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ABSTRACT. Mathematical modeling was used to study the impact of cloudiness on the plankton dynam-
ics in Lake Dolgoe (Belarus) during the spring thermal bar. Three computational experiments, involving
different cloudiness values, were caried out, and in which the other meteorological parameters (air
temperature, relative humidity, atmospheric pressure, wind speed, and wind direction) were set on the
grounds of the data sourced from the weather station located in the urban settlement of Sharkovshchina,
for March 2024. The computation outcome revealed that the extent of the sky cover with the clouds con-
tributes to the non-uniform distribution of the phyto- and zooplankton in Lake Dolgoe in early spring.
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1. Introduction

Contemporary research studies (McCoy et al.,
2015; Gao et al., 2020) attest to a ~50% increase in
the amount of the aerosol particles in the atmosphere
during phytoplankton blooms, caused by the growing
concentration of the sulfur-containing compounds,
which are products of the phytoplankton activity. This
leads to formation of thick clouds. The latter, in turn,
reduce the share of solar radiation reaching the water
surface, and that contributes to the increase in the
primary production in the body of water. Interaction
between clouds and plankton biomass is of particular
interest during development of the thermal bar phe-
nomenon, which constitutes a narrow zone of immer-
sion in water at the temperature of maximum density.

The phenomenon of thermal bar in the lakes
of Belarus is barely explored. L.V. Guryanova, using
the example of a shallow cooling pond of the thermal
power plant (Lake Beloye, Berezovsky district of the
Brest region), discussed the presence of the core zone
of cold waters (2-3 °C) and the zone of the monomictic
regime (the water temperature of 6-14 °C) at the bor-
der of the central part of the lake in the winter-spring
season. The thermal bar is formed at their border,
which functions as density barrier and limits the spread
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of the warmer waters across the water area of the cool-
ing pond (Guryanova, 1989).

The observation evidence in relation to water
temperature and conducted by the Hydrometeorological
Service of the Republic of Belarus comprise the data on
distribution of the water temperatures in Lake Naroch
in the spring and autumn seasons, which is bespoke of
development of the thermal bar, when the tempera-
tures in the shallow and deep-water verticals are on
the opposite sides of the isotherm corresponding to
the temperature of the maximum water density (State
Water Cadastre, 1964-2023).

The purpose of this research is to conduct the
numerical study of the impact of cloudiness on the
plankton dynamics during development of the spring
thermal bar in Lake Dolgoe (Belarus).

2. Materials and methods

Lake Dolgoe is the deepest lake in Belarus (the
maximum depth is 53.7 m). The lake basin is of a gla-
cial origin, and belongs to the trough type; it stretches
from northwest to southeast for as far as 6 km. The
long axis of the lake coincides with direction of the
prevailing winds within the study zone, and that con-
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tributes to the fairly active mixing of the water mass
during the seasons of the thermal bar formation, with-
out formation of any distinct thermal stratification. The
geographical positioning of the object of the study is
shown in Figure 1.

When using the mathematical model, the longi-
tudinal section of Lake Dolgoe is taken into consider-
ation (Fig. 2, left), the length and depth of the com-
putational domain (which is covered by the grid with
spaces of h_= 12.5m and h, = 1.5 m) are 4.6 km and
54 m, respectively (Fig. 2, right). The bathymetric data
are taken from the research study (Vlasov et al., 2002).
The time step is 20 seconds.

Reproduction of the thermohydrodynamic
and hydrobiological processes was carried out on the
grounds of the numerical model (Tsydenov, 2022) over
the time period from 20.03.2024 to 31.03.2024 and
using the meteorological data (air temperature, rela-
tive humidity, atmospheric pressure, wind speed, and
wind direction) from the weather station located in the
urban settlement of Sharkovshchina, for March 2024
(Raspisaniye Pogodi, 2024). The value of cloudiness in
the computational experiments was specified according
to Table 1.

The relationship between photosynthesis and
light in the model is described by the function

f(h =2
lLllTlaX +a ]
where p__ is the maximum growth rate of the phyto-
plankton; a is the initial tangent;

L
I=1,.PAR exp {—d(kwa,er +kyy | Chl(z)dzj}
d

B

here I is the light reaching the water surface; PAR is
photosynthetically active radiation (=0.43); d is the
depth; Chl is concentration of chlorophyll a; k, and
k., are the light attenuation coefficients for water
(=0.04 m*) and chlorophyll (=0.025 (mg Chl)*! m?2),
respectively (Fennel et al., 2006).

The I, parameter in the model corresponds to the
shortwave radiation (Fennel et al., 2006), which is cal-
culated as

I, :{SO -(ag —aw)'cosg"[a(C)+b(C)ln(cos§)], cos¢ > 0;

3200'0"E

0, cos{ <0,

where S, = 1367 W/m? is the solar constant, a (C) and
b (C) are the empirical coefficients (Aleksandrova et
al., 2007), depending on cloudiness C, { is the solar
zenith angle, the empirical functions a, and a, repre-
sent, respectively, the molecular scattering and absorp-
tion of the radiation by water vapor and carbon oxides
(Hurley, 2002). Additionally, the longwave radiation,
sensible and latent heat fluxes are taken into consider-
ation for the water surface (Tsydenov, 2021).

Absorption of the shortwave radiation in the
water is calculated according to the Beer-Bouguer-
Lambert (BBL) extinction law:

Hsol :IS (l_rs)exp(_gabs )

B
where ¢, =~ 0.3 m" is the coefficient of absorption, r, =
0.2 is the water reflection coefficient.
The wind shear stress on the lake surface is
described according to the law

u _ 2 2 .
Touf = CroPaNVio T Ui U5
v _ 2 2
Tsurf = C10PaN Vio T o Vo>
y_ are

where p_is the air density at the water surface; u,, v,
the wind velocity components at 10 m; ¢,,=1.3x10?
(Goudsmit et al., 2002).

Table 1. Cloudiness in computational experiments

Experiment No. C, %
1 0
2 50
3 100

2400I0|IE 2800!0"E
56°0'0"N
Lake/Dolgoe Vitebsk 4

55°0'0"N :
54°0'0"N
53°0'0"N
52°0'0"N

0 50 100km

L |
51°0'0"N

Fig.1. Geographical positioning of Lake Dolgoe.
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Fig.2. Bathymetric scheme of Lake Dolgoe (left) and calculation area (right).

Since the model simulates dynamic processes,
its initial and boundary conditions were set based on
the assessment of hydrophysical and hydrobiological
parameters measured in Lake Dolgoe during March
30-31, 2024 (Sukhovilo et al., 2025). The initial dis-
tribution of the water temperature in Lake Dolgoe cor-
responded to 2.5 °C. The value of water mineralization
(269.83 mg/1) was set on the grounds of the measure-
ment data. The flow rate within the area of the influx of
the stream from Lake Svyadovo was taken at 0.5 cm/s,
and the water temperature in this area increased gradu-
ally from 3.5 to 9.4 °C. The geothermal heat flux at the
water bottom of the lake corresponded to 0.05 W/m?.
The coefficients of horizontal viscosity and diffusion,
K _and D, were equal to 2.5 m?/s. The computational
experiments were performed with different cloudiness
values (Table 1).

The following initial conditions are set for the
biological variables of the model:

* the concentration values of the nitrates, ammo-
nium, phyto- and zooplankton are taken to be equal
to 0.3 mmol N m?3, 0.1 mmol N m=3, 1.25 mmol N
m* (~995 mg m> wet weight) and 0.33 mmol N
m3(~313 mg m3wet weight), respectively;

+ the concentration values of the phosphates and all
detrital components at the initial time was 0.01
mmol P m®and 0.1 mmol N m?3, respectively;

+ the concentration value of chlorophyll a is set on
the grounds of the ratio at 1.59 for [Chl]/[Phyto]
(Gan et al., 2014).

At the border of the influx of the stream from
Lake Svyadovo into Lake Dolgoe, the concentration val-
ues of the nitrates, ammonium, phyto- and zooplankton
were 0.25, 0.1, 0.3 and 0.03 mmol N m, respectively,
and the amounts of the phosphates and detrital compo-
nents coincided with their initial values.

3. Results and discussion

Change in the water temperature at the distance
of 1 km from the mouth of the channel from Lake
Svyadovo (Fig. 3, a) demonstrates that with the increase

Depth, m
0
-10 65

28.03.2024 20.03.2024 30.03.2024 31.03.2024

Date
Fig.3. Chronoisopleths of the temperature (a) [*C], phyto-
(b) and zooplankton (c) concentrations [mmol N/m?®] at x =
1 km in computational experiments 1 (1), 2 (2) and 3 (3).
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in cloudiness, Lake Dolgoe warms up later. When the
thermal bar front reached this area (according to the
4 °C isotherm on 29.03.2024 at 6:30, 7:30 and 9:30 in
experiments 1, 2 and 3, respectively), the direct strati-
fication began to appear due to the increased influence
of solar (shortwave) radiation. Note that in total cloud
cover the increase in the temperature recorded first at
the bottom layer of the body of water because of pecu-
liarity of the hydrodynamic processes when the warmer
waters come from the channel against the background
of the accelerated wind (6 m/s) during the second
half of 27.03.2024. For all experiments, the water in
this area warmed up from 3.0 °C on 27.03.2024 up
to 3.5-4 °C in the lower layer and up to > 6.5 °C at
the surface by 01.04.2024. After crossing the ther-
mal bar of this area, the effect of intraday variability
of the solar radiation appeared in the upper 7-meter
layer (Fig. 4). In experiments 1 and 2, the water tem-
perature on the lake surface dropped below 6 °C on
31.03.2024 from 4:00 to 13:00. It is important to note
that the night-time decrease in water temperature in
the cross-section of x = 1 km occurred with a time
lag due to the flow of strongly warmed river waters
during the daytime. The water temperature decreased
within 0.5 °C. In experiment 3, the cooling period was
longer (Fig. 3, a3). The concentration of phytoplankton
at x = 1 km was reduced with the inflow waters, in
which the phytoplankton biomass was lower (Fig. 3,
b), and it decreased over time, the earlier the greater
the extent of sky cover with the clouds. In the experi-
ments 1 and 2, the phytoplankton biomass, throughout
the depth, was at > 0.9 mmol N / m3on 27.03.2024,
and by 01.04.2024 it decreased from the values >0.85
mmol N / m? in the lower layers to 0.6 mmol N / m?® at
the surface. Under the total cloudiness conditions (the
experiment 3), which leads to a decrease in the flux
of solar radiation, the phytoplankton concentration
dropped significantly: on 27.03.2024, the values were
within 0.85-0.9 mmol N / m?, and on 31.03.2024 in
the near-surface layer they were under 0.6 mmol N /
m?3. The chronoisopleths of the zooplankton concentra-
tion values (Fig. 3, c) in the experiments 1 and 2, at the
depth of up to 10 m, are very similar at first glance,
yet they lag slightly behind the increase in cloudiness.
The lower the degree of cloud cover, the lower the zoo-
plankton content near the bottom (due to a decrease in
phytoplankton biomass). In experiments 1 and 2, the
effect of the thermal bar on 30.03.2024 was clearly
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evident: in the 13-25 m layer, vertical homogeneity of
zooplankton occurred (0.22-0.24 mmol N / m?). The
intraday dynamics of solar radiation also influenced
the distribution of phyto- and zooplankton in the 0-7
m layer: local maxima were observed during the day-
time. The higher the cloudiness, the lower these max-
ima. At night, the zooplankton level on 31.03.2024 and
1.04.2024 dropped below 0.14 mmol N / m?® near the
surface of the lake.

Near the bottom, the zooplankton content
decreases. In the experiment 1, the near-bottom zoo-
plankton concentration value is above 0.24 mmol N
/ m? throughout the entire period of time, but in the
experiment 2 it drops to the values of 0.22-0.24 mmol
N / m3over the period of 28.03.2024 - 29.03.2024 and
in the experiment 3 to the same values over the period
of 28.03.2024-30.03.2024. Moreover, on 27.03.2024
it exceeds the value of 0.24 mmol N / m3 and on
01.04.2024 near the surface it reaches the value lower
than 0.14 mmol N / m?, and increases with depth to the
values of > 0.24 mmol N / m® in all experiments.

Estimating the vertical temperature distribution
on 30.03.2024 at the distance of x = 1 km (Fig. 5,
a) and x = 1.5 km (Fig. 6, a), it is possible to con-
clude that high cloudiness slows down heating of the
body of water throughout the entire depth layers.
Temperature differences in the 0-25 m layer at points
located 500 m from each other reached 0.7-0.8 °C due
to the fact that as the distance from the mouth of the
channel increased, the effect of inflow decreased and
the influence of atmospheric parameters grew. In all
experiments, the temperature decreases gradually with
depth. It is observed that the outcome of the experi-
ments 1 and 2 are quite close to each other, if com-
pared to the outcome of the experiment 3, and this is
particularly evident from given the coincidence of the
temperature values in the two experiments at the depth
of more than 14 m. The similar situation is with the
vertical distribution of phytoplankton in the sections
under analysis (Figs. 5-6, b): the outcome of the exper-
iments at 0 % and 50 % cloudiness are quite the same
as well. With increasing cloudiness, the phytoplankton
level decreases throughout the depth, and the differ-
ence between the experiments reaches 0.055 mmol N /
m3at x = 1 km and 0.05 mmol N / m®at x = 1.5 km,
with its maximum value observed in the bottom layer.
With depth, the phytoplankton concentration increases
in all experiments.

experiment 3

Date

Fig.4. Solar (shortwave) radiation in computational experiments 1 (1), 2 (2) and 3 (3).
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0.84 0.86 0.88 0.2 0.21 0.22 0.23 0.24

Concentration of zooplankton, mmoIN/m?

Fig.5. Vertical distribution of the temperature (a), phytoplankton (b) and zooplankton (c) on 30.03.2024 at x = 1 km in the

computational experiments.

Distribution of the zooplankton has different
trends. At the distance of 1 km (Fig. 5, c), at the depth
of up to 11 m, with increasing cloudiness, concentra-
tion of the zooplankton increases, but at the greater
depths, on the contrary, it decreases. In the case of x =
1.5 km (Fig. 6, c), dependence is somewhat more com-
plex, yet the zooplankton biomass similarly increases
with the increasing cloudiness at the depth of up to 12
m and decreases at the depth above 20 m. The range
of variation in the zooplankton concentration narrows
under high cloudiness as well: at x = 1 km 0.204-0.238
mmol N/m?in the experiment 1, and 0.21-0.232 mmol
N/m?in the experiment 3, and at x = 1.5 km 0.2575-
0.2695 mmol N/m?®in the experiment 1, and 0.2595-
0.2665 mmol N/m?®in the experiment 3. The amount of
the zooplankton increases gradually with depth in all
experiments.

During the spring thermal bar in 2024 water
transparency in Lake Dolgoe measured using a Secchi
disk was 4.8 m. In 2025, it varied on different days
from 5.7 to 7.9 m, depending on lighting conditions and
precipitation patterns, which affect the removal of sus-
pended matter from the watershed. Because of cold-lov-
ing species are predominant in Lake Dolgoe in winter
and early spring, high levels of plankton remained in
the deep layers of the thermoinert region. Heat-loving
species typical for the summer months have not yet

experiment 1
experiment 2
experiment 3

(2)

34

-50
3.3

3.5

3.6
Temperature, °C

3.7 38 086 087 0.88

0.89

Concentration of phytoplankton, mmoIN/m’

developed while cold-loving winter species in the ther-
moactive region have already been depressed.

In the case of a classical thermal bar (without
a river inflow), the growth of plankton populations
is mainly observed in the thermoactive region, where
the temperature and nutrient are higher (Avinsky et
al., 1999; Goldman et al., 1996). However, it is not so
clear in the case of a riverine thermal bar (Holland and
Kay, 2003). The plankton content in a river is usually
lower than in a lake due to high turbidity, mixing and
leaching (Sgballe and Kimmel, 1987; Reynolds, 1994;
Akopian et al., 1999; Welker and Welz, 1999). Field
data in Lake Dolgoe also indicate this. The results of
our simulation showed a low level of plankton in the
upper, warmer layer. Indeed, the river water with a low
concentration of organic matter entering the lake can
lead to dilution and displacement of plankton (Holland
and Kay, 2003; Sgballe and Kimmel, 1987; Avinsky et
al., 1999; Welker and Welz, 1999). The effect of intra-
day variation in solar radiation on the change in phy-
toplankton concentration presented here is consistent
with studies observed in other aquatic ecosystems (Jia
et al.,, 2023; Chen et al., 2025). The scattering and
absorption of incoming solar light and heat energy by
clouds reduces surface shortwave radiation (Bartlett
et al.,1998; Kosmopoulos et al., 2017; Dumka et al.,
2021).

0.9 0.91 092 093 0.255 0.26 0.265 0.27

Concentration of zooplankton, mmoIN/m?

Fig.6. Vertical distribution of the temperature (a), phytoplankton (b) and zooplankton (c) on 30.03.2024 at x = 1.5 km in

the computational experiments.
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4. Conclusion

The results obtained for Lake Dolgoe showed the
following (in order of influence):

1. If there is a river inflow with a low concentration of
plankton, even under favorable temperature condi-
tions, a low level of plankton in the upper layer of
the lake (as a result of dilution and displacement of
production) was observed in a fixed site.

However, under the impact of solar radiation after
the beginning of temperature stratification, the
concentration of phyto- and zooplankton on the
lake surface reached its local maximum during the
daytime.

3. With high cloudiness, which led to a decrease in
solar radiation, there was a decline in the popu-
lation of phytoplankton throughout the depth of
the lake. Distribution of zooplankton had some dif-
ferent tendency: the heterogeneous patterns were
found in the spatial cross-sections at different dis-
tances from the shore.

In addition, because of the river waters heated
during the daytime, a decrease in surface temperature
in a fixed site of the lake may manifest itself with some
time lag. High cloudiness slows down warming of the
body of water throughout its depth layers. In total
cloud cover, the increase in water temperature in Lake
Dolgoe occur first in the bottom layer due to peculiar-
ity of the hydrodynamic processes when the warmer
waters come from the channel from Lake Svyadovo
against the background of the accelerated wind.
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AHHOTAILIHMA. MeTtogaMu MaTeMaTH4YeCKOrO MOJEIMPOBAHUA KCCJIENOBAHO BJIMAHNE OOJIAYHOCTH
Ha JUHaAMUKy IUIaHKTOHa B o3epe Jlonroe (benapych) B Iepuoj pa3BUTHA BeceHHero Tepmobapa.
BeinosiHeHB! 3 BBIYMCIIUTEJIBHBIX SKCIIEPUMEHTA C Pa3jIWYHbIMU 3HAaY€HUAMH O0JIAYHOCTH, B KOTOPBIX
ocTaJIbHbIe IIapaMeTphl aTMocdephl (TeMnepaTypa Bo3[yXa, OTHOCHTeJIbHas BJIaXHOCTh, aTMOchepHOe
JaBJieHre, CKOPOCTh 1 HallpaBjieHle BeTpa) 3aJlaHbl Ha OCHOBE AaHHBIX MeTeOCTaHINM, PAcIOJIOXKeH-
HOU B ropojickoM mnoceJike [llapkoBiminHa, 3a MapT 2024 r. Pe3ysibTaTsl pacueToB II0OKa3ajy, YTO CTelleHb
IOKPHITHSA HeOa obJlakaMu MeeT HeoOqUHaKOBHI 3hdeKT B pacupeAesieHU (UTO- U 300IJIAHKTOHA B

o3epe Jlojiroe paHHeN BECHOM.

Kitioyeasie cstoda: yvicjieHHOe MoJeJimpoBaHue, (I)I/ITOHJ'IaHKTOH, 300I1JIaHKTOH, TepMo6ap, 03€po ﬂOJIl"OG

Mg mutupoBanusa: LlsineHoB B.O., Cyxosunio H.JO., lerm [.B., bapt A.A., TpynoB H.C., Jlynenko A.B., Bmacosa /I.b.,
Kapnaepa A.IO. Biusanue obyiaqyHOCTUA Ha 61oMaccy IJIaHKTOHA B o3epe JoJroe (Besapych) B epyuo pa3BUTHsA BECEHHEr0 Tep-
Mobapa // Limnology and Freshwater Biology. 2025. - Ne 4. - C. 491-504. DOI: 10.31951/2658-3518-2025-A-4-491

1. BBeaenue

CoBpemeHnHble ucciefmoBanus (McCoy et al.,
2015; Gao et al., 2020) cBuaeTebCTBYIOT 0 ~50%-HOM
poCTe dKcja a’po30JIbHBIX 4YacTUIl B aTMocdepe BO
BpeMs [IBeTeHUs (PUTOMJIAHKTOHA, BBI3BAHHOM POCTOM
KOHI[eHTPaIUH CepOCoiepXalliuX COeJUHEHNH, ABJIAI0-
OUXCSA MPOAYKTaMH XU3HEAEATETbHOCTH (PUTOILIaH-
KTOHa. JTO BeJeT K 0Opa30BaHUIO T'yCTHIX OO0JIAKOB.
ITocieHMe, B CBOI0 OYepedb, YMEHBIIAIT MPOIEHT
NpUXOLAIIEel Ha BOJHYI IOBEPXHOCTh COJTHEYHOU
paguanuu, KoTopas OJIaronmpUATCTBYET YBEJIUYEHUIO
MEepPBUYHON TPOAYKIIMU B BojoeMe. Bompockl B3amMo-
OencTBrsA 00JIaKOB U GMOMAacCChl TUIAHKTOHA BBI3BIBAIOT
0COOBIN MHTEpPEeC B MEpPUO]T Pa3BUTHSA SIBJIEHUS TEPMO-
6apa, nmpefacTaBJAwIiero coboil y3Kyo 30HY MOrpyxe-
HUA BOJ IIPU TeMIlepaType MaKCUMAaJIbHOU TIJIOTHOCTH.

fBneHue TepMobapa Ha o3epax besapycu noutu
He ucciaenosaHo. JI.B. I'yppsaHOBa Ha NpuMepe MeJi-
KOBOJJHOTO BOJ0O€MAa-OXJaJUTeJIs TEIJIOBOM 3JIEKTPO-
crannuu (o3epo Besoe, bepe3oBckuii palioH bpectckoit
obs1acTi) yKasplBajla Ha HaJIMYWe B 3VMHE-BECEHHUN
Mepyoj] Ha TpaHUIle IIEHTPAJIbHOM YacTu o3epa sAfapa
xoJiogHBIX BoJ (2-3 °C) M 30HB ¢ MOHOMHKTHYECKHM
pexumoM (Temnepartypa Bomsl 6-14 °C). Ha ux rpa-
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Anpec e-mail: tsydenov@math.tsu.ru (B.O. LisigeHOB)
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Hulle ¢opmupyercsa TepMobap, BHIIOJHAMIN PYHK-
I[VI0 IUIOTHOCTHOrOo Oapbepa U OrpaHWUYMBAOMIUI
pacrnpocTpaHeHHe IOJNOIPeThHIX BOJA 10 aKBaTOpPUU
Bojtoema-oxsaautess (I'ypssHoBa, 1989).

B matepuasiax HabiiofeHUN 3a TeMmIepaTypou
BOZBI, IpoBOAUMBIX I'mapomerciyx6oii PecnyGivku
Besnapych copmepxaTca cBelleHHA O paclipeliejleHUN
TeMIiepaTyp BoJbl B o3epe Hapoub B BeceHHUI U OCeH-
HUH Nepuo/ibl, XapaKTepHOM AJIA pPa3BUTHA TepMobapa,
Korjjla TeMIlepaTypbl Ha MeJIKOBOAHBIX U TJIyOOKOBO-
JHBIX BepTUKaJIAX OKa3bIBAIOTCSA IO pa3Hble CTOPOHEI
OT U30TepMbl, COOTBETCTBYIOIIEl TeMIepaType MaKCcU-
MaJIbHOM TIOTHOCTHU BOHI (I'oCyJapCTBEHHBIN BOJHBINA
Kamactp, 1964-2023).

Llenpio Hacrosmell paboThl ABJIAETCA UCCJIeAO-
BaHUe BJIMAHUA 00JIAYHOCTU Ha AUHAMUKY IUIaHKTOHA
BO BpeMs pa3BUTUA BeceHHero TepMmobapa B o3epe
Honroe (Bemapych) wMeTogaMy MaTeMaTHYECKOTO
MO/JIeJIIPOBaHUA.

2. MaTtepuanbl 1 MeTOAbI

Ozepo Hoiroe saBysercA Haubojiee Tri1yOOKUM
ecTecTBeHHBIM BojoemMoM benapycu (MakcumasibHas

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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riaybuHa — 53,7 m). KoTJioBUHa o3epa uMmeeT JieJHU-
KOBOe IMPOMCXOXeHue, MPUHAIJIEXUT K JIOKOMHHOMY
TUIY, BBITSIHyTa C CeBepo-3anajia Ha I0ro-BOCTOK Ha 6
kM. J[JIMHHasA och O3epa COBMAaJaeT C HalpaBjieHHueM
npeoOJlajaloX BETPOB Ha HCCIeqyeMOil TeppuTO-
puM, 4YTO CIOCOOCTBYeT AOCTATOYHO aKTMBHOMY Iepe-
MeIMBaHUI0 BOJHOU Macchl B Iepuodsl (popMUpoBa-
HUA TepMobapa 6e3 popMUpoBaHUsA IPKO BEIPaXXeHHO
TepMuueckol crpatudukanuu. l'eorpadryeckoe mnoJio-
J)keHMre 00beKTa UCCJIeJOBaHUA OTpakaeT PUCYHOK 1.

[Tpu maTemMaTHuecKkOM MOJAeJIMPOBaHUHU paccMa-
TpUBaeTcs NMPOJOJIbHBINA pa3pe3 03. [domaroe (Puc. 2,
cJieBa), AJIMHA U TJIyOMHaA pacyeTHOU obnactu (KOTo-
pas MOKphITa CeTKoM ¢ maramu h =12,5 m u h,=1,5
M) COCTaBJIAIOT 4,6 KM U 54 M cooTBeTcTBeHHO (Puc. 2,
crpasa). baTumerpudeckuie JaHHbBIE B3ATHL U3 PaOOTHL
(Bmacos u ap., 2002). IIlar no Bpemenu — 20 c.

BocripousBefeHue TepMOTUAPOAMHAMUYECKUX
U TUAPOOUOJIOTUYECKUX IMPOIeCcCOB IMPOBOAUIOCH
Ha ocHOBe uymcieHHou mopenu (Tsydenov, 2022) B
nepuon ¢ 20.03.2024 no 31.03.2024 c ucnoJsb3oBa-
HHEeM MeTeOpOJIOTMYECKUX AaHHBIX (10 TeMmIepaType
BO3/IyXa, OTHOCUTEJIbHON BJIQXXHOCTH, aTMOchepHOMY
JaBJIeHUI0, CKOPOCTU U HampaBJIEHUI0 BeTpa) MeTe-
OCTaHIMY, PacHoOJIOXeHHON B TOPOJICKOM IOceJiKe
[TapkoBmuHa, 3a MapT 2024 r. (PacnucaHue morofpi,
2024). 3HaueHne 00JIAYHOCTY B BBHIUMCJIMNTEJIBHBIX JKC-
repuMeHTax 3a/iaHo corsiacHo Tabsuie 1.

CBsA3b QOTOCHMHTE3a U CBeTa B MOJeJU OIKCHI-
BaeT QyHKIUA

al
lLll’ZHaX + a2]2
b

rje | — MakcuMmaJibHas CKOPOCTb pOCTa (UTOILIaH-
KTOHA; 0L — HavyaJIbHasA KPyTU3Ha;

Ji)=

I=1,-PAR exp{—d| k

water

Lz
+kyy | Chi(z)dz
d

3necsh I — MPUXOAIINI Ha TOBEPXHOCTD BOAHI cBeT; PAR
— (dorocuHTeTHYEeCKH aKTUBHAas paguanua (=0.43); d
- riy6una; Chl — koHueHTpanusa xjopopwina a; k, .-
u k., — Ko3pPumeHTsl ociabieHus CBeTa JJis BOJbI
(=0.04 ) u xymopodpmia (=0.025 (mr Chl)?! m?2)
cootBercTBeHHO (Fennel et al., 2006).

[TapameTpy I, B MOJe/I1 COOTBETCTBYET KOPOT-
koBoJtHOBasA paauanus (Fennel et al., 2006), koTopas
BBIUMCJIAETCS KaK

SO-(ag—aw)-cosC[a(C)+b(C)1n(cos§)], cos¢ >0;
0, cos( <0,

rae S,~ 1367 Bm/m* — conHeuHas nocrosHHas; a(C) u
b(C) - smnupuueckue koaddurmeHTH (Aleksandrova et
al., 2007), 3aBucsmniue ot ob6sayHocTy C; { — 3eHUTHBIHN
yron CojHila; sMnupideckue QyHKINK a, U a, peJ-
CTaBJIAIOT COOTBETCTBEHHO MOJIEKYJIADHOE paccesHue
U TOTJIOUIeHNEe U3JIyYeHHUsA NMapaMy BOJBl U OKCHAaMU
yraepoga (Hurley, 2002). Kpome TOro, Ha BOJHON
MOBEPXHOCTH YYUTHIBAIOTCA IMOTOKUA JJIMHHOBOJIHO-
BOHM paamaliyy, IBHOrO W cKpeiToro temia (Tsydenov,
2021).

[TornomeHne KOPOTKOBOJIHOBOM paauanuul B
BO/Ie BrIUMCJIAeTCA 1o 3aKoHy byrepa—JlamGepra-bapa:

Hsol = ]S (l _rs)exp(_gabsd)

B
rae e, =~0.3 M — ko3hdunMeHT noryomenus, r,.=~0.2 -
KO3)OULMEHT OTPakeHUs BOABL.

Ta6smma 1. OOGJayHOCTP B BBIYMC/IUTEJIBHBIX
JKCIIepUMeHTaxX
No sxcniepuMeHTa C, %
1 0
2 50
3 100

24°00"B 28°0'0"B 32°00"B
56°0'0"CH e
03./Jonzoe eecx S
55°0'0"CH I _
54°0'0"CH =t P?x!ﬁé) R _ MHCK
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Puc.1. T'eorpaduueckoe nosioxenue o3. JJosroe.
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Puc.2. Batumerprueckas cxema odepa Jloyroe (cjeBa) u pacueTHas obsiacTs (cupasa).

KacaresipHOe HampsbKkeHHE BeTpa Ha MOBEPXHO-
CTH 03epa B MOJIEJIU OIUCHIBAETCS 3aKOHOM

u _ 2 2 .
Tsurf = C10Pa\ Vio T U0 "Ujos
v _ 2 2
Tsurf = C10PaN Vio T U0 *Vio>

371ech p, — IJIOTHOCTh BO3/lyXa Yy MOBEPXHOCTU BOJbI,
u,, v,,— COCTaBJIAIOIINE CKOPOCTH BeTpa Ha BhicoTe 10
M; ¢,,=1.3X10® (Goudsmit et al., 2002).

Tak kak MoJesib BOCIPOU3BOAUT AUHAMUYECKHe
IIpollecchl, HayajbHble 1 T'PaHUYHBIE YCJIOBUA AJ1A Heé
3afjaHbl Ha OCHOBe OILleHKU ruApodU3NYecKux U Tuf-
pobuoJIoruiYeckrx NapaMeTpoB, WU3MEPEeHHBIX B O03.
Hosroe 30-31 mapra 2024 r. (CyxoBuio u ap., 2025).
HauanbHoe pacnipefiesieHre TeMIepaTyphl BOALL B 03epe
JHosroe coorBercTBoBasio 2.5 °C. 3HaueHUe MUHepasu-
3anuu Boabl (269.83 Mr/Ji1) 3agaHo Ha OCHOBe JAHHBIX
uaMmepeHuii. CKOpocTh BMXEHUS BOJbl B palioHe BHa-
JeHus TpoToku u3 03. CBAAOBO npuHATa paBHOU 0.5
cM/c, a TeMmIeparypa BOJbl Ha 3TOM ydYacTKe MOHO-
TOHHO pociia ¢ 3.5 o 9.4°C. IloTok reorepmMajbHOIO
Tella Ha AHe BojoeMa cooTBercTBoBas 0.05 Bt/m2
BeruncimTesibHbIE SKCIIepUMEHTHI BHIITOJIHEHHB! IPY pas-
JIMYHBIX 3HaueHuAX obsiauHocTu (Tabsmuna 1).

,[[J'IH OMOJIOTMYECKUX IMEPpEMEHHBIX MOAEIN
3a/laHbl CJIeAyomre HavyaJIbHbIE€ YCIIOBUA:
¢ 3Ha4Y€HWsA KOHLEHTpallMKM HUTpAaTOB, aMMOHNA,

¢uUTO- 1 300IUIAHKTOHA MNPUHATH paBHBIMU 0.3
MMoJib N M3, 0.1 mmouib N m3, 1.25 mmouip N M3
(~995 mr M2 ceipoit 6uomaccer) u 0.33 Mmmosts N m3
(~313 mr M2 ceipoii 6oMacchl) COOTBETCTBEHHO;

KOHIeHTpanua 1A pocdaToB U BCeX AeTPUTHBIX
KOMIIOHEHTOB B HauaJIbHBIII MOMEHT BpeMeHU
coctasysia 0.01 mmoss P m2u 0.1 mmosp N m3
COOTBETCTBEHHO;

KOJINYECTBO XJIopoduiia a 3afaHO KCXOAA U3
cootHomenus 1.59 gisa [Chl]/[Phyto] (Gan et al.,
2014).

500

Ha rpanunue BTexaHus NpoTokud u3 o3. CBAOOBO
B 03epo Jloaroe KOHLEHTpalluyd HUTPaTOB, aMMOHUS,
duto- u 300mIaHKTOHa cocrasiana 0.25, 0.1, 0.3
1 0.03 mMosib N M3 COOTBETCTBEHHO, a COZIEpKaHUe
docdaToB U AeTPUTHBIX KOMIIOHEHTOB COBIIAJaJio C UX
HavaJbHBIMM 3HaYeHUAMMU.

3. Pe3yAabTatbl M 06Ccy)xpeHue

H3meHeHte TeMIlepaTypsl BOA Ha pacCTOSAHUN 1
KM OT YCThsl MPOTOKHU U3 03. CBsAiztoBo (Puc. 3, a) nemMoH-
CTpUpYeT, 4TO [pY yBeJMYeHuU 00J1a4YHOCTU IPOrpeB
osepa Mlosiroe npoucxoauT nosxe. IIpyu mocTtrxeHun
¢ponTa TEpMObGapa 3Toi obsiacTu (COrsacHoO U3oTepme
4 °C 29.03.2024 B 6:30, 7:30 1 9:30 B 3KcIlepuMeHTax
1, 2 u 3 COOTBETCTBEHHO) BCJIE[ICTBUE YCUJIEHUs BJIU-
SIHUA COJIHEYHOM (KOPOTKOBOJIHOBOI) pagualiiy Hauu-
HaeT 3apoxJaTbca npsaMas crpatudukanusa. Criegyer
3aMeTUTh, YTO IpPHU MOJHON OOJIAaYHOCTU MOBHIIIeHNE
temmepaTypsl (Puc. 3, a3) HabiofmaeTcsa cHavajia B
MPUIOHHON YacTu BoJoeMa 13-3a 0COOeHHOCTHU IpoTe-
KaHUA IMAPOAMHAMUYECKUX MIPOLeCCoB IpU IOCTYILIe-
Huu 6oJiee TeIUIBIX BOJA W3 IIPOTOKU Ha (oHe ycuie-
HuA BeTpa (6 M/c) Bo BTopol mosoBuHe 27.03.2024.
Bo Bcex skcnepuMeHTax BoJa Ha paccMaTpHUBaeMOM
paspese HarpeBaetca ¢ 3.0 °C na 27.03.2024 go 3.5-4
°C B HUXHeM cjioe U Jjo >6.5 °C y MmoBepxXHOCTU K
01.04.2024. Tlocne mnepeceueHus TepMobapa 3TOTO
paspe3a B BepXHeM 7-MeTPOBOM CJIO€ IpOsABJIAeTCA
3¢ dexT BHYyTPUCYTOUYHOU M3MEHUYMBOCTH MOTOKA COJI-
HeuHoll paguauuu (Puc. 4). B skcnepumenTtax 1 u 2
TeMIiepaTypa BOAb! Ha [IOBEPXHOCTH 03epa ONyCKaeTcs
Huxe 6 °C 31.03.2024 c 4:00 go 13:00. BaxHo 3ame-
THUTh, YTO HOYHOE IOHWXeHue TeMIlepaTyphl BOIbI B
obyiacTi X = 1 KM POMCXOAUT C HEKOTOPHIM BpeMeH-
HBIM JIaroM U3-3a NpUTOKa Oojiee CHJIBHO HarpeThX B
JIHEeBHOe BpeM:A NPOTOYHBIX BOJ. TemmepaTypa BOJBI
noHmxaetrca B mpegenax 0.5 °C. B skcnepumeHte 3
nepuo/ oxXJIaXAeHus HOCUT OoJjlee NJIMTeIbHBIN Xapak-
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tep (Puc. 3, a3). KoHueHnrpanusa GUTONJIAHKTOHA MPU
X = 1 KM cokpamaerca ¢ MOCTYIJIEHHeM IIPOTOYHBIX
BO[I, B KOTOPBIX OHa HuXe (Puc. 3, 6). OHa cHMXaeTcs ¢
TeuyeHUeM BpeMeHU TeM paHbllle, 4eM 00Jiblile CcTelleHb
MOKPHITUA Heba ob1akaMu.

B okcmepuMeHTax 1 M 2 (PUTOIIIAHKTOHHAA
6uomacca mo Bced riyomHe >0.9 MMoibN/M® Ha
27.03.2024 u x 01.04.2024 co 3HaueHu#i >0.85
MMOJIBN/M® B HIXXHUX CJIOSIX cokpamjaercsi go 0.6
MMOJIBN/M® ¥y moBepxHOCTH. IIpu mMmoJsHOW 06Jiay-
HOCTU (9KcrepuMeHT 3), NPUBOJSAMIEN K CHUXEHUI0
[IOTOKA COJIHEYHOM paAualuy, KoHIeHTpanus ¢uro-
IJIaHKTOHA 3HA4YWUTEJIbHO majaet: Ha 27.03.2024 3Ha-
YyeHUs HaxogATcs B mpenenax 0.85-0.9 mmonsN/m3, a
Ha 31.03.2024 B mpunoBepXHOCTHOM cyioe Huxe 0.6
MMoJ1bN/M3. XpOHOM3O0ILJIETH KOHIIEHTPpALY 300IJIaH-
kroHa (Puc. 3, B) B akcnepuMeHTax 1 u 2 Ha riiyouHe
Ao 10 M BecbMa 06JIM3KM Ha IEPBBHIN B3IJIAL, OAHAKO
OHU HEe3HAUWTeJIbHO 3alla3fbplBal0T C POCTOM OOJIauHO-
cTy. UeM HIXe CTeleHb TOKPHITUA Heba obJjiakaMu, TeM
HIUXe cojepkaHue 300IUIaHKTOHa O6ym3u AHa (K3-3a
yMeHbIlleHUsA 6uomaccel puTOIIaHKTOHA). B skcmepu-
MeHTax 1 u 2 otueTsIMBO nposABisgeTca 3GdeKT TepMo-
6apa Ha 30.03.2024: B cyioe 13-25 M BO3HUKaeT Bep-
TUKaJIbHasi OAHOPOAHOCTh 3oomsaaHkToHa (0.22-0.24
MMoJibN/M3). BHyTpucyTOYHass AMHAMUKA COJTHEYHOM
pagpanuy Takxke oKasaja BJIMSHUE Ha paclpejeie-
HUe QUTO- U 300IUIaHKTOHA B cjoe 0-7 M: JIOKajb-
Hble MaKCHUMyMBl HabJyofjaloTcs B [AHEBHOE BpeMm:.
YeM BbIlle 00JIAYHOCTD, TEM HIXe 3TU MaKCUMyMHL. B
HOYHOEe BpeMs ypOBeHb 300IUIaHKTOHA Ha 31.03.2024
u 1.04.2024 onyckaerca Huxe 0.14 mMmMoimeN/M® y
IIOBEPXHOCTHU 0O3epa.

OueHuBas BepTUKaJIbHOE paclipeflejieHue TeM-
nepatypel Ha 30.03.2024 Ha paccrosHMM X = 1 KM
(Puc. 5, a) u x = 1.5 xm (Puc. 6, a), MOXHO CKa3aTh,
YTO BBICOKAas 00JIAYHOCTh 3aMeJiJIeT IIPorpeB BogoemMa

0.6

28.03.2024 29.03.2024 30.03.2024 31.03.2024

1o Bcel Touime. Paznnuusa temnepatyp B ciioe 0-25 M
B TOYKax, pacrosiokeHHbIX Ha 500 M Apyr oT Apyra,
pocruratT 0.7-0.8 °C no npuunHe TOro, 4TO IIpU yBe-
JIMYeHUHU PacCTOSAHUSA OT YCThA NPOTOKU yMeHbIIaeTcs
ero BiuAHME U YycuiauBaeTca 3(deKT mnapaMeTpoB
atrmocdeprl. Bo Bcex skcleprMeHTax TeMIeparypa
MOHOTOHHO CHIXaeTcsa IO IJIyOuHe. 3aMeTHO, 4YTO
pe3yJIbTaThl 3KCIepUMeHTOB 1 1 2 AOBOJIBHO 0JIM3KHU
[I0 CpaBHEHMIO C pe3yJibTaTaMH 3KCIepHMeHTa 3, U
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Puc.3. Xponousorietsl Temieparypsl (a) [°Cl, koHIeH-
Tpauuu ¢uro- (6) u 3oomranHkToHa (B) [MMosibN/m3] mpu x
= 1 KM B BBIUMCJIMTEJBHBIX 3KcIllepuMeHTax 1 (1), 2 (2) u 3
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Puc.4. TloTok cosiHeyHO! (KOPOTKOBOJIHOBO!) pagualiii B BEIYUCINUTEIbHBIX dkcnepuMenTax 1 (1), 2 (2) u 3 (3).
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Temneparypa, °C

Puc.5. BeprukanbHoe pacmnpefesieHue TeMnepaTypsl (a), durto- (6) u 3oomiankToHa (B) Ha 30.03.2024 mpu x

BBIUYMCJIMTEJIbHBIX 3KCIIEpYMEHTaX.

0CcOOEHHO XOpOILIo 3TO BUAHO I10 COBNAJEHUIO0 TeMIlepa-
TYPHI B ABYX 9KCIIePUMEHTax Ha IJyOuHax, IpeBbIIIao-
mux 14 M. AHajloruyHasA CUTyalys ¢ BepTUKAJIbHBIM
pacrpefesieHneM (UTOILUIAHKTOHA Ha paccMaTpuBae-
MbIX pa3pesax (Puc. 5-6, 6): pe3ysbTaThl SKCIIEPUMEH-
TOB ¢ o6s1auHoCcThIo 0% 1 50% TakXe MOYTH OgUHAKO-
Bele. C pocTOM 006JIaYHOCTU YPOBEHb (PUTOIIAHKTOHA
najaeT mo Bcel riyOuHe, U pasHUIA MeXIy SKCIepu-
MeHTamu gocturaet 0.055 mmonsN/M3npu x = 1 KM
u 0.05 mmoieN/m2 pu X 1.5 kM, puyeM e€ Mak-
cuMyM HabOJiofaeTrcsa B paiioHe aHa. C riiyOMHOI BO
BCeX SKCIlepUMeHTaX KOHIleHTpauusa (QUTONJIAHKTOHA
yBeJINUMBaeTCA.

Y pacopenesieHUs 300IIAaHKTOHA TeHJEHIUU
apyrue. Ha ynanenun 1 km (Puc. 5, B) Ha riybuHe [0
11 M ¢ pocToM OOGJIAUHOCTU KOHIIEHTPAIUs 300ILJIaH-
KTOHa pacTeT, HO Ha Oosbllell riybuHe, HaoOOPOT,
nagaet. B ciydae x 1.5 xm (Puc. 6, B) 3aBUCUMOCTh
HECKOJIbKO CJIOKHee, HO 61omMacca 300IJIaHKTOHA aHa-
JIOTUYHO YBeJIMYMBaeTCcs C POCTOM 00J1a4HOCTU Ha
riybuHe o 12 M U yMeHbIIaeTcsi Ha rJIyOuHe BbIlIe
20 m. /[uana3oH U3MeHeHUA KOHIEHTpalu 300IJIaH-
KTOHA TaKXe CyXaeTcs MPU BHICOKOIM 00JIaUHOCTU: MPU
x = 1 xm 0.204-0.238 mmoN/M3 B akcniepuMeHTe 1 u
0.21-0.232 mmosibN/M® B 9KCIIepUMeHTe 3, a TIpH X
1.5 km 0.2575-0.2695 mMosibN/M® B akcriepumeHTe 1

I'my6una, m

0.86 087 088

3:5

3.6 3.7 38

Temmnepatypa, °C

Puc.6. BepTukanpHoe pacnpefiesieHre Temneparyph (a), ¢uro- (6) u 3oomnankToHa (B) Ha 30.03.2024 npu x

BBIUYMICJIMTEJIbHBIX SKCIIEpYMEHTAaX.
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KoHuenTpanust puTomiankTona, MMoasN/m?
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N

0.84 0.86 0.88 0.2 0.21 0.22 0.23 0.24

KoHueHTpauus 300MI1aHKTOHa, MMOJIBEN/M?

1 xm B

u 0.2595-0.2665 mMmoimbN/M® B 3KcrnepumeHTe 3.
KosimuecTBO 300IJIaHKTOHA MOHOTOHHO pacTeT C TJIy-
OMHOI BO BCeX KCIepUMeHTax.

[Tpo3pauHocTh BoAbl o Aucky CeKKd B Iepuoa
pa3BuTUA BeceHHero tepmobapa B 03. [losroe 2024 r.
nocturaina 4.8 M. Becnoil 2025 r. oHa BappHpoBajiach
B pasHble JHU OT 5.7 A0 7.9 M, B 3aBUCUMOCTH OT yCJIO-
BUM OCBEIleHHOCTU M peXKMa BhINafeHHus OCaAKOB,
BJIMAIOIIET0 HA CHOC B3BeleHHBIX Bel[eCTB C BOJOC-
6opa. ITockosibKy X07104011001Bble BUIBI 3UMOI 1 paH-
Hell BecHOU B 03. J[osiroe mpeo6saaaioT, 6ojiee BBICO-
Kas GromMacca coxpaHsijlach B TEIJIOMHEPTHOU 30He B
6oJiee TyIyOOKUX cJI0sX. Teruioo0uBble BU/IBI, Xapak-
TepHble [JIA JIeTHero Nepuoja, elle He pa3BUJIMCh, B
TO BpeMs KakK B TeNJIOAKTUBHOI 30He X0JI0JI0JII00MBBIe
3UMHMe BUBI yXe ObUIM YTHEeTEeHH.

B ciywae pasBuTHA KjIaccuueckoro tepmobapa
(6e3 peyHOT0 MPUTOKA) POCT IJIAHKTOHHBIX MTOMYJIALUHI
B OCHOBHOM HaOJIIOJaeTcsA B TEIJIOAKTUBHOMN 00J1acTH,
rJie Bhlllle TeMIepaTypa U KOHIleHTpaLys NUTaTeJ bHbIX
BemecTB (Avinsky et al., 1999; Goldman et al., 1996).
OpHako mpu pevyHOM TepMobape He BCE TaK MIPOCTO
u omHo3HayHo (Holland and Kay, 2003), mocKoJbKy
13-3a BBICOKMX XapaKTepUCTUK MYTHOCTH, IepeMelln-
BaHNA U BBHIMBIBAaHUA COAepkaHNe IUIaHKTOHa B peke
0OBIYHO HIKeE, YeM B o3epe (Sgballe and Kimmel, 1987,

0
akenep. 1
JKcnep. 2
4 aKenep. 3
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-20
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-40 —
a o 8
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Reynolds, 1994; Akopian et al., 1999; Welker and Welz,
1999). /laHHbIe IOJIEBBIX HCCJIEOBaHMI B 03. Jlojroe
00 3TOM TaKXe CBUIETEJIbCTBYIOT. IIpe/icTaBJIEHHBIE B
3TON paboTe pe3yJIbTaThl MOIEUPOBAHUA TMOKA3AIU
HU3KUI YPOBEHD IUIAaHKTOHA B BEpXHeM 0oJiee mporpe-
TOM cJioe. J|efiCTBUTEJIbHO, TOCTYIIJIEHUE B 03€PO BOIBI
co cyiaboil KOHIleHTpaluuell OpraHUYecKHUX BelllecTB
U3 PEKU MOXET MPUBOJAUTH K pa30aBJIEHUIO0 U BBITEC-
HeHuio mwianktoHa (Holland and Kay, 2003; Sgballe
and Kimmel, 1987; Avinsky et al., 1999; Welker and
Welz, 1999). BoisaByieHHBII 3DdEKT BHYTPUCYTOYHOM
BapualUy COJIHEYHOU pajualiid B U3MEHEHUM KOH-
LeHTpaluy (QUTOIUIAaHKTOHA COTJIACYeTCA ¢ AAaHHBIMU
UccieIoBaHUM B JPYTrUX BOAHBIX 3KocucTeMax (Jia et
al., 2023; Chen et al., 2025). PaccenBaHue u IOIJIO-
meHve nocrymnammeil or CoJIHIIA CBETOBOM U TeIUIO-
BOI 3Hepruyd O6JIAaKaM{ yMeHbIIaeT MOBEPXHOCTHYIO
KOPOTKOBOJIHOBYI0 paauaiuio (Bartlett et al.,1998;
Kosmopoulos et al., 2017; Dumka et al., 2021).

4. 3aknioueHue

[TonydveHHsle 71 03. J[0JITOe pe3ysIbTaThl MOKa-
3au ciefAyioiiee (10 IPUOPUTETY CTENEHU BIIUAHUA):

1. {axe mpu 6JarONpUATHBIX TEMIEPATYPHHIX yCJIO-

BUAX NPU HAJMYMN PEYHOTO MPUTOKA CO CJIaboi

KOHIIeHTpalell IUIaHKTOHA B pe3yJibTaTe pa3taBs-

JIeHUs U BBITECHEHUs MPOAYKIMU Ha GUKCUPOBaH-

HOM y4YacTKe BojJoeMa HabJiloajici HU3KUN ypo-
BEHb ILJIAHKTOHA B BEPXHEM CJIOE.

OpHako mnof BJIUAHHEM COJIHEYHOM paauanuu
Iocjie MOMEHTa 3apoXJeHHs TeMIepaTypHO!
cTpatTu@uKali KOHLIEHTpauus UTo- 1 300I1JIaH-
KTOHa Ha [OBEPXHOCTU AOCTUTrajia CBOEro JIOKaJb-
HOro MakCHMMyMa B JHEBHOE BpeMs.

[Mpu yBesmmueHny 06JIaYHOCTH, YTO BeJleT K YMeHb-
[IEHUI0 TOTOKA COJIHEYHOHN paguanyy, IMPOUCXO-
IO CHIDKeHHE KOHI[eHTpanuu (UTOILUIAHKTOHA
o Bcell riy6uHe BomoeMa. PacmpepesieHue 300-
IUIAHKTOHA MIMEJIO MHYI0 TEHJEHINIO: Ha Pa3HOoy-
JlaJIeHHBIX OT Oepera IPOCTPAHCTBEHHBIX pa3pe3ax
0oOHAapyXeHB HEOJHOPOJHbIe 3aKOHOMEPHOCTH.

Kpome Toro, 3a cueT 60Jiee HarpeThx B JJHEBHOE
BpeMs IPOTOYHBIX BOJ IOHMXEHNe ITOBEPXHOCTHOM
TeMIlepaTypbl B (UKCUPOBaHHOI o6JlacTh BojoeMa
MOXeT MPOSBJIATHCA C HEKOTOPHIM BpeMEHHEIM JIaroM.
Bricokas 06J1ayHOCTh CIIOCOOCTBYET 3aMe/IJIeHUIO TIpo-
rpeBa BojoeMa Io Bcell Tosme. [Ipu nomHoN o6iay-
HOCTH IIOBBIIIEHNE TeMIepaTypsl BOJbl B 03. Jlojiroe
MIPOMCXOAMJIO CHayajia B MPUIAOHHON YacTu Bojoema
13-3a 0COOEHHOCTU NPOTEKAHMA TUPOJIMHAMUYECKUX
MIPOI[eCCOB IpU NOCTYILIEHUM 0OoJiee TeIUIbIX BOZ U3
MPOTOKU U3 03. CBAA0BO Ha (HOHe yCuIeHUs BeTpa.
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