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Abstract. The purpose of research is to study the Sirko ravine, including the analysis of the deformation of
buildings and structures, observations by the method of the Earth's natural pulse electromagnetic field to determine the
possibility of the development of landslide processes on its slopes.

The study of the Sirko ravine and the adjacent territory was carried out by means of reconnaissance observations,
during which the sides of the ravine were described, an analysis of its development, the presence of drainage, water
supply systems and the absence of a drainage system, as well as the prospects for its further use. The factors causing
the development of landslide processes are the phenomena of soaking due to precipitation and leaks from the water
supply system and the absence of storm drainage and sewerage systems.

The main deformations of buildings and structures on the sides of the ravine are considered - the development of
cracks on the walls of buildings, fences of asphalt and concrete pavements. Photo documentation is presented,
confirming their development. The comparison of the Sirko ravine with the disturbances of the Serednoprydniprovskyi
megablock is carried out. It is shown that the strike azimuth of the Sirko ravine coincides with the strike azimuth of the
deep fault of the Serednoprydniprovskyi megablock.

To assess the degree of landslide hazard of its slopes, the express method of observation of ENPEMF was chosen.
The observations were carried out at the top of the ravine in the area of Gagarin Ave, as well as in the area of the widest
part of its thalweg.

The results of observations carried out by the method of the Earth's natural pulse electromagnetic field along two
profiles traversed across the strike of the ravine thalweg, which indicate the possible development of landslide
deformations of its slopes. These research will help prevent possible deformations of buildings and the development of
landslide processes arising from the soaking of its slopes during the development of the slopes of the Sirko ravine.

Keywords: landslide-hazardous processes, deformations of buildings, slopes, natural pulse electromagnetic field.

Introduction. Within the right-bank part of the city of Dnipro, there are about 30
gullies and ravines, with an area of about five thousand hectares, which is more than
25% of the entire right-bank part of the city. The problem of integrating gullies and
ravines into the infrastructure of the city is relevant today, especially in the context of
the intensification of construction.

Landslides occur annually on their slopes, as a result of which lands valuable for
the city are lost, while the most landslide-prone and rapidly growing gullies are
located in the central parts of the city, where the cost of land is highest from - 8,000-
12,000 USD per one hundred square meters. Examples of such ravines are: Dovha,
Sirko, Rybalska, Tunelna, Aptekarska and others.

© K.O. Zmiievska, 2021


https://doi.org/10.15407/geotm2021.156.144

ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiuna Mexanika. 2021. No 156 145

The ravine-gully system, as a rule, develops along the main directions of deep
faults of the Serednoprydniprovskyi megablock: 0° (360°), 12°, 17° and 290°, 25°,
30° and 300°, 35° and 305°, 40°-45° and 310°-315°, 50° and 320°, 85°, 90° (270°),
330°-335°, 340°, 350°.

The geological section of the upper part of the Upper Quaternary deposits of the
right-bank part of Dnipro city is composed of deposits of loess and loess-like loams.
At the same time, the process of deformation of loess deposits develops more
intensively if, simultaneously with the watering of loess rocks on the earth's surface,
they are moistened from below, with an increase in the level of groundwater. In such
cases, loess deposits lose their bearing capacity and the phenomena of subsidence
landslides are formed - displacement of rocks on steep sections of natural slopes, first
in the vertical direction, and then in the direction of the slope.

The problems of landslide hazard and studies of ravines were studied by
V.N. Salomatin [1], N.N. Shatalov [2], A.S. Kovrov [3] and others.

Thus, in the works of V.N. Salomatin was the first to show the possibility of
studying landslide-hazardous processes using the method of observing the Earth's
natural pulse electromagnetic field (ENPEMF).

To study the land plots of the Sirko ravine, as well as to assess their landslide
hazard and suitability, we also applied the ENPEMF observation method. This
method is economical, efficient and easy to use.

The purpose of the work is to identify potentially landslide areas of slopes using
the ENPEMF observation method using the example of the Sirko ravine.

Examples of integration into the urban infrastructure are leveled gullies and
ravines: the eastern section of Dmytra Yavornytskoho Ave [4], on the street of Ivana
Akinfiev - the Rassvet hotel, the blocks of which are located on the sides of the gully;
road laid along the thalweg of the gully - Krestyansky descent; swimming pool and
stadium "Slavutich” which located in thalweg of gully on the street of 6th Infantry
Division and others.

Methods. The study of the Sirko ravine and the adjacent territory was carried out
by means of reconnaissance observations, during which the sides of the ravine were
described, an analysis of its development, the presence of drainage, water supply
systems and the absence of a drainage system, as well as the prospects for its further
use. The high degree of wear of the water supply systems also contributes to the
intensive soaking of the slopes of the ravine. The factors causing the development of
landslide processes are the phenomena of soaking due to precipitation and leaks from
the water supply system and the absence of storm drainage and sewerage systems.

To assess the degree of landslide hazard of its slopes, the express method of
observation of ENPEMF was chosen. Since it is difficult to apply other geophysical
methods in the conditions of urban development and man-made interference. The
observations were carried out at the top of the ravine in the area of Gagarin Ave, as
well as in the area of the widest part of its thalweg (Fig. 1).

During the study, a radio wave indicator of the stress-strain state of rocks
(RVINDS AHI 2.026.001 PS) was used. [5]. The observation data of the ENPEMF
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were processed using a personal computer, then the graphs of the flux density of the
ENPEMF were plotted.

To reduce the influence of seasonal soil soaking, observations were carried out in
the summer.

On the territory available for research, observations were made on two profiles.
The observation step was 10 m. The first profile is located at the top of the Sirko
ravine - along Gagarin Ave, through a gas station and a garage cooperative. The
length of the first profile was 100 m. The second profile is located on the northeastern
side of the ravine, (across the strike of the thalweg of the ravine) along Sirko str., the
length of the second profile is 90 m (see Fig. 1).
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Figure 1 - Position of the Sirko ravine and observation profiles of ENPEMF

The profiles were linked using a topographic map of the city at scale 1: 10,000.

Deformation processes associated with tectonic faults were identified using a
previously developed technique [6].

Results and discussion. The Sirko ravine is a screwdriver for the Dovha ravine.
The average width of the ravine is ~ 80 m. The length of the ravine along the
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thalweg, taking into account the leveled part, is ~ 1200 m. The area of the ravine is
over 10,000 m?, the average depth to its thalweg is approximately 30 m. The strike
azimuth is 315° (Fig. 1).

During a reconnaissance survey of the slopes of the ravine, the most characteristic
deformations of buildings located on its sides were revealed - cracks on the walls of
buildings and fences, violations of asphalt and concrete pavements, the manifestation
of landslide movements due to soil washing out from under the foundations of
buildings (Fig. 2-8). The strike azimuth of the reduced deformations of buildings and
structures corresponds to the strike azimuth of the Sirko ravine is 315°.

The observation points are shown in Fig. 2. As can be seen from fig. 2, bursting
cracks of the fence made of bricks are observed, manifested in the rupture of the
masonry both in the cement mortar and in the bricks.

The formation of the reduced cracks on the brick fence indicates the presence of
subsidence and ground movements in the direction of the ravine thalweg.
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Figure 2 - The position of observation points (a) and examples of deformations of the fence on
the Sirko 100 str. (b)

In fig. 3 shows fragments of destroyed garages, in the area of the junction of the
Dovha and Sirko ravines.

In fig. 4 a, b shows examples of the destruction of the fences of the household
farmsteads located on the Lastochkina, 48 str. The location of these observation
points on the satellite map is shown in fig. 5 b.

In addition to violations of buildings and fences, deformations are observed on the
asphalt pavement on the Sirko str. and Lastochkina str., separation cracks, which
show the direction towards the Dovha ravine (Fig. 5 a, b).

An example of deformations of buildings, as well as the position of observation
points on a satellite map on the Olena Han, 1 str. is shown in Fig. 6 a, b.
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Figure 5 - Cracked asphalt pavement on the Sirko, 47 str. (a) and the position of observation points
on a satellite map (b)
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Figure 6 - Deformations of the walls of the house (a) and the position of observation points on the
satellite map (b)

In the area of the top of the Sirko ravine, deformation processes are also observed.

To establish the patterns of formation and predict the growth of ravines and
gullies within the right-bank part of the Dnipro city and, in particular, the Sirko
ravine, a tectonic map of the Serednoprydniprovskyi megablock was considered [7].
The dominant strike azimuths of deep-seated faults have been identified: 10 ° -12°,
30° and 300° -305°, 40° -45° and 315°, 285° -290°, 325° -330°. Within the city, they
find their manifestation in the form of the development of a ravine and gully system.

Further, according to the ENPEMF observational data, the flux density graphs
were plotted, shown in Fig. 7 -8. So in fig. 7 shows a graph of the flux density
ENPEMF on the first observation profile. The northeastern and southwestern parts of
the observation profile (points 1-4, 8-9) are located in the upper parts of the sides of
the ravine (the ENPEMF flux density is more than 20 conventional units (cu). The
lowest values (less than 10 cu .) are confined to the ravine thalweg (5-7 observation
points).

The second profile (Fig. 8) was passed from the northeastern side of the ravine to
its thalweg, which is quite long at this point. At the upper point of the ravine side, the
ENPEMF flux density is characterized by 18 cu. (observation point 1). In the thalweg
area, across the strike of the ravine (observation points 2-9), the ENPEMF flux
density sharply decreases to 2 cu - which can be explained by the confinement of the
ravine thalweg to the watered part of the fault. As shown earlier, in the obtained
copyright certificates, discontinuous faults are characterized by the lowest values of
the flux density Fig. 7-8. Plots of flux density EIEMPZ on observation profiles across
the strike of the Sirko beam. [8].
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Figure 7 - Plots of flux density ENPEMF on 1 observation profile across the strike of the Sirko ravine
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Figure 8 - Plots of flux density ENPEMF on 2 observation profile across the strike of the Sirko ravine

The data presented indicate that the Sirko ravine is confined to a deep fault, and
its northeastern side is characterized by significantly higher values of the flux density
ENPEMF. Taking into account the geological structure and active water cut and
soaking of its slopes during maintenance, it is possible to predict the development of
landslide phenomena in the territory of the observed areas.

Conclusion.

1. According to the observation results, a sharp decrease in the values of the flux
density of the ENPEMF allows us to conclude that the slopes of the ravine are
characterized by a high degree of landslide hazard.
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2. To preserve the maintenance suitability of the north-eastern slope of the Sirko
ravine, it is recommended to take measures to reduce its soaking capacity by
organizing a centralized drainage system - sewer and storm water systems, as well as
conducting an audit and, if necessary, repairing the water supply system.

3. With the future development of the Sirko ravine, it is recommended to carry out
engineering and geological studies, including observations by the ENPEMF method
to predict the development of further landslide processes.
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MOXIIMBOCTi PO3BUTKY 3CYBHWX MPOLIECIB Ha Ti cXunax.
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BuBueHHs Ganmku Cipko Ta npunernoi go Hei TepuTopii MPOBOAMNOCH LUNSIXOM  PEKOrHOCUMPYBAMbHUX
cnocTepexeHb, B xogi Skux Oyno BukoHaHO onuc Goptie 6anku, aHanis ii 3abynoBW, HAsIBHICTE APEHAXHOI,
BOJONIABOAHOI CUCTEM i, BiACYTHICTL BOAOBIABIAHOI CUCTEM, @ TaKOX MEPCreKTUBHICTb ii NO4AsbLIOMO BUKOPUCTAHHS.
dakTopamu, Lo 3yMOBIIOKTL PO3BUTOK 3CYBHUX MPOLIECIB, € ABMLLA 3aMOYYBaHHA 3@ PaxyHOK aTMOCKEPHMX ONagiB |
BUTOKIB 3 CUCTEMU BOZOMOZAMi i BiICYTHOCTI NIBHECTOKOBOI i KaHasi3aLiHoT cucTem.

PosrnsHyTo ocHoBHi Aedopmadii Byaisens i cnopya Ha GopTax Ganku - po3BUTOK TPILWWMH Ha CTiHax Bypisens,
Oropox actanbToBoro i GeTOHHOro nokpuTTs.  HaBegeHo (DOTOAOKYMEHTALio, WO MIZTBEPAKYE iX PO3BMTOK.
MpoBeaeHo 3ictaBnexHs banku Cipko 3 nopylweHHsmMu CepeaHbONpUAHINPOBCHKOro Merabnoky. MokasaHo, Wo asumyT
npoctaraHHs 6anku Cipko 36iraeTbcs 3 asuMyTOM NPOCTAraHHS TEKTOHIYHUX nopylleHb CepeaHbONPUAHINPOBCHKOro
Merabroky.

3 METOI OLiHKM CTyneHst 3CyBOHeDe3neyHoCTi ii CXuniB, 3aCTOCOBYBABCA OMepaTWMBHUI reodisnuHMin ekcrpec-
METOL CMOCTEPEXEHHS MPUPOAHOMO iMNyrbcHoro enektpomarHiTHoro nonst 3emni (MIEMM3).  CnoctepexeHHs
NPOBOAWNNCH Ha BepLUMHi Banku B paioHi np. MarapiHa i B paoHi HanbinbLu WKWPOKOT YacTUHW ii Tanbeery. HaBegeHo
pesynbTaTh BUKOHAHUX CMOCTEPEXeHb METOAOM MPUPOAHOMO IMAYNbCHOTO ENeKTPOMArHiTHoro nons 3emni 3a Asoma
npoinsmu, NPOMAEHUMI BXPECT MPOCTAraHHs TanbBery 6anku, ki CBigYaTb NPO MOXMMBUIA PO3BUTOK 3CYBHUX
aedopmauin i cxmni. PesynbTaTi QOCimXeHHS LO3BONATL Npu 3abynosi cxuniB 6anku Cipko 3anobirtn MOXIMBUM
peopmaLisam Byaisenb i po3BUTKY 3CyBHUX MPOLIECIB, L0 BUHMKAIOTb BHACMILOK 3aMOYyBaHHs CXuniB 6anku.

KnioyoBi cnoBa: 3cyBoHeGesneui npouecu, Aaedopmauii  Oygisenb, CXwnW, NpupoAHe  iMNynbCHe
€neKTpoMarHiTHe none.

AnHoTauus. Llenbto uccnegoeanns 6bino u3ydenne 6anku Cupko, BKNtovaroLlee aHanus aedopmauui 3naHun u

COOPY)XEHWN, NpoBeAeHWe HabntoaeHnii MeTOLOM €CTECTBEHHOIO MMMYNIbCHOMO 9MEKTPOMAarHUTHOMO nons 3emnu ans
onpefeneHns BO3MOXHOCTI Pa3BUTUS OMOSI3HEBBIX MPOLIECCOB Ha ee CKMOHaX.
W3yueHue 6anku Cupko 1 npuneraioleit kK Hem TEPPUTOPIN NPOBOAMIOCH NYTEM PEKOrHOCLMPOBOYHBIX HABMOAEHMIA, B
XO4€e KOTOpbIX OblNO BbIMOMHEHO onucaHue 6GopToB 6Gankn, aHanu3 ee 3acTpPOVKW, Hamnuume ApEeHaxHoOM,
BOJONOABOASLLEN CUCTEM M, OTCYTCTBME BOAOOTBOAALLEN CUCTEM, @ TaKKe NEPCNeKTMBHOCTb €€ AanbHenwero
ncnonb3oBaHus.  daktopamu, 0bycnaBnMBaOWMMKW  Pa3BATUE  OMOM3HEBLIX MPOLECCOB, SBMSKTCA  ABIEHNS
3aMauMBaHus 3a cYET aTMOCKEPHBIX 0CAOKOB U YTEYEK U3 BOAOMOLAOLLEN CUCTEMBI U OTCYTCTBUS IMBHECTOKOBOW M
KaHanu3awunoHHON CUCTEM.

PaccMoTpeHbl OCHOBHbIE AedhopMaLi 3aaHUIA 1 COOPYXeEHWUN Ha BopTax Bankum — pasBuTUe TPELLMH Ha CTeHax
3AaHuiA, orpaxgeHun acthanbToBoro M HETOHHOTO MOKPbLITUIA. MpuBeaeHa OTOSOKYMEHTALMS, NOATBEPXKAAIOLAs UX
pa3ssuTue. NpoBegeHo conocTaenerne 6ankm Cupko ¢ HapyleHnsamu CpeaHenpuoHenpoBckoro Merabnoka. MokasaHo,
4yTO a3uMmyT npocTupauus Gankm Cupko coBnagaeT € asMMYTOM NPOCTUPaHUS TEKTOHUYECKUX HapyLUEHMWid
CpenHenpuaHenpoBCKoro Merabnoka.

C Uenblo OLEHKM CTeneHn Onon3HEONacHOCTM €€ CKITOHOB, MPUMEHSINCS ONepaTUBHLIN reothu3nyecknin akcnpece-
MeTof HabnaeHUs €eCTeCTBEHHOrO MMMYNbCHOrO anekTpoMarHutHoro nong 3emmm (EMOMM3). HabntogeHus
NPOBOAMNNCE Ha BepluMHe Oanku B paiioHe np. larapuHa v B painioHe Haubornee LUMpOKOH 4YacTh ee TanbBera.
lMpuBeaeHbl pesynbTaThl BbINOMHEHHbIX HAbMOAEHNA METOAOM ECTECTBEHHOMO UMMYILCHOTO SMEKTPOMArHUTHOrO Noss
3emnu no AByM MpounsM, NPOAAEHHbIM BKPECT NpOCTUpaHMs TanbBera 6anku, KOTOpble CBUAETENbCTBYHOT O
BO3MOXHOM pPa3BWUTWWN OMON3HEBbLIX AedopMaunin ee CKMoHOB. [laHHble WUCCrefoBaHMs MO3BONSAT MpW 3acTpouKe
cknoHoB 6anku Cupko NpeaoTBpaTMTL BO3MOXHbIE AedOpMaunW 34aHUA U Pas3BUTUS OMOM3HEBbLIX MPOLECCOB,
BO3HMKAIOLLMX BCIEACTBNE 3aMaqnNBaHNs CKIIOHOB 6anku.

KntoueBble cnoBa: ononsHeonacHble NpoLeccsl, AedopMauun 3haHWi, CKIOHbI, €CTECTBEHHOE WMMYMbCHOE
9NeKTPOMarHUTHOE nose.

Cmamms Haditiwrna do pedakyii 13.12.2020



