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FEATURES OF RIVER CONFLUENCE NODE FUNCTIONING
IN THE SUKIL RIVER BASIN

The article studies three largest confluences of rivers in the Sukil basin for 1880-2021 period. The morphodynamic
types of confluences have been determined, and the analysis of their displacements has been conducted; influence of the
geological and geomorphological structure on the patterns of their functioning has been determined.
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Introduction. Significant morphodynamics
of rivers’ confluence is mainly caused by
horizontal deformations of a larger river. The
morphodynamics of nodes is also determined by
peculiar features of the confluence: water dischatge
and structure of water flows, accumulation of
alluvium within the channel and low floodplain
directly at the point where a tributary flows into the
main river, morphodynamics of channels of these
rivers upstream and downstream, and the relief of
the floodplain. The confluence of rivers is the basis
of erosion for a smaller river, which is also a key to
the functioning of river systems in general.
Therefore, the aim of the study is to determine
characteristic ~features of river confluence
functioning of the largest watercourses of the Sukil
River basin.

Despite numerous foreign publications, in
Ukraine there are almost no studies of the
morphodynamics of river confluence, including
those located in the Ukrainian Carpathians.
Studying the functioning of river confluence of
small streams in the Skybovi Carpathians and
within the area of the Pre-Carpathian depression
may be the key for understanding the mechanism
of the formation and passage of floods,
characteristic features in the development of
horizontal channel deformations and transport-
accumulative activity of two merging streams and
one merged flow.

Analysis of previous studies. River
confluence in fluvial geomorphology have been
studied only since the second half of the 20th
century. One of the first areas of study was the
hydrodynamics of two merging streams and the
laterality of the merged water flow [15]. The basics
of the confluence nodes’ functioning are described
in the study [16], where the dependence of the
increase in depth and cross-sectional area of the
river channel on the increase in flow turbulence in
the confluence nodes of multi-flow channels is
determined. It was also found that channel depth
increases with a decrease in the difference in flow
rates of the two merging streams. Channel depth
decreases with increasing of sediment discharge.

The influence of the flow dynamics on the transport
and accumulation of material in the area of the
confluence, as well as the morphology of the
tributaries and the merged channel, are described in
studies [8, 9]. According to these features, the
author defines six zones in the confluence node:
stagnation zone, flow deviation, flow separation,
zone of maximum speed, flow restoration, and flow
displacement zones. The defining parameters for
functioning of a confluence node are the angle of
confluence of two streams and the discharge ratio
of water and sediment flows between two streams.
The mechanism of sediment accumulation with
different morphometric parameters of merging
streams is determined. Among these fundamental
studies, the most referred are works on changes in
channel forms caused by tributaries (Richards,
1980; Roy & Woldenberg, 1986; Rhoads &
Kenworthy, 1995); on sedimentation features in
merging channels (Church & Kellerhals, 1978;
Knighton, 1980); on ecosystems in non-regulated
(Bruns et al. 1984) and regulated (Petts, 1984; Petts
& Greenwood, 1985) tributary channels; tributary
network structure features (Abrahams & Campbell,
1976; Flint, 1980; Abrahams & Updegraph, 1987).
In Ukraine, confluence nodes are only becoming a
separate object of studies. In general terms,
functioning characteristics of confluence nodes,
including the example of the Carpathian rivers, are
presented in the works of O. Obodovsky (1998,
2017).

Presentation of the main study material.
There are 407 permanent watercourses in the Sukil
River network, which form 482 confluence nodes.
The first-order streams form the largest number of
confluence nodes. These are mainly short and low-
water streams, the average length of which is 500-
600 m. They form 310 confluence nodes of the first
order, by the analogy with the order of
watercourses, and 56 confluences of the second
order. They are located mostly in the mountainous
part of the basin. Streams of the second order form
14 confluence nodes of the third order, and one is a
confluence node of fourth order. Accordingly,
merging of the Sukil River with the Svicha River is
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the confluence node of the fifth order.

To determine characteristic features of the
functioning, morphology and morphodynamics of
confluence nodes, three largest confluences in
different parts of the basin were selected. They are

the confluence of the rivers Bryaza-Shchavyna in
the mid-mountain area, Sukil-Besarabka rivers in
the inter-mountain basin and Sukil-Svicha rivers in
the Pre-Carpathians area (Fig. 1).
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Fig. 1. Location of confluence nodes: a) Bryaza-Shchavyna; b) Sukil-Besarabka; c) Sukil-Svicha [23]

The first confluence node of Bryaza-
Shchavyna is located in the mountainous part of the
Sukil basin, at altitude of 748 m above sea level, on
the edge of the advance of the Zelemyanka Skyba
tectonic zone on the Parashka Skyba [3]. This is an
asymmetric merging of streams of the 3rd order
from which the Besarabka River of the 4th order is
formed (Fig. 1). The Bryaza River is relatively
straight before the confluence, with availability of
slightly and moderately rolled boulders and
pebbles. The channel has a number of minor
accumulative forms that rise slightly above the
water level. The floodplain is two-sided and wide
for a mountain river, up to 105 m; during floods,
additional river arms may be formed (Fig. 2). The
Shchavyna River, before confluence with the
Bryaza River, has a gentle winding channel made
up of slightely rolled boulders and pebbles. The
bending of the river is caused by a slight expansion
of the valley, decrease in the angle of the river, and
Menilite sediments, which are relatively easy
subject to lateral erosion. The floodplain is one-
sided and it changes sequentially with the bends of
the channel; the maximum width is 60 m (Fig.2).

The upper angle of confluence of the Bryaza
and Shchavyna rivers is 116°; after the confluence,

the merged flow deviates by 45° This
configuration is due to the presence of an
accumulative form at the confluence arrow (Fig. 3),
formed as a result of a sharp decrease in the
transporting capacity of the Shchavyna River when
it flows into the Bryaza River, and the erosion
caused by waters of the Bryaza River. Considering
a significant 2-3% slope of the riverbeds,
backwater on the tributary, which contributes to the
accumulation of sediments, is unlikely, as two sub-
basins of the rivers are in the same physical and
geographical conditions; accordingly, the height
and duration of floods will also be the same.

According to the morphological
classification  [5], the  Bryaza-Shchavyna
confluence is a delta-type, with a river delta at the
Shchavyna River (Fig. 3). The delta is composed of
boulder-pebble material, accumulated there during
floods period. It is worth mentioning that the lower
part of the delta is eroded by the waters of the
Bryaza River, which indicates the key role of the
Bryaza River in the Bryaza-Shchavyna confluence
node.

According to Dixon's morphodynamic
classification [12], a confluence node is fixed.
Available satellite images from years 2009-2020
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Shchavyna River delta and a slight deviation of the
flow at the river mouth (Fig. 2).
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Fig. 2. Google Earth Pro Satellite images of the Bryaza-Shchavyna confluence node for the years: a)

2009; b) 2020
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Fig. 3. Bryaza-Shchavyna confluence node in the mountainous part of the Sukil basin (A) flood-plain
channel area; (B) satellite image of delta from year 2020;
(C) delta in the mouth of the Shchavyna River
After merging, the channel of the newly
created river Besarabka is slightly winding, and

composed of slightly and moderately rolled
boulders and pebbles with well-developed accumu-

lative forms in the form of pointbar up to 60 m long
and 16 m wide. This is due to the decrease in the

slope of the river to 1.77% after merging and
increase of water discharge of the merged channel.
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The Sukil-Besarabka confluence node is
located in the neighborhood of Kozakivka village,
within Skolivska Skyba at altitude of 541.4 meters
above sea level, and is an asymmetric confluence
of the 3rd-order Sukil stream with the 4th-order
Besarabka stream (Fig. 4). The channel of the river
Sukil, before the confluence, is straight up to 100
m, and cut into bedrock. At a distance of 100 m or
more from the mouth, there are 2 steep meanders,
also cuted in bedrock. The channel of the
Besarabka River in the neighborhood of Kozakivka
village is meandering, cut into bedrock, and
composed of medium and well-rolled pebbles.
However, at a stretch of 120 m above the
confluence, the channel is straight and cut into
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bedrock as well. Sandstones form cross the channel
at an angle of 120-135°. In this section, the river
has a slope. Alluvium accumulation is present in
the part where rapids are adjacent to the river bank
(Fig. 4). After the confluence, the merged channel
is meandering; there are 3 fixed bends that then turn
into a straight channel. The first meander cuts the
left bank of the folded flysch. Despite directed
lateral erosion, in 2011-2020 period, the curvature
of the meander decreased. The reason for this
became the collapse of the 20-meter-high erosive
bank that shifted the channel closer to the center of
the meandering axis.

75 100 m

Fig. 4. Sukil-Besarabka confluence node in the vicinity of Kozakivka village

The morphological type of the confluence
node is non-delta, simple (Fig. 5). Although a slight
accumulation of alluvium was recorded at the
confluence of the river Sukil into the river
Besarabka, which form a slighty appearance
pointbar at the center of merged riverbed. The river
Sukil flows into the river Besarabka at the angle of
90°, diverting the merged flow by 30° in the
northern direction. This factor and the presence of
bedrocks in this part of the river channel led to
development of meander and an erosive bank. A
backwater on the tributary or main river is unlikely,
as both channels have a significant slope before the
confluence, and their basins are in the same
climatic conditions, which practically makes it
impossible for different timing and levels of floods.

The morphodynamic type of the Sukil-
Besarabka confluence node is fixed. According to
the data from satellite images of various timing and
topographic maps of scale 1:25,000 from year 1929
and year 1959, the confluence node did not change
its position.

The Sukil-Svicha confluence node is located
within the Pre-Carpathian depression, in particular
Sambir geological structure, which in terrain
corresponds to the Peredkarpatska upland. The
dynamics of the Svicha riverbed is greater and
plays a major role in the dynamics and formation
of the confluence node, as the Svicha River has a
higher water discharge. According to the data from
Lviv Regional Center for Hydrometeorology,
average annual water discharge of the Svicha River
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in Zarichne village (22 m®/c) is 8 times bigger from
the Sukil River in the village of Tysiv (2.7 m*/c).
The degree of functioning of the confluence
node can be analyzed using long-term data. The
analysis of topographic maps from different time,
Google Earth Pro satellite images and multispectral

Landsat 4-7 and Sentinel satellite images made it
possible to establish significant different time
migrations of the confluence node (Fig. 6) and to
single out three main dynamics periods of the
Sukil-Svicha confluence node.
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Fig. 6. Location of the Sukil River mouth for the 1880-2021 period
on the Google Earth image from 2019 [24]

The first period covers time from 1880 to
1984, and is characterized by maximum
displacements of the confluence node. In 1880, the
Sukil-Svicha confluence node was located at a
distance of 2.8 km to the northeast in comparison
with the current location (Fig. 7a). On the map from
1929, the confluence node is significantly shifted
and located at the distance of 3172 wmeters to the
east from its location in 1880. (Fig. 7b). The main
reason for this change is a significant horizontal
deformation of the Svicha river channel. In the

period of 1880-1929, the river channel shifted to
the north by 250 meters, which led to the
interception of waters of the Sukil River by the
Svicha River and formation of a new confluence
(Fig. 7a, 7b). A part of the cut-off channel of the
Sukil River, 4-km long, turned into a low-active
channel that exists today (Fig. 7; Fig. 7b) [24].

In the 1929-1978 period, the river Svicha
formed a new channel within a high floodplain
(Fig. 7¢), which led to the displacement of the Sukil
river mouth to southeast by 1,552 meters from the
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location of the confluence node in 1929 and
increase of the Sukil River by 1,700 meters in
length. The main Svicha channel turned into a
secondary one, connecting the Sukil and Svicha
rivers (Fig. 7 b).

The second period (1984-2001) is also
marked by displacements of the Sukil-Svicha
confluence, although they are much smaller in
comparison to the first period. The biggest change
in the morphology of the confluence node was
recorded in the period of 1991-2001 (Fig. 8). Its
maximum displacement was 750 meters, and it

occurred in 1993-1994 and was linked with the
breakthrough of the neck of the Svicha meander. It
is worth noting that during 1989-1990, no
displacements of the confluence node were
detected, although during these years the maximum
water discharge at the hydro measure station in
Zarichne village was 515 m¥/s. in 1989. The similar
situation was observed in 1997-1998, when
maximum water discharge of 834 m* was recorded,
but the displacement of the confluence node was
only 280 meters [24].
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Fig. 7. Merging of rivers Sukil and Svicha in 1880 (a); 1929 (b); 1978 (c) [24]

The third period (2001-2021) is character-
rized by stabilization of the Svicha-Sukil confluen-
ce node (Fig. 8) when maximal displacements are
25-50 meters. During that period, a number of
catastrophic floods occurred, in particular in 2007,
2008, 2010, and 2020. For example, water
discharge during the flood in July 2008, according
to the data from the hydrological station on the
Svicha River in Zarichne village, exceeded the

annual average by 57 times, which is the largest
indicator for the entire period of observations at
this hydrological station. It is important to note that
the images from 2008, taken before and after the
flood, showed virtually no changes in the
morphology of the Svicha and Sukil riverbeds, both
within the confluence and in the upstream channels
of these rivers (Fig. 9).

2021

Fig. 8. Landsat multispectral satellite images for the period of active displacements (1978-2001) and
the period of stabilization (2001-2021) of the Sukil-Svicha confluence

There are two main possible reasons for the
stabilization of the channels and the confluence
node. The first is related to changes in the

hydrological parameters of the flow during
catastrophic floods and the deviation of the main
flow axis at the top area of the meanders to the
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center of the channel and, as a result, minor lateral
erosion [21]. The second reason is the localized
manifestation of deep erosion in the channel. The
latter is evidenced by data from the hydrological
station in village Zarichne. Thus, during the 1982-
2008 period, the Svicha riverbed deepened by 3.4
m, including 1.6 m in 2008 [2]. Deepening of the
channel at the hydrological station in Zarichne
village, located about 2 km downstream from the

Sukil confluence point, probably contributed to the
development of regressive deep erosion, which,
accordingly, stabilized the development of
horizontal channel deformations within the
confluence. The increase in deep erosion of the
Svicha River channel is also indicated by the
increase in deep erosion in the Sukil channel (area
from the confluence to 120 m upstream), which
was established by UAV images and field studies.

Satelite image 29.03.2008
Max. water discharge - 1340 m®/s (09.2007)

Satelite image 25.06.2008
Max. water discharge - 156 m*/s (05.2008)

Satelite image 31.10.2008
Max. water discharge - 1830 m¥s (07.2008)

Fig. 9.

Landsat multispectral satellite images that show no displacement of the Sukil-Svicha confluence
node during the catastrophic flood of 2008 [24]

£

2006

2013

2021

Fig. 10. Satellite and aerial photographs of the Sukil-Svicha confluence in 2006-2021
A comparative analysis of the 2008 and 2021

images revealed significant horizontal
displacements of the Svicha riverbed upstream
from the Sukil confluence (Fig. 8). During this
period, the maximum horizontal deformations in
this section are up to 220 m, the meanders become
more omega-shaped and the meandering belt of the
Svicha channel increases (Fig. 8). A different trend
is observed downstream of the Svicha channel
from the mouth of the Sukil River. Here the Svicha
River channel straightens and bending decreases
(Fig. 8). A significant difference in the manifes-
tation of horizontal deformations of the Svicha
channel before and after the Sukil's confluence is
also indirect evidence of localized deep erosion in
the Svicha channel in the section from the mouth
of the Sukil River and downstream of the Svicha
River.

The backwater from the river Svicha during
the catastrophic flood in July 2008 is likely the
cause of the formation of the river delta at the
mouth of the Sukil River. As the deep eroxion of
Svicha River was larger, the basis of erosion of the
river Sukil was lowered, which resulting deep
erosion from the mouth to 120 m upstream. During
high water levels, different water discharge levels
are recorded on the rivers Svicha and Sukil,

alongside with different periods of flood passage
(the water level drop on the Svicha River lasts 2-3
days longer than on the Sukil River); there is
backwater from the Svicha River against the Sukil
River. This leads to decrease in the flow velocity
in the Sukil's mouth part and the accumulation of
sediments there during high floods, an increase in
the slope of the Sukil's mouth part during the low
water period [5]. The formation of the river delta
can be seen on Landsat images taken before and
after the 2008 flood (Fig. 9) and on Google Earth
satellite images (Fig. 10).

River delta, formed at the mouth of the Sukil
River, led to decrease in width from 25 meters in
2006 to 6-7 meters in 2013. The size of the delta is
growing: in 2013 it was 3,865 m?, and in 2019 it
was 4,355 m?. The accumulative form size incrised
is caused by sediments accumulation in the area
near the top. Figure 11 shows a 21-meter shift of
the confluence to the northwest between 2006 and
2013, as well as the features of erosion and
accumulation processes.

In the 2013-2021 period, vegetation growth
was observed on the accumulative form in the Sukil
River mouth (Fig. 10). There are two reasons for
this. The first is the absence of floods during this
period (data from Lviv Regional Center for
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Hydrometeorology), and the second reason is a
deep erosion of the Sukil channel in the mouth area
caused by the deepening of the Svicha channel by
3.4 m in the period of 1982-2008, in particular by

1.6 m in 2008 [2], which reduced the frequency of
times for backwater from the river Svicha against
the Sukil River.

LEGEND

RIVERBED IN 2019

===~ RIVERBED IN 2006

| | DELTA OF FILLING IN 2019
DELTA OF FILLING IN 2013

POINTBARS

g pen——— ¥ :‘-_\
S . 4l
——
D — T =~ N'\,
- " N ~
~ g <
-~ \ .
~
\r\\
AN
N N
~ S
\ 1\
A
x_
S

N

A

L

[ ——
- i
_——
-
-
-—=

280 Meters
1 1 1 | 1 L |

Fig. 11. Configuration of the Sukil-Svicha confluence node in the 2006-2019 period

The analysis of the long-term migration of
the Sukil-Svicha river confluence, analysis of its
morphodynamics and horizontal deformations of
the riverbeds of the two rivers allowed us to
identify two probable scenarios for the displa-
cement of the confluence node in the coming years.

First scenario: the confluence node will
keep its location. From 2013 to 2021, the
displacement of the confluence node is minimal
(up to 3 meters). Such a trend will continue in the
coming years, as the river Sukil flows into the river
Svicha at the top of a meander that shifts
downstream at an average rate of 2-5 m/year.
Despite the fact that the confluence of the rivers is
located on the accumulative section of the Svicha
River channel, no changes in these forms are
foreseen. The river delta in the Sukil River
increases only in the upper part of the accumulative
form. The lower part of the form is influenced by
lateral erosion of the Svicha flow, which erodes the
river delta. The accumulative forms in the Svicha
channel are also influenced by the Sukil flow (Fig.
11). Accumulative form No. 2 (Fig. 11) was
formed by a riffle in the river that was recorded
until 2019. Its growth is due to the formation of a
shadow zone at the confluence of two rivers [§].
Accumulative form No. 3 (Fig. 11) has been
unstable since 2005 and is constantly changing its
configuration. It is influenced by high water
conditions, especially by different timing of floods

on the merging rivers [8, 9]. Flooding on the river
Sukil and low waters at the river Svicha leads to the
erosion of accumulative form No. 3 (Fig. 11) in its
upper stream due to the high kinetic energy of the
flow, and accumulation of sediments in the lower
part due to a sharp decrease in energy and transport
capacity as a result of the channel widening.

The second scenario is associated with a
possible displacement of the confluence node due
to a breakthrough of the interfluve by the Svicha
River. Potential breakthrough zones have been
identified (Fig. 12).

The interfluve in zone A (Fig. 12) decreased
from 120 m to 115 m between 2015 and 2019, and
in the period of 2019-2023 it decreased further to
62 m. This sudden and rapid bank erosion is due to
the meandering of the Svicha River and the flood
in 2020, which caused the main channel-forming
river discharge [1]. In the flood-free period from
2015 to 2019, the bank retreated at an average rate
of 2 m/year. In the period of severe flooding in
2020, it was 12 m/year. Under a normal
hydrological regime of two years, with a frequency
of severe flooding every 8-12 years, the Svicha
River will connect with the Sukil River by 2030.
This will result in a 460-meter shift of the
confluence to the northwest and a 485-meter
reduction in the length of the river Sukil.

A potential breakthrough is also located in
Zone B (Figure 12). The active development of the
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meander in this part has led to a decrease in the
interfluve from 240 m in 2015 to 180 m in 2019,
and to 80 m in 2023. The bend of the Svicha
meander in this part of the channel has reached the
most favorable value of /=1,40L, according to
which the increase in the flow’s kinetic energy at
the bend is 50-80% [5], which led to the intensive
development of lateral erosion. Under this
scenario, the Sukil confluence will shift to the

northwest by 560 meters and its length will
decrease by 640 meters. If the erosion rate trend of
20-25 m/year is maintained, the breakthrough of
the interfluve in Zone B could be in 2026-2027.
However, an alternative scenario is also possible,
when during a flood the Svicha River cuts a new
channel at the neck of the meander, and formation
of a new confluence node, as a result of the
interfluve breakthrough, would not occur.

2015

2019

2023

Fig. 12. Potential breakthrough zones between the Sukil and Svicha rivers with the formation of a new
confluence node (Source: Google Earth Pro; Sentinel-hub)

Conclusions. The analysis of the three
largest confluences in the Sukil basin revealed that:
the Bryaza-Shchavyna confluence is located in the
mountainous part and is asymmetrical, of delta
type, and fixed; the Sukil-Besarabka confluence is
located in the intermountain basin, and is
asymmetrical, of delta type, and fixed; the Sukil-

Svicha confluence is located in the Peredkarpatska
upland and is a Y-shaped confluence with a river
delta on the Sukil River. The displacement of the
confluence is due to the meandering of the main
river. Three probable scenarios for the
displacement of the Sukil-Svicha confluence in the
coming years have also been identified.
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AHoTanis:

Hazap PUBAK, JTidin IYBIC. OCOBJIMBOCTI ®YHKI[IOHYBAHHS BY3JIIB 3JIUTTS PIK B BACEWHI
PIYKU CYKIJIb

VY craTTi mpoaHanizoBaHO MOPPOIUHAMIKY BY3JIiB 3JIUTTS PiYOK Pi3HOTO MOPSAAKY B Oaceini piuku CyKiiab, BEpXHS
YacTHHA AKOTO 3HAXOUThCs Y Meskax Ckubosux Kaprat, a nukHs — y Mesxax [lepeikapnaTchbkoro nporuny. Ii BuBueHHs
TPYHTYBJIOCS Ha TIOJILOBUX Ta KapTorpadidHMX MeToJax JJOCHIDKEHb, y TIM YHCIi Ha aHaji3i pi3HOYaCOBUX
TonorpadivHMUX KapT Ta CymyTHHKOBUX 3HIMKiB Google Earth Pro i3 Bukopucranusam mporpamuoro cepenosuima QGIS.
AHai30BaHI CYIMyTHUKOBI 3HIMKH OXOIUTIOIOTH Tepiox 2006-2022 pp., 3 MakcuMadbHUMH TaBoakamu y 2008 ta 2010
pp., MO Yac SKUX BiAOyIHCS HAWOIMBIN TOPU3OHTANBHI AedopMaliii pycesl, MAaKCUMAILHO MPOSBUIIACS €PO3IHHO-
aKyMYJISITUBHA AiSJBHICTD BOJHHUX HOTOKIB, 10 € KIIOYOBUM Y MOP(QOANHAMILI BY3JIiB 3JIUTTSI.

3riiHO 3 MPOBEICHUMH JOCITIJDKEHHS Y CTPYKTYpHiH oprasizamii piukoBoi mepexi Cykemo Hamiuyerbes 407
BOJIOTOKIB PpI3HOrO MOpsaKy 3a kiacugikauiero Xoprona—Crpamiepa. Bonu ¢opmyrors 382 By3aM 31IdTTS.
JIOMIHYIOUMMH € BY3JIM, YTBOPEHI 3JUTTSM BOAOTOKIB MEPIIOTO 1 APYroro MopsAKy y TipChKii yacTuHi OaceiiHy, siKi €
CTIMKMMHM Yepe3 JOMiHyBaHHs MIMOMHHOI epo3ii y Mexax IXHboro 3nuTTsax. Halbineury MopdoanHaMiky MaroTh By3iu
3UTTA PiYOK BUIIUX MOPAIKIB. IXHil aHAIi3 1aB 3MOTY BHOKPEMUTH TPHU KIIOUOBi BY3JIH 3TUTTA y Oaceitni Cykemo —
Bbpsza—IllaBuna, Cykinb—becapabka Ta Cykinb—Csiva. Piuku, mo iX yTBOpIOIOTH, 3HAYHO BiIPI3HATHCS TEOJIOTO-
reoMopQOJIOTITHIMH YMOBaMH, BOAHICTIO, TIPOSIBOM Ta IHTEHCUBHICTIO PO3BUTKY PYCIOBUX MPOIIECIB, IO i 3yMOBHIIO
CYTTEBI BIIMIHHOCTI Y QYHKITIOHYBaHH1, Mop(oJiorii Ta MophoarHaAMIIII JOCTiKYBAHUX BY3JIiB 3ITUTTSI.

IMepmmii By30s 3mutTs bpsza—IllaBuna posramoBannii y Ckuboux Kapmnarax, Ha BUcCOTI 748 M H. p. M., €
aCHMETPUYHUM 3JIUTTSAM TIOTOKIB 3-TO TMOPSIKY, 3 SKUX YTBOPIOETHhCS piduka 4-ro mopsaky — becapaOka. 3a
MOPQOIOTiYHOI0 KiacH(iKali€o BiH 3a4MCICHUH 0 AEIBTOBOrO TUILY 3 AEJIbTOI0 BUIIOBHEHHs y pycii ll{aBuHu, a 3a
MopdoanHaMiyHOIO Kiacudikamiero — 10 ¢dikcoBanoro (cradinbHOro). [leapra BUIIOBHEHHS CKJaJieHa 3 BaJyHHO-
raJeYHIKOBOTO MaTepialy, aKyMyJIbOBAaHOTO TOJOBHO Yy Iepiox mnoBeHeld 1 maBoikiB. HmkHs uacTuHa nenbTh
BUIIOBHEHHS PO3MUBAEThCS BOJaMHU bps3u, 10 CBIMYHTH PO KIIOYOBY i poiib Y GyHKIIOHYBaHHI By3ia 31uTTs bpsiza—
[{aBuna.

Bysoun snutrs Cykine—becapaOka po3ramoBanuii Ha BUCOTI 541,4 M H. p. M. Y MDKTIPCBKIH YJIOTOBHHI B OKOJTULISX
c¢. KozakiBka. XapakTepHu3yeThCsi aCHMETPUIHNAM 3TUTTS JBOX MOTOKIB 3-T0 i 4-r0 mopsiaky. Cykinb Bnanae y becapabky
T IPSIMUM KYTOM, BiIXWISTIOUH 00’ €qHaHUE MOTiK Ha 30° y MIBHIYHOMY HaAmNpsIMKY, IO TOJOBHO 3yMOBHJIO PO3BUTOK
0OO0KOBO1 epo3ii Ta YyTBOpEHHSI MeaHApH. AHaII3 Pi3HOYACOBHUX CYITYTHUKOBUX 3HIMKIB 1 TOIorpadiyHuX KapT MacImTady
1:25 000 3acBiguuB, 0 BY30JI 3JIUTTS HE 3MIHHUB CBOTO TOJIOKEHHS Y Tu1aHi. OToX 32 MOp(OIUHAMIYHAM THUIIOM BY30J1
3IIUTTS 3a9UCICHUH 10 PiKCOBAHOTO, a 32 MOP(HOJIOTIUHUM THIIOM — JI0 O€37IeIbTOBOTO MPOCTOTO.

Byson 3mutts Cykins—CBiua 3Haxomuthest Ha [lepenkaprarcekiii BHcouMHI y Mexax IlepenkapmaTchKoro
nporuny. 3 1880 1o 2021 poky BUOKpeMIieHO 3 niepioan quHaMiku By3ia 3iuTTs Cykuie—Caiva y miani. [lepmmii nepion
— 1880-1984 pp. xapakTepu3yeTbCs MaKCHMaJIbHUMHU 3MIIICHHSIMHU BY3Jia 3JUTTSA Y IUIaHi. MakCUMallbHE 3MIlICHHS
CTaHOBUTH 2,8 KM 1 cripuunHeHe nepexorieHHsM Caiueto pycna Cykento, 10 IPU3BENIO A0 YyTBOPEHHS HOBOT'O BY3Ja
smutTs. Jdpyruit nepiog — 1984-2001 pp. xapakrepusyeTbesi 0araropa3oBUMH, ajle MEHIIMMH 3MilIeHHAMHU 10 750 M.
Tperiii nepiox — 2001-2021 pp. xapakrepusyeTbes cradinizaniero Bysna 3nutTs CBiva—CyKijb, MaKCUMaJIbHi 3MILICHHS
cTaHoBIATH 25-50 M. 3 2008 p. B rupii CyKelto yTBOPIOETLCS AelbTa BUTTOBHEHHS. [ 0JI0BHOIO YMOBOIO 11 opMyBaHHS
e miamip Bog Cykenro Bogamu CBidi i 9ac maBojAKiB. BrokpeMieHo aBa HMOBIpHI clieHapii 3MillleHHS BYy3J1a 3JIUTTS B
IIaHi y HaiOmxdi poku. [lepruii — By30J1 30eperke CBO€e cydacHe po3TranryBaHHs. Jpyruit — copmyeThest HOBHI BY301
3IIUTTS BHACIIZOK PO3BUTKY FOPU3OHTAILHUX nedopMalliii pycia CBidi, MPOPUBY MEKHUPIUYS Ta TIEPEXOIUICHHS pycia
Cykento. 3a Mop(hoJIOTiYHUM THITIOM BY30J 3MHTT Cykinb—CBida € IeTbTOBOrO THITY 3 JEILTOI0 BHIIOBHEHHS Y pycCii
Cykemnto. ['00BHMM MeXaHi3MOM OaratopigHoi MOpGOINHAMIKH IIBOTO BY3Jia 3JUTTS € TOPU30HTANIBHI Aedopmartii, mo
BiIOyBaIOTHCS IIUISIXOM PO3BUTKY Oi4HOI epo3ii pycia Ciyi.

BuBueHHs (yHKLIOHYBaHHS BY3JiB 3JIMTTS piuok KapmaTchkoro perioHy € Ba)KIMBHM 3 IO3MIII pO3YMiHHS
MeXaHi3MiB (pYHKLIOHYBaHHS 0AaceHHOBHX CHCTEM, y TIM 4HCIi (OpPMYyBaHHS Ta NPOXOJOKEHHS IOBEHEH 1 MaBOJKIB,
0co0IMBOCTEN PO3BUTKY TOPU3OHTAIBHUX JedopMaliii pycia, a 0TKe po3poOKH MPOIO3ULIiif IPOTHIIABOAKOBUX 3aX0IiB.

Koarouosi ciioBa: By3nu 3nuTTs pik, GyHKIIOHYBaHHS, MopdoanHaMika, CyKiib, pyciio.
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