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During the pre-industrial period the variation of Global Surface Air Temperature on 1°C
change Global Mean Sea Level on 24.79 m (SL < 0) and in the modern time — 7.5 m
(SL > 0). For the global warming period the rising rate of the Global Mean Sea Level will
slowing down in 3.3 times simultaneously increases the Global Surface Air Temperature rate
in 3.3 times. In the present time the Global Surface Air Temperature is 0.8°C higher then
pre-industrial level that will lead to the sea-level rise on 6 m. The logistic equation for the
current climate conditions (global warming on 0.8°C) has provide us a solution that the sea
level within next 95 years will rise up to +5 m and will stabilized at +6 m level within the
relaxation time of 150 years. The EU Strategy on adaptation to climate change assume that
the global warming must be limited to below 2°C above pre-industrial level, that within some
ages will lead to the sea-level rise on 15 m (15 times grater than for the A1B scenario, with
the Sea-level rise up to 1 m). So in the future conditions the EU Strategy on adaptation
to climate change do not assume rapid climate changes that will significantly increase the
economic losses from Sea Level Rise.
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1. Introduction

Since the midst of past Century, a deep global climate change accompanies the
expanding industrialization of our economies. The speed of this change amplified in
the beginning of the 2000’s and it is associated with an increasing number of extreme
weather related events: floods, droughts, typhoons, hurricanes, dust storms and forest
fires, intense low and high temperatures. In the present time the Global Surface
Air Temperature (GSAT) exceeds by 0.8°C [1] the temperature that prevailed in the
era before the industrial development. In Europe, from 2002 to 2011, it increased by
1.3°C [2] mainly due to the industrial development, and this temperature is 1.625 times
higher than in the whole planet. Furthermore, one can observe a rise of the sea level
at the World level. Global warming, greenhouse effect and human activity associates
with this increase.

From an economic viewpoint, it appears that the existing infrastructures (harbors,
localization of roads, cities, airports, etc.) are weakening face to such quick and deep
climate changes. Consequently, in a near future, populations have to expect expending
huge financial resources to adapt and to modernize these infrastructures to these new
climatic conditions. For instance, annual damages due to climate change are already
estimated at 250 billions Euros in the middle of this century (2050) [1]. In response
to these climatic hazards, the European Union is developing a global strategy for
adaptation to climate change [3,4]. In accordance with the parameters laid down in
the EU strategy on adaptation to climate change, our work supplies the assessment of
steady state, around, which tends the Global Surface Air Temperature (GSAT) and
the Global Mean Sea Level (GMSL).
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2. Adaptation to Climate Change

Within the framework of its adaptation strategy to climate change [4, p. 5], the
EU adopted the upper limit of 2°C (UNFCCC, Cancun, 2010) as an allowable in-
crease concerning the average air temperature of the planet. This decision aims at
compulsorily reduce the most serious risks from climate change. Among these last
ones, two of them represent the greatest danger on the magnitude of the economic
damage: floods and changes in global sea level. Brown et al., (2011) [5] have made
a thorough analysis of economic losses caused by climate change for the European
Union and they assessed the effectiveness of measures to adapt to climate change. For
the scenario A1B, under appropriate conditions of high and medium greenhouse gas
emissions, Brown’s analysis [5] carried out a rise in global sea level by one meter.

From the analysis of the EU Strategy on adaptation to climate change [4, p. 11—
13], it is obvious that the adaptation process can compensate a rise in global sea level
by 1 meter (scenario A1B), corresponding to half of flood damage and most of the
damage from rising sea levels. But the consequences from the Sea-level rise higher
then 1 meter were not investigated yet by the scientific community.

3. A Semi-Empirical Approach

Everything looks good until the sea level rise is limited to one meter. However,
the situation could change when admitting the idea that the rise of the global sea
level could be up to higher grades. Hence, Hansen (2007) [6] proposed to use an ex-
ponential growth model that considers the global sea level that doubles in 10 years.
This design is consistent with the forecast that the level will rise to a 5 meters level
in 2100. Modern researches in the climatology field require the construction of very
sophisticated mathematical models. This leads to numerical solution using supercom-
puters. Computational experiment induces large errors and cannot fully describe the
observed processes.

However, in some cases simplified models demonstrate their highly predictive value.
Hence, a semi-empirical approach [7] proposed by Rahmstorf S. (2007) showed good
concordance with the observed 50 years of ocean level. In our opinion, it is necessary
to develop a simple and intuitive method for determining the boundaries of sustainable
working of the systems, the variations of their parameters and reaching the stationary
states. This paper proposes a quantitative assessment based on logistic equation and
stationary solution of future changes in Global Mean Sea Level for long-term change
(from a few hundred years up to the millennium) in Global Surface Air Temperature
of the Earth.

4. Methods

In this paper we used the machine for linear regression analysis of paleoclimatic
data and extrapolation of the results to date. The large depth of the sample (1.8 million
years) will demonstrate that the observed nowadays climate change has repeatedly
occurred in the past.

Dependence of the global sea level on the concentration of oxygen isotopes in
sediments 680 Ocean can be expressed by the linear regression equation (3), (4), and
the temperature of the deep water in the ocean by the equations (1), (2). Another
regression equation (5) relates the average temperature of the air on the planet with a
temperature of deep water in the ocean. However, despite the fact that these regression
equations are linear, they express extreme climatic nonlinear transient processes in
the ocean and the atmosphere. The explanation lies in the fact that the regression
equations (1)—(5) does not describe the transient and steady state of the Earth’s
climate system to which it seeks a sufficiently large relaxation time (from a few hundred
years up to the millennium). Thus, this applied approach gives an estimate of the
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stationary solution of the sea level rise (12), (13) because of a fixed air temperature
change on overall planet in the long run.

But we need find a form and relaxation time for the sea-level rise function. Ap-
plying an empirical approach for finding the logistic equation (20) and tuning its
coefficients we can achieve compliance with the historical data. This can help us to
get the relaxation time and make forecast for the sea-level change in the nearest future.

The definition of the boundaries for the stationary state of the climate system
in response to the fixed change of meteorological parameters allows verifying this
hypothesis to assess the future damages and the effectiveness of the economic strategies
for adaptation to this climate change [8].

5. Reconstruction of Paleoclimate

To define the parameters of the models of future climate, we can use the Earth’s
paleoclimate (Zachos et al., 2001 [9]; Zachos et al., 2006 [10]; Zachos et al., 2008 [11];
Hansen et al., 2008 [12]). Climatic conditions similar to the currently observed oc-
curred during the Pleistocene: 124, 327, 405, 952 thousand years before present time
(kyr BP); 1.07 and 1.23 million years before present time (Myr BP). At the times
indicated the ocean level was slightly above the pre-industrial sea-level (PISL = 0).
The near future seemed comfortable, but led to dramatic consequences. The Global
Surface Air Temperature has grown and the earth’s climate became warmer, and the
Global Mean Sea Level continued to rise. However, after a few millennia it began to
plummet, which marked the beginning of the next glacial period.

Paleoclimate reconstruction of Hansen et al. (2008) [12] was produced on the basis
of the oxygen isotope concentration 80 (Zachos et al., 2008) [11]. Concentration
of stable oxygen isotopes 'O and 60O in the conglomerate of global ocean sediment
cores depends on deep ocean temperature, and the total weight of ice on the planet.
Model Hansen et al. (2008) [12] is built on communication 6'¥0 Global Deep Ocean
Temperature (GDOT) — Tdo (°C), see equation (1), (2) and the Global Mean Sea
Level (GMSL) — SL (m), see equation (3), (4). Equation (5) relates the Global Deep
Ocean Temperature — Tdo (°C) with an average temperature at the surface of the
planet (Global Surface Air Temperature) — Ts (°C). Equations (1)—(5) are taken from
the work of Hansen et al., (2013) [13].

Tdo (°C) =5 —8(6 180 — 1.75)/3 (for 6180 < 3.25), (1)
Tdo (°C) =1 —4.4(6 %0 - 3.25)/3  (for 680 > 3.25), (2)
SL (m) = 60 — 40(5 180 —1.75) (for 6 1%0 < 3.25), (3)
SL (m) = —120(6 10 — 3.25)/1.65 (for 6 180 > 3.25), (4)
Ts (°C) = 2 x Tdo + 12.25°C. (5)

A detailed analysis of the data and the reconstruction of paleoclimate ocean level
on the basis of the concentration of oxygen-18 isotope in deep ocean sediments are
presented in the work of Hansen, J. E., and Mki. Sato (2011) [14].

6. Regression Analysis of the Pleistocene Paleoclimate Data

We can estimate the parameters of the model for the future of Earth’s climate
using the data concentration ¢ 180 (Zachos et al., (2008) [11] in the Pleistocene period
(from 16 kyr BP to 1.8 Myr BP) and as reconstruction Hansen, J., M. Sato, G. Russell,
and P. Kharecha (2013) [13].

Figure 3 shows a graph of the level of the World Ocean during the Pleistocene
(from 16 kyr BP to 1.8 Myr BP), calculated according to the measurement of the
concentration of oxygen isotopes in sediments § 180 Ocean (equation (3), (4)).
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Figure 1. Changes in Global Mean Sea Level during the last 1.8 million years
(based on the content of the isotope oxygen-18 in deep ocean sediments). The
data source: Makiko Sato & James Hansen. Updating the Climate Science.
What Path is the Real World Following? Columbia University Earth Institute.
Data source: http://www.columbia.edu/~mhs119/

The blue color in Figures 1, 2, 3 shows the level of the oceans (GMSL < PISL)
in the era before industrial development (pre-industrial sea-level — PISL), and in red
observed excess levels of the oceans border (GMSL > PISL). The transition from
5180 = 3.25 (equation (6)) the “zero” mark Sea-level (ZSL = 0 = PISL) is carried
out by the formula (4). This point corresponds to the level of the world ocean in the
late Holocene and is close to the level before the industrial development of our time.

SL(m)=0  (for § 0 > 3.25). (6)

We are interested in dependence on the temperature level of the world ocean deep
water. Write down the equation (1), (2) as a function of the Tdo and make their
substitution in equations (3), (4).

60 = (Tdo — 9.666)/(—2.666)  (for 6 80 < 3.25), (7)
680 = (Tdo — 5.766)/(—1.466)  (for 6 180 > 3.25). (8)

Get the equation (9), (10):

SL (m) = 15 x Tdo — 15 (for SL > 0), (9)
SL (m) = 49.587 x Tdo — 49.587  (for SL < 0). (10)

For the transition from the regression equations (9), (10) linking the sea level (SL)
with a temperature of deep waters (Tdo) in the ocean to equations depending on the
average air temperature (Ts) at the planet, we look up (11).

Tdo (°C) = (Ts (°C) — 12.25°C) /2, (11)
SLg; (m) = 7.5 x Ts; — 106.875 (for SL > 0), (12)
SLg; (m) = 24.793 x Ts; — 353.306 (for SL < 0). (13)
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As a result we get equations (12), (13) linking the future sea level (SL) with the
average air temperature (Ts) at the planet [8,15]. The definition of the level for the
stationary state solution of the Global Mean Sea Level (SLgt) in response to the fixed
change of average air temperature (Tg,) must conform to the main characteristics.
The Earth’s climate system to get the stationary state solution needs a sufficiently
large relaxation time from a few hundred years up to the millennium. This applied
approach gives an estimate of the upper bound of the sea level rise because of a
fixed air temperature change on overall planet in the long run. The definition of the
boundaries for the stationary state of the climate system in response to the fixed
change of meteorological parameters allows verifying this hypothesis to assess the
future damages and the effectiveness of the economic strategies for adaptation to this
climate change [8].
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Figure 3. Linear regression
equations (12), (13) connect the global
sea level link (SL) with an average
temperature of air at the surface of
the planet (Ts) for the Pleistocene
period

Figure 2. Linear regression
equations (9), (10) connect the level
of the World Ocean (SL) with the

global ocean temperature-depth
(Tdo) for the Pleistocene period

Figures 2 and 3 illustrate well the shift corresponding to the regression function
when the ocean level is zero (SL = 0). The inflection point passes between 1940
and 1950. The linear regression equations (12), (13) show the relationship between
the variation of average air temperature at the surface (Ts) of the planet and the
corresponding changes in sea level (Fig. 3). In the present time the GMSL exceed the
level of the World ocean in the era before industrial development at GMSL = 0.21 m.
At the same time the value of the average global air temperature near the surface of
the planet over to preindustrial level by GSAT=0.8°C (An EU Strategy on adaptation
to climate change, 2013) [4,15].

7. Future Sea Level rise

With the help of equations (12) and (13) we can estimate the up today climate
parameters:



Sorokin L. V. Simplified Sea Level Estimation Based on Logistic Equation . . . 23

GSAT in the era before the industrial development (SL=0)
Tssp—o = 14.25°C; (14)
GSAT, corresponding to the current sea level SL;_g) = 0.21 m;
Tssr_o0.01 = 14.278°C; (15)
GSAT in the present time (¢t = 0)
Tsi—o = Tssi_o + 0.8 = 15.05°C. (16)

In comparison with the era before the industrial development (SL=0) in the present
time (t = 0) we have current climate conditions:
GMSL rise on
SLi—o = 0.21 m; (17)

due to the Global warming the GSAT exceeds by
AT = TSt:() - TSSL:() == O.SOC. (18)

We can see from the equations (12) and (16) that GSAT increasing on 0.8°C is
corresponding to the stationary Sea level at 6 m [15].

From the equations (12) and (15) it is clear, that for prevention of the Sea level
rise and maintaining it on the current level (17) the GSAT in comparison with the era
before the industrial development should be reduced by 28.5 times

AT = TSSL:O.Ql - TSSL:O = 0028OC (19)

For the transient modeling of the Sea-level (GMSL) growth in response to the
temperature (GSAT) jump it is reasonable to apply the saturation model, which can
be formalized using the logistic equation [16]:

SList) - SLi—o - (1+ AT)(t~m<AT>/k)
SLi—o - (1 + AT)man/k) 4 SLg, — SLy—q

LE(r 1) = (20)

The logistic equation (20) should meet the following requirements:

— t — time scale (t = 0 corresponding to the present time);

— equation (20) for the present time ¢ = 0 is equal to LE;—o = SL;—¢ = 0.21 m;

— equation (20) at a value AT = 0.028 is equal to LEa7—0.028,+) = SLi=o =
const = 0.21 m;

— equation (20) at a value AT = 0, a = (1 + AT) = 1, consequently LE(p ;) =
SL;—g = const;

— coefficients mar) /k define the relaxation time for the transient function;

— on condition (17) the coefficients tuning a = (1 + AT), m(ar)/k should initially
provide an exponential growth model (20) up to the present time that considers
the global sea level that doubles in 10 years [6];

— at a value t — —o0, equation (20) tends to zero LE(A7>0,1——o0) = 0;

—at a value t — +oo, equation (20) reaches the stationary level (12)
LE(AT>0,t—>+oo) = SLst.

For the current climate conditions we will estimate the future Sea level change, us-
ing the logistic equation (20) with parameters (12), (16)-(18) and coefficients mary =
9, k = 100.

Figure 4 demonstrates the model of the future Sea level based on logistic equa-
tion (20) for two cases: for the current climate conditions with global warming on
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0.8°C above pre-industrial level (18) and for the value of 0.028°C (19), 28.5 times less
than the first one.
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Figure 4. The future Sea level rise model based on logistic equation for the
current climate conditions

From Fig. 4 we can see that, maintaining the global warming on the current value
of 0.8°C within 95 years the Sea level will increase at +5 m and during the relaxation
time of 150 years it will get to the +6 m level. In the case if the global warming will
be reduced 28.5 times (19) to the value of 0.028°C, the Sea level will be stabilized on
the current level at 0.21 m (black dotted line for ¢ > 0, Fig. 4). The values marked
by the gray dotted line for ¢t < 0 (Fig. 4) are virtual due to the fact that we could not
reverse the time.

This optimistic scenario are not real due to the EU Strategy on adaptation to
climate change assume the 2°C global warming [4, p. 5]. If Earth’s average temperature
increase to 2°C above prior the industrial era, this will lead to an inevitable increase
in global sea level by +15 meters. In the current time we have no data to estimate the
relaxation time for sea-level rise on 15 m, but we will have three possible scenarios:
the relaxation time does not change; it will happen faster or it will take more time.

8. Results

From the sea level at point zero (SL = 0), there are only two ways moving towards
either the cooling or the warming of Earth. Equation (13) shows a downward trend
in the level of the oceans to 24.79 m decrease in average temperature by one degree
Celsius. This is the cold climate scenario or the onset of the next ice age. Equation (12)
shows the trend of sea level rise at 7.5 m with an increase in the average temperature of
one degree Celsius which corresponds to the scenario of global warming of the Earth’s
climate. Suppose that the world is entering an era of global warming. We get two
pieces of news: the good one is that for the scenario of the Earth global warming,
the rate of change in sea level over the long term slows down in 3.3 times which looks
optimistic. The bad news is that the slowing rise in sea level would have to pay a
higher rate of growth of the average temperature of the Earth, respectively, 3.3 times.

In accordance with the IPCC (2007)’s concept [17], the projected rate of increase
of the oceans to 2100, should reach 29 cm (average range 20-43 cm, full range of
18-59 cm, for a variety of scenarios). In the case of a 59 cm rise in the sea level, it
will be necessary to keep the Earth’s average temperature by 0.08°C higher than in
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the era before the industrial development that means 10 times lower than the current
value of 0.8°C [1].

Adopted at the moment, the short-term (up to 2100) EU’s concept of adaption to
global warming associates to a rise of one meter of the global sea level a temperature
increase of 2°C [4]. If we assume that humanity will not be able to stop the rise in the
Earth average temperature and, then will reach the milestone of 2°C, this fact leads in
the long term to the inevitable increase in global sea level by 415 meters in accordance
with equation (12). Such offensive from oceans will be disastrous for humanity and will
flood most of the infrastructures, industrial and agricultural facilities. Implementing
the EU’s program and preparing infrastructures to a forecasted global sea level rise of
1 m (12) involves limiting the average increase of Earth’s air temperature to a 0.133°C
level. However, at this moment of the time; the average temperature on the planet
increased at 0.8°C [1], which already should lead to global sea level rise of +6 m (12).

In present time, the growth rate of global sea level has reached one of the maximum
values for the entire Pleistocene period: 3.4 mm/year (Stefan Rahmstorf, 2007) [7];
3.1 mm/year (Nerem et al., 2006) [18]; 3.1 £ 0.7 mm/year (TOPEX /Poseidon, 1993-
2003) [19]; 1.98 mm/year (Simon Holgate, at al., 2007) [20]. Figure 5 clearly shows
that our civilization has reached a maximum value of the growth rate of global sea level
all over paleoclimatic records of the Pleistocene period (values in mm/year numerically
correspond to m/millennium).

4.00
Stefan Rahmstorf, 2007 (3.4 mml/year) ——p
3.00 /‘y
TOPEX/Poseidon, 1993-2003 (3.1+0.7 mmlyear)
2.00 " —
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Figure 5. Annual increase in Global Mean Sea level in the Pleistocene period in
comparison with the present growth rate (mm/year = m/millennium)

9. Conclusion

If Earth’s average temperature increase to 2°C above prior the industrial era, this
will lead to an inevitable increase in global sea level by +15 meters. That means that
the score obtained by the authors is greater than 15 times the maximum rising oceans
of 1 m allowed by the climate change scenario A1B. However, the EU’s adaptation
strategy to climate change does not accept such a development of events that could
lead to a sharp increase in economic losses from rising sea levels. Currently, we can ob-
serve big discrepancies between the factual climate change and the planned measures
to adapt to it. The current scenarios propose to invest in infrastructures that will
be flooded without conditions. In this area, protected from flooding, are not funded
properly, and their infrastructure is not adapted to the upcoming relocation. Under
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these circumstances, it is necessary to create an infrastructure in areas with an eleva-
tion of +15 m or above the level before the industrial era. How fast such catastrophic
changes in the Earth’s climate can occur? If Hansen (2007) [6] is right and if the rise
of sea levels continue to double every 10 years and we can expected that the sea level
will rise to a +5 meters level in 2100 compared to the preindustrial era level.

The logistic equation (20) for the current climate conditions (global warming on
0.8°C) has provide us a solution that the sea level within next 95 years will rise up
to +5 m and will stabilized at +6 m level within the relaxation time of 150 years. If
the global warming will get to the 2°C we will have three possible scenarios for sea
level rise by +15 meters: the relaxation time does not change; it will happen faster
or it will take more time. To answer this question we need get a new data on global
warming and sea level rise.

The highest level of Pleistocene period sea-level rise was 9.8 m above the level
before the industrial era. It means that we can fall in the next glacial period faster
then reach the limit to below 2°C above pre-industrial level and corresponding for it
sea-level increase of +15 m. In the millennium time scale the Global Warming and
the Sea-level rise will provoke the next glacial period that starts with fast temperature
falling down and the 7.5 m sea-level declining per 1°C (equation (12)) up to “zero”
Sea-level and after that accelerating 3.3 times to 24.79 m per 1°C (equation (13)).
The new infrastructure should be adopted both for 2°C higher temperatures as for
the extreme low temperatures of the future glacial period.
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VIK 504.1,504.4,504.7,53.023
Y1poIliéHHas olleHKAa YPOBHS MHUPOBOIO OKeaHa C
HCIIOJIb30BAHNEM JIOTUCTUYECKOTO yPaBHEHUS M JAHHBIX
MaJIeoOKJINMaTa

JI. B. Copokun

Kagedpa 5x0HOMUKO-MAMEMAMUYECKO20 MOOEAUPOBAHUA
Poccutickuti ynusepcumem dpyotcovl Hapodos
ya. Murxayxo-Maxaas, 0. 6, Mockea, Poccus, 117198

Bapuanus riobasibHoii cpeameii Temmneparypbl 3emin Ha 1°C IPUBOIUT K U3MEHEHUIO YPOB-
Hs1 Muposoro OkeaHa B 310Xy JI0 MHIYCTPUAIBHOrO passurus Ha 24,79 m (SL < 0), a B Ha-
crosimiee Bpemst — 7,5 M (SL > 0). [ns cierapust T06aIb5HOTO TIOTEIJIEHUST KIIUMATA, 3€MJTH
TEMII U3MEHEHNS YPOBHS MUPOBOI'O OKEaHA 3aMeJINTCA B 3,3 pa3a, 9TO IIPUBEAET K IIOBBIIIIe-
HUIO CKOPOCTH POCTa CPEJIHEN TeMIIepaTypbl 3eMJIM COOTBETCTBEHHO B 3,3 pa3a. B Hacrosiee
BpEMsl CPeJIHssl TEMIIEPATYpa BO3/IyXa Ha mjiaHere npesbimaer Ha 0,8°C 3HadeHue B 910Xy 10
WHAYCTPUAJIBHOT'O PA3BUTHUA, YTO MOZKET IIPUBECTU K IIOBBIIIECHUIO YPOBEHL MUPOBOT'O OKEaHa
Ha 6 M. I[IpruMeHUB MOE/Ib ITEPEXOTHOTO IPOIIECCa Ha OCHOBE JIOTUCTUIECKOTO YPABHEHUS JIJIsT
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JIOCTUTHYTOI Ha HACTOSIIIEE BPEMsI BEJIMUMHBI TIoTerieHns Kiaumara B 0,8°C MOXKHO 0XKUJIATh,
4aTo 4yepes 95 yieT ypoBeHb MuUpoBOro okeaHa JOCTUTHET BEJIMYUHBI B +5 M, a 3a 150 jieT cra-
Gumsnupyercst Ha ypoBHe +6 M. CTparerus 1o aJanTanuy K B3MeHEeHUIo Kianmara EBpocorosa
[IpelyCMATPUBAET POCT cpejiHeil TeMeparypa Bo3ayxa 3emsm Ha 2°C, KoTOpast B 10JIFOCPOY-
HOU HePCIEeKTUBE IIPUBEJIET K IOBBIIIEHNIO YPOBHS MHPOBOIO OKeaHa Ha 15 M, 4To B 15 pa3
npesbimaer Beawanay 1 M (cuenapuit A1B). Crparernst agantanum K M3MEHEHUIO KJIMMa-
Ta EBpocoiosa He npesycMarpuBaeT OBICTPHIX KJINMATHYECKUX MU3MEHEHUil, UITO IPUBEIET K
PE3KOMY YBEJMYEHUIO SKOHOMHYECKUX MTOTEPH OT MOABEMA YPOBHS MUPOBOIO OKEaHA.

KiroueBrle cjioBa: JIOTUCTUYECKOE yDaBHEHUE, N3MEHEHNE KIINMAaTa, [I00aJIbHOe IIOTeIl-
JIEHWE, YPOBEHb OKeaHa, ITaJCOKJIMMAT, IVISAIUOJIOTUs, UK/ OJICJCHEHUSI, TasHUue JIETHUKOB,
JIEJTHUKOBBII II€pUOJ1, HABO/IHEHNE, SKOHOMUYECKHE ITIOTEPH.
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