data (mean/maximum)
from nearby meteorological stations (198620) were aligned with thgTreecline
package to assess growdsponses [2]. Exploratory analysis focused on wind speed
trends (linear regression) and visual alignment of growth chronologies with wind
anomaliesCorrelation analysis employs bootstrapped response functions.

E Rubl E.vwWazmMhcheva AS., Bondarchuk S\., 2025
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Figure. Wind speed changes on the eastern macroslope of SiMhoteccording to the
Terney weather station (meteo.ru): A. Annual trend of the monthly average (blue) and maximum
(red) wind speed. B. Changethe average (blue) and maximum (red) wind speed for-2086 and
19772020, respectively. The abscissa axis shows months (A) and years (B), the ordinate axis shows
wind speed in m/s. Linear regression and the value of the determination coefficamet 8®wn for
each data series (B)

The mean monthly wind speed accordin
experiences significant seasonal fluctuations during the year (figure). The highest wind
speed is observed during 5.3 months (from October 15 to March 25) with a mean wind
speed bmore than 4.2 m/s. The windiest month of the year is January, with an average
wind speed of 5.7 m/s. The trend in monthly wind load changes coincides for the mean
and maximum wind speeds. The decrease in the mean annual wind load is most
reflected in theaverage speed (R2 = 0.8736). It varied from 2.93 m/s to 4.95 m/s for
19662020, which corresponds to the end and beginning of the meteorological
observation period. The maximum wind speed decreases at a slower rate (R2 =0.5632),
but the trend remains &tie. It ranged from 7.6 m/s (1998) to 10 m/s (1986). Overall,

a significant decline in annual wind speeds was obsefved (T 0. 12 m/ s pe
p < 0.05). Annual trends for mean and maximum wind speeds showed parallel declines,
suggesting regionally celnent atmospheric changes (e.g., reduced cyclonic activity).

No coherent growth suppression coincided with fwghd years, supporting
the hypothesis of limited direct wind impact. Wind can be a secondary growth
modulator. The absence of direct wigbwth correlations aligns with global studies
where wind acts as a stochastic disturbance rather than a chronic stressor [3]. Declining
wind speeds may reduce background mechanical stress, potentially benefiting growth
in vulnerable species. However, this trend could also signal shifting storm regimes
(e.g., fewer but mre intense events [4]), which dendrochronological methods may fall
to capture at annual resolution.

Historical windthrow records and tree morphology suggest spruce
and fir are disproportionately affected during storms due to shallow root systems
and higher canopy exposure in mixed stands. Cedar and larch exhibited lower
windthrow rates, likely due to flexible wood anatomy and deeper rooting. Spruce
and firodés susceptibility mirrors findir
opens regeneration niches but threaten:
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resilience may buffer ecosystdavel impacts, though their slower recruitment rates
could hinder postlisturbance recovery.

This study provides preliminar-linevi d
forests operates indirectly through disturbaneediated mortality rather than direct
growth suppression. While declining wind speeds may alleviate chronic stress,
heightened aatic variability could amplify episodic windthrow risks, particularly
for spruce and fir. Forest management should prioritize structural diversification
in vulnerable stands and monitor interactions between wind regimes and secondary
stressors (e.g. dok beetles).
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COMPARING CLIMATE -GROW RESPONSES OF DIFFERENT SOCIAL
STATUSPINUS SYLVESTRISL. TREES I N APOGORELSKY
RESEARCH STATION
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Scientific supervisor A. Arzac
Ph.D. in Biology, associatérofessor

Siberian Federal University

One of the most pressing challenges in modern science is understanding climate
change, its historical patterns, and its impacts on forest ecosystems. Studying past
climatic fluctuations provides critical analogues for future scenarios, while
documenting her forests respond to changing conditions offers insights into
ecosystems resilience.

E Golubenko AK., 205
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Although rising temperatures and elevated atmospherig €d@centrations
could theoretically enhance tree growth [1], increasing evidence points to drought
stress as a growing | imitation, partict
foreststeppe ecotone. This transitional zone, covering approXyna#®s of the
Russian territory [2], experiences sharp climate gradients, making it a critical area for
investigating climatdorest interactions.

Differential access to essential resouécéght, moisture, and nutrierds
results in a vertical stratification of forest stands into distinct social groups, namely
dominant and suppressed trees [3]. This stratification influences both the growth rates
andthe climatic sensitivity of individual trees. Yet, dendrochronological studies have
predominantly focused on dominant trees, which are assumed to contribute more
significantly to carbon cycling [4]. Recent research, however, highlights the ecological
Importance of suppressed trees in ldegm carbon storage [5], underscorthg need
to include them in climatgrowth analyses.

The objective of this study was to analyze the stand structure of ScotRiping (
sylvestrisL.) and to assess the influence of major climatic factors on the secondary
growth of trees across social classes (dominant vs suppressed individuals). We
compared positive and negative growth responses between dominant and suppressec
trees to elucidate #ir divergent roles in forest adaptation.

The study was conducted at the per me
(56 A22NjN, 92A57NE, -sttpgpetzona ofdhe Krashoyarsk negion, h e
characterized by a sharply continental, moderately cool climate, with a mean annual
temperatur@ f 1. 3AC and a mean annual precipi
2023 (data available at https://meteo.ru). A circular sample plot with a radius of 35
meters was established in the summer 2024.Wood cores form a total BinlLe4
sylvestrisL. treeswere collected at breast height with -ann increment borer. Tree
height, diameter at breast height and bark thickness and position were recorded for
each individual tree. All tree cores were-dired, glued into wooden holders and
polished using a belasder with sandpaper ranging from 120 to 1000 grit. The samples
were then scanned using an Epson Perfection V800 scanner (Epson, JapamgTree
width (TRW) was measured on the polished samples using CooRecorder software
(version 9.3). The accuracy ofossdating was verified using COFECHA software,
and raw series were standardized using ARSTAN. A total of 104 accuratehdeateds
samples were included for analysis.
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Our results show that tree growth in Krasnoyarsk fesespe region is limited
mostly by precipitation during Mayuly, with temperature playing a secondary role
with a negative impact. The combination of both climate signals suggest drought
limiting conditions. Our analysis reveals that suppressed trees show slightly higher
sensitivity to precipitation on the early stages of growing season, whereas dominant
trees show higher bound to maximum temperatures during all growing season. Earlier
response to pogitation may be a strategy of suppressed trees to compete for soil
moisture with dominant trees, which potentially have a more developed root system.

The study period (1922023) was divided into two intervals (192974 and
1975 2023). This division revealed a decrease in the climate signal in both dominant
and suppressed groups. This observation may reflect improved conditions for growth
associated wh rising temperatures and precipitation during the latter period.

This work was supported by the Russian Science Foundation and the
Krasnoyarsk Science Foundation {2%-20060].
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MIXED MOUNTAIN FOREST IN CENTRAL SIBERIA
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Siberian Federal University

Through photosynthesis, trees assimilate atmospherictdC@roduce sugars,
which are subsequently allocated to various physiological processes and storage pools.
Non-structural carbohydrates play diverse roles and stored in different tree organs (e.g.,
leaves, branches, stem wood, roots). When carbon demeaedsxsupply, trees relay
on stored NSC to sustain metabolism and grdivthDeciduous and evergreen trees
exhibit contrasting phenological and physiological strategies. Deciduous species shed
their leaves or needles in response to unfavorable conditions such as low temperatures,
limited light or water deficit, thereby minimizirtganspiration losses during dormancy
[2]. In contrast, evergreen species retain their foliage-nmeard and typically show
higher evapotranspiration raf@3$. These physiological differences also extend to NSC
storage and utilization, with deciduous trees requiring substantial carbohydrate
reserves to support leaf flush in spring.this study, we evaluategeering width
(TRW) climate response over the 192621 periodf two coexisting conifer species
(Abies sibirica_edeb. and.arix sibiricaLedeb.) and compare their NSC storage across
their life span, as well as NSC dynamics during the 2021 growing season to address
the following questions.. How do the pecies differ in their response to climaie?
How much do NSC pools vary across the vegetative seasohidw does the NSC
dynamics differ between evergreen and deciduous species?

The study was carried out in the Sto
N. 92A46' E.). The reserve is character
species. Based on local meteorological data, during thei 2080 period, the mean
annualteper ature is 0.3 UC, with June beini
coldest 5. 6 UC) months. I n May 2022,A incr
sibirica and L. sibirica were taken at breast height three times during the growing
season: at the ganing (May), midseason (July) and the end (October). In May, two
cores per tree were taken, onemi diameter for crosdating and TRW
measurements, and one-idn diameter for NSC analysis. In July, only-hdn cores
were collected. In October, an addital 16mm core was taken for NSC analysis,

6 Stepina T.A 205
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along with a 5mm core to quantify TRW of the year 2022 stop enzymatic activity,
10-mm cores were microwaved at 600 W for 90 secpdand aird r i ed at 60
over 72 hours. Bnm cores were airied at room temperature and then resin was
extracted with ethanol (96%) in a Soxhl[ERW and tree ages were determined using
5-mm increment cores. These cores were glued onto wooden supports and polished
with increasing sandpaper grit (up to P800). The polished samples were scanned at a
resolution of 3200 dpi with an Epson Perfection seanr800 (Epson, Japan). TRW
measurements were carried out using CDendro & CooRecorder version 9.3 (Cybis
Elektronik & Data AB, Sweden}or NSC analysis, the3-mm increment cores were
split in 5 year segments starting from the bark for the outer 30 years, resulting in 7
segments and an extra segment including the remaining years. The mean length of the
5y ear segments ranged f r onnAd4sibiica Ant frodn5 mn
1.25N0. 63 mm t &.siBiricd ST extraction followed the perchloric
acid/anthrone methof®], allowing to assess the NSC content per dry weight wood
(%0NSC), distinguishing between the contribution of soluble sugars (SSyahanle
sugars (NSS). %NSC was calculated for each tree and radial segment by adding soluble
and insoluble carbohydrate cabution.

A. sibiricashowed the widest rings in the 199896 segment compared wilth
sibirica. Based on TRW analysls sibiicawas ol der t han A 129.
sibiica( 53 . 0 N P&arsdh corelatians wWere used to assess the dependence
of the TRW on climatic factors (temperature and precipitation). Correlations were
performed from September of the previous year to September of the current year.
Autumn temperatures (October) haveosgipve effect and summer temperatures (June)
has a negative efte on the growth of. sibirica. Summer precipitation (June) had a
positive impact orA. sibirica and winter precipitation (November, December) had a
negativeimpacton P. sibirica.

2 | ABSI

—e— sol
—&— insol

25 4

—— |
20 4 total 20 4

15 A 15 A

% NSC
% NSC

10 A 10 A

— .

T T T T T T T T T T T T T T
<1991 1992-1996997-2002002-2002007-2012012-201€2017-2021 <1991 1992-1996997-2002002-2002007-2012012-201@2017-2021

segment segment
Figurel. The content of soluble and insoluble sugars for the studied period-2029). ABSI- A.
sibirica, LASI- L. sibirica.

The total content of NSC in the oldest segment was highér. isibirica
compared withA. sibirica,and at the same time is showed a greater variety on storage
pools during the studied period. (Fig. 1). Closer look at the last segmentZ@R1y
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reveals a slight decrease in stored NS@.isibirica July followed by an increase in
October, whileL. sibiricad i dndét express the same patt

2] [~ sl ABSI 25| [—o—sol LASI
—e— insol —e— insol

—o— total —e— total

20 20 A

15 4

%NSC
%NSC

10 10 4

T T T . T T
May July October May July October

segment 2017-2021 segment 2017-2021

Figure2. The content of soluble and insoluble sugars for the last segment- ABSibirica, LASI
- L. sibirica.

Our results indicate that the amount of NSS dominate over SS across the studied
period. The highest NSC content was found in the outmost segments, near the bark,
likely reflecting their role in supporting active growth. Our findings are consisted with
thatof von Arx et al. (201Y, who reported similar pattern. As hypothesizedjbirica,
being deciduous, showed greater reliance on stored NSC for spring growth to support
new needles formation (Fig. 1). Notably,sibirica retained higher levels of soluble
sugars by the end of the growing season, which may serve as a stock for the following
spring. Understanding the seasonal dynamics and allocation strategies of NSCs
improves our knowledge of tree growth processes andsoifisight into how trees
might respond to future climatdhange.

This work was carried out with the support of the Ministry of Science and Higher Education of the
Russian Federation [FSR2020 0014].
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Global climate change, pamlarly Arctic amplificationa phenomenon
characterized by unprecedented warming, with temperatures rising faster in tkee Arcti
than the global average [1$ significantly impacting boreal forests in Arctic and
Subarctic regions [2Boreal forests, which cover approximately 30% of the global
forested area, represent one of Earth's most critical biomes. These northern ecosystems
serve as the planet's largest reservoir of surface freshwater and act as a major carbor
sink, sequesting substantial atmospheric €ahd thereby playing a key role in global
climate regulation [3].

As climate change progresses, accurate historical climate data becomes
increasingly valuable. Dendroclimatological methods enable the reconstruction of
detailed, annually resolved climate records from tree rings, providing insights for
paleoenvironmentalesearch. Such data can help forecast tree radial growth, stand
productivity, and forest dynamics under changing climatic conditions.

This study aims to analyze the agfeuctured composition of laarix gmelinii
(Rupr.) Rupr. forest stand and analyzes secondary growth (radial growth) responses to
climatic factors across two different age groups near Tura, Central Siberia. The
research site, located on the Central Siberian Plateau (middle course of Nizhnyaya
Tunguska river)lies within continuous permafrost zone. The local climate is extremely
continental, with an average annual temperature and annual precipitaBon af U C a1
365 mm br the period from 1933 to 2023 (https://www.meteo.ru). The productivity of
trees in permafrost areas is limited by low temperatures, the combination of anaerobic
soil conditions and the spatial constraint of roots on the shallow active layer above
permafost [4].

Wood cores were collected at breast height witltnandincrement borer from a
total of 63 trees during the summer 2024. Tree height, diameter at breast height and
position were recorded for each individual tree. Wood samples wedgiedr and
polished usig a belt sanding machine with progressively finer sandpaper (up to 1000
grit). Polished surfaces were scanned using an Epson Perfection V800 scanner (Epson,
Japan) at a resolution up to 6000 dpi. Fiieg width (TRW) was measured using
CooRecorder softwa (version 9.3). Crosdating accuracy was checked using

E Lesnikova A.K., 2025
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COFECHA software (Grissindayer, 2001), and each raw series was standardized in
ARSTAN (Cook and Holmes, 1996).

Our sample depth features a number of 63 trees, which were divided into two
di stinct age <cl asses: mature (<200 yees
stratification was implemented to examine potential ontogenetic effects on elimate
growth relationsips, specifically investigating how trees of different age groups
respond to climatic signals. The produced TRW chronology spans from 1747 to 2023,
including trees from 133 to 277 years old. However, reliable meteorological
observations began in 1933. Téfre, TRW chronologies were correlated against
monthly climate data over the period from 1933 to 2023.
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Figure. Correlations dfarix gmelinii (Rupr.) Rupr. secondary growth of different age groups
with total monthly precipitation, minimum monthly temperature, mean monthly temperature and
maximum monthly temperature for the 193323 period at the site near Tura villag€. mature
trees, bi overmature trees. Correlations were calculated from July of the previous year (uppercase
letters) to September of the current growth year (lowercase letters). Dashed lines Rxdigabeand
dotted lines indicat®<0,01

Our results confirm the state that tree growth in the northern region is strongly
temperature limited, particularly by June thermal conditions. Mature trees show
slightly higher temperature sensitivity than overmature trees, possibly due to
anatomical angohysiological aging factors [5]. We can suggest that expanding the age
range of sampled trees, including both younger and oldest trees, would likely amplify
these differences.

The study period (1932023) was divided into two intervals (193377 and
1978 2023). This division revealed a decrease in the climate signal in both mature and
overmature age groups. This observation may reflect improved conditions for growth
associateavith rising temperatures during the latter period.

This work was supported by the Russian Science Foundation and the
Krasnoyarsk Science Foundation {28-20060].

30



t h . T.x.e " ho " eo e x reo o e h e ¢
< * < 7 o< < *

References

1. Serreze M.C., Roger G.B. Processes and impacts of Arctic amplification: A
research synthegisGlobal and Planetary Change. 2011. Vol. 77. PO®&5

2. Shifts in Arctic vegetation and associated feedbacks under climate change /
R. G. Pearson, S. J. Phillips, M. M. Loranty [et al.] // Nature Climate Change. 2013.
Vol. 3. P. 673677.

3. Boreal forest health and global change / S. Gauthier, P. Bernier, T.
Kuuluvainen [et al.] // Science. 2015. Vol. 349. P.-8P2.

4. Larch (arix dahurica Turcz) growth response to climate change in the
Siberian permafrost zone / V. I. Kharuk, K. J. Ranson, I. A Petrov [et al.] // Regional
Environmental Change. 2019. Vol. 19. P. Z318.

5. Climate signal age effects Pinus uncinatareering density data from the
Spani sh Pyrenees [/ S. Spel sber 025\Nbl. B¢ n
39.P. 1-11.

31



XL

e

“ h o

e

0o

29



t h “"™ . ".x.e *ho " eo e x -eo o e h e ¢
< * < 7 © o< < *

L §/99.3.015.15
iﬂr1$¢ dbrolvoArRfr13Im Iy friJuouvrB [11
gl Jtoefrwfultrfsd) 1 vty rt LI LY LS VYt

b o . 4 tGOlfndd3tSSO
1 Oz ydz 2 ¢ t9 0. ts Huddag jdr’ € t5[0. O
1 Ok ydzr 2 gtsdzmlzolzmlsﬁwz@dzqsao
sOdzHdH Ol Bdtsdzsedyj MSdr dOESC, H

b demMSd2 %jHjeOd df 2 bkddoj g

it smls HtsMisdy jdd?2 o MmMittlsy MmMowL Odz o
ZyJ g8sdply dzgd tetso sydetsets ftesyj MMO d OHOflsOydt
C bt dzdqteso sydzr @3 dzOGclzL & OC3.

[ Mdats o dzr j BBy StsHT syd dz¢ d Wz dzC y d ts dz0 dz!
BOLdtokzs sfqw dz0 Mmkh jMmisekze h j2 dzddgj 2 dets?2 L Qo
MsCteOh jdzd?2 d ddzlsj dzifd o desmis! & dzOGctelzL ¢ d .

1 2dzj o O Milstcjdz2 BO dgj wWodzwjlsfpw WdLdyd
o' HoadcOJjIls Bsdz hdj btejBtsaOdedWw ¢ Mmilstcj Mt
OHOf IsOydtsdadzr d©3 oL Bsy detsMilsW dz sted Oded L BBO
B ssHdSCT tyj dzCd W Ekdz€ yd tsdzOfgf tsligsls fitedz jindzs@n.Is s W ©

Rdzlsj GtcOdz dgr d@3 f 5C OL Olsj dzj &5 W Iz dz€ y d s dz0O dz!
Mz dls! dL d3j dzgj ded] Mmistswdzd) Btec OdzdL BO
g dz6 20, COC Hd&ZOBIyj MSOWw BdBAEZcEdyj MEoOw
ZO dL d&3j dzjdedj o Mmitsmlis thyisdadjd digtdses@ida] LIsigomls dltc t
Btsy J Is BI Is! dmMfsdz' L soa Odz W jtod3j dzls Olsd o dz" 2
Colbter 2 oLotdvjls 5 kZtotse dg B dtdzt d&3d dzj |
Wijtedzj delsOIsdodets?2 tj OCydj?2 o leajls dzO dL «
gL d3j dzgj dzd v jo. tstec Odzd L d3

1 sCOLOdO ftoedd3j ded dstsmils! B dtsdzs d3d dzj fyJ dzls
ksSCMdSsL O d Mmistej MmskmMss2 ydJotsmisd GkcOd
oL By der d3 9" wWodzjded] OHOf IsOydtsdedzr = o 5L d3f
Bdtsdzs dsd dzj Myj dzelsdese s ff 5C OUs®l§ paifvic tsto dey ddts dzisdz't

Rz j GteOdzt dzf 2 Ctodzstetsdzr MsMmlstswddw st C
My stols d o dzts 2 3 Hd yddzj H dzw sy4 dz¢ d OH (
Mstej o dzs9 Olsj dz! dz d©3 dOGctelzL ¢ O.

A j dz! dMmfimdzj Hise Odad v : or wWodzj dzd | 9 151
Bdtdz d3d dzj My J dzls dzts G s Isj Misdtetse Odad W fndzs dzr
MsmMlssw dzdW BGted OdzdL 3O M stolsmdzj detseo € § toj H fi

1 OHOyd dMmMmdzj Hise Odzed W :

E | j tc O ddgts 8005
33



t h “"™ . ".x.e *ho " eo e x -eo o e h e ¢
< . < C < < .

© 1 © —

Dftcs0dzOdzdL qteso Ols!  dL d3j dgj dzdj B d tsdz¥ d3d dzj
Ctsdzyj dzlstcOydd dzOCIsOIsO o f dzs dzj His d
Istej dzdtetso sydzse s MB KO,

2) sy dzd Is OHOf sOydBsdzdz" § otsL Bsy detsMmisd (s1
stej dzdteso sydetse s ftesyj Mno.

J dfmfidzj Hise Odzd d z 4y O Mmis=a2ty o, © dzdf te tsHY jj oA d St
dzd 3O h djfmw Hlkzdzj ots?2 MmMstcjdzz B2 9 M stols
OHjBdd BJdOIsdzcdzO s tc @rfrisdiasvdikfifC O ' dadif - Kaic Is dnte3
jIs d dd&3d dzd M stelsdodzze CoOdzdW dS Oydes dBOT
RiMMmdzj Hso Oded ] ftosoatsHddzd ots olch dsmC ldswohj te
24 6.). wvtjddsosydsy § LOdWIsdw ftesn BH
j o BBOIdyJ MEsets ey dwvw dO ttOfMmistswdedd 1C
stoj dzedteseotsyds” 2 ftotsyjmm o Cdz¥ yOdz fmdzj HIz®
1 Hiww®L BJdzC © (Mlstcjdzz BO 30 d3ddz) +- L Oy
stcj dz2 BO 40-tcd@fdizd d& OH j(dgilstcj dz2 B O 20 d3d dg)
dgdz) ; idslsHHj B, -BOHEBAAC © (Mistcj dzz BO 30 di3d
60 3d dz) ; 6 5B glzo dzg of GsdREB 2SO ( Mistcj dz B O
sdzlstctsdz! dzOW Tlstcj dz! @G dgdodps Qizd(dh) s te j7dz! HBjOdz' 3 O
stej dz2 BO (70 o3qdz) .

[ Ol jtedOdzsd3 dMmMmdzj Hise OdzedWw Mdzzy d &zO Mmdz¥ dz
His f tsfydzj stcj dzgd tetso € . 4 5B tc OdzdzO W f) dz¢
BstetsL ddzt dett2-2 00l toj 1 ftejH IsjMmlsdietso Odad j d3
Yy destedWzedtetso Odzd o Isjuydidedd 15 dBBddekzls f toc

stsdgyj dzlstcOydw ZzOC IsOls O ) sBtOL YyoOn
M jC oY slstsdjlstedyj MSdd o Isil808, dsShinjalipi,j S Is 1
cisdedw) ftoed SCtdzstcddzj stcdtctse Oded d fmdzs dzr 1y
440 dads.

1 d sdzé d3d dzj My d dzls dats § Isj Misdtetse Odad j f tot

¢/ &3dh slse (1 ted$ dzOH dz" § BdtsMmdMmisj &3, st
ddizdssB ddzd L s Odzdetsets W jtod3j dzelsOlsdo detsets toj OG
Bdfmdmlsj d&3r , stcOMmdzetsw e <) . t J Ocj dzls fMtsH
dzd sWd dzo Odzdz" | ftoj f OtcOlsr or MsCssydh j dadz
dzs ydWjtweorr d 0,18 JjH.tsORGHB mmwsqs®1¢rr1.:ﬁ
COsOdzdL dteze h dd3 B dtsdzs dzd dzj My Isdetsy Mo d ud
0,16 odi3f otHdr 2 wOMlketste W dzO q@@agﬁs@wrzgdz;

t 4 OCyde Bq’lslstr]IsG) stftoj H§ dzv dzd fs5 9]¢
(Bdtsdzt o3 dzj My J dzls dz" 2 fc5C 0L Olsj dz' ) ¢co¢ tsls
ddelsj demd o detsimisj 2 Mo jujdedy +SEMYJtedd3d dalsOadz!
Edgdztsy | dgdats dsz cdz@ 100 %.

dlsOlsdmisdyj MS z¥ sBtcOBtSIsCEZ tjLizdz O
Of fice, 4wz¢) M YsHmMyjlbtd MtejHdzj 65 L dzOYJ

fiLkd kOIr dhmfdjHse Oded™ § 5 OL Odzd, Yyl

fsmdzy Istej dzdteso € d Ysdzdy J 2O 5 MtcOo dzj dzd

(1-5 Hdzed) d 1800 ¢ Biziz®tsdz’ dz'-77 Hnjsde'j)dz! BIOSe ("6 dz
34



t h “"™ . ".x.e *ho " eo e x -eo o e h e ¢
< . < C < < .

© 1 © —_—

ZOC OO ots otojd3Y Ctdastetsdz dzF 1 Tilstej dz' B 3
B hjydes?2 dz2OctelzL S ftod Mistej o detso Ols j dz' dzts d3
Mtej ZS 59 dL dZ2ES O Metedes? [ sMmdd Mmdlsk
fsor hOjlsmw o tslso jlis LdgWz fyls Ofdds dAdeys@gizls iy wdzOle th
edddd Mmistejd Br [ 3].

I disdzs B daj Myj dzlsdzr 2 fsCOL Olsj dzr Hdzw  fozs
fomistsw dzdets ftsor h jdz sz btjddteseasd 5 f
[HBOSCB dLdBjdzjdedj Bdtsdzt 3ddaj My dzlsdetse s ff
Hsflstse j todets dzj e OL dzd yd Bs? OC e sC o tof 3O yfik
25 Hjdz ), bOC d ftd Mttcjodso Olsj dz' dzs g te
dZzO-58 Hjdz ). lted ‘st L dzOydlsj d detsj Iskh j
fiesdmMonsHddiZzs ot otcj &35 L HOjge'ls)dzts 2 [ Hndsde@ s B T
B dds dzd dzj My J dzals dats ¢ ts-' Mo Y Glacivdzed 0 dztSc dzd 26 O
OHOflsOydtsdzdz' | oL By detsMisd Gted Odzd L RO.

Il rwedzj dgs, ylsts Iskzh jdzedj BdBdzt &3 dzi My dzk
csfistsds Ctdyj desteOydd dOSIOLO o fdzs dzj .
CdzOo dz" § HAdZOBdUI MECdJ dL d&3d dad ded™ o fdz® daj
CotelsdL O  Ctdzyj dzsteOyd j oz v Bl 5 RSB
cjLjtods o WEdCyd?2 ttcOddL B0 ff stlsfdi dzO

l sdzOG O o, dL d3d dzj ded 4 Bddzt o3 dzj My J dzls &
SBEMmdztse dzj dets dzj Istsdz? $t5 Ctsdzyj dzsteOydj 2 ¢
Bdsnd®BdUiMSdBd §s5C0OLOIj dvdkd, lsejlsflse jc

Rdzls j ctcOdz! dz" 2 Bdtsdzt 3 dej My delsdz” 2 § s5C OL
Hdzw or" wodzjdzadY OHOYlOYdBdzdzr R o ts5L Bisy detsfyls
BdsndBdyj Mitsets MMisOa O MmMdzs dz" . | jJBBABSHC(
o' Wodzjdedw ftedydde d WOCIsk®o p disdzd WY tlzg H) ydg:
fsCOLOIsjdz2 Hdv fiydzs dgr .

s dmMtsC dzdlsj cOlskzter

1. Hrybovska I., Hrybovskyy R., Sobko I., Zadorozhna O. Ways of improving the
technical and tactical training of athletes in bullet shooting // Scientific Journal
of National Pedagogical Dragomanov University Series 15 Scientific and
pedagogical problems ohpsical culture. 2023.. 47-51.

2.1 MddzB j S50 O [ . 1 -, vtstee O d dzO R . 1.,
AJ tod3] dzls Olsd o dzts § BdtslsjmMisdtse Odzd J : dz0 Iz
sdBdtemMCd?2 (e dqud Med2 -Jkdddpdz. 2021

3.5 0tcOMso O [ . 1. fdrOdzdL o3 1+ dzgj eetstsB MY § 1
My stelsd o dzts 2 stej dzdtetso € d [/ / LYJ dz" J L O
[ iMcOWIsO. 2008 .~ 7. 102

C

35



R 1 1LUXED ¢
Irlvcbv Inds
o Jf . ;odzolw;bg.aasrtglslhdzow
1 Okzydz 2 tckzC W asjHdgUsfjod® [ .
sOdzH JH Ols-BPE BOdUj MSdRE &OEC¢, HBY
wdedtMSd?2 WjiHjteOd d 2 kddo j tef

RIJ I
U R Y

C:"ﬁ
Y— ~

1 jJdzsC TfuetsH 2SI Mtotslse | Ay f o fk®ts e J
BOCIsjted?2 [1], e jyoshjcects LO WEkdSyde B(J
L Istsls BJ dzs§ o'  tsdzdgV J lanyrMANdzSysiBE ts YEatsfg tstc B yafts
tej ©Sydd, COsOdzdL dolz ] d3ts 2 dzt ydw j tcOL 52
wlzdzﬁuq’t’sdz,c)dzJ dz" J4 A B QS Is Istyds g l§ dadzts M Is d &34 ~ O
q’d3tsH42fnlsaq’W M Hkedddd B ZSORd BB
tsfnlsOIstsudzts dL zyd dedz" d3qd .

[ OdzdzOV" tOBSISO dzOf tcOo dzj dzO dzO OdzZOdzd L o
Jtod3d dzlsOIsd o dzs?2 Mmdmlsj d3r BOGCIsjted?2, Yls ts
dSydd o &jloOoBtsdduimnédn yjfvn.

J tcOB SIS J gL d3j oW dzd ddzls § dzimd o detsyls B
COlsOdzdL qelz j d3ts 2 &zt ydw j cOL 52, Glofax FoRka@Etsh * ¢
(Promegd d M¢ stesMmis 'NADK Cod mdzlsdz@d W toj OC ydd fn
mMfjSChtesWislstsd3j stc® Cary 5000 (Agil ent |
BOCIs]ted Odz dzOW  Phagobgaetiymntcl@agr@thi (LuxAB, 11
cltedC dzOHdzr j B 6NNT) (Byis)j MADE ) (Gerby IsjIstcOH j §
( Manchester Organi pHk6),,9 ,% 0MWOCHls dg )2. BIEZ Wig jta®
NADP(H):FMN-ts ¢ fnd H stc j Vilri© Isfiechdr (Red 11 ¢l ted € dzO
Bdtmd mislyndB deLyxF d LP. leiognathi( R1 A & { ¢1 )BSA O Is

(r dot d) .
RL®BJt6jdd) Cddzjlsdséd Bdtsd® i3ddzj Myg dzydd
Oudlsj dz' detsy ko jdzdud dedd ddzlsd deipd o dztsfylsd
BMistclAisAB,e RWEC ISOKF IxB( o Ctsdayj delsteOydd O
yjmlsej BJj dz€ O ftc OBSAzj dad 8 B Q@fafidf jtsodef jL 59 ©lelAH to
dzyj delstcOydd dzaj ko jdzdydoe Odzts d dzls j dafnd o dats fr
otsL BB dzts?2 tjHECISOL dzs?2 OFS lugFeddzazByls d ¢ 5 d3t
[ 5B Oo dzj dzd J stcj Is! j G ts BJj dz¢ O LusAB+Red W j toC
tcd o ISHq’dzts ¢ tc OL dzd husB dg o jidédWyjdCelst@ids: d dzls j
dtsdzs di3d dzd Myd deydd, o IstuxFodteBSE"Y tc § ©& H dodaty |
dzd
C

g_.@

dz
z
0]
ts

Y ddeds . 1 tsfdzj H 5o OUSE dlzuxBAL xABHRedD®B dizg ©zd d dzts
S j ZMOydd YW jiCkO SlHjd d' f Bj &S s

Nnws FooSr

E [OdzOW Jj9gOwlhr h dzO2025 . 4.
36



OLOdBBH ] 2MIsalz]ls M t©jHECISOL B2 d dzd Htclzc
ftcdotsHdIls € MmMdzdy Jdede +WWJCIsdoadesmisd Mst tov
4 Bsmis! NADHfifgdrj dzffw Odzimw MY J S IstesW SIS ts5d3d
otdzdzr 340 ded3 HdzW toj OCydsdedz" » Mg Mj 2 M
f sz yd dets, yYlsts HtsB Oo dzj dzdRgdf sl BisBE 5 £ | izO P «
mMEstesmisd ¢ dMBepiak® d o iz dyiddz'\'@jj ddd czRedrOuixF.

O ZOdzse dqydzr 2 L WWJCIs dzOB dz¥ H Odzlpw H dztuxByd M ls §
Zm¢ stew dzts S OxdfBRgddzdQ oS H.EXb 1dA) dzd | dzwv dzts .
s0Cdd3 tsBteOLtsd3, © r~tsHj dMMldayFdst 0@ dzpWO j &
Msddzdzdtckze h jJ oBLHj2MIsead] dzO B dtsdzt d3d dzj fi
BOCIsjtod Odz! dats 2 dzs ydw j cOL 52, dzts mdzd »y O4 |
md mlsy o3r , GHJ] dz#ydqw jtcOLO tOBESIsOjIs o mMmtsy
B dzfs or w o ddjuxietsd L d3y leas j Is Me stesMADH, € @M dzje
dzj W Jtocdzj dzlsOlsdo desds f tetsyj MMy, ©OES d o tj OF
RMMdzj Hise Odzd | o' ff 5dzdz] dzts i ted W d dzO dzin ts
2Oz ydzsec s WisdzH O o BADHHLO- s jCIlsO -~ 25

s dmMsS dzdlsj cOlskzter

1.Brodl E., Winkler A., Macheroux P. Molecular mechanisms of bacterial
bioluminescence //Computational and structural biotechnology jour24all8.
Tuy. TlbGa. -568.1

2. Tabib C. R., Brodl E., Macheroux P. Evidence for the generation of myristylated
FMN by bacterial luciferase //Molecular microbiology2017.7 © . 104.
6.7 . 110357

vrs 57.043:577.112.083

srflrtovot1r 3t 19 ReRf JReUlRe IMNNJIAR] 721 3 M
zvo[ [ J)1 1 ¢s v PRHOBPHOREUM

S.¢6. zjMddO
1 Oz ydz' 2 tolz € t9o. s HudQdgjQdzc t=po. O
SOdzH JH Ol Bdsdscdyj MSdr dOEC, H

wdBdteMC d2 WJjHJjwOdz dr 2 Edado j tefiy

[ Hdats 2 dL 9 0O)dzj 2N dn fJtej d3j dedz’ =~ ,
edsRdBduiMCdn ) OCyd2, wedwjlshw Isj syt
Bd-dBdUud MEdd t©ioOctydd fslsjCorls o it
o dzd W dzd J Isj i3 j tOlskzter shdztsy dzv j Isfpw dzdzts )
NisOB ddz degsfls' ¥ Bj d&ZSso d Wjtedsjdelssa [ 1] .
sBdlsOdzedw or Hjdzwels Isted sMdatsoe dz § Ctelzt f r :
sjtedRsYdd d j stecOdkdL & (tdnm. 1) [2].

E zjhdplelkO9. , 2025
37



t h “"™ . ".x.e *ho " eo e x -eo o e h e ¢

© 1 © —

mMmezodunbl
ncuxpodune I Tepmodune
|
] | | ] ] ] ] ] | |
-0 0 10 20 30 40 50 60 70 80

Temneparypa ,'C
tdimMzdese 1. s dZOMMdW¥W dS Oydwy tsttcOddL d3dse o L O dmd

fidLBWddz df § BtecOdzdL d3 Mydlsos smw MO
BdCtoststce Odzd L dzgs 9, SHdZOCt L dOydlsj dzv dzOvw
dzOr- sH dIsfmw f sH odzdwded j d3 dzedL €dn Is j a3t § to (
~n OtcOC Is j todz s § Zfdztse W ( dzB{ todjdgjjtdnls o
Ytej L d3j todats § Fdz2 stcOW disdzj stso t5§ gL dzlz yJ dzd 4§ ,
1dLSdj Isj i3 jtcOllzter sSCOL" 908 1Ils o9dzdwdzedj d
fteslsj S Odedw W jtedsj dzZlsOIsdoade" = t6d OCyd?2, Hd Y
Cotsdzt ydw 9" OB BIsOdzO tstis ¢ AfdaydL~digtW d dewde’ -~ O
d3d »n Odzd L B9, Colstster jJ] fsLobdwels dd3 ttOL d3
tcOL dzd ydz" § L Oh dIsdz J msmosggqq fted dedL €
d

[ 5] . 1 tilssdsz wodzj dzdw W Jjted3d dzlsOIsd o dzts?2 Is
l s tets BJ&@B&JGE&Wudq WJ tod3 dzlstso
dedzsecdd d wsldtshdlsmwy dj Issdz ¢ts ¢ Bt
szt ydd wstecOddL Bses d 1 Ctsdztsedd. 1 jLEmd
L S5 ddz' dzg" n d fMdnrtesw dd df -~ ddvdeitemi3y josteuxd-"
j 3] dz2lsOlsdodzr 2 sy M, dz IsOCY ] L OoadMm
dz¢ 3d dzj Myd dzydw o Sdzjlss&j Msftewyj do
yJ MmModd, ) sts otej d3W GCOC o' HJ dzj dzdz
dmddksmisd tsMmo tsB tsSycHOBAR.Is "1 tWio lsky ditts iy j dz'tf¢d M
odzgj dzdj LOeadmMddismisd ddzlsj demd o desmisd B (d
¢d& f§mdn mswdwiuf” hlsOdzdssce B OCIsj ted 2, G
n BJ d&z¢ tso " - 1 CMMstcOC Isse , fn
Y J dzdziz'nls Ottsjisiolz f sL otsdzdls ftedBdzdL s Mmw
J dzlsOls d o dzts 2 sjtoddstej e zdzv ydd dLkzyo,j d3r
uydw ) &z ydw j eOL dz" n Cedf dzj S MO= , (

34 dzd G3s M Is d BdB&“%d@Jm jdzZlsdztsets Isj Misdtet
sflsdBzdiceo Hd&zv t.OL dz' - 44 BOGCIjted?2.

[ Bl jJCIs qmmmJHsaomqw: Photiodgjacts Wed dziuda
hlsOdizsds dL RdzZHd2 ME et 8Cj OO (L Cdzdzj Sy
phosphoreum 36 fd m tesW d dz dz" 2 h IsOd3d, o' H j dzj dzdz” 2
Cdzdzy S ydd COWJjHTtr B3d ¢ tetsB d SjdelElsAdg@w  [Mdfmls
dZzO- tsHWh QW fpw o s oz stcd € dzj Istsydztsdz B j dz€ 59
BOCIsjtod?2.

1 0CIsjtedd ¢
s jteH '™ Mtcj H
phosphoreum 188B 1 tc sS4, Phot obacitfderdi U pshaa ¢
ted . 2 ftwdejHjd MydSbter B § 5 d& @3] lsig) tindy

TOoO@dA

N
7]
vl
=
O
J9Q—.
%
& =

|

SO+~ 5 08+ 0
Q&N’

S @ ERQAIOAD EG D

2RO R

& dodtse Odd M @O Ml j
e foslkejlsflsoky h R
4



R | h “"™ . ".x.e *ho " eo e x -eo o e h e ¢

© 1 © —

[ OS fd BBz &3 Pibspliolete®8 8 3 fEj " jdz o CttlsC so 5k
9 j W Isdsts, GBEMAEOs &zdo O) lshw fedmizismisse dj &

Irel P.p.36 ——P.p.1883

1,2

471 nm 490 nm

0,8

0,6

0,4

0,2

0

420 470 520 570 620

JdnnHa BONHbI, HM

{dMkzdtsS 2. | stddetse Oddz’ j M jSlter B disd &gd dzj

[ dzw f sdzkz yJ ded v Isj &3 j tc Ols Iz tc dats 2 L Ob9
BdBdzt d3ddej My dzydd B OCIjtedOdz! des?2 S kzdz' skzter
Bddzzls ftod orf BtoOdzdz n Isj &3 j cOsztcOR . CCfr

5j Bf jcOlsbktedyr 2 wilkddkd §MdotsW dd jd Sk B
BjLsWdd d 5. [OSHddkd ddzsj deido desflsd
OBk L OjcdMmstedietso Odz ftod Isj BfjtcOlsk
Cbd sdodetso Oded v .

[ dzw f tsczlz y g dad ™ sj B j L Ols k to dzts 2 L Op

Bddzs 3 dzj Myj dzeydd  CMstcOCIsO tsdz B dz ftej Ho
Bds®ROMM’ 1l Yoditsh: ¥ MISOdH Otelsdzr 7 d3j IstsH d
JdzS B dtoseo Odzd ! ftod Isjnm i Edgcdbkicdd §
Sflsddizdg" ddzlsj dzemdoe detsmisd BdBdz® &3 dzad Myj deyd
sB dzOMis: ftsdady jdzdzr 7 Isj Bz w®Istve; @) figY T tzt
&zO 10 tsu.

[fisBr 2 ddzsjtejf ofLoOdk Isj&fjrcOlkids
BOCIjted?2, ftjorhoshd2 lOSCso?2 &OCMJ ik

stcj Bz ] Is HJlSG)dZJ dzse s HOdz dzgj 2h jos q’fnfr]dzc;Hisa
ttOMn~ sy HJ dzd J Isi B J Olskzteds -~ Y foly dj gplotabias aisd
Bdtdzt dzd dzj Myd dzyd g 2 Hezeddid fJtesyd MMOdd
ddzls j tedsj HJ Olsts e Cslstster J dzgJ dBwBSekzls BT Is! )
ftcd SOCB2 Isj B jtcOlskztc, .

39



t h “"™ . ".x.e *ho " eo e x -eo o e h e ¢

© 1 © —_—

Jrel ——P.p.1883 ——P.p.36 Jrel —+—pP.p.36 ——P.p.1883

1,2 1,2
1 1
0,8 0,8
0,6 0,6
0,4 0,4
0,2 0,2
0 0
A O 10 15 20 25 30 35 5 10 15 20 25 30 35 40
0 b 0
TemnepaTtypa, °C Temnepartypa, °C

{ dkdesC 3. | OodMmddsihls: sldshdls] d ds «dsdls | dzfiJ
fdoesdd d' 5 BOSCIs jAld @dzd teh § &zl Hz@etsEse C s OC S0
S B detse Oded ™

sO0Cdds tsBOL tsdz, dz0 Mmdeseo Odedd ftetseo j Hj d
mMdzj Hize hdj or atsH T :

1. vjJ BB jeOllztcdz 2 Bflsddizdy d3j L s¥W d dz' dats «
1 CMstcOCIsO, dzd fteslsdoestej ydls ¢ dzommdyj M<
OdzOdzdL © (30 s d 25 sy Mtstslsoe jlsMmise j dadets) .

2 . [ BdzOtclzy j dats fmd3d " 4 dzd § Isj a3 j tcOls z to
B kS tsotsegts 1 CMstcOCIsO fMmMdrtesWddzse 5 MicC
Ckdz Iskter o B &OMIS! §tsdzdy j dzdz" = Isj BY J OISk

l sdzzyj dede” J tj L lzdz' IsOIst dzj ¥ Ols o B dzOMIs
d btjBlztls HOdz dzgj 2" jets dLEzyj dad v .

s dmMtsC dzdlsj tcOlskzter

1. Arcus V., Prentice E., Hobbs J., Mulholland A., Van der Kamp M., Pudney
C., Parker E., Schipper L. On the Temperature Dependence of Exzytalgzed
Rates // Biochemistry2016.Vol. 55 (12).P. 16811 1688.

2. zZzdzjejdzr 4. [BhOW &Jftctss {5 dESHd9 a7l

3. De Maayer P., Anderson D., Cary C., Cowan D. Some like it cold:
understanding the survival strategies of psychrophiles // EMBO reports. 2014. Vol. 15
(5). P. 508 517.

4. Harrison J., Gheeraert N., Tsigelnitskiy D., Cockell C. The limits for life under
multiple extremes // Trends in Microbiology. 2013. Vol. 21 (4). P.i2@42.

5. Margesin R, Miteva V. Diversity and ecology of psychrophilic
microorganisms // Research in Microbiolo@p11.Vol. 162 (3).P. 3461 361.

40



urs 535.37:577.325. 3

1¢6¢Cc 1¢JRYUR[ JHU?? [

URs [lom 1 0sSu[[ROJ
1. ¢. [th jdlts

1 Okyde 2 tkzSCtsotsHdBidz . 1.

sOdzH dH Ols-WDE Yy Oy M dr d2OEZE, H

wdedteMC d2 WJjHjwOdz dgr 2 Ekdzdo j te

'—*-e-

‘5h

s sda stc 3O Y d 5 dzdzO W Hd dz20dzd € © Bj dz€ ts9 (
e MistclzC skt ftoesdmMrasHwh dj o d&BOMhIsOB OR
GtcOjls 9 Oy dglzs te ts dz/ 9 dmn fHtwOoddz desdz W
mse J dzdzts OCIskz0Odz' dz" a3 H dzw WJtcdsd dzlstso .
J Bagls Olsd o dz' ey OCyd?2 B4 MYjudo Of smw
iMmMsS¢tsmisd d cdBStmisd MlstekzCIlskzter B j d2€ O,
J B j cOEOR. (0Odzgij BT dzts § ¢ OL\Ohlmeyid yls ts
P. leiognathif tctsW o dzWw 8 Is tOL dzd s ets 2 0 O ¥ |5 ¢f al3gettzg ©d6 d §
Isj B j tOBter Au()% Igiogdathi( ¢ B MisteOwW e dzs ydw j tc0
OCIsdodets? fted Btsdzjj dedL Cdr Isj B3 jtcOlskzicOR,
Iscjd3ljJtGOlsIzts\/.mhg/etgid3gtdg,$G)dzJdzdzls?e dzs ydWw jteOL )

rx =goz

sB dzOMls ! Btsdzj j o' MsC dn J B jtcOkztc. V.u OS¢ Y
harveyif totsw o dzW jIs Bftsdz' h Iz® Is; tr;,df,l'sfnlsG)Bq’dzJ dzts ) Is !
By dets ftoj HY Bdzsy dIs! Yylsts BOCIjtod Odz! dzr |

s5B dZOH O Is t©OL dz" d3d H Jd dzOd3f dglj ¢ of Bdzdztg? s BLPIB &
Mtc ©o dzd dzd § Hd &z0d3d yd MS dn nOtcOCIsjtedMmisd ¢
dzs yd W Y.eadveyid P. leiognathif tcd t©OL dz" » Isj B3 J cOIlskztcOn
stedf SsW Odztseo 52 dzt d3d dzgd Myd deydd B 4 2§ O.

rdzv tsyd dzS¢d f dzslsdesimisd k2§ OCs90¢d o dzzlstey
dmMftsdz! L soaOdz dBjIstsH Itcdlf IstsW Odztso 52 W isMW Stey

(RTTP). 1rdd fdzujd MfjSlkter d MfoOH"
HiBSCMdEj dadietse Odzdz’ 7 t®HA doisftc 59  Asyj dESBjo  dfsto
Hj Bsdhlstedtetso Odzd GHJRZOS B s &BOC g B3O dvudzl
d dzls j dzfnd o dzts i ls V. hdeveyBd Wdg@Qe @L''h j . RL M OHtse B
oty 3 ded  dL dzd W ts P, SAED) MRy JDdzizfed v .d&ryes § 9dzC O
2,9097@, 93 0k R.tzognathj S Odzj j] Hozdlsj dz dzr &5 B '
Hdzw W de),ammw@ Yylsts wodzw jlsfqw ftodL dzOCtsd3 B s
odzzlstcj dzgdzd » IbtedfIssW Odztso .

17 dd @) d MY OH WD Wwdg) W s dfoss
otsLBEZYHjddw (296 detBPL G ¥ phpkzicts] iz j 8§ 5o cl3™ ¥
(TRES) H&WZQBWMJ@BMWJ otLBEYHJddY (t df

E [(tosh jdgSts 1. ¢., 2025

41



TRES BjJ&ZEO Hdzvw COYHB2 dL Isj d3ff jt
ydd RBdSCtcBtsdeizy] &Jdzn vdmvey 6,8EC O

, D2 1 &M M ldamgnathjj dffjtOsIs o j Isfnlsa;dz,dzs (t dm
Yybsts W MclBe@b OtcOCIsjtedL 2§ Ismw d3j dz' h d d3-19 tc j d3j
dzfny qu%lemgndﬂlﬂ;Q Clsts ModHjlsjdz Misakjls ts Bisd

' -1
Tnorm, OTH. €. \gc, CM
30200

30000 g
29800 114
*x
29600 1§ o
29400

29200

29000

28800

295 3051 3 315!
29500 30000 0500 1000 mml 28600
v, CM”

2 6 8
0,1-0.9 fic 3-10 ke | t, HC

{ dMlzdsC 1. (¢ ) TRESs dycuty Re@imiathin dzv -10, Sz L dgj ) ded

f sdztsy § ded W vy J TRESHS sviypjidiBgrethi( € to O f) det hegyeyidu d te dz' i)
ftod 5, C20uddz§&kAd Wdbdjlssor & o' Hjdjd HJOfOL
LSy sdz deyg Oz dzts?2 WhkdeS ydg2 Hdw f sdzkzyy dedw

} sdzz Y j dedz” H Odzdz" | f sHIso j to)WH Danwyi Y le
' Btsdzj jP. leigondthints s 1 s Zigtis @ 9 dz
or wodzj dz0 CBtetej dzv ydw dzOyOoOdzr des?2 ME s
dd, SCObOdzdL dtelzj d3ts?2 dzs ydWw j tcOL Od 1 &
WsmWste] Myd deydd dzs ydw j eOL . Clts dits
JIster  jWdsfiivdis to gz " J BlsteOy O8Ils Isj &3 4
sztodz" 7 1 dzj d&3j dzlstseo dMMmdzj Hise Odzdz" = B J «
IsOIsr toff HB2d}d.C 59 Odz

(I)alststc Or Oy 0Ojls BdZzZOGtSHOtedzsMis! | JcOMd d3
IsOlstso . RiMMdzj Hiso Odzdj o' §f sdzdzj dzs { to
chsgs Ok ydzts ¢ 5 ¥ 524800179 t©OBC OF ff tot

g dmdscklsj tOIslzter

1. Deeva A. A.lisitsa A. E., Sukovatyi L. A., Melnik T. N., Kratasyuk V. A.,
Nemtseva E. V. Structwfeinction relationships in temperature effects on bacterial
luciferases: Nothing is perfect // International Journal of Molecular Sciences. 2022.
vol . 23. ~.. 15. P. 8119

2. Nemtseva E. V., Gulnov D. V., Eroshenko P. A., Sukovatyi L. A., Kratasyuk
V. A. Comparison of the structural dynamics of bacterial luciferases using time
resolved luminescence techniques // Bulletin of the Russian Academy of Sciences:
Physics2025.P. 1-7.

rEETORS
NNOgGPOO
%n&gg e}
(73
QqQ—.
&
O
- N
Q—
UT
=
=

—

—~ X F§ W 1]
—m oo+ "0

&
G'Q—
5“|_
SN
<&

42



t h “"™ . ".x.e *ho " eo e x -eo o e h e ¢
< . < C < < .

© 1 © —

vrs 577.325

SRL[URSO ((OsARR, souvdfRIRtULU[[[B J1oO0svU
[ SARALTT &7 [ B, ] J{T RUVUHLWIXRR 1 [ s

[ 8. Ul telsth @OV OdzOW jii 2 Of d*d yO
1 Okzydz 2 twkzCtsd sH Y p2kdp 9 O
SOdzH dH Ols-BWE Y BOBJYj MSdE &OkS, HBYyY

LdedEemMCd2 WjHjtOd dr 2 bkddo jtefc

I dtsdz¥ 3 dad My deydw BOGCIsjted? sBd M4y
OC tsH (d to s olltizz & sdr] , ZOdetsdzj j dL EZyj deda o3
ts d3j dals wo dzw jIspw dzg ydWw jtcOL O. [ Odzdz" 2 W
CdMmdzj ded w Hdzd dedetsy j f syj ydetsg ts Odz" HjEedHO
dzOo d dzdss dets dzz € dzj sIsdH O, © twjLlzdz sOIsj yYjgt

teWwHO B(Jtsdzé dzd dzd My juxttdstdy” & ts dgj O S tlistg defliglds, frpls o 2
sMmdzj Hse Ols j dz' desfils! Ctclsttesets dzO 3 W¥B, dHJ
sHdtkz®h jes ©HoE [dtsHigosj tgdesRdzd dgs wedjilsi s OL
J v e dzvwjlsimv etdB3tsHddj tedzr 2 B dzts€, Wk dz€ yd
HisfisOlstsydets d L 2z yljucEOm i tsriutses jj figls cEsaNw o v |9 t fs
sdL o yrBEREN] o YJIsr o] n Yy dzlstc On MmMewLT 90O
OMmMf sdztsy j da@ o BB &OMIsd d&j yfMzei j HJded ydats @ t

K jdzi s tcOB SisT BN dzts wfftej Hj dzj dgd JuxFd3j = O
BOCIs PtethgnathizO Cddzi sdydi mMSdj ~OttOCIsjtedmisd
dzg ydw j cOL 52 .

1T odzd dmf sdz L s9 Od2. leiadprathid M L tJOL ©1 tod € dzOH
Bdfmd mIFMESenN),, Isj Istc OargcleQe@dnic3, EDTA (Gerby,

LuxF d LuxB d LP. leiognathilt R A 4 & [ BEA(T)d, 01 &) , W smW Ols
(pH6 . 9, 0, 05[) .

l sMmlis ©dzts oFY dzdf Jetso sSH d dzd Wilstsa ddsd yj Mm< c
ftesB OtcB Slsdictse Odzdztsd3 Ots G ts dzts d3. sddzj IsdS kz
Qo IststsC d WMy dzflivdzj ew dzd o Isj ud ded 4 15 MmjCkc
sMisOdetso dzj dzgdzsc s f sSIss5C O,SX-2) Apptiads Bhotophysi€ dzO dzd
[ sH] dzdtetso Odzdy SddziIsd¢d Mtse dzOMmdzs MIsOH 2 d
ftosdtcORBBdEses fOCjlsO Scil ab |

17 dzs fsdzzyj dets, yYlsts HsB O9 dzj daskh, LusBdtc j OC
BSA o Cdzyd dzlstceOydd 0,1 B3e/ iddz Htcdo sHJ|
Bdtsdzt &3 dzj My j delsdets?2 ofmfrhCd. 1 OBdzZEHO) IsTw
BOCMddzdz, kd3gjdz " jdzdd CdzfmlsOdzlsr My OHO fe
tcj OCydd.

Faganacsggr
&5

E urtlsr hudzQw [QdzQ¥.j,j ofCd fpg y® #0025

43



t h “"™ . ".x.e *ho " eo e x -eo o e h e ¢
< . < C < < .

© 1 © —

RMMdzj Hise Odzd j Cddzj sd¢d FMN1 98 yddcdhlrlsgis
BjdCtse ¢ OL Odzts, Yylsts MEstetsmls tcj OC ydd
OQdzz HjedHO ) tcj OCydd, COlOdzdL dqtelz ] d3gts 2
ftocdmizislipeo f  d dzs dL d3j dzj dzdjJ MesHMlse O W j tod3y

v 0Cdds sBtcOL a3, B dzts i tsdzlz y Juwds ,dz0 yls ts
Bdtdzt d3zd dzy My d dzls dzlz ¢ tej OC yds BOCIjtod? ts
oLOdBsH ] 2Msadw dz¥g ydw jteOLr M OdzdW Olsdyg MS

RfMMdzj Hise Odzd j o f tsdzdzj dzts fted Yy Ofmlsdyc
it smMd2MEtse s dzOzydetse s W s2A0BL7s tOdZC O- ff tot

4 didekls j ©Oktsr

1. Structural and biochemical properties of LuxF from Photobacterium leiognathi / T.
Bergner, C. R. Tabib, A. Winkler et al. // Biochimica et Biophysica Acta (BBA)
Proteins and Proteomics€l475.2015. v 1854.
2. Mechanisms of viscous media effects on elementary steps of bacterial
bioluminescent reaction / A. E. Lisitsa, L. A. Sukovatyi, S. |. Bartsev et al. //

International Journal of Molecular Sciencés0 2 1 . U & .8827. -~ 16.
Ul s: 57. 0881. 185: 616
JAr1sd Vit RI(AVRIJuoUR [frulré wfuvyodsr 1]
frofroe fozryn J41d JavuvyYy(rp1iRrRC 1] RL Ut}
IRJI[ITRARLTHESRM [ 11 3M

). ¢. [ Oklsrhig

1 Okyde 2 tekzSCtsotsHdisjdz . 1. k¢

B dz. . ZOBBtOIststedd Bdtsdzs B3 daj My dalsdz” =
COW jHtr BdsWdLdSd

1 Okzydz" 2 tkzCtsossHdbkjdz ¢. 1. zkes

COdzH dH OB jLE@ISs] yj MSdr dzOkzS, L Oo jHESNMNJ?2

Bdtsdasedud Mcdna MdMmisjd d ¢ sdf dzj

wdBdteMC d2 WJjHJjwOdz dzr 2 Edado j tefiy
{yd deS iz fnlsfnlstsWdzo[W stce Oded L d@ZO d3ts Y dat

Bdz 3 dzj Myj delsdz’ 2 Odz@czdL Tz dz o o mfydzj
fOssdsedyinMSdn d YdLdsdseduyjmMSdr fehiss:
W dzw j Isfyw q’dzls;GtsOdzJ & &, o] OHHeEY Isd z0S e
fslsjdzydOdz des By jIs o dzdWls! &O ©jLEd IsC

E [O©lsr hzC 1. ¢., 2025

44



~

,,
=
=
)

> ".x.e *ho " eo e X e o o e h e ¢

© 1 © —_—

Isd 3" H tsdzy dzO

n o ¢C Ols: 9o MmMjBWw Odal

j dz syj dzad @ Ols+ 9 dzd
LW W

s

s

Y
wdzd ] COYHBGEB ftsisy
tc OB 15 js dzd Is - JSlsdo detsfyls dmy s
5 dzj MO HdzW OdzOdzdL O B dtsdz¥ d3d dzj M
Cd MmMmistswddwY tte OdzdL BO.

Ro=z

TS 30
g &

A 3w

¢
d

RO @
7

&

L)

N

LWWjClsdodesmisd d3j stsHtse tBtOB SIS
6OL dzd ydz' &3 vy dzy o' di3d L OH OYO®BJ:
cfrre, M yjdzwse orwopdzjdgdWvw Ektets
ftod B3 o chdzOfdfr | WG iy jHOFlSOSsodzHES. diE
Jdzr ¥ fesedtsL O MIsOHdd L OB sdzj ¢
W oG] IssSHESdE Mz yoO2 dese s dzj MO.
BBJd: ctozf f OF Bl jCIstsds dMmMMmdzj Hise Odzad
syjdgjdgr OS] JjJj 8C0LOILjdzd, ¢O¢C
dedi dj to 38 dzls dats 2 fpd misj o3 fpo g lswh damw
JHBEjJHESISOL O + dz¢ yd WdjtddspL Gadz" ( [ HRO dBd)"
dzm ¢ dr ¢ Otls MitslstclzH dzd € 59, Bdtsnddid Yy,
dz' dzs tOL tcOBEISOdzdz" = OdgC jIs, 9 ¢ dz¥ YO
M s detsmisd Hts d §Mmdzy Md3j dz' , d da
dzj ¢ Ofptinjstofy letadz” ~t dzj 66 j sdud MEdn~ dzOf d L
SO¢Yd B' &z ftesOdOdzdL Jictso Odz ktso J
J OdzOBdzj LO. | COyjfMmbsej ¢ jtmf jSisdec
Mz yO2 dese s dzj MO.
g4 fodishi 8 CdzOMMdWdS Oyddzdese s Odze sted Is
ZOBtstc® HOdzdz" = B"' dz ftcj HMMC OL Odz EkZtetso j dz
WOCIktstese s kZtotsodzt odzdwdedw dzO toj L Zdz' IsO!

Nt

|—|—Q—OQ)
R
- 20

I

X g ==
oo

W;Qﬂ
WQ:”L

fn

d
0]
s

Q-N' el ﬁ-;_(ﬁﬁ-Sﬁ-qg_QN'>‘lﬁ‘5h

Tasg3g > I
OF 2 O=—"0 -
g0 0 e

—ﬁq-

f OtcOd3j Ister @ ddzlsj tco Odz d3j Mz |, ¢ Hadgjtsdaddgdds ~dts dzj
Gzt S sLT 9o Cttseod (ted M. 1) . dtoj HAG®B.W s 5y dzt
‘71.0— %

%o.a- % i

n = =

+ =

0.2 1 =

——

T
apemsa
WHTEP.  XONECTEPMH  rMOKD3a & kpoew, NI % KOH”E‘HTPE‘H”“ P pH non KypeHWe

cyToK
Kyp.  OBLUIKEA, MONB/N MMENB( NAKTaTa B CrioHa, CY
MMONE/N

{tdmMedsse 1. (OMftejHjdjd]] YOCksttss s ktso.
Ztietse dzv MisteF OO YULdzd) o' BtosMmtse dzO HJ OcG

 dzv olststesets dzOBtsStcO HOdzdz" » toj M OdzO M
tcOMYf tcj HJ dzj ded © dmy " Iskzj &3" ~ az0O Is tc d ¢ dz(

45



t h “"™ . ".x.e *ho " eo e x -eo o e h e ¢

© 1 © —

HsBtesC OyjMlse j dedets] detso stsBtcOL ts9 Adedhls,OH e d O c

HgOCE dzatsL tcOC 3t extiy@sRd off)j.dzjrLadey S &zOMmmdy d< O
HOdzdzr | OdzOBdzj L © d Etoetse jdz@ BiMisObtydease s f

1.0 1

) o o
£ (=} o
'l '

BamHocTs haKTopos (0TH. a.)

o
N
1

¢

== - = =< -
- -9- )
e

o
o
1

- - T T - - - - - .
W % Boneskn BoneaHu BOCNANWTENE BonesHy MHOEKUWOHHBIE OXMPEHWe Hapylenus Goneann 3HO apyrax
cepaua WWTOBMAHOR Hblg nouvex saBonesaHnA abmeHa nerkdy  Oprados
weneasl sabonesaHna FKKO36I

t dizdsS 2. (OMftejHjdzjdzedj W OCkBtetss 5 kictso d
COMMdW S Oydd Bisd d 7 tOS AR B dis Y dzts 3
1T dzts syJ dzj dzts o dzd v dzd J WOCIststets o dzO
dZzOdetsdz! "d2 ©C d&zOH odesMmdls Ektetse j dz sfMisOls:
stsydetsmils! OB I76%dze stcdIsdBO: 77
sO0Cddz BBOLBAR B dZO GfftcjHjdzj 2O o tsL d
Mzz yo2detsegts dzj MO HdzwW tBteOBBISd tojL kzdz IsC
f sdysh 1 Bdtsdzt d3d dzj MyJ delsdese s OdzOdzdL O Mmdz
9" waodls! WOCIlsster sCOLT 908 h dj 2O sty gzidzt f
MesmMissw dzdv Btee Odzd L B3O

s dmMsS dzdlsj cOlskzter :

1) Zhukova, G.V., Sutormin, O.S., Stepanova, L.V. et al. Prediction of
Professional Success of Employees under Stress: A New Appidach Physiol 50,
515520 (2024) . https://doi.org/10. 1134k
dzlststedzd dels,j f[/O.dztslo.© d 1).tc 3G detsLiafQdsEOIFdEd. | f tots
Emf Jh detsisd tcOBtSlsdzd C O o bkfmdzsodwan otsLHJ 2
AL dtsdztse d w2024 ) disstedg $50004DOI1: 50.318580131164624050092

2) Stepanova, L.V., Kolenchukova, O.A., Zhukova, G.V. et al
Bioluminescence Enzymatic Bioassay of Saliva for Occupational Monitoring of the
Functional State of the Body in Rail Transportation Workers. BIOPHYSB;S75 583
(2024).https//doi.org/10.113450006350924700647

46



XL

e

“ h o

e

0o




rJ. odizj o 0O
1 Okzydze 2 tokC o sH Plji@W .0
sOdzHdH Ol Bdtsdzsedyj MSdr dOESC, H

LdedEemMCd2 WjHjtOd dr 2 bkddo jtefc

[dCtoststce Oded L d3r JqetcOsls Cdzt yjolkzs tc ts dz
BdsdizOMmMmr d Ctwkzesoatsttsls 1 dz o34 dzlsts o ) ]
Bdesc tsdzj Isdzj d3j oL dz" &3  stesH OB ([ [1). 10O
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Isjtcted Iststcd 2 o jdzdyde 0 smw Yls ts ftcdotst
f sHMIsd dzOs h d = [ry. ] Mo s syjtej H' , 1
BdCtesBdsdztsedyj M2 OCIdodessMmisd d HJMistok
odhiMmlseO, yYbt, CO¢ Mmdzj Hilfiske i OtcdpFS g’ 4 toa
d CH4 [1] .

RiMMdzj Hso Odzd™w  sSCOL" 908 ls, vyt ktotse j dz
LOQoadMmdls Bls wOLd&dydsy - WOSCIkttess, IsOCdr &
tcOMmisdilsjdzt dz" 2 ftsCtotsea, HBMsEY dtsMmisd o HT ,
Isj B J Okt d BISCtcOB Gz, ByistgOmMiEY . OB J -
OCIsdo dzts s - f sye J dzdzts G 5 H' n Odzd W dzOff toW ¢
GjlsjtoslstesWdzr » BOSIsjted?2 [ 2] .

AKjdzt ¥ tcOBSIsr WwWodzWw dzs! dMmMmdzj Hiseo Odad j o
fsCtocsosd d MbstczCskztets?2 RIS totsBder = MssBh

[Bl jSIsd3 dMmMMmdzj Hise Odzed?2 Mdzzy ddzd € OteB s
dtcjHdzj 2 wdBdted, tcOMY Sdztsy J dadafs @z W& SwiO 2D 2
SsteOMmMdzsw M sets CteOW. [BteOLY"r f§tsyse BN dzd ¢t
dzd s o j dzdzed y dzd GHSted GHSgiatizp dits| digs" odg" Bdz" (20 Sty s W d dz
31, HOdzj j 5 -Aj)CMiflz € & -p & e Gy izts 3s h dz
(f sye j dzdzr 2 -3PRgsWHodz] j2 I 5-3-B)) Cmiskz 11 21

T Hjdjdd] BJCttteeOddL &3dseo dL ftsyer
f dztsls dzr | fdlsOlsj dz' dz" | fMtcj HT . i © ¢6d
9" Hj dzv dzO ! dzO BY Mt j §Is s dzdats d3 OGc Otej (
BJCtosice Odzd L d3ts o " H j dzv dzO dzO fsyoe J

CtEsdzd  sBteOL ¥ dmr JHdddy (sd{fr) BICtetststca
YydmdzO Ctsdztsdzd?2, o' tesmhdr dz0 § dlsOlsj dz¢ dzts?
fsyeor [ 3].
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Hzj d3" 7 COtBtsdzdIlstsL j dsse dzj HJ d3tsdzMmls te
Misd 3" d &BIYEYOmMsEsets? dL d3j dydoe sls
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1 df dztsls OdzOdzdL © MratHMIsa O dBBiYHE 5y
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HtesdzdIsd yd MEts?2 BISCtotsW dztstets?2 BT dzO dzj 6 Ols
JMls! , Yyt ftlsjdydod ds] c6jlsjtotslstcW dzts j
jfided LOoadMmj dzs tsls MtsH jtey Odedw C d N,
OB stcORBd B' dZO HABISPQIS | lsias dzti® X deezd § ) H
HicsdzdIsdyjy MS Ov Mtsmis©o dzv s h O S tetsB 5YJ «
fsCswh jdhw (dj O¢Isdodasds) MsMmistswdedd,
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M dsjdztsy dIsj dz' dz" § CeL WWdyd4 dals* Ctotcj dz
dzdyj Moatsds edHiesddsdyj Méidr &dJStosttce Od
f sdzdzd Isj dz' desdz dMmistsydzd € J N ) f syoe On
dOoHtgadg desdzgsh dz' = L O Muydl WdEmMmoOyd dzsdN e O
74 d Yidm@fplsly dzd § &3 MJ &3 2 Mlse © BEsBBO" .
v OB dZdyo 1
lLoddigsmew i+ (SS4L ¥WWdydd Ctetey d&zv ydd 1 d
fsCOLOIjdzj 2 d MtsH | ey Oded W IZG'dZJtGISH@ d OL tsls
CztcMdazOydds ftcd p <0.05)
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11 21 (d&dMmls 11 22 (d&dmlse jd
. G ts dzlz B- HtS9 Csf jJuyde O 55 9
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vsO0Cdd3 BBtOL 543, dctsy dzets MH J dzOIs! 9" 9 SH,
o iz W Is ! dZ0 MmMbtekzCIlskztck B3 C tetsB dz2' n M h |
dzOf tcd d3J te, LO Mmudls fJtedods Mj ddw H Y sdzdzd |
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Yydlsj dz' des tsetcOdedydo 0t ls MW jtelk jet §tod
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1 Ofplstswh jj dfmfmdzj Hse Odedj Ytsmewh jdats du
Cupriavidus necator8 06 46 ¢ MmddzlsjL k& dgj sBT" ydesets (
119, MBHjtey O jets o COYj-0)n s Wisdasihls EisO ls ¢
36dHtesCMdo Odzj tOIsO (31 I-ddtetslE Yy O dzjdgs@iss@i |
dmf sdz L s9 Odzd-§f W3] H iz B filpldsetajeyizaldd &@dzts o 52 ¢ d fdzts ks
weodwjlsmwv foetyds &3 ftesHizGCIstsdg 9 HJtc] 9 SEEB 1
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2. Muzaiyanah A.R., Amirul A. A. Studies on the microbial synthesis and
characterization of polyhydroxyalkanoates containirydroxyvalerate using-
valerolactone // Appl. Biochem. Biotechnol. 2013. V.170. P. 112¥5.

3.Raza Z. A., Abid S., Banat |I. M. Polyhydroxyalkanoates: Characteristics,
production, recent developments and applications// Int. Biodeter. Biodegr. 2018. V.
126. P. 4556.
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dmMrHdtse s Mrte! w Hdzw da §tdzzyj ddv, f s I
dimMmdzj Hso Odzd?2 MMicj HislstsYyjdaets dz2O fsdMEj +
mMrwtw, 9o COyYydimbe] Colsttetsett dsclkls or Misk
Mydtwlsr, cddyjtedd Jd w®B®GL Jzdyde j s dfdsB & fiptzj
ftcsdL ©otsHMmIso . [ 2] . rdtosmtsH jJtoy O d § slsa
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dzOMmilstsw h j j dmMmdzj Hise Odzd J f sfheowh | dzts dL 2
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©OMlsj dzd2 Msd ( 0) rdt fipdttzasdrOn fil B8) fp G apeil Gs O L dz

[ O¢CiMd B3Odz! dzOW ftetsHEZCIsd o desfyls! tjHdMO H
sclztocyo BJL Hst sdzdzd Isj dz/ dz' - d3j to IS
Msd fesHbkClkdo datsfls! BF &zO oi3d dzd BOd dzs2, fsf
01 tOYydEP BB clsstc OV, ftojHY Sdzsy dIsj dz' dzts,
Lot BOd ds?2 KRSt dsdscdyj MSs2 Stdo jtefdec
d oLt nezfjis j tzjcdgdzz H d Is j dz! dzs B d3jOte jiedadg' i Uf dz@
ftetsH G Isq sodptigledasC 3 ) .

(a) KOPHENI0IbI (5) HscThA B KOPHENIOIb
TIIC + 33,3 r Heche100HOH GHOMAaCChI 76 TIIC + 33,3 r Hecbe100HOH GHOMAacehl 29
pacrennii con 61 pacTennii con 15

TIIC + pa3pbIXIHTETE + 50 I HechedoGHOI 54 TIIIC + pa3pbIXIHTETE + 50 I HecheToGHOI 22

GHOMACCH pacTennii con + Hacoc 91 GHOMACCHI PACTEHHIl COH+HACOC 48
IIIC + pa3pLIXIHTETE + 50 T Heched00HOH % %!3 TIIIC + pa3pbIXTHTETE + S0 T HecheXoOHOi ? ég

6HOMACCE pacTennii con 327 6HOMACCHI pacTeHHil con 122
MIIC + 33.3 r Heche10GHOH GHOMAaCChI BHs56 TIIC + 33,3 r HecheA00HO M GHOMAaCChI B 362
pacTeHHIi OrypuoB 1512 pacTeHHii OrypuoOB =552
TIIC + pa3spbIXTHTETE + 50 T Hecheao6HOH % ]§§ IIIC + pa3pLINTHTETE + 50 T HecheT00HOH % ] ;]
GHOMACCHI PACTEHHIT OTYPHOR + HACOC 720 GHOMACCH PACTCHHI OrYPIOE + HACOC 392
IIIC + pa3pbIXTHTETE + S0 I HecheX00HOIH H:-| ffq IIIC + pa3pbIXTHTETE + S0 I HecheXo0H0i %E?E
OHOMACCHI PACTEHHI OTyPHOB 1672 OHOMACCHI PACTEHHI OTYPIOB 328

(1] 500 1000 1500 2000 0 200 400 600 800
Ceipag GHoMacca,r/ M2 Cyxag 6HOMacca,r/ m?

{t Mdds®&d v dzdj o dzj Mj dedes? dzj i jHEsB dets? B d 5BOMT
%O fesHEzSkdo dsMmis! t©OMjdd?2 jHdMO (M .Ow ( O)
COLd & Efdssdwi O! ©0ydd Mkzemlseolscd

1 sozlz yJ dzdz" j§ tcjLEzdz sOIsT fsCOL Odzd , Yls s
sBdZOH Ot Is Bisdzj j o' M2 MCtttfis' MicOd tzgziz
M sMlsOkSORd Mtsd, yYybt Losdwjls +WW¥jClsd:
9 LOBC dzzlsts?2 MmdMmisj d3j . l Otcd Odzb s M lfts off j tdafdedixz
MfsmMsemMsoso Odzd kM stdj daftso ' & ¢ A tS dzo f ti th)ef f
Slsd3j Yyodztsh! {jddir§ tedip dasdniizd, o jLidds W K dztdzj Is jdc
d3d € tots B dats 2 Od Is dLoQiggifrHsddj dzd W tcOL dztsy j ded W <
vz yh jdedd MstckzCIlskztcr Mz MstcOISO L O MmMyvyls
Codi3tf j dzmdtotso Odzs dzf E®IsH © dzs g g @afl tesaigy daigjr & M
J C s ddflzs s & .
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1. Possible risks for the functioning of cyclic processes in the experimental
model of a closed ecosystém. Tikhomirov, S. Ushakova, V. Velichko [et all]Life
Sciences in Space Resear2022.Vol. 33.P. 33 40.

2. Waste bioregeneration in life support CES: development of soil organic
substrate N. Manukovsky N. Kovalev, V. Rygalov [et al.]// Advancesin Space
Researchl1997.Vol. 20.P. 1827 1832.

3l Borhjdzd] ftesHkzSCIsdo dzssiisd ttOMmIsj ded?2 L
fsyosf sHsBdesec s MkzeMIstcOIsO { to/d dzd dzd I$ jj dizd dztS t
¢ . sdnBRBPptcsou, OF sd @&/ bodOCMd&3d yy ME OW (d
d3d H d yq@&3 . ¢. 68 76. .

L &77.25
RAGET [ 1 Jetrrfloérrvdr JJRrRCURLD AJTS O P17 (1
SEY[LULRE A fJrr1RrR of2Arefrtd

R.J. [ dqre&2 dztso
1 Okzydz 2 tokz¢ go sHzddTjGlg'e ¢ .

PhD. , H. d&. dz. , ®kStsetHdlsjd 1RR dBsdj S k& dz
HtstelzC 5o tsHud Is jidiPdzts[L. S to
C.B. dz. , dzZOEydz 2 MtslstezHdzad$ 1 RR dBsdzj S &z dz

LdedEemMCd2 WjHjtOd dr 2 bkddojtefc

10 MjcesHd"hdd?2 Hjd sBodjLd od ycj?2c
LOBBsdzj 9 O0ded j d&3. wkzh jMmisoalzjls ddetsy j Mlsoats W OCI
MtejHd Cobtster i LdOydlkjd dzs tsd Jctos
EsMMd2MSde cotesHise  dzOB dz H'Ogets MWH ts tf sty s o
Csdzyd dzelstcOyd 2 (11 s)FAVWStel3Od2 0H2j3c Jw®H I{ Mt
C sdzyj dzlsRAOfytefjvo " P OdzO 1 1 1s o 146 Gt HC
fc5COL0OIjdzd WdSMmdwhkslsmw o stOMdsYttnt sd
CjedsdOnr [ 1] . mistsBAfugdpSEsiid o 5 HApChesfoddj j dzd
Bdzwh jC d dBsyjls o' Lre0lk! cdfjtecddSjdds,
[2] . [H&OSE dgj"fdets, COC Lkt MmowL Odets 1
SBEOLGo Odzgd j &5 OdJdztsdHdzr = BdkWh j& b &
ftejHN jMise szl (Okdo j-wOullg S B j ls OOdzd dzis §f Is C
sBEOLEjlsMW o tojL b ddPPsIfsjjC tof Oy B d dde O dat

Ctsdzyj delsteOydw Ab Mmyshmsemisokjls §totsddy
Ctdzy dzlstcOydw Ab tBtOLEZjlIs OBddzsdHd j B
Hetso dzj o3 -ff)j CtojsOL, L O +SCMftej iidADAMIG Ster -
BACEItstslse j Isfilse j dzdzts [ 3] .

I HOdedzts? OBl foseotsHddsih' ddzstsOdsC
B hOods o Ibjujdedj 7 wHdzg 2. stdayj dzsteOydw FA
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9 stOMdswimMSj o 2023 ctHbk (cwkzffO FAL>
ojdzdyj dzO o 10 t©OL (ctezff O FA1O0x). r dzw
Br ¢0@ MBLHORO ctokffO FALOXx-CicOsds®s Ciasasi
WistcedsOdz' Hj e dHO 99 tsH /) .d dgntz didg tdas dz'0dzt® 5 dvit
Ctekzf f O, HtdzzyOeh Ow Wis i Oujdetz®j Bz WH dgj A PBE
99 jHjdedY FA dL®BjtWwdzd EkZteseo jdz@ cdzs CtsL T 9
L &Z2Oydddtsjy ko jdzduyj ded) Ektotse dgv G dzt KAtzL G tolgjf tf j
FALX (27 H)j daf F A5l Onxj dg'l) (lsOBdz. 1) .

s OBdzdyo 1

% BpemeHn BHe naatdopmbl 3ageprKKa 40 Nepeoro cnycka
p=0,01
EPBS n=10
p=0,04 BFAlx n=11
BFA10x n=12
B FA1Ox+ins0,25 n=12

30 p=0,004 300,00

I

250,00

3 200,00
=
< 150,00
o
S 100,00

50,00

Vo jddyd dd] kttseodw cdz¢ SsL" o wslgo@dy jdzO
ftotso tsHd zOM! tyjdzC O ftesistcOdziflse j dzdzs?2 ff C
qLBjcOddw. 1 Hjtor?2 Hjdy fHtsotsHddhshm ¢
f dzOlIsW sted3¥ Y dotslsdtsdiz f sHOo Odzfpw BEZHOt IstsC s
fl dzj eOIsdo dz d3 Mlsd difztstfs@y. O d4dj L s deddldsd o dz" j
o j YJ dzd j o3 FAsalanjj dpls oy ff j o sEts M zMS O
G r FA1O0x fttsotsHddzd Btsdz "j ot d3j ded
f BMisoaseo Odzs yOMmMisd ydetsdlz o sMmils Odzts o dzj dzd
Bisdz' "] ftesotsHddzd ot dzj dzd dzQj df jdzadfs W t
o dzj f dzO IsWBS te=3'4,0N 2 ,, 1IFAIx = 3,8N1, BA10x=22,IN5, 9
FALOx+ins=196806), 1 (L OHj©BY SO0 Hts PBEF2HINSH , 5MY
FA1x=126,1N 3 5 ,FA16x=50,248 1 5 FAGOx+ins=134,93M 2 9 ,(1tc4N)fp. 1) .

] sdzgzsd 7Hdzj 2 SAGfwGaawddzsh: d Bgdikzdzsce d Ml
cdffsCOBTO dO twjiyjflstste ¢ tsdej YBRAGE) . {f tods H |
o dzd ud ded § &3 EAsidinyej jdasdeXfyed@dzO !+ C MY tej Mnd W
ot aMmMjnr LBdOR cdfisCOoOR] ©. [ FAKDY tsL 9 & fizd gizd
L dzOydlsj dz' dzts fndzd L d Is ¢ L C MY tojAREFIIN 4 19556
FAlx= 8 0 , 4AA80x=63,8 8 NRAAOx+#hs=2 4 , 5(NSQ & . 2) .

30Ha THIITOKAMIIA

I'pynma CAl CA3 DG

PBS 73.3+4.9(79,8+24.17 23,635
FAlx 80,4+8.6(108,2+£19.8 |32,0£3.6
FAI0x 388=29.2(438,1+54,36250,1+35,29
FAlOx+ns 24,545,3 (43,5+£30,03 [18,0£3,5
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RAzZstcOdzOL Odz! des] 99 jHjdedj WtstodzOdz' H] G dH
cdyyscOBhjhj ddovy Mt MmdYy RAGE Ekfdd
Zdc OdzH s, yYlss ko jdkzdydeOjls + CMmftej Mmde G J
sOC Y J M smMse Mlselzj Is 1 Is s Bz YdteL SBiOL L
RMMmdzj Hiso Odzd j iQAiQ@MdchrﬁAGIﬂfndﬂlsegtsh-tlmePCI%al
fcsCOLOEBSRZY YiRtFyd o OjIs dn 1er]ljts fr]fno[ dats
(FA1O0x) tdO fMmdzedy 04 sfpyw. lojHJjdej C{dzfr]lzdzc
LSyt Mipde Lt sdm 6] detso (ffo‘dfrl 2) .

ADAMI10

BACE1 _
p=0,03 -
p=0,03 p=0,05 ® PBS n=18

6,000

7,000 [ | EFAIX n=16

W FA10x n=14

6,000 -
5,000 p=0,04

4,000 |__|
3,000 1
2,000
1,000
0,000

[lsdzsfidlsj &z dzOv ADAVMIOGBACEL ¥ ¢ j detso

RAzZstcOdzOL Odz! ded ftcd o pH Gled § ko j dzd yJj ded & E
Gdzs CtsL T d krkzubh jdede Ctcededlsdedsz = WkdzeC yd
RdzMEz dzd dz yOMmilsd ydes dzzyh ddz Msmistsw dadj d3r h
or wogddzO o j dzd yJ dzd J 1 CMmftej Mhdd RAGE ¢
Codzyd delstaQyddf frdedyddedd +bs2 1 CMmiftej Midd
Vo jdzdud dedd + CTADBMID® BACELl® ] deoz f §f § FAL1x M
or MoCdd3 kZtesodzj d3 G dzt C L T, sseHO € 0O¢ Mmdzad
CcdyftedzdCj B 2. vOCH] Hizgtssdidedlefjdiiz’ de'tejts o d) fijf
tsBi W fmdzj dzd W zo j dzd yj dzdDAMIO € BACE] it d o ¢ jj Higsdh
d dzinz dzd dz0O.

ANd dzOddtetsp Odzts s O or ff tsdzdzj dzO i tcd w d dzC
it smMd2MEtsets dzOlz Y daets-@500084dzH O (| teOdzls ~ 2 4

5,000
4,000
3,000
2,000
1,000
0,000

t dmiz des ¢

OTHOCUTENbHAA 3KcnpeccuA -AAC,

OTHOCHTeNbHan akcnpeccua -AAC,

s dmMsC dzdlsj cOlskzter

1. sfMzH OtcMmise jdader 2 HBC &ZOH ¢ [ Mshmistsw dzad d
SstcOmdzsw e sd3 € B G jtc O dASOV 2c3) C G s EDE 4 .

2. Tan, T., et al. Formaldehyde induces diabetEsociated cognitive impairments
/l FASEB Journal, 2018, 32, 36&8%79, doi: 10.1096/f].201701239R.

3.Zhang, H. , et al . Pr ot e eamyldidi pcecunsar o c e
protein // J Neurochem, 2012, 12029, doi: 10.1111/j.1472159.2011.
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vrs 502.175 %582.26(282.256. 3)

Rl [[ 21701y RY Jl[ﬁI[UlYllil ltazruv
b JARRL J Il o1 v 4L & LT Lr13f [fmf] Jc F
lrtevded torrR{ruvs) RS T [ 1 RH|

] J]. wbkobkttkzCto

1 Okzyde 2 tokz¢ a sH ddhsjddzO v .
sOdzH dH Ol Bdtsdzsedyj MSdr dOEZSC, H

LdedemMCd2 WjHjtOd dr 2 bkddojtefc

JISH dzr 2 Fodgiedlis antipyreticaHedw. i o j ydatsL j dzj dzr 2 d3C

r2, GZOMMtse 5 tcOL O do O Ismw dzO i tots |
tcjfdvwwm! wdLsdJHOB] ¢ IsejwHsdRBZ MEze M
dzd & Ols Yyofmlsqdyr oLOJN jdegdesets o jh jMmilse
@deaOBJ EMisdO ey Fis9 . #dzj His9 Ols j
| Mis o OmMmMyddteseo Odzgdetsy M BIBROMMEs2
szo[ fjtojdesmO CMjdsBdlsdStse Isj yj da
Jddj MmMtsmMls©a O odzgj Cdzj stsyde" = yoOMmlsdy,
¢Oo q tesdzd o fjtojdesy Isjndetsej dadz” =
)

G0 o I N
:I_I_Q—Q— R_S‘w
- NN quaw

oHdse s Bm O tlBdtcOdzd o to. [ dac
de tcsdzdtclz j d&3F 7 WCOHYGBEDS sde dg 71 bls@Bs
Odzd o dzj C dzj stsydats oZptihgehad 02824, ¢ OC
O d Ht., 2025). 1 @Bdhitc Sl lss?2 B(J
d OdzOdzd L Jtetso Odzd - sOCyj ftotseT dm:
4 dzd 2 . [ ddzj tcOdz! dzr 2 MtsMilsOo f tctsB
d desmMistczC skztcdzs e 5  OtelzPigis(d O  de Ol dEjj dgjdaizlg
gs h 4 s MNCRO deddigj X stotsdzdets? BBd S tesME s d d
ORMRP,j CIstesd3j Iste d y jdothaetal. 3 ROREd ( tsls d dzO
Misdyd M< d?2 O dzO dzd L 9 Cdzt yodz ftctseo jJ H
J 20 d CdzOMmlsjtodzsegts OdzOdzdL O d3] IstsH 5k
HO G dzOo dz' » -CdEoglfdad@j)dzls ( PCA

[ sdzv o dgj Cdzj ssydeg" = yYyoOmlsdy o HtetsBOr B
Jddi fwisd fsmdzR820CIsgd fzr 38 Otzj § tcts? ® 1z@
HtsS 43 %. 1 dzj Sadzjlssydzesy o jh jMmseats, OMMmisa
JOdz dzr | yOMmilsdwr ,»n fgldseHtisitclsdn dzj @ O lsfts dstic ¢ O
BB e odzj Cdzj stsydz" = d3d dzj tc O dz- dzf” yofmisdy
, 2 BC ds. Il 5 odzj Cdzj Istsydesdz o j h i Mo g,
jedmistcd tcts o Odz f StcsHSSBWOL 28 h dj @d@;

CrNT G RT &mmcmm3m5~&5
20
T8 n
&=

OwEo ~he

E wkitstekz¢tses 1.1., 2025
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fQdzs H O, [ dstedls "BeeK, BH dac)] tods HIsly FPUuEEGsdedzu, j  (
BEU 2Am) twOHdtsdzSddHr . v ftdiktsh! s ¢ dzOfmls j
odzj Cdzj ssydzr J yomlsdyr otHdMsets d¢Zr O BdzdL ¢
ftocsBOd3 HBdzedz" » Slsdztsy j dzd?2, HAEZOCE BGlsdzd yo
MsH J oy Oded & Isj » detsc j dedz" - tc O H dp'sizlz Cyixd[fipldschy
OmMmMyddtecso Odzgdzr = M otHd &3 WBrtsd3, B Ad2ZOtGlZY
cOHddzC dzdH s, tjcedmstcdelzj &3 7 -67 %f'Case On
3881 % 137Cs, 33100 % 15%Eu, 2060 % 2“Am. o fo&sh i 8 (ot
OdzOdzd L © o " wdolsdgjddz@izQWts detdo d Md d3smis!  d3d Y HiEz M
tcOHBdzz C dzd H 59 d fstcsHBtSBWOL EZE M dA d3d dzd
9daj Cdzj ssydz" = YOMmisdy &RCs Eu, B dzdzi) n $Bs fzts Y
BFu, Am M - dsegussd; €9 Oty ds, f dzOc d ¢ dzO
vdzj HS9 Olsj dz! dzts, 1 Isd dBBddzj cOdzr dBseckzls EZyoml
( ded d 2 . ¢ dzO dzd L BB sBHBA ¢ dzOo dg' -~ Csd3tf sC
tcOL dzd ydw d&EjyHE MshisOeatsda BdsdRzOMM’ 9 BH dzts
fMgHey Oded ¥ teOH d t5dzlz € dixfteics®dzd WJfiglE] dedOEiztsoe] dj M ls o
LO Mydls yomlsdy odzj Cdzj stsydesets o9 jh jMlse O,
B3n O.
b ZOdzdL MBMISO O odaj Sz ssydzsets o9 h jMmls
B3n s d3, fsCOL Odz, Ylsts o BHdAz 2 B a fmdzizy d I
oLOJN jdedesets o N jMmlse O, MsH j oy O jets tcOH
otsHdzr f fslssCd3 o to. [ ded M J 2 . lodzj € @z Js fp s @
ftiosdzj ylssydesets Lo jdz0O © dLBdWOIS] dzd desdz 1 J
Ctsd3tf dzj € MJ M (otosHssBOL 8 M ddgd d3d dzj tc O
Slsdztsy j ded W B3 o  StsMdMmisj &&f te. [ dedfg 2.

uf d fidskls j tOkztor

1. Zotina T. A. Particulate matter from water moss of a large Siberian river:

Morphometric, mineral, elemental and radionuclide composition / T. A. Zotina,

V. V. Sukhorukov, A. M. Zhyzhaev, Y. V. Alexandrova, A. D. Karpov, M. S.
Melgunov, L. V. Miroshnichenko // Journal of Environmental RadioactiviB024.i
V. 272.71 P.107354.

2.1 Blsd dzO0 v . o . b dz2OdzdL odzj Cdzj Issydetsc ts
oBHd &3 Brtsdz, CO0C Bsdzd s tste*® JFCde | dzts fipO  tp Eaf ¢
vs. ¢. 1 68kddko, 1. 1. wkzaskzStse, S. 1. ¢
WiH]JWO. Eddsdsedw, " ERNBTMACBY( 1) . do. 82
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V[l s :7.352H56

1ot ordfse 1t oruvwd I [ RLUOSRS[ NMDA s«

l. €. 1rkzuddztse
1 Okzydz" 2 tkzCtsosHdbkjdz ¢. 1. zke
sOdzH JH Ols-d3D Yy RO yj MSdr dzOEZS, L Ooa jHEE M (2
Bdsdsedud Mcdn MdMmisj &3 d ¢ sd3f dzj
wdBdtemMCd2 WJjHjteOdz dgr 2 kdado j tefec

1l Oy dz" &g B - Odzd L d3ts O3 f OsWdLdtsdzsedd 1
L OBtsdzj 9 Odzed2 WwWodzv j Isfipv{ ts6& thOP HsjsdrEE Md ydatf ) I |
9" Lo Odzdz" | dL BTN Issydes?2 OCIsdoOydj?2 tojyj st
toj Yy flsstetso . [MtsB T 2 ddzls jtej M € d joj HNGNMADA dz
toj Yy flsster , Iss¢ yjtojL SCtbtster j dddyddteizjls
MismMtsBde j] HtocdotsHdIls! € twOLkz" jdadys € dzj Istsn

AJ dz tcCOpdstdsH jdzdtetse Ols!  H d dzOBP R z®@ Offs k Yy
tcOL dzd ydz" = MsmMistswded?2 tojydflsstc® d ftotse j
odzdweshdn dzgO ¢ yYjtejL € O0dzOdz.

[ dzv s dMOded W tclg 5 fds sSEMD A" dzO  sfilstotsj dzC
gL mMd Mmlsj 3 HdWW Jjtej dzydOdzt dzr = BktcOo dzj dzd 2
fitelrntSHtS BjYHE WER ydgqsdzOdz' dz@ d&3d Mshmistsy
or mMosBBYH] W ccdzElsOBRBOISO [ 3] dzd  ffisddgd v BY ¢
ZzO BOLj HOdzdz R~ fsdzz yj dedzr 7 3j sStsH tsd3 dzts
Cdzj ssC M LOBAESCdiotso Odzdzs?2  dzj L OB dzsC Jtots
B ZO0O ftejHSMIsOodzj dzO stcOMmy [ v. 1 sdme f Ot
HgWW jtoj dzyd Odz! detsydzj izt g d 2z s fdzj dzd j o5 dzts €
(L-BFGSB).

CCfMm jteddsj delsOcdzr dz' j HOdzdz j HJ BsdzMistedt
Mddzj Slsdo detsdts B dzts$ Ols tstc @6 NRR By dndz®@ 1 Iy 51 @lzdlzyer
Yylsts fteslsdosstej ydis ddzZskzdlsdoe desdzz sy dH Odzd &

E 1 iz H dz8.92025
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—— CurHan 6e3 Ro25-6981
CurHen B npucytcTBun Ro25-6981

0.04

0.02 A

0.00 EREUILLLI LI L LU -

Current (nA)

—0.04

—0.06 A

0.‘1 0.|2 0.‘3 0.‘4
Time (s)
{ fMzdtsS 1. utcOo dzj dadej yl§ tf Stsds, U Jf ts falE vayMDIAS R o dA(R
9418

HoisC BjL BdsCdietse 6 ds,sSC tf @igdes dizsGhafliaists i&Hj d doRP’ B
f sdEsh ¢ ¥-69R10 2 5

[ dded i3 L Oydq ™ shde<d Bd Y HE BB HJ dz' def
1 Sy j tod d3j dzls OO dztiz@sdkd ABBL o sdzd d&zO o " w o d Is
BsHjdzd tjyjfltsttd ftod ©OL dzdyds » Lktotsoe dzv
dzO2 H j dzdz’ n f OcOd3] stets o f sHMlsOo dzj dzdz" =
¢ ts dzls tafdisdglotxizlz © Hd Z20Rd ¢ & dzOB dzt H O Bz ¥ )
fsojHjdd] s, ftod Ctlstster n o jtotsWIsdz
o' hj ftd EHOdjddd tHdtects dqL fftbktstte, dL

1T odzts ftsHIse j oy H j dats dzO dzd y d J H Odzdzts G 15
Cddzj sdyud M&s2 Mmrj &k, hNighigsswif P2 md s4Isd s
dZO2H jdedzr 3 § OO ste ORI, dMfsdz L v ttOMYJ

vOCdds sBOLtsd3, f OLOHBSEM 1O MMO iBsy J
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prwodzjdedv CBdsedyjmMSd ®GfOmdr & B jSls
fsdzdetsdtse, W dSMOYydd dzjL OCtdzdz 5 Mo OdzsS

[3].

stesd3] Istsets, dqdelsjcteOydwy J Ry o BkZftOo dzj
MsLHOdd yYydmlsr m cBtetsSH B9, LO fmyvyl COC f
Codzlsj 2 dzj etso, 1SOC d LO Myjls Mmdedy j dedw o1 E
fted MsCtOh jdd dr fwtsBjcO |

Il dmmdzj Hse Olsj dzt MEC 52 tOBSI] tOMMBsIsts
SlsmrSHB9 9 G. tdlbtse [ tsMittemMCts?2 B d&ZOMIS
tcj 2MBe dzj HBGtelzy J dzdzr dF Qo lstslstcOdzy Stelstsd3,
sBMisOdzso $d, o' BBty dzj S lsd BOdz! detse 5 dzOte M

J nSHJ tc GBS Is O8 tzj dz  J 6§ yd dz MisOIsd
H dzw COYHBGE oL iItsy dets G 5 BOteh tclzls O, ]
COtelstsetcOWNdyui mMedy mjteoadmr , Colsster | dBGL
JRYsjCIsO s tojh jdads f sMils Qo dzj dzdz" = dzts
&ZzOdBtsdzy j tlsddzOdz dzr 2 Mmj tco dm, cdsO fpfiptzdHiste) det
IRENdMIsj &3 o EftwOodzjddj ¢YJitjosL OB d |
or sL n

J
Blostse o ObdisMy jtedy 2 oLHEZA ftod MBS taC

fdMsC ddlsjcOlskir

lL.stsdzH e Olst j p Ot v S sotstbtfo C LA disec W : v
d f§tOS S bodefHsMC o O: RLHOI) d flshHIs fY.tc OR ls, f
5B tc OL 5 8I6BNMPFSH-534007695. - EDN [IMKMN.

2sdtemSd, ry. 1. tod R4 o tBJIMfJud
Il rktedzOdz 5 { CStsdzsedyj MStsd3lz d3j dzaj H Y d3j dzls

3 Wdydodz dz" 2 MO (shMftcdtctsH dzZOH L St6.
center/rosprirodnadzmalichiesputnikovoynavigatsiiustanovyah&vneplanovykh
proverkakh/ [Cdzj Clstetsdader 2 toj Miztem]

4.t sz, v 1., A j dzif [ . ¢ dz20dzd s € O
slsa tsH Od3d : 913Ld31s>1dzisfr]lsq’ d fesBdzy &3 [/ 2 r Izt
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gfJarzrevl o 103 fylrriam fost{fRrRACUSLT |
svu[f 2001 M HRIRTR
RS . stfmdzdeayj o
1 Okzydz 2 tkzC tgo. ts Hsdds ! ts ofQ
sOdzH dH Ol Bdtsdzsedyj MSdr dzOEZSC, H
dedtemMCd2 WJjHJjtOdz dgr 2 kdzado j tofy

ltcdmizlsmilse d 4 cted B O 9 Is ts 2 d dzd d dzts ?
Jet 1St duimMcédBBd Yolstejpdtsmlswdid, 6]
Mk MlstcOlstseo i toj-AH g diBff gz EdH JEPLBOCIsj tedMmisd
sls dzjj " HjdvEIsMvW-se®OY dzd i qj { EHAET ¢t
BdSCsBdBIskz f SHtcOL Hj dzv & Is &ZO HjW]joBKOL iz
]l cthoffisye jdzdz" 7 BEFOCtesd3d yjIsse BI j HJdgw s
d tcOL dzd ydz 4 WtcOC ydd sf OHO d f sHfisdd
RO syo j dedetse s BOSC tets Bt Q) WS B2 ¢ o A f §f dats 2
d Misj Mlse j dzdzets ¢ 5 ftosdMmn Y Hj dad W Istc lz H dats |
Md3j h Odzdz" disd Htcj o sMissWw d3d . [fIsd B30dz! dzets { tol
9 MBsdesHRJ dzOdzlsT = MtssBN j Miso OF BHdso L tcOf

1 B st i3z yJ dz' ZzOMmlsswh j 2 tcOB IsT B
Mo ecslstctsW dz" - zOf syoe j dzdz” n BOSCtesdByJ Istse
sfdsodzr 7 dzj MstsBtcOL ¥ hdr ftstesH wdBdtcd.

[frls M Mmdsede &3 dzi Mder &3d Sk dz' skt Odd
60nT dzOYyOdg THHtsS9 mm 9SO o wsCtoj Misdetsmilsw A
[ B34 dz' W dzsoa ME BEE t©60O2 O sttOmMdswtemMEsets ¢
gl 1 61) . Lded € Odz! detsfls nOtcOCIsjtedMmisd e L Is
® BHddsotcj d3j dedatsdz tcOL o dIlsdd h j Mmlisiceaodpyafgts ts B tc
Ledeb) , BJjtcjisg ) (Bitsmbza (LPi)n u sizddnysle yj sadrnyir s (
Ledeb) , ¢ RBinudsiricdDu Toun , sAogulmstenqulal. ), o' MOy J dad
MisOdzH Otclsd L Jtetso Odzdz" = s iHOwc{ucjfr]Qc{d:s d
CtleOdzd yoh drs Htekze M Htokzetsda EZyomlss O=. R )
fsCtetso® [1] (S OLOd], vyt ddmlse jddz j
ftcj Hdzj o SL eOMisdets? Is 56 tc kg fotf §w ¢ oO¢ no i
J dz' dzd mis e § dzdzed y ©O) slsdzsmw Is iyw ¢ G to
BsdesH sBJ dzOdzlsdzr di3d Htej o sMmistsw 3 dBsckzls
I Mddeded €, dzdMmilse j deded ydzd ¢ d, o dzOd B t5dz!
ftcd d3j ! Hickedrn Htejo iMdX D HotsH § S s dzp &
) BJjtejLdw €@y, 9 Cslststcsdy OCIsd o dats tcOL 9
d Jd&d, o s satjBBY COC HjjoO! W BjtejL'™ of

E stsdzd$ 42026 Rr.
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RMMdzj Hse Odzd ! dBOIsjtedOdzr, MtsB tc Odzadz j o
20222024 G6t8HO. 4 B tStc, GJjtBOdL Oydw d
smizh jmMsodwdzdm! 6 tBh jfteddaW Ists?2 d3j IstsH

J slsj yd mlse j dzdzts 2 dzdlsj tcOlskztecj sBh jf
ctcdB SO, ftcj HdzSY J dzdzOV ¢ . [ . Stso Odzj dgS 5 [ 1
MsCtcOh O s dqdzd HEftsdzdzw ¢ Is. w6 &zOMdets { tod d3d
fSHtCOLHJjdveElsmw dzO0 Gtk L &0 dkE&EsIctsigs ds §d2a
I Fd dzO0 f 8Bfyls d aADHYi s yalzdD BMisOlC OR IsigQe,w dzd
dz0 BMOS 20 f dzsHiso ' -HBOSHwRF M dz80 + C Mo o3
([, @O BGBERZGcdjiddzEd]|Mkze MistOIlsJ

J tcJLEzdz SOy s jHjdder = dMMdzj His9 Odz
sfrilso 9" Weo dzj dzts 27 odHTSHO MOof tetslstesW dzr -
ofmMd dL Ctbtrn weodwslsmw ftojHMIsSOs dIsj dzv 3
orwodzjdedzr = o9dHBo fteddOHAj 3 OIls € ftsteWHC]
Hiclze d n Holzrn fBtGWHCTEH dzj L &zOydlsj dz' dzO. J
d 17 twHtse. wOd3 &i3d BtSGE Ol d3dMyderm( 41 d fdzkz O p
Marasmius (3 o9dHO), f®RtsygdHOdIH T 3 tcj HMIsC

Il ddisteW sdzsedygd Me d?2 O dzO dzd L f ¢ 0L Odz,
OO0t S sdHdzr d&3d GctedB OBJ, sted o dHO ldtshd
sHddz BT &z 6 OMiIsj tesd3d yJ Is 5d3.

CCtdasetsY d yj MSC d?2 O dzO dzd L fsCOL Odz - dzO dzd

stesW duyd MEdn Gtelzt (sOB dzZd yoO) . 1 tsdzi b d dzf
ftcdztesyj dzets & § sHMmIsd dz€ J , 4 -de HOBG tpds jn.dzdl tHzC
odHLE ftcdmtBH d dzts ! dzO CGted €Oy MfistejjH  H)igz k
Bnd d lsd3j teh dj f zcHtsB O " | s d&zO Mm" s 3 € ts
odHT , sB ! ydzts tcOMmiskzh dj dz0O 1 CMC ey d3j dzls O
s O¢ CO¢ H Qdzdz" J C Ools j G fpftpdf fH EHnjlzdg’ fifls toPjsdgtbL O n
vsOC Y4 dzj o' wo dfvadddiets ygitelzfie 'y ¢ G MisOIsE O
(C0O0C ftOo d dzts, ~nOtOCIsjtedz" §] HMzZW dzzeBo "™ - C
v OB dzd yO
sOftoslstetsW dzr | dz2Oftsye jdzadz" | dBwBOStetsd3dyd s  d3c
vtesWdy vydmdzts |[Rfgfdzj Hizj d3" § yJjdzsLr (M j Mise O
W oGtk | HOdedes2 | s jHtsts [ M dack u tsdev| [ dMmilse|ls jtej L|[ dz' deqd
Gtz fr|c d ydzd ¢
oMIiEB |ydmdts s dHtse d&zO HOdgdes B Mize MistcOls j
Fd 4 1/ 1 1/ 1 0 1/ 1 1/ 1 0
St 16 4/ 2 2/ 2 3/0 4/ 1 2/ 0 6/ 5
Hu 5 1/ 0 1/ 0 3/1 2/ 0 2/ 1 2/ 0
M 1 0 1/ 1 0 1/ 1 0 0
Mm 1 0 0 0 0 1/ 1 0
Ilfjeés |27 6 7 6 7 6 8

ltedd3j yodad j * : - vd mezfsi daddlsijtsdaj H Odzdets?2 IstetsW d yd ME 5
ygd dztst |, 9 1ygtnikltizOds g wiAg o |, Fdzd € Odz dz" = Hdzv H Odzdzts
® Htkzedn.
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10detsdz " jj ydimdzs odHtse dhmdzjHEZj &i3Fr = ¢
(8 o9dHtsea), HOdzjj dHEIls thddaded ¢, dzdfmilse j dz
d BjtjLds (BEBLHYUDEjHdsodets dzj 8" MBE 8] ydMm
BZOCtesdzd yj Istse, orwodzjdgdegr = © BJjtojLdgv Q.
B detsH BB dzO dzlstdd GBI sefd dzff detse 5 Y BHtetsMISO Htck
Codiif sdzj dz2ls Od3d Y sHMIsddz¢d tOL &zdydesets  tetsd
ftcj H sdzOGOI! BBAdZ' N jj] odHBaB] tOL dssBiGOL

14d Brdzts orweodzjdes odHte, ftdmkhdr of
Il Mstej yos Ismw O BBd h j2 yoOmlsd dmmdzj HiIzJ d3
perlatum Perg5y J dzB3,IH&E@mycena lactea (Pers.) Singer, Inocybe geophylla (Fr.)
Kumm., Mycena leptocephala (Per&jllet ( f s 3 yJ dzsL O Mmtstslse § Is
YyjdetsL O3 B dzts ftedbkztesyj des Istsdzr €68 2 o dHO,
CoCHmflB s tsHdsdiz yJjdesL 2 d dzgj o fMmilstej yoOdzd My

vsO0Cdd3 sBtcOL BB, odHBoats?2 MtsMisOe MOF esls:
sdzdz" = dzy Mdzr = S Edz Skts, W stedzd te s 9 O da
JMedr EmMizsedwnr, o Cdzt yodz 9 Mmjsw 2
dqyudzr &8 HdzWw COYHTS GtSandz;dz]zL@tG;cﬁ@Izéu
dZzsydzr d3d MO teslstesW Od3d .

dzdlsj cOlskzter

tsap;) ZOV | miaso O .59 O 4d .d tcdH .5,dzts
ChRaddztOLodlsdy dMmEEkMmMmise j dzdz'
O]

roo g

N Ezteded03.12997. ~ 4. w. 393
, Ct dhJlslded Sfs@MPN@ . sHMisddzCd d
:4(£Izdzilslztc,®: shdzso dzf = dzj MEsts
Jdzedj . -20014. 1. w. 42
s o Odzy deS 5 ¢ . [ . CCBdtedyu MEd2 BGBL Bt
ol et al es Agarical es, Russul al es -9 G
Of OHdzBe s s COLO // [de¢sdsedw d Wdltst C
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sJ. skyjd

1 Ok ydz 2 tolkz € tgo. s Hsddssj ' ts 9[Q
sOdzZH dH Ol Bdtsdzsedyj MSdr dzOEZSC, H

LdedEemMCd2 WjHjtOd dr 2 bkddojtefc
sfd dsls sl dr j BOC s di3d Yy ls' T OEOCIj g

tcOLodoOls: Mw d&O Yder'rs Hjtjo! wa d Htcj o
dr 90y dz¥ totsdz o 1 CMdMsy WBOE o Taigls j s dad.

tcOL ZOc OV BtcOddyj Mc¢dy &BOIsjted Odz' . 4 d dzO dz
9 twWjLizdz IsOIsj 9LOdABBHj2Msadw tstec OdzdL dits o
Il HOdpzd) Qjlsts BOCtesd3d yjls' , OmMmMsyddtcso Oda

Yyofmsts ftesdLcOMIsOsls © cetesHMCdr d f§todcH
mMd zOdzlstc s dzr 2 d detislslzif WY de'nmn CROSC sdzd yd Istseo,
Betula d Populustss 8 OIlsT 9 OjIs oL Od dgtse w L ! GtedB SO,
Hitcj 8 J Mdzr d3d tOMmIsj dzd W o3d , M Ctkzy O0sh 2 Mt
ftcj sBtcOL 59 Odzdzs?2, o dBOMhIsOBOR Stz dscts
CMhd dzslstctsW dzr = BOCtesd3d yj Istso ) Md de&Ggzls o s {f
fteOCIsdyj ME s L dzOyd dzd J HdzW tcOLtOBBISSd
sCtlkzy O h j2 Mt HT .

]l MmMewrd M 1ilsddg yjdz ¥ HOdzdets?2 tcOBTSIST
Md zslstes W dzf = BOCtsd3dyj Istse OmMmtsyddJtetse C
sHts® Populus d Betula © GeBtBHj] sttOmdatsn

[BI jJCIssd3 dmMmdzj Hise Odzd 2 mdziz y d dzd ¢ M
OmMmMtsyddietse Odedz” | M Ropufus zpdsb s desmGd &. ( K
Grig. ex A. K. Skvortsov) [2],L.tnhddaxi2]
i ki€MmifdzO) , Ists fPomidysatpals. j)dz'ddz iftse sC 21 datsmls+
Betula( H Odzj jJ {fitB jdgjjSLilglz f tesdL e OMis O h dd3d o
CBtBHO, jet tCtjMisdsmMiswvn d o0 Isjttedlststs.
dlstsdze " e .

l StHj dMmMmdzj Hse OdzdwWw BT dzd L Odztsy j dats 1 ¢
Zydlsr e ©OdzO ! oMmlste] Yo dkgtsmls f d&zsHis9 T
YyjaB &G 100 HJjtjo! wQ dLEzyoj 3" » f sStetsH.
tcOL H j dzj dz zO0 Isted Ctolzt fr : culstsdz ' e (Is
CstcOmMdesw tcmM& d J dlssdzs " e, Cdzlstets dzi dzr 2
(¢ deddz tldtsmMwismw Htotseds j ff dzsh OHd &3S tcdz.

¢
G

E skyjld, s2025
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9 Oe , d L Jdzj dz j ZOMOYHJjdzdW GSeBHME S
o BH J dzts ¢ fs BhjfteddwWisr d3 d3j IssHdC O3
HiMise ®© odHBoer n MmMisQeatse BOLdHIBBIdYJ IS
dmMf sdz Lsea Odz Ss1 WWdydjdals r OCC Ot O.

RL EZzyd dzd J 9dHBo G S cOL destsBtcOL dW ¢ f
StOmMdzswtemMC O d jets Gt MisdesMmisy 2, ftodztot
f StctsH, f ¢ OL Odzts, Yylsts drL 157 o9dHtse &HOC t
Isj tetcdIststed d, Md zOdzlstetsf dz" a3 W &Y dAf9 o PBH
OfmMmMtsyddese Ode" M iHY LgMmds®es ), 78BTotjdr] &3 Md B C
81 keftsdzjdd BJjd& d3. 1 0detsdzjj rOOCIs]j todz d
odHOMBd ctdBtse MIsOdzd Gt HMsSOadIsj dzd MmJ d&3d
Clsster A Yyoh j oOazdimets Foimew j y o-me@ahoaarmau s
applanatum (Pers.) Pat., Trametes gibbosa (Farslyrametegrogii Berk., Trametes
versicolor (L.) Lloyd) . [MsBts or MBS dd3 ydmdzsds md dzO
tsls dzd y d dkfipmetes s H

¢ dzO dzd L Mssilsdztsh § dzd v oMmlstej yoJj dgsmisd
9 twOLdJyde » 5 bktessdew Odzastetst ¢ Js@dpE y Q)
Yls ts &zZzO SCtdstttsdz dztsdz Eyomis¢ j (culstsdzB ' €
ChddzslstesWse o yJj dzsds dzOB dz¢e HOJ Isfw  dzOd d3J dz
tcO2sdzOd3d dMmMmdzj Hiso Odzdw (31, 7 %) .

W =Pt
“1g g
g7 T

v OB dzd yO
stslsdetsh jdzdi oMmlsted yoj d@i3smisd ¢ Md dztslstetsW dzr n
ftcdztectsyjMPag &kl €s spp. Ld dBedt Bl adzOsigOp) .8 jodd) vz v to

s Md dzts Is [ tsdzw
ydfimdzs o dHtse s/ sfddzsl uddOlstct J fnd dzO dzls to
BOC tetsdzd yJ Ist dz' J Cid dztslsty BOC tetsdzd BZO S tots dzq
dLEyoj &3r = dzd BOS oS¢ J Wsdetso | tsls tsBh
HicjojfMmder = | IsT, o BOStsdizd &3j Miststse yd MdzO ¢
2 %

I Mmjctscote@Mdets W
tls s dzEzO dzd s o 123 39 84 31,7
Hicj o J mMdzr =

Imjes d&O B

¢s to Ofn dzts W 1 i Cod | 100 36 64 36
ImMijets dz0 B J 64
dzy MO~ (BJtedlL
$COH] BE B 96 40 56 41,7
HISEHGEGBIGEBH S
ImMijets dzO BJ t6 3 3 0 100

ZOMOY H jded W R
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IMjcs d0 &

cs e O f dzis W 16 e | 59 20 39 33,9

I mMiects d&zO Istsi t
9 L J dzj dz" = dz( 36 20 16 55,6
GistctsH O

IMjcts dzO0 bty
Ljdzj dz' & dzOfn 8 5 3 62,5
CGtetsH O

l1ted twOmMimdislstcj dzgdd Sl dzj MO € Mddzslstesh
d 94 Mmde &3 f stetsH O3, or wmdzy § Isfmw, Ylbs s
L dzqu’ls; dz' dzr 7 € tsdzd yPids ic®F #f dofi itz QO Hsls ik
9 Wtdssor o szndztsao[W:. 10 BjtejL]j, Ctlstster
tGJStStGOLtGIZhGBth” ctcdB tso, ) Wisdatso T
¢ 3d oflstej yos Ilsmw, dzs o d3gj dz M jd3 € tsdzd-
1,7 %) d o Ljdzjdzr n dzOMOYHjddWr CEBts
ZOdzstetstf dz2" = S Md dzslsfigs W tsfgd 2O ¢ S BlskzdnO,j
MOYHjddWrs CcEBtcSHO HO®j] HtjojMmder =  StsH
G dzO f dzts dzdIsj cOlskztcdz" d3 H Odzdz" d3, sB dzO|
jtcj o BtOL lz dIsj dzj 2, L OfMj dzw ¢ Isfpw dzO d3dzts G ¢
ddztslstGBwlsaﬁ]dEgsdtdsﬁgsﬁijW ftodztetsyj dzs 55, 6

ksftsdj d Bjd & OMMsyddiess Odts oMmjicts 8
M dzOdzlstetsf r .

lted sz Mstsdls tslsdkjlsdls! |, Ylsts € sy dzj
ftcdztetsyj dgdz" = € Holkzdz qLEZYO] BB d3 totsSH O H j f
dzj MIslstew dZBeeYEriBGE¢lzs MfjydoddL Oyds Mt
dtntsHMlsots adHtses CMddskstosW s lsdasdls j dz' dzt
tesHO btsftsd (MHdedhEdH) d @ jHsBlsOlstsydats
Bdtslsts?2 MddzOdzlstetsf dzf » BOSCtwsddd yl Bsd b sd&
mMdedtemMSsets  Bj dZsets Mtslse jlsilse j dzdzts) .

v OCdds tsBtOL s5d3, MddzOdsttsy dz'Po p Ut dgf dzjs P
Betula sppS d dztsIstetsW dzr = agQjCdpjtsdisdry j s O H j dzd WV R
ftej HMSOodzj &z 53 o9dHOBd cGctedeB B9, ftoj qdslzh j
ftodikztetsyj dedetsfisd dr € =i tofff mitg sy Qaldz B3ts tetichj e
odHtso OV M jydWduydetsmls! . | sdzv Md dzOdzlstotsif ts¢
Odzlstetstf s¢ j dedets?2 deOctelzL € d dzg@ L jdzjder j dzOMO
L Ofj dzvw s h A HicJ o J Mddez L dlajtslm - G tdaPENt®o H | dz
~n Ot OC Isj tod Pdaujuss M tctsH

s dmMtsC dzdlsj tcOlskzter
1.Kryuchkova O. E. Ecotrophic Structure of the Macromycete Biota of
Introduced Tree Species Grimg in Krasnoyarsk Green Spac#sContemporary
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Problems of Ecology2 0 2 2 . P. 188 Z00.

2.5 dzd dits o, ltetsh Q d dPdpulusksibiricatf tetsB dzj d3r d  j tof
dmmdzy Hso Odzdw [/ / 1 tetsB dzj 3" BBIsOdzd & d 5 dzts:
fts BOIsjtedOdzOd3 XV HItc OB dsy H & dz@aly .-2 7dzGdgDny.dz@Q O diz, 8
20184 . -200.4

3.1 sdzH Otc | J 9¢O. JftjH]ddIs] d G tda{"BHE®S
oW dzzW stetseo " | .1 ORZYOO 2. HI B .M.

L[ s56P4

{At1sd L0t dmRIRY[Hs L] wfuov C1LRC "1 [r1{
LLtdrée stowr fctuso

. R. [ OCOtess O
1 Okzydz 2 k¢ a sz dlicjodcHz IstH.d dzts o
sOdzZH JH O ¢ iBectOWdyumMedr dzOEZSC, HTB

wdBdteMC d2 WJjHJjtwOdz dr 2 Edado j tefy

10Gtew L dzj dzdj Obdsmit jtcr o cBtesHMSdE &O
fls to O dpfpdsjo df jozietsts 2 dzj SH datstetsH deis fyls + & . [
Mtcj Hslstsyj dader d3 tOL d3j h jdad j s dMmistsydaed S ¢t
EOydj2, tjd jWtsd dd&j misdsilsd,w odghtsh ggtd
Odzdyj MSddz BOt! jtesdya dzO Hlklsd etsLHEZNOC
Bfteso Oded ¥ Isj Rdetsc j dgdy 7 2 Odets BOdzd 2 . "
did i3smlsj 2 By N¥HE MBsHJ ey OdzdJ &3 dBdetsc d
Ol dBsMY jedesdd oL HER] d dR ftgH Htdy O diipsds Os
sftcse 5o Odzad v , fsLod s dMifsdz L s Ols
Hdzw L CMftej Mides?2 G j Bn Cfdsd\ufn‘lis? ddzin d € Oydec
Aj'dz OBl S cdpfddrj@@igeBdzd L © ¢ j 0 dddyj MS
Mdzj ydetsets fcsCtetsoa @ €. steOMdswienMcO i yj d
pjh jMmlso o jEaqjud®al ' dzj o 52 d&OCELlkL Cd
LYOMmMsed st Oz Mdz] Y detse s fsCtetso O

f
tc
f
b
\

OF+208
ogNGFF

v OB dzf yO
vtsyféd thkptc® ftosB MdjcO © 6. st
1 O0d d3j dztse Odz t OAtsdz 6. st60 stststocH d dzOls '
4G9 jte-1uC A [ 4 dgd dzgi € d 2 502020 24HB 40
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1.Impact of forest fire on soil properties (review) / A. A. Dymov, E. V.
Abakumov, I. N. Bezkorovaynaya [et al.] // Theoretical and Applied Ecol2g$8.
No. 4.P. 1323.DOI 10.25750/199%1301:20184-013-023.
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Zmdztse d w fsyoststsBtcOL tsa@dzc[w ML HO Ismw )
or tetso dzj dzdzr = EZyoOmlss On, CBlstster § daf ~OtOC
HOdzdzets 2 d3j M s datgfisldedd]. Y j M€ QRE ditsdy s O dzO0 o' totso
swxy dzr 2 (fmefjmyuods 2), Ut ftjH]jdev]shw
v OB dzd yo 1
1 85COLOLjdd WdLrduimSdes d SddidujmSdn f
AgLog LHJ dz
| Gz | | 8Ol o5 ol 2Oy et | Z Bl 8 ' 2 |sOtks
dzO, | yj m<d?2 001 % % otsHdz| 9 jf, |Olsr ,
dsds) | 8/
CBBtdtLY 3 d dad Wi @ieze dzeoR(StgEdity s d o dzOv ¥ O
05 | Md j my({ 16 21,32 5,57 6,8 2,73 4,77
k¢ dzd d

5-10 djcCdq 22 21,83 5,38 5,9 2,66 2,39

1020 MEkd j Myl 19 23,56 4,56 6,5 2,91 1,60

CdBtedtsL Y d3 ddzd yd QaziodiOxlz! (dzOwOdeyd v ) .

05 | jMss f] 9 26,26 0,00 4,7 2,67 0,80

515 | iy § my( 11 27,43 0,41 4 2,56 2,39

1520 | k4 j Myl 11 23,24 0,31 4 2,82 1,59

ChBtedsLY &8 dded ydodz! dz" 2 (1 dz¥ 9 d Odz! dzf

05 | Mzq j qyl{ 16 20,98 4,28 4,2 2,82 3,58

510 | k4 j qyl 14 17,15 6,61 3,8 2,81 1,99

CdBtedtsL Yy d3 ddzd yd QaziodiOz! (dzOwOdehiyd v ) .

05 | jMss f 9 34,95 0,38 4,7 2,69 0,00

146



t h “"™ . ".x.e *ho " eo e x -eo o e h e ¢
< * < 7 o< < *

510 | fzfq j Myl 12 27,74 0,62 4,5 2,70 0,20
1015 | Mk§ j Myl 12 27,56 0,62 4,7 2,65 0,60

dtojHdzj j] Ld2Oyjdedjy kEZHjdz' desets 9 MO 1 3Bt
2,7 ¢/ fdz, Wsdser o fisA06 da/MEds.dz £ @d i dz 1
bHjd dséts ojMO shijyjd oddLbk §tes¥dd
O ctwOdedyj M syosstsetOLEZEMN j2 {teHB2,
(L dzs 9 dOdz dzOW W Oydw) .

l ctso Odzr dzOW 9 dzOY dzts s nOtcOCIsj tedzO Hdz
dL Sthf dsss ds®Bsydkses ®&OkjdOodkd. 10 Ij
smlsOo dzv jIs 2186,2 7¢O %S dztsdg@To “ T §L dydd
I Wsdtse' o fsysOn o dkOydshls! Ekd&jd h0jlkinw
Bd&zOGtSH OtcW 9" MsC sdi3kz MHJ 6y Odzd stc @ Odz
d MRS @k Hicj o smisss .

lodHuk skhklsmlseadw § d&smMSshmsdses A o 0O
20 tloOdzj fwsdmMoitsHdls ddasj dzmdo detsj dzOC s
o' MsCts) MBHj LY Odd] GtcOdkdyjmMStses ojh jf
fcyo ssBtcOL so OdedWw MtcjHdzed] L dzOyj dedw MmtsH
orhj, yidk o dwJdaj cOdzodzny fesmedL(HAMAT s
Mdd desS dfmdz j, BjMSCOetsdzOldy j, des dz® Isj
o dzj fsftcjHMmlse j dedets? BzdL sfylsd & tslso Odzlz, ¢
ZOS Of dzdo Owls gk dzd & cEtedL sdalsOR. 1 MCter h dzr j
ZOf syoe jdedzr 2 ftsCtotse MdzOBBtOLOdIs d dzj i
dzj Isdf Jydetsy twWOMftcjHjdzjdedj MowL Odes f O t6
COtc! joso . [ OCMd BOdz! dats § MtsH J oy Gdds M i§ dits

CotedL tsdzlsj dedydgi 2 IsjtetcOmMr, cGHJ toj OCydqw fi

v OB dzd yo 2

1 5860L0OIjdzd WdLduimMédnan d nddB3duimcdn
{Odzlzsi_tGOdzlzdztsMgc;'zqu;“észox | g3l e t’ngsomst
: i med? ﬁo 01 -« s+, % o SH dz ¢/ r, 9

it YOQotLY B3 ctckzetseckzdgsEmMtsear 2. t OL

510 | § 4 S 6 60,82 | 7.44 | 37 2,65 2,75
1015 | § j S 7 50,64 | 3,92 | 44 2,68 1,97
1520 | Mk j myd 11 4480 | 2,04 | 46 2,63 0,79
2030 | fMEf§jmyd 11 42,65 | 1,80 | 45 2,39 0,79
] SHLB&dMSOw. tOLEjL 6
1520 | § j s 8 4835 | 811 | 4,3 2,54 0,39

2030 | Mkfjmyd 15 4328 | 3,71 | 41 2,82 1,58

147



t h “"™ . ".x.e *ho " eo e x -eo o e h e ¢
< * < 7 o< < *

4050 | § j psS 8 31,26 | 1,24 | 43 2,63 0,79

v OC dd sBtcOL 503, dz0© sls o Odzj MtsL HOB
fsyossBtcOL 59 Odzd W . 10 IjttcOMOr ftetsdMma BH
O O¢Y] tBttOLBOd] dd OSSEBEzdYydw d3gj dz¢
Yls ts ftcdotsHdIs ¢ Zlswy j dzj dzd G tcOdzlz dzts 3 Is
JGB oBHEBSEZHjtyde O h j2 My smtse dzsMmis d . v yd |
COtcBtsdzOIstseo s ftosWddze d Htekzeodj WOCIktt
fiejH sdzsy dIs! , yYybt COtBtsdzOIlsr f sMmlskzf OsIls o
M frdze b B MsswBOLtcOBSISCd ¢ Ote! | to

t OBBISO orf f sdzdzj dzO o tc Od3¢ On ftesj CIsO
) tc 02 5dzj ftesdL o sHMIse j dadzr ~ f dzsh OH ¢
(ftcd WddzOdemsots?2 YSHHjjWYC] LBdEZzsSlssSHEBBT 9 OF
9 tORCOr [ Bets2BKCOIS™  18s08B12023 6. ) .

s dmMsC dzdlsj cOlskzter

1. Sokolov, D. A. Soil formation in technogenic landscapes: trends, results,
and representation in the current classifications (Review) / D. A. Sokolov, V. A.
Androkhanov, E. V. Abakumov // Vestnik Tomskogo gosudarstvennogo universiteta.
Biologiya= TomskStateUniversityJournalof Biology. 2 02 14.6/132. 56 .
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5.1, zOfsdOdse O

1 Okzydz 2 k¢ Jo. s HzdOsjGdzd dfQ,
sOdzH dH Ol Bdtsdzsedyj MSdr dzOEZSC, H

sdBdEmMSd?2 WiHjtOd dFf 2 bkdado jtsfc

J tcjLiEzdz SOl dsddlststeddzc © Ctolzy O h j 2
cezffoO 1 CMfjtelstse [ f1 Yt dL d&jda deds € dzd o
or 9sH, Ylsts © 2025 GEtHEZ cdztcBOdz datsj dL d3j
ddzls j dzmMdo dzets. Clsts Mo W L O dpizdztslf2te jHyHY jis jodi jdetstdn Is -
[ 4] . RLOjMbdets, Yyt LO ftsMmdzjHdzj j otcj dzw
femiszf ddzd kecdjd dmnddjdspeOun 6HGDO) OL ®ls A OF
nzstoW ststclz @ dzj totsSH T ( MAUL) . o566 dzOMdzts H Odzdz
stccOdEfL Yy [ [) M 1990 ¢t 2022 GEtsH dr totsd
Cdzd BOISO otLtesMdzO dO 49 %, ftod {1 Istsd3 ¢ tc
ftcdmartsHdIlsmw dd3gj dzdzs BIpl. e dzj S dMmadzr 2 e OL ( CC

rdzv  drkzyjdedvw MmMfsmoBdasMisd Ctelzy O h j 2
OlsdzssmW j tor B" dzd MmtsL H Odz COteB tsdztso M } Isfsts dzd
cd My r Is O ndg'dafets s Ols j dz' MC OW f dzsh OHC O, dzO ¢
L BIMMds fOtedzgdSsora e0OLte dL + SCsMmdmlsj d3,
L CsmMdmisy d3f My tsmse dzr 56 dzs@[CBS!. o B tefisté 3 H
ftedmlszf dls: € dzOBdz6 Hjdzed¥ L O kcdzj tetsH dz" d3d
ftotso jMisd ByjdSkz MoMisOoe O d MtkzCIlskzter MdzC

A § az dmfmd st scPaed iz dedJ o dHBHEBISddud HE
MstczC skzter mMstse M j Mise BjtojLdWwCtso d mtmd
fsdzdce sdzO wAvUL.

[ dzv HBMisdy jdedwWw ECOL Odzgdes?2 yjdzd © =~ fSHJ
mMdzj Hze hdj L OHOYJ:

1. [ftejH]jddls! odHBolzs dz0 Y J" detsisizfsun s ¢ |
MstczSC skztcz dMMdzjHEj i3r = Mtstseh jMise dzO0 Isj tot

2. ltwetse jMmisd MtcOo dzd Is j dz¢ dz' 2 OdzO dzd L d fr
Wsdesor n Mttseh jMlse fsHISO2c¢d, tfidmOdade = ¢
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