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Abstract. Mudflows are a fairly common phenomenon in Ukraine and other countries of the
world. In the Carpathian region of Ukraine, there are three mudslide-hazardous basins, which
include the territories of Ivano-Frankivsk, Zakarpattia, Lviv and Chernivtsi regions. The second half
of the twentieth century, as well as the twenty-first century, was characterized by a noticeable
intensification of dangerous hydrological processes in the mountains of Central Europe. In some
countries and regions, they caused large-scale flooding of adjacent territories, loss of life and
destruction of transport highways, buildings and other economic infrastructure. With a certain
periodicity, powerful mudslides, landslides of rock and subsidence of accumulative landforms cause
local damage. The occurrence of floods and inundations in the Carpathians is multifactorial in
nature, which often includes factors of not only natural, but also anthropogenic origin. Mudflow
processes are characteristic of the Carpathian region, and therefore, high-quality forecasting of their
development in space and time, as well as assessment of their impact on infrastructure facilities are
extremely necessary. For a detailed assessment of engineering and geological threats to bridge
structures, road surfaces, residential buildings and other infrastructure facilities due to the
development of mudflow processes, floods, flooding and coastal erosion processes, it is advisable to
use an integrated approach.
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Introduction.

On the European continent, 56% of the forest cover has been lost, but the
Carpathians have preserved the largest areas of mountain forest in Europe [1, 2]. Over

the past centuries, undesirable quantitative and qualitative changes have occurred in
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the forests of the Carpathians, which have significantly affected the ecological stability
of the natural environment. Changes in the species composition of native stands to less
moisture-intensive spruce, the water-regulating properties of which are 7—17 times less
than those of primeval beech forests, have led to an increase in the likelihood of
dangerous floods and floods. Scientists are greatly concerned about eroded soils, the
appearance of which ultimately causes mudflows.

Mudflows are a fairly common phenomenon in Ukraine and other countries of the
world. In the Carpathian region of Ukraine, there are three mudflow-hazardous basins,
which include the territories of Ivano-Frankivsk, Zakarpattia, Lviv and Chernivtsi
regions, where there are 219 large mudflow watercourses and over 400 small ones. In
Ivano-Frankivsk region, there are 270 mudflow-hazardous watercourses, covering an
area of 606.9 km?. In Chernivtsi, 70 watercourses were identified, with an area of 255.5
km?. In the territory of Lviv region, such watercourses are typical for the basins of the
Dniester and Stryi rivers, where more than 50 mudflow-hazardous watercourses were
recorded, with a total area of 305.5 km?. And in the Zakarpattia region, there are 278
watercourses with a basin area of 1828.0 km? [3].

The main text

The second half of the twentieth century, as well as the twenty-first century, has
been characterized by a noticeable intensification of dangerous hydrological processes
in the mountains of Central Europe. In some countries and regions, they have caused
large-scale flooding of adjacent territories, loss of life and destruction of transport
highways, buildings and other economic infrastructure [4]. With a certain periodicity,
powerful mudflows, landslides of rock and subsidence of accumulative landforms
cause local damage. The root cause of such processes is heavy rains, especially long
and intense, as well as the likelihood of causing or intensifying floods by significant
snow reserves that quickly melt in the mountains during thaws [2].

The territory of the Carpathians (the basins of the Tysa, Dniester and Prut rivers)
is one of the most flood-prone regions in Europe. This is due to the combination of
physical and geographical factors, the main of which are hydrometeorological and

orographic. The impact of anthropogenic intervention, which may not always meet the
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requirements for preventing flood-hazardous processes and restraining theilr
development, is also significant [2, 5]. An important consequence of channel erosion
in the rivers of the Carpathian region is not only the development of dangerous
hydrological, but also geomorphological processes. They manifest themselves in the
form of bank erosion and landslide processes in the valleys along the rivers, as well as
mudflows. In the studied region, these phenomena are particularly aggravated by
uncontrolled deforestation and residential and economic development of coastal
protective strips of mountain rivers. Due to the high risk of erosion spreading upstream
to the Stryi River, with a decrease in the area of forest cover, the risk of intensification
of mudflows and landslides increases, especially during extreme precipitation and
intensive snow melting [6].

Mudflows pose a threat to infrastructure facilities, including roads and bridge
crossings. In particular, in July 2020, the village of Lanchyn, as well as in 2021 near
the city of Skole in Lviv region, mudflows flooded yards and houses, damaged the road
surface (Fig. 1.). It is also worth mentioning the convergence of three mudflows within
the Transcarpathian region, which were recorded in 2020 in the basins of the Rika and
Teresva rivers of Tyachiv and Mizhhirya districts. Due to the significant spread of
mudflows in the Carpathian region and their threat to hydrotechnical and civil
construction facilities, as well as infrastructure and safety of life of the population of
the region, it 1s advisable to monitor and predict their development. The main tool used
to monitor and model the development of mudflows is geoinformation technologies
[3].

In order to reduce damage to the roadbed in the area of influence of the mudflow,
bridge structures are used that allow crossing the mudflow avoiding direct blocking of
traffic and flooding of roads. Damage to bridges due to mudflows is mainly caused by
such manifestations of these phenomena as impact, abrasion, erosion and vibration [3,
7-9].

The impact of a mudflow usually includes the impact of a swamp mass and the
impact of large debris. The mudflow carries a lot of sediments, rock fragments, which

have an abrasive effect on the bridge supports, and especially on the surface of the
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support and the support beam. Therefore, the protective concrete layer of the

supporting structure is destroyed, and the steel reinforcement ends up on the surface,
which seriously affects the safety of the structure. Erosion causes the exposure of the
support foundation, which also negatively affects the stability of the structure. As a
result of sufficiently strong vibration of the mudflow, it can cause the formation of
cracks in the bridge structure, which reduces its critical stability and increases the

probability of damage to such a structure [3, 9].

0)
Fig. 1. Consequences of the descent of a mudslide in the Carpathian region: a)

the village of Lanchyn, July 2020; b) the city of Skole, July 2021.

Based on the analysis of the frequency histograms of the characteristics of

mudflows and their basins obtained by the author [10], the most characteristic values
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of magnitudes of mudflows and centers in the mudflow-hazardous areas of the

Ukrainian Carpathians were identified (Fig. 1).
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Fig. 2. Comparison of the most typical characteristics of mudflows and

their basins for the Ukrainian Carpathians

Conclusion and findings.

Thus, the occurrence of floods and flooding in the Carpathians is multifactorial,
often involving factors of not only natural but also anthropogenic origin. The main
ones are such indicators of the territory as climate, geological structure, orography and
relief, state of vegetation cover, features and nature of settlements, as well as human
economic activity in the river basin.

Therefore, mudflow processes are characteristic of the Carpathian region, and
therefore high-quality forecasting of their development in space and time, as well as
assessment of their impact on infrastructure facilities are extremely necessary. For a
detailed assessment of engineering and geological threats to bridge structures, road
surfaces, residential buildings and other infrastructure facilities due to the development
of mudflow processes, floods, flooding and coastal erosion processes, it is advisable to
use an integrated approach. In this case, the tools of geographic information systems

and remote sensing data of the Earth should be used.
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Anomayia. 3naune 3aHeNOKOEHHS HAYKOBYI6 BUKIUKAIOMb €POO006AH] IPYHMU, NOSABA AKUX Y
KIHYegoMYy pe3yibmami CRPUYUHIOE celesi NOMOoKU. /[ Opy2oi noNosuHU 08A0YAMO20, A MAKONHC Y
08a0ysims  NepulomMy CHOAIMMI XAPAKMEPHOK CMald HOMIMHA aKmueizayis Hebe3neuHux
2ioponociunux npoyecie y eopax ILlemmpanvnoi €eponu. B Oesaxux kpainax i pecioHax 60HU
CHPUYUHULU MACWMAOH] 3aMONNEHHA NpUNe2iux mepumopii, 3azubenv niooel i pYUHYBAHH:
MPAancnoOpmuux mazicmpanet, 06yodigenb ma iHWOI 20cnNO0ApCvLKOi iHgpacmpykmypu. 3 neeHoro
nepioouunicmio, 3a80aroms JIOKAIbHOI WUKOOU NOMYMHCHI celledi NOMOKU, 3CY8U 2IPCbKOi nopoou i
NPOCIOAHHA aKyMYIAMUHUX Gopm penvedhy. Ilepuionpuyunoro maxux npoyecie € psacHi 0ouyi,
0cobnueo0 mpusani ma IHMEHCUBHI, a MAKONHC UMOBIDHICIb CHPUYUHEHHS YU NOCULEHHS NABOOKIE
SHAYHUMU CHI208UMU 3ANACAMU, WO WUBUOKO MAHYMb 8 20pax Nio yac eionue.

Bunuxnenns noegeneii i nasookie y Kapnamax mae nonighakmopnuii xapaxmep, AKuil 4acmo
BKII0YAE YUHHUKU He Jiuuie NpUupooHo20, a ti AHMPONO2eHH020 noxodicenns. Ceped HUX OCHOBHUMU
8B8ANCAIOMbCST MAKI NOKAZHUKU Mepumopii ax Kiimam, 2eono2iuna 06y0osa, opocpagis i penved,
CMAaH pOCIUHHO20 NOKPUBY, 0COONUBOCMI | XapaKmep nocenenb, d MaKo#C 20CN00apcbKa OISIbHICb
JHOOUHU Y PIYKOBOMY OACElH].

Tomy, cenesi npoyecu € xapakmepuumu 01 mepumopii Kapnam, a omoice sKicHe
NPOCHO3YBAHHA IX PO36UMK)Y Y NPOCMOpI mMa Yaci, a maxKodiC OYIHKA IXHbO20 6NIU6y Hda
iHppacmpykmypHi 00 ’ekmu € 6Kpail HeoOXiOHuMU. [ 0emanbHOI OYIHKU [HIHCEHEPHO-2e0I02IUHUX
3a2po3 0I5l MOCMOBUX CHOPYO, OOPOACHLO20 NOKPUMMS, HCUMILOBUX 0Y0igenb ma iHWUX 00 €kmis
iHbpacmpykmypu 8HACTIOOK PO3BUMK) Celesux npoyecis, nasookis, nogexell i npoyecie bepe2o8oi
epo3ii 0OYiIbHO BUKOPUCMOBY8AMU KOMNIeKCHUll nioxio. Ilpu yvomy ciid eukopucmosysamu
IHCmpymMeHmapitl 2eoiHphopmayiiHux cucmem ma Oaui OUCMAHYIUHO20 30HOYBAHHS 3eMI.

Knrouoei cnosa: cenesi nomoku, nasooku, N08ewi, 3Cy8U, AHMpPONo2eHHUll GNIUS.
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