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Abstract. Dams and weirs of the reservoirs are objects of increased man-made hazard, which is due to
the high probability of catastrophic flooding of territories and destruction as a result of their breakthroughs.
The probability of technogenic accidents at reservoirs increases not only with exceeding the design operating
lifespan, but also as a result of hostilities and climate changes, which lead to changes in the hydrological
regime of surface and groundwater. According to the conducted research, it has been found out that monolithic
reinforced concrete supports of the upper slopes of dams are particularly susceptible to destruction. This is
primarily due to the destruction of temperature-deformation and structural joints of fastening structures, as
well as the manifestation of chemical and mechanical suffosion. As a result, cavities form in the base of the earth
dam body deck, which leads to subsidence and destruction of the deck, a decrease in the stability of the upper
slope, and the manifestation of filtration processes. In order to assess the technical condition of the structural
elements of the earth dam of the Krasnopavlivsk reservoir and determine the potential reserve of its operation,
field surveys were conducted, which allowed assessing the stability of both the fastening structures and the
earth dam body. The reservoir was put into operation in 1984 as a component of the hydroelectric facility of
Dnipro—Donbas canal. It ensures the uninterrupted operation of the canal, and in case of emergencies it is used
as a freshwater reservoir for water supply. The reservoir dam is made of soil. The upper slope is secured in
the lower part with a stone cape, and in the upper part with monolithic reinforced concrete slabs. The bottom
slope is secured with a layer of soil with grass seeding. To discharge the filtration water and drain it into an
open drainage collector, tubular drainage and discharge wells are arranged. The dam’s load characteristics
are typical for the most reservoir dams in Ukraine. During the surveys, a set of diagnostic methods was used,
including non-destructive examinations of the concrete cover of the upper slope reinforcement and assessment
of its strength using a Schmidt hammer, georadar studies to determine cavities in the thickness of the underlying
layer of the soil dam base under the concrete cover using a VIYS 600 georadar, as well as geodetic methods
for measuring the geometric parameters of facilities’ structures and the consequences of the destruction of
structural elements. According to the research materials, violations of the geometric parameters of the dam
were noted, as well as the presence of deformation processes in the form of the subsidence of the dam crest
in places where anomalous phenomena occurred. The effect of the destruction of the concrete cover on the
stability of the earth dam, the manifestation of the activation of filtration processes accompanied by increased
suffosion of the underlying layer of the base of the reinforcement, were noted.

Keywords: reinforced concrete reinforcement, earth dam, depression curve, surveys, non-destructive
testing methods, suffosion, technical condition

Relevance of research. Reservoirs play akey require radical restoration and technical
role in the systems of water supply, energetics, re-equipment. Among the hydraulic facilities,
and irrigation in Ukraine. earth dams have a special place, as they are the

The hydraulic facilities of reservoirs built most affected by wave and mechanical loads.
during the 60s and 70s years of XX century According to previous studies, monolithic
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reinforced concrete supports of the upper slopes
of dams are particularly susceptible to destruction.

This is primarily due to the destruction of
temperature-deformation and structural joints
of the fastening structures, as well as the mani-
festation of chemical and mechanical suffosion,
which is accompanied by the formation of
cavities in the base of the deck of the earth dam
body, leads to the subsidence and destruction
of the deck, a decrease in the stability of the
upper slope, and the manifestation of filtration
processes.

The determination and assessment of the
technical condition of facilities, the determination
of a potential reserve for their operation, is
possible by conducting field surveys, which make
it possible to fully assess the stability of both the
supporting structures and the earth dam.

During the assessment of earth dams’ technical
conditions, the following are the subjects of
inspection: structures for fastening the upper
and lower slopes; the condition of monitoring
wells for determining the filtration regime of
the facility; facilities of the drainage system; the
body of the earth dam.

To conduct field surveys of the technical
condition of earth dam facilities, the earth dam of
the Krasnopavlivsk reservoir was chosen as the
base object, which is typical in terms of loads for
almost the most reservoir dams.

Analysis of recent research. There are
1054 reservoirs and 49444 ponds, with a total
area of 2891 km? [1, 2], a complex of water
protection dams with a length of 3,8 thousand
km, 1,2 thousand km of banks reinforcement,
and over 600 pumping and compressor stations
for pumping excess water that are operated in
Ukraine [3]. Dams and weirs of the reservoirs are
the objects of increased man-made hazard, which
is due to the high probability of catastrophic
flooding of territories and destruction as a result of
their breakthroughs. The probability of man-made
accidents at reservoirs increases not only with
exceeding the design operating lifespan, but also
with the consequences of hostilities, and climate
changes. The latter leads to the changes in the
hydrological regime of surface and groundwater.
For these reasons, in Ukraine, special attention
is paid to ensuring the reliability and safety of
hydraulic facilities’ operation, both in terms of
improving the legislative regulation of the rules
for their safe operation [4, 5], monitoring the
hydrological regime of rivers and reservoirs, and
the technical condition of facilities, determining
the criteria for their stability and safety, increasing
work efficiency, improving the technical base and
methods of surveys, determining the causes of
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emergency situations, modeling and forecasting
negative consequences as a result of emergency
situations during the destruction of dams, levees,
gates, landslide processes, etc. [6, 7]. A significant
number of recent scientific studies are devoted to
the current problems of assessing the technical
condition and forecasting possible negative
consequences of the operation of individual
reservoirs, including the Krasnopavlivsk reservoir
[3, 8-10]. In [10], a program for assessing the
consequences of a hydrodynamic accident,
developed on the example of the Krasnopavlivsk
reservoir is presented.

The aim of research. Assessment of the
technical condition of the structural elements of
the earth dam of the Krasnopavlivsk reservoir.

Research methodology. The research was
carried out in accordance with the “Methodology
for conducting field surveys of earth dams and
protective dams of water management purposes”
developed at the Institute [11].

During the assessment of the technical
condition of the earth dam of the hydroelectric
facility, the following were subjects of survey:
the dam body; fastening of the upper slope at
levels from 106,5 to 112,0 m; fastening of the
lower slope; filtration regime of the facility.

A set of diagnostic methods was used, which
included:

— visual inspections of the object (photos of
damages);

— non-destructive surveys of the concrete
covering of the upper slope reinforcement (using
a Schmidt hammer);

— georadar studies to determine cavities
under concrete pavement (VIYS 600 georadar);

— instrumental measurements of geometric
parameters of facilities and the consequences
of destruction of structural elements (level,
measuring tape, gap gauge, etc.).

The position of the depression curve was
determined based on the results of groundwater
level monitoring in observation wells located on
the downstream slope of the dam.

Research results and their discussion.
The Krasnopavlivsk reservoir is located in the
Lozovsky district of the Kharkiv region and
is an important component of the water supply
system of the Donbas and the Kharkiv regions.
The situational plan and general view of the
Krasnopavlivsk reservoir are shown in Fig. 1.
The reservoir was put into operation in 1984 as
a component of the Dnipro—Donbas canal. The
total volume of the reservoir is 410 million m?,
the useful volume is 380 million m?, the length of
the coastline is 127,4 km, and the greatest width
is 2,48 km.
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a — situational plan; b — panoramic view; c- dam crest

Fig. 1. Krasnopavlivsk reservoir

The mirror area at normal supported level
(NSL)is 34 km?, and the catchment area is 35 km?.
The reservoir is of a canal type, located in the
valley of the Popilnya river. To accumulate the
water coming from the Kamyansk reservoir, an
earth dam of 2,2 km long and 35 m high was built
in the area of the Krasnopavlivka settlement. The
hydroelectric facility includes: an earth dam and
a water outlet (bottom, tubular). The reservoir is
characterized by seasonal flow regulation. The
reservoir ensures uninterrupted operation of the
canal, in the case of an accident, it is also used
as a freshwater reservoir for water supply to
Kharkiv, Lozova, and Pervomayisk [12].

Krasnopavlivsk Reservoir Dam. The dam
is made of soil, homogeneous loam, classified
as CC2. The base of the dam’s canal section is
made of silty loam, which is why the dam has a
flattened profile.

To improve the conditions for the consolidation
of the foundation soils and the drainage of the
dam body, a sand cushion 0,5 m thick is provided
under its bottom wedge on the left and right
bank sections, and up to 1,0 m thick on the canal
section of the dam.

Dam’s parameters are as follows: total length —
2200 m; width along the crest — 12 m; maximum
height — 35 m; crest mark — 123,5 m; maximum
design level (MDL) in the upper reaches — 120,0 m;
maximum reservoir filling volume — 410 million
m* top slope 1:3, bottom slope 1:7. A highway runs
along the crest of the dam.

The upper slope up to the 100,0 m mark is
secured with a stone cap D=150-250 mm, higher
(to the dam crest) — with monolithic reinforced
concrete slabs with a thickness from 20 cm up to
25 cm. The lower slope is secured with a layer of
soil with grass seeding.

Under the lower slope of the dam, there is a
tubular drainage designed to discharge filtration

waters and drain them into an open drainage
collector.

In the downstream part of the dam, unloading
wells and closed drainage of the right slope of the
dam are provided.

The above-mentioned engineering solutions
aimed to ensure the reliability of the hydropower
facilities were adopted after the tests with static
and dynamic loads, especially wave loads and the
tests of the impact of changes in the level regime.

Considering that the main damages of dam
structures are associated with changes in the
loads on the dam, including changes in the level
regime of filling the reservoir and its operation,
predicting the technical condition of structures is
directly related to the results of monitoring and
the need of conducting field surveys.

Field surveys of the dam’s geometric
parameters. During of the deformation processes
survey of the earth dam body, subsidence
along the crest was recorded. The condition of
the upper slope fastening was determined by
the presence of subsidence of the reinforced
concrete fastening; the condition of temperature
and deformation joints, the presence of cracks
as a result of the destruction of the cladding,
areas of destruction of the reinforced concrete
fastening, the detection of cavities under the
cladding as a result of chemical and mechanical
suffosion and, as a result, the removal of soil
particles from under its base were recorded. The
results of instrumental surveys were presented in
a form of a table according to the Methodology
for conducting field surveys of earth dams and
protective dams for water management purposes.

To assess the deformation processes occurring
in the dam body, a geodetic survey was performed.
According to the survey results, the subsidence of the
dam crest ranged from 35 cm (CP8+22—CP11+97)
to 64 cm (CP15+22—CP 21+22) (Fig. 2).
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Fig. 2. Longitudinal profiles along the axis of the dam crest in areas of subsidence

Thus, the selection of these plots for further
survey is related to the nature and magnitude of
subsidence, which became the basis for further
research in terms of geophysical diagnostics
of the technical condition of the upper slope at
elevations 106,5-112,0 m at the indicated plots.
The layout of the cross-section bases during the
diagnostics of the earth dam body along with the
results of visual inspection and vibroacoustic
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diagnostics on CP8-CP8+50 are shown in
Fig. 3, 4. In Fig. 4, the area of cavity formation
under the concrete coating is marked in red.

Geophysical studies to determine anomalous
processes along the underlying layer of the earth
dam’s concrete foundation were performed
using the VIYS5 600 Georadar instrument at
CP8-CP8+50. The probing depth can reach up to
3,5 meters.
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Fig. 3. Layout of cross-section bases during diagnostics of the earth dam body
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Fig. 4. Results of visual inspection and vib

The formation of voids under the concrete facing
of the upper slope is due to the manifestation of
suffosion processes of removal of the underlying
sand layer as a result of overmoistening due to the
pressure filtration through deformation-temperature
joints and cracks in monolithic concrete.

Based on the materials of the conducted
surveys, the areas and volumes of voids under
the concrete covering of the upper slope at the
elevations of 106.5-112.0 m of the CP§-CP10
section, and the category of destruction were
determined (Table 1).

The area of destruction according to the
above-mentioned criteria is on average:

LAND RE

roacoustic diagnostics on CP8-CP8+50

“low” — 80,85 %; “medium” — 16,28 %; “high” —
11,5 %.

Taking into account the significant size of
the object (the dam length is 2200 m), the study
of the technical condition of the upper slope
reinforcement at the marks 106,5-112,0 m
was carried out according to the following
program: visual inspections of the dam’s
technical condition; assessment of the condition
of local areas of destruction of the upper slope
reinforcement; detailed assessment of the
condition of the temperature and deformation
(structural) joints; assessment of the condition of
the concrete covering of the reinforcement.

CLAMATION AND WATER MANAGEMENT Ne 1 « 2025
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1. Volumes of voids under the concrete pavement at the plot CP8-CP10
Area, m’ Voids volume, m? Total
Plots Destruction category Destruction category volume,
Low Medium High Low Medium High m’
CP8-CP8+50 89,0 9,9 L1 2,8 1,6 0,7 5,1
CP8+50-CP9 81,5 15,7 2,8 2,6 2,5 1,8 6,9
CP9-CP9+50 70,0 23,6 6,4 2,2 3,8 4,1 10,1
CP9 +50-CP10 82,9 15,9 1,2 2,7 2,5 0,8 6,0

Diagnostics of reinforced concrete facilities
by a non-destructive method using mechanical
devices was used to determine the actual grade
of concrete in order to establish its compliance
with design solutions. The work on determining
the concrete grade was carried out in accordance
with the current regulatory and methodological
provisions [13—15].

The concrete grade was determined by a
non-destructive method using a Schmidt reference
hammer. The Schmidt hammer works on the
principle of elastic rebound, which measures the
impact impulse generated in concrete under an
applied load. This method is borrowed from the
practice of measuring the strength of metals.

Based on the research results, the concrete grade
of individual elements of the hydraulic facilities of
the Krasnopavlivsk reservoir was determined.

The strength of the concrete fastening of
the upper slope of the dam at the control points
CP8+22-CP11+97 and CP15+22-CP21+22,
according to the results of the research, is as
follows: in line 1 — 42,36 MPa; in line 2 —
4428 MPa (the concrete strength of 38,54 MPa
corresponds to class C25/30).

In accordance with the survey program,
documentary confirmation of the detected
damage to the concrete pavement was carried
out by visual inspection with photo fixation and
instrumental measurements (Fig. 5).

a — local destruction of expansion joints; b — formation of cracks; ¢ — local spalling of concrete;
d — destruction of structural joints; e — corrosion of the concrete surface; f — decompression of
temperature-deformation joints
Fig. 5. Detected damage to the concrete covering of the upper slope of the dam
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The results of the survey of the technical
conditionofthemonolithicconcretereinforcement
of the upper slope of the Krasnopavlivska dam
in the zone of marks from 106,5 to 112,0 m are
given in Table 2.

The presented research results provided an
opportunity to assess the technical condition of
monolithic concrete reinforcement and outline
technical measures to eliminate the damage.

The filtration strength of the dam body was
assessed based on research materials during the
filtration processes observation. Special attention
was paid to the position of the depression curve;
the shore connections of the earth dam and the
concrete part of the hydroelectric facilities;
concentrated filtration in the form of fistulas,

boils, springs; the presence of filtration from the
base in the low part.

Based on the position of the depression
curve, calculations on the filtration strength of
the dam body based on pressure gradients were
made.

The calculation of the effective (actual)
average head gradient J, , was performed using
the formula [16]:

J,

est.m

=H/L,

where H is the calculated pressure difference
between the upper and lower parts; L is the length
between calculation points A and B according
to the calculation scheme for the average head
gradient (Fig. 6).

2. Destruction of monolithic concrete reinforcement of the upper slope of the Krasnopavlivska dam

Survey plot 2024
NoNe Cracks Seams
From CP | To CP | Quantity, pcs. | Total length, m | Destroyed, pcs. | Total length, m

1 2 3 7 8,0 9 10,0
2 4 6 3 72,0 2 64,0
3 6 7 2 70,8 3 112,0
4 7 8 2 47,8 2 70,0
5 8 9 2 43,0 1 32,0
6 9 10 2 59,0 2 64,0
7 10 11 1 32,0 6 192,0
8 11 12 5 110,0 2 71,0
9 12 15 2 41,0 2 64,0
10 15 17 3 90,0 — —
11 17 18 1 27,0 — —
12 18 19 1 27,0 1 16,0
13 19 20 — 4 55,0
14 20 22

Total 627,6 750,0

f—
T P TS~
2]

Fig. 6. Scheme for calculating the average head gradient J,,,,

The filtration strength of the earth dam
was determined by calculating the average
head gradient J.,, on three transverse lines at
CP14+63; CP15+56; CP16+70.

The calculation of the theoretical depression
curve was performed taking into account the
mark of the lower part at the drainage gallery,

which corresponds to 90,60-90,70 m [17]. As an
example, Figure 7 shows the calculation diagram
of the position of the depression curve along the
linel (CP14+63).

The results of calculations of the theoretical
head gradient J_ ,, along the lines 1-3 are given
in Table 3.
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Cross section of the dam
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Fig. 7. Calculation scheme for determining the average pressure gradient

3. Results of the theoretical head gradient J,

st.m

calculation of Krasnopavlivska earth dam

Water level in th Average head gradient
Line number | Control point ater level In the of the dam body J ., Dam body soil
reservoir : =
theoretical | critical [6]
Line 1 CP 14+63 107,90 0,076 1,5-4,0 Loam
Line 2 CP 15+56 107,90 0,07 1,5-4,0 Loam
Line 3 CP 16+70 107,90 0,072 1,5-4,0 Loam

As can be seen from Table 3, the head gradient
of the earth dam as of September 8, 2024 is
from 0,076 (line 1) to 0,07 (line 2) — which is
significantly less than critical and indicates a safe
filtration mode of the dam.

Based on the position of the depression curve,
calculations of the actual pressure gradient were
performed.

4. Results of calculation of the actual head gradient J

Since the depression curve has a positive
and negative slope, calculations of the
actual head gradient were performed for two
components of the depression curve position
(Table 4).

Table 4 presents the results of calculations on
the actual position of the depression curve with
positive and negative slopes.

of the Krasnopavlivska earth dam

est.m

Average head gradient of the dam body
Line Control Water level in — Dam body

number point the reservoir . — actual . . critical soil

with positive | with negative 6]

slope slope

Line 1 CP 14+63 107,90 0,10 0,06 1,5-4,0 Loam
Line2 | CP15+56 107,90 0,15 0,04 1,5-4,0 Loam
Line 3 CP 16+70 107,90 0,13 0,04 1,5-4,0 Loam

As can be seen from Table 4, the values of the
head gradients of the earth dam for both positive
and negative slopes of the depression curve
indicate a safe filtration regime of the dam.

Conclusions

1. By instrumental studies we have
determined the presence of the subsidence of
the crest of the earth dam in two sections —
CP8+22-CP11+97 and CP15+22-CP21+22,
respectively, by 0,35 m and 0,64 m, which
indicates a violation of the stability of the dam
in these sections.

2. Typical destructions of reinforced concrete
covering are the destruction of temperature-
deformation joints as a result of a failure of
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wooden fillings; the presence of transverse and
longitudinal cracks in the reinforced concrete
covering as a result of a decrease in the
stability of the fastening base, which is caused
by the development of filtration processes
(mechanical suffosion) and the removal of
particles from the sand cushion (h=0,35 m);
the corrosion and local destruction of con-
crete.

3. The crack openings, the size of which
reaches up to 3,0 cm, are due to the presence
of deformation processes of the base of the
underlying layer of concrete reinforcement, as
a result of which cracks form in the concrete
coating down to a depth of up to 25 cm.
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4. The effect of the destruction of the concrete 5. The filtration strength of the earth dam has
cover on the stability of the earth dam, the activation ~ been established, which is confirmed by theoretical
of filtration processes accompanied by increased calculations of the head gradient, ranging from 0,07
suffosion of the underlying layer of the base of the  to 0,076, and the actual one from 0,04 to 0,15, which
reinforcement, were noted. is significantly less than the critical one (1,5-4,0).
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Anomayisn. ['peoni i 0amodu 6000cxosuLy 6IOHOCAMbCSL 00 00 €KMi6 NIOBUUEHOT MEeXHO2eHHOI Hebe3neKu, Wo
3YMOGNIEHO BUCOKOIO UMOGIPHICIIO KAMACMPOPiuH020 3aMOnaerHs mepumopitl i pylny6ans 6 pesyibmami
ix npopusis. UMmoGipHicCmMb MEXHOSEHHUX a8apill HA B000CX08UWAX 3POCINAE He auule i3 NepesuneHHIM
NPOEKMHUX MEPMIHI6 eKcnyamayii, ane i 6HAcIi0oK O0U0BUX Oitl Ma KAIMAMUYHUX 3MIH, WO NPU38005Mb
00 3MIHU 2IOPONOCTYHO20 PEXHCUMY NOBEPXHEBUX [ NIO3eMHUX 800. 3a OaHUMU BUKOHAHUX OOCHIOHCeHb 6CTNa-
HOBLEHO, WO OCOONUBO NIOOAIOMbCSL PYUHYEAHHIO MOHOLIMHI 3ANI300€MOHHI KPINJIEHHS 6ePX06UX VKOCI6
epebenv. Lle, y neputy uepey, nog’si3ano 3 pyuHy8aHHAM MeMNepamypHo-0epopmMayiuHux ma KOHCMpYK-
TMUBHUX WBIE KOHCMPYKYIIL KPINJIEHHA, 4 MAKOIC NPOABOM XIMIUHOI ma mexaniunoi cyghosii. B pezynomami
8i00y8aEMbCA POPMYBAHHAM NOPOHNCHUH 8 OCHOBI KPINJEHHSA Mia epYHMOB0I epedii, o npu3eo0ums 0o
npociOanHs ma pyuny8anHs KpinieHHs, 3MeHUleHHs CMILIKOCMI 6epx08020 YKOCY md NposieHHs Qinb-
mpayiinux npoyecie. 3 Memoio oyiHKy MexHiuHO20 CIMAHY KOHCIMPYKIMUGHUX elleMeHmi6 epyHmogoi epebii
Kpacnonasniecbko2o 6o0ocxosuwia i cmanognenns nomenyitino2o pezepgy ii ekcniyamayii 6yau npose-
O€HI HAMYpPHI 0OCMEMNCeHH s, WO O0360NUNU OYIHUMU CINTUKICMb K KOHCMPYKYIll KPINAeHHs, mak i miia
epyHmogoi epebni. Booocxosuwe ésedene 6 excnayamayio y 1984 p, ax ckradosa uacmuna 2ioposysna
xauany [uinpo—/lonbac. Bono 3abesneuye besnepebitiny podbomy Kanany, ay 6unaoxy deapitiHux cumyayii
BUKOPUCTNOBYEMBCSL AIK pe3epsyap npicHoi 600u 0ns odonocmauants. I pedns godocxosuwa spynmosa.
Bepxosuil yxic y HudicHiti yacmuni 3akpinjieHutl Kam sHumM HaKuOOM, ) 6ePXHIU — MOHOLIMHUMU 3a1i300e-
moHHumMy naumamu. Huzoeuil yKic 3axkpinienuti wapom ipynmy i3 nocieom mpas. [na po3sanmaxicenms
Qinempayitinux 600 ma 6i08e0eHHs iX Y GIOKpUMULL OPEHANCHUL KOEKMOp 6LAWMOBAHO mpyouamuil
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OpeHadc ma po3eaHmadicysanvhi ceeponosunu. I pedns 6 uacmuni HABAHMAICEHb € XAPAKMEPHOIO OJis
oinvuocmi epebenv 800ocxosuwy Ykpainu. B x00i eukonanHs 00caiodicensb 010 GUKOPUCAHO KOMNIEKC
0Ia2HOCMUYHUX MemOo0i8 GUIHAYUEHHS , WO BKIIOYANU HePYUHIBHI 0OCmediceHHsT GEMONH020 NOKPUMMIA
KPINJeHHs 8epX08020 YKOCY I OYIHKY 1020 MIyHOCMI i3 3acmocysanuam moromia [lImioma, eeopadapmi
00CniOdCen s 3 GUHAUEHHSI NOPOJUCHUH Y MOBW NIOCMUNAIOY020 WAPY OCHOBU IPYHMOBOI 2pebni nio
OemonHUM NOKpUMmsM 3 euxopucmanusm eeopadapa VIYS 600, a makoc 2eode3uuni memoou 6umi-
PIOBANHS 2e0MEeMPUYHUX NAPAMEMPI8 KOHCMPYKYILl Cnopyo ma HACHIOKI6 PYIUHYBAHHS KOHCMPYKMUGHUX
enemenmie. 3a mamepianamu 00CRIONCEHb BIOMIYEHO NOPYUWIEHHS 2eOMEMPUYHUX Napamempie epeoii,
HaseHicmb deopmayilinux npoyecié 8 4acmuHi NpociOaHHs epebeHs epedii 8 MICYsx NPOXOONCEHHS
AHOMANLHUX A6UWY. Biomiueno 6niue pyiiHysants 6emoHH020 NOKpUmMmsL Ha CMIUKICmy IPYHmMo8oi epedii,
NpOsAGIeHHA aKmusizayii inempayitiHux npoyecis iz cynpoootceHHAM niosuujenoi cyghosii niocmunaro-
4020 Wapy OCHOBU KPINJLEHHSL.

Knrouosi cnosa: sanizobemonne Kpinienus, 3eMIsana epeons, Kpuea oenpecii, HamypHi OOCTIONCEHHS,
HePYUHIGHI Memoou KOHMPOI0, CYPo3is, mexHiuHuil Cman
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