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GEOGRAPHICAL INFORMATION SYSTEMS
IN ARCHAEOLOGICAL CARTOGRAPHY
OF SOUTH KAZAKHSTAN

Abstract. The article presents available data on mapping based on archaeological exploration with the
subsequent involvement of modern GIS technologies. Before the start of work on the compilation of archaeological
maps, there was made an analysis of the history of the appearance of similar documents. Research data were taken
from both domestic and neighboring countries. It should be noted that current technologies allow you to create maps
with accurate data and with detailed reference to the terrain, while using all the available data: these are high-quality
space images, radar and GPS data, orthophotomaps with altitude maps. This in turn will give a more detailed
understanding of the functioning of the Karaultobe-type monuments being studied. To compile an archaeological
map, a database was collected consisting of information about Karaultobe and settlement monuments of the Ispijab
historical and cultural district. The main data are the results of exploration and surveys of monuments such as
Karaultobe. The analysis was based on experimental methods in GIS. The basis of the maps is radar and GPS data.
For analysis, the article used the capabilities of ArcGIS - a special geographic information software product. With
the help of special tools, surveys of individual sites and facilities were carried out. The coordinates of each
Karaultobe and the altitude map were used separately for analysis. The points themselves, this is a set of data
obtained using GPS in field research, in particular because of archaeological exploration. The altitude map is high-
resolution radar data (30 meters) available on the US Geological Survey website. Data on the position of the
Karaultobe towers, obtained using GPS, were corrected from satellite images to avoid errors. During the work, a
digital map was created that can be used to display visibility data from monuments and their work in conjunction
with settlement monuments in the region. Objects such as Karaultobe and towns with settlements of the region are
studied during the creation of archaeological maps. The basic Karaultobe were chosen as the studied objects. These
objects have a characteristic trapezoidal shape and large dimensions with a long range of visibility from them.
Settlement structures are chosen based on assumptions about the interaction of towns and settlements with
watchtowers. Maps are created for work that includes displaying study analyses as a database, which allows you to
further supplement and correct all the information collected. The work on creating the map within the project is
aimed at producing a series of maps. This series displays the main map, which displays all objects, as well as
individual more detailed maps of the selected regions and maps with the results of terrain analyses. In the
publication, authors do not use all maps, but individual, dimensioned options, with simplified annotations. In general,
as a result of the creation of a cartographic base on the topic of research, not only maps were prepared, but also a
comparative analysis of Karaultobe. Based on these, an important detail in the analysis is the compilation of a table
with Karaultobe data. Several Karaultobe chains were analyzed and the boundaries of visibility between them were
determined. The results of the analysis are important due to the fact that on the basis of the data obtained it is
possible to reconstruct the missing ones as a result of the destruction of Karaultobe, to reproduce their former height.
It is also possible to determine the way Karaultobe functions not only in terms of visual contact with settlement
monuments, but also as a complex warning system.

Key words: Karaultobe, watchtowers, cartography, GIS, topography, archeology, exploration, landscape.
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Introduction. Drawing up an archaeological map is an important and integral stage in the study of
the examined territory. Usually, mapping of territories and landscapes occurs after large-scale exploration,
during the compilation of sets and inventories. Cartographic studies of archaecological monuments
conducted in the 20th century are currently used in the work of archaeological expeditions and in
individual works. The method of compiling maps previously implied a simplified display of monuments
on the place of relatively modern cities and large rivers. The analysis of limited group monuments was
carried out without involving cartography data. The absence of GIS technologies in the past did not
provide an opportunity to determine the review and visibility of monuments relative to each other. In the
middle and at the end of the 20th century, the result of work in South Kazakhstan (current Turkestan
Region) was the Archaeological Map of Kazakhstan [2] and the Set of Monuments of the South
Kazakhstan Region [3]. After long-standing cartographic studies that poorly affected Karaultobe in the
Turkestan Region, a modern "Map of Karaultobe monuments of the Ispijab district" was compiled as part
of the project "Ispijab Watchtowers" using GIS technologies (Geographical Information Systems) based
on exploration work of 2018-2019 [4, p.175-184].

Earlier, when studying historical topography, researchers of the Turkestan region drew attention to
the structures popularly called "Karaultobe". The term "Karaultobe" is complex. It consists of two parts -
"karaul" and "tobe". The word "karaul" is Turkic in origin and translates as "guard". The word "tobe" is
used in the Kazakh language and means "hill" or "peak". Hence, the name "Karaultobe" is a guard hill.

A study of Karaultobe showed that watchtowers as a phenomenon are characteristic of the Ispijab
historical and cultural district. It is very important that the cities and settlements surrounding Ispijab began
to function and develop during the period of spread of the Otrar-Karatau culture. The towns and
settlements of Martobe, Ulugtobe and Karatobe are located in close proximity to Sayram itself and arise at
the end of the first millennium BC [5, p.70].

At the beginning of the data analysis, a question arose about the nature of the landscape, on the basis
of which the map will be built. In modern territories, it is often possible to find prominent anthropogenic
effects, including historical ones. The type of landscape suitable for the topic we are studying is defense.
The defense landscape in historical times suited all types of fortress structures that had a relief. For
example: shafts and ditches, and in our case, specially built structures in the form of watchtowers. These
are thoroughly constructed high hills dominating the landscape. During the compilation of the map of
objects, local toponyms were used: hydronyms (river names) and oikonyms (city names).

Also, a typological classification was previously carried out. Based on this classification, two types of
Karaultobe were identified - basic and sentinel. The basic Karaultobes are impressive in size. These
structures have a clear trapezoidal shape. Their diameter reaches 130 m, the height ranges from 8 to 18 m.
All these characteristics give the hill excellent visibility on the horizon. Sentinel Karaultobes are small.
The diameter of the base is no more than 50 m, the height does not exceed 5 m. These parameters were
enough to function around certain centers. This is explained by the fact that natural elevations were chosen
for sentinel points [6, p. 21-29].

Before mapping, preparatory work was carried out to compile and complete the database with all the
identified Karaultobe for 2018-2019. In total, 65 watchtowers - Karaultobe and 27 settlements and
fortifications of the Middle Ages entered into the database. Of these Karaultobe, 26 basic facilities were
analyzed. The database also included information on identified settlements located in the foreseeable
vicinity of Karaultobe-type facilities. Each Karaultobe and urbanized object is assigned a number in the
database list (figure 1).

Methods. During the work, maps are created based on landscape analysis using ArcGIS. As a result,
information was obtained confirming some data from archaeological exploration. Similar works with the
analysis of the visibility of such objects were previously published, among them it is worth noting the
work on the use of GIS in the study of Alan fortifications [7, p.65-72]. There is also similar work on the
results of the analysis of the Kislovodskaya basin, where the author describes in more detail the method of
using GIS for visibility analysis [8]. For the analysis prepared as part of the Karaultobe monument study
project, the ArcGIS capabilities were used, in particular, using the View shed tool. The coordinates of
each "tower" and the elevation map were used separately for analysis. The points themselves are a set of
data obtained using GPS during archaeological exploration. And the elevation map is SRTM (Shuttle
Radar Topography Mission) data available on the website of the US Geological Survey [9].
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m Basic type A
Figure 1 — Archaeological map of Karaultobe-type monuments of Ispijab district

Data on the position of Karaultobe obtained using GPS were corrected by satellite imagery to avoid
errors. However, the elevation from the available coordinates was not used at all. This is because SRTM
altitude data, although accurate, can go against GPS data due to minor errors in both sources and the
30-meter SRTM grid. At the same time, the results of the analysis may be affected by SRTM inaccuracies
in areas of increased vegetation, as well as metal and concrete structures, buildings of various
configurations in areas of development [10]. As part of the analysis, the modern height of the structures
was not taken into account. The absence of data on the initial size of the structures does not allow the
correct analysis of the visual connection of Karaultobe itself and settlement structures (with the exception
of individual trial analyses, which are also considered in this article). The results of the analysis showed
visibility not from Karaultobe themselves, but the surfaces of the places next to them. This was enough for
a reliable analysis of the visibility of objects.

The very height of the Karaultobe structures cannot be noted without detailed field archaeological
surveys of each object, which to some extent would give reliable data regarding their height. In this case,
the results of the analysis are most important due to the fact that it is possible to try to reconstruct the
strategy or plan for choosing places for building "towers" around certain towns and settlements, creating a
complex of a Karaultobe-type structure in a certain district.

At the moment, a lot of data has been obtained confirming various assumptions or revealing new
details of the choice of places for construction earlier identified objects. In the process of analysis, it
became clear the purpose of certain objects that, as previously assumed, were not part of a particular
chain. This implies not only their strategic purpose, but also their chronological connection. The results of
the analysis suggested the possible position of unrecognized guard hills when there is no mutual visibility
between the two neighboring Karaultobe.

Basic objects are selected for landscape analysis. These objects are conditionally divided into two
chains: southern and northern. The northern chain covers almost all the basic Karaultobe along the middle
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course of the Arys River. The southern chain covered the basic facilities along the Badam River, which
are concentrated around large settlements, such as Shymkent and Sayram settlements.

m Basic type A Sentineltype g Settlements

Figure 2 — Results of landscape analysis in the ArcGIS environment (Northern chain).
Red shows visibility from different positions of a certain Karaultobe:
1 - Mashat (15); 2 - Karabulak (14); 3 - Akkoyly-1 (1); 4 - Chubarovka-2 (17);
5 - Chubarovka-1 (16); 6 - Koltogan (19); 7 - Akdala (20); 8 - Darmino (21)
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Main part. The results of the analysis discussed in this article are reflected in mini-maps in the form
of compressed material, where each one shows a certain Karaultobe and its visibility from different
positions (the visibility on the maps is shown in red). The object itself is highlighted by a circle. The site
where Karaultobe Mashat (No.15) was erected, according to the results of the analysis, was visible from
neighboring basic objects, between which a stipple line is drawn. These are the facilities of Karabulak
(No.14) and Akkoyly (No.1) Karaultobes. These watchtowers are located almost at the same height, which
was supposed to create visibility between them. However, there are questions regarding their distance and
visibility under different weather conditions (table). Here the results of the analysis show that object
No.15, like object No.14, was visible from the sentinel "towers" (figure 2, 1-2). The results obtained
during the analysis confirm the conclusions made during archaeological exploration. Sentinel Karaultobes,
either on the sidelines or along the chain, served as an intermediate signal point.

Karaultobe location table

Northern chain

Distance o the next mo\rzlilsri:;fltfzg?ils ttk;ﬁ)lneezf)es Higher than

Ne Name of a monument exncll?l Izllilrze\l:its(ilbnilliltl;tj;scier not consider the height of the the previous

different weather conditions) structure, .bl.lt the surface monument

where it is located)
15 Mashat Karaultobe 6250 yes -
14 Karabulak Karaultobe 18943 no no
1 Akkoyly-1 Karaultobe 13230 yes no
17 Chubarovka-2 Karaultobe 7219 yes no
16 Chubarovka-1 Karaultobe 10989 yes yes
19 Koltogan Karaultobe 19406 yes yes
20 Akdala Karaultobe 14361 no no
21 Darmino Karaultobe - - no
Southern chain

39 Sayram-1 Karaultobe 8317 yes -
42 Karatas-2 Karaultobe 2554 yes yes
41 Karatas-1 Karaultobe 4437 no no
47 Badam-3 Karaultobe 8585 yes no
46 Badam-2 Karaultobe 6511 yes no
45 Badam-1 Karaultobe 9719 yes no
26 Shymkent Karaultobe - no

The basic Akkoyly Karaultobe (No.1) was poorly viewed from the neighboring object No.17 -
Chubarovka-2 Karaultobe. During a visual inspection during archaeological exploration, elevation No.1
was viewed from five objects of the Karaultobe sentinels, which was confirmed by the analysis (figure 2, 3).
Here it should be noted that the analysis shows a potential place for the location of the base or sentinel
signal point between facilities No.1 and No.17 along the left bank of the Arys River. An analysis of the
landscape with the help of ArcGIS indicates a strategically profitable area for the construction of a
watchtower.

In the next case, the situation changes and it turns out that the potential place for Karaultobe, which
would see object No.1, no longer sees object No.17 (figure 2, 4). An additional analysis of the terrain
landscape was also carried out, while visibility from the nearest settlements was checked. Early medieval
monuments Kultobe and Kostobe-1 are located on the left bank of Arys. From Kultobe and Kostobe-1,
5 km to the east, the aforementioned Karaultobe Akkoyly-1 is located. This Karaultobe is basic in purpose
and has a large size, predominates on the ground. Akkoyly-1 Karaultobe is located on the steep slope,
which allows you to control movements along the valley to the north by dozens of kilometers.
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Figure 3 — Results of landscape analysis in the ArcGIS environment (Southern chain).
In red, visibility from different positions of a certain Karaultobe is shown:
1 - Sayram-1 (39); 2 - Karatas-2 (42); 3 - Karatas-1 (41); 4 - Badam-3 (47);
5 - Badam-2 (46); 6 - Badam-1 (45); 7 - Shymkent (26)

The basic facilities of Chubarovka-1 Karaultobe (No.16) and Koltogan (No.19) (figure 4), being in a
rather flat and high terrain, were a strategic place where such object could be located, since from this point
appears rather good view of the adjacent territory. Judging by the analysis, object No.16 was viewed from
almost all positions where the neighboring Karaultobes were located (figure 2, 5-6). This is confirmed
visually, that is, these two objects dominate the terrain, and they are higher than neighboring basic objects
(table 1).

Following the data received, it becomes clear that at the Chubarovskoe town, which had a fortified
structure, as well as at the Chubarovskoe settlement on the left bank of the Arys River, at the confluence
of the small Shubarsu River, there was a direct connection with the basic Karaultobe in the oasis.
4 km south of the Chubarovskoe town and 5 km south of the Chubarovskoe settlement is the

— 326 ——



ISSN 1991-3494 4.2020

aforementioned basic Chubarovka-1 Karaultobe. In the Middle Ages, from Chubarovka-1 Karaultobe,
significant territories around it were visible for several kilometers, primarily approaches to the town and
settlement in the valley were controlled. Also, from Chubarovka-1 Karaultobe, Koltogan Karaultobe,
which is located 11 km to the west, is very clearly visible.

LR e ?

o e

P

Figure 4 — Basic "watchtower" - Koltogan Karaultobe

The following objects in the northern chain are Akdala Karaultobe (No.20) and Darmino (No.21).
According to the landscape analysis, object No.21 does not have a view towards the previous object, also
from object No.20 there is no visibility relative to object No.21. Based on this, a test analysis (the results
of which can be considered conditional) was carried out to obtain additional data, at which the estimated
height of the structures themselves was added to the points under investigation. To avoid maximum
inaccuracy, the data added for the height analysis were taken from the preserved ruins of the "towers"
themselves. Based on the fact that the preserved ruins of object No.20 are about 9 m, and the ruins of
object No.21 are 12 m, the mutual visibility of the listed erected "towers" is not questioned. However, the
strategy and method for choosing the locations of these "towers" are not entirely clear, and only
assumptions can be made about their purpose.

Akdala Karaultobe is located on the left bank of the Arys River, 7 km west of the settlement of
Karaspantobe. The main function of Akdala Karaultobe, apparently, was to protect and prevent the fertile
valleys of the right bank of the Arys River, up to the bend of the channel in the southern part. In early
medieval and medieval times, a number of settlement monuments were located here, but the settlement of
Karaspantobe, one of the urban centers of the region, stands out most of all here. A very large part of the
oasis around the settlement of Karaspantobe in the Middle Ages was surrounded by a long wall and was
protected on the south side, but from the north and north-west beyond Arys there were large areas of
grazing land that needed protection. 15 km west of Akdala Karaultobe, on the left bank of the Arys River
is the aforementioned Darmino Karaultobe. This monument is also basic. Darmino Karaultobe, apparently,
served as one of the connecting points between large districts.

Returning to the results of the main analysis along the southern chain, Sayram-1 Karaultobe (No.39),
located along the high terrace, was chosen as the first object. The result of the landscape analysis shows
that this object was well viewed from the south side, where such objects as Karatas-1 Karaultobe (No.41)
and Karatas-2 (No.42) were located, in addition, the visibility area of object No.39 stretches northwest of
these objects (figure 3, 1). Note that the sentinel Karaultobe, located north of object No.39, is the Kyzylsu
Karaultobe complex. These sentinel Karaultobes stretched along the neighboring ridge with a ravine area
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north of them, and from the base Sayram-1 Karaultobe clearly saw and controlled the valley and signals
from the Kyzylsu complex. This is also confirmed by the results of archaeological exploration.

The second illustration shows that object No.42 was located at an elevation higher than the previous
one (table 1) and was visible from object No0.39 and from the very settlement of Sayram (S22) (figure 3, 2).
The situation is the same with the next object No.41, because the two objects are located close to each
other (figure 2, 3).

The next object of this chain was located southwest across the Badam River, along its right channel -
Badam-3 Karaultobe (No0.47). This position was viewed both from the previous object No.41 and from the
next object - Badam-2 Karaultobe (No.46). The latter, in turn, was well viewed from the settlement of
Karatobe (S9), which is located north of it, and even from the very settlement of Sayram (figure 3, 4-5).

A similar situation is observed in the settlement of Shymkent (S23), from where there was a good
view towards Badam-1 Karaultobe (No.45) (figure 3, 6). The result of an analysis of the landscape of this
area shows that during the construction of such structures the strategic elevations were chosen, where the
watchtowers were located. Thus, good visibility of the entire district through the Karaultobe complex was
created.

The last object in the southern chain is Shymkent Karaultobe (No.26), located north of the Shymkent
settlement. As the result of the analysis shows, this object was in line of sight from the position of object
No.45, despite the relatively long distance. From the settlement itself, there was also a view into the
lowland and towards Shymkent Karaultobe on the crest of the elevation. These data were obtained only
from the analysis of the landscape, since visually this was difficult to determine due to the dense
population of the territory of the modern city.

Conclusion. Analysis of the terrain of the landscape during cartographic research and exploration
made it possible to obtain new data on the visibility of Karaultobes relative to each other and settlement
monuments. During the study of cartography, excavation and exploration data, an assumption is made on
the chronology of the construction of the basic "watchtowers" - Karaultobe. Undoubtedly, there is a
certain system of interaction between basic facilities and settlements in several areas. The basic
Karaultobe was used for a long time, judging by the monuments already studied, until the late Middle
Ages. Initially, they were erected on high floodplain terraces, near early medieval settlements and
fortifications. Judging by the ceramics identified from Shymkent and Ordabasy Karaultobes, it dates from
the 1-4 centuries AD [1, p.174-175; 6, p.23].

From almost every basic Karaultobe, the following similar monument is visible. Karaultobe, being
near the monuments and along important routes, was given information about the approaching enemy in
time. The result in compiling the map was the appearance of characteristics that allow remotely using GIS
technologies to determine the visibility from one Karaultobe of another similar monument. These data are
also supported by exploration data, but only through mapping, it became clear how certain Karaultobe
operated in the general warning system in their area of location. In the future, more detailed archaeological
research, along with analytics, will be able to clarify the principles and conditions for the construction of
Karaultobes, studied in the framework of the "Ispijab Watchtowers" Project.

The works were carried out according to the project No. AP05133957 “Watchtowers” of Ispidzhab”.

b. A. baiitanaeB, M. A. AHTOHOB, A. A. Epremaes, A. X. [llasxmeToB
WuctutyT apxeonornu uM. A. X. Maprynana, Anmarsl, Kazaxcran

TFEOI'PA®OUYECKUE NTHOOPMALIMOHHBIE CUCTEMBI
B APXEOJIOTMYECKOM KAPTOTPA®HH IOKHOI'O KA3AXCTAHA

AnHoTanus. B craThe mpeicTaBICHB MMEIOUIMECS TAHHBIC 10 COCTABJICHUIO KapT HAa OCHOBE apXCOJIOTH-
YECKHX Pa3BelOK C TOCIEAYyIoUM TpuBiedeHreM coBpeMeHHBIX [WC-texnonoruii. [epen Havanom pabot mo
COCTaBJICHUIO apXEOJOTHYECKUX KapT OBUI CIICNIaH aHAIN3 UCTOPHUH IOSBICHUS MOXO0KUX TOKYMEHTOB. BBUTH B3SITHI
JIAHHBIE UCCJICJIOBAaHUN KaK OTEYECTBEHHbBIC, TaK W3 ONIMKHEro 3apyOexbs. CleqyeT OTMETHTh, YTO HBIHEIIHHE
TEXHOJIOTHUH TIO3BOJISIFOT CO3/1aBaTh KAPThI C TOUHBIMH JIAHHBIMHU U C JICTAILHON MPUBSI3KONW K MECTHOCTH, IIPH 3TOM
UCIIOJIB3Ysl BCE MMEIOIUECS TaHHBIC: 9TO BBHICOKOKAYECTBEHHBIC KOCMHUYECKHE CHHUMKH, NaHHbie pagapoB u GPS,
opTo(oTOIUIaHBI ¢ KapTaMH BBICOT. DTO B CBOIO OYepenb JacT Ooiee JeTalbHOe NOHUMaHKE O (PYHKIIMOHHMPOBAHUHT
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M3yYaeMbIX MaMATHUKOB THIa KapaymnroOe. [l cocTaBiieHIs apXeoIoTHIECKO KapThl OblTa coOpana 0a3a TaHHBIX,
cocrosimas u3 nHpopMmanuu o Kapayntobe u moceneHUECKUX MaMATHHKAaX VICIHIKaOCKOTO HCTOPUKO-KYIETYPHOTO
okpyra. OCHOBHBIE JaHHBIC — PE3YJIBTATHl pa3BeAOK M 00ciIe0BaHNi MaMATHUKOB THa Kapaynrobe. AHanm3 ObLT
MIPOM3BENCH Ha OCHOBE 3KCHepuMeHTaNbHBIX MeToqoB B ' MIC. OcHoBa kapT — 3To maHHble pamapoB U GPS. Jlns
aHallM3a B CTaThe HMCIIOJIB30BAINCH BO3MOXKHOCTH ArcGIS — crenuansHOro reoMH(GOPMAIMOHHOTO MPOrPaMMHOIO
npoaykra. C TOMOIIBIO CIIEUANBHBIX HHCTPYMEHTOB IPOBOAWINCH OOCIEHOBAaHHMA OTHCIBHBIX YYaCTKOB U
o0bekToB. Koopaunarel kaxnoro KapaynroGe 1 kapTa BEICOT UCIIOJIB30BAINCH VIS aHalk3a oTaebHo. CaMu TOUKH
— 9TO Ha60p JaHHbIX, MOJYUYCHHBIX C IMOMOIIbBIO GPS IIpU IMOJICBBIX HCCJIIEAOBAHHAX, B YACTHOCTH B PE3YJIbTATC
apXxeoJOornyeckux pasBeqok. Kapra BeICOT — 3TO JaHHBIE PagapoB BHICOKOTO paspeuieHus (30 METpoB) JOCTYIHBIE
Ha BeOcaiite ['eonornueckoit ciryx0n1 CIIIA. Jlanabie 0 monoxenuun OameH Kapaynro0e, mOTydYeHHBIE ¢ TIOMOIIBIO
GPS, ObIIM CKOPPEKTHPOBAHBI IO CIlyTHUKOBBIM CHUMKaM BO M30ekaHHe rorpemHocteil. Bo Bpems paboT coznana
Takas nuppoBas KapTa, KOTOpast MOXKET ObITh IPUMEHHMA JJIs1 OTOOpa’KEeHUS JaHHBIX 110 BUJUMOCTH C ITaMSITHUKOB
U UX pPabOTBI B KOMIUIEKCE C TIOCEICHYECKHMH TaMATHUKAMH perHoHa. l3ydaeMble B XOAe CO3IaHUS
apXeoJOrHYecKiX KapT 00beKTHl Thuna Kapaynrode u ropoauia ¢ moceleHusIMI pernoHa. B kadecTBe M3ydaeMBbIX
00BeKTOB OBLTH BRIOpaHBI 0a30BbIe Kapaynrobe. JJaHHbIE 00BEKTH UMEIOT XapaKTepHYIO TPaNeHEeBUIHYIO GOpMY U
KpYIIHBIE pa3Mepbl ¢ OONBIION MaIbHOCTHIO BHIMMOCTH ¢ HHX. IloceneHdueckne CTPYKTypHl BBIOpaHBI UCXOIS H3
MPENOI0KEHNI O B3aMMOJEHCTBHM TOPOIUIN M TOCENEHHH CO CTOpOXKeBbIMH OamHAMH. KapTel co3maHbl mms
paboT, KOTOphIe BKIIIOYAIOT B ce0sl 0TOOpakeHHe aHAIM30B MCCIEIOBAHUS B BUAE 0a3bl JaHHBIX, YTO IO3BOJIAET B
JIANTbHEHILIEM JIOTIONHATh U KOPPEKTHPOBATh BCe coOpaHHble cBejeHus. Cama padoTa 1o COo31aHHI0 KapThl B paMKax
NPOEKTa HallelieHa Ha COCTaBJICHHE CepHM KapT. B aToll cepuu OyayT OoTOOpa)KeHbl OCHOBHAs KapTa, IJe oToOpa-
JKEHBI BCE 00OBEKTBHI, @ TAKXKE OTAEIbHbIE, 00JIee MOAPOOHBIE KapThl BBIICIEHHBIX PETHOHOB U KapThl ¢ pe3ylbTaTaMu
aHaIM30B JaHAmadra MecTHOCTH. B mnyOnmukanmu aBTOpamMH HCIIOJB3YIOTCS HE BCE KapThl, a OTIEIbHBIE,
YMEHBILCHHBIE B pa3Mepax BapHaHTHl, ¢ YIPOIIEHHBIMU aHHOTAIMsAMU. B pesynbrare cozmanust kaprorpaduieckon
0a3sblI M0 TeMe MCCIeIOBaHMs, TOATOTOBICHEI HE TOJIBKO KapThl, HO M CPaBHUTENBHBIN aHanmn3 Kapaynrobe. Mcxons
U3 3TOTO, BYXKHOH JETaNbI0 B TIPOBEIICHIH aHAIN3A SBIISIETCS COCTAaBIICHHE TaONMHUIBI ¢ JaHHBEIMU KapaynroOe. beumi
MPOaHATM3UPOBAHEI HECKONBKO Imemnodek Kapaynrobe u ompeneneHsl TpPaHHWIB BHINMOCTH MEXAY HHAMH.
Pe3ynbraTel aHanm3a SBISAIOTCS BaXHBIMH 10 MPHYUHE TOTO, YTO HA OCHOBAHWH IOJIyYEHHBIX JAHHBIX IOSBISETCS
BO3MOKHOCTh PEKOHCTPYHPOBATh OTCYTCTBYIOIIHE B pe3yibTaTe yHHUTOXeHHs Kapaynrtobe, BOCHIpOHM3BECTH WX
ObuTyr0 BbICOTYy. Takke BO3MOXHO ompejeneHue criocoba ¢yHkipoHupoBanusi Kapaynrobe He TONBKO B ILIaHE
BU3YaJIbHOT'O KOHTAKTa C MOCCJICHYCCKUMU MMaMATHUKaMU, HO U B BUC CJIO’KHOM CHUCTEMBI peaynpexKACHU.

KawueBble cnoBa: Kapaynrode, ctopoxebie Oartau, kaprorpadus, ['MC, Tonorpadus, apxeoyiorusi, pa3Be-
K, JTJaHamadr.

b. A. BaiitanaeB, M. A. AHTOHOB, A. A. Eprembaes, A. X. lllasxmeToB
A. X. Mapryiian aTeIHIAFEl apXeoIoTus HHCTUTYTHI, AnMartsl, Kazakctan

OHTYCTIK KABAKCTAHHBIH APXEOJIOTUAJIBIK KAPTOT'PAOUACBIHIATBI
TEOTI' PA®UAIIBIK AKHAPATTBIK )KYUEJIEP

AHHOTanmusl. Makanana apXxeoJIOTHSUIBIK Oapiiay KYMBICTaphl HETi3IHIC JKOHE 3aMaHayd TI'€0aKIapaTThIK
JKYHenep TEXHOJIOTHSCHIH KaThICTBIPa OTBIPBIT KYPAcTHIPbUIFAH KapTa TYpIHIEri MaryMaTTap YCHIHBUIFaH.
ADXEOJIOTHSJIBIK KapTalapabl KypacThIpy KYMBICTApbIH OacTaFaHFa JEWiH OCBIFaH YKcac Ky)KaTTapislH maiina 6oy
Tapuxbl capanTanipl. JKeprizikTi 3epTTeysep HOTHKECIMEH KOCa, JKaKbIH ILIEeTeNl HOTHXKeNepi Ie KapacTbIPbULIBL
Kasipri TexHonorusuiap Kojiga 06ap MadiMeTTepIi maiaanaHa OTBIPBIN, SIFHU JKOFaphbl camajbl KOCMOC CypeTTepi,
pamapnap meH GPS momimerTepi, OMiKTIK KapTaaapelH OepeTiH opTo(OTOIIaHAap CeKUII XKOFaphl calalibl KapTajiap
aimyra MYMKiHAIK Oepemi. byn e3 keseringe KapaypuireOe TunTec eCKepTKIIITEpIiH KBI3METI MEH KaJbIITACYbI
JKaMITBI TONBIFBIPAK TYCIHIK Oepemi. ApXEOoJOTHsUIBIK KapTaHbl KypacTeIpy OaphickiHAa Mcmmmkad Tapuxu-MoIeHH
aiimarbIHBIH KapaybuireOe jkoHe KOHBIC-MEKEH THITEC eCKEPTKIIUTEpi jKaiiubl MariyMaTTap >KHHAIFAH JEepeKKes3
KaJIBINTACTHIPBUIABL. bacTsl MariiymarTap — Oapray jKoHE 3epTTey >KYMBICTApBIHBIH HOTIKeCI. Tannay >KyMbICTaphl
reoakKnapaTThIK JKYHeIeri SKCIepUMEHTAIIbI dicTeMe Herisinae kyprisinai. Kapramapapiy Herizi — oa pamapiap
mern GPS moamimerrepi. Makanana capanrama ymin ArcGIS cekinai apHaiibl reoakmnapaTThlK OaraapiiamMaibIK
OHIMHIH MYMKIHJIIKTepl maiiianaHbuiabl. ApHaibl Kypajinap apKeUibl 0ejeKk ayMakTap MEH HbICAHAAp 3epTTelli.
Capanramara op0ip KapaybuiTede KOOPAMHATTAPHI MEH OMIKTIK KapTachl jKeKe MaiganaHbuiasl. Hykrenepain e3i —
apXeoNOrHsIIbIK Gaprnay >xymbicTapbl OapbicbiHAa GPS KypbUIFBICHI apKbUIBI JIBIHFAH MOIIMETTEPAIH JKUBIHTBIFL.
Buikrik kapTacel — AKIII-TIH ['eonorusibik KbI3MeTiHIH BeOcaliThiHna Oap xorapsl camaisl (30 MeTp) pamapiaapaby
momiMertepi. GPS KypbUIFBICHI apKbUTbl anbiHFaH KapaybuiTeOeHiH OpHadacybl Kailibl MANIMETTep KaTewikK
KibepMey MakcaThIHa CITyTHUKTI CypeTTep apKbUIbl Ty3eTini. JKympIc OaphIChIHIA ECKEPTKIIITEPAEH KO3 KOpEepIiK
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ayMakK TIeH OJIapblH KOHBIC-MEKCHICPMEH KEIICHI OailylaHbICHIH OeHHEeNeHTIH MUQpIsl KapTa KYpacTHIPBUIIHL
ADpXeOJOrHsIIbIK KapTanaplsl Kypy GapbIChIHAA 3epTTeNreH HplcaHnap — KapaypuireOe THIITEC eCKepTKilTep MeH
OCHl aliMaKTarpl KaJamblK, eIIiMEKeHAep. 3epTTey HBICAHBl PETiHAE HEri3ri KapaypurreOenep TaHmainabl. by
HBICAHAAp O3IHmIK Oip Tpamemus Topismec ImimmMi Oap ipi kesemai Oombin KeireH. EnmiMeKeH KYPBUIBIMIAC
€CKepTKIIITep OCHl Kapaybll MyHapaJapbIMeH OPEKEeTTEeCTiK OO0y MYMKIHIII KapacThIpbLIA OTHIPBHII TaHIAJIBI.
ATanMpll KapTanap OapiblK XKUHAIFAH MOJIMETTEpAl ajJarbl yaKbITTa TOJBIKTBIpYFa JKOHE TY3eTyre MYMKIHIIK
OeperiH aepekke3 peTiHie KypacTbipbliraH. JKoba aschlHIAFrbl KapTa KypacThIpy >XYMBICTapbl, KajIbl OipHele
Kaprajap TONTaMachlH jkacayra OarbITTanFaH. byn Tonrtamana OapiblK HbICAaHIAp SHTI3UIreH 0acThbl KapTa jKoHe Jie
Oesiek aiiMakTap OOWBIHINA EIIKEH-TErXKEIII KapTanap, COJ CHSAKTHI TOHIPEKTIH JaHmadTel OOMbIHIIA Tanaay
JKYMBICTAPBIHBIH HOTHKECI TONTACTBIPbUIFAH KapTanap. Makanaja aBTopiap GapiblK KapTajaapIbl eMec, TeK 0acThl,
KeJleMi KillipeHTiiAreH, Ma3MyHBl JKEHULAETUITeH Kapranapabl mnaipanaHnsl. COHBIMEH, 3€pTTeY TaKbIPHIOBI
OoiipiHIIa KapTorpadusuiblK 0a3za Kypy JKYMBICTAPBIHBIH HOTHXKECIHAE TEK KapTa KYpacThIPBUIBIN KaHa KoWMai,
COHBIMEH Karap KapaybuireOelep CalbICTHIpMalbl TajnaHabl. OCBIIaH IObIFA, TAJAay kacay OapbIChIHAA OacThI
Oexmix peringe KapaypuireOe Kaliibl MONIMETTEp XYMBUINBIPBUIFAH KecTe Ty3y Oonmel. BipHeme kapaysuiTebe-
NepAiH Ti30eKIIeci TaamaHbII, OJapAblH apachIHAAFEl KOpiHy-KepiHOey MYMKIHIIUTIKTepl aHBIKTanAbl. JKyprizinrexn
TaayAblH MaHbBI3BUIBIFbI aJbIHFAH MAJIIMETTEp HETi31HAe OJapIblH XKOMBUIBI KETKEH HYKTEJIepiH PEKOHCTPYKIUS
’Kacail OTBIPBII, OJAPIBIH COJ 3aMaH/arbl OWIKTIriH Ooypkail amybsinaa. Coll CHSKTHI KapaybuiTeOesnep elgiMeKeH-
JIEpMEH Kall FaHa OaiylaHbIC pEeTiHAe eMec, OJap/bl KypIell ecKepTy jKyleci peTiHAe KapacThIpyFa MYMKIHIIUIIK
naiaa 6opl.

Tyiiin ce3mep: Kapaysuirebe, kapaybul MyHapanapbl, KapTorpadus, reoakmaparThiK xyienep, Tonorpadus,
apxeoJsiorus, Gapnay, TaHgmadr.
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