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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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SOME QUESTIONS STUDY OF DEFLATION PROCESSES
AND SAND TRANSPORT IN THE DRAINED BOTTOM
OF THE ARAL SEA

Abstract. The article discusses the results of the study of sandy deserts, which allowed us to obtain and reveal a
number of important laws and mechanisms of formation, formation, movement and development of Aeolian
landforms. The establishment of these patterns helps to solve a number of practical tasks to combat sand drifts in the
sandy desert of various objects. In connection with the prospects for the development of this territory, it is very
important to know the direction and intensity of the development of these processes. The obtained data on the
mechanism and structure of the entire air-soil flow, starting from the moment of its formation, i.e. in the blowing
zone, and ending with the transfer and deposition of soil particles by wind in the accumulation zone, make it possible
to increase the level of scientific validity of the rational use of soil resources, as well as to take timely measures to
protect the environment.

Key words: wind erosion, sand transport, Aeolian relief, deflation, mapping, relief, sand accumulation, sand
desert, anthropogenic desertification.

Introduction. Relevance of the problem. The study of the influence of wind activity in the sandy
desert is one of the most pressing problems of our time. Currently, this process is increasing due to climate
changes and increased economic activity, which leads to rapidly changing environmental conditions in the
ecosystems of sandy deserts.

The main terrain-forming factor in the sandy desert is wind activity, which leads to blowing,
transferring and depositing sand. In practice, the transfer and deposition of sand leads to the formation of
sand drifts, and blowing — to the exposure of the bases of various engineering structures and vegetation.
Therefore, it is very important to know the direction and intensity of the development of these processes in
the sandy desert. As a result of Aeolian processes that took place in sandy deserts for a long time, the
original loose-sand layer was intertwined and dissected, and the modern Aeolian relief was formed, which
acquired a certain wind-erosion stability over a large area and is in dynamic equilibrium. This is
accompanied by a number of natural factors that cause overgrowth and compaction of the surface of
Aeolian forms. A fairly persistent desert system can be disrupted. The reason for the violation of the
natural balance may be a change in any natural factor or human economic activity. Released from the
protective soil and vegetation cover, the loose sand mass under the influence of wind begins to move, and
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the process of active deflation begins. If this process occurs near economic objects, it is not difficult to
imagine the consequences that it can lead to.

The surface of overgrown Aeolian forms under natural conditions (outside the influence of
anthropogenic factors) has various degrees of deflation, but in General it is characterized by increased
stability, which is caused by the presence of vegetation cover. The undifferentiated Aeolian relief is
weakly exposed to natural deflation. For example, gently undulating Sands and mantle-like sand
accumulations usually lack well-defined traces of removal, transfer, and accumulation of Aeolian material.
The susceptibility to deflation of strongly dissected Aeolian forms is differentiated by terrain elements.
Sandy ridge weakly breaks the lower part of the slopes and interbed lowering of the slopes due to the
relatively dense vegetative composition, and bottoms, in addition, due to the greater content in sand dust
particles and shallow occurrence of the primary little compacted sediments or groundwater, the local basis
deflation. The tops of the ridges and the upper part of the slopes may show signs of deflation in the form
of ulcers and raincoat-like accumulations of sand or even dunes. The process of deflation at the tops of
ridges increases due to greater desiccation of soils and deeper wind influence [2,3,4].

Research methods. In the course of this work, we used methods of historical, engineering-
geological, ecological and geographical analogues, methods of geobotanical indication, comparative
morphological method of studying soil profiles, and others. Determination of morphology, granulometric
composition, physical and chemical properties of soils was carried out in accordance with accepted
methods in soil science. Statistical processing methods were used to analyze information accumulated in
various areas in the form of various databases.

Discussion of results. The development of effective and economic measures to protect against sand
drifts and blowing of economic objects is unthinkable without reliable information on the wind-erosion
stability of the sandy surface.

Depending on the stage of design and construction of objects, the details of information will change.
So, for a feasibility study (feasibility study) of the construction of an object, in which the important point
is the choice of the location of its site or route, the characteristics of wind erosion resistance of sand
should be for a significant area, but somewhat schematic, without fractional detailing of contours. The
map scale should be small, of course.

When the locations of objects are determined (the stage of the technical project), it is impossible to do
without a detailed study of the adjacent territory, without a large-scale map (scheme) that reflects all the
variety of forms and intensity of deflation processes [1,2,7,19].

The practice of construction in the sand shows that active protective measures can be carried out only
after the completion of the entire construction complex, when the original surface of the sand changes.

Most often, the option of studying the wind erosion resistance of the sand surface and drawing up a
map (diagram) on an already built object is carried out. In this case, the developed classification and,
accordingly, the map legend should take into account, in addition to the natural types of sand that reflect
the natural process of Aeolian relief formation, also the anthropogenic forms (types) of sand surfaces
formed as a result of construction work. These are so-called "technogenic Sands" [12,15,20].

An important point in mapping the wind erosion stability of sand is the development of a
classification of wind erosion processes. Most researchers, when developing a classification of the relief of
sandy deserts for mapping purposes, divide all Aeolian forms according to the degree of surface anchoring
into two (overgrown and bare) or three (overgrown, semi-overgrown and bare) categories. In the latter
classification, the category of semi-overgrown most often includes a barkhanno-bumpy complex, which is
a transition stage from overgrown to overgrown or Vice versa. However, in the sandy desert, along with
the three categories mentioned, there are a number of Aeolian forms whose sandy surface is at a stage of
eroding or overgrowth that does not fit any of the categories mentioned. Meanwhile, it is very important to
know the degree of substrate exposure, both for predicting the Aecolian process, and for developing
specific measures to prevent it during economic development of the territory.

Classifications based only on geobotanical features do not allow us to fully determine the wind
erosion state of the sandy surface. In this regard, along with the geobotanical method, the
geomorphological method can be important, which can be used to study the intensity of deflation by the
shape and mass of accumulating sand [5,10,11,17].
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Since the accumulation of sand is the result of blowing and transferring its volume, it can serve as a
criterion for the intensity of the process. Consequently, the larger the volume of accumulating sand, the
more intense the deflation process. Thus, small accumulations of sand in the form of a raincoat on the
overgrown surface of the Aeolian form can only indicate a weak deflation, and the presence of single
dunes - more intense. At the same time, it should be assumed that in the desert, sand accumulation usually
occurs in the immediate vicinity of the sources of removal. Exceptions are cases when Aeolian Sands are
deposited on hard or compacted surfaces (takyrs, plateaus, salt marshes, etc.), where they acquire greater
mobility. Sand is also transported over considerable distances in a wind regime characterized by the
dominance of one direction. Such cases should be considered separately [3,8,10,11].

The presence of sand ripples is a sure sign of the process of sand transport over a bare or overgrown
sandy surface to varying degrees. Only a well-drawn sandy surface with a dense shrub and especially
grassy cover does not have obvious traces of sand ripples. However, it is impossible to talk about the
absolute immobility of sand on overgrown Aeolian forms, since the dried-up surface horizon with a
thickness of about 5 cm is devoid of sod that binds it, and some movement of the sand substrate occurs in
strong winds. But for economic objects, this transfer is practically not dangerous.

The following classification of types of sandy surfaces according to the degree of exposure to
deflation is proposed:

— No deflation - overgrown surface with no signs of sand ripples

— Deflation is weak — sand ripples and raincoat-like sand clusters without a characteristic ridge;

— Moderate deflation — sand ripples, raincoats, ridges and rare small (0.5-1.0 m) dune formations;

— Significant deflation — a combination of dunes and dune chains in combination with overgrown
(more bumpy) forms;

— Deflation is strong, continuous — the presence of a bare dune field with individual plant specimens
on inter-dune depressions.

The first type (no deflation) it is noted on overgrown weakly fragmented Aeolian formations, which
usually form gently undulating Cumulus Sands and cloak-like sand clusters. The first and third are found
mainly on the periphery of sandy massifs, and the second — on the edge of irrigated land, the banks of
lakes and salt marshes. Under natural conditions, the overgrown sandy surface is not subject to deflation.
However, if the upper sod layer is mechanically disturbed, deflation ulcers and accumulation of sand in
the form of raincoats and even small dune forms can form on gently undulating Sands.

The second type (weak deflation) is most widely represented in the sandy desert. Typical for
overgrown (slopes, peaks) and slightly overgrown (peaks) with varying degrees of dismemberment of
ridge Sands and their combinations. The degree of exposure to deflation is differentiated by terrain
elements. The lower part of the slopes and lower Aeolian forms are less susceptible to erosion, and the
tops are more susceptible to erosion.

The third type (moderate deflation) is typical for poorly overgrown strongly dissected ridge Sands.
Inter-ridge depressions and the lower parts of the slopes of the ridges are not subject to deflation. The tops
and upper part of the slopes are heavily raked.

The fourth type (deflation) significant more often in his notes on undifferentiated Sands, sand-hilly
complex. The degree of exposure to deflation is differentiated by types of terrain: continuous deflation is
subject to dune forms, partially (weak) bumpy. Inter-barkhane depressions are mostly overgrown, the
movement of barkhane forms is weak, more often there is only a rearrangement of ridges and an intensive
transfer of sand in the form of a wind-sand stream.

The fifth type (strong, continuous deflation) includes sand dunes. The movement of sand material
occurs in the form of wind-sand flow and the movement of Aeolian forms. In this type, two subtypes
should be distinguished: barkhany Sands lying on a loose sandy substrate; barkhany Sands lying on dense
rocks (takyrs, Shors, outcrops of bedrock, figures 1-2). The second subtype is characterized by greater
mobility and, as a rule, worse growing conditions [2,6,7,11,12].
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Figure 2 — The distribution of salt deposition from atmospheric dry aerosol in the southern Aral sea, kg/ha / year (2012-2016)

The latest research on this issue was conducted on 4 zones and the following data were obtained:

1) the zone of the drained bottom of the Aral sea for the stipulated period annually falls an average of
8-10 t/ha of dust and salt, of which their water-soluble salts range from 100 to 150 kg/ha.,

2) in the area of the Aral sea coast 7-8 t/ha and 70-100 kg/ha of salt,

3) in the non-irrigated zone 5-6 t/ha and 50-70 kg/ha

4) in the irrigated zone from 1.5-2.0 to 3.0-4.0 t/ha and, accordingly, salt from 20-30 to 40-50 kg/ha.

The composition of these aerosol precipitates is mainly dominated by sulfate and chloride, and less
often by carbonate salts of calcium, magnesium, and sodium.The quantitative and qualitative composition
of atmospheric precipitation significantly affects the normal growth, development and yield of numerous
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natural and cultivated plants, especially in the arid zone of the globe. In addition, this effect is also found
in other biotic and abiotic environmental objects [5,9,10,11,13].

The analysis of precipitation shows that their quantitative assessment depends on the General
regularities of natural and artificial processes.

The results of the analysis show that in the composition of dry aerosol precipitation, the General trend
of water-soluble salts, depending on the intensive desalination of the former drained sea bottom, their
accumulated amounts decreased by 1-2 or more times, and, conversely, the total amount of dry dust-salt
precipitation increased by 2-3 or more times due to atmospheric phenomena and especially as a result of
anthropogenic processes of drilling oil and gas operations, planning of the drained sea bottom for the
purpose of phytomelioration or forest reclamation, etc. [4,6,7,9,16].

When studying and mapping types of sandy surfaces using the proposed method, it is possible to
obtain the necessary characteristics of the intensity and direction of deflation processes in a particular
territory. This will allow you to develop sound recommendations for the placement of objects, conduct a
preliminary assessment of the need for protective measures, their locations and approximate volumes. For
a broad and systematic study of deflation processes in the desert and drawing up maps that reflect with
greater accuracy the distribution of various types of sandy surfaces, it is advisable to use satellite images
and aerial photographs. This will significantly reduce the amount of expensive ground field work and time
for mapping, as well as improve the quality of map material [14,16-18].

In the regional study and mapping of wind erosion stability of large territories for the purposes of
economic development of the desert, it is necessary to highlight areas that are potentially resistant to
deflation by their mechanical strength, determined mainly by the lithology of the initial deposits. They are
favorable for the location of various objects.

According to the proposed classification, surfaces should be classified as areas that are not subject to
deflation. In the drained bottom, such surfaces are represented by takyr outcrops, fragments of a clay Delta
plain.

The development of protective measures at a specific site should be based on the results of studying
and mapping the wind erosion resistance of sand on a larger scale. Here there is a large detail of the
selected types of sand. In addition to the five types of sand surfaces identified above, various
combinations, transition types, and subtypes can be contoured. In this mapping, the selected types of
surface sand are grouped into two categories:

— sand that does not require fixing;

— sands that require fixing.

The first category includes the sand surface with a dense well-preserved turf or with a few ulcers of
deflation. There is practically no sand transport formed here.

The second category should include surfaces with disturbed (varying degrees) sod with accumulation
of sand from raincoats to dunes. Here, the number of types of sand surfaces identified reaches 8-9.

An important point in mapping the wind erosion resistance of a sandy surface for technical and
economic purposes and for the development of protective measures is to determine the scale and area of
the survey. Experience shows that for the first purposes, the scale of the map should not be less than
1:500,000, and the area is determined depending on the tasks and research program. To develop protective
measures for a specific economic object, the survey scale should not be smaller than 1:20000 on linear
objects (pipelines, roads, power lines), and on site - no smaller than 1:2000. If the area of the study area in
the area of the projected site object allows, then the survey scale should be the largest, approaching the
scale of the working drawing of the technical project as much as possible. This will also allow you to
Express in scale all the planned protective measures (their type and parameters).

The mapped lane for linear items is determined by the length of the route, and the width is determined
by the zone of influence, which, depending on the wind erosion state of the sand, can range from tens to
hundreds of meters. The more uniform the sandy surface, the narrower the mapping band may be. The
mapped area of a site object is also determined by the area of sand broken during construction [14,16].

The results of the study of wind erosion resistance of sand and the map compiled at the same time has
a certain expiration date. After 5 years, they must be adjusted. Information on maps that characterize the
wind-erosion state of the sandy surface allows you to plan the necessary protective measures with high
confidence. However, they provide information about the quantitative side of the ongoing processes,

— 138 ——




ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

which complicates the task of determining the width of the protective zone for objects with windward and
leeward sides.

The intensity of the deflation processes, its quantitative characteristic is determined by post-
processing of data of the wind regime observed at the stationary sites where deflationary processes are
determined by instrumental fixation of the relief on the profiles, sites size of 1-2 ha, and also observed at
quantifiable portable sand vetroresina thread.

In office conditions, the regime is subjected to a comprehensive analysis, since it is the wind that is
the main relief-forming factor. The study of the wind regime of deserts is important for understanding the
ongoing geomorphological processes and, in particular, for studying the processes of movement and
accumulation of sand.

Currently, there are several methods for processing wind data. The simplest and most widely used
method was Described by O. A. Drozdov (1957). The method suggests using the repeatability of wind
directions (the number of cases) for 8 or 16 points and the average values of wind speeds for these points.
Usually, a series of observations from 10 to 20 years is used to obtain stable data. The average values of
wind speed, taking into account their direction, well reflect the General wind regime of a certain area, and
allow you to identify the prevailing winds, i.e. those that can cause sand drifts and blowouts [3,17,20].

The considered method, as well as wind erosion maps, does not give a quantitative characteristic of
the processes occurring. To some extent, the question of interest is solved by using not the average wind
speeds and not the number of cases of winds of different points, but the sum of the wind speeds of certain
points that cause sand transport. However, in this case, it is taken into account that sand material of
various sizes begins to move only when the wind speed reaches a certain threshold value (table 1)

Table 1 — Start of sand movement depending on the size

Ne Type of sand Grain diameter, mm Wind speed, m/s
1 Fine 0.1-0.25 4.5-6.7

2 Medium-grained 0.25-0.5 6.7-8.7

3 Coarse 0.5-1.0 9.8-11.4

4 Coarse grainy 1.0-2.0 11.4-13.0

We usually have materials for one-time observations per day of the wind direction and speed on
the weather vane at an altitude of 10 m. Given the speed recorded by the weather vane is not identical
to the wind speed at the surface (it is much lower at the earth's surface), the threshold ground speed
is determined by calculation. It is proposed (Gvozdikov, 1966) for these purposes, the wind speed at a
height of 10 cm above the dune surface is determined by the formula U10 = 0.475 U1000: over the sanded
inter-dune takyrovidny decline by the formula U10 = 0.333 U1000; over a sand and pebble plain
U10=10.333 U1000 . Here U1000 is the wind speed at an altitude of 10m [3,5,8].

For practical purposes, wind speeds greater than 5-6 m/s on the weather vane are taken as the
threshold wind speed, since at these speeds sand grains begin to roll on the sand surface, and the wind
speed itself at a height of 10 cm is 3.5-4 m/s.

Threshold speeds as mentioned above can be used to construct hodographs by the sum of cases or by
the sum of speeds.

For a more visual graphical representation of the annual resulting wind activity, it is also possible to
build hodographs that represent the vector sum of the number of cases of wind directions, deferred on a
scale corresponding to the speed of each observed case, or the sum of the speeds for a certain observation
period. This method has found application in practice. However, hodographs or wind roses based on the
sum of active wind speeds or on the indicators of the resulting wind for a certain period give an idea of the
wind regime of a particular area. They can only be used to judge the direction of the prevailing winds
[3,4,8].

The order of construction of the hodograph is very simple and follows the sequence: 1) it is drawn
from an arbitrary point corresponding to 1 January; 2) the direction and speed of wind are shown by
segment (vector) emanating from the point in the direction the wind is blowing; the length of the vector is
proportional to the observed wind speed in the adopted scale; 3) each subsequent (in order of observation)
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the case of sufficiently strong wind is also represented by a vector, the beginning of which coincides with
the end of the previous. The result is a broken line, sometimes quite bizarre, reflecting successive changes
in wind direction and speed.

The hodograph of this type gives a clear idea of the features of the wind regime: the longer the
hodograph, the more active the wind; the more straight the hodograph line, the more pronounced the
prevailing wind. A broken line indicates that the wind regime is unstable. Strong and stormy winds are
well represented on the hodographs, and they are represented on the graph in longer segments.

Wind mode data processing is possible based on wind energy. Most researchers agree that the energy
is proportional to the cube of speed. L. G. Dobrin (1965) for ease of use of the wind energy indicator
suggests using coefficients that reflect the energy capacity of the wind of a particular speed, taking 4 m/s
as a unit of the cube of wind speed [2].

Table 2 — Coefficients of wind energy increase (K) at different speeds (U)

Ne U, m/c K

1 5 2

2 6 34
3 7 5.4
4 8 8

5 9 11.4
6 10 15.6
7 11 21

8 12 27
9 13 344
10 14 43
11 15 53
12 16 64
13 17 77
14 18 94
15 19 113
16 20 125

Further data processing is performed according to the above method. However, they do not reflect the
quantitative (m3/m) indicators of sand transport, but with high confidence indicate the direction of
General sand transport by season [2 16,19, 20-25].

Currently, a number of methods have been proposed that allow us to obtain information about the
quantitative transfer of sand by processing wind regime data. They will be discussed in detail below.

There are several ways to study deflationary processes that reflect the quantitative side of the process.
Currently, the geodesic method is widely used. The essence of the method is that geodetic tools are used to
monitor the dynamics of the terrain.

Depending on the purpose of the study (the study of General deflation processes, the dynamics of
removal or accumulation, or only the movement of Aeolian forms), the survey using theodelite or level is
performed once a year, once a season. When theodelite survey is selected characteristic area of 1-2
hectares. The angles of the characteristic sections are fixed by constant reference points. Large-scale site
plans are a good material for comparative study of sand movement. When leveling, individual points of
the profile are fixed. Based on the survey data, profiles of one point are drawn, which gives a fairly clear
illustration of the ongoing changes in the structure of the relief [3,16,17,26,27].

Of the two considered geodetic methods for observing changes in the sand topography, the most
complete information is provided by a planned survey of the sandy surface. The terrain plans reflect the
overall displacement of the sand chains, the effect of lateral drift on the ridge displacements along the
chain front, and the effect of vegetation on the overall course of terrain formation. Cross-section profiles
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are less informative. They only give an idea of the General displacement of the Aeolian relief. When
solving the target task, it is advisable to combine both (methods) forms of observations on the same site,
when the intervals between planned surveys are supplemented by measurements on profiles.

Conclusion. Thus, the paper shows the possibility of mapping and predicting the transformation
processes of the newly formed sandy desert at various scales, and maps based on the classification of
satellite images can serve as the basis for further detailed mapping of moving Sands using theodolite
survey and other methods of topographic analysis of the terrain. The main content of medium — scale maps
of deflationary transformation processes is showing the main characteristics of the sand transport process
and mapping its intensity. It is in this capacity that they can be a really practical basis for detailed
mapping, which is necessary both for sand protection works and for the design of engineering structures.
The obtained data on the mechanism and structure of the entire air-soil flow, starting from the moment of
its formation, i.e. in the blowing zone, and ending with the transfer and deposition of soil particles by wind
in the accumulation zone, make it possible to increase the level of scientific validity of the rational use of
soil resources, as well as to take timely measures to protect the environment.
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AEQBIIUSIBIK TPOLECTEPAI )KOHE APAJI TEHI3IHIH K¥PFAFAH TABAHBIHATbI
K¥YM TACBIMAJIIAY/AbI 3BEPTTEYIIH KEUBIP MOCEJIEJIEPI

AHHOTanmsi. Makanaza KyMbI DI 3epTTey HOTHIKeNepi KapacThIpbulaibl, OyJ1 30yaisl penbed Gopmaa-
PBIH KaJIBIITACTHIPY, XKBUDKBITY OHE JaMBITYABIH OipKaTtap MaHbBI3/bl 3aHIBUIBIKTAphl MEH MEXaHM3MCPIH alyFa
JKOHE alllyFa MYMKIHAIK Oepi. 3aHIbUIBIKTapIbl OPHATY TYPJl OOBEKTIIEpIiH KYM/ABI Ieseri 0opaHMeH KypecyaiH
OipkaTap MPaKTHKAJIBIK MOCENIENePiH menryre bIKmai erefi. OCkl ayMaKThIH JaMy MepCreKTHBaapbiHa OaiIaHbICTHI
aTaiFaH TporecTep OaFbITHl MEH KAPKBIHIBUIBIFBIH OUTy ©Te MaHbBI3IBL. KyMIpl mesieri el KbI3METIHIH ocepiH
3epTTey Kasipri 3aMaHHBIH ©3€¢KTi MocelenepiniH Oipi 6onbn caHamaabl. Kazipri yakeiTTa OYJ1 mporece KIITMMAaTTHIH
e3repyiHe JKOHEe SKOHOMHKAIBIK KbI3METTIH YJIFAalObIHA OaiIaHBICTHI KYIIeHe TyCyae, Oyi1 KyMIBI el 3KoXKyHeciHnae
JKBIIAM ©3TePEeTiH IKOJIOTHSIIBIK JKaFIaiFa oKele/Ii.

Kymapl mesmeri peabedTi KypaiThiH HEri3ri (GakTop — KeNIiH OeICeHITIr, 01 KYMIBI YPJIel, TaChIMasIaall
opi TyHABIpanbl. Ic xKy3iHAe KYMABI TachIMaay JKoHE TYHIBIPY KYM/bI LIOTiH/AIHIH Naiaa 0oybIHa, aj ypiey Typii
WHXKEHEPJIIK KYPBUIBIMIAP MEH OCIMIIK Heri3iH amryra okeneli. COHIBIKTAH KyMJbl LIOJIJE aTaliFaH MpoLecTep
OarbITHl MEH KapKBIHIbUIBIFBIH O1Ty ©Te MaHbI3/IbI.

Kymuel menge y3aK yakbIT OOMBI )KYpPETiH 3015l POLIECC HOTHXKECIHIE OacTanKkpl OOpIbUIIAK KyM KaOaTsl
KaiTa eHieiin, OeiHiI, 30JIbI penbed maiina OoJIbl, 01 alTapIIBIKTal aliMaKTa OenTiIi Oip JKe SPO3USICH TYPAKTHI
JKOHE TUHAMHUKAIBIK Tere-TeHIiKkTe Oonmmpl. By s0m gopmanapeiHeIH OeTKi KaOaTHIHBIH ©Cyi MEH THIFBI3IATYBIH
aHBIKTAUTHIH OipKatap Taburu (pakropiapmer Oipre xypeni. [llenmiy TypakTsl xKyleciHiH Oy3bUTyBl MYMKiH. TaOburu
Tene-TeHAIKTiH OY3bUTYBIHBIH cebebi Ke3-KenreH TaOuru (aKTOpPABIH e3repyl Hemece alaMHBIH SKOHOMHUKAIBIK
Gencenpiniri cebebineH 6omybl MYMKiH. KOpFaHBIII TOMBIpaK — ©CIMIIK JKaMBUIFBICHIHBIH AaCTBHIHAH OOCaTBUIFaH
OOpIBUIIAK KYM Maccachl K€l dCepiHeH Ko3ranambl, Oencenmi medsiuus mporeci 6acramansl. Erep Oy1 mpomecc
SKOHOMHUKAJIBIK 00 BEKTIIEP IiH JKaHBIH/Ia Taia 0oJica, OHBIH calAaphiH 1a OoinKayra 60omazsl.

JKyMBICTBI OpbIHAAY OapbIChIHIA TapUXH, HWHKEHEPIIK-TEOJOTHIIBIK, JKOJIOTHSUIBIK JKOHE IeorpadusuIbIK
YKCaCThIK, Te000TaHUKAJIBIK HHANKAIMAIAY, TONBIPAK MILIHIH 3epTTEY/iH CalbICTHIPMaIbI-MOP(OIIOTHSIIBIK 9JIICIH
xoHe T.0. madpananapiK. Tonblpak MOPQOIOTHACHIH, T'PaHYJIOMETPUSUIBIK KYPaMbIH, (U3UKa-XUMHSJIBIK JKOHE
XUMUSUIBIK KacHETTEpiH aHBIKTAy TONBIPAK FBUIBIMBIHAA KaOBUILAHFAaH OMICTEpPre CoMKec Xyprisiunmi. Oprypii
MaliMeTTep 0a3achl TypiHAe OarbITTap OOMBIHINA >KMHAKTAJIFaH aKMapaTThl Taljgay YLIH CTaTUCTHUKAIBIK OHJIEY
azicTepi KOJIIaHbUIIBL.

Jenamusisik mporecTep i KapKeIHABUIBIFEL, OHBIH CaHIIBIK CHITATTaAMACHI JKeJ PEeXHIMIiHIH JepeKTepiH Kame-
paJbIK OHIECY, NeIIAIHSIIBIK IPoIecTep perbedTi mpoduibaepae koaemi 1-2 ra anaHaa acmanThlK OEKiTy JKOIBIMEH
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afKpIHIAJIATBIH CTAIMOHAPIIBIK yyacKene Oalikay yHBIMIACTBIPY, COHAAN-aK K€l KYM arbIHBIHAA TaChIMaJAaHAThIH
KYMJIBI CaHJBIK €celke ary OOWBIHIIA OaliKay YHBIMAACTHIPY JKOJIBIMEH aifKbIH/IaIa bl

Kamepanbik xarmalima pe:KuM KaH-KaKThl TaIIayJaH oTell, OUTKeHi Oy pernbedTiH Heri3ri (akTophl — Kell.
[Henmain >xen pexXuMiH 3epTTey TeoMOPQOIOTHUSIBIK MPOLIECTEPAl TYCIHY YIIiH, dcipece, KYMHBIH KHHAIy MPOLECiH
3epTTey YIUIH JIc MaHbI3/BL

Tannay HoTwXenepi KYpFak a’po3oib KypaMblHOA CyJa €PUTIH TY3IbIH JKaJIMbl TEHICHIMACH, >KUHAIFaH
MeJIepAiH OYpbIHFbI KYPFAaThUIFAH TEHI3 TYOIHIH KapKbIHIBI TY3JaHybIlHa OaillaHbicThl 1-2 XKoHE Oo/1aH Ja Kell ece
a3aliFaHbIH JKOHE KepiciHIle, KypFak IIaH-Ty3 TYCIMiHiH arMocdepaliblk KyObUIBICTapIbIH, 9cipece MyHal-ra3 KyMbIC-
TapblH OYpFbUIAaYIbIH, (PUTOMENTNOPALMSIIBIK HEMECe OpMaH MENMOPalHsIbIK JKYMBICTApIbl JKYPTizy MakcaTbhlH/Aa
KYpFaTBbUIFaH TEHi3 TYOiH »ocmapiay/IblH jKoHe T. 0. cangapblHaH 2-3 jKoHE 0/1aH J1a KOl €ce apTKaHbIH KOpCeTe .

Tyiiin ce3mep: en 3po3usACH, KyM/bl TackIMaiay, 30J1 penbedi, nedisiuus, kaprara Tycipy, penabed, KyMmsl
JKMHAKTAY, KYM/bI [116J1, aHTPOIIOTSH Il IIeJICHTTEHY.
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HEKOTOPBIE BOITPOCHI U3YUYEHUA JE®JIALMOHHBIX TIPOIECCOB
N NEPEHOCA IIECKA OCYHIEHHOI'O JHA APAJIBCKOI'O MOPA

AHHoTanusl. B cratbe paccmarpuBaroTcs pe3yabTaThl HCCIEAOBAHUS MIECUAHBIX ITyCThIHb, KOTOPBIE TTO3BOIHIN
HOJIyYHUTb U PACKpPBITh PsJl BAXKHBIX 3aKOHOMEPHOCTEH U MeXaHU3MOB (popMUpPOBaHHUS, 00pa30BaHUsL, IEPEABIKSHUS
U Pa3BUTHUS P0JI0BBIX (opM penbeda. YCTaHOBIEHHE ITHX 3aKOHOMEPHOCTEH ITOMOTaeT PelInTh Psill MPAKTHYECKHUX
3a1a4y 1o O0opbr0e C MecyaHbIMU 3aHOCAMH B IIECYAHOM MYCTHIHE Pa3IM4YHbIX 00BEKTOB. B CBs3M C mepcnekTuBamu
OCBOCHHS JTOM TCPPUTOPHUU OYCHDL BAXHO 3HATH HANPABJICHHOCTL W HWHTCHCUBHOCTL PAa3BUTHA YIOMIHYTBIX
IIpoLECCOB. I/I3yqu1/1e BIIMAAHUSA BeTpOBOﬁ JACATCIBHOCTH B TecyaHom IMYCTBIHC ABJIACTCA OAHUM U3 aKTyaJIbHBIX
npo0JieM coBpeMeHHOCTH. B HacTosiIIee BpeMs 3TOT IPOILECC, B CBSI3U C KIMMAaTHYECKUMU U3MEHEHUSIMU U yBEIHYe-
HHEM XO3SHCTBEHHOH AEATEIBHOCTH, YCHIMBACTCS, YTO NPUBOANUT K OBICTPOM3MEHSIOLIMMCS YKOJIOTHUECKHM YCIIO-
BUSIM B 3KOCHCTEMAaX IECYaHbIX IYCThIHb.

I'maBHBIM penbedooOpasyromumM GakTopoM B IECUaHOH IMyCTHIHE SBISAETCS BETPOBAs IESATEIBHOCTD, IPUBOIS-
masi K BBITYBaHHIO, IEPEHOCY M OTIOXKEHHIO Necka. Ha mpaxTuke mepeHoc U OTJIOKEHHUE TIeCKa IPUBOAAT K 00pa3o-
BAaHMIO TECYAHBIX 3aHOCOB, a BBIAYBAHHE — K OOHA)KEHHIO OCHOBAHMH PA3IMYHBIX HMHXCHEPHBIX COOPYXECHUH M
pacturensHOCTH. I109TOMY OYEHB BaXKHO 3HAThH HANPABICHHOCTh M MHTCHCUBHOCTDH PA3BUTHSI YHOMSHYTBIX MPOLIEC-
COB B IIECUAHOU ITyCTBIHE.

B PEIYIBLTATE I0JIOBBIX MPOLECCOB, MPOTCKAOMUX B MECUYAHBIX MYCTBIHAX B TCUCHUC AJIUTCIBHOI'O BPEMECHU,
MepEeBUBAIACH M PACUJICHSJIACH MCXOHAs PBIXJIONecYaHas ToJa U (OpMHUPOBAIICS COBPEMEHHBIN 30JI0BBIH pesbed,
KOTOpBIH Ha 3HAYMTENILHOM IUIOMIAAN MPUOOPEIN ONpPEesIeHHYI0 BETPOIPO3UOHHYIO YCTOHYMBOCT U HAXOJHUTCS B
JMHAMHYECKOM PaBHOBECHU. DTOMY COIYTCTBYIOT s NPUPOIHBIX (haKTOPOB, 0OYCIOBIMBAIONIMX 3apacTaHue U
YIUIOTHEHHE TTOBEPXHOCTH 30JIOBBIX (OpM. [IOBOJBHO CTOMKasl cHCTEMa IyCTBIHM MOXET OBbITh HapymieHa. [Ipuun-
HOHW HapyIIEHHs] MPUPOTHOTO PAaBHOBECHS MOXKET CTaTh U3MEHEHHE KaKOTr0-JIM00 MPUPOIHOTo (hakTopa WK X03siic-
TBEHHAS JIEATENLHOCTD YenoBeka. OcBoOOMBIIASACS N3-TIO/ 3alUTHOTO MOYBEHHO-PACTUTENBHOTO MTOKPOBA PHIXJIO-
IecyaHasi Macca 10/l BO3/ICHCTBHEM BETpa NPUXOIUT B JIBIJKCHHE, HAYMHAETCS IIpoliecc akTUBHOW nedusinnu. Eciu
3TOT IPOLECC BO3HUKAET BOJIM3HU XO3IHCTBEHHBIX O0OBEKTOB, TO HETPYIHO MPEACTABUTH ITOCIEICTBUS, K KOTOPBIM OH
MOXET IIPUBECTH.

B xoze BbIMOMHEHUs! JaHHON pabOThI MbI UCIIOIB30BAIN METOABI HCTOPHUECKUX, HHKEHEPHO-TEOJIOTHUECKHX,
IKOJIOTHYECKHX M TeorpadM4ecKUX aHaJIOroB, METOIbI T'€000TaHWYECKOH MHIUKALMH, CPaBHUTEIBHO-MOPQOIOrH-
YEeCKUII METOJ HM3y4eHMs IOYBEHHBIX npoduieid u apyrue. OnpenesieHne MOPQOIOTHUH, TPaHYIOMETPUYECKOTO
CcocCTaBa, (1)I/I3I/IKO—XI/IMI/IHCCKI/IX U XUMHUYECKUX CBOMCTB IOYB MMPOBOANJIA B COOTBECTCTBHUU C MPUHATHIMHU B IOYBO-
BefleHMH Meroaukamu. [l ananu3a wHQopManuy, HakalMBaeéMOW IO DPa3IMYHbIM HalpaBlICHHsSM B (opme
pas3MuHbIX 0a3 JaHHBIX, NCIIOJIL30BAINCH METO/IbI CTATHCTHYECKOH 00pabOTKH.

WHTeHCHBHOCTD Ae(IIAIIMOHHBIX MPOLECCOB, €€ KOJIMYECTBEHHAs XapaKTepHCTHKa ONpeAeisIeTcs IIyTeM KaMme-
paibHOM 00pabOTKHM JaHHBIX BETPOBOTO PEXXMMa, OpraHu3alyeil HaOIIONCHWH Ha CTAlMOHApHBIX y4acTKax, Ie
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JeISIIMOHHBIE TPOLECCHl ONPENEISIOTCS WHCTPYMEHTAIbHBIM IyTeM (ukcupoBaHus penbeda Ha mnpodmrx,
IUIoImaaKax pasmepoM 1-2 ra, a Taxke OpraHW3aUell HAOMIOACHUH 1O KOJNWYECTBEHHOMY yUYETy HEepEHOCHMOTO
IIECKa B BETPOIIECUYAHOM MOTOKE.

B kamepanbHBIX YCIOBHSIX BCECTOPOHHOMY aHAIM3y IMOABEPracTCsl PEXUM, TaK KaK MMEHHO BETEp SIBIIACTCA
OCHOBHBIM penbedoodpasyromumM (GakTopom. [3yueHne BeTPOBOro peKUMa IMyCTHIHD SBJISIETCS BAKHBIM Ul OHH-
MaHUS IPOTEKAOUINX IeoMOP(OIOrHIecKnX MPOLECCOB U, B OCOOCHHOCTH ISl M3Y4EHHS IIPOIECCOB ABMXEHHS U
HaKOIIJICHUS ITCCKOB.

PeSyﬂbTaTbI aHaliu3a CBUACTCIILCTBYIOT, YTO B COCTAB€ CYXHX a3pPO30JIbHBIX BbIHaIleHI/Iﬁ 06111351 TCHACHLHA
BOJJHOPACTBOPUMBIX COJ'IGFI, B 3aBUCHUMOCTHU OT MHTCHCHUBHOT'O PACCOJICHUA 6]>IBLLICFO OCYIICHHOI'0 AHAa MOPA aKKyMYy-
JMPYEMBIX HX KOJIMYECTBa YMEHbIIWIACh Ha 1-2 u Oosiee pasa, 1, HAOOOPOT, 00IIee KOJIMYECTBO CyXHX IIbLIE-COJIe-
BBIX BBINIAJICHUI yBENUUMIOCH B 2-3 1 Oosee pasa 3a cueT aTMOC(EpHBIX SIBICHUH 1 0COOEHHO B Pe3ysbTaTe aHTPO-
MOTeHHBIX IpoleccoB OypeHHs HedrerazoBbIX padoOT, IUIAHMPOBKU OCYIIEHHOTO JHAa MOPS B LENAX IIPOBEICHUS
(huTOMETMOPATUBHBIX HIIH JIECOMEINOPATHBHBIX Pa0OT U T.JI.

KioueBble cioBa: BeTpoBas 3po3us, NEPEHOC IECKa, 30J0BBIH penbed, nedisuums, kaprorpadupoBanue,
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