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DEVELOPMENT OF ABRASION SHORES OF ALAKOL LAKE
ACCORDING TO THE FIELD RESEARCH MATERIALS

Abstract. In recent years, Alakol Lake is becoming a center of recreation and tourism, its infrastructure is
developing with a pronounced man-made load on the coastal areas. In addition, the nature of shore formation
becomes aggravated under the impact of instability of natural-anthropogenic conditions, which leads to the
destruction of infrastructure facilities, loss of land reserves, material damage. A review of scientific papers revealed
that the latest studies were conducted fifty years ago. Therefore, the obtaining of new monitoring data with the use of
modern measuring instrumental devices is relevant. The identification of effective methods for obtaining accurate
parameters made it possible to understand and analyze shore formation. Sites for conducting field studies were
allocated using a regional approach with the application of satellite images. The method of instrumental measure-
ments of distances from reference benchmarks was used in the field researches. As a result, the dynamics of the
marginal erosion over a three-year period on the south-western and eastern shores of Alakol Lake was determined.
6 monitoring sites were established on the southwestern shore. The results of observations of the dynamics of erosion
of the cliff in the active zone were from 3 to 9.9 m over a three-year period. The change in the height of the coastal
cliff from 5-6 meters (1964) to 9 meters was identified. Two monitoring sites were organized on the eastern shore.
The dynamics of erosion of the coastal cliff in the active zone ranged from 3.7 to 14 m over a three-year period. We
assume that there is a disturbance of the alongshore transport of sedimentary rocks at this site by a 168-meter
breakwater, which enhances the dynamics of abrasion.
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Introduction. Field studies of relief formation of the shores of Alakol Lake were carried out by the
Laboratory of Geomorphology and Geoinformation Mapping and the works were partially continued in
2016 in order to monitor the dynamics of abrasion shores. As a result, it becomes possible to preliminarily
analyze and determine the dynamics of the development of abrasion coastal cliffs on the basis of field and
cameral studies.

The coastal zone of the lake under study is a place of active manifestation of unfavorable exogeo-
dynamic processes. Dynamics of destruction of abrasion-denudation shores in places of economic and
recreational development, in some places reaches a retrogression of more than 3 meters per year. Several
residential streets of the Koktuma village on the south-western shore of Alakol Lake (Almaty region) were
lost as a result of erosion of the cliff. Similarly, the capital structures of recreational facilities on the
castern shore of Alakol Lake were submerged (East Kazakhstan region).

Over the last years, the shores of the lake are experiencing a high anthropogenic load associated with
a sharp increase in comprehensive tourism to Alakol Lake. A fertile climate, comfortable beaches,
curative properties of the lake water, transport accessibility required the development of the routing of
passenger transportation by railroad and improving the quality of highways. Accordingly, a rapid deve-
lopment of construction of various necessary kinds of infrastructure (sanatoriums, rest homes, etc.) is
observed in the coastal territory, unfortunately, not always taking into account the factors of relief
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formation of the above-water part of the coastal zone. The solution of this problem requires a compre-
hensive research, which is impossible without detailed field monitoring. The obtained data of field studies
will allow to make an effective analysis and to claborate a system of measures for the sustainable
development of the Alakol Lake shore in the future.

Review of previous scientific works. Studies of the coastal zone of Alakol Lake began quite long
ago. General characteristics of the structure of the Alakol Depression, climate, water resources, soil cover,
vegetation were given in the 12th edition of the Questions of Geography of Kazakhstan “Alakol Depres-
sion and its lakes™ edited by N.N. Palgov (1965) [1]. Studies of the morphology and dynamics of the
shores of Alakol Lake were conducted by Ye.A. Kazanskaya (1961-1964). During the study, it was
recorded by her that denudation processes prevailed over accumulative ones in the shore formation over
the most part of the entire shore, due to the increase in the water level in the lake. A cumulative classi-
fication was made by the types of shores of the entire study area. The morphology and structure of the
shores and islands were considered in detail. According to Ye.A. Kazanskaya, the south-western,
southern, eastern, north-castern, northern, north-western, western coastal arcas of Alakol Lake were dis-
tinguished with detailed explanation of the geomorphological conditions of each of them and the proposal
of applied methods of shore protection measures taking into account transverse and longitudinal shore
depositions [1, 2].

T.N. Dzhurkashev studied the history of the formation of the Balkhash-Alakol Depression in the
Quaternary period. His monograph “Anthropogene history of the Balkhash-Alakol Depression” gives
geological-geomorphological characteristics of the Balkhash-Alakol Depression, including a description
of the territory under study [3]. It is necessary to note the papers of K.V. Kurdyukov (1952) [4], Z.A. Sva-
richevskaya (1952) [5] from earlier works on the study of the geology of the territory under study.

Geological-geomorphological conditions were later studied by L.K. Didenko-Kislitsina (1964-1966,
1971) [6], Yu.A. Tverdislov [7], N.I. Mikhailova [8], A.N. Mitrofanova and R.Sh. Kalita [9]. The study of
morphometry using the SRTM digital terrain model, monitoring of the formation of shores according
to the data from different-time satellite images were performed by A.G. Valeyev, F.Zh. Akiyanova,
A.D. Abitbayeva [10, 11].

The analysis of published scientific literature showed that valuable material has been accumulated,
including the classification of the Alakol Lake shore according to the leading exogenous processes.
However, recent data on the study of the negative impact of the development of exogeodynamic processes
in the coastal zone are fifty years old. During this time, the hydrological situation has changed, recrea-
tional and economic loads have increased, climate change has been occurring and, most importantly, new
effective methods of research have appeared. Therefore, the relevance of obtaining new monitoring data
using modern measuring instrumental devices is beyond doubt.

Methods. The different-time satellite images of medium resolution (landsat, Alos and Sentinel) were
used for the regional identification of monitoring sites [12]. The most active areas of shoreline erosion
were identified by the method of interpretation and comparison of the results of the remote sensing data
processing [10]. The following criteria were developed in order to select the monitoring sites: active €xo-
geomorphogenesis within the above-water part of the coastal zone, the risk of negative impact of
exogeodynamic processes of shore formation on the socio-economic and recreational infrastructure, the
availability of facilities of engineering protection of the shores (breakwater, pier, cut-waters, etc.), location
of objects of technogenic impact, enhancing the dynamics of relief formation of the shores.

There are several methods of monitoring the dynamics of the abrasion cliff in field studies:

1) measurement of the distance of the planned displacement of the edge of the shore along a
previously marked section line for a certain period of time;

2) determination of the position of the line of the cliff with the help of the theodolite and comparing
of'its planned position with the position of the shore edge determined earlier;

3) investigation of erosion of abrasion cliffs using a ground-based laser scanner. The main stages of
data processing: georeferenciation and stitching point clouds; interpolation of data to create a digital
clevation model; creation of a digital terrain model (DTM) [13-15] and etc.

Methods for measuring and documenting the dynamics of erosion of the cliff in the papers of T. Su-
namura (1992) include sequential acrosurveying, analysis of historical maps, field instrumental studies
(measuring distances from benchmarks) [16]. Methods of research of A.Sh. Khabidov [17] pay special
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attention to the analysis of the geomorphological conditions of the coastal zone — the morphometry of the
shore is determined, soil samples are taken from the cliffs to determine the mechanical properties of rocks,
the dynamics of the displacement of the coastal cliff toward the land is determined using special
equipment.

In the studies of the shores of Alakol Lake, we used the method of instrumental measurements of
benchmarks along the transversal profile. The method of instrumental measurements along the profile is
reasonable and does not require special expensive equipment. Profile lines are marked on the terrain when
organizing observations with the help of this method. First, parallel lines of the profile are laid to the cliff,
and then perpendicular lines of the alignment along the magnetic azimuth to the shore cliff are determi-
ned from the set benchmarks with the compass. Benchmarks with the use of concrete and reinforcement
(12 mm in diameter, 50-60 cm in length) are set as the initial ones. In addition, stationary objects (trees,
corners or supports of capital embankments, foundations of buildings, towers, wells, concrete supports,
lighting pillars, etc.) can be used as a benchmark, since the working group had experience in the loss of
benchmarks as a result of active shoreline erosion on the territory under study.

Depending on the length of the profile between the main benchmarks, additional intermediate
benchmarks are set to fix the direct profile and to exclude the loss of information in the case of the
accidental loss of one of them. Measurements are done after a period of time using a laser rangefinder or
measuring tape, determining the distance between the benchmark and the edge of the cliff along the line of
the perpendicular alignment. The retreat of the edge is the difference between the two measurements. In
order to display the monitoring profiles in the GIS programs and determine the location of the benchmark
in the future, GPS coordination of all benchmarks of the profile is carried out [18]. The accuracy with such
measurements is 1 cm for every 20 m of the line being determined. In order to proceed to dynamic indi-
cators, it is necessary to obtain an average retreat of the edge across all section lines of the station for the
selected time interval [14]. Documentation of the obtained data was carried out in the form of filling in the
passports of the monitoring site with the introduction of all the main quantitative and qualitative data.
Drawings and description of the site, schemes of transverse coast profiles are recorded in field logs in
detail, preliminary granulometric composition is described, photo-fixing of benchmarks, profiles, coastal
zone, infrastructure facilities of the shores, etc. is carried out.

Results and discussion. The interpretation and comparison of the results of the processing of satellite
images allowed determining the monitoring sites at the regional scale for carrying out field studies in
accordance with the developed criteria (figure 1) [19].

Figure 1 — Alakol Lake,
A — south-western abrasion shore (Koktuma village),
B — eastern abrasion shore (recreational zone
of Kabanbai village) [12]
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South-western shore (Koktuma village). The leveled section of the south-western coastal zone of
Alakol Lake stretches from the Zhamanty river delta and its turning to the east (the length of 14 km). The
development of the shore is conditioned by abrasion-accumulative processes. The land is a train of debris
cones, formed by rivers and temporary channels, flowing down Zhetysu Alatau. The space from the lake
to the mountains is occupied by a foothill gently-sloping, debris-stony plain with elevation marks of 600-
700 m at the mountains, and 350 m at the lake. In other words, the shore is composed of proluvial-alluvial
sediments of Quaternary age [20].

According to Ye.A. Kazanskaya, a cliff with a height of 5-6 m, accompanied by a narrow pebbly
beach with a width of up to 10 m stretched to the north and south of the Koktuma village in 1961-1964.
Nowadays, the width of the beach remains unchanged, while the height of the cliff in the mentioned places
reaches more than 9 m.

The cliff is the natural boundary of the residential area of the Koktuma village. Six monitoring sites
were established within the coastal cliff near the Koktuma village in 2013-2014. Repeated instrumental
measurements were carried out in November 2014 and 2016. The results of observations of the dynamics
of the reformation of the cliff in the active zone were from 3 to 9.9 m over a three-year period. It should be
noted that there is uneven shoreline erosion at the monitoring sites. However, there is a steady movement
of the edge of the cliff toward the land according to all the benchmarks.

The monitoring site Ne 4 (figure 2) was founded in 2013. Two main benchmarks were installed at it,
and geographic coordinates from two concrete supports were taken as additional benchmarks. According
to the 1st and 2nd benchmarks, the dynamics of the retreat of the edge of the cliff toward the land is 9.4 m
for three and a half years. At the 7th benchmark, located in the southern part of the monitoring site, the
three-year values amounted to 9.9 meters. Residential buildings and infrastructure facilities are located in
50-60 meters from the coastal cliff. Local residents state the fact of the annual approaching of the coastal
cliff to their houses. The asphalt road is cut off by the cliff in the south direction. The analysis of the
obtained results showed an increase in the rate of shoreline erosion at the reference site from north to
south.

Two main benchmarks were installed at the monitoring site Ne 5 in 2014 (figure 3). According to the
Ist and 2nd benchmarks, the distance to the edge of the cliff at the time of the laying was 43 and 25 me-
ters, respectively. When carrying out repeated observations in 2016, anthropogenic disturbance of the
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Figure 2 — Data of the monitoring site Ne 4, Koktuma village, Almaty region
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Figure 3 — Data of the monitoring site Ne 5, Koktuma village, Almaty region

coastal cliff was revealed opposite the buildings of the recreation center. The underlying soil with a
volume of more than 1000 m” was removed from the surface of the cliff to the beach with the help of
heavy equipment. The dimensions of the disturbed coastal area were the following: width - 25-30 meters,
length - 20 meters, depth - up to 8-9 meters at the beach bottom.

Therefore, the data for the first benchmark were not measured, and the dynamics for the second
benchmark was 3 meters in 2 years. The corners of this section were tied to the coordinate system for
further monitoring. It is assumed that this technogenic effect pursued 2 objectives. The first was to reduce
or exclude the dynamics of shoreline erosion in order to keep the summer recreation centers from
destruction, and the second was to make the access to the beach arca of the shore convenient. Further
development of shoreline erosion will be clarified with regular field studies.

The monitoring site Ne 3 was laid in 2013 (figure 4). The reference site is located in the central part of
the coastline of the settlement. Four benchmarks were set along the profile at a distance of an average
length of 33 meters from the edge of the cliff. The territory is an undeveloped open area. Dynamics of
displacement of the edge of the cliff for three and a half years at the 1st benchmark was 6.7 m, at the 2nd
benchmark - 7 m, at the 3rd benchmark - 4.1 m, at the 4th benchmark - 4.8 m. The average rate of the
retreat of the abrasion cliff was equal to 1-2 meters per year. Samples were taken from the steep wall of
the coastal cliff for physicochemical analysis. The granulometric composition of the main strata of the
coastal cliff and their thickness were determined visually.

Eastern shore (Kabanbai village). According to Ye.A. Kazanskaya, the site under study is gradually
rising to the south of the base of the Zharbulak spit (the cape to the north of the recreational zone of the
Kabanbai village), a low loamy cliff appears, relative height of which opposite to the Kabanbai village
reaches 5 meters. In the outcrops of the cliff, there are clay loams and thin-sandy clays, buried soils,
indicating that the shore has repeatedly experienced a transgression of the water body. The cliff of the
coast is prone to intensive abrasion, various forms of destruction of the shore - erosion niches, columnar
remains, etc. can be observed here. A narrow pebble beach stretches as an almost continuous strip along
the shore. Its height is up to 1 m, the average width is up to 7 m, the prevailing sizes of pebbles are 1-4 cm,
less often - up to 7-10 cm. In some places, the beach strip is still flooded with water, which is washing the
bottom of the cliff [20].
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Monitoring site No. 3 Koktuma village
Date of the survey: 28.05,2013;10.11,2016
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Geological section of the coastal cliff near the Koktuma village
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Figure 4 — Scheme of the monitoring site Ne 3, Koktuma village, Almaty region

Monitoring sites were organized on the abrasion shore in the western part of the recreation area of the
Kabanbai village. In 2013, two sites were laid and the first instrumental survey of the shore profile along
the line gauges was carried out. The nearness of recreational and infrastructure facilities to the active zone
of shore reformation was a criterion for the selection of reference sites, taking into account the coast-
protecting engineering structures on the abrasion shore. The site under study is located three kilometers to
the west of the Kabanbai village. In recent years, the territory of the summer recreational center has
increased in area. Capital construction of summer holiday homes and infrastructure facilities is carried out
both along the shore in the southern and northern directions, and deep into the land. These lands need
additional backfilling of soil, since salinization of soil is observed everywhere due to the close occurrence
of groundwater to the surface.
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Figure 5 — Scheme of the monitoring site Ne 1, recreational center of the Kabanbai village, East Kazakhstan region

Four benchmarks were installed along the profile at the monitoring site Ne 1 in 2013 (figure 5). The
group had no data on the current dynamics of erosion of this shoreline when choosing a profile at a
distance of 5 to 17 meters from the edge of the cliff. The abovementioned short distances turned to be
unacceptable for the laying of reference sites and conducting monitoring. It was recorded that a bench was
developed on the place of the profile along three benchmarks during repeated instrumental measurements
in 2014. The coastal cliff was destroyed together with the benchmarks. Only one benchmark No 1 was
preserved. Thus, the dynamics of the retreat of the edge of the coastal cliff amounted to 12.8 m for the
benchmark Ne 1, more than 10 m for the 2nd benchmark, more than 6 m for the 3rd benchmark, more than
14 m for the 4th benchmark for three and a half years. The data for the last three benchmarks are appro-

ximate.
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In 2016, during the reconnaissance of the territory adjacent to the reference point Ne 1, the relevant
stationary objects were identified as new line gauges. Binding of three benchmarks was carried out using a
satellite navigation device, two of them were the foundations of buildings, and the third line gauge was
the base of the water-pumping station. Instrumental measurements of the distance from the benchmark to
the edge of the cliff were carried out. Samples were taken from the steep coastal cliff for physicochemical
analysis. The granulometric composition of the main strata of the coastal cliff and their thickness were
determined visually.

According to the data of field observations, the south-west wind “Saikan” and the spring eroding of
the shores by surface ice actively participate in the marginal erosion. Disburdening water points were
recorded, they were found in the coastal zone of the lake as a result of the retreat of the shores.

Field observations made it possible to assume than one of the reasons for the active dynamics of
shoreling erosion is the disturbance of the longshore transport of sedimentary rocks due to anthropogenic
engineering and technical activities in the coastal zone of the lake. In 2009, a transversal breakwater with
a length of 168 meters was built on the site to protect the coastal cliff from the destructive effects of waves

Manitoring site No. 2 recreation area of the Kabanbai village,
East Kazakhstan region, Aigerim Recreation Center
Date of the survey: 26.05,2013;10.11,2016
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Figure 6 — Scheme of monitoring site Ne 2, recreational center of the Kabanbai village, East Kazakhstan region
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[21]. The analyses of field observations and satellite images revealed the accumulation, growth of the
beach zone, composed of pebbles and sand on the territory located to the south of the breakwater. On the
contrary, on the shore to the north of the breakwater, the dynamics of the shoreline erosion has intensified,
and there is an active displacement of the cliff towards the land. According to the studies of Jeffrey H.
List, one of the causes of shore erosion is the disturbance of the longshore transport of sedimentary
deposits in the littoral zone. There is a disturbance in the balance of the arrival, consumption and the volu-
mes of the reserve of sediments within the littoral zone, in which the longshore and transverse transport,
river runoff, anthropogenic interference, and etc. participate [22].

Three benchmarks were installed along the profile on the monitoring site Ne 2 in 2013 (figure 6).
Distances from the edge of the cliff to the benchmarks were from 3.5 to 7 meters. There is a metal fence of
the private rest house parallel to the cliff at the indicated distances. Only two benchmarks along the lines
of the profiles Ne 2 and 3 were kept when carrying out instrumental measurements in 2016, The first
benchmark was destroyed by abrasion. In May 2013, the distance from the benchmark to the edge of the
cliff was 3.68 m. Dynamics of development of shoreline erosion at the reference site Ne 4 was determined
for each benchmark with a perpendicular direction to the cliff. At the 1st benchmark, it is presumably 4 m
for three and half years, at the 2nd benchmark — 4.24 m, at the 3rd benchmark — 3.7 m.

New benchmarks were installed to fix the dynamics of the abrasion process for further field
monitoring of the abrasion process. Three street lamps located on the territory of the summer recreation
center were selected as benchmarks. They are located at a considerable distance from the edge of the cliff
and are oriented along the shoreline. The coordination of new benchmarks, fixing the distances to the edge
of the cliff in the west direction relative to all three lamps, was carried out.

Conclusion. The conducting of monitoring field studies of denudation-abrasion shores was caused by
the need to solve the problems of sustainable recreational development of the coastal territory of Alakol
Lake in order to reduce the threats and negative impact of exogeodynamic processes on valuable
recreational areas, agricultural lands and residential areas. In order to solve the tasks of preserving the
coastal abrasion cliff and increasing the recreational potential of Alakol Lake, the research group adapted
the field method for monitoring the transformation of the relief of the shores. The method was tested in
field studies. The experience of monitoring field works showed the need to install benchmarks along the
profile at the distance of at least 20 m from the edge of the cliff.

The results of field studies showed a high rate of reformation of the abrasion cliff of the south-
western and castern shores. Areas with the dynamics of more than 3-4 meters per year were revealed.
Uneven relief formation is observed in the coastal zone with functioning engineering shore protection
structures, for example, accumulation occurs on one side of the breakwater, and there is an active denu-
dation on the other side. Additional desktop and field studies are necessary for studying and understanding
the current circumstances.

Abrasion refers to the processes that require careful study of its conditioning prerequisites, moni-
toring the state of the shoreline and conducting shore protection works in places where this process is
particularly pronounced. The main attention should be paid to the abrasion development of the lake
terrace, cliff, wave-cut notch and the relevant re-deposition of rocks of the coastal zone [19]. The obtained
results of the field studies will contribute to a deep understanding of the processes of shore formation of
internal lakes, arid zones, the accumulation of quantitative data, as well as the development of effective
methods of shore protection and management of coastal territories.

Funding. project Ne AP05134437 “Monitoring studies of unfavorable exogeodynamic processes in
the coastal zone of Alakol Lake — the territory of intensive recreational development™ under the agreement
Nel120 dated March 5, 2018
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AJIAKOJI KO X KATAJIAYBIHIAYBI ABPA3HS JAMYBIHBIH
JAJIAJIBIK 3EPTTEYJEP BOUBIHIIIA MOJIMETTEPI

Annortanusi. COHFBI XbUTAAPB AJIAKEN KOl TYPU3M >KOHE JEMAIIBIC OPTAIBFbIHA AHHAIBI, HHPPAKYPHLUIBIM
KCHIHCH JAMBIABI, KAFAJIAYIAFEl ayJaHAApPAA aWKBIH TCXHOTCHII AHTPOMOTCHIIK JKykTeMe maiina 0onasl. COHBIMCH
Oipre, TAOWFH-AHTPOTIOTCHIIK KAFIAHIAPIBIH TYPAKCHI3ABIFBI OCCPIHCH KAFANAYIBIH KAJBINTACYHI 0ipa3 e3repicke
yureIpan, Oy uH(PAKYPHUTBIM HBICAHAAPHIH KHUPAIl YKOWBIIYBIHA, XKEP TENIMACPIHIH A3aF0bIHA KOHEC MATCPHAIIBIK
IOBIFBIHIAPIBIH YIFAYBIHA OKCIIT COKTHIPABRL. FRIIbIMu CHOCKTSPIH MOMYBI €y SKBUT OYPBIH JKYPTi3LITCH 3epTTCY -
nep ekeHi aHbIKTamael. Con ceOenTi, 3aMaHAYH ©IIICMIi-HHCTPYMCHTAIBIR ACTIANITAP KaHA OaKbLIAy, Kagaraniay
ATaHZAPBIHAH AIBIHFAH MOJIMETTEPAl OHACY MaHbI3ABI penre me. JKaramayablH KaJbITACYbIH cCapanTaMma »Kyprizy
HAKTHI TAPAMCTPIICPIl ANYIbIH THIMIL OMICTCPIH AHBIKTAY TYCIHYT¢ MYMKIHOIK Ocpai. JlamamsIk 3epTTeyniep »Kyp-
ri3iareH TemiMaepae OCITUICHTCH FAPBIIITHIK TYCIPUTIMACP Il MaiaaIaHy 12 aHMAKTHIK TOCIIIepai Komany. Jamamsik
FBUIBIMH 3€PTTEYJICPIHAC CLITEME HYKTEICPIHEH apaKAMIBIKTHIKTHI ACHANTHIK OMINCY d7ici MaHAaTaHbIIABL. 3 JKbII-
JIBIK KC3CH OOMBIHINA AJIAKeIT KOITHIH IIBIFBIC KOHEC OHTYCTIK-0aThIC jKaranay OeNIKTCPiHIH OHACITCH KAFANIAY 63T¢e-
picTepiHiH HOTIKEACPl aHBIKTANABL. OHTYCTIK-0ATHIC KarajayblHaa 6 Oakpuiay ajxaHAApel OpHATHUIABL bemcewmi
JKYPreH O6NIKTEeri eHICITCH KaFranay ’KapKaOaKTapbIHBIH ©3TCpPICH TMHAMHUKACHIH OAKbLIAy HOTIDKENCpl VI JKbII-
JBIK KC3CHHCH 3-T¢H 9,9 M-Te neHin e3repai. 5-6 merpacH (1964) 9 metpre AciiiH skaranay AaFbl AKAPTACTHIH OHIKTi-
TiHIH 63repyi anbIKTanasl. LIIbFeIC skaranaybiHaa 2 OaKpLIay anaHbl YHBIMIACTHIPBLTABL 3 SKBIIIBIK KE3CH OOHBIHIIA
JKaFajay IbIH OCICCHII OHACTIN o3repicke yimsiparad Oemiriaae 3,7-acH 14 M-re acHin sxetti. OChl amaH OOHBIHIIA
JKaFayiayAarbl TIOTiHl >KbIHBICTBIAPBIHBIH Karanay OOWBIMEH IMAWBLIGIT Oy3bUTybl 168 METpIiK KYWBIIFaH CyIbIH
aOpa3usHBIH YIFANBII 63TePICKE YIIBIPAY BIH KAKCAPTATHIH Olnyre 00Iab!.

Tyiiin ce3aep: JamanbIK 3CPTICYJCp, JKaFramaydsl eHACYAl OakpLIay, skKarajay sKapsl, adpasus, skep Ocaepi
KAJIBINTACYBIHBIH ©3TCPiCi.
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PA3BUTHE ABPASHOHHBIX BEPEI'OB O3EPA AJIAKOJIb
MO MATEPHAJAM ITOJIEBBIX HCCJIEJOBAHUU

Annoramust. B mocnenume roapl 03epo ANAKONh CTAHOBHTHCA LECHTPOM OTABIXA M TYPH3MA, PAa3BHBACTCS
uH(pACTPYKTYypa, C BBIPAKCHHOH TEXHOTCHHOW HArpy3koW Ha Oeperoeiec Teppuropuu. [Ipm 31OM oOOCTpsieTcs
xapakrep Oeperoodpa3oBaHus MO BO3ACHCTBIHEM HECTAOMIBHOCTH TPHPOIHO-AHTPOIIOTCHHBIX YCIOBHH, UTO IIPHBO-
JUT K Pa3pyLICHHIO MH(PPACTPYKTYPHBIX OOBEKTOB, MOTEPE 3eMEIbHOTO (POHIA, MaTepuanbHOMYy yinepOy. O030p
HAyYHBIX PAadOT BBLIBIII IATHACCATHICTHIOI JABHOCTH MCCICAOBAHWN IPOBOAMMBIX paHee. I1o3ToMy moyucHHME
HOBBIX MOHHTOPHHTOBBIX JAHHBIX C MCIOJb30BAHHEM COBPEMEHHBIX MHCTPYMEHTAIBHO-H3MEPHTEIBHBIX IPHOOPOB
SBIBIETCSL aKkTyanbHbIM. OnpexneneHne 3()(EKTUBHBIX METOIOB I MONYUCHHS TOUYHBIX NAPAMETPOB ITO3BOJIHIIO
TIOHATH W IPOAHATH3HPOBATH Oeperoo0pazoBaHue. PETHOHATBHBIM MOAX0A0M C IPUMECHEHHEM KOCMOCHHMKOB OBLIH
BBIJICIICHBI YYACTKH IS ITPOBCACHHUS IOJEBBIX HCCICAOBAHUMN. B IMONEBBIX MCCIETOBAHUAX HCIIOIB30BAJICS METON
HWHCTPYMCEHTAJBbHBIX H3MECPCHUH PAcCTOSHHUI OT perepos. B pesyiprare Oblia ompeneicHa THHAMUKA NepepadOTKA
OcperoB 3a TPEX JCTHHH MEPHO HA FOTO-3AIAHOM H BOCTOYHOM Oepery o3epa Amakoms. Ha roro-3amagrom Oepere
OB YCTAHOBICHBI 6 MOHHTOPHHIOBBIX IUTOIIANOK. Pe3ynbrarsl HaOMIOACHUN 3a AMHAMHKOH mepepaboTku Oepe-
TOBOTO YCTyIa B AKTHBHOM 30HE COCTABHIH OT 3 10 9,9 M 3a TPexXJICTHHH Nepuo]. BBIIBICHO H3MEHEHHE BBICOTHI
6eperosoro xmda ot 5-6 Merpos (1964 r.) no 9 merpos. Ha BocTouHOM Oepery ObLIM OPraHU30BAHBI 2 MOHUTOPHH-
TOBBIC ILIOMAKH. JIHHAMAKA IEPEePadOTKH OCPETOBOTO YCTYIIA B AKTHBHOM 30HE COCTaBHIH OT 3,7 10 14 M 3a Tpex-
neTHuH nepuon. Ha maHHOH IIomanke MpearoiaracM HapyIIeHHE BAOJIBOCPErOBOTO MEPEHOCA OCATOYHBIX MOPO.T
168-Mu METPOBBIM BOTHOPE30M, KOTOPBIH YCHIHBACT JMHAMHKY a0pasuH.

Kimodeppie ¢JI0BA: TONICBBIC HCCIICAOBAHUSA, MOHHTOPHHT MEpepadoTKH OCperoB, OCPeToBOl yCTym, adpaswd,
JUHAMHAKA perbe(ooOpa3oBaHusL.
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