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UDC 6275

Environmental and Hydro-Engineering Problems on Georgia’s Black Sea Coast

and the Ways of their Solution

Sh. Gagoshidze, E. Khatiashvili, I. Saghinadze, M. Kodua, G. Kadaria
(Georgian Technical University, 77, Kostava str., Tbilisi, 0160)

Abstract. The main results of studies of sea water pollution, geomorphological, hydrotechnical
and environmental problems currently existing in the estuaries of the Rioni and
Inguri rivers of the Black Sea coast of Georgia are presented in the article. These
problems arose after the transter of the final 7-km part of the Rioni River to another
channel, and at the mouth of the Inguri River they were caused by a change in flow
after the construction of the high arch dam of the Inguri hydroelectric power station.
Mathematical models for solving these problems are constructed. Some engineering

measures are proposed to prevent geomorphological changes.

Keywords: environment, mathematical model, pollution, rehabilitation, waves.

1. Introduction

In the nearest future, the ancient maritime gateway — the city of Poti and its bordering
territory — will be declared the free trade zone. In Anaklia, near the mouth of the Enguri river, it
is planned to construct a large port on the eastern Black Sea coast of the Caucasus. A successful
implementation of these projects directly depends on the correct assessment of hydro-engi-
neering, geo-morphological and environmental problems which have emerged in Georgia’s Black
Sea coastal regions.

In Fig.1, the red circles mark the cities and settlements where the Georgian participants of

the ICME and the SRNSF projects carried out activities since 2013 till 2017.
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Fig. 1. Map of the eastern coast of the Black Sea

Large-scale geo-morphological changes of the coastline of the city of Poti began after 1939
when the Rioni river course was completely diverted to the north of the city (Fig.2). This event
prevented the town from dangerous flooding processes, but, on other hand, it produced an
irreparable deficiency of coast generating alluvia. The coastline of Poti was catastrophically
washed out by sea waves and reduced by hundreds of meters. On the sea shore of Poti many
protection walls and engineering structures were constructed; a huge quantity of concrete blocks,
broken stones and boulders were thrown, but these measures were incapable to stop the intensive
process of sea shore erosion, which became even more intensive after putting into operation the
cascades of the Gumati and Vartsikhe power plants. Thus, the solid alluvia amount of the Rioni
river reduced from 2.07 million m? to 1.35 million m3 per year.

Moreover, the diversion of the Rioni river to the North created problems for navigation
because of siltation of the entrance channel of the Poti sea port, which was caused by northwest
storms and sea currents. The removal of sediments from the port entrance channel is very costly
and every year the Poti port administration has to spend hundreds of thousands of dollars on this

work.
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Fig. 2. Situational map for environmental and hydro-engineering problems of the Poti region. 1- washed-out
Poti coastline; 2 — entrance channel of the Poti port; 3-water dividing dam on the Rioni river; 4 — bed and outlet of

the Poti City Channel

To restore the washed-out sea coast of Poti, in 1959, the dam with a regulator (sluice) was
built across the Rioni river, on the 7t kilometre to the northeast of Poti. Its purpose was to divide
the river flow so that some part (= 500 m? /s) of the river discharge would go back to the former
riverbed (the so-called City Channel) in order to compensate for the alluvia deficit (600 thousand
m3 per year). However even the discharge of 250 m?'s produced the flooding because of the city
channel siltation and the deformation of the channel outlet by sea waves (which occurred during
the low water period). To protect the city from floods, the channel was enclosed with dams; two
water collectors and a pumping station were built. However, these measures failed to provide the
required water discharge rate. That was why in the 80s of the past century, in order to reconstruct
the washed-out sea shore of Poti, the pulp feed-line was erected along the city channel to
transport inert materials from the Rioni river basin to the sea coast. But this feed-line soon went
out of order and for various reasons was not restored.

With a lapse of time, the downstream wall and the apron of the Rioni water dividing dam
got essentially destroyed and the dam itself faced destruction. In 2006, it was partly rehabilitated
by temporary measures. However, these measures did not take into account the operation regime
of the regulating sluice and therefore disregarded problems of the restoration of the sea coast of

Poti.
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Thus, the water dividing dam with a regulating sluice failed to meet its purpose to deliver
alluvia to the sea coast.

This brief historical information clearly shows how topical it was to carry out scientific
investigations of hydro-engineering and environmental problems existing in the Poti region and
to propose such engineering measures that would facilitate to a maximal extent the restoration of

the Poti coastline and protect the port of Poti from the inflow of river alluvia.

2. Main Part

1. Some Results of Sea Water Quality Studies in the Poti and Anaklia Coastal Areas

For the problems in the Poti region as shown by the numbers in Fig. 2, hydrological and
meteorological observation data, topographic and bathymetric maps and other materials were
prepared and processed. Several expeditions were organized to carry out field observations in the
river mouths and coastal areas of the sea towns of Western Georgia.

100-120 water samples were taken during the four-year period. The water samples were an-
alyzed at the Laboratory Test Centre in Poti and hydro-chemical laboratory in Thbilisi. 2500 tests of
18 pollution ingredients were run. This number of tests was quite sufficient for the data statistic
processing. Water samples were taken from selected locations, including the points at the sections
of the watershed dam of the river Rioni and in the Enguri mouth in the Anaklia region. The statistic
processing included both our test data and the data previously collected by hydrological stations in
the 70-80s. The correlation coefficients and regression equations were obtained. Calculations
showed the existence of a clear and obvious correlation: with water discharge and mineralization
(the correlation factor is » ~0.93); between the coli-index and the water discharge (7 = 0.63); be-
tween the nitrate concentration and the discharge (7 ~0.34) and between the coli-index and the
nitrate concentration (7~0.89) (Gagoshidze and Khatiashvili, 2015). Averaged results of hydro-

chemical, biogenic and bacteriologic analyses are given in Table 1.

10
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Table 1
Averaged Values of Sea and River Water Samples
from the Poti and Anaklia Regions

Hydro-chemical, Sites and dates of taking sea water samples
biogenic and bacteriologic Poti, Lake Pa- Sea water Sea water | Anaklia. En-
characteristics leastomi merges| near Poti. |near Poti Port| guririver
with sea lighthouse mouth
Hydro PH 8.5 8.7 8.0 8.8
and bio - | BODsmgo2/1 2.6 3.8 2.9 3.7
chemical | Dissol. Oxy- 8.8 7.6 7.4 8.9
gen
HCO 62.2 100.1 76.8 100.2
Cl 7350 8525 7840 8405
SO4 735 1210 805 735
Basic Ca? 252 253 225 282
ions, Mg? 714 640 575 714
(mg/1) Na 5355 5390 5200 5290
Ka 220 200 185 220
NH4 - - - -
Biogenic NO: - - - -
elements, NOs 0.1 0.1 0.1 0.1
(mg/1) POs 1.2 2.2 1.2 27
Micro el- Fe, mg/l <0.05 <0.05 <0.05 <0.03
ements Mn, pg/l - - - -
others Oil products, 0.2 0.9 0.4 0.08
mg/1
e-coli, 1/1 5736 4420 6720 5536

2. A Brief Description of Mathematical Models

For the solution of problems which existed in the Poti and Anaklia regions, and also of
general problems of coastal hydrodynamics the following numerical and analytical mathematical
models were developed.

2.1. Numerical simulation of lithodynamic processes in the entrance channel of Poti port.
Engineering measures against the channel siltation

The list of engineering problems that exist in the water area of Poti port can be seen in the

“Google Earth” internet picture (Fig. 3).

11



Jo@Amobgobg®os, Nel-2(31-32), 2022 — Hydroengineering, Nel-2(31-32), 2022

Fig. 3. “Google Earth” picture of the Poti port water area.
1 - Port entrance channel intensively silted by alluvia transported from the mouth of the Rioni river;
2 — Location of the deep-sea canyon where sediments delivered from the City Channel are lost;
3 — Recommended construction of the sediments retaining pier.

The problem of protection of the entrance channel and the internal water area of Poti port
against siltation was studied (Fig. 4). The mathematical model of entrance channel siltation and
the algorithm of numerical solution of the resulting problem were developed. To solve the prob-
lem, the finite element method and the Crank-Nicholson scheme were used (Horikawa, 1988;
Saghinadze, 2013). Numerical experiments showed that the sedimentation rate was 0.7-0.8

m/year.

Fig. 4. Integration range of the mathematical model for the entrance channel
of Poti port (shown by the dotted line)

12
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2.2. Refraction of waves on coast slopes of arbitrary steepness
The classical problem of wave refraction over the coast with an arbitrary angle of slope was

solved in the cylindrical coordinate system by the means of direct and asymptotic methods. After
choosing a basis function f = coshkr(6 + 6,) (Gagoshidze, 1991), where k is a variable wave

number satisfying exactly all boundary conditions (as distinct from the Berkhoff (1976) basis
function) and averaging the wave equations by the direct Kantorovich method (1933) with re-
spect to the polar angle @, we derive a one-dimensional evolutionary equation of Schrodinger
type which is asymptotically solved by the WKB method (Nikiforov and Uvarov, 1984) for an

arbitrary angle «,, 0° <, <90°, between the wave crests on the deep water and the shore line.

Without the phenomenological use of the laws of geometrical optics, solutions explicitly depend-
ent on a slope angle of the coast are obtained. They are quite close to the existing numerical
realizations of exact but highly complicated mathematical solutions.

The WKB solution of this problem enables us to easily determine the three-dimensional field

of velocities and to construct the refraction picture of the wave surface near the coast having an ar-
bitrary angle &, of slope to the horizon varying from 0°to 180°.

This solution, in particular for a vertical cliff, almost fully agrees with Stoker’s particular
but difficult solution (Stoker, 1957). Moreover, it is shown for the first time that our Schrédinger

type evolutionary equation leads to the formation of the so-called “potential wells” if the angle

6, of coast slope to the horizon exceeds 45° while the angle &, given at infinity (i.e. at a large

distance from the shore) between the wave crests and the coastline exceeds 75° . When the angle

between the wave crests and the shore line is &, < 75°, the wave crests do not break for an arbi-

trary coast slope.

This theoretical result expressed in terms of elementary functions is well consistent with
experimental observations and with lots of aerial photographs of waves in the coastal zones of the
oceans (Berkhoff, 1976; Hodgins et al., 1985).

2.3. Peculiarities of long waves on stationary currents

Possible approaches to the linearization of a system of basic equations of long waves on

stationary flows (Lamb 1932; Nekrasov and Pelinovsky 1992; Voinich-Sianojentsky, 1972) of
13
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arbitrary depth are discussed. The accurately fulfilled linearization of this system makes it possi-
ble to obtain the following one-dimensional differential equation for long wave disturbances
(Gagoshidze, 2013):

3

3
@, +2U,0,, + (EU(f - ghj%x +U,.0, + (3U0U0x - ghx)% =g(U,h), —EUozon’ (1)

where U, (x) is a given stationary component of the stream velocity; ¢(x,?) is the function
which is an analogue of the velocity potential of wave disturbances; 4(x) is the variable depth of
water in a statically undisturbed state; g is the gravity acceleration; 7 is the time; the x -axis is
superposed on the undisturbed free surface.

For the classical problem of motion of long waves on flows of constant depth (%) and ve-

locity (U,) this equation leads to the following formula for the phase velocity of a long wave:

U2
c:UOiwfg —7", 2)

where the sign “+” before the square root corresponds to waves directed along the flow
and the sign “— “ to waves directed against the flow. Relation (2) is essentially different from the

classical Lagrange formula :

c=U,++/gh (3)

and enables us to formulate the criteria of formation of a hydraulic jump which is a blocked wave,
as well as the formation of rolling long discontinuous waves in chutes without using the momen-
tum change equation. In particular, (3) implies that waves cannot move against the flow,i.e. ¢=0
when U, =gh or when the Froude number is Fr,=U; / gh >1, whereas (2) implies that ¢ =0
when Fry >2/3. Along with this, according to (2), the wave blocking condition precedes the wave
destruction condition Fr, > 2 for which the subroot expression in (2) becomes negative. In that
case, the oscillation frequency takes a complex value and the solution brings to the Helmholtz
instability.

Thus, in the framework of result (2), we can give a good explanation of the fact confirmed

by experiments (Chertousov, 1962) that near the unit value of the Froude number or, speaking

14
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2
more exactly, when g < Fr, <2 the hydraulic jump, which is actually a blocked long wave, is

the so-called undular hydraulic jump. A perfect hydraulic jump occurs only for £7, >2, while for

Fry<2/3 along wave freely moves against the flow, i.e., a flow of large depth (a long wave)
overlaps a calm flow of small depth without wave destruction.

Considering a hydraulic jump as a blocked long wave, we derive from formula (2), without
using the momentum equation, a simple formula for calculating the conjugate depths of a hy-
draulic jump:

2
h—2 = EU—I ~ 1,225,/ Fr, (4)
hy 2 gh,

which, as different from Belanger’s formula commonly used in the hydraulics courses, is applica-
ble both to “an undular hydraulic jump” and to “a perfect jump”.

2.4. The action of longitudinal waves on bank slopes

Longitudinal waves are the dominating ones in open maritime and navigation river chan-
nels. The quantity of exact solutions is limited only to a few particular cases (Constantin, 2001;
Jonson, 2005) which are difficult for practical use. Our solution is based on the application of the
Galerkin-Kantorovich direct method (Kantorovich and Krilov, 1962) to three-dimensional linear
equations of wave hydromechanics written in the cylindrical system of coordinates.

Using the obtained relations and estimating the stability of the bank slope of a trapezoidal
channel built of loose soil, we come to a conclusion that the wash-out of the bank slope of the
channel by long waves leads to the concave shape, whereas relatively short longitudinal waves

lead to the convex shape ( Fig.5,a; b).
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Fig.5. Typical configurations of the channel bank slope washed-out a) by the short and b) by the long
waves: 1 — design contour of the coastal bank slope; 2 — washed-out coastal slope; 3 — channel bottom; 4 —

washed-away gravel layer; 5 — settled gravel layer

2.5. Hydraulic calculation of storm drain and spillway collectors

The problem of interaction of sea and waste waters in river mouths and deep water outlets
is one of the problems associated with the hydrodynamics of coastal regions. On the one hand,
the salinity wedge (halocline) intrudes into the river inflows, non-pressure or pressure discharge
structures over large distances, impedes with the exploitation of water-supply and sewerage sys-
tems of coastal settlements, stimulates load sedimentation and holm formation in stream canals,
reduces the discharge capacity of collectors, creates threats of flooding of coastal territories, causes
sea water pollution (which is especially dangerous for the Black Sea recreation zones of Georgia),

etc. Accordingly, the practical importance of specifying the dimensions of salinity intrusions in
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inflow reaches and sewage collectors and studying the diffusion and range zone of impure water
streams, which intrude into the sea from storm sewers and sewage collectors, is obvious.

At present, these issues have been more or less precisely studied for cases where the sea
bottom has a gentle slope (Voinich-Sianojentsky, 1972; Ippen, 1966; Ghogheliani et. al, 2006). As
for the Black Sea regions of Georgia, the slopes of inflow reaches and those the sea bottom are so
steep that it is inadmissible to disregard them. The steep slopes of the sea bottom also determine
the location and dimensions of a section through which waste water flows into the sea. It is prac-
tically impossible to place the end section of a spillway on the sea bottom, 13 km away from the
shore, which is required by the normative documents. The problem of interaction of sea and
waste water at inflow reaches is considered and formulae to calculate the maximum dimensions
of a salinity wedge intrusion into bottom spillways are established (Kodua and Gagoshidze, 2014).
These formulae foresee the end slopes of spillway bottoms which must be necessarily considered
in hydraulic engineering construction, especially in the Black Sea regions of Georgia.

2.6. Hydrodynamic stability of streams in free-flow cylindrical conduit

In hydraulic engineering practice, the fact is well known and taken into account that for a
nearly fully filled free-flow tunnel with a circular-cross section the water flows in a pulsating
mannet, i.e. the flow is unstable. Such a phenomenon also occurs, for example, when emptying a
bottle, but no mathematical confirmation has so far been found for it. The estimate of the flow
stability is obtained for two limiting cases: when the conduit of circular cross-section is nearly
fully filled with water and when it is nearly empty, i.e. the water flow in the conduit has a small
depth as compared with the radius of the water conduit (Gagoshidze, 2015).

Wave equations written in the cylindrical system of coordinates X,7,8 , where the X -
axis coincides with the axis of the conduit; 7 is the radius vector, & is the angle counted off from

« »

the equatorial plane of the conduit upwards (with sign “+”) and downwards (with sign “-”) are

T
simplified by neglecting the change of the polar angle (E —0) in the limiting case when the flow

free surface is of small width (Fig. 6a; b).
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Fig. 6. Cases of non-pressure flow in circular cylindrical conduits: a) — nearly full filling; b) — almost empty round-
cylindrical conduits. R, is the conduit radius; / is the distance between the horizontal axis and the water level

As a result of this simplification the Helmholtz equation for the wave potential reduces to a

Bessel equation not depending on the polar angle € and its asymptotic solution (R, /) gives

o=kU,* i\/ gktanhk(R, — ) for the wave disturbance frequency o in nearly fully-filled round-

cylindrical conduits. Herek is the wave number, U, is the stationary water flow velocity, i is

the imaginary unit. In the other limiting case with Ry >>/ , i.e. for round-cylindrical conduits
with a small water depth, o is expressed by an ordinary relation.

In the first case, the complex expression for o indicates the occurrence of Helmholtz insta-
bility of wave disturbances independently of a velocity value of the stationary water flow. This
result fully agrees with the results of thorough experimental studies of Chanishvili (1947), ac-
cording to which the occurrence of flow instability in gravity-flow conduits of large diameter
does not depend either on the flow velocity or on the presence of an air layer between the water
free surface and the conduit vault — this instability always appears when the conduit is filled up
to 92-93% of its height (diameter).

In the other limiting case the wave motion in a conduit of circular cross-section with a small

water depth is always stable.

3. Laboratory Studies of the Action of Waves on the Pollution Spread
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These experiments were mostly qualitative in nature, and their main goal was to identify
the effect of waves on the distribution of impurities entering the sea from both the deep sewer
outlet and from the river inflow. The experiments showed that short waves contribute to an in-
crease of the pollutant concentration near the coast, while long waves on the contrary diminish
it by carrying pollutants into the sea depth. Along with this, vertical and horizontal jets of impu-
rities get strongly bent under the action of waves. It would be highly desirable to continue ex-

perimental and theoretical research in this direction.

Fig. 7. Photos of laboratory study effects of waves on contaminants arriving from the deep sewage outlet

4. About the Reasons of Destruction of the Downstream Pool of the
Water-Dividing Dam on the Rioni

As mentioned above, the downstream pool of the dam of the water-dividing structure built
in 1959 (Fig.8) got destroyed with the lapse of time and there appeared a threat of failure of the

dam itself. This threat is still persisting (Figs. 9, 10) .
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Fig.8. The water dividing dam on the river Rioni. 1- Dam;
2 — Gateway regulating the water supply from the river Rioni to the City Channel.

Fig. 9. Longitudinal section of the initial location of the apron slab and downstream apron of the dam: 1 — spillway
foundation; 2 —Rehbock dentated apron; 3 — downstream aprons; 4 — segmental gate; 5 — Rhebock sills. The dotted

line shows the undesired mode of upper and lower pools conjugation for a Rioni water discharge of 200-300 m?%/s.

Fig. 10. Destructions contour in the downstream pool of the dam
of the Rioni water dividing structure

The cause of destructions in the downstream pool was estimated on the basis of the two

postulates:
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a) In easily washed-out river beds, in the calm regime (the Froude number is Fr<1), a max-
imum depth of wash-out coincides with the depth of the uniform flow determined by means of
the Chezy formula depending on a slope of the river free surface in the river mouth;

b) This maximal depth occurs at the distance from the spillway outlet over which the ve-
locity of the submerged jet drops to the uniform flow velocity in the river mouth. These distances
(X ) of maximum depth were estimated by us on the basis of G. Abramovich’s relation for a tur-

bulent waterlogged stream (Kiselev, 1972)

x =l -[0.48-£—0.145J, (5)

©0.08

bot
where %, and V, are respectively the depth and the velocity of the stream in the spillway outlet

section; V,,, is the velocity of the river uniform flow in the downstream pool of the dam which is

determined according to the postulate b.

This approach almost accurately reflected the maximum depth of the channel washout and
the coordinate of their distances from the section of the jet outlet, which are given in the draw-
ings prepared in 2006.

Our studies showed that the causes of destruction of the downstream pool of the water-
dividing dam on the Rioni lie in the gross errors made in the dam design stage in 1958. Of these,
here we note the following:

a) The apron slab and downstream apron were located at a high elevation of -3 m which is
only by 1 m below the spillway surface level.

b) The dimensions of the monolith apron slab (20 m in length, 1.2 m in thickness) and the
downstream apron (40 m in length, the slab dimensions are 2 x 2 x 0.4 m) were designed without
taking into account dynamic loads from the upstream side: during intermediate discharges of the
Rioni (up to 600 m?3/s), they experienced vibrations which were additionally intensified by the
absolutely excessive Rehbock dentated apron and which led to their complete failure and to the
threat of destruction of the dam itself.

All the measures taken by various design and construction companies in the 80 s to prevent
wash-out processes and destructions of the downstream pool of the dam which we will not list

here turned out ineffective and even on the contrary aggravated these processes. Only the
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temporary measure designed and carried out in 2007 and consisting in placing Maccaferri gabions

up to the elevation of -5 m should be regarded as the most justified.

3. Conclusion

Ways of Solution of Hydro-Engineering, Geomorphological and Environmental Problems
in the Poti Region
For the capital rehabilitation of the downstream pool of the water-dividing dam we propose
to erect a new apron slab 30 m long and 1.5 m thick (Fig.11) in front of the spillway. The slab
surface should be located at a level of -5 m (i.e. 2 m below the spillway surface) and should be
smooth. The slab end part must rest on metal sheet piles (5) driven up to an elevation of -15 m
and equipped with bulwark. In addition, cavities existing under the spillway and apron slab must
be grouted with cement or filled with sandbags (2,7).
For the restoration of the washed-out sea coast of Poti, it is necessary to clean the city chan-
nel bed and increase its capacity; to repair the sluice to consider possibilities of the pulp feed-line
rehabilitation and construction of a alluvia-retaining barrier along the underwater canyon lo-

cated near the southern pier of the Poti port.
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Fig. 11. Recommended structure for the capital rehabilitation of the downstream pool of the water divid-
ing dam: 1 — spillway; 2 — cementation of earth cavities; 3 — apron slab; 4 — gravel pillow; 5 — metal sheet-pile wall;

6 — bulkhead; 7 — sandbags; 8 — river bottom (2005)

The operation regimes of the sluices of the water dividing structure were elaborated. The
main principle of these regimes consists in the following: the sluices supplying water in the City

Channel open only when a sea storm is of magnitude not higher than 3 (since only in this case
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alluvia transported to the City Channel participate in the restoration of the beach). When a sea

storm exceeds magnitude 3, the sluices must be closed (since in the case of open sluices alluvia

are carried away into the sea depth and do not contribute to the restoration of the Poti beach).
Engineering measures for preventing the Poti port from siltation were worked out taking

into account variants of the reconstruction and extensive development of the Poti port as shown

in the Fig.12 (Saghinadze, 2013).

Fig. 12. Variants of extensive development of the Poti port studied and evaluated in terms of navigational safety:
a) variant with a bilateral entrance in the Poti port; b) variant with a single entrance.

In conclusion, we note that the same studies should be conducted in other regions of the
Black Sea coast of Georgia, in particular, at the mouth of the Chorokhi River, the flow of which

is regulated by the HPP cascades in the Turkish territory.
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gbmogero 1

Step Description

1 | Repository app sends ajax request to backend python to get the EPANET model list

Python sends API request to HydroShare through OAuth to get the EPANET model list,
including accompanying metadata

HydroShare sends the model list in response to the authenticated request

Python sends the model list response to the front end

The model list is parsed and rendered

A (U W N

When a model is selected to be opened in the viewer app the model ID is sent with the
request

. Viewer app receives the model ID and sends an ajax request to backend python to get
the respective EPANET model file

8 Python sends API request to HydroShare through OAuth to get the EPANET model file,
including accompanying metadata

9 | HydroShare sends the model file in response to the authenticated request

10 | Python sends the model file response to the front end

11 | The model file is parsed and rendered to be viewed, edited and analysed

. Ketevan Gordeziani
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2. 0. $500560s. 306G HOMBOL J. FMMOL OBO® DBEZSLMID TGz vd56do B30l
LoBs3omMm BmEol 3EYMmIE™IOL by300bYd0; LoJsOM3gml 3H9dbozmeo mboggMlio-
A9IAHOL §yoms 3gm@bgmdol 0bLEHOEHWEOL bsdg360gMHm IOHMTsms 3MgdMErO, #66, 33.
193, omdogrolo 2011 §.

3. 5@9dbo 30806m3z30¢0. BoBolob 39M9mgdg. 412 3., Mdorolo, 2005 §.

4. Kuxnamze A.I'. Pesynrarel uccieoBaHusl IBM)KCHHsSI OEpPEeTOBBIX HAHOCOB UepHOTO MOpsS B
npenenax ['pysunckoit CCP meromom mmronoruum // HoBwle wucciemnoBaHusi OeperoBBIX

nporeccoB. U3n. A H CCCP. Okeanorpaguueckas komucus. M: Hayka, 1971 r. C. 159-167.
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3953 693

09BH™boL 3MOEMB0S 39690603 (yargddo s JsLmsb dHAMEOl vMmbolidogdgdo

5. Bogmgsbo, 6. 458300653300, . B9d0533000
L5939 ML G9db039M0 MBo3xMLOE GO, 3. 3MUE35L 77, 0160, MdOWOLO, LosMMN39w M)

bm@oE0s:  Usddgb9derer 354902500 blots Jromds 8gchmbol boddz0659 s brgx g6
0dem9ds 3009, P3¢ 89696030 fycrols ©s 39096¢90L 30®sBHsp0olb 360-
@90 295009(04090980055 F502h39-9¢n0. gl 36396980 Jdod0bSHIBb
89960l 3059850 s 302620 gheac09Bs (CPs0. ,,corrodo “—306Gbo 56 ,corrosion
—300,303), beagrer 336902-fycmol s9H02)®85b — Bobo 3gH9bowcmds.

1533956dm Bo@ygzgdo: 2020 bos; 89¢9mbo; Jodorto s7hotmbs; blbscomds; 3sdeaduB3s:
05153056085, 0260, 590borydo; bryerasdo; 3oGmiboo; s¢rebobs@do;
boer03590; 3590b0; 2532999009985, 3557090005, 30C0MHMRMBO Bs;os;

06099309.

1. L5350

09BHMbol  3mO™Mbool FJobgbos, ghomo dbMog, Ca(OH): JOoLESMMO bosghmols
(L5935 30930560 Lo 03oEHOL 30MSGHIEOOL 3MMEJE0) BLBsMTo Fooliges s, dgmey
dbc03, 39w 30dol 30OMLOMO3sGHOLS S 30OMIEI0bsEOL 30MHMEOBOL Mbseo,
blbs®To mogolwRswo 30600l 4edmymzom, HMIWOl HBE3mImo 3mbiEgbdMmEos dmyzs-
Boos 1-ge» 3bModo.

gb®ogo 1
oLObYGdS J0809M0 BMOIMWS | blbomds, g Ca0/wm
393090l 3oMmmdloo Ca(OH)> 1,3
39309990l 300OHMBOE0353)0 2Ca0-510»2H O 1,12...1,22
3oegogiob 3C20-AbOs6 FhO 1,08
30006MHM5mdobs 3o
39309990l 300OHMBIOHOGH0 CaO - FeOs HhO 0,05
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1MoL §ysedo goblboo 35¢3030b mdloo Ho@Mdmddbols goxgMgdme bLBsEOL 1
wo@®do 1,3 g 30600L J993339MO0m. 535LmMb, ©BsMRBO BogMmo 96  gooblbgds
(30MOMWOHBEYDS), MO0 FommM30L bUBIMO 2oIXIOIOME0s J0OOM. M) FMOOL
blbo®Tdo Gowsz dobgbom 3060l 3mb3EIbEHME0s 9903060 9gds, 3590b yerosh As6gdmu,
39301990l 30OHMLBOWO035@LS S 3000MMIEMI0bsGL FnEOOL Hmbolfim®mmds soMm®393s
@5 50(Ygds goblibs, GMIgbsg msb LEgal 53 659MHMYdOL 855350 O B9 @ST..
30OMEOoBOL LHdMEMM 3OMPYYJEHO 0d69ds: 395050l Tge35 SiO, -nH,O, seodobols
306Ommjbowo ALOH)3 s 30600 Ca(OH)2. 3060 350500 blbs®do, 355505005535 s AL OH)3
3000905  SIMOBMWO 353000900 doboL  Loboom.  53y35M5, 03 bBogmogMgdol
Bo33wo, ®MmIgardsis 399963 0L J3ob Mbs dobiggl dswswro Lod@ 3039, 800Mgds bogmoghy-
09, M@IgElsE Mo g3l 9MLYdoMO BIBHI0EY. 9996 FodmIObsMYMBL sL3Zhs, GMJ
36OHm3qLo, OMIGELsg 803945356 dgBM™bol BmM9gddo oMb  3mb3gbEMsgool 89dEo-
9055056, oL 3MOMBOSL 0f)393L. 39-2 3bHOWdo dmyzsb60¢o M35 LobgMdOL JMOMDBOOLYO
dbmEm© MO0 LEHYMBS - LYWRSGHVIOO0 O BMRSIIMOEMZ60 O 3530060©YdS 3060
3M6396@GH®s300l 9983009058 BmE9doL blbsGdo.

3b®oo 2
SC0-456M9dmU
093H™boL 3mOHMBool 3o3dgdo 830mBob gndmbook ?:@ﬁ)og@(?)&ob
LobgMdYdO
d5B396909¢00
I. 393™bosb 30Ms¢o300L 3OHM©YYI- 399333900 f9eol omHmgdomo
A900L 350Mg;3b30 O Zoblibs Lobob®g, 03-943/
II. 2533W0m0 Mgodi300L Fggas bLbs- DMY900553M0 Hgyerol pH
@0 BogMmgdol §omdmddbs s dgEHmbo- Bobdo®dg535 [ CO2] o305, B/
56 o0 3bgs 50mbomdol [NH;], /e
AMAH™3960 [K* + Na'], 9p/co
II1. g533w0m0 M9od300L 99 boge- dopbgbomeo [Mg,], 03/ew
®gdol  [o@Imddbs  Fgm393806m9dge
9356 9Md530
V. 39@™bols g3mMgddo oligmo dsMowgdol brEg3sGMo [SO; ], 8p/aw
§o030gdbs o ©opM™390s, BMIWYOOE | Bmass®owmgsbo | Bsowgdol ©s df3s-
BIOOMZOYOS ©d dYH™BL 96393V 39 AH0L  bygHom
89933900ds
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39M99m-figeols s3MgboIEmdol bomolbbyg Abxguwmdgd bogmogMgdols 0d 30mb39b-
A®53000 (53M9L0YMdOL Fsb396909w0), HMIGELHII(3 VITMIOIIVIC0S 3MOHMDOOL gUs
09 ol Bobgmds. §ysero G90dgds 53MgL0Eo 0gml 9™ b M3dqbodg dsB3969dwom, g.0.
393H™bdo gOHMOOHMMEs© F90degds 30dE0bsMgMIIL 3MOMBOOL Mgbodg Lobgmds.

2. 3060MSR0 6500

359mEM3H3000 3OMB0S. Md0o (83305600) Fyswo, MMIgewog blbsHdo s®sgz30ms6
6030096905l 56 90393V, 3obLOZMPOGd0m LsTodos dgEMboLIMZoL 08 MZselsBOOLoOm,
G 543L oo 2odblbgero ™M30L9ds s, 30039 Godo, blbol Ca(OH)2, 3OoLEIW™ME
Boghonl, ©5ysb  3mOEHWIBEII96GHL  300MsGHSE00L  g39ws  3OM©IG0©sb  dobo
blboMds 439eoBg Ag@0s. HMPgLYE BMOOL blbsedo sYgds Ca(OH)2-30L BrgMrmwo
306396305 — 1,3 o CaO/», 999 mdo blbsmds 99(ywgds. v Hyswo gmbsgl d9@mbdo,
bgds Ca(OH)2-0b 96sm9bmd0mo 450mEM3H3s (R99mMgi3bgs) 39996¢)0L 300096, M1bos
9039493560 d9@™MboL LodEI0E0L ©O39MAZLS O EITEILMIB. FmEMOL bLlbs®Hdo QsTm-
69330l 99099 30606 3:m6:396¢s300L 993060905 MPY39GOE 90Ygds Ca(OH)2 3Hob-
GO0 Bogmmol aoblbol bobxbg. GmEs gl M39bsL3bgo LOMWSE 0469ds ASTM-
GHNGNWo ©5 3060L 3mb3gbGHGMo30s 1,3 o/-Bg ©dWs 993399, ©0{Ygds 30MHM-
LOE035¢)OLS S 30MMIEMT0BIEOL 30EOMEPODO. J0HYIZ35® 0TOLY, OMAI Q5TIMEHYGH3ZS
Bgws 3090bstg 3Grm39B05, LYOOMDYE BsdodMMYdSL JaBol B30 BoggdmdoLsmM30L,
M3 5R0W0 593L FYwols BowEGs30sl d9gEMbdo s 2oblbowo 3060l godm@sbsl.

359650, yzgws 8996906030 9o JOMNBI0MIE 3MIBOMWO 56 HMOL. QoMgdm-Fywols
3990GHMBHZ0000 53Mgloemds 3609369 m3zbs d30MEYds 00 99dmbgg3s5d0, Mmas Fyswl
593L Fooo M™gd0mo LoboliEg (3035MdMbIEHME0 96 30OMIIOHOMBIGIO EvyE0s-
Bmd5), 9.0. bLbsGO 8g0393L 39EE0MBoLs s Foabomdol d035MdMbEGHOL - Ca(HCOs)2 s
Mg(HCO3)2. 53 89305 0690000 Lobob@g, oo bs3wqdLododos {gswwo dg@EHmbolismgol. g
50blBgds B035MdMbEHIOOL YO0 gMHJIJOII0 930LRBIE 30OMD JoEE0MToLs o
3926030l MbLBIMO 35MBMbEHIOOL [oedmJdbood:

Ca(OH), + Ca(HCOs), = 2CaCOs\ + H>O;
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Ca(OH), + Mg(HCO53)2= CaCO34+MgCOs\ + 2HO.
094905 65 893™bol gme9gddo, CaCO s MgCOs Jobols 9393 BJbSL s 9fHobs50BEIAJdS
39309990l 30OHMIBOEOL 2oblbsb.

DMy 50345300 3MOHMDB0s. I5935L 8MJdgdom 30HMBoOL 3OHMEgLO Bs0fgMgds 990-
©I30 BHMEMOOM:

Ca(OH); + 2HCI = CaCl> + 2H>O.

Jwm®mgzsbo 3semiEomdo CaCly 35605 blboos s d9@Mbosb sdmomgiEbgds.
5060950, 59 3MMEILL OMYMOE 39TMENMBHZOL, 803945350 09EHMb0od Ca(OH)2 300L@s-
@O0 659HMOL QoJOMBLMB. 5oLb, dgE™bo LodEZoEgl 39693U.

3553900, MH®I9d03 ogblbger JsM0Ergdl 335de9al, 390dm H2504 s H3PO4, B3-
9053090 Hgdmddggdsl sbgbl, 3otg HCI s HNO:;.

0067 3m®dsdo gl 3OM39b0 F9godegds FoMmdm3z0A0bMmm F5535L5356 ©ITMY30009d-
QQ:

Ca(OH): <> Ca*" +20H ™+ 2H" = Ca*" + 2H,0.

300069 355358056 M95306090L, 35¢0 30990l 30EOHMILOO MBS o300l blbs™do,
Los3 bgds dobo 0mbgds OLMEOSEs. 2obLBOL dMMmi3gLo §ygds, BrmEs blbsto dos-
@93L box g 3mB396GHGS300L. o0, ) Yoo JgoEegl F9omdsol 35GH0mbgdl, ds80b
obobo OH™ -0l s60mbgdL 5053 Fyarol 6yoE®moww® Imeg3wgdmsb @s 5330MHdL 30MHOL
30b6396@®5305L blbo®do. 53 9gdmbgq35do 3se30dol 30EOHMJLoOL blbosMds QoaMmdgen-
@905 §45¢0do0l 0mbydoL LOYIE ByoE MW 0BIE0ST®Y.

BM500553600 536090 MdOL J5B39690905 §YoeTo i9oedsol 35¢0Mmbydol 3mb-
39593095, ®MIgeroi ysedsol pH 3sb39690com boliosmgds. dgEHmbolsmgol {gswo
L5d0dos, OMEs pH<T7 (OHmEs §yswo 8:5395) s Mg bs3wgd0s pH, dom Lsdodos {yswo.

Bobdo®Bgo39M0 3MmOMbos. d6gdMo30 fyswo, MmIgerog bLbs®do dgogsgl CO2
BsbBomMmM55690L 50ML, 65HT0MTs5355 s TG0 35¢30A0L 3oMBMBIEOL gobLbs. gl w35~
6oL 3690 Ca(OH)2-96 39996@0UL 43580 Hordmoddbgds 03039 bsbA0®MTss35L ImJdggdoom

Ca(OH), + CO2» = CaCOs+H>O.
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Bob8oM35935 39ew30do 33656 figoewdo o6 oblbgds, Fs®sd BobJoMTzo35L sb-
b9000 450050 395G bLBs® 3503030l 3035MdMbsEd0, HMIgEoE 09EH™bOIH Yodm-
0693bgdo:

CaCO; + CO2 +H20 <> Ca(HCOs),.

9B 69594305 9993935005. F™bsLFMOMdS CO2-bd s Ca(HCO3)2 GOl ©qds, 09 ollobo
3963397900 0565835MOMBO0MSS §Y5¢0d0. [frbslifim®varo bsbdo®mz35 dgEMbolsmgol bydodo
5M55. ¥9@™MboLsmM3zoL Bsdodos (5gMglovIerons) Megolwynsco bsbdoMdzs3s, OMIJGOE @o-
690m-figoewdo oL @bl HsmgbmdsBg dgEo sOLYGOMBL. Mog0oLwgswo COz-0b
3063965305 fywol saMglommdols 3583969390, Moz dg@0s 3mbiEgbEMmoE0s, dom Lo-
d0dos igowo.

58mbodolildog®o 3nOMDBos . 58mbomdol MmomJdol yzgus FsMoo Jotysw oblbgds
©5 0565 OLMEOMEIds fgsendo. NH, s OH  0mbgdo blbs®do v353806H@90s sd0-
530U 5650LME0M0ME 30O, HOL J9099093 Ho®dmoddbgds Tgo35 Qo0gdm:

NH; + H,0 = NH,OH +H".

Lobsd30egdo oMb bog@mno NHiOH 56 sOlgdmdl, boli@gds 30 580530L blbs®os
09odo, GMIgEog 50seo blibomdom bolinsmgds, Mg 39b30MMdGdIMMOos [gsedsols
039d00 NH3 @5 H20 9m09399¢0gdL dmdob.

59mb0omBoldogMo 3mOHMBos 0lgzg F0dEObIMGMBL, CMAMOE DBMYsTF93M0, O3S
Ca(OH)2-0b 6533w §969m0gddbgds 3o 30dol blbso dstowgdo, Hmdgeoi 06mg3bgds
093 ™bosb:

Ca(OH), +2NH; = Ca®* +2NH,OH .H

AMB™M39560 3mOMDB0os . fyoedo, HMIgeoa 9903938 KOH ©d NaOH &9399ol, dserosb
3300905 Ca(OH)2-0b blbomds, dobido 35elLobs OH ™ 0mbgdol sGLIdMIOL godm. Grmymes
365bgm, gm®ol blbs®do 3oMob 3mb3zIbEH®E00l F90(30609d5L F03Y535M00 35¢30wdol 30-
OHMLOWO03o@OLS O 30MMIEMAobsEol  30OMEODMIB, SFMORMEIO 355050005535
(Si02 - nH20) s 5¢0dobol 3oMmdboob (4/(OH)3) Hs6dmddboom s blbs®do Ca(OH):
3060L 250mymBom. GHEob d30M9 9993390 ™dol EO™ML 3OHMEqLo 3gB™bolsmgol Lododo
5655, M50b 3009w bLbso AI(OH)3 39995E0L J3ol HBgs306M0l ©s936969dsL sbgbl s
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69593050 539b6H FOL. 3Ol OO MoMmEYbMdOL 99339 ™dOLSL Ho0dmogdbgds 35Mys®

blbso GHMEM39560 5¢mdobs@gdo s Lowos@gdo:
24I(OH)3 + NaOH = NaxO - ALO; - 4HO
SiO2 - nH>O +2NaOH + (7 — n) H20 = NaxO - SiO: - 9H>0.

b 36HMmEqLo 39Bs30MHMBYOL  35¢E0Ydol  30EOMLOEI035EJOOLS S 30EMMOW)To-
653900l 06@&96LowME BLBsMBSL 39EMB0IB godmMgsbgzsls, Mg dol LodGH3oagl S8E0MYBL.
9B 3mOMBos 6300LdogHmo (39996 0LIM30L Lododos.

53 89305 35Mgdm-FgoBo K @ Na' 35¢0mbgdol 306396¢®s30s, oo Lsdodos
fyoro.

35269000 3nOMB0s. OM3S Fyswo Tgoaegl blbs Fo0r0egdls, dsgswoms MgCh,
MgSO4 5 bb3zs, 890dgds Imbgl dogbgbom@o 3mOHMBos Sgmo Mgodzooom:

Ca(OH)> + MgClh — Mg(OH), + CaCl.

9L 3MMm3E9Lo 89999(39309. 8536099F0L 30EOMJLOO BILOSMPYDdS B53wgdo blbsmdoom,
3000609 Ca(OH)2, 353650 45¢000@gds 13b3096 dsbo. Ca(OH)2 30obEoswm®mo bsgMmols 8-
3wl Mg(OH): 3b309600 360m©Md@om, 3039s3560Hm 09GH™bol bLodE3oaol d9di30609dsLomsb.
G603 339 365bgm, CaCl 3565 bLbs0s S ¥9GMB0L 3odmoMgbgds.

§o6dmgdbogro dbgers blbso Mg(OH)2 53mdL d9@mbol gm®gdl s 53bgargdls oy -
6900 0mbgdol 99damad d9mHg3sL dgEHMmbols oabom. s3sLmsb, 3OHMB0os Byergds.

0¥ 59 3OMEILL A9635BMYsYdM, fysedo oblboo Fogbowdols yzgus dsGoolsm-
300 9909 gds ©s379MMm M1god305 0MmbM@Mo Bm®Ioom:

20H + Mg*" — Mg(OH)s.

bLlbs®do OH ™ -0 0mbgdo bggds Ca(OH)2 36:0LEHsmM0 b590H0L 30B03MGMO 4obl-
6oL F99a50-. goblbs aoaMdgergds, 30O fysedo dymao yzgws Mg* ombo 56 0d6gds
090 Mblbs6 Mg(OH)2-096. 5960950, Boddg 239436 Jodo® blbsmdslimsb, Mmdgwogs
9000565 506 256b0Er Mo BMYswd:9301M0 3MOMBOOL sbsMYOMM0s. Mo3 FgB0s 0oy~
Bodol 0mbgdol 3mb3zabEMeE0s, dom Lsdodos {yswro.

BMExzs@Mo  3mOmDbos. 0690M03 fysedo sOLYdIMEo  sbombgdoIB, ByE™MEDBY
5p®bome dmgdggdsl sbgbl Fbmewmo SO; s60mbo. 3OMBOOL 3OMEgLdo dmbsfowy-

ML 35030930l 30OModobs@o:
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3Ca0 - ALOs - 6H,O +3Ca** +3 S0} +25H,0 —
— 3Ca0 - ALOs - 3CaS0O: -31H0.

3500301930 3960MbE0 Ho6BMm0gdbgds Ca(OH)2-0ob goblbom. dowgdreo 3mddergdlwméo
35MOWO - 35301990l 30OMLWRsEIB0bsE 0, HMIGELoa M989bxgMTg Bg@o dmEY-
@Mds 543L, 300 Lsfigol 3O MOIEL 39G™bJo. gl Fg0dergds ©H3538060JdI0 0ymls Joen-
309990l 30OMLEGBSET0bsEH 0L F900960Md5d0 OO MOoMEIBMBOL [gomsb.

LYEBIGHMOO0 3OMBOOL OML 39B™bo 08wgds 3MOMDOOL 3OIMPYIBHIOOL Qo6 -
0900l 8909250. 35¢30930L 30OMBMERHETobsEHL oMo MHrmadab ,39995E0L
053000, bsBL 135996 dobs Agogligdsls 9350IYMGBMBLMB. fgsedo Jerm®ol ombgdol s6-
19gdMBS SLLEHJIL LY RGO 3OMDOSL.

O®ame G BBL, s3Mbommdol 85B3969d90s FyseBo SO;™ 560mbgdol 3mbEgbEE®s-

3095. ©53 39305 gl 3Mb396E (309, T 5MBOWE0S Hgoeo.

b g353HIJIR0 LEbBgMOOL (399963 9Ol 450mygbgdol 9dmbggzsdo dgE™bol dg9-
3Md5 58 Lobol 3MOMBooL ods®0d 360d369eM3zbs 0BM©YdS.

DMy5EaMH0EM3560 3mOHMDB0S. BMYsT>MOWM3560 3MmMMbos brgds dbmewmo 0d
99900bg3935d0, OHMEs d89BH™Mbo BofowmdMog igsados 96 gobogol 33ws© ILZYEYdSL
29903OMAL. 393™MB0Ib Yol smMmJergdol d9wgas© dob Bm®mqddo MRYdS Jogo®mo Bom-
Bgbo, §o®dmddbogro gomgdm-fyserdo goblbogro Fomogdolsgsb. Fywol d9bsi3zergdoo
d9L3ws BgEBHM™bI0 s 99 JoLO SMOMJGdS V0 BYI30M0ID, 0f393L TogoM0 boergdols
©3OM3905L 5 3MOLEHIWYOOL BEOEIL Job BMEOGdTo. 53 3OMEILL ™Mb bggl dg@mbol
3OBIONMYOS 5 OB,

39099m-figocndo sOLYdIM BHuEJJOL TEJO0™O {i3eroo Fgod3l DmsIsGogm-
396 3mOHMB0sd0. OHMOILE 359M0L BoHA0OMGbY0 F0s0[93L dgEMbOL smMmMJwgds bBY-
53060, bgds &93HJgdol 35MOMB0Bs305 NaxCOs s K2COs3-0l fo®dmddboo.

093H™bob 3mOHMBOLMLD dOIMEIOL B5TMsEgdJOO SMOL 3063900 S TJMMYIO.

3063950 L5395 g89d0 . 3M5JGH03500 30EMI6 godmoygbmb y3zgwsty do®EHogz0
@5 05830 L5395 9g3900 5, 30039 COYTO, MZ0m B)EMbOL FPAMIPMOOL TSNV, 30~
HMD05990930 LobgMdoL (39996¢0L 459mygbgdol gboom s dYBHMboLsM30L owswo bod-
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336030L5 5 §Yoembimdols 3060 Fgdom. M) gl 6 dma3z390L LyFomm Fggal, dsdob
3095035396 gm©9 0Mmboldogdsls — 89EH™bOL 30OMOBMES30L.

3mOHMB05399ga0 39995E0L 3s3mygbhads. 296339 J9dmbgzg39ddo dgodergds Lrgan-
BAIO0 300OMDOOL 53090, 09EH™bT0 LE3sE IR0 39996E0L godmygbgdoom.

39995300 (C34-b 99930609300 0BMYds LYIRSGHMO (ygddo dolo FEYMO M.
b i3s¢ 390 3999630 8903938 €34 — 56Momdg@gb 3,5%, sermdobols mdlol 4LO0; —
565m39BH9L 5%.

bY@ BGHIIRIFO 3OGXBEIIIBAOL 39O, LYWBIGNO fgergddo edmbayggbgd-
5 JPo©gds F0bgMoeMHIBITsEH0sb0 L Rsdggao 39090E0 (C34<5%, A03<5%),
beg353390930 H03MOEHsb39096¢ 0 (C34<7%, C34+ +CaAF<22%).

9L 399963900 390393L 590 F0bgMo® BTsBHGOL o LoFwsEgdSL 435deg3Ls
90300Mmm 35050 Y MIOL dgEMbO 505 O EM LEis@W® [Yugddo, 5639w 33656
09odog. gb 080m 50bLHYDS, OMA EsbsToEHOL 5B 35930fs 00050l Ca(OH)2 dbgars
blbo@ dsxRd056 35¢30Ydol Loero3s@ b

Ca(OH)> + SiO> + aqg — CaO - SiO; - aq.

695J30580 50FgMmo 3Or39LL 33MeEsbobsos 9hmgds.

00bsdofimgzs60 39996@0, OMIgeoE 990905 J0MOMIIE JOMZSE30d0sbo serwydo-
BoGobogob, 39B™bL s60Fgdl 13gE0R03MO MZ0LGdL. MobsTofmzsbo (39896E0L J3oU 5g3L
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Bos®Mg3 50593905L, ogoomo® LmOob. 1939, Mdol sBMEowo pH-ol 360d369crmds
390dgds 359m)39e0 0gml dOMboL 9350 gd0m, JobBHOGH0m. bmwm vy 6,3-B9 S~
05, 6036s3L HMI 3OHMEMJGO 339 99:53905L 0{ygdl.

X 95600090 3bM39e0LoYb Jogdo MHdg MMM FEYMIO0S. MIOHTMEO bE)o-
B0OHMdS J9BoLBOZMYOs 39Hg0bol 3MeEMmo® LlidgbBbosdo TgbscmBMbgdol mbstom,
berenm I6s3ob 30¢g00L (5¢009dobo s MO obo) — blbsedo 56+, 19MIMIYMO MBS
5oL MHJol 39dbmEma0®o ™M30L9ds, oW Mmlb oMo 3Jd3gMoGMOE 533539050
GOWGIOL 3MRMEs300L J969T9g, MOLSE 0O dB0T3bgEMds g3l Mdol 3MMEwYdEHIdol
§o6dmgdobmgzob.

6Jdob 0gMIMIEYMIOMOOL 4obLIBOZMS SE3M3MEmMo Lobxol FodsGrm 9agscgds
9000l B30OHEHOL dmddgEgdsl Aol 30gdbHY, HMIWIdoag e 0sbs 96 bsfowmd®mog
29603000 ©IBsEMS300L. 0dol obgz0m, M OHMYMEOO IMGYLMOOMO 3Mmb396EMsE00L
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130MEM6 99350 56 Q5dMOf300 godmbo 3393 Mdgdo 13sbEgoligd®o boengdols Hoedmddbs,
obobo 0gmxzs by 3¢sbdE BEBIOEOL (o 25228-82) dmmbmgbol GgLsdsdolsc.

30090390 3909390006 359MmI0bsMg 3o, MM dogeo ferol 4563530 mdsdo
6Jdol »9MHIMIYMIEMdS 0b5303GM0s. I Jewsbol 96+ ygz9esBg M9MHIMIEYSOEO MdY
056360L5 s Foobol sLsfYyoldo sdm33wgre 60dMdqddo 56 BoJLoMgds, Lod@gddgmdo
50b0dbMwo 3esbo 9943 YEMBEOLFYsOML 6odxmaL, MgMIMAYMsE™doL II Jarsbiol
dJmbg ®dols 60339003 00305m09, Lgd@gddgMdo 30 A5dM33z g0 b0dmdgdoEIb sligmo
M6005: Hoe3ols s 9Eogol; Y3gmoBHg 9Mabglioy®gwro 39H0MEO 0gm 05635600
ds0bol sLOHYoLo, MroEYL 53 ML yz9wsbg dg@ 608mgdL dogboFs III s IV 3esbo.
51939 50Lsb0dbs305, GMT dsobol ™3900 IPMBEOLHYSOML b0oddds s0dLobrGs 8g-
39gds 93 SLM. MYMIMIPIOHOMIOL LOWOWYIOOL SlYO EOBITOIMOMDS O39300Mg-
05 306EY30L B53390L5 O 33900L BHO3Mb.

9em-ghmo 9600369wm3zsb0 8583969390y Mdgdo 3bodobs s 30WgdOl MIbIGIE-
@M. 3500 FmMoL Mm33H0ToEOHo 3OM3mGmE0s (1,21-1,5) MYBOHMbzgwymal Gdol 3ma3mbg-
6&g00L doJboTo® 459mYgbgdsls Lbgzaolibgs 3MMwYdEHol Fo0dmgdsdo. oms sdobs, 50
99639690¢c0m 9a30d¢0s 1533900 6030009MJOGO0M IOEIMO B IBLOMYOMEO 33900
G530mbol  Gglobgd 9693003000 A gEmds. 056300l ™3980 A9TM33W M GAOL
609189330 gl M9bIBIMOMBS IOI0S MIE0ToH 3OM3MM305Pg (1,21-1,5), beagom
ds0bob ™300 3FBOToLS s 30Ol M3EH0TsIMHO 3OM3MEME0s 906036905 Hogmzols (1,22)
@5 m9s30L (1,31) 6odxdqddo. Gog d9ggbgds LgdEH9gddmol absfyobl, gyzgers 6odwmddo
99656:B1b7d 05 M3 G050 3GMM3MEOE0S s 1,20-06 1,35-009 Gg96ygmdb.

AsbBHOGHLS @S LBy F9dm{idgdol F9gagd0m EA0bYds, MM bgwo Mdol bo-
319900 3009dIW0s X IBIOMYo 3bM39e06 O LMs 56 5J3L WTSEJOWWO.

6oL 3594BHIM0MEMYP0HO IOOBINMGOOL boMobbo 4560LsBMZIMS HYMJEIBIL Lob-
XO0M, 39000¢9gberOHx ol 1%-0560 blbsGol Lodmogdom, 3ol 89093900 30 do5bswobEs
39-10 3bGoErols dmbs399900L dobgz00m.

565¢0Bolm30L Lobx o S00gds Mdol Fmo bsfowosb. doz3MMdoMmEMyomEo 331935
300000905 LObX Ol 50gdOLMBZg 96 359230569L 4 Lssmols 08 30MMdOm, MHMI 58 OH™MJIo

dg 990bsbgds 4 — 6°C ($99339Mo@ M5By
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359mb533w9g30 ®dol 603wdgdo Bod@HgMHoro Fmmgligerosbmdol dbMog s3d5gmazo-
@90L | 3¢05bL, M9EMJESBIL Lobyx ol dobgz00.

gb®ogro 10
®dols batolibols 9gg3ol598 BHgrd@sbsl Lobxols dobgzom

299953960 9dsBg 1 9 ®dgdo dogdEHgMogdol

©3bBRIO QOO 500050d ®dol batolbo ®dob 3esbo

20 Hon-bg bogangdo 20 9erb-bg dgBo doe0sb 3o v
20 §0>-ob - 2 -0y | 4 Iewb-sb 20 deb-0cg (39900 III
2 b0>-b -5.5 Lo-0Y 500000-s6 4 dc0b-009 5053054 Bowgd9e0 II

5,5 bo-bg dg&o 500000-%g bsgengdo 39020 I

93LoLEGHYISBY BEGHOM3MYI6MMHO 3OHMEILBOL gog3ew9bs JEMBIEIME boliosML 5EsMgOU,
oL LYRMIZ9WDHBY3 VGO Gds 8d0dg FYEHOIIO0M AIMGIML  #oFMFY0sbgdol FogEo
OMamO3 GMJLozmmo, oy deog®HEH™JLozMeo gurgdab@gdom. ddodg Ig@Eewgdo 5 a/lid3-by
d9®o Lod33M030L dJmby 9gwgdgb@qdos (Pb, Hg, Cd, Cu, Zn, Mn, Sn, As @5 Ubgo).
5bdsx3E0LY s dobs oge Hoedmgdmeo 3OHMEJ3olL sd0bAMMYds A9dm{3gmeEos Lm-
69 59 993963 9000. 35350MO©, OE LBSToIOMGIL JIbol FHYygzos. Aol BoGOMO 0Yyg-
69096 969H39cmdsdo, GHGMBLEMOET0, JodonH 3Mdd0bsHIOT0, sF0EHM™I M30EMEMIL T90-
®bgz935d0 oo B3O ELLsdz900 3MmbEgbEGMsE0s 0,5-1 dy % 33-U 56O mbs s0gds-
A90m©qL. 3dodg 99O gdom ©d0BIMMGds S193g HoMTMgOL gargdBHOMBOYMOMYGI0D,
5d-b5g053900L F[oMTMGOGE0 LIHoMTMIO0IB s Lbgs. Mog Tggbgds 390 EbEOLTYsEL
33900l 36 d3H9g0do, gobliozmm®gdom bow-dmbiGbgmewdo a3b3w0Yds BbyoEO©IdOL
5699 Lemzmb BofobsomBgam 36935653900l 259myqbgdol @GmML. d3gbotglbs s doLsb
§963m9dmE 360930590 JOHMTo OO MH3MPIbMdOM 3363090 3965¢0DsEGOOL BoAMbY-
©960 §9e930sb. L3oEghdo oMM 39303 YOME0s 939bsbgMdOL MY0Mbgddo. 53
999963 0L 9993390 353053560 GoOHPMO 459Mm0Ygbgds 5Bl FModol Hobssmday.

ddodg dgEHogdo, 939bsMgmwo s (3bM39w OO 3OHMYIEHIO0L 15339050 Fodmyg-
B900b 890099, H3wgds 5580560l MMA60DBITo s 0f)393L )3939 s JOMboIMeE o35~
©9090L. Y300l FoMO0 MH3MEIbMdY, 306039 M0ydo, SMYMR0MI© dmddggdl Lolberol
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RMOINsDY, 6903w LolEIsDY, POYMBIZL 30 gdol LobmgBL, MxMgol 9bgcyg-
G039 dodbLL O 3969BHO0ZNO 535MOBL. 03039 F90degds 00g35L 39MHEbeEroLfgswls s
©MH0dbsbBY. Jomoo 3MmEo fmbol godm, 3960 459m@OL 50530560l MMYIBOBA0WIB, yo-
50Ul Lolberdo s 0f)393L F96ds0m F0dFoEl. 3500930, JOMOMIWIW, 09Jgds MHOM-
30mgddo s 0f393L 30Wgdol IRMMZ9dL, MOLsE 8mMm3Y3z9ds MOM3TOL 305OOLMAS.
LogMNMO IYIBOos, BMI 8dodg FgBowgdol FoBOEOWO 33mGHJd0 0fj393L Mmb3m-
WMA0O 959390JO90L. 1939 393MOMOMdOLMZOL FgBOE L35 sErM Tggaol dmIEsbos
d0MH™M30 [omdmgdol bgermgzbm®a J0MgdmEo MIRMdgEro MoEombyy3ergogdo, Mm-
3MO0ES MMsbo, LEAHOMbE0Mdo, 39Bodo s bbgs.

5990096 go8md0bstrg, 33900L 3OIMEIBHIOTO 93MWLMAOYMSIP LISOYMBOO MO0~
35¢900b (3@ GHMJL03E0, BHMJLozeo, IO EMJLO3MEmO) FBLIDBPIMS 530 9dIW0Y,
653 990V 253cgbsly sbgbl J399bols gHMzbmwo MLsBOHDbMYdOL g3mema0m® slidgd-
ALS 5 5530560L LoMEBEOLYYBIMOIBMBSBY.

LHmOgo 98 d0Bbom Hdgdo gobolisbwg®s darogBmdlozm®o ddodg wommbgdo (Pb,
As, Hg, Cd) 5@m096-50LmMd30v9eo dgommoom (3mb@o 30178-96).

296LsBE3MOL 993900 JmEgderos dg-11 gbGodo.

gbmoero 11
AJo3mMo gemgdgb@gdol d99339mmds
OJbozmo gegdgbHgdo, 8y/3y
Pb As Cd Hg
DI e - - s | g | & ¢ | g
€ =) € =) € ) € )
5 g 5 g 5 g 5 g
B & 1e] & 6] > 6] >
1 356M055G0 0,019 0,004 0,003 -
2 | 3GmbEmzgzsdobem 0,018 0.005 0.002 -
bEGEoL 6mdsMO
3 (2,5%) 0.023 0.009 0,006
4 LobEHObMm 0,1 0.007 0,05 0.001 0,03 0.003 0,005 -
5 8o 3o 0.008 0,003 0,005 -
6 Bo@ o + 0,009 0,004 0.004 -
7 SN 0.008 0.009 0.001 -
8 Lbmgewol Gdg 0.017 0.002 0,008 -
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300900 99093900L 0obsbdo, y39ws B396 Boge 459m 3309wy 608mdgddo derogH-

A™MJbozmmo  9egdgbEgdol 899339wrmds  Bo3doMm®  IBIE0s S FMOLLS  DL3OHIO
51533900 3mb6396EHM309d0Sb.

3. R3360

J. 030obob LsdmIbTsMGOEM B>BIODY 3oLBHYMOBIdIMWo IO SO EH0TIBEHO 49b-
1b30300905 LobgmdgdolL (bMMTSE0BYOMWO s SPGB BdYg), 3bodol dslwmemo Howobs
(0,5%; 2,5%; 3,2%) o 8989030L (300dgmHreo Jobogroligeb sdbsgdmwo dmmegdo
5 35399900, 3mddoboMdMwo Jgi3mm3s - BH9G™M3530) Bobgz0om; MIoL Joffmgds be-
(309 Y0s OHMYMO 3 5RO MOM030 F[oMTMYdgd0B, 0l MEbm J39959d0L (BLgmo,
09 MOHMB0S).

bbgoolbgs dFomdmgdeols 35UGHgM0BYdMEo Mg AsbLbbgsgads dgbsbzol 3som,
OMIY0E3 ©IIMI0EIOMW0s 505 00Ybs FgnMm3z0L G033y, Mdgbssi 3sLEgMO-
D00l ©9:50090b9.

dmIbo6m9dgdol doBo30l d0Bbom IFoMdmgdergdo 09gbgdgb 565 Fbmerm R9Mo©
998390390L, 965990 9990930 LoboL TsBJdom Hoefgmgdl: ,,3:mbLgM3s6@EJdOLS s bg-
©m369900 65350l 490989, ,adm-b go6989°, ,,890353L FbMmmE bsEMMom® 0by-
©900963H9OL*, ,ymM39wM30L Bod B MMo 3MMEMJG0”, 3mblgMzs63 ool oc9dy", Hrrmdg-
o3 56 9Hoboswdgaqds TP TC 033/2013 s 3mb@E 31450-2013-0l dmmbm3zbgdl.

96O»bs0M0 3bodol AsbmEmo 3mbEgbGHMEo0L dJmbg Lbgoolbgs Lolsdmberm bodbols
33L9m0BgdMo Loldgeo MAY goblibzs3wgds bodolbom, 30gdols s wEbodm JdMswo
65800l Mm@ gbMdom, M3 MOABMEG33H03M Tobolinsmgdgddo solobgds.

050005, ®MI 159390096M MORBMWY3EH03MMH0 M30LJdYOO 5g3L ,,35MmoOGL,
»300MLEHM3Z350060mbL%, ,LoBEHbMUL® s ,b5EYMOE+“-U.

©503960w0s, HMI Lod33M030L, WEbodm dIMswo bsIMOL s F593056Mmd0L dshgg-
69000l dobgz0m o690 do ©M3YdghEol dmmbmgbgdls gglodsdgds 396505~
WsEOL, 3OMUBEM335006ML s LEBEGHObML 3GMM©MJ305, B3 005BY J0MOMGIL, M Joo

©3LOIBIPIIWHE 5MY9)6gdM0S BooEbIMOLLMZ60 bgwgmeEo; Mo3 d9gbgds ,,bo@ -
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o0+-b 5 LeGOL BMBSNU (3,2%), F553056Mmd0L Jobg300 56 gqLsdsdgds bGsbwsMEU,
o3 933L 9hgbL, MM ©T5E GO0 5J3L LS 96 J96B3gdM0s fywroo.

DMAX IO, 5050 3553056MdOL OMUL, MJOL 5FMOL 96 8909 JdIOL 153006 530 gdOL
doBbom, 53539096 LemsL. MMIEs bLems 96 BOOL Joll MM, 3JoM0odoom Jabol
bglog®mgen 256093mb 3mdoL d5gd¢geM0gdol (303MMBEMES) 256300050900L5M30L.

050 3553056Md0L 25dM, 35LEgMH0BYdIMwo MJIob 60ddgdo godm3zwgme odbs
bmeol 9993339 mdsBY. O3 g0 B0dmddo 56 50ImMBBEs LM, Moz BoPOMYdL, ™I
60898900 4569539005 Fywom 96 smgbogro Mdgs.

bemgeol bmdsmdo (2,5%), dognzsbs @s LsbEgdo 1Lod336m039, »Ebodm Mo bsdmo
@5 055305600l 2M5@MLO B 0s BMEMTLMID F9gsMgdom s 396 3sbbmdl dog-
391009390 ™ 399963900l dmmbMmzbgdL.

330930 89009250 53960 0s, MM 563 9O 603w9ddo 56 50BMBbEs 3gMHmJlosbs,
653 30109l 35L3YMH0DsEooL FglrmeEgdol LOYWRLLM3bgdLS S LOBMLEGDY.

35933 go 6088gd0 3sLbMdL oMYA YWOEOHIOJEO M3IMIIHEHOL dMmbM3bgdL,
OHmIol Jobg30m93 0dLILEMS 569653090 I X530l LobwyRMI30L bodolbo.

®dob bsMobbo s LoboMAgdE™ M30L93900 HTIMI0IOIMWO0s OMAMOE dol dg-
960 MdsBY, 0bg dgbobgzol 30MHMdGODYY. 9303939 00O MEO 3500l Aobgrols T9d-
@99 35UGJO0BYOIMo GO bsBOLLOL 3MBEGHMMEO FobbMO30g©s MMABME3EH03M0
@5 0553056mdol T 85B39690gdol  (33e00gdol Jobgz000 ©O 503M  OSYGMSTGd0,
Lo0bsE BobL, GMI godm3zergme 60dwdqddo 9553056Mmd0L Loowg dgbsbgol 350l
29U3w0ol 89009y OMAMOE 49blbgwn, olg 4obLbowr 60dxMdqddo 6 50gdsEgds B3O
5153390 BM®AsL. ym3z9w039 gl 30OMYOL 35L3YMHODsGOOL TguEMEgdol LEWESlmg-
B9dsLs s LOBMLEBHIBY, S1g39 LEYsMTML LsboE MO -304096)6 306HMDYIDY.

90650960b69M090056 (dsbolio, gE™mBEOLHystm, doMsdo, foerzs, MgEeg0) s09-
M@0 y39ers 390mfdgdmeo bgwro dembol Mdol 60dwdqgdol 4sMgabmewo Labg s 3mb-
LoLEBHYBE0S JOMYZ9MMZ5605, MJNOHOID MmPBs3 ygz0mgo  ETsboliosmgdgwo ggeol
GMbom, Boegdgdolis s 5396EJgdol go®gdy. 593 93390065 2odmbo@mwo GAol b3gEo-
30399600 3990 s Lmbo, sboero bsGmEmomo MIOLMZOL SMOEITIbIBOIMYdJO ¥bm
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UmBol 200939, bodol 999;339crmds 2,94-sb 4,36%-0g0, ows — 3,02-0sb 3,32%-0¢,
1003360039 — 1026-56 1030 32/33-0y.

Byowo ®dob 603+dgddo (dsbolo, ILMBEOLHYsSOM, doModo, [owrzs MgEsg0)
05535006005 doM0moo© 16-sb 20°T-dggs. mw9dgs bYdBHgddMOL ™30l MgErsgols Mol
608800 9553056Mmds 13°T-00, GroE Tgbodegdgeros 2sdmf3gmwo oyml sbmggwms 33900
294 BHMOH0m. sbgo 99dmbgz935d0, OMYMEO G 35dMbs3olo, Fgbodegdgwos Mdg Rsomzowmls
3560L50; Ubgs d90mbgg35d0 9339090, Bsbsd 6O IBMLEIds F55305b6mdoL 890-
30M9g00L J0BgBo. 53539 bod~ddo pH 6.93-0s. pH-0U 6,7-Bg domsero Loog Jommomgdl
0lgmo 6030096939008 ©sd53HJOSBY, MMIgdoi byl MIwol Aol BssMgz 95539050,
35250ms© LeMOU. slg39, Mol oBOHoo pH-ob 3603369 mds Fgodwrgds godmfzgmero
0yml dOMmbol 935000, dsLBHOGH0m. bmwm mv) pH 6,3-Bg ©odseos, 60dbogl, Gmd
3OMEYIGO 11330 53753905 0fggdU.

dogo Herob gobdsgwrmdsdo bywro HJol 0gOHIMIYMIMdS dodm33wgme bo-
3999030 ©0b5303ME0s. I 3sbiol 569 y39wsHg 09MHIMIYMIO BAY 0563M0OLS S dsobol

©sLoHgoldo 6 GgoduloMEIds, BYdEgddg®do sbodbreo Jarslo 9d3l IMFBEOLHYsOML
65033, 9MIMIEYMI™dOL IT 3¢sliol Jmbg Mol 60dmdgdoE 03305009, BgdEgddg®do 3o

350033 go 603dgd0sb S1gmo MmM0s: Fog3zols s MgEs30L; Y39wsbyg sMabgwlisy-
690 396H0MEO 0Ym 0563500 S F50LOL ILHYOLO, B3R 5T CMHMOLMZ0L Y39wsBg 9@
608893l dogbods III o IV 3eslio. 51939 s0LIB0Tbs305, BIMT dsobol ™M39d0 IOM™-
@obHgomrml 603m3ds s0dLobGs Jgg3olinds w93 sbm. MIMIMIYSOOMBOL LOEYOIJOOL
51900 ©0653039MHMdS 535300605 306M)BY30L 1533905 S 33900l BH03Mb.

6dgdo (3bodols s (3000930l MIbIBIOOMOOL M3EH0TswOHO 3OM3MGmE0s (1,21-1,5)
MBOWB39YgmRl MIoL  3m33MmbgbEgdol  dodlodog®  A5dmMYgbgdsl Lbgoolibgs  36HM-
©999GHoL Ho63M90500. 65 5d0Ls, 59 Bob39690w00 F9a30de05 11533900 BogmM0IMGdgd0M
80M0 d5sbloMmYdMO 33900L MO30MBOL Tglobgd (1530603060 bk gEmds. 056300l
03930 350m33w g Hdol 6033900 gl M965735MMBS M3EH0TsG 3OHMI3MMOEF05DY -
050d, begnm ds0bol M306 o000 MIBIRIOEMBOL M3EH0ToWMMO 3OHM3MOE0S BoJlo-
6905 foerzobs (1,22) s mgwsgol (1,31) 60dxdqddo. Lgd@gdd®mol sbsfigyodo yzgens

6039300 9b6560hmBgdME0s M3EH0ToEMm0 3OHM3MM305 s 1,20-0sb 1,35-qg dgeygmdl.
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35905331930 bgowo Gdol bodxdgdo d5d@gM0mEo IMmMgLZE0sbMdOL FbMH0g 5305-
4mz30gdl I 3¢05LL, M9d@Eobols Lobx ol Jobggz0m.

dobBHOBHLS @S LmEsHg FgIm{jdgdol J99agd0m EA0bIds, MHMI Bgwro Mdol bo-
33900 300gdY0s X SBIOMYo 3bM39e06 S LS 96 5938 WSTSEJOWWO.

Y395 B396 8096 go8m33ege 3sbGgHobgdeo Hdol bodddo dewog®-@mdlozmeo
9w99963H900L  89933900Mds 15305M® BSOS S FMOLYS BOZOIO ILYIZ9d0 3Mb-

395365(3090005b.

R0BIAOB IS

1. ®dg s ®JIoL bsfo®dol dgbobgd F9dbozm®o Ggysdgb@EHo-WWW.MATSNE.GOV.GE.
dMML 4505359mfjdg 01.07. 2021F.

2. b. 0353™30, b. 3Jo@0d300. HIobs s ®IoL 3O:MEJEHJOOL BH9bmemaos. Mmdowobo:
LodFmms LogoOmzgerm, 1984 (Hgero, a3. 330.

3. 3. 35303)9d9. 3030965. ®d0obo: Bods@rmggwm, 1975 fgwo, 93. 338.

4. 3. Dm®0003000. 33900L 308006s. MBOEIOLO: Qobsmegds, 1989 §, ag. 382.

5. 2.0569m05, . FoE9356@0d300, b. BIMOSMIE0. WIHOMOSGHMO0MEO 3ModEH03mdo
33900l 36HMm©YdBHadol 93mdodon® 9JudgMGHoBsdo. mdowobo: @gdbozmnMo mboggMlo-
&9Ho,, 2011 §, ag. 173.

6. 6.9m@q05d9, 5. 39GH058300. LELMOLIM BogMmbged3MEBYMDs. MBOEPOLO: JobsIGdS,
1969 §, a3. 653.

7. 9. ©3bgwo0s, 0. Boers3560d300. 33980l 3MIMPOYJEHJOOL Lobogmbarm 9dudgMGHOBS
15O GIM030 LoggwydzEgdo. Mdoolo: BH9dbozmemo Mboggdlo@g@o, 2017 §, 3. 447.
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953 33843

8050 LemBEEol AgOBYMdS

o. bnbodg
L5939 ML G9db039M0 MBo3xMLOE GO, 3. 3MUE35L 77, 0160, MdOWOLO, LosMMN39w M)

3bm@930d: 3CPIHOCr0s 83590000569829¢n0 96980L 3560 B0l (3s9() dog o gsbzo-
050960b Gobbgbo s Fs00 dophigz0l bsgd9do dogmso bmgyerol dgybgmdols
a0, (28903 9300600032950 8563005059800, 35G90mbsg50000 3sbrybolb-
d898¢m80b, beagosaraato 36Geagmgbols s Gbmgzaroca deabsbergmbolb bsbry®mbsorn
Asx60bm980b ) ©OH639¢79m30L  bsgdgdo bsbogmgbermeo  dbodz69¢rm3560
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SUMMARIES

UDC 6275

ENVIRONMENTAL AND HYDRO-ENGINEERING PROBLEMS ON GEORGIA’S BLACK
SEA COAST AND THE WAYS OF THEIR SOLUTION

Sh. Gagoshidze, E. Khatiashvili, I. Saghinadze, M. Kodua, G. Kadaria // Hydroengineering, Nel-

2(31-32), 2022, c. 7-24.

Summary: The main results of studies of sea water pollution, geomorphological, hydro-
technical and environmental problems currently existing in the estuaries of the Rioni and Inguri
rivers of the Black Sea coast of Georgia are presented in the article. These problems arose after
the transfer of the final 7-km part of the Rioni River to another channel, and at the mouth of the
Inguri River they were caused by a change in flow after the construction of the high arch dam of
the Inguri hydroelectric power station. Mathematical models for solving these problems are
constructed. Some engineering measures are proposed to prevent geomorphological changes.

Keywords: environment, mathematical model, pollution, rehabilitation, waves.

UDC 628.1
DEVELOPMENT OF AN EPANET MODEL AND EXECUTION ENVIRONMENT
K. Gordeziani, Z. Tsinadze, L. Kavelashvili // Hydroengineering, Ne1-2(31-32), 2022, c. 25-32.

Summary: The scientific and educational value of sharing both model programs and model
instances is increasing in the field of environmental and hydrologic modelling. Truly, numerous
cyberinfrastructure tools are created to simplify linking, executing, and sharing models. Many
challenges hinder the introduction of such systems. These can include technological barriers:
installing and managing software, internet systems, social barriers such as a culture of not sharing
models due to concerns over private or otherwise proprietary information. In some cases, model
sharing platforms are not easy to use or implement for specific needs. This paper presents the
design, a model-sharing repository and a model-viewing application, specifically for the EPANET
modeling community.

Keywords: Epanet, hydraulic modeling, water resource.
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UDC 6275

THE CAUSES OF THE CHANGE OF THE COASTLINE OF THE SEA IN THE VICINITY OF
THE ISLAND "DIDI" IN POTI IN THE XX CENTURY

I. Kadaria, G. Noselidze, G. Kadaria // Hydroengineering, Ne1-2(31-32), 2022, c. 33-39.

Summary: Changing the riverbed in the 1930s fulfilled the main purpose of the project, but
on the other hand, it created a problem of bank washing that continues to this day. The present
paper deals with the research of created problems and the search for optimal solutions.

Keywords: bottom sediment, passive and active movement, shoreline scour, shoreline

dynamics.

UDC 693
CORROSION OF CONCRETE IN NATURAL WATERS AND MEASURES TO COMBAT IT
A. Chikovani, R. Gaprindashvili, G. Zubiashvili // Hydroengineering, Ne1-2(31-32), 2022, c. 40-51.

Summary: In construction practice, due to chemical processes that occur in the interaction
of natural water and cement hydration products there is often a reduction in the strength and
sometimes even decay of concrete. These processes take place in the pores of concrete and are
called corrosion (Latin "corrodo" — corrosion or "corrosion" — erosion), and environmental-water
activity — its aggressiveness.

Keywords: acidity, aluminate, ammonium, cation, concrete, corrosion, chemical activity,
hydroxide, hydrophobization, impregnation, injection, ion, leakage, solubility, sulfate, silicate,

vacuum.

UDC 62401
WATERPROOFING OF CONSTRUCTIONS DURING RECONSTRUCTION AND REPAIR
A. Chikovani, T. Batsikadze, N. Mskhiladze // Hydroengineering, Ne1-2(31-32), 2022, c. 52-60.

Summary: Buildings built in the 19% century and earlier usually do not have horizontal
waterproofing. In addition, with the growth of the cultural layer, this waterproofing can no

longer fulfill its function. This leads to dampness of the wall due to capillary absorption of
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moisture. Which results in a decrease in thermal insulation and durability of the wall due to salt
corrosion, biocorrosion and freeze-thaw.
Keywords: anode, biocorrosion, cathode, capillary absorption, drainage, repair, recovery,

reconstruction, salt corrosion, thermal conductivity, ventilation, waterproofing.

UDC 624.01

EARTHQUAKES AND THEIR INFLUENCE ON STRUCTURAL SCHEMES OF
REINFORCED CONCRETE BUILDINGS

L. Balanchivadze, B. Beraya // Hydroengineering, Ne1-2(31-32), 2022, c. 61-67.

Summary: The article considers the impact of an earthquake on high-rise reinforced
concrete buildings and the features of drawing up design schemes for different construction
standards.

Keywords: building codes, core rigidity, earthquake, high-rise buildings, loads, reinforced

concrete, seismic resistance, stability.

UDC 624.04
MODERN BUILDING — CONSTRUCTION SPECIFICS AND STRUCTURAL ANALYSIS
L. Balanchivadze, G. Goksadze // Hydroengineering, Ne1-2(31-32), 2022, c. 68-73.

Summary: Features of the construction and structural analysis of, so-called, the most
common sports facilities among the outstanding buildings in the modern construction industry
are discussed.

Keywords: building, durability, safety, sports facility, stadium, tribune.

UDC 624.05
RESTORATION-RECONSTRUCTION MEASURES OF DAMAGED BUILDINGS
M. Chanturia, G. Iashvili // Hydroengineering, Ne1-2(31-32), 2022, c. 74-78.

Summary: The need for reconstruction of buildings caused by many factors is discussed.
Physical and moral wear and tear of building constructions can be named as the main, general
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factor, as well as their improper exploitation. Physical wear and tear is expressed in the decrease
of the physical-mechanical characteristics of the materials of the supporting and limiting
constructions compared to the values provided by the construction norms.

Keywords: conservation, physical wear, reconstruction.

UDC 62421/ 8
LONG-SPAN CONSTRUCTIONS IN URBAN BRIDGE CONSTRUCTION
M. Chanturia, L. Chikvinidze // Hydroengineering, Ne1-2(31-32), 2022, ¢. 79-84.

Summary: The issues of construction bridges in megacities in connection with the
development of transport infrastructure, which are used to move over congested roads and create
large junctions are discussed. Bridges are distinguished by various types, such as: arch bridges,
vantur bridges, coil bridges, limb bridges, opening bridges, road bridges. Bridges are a common
feature of the built environment and one of the main elements of civil engineering. The basic
principles of bridge design depend on the supporting structure. The choice of bridge design is
determined by height, ground conditions and required width.

Keywords: bridge, megapolis, overpass, viaduct.

UDC 628.8
HEAT PROTECTION OF BUILDINGS IN LINE WITH INSTALLING THE SKIRTING BOARD
HEATING
M. Grdzelishvili, A. Kopaliani, S. Goderdzishvili // Hydroengineering, Ne1-2(31-32), 2022, c. 85-92.

Summary: The paper discusses special aspects of installing a water based skirting board
heating system as well as of ensuring the thermal comfort.

An expression for calculating the necessary thermal resistance of an enclosure structure
during the action of the gravitational flux superimposed thereon has been obtained.

Keywords: convection, heat jet, radiation, skirting board heating, thermal comfort, thermal

transmission, thermal resistance.
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UDC 621.6
THE RESULTS OF PRACTICAL STUDIES OF GAS SUPPLY TO MULTI-STOREY BUILDINGS
G. Chaghiashvili // Hydroengineering, Ne1-2(31-32), 2022, c. 93-98.

Summary: Gas supply plays an important role in the energy and social sector, although it is
explosive, it is still widely used both in industry and for domestic purposes. Gas users can be
people of all ages from children to the very old. Because of the above, we must take safety rules
very seriously, because a small mistake can lead to disastrous results. In this case, we are
considering natural gas supply in multy-storey buildings. What should be paid special attention
to, so that we do not deviate from the norms defined by the safety rules is discussed, and, at the
same time, how we live in real conditions.

Keywords: gas distribushen (supply), gas equipments, gas regulators, multy-storey

buildings, pressure diferences, safety, safety norms.

UDC 635.1/8

EXPERTISE OF RAW MATERIAL OF CUCUMBER PRODUCT GROWN IN GREENHOUSE
AND OPEN FIELD AND MARINADE PRODUCED FROM IT

G. Danelia, T. Palavandishvili, Z. Geliashvili // Hydroengineering, Ne1-2(31-32), 2022, ¢. 99-110.

Summary: Against the background of intensive chemicalization of agriculture and increased
anthropogenic processes, the composition of products in dynamics (according to decades) for
open and closed ground (Mukhran, Marneuli) has been studied in terms of determining the
biological completeness and ecological purity of cuacumber raw materials and marinades produced
from it.

Keywords: biochemical parameters, black soil, cucumber, ecological purity, meadow brown

soils.

UDC 6344

RAW MATERIAL PRODUCTIVITY OF THE MAIN PEACH VARIETIES GROWN IN THE
MIDDLE KARTLI ZONE AND EXAMINATION OF PULP PRODUCED FROM IT

G. Danelia, T. Palavandishvili, Z. Geliashvili // Hydroengineering, Ne1-2(31-32), 2022, c. 111-118.

Summary: For the first time, in the conditions of Shua Kartli in Georgia (Zemo Khandaki,

Ateni, Ruis), the following were studied: the set of main characteristics of canning, greenhouse
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and vineyard peaches (mineral and biochemical parameters, ecologically negative radicals),
chemical examination of peach pulp produced by the enterprise "Kula" and identification with
the standard. Also, the main (nitrogen, phosphorus and potassium) assimilable nutrient elements
in the accumulation layer of brown soils under the conditions of Shua Kartli have been studied.

Keywords: biochemical parameters, peach varieties, ecological purity, brown soil.

UDC 637.1

IDENTIFICATION OF RAW MILK PRODUCTS AND FINISHED PRODUCTS SOLD IN
GEORGIA WITH THE STANDARD

T. Palavandishvili, G. Danelia, T. Goderdzishvili // Hydroengineering, Nel1-2(31-32), 2022, c. 119-141.

Summary: To study milk quality in the consumer market, both locally produced and
domestic milk, as well as imported products are taken. Based on quantitative and organoleptic
analysis, product quality indicators, biochemical completeness and ecological purity were
determined.

Keywords: biochemical parameters, competitiveness, ecological purity, heavy metals,

labeling, milk, packaging, radio-nuclides.

UDC 33843
SUSTAINABLE AGRICULTURE
T. Nozadze // Hydroengineering, Nel1-2(31-32), 2022, c. 142-146.

Summary: Sustainable agriculture is designed with the intention of preserving the
environment, expanding the Earth’s natural resources, all while creating a quality of life for
animals and humans. Sustainable agricultural allows for the desires of society’s food and textile
needs to be met without the fear of inhibiting the Earth’s natural resources for future generations.
In addition to preserving the Earth's natural resources, sustainable agriculture benefits the
environment through helping maintain soil quality, reducing erosion, and preserving water. In
order to maintain a sustainable lifestyle, agriculturalists focus on certain criteria in order to

compete with current sustainability practices. This criterion consists of creating a healthy
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environment, while ensuring economic profitability in addition to maintaining social and
economic equity. Every member of the food system can manage a sustainable lifestyle through
remaining consistent within this criterion.

Keywords: agriculture, sustainable development, organic production.

UDC 6369
RABBIT STORAGE SYSTEMS
M. Tsintsadze, N. Orjaneli, N. Natroshvili. // Hydroengineering, Ne1-2(31-32), 2022, c. 147-151.

Summary: The article presents a brief description of tanning. Attention is focused on storage
systems of rabits in modern conditions, its positive and negative sides.
Keywords: aviary, cage, climate, free-range, leather-furry, log, settings, scythe, under-

layment, wet-household, wood.

UDC 636.7
GEORGIAN SHEPHERD, GENERAL DESCRIPTION AND NUTRITIONAL FEATURES
M. Tsintsadze, N. Natroshvili, N. Orjaneli, L. Chkhartishvili / Hydroengineering, Ne1-2(31-32),

2022, c. 152-156.

Summary: The article presents the general characteristics of the Georgian shepherd dog, its
distribution area, features of genetically enhanced structure. The article also focuses on the
peculiarities of nutrition and the list of diseases caused by improper nutrition, which can be
avoided by organizing proper nutrition starting from the puppyhood period. The article provides
a list of foods that cannot be given during feeding as a recommendation.

Keywords: area, diseases, genetically, recommendations, shepherd, structure, nutrition.

UDC 6364
PECULIARITIES OF PIG NUTRITION
M. Tsintsadze, N. Orjaneli, N. Natroshvili // Hydroengineering, Ne1-2(31-32), 2022, c. 157-161.

Summary: The present article briefly and succinctly presents the features of pig nutrition.

Its biological features are presented, attention is focused on the need for nutrients and their
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participation in increasing further productivity. An increase in daily live weight obtained with
less food is also justified, if the amount of energy consumed in the ration is maintained, which
indicates a reasonable composition of the ration structure.

Keywords: cellularity, concentrate, detailed, energy, green feed, level, live mass, microele-

ments, norm, protein, rootstock, silage, swine production, vitamins.

UDC 636.5
ECONOMIC EFFECTIVENESS OF ARTIFICIAL MOLTING IN EGG LAYER POULTRY
T. Nozadze // Hydroengineering, Ne1-2(31-32), 2022, ¢. 162-170.

Summary: In 2019-2022 in the frame of the study, we conducted experiments on a
depreciated 72-week-old population of egg-laying hens; during which we developed a program
of the zootechnical method of artificial moulting and studied the effect of using of ‘Ganasupervit
Plus’ on the maintenance of the poultry during the whole period of operation, the standard
reduction of live weight, the beginning of laying eggs, the peak and productive periods, the
quantitative and qualitative indicators of egg productivity. In parallel with the above, under
similar nutritional care conditions, we studied and recorded the egg productivity rates of a 58-
week-old team which have not gone through the moulting process in order to economically
calculate the cost price of eggs received from different teams and to determine the economic
effectiveness of the program of an artificial moulting developed by us.

The data obtained from the abovementioned study and the analysis of results allowed us to
came to the conclusion that comparing with the poultry being in operation by prolonging the life
of depreciated egg-laying hens through the artificial molting program we have developed, it is
possible to increase the quantitative and qualitative indicators of productivity at a minimum cost
per unit, which is economically very effective, especially in the current period when there is an
economic crisis caused by the global pandemic. The work provides recommendations we have
developed that can guide both large egg-producing poultry farms and small farms.

Keywords: artificial molting, egg production, economic effectiveness.
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