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ABSTRACT. The paper presents the results of an approximate assessment of the nutrient load on the
Cheboksary reservoir of the Volga Cascade from the right-bank and left-bank parts of the catchment
basin. The main solution tools are the recognition of the underlying surfaces in the catchment and
mathematical modeling. The catchment basins of the Kudma (right-bank tributary) and Linda (left-bank
tributary) rivers have been identified as pilot sites. The catchment basins of the Kudma (right-bank trib-
utary) and Linda (left-bank tributary) rivers have been identified as pilot sites. The representativeness
of the selected pilot sites for the catchment basins of the Cheboksary reservoir is demonstrated. The
mathematical basis of the research was the “precipitation-runoff-removal” model describing the forma-
tion of runoff and removal of biogenic elements from the catchment basin. To calibrate the mathemat-
ical model, the materials of observations of water discharges and the content of chemical agents in the
gauging sections of the pilot catchment basins were used. The modeling data provides an approximate
estimate of the total nutrient load on the Cheboksary reservoir, as well as the contribution of natural
nitrogen and phosphorus removal to the load from the catchment basin.
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1. Introductioon The aim of the paper is to provide an approxi-

mate assessment of the loading of total nitrogen (N )
and total phosphorus (P__) on the Cheboksary reser-
voir formed in the catchment area, based on mathemat-
ical modeling using available observational data on the
formation of runoff and removal of chemicals in pilot
catchment basins.

The Cheboksary reservoir is formed on the Volga
River by the Cheboksary hydroelectric plant, located in
the city of Novocheboksarsk. The length of the reser-
voir is 341 km, the area is 2190 km?, the total volume
of water is 13.9 km?, the area of its own catchment
basin without the upstream Volga basin is 131.9 thou-
sand km? The Linda (left tributary of the Volga, its
length is 122 km, its catchment area is 1682 km?) and

Anthropogenic eutrophication is one of the sig-
nificant issues in the Volga Cascade reservoirs (Mineeva
et al., 2020). The reason is the intense anthropogenic
nutrient load from the catchment basin. At the final
stages of anthropogenic eutrophication in eutrophic
and hypereutrophic water bodies, a disbalance may
occur in the ratio of productive and destructive pro-
cesses within the aquatic ecosystem. This leads to the
emergence of oxygen-free (anaerobic) zones, fish kills
phenomena, a reduction in fish stocks, and water pol-
lution with toxic substances as a result of the develop-
ment of certain species of phytoplankton, “blooming”
the water (Rossolimo, 1977; Anthropogenic eutrophi-

cation..., 1982). At the same time, the current monitor-
ing system is unable to provide an accurate assessment
of the nitrogen and phosphorus inflow to the reservoirs
from tributaries due to the limited number of measure-
ment points for water discharge and hydrochemical
characteristics.
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the Kudma (right tributary of the Volga, its length is
144 km, its catchment area is 3248 km?) catchments in
the basin of the Cheboksary reservoir were selected as
pilot sites reflecting the main patterns of biogenic ele-
ment removal on the basis of expert assessment (Fig.1).
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The catchment basins are representative of the forested
left bank and the agriculturally developed right bank of
the Cheboksary reservoir. Moreover, karstic phenom-
ena are widespread in the Kudma basin, which also
influence the formation of runoff and the removal of
nitrogen and phosphorus. There are gauging sections
of state hydrological and hydrochemical monitoring of
the Russian meteorological service in the selected riv-
ers, which enables using these data for the calibration
of mathematical models.

2. Research methods

At the initial stage of the study, the hypothesis
concerning the suitability of the selected pilot catch-
ments was tested. As is well-known, the removal of
nutrients, namely nitrogen and phosphorus, from the
catchment area is mainly determined by the structure
of the underlying surface (Kondratyev and Shmakova,
2019; Khrisanov and Osipov, 1993). This applies to
both natural (background) removal, which is formed
in the parts of the catchment not affected by human
impact (forest), and to anthropogenic removal (agricul-
tural and urbanized areas). Therefore, the criterion for
the correct selection of a pilot catchment is the similar-
ity of their underlying surface structure with the struc-
ture of the basin as a whole.

In the present study, the differentiation of the
land cover was carried out using global archives of sat-
ellite data of the underlying surfaces. The land cover
classification of the Cheboksary reservoir basin and
pilot catchments was based on the Copernicus Global
Land Service Collection 3 (CGLS) (Buchhorn et al.,
2021a; Buchhorn et al., 2020b). The CGLS collection is
formed from satellite imagery from PROBA-V (PROBA-
Vegetation) and Sentinel-2 with spatial resolutions of
100/110/300 m. The depth of the archives of satel-
lite images used to create the CGLS data collection is
from 2015-01-01 to 2020-12-31. The UN Land Cover
Classification System (LCCS) was used to classify the
land surfaces, which are in the CGLS archive. The main
data source is PROBA-V multispectral satellite imag-
ery with a temporal resolution of 5 days and a spa-
tial resolution of 100 m of surface reflectivity at the
Top-of-Canopy (TOC). The secondary data source is the
daily PROBA-V multispectral satellite imagery with a
spatial resolution of 300 m of surface reflectivity. Their
median composite is made to archive regular 5-day
images at 100-meter and 300-meter spatial resolution
of the PROBA-V time series. This is necessary because
the PROBA-V satellite provides daily global coverage
for data with a spatial resolution of 300 m, which cor-
responds to 5-day coverage for the same data with a
spatial resolution of 100 m. The identification of the
types of underlying surfaces of the CGLS collection is
based on spectral indices (Mousaei Sanjerehei, 2014),
other global data archives (Pekel et al., 2016), and the
WorldDEM™ digital elevation model. The detailed clas-
sification algorithm used to obtain the CGLS data col-
lection is given in (Buchhorn et al., 2020a).

This study area includes 15 land cover classes
that are necessary for calculating the load on a water
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Fig.1. The location of the Kudma and Linda pilot catch-
ments: 1 — hydrographic network, 2 -Linda River catchment,
3 —Kudma River catchment.

body (Table 1). The Table 1 demonstrates that the dif-
ference in the percentage of different surface classes of
the pilot sites and the corresponding parts of the whole
reservoir basin does not exceed 6%. The above corre-
spondence of the land cover classes of the pilot catch-
ments with the structure of the right- and left-bank
parts of the Cheboksary reservoir basin confirms the
legitimacy of the chosen objects as pilot ones. Besides,
for the main classes of the underlying surface, based
on the analysis of literature data (Rossolimo, 1977,
Anthropogenic eutrophication..., 1982; Pozdnyakov et
al., 2020), the emission characteristics of the intake of
nutrients into the runoff are approximately estimated.

The main mechanisms for attaining the goal were
a mathematical model of runoff formation of ILHM and a
model of biogenic elements removal of ILLM developed
at the Institute of Limnology RAS and modified with
the participation of Federal State Budgetary Scientific
Institution “Federal Scientific Agroengineering Center”
(Kondratyev and Shmakova, 2019; Yasinskiy et al.,
2020).

The runoff model, ILHM (Institute of Limnology
Hydrological Model, Certificate of State Registration
No. 2015614210) (Kondratyev and Shmakova, 2019),
is designed for calculations of hydrographs of snowmelt
and rainfall runoff from the catchment area, as well as
water levels in the waterbody. The model has a concep-
tual base and describes the processes of snow accumu-
lation and snowmelt, evaporation and soil moisture in
the aeration zone, runoff formation, as well as runoff
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Table 1. Comparison of land cover classes of the pilot catchments with the right- and left-bank parts of the Cheboksary

reservoir basin

Land cover classes

Shrubs
Herbaceous vegetation
Cultivated and managed vegetation / agriculture
Urban / built up
Bare/sparse vegetation
Permanent water bodies
Herbaceous wetland
Closed forest, evergreen needle leaf
Closed forest, deciduous broad leaf
Closed forest, mixed.

Closed forest that not matching any of the other
definitions

Open forest, evergreen needle leaf
Open forest, deciduous broad leaf
Open forest, mixed

Open forest that does not correspond to any of the
other definitions

Total catchment area, km?

Kudma River | Right Bank, % | Linda River Left Bank, %

catchment, % catchment, %
0.00 0.00 0.00 0.00
10.49 16.38 3.18 2.94
37.96 37.00 11.96 8.85
3.73 2.15 1.73 0.52
0.00 0.00 0.00 0.00
0.24 0.72 0.07 1.19
0.01 0.07 0.01 0.06
1.88 4.03 10.49 12.23
23.00 23.28 33.07 37.78
10.04 6.96 25.22 25.32
1.45 1.63 1.71 3.61
0.00 0.02 0.01 0.04
0.20 0.05 0.53 0.44
1.76 1.56 1.69 0.30
9.22 6.15 10.33 6.72
3248 75687 1682 56176

within a homogeneous catchment, the characteristics
of which are assumed to be constant for the entire area.
The model can function with a monthly time step and
with an annual time step. During the simulation, the
catchment is represented as a homogeneous simulated
storage, accumulating incoming water and then grad-
ually allowing it to flow way. The values of the basic
parameters of the hydrological model, determining the
shape of the hydrograph of the runoff, are determined
depending on the percentage of water body, that is, as
the ratio of the area of the water area to the overall
area of the catchment. The model has been verified in
a lot of catchments located in Russia (Tigoda, Lizhma,
Syanga, Olonka, Sunah, Shuya, Ojat, Sjas, Vuoksa,
Svir, Velikaya, Kazanka, Svijaga, and Neva Rivers) and
Finland (Mustajoki and Harajoki Rivers) (Kondratyev
and Shmakova, 2019).

The model of nutrient removal, ILLM (Institute
of Limnology Loading Model, Certificate of State
Registration No. 2014612519), was developed based on
existing modeling of runoff and the removal of biogenic
elements from the catchment areas and nutrient inputs
into the water bodies (Kondratyev and Shmakova,
2019; Behrendt and Dannowski, 2007; Behrendt and
Opitz, 1999). The recommendations of the HELCOM
for assessing the load on water bodies in the Baltic Sea
were also built into the model (Guidelines..., 2015). The
model is designed to solve problems associated with
the quantification of nutrient loading formed by point
and nonpoint sources of pollution and the forecast of
its changes under the influence of possible anthropo-
genic and climatic changes. The model incorporates the
existing capabilities of data input from the state moni-
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toring system of water bodies as well as data from state
statistical reporting on wastewater discharges and agri-
cultural activities in the catchment areas. The model
also allows the calculation of the removal of biogenic
elements from the catchment under the influence of
hydrological factors and retention by the catchment.
The final result of the modeling is an evaluation of the
nutrient load and its components on the received water
body from the catchment. The model of nutrient load
has been verified at several catchment basins in Russia
(Velikaya, Luga, Mga, Izhora, Slavyanca, Sestra, Shuya,
Vodla, Sunah, Kazanka, Svijaga, and Irtysh Rivers)
(Kondratyev and Shmakova, 2019; 80 years of limno-
logical research..., 2023). The materials of the Helsinki
Commission (Applied methodology..., 2019) describe
models that can be used to calculate the external load
on the water objects of the Baltic Sea basin. These
include the ILLM model.

The combination of ILHM and ILLM models is
a “precipitation-runoff-removal” model that trans-
forms meteorological parameters (precipitation and
air temperature) into runoff (water discharges) and
the removal of biogenic elements from the catchment
area, depending on the characteristics of the land cover
classes and the intensity of external influences of a
natural and anthropogenic nature. At the same time,
the ILLM model provides for the calculation of natural
(background) load. In accordance with the HELCOM
definition (Guidelines..., 2015), the natural load of
biogenic elements is formed due to their removal from
non-cultivated lands and part of the removal from cul-
tivated lands, which occurs independently of economic
activity.



Yasinskiy S.V. et al. / Limnology and Freshwater Biology 2024 (3): 130-141

SI: «Limnology in Russia»

3. Results and Discussion

Inputs to the calculations require information
on precipitation and air temperature, areas of various
types of underlying surface forming a diffuse removal
of nutrients, the intensity of point sources of nutrient
loading, the atmospheric load of nitrogen and phospho-
rus, the number of animals and poultry in the catchment
area, as well as applied mineral and organic fertilizers.

As noted earlier, in order to inform the model,
a classification of the underlying surface types in the
catchment was carried out. The values of phosphorus
and nitrogen concentrations in runoff from various
types of underlying surfaces were set according to field
studies conducted in 2018 and 2019 by employees of
the Institute of Limnology RAS (Pozdnyakov et al.,
2020). To assess the contribution of point sources to the
nutrient load on the lake, data from statistical forms of
state reporting 2TP (vodkhoz) were used. Sufficiently
high values of emission coefficients and concentrations
in runoff from urbanized areas are an expression of the
contribution of a dispersed rural population without
connection to sewerage networks and treatment facili-
ties (Behrendt and Opitz, 1999). The atmospheric load
was set in accordance with the research materials of
Kazan Federal University (Minakova et al., 2019), and
no separation into natural and anthropogenic compo-
nents was made. To calibrate the model, data from
observations of runoff and water quality at the corre-
sponding posts of the state monitoring of the Russian
meteorological service in the closing reaches of the
Kudma and Linda Rivers for the period from 2008 to
the present were used.

The agricultural nitrogen and phosphorus load-
ing on the catchments was estimated by the methodol-
ogy presented in (Bryukhanov et al., 2016). According
to this method, the following main factors in the forma-
tion of nutrient load on agricultural fields were taken
into account in the calculations:

a) Runoff, mm/month
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« content of nitrogen and phosphorus in the soil, the
share of their removal from the total content in
the soil;

+ amount of nitrogen and phosphorus in the com-
position of mineral fertilizers and their emission
coefficient;

+ amount of nitrogen and phosphorus in the com-
position of organic fertilizers and their emission
coefficient;

+ distance of the contour of agricultural land from
water objects;

+ soil type by origin;
+ soil type by mechanical composition;

- structure of farmland (ratio of arable land and
perennial grasses, meadows, pastures, and
deposits).

Calculations of the agricultural nitrogen and
phosphorus load were performed only for pilot catch-
ments. For the right- and left-bank parts of the reservoir
catchment, the load values were recalculated in propor-
tion to the area ratio.

The calibration of the “precipitation-runoff-re-
moval” model on the pilot catchments of the Kudma
and Linda rivers is presented below. Figure 2 shows the
observed and calculated runoff from the catchments of
the Linda River (gauge Vasilkovo) and Kudma River
(gauge Kstovo). The Nash-Sutcliffe criterion is 78% for
Linda and 67% for Kudma, which confirms the ade-
quacy of the model for the described processes of runoff
in the catchment area.

Table 2 shows the results of calibration of the
ILLM model according to the correspondence of the
average long-term values of the removal of biogenic
elements with the runoff in the gauge-stations of the
Kudma and Linda Rivers, which also confirms the cor-
respondence of the simulation results to the available
monitoring data.

b) Runoff, mm/month
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Fig.2. The observed (1) and calculated (2) average monthly runoff layers from the Kudma (a) and Linda (b) catchments.
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When calculating the nitrogen and phospho-
rus removal from the right- and left-bank parts of the
Cheboksary reservoir catchment, a model calibrated on
the corresponding pilot catchments was used. As input
information about the structure of the underlying sur-
face of the reservoir catchment, data from the satellite
image recognition mentioned above were used. The
missing information on the sources of anthropogenic
load was set based on the assumption that the load is
proportional to the areas of the considered catchments
exposed to anthropogenic impact. The results of an
approximate assessment of the nutrient load on the
Cheboksary reservoir based on data from modeling the
runoff and nitrogen and phosphorus removal from pilot
catchments are presented in Table 3.

According to the calculation results, the average
long-term nutrient load on the Cheboksary reservoir is
approximately estimated at 31320 tN/year and 725 tP/
year. At the same time, the specific load from the right-
bank part is 222 kg N/km? year and 5.6tP/km? year;
from the left-bank part, it is 262 kg N/km? year and 5.4
tP/km? year. The presented modeling data do not con-
tradict the results of other studies on nutrient removal
by tributaries of the reservoir (Yasinskiy et al., 2020).

4. Conclusion

Thus, an approximate assessment of the nutrient
load on a large water body from a catchment area that
is not sufficiently sanctified by monitoring observations
is possible under the following conditions:

+ A reasonably well-studied analogue pilot catch-
ment has been identified that has a point of hydro-
logical and hydrochemical measurements at the
trailing gauge-station and a similar land surface
structure to the main catchment (e.g. % area of the
main land surface classes);

+ The selected mathematical model “precipitation -
runoff — removal” is provided with information on
the main sources of nutrient load on the hydro-
graphic network and is calibrated for the closing
gauge of the pilot catchment.

In this case, the lack of information on the
sources of anthropogenic load on the whole catchment
in the calculations can be compensated by data on the
pilot site. In this case, the assumption of proportional-
ity of catchment area parameters is made.

At the same time, it should be remembered that
in future studies, in order to increase the degree of reli-
ability, the modeling results should be compared with
regular ground-based monitoring of runoff and water
quality, which should be carried out on the main tribu-
taries of the reservoir.
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Table 2. The results of the model calibration in the Kudma
(a) and Linda (b) catchments according to the annual nitro-
gen and phosphorus removal in the closing gauge-stations

Source of information |Kudma - gauge| Linda - gauge
Kstovo Vasilkovo

Ntot’ t/ Ptot’ t/ Ntot’ t/ Ptot’ t/

year | year | year | year

Average annual values |715.69( 18.00 |443.73| 9.16

(according to monitoring
data)

Calibration results 717 | 18.00 | 442 9.11

Table 3. The results of an approximate assessment of the
nutrient load on the Cheboksary reservoir, based on nitrogen
and phosphorus removal modeling for the pilot catchments

Calculation results N | Proa
Right bank of the Cheboksary reservoir (area — 75,687 km2,

average long-term runoff — 100 mm/year)

Nutrient load on the reservoir (t/year) 16729| 425

Natural (background) component (t/year) | 2287 | 80.8

Removal module (kg/km? year) 222 | 5.6

Left bank of the Cheboksary reservoir (area — 56176 km2,
average long-term runoff — 188 mm/year)

Nutrient load on the reservoir (t/year) 14591 | 300

Natural (background) component (t/year) | 4111 | 118

Removal module (kg/km? year) 262 5.4
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OueHkKa 6MOreHHOM Harpy3kKm Ha [IMNOLOGY
Yebokcapckoe BOAOXPaHUAMLLE MO FRESETWATER.
pe3yAbTaTaMm MOAEAMPOBaHUA CTOKA BIOLOGY
M BbIHOCA OMOreHHbIX 3AeMEeHTOB C - —
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THncmumym eeoepaguu Poccutickoti akademuu Hayk, CmapomoHemHwblil nepeyJsiok, 0. 29, cmp. 4., Mockaa, 119017, Poccua
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AHHOTAIIHSI. B paboTe npeAcTaBjieHbl pe3yJIbTaThl MPUOJIMKEHHON OlleHKM OMOreHHOU Harpy3kKu Ha
YebokcapcKkoe BoJioxpaHUIUile Boypkckoro kackaaa ¢ npaBobepexHoN 1 JieBoOepexxXHOH yacTel BoJioc-
60pHOU Tepputopur. OCHOBHBIE HHCTPYMEHTHI pellleHrs 3aauy — AenndpHUpoBaHe MOACTUIAIMINX
MIOBEPXHOCTEHN Ha BojocOope M MaTeMaTUdecKoe MoJejiupoBaHMe. B kauecTBe MUJIOTHBIX OOBEKTOB
onpefiesieHbl Bogocbopsl pek Kynbpmel (mpaBoGepexHbIi TPpUTOK) U JIMHAB! (JieBOOepeXHbIN MPUTOK).
[ToxazaHa penpe3eHTaTUBHOCTb BBIOOPA yKa3aHHBIX MMJIOTHBIX 00BEKTOB JIJIs1 BoJjocOopa Yebokcapckoro
BOAOXpaHWINIA. MaTeMaTlu4ecKyl0 OCHOBY HCCJIEJOBAHUS COCTABUJIA MOJEJIb «OCAJKU-CTOK-BBIHOC,
omnuckBawmas ¢GopMHUPOBAaHUE CTOKA M BRIHOC OHOTeHHBIX 3JIEMEHTOB C BogocOopa. s KaJinGpoBKU
MaTeMaTUYecKON MOZEH KCII0JIb30BaHBl MaTepuasisl HabJIIoAeHUH 3a pacxogaMu BOIBI U coAepxka-
HUeM XUMUYECKUX BelleCcTB B 3aMBIKAIOMINX CTBOpPAaxX MUJIOTHBIX BOJOCOOPOB. 10 MaHHBIM MOIEJIUPO-
BaHUsA JlaHa NPUOJIMKEHHas OIleHKa CyMMapHOI OMOreHHOI Harpy3ku Ha Yebokcapckoe BOAOXpaHU-
Jijie, a Takxke BKJIaZa MPHUPOJHOro BEIHOCA a30Ta U (ocdopa B Harpy3Ky co CTOPOHEL BogocHopa.

Kiouegwie ciioga: Yebokcapckoe BoAOXpaHUNIe, AemndprupoBaHie CIIyTHUKOBBIX CHUMKOB, CTOK, OMOreHHas
Harpyska, MaTemMaTruieckas MozAeJsib

Jia nutupoBanusa: fcunckuil C.B., KonapateeB C.A., Ilmakosa M.B., KamyTtuna E.A., PacynoBa A.M. OueHka 6HMOreHHOU
Harpy3ku Ha YeboKcapckoe BOJOXPAHWJININE MO pe3yJibTaTaM MOMAEIUPOBAHUA CTOKA M BBIHOCA OMOTEHHBIX JJIEMEHTOB C
MUJIOTHBIX Bogoc6opoB // Limnology and Freshwater Biology. 2024. - Ne 3. - C. 130-141. DOIL: 10.31951/2658-3518-2024-A-3-130

1. BBeAeH“e MOHUTOpPHUHI'a HE€ IIO3BOJIAET BBIIIOJIHUTH aA€KBATHYIO

OL[eHKY MOCTYyIUJIeHUA a3oTa u pocdopa B BOJOXpaHU-
JIIA CO CTOKOM IIPUTOKOB BBHUJY MaJIOYMCJIEHHOCTU
IIyHKTOB M3MepeHUI pacxoJi0B BOJBI U TMpOXHUMUIYe-
CKUX XapaKTepUCTUK.

AHTponoreHHoe 3BTporpoOBaHe — O[JHA U3 IIPO-
61eM BomoxpaHuui Bomkekoro kackaga (MuHeeBa u
Ap., 2020). [IpuunHON CIyXXUT WHTeHCHBHasA OuoreH-
Hasg Harpyska aHTPOIOTe€HHOrO0 IPOUCXOXOEHUA CO [{eJIb10 pAGOTHI ABJIAETCA IPUGITIKEHHAS OLEHKA
cTOpOHHEI BogocOopa. Ha 3aBepmammux cTagusax pas- Harpysku o6mumM asotom (N ) i o6mum docdopom
BUTHs MpOLecca aHTPOMOrEHHOIo 3BTPOGUPOBAHUSA B (P_) ma UeGokcapckoe Bo(,ﬁgxpaHHnmue, chopmu-
3BTPODHBIX U TUNep3BTPOGHBIX BOAHBIX OObEKTax BO3- poolggHHof?I Ha BONOCGOPHOII TePPUTOPUM, HA OCHOBE
MOXHO BOSHHKHOBeHHEe NucOamaHca B COOTHOIICHNH MaTeMaTHUYeCcKOro MO/IeIMPOBAaHKsA C CIOJ/Ib30BaHUEM
HPOAYKINOHHO-ECTPYKIMOHHAIX TIPOLECCOB B BOAHOM MMEIOIMXCA JaHHBIX HaOJII0AeHNI 32 POPMUPOBAHUEM

9KOCHCTeMe, YTO MPUBOJUT K BOSHUKHOBEHHIO GECKHC- CTOKA U BBIHOCA XUMHYECKUX BELIECTB HA MUJIOTHBIX
JIOpPOIHBIX (aHa’pOOHBIX) 30H W 3aMOPHBIX SIBJIEHUH, BoHOCGOpax

YMeHbIIIeHHI0 PHIOHBIX 3aIlacoB, a TakXe 3arpA3HeHUI0 YeGoKCapeKoe
BOJbl TOKCUYHBIMM BelllecTBaMU B pe3yJibTaTe pa3BU-
TUA OIpe/esleHHbIX BHUJIOB (UTOIJIAHKTOHA - «IIBeTe-
HuA» Bogsl (Pocconmmo, 1977; AHTponoreHHOe 3BTpO-
duposanue..., 1982). [Ipu 3ToM coBpeMeHHas cucreMa

BOJIOXpaHWIMIe 00pa3oBaHO
Ha peke Boure miotuHoit Uebokcapckoit I'DC, pacmo-
JoxeHHOU B ropojie HoBoueGokcapcke. [[jnHa BojO-
xpanwmma — 341 kM, mwiomags — 2190 km?, moJ-
HBII 00BEM BOabI — 13.9 kM3, mIomagb cOOCTBEHHOTO

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: arasulova@limno.ru (A.M. PacysioBa)

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
INocmynwia: 26 mas 2024; IIpunama: 31 mas 2024; eTcs o MexIyHapoJHo! jiutieH3uel Creative BY NG
Ony6tukoagana online: 19 uions 2024 Commons Attribution-NonCommercial 4.0.

136


https://www.doi.org/10.31951/2658-3518-2024-A-3-130
https://orcid.org/0000-0002-2478-8256
https://orcid.org/0000-0003-1451-8428
https://orcid.org/0000-0003-0181-5036
https://orcid.org/0000-0003-4400-2000
mailto:arasulova@limno.ru

SHcunckuti C.B. u 0p. / Limnology and Freshwater Biology 2024 (3): 130-141

CHeL{.GbIﬂyCK.’ «JlumHonoausi 8 Poccuu»

BojocOopa 6e3 BojocOopa  BHINIEPACIIOJIOKEHHON
Bosirt — 131.9 Thic. kM2 B kauecTBe MUJIOTHBIX 0ObEK-
TOB, OTpaXalol[X OCHOBHBIE 3aKOHOMEPHOCTU BBIHOCA
O1OreHHbIX 3JIEMEHTOB C IPaBOOepexXHO U JieBoOepex-
HOH yacTell BOAOXpaHWJIMIIA Ha OCHOBE 3KCIEPTHOM
OLleHKH, BBIOpaHbl BOAOCOOPHI pek JIMHAL (J1eBbIi npu-
Tok Bonry, nymHa peku — 122 kM, miomnaip Bogocbop-
Horo 6acceiiHa — 1682 km?) u KyApMbI (ITpaBbIil IPUTOK
Boaru, giuna — 144 xw, niiomaas Bogoc6opHoro 6ac-
cefiHa — 3248 km?) B GacceliHe YeGoKCapCKOro BOIO-
xpanwiuia (Puc.1). BogocOGopwl penpe3eHTaTUBHBI
JUIl JIeCHOTO JieBoOepeXbs U CeJIbCKOXO3ANHCTBEHHO
OCBOEHHOro IpaBobepexbsa YebokcapcKoro BOAOXpa-
Huunia. [Ipu sTom B GacceiiHe KyapMbl pacnpocTpa-
HeHBl KapCTOBble ABJIEHUs, YTO TakXe CKa3blBaeTcA Ha
¢dopMupoBaHNU CTOKA U BbIHOCA azoTta u ¢ocdopa. B
3aMBIKAIOMNX CTBOpPax BHIOpAHHBIX peK MMeIOTCs IyH-
KTBI TOCy4apCTBEHHOI'0 THAPOJIOTNYeCKOr0 U TUAPOXU-
MHYeckoro MoHuTopuHra Pocruapomera, 4TO IO3BO-
JiieT HCNOJIb30BaTh 3THU [aHHBle [JIA KaJUOPOBKU
MaTeMaTH4YeCcKUX MojeJiell.

2. MeToabl MCCAepOBaHUA

Ha nmepBom sTame uccienoBaHusa Obuia NpoBe-
peHa rumore3a 00 aJeKBaTHOCTH BBIOOpa MUJIOTHBIX
BoJocO0opoB. Kak n3BecTHO BBIHOC OMOTeHHBIX 3JIeMeH-
ToB (azora u (pocdopa) ¢ BoJOCOOPHOU TeppUTOPUU
omnpefesiseTca IJaBHBIM 00pa3oM CTPYKTYypod IOA-
cruiatomeii nosepxHoctu (Konapartee u Illmakosa,
2019; XpucanoB u Ocunos, 1993). CkazaHHOe OTHO-
cUTCA Kak K npupoaHoMmy (hoHOBOMY) BBIHOCY, KOTO-
pBIii QopmMupyeTcs Ha He 3aTPOHYTHIX XO3ANCTBEH-
HBIM BO3JelCTBHEM 4acTAX BogocOopa (jiec), Tak U K
aHTPOIIOTEHHOMY BBIHOCY (CeJIbCKOXO03AMCTBeHHble U
ypOaHusupoBaHHble Teppuropuu). IloaToMy Kpure-
pUeM IpaBUJIBHOCTU BBIOOpa MUJIOTHBEIX BOAOCOOPOB
ABJIAETCA CXOXeCTb HX CTPYKTYphl NOACTHJIAIOLei
MIOBEPXHOCTH CO CTPYKTYPOH HcciIeyeMoro Bogocoopa
B LIeJIOM.

B HacrosameMm wuccienopanuu guddepennua-
I 3eMHOr0 IIOKpOBa IIPOM3BOJAWJIACh C IIOMOUIBIO
rJ100aJIbHBIX apXWBOB CIYyTHUKOBHIX JAHHBIX IMOACTH-
Jalmux noBepxHocTel. Kiaccudukanua 3eMHOro
IOKpoBa BoAocOopa YebGokcapCKOro BOAOXPAaHUJIUILA
Y NWIOTHBIX BOJOCOOPOB CTPOMJINCh Ha OCHOBE KOJI-
nekuqun Copernicus Global Land Service Collection
3 (CGLS) (Buchhorn et al., 2020a; Buchhorn et al.,
2020b). Kosnekuus CGLS chopmupoBaHa U3 CHUM-
koB co cnyTHukoB PROBA-V (PROBA-Vegetation) u
Sentinel-2 ¢ mpocTpaHCTBEHHBIMU paspemeHussMu 100
/ 110 / 300 m. I'mybuHa apxyBa CIIyTHUKOBBIX CHUM-
KOB, UCIIOJIb3YEeMBIX IIPU CO3JaHUM KOJLJIEKIIUN JaHHBIX
CGLS, ¢ 2015-01-01 no 2020-12-31. B kauecTBe KJac-
cuukanuyu MNOACTUJIAIOIIMX IIOBEPXHOCTEHl apxuBa
CGLS wucnonn3zoBaHa Cucrema kjiaccuukanuy 3eM-
Horo mokpoBa OOH (Land Cover Classification System
— LCCS). OCHOBHBIM HCTOYHHMKOM JOaHHBIX SABJIAIOTCA
MHOTOCIIeKTpaJIbHble CIyTHHUKOBBIe CHUMKNA PROBA-V
C maroM 5 AHel U NPOCTPaHCTBEHHBIM paspelleHHeM
100 M oTpaxaTrespHOU CIOCOOHOCTU MOBEPXHOCTU Ha
BepxHell rpaHulle pacTuTesabHoro mnokposa (Top Of
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Puc.1. Cxema pacnosioxkeHre NUJIOTHBIX BOJOCOOPOB peK
Kynemel u JIunasr: 1 — ruaporpadgudeckas ceTb, 2 — BOOCOOp
p. JIunasl, 3 — Bogoc6op p. KyapMeL.

Canopy, TOC). BTopu4HBM UCTOYHUKOM JAaHHBIX SIBJISA-
I0TCA eXeJJHeBHble MHOI'OCIIeKTpaJibHble CIIyTHUKOBBIE
cHuMKU PROBA-V ¢ npocTpaHCTBEHHBIM paspelieHrueM
300M oTpaxaTeapHOI CIHOCOOHOCTU ITOBEPXHOCTU.
Wx MeOuaHHBII KOMIIO3UT AejaeTcs AJiA apXUBUPO-
BaHUA PperyJiApHBIX 5-AHEBHBIX BpEeMEHHBIX IIaros B
100-metpoBoM 1 300-MeTPOBOM IIPOCTPAHCTBEHHOM
paspeimieHun BpeMeHHoro psga PROBA-V. 9To HeoO6-
XOOWMO, NOCKOJIbKY clyTHUK PROBA-V obecrneunBaer
eXe[HeBHBII TIJI00aJbHbIE OXBaT AJiA JAaHHBIX C IPO-
cTpaHCTBeHHBIM paspemeHuemM 300 M, 4TO COOTBeT-
CTByeT 5-AHEBHOMY OXBaTy AJIA TeX ke JaHHBIX C MPO-
CcTpaHCTBeHHBIM paspenieHueM 100 m. UanenTudukanys
TUNOB MOACTWJIAIONMX IIOBEPXHOCTeN KOJUJIEKIUU
CGLS ocHoBaHa Ha crekTpajbHbIX nHAeKcax (Mousaei
Sanjerehei, 2014) u npyrux rjo06aJIbHBIX APXUBOB JIaH-
HbIx (Pekel et al., 2016) u udpoBoit MoAeu peyibeda
WorldDEM™. TlopoGHBIH ajJropuTM Kjaaccudukaimu,
HCIIOJIb30BaHHBIN AJIA NOJIy4eHUs KOJUIeKINHU JaHHBIX
CGLS npusefieH B (Buchhorn et al., 2020a).

Ha wuccrmenyeMolli TeppuTOpHUM BbleJiseTcA
15 kjaccoB HeOOXOAUMBIX JJIA pacueTa Harpysku Ha
BojHBIN oObekT (Tabnumna 1). Kak cienyer us mpef-
CTaBjIeHHO! TabJMIIbl pa3sHULla B IPOLIEHTHOM COOTHO-
IIeHNH Ppa3jIMYHBIX KJIACCOB MOBEPXHOCTU MNUJIOTHBIX
00BEKTOB 1 COOTBETCTBYIOIINX YacTell Bcero Bogocbopa
BOJOXpaHWIMIIA He IpeBocxoAuT 6%. IlpuBeneHHOe
COOTBETCTBHE CTPYKTYPHI MOACTUJIAIOIIEH IIOBEPXHOCTU
MUJIOTHBIX BOAOCOOPOB CO CTPYKTYPOH ITpaBoOepexxHOM
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Ta6suna 1. CpaBHeHHe CTPYKTYPhI TOACTIJIAIONIEN TOBEPXHOCTU MUJIOTHBIX BOLOCOOPOB ¢ NpaBobepexHOH U JieBoGepex-

HOW yacTsaMu Bogoc6opa YebokcapcKoro BoIOXpaHMIIUIIA.

Kiacc mofcTiiiaonieii moBepXHOCTH Bozmoc6op IIpaBoGepexsne, % Boagoc6op JleBoOepexnbe, %
p. Kyasmsl, % p. JIuuasl, %
Kycrapauku 0.00 0.00 0.00 0.00
TpaBAHUCTasA PaCTUTEJILHOCTD. 10.49 16.38 3.18 2.94
BosnenpiBaemast paCTUTEJIBHOCTD / CEJIb- 37.96 37.00 11.96 8.85
CKOe XO03AHCTBO
T'opozckori/3acTpOeHHBIN 3.73 2.15 1.73 0.52
Tl'onasa/penkas pacTUTEIbBHOCTD 0.00 0.00 0.00 0.00
[NocTossHHBIE BO/IOEMBI 0.24 0.72 0.07 1.19
TpaBsanucToe 60J10TO 0.01 0.07 0.01 0.06
COMKHYTHIH Jiec, BeUHO3eJIeHbII UroJIb- 1.88 4.03 10.49 12.23
YaThIl JIUCT
COMKHYTBHIH Jiec, JINCTBEHHBIH 23.00 23.28 33.07 37.78
MIXPOKOJIMCTBEHHBIN
COMKHYTBHIH Jiec, CMelllaHHBIN. 10.04 6.96 25.22 25.32
3akpBITHI Jiec, He COOTBETCTBYIOIIUI HU 1.45 1.63 1.71 3.61
OAHOMY W3 APYTUX OIpeAeIeHN
OTKPpBITHIN JIeC, BeYHO3€eJIeHbII Urojib4a- 0.00 0.02 0.01 0.04
TBIN JIUCT
Penkuii jec, IMCTONAAHBIN 0.20 0.05 0.53 0.44
MIPOKOJIUCTBEHHBIN
Penxuii jiec, cMelaHHbIN 1.76 1.56 1.69 0.30
OTKpHITHII JIec, He COOTBETCTBYIOLUI HU 9.22 6.15 10.33 6.72
OIHOMY U3 APYTUX OIpeesIeHUI
OG61as miIomaab Bogoc6opoB, KM? 3248 75687 1682 56176

u JieBoOepexXHOU yacTeil BomocOopa YebokcapcKoro
BOJOXpPaHWINIA  MOATBEpXAaeT  IIPaBOMEpPHOCTH
BBIOOpa yKa3aHHBIX OOBEKTOB B KAadyeCTBe IMJIOTHBIX.
Kpome TOro, [y OCHOBHBIX KJIACCOB IMOJCTUJIAIONIEN
MOBEPXHOCTU Ha OCHOBE aHaJiN3a JINTepaTypHBIX [aH-
HbIX (Poccosimmo, 1977; AHTpomnoreHHOe 3BTPOGHUPO-
BaHMe..., 1982; [To3mHAKOB U Ap., 2020) npubIMKeHHO
OIleHeHBbl SMUCCUOHHBIE XapaKTepUCTUKY OCTYTLIIEHUA
OMOTreHHBIX 2JIEMEHTOB B CTOK.

OCHOBHBIMM  WHCTPYMEHTaMH  JOCTUXEHUA
MOCTaBJIEHHO! 11eJI1 ABUJIMCh MaTeMaThuiecKas MoeJib
dopmupoBaHusa ctoka ¢ Bogocbopa ILHM u mopesnb
BBIHOCA OMOTeHHBIX 3J1IeMeHTOB ¢ Bogocbopa u hopmu-
poBaHUsA OMOTeHHOUW Harpy3kd Ha BOAHBIE OOBEKTHI.
ILLM, pa3paboTtaHHble coTpyqHuKaMu MHCTUTyTa 03e-
posenennsa PAH u MoauduipoBaHHble IPU y4acTUU
COTPYAHUKOB HCTUTyTa arpOMHXXeHEePHBIX 1 5KOJIOTU-
YyecKux NpoOlJieM CeIbCKOXO3SHCTBEHHOIO IPOM3BOJ-
crBa (KonnpateeB u IlImakoBa, 2019; fAcuHckuii 1 ap.,
2020).

Mopenb croka — ILHM (Institute of Limnology
Hydrological Model, CBuaeresnscTBO 0 rocyAapCTBeH-
Ho# peructparuu Ne 2015614210) (KoHmpatbeB u
[IImakoBa, 2019) mpegHa3HaveHa I pacyeTa TUpo-
rpadoB TaJOro W AOXAEBOrO CTOKAa C Bogocbopa, a
TaKkxe ypoBHel BOAHl B Bogoeme. Mojeap nMeeT KOH-
LIeNTyaJIbHy0 OCHOBY UM ONMCHIBaeT MpOI[ecChl CHEroHa-
KOIUIEHUA U CHEroTasHWsA, UCMapeHUsA U yBJIaXHEHUs
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TIOYBHI B 30He a’sparuu, GopMUpPOBaHNA CTOKA, a TaKxXe
CTOKa B IMpefejiax OJHOPOLHOTO BOAOCOOpa, Xapak-
TEPUCTUKU KOTOPOr'0 MPUHUMAIOTCS IOCTOAHHBIMU
OJd Bceil Tepputopun. Mojesap MoxeT paboTaTh Kak
C MeCSYHBIM IIaroM, Tak M C FOJOBBIM IIaromM. B xope
MOJeJIUPOBaHUA BOAOCOOPHBIN OacceliH mpeJCcTaBJid-
eTcA Kak OJHOPOOHOe MOoJieIupyeMoe XpaHUJIUIIE,
HakanJyBalollee NOCTyIaMIIyI0 BOAYy, a 3aTeM IOoCTe-
TIEHHO II03BOJIsAI0IIEe el cTeKaTh. 3HaUeHMsI OCHOBHBIX
napaMeTpoB TUAPOJIOTUYECKON MOZeJH, Ompezeis-
mux popmy rugporpada CToka, onpefesAlTCA B 3aBU-
CUMOCTHU OT MPOIIEHTHOr'0 COAepXKaHUA BOAHOIO 00b-
eKTa, TO eCTh KaK OTHOIlleHHe IJIOIAaAu aKBaTOPUU K
obmeli miomanu Bogocbopa. Moaesp anpobupoBaHa
Ha psAAe BoOOCOOPOB, pacroJiokeHHBIX B Poccuu (peku
Turopa, Jlmxwma, Caura, OsioHka, CyHa, Hlysa, Osrs,
Csacp, Byokca, CBupsb, Benukasa, Kazanka, Ceusara u
Hesa) u ®unyaHguu (peku Mycratioku u Xapaiioku)
(Kouppatses u [lImakoBa, 2019).

Mopenb 6uorenHou Harpysku — ILLM (Institute
of Limnology Load Model, CBugeTepcTBO 0 rocyaap-
cTBeHHOMH peructpauuu Ne 2014612519) paspaborana
Ha OCHOBe CYIIeCTBYIOIIUX MoJeJjiell CTOKa U BBIHOCA
OMOTeHHBIX BelecTB ¢ BOAOCOOPHBIX IJIOM[aAel U UX
nmoctymiieHus B Bogoembl (KoHapatbeB u IlImakoBsa,
2019; Behrendt and Dannowski, 2007; Behrendt and
Opitz, 1999). B Mozenp Takxke OBLIN 3aJI0XKEHBI PEKO-
menganuu XEJIKOM no oljeHKe Harpy3ku Ha BOJHbIE
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o6bekThl Bantuiickoro mops (Guidelines..., 2015).
Mogesnp npefHa3HauYeHa AJIA pellleHus 3a4ad, CBA3aH-
HBIX C KOJINUeCTBEHHOH OLIeHKOI O1OTeHHON Harpys3Ku,
dopMupyeMoii TOUeYHBIMU 1 HETOYeYHBIMU HCTOYHU-
KaMM 3arpsA3HeHUsdA, U IIPOTHO30M ee U3MeHeHU: IOoJ
BJIMAAHMEM BO3MOXHBIX AQHTPONOre€HHbIX WU KJIMMAaTH-
yecKUX KM3MeHeHWH. B Mopesnu peasn3oBaHHI Cylie-
CTByIOLI[i€ BO3MOXHOCTH BBOAA [HJaHHBIX Trocyaap-
CTBEHHOM CHCTeMBl MOHUTOPUHIA BOOHBIX OOBEKTOB, a
TakXe MaTepHaJioB roCyJapCTBEHHON CTaTUCTUYeCKOMN
OTYETHOCTU O cOpocax CTOYHBIX BOJ M CEJIbCKOXO3AU-
CTBEHHO! JleATeJIbHOCTHU Ha BOLOCOOpHBIX OacceliHax.
Mogesnp Takxe MO3BOJIAET PacCUUTHIBATH BBIHOC OHO-
reHHBIX BellleCcTB U3 BogocOopa MoJ BJIWAHHUEM THApo-
Jlorn4yeckux (pakTopoB M yAepXuBaHHe BOAOCOOPOM.
KoneuHBIM pe3yJIbTaTOM MOJEJINPOBAHUSA ABJIAETCA
olleHKa OMOTeHHOM Harpy3kyd U ee KOMIIOHEHTOB Ha
MIOCTYMAUIMI BogoeM ¢ Bogocbopa. Moaesb Harpy3ku
OuoreHHBIMH BelllecTBaMU IIpOBepeHa Ha psfe BOJOC-
6opoB Poccuu (peku Bemukas, Jlyra, Mra, Wxopa,
CrnaBsaHka, Cectpa, Illya, Bopama, CyHa, KaszaHka,
Csusra u Hpreim) (KongpateeB u Illmakosa, 2019; 80
JeT pa3BUTHUA JHMHOJOIUU..., 2023). B marepuanax
XenbcuHakckont komuccuu (Applied methodology...,
2019) mnpexacTaBieHO omnucaHue MofeJiel, KOTo-
pble MOTyT WCIOJIb30BAaThCA [JiA pacueTa BHeLIHeH
Harpy3Kku Ha BoJHBIe 00beKTHl OacceliHa BanTuiickoro
mopsA. B ux uucso sxoaut u mogesis ILLM.

CoBokynHocTh Mopesnieri ILHM u ILLM npepn-
crapjiseT coboOll Mopesib TUMAa «precipitation-runoff-
removal», TpaHchoOpMUpPYIOIIYI0 MeTeollapaMeTpHl
(ocazku u TeMneparypy BO34yXa) B CTOK U BEIHOC O1O-
TeHHBIX 3JIEMEHTOB C BojocOopa B 3aBHCHUMOCTU OT
XapaKTepHUCTHK MTOACTUJIAONIel TOBEepXHOCTU U NHTEH-
CHMBHOCTU BHEIIHUX BO3JENCTBUI €CTeCTBEHHOIO U
aHTPOIIOreHHOr o Xxapakrepa. Ilpu stom B Mogenu ILLM
IpeycMOTpeH pacueT (HOHOBOI Harpysku. B coorser-
ctBuM ¢ onpefeseHreM XEJIKOM (Guidelines..., 2015)
npupoaHas (dpoHoBasg) Harpyska OWOreHHBIMHU Belle-
cTtBamu opMupyercs 3a cueT UX BBIHOcCa ¢ Heobpaba-
ThIBaeMbIX 3eMeJIb M 4acTU BBIHOCA ¢ 0O0pabaThiBaeMbIX
3eMeJib, KOTopas MPOMCXOAUT HE3aBUCHUMO OT XO3:AU-
CTBEHHOM AeATeIbHOCTHU.

3. Pe3ynabTatbl M 06Ccy)xpeHue

B kauecTBe BXOAHOM MHGpOpPMaLWU [JIS BHINOJI-
HeHUsA pacyeToB HeoOXOAUMBI cBefleHHs 00 ocajkax U
TeMnepaType BO3[yXa, IUIOMAAX Pa3jIMYHBIX TUIIOB
MOACTHUJIaoNIel MoBepXHOCTH, GOPMUPYIOIIUX paccpe-
JOTOYEeHHBIN BBIHOC OMOTe€HHBIX 3J1EMEHTOB CO CTOKOM,
WHTEHCUBHOCTH TOYEYHBIX KCTOYHHUKOB OHMOreHHOH
Harpysku, arMocgepHBIX BBHIIAJEeHUAX a3zoTa u ¢oc-
dopa, konmyecTBe JOMAIIHUX XXKUBOTHBIX U ITHUIBI Ha
BoJocOope, a Takke BHECEHHBIX MUHepaJIbHbIX U Opra-
HUYECKUX y00peHUI.

Kak ormeuasioce paHee, c Iesbpl0 MHGpOpMaIu-
OHHOTO o0ecIieyeHNs MojieJIu IpoBeJieHa Kiaccuduka-
LMY TUIOB MOACTHJIAIONIMX [TOBEPXHOCTEN Bojocbopa.
3HaueHUs KOHIleHTpauuil asora ¢ochopa B CTOKe C
Pa3JIMYHBIX TUIOB MOACTUJIAIONIEl IIOBEPXHOCTH 3aja-
BaJIOCh 110 JAHHBIM II0JIEBBIX UCCJIeJOBAHUI, IPOBOANB-
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mumxesa B 2018 u 2019 ropax corpyaHukamu MHcTuTyTa
ozepoBefiennss PAH (Ilo3guskoB u np., 2020). s
OIleHKM BKJIaJa TOYeYHBIX UCTOYHUKOB B (HOpMUPOBa-
HUe OMOreHHO! Harpy3ku Ha 03epO KCNOJIb30BaJIKCh
JlaHHBle CTaTUCTUYeCKuX (OpM rocyaapcTBEHHOMH
otuetHocTu 2TII(Boax03). JJoCTaTOYHO BHICOKME 3Ha-
yeHUa K03)PULUNEHTOB 3MUCCUM U KOHIEHTpaluil B
CTOKe ¢ ypOaHM3MPOBAHHBIX TEPPUTOPUN ABJIAITCA
BBIpaK€HHEM BKJIaJla paccpefOTOYEeHHOI'O CeJIbCKOIo
HaceJIeHUs, He MMelolero NOoAK/II0YeHNs K KaHaIu3a-
IIMOHHBIM CETAM U OYMCTHEIM coopyxkeHUsM (Behrendt
and Opitz, 1999). ArmocdepHas Harpy3ka 3aJaBa-
Jlach B COOTBETCTBHHM C MaTepuasjiaMy HCCJIeJOBaHUN
KasaHnckoro ¢denepanpHoro ynusepcurera (MuHakoBa
u 1p., 2019), npu sToMm pa3fejieHHe Ha eCTeCTBEHHYIO
1 aHTPOIOreHHYI0 COCTaBJIAII[ME He IIPOBOJUJIOCEH.
Jna xanuOpoBKM MoOAesIM HCHOJIb30BaJCh JaHHBIE
HabJ1I0[1eHnH 32 CTOKOM M KaueCTBOM BOJBI Ha COOTBET-
CTBYIOI[MX IIOCTaX TIOCyJapCTBEHHOIO MOHUTOPHHIa
PocruapomMera B 3aMBbIKaOMMX CTBOpax pek KyabMsl u
JInuae! 3a nepuop ¢ 2008 o HacTosAlee BpeMs.
CesIbCKOXO3ANCTBEHHAass Harpyska asoToM U
dochopom Ha BooCOOPH! OLleHHBaIACh IO METOMKeE,
npefcraBjeHHON B pabote (BpioxaHoB u np., 2016).
CorsylacHO 3TO¥ MeTO[MKe, B pacueTaxX YYHTBHIBAJINCh
cjefqyomie OCHOBHBIE (akTOphl popMHpoBaHus OHO-
reHHOI Harpy3Ku Ha CeJIbCKOX03ANCTBEeHHBIX I0JIAX:
* copepxaHue asoTa u docdopa B nouse, J0JIA UX
BBIHOCA OT O0IIero cofepxaHus B IIOYBE;

* KoJinmdecTBO a3zoTra U (ocdopa B cocTaBe MUHE-
PaIbHBIX YI00peHUi 1 KO3OOUITMEHT UX SMUCCHUY;

* KoJMYecTBO a3zoTa u ¢ocdopa B cocTaBe OpraHu-
yecKUX yno0peHni u Ko3pPUIMEHT UX SMUCCUN;

*  yHaJ€éHHOCTh KOHTypa CeJIbCKOXO3SHCTBEHHBIX
yroAuii oT BOOHBIX 0OBEKTOB;

¢ THII IIOYB II0 IPONCXOXJEHUIO;
¢ THII IIOYB IO MEXaHNYECKOMY COCTaBY;

* CTPyKTypa CcejbX03yroguii (OTHOIIeHUe ILIomIa-
Jle MalrHy 1 MHOTOJIETHUX TPas, JIYTOB, MACTOMUILI,
3aJIeXN).

PacueTsl CeIbCKOXO3SIMICTBEHHOUN HArpy3Kd a3o-
TOM U (pochHOpOM BHINOJIHAIUCH TOJBKO IJIs MUJIOT-
HBIX BoJocO0poB. [{Ji paBo- U jieBobepexXHOl JacTel
BoZocOOpa BOJOXPAaHWJIMINA BBHIIOJIHSAJICA IlepecyeT
3HauYeHU Harpy3ku NpONOPLHUOHAIBHO COOTHOLIEHUIO
TLJIOIIAgeMH.

[TpoBenena kaynubpoBKa Mofesu «precipitation-
runoff-removal» Ha NWJIOTHBRIX BojocOOpax pek
Kynpmel u JIuHABL, pe3yjbTaThl KOTOPOH IpefCcTaB-
JeHbl HUXe. Ha PucyHke 2 npuBefieHbl pacCUMTaHHbIE
1 HabOJTI0IeHHBIe CJIOU CTOKa ¢ BOAOCOOPOB p. JIMHALI —
¢. Bacusnbkoso u p. Kyasmel — r. KetoBo. 3HaueHue Kpu-
tepusa Hama-Catknudda — 78% aiia JInsael u 67% Ada
KynpMmel, 4TO mOATBepXIaeT aJeKBaTHOCTb MOJeIn
ONMCHIBAEMBIM IIpolfeccaM (OpMUPOBaHUSA CTOKa Ha
Bogocbope.

B Tabauue 2 npencTaBiieHBl pe3yJibTaThl KaJui-
OpOBKM MoOZEJN IO COOTBETCTBUIO CPEAHUX MHOIO-
JIeTHUX 3HA4YeHUN BBIHOCA OHOTeHHBIX 5JIEMEHTOB
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Puc.2. Habmonennsle (1) u paccuntaHHble (2) cpefHEMeCSAYHbIE CJION CTOKA ¢ BogocO6opoB pek Kynpmel (a) u JIuugs! (6).

CO CTOKOM B 3aMBIKAIOIMIUX CTBOpax pek KyapMmbl u
JIMHBL, KOTOPBIE TaKXe MOJATBEPXAAI0T COOTBETCTBUE
pe3yJIbTaTOB MOJEeJIMPOBAaHUA HMEIOUIMMCA AJaHHBIM
MOHUTOPUHTA.

[Ipy BBIMOJIHEHHWM pacyeToB BBIHOCA a30Ta U
docdopa c mpaBo- U JieBoOepexXHOI dacTell BOHOC-
6opa UYebokcapcKoro BOJOXpPaHWJIUILA HCIIOJIb30Ba-
Jach MoOJieJib, OTKaJIMOpOBaHHAsA Ha COOTBETCTBYIOLIUX
MUJIOTHBIX BoJlocOopax. B kauecTBe BXOoHOU HUHOOP-
Maluu O CTPYKType MOACTUIAIoNIell IMOBEPXHOCTU
BojiocOOpa BOAOXPAaHUJIMINA HCIIOJIb30BAINCh JaHHbIE
AemndpupoBaHus KOCMHUYECKUX CHHUMKOB, O KOTOPBIX
roBopujioch paHee. OrcyTcrBymomas nadopmanusa od
WCTOYHMKAX aHTPONOreHHON Harpy3ku 3ajaBajlach
Ha OCHOBe NpPeJIoJIOKEeHHs O MPONOPLUOHATIBHOCTU
Harpy3ku IUIOMQfsAM paccMaTpUBaeMbIX BoHochHo-
POB, TMOJIBEP)KEHHBIX AHTPONOTeHHOMY BO3/I€HCTBUIO.
PesynbraThl MpUOJMKEHHON OIleHKH OHOTreHHOM
Harpy3ku Ha Yebokcapckoe BOAOXpaHWJIUIIE, Cre-
JIaHHOH IO aHHBIM MOJeJIMPOBAaHMsA CTOKA U BBIHOCA
asora u ¢ocdopa ¢ MUIOTHEIX BOAOCOOPOB, MPEACTaB-
JieHsl B Tabune 3.

CorJiacHO pe3yjpTaTaM pacueToB, CpeqHsASA MHO-
rojieTHsAs OvoreHHas Harpyska Ha YebGokcapckoe BOJIO-
XpaHWJIUlle B ToJ CpeqHell BOAHOCTU IPHUOIIMKEHHO
onenusaerca B 31320 TN/rog u 7251P/roa. I1pu atom
MOAyYJib BBIHOCA C NPaBOOEpPEeXHOI 4acTU COCTaBJIsAeT
222 xr N/xm?ron u 5,6TP/kM2rof, ¢ jeBoGepexHon —
262 xr N/km’rog u 5,4TP/xkm?rop. IlpencraBiieHHBIE
JaHHBIe MOJIeJIMPOBaHUsA He NMPOTUBOpevaT pe3yJibTa-
TaM JIpyTuX UCCJIeJOBaHUI BbIHOCA OMOTeHHBIX 3JIe-
MEHTOB NPUTOKaMU BoAoxpaHuiuma (ScuHckuii u ap.,
2020).

4. 3aknioueHue

TakuMm ob6paszom, mpubyrkxeHHas oOlleHKa OHo-
reHHOU Harpy3ku Ha KpYITHBIN BOAHBIN 0OBEKT CO CTO-
POHEI BoZjoc60pa, He OCBAILIEHHOI'0 B JOCTATOYHOH CTe-
IeHW HaOJIIoIeHNsAMH MOHUTOPUHTrA, BO3MOXHA IpU
HaJIMYNY CJIeYIOMUX YCIIOBUIL:
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Ta6suna 2. Pe3ysibTaTsl KaJIUOPOBKYU MOAEJIN Ha BOJOC-
6opax pek Kyapmel u JIMHABI IO COOTBETCTBUIO 3HAYEHUIT
BBIHOCA a30Ta U docdopa B 3aMbIKAIOMINX CTBOPAX.

HcTouyHUK HHGOpMALUU Kynbpma — JIuHga — cTBOp
ctBop KcToBo | BacuyibkoBO
Ntot’ T/ Ptot’ T/ Ntot’ T/ Ptot’ T/
ron roxn ron ropq
CpenHerofosule 3HaueHus | 715,69 18,00 | 443,73 9,16
(110 TaHHBIM MOHUTOPHHTA)
Pesynpratsl kanubposku | 717 | 18,00 | 442 9,11

Ta6suna 3. Pe3ysbTaThl NpUOJIMXEHHOUN OIEHKU OMO-
TeHHOU Harpy3ku Ha YeGoKcapcKoe BOJOXPAHWJINIILE, CHe-
JIAHHOU N0 JJaHHBIM MOJIeJIMPOBAHUS BBIHOCA a3oTa U ¢oc-
¢opa ¢ NuIOTHBIX BOJOCOOPOB.

N

o6y

P

PesynbTaThl pacyera -

IIpaBoGepexbe YeGoKCcapCcKOro BOAOXPaHUIIHINA
(rnomaap — 75687 kM2, cpeAHIMIT MHOTOJIETHUI CJION CTOKa
— 100 MmM/TOx)

buoreHHasa Harpyska Ha BojoxpaHuuime |16729| 425
(t/ron)
[Mpuponnas (dpoHoBas) cocrassuaomias (t/ | 2287 | 80,8
ron)
MopayJib BBIHOCA (KT/KM?TOM) 222 5,6

JleBoGepexbe UeGoKkcapcKoro BOAOXpaHUIIMIIA
(momaap — 56176 km?, cpeAHMIT MHOTOJIETHUI CJION CTOKa
188 mm/rox)

buoreHHas Harpyska Ha BogoxpaHwumie |14591| 300
(t/rom)
[Tpupoanas (dpoHoBas) cocrasssaonias (t/ | 4111 | 118
ron)
MopayJib BBIHOCA (KT/KM2TOA) 262 5,4
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* BhIABJIEH JOCTATOYHO XOPOIIO M3Y4eHHBIH MUJIOT-
HBIII BOJOCOOp-aHaJIOr, UMEIUI MyHKT THUIPO-
JIOTUYeCKUX U TUAPOXUMUYECKUX U3MepeHUH
B 3aMBIKAIOIIeM CTBOpPE U CXOXYI0 C OCHOBHBIM
BogocO6opaM CTPYKTYpy HOJICTUJIAION(EN NOBepX-
HocTH (HarpuMep, 1o % IJIoMIaAN OCHOBHBIX KJIac-
COB IOJICTUJIAIONEl TOBEPXHOCTH);

+ BpiOpaHHasA MaTeMaTHuyeckasg MOJeJb «Ocal-
KH-CTOK-BBIHOC» ObeclieueHHa uH@opManueii o6
OCHOBHBIX MCTOYHUKAX OMOTeHHOW Harpy3Kud Ha
rugporpaduyeckyo cetb U OoTKajnbpoBaHa IJiA
3aMBIKAOIIEro CTBOpa MUJIOTHOTO BojocHopa.

B stom cinyuyae otcyTtcTBue uHpopmanusa o0
HMCTOYHMKAaX aHTPOIIOTeHHO Harpy3ku Ha Bech BOJOC-
0op B pacueTtax MOXeT ObITh KOMIEHCHPOBAHO [aH-
HBIMU 110 MUJIOTHOMY 00beKTy. [Ipu aToM npuHHUMaeTcs
[IpeIojIoXKeHre O IPONOPIMOHAIBHOCTY ITapaMeTpOB
II0mMaau BogocO60poB.

B Toxe Bpemsa Heo0XOAMMO IIOMHHUTb, UYTO B
OynymKUX HCCIeNOBaHUAX [JIA IOBBIIEHUSA CTeleH!
JIOCTOBEPHOCTH IOJIy4eHHble B pe3yJibTaTe MOJIeINpo-
BaHUA pe3yJibTaThl HEOOXOAUMO CPaBHUTH C AAHHBIMU
peryJiIpHOro Ha3eMHOI'0 MOHWUTOPHHIA CTOKa U Kaue-
CTBa BOABI, KOTOPHIE [TOJDKHBI OBITh OPraHN30BaHbl Ha
OCHOBHBIX IIPUTOKAaX BOJOXPaHUJINIIA.
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