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Long-term variability of coastal water salinity in the Odessa Region of the North-Western part of the Black Sea (NWBS)
is studied using the available information on local river inflows, precipitation and wind regime. The study confirms a strong
connection between the coastal water salinity in the Odessa Region, river runoff into the NWBS region and the regimes
of atmospheric circulation over the North Atlantic and Europe. Using the concept of the Black Sea hydrological phases
and their variations under the influence of long-term climate variability, it is predicted that the annual-mean salinity in
the Odessa Region of the NWBS will increase in the coming 6-10 years. This prediction is based on the displacement
of trajectories of the majority of cyclones during that period that propagate from the North Atlantic and pass over northern
Europe. The displacement will favour a decrease in the Black Sea freshwater balance and, hence, an increase of salinity.
In addition, the analysis of wind regime in the Odessa Region of the NWBS in 2000-2019 reveals a decreased frequency
of westward winds and a significantly increased frequency of northerly winds. Assuming that these wind trends continue
in the future, and taking into consideration the major hydrodynamic features of the NWBS, it is expected that it will lead to
a blocking of freshwater inflow from the Dnieper River mouth into the northern and western coasts of the region. As a result,

the increase of annual salinity in the coastal waters will intensify.

Key words: Marine salinity, North-Western part of the Black Sea, rivers discharge, climate changes, wind regime.

Introduction

Temporal variability of salinity in the North-
Western part of the Black Sea (NWBS) became a hot
research topic due to sharp changes of salinity values
near the Odessa Bay coast, that had further intensified
more recently (fig. 1). It is known that the physical
characteristics of seas undergo changes at different
time scales: short-term, synoptic, seasonal, multi-year,
and secular. In the NWBS Odessa Region, salinity
changes of different time scales can happen under
the influence of wind, upwelling, river discharge,
rainfall, Black Sea dynamics, phase of the Earth’s
revolution around the Sun, changes in solar radiation
intensity, etc. An overlap of factors that have different
time scales contributes to the complexity of salinity
variations in the area.

Studies of long-term variability of salinity in
the coastal zone of the NWBS Odessa Region have usu-
ally been based on observations performed at the Marine
Hydro-Meteorological Station (MHS) Odessa-Port
(KoBampuyk 1985; Ansrman u ap. 1986; AnsT™an u ap.
1988; benesuu, u Opnosa 1996; bpsianes u ap. 1991;
HemumoB 1991). The results of those studies (up to
2010) have been summarized by Dotsenko ([lomeHko
2010) in an unpublished monograph chapter of the Insti-
tute of Marine Biology (IMB). According to that work,
during the 1948-1982 period the annual-mean salinity
at the station had a negative trend. Then, from 1982 to
1986, the trend was positive, followed by salinity sta-
bilization observed until 1994. Finally, from 1994 to
2010 the salinity trend was negative again (Axo60BcKuit
u np. 2000; Jdonenko, u Pyban 2002; ouenko 2002,
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Fig. 1. Location of MHS Odessa-Port, MHS Chornomorsk-Port, MHS Pivdenny-Port and MC OSENU
(Maritime Centre of Odessa State Environmental University) in the NWBS Odessa Region

2003; Houenko u ap. 2009). Scientists have associ-
ated these salinity variations with long-term fluctua-
tions of river runoff and precipitation, caused by global
and regional changes as well as a succession of climatic
periods.

In addition, a study of long-term salinity changes in
the NWBS by (Meun 2006) has demonstrated a strong
dependence of salinity on river discharge and wind pat-
terns. Periods of maximum (1966-1975) and minimum
(1986-1995) surface salinity values were also estab-
lished in (Ilokyposa u ap. 2004), which is applicable
to the entire North-Western shelf of the Black Sea, with
the difference between the extreme salinity values being
0.3 g/kg.

In this work, analyses of time series and wind
patterns in the area are combined to further explain
the changes of coastal water salinity in the NWBS
Odessa Region during different periods.

Materials and methods

The time series of salinity from the MHSs Odes-
sa-Port, Chornomorsk-Port and Pivdenny-Port for
1949-2019 used in this study were kindly provided by
Hydrometeorological Centre of the Black and Azov
Seas (HMC BAS) (I'ML] HAM) and the data for 1951—
2019 — by the Marine Centre of Odessa State Environ-
mental University (MC OSENU) (OJIEKY). In addition,
we also analyse annual discharges of the major rivers,
such as Dnieper, Dniester, Southern Bug and Danube
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for 1921-2018 (IMBb), climatic indices of the North
Atlantic Oscillation (NAO), East Atlantic pattern (EA)
and East Atlantic/West Russia (EA/WR) teleconnection
for 1921-2019 (NOAA CPC), annual sum of atmos-
pheric precipitation at the coastal stations in the NWBS
for 1921-2019 (Iloroma n kmmmar) and NCEP/NCAR
reanalysis data for wind velocity for the period 1948-
2019 (NCEP-NCAR), linearly interpolated from four
points of a 2.5 x 2.5-degree box to the centre of Odessa
Region of the NWBS.

To establish temporal periodicity of long-term
variations of the analysed parameters, we apply several
additional techniques: a harmonic analysis, diagrams
of time dependence, deviations of 1l-year moving
average values from the mean value of the time series,
linear and polynomial approximation, pair correlation,
assessment of statistical significance of correlation
coefficients, and regression equations.

Results and discussion

1. Analysis of marine water salinity dependence
on river inflow and precipitation into the NWBS

Harmonic analysis of the time series of observations
at the MHS Odessa-Port reveals periods of annual-
mean salinity variations such as 4.0, 6.0 and 10.3 years;
at MHS Chornomorsk-Port— 5.5 and 11.0 years; at MHS
Pivdenny-Port — 4.0, 6.6 and 10.0 years; and at MC
OSENU — 13.0 years. Moreover, using longer time
series from the MHS Odessa-Port and MC OSENU
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(71 and 69 years respectively), a period of salinity
variations as long as 34-36 years is established.

Comparisons between the values of annual
river runoff into the NWBS and average annual
salinity at the above measuring stations demonstrate
a considerable similarity between variations of these
characteristics (table 1).

Maximum (statistically-significant) coefficients
of pair correlation are found between annual
discharges of the Dnieper River and annual-mean
salinity at the MHS Pivdenny-Port (table 2), due to
a close proximity of the river mouth and the station
(38 km; Fig. 1). However, the correlation coefficients
are not as high at the more distant from the river mouth
MHS Odessa-Port and the MC OSENU stations. Using
the values of pair correlation, it is found that during
the above mentioned periods the salinity at the MHS
Odessa-Port was influenced the most by water
inflow from Dnieper (table 2), followed by inflow
from Danube and Dniester. A somewhat different
picture with the river influences on salinity values is
observed at the MC OSENU: due to the geographical
features of that station, the Dnieper influence was
again the most significant, followed by the influences
from Dniester and Danube.

The analysis of annual values (fig. 2) shows the fol-
lowing tendencies: a decrease of salinity at the MHS Odes-
sa-Port by 0.020%o/year at P>95% (in 1948-2019),
a decrease of salinity at the MHS Chornomorsk-Port by
0.027%o/year at P>90% (in 1999-2019), a decrease of salin-
ity at the MC OSENU by 0.013%o/year at P>95% (in 1951—
2019), and an increase of salinity at the MHS Pivdenny-Port
by 0.037%o/year at P>95% (in 1999-2019). A linear trend
of average annual values for the 1999-2019 period is neg-
ative for the MHS Odessa-Port (-0.015%o/year, P>95%)
and positive for the MC OSENU (+0.117%o/year, P>95%)).
Thus, for this period the tendencies of annual-mean salinity
from nearby stations can be opposite in sign (Fig. 1).

The climatological seasonal cycle of salinity shows
a clear link to the climatological cycle of river runoff
(fig. 3). Minimal salinity values are found during April-
June, with a sharp salinity decrease also seen in Novem-
ber. Maximum salinity values, along with the mini-
mum values of river discharge, are found in September.
The lowest salinity at the MHS Chornomorsk-Port can
be explained by the close proximity of this station to
the Danube mouth. It is also interesting to note that
at the other stations, the seasonal cycles of salinity
resemble each other more closely during the first half
of year than during the second half.

Table 1

Periods of long-term variations of river inflow and mean annual salinity in Odessa region of the NWBS

River or station Periods of variations, years

Danube River 2.4 3.6 4.9 8.2 14.0 19.6 32.7
Dnieper River 2.2 4.7 5.8 9.8 12.3 24.5 32.7
Dniester River 2.4 3.6 5.5 10.3 14.4 24.0 36.0
Southern Bug River 2.3 4.2 6.0 8.4 14.0 21.0 42.0
Mean river discharge values 2.3 4.0 5.6 9.2 13.7 22.3 35.8
MHS Odessa-Port 2.4 4.0 6.0 10.3 14.4 - 36.0
MHS Chornomorsk-Port - 4.4 5.5 11.0 - 22.0 -

MHS Pivdenny-Port 2.2 4.0 6.7 10.0 - - -

MC OSENU - - - - 13.6 - 34.0
Mean salinity values 2.3 4.1 6.1 10.4 14.0 22.0 35.0

Table 2

Coefficients of correlation between average annual salinity and annual river flow
(the coefficients significant at P>95% are shown in bold)

Stations Dniester discharge Sol;l.t hern Bug Dnieper discharge | Danube discharge
ischarge
MHS Odessa-Port -0.38 -0.08 -0.58 -0.47
(1948-2019) p=<0.001 p=<0.638 p=<0.0001 p=<0.0001
MHS Chornomorsk-Port -0.33 0.14 -0.34 -0.32
(1999-2019) p=<0.149 p=<0.559 p=<0.148 p=<0.159
MHS Pivdenny-Port -0.64 -0.34 -0.80 -0.72
(1999-2019) p=<0.002 p=<0.149 p=<0.0001 p=<0.0001
MC OSENU -0.40 -0.39 -0.51 -0.35
(1951-2019) p=<0.001 p=<0.011 p=<0.0001 p=<0.003
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Fig. 2. Time series of annual-mean salinity at MHS Odessa-Port, MC OSENU, MHS Chornomorsk-Port,

and MHS Pivdenny-Port
Note: Thickened lines — trends at MHS Odessa-Port and MC OSENU in 1999-2019
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Fig. 3. Climatological seasonal cycles of salinity (solid lines) at the MHS Chornomorsk-Port (1), MC OSENU (2),
MHS Odessa-Port (3), MHS Pivdenny-Port (4) and water inflows (dashed lines) from Danube (1) and Dnieper
(2). The cycles are based on monthly values

Considering the datasets extended until 2019,
the inter-annual variability of salinity at the MHS
Odessa-Port, MC OSENU and river discharges are
found to be synchronous and opposite in phase (fig.
4), consistent with ([omenko 2002, 2010). That is,
the phases of increased annual river runoft correspond

26

to the phases of decreased annual salinity and vice versa,
which is expected based on the equations for salt balance
and mass conservation (see Appendix). From 1951 to
1980, the salinity at these stations was declining, while
the freshwater inflow into the NWBS from all rivers
was increasing. From 1981 to 1990 the salinity was
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increasing, whereas the river discharge was decreasing.
From 1991 to 2010 salinity was decreasing again, while
the discharge from all the rivers was increasing. From
2011 to 2018, given the background decrease of runoff
from all major rivers inflowing into the region of study,
we observe a tendency towards increasing annual
salinity in the MC OSENU area and stably low annual
salinity values at the MHS Odessa-Port (Fig. 4).

Local precipitation directly affects river
runoff into the NWBS. According to the data from
the HMC BAS (I'ML| YAM), annual precipitation
during 1921-2019 showed a general increasing tendency
and was marked by significant decadal and inter-decadal
fluctuations. The periods of these fluctuations are found
to be close to the periods of river runoff variations:
6-11, 20-25, 40 years. According to ([louenko 2010),
long-term oscillations of atmospheric circulation over
Europe, including those connected to solar cycles, may
have impacted both the variations of annual precipitation
andriverrunoff. According to our observational estimates
based on (IToroma u kinumar), the linear trend of annual
precipitation was positive in Odessa and Kherson
(P>95%), as well as in Izmail and Chornomorske
(insignificant at P>90%) during the last three quarters
of the 20™ century and at the beginning of the 21
century (fig. 1). However, considering only the 2010-
2019 period, no significant positive trends of annual
precipitation is revealed in the area. Moreover, negative
trends are found in this case in Mykolaiv (-10.5 mm/
year, P>95%) and Odessa (-7.4 mm/year, P>90%). It
should also be pointed out that annual precipitation in

Odessa in 2016 was the largest for the past 200 years.
This points at irregularity of precipitation distribution in
the NWBS area, including in the past decade.

2. Linking salinity changes in the region of study
to climate indices

Climate studies often use climate indices based
on analysis of atmospheric pressure fields. A study by
(Pertetnn u np. 2006) shows that under positive phases
of the NAO, the tracks of cyclones over Atlantic-
European sector drift northward. This leads to more
anticyclonic conditions with less precipitation over
the Black Sea. Under negative phases of the NAO,
the tracks of cyclones drift southward and warm air
masses bring rainfalls to the Black Sea region. In a study
by (Ilomonckmii u nap. 2007), the authors find that
the number of cyclones in the atmosphere over the Black
Sea was decreasing from the second half of the 1960's
to the early 1990's This, among other effects, resulted
in a long-term weakening of wind-driven cyclonic
circulation of the Black Sea. The authors associated these
processes with the northerly drift of tracks of the North
Atlantic cyclones, corresponding to a strengthening
of NAO.

The phases of climate indices determine the type
of atmospheric circulation in the region of study; i.e.,
either mostly zonal or meridional. Such a type is
the main external factor regulating the changes
of hydrological phases in the Black Sea (benokorbsiro
2017). In general, freshwater balance of the sea declines
when zonal circulation prevails, while it increases when
meridional circulation prevails. During the positive NAO
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Fig. 4. Deviations of 11-year moving averages from river discharges and salinity at marine stations
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phases (cold periods) the number of cyclones decreases
and the river inflow declines. As a result, the freshwater
balance of the sea declines. During the negative
phases of NAO (and EA and EA/WR indices),
and under the prevalence of meridional circulation
of the atmosphere, the total number of cyclones over
the Black Sea increases (I'mpc 1971). This leads to
a higher intensity of water circulation and to an increase
of freshwater balance. The latter is associated with
a more positive difference between precipitation
and evaporation and also with an increase of river runoff
into the basin. In contrast, the periods of prevailing zonal
atmospheric circulation are associated with a decreasing
freshwater balance, thereby leading to “salty” phases
of hydrological regime of the sea (fig. 5).

As follows from the scheme of long-term changes
of the Black Sea hydrological regimes proposed by
(bemokxonsitoB 2017), as well as from the changes
of climate indices (NOAA CPC) (Fig. 6), the hydrological
phase of the Black Sea during the 2015-2020 period can
be assessed as being intensively warm and moderately
fresh. Its change after 2020 is still unknown, but could
be forecasted based on the intensively warm and salty
phases.

The above assessment 1is consistent with
the conclusions made in (JJomenko 2010). According
to this study, active cyclonic activity was forecasted for
the Black Sea basin up until the end of the 1% decade
of the 21 century. This was linked by the author to

the prevalence of meridional transfer over Europe,
significant rainfalls and increasing river runoff. The latter
resulted in a decreasing tendency of annual-mean
salinity in the NWBS. However, this process should
change, as might be expected based on the multi-decadal
variability (i.e., based on the 22 and 35 year-long cycles
proposed by (benoxombitToB 2017) for the long-term
variations of salinity in the Black Sea shelf areas). That
is, the annual-mean salinity in the region is expected to
increase.

In fact, a stable increase of annual-mean salinity has
already been observed at the MC OSENU station since
2014. However, at the MHS Odessa-Port station a sig-
nificant salinity increase was found only in 2019, which
can be explained by the strong influence of the Dnieper
discharge on hydrological conditions at the station.

3. Linking salinity changes to wind patterns
and hydrodynamics in the NWBS

Although river runoff is the main factor affecting
water desalination in the NWBS, wind also is an impor-
tant factor influencing salinity changes in the region.
According to (Mienn 2006), wind patterns play the main
role in transformation and distribution of water from
the estuarine areas of major rivers to the central and east-
ern NWBS regions. In particular, during March — May
a south-easterly wind prevails, driving freshwater from
the rivers towards the north-western coast of the Odessa
region. During June — July, north-westerly winds pre-
vail, driving freshwater from the Dnieper mouth to
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Fig. 5. Scheme of alternation of phases in the Black Sea hydrological regime (besiokonbiToB 2017)

Note: Height of columns presents 2 levels of intensity: moderate and intensive
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the east and south-east, thereby increasing the low-sa-
linity area in the NWBS.

According to (douenko, u Tyukosenko 2006), who
analysed the long-term MHS Odessa-Port data, the fre-
quency of winds of northerly, north-westerly and west-
erly directions accounts for 48-57% from July to Sep-
tember. The winds of these directions cause surface
negative surges and coastal upwelling, thereby increas-
ing surface water salinity (by bringing higher salinity
water from the Black Sea interior to the region). This
phenomenon can be either local or it can cover a signifi-
cant part of the coastal zone in the Odessa region.

Water circulation in the Odessa region near
the NWBS can be explained, at least in part, by its bot-
tom topography. Indeed, this is a semi-enclosed basin,
with a large shallow region (Odessa Bank) in its northern
part, stretching from the west to the east and separated
from the northern coast by deep trough-like depres-
sion. These features determine the overall domination
of wind-driven circulation over the density-driven cur-
rents in the region (Jonenxo 2003; Tyukosenko 2002).
Using general circulation models, it has been found
that during westerly (easterly) and north-westerly
(south-easterly) winds, an anticyclonic (cyclonic) eddy-
like circulation dominates in the region. In the case
of southerly (northerly) and south-easterly (north-west-
erly) winds, an anticyclonic (cyclonic) eddy-like pattern
dominates the circulation in the eastern part of the region,
while a cyclonic (anticyclonic) gyre forms over the
Odessa Bank.

Our analysis of wind components over the Black
Sea, using the NCEP/NCAR reanalysis data (NCEP-
NCAR), gives the following behaviour of wind

Mopcbkuii exonorigauii xxyprai, Ne 1. 2021

trends for the 1948-2019 period (fig. 7). During the
1957-1995 period, the wind over the sea had linear
trends (see also Unbun (2006)): (0.03) m/s and (-0.03)
m/s per year for zonal and meridional wind compo-
nents, respectively. However, for the 2000-2019 period
the trend lines change their inclination considerably.
Only negative tendencies are observed during that
period: (-0.03) m/s per year for the zonal wind compo-
nent and (-0.06) m/s per year for the meridional compo-
nent. Thus, for most of the 2000-2019 period, we find
a decreasing frequency of westerly winds (for 2019,
the percentages of frequency of westerly and easterly
winds are equal) and an increasing frequency of north-
erly winds in the Odessa region of the NWBS.

Taking into consideration the system of currents
and water transport simulated by the model experiments
presented in ([Jouenko, u TyukoBenko 2006), as well
as the sea bottom topography in the Odessa region
of the NWBS, it can be suggested that, if the present
tendency for the near-surface wind is to persist, this
will lead in the future to a blocking of freshwater inflow
from the Dnieper mouth to the Odessa coastline area.
In this case, water would be more actively transported
to the NWBS central part under the joint influence
of anticyclonic eddy-like circulation over the Odessa
Bank and cyclonic circulation over the eastern part
of the Odessa region. Should this happen, it would seem
reasonable to expect (forecast) an increase of annual-
mean salinity in the Odessa Bay; i.e., in the western part
of the Odessa Region of the NWBS.

Conclusions

Changesinthe global-scale atmospheric circulationcan
tell us about long-term tendencies of hydrometeorological
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characteristics over Europe and also about variations
of hydrological phases in the Black Sea. In the long run,
the latter affects salinity in the coastal area of the Odessa
Region of the NWBS. This includes salinity variations
associated with multi-decadal, decadal, inter-annual
and seasonal variability, as well as synoptic changes linked
mainly to short-term wind fluctuations.

According to our analysis, an intense phase
ofthewarmandsaline hydrological regime ofthe Black Sea
should be expected to develop from about 2020 onward.
This phase will last not less than 6-10 years. During
this period, annual-mean salinity in the Odessa Region
of NWBS will increase. This salinity increase will be
associated with strengthening of the positive phase
of the NAO index and with high values of the EA index.
The corresponding tracks of cyclones, propagating
from the North Atlantic, will shift more to northern
Europe. As a result, there will be less precipitation over
the watershed areas of the Danube and Dnieper rivers,
thereby decreasing freshwater balance in the NWBS.

Moreover, if the frequencies of westerly
and easterly winds remain at their present level
and the frequency of northerly winds gets higher, then
the inflow of transformed low-salinity water from
the Dnieper River mouth to the northern and western
coast of the Odessa Region of the NWBS will be

30

blocked. Should this happen, it would further contribute
to the expected increase of annual-mean salinity in
the coastal waters near Odessa.

Appendix

A close relation between salinity changes
and river runoff, including on inter-annual time
scales, may be expected based on the basic equa-
tions of salt balance and mass conservation. Essen-
tially, over a broad enough and well-mixed region,
the evolution of salinity and mass (volume) conserva-
tion can be written as follows %zf‘ﬁ-VS and Vii=0,
where § is the salinity, 77 is the velocity vector and ¥
is the gradient operator. Combining these equations, using
the divergence theorem (also known as Ostrogradsky's
theorem), and assuming that the net river inflow R (in
m’s”") at the boundary is a much larger contributor to
the local salinity changes than is the difference between
precipitation and evaporation, the evolution of the salin-
ity averaged over volume J (in m’) is given approxi-

mately by 25- _350, where S is some constant refer-

.ot ..
ence salinity (e.g., mean salinity of the water that must
flow out of the region to balance the water inflow from
the river runoff). Integrating the latter equation in time

from t=0to t=17 leads to S(7)="5(0)—a(R) ,

where ( R) is the time-mean river runoff and g= 27T
is the dimensional coefficient. 4
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Ha ocHoBi HasiBHOI iH(OpMAIIi] PO CTIK PIIOK, aTMOCGEPHI OMAIH 1 BITPOBUI PEKUM PO3TIAAAETHCS OaraTopiyHa MiHIIH-

BICTh COJIOHOCTI TprbepekHuX Box B OneckkoMy paiioHi MiBHIYHO-3axinHOi gacTiHi Yoproro Mops (I13UM). HocmimkeHHsM
TIITBEP/DKEHO CYTTEBHIA 3B'S[30K BEMYHMH COJIOHOCTI BOaM Oist y30epesoxs OmechKoro paifoHy 3 00csramMy PidkOBOTO CTOKY
B [I3UM, ski 3amekarhb BiJ Xapakrepy IMPKYILIi atMocdepu Hax ATIaHTHKOIO i €Bporioro. BrukoprcTana KoHIENIIis 3MiHN
rigpornoriyaux (a3 B YopHOMY MO i BILTMBOM 0araTopiyHMX 3MiH KITIMaTy B PETiOHi, Ha OCHOBI SIKOT 3p00JIEHO IPOTHO3 301Th-
IIEHHS CepeTHbOPITHIX 3HaYeHB COIOHOCTI Mopst B Onecrkomy parioni [13UM y Haitommkdi 6-10 pokis. Ll TenneHtis o0rpyH-
TOBY€ETHCS Ha 3MIIICHH] TPAEKTOPii OLTBIIOCTI IMKIIOHIB B 11ei miepio 3 [TiBHIYHOT ATIAHTHKHY Ha MTiBHIY €BPOMH i, SIK HACIIIOK,
3MEHIIeHHs TpicHOTO Oanancy YopHoro Mopst. AHaji3 BiTpoBoro pexumy B OxecskoMy paiioni [13UM susisus y 20002019 pp.
oca0eHHsT TOBTOPIOBAHOCTI BITPIB 3aXiHOTO HANPSAMKY 1 3HAYHE 30LUTBIIIEHHS IOBTOPIOBAHOCTI BITPIB MIBHIYHOTO HAIPSIMKY.
30epeskeH s i€l TeHIeHITiT B MaiiOy THROMY B CIUTY OCOONMMBOCTeH rigpomuHamiki B [I3UM Oyne mpoBoKyBaTH OJIOKyBaHHS HaI-
XO/IKEHHSI TPaHC(OPMOBAHUX PO3MPICHEHNX BOJ Bift rupra p. JHIIPO /10 MBHIYHOTO 1 3aX1THOTO y30epexoKst paioHy, IO TaKOK
Oyne iHTeHCcH(iKyBaTH 301IBIICHHS CePeIHROPIYHIX BETIMIHH COIIOHOCTI TPHOSPEKHIX MOPCHKHX BOI.

Kuro4yoBi cjioBa: MOpPChKa COJIOHICTB, MIBHIYHO-3aXiHA YacTHHA YOPHOTO MOpS, CTIK PIYOK, KIIMAaTHYHI 3MiHH,
BITPOBHUI pPEXKUM.
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