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FINDING THE WALL FOUNDATIONS OF KONYA
ALAADDIN HILL 2ND KILICARSLAN PALACE BY USING
THE GEORADAR (GPR) METHOD. A REVIEW

Alaaddin Hill, which is located in the city center of Konya, Turkey-
Konya Province, has been exposed to intense construction and traffic,
It forms the historical core of Konya. Alaaddin Hill is a mound that
yields finds from the Bronze Age (450-2000 BC). Tepe is the inner castle
settlement of the Anatolian Seljuk State and is one of the important natural
and archaeological sites located in the center of Konya City today. The
mound contains all the settlement levels from the Bronze Age to the end of
the Ottoman Period. As a result of the archaeological excavations carried
out in 1941, important findings were revealed in the mound. Alaaddin Hill
Natural and Archaeological Site, Alaaddin Mosque-i, Il Kilicarslan Tomb
and Il Kiligarslan Mansion symbolize the inner castle of Medieval Konya.

The 2nd Kiligarslan Mansion archaeological excavation was carried
out with the support of Konya Metropolitan Municipality. As a result of the
archaeological excavations on the mound on which the mansion sits, the
wall extending in the east-west direction and surrounding the palace ruins
was revealed to the west of the mansion.

Archeogeophysical studies were carried out in order to fully reveal
the wall surrounding the palace ruins, on the east of the 2nd Kilicarslan
Palace on Alaaddin Hill, the state of the western facade of the mansion,
the continuation of the inner wall ruins passing in front of the mansion,
to the east, and to clarify the integrity of the mansion and the Seljuk
palace. Archeogeophysical studies were carried out in order to clarify the
integrity of the mansion and the Seljuk palace. With the interpretation of the
georadar (GPR) method used in archaeogeophysical studies, the anomalies
of the inner city wall remains, which give regular geometric forms, were
visualized in two and three dimensions.

Keywords: Konya, Alaaddin Hill, 2nd Kilicarslan Palace,
Archeogeophysics, GPR.
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Introduction

Konya is located in the south of the Central Anatolia Region, between 36°41°
and 39°16’ north latitudes and 31°14” and 34°26’ east longitudes (Figure 1). Most
of the provincial lands are on the high plains of Central Anatolia. The area of
the province, which has the largest surface area in Tiirkiye (excluding lakes), is
38.873 km? and its average height from sea level is 1.016 m.

Figure 1 — Location Map of Alaaddin Hill, Selcuk District, Konya Province

There are Haymana Plateau in the north of the province, Cihanbeyli Plateau
and Salt Lake in the northeast, Beysehir Lake and Aksehir Lake in the west, Sultan
Mountains in the south, volcanic mountains formed along a fault line in front of
the inner slopes of the Taurus arc between the south of Karaman province, and
the Obruk plateau in the east.

Plains and plateaus cover a very large area within the provincial borders. The
elevations are generally gathered in the south of the province. Plains are separated
from each other by plateaus. Plateaus are not deeply divided by streams. In the
northern part of the province, there are Bozdaglar extending in the east—west
direction and hills in places. The highest of these hills is Karadag Tepe (1919
m). There are passes between these hills. The mountain ranges in the west of
the province extend from north to south. Sultan Mountains (2169), Aladaglar
(2339), Loras (2040), Esenler (1951) are located in the northernmost part of the
province. The southern part of the province is bordered by the Taurus Mountains,
where Geyik (3130), Bolkar (3134), Aydos Mountains (3240) are located. There
are also volcanic mountains such as Karacadag (2025), Erenler Mountain (2319)
and Takkeli Mountain (1400) in the province. Most of Konya’s forests and water
resources are located on the elevations here. In the areas where the limestone—
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containing elevations are located in the south of the province, natural wonders
such as Camlik and Tinaztepe caves have been formed.

There are important mining areas within the provincial borders of Konya.
Aluminum (bauxite) (Seydisehir), magnesite (Meram, Yunak), coal (Ilgin,
Beysehir and Seydisehir), clay (Beysehir, Selcuklu and Ilgin); cement raw
materials (clay, calcite, gypsum, trass, limestone and dolomite); There are
lead—zinc (Hadim (Kizilgeris) and Bozkir (Kiigiiksu)), barite (Bozkir) mines and
significant underground water reserves. In Konya and its surrounding Cumra,
Eregli, Cihanbeyli, Aksehir, Yunak plains, there is ground water between 20—-100
meters and in some places this water becomes artesian.

The Obruk and Cihanbeyli Plateaus of the province consist of wide plains
with an average elevation of 1000 m. On the Obruk Plateau, there are Sinkhole
(collapse of underground limestone melting cavities) such as the Kizdren pothole,
which are approximately 300 m in diameter and 145 m deep, which are karstic
shapes developed on limestone layers. In addition, lakes were formed by the filling
of water in these sinkholes. In the north of the province, there is the Cihanbeyli
Plateau, which consists of limestone units and has a wavy surface that is less
fragmented by rivers.

These plateaus and plains, which are covered with rich steppes in Konya
Province, have attracted the attention of many civilizations for centuries in terms
of livestock and agriculture. Konya and Eregli plains are the largest plains of the
region. Konya province was established at the western end of these plains. Cumra,
Karapinar (recently, Sinkhole occur frequently), Altinekin, Sarayonii, Kadinhani,
Ilgm, Aksehir, Beysehir, Seydisehir, Doganhisar, Yukar1 Sakarya, Yunak and
Akgol plains are also important plains within the borders of the province.

Within the borders of the province, there are mostly seasonal and flood
regime streams fed by snow and rain waters. Due to the large areas of the province
and the closed basin, the streams disappear in the swamps on the plains. Since
the precipitation regime in Konya is irregular, the regime of these rivers is also
irregular. In Konya, the water collection basins of the rivers flow in different
directions. Among these, Gokpinar Stream reaching the Upper Sakarya River and
the Black Sea, Hadim Stream, which is the northern branch of Géksu River, and
the creeks and streams around the upper basin of the Manavgat River are open
basins and carry their waters to the Mediterranean.

The streams originating from the heights around Salt Lake, Cavuscu Lake,
Beysehir Lake, Akgdl on the Eregli Plain, and Hotamig Swamp flow into these
areas in the form of a closed basin. In the center of the closed basin in the south of
the region, lakes do not form in Konya and Eregli plains due to drought, and the
streams that take their source from the elevations here disappear in the plain. The
largest and most important stream in Konya is Carsamba Water. It takes its source
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from the elevations in Bozkir district. It combines with the foot of Beysehir Lake
and forms the Cumra Plain irrigation network. The Apa Dam, which was built on
Carsamba Water, was established both to prevent floods and to irrigate a part of
the Konya Plain. There are many natural lakes and swamps within the borders of
Konya province. Some of them have brackish and salty waters, and some of them
have fresh waters. These lakes also differ from each other in terms of formation.

Salt Lake, where some of Turkey’s salt needs are obtained; Beysehir Lake,
which is an important bird breeding, shelter, feeding and accommodation center in
our country; Sugla and Ilgin (Cavuscu) Lakes, which are important for aquaculture
and irrigation; Eregli Akgol, which has more than 200 bird species living in its
reeds; mostly swampy Yunak Akgol; These lakes form important lakes and
wetlands within the borders of the province.

In addition, in the karstic fields of Konya province, very small lakes were
formed when the sinkholes, which are karstic shapes, were filled with water.
These are: Kizoren pothole, Timras sinkhole, Obruk lake, Cirali lake and Meyil
lake. While some of the obruk lakes are used for irrigation purposes, some of the
obruk lakes are also of touristic value. Lakes have also been formed by volcanic
events. Circular bowls were formed around the volcanic cones by the effect of
volcanism. Small maar lakes were formed by the filling of these bowls with water.
These are Acigdl Maar and Meke Lake. There are magnesium sulfate solutions
in these crater lakes located within the borders of Karapinar district. That’s why
the water is so bitter. It does not live in it. Due to the features arising from the
formation, the volcanic material around Lake Meke has been largely destroyed
for briquette construction and similar purposes. Meke Lake has been declared as
«1st Degree Natural Protected Areay.

In the province of Konya, there is rich groundwater between 20 and 100 m
depth in the Cumra, Eregli, Cihanbeyli, Aksehir, Yunak plains. In some areas,
this water becomes artesian. In addition, thousands of ordinary wells (caissons)
have been dug. Many boreholes have also been drilled, mainly for agricultural
purposes. The water—bearing formations around Konya are mostly Paleozoic
marbles, Mesozoic and Neogene limestones and alluviums.

The city of Konya was founded on a Quaternary aged flat alluvial surface. In
the east of Erenler Mountains, bedrocks are exposed. These rocks consist of various
types of lithology from Paleozoic to Cenozoic (Eocene) (Figure 2). During the
Neogene period, andesite and basalt flows were formed along weak fault lines due
to active volcanism. Quaternary units consist of alluvial and alluvial fans. These
units were formed by erosion from the Taurus Mountains bordering the Konya
closed basin from the south and Erenler Mountain from the west [1].
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Figure 2 — Geological map of Konya and its surroundings. The location of
Alaaddin Hill and its surroundings Alaaddin Hill and its ring roads (white
dashed lines) and active faults (red lines) are shown on the map [2]

There are two active faults close to Alaaddin Hill [2]. The NE-SW trending
Konya fault, located in front of the slopes about 6 km west of the city, separates the
basement rocks from the Quaternary alluvium. The other NE-SW trending fault is
approximately 5 km to the north in the alluvial plain. Both faults are normal faults
and no significant tectonic activity has been observed in the region except for some
small strike—slip and normal faulting [3,4]. The magnitudes of the earthquakes
in the last 30 years in the study area are mostly below 4 and are scattered (Figure
3). The earthquakes with a magnitude of 4.7 and 4.9 that occurred on September
10-11, 2009 are the largest earthquakes recorded in the region in the last 30 years.
Focal mechanism solutions show that earthquakes occur at shallow depths (~5 km)
on a normal fault dipping southwest (Figure 3). The epicenter locations and depths
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Figure 3 — Seismic activity (AFAD) observed in the Konya region between
1990-2021. Alluvial fans and other lithologies (limited by black lines), active
faults (red line), Alaaddin Hill and its ring roads (white dashed lines) and water
wells (blue triangles) can be seen around the Alaaddin Hill [1]

And focal mechanisms of the shocks indicate that they occurred on the east—
southeast dipping Konya fault (Figure 4) [1].

In the city center of Konya, surface deformations have developed due to
excessive underground water withdrawal, which causes ground settlements.
Surface deformations in Konya city center were determined using satellite images
with the InNSAR method [1,5]. Deformations in the Konya city area and settlements
reaching 6 cm per year, approximately 500 m west of the Konya central train
station, were calculated [5,6]. It has been determined that there is a high agreement
between GPS, groundwater and InSAR measurement results and that the surface
deformations are caused by groundwater withdrawal [6].
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Figure 4 — The focal mechanisms (from INGV) and aftershocks (numbered red
circles) distributions of the 10—11 September 2009 Konya earthquakes drawn
on the geological map are shown [5,6]

One of the important stops of the Silk Road, which passes through Anatolia,
is in Konya. Konya is in a strategic location due to its proximity to the Silk Road
and the Mediterranean. The city of Konya is on the skirts of Alaaddin Hill, whose
altitude reaches 1080 meters. The 2nd Kiligarslan Palace is on Alaaddin Hill in
the Selcuklu District (central district) of the city.

Materials and methods

2.1 Alaaddin Hill and 2nd Kilicarslan mansion

Alaaddin Hill; It is a mound that yields finds from the Bronze Age (45002000
BC). Tepe is the inner castle settlement of the Anatolian Seljuk State and is one
of the important natural and archaeological sites located in the center of Konya
City today. The mound contains all the settlement levels from the Bronze Age to
the end of the Ottoman Period (Figure 5).
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Figure 5 — Konya Province Central District Alaaddin Hill.
a) Konya Alaaddin Mosque, Alaaddin Mansion and Its Surroundings
Engraving, b) Konya 2nd Kili¢ Aslan Mansion Restitution,
¢) Konya 2nd Kili¢ Aslan Mansion, d) 2nd Kili¢ Aslan Mansion in Konya,
Alaaddin Mosque and Its Surroundings, Late 19th Century [7-10]

As aresult of the soundings made in 1941, important findings were revealed in
the mound. Alaaddin Mosque, 2nd Kiligarslan Tomb and 2nd Kiligarslan Mansion
on Alaaddin Hill, which is a Natural and Archaeological Site, symbolize the inner
castle of medieval Konya.

The 2nd Kiligarslan Mansion Rescue Excavation was carried out with the
support of Konya Metropolitan Municipality. As a result of the excavation, the
wall surrounding the ruins of the Palace on which the mansion sits, extending in
the east—-west direction, was revealed to the west of the mansion.
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Figure 6 — Konya Province Central District Alaaddin Hill
a) Alaaddin Hill geophysical measurement Boundary (Konya Metropolitan
Municipality Department of Reconstruction and Urbanization), b) Alaaddin
Hill GPR measurement profiles locations Map (Google Earth) (Google Earth)

2.2 Georadar (GPR) method

Extraordinary advances in electronic engineering over the past three decades
have transformed what was once a laborious and expensive task to measure the
speed of light into an extremely inexpensive, easy and sensitive form. Time
measurements with millisecond (10-3 sec) precision in the 1970s decreased to
microseconds (10—6 sec) in the 1980s and to nanoseconds (10-9 sec) in the 1990s.
Parallel to these developments in electronics, the ability to measure the travel
times of electromagnetic waves, which move at a speed close to the speed of light
underground, in the order of nanoseconds, has made significant contributions to
shallow geophysical imaging methods. The ground radar is a tangible result of
these developments mentioned above.

In general terms, it consists of a ground radar, transmitting antenna,
receiving antenna and recorder. The transmitting antenna is designed to generate
an electromagnetic signal with an electric field vector in the horizontal direction
(TE: Transverse Electricity) with a duration of a few nanoseconds. The receiving
antenna, on the other hand, is positioned in the same direction to detect the
electromagnetic signal returning from underground depths. If there is an interface
underground consisting of rocks with different dielectric properties on both sides,
the electromagnetic wave will be reflected and transmitted at this interface. The
reflection and transmission principles of electromagnetic waves are given below.

71



Topatievipos ynusepcumeminiy Xabapuwicol, ISSN 2959-068X.
Dusuka, MamemMamura HaHe KOMNbIOMeEPIIK 2blabiMoap cepusicol. Ne 4, 2022

In case of using very high frequencies, Maxwell’s equations are arranged

Ve dh
e=—u T
and
— de
- ot

is found. If the wave equations are

5 0%h
V-h= ue FTe)

and
r2 de?
e= ue | —
He\ae

given as. The solutions of these equations

E = Eoe_i(Wt_kz:}

and

H = Hoe_i(Wt_kz:}

is given with. E_ and H_ are the initial values for the plane wave. It should be
remembered here that K, = g€ W2 If & = 8.854 -10'> Farad/M is taken in free
£

space, the relative permitivity is defined by ¢, The relative permeability affects
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. B . .
the propagation of the EM wave at p, but the 7~ ratio is close to the unit value

Ho
(1o = 4m - 1077 in free space).
The Z impedance value, using the E and H values obtained from the solution
of the wave equations,

E w
7 = 2x _ MW
H, k
obtained. Z value in free space
Ho
Zo = == 120m = 377 ohm
0

is found. In the ground, definition becomes difficult due to conductivity. Hence
the complex permitivity definition is made,

L Ko
g=¢+ i—
w

loss tangent

o
tand = —
we

The magnitude of the loss tangent indicates the height of the damping. In
conductive media, the impedance relation is

is
Koe 2

is given with. Impedance relation is not used much in practice. Other variables
necessary to understand the method are briefly described below.
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if given,

and

is found. If the phase velocity of the plane wave is defined as the displacement
ratio of the phase front,

wt — az = sabit

writable. Here, for the stability condition, z depth should increase as t
increases. The rate of changes will give the velocity relation,

dz 2nf

dt a’

In any material, the wavelength of the EM field is obtained by dividing the
wave velocity by the frequency,

For damping factor de
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1 111 11
8o = EW pzee22z(1— (1 + 62)2)2

can be written.
Light, which is itself an electromagnetic wave, propagates in vacuum with
the speed ¢ given by the following equation [16]:

- Y 30#0.

Here ¢, = 8.854 - 10712 C2N"1m™2
is the permittivity of the
cavity and p0 is the permeability of the cavity.
If the electromagnetic wave propagates through the material, the velocity
relation c is

is expressed as. Here, € is the permittivity of the substance and p is the permeability
of the substance. If the relative permittivity K of the substance is defined as the
relative permeability K :

e =Kg,

i = Ko

It is possible. If the relations ¢, € and p are placed in the velocity relation w:

obtained. For materials with weak magnetic properties, the relative permeability
can be taken as Km =~ 1. In this case, the electromagnetic wave velocity w will
only be a function of the material’s relative permittivity K:
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Al

Electromagnetic wavelength for a given frequency f:

L
o f

is expressed as.

At this stage, the reflection and transmission principles of electromagnetic
waves can be examined. Let A1 be the length in the medium in which the
electromagnetic wave is still moving, and A2 be the length in the medium into
which the electromagnetic wave will soon be transmitted. In this case, the reflection
coefficient R is:

A=A
R - 2 1
Ao+ 4
transmission coefficient T:
T=1—-R

defined as. If the w and A relations are placed in the R and T relations, the following
relations are obtained for R and T [11,12]:

2K,

T=—V2
VK +K,

In the R and T relations, K1 shows the permittivity of the medium in which
the electromagnetic wave is still moving, and K2 shows the permittivity of the
medium into which the electromagnetic wave will be transmitted soon [13].
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As stated in the w relation, the increase in K with depth in general will
cause the electromagnetic wave velocity to decrease gradually and therefore the
electromagnetic beam will gradually approach normal. The most widely used
method in ground radar is the zero offset (source—receiver distance zero) reflection
method.

The relative permittivity K is synonymous with the dielectric constant of the
capacitances. The increase in the dielectric constant of a capacitance means that
that capacitance can accumulate more electromagnetic energy through polarization.
Neutral molecules that make up the structure of a substance become polarized
under the influence of the electromagnetic wave passing over them and store
electromagnetic energy in them. Immediately after this, they give back the energy
in question as an electromagnetic wave. This is how electromagnetic waves travel
from one molecule to another in matter. Also, electromagnetic waves can travel
through space without matter.

The electromagnetic signal sent to the ground has a harmonic structure
and contains an effective frequency. The value of this frequency determines
the depth of penetration, the amount of absorption and the degree of scattering.
When the frequency in question is less than 10 MHz, two negative situations are
encountered while the depth of penetration increases: (1) the vertical resolution
decreases with decreasing frequency, (2) the polarizable elements in the material
at low frequencies leave their original positions instead of polarizing, causing
electrical conductivity (current). The conversion of electromagnetic energy into
electrical conductivity at low frequencies is the main cause of absorption. At
frequencies higher than 300 MHz, polarizable elements in the material will not
have the opportunity to leave their original places, so they will not be affected by
the absorption caused by electrical conductivity. However, there will be an action—
reaction delay problem at high frequencies, resulting in a frequency dependent
decrease in the relative permittivity with increasing frequency. On the other hand,
as the frequency increases, there is an improvement in the vertical resolution, this
time the penetration depth decreases. High frequencies also cause the appearance
of a large number of scattering hyperbolas in ground radar sections.

The antenna frequencies used in practice are 80 MHz, 100 MHz, 120 MHz,
300 MHz, 500 MHz, 750 MHz, 900 MHz, 1 GHz and 2.5 GHz. While 40 m depths
can be penetrated with an 80 MHz antenna, a 40 cm wall can be examined with
a 2.5 GHz antenna.

As can be understood from the discussions above, the more resistant (less
conductive) the underground is, the higher the quality of the ground radar images.
Where penetration depth is important, the environment should be as dry as possible.
At this wet level, there is both a significant relative permittivity contrast (R—
correction) and a significant decrease in the amplitude and high frequency content
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of the electromagnetic signal reflected to the earth due to the sudden increase in
electrical conductivity at this level. As a result, the amplitude and high frequencies
decrease due to absorption as one goes deeper from the groundwater level in the
ground radar sections, and the energy in the sections below the groundwater level
in the section has a ‘swept’ appearance.

2.3 Archaeogeophysical studies on Alaaddin hill

On Alaaddin Hill, during the Archaeological Excavations of the 2nd
Kiligarslan Palace, the complete exposure of the wall surrounding the palace
ruins, located to the east of the palace, The condition of the western facade of the
mansion, The continuation of the inner city wall remnant passing in front of the
mansion towards the east can be seen, Archeogeophysical studies were carried out
in order to clarify the integrity of the mansion and the Seljuk palace (Figure 7).

A geophysical (GPR) survey was carried out to determine the fortification
walls in the NW-W direction surrounding Alaaddin Hill. Before starting the
geophysics studies, the study areas were gridded. The grids were made at locations
determined to fit between the remnants of the overturned and scattering walls
showing a linear distribution on the western slope of the hill (Figure 8).

Figure 7 — Konya Province Central District Alaaddin Hill and the remains of
the city walls (upper left and right); GPR measurement around Alaaddin Hill
western slope fortification remains and map of Alaaddin Hill western slope
GPR measurement locations (bottom left and right) (Google Earth)
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Figure 8 — Konya Province Central district Alaaddin Hill and Alaaddin Hill
west slope GPR measurement locations map (Google Earth)

The ground radar (GPR) method, which is one of the Geophysical
Electromagnetic Research Methods with high resolution, has been frequently used
recently because it is fast and economical in archacogeophysical researches. In the
GPR method, high frequency electromagnetic waves are sent underground with a
transmitting antenna. Some of this wave is reflected underground from surfaces
with different dielectric properties, while the other part can penetrate deeper
environments. In GPR measurements, data can be taken in continuous form with
3 cm intervals, and the lateral and vertical changes of the two (2D) and/or three
(3D) dimensional examination area can be displayed along the lines determined
parallel to each other.

In general terms, it consists of a ground radar, transmitting antenna,
receiving antenna and recorder. The transmitting antenna is designed to generate
an electromagnetic signal with an electric field vector in the horizontal direction
(TE: Transverse Electricity) with a duration of a few nanoseconds. The receiving
antenna, on the other hand, is positioned in the same direction to detect the
electromagnetic signal returning from underground depths [11,14]. If there is
an interface underground consisting of rocks with different dielectric properties
on both sides, the electromagnetic wave will be reflected and transmitted at this
interface.
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In the study area, Zond 12¢ brand Jeoradar Control unit, HP laptop, transceiver
antennas and battery as energy source were used. Measurements were made using
a shielded 500 MHz antenna in the field. Beginnings and endings of the profile
are marked in the detected areas. The start and end points of each profile were
precisely determined using DGPS and mapped.

Measurements were taken using a 500 MHz antenna. Technical Specifications
of the equipment used:

Zond-12¢ Control Unit:

Performance: Single channel.

Time Interval: user—selectable from 1 to 2000 ns in 1 ns intervals.
Transmit rate: 115 khz.

Scan interval: 56 signals/sec.

Sampling: 512.

Resolution: 16 bit.

Filter : user optional high pass filter set: 0.00; 400; 800 Hz.

Data Transfer: through Ethernet to PC.

Power: 10.5-13VDC04 A

500 MHz antenna unit, shielded, surface coupled, CE Certified:
Resolution & depth*: 0.5 x 7-10 m.

Dimensions: 72x33x12 cm.

Weight: 5.2 kg.

Power supply: 0.35 a @ 12 v dc powered from the control unit with a cable.
Transmitter output: 400 v.

Receiver sensitivity: 120 mev.

Receiver amplific: 10 db.

In order to determine the direction of the wall in the field, measurements were
tried to be taken with 1 and 2 m profile intervals. However, measurements could
not be taken in places that were not suitable for measurement.

After the measurements in the field were taken by controlling, firstly, the
received signals were gained with an amplitude function. After this process,
repeated reflections were eliminated by background removal. Then an ombasy
bandpass filter was applied to eliminate very low and very high frequencies from
the data [15,16].

2D and 3D underground modeling of the site was made by taking GPR
measurements along the profiles determined in the NW—W direction surrounding
Alaaddin Hill where the remains of the city walls are located. Structures showing
a certain system (with the appearance of an architectural plan) have been identified
in the study area. Regions with anomaly distributions showing this architectural
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plan feature, that the fortification wall remains are in harmony with the wall
foundation remains unearthed in the previous experimental 2010 archaeological
excavations, and that the linear—looking high—amplitude anomaly distribution in 2D
and 3D models is in NW—W direction surrounding Alaaddin Hill. It was seen that
it formed the foundations of the fortification walls. The importance of Geophysical
Prospecting in archaeological sites has been demonstrated once again with this
geophysical study carried out on the slope where the remains of fortifications are
located in the NW—W direction surrounding Alaaddin Hill (Figure 9, 10, 11, 12).
Considering the Aldeddin Tepesi Mound and the architectural structures
on it, the ruins forming the mound and the changes made today, the information
obtained through geophysical studies before starting the excavation is extremely
economical and guides the archaeological excavations. In order to determine the
structures determined by archeogeophysical methods and their continuity and to
test the GPR results, research soundings should be made in and around the site.

Figure 9 — 3D GPR image of the fortification foundations on Alaaddin Hill
and the western slope of Alaaddin Hill in the Central district of Konya and the
location map of the GPR Profiles (Google Earth)

81



Topatievipos ynusepcumeminiy Xabapuwicol, ISSN 2959-068X.
Dusuka, MamemMamura HaHe KOMNbIOMeEPIIK 2blabiMoap cepusicol. Ne 4, 2022

Figure 10 — GPR Radargram image of the fortification wall foundations under
the road on the west side of Konya Province Central District Alaaddin Hill and
Alaaddin Hill and the location map of the GPR Profile (Google Earth)

Figure — 11 GPR Radargram image of the fortification foundations of Alaaddin
Hill and the western slope of Alaaddin Hill, Central district of Konya Province,
and the location map of the GPR Profile of the northern part (Google Earth)
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Figure 12 — GPR Radargram image of the fortification foundations of Alaaddin
Hill and the western slope of Alaaddin Hill, Central district of Konya Province,
and the location map of the GPR Profile of the southern part (Google Earth)

Results and discussion

It is a well-known fact that the 2nd Kili¢ Aslan mansion, which was built
on the Konya Alaaddin Hill Mound, is not an independent structure, and that the
palace and palace annexes around it, the inner wall, were written by travelers,
scientists, researchers, archaeological excavation reports and historical sources.
Architectural remains strengthen the possibility that the Seljuk palace was located
in the south of the mansion. We see in Matrak¢1 Nasuh’s miniature and in the
written and visual works of travelers that this palace was used for a long time,
and that it preserved its importance in the Ottoman Period with additions and
additions in different periods [17].

Konya Palace is the oldest architectural structures of Turkish existence in
Anatolia, together with the Alaaddin Mosque and the tomb of the Seljuk Sultans,
in the center of the city of Konya, which became the capital city during the
Seljuk period, to the north of Alaaddin Hill. Although the palace was extensively
destroyed, the researches and excavations yielded very valuable tile, plaster and
ceramic finds to the museums. Strengthening the existing ruins of the palace,
excavating the underground parts and bringing them to light are of great importance
for the promotion of Turkish History and Art, Konya.
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Conclusions

Archeogeophysical georadar studies were carried out in order to determine
the presence of possible palace and palace outbuildings and architectural remains
of the inner castle wall within the 2nd Kili¢ Aslan Mansion Excavation area. High
amplitude anomalies seen in the two— and three—dimensional diagrams obtained
from the GPR measurements are the anomalies that indicate the presence of
architectural remains of the inner castle wall and give the architectural foundation
geometry.
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GEORADAR 9JICIH KOJIJAHA OTBIPBIII, 2-1I1
KWJIMYAPCJIAH CAPAVIBIHBIH KOHUS AJTAAJIJTAH
TOBECIHIH KABBIPFAJIAPBIHBIH IPTETACTAPBIH
TABY. IIOJY

Konus xanacvineiy opmanvievinoa, Typixk Konusi nposunyusceinoa
opHanackan Anaadoun meodeci KapKblHObl KyPblLiblC NEH HCOLKO32AIbICbIHA
ywbipaowt;, on Konusmnviy Tapuxu esecin xypaiiovl. Anaadoun mebeci
— Kona dayipiner (0.3. 0. 4500-2000) mabwinzan xopean. Tene — Anadonvl
Cenicyx memuekeminiy WKl Kyavin enodi mexeri dcone Oyeinoe Kownus
KANACHIHbIY — OPMANbIZLIHOA  OPHANACKAH MAaubl30bl  mabdusu  JicoHe
apxeonocusiivl opvlHOapovly 0ipi. Kopean xona 0oyipinen Ocmanivl
Ke3eHIHIH COHbIHA OelliHel KOHbICMAapObiH 6ap/IblK OeH2eePIH KAMMUObL.
1941 oicvinwl  ocypeizineen  apxeonocusiiblK Kazoa JiCyMblCMAapblHbLH
HomudicecinOe Kopeannan mansi30bl oncanrap mabwinovl. Tabuau scone

85



Topatievipos ynusepcumeminiy Xabapuwicol, ISSN 2959-068X.
Dusuka, MamemMamura HaHe KOMNbIOMeEPIIK 2blabiMoap cepusicol. Ne 4, 2022

apxeono2usiiel eckepmkiut Anaadoun mebeci, Anaadoun-i mewimi,
Kounoruapcnan 1l kabipi sorcone Koinoruapenan Il capaiiet opmazacoipivix,
Konusinviy iwiki kamanvin betinenetioi.

2—wi Kvinvtuapcenan capativina apxeono2usiivlk Kazoa JcyMvlCmapbl
enopoanvis  Konusi  mynuyunanumeminiy — KOIOAybIMeH JHCypei3inoi.
Ocobusix mypean Kopeanodazvl apxeoio2usiivlk Kazoa iHyMblCMapblHblY
HomudceCciHOe 30VaiM  yUuoiy 6amviCblHOA Wblebic-Oambvlc  basblmma
CO3bLIbIN, Capatiobiy KUPaHObLIAPbIH KOPUWan mypean Kabvipea maowliobl.

Apxeoceopuzuxanviy  3epmmeyiep  capauovly — KUPAHObLIAPbIH
Koputan mypean Kabvipaanst, Anaadoun mebecindezi 2-uii Kviiviuapcnan
CapaibiHbIY  WbI2bICLIHOA, 39Yaim  yuodiH bamvic kacbeminiy KyuiH,
39yiM  YUOIH alObIHOA, WbIZbICKA Kapal ememin [wKi Kabvlpza
KUPAHObLIAPHIHLIY  JICAN2ACHIH  MONLIK  AHBIKIMAY JICOHe capail MeH
Cenicyk capaiiblibly mymacmolablH HAKMbLIAY YUlin acypeizinoi. 3oynim
yii men Cendicyx capaiibinvly mMymacmuleblH HAKMbLIAY MAKCAmMbIHOA
apxeozeopuzuKanblK  3epmmeynep  JCypeizinoi.  Apxeoceopusuranviy
sepmmeyiiepoe  KoI0anvliamvin — paouonokayusavlk,  90icmi  (GPR)
MYCIHOIPY apKblibl OYPbIC 2COMEeMPUSLIbIK NIMIHOep Oepemin iwKi Kana
Kabbip2acblHbly KAIObIKMAPbIHLIY AYbIMKYLApsl €Ki JCoHe Yl onuemoe
OeliHeieH2eH.

Kinmmi cesdep: Konus, Anaadoun mebeci, 2-wi Kviiviuapcian
capaiivl, apxeozeousuka, paoap.
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HAXOXJIEHUE ®YHIAMEHTOB CTEH XOJIMA KOHbS
AJAAJJIVH 2-TO IBOPIA KHJIMYAPCJIAH
C UCIIOJIb30BAHUEM METOJIA GEORADAR
(TEOPAJIAP). OB30P

Xoam  Anaaodun, pacnonodicenuviti 6 yewmpe eopooa Kowps,
mypeykas nposunyus KoHvs, nooeepacs UHMeHCUSHOMY CIPOUMENbCMEY
U OOPOJCHOMY OBUICEHUIO, OH 0bpasyem ucmopuueckoe 10po Kowbu.
Xoam Anaadourn — smo KypeaH, 8 KOmopom HallOeHvl HAX00KU OPOH308020
sexa (4500-2000 0o H.3.). Tene sensemcsi GHYMPeHHUM 3AMKOGLIM
noceienuem AHamMoORUUCKO20 20cy0apcmed CenbONCYKO8 U SGIAemcs
OOHUM U3 BAJNCHBIX NPUPOOHBIX U APXEONOSUYECKUX NAMAMHUKOG,
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PACNONOACEHHBIX ce200Hs 8 yenmpe 2opooa Kouvs. Kypean codepacum
6ce YpPOoBHU NOCeNeHUull om OpPOH308020 6eKa 00 KOHYA OCMAHCKO20
nepuoda. B pesynomame apxeonocuyeckux packonox, npOoGeOeHHbIX 6
1941 200y, 6 Kypeate OvbLu 0OHAPYIHCEHBL BAHCHBIE HAXOOKU. [IpupooHbIL
U apxeonoeuyeckutl RamMAmHux Xoam Anaadoun, mewemsv Anaadouna-i,
epobnuya Keinviuapcenana Il u ocoonsax Keinvruapcnana Il cumsonuzupyrom
GHYMPEHHULL 3aMOK cpeOHeseKk06ol Kownbu.

Apxeonocuueckue packonku 2-2o0 ocobmsixka Kvliviuapcrana Ovliu
nposedenvl npu NodOepIcKe CMOAUYHO20 MyHuyunaiumema Kowuwu.
B pesynemame apxeonocuueckux packonox Ha Kypeawe, HA KOMOPOM
cmoum O0COOHAK, K 3anady om OCOOHAKA Oblia OOHAPYICEHA CMmeHa,
NPOCMUPAIOWASCS 8 HANPAGTIEHUU BOCIOK-3ANA0 U OKPYIHCAIOWASL PYUHBL
odsopya.

Apxeoceopuzuueckue ucciedo8anus OvLiu NpogedeHvl OJisl MO2o,
UmoObl NOIHOCMbBIO BbISAAGUMDb CTEHY, OKPYICAIOWYIO PYUHBL 080pYd, K
socmoky om 2-20 06opya Keinvruapcian na xonme Anaadoun, cocmosinue
3anadHoz2o acada 0COOHAKA, NPOOONICEHUE PYUH  GHYMPEHHEl
CMeHbl, NpOXOOSWYUX Nneped OCOOHSKOM, HA B0CMOK, U VMOYHUMb
YenoCmHOCMb OCOOHAKA U CeNbONCYKCKo20 06opya. boiiu nposedenvi
apxeozeopuzuueckue UCcie008anUsi C Yeablo YMOUYHEHUs YeloCMHOCMU
ocobusika u cenvodcykckozo 0eopya. C nomowpio unmepnpemayuu
eeopaoaproeo memooa (GPR), ucnonvsyemozo 6 apxeoceofuzuueckux
UCCTIEO0BANUSX, AHOMATUU OCMAMKO8 S6HYMPEHHEll 20POOCKOLL CMEHbl,
KOmopbvle Npuoaiom npaguibHvle 2eomempuyeckue Gopmul, ObliU
BUZVATUSUPOBAHDL 8 OBYX U MPEX USMEPEHUSIX.

Krouesvie cnosa: konvs, xonm Anaadoun, 2—ii 06opey Koinviuapcaan,
apxeoeeopuzura, ceopadap.

87



Becmuux Topaiiebipos ynugepcumema, ISSN 2959-068X.
Cepus: @usuxa, mamemamuxa u KomnviomepHule Hayku. Ne 4, 2022

Tepyre 05.12.2022 x. xi0epingi. bacyra 15.12.2022 x. KO KOMBUIABL.
DeKTpOHABIK Oacma
7,50 Mb RAM
HaprTe! 6acna Tadarsl 9,1. Tapaneiver 300 nana. barace! kemicim OoibIHIIA.
Kommsrotepae 6erreren A. P. Omaposa
Koppexrop: . A. Koxac
Tanceipsic Ne 4020

Craano B Habop 05.12.2022 r. [loanucano B neyats 15.12.2022 .
DNEeKTPOHHOE W3AaHHUE
7,50 Mb RAM
VYen.meu.a. 8,4. Tupax 300 sk3. Llena noroBopHas.
Kommnerorepnas Beperka E. E. Kanuxan
Koppexrop: . A. Koxac
3aka3 Ne 4020

«Toraighyrov University» 6acriacblHaH OaCBUIBII IIBIFAPBUIFaH
«TopaiirsipoB yHuBepcuteti» KE AK
140008, ITaBnogap K., JIomos k., 64, 137 kab.

«Toraighyrov University» 6acracst
«TopaiirsipoB yHuBepcuteti» KE AK
140008, ITaBnoxap K., Jlomos k., 64, 137 kab.
+7(718)267-36-69

e-mail: kereku@tou.edu.kz
www.vestnik.tou.edu.kz
https://vestnik-pm.tou.edu.kz/

159



	КӘСІПОРЫННЫҢ ВЕБ-САЙТЫН ЖАСАУ ЕРЕКШЕЛІКТЕРІ
	ПРАВИЛА ДЛЯ АВТОРОВ В НАУЧНОМ ЖУРНАЛЕ
	ПУБЛИКАЦИОННАЯ ЭТИКА
	ФИЗИКАДАН ИНТЕРАКТИВТІ КОМПЬЮТЕРЛІК МОДЕЛЬДЕР НЕГІЗІНДЕГІ ЭЛЕКТРОНДЫҚ 
ОҚУЛЫҚТЫҢ ҚҰРЫЛЫМЫ
	АҒЫЛШЫН ТІЛІН ОҚЫТУҒА АРНАЛҒАН САЙТ ӘЗІРЛЕУ 
	ДИФФЕРЕНЦИАЛДЫҚ ТЕҢДЕУЛЕРДІ ҚҰРУ 
ЖӘНЕ ШЕШУ БАРЫСЫНДАҒЫ ЭЛЕКТРОНДЫ 
ОҚУЛЫҚТЫҢ ПАЙДАСЫ
	СЫЗЫҚТЫ ЕМЕС ВАКУУМДЫҚ ЭЛЕКТРОДИНАМИКАДАҒЫ ТИІМДІ КЕҢІСТІК УАҚЫТЫ
	Цифрлық білім беру ресурстарын 
ақпараттық қамтамасыз етуге 
қойылатын талаптарды талдау
	БИОМЕТРИЯЛЫҚ АУТЕНТИФИКАЦИЯНЫҢ 
ЗАМАНАУИ ӘДІСТЕРІ: ШОЛУ ЖӘНЕ ТАЛДАУ

	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk120625934
	_GoBack
	_Hlk124633865
	_Hlk124631077
	_Hlk124633888
	_GoBack
	_GoBack

