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Abstract. To preserve the state geosite — Pyvykha Mountain, the authors have developed a set
of measures to strengthen the landslide slope. However, the work is complicated by the possibility of
rockslides and rock collapses, which threatens the equipment and people carrying out strengthening
of the shore. After a detailed analysis and generalization of the results of the engineering and
geological surveys conducted in this area, the most landslide-hazard zones of the slopes were selected
and the stress-strain state of the slope was studied with the help of the Plaxis software complex,
considering the possibility of a landslide. According to the simulation results, dangerous zones have
been determined within which soil collapses are possible. It was concluded that the presence of
people and equipment in these areas should be limited as much as possible.

Keywords: landslide, stability of slopes, displacement of soil.

Introduction.

On the left bank of the Kremenchug Reservoir, near the village of Hradizhsk, there
is one of the most picturesque places not only in Poltava Oblast, but also in all of

Ukraine — Pyvykha Mountain. The mountain has a long history. According to legend,
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there was once a settlement of Pyva here, which belonged to the Pyva boyars (nobles).
In 1489, the King of Poland Casimir IV presented lands and various grounds, located
around Pyvykha Mountain, to Pustynno-Mykolaivskyi Monastery in Kyiv, whose
monks in the 16th century founded Pyvhorodskyi Mykolaivskyi Monastery here. The
monastery on Pyvykha Mountain became a religious and political centre for the
Ukrainian people in the liberation war for their statehood. However, it was later
destroyed. In 2008, Pyvykha represented Poltava Oblast at the All-Ukrainian
competition “Seven Natural Wonders of Ukraine”. The aesthetic appeal of Pyvykha
Mountain is no less than the appeal of well-known places on the Crimean coast.
Unfortunately, the destruction of the mountain has become more active recently, in
which anthropogenic factors play a dominant role.

After the construction of the Kremenchug Reservoir in the late 1960s, Pyvykha
Mountain gradually collapses. Every year, water absorbs about 7 meters of the
mountain. Today, more than 600 meters of Pyvykha have been washed away. People
find the remains of an ancient monastery, washed away by the waters of the Dnieper
River. Now the State is trying to save the mountain in every possible way. Fortification
works are being carried out along the shore, consisting mainly of anti-erosion

plantations.

Figure 1 - General view of Pyvykha Mountain

Source https://funtime.kiev.ua/u/i/gallery/2019/06/gora-piviha-8-5d0bf03510066.jpg
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Main part.

Almost all well-known geologists, without exception, devoted their attention to
the study of the phenomenon of Pyvykha Mountain in the late 19th and early 20th
centuries. At that time, Pyvykha Mountain, together with such well-known natural
objects as Kanevsky dislocations (Cherkasy region), Vysachkivskyi Hill, Kalytka
Mountain, were considered part of the Karpinskii lines, which united the Carpathians,
the folded Donbas, the Caucasus and Mangyshlak into a single tectonic chain.
According to D. Sobolev, Pyvykha Mountain is an example of glacial dissection of the
surface. The most prominent among the numerous works, dedicated to Pyvykha at the
beginning of the last century, are the publications of geologists V. Riznichenko and
B. Lichkov. Later (in the early 1970s) generalizations were performed by the team of
the Institute of Geological Sciences of the National Academy of Sciences of Ukraine.
This work was part of a series of works on the study of the Chornobyl and Kamianka-
Irpinski dislocations. In the late 1980s, an assumption was put forward regarding the
geostructural conditioning of the position of the dislocations of Pyvykha Mountain and
others. It was suggested that they are connected with linear morphostructural zones,
the zone of influence of which includes various dislocated sections of the Dnieper
Valley.

Marl, clay, sand, and crystalline gypsum can be found in the cleavages of
Pyvykha. In the region, only on the territory of Pyvykha there are places where blue
marl — a rare limestone rock used in construction — comes to the surface.

In order to study the possibility of preserving Pyvykha Mountain in its current
state, we carried out engineering and geological studies, which included the collection
and systematization of previous studies and the conduct of additional fieldwork and
laboratory tests of soil samples taken along the entire length of the coast.

In terms of orography, the territory is located on the border of the Dnieper uplift
and the left-bank Dnieper depression. From a geomorphological point of view, the
protected territory is a ledge in the floodplain terrace of the Dnieper River with
markings of the Earth’s surface 95-150 m.

Soils. The geological structure of the site includes Quaternary and Paleogene
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sediments.

The Quaternary sediments consist of a complex of alluvial sandy-clay deposits,
Quaternary loams and clays, glacial, eolian-deluvial loess soils, with a total thickness
of 25-30 m. The Quaternary deposits are underlain by greenish-gray and light blue
marls of the Kyiv suite, with a thickness of more than 46 m.

In the lower part of the slope, where bank protection is being carried out, a shoal
was formed by the accumulation of sediments of the reservoir, which is composed of
sands with a thickness of 4-10 m.

On the site, 12 formations (axial sections) were selected for detailed study, aimed
at determination of the topography of the slope, the layers of soils that make it up, as
well as the physical and mechanical properties of the soils. A fragment of the scheme

with the axial sections, according to which the research was carried out, is shown in

figure 2.

“ N9 LR ot §6 7
99,6537,’ of 7ﬁ1e footgof the 8, ;76f miregt frome % &
9’5) 7 slopd ‘ z;é cug % 5 the foot z@ ;
9,2) ’g? line 9)9? 7 of the é@ 7
R~ 3 ? slope for the safe ?‘;)
b 3 ) conduct 3
0 0 b of shore ?
0 fortification 4

activities
Figure 2 - A fragment of the scheme with axial sections PP-3, PP-4, PP-5, PP-6

Author's development
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As a result of research work, and study of archival and stock materials, the
following layering of soils was established:

IGE-1 — soil-vegetation layer with a thickness of 0,1 — 0,3 m;

IGE-2 — fine yellow-grey sand of medium degree of water saturation, of medium
density; with a capacity of 4 — 8 m;

IGE-7 — fine dark grey sand, of medium density, with a low degree of water
saturation, with a thickness of 2-4 m;

IGE-11%* and IGE-12? — yellow-brown, semi-hard loam, 2,0-3,2 m thick;

IGE-13* — brown, hard clay, 15-20 m thick;

IGE-13 — fawn, hard, silt loam, with a thickness of 2,8 — 3,1 m.

IGE- 13°— yellow-grey, dusty sand of medium density, with a low degree of water
saturation, 5-6 m thick;

IGE-13® — sandy loam, hard, 2-3 m thick;

IGE-22 — marl, semi-hard clay, more than 46 m thick.

The hydrogeological conditions of the territory are characterized by the presence
of a permanent non-pressure aquifer of the soil type, the discharge of which occurs
towards the reservoir behind the depressions in the water-resistant layer. IGE =22
serves as a waterproof layer.

Physical and mechanical characteristics of the soils were determined based on the
study of archival and stock materials and in laboratory conditions by methods of
determining long-term and structural cohesion.

In the process of the reconnaissance survey of the slope section, its condition was
visually established. The photo (Figure 3) clearly shows that the slope is sliding, which
is evidenced by numerous cuts, and local divisions of individual soil pillars. At the foot
of the slope, there are massive blocks of destruction products that have not yet been
washed away by water. This confirms the continuity of the slope destruction process
and, as a result, the great danger for people and construction equipment, who can be in

the action area of the landslide.
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Figure 3 - Landslide processes in the form of landslides-collapses of rock blocks
Source https://ic.pics.livejournal.com/zov_24/61703616/306609/306609 original.jpg

Tests.

The Plaxis software complex was used to determine the stability of the slope.

Plaxis is a software package designed to calculate stability and determine
deformations of geotechnical structures using a mathematical apparatus in the form of
the finite element method. The design of geotechnical structures requires the
development of discrete models to simulate the non-linear, rheological behaviour of
the soil. Since the soil conditions are represented by the layering of rocks with different
properties and characteristics, and the rocks themselves are three-phase systems,
special calculations are needed to model the pore pressure in different versions. The
task was implemented with the help of the Plaxis complex, because it has special
capabilities for working with many aspects of complex geotechnical structures.

The software complex has all the possibilities of input-output of information on
the screen in a user-friendly interface (in tabular and graphic form — in the form of
graphs and drawings). It also allows you to consider the nonlinearity of the base
deformation processes, using the elastic-plastic model of the soil.

The following prerequisites are adopted in the formulation of the elastic-plastic

problem:
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- the considered manifestations of nonlinearity include plastic deformation of a
change in shape under a complex stress state, unimpeded deformation during
stretching, displacement along a given surface;

- in a complex stress state (compression with displacement), the general
deformations include linear (elastic) and plastic parts and the plastic component of the
deformations occurs after the stress state reaches the strength limit and corresponds to
the Mohr-Coulomb condition for a plane problem:

%(01—02)+%(01+02)sin(p—c-cos<p=0, (1)

Discretization of the computational domain when solving a nonlinear problem is
performed using the finite element method.

The Plaxis software complex allows you to consider the stress-strain state with
simultaneous application of all loads or step-by-step application. The initial stress state
reached by the system before the application of the load can be taken into account.

Finite elements in the form of elastic-plastic plates of triangular cross-section are
used in the calculations. Stress components are determined only in the centres of
continuous finite elements modelling the soil, and displacements — in grid nodes.

The information entered consists of the following arrays of output data:

coordinates of nodes;

- links (nodes with zero displacements and nodes with equal displacements);

- description of loads (magnitude, direction and points (nodes) to which it is
applied);

- description of finite elements (numbers of nodes, cross-sectional areas and
moments of inertia of rods; physical and mechanical characteristics of soils, the
angle of inclination of the sliding surface, natural and initial stress state);

- the maximum number of iteration cycles.

The following calculation results are printed:

- movement of nodes;

- stress components in the centres of continuous finite elements;

- longitudinal and transverse forces and moments at the ends of rod elements.
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The peculiarity of the method under consideration is the performance of
calculations on the limit states of both groups on the same calculation scheme with the
same soil model. In practice, the calculation can be performed by stepwise loading: the
active load is given a value that corresponds to the calculation based on the limit states
of the second group, and then the forces are increased to the dimensions of the most
unfavourable calculated values.

The central issue of the calculation of foundations and soil structures according
to the limit states of the first group is the assessment of the possibility of a loss of
strength and stability due to the development of significant displacements and the
admissibility of plastic deformations of the soil. The coincidence of the iterative
process, that is, a solution that satisfies all the established requirements (with respect
to the permissible incoherence), indicates that a static stress state has been obtained,
which excludes the loss of strength and stability.

The elastic-plastic problem under consideration is set so that the properties of the
soil environment, which are taken into account in the calculation, could be described
by realistically determined characteristics. When preparing the initial data of the
elastic-plastic calculation, six basic parameters of each layer are required: specific
weight v, modulus of deformation E, Poisson’s ratio v, angle of internal friction ¢,
specific adhesion ¢, and dilatancy parameter.

The use of soil reliability coefficients only for parameters vy, ¢, ¢ and E when using
average characteristics is enough to ensure the necessary reliability of the calculation
results.

The calculation of the stability of the slope is carried out according to the
following calculation scheme, which involves changing the soil strength characteristics
until the slope reaches a state of ultimate equilibrium. With this approach, the slope
stability coefficient is defined as the ratio of the initial strength characteristics to their

limit values:

__ctotang
st —

)

cr+tan@,’

Where ¢ and ¢ are the input strength parameters, ¢ is the normal component of
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the actual stress. The parameters c; and ¢, are the reduced strength parameters that
ensure slope stability. In this approach, the adhesion and the tangent of the friction

angle are taken in the same proportion:

c _ tang

¢, tang,

= ZMSfa (3)

The reduction of strength parameters is controlled by the common factor XMt
This parameter is increased in a stepwise method until failure occurs. The reliability
factor is then defined as the value of XM at failure, provided that failure results in a
more or less constant value for the number of successive iterations.

The calculation of the stability of the slope in the area of the village of Hradizhsk,
Globyn district, Poltava region, was carried out to determine the safe distance from the
foot of the slope for shore fortifications. The safe distance in this case was determined
from the condition of loss of stability of the slope or possible soil collapse when the
slope is moistened. That is, shore-fortification structures and mechanisms for their
arrangement must be placed at such a distance from the foot of the slope that would
ensure their safe operation in the event of possible falls of ground or landslides.

At the time of this work, landslides and falls of ground are observed on the slope
at a distance of 3-5 m from the foot. However, with an unfavourable combination of
some factors, the soil massif, bounded by the slope, can go into an unbalanced state
and lose its stability. At the same time, the movement of the soil can take place over a
slightly greater distance.

The main reasons for the loss of stability are:

- arrangement of an unacceptably steep slope or undercutting the slope that 1s in
a state close to the boundary condition;

- increase in external load (construction of structures, storage of materials, etc.);

- a change in the stress-deformed state (increase in the specific gravity of the soil
with an increase in its humidity or vice versa, the effect of the balancing effect of water
on the soil);

- a decrease in the calculated characteristics of soil strength and its resistance to

displacement due to, for example, an increase in humidity;
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- manifestation of hydrodynamic pressure, seismic forces and various dynamic
forces (traffic, pile driving, etc.).

As part of the work, we performed the calculation of the slope, which is located
in the area of the village of Hradizhsk, Globyn district, Poltava region, according to 12
sections. The calculation scheme includes the cross-sectional area of the slope with the
corresponding soil layers and boundary conditions. As an example, Figure 4 shows the

calculation scheme of the PP-5 cross-section, divided by a grid of finite elements.

5

. . A, . i i, i

!
!

Figure 4 - Calculation scheme of the PP-5 cross-section

Author's development

The results of the calculations are presented in Table 1.

The critical values of the stability coefficient on the slope sections are
significantly smaller than 1, indicating the emergency condition of this slope.

Thus, as a result of calculations based on 12 calculation schemes corresponding
to 12 sections of the slope, the following data were obtained:

- slope stability coefficients;
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- the most landslide-hazard zones according to the results of calculations on 12
sections;

- asafe distance from the foot of the slope for shore protection works.

Table 1 - Values of slope stability and maximum displacements of the soil massif

from its foot.

The coefficient of Maximum displacements of the
Cross section stability of the slope in soil massif from the foot of the
number critical condition, slope at the coefficient of stability
K of the slope K,;=1,0, m
PP-1 0,23 25,8
PP-2 0,10 12,4
PP-3 0,17 12,8
PP-4 0,18 12,0
PP-5 0,11 12,8
PP-6 0,19 7,2
PP-7 0,12 10,6
PP-8 0,12 15,1
PP-9 0,09 6,8
PP-10 0,14 11,2
PP-11 0,14 9,0
PP-12 0,23 22,7

Author's development

Based on the study of the location of the zones with maximum shear stresses in
the sections, we obtained the most probable positions of the sliding planes of the soils
that make up the slope.

Conclusions.

As a result of the conducted research, the following main conclusions can be
drawn.

1. Quaternary and Paleogene sediments can be traced in the geological structure
of the slope area. The Quaternary sediments consist of a complex of alluvial sandy-
clay deposits, represented by Quaternary loams and clays of glacial and eolian-deluvial
origin, with a total thickness of 25-30 m. Quaternary sediments are underlain by

greenish-gray and light blue marls of the Kyiv suite, with a thickness of more than 46
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m. In the lower part of the slope, where the bank protection is projected, a shoal was
formed by the accumulation of sediments of the reservoir, which is composed of sands
with a thickness of 4-10 m.

2. In the process of reconnaissance survey of the slope section, it was visually
established that it should be classified according to DBN B.1.1-46:2017 as a sliding
slope. This is evidenced by numerous cuts and local separations of individual soil
pillars. At the foot of the slope, there are massive blocks of alteration products that
have not yet been washed away by water, this confirms the continuity of the process of
destruction of the slope and, as a result, the great danger for people and construction
equipment in the area of action of the landslide.

3. In accordance with the technical task of the customer, it is necessary to ensure
the safe conduct of construction works to strengthen the banks of the reservoir under
specific conditions. For this, it was necessary to determine the zone at the foot of the
slope, which is likely to suffer from the collapse of rocks due to landslide processes.

4. The location of the dangerous zone, within which shifts and collapses of the
rocks of the slope are possible, is determined by mathematical modeling of the sliding
processes of the slope with the help of the Plaxis software complex, which uses a
discrete model for modeling the nonlinear, rheological behavior of the soil. Triangular
finite elements were used in the calculations. Stress components were determined only
in the centers of continuous finite elements simulating the soil, displacements — in grid
nodes.

5. As a result of the conducted research, a diagram of the slope of the reservoir
bank was constructed on a topographic basis with the definition of a danger zone within
which landslides are possible. The presence of people and all technical means is
prohibited in this zone, with the exception of those that are used to monitor the state of
the slope in automatic mode.

6. To monitor the state of the slope, it is recommended to use the modern
“Monitoring” system, designed by the State Enterprise “State Research Institute of

Building Constructions”, Kyiv.
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Anomauia. Ha nisomy Oepesi Kpemenuyyvkoco eodocxosuwa nobauzy c.m.m. Ipaousvk
PO3MAauo8ana 00HA i3 HAUOiLIbW MATLOBHUYUX MicyuH He auwie Tlonmaswunu, a i yciei YVkpainu —
eopa Ilueuxa. Okpim ecmemuynoco copa mae wie u icmopuune 3nadenns. ¥ 1489 poyi kopoaw [lonvwi
Kasumup 1V nooapysas 3emni i pizui yeioos, posmauwosari doexona 2opu Ilusuxu, Kuiscvkomy
Ilycmunno-Muxonaiecokomy monacmupro, wenyi sixkoeo y XVI cm. 3acnysanu mym Ilusecopoocvkuti
Muxonaiscokuit monacmup. I xou nizuiwe monacmup na Ilusuci, wo 0y8 peniciiHo-noaimuyHUM
0cepeodKoM YKpaiHCbK020 Hapooy Y U3B0IbHIU GIUHI 3a CB010 0epAHCaBHICMb, OY8 3PYUHOBAHULL, 1020
3HAYEHHsL 8 ICMOPIL CNOHYKAE HAC 00 30epediceH s OaHOI MICYUHU.

Ilicna 36edennsn 6 kinyi 1960-x poxie Kpemenuyyvrxozco eoodocxosuwa Ilueuxa nocmynoso
pyunyemscs. Llopix 6ooa noenunae 6ausvko 7 mempis copu. Cb0200HI 6xce posmumo norad 600
mempie [lueuxu. Jloou 3Haxo0amev 3aruwku OpeeHbO20 MOHACMUDSA, AKI  8UMUBAIOMbC
OHinposcokumu xeunamu. Tenep 2opy ecinsiko npacHyme 36epeemu. B30osoic bepezca nposodsmucs
VKPINI08aivHi pobomu, uwjo cKiadaomscs, 8 OCHOBHOMY, 3 NPOMUEPOIIUHUX HACAOHNCEHD.

Jlocrioacennuam gpenomeny copu Ilusuxu, wo nposoounucs 3 kinys XIX cmonimms, npucesimuiu
€010 y8a2y NPAKMU4HO 6Ci 6e3 BUHAMKY 8I00Mi YKPAIHCLKI 84eHi-2e0/102U, a Y3a2albHeHH OaHUX
oynu  eukonani Konekmueom Incmumymy eeonocivnux Hayk HAH Yxpainu. 'V nooanvwiomy
nPoBOOUNUCL pObOMU U000 0emMAaNbHO20 GUBUEHHS IHICEHEPHO-2e0]I02IYHUX YMO8 mepumopii ma
PO3p0oOKU npoekmy yKpinieHus bepezie Kpemenuyyvkozo 6ooocxosuuya.

YV 6iocronennsx [usuxu npucymui mepeens, eiuna, nicok, Kpucmaniynui 2inc. Y peciowni auwe
Ha mepumopii [lueuxu € micys 6uxody HA OeHH) NOBEPXHIO ONAKUMHO20 Mepeenio — PIOKICHOT
BANHAKOBOI NOPOOU, SIKA BUKOPUCTNOBYEMBCSL 8 0)O0I6HUYMEI.

s eusuenns moocnusocmi 30epexcents 2opu Ilueuxa y cyyacnomy cmawi 6y1u npogeoeHi
IHOICEHEePHO-2€0NI02IUHI  OOCNIONCEHHA, WO BKIIOUAIU 30UPAHHA MA CUCEMAmuU3ayilo paHiuie
NpoBeOeHUX BUULYKYBAHL MA NPOBEOeHHsT 000amKOBUX NOAbOSUX pobim [ 1abopamopHux
B8UNPOOYBAHb 3PA3KI6 IPYHMIB, BIOIOPAHUX NO BCIll O0BHCUHIT Y30EPEHCHCA.
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B 2eonociuniti 6y0086i OinsiHKu npuiimMaromes y4acmo GiOKIA0U YeMBEePMUHHOI MA NAIe02eH0801
cucmem. Bioknaou uemeepmuHnnoi cucmemu CcKIa0ArOMbCs KOMHIEKCOM AN0GIANbHUX NiUaHO-
SNIUHUCIMUX BIOKNAOIB, CY2IUHKAMU MA 2IUHAMU YemBEPMUHHO20 BIKY, Ib000SUKOBUMU, €0l1080-
0eII0BIaNbHUMU NeCOBUMU TPYHMAMY, 3a2anbHoro nomydcHicmio 25 — 30 m. Iliocmunaromscs
yemeepmuHHi BIOKIAOU 3eNeHY8AMO-CIPUMU | CBIMI0-20NYOUMU MepeelaMUu KUiBCcbKoi ceimu,
ROMYMHCHICMIO OLbUL HidIC 46 M.

Memorw  nposedenux  00CniOdceHb  OYIO0  BUSHAUEHHS  CMAHY  CXULY  V30epedtcics
Kpemenuyyvrozo so0ocxosuwa ma HadanHs pexomenoayii wjooo b6e3neuHoeo nposedenHs pooim no
bepe2oyKpinienHio.

Ha oinanyi ona demanvHoeo eusuenns Oyno eudineHo 12 cmeopie (npoginis), 3a sxumu
BUKOHYBANUCS pOOOMU 3 BUSHAYEHHS MONO2PAIi CXUNY, HAUWAPYBAHb 2PYHMIE, WO U020 CKAAOAIOMb,
a makodic Pi3uKo-mMexaHiyHux enacmusocmeii Ipynmie. Y pe3yiomami npogeoeHHs: UULYK) 8ATbHUX
pobim, 6uUBYEeHHs APXIGHUX MA GOHOOBUX MAMeEPIANié 8CMAHOBIEHO HAWLAPYBAHHS IPYHMIB, WO
sxaroyae oinvuie 20 enemenmis. 1'iopozeonociuni ymosu mepumopii xapaxmepusyomocs HaAA8HICMIO
HOCMINIHO20 0e3HANIPHO20 BO0OOHOCHO20 20PU3OHMY IPYHMOB020 MUNY, PO3GAHMANCEHHS SIKO20
8I00y8aEmMbCsl Y OIK 8000CX08UWA 3A YI0O20BUHAMU VY 8000MPUBKOMY ULADI.

B npoyeci pexoenocyuposxu OiisiHKU CXUTY 8I3YATbHO 6CMAHOBIEHO, Wo cXull 3cyenutl. IIpo ye
C8I0YamMb YUCNEHHI 3aKONU, Micyesi BI00LIeHHS OKpeMux Cmoeni@ Ipyumy. Y niOHidwcoci cxuy
PO3MAUI08aHi MaAcUsHi OpuIu npoOyKmie pytHy8arHs, ki uje He pozmumi 600oio. Lle niomeepoaicye
be3nepepenicmv npoyecy pyuny8aHHs cXuiy i, BHACIIOOK Yb020, 8ENUKY HeDEe3NeKy Npu 3HAX0OHCEHHI
6 30Hi 0ii 3cy8y mooell i 0yJigebHOI MeXHIKU.

Jna eusnauenns cmitikocmi cxumy OY10 3ACMOCOBAHO Npocpamuuti Komniexc Plaxis —
NPOCPAMHULL NaKem, KU NPUHAYeHUU O PO3PAXYHKY CMIUKOCMI ma SU3HA4eHHs Oedhopmayiti
2eOMEXHIUHUX CHOPYO 3 BUKOPUCIMAHHAM MAMEMAMUYHO20 anapamy y ueisaoi Memooy CKiH4eHUX
eleMenmis.

IIpysicno-nnacmuuna 3a0aya, wo po3ensioacmuvcs, NOCMagieHa mak, woob 61acmueocmi
IPYHMOB0O20 Cepedosuud, sKi B8paAX08YIOMbC 6 pPO3PAXYHKY, MO2IU OYMuU ONUCAHI PeanbHO
susHaueHumMy xapaxmepucmuxamu. Ilpu niocomyeanni GUXIOHUX OAHUX NPYHCHO-NAACTIUYHOLO
PO3DAXYHKY HEOOXIOHI Wicmb OCHOBHUX NAPAMEMPI8 KOMCHO20 wapy: numoma 6aza y, Mooyib
oepopmayii E, xoegiyienm Ilyaccona v, Kym 6HYMpPIiUHb020 mepms ¢, NUMOMe 34enjeHHs C,
napamemp OUlIamancii.

B pamxax npogedenns pobomu 6y10 BUKOHAHO PO3PAXYHOK CXUTLY, WO PO3MAULOBAHUU 8 DALIOHI
ceruwa I paouszvk [nobuncvkoeo pauony Ilonmascvkoi oonacmi 3a 12 npoghinamu, y pesyrbmami
4020 ompumMani Koegiyienmu cmillKocmi CXUny ma 6U3HAYeHi HAUOLIbW 3CY80HeOe3Ne U i 30HU |
besneuna i0CmaHns 8i0 NIOHINCIHCS CXULY OJIs1 NPOBEOEHHS Oepe2oYKPINI8AIbHUX POOIm.

Knrwouoei cnosa: 3cye, cmitikicms cXunie, nepemiujenHsi IpyHmy.
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