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ABSTRACT. According to monitoring data from 2019-2025, the current regime of organic matter and
nutrient elements in the water of Lake Glubokoe is assessed. The lake is located in a nature reserve
within the Moscow region and can be considered as a natural (background) water body for the region
(the maximum nitrogen and phosphorus content is several times lower than in the Mozhaysk Reservoir
and dozens of times lower than in Lake Beloe in Moscow). Significant interannual variability in the eco-
logical state of the lake was observed: in years with incomplete spring circulation, intensity of summer
anoxia is the strongest, and approximately twice as much mineral nitrogen, phosphorus, and colored
iron compounds accumulate at the bottom than in other years. At the same time, no monotonous trend
is observed in the regime of nutrient elements throughout the history of research, and no long-term
changes occur in the organic matter content since the 1960s, when its content in the lake decreased by
about half as a result of reclamation work in the catchment area. This calls into question the existing
hypothesis of gradual eutrophication of Lake Glubokoe.
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1. Introduction km wide, with a surface area of 0.6 km?, a maximum

depth of over 30 meters, and an average depth of 9.3

The state of aquatic ecosystems is determined m (Muraveysky, 1931; Sapelko et al., 2017). The lake

by a combination of natural and anthropogenic factors was originally thought to be glacial in origin, but in the
(Khatri and Tyagi, 2014; Akhtar et al., 2021). With the mid-20th century, a hypothesis of karst origin was pro-
increasing‘ pace of urbaniza‘tiop and population groth, posed (Shcherbakov, 1967), and for a long time, both
the negative anthropogenic impact on water bodies hypotheses found indirect confirmation and refutation.
is increasing (Chernogayeva et al., 2019; Moiseenko, According to modern research (Sapelko et al., 2017),
2022). When assessing this observed impact and calcu- the lake basin is still of glacial origin and was formed
lating its permissible extent, the concept of background in the Middle Pleistocene, but during the Boreal period
quality of natural waters is widely used (Lepikhin et it was influenced by karst processes. The lake has no
al.,, 2017; Lozovik and Galakhina, 2019; Ivanov, 2021). tributaries, and before the land reclamation works of
However, in densely populated regions such as the 1963-65, the contribution of atmospheric precipitation
Moscow Region, there are very few water bodies that to the inflow part of the water balance was estimated
can be considered as the nzjltural bac‘kground; even at 74% (Shcherbakov, 1967), and after the diversion of
fewer of them are well studied. In this regard, Lake marsh water from the catchment area around the lake,
Glubokoe is of great interest. it obviously increased even more, although these esti-
) Lake Glubokoe and its catchment area are located mates did not take into account the underground com-
in the Ruza District of the Moscow Region (Fig. 1) ponent, which remains virtually unexplored for Lake
within a state nature reserve and experience very low Glubokoe. The lake is characterized by low water min-

anthropogenic impact by the Moscow Region stan- eralization, a dimictic regime with annual formation of
dards. The shores of Lake Glubokoe are covered with an anoxic zone in the hypolimnion, and low biological

forest and are marshy. The lake is 1.2 km long, 0.85 productivity (Shcherbakov, 1967).

*Corresponding author.
E-mail address: oxana.erina@geogr.msu.ru (O.N. Erina)

© Author(s) 2025. This work is distributed
Received: August 10, 2025; Accepted: October 25, 2025; under the Creative Commons Attribution- BY NG
Avadilable online: October 31, 2025 NonCommercial 4.0 International License.

1227


https://www.doi.org/10.31951/2658-3518-2025-A-5-1227
https://orcid.org/0000-0001-9035-1725
https://orcid.org/0000-0001-5493-9396
https://orcid.org/0000-0001-8579-3852
https://orcid.org/0000-0003-0168-6561
mailto:oxana.erina@geogr.msu.ru

Sokolov D.1. et al. / Limnology and Freshwater Biology 2025 (5): 1227-1248

SI: “The VIII-th Vereshchagin Baikal Conference”

*. Moscow region
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Fig.1. Location of Lake Glubokoe in the Ruza District of the Moscow Region (a) and location of the sampling point on the

lake (b).

Research on the lake began at the end of the
19th century and is inextricably linked with the activi-
ties of the N.Y. Zograf Hydrobiological Station located
on its shore — the first in Russia and the oldest in the
world. Currently, the station is a division of the A.N.
Severtsov Institute of Ecology and Evolution. The first
observations of water chemistry date back to the early
20th century. The results of research conducted on the
lake are published in the collection “Proceedings of the
Hydrobiological Station on Lake Glubokoe”. However,
the vast majority of work on Lake Glubokoe is devoted
to studying its hydrobiological regime; the hydrological
and hydrochemical regime of the lake has been studied
incomparably less.

Since spring 2017, we have been conducting
comprehensive studies of the hydrochemical regime of
Lake Glubokoe, the first such comprehensive, regular,
and long-term studies on the lake. The results of the
first years of monitoring provided initial insights into
the current regime of organic matter (OM) and nutrient
elements (Sokolov et al., 2018; Terechina et al., 2019).
However, there was still a clear need to continue regular
hydrological and hydrochemical observations to gain a
more detailed understanding of its characteristics.

2. Materials and methods

This work is based on data from year-round mon-
itoring conducted between 2019 and 2025. Monitoring
was carried out at a vertical location in the central,
deepest part of the lake (depth of approximately 30 m)
(Fig. 1) once a month (twice a month in the summer of
2019), interrupted only in certain months when access
to the lake was impossible due to thin ice (December
of all years except 2022; April 2022) or heavy snowfall
(January-February 2020), as well as during the height
of the COVID-19 pandemic (April-June 2020).

Field work included measuring the vertical dis-
tribution of water temperature (T) and the absolute and
relative dissolved oxygen content (O,) using a ProODO
probe (YSI, USA) at depths of 0.1, 0.5, 1 m, and every
meter thereafter to the bottom. During periods of com-
plete vertical mixing or in the presence of extensive lay-
ers with insignificant and uniform vertical gradients of
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the measured parameters, the step could be increased
to 2-5 m to speed up measurements.

Based on the probing results, depths were des-
ignated from which samples were taken with a Rutner
bathometer for subsequent hydrochemical analysis.
The number of sampling depths varied from 2 during
periods of complete vertical circulation (at the surface
and at the bottom) to 4-8 during periods of pronounced
stratification of the water column (at the surface, at the
bottom, at the upper and lower boundaries of the met-
alimnion, and also episodically at horizons where local
extremes of other measured indicators were noted, pri-
marily dissolved oxygen content).

The collected samples were analyzed in the chem-
ical laboratory of the Krasnovidovo Research station
of the Faculty of Geography of LMSU. As an indirect
indicator of the total OM content, the chemical oxy-
gen demand (COD) was determined using the bichro-
mate oxidation method modified by A.P. Ostapenya
(Ostapenya, 1965; PND F 14.1:2:3.100-97) in unfil-
tered samples, and since 2020 also in samples passed
through membrane filters with a pore diameter of 0.45
um (COD,), to estimate the proportion of the dissolved
fraction of organic matter. The water color (WC) was
also determined photometrically at 380 nm in compari-
son to the Pt-Co scale (PND F 14.1:2:4.207-04).

The content of mineral (TIP) and total (TP) phos-
phorus, including their dissolved forms in filtered sam-
ples (DIP and TDP, respectively), was determined using
the Murphy-Reily method modified for seawater (RD
52.10.738-2010; RD 52.10.739-2010), which is more
sensitive than the standards for surface and wastewa-
ter. The content of total nitrogen (TN) and its dissolved
form (TDN) was determined spectrophotometrically in
the UV range potassium persulfate digestion in an alka-
line medium (Analytical..., 2017). Since spring 2019,
the content of nitrite nitrogen (N-NO,) has been deter-
mined using Griess reagent (PND F 14.1:2:4.3-95), and
since summer 2019, nitrate (N-NO,) and ammonium
(N-NH,) nitrogen have also been determined by ion
chromatography (PND F 14.1:2:4.132-98; ISO 14911-
1998) on a JETchrom chromatograph (Portlab, Russia)
using methods modified for greater sensitivity (the
detection limit for nitrate nitrogen was 2.2 ug/L, for
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ammonium nitrogen — 2.3 pg/L). The concentration of
silicon (Si) was determined photometrically in the form
of yellow molybdonic acid (PND F 14.1:2:4.215-06).

Table 1 provides information on the standard
errors of the field instruments and laboratory analysis
methods used.

3. Results
3.1. Hydrological conditions, thermal and
oxygen regime

The driest year in the Moscow Region during the
observation period was 2019, which was characterized
by low spring runoff from natural catchments within
Central Russia due to the evaporation of a large part
of the snow cover, and a dry summer (Sokolov et al.,
2025). In the average (by water inflow into the lake)
year of 2020, spring runoff was even lower due to win-
ter thaws, but May-July were abnormally rainy. The
following four years were wet, especially 2022-23, with
high spring runoff, but while the winter of 2020-21 was
snowy and cold, all subsequent winters were character-
ized by frequent thaws. The extremely warm winter of
2024-25, when the snow cover had almost completely
melted by January and only returned for a few days in
early April, was particularly notable in this regard, and
also had extremely low spring runoff (close to that of
2020).

The thermal regime of Lake Glubokoe is described
in detail based on research conducted in the first half of
the 20th century and is typical for dimictic temperate
lakes (Shcherbakov, 1967). The results of our monitor-
ing showed that the main features of this regime have
been preserved (including the position of the thermo-
cline, which forms at a depth of 2-4 m and descends to
a depth of 8-10 m by the end of the summer), but the
duration of summer stratification increased by 1-1.5
months, the maximum heat storage increased by 16%
(Sokolov et al., 2022). Overall water temperature and
dynamic stability of the water column in the summer
period also had a gradual increase, as well as winter
water temperatures — due to decreased cooling of the

water column during the autumn circulation period
(Terechina, 2025).

During the study period, the lowest whole-lake
water temperature was observed in 2019, and the high-
est in 2021 (Fig. 2); the maximum weighted average
water temperature in these years was 13.6 and 16.1
°C, respectively (Terechina, 2025). In the context of
this study, an important feature of the lake’s thermal
regime is incomplete spring circulation, which was
observed in certain years according to both previous
studies (Shcherbakov, 1967) and our data for 2019 and
2023 (Terechina, 2025).

The oxygen regime of the lake was characterized
by oxygen supersaturation of the epilimnion during
most of the growing season of each year of observation,
the formation of a local minimum of dissolved oxygen
content in the metalimnion during summer stratifica-
tion, and the formation of winter and more extensive
and prolonged summer anoxic zones in the deep layers
(these zones are shown in red in Fig. 2). These features,
as well as the significant interannual variability in their
nature and degree of manifestation, are consistent with
the detailed description based on observations from
1947-57 (Shcherbakov, 1967).

The maximum intensity of oxygen depletion was
observed in years with incomplete spring circulation. In
2019, the anoxic zone existed for about 9 consecutive
months (from February to October). Its upper bound-
ary rose above a depth of 15 m in June, in August it
merged with the metalimnial minimum, which by that
time was also characterized by the absence of oxygen,
and by the end of summer it had spread to a depth of
6 m. In 2023, the anoxia that had already formed by
January was briefly interrupted in May, and by October
the upper boundary of the anoxic zone had risen to 13
m. Oxygen was also completely depleted in September
2023 in the core of the metalimnetic minimum at a
depth of 8-9 m. In other years of our observations, win-
ter anoxia was observed for no more than 2 months in a
small (1-3 m thick) bottom layer, while summer anoxia
lasted 2-4 months and spread from the lake bottom to a
depth of 18-20 m by the beginning of autumn turnover.

Table 1. Accuracy of determining field and laboratory indicators

Indicator Accuracy Source
Field indicators
T°C +0.2°C https://www.ysi.com/proodo
0, +1% or *1% saturation (whichever is greater) https://www.ysi.com/proodo
Laboratory indicators
COD 20% PND F 14.1:2:3.100-97
WC 20%; over 50 true color units (TCU) — 10% PND F 14.1:2:4.207-04
TIP, DIP 0.1 pg/L + 0.03 x value RD 52.10.738-2010
TP, TDP 0.16 pg/L + 0.08 x value RD 52.10.739-2010
TN, TDN *4.5% Analytical..., 2017
N-NO, +10% PND F 14.1:2:4.3-95
N-NO,, N-NH, *+13% PND F 14.1:2:4.132-98
Si 15%; over 1 mg/L — 12% PND F 14.1:2:4.215-06
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Fig.2. Distribution of water temperature (a) and relative dissolved oxygen content (b) in Lake Glubokoe in 2019-2025 (here
and below, dots indicate measurement depths, and white vertical stripes correspond to periods without observations).

These same two years were characterized by
the lowest oxygen supersaturation in the epilimnion:
while in other years (excluding 2020, but this can be
explained by an incomplete series of observations) the
maximum dissolved oxygen saturation exceeded 150%
(in all cases in mid-July at a depth of 4 m, apparently
optimal for photosynthesis), in 2019 and 2023 it only
reached 123-124% in May, not exceeding 117-118%
during the summer months.

3.2. OM content indicators

The water color in Lake Glubokoe in 2019-2025
varied between 10 and 100 TCU (true color units)
(Fig. 3). In most of the water column, it ranged from
10 to 30 TCU, reaching a maximum in April-June (in
2020 - until August), and only in 2022 did it fail to
exceed 20 TCU. In the bottom horizons during the sum-
mer anoxia period, the COD value increased from 15 to
50-100 TCU, with maximum values recorded in August
2019 (80-100 TCU) and October 2023 (about 80 TCU).

The COD value, traditionally considered as
an indicator of the total OM content, varied between

12 and 25 mgO/L and above in 2019-2025 (Fig. 4).
Maximum values (20-25 mgO/L and above) were
recorded annually in the surface layer (up to a depth
of 8 m), most often in August-September (less often in
July and/or October), which corresponds to periods of
oxygen supersaturation in the epilimnion. A less notice-
able increase to 20-22 mgO/L can also be observed in
the upper layers in late spring-early summer (corre-
sponding to periods of increased COD), and an even
less pronounced increase is observed near the bottom
by the end of winter and sometimes summer stagnation
(February-March and August-October, respectively).
The fact that organic matter is more abundant in the
bottom layer in winter, and in the surface layer in sum-
mer, has been noted previously (Shcherbakov, 1967).
The proportion of suspended organic matter, estimated
by the ratio of COD, to COD, generally did not exceed
10%. Surface maxima in the second half of summer
were accompanied by an increase in the proportion of
suspended organic matter to 20-40%, and deeper max-
ima - to 10-25%, while the increase in organic matter
content in April-June was mainly due to the dissolved
fraction.
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Fig.3. Distribution of water color in Lake Glubokoe in 2019-2025.
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Fig.4. Distribution of COD in Lake Glubokoe in 2019-2025 in unfiltered (a) and filtered (b) samples.

3.3. Nutrient elements

Silicon concentrations in the photic layer ranged
from 0.4 to 1.4 mg/L, and in the aphotic layer from 0.7
to 2.0 mg/L (Fig. 5). During the summer stratification
period, against the silicon accumulation at the bottom,
a clear decrease in its content was observed in the pho-
tic layer, reaching its annual minimum.

Mineral phosphorus in the main water col-
umn was present mainly in dissolved form, its content
rarely exceeded 10 ug/L, increasing towards winter and
decreasing in the epilimnion to 1-3 pg/L from May-June
to September-October (Fig. 6). The total phosphorus
content in winter reached 30-50 pg/1 and above, while
in summer it also decreased to 20 pg/l and less in the
upper layers, primarily due to the consumption of min-
eral forms, with a regular increase in the proportion of
organic (mainly suspended) phosphorus from 70-75 to
90-95% and more (Fig. 7).

An increase in phosphorus content was observed
at the bottom during the summer stratification, usually

reaching a maximum by the end of October. In years
with a less developed anoxic zone, the concentrations
of mineral and total phosphorus increased to 50-60 and
80-110 pg/L, respectively. In 2019 they reached 90 and
100 pg/1 already in early July and by October increased
to 150 and 180 pg/l, respectively, and in October
2023 they amounted to about 100 and over 110 pg/l,
respectively. During these periods, the proportion of
suspended forms at the bottom increased to 50-70%
and above, while the proportion of organic phosphorus
decreased to 20-30% and below.

The total nitrogen content in 2019-2025 in
the main water column was 0.4-0.7 mg/L in summer
and 0.8-0.9 mg/L and above in winter (Fig. 8). In the
bottom layer, the TN content was higher and reached
1.3-1.7 mg/1 and above by the end of the summer stag-
nation period. The proportion of suspended forms was
very small and rarely exceeded 20% (mainly at the bot-
tom), but reached 30-40% and above in the upper lay-
ers during periods of algal blooms.
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Fig.5. Distribution of silicon in Lake Glubokoe in 2019-2025.
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Fig.6. Distribution of mineral phosphorus in Lake Glubokoe in 2019-2025 in unfiltered (a) and filtered (b) samples.

Significant concentrations of ammonium nitro-
gen (up to 0.3-0.5 mg/L and above) and nitrite nitro-
gen (up to 30-50 pg/L and above) were generally
observed only in deep layers, reaching maximum val-
ues by the end of the winter (February-March) and sum-
mer (October) stagnation periods (Fig. 9). The nitrate
nitrogen content varied from trace amounts to 0.2-0.5
mg/L, increasing in winter throughout the water col-
umn, and in summer only in the hypolimnion. In the
epilimnion in June-September it decreased to almost

zero, and then during the autumn circulation period it
decreased throughout the entire depth of the lake.

4. Discussion

Of the few studies devoted to the regime of
organic matter and nutrient elements in Lake Glubokoe,
the vast majority are based on observations made over
the course of one year (at best, two separate years),
one season, or even a single occasion. This applies to
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Fig.7. Distribution of total phosphorus in Lake Glubokoe in 2019-2025 in unfiltered (a) and filtered (b) samples.
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Fig.8. Total nitrogen content in Lake Glubokoe in 2019-2025 in unfiltered (a) and filtered (b) samples.

most studies from the first half of the 20th century, a
detailed analysis of which is presented in a monograph
(Shcherbakov, 1967), and subsequent individual works
(Bikbulatov et al., 1972; Yanin et al., 1986). Only the
work (Shaporenko and Shilkrot, 2005) considers the
results of three years of observations in all seasons.

It is noteworthy that a similar incompleteness
is inherent in the study of phytoplankton dynamics in
the lake, although Lake Glubokoe is considered to be a
comprehensively studied lake in terms of hydrobiology
thanks to more than a century of activity by the N.Y.
Zograf Hydrobiological Station, where the develop-
ment of all Russian algology was based (Smirnov et al.,
1997). However, it is noted (Shcherbakov, 1967) that
most of the research concerned zooplankton, and the
few studies devoted to phytoplankton mainly explored
its taxonomic composition (Smirnov et al., 1997,
Vasilyeva-Kralina and Tirskaya, 2005). Only two stud-
ies (Shcherbakov, 1967; Chekryzheva, 1983) provide
a clear picture of the seasonal change in the dominant
phytoplankton groups. In spring and autumn, diatoms
(Shcherbakov, 1967) or cryptophytes and dinoflagel-
lates (Chekryzheva, 1983), as well as chrysophytes,
dominate in Lake Glubokoe, in summer - cyanobacte-
ria, and in some years dinoflagellates or chrysophytes
dominate (Shcherbakov, 1967), with the participation
of green algae and cryptophytes (Chekryzheva, 1983).

At the same time, phytoplankton regime is one
of the key factors in the cycle of nutrient elements and
organic matter, since algal blooms are the main source
of autochthonous organic matter in the lake and the
reason for the transition of nutrient elements from a
dissolved mineral form to a suspended organic form
in phytoplankton cells. Diatoms also actively consume
mineral silicon in the spring during the period of their
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dominance, causing its low content in the epilimnion
until the end of summer.

Based on the results of our six-year monitoring,
the most striking feature are the marked interannual
differences in the seasonal dynamics of most param-
eters. These differences are clearly linked to another
key factor determining the hydroecological status
of water bodies — the nature and intensity of oxygen
depletion (its timing, duration, and spatial extent). The
latter, in turn, are determined by the thermodynamic
regime and the degree of oxygen saturation in the lake
water during spring circulation (Shcherbakov, 1967;
Shaporenko and Shilkrot, 2005).

In 2019 and 2023, when incomplete spring cir-
culation led to the formation of the most extensive and
long-lasting zone of anoxia, maximum values of water
color, concentrations of mineral and total phosphorus,
total and ammonium nitrogen were 2-3 times higher
than the maximums of other years. Almost all previ-
ous studies of water color, including the first years of
our monitoring (Shcherbakov, 1967; Bikbulatov et al.,
1972; Shaporenko and Shilkrot, 2005; Sokolov et al.,
2018), point to an increase in water color in the bot-
tom layer under anaerobic conditions. This effect, well
known to us from many years of observations at the
Mozhaysk Reservoir (Sokolov, 2013), is associated with
the release of colloidal iron hydrate from bottom sed-
iments and its subsequent conversion in the presence
of hydrogen sulfide into a more soluble dark-colored
iron sulfide (Shcherbakov, 1967). We did indeed detect
the smell of hydrogen sulfide in bottom samples during
periods of anoxia.

It should be noted that before the implementa-
tion of land reclamation measures in the lake’s catch-
ment area in the 1960s, much more allochthonous
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Fig.9. Content of mineral forms of nitrogen in Lake Glubokoe in 2019-2025: N-NH, (a), N-NO,, (b), N-NO, (c).

humic substances flowed into the lake from its marshy
and forested shores, so the first studies of the lake noted
a characteristic dark brown tint of the water, and the
WC value reached 170 TCU and above, and at the end
of stratification reached 250 TCU (Shcherbakov, 1967).
The COD value in the water of Lake Glubokoe before
reclamation works was also almost twice as high, at
32-40 mgO/L (Shcherbakov, 1967).

The marshy and forested catchment area of Lake
Glubokoe serves as a geochemical barrier to the entry
of nutrient elements into the lake (Shaporenko and
Shilkrot, 2005), which is why the lake water has a rel-
atively low content of these substances. Therefore, as
in the case of water color, the increase in the content
of nutrient elements at the bottom of Lake Glubokoe is
associated not with external but with internal loading,
when anaerobic conditions contribute to the reduction
of mineral (primarily ammonium) nitrogen and phos-
phorus from bottom sediments (Soranno et al., 1997;
Wilhelm and Adrian, 2008; North et al., 2014). The
increase in phosphorus content at the bottom may also
be facilitated by the reduction of phosphorus-contain-
ing organic compounds with the participation of bacte-
ria (Erina et al., 2019).

A retrospective analysis of the literature shows
no reliable long-term trend. In 1932-33 (Shcherbakov,
1967), the mineral phosphorus and total nitrogen
content was comparable to all years of our monitor-
ing, except for 2019 and 2023. In the summer of 1983
(Yanin et al., 1986), the maximum mineral phospho-
rus content at the bottom exceeded 150 ug/L, as in
2019. In 2001-2003 (Shaporenko and Shilkrot, 2005),
the content of total phosphorus and total nitrogen was
apparently about twice as high as shown in our data,
although the article is not without contradictions: the
ranges of variability in total phosphorus and nitrogen
concentrations in the table and in the text differ (the
phosphorus content at the surface given in the table
is three times lower than that indicated in the text
and fully corresponds to the current state; however,
the maximum nitrogen concentrations in the text are
almost twice as high as in the table, and thus exceed
modern levels by more than three times). In the early
years of our monitoring (Terechina et al., 2019), as in
the 1930s, phosphorus and nitrogen concentrations
were comparable to those in years with more favorable
oxygen conditions.
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Mineral nitrogen compounds are genetically
linked, and their biochemical transformation is caused
by both active consumption by phytoplankton and
alternating aerobic and anaerobic conditions. The
rather scarce information in the literature on the con-
tent of these forms in the water of Lake Glubokoe
does not allow for a reliable assessment of the long-
term dynamics of these indicators, but in general, the
reported concentration ranges are consistent with mod-
ern ones (Yanin et al., 1986; Shaporenko and Shilkrot,
2005). It should be noted that in the work (Yanin et al.,
1986), nitrites are mistakenly referred to as nitrates,
so that only by the described nature of the vertical dis-
tribution can these two forms of mineral nitrogen be
distinguished with some certainty.

The interdependence of physical, chemical, and
biological parameters underscores the importance of
comprehensive hydroecological studies, while signifi-
cant interannual variability demonstrates the possible
unrepresentativeness of individual studies and the need
for regular long-term observations. These consider-
ations also suggest caution when comparing the results
of studies that differ in design, methodology, spatial
and temporal coverage, and even more so when draw-
ing conclusions about long-term changes in the state of
the lake ecosystem based on them.

As an example, we can cite the conclusions
about the increase in the trophic level of the lake
(Chekryzheva, 1983), which were made on the basis
of a comparison of data from a single year of her own
observations (the ice-free period of 1977) with the
equally scarce and heterogeneous data from studies
conducted in previous years. The authors of compre-
hensive studies conducted in 2001-2003 (Shaporenko
and Shilkrot, 2005) came to a similar conclusion; how-
ever, as shown above, their results significantly devi-
ate from the available hydrochemical observations.
According to some authors, the lake has even transi-
tioned from a mesotrophic to a slightly eutrophic state
(Vasilyeva-Kralina and Tirskaya, 2005). At the same
time, Shcherbakov (1967) concluded that in low-pro-
ductivity years, Lake Glubokoe has mesotrophic char-
acteristics, while in years of increased productivity, it
is comparable to eutrophic lakes.

As mentioned above, Lake Glubokoe and its
catchment area experience minimal anthropogenic
impact, especially by the standards of the Moscow
Region, which allows this lake to be considered a back-
ground water body. For comparison, it is appropriate
to mention Lake Beloe, which belongs to the Kosino
Lakes system: it is similar to Lake Glubokoe in its depth
(its maximum depth is 16 m), its rounded cone-shaped
basin of glacial origin, dimictic regime, annual forma-
tion of an anoxic zone (extensive in both summer and
winter), incomplete spring circulation in some years,
and more than a century of research thanks to the activ-
ities of the Kosino Biological Station (Shirokova and
Ozerova, 2019). However, Lake Beloe is located within
the boundaries of Moscow, has been experiencing sig-
nificant anthropogenic influence for many decades, and
is highly eutrophic. It is also interesting to compare
Lake Glubokoe with the Mozhaysk Reservoir, which
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is located in similar landscape conditions (wooded
and marshy catchment area, relatively low anthropo-
genic load for the region), is also relatively deep (up
to 22 m), dimictic, with annual summer anoxia and
is a mesotrophic-eutrophic reservoir, differing from
Lake Glubokoe and Kosino Lakes primarily in the high
role of river flow and its regulation. The reservoir has
also been studied in detail since its creation, mainly
by staff of the Department of Land Hydrology at LMSU
(Hydroecological..., 2015). Since 2016, we have been
conducting monitoring at the Mozhaysk Reservoir
(Erina et al., 2020) and since 2021 at the Kosino Lakes
(Terechina et al., 2023), using methods similar to those
used for observations at Lake Glubokoe.

In the surface layers of the Mozhaysk Reservoir,
the mineral phosphorus content is on average 4 times
higher than in Lake Glubokoe (which can be explained
by the river feeding the reservoir), and in Lake Beloe it
is 2-3 times higher; the total phosphorus content in both
water bodies is 2-3 times higher than in Lake Glubokoy.
The average concentrations of total and ammonium
nitrogen in the surface layer of the Mozhaysk Reservoir
slightly exceed those in Lake Glubokoe, however, in
Lake Beloe, total nitrogen is 2-3 times higher, and
ammonium nitrogen is 10 times higher, apparently due
to anthropogenic pollution.

The differences in the content of nutrient ele-
ments in the bottom layers of those lakes are much
more pronounced, although the mechanisms and con-
ditions for increasing their concentrations (recovery
from bottom sediments under anaerobic conditions) are
similar in all of them. In the Mozhaysk Reservoir, the
phosphorus content is on average 5 times higher than
in Lake Glubokoe under conditions of acute anoxia in
2019 and 2023, and 10 times higher compared to other
years, total nitrogen is 2 and 3 times higher, respec-
tively, ammonium nitrogen is 1.5 and 2 times higher,
respectively. As for Lake Beloe, the phosphorus content
at the bottom is 10-20 times higher than that observed
in Lake Glubokoe in 2019 and 2023, and up to 30 times
higher in other years; total nitrogen — approximately 10
and 20 times higher, respectively, ammonium nitrogen
— 20-30 and almost 50 times higher.

5. Conclusions

Continuation of long-term research on Lake
Glubokoe has made it possible to expand and refine
our understanding of its current hydrochemical regime.
A comparison of the long-term data series obtained
with the materials from the first years of monitoring
and literature data clearly shows that comprehensive
and long-term monitoring covering years with different
environmental conditions is necessary for a deep and
correct understanding of the patterns of the ecological
state of the lake.

The key factors determining the significant inter-
annual variability of the hydroecological regime of Lake
Glubokoe are, first of all, thermodynamic conditions
(in years with incomplete spring circulation, the most
acute and prolonged oxygen-depleted conditions are
formed, which leads to approximately twice as intense
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reduction of colored iron compounds, mineral forms of
phosphorus and nitrogen from bottom sediments com-
pared to other years), and to a lesser extent, differences
in the biological productivity of specific years, which
can reach several orders of magnitude.

A comparison with literature data shows the
absence of any pronounced long-term trend in phos-
phorus and nitrogen content throughout the 20th and
21st centuries and the unreliability of assessments of
the lake’s hydroecological status based on data from
short-term and, even more so, one-off observations.
Conclusions about a targeted change in the trophic sta-
tus of Lake Glubokoe and its gradual eutrophication,
made by some authors based on the results of studies in
individual years, are not confirmed by long-term mon-
itoring data.
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AHHOTALIUA. Ilo gaunaeiM MoHuTopuHra 2019-2025 rr. paccMOTpeH COBpPEMEHHBIN peXxuM IMoKasza-
TeJjlell cofepKaHus OpraHn4eckux 1 OMOTeHHBIX BellleCcTB B BoJie o3epa I1y6okoro, KOTopoe pacrnoJsio-
KEeHO B IPUPOLHOM 3aKa3HHKe MOCKOBCKOI 00JIacTU 1 MOXeT paccMaTpUBaThCs Kak (POHOBBIE BOAOEM
(noJstyueHo, YTO MakcUMaJlbHOe cofepkaHue a3oTa u ¢docdopa B HeM B pasbl HiXe, 4eM B MoxalickoM
BOJOXpaHWINILe, U B JeCATKN pa3 HIXe, YeM B MOCKOBCKOM o3epe Besiom). IToka3zaHa cyiiecTBeHHasA
MEXI0JI0Basi M3MEHYMBOCTh TMIPO3KOJIOTHYECKOI0 COCTOSAHUA 03epa (B rofbl ¢ HENOJIHOM BeceHHel
IUPKyJIANKeN JeTOM pa3BuBaeTcs HauboJiee ocTpas aHOKCHA, U y IHA HaKaIJIMBaeTCsA IPUMEPHO BIBOe
6oJibllle MIHEpaJIbHOro a3ora, Gpocdopa 1 OKpalleHHBIX COeJUHEHN KeJie3a, YeM B OCTaJIbHbIe 'OMbI)
IIpM OTCYTCTBUM HaIpaBJIEHHOTO TpPeHAa B peXuMe OMOTeHHBIX BeLeCTB 3a BCI0O HMCTOPHIO KCCJIedOo-
BaHUM, a opraHuieckux — ¢ 1960-x IT., Korja B pe3yJjbTaTe MeJHOpaTUBHBEIX paboT Ha BomocOope ux
cojiepXaHuUe B 03epe CHM3MJIOCh IPUMEPHO BjBOe. ITO CTaBUT II0J] COMHEHUE CyL[eCTBYION[YI0 TUIIOTe3y
0 IIOCTeNeHHOM 3BTpodupoBaHuu o3epa I'imybokoro.
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1. BBeAeH"e 03€pa IIOKPBIThHI JIECOM, 3a00JI04€eHHI. ,[[JII/IHa o3€epa

cocrasiger 1,2 xm, mwupnHa - 0,85 kM, miomags
3epkasia — 0,6 KM?, MakcUMaJlbHas TJIyOmHA — GoJsiee
30 metpoB, cpegusada — 9,3 m (Mypaselickuii, 1931;
Canenko u Ap., 2017). Ilo HmpOHCXOXOEHUIO0 03epo
M3HAYaJIbHO OTHOCWJIM K JIeJHUKOBBIM, OHAKO B cepe-
auHe XX Beka BO3HUKJIA TMIOTe3a KapCTOBOr'O IpoO-
ucxoxnenus (lllepbaxkos, 1967), u gonroe Bpems obe
TUNOTE3bl HaxXOAWJIW KOCBEHHBIE IOATBEPXIEHUA U
onpoBepxeHus. [lo AaHHBIM COBpPEMEHHBIX HKCCJIEO-
BaHui (Canesnko u Ap., 2017) KOTJIOBUHA 0O3epa HU3Ha-
4yaJIbHO BCE Xe 1MeeT JIe[JHHMKOBOE IPOHCXOXJeHle
u obpasoBajiach B CpeJHeEM IJIeliCTOIleHe, OJHAKO B
OopeasibHBINI Mepuo[ Ha Hee OKa3aju BJIUAHME Kap-
cToBHle mpoljecchl. O3epo He HMMeeT MPUTOKOB, U [0
MeJIMOpaTUBHBIX paboT 1963-65 rr. Bryiag aTMocdep-
HBIX OCaJIKOB B IPUXOAHYI0 YacTh BOAHOIO OajiaHca
oneHuBascA B 74% (Illep6akos, 1967), a mocye oTBe-
JeHus cToka OOJIOTHBIX BOJ C BojocOopa B 06xon
o3epa, 0OYeBUIHO, ellle 60Jiee BO3POC, XOTs 3TU OIleHKU
He YYUTHIBAJIM NOA3EMHOI COCTaBJIAIONIel, KOTopas
a7 o3epa I'myGokoro ocraercs MpakTU4YecKU Heusy-
yeHHOU. O3epo XxapaKTepu3yeTcs MaJjioii MHUHepasin3a-

CocTosAsHMEe BOJHBIX 3KOCHCTEM OlpefesiseTcs
coueTaHueM MHoOroo6pasusa NPUPOAHBIX W AHTPOIO-
reHHbix ¢aktopoB (Khatri and Tyagi, 2014; Akhtar et
al., 2021). B ycioBuAX HapacTawIIUX TEMIOB ypba-
HU3allUM U pocTa HacejeHHWsA HeraTuBHOE aHTPOIIO-
reHHOe BO3JeliCTBUe Ha BOAHBIE OOBEKTHl yBeJINUMBa-
erca (UepHoraesa u 1ip., 2019; Moiseenko, 2022). IIpu
OILleHKe 3TOro BO3JeHCTBHUSA, KaK HabI0gaeMoro, Tak 1
JOIIyCTUMOT 0, IINPOKO UCIOJIb3yeTcA NOHATHE O (POHO-
BOM KauecTBe MpUPOAHBIX BoA (JlemuxuH u ap., 2017;
JlozoBuk u I'amaxuna, 2019; WBanos, 2021). OaHako
B I'yCTOHaCeJIeHHBIX PerruoHax, Takux kak MockoBckas
o0JiacTh, 04eHb MajI0o BOJOEMOB, KOTOpble MOXHO pac-
cMaTpuBaTh Kak GOHOBHIE; TeM OoJiee MasIo cpeyd HUX
XOpOIIO M3y4YeHHBIX. B 3TOM OTHOmIeHuUH OOJIBIION
WHTepec IpefcTasJiigeT o3epo tybokoe.

O3zepo I'my6Gokoe u ero BoA0COOp pacrnoJioXKeHH! B
Py3ckowMm patioHe MockoBckoii o6sactu (Puc. 1) Ha Tep-
PUTOPHUHU TOCyAaPCTBEHHOI'O IIPUPOJHOIO 3aKa3HUKaA U
HCHBITHIBAIOT O4YeHb HM3KOe M0 MepkaM MOCKOBCKOH
obJiacTu aHTpoIOreHHoe BiusAHUe. bepera I'myGokoro
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Puc.1. Cxema pacnoJsioxeHnus ozepa I'smy6okoro B Py3ckom patione MockoBckoi o6iactu PD (a) u pelifoBOI BepTUKAIN HA

akBatopuu o3epa (6).

[eil BOABl, AUMUKTUYECKUM PeXHMOM C eXeroAHBIM
dopMupoBaHrueM aHOKCHIHON 30HB B T'MIIOJUMHU-
OHEe U HEBBICOKON OHOJIOrHYecKoll MpOAYKTHBHOCTHIO
(Ilep6axos, 1967).

HccrieqoBanusa o3epa Havaauch B KoHIe XIX B.
U HEpaspblBHO CBA3aHBI C AEATEJIbHOCTBIO PacCIoJIo-
)KeHHOU Ha ero Oepery rupoOoroIOrmYecKou CTaHI[UU
numeHu H.JO. 3orpada — nepsoii B Poccuu u crapeii-
mel U3 JedCTBYIIUX B Mupe. B Hacrosmee Bpems
CTaHIUA ABJIAETCA NofpasfeeHrueM HHCTUTyTa 5KO-
gorun U sosoruu nMveHu A.H. Cesepnosa. [lepBrie
HaOMI0feHusA 3a TUAPOXMMHYECKHMMM [0Ka3aTesIsasMUu
AaTtupyrTrcsa HadagaoM XX B. Pe3ysibTaThl IPOBOAUMBIX
Ha o3epe uccjleJoBaHUM NyOJMKyIOTCA B cOOpPHHKax
«TpyaoB rugpoOUOJIOTYECKON cTaHIuK Ha [JryGokoM
o3epe». OqHAKO MoAaBJAKIIaA 4acTb pabOT Ha o3epe
I's1y0okOoM mOCBAIMIEHA HCCJIEOOBAHUIO €ro TMApoOUo-
JIOTUYECKOI'0 pexuma; ruJpoJIoTHYecKuil U ruJpoxu-
MUYeCcKHUll pexXxuM o3epa H3yueH HeCOU3MepUMO XyxKe.

C BecHbl 2017 1. 10 HacToAIIEee BpeMs MBI IIPOBO-
JAVM KOMILJIEKCHBIE MCCIJIe[JOBaHUA TMAPOXUMUYECKOT0
pexumMa I'mybokoro osepa, BIepBble CTOJIb KOMIJIEKC-
HBIe, peryJiApHbIe U MpOAOJDKUTeNbHEIE. [10 pe3ysbTa-
TaM IepBbIX JIET MOHUTOPHUHTA OBLIIN [TOJTyYeHEI [IEPBbIe
NpeACTaBJIeHUA O COBPEMEHHOM pPEXHMe COMepKaHus
opranuveckux (OB) u 6uorenHsix BemecTB (COKOJIOB
u ap., 2018; Tepemwmna u Ap., 2019). OgHako ocrasa-
Jlach O4eBHIHON HeoO0XOAVMOCTb NPOAOJIKEHU pery-
JIApDHBIX THAPOJIOrO-TUAPOXUMHUYECKUX HaOII0AeHuN
17151 6oJiee eTaJIbHOTO MOHMMAHMS ero 0COOeHHOCTEH.

2. MaTepuanbl 1 MeTOAbI

Hacrosamaa pabora ocHOBaHa Ha MaTepuajax
KpYTJIOTOAWYHOIO MOHUTOpUHra B nepuofg 2019-2025
rr. MOHUTOPUHT IPOBOAMJICA Ha peliIoBON BepTUKAJIU
B IIEHTPAJIbHOM, caMou riry6okoBogHOM (0koj0 30 M)
yactu o3epa (Puc. 1) c yactoTou pa3 B mecAr (JieToM
2019 r. — pgBaxAsl B MeCHAI), MPEPHIBAsCh JIUIIL B
OT/IeJIbHBIE MECSI[bI, KOTAa AOCTYII K 03epy ObLJT HEBO3-
MOXeH M3-3a TOHKOTO JibJia (Jekabpb BceX JIET, KpoMe
2022 r.; anpesib 2022 1.) MM CHeromnaaos (THBapb-GheB-
pasib 2020 r.), a Takxe B pasrap nangemun COVID-19
(anpess-uroHs 2020 T.).
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[TosieBrle paGoOTHl BKJIIOYAJIM H3MepeHHE Bep-
TUKaJIbHOI'O0 paclpejeseHns TeMiepaTypbl Boabl T,
abCoJIIOTHOI'O ¥ OTHOCUTEJIBHOI'O COZepKaHUsA pacTBO-
penHoro kucyopoga O, mpu nomoiu 3oHAa ProODO
(YSI, CIITA) na ropusonTax 0.1, 0.5, 1 m u gayiee kax-
JIBIN MeTp 10 AHA (B MePUOBI MTOJIHOTO BEPTUKAJIBHOTO
nepeMelBaHys Wi IPYU HAJIMYUHM OOINPHEIX CJIOEB C
He3HAUUTeJIbHBIMU U PaBHOMEPHBIMU BepTHUKaJIbHBIMU
rpajueHTaMu U3MepseMbIX IoKa3aTeJieil miar MorJju
yBeJINYMUBATh [0 2-5 M [IJI YCKOpeHUA U3MepeHui).

[lo pesynpraTaM 30HAVMPOBAaHUA Ha3Ha4aIu
TOPU30HTHL, C KOTOPBHIX O6aToMeTpoM PyTHepa oTOu-
payii mpoObl AJiA IOCJIeAyIomero ruApOXUMUYecKOoro
a"asnu3a. Yucjio ropu3oHTOB U3MEHSIOCh OT 2 B Ilepu-
OBl IIOJTHOM BepTUKAJIbHON LUPKYJIANNHU (Y IIOBEPXHO-
CTH U y JHA) [0 4-8 1pu BhIpakeHHO! cTpaTudukanum
BOJTHOM TOJIIM (y TIOBEPXHOCTH, y AHA, HA BEPXHEU U
HIXHeH TrpaHulle MeTaJIMMHHUOHA, a TakXke 3MHU304u-
yecKHd Ha OpU30HTax, Ille OTMeYasll JIOKaJIbHble dKC-
TpeMyMbI IPyTUX H3MepsAeMBIX IoKasarejel, Ipexie
BCEro cojiepKaHus pacCTBOPEHHOr'0 KUCJI0pOAa).

OtobpaHHBle NPOOB AHAJIM3WUPOBATIA B XUMWU-
yeckoll Jabopatopumn KpacHOBHIOBCKON yueGHO-Ha-
yuHO!l 6a3ml reorpaduyeckoro ¢akyyiprera MI'Y. B
KayecTBe KOCBEHHOI0 [ToOKa3aTeJiA o0IIero cofepxaHus
OB omnpefienAny BeJIUYNHY XMMHUYECKOT0 NOTpebIeHNus
kucjaoposia (XIIK), ompenenseMyi MeTOOM OUXPO-
MaTHOTO OokucjieHusA B Moaudukauuu A.Il. OcraneHu
(Ocramnens, 1965; ITHI @ 14.1:2:3.100-97), B HeMIb-
TPOBaHHEIX IIpobax, a ¢ 2020 r. Takke B pobax, Mpo-
IyLeHHbIX Yepe3 MeMOpaHHBle QUIIBTPH AUaMeTpOM
nop 0,45 mxm (XTIK,), 1714 OLIEHKHU [0JIM PacTBOPEH-
HoU dpakmuu OB. Takxke onpenessin I[BETHOCTb BOJIBI
(II1B) doromerpuuecku (ITH @ 14.1:2:4.207-04).

Copepxanue muHepaspHoro (TIP) u BajsioBoro
(TP) ¢ochopa, B TOM unciie UX PaCTBOPEHHHIX HOPM B
¢unbpoBaHHbIX npobax (DIP u TDP cooTBeTCTBEHHO),
onpeaensanu Merogom Mopdu-Paiiiu B Moaudukanuu
s mopekux Bon (P 52.10.738-2010; P 52.10.739-
2010), oburazaromieit 60JIbIIEN YYBCTBUTEIBHOCTHIO TIO
CpPaBHEHHUIO CO CTaHJapTaMU [JiAd MOBEPXHOCTHHIX U
crounbsix Boja. Comepxanue obigero azora (TN) u ero
pactBopenHoil ¢opmbl (TDN) ompepesnanu CHeKTpo-
dpoTtomerpuyeckn B Y®-guanasoHe c nepcyibdaToM
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KaJus B 1[eJIOYHOM cpefle (AHasmuTHuveckue..., 2017). C
BecHBI 2019 r. onpefesiAnyu coaepxkaHue a3oTa HUTPU-
TOB (N-NOz) — c peaktuBoM I'pucca (ITHJ @ 14.1:2:4.3-
95), a c JieTa — TaKXXe HUTPATHOT'O (N-NO3) 1 aMMOHU-
Horo (N-NH,) azoTra MeToJ0M MOHHO¥ XpoMaTorpahuun
(ITHA @ 14.1:2:4.132-98; ISO 14911-1998) Ha xpoma-
torpade JETchrom (Portlab, Poccusi) mo metomukam,
MoAN(PULIMPOBAaHHBIM A OOJiblllell 4yBCTBUTEJIBHO-
ctu (HUXXHUHN Ipefiel onpefesieHrss HUTPATHOIO a3oTa
cocTaBuJl 2,2 MKI/JI, aMMOHHMHMHOro — 2,3 MKr/JI).
Konnentpauuio kpemHus (Si) ompenpesnsiau dotome-
TPUYECKU B BHJEe XeJITOH (GopMbBl MOIUOJOKpeMHLe-
ot kucsiotel (ITHI @ 14.1:2:4.215-06).

B Tabmuue 1 mpuBeZieHBl CBeleHUs O CTaHAapT-
HBIX [TOTPENIHOCTSX KUCIOJIb30BaHHBIX IMOJIEBBIX MPUbHO-
POB 1 MeTOAOB JIabOpaTOPHOTO aHaIM3a.

3. Pe3ynbTarthbl
3.1. M'aponornueckue yCAOBUA,
TePMHUYECKHN U KUCAOPOAHDbIN PEXXUM

CaMbBIM MaJIOBOJAHBIM 33 paccMaTpuBaeMbIi
nepuoa B MockoBckoMm peruoHe crtain 2019 r., otiau-
YaBIINICA HU3KUM BECEHHUM CTOKOM C €CTeCTBEHHBIX
BOJIOCOOPOB M3-3a UCHapeHus 4YacTU CHerosaracoB U
3acynuinBbiM JieToM (CokosioB u Ap., 2025). B cpen-
HeBogHOM 2020 r. n3-3a 3UMHHUX OTTEIIeJIell BeCEHHUN
CTOK OBLJT ellle HUXe, HO Mai-uiojib ObLIM aHOMAaJIbHO
noxanuBeiMu. Ilocnenyroue 4 roga 661 MHOTOBO-
JOHBIMU, oco0eHHO 2022-23 IT., ¢ BBICOKMM BeCEeHHUM
CTOKOM, OfHaKo ecyiv 3uMa 2020-21 rr. 6blj1a CHEXHOM
U XOJIOAHOMN, TO BCe cJieAylollre 3UMBbl XapaKTepu3o-
BaJIMCh YaCTHIMM OTTelle/IAMU. Brifaroimielicss B 3TOM
OTHOIIEHUM CTajla peKopAHO Temiasd 3uMa 2024-25
IT., ¢ kpaliHe HU3KUM (kak B 2020 r.) BeCeHHUM CTO-
KOM, KOTJa CHEeXHBII MOKPOB K SHBApI0 MPaKTUYECKU
MOJIHOCTBIO CTAsAJI U yCTAHOBUJICSA JIMIIb HA HECKOJIBKO
JHell B HavaJie alpeJis.

TepMmuueckuii pexuM o3epa Iyiybokoro mnof-
poOHO omucaH No MaTepuajiaM HcCCJIeJOBaHUI Iep-
BOH MOJIOBUHB XX BeKa W TUMWUYEH IJIA JUMHKTUYE-
CKUX BOJOeMOB yMepeHHBIX mupoT ([Ilepbakos, 1967),

a pe3yJbTaThl Halllero MOHUTOPHHIA IOKa3ajM, 4TO
IIPU COXpaHEHUHU OCHOBHBIX 4epT 3TOro pexuma (B T.4.
[I0JIOXKEHUs TEepMOKJIMHA, (popMupylollerocs Ha IJIy-
6uHe 2-4 M U omyckarolierocs o riayouHsl 8-10 M) k
HacTosAlleMy BpeMeHH IPOU30ILJI0O yBeJNYeHHe Ipo-
JOJDKUTEIBHOCTU JieTHell cTpartudukauum Ha 1-1,5
Mecsla, yCuJleHue IIporpeBa U AUHAMHUYeCKOH yCTOMH-
YMBOCTH BOJHOM TOJIIY B JIETHU! IepUOJ, YBeJI4YeHne
MaKCHUMaJIbHOTO Temso3amnaca Ha 16% (CokoJios u Ap.,
2022), a Takxe yBeJnUYeHUe 3UMHUX TeMIlepaTyp BOZbI
3a cueT MeHbIIero BBIXOJIAKMBAHUA BOJHON TOJIIY B
nepuoj oceHHell 1upkKyssnuu (Tepemuna, 2025).

3a wucciegyeMblil Nepuoj]] HauMeHbBUIMH IIpo-
rpeB o3epa 3adukcrpoBaH B 2019 r., HauboaBMUN — B
2021 r. (Puc. 2); MakcuMaspHasA cpeqHeB3BellleHHasA
TeMIepaTypa BOJHOI TOJII[Y COCTaBJIAJa B 3TU TOABI
cooTtBercTBeHHO 13,6 1 16,1 °C (Tepemuna, 2025). B
KOHTEKCTe HAacTOAIero HCCJIeJOBAHUA BaXHOM OCO-
OEHHOCTbI0 TEpPMUYECKOr0 peXuma o3epa sABJIAeTcA
HelnoJIHasA BeCeHHAA LUPKYJALWs, OTMeuaBllascs B
OTAeJIbHble rofibl Kak M0 JaHHBIM IIPEXHUX HCCIIeNo-
BaHui (Illep6akos, 1967), Tak U MO HAIIMM JaHHBIM B
2019 u 2023 rr. (TepemuHa, 2025).

KuciopoHbIEl pexuM o3epa eXerojHo Xapak-
TepU30BaJICA IepechlllleHreM SIWIMMHHOHA KHC-
JIopoAOM OOJIBLIYI0 4YacTh BereTaliOHHOIO Ce30Ha,
oOpa3oBaHHeM JIOKaJbHOTO MHUHMMyMa COAepKaHU:A
PaCcTBOPEHHOI0 KMCJIOpoJa B MeTaJIMMHHUOHE B IEpUOJ
JieTHell cTpaTudukanuy u GopMupoBaHUeM 3UMHeEH U
6osiee OOMIMPHOU U MPOAOIKUTENIbHOMN JIeTHEN aHOK-
CHJHBIX 30H B I'TyOMHHBIX cJ105X (Ha Puc. 2 3Ty 30HBHI
HMMeIOT KpacHBIH LBeT). OTU YepTHl, KaK U Cyl[eCTBeH-
HasA MeXrofosas M3MeHYMBOCTh XapaKTepa U CTelleH!
HX IPOsABJIEHU:A, XOPOIIO COIJIaCyl0TCA C IOAPOOHBIM
omycaHHMeM IIO0 JaHHBIM HaOmomeHunn 1947-57 rr.
(IIlepbaxos, 1967).

MaxkcuMasibHOe  pa3BUTHE  OeCKUCIOPOAHBIX
ycJI0BUI HaOJII0aIoCh B TOJIBI C HEMOJIHON BeceHHell
nupkyssnuein. B 2019 r. 3oHa aHOKCUU CylllecTBOBasa
npumepHo 9 MmecseB (¢ ¢peBpaJis o oKTAOPh), ee Bepx-
HAA TpaHuIla yXe B HIOHe MOJHAIACh BbIIIIe IJIyOHHBI
15 M, a B aBryCTe OHa CJIWJIach ¢ MeTaJIUMHUAIbHBIM
MHHHUMYMOM, K 3TOMy MOMEHTy TOXe yXe XapakrTe-

Ta6smna 1. TlorpentHocTy onpezesieHus MOJIEBBIX U JIAGOPATOPHBIX IOKa3aTeJieit

IToka3saTesn ITorpemnocts HcTrouHuk
[ToJieBble MOKa3aTesn
T°C +0.2 °C https://www.ysi.com/proodo
0, +1% i + 1% HaceieHus (4To 60JIblie) https://www.ysi.com/proodo
JlabopaTopHble IOKA3aTEIHN
XIIK 20% I[MHA @ 14.1:2:3.100-97
LB 20% (cBoie 50 rpag — 10%) I[MHA @ 14.1:2:4.207-04
TIP, DIP 0.1 mxr/n1 + 0.03 X 3HaueHue P11 52.10.738-2010
TP, TDP 0.16 mxr/n + 0.08 X 3HaueHUe PJ1 52.10.739-2010
TN, TDN +4.5% Ananutudeckue..., 2017
N-NO, +10% IMHO @ 14.1:2:4.3-95
N-NO,, N-NH, +13% IMHO @ 14.1:2:4.132-98
Si 15% (cBoime 1 mr/i — 12%) I[MHO @ 14.1:2:4.215-06




Cneu. sbinyck: «VIII-s5 MexdyHapooHasi

2019 2020 2021

2022

2023 2024 2025

Cokornos [.U. u dp. / Limnology and Freshwater Biology 2025 (5): 1227-1248 BepeuwaeuHckas balikanbckasi KoHgbepeHyus»
(a) T, °C
0
25
10 20
15
20 10
=
<& 5
T
=
L4 0
= 2019 2020 2021 2022 2023 2024 2025
(6) O,, Mr/n
0_ R B 4 e TN - - - . o 160
. 140
1 120
E 100
3 80
s 60
20
= 40
g“ 20
& ] | B
E‘ T 0
=~

Puc.2. PacnpeneneHue temmnepatrypsl BOAB (a) M OTHOCHUTEJIBHOTO COAEPXXAaHHUsA PAacTBOPEHHOro Kucjopona (6) B o3epe
I'nmy6oxkoMm B 2019-2025 rr. (371€ch U Jjajiee TOYKaMy 0603HaueHbl TOPU30HTE U3MepeHUH, Oeible BepTHUKaJIbHbIE IT0JIOCHl COOT-

BETCTBYIOT IleprojlaM OTCYTCTBUA HaOJIIOAeHUIT).

PU30BaBIIMMCH OTCYTCTBHMEM KHCJIOPOJA, W K KOHILY
Jjleta pacnpocTpaHuiiach 10 ropusoHTta 6 m. B 2023 r.
OecKHUCcI0poAHbIE YCIIOBUS, COOPMUPOBABIINECA yXe K
AIHBAPIO, HEHAJIOJITO IIPEPHIBAJIUCH B Mae, a K OKTAOPIO
BepxHsAA rpaHulia 30HB aHOKCUM NOAHANACH A0 13 M,
IpyYeM B CEHTAOpe KUCJIOpOA Takxe OB MOJHOCTBIO
rcuepnaH U B Afpe MeTaJNMHAAJIbHOTO MUHUMYyMa Ha
riy6uHe 8-9 M. B ocTasibHBIe TO/{bl HAINX HAOJII0/IeHNI1
3MMHAA aHOKcHUA Habrofanack He OoJiee 2 MecsIeB B
HeboubioM (1-3 M) IpUAOHHOM cJioe, a JIeTH:AA cylie-
CTBOBaJIa 2-4 Mecsla U K Hadyajly pa3pylleHUs CTpaTu-
¢ukanuu pacnpocTpaHsaiach 40 IIyouHs 18-20 m.
ODTH Xe ABa rojla XapaKTepu30BaJIuCh HalMeHb-
MM IepechllleHrWeM SIWJIMMHHUOHA KHCJIOPOJOM:
ecyu B Apyrue roasl (He cuutas 2020 r., HO 3TO MOXHO
O00BACHUTh HENOJIHBIM PAAOM HaOIogeHuil) MaKcu-
MaJIbHOe OTHOCHUTeJIbHOEe coAeprkaHNe KUCJIopoAa Ipe-
Beimasio 150% (Bo Bcex ciyuyasx — B cepefuHe HIOJIAg
Ha IyyOuHe 4 M, OYeBHJHO, ONTHMAaJIbHON 1A (HoTo-
cuHTe3a), To B 2019 1 2023 rr. JUIlIbh B Mae JI0CTUTaI0
123-124%, B nneTHMEe MecALBl He npeBbiman 117-118%.

3.2. Noka3sarenu copepxanuna OB

I{BeTHOCTB BObI B 03epe I'y6okom B 2019-2025
rr. uaMeHsiylach B AuanazoHe 10-100 rpag (Puc. 3).
B ocHOBHOIT BOAHOM ToJme oHa coctasjsna 10-30
rpaj, JOCTUras MakcuMyma B amnpese-uioHe (B 2020 r.
— BIUIOTh JIO0 aBrycra), jumb B 2022 r. Tak u He Ipe-
BoicuB 20 rpad. B npuaoHHBIX rOPU30HTaX B TedyeHHe
nepuofa JieTHell aHOKCHUU BesyurHa LB moswimasiach
oT 15 no 50-100 rpag, npuyeM MakcUMaJslbHblE 3HaYe-
HuA 3adukcrpoBansl B aBrycre 2019 r. (80-100 rpan)
u okTsabpe 2023 r. (oxoso 80 rpan).

Benimunna XIIK, TpaguIiMOHHO paccMaTpuBae-
Mas Kak IoKasaTeslb cymMMapHoro cogepxanusa OB, B
2019-2025 rr. uaMmeHsIach B AuanaszoHe 12-25 mrO/n
u Oosee (Puc. 4). MakcumasbHble 3HaueHus (20-25
MrO/J1 U BbIIIe) OTMEYaJIMCh €XerofJHo, yalle BCero
B aBrycTe-ceHTAOpe (pexe B HioJie U/WUJIM OKTAOpe) B
MMOBEPXHOCTHBIX CJIOAX (0 TJIyOMHBI 8 M), YTO COOT-
BeTCTByeT IlepuofaM IepechillleHusA SNUIMMHHOHA
kucsgopogoM. Takxe MOXXHO BBIJEJUTh MeHee 3ameT-
Hoe mnosbimeHue A0 20-22 MrO/J1 B BEpXHUX CJIOAX

B, rpax
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Puc.3. PacunpenesieHue 1[BeTHOCTU BOAHI B 03epe I'my6okom B 2019-2025 rr.
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Puc.4. Pacupenesnenue XIIK B o3epe I'my6okom B 2019-2025 rr. B HebGUIbTpOBaHHEIX (a) U GUIbTpOBaHHBIX (6) mpobax.

B KOHIIe BECHbl — HauyaJie JietTa (YTO COOTBETCTBYET
nepuoAaM rnosbiieHus 1[B) u eme MeHee BBIpaXXeHHOE
MOBHIIIEHNE Yy JIHA K KOHIY 3MMHEH U WHOTa JIeTHel
crarHanuu (deBpasb-MapT U aBI'yCT-OKTSOPh COOTBET-
ctBeHHO). To, uto 3umoii OB GoJbllle B MPUAOHHOM
cJioe, a JIETOM — B IOBEPXHOCTHOM, OTMeYaJil U paHee
(IlepbaxoB, 1967). Homnsa B3BemeHHbx OB, orneHuBae-
Mast mo cootHomennio XITK u XIIK,, B OCHOBHOM He
npessbimasna 10%. [ToBepXHOCTHBIE MAKCUMYMBbI BTOPOL
TOJIOBUHHKI JIETa COMPOBOXIAJINCh MOBBIIIEHUEM J[OJIU
B3BelIeHHoOro OB o 20-40%, riayOunHbIe — 70 10-25%,
B TO BpeMs Kak NOBBIIIeHUe cojiepxanus OB B ampe-
Jie-uioHe MPOVCXOQUJIO TJIaBHBIM 00pa3oM 3a CUET pac-
TBOPEHHOU (paKkuuu.

3.3. BbMoreHHbie 3N\eMEeHTbl

KoHueHTtpauyu kpeMHusA B GHOTUYECKOM CJIO€
cocrasssuiu 0,4-1,4 mr/m, B aporuueckoit tose 0,7-
2,0 mr/n (Puc. 5). B TeueHue nepuojia JieTHel CTpaTu-
¢ukanuu Ha QoHe HAKOIIeHU KPeMHUA y IHA OTYeT-
JIUBO IIPOCJIEXHBAJIOCh CHIDKEHKE ero CoAep)XaHUs B
doTuyeckoM cjioe A0 rOJOBOr0 MUHUMYyMa.

MuHepasbHbiii ¢pochop B OCHOBHOHM BOJIHOM
TOJIIle HAaXOAWJICA B OCHOBHOM B PacTBOPEHHOM BHJE,
ero cofepxxaHue peako Impesblmano 10 MKr/j, HOBBI-
masch K 3UMe U NOHWXasCh B dNWIMMHHOHE 10 1-3
MKT/J1 C Masi-Ul0HsA 1O CeHTAOph-okTAOph (Puc. 6).
Copepxanue obmero ¢ochopa 3uUMON AOCTUTAIIO
30-50 MK/ 1 6oJiee, JIETOM B BEPXHUX CJIOAX TakXe
CHUXasACh J0 20 MKT/J1 U MeHee, IIpeXx/e BCero MMeHHO
3a cyeT noTpebyieHUsA MUHepaJIbHBIX GOpM, C 3aKOHO-
MEpPHBIM yBeJIM4eHHeM A0JIM OpraHnu4eckoro (Ipemumy-
IecTBeHHO B3BellleHHOro) dpocdopa c 70-75 no 90-95%
u 6osee (Puc. 7).

Y pgHa oTMeuasioch yBeJMueHHe CojJepXaHWsA
docdopa B TeueHue mnepuoda JieTHell cTpaTudUKa-
U1, JOCTUrasAd MakKCUMyMa OOBIYHO K KOHI[y OKTAOpA.
[TpuueMm ecsiu B roAbl C MeHee Pa3BUTON 30HOU aHOK-
CHUM KOHIIeHTpalluu MUHepaJIbHOro u obumero ¢oc-
dopa Bozpactanu go 50-60 u 80-110 MKr/m cooTBeT-
ctBeHHO, TO B 2019 r. onu gocturiu 90 u 100 Mkr/n
yXe B HavaJie UI0JjA U K OKTAOpI0 Bo3pociu a0 150 u
180 MKr/s1 COOTBETCTBEHHO, a B OKTAOpe 2023 r. cocra-
Buin 0KoJ10 100 u cBbimie 110 MKI/JI COOTBETCTBEHHO.
B 5Tu nmepuofe! 1018 B3BelleHHBIX GOpM y AHA yBeJIU-
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Puc.5. Pacnipenenenue kpemHus B o3epe ['sy6okom B 2019-2025 rr.
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Puc.6. PacnpenesieHrue MmuHepasbHOro ¢docdopa B o3epe I'mybokom B 2019-2025 rr. B HeUIBTPOBaHHKIX (a) U GUIBTPO-

BaHHBIX (6) mpobax.

yuBasack g0 50-70% u OoJsiee, a 404 OpraHUYECKOr0
docdopa cHmxanacs 1o 20-30% u MeHee.
Copepxanue obmiero asora B 2019-2025 rr. B
OCHOBHOM BOJHOM TOJIIEe JieToM cocTasysyio 0,4-0,7
mr/m, 3umoii — 0,8-0,9 mr/n u 6onee (Puc. 8). B npu-
JOHHBIX ropu3oHTax cofepxaHue TN ObUIO BBIIE U K
KOHI[y JIeTHel crtarHanuu gocrurasno 1,3-1,7 mr/ia u
6oJiee. Jloyia B3BelleHHHIX (opM Obljla OYeHb Majla u
peaxo npesbiana 20% (B OCHOBHOM Y JiHa), HO AOCTU-

rasa 30-40% u OoJsiee B BEpXHHUX CJIOSX B NEPUOJEBI
«I[BETEHUS».

3HaunMMble ~ KOHIEHTpaluyu aMMOHUUHOTIO
aszora (mo 0,3-0,5 mr/n u GoJiee) U a30Ta HUTPUTOB
(mo 30-50 mxr/n1 u OoJiee) OTMeYaJIUCh KaK IIPaBUJIO
JINIIb B TJIyOMHHBIX CJIOSX, JOCTUTasg MaKCUMaJIbHBIX
3HaYeHU! K KOHIly NIeproJioB 3UMHel ((peBpasib-mMapT)
u jetHell (okTaA6pb) crarHauuu (Puc. 9). Conepxanue
a30Ta HUTPATOB U3MEHJIOCHh OT CJIEJJOBBIX KOJINYECTB

(a) TP, Mxr/n
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Puc.7. Pacnipenenenue obmero ¢ocdopa B o3zepe I'myboxkom B 2019-2025 rr. B HeduIbTpoBaHHBIX () U PUIBTPOBAHHBIX

(6) npobax.
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Puc.8. ConmepxaHue obmero azora B o3epe I'stybokoM B 2019-2025 rr. B HepMJIbTPOBAHHHIX (a) U GUIBTPOBaHHHX (6)

npobax.

no 0,2-0,5 mr/mn, noBslasch B 3MMHUI IIepro/1 BO Bceil
BOJIHOM TOJIIIE, a B JIETHUHA — TOJIBKO B TMITOJIMMHU-
OHE, CHMXXAsCh MPAKTUYECKU JIO HYJIA B JMUJIMMHUOHE
B UIOHe-CeHTAOpe U 3aTeM CHUXasCh MO Bceil riiyOuHe
B IEPUO]T OCEHHEH IUPKYJIALNH.

4. 06cyxpeHue

W3 HeMHOrouucJeHHBIX paboT, MOCBALeH-
HBIX peXHMy OpraHHYeCKUX MU 0COOeHHO OMOTeHHBIX
BewecTB B o3epe [1ybokoM, nopasJiAwomiee OOJIBIINH-
CTBO OCHOBAHO Ha HaOJ/IOJIeHUAX B TeuyeHHe OOHOro
roja (B jyuleM cjlydae — ABYX OTAEJIbHBIX JIeT), Ce30Ha
WA Aaxe OOHOKPATHBIX. DTO KacaeTcs U OOJIBIINHCTBA
UccyeloBaHUM NepBoil MoJIoBUHH XX Beka, MoApoO-
HBIIl aHa/JM3 KOTOPBIX IIpeficTaBjieH B MoOHorpaduu
(Illep6axoB, 1967), u nocjaeayOMUX eJUHUYHBIX PaboT
(BukbynaTtoB u Ap., 1972; Yanin et al., 1986), jiums B
pabore (Ilanopenko u HlunbkpoT, 2005) paccMOTpeHbI
pe3yJIbTaThl TPEXJIETHUX HAOI0eHUN BO BCe CE30HHI.

[IpumeuaTesibHO, 4TO CXOXKas HeENOJIHOTa Ipu-
cyllla 4 H3y4YeHWI0 AVUHAMHKU pa3BUTUA (UTOIJIAH-
KTOHa B o3epe, XOTsA Oiaromaps 6ojiee yeM BEKOBOL
JeATeJIbHOCTH THApOoOUOJIOrN4eckol CTaHIUN HMeHU
H.IO. 3orpada ozepo I'mybokoe NPUHATO CUUTATH
BCECTOPOHHE W3yYeHHBIM B TUAPOOHOJIOTHYECKOM
OTHOLIEHUM BOAOEMOM, rAe 0a3upoBajioch pas3BU-
The Bcell poccuiickodl ajberosorun (CMUpPHOB U Ap.,
1997). OgHako otmeuaetcs (IIlep6axkos, 1967), uto B
OCHOBHOM HCCJIEIOBaHUA Kacajuch 300IJIAHKTOHA, a
eJHUYHble palbOoTHl, MOCBALlEHHble U3y4YeHUi0 (Guro-
IJIAHKTOHA, B OCHOBHOM pacLIVpsJIM IIpefcTaBjieHue
0 ero TakcoHoMmHuyeckoM cocraBe (CMHPHOB U [p.,
1997; BacunbeBa-Kpanuua u Tupckas, 2005). Jlumb
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nse pab6otel (Illepb6axoB, 1967; UYekporkeBa, 1983)
Jlal0T 4eTKoe IpeJCcTaBjieHHde O Ce30HHOI cMeHe IIpe-
obnanmatomux rpynn (GUTOIIAaHKTOHA. BecHol u oce-
HbI0O B IylyDOKOM oO3epe NOMUHUPYIOT AUATOMOBEIE
(IllepbaxoB, 1967) nubo nupodurossie (UYekporkena,
1983), a Taxxe 30JI0TUCTbIE BOJOPOCIIU, JIETOM — CHHe-
3eJieHble, a B HEKOTOpble roAbl AUHO(PUTOBBIE JHOO
3onotucthie (Illep6akos, 1967), ¢ yuacTrem 3ejieHbIX U
nupodurossix (UekporkeBa, 1983).

[Ipu sTOM pexuM (PUTOIJIAHKTOHA ABJIAETCA
OAHMM U3 KJII0OUeBHIX (HaKTOpPOB KpPyroBopoTa OuoreH-
HBIX U OpraHMYecKuX BelecTB, IIOCKOJIbKY HMEHHO
«[IBeTeHUe» ABJIAETCA TJIaBHBIM MCTOYHHKOM aBTOX-
ToHHOTrO OB B 03epe, MpUYMHON Nepexofia GHOTeHHBIX
3JIeMEeHTOB U3 PacTBOPEHHOI MUHepaJIbHOM (OpPMBI BO
B3BEIIEHHYI0 OPraHNYecKyl B COCTaBe KJIETOK (PuTo-
IIJIAHKTOHA, a TakXe aKTUBHOIO NoTpebyieHus MUHe-
PpaJIbHOT'O KpeMHH:A BeCHO! B IepuoJi AOMHUHHUPOBAHUA
JUaTOMOBBEIX BOJOPOCJIEl, 3alacaimuxX ero B CBOUX
CTBOPKAaX, 1 ero HU3KOI'o COAepXaHusA B ANUJIMMHUOHE
Jl0 KOHIIa JieTa.

[lo pesysbTaTam aHaiau3a pe3yJibTaToOB 6-JeT-
Hero Iepuoja Hallero MOHHUTOPUHIA IpeXJe BCero
obpamaloT Ha cebs BHMMaHMe SpKHE MEXIOoJOBbIE
pasynuus Ce30HHON AWHAMUKK OOJIbIIMHCTBA IIOKa-
3aTejiell, SIBHO CBSI3aHHBIE ellle ¢ OJHUM BaXXHEHIINM
(dakTopoM, oONpelesANMM THUOPO3KOJIOTHYECKOoe
COCTOsIHME BOJIOEMOB — XapaKTepoM U CTeleHbI0 Mpo-
sIBJIEHUs1 0€CKUCJIOPOJHBIX YCJIOBUN (CpOKaMu MOsiBJie-
HUA, TPOJOJDKUTEJIBHOCTDIO, 'PaHUIlaMU paclpocTpa-
HeHus). [locseanue, B CBOIO odepenb, OIpeAesiAlTCA
TepMOAMHAMUYECKUM peXUMOM U TeM, HAacKOJIbKO
OBLIM HaCHILeHbl BOJBI O3epa KHUCJIOPOAOM BO BpeM:A
BeceHHel nupkyJsanuu (Illepbakos, 1967; lllanopeHko
u IlMunekpor, 2005).
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Puc.9. Comepxanue B o3epe I'7ry60koM MuHepasibHbIX Gopm azora B 2019-2025 rr.: N-NH, (a), N-NO, (6), N-NO, (B).

B 2019 u 2023 rr., KOrga HemoJiHasg BeCEHHAA
IUpKyJANuA oOycyioBwia (opMupoBaHue Haubosiee
OBLIMPHOM U IPOAOJIXKUTEJIBHOM 30HB aHOKCHUU, B IPU-
JOHHBIX CJIOSAX HaOJIoJaIuch MakKcHUMaJslbHble 3Haue-
HUA [[BETHOCTU BOJbI, KOHIIEHTpally MUHEPaJIbHOIO U
BajioBoro ¢ocdopa, oliero 1 aMMOHUIHOIO a30Ta, B
2-3 pa3sa mpeBblaIe MaKCUMyMBbl APYTUX JIeT.

Ha noBbllleHHWe NBETHOCTM B IPUAOHHBIX
FOpPU30HTaX B AaHA’POOHBIX YCJIOBUAX YKa3bIBAIOT
MIpaKTU4YeCcKd Bce IIpeXHHe UCCIeJOBaHUA 3TOro
IokKasaTeJsid, BKJII0Yas IlepBble Iofbl Hallero MOHHU-
topunra (Illep6akos, 1967; Buxkbynatos u fp., 1972;
[MTanmopenko u IlTunskport, 2005; CokosoB u fp., 2018).
OTOT 3P deKT, XOPOIIO M3BECTHBIYI HAM IO MHOTOJIET-
HUM HabiomeHusAM Ha MoxalickoM BOAOXpaHWJIMILe
(CokosioB, 2013), cBsA3aH C BBIXOAOM KOJLJIOMIHOTO
rujpara xejiesa U3 JOHHBIX OTJIOXKEHWI U ero Iocje-
AYIOIAM [epexoJloM B IPHUCYTCTBUM CEpOBOAOPOAA
B OoJjiee pacTBOPHMMEIN TeMHOOKpAIeHHBIN CyJabdua
xkesieza (Illep6axoB, 1967). Mel neiicTBUTENbHO (UK-
CHpOBaJIX 3allaX CepOBOAOPO/A B IPUJOHHHIX Tpobax B
IeprUobl AaHOKCUU.

CrnenyeTr OTMETHUTh, YTO OO IIPOBeAeHUs MeJIUOo-
paTHUBHBIX MepOIpUATUI Ha Bofgocbope o3epa B 1960-x
IT. ¢ 3a00JI04eHHBIX U 3aJIeCEHHBIX OeperoB B 03€po

[IOCTYIIAJI0O HAMHOTO 60JIbllle aJJIOXTOHHBIX I'YMYCOBBIX
BellleCTB, I03TOMY IlepBble HCCaeOBaHUA 03epa OTMe-
Yyajil XapaKTepHbINl TeMHO-OyphIli OTTEHOK BOABI, a
BennunHa L[B gocturana 170 rpag u 6oJjiee, a B KOHIle
nepuoAoB craruaiuu gocruraia 250 rpag (Illep6axos,
1967). Benuuuna XIIK B Boze ozepa [syb6okoro no
MeJIMOpaTHUBHBIX paboT Takxe OblIa IIOYTH BABOE BHIIIE
u cocrasysia 32-40 mrO/n (Ulepbakos, 1967).

3aboJI0ueHHBII U 3aJieCeHHBIA  BoJocOOp
I';myOokoro o3epa CIIyXXWT TIeOXUMHUYeCKUM Oapbe-
POM [J1A NOCTYIUIEHUS B 03epO OMOTeHHBIX BelleCTB
(ITannopenko u Munekpot, 2005), nosTomy BoAa o3epa
XapaKTepu3yeTcs CpaBHUTEJIbHO HU3KUM UX cojepxa-
HueM. IToaToMy, Kak U B cjIy4yae C LIBETHOCTBIO, ITOBHI-
IIeHne coAep>kaHusA OMOTeHHBIX BelleCcTB y JHA o3epa
I';my6okoro cBsA3aHO He C BHeIIHel, a ¢ BHYTpPeHHell
HarpysKoH, Korja aHaspoOHbIe yCJIOBUA CIIOCOOCTBYIOT
BOCCTaHOBJICHHIO MUHEPaIbHOTo (TIpeXxae BCero aMmo-
HUIIHOTO) a3oTa u (ocdopa U3 JOHHBIX OTIIOXKEHUI
(Soranno et al., 1997; Wilhelm and Adrian, 2008;
North et al., 2014). Takxe YBeJIUYEHUIO COIEPKAHUA
docdopa y qHa MOXeT CIIOCOOCTBOBATH BOCCTAHOBJIE-
HUe u3 ¢ocdopcofepxalix OpraHUYecKuX coeauHe-
HUl ¢ yuactueM bakrepuii (Epuna u fp., 2019).
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PeTpocneKTUBHBIA aHaIU3 JUTepaTypHBIX AaH-
HBIX JeMOHCTPHpPYeT OTCYTCTBHE KaKOro-ubo A0CTO-
BEpHOro HallpaBJIEHHOTO MHOrOJIeTHero TpeHAa. B
1932-33 rr. (Illep6akoB, 1967) conepxaHue MUHEPaIb-
Horo docdopa u olmero azora O6bLI0 CONOCTABUMO CO
BCEMH rofjaMM Haulero MOHUTOpHUHra, kpome 2019 u
2023 rr. Jletom 1983 r. (Yanin et al., 1986) makcu-
MaJlbHOe cofeprkaHue MHUHepaJibHoro ¢gocdopa y gHa
npesbimano 150 Mkr/ia, kak 1 B 2019 r. B 2001-2003
rr. (Ilamopenko u Mlunekpot, 2005) copepxaHue
obugero gocdopa u obiiero a3ora 6b1J10, IO-BUAUMOMY,
IIpYMEPHO BABOE BHIIIE COBPEMEHHOI'0, XOTs CTaThd He
JMIileHa IPOTUBOpPeYUii: OuanasoHbBl M3MeHUYMBOCTHU
KOHI[eHTpaLui obiero ¢pocdopa u a3ora B TabJIUIlE U B
TeKcTe pasjnuaiorca (cogepxkanue pocdopa y noBepx-
HOCTH, IIPUBOAYMOEe B TalJiulle, BTpoe HIXe yKa3aH-
HOI'O B TEKCTe U BIIOJIHE COOTBETCTBYeT COBPEMEHHOMY
COCTOSHMIO, OJHAKO MaKCHMaJIbHble KOHI[eHTpaluu
asoTa B TeKCTe IIOYTH BABOE BhIIIe, yeM B Tabsule, U
TakUM 00pa3oM IIPeBOCXOAAT COBpPeMeHHEIe yxe 6oJiee
yeM B 3 pa3a). B mepBble rofpl Halero MOHATOPHHTA
(Tepemnna u fp., 2019), kak u B 30-e roAsl MPOILIOTO
BeKa, KOHIleHTpauuu gocdopa 1 aszota ObUIM COMOCTA-
BUMHI ¢ rogaMu 6oJiee 6J1aronpUATHBIX KHACJIOPOAHBIX
yCJIOBUIA.

MunepaJsibHbIe COeJUHEHUs a30Ta IeHeTHYeCKU
CBA3aHB, HUX OuoxuMmueckas TpaHcopmalua oO0y-
CJIOBJIEHa KaK aKTHMBHBEIM IoTpebJieHHMeM (HUTOIIaH-
KTOHOM, TaK U YepefjoBaHNeM a3POOHBIX 1 aHA3POOHBIX
ycaoBui. JIOBOJIBHO CKyAHBIE CBeJleHUA B JIUTepaType
0 cofepxaHuM 3TUX GopM B BojJie o3epa ['sybokoro He
MIO3BOJIAIOT Ha[eXHO OLIEHUTbh MHOIOJIETHIOI JUHA-
MHKy 3THUX IIOKasaTesiel, HO B I[eJIOM NpHUBOANMEIE
JAuana3oHbl KOHI[eHTpalUi COrjacylTcs C COBpeMeH-
veiMu (Yanin et al., 1986; Illamoperko u IIMIBKPOT,
2005). Cnegyet oTMeTUTh, 4yTO B paborte (Yanin et al.,
1986) HUTPUTH OMMNOOYHO HA3BaHBl HUTpaTaMM, TaK
YTO JIWIIb II0 ONMCBIBAEMOMY XapaKTepy BepTHKaJlb-
HOro pacnpefesieHUs MOXHO C HEKOTOPO! yBepeHHO-
CTBIO Pa3JIMYUTh JiBe 3TU (GOPMBI MUHEPaJIbHOIO a30Ta.

B3anMo000yC/IOBJIEHHOCTh — I'MAPO(PU3NYECKUX,
TUPOXMMHMYECKUX U THUApOOMOJIOTMYEeCKUX Ilapame-
TPOB NOAYEPKUBAeT BaXXHOCTb KOMIUIEKCHBIX T'MAPO3-
KOJIOTMYECKHX HCCJIe[JOBaHNU, a CyllleCTBeHHasA MeXro-
JoBasg W3MEHUYMBOCTb JEMOHCTPUPYET BO3MOXHYIO
Hepenpe3eHTaTUBHOCTbh €QUHUYHBIX KCCJIe[JOBAaHUI U
HeoO0XOAMMOCTh PeryJiApHbIX MHOTOJIETHUX HalJiofe-
Hull. Y3 3Tux coobpakeHuUil BBITEKAeT TakXKe 1 OCTOPOX-
HOCTb, C KOTOPOH cJielyeT COIOCTaBJIATh pe3yJIbTaThl
Pa3HOPOJHBIX IO COCTaBy, MeTOAVKe, IPOCTPaHCTBEH-
HOMy U BpPeMEHHOMY OXBaTy HCCJIeJOBaHUI, a TeM
6oJiee feslaTb Ha UX OCHOBE BHIBOJBI O MHOTOJIETHUX
W3MeHEeHUAX COCTOSAHUS 03€PHOI 3KOCHUCTEMHL.

B xauecTBe mpuMepa MOXXHO IIPUBECTU BBIBOJIBI
0 MOBHIINIEHNN YPOBHA TpodHOCTH o3epa (UeKkprikeBa,
1983), cmenaHHBle OH Ha OCHOBAaHWM CpaBHeHUs JaH-
HBIX eAWHCTBEHHOro rofa CcOOCTBEHHBIX HaOJIofe-
Huii (6esnenHslii mepuon 1977 r.) ¢ Takke KpailiHe
CKyOHBIMM W HEOJHOPOAHBIMM JaHHBIMU MCCJeNO-
BaHUU IpouUIbIX JieT. K cxoxeMy BBIBOAY IPUXOLAT
aBTOPBHl KOMILIEKCHBIX ucciiefoBanuit 2001-2003 rr.
(ITanmopenko u HIunekpoTt, 2005), ogHAKO, KaK OBLIO
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[I0OKA3aHO BBHIIle, UX Pe3yJIbTaThl CyIlleCTBEHHO BEIOMBa-
I0TCA U3 pAAa MMeIIUXcsa THAPOXUMUYeCcKUX HalJIio-
neHuil. [To onjeHKaM HEKOTOPHIX aBTOPOB, 03epO Aaxe
Iepenuio M3 Me30TpodHOro K cj1abo3BTpoPHOMY
cocrosaHuio (BacunbeBa-Kpanuna u Tupckasa, 2005).
[Tpu sTom eme [lepbakos (1967) caesan BBIBOJ, YTO
B MaJIONPOAYKTUBHBIe rofnl o3epo I['ybokoe nmeer
4epTh Me30TPOGHOI0, a B oAbl IOBBLIIEHHON MPOAYK-
TUBHOCTH CPaBHUMO C 3BTPOGHBIMU 03epaMHu.

Kak Oblto ynomsaHyTo, o3epo I'siybokoe 1 ero
BOAOCOOP MWCHBITHIBAIOT MHWHHMAaJIbHOE aHTPOIIOTeH-
HOe BO3[lelicTBUe, 0COOeHHO 1Mo MepkaM MOCKOBCKOM
o6JiacTH, 4TO NI03BOJIAET pacCcMaTpUBaTh 3TO 03epo KaK
(oHOBBIH BojoeM. [J1A cpaBHEHMA YMECTHO NpHUBECTU
o3epo besoe, oTHOcAMIeecs k cucTeMe KocuHckux o3ep:
OHO cx0Xe c 03epoM I'yiy6okuM cBoell riTy0OKOBOAHO-
cThi0 (ero MakcuMaJsibHas rjiyOrMHa cOCTaBJiseT 16 M),
OKPYTJION KOHYCOOOpa3HOU KOTJIOBUHOWU JieJHUKOBOT'O
IIPOUCXOXKAEHUA, JUMUKTUYECKUM PEeXHUMOM, eXerof-
HBIM (GOPMUPOBaHNEM 30HBI aHOKCcUM (OOIMIMPHON Kak
JIETOM, TaK M 3UMOI1), HEMOJHOU BeCceHHEMN IUpKYJIiA-
I[eil B OTAeJIbHEIe oAb, a Takxe Oojiee 4yeM BEKOBOM
hcTopueil ucciiefoBaHUU Oiarofgaps JesATeIbHOCTU
KocuHckoit 6uonorudeckoit crannuu (IIupoxoBa u
OzepoBa, 2019). OaHako benoe o3epo mpu 3TOM pac-
[I0JI0XKEeHO B 4epTe I. MOCKBBE, MHOTMe [OeCATUJIeTUA
HCIBITHIBAaeT OIIyTHMOE AaHTPOIOreHHOe BJMAHUE U
AIBJISIETCA BBICOKO3BTPOGHBIM. Takke MHTEpeCcHO Cpas-
HUTB 03epo I'11ybokoe ¢ MoxalickuM BOJAOXpaHUIINIIEM,
PAaCIOJIOKEHHBIM B CXOXMX JIaHAMA(THBIX YCJIOBUAX
(JtecucTeil U GOJOTUCTHIA BOHOCOOp, CPaBHUTEIBHO
MaJsias AJjiA pernoHa aHTPOIIOreHHas Harpyska), riy6o-
KOBOJHBIM (0 22 M), AUMHKTHYECKHM, C €XerogHoun
JleTHell aHOKcHel, Me30TpO(HO-3BTPOGHBIM BOJO-
eMoM, oTiauvarmumMmca oT I'ybokoro u KocuHCKkux
03ep Impexe BCero BBICOKON POJIbI0 PeYHOr'o CTOKA U
ero peryJjuposaHusa. BogoxpaHuiuiie Takxe AeTaJlbHO
M3y4aJioch C MOMEHTA CO3[1aHusA, B OCHOBHOM COTpYA-
HUKaMu Kadenpsl rufgposiorun cymu MIY umenu
M.B. JlomoHocHoBa (I'uaposkosoruieckuii..., 2015). C
2016 r. Ha MoxatickoM BomoxpaHuiuile (EpuHa u ap.,
2020) u c 2021 r. va Kocunckux ozepax (TepeminHa u
ap., 2023) MBI IPOBOAUM MOHUTOPHUHI, METOUYECKU
aHaJIOTUYHBIHM HaOJII0oAeHnAM Ha o3epe ['myGokoMm.

B moBepXHOCTHBIX cj0sAX Morkaiickoro BOAO-
XpaHWINILA cofepkaHue MuHepajbHoro ¢ocdopa B
cpeqHeM B 4 pasa Bhllle, yeM B o3epe I'sty6okom (4To
MOXHO OOBACHUTH pEYHbIM IMTaHHEeM BOJOXpaHU-
Jnuma), B o3epe Besiom — B 2-3 pa3sa Bhiille; o61iero doc-
dopa B oboux BogoeMax B 2-3 pasa BhIllle, UYeM B 03epe
I'my6okoMm. CpeliHMe KOHIleHTpaluu oO0liero U amMmo-
HUIHOTO a30Ta B IOBEPXHOCTHOM cJjioe Moxarickoro
BOJOXPaHWINIA He3HAUUTEeJIbHO IPEeBHINAIOT TaKo-
Bble B o3epe I'tybokoM, oaHako B o3epe besiom obiero
aszora B 2-3 pasa Bbillle, a aMMOHHIIHOTO — B 10 pa3
BHIIIle, II0-BUJMMOMY, B CBf3M C aHTPOIOTe€HHEIM
3arpsA3HeHueM.

HamHBoro spue nposBiAl0TCA pa3jindua B cofiep-
XKaHUY OMOTeHHBIX BellleCTB B MPUAOHHEIX CJIOAX, XOTA
MeXaHU3MBI U YCJIOBUA yBeJINUeHUA X KOHLIeHTpaIui
(BoccTaHOBJIEHUE M3 JOHHBIX OTJIOXKEHHU B aHa’poO-
HBIX YCJIOBUAX) BO BCeX BoJoeMax cxoxu. B MoxarickoM
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BOoJOXpaHuUIuIIe cogepxaHue pocdopa B cpeHEeM B 5
pas3 Bhille, yeM B o3epe ['JIyOOKOM B YCJIOBHUAX OCTPOH
aHokcuu 2019 u 2023 rr., 1 B 10 pa3s Bhlllle 110 CpaBHe-
HUIO C OCTaJIbHBIMU rogaMu, oOIIero asora — COOTBeT-
CTBEHHO B 2 1 3 pa3sa Bblllle, aMMOHUIHOrO — B 1,5 1
2 pasa. Uto kacaetcs o3epa besoro, cogepxanue ¢oc-
¢opa y ana B Hem B 10-20 pa3 BhIlIe, yeM HabaoAa-
Jock B o3epe I'my6okom B 2019 u 2023 rr., u go 30 pa3
BhIIIIe B OCTaJIbHbIE T'OJbl; 00IIero asoTa — IpUMepHO B
10 u 20 pa3 cooTBeTCTBEHHO, aMMOHUIHOTO — B 20-30
u nnoutu B 50 pas.

5. BoiBOABI

[TpogomxeHre MHOTOJIETHUX MCCIIEJOBAHUI 03.
I'myGoKOro mo3BOJIMJIO paclIMpUTh U yTOYHUTH Ipef-
CTaBjIeHWs O ero COBpPeMEHHOM TIHpPOXHMHYECKOM
pexume. ComocTaBjieHHe TNOJIy4eHHBIX MHOTOJIETHUX
PANOB ¢ MaTepuajlaMH IMEpBBIX JleT MOHUTOpPHHTA U
JUTepaTypHBIMM [JaHHBIMH HarjIAgHO IIOKa3bIBaeT,
HaCKOJIBKO JJIA I'JTyOOKOr0 ¥ KOPPEKTHOI'0 IIOHUMAaHUA
3aKOHOMepHoOcTell (OpPMHPOBaHUA T'MAPOIKOJIOrHYe-
CKOT'O COCTOSHUA BOJOeMa HeoOXOAUM KOMILJIeKCHBIHN
Y JAJINTeJIbHBIN MOHUTOPHHT, OXBAaTHIBAIOUINI pa3sidy-
HEIe II0 TUJIPO3KOJIOTHYeCKUM yCJIOBUAM T'OLEL

KitoueBbiMu  dakTOopaMy,  onpeAesAnIuMU
CYIIIeCTBEHHYI0 MeXTI'O[OBYI0 W3MEHUYMBOCTb THIIPO3-
KOJIOTMYEeCKOro pexmuMma osepa I'1ybokoro, sBJIAIOTCA
Ipexje Bcero TepMoAWHaMUyYecKue ycJjIoBUsA (B TOJb
C HeIOJIHOW BeceHHel HUPKYyJiAuell GopMupyloTca
HauboJiee OCTpble U IIPOJOJDKUTESIbHbIE 0eCKUCIOpOA-
HBIe YCJIOBUA, YTO MPUBOAUT K IPUMEPHO BABOe 6oJiee
WHTEHCHBHOMY BOCCTAHOBJIEHHIO OKpAIleHHBIX COedu-
HEHUM XeJie3a, MUHepaJibHBIX Gopm docdopa u azora
U3 JIOHHBIX OTJIOXKEHHUI 0 CPaBHEHUIO C OCTaJIbHBIMU
rogamu), U B MeHblIIell cTeleHn — pa3jinyuus B OUOIpo-
JAYKTUBHOCTU KOHKPETHBIX JIeT, KOTOpEIe MOT'YT IOCTHU-
raThb HECKOJIbKUX IOPSAKOB.

CpaBHeHMe C JIMTepaTypHbIMU JaHHBIMU IIOKa-
3bIBaeT OTCYTCTBHE KaKOro-Ju00 BBIpAXXEHHOI0 MHO-
rojileTHero TpeHAa cojepxaHusa ¢ochopa U asoTa
Ha npotrsxkeHun XX-XXI BB. U HEHaJeXHOCTb OLEHOK
THUPO3KOJIOTMYECKOTr0 COCTOSHUA 03epa, OCHOBAHHBIX
Ha JaHHBIX HENPOAOJIKUTEIbHBIX U TeM 60Jiee pa3oBhIX
HabyoeHul. BBIBOABI O HalpaBJIeHHOM H3MeHeHU!
Tpodudeckoro craryca osepa I'siybokoro u ero mnocre-
IIeHHOM »3BTPOGHUPOBaHUM, CAeJIaHHble HEKOTOPHIMU
aBTOpaMu II0 pe3yjbTaTaM HCCJIeJOBAaHUI OTJeJIbHBIX
JleT, He TOATBepXAalTcA AAaHHBIMA MHOTOJIETHEro
MOHMTOPUHTA.
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