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ABSTRACT. The paper discusses controversial issues of the paleohydrology of the Manych Strait—a
key element in the water exchange system between the Khvalynian basin of the Caspian Sea and the
Neoeuxinian basin of the Black Sea during the Late Pleistocene. Special attention is paid to two param-
eters: the maximum level of the Khvalynian transgression and the height of the spillway threshold
through the Manych depression. Geological-geomorphological analysis, digital terrain modelling, and
hydraulic modelling in the HEC-RAS system allowed reconstructing scenarios of Caspian water dis-
charge through the Manych valley. The modelling results indicate that the most probable maximum
level of the Caspian Sea during the Early Khvalynian transgression was approximately 40 m a.s.l. with a
spillway threshold at 31 m a.s.l. Hypothetical limits of the discharge capacity of the Manych Strait chan-
nel of the Khvalynian Caspian basin were also calculated. The results can be used in further research.
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1. Introduction

The Manych depression is a tectonic trough-like
lowland that separates the Ciscaucasia from the steppe
part of the southern East European Plain and connects
the Kuban-Azov and Caspian lowlands. The Manych
River flows along the bottom of the depression.

N.Ya. Danilevsky (1869) first substantiated in
the possibility of water exchange between the Black
Sea and Caspian basins through the Manych valley.
Quaternary geological studies of the region have been
conducted for over 150 years, during which depos-
its (including molluscan fauna) have been studied in
detail, and the chronology of water exchange episodes
between the Black and Caspian seas has been recon-
structed (Bogachev, 1903; Lisitsyn, 1932; Goretsky,
1953; Popov, 1983; Chepalyga and Pirogov, 2005;
Svitoch et al., 2010; Semikolennykh et al., 2022).

Contemporary understanding of the history of
the Manych valley formation during the Pleistocene is
largely based on the fundamental studies of G.I. Popov
(1983), who used numerous sections and drilling data
to reconstruct in detail the geological structure and for-
mation history of the Manych valley.
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The last time the Manych valley was filled with
marine waters was at the end of the Late Pleistocene,
during the Khvalynian transgression of the Caspian Sea.
According to the latest data on OSL dating, the Manych
Strait functioned between approximately 17.7 and 14.9
ka (Semikolennykh et al., 2022), corresponding to the
period of degradation of the Late Valdai (Ostashkov)
glaciation (MIS 2).

Despite the long history of paleogeographic
research in the Manych valley, the hydrological param-
eters of the Manych Strait during the Khvalynian trans-
gression remain the subject of active scientific debate.
The two most controversial parameters are as follows:

1. Maximum level of the Khvalynian transgres-
sion. According to the prevailing viewpoint, the
maximum level of the Khvalynian transgression
reached 48 m a.s.l. (Fedorov, 1957; Rychagov,
1997; Svitoch et al.,, 2010; Chepalyga et al.,
2007, and others). Terraces at this elevation were
described on the coast of Dagestan (Rychagov,
1997) and on the Krasnovodsk Peninsula on
the eastern Caspian coast (Fedorov, 1957).
Additionally, terraces at an elevation of 48 m
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above sea level were identified based on data from
the SRTM3 digital elevation model (Lavrentyev,
2013). However, these terraces lacked molluscan
fauna and radiocarbon dates. The highest terrace
with Khvalynian molluscan fauna was recorded in
the Yergeni at 40 m a.s.l. (Lavrentyev et al., 2024;
Svitoch et al., 2017). Similar elevations (up to 40
m a.s.l.) were observed near the Samara Bend, the
valley of the Maly Karaman River (Makshaev et
al., 2025). Thus, dates or Khvalynian molluscan
fauna do not support the Khvalynian transgression
terraces above 40 m a.s.l., making the maximum
transgression level a matter of debate.

. Height of the Manych Strait spillway thresh-
old. According to geological profile No. 16
(Popov, 1983), the spillway threshold near Zunda-
Tolga was located at ~18-20 m a.s.l. Some stud-
ies demonstrate that at such a threshold height,
the Caspian level could not have reached 48 m
a.s.l. (Kvasov, 1975; Popov, 1983; Varushenko et
al., 1987; Svitoch et al., 2010; Rychagov, 1997;
Chepalyga and Pirogov, 2005). Hydraulic calcu-
lations indicate a high discharge capacity of the
channel at 45 m a.s.].—from 200,000 to 300,000
m?3/s (Sidorchuk and Panin, 2022), comparable to
the discharge of the Amazon River. More conserva-
tive estimates of maximum discharge through the
Manych valley are ~50,000 m3/s (Chepalyga and
Pirogov, 2005), based on the character of deposits
near Zunda-Tolga, or up to 65,000 m*/s (Sidorchuk
et al., 2011), based on the cross-sectional area of
a large meander near Sukhoy Khutor. These values
significantly exceed the reconstructed river inflow
to the Caspian during the Early Khvalynian trans-
gression—520-570 km?3/year (~16,500-18,000
m?3/s) (Sidorchuk et al.,, 2021), of which up to
80% was provided by the Volga (~423 km?®/year).
Alternative estimates of river inflow yield 320-375
km3/year (Gelfan et al., 2024). The present-day
long-term Volga discharge is 228-274 km?3/year
(Georgiadi et al., 2017). This discrepancy makes a
high level of the Khvalynian basin impossible with a
spillway threshold of 18-20 m a.s.l. Consequently,
researchers hypothesized on a higher spillway
threshold at the beginning of the Khvalynian trans-
gression (Kvasov, 1975; Popov, 1983; Chepalyga
and Pirogov, 2005; Svitoch et al., 2010; Sidorchuk
et al., 2011), primarily formed by deposits of the
Kalaus River delta. A higher Manych valley spill-
way threshold explains the presence of Khvalynian
terraces above 30 m a.s.l. However, there is no
geological evidence for the existence of a higher
spillway threshold. Therefore, the height of the
Manych Strait spillway threshold at the beginning
of the Khvalynian transgression remains a subject
of scientific debate.

Thus, the maximum level of the Khvalynian
transgression and the height of the spillway threshold
require additional analysis. It is necessary to model sce-
narios of Caspian water discharge through the Manych
valley using digital elevation models and hydraulic cal-

181

culations. This will allow refinement of the key paleo-
hydrological parameters of the Manych Strait in the
Khvalynian Caspian basin.

2. Materials and methods

2.1. Reconstruction of the Manych Strait
channel relief

2.1.1. Preparation of elevation data

Elevation data were obtained from the SRTM3
digital elevation model (DEM). However, SRTM3 con-
tains minor noise and distortions, requiring preliminary
processing. Therefore, data processing was performed
using SAGA GIS software.

The SRTM3 DEM was reprojected into the
Universal Transverse Mercator (UTM) projection using
the UTM Projection module. To obtain a smoothed
relief necessary for subsequent reconstruction, the
Simple Filter module was applied. After filtering, con-
tour lines with a 1 m interval were vectorized from the
smoothed relief.

The question arises regarding the accuracy assess-
ment of SRTM elevation data. L.A. Muravyev (2007)
presented a comparative characterization of SRTM with
more accurate topographic survey data at a scale of
1:5,000. According to L.A. Muravyev (2007), the inac-
curacy in displaying SRTM elevation data compared to
1:5,000 topographic survey was due to “wandering”
planimetric coordinates (X, Y) with an amplitude of 30
meters; elevation distortions were particularly evident
on steep slopes of river valleys and gullies, where cor-
rect planimetric referencing of elevation data is espe-
cially important.

Using SRTM 3 for paleoreconstructions at scales
starting from 1:100,000 seems to be correct (Lavrentyev
et al., 2008), since the deviation of planimetric coordi-
nates by an average of 30 m is displayed at a scale of
1:100,000 as 0.03 mm.

It is also necessary to consider the specifics of
applying SRTM 3 in forested areas. Since radar sur-
veying may record tree height rather than the actual
Earth’s surface. In our case, the study object—the
Manych valley—is located in the steppe zone, and no
elevation correction of the DEM is required.

2.1.2. Creation of the digital paleochannel
model

The digital paleochannel model is a digital eleva-
tion model of the ancient water body’s channel. To cre-
ate it, the spatial coordinates (X, Y, and Z) of Pleistocene
deposits in the Manych Strait were required. For this
purpose, geological profiles presented in the mono-
graph by G.I. Popov (1983) and on sheet L-38-XIII of
the State Geological Map GGC-200_1 (Geological Map
L-38-XIII, 1965) were used.

The scanned maps with geological profiles were
georeferenced in QGIS 3.14. Given the small scale of
the original schemes in Popov’s monograph (1983), ele-
vation profiles based on SRTM3 data were constructed
to refine the georeferencing.
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The obtained profiles were then aligned with
geological cross-sections in the Inkscape graphics edi-
tor (Fig. 1). Since the coordinates of the elevation pro-
files were known in advance, their alignment with the
geological profiles enabled the determination of the
spatial coordinates of the Pleistocene deposits.

The obtained elevation marks of Pleistocene
deposits were transferred to LibreOffice Calc and used
to create a set of XYZ coordinates, based on which the
digital paleochannel model was built. Interpolation
of elevation values with a 1 m step was performed
manually.

The obtained paleochannel contour lines were
combined with the contour lines of the modern SRTM3
DEM. Natural Neighbours interpolation in SAGA GIS
was used to construct the digital elevation model of the
paleochannel. If it was necessary to change the height
of the spillway threshold, the channel height and its
gradient were modified by manual interpolation. Based
on the selected scenario for modelling, contour lines of
the required height were drawn. The Fill Sinks (Wang
& Liu) module in SAGA GIS was used to simulate the
filling of the Manych valley with deposits.

2.2. Geological-geomorphological
characteristics of the Manych Strait of the
Khvalynian Caspian basin

Paleohydrological reconstruction requires the
restoration of the relief of the Manych Strait channel
that functioned during the existence of the Khvalynian
Caspian basin. Published geological profiles from the
monograph by G.I. Popov (1983), geological maps,
descriptions of sections, and the author’s own field
observations provided the basis for such a reconstruc-
tion (Fig. 2).

Based on the above sources, the geological-geo-
morphological structure of the Manych Strait paleo-
channel was reviewed. The relief of this channel is com-
posed of Gudilov lacustrine, Surozh, and Khvalynian
marine deposits (Table 1).

According to G.I. Popov (1983), five structural
elements are distinguished within the Manych depres-
sion: the Zunda-Tolga uplift, the Eastern Manych
depression, the Manych-Gudilov depression, the Salsk
uplift, and the Western Manych depression (Fig. 2).

v IR Elevation Profile
%4y, based on SRTM3 data

Deluvial deposits

0 2 Y b 8 xm

Fig.1. Geological cross-section No. 16 by Popov (1983)
aligned with an elevation profile constructed from SRTM3
data.

The spillway threshold of the Manych Strait was
located near the Zunda-Tolga uplift—the narrowest
section of the entire depression. The reconstruction of
the paleorelief of the channel was based on transverse
geological profiles (Popov, 1983), on which Khvalynian
deposits are located at elevations of 18-20 m a.s.l.
(Fig. 1). These deposits crop out at the surface and con-
tain characteristic Khvalynian molluscan fauna. The
age of the deposits, determined from molluscs, is 14.2—
14.9 ka (Semikolennykh et al., 2025).

In the absence of precise data on the height of
the original spillway threshold, terraces traceable along
the valley are of particular importance (Fig. 3, Fig. 4).
Thus, near Zunda-Tolga, according to SRTM3 data, a
terrace approximately 44-45 m a.s.l. is observed on
the right bank of the valley. Similar terraces (40-45 m
a.s.l.) are recorded downstream from the Kalaus River
delta (Fig. 3). The floodplain width here reaches 2 km
at an elevation of about 20 m a.s.l.

Further, the waters flowed into the Eastern
Manych and Manych-Gudilov depressions, where longi-
tudinal ridges and closed depressions, first described by

Table 1. Stratigraphy and correlation of horizons and layers of the Manych valley in the Upper Pleistocene according to G.I.

Popov (1983) with modifications.

Main Western Salsk uplift Manych- Eastern Manych Zunda-Tolga uplift
subdivisions Manych Gudilov depression
depression depression
Holocene Subaerial deposits

Upper Pleistocene

Subaerial deposits

Upper Khvalynian
deposits

Surozh deposits

Lower Khvalynian deposits

Gudilov deposits

Girkan deposits

Girkan deposits

Karangat deposits




Lavrentyev N.V./ Limnology and Freshwater Biology 2026 (3): 180-207

0!000 413,000 42.000 ~ 43.000 44.000 45.000
o’
oo
.VIanych-Balabinka r
4 4 West Manych
R - Depression
&//77@ / p!
"% 47.000
Yulovskaya Site
L3 Manych-Gudilovska
* Depression
2 .
N 5 Py
«:C)ON Sal Uplift = =
Left Island
.> 46.000
East Manych ‘ Zunda-Tolga
Depression Kalags Uplift
0 20 40K j 4 : 9
- 2t Manyer

Georeferenced scheme of geological profile o
locations (Popov, 1983)

[ Territorial coverage of maps of the
paleochannel of the Manych Strait

Geological Profiles
® 23 profile Popov (1983)
= 16 profile Popov (1983)
15 profile Popov (1983)
10 profile Popov (1983)
Profile_A-B_GGK-200_1_L-38-XIII
Profile_V-G-D_GGK-200_1_L-38-XIII

Legend

12 profile Popov (1983)
14 profile Popov (1983)
@ Cross-sections

Elevation scale based on SRTM data in meters a.s.l.

40
60
80
90
100
110
265

Fig.2. Map showing the location of reference geological cross-sections and sections.

N.Ya. Danilevsky (1864), are widespread. Khvalynian
molluscan fauna was recorded in outcrops of the lon-
gitudinal ridges (Chepalyga and Pirogov, 2005; 2007,
Svitoch et al., 2010). Khvalynian deposits were most
likely abutted against Gudilov deposits, which probably
form the base of the longitudinal ridges. These longitu-
dinal ridges were formed as a result of erosional pro-
cesses during the discharge of Caspian waters through
the Manych valley (Popov, 1983; Svitoch et al., 2010).
There is also a view that the longitudinal ridges began
to form during the regressive stage of Gudilov Lake
(Svitoch et al., 2010 and others).

The regressive stage of Gudilov Lake began ~20-
17 ka (Lavrentyev, 2025). The lowering of the lake
level was probably associated with the maximum of the
Late Valdai (Ostashkov) glaciation, leading to signifi-
cant cooling and aridification of the climate, which was
the main cause of the Gudilov Lake regression.

The structure of the longitudinal ridges was
studied in greatest detail on Levyy Island. According
to OSL dating, the age of Khvalynian deposits is 17-15
ka (Semikolennykh et al., 2022). The elevation of the
boundary between Gudilov and Khvalynian deposits is
~17.4m a.s.l.
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A significant part of the Manych-Gudilov depres-
sion was occupied by Lake Manych-Gudilo since the
Late Pleistocene. Judging by profile V-G-D of geological
map sheet GGC-200_1_L-38-XIII (Geological Map L-38-
XIII, 1965), the depth of the lake bottom before the
discharge of Caspian waters was probably at elevations
of 6 m a.s.l. (Fig. 5).

The valley of the Western Manych River, after
widening in the area of Lake Manych-Gudilo (up to 40
km), narrows to 15 km near the mouths of the Sredny
and Bolshoy Egorlyk rivers. Here, the Salsk uplift is
located (Fig. 6). In this area, Khvalynian fauna was
identified mainly from drilling data on the first flood-
plain terrace (height ~20 m a.s.l.) above the mouth of
the Bolshoy Egorlyk River (Popov, 1983). The second
terrace is represented by lacustrine clays, sandy loams,
and loams with molluscan fauna characteristic of flow-
ing water bodies (Dreissena polymorpha, Lithoglyphus,
and Valvata) (Popov, 1983), at an elevation of ~25
m a.s.l. It is assumed that a second spillway thresh-
old of the Manych Strait, 20 m a.s.l. high, formed by
deposits of the tributaries Bolshoy and Sredny Egorlyk,
which existed in this area (Kvasov, 1975; Popov, 1983;
Lavrentyev and Chepalyga, 2011).
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After the Caspian waters overcame the first
spillway threshold near Zunda-Tolga, the basin of
Lake Manych-Gudilo was filled, resulting in the for-
mation, for a relatively short time, of a bay of the
Early Khvalynian basin in the central part of the
Manych valley. Upon reaching a water level of +20
m a.s.l., overflow of Caspian waters began across the
second spillway threshold—the Salsk uplift. This is
indirectly evidenced by changes in the character of
deposits in the Khvalynian section on Levyy Island
(Semikolennykh et al., 2022). The structure of the
section reflects a gradual change in sedimenta- 2
tion environments—from calm lagoonal conditions Q“%.
associated with the ingression of Caspian waters to \ 2}
dynamic flowing conditions caused by the develop- \.%

ment and activation of the strait. /
Below the confluence of the Sredny Egorlyk A RO

River, the valley widens again to 20 km. The valley
bottom becomes flat. e,

The first Khvalynian terrace of the lower Tt 7
reaches of the Western Manych River was studied '%‘/s,?/
by many authors (Danilevsky, 1869; Bogachev, &
1903; Lisitsyn, 1932, and others). These are typ-
ically sections with mixed Black Sea-Caspian and
freshwater fauna (Cardium edule, Bittium reticula- s
tum, Didacna trigonoides, Dreissena caspia, Dr. poly- e : A
morpha, and Viviparus viviparus). Such sections with AR
mixed fauna are traceable throughout the Western &
Manych depression. At present, the study of these
sections is Comp]icated because they are flooded Fig.3. Profile of the Western Manych River valley, down-
by the Veselovskoye Reservoir. An exception is the stream from the Kalaus River delta, based on SRTM3 data.
section in front of the dam of the Veselovskoye
Reservoir near the Manych-Balabinka village. It has
been known since 1932 (Lisitsyn, 1932). The fauna is
mixed and redeposited, including Caspian and Black
Sea molluscs. Khvalynian molluscs are represented
by Didacna protracta and Didacna ebersini, for which
a date exists— calibrated age (OxCal v4.4) 17.138
ka, MGU-1491 (Svitoch and Yanina, 2001).

The steep banks of the Veselovskoye Reservoir
are mainly represented by Gudilov deposits with
freshwater molluscan fauna of standing water bod-
ies (second floodplain terrace). As an example, we
can cite the deposits underlying the cultural layers
of the Yulovskaya site (Lavrentyev et al., 2012). This
lower unit is represented by coarsely bedded lacus-
trine loams with freshwater fauna, Planorbis sp. and
Valvata sp.; visible thickness—3 m. A bone found
in these deposits yielded a date (Chepalyga et al.,
2008). Calibrated date (OxCal v4.4)—25,546 years
ago (LU-5852). According to palynological data, this
horizon belongs to the Bryansk age. According to the
latest studies (Sycheva et al., 2015), the age of the
Bryansk paleOSOI is estimated at 33-26 ka (MIS 3) Elevation of the Khvalynian deposits base in meters abs. .
Then, a change in sedimentation conditions occurs. 15 Popov profile (1983) —m 1920108

From Pos: 419923.512, 5070373.353 To Pos: 435434.166, 5072475.908

B
25km 5.0km 75km 10.0 km 125km 15.66 km
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<&

Kaijen 1oA1d YoAuew

Lacustrine sediments are replaced by subaquatic £ i — N 73
deposits containing the cultural layers of the Late Lol e T 1o NN
Paleolithic Yulovskaya site, with an age of deposits — Isolines derived from SRTM3 data

of ~17-20 ka. Thus, we can conclude that the regres- Bc CMtogiSPhiciayen o ed anCetdata

sive stage of Gudilov Lake began during the period of

the Late Valdai (Ostashkov) glaciation (Lavrentyev, , gig'f4i Map No. 1 of the paleorelief of the Manych Strait near
2022). unda-Tolga.
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In addition to Gudilov deposits, deposits com-
posed of Black Sea-Mediterranean species Cardium
edule, Bittium reticulatum, Chlamys sp., as well as the
freshwater mollusc Viviparus viviparus, can be found on
the steep banks of the Western Manych River. Such a
ratio of fauna gave G.I. Popov (1983) grounds to dis-
tinguish a separate Surozh horizon in the valley of
the Western Manych River. According to G.I. Popov
(1983), Surozh deposits pass into Khvalynian deposits
near Proletarsk. However, the coexistence of freshwater
and Mediterranean molluscan fauna in one water body
is impossible. Most likely, the Mediterranean fauna
was washed out from Karangat deposits during the
discharge of Khvalynian waters through the Manych
valley (Yanina, 2012; Yanina et al.,, 2025). Surozh
deposits are also found at the Yulovskaya site, where
they are abutted against Gudilov deposits (Lavrentyev,
2025). Consequently, Surozh deposits are younger than
Gudilov deposits, which confirms the hypothesis that
Surozh deposits were formed during the functioning of
the Manych Strait.

Downstream, near the Sukhoy village, the valley
widens in the form of a meander to 30 km and then ends
with a narrowing to 5 km near the Manych-Balabinka
village, where the section of the same name is located
(Lisitsyn, 1932) at an elevation of 4 m a.s.l.

Further, Caspian waters entered the overdeep-
ened channel of the Paleo-Don River, which, according
to profile 23 by G.I. Popov (1983), reaches a depth of
—20 m a.s.l. At present, the overdeepened channel of
the Paleo-Don River is overlain by Holocene alluvium
(Fig. 7).

It was precisely —20 m a.s.l. that served as the
base level of erosion for the Manych Strait. Further, /
the waters of the Khvalynian basin discharged into the ~ 5 g & A Ve
Neoeuxinian basin (=50, -100 m a.s.l.). ’ 2

Legend
Elevation of the base of the Khvalynian deposits in meters abs. —— Isolines derived from SRTM3 data
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Fig.5. Map No. 2 of the paleorelief in the Manych Strait
near Lake Manych-Gudilo.
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2.3. Hydraulic modelling 5 =

Legend

Based on the constructed digital paleorelief
model, hydraulic modelling of Caspian water discharge
through the Manych valley was performed.

Calculations were carried out in the HEC-RAS
software package version 6.6, designed for one-dimen-
sional steady flow modelling in open channels. HEC-
RAS was developed by the Hydrologic Engineering
Center (USA) and has acquired wide distribution in
hydraulic and hydrological research due to the high
quality of its algorithms and free distribution (English,

Height of the Khvalynian deposits base in meters abs. —— Isolines from SRTM3 data
10 profile Popov (1983)
® Profile A-B of geological map L-38-XIII
Relief
—— Paleochannel isolines from Popov 1983 profiles

Base cartographic layer from OSM data

0 2:5 5 7.5 kM
[ .

Fig.6. Map No. 3 of the paleorelief in the Manych Strait
near the Salsk uplift.

steady uniform flow (Nikiforov, 2016, p. 6). Manning’s
roughness coefficients (n) of the channel were deter-

2023).

At present, HEC-RAS has effectively become the
de facto global standard for solving flood risk manage-
ment tasks, designing hydraulic structures, and hydrau-

lic modelling of water bodies in many countries.

In Russia, the HEC-RAS software package has also
successfully passed approbation and is actively used in
scientific and design works. A vivid example is the can-
didate dissertation by D.A. Nikiforov, “Modelling of the
Level Regime of the Yenisei River Reservoirs” (2016),
in which HEC-RAS was used for detailed modelling of

the hydraulic regime of the Yenisei River reservoirs.

Hydraulic calculations are based on the Saint-
Venant equations and the Chezy formula describing
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mined from the tables of M.F. Sribny (Baryshnikov,
2003, p. 134), taking into account paleobotanical data.

According to palynological studies of the sec-
tion of the Late Paleolithic Yulovskaya site (Western
Manych River valley), at the beginning of the degrada-
tion of the Late Valdai glaciation (~17 ka), alder for-
ests grew along watercourses in the floodplain of the
Manych valley (Lavrentyev et al., 2012; Lavrentyev,
2022). Approximately simultaneously, the overflow of
Caspian waters through the Manych depression began
(Semikolennykh et al., 2022). Therefore, at the initial
stage of the transgression, the model adopted a rough-
ness coefficient (n = 0.08), characteristic of a vege-
tated channel.
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As a permanent flow formed and the channel
was incised, the roughness coefficient decreased to val-
ues typical of large lowland rivers (n = 0.035). Such a
decrease in the roughness coefficient n naturally leads
to an increase in mean flow velocity and, as a rule, to
a decrease in water depth (level) at a fixed discharge.

The calculations also took into account the fol-
lowing parameters:

+ effective evaporation during the Early Khvalynian
transgression — 650 mm/year (Sidorchuk et al.,
2021);

+ maximum total river inflow to the Khvalynian
Caspian basin (including glacial runoff)
18,000 m3/s (Sidorchuk et al., 2021).

When accounting for effective evaporation, the
inflow to the Manych valley was adjusted by reducing
the input water discharge by an amount equivalent to
evaporation from the water surface (~650 mm). This
approach is empirical in nature and represents a sim-
plification. To obtain more accurate and substantiated
estimates, detailed studies of the water balance of the
Khvalynian Caspian basin are required, which may
become the subject of further research.

Thus, hydraulic modelling enabled the assess-
ment of flow characteristics during different periods of
existence of the Manych Strait.

3. Results and discussion

During the performed research, four digital mod-
els of the Manych valley paleochannel were constructed
with spillway threshold heights of 18, 31, 45, and 46 m
a.s.l. The variant with a 46 m a.s.l. threshold includes
filling of the Manych valley with deposits, from which
the ridge relief could have formed (Fig. 8). For the digi-
tal paleochannel models with 31 and 45 m a.s.l. thresh-
olds, a second Salsk spillway threshold 18-19 m a.s.l.
high was constructed.
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Fig.7. Map No. 4 of the paleorelief in the Manych Strait
near the confluence of the Western Manych River with the
Don River.

3.1. Hydraulic modelling of the Caspian
water discharge through the Manych valley

Based on the digital paleochannel models,
hydraulic modelling of Caspian water discharge was
performed with water discharges in the following
ranges:

« possible river inflow to the Caspian in the Late
Glacial — 10,000-18,000 m3/s (Sidorchuk et al.,
2021; Gelfan et al., 2024);

+ maximum possible discharge of Caspian waters
through the Manych valley — 50,000-65,000 m3/s
(Chepalyga, 2005; Sidorchuk et al., 2011).

Additionally, the discharge capacity of the
Manych Strait channel was investigated at a spillway
threshold of 18 m a.s.l. and a water level of 48 m a.s.l.

o

o ~

Fig.8. Paleorelief of the Manych valley channel with spillway thresholds: A- 18 m a.s.l; B-31 ma.s.l.; C-45ma.s.l;D -

46 m a.s.l. with filling by Manych valley sediments.
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Moreover, based on the elevations of the main
terraces of the Khvalynian Caspian basin at 20-22,
28-30, 34-36, 46-48 m a.s.l. (Rychagov, 1997), cal-
culations of the Manych Strait discharge, correspond-
ing to the height of Khvalynian Caspian terraces, were
presented.

3.1.1. Hydraulic calculations of the Caspian
water discharge at a spillway threshold of 18
m a.s.l.

According to geological profile No. 16 (Popov,
1983), the height of the spillway threshold near Zunda-
Tolga was 18 m a.s.l. (Fig. 9). The spillway threshold
of 18-20 m a.s.l. formed at the end of the existence
of the Manych Strait. This is evidenced by the deep
erosional incision and dates of Khvalynian deposits
belonging to the end of the strait’s existence, 14.2-14.9
ka (Semikolennykh et al., 2025). Consequently, the
roughness coefficient was approximately 0.035. Based
on the presented data, the following calculation results
were obtained.

When the Khvalynian basin was at 22 m a.s.l,,
corresponding to Khvalynian terraces at 20-22 m a.s.l.
(Rychagov, 1997), the discharge was ~1,000 m3/s
(Table 2). This was the final stage of the Manych Strait’s
existence.

At a Khvalynian basin level of 28.1 m a.s.l., the
discharge into the Manych valley was ~15,000 m?3/s.
This discharge value corresponds to the maximum river
inflow to the Caspian of 18,000 m?/s minus effective
evaporation of 650 mm (Sidorchuk et al., 2021). This
level corresponds to Khvalynian terraces at 28-30 m
a.s.l. (Rychagov, 1997).

To achieve a water level corresponding to
Khvalynian terraces at 34-36 m a.s.l. (Rychagov, 1997)
with a spillway threshold of 18 m a.s.l., a discharge
of ~65,000 m>/s would be required. This value corre-

Table 2. Results of hydraulic modelling of the Caspian
water discharge through the Manych valley at a spillway
threshold of 18 m a.s.l. in the area of Popov’s profile No. 16
(1983), Zunda-Tolga village.

Water |Roughness|Discharge,| Wetted cross- | Flow
level, |coefficient| m3/s sectional |velocity,
m a.s.l. 0.035 area, m> m/s
22 0.035 1,000 20,599 0.05
28.1 0.035 15,000 57,858 0.26
28.72 0.035 18,000 59,358 0.27
33 0.035 50,000 97,349 0.51
35 0.035 65,000 108,550 0.60
40 0.035 130,000 176,500 0.91
48 0.035 350,000 255,861 1.36

sponds to the upper limit of the maximum discharge
through the Manych Strait, which was reconstructed
based on the cross-sectional area of a large paleomean-
der in the lower reaches of the Western Manych River
(Sidorchuk et al., 2011).

The discharge capacity of the Manych valley at
water levels of 40-48 m a.s.l. ranges from 130,000 to
350,000 m3/s. This value is comparable to the esti-
mates of A.Yu. Sidorchuk, according to whose data
the discharge could reach 200,000-300,000 m3/s at a
water level of 45 m a.s.l. (Sidorchuk and Panin, 2022).
At such a large discharge, the Caspian level could not
have risen to 40-48 m a.s.l.

The water levels of 22 m, 28.1 m, 34-36 m, and
40-48 m a.s.l. presented in this subsection do not reflect
successive stages of Khvalynian basin rise at a spillway
threshold of 18 m a.s.l. These elevations were used
exclusively as hypothetical scenarios to assess the dis-
charge capacity of the Manych Strait at a fixed thresh-
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Fig.9. Reconstruction map of the Manych Strait with a spillway threshold of 18 m a.s.l. and a roughness coefficient of 0.035.
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old height. The main purpose of the calculations is to
demonstrate that with a geologically confirmed spill-
way threshold height (~18 m a.s.l., profile No. 16 by
G.I. Popov, 1983) and realistic total river inflow to the
Khvalynian basin (10-18 thousand m3/s), maintaining
the Caspian Sea level at the traditionally accepted max-
imum transgression elevations (40-48 m a.s.l.) requires
a water discharge of the order of 130-350 thousand
m?/s, which appears to be an unrealistic scenario. Thus,
these calculations are intended to reveal the contradic-
tion between a low spillway threshold and ideas about
a high maximum of the Early Khvalynian transgression
and to justify the need to analyze alternative scenarios
with a higher initial spillway threshold height.

3.1.2. Hydraulic calculations of the Caspian
water discharge at a spillway threshold of 31
m a.s.l.

Since the Khvalynian basin level could not rise
to 40-48 m a.s.l. with a spillway threshold of 18 m
a.s.l., it was necessary to raise the Manych Strait spill-
way threshold to 31 m a.s.l. It was most likely from
this higher spillway threshold that the discharge of the
Caspian waters into the Manych valley began, where
alder forests grew along watercourses (Lavrentyev et
al., 2012; Lavrentyev, 2022). Therefore, a roughness
coefficient (n = 0.08), characteristic of a vegetated
channel, was adopted in the hydrological model.

At a threshold of 31 m a.s.l. and a discharge of
18,000 m3/s, the water level reached 40.55 m a.s.l,,
taking into account effective evaporation of ~40.0 m
a.s.l. (Fig. 10). The corresponding discharge was 15,500
m?/s. This level also corresponds to the Khvalynian ter-
race in the Yergeni (Lavrentyev and Chepalyga, 2024).
Subsequently, the water level could drop to 37 m a.s.l.
due to a change in the roughness coefficient in the strait
at the same water discharge (Table 3).

Table 3. Results of hydraulic modelling of the Caspian
water discharge through the Manych valley at a spillway
threshold of 31 m a.s.l. in the area of Popov’s profile No. 16
(1983), Zunda-Tolga village.

Roughness coefficient 0.035

Water level,| Discharge, Wetted Flow
m a.s.l. m3/s cross-sectional | velocity,

area, m? m/s

35 6,000 19,518 0.31

37.2 14,800 35,630 0.42

37.82 18,000 41,068 0.44

41 50,000 76,828 0.65

42 65,000 91,164 0.71

48 160,000 161,572 0.99

Roughness coefficient 0.08

Water level,| Discharge, Wetted Flow
m a.s.l. m3/s cross-sectional | velocity,

area, m? m/s

35 3,000 21,217 0.14

40 15,500 62,152 0.25

40.55 18,000 67,872 0.27

46 50,000 133,918 0.37

47 65,000 154,190 0.42

At a discharge of 65,000 m®/s, the water level
reached 47.3 m a.s.l. This value is close to the maxi-
mum level of the Early Khvalynian transgression—48
m a.s.l. (Fedorov, 1957; Rychagov, 1997; Svitoch et al.,
2010; Chepalyga et al., 2007 and others). Subsequently,
with a decrease in the roughness coefficient, the water
level could drop to 42 m a.s.l.
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Fig.10. Reconstruction map of the Manych Strait with a spillway threshold of 31 m a.s.l. and a roughness coefficient of 0.08.
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3.1.3. Hydraulic calculations of the Caspian
water discharge at a spillway threshold of 45
m a.s.l.

In the area of the Kalaus River delta, terraces of
40-45 m a.s.l. high are recorded, which suggests that
the initial spillway threshold could have reached 45
m a.s.l. (Kvasov, 1975; Popov, 1983; Rychagov, 1997;
Svitoch et al., 2010).

At the beginning of the strait’s existence, the
roughness coefficient was n = 0.08. At a discharge of
18,000 m3/s, the water level reached 47.2 m a.s.l., tak-
ing into account effective evaporation of 46.65 m a.s.l.
(Table 4). The corresponding discharge was 12,400
m?3/s. This value is close to the maximum level of the
Khvalynian transgression (Fig. 11).

3.1.4. Hydraulic calculations of the Caspian
water discharge with sediment filling

The scenario with a 46 m a.s.l. threshold assumes
partial filling of the Manych valley with sediments,
which changes the morphometric parameters of the
channel. The roughness coefficient was n 0.08
(Fig. 12).

At a discharge of 18,000 m3/s, the water level
in Zunda-Tolga was 49.7 m a.s.l., taking into account
effective evaporation of 49.15 m a.s.l. The correspond-
ing discharge was 12,600 m3/s. This value is close to
the maximum level of the Khvalynian transgression
(Table 5).

Reconstructions with spillway thresholds of 31,
45, and 46 m a.s.l. are hypothetical. The existence of
these Manych Strait spillway thresholds is not con-
firmed by geological evidence. However, a higher spill-
way threshold of 31-45 m a.s.l. allows justifying the
Khvalynian basin level in the range of 40-48 m a.s.l.
from the point of view of the Caspian water balance
(Fig. 13).

Table 4. Results of hydraulic modelling of the Caspian
water discharge through the Manych valley at a spillway
threshold of 45 m a.s.l. in the area of Popov’s profile No. 16
(1983), Zunda-Tolga village.

Roughness coefficient 0.035

Water level,| Discharge, Wetted Flow
m a.s.l. m3/s cross-sectional | velocity,
area, m? m/s
45.61 6,000 6,642 0.90
46.19 18,000 14,662 1.23
47.66 50,000 38,471 1.30
48.37 65,000 50,467 1.29
Roughness coefficient 0.08
Water level,| Discharge, Wetted Flow
m a.s.l. m3/s cross-sectional | velocity,
area, m? m/s
45.69 3,000 7,551 0.40
46.65 12,400 21,955 0.56
47.21 18,000 31,050 0.58
49.99 50,000 78,471 0.64
50.81 65,000 93,099 0.70

The reconstruction of the Manych Strait paleo-
channel with a spillway threshold of 18-20 m a.s.l. is
justified according to geological profiles by G.I. Popov
(1983). If we look at the longitudinal profile of the
Manych Strait with a spillway threshold of 18 m a.s.l,,
the following patterns are observed (Fig. 13). In the
area of the Zunda-Tolga uplift, a channel gradient is
observed. Flow velocity increases (Fig. 14), which is
quite natural, since this is the narrowest section of the
Manych valley, where deep erosion predominantly
occurred. Then, in the area of Lake Manych-Gudilo, the
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Fig.11. Reconstruction map of the Manych Strait with a spillway threshold of 45 m a.s.l. and a roughness coefficient of 0.08.
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longitudinal profile of the strait levels out. Flow veloc-
ity becomes calmer (Fig. 14).

Here, Khvalynian sediments abutted against
Gudilov deposits can be seen; consequently, sedi-
ment accumulation occurred. Erosion itself was not so
intense. After the Salsk uplift, the channel of the strait
drops again. The Western Manych depression is char-
acterized by a large elevation difference and high flow
velocities. The modelling data confirm the geological
structure of the Western Manych depression. In depos-
its on the first and second floodplain terraces, redepos-
ited fauna from underlying horizons is recorded, indi-
cating active channel erosion.

However, despite intense erosion, the longitu-
dinal profile of the Manych Strait is not sufficiently
incised, which suggests the short duration of its
existence.

4. Conclusion

Hydraulic modelling within the framework of the
present study provided reconstruction of the most prob-
able scenarios of the Caspian water discharge through
the Manych valley during the Khvalynian transgression
of the Caspian Sea. We identified the following main
scenarios:

1. With a spillway threshold of 18 m a.s.l., to reach
the maximum level of the Early Khvalynian trans-
gression (40-48 m a.s.l.), a water discharge of the
order of 130,000-350,000 m3/s would have been
required. However, in the Late Pleistocene, the riv-
ers of the Caspian basin never provided such a high
discharge. Consequently, the rise of the Caspian
Sea level to 40-48 m a.s.l. with a spillway thresh-
old of 18 m a.s.l. should be considered unlikely.

Most likely, the initial spillway threshold was
located at a higher elevation, formed by deltaic
deposits of the Kalaus River. Some researchers

Table 5. Results of hydraulic modelling of Caspian water
discharge through the Manych valley at a spillway threshold
of 46 m a.s.l. with sediment filling in the area of Popov’s pro-
file No. 16 (1983), Zunda-Tolga village.

Roughness coefficient 0.035

Water level,| Discharge, Wetted Flow veloc-
m a.s.l. m3/s cross-sectional | ity, m/s
area, m?

47.93 10,000 36,491 0.27
48.53 18,000 48,283 0.37
Roughness coefficient 0.08
Water level,| Discharge, Wetted Flow veloc-
m a.s.l. m?/s cross-sectional | ity, m/s

area, m?
49.15 12,600 61,179 0.21
49.73 18,000 73,802 0.24

(Sidorchuk et al., 2011; Popov, 1983; Kvasov,
1975) estimate the height of the spillway threshold
at ~45 m a.s.l., which is consistent with the eleva-
tion position of terraces in the Kalaus delta area.
The results of hydraulic modelling show that river
inflow during the Late Glacial was sufficient to
maintain the Caspian level above 46 m a.s.l. At the
same time, terraces above 40 m a.s.l. lack mollus-
can fauna and have not yielded radiocarbon dates;
therefore, the maximum level of the Khvalynian
transgression (48 m a.s.l.) remains controversial.

The most probable scenario is when the spillway
threshold was located at 31 m a.s.l. River inflow
to the Khvalynian Caspian basin would have been
quite sufficient to maintain the water level in the
Caspian at 40 m a.s.l. This level corresponds to the
Khvalynian terrace in the Yergeni and is confirmed
by findings of molluscan fauna (Lavrentyev et al.,
2024; Svitoch et al., 2017).
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4. Deltaic deposits of the Kalaus River were apparently
subjected to intense erosion by the waters of the
Manych Strait, which caused a gradual lowering of
the threshold height to 18 m a.s.l. (Sidorchuk and
Panin, 2022). During the phase of active erosion,
water discharge increased from 18,000 to 65,000
m?3/s. In particular, at a discharge of 65,000 m3/s
and a spillway threshold of 18 m a.s.l., the water
level near Zunda-Tolga reached 35 m a.s.l., which
corresponds to the elevation position of Khvalynian
terraces of the Caspian (Rychagov, 1997).

Throughout most of the existence of the Manych
Strait, the Caspian Sea level was maintained in the
range of 22-35 m a.s.l., as evidenced by numerous
findings of Khvalynian deposits with characteristic
fauna and radiocarbon dates in this elevation inter-
val (Arslanov et al., 2016).

Thus, the results of the conducted study indicate
that the discharge of the Caspian waters through the
Manych valley in the Late Pleistocene was stepwise in
nature and was accompanied by a sequential lower-
ing of the spillway threshold height. The most prob-
able scenarios are those with spillway thresholds at
31-45 m a.s.l.,, corresponding to the levels of the Early
Khvalynian transgressive maximum.

The results of hydraulic modeling using the HEC-
RAS software package are generally in good agreement
with water discharge estimates obtained from clas-
sical hydraulic calculations using the Chezy formula
(Sidorchuk et al., 2011; Sidorchuk and Panin, 2022).
Nevertheless, issues regarding the height of spillway
thresholds, the dynamics of their erosion, and the dura-
tion of individual flow phases remain open and require
further interdisciplinary study.
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XBaAbIHCKOro 6accevna Kacnua B nospHem FRESHWATER

nAercToleHe

JlaBpeHThEB H.B.

He3zagucumuiil uccsredosameJto
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AHHOTAILIHA. B cTaThe paccMaTpUBAIOTCA AUCKYCCUOHHBIE BOIIPOCH NaJIeOruapoJIoruy MaHbUCKOTO
MPOJINBA — KJTIOYEBOTO 3BEHA B CHCTEME BOJOOOMeEHA MeXy XBaJIbIHCKUM OacceriHoMm Kacmus u HOBO-
3BKCHHCKUM OacceiiHoM YépHOro mMops B o3gHeM IutelicTolieHe. OCHOBHOe BHUMaHUeE yAesIeHO ABYyM
apaMeTpaM: MaKCUMaJIbHOMY YPOBHIO XBaJIBIHCKOU TpPaHCTpecCHU U BBICOTE IOpora CTOKa Yepes
MaHsbruckyo BnaguHy. Ha ocHOBe reosioro-reoMmop¢ooruiyeckoro aHaansa, DudpoBoro MogeupoBa-
HUA peabeda U ruapaBandeckoro moaenuposanusa B cucteMe HEC-RAS aBTOpOM peKOHCTPYHPOBaHbI
crieHapum cOpoca KacnuHcKuX BoZ uyepe3 MaHBIUCKYI0 AOJIMHY. Pe3ysibTaTel MOJeJINpOBaHUs 03BO-
JINJIY YCTaHOBUTH, YTO HanboJiee BEpOATHHIN MaKCUMaJIbHBIN ypoBeHb Kacnuis Bo BpeMs paHHeXBaJIbIH-
CKOH TpPaHCI'pPeccUy COCTaBJIAI 0K0JIO0 40 M H.y.M. IIpu nopore croka B 31 M H.y.M. Takxe paccuuTaHbl
TUIIOTETHYEeCKUe MpeJiesibl POIyCKHOM CIOCOOHOCTH pycJia MaHBUCKOTo NpoJikBa XBaJIbIHCKOro Gac-
cetina Kacnus. Pe3ysipTaThl MOTyT OBITh MCIIOJIb30BaHEI B JaJIbHENIINX HCCJIeJOBAHNUAX.
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1. BBeapenue

Masnspluckas BHOaguHa MpeJcTaBjideT CoOOoM
TEeKTOHMYeckoe XeJIOOOBUIHOe TOHMWXKeHUe, OT/e-
naomee IlpegkaBkasbe OT CTENHOM YacTU ora
BocTtouHo-EBponelickoii paBHUHBI U COeAUHSAIOIee
Ky6ano-IIprnazosckyio u Ilpukacnuiickylo HHU3MeEHHO-
ctu. [lo nHUIY BaguHBI IpoTekaeT peka MaHbBIY.

Bo3MOXHOCTB BoJ0OOMeHa MeXIy
YepnomopckuM u Kacnmiickum 6OacceiiHaMu depes
MaHsbruckyio OoavHy Oblia BIlepBele oOocHOBaHa H.
A. MauuneBckum B 1869 r. ([anuneBckuii, 1869).
HccnemoBaHusa  4YeTBEPTUYHOUW  T'eOJIOTUM  peru-
oHa Benytca 6osiee 150 JieT, B XOJle KOTOPHIX OBLIN
JeTajibHO H3yYeHbl OTJOXeHUA (BKJIIOYasg MaJiako-
dayHy) U peKOHCTPYHpOBaHA XPOHOJIOTHS 3MU30[0B
BojooOMeHa Mexay YépHeiM u Kacnmiickum Mopamu
(BoraueB, 1903; JlucuipiH, 1932; T'opelikuii, 1953;
ITonos, 1983; Yenaseira u ITuporos, 2005; CBuUToY u
ap., 2010; CeMuKoJIeHHBIX 1 Ap., 2022).

CoBpeMeHHBIe IIpe/icTaBJieHuA 00 uctopuu Gop-
MHUpOBaHUA MaHBIUCKOM JOJIHHI B IIJIEHCTOIIeHe B 3Ha-

YUTEJBHONU CTENeHU OMUPAIOTCA Ha (YHIaMeHTaJIb-
Hele uccaegoBanus I'. U. TTomosa (1983), KoTophIi Ha
OCHOBE aHaJIN3a MHOTOYVCJIEHHBIX Pa3pe30B U JaHHBIX
OypeHUs JIeTaJIbHO PEKOHCTPYHPOBAJ Ie0JIOTMYECKOe
CTpoeHMe U wucCTOpui0 (GopmupoBaHuss MaHBIYCKON
JOJINHBL.

Mocnemuuii pa3 MaHBUCKasA OJIMHA 3allOJTHS-
Jlach MOPCKMMH BOJIJaMU B KOHI[e MO3AHEro IJIeHCTO-
I[eHa, BO BpeMs XBaJIBIHCKOHN TpaHcrpeccuu Kacmws.
CorjlacHO MoOcJegHUM [aHHBIM aOcosoTHOro OSL-
JaTupoBaHusA, QYHKIMOHUPOBaHWE MaHBIUCKOTO MPO-
JIBa NMPOHCXOAWJIO B MHTEpBaje npuMepHo 17,7-14,9
ThiC. JieT Ha3ap (CeMumKoJIeHHBIX W 1p., 2022), 4To
COOTBETCTBYET 3II0Xe Aerpajjaliiiy MO3JHEBAIAANCKOTO
(octramxoBckoro) ogeneHenus (MIS 2).

HecMoTps Ha [UTMTETBHYI0 MCTOPUIO MCCJIEI0BA-
HU naseoreorpadru MaHBIUCKON AOJIMHEI, TUAPOJIO-
ruyeckye rnapaMeTpsl MaHBIUCKOTO MPOJIMBA B MEPUO
XBaJIBIHCKOM TPaHCTPECCUU TPOJIOJIKAIOT OCTaBaThCs
MpeMeTOM aKTUBHOW HAayyHOU Auckyccwu. K uwmciy
HauboJiee JUCKYCCUOHHBIX OTHOCATCSA IBA KJTIOYEBBIX
nmapamMmeTpa:
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1. MaxkcumaJibHBIN YpOBeHb XBaJIBIHCKOH TpaHCIpec-
cuyu. CorjlacHO npeoGsajamoiiell TOUKe 3peHusd,
MaKCUMaJIbHBII yPOBEHb XBaJIBIHCKOHM TpaHC-
rpeccun gocruran 48 m H.y.M. (depopos, 1957;
Priyaros, 1997; Ceurou u Ap., 2010; Yenasnwira,
2007 u pp.). Teppacsl Ha 3TOIl OTMETKe OIU-
caHel Ha nobepexbe Jlarectana (Prruaros, 1997)
n Ha KpacHoBoACKOM MOJIyOCTpOBe, KOTOPBII
HaxoAUTCA Ha BOCTOYHOM mnobOepexbe Kacnusa
(®emopos, 1957). Kpome Toro, Teppachsl Ha BEICOTe
48 M H.y.M. QUKCUPYIOTCA MO JAaHHBIM ITU(PPOBON
Mogenu mectHoctu SRTM3 (JlaBpeHTheB, 2013).
OpfHako Ha 3TUX Teppacax OTCYyTCTByeT Majakoda-
yHa U paauoyrjiepogHble matupoBku. Haumboiee
BBICOKasA Teppaca C XBaJIIHCKOHN MaJsiakodayHOM
3adukcrpoBaHa B Epreusax Ha ypoBHe 40 M H.y.M.
(JlaBpenTbeB u ap., 2024; Cutou u fp., 2017).
Ananoruunsie otMetku (1o 40 M H.y.M.) HaOJIO-
Jaiorca B paiioHe Camapckoil JIyku B JOJMHE P.
Mareiii Kapaman (Maxkmaes u gp., 2025). Takum
obpa3oM, Teppachkl XBaJIBIHCKOHM TpaHCrpeccuu
BhIlIe 40 M H.y.M. He IOATBepXAeHbl JaTUPOBKaMU
1 XBaJIBIHCKON MasiakoayHoOMH, YTO JAejiaeT Mak-
CHMAaJIbHBIE ypOBEeHb TpPaHCIpeccuy IpeaMeTOM
JCKYCCHM.

Bricota mopora croka MaHBIYCKOrO IIpPOJIUBA.
CoryjacHO reosiormyeckoMy nmnpogumo Ne 16
(ITonos, 1983), mopor cToka B paiioHe c. 3yHa-
Tosra pacnosiarasica Ha ypoBHe OKoyio 18-20 m
H.y.M. Pan uccriemoBaHuil mOKasbIBaeT, 4TO IIpU
Takoil BBICOTE Iopora cToka ypoBeHb Kacnus
He Mor pgocturaTth 48 M H.y.M. (KBacos, 1975;
ITomos, 1983; BapymeHko u ap., 1987; Cesurou u
Ap., 2010; Preruaros, 1997; Yenaneira u IInporos,
2005). I'mppaBinuyeckye pacyéThl yKas3blBalOT Ha
BBICOKYIO IIPOMYCKHYI0 CIOCOOHOCTH pycJjia IIpu
ypoBHe 45 M H.y.M. — oT 200 000 mo 300 000 m3/c
(Cupmopuyk u IlanuH, 2022), 4TO CONOCTaBUMO
CO CTOKOM p. AMa3oHKa. bosiee KOHCepBaTUBHBIE
OI[eHKU MaKCHMaJIbHOTO CTOKa depe3 MaHbIuCKyIo
JOJIUHY cocTaBisioT ~50 000 m3/c (Yenmaseira u
[Muporos, 2005), Ha OCHOBe XapaKTepa OTJI0KeHUN
y ¢. 3ynga-Touira, uau go 65 000 m3/c (Sidorchuk
et al., 2011), ucxond M3 mJolaau XUBOTO ceue-
HUA KPYNHOH MeaHApPH B palioHe xyTopa CyxXoOm.
OTU 3HaueHMA CYIL[eCTBEHHO IPEBBIIIAIOT PEKOH-
CTPYMPOBaHHBII peyHOU cTok B Kacnuii Bo Bpems
PaHHEXBAaJIBIHCKOM TpaHCIPeccuu 520-570
km>/ron (~16 500-18 000 m3/c) (Cumopuyk u
ap., 2021), u3 xoropeix Ao 80 % obecrnedynBasoch
crokoM Bosru (~423 km®/ron). AJbTepHaTUBHBIE
OLIEHKH peYyHOoro croka mgamwt 320-375 km®/rofg
(Gelfan et al., 2024). CoBpeMeHHBIII MHOTOJIET-
HUI cTok Bousrm cocrasisger 228-274 km®/ron
(Teopruagu u ap., 2017). YkazaHHOe HeCOOTBET-
CTBUEe [iejlaeT HEBO3MOXHBIM BBICOKUI YpPOBEHb
XBaJIBIHCKOTO HacceiiHa mpu mopore ctoka 18-20
M H.y.M. B cBfA3u Cc 3TUM aBTOpaMu HUCCJIe[IOBa-
HUI BBIABUTraeTcCA TUNOTe3a O CYL[eCTBOBAaHUU B
Hayajle XBaJIBIHCKON TpaHcrpeccuu OoJiee BBICO-
koro nopora crtoka (Ksacos, 1975; [Tonos, 1983;
Yenasrwira u Iuporos, 2005; Ceutou u ap., 2010;
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Sidorchuk et al., 2011), npeumymiecTBeHHO chop-
MMPOBaHHOI'O OTJIOKEHHAMHU JesibThl p. Kamayc.
Bosee BrICOKMII TOpOr cToKa MaHBIYCKOU JOJIMHEI
[103BOJIAET OOBACHUTH HaJIMuMe XBaJIBIHCKUX Tep-
pac Boiie 30 M H.y.M. OqHaKo HeT reoJIOTUYeCKUX
JI0Ka3aTeJIbCTB CyIlecTBOBaHUA 0oJjiee BBICOKOTO
nopora croka. CiefoBaTesIbHO, BBICOTa IOpoOra
cToka MaHBIUCKOTrO IpoJiBa B Hayajle XBaJIbIH-
CKOM TpaHCrpeccuu sABJIAeTCA IpeaMeToM Hayu-
HOMH JUCKYyCCHUU.
Takum oOpa3oMm, BONpoC O MaKCHUMaJlb-
HOM YypOBHE XBaJIBIHCKOM TpaHCTpecCud U BHICOTE
mopora croka TpeOyeT JOIOJHUTEJIBHOIO aHaju3a.
HeoOxogumo mpoBecTd MOJe/JMpOBaHue CclieHapueB
cOpoca kacnuiickux Boj uepe3 MaHBIUCKYIO HOJIMHY
C wucrnoJib3oBaHHeM IUPpPoOBON Mofenu pesbeda u
rUJpaBJINdYecKUX pacuyéToB. DTO IMO3BOJIUMT YTOYHHUTD
KJII0UeBhIe TapaMeTphl TaJeornApOJIOruy MaHbIuUCKOIo
IIPOJIMBA XBaJIBIHCKOIO OacceliHa Kacnus.

2. MaTtepuanbl 1 MEeTOADI

2.1. PexkoHcTpyKuua peabeda pycaa
MaHbIUCKOro NPpoAUBa

2.1.1. NMoAroToBKa BbICOTHbIX AQHHbIX

BricoTHbIe JaHHbIe OBLIIN [TOJTyYeHb] U3 U POBOH
mozenu MectHoctu (IIMM) SRTM3. Omgnako SRTM3
COAEpPXKUT MeJIKHe IIyMBl U UCKaXeHHUs, 4TO NoTpebo-
BaJIO MpeaBapuUTesibHON o6paboTku. ObpaboTka HaH-
HBIX IIPOM3BOJNJIACH C HCIIOJIb30BAaHUEM IPOrpaMM-
Horo obecnieyeHns SAGA GIS.

I[IMM SRTM3 Obu1a NepenpoenripoBaHa B YHU-
BepcaJibHYyIo ITonepeuHyto npoekiuio Mepkatopa (UTM)
¢ nomorpio MmoayJsiss UTM Projection. [71a noiayuyeHus
crjaxeHHoro pesibeda, HeoOXOOAUMOro AJiA MOCIIeny-
IoI[ell PEKOHCTPYKIMU, MpUMeHsUICa MOZAyJib Simple
Filter. Tlocye duibTpanuu M3 CriaxeHHOTO pesbeda
OBLTM BEKTOPH30BaHbl U30JIMHUM € IIaroM 1 m.

BosHukaeTr Bompoc 00 OIleHKe TOYHOCTHU BHICOT-
HeIx faHHbix SRTM. B cratbe JI. A. Mypasséna (2007)
IpeAcTaBjieHa CpaBHUTeJIbHAA xapakTepuctuka SRTM
¢ 6oJiee TOYHBIMHU JaHHBIMU TOIIOrpadruyecKoi CbEMKHU
MecTHocTH Macmraba 1:5000. Ilo mHenmio JI. A.
Mypasbéa (2007), HETOUHOCTb OTOOpa’XeHUs BBICOT-
HbIX AaHHBIX SRTM 1o cpaBHeHUIO ¢ Tormorpaduyeckoi
chéMKON MacmrTata 1:5000 sABisgeTcsa cJeqCTBHUEM
«TyJIAIIINUX» [LUIAaHOBBIX koopAuHAT (X, Y) ¢ aMIIuTy-
noi 30 MeTpoB, 0OCOOEHHO XOPOILIO BBICOTHBIE HICKasKe-
HMA BUJHBI Ha KPYTHIX CKJIOHAX PEYHBIX JOJIMH U OBpa-
roB, Ile KOppeKTHas IIaHOBas IpUBsA3Ka BBICOTHBIX
JIaHHBIX 0COOEHHO aKTyaJbHa.

Hcnonb3zoBanue SRTM 3 1A naneopeKOHCTPYK-
oMK HaumHaA ¢ Macmrabos 1:100 000 MOXHO cUu-
TaTh KOppeKTHBIM (JIaBpeHThEB U 1p., 2008), Tak Kak
OTKJIOHEHMe IJIAaHOBBIX KOOPAVHAT B cpeiHeM Ha 30 M
otobpaxaercsa B Macirade 1:100 000 kak 0,03 mm.

Taxxe HeoO6XOAMMO YUYUTHIBAaTb OCOOEHHOCTU
npuMmeHeHuss SRTM 3 Ha TeppuTOpUU JIECHOIN 30HBHIL.
[TockoysbKy pagapHas CbEMKa MOXeT OToOpaxaTh
BHICOTY JlepeBbeB, a He peasIbHOM [TOBEPXHOCTH 3eMJIN.
B Hamem ciyuae o6beKT McciiefoBaHuA — MaHbluckas
Jl0JIMHA, KOTOpasA HaXOAUTCA B CTENHOMN 30He, U BBICOT-
Has koppeknus LIMM He TpeGyeTcs.
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2.1.2. Co3panue umppoBoi MOAEAH
naneopycaa

llubpoBasa Mofnesb mnajeopycja MNpeAcTaBjAeT
coboil 1udpoBy MoAdenab penbeda pycia JpeBHEro
BojoéMa. Jlyia e€ cozmaHus HeoOXOAMMO OBLIO IOJIYy-
YUTh NPOCTPaHCTBeHHBble KoopAuHaTH (X, Y, Z) mie-
CTOILIEHOBBIX OTJIOXeHui Manbluckoro nposmsa. s
3TOro OBLJIM MCIIOJIb30BAaHBI reosiornyeckue npoduiiuy,
npenacTtaBieHHble B MoHorpaduu I'. U. Tlomosa (1983)
U Ha Jjicte reoJyiorudeckoit kapTel ['TK-200_1_1-38-XIII
(T'eonoruueckas kapra L-38-XIII, 1965).

PBrula BbINOJIHEHA IMPHBA3Ka OTCKAHMPOBAHHBIX
KapT C reoJIorH4ecKMMH NpoduiaaMH K reorpaduue-
CKUM KoopauHaTaM B nporpaMmme QGIS 3.14. YuuTtsiBas
MeJIKOMAacIITaOHOCTh MCXOJHBIX CXeM B MOHorpaduu
[Tonoga (1983), s yTouHeHUA reorpaduieckoi npu-
BA3KM OBUIM NMOCTPOEHBI BBICOTHBIE IPOGUIIU IO JaH-
HbeIM SRTM3.

3aTeM noJiydeHHble IpoduIn ObUIM COBMELeHbI
C reoJIOTMYeCKUMH IoIlepeyHuKaMUu B rpaduieckom
penakrope Inkscape (Puc. 1). TIOCKOJIbKY KOOPAUHATHI
BBICOTHBIX MNpoduiiell ObLJIM H3BeCTHH 3apaHee, WX
COBMellleHre C eoJIOTMYecKUMHU MpOoQUIAMU IO3BO-
JIUJIO OIpefeuTh IPOCTPAaHCTBEHHBle KOOPAWHATHI
IIJIEICTOLIEHOBBIX OTJIOKEHUH.

[TosiydeHHBIE BBICOTHBIE OTMETKH ILJIeliCToOlLie-
HOBBIX OTJIOXKEHHUII ObIM IlepeHeceHbl B TaOJIWYHBIN
penakrop LibreOffice Calc u mcnosip30BaHbl AJjIsA CO3-
naHusa Habopa XYZ-KoopAuWHAT, HA OCHOBE KOTOPBIX
Obta 1ocTpoeHa LudpoBasg MojJesb Majleopycia.
HHTepnosiAnysa BEICOTHBIX 3HaUYeHUH ¢ maromM 1 M npo-
W3BOJWJIaCh BPYUYHYIO.

[losiydeHHBle H30JIMHWM Majeopycia ObLId
COBMeIleHbl C M30JUHUAMU coBpeMeHHOH [IMM
SRTM3. [lns noctpoenus unudpoBoii Mmofenu penbeda
najyieopycja HCIOJIb30Baslach HUHTeprosAnusa Natural
Neighbours B SAGA GIS. Eciin 6pU1a HEOOXOIUMOCTD
W3MEHUTh BBICOTY IOpora CTOKa, TO BHICOTA pycja U
ero yKJIOH MeHAIMCh MeTOAOM Py4YHON NHTEePHOJIALMH.
Hcxops u3 BEIOpaHHOTO clieHapuys A1 MOAeJINpOBaHNA,
[IPOPUCOBHIBAJINCh U30JIMHUM HYKHOH BBICOTHL. JI71d
VMUTANWUKU 3anoJjiHeHusA MaHBIUCKON [OJIMHBI OTJIOXe-
HUAMM UcnoJib3oBasicsa MmoayJib Fill Sinks (Wang & Liu),
BXoAmmK B coctaB SAGA GIS.
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Puc.1. Teosoruveckuii monepeyHuk ITomosa (1983) No
16, coBMeIIeHHBIN C BBHICOTHBIM IpoduyeM, IOCTPOEHHBIN
no gaHHeiM SRTM3.

2.2. Teonoro-reomopdponornueckan
XapakTepucTtuka MaHbIUCKOro npoAuBa
XBanbiHckoro 6accenna Kacnuna

Jois MpOBEeNEHUS MaJIEOTHUIPOIOTUYECKOM
PEKOHCTPYKIMM HEOOXOOMMO BOCCTAaHOBUTH pejbed
pycia MaHBIUCKOTO MPOJIMBA, (PYHKIMOHUPOBABILIETO
B IMEpHOJ] CYIIECTBOBAaHUSA XBaJIBIHCKOrO OacceitHa
Kacnutickoro Mops. OCHOBOH [iJil TaKOW PEKOHCTPYK-
U TOCTYXWUJIU: ONMyOJIMKOBAaHHBIE Te0JIOTMYeCKHe
npodunu u3z MoHorpaduu I'. Y. ITonosa (1983), reo-
JIOTUYEeCKHEe KapThl, OMKMCAHUE pa3pe30B, a Takxke coO-
CTBEHHBIE T0JIeBble HaOJIoeHus aBTopa (Puc. 2).

Ha ocHOBe yKka3aHHBIX HCTOYHUKOB IMPOBEIEM
00630p reo10ro-reoMopdoIOrnIecKoro CTpoeHus najie-
opyciia MaHnbruckoro npoJsiiBa. OcHOBY pesbeda JaH-
HOT'0 pycCJia COCTABJIAIOT I'yIUJIOBCKHE O3€pHBIE, CYPOX-
CKHe U XBaJIbBIHCKHe Mopckue oTioxeHus (Tabauma 1).

Ta6smna 1. Crpaturpadus u KoppeJsALysa TOpU30HTOB U cjioeB MaHBIUCKOH JOJIMHBI B BepXHeM ILtedicrorieHe no I.1. ITonoBy

(1983) ¢ n3sMeHeHUAMHU.

OcHOBHbBIE 3anmagHo- CaJjibckoe MaHbI4- BocTouHO - 3yHna-
nofpasneyeHus | MaHbruckas MoaHATHE I'yqunoBckas MaHsbIucKas ToJITHHCKOe
BHaguHA BIagUHA BHaguHA noaHATHE
T'osorieH Cy6aspaJibHble OTJIOXEHUS
BepxHuii Cy6aspaJsibHble OTJIOXEHUS BepxHexBaJIbIHCKHE
IJIeHCTOoIeH OTJIOXEHHS
Cypoxckue HuxHexBasibIHCKIE
OTJIOXKEHUA OTJIOXEHUSA
I'ynuioBckye OTI0XeHUs
I'ipkaHCcKue OTJIOXeHUsA I'mpkaHckue
OTJIOXEHUA
KapanraTckue oT0XeHUs
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CornacHo I'. W. IlomoBy (1983), B mpepesnax
ManblYcKOH BIaJWHBI BEIAEJIAIOTCA MATh CTPYKTYPHBIX
aseMeHTOB: 3yHaa-TonaruHckoe noAHATHe, BocTtouHo-
Maunsbruckasa BnaauHa, Mauby-I'yauiosckas BnagvHa,
Carnbckoe moAHATHe M 3anagHo-MaHblucKas BrnaguHa
(Puc. 2).

[Topor cToka MaHBIUCKOIO MpOJIMBa HaXOAUJICA
B paiioHe 3yHaa-ToJIrMHCKOro NOAHATHA — HauboJiee
y3KOro yvyactka Bcell BnaguHbl. OCHOBY PEKOHCTPYK-
Uy najgeopeibeda pycjia COCTaBUJIM IIONEepevyHble
reosiorndeckue npodpunu ([lomos, 1983), Ha KOTOPHIX
XBaJIBIHCKHE OTJIOXKEHHUs pacIojaralTcs Ha BEICOTHBIX
orMmeTkax 18-20 M H.y.M. (Puc. 1). OTu oTjI0XeHUA
BBIXO[AT Ha JHEBHYIO IOBEPXHOCTb U COAEpXaT Xapak-
TEepHyI0 XBaJIBIHCKYI0 MajlakodayHy. Bo3pacT oTsioxe-
HUH, onpefleIEHHEIN 10 MOJLUTIOCKaM, COCTaBJisAeT 14,2—
14,9 trIc. 1eT (Semikolennykh et al., 2025).

BBuay OTCyTCTBUA TOYHBIX AAHHBIX O BHICOTE
HMCXOJHOIro Mmopora CToka ocoboe 3HaueHHe Ipuobpe-
TalT Teppackl, NPOCJIeXUBaOIIUecs BAOJb OJIMHBI
(Puc. 3, Puc. 4). Tak, B paiioHe c. 3ynga-ToJra no gas-
HeiIM SRTM3 Ha nmpaBoM GOpTy JOJIMHBEL HabJI0jaeTcs
Teppaca BBICOTON Okoji0 44-45 M H.y.M. IlooGHBIE
Teppackl (BbicoTOl 40-45 M H.y.M.) GUKCUPYIOTCS HUXKE
o TeueHUIo oT AesbTH p. Kamayc (Puc. 3). lupuna
MOWMBI 3/1eCh IOCTUTAeT 2 KM MPU YPOBHE 0KoJio 20 M
H.y.M.

Jlanee Bompl HampaBJATHCh B BocTrouHO-
Masnbruckyro 1 MaHblu-I'yAUIOBCKYI0 BIAAWHBL, TAe

s
MaHbIu-BanabuHka

5 3anaaHo-MaHbluckas

23 ~ BraanHa
2 ‘
G2

5,
i CrosiHka FOnosckas

53

MaHbIy-TyannoBckas-
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npocuneii (Monos,1983)

|:| TeppuTOpUanbHbIi 0XBaT KapT
nanepycna MaHbI4CKOro nponunea

Feonoruyeckme npocbunm
B 23 npocdwmnb Monosa (1983)
® 16 npodunb Monosa (1983)
15 npocunb Monosa (1983)
10 npocunb Monosa (1983)
Mpocunb_A-b_TK-200_1_L-38-XIII
Mpocdunb_B-T-[1_MTK-200_1_L-38-XIII

MpuBsi3aHHas CxeMa PacrofiOXXEHUs reonornyeckux =

BocTouHo-MaHbiuCcKast
BnaavHa

YcnoBHble 0603HaueHns

12 npodcwunb Monosa (1983)

14 npodunek Monosa (1983)
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pacnpocTpaHeHbl IIPOAOJIbHBIE Bajibl U 3aMKHYyThIE
MOHMXEHMs, BliepBhle onrcaHHele H. f. JlaHuieBcKkum
(1864). B obHaxeHUsIX MPOLOJIbHBIX BaJIOB (PUKCUDY-
eTcsi XBaJIblHCcKass MasiakodayHa (Yemaseira, 2005;
2007; Ceutou u Ap., 2010). XBaabIHCKHUE OTJIOXKEHUA
CKOpee Bcero ObLIN MPUCJIOHEHH] K TYAWUJIOBCKUM OTJIO-
XKEHUAM, KOTOpble BEPOATHO COCTAaBJIAIOT OCHOBY IPO-
JOJIBHBIX BaJIOB. DTU IIPOAOJIbHBIE Bajlbl 00pa30BaJIiCh
B pe3yJibTaTe 3pO3MOHHBIX IIPOLeccoB BO BpeMs copoca
Kacnuiickux Boj 4depe3 Maubluckylo AosnHy (ITomos,
1983; Cutou u fp., 2010). Takxe cymiecTByeT TOYKa
3peHus, 4YTO IPOJOJIbHble BaJIbl Hayajid oOpa3oBhHI-
BaTbhCA BO BpeMs perpeccUBHON cTtaauu ['yanaoBcKoro
ozepa (CBurou u fp., 2010 u ap.).

PerpeccusHas craqus I'yInI0BCKOro o3epa Hava-
Jnack nmpumepHo 20-17 Twic. JieT Hasaf (JIaBpeHTHeB,
2025). TloHuxeHue ypOBHs 03epa, BEpPOATHO, OBLIO
CBA3aHO C MaKCMMyMOM IO3[HeBasfalickoro (ocrami-
KOBCKOI'0) OJIe[lecHeHNUs, KOTOpoe IMpUBeso K 3Hayu-
T€JIbHOMY IIOXOJIOJAaHUI0 M apyuausaluu KJIuMara,
4TO U TIOCJIYyXWJIO OCHOBHON IPUYMHON perpeccuu
I'yaunosckoro osepa.

Hanbonee mnogpoOHO cTpoeHUe  IPOAOJIb-
HBIX BaJIOB u3yueHo Ha o. JleBbni. [lo manHbIM OSL-
JaTUpPOBaHUsA, BO3pacT XBAJIBIHCKUX  OTJIOXKEHUH

cocrapyigeT 17-15 Thic. JieT (CeMUKOJIEHHBIX U Ap.,
2022). BeicoTHas oTMeTKa IpaHMIbl MeXOy T'yIUI0B-
CKMMH W XBaJIBIHCKUMU OTJIOXKEHUAMHU COCTaBJIAeT
pUMepHO 17,4 M H.y.M.

47.000

BnagvHa

*/leBblii OCTPOB
< — 46.000

3yHaa-TonrMHcKoe

Kanayc nogHatue

Boe £
T s
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Puc.2. Kapra pacnoJsioxeHusA ONOPHBIX Ie0JIOTMYeCKUX MONIePeYHUKOB U Pa3pe3oB.
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3HauuTeJIbHYyI0 dacTb MaHbd-I'yauI0BCKON
BNIAAWHBl HauWHasA C IO3[HEro IUIelicTolleHa 3aHu-
MaeT 03. Mansu-T'yauno. Cynda no npodusio
B-I'-I reonorudeckoii kapTtel [TK-200_1_L-38-XIII
(T'eonornueckas kapra L-38-XIII, 1965), riybmna
JHa o3epa, Iepes] cOPOCOM KaCHUMCKUX BOJ, BEpO-
SITHO ObLJIa Ha OTMeTKax 6 M H.y.M. (Puc. 5).

JonuHa p. 3anagHblii MaHBIY MOcCJie pacliu-
peHus B paiioHe o3. Manbu-I'youmo (mo 40 kM)
cyxaerca A0 15 xMm BOM3M ycTheB p. CpegHUM U
Bosnpmoit Eropabik. 3mechk pacnosioxeHo Cajbckoe
nofgusatue (Puc. 6). B 3ToM paiioHe XBaJIbIHCKas
¢dayHa BbIsIBJIeHA B OCHOBHOM IIO0 JaHHBIM OypeHUA
Ha nepBoil HaJNolMMeHHOH Teppace (BeicoTa ~20 M
H.y.M.) Bbille ycTbA p. Bosbmioit Eropseik (ITomos,
1983). Bropas Teppaca mnpeicTaBjieHa O3EPHBIMU
IJIMHaMH, CynecAMM U CyTJIMHKaMu ¢ Masakoday-
HOI, XapaKTepHOM JiJisl MPOTOYHBIX BOLOEMOB (acco-
nuanus Dreissena polymorpha, Lithoglyphus, Valvata)
(IloroB, 1983), Ha BHICOTE OKOJIO 25 M H.y.M.
[IpeAnoJiokUTeIbHO B 3TOM palioHe CyIIecTBOBaJI
BTOPOI IOpOT cTOKa MaHBIUCKOI0 ITPOJIMBA BHICOTOM
20 M H.y.M., oOpa3oBaHHBI OTJIOXKEHUAMHU IIPUTO-
koB Bonbmoro u CpexgHero Eropiisika (KBacos, 1975;
[Tonos, 1983; JlaBpeHTbheB u Yenaseira, 2011).

BeposTHo, mocjie npeoiojieHus KacIuiCKUMU
BOJaMU IIepBOrO IOpora cToka B paiioHe c. 3yHAa-
Tosira mpou3onulo 3amojHeHWe KOTJIOBHUHEI O3epa
Manny-I'yauiio, B pe3yJibTaTe 4ero Ha OTHOCUTEJIbHO
KOpPOTKO€e BpeMs B LIeHTpaJIbHOM 4acTu MaHBIUCKOU
JOJIVHBL 00pa3oBajicd 3aJlMB pPaHHEXBAaJIBIHCKOIO
bacceiiHa. [Ipu gocTrXeHUN YPOBHS BOJbI aOCOJIIOT-
HOM oTMeTKH + 20 M Hayajics IepeJiuB KacIUHICKUX
BOJI Yepe3 BTOpOH nopor croka — Caybckoe MOAHA-
Te. OO 5TOM KOCBEHHO CBH/ETEJIbCTBYIOT M3MeHe-
HUA XapakTepa OTJIOXKEHHI B XBaJIBIHCKOM paspese
Ha ocTpoBe JleBbiii (CeMuKOJIEHHBIX U Ap., 2022).
CTpoeHue paspe3a OTpaxaeT IOCTENeHHYI0 CMeHY
00CTaHOBOK OCaJKOHAKOIJIEHUA — OT CIIOKOMHBIX
JIMMAaHHBIX YCJIOBUH, CBA3aHHBIX C HHrpeccuei
KacCIuiCcKUX BOA, K JUHAMUYHBIM [IPOTOYHBIM YCJIO-
BUAM, O0YyCJIOBJIEHHBIM pa3sBUTHEM U aKTHUBHU3aluen
MIpoJIMBa.

Huxe mo TedyeHuo, HauuHad oT p. CpegHuii
Eropsbik, AojHa BHOBb pacmupserca A0 20 KM.
JlHuine qOJIMHBI CTAHOBUTCA IJIOCKUM.

[lepBas xBaJjbIHCKas Teppaca HUXHero Teve-
HUA peku 3anafHblli MaHblu ObUIa HKcCc/ieoBaHa
MHoruMu aBtopamu ([lanusnesckuii, 1869; Boraues,
1903; JlucunpbiH, 1932 u Ap.). DTO Kak IIpaBUJIO
paspe3bl C CMelIaHHOM 4YepHOMOPCKO-KAaCIUIICKOM
u mpecHoBogHoU GayHoii (Cardium edule, Bittium
reticulatum, Didacna trigonoides, Dreissena caspia, Dr.
polymorpha, Viviparus viviparus). JlaHHble pa3pe3bl
CO cMelIaHHOU (ayHON MPOCJIEXUBAIOTCA MO BCEH
3anagHo-MaHbBIUCKOH BIaguHe. B HacToslee BpemsA
nccjiefloBaHre 3TUX pa3pe3oB 3aTPyAHEHO, TaK Kak
OHU 3aTOIUIeHH Beces0BCKUM BOJOXpaHWJIUIIEM.
HckiloueHne cocTaBJiseT pa3pes, PacloJIOXeHHBIN
nepejq IJIOTUHON BecesloBCKOTro BOAOXpaHUJIMILA B
paiioHe xyropa Maubu-banabunka. OH uU3BeCTeH C
1932 roga (JIucunpiH, 1932). dayHa cMeliaHHasd,
IepeoTJIOKeHHasA BKJIIOYaeT Kacluiickue U 4epHo-
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Puc.3. [Ipodusib qoarHEL peku 3anaaHbiil MaHbI4, HUXe 10
Te4YeHUIo, OT AeJibTHl p. Kanayc, no ganaeiM SRTM3.

hiaHe d eHuuror!

17.7

YcnoBHble 06HO3HaYeHUs off 17:7 45600
8.

BbicoTa NoAoLLBbI XBaSIbIHCKUX OTNOXEHUI B MeTpax a6c.
15 npodymnb Monosa (1983) A 3 19.2§18.8
0 1 2km ; 1094192
® 16 npocdunb Monosa (1983) S o
Penbed
—— W30nMHMM nanepycna no AaHHbLIM npoduneit Monosa 1983
—— V1307MHUN NONyUEHHbIE NO AaHHbIM SRTM3

ba3oBas kapTorpacduyeckas Noanoxka no AaHHsIM OSM

Puc.4. Kapra Nel naneopesnbeda MaHBUCKOrO MpOJIBA B
patione c. 3ynma-Tosra.
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MOpCKHe MOJUIIOCKU. XBaJIbIHCKHE MOJIIIOCKU IIpef-
crasyeHsl Didacna protracta, Didacna ebersini, o KOTO-
PBIM eCThb JaTHPOBKA, KaJIMOPOBAHHBIM IPU OMOILU
OxCal 4.4, Bo3pact 17,138 Thic. ster MT'Y-1491 (CBuTOu
u fAxuna, 2001).

B ocHoBHOM OeperoBble OOpEIBHI BecesioBckoro
BOJOXpaHWJIMIIA [IpefCTaBjeHbl I'yAUIOBCKUMHU OTJIO-
KEHUAMHU C TPeCHOBOAHON Masiako(ayHOU CTOAYMX
BOJIOEMOB (BTOpasi HajAmoiiMeHHas Teppaca). B kaue-
CTBe IIprMepa MOXHO IIPUBECTH OTJIOXKEHU:A, KOTOphIe
MIOACTUJIAI0T TOPU3OHTHl HaXO[OK CcTOoAHKU FOJioBckas
(Lavrentyev et al., 2012). DTa HWXHASA TOJIA Mpe.-
CTaBJjleHa KPYITHOCJIOUCTBIMU O3EPHBIMU CyTJIMHKaMU C
MpecHOBOAHOU ¢ayHo Planorbis sp., Valvata sp., BUau-
MasA MomHocTh — 3 M. [lo HalileHHO! B 3THUX OTJIO-
XeHHAX KocTu ObLia mosydeHa natupoBka (Chepalyga
et al., 2008). Kanu6poBanHas npu nomoiuu OxCal 4.4.
nata — 25 546 jer Hasanm (JIY-5852). ITo masuHO-
JIOTUYeCKUM J[AaHHBIM 3TOT TOPU30HT OTHOCHUTCA K
OpsHckoMy Bo3pacTy. [Io JaHHBIM ITOCJIeOHUX HCCJIe-
nosanuit (CeiueBa u ap., 2015) Bo3pacTt OpsSHCKONI
aJIeonnouBbl oneHuBaeTca B 33-26 Twic. jiet (MIS 3).
3aTeM NpPOMCXOOWT CMeHa YCJIOBUM OCaAKOHAKOILIe-
HuA. O3€pHBle OCaAKU CMEHAITCA CcyOaKBaJIbHBIMU
OTJIOKEHHUAMH, B KOTOPBHIX PAclOJIOXKEHHBI KyJIbTypHBIE
CJIOM MO3[JHenasieoJInTu4eckoll crosAaHku IOsoBckasd,
BO3pacCT OTJIOXeHUM okoso 17-20 TeicaY JieT Hasap.
B urore Mbl MoOXeM chesiaTh BBEIBOA, YTO perpeccus-
HaaA ctagus ['yauyioBckoro osepa Hayajlach B Nepuof
MO3HEeBaJIJalcKoro (OCTAaIIKOBCKOIO) OJieJeHEeHHs
(Lavrentyev, 2022).

Kpome ryauioBCcKux OTJIOXKEHUH Ha OOpHIBU-
CTBIX Oeperax pexku 3amafHblii MaHBIY MOXHO BCTpe-
TUTb OTJIOXKEHHA, KOTOpHle COCTOAT K3 YepHOMOp-
CKO-CcpeIu3eMHOMOPCKUX BUI0B Cardium edule, Bittium
reticulatum, Chlamys sp., a TakXe IIPECHOBOJHOT'O MOJI-
mocka Viviparus viviparus. IlogoGHOe COOTHOLIEHUeE
¢aynnt gano ocHoanue I'. U. ITomoBy (1983) BbIfe-
JIUTDh OTAEJIbHBIN CypOXCKUI TOPU30HT B JOJIMHE pPeKU
3anmagaeiii Manbsd. ITo mHenuro I'. Y. TTomosa (1983),
CYpOXCKHe OTJIOXKEeHUsA IepeXxofAT B XBaJbIHCKHe
OTJIOKeHUA B pabioHe T. IlposeTapck. OJHAaKO >KHU3Hb
IIPeCHOBOAHOMN U CpeJu3eMHOMOPCKON MajlakogayHb
B OAHOM BoJIoéMe HecoBMecTHMa. CKopee BCero cpeiu-
3eMHOMOpcKas ¢ayHa Oblia BBIMBITA U3 KapaHraTCKUX
OTJIOKEHHI BO BpeMsA cOpoca XBaJILIHCKHUX BOJl depes
Masnsbruckyo ponuny (fAxuHa, 2012, AHuHa u ap.,
2025). Cypoxckue OTJIOXKeHUs BCTpevalTCs TaKxe
Ha cTtosHKe lOj0BCcKkas, rae 3TU OTJIOXKEHUA K IIpH-
CJIOHEHHBl K I'yJMJIOBCKHUM OTJIOXeHHUAM (JIaBpeHTheB,
2025). CnegoBaTtesibHO, CypOXCKUe OTJIOXKEeHUs ABJISA-
10TcA OoJsiee MOJIOABIMH, YeM IyOWJIOBCKHE, YTO IOA-
TBepXKAaeT I'MIOTe3y O TOM, YTO CypOXCKHe OTJIOXe-
HUA oOpa3oBajuch BO BpeMA (QYHKIMOHUPOBAHUA
MasblYCcKOro IpoJivBa

BHu3 no teuenuio y x. Cyxoil fojiMHa paclmps-
eTca B BuAe MeaHAps J0 30 kKM, a 3aTeM 3aKaHUYHBa-
eTcs cyXeHuUeM A0 5 kM y c. Manwu-banabunka, rae
pacnoJjioxxeH OOHOUMEHHBIN paspe3 (JIucuubiH, 1932)
Ha BBICOTE 4 M H.y.M.

Janee Bompl Kacmusa mnoctynmanu B Iepeyrily-
6séHHOoe pyciio peku Ilaneo/loH, koTopoe, cyas mo 23
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BbicoTa NoAOLWBbI XBaNbIHCKUX OTNOXEHUI B MeTpax abe.
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—— W30n1HIUM NONyYeHHbIe MO AaHHLIM SRTM3

BasoBas kapTorpaduyeckas NoanoxKa no AaHHeIM OSM
12 npodpunb Monosa (1983)
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Penbed

—— W30nMHMM nanepycna no AaHHbIM npoduneii Monosa 1983

Puc.5. Kapra No2 naneopenbeda MaHBIUCKOIO IPOJIUBA
B parioHe o3epa Mansru-I'yauiio.
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BbicoTa NOAOLWBYLI XBANbIHCKUX OTNIOXKEHMI B MeTpax abc.
10 npodune Monoea (1983)

—— V30/MHMM ONyHeHHbIE N0 AdHHEIM SRTM3

basosas KapTorpacduueckas noanoxka no AaHHeiM OSM
® Mpodmnb A-B reonornueckoii kaptbl L-38-XI1T

0 25 5 7.5 kM
[ .|

Penbed

—— WsonvHun nanepycna no AaHHsiM npoduneii Monosa 1983
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Puc.6. Kapta Ne3 naneopesbeda MaHBIUCKOrO IPOJIABA
B patrioHe CaJIbCKOTO MOJHATUS.

npodusmo I'. U. [Monosa (1983), gocTturaer riiyOUHBI
—20 M H.y.M. B HacTosmuii MOMeHT MepeyriybéH-
Hoe pyciio peku Ilasneo/[oH MepeKpHITO rOJIONEeHOBBIM
asumoBueM (Puc. 7).

HWmenHo —20 M H.y.M. fABjsIcsA 0a3ucoM 3po-
3uM MaHbIucKoro npoJysa. Jlajgee Bobl XBaJIbIHCKOTO
OacceriHa Bragaau B HoBosBkcuHckuil 6acceiin (— 50,
—100 M H.y.M.).

2.3. 'mapaBAMuecKOoe MOAEAMPOBaHUe

Ha ocHoBe mnocTpoeHHO! LU(}POBOI Modenu
najieopesibeda BBHIIOJIHEHO TMAPABINYECKOE MOIEH-
pOBaHME CTOKA KaCHHUIICKMX BOJ 4epe3 MaHBIUCKYIO
JTOJIMHY.
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PacuéThl npoBeieHs! B IPOrpaMMHOM KOMILJIeKce
HEC-RAS Bepcumu 6.6, npeiHa3HauY€HHOM [Jid OJHO-
MEpHOr'o CTallMOHApPHOI0 MOJAEJIMPOBaHUA TeueHUs B
oTKpHIThIX pyciax. HEC-RAS paspa6oran Hydrologic
Engineering Center (CIIIA) u mojy4us IIKMPOKOe pac-
IIpocTpaHeHue B TUIpaBINYecKUX U T'MAPOJIOTHYeCKUX
HccjieloBaHuAX Gsarogaps BBICOKOMY KauecTBY ajiro-
putMoB U GecriaTHoMy pacnpocrpaHenuio (English,
2023).

B Hacrosmee BpeMmsa HEC-RAS ¢axktuyecku cran
Je-GakTo MUPOBEIM CTaHAAPTOM IIpU pelleHuH 3aAad
yIpaBJjieHus pHCKaMM HaBOJHEHMI, IIPOeKTHPOBAaHUA
TUPOTEXHUYECKUX COOPYXKeHWH M THApaBJIAYECKOIo
MOJIeJINPOBaHUs BOAHBIX OOBbEKTOB BO MHOTUX CTpaHax.

B Poccuu nporpammubeiii komruiekc HEC-RAS
TakXe YyCIeIIHO MPOLEs anpobalyio U aKTUBHO IIPH-
MeHsAeTCA B HayYHBIX U IPOEKTHHIX paboTax. fpkum
IIPYMEPOM MOXeT CJIyXXWUTh KaHAugaTckas Auccepra-
uua . A. Hukudoposa «MogeanpoBaHrie ypOBEHHOTO
pexumMa BogoxpaHuiui peku Exnceii» (2016), B koTo-
poit HEC-RAS ucnomnp3oBasicsi AjiA JeTajIbHOrO Moje-
JIMPOBaHUA TMAPAaBJINYECKOr0 peXrMa BOAOXPaHUJIMII
peku EHuceil.

I'mgpaBinyeckue pacué€Tel 06a3upyloTca Ha
cucrteMe ypaBHeHuil CeH-Benana u ¢opmyse Illesn,
ONMCHIBAIONINX YCTAHOBHBIIEeCAd paBHOMEpHOe Teye-
Hue (Huxudopos, 2016). KoadpuiuueHTs mniepoxosa-
TOoCTU pycia (n no MaHHUHTY) onpeAdesieHbl 0 TabJu-
nam M. ®@. CpubHoro (bapsimHukos, 2003) ¢ yuéToMm
nnajeo00TaHUYeCKUX JaHHBIX.

CorslacHO NaJIMHOJIOTMYECKUM MCCaeOBaHUAM
paspe3a IOo3qHeNaJeoJUTUYecKol cToAHKU FOioBckas
(mosnmHa pexu 3anagHoro Mansya), B Havasle Jerpana-
UM No3AHeBajAalickoro ojefeHenus (~17 Teic. JieT
Hazaf) B noliMe MaHBIUCKOI AOJIMHEI BAOJIb BOJOTOKOB
npouspactanu ojibiaHuky (Lavrentyev et al., 2012;
Lavrentyev, 2022). I[IpuMepHO B 3TO e BpeMs HavaJics
nepeJivB KaclIuycKUX BoJ Yepe3 MaHBIUCKYIO0 BIAJUHY
(CemuxosieHHbIX U Ap., 2022). ITosToMy Ha Hayab-
HOM dTale TPaHCTpecCUy B MOJIeJIN IIPUHATO 3HayeHue
koa(ppunmenta wepoxosaroctu n = 0,08, xapakrep-
HOe JIJIA 3apocliero pycJja.

[To Mepe ¢opmupoBaHUA IOCTOSHHOTO CTOKA
U BBIpaOOTKU pycia KO03(Q(@UIMEHT IepoX0oBaTOCTU
CHIXAJICA A0 3HaYeHUl, TUMUYHBIX I KPYIIHBIX paB-
HUHHBIX pek (n = 0,035). Takoe ymeHblIeHUEe KO3(d-
dunueHTa MepoxoBaTOCTU N 3aKOHOMEPHO IPUBOAUT
K pOCTy cpelilHell CKOPOCTH [IOTOKAa U, KaK MpaBUJIo, K
CHIXEHMIO TJIyOuHBI (yPOBHA) BOJIbI ITpU (GUKCUPOBAH-
HOM pacxofe.

B pacuérax
napameTphl:

* 3deKTuBHOe ucnapeHue B Iepro]] paHHEeXBaJIbIH-
ckol TpaHcrpeccun — 650 mm/ron (Cugopuyk u
ap., 2021);

TaKXe YUTEHbBI cJlegymupe

* MAaKCHMAaJIbHBIII CyMMapHBIH PEYHOI CTOK B XBa-
JiHCKUH 6acceiiH Kacnus (¢ yuéToM Jie JHUKOBOT'O
cToka) — 18 000 m3/c (Cumopuyk u ap., 2021).

[Ipu HeobOxoauMoOCTU yuéta 3(PEPHeKTUBHOrO
ncrnapenus, cTok B MaHBIUCKYI0 AOJIMHY KOPPeKTHPO-
BaJicA MyTEM yMeHbIIeHUA BXOJHOT'O pacxoda BOJbI

200

YcnoBHble 0603HaYeHNs

— W3onuHuu nanepycna
© BbicOTa NOAOLBbI FONIOLIEHOBbIX a/TIOBUANbHBIX OTNIOXKEHMIA No 23 npodunio Monosa (1983)
@ Paspes MaHblu-banabutka

YeTBEpTUYHbIE OTNIOXKEHNS MO AAHHBIM reoIornYeckoit kapTbl L-37-XI
[ Q4 - ronoueHoBbIe OTOXEHUS
[ Q3 - oTnoxeHns no3aHero nneicToueHa 1] 5 10 kM

basosas kapTorpaduyeckas NoAnoxka no AaHHsIM OSM L S—

Puc.7. Kapra N4 naneopesbeda MaHBIUCKOIO IPOJIMBaA
B palioHe BrnafieHus p. 3an. Massru B p. J[oH.

Ha BeJIMYMHY, SKBUBAJIEHTHYI0 HMCIIAPEHHIO C 3epKaJjia
Bojloéma (mpumepHo Ha 650 MMm). J[aHHBIA MOIXO
HOCHUT SMIMPUYECKUN XapaKTep W fABJIAETCA yIpolie-
HueM. [[14 nojiyueHus 0oJiee TOUYHBIX M 000CHOBAHHBIX
OIIEHOK TpeOyI0TCA eTaJbHbIe UCCJIENOBAHMA BOAHOTO
OajtaHca xBaJIbIHCKOro OacceiiHa Kacnus, 4To MOXeT
CTaTh MPeIMETOM JaJIbHEHINX UCCIeJOBAHUH.

TakuMm o0Opa3oMm, TUApaBINYECKOE MOMEJTHUPO-
BaHUE IO3BOJIUJIO OLIEHUTh XapaKTEPUCTUKU CTOKA B
pasjMyHble TIEPUOJIbl CYI[eCTBOBAHMA MAaHBIUCKOTO
MPOJINBA.

3. Pe3syabTartbl M 06cy)xpenue

B xome BBINOJIHEHHBIX MCCJIeJOBaHUN ObLIU
IIOCTPOEHHl 4YeThlpe LU(POBHE MoJenau Majeopycya
MaHBIUCKOM OOJIMHEI C BBICOTOI mopora ctoka: 18, 31,
451 46 M H.y.M. BapuaHT ¢ noporom 46 M H.y.M. BKJIIO-
yaeT 3aroJIHeHUe OTJIOKeHUAMU MaHBIUCKOU [OJIVHEI,
13 KOTOPHIX BO3MOXHO 0O6pa3oBaJsics IpANOBbIH pesibed
(Puc. 8). Ona nudposbix MoAesel naseopycia 31 u
45 M H.y.M. nocTpoeH BTopoi CaJyibCKUil MOPOr CTOKa
BbICOTOM 18-19 M H.y.M.

3.1. MuapaBAMuecKoe MOAEAMpOBaHUe
cbpoca KacnMUCKUX BOA Yepe3 MaHbICcKyl0o
AOAUHY

Ha ocHOBe IUQPOBHIX MOJeNeH MNajJeopycia
OBLJI0O TPOBEJEHO TUAPABIMYECKOE MOJEIUPOBAHNE
c6poca KaCOMHICKHX BOJ C PacX0[OM BOJH B CJIEAYIO-
MUX AUana3oHax:
*  BO3MOXHOIO CTOKa pek B Kacnuil B no3gHeeqau-
koBbe 10 000-18 000 m3/c (Cumopuyk u ap., 2021;
Gelfan et al., 2024);

* MAakCUMAaJIbHOTO BO3MOXHOIO CTOKAa KAaCIIHH-
ckux BoAd uepe3 Manbruckyw poauHy 50 000-
65 000 m3/c (Yemasmira, 2005; Sidorchuk et al.,
2011).
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Kpome Toro, Obuia wucciieioBaHa IpPONyCcKHasA
CIIOCOOHOCTH pycja MaHBIYCKOIO IPOJIMBa MpU mopore
cTOKa 18 M H.y.M. U ypoBHe BOAbl 48 M H.y.M.

Takke Mcxo[isl U3 YPOBHA OCHOBHBIX Teppac XBa-
JbIHCKoro OacceriHna Kacrima 20-22, 28-30, 34-36,
46-48 M H.y.M. (Ppruaros, 1997) ObuIM Ipe/icTaBJIEHBI
pacuéTsl cToka MaHBIUCKOrO IPOJIMBa, KOTOPBIE COOT-
BETCTBYIOT BHICOTE Teppac XBaJBIHCKOro OacceiiHa
Kacnus.

3.1.1. 'mapaBAMueckMe pacuétbl copoca
KacnUHUCKUX BOA NPU nopore cToka 18 m H.y.Mm.

CoryacHo reosiorndeckomy mnpopuiaro No 16
(ITonos, 1983), BeicOTa IMOpora CToKa B palioHe c. 3yH/1a-
Tonra cocrasmnsana 18 m H.y.M. (Puc. 9). [Topor cToka B
18-20 M H.y.M. ob6pazoBajicsi B KOHI[e CYIeCTBOBaHUA
Masnzpryckoro npoJiisa. O 4éM CBUETeIbCTBYeT IJ1y0o-
KU 5PO3NOHHBIN Bpe3 U JaTUPOBKU XBaJIBIHCKUX OTJIO-
JKE€HU, KOTOpble OTHOCATCA K KOHIy CyIL[eCTBOBAaHUA
nponuBa 14,2-14,9 Teic. net (Semikolennykh et al.,
2025). CnegoBartesibHO, KO3 (PUIILEHT IIEPOXOBATOCTU
coctasJisl npuMmepHo 0,035. Mcxons v3 mpeacTaBiieH-
HBIX JaHHBIX OBUIM NOJIy4YeHHI cJIeqyolie pe3yJbTaThl
pacuéTos.

Korpa xBassiHCKU 6acceiiH ObLI HAa ypoBHe 22
M H.y.M., YTO COOTBETCTBYeT XBaJILIHCKUM TeppacaM
B 20-22 M H.y.M. (Priuaros, 1997), BelnunHa CTOKa
6p11a oK. 1000 M3/c (Tabauna 2). DTo 6GblIa 3aBepina-
I01las CTaausA CyLecTBOBaHUA MaHBIUCKOr0O IPOJINBA.

[Ipu ypoBHe XBajbiHCKOro 6acceiiHa B 28,1 M
H.y.M. CTOK B MaHbIUCKYI0 OJIMHY ObLT okosio 15 000
Mm3/c. DTa BeJIMYMHA CTOKA COOTBETCTBYET MaKCHMAJIb-
HOMY CTOKY pek B Kacruii 18 000 m3/c MuHyc shdek-
TuBHOe ucnapenue B 650 MM (Cugopuyk u ap., 2021).
JlaHHBIII ypOBEeHb COOTBETCTBYEeT XBAaJIBIHCKUM Teppa-
cam B 28-30 M H.y.M. (Ppruaros, 1997).

JA pgocTuxeHUs ypPOBHA BOABI, COOTBETCTBY-
IOLI[ero XBaJILIHCKUM TeppacaM Ha oTMmeTrkax 34-36 m

, /=
Puc.8. [Taneopesnbed pycyia MaHBIUCKO!M JOJIMHEI ¢ ToporaMmu cToka: A — 18 M.H.y.M.; b — 31 Mm.H.y.M.; B— 45 Mm.H.y.M; T - 46
M.H.y.M C 3alloJIHeHHeM OCafgKoB MaHBIUCKON AOJIMHBI.
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H.y.M. (Ppiuaros, 1997), npu nopore ctoka 18 M H.y.M.
noTpeGoBasica Obl pacxon mopsgka 65 000 m3/c. Dra
BeJIMYMHA COOTBETCTByeT BepxXHeMy Iipefielly MaKCU-
MaJIbHOTO CTOKa 4Yepe3 MaHBIUCKUH IIPOJIUB, PEKOH-
CTPYUPOBAaHHOIO Ha OCHOBAHUU IUJIOIAAW JXHBOTO
cedyeHus KPyIIHOH NajleOMeHAPH! B HIKHEM Te4eHU! p.
3anaguseiii Mansiy (Sidorchuk et al., 2011).

[TpomyckHasa cnocoOHOCTh MaHBIUCKON JOJIMHEI
npyu ypoBHe BoAbl 40-48 M H.y.M. HaXxoQuUTCA B Jua-
nazore 130 000-350 000 m3/c. DTa BeJIMYMHA COU3-
MmepuMa c oueHkamu A. 0. Cupopuyka, 1o ero gas-
HBIM CcTOK Mor gocturath 200 000-300 000 m3/c mpu
ypoBHe Bojibl 45 M H.y.M. (Cugopuyk u IlanuH, 2022).
IIpu TaxoM 0oJBIIOM CTOKe ypoBeHb Kacmus He mor
noaHATecA 00 40-48 M H.y.M.

Yposuu BoAwl 22 M, 28,1 M, 34-36 M u 40-48
M H.y.M., paccMaTprBaeMble B JaHHOM NojJpa3zeJie, He
OoTpaxarwT IocjefoBaTeJIbHble CTaAuy NOAbEMa XBa-
JIBIHCKOTO 6acceiiHa npu nopore cToka 18 M H.y.M. 3Tu
OTMETKH{ HCIIOJIb30BaHbl MCKJIIOUMTEJIBHO B KayecTBe
TUIIOTETUYECKUX CLieHapueB AJiA OLIeHKU IIPONYCKHOM
crnoco6HOCTH MaHBIYCKOr0 IPoJIMBa NpyU GUKCUPOBAH-
HOM BpIcOTe nopora. OcHOBHas 1ieJIb pac4éToB — Ipo-
JEeMOHCTPHpPOBaTh, YTO IIPU Ie0JIOTUYeCKU MOATBEpX-
JAEHHOM BbICOTe mopora cToka (~18 M H.y.M., npoduib
No 16 mo I'. . IonoBy, 1983) u peajnucCTUYHOM CyM-
MapHOM peyHOM CTOKe B XBaJIbIHCKUI H6acceiiH (10-18
THIC. M°/C) ToAAepXkaHue YpoBHs Kacmuiickoro Mops
Ha TpaJULMOHHO MpPUHHUMAaeMbIX OTMeTKax MaKCH-
MmyMma TpaHcrpeccuu (40-48 m H.y.M.) TpeOyeT pacxoa
BOJBI mopsAnka 130-350 Thic. M3/c, 4TO MpPEACTaBJIA-
eTcs HepeaJMCTUYHBIM clleHapueM. TakuM o0pasom,
JaHHble pacy€Thl MPU3BaHB BBIABUTH IIPOTUBOpeEYHe
MeXJy HHU3KMM IOpOrOM CTOKa M IpeJCcTaBIeHUAMU
0 BBICOKOM MaKCHMMyMe pPaHHeXBaJIBIHCKOM TpaHCIpec-
cvy ¥ 000CHOBaTh HEOOXOAMMOCTD aHaJIN3a ajibTepHa-
TUBHBIX ClieHapueB ¢ 0oJiee BBICOKOH HMCXOJHOHN BHICO-
TOW Iopora CToKa.
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[ ripv yposHe Boasl 28 M. abc. pacxoae B 15 000 M3/c
] Npu yposHe Boasi 35 M. abc. pacxoae B 65 000 M3/c
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CI Mpwv ypoBHe Boabl 48 M. abc. pacxoae B 350 000 Mm3/c

PekoHCTpyKLMsS MaHbIYCKOro nponmnea ¢ noporoM croka 18 m. abe

50kM| = =
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Puc.9. Kapra pekoHCTpyknuu MaHBIUCKOr0 NPOJIMBa € IOPOromM cToka 18 M.H.y.M., 1 koabdunuenToM mepoxosarocTtu 0.35.

3.1.2. 'mappaBAMuecKHe pacuéTtbl copoca
KacnMMCKUX BOA NpPU nopore cToka 31 M.H.y.Mm.

Tak kKak ypoBeHb XBaJILIHCKOTO OacceiiHa He
MOT MOOHATHCA [0 ypoBHA 40-48 M H.y.M. IIpu nopore
cToka B 18 M H.y.M., He0OOXOOAUMO NOAHATH MOPOT
croka MaHBIUCKOTO MpoJsiuBa A0 YpoBHA 31 M H.y.M.
VimMeHHO ¢ 6oJjiee BHICOKOI'O IIOpOra CTOKa CKOpee BCEero
HayvaJicsi cOpocC KacuicKuxX BoJT B MaHBIUCKYTO JIOJIUHY,
rfile BJOJIb BOAOTOKOB IMPOU3PACTAJIA  OJIBIIAHUKU
(Lavrentyev et al., 2012; Lavrentyev, 2022). IToaTomy
B THJIPOJIOTMYECKON MOJEJA MPUHATO 3HaYeHue K03Gg-
¢unmenTa mepoxoBatoctu n = 0,08, xapakTepHoe OJiA
3apocliero pycia.

T[Tpu mopore 31 m H.y.M. 1 pacxoze 18 000 m3/c
ypoBeHb BoAbl Aocturai 40,55 M H.y.M., a C yU4ETOM
3¢ dexTuBHOrO NcnapeHusa — npuMepHo 40,0 M H.y.M.
(Puc. 10). CoOTBETCTBYIOMWN pacxXoj] COCTABJT 15
500 m®/c. JlaHHBIIA YPOBEHD TAKXe€ COOTBETCTBYET XBa-
JIBIHCKOM Teppace B Eprensx (JIaBpeHTbeB u Yenassira,
2024). 3aTeM ypoBeHb BOABI MOT yIacTh 10 37 M H.y.M.
U3-3a M3MeHeHusa KoddduimeHTa MEpoOXOBATOCTH B
[IpOJIMBe IIpU TOM Xe pacxojie Boasl (Tabiuna 3).

IIpu pacxoge 65 000 m3/c ypoBeHb BOABI JOCTU-
ran 47,3 M H.y.M. OTO 3HaueHHe 6JU3K0 K MaKCUMaJlb-
HOMY YPOBHIO PaHHeXBaJIBIHCKON TpaHcrpeccuu — 48
M H.y.M. (DPenopoB, 1957; Peiuaros, 1997; CButou u
ap., 2010; Yenasnsira, 2007 u ap.). B ganpHetimem, npu
yMeHbIIeHnM Ko3bdunueHTa epoxoBaTOCTH, YPO-
BeHb BOJIBI MOT CHU3UTHCA A0 42 M H.y.M.

3.1.3. 'mapaBAMueckHe pacuéTtbl copoca
KacnMMCKUX BOA NPU nopore cToKka 45 M.H.y.M.

B patione fenbThH p. Kajayc ¢uxcupyores Tep-
pacsl BeIcOTOM 40-45 M H.y.M., YTO MO3BOJIAET MPE/IO-
JIOKUTD, UTO I/IBHaIIaJIbeIIZ IIOpor CTOKa MOT' JOCTHUT'aTh
45 m H.y.Mm. (KBacos, 1975; Ilonos, 1983; Prruaros,
1997; Csurou u Ap., 2010).
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B nauase cymecTtBoBaHUA NpoJrBa Koaddunu-
eHT mepoxosatoctu 6s1 n = 0,08. [Ipu pacxone 18
000 M3/c ypoBeHb Bombl gocturan 47,2 M H.Y.M., a C
yuéTtoM 3¢ deKTUBHOro nucnapeHusa — 46,65 M H.y.M.
(Tabnurna 4). COOTBETCTBYIOIIMIT pacxo cocTaBui 12
400 m3/c. OTo 3HayeHHe GJIM3KO K MaKCHMAaJIbHOMY
YPOBHIO XBaJIBIHCKOM TpaHcrpeccun (Puc. 11).

3.1.4. M'mapaBAnueckHue pacuétbl copoca
KacnuMHMCKHX BOA C 3aNOAHEHUEM OocapKaMM

CreHapuii ¢ moporoM 46 M H.y.M. IIpeJirnoJiaraet
JacTHUYHOe 3amnoJjiHeHHe MaHBIYCKOU JOJIMHBL ocaf-
KaMy, 4To HM3MeHseT MopdoMeTpHUuecKre napamMeTpsl
pycaa. Koagpdunuuent mepoxoaroctu 61 n = 0,08
(Puc. 12).

Ta6suna 2. Pe3yspTaTsl ruipaBIniecKoro MoaeaInpoBa-
HUA cOpoca KacnuicKux BoA yepe3 MaHBIUCKYI0 JOJIMHY NIpU
nopore croka B 18 M.H.y.M. B paiioHe 16 nmpodunsa [Tonosa
(1983), ceno 3ynpna- Tosra.

YpoBeHs Kosddumuenr mepoxosaroctu 0.035
BOZIBI Pacxoa Boasl ITnomans CxopocThb
M.H.Y.M. 3
Mm3/c XKHUBOTI'O Te4YeHUs M/c
ceyeHUs
KB.M.
22 1000 20599 0,05
28,1 15000 57858 0,26
28,72 18000 59358 0,27
33 50000 97349 0,51
35 65000 108550 0,6
40 130000 176500 0,91
48 350000 255861 1,36
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PekoHCTpykums MaHbIYCKOro NponnBa € MOPOroM Croka 31 M.H.y.M.
- Mpu ypoBHe BoAbl 40 M.H.y.M., U pacxope Boabl B 15 500 Mm3/c
l:] Mpu ypoBHe BoAbl 47 M.H.y.M., U pacxope Boabl B 65000 Mm3/c
50kM [~
| I

Puc.10. Kapra pekoHCTpyKiusa MaHBIUCKOrO pOJIBa ¢ MOPOroM croka 31 M.H.y.M. u Koapduruentom mepoxosaroctu 0.08.

IIpu pacxoze 18 000 m3/c ypoBeHb BOAbI B 3yH/a-
Tousre cocraBian 49,7 M H.y.M., a ¢ yuéToM 3P deKTus-
Horo ucnapenus — 49,15 M H.y.M. COOTBeTCTBYIOLTNI1
pacxoj coctaBuia 12 600 m3/c. DTo 3HaueHHe GJIU3KO
K MakKCUMaJIbHOMY YPOBHIO XBaJIBIHCKOHN TPAHCIPECCUU
(Tabsumna 5).

PexoHcTpyKIIMu ¢ noporamMu croka -31, +45
u +46 M H. y. M. ABJAKTCA TUNOTETUYECKUMU.
CyiiecTBoBaHNE JAaHHBIX MOPOrOB CTOKAa MaHBIUCKOTO
NpoJiBa He TMOATBEpPXAEHO TeOoJIOTMYeCKUMM Jl0Ka-
3aTtenbcTBaMu. OfHaKo 6oJiee BBICOKMII IOPOT CTOKA
31-45 M H. y. M. I03BOJIAeT OOOCHOBATh YPOBEHb XBa-
JIBIHCKOTO OaccefiHa B auana3oHe 40-48 M H. y. M. C
TOYKM 3peHus BogHoro 6aianca Kacrus (Puc. 13).

PexoHcTpykiua nasieopycya MaHBIUCKOTO Mpo-
JIMBa € MOpOroM croka B 18-20 M H. y. M. 060CHOBaHa,
ucxoaa us reosiormueckux npodusieii I Y. Ilomosa
(1983). Ecim nocMoTpeTh NPOJOJIBHBIN NpodUib
MaHBIUCKOTO IIPOJIMBa C IOPOrOM CTOKa 18 M H. y. M.,
TO YBUAUM CcJeayiomue 3akoHoMepHocTu (Puc. 13).
B paiione 3ynpa-ToaruHckoro momHATHA Habiioda-
eTcs YKJIOH pycia. PacteT ckopocTh notoka (Puc. 14).
UTo BMOJIHE 3aKOHOMEPHO, TaK KaK 3TO CaMBbIi y3KUH
y4acToK MaHBIUCKOM [AOJIMHBIL, I'le B OCHOBHOM IIpe-
obsagana rjayOuHHasA 3po3ud. 3aTeM B paiioHe o3epa
Manbu-I'yquio npoucxoauT BeIpaBHUBAHUE MPOLOJIb-
Horo nmpodusa npoyuBa. TedeHue cTaHOBUTCA OoJiee
cnokouHeiM (Puc. 14).

3mech MOXHO YBHAeTh IPUCJIOHEHHBIE K T'yOu-
JIOBCKUM OTJIOXKEHHUAM XBaJIBIHCKHE OCAaOKH, CJIef0Ba-
TEeJIbHO, MPOUCXOAWJIa aKKyMyJiAnus ocaakoB. Cama
spo3usA He ObIa CTOJIb CHJIBHOM. Ilocye Casbckoro
MOHATHA CHOBA NPONCXOAUT NafileHre pycJia MpoJirBa.
3anagHo-MaHbIuCKas BIIagWHA XapaKTepusyeTcs 00Jib-
MM NepenaoM BBICOT U BEICOKUMU CKOPOCTAMU Teye-
HUA. [laHHBIE MOJAEJINPOBaHUA MOATBEPXIOAIOT reoJio-
ruyeckoe CcTpoeHue 3anaaHo-MaHBIUCKOM BIAAWHEL.

203

B oTioxeHuaAx Ha MepBON M BTOPOUM HAANONMEHHBIX
Teppacax (QUKCHUpPyeTcsA IepeoTIoKeHHasa (ayHa u3
HIXeJIeXallux TOpU30HTOB, YTO TOBOPUT 00 aKTUBHOM
pasMEbIBe pycJia IpoJiiBa.

Ta6smmna 3. Pe3ysibTaThl rUIpaBJINYECKOTO MOJEINPOBA-
HUA cOpoca KacmuicKux BoA Yepe3 MaHBIUCKYI0 JOJIMHY IIpU
nopore ctoka B 31 M..H.y.M., B paiioHe 16 npodussa [Tonosa
(1983), ceno 3ynpga- Tosra.

YpoBeHb Kosddunuent mepoxosaroctu 0.035
BOABI Pacxon BoAbI ILnomaap CKOpoCTh
M.H.y.M mi/c XKHUBOT'O Te4yeHUs M/C
cedyeHUs
KB.M.
35 6000 19518 0,31
37,2 14800 35630 0,42
37,82 18000 41068 0,44
41 50000 76828 0,65
42 65000 91164 0,71
48 160000 161572 0,99
YpoBeHb Kosdpdunuent mepoxosaroctu 0.08
BOJBI Pacxoa Boabl IInomanp CxopocThb
M.H.y.M mé/c XKHUBOT'O TeyeHUs M/C
cevyeHUs
KB.M.
35 3000 21217 0,14
40 15500 62152 0,25
40,55 18000 67872 0,27
46 50000 133918 0,37
47 65000 154190 0,42
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Puc.11. Kapra pekoHcTpyKIuu MaHBIUCKOTO IPOJIMBA € IOPOrOM CTOKa 45 M. abc u koadduuuentom mepoxosaroctu 0.08.

OnHaKo, HECMOTPsi Ha WMHTEHCHUBHYIO 3PO3UIO,
MIPOTOJIBHEIH TPodrTe MaHBIUCKOTO IPOJIMBA HEJOCTA-
TOYHO BBIPabOTaH, YTO TOBOPUT O KPAaTKOBPEMEHHOCTHU
€ro CyIIeCTBOBaHUSI.

4. 3aknioueHue

I'mppaBnuyeckoe MOAEJVPOBaHNE, BBIIOJIHEH-
HOE B paMKaX HacCTOALIero MCCieJOBaHUsA, TO3BOJIUIO
PEKOHCTpyHpoBaTh HauboJiee BepOATHHIE CIeHapuu
cOpoca KacCIMUHCKUX BOJA 4Yepe3 MaHBIUCKYH OOJIMHY
B Ilepuoj XBaJIBIHCKOU TpaHcrpeccuu Kacnutickoro
Mops. BeifiesieHsl ciieqyoole OCHOBHEIE CI[eHapUU:

1. Ilpu mopore ctoka 18 M H. y. M. JI1 DOCTUXe-
HUA MaKCHUMAaJIbHOTO YPOBHsA paHHEXBaJIBIHCKOMN
TpaHcrpeccuu (40-48 M H. y. M.) norpeboBajics
6b pacxon Boasl mopsaaka 130 000-350 000 m3/c.
OmHako B TMO3JHEM IUIEHCTOI[eHe PEKHU KacCIUH-
ckoro OacceliHa HMKOTOa He 00ecIeurBaji CTOJIb
BBICOKOTO cTOKa. CiieqoBaTesibHO, NOABEM YPOBHA
Kacnuiickoro mops o otMeToK 40-48 M H. V. M.
IIpy 1opore cToka 18 M H. y. M. cjleiyeT cuuTaTh
MaJIOBEPOATHBIM.

Ckopee Bcero, epBoOHavyaJIbHEIN IOPOT CTOKA pac-
noJsiarajics Ha GoJjiee BBICOKOUM OTMeTKe, chOpMU-
POBaHHOI 3a cYeT [AeJIbTOBBIX OTJIOXEHUIN peKu
Kamayc. Psag uccnemoBartesiein (Sidorchuk et al.,
2011; TIlomos, 1983; KBacoB, 1975) omneHuBaer
BBICOTY IIOpOra CTOKa OKOJIO 45 M H. y. M., 4TO
corJjiacyeTcs C BBHICOTHBIM IIOJIOXKEHHEM Teppac B
paiioHe fesibThl Kanayca. Pe3ysbTaTel ruapasiiu-
YecKOro MOJIeJINPOBaHUs II0Ka3bIBAIOT, YTO CTOKA
PeK B 310Xy N03JHeJIeJHUKOBbs ObLIIO JOCTAaTOYHO
AJ1a noaaepxanus ypoBHsa Kacnus Beimie 46 M H. y.
M. BmecTte ¢ Tem Ha Teppacax Bbime 40 M H. y. M.
OTCYTCTByeT MajlakodayHa 1 He IOJIyuyeHO paju-
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OYTJIEPOAHBIX JJaTUPOBOK, B CBA3M C Y€M BOIIPOC
0 MaKCHMAaJIbHOM YpOBHE XBaJIBIHCKOI TpaHCIpec-
cuu (48 M H. y. M.) OCTaéTCsl JUCKYCCUOHHBIM.

. Haunbosiee BepoOATHBIM IIpe/CTABIIAETCA CLeHa-
puii, IpU KOTOPOM IIOPOT' CTOKA pacroJjarajcs Ha

Ta6smmna 4. Pe3ysibTaThl riIpaBJInyecKoro MoJeIipoBa-
HUA cOpoca KacnuicKux BoA uepe3 MaHBIUCKYIO IOJIMHY NIpU
rnopore croka B 45 M.H.y.M., B paiioHe 16 npoduia Ilonosa
(1983), ceno 3ynpga- Tosra.

YpoBeHs Koa¢ddunuent mepoxoBatoctu 0.035
BOZEBI Pacxon Boabl IInomanas CKOpOCTh
M-H-y-M M3/c ’KMBOTO Te4eHus M/C

cedyeHMs
KB.M.
45,61 6000 6642 0,9
46,19 18000 14662 1,23
47,66 50000 38471 1,3
48,37 65000 50467 1,29
YpoBeHb Kosddunuent mepoxosaroctu 0.08
BO/BI Pacxoa Boabl IInomanp CxopocThb
M.H.y.M. 5
Mm3/c ’KUBOT'O Te4yeHusA M/C
ceyeHus
KB.M.
45,69 3000 7551 0,4
46,65 12400 21955 0,56
47,21 18000 31050 0,58
49,99 50000 78471 0,64
50,81 65000 93099 0,7
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Puc.12. Kapra pekoHCTpyKIuu MaHBIYCKOIO IIPOJIMBA C IOPOrOM CTOKa 46 M.H.y.M., C 3allOJIHEHHEM OcagKaMu U Kod3d-

¢unuentoM mepoxosaroctu 0.08.

ypoBHe 31 M H. y. M. CTOKa peK B XBaJIbIHCKUI Oac-
ceiiH Kacrnus BnoJsiHe XBaTU/I0 OBI, YTOOBI IOAAED-
JKMBaTh ypoBeHb BOoAbl B Kacnnu Ha ypoBHe 40 M
H. y. M. DTOT ypOBeHb COOTBETCTBYeT XBaJIbIHCKOM
Teppace B EpreHax u moATBepXJeH HaxogKamu
MajiakodayHbl (JIaBpeHTheB u np., 2024; CBuTou
u ap., 2017).

4. JlenbTOBBIE OTJIOXKeHUs peku Kanayc, mo-suau-
MOMY, NOABEPIJINCh WHTEHCHBHOMY pa3MBIBY
BoJaMu MaHBIUCKOTO MpOJIMBA, 9TO OOYCJIOBUJIO
IIOCTENIEHHOEe CHI>XEHMe BBICOTHI mopora o 18 m
H.y. M. (Cugopuyk u [Tanun, 2022). B ¢ase akTus-
HOTroO pasMbIBa pacxof BoAbl Bo3pacTtas oT 18 000
10 65 000 m3/c. B yactHOCTH, TIpH pacxofe 65 000
m3/c u opore croka 18 M H. y. M., ypPOBEHb BOZbI B
patione 3ynaa-Tosru gocturaa 35 M H. y. M., 4TO
COOTBETCTBYET BBICOTHOMY IIOJIOXKEHHUIO XBaJIbIH-
ckux teppac Kacnusa (Peiuaros, 1997).

5. Ha npotsxeHuu OoJiblliell 4acTU CYIIECTBOBaHUA
Manspluckoro mpoJivBa, ypoBeHb Kacnuiickoro
MoOps yAepXuBajcs B AuanasoHe 22-35 M H. Y.
M., O 4€M CBHAETEJbCTBYIOT MHOI'OYKCJIEHHBIE
HaXOJIKM XBaJIBIHCKUX OTJIOXKEHU C XapaKTepHOU
dayHOll U paauOyTJIepOJHBIMU AATHPOBKaMU B
JaHHOM MHTepBaJie BeIcOT (Arslanov et al., 2016).

Takum o6pa3oM, pe3yJibTaThl NPOBENEHHOTO
HccjieJoBaHus CBUAETEJIbCTBYIOT O TOM, 4TO cOpoc
KacIuicKux BoJ yepe3 MaHBIUCKYIO JOJIMHY B IO3AHEM
IUIeficTOlleHe HOCWUJI IO3TANHBIA XapaKTep U COIpo-
BOXJaJICA I0OCJIeJOBAaTeJIbHBIM IOHMXEHNEM BbICOTH
nopora croka. Hanbosiee BepOATHBIMU ABJIAIOTCA Clie-
Hapuu C IoporamMu CTokKa Ha oTMeTkax 31-45 M H. y.
M., COOTBETCTBYIOIIl€ YPOBHAM pPaHHEXBAJIBIHCKOIO
TPaHCTPecCUBHOr0 MaKCUMyMa.
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PesyspTaThl rUApaBIN4Yeckoro MoJeIMpoBaHus,
BBHIIIOJIHEHHOT'O C KCIIOJIb30BaHUEM IPOrpaMMHOI0
xoMmiuiekca HEC-RAS, B IjeJloM XOpOIIO COIJIACyITCs
C OIleHKaM{ pacxofa BOJBbI, IIOJIyYeHHBIMU Ha OCHOBeE
KJIaCCUYeCKUX F'MAPaBJINYECKUX pacd€éToB o ¢popmyie
lle3u (Sidorchuk et al., 2011; Cupmopuyk u IlaHuH,
2022). Tem He MeHee BOIIPOCH! BBICOTH IOPOT'OB CTOKA,
JUHaAMMKU X Pa3MbIBa 1 IPOAOJIKUTEIbHOCTU OTAeJIb-
HBIX (a3 CTOKa OCTATCs OTKPBITBIMU U TPeOYIOT Aajlb-
Helllero MexAUuCHUILINHAPHOIO U3y4YeHN .

Ta6suna 5. Pe3ysbraTsl ruipaBInyecKoro MoJenpoBa-
HUA copoca KacnuicKux BoA uepe3 MaHBIUCKYIO0 JOJIMHY NIpU
rnopore cToka B 46 M.H y M., C 3all0JIHEHHEM OCaJKOB, B pail-
oHe 16 nmpoduis [Tonosa (1983), ceno 3ynaa- Tosra.

YpoBeHs Kosddumnuenr mepoxosaroctu 0.035
BOABI Pacxon Boasl ILinomans CkopocTh
M.H.Y.M. 3
Mm3/c XKHUBOT'O Te4YeHUs1 M/C
cedyeHU s
KB.M.
47,93 10000 36491 0,27
48,53 18000 48283 0,37
YpoBeHb Kosddunuent mepoxosaroctu 0.08
BO/LBI Pacxon Boabl IInomannp Cxopocth
M.H.y.M. &
M3/c XKHUBOT'O Te4yeHUs M/C
cedyeHUs
KB.M.
49,15 12600 61179 0,21
49,73 18000 73802 0,24
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