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INFORMATIVENESS OF THE GPR METHOD ON THE EXAMPLE
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In this article the results of Ground penetrating radar (GPR) surveys on experimental site near Institute of Geology of Taras
Shevchenko National University of Kyiv (Kyiv, Ukraine) are represented. GPR method has been developed since 1970, but the problem
of GPR profiles quality assessment and the best settings for GPR surveys remains controversial. GPR researches on artificially created
site were carried out by three radars with 300 MHz and 500 MHz antennas. Assessment of GPR method informativeness was performed
according to the analysis of experimental data with the following criteria: correspondence of registered anomalies on GPR profiles to the
actual location of the objects; dependence of GPR profiles quality on the central frequency of antenna, step of measurement, settings of
survey depth, season of surveying and number of points on vertical scale. Comparative analysis of the GPR investigations quality was
carried out with method developed by authors. As a result of experimental data analysis conclusions and practical recommendations,
which can be applied for GPR investigations on the territories, with similar geological structure and similar characteristics of objects to

experimental site, are pointed out.
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Introduction. Ground penetrating radar (GPR) sound-
ing is applied in the practice of engineering and geotechni-
cal studies intensively since the 1970s. Over the past 15-
20 years GPR method has become quite widespread and
today the scope of application is growing steadily.

The terms 'ground penetrating radar (GPR), 'ground-
probing radar', 'sub-surface radar' or 'surface-penetrating ra-
dar (SPR)' refer to a range of electromagnetic techniques de-
signed primarily to locate objects buried beneath the earth's
surface or located within a visually opaque structure [14].

The essence of GPR shooting is registering electro-
magnetic waves, which are generated by transmitter and
reflected from boundaries between parts of investigated
environment with different electrical, dielectric and mag-
netic properties.

Development of the subsurface radar sounding method
for objects and processes identification have begun in the
second decade of the last century. Petrovskiy A. was one
of the first developers of the GPR technics theory and con-
ducted practical researches of radio wave ray method
("shadow method"), the implementation of which is based
on the measurement of high-frequency wave fields, in
1923-1928 years. Since 1930, stepped electromagnetic
research method was used as a method for ice thickness
evaluation, identification of fresh water and salt deposits
[14], for researches in the desert and on rock.

GPR method was intensively developed after World War
I, because of the emergence of new problems and produc-
tion of new radars. The result [3] is essential for theoretical
foundations of high-frequency radio wave methods. Modern
theoretical and practical aspects of subsurface georadar
sounding are described and developed by M. Viadov,
D.J. Daniels, A. Petrovskiy, V.Sugak, E.Tomaszewska,
M. Finkelshteyn, K. Yankovskiy [1, 3-5, 7-8, 13—15, 16].

Basically, GPR method is similar to the seismic survey,
because both methods are based on theory of wave fields
— electromagnetic and elastic waves, respectively. Advan-
tage of GPR method is that survey can be carried out with-
out contact with the surface, but for seismic survey contact
with the surface is mandatory.

Currently, the scope of GPR method is steadily increas-
ing, as researchers have wide range of GPR equipment
and access to technical tools that can be used for investi-
gations in different conditions [10].

The problems, which are solved with GPR can be di-
vided into two groups according to the current geological
objective and methods of researching and data processing:

1 — geological, geotechnical and hydrogeological [9, 12]
— differentiation of geological layers, mapping of geological
structures, determination of groundwater level and thick-
ness of the ice cover;

2 — searching and examination of geological structures
and objects of human activity [13, 15] — pipelines, cables,
waste, archaeological sites and burials, underground cavities
(karst cavities, mines, cellars), heterogeneities and defects,
which are hidden in the walls and underground structures,
discontinuities in the construction of roads and runways.

Application of GPR survey can help to solve any prob-
lem of finding objects that differ in their electrical properties
from the surroundings [11].

Today experts have a wide range of radar equipment
and access to hardware and software, however, the influ-
ence of several factors (both methodological and natural)
on the quality of resulting profiles is not fully understood
and these factors are under discussion nowadays [11].

In this paper, the results of GPR profile quality investiga-
tion are represented. Influence of GPR technical parameters
and environmental factors on the quality of recorded profiles
was investigated. Researches were conducted on specially
equipped experimental site for testing of GPR and other
near-surface methods near Institute of Geology of Taras
Shevchenko National University of Kyiv (Kiev, Ukraine).

Theoretical basics and equipment. GPR method is
one of the electromagnetic methods modifications and the
main principals of investigations are based on physical
characteristics such as: relative dielectric permittivity of the
medium (€) — physical quantity that describes in how many
times the force of interaction between two electric charges
in the environment is less than in the vacuum; electrical
resistivity (p, Ohm*m) or specific conductivity of the me-
dium (y=1/p, Ohm™'/m=S/m) — parameters that characterize
the environment's ability to resist or conduct electricity re-
spectively; relative permeability (u) — parameter that de-
scribes the ability of the medium to concentrate the mag-
netic field lines of the external magnetic field. The upper
part of the geological medium, for which GPR method is
applied, is considered to be non-magnetic (u~1), so it is
clear that in this case the dominant feature of the environ-
ment is dielectric permittivity «.

The value of the dielectric constant influences the speed
of propagation of electromagnetic waves v, and thus the
accuracy and resolution of GPR investigations. The speed of
wave propagation is calculated according to the formula:
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v=c/\ue, (1)

where ¢=3-10° m/s — the speed of electromagnetic wave
propagation in the vacuum (speed of light)..

Wave reflects from the boundary between two mediums
with different dielectric permittivity, comes to receiver and
growth of the wave's amplitude is recorded. The depth "h"
to the boundary is calculated according to the formula:

heol \/ —d? = 2)
2 pa

where t — period of time (ns) between electromagnetic
wave generation and its arrival to the receiver; d — the dis-
tance (m) between transmitter and receiver of electromag-
netic wave; p and ¢ — relative magnetic permeability and
permittivity of investigated environment. Therefore, formula
(2) shows that the depth to the reflector in the case of non-
magnetic environment (u~1) primarily depends on the di-
electric constant of the medium [11].

For layered environment with different dielectric con-
stant for each layer depth h to reflector should be calcu-
lated according to the formula (2) in which v and ¢ are the
average speed of electromagnetic wave and average di-

electric permittivity of environment above reflector respec-
tively. Average velocity of electromagnetic wave and di-
electric permittivity of the environment are connected with
geometric parameters of the layer by next ratios:

v=h/Sh I v); s:[z(h,\/g)/hf, (3)

where h;, v, & — thickness, velocity of electromagnetic
wave and dielectric permittivity of layers above reflector
respectively. If there is random function of dielectric permit-
tivity variation with depth (uv(z) and ¢(z)) then ratios (3)
should be written as integral ratios:

v=h/ f —_—

2
=F\/s(z)dz/h} (4)
( ) 0

GPR survey was carried out with GPRs VIY2-300,
VIY3-500, VIY3-300 (fig. 1), which are produced by LLC
"Transient technologies". These GPRs are designed for
identification of heterogeneity underground in the soil and
in rock; for examination of geological structures and hu-
man-made constructions.

Fig. 1. Appearance of applied GPRs [6]: a — VIY2-300, b — VIY3-500, c — VIY3-300

One of the main advantages of these devices is pres-
ence of odometer, which is connected to the GPR and
helps to measure distance on the profile very precisely.
Devices are connected to the laptop with USB-cable. In

these GPRs, transmitter and receiver are in one case,
which guarantee reliability and comfortable applying of
equipment.

Specifications of GPRs VIY are described in the table 1.

Table 1
Specifications of applied GPRs

Model of GPR VIY3-500 VIY3-300 V1Y2-300
Max sounding depth, m 4,0 8,0-15,0 8,0-15,0
Antenna unit, MHz 500 300 300
Spatial resolution, meters, (not worse) 0,18 0,3 0,3
Dimensions, mm 311 x 176 x 152 610x 312 x 170 311 x 176 x 152
Weight, tk 3,0 10,4 13,0
Analogue-to-digital Converter range 18 18 10
Dynamic range at least 135 135 100
Interface USB 2.0, Wi-fi USB 2.0, Wi-fi RS232
Operating temperature range Big —20°C go 40°C

As usual, during GPR survey kinematic, amplitude and
frequency electromagnetic wave parameters are recorded:

1) wave arrival time t (in nanoseconds (ns)) — the time
period which lasts between moment of electromagnetic
wave radiation from transmitter and electromagnetic wave
coming to the receiver from the investigated environment;

2) the signal amplitude — the intensity of fluctuations of
electromagnetic waves (measured in dB);

3) frequency of signal — number of periods of waves oscil-
lation per unit of time (as usual for GPRs in megahertz (MHz)).

For researches, which are described in this paper, pri-
marily wave arrival time and amplitude of the signal were
used for investigations and conclusions.

Original GPR profiles contain noises before processing
(fig. 2a). Processing was done in software "Synchro" and
"Planner”, produced by LLC "Transient technologies". In
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these programs, several tools were used to improve the
quality of GPR profiles:

1) tool "Wavelet filter" that performs convolution of the
track with the function of a given period;

2) tool "Background removal" is used to minimize noises
from the device and surroundings around the objects. As a
result, this tool helps to improve the signal/noise ratio;

3) tool "Gain" is intended for setting the level of signal
amplification to obtain more informative and high-quality
images of GPR profiles;

4) instrument "Three point correlator" was applied for
averaging of signal's amplitude in a certain radius on three
tracks (from top to the bottom). Parameters of the instru-
ment are set manually by the operator during the process-
ing of profiles.

Example of GPR profile before and after the initial
processing shown on fig. 2.

Distance, m
0005 1 15 225 3 35 4 45 5 55 6 65 T 75 8 85 8 85 10103
]

wyidag

GPR is not available

Fig. 2. GPR profile before filtering (a) and after filtering (b); hyperbola is selected
with tool "hyperbola” in software "Synchro" (Transient Technologies)

It is necessary to evaluate the speed of propagation ve-
locity of electromagnetic waves to determine the depth to
the reflector (formula (2)). Tool "Hyperbola" was used to
determine the speed of electromagnetic waves propagation
in the environment. It was done by choosing hyperbola that
follows the contours of hyperbolic hodograph caused by
reflections from a point-like objects (fig. 3b). This tool helps
to determine the speed of electromagnetic waves v, and as
a result the depth to the reflective object h, as hyperbolic
equations hodograph is:

2 2 2 2 2 2
t:\/(x d/2)"+y*+h +\/(x d/2)"+y*+h )

L
where t — period of time (ns) between electromagnetic
wave generation and its arrival to the receiver; x, y — coor-
dinates of GPR location; zero is located in the point where
projection of the object on the surface is located, d — the
distance between transmitter and receiver of electromag-
netic wave.

It is mandatory to set "zero-timing" to get precise value
of depth to reflective objects and boundaries. "Zero-timing"
is the beginning of depth counting, which is connected to
the first extremum of signal on GPR tracks. Color and its
intensity on GPR profiles represent value of the amplitude
in the exact point of GPR profile.

All GPR profiles were processed with the same set of
tools and comparison of GPR profiles quality was done.

Experimental site near Research Institute "Institute of
Geology" was designed for the educational and experimen-
tal researches with GPR and other geophysical methods
for near-surface investigations. There are two spots on the
site, which are called "Trench" and "Dump-body".

On the fig. 3a there is a plan (top) and cross-section
(bottom) of spot "Trench". Surroundings of the pit is repre-
sented by loam; trenches' depth is 4 m, length is 7 meters
and width is 2.4 m, the pit is filled with sand; there are bur-
ied artificial objects on different depth levels (list of objects
and their characteristics are given bellow the fig. 1).

GPR survey was done along the spot; the distance be-
tween profiles was 0.5 m. On the fig. 1a 5 directions of
survey are marked with red lines, length of each was
10.75+£0.15 m.

In order to investigate changes in quality of the results
and study the influence of seasons on the quality of the
received data, fieldwork within this spot was conducted in
different seasons (dates.month.year): 9-12.06.2015,
22.09.2015, 02.12.2015, 27.03.2016, 12.04.2016. To in-
vestigate informativeness of GPRs with different specifica-
tions, research on the spot was conducted with three
GPRs: VIY2-300, VIY3-300, VIY3-500 (fig. 2, table 1). Total
amount of recorded profiles on the spot "Trench" is 177
profiles for mentioned periods.

Fig. 3b shows a plan (top) and cross-section (bottom)
of the spot "Dump-body". Depth of the pit is 4 m, length is
5.8 meters and width is to 4 meters. The design of this spot
resembles a dump-body truck that is why it is called
"Dump-body". The pit is filled with pebbles of granite. There
are 5 metal pipes with a diameter of 10 cm (marked with
black dots on cross-section and with thick black lines on
the plan) at different depth levels.

On the spot "Dump-body" researches were performed
along 8 directions (marked with horizontal lines with num-
bers on the plan). The distance between profiles was
0.25m, and length of profiles is 8+1,0 m. Experimental
work on this spot was also done in different time periods
(9-12.06.2015, 02.12.2015, 12.04.2016) with VIY3-300,
VIY3-500 GPRs. Total number of recorded profiles is 58 for
the spot "Dump-body".

Results. Example of GPR profiles comparison, which
were recorded at the spot "Dump-body" (profile Ne2) with
VIY3-300 (300 MHz) and VIY3-500 (500 MHz) GPRs are
shown on fig. 4. On the profiles, which were recorded in
spring, hyperboloid anomalies are clearly seen, which are
provoked by presence of point-like objects (steel pipes)
and tilted anomaly, which is a reflection of electromagnetic
wave from metal plane. There is also a hyperboloid anom-
aly on the depth of 3.6-3.8 m, which shows location of
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metal plane bending. In addition, signals on GPR profiles,
which are recorded with 300 MHz antenna are character-
ized by higher amplitudes, than signal from 500 MHz an-
tennas. On GPR profile, which is recorded in winter, it is
harder to identify anomalies from objects than on GPR

240,0

CROSS-SECTION ALONG RED LINE

[ 7]
6, | |

10

400,0

profiles, which are recorded in other seasons. Such unclear
results in winter occurred because of layer of snow be-
tween device and earths' surface, which lead to noises on
GPR profiles.

580,0

300,0

Granite pebbles

Metal plane

400,0

Fig. 3. Spots "Trench" (a) and "Dump-body". On the top,
there are plans of spots with directions of survey and bellow — cross-sections:
a — Objects: 1, 2 — steel pipes, diameter 5 cm, length 1 m; 3, 13 — steel pipes diameter 5 cm, length 2 m with wire inside;
4 — metal box (0.5 mx0.8 mx0.4 m, empty inside); 5, 6, 12, 14 — steel pipe diameter 5 cm, length 2 m; 7 — styrofoam (1 mx0.5 mx0.5 m);
8 — metal plane (0.8x0.8 m); 10, 11 — plastic pipe diameter 20 cm, length 220 cm; b — Objects: 5 metal pipes (1-5) with a diameter
of 10 cm are marked with black dots on cross-section and with thick black lines on the plan

GPR profiles, which are shown on fig. 5-6 are recorded
with VIY3-300 GPR on the 3™ profile on the spot "Trench"
with different steps of measurement and with different
length of measurement (with different settings of depth).
The pictures 4-6 show that reflections from the most of

objects are visible on the profiles. The Best quality of GPR
profiles on spot "Trench" is obtained with length of re-
cording 65 ns (V=130 m/mks, ¢=5,3, h=4,2m) and ideal
range of measurement steps is from 30.94 mm to 123 mm.

R e

Time, ns

Distance, m
1 12 13 14 15 16 17 18 19 20

w'dag

Fig. 4. GPR profiles (Ne2 on the plan on fig. 1b), recorded on the spot "Dump-body" in different seasons and with different GPRs:
a — VIY3-500, September 2015; b — VIY3-300, September 2015 (numbers for anomalies according
to numbers for objects on fig. 1b); ¢ —VIY3-500, December 2015

After analysis of other experimental results on the spot
"Trench", it was concluded that on GPR profiles, which are
recorded with 500 MHz antennas, anomalies from shallow
objects (buried on depth to 2 m) are localized more precisely
than with 300 MHz antennas. Due to higher frequency
(500 MHz), there is better resolution on shallow depth, but
worse for deeper investigations (deeper than 2 m).

As a result of surveying, 235 GPR profiles where recorded
with different settings of GPR and in different seasons.
Evaluation of quality and informativeness of profiles and their

dependence on several settings was investigated. For com-
parison of profiles 6 parameters were taken into consideration:

1) frequency of antenna;

3) step of measurement;

4) length of GPR trace in ns (depth of investigation);

5) resolution of trace ( "the number of points on vertical
axis");

6) Season of the survey.

Comparison was done for GPR profiles with the change
of only one parameter, while others were constant.
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Fig. 5. GPR profiles recorded with VIY3-300 GPR on the spot "Trench"
(direction 3, in the center on the plan on fig. 1a) with depth of sounding 65 ns or 4.2 m and with different steps Ax on profile:
a — Ax=30,94 mm; b — Ax=123 mm (numbers for anomalies according to numbers of objects on fig. 1a); ¢ — Ax=154 mm

Fig. 6. GPR profiles recorded with VIY3-300 GPR on the spot "Trench"
(direction 3, in the center on the plan on fig. 1a) with depth of sounding 140 ns or 9.1 m and with different steps Ax on profile:
a — Ax=30,94 mm, b — Ax=123 mm (numbers for anomalies according to numbers for objects on fig. 1a), c — Ax=154 mm

4-point scale was developed to evaluate quality of
GPR profiles: 3 points — reflection from object is clear and
can be differentiated from other reflections; 2 points —
reflection is identified, but it is a bit colliding with other
reflections; 1 point — exact reflection is hardly differenti-
ated from other reflections; 0 points — refection is invisible
on GPR profile. Comparison of profiles with different set-

tings and seasons of survey was done according to the
total sum of points. Represented scale has not been used
before for GPR surveying.

As an example there is a table 2 with points for different
profiles, which were recorded on spot "Trench" with VIY2-300
GPR. Similar tables were filled with points for other GPRs
and for other seasons of survey.

Table 2
Evaluation and comparison of the GPR profiles, recorded with VIY2-300 GPR on the spot "Trench"
Depth of Step of Number of object, for which the quality of reflection is evaluated Total sum
measurement measurement, mm 1 2 5 6 10-11 of points

67,4.2 30.94 3 1 3 2 2 11
61.8 3 1 3 3 3 13

92 3 1 3 2 3 12

123 3 2 3 3 2 13

154 3 1 3 2 1 10

216 3 0 3 1 1 8

100, 7 30.94 3 1 3 3 1 11
61.8 3 1 3 2 3 12

92 3 1 3 3 3 13

123 3 1 3 3 2 12

154 3 1 3 3 1 11

216 3 0 2 0 1 6

120, 9 30.94 2 1 2 1 0 6
61.8 3 1 3 3 3 13

92 3 1 2 2 3 11

123 3 2 3 1 1 10

154 2 0 3 2 2 9

165, 12 30.94 3 1 3 2 2 11
61.8 3 1 3 2 2 11

92 3 1 3 2 2 11

123 3 1 1 2 2 9

154 3 1 1 2 2 9
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As a result of analysis of achieved data on the experimen-
tal site, it is concluded that following several recommendations
will help to get the most informative results in shortest time:

1. GPR surveying should be done along parallel pro-
files and distance between them should be minimum
2 times less than parameters of the object of investigation;

2. For 300 and 500 MHz GPR antennas, it is better to fol-
low technical and methodological recommendations, such as:

a) while first-time investigations (regional) it is better to
set depth of measurement, which is 1.5-2 times more, than
depth to the object, vertical resolution should be 500 points
and step of measurement 130-175 mm;

b) for precise (local) investigations number of points on
vertical axis should be from 500 to 1000 and step of meas-
urement from 30 to 130 mm; depth of sounding should be
on 0.5 to 2 m deeper than location of objects for 300 MHz
antenna and on 0.5 m deeper for 500 MHz antenna;

3. To increase ration signal/noise on resulting GPR pro-
files, it is better to:

a) decrease the distance from the device to the surface of
investigated environment — to remove snow, wood, rubbish
and other obstacles between GPR and surface of investigation;

b) to use devices with (minimal characteristics): analogue-
to-digital converter range 10,18 bits; dynamic range 100 dB;

4. To get precise depth to the reflections, relative di-
electric permittivity of investigated environment should be
precisely measured (laboratory investigations of samples,
electric well-logging, etc.);

5. To get full understanding of geophysical and geo-
logical model of investigated environment, 2-D and 3-D
modelling of electromagnetic waves' fields should be done
before (prediction of the model) and after (based on the
results of the survey) survey.

From the authors' point of view, proposed method of
quality evaluation and mentioned recommendations should
be taken into consideration while solving real geological
and engineering problems with GPR in similar to
experimental site's conditions.

Represented method of GPR profiles quality evaluation
is not perfect and will be modified for more convenient
practical application during GPR surveys. Authors are
working on improvement of quality assessment algorithms
and techniques for precise measurement of dielectric per-
mittivity in the field.
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IHOPOPMATUBHICTb TEOPALAPHOIO METOLY 3A PE3YJIbTATAMU
EKCNEPUMEHTANIbHMX AOCHNIAXEHb HA HABYAJIbHO-EKCINEPUMEHTAJIbBHOMY NONITOHI

Y cmammi HasedeHo pe3ynbmamu 2eopadapHux O0cC/iOXeHb, UKOHAaHUX HAa Hae4aslbHO- eKcriepuMeHmasnbHoMy nosi2oHi HHI "lncmumym
2eosoeii" Kuiecbko2o HayioHanbHo20 yHieepcumemy imeHi Tapaca Lllee4eHka (M. Kuie). FeopadapHuli MemoOd iHmeHcueHo po3eusaembcs 3 1970-x
PoOKie, asle numaHHs1 oyiHKuU sikocmi npoeedeHux po6im ma eu3Ha4YeHHs1 Hallkpawyux napamempie 2eopadapHux 3UOMOK i HUHI 3anuwarombscsi 6
koni duckycilinux mem. eopadapHi docnidxeHHs1 Ha WMYYHO CMBOPEHOMY eKcrepuMeHmasabHOMy Hag4yaslbHOMY MOJli20Hi NposedeHO MpboMa
2eopadapaMu 3 euKopucmaHHsiM d8ox Yacmom aHmeHHux 6s1okie — 300 My ma 500 MI'y. OyiHka iHghopmamueHocmi memody euKoHysanacs 3a
pe3ynbmamamu aHaizy ompuMaHux eKkcriepumMeHmasnbHuUx 0aHux, OCHO8Y sIKO20 ckiiadanu maki kpumepii: eidnoeioHicms aHomannili, 3apeecmpo-
8aHux Ha ceopadapHoMy npodini, hakmu4HoMy po3mauwyeaHHIo0 06'ekmie docniOKeHHS; 3anexHicmb sskocmi 2eopadapHux npodginie ma ix iHgo-
pMamueHocmi €id yeHmpasnbHoi Yacmomu 0ocidxyeaHol aHmeHu U npocmopoeoi demasibHoCMi ckaHyeaHHs (KPOKy 00CiGxeHHs1 o npodginto);
erniue Ha sikicmb 2eopadapHux npodginie mpusanocmi peecmpauii 2eopadapHux mpac ("HanawmoeaHoi 2nubuHHocmi docnidxeHb") ma demarnb-
Hocmi ix 4acoeoi duckpemu3auii (Kinbkocmi mo4yok no eepmukarni); ennue Ha sikicmb 2eopadapHux OOCJiOKeHb 4acoeo20 nepiody 8UKOHaHHS
ekcrnepumeHmanbHuUx eumipie. MopieHsiNbHUl aHani3 pesynbmamie 2eopadapHux AocidXeHb 8UKOHaHO Ha OCHO8i a8MOpPCbKOi MemoAUKU OYiHKU
IXHBbOT sIKOCMI. Y pe3ynbmami npoeedeH020 aHasli3y eKcriepuMeHmasnbHUxX 0aHuUx cghopMysibO8aHO 8UCHOBKU ma HadaHO NpakMuYHi pekomeHOaui,
sAKi 6akaHO sukopucmoeyeamu fnpu 2eopadapHux AociOXKeHHsIX Ha mepumopisix, N0di6HUX 3a 2eos102i€l0 Mma xapakmepucmuKkamu po3mauloea-
HUX Ha Hux 06'ekmie Ao OiNsIHOK Hag4asIbHO-€KCMePUMEHMasibHO20 MOJli20HY.

Knrouoei crnoea: 2eopadap, 2eopadionokauisi, 2eopadapHulii npoghins, dienekmpuyHa NPOHUKHICMb, NuMoMuii eflekKmpuYHull onip, cuzHas 30-
HOyeaHHs1, eflekmpoma2HimHull imnynsc, weudkicmb xeusti.
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WHO®OPMATUBHOCTb rEOPAJJAPHOIO METO[A IO PE3YJIbTATAM
OKCMNEPUMEHTAINbHbLIX NICCNEAOBAHUN HA YHEBHO-3KCMNMEPUMEHTANIbHOM MOJIUTITOHE

B cmambe npedcmaeneHbl pe3ysbmambl 2eopadapHbix uccsedoeaHull, 8bINOSIHEHHbIX HAa Yy4e6HO-3aKcrnepumMeHmansHoM nonuzoxHe YHU "UH-
cmumym 2eonoz2uu” Kueecko2o HayuoHabHO20 yHueepcumema umeHu Tapaca LlleeyeHko (2. Kues, YkpauHa). FeopadapHbiii Memod uHmMeHcusHo
pa3seueaemcsi ¢ 1970-x 20008, HO 80MPOChI OUEHKU Kayecmea nposodumbix pabom u onpedesieHusi Hausly4YwWux rnapamempoe 2eopadapHbIX Cbe-
MOK u cellyac ocmaromcsi 8 Kpyay OUCKYCCUOHHbIx meM. [eopadapHble uccriedoeaHuUsi Ha UCKYCCMEEHHO CO030aHHOM y4eb6Ho-
3KcrnepumMeHmMasnbHOM IMOJIU20He NpoeedeHbl mpeMsi 2eopadapamMu ¢ ucrnosib3oeaHueM A8yx Yacmom aHmeHHbIx 6s10koe — 300 MMy u 500 Mry.
OuyeHka uHghopMamueHocmu Memoda 8bINoJIHSAMNAach 0 pe3ysbmamam aHanu3a nosly4eHHbIX 3KcrnepuMeHmarnbHbiX OaHHbIX, OCHO8Y KOIMOpPOo20
cocmaensnu cnedyroujue Kpumepuu: coomeemcmeue aHomasnuii, 3ape2ucmpuposaHHbIX Ha 2eopadapHoM npoguse, hakmu4eckomy pacrosio-
JKeHur ob6bexkmoe uccriedoeaHusi; 3a8UCUMOCMb Kayecmea 2eopadapHbix npogusieli U ux uHgopmMamueHocmu om yeHmpasnabHol Yacmomal
aHmeHHo20 6/10ka u npocmpaHcmeeHHol demanbHOCMU ckaHupoeaHus ("waaa uccnedoeaHus Mo npogusnio”); enusiHue Ha Ka4ecmeo 2eopadap-
HbIX npoguneli dnumenbHoCcMuU peaucmpayuu 2eopadapHbix mpacc ("HacmpoeHHolU 2ny6uHHocmu uccnedogaHuli”) u demasibHOCMU UX 8PEMEH-
HoU duckpemu3auyuu ("Kosudyecmea moyek no eepmukasnu”); enusiHue Ha kKayecmeo 2eopadapHbIx uccsiedogaHuli pPeMeHHO20 rnepuoda eblInoJsi-
HeHus1 3KcrnepuMeHmarsbHbIX UsMepeHull. CpaeHumernbHbIl aHanu3 pe3ysibmamoe 2eopadapHbix uccrsiedoeaHull 8bINOJIHEH HAa OCHO8e aeMOpPCKoU
mMemoduKku oUyeHKu ux Kayecmea. B pesynbmame npoeedeHHO20 aHasiu3a dKcrnepumMeHmMasbHbIX OaHHbIX CHOPMYuUpo8aHbl 8b1600bI U OaHbl
npakmuyeckue pekoMeHOayuu, Komophblie xeslamesibHO UCMo/ib308amb MpPuU 2eopadapHbIX uccredoeaHuUsiX Ha meppumopusix, NoAo6HbIX Mo 2eo-
J102UU U XapakmepucmuKaM pacroslIoXeHHbIX Ha HUX 06 beKmoe y4acmkam y4e6Ho-3KcrnepumMeHmasnbHO20 M0oJIU20Ha.

Knroyeesnie cnosa: zeopadap, ceopaduosiokayusi, 2eopadapsbiii npogusb, OudsieKmpuveckasi MPOHUYaeMocmb, yoeslbHOe 3/IeKMPUYECKOe CO-
npomusesieHue, cuzHasn 30HOUPOBaHUSI, 37IEKMPOMa2HUMHbIU UMMYJIbC, CKOPOCMb SOJIHbI.





