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STUDY OF THE RAVINE-GULLY SYSTEM OF THE CITY OF DNIPRO WITH THE AIM OF
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Annotation. Purpose. It consists in studying the ravine-gully system of the city of Dnipro, determining the degree of
development of landslide hazardous phenomena and identifying the possibility of returning the territories of ravines and
gullies to maintenance. Methods. The study of the ravine-gully system of the city of Dnipro was carried out by
reconnaissance studies, during which a description of the sides of the gully and ravines was carried out, examples, the
degree of their development, the presence of a drainage system, and the prospects of their use were given. In
accessible areas of ravines and gullies, in order to assess the landslide hazard of the slope, an operative geophysical
express method was used to observe the natural impulse electromagnetic field of the Earth with an instrument such as a
radio wave indicator of the stress-strain state of rocks. Results. The article provides an analysis of the state of individual
fragments of a ravine-gully system in the right-bank part of the city of Dnipro and its impact on the urban infrastructure.
Examples of the successful use and construction of ravines with buildings and structures are considered. According to
the results of the survey by the method of the natural impulse electromagnetic field of the Earth, a map-scheme of the
flux density of the natural impulse electromagnetic field of the Earth was constructed in the area adjacent to the
Monument of Glory, showing the presence of a previously covered ravine. The deformation processes that are observed
on the eastern side of the Monastyrska gully are analyzed. Methods for strengthening landslide-prone slopes are
considered. Scientific novelty. For the first time, using the method of observing the natural impulse electromagnetic field
of the Earth in the areas of the Glory Monument and Monastyrska gully, maps-scheme of the density of the natural
impulse electromagnetic field of the Earth were constructed, which made it possible to identify areas prone to
deformations of the soil mass and further subsidence processes. Practical significance. Based on the studies, it is
possible to recommend the use of the method of observing the natural impulse electromagnetic field of the Earth, which
allows to identify slopes and lands prone to landslides, which can later be used in urban infrastructure at low loads on
the soil mass.

Keywords: natural impulse electromagnetic field of the Earth, ravine-gully system, the right-bank part of the city of
Dnipro, Monastery gully, monument of Glory.

Introduction. Currently, in the conditions of rapid urbanization of the territories
of the city of Dnipro, various negative geo-ecological processes are actively
manifested, which are progressing and negatively affecting the normal functioning of
the city's systems. One of the most dangerous geo-ecological problems for an urban
area are landslide processes and underflooding. The main reasons that stimulate the
activation of these processes are:

- the influence of the fault-block system of the Serednoprydniprovskyi
megablock;
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- groundwater level rise;

- poor drainage areas;

- pressure of residential, industrial and transport systems and structures on the soil
massif;

- construction residential and industrial buildings and structures without taking
into account the slopes of geomorphological structures (terraces of the Dnipro river,
gullies) and, accordingly, prevent the natural flow of surface and groundwater;

- gusts of water-bearing communications, etc.

All these negative factors contribute to the development of landslide processes, as
well as the active growth of the ravine-gully system, which leads to the removal from
the economic turnover of valuable land for the city, mainly located in the central
regions.

Within the limits of the right-bank part of the city of Dnipro, there are about 15
gullies and more than 20 ravines, which are constantly developing. Their average
depth is 30-40 m, they occupy about 5 thousand hectares, which is more than 25 % of
the territory under consideration. As a rule, gullies and ravines, especially the central
part of the city, are intensively built up with one-storey, multi-storey and civil
structures.

Gullies and ravines are natural drainage systems for both sediment drainage and
leaks from water-carrying communications. Spontaneous landfills and uncontrolled
low-rise buildings retain water, which causes numerous minor ground collapses and
landslides. Among the most landslide-prone areas are the slopes of the Tunelna,
Dovha, Yevpatoriiska, Diivska, Aptekarska, Zustrichna gullies. Most of the
landslides were caused by human activities and a small part due to natural factors.

In this connection, the aim of the work is to study the ravine-gully system of the
city, determine the degree of development of landslide-prone phenomena and identify
the possibility of returning the territories of ravines and gullies into exploitation.

Methods. The study of the ravine-gully system of the city of Dnipro was carried
out by means of reconnaissance studies, during which a description of the sides of the
gullies and ravines was made, examples were given - the degree of their
development, the presence of a drainage system, the prospects of their use.

In the accessible parts of ravines and gullies, the operational geophysical express-
method for observing the natural impulse electromagnetic field of the Earth
(NIEMFE) was used to assess the landslide risk of the slope with a radio-wave
indicator of a stress-strain state of rocks (RWISSS AXI 2.026.001) [1]. The
observation data of the NIEMFE were processed using a personal computer, then
they were used to construct a map-scheme of the density of the NIEMFE flow.
Deformation processes associated with tectonic disturbances were distinguished
using the previously developed method [2].

Results and discussion. It is known that the ravines and gullies are laid on the
deep faults. For example, sections of river valleys and a gully system, which are
straightforward, are located most often in agreement with the strike of one of the
fracture systems.
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The following fault systems are developed on the territory of the right-bank part
of the city of Dnipro, which is a fragment of the Srednepridneprovsky megablock
(Fig. 1): 0°-360°, 12°, 17° and 290°, 25°, 30° and 300°, 35° and 305°, 40°-45° and

K= g s WELAY.
zKryvorizko—Kremenchutskyi deep fault
" Ifaults of higher orders
" second order faults

Figure 1 - Fragment of a tectonic map of the Serednopridniprovskyi megablock of the Ukrainian
shield Scale 1:1 000 000

Examples of the use of a ravine-gully system in the central part of the city are
given.

A fragment of Yavornytskoho Avenue from Haharina Avenue and up to the Glory
Monument is a ravine which filled in the 1960’s. Its thalweg depth reached 30 m. The
length was about 600 m. Its negative impact is seen on the boulevard, in the area of
the Glory Monument in the form of cracks on the parapet, asphalt, sliding steps in the
direction of the thalweg of the ravine, destruction of the retaining wall, the
development of subsidence of the base of the monument (Fig. 2 a, b, c).

To assess the deformation processes occurring in the area of the Glory
Monument, observations were made of the NIEMFE on the site from Haharina
Avenue to the railway line (Prospektna Station). The location of the observation
profiles is shown in Figure 3.

Observations of NIEMFE were carried out in accordance with the developed and
protected patent. [4], on 5 profiles which attached to the reference coordinate points.

Flow density is measured in c.u. (conditional units — number of impulses per unit
time). Observations were made at 55 points. The distance between the observation
points was 10 m. According to the observations, map-scheme of the NIEMFE flux
was constructed (Fig. 4).
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a

Figure 2 - Traces of parapet deformations in the area of the Glory Monument
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Figure 3 — Position of points and observation profiles of NIEMFE

520 480 440 400 360 320 280 240 200

160 120 80 40 O

“EoBRBRELERBRIUER

AR [ [ [ [ [ o

- isolines of flux density of NIEMFE, c.u.; = - axis of the selected ravine structure

Figure 4 - Map-scheme of NIEMFE flux density site in the area of the monument of Glory
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The flux density of NIEMFE at the study site varies from 1 to 125 c.u. When
considering the resulting map-scheme, the attention is drawn to the clearly expressed
linearity of the zone of minimum values (less than 35 cu), the axis of which has a
strike azimuth of 310-315°. This direction is one of the main azimuths of the
development of faults within the Srednepridneprovsky megablock. Attention is drawn
to the zones of minimum values of NIEMFE, which coincide with the zones of the
deformations described above. The presence of a sewer, located at the intersection of
Heroiv Krut Str. and Yavornytskoho Ave. (profile IV) is reflected by a zone of low
values of the density of the stream of NIEMFE - less than 35 c.u. (picket 380 along
the X axis), is shown in Figure 4. Within the zones of low values of the NIEMFE flux
density, intense destruction of the asphalt pavement, parapets, retaining walls, tiled
pavements of the monument, sliding of steps and formation of saucers of subsidence
of the Glory monument base are observed (Fig. 2 a, b, c).

Examples of the successful experience of using ravines in the urban infrastructure
can be the following: a ravine, on the boards of which there are two blocks of the
“Rassvet” Hotel, along the thalweg of which the passage to 1. Akinfiieva (Fuchika)
Str. 1s laid. Its dimensions are: thalweg length about 260 m, width about 15-17 m.
The strike azimuth is about 85-90° (Fig. 5).

In its immediate vicinity is a beam passing through the 6th Strilkovoi Dyvizii str.,
on the bottom of which the stadium of the sports society “Slavutych” is equipped
(Fig. 6 a, b). Its dimensions are: thalweg length about 260 m, width about 115 m. The
strike azimuth is about 40-45°.

Figure 5 - An example of successful construction of a ravine on I. Akinfiieva street

One of the most built-up and problematic gullies in the city is Monastyrska
(Rybalska). The length of the beam on the thalweg, taking into account the lightened
part about 500 m. Gullies width about 385 m. Depth to thalweg about 40-60 m. The
strike azimuth is 15-20°. A drain water collector with a diameter of about 1200 mm is
laid along the bottom of the gully. Also there are numerous outlets of groundwater on
the surface, forming waterways, sometimes swamped. Along the northeastern side of
the gully are located Nakhimova str. and Havrylenka str., as well as buildings related
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to the O. Polia ave., schools, garages, stone fences. The buildings of this side of the
gully have a high number of floors 5-14 floors. On the Havrylenka str., Nakhimova
str., and O. Polia Ave. laid the rainfall system. On the north-west side of the gully are
located Kholodnoyarska str, Listovyi lane, “Meteor” stadium, garages. Buildings,
mainly low-rise. The most pronounced deformations appear on the buildings of the
north-east side of the gully: Havrylenka str., 10 (Fig. 7 a), O. Polia Ave., 92 A (Fig. 7
b) and Nakhimova str., 90 (Fig. 7 c¢), which are currently decommissioned.

Figure 6 - Gully bottom construction along the 6th Strilkovoi Divizii str. with sports facilities
of the “Slavutych” sports complex
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Figure 7 - Deformations of buildings along the eastern side of the Monastirskyi gully
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Figure 7 c - Deformations of buildings along the eastern side of the Monastirskyi gully

In 1996 and 2004 on the eastern side of the gully, observations of the NIEMFE
were carried out [5].

According to the results of observations, zoning of the territory was carried out
with the purpose of identifying tectonic zones along which landslide stages are
formed. The slope profile has been used to plot graphs of the NIEMFE flux density,
is shown in Figure 8.
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Figure 8 - Observation data of NIEMFE profile on the Havrylenka str. from O. Polia Ave. to
thalweg Monastyrska gully in 1996 and 2004 [5]
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On the graphs can be identified zones of development of deformation processes:

- the zone of no deformations according to the observations of NIEMFE in 1996 -
according to the field level of 45 c.u., according to the observations in 2004: 40-45
c.u.;

- zones of active deformations - according to the field level in 1996: 45-30 c.u. on
the field level in 2004: 44-35 c.u.;

- zone of emergency deformations - according to the level of the field in 1996: 30-
3 c.u.; by the level of 2004: 35-10 c.u.;

According to the observation of the NIEMFE, there is a discharge area - in the
area of school number 75. Below the discharge area, there is a gradual increase in
stresses, in the area of the building on Havrylenka str., 10 (Fig. 8).

The given examples of both the successful use of ravines and gullies, as well as
the consequences of their destructive features, make the task of strengthening
landslide-prone slopes for their further use relevant. One option is the methods
developed by Epiroc, which is represented by LLC “Epiroc Ukraine”.

The developed method allows to carry out drilling and sampling in difficult
engineering and geological conditions and to create reinforcing retaining walls based
on drilling data. At the same time, the basis of the method is core sampling by the
Geobor S system (geotechnical core drilling) (Fig. 9) and its analysis in laboratory
conditions [6]. The scope of the system - loose rocks, rocks of low and medium
hardness.

-—w—-r—r ,

GOILE ﬁ RRRDELA LAA u\‘\
Figure 9 - Core sampling system GEOBOR S

In addition to the method described above, it is possible to install micropiles in
the form of self-drilling anchors with the MAI SDA system (Fig. 10). This method is
used for the following engineering and geological tasks:

- strengthening of unstable rocks (soil);



64 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I"'eorexHiuHa Mexanika. 2019. Ne 148

- construction of foundations using micropiles;
- construction of tunnels [7].

Plate

Nut Rod Coupling Rod Bit

P P e LS VAR I S, L S

Components
Figure 10 - Anchor MAI SDA

In geotechnical engineering, Soil and Rock Nails are used to stabilize natural or
artificial slopes or to support structures e.g. retaining walls. In order to further
stabilize the surface of the slope or rock, various support systems e.g. flexible
reinforcing meshes or geotextiles may be installed that are held in place by the head
plates of the nails. In underground applications, Soil and Rock Nails are
predominantly used for fore poling, spiling, face bolting and radial bolting. The
diameter of these anchors can be from 25 mm to 111 mm, with a maximum load of
200 to 3650 kN.

Self Drilling Micropiles are typically installed via simultaneous drilling and
grouting using cement grout as the flushing medium. Particularly in cohesion less or
unstable ground conditions e.g. sand, clay or gravel, this is the fastest and most
efficient installation method for micropile systems. Compared to other methods,
smaller drilling equipment can be used. Thus Self Drilling Micropiles are ideally
suited for projects with limited access, confined spaces or low headroom conditions

(Fig. 11 a, b).
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Figure 11 - The main areas of application of Self Drilling Micropiles
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Symmetric simultaneous drilling system. It is used for the construction of wells in
loose, unstable rocks with a diameter of 114 mm to 1219 mm. This type of drilling
operations provides for the construction of piles and allows drilling without difficulty
in loose rocks, loose rocks with fragments of hard rocks, which makes it possible to
begin construction of piles in loose, unstable rocks and complete the construction of a
well in a rocky massif by drilling it into necessary interval. The described method
compares favorably with the brown-injection method in that the brown-injection
method is not able to qualitatively penetrate the pile into the rock base, since the
screw drilling method is designed to destroy only soft rocks (Fig. 12 a, b).

Symmetrix simultaneous drilling system is widely used in the countries of Europe
in mountainous, coastal areas to strengthen the slopes and foundations of various
types of structures [8].

Pile wall technology. This technology is used for construction of: retaining walls
for temporary and permanent structures; combined load-bearing walls and supporting
structures; combined support and supporting structures of the foundation in bridges;
construction pits, basements, under intersections, embankment walls, etc (Fig. 13,
14).

Figure 12 —Start and end of drilling for a pile of 1016 mm system Symmetrix
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Figure 13 - Various forms of drilling casing rods

During drilling pile wall technology, the pipe bodies are fixed to each other with
the help of a blocking element (Fig. 14).

Figure 14 - Pipe clamping mechanism

An example of using this technology is the construction of a tunnel in Trondheim,
Norway. The construction of the tunnel was carried out in the old part of the city,
with dense blockage of buildings built on wooden piles in muddy clay. To solve the
problem of soil instability and prevent damage to old buildings, 360 piles were
blocked with a blocking WoM / WoF (Fig. 15, 16).

Jo

Figure 15 - Types of lock elements of pile wall technology;
a - lock type WoM/WOoF; b - lock type C6




ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiyna mexaHika. 2019. Ne 148 67

Figure 16 - Tunnel construction in Trondheim using pile wall technology

Conclusions.

1. For a rational development of the right-bank part of the city of Dnipro, an
urgent task is the detailed mapping and analysis of the existing ravines and gullies.

2. To determine the stability and degree of landslide of the slopes, it is advisable
to use the NIEMFE observation method, which allows to identify potentially
landslide-prone slopes and areas that can be used in the urban infrastructure with low
loads on the soil massif.

3. To determine the feasibility on which of the landslide-prone slopes can be
applied considered technologies strengthen the boards.
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006 aBTOpax

3mieecbka KpucmuHa OnezigHa, kaHOMOaT TeonoriYHMX Hayk, HayKOBMA CniBpOOITHWK Bigdiny npobrnem TeXHOMOrii
nia3emHoi po3pobkn ByrinbHUX POJOBHL, IHCTUTYT reoTexHiuHoi MexaHikv iM. M.C. Monskosa HauioHanbHOi akagemii Hayk Ykpainn,
[Hinpo, YkpaiHa, zmievskaya@gmail.com

3miescbkuii Apmyp Cmanicnasoguy, maricTp, ilxeHep 3 npogaxy RDT, TOB «3nipok YkpaiHay, Kuis, YkpaiHa.

AHoTtauis. Meta. Monsrae y BMBYEHHI SpOBO-6anoyHOl Mepexi Micta [HINPpo, BU3HAYEHHS CTYNEHS PO3BUTKY
3CyBOHEOE3NEYHX SIBULL, | BUSIBNEHHS] MOXTMMBOCTI MOBEPHEHHS TEPUTOPIN SIPIB | 6anok 4o excnnyaTauii.

MeToauka. BuBueHHs spoBo-BanouyHoi Mepexi micta [JHINpo NpoBOAMMOCS LUMSIXOM PEKOrHOCLMPYBarbHOMO
AOCTIMKXEHHSs, B X04i skoro Oyno BuKOHaHO onuc GopTiB Ganok Ta spiB, HABEOEHO MPWKMaaW CTyneHs ix 3abymosw,
HasBHICTb [pPEHaXHOI CUCTEMM, MEPCNEKTUBHICTL X BUKOPUCTAHHS. Y OOCTYMHMX AiNsHKax spiB Ta Ganok 3 MeTow
OLiHKM 3CyBOHEDE3NEYHMX CXMNIB 3aCTOCOBYBABCS ONEPaTUBHMI T€OMI3NYHUIA  EeKCPEeC-METOL  CMOCTEPEXEHHS
MPVUPOAHOrO IMMYNBLCHOMO ENEKTPOMArHiTHOrO nonst 3emni Mpunagom TNy PagioXBUMBOBUIA IHAMKATOP MPYKHO-
AedopMoBaHOro CTaHy nopig.

Pesynbrati. Y CTaTTi HaBEOEHO aHani3 CTaHy (hparMeHTiB SpOBO-DanoyHOi Mepexi NpaBobePEXHOT YaCcTUHN MiCTa
[Hinpo Ta X BNAMB Ha MICbKy iHpaCTPyKTypy. PO3rNSHYTO MpuKnagu YCMiWHOMO BWUKOPUCTaHHS i 3abygoBum spiB
Oygpisnamu i cnopygamu. 3a pesynbTatamu NpoBeSeHOi 3MOMKN METOA0M MPUPOZHOTO iIMAYABLCHOTO €NEKTPOMArHITHOTO
nonst 3emni nobyaoBaHa KapTa-cxema LUiNbHOCTI MOTOKY NPUPOAHOMO iIMMYNbCHOMO ENEKTPOMArHiTHOro nons 3emni Ha
BiNSHUi, Wo npunsrae 4o MOHyMeHTy Cniasu, ska Bigobpaxae HasBHICTb paHille 3acunaHoro spy. MpoaHanisoBaHo
AedopmaLiHi npoLecK, ski CnocTepiranTLCa Ha cxigHomy 6opTy 6anku MoHacTupcbka. Po3rnsiHyTo MeToay 3MiLHEHHS!
CXUNiB, WO CXMMbHI JO 3CYBIB.

Haykoea HoBM3HA. Brneple i3 3aCTOCyBaHHAM METOOY CMOCTEPEXEHHS  MPUPOLHOMO  iMMYMbCHOMO
eneKkTpoMarHiTHoro nons 3emni Ha AinsHkax MoHymeHta Cniasu Ta 6anku MoHacTupcbkoi nobyaoBaHi kKapTu-Cxemm
LiNIbHOCTI NOTOKY MPUPOAHOTO iMAYNLCHOTO Nons 3emri, ki A03BOMNNW BULINWUTW AINSHKM, WO CXUMbHI A0 Aedopmallii
IPYHTOBOrO MacwBy Ta nodanbLUMM NpocagHUM npoLiecam.

MpakTuyHa 3HauMMicTb. Ha nigctasi BMKOHaHUX AOCTIZXEHb MOXHA PEKOMEHZyBaTW 3acTOCyBaHHS MeToay
CMOCTEPEXEHHS MPUPOZHOTO IMMYMbCHOMO €NEKTPOMArHiTHOrO nons 3emni, Skui LO3BOMSE BUSABNSATA CXUMbHI 4O 3CYBIB
CXUNK Ta BiNAHKK, SKi B NO4ANbLLIOMY MOXHA BUKOPUCTOBYBATM B MICbKil IHDPACTPYKTYPI MPKU HU3bKUX HABAHTAXEHHSAX
Ha IPYHTOBU MacuB.

KnioyoBi cnoBa: npupogHe iMnynbCcHe enekTpomarHiTHe none 3emni, ApoBo-6anoyHa mepexa, npaBobepexHa
yacTuHa micta [iHinpo, 6anka MoHacTupcbka, MOHYMeHT CriaBu.
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AHHoTaumsA. Llenb. 3akniovaeTtcs B M3y4eHUM OBpaxHO-6anoyHoi cetw ropoga [Henp, onpeaeneHue CTeneHu
pasBUTUS OMOM3HEONACHbIX SBMEHUA W BbISBNEHWE BO3MOXHOCTW BO3pALLEHUs TeppuTopuil oBparoB W 6Harnok B
aKcnnyarayuio.

MeToguka. W3yyenne oBpaxHo-OanoyHon cetu ropoga [Henp nNpOBOAWMIOCH MYyTEM PEKOrHOCLMPOBOYHbIX
“ccneaoBaHui, B XOAE KOTOPbIX BbIno BbINOMHEHO onuncaHne 6opToB Ganok u oBparos, NpuBeAeHbl MPUMEPbI, CTENEHb
WX 3aCTPOWKM, Hanuune ApeHaxHoM CUCTEMbI, NePCMEKTUBHOCTb WX UCNONb30BaHUS. B JOCTYMHbIX yyacTkax oBparoB 1
Banok C Lenbio OLEHKM OMON3HEOMAaCHOCTW CKIOHA MPUMEHSNCS OnepaTuBHbIA reodmn3nyYeckuii aKkCnpecc-meToaa
HabntoaeHNs1 ecTECTBEHHOTO WMMYNbCHOTO 3NEKTPOMArHUTHOrO nons 3emmu npubopom Tuna pagvoBONHOBOM
WHAWKaTOP HanpshkeHHO-4ehOPMUPOBAHHOTO COCTOSHIS MOPOA.

PesynbTarthbl. B cTathe NpuBEeAEH aHanua CoCTosHUS (hparMeHTOB OBPaXXHO-0anoyHoi ceTh NpaBobepexHON YacTu
ropoga [iHenp v ux BAWUSIHUE Ha FOPOACKYI0 MHGPACTPYKTYpy. PaccMOTpeHbl MpUMepbl YCMELHOro UCNONb30BaHUs 1
3aCTpOVKW OBparoB 34aHMAMK M COOpyxeHuamu. o pesynbTataM NpoBEAEHHOW CbeMKU METOLOM €CTECTBEHHOro
UMMYNbCHOTO  3MEKTPOMAarHUTHOro nonst 3eMnu  MOCTPOeHa KapTa-CXema MroTHOCTU MNOTOKA  €CTECTBEHHOro
UMNYNbCHOTO 3NEKTPOMArHUTHOTO nons 3emnu Ha ydyactke, npureraiolemM K MoHymeHTy Cnasbl, oTobpaxatolias
HanWune paHee 3acbiMaHHOrO oBpara. [lpoaHanuanpoBaHbl AedopMaLMOHHbIe npoLeccsl, Habrniogaemblie Ha
BOCTOYHOM BopTy H6anku MoHacTbipckasi. PaccMOTpeHbl MeToAb! YKPEneHns CKIOHOB, CKITOHHBIX K OMOM3HSAM.

HayyHas HoBM3Ha. BnepBble, C npuMEHeHMEM MeToaa HabMOAEHWst  eCTECTBEHHOrO  MMMYMbCHOMO
9NEKTPOMArHUTHOro nons 3emMnu Ha yyacTkax MoHymeHTa Cnasbl W 6anku MOHACTbIPCKO MOCTPOEHbI KapTbI-CXEMbI
MNOTHOCTM MOTOKA €CTECTBEHHOrO MMMYNbCHOTO nons 3emnu, KOTopble MO3BOMMAM BbIAENUTb YYaCTKW, CKMOHHbIE K
aedopmaLmsam rpyHTOBOrO Maccuea W arnbHenWmMM npocagoyHbIM npoLeccam.

MpakTnyeckas 3Hau4MMOoCTb. Ha OCHOBaHWW BbINOMHEHHbIX MCCIIELOBaHWA, MOXHO PEKOMEHA0BaTb NMPUMEHEHe
MeToaa HabnioaeHns eCTeCTBEHHOMO UMMYNbCHOTO SNEKTPOMArHUTHOTO Monst 3emnu, KOTOPbI NO3BONSET BbISIBNATH
CKMOHHBIE K OMOM3HAM CKMOHbI M Y4acTKM, KOTOPbIE B JanbHEMLIEM MOXHO MCMOMb30BaTh B FOPOACKON MHGpacTpyKType
MPM HU3KMX HarpysKkax Ha NoYBEHHbIA MaCcCuB.

KnioyeBble cnoBa: ecTecTBEHHOE WMMYNbCHOE 3MEKTPOMarHUTHOE none 3emnun, OBpaxHO-6anoyHast ceTb,
npaBobepexHas yacTb ropoga JHenp, 6anka MoHacTeipckas, MOHyMeHT CnaBbl.
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