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ABSTRACT. We conducted five-year hydrological studies (from 2020 to 2024) of a small freshwater lake
on Bolshoy Solovetsky Island during the summer low water period, obtained hydrochemical data and
compiled a bathymetric mapparameters of . This glaciotectonic body of water was classified as a small
deep lake receiving waters of the western lake-canal system. It does not experience direct anthropogenic
impact, with the exception of recreational load. Air temperature and precipitation fluctuations led to
changes in temperature and water level in the water body studied . The combination of these variations
influenced the hydrochemical parameters. Color, electrical conductivity, increase of dissolved iron and
pH, lower mineralization (sum of main ions) largely depended on the amount of precipitation. Water
temperature affected the concentration of oxygen and anoxic conditions were created in the bottom
layers of the lake. The occurrence of anaerobic processes in the bottom layers of the lake was accompa-
nied by an increase in the products of organic matter destruction, in particular, hydrocarbonates. At the
same time, no increase in the content of hydrogen sulfide was noted, its concentrations did not exceed
5 ng/1 over the period of research. The results obtained indicate the need to conduct annual monitoring
of drinking water sources, even though present fluctuations in the hydrochemical indicators are mainly
associated with climatic changes.
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1. Introduction Sredny Pert. The names of this body of water reflect

the functions of the lake. Lake Pit’evoe is connected
with Lake Svyatoe by a channel (starting from it)
more than 2 km long (Pit’evoy Canal). The unforced

Foundation and development of the Spaso-
Preobrazhensky Solovetsky Monastery required sus-

tainable water supply and the work was initiated in the
second half of the XVIth century. Thus, about 38 lakes
were united into the Western lake-canal system carry-
ing water to Lake Svyatoe. It seems most likely that ini-
tially the waters of Lake Svyatoe, located in close prox-
imity, were used for various needs of the monastery.
Subsequently, the lake waters have been used mainly
for hydraulic structures and technical purposes. The
closing lake in the Western lake-canal system consisting
of Danilovo, Trudovoe, Splavnoe lakes is Lake Pit’evoe
(Gritsevskaya et al., 1972; Natytnik and Nikishin, 1990;
Natural environment..., 2007; Zakharov, 2013). The
hydrological and hydrochemical indicators are influ-
enced by the water coming from a neighboring Lake
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flow of water from one reservoir to another is facili-
tated by gradual variation of elevations of almost 10
m due to a multi-leveled arrangement of the lakes. At
present, for the water management needs of the Spaso-
Preobrazhensky Solovetsky Monastery and the settle-
ment of Solovetsky, which is located around the walls
of this monastery, water is taken approximately in the
middle of the Pit’evoy Canal. The authors reported on
the hydrochemical and microbialogical indicators of
this watercourse in Solovetsky Essays (Titova et al.,
2021). Recent studies have shown that waters com-
ing from Lake Pit’evoe affect significantly the Pit’evoy
Canal up to the middle of its watercourse. Therefore,
the authors could not ignore this reservoir. The inves-
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tigations began in July during the summer low water
period (minimum water level) 2020 and were carried
out annually at about the same time for the next four
years. Some of the results were published in (Titova
et al., 2020; 2024). The lake is not currently subject
to any profound anthropogenic influence. There are
no residential buildings or industrial enterprises on its
shores. The recreational impact from the rowboats and
electric motors is insignificant at present, but the tour-
ist flow to the Solovetsky Islands is increasing every
year,already reaching 50 thousand people per year.
The neighboring Lake Sredniy Pert is the beginning
of main excursion routes along the lake-canal system,
where there is a boat station. At the same time, over
the past five years, the number of private boats and
other floating craftover the water area of the lake itself
increased.. Hydrochemical data on various reservoirs
in Russia and abroad indicate that the properties of
water, in addition to climatic factors, can be affected
by anthropogenic activities (Carlson, 1977; Debolskii
et al., 2010; Fomenko, 2013; Adamovich et al., 2017;
Efremova et al., 2019; Otyukova, 2021; Zhumay et al.,
2021). The aim of this study was to summarize the
hydrochemical parameters obtained on Lake Pit’evoe
within 5 years (from 2020 to 2024) and consider possi-
ble environmental changes.

2. Materials and methods

The authors’ surveys began in 2020 with search-
ing for the deepest area for a reference water sampling
site. They were carried out on an inflaTable rowboat

using a «Fishfinder 140» Garmin echo sounder and a
Garmin GPS 72, with the results recorded in an expe-
dition log. The main hydrological parameters of the
lake (length, width, water surface area, openness
index) were also determined and described in detail by
(Klimov and Bykov, 2022).

Lake Pit’evoe, a water body of tectonic origin
(Gritsevskaya et al., 1972), is located northeast of
the settlement Solovetsky. —. Its area is 0.1738 km?,
length — 980 m, width — 400 m, openness index — 0.047
(Klimov and Bykov, 2022). The lake is lobate-shaped,
thebasin iselongated northwest to southeast, elonga-
tion coefficient — 5.9 m. The shores of the lake are not
high and the coastline is poorly developed: its length
is 3.5 km, tortuosity coefficient — 2.2, dissection coef-
ficient — 4.6. The bottom relief consists of two clearly
defined deep depressions, northern and southern, sepa-
rated by an underwater sill (1.8 m from its top upward)
(Gritsevskaya et al., 1972). The maximum depth of the
northern depression at the time of bathymetric stud-
ies, that were carried out using a Humminbird GPS-
Fishfinder 363 echo sounder with simultaneous record-
ing of coordinates and the depth of the reservoir at a
specific point, was 8.6 m, the southern one — 10.6 m
(Titova et al., 2020; Klimov and Bykov, 2022; Titova
et al., 2024). The bathymetric map was created based
on the measurements made in July 2023 (Fig. 1). The
average depth of the lake is 3.7-3.8 m (Gritsevskaya
et al., 1972; Klimov and Bykov, 2022). According to
the classification of P.V. Ivanov, the lake under study
belongs to a group of deep lakes (a = 6.4) (Gritsevskaya
et al., 1972).
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Fig.1. Schematic bathymetric map of Lake Pit’evoe; red dot marks a sampling station.
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The southern deep-water station was a reference
point for further hydrochemical studies its coordinates
are 65.04195 N; 35.69098 E (Fig. 1).

Based on the vertical profiles measured using
an oximeter, water sampling horizons were identified
(0.5; 2.0-2.5; 4.0-4.5; 7-7.5; 9-9.5; 10-10.5) for fur-
ther hydrochemical studies. In 2021-2022, sampling
was carried out near the selected station, but not at
the maximum depth. Water samples were collected
from a boat in different water layers using a horizon-
tal 2-liter polycarbonate bathometerin accordance with
GOST R 59024-2020, 2023. The samples were deliv-
ered to a laboratory in Arkhangelsk in compliance with
storage and proceeding practices, some samples were
preserved.

Electrical conductivity and pH were measured
in situ, unsTable components in the samples were ana-
lyzed according to certified and generally accepted
methods (GOST 31957-2012, 2013; GOST 31958-2012,
2013; GOST R 59024-2020, 2023; GOST 31868-2012,
2019; RD 52.24.450-2010, 2010). Mass concentration
of hydrogen sulfide and sulfides in waters was measured
using the photometric method with N,N-dimethyl-n-
phenylenediamine in field and laboratory conditions.

3. Resulits

According to the meteorological station on
Solovetsky Islands (latitude 65.02 longitude 35.70 alti-
tude 7 m, Arkhangelsk region, Russia), average tem-
peratures and the amount of precipitation in July were
determined annually during the studies, as well as the
temperature on the day of sampling (http://www.
pogodaiklimat.ru/history/22429.htm (date of access:
16.04.2025)) and the preceding period (https://world-
weather.ru/pogoda/russia/solovki/ (date of access:
16.04.2025)) (Table 1).

o
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According to Table 1, the amount of both daily
and monthly precipitation varied significantly over
the years. Thus, during the summer low water period
(mid-summer) in July 2023, there should be the largest
amount of water in Lake Pit’evoe, slightly less and close
to it should be in 2020 and 2024, even slightly less in
2022, and the summer of 2021 was the lowest water
season.

To confirm the interannual change or similar
water levelsin the lake, photographs of the Pit’evoy
Canal source, discharging water from Lake Pit’evoe at
thesluice (Fig. 2 a and b), are presented. During the
high water period, the sluice cannot control the entire
water flow, and a side channel is formed (Fig. 2 b).

During the period of low water in Lake Pit’evoe
and, consequently, in the entire Western lake-canal sys-
tem, the side channel near the lock is actually absent,
and the water flows largely within the main channel
(Fig. 2 c).

In 2023, the high water level at the reference sta-
tion of Lake Pit’evoe was registered by an echo sounder
Praktik 7.

Archived weather data on Solovetsky Islands from
the meteorological station showed average monthly air
temperatures in different years of the study, as well as
the temperature on the day of sampling (Table 1). The
coolest weather was in 2023, the warmest period was
in 2022. Since the temperature can change significantly
during a month, both towards cooling and vice versa,
we provide average air temperature data for the week
preceding water sampling. Before water sampling, ver-
tical temperature and oxygen profiles were measured
at a selected station on Lake Pit’evoe using a porTa-
ble oximeter HQ30D.99 Hach Lange with a fluorescent
sensor and a cable up to 30 m. Unfortunately in 2020,
the device was out of order that enabled us to measure
temperature and oxygen in this period.

- =

Fig.2. The beginning of the Pit’evoy Canal in 2020 (a), 2024 (b) and 2021 (c).
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Table 1. Brief climatic characteristics of the study period

Year Average monthly Temperature, °C Monthly precipi- | Maximum daily pre-
air temperatures on tation amounts on | cipitation amounts
Solovetsky Islands, °C Solovetsky Islands, on Solovetsky
mm Islands, mm
2020 15.0 16.0/16.0* 63 15
2021 15.7 16.0/16.0 19 6
2022 16.9 19.0/18.1 48 17
2023 13.2 18.0/16.2 98 20
2024 14.8 11.0/14.7 64 17

Note: «*» in the numerator marks the day of sampling, in the denominator — the average temperature during a week before

sampling.

Direct temperature stratification was observed
during the whole period of our study. A sharp tempera-
ture change was observed during the summer low water
period at a depth of 3-4.5 m (Fig. 3). The upper lay-
ers of water in Lake Pit’evoe were the coolest in 2024
with the lowest temperature recorded (about 15 °C).
The waters were the warmest in 2022 (about 22 °C).
Comparing the water temperature in different years
and the air temperature at the same time revealedthe
average temperature in a week before sampling was the
most significant indicator (Table 1). According to these
data, the trend of the air temperature, from the lowest
to the highest, is as follows: 2024 — (2020) — 2021 —
2023 — 2022; in the upper layers of the lake water, the
temperature changed in a similar way: 2024 — 2021
— 2023 — 2024 (Fig. 3). A correlation dependence
(r2=0.96) was reported between the air and water
temperature of the upper layers (up to 1.5 m).

In contrast to temperature, oxygen concentra-
tion in the upper water layersup to 4 m varied slightly
over the years and amounted to 8.5-9 mg/1 (Fig. 4).
No oxygen oversaturation of the surface water hori-
zon was observed even in the warmest year of 2022.
In 2023-2024, a decrease in the concentration of oxy-
gen to almost complete depletion was recorded in the
lower water layers of Lake Pit’evoe (Fig. 4). Perhaps
one of the factors was the later time of the study, when
stratification of water was observed at the peak of the
summer low water.

Annual trend of oxygen decrease in the lower
water layers from the lowest highest is as follows:
2024—2023—-2021—2022, the minimum values were
observed in colder periods, perhaps due to later or
colder spring periods in these years.

The obtained data are presented in Table 2 and
Figs. 3 and 4. Average value is shown for selected
parameters, since the number of sampling horizons was
different.

As can be seen from Fig. 4, there was no increase
in the concentrations of hydrogen sulfide/hydrosul-
fides (H,S/HS) in the bottom layers of water of Lake
Pit’evoe in 2023 and 2024, despite anaerobic condi-
tions (Table 2). This compound can be formed during
water stagnation, but its content is equal to that in the
aerobic waters. In general, H,S/HS" was present in small
quantities, not exceeding the water quality standard of
reservoir fishery.
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Table 2. Hydrochemical indicators in Lake Pit’evoe in 2020-2024

Indicator 2020 2021 2022 2023 2024

pH 6.09-5.99 6.65-6.43 6.43-5.38 6.59-5.87 6.85-6.05

Electrical conductivity, uS/cm 56-56.7 57.0-54.6 57.6-53.5 56.8-64.6 59.2-68.9
HCO,, mg/1 12.38-14.70 7.32-9.15 6.10-8.10 6.65-8.43 14.64-15.25

Cl, mg/1 8.18-7.72 8.82-7.57 3.72-8.00 8.05-6.85 7.82-7.60

SO,*, mg/1 3.68-3.52 3.70-3.30 1.83-3.66 3.14-2.75 2.89-2.88

Na*, mg/1 5.86-5.80 6.64-6.00 3.04-5.96 5.31-5.30 4.80-5.10

Ca?*, mg/1 2.26-2.22 2.79-2.70 1.39-2.52 2.40-3.30 3.98-4.05

Mg?**+, mg/1 1.19-1.38 1.69-1.58 0.81-1.56 1.15-1.48 1.68-1.82

K*, mg/1 0.53-0.46 0.83-0.52 0.44-0.49 0.58-0.72 0.53-0.60

Hardness, mg-eq/1 (mmol/1) 0.21-0.22 0.28-0.27 0.14-0.26 0.22-0.29 0.34-0.35
Sum of main ions, mg/1 34.08-35.80 31.79-29.60 17.33-28.45 27.61-28.63 36.34-37.30

Organic matter (Corg), mg/1 14.99-10.26 9.81-10.04 8.93-8.55 9.41-9.86 8.80-8.52

Color, degrees 43.0-52.0 38.9-43.1 42.0-44.0 33.8-54.5 38.2-40.2
Fe solution, mg/1 0.076-0.325 0.180-0.250 0.102-0.198 0.044-0.644 0.058-0.300
H,S/HS’, mg/1 0.003-0.003 0.002-0.002 0.003-0.003 0.003-0.004 0.003-0.003

Note: «*» marks surface-bottom horizon.

However, we clearly see that the decrease in oxy-
gen content in the bottom layers of water leads to an
increase in the concentration of dissolved iron (Fig. 4
and Table 2). The highest values of this indicator were
recorded in 2023 (about 0.650 mg/1), in 2024 (about
0.300 mg/1) and also in 2020 (0.325 mg/1), which may
indirectly indicate the conditions during this period
were anaerobic.

Oxygen consumption may be associated with the
destruction of organic matter (Corg) in the lake water.
The processes associated with the reduction of sulfates
are insignificant due to the amounts of hydrogen sul-
fide formed. According to the authors’ publications,
the energy used to facilitate ammonification was also
negligible. Iron reduction essentially contributed to the
decrease in organic matter hydrocarbonate ion (HCO,)
being a possible end product of destruction. Every year,
the amount of this component increased from the sur-
face to the bottom layers by 1-2 mg/1, i.e., it remained
actually unchanged. The highest content was noted in
2024 and 2020 (15.25 and 14.70 mg/1), presumably, in
the seasons with the lowest air and water temperatures,
and oxygen content. In the warmest year with higher
oxygen concentrations in the water, hydrocarbonate
was recorded in the smallest amount. An increase in
one component led to a decrease in the other; during
the same period, a decrease in organic matter concen-
trations from one bottom layer to another was observed
(from 8.80 to 8.52 mg/l and from 14.99 to 10.26,
respectively). A slight increase in the concentration of
C,, in this direction was noted in the most low-water
and high-water periods of 2021 and 2023.

Concentrations of dissolved iron and organic
matter affect the water color (Kitaev, 2007; Nikanorov,
2001). Every year of this study, we observed an increase
in this value in the bottom layers. The largest fluctua-
tions in this indicator were registered in the water in
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2020 (from 43 to 52 degrees) and 2023 (from 34 to
54.5 degrees) (Table 2). In the first year, the increase
was mainly due to an increase in the amount of dis-
solved iron (III), in the second — to a greater extent
for the same reason, but a small contribution was also
made by dissolved C_.

The indicator, that is affected by the content of
both the organic and inorganic components, is pH. The
general trend for all study periods was a decrease of
water pH in Lake Pit’evoe from the surface layers to
the bottom. The lowest pH values were noted in the
summer of 2020, when dissolved Corg and Cneorg
were present in the water in the largest quantities. In
2024, the pH value was the highest, despite significant
amounts of Cneorg, with slightly smaller amounts of
Corg. It seems most likely that other inorganic com-
ponents had the greatest influence on pH, since the
electrical conductivity was highest during this period,
depending on the number of ions in the water. Over
all the years of observation, the electrical conductivity
varied in a fairly narrow range from 54 to 69 pS/cm
suggesting low water mineralization in Lake Pit’evoe.
Based on the major ion composition, the water in this
reservoir is defined as ultra-fresh, and, therefore, very
soft. In 2020 and 2024, years with similar temperature
and precipitation amount, the highest total ion content
(from 34 to 37 mg/1) was reported. Particularly during
these years, the water of Lake Pit’evoe was attributed to
the hydrocarbonate-chloride type of the sodium group,
due to significant amounts of HCO,. In other years, the
water was characterized as chloride-sodium (Alekin,
1953; Nikanorov, 2001).

In 2022, for some unexplained reason, abnor-
mally low values of all major ions were observed in
the surface horizon. This was not an analytical error
or a result of improper sample storage and transpor-
tation. On the same sampling day, similar artifacts
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with a decrease in ion concentrations were noted in
the subsurface horizon of adjacent Lake Sredny Perth
in the absence of rain, as well as in the surface layer
of Lake Biosadkoe (located 3 km away, next day sam-
pling). Therefore, this year, the sum of major ions in
the surface layer predictably became low. The content
of most ions, with the exception of calcium and mag-
nesium, was the lowest in 2023 and 2024, but possi-
bly for different reasons. In the first year, a significant
amount of precipitation a few days before sampling led
to an increase of the water level in the system and the
lake; in the second year, probably, because of a lon-
ger storage of samples before analytical work. At the
same time, an increase in the concentrations of calcium
and magnesium ions compared to other years of the
study, and, consequently, water hardness was observed
in 2024 it was noted due to (Table 2). The largest num-
ber of chloride and sodium ions (as dominant ions) was
recorded in 2021 during the lowest water period.

4. Conclusion

The studies conducted in summer on Lake
Pit’evoe over five years the confirmed low values of
mineralization (sum of main ions) of its water.

Climatic fluctuations (air temperature and pre-
cipitation), induced by natural causes, led to interan-
nual changes in all of the hydrochemical indicators
studied by the authors.

Temperature largely determined the formation
of anaerobic conditions and the processes associated
with them. The amount of precipitation affected the
water content (depth at the sampling station) and, to
some extent, the concentrations of the main ions.

The data obtained allowed us to identify the
years characterized by many similar parameters stud-
ied (for example, 2020 and 2024) or, conversely, con-
trasting years, 2022 and 2023.

The results made it possible to trace the rela-
tionship and explain some patterns in the parameter
dynamics. Comparison of the available information led
to the identification of unexplained, but existing, arti-
facts in the surface horizon of the lake water in 2022.

We suggest to monitor hydrochemical indicators
in anthropogenically unloaded water bodies, such as
Lake Pit’evoe on Bolshoy Solovetsky Island.

The results obtained can serve a background for
monitoring the ecological state of the reservoir under
increasing recreational load on Solovetsky Islands.
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KpaTtkoe coobuienune

MouuropuurvruApoxuwmqecKux I IMNOLOGY
nokasareneu osepa liurbeBoe boabLUOro FRESHWATER

ConoBeunxKoro ocTrpoBsa BIOLOGY
P N

TurtoBa K.B.*, Cio6oga A.A., Kubapena T.A., Kokpsarckasa H.M.,
IIonos C.C., Enuceena U.C., beikoB B.M.

DedepabHblll UCCITE008AMETHCKULL YeHMD KOMILTEKCHO20 U3yyeHua Apkmuku um. akademuka H.IT. JTageposa YpO PAH,
Huxosteckuti np-m, 20, Apxaneensck, 163020, Poccua

AHHOTALIUA. [IpoBeneHsl ruApoJIoTUYecKyie uccjaeqoBaHus (IocTpoeHa 6aTuMeTpudeckas KapTa) u
B IIEPUOJ JIETHEN MeXxeHH 3a ATk JieT (¢ 2020 mo 2024 ropr) onpeAesieHbl TUAPOXUMIYECKHE TTOKa3a-
TeJIu IPECHOBOAHOI'0 MaJioro o3epa Ha Bosbmom CoJsioBelikoM ocTpoBe. M3yueHHBIN BOOEM Jie JHUKO-
BO-TEKTOHUYECKOTO IIPOUCXOXAEHN ObLI OTHECEH K KaTeropuy MaJiblX IIyOOKUX 03ep, IPUHHUMAILIIUN
BOZBI 3allafHOM 03epHO-KaHAJIbHOU crcTeMbl. OHO He HCHBITHIBAET MIPAMOr0 aHTPOIIOTeHHOTO BO3el-
CTBUS, 3a MCKJIIOUEHNEeM peKpealoHHON Harpy3ku. KimmMmaTtnyeckue KojiebaHusA TeMiiepaTypsl BO3qyXa
1 KOJI4ecTBa OCaKOB IIPHMBOJWIIN K KOJIeOaHHI0 TeEMIIepaTyphl 1 yPOBHS BOAB! B M3yYeHHOM BoJl0oeMe.
COBOKYITHOCTb 3THX M3MeHeHU! BJIMAJIA Ha Bapualuy THAPOXUMUYECKUX NToKa3aTesiell. OT KoJIn4yecTBa
0cagKoB B O0JIbIIel cTelleHU 3aBHCeJId [IBETHOCTD, 3JIEKTPOIIPOBOAHOCTD, COAEPXKaHNe PACTBOPEHHOIO
xene3a (yBeauueHue) u pH, MyuHepanusaiysa (CyMMa IJIaBHBIX MOHOB) (cHukeHMe). Temmnepatypa BoAb
cKazajach Ha COJepXaHUU KUCJI0poZa, HabIaaaoch co3jaHue 0eCKHCIOPOAHbIX YCI0BUN B IPUIOH-
HBIX CJIOAX o3epa. IIpoTekaHue aHa3pOOHBIX MPOIECCOB B MPUIOHHBIX CJIOAX O3€pa COIPOBOXAAJIOCH
yBeJInueHreM NPOAYKTOB JeCTPYKIMK OpraHUYecKoro BellecTBa, B YaCTHOCTH I'mApokapOooHaToB. [Ipu
3TOM He OTMeUYeHO yBeJIMUYeHNA CoAepKaHUA CEpPOBOJOPO/Ia, ero KOHIIEeHTpallly 3a BeCh IIepuoj rccJie-
JOBaHUI He IIpeBhIIIany 5 MKr/JI. [lojyueHHbIe pe3yabTaThl CBUAETEIbCTBYIOT 0 HE0OXOAMMOCTH MIPO-
BeJleHNs eXeroHbIX MOHUTOPUHIOBBIX HCCJIeOBaHNI Ha BOAHBIX 00beKTax MMTheBOr0 Ha3HAueHUs, B
HacTosIlee BpeMsA KojiebaHUA r'MApOXUMHYECKUX IoKa3aTeJiell CBA3aHbl B OCHOBHOM C M3MeHEeHUAMU
KJIMMaTHYeCKUX yCJIOBUI.

Kitioueawie ciiosa: COJ’IOBeHKI/Iﬁ apxuneJsiar, IpeCHOBOAHbIE O3€pa, THAPOXUMHNYECKNE ITOKa3aTeJIn,
KJIMMaTHU4eCKure CI)aI(TOpI)I

s mutupoBaHuna: Tutosa K.B., Ciob6ona A.A., Xubapesa T.A., Kokpsarckasa H.M., ITonos C.C., EmuceeBa U.C., BeikoB B.M.
MOHUTOPUHT TMPOXUMUYECKIX IT0Ka3aTteseil o3epa [TuteeBoe Bosbmioro CosoBenkoro ocrposa // Limnology and Freshwater
Biology. 2025. - No 4. - C. 477-490. DOI: 10.31951/2658-3518-2025-A-4-477

1. Beepenue cucreMme sBiyseTca ([Januioso, Tpymosoe, CiiaBHOe)

[MuteeBoe (I'purneBckas u Ap., 1972; HaTBHITHUK u

OGpazosanue u pasBHTHE Craco- HukumwH, 1990; MpupoaHas cpena..., 2007; 3axapos,
TIpeoGpaxerckoro CoOJIOBENKOTO MOHACTBIPA TPe6o- 2013), TO eCcTh HAa TMPOJIOTUIECKHE, B T. Y. TUAPOXUMHU-
Bajio0 0GEeCleYeHns ero yCTOMYMBOrO BOAOCHAGKEHU. yeckKue TIOKA3aTeJH, OKA3BIBAET BJIMSHUE BOJA, TIOCTY-
Haunnasa co BTopoil moJsioBuHB XVI Beka, Hadasuch MakIas U3 COCEHEr0 ruAporpadUIecKy CBSI3aHHOTO C
aKTUBHBIE PAOOTHI [JIA JOCTHUXKEHUA YKA3aHHOU IIEJIN. HUM Bozioema (03. Cperamii [lept). HasBaHus uCCIeny-
Ckopee Bcero, epBOHaYasIbHO /I Pa3/INYHbIX TOTPED- €MOro BOJ0EMA FOBOPAT CAMH 32 Ce6 0 TexX (hyHKIHSX,
HOCTE MOHACTHIPA MCIOJIb30BAIKCh BOJBI 03. CBATOE, KOTOpHIE BBIOJHSAJIO U BHIIOJHSAET JaHHOe 03epo. O3.
PAaCIIOJIOKEHHOTO B HEMOCPEACTBEHHON OGJIM30CTU OT TIUTbEBOE COEMHEHO MPOTOKOI,GepyIiell M3 Hero
Hero. BrocjieICTBUM U B HACTOsIIee BPeMs BOAbI JaH- Havaso, JUTHHON Gojiee 2 kM ([TUTheBOH KaHA) C 03.
HOro o3epa MNpUMEHAIMCh B OCHOBHOM IUIA TMAPO- Cearoe. EcTecTBEHHOE Te€YeHHEe BOBI M3 OJHOTO B IPY-

TEXHIIECKNX COOPYXEHNI 1 B TEXHIMMECKNX HEJUIX. roil BoJOeM BO3MOXHO M3-3a IIOCTENIEHHOTO Iepernaja
3aMbIKAIOLMM 03epOM B 3ana/IHON 03epHO-KaHAIbHOM BBICOT TIOYTH B 10 M BCJIE/ICTBHE APYCHOTO PACIIOJIOKE-

* ABTOP [JIsl IEPEIUCKHY.
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HUA o3ep. B HacTroslee BpeMs I BOJOXO3ANCTBEH-
HbeIX Hyxna Cnaco-IIpeoGpaxeHckoro CoJIOBeIKOro
MOHAaCTHIpA U noc. CoJIoBelKUl, KOTOPHIN paclojIoXeH
BOKPYT CTeH AaHHOUI obuTtesy, 3a00p BOABI OCYIIEeCT-
BJIsleTCA IIpUMepHO IocepeAuHe IIuTheBOro kaHaia.
O ruApOXUMHUYECKUX W MHUKPOOMOJIOTHYeCKUX IOKa-
3aTeJiAX [NAHHOTO BOJOTOKAa aBTOpaMy COOOLIAIIOCh
B CouioBerikoMm cbopnuke (TuroBa u ap., 2021). Kak
[oKa3aju HCCcJIeJoBaHus, 3HAUYUTeJIbHOe BJINAHNE Ha
Bobl [TuTheBoro kaHaja BILUIOTh JO CepeAUHBbI BOJOT-
OKa OKasblBajid BOAHI, NOCTymalouue u3 o3. [lutbeBoe.
IToaToMy aBTOpPHI He MOTJIM 06/1eIUTh BHUMaHUEM 5TOT
BojoeM. IlepBble mcciefoBaHWA Ha HeM OBLJIM OCY-
IIecTBJIEHHI B HI0JIe B IIePHO/ JIeTHell MeXeHH, TO eCThb
MHUHHUMAJIBHOTO YPOBHA BoAbl, 2020 r. ¥ NpoOBOAUIIUCH
€XerogHO IPUMEpPHO B OJHO U TO Xe BpeM:A B TeueHue
YyeThelpex NOoCJIeAyIoIKX JieT. YacTh pe3ysibTaToB ObLIN
IpeAcTaBjeHbl B ciefyloomux nybaukanuax (Turosa
u ap., 2020; 2024). Hccienyemoe 03epo B HacToslee
BpeM He NoJiBepraeTcs SBHOMY aHTPOIIOI€HHOMY BJIM-
aHuo. Ha ero Oeperax HeT XWJIBIX IOCTPOEK U IIPO-
MBIIUJIGHHBIX [pequpuATUi. B HacTtoAmmii MoMeHT
peKpealioHHOe BO3JeHCTBHe OT TIpebHBIX JIOOOK U
3JIEKTPOMOTOPOB He3HAaYMTeJIbHO, HO TYPUCTHYECKUN
oToK Ha CoJioBellkre OCTPOBA YBeJIMUUBAETCA C KaXk-
AbBIM rofioM U pgocturaer yxe 50 ThICAY 4YesOBEK B
roa. CocenHee 03. CpenHuil Ilept sABiseTcA HavyasioM
OCHOBHBIX OGQHIHAJIBHBIX OJKCKYPCHOHHBIX Maplpy-
TOB II0 03€pHO-KaHaJIbHOH cUCTeMe, Ile paclojoxeHa
JonoyHasA craHuusA. [Ipu aToM 3a nocjaegHue NATH JieT
OTMeueHO yBeJIMueHHe 4Kcia JIOAOK YacTHBIX [TepeB03-
YMKOB U APYIHX IUJIaBaTeJIbHBIX CPefCTB WHAWBUIY-
aJIbHBIX TYPUCTOB Ha akBaTOpuuU camoro o3. [TuteeBoe.
HccenoBaHua TUOpOXWMHUYECKUX IIOKasaTesiell pas-
JIMYHBIX BoJoeMoB B Poccum u 3a pybOexoM cBufe-
TeJIbCTBYIOT O TOM, YTO Ha CBOICTBA BOABI, ITOMHMO
KJIMMaTH4YeCKUX NPUPOJAHBIX (GAaKTOPOB, MOT'YT BJIMATH
a"TpomnoreHHsle paktopsl (Carlson, 1977; debosbckuit
u ap., 2010; ®omenko, 2013; Agamosuu u ap., 2017;
Efremova et al., 2019; OTtrokoBa, 2021; Zhumay et al.,
2021). Lensio gaHHOTrO MccJieqoBaHUA ObLIO 00001Ie-
HYe MOJIy4eHHBIX JaHHBIX O THPOXUMHUYEeCKHX IoKa3a-
TessAx o3epa [IutbeBoe 3a 5 Jiet (3a nepuof ¢ 2020 no
2024 1T.) U BHIABJIEHME BO3MOXHBIX UX M3MEHEHUI B
€CTeCTBEHHBIX YCJIOBUAX.

2. MaTepuanbl U MeTOAbI MCCAEAOBAHUA

HccnenoBanusa astopoB B 2020 r. Hayaauch ¢
IIpOMepoB IJIyOMHBI AJ1A onpefesieHUsA HauboJiee IJIy-
OOKOBOJHOI'0 y4acTKa, KOTOPHII JOJIKeH ObITh BEIOpaH
JUIA peniepHOM cTaHnuu oTbopa mpob Bonwl. MIx ocy-
IIecTBJ/IsUIM Ha HaJyBHON Ipe0OHOH JoJKe C HCIOJIb-
3oBaHueM sxojioTa «Fishfinder 140» Garmin u GPS
72 Garmin c¢ ¢ukcaryeil pe3yabTaTOB B 3KCHeqULIN-
OHHBIN XypHas. Tak e ObLIM ollpefesieHsl OCHOBHBIE
TrUApoJioruyeckyie napaMeTpsl o3epa (AJIvHa, MUPUHA,
IJIOIIaAb BOJHOIO 3epKajia, oKa3aTeJslb OTKPBITOCTH),
KOTOphble HauboJiee MOJIHO MpeJcTaBjIeHbl B IMyOJMKa-
muu (Knumos u Beikos, 2022).

O3. IIuTheBoe pacloJIOKEeHO K CeBepO-BOCTOKY
oT noc. CosoBerkuii. [To IpouUCXOXAEHUIO 3TO — Jied-
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HUKOBO-TeKTOHHYeckUi BojgoeM (I'puiieBckas u Ap.,
1972). Ero mwiomaas pasHa 0,1738xkm2, gimuHa — 980
M, mupuHa — 400 M, nokasaresib OTKpeITOCTU — 0,047
(KmumoB u beiko, 2022), ¢dopma o3epa JiomacTHasd.
KotsioBUHAa BHITAHYTaA C ceBepo-3alajia Ha I0ro-BOCTOK,
k03 PuuMeHT yaIMHEeHHOCTU — 5,9 M. bepera osepa
HEeBBICOKHe, Oeperopas JIMHUA pa3BuTa cj1abo: AJIMHA
ee — 3,5 KM, K03(pPULMEeHT U3BUIIUCTOCTU — 2,2, KO3b-
duneHT pacusieHeHHOCTH — 4,6. B pesibede qHA 4eTKO
BBIpa’KeHHI ABe IJyOOoKye BIaAUHbL: ceBepHas U I0XHasd,
pasfeJieHHble MOABOAHBIM IOPOrOM C IJIyOMHOW Haj
HuMm 1,8 m (I'purieBckas u ap., 1972). MakcumarsibHas
riayOrHa ceBepHON BIAJAWHBI HA MOMEHT OaTHMeTpH-
YecKHUX HCCJIe[JIOBAaHUI C MCIOJIb30BaHHEM 3XO0JI0Ta
Humminbird GPS-Fishfinder 363 ¢ oaHoBpeMeHHOI
(dukcanueil KOOpAUHAT U IJIyOMHBI BOJOEMa B KOHKpeT-
HOM TOYKe cocTaBJisiyia 8,6 M, 10xHou — 10,6 m (TutoBa u
Ip., 2020; KiuMmoB u Beikos, 2022; Titova et al., 2024).
BatumeTpuueckas kapra IOCTpPOeHa IO pe3yJibTaTaM
npoMepos utosia 2023 r. (Puc. 1). Cpenuss riyOuHa
ozepa — 3,7-3,8 m (I'putieBckas u fip., 1972, Knumos u
brikos, 2022.). Ilo knaccuduxanuu I1.B. iBaHOBa u3y-
yaeMoe 03ep0o OTHOCUTCA K rpynne riayookux (a=6,4)
(I'punesckas u ap., 1972).

IOxnasA riybokoBoiHaA CTaHIMA Obljla BEIOpaHa
B KauecTBe pelepHOM [Jig IpoBedeHUs AabHeNIINX
TUPOXVMMHMYECKHUX  HCCJIeJOBAaHUI,  KOOpJAWHATHI:
65,04195 c.m1.; 35,69098 B.a. (Puc. 1).

Ha ocHOBaHNM NOJIy4eHHBIX JAHHBIX BepPTHUKaJIb-
HBIX ITpoduJiel], U3MepeHHbIX C IOMOMIbI0 OKCUMeTpa,
OBUIN BBIJIeJIeHBl TOPU30HTH oT6opa mpob Boasl (0,5;
2,0-2,5; 4,0-4,5;7-7,5; 9-9,5; 10-10,5) nyia naapHeHIIIx
TUAPOXMMHYECKUX wuccienoBaHuii. B 2021-2022 rr.
OoTOOp OBLII TPOU3BE/IeH PAAOM C BHIOpaHHOU cTaHLMew,
HO He Ha MaKCUMaJIbHO! IJiyOuHe.

O6paznsl n1pobd BOAB OTOMpAIMCh C JIOOKU TIO
CJIOIM TOPU30HTAJIBHBEIM IOJIMKApOOHATHHEIM OaTroMe-
TpoM Ha 2 j1. Coop npoBouics B coorBeTcTBUM ¢ 'OCT
P 59024-2020, 2023. [Ipu HeoOXOAUMOCTU MPUMEH-
Jiach KOHCepBalis 00pa3LoB, OHU JOCTaBJIAJIMCH B CTa-
I[MIOHApHY!0 JJabopaToOpHI0 I'. ApXaHreJbCcK C cobtofe-
HHEeM CPOKOB U MeTOAOB XpaHeHUA.

H3mepenus nokasaresieil (3J1eKTpPONIPOBOAHOCTbD,
pH) npoBoauucs in situ, aHain3 HEyCTOMYUBBIX KOM-
[IOHEHTOB B o0pasuax MpOBOAWJICA IO anpoOHpOBaH-
HBIM U 001ennpuHATHIM MeToAukaM (I'OCT 31957-2012,
2013; TOCT 31958-2012, 2013; TOCT P 59024-2020,
2023; TOCT 31868-2012, 2019; P[] 52.24.450-2010,
2010). MaccoBass KOHI[eHTpaLUs cepoBoAopojia U
cynbbunoB B Bogax Omnpepensanack ¢oTtomeTrpuye-
ckuM MerofoM ¢ N,N-gumeTusi-n-peHnIeHANaMUHOM
B [I0JIEBBIX U CTAllIOHAPHBIX J1a60pPaTOPHBIX YCIIOBUSAX.

3. Pe3ynbTarthbl

[To [aHHBIM MeTeOpOJIOTMYEeCKOU CTaHIUM Ha
ConoBkax (Apxanresnbckas obiyacTtk, Poccus, mmporta
65,02, mosnrora 35,70, BHICOTA HaJ ypoBHeM Mopsa 7
M) OBUIN omnpefieJieHbl CpeqHUe TeMIlepaTyphl UI0JIA U
KOJINYeCTBO O0CAJAKOB B 3TOT MecAI] B KaXI0M rofy Ipo-
BoquMbIx ucciaenoBanmii (http://www.pogodaiklimat.
ru/history/22429.htm), a Tak ke TeMIepaTypa B AeHb



http://www.pogodaiklimat.ru/history/22429.htm
http://www.pogodaiklimat.ru/history/22429.htm

Tumosa K.B. u dp. / Limnology and Freshwater Biology 2025 (4): 477-490

Cneu. sbinyck: «VIII-s5 MexdyHapooHasi
BepewazuHckas balikanbckasi KoHgbepeHyusi»

C.II.

65,047°

65,046°

65,045°

65,044°

65,043°

65,042°

65,041°

M

50 100 150 200

0
65,040°

M

-9,5
TuTbeBoi KaHaT

-10,5

11,5

35,681° 35,685°

35,689°

12,5

35,693 B.I.

Puc.1. BatuMmerpuueckas KapTa-cxeMa o3epa [IuTbeBoe (TOuKa — cTaHIUsA 0T60pa Mpob).

otObopa u mnpepmectBywmuii nepuon (https://world-
weather.ru/pogoda/russia/solovki/) (Ta6mauna 1).

CorJtacHO AaHHBIM TabuIbl 1 BUIHO, YTO KOJIM-
YeCTBO BHIMABIIUX CYTOYHBIX KM MECAYHBIX OCAIKOB
o rogaM 3HAUYUTEJIBHO OTJiMyajock. Tak, B Iepuoj
JeTHel MexeHU (cepeawHa Jieta) B uioje 2023 1. B
03. [luTbeBOe OJDKHO OBITH HaMOOJIblllee KOJIMYECTBO
BOJIbI, YyTh MEHBIIINM U OJIM3KUM OHO IJOJIKHO OBITh B
2020 u 2024 rr., eme 4yyTh MeHbIMM — B 2022 1., a
Jseto 2021 r. 6610 cCaMbIM MaJIOBOJHBIM.

Jlia nmoaTBepXAeHusa MeXTOOOBOTO HM3MeHeHMA
niay 6JM30CTH 3Ha4eHUI YPOBHA BOJBI B 03epe Ipef-
crasyieHsl ¢ortorpadpuu Mecra Havasa [luteeBoro
KaHasa, Oepyiero Boabl M3 03. [IuTheBOe B palioHe
peryaupoBouyHoro mnutio3a (Puc. 2 a u 6). B mepuopg
00JIBIION BOJABI IJII03 He MOXET IPOIyCKaTh Bech
06beM BoIbI, 1 0Opa3yeTcs 60koBoe pyciio (Puc. 2 6).

B nepuon masioii Bogsl B 03. [IuTheBoe, a, clie-
JoBaTeJIbHO, U BO Bceill 3amafgHoil 03epHO-KaHaJIbHOM
cuctemMe, OOKOBOe PYCJIO OKOJIO ILII03a MPaKTHUYEeCKU

OTCYTCTBYEeT, BOJla B OCHOBHOM IIpOTeKaeT II0 OCHOB-
HoMy pyciy (Puc. 2 B).

Bricokuil ypoBeHb BOJBl Ha pelepHOIl CTaHIUU
03. [IuteeBoe B 2023 r. OB 3aUKCHUPOBaH C IIOMOIIIHIO
axoJiota ITpakTuk 7.

B apxuBHBIX JaHHBIX Ha calTax MOTOAbl OBLIU
HalijleHbl cBefleHUs MeTeocTaHIMU COJIOBKM MO Cpef-
HeMeCsSYHOU TemIlepaType BO3[yxXa B pa3Hble T'OBI
UcciieJOBaHUA, a TakXe HEMOCpeACTBEHHO TeMIiepa-
Typa B AeHb oTOopa (Tabsauna 1). Camasa npoxJagHas
norofa Oeia B 2023 1., 60Jiee TeNJIbIM MepuOJ HUccie-
noBaHus 6611 B 2022 1. Tak Kak B TeueHHe Mecslla TEM-
nepaTypa MOXeT U3MeHAThCA B 3HAUUTEIbHOM CTeleH!
KakK B CTOPOHY II0X0JIOAaHUsA, TaK U HA000POT, MBI IIpU-
BOAMM ycpeJHeHHbIe JaHHbIe [0 TeMIlepaType Bo3ayxa
3a HefeJii0, MpeAlIeCcTBYWOIYI0O OTO60pPY mnpob BOJIEL
[Tepen 0TOOPOM BOZBI C IOMOIIIBIO TIOPTATUBHOTO OKCHU-
Mmerpa HQ30D.99 Hach Lange c jroMuHeCLleHTHBIM
JaTyukoM U kabesiem o 30 M ObUIM U3MepeHBI Bep-
TUKaJIbHbIE TeMIIEPaTyPHBIN U KUCJIOPOAHBIN MPOodUIN

Ta6snna 1. Kpatkue KJIMMaTHYeCKHe XapaKTepUCTUKY TIEPUOAa NCCJIeJOBaHUS

Ton | CpennemecsiuHas Temnepa- | Temmneparypa, °C Mecsa4HOe KOJIU- MakcuMaJibHOE CyTOYHOEe

Typa Bo3ayxa Ha CoJIOBKax, YeCcTBO OCaJKOB Ha KOJIMYECTBO OCAAKOB Ha
°C CoJioBKax, MM CoJioBKax, MM

2020 15,0 16,0/16,0* 63 15

2021 15,7 16,0/16,0 19 6

2022 16,9 19,0/18,1 48 17

2023 13,2 18,0/16,2 98 20

2024 14,8 11,0/14,7 64 17

I[IpumeuaHnme: «*» B yucjauTese — B IeHb 0T60pa, B 3HaMeHaTeJle — CpeqHssA 32 HeJleJio 10 oThopa.
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Ha BbIOpaHHON cTaHIuu 03. [IuTbeBoe. K coxaneHuto, B
2020 r. npubop nepes 0TOOPOM BhIlIEJI U3 CTPOS, [103-
TOMY [JIA 5TOTO Mepuojia HeT JaHHBIX [0 TeMIepaType
U KUCJIOPOAY.

B mepuop ucciefoBaHus BO Bce roAbl HaOJIO-
Jajiach TpsAMas TeMmIeparypHas —cTpaTudukaus.
Pe3kuil ckauok u3MeHeHUs TeMIlepaTypsl HaOJIo-
Jajicsi B IepUoJ JIeTHeH MexeHU Ha riiyouHe 3-4,5 m
(Puc. 3). Bepxuue cjiou Bonbl B 03. [IluThbeBoe ObLIU
Haubosiee BBIXOJIOXKeHH B 2024 r., T.e. B HUX OTMe-
yeHa HauMeHbIIasA Temneparypa (okoso 15 °C), a Hau-
6osiee nporpetsl B 2022 r. (okosio 22 °C). CpaBHUBaA
JaHHBIX IO TeMIlepaType BOABI IO rojlaM U TemImepa-
Typhl BO3JyXa B 3TO Xe BpeMsd, HauboJiee 3HAYMMBIM
rnokasarejieM OKa3aJioch ycpeJHeHHOe 3HaueHUe TeM-
nepaTypsl 3a Henemo Ao orbopa (Tabauma 1). Ilo
5TUM [AaHHBIM psAA OT HauMeHbIIel K HauboJiblIeit
TeMIlepaType BO3[yXa BBIMJIAAUT CJieAyoHM obpa-
3om: 2024—(2020)—2021—-2023—2022 rT.,B Bepx-
HUX CJIOSAX BOJBI B O3epe TeMIlepaTypa M3MeHsulach C
TakoM e 3aBHCHUMOCThIO: 2024—2021—2023—2024
rr. (Puc. 3). BeisiBjieHa KoppessAllMOHHAsA 3aBUCUMOCTh
(r2=0,96) Mexay TeMmIlepaTypoil Bo3[yXa U TeMmIiepa-
TypOH BOJBI BepXHUX cJioeB (10 1,5 m).

B oTsmuue oT TemmepaTyphl, cojiepXXaHue Kuc-
JI0Opojia B BEPXHUX CJIOAX BOJBI 10 4 M IO roAaM OTJIU-
Yajioch HE3HAYUTeJbHO U COCTaBJIsyio 8,5-9 wmr/i
(Puc. 4). He Habsrofasnioch nepeHachileHNs: KHUCJIOPO-
JIOM BOJIbl TOBEPXHOCTHOT'O TOPU30HTA J1aXke B CaMbIi
Terbiil 2022 r. B 2023-2024 rr. B HUXKHUX CJIOSAX BOJIBI
03. [lutbeBoe 3a(pUKCHUPOBAHO CHUXXEHUE COJiepXaHus
KHCJIOpO/ia 10 IPaKTUYeCcKU ero MoJIHOTO McuYepnaHus
(Puc. 4). BoamoxHO, ofHUM U3 (HaKTOPOB MOCIYXKUIIO
OoJiee mo3/iHee BpeMs HccjieJoBaHuUs, korja Habaoaa-
Jnack ctpaTuduKalys BOAbl B UK JIETHEH MeXeHHU.
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CHMXeHHe  KOHIeHTpalluu  Kucjopoja B
HUXHUX CJI0SX BOABI IO rojgaM OT MeHBIIero K
6osibmeMy 3adUKCHpPOBAHO B CJIeAyIOUUN pAAdy:
2024—2023—2021—2022 rr. MuHUMAaJIbHOE COAEP-
XKaHKe Kucjaopoja Habuofgasoch B 6oJiee XOJIOOHBEIE
[IepuoAbl, BO3MOXHO, OoJiee MO3OHUMHU WJIU XOJIOA-
HBIMU OBLJIY BeCeHHUe IIepUOAbl B 3TU oAb

[losyuenHble ~ AaHHble  IpeACTaBJeHH B
Ta6suue 2 u Puc. 3, 4. YcpenHeHHOro 3HaUYeHUs IJis
BCeX IlOKazaTeJslell He MpeJCTaBJIeHo, TaK KaK Kojuye-
CTBO r'OPHU30HTOB 0TO6Opa NP6 GBLJIO PA3INYHO.

TeMnepaTypa BozHI, 0c

10 12 14 16 18 20 22

T EE A A AV I A

—_

I'nyOuna, M
0o N o o b~ W N

11

Puc.3. BepTukasipHBII TeMIepaTypHBII IPOQUIb 03.
IMutbeBoe B 2021-2024 rr.
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Kak BuaHO 13 Puc. 4, B IpUAOHHBIX CJI0SX BOJBI
03. IluteeBoe B 2023 u 2024 rT., HECMOTpSA Ha pas3BU-
THe aHa>POOHBIX YCJIOBUH, MBI He HAaOJII0faIl yBesnye-
HUA KOHIIEHTpallil cepoBo0poa U THApOCyibGHI0B
(HZS/HS') (Tabnuma 2). JlaHHOe coeduHEHHE MOXET
00pa30BBIBATHCA NIPU CTarHaly BOAHI, HO COAepXXaHue
ero paBHO TaKOBOMY U B a’poOHBIX BojAax. B mesowm,
H,S/HS" comepxasioch B HEGOJIBUINX KOJIMYECTBAX, HE
MIpeBHINAOIINX HOPMATUB IS BOA PHIOOX03ANCTBEH-
HBIX BOJJOEMOB.

OTueT/IMBO BUAHO, 4YTO CHMIXEHHe CcoAepxKa-
HUA KHUCJIOpOJA B INPUJOHHBIX CJIOSAX BOABI IIPUBO-
JAUT K YyBeJIMYeHWI0 KOHIEHTpalu{d pacTBOPEHHOIO
xejie3a (Puc. 4 u Tabsmna 2). Hanbosiblye 3HaueHUA
aTOoro mnokasareJsisa 3adukcupoBaHsl B 2023 r. (0koJiO
0,650 mr/m), B 2024 r. (oxosio 0,300 Mr/ii), a Takxke
B 2020 r. (0,325 Mr/mi), 4To KOCBEHHO MOXET CBH]e-
TeJIbCTBOBATh O Pa3BUTHUU aHA3POOHBIX YCJIOBUH B 5TOT
Nepuo.

3aTpaTbl KHCJIOPOJa MOTYT OBITh CBA3aHB C
JecTpykuuel opraHudeckoro Bemjectsa (Copr) B Bofe
o3epa. IIpomneccsl, compspkeHHBIe C BOCCTaHOBJIEHHEM
cy/1bGaToB, He3HAUMTEeJIbHBL B CUJIy KOJIMYecTBa obpa-
3oBaBlIerocsi cepopofgopoja. Ilo maHHBIM, IpeacTaB-
JIeHHBIM B BBIIIeyKa3aHHBIX IyOJMKalKUAX aBTOPOB,
3aTpaThl HAa aMMOHMGUKALNI0 ObIM Tak Xe He CTOJIb
3HauYMTeJIbHEL. BoccTaHOBJIeHNe Xxesle3a ABJIAJIOCh 3HaA-
YMMOH NPUYMHON CHUXEHUS OpraHuveckoro Belle-
cTBa. KoHEYHBIM IPOJYyKTOM AeCTPYKIMOHHBIX [TpoIiec-
COB MOXeT OBITh THMJpOKapbOHaT-MOH (HCOB'). 3a Bce
roabl MCcjaefOBaHUM KOJIMYeCTBA 3TOrO0 KOMIIOHEHTa
BO3pacTajio OT MOBEPXHOCTHBIX CJIOEB K IPUAOHHBIM
(1-2 mr/m), To ecTb NpPaKTUYeCKHW He H3MEHAJIOCH.
HauGoubiee ero cogepxanue otMedeHo B 2024 1 2020
rr. (15,25 u 14,70 Mmr/mn), To eCThb, IPeIOJIOXUTEIIBHO,
B Ce30HBI ¢ HaUMeHbIIMMHU TeMIlepaTypaMH Bo3ayxa/
BOJIBI U coAepxaHueM Kucjopoja. B Haubosiee Tenbiii

rof ¢ 60JIBIMINMU KOHLIEHTPAIUAMHU KUCJIOPOAA B BOJIE
rupokapOoHaT 3adUKCUPOBaH B HauMeHbIIEM KOJIU-
yecTBe. YBeJHUYeHHE OOHOr0 KOMIIOHEHTa COOTBET-
CTBEHHO NPUBOAUJIO K CHUXXEHUIO APYroro: B 3TOT Xe
nmepuoj HaOJIONAJOCh YMeHbIIeHUe KOHIeHTpauun
OpraHUYEeCcKOro Bell[ecTBa OT MPUAOHHOIO CJIOS K MpU-
aoHHoMy c¢ 8,80 mo 8,52 mr/n u ¢ 14,99 no 10,26 coot-
BeTCcTBeHHO. Heboubmiolt pocT koHHeHTpanuu Copr B
3TOM HanpasJieHuu oTMeueH B 2021 u 2023 rT., TO €CThb
B caMble MaJIOBOJIHBI 1 MHOTOBOJIHBIN MIEPHOLBL.
KoHIjeHTpaliui pacTBOpeHHBIX XeJjie3a U opra-
HUYEeCKOTO BellleCTBA BHOCAT CBOHM BKJIAJl B BEJIMUUHY
BeTHocTU Boibl (Kuraes, 2007; HukaHnopos, 2001). Bo
BCe ro/ibl KcCcJIe/IoBaHUs HaOJII0qacsA POCT 3TON BeJiu-
YMHBI B NPUJOHHBIX cJ0sAX. Haubosblive Mo amruiu-

Kucnopon, mr/n

0 2 4 6 8 10
0
17
27
37
= 4
? 5
N —
L 6 —
q 1
|- 7 —
87
] —e— 2021
9 —— 202
10 —4—— 2023
] 2024
11 —

Puc.4. BepTuxajbHBIN
IMutheBoe B 2021-2024 rT.

KUCJIODOAHBIN TNpodUiIb 03.

Ta6suna 2. F'uapoxumuyeckue mokasaresu B 03. [IuteeBoe B 2020-2024 rT.

HNuaukaTop 2020 2021 2022 2023 2024

pH 6,09-5,99 6,65-6,43 6,43-5,38 6,59-5,87 6,85-6,05

DJIEKTPOIPOBOAHOCTH, MKCM/CM 56-56,7 57,0-54,6 57,6-53,5 56,8-64,6 59,2-68,9
HCO3, mr/n 12,38-14,70 7,32-9,15 6,10-8,10 6,65-8,43 14,64-15,25

Cl, mr/mn 8,18-7,72 8,82-7,57 3,72-8,00 8,05-6,85 7,82-7,60

SO, mr/n 3,68-3,52 3,70-3,30 1,83-3,66 3,14-2,75 2,89-2,88

Na*, mr/n 5,86-5,80 6,64-6,00 3,04-5,96 5,31-5,30 4,80-5,10

Ca2*, mr/n 2,26-2,22 2,79-2,70 1,39-2,52 2,40-3,30 3,98-4,05

Mg?*, Mr/n 1,19-1,38 1,69-1,58 0,81-1,56 1,15-1,48 1,68-1,82

K*, mr/n 0,53-0,46 0,83-0,52 0,44-0,49 0,58-0,72 0,53-0,60

XecTkocTh, MI-3KB/J1 (MMOJIb/JI) 0,21-0,22 0,28-0,27 0,14-0,26 0,22-0,29 0,34-0,35
CyMMa OCHOBHBIX MOHOB, MI'/JI 34,08-35,80 31,79-29,60 17,33-28,45 27,61-28,63 36,34-37,30

Oprannyeckoe BemecTBo (Copr), 14,99-10,26 9,81-10,04 8,93-8,55 9,41-9,86 8,80-8,52

MI/J1

LIBeTHOCTD, I'pagyChl 43,0-52,0 38,9-43,1 42,0-44,0 33,8-54,5 38,2-40,2
Fe pact, mr/n 0,076-0,325 0,180-0,250 0,102-0,198 0,044-0,644 0,058-0,300
H,S/HS", mr/n 0,003-0,003 0,002-0,002 0,003-0,003 0,003-0,004 0,003-0,003

IIpumeuanme: «*» 0603HaUYaET MOBEPXHOCTHHIN-IIPHUIOHHBIN FOPU30HT.
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TyJle U3MeHeHUs 3TOTro MoKa3aTeJsis ObLIM XapaKTepPHbI
ansa soasl B 2020 (ot 43 1o 52 rpan) u 2023 rr. (oT 34
no 54,5 rpan) (Tabaurna 2). B nepsriii rof) yBenueHue
CBsI3aHO, B OCHOBHOM, C BO3pacTaHueM KOJIMYEeCTB pac-
TBOpeHHOoro xeJe3a (III), Bo BTopoii — B GoJbllel cTe-
TeHU 10 TOH e caMoli MpUYKrHe, HO HeOOoJIbIION BKJIa]
BHOCHUT U pacTBopeHHOoe Copr.

[TokazaTesieM, Ha KOTOPBIH BJIUAET cOJiepXKaHue
KaKk OpraHuyecKoil COCTaBJIAIOIIel, TaKk U HeopraHu-
4yecKol KOMIOHeHTHI c1ykuT pH. OOmmel TeHAeHIMel
AJA Bcex MepuoJioB HCCJIeNOBAaHUA SBJIAIOCH CHUXe-
Hue pH B Boze 03. [IuTheBoe OT MOBEPXHOCTHBIX CJIOEB
K npuioHHBIM. CaMble HU3KUe 3HaueHus pH oTMeueHbI
netom 2020 r., korga B BoAe IpUCYTCTBOBAJIO PacTBO-
peHHoe Copr u CHeopr B HauOOJIBIINX KOJINYECTBAX.
B 2024 r. BenuuuHa pH 6bUs1a HauboJibiel, HECMOTPS
Ha 3HauUTeJIbHbIe KoJindecTBa CHeopr, Mpu HECKOJIbKO
MeHbIINX komuuyectBax Copr. Ckopee Bcero, Ha pH
HauOoJiblllee BJIMAHUE OKa3ajau JIpyrue HeopraHuue-
CKHe KOMIIOHEHTHI, TaK KaK B 3TOT NEePHOJ yCTaHOB-
JeHo HauOoJsiblllee 3HaYeHUE 3JIEKTPOIPOBOLHOCTH,
3aBHUCAIIee OT KOJIMUECTBA MOHOB B BOJIE.

3a Bech mepuoj] HabOJIOJEHUI 3HayeHUe 3JIeK-
TPOINPOBOJHOCTU HU3MEHAJIOCh B JOBOJIBHO Y3KOM
uHTepBasie oT 54 Ao 69 MkCM/CM., YTO IIpeACcKa3bIBaeT
HebGoJibllivie BeJIMUMHBI MUHepaau3aluu BOIbl B 03.
[MutseBoe. CyMMa rJIaBHBIX MOHOB XapaKTepu3yeT BOAy
B JAHHOM BOJl0eMe KaK yJIbTpalpecHylo, a, cJjie[oBa-
TeJIbHO, U 04eHb MArKy. B 2020 u 2024 rr., cX0XUX
MexXay co0oIl 1o TeMIiepaType U KOJIMYeCcTBY OCaJKOB,
OTMeYeHO HauboJIblllee CYMMapHOe cojiepXaHre NOHOB
oT 34 go 37 mr/j. 3a cueT 3HAUUTEJIbHBIX KOJIMYECTB
HCO, ToJIbKO B 9TH Trofibl BoJa 03. [IMTheBOro OTHOCH-
Jach K ruApoKapOOHATHO-XJIOPUAHOMY THUIy HaTpue-
BOI rpymiie, B OCTaJibHble TOJBI BOJIa XapaKTepu3oBa-
Jach OTYET/JIMBO KakK XJIOpHJHO-HaTpueBas. (AJIEKUH,
1953; HukaHopos, 2001).

B 2022 r. mo HeoOBACHUMBIM Ha JAHHBIE MOMEHT
MpUYMHAM B NOBEPXHOCTHOM TOPU30HTE OTMEYAJIUCh
aHOMAaJIbHO HM3KHME BEJIMYMHBI BCeX TJIaBHBIX MOHOB.
OTo He OBUIO aHAJIMTUYECKOU OMIMOKOI WJIM pe3yJib-
TaTOM HeIPaBUJIbBHOTO XpaHeHUs M TPaHCIOPTUPOBKU
obpaszna. B 3ToT e AeHb oTb6opa Takue ke apTedakThl
CO CHIXXeHHeM KOHIIeHTpaluuil HOHOB OTMeuYeHHI B IOA-
MOBEPXHOCTHOM TOPU30HTE COceHero rujporpaduue-
CKU cBsI3aHHOTO o3epa Cpeanuii [lepT npu oTCyTCTBUU
JOX[s, a TaKXe B IOBEPXHOCTHOM cJioe 03. brocajikoe,
HaxojAmerocs B 3 KM, rjie oToop ObLI clielaH Ha cJie-
Ayromuii neHb. OTciofa cjieqyeT, 4TO B 3TOT Ir'off CymMMa
rJIaBHBIX MIOHOB B TIOBEPXHOCTHOM CJIO€ CTaJjia Ipefcka-
3yemo Hu3skoil. CofiepxaHue OOJIBIIMHCTBA MOHOB, 3a
UCKJTIOUeHNEeM KaJIbI[UsA U Marus, OblJIO HauMeHbIIUM
B 2023 u 2024 rr., HO, BO3MOXHO, 10 Pa3HbBIM IPUYU-
HaM. B mepBBIll rof 3HaUMTEIbHOE KOJIMYECTBO OCaf-
KOB, BIaBlllee 3a HECKOJIbKO JIHEN 40 MOMeHTa oTbopa
npo6, IPUBEJIO K YBEJIMUeHNIO YPOBHS BOJBL B CHCTEME
U 03epe, TO eCTh HeKoeMy «pa3baBjieHHI0», BO BTOPOLT
roj Ha pe3yJibTaTe MOIJIO cKa3aThcsA GoJiee AJTUTENTD-
HOe XpaHeHHe 00pasloB [0 IpOBeJleHUs aHaJIuTHuye-
ckux pab6ot. IIpu stom, B 2024 r. 10 ecTecTBEHHHIM
WM HeT NMpUYMHAM OTMeYeHO BO3pacTaHue KOHIIeH-
Tpaluil MOHOB KaJIbllMs U MarHus, a, cjefoBaTesIbHO,
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U XXeCTKOCTH BOABI IO CPaBHEHUIO C APYTUMU rofamu
ucciaenosanuda (Tabauia 2). Hanbosiblllee KOJIMYECTBO
XJIOPU/I-MOHOB U MOHOB HAaTpUs, KaK JOMUHUPYIOUUX
HoHOB,3aduKkcrpoBaHo B 2021 r. B camblii MajlOBO-
JHBII Tepuoj], Korga HalJIiojajioch HEKOTOPOe «KOH-
I[eHTpHpOBaHue» NOHOB B BOJe 03epa.

4. 3aKknloueHue

HccrnenoBanus, npoBefeHHble Ha 03. [IuTbeBoe
B TeyeHMe IATH JIeT B JIETHUN Nepuoj, NOATBepANIn
HM3KMe 3HayeHusd MUHepaiu3aluu (CyMMBI JIaBHBIX
MIOHOB) €0 BOJIBI.

KnumaTtuueckue xoseb6aHus (TemMieparypsl BO3-
JlyXa W KOJIN4ecTBa OCAAKOB) 0e3 aHTPOIOTreHHOI'O
BJINAHUA, IPUBOJINJIN, B CUJIy €CTeCTBEeHHBIX IPUYMH, K
MEXT'OJIOBBIM M3MEeHEeHHAM BCeX M3yYeHHBIX aBTOpaMu
rMpOXMMHYECKUX IoKa3aTeJsiell.

TemmnepaTypHbiii (dakTop B OOJbIIEN CTeleHU
00yCJIOBIJI HENOCPeCTBEHHO TeMIepaTypy BOJBI, a
Takxe obpa3oBaHMe aHAa’POOHBIX YCJIOBUI U IpoIlec-
COB, C HUMM CBA3aHHBIX. KoyiyecTBO 0CagKoOB MOBJIN-
SJI0 HA BOOHOCTH (rIyOWHY Ha cTaHUUM oTbopa) u, B
KaKOI-TO CTelleH!, Ha KOHILIEHTPally I'JIaBHBIX MOHOB.

bnarogapsa mnoJiydeHHBIM [AaHHBIM BBIABJIEHB
roapl, OJM3KKe IO 3HAYeHWAM MHOTMM U3 Hcciiefye-
MBIX NOKa3zaTesieli (Hampumep, 2020 u 2024 rr.) uiy,
Haob0pOT, OTJIMYHHIX OT JaHHbIX 2022 u 2023 rT.

[IpeacraByieHHBle pe3yJibTaThl MO3BOJIMJIU IIPO-
CJIeUTh B3aMOCBA3b U OOBACHUTH HEKOTOPHIE 3aKO-
HOMEpPHOCTU B M3MeHeHU! TapaMeTpoB.

CpaBHeHMe umelolerica MHGOpMaLUK MIPHUBEJIO
K BBIABJICHUI0O HEOOBACHUMBIX, HO HMEIOIINX MecCTO,
apredakToB IO IOBEPXHOCTHOMY TI'OPU30HTY BOIBI
o3epa B 2022 .

Bce mnpepncraBiieHHble cBefeHWSA NOATBEpPANIIN
Heo0XOAMMOCTb MPOBeleHNsA MOHUTOPUHIOBBIX padboT
10 U3yYeHUI0 THAPOXUMUYECKUX IoKa3aTesiell B BOJO-
eMax, He I[IOABEpPXEeHHBIX aHTPONOreHHBIM Harpys-
KaM,, UMeloIlINX BaXXHOe 3HaueHue, KaK, HalpuMep, 03.
[TutpeBoe Ha Bosbmiom CoJIOBELIKOM OCTPOBE.

[NTosryueHHBIE pe3yJIbTaThl MOTYT CJIy>KUTb YCJIOB-
HBIM (OHOM IIPU KOHTPOJIE 3KOJIOTHUYECKOr'0 COCTOSAHUA
BOZl0OEMA B YCJIOBUAX BoO3pacTaroliell peKpealiOHHON
HarpysKy, CBA3aHHOH C yBeJIMYeHHeM TypPUCTHYeCKOro
noToka Ha CoJioBellKHe OCTPOBa.

BaaropapHocTH

ABTOpBI BEIpaXxaroT 0J1arogapHOCTh 3a BCECTOPOH-
HIOI0 IIOMOIIb B NPOBENEHUN SKCIEAULMOHHBIX UCCIIe-
noBanuil Ha CoJioBKax coTpyaHuKaM CoJIOBeIKoro
roCcy1apCTBEHHOI'0 MCTOPUKO-apXUTEKTYPHOI'O U IpU-
poaHoro My3es-3anoBegHuka A.fl. MapteiHOBY, A.H.
CobGosieBy.

KoHpAUKT UHTEpecoB

ABTOpHBI 3aABJIAIOT 06 OTCYTCTBUM KOH(IIMKTa
VHTEPECOB.
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