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ABSTRACT. The paper presents the results of synchronous measurements of the content of small gas
impurities at the three atmospheric monitoring stations located on the shore of Southern Baikal, July
2023. The measurements were carried out using automatic gas analyzers, which enabled to obtain data
on the content of sulfur and nitrogen oxides in the atmospheric air with high temporal resolution. The
studies showed that in spite of a small distance between the observation stations, the fluctuations of con-
centrations of small gas impurities on different shores of Southern Baikal occur independently of each
other. We suggested that an increase of nitrogen and sulfur oxide concentrations on the western shore
in summer is probably correlated more with the impact of regional thermal power plants (TPP) and on
the eastern shore with the orographic features of the southern basin of the lake and local sources. The
influence of meteorological conditions on the content of gas components in the atmosphere of Southern
Baikal was estimated using multivariate statistical methods, namely, NWR and PSCF.
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1. Introduction

Oxides of sulfur (SO,) and nitrogen
(NO,=NO+NO,) are common atmospheric impuri-
ties that play a significant role in the troposphere and
lead to a number of environmental problems such
as acid rain, acidification of freshwater ecosystems
(Moiseenko et al., 2018; 2022; Obolkin et al., 2016)
and photochemical smog (He et al., 2007; Shon et al.,
2011). Sulfur and nitrogen oxides in the atmosphere
are known to contribute to the generation of aerosol
particles with aerodynamic diameter less than 2.5 um
(Seinfeld and Pandis, 2016; Liu et al., 2019), which in
turn have negative effects on human health (Lelieveld
et al., 2015; Tiotiu et al., 2020; Southerland et al.,
2022), contribute to a decrease in atmospheric trans-
parency (Kovadlo et al., 2018; Taschilin et al., 2021),
and lead to an enhanced greenhouse effect and climate
change (Gharibzadeh et al., 2021; Liu et al., 2022).
Besides, nitrogen oxides are precursors for the forma-
tion of ground-level ozone, which leads to deterioration
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of air quality and adversely affects human health.
Over the last four decades, there has been an
increase in the content of small gas impurities in the
atmosphere of reference areas worldwide, along with
improvements in air quality in industrial cities (Fenger,
2009; Sillanpaa et al., 2022) (Golobokova et al., 2018a;
Sicard et al., 2023). This trend is also relevant for the
Baikal region. The atmosphere in this region is show-
ing an increase in nitrogen oxides (Golobokova et al.,
2018Db). It was previously found that Southern Baikal is
subjected to significant atmospheric pollution as a result
of high-altitude transport of sulfur and nitrogen oxides
from remote regional TPP located to the northwest and
southeast of the lake (Obolkin et al., 2014; Shikhovtsev
et al., 2023) (Obolkin et al., 2017; Popovicheva et al.,
2021). Emissions from sources of atmospheric pollu-
tion located within the Central Ecological Zone of the
lake, as a rule, spread locally, and their contribution to
the total level of atmospheric pollution over the lake
in the cold period is insignificant (Molozhnikova and
Kuchmenko, 2004; Molozhnikova et al., 2023).
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In summer, forest fires are a significant source
determining the state of the atmosphere above the
lake. Thus, according to the studies of (Marinaite et al.,
2019; Golobokova et al., 2022; Khodzher et al., 2024),
an increase in the concentration of oxides of nitrogen
and sulfur, persistent organic pollutants, including pol-
yaromatic hydrocarbons (PAHs), soot, nutrients (min-
eral nitrogen, potassium), trace elements (iron, manga-
nese, vanadium, zinc, barium, lead) was recorded both
in the atmosphere and in the surface waters of the lake.
The long-term input of nitrogen- and sulfur-containing
substances into the atmosphere over Southern Baikal
resulted in a decrease in the pH level of atmospheric
precipitation, which is the main source of supply for
the lake's southeastern tributaries. This led to acidifica-
tion of river waters (Tomberg et al., 2016).

Khodzher and Sorokovikova (2007) showed that
from 2 to 6 per cent of soluble components and from
30 to 60 per cent of nutrients enter the catchment area
of Lake Baikal from the atmosphere, providing an extra
inflow of nutrients. Precipitation with an increased
nitrogen content may be one of the key factors contrib-
uting to the mass development of the under-ice dinofla-
gellate community Gymnodinium baicalense var. minor
Antipova in Listvenichnichny Bay (Southern Baikal) in
2018 (Obolkin et al., 2019). In Bay of Bolshiye Koty,
located on the southern shore of Lake Baikal, similar
phenomena have been repeatedly observed. In July
2019, mass reproduction of cyanobacteria occurred
after four days of nitrogen- and phosphorus-enriched
rains (Bondarenko et al., 2021). In June 2022, heavy
rainfall (34 mm) caused an increase in fecal indicator
bacteria in the same area (Malnik et al., 2024).

Thus, gas impurities can influence the formation
of the chemical composition of the Baikal water and
determine its quality. Thanks to the intra-basin circu-
lation of air (Arshinov et al., 2001), impurities enter-
ing the atmosphere can be transported throughout the
water area, contributing to the pollution of hydrosphere
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of the region. Moreover, the mountain basin can accu-
mulate pollutants not only from local sources but also
from vast territories of Siberia, China, and Mongolia
(Mashyanov et al., 2022; Nasonov et al., 2023). It is
essential to study environmental changes in the region
in terms of negative impacts on unique natural objects.
The study aims to determine how small atmo-
spheric impurities are distributed in the atmosphere
of Southern Baikal and to estimate the location of
remote sources during the period of minimum impact
of regional TPP. For this purpose, data of continuous
automatic registration of the concentration of small gas
impurities in the atmospheric air of Southern Baikal
with a high frequency of measurements were used.

2. Materials and methods
2.1. Location of stations and equipment
used

The measurements were carried out simultane-
ously at the three stations: Listvyanka (51.84 N, 104.89
E), Bolshiye Koty (51.89 N, 105.06 E), and Boyarsky
(51.84 N, 106.07 E). The location of observation sta-
tions, which represent the largest stationary sources of
atmospheric pollution, and a map-scheme of the study
area are presented in Figure 1. The measurements were
performed using chemiluminescent gas analyzers man-
ufactured by OPTEC (St. Petersburg, Russia): SV-320
and SV-320A (SO,); PA-310A (NO, and NO); with a
detection limit of 0.001 mg/m?3, a reduced error of =+
25% in the range from 0 mg/m3o 0.05 mg/m?®and a
relative error of + 25% in the range from 0.05 mg/
m’to 2.0 mg/m3. These devices are verified annually
in the laboratory of OPTEC. Data on the direction and
speed of the wind were obtained using the AMK-11
acoustic meteorological system (Boyarsky station) and
the Sokol-M meteorological complex (Listvyanka and
Bolshiye Koty stations).

Monitoring sites:
1 - Listvyanka
2-B. Koty

3 — Boyarsky

Emissions from stationary
sources:

> 100 thousand tons/year
50 - 100 thousand tons/year
25 - 50 thousand tons/year

10 - 25 thousand tons/year
© 1 - 10 thousand tons/year

Fig.1. Location of the sampling station: 1 — “Listvyanka”; 2 — “Bolshiye Koty”; 3 — “Boyarsky” and map of the studied area
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2.2. Non-parametric wind regression
(NWR)

A receptor-based non-parametric wind regres-
sion (NWR) model was used to identify potential local
sources of atmospheric pollution using meteorological
data (Henry et al., 2009). In this study, the openair
package (R language) was used to analyze the NWR,
and the Gaussian kernel smoothing method was applied
to the resulting wind direction and speed (Carslaw and
Ropkins, 2012). The NWR analysis is defined as follows

(1) and (2):
{VKI ((Q_VVI)JK2((U_UI)JCIVVI
=l o h

nEnce

E(C|9,u):

i-1 h

K(1)=—=e""
N

where Ci is measured pollutant concentration, Ui and
Wi are resulting wind speed and standard deviation of
wind direction for the i-th observation. N is total num-
ber of observations; K, and K, are smoothing kernels;
6 is wind direction; u is wind speed; and o and h are
smoothing parameters for wind direction and wind
speed, respectively.

2.3. Potential Source Contribution
Function (PSCF)

The location of remote sources of the analyzed
pollutants was determined using the potential source
contribution function (PSCF). The method is based on
the analysis of inverse trajectories of air masses. The
72-hour back trajectories required for the analysis were
generated using the HYSPLIT model developed by the
National Oceanic and Atmospheric Administration
(NOAA) (Draxler and Hess, 1998; Stein et al., 2015).
The PSCF is calculated on the basis of the probability

40
— Listvyanka — Boyarsky
30 F

&
SO,, pg/m?

]

=]

of occurrence of i concentration in each grid cell, as
specified in equation (3):

m.
PCSF, , =— (3)
ij
where m_ is number of points whose concentration
exceeds the limit value, and n, is number of endpoints
of the return paths that pass through each grid cell
(Karnae and John, 2011; Liu et al., 2024).

3. Results and discussion
3.1. Content of gas impurities in the
atmosphere of Southern Baikal

The study considers the results of an analysis
of data on the concentrations of SO,, NO, and NO,
in the surface layer of the atmosphere in the area of
Southern Baikal, obtained between 17 and 28 July
2023. Figure 2 shows the results of measurements of
surface concentrations of nitrogen and sulfur oxides at
the three monitoring stations. Figure 2 shows that the
highest variability was recorded for sulfur dioxide. The
hourly mean concentrations of SO, at the Boyarsky sta-
tion ranged from 5 to 30 ug/m?3, while at Listvyanka
station, they varied from 0 to 28 ug/m® On average
during the observation period, concentrations of SO,
on the southeastern shore were 15 pg/m?, on the south-
western shore were 5 ng/m?, which corresponded well
with measurements made both during ship expeditions
in 2020-2022 (Zhamsueva et al.,, 2020) and ground-
based measurements conducted at the Boyarsky station
in 2015 (Zayakhanov et al., 2019).

The highest recorded concentration of nitrogen
oxide was also observed at the Boyarsky station. During
the observation period, concentrations of nitrogen diox-
ide increased up to 33 ug/m?3, while nitrogen monoxide
concentrations reached 7 ug/m3. Figure 2-B illustrates
that short-term spikes in nitrogen dioxide levels above
20 ug/m?® were periodically observed at the Boyarsky
station.

— B. Koty

B)

NO, pg/m?
D
(=]

0

NO,, pg/m’

2 2 2 2 2
= & = & =
o~ ) N =3 -
2 © 2 N S

Fig.2. Temporal variability of hourly average values of: A) sulfur dioxide; B) nitrogen oxide; C) nitrogen dioxide at
«Listvyanka», «Bolshiye Koty», «Boyarsky» stations on 17-28 July, 2023.

22 July
23 July
24 July
25 July
26 July
27 July
28 July
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3.2. Identification of local sources using
the NWR model

We used a receptor model of non-parametric
wind regression (NWR) to assess the influence of mete-
orological parameters on the atmospheric concentra-
tion of impurities for all stations. The 10-minute con-
centration of impurities (NO, NO,, SO,) was selected
as a dependent variable, and the mean wind direction
and wind speed were selected as predictor variables
(Fig. 3-8).

The analysis (Fig. 3-5) revealed that the highest
content of SO,, NO and NO, in the surface atmosphere
of Listvyanka station was recorded in the night and
morning hours (from 12 a.m. to 8 a.m.), at winds from
the north and north-west with velocities from 1 to 4 m/
sec. This is caused by the fact that emissions of nitro-
gen and sulfur oxides spreading at high altitudes (with
TPP plumes), due to a decrease in the thickness of the
atmospheric boundary layer and weakening of thermal
convection can go lower. During the daytime hours,
the heating of the Earth's surface and the atmospheric
boundary layer cause turbulence to develop, creating
ideal conditions for the dispersion of impurities. The
wind regime becomes more diverse, which leads to
a decrease in concentrations of sulfur and nitrogen
oxides to the summer background values of Southern
Baikal (Zhamsueva et al., 2022; Shikhovtsev et al.,
2024). In the daily dynamics of nitrogen oxides, the
second increase from 12 p.m. to 15 p.m. was observed.
This increase occurred at winds of south-east, south,
and south-west directions, which corresponded to the
location of Listvyanka settlement and Listvennichny
Bay. The probable sources of these gaseous impurities
may be road and water transport.

The highest concentrations of SO, and NO, were
recorded at the Boyarsky station at winds of south and
south-west directions. These directions corresponded
to the position of local sources of atmospheric pollu-
tion, which are situated on the south-eastern coast of
Lake Baikal (Fig. 6-7). According to the NWR analysis,

individual episodes were identified where air masses
enriched with nitrogen and sulfur oxides are trans-
ported from the south along the Manturikha River val-
ley. The calculation of direct trajectories of air mass
movement (Fig. 9) showed that an increase in the con-
tent of oxides of sulfur and nitrogen at the Boyarsky
station can be attributed to the influence of remote
sources located in the town of Gusinoozersk.

The NWR analysis performed for NO (Fig. 8)
demonstrates that concentration of nitrogen monox-
ide increases between 7 a.m. and 11 p.m. local time
regardless of wind direction. This may indicate that
local sources of atmospheric pollution, such as motor
transport, affect the Boyarsky station. During night
hours, concentrations of NO decrease to values close to
the detection limit of the device.

3.3. Identification of remote sources
using PSCF analysis

We used the method of multivariate statistics
techniques to determine the areas of potential sources
of gas impurities (NO, and SO,) in the atmosphere
of Southern Baikal. This involved a joint analysis of
inverse trajectories calculated with the HYSPLIT model
and measurements of surface concentrations of small
gas impurities. To estimate remote sources, the dura-
tion of the return trajectories was accepted as 72 hours.
Calculations were carried out for 1,000 meters above
ground level (AGL) for the period from 17 to 28 July
2023.

The results of the PSCF analysis are presented
in Figure 10. The calculations demonstrate that the
probabilities of remote source locations for NO, and
SO, (greater than 0.5) are similar for the two stations.
The first maximum is defined to the north, north-west
of the observation stations. The air masses entering
this sector are characterized as arctic and temperate,
formed over the North Atlantic and transformed as they
move over the industrial areas of Western and Eastern
Siberia, where the major sources of nitrogen and sul-

00 ]
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Fig.3. NWR analysis for ten-minute concentrations of SO, in the polar coordinate system at «Listvyanka» station, July 2023.

1287



Shikhovtsev M.Yu. et al. / Limnology and Freshwater Biology 2024 (5): 1284-1301

L0000 F—L oL

4 &

Y 3

2ws.

16

14

112

10

(WA CON

s

in the polar coordinate system at «Listvyanka» station, July 2023.

[0 ] | (o0& I | (05001
1 45
- 40
[09:00 L
& " 35
?; T 13.0 .
]
N 252
‘| 15%0 I U—S:&
205
ﬁ‘@ e 1.5
- 1.0
—{ 21:00 —+— 22:
[ : 0.5
o 0

Fig.5. NWR analysis for ten-minute concentrations of NO in the polar coordinate system at «Listvyanka» station, July 2023.
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Fig.6. NWR analysis for ten-minute concentrations of SO, in the polar coordinate system at the «Boyarsky» station, July 2023.
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Fig.7. NWR analysis for ten-minute concentrations of NO, in the polar coordinate system at the «Boyarsky» station, July 2023.
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Fig.8. NWR analysis for ten-minute concentrations of NO in the polar coordinate system at the «Boyarsky» station, July 2023.

fur oxides are enterprises of the fuel and energy com-
plex (FEC) (Maysyuk, 2017). Therefore, we can assume

that at the beginning of the study (17-23 July), when N e

a stable atmosphere was observed in the surface layer t e

with insignificant northwestern flows directed towards o
Southern Baikal, the contribution to air pollution in Shelekhov  Qlrkutsk - H
the southern basin of the lake was influenced not only % If,’;:i;
by sources of the Irutsk-Cheremkhovo industrial hub ) <
but also by industrial towns of Novosibirsk Region, Slyudya B
Krasnoyarsk Krai, and the north of Irkutsk Region. This B

is consistent with the data of surface measurements
demonstrated in Figures 2-5.

The second maximum probability of remote
source locations is visualized to the south, south-east
of the lake. It is correlated with the change of mete-
orological situation in the region on July 23. The
monitoring stations were subjected to a low-gradient
field of atmospheric pressure with light local winds of
different directions (Fig. 3-8). There was a slight pre-
dominance of southern and southeastern winds at the
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1 — Listvyanka
A 2 -B.Koty
3 — Boyarsky

Fig.9. Topographic map of the study region (https://
ru-ru.topographic-map.com) and direct trajectory of air mass
movement from stationary sources of Gusinoozersk at an alti-
tude of 500 m AGL, 20/07/2023 7a.m. MT.
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Fig.10. Spatial distribution of the probability of SO, and NO, source location at the «Listvyanka» and «Boyarsky» stations,

which was performed using PSCF analysis from 17 to 28 July.

“Listvyanka” station and south-western, southern winds
at the “Boyarsky” station. The state of the Southern
Baikal air basin was impacted by the air masses that
developed over Kazakhstan and Mongolian territory.
The Republic of Buryatia's industrial towns — Ulan-
Ude, Gusinoozersk, and the settlements of Kamensk
and Selenginsk — are the primary sources, as Figure
10 makes evident. Additionally, the town of Erdenet
(Mongolia) has a slight effect.

4. Conclusion

We examined the hourly average concentrations
of small gas pollutants, such as sulfur and nitrogen
oxides, as well as meteorological factors, such as wind
direction and speed, at the three South Baikal atmo-
spheric monitoring stations during the summer of 2023.

The study results demonstrated that, despite the
proximity of the observation stations, changes in the
concentration of small gas impurities on the different
shores of Southern Baikal occur independently of each
other. The location of the stations, peculiarities of the
intra-basin circulation of air and location with respect
to anthropogenic sources — all explain the reasons for
such changes.

The estimates of the influence of meteorologi-
cal parameters on the content of gas impurities in the
atmosphere of Southern Baikal using the NWR model
showed that the maximum concentrations on the west-
ern coast of the lake were recorded at winds of a north-
west direction with a speed of 1 to 4 m/s. The eastern
shore of the lake is characterized by a gradual increase
in concentration, with the southwestern direction in
the same velocity range.

The potential source contribution function
(PSCF) was used to determine the locations of remote
sources that influenced the atmospheric air content in
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the southern basin of the lake in summer 2023. The
most probable contribution was made by the sources
located in the Republic of Buryatia and Krasnoyarsk
Krai.

Acknowledgements

The work was carried out within the State
Assignment of LIN SB RAS No. 0279-2021-0014
“Investigation of the role of atmospheric precipitation
on aquatic and terrestrial ecosystems of the Lake Baikal
basin, identification of sources of atmospheric pollu-
tion” (measurements at Listvyanka station) and RSF
grant No. 19-77-20058 P (measurements at the stations
of Bolshiye Koty and Boyarsky).

Conflict of interest

The authors declare no conflicts of interest.
References

Arshinov M.Yu., Belan B.D., Ivlev G.A. et al. 2001.
Spatial-temporal characteristics of air circulation in the Lake
Baikal Basin. Atmosphere. Ocean. Variant 14(4): 290-293.

BondarenkoN.A., TombergI.V., Shirokaya A.A. etal. 2021.
Dolichospermum lemmermannii (Nostocales) bloom in world’s
deepest Lake Baikal (East Siberia): abundance, toxicity and
factors influencing growth. Limnology and Freshwater Biology
1: 1101-1110. DOI: 10.31951/2658-3518-2021-A-1-1101

Carslaw D.C., Ropkins K. 2012. Openair—an R package
for air quality data analysis. Environmental Modelling &
Software 27: 52-61. DOI: 10.1016/j.envsoft.2011.09.008

Draxler R.R., Hess G.D. 1998. An overview of the
HYSPLIT 4 modeling system for trajectories, dispersion, and
deposition. Australian Meteorological Magazine 47: 295-308.

Fenger J. 2009. Air pollution in the last 50 years—From
local to global. Atmospheric environment 43(1): 13-22. DOL:
10.1016/j.atmosenv.2008.09.061



https://www.doi.org/10.31951/2658-3518-2021-A-1-1101
https://www.doi.org/10.1016/j.envsoft.2011.09.008
https://www.doi.org/10.1016/j.atmosenv.2008.09.061

Shikhovtsev M.Yu. et al. / Limnology and Freshwater Biology 2024 (5): 1284-1301

Gharibzadeh M., Bidokhti A.A., Alam K. 2021. The
interaction of ozone and aerosol in a semi-arid region in the
Middle East: Ozone formation and radiative forcing implica-
tions. Atmospheric Environment 245(118015): 1-50. DOIL:
10.1016/j.atmosenv.2020.118015

Golobokova L.P., Khodzher T.V., Obolkin V.A. et al. 2018.
Aerosol in the atmosphere of the Baikal region: history and
contemporary researches. Limnology and Freshwater Biology
1: 49-57. DOI: 10.31951/2658-3518-2018-A-1-49

Golobokova L.P., Khodzher T.V., Obolkin V.A. et al. 2018.
Long-term investigations of atmospheric aerosol and gaseous
impurities in Southern Pribaikalye, East Siberia. International
Journal of Environmental Sciences & Natural Resources
10(3): 74-84. DOIL: 10.19080/IJESNR.2018.10.555786

Golobokova L.P., Khodzher T.V., Zhamsueva G.S. et al.
2022. Variability of the chemical composition of the atmo-
spheric aerosol in the coastal zone of the southern basin of
Lake Baikal (East Siberia, Russia). Atmosphere 13(7): 1090.
DOI: 10.3390/atmos13071090

Henry R., Norris G.A., Vedantham R. et al. 2009. Source
Region Identification Using Kernel Smoothing. Environmental
Science & Technology 43: 4090-4097. DOI: 10.1021/
es8011723

He Y., Uno I, Wang Z. et al. 2007. Variations of the
increasing trend of tropospheric NO, over central east China
during the past decade. Atmospheric Environment 41(23):
4865-4876. DOI: 10.1016/j.atmosenv.2007.02.009

Karnae S., John K. 2011. Source apportionment of fine
particulate matter measured in an industrialized coastal
urban area of South Texas. Atmospheric Environment 45(23):
3769-3776. DOI: 10.1016/j.atmosenv.2011.04.040

Khodzher T.V., Sorokovikova L.M. 2007. An assessment
of the entry of soluble substances from the atmosphere and
with the river runoff into Lake Baikal. Geography and Natural
Resources 3: 185-191.

Khodzher T.V., Yausheva E.P., Shikhovtsev M.Yu. et al.
2024. Black Carbon in the Air of the Baikal Region, (Russia):
Sources and Spatiotemporal Variations. Applied sciences
14(16): 1-18. DOI: 10.3390/app14166996

Kovadlo P., Shikhovtsev A., Lukin V. et al. 2018. Solar
activity variations inducing effects of light scattering and
refraction in the Earth’s atmosphere. Journal of Atmospheric
and Solar-Terrestrial Physics 179: 468-471. DOIL: 10.1016/j.
jastp.2018.06.001

Lelieveld J., Evans J.S., Fnais M. et al. 2015. The con-
tribution of outdoor air pollution sources to premature mor-
tality on a global scale. Nature 525 (7569): 367-371. DOL:
10.1038/naturel15371

Liu J., Guo Z., Zhou L. et al. 2022. Inversion and analysis
of aerosol optical properties and lidar ratios based on sky-ra-
diometer and Raman lidar measurements in Xi’An, China.
Frontiers in Environmental Science 10(1039559): 1-17. DOI:
10.3389/fenvs.2022.1039559

Liu Y., Xu X,, Ji D. et al. 2024. Examining trends and
variability of PM2.5 associated organic and elemental car-
bon in the megacity of Beijing, China: Insight from decadal
continuous in-situ hourly observations. Science of The
Total Environment 938(173331): 1-14. DOL 10.1016/j.
scitotenv.2024.173331

Liu Y., Zheng M., Yu M. et al. 2019. High-time-resolution
source apportionment of PM 2.5 in Beijing with multiple
models. Atmospheric Chemistry and Physics 19(9): 6595-
6609. DOI: 10.5194/acp-19-6595-2019

Malnik V.V., Gorshkova A.S., Tomberg L.V. et al. 2024.
Coastal Water Quality in Lake Baikal in Bol’shie Koty Bay,
Determined by the Effect of Atmospheric Precipitation and
the Survival of Indicator Microorganisms. Water Resources
51: 267-283. DOI: 10.1134/S0097807824700787

Marinaite LI, Potyomkin V.L., Khodzher T.V. 2019.
Distribution characteristics of PAHs and solid particles over

1291

the water area of lake Baikal during wildfires in summer 2018.
Proceedings of SPIE 11208: 1-6. DOI: 10.1117/12.2539014

Mashyanov N.R., Pogarev S.E., Sholupov S.E. et al. 2022.
Air mercury monitoring in the Baikal area (2011-2021).
Limnology and Freshwater Biology 3: 1315-1318. DOI:
10.31951/2658-3518-2022-A-3-1315

Maysyuk E.P. 2017. The role of energy in the eco-
logical state of the Baikal natural territory. Geography
and natural resources 1: 100-107. DOI: 10.21782/
GIPR0206-1619-2017-1(100-107)

Moiseenko T.I., Bazova M.M., Gashkina N.A. 2022.
Development of lake from acidification to eutrophication in
the arctic region under reduced acid deposition and climate
warming. Water 14(21): 1-19. DOI: 10.3390/w14213467

Moiseenko T.I., Dinu M.I., Gashkina N.A. et al. 2018.
Present status of water chemistry and acidification under
nonpoint sources of pollution across European Russia and
West Siberia. Environmental Research Letters 13(105007):
1-13. DOI: 10.1088/1748-9326/aae268

Molozhnikova E.V., Kuchmenko E.V. 2004. Estimation of
some characteristics of sulfate formation and fallout of sul-
fates in towns of Baikal region. Optics of the atmosphere and
ocean 17(5-6): 418-422.

Molozhnikova Y.V., Shikhovtsev M.Yu., Netsvetaeva O.G.
et al. 2023. Ecological Zoning of the Baikal Basin Based
on the Results of Chemical Analysis of the Composition of
Atmospheric Precipitation Accumulated in the Snow Cover.
Applied sciences 13(14): 1-17. DOI: 10.3390/app13148171

Nasonov S., Balin Y., Klemasheva M. et al. 2023. Study
of Atmospheric Aerosol in the Baikal Mountain Basin with
Shipborne and Ground-Based Lidars. Remote sensing
15(3816): 1-18. DOI: 10.3390/rs15153816

Obolkin V., Khodzher T., Sorokovikova L. et al. 2016.
Effect of long-range transport of sulphur and nitrogen
oxides from large coal power plants on acidification of
river waters in the Baikal region, East Siberia. International
Journal of Environmental Studies 73(3): 452-461. DOI:
10.1080/00207233.2016.1165481

Obolkin V.A., Potemkin V.L., Makukhin V.L. et al. 2014.
Low-level atmospheric jets as main mechanism of long-range
transport of power plant plumes in the Lake Baikal Region.
International Journal of Environmental Studies 71(3): 391-
397. DOLI: 10.1080/00207233.2014.918396

Obolkin V.A., Potemkin V.L., Makukhin V.L. et al. 2017.
Long-range transport of plumes of atmospheric emissions
from regional coal power plants to the South Baikal water
basin. Atmospheric and Oceanic Optics 30(4): 360-365. DOI:
10.1134/51024856017040078

Obolkin V.A., Volkova E.A., Ohira S.I. et al. 2019. The
role of atmospheric precipitation in the under-ice blooming of
endemic dinoflagellate Gymnodinium baicalense var. minor
Antipova in Lake Baikal. Limnology and Freshwater Biology
6: 345-352. DOI: 10.31951/2658-3518-2019-A-6-345

Popovicheva O., Molozhnikova E., Nasonov S. et al. 2021.
Industrial and wildfire aerosol pollution over world heritage
Lake Baikal. Journal of Environmental Sciences 107: 49-64.
DOI: 10.1016/j.jes.2021.01.011

Seinfeld J.H., Pandis S.N. 2016. Atmospheric chemistry
and physics: from air pollution to climate change. New York:
Wiley-VCH.

Shikhovtsev M.Y., Molozhnikova Y.V., Obolkin V.A. et al.
2024. Features of Temporal Variability of the Concentrations
of Gaseous Trace Pollutants in the Air of the Urban and Rural
Areas in the Southern Baikal Region (East Siberia, Russia).
Applied Sciences 14(18): 1-19. DOI: 10.3390/app14188327

Shikhovtsev M.Yu., Obolkin V.A., Khodzher T.V. et al.
2023. Variability of the Ground Concentration of Particulate
Matter PM1—PM10 in the Air Basin of the Southern Baikal
Region. Atmospheric and Oceanic Optics 36(6): 655-662.
DOI: 10.1134/51024856023060192



https://www.doi.org/10.1016/j.atmosenv.2020.118015
https://www.doi.org/10.31951/2658-3518-2018-A-1-49
https://www.doi.org/10.19080/IJESNR.2018.10.555786
https://www.doi.org/10.3390/atmos13071090
https://www.doi.org/10.1021/es8011723
https://www.doi.org/10.1021/es8011723
https://www.doi.org/10.1016/j.atmosenv.2007.02.009
https://www.doi.org/10.1016/j.atmosenv.2011.04.040
https://www.doi.org/10.3390/app14166996
https://www.doi.org/10.1016/j.jastp.2018.06.001
https://www.doi.org/10.1016/j.jastp.2018.06.001
https://www.doi.org/10.1038/nature15371
https://www.doi.org/10.3389/fenvs.2022.1039559
https://www.doi.org/10.1016/j.scitotenv.2024.173331
https://www.doi.org/10.1016/j.scitotenv.2024.173331
https://www.doi.org/10.5194/acp-19-6595-2019
https://www.doi.org/10.1134/S0097807824700787
https://www.doi.org/10.1117/12.2539014
https://www.doi.org/10.31951/2658-3518-2022-A-3-1315
https://www.doi.org/10.21782/GIPR0206-1619-2017-1(100-107)
https://www.doi.org/10.21782/GIPR0206-1619-2017-1(100-107)
https://www.doi.org/10.3390/w14213467
https://www.doi.org/10.1088/1748-9326/aae268
https://www.doi.org/10.3390/app13148171
https://www.doi.org/10.3390/rs15153816
https://www.doi.org/10.1080/00207233.2016.1165481
https://www.doi.org/10.1080/00207233.2014.918396
https://www.doi.org/10.1134/S1024856017040078
https://www.doi.org/10.31951/2658-3518-2019-A-6-345
https://www.doi.org/10.1016/j.jes.2021.01.011
https://www.doi.org/10.3390/app14188327
https://www.doi.org/10.1134/S1024856023060192

Shikhovtsev M.Yu. et al. / Limnology and Freshwater Biology 2024 (5): 1284-1301

Shon Z.H., Kim K.H., Song S.K. 2011. Long-term trend
in NO2 and NOx levels and their emission ratio in rela-
tion to road traffic activities in East Asia. Atmospheric
Environment  45(18): 3120-3131. DOIL:  10.1016/j.
atmosenv.2011.03.009

Sicard P., Agathokleous E., Anenberg S.C. et al. 2023.
Trends in urban air pollution over the last two decades:
A global perspective. Science of The Total Environment
858(160064): 1-13. DOI: 10.1016/j.scitotenv.2022.160064

Sillanpai S., Fung P.L., Niemi J.V. et al. 2022. Long-term
air quality trends of regulated pollutants in the Helsinki met-
ropolitan area from 1994-2019 and its implications to the Air
Quality Index. Boreal Environment Research 27: 61-79. DOL
10.1547/porel.1254.238

Southerland V.A., Brauer M., Mohegh A. et al. 2022.
Global urban temporal trends in fine particulate matter
(PM2.5) and attributable health burdens: estimates from
global datasets. The Lancet Planetary Health 6(2): e139-e146.
DOI: 10.1016/52542-5196(21)00350-8

Stein A.F., Draxler R.R., Rolph G.D. et al. 2015. NOAA’s
HYSPLIT atmospheric transport and dispersion modeling sys-
tem. Bulletin of the American Meteorological Society 96(12):
2059-2077. DOI: 10.1175/BAMS-D-14-00110.1

Taschilin M., Yakovleva I., Sakerin S. et al. 2021.
Spatiotemporal variations of aerosol optical depth in the atmo-
sphere over Baikal region based on MODIS data. Atmosphere

1292

12(12): 1-10. DOI: 10.3390/atmos12121706

Tiotiu A.L, Novakova P., Nedeva D. et al. 2020. Impact
of air pollution on asthma outcomes. International journal of
environmental research and public health 17(17): 1-29. DOL
10.3390/ijerph17176212

Tomberg 1.V., Sorokovikova L.M., Netsvetaeva O.G. et al.
2016. Chemical composition and acidification trend of snow
and tributary waters of South Baikal. Optics of the atmosphere
and ocean 29(6): 516-520. DOI: 10.15372/A0020160612

Zayakhanov A.S., Zhamsueva G.S., Tsydypovet V.V. et al.
2019. Specific features of transport and transformation of
atmospheric aerosol and gas admixtures in the coastal zone
of Lake Baikal. Atmospheric and Oceanic Optics 32: 158-164.
DOI: 10.1134/51024856019020192

Zhamsueva G., Zayakhanov A., Khodzher T. et al. 2022.
Studies of the dispersed composition of atmospheric aerosol
and its relationship with small gas impurities in the near-wa-
ter layer of Lake Baikal based on the results of ship measure-
ments in the summer of 2020. Atmosphere 13(1): 139. DOI:
10.3390/atmos13010139

Zhamsueva G., Zayakhanov A., Tcydypov V. et al. 2020.
Spatial-temporal variability of small gas impurities over
lake Baikal during the forest fires in the summer of 2019.
Atmosphere 12(1): 20. DOI: 10.3390/atmos12010020



https://www.doi.org/10.1016/j.atmosenv.2011.03.009
https://www.doi.org/10.1016/j.atmosenv.2011.03.009
https://www.doi.org/10.1016/j.scitotenv.2022.160064
https://www.doi.org/10.1547/porel.1254.238
https://www.doi.org/10.1016/S2542-5196(21)00350-8
https://www.doi.org/10.1175/BAMS-D-14-00110.1
https://www.doi.org/10.3390/atmos12121706
https://www.doi.org/10.3390/ijerph17176212
https://www.doi.org/10.15372/AOO20160612
https://www.doi.org/10.1134/S1024856019020192
https://www.doi.org/10.3390/atmos13010139
https://www.doi.org/10.3390/atmos12010020

Limnology and Freshwater Biology 2024 (5): 1284-1301 DOI:10.31951/2658-3518-2024-A-5-1284

OpuruHanbHan craTbf

LIMNOLOGY
FRESHWATER
BIOLOGY

M

Pe3yAbTaTbl CHHXPOHHBIX H3MEPEeHHH
coAep)XaHUA OKCHMAOB a30Ta M cepbl B
atmocdepe H0)xnoro bankana B Mione
2023 r

ITuxosres M.10.1°, Mosoxuukosa E.B.1°, Xomxkep T.B.1°, XXamcyesa I'.C.2%,
LIsiapirioB B.B.2, TiopueB U.H.'*

1 TumHostocuueckuti uHcmumym Cubupckozo OmdeseHus Poccutickotii Axademuu Hayx, yi. Ynan-Bamopckas, 3, Hpkymck, 664033, Poccusa
2 HHcmumym ¢usuueckoeo mamepuanogedeHusa Cubupckoeo omdesneHua PAH, yi1. CaxvAaHosol, 6, e. YiaH-Y03, 670047, Poccua

AHHOTAIIUS. B pabore mpeAcTaBjieHbl pe3yJIbTaThl CUHXPOHHBIX M3MEpeHUN COAepXXaHUs MaJibIX
rasoBbIX IIpUMecell Ha TpeX CTaHIMAX MOHUTOPMHra aTMocdephl, paclojoXeHHBIX Ha obepexbe
IOxHoro Baiikana, utosib 2023 r. Vi3aMepeHrs npoBefieHbl C MOMOIIbI0 aBTOMAaTUYeCKHUX Ia30aHasIn3a-
TOPOB, YTO MTO3BOJIMJIO IIOJIyYUTh AAHHBIE O COJepXaHHUK OKCHUOB Cephl U a30Ta B aTMochepHOM BO3-
JAyXe C BBICOKMM BpeMeHHBIM paspellieHHeM. McciieoBaHuA NOKa3ad, YTO, HECMOTPA Ha HeOoJbIIoe
paccTosiHre MeX/ly CTaHIMAMU HaOJIIojeHn i, Kojle0aHus KOHI[eHTpaLUi MaJIbiX Ta30BBIX pUMecel Ha
pas3HbIx 6eperax IOxxHoro balikasa NpoucxoAT He3aBUCHUMO APYT OT Apyra. Beuio BEABUHYTO IPEAIO-
JIOXeHUe, YTO IOBBIIIEHe KOHIIEHTPAIU OKCH/IOB a30Ta U Cephl Ha 3amaJHOM Nobepexbe B JIETHUM
nepuof OoJibllle CBA3aHO C Bo3AelicTBHeM pernoHaybHbIX TOI], a Ha BOCTOYHOM C oporpadgpuyecKumu
0COOEHHOCTSAMU 0XHOW KOTJIOBUHBI O3epa X MeCTHBIMHU HCTOYHMKaMHu. C KCIOJIb30BaHWEM METOM0B
MHOTOMepHOU cTtaTucTuky, Takux kak NWR u PSCF, 6b1T1 1OJTy4eHBl OLleHKH BJIUSHUA METEOPOJIOTH-
YeCKUX yCJIOBUI Ha coJiepXaHue ra3oBbIX KOMIOHEHTOB B aTMocdepe IOxHoro barikana.

Kiioueaunie ctoga: 3arpAsHeHue Bo3yxa, AUOKCU Cephl, OKCUABI a30Ta, balikanbckas NpUpoaHas TeppUTOpus,
Cubupsb

Jiia mqutupoBanus: [Hluxosues M.10., Mosoxuukosa E.B., Xogxep T.B., XKamcyesa I'.C., Llpiasinos B.B., Tiopues 1.H. Pe3ynbTatst
CUHXPOHHBIX M3MepeHUI1 coepXKaHus OKCHUIOB a30Ta U cephl B aTMocdepe FOxHoro Barikana B utose 2023 r // Limnology and
Freshwater Biology. 2024. - Ne 5. - C. 1284-1301. DOI: 10.31951/2658-3518-2024-A-5-1284

1. Beepenne KkoBoro 3d@dekra 1 nuaMmeHenuo kyimmara (Gharibzadeh

et al., 2021; Liu et al., 2022). Kpome TOro, OKCHIbI
a3oTa ABJIAIOTCSA IpeKypcopaMu A 06pa3oBaHUs IPU-
3eMHOT'O 030Ha, UTO MPHUBOUT K YXY/IIEHNUI0 KauecTBa

Okcuppt cepwr (SO,) m azora (NO, =NO+NO,)
SAIBJIAIOTCA paclpOCTpaHEHHBIMU aTMOC(hepHBIMU TpU-

MeCsSMH, KOTOphle UTPaloT 3HAYMTEJILHYIO POJIb B TPO-
mocdepe, ¥ MPUBOAAT K BO3HUKHOBEHHMIO PAda KO-
JIOTMYECKUX MpoO6JeM, TaKUX KaK KHUCJIOTHBIE HOXIU,
MOAKHUCJIEHNEe MPEeCHOBOAHBIX 3KocucTeM (Moiseenko
et al., 2018; 2022; Obolkin et al., 2016) u dpoToxuMu-
yeckuii cmor (He et al., 2007; Shon et al., 2011). Kak
M3BECTHO, OKCH/bBI CEPHI U a30Ta B aTMocdepe crocos-
CTBYIOT TeHepalii a’pO30JIbHBIX YaCTHIl a’poIuHa-
MuveckuM auaMmeTpoMm MeHee 2,5 MM (Seinfeld and
Pandis, 2016; Liu et al., 2019), koTopsle B CBOIO Oye-
penb OKa3BIBAIOT HeraTUBHOE BO3LEICTBHE Ha 300pO-
Bbe uesioBeka (Lelieveld et al., 2015; Tiotiu et al., 2020;
Southerland et al., 2022), cmocoGCTBYIOT yMeHbIe-
HUIo mpo3payHocTtu atMocdepsl (Kovadlo et al., 2018;
Taschilin et al., 2021), npuUBOAAT K YCUJIEHUIO MAapHHU-
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BO3/yXa ¥ HETaTUBHO BJIMSET Ha 3[OPOBBE JIIOJIEH.

3a mocilefHME YeThIpe MEeCATUJIETUSA IO BCEMY
MUDY, OIHOBPEMEHHO C VJIYYIIEHWEM COCTOSHUS
BO3/yXa B NpoMbIIUIeHHBIX ropogax (Fenger, 2009;
Sillanpda et al., 2022), npoucxXOgUT yBeJIMYEHHE
coflepXaHusA MaJIbIX Ta30BhIX IpHUMeceid B aTMocdepe
donoBeIx patioHoB (Golobokova et al., 2018a; Sicard
et al., 2023). [JanHas TeHAEHIUA CIpaBeJIMBA U OJIA
BatikajbcKoro peruoHa, B aTMocdepe KOTOporo orme-
YyaeTcsi poCcT cofepxaHus okcuaoB azoTa (Golobokova
et al., 2018b). PaHee GbLIIO yCTAaHOBJIEHO, YTO 3HAYM-
TeJIbHOe 3arpssHeHue armocdepnl HOxHoro batikasa
MPOMCXOAUT 3a CYEeT BBICOTHOTO TEPEHOCA OKCH/IOB
Cephl U a30Ta CO CTOPOHBI yJaJIEeHHBIX PEerruoHaJIbHBIX
TOLl, pacnoJyioxeHHBIX K ceBepo-zamagy (Obolkin et

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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al., 2014; Shikhovtsev et al., 2023) u ©0ro-BOCTOKY OT
o3epa (Obolkin et al., 2017; Popovicheva et al., 2021).
BBIOpOCH OT MCTOYHUKOB 3arpsA3HeHHs aTMOCGephl,
PACIIOJIOKEHHBIX B mpenenax L[eHTpasbHON 3KOJIOTH-
YeCcKOW 30HBI 03€epa, Kak IMpaBUJIO, PaCIpOCTPAHATCA
JIOKaJIBHO U WX BKJIaJ] B OOLIMI ypOBeHb 3arps3He-
HUA atMocdepsl HAA 03€pOM B XOJIOOHBIA TEPUO.
He3HauutesleH (MosoxHukoBa u Kyumenko, 2004;
Molozhnikova et al., 2023).

B JjeTHUI nepuoid 3HAYMMBIM HCTOYHUKOM,
OTIpeJIesIAIIIUM COCTOSSHUE aTMOc(hephl HaJ 03epoM,
SABJIAIOTCA JIECHBIE MOXaphl. Tak, B Xofe HCCIeoBa-
Huii (Marinaite et al., 2019; Golobokova et al., 2022;
Khodzher et al., 2024) 3adpuxcupoBaH pOCT KOHIIEH-
TpallMM OKCHIOB Aa30Ta, CEpbl, CTOMKUX OpraHuye-
CKUX 3arpA3HUATENIEN, BKJIIOYAs IMOJIMapoOMaTUYeCcKue
yrnesojioponsl (ITAY), caxu, OHOreHHBIX 3JIeMeH-
ToB (MHHepaJIbHBII a30T, Kajiuii), MUKPO3JIeMEHTOB
(>xene3o, maprasel], BaHaAul, UHK, Oapuii, CBUHeL)
Kak B aTMocdepe, TaK ¥ B TOBEPXHOCTHBIX BOAAX 03epa.
ITpoioIKUTETIFHOE TMOCTYIUIEHHE a30T- U CEpPOCoep-
JKamux BellecTB B atMocdepy Hana HOxHbM Batikasiom
MPUBEJIO K CHUXEHHI0 YpoBHA pH atMocdepHBIX oca-
KOB, KOTOPBIE ABJIAIOTCA OCHOBHBIM MCTOYHUKOM IUTa-
HUA I0T0-BOCTOYHBIX TPUTOKOB 03epa. JTO, B CBOIO OYe-
pelb, BBI3BAJIO 3aKucJeHUe pevHbx Boj (Tombepr u
ap., 2016).

B pa6ore (Khodzher and Sorokovikova, 2007)
MOKa3aHo, YTO OT 2 0 6% pacTBOPHMMBIX KOMIIOHEH-
TOB, 11 0T 30 10 60% NUTaTeJIbHBIX BEL[eCTB IIOCTYNAT
B BOJOCOOPHYI 30HY o3epa Balikanm u3 atmocdepsl,
obecreynBas AOMOJIHUTEJBHBIA MPUTOK MUTATEJIbHBIX
BelllecTB. BrimajieHre aTMocepHBIX OCAAKOB C TMOBHI-
IIEHHBIM COAEPXXaHUEM a30Ta MOXET OBITh OJHUM W3
KJTIOYEBBIX (PAKTOPOB, CHOCOOCTBYIOIIMX MAacCCOBOMY
Pa3BUTHIO MOAJIEOHOTO cOOoOIIecTBa AWHOGDIATE AT
Gymnodinium baicalense var. minor Antipova B 6yxTe
JIuctBenununas (FOxueiii Baiikan) B 2018 r. (Obolkin
et al.,, 2019). B 6yxTe Bosbimue KOTbI, pacrnoJioxeH-
HOU Ha 10XHOM Oepery o3zepa Baiikas, HeOJHOKpPaTHO
HabJogasuch ogoOHble ABjaeHUA. B uiose 2019 roaa
Mmocjie YeTHIPEXTHEBHBIX JINBHEH, OOOTaIIEHHBIX a30-
TOM U HocHopoM, MPOU30IILIIO MACCOBOE Pa3MHOXKEHNE
nuaHob6aktepuii (Bondarenko et al.,, 2021). B uroHe
2022 roga n3-3a oOMJIbHBIX 0caaKkoB (34 MM) B 5TOM Xe
palioHe YBEJIMYMUIJIOCH KOJTMYECTBO eKaJIbHbIX MHIANKA-
TopHBIX 6akTepui (Malnik et al., 2024).

Takum o6Gpa3oM, ra3oBble MPUMECH MOTYT OKa-
3pIBATh BJIUSHUE HA (HOPMUPOBAHMU XUMHUYECKOTO
cocraBa 6aliKaJbCKOIl BOJBI U OIpellesAlT eé Kaue-
cTtBo. bylarofjaps BHYTPUKOTJIOBUHHOWU IUPKYJIALNHU
Bo3ayxa (ApmuHOB u np., 2001) mpumecu, nomajga-
omue B armocdepy, MOTYT HEPEHOCUTHCA TO BCei
aKBaTOpUU, CIIOCOOCTBYA 3arpsA3HEHUI0 THApocdepsl
peruoHa. Bosiee Toro, B ropHoM 6acceiiHe MOTYT HaKa-
IUIMBATbCA 3arpsA3HAIIINE BeleCTBA HE TOJIBKO W3
MECTHBIX UICTOYHUKOB, HO U C OOIIMPHBIX TEPPUTOPUIL
Cubupwn, Kutas u Monaronun (Mashyanov et al., 2022;
Nasonov et al., 2023). Bce 3Tu nporjeccsl HEOGX0IUMO
U3y4aTh, YTOOB TPOTrHO3UPOBATH U3MEHEHUS OKpYyXka-
IOIIEH Cpelibl B PETMOHE C TOYKU 3PEeHUsA HEraTHUBHOTO
BO3AENCTBUA HA YHUKAJIbHBIE TPUPOAHBIE OOBEKTHI.

1294

B nccneqoBaHuy nocrabjieHa Ijejib ONpeesInThb,
Kak MaJible aTMoc(epHble IpUMeCcH pacnpeessaiTcs B
atMocdepe FOxHoro batikana, 1 OI[eHUTbh MeCTOIOJIO-
J)KeHVe yOaléHHBIX MCTOYHUKOB B IIepUOJ MUHUMaJIb-
HOro Bo3feiicTBUA peruoHasbHeix TOL. Jlnsa storo
HCIIOJIb30BAJIUCh JlaHHblE HENpPepBIBHON aBTOMAaTU-
YeCcKOU perucrpanuu KOHI[eHTpalUM MaJibIX I'a30BBIX
npumeceii B armochepHoM Bo3ayxe HOxHoro Batikasa
C BBICOKOI1 YaCTOTOM U3MepeHUN.

2. MaTtepuanbl 1 MEeTOADI
2.1. Pacnono)xeHue CTaHUUM U
HcnoAb3yemoe obopypoBanue

W3mepenusa MpOBOAWINCh OJHOBpPEMEHHO Ha
Tpex craHiusax: «JlucrBanka» (51,84 c.m., 104,89
B.1.), «boapmue Kote» (51,89 c.m., 105,06 B.A.) U
«Bospckuii» (51,84 c.u1., 106,07 B.A.). Pacnonoxenue
CTaHI[UM HaOJI0feHNs, KPYMHEHIINX CTalOHAPHBIX
HMCTOYHUKOB 3arpsa3HeHUs aTMocdepsl U KapTa-cxema
pailioHa ucciefoBaHWA IpeAcTaBjieHH Ha PucyHke 1.
M3mMepenus BHINOJHAINCH C IOMOIIBI0 XeMUJIIOMHUHEC-
I[eHTHBIX raszoaHanuzatopoB ¢upmbel OIITEK (CaHkT-
[TetepOypr, Poccus): CB-320 u CB-320A (SOZ); PA-310A
(NO, u NO); ¢ mpenesniom obHapyxenus 0,001 mr/m?,
IIpMBeIeHHON MOrpelmHoCcTeI0 + 25% B quamnas3oHe OT
0 mr/m3mo 0,05 Mr/m® U OTHOCUTEJIBHOHM IMOTPENTHO-
cthio = 25% B auanasone ot 0,05 mr/m3mo 2,0 mr/
M. JlaHHBIe IPUOGOPHI IPOXOAAT €XEerofHyl0 MOBEPKY
B Jslabopatopuu OIITEK. CBefeHus o HampaBjieHUU U
CKOPOCTH BeTpa IMOJIy4YeHHb! C IIOMOIIbI0 aKyCTUYecKON
MeTeopoJsiornyeckoii cucrtemel AMK-11 (cramuoHap
«Bospckuii») u Mereokomiiekca Cokos-M (crtaHnuu
«JIncTBAHKa» U «bosbiye KoTbI»).

2.2. Henapamerpuueckan perpeccus
BeTpa (NWR)

i BBISBJIEHUs] TOTEHI[MAJIbHBIX JIOKAJIbHBIX
HMCTOYHUKOB 3arpsA3HeHUs aTMOchephl Ha OCHOBE MeTe-
OPOJIOTMYECKUX JAaHHBIX ObLIa HCIOJIb30BAaHA peIen-
TOpHasg MOJeJTb HemapaMeTPUYECKON perpeccuu BeTpa
(NWR) (Henry et al., 2009). B aToM uccjiefJOBaHUU JIJIs
ananuza NWR ucrosib3oBasicsa naker openair (s3bk R),
IIPU 3TOM [JIA PEe3YJIbTUPYIOLIETO HAMPaBJIEHUA U CKO-
pocTu BeTpa OBLJT MPUHAT METOH CrJIAXHUBAHUA Apa
lFaycca (Carslaw and Ropkins, 2012). Anaimz NWR
onpefesieTcs cieayomumMmu obpaszom (1) u (2):

?\ilKl (G_VVI) KZ (u_Ul) CzVVz
E(ClO,u)= - 2 ! )
i [OHY) [0)
i- o h
1 —0,5x%
K(x)——- 2)

rae Ci — u3MepeHHas: KOHIIEHTPAIUs 3arpsA3HSAINEro
BemecTBa, Ui u Wi — pe3yibTUpYIOIIas CKOPOCTh BeTpa
U CTaHJapTHOE OTKJIOHEHME HampaBJIeHUs BeTpa AOJIA
i-ro HabmogeHusa. N — ofIjee KoJjimyecTBO HabJtome-
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Poccua

Cranmuy Habmogenms:
1 - Iiucresmka

2 — Bonsmme Kotnl

3 — Bosipeknit

‘=0

[

OGbemM BBIGPOCOB OT
CTALHOHAPHEIX HCTOYHHKOR
> 100 Tsic. TOHH/TOL,

50 - 100 ThIC. TOHHE/TOR

25 - 50 ThIC. TOHH/TOR

10 - 25 THIC. TOHH/TOR

008

€ 1-10 Tsic. TOHH/TO

[ AHrapck
] B

Puc.1. PacniosioxxeHue craHiiuu otoopa mpob: 1 — «JIuctesiHka»; 2 — «bospmue KoTel»; 3 — «Bospckuii» 1 kapTa uccjieyeMoi

MECTHOCTHU

Hui; K, u K, — criuaxusamnliye aapa; 0 — HanpaBJieHue
BETpa; U — CKOPOCTb BeTpa; U 0 U h ABJIAIOTCA mapa-
MeTpaMi CrjIaXuBaHUA [JIA HalpaBJIEeHUA U CKOPOCTU
BeTpa COOTBETCTBEHHO.

2.3. OyHKuUMA BKAaAA NOTEHUUAABHbIX
ucrounukos (PSCF)

OnpefnesieHre MECTOIOJIOXKEHUST  yAaJIEHHBIX
VICTOYHUKOB aHAJIM3UPYEMBIX 3arpsA3HAIINX BeleCTB
BBITIOJTHEHO C TIOMOINBI0 (YHKIMM BKJIaAa IOTEHIU-
aspHbIX McTouHuKOB (PSCF). MeTos ocHOBaH Ha aHa-
Jm3e OOpaTHBIX TPAaeKTOPUU OBYXEHHs BO3MYIIHBIX
macc. OOpaTHBIE TPAeKTOPUM IPOAOJIKUTEIBHOCTHIO
72 dyaca, HeoOXOaWMble [JIi aHAJM3a, CreHepUupo-
BaHbl ¢ mowmomibio Mofenu HYSPLIT, pa3pabGoTaHHOI
HarmmoHaipHBIM yrpaBJieHEM OKeaHNYeCKUX U aTMOC-
depubix ucciaemopauuii (NOAA) (Draxler and Hess,
1998; Stein et al., 2015). PSCF paccuuThIBaeTcA C yue-
TOM BEpPOATHOCTU BO3HUKHOBEHUs i KOHIIEHTPAIU B
KaXxJoi Adelike CETKU U PACCUMTHIBAETCA C HCIOJIb30-
BaHMEM cJieqiyiomiero ypaBHeHus (3):

PCSF, =7 (3)
LJ
ij
e m; — KOJMYECTBO TOYEK, KOHLEHTPALMs KOTOPBIX
TPEBBILIAET [OPOroBOE 3HAYEHNE, a N — KOJIMYECTBO
KOHEYHBIX TOYeK OOPATHBIX MyTel, KOTOPhIE MPOXOIAT
yepe3 Kaxaywo Adeliky cetku (Karnae and John, 2011;
Liu et al., 2024).

3. Pe3yAabTatbl M 06Cy)XAEHMUA
3.1. Copep)xaHue rasoBbiX NPUMeECen B
aTtmocdepe l0O)xHoro bankana

B ucciienoBaHuM paccMOTpEHHI pe3yJibTaThl aHa-
Jin3a JaHHHX 0 KoHueHTpanuu SO,, NO u NO, B mpu-

3eMHOM cJjioe aTMocdepsl B patioHe IOxHoro batikara,
KOTOpHBIEe OBLIM IMOJIy4eHHl B niepruon ¢ 17 no 28 utosnsa
2023 roma. Ha PucyHke 2 mnpoaeMOHCTPUPOBaHbI
pe3yJbTaThl H3MepeHUIl IMpU3eMHBIX KOHIeHTpaluin
OKCH/OB a30Ta U Cephl Ha TpeX CTaHIMAX MOHUTOPUHTA.
Kak BugHo u3 PucyHka 2 HauOoJibllasg U3MeHYMBOCTh
3aduKcHUpoBaHa [Jis AuokcuAa cepbl. CpegHedacoBble
KoHIeHTpauu SO, Ha cranuoHape «bosApckuii» nsme-
HsUMCh B mpefesiax oT 5 mo 30 mkr/m3, Ha cTaHIUU
«JIuctBsiHKa» oT 0 go 28 Mkr/m3. B cpefiHeM 3a nepuof
HabJroeHnii KoHIleHTpanuu SO, Ha Hro-BOCTOYHOM
nmobepexbe COCTABWIM 15 MKr/m°, Ha Oro-3arnagHoM
— 5 MKr/m3, 4TO XOpOIIO COTIJlacyeTcs ¢ HU3MepeHU-
sAMU, TPOBeJeHHBIMU B KaK XoJe KopabOebHBIX JKCIIe-
muoui 2020-2022 rr. (Zhamsueva et al., 2020), Tak u
Ha3eMHBIX U3MepeHUAMU IPOBeJeHHBIX Ha CTallioHape
Bosipckuii B 2015 r. (Zayakhanov et al., 2019).
Haubosnpmuii pa3smax KOHI[EHTpaIdil OKCU-
JOB a3oTa, Takxe 3aUKCUpPOBAaH Ha CTalMOHape.
«Boapckuii». 3aech 3a nepuoi HabJOAeHNS KOHIEeH-
Tparyy IUOKCHUAA a30Ta IMOBHIIAIUCH 10 33 MKr/m3,
MOHOOKcHAa a3oTa 0 7 MKr/M°>. Kak Bu1HO 13 PucyHka
2-B Ha cranuoHape «bospckuii» nepuoanudYecKu peru-
CTPUPOBAJIMCh KPAaTKOCPOYHBIE SMU304bl IogbeMa KOH-
IeHTpalnuu JUOKcHuAa a3oTa cBbiie 20 MKr/me,

3.2. UpenTuPUKaUMA AOKAAbHDbIX
MCTOYHMKOB C UCNOAb3OBaHUEM MOAEAH
NWR

714 o1ieHKY BJIMAHUA METEeOPOJIOTUYeCKUX apa-
MeTpOB Ha cofepxXaHue ImpumMmeceil B atmochepe Iiis
BCEX CTAHILUM IpOBeeH aHaJM3 C HCIOJIb30BaHUEM
penenTopHOl MoAesn HemapaMeTpHuecKol perpec-
cum Betpa (NWR). B kauecTBe 3aBUCMO ITepeEMEHHOMN
BbIOpaHa 10-MuHyTHas KoHLeHTpanusa npumeceii (NO,
NO,, SO,), a B KauecTBe NPEeJUKTOPHBIX TE€PEMEHHBIX
cpeJlHee HalpaBJieHHe U CKOpocTh BeTpa (Puc. 3-8).
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Puc.2. BpemeHHas M3MeHYNBOCTh CpeJHEYACOBBIX 3HAYeHU: A) quoKkcuaa

25 mromns

cepsl; B) okcuaa asora; B) quokcuaa azora Ha

cTaHuAX «JINCTBAHKA», «Bosbiine KoTel», «Bospcekuii» ¢ 17 mo 28 urossa 2023 r.

B pesysibraTe npoBenénHoro aHanusa (Puc. 3-5)
OBLJIO YCTAHOBJIEHO, YTO HauboJblllee cofepxaHue
SO,, NO u NO,, B npusemHoi1 aTMocdepe CTaHIUU
«JIncTBAHKa» OBLIO 3aUKCUPOBAHO B HOYHBIE U YTPEH-
Hue vacel (¢ 00:00 go 08:00), mpu BeTpax CeBEPHOrO
U ceBepo-3allaJIHOr0 HalpaBJleHUs CO CKOPOCTAMU OT
1 1o 4 m/c. 3TO CBA3aHO C TeM, UYTO BEIOPOCHI OKCHIOB
asoTa W cephl, pacupocTpaHsAmIrecs Ha BecoTax (co
nietipamu TOLY), BBUAY yMeHbIIeHN TOJIIMHEI I0rpa-
HUYHOTI'O ¢J1051 aTMOocdephl U ocJ1abieHusA TepMUYecKon
KOHBEKIIMH MOTYT OIyCKaThCA HIKe. B HeBHBIE Yachl,
B CWJIy HarpeBa 3eMHO! ITIOBEPXHOCTU U OTPAHUYHOI'O
cJios1 atMocdepsbl, yCuiInBaeTcsl pa3BuTHe TypOyJieHT-
HOCTH, YTO CIIOCOOCTBYET YJIyYIIEeHUI0 YCJIOBUI pac-
cerMBaHUA IpuMeceil. BeTpoBoil peXuUM CTaHOBUTCA
6oJiee pa3HOOOpa3HBIM, YTO MPUBOAUT K MOHMKEHUIO
KOHIIEHTpAaI[1i1 OKCH/IOB Cephl 1 a30Ta [0 JIETHUX (HOHO-

BBIX 3HaueHuil IOxHoro Baiikana (Zhamsueva et al.,
2022; Shikhovtsev et al., 2024). B cyTouHol1 JUUHaAMUKe
OKCHJIOB a30Ta BblieJIsAeTCA BTOpoe NOoBhIeHue ¢ 12 1o
15 gacos. B cyTouHOI1 AUHaAMUKe OKCHOB a30Ta BhIJe-
JseTca BTopoe noseimeHue ¢ 12:00 go 15:00. JanHoe
MOBHIIIeHNe BO3HUKAJIO NPU BeTpax Hro-BOCTOYHOTO,
I0XKHOTO U I0r0-3anaHoro HanpaBjieHUH, YTO COOTBET-
CTBYeT paCMOJIOXKEHUI0 Mocésika JIMCTBAHKA U 3ajuBa
JlvicTBeHHUYHBIN. BepoATHRIMU MCTOYHUKAMU JAaHHBIX
ra3oBBIX ITpUMecell MOTYT SBJIATHCA aBTOMOOWJIBHEIN U
BOJIHBIN TPaHCIOPT.

Ha crannonape «bBospckuii» Haubobmue
nenrpanquu SO, u NO, GbuIM 3aUKCHUPOBAHBl MPU
BeTpax I0XHOTO U I0ro-3amnafgHOro HalpaBjeHUuH. JTU
HallpaBJIeHUs COOTBETCTBYIOT PACIOJIOKEHUIO JIOKAJIb-
HBIX MCTOYHUKOB 3arpsA3HeHUsA aTMocdeps], KOTOphle
HaxoJATCs Ha I0ro-BOCTOYHOM Iobepexbe o3epa batikan
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—{00:00 —— 01:00 ——{ 02:00 | [03:00 | ["04:00 | [ 05:00
4 g N 4 s N 4 . N N N N
zw: 2w: %235
# hy & h g’ 20
1 06:00 1 07:00 F——1 08:00
= ¥ N # [ N 4 ] N
15
w by, Y Elw { el b -
e » 3
| 2]
o
]
—{ 12:00 —FT 13:00 —— 14:00 [ 10 &
o |N e N oL 3
A - k. £
[ ]
5
:00
0

Puc.3. NWR-ananus 1jia JeCATUMUHYTHBIX KOHIIEHTpaIui SO, B MOJIAPHOU cucTeMe KOOpAWHAT Ha CT. «JIucTBAHKa», 1iojib 2023 T.
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Puc.4. NWR-ananus fjid JeCATUMUHYTHBIX KOHII€HTpaInil NO, B MOJIAPHOM cucTeMe KOOpAUHAT Ha CT. «JIuCcTBAHKa», uioJib 2023 r
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Puc.5. NWR-ananus Jji 1eCATUMUHYTHBIX KOHIleHTpauuii NO B NOJIIPHOH cucTeMe KOOpAUHAT Ha CT. «JIucTBAHKa», niojib 2023 T.
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Puc.6. NWR-ananus Jjig 1eCATUMUHYTHBIX KOHI[eHTpalKi SO, B MOJIAPHOH crcTeMe KOOpJAWHAT Ha CT. «Bospckuiil», noib 2023 r.
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Puc.7. NWR-ananus [yig AeCATUMUHYTHBIX KOHILIEHTpalui NO, B MOJIAPHOU cucTeMe KOOpJAUHAT Ha CT. «Bospckuii», noib 2023 r.
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Puc.8. NWR-aHanus [ijid JecATUMUHYTHBIX KoHIeHTpauuil NO B MOJIAPHON cucTeMe KOOpAUHAT Ha CT. «Bosipckuil», uwoib 2023 r.

(Puc. 6-7). Corstacio NWR ananu3zy, ObLJIU BBISBJIEHBI
OTJleJIbHBbIe 3MM30/bI, KOT/Ja BO3AYILIHbIE MacChl, oOora-
MIEHHBIE OKCHJIAaMU a30Ta U Cepbl, IEPEHOCATCA C ora
BAOJIb OOJUHBI peku MaHTypuxa. [IpoBenéHHBIN pac-
YET MPSAMBIX TPAeKTOPUI JIBUXKEeHUs BO3QYIIHBIX Macc
(Puc. 9) nokasas, 4TO MOBBIIIEHNE COAEPXaHUSA OKCU-
OB cephl U a30Ta Ha crainuoHape «Bospckuii» MOXeT
OBITh CBSI3aHO C BJIMAHUEM yAaJIeHHbIX HCTOYHUKOB,
pacnoJioxXeHHBIX B ropojie I'ycruHoo3epck.

NWR-ananus, npoBeaénunii a1 NO (Puc. 8),
JeMOHCTPHPYeT, YTO KOHIIeHTpaLKsA MOHOOKCH/A a30Ta
Bo3pacTaeT B Ilepuof ¢ 7 A0 23 4acoB [0 MECTHOMY
BpeMeHHU BHe 3aBHCHMOCTU OT HalpasJleHUs BeTpa. JTO
MOXeT yKasblBaTh Ha TO, YTO CTalMOHap «BosgpcKuii»
[IOABEPXXEH BJIMAHUIO JIOKAJIBHBIX NCTOYHUKOB 3arpss-
HeHUA aTMocdephl, TaKMX KaK aBTOTpaHCIOPT. B Hou-
Hble yachl KoHIleHTpauuu NO cHIXalTcA A0 3Ha4eHUH,
O6JIM3KUX K Npefesly obHapyxeHUs npudopa.
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Puc.9. Tonorpaduueckas kapTa UccjieyeMoro pernoHa
(https://ru-ru.topographic-map.com) u npsiMasi TPaeKTOPU
JBIKEHMsA BO3JYIIHBIX MacC OT CTAllMOHAPHBIX UCTOYHHUKOB
r. I'ycuHoO3epck Ha BeicoTe 500 M AGL, 20.07.2023 7:00 MB.



https://ru-ru.topographic-map.com

Luxosyes M.FO. u dp. / Limnology and Freshwater Biology 2024 (5): 1284-1301

(1)8 JIuctBanka SO, 1 Bosipcknii SO,
5
0,6 Bparck 0.8 & -
0,4 ~ Kpachostpek 0,6 &
HoBocubupck 0,4 e
0,2 G » | s gy 'f = B ‘.‘.
0 IS o o ’ oo Bparck”
Jlucmeanka 3 0 = N KpaCOBReE
A OBOCHOHPCK
H
.Bpuem-r PIyIeE y.naxi-yna
Bospcruu
®
Dpnenar
Jucresinka NO, 1 Bospckuii NO,
1 L 0.8
0,8  of 0.6
06 Kpachosipck g, | 0.4
®* Bparck
10,4 Hosocn6upek 0,2 KP“““"P% P: ~
b7 L 4
02 Mpkyrcky, S 0 HoBocHGHpCk
0 Juemesnka YIpKyrek
R4 Ynaﬂ%’m
° Bospcruii
Sprerst -
L d
DpreHsT

Puc.10. TIpocTpaHCTBEHHOE pacIpe/iesieHHe BEPOATHOCTU pacHojioxeHus ucTouHuka SO, u NO, Ha cT. «JIUCTBAHKa» U
«Bosipckuii» BeINoJIHEHHOe ¢ noMoibio PSCF-ananmu3za ¢ 17 no 28 urosis

3.3. UaenTudukauma yaaneHHbIX
MCTOYHMKOB C UCNIOAb3OBaHUEM aHaAu3a
PSCF

Jlna omnpeneseHus o6sacTeil MOTEHIMAIbHBIX
VCTOYHHUKOB Ta3oBhix mpumeceir — NO, u SO, B aTMoc-
depe IOxHOro Baiikaja MBI KCIOJIB30BAJM METO[
METOI0B MHOTOMEpPHON CTAaTHUCTHUKH, OCHOBAHHBIN Ha
COBMECTHOM aHaJin3e OOpaTHBIX TPAeKTOPUM, pacCuu-
TaHHBIX ¢ noMoisio MoAeau HYSPLIT u usamepeHUsaxX
MpU3eMHBIX KOHILIEHTPAaIMi MaJibiX Ta30BBIX IpUMe-
cel. UTOOBI OLIEHUTH yAaJieHHble MCTOYHUKN IIPOAOJI-
KUTEJIbBHOCTh OOpaTHHIX TPAeKTOpUil IPHUHUMAJIACh
paBHOI 72 yacam. Pacuern mpoBomuiuchk Ajisi 1000
MeTpoB Haj ypoBHeM 3emuiu (AGL) 3a nepuof ¢ 17 no
28 nrosa 2023 r.

PesynbraThl aHanmsa PSCF mpepacTaBjieHBl Ha
Pucynke 10. W3 pacueToB BUAHO, YTO BEPOATHOCTU
PacIioJIoXeHNA yAajJeHHbIX HCTOYHUKOB 1711 NO, u SO,
(6osiee 0,5) cxoxu AJIA ABYX CTAHIMU. [IepBBIT MaKCH-
MyM oOIpefieJieH K CeBepy, ceBepo-3amnagy OT CTaHIUN
HabmoqeHuA. Bo3aymHble Macchl, BXOAALIME B JaHHBIN
CeKTOp XapaKTepU3ylTCA, KaK apKTUUecKre U yMepeH-
Hble, copmupoBasmrecsa Hag CeBepHOU ATJIaHTUKOU
u TpaHchopMUpOBaBIIMecsa MPU JBUXEHUM Haj Ipo-
MBIIUJIEHHBIMM palioHaMu 3amagHoil U BocTtouHOI
Cubupy, rAe KpPyNmHBIMU MCTOYHUKAMU IOCTYILIe-
HHUsA OKCHJOB a30Ta U CepHl ABJIAIOTCA NpPeAnpUuATHsS
TOIUIMBHO-3HEpreruueckoro  kommiekca (Marliciok,
2017). IToaTOMy MOXHO IIPEAINOJIOKUTh, YTO Ha HayaJio
uccienoBanus (C 17 mo 23 uioJist), KOrga B MPU3EM-
HOM cJioe Habmopanack, cTabuiabHaa atMocdepa C
He3HAUUTEJbHBIMM  CeBepo-3alagHBIMKM  I[IOTOKaMHU,
HallpaBJIeHHBIMU B cTOpoHY lOxHoro Baiikasna, BKJIafg
B 3arps3HeHUe BO3AYILIHOro OacceiiHa 10XHOU KOTJIO-
BUHBI 03€pa OKa3bIBaAJIM BJIMAHNE He TOJIbKO NCTOYHUKU
HpyTcko-UepeMXOBCKOTO IIPOMBILIJIEHHOIO y3Jia, HO
U IpoMBIIIeHHble ropoaa HoBocnubOupckoil obJiacty,
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KpacHosipckoro kpas u ceBepa HpkyTckoii obJacTu.
OTo corJiacyercs ¢ JaHHBIMU IIpU3eMHBIX M3MepeHUH,
IPOAEMOHCTPUPOBAHHBIX Ha PucyHkax 2-5.

BTopoii MakcuMyM BepOSTHOCTH pPAacCIOJIOXe-
HUA y[aJeHHbIX UCTOYHUKOB BU3yaJIM3UPYeTCA K IOT,
I0T0-BOCTOKY 03epa. OH CBsA3aH ¢ U3MeHEeHHeM MeTeo-
POJIOTUYECKOU CUTyalnuu B pervoHe 23 uiosid. CTaHIuu
MOHMTOPUHIa HaXOAWINCh MOJ BJHAHUEM MaJiorpa-
JUEeHTHOro mnoJjia aTMocdepHOro AaBjieHHs CO CJia-
OBIMM MECTHBIMU BETPaMU PA3JIMYHBIX HaIpPABJIEHU,
(Puc. 3-8) c HeGospmuM MpeobsaJaHUEM HOXKHBIX U
I0TO-BOCTOYHBIX BETPOB CTaHLVA «JIMCTBAHKA» 1 I0T0-3a-
Ma/HBIX, I0KHBIX BETPOB Ha cTaHIU «Bospckuii». Ha
cocTosiHMEe BO3ayIIHOTO OacceiiHa HOxHoro Baiikasa
OKa3blBaJId BJIMAHWUA BO3AYIIHBIE MAacChl, C(HOPMHUPO-
BaBImecs Haj Teppurtopuer Kazaxcrana u MoHroamu.
Ucxona u3 Pucynka 10 MBI BUAUM, YTO OCHOBHEIE
WCTOYHUKU PaCMOJIOKEeHbl B IMPOMBIIIJIEHHBIX FOPOAAaxX
Pecny6siuku Bypsitum (rr. Yiasn-Y i, I'ycmHOO3epck u
mm. KameHck, CeJIEHTMHCK), a TaKXke He3HAYHTeJIbHOe
BJIMAHUE T. DpAeHdT (MoHromus:m).

4. 3aknloueHue

B nernuit nepuong 2023 roga Ha TpexX CTAHITUAX
MoHuTopuHra armocdeps B HOxHoMm Dbalikane cun-
XPOHHO TNPOAHAJIM3UPOBAHBl CpPeJHEYACOBble KOHIIEH-
TpalMy MaJlbIX T'a30BBIX IpUMeceil — OKCHJIOB Cephl
U a3oTa, METeOpOJIOTUYEeCKHe IlapaMeTphl, BKJII0Yasd
CKOpOCTh W HamlpaBjieHHe BeTpa. Pe3ysbTaThl Hcciie-
JI0BaHUA MOKa3aju, 4YTo, HeCMOTPs Ha HeOOoJIbIIoe pac-
CTOSIHME MeXAy CTaHIUAMU HabJojeHUN n3MeHeHUA
B COJlepXaHUM MaJIbIX Ta30BBIX IIpHUMecell Ha pa3HBIX
6eperax HOxnoro Balikasa npoucxoAAT He3aBHUCHUMO
Opyr oT Apyra. IIpnunHbI Takux M3MeHeHUl 00yCJIoB-
JIeHBl PacIoJIoXKeHNeM CTaHIMN, 0COOEHHOCTAMU BHY-
TPUKOTJIOBUHHON LUPKYJAIMU UM PacloJIOKeHUeM
OTHOCUTEJIBHO aHTPOINOI€HHBIX NCTOYHHUKOB.
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OlleHKM BJIUAHUA MeETEeOPOJIOTMYEeCKUX Mapa-
MEeTpPOB Ha cojiepkaHMe Ta30BBIX IpUMecell B aTMOC-
depe HOxHoro baiikasia ¢ HCIOJb30BaHUEM MOMEJN
NWR nokaszaiy, 4TO, MakCHUMaJlbHble KOHI[eHTpaluu
Ha 3amagHoM Mobepexbe O3epa 3aUKCHUPOBAHBI MPU
BeTpax CeBepo-3almaJHOro HalpaBJeHud CO CKOpPO-
cThi0 OT 1 10 4 M/c. 714 BOCTOYHOTO nobepexbsa o3epa
XapaKTepHO TOBBIIIeHWe KOHI[eHTpalliil Ipu Iro-3a-
MaJHOM B TOM Xe Juana3oHe CKOPOCTeM.

C mnomompio (PYHKIUM BKJIafga IOTeHI[UaJIb-
HbIX nctouyHukoB (PSCF) ompepesieHbl MeCTOMOJIOXe-
HUA yOaJIeHHBIX MCTOYHMKOB, OKa3aBIIMX BJIMAHUE Ha
cocTtaB aTMocdepHOro BO3[yXa B IOXKHON KOTJIOBHHE
o3zepa JietoM 2023 r. HauboJiee BepOATHBIN BKJIag,
BHECJIU MCTOYHUKU PacrojiokKeHHble Ha TeppUTOpUun
Pecny6suku Bypsarusa u KpacHospckoro kpasi.
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