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UDC 628.4

CALCULATION OF SANITARY PROTECTION ZONES

L. Klimiashvili, K. Gordeziani, A. Bagration-Davitashvili, G. Soselia

(Georgian Technical University)

Abstract: There is revieued the report on Sanitary Protection Zones is reviewed by the Parlia-
ment's normative act in the field of environmental protection (Thilisi 2000), and accord-
ing to the Water Law of Georgia (Section Il, Chapter 1I, Article 21). According to
hydrogeological features of ground-water, which should be considered during analysis
of test-filtration results of the works and defining main hydrogeological parameters.
The calculation is carried out by E. Minkin, N. Lapshin and A. Oradanovskaia’s meth-
odology, based on the sanitary - hydrogeological parameters. Based on the above-
mentioned, we consider it appropriate to use the calculation in engineering practice.

Key words: sanitary protection zones, test-filtration works, determination of hydrogeological
parameters, type of hydrogeological conditions, natural flow of underground waters,

water intake.

1. INTRODUCTION

According to the normative act of the Parliament of Georgia in environmental sphere (Tbilisi
2000), and according to the Water Law of Georgia (Section II, Chapter II, Article 21)

"The general purpose water should have a sanitary protection zone for the surface and ground-
water supply structures from which it fed."

According to hydrogeological features of ground-water, which should be considered during
analysis of test-filtration results of the works and defining main hydrogeological parameters, it is

advisable to specify hydrogeological conditions taking into consideration the following principles.
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e The natural flow of the underground waters is directed from water source to the river;
e The natural flow of the underground waters is directed from river to the water source;
e The natural flow of ground-water does not take part in the process of formation;

e The natural flow of ground-water moves across the river.

2. THE BODY OF THE ARTICLE

At the same time, it is of principle importance to what type of water intake we have: the
coastal, or isolated from the river, or isolated from the surface stream and reservoirs type.

Depending on these principles, first of all it is necessary, to take into account the above-
mentioned conditions, defined type of source and calculated sanitary protection zones, based on
relevant methodical guidelines. Sanitary protection area consists of 3 zones:

I zone - Strict regime area covering the area-where water supply structure is located in 15 m
radius;

IT and III zones - Limiting zone.

The distance from the II zone to the water intake the determining parameter T microbial cal-
culating time, which is enough to treat the stream from pathogenic microbes. This time is 400 days
and marked T = 400 days.

The III zone is designed to protect ground-water from chemical pollution.

The timing of water pollution from sanitary protection zone to the water zone (T chemical) .

Consequently, when during designing intake structure of ground-water and it’s exploitation,
we will take 3 zones: I, II and III.

Thus: I zone is a girdle-strict regime zone, that covers the area with the radius of 15 m; The II
zone is calculated for 400 days of water flow, and III zone - for 10 000 days of water flow.

The calculation of the II and III zones is carried out by E. Minkin, N. Lapshin and A.
Oadanovskaia’s methodology, based on the sanitary - hydrogeological parameters.

Based on the above-mentioned, we have the conditions, when the natural underground flow is
directed towards the river. In this case we use formulas:

Xp = Xo/1—0Q/mXoq (1)

Where:

Xg - 1s a watershed coordinate,
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X, — 1s distance from river to water intake structure in meters,
Q —is debit of water intake structure,
Q — specific debit of the flow.
This formula acts, when the water intake’s expenditure is relatively low:
Q=mXxXXoXq 2)
The length of the sanitary protection zone (R) in the direction of river level is determined by

the estimated time (T):

_mn[, Xo-Xg*, Xo+R/(Xo—Xp)
r= q [R 2Xpg Xo+R/(Xo+Xp) 3)

Where m is the capacity of the water layer (meters), and n is the activity of the rock’s pores.

_i a4mnXo
R—Zmn(1+ /1+ = ) 4)

The length of the sanitation protection zone is determined by the river flow direction:

X g2 -
T = R ) ®)
Where 7 is the length of sanitary protection zone down from the water intake structure.
The space of sanitary protection area is calculated by the formula:
F = QT/mn (6)
The sanitary protection zone width:
dmax = Q/24 (7
q = kmi (8)

where i is slope

In the case of N1 source, the parameters of formula include:
X,=100

Q=2000m’/day,

m=30 m.
k=30 m/day,
n-0.25,
1=0.001
By submitting them to the appropriate formula:
q = kmi = 30 x 30 x 0.001 = 0.9 m?/day
3.14 x 100 x 0.9
q= 2000 =0.14
2000x400

= 3.4 (T = 400 day)

T 3.14X30X0.25X1002
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4
T =200 _ g (T =1 x 10* day)

3.14X30%0.25%x1002

In this case n = X, = 100 m.
This is the length of the II zone from I zone in the direction of the river motion,
Concerning the distance from the second zone in the direction of the reverse flow of the river,

it 1s calculated as follows:

0.9%400
Rq = 320 = 48 (T = 400 day)
_0.9%x1x10% . 4
Rq = 22 = 1200 (T =1 x 10* day)
=240 _ 48 (T = 400 day)
30x0.25%100
4
= 22 _ 12 (T =1 x 10* day)
30X%0.25X100
Accordingly,
AR =125  and AR =1.25 % 100 = 125 (T = 400 day)
AR =3 and AR = 3 x 100 = 300 (T =1 x 10* day)

The total length of the II and III zones is:

L =100+ 170 = 270 (T = 400 day)

L =100+ 1500 = 1600 (T =1 x 10* day)

The total length sanitary protection zones is:

d=1.6 (T = 400 day), d=5 (T=1.10"day)
Accordingly,

d=1.6x100 =160 m,

d =5%100 = 500m.

Thus the N1 source sanitary zones are:

I zone with 50 m. radius is N1 diameter.

II zone in the direction of river flow is 100 m, up the river is 170 m.
III zone in the direction of river flow is 100 m, up the river is 1500 m.
The width of the II zone is 160m and III zone — 500 m.

For the N2 source sanitary zone boundaries frontal group are:

The border of I zone is located in the radius of 50 m from the farthest point.

Xo =150m, Q = 500 m3/day, m = 30 m, K = 30 m/day. n = 0.25,i = 0.001

By submitting them in appropriate formalities we obtained:
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3.14x150x 09

= = 0.85
q 500
_ 500%400 - 200000 _ 0.38 (T = 400 day)
3.14X30%0.25X150 530000
4 6
T = __ 500x1x10 = SX10° gy (T =1 x 10* day)

3.14%30%0.25x1502 530000

In terms of T and q’s mean values n = 0.4 or 60 meters, i.e. the Border Sanitary Zone II Line
is about 60 meters from the Sanitary Zone 1. As for the sanitary zone II the border in the up

direction of river flow, it is calculated as follows:

_0.9%400 _ 360

Rq =S =75 — 48 (T, = 400 day)

4
Rq =5 0o = 1200 (Ty = 1 x 10* day)
T = _09X400  _ 360 _ o, (T = 400 day)

T 30%0.25X150 1125

_09%x1x10* _ 9000 _
© 30%0.25x150 1125

(Tx = 1 x 10* day)

Accordingly,
AR = 0.8 m.
AR = 0.8 X 150 = 120 m.
AR =1.3m.

AR =1,3x 150 = 195 m.
Afterwards R = 48 + 120 = 168 m ( T,,, = 400 day)
R = 1200+ 195 = 1395 m (Tyx = 1 x 10* day)
The total length of Il and [T is L = 150 + 168 = 318 m. L = 150 + 1395 = 1545 m.
The width of the sanitary zone is: d=1 ( T, = 400 day) and d=2,1 ( Ty = 1 X 10* day)
Accordingly, the width of the II zone is 1d, or 150 m and III - 2,1 X 150 = 315 m.

3. CONCLUSION

Thus the borders of the sanitary zones for the N2 front-line group of sources are as follows:

I zone is in the 50 m radius from the outlying sources. The border of II zone passes (in the
direction of river flow) in the length of 150 m.

In the up direction of river at 168 m. The borders of III zone are accordingly 150 m and 1395
m. The width of II zone is 150 m, III - 315 m.

In the area of sanitary protection zone, I shall be prohibited:
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Conducting construction works, that have no connection with the exploitation, reconstruction
and expansion of the water object; Use of toxic chemicals, fertilizers and conducting all the
measures are undertaken below II zone.

In II zone area the following activities are provided: Agreement on the implementation of all
new construction works with local self-government, sanitary service and geological control bodies;
It is prohibited to discharge wastewaters (recycled) in underground horizons, storage of solid waste
underground; Land cultivation; Deployment of fuel-milling materials, toxic chemicals, mineral
fertilizers, insulating plants; Graveyards, cemeteries, spare tranches, goods, or poultry farms and
other objects, that can cause chemical or microbial contamination.

In the area of III zone, the following efforts should be taken:

To evinced, identified and liquidated unsuitable and unused bore wells, as potential sources of
pollution. It is prohibited to pump contaminated waters in underground horizons, disposal of indus-
trial waste reservoirs, storage of lubricants and washing materials, storage of poisons and other pol-

lutants.
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MODELING ASA METHOD FOR STUDYING EROSION

I. Inashvili, A. Bagration-Davitashvili, I. Klimiashvili, V. Khorava

(Georgian Technical University)

Abstract: Modeling is one of the main methods of studying the surroundings reality and a tool in
scientific and practical human activities. Among the types of physical modeling in ero-
sion, modeling using physically smilar models belonging to the category of hydraulic
modeling, the principles of which are quite well developed has become widespread. In
hydraulic modeling must satisfy the conditions of geometric, kinematic and dynamic simi-
larity. In erosion studies, predominantly functional Math models are common, among
which the largest groups are so-called washout models, or erosion losses. Currently, the
number of mathematical models of soil erosion losses of various types developed in the
world are measured in many dozens and continue to increase. For erosion studies water
erosion, as a process, geoinformation technologies are the most effective tools for re-

search and evaluation, forecast and justification of management decisions.

Key words: modeling of erosion, physical modeling, hydraulic modeling, Math modeling.

1. INTRODUCTION

Significant place in the methodological arsenal of erosion study is modeling - the method of
knowledge, in which the real system, or process (original, nature, prototype) is studied using its
substitute - a simplified copy, scheme, sample or analog, which is called a model. The modeling
process, therefore, consists in building the model of the object, of study (system, or process) and its
subsequent study. The results obtained in the process of such study are transferred according to cer-
tain rules to the real object.

Modeling is one of the main methods of studying the surrounding reality and a tool in scien-

tific and practical human activities.
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As a way of reflecting reality, it actually originated simultaneously with the development of
scientific knowledge, but plays special role in the study of complex systems - natural, economic,
social, technical, where it is difficult and often impossible, to use other methods. For example, it is
impossible to destroy the dam of the existing reservoir in order to determine the consequences of its
breakthrough in the earthquake for the settlement, that is located downstream of the river. Moreo-

ver, this is impossible to do if we are talking about a reservoir, that is just being designed.

2. THE BODY OF THE ARTICLE

A unified classification of models does not exist. There are many classifications developed by
representatives of various sciences in relation to the relevant features of the application of the model-
ing method. The general framework of this classification can be built as follows. First of all, it is cus-
tomary to divide all models into two large categories: material (real, objective) and ideal (figurative,
sign). Material models, in turn, are divided into spatially similar, physically similar and mathematical-
ly similar and ideal models into figurative (iconic), figurative-sign and symbolic (symbolic).

Modeling phenomena, or processes using material models is usually called physical, or natu-
ral. The term “physical modeling” is not limited to physics, but also applies to any other sciences.
The term “natural modeling” in this context is not entirely successful, since it is more correct to call
physical modeling in laboratory conditions “laboratory modeling” and physical modeling in natural
conditions - “natural modeling”. In erosion studies, such a division of physical modeling - into la-
boratory and natural - is fully justified, since the methods, equipment and modeling capabilities in

the laboratory and in nature are significantly different.

The Physical modeling

Among the types of physical modeling in erosion, modeling using physically similar models
belonging to the category of hydraulic modeling, the principles of which are quite well developed
has become widespread.

In physical modeling, a linear relationship between model and kind is usually used:

Xm = MyxX, (1)

Where X,,, relevant model specifications; Mx - scale coefficients (scale characteristics) of X;

X, - characteristics of nature.
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In hydraulic modeling must satisfy the conditions of geometric, kinematic and dynamic simi-
larity. Geometric similarity is ensured by the constancy of the scale of the linear characteristics of
the model and nature — the depth and width of the flow, the dimensions of roughness and sedi-
ment. To achieve kinematic similarity, the proportionality of speed and acceleration must be en-
sured, as well as the coincidence of their directions on the model and in nature. Dynamic similarity
is determined by the proportionality and unidirectionality of the acting forces.

The main similarity criteria for modeling open free-flow flows are the numbers (criteria) of

Reynolds (Re), Froude (Fr), Strouhal (Sh) and Euler (Eu):

Re == )
Fr=" (3)
Sh=— )
Eu=—5 (5)

where V is the flow velocity, m/s; L is the characteristic size (depth) of the flow, m; F - force
(in the case of free-flow movement - the force of gravity of the mass unit F = g, where g is the ac-
celeration of gravity, m/sz); T - time, with; P — pressure, Pa; v - coefficient of kinematic viscosity
of water, m*/s; p is the density of water, kg/m3.

The flows on the model and in nature will be similar if the above criteria for the model and
nature are the same, i.e. e, = Re, , Fr,, = Fr,, Sh, = Sh,, Eu,, = Eu, or Re=idem, Fr=idem,
Sh=idem, Eu=idem. (lat idem is the same).

When modeling flows in eroded channels (the essence of modeling erosion processes), crite-
ria, that characterize the density and/or hydraulic size of sediment particles should be added to the
above criteria and when studying the destruction of soil by rain drops, energy characteristics of pre-
cipitation should be added.

It is known, that the simultaneous fulfillment of all, or even part of the similarity criteria in
hydraulic modeling is almost impossible. Of the four main similarity criteria, the Euler criterion
(“pressure coefficient”) in most practical problems turns out to be insignificant and the Strouhal cri-
terion (“homochronicity criterion”) can be disregarded, when studying the field of averaged steady-
state flow. Most often, when modeling, only two similarity criteria are used - Froude and Reynolds.

However, there are also difficulties with their simultaneous implementation.
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In order to simultaneously ensure the identity of the Frud and Reynolds criteria for model and

nature, the scale of linear quantities (M, ) must be equal to:
M, = MZ*m; (6)

Where M,, and M, are scale factors for the kinematic viscosity of a fluid and gravitational ac-
celeration, respectively.

The scale factor for the acceleration of free fall is always one, i.e. My = 1

Then from (6) it follows, that with physically homogeneous modeling (in which water is used
as a model liquid and M,, = 1), the scale factor of the linear dimensions of the model M; should al-
so be equal to one, i.e. the model should have exactly the same linear dimensions, as well as the
simulated object.

It is clear, that for large objects, such as a river catchment, or even a separate slope, this con-

dition is practically impossible.

The Math modeling

In erosion studies, predominantly functional models are common, among which the largest
group are so-called wash-out models, or erosion losses. By the nature of the mapping relationships
in the simulated system, mathematical models are divided into static and dynamic. Static models
make it possible to characterize the structure and connections in the system either at a certain point
in time or, on average, for a certain period of time (in erosion studies, most often for a long-term pe-
riod). Static models include most empirical models of soil erosion. Dynamic models describe the
process change in time and in erosion studies, as a rule, model the erosion-accumulative process as
a result of a separate rainfall (shower period) or during a snowmelt period of a particular year.

By the nature of the spatial schematization of the object of study, models are divided into zero-
dimensional (0D), one-dimensional (1D), two-dimensional (2D) and three-dimensional (3D). Zero-
dimensional models, or models with lumped parameters, do not take into account the spatially distrib-
uted nature of the object — all its characteristics are taken spatially averaged (for example, over the
area of a slope or catchment). One-dimensional models (profile) take into account the change in the
characteristics of the model only in one of the space coordinates (in erosion models - along the length
of the slope). Two-dimensional models take into account changes in the characteristics of the model
on the plane - by the X and Y coordinates (such models are usually called spatially distributed). Final-
ly, three-dimensional models take into account changes in the characteristics of the simulated process

in all three space coordinates - X, Y and Z. These models include the so-called hydro mechanical run-
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off models, which are based on the complete system of Navier-Stokes equations, which take into ac-
count the change in flow characteristics not only by area, but also in depth.

Currently, the number of mathematical models of soil erosion losses of various types devel-
oped in the world is measured in many dozens and continues to increase.

By now, simulation modeling is one of the most effective methods for researching and opti-
mizing the management of complex natural and natural-economic systems. An imitative simulation
idea [1] should be considered the imitation system (imitation model). Imitation models can be used
both in simulation and optimization modes. In the first case, the model is used to select a particular
strategy by conducting numerical experiments with it for certain values of variables, that character-
ize the state of the original system (endogenous or internal variables) and external influence (exog-
enous or external) variables. If for a given objective function, using the model, they try to find the
optimal strategy, i.e. the values of variables, that provide the optimal values of the selected criterion
or criteria, the model is called optimization.

In relation to the optimization problem of agro-landscape systems due to insufficient formali-
zation of the procedure for selecting the optimal values of endogenous variables, with the presence
in general of several (economic, environmental, social) optimization criteria, the complexity and
nonlinearity of mathematical models, that describe their functioning, the application of formal op-
timization procedures is difficult.

Currently, simulation modeling is successfully used to solve various theoretical and applied
erosion problems in the USA [2, 3, 4] and other countries.

The range of application of geo-information technologies in erosion studies covers almost the
whole range of their functions - information and reference, monitoring, automated mapping, space-
time analysis and modeling, creation of spatial decision support systems in planning, design and
management.

Using geoinformation technologies, spatially distributed (cartographic) data is divided into
homogeneous layers (topography, hydrographic network, genetic soil varieties, soil erosion, spatial
structure of land use, crop rotation, anti-erosion measures, etc.) and entered into a computer as elec-
tronic files with using raster (as a set of cells covering the whole territory), or vector (with the for-
malization of spatial information using a set of elementary graphical objects - points, lines, seg-
ments (arcs) and the polygon) spatial model data.

Modern instrumental GIS allow you to edit and up-to-date information, form new data layers
based on a transformations or a combination of existing ones, as well as display them on the screen

and (or) as a solid copy in a two, or three-dimensional representation.
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The function of geo-information technologies is to ensure the monitoring of natural and natu-
ral-economic territorial systems, which implemented mainly through computer processing of re-
mote sensing data (aerial and space imagery) and geo-information field mapping.

The function of the Earth remote sensing data processing (RSD) is currently implemented in
many commercial GIS packages for universal use, such as, for example, the GIS package and image
processing IDRISI (Clark University, USA) and in specialized RSD data processing packages, such
as software ERDAS IMAGINE, ER Mapper, LPS and other ERDAS companies (ERDAS Inc.,
Sweden), the ENVI system of ITT Visual Information Solutions (USA), the software of ScanEx
RDC (Russia) (ScanMagic, ScanEx Image Processor). Digital images of high (2-10 m) and, espe-
cially, ultrahigh (less than 2m) spatial resolution open wide opportunities for remote monitoring and
mapping of erosion processes. Another promising area of application of geo-information technolo-
gies in erosion studies is the automation of thematic mapping. It includes the preparation and publi-
cation using the capabilities of modern computers of traditional maps of soil erosion, erosion con-
trol measures, etc., that meet modern requirements for cartographic products, as well as the creation
of various thematic cartograms and chart diagrams.

The potential of geo-information technologies for modeling water erosion and assessing ero-
sion losses of soil was demonstrated in the 1980s.

This was first apparently done in [5], where using the GIS package and image processing
VICAR / IBIS (USA) the spatial implementation of the Universal Soil Loss Equation - USLE using
remote sensing data (Lansat satellite imagery) and provided the erosional soil loss forecast for a test
site located in the state of California (USA).

Currently, there are many spatial implementations of the Universal Soil Loss Equation and its
subsequent version of RUSLE [6], performed using different GIS packages (IDRISI, ArcView GIS,
ArcGIS, etc.) in various countries of the world, including those located in Asia, Africa, Latin America.

Since the mid-90s, geo-information technologies have been used for the spatial implementa-
tion of algorithmically much more complex models of water erosion.

Examples include: spatial implementation of a modified version of the logical-mathematical
model of soil flushing made using the PCRaster package at Odessa State University. Dynamic Lim-
burg Soil Erosion Model (LISEM) developed at the University of Utrecht (Netherlands) using the
PCRaster spatial analysis and modeling package [7]; development of a model of a slope erosion
process based on the numerical integration of the system of diffusion wave equations in the GRASS

GIS package [8].
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3. CONCLUSION
For erosion studies water erosion as a process, its consequences for the environment and eco-
nomic activities and develop ways to prevent them, which have a pronounced spatial-distributed na-
ture, geoinformation technologies are the most effective tool for research and evaluation , forecast

and justification of management decisions.
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0,00 0,00 0,50 1,00 1,50 2,00
1,00 0,63 0,82 1,00 1,18 1,37
2,00 0,86 0,93 1,00 1,07 1,14
3,00 0,95 0,98 1,00 1,02 1,05
4,00 0,98 0,99 1,00 1,01 1,02
5,00 0,99 1,00 1,00 1,00 1,01
6,00 1,00 1,00 1,00 1,00 1,00
7,00 1,00 1,00 1,00 1,00 1,00
8,00 1,00 1,00 1,00 1,00 1,00
9,00 1,00 1,00 1,00 1,00 1,00
10,00 1,00 1,00 1,00 1,00 1,00

20595030056 hobl, @md, @megbsi dgfmboao bofomszol LoFyolbo Lobomg
dgBos bogowols LohJodgbg (Vo > 1), boFoaszol Lobjomg 0fggdl gangdsl bogowols
LohJo®ols doe§ggedoyg. megloi bofomsgols Lafyobo Lohdodyg bsgangdos bsgowols
LohJo®gbg (yo < 1), boFognszols Lobomyg do@yemdls bogool LohJo®ol Lowowgdwg,
bogm, @mpgbsi bofomszol  Lobdsdg bogool  Lobds®ol  @menos (Yo = 1), dobo
LobJomg o@ o3gagdo.
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1,60

1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00

6ob. 1. @s80bodgm Hgg08do bogodo dmddsgo boFoms ol
LobJo@mol MDY ©s3moegdymgdols y@msgolo

3obBmagdgdols (8, 9, 10, 1) pomgoamolifobgdom asdmglobmm gobBmangds (13)
‘dgdegao Laboo:

o =1- (1 — ufb) exp (—t ;;i),

Looaboe:

us= uy— (uy— up) exp (—tpt_?;z) (14)
aob@mengds (14) Fomdmowygbl LEmJbol @gg03do, dzomg bmdol bygHmlgddo
bofoamogol  bogowdo  dmd@smbols  aob@mangdsl, @mdgaoi  sbobogl  bofoams ol
A geosdboool Lohdo®ol w@mby sdmowgdimgdsl.
dgfmbogoo  boFogoogzol  Bogd  bogool  LobJo@ol  Bow(ggedwyg  obgaogo
dobdognols slbswg gbo dgFmbogro bofogns ol dmd@ombols gob@mangds asd3mglsbemm
OIUPNRIOTEE

dug _dug dx __ dug

at  dx dr  ax 4o (15)
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2obBmagds (7)-0l gomgogolifobgdoon gmgdygemdo:

d_u5 — (uy—up) . 18p (16)
dx ug ppd?’

‘dgdmgomm sbogro go@dombomo Lowowy:
§=2, (17)
Loos:
X, = t.U,. (18)
3obBmMa@gdoll (8) o o0dol gomgogolbobgbom, @M u, = Uy 2obGmenrgds (17)
00gol Labgls:
X, = ub%. (19)
2obGME 9d0©sb (17) x-ol 3b0dgbgenmds dgowegbl:
x = &x,. (20)
2obGMa gdo©sb (9) us- ols 360dgbgermdss:
Us = YUy (21)
2ob@magdgdol (9, 19, 20, 21) a03mygbgdom, aodmglobmm asb@mangds (16)
‘dgdega0 Loboo:

diyuy) _ (uy—up) 18u TS dy _ (w,—up) 18y

d€x)  us  dgfps X dE us  dgtps
dy _ (wymup)  18u  x, _dy _ (wmup) _ dy _ uy 1=
as ug dips wy  dé ug d§  ug '
dy 1 dy _ 1-y
—_— =1 == — 22
a vy ag y (22)

Lobob@g@m  300mdgdoesh  205dmdobodyg (§ = 0; ¥y =¥y), ©0g909bG0se9@0
2obR M gdols (22) 5dmblibsl (o®dmowy gbls:

: (23)

§= (o —y)+In |72

3obBmagdgdols (9, 10, 11, 17, 19) pomgoeolifobgdom, asobGmengds (23) aodmg-
Lobmo @Gmgm®s:

Ug
X 1-u ds’ps (%o _ Us AT
X = - 1n| Yl=x =uy——"(=>—=)+1In :
X, (YO y) + 1-ug b 18u Uy Uy + 1_u5/u1, =
dg’ps |1—u0
X =— (U —Uu ln
- ™ (ug 5 + r— (24)

3obBmMa@gds (24) [o@dmowagbl bogoedo dmddsgo dgfmboano bsfogos ol dog®

aobgeogn dsbdognls, bogowols Lobhds®ol dowm§ g3sdwy.
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3. R5L3360

5d2 35000, g3 ggol gogaoe, boyg@mbols dgmeyg 3obmbby ©oydwbmdom, bsfo-
@osz0l Lofyobo Lobdo@obs o bsgoswols Lohdo®ol, sg@gmgg bofogszols s Lombols
%0bogg®@o dsbslbosmgdagdol pomgoamolifobgdom, grsdobs@ygamo @ggodol 30HMbgddo,
domgdygmos 330y bmdol Lygdhmlgddo bofomsgzol bogool LobJs@ols dow§ggedoyg
dobo  @gesdboool  Lobo@mol dmby ©odmzogdygmgdol  aob@magds. sy®gmgy,
domgdyaos bsfoaszols Lohdo®ols @gasJlszool @Ml gobgmogo dobdogools Losb-
3oM0dm Aob@man gds.

0OB>b0ob bogodo dgfmboeno bofomszgool dmd@smdols 3obmbgdols 33em 950k
dogdbygmo  ©0sdm 30 gdaegdgdols 2sdmygbgds Lodygsmgdsl odanggs obylBrgl bofo-
539006 3MA0DMbFs@ M0 Josseaomgdol  Lowowg, @obsi oo  3GsdBo o
dbodgbganmods 9bodgds wolidg@logeo @obol godymazo boggdmdgdol gosbys@odgdolsl.
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UDC 556.537

WATER EROSION PROCESSESIN GEORGIA
A. Bagration-Davitashvili, |. Inashvili, |. Klimiashvili, V. Khorava

(Georgian Technical University)

Abstract: Georgia belongs to the countries, where the erosive processes are widespread and dan-
gerous. According to the intensity of soil-erosive processes, the territory of Georgia can
be divided into the 5 districts. In terms of the development of erosive processes, the sit-
uation is especially difficult in Upper Imereti, Adjara, Svaneti and other highlands of
Georgia. On eroded lands the main damage to soil erosion brings agriculture. Fromthe
theoretical and applied points of view there are very interesting the changes in erosion
factors associated with existing climate changes, as well as with technogenic impacts on
components of the erosion geosystem. Qualitatively new opportunities in research,
modeling and technologies to optimize the use of erosion dangerous lands are opened
by modern geo-information systems (GIS) used in many spheres of human activity, but

are not yet sufficiently used in erosion research.

Key words: water erosion; eroded lands; soil degradation; geo-information technologies.

1. INTRODUCTION

Water erosion is one of the major environmental and economic problems that really determine
the national security of many countries of the world.

According to the Global Assessment of Human-induced Soil Degradation (GLASOD) [1],
conducted in 1988—1990 under the auspices of the United Nations Environment Program (UNEP),
there were 1,093.7 million hectares of eroded soils in the world, that by a large margin brought wa-
ter erosion to the first place among other sources of soil degradation (deflation, repackaging,
salinisation, etc.). Deflation, which ranks second, accounted for 550 million hectares, or 28% of the
total area of degraded soils. Thus, in total, the area of eroded and deflated soils was about 1.65 bil-

lion hectares. This is significantly more, than the previously mentioned areas of eroded and deflated
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soils. Thus, in a number of works [2], it was noted, that out of approximately 1.5 billion hectares of
arable land in the world, about 430 million hectares were eroded and deflated. It is likely, that a sig-
nificant difference in these data is partly due to the imperfection of accounting for eroded soils at
the early stage. However, there is no doubt, that the areas of eroded (and deflated) soils, in despite
of the measures taken to warning and prevention this phenomenon, continue to increase. According
to the Food and Agriculture Organization of the United Nations (FAO), the annual loss of produc-
tive land due to erosion is currently 5—7 million hectares.

According to the estimates of the specialists involved in the implementation of the GLASOD
project (carried out under the auspices of UNEP), whose task was to assess the area of soils degrad-
ed by human activity, about 11 million km?, or about 10% of the land free of ice from land mass of
Earth is subject to water erosion [3]. From this eroded area of 9.2 million km? (920 million hec-
tares), 1.7 million km? (173 million hectares) were destroyed by ravines [3].

According to the United Nations Environment Program (UNEP), it costs worldwide $ 9.8-
10.4 billion per year.

Soil erosion is most intense in populous countries with developed agriculture. The global irre-
coverable loss of soil under the action of erosion reaches 23 billion tons, of which the USA ac-
counts for 1.5 billion tons, the countries of the former USSR - 2.3, India - 4.7, China - 3.3 billion
tons [4].

2. THE BODY OF THE ARTICLE

Georgia belongs to the countries, where the erosive processes are widespread and dangerous.
In mountainous regions of Georgia rarely finds a slope, that is not eroded and scarified with ravines.
Intensive landslides and mudflows are observed.

One of the reasons for the increasing of erosion processes is the intensive agricultural usage
steep slopes of mountainous areas. Usage for this purpose inappropriate agricultural techniques, in-
stead of using these slopes, as cultural pastures, which would be much less dangerous for the devel-
opment of erosion processes, started to grow corn, tobacco and other more profitable vegetable
crops. Such an approach has caused great and irreparable damage to the land, where these events
took place developed erosion processes, desertification, salinisation, withers, soil structural chang-

es, reduction of humus content in the soil and accompanying processes.
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According to the intensity of soil-erosive processes, the territory of Georgia can be divided in-

to the following districts:

1. Landscapes of Colchis Lowland are characterized by weakly developed erosive processes,
where lateral erosion prevails.

2. Landscapes of West Georgia, valley, hills and mountain pits are characterized mainly by
chemical erosion processes with water erosion.

3. Landscapes of East Georgia, valley, hills and mountain pits are characterized mainly by
chemical erosion, however, there are also water erosion processes.

4. The medium-sized landscapes are characterized mainly by linear erosion processes.

5. High mountain landscapes are characterized by surface washout intensive processes, with
participation of deep erosion.

In terms of the development of erosive processes, the situation is especially difficult in Upper
Imereti, Adjara, Svaneti and other highlands of Georgia. But we do not need to think, that erosive
processes are developed in the only mountain regions. Erosive events have occurred even on the
Colchis lowlands. Soil surface wash-out and ravine creating processes are particularly intensive and
reaches dangerous scales in the mountainous parts of Georgia's wet subtropics and in hilly foot-hills
of dry climate zones. It is estimated, that from the 10-20° slope hillside washing down 200-300 t /
ha of soil per year. From the 20° slopes of the southern site of the Imereti Region, an average of 100
tons will be washed down, from 35° - slopes up to 150 t / ha and more in the year. Erosion traces
observed almost everywhere on the steep slopes of the region. The depth of erosive gaps often
reaches 0.5 m and more. In case of certain conditions, such gaps will gradually turn into ravines and
canyons. Under the dry climate of the east Georgia, water erosion processes on the slopes without
vegetation cover are more intense, than in other regions, as result of weak sustainability of the soils
in the area of erosion. During the normal intensity rainfall in the region with 6-120° slopes, from 1
ha washed down an average of 30-40 t per year, while intense rains - up to 150-200 t.

Erosion in agricultural land is the most commonly in arable area.

54.1% of the arable land in Georgia is located on a slope with up to 2°, 22.5% - up to 2-5°,
14% - up to 5-10°, 6% - up to 10-15°, 3.4% - More than 15° slope.

The distribution of erosive areas according to separate administrative districts of Georgia is

given in the chart 1.
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Chart 1.

Distribution of erosive areas of Georgia According to administrative districts

(thousand ha)

# Arable entirely From here erosive
Districts (A thousand
hectares) Weakly Average Strongly

1 2 3 4 5 6
1 Akhalkalaki 33.9 2.1 1.3 0.7
2 Ninotsminda 25.6 1.9 1.0 0.2
3 Akhaltsikhe 8.3 3.0 1.0 0.5
4 Adigeni 4.3 1.3 1.0 0.5
5 Aspindza 5.3 2.1 0.4 0.1
6 Khashuri 9.6 1.2 1.0 0.5
7 Kareli 14.1 4.3 0.8 0.4
8 Gori 20.0 3.4 2.5 0.2
9 Kaspi 10.9 3.0 1.9 0.2
10 | Borjomi 3.6 0.8 1.0 0.5
11 Sagarejo 31.9 5.0 2.6 1.1
12 | Gurjaani 11.8 3.6 3.7 0.9
13 | Sighnaghi 37.2 6.3 3.0 0.5
14 | Dedoplistzkaro 54.1 33 1.8 0.2
15 | Telavi 7.2 2.6 0.5 0.2
16 | Akhmeta 4.8 0.4 0.7 0.2
17 | Kvareli 8.3 0.3 0.2 -
18 | Lagodekhi 20.2 0.1 0.3 -
19 | Gardabani 39.7 7.8 4.3 0.4
20 | Mtskheta 10.9 2.7 1.7 0.3
21 Marneuli 26.9 4.5 2.1 0.5
22 | Bolnisi 15.1 43 23 0.1
23 | Tzalka 18.5 5.4 3.0 -
24 | Dusheti 7.8 2.7 1.2 0.3
25 | Tetritzkaro 19.. 5.6 33 0.7
26 | Dmanisi 8.8 2.8 0.6 0.1
27 | Tianeti 12.3 4.1 2.1 0.3
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28 | Tskhinvali region 18.7 5.5 6.1 1.7
29 | Completely east Georgia 486.4 80.1 51.1 11.5
30 | Tzkaltubo city zone 12.5 2.2 0.6 0.1
31 Samtredia 10.3 0.3 1.0 -
32 | Khoni 6.1 0.5 0.2 -
33 | Vani 3.7 1.5 0.7 0.7
34 | Baghdati 2.9 1.0 0.2 0.1
35 | Zestaponi 3.9 1.3 1.1 0.7
36 | Terjola 5.2 2.1 1.1 0.5
37 Tchiatur city zone 4.9 2.3 1.4 1.0
38 Sachkhere 6.0 2.1 1.1 0.8
39 | Kharagauli 2.8 1.5 1.2 0.3
40 | Tkibuli city zone 2.4 0.8 0.7 0.2
41 Oni 1.3 0.6 0.5 0.1
42 | Abmrolauri 2.6 1.0 0.8 0.3
43 Tsageri 2.4 1.4 0.9 0.2
44 | Lentekhi 1.3 0.6 0.5 0.2
45 | Abasha 12.2 - - -
46 | Tskhakaia 9.1 0.2 0.1 0.1
47 | Martvili 6.1 0.3 0.2 0.1
48 | Zugdidi 10.1 0.1 0.2 -
49 | Khobi 12.2 - - -
50 Tsalenjikha 2.3 0.2 0.1 0.1
51 Chkhorotsku 3.7 0.3 0.3 0.2
52 | Ozurgeti 5.0 0.8 0.2 -
53 | Lanchkhuti 5.0 0.8 0.2 -
54 | Chokhatauri 1.8 1.2 0.4 0.1
55 Mestia 0.9 0.3 0.5 -
56 | Completely West Georgia 141.9 24.0 15.5 6.1
regions
57 | Apkhazeti 36.1 3.7 5.8 0.1
58 | Adjara 8.8 2.7 2.5 0.1
59 | Completely West Georgia 186.8 30.4 23.3 0.3
Completely in Georgia 673.2 110.5 74.4 20.8
Completely eroded 205.7
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On the eroded lands, due to washing away of the upper, most fertile soil layer, removal of
humus and nutrients, deterioration of the physical properties of the soil, the yield of agricultural
crops decreases. In this regard, the main damage to soil erosion does agriculture. In addition, the
products of erosion destruction of soils, and along with them agrochemicals, nutrients, biological
active substances, heavy metals, including radionuclides, entering the rivers, degrade the quality of
water, cause eutrophication of water bodies, siltation of ponds, reservoirs and valleys of small riv-
ers, which causes the complete disappearance of many of them. Due to the deterioration of the
physical properties of the soil (an increasing density, decreasing of water retention and water ab-
sorption capacity), the intensity and frequency of floods on rivers increase and the soil cover dries.
On eroded soils microbiological activity is also reduced.

Thus, soil erosion has a negative impact on almost all components of the landscape causing its

degradation. The final and cumulative effects of soil erosion can lead to desertification [5].

3. CONCLUSION

Such a wide distribution and danger of manifestation of erosion processes, as well as the out-
lined tendency towards their intensification, make the problem of water erosion of soils increasingly
relevant. It is necessary to intensify research on the erosion process itself, because despite the accu-
mulated stock of theoretical knowledge and empirical material, the mathematical models of the slope
erosion process used in anti-erosion design belong to the category of models with lumped parameters,
or to profile models, that rather roughly take into account the main factors of the process. During the
transition to adaptive-landscape and precision farming systems, significantly higher requirements are
imposed on their justification, which is due to the need to take into account the complicated spatial
differentiation of agro-landscape structures. From the theoretical and applied points of view there are
very interesting the changes in erosion factors associated with existing climate changes, as well as
with technogenic impacts on components of the erosion geosystem, first of all on the soil cover. Qual-
itatively new opportunities in research, modeling and technologies to optimize the use of erosion dan-
gerous lands are opened by modern geo-information systems (GIS) and geo-information technologies,
that are widely used in many spheres of human activity, but are not yet sufficiently used in erosion re-

search.
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MODELING OF WASHING-OUT OF NON-CONVERSE SOILS

A. Bagration-Davitashvili, |. Inashvili, *L. Dzienis, V. Khorava
(Georgian Technical University)

(* Bialystok University of Technology)

Abstract: Laboratory data are more often used to predict the onset of channel deformation, mainly
due to the difficulty of performing full-scale studies. In addition, the results of field stud-
ies are not always reliable and in terms of accuracy they are not so rarely inferior to
laboratory ones based on the theory of similarity.

Comparison of observational speeds for cohesive soils in full-scale and laboratory
conditions shows, that the scouring speeds established by the erosion of samples (frag-
ments) of undisturbed addition under laboratory conditions are significantly higher,
than those for the same soils recorded in nature.

The Model, that describes relationship between eroding and non-blurring permis-

sible flow rates show good convergence between experimental and of field observations.

Key wor ds: non-converse soils, theory of similarity, soil erosion; modeling of soil erosion.

1. INTRODUCTION

Laboratory data are more often used to predict the onset of channel deformation, mainly due
to the difficulty of performing full-scale studies. In addition, the results of field studies are not al-
ways reliable and in terms of accuracy they are not so rarely inferior to laboratory ones based on the
theory of similarity [1].

The theory of similarity is based on three theorems:

1. If physical processes are similar to each other, then similar criteria for the similarity of the-
se processes have the same magnitude.

2. Equations describing physical processes can be represented, as a functional connection be-

tween similarity criteria.
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3. Kirpichev-Guhman Theorem. In order for physical processes to be similar to each other, it
is necessary and sufficient, that these processes are qualitatively the same and their like-defining
criteria are numerically identical.

By qualitatively the same we mean such processes, the mathematical description of which co-
incides in everything, except for the named numbers contained in them.

The processes of erosion, the destruction of various soils mainly occur due to the movement
of viscous liquids, as well as their interaction with the base, composed of different soils.

In modeling, hydromechanical and mechanical similarities are of particular importance. The-

refore, the main criterial dependences of erosion processes will be the equations of hydromechanics.

2. THE BODY OF THE ARTICLE

In the case of stationary fluid motion, the phenomenon of flow around a spherical body is de-
termined by three similarity numbers: Euler, Froude and Reynolds. These criteria are known to be
based on Newton's criteria.

av
f=m— (1)
where f'is force; m is the mass; V is the flow rate (or rate of particles); 7 - characteristic time

interval

If we compare the two systems, then for the first we have:
fi=my ar, 2)
and for the second:
-
fz=m, ar, 3)
For resembling points of similar systems, the similarity constants have the form:

hocy Mg, Z=c (4)

f2 my 72
If we express the variables of system I in terms of the variables of system II and add them to
equation (2), we get:

CpdV
C‘L'dT

Cefz = CmM, ()

After conversion:

CfC‘L' _ d_V
ey M2y 6)
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The last equation is identical to equation (3) provided

Crlr _
ot = 1 (7)

In the theory of similarity, these quantities are called indicators of similarity. The selection of
similarity constants is limited by the following condition:
VyCr (f1/f2)(@1/72) (8)

CmCy  (Mq/m3)(V1V2)

nimn

fiti _ faT2 _ idem 9)

mVy myV,

Thus, provided, that the two systems are similar, only three values can be changed arbitrarily,
and the value of the fourth will be determined by the equation (9).

The dimensionless complexes f7/mV are the invariant of similarity and for the two systems
under study (model and nature) must have the same numerical values.

In the similarity theory are widely used modified similarity criteria. Modification is used in
the case, when the physical parameters included in the similarity criteria cannot be established ex-
perimentally. Then they are eliminated by the combination of two, or more similarity criteria and
thereby themselves get the new arbitrary criteria. For example, from the Reynolds and Froude crite-

rion new dimensionless complex is obtained, called the Galileo criterion:

ReZ VZIZ 2 1 l3 2
=g = =Ga (10)
Fr u=v u

The obtained criterion in such flows is characterized by the ratio of the forces of molecular

friction and the forces of gravity.
As a result of multiplying the Gallileo criterion by the dimensionless simplex (p-po)/po,

we obtain the Archimedes criterion

_ Re?p—po _ pdgp=po _ 139 p=po (11
r Fr po Uz po Uz po

where p, py respectively the density of water and soil particles, kg / m>.
Archimedes criterion characterizes the balance of gravity, lift force and friction.

It can be considered, as a combination of two numbers of similarity, Reynolds and Richard-

son:
2 5
Re?-Ri = ’%% (12)
Ri = %5’—; (13)

When modeling complex processes with which we deal with the interaction of flow with the
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moving bottom, depending on a large number of variable parameters, a number of criteria are required
to describe them. But the equality of some of them in some cases cannot be obtained. Then for ap-
proximate similarity it is necessary to limit oneself to the similarity of the most essential factors.
When the influence of physical quantity (or complex of quantities) can be neglected, the pro-
cess is considered self-similar with respect to this quantity and the simulation is greatly simplified.
Experiments on non-cohesive soils were modeled using the Archimedes, criterion.
Experiments were conducted in the quadratic resistance region. Experimental flows in a tray

by the number of Froude were similar to full-scale ones.

Simulation of washing out of cohesive soils

The degree of study of the theory of turbulence, channel processes, erosion of the channel,
composed of cohesive soils, does not allow with sufficient certainty to solve a number of problems
without appropriate physical modeling 2, 3].

Comparison of observational speeds for cohesive soils in full-scale and laboratory conditions
shows, that the scouring speeds established by the erosion of samples (fragments) of undisturbed
addition under laboratory conditions are significantly higher, than those for the same soils recorded
in nature. Thus, the use for practical calculations of the results obtained in the laboratory by washing
out samples of relatively small sizes is associated with a certain risk.

When testing samples in the laboratory does not take into account a number of factors ob-
served in nature. As established by studies begun in the 50s, the main factors are: changes in the
strength properties of soils (fatigue strength) with decreasing sample sizes and changes in the pul-
sating nature of flow rates.

The effect of a change in the pulsation nature when, conducting laboratory and field experi-

ments is manifested in the fact, that the ratio of maximum instantaneous bottom velocities at a point

to their resolute values at the same point Vp,,qx /VA, which characterizes the blurring ability of the
flow, differs significantly in laboratory and field flows.

Considering, that the integral indicator characterizing the resistance of cohesive soils to ero-
sion is an indicator of soil cohesion, translating laboratory data into nature, it is necessary to keep in
mind the degree of change in strength with changes in sample size, which can be approximately
characterized by the scale factor.

Experimental data on the erosion of samples of cohesive soils suggests, that their resistance to

erosion depends on the geometric dimensions of the sample and decreases with increasing its area.
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This should be explained by the probabilistic nature of the fatigue fracture of the surface of a cohe-
sive soil during erosion.

Analyzing the effect of sample size on its mechanical, strength properties and, therefore, on
erosion resistance, it can be noted, that the probability of having the weakest points,
inhomogeneities, flaws, defects on the surface of initiating erosion specimens will obviously in-
crease with its sizes. The technology of manual selection of monoliths in the field also influences
the probabilistic growth of strength properties for small samples.

The issue of taking into account the scale factor in modeling has been considered in many pa-
pers.

One of the first, explaining the manifestation of the scale effect, is the work of Griffiths [4].

Such a process of erosion of the soil model and nature should be considered such, that at ap-
propriate points, the depth of erosion in the model, or determined their non-blurring speeds are ei-
ther equal to the erosion in kind, or constitute a certain constant part.

In this aspect, the erosion of the channel can be considered similar if the ratio between the
bottom and non-washed speeds in nature and in the model is the same, i.e.

V4/Vam = idem (14)
where V, is the bottom flow velocity at the height of the roughness protrusions in nature; ¥,
is the bottom velocity in the model.

Here, to eliminate the influence of the nature of the velocity distribution from the analysis of
the process, instead of the ratio of average speeds, the ratio of bottom ones is taken, since the veloc-
ity field in nature and model should be similar.

If the relationship between bottom and non-blurring rates in nature and in the model is the
same, the erosion processes will be similar.

Depending on Cy /Cy,the ratio between the endurance limit for field and laboratory conditions

is expressed by the coefficient, that takes into account the scale effect &:

Vi = Vi et (15)
or
Va = Vau "f{’;M (16)

The value of € can be set according to V.S. Ivanova, describing the manifestation of the

Weibul scale effect.In the first approximation, € can be taken equal to 0.58.
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In order to obtain convenient dependency, we approximately take K,, = K, and also introduce
in (16) the averaged, frequently used value = 4.0 andn ,, = 1,25.

Then, when soil samples of undisturbed addition are selected in the model, selected in field
conditions, non-flushing bottom velocity for environmental conditions, depending on the model

values, can be set:

Vp = 0.42Vpy (17)
Considering the commonly used relationship between eroding and non-blurring permissible
flow rates:
Vap = 0.41Vg44. (18)
Sieve diameter, mm 6-4 | 4-2 | 3-1 | 1,5-0,5 | 1-0,5 | 0,6-04
Average particle diameter, mm | 5 3 2 1 0,75 0,5

3. CONCLUSION

The results of such experiments selected in field conditions, when compared with the

data of field observations, show good convergence.
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od dgmmEomn 569 ™Mbgdolols yodmoygbgds 150—-400 33-osbo bmdol Jggdo, 40-150
33 beydo, 2,5 39 Jg0Ts. Jg0ob Loddgocg 9bws 0gml o@s bogmgd 10 93> (100 3o/L3).
Logo®ogamol  Jg0ob bogo®do dm@yermds gopgbl 45%. d9@mbol Loddgo3g wbws
04l 5@obogmgd 15 3o (150 3p/13%). o8 Jgmmwomn TysaJggds ©odgdmbgdolmgols
2odm094gbgds dgBmblbdyao dogngdo d=37-100 33. @ommbols dodb@gdl ¢bws 3Jmbogm
5> bogmgd  30°  obGommds.  Logmdgdo  ©oygbgds  d9@mblbdne  Joa 9dTo
©5690™Mbgdols sfygools Fob d>75 33 dogrgdol aodmygbgdolsls H>10 3 Low®dgby.
dgB™blbIygao dogrgdols dmJdgogdols dooylo doowgds ©obsdgBmbgdgero danmzols
R=3 3-b — Jggd0m, bomarm R=2 3- bagdon dgglgdol dgdwgy. dogrgdl dm@ols @sdm-
@gds 9bes oyml 2-2.5 3 godaagddo. g@mo dJoanol begdymow GsEombogry@o dm -
390950l oGm0 EoEyobegds 18 F-3wg. blboGol ofmwgdols 063 gblogmds 9b@w6-
39gmg0mos 0.3 F/Lm. 1 # ©olodgdmbgdgm goGmby.

3obolibgoggdgh o3 dgmmwon ©sdgBH™Mbgdoll M@ bso@lobgmdbdol — ©ofbggom o

s(bgg0l 2oMgdg.

bgd. 12, 5 — 5dm3sgomo blbs@ol Igommwo; & — grsFbgm;
3 2 R — ©oFbggoor (0bogdgogto)

g Wwos 4 3 4 ', I Iz

by, 1 2. 8. LJgds sImIsgogmo blbstol dgmmeon (osfbgm):
1 ds8@0b boygbo; 2. bobsBgodmo dsdbo; 3. Jogmo; 4. gobembosbo JsbBs; 5. bsdadom JbBsgs@s
(ggboamo); 6. fyarol mby; 7. wedwols gboano; 8. dgBmbol bbbsmo; 9. arommbol goaodo; 10. mmdy;
11, xpo@rsddsdo ; 12. 3gBmbol Jodfmwgdgemo Joaro; 13 3gBmbol 3032
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byd. 1 2. ©. bgds sdmdsgoemo blbsdol dgmmeon:
2. gbBsge@ol bogmwgbgdo; 4. gbBogs@s; 3. @ommbol gsanodo; 6. Fsbbdnaro dg9Gmbo;
8. Jo8wgdo 3mbyadio; 9. doargdo bbbsGob JobsFmwydarsw; 10. jaosbo bsgsdo

asfbgm 5395mbgdol dgmm@o. >3 Jgnmeom ©sdgBmbgds be®Eogmwgds §o-
bob{o® ©oygbgdyeo obGowsb, Go3 godm@oibogh dognols podgogsl dolo 5dm(g-
gobol. dob@ol g9agdbbg dmobodbgds olgmo bmdol bgdgagdo, GmIggdoi dgowe-
296L dgdoglgogmol 9dodglo bmdol 2/3-L. ggges bgdgeol go®mmdbo ¥bes ogmb
dobBol Loghomm go@mol s@s bogangd 50%. dogool hododgs holiofymd dgBmbdo dg-
bomhybrgds 0,8 3-0l @mbgby.

@ofbggomo Jgmemo. >3 O™ Jogrgdo 4gbegds 05MmYLgdsE. blbs@ol sdmlganols
dobggoon dgdpgy Lodydome 04gbgdgb 9n@dm do@smo 0s@lol doangdl. odgBmbgdols
ol@ygagdols dgdwgy g0 dgH™bols doliogowsb dogngdls o@ o0wmgdgb. dogngdols byws
bofoao, 2obaspgdyemo @odgBmbgdols denm ol ao@gm, dmod@gds. Fyeols bgosdo®owsb
dognols Lods@anols yo@odo®mdgds dgodangds gobolsbrg@ml gm®dyaon:

h= (R - 1,5DH)/3D,

oo R o@ols dognols dmJdgegdol @omoylo;

D — 3gds3Lgdenols Lodygogm Lowowy;

H - (yeol Lodoweng blbo@ols @wmbol bgdmo.

3G5JGHogamer H93m3gbrgdgmos {gmol byesdo®owsb dogols bggom sdmfggs
5M5bsgemgd 5 3-obs. gl dgmmeo Fo@dmoygbl ©odbdo®mgl o 2odmoygbgds 9@ 0 o-
EYASO A0 gdoo dJoangdols dgmmol 2sdmygbgdols M. sdmdsgsgo blibo-
Aol dgomeols 25dmyggbgdolols Izo®wgds (39996H0sb0 blbo®oli bodyxo, doa®sd 0b®-
90> @omnmbols doangdol bodxo, Logo®ogeol 5dmglgds s®sbsgdo®oloe Loodgome.
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olodgBHMbgogero denmzol 3obdMggdol mogosb sSbsEomgdasw dgliggbgdgdo dydom-
b0l OML 9bs 0gml sdlme B yodm®obyao.

396™bol  yomdgargdom bsfgmdol Jgmmeo. gl Jgmemeo  odmoygbgds bopgdm-
398T0 20 3-3pg Low®dgby, @ Jmombmgl dgBmbols 200 30/LF-by dg@ boddgocgb.
sbgm boggdmdgol dogigmgbgds 3mblE®YJ309d0 ©sdiego sglgom, GMIggdo dyds-
0696 39MG03oe YO ©FZ0MMgobg (oo ©osdgRMol sxlggoo, 2oddgzgoo dgdo, jo-
@mbo—oxL3900), sL{m@gdgb Lodo® jgemol dg@mbols do®gdls boggdmdol J3qd.

bodydomgdols  Lofo@dmgoeom  a0dmoygbgds M200  do@gzols  dgBmbo, 3mbylols
oxmdoon 1-5 d-bg. d39@mbols 3oMggamo ¢9bs dgoiegl gomgmomby 15-20%-00m 9@
99963 L. 25dmoygbgds 0,1-3 F Fggoemdol jondgmgdo (39639600, gnmo, dowos, a@go-
BI0).

dgBmbols  3oydgangdo@  hofymdol  @ogommds  dgdwgaos:  dgBmbols  badggom
do@osboe ogbgdyemo joygdgeo dogfmegds Fyaol J39d, hoo@gbgds wopgdye botgs-
‘do 5-10 L3d-by, Jmbegds dobo godas. bo®ggol dgdegao 3m@E0s soEgds Fobols dg-
$006590.

©569HMbgdoll WOML Asdm@oibymos (39996F0L blbo®ol godmwobgds, [yeols
dgoVgge 3ogdgendo, bLbs@ol hodggds Fymol Low®mdgdo.

dgmmEols bogml [o®dmoagbl: 1gbgdoe hofymds, blibs@ols bofogmddmogo o-
sMgiabgs  goydgmol  aobBgodmgolisl, dygobmeggdol slsddgdol  syEoegdemds
9B mboli bo®ggol hofymodoby 3mb@@mamolmgol s dob poslifm@dgdols s dansdols
dmGoggosby.

493360L (B3g3bol) dgmmwo (byg@.13) yodmoygbgds:

- 6o gbmbols 52 9d0lols s@o bogangd 1,5-2,0 3 Low®dgby;

- 6539606980 5@5Ls3doMolo s@JoMgdol @OML;

- 393 ™Mbom, 5@579393 gL 300 -bg dgBo do@ oo

- bodo® 3ggerols aoobolifmmgdmsm janomgeb bodo®gdby;

- Lo@gdmbBm—omeygbomo Lsdygdomgdol ho@omgdolols mbger Fgosembg; bodo@lo-
dog®o 6o gomdgdols spgbdolisols;

- 39B™bol adseno bodobx ol Bydg-ho®@hml spgbdobsb.

dmnbmgbgdo dsbogrgdol 303s@m. holioFymdo dg@mbols domgs aodmoygbgds Jmm-
bmgbognbg 20%-0m ds@oo. bgBmbols bo@ggol gmbylo s gymo ybos oyml 5-10 13-
00. dgoem 3ol 9dgodglbo ygadog@o bmds gbos 0gml sdg@Mbgdols Lolidgbg Ig@o.
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Lodygdomms ho@o®gdol d0d@ggamds. Lodydomgdo 30dobosdgmdls ‘dgdwgao mob-
dodgg@mdom:

- §o050b ©og9bgde, @mdgaos 0oL badyal dowagEbioliysb;

- 390™blbIyero dJogrgdol ob joydgeroli wobdo@gbomn sLsdgBMbydgero danmgols
9O0-90m 3mbgdo dgoddbgds 39bdyeo, @mImols bmdgdo o6 oMol Gy sdgbBodg-
O YE0;

- 39bdygols 3mbRy®dbg dogfmwgds dgBmbols blbo®ols geryas, Fobs geoygols
d93300L ©@ofggbol Mol 3mdgb@olmgols;

- bgds sbogro dg@mbols bLbs@ol s@g o goyee dgBmbbg 69336 3b693dmod-
39369000, gangd@B@mlsd 39369d0L, §0dOMRs@MGdol, godGOMdyamgdols obds®gdom;

- 393 ™bols blbo®ol 30333003905 Lo@®@domo godbAsSEMMgdoom.

Lodygdomgdols holio@omgogmse bodko@ms: od(g, day®sogo o3Fg, joydgmo, M goxag-
@0, 55005, godbAsAMM0, dgBmbdbowgdo, dgBmbsd@ggo 3gobdo.

doGomso  drnbemgbgdo bsdmdomms [36Gdmgdsbg. 39bdymols gg@eol  ob®ds
@Mbos 0gml 35450, 3u6dgaols sdommgds (ymol ©@mbgby 9bws 0gml os@obsjargd 30
13, d9@mbols blbomols ganyazs hoowgds 20-40 I oo gdom Fymols k@oeowsb. god-
A5RAMO0L d9Tomds BgOEMSb sbepml oy dggdganos. dg@mbol hofymds dodwobs®gmdls
‘d9bggbgdgdols 3ocgdy. sdyg hofymdogro dg@mboli dgdogdols s 2odgomgdbols bembs
b dggbgdgaos. 9Hmbol dmdegghe guggs ©sorgds Fobs guoyggol dgdowgdedeg.
blbo@ols holibds gg@eol bgdmm (yoendo oydggdgeos. bodydomgbol gog@ddgemgds
>0 gdgemo dgliggbgdols dgdwgy dglodengdgemos d9@mbols 50%-0sbo Lodgg@ogols dog-
F930L o sMg oggdymo dgBmboll bgosdo@ols Imdbopgdols (dgBmbol bgos @oliygl-
Agd g0 ggbols dmblibs, densdol dmEogmgds ©s o.9.) dgdpga.

od dgmmeols 93005@gbmdsl Fo@mdmowygbl dermjgdols ©odgHmbgdol ©s danm-
39950 ©ogmxrols Loko®mgdol o930 gdemds, bogal — domseo dOMIsEggomds ©s
blbomols dofmegdols domsgo 0bBgblogmds.

396mb0oL  BmIPygddo bofgmdol dgmmo. dgBemboli HoFymds FmIGgddo  godmo-
496965 Lo®gdmb@m-sea9bomo bsdydomgdols, sgo®ogdols grogzgosizool, 3ogg@bols sdm-
‘dgbgdol, 2 3-dg Low®dgdo s@slodslygbolidygdam 3mblE®mydizogool sggool, BLgg@ol
2oLfm@gdol, Fgomdggds goemodsw s 0639b@>GO @0 gogodol godogy@gdol @M. 2-
56 50 @-dpg Bggomdols Gmddgdobmgols yodmoygbgds 3B30Gyg, dop®sd 0dgosmo Jum-
gog00, @mdgaolsi dgygdamos Fyamol, dog@ol o bofomdmog (39996@0L @dol ao@e-
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@gbs. A oo sbogrdmdbogdymo dgBmbom soglgds 2/3-bg. dg@mbols bLbs®o Jbsg-
©gds 3mbylols wofggom 1-7 13-by. dgdogligdemols doJlodogrydo Lodlbm 10-sb 200 d9-
dwge. dg3gbgdols dgdwgy GMIG oo dgozg@gds ob gooz9@gds. 50 an-bg dgBo Gggomdols
A™IAgdo Tyerol 399 d9@mbom dgoglgds dgBmbBddml Lsdygomgdom.

bgd. 1. 3. 3335600 (Bgg3bol) ,,396d9mol® Jgmmwo:
L 398™mbo; 2. 3g@mbols sbogo 3mM(308; 3. sdg@Mbgdmo ygHheo,
4. gogodo; 5. @omnmbol gsgodo; 8. Jodwgdo d96j3960

AMINgdol hofymds bpgds dgdwgao d0dpggdmdom:

- Jmdbogds HMINYdol @obofymdo swaogno;

- 5379l obdo@gdom Gmddgdo Lomomsm ob 3mb@gobgdom dogfmwgds dygob-
05390L Fyemols 393 glog@mnbmgdol bmdgdol wsgom;

- A™IAgoo hogosagds BLggabg 3m@0bMbHsmy@dsw bofodbydmgbols dgzg000m;

- bgds HmIGgdol 3y@lol s@do®gds (bgergdomn s ao039@gds d=10-20 99,
[ =30-40 13 3obdgomgdoom.

3960603 9dém9d000 B3[gmdol Jgmmo. 53 dgonmom dgBmbol hofymds bogds
bo@9dmbBm-s@agbomo Lodydomgdoll @M. Lodydomgdols Fo®dImgdolmgols godmoyg-
695> 39A™bHYIdMgdo [oddopmdom 14-20 3/Lbm, beogme {6gg0m 0,7-0,8 dg3s.

53gBMbgods bm@d0gm©gds dgdegyo dodwoggdmdom:
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- JmdboEgds dg@Bmbols hofgmdol spoeo;

- 390™ba9Tbg 59969896 dgBHmbsIGgg0l d4639@L;

- 490™bIbowom dg@Hmbo dogfmegds dg@Hmbdlbdger dogl, @mIgmog ©sgowgdy-
@oo> 53Fob 3ogdby ©aladgHmbydgeo danm ol maghby;

- Jognols dEM MOgEs30M39eam ©oygbgds doMomo® demibg 10 1d-0m do@ans;

- B93b930L F93ge ool dmgmesb 1 3-00 dspans Aol 519396 20-3013-000 o
5.9, ©569H™Mbgdol oliM Y gdsdy.

Fysengagds @odgdmbgdol obogiion@o dgmmeo. g Igmnmeo yodmoygbgds Ladg-
I06B™ bodynTomgdolsl. boko®ms dgRmbAmddmgdo Foddopmdom 1-3 F/Lm. ©odgdm-

bgds bmdEogmegds dgdwgao Gogom: bpgds bgBmbols hofymdol swyomols dmdbowg-
35 054gbwgds Yoen0do; gosgodo Jggos bsfoendo smodydggds I@ycg@om, boeem bg-
©> bofo@@o - godmbsbgmmo @omdom; d9Hmbeyydol dasbyo doggdmwgds G-
39OL. 4gHmbol blboto  FygaHoe  doglmegds  @sbsdghmbgdgm  @@yl;  dgHmbols
dofmgds bo®Eogmogds blbos®ol sdmbgansdoyg gogodol bgos bofomols @omdowsb.
OO ©odgBAMbgdol Fob dgodangds dgogbml Jgom o6 begdom. d9@mboyydol 20-25
Voo 39domdols gdpgy bogds dobo godm@dmgs 15-20 {3-0l aobdogermdsTo.

Fysengagds @odgdmbydol joemmgoddmscoaemo dgomeo. 36mdogos dJo®mgod®s-
GO0 OOl M@0 JNEOGoGS(30:

l. @obodg@mbgdgano daomgzo s0g3lgds d9BH™mbol 0bg@BYmo dgdoglgdbenom, dogfm-
©gos (3999600l blbodo dgdsglgdaol god®omgdols w®m;

2. wobisdgBmbgdgao danmgo dgogligds (39996@ 0L blbosdom, dlbgoano dgdoglgdeng-
b0 dogfmegds @obodgBmbgdgan danmyl blbo®ol god@o®gdolsol. o3 dgmmeol dodo-
0o© bogerls Fomdmowagbls (3999b@0L wowo badxo.

3. R3L3360

bodOmddo [oddmeygboaos 3o@mbonbgobdm boggdmdol Idgbgdemdols @M
Loko®m gOm-ghmo 3mddmbgbBol — (yoendggds ©sd9Bmbgdols — mobsdgo®mgg dgmm-
©J60 ©> bg@bgoo, Geym@oEss: ©eSIHMbISS §IHH0GW YA HoRsdEy0Egdswo do-
@agbdom, sdmdsgomo blboMol aodmygbgdbom, d9Bmbol bodggbyg hofymds joydgan gdsw,
dgBmbols bodggol dg3360L (B393b0L) dgmmwols aodmygbgds, dg@mbols Bmd@gddo hof-
4mds 060930960 ©s 30AOMZ0dMS30gE0 JgmmEom.
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obggg gobboanyaos, my Mo dmmnbmgbgdl 9bes s3doymazomgdogl dg@mbols bo-
@930 (gom3gds @obgBmbgdoll @Ml s @mam®os Lodygdomms ho@do®gdols mebdod-
0930 Mds.

bodOmdo IgBow  oJBomyg@os hggbo  Jggybolmgol, @owasb wsofym  sobsgemools
O germgobo 3m@Eol ddgbgdamds, Lowsi sMog@mabol 0dbgds Lsgodm (yoen Jgg-
Do ©od9H™Mbgds s LEs@G0sTo dmygsboano (ysendzqgds dg@Bmbodgdols bodyxgdols s
dgomegdols  godmygbgds, o3 Lo@agdbermdsls  Jmydobl o  wolioddgdyer  dyde-
390 bebognls.
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903 628.1

YIROL 30VMKRKIBOL Jb®@363IRIMBOL LOKOKOL JIBSLIBOLSA3OL

d. boggmodgoaro, b. byzgmodgoao
(LoJotmggenml Ggdboga®o gbogg@lodgdo)

G9b093g: gobboaryeros Fyaol dJofmwgdol dogs LobBgdgdo, @Gmdargdoi o@-
dadgoemos  dbodabgarmgboe  5o6bbgoggdmaro  Fomsgeroyg@mo  Jsbsboos-

0g3angdolb Jfmby Fysarsdbsmaco byarbsfymgdom. o8 bobBgdgdol dga-
290 6939a0  R9bi;0mb0@ 30bsmg0b  basgomms  bsBomogl  JBymbgdsms

bobg@darogmdols  d9polgds o Fyerolb  Jofmwogdol  obbabggarymaols
wmbolb d9@hggs.

boggobdem Lodyggdo: fyarol dofmwydol &b@abggerymas, [ysenosdbs@ao  byan-
bofymgdo, bgarbsfgmms gommgaarmgsbo bosGagdo, Joo@msgaroya@mo dobs-

bosmygdargdo, d9mn9G6939e00 R0bJ3009600935, JONXIGSR0 @SOOI9FT-
30, dbodabyermgbmdol wmbggdo, JBymbgdoms bsbg@derogmds.

1. L5350

3bmdogos, @m3 LaddmgdHeo méogdhol Jugeol dnzgdgmo gdbobsmgols {yoo-
sdbo®xo bganlbsfyml gOmgyammgsbo badxoli qe-ol dgahggs 2obs300Mdgdl Losb-
oM0dm {odg@o bodxol Lowowgl q, Gmdgaoi dmddgoo Loddgbgdam bo®dgdols s
FTabgdol dmmbmgbsms dglodsdolo@ss godmmgmogo. Losbgys®odm badxol dobgogom
dogngdol ©0sdgBMgdol @osEombsmy®o dg@bggols s 0dsgo®myma s{bggol wo-
bogotpg00l gEaEgEméol do@mdgodo Fymol Fygga@badgeo dofmegdols 9bG6-
3909m0l mbol dg@hggs ©o gOMX GO oMMggzol boba®daogmdol Lowowols
©oEygbs To@mdmawygbl gadgame 3GoJHogam 0bHgHabL.
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2. 30800SR0 65VOR0

gymgger  3mbgdgdee  dgdmbgggedo, dmJdgoo Loddgbgderem bm®dgdols dglodsdo-
Lo Loobao®odm q Lowowgl aoshbos 9bdbgganymes Pq=0.997, boam o3 bodx by
2005&5@09d0L sandsmmds Pu =0.003, @o3 dggbodsdgds 3mdbdodgogols dog® ymggen
Lbosmdo Fyerols dsbodogny@o dmbdo®gdol, Fyamol dgbsdam dJofmegdol wod®gggols
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amama;  Tymol  dofmegdol  @gg0dol  wodmgggs. dmygsboano  db0dgbganmds o6
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s 3mbgMgd e dgdmnbggzedo, mydze olisdggdo mdogddudo dggsobgdol 3@odgdo-
9dl Fo®dmowygbl Tymols dofmwgdols gHmxg@omo os®®gggol Lodygogm boby@deno-
gmds t. 0d dgdmbgggsdo, @m@Es t Joolf@dsxgol 0-396, Fyeols dofmwgdol wo®®g939d0
dmdbdomgdenols dog® g9@ 0dbgds omddyemo 03 AMLsE go, 09 goob®gds domo
@oibgo, @mIgams  xodgAo  boba®dmogmds  @hgds  gigmgmo. my  bosbyo®odm
boorggdol bbgowalibgs gb@gbggergmaobal Fyarol dofmegdol @ggodol growglbo
dobdo@gools  Losmol  gobdsgenmdsdo  woMmggggdol db0dgbgamdgdl  gobgobogosgm,
d0g00 g, J3gdmm dJmygebogn ©@sdmowgdygagdsl. ob. y@sgoo.
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o

0 1 2 3 4
8608369tmmgbmdol pmbggdo
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539 dgom, M™3 qo= 0,2 s qu=03a/{d. 3odgge dgdmbgggsdo Fymols dofmwgdols
oMM3ggq0L  Lodygoam xodyg@o  boba®damogmds gowgbo Fys@dmbdo@gdol Losmdo
t=10.8 {odl. dgm@g dgdmbgggsdo, @m@s qu=0,3e0/§d, dmdgdbboao bodx by gopodo®-
dgbs dgodargds godmgmgommm Beo@Igaom:

0=3 /q—‘”za\/‘g’zaz
qo 0.2

Amdganoi  dggbodsdgods b ybgganymazol Lowowgl 0,9998. dmi3gdya dgdmbgg-
godo {yaol dofmegdol @o®@gggol Lodys@m xody@do boby@darogmds dgdEodwgds
©> dogowgdm:

t = 3600.(1-0,9998)=0, 72 {3 wo 5.9. Loddgbgderm bm@mdgdls ws Fglgddo dJomomyg-
do odbsdxo Fgdh@omols gomgymmgsbo basdyxol Lowowg 3Gs]@ogyeom asdm-
@oibogl {yawols dofmegdol wodwgggol dgbodam gdanmdsl. g@sggogzol dobgogomn 360°d-
3690 mgbmdol wmbggbols dg@hggolols 9bps gobganddmgsbgammm ©s sgomgseoli§o-
bom dGygybgdoms boba®damogmdols Lowowggdo. Gmam@3 hobl, dogs Fysamlswgbgdols
2o0bgoMm0dgdolols 360dgbgamgbmdols @mbggdo ¢bws dogommm 2,7 —3,0-0l godyen gd-
‘do, M3 dgglodsdgds 0,993 s 0,997 9b@yYbgganymasl.

3. R3L3360

‘dogs Fyoembowgboli LolEgdgdol dgyugngabgdbgamo K9bliEombodgdolsmgols Logo-
@M Loobao®0dm bo®x gdols Lowowol slswygbow syEomgdgeos YBO® do@seo dem-
0bmgbgdol [oygbgds ©o bodxgools dgbodsdobo g@mxg@oo od®gggol boby@dano-
gmdol dggoligds. sdolmeb Fyemols Jmbdomgdol bm@Mdgdol obyLEgdslmsb gOmew
db0dgbgamgsbos  (ymol dofmegdol 9b@Ybggaygmazol mbols dg@bggs, @mdganocs
2ob8300Mdgol woM®ggg9d0l bowowgl. ba®xgdol 9Yb@ybggerymazols Lowowol bHs
0¥393L 9OmxgOo0 ©sMM3g3900L boby@daogmdols dgdiodgosl. dogs [yomlowgbg-
b0l 2o0byo®odgdolsl db0dgbganmgbmdols mbggdo bws dogommo 2,7-3,0-0l gody-
@ agddo, Moz dggbodadgds 0,993 ©s 0,997 4b@ybggaygmagsts.
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903 628.1

VIdRRKRIFbOOX 6IRLHITVIMO)S IOMNIIR(MBS60 65AHXIBOL JIBOLIdS

d. boggmodgoaro, b. byzgmodgoao
(LoJotmggenml Ggdboga®o gbogg@lodgdo)

A9bodyg: gobbogryamos m30y75950b Fysanbowybydolb LobBgdgdo, @mdaarms dgnaugmby-
3gar0 3960606 50bsm50l wowo Jbo dabyermds oab [ysarbowybols godsbs-

C

foargdgaro Jhgarol 53693ty woggbgdye fgoarwsdbodixo baabofgmgdol
JO0g e mg560 bo@agdol Lowowol 356bs bwgmol bymbols d9@mbggsb.

boggobdm Lodygggdo: [yoemeodbsdao byarbsfymgdo, bgarbsfymms ghmgaarmgsbo bodm-

g0, J0EESGEr0 G0 Jsbsbosmygdangdo, dymag@mbadgaro gabiio-
@b0@935, JONXJH@0 IBY b9 d0.

1. L5350

Lbgoalibgs ©0sbodbyangdols mebsdgommgg dgbmdgdo s domo 3md3emgdlgdo, oy
‘dgdmbggzgddo sdy®gogbo >Mosb dbodgbganmgboe  2oblbgoggdymo doMegerog®o
dobolioomgdemgdols s dy9domdols Mgg0dgdols 3Jmby Fysewsdbsdyxo bganls{ymgdom. gL
35M9dmgds s@ol dobgbo (yaol dofmgbol woydggdgemo boby@danomdbols g@Hmy g@e-
0 sM©3930L Fo@dmJdbols, s30@md qo-oli I60dgbgenmds dobsFogmgdgaro Jlgeools ¢96-
bgdolomgols 9bws gobolsbwgdml gHmyx gdoo oM®ggggdols obgmo dEocmg 360dgby-
emdols gomgoeolifobgbom, Gmdmgdoi @ swoddgds 3mIbds®gdaols dog@.

2. 30800SR0 65V0R0

Tyemol bodxgdol bodydygmo aobmdggdol dgogagdo sbsboggbh d@sgogo ¢od-
AMA0lL gogagbsl {yamols dmbdo®gdol 3OMEgLbg, sdo@md dsmo sdmyowgdyangdols

Lodmgbgensm dobobdgfmboaos aodmygbgd g 0dbgl Fyeol bodxgdols LEmJsbBose-
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@0 dmpgeo®gdol dgogygdo dnzgdygeo qo, N, P, N s P 30605990 gd0m. >@bodbygero
sdmobs dgodamgds aosnd@sl asdmgodmebgdols mgm@ools [] Logydggaby. gobsowsb
2odmygbgdgmos bem@ds@yg@o aobofoamgdol 3obmbo g.0. 3o®MsdgB®gdo, qo, N @ws P do-
©gdg@o 9bs 0gml Lodo®m Lobwg®gddo. bomdgsdol gyomgoolifobgbom Lsfyol dm-
bo3999do© dowgdymos o@dgo®mgol 4 domgdsBogyg®o dmgmeobo M[q]=qoNP, @3-
mgdoi yoblobognggan  339mdo M[q]=const gm@domgomebgb N dbodgbgamdols a5b-
Lobmg@obsl, saMgmgg bolosmpgdmebgb mmbogg qo ws P Loowon. s3sbmsb @o@-
300m3go0l blgbgdyeo domgds@ozn®o dmameobol 3Gm3gLdo dowgdygao ogm, GmI
Pyomodbodxo bganlofgmgdol @ompgbmds dgoagbos 100, 200, 400 o 800. P-l
dbodgbgamds  ymggao domgosbolbomgol  dowgdyero oyem 005 0.1; 02 s 04-ob
Ao, boam qo dglodsdobosw 0.8; 04; 02 s 0.1 (@/F3d). dmygsbogno Lowowggdo
Fo®dmowygbebgb Lofyol dmbozgdgol (yeol bodxol 30m3glgdbol @gogobsiool
Ol LEmJsbEogyto Jnwgmomgdol dgonmegdom P. 50bodbyeols dobgogomn yobo-
Lobwg@s Lobdodg o Lodgomm boby@ddgogmds oGzo@mggdol gOmK gOs©o godm-
3oMbgdols qe=qome [oboslfs® dowgdumo ©mbggdbol @AM, GmImgdoi sbobosmgdgb
JoEgmo®gdols 3OM3EgLdo dgbodsdolo Fyeol bodxgdol qb@9bggaymasl dgxynag-
b9 goM0o309er M0ag6do. 53 Jobbom gmgger @gomobsiEoolsl gobolsbrgds yggems
20dMgM©bgdol xodydo boby@deogmds Te, Jomgdygmo s3> M9 0d ©Mbggdol yomge-
@ol{obgdon 3Egbol (30400l 2obdogmmdsdo Ty 2odmgs®obgdol @osm©gbmds M;
2odmgo@ebgdols Lodygogm Lobdodg te, S5aMgmgg gO®MX IO godmgs@ebols bodgys-
e boby@damogmds T. gl doboboosmgdangdo (yemol bodxol goblobogrgger 3GM(39-
Lgddo, @mIengdoz aobofoengdygagdo 5@0sb bm@dseny@o jobmbom, dgodangds aodm-
0mgogml geo®dyw gdom:

Te = {1-O(Ie)} To/ 2 = B T 1)
Te=Gve (Te) / V2 KG; 2)

Me = {1 - 0O (Ilo)} To/ Te; 3)

Te=Ee/ Te=V2I1 G[1 - © (Tle)] / 2Gep(Ile); (4)
[lo = (Po-P0) / G ; 5)

Gv=+2I1 GV1—R(A)/A; (6)
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N(1) = K(1) / G2, 6o 7= A 7)

oo @(lle) o O(le) b@ds@eyg@o aobofoggdol ©org@gbios@my®o s 0bGga®o-
@960 F9bJGogdes;

Ile = ©mboll godemdomo 360dgbgermds;

Ee— 3m@3999a ©mbgbyg godmgo®obol sendsmmds;

Po— mbol domgdyero dbodgbgeomds;

Pos G — bodxgdol Lodygoam dbodgbgeomds oo aobsfommgdol LEsbps®@o dm-
(399900 goMoszoygmo Moyolomgols

Ge = bodxgdol Lopogms gogdsmdols Lobhds®ols LEsbpos®@o dmzgdgemo
@95 0bsioobamgols;

Rr = bodixgdols gobofoamgdols bom@dodgdyemo jmdgmsioyg®o ggblios.

Vagool s@gdol 36mEgbol bHmdolihogg®o dnwgmodgool dgegegdols wodydagy-
b5d ohggbs, MMI Te LoIygoem 360dgbgermds Jm(3gdygeo Wmbolbosmgol sMos sIM 3o-
09090 qo,NP, N s P lLowowggdbbg o aobolobmg®gds dbmmme 53 ©ombom, op-
gmgg oagbogro  qo db0dgbgermdom. SIsbmsb, sEgoMmgol dowgdbymo mbol

Lbbgowolbbgs 9bOybggaygmaol @@ml Te-bg qo-oll 3geromgds gOmbso®o bobosmolses.
9L ©sdm3gogdyegds dgodengds godmobobml dgdwgyboo@sw:

0,135
T@:—qo 505 - (8)

1oddgbgdenm be®dgdls s [glgddo Mgy sdgbBodgdbymo Losbys®odm  §sdy@o
bodx gool 9bObggaygmazol Pq=0,997 gomgoeolifobgdom gm@dygas doomgdl Lobgls:

0,056
T@Zq—o. (9)

Jogdymo ge@dygms ag5deaggl Lodygoamgdol MomEgbmddogo dgxnobrgl ©o-
bod®mygdBgdgero Fyselowgbols ¢39bji0mbodmgdol bo@olbo, Gowyeb dgbsdangdgenos
d00dgobml dmdbdomgoemgdbbyg (yamoli dofmwgdols dmbogrmobgamo wo®d®gggol bobp®d-
@ogmds Joegdyger qo bLogorgby ©sdmjorgdgmgdom. Sbgmo dopymds bogdsme gbo-
39@Logny@os o 00 dgbodams godmygbgdye 0dbgl g8g9Jdosbo  3md30yEgmgero
3O ®odygmo YbO9bggeymaols sdydsggdolisb.
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3. R5L3360

9OMgymgobo  Fymol bodxgdol 2oblobrg@ol [o®dmwagboano dowamds  Lo-
o gdols odgnggs 20dmg094gbmm  ogo  3Md309B O Y0 3OMAMsdgbol gy gbolsl,
AomEgbmdMogo  dggonlmm  wobiedMmmygdBgogemo  Fyomlowgbol  9bdiaombo®gdols
bo@obbo. dobo godmygbgds d0bobdgfmboaos sa@gmgg o 3gneo dgbmdgdols s
69d0Ldog@o ©sbodbyagdols dgbmdoms 3md3eglgdols 0g0 s 3bgero Fyoedmds®es-
2900l LolGgdgdol aosbas®modgdols saram@omdgdols dgoagbolisl.

R0BIAOB IS

1. CHulI 2.04.01-85. BHyTpeHHu# BOJONPOBOA M KaHAIM3auus 31anuil. M., 1986.

2. B. E. I'mypman. PykoBOACTBO K PEIICHHIO 33/iay MO TEOPUU BEPOSTHOCTEM M MaTEeMaTHYECKOM
cratuctuke. M.: «Bpiciias mkona» 1979.

3. HMHCcTpyKIus M0 NPOSKTUPOBAHUIO BHYTPEHHUX CUCTEM BOJOCHAOKEHMS U KaHAJIM3ALUN KHUIIbIX
u obmectBeHHbIX 3naHui. [[HUMDII nnxenepHoro odopynoanus. M., 1978.

4. JI. A. lllonenckuii, B. H. Pogun, H. B. Hansnoumsuiu., K Bonpocy onpeneneHus equHUYHBIX
pacxomoB BOJBI MPUOOpaMU 7Sl YYaCTKOB PACIPEACITUTENBHBIX CETe XOJOAHOTO M TOPSYEro
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3953 6275

33333056 LOBRBSM 35@IFML Rd5BND6IIBHIBOL SRKR3I3IMS

o, boygos®ganody
(LoJotmggenml Ggdboga®o gbogg@lodgdo)

Agbodyg: Log@oms dm@moler  ymbggbi05 399900056 s bmgsm  go@gdml  ©sd0bdymgdols
dgbsbyd  dgoonb @mbolidogdgdl s [glbygdl, @mdengdoi Jods@ormaros  ggdgdo-
@b 580bdy@ 30l S g9m0bs o dobodo bocz00bs96.

bogmmdom  530bdy@mgdols 5w y5900b  [abgdo (dogrsdo  dggos 02101983 )
Im008b g b goBo000  godmPagaeo  @sd0bdadgdol s dgdombgggom  bsog-
om0l oEa@H0m  godmfagaao  @3306dy@mgd0l s 5900 @mbolbdogdgdl. 1992
[avol Ggblimdgdoon sgcoaydgaro gobes bogmmdol (50b49@930l o@dg@gs o
350 go@3gbom. dgdydogos L3900 @b0 80593040 §obyg@950L swdamaob.

Is56g mbggoeo bogmogmgdgdom @sdobdaymgdols ow 5900 [9bgddo (2.10.1983 )
@IBory@ms@  s@mob  deogdaao  doddbsdsgo  obygoeo  bogmo@ydgdol  boymoo
bwgol ©530bdy@gd0L  bof[obss@dwgsm  @mbolidogdgdol jmodg@0ad9d0.  gg9e0s
90 bgggs do og@dsgraanos bo@mbybydol bsyms bwgsdo mobarmybo bssoGowsb 12
Joen by boyargd Jsbdogar by.

dogbg 605009939300 @530b6d9@mg30l dgdor bggge do (Gedargdoi sowolderr dg-
R D@0 ROIGI0m) S 5900 ©@mbolbdogdgdo (dogrsdos 01.07. 1992(.) dmoczogl
bogoe Idmmbegbydl dabsgzmo dsbogngdol dybsobyd, Js@ 00935 by, @ 23965-
05bg, 3obmsglyds by, @obmdmoy  dyboawggd by, godmmobysbs s 9Byer-
306935 by.

bsdobs@y [gagdom ©s30bdnmgdol s@dggmo [9bgdo (doansdos 27.09.2003 )
dmoogb dmmbmygbsl Lsdwobomy Fyamgdomn @s30bdn@gdol jobd@marols dybsbyd.
bodwobs@y  [yargdol bowgms bwgsdo syp@dogrmaros, gomes od  dgdmbzgzobs,
Ao 39bg  bogJbo goBoGowss wodbyocgdgmo  bowggdo bodwobody fgarg-
S0l gofdgbobomgol. ggdgdowsb bsggolb bsymom  godmpagaao @sd30bdymgdol
0@ 3900b  Fabgdo (dognsdo  dggows 3112. 1988 [.) gbgds bbgswsbbgs bsbol bs-
aogb.  [9byddo  Jomomgdmaros  bssomowsb  hoyg@molb  swgoarol o dm@gds @
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2S00 bozo0b  bymbgdo. od  [9bgddo  yggarsoby  dogodmos  bagaro o p@doangs
bwgsdo yggers bobol SarsbBdsbol hoyms by.

89998056 35900 530b6dwG9d0l  Swy59m0L  [9bgdo (dognsdos 19.06. 2005 |7)
@896l d9boawsgdl gmgodwolb mjbowobs s obedob mfbowol godmbsdees-
bg. og@doayar0s mbmbol godsbswg @gdgeo bogmo@mydgdol godmymas 359 do.

2011 [aarlb [gbgdl ©@ogdsds msgo, @Gmdaaroi sazoegdganl bool ggdgdol
96958 9%9J5 19m30L  Sbodowargdems s boglbiargsBocom  @mbolbdoydgdl
899960056 bsbosmdmmyg a5 bgdol g5dmgmags by.

boggobdm Lodyggdo: ymb396¢;305: @390 [9bgd0, bogmmdol Bobygmo; dogby bogmoy-
90930,  bsdwobs@my  [yangdo, sg@dsargs,  bmbo,  bogmoymgds,

C

bwge, ggdo.

1. L5350

Lobwgom G@OSbL3MOE0L 25630000 9d03, bogmmdol Lobmgom aowsbowggdols ob-
A9bLoyg@mdol doGgosd dbodgbgermgbo gobods Lobsdo®m (yemgbols wo bLabsgdo-
Omgdol odobdydgds bogmmdbomn ©s dobo bodgggdom. sdol dgogas bodo®gdls s
3anog9ol s gdsm 360dgbgermgabo  bosbo, bopau®wgds brgol @oybs s Ferm@o,
30mden gdols geomdosgny@o boliosmo ofgl.

bwgol 20093mb odobdy@gds doMomswse bgds (yosedo bgoamo s Lofgogo
bogmmdom, 3d0dg wobgaol Lofgegom s Lodmbo bgmgdom. gl bogmo®gdgdo dwa@o-
05> boby®dmogo ©AMolL gobdsgemdsdo, doom dgydeosm dbodgbganmgsb dobdognby
2oo0agos s brgol Lobsdo®mgbol wobobdy@gds.

0O MomEgbmdols bogmmdo omg®gds brmgsdo Bobggmgdol sgomogodol, gowo-
Lo@go®mo badygdomgdol, 29dgdols Gobggdol godmmdgibol dgogasw. bogmmddgdiggero
Tyeool homg®s bpgds sa@gmgg 3d@smo Bgodmgdols yoslbsbopo aqdgdowasb.

bwgol Fymol ©sd0bdymgds brpgds sgdgmgg hodwobos®yg Fyemgdom Ly @M
dbodo JoEygemdols bodgy®bgm-Logmagsabmg@gdm 3m@Fgools dJodwgdsdyg  Joasdg-
ol o Lofo®ddmgdols dogm.
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bwgol 20093mb Log®msdm@obm-bsds@megd®ogo w@s3gs 930039 gloe Jodo@-
0geos Jobo bogmmdomn sdobdydgdols sebsgyggmoe [1.2].

Lobmgom Lads@maol dgbobgd ggbggol 1958 Fanols 3mbggg@gbios [3] o gog-
@mb 1982 §. 3mb39bEos Lobwgom Lods@merols dgbobgd [4] sgoemgdls Lobgend{oxnmgdls
503356  ggmgbogo  Lobwgom Logdg. ao9@mb 1982 (eools 3mbggbiosdo  dgools
bofoeno XII, dmdgamoi b3gEosmmydse s@ols dodpgbogro Lobwgsm ao®gdml ©sigols
> ‘dgbo@dhybgdolioedo.

1954 Faool 3mbggbzos bwgol bogmmdom  ©sdobdy®gdols swiggmols Iglobgd
3Odogoogls bogmmdbols @ dobo bo®gggdols howg@sl g9dgdowsb s FobggMgdowsb
bwgsdo [5,6]. 3mbggbiool Tglgodo sgomegdymagdl Lobgamdfogmgdl 4béybgganymb
30MGgo0 293900056 bogmmdols bodhgbgbols dodwgdo oboswys®gdom [6].

1972 {anols 3mbggbzos bmgol ©odobdy@®gdsby, @mdganoi bogmmdbols ba®hgbgdols
s bbgs dslogrgdols hog@om [7] s@ol godm{ggyero, aodmymal 3 xaal: 1. bogmog-
096960, O®IAgems hoygdol dgbobgd Lodkodms L3gEos@y@o bgdbo@mgs; 2. bogmogdg-
3960, MM gdoi Loko®mmgdgh bmasw bgbodmgsl ws 3. bogmomgdgdo, Gmdgeoms hoy-
@o bwgsdo LogPmme ogMdogamos. sgmgdos, Foas@omsw, Jemdm@ysbygemo dgbs-
9JOmgdo, 3903baol{yseo, bogmmdo s dobo bogBmgdo, @opos]@oygemo dobogngdo,
d0m@ma0y®o s Jodoydo mdgdolomgol Lokodm doloangdo.

2. 30800SR0 65V0OR0

1973 Faool 3mbggbios 3gdgdowsb bwgol ©sdobdymgbol mogowsh sEomgdols dg-
Lobgd Log@mme g@doensgl bgdoldog@o bogmog@gdols hog@dsl. glgbos bsgmmdo s
‘dbsdosbo  bogmog®gdgdo, hodpobo®g [ymgdo, bopgogo ©s bodhgbgbo ggzgas Godol
399900056, 25dmbsgerolos Lbadbgo®mem bmdsgrwgdo ©s ol g9dgdo, GMIggdo odmo-
49690 Lobgerdfogm s®ogmdg@ oy Lodbsby@do [8].

begoldo®s Lobgandfonmgdl sdgm gxemgds, aogfomb Logosdgm g9dgdl 0bldgd-
G0Mgds o odMPg93900L Jodo®m s0{Yymb Lods®mergdb®ogo ©ggbs.

50 4b0g005 gOM0560 LogMmsdm@obm LbESbEs®M@gdo ©sd0bdy®gdol Fobol{o®o
o0339mol dglabgd. Gog H50mbgol oJgm goblisgym@gdom dzoM0 G990do, Lowsi bo-
‘dodo  bogmodgdgdol hogds bmgsdo  Jo@gamOoygmsw  Sg@dogrgeos  (dogo  brge,
bdganmsdys bwgs, Fomgero brgs, L3s@Olbgmols s  ®mdsboli yydggdo) [9].
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d60dgbgamgob Lobwgom @50mbgddo, sd0bdYMgdslmsb ©s3o3doMgdom, dowgdey-
@05 ho@ggol aoblsgygm®gdygao bmdgdo. Log@msdm@olm m@ysbobsiosd 1969 §ganls
doowm 3mbggbios hodggols Jglobgd wos bwgsdo sgo®ools dgdmbgggodo [10], Gmdang-
b0 0739396 bogommdom @obobdy@gdsl, bmenem 1973 (geols doowm mJdo hocdggols g-
Lobgd bwgol @obdobdy®gdol dgdmbggsdo bogmmdols godws bbgs bogmogmgdgdom [11].

>bodbyemo  3mbggbzogdol Iggase dol dmbofoamg Ibodmggdl dgydaosm  do-
00mb obgmo bmdgdo, @mIgdoi dgodgrgds syEogdgero ogml dsmo Lobssdo®mgdo-
Lbomgol Lg@ombygeo bogomols msgosb s@omgdols o6 dgdiodgdols dJobbom.

bwgol 3o9dml bogmmdom ©sdobdyg@mgdols mogowsh sEogrgdols [glgodo [7,12]
‘dgol:

L 393909 bognmddgdigamo Tyarol gofdgbpol Hgdbogmyos;

2. Pyemols bgosdodgdol ©sizgs bogmmdoms ©s dobo 3Gm©y]@gdom ©sdobdydg-
ool

3. bogmmddgdigamo  Vyarol gdg@gdo o godfdgbeo  mgomdsgaao  bawyg@ob
‘d9J9bs;

4. bogommddgdiggero Fymol dodwgdo o ao@sdsdydoggdgmo Lol gds;

5. do@®mbggaml bogonmddgdiggero Fymol ©odobdy®mgdomn sdmfgggmo ggm-
bemdoyg@o bodogrols IgdEodgods.

393960L  gJl3grgo@doEool @AML JoE®MbygOml Wsdbobdydgdol doGomswo [yo-
M 5ol bogmmdo s bogmMd3MmEyd@gdo. 39dgdom dosmo gobowgolsl olbobo bwgs-
do bgwgds bogmmdbdols s bogmmd3dmmeyd@gdols howgdom Lofgogol LoGgo®omm dm-
G mdgdol 5@53gMagR e mdols 2s5dm; aos@go®mgol dgdwgy Bobggdol godmmgib-
gobsl [13].

30OF0L 5335000l ©sd0bdyAgdols [yodm, go@es Lo@@sbldm@@m s Lo®go-
M 29dgb60bs, dgodangds oyml b3giEosmyg®o 2gdgoo, Gmdgems Goibgdo dgools:

¢ 3353 boko@bbo Lopay@gdo, OMIggdoi sfmegdgh 0bg@R g 25bgdl bogmm-
b0l Bobggmgddo;

e ool yddo Loy y@gdo, @mdmgdoi yomgomolifobgdygemmos bogmnmdd@mmweyd-
B30 poro@godmgolomgol;

* bogmmddoboeymdo 93960 s 3gdgdo, MMIado3 gomgaobiobydymos Geom-
Aol Lo(gogom ©o Lodmbo dsbosgnom dmdo@sp gdolomgols;

90



doAmobgobg®os, Nel-2(27-28), 2019 — Hydroengineering, Ne1-2(27-28), 2019 — I'uppoumkenepus, Nel-2(27-28), 2019

¢ 65300534 9M0  JMI3ew gJlgdo, MA@ gdo yomgomolifobgdymos sgo®oya s
oM3Mo0 bogmmdol dgz@mgdols s @oggo@sizoobsmngols;

* I39M0530 Loy g@gdo pgdgdoesh bagmmddgdigymo Yymol doggdols @o yof-
dgbwobomgols [8,14].

5>OLgdy@o Log@msdm@olm s bsgombosay®o §glgbomn ©slsdggdos bdgEosemey-
@0 dofymdommdgdols Jmbs, GmImgdoi 9bOYbggeygmegb bogmmddgdggmo Fymol
ao(dgbsl.

bogommddgdiggero Fymol oFdgbwols bgdbgdos:

L oggdse;

2. greBoEos = 3bggdahmo ©s w©ofbggomo;
3. 9 9ddOmJodoygdo ao(dgbs;

4. >pbo®dos;

5. @bmbodgods;

6. domJodoyg®o s dommmyoydo s{dgbwgdo.

3bmdogos 5p@gmgg 5oFdgbeol obgmo by@dbgdo, GmpmGoEss bogomddgdagymo
Vool ©ad9dog90> gargdG@ame, 35560 a® o ged@adpg@on ggmgddo.

bpgol 5335¢M@00l 5335 bogmmdols s bogmmd3dmydBgoom ©sdobdymgdols-
2ob 5B oy 5Imzobsls Fo@mdmswagbls [5.9].

bogmmdo Fymoli bgosdodmbyg dnbggo@olsl Lf®sgsw 0dargds. g@sjizogdo owg-
Jgdo @ 5306d7h@gol oMo Jo@F™M Lobosdo@m bmbsl, s@sdge glggal [15,18]. bsgme-
00 ©5306d7Mgbolol begols s dogs Fyammol s9bgdl dggdo Log@mm ofgm, mydigs
©5606d99M9b0l boliosmls @s dom grojzgo0s305Td0 Lbgsolbgomdss [16].

‘dogo (yomboEeggdl Lobygmogobswdo §ogggbgdom ga@dem dowsgro dmmnbmgbgdo,
30009 Lobmgom ao@9dmb.

399900056 b53mMd3AOMEYEBgool  howg@ols  mogosb  sEoggdol  jmdde gly@o
mboldogdgdo dbodgbgarmgboe gobs30@mmdgdl Fymol s3go@dm@ool Lobygmseggl 9d-
doboamdgbmsb s dJn@osboe Lobegom 3m@Egddo [17].

3obLoggm®gdom Lodo®ms ©odobdy@gbols s@dzggmo bmdgdo Fsbzgmgdol ©sbos-
6900l s oy3g0oLsl, bogmmdlawgbgdol aofyzgBolsl [12,18}.

5335000l ©sb0bdyMgdols mogowsb siEoagdol Jobbom hols@omgdgemo Lody-
domgdol 989JB YO0 m@asbobsEoolomgol s sgo@Mogme® swgMomo bagmmdols @o-
330005300bsmgol dgdbogros bogmmdol bopsgdgdgmgdo 99dgd0; 8sdFdgbwo Lowag®g-
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305 b53mM3OMEYJBHgo0m ©sdobdydgdymo Fymgdol dodmgdo ©s osdsdydeggdgeno
boggdmdbgdo.

Gorgbsg pgdo daogd  @oboobgdgmos ws Lidogo @gdmbio  dggdegdgmos,
bgds @o@gMomo bogmmdbols Go@mols dgdmmmdgs dmbgdom. dmbgdom dgdmommdgds
5MS JoOFM 53500 BoMMMb0, 5MSIgE ol SEomgbdos, Lowsi dglodergdgemos
bogmdols @owg®e.

bogommdols s b5300mMd3OMEY]Bgdol dmEoegds bgosdo@mopsb Lsgdome dbgaos
0dol 253m, @MI EosgAo@o bogmmdo 0dagds oE BosOMDY Mbgan Bgbs, Mol
Lobgg dgodangds o3gergdmegl @odwgbody Lob@GodgB®owsb Jmbmdmean gz yd G gd-
©g. bogmmdom sd0bdy@gbols Lbgoolibgomdsd aobsdo®mds dMsgom@oibmgobo 53 -
d9600 boggdmdgdols, 3mblE®Mydiogdols s aofdgbwols Bgdbmanmyogdols dgdbs [6,19].

bogomdols Im3mggdols saomoEsb, gomsdydaggdols s dmbdo®gdols swaosdwoy
dobo goesboegol bOEsLmsb gohmse aobdodes oEE®bsgosbo Hobig@mgdols ddody
53500960 (dgxobgdgdo, dghghgdby dgxwmdgdo, sx839mJgdgdo, bobd@gdo), @mIa gdds3
3odm0( 305 bogommdols bmgsTdo howgdms [17,20].

235900L Log@msdm@olm bobmgom m@ysbobsizosd 1973 {gaols doowm 3mbggbios
MARMNOL 73/78, ®mdgendoz goblobrg@yamos 9dgd0msb bwgol ©sodobdy®gdols mes-
30056 50 gdol Bgdbogy®o Immnbmgbgdo [8,14].

3mMF9ddo s 2gdlodgdmb@em  Jo@bbgdol o335 mM0gdTdo  yomgoeolifobgdyao
9bs oyml: 1. sgo®ogbols dgdmbgggedo womg®ogo bogmmdols gomgsgobsioobs s
‘930900l @mbolidogdgdo s Fgdbogydo Lodygoegdgdo; 2. @sbobdy@dgdyeo hodwo-
bodg (yawgdol dmbggo@ol, 3330030 Logmazsigbmg®gdm Lobmgom ao@gdml ©sdob-
J9M 950l 533900l @mboldogdgdo [21]. Lsbrgem godgdml 0sd0bdymgdol owizg9mols
©mbolidogdgdo Lodo@mggenml 30bmbdogdermdom s@ol gomgsaolifobgdyeo:

— bogodmggenml 3obmbdo Lobwgom Logdiol dglobgd [22] dggbog msgo dmano-
sbo gbgds bwgol go@gdml wo3gol bodo@mggamml Lobwgsm Logdigdo [22].

Lodo@mgganm sd@oygdoe dmbsfomgmdl Lobmgsm godgdml sdobdy@mgdols dgbs-
bgd dmJdge Log@msdm@molm 3mbggbiogddo.

L. Log@msdm@olm 3mbgg®gbzos ,,bmds@mgdoesb ©sdobdy@gbols sw3ggmols dg-
Lobgo 1973 §. — 1978 §. ®Jdo LoJo@mggenml dog® @s@ogocodgdygaos 15.11. 1993 §.
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2. bogmmdom sd0bdy@gdol Jgwgasm doygbgdygmo bo®owols 3md3gblsioolism-
3oL Log@modm@olm gmbools dgJdbols dglsbgd 18.11. 1971 §. — LoJodmggeoml dogd
A5B0g0300gbgmos 18.04.2001 §.

3. ,,bmgol bogmmdon  aokydgosbgdol dgdmbgggsdo  Iboymeabol o Mobsdd-
amdenmdols dglobgd™. 1990 Fanol Log@msdm@oliom 3mbggbios — Loodmggermls dogd
530830300909 os 09.09. 1995 §.

4. ,,650hgbgdols yopog@om bwgol sdobdy@gdols ws bbgs Lsgombgdols dglobgd®,
1972 Geools Log@msdm@olim 3mbggbiools 1996 Faools mddo — Lodo@mgganml dogd @o-
A0xo3oMgdgmos 24.03.2006 §.

5. 5,3999%0L dogosliBydmo Fyamol s sbogngdgdols 3mbd®meols ©s do®mgols
dgbobgd®, 2004 Feools Log@msdm@obm 3mbggbzos — Lodo@mggenml dogé @s@oggo-
306 gdgeos 31102014 §.

3. RdL3360

235900b Log@msdm@obem m@ysbobsiosd (IOM) 1973 §ganols doomm 3mbggbios 29-
d90005b Lobwgom aoM9dml odobdy@mgdols dglobgd, MARMOL 73/78, mmdgendoi ob-
Lobmgdygaos 99dgdoesb begol ©sdobdy@gdols mogowsb siomgdols Bgdbogy®o dmm-
bmgbgdo. 3mbggbios dgoiegh @mbolidogdgdl s (gbgdl, @mdmgdoi dods@myemos
399900056 ©5d0bdyg@gbols s@yg9mols s Jobodobszoobsygb.

Lobegom mb0gdBgool ed®mgd@gdolsl dglodsdolo m@asbobsiogdo ws s gliyg-
098900 3o oY@ gdo 5@M05b  goomgo@olifobmb @mbolidogdgdo, Mmdgmgdo odm-
@oibogl Imdogosgo  Lofo®Inl oy boggdmbdol dogd ao®gdmbg  godymegom  bgdmd-
dggdsbs.

Lobwgom 3m®E9dTo gomgsgolifobgdyamo «bws oymls:

L. 535M0g9d0L dgdmbgggedo wowg@omo bogmmdols grmgsgobsioobs s dg3¢9-
b0l wmboldogdgdo s Bgdbogy®o Lodyoemgdgdo;

2. Lbgoolbbgs do36g bogmomgdgdols s ©od0bdy@gdbymo hodwobody [ymgdols
dobggedol, dggdogo Lbogmxzspbmg@gdm ©s bod@gfggarm bo@hgbgdol aoay@ols o@d-
33900 ©mbolidogdgdo.
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Lobpgom 2o@9dml ©sdobdy@gdols smdzggmo @mbolidogdgdobswdo dodwgbogn Lo~
9JO05A0Mobm 3mbggb096do Lodo®mggerml sJ@oydo hodmgs s s@bodbyao 3mbggb-
(309000 dmmbmgbgdols s M93md9bsz0gdol byliGo gldymgds 9bOybggerymal:

e Lobmgom Ylog@mbmgbol ©s 989JAYOMI0L sTo@an gdsls;

e Jglododobo  m@gsbmgbol dog@  Labegom 0b3ogbdgddy s dgdmbggggdby
LYGog @gop009d50;

® 299900056 begol 2o®M9dml 3mEBHgb30gM0 sdobdy@gdol s@dmhgbsl s 3G g-
39630003

bomlibmdol glog@mnbmgdol s Lobwgom ao®gdml ws3gol.
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3953 6275

@ 9bovdy:

boggobdm

LMBROM 3MBEBIBOL 356300)50I30L BHIERKRIGBG0IB0 KRS
3301333503350

o. baygodgarody
(LoJotmggenml Ggdboga®o gboggdlodgdo)

boBosdo gobboanaamos bs bwgsm 3m@Bgdol 556500569385 @@ b3 5 0-
godo o dsmo d9dwgmdo 39mb3gB0g90. dbmgamomlb 20 awowgbo dm@GG0l
@5 bsymbBg0bg@er 3905 GMmG930L  Indomdol sbogrobds (2015 ) ohggbs,
Gmd dsmo dogrosbo Bg00m08Gbg3s  dgwo@gdom @sdsaros dbmgemor  gm-
bmdojol s gogd@mdol bEwolb dohggbydger by. Bgo@md@abgol  dydi00935
o@obo dbydmes Jbergaromlb dyoe  awoegl Jo@d do (6 Jomagsbo hobgor dos
Bob@o3go @) @5 gisb boygmbBgoby@m gwowgl Hgtdobogrdo (2 hobydos)
33900l 3Gmgbm bon 20172022 ). 39@Gom@do  boBgo@omm  gows bowggdol
bs dyoanm  Farogmo dsdgds ofbgds 32%. gowos bowggdolb baws debsogrm-
bgaros yggars byfdm@mdo, door dm@mol yg9ars by wobsdoyymo baws ohbgds
boymbBgobymer (50%) wo ddmsgmo Bgommgdol (5.6%) gows bowgyd do.

Lodygggdo: dbmpanom g006mdoys, Jbergenor gsd@mds, bs bwgsm GG56b3erm-
B0, bobwgor  so@mBo, bogmms dm@Gober b bmgser  go@s bowggdo, sm@mGol
BGoON3Gbgo.

1. L5350

Lobwgom 3m@Fgd0 [o@dmoagbl doMomse Gamels Jbmgeom Los@®sblsdm@@Em

Loli@dgdols

396J30mbo®gdsJo.

Lobegom 3m@FGgbdo, Omam®iE Lobgadfogem LE®s@gyoygmmo mdogddgdo bsoio-

Mbogry@o  g3mbmdogol bogroblo®mgdyemo s JEa®owo gobgomsmgdols Logydggemos.
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30 E g0 s Jomo 2obgoms®gdols mbyg sbsbogl Jggybol 0bBga®sEool bo@olbls do-
AgOosmygdo Gglyalgdols s dbs 3OmEYJEool bogowgdols gobsfoangdols yanmde-
ey@ Loli@gdsdo.

Jbmgmom  god@mdol doGomswo bsgowo  3mb3gbd®motgdoymos XXI Loygzybols
2390bEAOSE g0 Lodgymbgodo: 1. gg@mgsgdodol Jg9969d0; 2. sbos — (ybosdo ™ jzgo-
boli Mga0mbols J39969d0; 3. hOoam-sdg@030L mogobygseo god@mdols bmbols (North
American Free Trade Agreement - NAFTA) J3996gd0 [1].

Lobwgom  FHObL3IMAOR0  gam-ghmo gdmsgdgbo dgdoagbgemos  Lobgerdfogmls
Logo®gm  g30bmdogg@o Lodosbmdol. 3m@Fgdo sbdgmgdgb B3000mbsgomgdols Lod-
@5bL3mMEM YO Ybggerymxzols 3Omgsog®ol 3963090l [2]. godes sdobs 3m@Egd0
9b@9bg9e0ymngb Lbgoswslibgs J3gybgdol dmbofomgmdol dglsdgrgdbanmdbsls ymggendb-
@03 bogod@m 3o@bom@mdsTo.

30900 god@mdols ©s 2obgoms@mgdol 3mbggdgbiosd (UNCTAD — United Nations
Conference on Trede and Development) 2014 {geols [3] dbmgganom 3m@@Egdols ybjiombo-
Mgb0L  obogobom  oblobwg@s  Lodm@@Gm  Logdosbmdols aobgomo®gdols  doGomswo
H9brgbiz0gdo:

e 25blLogmagoymo badm@Em g3mbmdogy@o bmbgdols — mogolyxsmo Lodsgm bm-
bgdol dgddbs o gobgomodmgds;

e 300FJo0L godRobybo®osbmdols gob@s @mayolBogols do@sgro wmbol dgdgzgmdom;

e 30MFJo0l @obsas®mgdol dmeg@mboboizos 29dgdol dmILoby@gdols bofoado (ob-
Loggm@gdom — 3mbdgobg@gdol aowsdbowo g9d9d0l);

e 303569 B9dbmemaool asdmygbgds Log@msdm@obm ggmemyoy@o ©s 9bgdamg-
39JO9M0 Jomnbmgbgdols slsdsygmegom gdemsw;

e JoOmgol 30mmEglgdol o5g3B™MIsBoboios s bsobgm@dsizom Loldgdgdol oj@oydo
2odmygbgds domo dgdymdo 0b@gadsizoom dJofmegdols ds@mgols gyermdsgry@ Lol-

®9dgddo.
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2. 30800SR0 65VOR0

A300mgdol  bogowgdols  aobofogmgdodo  aoblognmdgdyge  Gmenl  msdsdmdgb
ob0o-Fybodmo m3gobols Mgaombol Jg99b9d0, Amama (3 Is@g@osmydo bsgomgdols gm@-
do®gdol yodm.

Jbmga@om  30MGgbol  aobgoms@gdol  Bgbogbi0gdbg d60d3zbgamgeb  gogemgbols
obgbgb @gaombols 3m@Fgdo, O3 ©o353doMgdgmos  0dolmsb, ™3 domo oo
boFogro Iygedogo sbegbli 0b639bG0EYM0 3BMg]Bgdol Mgogobgdsl Gg@mdobow gdols
dmEg®bobs0sdo.

3590l Lobwgom G®sbl3dm®Eol dodmboangsdo [4] bohggbgdos, Gmd 2015 {genls
Jbmgeon g306mdogol bOwol Ggddo 2014 Ferols dods@m ogm oligmogg, Gemam@g 2014
Jenol bOeol Ggddo 2013 Fanol dodo®m, Goi dgoeagbls 2.5%. Jbmgeomls aobgomsmg-
g0 J3996900L  9300bmdogol bAwol Ggd3o 20142015 Fangddo oym 1.7%-+2.0%, bo-
@ 3obgoms@gdom J394b90do bOwol @9d3ds sojem 44%-sb 3.9%-dwg.

od 3gMomedo hobgmdo s@obodbs g3mbmdogzol beol Fgddol dgdio®gds 7.3%-
©ob (2014F.) 6.9%-dg (2014F.). obpmgmdo 3ododom, smobodbgdmws baws 7.0%-wsb
72%-30g. ao@sdogoao  g3mbmdogol  J3g9b6godo 2014 (ganls dzodg dodgds (0.9%)
‘dgoigoes dgdodgdom — 2.8% (2015 §.).

2015 Fgeols dbmgeom LoJmbamol gok@mds gomo®Egdmos ©odsen 3 9d3gddo —
do@gds 1.5% 2014 Fgeomsob dgoodgdom. gobgomo®gdymmo Jg9ybgdol Logodgm gok®m-
0l d5@gdol s@lgdyeds @gbogbi0sd ggd dgdene o3 dohggbgdarol d3gg9m@o go® -
boli 3m339bLoos aobgoms®gdow Jg9969ddo.

25630000 gdyyao  J3996900L  Logo@gm god@mods 1.9%-pob  aso0bods 2.2%-3wy,
bogm gobgomedgdow J39469ddo dohggbgdgads woofos 3.1%-wsb 0.4%-3y.

Jbmgaom gJldm®d@ols ds@gdols Bgddol dgdEodgds GodymRoms wogdym bogm-
05d@0lbe bLobmgom gomsboggbol dmEygmmdgdl 2015 Fgeol. 53 Jmds@dgdol bewols
®993ds> Fgoeaobs 2.1%, @o3 9RGM @sdsanos 2014 Fanols dohggbgdenrgbyg 3.4%-om.

2013 Fenosb s@lgdbmdl dpa@dswo jmagmsios dbmgemmom gJl3m@@ol gomobsls
©s bog@msdmmolm Lobwgom aoebowggdols dgdio®gdsl dm@ol. ol gsd@o, @mI
Jbmgaom LoJmbaol gJldm@@o gome@Egds YuO®m ©odsgno Egd3om, goeg Jbmey-
ol g3mbmdogs, 60dbogl, Gmd Jbmgmom gokOmds Mmobomsb  oMasgl  gzmbm-
d0g9®0, 2obgomsmgdol JoMomso goBomobsGm@ols Geeanl.
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35900b Lobegom GOSbL3M®EG0L dodmboanggddo [4] s@bodbyaos, @md Ibmae-

@omb  ggges 3m®Egdol dydomdols dgbobgd LEsGoLE0ggM0 dmbsgdgdol dowgds

©05353d06 5oy

d60dgbgemgob  Lodbgan ggdmsb.

9L dmbszgdgdo

bgeols  9Fgmdl

300 E 950l I domdols goygdxmdgligdsl; domo 9839JHO™Mbol aob@sl; Lo@®obldm-

A bodxgool d9d300900L s Logod®m Lodmbarols g500939sl, Mo ods@gdomo 0d-

39 los Jbmgaom god@mdol gobgomsdgdolmgols.

G bmogro 1

dbergaomlb 20 moogbo 3mGB0 Sgocngdol gows bowpgolb dmiaermdols

dobgegoom 2013-2015 [f. (smsbo Bmbs) [4] 35.71

b0l
N | oS0 Tag956s 203 . | 2014 f. | 2015 f. | BadP0
20 1%0 13 %

1 | bobdm hobgmo 809800 873000 889000 7.80
2 | dobboo hobgmo 776000 755300 717400 -2.67
3 | Lobgsdymo Lobao3yg@o 560800 581000 574900 3.66
4 | Bosbibobo hobgmo 500600 540000 541000 7.87
5 | byghxoy hobgmo 454000 480000 540000 5.73
6 | a9obhxmy hobgmo 454700 500400 519900 10.05
7 | gobgpom hobgmo 450000 480000 500000 6.67
8 | Bobdsbo hobgmo 446200 500800 490000 12.24
9 | OmEgO©sdo bowgMensbwgdo 440500 444700 466400 0.95
10 | 3m&E0 g gboo oglB@>E0s 326000 421800 452900 29.39
11 | @ogrosbo hobgmo 408400 420000 415000 2.84
12 | xobyxom hobgmo 309200 353000 361000 14.17
13 | obxemey hobgmo 330000 330700 338500 021
14 | 39Lsbo Agldydaogs gmdgs | 292400 312000 323700 6.70
15 | badbdgm @gobosbs | 39 241500 264700 265600 9.61
16 | 3mbygmbyo hobgmo 276100 297700 256600 7.82
17 | gobbysboom hobgmo 272600 274000 253000 0.51
18 | 3m®Eo gensbao doens0bos 200200 217200 219800 843
19 | dgbhxgbo hobgmo 234000 223000 217100 -4.57
20 | Lsdobo hobgmo 191000 205000 210000 7.33
bagar 20 moowgbo 3mdB0 7974000 | 8474900 | 8551900 6.28
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UNCTAD-ols 2015 Fanol bEs@olgogol msbobdow [2] Ibmggamom Ladm@@m ot do
‘d9060dbgos  dbodgbgermgobo  godbs (b®ogro 1). 2015 Fganl 20 growglo 3m@Gob
A300mgbol  aosbowgols Loghmm dmEymmdols bOws 2014 Fgmmsb dgos®gdom
9o gbl =~ 1% (091%), Goi3 360dgbgenmgbo® odsgos 2014 Faools 3mbozgdgdby.
2014 Ggeols Bgodmgdols yosbowgol 3gddo 2013 Fgamsb dgos@gdom ogm 6.28%.

20 yowglbo 3m@Gowsb 14 dgds®gmdl hobgmdo, jowgg 3 sbosTo, momm-momnm
ogLbE@o@ 0530, gg@masbs o hOogem s3M0gsdo. 7 goowgl 3m@ETo >@obodbgds
A30OmoAYbgols gdiocgds. 6 domgsbo hobgmdos, 1 Lobysdy®do.

A300mgdol  aoEs@obols JmEygamdols dobgogomn Abmg@oml  Loopon Jgmeg
dobbool 3mAFdo >@0b0dbgds G30MmdAbgol dgdodgds. 2014 Tl go®bsd dgog-
20bs 2.74%, 2015 (geols — 5.28%.

A300mdObgol g4g9mobg d3g9m@0 godebs dmbrs dmbygmbado — 297.7 dogromb
Ambosb 2014 (geol; 2566 dognomb Fmbsdwyg 2015 §. (3o0©bs 13.81%). dsJlodsanado
d5®go0l Bg9d30 >@obodbs hobgmols 3m@ETdo — Lyghxmey (12.5%). sgbG®sgools 3m@Eds
39 gbds 2obods dmbsizgdgdo 7.3%-0m, bo@m OME OIS (bogdasbogdo) —
4.88%-0m, @53 ©5353300909@0s bgero bogmmdol s mbggoo gobols dofmwgdols
3obO@sLmsb.

bogmbBgobgdm aoobowggdby [24] dmwol yggans Log@msdm@olm  gowsbog-
3900L doEgemdol bobggzo®bg Ig@o (Bobgdol dJobgogom) s osbamgdbom gHomo dg-
9J3Lgo bofoao domo gobogydo JoEgmmdols. jmbBgobg@gddo aswsobowgds y3g-
wobyg goblbgoggoymo Lbgswslbgs Loboli Ggodmgdo: xo@moEsb, by gymmomsb s
bobggoMmR5860 357 gd0©sb  ©oFygdygeo, dbs 3OMEYJ30sdrg. 30mb@gobydgdols Bo@mm
5bgMags s0blbgds 3Mo]@ogyeo 2odmygbgdols dglsdar gbanmdboo.

Lobwgom aosbowggdols 3mb@gobg@obsios bgerls 9fymdl Ggo®mgdol ©odyde-
3900L @m0l d9d300905L, Sog0gdl gos@go®mgsl gOmo Lobol G®SbL3M@FH0wsb
dgm®gby.

bogmbRgobgdm  gosbowggdol  bggo@omo [mbs  Jggybol  3m@Egd0l  Log®omm
A300md@9bgol  JmEyermdsdo  [o®dmowygbls  Jggyboli Log@msdm@olem  god®mdsdo
mbols dohggbgdgenls [4].

2016 (geoli  Lobwgom  GOSbL3IMAEL  sbogrobols [4] UNCTAD-ol  sbpo@oddo
(GbGogro 2) dmnggdgmos dbogmonl 20 growglo bogmbHgobgdm 3m@Gsel Hgo@m-
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d®9bgols dmbsozgdgdo 2013-2015 Fargddo: go@sbowgs 20-g9@0sb Lobwgsm 3mbEgobg-
®g6'do TEU [5].
od 20 3m@@Fol oo

dool 100 Log@msdm@olie  §odygsbo

A30OmdA9bgoll bobggo®bg dgpo (58% — 2015 (). @bGogrols s UNCTAD-ols dmbo-

M39a5BMA 0L

(399900l 5bogrobds ohggbs, @M domo (20 3m@EF0) gHmosbo Logmb@gobgdm d@ybgs
2015 (geols 2014 (gemmsb dgosdgdomn goobods dEodge 0.54%. 310 877 000 TEU-2014
(. oo 312 546 000 TEU-2015 §. (gb®ogoo 2).
2014 Fgeols o3 dmbs3gdgdol do@Ggos Fobs 2013 (gamsb dgos@gdomn ogm 5.68%.
A300mdGbgs yooboGes 294 245 000 TEU-wsb 310 877 000 TEU-dwyg (3bGogno 2).
Jbogmonl ooyl LogmbRgobg®m  Gg®Mdobsengddo dgool 15 3m@E0  2ob-
30005095500 3996900086 (4ggems IYds@Mgmodl 5bosdo), 5 gobgomomgdyen J3g4bgddo:
3 3mGH0 930m3530 — bopg@emsbegdo, dgeyos, 3gMdsbos s 2 hOogmgm  sdg-
®035d0 — el sbyxgamglbo o @mby doho (gogogm®dbools d@s@o).
3o0ggero 10 goowglo 3m@E0lL aobemoggds obosdo o3B3 o3gol o3 @ gaombols
2obloggm@gdyge Geal dOmdol bosg@msdm@olm ogmasdo s bobggo®eysd®ogodg-
dom o dbs 3OmEYJ300m  gokOmdsTdo: domo gB9JAPOMIL  AobAsl; LoB®obl-
30OFM badyxgdol d9d300gdol s Logod@m Lodmberols ao006905L, @o3 ©sds@gdomo
03399 bos Jbmg@om gok@mdol aobgoms@gdols.
G bmogro 2
Jbmgaroml 20 goowgbo bsbmgse bsymbddmam (Bg@Hdobsgno s dsmo

BJocmdGabgs 2013— 2015FF. (smsbo TEU), [4]

daeol Bgdigdo

Ne | 3550 999569 2013 F. | 2014 F. | 2015 f. 014 % 2013, %
2013 2014
1 | dsbboo hobgmo 33617 35290 36540 498 3.54
2 | bobgady@do | Lobasdy®o 32579 33869 30922 3.96 -8.70
3 | dgbhxgbo hobgmo 23279 24040 | 24200 327 0.67
4 | bobde hobgmo 17351 19450 20630 12.10 6.07
5 | 3mbagmbyo | hobgmo 22352 22200 | 20100 -0.68 -946
6 | 3yLobo Ggb3. gm@gs 17686 18683 19467 5.64 420
7 | a9obhxemy | hobgmo 15309 16610 17590 8.50 590
8 | 30bom hobgmo 15520 16580 17430 6.83 5.13
9 | @wydools 2090 mM05bgdyeno 13641 15200 15590 1143 2.57

306 gd0 930053 940
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330 gds
10 | Bosbibobo | hobgmo 13000 14060 14110 8.15 0.36
11 | ®o@gos- | bogdhasbogdo 11621 12298 12235 5.83 -0.51
do
12 ] 3me8- do@s0bos 10350 10946 11887 5.76 8.60
Js2obgo
13 | aomboybo Ao0g560 9938 10593 10260 6.59 -3.14
14 | 56®39M3960 | dgeaos 8578 8978 9654 4.66 7.53
15 | wogmosbo hobgmo 10015 10130 9450 1.15 -6.71
16 | Lsdobo hobgmo 8008 8572 9180 7.04 7.09
17 | Bobxyby dogs0bos 7628 8500 9130 1143 741
390 935L@0
18 | 359d9@0 3903560s 9257 9720 8821 5.00 -9.25
19 | @l >d9 7868 8340 8160 6.00 211
Sbxgarglo
20 | @ngbpy bobo | 5T 6648 6818 7190 2.56 541
boyan 20 bogmbBgobgder | 294245 | 310877 | 312546 5.65 0.54
BJDdobsgro

20 gowgbo Lsgmbdgobgdm 3m®Eowsb 9 3pgdodgmdls hobgmTo s ofgosb
‘dz300L (omosbols s 3mby3mbaol aodmgamgdom) oJgb Bgo@md®dybgol bAws doybg-
535 0dols, @M dsbbsol 3m@Fol Ggotmdagbgs 2015 Fgaol dgdgodws 2014 Faools
063 gbLogmdslmsb dgoodgdom (3.54% — 2015 §; 498% — 2014 §.).

2013 Fgaols 3m@@Eds dgbxgbds 3o@ggemsm ©sngegs dgbsdg swaomo dbmygaomdo,
hooboigems dmbygmbao s dgobs@bybs gl 3mbogos 2014-2015 §F. gg9e0obg 360dgbg-
eemgobo dgdEodgds G300mdabgol ds@gdols 2015 ., dgosdgdom 2014 Fgeomsb, dmb-
> 3mbp 30bado, 35dbyg@dals s Lobysdy®@do — dgbodsdobow 946%, 925% o 8.7%.
Ag0OmoA9bgol yggasbg dbodgbganmgsbo do@gds go dgobodbgdmws 3@ e sby do,
ob®39M396do o Fobyyb 3garg3olido, dglsdsdobow 8.6%, 7.53% s 741% (be. 2).

hobgomol 9  yeopglo Logmb@gobgdm  Fg@doboagdols  Logmb@gobg®dm  d®ybgs
2015 §. oym 169 230 000 TEU, @53 dgoeggbl dmaosbo dbmgaom  bsgmb@gobg®m
dG9bgols 54.15%.

hobgomol  g3mbmdogol LY@ogds gobgomodgdsd, g9Jldm@@ol bOwsd dmombmgs
A300mgdol  gosbowgolmgol bganboydgamo 30Mmdgdols dgJdbs sdgdozol, gg30™30l,
o>gLE@o@ool o Lbgs 9ibmyd dob®gdby.

hobgmowsb  gJl3mAF0Mgdgmo  dmEymmdgdo by  ga@m  0bOEgdmes 483

dogoombo BHmbowsb (1990 (anowsb), 2.5 dogosde @Gmbsdwpyg (2015 §.).
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UUNCTAD-ols  3@mabmbom 2018-2022 §§. 3g@omedo Lodygsam (eroydo @gd30
Lo@go@mem aosbowggdol ds@gdols 0dbgds 32%. aobowggdol bOws dmbogmbyg-
oo gggees bgddmado, dom dm@ols gg9emobg @obsdogyg®o b@ws 0dbgds Lsgmb@go-
bgm gosbowggdbdo (5.0% (gmofopdo) o dobmd@ogo Ggo®mgdol osbowggddo
(5.6% (geofoTo). os@bodbyer 3gMomdo dmbogrmebgeros bgoeno bogmmdbols yo-
sbogol Bgddol 1.2%-05b0 bOws [gamofodo, @o3 bogmmdsdmweyddgools ©s ao-
Yol 1.7%-1 dgowp9bls [6].

3. R513360

wgobsmgol gobgomodgdomo J3g9bgo0 gobbgb Lsd®gfggenm 30mEglgdols bo-
9O dm@olm ogmgol LolBgdol ofBogdo dmbsfomggdo. by gymol 0d3m@E0m-
Mgb00sb 0bobo gobbgb bobggo®mnsd@mogo@gdol s dbs 3OmEydiool dbbgoemo gJb-
300OG0MA gdo.

aobgomaomgdowo Jg9ybgdol Foao g@mosbo dbmgeom 3m@Fgools Ggo0md@ybge-
‘do dgoeygbls 70%-bg dgdL. gb dogmomgdl 0dsbg, m®I domo Gmao Jbmgeom gzm-
bdogodo s gok®mbsdo 0b@Egds.

J3996900 hodmys@odgdol 3@mi3gLdo dgmggo dob@gdom  Fo@mdmowygbgb dbme-
ot Jomnbmgbgbol dJmogo®  LE0dgel. olobo s@0sb Lobmgom gowsbowggdol s
Lobwgom G@sbL3m®EGH0L dmdboby@gdol Immbemgbols @m3mdm@ogo.

R0BIAOB IS

1. Angeles villareal (2010) NAFTA and the Mexican Economy Federation of American Sintists
Congresional Research Service RL 34733.

Review of Maritime Transport, 2014 UN, Publication. New York 9.03. 2015.-134p.

UNCTAD, world investmant 2014, UN New York and Geneva.-264 p.

Review of Maritime Transport, 2016. UN (UNCTAD), Geneva, November, 2016.- 118p.

CIRCA (2008) Glossary: TEU (Twenty-foot Eqivalient Unit) Yhe European Comission.

Review of Maritime Transport, 2017. UNCTAD, UN New York and Geneva, 2017.- 130 p.
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53 697.1 (0.753)

8363505 J636dMIBIIBIG0 BGbIRO YIORIMBSGS3IB0L LOLBIFIB0

d. aMdgmodgogmo, 5. 3M3>a05b0
(LoJotmggenml Ggdboga®o gbogg@lodgdo)

A9bogdyg: LGoBosdo gobboaryanos dgbmdoms 3bgao Fysendmds@moggds gobsbangdswo
969@800L 35bsby. obboanmaros [ymol goizbgargds dbol dsBomggdols o
dgbododobow dmigamdomno oygdgao@gdeo. Jergdd@m-gomyodssbywgd-
@gdob bodgogrgdon o gbgao [yaol mdydo Ggddmgdon. dybflsgaro-
@os  fyarol gocbgargdol 30Gm3930 boggbdogrscom godmbsdmanagdowsb
»37@0 96905000  Goarobozoom, ©@sdydoggdaaros d0bol 39650 5300b5
@ 3bgaro [yoedmds@moggdol g@mosbo Loldgds.

boggobdm Lodygggdo: wdamo 9690005, bgero [ysero, dbol mdmdmds@oggds, mdmmo
Baddem, 5966003305, 9690 9RIIB P35, §obsbengdowo gbgmg0s, ssbsfo-
@gdgao §9b9@s;0o.

1. L5350

00bodgedmgy bododsgsgm dd9bgdemdodo bgar gg6m Igdo gadoregds 9dGor
3> dgbmdoms 9bgMamgxgdda®o Loobgob®m Lol@gdgdom sedu®gsl. 3bmdbdogros, @I
J399565d0  godmdydoggdymo gbgdaool momJdol bobggo®o dgbmdo-bop gomdgdby dm-
©ol, Amdgemopsb 77% blodEgds dgbmdoms 2omdmdsl, bmgom 12% — 3bger (yoao-
Jmdo@op gool. gbgymdmbda@mgdol glmwgb oo @omEgbmds 350d79agdls  ggdomm
abgdo dob dglsdEodgdbame s Foswobgygmo Lomdmdols dmgrosbow sen@g@bs@ogemo
9690000 hHobobszgem gdbansg.
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2. 30800SR0 65VOR0

dgbmdsms 96903mg89]B9®0 Loobgob®m Lol gdgdomn sedg®gs 9bgOam9839)0 -
@0 d9dgbgdemdols bofomos o ay@olibdmol dgbmdoms smdky®gsl gomdmdbol, ggb@o-
@o300l, dog@ols  jmbpozo®gdol s @gbgeo Fyomdmdsdopgdols gbgdamgngd@ydo
Lol gdgdom.

96030989d6a00 >@ol ol Lobipgdgdo, OmImados Yb@bgamymagh dgbmdsms
30IBmAAF0L 300M396L 9bgda00l dgbsdanem dobodogny@o obsbo®yxgbdom.

dgbmdoms 9690am989JdPOmds Gmd IbmRaom mbols bsdgisbogdm-Ggdbogg®o
3Omdgngdss, InFdmol ggamgogdo®ol dogd dgdydoggdaeo wodgd@ogs (Directive of the
energy performance of buildings, EPBD), ®mdgero (o®dmowygbl g36m3og30@0ls do@omsw
b5 3obmbdpgdam oblE®ydgb@l gg0m ogd0o®ols Loddgbgdenm gmbrols gbg®amgxgdd -
Amdol 2ob@ol Jobbom. gl wodgdBogs dognsTos 2003 Ferowsb. 53 bbol gobdsgenm-
b5d0 doem§gneos d60dgbgermgsabo gy gdo. 39Mdm, ggzgms sbog dgbmdbol, @mdg-
o3 ©dgbgds g3cm3o3do@ol Gg®o@dm®osby, 9bes aoshbegl momdol byamgsbo
9690am3mbdomgds (zero-energy house). gl odgd@ogs dognsTo dgool 2020 (eools
093990@0sb 39@dm bogym®gdsdo s@Olgdbymo dgbmdgdolsmngol, bmam Lobgerdfogm
s{gbgomgdgdolsmgols jo — 2018 (enol ©g3930G00s56.

bodo@mggarml 936m30gd00msb sbmgodgdols byadygtgmgds ygogemEgogegdl
5303350 EPBD 0dg]®03gbol dmmbmgbgdo s gomdmdols s gbgero (yoemdmdods-
2900bomgol 9bg@amImbdodgds ©ogoygobmm dobodydsdwg. gl jo 0dsl bodbogl, ®m3
900 gmdzom [oswolgygmo gbgoamdglyg®dligdol asdmygbgdoby o dgbmdbdoms 9bgd-
30dmbdo@gds bOYbggagymm aobobergbdoo gbgdgools bodx bg. gobosbangdowo 9bg@-
200l do@omswo [godms dbg, Gmdgeoi ©gesdofol {gaofsdo ofgwools 5000-y 9@
9aO® 390 9bgdaosl, gomg 5ol goEmd@omds dmobdo@l. dboli gbg®aos oo @om-
©gbMdomss o39dgmodgdgmo Bzgbl o@ygarog dgmy IsgdPo, Fgomls g y@gbdHdo.
domdo o393y gdbymo Lomdem mdy®o Gyddmgdols d9dg9mdomn Fo@mme  45dmoyg-
bgds dgbmobdoms d030mge0ds@ol b ybggaymaols Lol gdgddo.

‘dgbmodsms dogdmymodsBol gb®ybggeygmaol gOm-gemo 3dbodgbgermgsbo  Lgy-
dgb@os dgbmdoms bgero Fyomdmds®aggdols LobEgds. egobsmgol 3bgeo Fymom
9bO9bggeymazs dodomsps Fosmolgymo Lomdmdols (doomswse  d4bgdbdogo  o-
bol) bodxbg d0dpobsdgmdls.
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gbgeo (godmdo@oggbols Lol gdgddo d9bgdodogo 2oboli 2odmygbgdoby yodol
0Jds s aobsbangdoo gbgdaool asdmygbgos bgemo Fyemol dmlsdbswgdensw d60d-
3b9e0mgob oo asb@ol dgbmdoms  9690amg89]BYOMIlL s  gooydxmdgligdl
oM gdml g3mermaon@ Joamds®gmdsl.

SO5A@Mo00go  gbgdaool by Tyomdmdo®aggdols Lol gdsdo  odmygbgdols
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SUMMARIES

UDC 628.3

THE CALCULATION OF WATER PIPES IS MAINLY ABOUT THERMAL PROPERTIES
AND ISSUES OF HEAT TRANSFER.THE THERMAL RESOURCES OF WATER ARE DETER-
MINED BY ITS TEMPERATURE.

L. Klimiashvili, K. Gordeziani, G. Soselia, A. Bagration-Davitashvili // Hydroengineering,
Ne1-2(27-28), 2019, c. 6-14.

Summary: The temperature of ground-water sources is almost always stable and fluctuations
in its temperature vary within 5°-10°C.To the transport of water pipe over the surface of the earth,
must be used the pipe. which is capable of maximizing the heat transfer by the environment.The
following calculation formulas allow you to determine the temperature of the water in the pipe-line
compared to the movement of flows, given the simple conditions during the thermal calculation.

Key words: water heat resources; temperature of sources; friction; water flow; temperature;

heat transfer; thermal resistance; changebility of temperature in pipes.

UDC 628.4

CALCULATION OF SANITARY PROTECTION ZONES.

L. Klimiashvili, K. Gordeziani, A. Bagration-Davitashvili, G. Soselia // Hydroengineering,
Nel-2(27-28), 2019, c. 15-20.

Summary: There is revieued report on Sanitary Protection Zones is reviewed by the
Parliament's normative act in the field of environmental protection (Tbilisi 2000), and according to
the Water Law of Georgia (Section II, Chapter II, Article 21). According to hydrogeological
features of ground-water, which should be considered during analysis of test-filtration results of the
works and defining main hydrogeological parameters. The calculation is carried out by E. Minkin,
N. Lapshin and A. Oradanovskaia’s methodology, based on the sanitary - hydrogeological
parameters. Based on the above-mentioned, we consider it appropriate to use the calculation in
engineering practice.

Key words: sanitary protection zones, test-filtration works, determination of hydrogeological

parameters, type of hydrogeological conditions, natural flow of underground waters, water intake.
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UDC 691.175.5/.8

539.422.52

ASPECTS OF COMPOSITE MATERIAL.

L. Klimiashvili, D. Gurgenidze, A. Chikovani // Hydroengineering, Ne1-2(27-28), 2019,
c. 21-29.

Summary: The word composition is derived from English composite, it has the explanation.
First of all it marks the "mixture" and "compilation" in the other. Composite material is a mixture
consisting of two or more materials. "Composite material" means not only a multi-phase structure,
but also a technology of merging the components.

Key words: composite; matrix; phase; fiber; polymer; thermoreactive; thermoplastic; struc-

ture; anisotropy; preprague; aprt.

UDC 556.537

MODELING AS A METHOD FOR STUDYING EROSION.

I. Inashvili, A. Bagration-Davitashvili, I. Klimiashvili, V. Khorava // Hydroengineering,
Ne1-2(27-28), 2019, c. 30-36.

Summary: Modeling is one of the main methods of studying the surroundings reality and a
tool in scientific and practical human activities. Among the types of physical modeling in erosion,
modeling using physically similar models belonging to the category of hydraulic modeling, the
principles of which are quite well developed has become widespread. In hydraulic modeling must
satisfy the conditions of geometric, kinematic and dynamic similarity. In erosion studies,
predominantly functional Math models are common, among which the largest groups are so-called
washout models, or erosion losses. Currently, the number of mathematical models of soil erosion
losses of various types developed in the world are measured in many dozens and continue to
increase. For erosion studies water erosion, as a process, geoinformation technologies are the most
effective tools for research and evaluation, forecast and justification of management decisions.

Key words: modeling of erosion; physical modeling; hydraulic modeling; Math modeling.
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UDC 628.312.1

STUDY OF THE RELAXATION VELOSITY OF SUSPENDED PARTICLES IN LIQUID
FLOW.

L. Inashvili, I. Denisova // Hydroengineering, Ne1-2(27-28), 2019, c. 37-43.

Summary:The article deals the motion of particles in liquid flow with the velocity different
from the flow velocity. As a result of the study, based on Newton's second law and taking into
account the physical characteristics of particles and liquids under laminar conditions, an equation of
dependence of the particle relaxation velocity on time have been determined.Also, equation for
calculating the distance passed by the particle to achieve the flow velocity have been obtained.

Key words: suspended particles; relaxation velocity; laminar flow; flow velocity.

UDC 556.537

WATER EROSION PROCESSES IN GEORGIA.

A. Bagration-Davitashvili, I. Inashvili,I. Klimiashvili, V. Khorava // Hydroengineering,
Nel-2(27-28), 2019, c. 44-50.

Summary: Georgia belongs to the countries, where the erosive processes are widespread and
dangerous. According to the intensity of soil-erosive processes, the territory of Georgia can be
divided into the 5 districts. In terms of the development of erosive processes, the situation is
especially difficult in Upper Imereti, Adjara, Svaneti and other highlands of Georgia. On eroded
lands the main damage to soil erosion brings agriculture. From the theoretical and applied points of
view there are very interesting the changes in erosion factors associated with existing climate
changes, as well as with technogenic impacts on components of the erosion geosystem.
Qualitatively new opportunities in research, modeling and technologies to optimize the use of
erosion dangerous lands are opened by modern geo-information systems (GIS) used in many
spheres of human activity, but are not yet sufficiently used in erosion research.

Key words: water erosion; eroded lands; soil degradation; geo-information technologies.

UDC 556.537

MODELING OF WASHING-OUT OF NON-CONVERSE SOILS.

A. Bagration-Davitashvili, I. Inashvili, *L. Dzienis, V. Khorava // Hydroengineering,
Nel-2(27-28), 2019, c. 51-56.

Summary: Laboratory data are more often used to predict the onset of channel deformation,

mainly due to the difficulty of performing full-scale studies. In addition, the results of field studies
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are not always reliable and in terms of accuracy they are not so rarely inferior to laboratory ones
based on the theory of similarity.

Comparison of observational speeds for cohesive soils in full-scale and laboratory conditions
shows, that the scouring speeds established by the erosion of samples (fragments) of undisturbed addi-
tion under laboratory conditions are significantly higher, than those for the same soils recorded in
nature.

The Model, that describes relationship between eroding and non-blurring permissible flow
rates show good convergence between experimental and of field observations.

Key words: non-converse soils; theory of similarity; soil erosion; modeling of soil erosion.

UDC 627.521.1

CAUSES OF DESTRUCTION OF THE DOWNSTREM POOL OF THE RIONI WATER
DIVIDING DAM AND THE WAYS OF ITS REHABILITATION.

Sh. Gagoshidze, 1. Kadaria, I. Saghinadze, M. Kodua, I. Mosavlidze // Hydroengineering,
Nel-2(27-28), 2019, c. 57-66.

Summary: There is investigated the causes of the destruction and erosion of the downstream
pool of the water dividing dam erected on the Rioni river near the sea city of Poti in 1959. It is
shown, that the destruction was caused not by the quality of construction, but by the errors in
hydraulic calculations during the design and implementation of rehabilitation measures.On the basis
of the theory of jets and conjiugation of pools, the construction of capital rehabilitation of the
downstream wall is proposed.

Key words: downstream, water-dividing dam, wave, rehabilitation.

UDC 626.02

UNDERWATER CONCRETING.

A. Akhvlediani, A. Gogoladze, G. Akhvlediani, I. Gogoladze // Hydroengineering,
Nel-2(27-28), 2019, c. 67-78.

Summary: Underwater concreting is the laying of concrete under water without assembling
jumpers and performing of drainage works.Underwater concreting is used in construction,
reconstruction and repair of structures,fixing of shells in wells drilled in rocky soils, leveling bases,
filling hollow reinforced concrete structures and at the assembling of low piles.

Key words: form of work, underwater concreting, injection method, hydro-vibration method
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UDC 628.1

ASSESSMENT OF THE SIZE OF WATER-SUPPLY PROVISION.

M. Natsvlishvili, A. Natsvlishvili // Hydroengineering, Ne1-2(27-28), 2019, c. 79-82.

Summary: The systems of spraying water were reviewed, which are equipped with water
devices, that significantly have different hydraulic characteristic. For uninterrupted functioning of
these systems, it is necessary to be assessed the evaluation of failure duration and the selection of
water-spraying level.

Key words: water supply; water-folding device; unitary flow rate of equipmen;, hydraulic

characteristics; uninterrupted functionality; single disorders; significant levels; duration of failure.

UDC 628.1

ASSESSMENT OF UNILATERAL FLOW RATE OF WATER UTILITY EQUIPMENT.

M. Natsvlishvili, N. Natsvlishvili // Hydroengineering, Ne1-2(27-28), 2019, c. 83-86.

Summary: There are considered the objects of water pipe-line systems for the uninterrupted
functioning, which is important to select the method of determining the amount of unilateral
expenditures of the water surplus equipment installed on the water-supply distribution networks.

key words: water-folding devices; unitary flow rate of equipment; hydraulic characteristics;

uninterrupted function; single Failures

UDC 627.5

PREVENTION OF POLLUTION OF THE MARINE ENVIRONMENT BY SHIPS.

A. Sakvarelidze // Hydroengineering, Ne1-2(27-28), 2019, c. 87-95.

Summary: The Imternational Convection covering prevention of pollution of the marine
environment by ships from operational, or accidental causes.

Regulations for the prevention of pollution by oil (entered into force 02/10/ 1983) covers
prevention of pollution by oil from operational measures, as well as from accidental discharges; the
1992 amendments to Anex I made it mandatory for new oil tankers to have double hulls.

Regulations for the control of pollution by Noxious Liquid Substances in bulk (entered into
force 02/10/ 1983) details the diccharge criteria and measures for the control of pollution by
noxious liquid substances carried in bulk.

In any case no discharge of residues containing noxious substances is permitted within 12
miles of the nearest land.

Provention of pollution by harmful gabstaces carried by sea in packaged form (entered into
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force 01/07/ 1992) contains general requrements for the issuing of detailed standards on packing,
marking, labeling, documentation, stowage, quantity limitation, exception and notification.

Prevention of pollution by sewage from ships (entered into force 27/09/ 2003) contains re-
qurements to control pollution into the sea which is prohibited, except when the ship is in operation.

Prevention of pollution by garbage from ships (entered into force 31/12/ 1988) deals with
different types of garbage and the manner, in which they may be disposed of the most impotant
feature of the is the complete ban imposed on the disposal into the sea of oll forms of plastics.

Provention of air pollution from ship (entered into force 19/05/ 2005) sets limits on sulphur
oxide and nitrogen oxide emissions from ship exhausts and prohibits deliberate emissions of ozome
depleting substances.

The chapter adopted in 2011 covers mandatory technical and operational energy efficiency
measures aimid at reducing greenhouse gas emissions from ships.

Key words: provention of air pollution; oil tankers; noxious liquid substances; carried in

bulk; pollution by sewage; ship; sea; ozone depleting substances.

UDC 627.5

TRENDS AND PERSPECTIVS FOR THE DEVELOPMENT OF PORTS.

A. Sakvarelidze // Hydroengineering, Ne1-2(27-28), 2019, c. 96-103.

Summary: There is discussed the development of ports in retrospect and their future
prospects. Analisis of activities of the twenty largest ports of the world and container operators in
2015 showed, that the rate of their overall and container turnover are below the rate of the world
economy and trade growth. Reduction in turnover is noted in the seven largest ports of the world
(six of which are in China) and six container terminals (two of them are China). The Forecast
UNCTAD allows to build a positive forecast regarding the pace of development of the port industry
of the world.

According to UNCTAD forecast average global growth (2017+2022) yars) rate of ports
turnover 3.2% per year, including containers — 5.0%, and dry cargo — 5.6%.

Key words: world economy, international trade, maritime transport, seaport, international

maritime transportation, port cargo turnover.
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UDC 697.1 (0.753)

SYSTEM FOR EFFECTIVE ENERGY TRANSFER WHILE SUPPLYING BUILDING
WITH HOT WATER.

M. Grdzelishvili, A. Kopaliani // Hydroengineering, Ne1-2(27-28), 2019, c. 104-111.

Summary: There are reviewed methods and description of supplying a building with hot
water using renewable energy. Also, how to prepare hot water with solar batteries, accumulative
heaters and fuel pumps.

The conditions for heating water from ventilation exhausts have been studied. The unified
ventilation system of the apartment and hot water supply has been processed through the utilization
of thermal energy

Key words: heat energy; hot water; solar thermal power; heat pump; ventilation; energy

efficiency; renewable energy; distributed generator.

UDC 693.54

THE STUDY OF CONCRETE DEFORMATION BY HOLOGRAPHIC INTERFEROMETRY.

G. Dalakhishvili, K. Khazalia, Ts. Giorgadze, O. Sadjaia, G. Turmanidze / Hydroengine-
ering, Ne1-2(27-28), 2019, c. 112-118.

Summary: There are reviewed experimental researches in hydroelectric construction, speci-
fically such a long processes, which are shrinkage and cracking. Research was conducted by
indestructible method using holographic interferometer. This method allows opportunity to manu-
facture monitoring and diagnostics in concrete dams. There is given the overview of relevant
literature and experimental data.

Key words: holography; interferometry; crack resistance; laser; deformation; diagnostics;

shrinkage.
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PE®EPATDI

YK 628.3

PACYET BOJIOIIPOBOJIHBIX TPYE B OCHOBHOM O TEIUIOBBIX CBOMCTBAX U
BOITPOCAX TEIUIOOTHAAYM TEIUIOBBIE PECYPCHI BOJbI OIIPEAEJIAIOTCA EE
TEMITEPATYPOI.

Knuvmunamsuiau JIL., I'opaesunanu K.I'. , Cocenuna I'.A., barpatnon-lapuramsuian A.H.
/I Tunpounskenepus, Nel-2(27-28), 2019, c. 6-14.

Pe3rome: TemnepaTypa UCTOUHUKOB MOJ3€MHBIX BOJ ITOYTH BCETJa yCTONYMBA, U KOJIeOaHUS
ee TemIeparypsl u3MeHstorcs B npeaenax 5-10°C. I TpaHCIIOPTHPOBKH BOAOIPOBOIHON TPYOBI
[0 TOBEPXHOCTU 3eMJIM TpyOa IOJDKHA MCIIOJIB30BAThCSA, HACKOIBKO 3TO BO3MOXKHO, C YYETOM
TEIIOCMEHBl aTMocdepbl Bo3ayxa. [IpuBeneHHble HUXKE pacdeTHbIE (OPMYIIbI MO3BOJISIOT OIpe-
JEeTUTh TEMIIEPaTypy BOABI B TPYOONPOBOJE IO CPABHEHUIO C IBM)KEHHUEM IOTOKOB, YUUTHIBas
IIPOCTBIE YCIOBUS IPU IPOBEAEHUH TEIJIOBOIO pacyeTa.

KiroueBble cj10Ba: BOJHO-TEIUIOBBIE PECYPCHI; MOTOK BOJBI; TeMIlepaTypa HCTOYHUKOB;

TPEHHUE; TEPMHUECKOE COITPOTUBIICHHUE, TEMIIepaTypa; TeIuionepeaya.

Y]IK 628.4

OTUYET O CAHUTAPHO-3AIINUTHBIX 30HAX.

KauvmuamBuiau JILI., Il'opaesnanun K.I'., barparuon-Aauramsuiu A.H., Coceana I'.A.
/I Tunpounskenepus, Nel-2(27-28), 2019, c. 15-20.

Pe3rome: PaccMOTpeH OTUET O CAHUTAPHO -3aIUTHBIX 30HaX B COOTBETCTBUHU C HOPMATUBHBIM
aktoM [lapmamenTa I'py3um B obGnactu oxpansl okpyxatomieit cpeasl (Towmcu, 2000 r.), «3akoH
I'py3un o Boge» (Paznen II, I'masa II, Ctaresa 21). Ha ocHOBaHMU THIPOTE0IOTHUYECKUX OCOOCHHOC-
Tel TOJI3EMHBIX BOJ, C yUYETOM aHAIH3a Pe3yIbTaTOB OMBITHO-(DUIBTPALMOHHBIX PabOT U ompee-
JICHHS] OCHOBHBIX THIPOT€OJIOrMYECKUX NapaMeTpoB. Pacuer caenan nmo meroauke D. Munkuna, H.
Jlarmmmaa 1 A. OpaioBCKOM Ha OCHOBAHMHM CAaHUTAPHO-THIPOTEOJOTHUECKUX MapaMeTpPoB 00J1acTh
uccienoBanus. Vcxols M3 BBIMIEU3IIOKEHHOTO, CUMTAEM I1eJIeCOO0Pa3HBIM UCIOIB30BaTh MPEIC-

TaBJICHHBIN pacyeT B MHKCHEPHOU IIPAKTUKE.
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KiroueBble c10Ba: CaHUTapHO-3aLIUTHBIE 30HBI, ONMBITHO-(QMIBTPALIMOHHBIE PAaOOTHI, OIpe-
JEJICHUE TUAPOT€OIOTHYECKUX [1apaMETPOB, TUIIOJIOT U TUAPOT€OJIOTHYECKUX YCIOBHM, €CTECTBEH-

HBII CTOK TMOJI3EMHBIX BOJ, BOJOTIPHEMHHUK.

YK 691.175.5/.8
539.422.52

ACIIEKTBI KOMITO3NLIMOHHBIX MATEPHAJIOB.

Kmuvuamsumm JLI., I'ypresunze .I'., UYnkoBauu A.b. // T'unpounxenepus, Nel-2(27-28),
2019, c. 21-29.

Pe3tome: CrioBO «KOMITO3HUTY MPOUCXOIUT OT aHTIIMICKOTO CJIOBa cCOMposite, KOTOPOEe UMEET
JIBa TiepeBojia. Bo-nepBbIX, OHO 03HAYAET «CMECHY, a BO-BTOPBIX, «COCTABHOM, CIOXKHBIN». Kommo-
3ULMOHHBIE MaTEpUAIIbI TPEACTABISIIOT COO0H CMeCh, COCTOSIYIO U3 IBYX WM 0ojiee MaTepHasoB.
OTH MaTepuanbl MOTYT MPEACTAaBIATh CO00W KepaMuKy, Mmojumep Wi Metaml. [loHsaTue «kommo-
3ULIMOHHBIA MaTepua MoApa3yMeBaeT He TOJIbKO MHOTO(a3HYIO0 CTPYKTYPY, HO U ONpEAeICHHYIO
TEXHOJIOTUIO CMEIICHHS KOMITIOHEHTOB.

KuroueBble c10Ba: aHHOHOTPOIT; AMPUT; BOJIOKHO; KOMIIO3UT; MaTpHIla; MOJIUMEp; Mpernapar;

CTPYKTYPBbI; TEPMOPOT; TEIUIOIIACTHUK; (ha3a.

YK 556.537

MOJEJIMPOBAHUE KAK METO/] UICCJIIEHJOBAHUA 5PO3UU.

NuamBuan U.J., barpatuon-dasutamsuian A.H., Knuvmunamsuau U.JI1., Xopasa B./1. //
IMaapounxenepus, Nel-2(27-28), 2019, c. 30-36.

Pesrome: MoenupoBaHue sBISETCS OJHUM U3 OCHOBHBIX METOJOB U3YyYEHHUs OKPYKaroLIeH
JEACTBUTEIHOCTH M MHCTPYMEHTOM HAyYHOW M MPAKTUYECKOW NESITEIbHOCTH uenoBeka. Cpenu
TUTMOB (U3UYECKOTO MOJEIUPOBAHUS SPO3UM MOJECIMPOBAHHE C HCIIOJIb30BAHHEM (PU3MUECKH
CXOJIHBIX MOJEJIeH, OTHOCAIUXCS K KaTeTOPUH TUAPABIMYECKOTO MOJCIUPOBAHMS, IPUHIIUIIBI KO-
TOPOTro JIOCTATOYHO XOPOUIO Pa3BUTHI, MOJYUYHIIA IIUPOKOE pacnpocTpaHeHue. B ruapaBnuyeckom
MOJEJIIMPOBAHUH JOJIKHBI BBINOJIHATHCS YCIOBHUS T€OMETPUYECKOr0, KHHEMATHYECKOTO U JMHAMU-
YeCcKOro cXoJcTBa. B Hacrosiiiee BpeMs 4uClio pa3pabOTaHHBIX B MUpPE MaTeMaTHUYECKUX Mojiesei
MOTEPb, BHI3BAHHBIX 3PO3HEH MMOYB PA3IUYHOTO THUIA, U3MEPSIETCS MHOTUMU JECITKAMU U MPOIOJI-

’&aeT pactu. s uccie0BaHui BOJHOM 3pO3HMH Kak IMpolecca, reoOnH(POpMalMOHHbIE TEXHOIOTHU
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ABISAIOTCS HanOosiee >PPEKTUBHBIM MHCTPYMEHTOM IS MCCIEOBAHUS U OIICHKH, MPOTHO3UPO-
BaHUs U 00OCHOBAHUS YIPABICHUECKUX PELIECHU.
KiroueBbie cj10Ba: TuApaBIM4ecKOe MOJCIMPOBAHME; MAaTEMaTHYECKOE MOJACIUPOBAHHUE;

MOJICIIUPOBAHUE IPO3UH; PU3NIECKOE MOJICITUPOBAHUE.

YK 628.312.1

NCCIEJOBAHUE CKOPOCTU PEJIAKCAILIMN B3BEHIEHHBIX YACTUIL B [TIOTOKE
KNJKOCTU.

NuamBuin U./L., lenucoa U.A. / Tunpourxenepus, Nel-2(27-28), 2019, c. 37-43.

Pe3lome: B craThe ommchIBaeTCS BUKCHHWE YACTHI[ B IOTOKE >KHIKOCTH CO CKOPOCTBIO,
OTJIMYAIOIIEHCS OT CKOPOCTH IMOTOKA. B pe3ynbraTe MpOBEICHHOTO HCCIIEIOBAHMUS, OCHOBBIBAsICh Ha
BTOpOM 3akoHe HbIOTOHA M yUUTHIBasE (PU3NYECKUE XAPAKTEPUCTUKH YACTHI[ W >KUIAKOCTH B
YCIOBUSIX JJAMHUHAPHOTO PEKMMA, OBLIO MOJIYYCHO YPAaBHEHHE 3aBHCHUMOCTH CKOPOCTH pelaKCcalliu
YacTHUI] OT BpeMeHHU. Takke MOJIy4eHO ypaBHEHHWE ISl pacdyera MyTH, IMPOWICHHOTO YacTHIICH 0
JTOCTIDKEHUS] CKOPOCTH TIOTOKA.

KiroueBble ciioBa: B3BEIICHHBIC YACTHIIBI; JIAMHUHAPHBIA PEXKUM; CKOPOCTh PENIaKCAIlUU;

CKOPOCTB TIOTOKA.

YK 556.537

[TPOLIECCHI BOJJHOM SPO3UU B IT'PY3HM.

Bbarpatnon-dauramBuim  AH.,, HWuwamswm WA, Komvunamsuain  WJL,
Xopasa B.Jl. / I'napourxenepus, Nel-2(27-28), 2019, c. 44-50.

Pe3rome: Bonnas 3po3ust sBIsE€TCS OJHOW M3 OCHOBHBIX 3KOJOTMYECKUX M SKOHOMHYECKHUX
po0JieM, KOTOPBIEC OTPECIIAIOT HAIMOHABHYIO 0€30MIaCHOCTh MHOTUX CTpaH. [ py3ust OTHOCUTCS K
CTpaHaM, TJI€ 3PO3HOHHBIE IPOLIECCHl IIUPOKO PACHpOCTpaHEHbl M omacHbl. [lo MHTEHCHBHOCTH
MMOYBEHHO-3PO3UOHHBIX MPOLIECCOB TEPPUTOPHIO ['py3run MOKHO pa3aenauTh Ha 5 pailoHOB. C TOUKH
3peHUsl Pa3BUTHS IPO3MOHHBIX IMPOILIECCOB CUTYyalMsi OCOOEHHO ciokHa B Bepxueit Mmeperuw,
Amxapuu, CBaHeTUM W APYIMX BBICOKOTOpPHBIX paioHax ['py3uu. Ha spoaupoBaHHBIX 3eMIISIX
OCHOBHOM yIIIep0 ApO3UH MOYBBI HAHOCHUT CENBCKOE X035icTBO. C TEOPETUYECKON M TIPUKIIATHON
TOYEK 3pPEHHUS] OUYEHb HWHTEPECHbl M3MEHEHHUs (PAKTOPOB 3PO3UH, CBA3AHHBIE C CYIIECTBYIOIIMMHU
M3MEHEHUsMH KJIMMATa, a TakKe C TEXHOT€HHBIM BO3/IEMCTBUEM HAa KOMIIOHEHTHI 3PO3UOHHOU Te€0-
cucteMbl. KauecTBEHHO HOBBIE BO3MOXHOCTH B HMCCIICIOBAHUAX, MOJEIUPOBAHUHN U TEXHOJIOTHSIX

OINITUMHU3AIMKA HCIOJIb30BAHHA OIIACHBIX JJId JSpPO3UH 3CMCJIb OTKPLIBAIOTCA COBPCMCHHBIMU
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reouHdopmannonHsiMu cucreMamMu (I'MC), ucmonb3yeMbIME BO MHOTHX Cdepax UeTOBEeYeCKOM
NEeSATEIbHOCTH, HO €II€ HEJIOCTATOUYHO UCIOJIb3YIOTCS B UCCIEAOBAHUSAX IPO3UH.
KuroueBble cioBa: BoaHAs 3po3usi; reOMH(GOPMAIIMOHHBIE TEXHOJOTHUHU; JETpajaIis MOYB,;

SpOANPOBAHHBIE 3EMITH.

YK 556.537

MOJEJIMPOBAHUME PA3MBIBA HECBA3HBLIX 'PYHTOB.

Barparuon-/laBuramBuin A.H., MnamBuan U./., I3uenuc *JI., Xopasa B.Jl. // T'unpo-
umxkenepus, Nel-2(27-28), 2019, c. 51-56.

Pe3tome: [t mporHo3a Havana aedopMary pycesl Yalie HCIOIb3yIoT J1abopaTopHbIE JTaH-
HBIC, B OCHOBHOM H3-3a TPYAHOCTH BBITIOJIHEHHS HAaTYPHBIX HccienoBanuii. Kpome Toro, pesynbra-
Thl HATYpHBIX HCCIICZIOBAaHUI HE BCerga HaAEXKHBI, a MO0 TOYHOCTH HE TaK PEAKO YCTYMaroT
1a00paTOPHBIM, IPOBEICHHBIM Ha OCHOBE TEOPUH M0100U.

CormocTaBneHne JTaHHBIX HAOIOACHUN Pa3MBIBAIOIIMX CKOPOCTEH Ui CBSA3HBIX TPYHTOB B
HATYPHBIX M Ja0OPAaTOPHBIX YCIOBHAX IOKA3bIBACT, YTO PAa3MBIBAIONINE CKOPOCTH, YCTAHOBJICHHBIC
pa3MbIBOM 00pasioB ((pparMEeHTOB) HEHAPYIIEHHOTO CJIOXKEHUS, B TAOOPATOPHBIX YCIOBHUSAX CYIIECT-
BEHHO MPEBOCXOISAT pa3MBIBAIOIINE JUIS 3TUX YK€ TPYHTOB, 3a()MKCUPOBAHHbIE B YCIIOBUSAX HATYPHL.

Mopenb, KOTOpasi OMMCHIBACT B3aUMOCBSI3b MEXKAY SPOJUPYIOMIMMHI U HEPA3MBITHIMH JIOITYC-
TUMBIMH CKOPOCTSIMH ITOTOKA, MTOKA3bIBAET XOPOIIYIO0 CXOIUMOCTh MEXIY IKCIIEPUMEHTATBHBIMU H
MIOJICBBIMU HAOJIIOICHUSIMH.

KiroueBble cjioBa: MOJIECIMPOBAHNE 3PO3UU TOYBBI; HECBS3aHHBIE TOYBBI; TEOPUS TOJ00MS;

SpO3us MOYBHI.

YK 627.521.1

I[MPUYNHBI PASPYHIEHUA HUXKHEI'O BBE®A TUVIOTUMHBI PUOHCKOI'O BOAO/E-
JIMTEJIbBHOT'O TUAPOY3JIA U ITYTU EI'O PEABUJIUTALIUUA.

I'arommuaze LI.H., Kagapus FO.P., Carunanze U.C., Konya M.A., MocaBauaze WU.I'. //
IMaapounxenepus, Nel-2(27-28), 2019, c. 57-66.

Pe3ome: B pabote nccnenyrorcss IpUYMHbBI pa3pylIeHUs] U pa3MbIBa HIDKHETo Obeda Bojo-
pa3AeNuTENbHON TIJIOTUHBI, TOCTPOEHHOW Ha peke Puonum okxono mopckoro ropoaa Ilotu B 1959
rony. [lokazaHo, 4To 3TU pa3pylieHus ObUIH BbI3BaHbl HE KAUECTBOM CTPOUTENBCTBA, a OLIMOKaMH,

JOMYLUICHHBIMH B TUAPABIMYECKUX pacyeTax Mpu MPOSKTUPOBAHUU U PeaTH3aluy peadmInTaluoH-
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HBIX MeporpusTuii. Ha ocHOBe Teopuu cTpyil U comnpspkeHus: ObeoB mpearaeTcss KOHCTPYKIUS
KanuTaabHOU peaduInTaluy HIKHETO Obe(a 3TOro COOPYKEHHS.

KuroueBble ci1oBa: BOAOpa3AeIbHbBIN THIPOY3€EIT; BOJHA; HIKHUN Obed; peadmmuTarms.

YK 626.02

I[MOJABOJAHOE BETOHMPOBAHUE.

Axsiaemunann A.B., I'oronangze A.lll., Axsiaenuanu I'.A., Toronamze U.A. // T'mapoun-
xeHepus, Ne1-2(27-28), 2019, c. 67-78.

Pe3ome: B paboTe mpencraBiIeHbl COBPEMEHHBIE METOMBI IMOJBOJHOTO OCTOHHPOBAHUS B
MPOLIECCE THAPOMHKEHEPHOTO CTPOUTENhCTBA. [IpelncTaBieHbl cXeMbl TOJIBOJAHOTO OETOHHPOBa-
HUs; OETOHUPOBAaHKE CIIOCOOOM BEPTHUKAIBLHO MEpPEeMEIAoNIeicss TpyObl BOCXOISAIINM PACTBOPOM,
yKJIaJKa OETOHHON CMecH KI0OeIsIMHU; BTpaMOOBBIBaHHE OCTOHHOW CMECH, YKJIaJKa OeToHa B MEIII-
Kax, MHbCKIIMOHHBIE W THAPOBUOPAIIMOHHBIC METO/IHI.

B pabote Taxke paccMarpuBaeTcs, KakuM TpeOOBaHUSIM JOJKHA YIOBICTBOPSATH OETOHHAS CMe-
Cbh JJIs1 TTOJIBOJTHOTO OETOHUPOBAHMS M KaKOBA MPH 3TOM ITOCIIEIOBATEILHOCTD BBIITOTHEHUS Pa0oT.

Kiay4deBble ciioBa: ruipoBHOPAIMOHHBIA METOT; MHBEKIIMOHHBIN METO/; ONanyOKa; TOABOI-

HOEe OETOHUPOBAHUE.

YK 628.1

K OHEHKE BEJIMYMHbBI OBECTIEHEHHOCTU IMIOJIAYU BO/IbI.

Hangmmmsuim M.H., HausaumBuaun H.B. // T'mapoumxkenepusi, Ne1-2(27-28), 2019,
c. 79-82.

Pe3ome: PaccMoTpeHBI BHYTpEHHHE CHUCTEMBI IOAA4YM BOJBI, 00OPYJOBAaHHBIC MPHOOpaAMU
pa3dopa BOIBI 3HAYUTEIHHO PANTUYAOIIUMICS THAPABIMYECKUMH XapakTeprucTukamu. J{is Oecrie-
peboitHOro (YHKIIMOHUPOBAHUS 3TUX CHCTEM HEOOXOAMMO TPOU3BECTU OIEHKY JIUTEIbHOCTH
OTKa30B M BBIOOP YPOBHS 00€CTIEYEHHOCTH TIOJIaYH BOJIBI.

KuroueBble ciioBa: 6ecriepe0oitHoe (QYHKIIMOHUPOBAHUE, THAPABINICCKUE XapAKTCPUCTUKH;
€IMHUYHBIC PAcX0/Ibl MPUOOPOB; 00ECTICUCHHOCTh MTOIaYH BOIBI; OJHOPA30BbIe OTKA3BI; IPOI0JIKH-

TEJIBHOCTh OTKA30B; MPUOOPHI pa3dopa BO/bI; YPOBHU 3HAYUMOCTH.
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YK 628.1

OLIEHKA EJJMHUYHbIX PACXOJ0B BOJIOPA3EOPHBLIX ITPUEOPOB.

HaupaumBuan M.A., HaupammBuian A.A. // T'mapoumnxenepus, Nel-2(27-28), 2019,
c. 83-86.

Pe3biome: PaccMoTpeHbI cCCTEMBI BOJOIIPOBOIOB OOBEKTOB AJisi Oecriepe0oiftHOro (hyHKIHO-
HUPOBAHMSI KOTOPBIX HMEET OOJIBIIOE 3HaYeHUE BEIOOP croco0a onpeesieHs BEINYNH €JMHUIHBIX
pacxomoB BOJIOPa30OpPHBIX MPHOOPOB, YCTAHOBICHHBIX HAa yYacTKaX paclpelelHTENbHBIX CETeH
BOJIOTIPOBO/IOB.

KiroueBbie ciioBa: OecrniepeboitHoe (yHKIIMOHHUPOBAHUE; THIPABINYECKUE XapaKTEPUCTHKH;

eAMHUYIHBIC PACXO/Ibl MPUOOPOB; OAHOPA30BBIC OTKA3BI; MPUOOPHI pazdopa BOJIbI.

YK 627.5

[IPEJJOTBPAIIIEHUE 3ATPI3HEHMS MOPCKOM CPE/IbI C CY/IOB.

CaxkBapeiunze A.B. // Tuapourkenepus, Nel-2(27-28), 2019, c. 87-95.

Pe3rome: MexiyHapoiHas KOHBEHIIMSI 110 MPEAOTBPALLEHHUIO 3arPs3HEHUS C CY/I0B BKJIIOYAET
MpaBuJIa, HAMIPABJICHHBIE HA MPEAOTBPAIICHNE U MUHUMHU3AIINIO 3arPS3HEHUS C CYI0OB KaK CITydaii-
HOTO 3arpPS3HEHUS, TaK U 3aTPSA3HEHUS OT OOBIYHBIX OMEPALIUN.

[IpaBuna npenoTBpamenus 3arps3HeHuss HedThio (Berynmio B cwry 02.10.1983r.) oxBaThI-
BaeT MpPEeNOTBpalLIeHUE 3arpsA3HeHHs] HEPThIO OT AKCILTyaTallMOHHBIX MEp, a TaKXkKe OT CIy4YalHbIX
copocos. IlonpaBku 1992 r. cnenanu o0s3aTeNbHBIMU, YTOOBI HOBbIE HE(TAHbIE TAHKEPHl MUMENU
JIBOWHBIE KOPITYyCa M BBECTHU IpapUK MOCTOSIHHOTO BBOJA B AKCILTyaTaIHIo.

[IpaBuiia KOHTpPOJIS 3a 3arpsA3HEHUSIMHU BPEAHBIMU >KUJIKUMU BeUIECTBAaMH (BCTYMHIN B CHILY
02.10.1983r.) netanu3upyroT KpUTEpHil cOpoca U MEPHI 10 KOHTPOJIIO 3arps3HEHUSAMH SAOBUTHIMH
BEIIIECTBAMH, IEPEBO3UMBIMHU HABAJIOM.

B nroboMm ciiydae He mormyckaercsi cOpoc OCTAaTKOB, COACpXAIIUX BpEIHBbIC BemiecTBa B 12
MUJISIX OT OJM>KalIIen 3emiu.

[IpaBmia mpenoTBpallleHUs 3arpsA3HEHUs BpPETHBIMU BEIIECTBAMHU MOPEM B YIIaKOBaHHOU
¢dopme (Berymunu B cuiny 01.07.1991r.) conepxar obmue TpeOOBaHUS K BBIIYCKY MOJPOOHBIX
CTaH/IaPTOB Ha YIIAKOBKY, MapKUPOBKY, TOKYMEHTAIIUIO, Pa3MEIIEeHUE, KOJIMUYECTBEHHBIC OTPaHU-
YeHMsI, UCKIIFOUEHUSI U yBeloMIIeHUs (mpaBuiia Berymuwiu B cuimy 27.09.2003r.), comepkat Tpebo-
BaHUS 10 KOHTPOJIIO 3arpsi3HEHUsI MOpsl CTOYHBIMU BogaMu. COpOC CTOUHBIX BOJ B MOpE 3alpeuiéH,
3a UCKIIIOYEHUEM CJIy4yaeB, KOrJa Ha CyJHE 3KCIUIyaTHpyeTcs YTBEpUKIEHHAs CTAHLMS OYMCTKH
CTOYHBIX BOJI.
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IIpaBuiia mpenoTBpalleHUs 3arpsA3HEHHS] MyCOpOM € cyAoB (BcTynuiau B cuity 31.12.1988r.)
MMEIOT JIEJIO C Pa3IMYHBIM BUAOM MYyCOpa U YKa3bIBaIOT PACCTOSHUE OT 3€MJIM U CIIOCO0, KOTOPBIM
OHHU MOTYT OBITh yTHIM3MpOBaHbl. Hanbosee BakHOI 0COOCHHOCTBIO SBISIETCS] MOJTHBIN 3ampeT Ha
cOpoc B MOpe BCEX BHJIOB IIaCTMACC.

[IpaBuia mpeAoTBpalleHUs 3arpsi3HEHUsT BO3JlyXa ¢ CcyaoB (BcTymuiau B cuiy 16.06.2005r.)
YCTaHABJIMBAIOT OTPAaHUYCHHUSI HA BBIOPOCHI OKCHJA CEepbl U OKCHJA a30Ta OT BBIXJIOMHBIX ra3oB U
3ampeIaioT MpeJHaMEPEHHbBIE BBIOPOCH 030HOPA3PYIIAIOIINX BEIIECTB.

I'maBa, npunsTas B 2011 romy, oxBaTeiBaeT 00s3aTeIbHbIC TEXHUYCCKUE W AKCILTyaTaI[HOH-
HbIE Mephl MO MOBBIIMIEHUIO 3HEProd(h(HEeKTUBHOCTH, HANPABICHHbIE HA COKpPAILICHHE BHIOPOCOB
MApHUKOBBIX Ta30B C CYOB.

KayueBble cjioBa: BpeIHbIC BEIIECTBA; 3arpsi3HEHHE HE(PTHIO; MOpE; 030HOpa3pPyLIAIOIIHE

BEIIECTBA; MOJIHBIN 3allpeT; MpaBuia MPeI0TBPALLEHHUS; CTOUHBIE BOJIbI; CYHO; TAHKEPHI.

YK 627.5

TEHJAEHIIWN U ITEPCITEKTHBbBI PAZBUTH S [TIOPTOB MUPA.

Caksapeannze A.B. // T'unpourkenepus, Nel-2(27-28), 2019, c. 96-103.

Pesrome: B cratbe n3ydueHO pa3BUTHE MOPCKUX IOPTOB B PETPOCHEKTUBE M UX JajbHEHIINE
NEPCIEKTUBBL. AHAIN3 JIesATeNbHOCTH 20 KpyMHEHIINX TOPTOB MUPA U KOHTEHHEPHBIX ONEPaTOPOB
B 2015 r. mokasai: TeMIibl OOIIEro TPy30000p0Ta U KOHTEHHEPOOOOPOTa HUKE TEMIIOB pOCTa MU-
POBO# SKOHOMUKH U TOproBiu. CokpalleHrne rpy30000poTa OTMEYAETCsl B CEMU KPYITHEHIITUX TTOP-
Tax mupa (IIeCTh U3 HUX pacrolio’keHbl B KuTae) u mectu KOHTEHHEPHBIX TEPMHUHANAX (1Ba U3 HUX
KUTaNCKue).

IIpornos MHCTAJ] no3BossieT CTPOUTH IOJIOKUTEIbHBI IPOTHO3 B OTHOILIEHUU TEMIIOB
pa3BUTHA TOPTOBOW OTPACIIU MUpA.

I[To mpornozy HMHCTAJl cpemneMupoBbie TEeMIBI pocTa Tpy30000poTa TMOPTOB B
2017+2022r.r. 6yayt 3,2% B roay. PocT mepeBo30K 0XHIAeTCS BO BCEX CEKTOpPaxX, B TOM YHUCIIE:
POCT KOHTEIHEPHBIX NEepeBO30K 5,0%, a CyXHUX MacCCOBBIX I'PY30B - 5,6%.

KayueBble ciaoBa: rpy30000poT MOpTa; MEXKIYHApPOJHbIE MOPCKHE MEPEBO3KH; MHUpPOBas

HKOHOMHKA; MUPOBasi TOPTOBIIST; MOPCKOW TIOPT; MOPCKOM TPAHCIIOPT.
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YAK 697.1 (0.753)

CUCTEMBI SHEPTO3®®EKTUBHOI'O T'OPSIYET'O BOJOCHABXEHUS 3JJAHUIA.

I'pzeanmBuan M.B, Komamuanm A.JIx. // Tuppommxenepus, Nel1-2(27-28), 2019,
c. 104-111.

Pe3ome: B craThe paccmarpuBaeTcs ropsuee BoJOCHAOKEHHE 3/1aHUi Ha 0a3e BO30OHOBIIsIE-
MO SHepruu. PaccMOTpeHO TPHUTOTOBJICHUE TOpsYed BOJBI COJMHEYHBIMU OaTapesMu W COOT-
BETCTBEHHO 00BbEMHO-aKKYMYJIUPYIOIIMMHU BOJAOHArpEeBaTEIsIMU U TEIUIOBBIMU Hacocamu. V3yueHsl
YCIIOBHSI HarpeBa BOABI C YTWJIM3AIMEN TeIUla BEHTHISLUOHHBIX BBIXJIONOB, pa3paboTaHa eIuHas
crcTeéMa BEHTWISALIMU U TOPSTYETr0 BOAOCHAOKECHHUS.

KuroueBble cjioBa: BEHTWISIMS; BO30OHOBIsIEMas HEPrusi; ropsvyas BOJa; pacrpejeieHHas
TeHepalys; COJHEYHAas TeIyIoBas 3HEPTusl; TEIUIOBask SHEPrus; TEIUIOBOW Hacoc; SHeproddexTus-

HOCTb.

YJIK693.54

WCCJIEJJOBAHUE JEDOPMALIMU BETOHA METOJIOM I'OJIOTPA®UYECKOI MH-
TEPOEPOMETPUMN.

Hanakumsuau I'.JI, Xa3zanusa K.P, I'nopragze LI.B., Cagpxxana O.C., Typmanunze I'.3. //
IMaapounxenepus, Nel-2(27-28), 2019, c. 112-118.

Pe3ome: Bo3Benenne OETOHHBIX IUIOTUH — HauOoJiee JOPOTOCTOSAIIME M TPYLOEMKHE Ipo-
IIECChl B TUPOTEXHHUYECKOM CTPOMTENLCTBE. PaccMOTpeHa BO3MOXKHOCTh MOHHTOPWHIA W JHAr-
HOCTUKU B OCTOHHBIX IUIOTHHAX MPH M3YYECHUH YCAIKH U TPEUIMHOOOpPa30BaHHS OETOHA METOIIOM
rojorpaduueckoir uHTEpPepomerpuu. JlaH 0030p COOTBETCTBYIOIICH JTUTEPATYphl U MPUBEICHBI
HKCIEPUMEHTAIbHBIC TAaHHBIE.

KiawueBble caoBa: ronorpadus; nedopmaryss; AMArHOCTHKA; MHTEpPEpOMETpHUs; Jazep;

TPEIIMHOCTOMKOCTD; YCaJIKa.
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