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ABSTRACT. The paper presents the results of measurements of ground-level ozone, nitrogen oxide and
dioxide, and sulfur dioxide concentrations in the atmosphere of the southeastern coast of Lake Baikal at
the Boyarsky research station of the Institute of Physical Material Science Siberian Branch of the Russian
Academy of Sciences (IPMS SB RAS). The features of the daily variation of small gaseous impurities in
different seasons of the year are revealed. Seasonal variations of ground-level ozone, nitrogen oxide and
dioxide, and sulfur dioxide concentrations were obtained. Periods with increased ground-level ozone
concentrations were noted. It has been shown that high ozone levels may be associated with long-range

transport from polluted areas of Mongolia and China.
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1. Introduction

Air pollution is now recognized as a global prob-
lem characterized by changes in atmospheric compo-
sition and elevated concentrations of air pollutants.
According to the World Health Organization (WHO),
outdoor air pollution in urban and rural areas caused
4.2 million premature deaths worldwide in 2019
(WHO, 2022). Ozone (O,), as a secondary pollutant
formed through photochemical reactions involving
nitrogen oxides (NO ) and volatile organic compounds
(VOCs) under the influence of solar radiation, poses
significant risks to human health, ecological systems
(Lippmann, 1993; Burnett et al., 1997; Pacifico et al.,
2015, Shikhovtsev et al.,2024) and vegetation (Rich,
1964; Fiscus et al., 2005; Felzer et al., 2007; Ainsworth
et al., 2012); Sillman, 1999; Jaffe et al., 2008; Jaffe and
Wigder, 2012, Lindaas et al., 2017).

The atmosphere is an important component of
the natural environment and can have a significant
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impact on the functioning of large terrestrial and
aquatic ecosystems, in particular, such as Lake Baikal.
In addition to the direct impact on currents and the
intensity of vertical mixing of water masses, the atmo-
sphere is a source of various natural and anthropogenic
substances, both directly on the surface of the reservoir
and on its catchment area (Zhamsueva et al., 2021).

In recent years, monitoring the entry of pollutants
into the Baikal ecosystem through the atmosphere has
become especially important due to climate change, an
increase in the number and area of forest fires, which
have a huge impact on its pollution.

In this regard, Lake Baikal is of particular interest
for the implementation of digital monitoring methods
and technologies, as an ideal place, since it can be char-
acterized as representing natural conditions, but at the
same time there are periods of anthropogenic impact
due to the orographic isolation of the Baikal Basin and
the specific nature of the circulation of air flows over
the lake. The need to obtain information on modern
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climate changes in the Lake Baikal region, where they
occur at an accelerated rate, makes this task important
and relevant. In connection with the high spatio-tem-
poral variability of meteorological conditions, the
processes of distribution and fallout of anthropogenic
impurities in the central ecological zone of Baikal, it is
extremely important to use high-resolution automatic
(in situ) methods of measuring both the pollutants
themselves and meteorological parameters.

The study of this article focuses on complex
observations of concentrations of trace gases at the
Boyarsky reference station for monitoring the atmo-
sphere of the Baikal natural territory. Air quality mon-
itoring using continuous measurement systems allowed
us to quantitatively determine the content of pollutants
in the air and provide accurate information on their
distribution in different seasons of the year.

2. Material and methods

The Boyarsky reference station (51°50747”N;
106°04’01”E) is located in the “background” area,
directly near the coastal zone of the south-eastern coast
of Lake Baikal, along a transect covering the zone of
transboundary transfer of anthropogenic emissions
from the industrial centers of the Irkutsk region (Fig. 1).

The 3.02 P-A, P-310A, C-310A chemiluminescent
gas analyzers (OPTEK Inc., St. Petersburg) were used to
measure the concentrations of ozone, nitrogen oxides,
and sulfur dioxide. The P-310A and C-310A gas analyz-
ers measured the concentrations in the range from 0 to
1000 pg m* with an error of +25%, and the 3.02 P-A
gas analyzers in the range from O to 500 pg m? with
an error of +20%. Calibration and zeroing were per-
formed automatically with the help of built-in micro-
flux sources according to commands from gas analyz-
ers’ processor. The gas analyzer measurement accuracy
is controlled using Mod. 8500 Monitor Labs calibrator
(Monitor Labs. Inc., United States).

To assess possible sources of impurities entering
the atmosphere of the central ecological zone of Lake
Baikal and to visualize air transfers from large indus-
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trial sources, the HYSPLIT mathematical model was
used (Stein et al., 2015). For illustrate of data numeric
model SILAM (System for Integrated modeLling of
Atmospheric coMposition) the Ventusky application
(https://www.ventusky.com) are used.

3. Results and discussion

According to continuous observations at the
Boyarsky reference station, seasonal variability in con-
centrations of small gaseous impurities was revealed.
Figure 2 shows a histogram of the distribution of aver-
age monthly values of ground-level ozone, sulfur diox-
ide, and nitrogen oxides. The vertical lines in the dia-
grams show the standard deviation

In May the average monthly ozone concentra-
tions were 116 ug/m?, in June 96 pg/m3, in July 100 ug/
m3, in August 105 pg/m?, in September 63 pg/m3, and
in October 55 nug/m?®. Figure 2a demonstrates that the
seasonal variability of ground-level ozone concentra-
tions shows a pronounced maximum in the spring-sum-
mer period. In spring, due to increased vertical mixing
and active ozone inflow from the free troposphere, the
average monthly ground-level ozone concentrations
reached 116 pg/m3. The average monthly concentra-
tions of nitrogen oxide and dioxide remained at the
background level in all seasons and did not exceed 10
ug/m3 (Fig. 2¢,d).

On clear calm days the maximum concentration
values of O, in July 31, in 08 August and 12 August
were noted and amounted to 208 pg/m3, 216 pug/m?®
and 234 pg/m3, respectively. It was established that in
the summer the maximum average daily concentrations
of ozone were observed in the southwestern direction
of the air masses, and the minimum average daily O,
values occur in September and October. The main rea-
son for the increased concentrations of ozone is appar-
ently associated with the location of the Boyarsky sta-
tion, which is located near the forest. The latter are
a powerful source of generation of terpenes, of which
ozone forms in natural conditions (Zayakhanov et al.,
2022).
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Fig.1. Location of the sampling station “Boyarsky”.
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Fig.2. Temporal variability of monthly average concentrations of ground-level ozone (a), sulfur dioxide (b), nitrogen oxide
(c), nitrogen dioxide (d); vertical lines show the standard deviation.

In the summer of 2024, the large-scale forest fires
were observed in the Irkutsk region, the Krasnoyarsk
territory and Yakutia. From July 27 to August 1 the
increased levels of squirrel ozone were noted to 203
ng/m?® due to the transfer of smokes from the fires area
at the Boyarsky station, The maximum daily amplitude
was observed in July and reached 120 pg/m?3, which can
be associated with both photochemical processes (high
daily temperatures and significant insolation) and the
dynamics of the border layer (cold nights accompanied
by strong inversions).

The daily variation of the concentrations of small
gas impurities was obtained for each month of observa-
tion (Fig. 3). As in previous years, 2021-2023, the daily
course of the concentration of ozone in all seasons of
2024 has a maximum in the daytime, at least at night
and in the morning (Fig. 3a).

The daily variation of nitrogen oxide and diox-
ide concentrations in all seasons is weakly expressed
(Fig. 3b,c). It was noteded that the daily variation of
SO, concentration in May, June and July repeats the
daily variation of ozone. The correlation coefficient
was 0.82.

In spring, the average daily concentrations of
trace gases were SO, -30,1 pg/m? NO, — 8,7 pg/m?,
NO - 2,2 ug/m®. The average daily ozone concentra-
tion in summer is noticeably lower than in spring.
The amplitude of intra-day fluctuations varies in the
range of 50-75 pg/m3. The average concentrations of
gas impurities in autumn (September-October) were for
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0, -58,7 ug/m? SO, -6.3 ug/m,, NO, — 5,4 pg/m? NO
- 2,5 pg/m3.

To assess the periods of exceeding hygienic stan-
dards, days with an excess of the maximum permissi-
ble single concentration (MPCm=160 ug/m3®) were
identified; there were 28 of them, which is 29% of the
total observation case. In 72% of cases, an excess of
the maximum permissible average daily concentration
(MPCd=100 ug/m®) was noted. Increased O, concen-
trations can be associated, as noted above, with the
location of the observation point on the border with
a forest area, where an increased content of organic
compounds of plant origin is usually observed, which
participate in chemical reactions that contribute to an
increase in ozone concentration. In addition, the high
level is associated with the generation of ozone in pol-
luted air during long-range transfer. As an example
for assessing the contribution of long-range transfer to
the observed extreme O, values on August 12, 2024 in
the atmosphere of statioon. “Boyarsky”, calculations
of air mass transfer routes were performed using the
HYSPLIT trajectory model and calculations using the
SILAM (Fig. 4).

The calculation results are presented in the form
of a map of the O, concentration distribution in Figure
4. It also shows the backward trajectories of air mass
transfer calculated using the HYSPLIT model, which
indicates the transfer of air masses from southwestern
directions from the territories of Mongolia and China
with a high content of ozone and anthropogenic gases.
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Fig.3. Daily variation of the concentrations O, (a), sulfur dioxide SO, (b), nitrogen oxide NO (c), nitrogen dioxide NO, (d) in

different months 2024 the Boyarsky station.
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4. Conclusion

Continuous measurements of ground-level ozone,
nitrogen oxide and dioxide, and sulfur dioxide concen-
trations in the atmosphere of the southeastern coast of
Lake Baikal were carried out at the Boyarsky reference
station of the IPM SB RAS. Seasonal variations in trace
gas impurities were obtained. The seasonal variabil-
ity of ground-level ozone concentrations shows a pro-
nounced maximum in the spring-summer period due to
increased vertical mixing and active ozone inflow from
the free troposphere. Concentrations of SO2, NO2, and
NO remained at the background level in all seasons. The
diurnal variation in trace gas impurity concentrations
was obtained for each month of observations. The diur-
nal variation in O3 concentrations in all seasons has a
maximum in the daytime and a minimum at night and
in the morning. The diurnal variation in nitrogen oxide
and dioxide concentrations in all seasons is weakly
expressed. Periods with increased ground-level ozone
concentrations were noted. It has been shown that high
ozone levels may be associated with long-range trans-
port from polluted areas of Mongolia and China.
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KpaTtkoe coobuienune

Pe3yAbTaTbl U3MEPEeHUH KOHUeHTpauun I IMNOLOGY
MaAbIX ra30BbIX NpUMeceH Ha ONMOPHOM FRESEIWATER
CTaHUMHM MOHMTOPHHra atTmocdepbl BIOLOGY
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AHHOTAILIUS. B paGoTe mpuBefeHBl pe3ybTaTbl U3MEpPeHUU KOHIEeHTpaluil MPU3eMHOr0 O30Ha,
OKCHJa U JUOKCHAA a30Ta, AUOKCHAA cepbl B aTMocdepe I0ro-BOCTOYHOIO obepexbs 03. balikan Ha
Hay4HOM cTtaiuoHape «bospckuii» UM CO PAH. BrisiBieHbI 0COOEHHOCTY CYTOYHOI'O XO[a MaJIbIX I'a30-
BBHIX ITpUMeceli B pa3Hble ce30HHl rofa. OTMeueHa BaXkHasA poJib B CyTOYHBIX BapHallAX 030HA U APYrUx
MaJIbIX Ta30BBIX pUMecell CMeHBl BO3AYIIHBIX IOTOKOB B YCIOBUAX OPU30BBIX LIUPKYJIANMM, KOTOpPhIEe B
3HauYMTeJIbHOM CTeleH! BJIMAIT Ha IepeHoC U paccesHUe aTMoc(epHBIX IpUMecell B perioHe.

Kiouegwie citoga: Maible ra3oBhele IpUMecH, IIPU3EeMHBIN 030H, 03. Balikain, atmocdepa, batikanbckas nprpoaHas
TeppUTOpuUs

A qutupoBaHusa: Llpigemos B.B., Xawmcyesa I'.C., 3aaxanoB A.C., [JemeHtheBa A.JI., BampxanoB T.C., CrapukoB A.B.,
Xomxep T.B. Pe3ysibTaTsl NI3MEPEHUI KOHIIEHTPALMI MaJIbIX TAa30BhIX IPUMeCel Ha OMOPHO CTAHIIMH MOHUTOPUHTA aTMOC(heph
BaiikabpcKoi npupoHoil Tepputopun «Bosipckuii» B 2024 r // Limnology and Freshwater Biology. 2025. - Ne 4. - C. 468-476.
DOI: 10.31951/2658-3518-2025-A-4-468

1. Beepenne ATtMocdepa sABsAeTCA BaXHOU COCTaBJIANONIEN

IIPUPOAHBIN Cpefbl U MOXeT OKasblBaTh CyI[eCTBeH-
HOe BJIMsAHNE Ha (PYHKLMOHUPOBAHNE KPYIHBIX Ha3eM-
HBIX U BOAHBIX 3KOCHUCTEM, B YaCTHOCTHU, TaKUX Kak
o3zepo batikan. [lomMumo npsaMoro BJIMAHUS Ha Teye-
HUsA U MHTEHCUBHOCTb BEPTHUKAJIbHOIO IepeMellrBa-
HUA BOJHBIX Macc, atMocdepa ABJIAETCA UCTOYHUKOM
MOCTYIUIEHUs1 Pas3jIMYHbIX IPUPOJHBIX M aHTPOIIO-

3arpszHeHue Bo3[yxa B HacToslllee BpemsA IIpU-
3HaeTcsd B KayeCTBe MHPOBOM MpPOOJIEMBI, XapaKTe-
pusymomieiica U3MeHeHUAMU B cocTaBe aTMocdepsl
Y MOBBIIIEHHBIMU KOHIIEHTpalAMU 3arpA3HAININX
BellecTB B Bo3ayxe. [lo maHHeIM BcemupHo# opraHu-
3anum 31paBooxpaHeHus (BO3), 3arps3HeHue aTmoc-

beproro BO3AYXa B rOPOAIAX U CEJIbCKOH MECTHOCTH, FeHHBIX BEIeCTB, KaK HEeINOCPeACTBEHHO Ha MOBEpX-

cTauao E‘PH‘MHOI;I 4,2 MUJTHOHA TIPEX/IeBPEMEHHbIX HOCTb BOJI0OEMA, TaK M Ha €ro BOAOCOOPHHI OacceiiH
cMepreii Bo BceM mupe B 2019 roay (BO3, 2022). O30H (Zhamsueva et al., 2021).

(O,), KaK BTOpWYHBIN 3arpA3HUTEJIb, OOpasyIOIUICA
B pe3yJibTaTe (HOTOXUMHUYECKUX PEAKIUH C y4acTHEM
okcnoB azora (NO ) u JieTy4nx OpraHM4ecKux COeau-
HeHuii (JIOC) nox gelicTBUEM COJTHEYHOT'O M3JTyYeHUsd,
MpEJICTAB/IAET 3HAYMTEJIbHBIE PUCKH [AJA 3[0POBbA
yeJioBeKa U 3KoJlorudeckux cucreM (Lippmann, 1993;
Burnett et al., 1997; Pacifico et al., 2015, Shikhovtsev
et al.,2024) u pactutensHOCcTh (Rich, 1964; Fiscus et
al., 2005; Felzer et al., 2007; Ainsworth et al., 2012;
Sillman, 1999; Jaffe et al., 2008; Jaffe and Wigder,
2012, Lindaas et al., 2017).

B mocnenHue roapl KOHTPOJIb 3@ MOCTYILJIEHHEM
3arpA3HAINIMX BelllecTB B 3KocucTeMy balikana depes
atMmocdepy npuodbpetaer ocoboe 3HaueHHE B CBA3U C
U3MeHeHHeM KjuMaTa, yBeJMYeHHeM KOJIM4YecTBa U
IJIOIaiel JIECHBIX I10XapoB, OKa3bIBAIOIIUX OTPOMHOE
BJISIHUE Ha ee 3arpsA3HeHue.

B sTtom oTHomeHuu o3. Baiikan mpejcraBiisieT
0oCcOObIll MHTepec Uil BHeAPEHUs MeTOAOB M TeXHO-
Joruii 1nudpPOBOro MOHUTOPHHIa, KakK uAeaJbHOe
MEeCTO, IIOCKOJIbKY ero MOXHO 0XapaKTepH30BaTh Kak
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MpEeJICTAB/IAIIUN TPUPOJHbIE YCJIOBUA, HO B TOXeE
BpeM 3/iech HAOJIIOAITCA MEPHUOABI aHTPOIIOT€HHOTO
BO3AENCTBUA BCJIEACTBUE OpOrpadUYecKoil HU30JIH-
POBaHHOCTU BaliKaJIbCKOM KOTJIOBUHBI U crienuduye-
CKOTO XapaKTepa LUPKYJALUU BO3OYLIHBIX IMMOTOKOB
HaJ] akBaTtopuel o3epa. Heo6XoaUMOCTh MOJIyYeHUA
HGOPMALM COBPEMEHHBIX KJIMMAaTHUYECKUX U3MeHe-
HUI B pervoHe o3. Baiikasi, rie OHU IPOXOJAT YCKO-
PEHHO, [eJlaeT JAaHHYI 3aJadyy BaXHOU M aKTyaslb-
HOM. B cBA3U C BBICOKOM MTPOCTPAHCTBEHHO-BPEMEHHO
U3MEHYUBOCTHIO METEOPOJIOTUYECKUX YCJIOBUH, IPO-
[[ECCOB PaCIpOCTPAHEHUs U BBHINMAJIEHUSA AHTPOIOTeH-
HBIX IIpHUMeceil B LIeHTPaJbHON 3KOJIOTHYeCcKON 30He
(I33) Baiikana, kpaiiHe BaXHO NIpHUMeHEHUE BBICO-
Kopaspeliaomux aBToMaThueckux (in situ) metomos
U3MepeHNs, KaK CaMUX 3arpA3HUTENIeNd, TaKk U MeTeo-
POJIOTUYECKUX MTapaMeTPOB.

HcciienoBaHue JAaHHOM CTaThU COCPENOTOYEHO
Ha KOMILUIEKCHBIX HaOJIAEHUAX 3a KOHLEHTpAIlU-
AMU MaJIbIX Ta30BBIX IpUMeceil Ha OMOPHOHM CTaHIUU
MoOHUTOpUHra armocdepnl Baiikasibckoll NPUPOIHOL
Tepputopun «bosgpckuii». KOHTPOJIb KayecTBa BO3yXa
C TIOMOIIBI0 CHCTEM HEMPEPHIBHOTO U3MEPEHUS MTO3BO-
JIVJT KOJINYECTBEHHO OMpeNeUTh COAepKaHue 3arpss-
HAIOI[MX BEIIECTB B BO3JyXe U MPEAOCTABUTH TOYHYIO
VHGOPMALMIO O UX paclpeieIeHUU B pa3Hble CE30HBI
roja.

2. MaTepuanbl U MeTOADI

OnopHasa cranuua «Bospckuii» (51°50°47”N;
106°04’01”E) pacnoJsioxeHa B «(pOHOBOM» palioHe,
HENoCpeACTBEeHHO BOJIM3U OeperoBoil 30HBI IOr'0-BOC-
ToyHOro mnobepexbs 03. bailikajs, BHOJIb TPaHCEKTHI,
OXBaTHIBAIOIIEH 30HYy TpaHCIPAaHWYHOIO IlepeHoca
aHTPOIIOT€HHBIX BBIHOCOB OT IIPOMBIIIJIEHHBIX IIeHTPOB
HpxkyTckoii ob6mactu (Puc. 1).

Jl714 n3MepeHUA KOHI[EHTpaluu 030Ha, OKHCJIOB
asoTa, JUOKCHUAA CepHI MCII0JIb30BAJIMCh XeMUJIIOMUHEC-
LieHTHBIe razoaHaausaTtopsl 3.02 I1-A, P-310A, C-310A
(BAO «OIITOK», r. CaHkT-IleTepbypr). [Jluana3oH usme-
peHuii razoaHanusaropos P-310A, C-310A BwinmosiHse-
MBIX C IOTpelmHOCTbI0 + 25%, cocTasiisgeT ot 0 1o 1000

¢ Mockea

MKr/M°, razoananuzatopos 3.02 I1-A ot 0 go 500 mkr/
M3, MorpemHocTh uaMepeHuin +20%. KanubpoBka u
yCTaHOBKa HYJIA OCyI[eCTBJIAeTCA aBTOMaTUYeCKU Npu
IIOMOII[A BCTPOEHHBIX MCTOYHHUKOB MUKPOIIOTOKOB IIO
KOMaHJaM IIpolieccopa razoaHajau3aTopoB. KoHTpoJb
TOYHOCTH K3MepeHull TrasoaHaJn3aTOpPOB OCYyIIecT-
BJIAETCA C TIOMoIIbI0 Kasmu6paTtopa Mod. 8500 Monitor
Labs (Monitor Labs. Inc., CIIIA).

JnA olLleHKHM BO3MOXHBIX MCTOYHHKOB IOCTY-
IIJIeHUsA IpuMecel B aTMocdepy LeHTpaIbHOM 3KO0JIO-
ruyeckol 30HbI balikana u BuU3yanusaluy BO3AYIIHBIX
[IEpPEHOCOB OT KPYMHBIX MHYCTPHAJIbHBIX HCTOYHUKOB
HCIIoJIb30Bajlach MaTemaTuueckasa wmoneab HYSPLIT
(Stein et al., 2015). [yia BU3yaJIbHOTO OTOOpAKEHUs
JIaHHBIX YMCJIEHHOIO pacyeTa cocTaBa aTMocdephl IO
monenun SILAM (System for Integrated modeLling of
Atmospheric coMposition) wumoJib30BasioCh MPUIIOXKE-
aue Ventusky (https://www.ventusky.com).

3. Pe3yAabTathbl M 06Ccy)xpeHue

[To pgaHHBIM HeNpephIBHBIX HaOJIOJeHUII Ha
onopHoM craHuuu «bospckuil» BHIABIEHA Ce30HHAasA
M3MEHYNBOCTh KOHIIEHTpPAI[Uil Ta30BBIX IIpHUMecell.
Ha PucyHke 2 mpepicraBjieHa TucTorpamMma pacipe-
JlefleHns cpefHeMeCSYHBIX 3HaueHUN KOHIIeHTpaluil
MPU3eMHOTI0 030HA, MOKCHUAA CEPHI, OKHCJIOB a30Ta.
Ha guarpamMmmax BepTHUKaJIbHBIMU JIMHUAMU MOKa3aHO
cpeJlHeKBa/ipaTUueckoe OTKJIOHEeHHe.

BriABneHB cpefHeMecsYHble KOHIEHTpauuu
030Ha, KOTOPBIE COCTaBJisAa B Mae 116 Mkr/m3, B UioHe
96 mkr/m®, B utosie 100 mkr/m3, B aBrycre 105 mkr/
M3, B ceHTsI0pe 63 MKr/m®, B okTAGpe 55 mkr/m3. U3
Pucynka 2a BUAHO, YTO B CE30HHOU H3MEHUYMBOCTU
KOHI[eHTpaluu NPU3eMHOT0 030HA MPOsBJIAETCA APKO
BhIpaXX€HHBIII MaKCUMyM B BeCeHHe-JIETHUM Iepuop.
BecHoii, 61arofgaps yCuUJIEHUI0O BepTUKAJIbHOTO Iiepe-
MeNIMBaHUsA M aKTUBHOMY IIOCTYILUIEHUIO O30HA U3
cBoOOAHON Tporocdeprl, cpelHeMecsAYHble KOHIIeH-
TpaUUy TPU3EMHOT0 O30HA Aocturaiu 116 mkr/me.
CpenqHeMecsuHbBle KOHIIEHTpAMK OKCHUAA M AUOKCUIA
a30Ta BO BCe Ce30HHBI OCTaBaMch Ha JOHOBOM YPOBHE,
u He npeBsimanu 10 mxr/m® (Puc. 2 B,r).
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Puc.1. Kapra-cxema pacrnoJioxeHne OIOPHOU CTaHIUM «BospcKuii».
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Puc.2. BpeMeHHO!1 X0/l cpeJJHEMeCAYHBIX KOHIIEHTpanuil npu3eMHOro o3oHa (a), auokcuga cepsl (6), okcuaa asorta (B),
Jauokcyuaa azora (r), BepTUKaJIbHBIMU JIMHUAMHY ITOKA3aHO CPeIHEKBaJpaTUYecKOe OTKJIOHEHUE.

OTMeueHbl MaKCUMaJIbHble 3Ha4yeHHs KOHI[eH-
tpaunuu O, 31 utosiss, 08 aBrycra u 12 aBrycra B sACHbIE
Oe3BeTpeHHBle OHU U cocraBysum 208 mkr/m3, 216
MKr/M3 1 234 MKT/M®, COOTBETCTBEHHO. Y CTaHOBJIEHO,
YTO JIETOM MaKCHUMaJlbHble CpeAqHeCyTOYHble KOH-
LleHTpaluy O30Ha HaOJofajuch NpU IOro-3anagHoM
HalpaBJIeHUM BO3AYILIHBIX Macc, a MHUHHMAaJIbHbIE
cpenHecyTouHble 3HaYeHUs O, TNPUXOAATCA Ha CeH-
TAOph U OKTAOpb. OCHOBHas NpUYMHA IOBHIIEHHBIX
KOHIIeHTpal[iil 030Ha, [I0-BUAMMOMY, CBsA3aHa C pac-
MOJIOKEHWEM CTalFIOHapa «BospCcKuii», KOTOPBIA HaXo0-
auTcA BONM3M JlecHOro maccuBa. IlocnemHue sABjA-
I0TCA MOIIHBIM HCTOYHMKOM IeHepaliy TepIeHOB, U3
KOTOPBIX B €CTeCTBEHHBIX YCJIOBUAX U 06pa3yeTcsa 030H
(Zayakhanov et al., 2022).

Jletrom 2024 r. HaOIogaaWch KpynHoOMAc-
mTabHble JiecHble TOXapel B HpKyTckoii obJacTy,
KpacHosipckom kKpae u fkytuu. BcenencrBue mnepe-
HOca J[AbBIMOB OT O04YaroB I[OXapoB Ha CTaliOHape
«Bosipckuii» ¢ 27 utoJis o 1 aBrycra oTMeyaiich IOBbI-
IIeHHble YPOBHM NPU3EMHOro o30Ha Ao 203 Mkr/me.
MakcyumasnibHasA aMIUIMTyAa CYTOYHOrO XoAa HaoJiio-
najachk B miojie 1 gocrurana 120 Mr/m®, 4To MOXeT
OBITh CBA3aHO KakK ¢ (OTOXMMMYECKHMMHU IIpolieccaMu
(BrICOKMe [OHeBHBlE TeMIepaTypbl U 3HauWTesIbHas
WHCOJIANNA), TaK U C JUHAMUKON MMOTPAHUYHOTO CJIOS
(xonomHble HOYM, COIPOBOXAAIOIIMECS CHUJIBHBIMU
WHBEPCUAMU).

[TosrydyeH CYTOYHBIM XOJ KOHLIEHTPALUWN MaJibIX
ra3oBbIX NMpUMecel AJIA KaXAoro Mecsra HalJoleHnil

(Puc. 3). Kak u B mpegsigymue roasr 2021-2023 rr.,
CyTOYHBI XOJ KOHI[eHTpaLUM O30Ha BO BCE CE30HBI
2024 r. nMeeT MaKCUMyM B JIHEBHBIE 4aChl, MUHUMYM
— HOubl0 U yTpoM (Puc. 3a).

CyTOUHBII XOJi KOHIIEHTpAI[1il OKCcHUaa M JUOK-
cua a3oTa BO Bce ce30HHI c1abo BeipaxeH (Puc. 3B,r).
OTMeueHO, YTO CYTOYHBIM XOJ KOHI[eHTpaluu SO, B
Mae, WIOHE U HIOJie TMOBTOPSET CYTOYHBIM XOJi O30HA
(Puc. 3a,6). Koapdunuuent xoppeanuu cocrasui 0,82.

BecHoll cpe/iHeCyTOUHbBIE KOHLIEHTPAMN MaJIbIX
rasoBbIx npumecert cocrasunu SO, -30,1 mxr/m?, NO,
- 8,7 mxr/m%, NO - 2,2 mkr/m®. CpegHeCyTOYHasA KOH-
[[eHTpalus 030HA JIETOM 3aMeTHO HIXe, YeM BECHOM.
AMIUIUTYJa BHYTPUCYTOYHBIX KOJieOaHUM M3MeHseTCs
B nuanaszoHe 50-75 mkr/m°. CpeqHue KOHI[EHTPALUHU
ra3oBbIX NpUMecel oceHbIo (CeHTAOPb-OKTAOPH) cocTa-
B s O, -58,7 mxr/m?; SO, -6,3 mxr/m? NO, - 5,4
Mkr/m3, NO — 2,5 mkr/m®.

[ olleHKU MepuoAOB NpEBHIIEHUs T'MTMeHU-
YeCcKUX HOPMATHBOB BBISIBJIEHBI THU C IPEBBIIIEHUEM
npeJieIbHO JIOMyCTMMOM MaKCHMMaJIbHO Pa30BOM KOH-
neHtpanuu o3o0Ha (IIAKMp=160 wkr/m3). Takux
JHel ObL10 3aduKCHUpOBaHO 28 AHEM, YTO cocTaBjAeT
29% ot obmero ciyuaa HabiogeHuil. B 72% ciy-
Yagx OTMEYEHO IpeBHIIIeHNEe MPeIeIbHO JOMYyCTUMON
cpenHecyTouHoy koHneHTtparnuu (I1JKcc=100 wmxkr/
wm3). TIOBBIIIIEHHBIE KOHIIEHTPAIUU O, moryT GBITh CBS-
3aHbBI, KaK yXXe OTMeyasioCh BBIIIE, C PACIOJIOXKEHUEM
MyHKTa HaOJII0/leHs Ha TPaHuUlle C JIECHBIM MacCHUBOM,
rie HaOIIOOalTCs OOBIYHO MOBBIIEHHOE COAepXKaHue
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Puc.3. CyTouHbIiA X0/ KOHIleHTpanui o3oHa O, (a), auokcuaa ceps SO, (6), okenaa asota NO (B), anokcuaa asora NO, (1)

B pa3Hble Mecsnsl 2024 r. Ha cT. «BosgpcKuii».
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OpPraHMYecKHUX COeJMHEeHU pacTUTEeJIbHOI'O IIPONCXOXK-
J€HUs, KOTOPble YYacTBYIOT B XUMUYECKAX peaKLUiX,
CIOCOOCTBYIOIINX POCTY KOHIleHTpalnuu o30Ha. Kpowme
TOTO, BBICOKUI YpOBEHb 030HA MOXET OBITh CBA3aH C
IIlepeHOCOM U3 3arpsA3HeHHBIX palioHOB. B kauecTBe
npyuMepa AjiA OLEHKM BKJIafa JajibHero mnepeHoca B
HalJI0laeMble 3KCTpemasibHble 3HaveHus O, 12 aBry-
cra 2024 r. B atMocdepe cT. «Bosipckuii», MpOBeIeHbl
pacueTsl IMyTell MepeHoca BO3AYIIHBIX MacC C HCIIOJIb-
30BaHueM TpaekTopHoil Mojenu HYSPLIT u pacueTs
10 XUMMKO-TpaHcnopTHOo! mofenu SILAM (Puc. 4).

PesysibTaThl pacuera IIpefcTaBJIEHBl B BUE
KapThl pacipejiesieHus KoHeHTpanuy O3 Ha pUCyHKe
4. 3xech xe IoKa3aHbl 0OpaTHBIE TPaeKTOPUU IlepeHoca
BO3AYILIHBIX Macc, paccunTanHble 1o mogenan HYSPLIT,
KOTOpBIE CBUETEJIbCTBYIOT O IE€PEeHOCe BO3AYLIHBIX
Macc C IOro-3amnajHbIX HalpaBjeHWH C TeppUTOPHUI
Monrosmu u Kutas ¢ BBICOKUMM cOAepXaHUeM O30Ha U
aHTPONOreHHBIX I'a30B.

4. 3aKnoueHMnAa

[IpoBedeHsl HenpepbiBHBIE U3MepeHUs KOHI[eH-
Tpauuii IpU3eMHOT0 030Ha, OKCH/Ia U AUOKCU/A a30Ta,
JAUOKCHJa cepsl B aTMocdepe 0ro-BoOCTOYHOro mnobe-
pexbsa o3. Bailikan Ha omopHON craHuuu «bBospckuii»
HNOM CO PAH. [Nosy4yeHsl Ce30HHBIE BapHali MaJibIX
rasoBbIX IpruMeceill. B ce30HHON M3MEHUYMBOCTU KOH-
LleHTpalluy IPU3eMHOI0 O30HA MpOABJAETCA APKO
BBIpaXX€HHBIII MakCMMyM B BeCeHHe-JIeTHUI Nepuof
3a CyeT YyCWJIEHHUs BepTUKAJIBHOIO IlepeMelIVBaHUA
1 aKTUBHOMY IIOCTYIUIEHHIO O30Ha 13 CBOOOJHON
tponocdepsl. Konuentparnuu SO,, NO, u NO Bo Bce
Ce30HBl OcTaBajuch Ha (oHOBOM ypoBHe. [losyueH
CYTOYHBIN XOJ KOHI[EHTpALlli MaJIbIX ra30BBIX [IpHUMe-
cell 471 KaXoro Mecsna HabiarogeHuil. CyTOYHBIN X0/
KoHIleHTpanuu O, BO BCe CE30HBI UMEET MAKCUMyM B
JHeBHbIe Yachl, MUHUMYM — HOUYBI0 U yTPOM. CyTOUYHBII
XOJ KOHI[eHTpalluil OKchAa U AUOKCHJA a3oTa BO Bce
ce30HHI c¢j1abo BeIpakeH. OTMeueHbl IIepUuOoAbl C MOBhI-
IIeHHBIM coJepXXaHWeM KOHIIeHTpaluuil IIpHU3eMHOIo
o30Ha. [Toka3aHO, YTO BHICOKHI YPOBE€Hb 030HA MOXeET
OBITH CBA3aH C JaJIbHUM [IepeHOCOM U3 3arpsA3HeHHBIX
paiioHoB MoHxrosuu u Kuras.

bAaaropapHoCTH

Pa6ora BbImosIHeHa npu (UHAHCOBOUM MOJ-
JAepxke MuHMCTepCcTBAa HAYKU U BhICIIEro o0pa3oBaHus
P® B pamKkax BBHINOJIHEHUA TPOEKTa HAYYHON TEeMBI IO
T'oczaganuio 124041500027-2 (opraHusaryis sKcreau-
LIMOHHBIX HCCJIeJOBaHUI Ha craiuoHape «bospckuii»)
u rpanta PH® No19-77-20058 I1 (aHanu3 u o6pabotka
JaHHBIX).

KoHpAUKT UHTEpecoB

ABTOpHI 3asBJIAIOT 06 OTCYTCTBHM KOHQJIMKTA
HMHTEPECOB.
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1000 UTC 12 Aug 24
GDAS Meteorological Data
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Trajectory Direction: Backward  Duration: 48 hrs -
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 8 Aug 2024 - GDAS1

Puc.4. TIpocTpaHCTBEHHOEe paclpejesieHue MpU3eM-
HOro 030Ha 1o gaHHbIM IIprutoxenus Ventusky Ha 12 aBry-
cra 2024 r., obpatHbie Tpaektopuu (Momaesas HYSPLIT) mis
BeicoT 500M, 1000 M u 2000 m.
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