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Kivonat: $ NDUV]WRV WHU - O ld2atkéxeHh QY KHREORIQYILDL IRO\DPD
NIOFV|QKDWiVRN PHJLVPHUpVH G|QW IRQWRVViIJ~ D KLGUR
LV QHYH]HWW Yt]Q\HO N RO\DQ IHOV]tQL PpO\HGpVHN DPHO
dolomit vagy gipszKROGyGiViYDO NHOHWN kW\HNP i (J B Ne B O plOOW LQIRYY
VIROJIOQDN D INOVRQNEODWWIOHQW VHQ EHIRO\IVROYD

UHQGV]J]HUHNHW $ Yt]Q\HO N EHWHNLQWpPVW Q\~-MWDQDN D
EzaWDQX®PY¥Q}Q\HO N pV N|JUQ\H]JHW+N ~M JHROYyjalbBla WpUNp:
MUtiHOHNWUYGiV JHRHOHNWURRRY $Py&D JNMRIRVQ\RD N DDA R
HOHNWUYGDHOUHQGH]pVHN ILJ\HOPHQ NtY*«O KDJ\KDWMiN
YIOWR]pNRQ\ViJiW (QQHN PHJROGIVIUD D Yt]Q\HO NJU-O
DONDOPD]JWXQN DPHO\ iWIRJy WypR EH®L NOGiYIE G HWONHEJ G MV pl
DONDOPD]KDWYyYVIiJiW LV YL]VJIOWXN $KND>DRFEQJ\RVOPI\NWUY y|E
nul - [VV]HKDVRQOtWiVviYDO D IHOV]tQ DODWWL iUDPOiIVL ~W
NLPXWDWIiIVIQDN RSWLPDOL]iOiVD D FpOXQN $] LQQRYDYV
KLGURJHROyYyJLDL HOYHN LQWHJUIOIVIYDO H] D FLNN W|EE
WHU-DBIWWWL JHROYJLD IHOWIiUiVIiIKR] VHJtWYH D Yt]Q\HO N

1. BEVEZETES

A Yt]Q\HOVNGROLQIN THOWYG i VIO DRVAOHAHEEW RNNDEY\O] WM HOH Q V
Yt]Q\HO N|JHDODN~ YDJ\ WMEDBDLWt] DPpIWHU iWPpU M& pV YiC
PpO\HGpV DPHO\ D babandgrenddzerekK~JiHQ K N M Ht& H § CpRAM@LUH N
QDJ\REE PpO\HEE NDUV]WMHOHQVpJHN DPHO\HN D I|OGDO
N|]JIWWL KRVV]~ WiY~ N|OFV|QKDWiVRN KR GWYH3 ¥ KVR|H ] ©Q b1\ (
|[VVIHRPOiIVKR] YH]JHWQHN  $n Gke@mel QN BVUK\D] WY WY HNUDe WD\H] W/ HRIO \
ILJ\HOKHW N PHJ PtJ D IHGHWW NDUV]WWH BX@WWHWH N HQGD OHD
folyamatok zajlanak. AP X O W L H Odédelakiront®sV |H O Y p Q PH [pW]LEAYic
Resisitivity Tomography -(57 V]pOHV N|UEHQ DONDOPD]]IN PLYHO
DONDOPD]|®DWH]EGHWEHQ VIHUNH]JHWL pV pUFNXWDWiVUD KD
NJUQ\H]JHWY s HROPRULQ [N L >E@] WRQ ¥ V| IH W L sekKelHisJfoglalkdtig,U G p
DPHO\HNUH D] LSDUQDN V]*NVpJH YDQ $] M5O VHN pWO)\ PR\ \
IHOV]tQN|]HOL NXD\ONDIORO MO [pGDMWOLWHNWUyY Gi QDNW D 6 B MAESD id
NpW PiVLN HOHANSRWEBOFN|PWARYQE OPpIMWOHNWUYyGIYy UHQG\
elterjedek GH HQQpO ERQ\ROXOWDEE HOUHQGH]pVHN LV OHK
OiWV]yODJRV IDMQ@DIRV]HQ® HQ&@) ey pdJ W SRQWRW N|UC
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N JHW iWODJR VeztMH OYQ PAWPD ISMEBIORGA I VRIOQGHQ (57 HOUHQGH]
PHJYDQQDN D] HO Q\HL pV KiwUiQ\DL pV D] RSWLPiOLV
IRQWRVViJ~

$] LSDUEDQ QpKD LQWHJUIOW PpUpVL PYGV]JHUHNHW > @
KDWpPpNRQ\ GH N|OWYpIXOOPHO®WHEERE A R\WION NpHAwipdd ITHOHYV
SRWHQFLION*O|QEVpPpJ PpUKHW pV YpJWHOHQ JHRPHWULDI
OiWV]yODJRYVY IDMODJRYV HOOHQIiOOiVaink]aPI2alaMRo20PO@ DS OH.
fejlesztett N Y il HOUHQ GHYMMEBR QW RVt W KeQriagyon XiBsHMD|\|HKD Q X O OD
jeletk PP UKHW N OHKHW Yp WpYH D IDMODJRYVY HOOHQIiOOIiV V]iPFR
iOWDO YH]pUHOW W|EE HOHNWUyYGiW W D UstésaténfafikigparJ HQ G V]
YIOWRJDWMiIN D] HOHNWUyYGIiN VIHUHSpW *\DNRULDN D NpV
KRJ\ D VIHOYpQ\UH PHU O Fhjldgasti@ @HIE) OQFW RR] QA HerK D W iV
VIHOYpQ\HNE O V]iUPD]y DGDWRNDW LKROINUMDQDGIL YIHDWM
HOOHQIOOIiVSuhR I ovRitidD \&IMOR] KitaP QY TQXOGUINMQUHQGH]pVW
YLI]VUkiOMV |VV]HHUKDDN RIQIDIMRRMAIQ\RYV '3'3 HOUMBAOGOHHY®HDV KM
DONDOPDI]iViYDO Nd NWW]QE|IODXGHN) REONDFPN ~M WiYODBWRN Q\t
geoelektromosPyGV]HU HUHGPpQ\HLQHN pUWHOPH]pVpPEHQ pV KDV

2. KUTATASI HELYSZIN

$ YLIVIIOW Yt]QKHO\VD P6&NHNiV 7THW WHU.OHWpQ WDOiOKD
HJ\PiVWyO QpKiQ\ V]i] P pWedélekitomosPiElpbDY HN§ FpOMD D] H]F
Yt]Q\HO NHW |VV]HN|W W|UpVYRQDO IHOGHUtWpVH $ PpUp
Xx=764862,135955; y=311145,138105.
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$ PpUpVLWHHINB®SHNVD V]HO Y- pMHWN NIl <ON N& N HNTVpJ

3. SZELVENYEK GEOMETRIAJA

$ KiURP PpUpVD WINEWNH] - NEVDN|W&DWDN~ QIDNDMU &L U
DODN~ V]DNDWUPHWQDBV/ ' VIDNDV] $ NJUV]JHOYpQ\HN J\DNRU(
VIROJIOWDWQDN D Yt]Q\HO N|UQ\H]HWpU O $ SDUDPpWHUH
HJ\PiVW iWIHG HOHNWUYGIiIN V]iPD D] LQYHUWiIiOW NpS WUD
VXJDUD G PLQW D] HOHNWWPY®W I/iNR®VH®HNWUPGDD N|]]|V
N[JpSSRQWMiWyO
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$ J(EUD PXWDWMD D WiMROiVW D] iWIHGpVHN PyGMiW YD
SRQWMDLW /, &IOHNMOUHNWD Uy G D $] HOHNWUYGD VRUV]iP]
MiUiViYDO PHJHJ\H] $ ' V]IHOYpQ\ WHUtWpVpQHN RND D W|U
NXWDWiVD YDODPLQW D N|UVIHOYpQ\HN KDWPpPNRQ\ViJiQDN\
M|Y EHQ WRYIEEL NpW ' VIHOYpQ\ PpUpVpW WHUYH]]*N D KF
PDMG HJ\PiVW $ N|UPpUpVHNNHO D M|Y EHQ EL]JRQ\tWDQI
KHO\HWWHVtWKHWL D OLQHIULV VIHOYpQ\HNHW KDVRQOY |
YDJ\ MREE PLQ VpJ& HUHGPpPpQ\HNHW NDSKDWXQN PLN|]JEHQ
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31 ERT V]IJHOYpQ\HN

A PpUpVL VIHOYpPQ\HN pUWHOPH]pVpKH] QpKiQ\ DODSYHW

UpV]H BnuNHPW HQGApPUWE HUHGPpPQVHN JUDILNXV iEUIJROIVD
LIpQ\HO gVV]HKDVRQOtWiVNPSSHQ EHPXWDWXQWaHgV KDJ\
iparban elterjedt RES2DINV szoftyBfHQ LQYHUWiIiOW HUHGPpQ\W-baNpV EE S
LOYHUWIQWORYHUHGPPQ\HNHW $ 5(6 ',19 V]RIWYHU NLPFH
SROIUGLDJUDPRNDW NpV]JtWHQ+*QN H]HN N|]*O D] HI\LNHW L
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PpUW HUHGPpPQ\HNNHO PXWDIDWHSN , EH J OB JHVPDLWHEREOpPiL
WRSRJUIILIW QHP DGWXINHRRHD GHIPYIBINSL[HOHVQHN YDJ\
IHOERQWiV~QDN W&QKHWQHN GH H] D] iEUiJROiV YDOyM
IHOERQWYNPSHVVpJpW D] LSDUL VIRIWYHUKH] NpSHVW DPH;{
EiU H]JHN D NpSHN YL]XiOL\ODW YWDRMIANRESPDIRM\DGH D
geofizikusokV]iPiUD XJ\DQRO\DQ MyO YLD/Jp DW HO R HJ R HYVE EMQ
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$ JEUIQ OIWKIPWRNXNN@CRB)UWEHQHGPPQ\HNHW )RQWRYV PF
aDP-'3 HOUHQGH]pV pR PN HRQWiOH W] HI\LN OHIJMREE D KDJ\R
N|]]WW $ NpSHQ NpW QDJ\ HOOHQiOOiV~ EORNN OiWKDWy
N[JHSpQ D PiVLN D V]DNDV] YpJpQ $] N|[]JpSHQ OpY OH
N JHWKDWiURNQDN VitNaGdé H Y@ HEGIi O VEDQDMHOHQW V N+O|QE
DQRPIiOLD *UHJUH YDJ\ W|UH G HJIBke/M] ]PWW N D bl QOND]OEDIMQ § |
NLV DQ@PHOMMPU PLQ VpJ& PpVIN YDJ\ «UHJ OHKHW $PLQW
HPOtWHWW DQRPiOLIiUYyO WDUWDOPD] pUWHOPH]KHW LQIR
UHSHGPVYRQDODNUD YDOy N|YHWNH]JWHWpPVUH QHP DG C
KDJ\RPiQ\RV PyGV]HU HE E H GsikertléhOminHeemMD UpV]EHQ

o = =="500 Fajlagos ellenallas [ohmm]
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$ NY-QXOO PpUpVHN LQYHUWQOi W B]DOBUIiBVEIGRU iOWDO
RES2DHU program [5] iOOW UHQGHONH]pV+*QNUH (JJHO D V]RI
HOUHQGH]pVHN EHQLRYUHW \B COKDRDPN3 $JUHGPYM@HL OiWKDWy
nagy fajlagpsHOOHQiOOiV~ EORNN MHOHQLN PHJ D N|]pSV EORN
QDJ\REE NHUHN DODN-~ $ NpW EORNN N|]|WW ]|OG YRQD
PHJ $ NpW | EORNN N|]|[WWL NLV DQRPIiOLD .BODFVRQ\D
iEUIQ ]|OG SDUDEROiIYDO MHO|OYH OiWKDWy D V+GQQHWGpPV D
]JyQD HOWpU PLQ VpJ& WH2O DOMHW HpW I H]SHIGHYH WRVOHEEW S R U
WHOtWHWWHEE PLQW D N|UQ\H]JHWH $]W LV PHBXWDWiWPO
PpO\VpJ HOWpU DQQDN HOOHQpUH KRJ\ XEhBeRdk3]Eogy D] HO U
D NpW LQYHU]JLYV VIRIWYHU HOWpU NpSDONRWIiVL PyGV]HUL
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$ JiEUIQ'B HBBII\pUWHOP&HQ HON<O|QtWL D] DOM]DWRW DF
HO PLYHO D &LU V]HOYpQ\ D &LU V]JHOYpQ\KH] NpSHVW P
ROGDOIQ $ MyO YH]JHW IHOV UpWHJ D Vidiagospi@\OM|QHS P QV H
LQKRPRJPQ W[UPHOpPN N|YHWL (]JXWiQ D VIHOYpQ\ YpJpQ LVI
UpV]W D]JRQEDQ D] iWIHGpV PLDWW ILJ\HOPHQ NtY+«O NHOO K
QHP WHOMHV-“® MZHYD]VRELQWHV IHOERQWiVD VLNHUHVHQ ¢
DQRPIOLINDW DPHO\HN *UHJHN YDJ\ QDJ\ HOOHQiOOiV~ PpV
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Abstract. This study aimed to optimize the land use in agriculture by evaluating Electrical
Resistivity Tomography (ERT) measurememt®) 6]iU + XMghJdfocus on enhancing
agricultural applications. Through resistivity surveys, this study identified variability in subsur-
face resistivity, correlating with differences in soil characteristics and water content. The key
findings of this study include the identification of four distinct subsurface layers, namely dry
soil, moist soil, a limestone layer, and a deeper low-resistance layer. In particular, the study
highlights that quasi-null arrays offer superior resolution and sensitivity compared to traditional
dipole-dipole arrays, especially in detecting fractures within the limestone layer. The presence
of fractures and the topographical variations of the limestone surface influence soil quality,
moisture distribution and movement, which are critical for plant growth. These findings under-
score the potential of geoelectrical data for precision irrigation management, soil mapping, and
drainage pattern identification.

Keywords Geoelectrical methods, Quasi-null arrays, Soil mapping, Agriculture.

1. INTRODUCTION

Understanding subsurface characteristics is crucial for optimizing agricultural practices, par-
ticularly in regions such ak Q 6 $iduthern Hungary, where soil is thin and low quality, vari-
ability can significantly affect crop productivity. Traditional agricultural methods often over-
look the complex interplay between soil properties, moisture content, and subsurface features.
Two-dimensional (2D) Electrical Resistivity Tomography (ERT) measurements and inversion
of the acquired data are very common procedures used for geotechnical and environmental
[Ward, 1990, Dahlin, 1996, Kvon et. al, 2019, Conaway et. al, 2020], hydrogeophysical
[Sharma&Verma, 2015, Kirsch, 2006, Auken et. al, 2009], and archaeological studies and land-
slide characterization [Perrone et. al, 2014]. However, advances in geoelectrical methods pro-
vide a noninvasive means to map these subsurface characteristics, offering detailed insights that
can inform more efficient and sustainable agricultural practices.

The apparent resistivity data were collected from these measurements using a traditional
array, the dipole-dipole (DD), and two quasi-null arrays. Quasi-null arrays avawamtional
electrode arrangements whose airtoismprove the sensitivity of the measurements, and they
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produce a larger depth of detectability than any traditional array [Szalai et. al, 2014]. Further-
more, they provided better horizontal and vertical resolution in numerical investigations. These
results were verified by quasi-field analog modeling [Szalai et. al, 2020].

The primary purpose of this study was to investigate the subsurface electrical resistivity dis-
WULEXWLRQ LQ 6]iU 9L O O D J Htooptimzd lahHl is&b®. Aitks/dpptoRdd BasP H W K
been shown to reveal critical variations in soil properties and moisture content, which are es-
sential for applications such as precision irrigation management, soil mapping, and drainage
pattern identification. The significance of this research lies in its potential to enhance resource
allocation and productivity, particularly in organic farming contexts, where soil health and
moisture management are pivotal.

2. STUDY AREA

The geoelectric dataset was gathered fi®fri Wilage LQ )HMp U FR X,@ithin theX QJD U\
premises of an organic farm (Fig. 1).

Figure 1.
The location map of the study area

3. MATERIALS AND METHODS

The measurements were conducted with the Iris Syscal instrument from the University of
Miskolc, Department of Geophysics. Eighteen ERT sections have been measured using dipole-
dipole (DD) and quasi-null arrays with 72 electrodes and a spacing of 0.5 m between the elec-
trodes. Sixteen of these were executed along a long profile, and two were executed perpendic-
ular to them.

The measurements were made on three lines, and the sections were named P11, P12, P21-
P28, and P31-P38 (Fig. 2). The sections were overlapped by 5 m to ensure a gapless fit of the
profiles at the shallow depth, which is considered the most interesting from an agrotechnical
point of view, and at the same time to cover the measurement sections with a relatively small
number of measurements.
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The apparent resistivity data for the traditional array were processed using RES2DINV, a
tomographic inversion software described in [Geotomo software, 2006]. This software is de-
signed to generate true resistivity images by the processing of the observed data. It applies a
two-dimensional inversion method to the apparent resistivity dataset to ascertain the true resis-
tivity distribution beneath the surface. This algorithm minimizes the difference between ob-
served and calculated values through an iterative process. Initially, the subsurface is modelled
with uniform resistivity values in rectangular cells, creating an initial model. During each iter-
ation, these cell resistivities are adjusted based on the differences between the observed and
calculated pseudo sections. The iterations continue until a specified error threshold is reached,
yielding the final solution. The data for quasi-null array has been inverted by the Res2D-Hu
code [3UiFVHU For the forward modeling this code applies the method of Finite Differ-
ences [Dey&Morrison, 1979].

Figure 2.
A total of 18 measured geoelectric profiles are displayed on an aerial photo

4. MEASUREMENT RESULTS AND INTERPRETATION USING DIPOLE-DIPOLE
ARRAY

We chose the P21 section to show an example of the interpretation of the results (Fig. 3).
Each section typically includes four distinct layers. The topmost layer, shown here as about 1
m thick with a resistivity of 50-100 m, is interpreted as dry soil. Just beneath it is a similarly



H. Almusaedi et. al

thick layer with 5-50: m resistivity, its lower resistivity is most likely due to its higher water
content. Between 2 and 6 m depth, the resistivity values range from 100 to i60Ue iden-
tified this limestone layer based on geological observation from the neighbouring sand mine.
Below the limestone is another layer with a lower resistivity (under: 18 Because of its
depth, this layer probably has little agricultural value.

In the P21 section, there is a significant gap in continuity within the limestone FageB)
whichis supposed to correspond a fragmented, weathered zone. Such zones may have signifi-
cant impact to the water balance and thus the productivity of the plants. This statement is veri-
fied by the conductive anomaly at the same position in the topmost layer. It is most likely due
to its increased water content at this place. Contrary, in the second layer, there is a resistive
anomaly, demonstrating that this layer loses its water content more easily by down filtration.
This downward water contributes to the emergence of the conductive anomaly in the third layer.

Smaller variations in the topography of the limestone surface (e.g., at about 14 and 18 m)
have a smaller influence on these parameters, however, if they refer to fractures (which may
not be visible because of the limited resolution of the method) they may be more important than
it seems. Figure 3 demonstrates that the geoelectric method can determine the depth and thick-
ness of the layers, their topographical variations, the location and width of fractured zones and
eventually fractures. It presents also variations of the water content of the topmost layer, which
is the most important for the plants. This information can be very important to understand sub-
surface features, thus planning agricultural activity.

Lack of continuity in the limestone layer,
fragmented, weather zone

Depth Iteration 5 RMS error = 1.99 %
.0 8.0

Inverse Model Resistivity Section

] 1 ] | |smjcojee) jesimmycogesy §o ) ] |
34.7 57.3 94.5 156 257 424 700 1155
Resistivity in ohn.m Unit electrode spacing 0.500 n.

Figure 3.
Interpretation of results based on P21 profile

5. MEASUREMENT RESULTS USING QUASI-NULL ARRAYS

An example shows how quasi-null arrays can be advantageous over traditional arrays (Fig.
4). In the case of both quasi-null arrays, the course of the limestone surface changes much more
markedly than with the DD array, and the quasi-null array divides the limestone layer itself
much more; thus, it can be, among other perspectives, more suitable for detecting cracks be-
tween individual blocks.



Optimizing land use in agriculture by ERT evaluation, a case studyiikkBungary

P11 DpDp.bin
Model resistivity with topography
Iteration 5 RMS ervor = 2.7

Elevation
2.00

DPDP

[ Je—Rmmi Jog J § N |
483 831

Unit Electrode Spacing = 0.500 n.

200.0

150.0

G114

% o0& 50-200

50.0

distance[m]

o o resistm model

10000 WanuII
o & 100-500

distance[m]

Figure 4.
7KH D Q@asi-null arrangement results for section P11. The vertical red lines indi-

cate fracture zones, which play a significant role in water balance

6. SUGGESTIONSFOR AGRICULTURE

Figure 5 shows the parameters obtained from geoelectric measurements that are important
for agricultural research. The Slope of the limestone surface (indicated by the black dashed line)
This affects the water content and stone debris content of the second layer owing to its mechan-
ical hardness and water retention capacity, which could potentially influence crop yield and the
selection of the ideal plant species. For example, it is clear from the given section that where
there is a discontinuity in the limestone layer (between 23-27 m), water drains more quickly
from the moist layer, causing it to dry out faster (hence the higher electrical resistance in the
second layer). This is likely due to tectonic displacement, which caused cracks in this part of
the section. Theoretically, this should be detectable with a penetrometer, even if its positioning
is not the most accurate, as it averages values over a larger area. Surface neanewist z
(marked with red ellipses) The spots with lower electrical resistance near the surface are likely
due to their moisture content. These should also be aligned with penetrometer measurements,
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but accurate positioning of penetrometer data is necessary, as our information here is almost
point-specific. The slope of the less eroded limestone surface (indicated by the purple dashed
line) fortunately, this information can also be beneficial to us, adding further contributions to
changes in the soil layer thickness. The depth of penetrometer insertion or even the measured
moisture content may correlate with it.

Depth Iteration S RMS error = 1.
L

0.125 }

1.2%
2.40
3.38
4.56
5.99

6.81
7.72

ection \
[ ) [ ) !

Inverse Model Resistivity S
387 57.3 94.5 156 257 u2y 1155
Resistivity in ohn.n Unit electrode spacing 0.500 n.

Figure 5.
Recommendations for utilizing the results based on the P21 section. Black dashed
line: Slope of the limestonesurface. Purple dashed line: Slope of the less eroded
limestone surface. Red ellipses: Areas of lower electrical resistivity, iiidibat-
ing moister zones.

7. CONCLUSIONS

The main findings indicated variability in subsurface electrical resistivity, suggesting diverse
soil properties and moisture content within the study area. These results are crucial for devel-
oping precise agricultural interventions. Additionally, the study explores the advantages of
guasi-null arrays over traditional arrays. An example demonstrates that quasi-null arrays more
distinctly reveal changes in the course of the limestone surface compared to the DD arrays, this
research provides valuable insights into the subsurface characteristics of agricultural land in
Northern Hungary, with implications for improving agricultural practices and resource man-
agement. The findings of this study underscore the potential of geoelectrical methods to con-
tribute to sustainable and productive agricultural systems.
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PHO\ LJD] PLQGHQ D PRGHQDW R UBIY EPIGMO NVRIRYY RERTRGFON
dy, dz2) a15HJ\HQOHWEH Kapj\HWWHVtWYH

MFMTE@EMBEMUF @EM¥ M:V E @ VigBMdgroaxx  (16)

A KiURP PHUL OKABIDPOY K D N|[YHWNH] NpSSHQ MHOOHPH]KF

ML M@[ 6T@QU@V (17)
MW M@\ dU@T@V (18)
MV M&] av@T@u (19)

A 17-19. egyenleteket a 164 J\H Q O HW E H , Knbljuixsldehbirigrdilt W ¥ IIRIDWWD O RV
D] D Cegydnletet kapjukG[ G\ GJHVHWPpPEHQ
lage_ 1a6i 1861

FL3%TE e Lé—ig/oL (20)
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3HUHP I H O wijkviie® NROW D N~WRV]ORS PXQNDN|]HJ -WDOSL F
iWODJD PLQGNpW iUDPOiVL ROGDORQ D V]LPXOiFLYy WHOMHYV
PXQNDN|]HJ WHOMHV K PHQQ\LVpJH D WpUIRJDWiUDP D K 1
NLIRO\y N~WIHMNKOPQEBYV pIOHW V]RU]DWD

3LI1%L@6 (26)

AIRUPIRLYHV]WHVpJH D NH]GHWL K NpV]JOHW YDODPLQW D
LG OpSFV NK|] WDUWR]y K NpV]OHWILNEUD DORIPEIQ U] P QKL
iOWDO PHJWHUPHOW K PHQQ\LVpJ YDODPLQW D IRUPIFLYy ¥
NeO|QEVpJ ILJJHOKHW PHJ PLQG D SHUHP K IRUUiIVVDO Pl
HVHWPEHQ LV $ K IRUUIV QpON+.OL PRGHOOHN HVHWpPEHQ D
N~W FV VIJHUNH]JHWH YDODPLQW D N~WRV]JORSEDQ OpY Q\X.
3HUHP K IRUUIVVDO IXWWDWRWW V]LPXOiFLYN HVHWpPEHQ
FVINNHQ PHO\ D IRUPiFLy K YLVV]DW|OW GpVH



Pap J. tBaracza M.K.

1.iEUD
Talpi-pV NLIRO\y PXQNDN|]JHJ DNWtY WL PXODiWMW \P FUWOKKPRN V[

jobE ROGDOL iEUIN D PXQNDNP/®D KL ©WQI | RURIiFWY K YHV]WE
K IRUUIV QpON+OL >IHQW®@ pV SHUHP K IRUUIVVDO >OHQW

3.(5('0el1<(.

pV P SHUHPWiIYROVIJRNNDO SHUHP K IRUUiIVVDO N
VILPXOiFLYNDW IXWWDWWXQN N<O|QE|] W}H) fetyhmaosU D P RN N
FLUNXOiIFLYYDO YDODPLQW V]DNDV]RV e<]HPHW@WNH®WpVVHO
W D O D MKI P @ M MV O &Hak, a geotermikus gradienst f & NPHN THO WHAMWHOH]W N
HIJI\HQOHW DODSMiQ V]JiPtWRWW WHOMHY K NpV]OHWHW D

2. WiEOi]DW
f& QXOOSRQWL K PpUVPNOHWWHO V]iPROW IRUPIFLY K

HVHWPEHQ
BHUHPWIiNFR( 7HOMHV KTHp

2 1,329

10 33,434

50 855,383

$ IXWiMI72BG00s (20nappKRO D V]DNDV]RV «]HP& PRGHOOHN HV
86. V LQGtWRWWXN D VILPXOiFLYNDW $ V]JLPXOiFLyN VRU
D HJ\HQOHW DODSMiQ V]iPROWXN DERMIWHUPHOW K PHQC
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2.iEUD
$ VILPXOiFLY VRUIQ J\&MW|WW WDOSL pV N~WIHMK PpUVpNO
*]HP N|U Q\ HQEBWHHRRem=50 M, SHUHP K IRUUiIV QpON;rOL PRGHOO

$] HIJ\HV SDVV]aMttFoL MOYWHRANO HQ WDOSL N|UQNHIHND KKH WL V V
PHJ PHO\ D WR FLEELX V|RHRRVR MG HWW N~WIHMK PpUVpNOHYV
*]JHPL FLNOXVRN iWODJRV N~WIHMK PpUVpNOHWPE O V]iPtWk
D IRO\DPDWRYV *]HPKH] YLV]RQ\tWRWW KBWPNRQ\ViJ |VV]HKE

N
N

AN

3.iEUD
$] HI\HV FLNOXVRN VRUIQ V]iB tBhRWMHW | R HIDWIi K \IHBAERh ' € VWAD| EE HE ¢
K IRUUIV QpON+OL PRGHOO HVHWpPEHQ

$KRJ\ D] D iEU|@ LKV FOViRVUKQODW WWLE30R! KINAY WP Qs H74.46
kW-ra (20. ciklus) FV|NNBRWQRY PRGHOOYiOWR]yNNDO GH V]DNDV

VILPXOiFLYy HYHWpPEHQ D] XWRE@L\2ykWD VD @/N| ¥h¥y W2 PPROA D O D S M
HQHUJLDW|EEOHW PtJ PDJDVDEE WpUI|RI.BIWWBAB83%)|LPXOiF
HQHUJLDW|EEOH® LVIEHOp@XKMABWMDDNDV]RYV «]HPPHO HOy



Pap J. tBaracza M.K.

N~WIHMK PpUVpNOHW W|EEOHWHW WDOSL K PpUVPNOHW W
YDODPLQW K IRUUiV QpON*OL PRGHOOHN HVHWPpPEHQ

t >>, d DW Z dhz y ~~ diid, z KddKD,K> d DW Z dhz y 2~ d iid
MODEL| HEAT FLOW RATE MODEL| HEAT FLOW RATE
RADIUS SOURCH 5m3/h | 10m3/h| 15m3/h[ 20 m3/h RADIUS SOURCH 5m3/h| 10m3/h 15m3jh 2GBHh
50m TRUE 1.62 1.84 1.49 1.60 50m TRUE 3.86 3.3 2.40 1.85
FALSE 1.9¢ 1.8] 1.38 1.44 FALSE 4.23 3.34 2.3p 1.85
10m TRUE 1.92 1.78 1.3p 1.32 10m TRUE 4.24 3.34 2.3 1.89
FALSE 1.64 1.8( 141 1.45 FALSE 3.94 3.31 2.3f 1.85
om TRUE 1.63 1.9¢ 1.4 1.24 om TRUE 4.04 3.54 2.48 1.90
FALSE 1.67 1.87 1.3 1.47 FALSE 4.06 3.44 2.4% 1.92
PERFORMANCE EXCESS AT 10TH CYCLE [kW PERFORMANCE EXCESS AT 10TH CYCLE [%]
MODEL| HEAT FLOW RATE MODEL| HEAT FLOW RATE

RADIUS SOURCH 5m3/h | 10 m3/h| 15 m3/h[ 20 m3/H RADIUS SOURCE 5m3/h| 10m3/p 15m3jh 26BHh

50 m TRUE  14.53 43.4% 59.88 69.61 50m TRUE  18.999 36.47% 44.24%  48.83%
FALSE  16.45 43.23 57.84 67.%8 FALSE 21.989 36.24% 42.13%  46.61%
10m TRUE  16.31 42.86 57.592 68.22 10m TRUE  21.869 35.890% 41.94% 47.94%
FALSE  14.71 42.87 58.41 68.48 FALSE 19.439 35.90% 42.74%  47.40%
om TRUE  15.31 43.22 58.80 62.96 om TRUE  20.229 36.849% 44.19% 43.21%
FALSE  15.11 42.88 57.96 68.$7 FALSE 20.129 36.59% 43.59%  49.52%

4. iEUD

1D-1D szakaszos]HPPHO HOpUKHW N~WI[EBR PhQ WmN O DVO\S LE IE B}
W | E fadibifevit pV W H O Miehi tS\HRpHDR K IRUUiIVVDO YDODPLQW K |
PRGHOOHN HVHWPEHQ

4..99(7.(=7(7e6(.

$ N|JOHPpQalyatJ\OWDOXQN ruieriRud \jotlettwhitat bé&lexPDE
NJUQ\HJHWEHQ DPHO\ DONDOPDV D PpO\l~UiVL K EVH
K PPUVPNOHWYLV]RQ\RN V]iPtWiViUD $ PRGHOO VHJtWVpJpY
IVV]HKDVRQOtWYD YL]VJIiOWXN KRJ\ DJRQRV PRGHOOSDUDI
NMHUKHW NL D V]IDNDV]RV «]HP FLNOXVDL VRUIQ $] HUHGPp(
DNiU N|JHO  N: pV tJ\ WHOMHVtWPpPQ\Q|YHNHGpPV pUKHW

.g6=gl1(71<,/9E1E7E®

$ NXWDWyPXQND D OLVNROFL (J\HWHPHQ P&N|G $ONDOPD
GINOP-2.3.2-15-2016- MHO& A)|OGL HQHUJLDIRUUIVRN KDV]QF
KDWpNRQ\ViJ Q[YHO PpUQ|NL HOMIiUiVRN IB M DHFKMPVYH  SU|
PURJUDP NHWDHWYEH®DE 8QLy WiPRIJDWIiViYDO D] (XUySDL 6
$ODSRN WiUVILQDQV]tUR]iViYDO YDOYVXO PHJ

,52'$/20-(*<=e.

Aniko N. Toth, Peter Szucs, Jozsef Pap, Attila Nyikos, David K. Fenerty (2018) Converting
Abandoned Hungarian Oil and Gas wells into Geothermal Sources - PROCEEDINGS, 43rd
Workshop on Geothermal Reservoir Engineering - Stanford University, Stanford, California,
SGP-TR-213.
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OM HUHGPpPQ\HN D P&V]DNL I|OG pV NJUQ\H]JHWWXGRTF

9E=1EQl $/1/, .$9,86 €6 +202. 7(/(3(. 6=(/(7(6
-g9(6=7e6el(. 9,=6*E/$7$

6,2026 $1*(/26 6</9(67(%%5(&=(1, E.26
OLVNROFL (J\HWHP %iQ\D pV (QHUJLD ,QWp]H
VLRPRYV DQJHORV#XXNRFLENROWFEXQL#XQL PLVNROF

LYRQ®WDYLFV pV KRPRN EiQ\iV]IDWD HOHQJHGKHWHWOHQ
OHJW|EEV]|U D IRO\yN N|]JHOpEHQ D]JRN KRPRN pV NDYLFV \
OHJW|EE HVHWEHQ FVXSiQ Yt]QtYy DOyO IHMWKHW PHO\ V.
Yt]QtYy DOyOL NLWHUPHOpV VRUIQ D WHOHSHW ULWNIEED(
YDVWDJVIJEDQ W|UWPpPQLN D] iVYiQ\YDJ\RQ NLQ\HUpVH $ F
NeO|QE|] YDVWDJViJRN HVHWpQ NpW YDJ\ KiURP VIHOHWU't
IHMWpVH KRJ\DQ KDW D WHUPHOpPNHQ\VpJUH $] HUBGPpQ\H
VIHOHWHV IHMWpVPYGQDN DJRQEDQ H] VRN N|U-OPpQ\W O
IVV]HI+JJpVEHQ

. XOFVV]EY®WV]DW Yt]QtYy Q\HUVDQ\DJ OHO KHO\ WHUPHO

1. VIZNiVO ALOLI JOVESZTES ES TERMELES

$ Yt]QtYy DOyOL WHUPHO EHUHQGH]pVHN M|YHV]WpVL pV
V]iUD]I|OGL EHUHQGH]pVHNW O 9DQQDN KDVRQOYy DONDOPD
NeO|QEVpJHN N<O|QtWLN HO D V]iUD]I|OGL pV D Yt] DOyOL N
KRJ\ PtJ D V]iUD]I|OGL WHUPHOpV HVHWpPEHQ D]J]RQQDOL
*]JHPHOWHW MH D Yt] DOyOL NLWHUPHOpPV HVHWPEHQ D KH¢
OHKHWQH OHtUQL $ NRWUy *]JHPHOWHW MH FVDN N|[]YHWHW\
SLOODQDWQ\L LGHLJ pUKHW HN HO (JW KLYDWRWW NLNe«V]|
NpSHW DGKDWQDN D PHGHUU O D]JRQEDQ H]HN VHP KHO\
PUIpPNHOKHW OiWYiQ\W

$ PiVLN WpQ\H] PDJD D Yt] PHO\ IHOKDMWYHUHMp)
IVV]JHQ\RPKDWDWODQViJiYDO WHOMHVHQ PiV N|[UsOPpQ\HNH\
PyGMiW PRVW IpOUHUDNYD SXV]WiQ D WHUPHOpPVL PyGRW
NeO|QE|] WHUPHOpVL PYyGV]JHUHN HO Q\HLW YDJ\ KiWUiQ\D
NHOHWNH] WHUPpN PLQ VpJlpwW > @

2.$ 0%9(/e6 5(1'6=(5(,

$ WHUPHOpPV W|EEIpOH P&YHOpPVL UHQGV]HU V]IHULQW KD
PHJYDQ D PDJD VDMiWRVViJD PHO\HN D N|U*OPpQ\SNKH] LJI
SiUKX]DPRV ViYRV P&YHOpV HVHWpQ D NRWUy HJ\ NLDODNt
WHUPHOL OH D KDV]RQDQ\DJRW $ IRUJYSRQWRY P&YHOpV *
KDODGYD N|J|UFLNNHN PHQWpPQ PR]JRJ EWKHO\H]JHWW IRUJyS
IHGKHWLN HJ\PiVW $ SiUKX]DPRV pV IRUJYySRQWRY P&YHO|
UHQGV]HUW MHOHQWL 6SHFLiOLVY HVHWHNEHQ JiWDV YDJ
WDOIONR]QL


mailto:siomos.angelos@uni-miskolc.hu

9t]QtYy DOyOL NDYLFV pV KRPRN WHOHSHN VIHOHWHYV M

OLQGHJ\LN P&YHOpVL UHQGV]HU HVHWPEHQ MHOOHP] KF
P&YHOLN HO V]|U D V]iUD]JRQ OpY UpWHJHW PiVRGLNNpQ
HIJpV]pW HJ\EHQ $ MHOOHP] HQ QpKiQ\ PpWHU YDVWDJ W
IHMWpV D J\DNRUODWEDQ FVDN NHYpV KHO\HQ WDOIONR]Q
SDUDPpWHUHLW + WHOHSYDVWDJViJ NLWHUMHGpPV WHOHSEF
+ ILJ\HOHPEH YpYH HJ\ EHFVOpVW DGKDVVDN DUUD KRJ\ |
EiQ\INQDN D VIHOHWHY IHMWpVL PYGRW YIiODV]WDQLD H] Pl
MiU > @

3.$ 6=(/(7(6 )(-7e6 (/ 1<(, e6 +E75E1<$,

$ VIHOHWHV IHMWpV V]HPEHQ D WHOH S WOH ®NY HXYO NEEWW
HO Q\[NNHO pV KiWUIQ\RNNDO MiU 0tJ WHOMHYV YDVWDJV
VIHUV]iPD N|JHO D WHOHS PpO\VpJpQHN IHOpW O D IHN+V]LQ
DQ\DJPHQQ\LVpJ D M|YHV]WpV KDWiViUD QDJ\REE PpO\VpJEFL
HVHWpPQ H] D WHUPHOpPVL PpO\VpJ D WHOMHY WHOHSUH Qp]
FVINNHQpPVH PLDWW D] HP H®MLWWBHE B RUHM W BWAYD N Q MHJRIV. D [H P
HVHWPEHQ D PHIJWHWW ~W D M|YHV]WpV WDOSSRQWMiWyO
PHJWDNDUtWYD D JpS QDJ\REE WHUPHOpPVL NDSDFLWiVVDO
LV WXG P&N|GQL H]JHO WDUWDOpPN NDSDFLWiVW OpWUHKF
NHOHWNH] KiWUIQ\RNNDO $ FLNOXVLG EiU OHFV|NNHQ XJ
IHOYHQQLH D WHUPHO JpSQHN tJ\ D] iWiOOiVL LG N PHJQ|YF
NHOO YHQQL

7RYIEEL HOWpUpV D] HVHWOHJHV HJ\HQHWOHQ DQ\DJF
KDV]RQDQ\DJ WHOHS*OpVpE O DGyGyDQ D VJHOHWHNUH RV]
WXODMGRQViIJRNNDO UHQGHONH]LN (]J]JHO D] HOWPYpVVHO
DQ\DJPLQ VpJ YL]VJiODWD QHP IRJODONR]JRN D FLNNEHQ
EL]IRQ\RV EHUHQGH]pVHN HO OHYiODV]WiVW DONDOPD]YD
PHGUpPEH H]JHO D IHQpNHQ HJ\ PHGG UpWHJHW OpWUHKR]
VIHOHWHNE O NHOHWNH]HWW PHGG W HO NHOO V]iOOtWDQL
PtJ D] XWROVy VIHOHW PHGG UpWHJH YLVV]DHUHV]WKHW D

4.$ 6=(/(7(6 )(-7e6 [/(+(7 6e*el(. 9,=6*E/$7$ 6=EOE7E62.
ALAPJAN

$ V]IiPtWiVRN VRUIQ D] DOIEEL EHPHQHWL DGDWRNNDO GR
YpJHUHGPpPQ\UH
D WHOHS YDVWDJViJD
VIHOHWHN V]iPD
NRWUiV iWODJRV PpO\VpJH
NRQVWDQV HPHO PDJDVViJ D WHOHS IHG VILQWMH
D FLNOXVLG IRO\DPDWDLQDN KRVV]D MiUiVL pV U
D NDQiO *UHV pV WHOL W|PHJH
D] iWiOOiVDWIHU RHO/H VL LG DUIQ\D

$ FpO HJ\ iOWDOiIQRV N|JHOtW V]DEiO\ OpWUHKR]iVD PH
VIHOHWHY IHMWpVH HO Q\|V OHKHW H 7pQ\OHJHV EL]RQ\RV
DGRWW EiQ\iN HJ\HGL N|U*OPpQ\HLQHN LVPHUHWPpPEHQ OH
DODSV]DEiO\ N|QQ\& pUWpNHOpPVL OHKHW VpJHW MHOHQW
V]iPtWiVRN IRO\WDWIiViKR] YDJ\ HOYHWpVpKH]

$ N*O|QE|] P&YHOpVL UHQGV]HUHNEHQ D] iWiOOiV PyGMD
N[]|][WW HOWPpPUQHN DNiU D P&YHOpPVL UHQGV]HU VDMiWRVViJ

T TR TR TR TR TR T
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(EEHQ D] HVHWEHQ ~V]y PDUNROyY NRWUyYJpSHNNHO V]iPRO
VIHOHWHNEHQ W|UWpQ PHJYDOYVtWiVD HVHWpPEHQ NL OHKF
LG PHJWDNDUtWiVW PHO\HW D FLNOXVLG EHQ YDODPLQW |
PDJDVVIiJEDQ NHUHVKHW+QN $ VJHOHW QpON+OL IHMWpV HV
D WHOHSYDVWDJViJ IHOpQpO NHOO PHJIiOODStWDQL KDQHP
KDODGiV PLDWW D M|YHV]WpV WDOSiUD D Up]V& NLDODNXO
YDJ\LV D PDJDVDEEDQ IHNY N JHWHW LV DODFVRQ\DEEUyO

oy,

iEUD

$ WHUPHOpVL WDUWRPIQ\ pV D] DQ\DJ FVXV]DPOiIVD PHJKD
WHOHS DQ\DJD D IHOV]tQUH MXW

(OV NpQW D] HQHUJLDPHJWDNDUtWiVVDO V]iPROKDWXQN |
MIYHV]WpV HVHWpPQ 0 HPHOpVL PDJDVViIJRW NtYiQ D WH:
PDJDVViJ D WHOHS YDVWDJViJiQDN IHOpW O D IHN+ V]LQWMp
OpY UpWHJHN FVXV]DPODQDN D IHMWpV VRUIQ $ V]iPtWiVvD
H]JHO PiU NpW HJ\IRUPD YDVWDJViJ~ VIHOHW HVHWpPQ LV

LV OHKHW ,WW KR]]i NHOO WHQQL KRJ\ D] HPHOpVL PD.
V]iPtWRWWDP D WHOHS IHOHWWL YtJUpWHJ pV D JpS Yt]V]L(
KDJ\YD $ PHJWDNDUtWRWW HPHOpVL PDJDVViJ DUIQ\RV D \
HQHUJLD PHJWDNDUtWiViYDO )LJ\HOHPEH YpYH D PRVW HO
SDUDPpWHUHLP DODSMiQ D pV  V]iP~ GLDJUDPRW NDSWLC

$ WHUPHOpPVL FLNOXVLG EHUHQGH]pVWISXVRQNPQW My
IRO\DPDWRVDQ YiOWR]y N|U*OPpQ\W O LV I+JJHQHN (J\ DGR
KDWiVVDO D NRWUiIVL PpO\VpJ YDQ D FLNOXVLG UH (] D]JW |
iWODJRV PpO\VpJ V]HULQW V]iPtWKDWy D] LG Q\HUHVpJ
HQHUJLDPHJWDNDUtWiVQiO MHOHQWNH]LN $ WHOMHV FLNO
pV D NLUDNRGIVEYO i0OO $ PpUpVHLP VRUIQ D MiUiVL LG Ol

PLQW D UDNRGIVL LG N PoPWHUHV PpO\VpJ HVHWpPQ $]
DUIQ\ MyYDO PHJQ|YHNV]LN PpWHU PpO\VpJ HVHWPEHQ |
HPHOpPVL iWODJPDJDVViJ NE RV FVINNHQpPVH LWW HJ\HG-

PLYHO NLV PpO\VpJ HVHWpPQ LV H] WHV]L NL OHJDOIEE D
PHIWHNLQWKHW KRUW|DWpY |MMOHWVHVHWPQ LG EHQ KiQ\
D WHOMHVY WHOHSHYV IHMWpVKH] NpSHVW $ GLDJUDPEDQ O
iWiOOiVL LG NE O V]iUPD]y YHVIWHVpJHW PHO\HW V]LQWHp(
PHIJDGQL
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PLQLPiOLVDQ NE )W WRQQD MHOHQWNH]LN D] LG Q\HU
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RV WHUPHOpPNHQ\VpJ Q|YHNHGpV XJ\DQHNNRUD KDV]QRQ Q
(EE O D] LG Q\HUHVpPJE O VILQWH D WHOMHV HJpV]HW NpSH
iWioOOiV PLQLPIiOLY LGHLJ WDUW HVHWOHJHVHQ NRWUiV N|]
$KRO D] iWiOOiVL LG LG YHV]WHVpJHW RNR] RWW HJ]]JHO
KDV]QiOYD PHJIOODStWRWWDP KRJ\ D] iWiOOiVL LG N D
UHQGV]HUHNQpPO NE DUIQ\EDQ iOOQDN $ WHUPHOpV V]H
D] HI\QpO W|EE VJHOHWHN V]iPiYDO YDJ\LV NpW V]HOHW H\
QpJ\ VJHOHWQpO D YHV]WHVpJ 9DJ\LV DPHQQ\LEHQ D]
HOKDQ\DJROKDWYy DODWWL tJ\ D GLDJUDPRNRQ NDSRW
LG N RV pUWpNpW PHJV]RUR]YD D VIHOHWHN V]iPiYDO H |
GUDV]JWLNXVDQ URPOLN D PHJV]JHUJHWW HO Q\ 9DJ\LV
iVYiQ\YDJ\RQW V]HUHWQpPQN OHWHUPHOQL D GLDJUDPRN D

HVHWPEHQ LG Q\HUHVpJJHO V]iPROKDWXQN KD D]
$PHQQ\LEHQ D IHQW OHtUW RV DUIQ\EDQ iOOQDN NpV
HVHWPEHQ FVXSiQ OHV] D Q\HUHVpJ

5. KOVETKEZTETESEK

$ VJHOHWHV YDJ\ VILOQWHQNpPQWL IHMWpV D V]iUD]I|OGL E
Yt]QtYy DOyOL NLWHUPHOpPVHN HVHWpPEHQ D KHO\L MHOOHP
DJRQEDQ EL]JRQ\RV HVHWHNEHQ V]iUPD]KDWQDN EHO OH HO
PDUNROY NRWUYN HVHWpPEHQ HJ\pUWHOP& NDSDFLWiV Q|
WHOHSYDVWDJViJ HVHWpQ D WHUPHOpPV W|EE V]HOHWEHC
NLKDV]QiOKDWY KD D] iWiOOiVL LG N HOKDQ\DJROKDWyDN
$PHQQ\LEHQ QHP tJ\ YDQ ~J\ V]iPROQL NHOO D] iWiOOiVRN L
VIHPEHQ (J\HV HVHWHNEHQ DNiU KiWUIQ\RV LV OHKHW D W
$ V]iPtWiV NLPHQHWHOH VRN EHPHQHWL SDUDPpWHUW O IeJ
YDJ\ NpSOHWHW DONRWQL (J\ DGRWW HVHWEHQ D YiOWF
HOYpJ]pVH DODSMiQ HI\HGLOHJ SRQWRVDQ PHJKDWiUR]KDW
MiU D VIHOHWHNEHQ W|UWpQ IHMWpVPYG

IRODALOMJIEGYZEK

'U % KP -y]VHI 'U %XyF] =ROWiQ 'U 6]DUND *\|UJ\L, DY
%tERU .LDGy OLVNROF

'U =iPEy -iQRV7IHOHStWpVHOPpOKH®VPDEIQ\L\DGW EBXQGDSHVW

'U =iPEy -iQRYV $ EIQ\DBADIBGEPYDIODLBBYPL %XGDSHVW

'U .RYiIFV )HUHQF 'U )DXU *\|UJ\ . *OIHMWpVHN P&YH
7TDOQN|Q\YNLDGY %XGDSHVW

6LRPRV $QJHORYVY 6\OYHVWHU 'HEUHF]JHQL E\NRV $ PL\
OHO KHO\HN EHFV.-OW iVYIQ\YDJ\RQD OM - HWHGPpQ\I
NJUQ\H]HWW X G R,PMiKolcDEgyetem M&V]DNL g MOQUQ\H]HWWXGRPIC
Kar, Miskolc
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.LYRQDDND KLGURJpQW D M|Y HJ\LN OHJtJpUHWHVHEE HQHUJ
D WpQ\W HU VtWL PHJ D] ~M (XUySDL 8QLyV MRJV]DEiO\FVF
KLGURJpQSLDF DODSYHW V]DEiO\DLW IHNWHWL OH $ KLGUF
D IRVV]LOLV W+]HO DQ\DJRNNDO V]HPEHQ HOWe+]HOpVH
JiIJRN -HOHQ FLNNEHQ D V]JHU] N DJW YL]VJiOMiN PHJ KR.
DQ\DJMHOOHP] L PHQQ\LEHQ WpPUQHN HO D I|OGJi]W DONRW,

. XOFVV]DKRIDGBWRJIpQ PHJ~-MXOy Ji]JRN ]J|OGHQHUJLD DQ\D.
JiJHOHJ\

$SEVWUMRRGBND\ K\GURJHQ LV FRQVLGHUHG RQH RI WKH PRVW
IXWXUH 7KLV IDFW LV FRQILUPHG E\ WKH SXEOLFDWLRQ RI
GRZQ WKH EDVLF UXOHV RI WKH HPHUJLQJ K\GURJHQ PDUN|
EHFDXVH XQOLNH IRVVLO IXHOV LWV FRPEXVWLRQ GRHV Q
WKH DXWKRUV H[DPLQH KRZ WKH FRPEXVWLRQ WHFKQRORJ'
GLIIHU IURP PHWKDQH WKH PDLQ FRPSRQHQW RI QDWXUDO

NH\ZRUGGURJHQ UHQHZDEOH JDVHV JUHHQ HQHUJ\ PDW
K\GURJHQ JDV PL[WXUH

% (9(=(7e6

$] HXUySDL HQHUJLDKDWPpPNRQ\ViJL pV NOtPDVWUDWpJLDL
HO D KLGURJpQ PLQW D N|JYHWNH] LG V]DN HJ\LN OHKHWV
6]HUHSH ODJ\DURUV]iJ 1HP]JHWL +LGURJpQVWUDWPpPJLIMIEDQ
NHJHOYH D YLOODPRVHQHUJLD pV D I|OGJi] LQIUDVWUXNW
iUDPWiUROIVL OHKHW VpJHNHW $ PHJ~MXOy HQHUJLDIRUU
PROHNXOD IRUPIEDQ WiUROKDWY PHO\UH D PHJOpY 1]|0OG.
ELJWRVtW $ MHOHQOHJL PDJ\DU 1|0GJi] LQIUDVWUXNW~UD
VILQWHQ NLpStWHWW PLQGHQNpPSSHQ FpOV]HU& LIJpQ\EH Y
pV WiUROIiIVIiUD $ KLGURJpQ I|OGJi]KiOy]DWL EHWiSOiOiVD I
KLVIHQ D I|OGJi]WyO HJ\ MHOHQW VHQ HOWpU ILJLNDL WXC
KDUPDGD D I|OGJi]pQDN LOOpPpNRQ\DEE pV UREEDQYNpPSHVH
PLQGHQNpPSSHQ YL]VJiODQGYN D UHQGV]JHUUH J\DNRURO)
PHIJHQJHGKHW 1|OGJi]PLQ VpJL HO tUIVRN WHOMHVIWKHW
HQHUJLDWDUWDORP NpUGpVpW pV D [|OGJiIJUHQGV]HU |
WDQXOPIQ\EDQ D] $VSHQ +<6<6 V]LPXOiFLyV V]JRIWYHU DONEC
D KLGURJpQWDUWDORP PLO\HQ PpUWPNEHQ PYyGRVtWMD D J
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.RPSUHVV]LELOLWIiVL WpQ\H]

$] LGHIiOLV Ji]JRN PROHNXOIiLW SRQWV]HU&QHN WHNLQWM
N|]]WW QLQFV N|OFV|QKDWiV ,0\HQ iOODSRW D WHUPpV]HW
PROHNXOIL PiU QHP WHNLQWKHW N S$IRQMW KHDURIQMRO YYD €
HJ\PiVUD $ PROHNXOiIN N|][WWL WDV]tWyHU N D NLWHUMHG
OLYHO PLQG D YRQJ]y PLQG D WDV]JtWyHU N PiV PiV WiYROVi
H]JpUW EHYH]JHWWpN D] ~Q NRPSUHVV]LELOLWiVL HOWpUpVI
$] HOWpUpVL WpQ\H] pV D N|YHWNH] EHNH]GpVHNEHQ EH
D] $VSHQ +<6<6 SURJUDP VHJtWVpJpYHO NpV]OW $ PRGHO
JiJHOHJ\HNU O YDQ V]y D *(5* iOODSRWHJ\HQOHWHN KD
iOODSRWHJ\HQOHW QLQFV EHpStWYH D V]JRIWYHUEH QDJ\I
6RDYH 5HGOLFK .ZRQJ iOODSRWHJ\HQOHW 9L]VJiODWDLQN
iOODSRWHJ\HQOHWHN LV |[VV]JHKDVRQOtWiVUD NHU<OWHN
N[]|[WW HOKDENOJIRENVDPWYHQQpPOIRIJYD MDYDVROW D] 65. DON
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.*O|QE|] KLGURJpQWDUWDOP~ JiINHYHUpPNHN NRPSUHVV
Q\RPiVYiOWRI]iV 1+JJYPQ\pEHQ f& RQ
$] iIEUIQ D KLGURJPQEHWIiISOiOiV KDWiVD OiWKDWy D Ji]

YRQDWNR]yDQ N+<O|QE|] DUiQ\~ KLGURJpQ EHNHYHUpV H\
KLGURJPBWD|YWOpVH HJI\pUWHOP&HQ Q|YHOL D NRPSUHV
8J\ADQDNNRU WI KLGURJpQWDUWDORP IHOHWW Q|YHNY Q
WpQ\H] pUWpNH DODWWD FV|NNHQ DKRJ\DQ D] D] iEUIQ LV



OHWIQ KLGURJpQ JpWOHIO D/WBFKQLNDL MHOOHP] LQHN YiOW
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PRO %* NHYHUpN NRPSUHVV]JLELOLWIiVL WpQ\H] MH D ¢

$ JiEUIQ N*O|QE|] K PpUVpMWDHWS OPPRONMHYHUpPNHN NRP
WpQ\H] MpQHN DODNXOiVD WHNLQWKHW PHJ D Q\RPiV |-
K PPUVPNOHW Q|YHOpPVpPYHO Q D] HOWpUpVL WpQ\H] pUWpN
D NRPSUHVV]LELOLWIiVL WpQ\H] pUWpNpW
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PRO ** NHYHUpN NRPSUHVV]JLELOLWIiVL WpQ\H] MH D «

$ JiEUIQ N*O|QE|] K PpUVpMWDHWH OPPRONMHYHUpPNHN NRP
WpQ\H] J|JUEpPLQHN DODNXOiVD ILJ\HOKHW PHJ D Q\RPiV Ie.
K PPUVPpNOHW Q|YHOpPVPYHO Q D] HOWpUpVL WpQ\H] pUWpN
Q|YHOpPVH D NRPSUHVV]LELOLWIiVL WpQ\H] pUWpPNpQHN FV|N
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PRO NRPSUHVV]LELOLWIVL WpQ\H] MH D Q\RPiVYi
$ JEUIQ N*O|QE|] K PpUVPNOHW& WLV]WD KLGURJpQJi]

OHIXWiVD WHNLQWKHW PHJ D Q\RPiV I+JJYPQ\pEHQ /HROYD
FVINNHQ D] HOWpUpVL WpQ\H] pUWpNH 7RYIEEi PHJiOODSt\
NRPSUHVV]LELOLWiVL WpQ\H] pUWpPNpW PRO KLGURJpQW

-RXOGHKRPSVRQ HI\eWWKDWYy

$] iEUIQ N<O|QE|]] K PpUVpPNOWWEWDOPPRR®I] +RXOH 7t
HI\*WWKDWYLQDN DODNXOiVD WHNLQWKHW PHJ D Q\RPi
iOODSRWHJ\HQOHWWHO NLV]iPtWYD $ YL]VJiIiODWNDVRUiIQ L
%HQHGLFW :HEE 5XELQ %:56 D 6RDYH 5HGOLFK .ZRQJ 65
iOODSRWHJ\HQOHW /HROYDVKDWyY KRJ\ D N+O|QE|] iOODSR
D KLGURJpQ WDUWDORP Q|YHOpPVPYHO FV|NNHQ PpJKR]]i D
QHJDWtY pUWpPNHW LV IHOYHKHW PRO IHOHWW DPHO\ C
Q\RPiVFV|NNHQpPV QHP K&OpVW KDQHP PHOHJHGpPVW LGp] H
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$ KLGURJPQ W|PHJHJ\VpJUH V]iPtWRWW IDMK MpQHN YiC
Q\RPiV 1+JJYPQ\pEHQ

$ JFEUIQ N*O|QE|] K PpUVpBIOHAHRNKEQ Wi|WHKDMIWBNIUH V]iF
PUWPNHL D Q\RPiV 1-JJYPQ\pEHQ $ Q\RPiV Q|YHOpPVpYHO ¢
$JRQEDQ D] LV PHJILJ\HOKHW KRJ\ PHJN|[]JHOtW OHJ EDU
IDMK pUWPpPNH PLQpO PDJDVDEE K PpUVPNOHW& D KLGURJ]J
DQQiO PDJDVDEE D IDMK pUWpNH PLQpPpO DODFVRQ\DEE K P
XJ\DQH] PRQGKDWY HO D KLGURJpQ W|PHJHJ\VpJUH V]iPtWR
DQQ\L HOWpUpVVHO KRJ\ HQQpO D] HVHWQpPO KR]]JiYHW OH
YLVHONHGpVH
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$ KLGURJPQ EHWIiSO1®iNHYBW pMD VW] PHIHJI\VpJUH V]iPtw
NeO|QE|] Q\RPiVRNRQ

$ JFEUIQ OIWKDWy KRJ\ N*O|QE|] Q\RPiV~ I|OGJi]JHOHJ\HN
IDMK pUWpNH KRJ\DQ UHDJIiO D KLGURJpQWDUWDORP Q]|Y}
KLGURJpQWDUWDP Q|YHOpVH PLQGHQNPSS Q|YHOL D W|PH.
7RYIEEi PHJILJ\HOKHW KRJ\ D Q\RPiV Q|YHOpVH DODFVRQ\
IDMK pUWpPNpW GRKRGIRRDMRWDQYWBOpVpYHO DJRQEDQ D] H.
WDUWR]y IDMK pUWpNH N|[JHO D]JRQRV OHV]

LQHPDWIMINR]LWiV

9DOyV Ji]JRN iUDPOiVD VRUIQ D] HJ\PiVVDO pULQWNH]
FV~V]WDWYyYIHV]*OWVpJ $ YLVINR]JLWiV W|NpOHWHYV Ji]JRNQIC
UHIiOLV Ji]RN HVHWPEHQ D Q\RPiVI3DJWDOWRPpQ\BDRNpDYpQ
iEUIQ PHJILJ\HOKHW KRJ\ N*O|QE|] RRRp URIY NSO/HW/I&Y W D +
Ji] NLQHPDWLNDL YLV]NR]JLWiVL WpQ\H] L KRJ\DQ DODNXOQD
DODSMiQ OHROYDVKDWY KRJ\ D KLGURJpQWDUWDORP pV D
YLVINR]JLWiV pUWpNH D Q\RPiV HPHOPp\pY HE DR V]RDW FWBO
DOiWiPDV]WMD D] HO EEL PHJIiOODStWiVRNDW PpJ SHGLJ K
NLQHPDWLNDL YLVINRJLWiV pUWpNpW XJ\DQDNNRU D Q\RPi\
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OHWiIiQ KLGURJpQ JpWOHIO DAWBFKQLNDL MHOOHP] LQHN YiOW
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$ VIHU] N YL]VJiODW DOi YRQWIiN D PRO PHWIQ PRO
DONRWRWW Ji]JHOHJ\HN We]HOpVWHFKQLNDL pV DQ\DJMHOO%
1+JJYPQ\pEHQ D] $VSHQ +<6<6 V]LPXOIiFL¥y VY LYVR QLYW UMNO DSN
OiIWKDWYYi YiOW KRJ\ D KLGURJpQWDUWDORP Q|YHOpPVH F
WpQ\H] pUWpNpW 0tJ D PHWiQ NRPSUHVV]JLELOLWIiVL WpQ\H
DGGLJ D WLV]WD KLGURJpQ HVHWPEHQ D Q|YHNV]LN $ -RX
PHJIiOODStWiVUD NHU<OW KRJ\ D PHWiQ HVHWPEHQ D -RXOt
WLV]WD KLGURJpQWDUWDORP PHOOHWW QHJIJDWtY pUWpNH
Q\RPiV Q|]YHOpPVPYHO Q D IDMK pUWpNH $]RQEDQ D] LV PH
EDU D Q\RPiV DODWW DQQiO PDJDVDEE D IDMK pUWpPNFH
KLGURJpQJi] (JHQ Q\RPiVpUWpPN IHOHWW YLV]JRQW DQQiO
DODFVRQ\DEE K PpUV pNONVDE DDKLLGWDRIVQVINRILWIiVL WpQ\t
PHJILJ\HOKHW KRJ\ D KLGURJpQWDUWDORP pV D K PpUV
YLV]NR]JLWiV pUWpPNH D Q\RPiV HPHOpPVpPYHO YLV]RQW MHOH

52'$/20-(*<=e.

ODJ\DURUV]iJ 1HP]HWL +LGURJpQVWDUWPpPJILiMD 6WUD
KLGURJPQWHFKQROYJLANW KDKRIG BER YpQH VPV pUM/ WpUEI]LViQ
PIMXV ,QQRYiFLYV pV 7THFKQROyYJLDL OLQLV]WpULXP

$VSHQ +<6<6 9 V]RIWYHU
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.LYRQPMOHQOHJ D KLGURJpQW D M|Y HJI\LN OHJItJpUHWHV
V]iPRQ (]JW D WpQ\W HU VtWL PHJ D] ~M (XUySDL 8QLyV MR.
GHNDUERQL]iIOW Ji]SLDFL FVRPDJ" PHJMHOHQpPVH PHO\ D
VIDEiO\DLW IHNWHWL OH $ KLGURJpPQ QpSV]HU&VpPJH HU V
NLERFViWiVIQDN FV|NNHQWpPVpUH LUIQ\XOy W|UHNYpVHNNHC
HI\pUWHOP&HQ WHOMHVtWL OpYpQ KRJ\ HOW+]HOpVH VRUi
“HOHQ FLNNEHQ D V]JHU] N D]JW YL]VJiOMiN PHJ KRJ\ D KLGL
liINO\i]iV K KDWiV |[YH]HWpQHN PpUWPpPNpW

NXOFVVHYWWILDIWPHQHW KLGURJpQ IiNO\D K KDWiV |YH]F

$SEVWWDFUIWMHQWO\ K\GURJHQ LV FRQVLGHUHG RQH RI WKH F
IXWXUH 7KLV IDFW LV FRQILUPHG E\ WKH SXEOLFDWLRQ RI
3DFNDJH ZKLFK OD\V GRZQ WKH EDVLF UXOHV RI WKH HPH!
K\GURJHQ LV VWURQJO\ OLQNHG WR HIIRUWYVY WR UHGXFEH JU
FOHDUO\ IXOILOV WKLV FULWHULRQ VLQFH LWV FRPEXVWLF
WKH DXWKRUV LQYHVWLIJDWH KRZ WKH SUHVHQFH RI K\GUF
HIITHFW JRQH

NH\ZRUH&WHUJ\ WUDQVLWLRQ K\GURJHQ IODUH KHDW HIIHF)

% (9(=(7¢e6

1DSMDLQN HJ\LN OHJV+UJHW EE SUREOpPPiMD D] pJKDMODYV
MHOHQW V IRUUIVD D] HQHUJLDIHOKDV]QiOiVKR] N|WKHW
(XUySDL VILQWHQ LV HU V|GLN D] LJpQ\ HJ\ RO\DQ PHJ~MXO
DPHO\ D KDJ\RPiQ\RV IRVV]LOLY W+]HO DQ\DJRN KHO\HWWH\
OHKHW $ KLGURJpQ HUUH D FpOUD DONDOPDVQDN tJpUNH]L
HJ\LN OHJQDJ\REE HO Q\H D MHOHQOHJ DONDOPD]RWW IR\
HOW+]JHOpVH VRUIQ Yt]J ] NHOHWNH]LN H]JHO MHOHQW VH
NLERFViWiV PpUWpNpW $ KLGURJpQ I|OGJi]KR] YDOy KR]]Ji
NHOHWNH]JHWW JiJHOHJ\ W+]HOpVWHFKQLNDL pV DQ\DJMH
I|OGJi]KiOy]DWRW +]JHPHOWHW V]DNHPEHUHNHW 8J\DQLO\
PHIMHOHQpPVH KRJ\DQ EHIRO\IVROMD D IiNO\i]iV VRUIQ NI
9L]VJiODWDLQN DUUD D NpUGpVUH YRQDWNR]YyDQ YpJH]Wsl
KR]JINHYHUpVpYHO YDODPLQW D WLV]WD KLGURJpQ PHJMN
K KDWiV|YH]JHWHN PpUWpNpW D] DUUD YRQDWNR]y HO tUiVRI



$ KLGURJpQ KDWiVD D IiNO\D K KDWiV [YHJHWpPpQHN NL
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$ KLGURJpQWDUWDORP [iNO\D K KDWiV|YH]JHWpQHN QDJ\Vi
)/$5( VIRIWYHUUHO YDOYyVXOW PHJ $ YL]VJiODW VRUIQ HJ\
liNO\D PRGHOO DGDWDL NHU<OWHN IHOKDV]QiOiVUD $ PLQW
YRQDWNR]y D] RUV]iJRV V~O\R]JRWW Ji]|[VVIHWPpWHO NHU-C
I||]OGJi]JPHQQ\LVpIHKE=D@OBSMi® YL]VIIODWRN VRUIQ D] DODS |
HVHWpPQ D Np]L V]DEiO\]yV]JHOHSSHO EHIiOOtWRWW HOWpU
PHOOHWW MHOHQWNH] K KDWiV|]YH]HWHN NHU<OWHN PHJKD
WDUWDOP~ Ji]JHOHJ\ YDODPLQW WLV]WD KLGURJpQWDUWD
K KDWiV|YHJHWHN QDJ\ViJD $ NH]GHWL Ji]JiUDP pV D IiNO
I|0GJi]|[VVIHWpWHO PHOOHWW LV YiOWR]DWODQXO NHU-OW
PpUWpPNH ~J\ OHWW PHJKDWIiUR]YD KRJ\ D OHI~YDWiVL P&YH
DQQDN PpUHWH D] HPEHUUH YHV]pO\HV K KDWiV |YH]JHWWH
P $ YL]VJIODW VRUIQ D] HVHWOHJIHV V]pO PLDWW EHN]|Y
ILJVHOHPEHYpWHOUH

WIiEOi]DW
$ K KDWiV|YH]HWHN DODNXOiVD D KLGURJpQWDUWD
1+JJYPQ\pEHQ P PpUWpPNHJI\VpJE!

+ KDWIiV|YH]HW >P@
Kezdeti
JiliU D P3¥h]F Ho-tartalom [%]
0 5 10 15 20 100

2500 | 11,94 | 11,73 11,5 11,30 11,07 6,31
5000 | 17,11 | 16,80 16,48 16,19 15,86 9,27
7500 | 21,03 | 20,66 20,28 19,89 19,49 11,51
10 000 | 24,33 | 23,90 23,46 23,02 22,55 13,37
15000 | 29,90 | 29,37 28,81 28,29 27,72 16,49
20000 | 34,68 | 34,07 33,43 32,81 32,15 19,10
30000 | 42,69 | 41,93 | 41,15 40,38 39,57 23,46
40000 | 49,42 | 4856 | 47,66 46,75 45,82 27,13
50000 | 55,36 | 54,39 53,38 52,37 51,33 30,46

$ WIiEOi]JDW DGDWDL DODSMiQ PHJILJ\HOKHW WRUWDRORJP\D
~J\ FVINNHQ D K KDWIiV|YH]HW PpUWpPNH $ YL]VJiODW VRU
I|OGJi]KR] KR]]iDGRWW KLGURJpQWDUWDORP NDO
KLGURJpQWDUWDORP NDO PtJ KLGURJpQWDUWDORI
I|OGJi]|[VVIHWPWHO HVHWPEHQ MHOHQWNH] K KDWiV|YH]H
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HVHWPEHQ D] HUHGHWL 1|OGJi]|[VV]HWpWHO PHOOHWW MHOH
D IHOpUH FV|NNHQ $ WIiEOiI]DWEDQ IHOW+sQWHWHWW HUHGP
iEUIJROIVUD NHUsOWHN D MREE V]HPOpPOWHWKHW VpJ pUG
Q|YHNY KLGURJpQWDUWDORP K KDWiV|[YH]JHW FV|NNHQW KI

IEUD
$ K KDWiV |[YHIJHWHN DODNXOiVvD I|OGJi] KLGURJpQ YD
HVHWpPpEHQ D OHI~YDWiVL P&YHOHW PD[LPiOLV KR]D

$ OHI~-YDWy IiNO\D K KDWiV [YHIHWpQHN PHJKDWIiIUR]iViUD

*36$% (QJLQHHULQJ 'DWD %RRN LOOHWYH D] $3, *XLGH 53
$ K VXJiUJ]iV J|PEVXJDUIQDN V]iPtWiViUD V]ROJiOy |VV
tUKDWYy IHO
.BR®
VO N ®

DKRO

5+ D 0iQJ N|]JpSSRQWMiQDN WiYROViJD YDODPHO\ , K VX
0+ KHPLVV]LYV WpQ\H] > @

+
T, £ IiINO\i]JiVL Ji]Jv@P >P
+p+ DOVy K p@WpN >- P

, £ K VXJiU]JIVL LQWAHQ]LWIiV >: P

$ IHQWL |VV]HI-JJpV DODSMiQ OiWKDWy KRJ\ D K KDWi
WpUIRJDWiUDPRW IHOWpPWHOH]YH #+pD YIDIQ\D\P]IHQWY WDH OD G B W
PUYPQ\HV NLVXJiUJIRWW K KiQ\DGRW MHOOHP] 0 K HPLVV]
GLDJUDP D] DOVy K pUWpN YiOWR]iViW VIJHPOpOWHWL D [|OG
PHWiQKR] NHYHUW HJ\UH Q|YHNY PpUWpPN& KLGURJpQWDUYV

DOVy K pUWpNH DGGRJI ® KLGURJIJpQ HVHWpPEH®@DH)\LD/] KUWON
HJ\KDUPDGD D PHWiQpQDN



$ KLGURJpQ KDWiVD D IiNO\D K KDWiV [YHJHWpPpQHN NL

IEUD
$ PHWIiQ KLGURJpQ Ji]JHOHJ\ DOVYy K pUWpPNpQHN DODNX
[«+JIJYPQ\pEHQ

$] pJpVQpO IHOV]DEDGXOy HQHUJLD VXJiU]y K KiQ\DGiW
Engineering Data BookD] DOIEEL WIEOI]DWEDQ V]JHUHSO pUWPpPNHNH
KLGURJpQ K HPLVV]LYV HIJ\eWWKDWyMD HJ\ QDJ\VIJUHQGG
PDIJDVDEEUHQG& V]pQKLGURJIpQHNDP

WIiEOi]DW
$ K HPLVV]LYV HJ\eWWKDWy pUWpPNH N<O|QE|] DQ\DJPLQ Vp

OLYHO D K VXJiU]iV J|PEVXJDUIQDN V]iPtWiViUD V]ROJiO
KHO\HINHGQHN HO D IHQW YL]VJiOW SDUDPpWHUHN tJ\ PC
KLGURJpPQ K KDWiV|YH]HW FV|[NNHQW WXODMGRQViJD D NR
PHOOHWW

$ OIQJOHV]DNDGiV NpUGpVPQHN HOHP]pVH VRUIQ PLQGH
OiQJWHUMHGPVL VHEHVVpJ DODNXOiVIW $ PHWIQ KLGURJy
YiOWR]iViwW D] DOIEEL GLDJUDP PXWDWMD EH D KLGURJpQV
WDUWDORP Q|YHNHGpPVPQHN KDWiViUD D Ji]JHOHJ\ OiQJWH
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Q|YHNHGQL PRO KLGURJpQWDUWDORP PHOOHWW VI]HI
PHOOHWW VIHUHVpUH Q|YHNVILN D OiQJWHUMHGPVL VH
MHOHQWNH] FP V pUWpPNKH] NpSHVW PRO KLGURJpQ!
ILJVHOKHW PHJ FP V OiQIWHUMHGPVL VHEHVVpJJHO

N

N

=,

iEUD
$ PHWiQ KLGURJpQ Ji]JHOHJ\ OiQIWHUMHGPVL VHEHVVpJ
1+ JIJYPQ\pEH@mBUWNBYV] WiUVDL

$ KLGURJpQWDUWDORP RNR]JWD OiQJWHUMHGPVL VHEHVVp
FVINNHQWL $ OiQJOHV]DNDGiIV NLDODNXOiVD QDJ\REE PpUV
WDUWDOPD]y I|OGJi] HVHWpPEHQ PLQW D KLGURJpQWDUWDO
HPOtWHQL KRJ\ D PHJQ|YHNHGHWW OiQJWHUMHGpPVL VHEH\
LUIQ\iED PR]GtWMD HO D] pJpVL IRO\DPDWRW

.g9(7.(=7(7e6(.

$ KLGURJpQWDUWDORP I|OGJi]KR] YDOY NHYHUpVH D K KD\
PRO MWDUWDOP~ JiJHOHJ\ HVHWpPEHQ NDO FV|NNHQ D K
HVHWpPQ MHOHQWNH] K KDWiV|YH]JHWKH] YLV]RQ\tWYD (QQF
D ELIWRQViJL |[YH]JHW QDJ\ViJiQDN PHJKDWiUR]iVD D KLGURJ
OHJIOODStWiVUD NHU+<OW WRRIWDORPR®HOGOHWW VIHUH\
OiIQJWHUMHGpPVL VHEHVVpJ D WLV]WD PHWIiQWDUWDORP HVF
PHJQ|YHNHGHWW OiQJWHUMHGPVL VHEHVVpJ D OiQJYLVV]DJ
HO D] pJpVL IRO\DPDWRW $ NpUGpV WRYIiEEL YL]VJiODWD MI

NDO FVINNHQ D K KDWiV|YH]JHW QDJ\ViJD D [|OGJi] HVH)
YLVIRQ\tWYD (QQHN N|YHWNH]WpPEHQ D K KDWiV|YH]HW H]
PHJKDWiUR]iVD D KLGURJPQPHQWHYV [|OGJi]|[VV]HWpPpWHOUH N
PRO KLGURJpQWDUWDORP PHOOHWW VIHUHV Q|YHNHC



$ KLGURJpQ KDWiVD D IiNO\D K KDWiV [YHJHWpPpQHN NL

PHWIQWDUWDORPKR] YLV]RQ\tWYD FPV OIiQIWHUMHCG
OIQIWHUMHGPVL VHEHVVpPJ D OiQJYLVV]DJ\XOODGIiIV NLDOD
IRO\DPDWRW tJ\ PRO KLGURJpQWDUWDORPPDO W|UWpPQ
NHOO NH]JHOQL $ NpUGpV WRYIEEL YL]VJIiODWD MDYDVROW

52'$/20-(*<=e.

)1$5( VIRIWYHU

KWWSV [JV] KX SDUWQHUHLQN UHQGV]J]HUX]J]HPHOWHWRN V]
UHQGV]HUX]HPHOWRN IROGJD]PLQRVHJ HOV]DPRODVL UHQ

7LKDQ\L / =VXJD - )|OGJi]V]iOOtWy UHQGV]JHUHN WHUYH]p
6% 1

)DUNDV 2 Qp 1DJ\ * 7+]HOpVWDQ 7DQN|Q\YNLDGY %XGD
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Kivonat: A 2024. iSUL OlinvV I HO,0Op W2dptember 5 Q UHQ GV ] HRUGaHeo OOy
AYpJOHIHM(2iP&KROGGDO N|]HO JOREiMijdnen betejerettheky ]WpV &
WHNLQ VWHiWHXODJYyBRKROGDYV KH O \eiddzZ&rD(\W\N URIWR GIJHQHUIFLY®
P&KROGDV DODSU Hdg Gavihidrbsan® HY SA0@EDH) X QR YQ\GHQ BziYLOIiJtW
HXUYBHKROGDV KHO véendsz&rGailedQp Y YiOD VWi EHIIXWDWMD D C
| EE MHOOHP] LW (]XWiQ IRJODONR]JLN D OHJHOV UHQGV]H
li]LV PHVWHUYV p.J3p\M geRgeG MR E YDMIO/ N L VM UAWH Y DMRHR/HINLp StV
LIHQ N|]JHO i0O OjapreddsZzerQ G®NWU WHWWY R LW| YRMEHQ NLWpPpUYH LC
M|Y EHHOKDWyY IHMOHV]WpVpUH

Kulcsszavak P&KROGDV KHO\Pa&aprebogzeleR | iGalileo, N|]HO pYHYV
IHMO GpVW|UWpPQHW M|Y NpS

1. %(9(=(7e6

$ P&KROGDV KHO\PHJKDWiUR]y DODSUHQGV]J]HUHN PHJKD
V]iPRV WHU*OHWpPQ YLWDWKDWDWODQ DONDOPD]iVL WH
PHJIOODStWiV DQQ\LUD Q\LOYiQYDOy KRJ\ DQQDN LJD]R
WHNLQWYH HO V]|U NHWW azth@erikditN@WBSTAR GPS (19940, @%jfiH U
a szovjet/orosz GLONASS (1995 /igdd |YLG LGHLW EV YD O y&zEKetVZ0ZH J
M~QLXViWyO D NtQDL %HL'R Xjelenleg V HHGQGWH HRJI IN |[YCHRAEWOH. VS O H
(23+2P&N|G V]DWHOOLW PiVRGIJHQHUIFLYV P&KRGabI&oY KHO\P
OpWUHKR]iVIQDN WI|UWpPpQHWH | EE Mddtde€zHeR |srherttiVd.OHQ OHJL

2.% *$/,/(2 0%+2/'$6 +(/<0(*+$7E52=0 $/$35(1'6=(5 ) %%
-(/1 (0=,

$ P&KROGDV KHO\PHJKDWiUR]y DODSUHQGV]HU QHYpW D]
Galileo GalileilU O NDSWD DNLKH] V]iPRV WXGR RailQMHROW MUNGPB®\
volt, aki FVLOODJiV]DWL YL]VJiODVARSEILED randstdit ] Y(KW yISDV ] @ QAW
(8 pV D] (XUySDL (@myold (@SN WEHFLIiOLY SROJiUL IHOKDV]QiO
YiOODONR]iViejhsttdtte Ve pEHIQ HPOtWHWW W|EEL D@BSileéi QGV]HL
PROJIUL HOOHQ U]pV DODWW iO idgyenes®1} R G HiQWWDW DV ¥ L Q DINR @

A Galileo AYpJOHJHV  P&KROKDWRP ONJHOSHINHUBGWIYROVIiJ-~
elosztott PHVWHUVpJHV KROGEYO IRJ iOOQL $ SiO\DVtNRN KD
egy-HJ\ SiO\DVtNRQ PRKRIOI®Q m&N|G NpSHY WDUWDOpPMK IRJ HO
PDJDVDEE [|OGUDM]L V]pQHN VOXLNES XK HO\ DN QD p PERIOR @G D V
NRQILJXMRFELE OHIHGHW Wikt pahtiyah &4 Ja% Rriverai NAVSTAR GPS
PHVWHUVpJHV KROGDNMNO P &KRROYGDNVNABUIQJIpVL PDIDVVilJ



+HO\]JHWNpS D] HXUySDL P&KROGDV KH&IRBHUIKOWiUR]y DODS

NHULQJpVL LGHM-N yuD V~O\XN NJ pOHWWDUWDPXN
PHVWHUVpJHYVY KROGDN IHGpO]JHWpPQ D V]*NVpJHV IUHNYHQF
UXEtGLXP D PiVLN Bp|GHOERWKHG VRIAPH]HQ DODSUHQGV]HU P&
jelent meg. LIRUPIO ¢]HPPHQHWEHQ D] XWyEEL V]J]ROJIOWDWMD
DPHO\E O OpWUHM|Q D QDYLJiFLYV MHO $] H-2WdV AY]DWHOZC
(XUySIiEDQ NpMNDMAWMWIOHWL P&KROGDNRQ WHV]JWHOWDPN
QHP]J]HWN|]L DWRPLG K|] LOOHV]WLN $ *DOLOHR P&KROGD
NIYHWNH]-WQY¥I\IUHNYHQFLIQ 0+] 0+] 42 0+] |
0+] -yO OiWVILN DDPOKROHRINW®W IUHNY H@ErikaMIPSHéhdd2er\H]LN LC
I pV D %EOWRNNKV~ P&KROGDN / MHOpPQHN IUHNYHQFLIMiYDO
VIROJIOWDWIiV NpW V]LQW V]J]HULQW RV]WIiO\R]KDWy DODSV
szint. Az alapszinttmint az amerikai NAVSTAR GPSQ p it is ingyenes, deD] iOWDOIQRYV
IHOKDV]QiOyL DONDOPD]iVRNQIiO MREE PLQ VpJ& pV PHJEt]K
A PiVLN pUWpPNQ|YHOW NHUHVNHGHOPL pV SURIHVV]LRQI(
WHUPpVI]HWHVHQ ILIHWQL NHOO pV PHKHWDN DJp@UEHE MRJF

$ *DOLOHR UHQGV]HU WHUYH]HWW 1|OGL NLV]JROJiOy
DOUHQGV]HUH PHOOHWW E Y*OW HJPHDILHOHDWLQIHONWARN
is $ NJ]YHW iOORPiVRN DOUHQGV]HUpQHN akatifelgamwaoy DEE | H
HOOHQ U]pVH D]D] D P&KROGSIiIO\IiN PHIJIKDWIiUR]iVD pV D] L¢
D QDYLJiFLYV ¢ ]HQHWHN HO iOOtWiVD $ Ubp&Qig YVPHOOKQW H.
PHJILJ\HO KiOy]DbW HXUySDL LQWHJIJULWIV N|]SRQW pV
LOQWHJULWIVIQDN NpSHVVpJH XJ\DQLYV QDYLJiFLYV FpO~ DON
$ I1|OGL VIHIPHQV NpW I LUIQ\tWYyN|]SRQWMDpYEHRIUSEYBIIHQK
20DV]RUV]IHIHMNDRJI\UpV]W LUIQ\tWMIN D P&KkeRBIEEERNDW P
QDYLJiFLYV MBHIQOG®&IfgHdsx¥r  RQWRYV UpV]HL D 7RUUHMYQEDQ
WDOIOKDWy (XUySDL *16 6a63dRIén2sbQ WMRQW LJLS RIQIVL 34HO .|]SR
Germain-en-LayeeHQ )JUDQFLDRUV]iIJ pV ODGULGED®Gad@sD Q\ROR
5HIHUHQFLD Noptdigk@ew (Hollandia). A V]*NVpJHV SRQWRVViIJ pV
ELIWRKDSPMIQ DINHSRQWRNQDN PHJKDW aUGlilgo Ygrdsrét SN YD
P&N|GpVpPEHQ pV WHOMHVtWPpPpQ\pQHN YL]JVJIODWIEDQ

$ IHOKDV]QiOyL DOUHQGV]HU OHJIRQWRVDEE HOHPH PDJD
D] DPHULNDL *36 UHQGV]JHUUHO $ *DOLOHR YHY N WHUYH]p
gondolkozDN DPHO\HN NpSHVNN]G® BHWRM& DODSUHQGV]HU V.
YpWHOpUH (EE O D] LV NLGHU<O KRJ\ ~M VWOBROJR]Y
versenyhelyzet miatt nem volQ HKazf semPHIJMYyVROQL KRJ\ e DHPHOV NH
DODSUHQGV]HU PRGHUQL]iFLYMD KRVV]DEE WiYRQ HO UHYH
KDV]QIiODWD LUIQWL IRNR]yGy LJpQ \dpMeiwgszdifigheoitHW D] HOP-

$ IHOKDV]QiOyN V]iPiUD D PiU MyO LVPHUW DONDOPD]I
pPUWPNQ|YHOW V]R @z DOOMDW iV iYV WHUOOHWHN W|EEHN NJ|]V
N|]~WL YDV~WIL-WORIQDOYIRISWLPDOL]iIOIV pvV D WHKHUV]
WHOHNRPPXQLNiFLYW D SUBRIQWRVPM]UWUMGCDNIUIRWY KR] N|W
D KDOiVIDWRW N|UQ\HJHWYpGHOPHW pStwW LSDUW D V]DEL
SROJIUYPGHOHPPHO EL]JWRQVIJIJDO pV VIHPpPPYYY®BIHO HBMRH C(
QHP XWROVYy VRUEDQ D] RO\DQ VSHFLIOLVA VPDONVERHY WO HW |
LG ]JtWpV pV VILOQNURQL]iIOiV NDSFVIiQ D EDQNL @MiSpQ]eJ\L V
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$PL SHGLJ D *DOLOHR IHMOHV]WpVpQHN W|UWpPpQHWPW LO
$ UHQGV]HU NDSFVIQ MyO LVPHUWOSNR B\ pV]L XQLVHRGHWLEE V
15 pYH OH]JIUXOW (QQHN UpV]H YROW D WHUYH]JHWW SiO\
NLDODNtWiVD pV D IHGpO]JHWL yUIN WHUDVW @2sriRatiVa\yH N H W
GIOVE-$ pV D *~®9¢Y{ROW KLYDWRWW WHOMHVtWHQL $] HPOtW
N OGHWpVH D NI[YHWNH] YROW

T 2005. december 28Q UHJJHO D ND]DKV]IWIiQL %DMBaD XU PHC
UDNpWiYDO VLNHUHVHQ IHOO WWpN pV-A magyardlHYit&fO\iMiUL
NtVpUOHWL *BtOA@OME-P 8KROW PHINH]GWH WHU& Gl W N+ O C
QDYLJiIFLYV MHOHN pV D NpW IHGpO]JHWL UXEtGLXP DWRPYy
IHODGDWD YROW PpJ D NP PDJIJDVOgIVHIKWW EHIUHQOWHE
NJUSiO\D PHQWpPQ D IHOOpPS VXJiUJ]iV YL]VJIODWD LV

s iISULDIVE WHUYHIHWW LG SRQWKRISN®SH P WONHW R @Y\
a GIOVE B-t is. A hold kiemelt feladat®® YpJOHJHV &UMiIiUP&YHNUH WHUY
KHO\PHJKDWIiUR]iVW EL]JWRVtWy IUHNYHQFLD HWD@ORQQDN
WHV]WHOpVH DGGLJ D] &UEH XHU«OW OHJSRQWRVDEE DWRI

Q\DUIQ PLQGNpW WHV]WMNRROI®DW BYIOY RzQIRBNN WY N NN H W

szerint-WHOMHVtWHWWQpN

$ PiU YDOyGL V]ROJIOWDWIiIVW Q\~-MWy WRYIEEL P&KROGL
JD]GDVIJL QHKp]VpJHL MHOHQW VHQpQ pb ONeRAE3g ahap N
.RXURX NLO|Y iOORPiVUYO 6]RMX] KRUGR]YyUDNpWiYDO IHO
&UMiIUP&YHW DPHO\HN PiU D YpPpJOHJHV NRQVWHOOIFLYQDN
LQGtWiViuD -IRNWHEHOW VRU HOHMpQ D *DOLOHR |
P&KROGDW IRJODOW PDJIED NtVPUOHWL pV IXQNFLRQIOI
XWyEELEyO *<]HPHOW GE PLYHO LG N|]JEHQ D-reNggW- WHV]
LOOHWpPNHVHN PiU P&KROGDW V]HUHWWHN YROIaD D] &UE
UHDOL]IiOyGRWW $] HOV PiU ALJD]L" QHP WHV]WFpO-~ ~
P&KROGDNDW GE -pQ XMW NBL *X\DQD %UN|]SRQWEYC
&UEH N|]JHSHYV NP PDJDVViJ~ )|OGDN|HOOL YH O \HUD « WHW
I VVIHBHIE *DOLOHR )2& P&KROGDW O WWHN IHO DPHO\HN LC
jelenlegi 25 ]HPHO P&KROGDV IRUPIFLYW WIiEOI]DW

2016. 11. 17pQ $ULDQH (6 KRUGR]JyUDNpWD VHJtWVpJpYHO Pil
QpJ\ &UMIUP&YHW NJ GE iOOtWRWWDN UHQGV]HUEH $
december 12 Q W|UWPpQW PIMXV HOHMpQ SHGLJ D NLO|YpVL
iIOOtWDQGYPHR KROGDW PHO\HNHW D KyQDS YpJpQ ~MDEE N
B.QpIR&KROGDV LQGtWiV D WHUYQHMW®HHHQOMOBIQYyV XO W ~(
*DOLOHR P&KROGDV DODN]IDWUP&BRODGEMDLIMDRHYKBODGWDED
OHIHGHWWYVpJHW MHAOHNHW XI\DQDNNRU NJ|]|WWeB YROWLI
EHe]HPHOpVL |iddatelitek@E. $JpXGGLIL P&KROG J\iUWyL PLQYV
HXUy |VV]JHJEHQ NpV EE ~MDEE KROG HO-E®QtWYWed D tUWD
LVPpW NHWWHYVpY Bailed bowWakaD 3/ WIYR YR OERQ UDNpBWWDO
DPHULNDL IORULGYLHGOGIQ)YPNIVRORWW pV D PHIJUHQG]I
iOOtWLV\WRVtWMD PDMG D WHUYH]JHWW P&KROGDV NRQIL
IHGpO]J]HWL DWRPYUIN P&N|GpVpUH D]JRQEDQ D]RN J\iUWyYyMiQ
NHOO PDMG VIHQWHOQLH PHUWKRJ\ PHJKE EgyeRIGIkatN D UHF
D] (XUySDL %L]RWWViJ UDM]JYHUVHQ\pQ Q\HUWHYV N<O|QE]|]
$ P&KROG D PDJ\DU ,GisMIE&IRWW QHYH XWiQ
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P&N|G P&KROG®GIDV DEXLDIN]DWLOOHW pNNVRIWIN HOpUQL Yp

PLOOLIUG HXUyW N|OW|WWHN D *DOLOHR UHQGV]HUUH DF
SHGLJ WHOHStWpVL N|OWVpIHNMW ISIBGMH OHRYIEEL PLC
V]iQWDN D] HXUySDL P&KROGDV KHO\PHJKDWiUR]y UHQGV]H
*DOLOHR NLpStWpVpW P&N|GWHWpPVpW pV D] HXUyStDL P&KR
LV HOHMpQ D] HOV QDYLJiFLYVY MHOHNHW D 5yPD N|]t
«]JHPHOWHW pV]OHOWH

WWW.5CisVs .o uk

IEUD
$ *DOLOHR WHUYH]HWW P&KROGDV NRQILJIJXUil

-HOHQW V HO UHOpSpVQHN V]iPtWRWW D] LV KRJ\ D 6HSW
YHY NiUw\iw $ EHOJD 6HSWHQWULR FpJ DNWtY UpV]JWYHY
W|EE NXMWDAWHV]IWpVL SURMHOA WHNDH LOHKWRDQW 8QR@HWWDNL
(XUySDL %U+J\Q|NVpJ (QQHN PHJIHOHO HQ D 6HSWHQWULF
DMiQODQL D NHUHVNHGHOPL IRUJDORPEDQ

$] $SOFDWHO (VSDFH YHIJHWWH *DOLOHR NRQFHVV]LYV WiU\
OHJIRQWRVDEE I|OGL WHOHStWpVL KHO\HLEHQ LV $] HJ\H]F
NIJSRQWMiWEDRXORMMHFLDRUV]IJ PtJ P&YHOHWL N|]SRQ)\
%ULWDQQLD DODNtWRWWIN NL $ P&KEOEMNonLAON@ItWY N|]
&HQWHU LOOHWYHD OHIDp W] LR MWHRUNWENGY Evatuation Centres)
HI\LNpW 1pPHWRUV]IJEDQ pStWMWW PN DNALL Q3V PDV RIGIGN. (& &
HI\eWWHVHQ IHO+J\HO OL|YYRRY RWQUBER® &HQWHU 20DV]F
*]JHPEH 6SDQ\RORUVIVI YONRQ@ BPIWW QViJL VIHPSRQWEYO N
V]iPiUD SO NHUHVNHGHOPL KDMy]J]iV pV N|]JIRUJDOPL UHS-*O
DGRWW KHO\HW PLQW SpOGiXO HJ\ PiVRGLN LUIQ\tWy N|]
N|[JSRQWRN &&& pV 0&& UHQGEHQ P&N|GQHN H] D] iOORP
VIRIWYHUHN pV HOMiUiVRN WHVI]WHOpPVpQHN LOPHWYH I[
WRYIEENpPpS]pVPQHN $ *DOLOHR IHOO|YpV HO WWL P&KROG
ESTECQpO (XURSHDQ 6SDFH 5HVHDUFK 7THFKQRORJ\ &HQWUH

2016. december 1% O D KLYDWDORV NH]J]GHWL V]JROJIOWDWIiV LQ

OiIWKDWy P&EKRQ@S&et? VB WY KRUL]JRQMMOLWUWIPNIOLV KHO\]
PLOOLIUGRG PiVRGSHUFH Wolt G pPSpHM VI REBIGERYWPRIV® YV  V]iP
PpJ -15muvolt). 83J\ADQDNNRU WDSDVHWDKHODRNHBKIDWIRJR]iVL SRQYV
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Napjainkban sokFpJ J\iUW *DOLOHR MHOHN YpWHOpUH DONDOPDV
pV DXWyV QDYLJiFLYV UHQGV]HUHN V]iPiUD

$ *DOLOHR MHOHQOHJ D N|YHWN K\ ~WW@IBDV NN R & OV W] VOO
(Open Service);QDJ\ SRQWRVViIJ~ +LJK $FFXUDF\ 6HUYLFH WL
3XEOLF 5HJXODWHG 6HUYLFH LOOHWYH NHUHVpVL pV PHQ
.|]]*O+«N D] HOV pV OHJJ\Dd¢ UdRdSEIBfGhokK DY ] RIMDRW YyUiN pV
MIiUP&QDYLJiFLY IHOKDV]QiOyL V]iPiUD WHV]L OHKHW Yp D ¢
PRELOWHOHIRQRN *DOLOHR NRPSDWLELOLVHN pV D KH(
RNRVWHOHIRQRY IHOKDV]QiOyN V]iPD D YLOiIJRé&enRgUD PiU
W|EE J\iUWy LV NpV]tW NpWIUHNY HQ Frhas/ okobtedfcddka, MHOH
amelyekkel EL]RQ\RV KLEIN LRQRV]IpULNXV W|EEXWDV WHUMFE
KHO\PHJKDW iUR]ijavusS RQW RAVP/GagVad Ghogy 2018 yO D] (XUyYSIiEDC
IRUJDORPED KHO\H]HWW DXWyNDW JVWVHDDONKAY® LOHR G Y [H
W H U YfeldgaarpliN. AQDJ\ SRQWRVViIJ~ VIROJIOWDWIiV NDSFVIQ HOP
HV SRQWRVViIJ LV HOpUKHW SO DXW&RQadR NFOYyQRNH QD ON
PHJEt]JKDWy V]ROJIOWDWIiV IHOKDV]QiOyL VSHFLIiOLV YHY NN
RO\DQ VIHUYHN PLQW SO NDWDV]WUyYIDYpGHOHEZ aYiPKLYTI
WLWNRVtWRW-W W N QG@BW PHKWH ONGMWHNEHQ LV ELIWRWWMD D |
XWROVy V]gedgJ)DOWBWUWHQ EHOOL KHO\PHJKDWIiUR]iVVDO D
VHJtWL $ FpO KRJ\ D PHQWpV PLHO EEL PHIJNH]GpVH pUGH
J\RUVDEEDQ pUWHV* OMHQHN (] FV|NNHQ ULDV]WIiVL LG
SRQWRVVIJRW HUHGPpQ\H] $ IHMOHV]W N LWW D]W LV tJpU
KHJ\HNEHQ VHJtWVpJHW NpU V]JHPpO\ DUUYO LV pUWHV-O
WXGMiN pV D PHQWpPVpPW LV PHINH]GWpN

$ UHQGV]HU ¢]HPHOWHW L V]JHULQW *DOLOHRIdaMIHOHQO
KHO\PHJKDWIiUR]y U V]HGH HORRWNUR]iVL SRQWRVViJD D
HPOtWHWW DODSUHQGV]HUUHO |VV]JHYHWMM BRQWRMREE
KHO\PHJKDWIiUR]iV pUKHW peH®R G\ B@® QWJRW LLNGX @ HIND | U D V W U X
QDJ\ MHOHQW VpJH PLQW D EDQNL SpQJ]*J\L P&YHOHWHN
HQHUJLDKiOy]DWRN

HOHMpQ D] LOOHWpPNHVHN PHJIJNH]GWpN D IHONpV]e

JHQHUIFIGAG)WMHUYH]pVpUH D] HXUySDL DODSUHQGV]HU M|\
$] HOV JHQHUIiIFLYV P&KROGDN WRYiErEAhé MIORIYGWR hwUHD NDpMVO Y
&UEH MW WDWRBWWHQGE MDBHHOO K WH N | EE MBGDOOHP] L
kg; elektromos LRQKDMWRIREKPHNWiIV IHMOHWW QDYLJiFLYV DQW
DWRPyUIN WHOMHV GLIJLWDOL]iFLY P&KROGDN N|]|WWL N
NHULQJpV N|]JEHQL ~MUDSURJUDPR]KDWyYyViJ $ OHJXWROVy
W|UWpQ J\RUVIi OMEH®WI YW WMVY]ROJIOWDWIiVDLN LV OHV]QF
ILJ\HOP HBMmMéryEmy Warning Satellite Service) terv szerint 2025-re, amely a
ODNyVViJQDN N|]JYHWOHQ ILJ\HOPH]J]WHWpPVW Q\~MW D] H\
YRQDWNR]y LQIRUPIFLYN RNRVWHOHIRQRNRQ pV QDYLJIFL
HIJ\HV THOKDV]QiOyNKR] DNLN pUWHV<OQHN DQQDN V~O\RV
pV D NDSFVROyGy XWDVtWiVRNUyO LV $] ~M VIROJIOWDWiV
NLHJpV]tWpVpUH WHUYH]WpN | NWBSFWi®R D HPVRYLG ONK HWO MH
D KiOy]DWRN W~OWHdz KUHHOMWGHNG ] pBHMD «®RJ\ PIVRGSHUF Yp
riasszon.$ * * KROGDN WRYIEEL MHOOHP] MH D]-DWRPYUIN P
YDODPLQW D PHJQ|YHOW WHUYH]JHWW pOHWWDUWDP LV |
OpWUHKR]iIViIUD D] (XUySDL %L]RWWViJWyO D pY HOHMp
kapott (mindegyik 6-6 db-ra).
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$ N|YHWNH] L @zovpanNPpDQ HOV JHQHUiIFLYV P&KROG IHO
N|]*ON NPHWW p V]HSWId®EMRI Y pohelptQnajd a terv szerint 2026-
EDQ D] HOV * * KROG SiO\iNDHOXOWNYEER RN @ HWRPWOVpW
NHWW K|] KDVRQRDYWDQHUD GpVQHN PHJIHOHO HQ D 6SDFH; D
KDMWRWWD YpJUH

4. .g9(7.(=7(7e6(.

Ismeretes, hogy a*OREiOLV 1DYLJiFLYyV 0&KROGDV 5HQGV]HUHN
P&KR@&DPPN D NLHIpV]tW UHQGV]HUHNHW (XUySiEDQ D *DOI
PHJHO JWH HJ\ P&KRO GD O Dé&;-aNEGNDSWAKD p WHGIGR]HMD DPHO
DPHULNDL 1$967%$5 *36 pV D VIRYMHW RURV] */21466 DODS
(*126 PDJYDOyYVtWiViYDO D] HOV GOHJHV FpO D I|OGL OpJL
(JW N|YHW W Haldprend@sget DlRatodl LDODNtWiVD pd WIDINQEBPjQYpVH
QpYYiODV]WiV U|YLG , FEHRRWIDIMWD XDYi®@XUySDL P&KROGDYV
MHO O HP] DM W XiO L VmadW WP MJWHWWH D P&KROGDV V]HJPH
WIUWpPQHWpPW (]XWiQ IRJODONR]JRWW D UHQGV]HU V]JROJiO
pedig D M|Y NpS NishéttakptEaddD] ~M PiVRGLN JHQHU,ifzblyV P&KR
MHOOHPY IDUKR]]iIMXN NDSFVROyGy PDMGDQL ~M V]JROJiOWDYV

52'$/20-(*<=e.
Frey S. (2018), (2023), (2024), (20245.|YLGFLNNHN D] %UYLOiJ DV]WURO

SpOGiXO .pW *DOLOHR P&KROG OHV]iOOtWYD $ *DOL
Falcon- UDNpWiYDO -|Q D PiVRGLN JHQHUIFLY
+DYDVL , */21$66 pV *DOLOHR KHO\JHWNpPS pV M|Y

oy, %iQ\DPpU 7RYIEENpPS] pV 7DSDV]WDODWFVHUH .LDGY|

+DYDVL , OpV]iURVMOY)O *166 ~M M|Y EHOL RBO S HMNGES]HU
GALILEO-UyO pV D .209®WRGHUQ WHFKQROYJLIN LBI. EiQ\DPp
%iQ\DPpU 7RYIEENpPS] pV 7DSDV]WDODWFVHWHE), .RQIHL
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Abstract: With the BeiDou-3 GEO satellite, which was launched on 23 June 2020 and later
became operational, the BeiDou-3 including BeiDou-2 (Compass) the Chinese satellite
positioning fundamental system was globally extended and the "Space Silk Road" had been
created. From here, the role of the BeiDou satellites to be launched in the future will be, on
the one hand, to replace the "old" ones, and on the other hand, future modernization. First, the
study sheds light on the choice of names for the Chinese satellite positioning systems
(BeiDou-1, Compass /BeiDou-2/ and BeiDou-3). Next, the BeiDou-1 experimental satellite
navigation system is briefly introduced. This is followed by the study of the Compass
(BeiDou-2) system. Finally, BeiDou-3, which represents the global expansion, is presented,
and then the expected future of the fundamental satellite system is briefly mentioned.

Keywords satellite positioning, fundamental systems, BeiDou, 20 years development history,
future vision

1. INTRODUCTION

Nowadays, satellite navigation has become an integral part of everyday life. Its field of
application and the circle of users of the technology are constantly expanding; GNSS (Global
Navigation Satellite System) systems are developing dynamically. It is also known that the
basis of this is mainly provided by satellite fundamental systems. Among them, the two
earliest known and fully operational systems are the American NAVSTAR GPS (07. 2024: 31
operating spacecraft, of which 7 1IR, 7 IIR-M, 11 IIF and 6 IlIA type satellites) and the
Russian GLONASS (07. 2024: 24 working satellites (21 M and 3 K1 type). The continuous
modernization of these systems is still taking place today, but their detailed presentation is not
the purpose of this study.

Despite the statement of the previous sentence, it is still worth mentioning the following
regarding the modernization of the American GPS system: the satellite service currently relies
on 25 GPS Il and 6 GPS lll type moons. The new GPS IlIA type spacecraft are chadhcterize
by a stronger design; a 15-year lifetime; a new L1C civil signal (enables interoperability with
other fundamental systems /e.g. EU Galileo/); higher accuracy; and a multifold improved anti-
blocking ability. Between 2026 and 2034, 22 GPS IlIF moons will be planned to launch.

As for the Russian GLONASS system, the operational satellite configuration is made up of
second-generation M-type satellites and 3 third-generation K1 prototype moons (launched in
2014, 2020 and 2022). Another 7 of the latter satellites are expected to be produced, and 10 of
this type will be able to orbit in space in the future. In 2023, the first prototype K2 satellite,
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with an average 10 years lifetime, was already put into orbit. It will also be possible to count
on the first launch of a third-generation new and lighter (965 kg) K1 artificial moon.

Regarding the future, in the competition for the market positions of satellite navigation, in
addition to the two basic systems mentioned just now, with a full satellite configuration, a
new fundamental system, BeiDou-3, had also joined from 2020. As for the European Galileo
fundamental system, it can be said that its development, in the previous period, was slower
than the authorities had predicted. Recently, however, this process - thanks to the 3 quadruple
satellite launches (2016-2018) - has accelerated significantly. Currently, this system is very
close to global coverage, as it has 25 operational and 2 under commissioning satellites. Two
of the three satellite orbital planes are covered in global sense.

The main purpose of this study, however, is to examine the Chinese BeiDou-2, 3 systems.
The development of China's fundamental satellite system has been extremely dynamic until
now. We often read about the launch of more and more navigational moons. Based on the
above, one of the reasons for choosing the topic was to present the history and structure of the
new fundamental positioning system established in 2020. The other reason was that the
BeiDou system has received less attention than perhaps necessary in both international and
domestic special literature. Thus, this study can be considered to fill a gap in this regard.

2. NAME SELECTION OF THE CHINESE BEIDOU

Regarding the basic Chinese satellite positioning system, the following two names can be
found in professional literature: BeiDou and Compass. Even the abbreviation CNSS, which
stands for the initials of the Chinese Navigation Satellite System in English, can be found
sometimes in several articles. Both Compass and BeiDou are terminologies related to
geographic positioning and navigation. One means a magnetic device, the compass, and the
other represents a constellation, the Great Bear (its 7 brightest stars, the Ursa Major) (Fig. 1).
It is also well known that this group of stars can be used to locate the Pole Star (also called the
Navel of the Sky). The Pole Star, which is the brightest star of the Ursa Minor constellation,
could be regarded by travelers in the northern hemisphere as a reliable "compass" for celestial
orientation, as its position marks the astronomical north direction with a very good
approximation.

B
Great Beax . ®

g Ursa Major

Figure 1
The Great Bear and the Ursa Major

The Ursa Major was already well known in ancient cultures. It consists of seven stars. It is
also known that by connecting its last two wheels and measuring the distance of the wheels
five more times in the direction determined in this way, we arrive at the first star of the Ursa
Minor. And this is the already mentioned North Star, or Polaris (Fig. 2).
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@ North Star (Polaris)
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Figure 2
The location of the Pole Star based on the Ursa Major

Another common name for the BeiDou-2 system is Compass, which means an orientation
device, the compass. The compass can be considered the oldest tool of orientation, which we
know is based on the strength of the Earth's magnetic field and is used to mark the direction of
magnetic north. This device has been known for thousands of years and it is one of the four
famous inventions of ancient China. A compass is a simple direction-finding device
consisting of a free-swinging magnetic steel needle on a vertical axis capable of aligning to
magnetic north. Later, it was enclosed in a box, and the main and secondary cardinal points
were drawn on the bottom of it. An improved version of it was the orientator (compass),
which was already equipped with degrees and was suitable not only for determining world
landscapes, but also for measuring magnetic azimuths. As an important feature of the device,
we can highlight the fact that the magnetic needle was placed in a damping liquid filled in a
closed box, which accelerated the alignment in the north-south direction. In practice, it was/is
used with degree, less often line-based angle classification.

3. THE FIRST CHINESE SATELLITE NAVIGATION SYSTEM, THE BEIDOU-1
(BD-1)

China began studying satellite-based positioning and navigation as early as the late 1960s.
The goal was to create a working system, but initially the pace of development was slow. By
the mid-80s, specialists from the Chinese Academy of Space Technology developed the so-
called the theory of "twin satellite" navigation, which was successfully tested in 1989 with the
help of DFH-2A communication satellites. The test results rivaled the accuracy of the
American GPS open access service, so the Chinese leaders gave the green light for the
system's construction. The goal of the implementation of BeiDou-1 was to provide navigation,
accurate timekeeping and short messaging services for the East Asian and Oceanic regions,
and especially for China.

The first phase of the BeiDou system, BD-1, was an experimental regional system that
included 4 first-generation satellites (3 operational and 1 spare). The first satellite of the
satellite formation (BD-1A) was launched on 30 October 2000, and the second (BD-1B) was
launched on 20 December 2000. By sending the first two of its own navigation moons into
space, China tried to start on the path on which it later steadily progressed to become one of
the dominant market representatives of satellite navigation. The third satellite of the
constellation (BeiDou-1C) took its position in space on 24 May 2003. This also meant the
creation of the BeiDou-1 satellite navigation system, which was considered the world's third
independent positioning system, along with the American GPS and the Russian GLONASS.
The fourth backup satellite (BeiDou-1D, sometimes called BeiDou-2A) was launched on 2
February 2007. It should be noted that there was a bit of a problem with this moon as its solar
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panels did not open due to a malfunction of the control system. Later, by solving this problem,
this moon in the experimental system also became operational. From 2012, with the end of the
planned operational lifetime, with the withdrawal of the last operating first-generation
satellite: BD-1C, the authorities terminated the operation of the BeiDou-1 regional system.

This study now briefly presents the main features and creation of the BeiDou-1 system.
The previous four satellites were placed in the so-called geostationary orbit (GEO, 35786
km), and their lifetime was planned for 5 years. The individual satellites were launched from
Xichang (Xichang Satellite Launch Centre, hereinafter referred to as XSLC) using a Long
March-3A launch vehicle.

The operational area of the satellite test system covered the East Asian region closed by
ODWLWXGERUWK DQG ORQJIHa# XFyyH3) ahd provided navigation and
communication services for the users of the mentioned region.

Figure 3
Operational area of the BD-1 system

The basic principle of the measurement was based on two-way sighal transmission
between the satellites and the receiver, i.e. this system still had two-way GPS distance
measurement. For this, so-called S-band and L-band radio signals were used. The satellites
broadcastedWKH VLJQDO DW D IUHTXHQF\ RI “ 0+] DQG
moons by ground receivers at 1615.68 MHz. The BeiDou's coordinate system: first Beijing-
1954, then CGS-2000, which deviated from ITRF by only a few cm. The time measurement
was compared to the Chinese UTC defined in Beijing.

The ground subsystem included the central control station, ground tracking stations
(Jamushi, Kashi, and Zhangjiang) for determining satellite orbits, ground correction stations,
and signal transmission devices. The user subsystem consisted of the various users and the
satellite receivers. The BD-1 receivers were quite large, heavy and expensive, whidbecould
explained by the specific measurement and communication design of the system. BeiDou-1
was able to serve 540,000 users per hour and 150 users simultaneously. Taking advantage of
the system's terrestrial and space capabilities (e.g.tlem@ 4" satellites), i.e. applying the
differentiation method, the positional accuracy could be improved to below 20 m. BD-1 was
already available to military users from 2001, but the first civilian applications took place
only from 2004. In 2009, BeiDou-1 had more than 10,000 registered customers. In later years,
this number increased several times.

The geographic position of the customer was determined as follows (Fig. 4). The central
monitoring station sent signals of interest to individual users via the two GEO twin satellites.
This continuous signal was first detected by the active receiver of the user in question, and
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then the response signals were radiated back to the satellites, which then forwarded them to
the ground monitoring station, where they were evaluated. The running time was accurately
measured by the clocks of the satellites, and the round-trip measurement eliminated the clock
error. Knowing the running time, the satellite-receiver distance could be calculated. By
considering the distance between the two satellites and an approximate altitude coordinate, the
ground station was able to determine a preliminary position. This was then refined based on a
high-precision digital terrain model, and the 3D position obtained in this way was sent back to
the remote terminal in the form of an encrypted message with the help of the afore-mentioned
satellites. The calculated spatial coordinates were also used for the next measurement. Thanks
to this iteration technique, the positioning accuracy in the horizontal sense was approximately
20 m. To use BeiDou-1, it was therefore necessary to "see" both geostationary satellites at the
same time. An innovative feature of the BD-1 system was even the two-way encrypted
messaging as well.

Figure 4
Operational principle of the BeiDou-1 system

Svwww.sinodefence.com

The BeiDou-1's fields of application included mapping, telecommunications, fishing,
transport, disaster mitigation and national security tasks. The BD-1 was the first development
phase of China's satellite navigation system.

4. THE BEIDOU-3 (BEIDOU-2 /COMPASS/) GLOBAL NAVIGATION SATELLITE
FUNDAMENTAL SYSTEM

From the middle of the first decade of the 2000s, China first started the construction of
BeiDou's second generation satellite positioning system and then its third one, which were
first regional (China and its surroundings, phase 1) and then global (extended to the whole
Earth, phase 2) designed to be implemented. The first system was called Compass. The
Compass is also known as BeiDou-2. The Compass was not at all an extension of the already
existing BD-1. The specialists planned that this system would consist of 16 satellites, of
which 6 are in geostationary orbit /hereafter GEO/, 6 are in inclined geosynchronous orbit
/IGSO/, and 4 are in a medium Earth orbit (hereafter will be called MEO) (Fig. 5). The GEO
moons also ensured backward compatibility towards the BD-1. The MEO moons moved in a
FLUFXODU RUELW RI NP ZLWK DQ LQFOLQDWhtRIQ RI 2
period was approximately 12.5 hours. The first herald of the Compass system was a MEO
VDWHOOLWH N Pwhich was Ruwhohéd on 23 April 2007.



|. Havasi

httpy=n . badz umevan

Figure 5
The designed Compass satellite configuration

The task of the first BeiDou-2 satellite was to validate and test the frequencies of the
Compass signals. This launch was also indicative, as it became clear that the Asian country
had already started building its own global system, independent of its rivals. It was known
that China was one of the financiers of the European Galileo system from 2003. He invested
about 230 million euros in this program, and in 2004 even a Chinese Galileo company was
established. As a result of the official accession, the EU and China signed several (11)
cooperation projects by April 2006. Later, in 2008, the Asian country officially announced
that it was not satisfied with its role in the Galileo project, and that in the Asian market it
would become a competitor of the European satellite system.

The Compass satellites - in contrast to the BeiDou-1 moons /S-band/ - sent already L-band
signals. BeiDou-2, 3 - aligned with the American GPS, the European Galileo and the Russian
GLONASS - introduced a signal structure which used frequencies close to or completely
identical to the basic navigation systems listed above for the developing regional/global
systems.

The Chinese BeiDou global navigation system - based on the combined signal structure of
phases 2 and 3 - offers 10 services to individual users. Five of them are free (open) and five
are limited (official). The different services are based on eight carrier frequencies and use two
types of modulation techniques. One of the so-called Quad Phase Skip Keying (QPSK, Phase
2, end of 2012) and the other is Binary Offset Carrier (BOC). By 2020 (Phase 3), after the
implementation of the global coverage system, the BeiDou signals - mainly using the BOC
modulation technique - have moved closer to the American GPS and the European Galileo.
The Compass phase 2 frequencies (QPSK modulation) are placed on 4 bands. These are
1.561098 GHz (B1), 1.589742 GHz (B1-2), 1.207140 GHz (B2) and 1.268520 GHz (B3),
characterized by E1, E2 (1.559-1.592 GHz), E5B (1.164-1.215 GHz, E5a and E5b) and E6
(1.260-1.300 GHz) overlap with Galileo frequencies. Although this is beneficial from the
point of view of receiver design, it can cause interference phenomena, especially on Galileo's
open service E1 and E2 bands. The BD-3 uses the following frequencies: 1575.420 MHz (B1,
BOC), 1207.140 MHz (B2, BOC), 1268.520 MHz (B3, BOC) and 1176.450 MHz (L5,
QPSK).

The first two test satellites of the Compass (BeiDou-2) system were followed in the first
half of 2010 by two more GEO satellites (B2-G1 and B2-G3), and on 31 July 2010, the
Chinese successfully launched the fifth, also the first IGSO moon (B2-1G1). In 2010, a GEO
(B2-G4) and an IGSO moon (B2-1G2) were added to the system's satellite configuration.
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According to Chinese officials, with the launch of the eighth B2-IG3 satellite (10 April
2011), the basic function of the Compass navigation network was realized. Together with the
previous five moons launched in 2010 (3 GEO and 2 IGSO), the basic form of the navigation
system was developed, which after the tests was able to meet the navigation needs of most
parts of China.

The tenth Chinese navigation satellite (B2-1G5) was launched from Xichang by an HM-3A
launch vehicle on 1 December 2011. At the end of December, the Chinese authorities
announced the official trial operation status of the BD-2, and a document showing the exact
description of the system's navigation signals was also published (BNSS ICD). This
characterized the regional service system (expansion: 12. 2012), which was then developed
into a global one by 2020. The nominal satellite subsystem of the BNSS regional system
covered 5 GEO and 9 non-GEO satellites, the latter group of which included 5 IGSO and 4
MEO moons.

On 24 February 2012, the Chinese first placed theGEO satellite into geostationary
orbit, and then on 29 April 2012, they launched two MEO moons simultaneously into space
with a single LM-3B rocket. The actual satellite configuration then was as follows: 4 GEO; 5
IGSO and 3 MEO. In 2012, 3 more spacecraft were launched (two at the same time in
September and one in October). With the launch of the last moon, the construction of the
satellite structure of the already declared regional system was completed. From 27 December

WKH FRQWLQXRXYV VHUYLFH DOVR V-W DUWGEHG RIQRY WMHSG H H
f(

The first new generation experimental satellite of BeiDou's third phase (BD-3, global
coverage) had to wait about 2.5 years, which was one IGSO moon (15 years) on 30 March
2015. To establish the global configuration, there were also a double and a single test MEO
satellite launch (1030 kg, 12 years) in July 2015 and February 2016. In addition, 2 1IGSO
moons (1 B3 and 1 B2) were also launched in September 2015 and March 2016. Among
them, the first Chinese hydrogen maser atomic clock appeared on board the B3 test moon.
This new clock and the rubidium atomic clock have increased (compared to BD-2) frequency
stability. The last navigation launch of 2016 was a GEO moon (8-year design life), which
entered space on 12 June 2016. On 5 November 2017, two new, already final B3 MEO
spacecraft were launched simultaneously. Their main characteristics were the ability to
communicate with each other, and broadcasting signals which were more accurate and
compatible with additional global navigation systems. On 12 January 2018, the first BeiDou-3
launch was two MEO moons (with laser reflector and cosmic ray recorder). These satellites
were originally supposed to send into orbit at the end of 2017; the delay was caused by the
partial failure of the HM-3 carrier rocket in June. These satellites had already been designed
for a new generation platform. The take-off weight of such a spacecraft is 1014 kg,
GLPHQVLRQV [ [ P WKH LQFOLQDWLRQ RI LWV RUELW!
approx. 21500 km. As mentioned earlier, the frequency and coding of the civil navigation
carrier waves have also changed, adapting to the similar purpose signals of the NAVSTAR
GPS and Galileo systems. With the help of the satellite shape of the BD-3 navigation system,
in real time with a receiver, the expected horizontal accuracy was 6 m, and the height
accuracy was 10 m. Another pair of these MEO satellites were sent into orbit on 12 February
2018, and the next two spacecraft were launched on 29 March 2018. On 9 July 2018, a pair of
B2 IGSO satellites was launched, followed by a pair of third generation MEO satellites on 29
July 2018 and 25 August 2018. In 2018 (19 September, 15 October and 18 November), the
authorities launched the same pair of satellites 3 more times, and even launched a GEO moon
(4600 kg) on 1 November. By the end of 2018, the number of new MEO moons in the global
phase was 18. In 2019 and 2020, the number of B3 satellites put into orbit was 11 (2 GEO, 3
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IGSO and 6 MEO), i.e. nearly 30 new B3 satellites were already orbiting in space. Among
them, the most recently launched GEO-3"(883) provided China's satellite fundamental
system with global coverage. In 2023, three more artificial moons one GEO-4 (17 May) and 2
MEOs (26 December, two-moon launch) were put into orbit (Fig. 6). The last 2 MEO
satellites (technological demonstration for future BeiDou 4) were launched on 19 September
2024. Since 2000, a total of 64 BeiDou satellites have been launched into space.

Figure 6
The launch of the B3-M25 and M26 satellites

Table 2 shows how the BeiDou-2 and 3 satellite configurations (50 operational satellites,
09. 2024.) were built at the end September of this year: 9 GEO, 10 IGSO, 31 MEO and
another 4 test moons (2 MEO, 2 IGSO).

Table 2
Satellites of the BeiDou-2 system (15 operational /5 GEO, 7 IGSO, 3 MEO/, 8 withdrawn,
09.2024
BeiDou-2 | Phase 2 /23/ (China and the wider surrounding regions)
(COMPASS) | 1. B2-M1 13. 04. 2007.| MEO | test, withdrawn
and 2. B2-G2 14. 04. 2009.| GEO | drifting, withdrawn

Beibou-3 3 B2-G1 16. 01. 2010.| GEO | withdrawn

4, B2-G3 01. 06. 2010.| GEO | withdrawn (28.09.2018)

5. B2-IG1 31. 07. 2010.| IGSO | usable

6. B2-G4 31.10. 2010.| GEO | usable

7. B2-1G2 17.12. 2010.| IGSO | usable

8. B2-1G3 09. 04. 2011.| IGSO | usable

0. B2-1G4 26. 07. 2011.| IGSO | usable

10. B2-1G5 01.12. 2011.| IGSO | usable

11. B2-G5 24.02.2012.| GEO | usable

12. B2-M3 29. 04. 2012.| MEO | usable

13. B2-M4 29. 04. 2012.| MEO | usable

14. B2-M5 18. 09. 2012.| MEO | withdrawn

(21.10.2014.)

15. B2-M6 18. 09. 2012.| MEO | usable

16. B2-G6 25.10. 2012.| GEO | usable

22. B2-1G6 29. 03. 2016.| IGSO | usable
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23. B2-G7 12. 06. 2016.| GEO | usable
32. B2-1G7 09. 07. 2018.| IGSO | usable
45. B2-G8 17.05.2019.| GEO | usable
Phase 3 (global coveragéest + not withdrawn (485(28 MEO, 3 IGSO,
4 GEO); rubidium (E-14, 1 s/3xX0year difference) and hydrogen ma
(E-15) atomic clocks
Test satellites (5, 1 withdrawn)
17. B311-S 30. 03.2015. [IGSO test
18. B3 M1-S 25.07.2015. | MEO test
19. B3 M2-S 25.07.2015. | MEO test
20. B3 12-S 29. 09. 2015. | IGSO (h. -| test
maser)
21. B3 M3-S 2016. 02.01. | MEO withdrawn
Final global constellation 35/28 MEO, 3 IGSO, 4 GEO/
24. B3-M1 05.11.2017. | MEO usable
25. B3-M2 05.11.2017. | MEO usable
26. B3-M7 12.01.2018. | MEO usable
27. B3-M8 12.01.2018. | MEO usable
28. B3-M3 12.02.2018. | MEO usable
29. B3-M4 12.02.2018. | MEO usable
30. B3-M9 29. 03.2018. | MEO usable
31. B3-M10 29. 03. 2018. | MEO usable
33. B3-M5 29. 07.2018. | MEO usable
34. B3-M6 29. 07.2018. | MEO usable
35. B3-M11 25.08.2018. | MEO usable
36. B3-M12 25.08.2018. | MEO usable
37. B3-M13 19. 09.2018. | MEO usable
38. B3-M14 19. 09. 2018. | MEO usable
39. B3-M15 15. 10. 2018. | MEO usable
40. B3-M16 15.10.2018. | MEO usable
41 B3-G1Q 01.11.2018. | GEO-1 usable
42, B3-M17 18. 11. 2018. MEO usable
43. B3-M18 18.11.2018. | MEO usable
44 B3-1Q 20. 04. 2019. | IGSO-1 usable
46. B3-2Q 24.06.2019. | IGSO-2 usable
47. B3-M23 22.09.2019. | MEO usable
48. B3-M24 22.09.2019. | MEO usable
49. B3-G3Q 04.11.2019. |IGSO-3 usable
50. B3-M21 23.11.2019. | MEO usable
51. B3-M22 23.11.2019. | MEO usable
52. B3-M19 16.12.2019. | MEO usable
53. B3-M20 16.12.2019. | MEO usable
54. B3-G2Q 09. 03. 2020. | GEO-2 usable
55. B3-G3 23. 06. 2020. | GEO-3 usable
56. B3-G4 17.05.2023. | GEO-4 usable
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57. B3-M26 26.12.2023. | MEO usable
58. B3-M28 26.12. 2023. | MEO usable
59. B3-M25 19. 09. 2024. | MEO usable
60. B3-M27 19. 09. 2024. | MEO usable

It can be said about the BeiDou-2 moons that they are more robust than their predecessors.
Their planned lifetime is approximately 8 years. The BeiDou-2, Compass (China's regional
system), designed for 16 satellites, was completed by developers in 2012. This was followed,
by 2020, by the afore-mentioned global CNSS /Chinese Navigation Satellite System/ system,
which already represented the full operational capacity. The estimated system costs were
approximately 62 billion US dollars. In 2012, already, hundreds of Chinese enterprises were
engaged in the production of satellite receivers and specialized in various GNSS services. In
2012, China's contribution to the global satellite-based navigation service was about 25%.

By the autumn of 2012, the BD-2 tests were completed. The accuracy of the created
regional development phase system had improved to 5-10 m. With the B1 + GPS L1 signals,
an accuracy of up to 5 m could be achieved, and with the combined use of the B1/B2 and GPS
L1/L2 signals, an absolute positioning accuracy of around 2 m could be ensured.

The CNSS system (5 GEO, 3 IGSO and 27 MEO moons) is completely similar to the other
basic systems already mentioned in the study in the sense that it uses one-way range survey to
determine the location of the passive ground receiver. The accuracy of the autonomous
measurement is approximately 10 m, the reliability of time measurement with synchronized
clocks became 1 second. Relying on the measurements of the ground supplementary system,
with real-time corrections, the reliability of the positioning could even reach 1 m. The second
level (licensed) was to satisfy military and official needs, for which, compared to the previous
data, the operators promised much higher accuracy, communication options and system status
information. The location accuracy of the encrypted military service was given in 10 cm,
which is now used by several armies (e.g. Pakistan, Argentina) in addition to the Chinese one.
Beside this a Chinese-Russian cooperation interoperability agreement was signed in 2022.

The ground reference station network covering the entire country was quickly built up. The
central processing station is responsible for precise track and clock data. They use their own
Chinese geodetic reference system and system time. Thanks to both the new satellites and the
terrestrial supplementary service, especially in the densely populated eastern parts of China,
the accuracy of positioning has increased significantly. In the vicinity of the capital, cm
values were also available. In areas unsuitable for satellite navigation, which are deep,
covered, indoor or underwater, the developers have launched technological research.

In connection with the use of the BeiDou system, even for 2015, based on the PP
presentation published in the references, some interesting figures are worth noting:
BDS/GNSS navigation chip/module: more than 24 million; geodetic accuracy receiver:
120,000; navigation antenna 4 million; antenna with geodetic accuracy: more than 500,000;
satellite navigation unit used in mobile communication: approx. 18 million.

Since November 2017, 33 B3 final moons (4 GEO, 3 IGSO and 26 MEO, global coverage)
have been launched. As for the accuracy of the current open access, it is 3.6 m globally and
2.6 m regionally. The ground subsystem of the BD-3 satellite basic system is made up of
various ground stations, among them are tracking, master control, data transmission facilities,
as well as facilities ensuring time synchronization and operation of the connection between
satellites.

Today, the BeiDou system is widely used in traffic, transportation, precision agriculture,
fisheries, geodesy, industry and finance. The service takes on a prominent role in connection
with self-driving cars, the docking of watercraft, the takeoff and landing of aircraft, and even
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smartphone applications. About 2/3 of Chinese smartphones are equipped with a receiver
capable of processing BeiDou signals. BeiDou receivers are operated in a significant part of
the world's countries (approx. 50%, more than 200 countries). In addition to the high-
precision 3D positioning service, the basic BD satellite system is also capable of other critical
roles, such as natural disaster prevention and rescue. The individual satellites are also
equipped with special sensors which enable the detection of heat and possible flames in space,
which, when integrated with data from ground sensors, can help make the right decisions in
the fight against possible forest fires. The unique feature of the Chinese BeiDou basic system
is the so-called short messaging capability. This two-way communication function can ensure
contact with the "outside world" in critical situations (e.g. earthquake) - in the event of the
destruction of ground facilities, thus increasing the chance of rescue.

As for future goals, the operators of the system wish to further develop the flexible,
precise, safe navigation service and precise location and time determination. Better
compatibility and coordination of co-operation with other known GNSS systems is considered
an important aspect in this regard. By 2035, the authorities are planning to implement a
national navigation and timing system which is available everywhere and is more integrated
and advanced than the current one. In addition to the previously mentioned unique feature of
sending short messages, to expand the possibility of communication with the "outside world",
the development of voice and video sending functions is also planned in the future.

CONCLUSIONS

The creation of BeiDou-2, 3 was one of the main objectives of China's national strategy. Its
cost reached about 10 billion US dollars. Among the fundamental systems, in terms of the
completion of its construction, it ranks third, ahead of the European Galileo system, which
should also be treated as nearly completed. Among other things, this justifies the special
professional attention directed at it. The article also tried to briefly shed light on the
background of the choice of names for the Chinese BeiDou-1 and Beidou-2, 3. The first
Chinese navigation system, BeiDou-1, was also presented in detail. Based on this, it could
also be established that the BD-1 system - after its creation - became an integral part of the
Chinese navigation market. After that, the BeiDou-2, 3 systems, which were built in the
middle of 2020, were also thoroughly studied presenting the current status of the Chinese
fundamental satellite system, and then its bright future was also briefly discussed.
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Kivonat: $ WHEFKQROYJLD IHMO GpVpQHN pV D MRJV]DEiO\RNQD N
ORPED NHU+O DXWyN QDJ\ UpV]IEHQ WDUWDOPD]QDN HOHNW
JRV YH]HWpPV pUGHNPEHQ $ OHJW|EE N|]~WL EDOHVHW HPE
NRUV]HU& MiUP&WHFKQROYJLD DGDSWiOiVD pV IHMOHV]WpV
VIHUHN tJ\ HJHN YH]pUO HJ\VpJHL EL]JRQ\tWRWWDQ FV|NNH
~WL EDOH YV KW3arend, BA2OWIHS report, 2022)]HN D EL]JWRQViJL IXQNFL
MIWWHN OpWUH KRJ\ IHOKtYMiN D Y &h MW CNH QLI NHHQ P [Y\M VD p OX
LQIRUPIFLYW Q\~MWVDQDN V]iPXNUD LOOHWYH VHJtWVpN D
VIHQ]JRURN WDUWDOPD]QDN pUWpNHV Q\HUVDQ\DJRNDW DP|
JD]GDViJ VIHOOHPPEHQ LOOHWYH D] HJ\UH FEVINNHQ Q\HUYV

Kulcsszavak ~-MUDKDV]QRVtWiV YH]HWpVWiPRIJDWyYy UHQGV]HUHN

1. BEVEZETES

$ PHIQ|YHNHGHWW V]iP~ MiUP&YHNNHO HJ\eWW D EDOHVH
NpSSHQ D] HOP~OW pYHN NXWDWIVLEDQ NLHPHOW V]JHUHSF
UHQGV]JHUHN HJ\VpJHN IHMOHV]WpVH $ MHOHQOHJ J\iUWiV]
JDVDEE PLQW D EHQQ*N OpY DFpOWDUWDORP PLYHO PHJ
JHWYpGHOPL pV EL]WR QWaghal\éfd. 2022; Rk, R ONGpO]HWL HOH
URQLND PLQ VpJH NRPSOH[LWiIVD PHJEt]KDWysbehDapV WHONM
(]JHN D UHQGV]JHUHN D] ~J\ QHYH]HWW YH]HWpPpVWIPRJDWYy
UHQGV]J]HUHN U|YLGtWpVH D WRYIEELDNEDQ $'$6 (JHN D Wi
ELIWRQVIJRV YHIHWpVEHQ FpOMXN FV|NNHQWHQL D] XWDN
UHOWVpJW O [+JJ HQ HJ\ DXWYEDQ W|EEIpOyeh fehfigretékdQGV]H!
SpOGiXO D ViYHOKDJ\ivuD ILJ\AHOPH]WHW UHQGV]HU D SDU
VpIJWDUWyYy DXWRPDWLND $] $'$6 D] DXWRQYP YH]HWpPV Ne«O|(
6 (0-6) VILQWHW N<O|QR|]WHVD\QNQPB) DXWYED pStWHWW UHQG®
VIROJIOWDWQDN PLQW SpOGiXO SDUNROiIVW HO VHJtW UH!
VILQWHN Q|YHNHGpVpYHO HJ\UH W|EE PLQGHQ YDQ DXWRPI
SHGLJ D] | QY HN&gpal eiel UZDR2; Brookhuis et al, 2001).

$] DXWyLSDU IHMO GpVpYHO SiUKX]DPRVDQ D] tJ\ NHOHWN
I1DSMDLQN HJ\LN OHJpJHW EE SUREOpPIMD D KXOODGpPNRN
(XUySDL 8QLY iOWDO OpWUHKR]JRWW LUIQ\HOY DPHO\ D KXO
kitereda] DQ\DJRN ~MUD IHOKDV]QiOiViUD ~MUDKDV]RVtWIiViUD
OpVpUH pV PHJIHOHO HQ W|UWpPQ iUWDOPDWODQtWIiViUD (
HOHNWURQLNIMIiUD YRQDWNR]yDQ QHP WDUWDOPD$ NRUOIiV



)y UL \&Nagy S.

HOHFWURQLF FRQWURO XQLW U|YLGHQ (&8 pStWL IHO N |
(Brookhuis etal., 20010)LYHO D MHOHQOHJ J\iUWIiVEDQ OpY DXWyN PL
WHFKQROYJLINDW IHOV]JHUHOWVpPJW O 1+JJ KRJ\ PHQQ\LW
WpPD $ WpPD DNWXDOLWIiViW IRNR]]JD KRJ\ HIJHN D] DXWyN
tJ\ D NpV EELHN VRUiQ PHU«O IHO D PHJIHOHO NH]HOpV+N D
NHOHWNH] KXOODGpNRN SUREOpPPiMiQ W~0O D Q\HUVDQ\DJ |
LV IRQWRV KRJ\ WLV]WIiEDQ OHJ\*QN D KXOODGpPNNi YiOW N
JHWHJ pUWPNHY Q\HUV B QVD DR PVQ U PADOONALDN Q IPN H |V V]HIR J
NDOPD]JRWW Y H(EOWPpMIVYIHOHRURN WtSXVDLW LOOHWYH IHO
NRUOiIWDLW

2. +8//$'e.-E50%9(. (85I3E%$1

$] ~J\QHYH]HWW AHQQG/R1 MILH DHKALG GOIBBRAY WNORL QG D PH
Q\LVpJ*N PLQG SHGLJ D] DQ\DIJWDUWDOPXN WHNLQWHWDPEF
JRQ\XOQDN tJ\ YLOIJVIHUWH SUREOpPPIW SAHROHO@DWQ HN e Yt
MiUP&KXOODGPN NHOHWNH]JLN pV D EHFVOpVHN V]JHULQW
(Brookhuis et al., 2001, Belboom et al., 2018)] HJ\ RUV]IJEDQ NHOHWNH] HOKL
P&YHN PHQQ\LVpJpW D KDV]QIiODWEDQ OpY DXWyN V]iPD D]
P&YHN VHOHMWH]pVL NRUPHJRV]OiVD KDWiUR]]D PHJ (]JHQ \
V]iPiw HJ\ RUV]IJEDQ EHIRO\iVROMD D KDV]QiOW DXWyN EHI
VIHPSRQWEYO D] HOKDV]QiOYyGRWW MiUP&YHN ~MUDKDV]QR)
WHFKQROYJLDL VIHPSRQWRN LV |[V]W|Q]LN *iOGL $] H
iUWDOPDWODQtWiVD NLKtYiVW MHOHQW D] HXUySDL SROLW
MIUP&YHN NH]J]HOpVpYHO NDSFVRODWRY FpORN pV MRJV]DEI!
O|QE|] NH]HOpVL PYyGV]HUHN iOOQDN UHQGHONH]pVUH EiU
IHOHOQL D (. LUIQ\HOYEHQ PHJK(BalbborRétraly2016)M HXUyYS

3. BALESET ELKERULESERE SZOLGALO SZABALYOZASOK

9LOIJVIHUWH tJ\ (XUySIiEDQ LV VRN EDOHVHW W|UWpPQLN L
D] (XUySDL 8QLy Hoer BGen&a&lIecurity Regulatiei¥r65 D]D] iOWDOIQRYV |
WRQViIiJL UHQGHOHWHW (EEHQ VIHUHSHO KRJ\ XWiQ RO\
JDORPED KR]QL D SLDFRQ DPHO\HN D PHJKDWIUR]JRWW EL]W
UHQGHONH]QHN H]JJHO LV Q|YHOYH D N|]~-WL EL]WRQVIJRW
WRQViJL UHQGV]HUHNNHO Né&kMDclEHSDIBHED, 120210 L+ N D] DXWy N (

- LQWHOOLJHQV VHEHVVpPJDVV]LVIWHQV

- D MiUP&YH]pPWUDDWWYUHQGV]HUHN

- D MiUP&YH]HW ILJ\HOPpW HOWHUHO ILJ\HOPH]WHW UH

- YpV]OHIiOOtWy MHO]pVHN

- WRODWIiVpU]pNHO UHQGV]HUHN

- HVHPpPQ\ U|J]tW N

- SRQWRV DEURQFVQ\RPiIV HOOHQ U]pVpUH DONDOPDV UH:
alkohol szonda.

4. ELECTRONIC CONTROL UNITS- ECU

$ MiUP&YHNEHQ IHOOHOKHW IHGpO]JHWL HOHNWURQLNIiW [
WRN P&N|GWHWLN $ PRGHUQ D XWyddaazhdtnak. Ew®©deByre (& 8
VILJRURGY N|UQ\H]HWY pGH OP lilep& aH HMKROYY Qi O yNO i QMADRON W
HJ\UH PDJDVDEE N|YHWHOPpPQ\HN PLDWW YDQ V]*NVpJ 6]iP



*PSMiIUP& YH]pUO HJ\VpJHN pV ~MUDKDV]QRVtWiVL NI
UHQGV]J]HUHNNHO IHOV]HUHOW DEMWQ § H HXQWD By@H B AN W tNO pSXM\b
JpQHN YpGHOPH EDOHVHW HNP KD WOEni@Hy N20Pg Buppldl @ p V H
Shukla, 2018).

$ODSYHW HQ FVRSRUWMXNDW N*O|QE|]WHWMeN PHJ D P¢
VIHUHN LOOHWYH D. R pRRNGPALHWHQEMIBVHNUHN DPHO\HN D
NHJHOLN pV LUIQ\tWMIN LGH VRUROKDWYN D NRUPIQ\]iV pV I
UHN $ EL]WRQVIJL UHQGV]JHUHN DPHO\HN D MiUP& LUIQ\tWHK
lpVpW VHItWLN HO SWW NpW DOFVRSRUWRW N<O|QE|]WHW-
LUIQ\tWiVIW VHItW UHQGV]HUHN PLQW D] $%6 pV D SDVV]tY
PpUVpNO UHQGV]JHUHN SpOGiXO QqWwdi2028)YH Np@O\pWNOFD UV HQ G
VIHUHN PHJOpWpPpQHN V]iPD pV PLQ VpJH QDJ\UpV]W D MiUP&
OHO ,0\HQ UHQGV]JHUHN D OpJNRQGLFLRQiIiOy HOHNWURPF
PHIJOpWH %L]WRQViIJ VIHPSRQWMIiEYyO HJHN D UHQGV]HUHN
MHOHQW V EL]WRQViIJL NRFNi]DWWDO D]J]RQEDQ KD PHJKLE
NXOiVIQDN NRFNi]DWiW

8lind Surround view

spot
detection

Traffic sign
recognition

Park - = . Radar/LIDAR
assist \ mergency braking Adaptive c
} 0 cruise . et
Surround i ' / Coll voidance control . Ultrasound

view

Rear
collision

warning Sutround view Lane departure

warning

1. iEUD
(OHNWURQLNXV YH]pUO HWP\VpJHN (&8 WtSX\

5. SZENZOROK

$ PRGHUQ DXWyN HVHWpPEHQ HOHQJHGKHWHWOHQ IRQWRYV
DODS IXQNFLYLQDN P&N|GpVpKH] LV V]eNV.plhhhakeNej2ttNp Q\HO
LOOHWYH D VIHPPHO OiIWKDWYy pU]JpNHO N V$HWXW Y HE N HFOV RUSHR
VIHUHN SDUNROIV VHJi{M J\WHHDQ WWH|GI G YA NH UKRNO MW DUUHM W H W \
KH] WDUWR]QDN D K PpUVpNOHW pU]JpNHO K&W IRO\DGpN }
pUJpNHO NiURVDQ\DJ NLERFVIMWiVW PpU V]JHQ]JRURN OpJV
szer szenzorai*\*Up N ODKPXG
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Smart Camera Rear GPS  Interior Windshield
Remote Park Assist l Camera/ Wipers

Driver
Monitoring Seat Belt Rain Sensor

" :
Blind Spot Detection/ Tension

Surround View
Side Impact
Assist
" Indoor/Outdoor
Fuel |
Hazard Lights uel Level e naralice Saeot
o o B =
N A > N Brake
# 3 . . Bresine Oil Sensor
Electronic &) o x' I b Speedometer/ Water Coolant
Stability Control > ; e i i > Temperature

Tachometer/
¥ - {\ Odometer
Ultrasonic ) T { X - N
Parking Sensor : SR 3 AR =

2 4 '—.—— Oxygen Sensor
\ X Ju@— Anti Thief Sensor
N \ '——-—?-r— Accelerometer
X

®—— Radar Sensor

Fog Lights { Emergency Brake
System and
Tyre Pressure Cross Traffic Adaptive Cruise
Monitor Head Lights Assist Control

2. iEUD
*pDSMiUP&EHQ WD O i@ midy2023H Q]RURN

$ VIHQ]JRURN V]iPD OHJLQNIEE D] DXWy IHOVIHUHOWVpJpW
U&EE NLYLWHOHNEHQ NHYHVHEE pU]pNHO WDOiIOKDWy PHJ
MiUP&YHNEHQ 6]iPRV pU]JpNHO WDOiOKDWy D] DXWyNEDQ [
pPUIJpPNVJHUYHN MHOHNHW N+OGHQHN D] DJVQDN DPHO\ XWiQ
DXWyN HVHWpPEHQ D] DJ\ Dbkle@rHiE W sréhgotok o BaDikdgRitkuX Q L W
VDEE HOHNWURQLNXV DONDWUpPV]HN N|]p WDUWR]QDN HJ\ .
WHFKQROYJLD IHMO GpVpYHO D NRPSOH[LWiVXN HJ\UH QDJ
VIHQ]RURN W|EEVpJH ERQ\ROXOW IHOpStWpVVHO UHQGHON
WHU*OHWHQ pV PHQQ\LVpPJEHQ IRUGXOQDN HO D V]HQ]RUR!

3. ibra
$GDSWLYH &UXLVH &RQWURO $&& UDGDU V]JHQ]JRU U



*pPSMiUP& YH]pUO HJ\WpJHN pV ~MUDKDV]QRVtWiVL NI

51..LKtYiVRN D] ~MUDKDV]QRVtWiV VRUIQ

$KKR] KRJ\ PHJpUWVeN D SUREOpPPiW DPHO\ pULQWL H]HN
Wi]JQXQN NHOO D PiVRGQ\HUVDQ\DJRNEYO W|UWpPQ pUWpPNH\
pV SUREOPpPPILW OLQGHQ HVHWE H Q nekOsulksor@ayydn \KsAkoE H J\ & M \
FHQWUIFLYEDQ YDQQDN MHOHQ D] DQ\DJEDQ UHQGNtY+O |V
E|] UpWHJH]JHWWVpJHNAKR EHWRIGD @/IRN DJ P VipQViVL WHFKQRO
YHVHEE PHQQ\LVpJ NHU*O WpQ\OHJHV DOG B MR Ib]uVWhIN H\V \HD |
NLVHEE NRQFHQWUIFLYEDQ WDUWDOPD]]iN MH®HQWI ¥ PHQC
Oi]DWEDQ OiWKDWy HJ\ SpOGD HJ\ $&& V]HQ]RU DQ\DJL |VV]
WDUWDORPPDO EtUQDN H]HN D VIHQ]JRURN DJiRj@dEBa, D] LV O
tJ\ JD]GDViJL pV Q\HUVDQ\DJ VIHPSRQWEYO pUGHPHV IRJOD
UDKDV]QRVtWiViYDO $ NtVPUOHWHW D OLVNROFL (J\HWHP 1
QROYJLD ,QWp]HWEHQ YpJH]WpN D PLQWDODRQUNG\SHWM I D] $
2021).

1. WIiEOi]DW
$ FEUIQ VJHUHSO $&& UDGDU DQ\DJL |[VV]HW

5pV]HJI\V 7| P HI[g] Aranytartalom [g/t]

0&DQ\DJ B

latok (2 db) 53,94 50,4
$OXPtQLXH 107,89 0

1<E. ODSR

PCB (2 db) 35,89 81,3

)pP NDSFV

(4 db) 8,80 0

gVV]IHVHQ 206,52 27,3

TIEE pUWpPNHY HOHPHW PiV HOHPPHO KHO\HWWHVtWHQHN |
D NLQ\HUW HOHPHN W $VRQ®! IWHLD LK RID WRIJIMHOHQWHN D] /&'
DPHO\HN /(' YLOiJtWiVW WDUWDOPD]QDN PHJMHOHQWHN D
O\HN ERQ\ROXOW IHOpStWpVeN PLDWW SUREOpPPiW MHOHQW
D NLV PHQQ\LVPJEHQ MHOHQOpPY NULWLNXV Q\HUVDQ\DJRN
JRQWRYV PHJHPOtWHQL KRJ\ D KDJ\RPiQ\RV VKUHGGHU WHF
anyagok visszahHUpVpUH D] ~M DONDWUpV]HN E HQ~ MU D KD \HQ R EWM
VRUIQ $] ~MUDKDV]QRVtWiV PHOOHWW IHOPHU+-O D] ~MUDIF
DGRWW DONDWUpPV]HNHW V]sNVpJHV PLQ VtWHQL pV VRNV]R
WPpUKHWQHN KLV]JHQ IRO\DPDWRVDQ YiOWR]JLN D J\iUWiV Wt

6. KOVETKEZTETESEK

$ VILJRURGY MRJV]DEIiO\L NJ[YHWHOPpPQ\HNQHN PHJIHOHO
JRU NHU<O D PRGHUQ NRUL DXWyNED HQQHN | RND D NJ|]~
LO\HQ WtSXV~ YH]HWpV WiPRIJDWY UHQGV]HUHN EL]JRQ\tWRW
V]iPiW D]JRQEDQ D] (XUySDL 8QLYEDQ H]JHNUH D UHQGV]HUH
D KXOODGPNNi YiOiVXN UpYpQ V]*NVpJHV NH]JHOpVeN WHNLQ
KRJ\ HJHN D] HOHNWURQLNiIN OHJW|EEV]|U ERQ\ROXOW IHOp
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KLVIHQ D NLQ\HUQL NtYiQW pUWpNHV HOHP QHKH]HQ KR]]ilp
YRQDWRANfBOPXPODWRY SLDFL iUDN YiOWR]iVD PLDWW VRNV]
U p\kbnbanV]iP RWRHQQ\LVPOBH @D J\ WDIPEDKY MHOHQ D JpSMiUl
tJ\ ~MUDKDV]QRVtWiVXN pV PHJIHOHO NH]HOpV+eN KXOODGp!
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OM HUHGPpPQ\HN-D\P &VJMNH]HW& XGRPiQ\EDQ

LED (LIGHT- (0,77,1* ',2'( )el<)255E62.
e57e.(6$1<$* 7$57%$/0% e6 0(&+$1,.$, )(/'2/*2=E6,
I(+(7 6e*(,

1$*< 6E1'25
Miskolci Egyetem 1l \HUVDQ\DJHO NpV]tWpV pV .JUQ\HIHWWHFKC
sandor.nagy@uni-miskolc.hu

Kivonat: (EEHQ D FLNNEHQ LVPHUWHWpPVUH NHU<OQHN D YiURV
OHQW V V]iPEDQ pV N+O|QE|]] WHU*OHWHNHQ DON&OPD]RW
(Light-Emitting Diode), ill. LED-HNHW WDUWD O PIH|® GROJRUVLVENKHW VpJ
NtYsO HQHUJLDWDNDUpPNRYV IpQ\IRUUIVRN QDJ\RQ V]pOHV 1|
NH]GYH D JpSNRFVL YLOIJtNWiV]RURWY®HD) MRRUVEEH WHF K QR Oy
HOHPHW WDUWDOPD]QDN YLV]JRQW pOHWWDUWDPXN YpJpYt
JRIIVXN MHOHQW M IDNJLKM YiiPVBYD @ KONQAVOMiN NHW GH W|PHJ:
WpVUH NHU+<O D HIO® p VRUHFX® QUMW DL HO NpV]tWpVpYHO NDSF
OHKHW VpJHN

Kulcsszavak HOHNWURQLNDL KXOODGpPpNRN /(' /&'

1. %(9(=(7e6

9LOiJYLV]RQ\ODWEDQ D] pYHQWH NHOHWNH] HOHNWURQLI
50 milOLy WRQGDV PYWeb®) $ Q|YHNHGpV RNDL D] HI\UH W|EE]
HVIN|] PHIMHOHQpPVH SO DNNXPXOiWRURV YiOWR]DWRN PH
EDQ HJ\UH W|EE HPEHUKH] W|UWpQ HOMXWiVD D] HV]N]|]IN
WHEKQROYJLiIN J\RUV YiOWR]iVD

-yO PHJILJ\HOKHW WHQGHQFLD WRYIiEEi KRJ\ HJ\UH W|EE
iUDPN|LEDINHN pV /(' KIWWpUYLOiJtWiV~ /& NLMHO] N SO RN
SO DNNXPXOiWRURV SRUV]tYy YHQWLOiIWRU IRUUDV]WYSi
YpJpUH pUW VpU.OW YDJ\ PHJKLEIVRGRWW JpSMiUP&YHN H
KXOODGPNRN('~IPQRRQWiVRN V]iP t\Wk)) szérizdiok,1Li$on akku-
PXOIWRURN /&' NLMHO] N D (NDNWB MW H RiG HNY@WiK\H W WHLONDp D H N I\ ¢
KXOODGpPN iUDPRN HON+O|QtWHWW PyGRQ W|UWpQ EHJ\&MW

$ KDWiO\RV ((% NDWHJIYULIN D NJ[YHWNH] KDW WHUPpNN]|U

f+ FVHUPO EHUHQGHVpVIHNDSPNYW&W OpIJNRQGLFLRQIOYy

f .pSHUQ\ N PRQLWRQR® PVJ\REE NpSHUQ\ W WDUWDOPD

$ /iPSiN SO IpQ\FV|YHN NRPSDNW IpQ\FV|YHN /(' OiPSiN

f 1DJ\JpSHN EiUPHO\ N.OV PpU#W PHIJKDODGMD D] FP

£ .LVIJPSHN HJ\LN N+OV PpUHWe+N-tyy HP KDODGMD PHJ D]

$+ .LVPpUHW& V]iPtWiVWHFKQLNDL EHUHQGH]pVHN pV WiYN
UHWeN VHP KDOD@MD PHJ D] FP

Az (8 NJUQ\H]HWYpGHOPL pV JD]GDViJSROLWLNiMiQDN HJ\LN
JIVRV JD]GDViJ LUIQ\IiED W|UWpQ HOPR]GXOiV $ N|UIRUJIVF
PHJ~MXOy DQ\DJ ]JiUW NJUEHQ NHULQJ
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Kritikus elemek.$ IpPHN iVYiQ\L DQ\DJRN pV WHUPpV]HWHYV DQ\D
VIpW NpSH]LN $ NLHPHONHG JD]GDViJL MHOHQW VpJ& pV D
WRW MHOHQW Q\HUVDQ\DJRNDW NULWLNXV IRQWRNViIJ~ Q\}F
WIiEQOi]DW QpPpON+*O|]JKHWHWOHQHN V]iPWDODQ LSDBpAQNRV]L)
GiXO D-WRIBIHOIRQRN UH]J KtYiIVMHOpKH] YROIUiIP NHOO D Ip
OyJLiKR] W|EEHN N|]W JDOOLXPUD pV LQGLXPUD YDQ V]*NVp
QiOQDN D-KHGORUp®Y D] HOHNWUROL]JIWRURN SODWLQDFVRSES
(Web1l).

$] HI\HV Q\HUVDQ\DJRN NULWLNXV IRQWRVVIiJiQDN PHJKDV
D JD]GDViJL MHOHQW VpJ pV D] HOOiWiVL NRFNi]DW $ JD]C
YL]VJIOMIN UpV]OHWHVHQ KRJ\ D Q\HUVDQ\DJRN PHO\ LSDU
OiIVRNKR] UHQGHOKHW N KR]]i $] HOOiIWiVL NRFNi]JDWWDO N
HOV GOHJHV Q\HUVDQ\DJRN JOREiIOLV WHURHO RMH pbVED]Q(8
IVV]SRQWRVEKO GIDMNQHN D] RUV]iJRNQDN PLO\HMzmAKkAR O LWL N
NJUQ\HIHWYpGHOPL VIHPSRQWRN LV D] ~MUDIHOGROJR]iV
DUIQ\D D KHO\HWWHVtWKHW VpJ D] (8 LPSRUWI*JJ VpJH YI
ben alkalmazott ke HVNHGHOPL NWebOIiWR]iVRN LV

1.tiEQI]DW
.ULWLNXV IRQWRVViJ~ Q\HUVIEAD JRN
2023 Kritikus nyersanyagok (Critical Raw Materials 34)

Antimon JRO\SiW ODJQp]LXP )PP V]LOtFL
Barit Gallium 7THUPpV]HWHYVY 7DQWIiO
Bauxit *HUPIQLXP 7LWiQ 9DQIGLXP
Berillium Hafnium 1LYELXP Wolfram

Bizmut 1HKp] ULWN Platina csoport Stroncium
%RUIWRN  Kobalt JRV]IIWWDUW D Foszfor
[tWLXP .RNV]V]pQ .|QQ\& ULWNDI Szkandium
$UIPpQ )JOGSIW 5p] Nikkel
0DQJIQ +pOLXP

Szemben a 200lHV OLVWiW DONRWY-HVDQLDWD QViDJ\iW NpSH] |
2017-HV OLVWiQ V]JHUHSO D-QW XJIDQ V LOLOMNDY H-a3@st® JiY D O
34 anyagot tartalmaz (Web1l).
$ NULWLNXV VWUDWpJIJLDL HOHPHN KD]DL Q\HUVDQ\DJIRUL
KiURP ~W NtQiONR]LN
HJ\UpVI]W D SULRPRHO pREFEXOMRR\DQ\DJIQDN EiQ\iVIDWL
V]tWpVH pV NRKiV]IDWL IHOGROJR]iVD
PiVUpV]W D] pUFHV iVYIiQ\RN EiQ\iVIDWL PHGG LQHN NLW
IHOGROJR]iVD YDODPLQW D VIHQHN NLWHUPHOpPVH pV HQ
PHOOpNWHUPpNHLE O W|UWpQ NLQ\HUpVH
KDUPDGUpV]W D ODNRVVIJL pV LSDUL FpOUD J\iUWRWW
UpV]JHLEHQ V]JHUNH]HWL DQ\DJDLED QY iWHRWQ ENQLWLNX V &H/C
2013).
JelenN|[]OHPRPRYMRQQDQ QDJ\ V]iPEDQ PHIMHOHQ HOHNWUR
LED-HN WpPDN|UpYHO IRJODONR]JLN NLHPHOWHQ D] /&' NLMH



LED (lightt HPLWWLQJ GLRGH IpQ\IRUUIVRN pUWpNHVDQ\DJ WDUWDOP

KXOODGpPNiUDPRN HO NpV]tWpVpQHN D OLVNROFL (J\HWHP 1\
QROYJLD ,QWp]HWpPEHQ MHOHQW V KDJ\RPiQ\D YDQ V]iPRV
PXQND IYyNXV]iOW pV IyNXV]iO H WpPDN|UUH &V NH &V 1

0iGDLQ@m 2URV] 1D J\ 3yO\D 0iGDLQp E
Jorgenson. 2005; Nagy, 2024).

2. 0(&+%$1,.%, (/ .e6=E7e®R17266E*$

$ PHFKDQLNDL HOMIiUiVRN V]pWV]HWHD PV VDBMYS\O D VRWIW i
FPOMD D KXOODGpPNRN V]JHPFVPLQHN V]pWYiODV]WiVD RO\D
O\HN UpV]EHQ N[]JYHWOHQ+0O ~MUDK DV PURM WKRIV YN\ PLOQ 8"
ELROyJLDL HOMiUiIVRN DONDOPD]iViYDO D] DONRWyY DQ\DJRN
PIMIEDQ YLVV]DQ\HUKHW N OHJ\HQHN &V NH %RNIQ\L

$] DSUtWiV LOO V]pWYiODV]WiV 1li OBAUIDOPXRAD WH/PD M PV @\ Q HW
DSUtWiVW N|YHW HQ D V]IHUNH]HWL DQ\DJRN HVHWOHJ DON
PDVVi YIiOQDN D N+O|QE|] ILILNDL WXODMGRQViJRN HOWpUp

| letdvordiiat Liuniiadth
\/

ralivhs, wowvhe

1. ibra
$SUtWIV pV V]pWYiODV]WiV NDSFVRODWD

| Elekuronikai hulladék |

Apritas
Fizikai szeparilas: foként gravitacios. Vas és nem-vasfémek;
magneses, elektrosztatikus, drvényaramu Miianyagok; Uveg

Kémiai, biokémiai
szolubilizacio
Kémiai és/vagy elektrokémiai
Kinyerés, tisztitas

Nemesfémek, ritka- és
ritkafsldfémek

2. ibra
(OHNWURQLNDL KXOODGpPNRN HO NpV]tWpVpPpQHN iC

Termikus kezelés
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$PtJ D V]tQHVIpPHN OHJJ\DNUDEEDQ YDVWDJDEE UpWHJH!
HO DGGLJ D QHPHVIpPHNHW YpNRQ\DEE UpWHJHNEHQ WDO
PHVIpPHN SHGLJ UHQGV]HULQW |[WY|JHWDONRWYN YDJ\ KLGC
NJYHWNH] HQ DPtJ D V]tQHVIpPHN DSUtWiVW N|YHW HQ IL]L
Q\HUKHW N DGGLJ D QHPHVIpPHN pV D NULWLNXV HOHPHN
WUKDWYN IHO pV YiODV]WKDWyN OH iEUD &V NH

3. /(' )el<)255E62.

ALED-HN WpUQ\HUpVH W|UHWOHQ OHJIW|EE KHO\HQ PiU YH
RWWKRQRNEDQ PXQNDKHO\HNHQ N|]YLOiJtWiV HVHWpPQ Jp¢
DXWyWtSXV PiU FVDN /(' YLOiJtWiVVDO pUtKICWLEBOV-k NLMHO ]
pV PRQLWRURN pV KRUGR]KDWY ROQDINRNXRXRNERQRIND NO DD
PPUHW& YLOIJtWYWHVWHN V]iPRV pUWpPNHY HOHPHW WDUWD
aLED-HN NLV PpUHWH LOO D NLV NRQFHQWUiFLYyN PLDWW °
MHOHQOpPW+N PLDWW YDOyViJJDO GLV]SHUJIiOW IRUPIEDQ Y|
QRVtWiVXN MHOHQW V PHJ QHP ROGRWW NLKtYiV

/& NLMHO] N KiWWpUYLOIiJtWiVvD

$] LQWpP]HW+QNEHQ YL]VJIODWRNED YRQWXN D] /&' NLMHO
NRFVLN HOV LOO KiWVy OMPSM EyYyO EFIUPHDIY® OiOKDWY D Np
NHNEHQ HJ\ /(' W|PHJH NE J 79 NpV]*OpNHIdBba® QDJI\Vi
PUWPNHVtWHQHN pYHV VILQWHQ YLOiJYLV]RQ\ODWEDQ PHO
/&' 79 $ /(' FKLS WpJODODS DODN~ ]DItU W|PE DQI)S~ DONI
iEUD N|JHSpQ WDUWDOPD]]D D NULWLNXV HOHPHN QDJ\UpV
EDQ D |DItU W|PE IHO*OHWpPQ YpNRQ\ UpWHJEHQ $ J\DQWIE
W+QN PLQLPiOLY NRQFHQWUIFLYEDQ $ FKLS(NdgyD20HY]+OW V p
3y0\D

3. ibra
/& KpWWpUYLOIJtWiV /(" PLNURV]NYS DODWW E »V DSUtW
1DJ\ 3yO\D

ALED-HN IHOpStWpVpQHN SRQWRVDEE PHJpUWpPVH pUGHNPpE
' IDERUDWYULXP OLVNROFL (J\HWHP ;</21)) @O &7 )HI
UIQWJHQFV  $] tJ\ NpV]*OW IHOYpPWHOHNHQ D] ga@nstd WU p V]
ial NLWHUMHGpPVH KDWiUR]KDWy .PHJ iEUD 0iGDLQp E
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4. |br
6$0681* /(' &7 IHOYpPWHOH 0iGDLQp E

$ PHFKDQLNDL HOMiUiVRN D N|[YHWNH] OpSpVHNE O iOOWI
UtWiV YH]JHW NpSHVVpJ VIHULQWL V]HSDUiOiV D Up] NLQ\HU
/(' FKLS LOO P&DQ\DJ V]pWYiODV]WiEDi]XYHED BNGi@MDNK D
FKLSEHA, G Yh elemeki VHWpQ OHJDOIEE NpW QDJ\WiJUHQG& G~
WDUWDOPDW J\DNRUODWLODJ OHYiODV]WRWW XN

2.tiIEOi]DW
LED-HN PHFKDQLNDL HO NpV]tWpVpQHN FKLS NLQ\HUpVH H

(" KIWWpUYLOIJtWiV /(" KIWWpUYLOIiIJtWiV FKLS

SDQHOU O HO¥K)YROtWRV DSUtWiIiVW N|YHW HQ D (
PpN

Elem | ¢ [mg/kg] Elem |c[mg/kg] |Elem |ci[mg/kg] |[Elem |ci[mg/kg]

Au 167 Cu 545000 Au 30400 Cu 40

Ga 184 In 0.3 Ga 19000 In 244

*PSNRFVL YLOIJtWYWHVW

(J\UH QDJ\REE V]iPEDQ WDOIOKDWYN HOHNWURQLNDL DON
JpNHO N -MacRimEQQWHUIDFH +0, V]iPtWyJpS IpQ\IRUUiIVRN
VRUROKDWYN D N*O|QE|] PHFKDWURQLNiN LV D YiViUOyL L.
Q\L V]DEiO\R]JiVRN N|[YHWNH]WpEHQ 6]iPtWyJpSE O DNiU G
D OHJNRUV]HU&EE MiUP&YHNEHQ (JHNHW D] DONDWUpPV]HNH
YROtWDQL HJ\UpV]W D MHOHQW V EHQQ+*N UHMO pUWpPN Pl
DONDWUpPVINPQW W|UWpPQ PpUWPNHVtWPV YpJHWW PHJIHOH:
QDJ\ LJpQ\ PXWDWNR]KDW D PHJKLEiIVRGiVXN HVHWpQ D J\
OLQGH]HQ PHJROGIiIVRN PD[LPiOLV |VV]KD® p&D&L O FXQMPQ HNRI
LUIQ\HOYYHO

$ OLVNROFL (J\HWHPHQ LV IRO\QDN NXWDWiVRN H]HQ DONI
Auto Mandy Car KittY HO HJ\eWWP&N|GYH $ YL]VJIODWRNED EHYRQYV
V]iPtWyJpSHNHW V]HQ]JRURNDW SO UDGDU YDODPLQW D |
sokat(5- iEBDWIEOiI]DW NagWR024) $ YL]VJIODWRN NLWHUMHGQH
IHOpStWpVpPQHN pV DQ\DJL |[VVIHWpWHOPQHN PHJKDWIiUR]Ji}
YL]VJiODWiUD



9L]VJIODWRNED EHYRQ‘W./(' IpQ\V]yUy J\iUVHN A W PW \I DEHY
1\ E (Nagy, 2024)

3.tiEOQiI]DW
*pSMiIUP& /(" IpQ\V]yUy |VV]H
*pSMiUP& /(' IpQ\V]yUy DQ\DJL |[VV]HWPpWHOH J\iUw
(J\VpJ PHIQHYH] 7|PHJ P >J@ 7|PHIJKIQ\DG >
2SWLNDL V]iODN 350,03 7,16
&VLVJROW «YHJH 381,53 7,81
+&W HOHPHN Ip 817,46 16,73
Csavarok 113,16 2,31
1\E. 85,85 1,75
0&DQ\DJ DONRW\ 2477,88 50,71
$OXPtQLXP K&W 12,70 0,26
0&DQ\DJ FVDWOTL 60,00 1,23
JAEHOHN P&DQ\D,| 20,39 0,41
iEHOHN Up]WDU| 63,72 1,30
/[IPSDE~UD HOV 504,00 10,33
gVV]JHVHQ 4886,72 100,00

EEUD
*\iUWy A% OiIPSDWHVWpPEHQYWRQiIOKDWYyY /(' FKLS

7RYIEEL IHOWiUiVL YL]VJIODWRNDW YpJH]W+QN /(' IpQ\V]yU
U[StW W|U YHO NDODSTVRYM L KWRGCIHWUBERQWRWWXN $] HO
HJ\EHQ OpY DONDWUpPV]HN WRcHhaEoRLp BISWLt Vig M/ BV B PeRNINDX YA \N H |
D] pUWpPNHV HOHPHN WRY iHEdgy@OMIWiViW WXGWXN HOpUQL
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4. .g9(7.(=7(7e6(.

A LED-ek HVHWPEHQ LV OiWKDWy KRJ\ DJRQRV WtSXV~ HVIN]|
MHOHQQHN PHJ N+O|QIpOH HOHNWURMILNPHLNHW]MD|JINEKQO D)
iUDPRNUD DOND O PKR§B VDV pW WHKIGIROYFY|{HN QHP YDJ\ FVDN U
KHW. NHOIHQW V kbzFog ppPVWNHY HOHPHN UHQ GINWY®OMD NVVINRQ
rend). ( 1pQ\IRUJWiWJRIWWHWW V]JHUNH]JHWHN YpNRQ\ UpWHJHN Et
OHQ D] pUWpPpNHYV HOHPHN DPL D PHFKkDWRNDEEH CH & MVtiW R W\
Q\HO PHO\HN PpJ QHP WHOM H¥p H GpW]i ¥ HH@ HNQREREIIENR/W W D N
KHO\]JHWEHQ H]JHN EHJ\&MWpVH IHOGROJR]iVD DNNUVRW|PHJ
JIVRV JD]GDViJ VIHOOHPPEHQ D IHQW OHtUW SUREOPpPPIN HQ
D WHUPpNHN EHYH]JHWpVHNRU J\iUWiVDNRU NLGROJR]QL D
IHOGROJR]iVIQDN WHFKQROyYJLIMiW

.g6=9g1(71<,/9E1E7E®

$ NXWDWiVW D] 07$ )JHQQWDUWKDWY )HMO GpV pV 7THFKQRC
WiPRJDWWD

,52'$/20-(*<=e.

%RNIiQ\L /M 9DUHBDPHIHWVYISDIBDXORYLFV - %LRSURFHV\
tute of Raw Material Preaparation and Environmental Processing. University of Miskolc,
Proceedings of the 2nd International Conference on Biotechnology and Metals, pp. 5-8.

%RNIQ\L / +RUQ\VIN * 1DJ\ 6 OLBRDLOQRWNKPMOHWRU ELRV]I
OiVIQDN YL]VJIODWD $ IHUURR[LGDQV pV $ IHUULGXUDQV
Proceedings of the Miskolc IPW- IV. Sustainable raw materials international project week,
Miskolc- (J\HWHPYiURYV O0ODJ\DURUV]iJ ,QVWLWXWH RI 5DZ 0D\
Engineering, University of Miskolc (2020) Paper: B81, 7 p.

&V NH % % KP - OiUNXV =V )HUHQF] . 7|JU|N ( 3UR
ronic Household Appliances. Proceedings of XXIV. International Mineral Processing Cong-
ress (ISBN: 978-7-03-022711-9), (Beijing). Vol. 3, pp. 3529-3539.

&V NH %DUQDEiIV )DLWOL -y]VHI 1DJ\ 6iQGRU 0iGDLQp h"
WLNXV HOHPHN D -ARARG @ RINEVWIQ \MOHNWURQLNDL KXOODG|
LQ VHFRQGDU\ UDZ PDWHULDO UHVRXUFHV LQ HOHFWURQ
LAPOK- % E1<E6=$7 -6pp.48-57.,10 p. (2013)

Jorgenson, J. DxGeorge, M. W. (2005): Mineral Commodity Profile: Indium. USGS (US
Geological Survey) Open-File Report 2004-13fps://doi.org/10.3133/0fr20041300

0iGDLQp hYHJHV 9DOpULD %RNiQ\L /MXGPLOOD )pPHN NL
%LRV]ROXELOL]iFLYYDO %iQ\i\RRWI[D8V .RKiV]BNFP/DSRN
(2020a)

0iGDLQp hYHJHV 9 %RNiQ\L / 3DSS 5 = 6]DPRVL = ©5RF
Elements In Waste Electrical & Electronic Equipment (Weee) And Their Possible Recovery
Methods Introduction. Geosciences And Engineering: A Publication Of The University Of
Miskolc 8 : 12 pp. 71-83, 13 p. (2020b)

1DJ\ 6iQGRU 3yO\D ,PUH =DM]RQ 1RUEHUW *DOOLXP LQ
D /(""" ,Q )IJOGHVV\ - V]JHUN %DVLF UHVHDUFK RI WKH V
OLVNROF ODJ\DURUV]iIJ OLODJURVINDGS5.p.W S SS
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6 1DJ\ / %RNiQ\L , *RPEN|W 7 0DJ\DU 5bBfENEOINQI RI *D
Emitting Diodes. Archives Of Metallurgy And Materials 62: 2 pp. 1161-1166, 6 p. (2017)

1DJ\ 6iQGRU (OHNWURQLNDL pV IpPWDUWDOP~ KXOODGpPNR
9HUHVQp 6RPRVL ODULDQQ 6LNRV 7 7DPiV V]JHUN $ IHC
OtWpVEHQ %XGDSHVW O0DJ\DURUV]iJ $NBGHpEBIMDL .LDGy

1DJ\ 6 'RMFVIN O % XW\OLQD 6 6HWKXUDMDQ O OHFKI
lightt HPLWWLQJ GLRGHV /(" ITURQW OLJKWV ,Q )DLWOL -
Abstracts of the 18th European Symposium on Comminution & Classification : ESCC 2024
24 -26 June 2024 Miskolc, Hungary. (2024) 269 p. pp. 199-202., 4 p.

2URV] .LQJD $QGUHD 5RPHQGD 5RODQG 5yEHUW 0iGDLQp
ELOWHOHIRQRNEYORWQIDRNKNPROWMNRRRN IHOpStWpVpPQHN p\
JIODWD ,Q &]XS\li. Ring i) HQ BWND U W K D W |18 HOUNVRRGRUED J
WDLQDEOH 5DZ 0DWH UL DI ERI® IGILUHYF 6 R B WVREDWOoD J\D UR L
(J\HWHP .LDGy 208578 S

3yO\D ,PUH 0iW\iV /&' /(' NLMHO] N KiWWpUYLOiJtWiVIEDQ W
PHEFKDQLNDL ~WRQ 'LSORPDPXQND 0( 1\.( ,QWp]HW

TYWK [ +XOODGpPNNi YIiOW /(' WDUWDOP~ DXWy YLOI
OLVNROFL (J\HWHP 0). 1\.( ,QWpJHW

Webl: Document 52020DC0474; Communication From The Commission To The European
Parliament, The Council, The European Economic And Social Committee And The Com-
mittee Of The Regions Critical Raw Materials Resilience: Charting a Path towards greater
Security and Sustainability; COM/2020/474 final

Web2: lan Tiseo: Global e-waste generation 2010-2019, (Oct 4, 2022), https://www.sta-
tista.com/statistics/499891/projection-ewaste-generation-worldwide/
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.h/g1%g= 6=e&EVEREKEK BRIKETTALHATOSAGANAK
VIZSGALATA
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Kivonat: -HOHQ WDQXOPiQ\ D PDJ\DURUV]iJL EDUQDN V]pQ ILQ]
foglalkozik NO|QIpOH DQ\DJRNNDO IHNHWHN V]pQ Shiit RONRN
WiOKDWyViJiQNY YEYVYLOQWIMWO®DWRN NLWHUMHGWHN HJ\UpV]W
WHFKQLNDL DODSYL]VJiODWiUD V]HPFVHPpUHW HORV]OiV (
UR]iVIiUD YDODPLQW V]JLVI]WHPDWLNXV YL]VJIiODWVRUR]DW
200 MPa)YL]VJiOWXN D IHNHWHV]pQ LOOHW WDEBWWROWRRVE D
VILOiUGViJiUD V¥R QGIDMER®®N D]W PXWDWWIiN KRJ\ D IHNH
WiNKR] YLVIRQ\tWYD D IHNHWHV]pQ WDUWDORP Q|YHOpVH M
PHO\ | NpQW D IHNHWHN V]pQ NLVHEE V]HPFVHM&tdéVpJpE O
Q|YHOpVH DJRQRV SDUDPpWHUHN PHOOS$\SWWURLNORNGE V iD & D
HVHWpPQ D SUpVHOpPVL Q\RPiV QYHOpVpYHO MHOHQW V V]L!
SUpVHOpPVL Q\RPiVLJ HI|O|WW PiU FVDN NLVPpUWpPNEHQ Q V

KulcsszavakbarnaN VvV ] p@r, | HN H WhibvhppsaE UL N HW W MJ KO W G\WM 0J

1. BEVEZETES

AzaJJORPHIiaXRi PRV HO QQ\HO UHQGHONH]LN D SRUIRUPI\
aKDOPD] WpUIRJDV$Vi-O\t\W{VYHWVJR Y IRORFDIRBDODMGRQViJ
YiOWR]QDN tJ\ MDYXO D V]iO (WIORW i dWpP O 8 D BIREICKD W yWH
marad,D JUDQXOiWXP KDOPD] iWiUDPOiVL HOOHQiOOiVD OpQ\l
FVINNHQ D. NLSRU]JiV

$ NpV] EULNHWWHN HJ\LN OHJIRQWRVDEE PLQ VpJL MHOOI
NHWW NpV EEL IHOKDV]QiOiVQDN PHJIHOHO HQ NHOO EHiOO
pV DGDJROKDWYQDN NHOO OHQQLH E UL NBHGRMHMN Q BINQ \IEHOYKD
D OHJW|EE HVHWEHQ V]pW NHOO HQugheNal, 809, 2020HO DQ\DJ V
6]HQHN HVHWpPQ MHOOHP] HQ ODNRVVIJL IHOKDV]QiOiVUD Nj
ODNRVViJ V]iPiUD H]HQ IHO+O N*O|QE|] VWDELO NHYHUpNH
PUGHNpPEHQ $] 2UPRVV]pQ =dW] NLOD-PUPW ® 0 \AROEBREVBIRL M/H\
pYL WRQQiUD Q|YHNHGHWW (QQHN D Q|YHNPpPQ\QHN
HVHWOHJHY HOOiWiVEI® @PGR|Y P RLQOVIPMHN MDYtWiVD D Y
QHN PLQpPO MREE N,LVhRidtJHzexpd W @HKMW VpJIJHN NLDNQIi]iVD
V]iOOtWiVL WiYRQNNWRH M@ EHOROGiV OHKHW D NHYHUpNHNE
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2. ANYAGOK e601'6=(5(.
2.1. Alapanyagok

$ EULNHWWIOiIVL RDJPDORWHNIQDRAUVQplengyet 6HENHWHN V]pQ
(FSZ), petrolkoksz (PK), polivinlDONRKRO 39% N|W D Qi bipiMass&a) pV]SR I
%0 NHEUIHDOKDV]QiOivVUD PHO\HNHW D ELRPDVV]D NLYpPpWH(
WRWWD V]iPXQNUD $ EDUQDN V]pRHOHOUEPRYE H@ WD Wi OKRVY
UiGL WHUPHO KHOQO2@rom® W JIWPDFLy YROW $ 39%$ ROGDW HO iC
EyO WIUWp-EWQ BI9B NULVWIOCEDY -RP&PYt] SHUFLJ W|UWpQ
VPYBHEHPUNH]HWW V]pQ pV NRNV] PLQWIiN V]HKBWHBRJWWNH
meg, PHO\HN HUHGPpQfaddiMazinls] iEBEADDDODSMIQ PHJIOODStWKD
NLVHEE VIHPFVHPpUHWWHO D 3. UHQGHONH]HWW

NANA T \ \ \\\\ K

NN NSy \\\\\\
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“apomnmerarhad waE

IEUD
A mintaanyagok erede¥ |HPFVHIP@BMD iV D

$ VIHPFVHPORWHWIV PHOOHWW PHJKDWIUR]JWXN D PLQWDDQ
WDUWDOPiIW YDODPLQW V]JHPFVHV&U&VpPOOW S PHROWHIWK @GN NFY

NDSRWW HUHGPpPpQ\HNHW D] WIiEOIIDWEDQ IRJODOWXN |VV
WIiEOiIi]DW
OLQWDDQ\DJRN | EE MHC
Minta- QHGYHVVpPpJWDUW VIHPFVHYV&L| hamutartalom
anyag (%) (kg/m°) (%)
barnaN V] 17,93 1678 50,29
feketeN
12,51 1344 5,61
V]pQ
petrolkoksz 0,16 1331 0,7

$ YL]VJiO D \bgReds eveRekbied a Huntimbdr/  1& UpV]+]HPpE O V]iUPD]y J
EsNN [&UpKBRIDWAMIYMHOOHP] HQ PP DODWWL(EI,BFVpNHW

mm) HUHGHWL QHGYHVVpJWDUWDOPD ra V]MRDNW WP MOX HO .
8,06%-UD FV|NNHQW
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22.9L]VJiODWL PYyGV]HUHN

OLQGKIiURMNY HMHWPQ V]*NVpIJHV YROW D VIHPFVHPpUHW F
DONDOPD]KDWyYy PP DODWWL DQ\DJRN HO iOOtWiVIiQDN pUGI
tunk, 5mmHYV URVWD KBWDS&WW WD|/Q HWHK RYH®IFADH.R\D DHW I E Ui Q
WeN SHOEUD MyO PXWDWMD KRJ\ D %6=H0R)WFOW|L HN\\H KD \D]JH
volt, MHOOHP] HQ PP DODWWL VIHPFVpNNHO m2imbaktti I LQRPD
V] H P EeMartdimazott.

100 —

—+— barnakdszén

+ feketekdszén
—hA— petrolkoksz

Szemcseméret-eloszlas, %

o4 \ \ \ \ \
Szemcseméret, mm
IEUD
$ PLQWDDQ\DJRNNORNFU MDD DIBWtWiV XWiQ

$ IHOVRUROW DODSRQPIRINEY Ppdit ¥ BWMINViOKDWYViJiW Y

D], V]pQPL[ EDHRBWHEP®NOW DQ\DJ PtJ D ,, V]p&PL[ EDUC
rolkokszzELRPDVV]D N+O|QE|] DU iQ$~WNHEYGHUW WHN MWR/QMADINW H O p V
LVPHUWHWMeN

. $ V]pQM®AASZ=90% BSZ=10% PVA,
. % V]p Q@O%AFSZ=70% BSZ=10% PVA,
. & V]pQP%[FSZ=50% BSZ=10% PVA.

$ IHNHWHV]pQ KDWiViW YL]VJIiOWXN 39$% KR]]iDGiVD QpON+O
DOIEELDN VJHULQW D NpW V]pQ DUIQ\iW QHP YiOWR]WDWW X

., $ V]p:Q®E$Z=100% BSZ,

. % V]pRRWIEBZ=78% BSZ,

, & V]p@PdASZ=56% BSZ.

$,, V]pQPL[ HPRKHUDNENQVDYL]VIIOWXN NpW N<@®ME|] BGDJIR
NHY H U p N H-Nat BY-t is adagoltunk. APKO GDJROIViIW D N|YHWNigs} |VV]IHW
JiOWXN

., 3 V]pQE®ARK =70% BSZ =20% BM,
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., % V]pDBIPK =60% BSZ=20% BM.

$ EULNHWWIiOiVL\NUWDD BWHN MWVDtWp V pV, QW @]\HHWH VD W 1D DK
OHV]WHWW NtVpUOHWL GXJDWW\~V SUpVHQ YpJH]W+N HO
UM& WDEOHWWIiN OHJ\iUWiVD QpJ\ N*O|QE|] Q\RPiVRQ W|UV
WDUWDOP {./AMICE INWWpPIQ NLYiIODV]WRWW Q\RPiVRQ 03D
WXODMGR QUMY 6, LEV  yUD 1+JIJYPQ\pEHQ LV OLQGHJ\LN
SUpVHOpPVL Q\BEiWOIBPOHWWD NpV]+OW DPHO\HN PLQ VtWpV]
ViJXN DODSMiQ W|UWpQW

$] HO iOOtWRWW E U L NBraZiMHN VK +QyDWY IMOD O GRYRIHSNOREW X N P H J
$ W|UpV VRUIQ IHOOpSx PRILFPVPUW HWV WU RQ \R@ly YEHHIY HOQ & HK
JpVW KDW QD@PW®\ PpUpVL SDUDPpWHUHL D % @ Xddftvet® O V]RI\
PD[LPiOLVY HU PHOOHWW W4EHS PN\R]EXW i Vi\W] t\B WD QM|WH P H ¢
LG W pV D IHOOpS HU W $ N|]JYHWHWW K~]yV]LOiUGViJRW D

~ | 6 &ia

ahol
h+*xa WDEOHWWD K~]yV]LOiUGViJD
Fnax tD PD[LPIiOLV HU D W|UpV VRUIQ
h,D+tD WDEOHWWD PDJDVVIJD LOO iWPpU MH

$ V]pQPL[HN K~]yV]LOiUGViJDNpQW pV WHVWV&U&VpPIJHNpPQW
V&U&VPJIPQHN iWODJiW DGWXN PHJ

3. (5('0el<(.
3.1.FSZDGDJROIV KDWiVD

A3 IiEUD VIHPOpOYWHWDCOCP y6WDEOHWWIN N|]JYHWHWW K~]yV
Q\RPiV 1+JJYPQ\pEHQ $] iEUD DODSMiQ PHJIOODStWKDWYy KF
Q\RPiV MHOOHP] HQ QHP RNR]JRWW MHOHQW V YIiOWR]iVW D
PLQGHQ |VV]HWpPWHG6n NFWWGDE O H W Bidhy@rakkorYIOMY O OiWV]LN
hogy a FSZ mennyisJpQHN & WHODHQW V V]LOIiHG MG FNMQONRHHE\RY IV ]

LV PHJiOODStW K DnWwhtesWR F O & $\idh) minGH3® HVHWEHQ NpWV]H
V]LOiIUGViIJJDO UHQGHWNDHWMHOIP PLQW BD3IDEOHWWIN
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3 iEUD
)6= DGDJROiIV KDWiVD D WNEDEiNs VpVBHiQEWL JQUBP i VR

$ JEUIQ We+QWHWWMDIGID-)BDEOHWWIN WHVWV&U&VpPJ pU
YPQ\pEHQ $] HUHGPpPQ\HN DOD ®MiaFE RHI & ODLS YWADKEDOMWY \K RNIK |
aFSZWDUWDORP Q|YHOpPVH MH®BDE®HWWRI N W & & &\DpA B W WP H O
VHEE V]JHPFVHV&U&VpPJIPE O DGYGLN 8J\DQDNNRU D WDEOH\
Q WW D SUpVHOPpPVL Q\RiRéntes B H O pWoW HNO H-BrE $himoen eset- 0 3 D
EHQ QDJ\REE V&U&VpJWDHURYARON D B33 WDEOHWWIiINKR] N

iEUD
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32.3. DGDJROiIV KDWiVD

PK-tartalomnakD WDEOHWWIiIN V]LOIUGVIiIJiuB RONR WRIBED KWW iMi
VpJpQHN YiOWRYINHROMG O/ijlQWPR] SUpVHOpPVL Q\RKRaNaPh@ $ QDJ\
+tJ\ NLB$EZEdtalom+D PLQLPIiOLVDQ NLV HEHEOWHQNG WHQP N IOVOCHBEEW ]
HUHGPpQSBIBIQY/DNNRU D SUpVHOpPVL Q\RRMI\N G UGN pY HY N NHGE
HUHGP p @dAdf WWHWpPpWHO HVHWpPQ $ OHJIJQDJI\REE V]LOIUGVi.
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Q\RPiVRQ NpV]-OWMWND PWOPORPWHYHWpPQ (] D ELRPDVV]D N|W
JHWKHW YLVV]D NR U[@Efeh e ¥\\2019, P0ZD] ZDISFi® gmutattuk, a bio-
PDVV]D QDJ\REE Q\RPiVRQ pU HO MHOHQW V N|W HU W PHO
JHWKHW YLVV]D

$ 39% KDV]QiODWiYDO D WD E O Hi$WMH D VG W &WH Q HOp\F W[ 1 HUQG
ViJRN HEEHQ D] HVHWEHQ [POIQ\ @P SV DD \VHQiDDWNM3EpON+O
NpV]-OW WDEOHWWIiN V]LOiUG V(KbIBOKPaQ DIJ\REE pUWpPNHW P X
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WDEOHWWIN , -9 NHJGHMLVINPLOIUGViJdF\WMWN HQPY HOW H Q Wi
N|[JHO DJRERD WIRIDWQJHG N|YHWNH]WHWQL KRJ\ D 39$% YLV]R

yUD H ORelBkONE N YHIPF VPN N|J|[WWL N|@pVHN MHOHQW V UpV]

200 —

] & — o 1/A szénmix

180 — @ - @ 1/Bszénmix
'E‘ T A - A LIC szénmix
o -
:‘160
(= 4
.§140— 1 -+
° 4 ==
_‘_v120— *’ -
N 7 e
8100—
N 7 -9
Eso_ - - __ *---
= 4
=]
@ 60
(] . -
> ‘/A B S A
N a0
! -

20 —

- T T 1 T 1 T T T 1

[ 8 10 12 14 16 18 20
Eltelt idé [6ra]

7 TEUD
eUOHOpVL LG KDWLWCOUG WiDBEDHWWIiN

+D PHJYL]VJIiOMXN D WDEOHWWiN WHVWV&U&VPIpQHN YiO
azoN V&U&VpJH yUD HOWHOWPpPYHO LV N|JHO DJRQRV YROW [
W VHQ FVINNHQW (] D WDEOHWWIiN V]vagpsa A ddatkike- IHO O p
PpQ\HGpUBEEGXQ®DN HOOHQpPUH KRJ\ D WHVWV&U&VpJI FV|N
WDEOHWWIiN V]LOIUBGPILI M]Q& W YQOMRIBWMWIHG N|YHWNH]WH\
W V UpV]H PiUyJiEDY NLDODNXOW

1.5 —

4 - = LA szénmix
- & - 9 1/Bszénmix
A - 4 1/C szénmix
1.4 — +“+""'+‘\--‘\
— T
£ -
g g i
D13 A TRV R ET
g 1 & b A ..
=] “\-
=512_ Tl
2 1 A
=

-
o

1
I I I I I I I I I I
0 2 4 6 8 10 12 14 16 18 20

Eltelt id6 [ora]

8 IEUD
eUOH@pVHDWiVD D WDEOHWWIN WHVWV&U&VpJ



Nagy S. et.al

4.Kgo(7.(=7(7e6(.

$] HUHGPpQ\HN DODSMiQ D] DOIEEL PHJIOODStWiVRNDW W}
- $ )6= DGDJROiIV QHJDWtYDQ KDWRWW D WDEOHWWIiN V
PHQQ\LVpJ*N Q|]YHOPVPYHO MHOHQW VHQ FWMEHQW D V
kPa-UD FV|NNHQW )6= DGDJROiIV HVHWpPQ
- $] )6= WDUWDOP~ WDEOHWWIiINQiO D SUpPVHOpPVL Q\RPiV
JiW PtJ D WHVWV&U&VpJI*N FVDN NLVPpUWPNEHQ Q WW
- $ 39%$ ROGDW KDV]QiODWD MHOHQW VHQ W|EE PLQW IF
ViJiW D 39% PHQWHVY WDEOHWWIiNpKR] NpSHVW
APK PHQQ\LVpPJpQHNNRYPHOW\YM & WHVWYVE&U&MPBIO ADW NH C
VILOIUGVIiJFVINNHQpVW RNR]JRWW
- $39% KDV]QiODWD VRUiQyDDWBEWHWW pY ROUHOpUWpPN D \
UpV]pW 0tJ D WHVWV&U&VpJI+*N D V]iUDGIVL LG 1+3JJYpQ\
7RYIEEL We]HOpVWHFKQLNDL YL]VJiODWRN V]*NVpJHVHN D P

IRODALOMJEGYZEK

Trinh, Van 4 X\HQ 1DJ\ 6iQGRU )DLWOL -y]J]VHI &V NH %DUQD
pressure distribution on the wall of the press channel of a novel biomass single die pelletiser.
EUROPEAN JOURNAL OF WOOD AND WOOD PRODUCTS 78: 6 pp. 1075-1086, 12
p. (2020)

7TULQK 9DQ 4X\HQ 1DJ\ 6iQGRU 7KH LQIOXHQFH RI WHPSt
postDJJORPHUDWHG VSHOW FKDII| %8243 (2619). SS

7ULQK 9DQ 4X\HQ 6iQGRU 1DJ\ (IIHFW RI YDULRXV SURGX
meration. GEOSCIENCES AND ENGINEERING: A PUBLICATION OF THE UNIVER-
SITY OF MISKOLC 4: 7, pp. 86-96, 11 p. (2015)
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%$51%. 6=el1 'OBE7+$7I6E*, $/$39,=6*E/$73$,

12e0, 1e0(7+ ,'/,.1)i5,6 %e/$ +86=BE1'25 1$*<
OLVNROFL (J\HWHP 1\HUVDQ\DJHO NpV]tWpV pV .|UQ\
QHQR #JPDLO FRP
OLVNROFL (J\HWHP 1\HUVDQ\DJHO NpV]tWpV pV .|UQ\I
LOGLNR IRULV#XQL PLVNROF KX
2UPRVV]pQ =UW
EHODKXV]WL#JPDLO FRP
OLVNROFL (J\HWHP 1\HUVDQ\DJHO NpV]tWpV pV .|UQ\I
VDQGRU QDJ\#XQL PLVNROF KX

LYRQBW2UPRVV]pQ =UW NLWHUPHOpVL NDSDFLWiVD D] iO
WRQQiUD Q|YHNHQEHWW D QWYHNPpPpQ\QHN D VWUDWpJ
RNRJWD HVHWOHJHV HOOiWiVL JRQGRN PHJHO ]pVH &pO D
D YHY N HOpJHGHWWVpJpQHN PLQpO MREE NLV]ROJiOiVD
NLDNQi]JiVD D] RSWLPiOLV V]iOOtWiVL WiYROViIJRNRQ EHO:
EDUQDN V]pQ PLQWiMiQDN NRPSOH[ V]JLV]WHPDWLNXV DC
HO NpV]tWpVWHFQLNDL DODS VIHPEVHMHOOHP] N YL]VJiODW
QHGYHVVpJWDUWDORP KDOPD]V&U&VpJ V]HPFVHV&U&VDp.
IVVIHWPpWHOpPQHN pJpVK MpQHN pV 1&W pUWpPNpPQHIN PpUpV

VIHPEVHPpUHW HORV]OiV DODSMiQ D PLQWD NJ|]JHO D P
KDPXWDUWDOPD LJHQ PDJDV + $ PP DODWWL IL¢
PHJKDODGWD D RW (JHQ IUDNFLyN OHYiODV]WiVD MHOH

WHNLQWHWPEHQ

. XOFVV]EDPDMDN V]pQ V]pQHO NpV]tWpV KDPXWDUWDORP p

% (9(=(7e6

1DSMDLQN HQHUJLDLSDUD IR O /B DW| RV B Q HU OMDR ]3.INU i\ MK
NDUERQVHPOHJHVVpJUH LOOHWYH D V]pQ GLR[LG NLERF)\
KDWiUR]]D PHJ $]RQEDQ D PHJ~MXOy HQHUJLIN QDS V]pO
W|EE pYWL]HGH WDUWY IHMOHV]WpVH NXWDW i WD WLMRL DDV
5HYLHZ Rl :RUOG @M DBDWDL VIHULQW D JOREDVIWR®/ W H.
HQHUJLIW PpJ PLQGLJ W~OQ\RPGR pyW By OR @ VH UMW H QIH WJ R
V]pQ D PiVRGLN KHO\HQ iOO PHJN|]HEOUW OHJ 7:K YDO
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Global primary energy consumption by source (e
Primary energy’ consumption is measured in terawatt-hours®, using the substitution method®.
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$ JOREIiOLY HQHUJLDIRJ\DV]WiV DODNXOiVD EHQ D N-O
JRUUIV (QHUJ\ ,QVWLWXWH £+ 6WDWLVWLFDO 5HYLI

$ N|]JHOP~-OWEDQ LOOHWYH D MHOHQOHJ LV YLOiJV]HL
SHUVSHNWtYiED ~M PHJYLOiJtWiVED KHO\H]WpN DIN V]pQ |
ELJRQ\WDODQ QHP]JHWN|]L Q\HUVDQ\DJSLDF D Q\HUVDQ\DJ
Q\HUVDQ\DJHOOiIWiV YDODPLQW D] HYHWOHJHV H[SRUW pU
RUV]iJRN MHOHQOHJL EiQ\iLN P&N|GpVL LGHMpW PHJKRVV]D
pV DNiU D] DODFVRQ\DEE PLQ VpJ& NpV]JOHWHN NLWHUPHODp\
KHO\]JHWEHQ $ V]pQG~VtWiV FpOMD U|YLGHQ D NLWHUPHO
V]pQG~VtWiVL WHFKQROYJLD PHJWHUYH]pVH UHQGNtY«O
WHFKQROYJLINDW HOMiUiIVRNDW pV EHUHQGH]pVHN PHJ
WXODMGRQViJDL D IHOKDV]QiOyL LJpQ\HN YDODPLQW JI
%DUF]JLND\Qp pV V]HU] WiuVvDL $ VIpQHO NpV]tWpV IR
DOIRO\DPDWRNEYO pS+0 IH®XVKDSHONPR YD GIBHZIRAN® J

PRViV + DQJROXO ZDVKLQJ GHXDWHMNRHIWWYV.$PDQJROX
1REOH pV /IXWWUHOO

$ NLWHUPHOW DNQDV]pQ WHOMHV V]HPFVHPpUHW WDUWRF
VIHQHW ~J\QHYH]HWW WHFKQROYJLDL VIHPEFVHRV]WiO\RNUD
WDUWRPiIQ\RN HOWpU G~VtWiVL MHOOHP] L PHFEKDQLNDL °
WXODMGRQViJRN PiJQHVHV WXODMGRQViIJRN LOOHWYH |
KDWiUDL LQGRNROMIiN %DUF]JLNBAE®O @W]HU] WiuVvDL
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WIiEOi]DW
6]pQG~VtWiVL HOMiUiVRN pV EHUHQGH]pVHN V]IHPFVHPpUH
VIHULQW FVRSRUWI

Jellemzo Eljaras Berendezés ‘:\lkulmums}
merettartomany
Szin Optikai valogatas (szaraz) Valogato szalag 100 mm felett
Mechanikai szilardsag Szelektiv apritas (szaraz) Byrudlofd t(?r? o () Ak el
- Kalapdcsos/ropité toro
Statikus nehézkozeges szétvalasztas Kad szeparator 100-6 mm
(nedves) Dob (Wemco) szeparator 200-10 mm
- Drewboy szeparator 100-6 mm
TESKA szeparator 100-6 mm
S Koénusz szeparator 100-6 mm
Surtiség
Dinamikus nehézkozeges szétvalasztas Nehézszuszpenzios ciklon 25 mm alatt
Larcoderm 120 mm alatt
Vizes (online) ciklon 25 mm alatt
Iti-Flo szeparator 25 mm alatt
Ulepités (szdraz, nedves) —  Baum iilepit (nedves) 100-10 mm
Batac iilepito (nedves) 100-10 mm
Finomiilepitok (nedves) 10-0,5 mm
- ROM iilepité (nedves) 400-30 mm
Siirliség és szemeseméret —  Szaraz ulepitok 40-0.5 mm
Dusité aramkésziilékek
Szérelés - Homok szér 5-0,5 mm
Iszap szér 0,5 mm alatt
Spiraldusitok 2(3)-0.1 mm
o 5 ’ Flotilas (nedves) 0.5 mm alatt
Hatarfeliileti tulajdonsag 5 2 222 =
: = Szelektiv agglomeralas(nedves) 0,5 mm alatt
Maigneses permeabilitds Magneses szeparalds (sziraz, nedves) 10 mm alatt
Elektromos ) X
522 ) Elektro-szeparilas 3 mm alatt
vezetoképesség

-HOHQ NXWDWYyPXQND FpOMD KRJ\ D] 2UPRVV]pQ =
DODSDQ\DJYL]VJIODWL HUHGPPQ\HLQHN 1+JJYpQ\pEHQ ML
V]pQG~VtWiVL WHFKQROYJLiIUD

$1<$*2. e6 01'6=(57%$1

tVPUOHWVRUR]DWXQN VRUGQMPNDDPRYVYIQQ=pPW NDYLFV
EiQ\DWHONpPU O V]iUPD]y EDUQDN V]pQ PLQWi{YDO GROJ
I1\HUVDQ\DJHO NpV]tWpV pV .JUQ\HIJHWWHFKQROyYJLD ,Q
QDJ\PHQQ\LVpJ& V]pQPLQWIEyO PLQWDNLVHEEtWpVVHO OH)
YpJH]WeN HO  V]LVIWHPDWLNXV PpUpVHLQNHW OHJY
DODSDQ\DJWXODMGRQViIJRNDW ~J\ PLQW V]HPFVHPpUHW H
VIHPFVHV&U&VpPJ WRYIEEi D OHJIRQWRVDEE W+]HOpVWHFK
HOHPL |[VV]JHWpPWHO pJpVK pV I&W pUWpN

$ FpJW O pUNH] WHOMHV V]pQPLQWD QHGYHVVpJWDUWEL
1&W pUWpWPENO BDWXHOHP ]V pWiBEM3RWW DOPD]]D
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WIiEOi]DW
2UPRVV]pQ =UW 6DMYND]D ,9 V]pQ pV NDYLFV YpG QHY&
PLOWD QHGYHVVpJWDUWDORP HOHPL |VV]HW|

WIiEOiI]DW
2UPRVV]pQ =UW 6DMyYND]D ,9 V]pQ pV NDYLFV YpG QH
KDPXWDUWDOPIQDN NpPLDL

$ WIEGYOWLROYDVKDWY KRJ\ D SRUV]pQ KDRXVNpHO IH
NeO|QE|] NRPSRQHQVHLQN HOWpU DSUY]yGiVL WXODMGRZC
IHOG~VXOQDN D KDPXWDUWDORP Q|YHO NRPSRQHQVHN DP

6]HPFVHPpUHW HORV]OiV PHJKDWIiIUR]iVD V]JLWDHOHP]pV

$ V]HPFVHPpUHW HORV]OiV D V]LOiUG GLV]SHU] UHC
HO NpV]tWpVWHFKQLNDL MHOOHP] MH /HJ\HQ V]y DSUtWiVUy
PHIWHUYH]pVpKH] pV PpUHWH]pVpKH] V]*NVpJHV D IHODG]|
HORV]OiViQDN SRQWRV LVPHUHWH $ VIHPFVHPpUHW HORV]C
YDJ\ QHGYHV KDWIiUR]]XN PHJ (J\
VILWIiNEyO i0OOy V]LWDVRUR]DW VHJtWVpJpYHO V]HPFVHPp
PHIJPpUWeN HJHN W|PHJpW $ IUDNFLYN HJ\HV W|PHJHLW D It
D] HJ\HV IUDNFLYN W|PHJKiQ\DGiW UHODWtY J\DNRULViJiV
NXPXOiOWXN tJ\ NDSWXN PHJ D] HPSLULNXV VIHPFVHPpUHW

1HGYHVVpJWDUWDORP

$ VIpQ QHGYHVVpJWDUWDOPD PLQG D] HO NpV]tWpV PLQG
VIHPSRQWMIiEYyO LJHQ OpQ\HJHV DODSDQ\DJWXODMGRQViJ
QHGYHV\PIDDNVBR WO O$ FBONRBY]pQ IpPOHVPIJHN I|OGHV 0iJ\
EDUQDV]pQ QHGYHVVpJWDUWDOPD N[]|[WW YiOWR]L
EiIQ\DQHGYHVVpJ D EiQ\iEDQ NLWHUPHOW V]pQE O V]DEDG ¢
HOWIiYR]y Yt] PHQQ\LVpJpW MHOHQWL $ KLJURV]NYSRV DG\
WiYROtWKDWMXN HO f& RQ W|PHJIiOODQGyViJLJ

tVPUOHW+QN VRUiIQ D] 2UPRVV]pQ =UW EDUQDV]pQ PLQ
PpUWsN T DPHO\HW D] DOIEEL HJ\HQOHW VHJtWVpJpYHO I}
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$] 2UPRVV]pQ =UW EDUQDN V]pQ PLQWiMiQDN iOWD
QHGYHVVpJWDUWDOPD YROW

+DOPD]V&U&VDpJ

$ KDOPD]V&U&VpJ PpUpVH ODERUDWYULXPEDQ HJ\ LVPHL
VHItWVpJpYHO YpJH]KHW HO $ PpU HGpQ\W KiURPV]RU IHO\

DQQDN W|PHJIpW $ KDOPD§W&U GWAPIH W Jig XWHI@ KD WiUR]W X1
2UPRVV]pQ =UW V]pQPLQWIiIMiQDN iWODJRWWWOPD]V&U&VpJ

SLNQRPpWHUHYV VIHPFVHV&U&VpJ

0tJ D V]JLOIUG GLV]SHU] DQ\DJKDOPD]RN V&U&VpJIpQHN Pl
DONDOPD]]XN DGGLJ D GLV]SHUJIiOW UpV]HN D]D] D V
VIHPEVHV&U&VpPJ V]ROJIO $ V]pQHO NpV]tWpV HVHWPEHQ
LVPHUHWH KLV]JHQ D JUDYLWIiFLyV YDODPLQW FHQWULIXJ]
DODSMD D V]pQ YDODPLQW D PHGG N JHW HOWpU V&U&VpJt
EHFVOpVW WHKHW+QN DQQDN PHGG WDUWDOPiUD KLV]HQ [
N[]J[WW YiOWR]LN PtJ D PHGG iVYiQ\RN V&U&VpJH MHOOHP]
EJ\ DPHQQ\LEHQ D V]HPFVHV&U&VpJ PUW YNHI @ B BIWR E BX RIL QWA
PHQQ\LVpJ& PHGG W WDUWDOPD] D] DGRWW V]pQ PLQWD %]

$ VIJHPFVHV&U&VPJIJHW SLNQRPpWHUHV V]HPFVHV&U&VpJ
PpU N|[JHJEH®@spoko J FP $ SLNQRPpPWHUHV V]HPFVHV&U&V|
W|PHJPpUpVHQ DODSXOy PyGV]HU DPHO\KH] D NJ[YHWNH] Q
P «UHV V]iUD] SLNQRPpWHWLOW|®HIG\DJ V]iUD] BLNQRPpW
V]LOiUG DQ\DJ PpU N|]JHJ RBLNQRPPFWMHY WHPHIHVHQ ITHOW |
W|PHJH $ V]HPHWHVRQWYPNEHQ GHILQLIiOW W|PHJHN LVPHL
VIHULQW V]iPtWRWWXN NL )DLWOL pV V]HU] WiUuVvDL

a?a
407 4> a2 a

el ea

+DPXWDUWDORP PpUpVH

$ V]pQ HOpJHWpPVHNRU NHOHWNH] KDPX D V]pQ VIHUYHWO
D] ~J\QHYH]HWW KDPXDONRWYNEyO NHOHWNHI]LN $ OH.
DJ\DJiVYiQ\RN SO NDROLQ SLULW D PpV]SiVW $YWDHKIMN DQ
KDPXWDUWDOPiIW D ODERUDWYULXPEDQ D N|YHWNH] PyG\
NJYHWNH] V]HPFVHPpUHW IUDNFLYNUD ERQWRWWXN
$] HJI\HV V]pQPLQWIiINDW f& K PPUVPNOHWHQ W|P
D NLV]iUtWRWW V]HQHW —P HV V]JHPFEVHPpUHW DOi U|C
NHUiPLD PpU WpJHO\HNEH PHJN|JHOtW OHJ JUDPP NLV]iUtV
yUiQ NHUHV]W-O f& K PPUVPNOHWHQ NHPHQFPEHQ K NHJF
$ K NHJHOpVW N|YHW HQ YLVV]DPpUWeN D PLQWIiN W|PHJpW
HJ\ VIHPEVHPpUHW IUDNFLyUD D]D] D K NHJHOpVWS N|YHW |
KDPXWDUWDORP V]i]DOpNEDQ NLIHMH]HWW pUWpNpW D] DO
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6&U&VpJ PHIKDWIUR]iIVD 1D SROLZROIUDPIW ROGDWWDC

$] ROGDWRNEDQ W|UWpQ V&U&VpJIPpUpPV D YL]VIIOW V]
V&U&VpPIN-O|QEVpPJIJpQ DODSXOy YL]VJIODWL PyGV]HU $ V]pC
KDV]QIiOWXQN HI HJI\J FRIADRVpJ& QiWULXP SROLZROIUDPIiW
D QDJ\REE V&U&VpJ& ROGDWWDO NH]GW+N pV D NLVHEE V&

$ YL]VIJIODW HOYpJ]pVpKH] OHYiODV]JWRWWXN D PP DO
HJHQ IUDNFLYN PDJDV KDPXWDUWDOPXN PLDWW IHMF
KDV]QRVtWiVD tJ\ KiURP VIHPFVHPpUHW IUDNFLY PLQWIiW Y

PP $ PpUpV XWiQ tJ\ KiURP HOWpU VEDNWNPpY & JWFPNFLYW

IUDNFLYJ FP J FPIUDNFLY J FP

$ KiURP HOWpU V&U&VpJ& IUDNFLY W|[PHJpW YpJ+O PHJPpU
VIHPFVHPpPUHW IUDNFLYN PLO\HQ DUIQ\EDQ KiQ\ V]i]DOpNE
VIHPFVpNHW
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Abstract: The focus on waste management in the glass industry has led to extensive exploration
of utilizing waste glass in building materials to mitigate environmental impact and reduce pro-
duction costs. Numerous studies which discuss the potential of waste glass in cementitious and
geopolymer applications, emphasizing its role in enhancing sustainability and performance are
presented in this article. Mechanical activation techniques that have been investigated to im-
prove the reactivity of waste glass were as well mentioned and reviewed, with findings indicat-
ing enhanced mechanical properties and durability in resulting materials. Additionally, incor-
poration of fine-ground waste glass in geopolymer formulations has shown promise in improv-
ing mechanical strength and sustainability in construction practices, although effects on prop-
erties vary depending on specific compositions. Similarly, in cementitious systems, the addition
of waste glass has demonstrated positive impacts on workability, hydration kinetics, and me-
chanical properties, while also addressing issues like alkali-silica reaction. However, further
research is needed to fully understand and optimize its potential in these applications.

Keywords:Waste glass, Mechanical Activation, Sustainability, Cementitious, Geopolymer

1. INTRODUCTION

The increasing concern about waste management and the environmental impact of glass has
led to a focus on reclamation options, particularly the potential for waste glass to be utilized in
building materials. The glass industry has highlighted the need for effective waste management
strategies, emphasizing the recycling of waste to minimize energy requirements and reduce
production costs (Adekomaya & Majozi, 2021). Waste glass presents a viable solution for ad-
dressing the high greenhouse gas emissions and intensive resource consumption in the cement
and glass industries. Several studies have reviewed its use in cement and concrete production,
identifying waste glass as a promising supplementary material in geopolymer and cementitious
applications (Jani & Hogland, 2014). Federico and Chidiac (2009) and Jiang et al. (2019) em-
phasize the eco-friendly potential of waste glass powder (GP) in cement-based and extended
construction materials. Federico particularly notes the significance of particle size and percent-
age addition in controlling alkali-silica reaction (ASR) expansion. Rivera et al. (2018) further
demonstrate the feasibility and environmental benefits of utilizing waste glass in the production
of geopolymeric tiles.

Additionally, a review by Aphale and Sahare (2016) underscores the positive impact of waste
glass on concrete strength, indicating that reducing the particle size of waste glass enhances
concrete strength. Specifically, particles smaller than 75 microns exhibit pozzolanic activity,
though an increase in glass content as a cement replacement may decrease the workability of
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concrete. Draganovska and Sicakova (2015) caution that while specific grinding parameters can
be optimized, the strength activity index of fine-grained waste glass may not always meet the
required limits for certain applications, highlighting the need for systematic investigation into
the effects of grinding fineness on supplementary cementitious materials (SCM) and concrete
properties. Recycling waste glass in cementitious applications, particularly in geopolymer and
conventional concrete, presents significant opportunities to enhance both sustainability and per-
formance. The incorporation of waste glass contributes to effective solid waste management
and improves the mechanical properties of concrete. For instance, utilizing fine glass particles
as partial replacements for cement can enhance compressive strength due to both the pozzolanic
reaction, which generates additional calcium silicate hydrate (C-S-H) gel, and the filler effect
that increases the surface area for hydration reactions. Studies have shown that replacing up to
25% of cement with waste glass powder can lead to increased compressive strength, while
proper gradation and particle size of the glass significantly influence flowability and mechani-
cal interlock within the concrete matrix. Furthermore, the refined microstructure achieved
through the use of glass enhances durability characteristics, such as reduced permeability and
improved resistance to sulfate attack and freeze-thaw cycles, making it a valuable material for
the development of high-performance and sustainable construction materials (Guo et al. 2020).

2. CHARACTERIZATION OF WASTE GLASS

Waste glass, a byproduct of various industries, has a complex composition and diverse prop-
erties. It is characterized by a low leach rate, tolerance to changes in waste composition, and
low surface area. The particle size distribution of waste glass varies depending on the source,
ZLWK VRPH VWXGLHY UHSRUWLQJ D UDQJH RI PP WR
phous content of waste glass, which is crucial for its reactivity, has been studied in the context
of its use in concrete. Moreover, the chemical composition of waste glass can also be tailored
for specific applications, as demonstrated in the production of glasses and glass ceramics using
industrial wastes (Kara, 2013). A range of methods have been used to characterize waste glass,
including X-ray diffraction (XRD), scanning electron microscopy (SEM), and Fourier-trans-
form infrared spectroscopy to investigate the crystallization behavior of glasses produced from
industrial wastes.

3. MECHANICAL ACTIVATION TECHNIQUES

A range of techniques have been explored for mechanical activation by fine grinding of
waste glass)yULV D Q G 0 Xofegdnted a study that systematically investigates the grind-
ing characteristics of container glass waste using three different types of ball mills: a drum mill,
a vibrating mill, and a planetary mill, each operating under varying energy intensities (low,
medium, and high) in dry conditions. The research focuses on the grindability of glass waste,
aiming to achieve energy-efficient milling to produce glass foam powder for sustainable appli-
cations. Results indicate that the drum mill is the optimal choice for grinding container glass,
as it exhibits the lowest specific grinding work (151.52 kWh/t) compared to the planetary mill
(3488.37 kwh/t) and the vibrating mill (1106.38 kwh/t), while achieving a relatively high spe-
FLILF VXUIDFH DUHD uggest$ & for induktiial-scéle processing of glass
waste, the drum mill not only maximizes efficiency but also enhances the potential for recycling
glass into useful materials, thereby contributing to environmental sustainability. On the other
hand, Yoon and Yun (2005) used a disk type ball mill for recycling fly ash (FA) and waste
glass. FA glasseramic was prepared by using fly ash from the thermal power plant and waste
glass cullet as raw materials. Fly ash, which is produced as a by-product of coal combustion in
power stations, contains a significant amount of CaO;, %@ AbO3, making it a suitable raw
material for glasseramic production. The process involved mechanically grinding a mixture
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of fly ash and waste glass in a disk-type ball mill, followed by pressing the mixture into cylin-
GULFDO VKDSHV DQG VLQWHULQJ DW YDULRXV WHPSHUDW?)>
resulting glassceramics were characterized by various methods, including X-ray diffraction
(XRD) for crystallinity, field emission-scanning electron microscopy (FE-SEM) for morpho-
logical properties, and energy dispersive X-ray spectrometer (EDX) for chemical composition
analysis. The mechanical properties such as density, compressive strength, bending strength,
and chemical durability were also evaluated, demonstrating the potential of utilizing waste ma-
terials for producing advanced glassramic materials that possess enhanced mechanical and
thermal properties. Zeng and Gan (2011) discussed the importance of controlling the grinding
mode for hard and brittle glasses, and the potential of ultra-precision grinding and electrolytic
in-process dressing) I KQOH DQG +Dahdlytéd various fine-grinding technigues in
terms of achievable surface qualities. These studies collectively show the importance of select-
ing the appropriate grinding technique based on the specific properties and intended use of the
waste glass. Chen et al. (2020) found that the specific surface area and activity index of waste
glass powder increase with prolonged mechanical activation, indicating that mechanical grind-
ing can effectively enhance the reactivity of waste glass.

3.1 Effects of Fine Grinding on Reactivity

A range of studies have explored the impact of fine grinding on the reactivity of waste glass
in geopolymer and cementitious systems. Wang et al. (2020) found that wet-ground superfine
waste glass powder significantly improved the workability of cement pastes and accelerated the
reaction of cement. The fineness of WGP plays a crucial role in enhancing its pozzolanic activ-
ity, with smaller particle sizes produces a greater surface area that promotes more effective
chemical interactions with cement. As highlighted by Wang et al. (2020), the wet grinding pro-
cess not only reduces the median particle size (D50) of WGP to as low as 0.9 micrometers but
also alters its morphology, resulting in more regular shapes that enhance dispersibility in cement
pastes. This increased surface area and improved dispersion lead to accelerated hydration reac-
tions, as evidenced by a marked reduction in setting times for pastes incorporating finely ground
WGP. For instance, when the median grain size of the WGP was reduced to 5 micrometers, the
initial setting time was significantly shortened to just 60 minutes. Furthermore, the fine WGP
particles contribute to a higher degree of interparticle bonding and hydration product formation,
which in turn increases the overall strength and durability of the cementitious matrix. This is
complemented by an observed increase in electrical resistivity and chemical shrinkage, indicat-
ing a denser microstructure resulting from the enhanced reactivity of finely ground WGP.
Therefore, optimizing the grinding duration and achieving an appropriate particle size distribu-
tion is essential for maximizing the benefits of WGP in cement-based materials. Mirzahosseini
and Riding (2015) and Nwaubani (2013) emphasized the potential of waste glass powder to
enhance the compressive strength and pozzolanic reactivity of concrete, with the latter empha-
sizing the role of particle size in this reactivity. Afshinnia and Rangaraju (2015) further demon-
strated the ability of fine ground recycled glass to mitigate alkali-silica reaction in mortars,
particularly when used as an aggregate replacement material.

3.2 Geopolymer Applications

Manikandan and Vasugi (2021) provide in their article an extensive overview of the utiliza-
tion of waste glass powder (WGP) in geopolymer concrete as an eco-friendly alternative to
conventional Portland cement. It emphasizes the urgent need to address the environmental chal-
lenges posed by waste glass. The authors highlight that WGP, containing a high percentage of
silica, can effectively function as an aluminosilicate precursor when combined with suitable
alumina sources and alkaline activators. The synthesis of geopolymer concrete using WGP has
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gained traction over the last two decades, with a notable increase in research publications in the
past ten years. The review summarizes findings regarding the fresh and hardened properties of
geopolymer concrete incorporating WGP, demonstrating that its inclusion can enhance worka-
bility and mechanical strength, particularly in binary and ternary blends with other aluminosil-
icate materials such as fly ash and ground granulated blast furnace slag. The authors conclude
that utilizing WGP not only conserves natural resources and reducesn@ssions by up to

80% compared to traditional methods but also offers a sustainable construction solution, fos-
tering innovation in the cement and glass industries. Overall, this review serves as a compre-
hensive resource for researchers and practitioners interested in the advancements and potential
applications of WGP in geopolymer concrete production. Another study by Arulrajah et al.
(2017) evaluated the use of recycled glass (RG) as a supplementary filler material in spent cof-
fee grounds (CG) geopolymers, demonstrating that RG enhances both mechanical and chemical
strength. The research found that heat-treated RG combined with CG geopolymers could
achieve a compressive strength of up to 10 MPa in just 7 days. Various proportions of RG (25%,
50%, and 75%) were tested to analyze their effects on the final strength of the RG + CG product.
Results indicated that higher RG content led to greater unconfined compressive strength (UCS),
with optimized liquid-to-precursor (L/P) ratios required to achieve maximum strength. The
study by de Azevedo et al. (2021) evaluates the durability properties of geopolymeric mortars
incorporating glass polishing waste, an industrial by-product often discarded in landfills. High-
lighting the environmental impact of the cement industry which contributes approximately 7%
WR JOREDO &2w H P LtdhnpeRtQré/piGcessed\ttivs pabaridiscusses alternative ma-
terials and methods to enhance sustainability by replacing ordinary Portland cement (OPC) with
geopolymers, known for their low carbon footprint and superior mechanical properties. The
authors examine the effects of various processing conditions and curing methods on geopoly-
meric mortars made from metakaolin (MK) and natural sand as precursors, with a mixture of
sodium hydroxide (NaOH) and glass polishing waste as the alkaline solution. Two processing
methods were compared: Method A, where activators were dry-mixed before adding water, and
Method B, where NaOH was dissolved in water before incorporating the glass waste. Key find-
LQJV LQGLFDWH WKH 6L2w $Ow2x PRODU UDWLR FULWLFDOC
ratio of 2.5 exhibited the least mass and mechanical strength loss under durability tests such as
wetting-drying cycles, saline immersion, and thermal shock. These results show that glass pol-
ishing waste enhances the durability of geopolymeric mortars when processed effectively, sup-
porting waste management efforts. The authors conclude that optimal mixture conditions de-
pend on specific exposure conditions in practical applications, contributing valuable insights to
developing sustainable construction materials from industrial waste and reducing environmen-
tal impacts in construction practices.

3.3 Cementitious Applications

The use of fine-ground waste glass as a supplementary material in cementitious systems,
including Portland cement concrete and alkali-activated binders, has been explored in several
studies. Shi and Zheng (2007) highlight the potential for controlling alkali-silica reaction (ASR)
and achieving suitable strength and durability in concrete mixtures that use waste glass as an
aggregate. Bueno et al. (2020) provide a comprehensive review of the use of ground waste glass
as a supplementary cementitious material, noting its potential as a pozzolan and its ability to
reduce expansion caused by ASR. Particularly, in response to the decreasing availability of coal
fly ash. It highlights the environmental impact of Portland cement production, which contrib-
utes approximately 5-9% of global anthropogenic carbon dioxide emissions, generating about
RQH WRQ RI nktdmoflderidertd pfdtiuced. This production is responsible for 10-15% of
WRWDO LQGXVWULDO HQHUJ\ XVH DQG DURXQG Rl LQGXYV
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DVK KDV EHHQ WKH PRVW ZLGHO\ XVHG SR]]JRODQ IRU WKH C
and durability, with its utilization rate recently rising from 40% to 60%. However, the shift
towards renewable energy sources has led to a decline in coal use, consequently reducing the
production of fly ash in the U.S. and Europe. Ground waste glass is explored as a potential
alternative SCM due to its abundance, availability, and low cost. In 2015, it was estimated that
approximately 10.4 million tons of waste glass were in the municipal solid waste stream, with

ODQGILOOHG DQG RQO\ UHF\FOHG 1RWDEO\ LQFRUS]I
emissions by about 0.5 kg for every kilogram of glass used in concrete. The performance char-
acteristics of concrete with waste glass as a pozzolan show lower compressive strength at early
ages but comparable or higher strength as the concrete matures, with an optimal glass replace-
ment level for strength gain around 10-20%. However, the modulus of elasticity tends to de-
crease with increased glass content, which could lead to greater deformation under load. Re-
garding alkali-silica reaction (ASR) resistance, literature consistently indicates a reduction in
expansion caused by ASR when waste glass is included in concrete mixtures. Effective perfor-
mance is often achieved with glass replacement levels of 20% or higher. However, challenges
arise due to the standard ASTM C1567, which imposes a maximum alkali content of 4% in
SCMs, a limit that soda-lime glass typically exceeds. Common test methods for evaluating ASR
include ASTM C1260, an accelerated mortar bar test, and ASTM C1293, which involves a
concrete prism test over one to two years. The economic landscape is also considered, with the
price of Portland cement in the U.S. at approximately $115/ton and coal fly ash around $36/ton
as of 2018. The feasibility of using waste glass hinges on processing costs, which can remain
competitive at a throughput of about 55,000 tons annually.

Gao et al. (2020) observed improvements in workability and hydration kinetics, The study
evaluates the effects of waste glass powder as a partial replacement for the binder in alkali-
activated and Portland cement systems, using commercial silica fume as a comparative refer-
ence. It concludes that waste glass powder slightly enhances workability and exhibits different
early-age hydration characteristics compared to silica fume. While silica fume shows higher
pozzolanic reactivity in Portland cement systems, both materials demonstrate similar reactivity
in alkali-activated systems. The addition of waste glass generally increases compressive
strength, although silica fume leads to a more significant strength increase. Aly et al. (2012)
reported enhanced mechanical properties, specifically attributing this to the presence of colloi-
dal nano-silica$ EGH O (5D KP D Q ihv@stiga@ the impact of incorporating waste glass
powder into ordinary Portland cement (OPC) to enhance the physico-chemical and mechanical
properties of cement mortar composites. Specifically, the research evaluates various substitu-
tion ratios of waste glass (5%, 10%, and 20% by weight of cement) and their effects on com-
pressive strength, total porosity, and water absorption of the resulting blended cement mortars.
The results indicate that the mechanical properties significantly improve as the waste glass con-
tent increases, particularly at the 20% substitution level, which exhibited enhanced compressive
strength compared to neat cement specimens. This enhancement is attributed to the pozzolanic
activity of the waste glass, which reacts with calcium hydroxide generated during the hydration
of OPC, leading to the formation of additional calcium silicate hydrate (C-S-H) gel, thus filling
voids and reducing porosity. Furthermore, the inclusion of 10% styrene-acrylic ester latex in
the mortar matrix, combined with gamma irradiation, further boosts the mechanical properties
and reduces total porosity and water absorption. The findings are corroborated by techniques
such as X-ray diffraction, thermogravimetric analysis, and scanning electron microscopy, un-
derscoring the potential of using waste glass as a sustainable material in construction applica-
tions.
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4. CHALLENGES IN WG CONCRETE AND REMEDIES
4.1 ASR Expansion in WG-Based Concrete

The high silica and alkali content in both glass and cement pose a challenge in waste glass
(WG) concrete, as it can lead to the alkali-silica reaction (ASR), potentially causing expansive
gel formation. ASR is particularly accelerated by the presence of sodium (Na) and potassium
(K) ions, which create expansive stresses along the reaction zone. When these stresses surpass
the tensile strength of the concrete, cracks may develop, allowing external solutions to penetrate
and deteriorate its durability. One approach to reducing the risk associated with ASR is using
finer WG powder rather than coarse glass aggregates. Research suggests an optimal WG parti-
cle size range between#iL18 mm, with some studies advocating for even smaller particles,
around 0.6 mm, to limit ASR expansion. For example, when 70% of fine aggregates were re-
placed with 36 P:* SRZGHU QR KDUPIXO $65 H[SDQVLRQ ZDV R
shown that glass sand particles below 4.5 mm in size do not produce significant ASR gel for-
mation ZKHQ UHSODFLQJ XS WR RI WKH VD Q@rack§WiithinLP SR U W
WG patrticles are undesirable as they facilitate ASR by retaining reactive solutions. Thus, ASR
risk in WG concrete is not only determined by particle size but also by factors such as WG
content, cement and aggregate properties, mix ratio, and water-cement ratio. Properly graded
WG powders improve density and limit ASR, with lithium ions proving effective in suppressing
expansion by altering ASR gel compositioi Q Gd_ NeGalll, 2016; Zhu et al., 2009; Kawa-
mura & Fuwa, 2003).

In geopolymer concrete, the risk of ASR expansion appears lower than in ordinary cement
concrete. This is likely due to the high silica dissolution and alkali activation, which supports
geopolymerization and forms a dense microstructure. Research indicates that ASR-related ex-
pansion in geopolymer concrete may be only around 5% of that in traditional cement concrete.
Alkali ions in the raw mix contribute to the formation of crystalline silicates and zeolite-like
structures, which reduce expansion risk. However, while geopolymerization may limit ASR,
the risk cannot be completely ignored (Hajimohammadi et al. 2018; Williamson and Juenger
2016; Menchaca-Ballinas and Escalante-Garcia 2019).

Addressing ASR expansion in WG concrete requires careful consideration during mix de-
sign. For instance, alkali-silica products can be transformed into rigid forms that enhance con-
crete strength. Ongoing research, such as that by Lee et al., indicates that using borosilicate
glass and other additives can improve ASR resistance, strengthen concrete, and even serve spe-
cialized applications like neutron shielding (Lee et al., 2019). Further measures to mitigate ASR
include using polyester resin to neutralize alkali and stabilizers such as fly ash, metakaolin,
silica fume, and blast furnace slag Q GdADN O U H W Md@over, the presence of calcium
(CaO) and magnesium (MgO) in high quantities, combined with minimized glass modifiers like
Na, K, and Pb, helps reduce ASR gel formation (Bignozzi et al., 2015). Lithium treatments, like
lithium carbonate and lithium nitrate, are also effective in lowering ASR expansion, as they
precipitate lithium silicate, which stabilizes amorphous silica (Federico & Chidiac, 2009). Ad-
ditionally, the Ca/Si ratio in concrete mix designs should be maintained within optimal ranges,
as low Ca/Si values can contribute to significant ASR expansion. Calcium sources, such as
eggshell waste, which contains calcium carbonate, could serve as a supplementary calcium
source in WG-based cement and geopolymer concrete. Although eggshell waste's applicability
in concrete has not been extensively researched, its potential warrants investigation (Federico
& Chidiac, 2009).
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4.2 Low Adhesion between WG and Cement-Paste

Low adhesion between the cement paste and waste glass (WG) particles is a significant fac-
tor in reducing the strength of WG-based concrete. This issue often arises due to the smooth
surface of WG and the presence of micro-cracks within the particles, which lead to a weak and
porous interfacial transition zone (ITZ) between the WG powder and the binder paste. A
rougher surface on WG particles can aid in interlocking with cement paste, though excessive
roughness may create a porous structure, potentially compromising the material's integrity.
Studies have found that well-graded glass particles help achieve higher packing density, which
is advantageous for concrete strength (Lu & Poon, 2019).

5. CONCLUSIONS

This review provides a comprehensive overview of the current state of research on the use
of waste glass (WG) in both cement and geopolymer concretes, emphasizing its significant
potential as a sustainable construction material. The findings indicate that WG serves as a val-
uable source of silica, enhancing pozzolanic activity and hydration product formation, thereby
improving the microstructure and durability of concrete. The optimal particle size of WG is
crucial for maximizing its benefits, ideally maintained betweea38 P )XUWKHUPRUH
incorporation of WG leads to reductions in drying shrinkage, chloride and sulfate penetration,
and overall chemical attack resistance, which collectively contribute to the enhancelitglurabi
of concrete structures. However, the review highlights a critical gap in research concerning the
durability of WG-based geopolymer concrete, particularly under various environmental condi-
tions and chemical exposures. The potential risk of alkali-silica reaction (ASR) in WG concrete
remains a significant concern, although it appears to be less pronounced in geopolymer systems.
Future investigations should focus on establishing comprehensive guidelines for the optimal
inclusion levels of WG, exploring its interactions with different activators, and assessing its
performance in harsh conditions. By addressing these research gaps, WG can be effectively
utilized to not only mitigate waste but also to contribute significantly to sustainable construction
practices, ultimately paving the way for more environmentally friendly concrete solutions.
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Kivonat: $] pOHWWDUWDPXN YpJpUH pUW HOHNWURQLNDL KXOO
HOV OpSFV MH J\DNUDQ PHFKDQLNDL HO NpV]tWpV PHO\ Vi
KDWyN LOO HON*O|QtWKHW N HJ\PiVWyO OLpWNROBLHJHWW H
WHFKQROYJLD ,QWp]HWH PiU W|EE MHOHQW V SURMHNW pV
IRJODONRJLN HOHNWURQLNDL KXOODGPNRN LOOHWYH pOHV
IHOGROJR]iVIYDO HO NpV]tWpVL WHFKQROyYJLD NLGROJR]iV
nekLi-LRQ DNNXPXOiWRERNWWLQLIKRGH IpQ\IRUUiIVRN IHOpS
QLNDL HO NpV]tWpVpYHO NDSFVRODWRY HUHGPpQ\HN OHKH

Kulcsszavak HOHNW U R QL N D-IL KX MONXERRONMWARKD QLNDL HO NpV]tW

1. %(9(=(7e6

APHIJWHUPHOW KXOO®ZWPODRNpFHYQH KPMDOPDVUD Q WW [
HOHNWURQLNDL KXOODGpNRN PHQQ\LWgbiH $ @JXBOBG D RN L
D] HJ\UH W|EEIpOH HOHNWURQLNDL HV]N|] PHIMHOHQpPVH S
YLOIJYLVIRQ\ODWEDQ HJ\UH W|EE HPEHUKH] W|UWpQ HOMX
QpVH YDODPLQW D WHFKQROyYJLiIN J\RUV YiOWR]iVD 8WYEE
PpQ\ HO WW VRNDQ OHFVRD{)OW N NOKDA HR/IM-QNRENAGD L QG H
tekintettEHQ NRUV]HU&EE /8\ MpYH pOYH]HWHVHEEpP D-y2N}]YHWt\
PHJILJ\HOKHW WHQGHQFLD WRYIiEEi KRJ\ HJ\UH W|EE HV]N
NJUIN /& NLMHO] N SO RNRV K&W pV DNNXPXOiWRURN S
IRUUDV]WYSiND

$ KDWiO\RV ((% NDWHJyULIN D N[YHWNH] KDWFWHUP®NN|L
EHUHQGH]pV-HIV IDI\IKEWyYyJIpS OpIJNRQGLFLRQiOy K V]LYDW
pV  2FPpO QDJ\REE NpSHUQ\ W WDUWDOPD]y EHUHQGH]pVHL
IpPQ\FV|YHN /(' OiPSiN VKLEJpRDN\IHpBEHN NeOV PpUHWeN VF
az50 cm-t); LVPpUHW& V]iPtWiVWHFKQLNDL EHUHQ GBHNIVBNHpV Wi
JHWYpGHOPL pV JD]GDViJSROLWLNiMiQDN HJ\LN OHJIRQWR\
LUIQ\iED W|UWpQ HOPR]GXOiV $ N|JUIRUJiVRV JD]GDViJL PR
]liUW NJUEHQ NHULQJ $ N|JUIRUJiVRV JD]GDViJ WHUPHOpVL
HJ\WV]HUL IRJ\DV]WiV KHO\HWW D WHUPpNHN pOHWWDUWDP
(Web2).

$ IpPHN iVYiQ\L DQ\DJRN pV WHUPpV]HWHY DQ\DJRN PLQ
NLHPHONHG JD]GDViJL MHOHQW VpJ& pV D] HOOiWiV V]HPSF
DQ\DJRNDW N UL Wyesa0yaddRQIYRYN]PN ( Q\HUVDQ\DJRN QpON-
V]iPWDODQ LSDUL |[NRV]LVIWpPD P&N|GpVpKMHQ@WIRQWNJIUWHA
KtYiVMHOpKH] YROIUIP NHOO D IpQ\NLERFViWy GLyGiV /(' V
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YDQ V]*NVpJ D IpOYH]HW NEHQ V]LOtFEKX® piRHMW KD \HQ HNQ\LU
rok platinacsoportba tdaWR]y IpPHNHW WebByUNagyO2RT3).QALPN23-as lista 34
anyagot tartalmaz (Web3).

A kritikus VW UD W@ BIIPBIIN KD]DL Q\HUVDQ\DJIRUUiVRNEYO W|UW
KiURP ~W NtQiONR]LN
1) HJ\UpV]W D SULPHU pUFHV iVYiQ\HO IRUGXOiVRN DQ\D
NpV]tWpVH pV NRKiV]DWL IHOGROJR]iVD
2) PiVUpV]W D] pUFHV iVYiQ\RN EiQ\iV]DWL PHGG LQHN NL
V]DWL IHOGROJR]iVD YDODPLQW D VIHQHN NLWHUPHC
GpNDQ\DJDL pV PHOOPNWHUPpPNHLE O W|UWpPQ NLQ\HL
3) KDUPDGUpPV]W D ODNRVVIJL pV LSDUL FpOUD J\iUWRW
DONDWUpPV]HLEHQ V]HUNH]HWL DQ\DJDYRIRY UEMDi NU
szat &V NH

JelenWDQXM®RiOMRQQDQ QDJ\ V]iPEDQ PHJIM HIOW QP DNNYF KO
foglalkozik (JHQ KXOODGpPNiUDPRN HO NpV]tWpVpQHN D OLVNROF
pV .JUQ\HJHWW B MPQRWG p EHI) MHOHQW V KDJ\RPIiQ\D YDQ V]iF
pV GLSORPDPXQND IyNXV]iOW pV IyNXV]iO H WpPDN|UUH &\

0iGDLQp D &V NH 2URV] 1D J\ 3yO\D
1D J\ -RUJHQVRQ . UvL

2. MECHANIKAI (/ .e6=E7e6(/(17 6e*(

$ PHFKDQLNDL HOMIiUiVRN V]pWV]HWHD PV VDBMYS\O D VRWIW i
FPOMD D KXOODGpPNRN V]JHPFVpPLQHN V]pWYiODV]WiVD RO\D
O\HN UpV]EHQ N[]JYHWOHQ+0O ~MUDK DV PURM WKRIV YN\ PLOQ 8"
ELROyJLDL HOMiUiIVRN DONDOPD]iViYDO D] DONRWyY DQ\DJRN
PIMIEDQ YLVV]DQ\HUKHW N OHJ\HQHN %RNiQ\L &V NH

$] DSUtWiV LOO V]pWYiODM]VEVDi P DNOPRD VRHROMOM ND VR L
NJ[YHW HQ D VIJHUNH]HWL DQ\DJRN HVHWOHJ DONDWUpPV]HN
QDN D N*O|QE|] IL]LNDL WXODMGRQViJRN HOWpUpVpQ DODS

| letdvordiiat Liuniiadth
N

ralivhs, wowvhe

1. ibra
AzaSUtWiV pV V]pWYiODV]WiV NDSFVRODWD
$PtJ D V]JtQHVIpPHN OHJJ\DNUDEEDQ YDVWDJDEE UpWHJHI

HO DGGLJ D QHPHVIpPHNHW YpNRQ\DEE UpWHJHNEHQ WDO
PHVIpPHN SHGLJ UHQGV]HULQW |[WY|]JHWDONRWYN YDJ\ KLC



(OHNWURQLNDL KXOODGpNRN PHFKDQLNDL HO NpV

NJYHWNH] HQ DPtJ D V]tQHVIpPHN DSUtWiVW N|YHW HQ IL]L
Q\HUKHW N DGGLJ D QHPHVIpPHN pV D NULWLNXV HOHPHN
WUKDWyYN IHO pV YiODV]WKDWyN OH iEUD &V NH

I Elektronikai hulladék ‘
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Fizikai szeparalas: foként gravitacios, Vas és nem-vasfémek;
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Keémiai, biokémiai Termikus kezelés
szolubilizacié

l l
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2. ibra
(OHNWURQLNDL KXOODGpPNRN HO NpV]tWpVpPpQHN iC

3.LIFION $..808/E7252.

AL-LRQ DNNXPXOiWRURN iIEUD WHUMHGpPVH W|UHWOHQ
URN IHOGROJR]iVIiUD DJIRQEDQ V]iPRWWHY az2eD-$&nFRledhiV PpJ C
OHJ QDJ\REE W|PHJEHQ D NO|QE|] J\iuUwiVL VHOHMWHN MH

3. ibra
) EE-LIRQ DNNXPXOiIWRU DONDOPD]iIVL WHU*OHWHN HOHNWL

JHOGROJR]DQGY DNNXPXOiWRURN QHP FVDN D] HV]N|] pOt
DXWy pOHW WDUWDPiIQDN YpJH KDQHP D] DNNXPXOiWRURI
%L]RQ\RV QDJ\REE PpUHW& DNNXPXOiIWRURN PHO\HN NDSDF
UsOKHWQHN SO HQHUJLDWIUROIiIV pS*OHWHNEHQ .LVHEE
KRJ\ HJ\ UpV]*N D ODNRVViJQiO UHNHG SO HOWiUROW NRU
NyNRQ YpJH]KHWL SO NpV]*OpNHNEH EHpS tMbrys#ionibAN N X P X O
OpY LOO IRUJDNROREDp ® H PoU HW &LiplVR [/ DINHNKpPX DO ReU R N N
IHOGROJR]iVL OHKHW VpJHLQHN NLDODNtWiVD
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$] LQWp]HW W|EE ROGDOUYO LV YL]VJiOMD D IHOGROJR]iV
PRELOWHOHIRQEYO ODSWRSEYO pV V]HPpO\JpSNRFVLEYO V
KLEULG MiUP&E O LOO DNNXPXOiWRU HOHNWURPRYV DXWyEy
pV DNiU ELRHO M OU NPWV it KGN

AL-LRQ DNNXPXOiIWRURN NpPLDL PVW}HOWQDE|H OWM t SIXNORND W H/
EHQ D | EE/t\pdW®it-dioxid (LiCoQ  /tW-IPXOR) ox@ (LiMn2Os  /t WL X P
nikkel- P D Q kioQalt-oxid (LINIMNCoQ YDJ\ 10&  Fhikelkébalt-D O X P t-QxidX P
(LINICOAIO, YDJ\ 1&$ /WALIMKRROL /tWAaX-PRV]IIW 4LL)HBDpStWpVeN
W|EEIpOH OHKHW D | EE DONDWUpPV]JHLN D N|YHWNH] N i E

- NDWYG DOXPtQLXP J\&MWWR [ly® LL D DDYNRMWWINKP EHY R QD W

- V]JHSDUiIWRU ILOP 3( 33 IyOLD

- DQyG Up] J\&MW IyOLD JUDILW | DONRWYM~ EHYRQDW
- HOHNWUROLW V]JHUYHV ROGYV]HU VyN DGDOpPNRN

- EXUNRODW Ki] DOXPtQLXP IyOLiN FVDWODNR]yN NHU

~——
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Separator —————a=
Carbon u

Liquid electrolyte

341w

1.1 Ah 6 @

4. ibra
Li-LRQ DNNXPXOiWRU (TEr@spdd 0@y H SpOGD

y,
/

5. ibra
6]pPWERQWRWW PRELO WHOHIRQ DNNXPXOIWRU DQYG pV NLC
nat (j) (Orosz, 2019)

$ PRELOWHOHIRQRNEYO V]iU P-Ds|mirbalNaN XEBPXDD i WRHWNQ D GNEY |
IRO\DPDW V]JHULQW MiUWXQN HO VYROGDWEDQ W|UWpPQ NL
mm-HV VILWDEHWpPWWHO GXUYD IUDNFLY ! PP V]JHSDUIOI
PLNXV VIHSDUIWRUUDO pUWPpPNHV IpPHNHW WihtkhWd@aP D]y ILC
nikai- HOGROJR]iVD 6(0 YL]VJIODWRW MpDINFWyQNHEHDRFNPPDV\
PLNURV]RQGIiIV PpUpV DODSMIQ iIEUD D NDWyG YLOIJRVDE
EtUWDN D] DQyG V|W pbantsEcRetgdrithPmiaaligk XOrosz, 2019).



(OHNWURQLNDL KXOODGpNRN PHFKDQLNDL HO NpV

05mmiWPpU DODWWL V]HP RQredd, B(0) YL]VJIiODWD

$ JpSNRFVLNEYO V]iUPDIYy RNMN@PKOWERURN OHKHWQHN D
SpOGiW PXWDW KLEULG JpSNRFVLEyO V]iUPD]y olHa¥ NDSDF
WDWODQ N|WpVVHO OH]iUW UR]JVGDPHQWHY DFpO Ki]JEDQ LO
NXPXOiWRU FHOOD YpNRQODGRPISR]XW KiE D QEOKNYR P OW W
PLQWiW D] $XWR 0DQG\ &DU .IW SDUWQHU+sQNW O NDSWXN

7. ibra

+LEULG V]HPpPO\DXWy-NRWY DNGE MPXOWRPRQDS F -iohl&kkiN WURP R’
PXOiWRU FHOOIMD |p Q)NpilS-hilid Wb Li-*RED)RDN NXK P X OiWR U FH
IpQ\NpS )LFHYU 7HJIH

AL-LRQ DNNXPXOiWRURN HVHWpPQ LV NLHPHOW V]HUHSSHC
WHFKQROYJLIQDN H] D] HOV UpV]H H]W N|YHWL D MHOOHP]
LJpQ\ D] DNNXPXOiIWRURN NLVeWpVH D] DSUtWiV HO WW $] D
SO YpG Ji] N]JHJEHQ D NLJ\XOODGiV HONHU*OpVH pUGHNpE
WDOPD]y HOHNWUROLW HOWiYROtWiViW LV PHJ NHOO ROGD
JRNDW WDUWDOPD]y EODFN PDVV IHOWiUiVD HJ\IDMWD V]H
GHNpPEHQ KRJ\ D] VIHPFVHPpUHW V]H Bdn@s\6z&npont @ RayGv i V U D
EODFN PDVV WLV]WDViJD IpPIyOLINWyO YDOy PHQWHVVpJH



Nagy S.

APLQWiINDW UpV]OHWHY HOHP]pVeNHW N|YHW HQ W|EE UH
WHWWeN DOi PLQHN FpOMD D SRU IRUPIEDQ PHIMHOHQ EO
OHYiODV]WiVD RV]WiO\R]iVVDO LOOHWYH D IHQQPDUDGY Up
P&DQ\DJ IyOLiN HJ\PiVWyO W|UWpQ HOYiODV]WiVD $ iEU
GH]pV PpJ IHO QHP WiU W|UHWH OiWKDWy

8. ibra
*PSNRFVLEYO MJROQPDNWXP XOiWRU W|UHWH HOV OpSF

4. LED )el<)255E62.

IHIW|EE HVHEDEK@S WDDiONR]XQN PLQW IpQ\IRUUIV $] RW)
O\HNHQ N|[]YLOiJtWiV HVHWpPQ JpSNRFVLN HOV pV KiWVy |
/(" YLOIJtWiVVDO pUKHW HO NLMHO] N -KiVe W PLRYQIONR WRWD |
KR UG R]K D WsokbpQgydRdiLit RQ DNNXPXOiIWRURNUYO WiSOiOYD (
WHVWHN V]iPRV pUWpNHV HOHPHW WDUWDOPD]@RBRs SO NU
PpUHWH LOO D NLV NRQFHQWUiFLYN PLDWW YDODPLQW D
YDOyViJIJDO GLV]SHUJiOW IRUPIEDQ YDQQDN MHOHQ D YLOI
WV PHJ QHP ROGRWW NLKtYiV $] LQWpP]HW<QNEHQ YL]VJiO
OiJtWiVDLW pV V]HPp QKM SN RFR SN B0/ WLHIOD ]yOQ (EBOLHNE O
GE WDOIOKDWY D NpV]*OpNHNEHQ HJ\ /(' W|PHJH NE J
W|PE DODS~ DONDWUpV] J\P QM YD ® | FHHS p\® | WD UDNDOPD]]D D
QDJ\UpV]pW JDOOLXP pV LQGLXP IpOYH]HW IRUPIEDQ D ]|C
J\DQWIiEDQ LV V]iPRV HJ\pE NULWLNXV HOHPHW PpUW+QN PL
V]*OWVpJ V]tQDUDQ\ V]iODNRQ MXW HO 1DJ\ 3y0\D

9. ibra
/&' KpWWpUYLOiIJtWiV /(" PLNURV]NYS DODWW E pV DSUtW
1DJ\ 3yO\D



(OHNWURQLNDL KXOODGpNRN PHFKDQLNDL HO NpV

$ PHFKDQLNDL HOMiUiVRN D NJ[YHWNH] OpSpVHNE O iOOWI
UtWiV YH]HW NpSHVVpJ VIHULQWL V]JHSDUiOiV D Up] NLQ\HU
/(' FKLS LOO P&DQ\DJ V]pWYiORY]WiED i] DM KDHU 6 GAPK)IWH DF
HVHWpQ DPL D FKLSEHQ WDOiIOKDWy OHJDOIEE NpW QDJ\Vi
J\ADNRUODWLODJ OHYiODV]WRWWXN

1L.tiEOI|DW
LED-HN PHFKDQLNDL HO NpV]JtWpVpQHN FKLS NLQ\HUpVH H
/(" KIWWpUYLOIJtW /(" KIWWpUYLOIJtWiV
SDQHOU O HOWIiIYRO{ DSUtWiVW N|YHW HQ D (Q
PpN
(OH| R>PJ N (OH| R>PJ N (OH| R>PJ N (OH| R>PJ N
$ X & X $ X & X
*D ’Q *D 1Q

MechanoNpPLDL pV WHUPLNXV NHJHOpVHNNHO D] pUWpPNHV HO
(Nagy, 2017).

5..99(7.(=7(7e6(.

( Q\HUVDQ\DJRNEYO D] pUWpNHVY DONRWY NLQ\HUpVH KiUR
NHN VIJHOHNWtY EHJ\&MWpVH DPL D Q\HUVDQ\DJIRUUiIVW EI
HO NpV]D¥pWHNPNHY DONRWYN G ~\: meBhanikbliQ W\ iNpPR.ID N EFDL R Oy
HOMiUiVRNNDO pV YpJeO D NDSRWW NRQFHQWUiIWXPRNEY
&V NH 6RN HVHWEHQ D]JRQEDQ MHOHQW V NLKtYiVRNN
KXOODGpNIHOGROJR]y FpJHN $ IHQW EHPXWDWRWW SpOGi
HVIN[]|IN Ne<O|QE|]] DQ\DJIUDPRNEDQ MHOHQQHN PHJ /(' N
EHQ URQFVD/XWyNBDIMWHFKQROYJLIYDO D] pUWPNHV UpV]HN
NDO Q\HUKHW N NL HOOHQEHQ D P&DQ\DJ KiQ\DG PHOOpPNW
MHOHQWHQHN D] pUWPNHY HOHPHN UHQGNtY+O Nhigh-NRQFHQ
WHFK HVIN|]IN [VVIHWHWW V]JHUNH]JHWHN VRN HVHWEHQ YpN\
MHOHQ D] pUWpPNHY HOHPHN DPL D PHFKDQLNDL HO NpV]tw
LJpQ\HO $ N*O|QE|] HOHPHNE O DONDOPD]JRWW PHQQ\LVpJt
IHMO GpVpYHO W|EE WHUPpN NLVHEE NRQFHQWUIiFLy OHJ
VRN LOO D] HVHWOHJHVHQ HO LROQ @®XNNX ARG PVRIUY HOAM W RN
WiV LUIQ\XO D] pUWpPNHV HOHPHN NLYiOWiViUD YDODPLQW
iUIQDN MHOHQW6 $HFQJOGWRJHOMiUiVRNDW N|YHWHOKHWQHN L
V]pO\HV DONRR/Q N NS\X P/X0iWiR N | H (RRUN'WMRR/OLBM G D ViJ V]HOOH
OHtUW SUREOPpPPiIN HQ\KtWKHW N D]JRQEDQ HKKH] V]*NVpJHV
VDNRU NLGROJR]QL D KXOODGpPNRN EHJ\&MWpVpQHN UHQGV

,52'$/20-(*<=e.
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UVL Nagy S+Van Quyen, T.+3DSS 5 = 2/(" NLMHO] N IHOpS
PHFKDQLNDL HO NpV]JtWKHW VpJpQHN YL]VJiODWD ,Q .LV
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Web2: (XUySDL 3DUODPHQW KWWSV ZZZ HXURSDUO HXURSD
PLW MHOHQW PLpUW IRQWRYV pV PL D KDV]QD" *D]GDViJ )
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+<'52%(2/2*,&$/ 0$33,1* 2) 6,1.+2/(6 86,1* (57 $
&$6( 678'< ,1 7+( %h.. 02817%$,16 1($5
%h..6=(17.(5(6=7 +81*$5<

0$+028' <$+,%$ 081-%$/, %8%$8/,(7 $17:,085&(// .E53,
.5,6=7,E1 %$5%3&3285% (BR7(B=3%I
*HRORMISDUWPHQW )DFXOW\ RI 6FLHQFH ODQVRXUD 8QL
PDKPRXG\DKLD#PDQV HGX HJ

,QVWLWXWH RI ([SORUDWLRDUMIR \DFLG Q@ MU R RPXQW\DRI
DQ@®JIJLQHHULQJ OLVNROF 8QLYHUVLW\ +XQJDL
5HVHDUFK ,QVWLWXWH RI $SSOLMHBWHO DWEKE ¢66YHQRBA Y HYDN¥FIX
DQ@®JIJLQHHULQJ 8QLYHUVLW\ RI OLVNROF +XQJ

$EVWYDORWWULFDO 5HVLVWLYLW\ 7TRPRJUDSK\ (57 LV D NH\
VXEVXUIDFH UHVLVWLYLW\ LQ FRPSOH[ JHRORJLFDO HQYLU]
7KLV PHWKRG LV FUXFLDO IRU GHWHFWLQJ VXEVXUIDEH IHD
FKDQJHV ZKLFK DUH YLWDO IRU K\GURJHRORJLFDO VXUYH\
WKH DUHD QHDU %*NNV]JHQWNHUHV]W FKDUDFWHUL]JHG E\ Q
+XQJDU\ DUH FKDUDFWHUL]JHG E\ D FRPSOH[ JHRORJLFDO V
DQG H[WHQVLYH NDUVWLILFDWLRQ UHVXOWLQJ LQ D GLYF
VSULQJV *URXQGZDWHU IORZ LV SULPDULO\ FRQWUROOHG
VXEWHUUDQHDQ ZDWHU VWRUDJH DQG PRYHPHQW $ JHRSK)
PDS VXEVXUIDFH UHVLVWLYLW\ DQG EHWWHU XQGHUVWDQ
FKDOOHQJHV SRVHG E\ WKLV NDUVW WHUUDLQ WKH UHVHEL
LQWHJUDWHY 'LSROH 'LSROH 'S 'S DQG :HQQHU DUUD\V

IUDFWXUH OLQHV PDSV JHRORJLFDO ]JRQHV DQG HQKDQ
LOQWHUFRQQHFWLRQV 7KH VXUYH\ DLPV WR SURYLGH D FRI
DQG WKHLU LPSDFW RQ WKH ORFDO K\GURJHRORJLFDO V\V\
IRU SURFHVVLQJ (57 GDWD RIIHU KLJK UHVROXWLRQ PRGH
WKXV LPSURYLQJ WKH DFEXUDF\ Rl JHRORJLFDO LQWHUSUH
UHVLVWLYLW\ RI WKH VWXG\ DUHD LV REWDLQHG XVLQJ

FRPSDULVRQ EHWZHHQ WZR GLIIHUHQW DUUD\V WKDW EHVW

.H\ZRUGOHFWULFDO 5HVLVWLYLW\ 7RPRJUDSK\ (57 .DUV
6LOQNKROHYVY 6XEVXUIDFH ,PDJLQJ 'LSROH 'LSROH $UUD\
6\VWHPV %NN ORXQWDLQV ,QYHUVLRQ 7HFKQLTXHV *URX(

,1752'8&7,21

(OHFWULFDO 5HVLVWLYLW\ 7RPRJUDSK\ (57 KDV EHFRPI
LQYHVWLIJDWLRQV HVSHFLDOO\ ZKHQ GHDOLQJ ZLWK FRPS
IRXQG LQ WKH %*NN ORXQWDLQV RI +XQJDU\ /RNH HW DO
D QRQ LQYDVLYH JHRSK\VLFDO WHFKQLTXH XVHG WR PDS V.
FXUUHQWYV LQWR WKH JURXQG DQG PHDVXULQJ WKH UHVX
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+\GURJHRORJLFDO PDSSLQJ RI VLQNKROHV XVLQJ HUW D FC

SDUWLFEXODUO\ HIIHEFWLYH LQ GHWHFWLQJ YDULDWLRQV LC
SUHVHQFH RI IHDWXUHYV OLNH IUDFWXUHV YRLGV RU FKDQ
7KH DUHD QHDU %*NNVJHQWNHUHV]W LV FKDUDFWHUL]JHG
VLQNKROHV SUHVHQW VLJQLILFDQW FKDOOHQJHV IRU K\GUR
.RYiFV HW DO /HPpO VV\ DQG 6XUiN 8QGHUVWD
VIVWHPV IDXOW OLQHV DQG WKH LQWHUFRQQHFWLRQV E
PDQDJLQJ JURXQGZDWHU UHVRXUFHV DQG PLWLJDWLQJ JHR
,Q WKLV VWXG\ ZH HPSOR\ LPSURYHG (57 PHWKRGV E\ L
'3'3 DQG :HQQHU DUUD\V WR GHOLQHDWH FUDEN OLQHV DL
RI YDULRXV JHRORJLFDO ]J]RQHV DQG HQKDQFH RXU XQGH
LOQWHUFRQQHFWHG 7KLV DSSURDFK LV SDUWLFXODUO\ HIIH
PHWKRGYV RIWHQ VWUXJJOH WR FDSWXUH WKH FRPSOH[LW\
+XDQJ HW DO =KDQ HW DO *XHUULHUR HW DO
7KH PDLQ REMHFWLYH Rl WKLV UHVHDUFK LV WR SURYLGH
QHWZRUNV DQG H[SORUH WKH LQWULFDWH UHODWLRQVKLS\
LPSOLFDWLRQV IRU WKH ORFDO K\GURJHRORJLFDO V\VWHP
DQDO\VLV ,W LQYROYHV VROYLQJ D VHW RI FRPSOH[ PDWKH
DSSDUHQW UHVLVWLYLW\ LQWR D WUXH UHVLVWLYLW\ PR
PDWHULDOV ,QYHUVLRQ DOJRULWKPV VXFK DV OHDVW VTX
WR KDQGOH WKH QRQ OLQHDU DQG LOO SRVHG QDWXUH RI \
HYHQ LQ FRPSOH[ JHRORJLFDO VHWWLQJY OLNH NDUVW HC
5HFHQW DGYDQFHPHQWY LQ LQYHUVLRQ WHFKQLTXHV K
RI (57 PRGHOV HQDEOLQJ EHWWHU LGHQWLILFDWLRQ RI VXI
EH RYHUORRNHG /RNH HW DO

0(7+2'2/2%<
*HRORJLFDO EDFNJURXQG

7KH %eNN ORXQWDLQV DUH D SDUW RI WKH 1RUWK +XC(
1IRUWKHDVWHUQ SDUW RI +XQJDU\ *HRORJLFDOO\ WKH %+
VWUXFWXUH IRUPHG GXULQJ GLYHUVH JHRORJLFDO SHULI
FRSRVHG RI OHVR]RLF FDUERQDWH URFNV WKDW ZHUH XSOL
7KLV FRPSOH[ JHRORJLFDO KLVWRU\ KDV UHVXOWHG LQ L
VLIQLILFDQW NDUVWLILFDWLRQ LQ WKH 7ULDVVLF OLPHVW
QHWZRUN RI FDYHV DQG VSULQJV VWURQJO\ LQIOXHQFH W
.RYiFV DQG 0+OOHU 7KH UHJLRQYTV K\GURJHRORJ\ LV
PRYHPHQWY GXULQJ WKH &UHWDFHRXV FRPSUHVVLRQ DQG
KDYH FUHDWHG D V\VWHP RI IUDEWXUHV DQG IDXOWV WKD

7TKH %NN ORXQWDLQV KDYH D YDULHG OLWKRORJLFDO FR
VWUDWD SUHGRPLQDWLQJ DORQJ ZLWK 7ULDVVLF OLPHVWR(
DUH NDUVWLF HVSHFLDOO\ WKH 7ULDVVLF OLPHVWRQH ZK
WKH IRUPDWLRQ RI YDVW VXEWHUUDQHDQ ZDWHU V\VWHPYV
GLITHUHQW OHYHOV RI SHUPHDELOLW\ WKH NDUVWLILHG ]R
VLIQLILFDQW JURXQGZDWHU IORZ DQG VWRUDJH

2QH RI WKH PRVW VLIJQLILFDQW NDUVW DUHDV LQ +XQJDU
RI NDUVWLILFDWLRQ D KLJKO\ YDULHG K\GURJHRORJLFDO
VLOQNKROHY GROLQHV DQG FDYHUQV DGGLQJ WR WKH UHJ
QRWHZRUWK\ DUH WKH $JJWHOHN DQG %*NN .DUVWV ZKLFK
VI\VWHP WKDW UHDFKHV LQWR 60RYDNLD ,I VLQNKROHV ZH



0 <DKLD HW DO

RU FOD\ WKH UHVLVWLYLW\ YDOXHV ZRXOG EH ORZHU LQ
<RXVVHI HW DO

+\GURJHRORJLFDO V\VWHP

7KH %+sNN ORXQWDLQV K\GURJHRORJLFDO V\WVWHP LV SULF
WKH DUHD 7KH NDUVW IHDWXUHV SULPDULO\ FRQWURO JUR
OLPHVWRQH DQG GRORPLWH WUDYHOV WKURXJK WKH V\V\
VSULQJV 7KH IORZ UHJLPH LV IUHTXHQWO\ W\SLILHG E\ VX
SHQHWUDWLRQ WKH PDLQ NDUVW VSULQJV WKURXJK ZKLF
9iUKHJ\ VSULQJV 0iGO 6] Q\L DQG 7yWK 7KH K\GURJHR
E\ KXPDQ DFWLYLWLHVY LQFOXGLQJ PLQLQJ IDUPLQJ DQG
FRQWDPLQDWLQJ WKH JURXQGZDWHU DQG XSVHWWLQJ WKH
LQLWLDWLYHYV DUH EHLQJ PDGH WR VDIHJXDUG WKH NDUV
SURWHFWHG DUHDV DQG REVHUYDWLRQ VFKHPHV

,QVWUXPHQWDWLRQ DQG VHWXS

7KH JHRORJLFDO FRQGLWLRQV DQG WKH REMHFWLYHV RI
VLWH 7KH VLWH ZDV DFFHVVLEOH ZLWK D JRRG VXUIDFH FF
PLQLPDO ::H ODLG WKH VXUYH\ OLQHV RYHU WKH DUHD RI
RULHQWDWLRQ RI WKH OLQHY EDVHG RQ WDUJHW GHSWK DC
7TKH FRPPRQ HOHFWURGH FRQILIXUDWLRQV ZHUH :HQQHU |
GLITHUHQW VHQVLWLYLW\ DQG GHSWK SHQHWUDWLRQ FKDU
DFTXLUHG WKURXJK D V\VWHP FRQVLVWLQJ RI D UHVLVWL"
FDEOHVY 7KH UHVLVWLYLW\ LQVWUXPHQW FRQWUROV WKH
SRWHQWLDO GLIIHUHQFHY 7KH PHWKRG LV SDUWLFXODUO\
PHDVXULQJ YDULDWLRQV LQ HOHFWULFDO UHVLVWLYLW\ ZlI
VXFK DV DTXLIHUV RU EHGURFN /RNH 5H\QROGV

$ UDQJH RI P$ SDUWLFXODUO\ ORZHU WKDQ $ RI HOH
JURXQG WKURXJK D SDLU RI FXUUHQW HOHFWURGHV 7KH ¢
SbLUV RI SRWHQWLDO HOHFWURGHYV 7KH SURFHVV ZDV UH
DFTXLUH D ODUJH GDWDVHW RI UHVLVWLYLW\ YDOXHV 2E
TXDOLW\ DQG WR SUHYHQW DQRPDORXV UHDGLQJV ZKLFK FL
SRXUHG RQWR WKHVH HOHFWURGHYV RU PRUH KDPPHULQJ RI
HOHFWURGH DQG WKH VRLO HVSHFLDOO\ ZKHQ WKH WHUUD
7KH DSSDUHQW UHVLVWLYLW\ GDWD FROOHFWHG WKURXJK
WR SURGXFH D PRGHO RI WKH VXEVXUIDFH UHVLVWLYLW\ G
WKH JHRORJLFDO FRQGLWLRQV 'DKOLQ
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5(68/76
‘H FROOHFWHG (57 GDWD RQ ILHOG DQG LPSRUW LQWR WK
PRGHOOLQJ E\ HPSOR\LQJ D ' ILQLWH GLIIHUHQFH PHWKRG

GDWD ZKLFK LV D QXPHULFDO WHFKQLTXH XVHG WR VLPX
DSSURDFK UHOLHG RQ WKH VPRRWKQHVYVY FRQVWUDLQHG OH
WKDW PLQLPL]J]HV WKH GLITHUHQFH EHWZHHQ WKH PHDVXUH
VPRRWK YDULDWLRQV LQ WKH PRGHO SDUDPHWHUV 7KH

SURFHVV UHSUHVHQWHG WKH VXEVXUIDFH H[WHQGLQJ IURI
7KH GHSWK OLPLW ZDV GHWHUPLQHG E\ WKH DSSUR[LPDWH
PRGHO FRYHUHG WKH UHOHYDQW JHRORJLFDO IHDWXUHYV
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7KH GLSROH G2sRQ&8 W&XH :HUQHU DUUD\ FURVV VHFWLR
HOHFWURGHV RI P VSDFLQJ ZLWK D WRWDO QXPEHU RI
DERXW P 7KH 506 HUURU GHFUHDVHY DFURVV WKH LWHUI
VWXG\ VILQGLQJYV VSHFLILFDOO\ WKH LQYHUVH PRGHO UHV
yLJIV DQG SURYLGLQJ GHWDLOHG LQVLIJKWY LQWR WKH V
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JURP WKH FURWY VHPYEGRQWLJK UHVLVWLYLW\ JRQHV ZHU|I
WKHVH RIWHQ LQGLFDWH WKH SUHVHQFH RI DLU ILOOHG VL
WKH VXUURXQGLQJ PDWHULDOV &RQYHUVHO\ LI VLQNKRO}
vVDQG RU FOD\ WKH UHVLVWLYLW\ YDOXHV ZRXOG EH ORZHU
7KH UHVXOWY ZHUH HYDOXDWHG E\ FDOFXODWLQJ WKH 5RR
WKH GLITHUHQFH EHWZHHQ WKH REVHUYHG GDWD DQG WKH
D JRRG ILW EHWZHHQ WKH PRGHO DQG WKH PHDVXUHG GDW
UHVXOWYV 7KHUH DUH YHU\ IHZ EDG GDWD SRLQWYV ZKLFK
HOHFWURGH FRXSOLQJ RU RFFDVLRQDO V\VWHP LVVXHV W
JURP V KH FURVV VHFWLRQV )LJ DH WKHILUVW OD\HU VK
D JRRG FRQGXFWRU DW VKDOORZ GHSWK IURP WKH VXUIDFFE
WKDW GLVDSSHDUV DW VRPH SRLQWV WKH VHFRQG OD\HU
FROQWDLQLQJ VRPH DQRPDOLHV DW P HOHFWURGH VHSDI
! P ZKLFK FRXOG EH D KDUG URFN ERG\ EHFDRWH LW RI
OD\HU RFFXUV DOVR D KLJK UHVLVWLYLW\ P DQRPD
SUREDEO\ EH OLPHVWRQH DQG DW P VHSDUDWLRQ P
UHVLVWLYLW\ RI DURXQG P ZKLFK FRXOG EH D FOD\
RFFXUUHQFH FORVH WR WKH FDYLW\ FDQ EH DQ LQGLFDWLF

JURP WKH :HQQHU FURVD WHFMWAL XKXDOO\ IDLOV WR VKRZ \
DQG D YDU\LQJ UHVLVWLYLW\ FRPSDUHG WR 'S 'S DQG LV |
DQRPDO\ LQ HVVHQFH LW LQWHJUDWHY VPDOO RWKHU DQF

&21&/86,21

,Q FRQFOXVLRQ UHVLVWLYLW\ PRGHOV ZHUH DQDO\]HG
UHVLVWLYLW\ YDOXHV LQGLFDWH WKH SUHVHQFH RI ZDWF
UHVLVWLYLW\ YDOXHV FRUUHVSRQG WR EHGURFN RU GU\ VI
NQRZQ JHRORJLFDO RU K\GURORJLFDO LQIRUPDWLRQ WR LG
VXFK DV IDXOW OLQHV DQG FUDFN OLQHV DORQJ WKH VLQN
RI WKH GLIIHUHQW OD\HUV WKDQ WKH :HQQHU DQG WKH FUD
FURVV VHFWLRQ

50)(5(1&(6

$KPHG 0 <RXVVHI +HVKDP (O .DOLRXE\ <DVVHU $ =DEUDPDZ

DQG (QJLQHHULQJ 9RO XPH CJVEWHVYSY 3DRHVRUJ+

'DKOLQ 7 3" UHVLVWLYLW\ VXUYH\LQJ IRU HQYLURQP

JLUVW %UHDN

'DLO\ 5DPLUH] $ IDBWUHFTXH 1LWDR - (OHF

RI YDGRVH ZDWHU PRYHPHQW ‘DWHU 5HVRXUFHYVY 5HYV
:5

JRGRU / &VRQWRYV / %DGD * *\|UIL %WHQNRYLFV [/

RI WKH 3DQQRQLDQ %DVLQ V\VWHP DQG QHLJKERXULQJ R

GDWD = ,Q 'XUDQG % -ROLYHW / +RUYIWK ) 6pUD!

%DVLQV 7HUWLDU\ ((WHQVLRQ ZLWKLQ WKH $0OSLQH 2URJ
SXEOLFDWLRQV

JRUG ' & :LOOLDPV 3 : .DUVW +\GURJHRORJ\ DQG
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PRESSURE DEPENDENCE OF ELASTICITY PARAMETERS
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Abstract: This paper discusses the pressure dependences of elasticity parameters. Assuming
the Hook model, from the pressure-dependent P- and S-type acoustic velocities the pressure
dependences of the elastic moduli can also be produced. Similarly, by knowing the quality fac-

tor and assuming a constant Q model (that is using comdleRp FRQVWDQWV WKH SI

pendences of the dissipative rock physical parameté@mnd F) can also be determined.

Keywords P and S wave velocities, elastic properties, quality factor, constant Q model

1. INTRODUCTION

It is known that the variation of the ratio of P and S wave velocitie® Q)@ significant
in the determination of the site for quarrying activities, engineering foundations and oil industry
applications because velocity varies with the densities and elastic moduli (George et al., 2010).
The elastic properties and the depth of different layers as well as the thickness of thafayers c
be determined from the knowledge of compressional and shear wave velocities (Sheriff, 1991).
It is also well-known that these wave velocities increase with confining pressure. Sandstone
velocities show an increase with depth of burial and with age, due to the combined effects of
progressive compaction and cementation (Griffiths and King, 1981; Owoyemi et al., 2002). The
literature provides a variety of different qualitative models that conclude that the increasing
pressure acting on the rock results in the closure of microcracks (Walsh and Brace, 1964) and
the closure of pore volume (Birch, 1960). The presence of gas in sedimentary rocks reduces the

ratio, the elastic moduli, and®PLVV RQ TV U D W LRf thdR.U EatioLg@ater than 2
is diagnostic of unconsolidated sand, a value less than 2 may indicate either consolidated sand-
stone or gas-filled unconsolidated sand (George et al., 2010). The value for@§issoUDW LR
speaks volumes for the elastic properties of rocks and defines the ratio of the fractional change
in width to the fractional change in length of the rock sample. The quality factor of the rocks is
related to the attenuation of the waves in inverse proportion. It is assumed that Q is linked to
the physical state of the rock. This dimensionless parameter is a ratio of stored energy to dis-
persed energy (a large Q indicates a low energy loss, and vice versa). The determination of Q
values is important for considering the attenuation effect in seismic wave modeling. The infor-
mation obtained from the velocity data is very useful in the practice during the measurement
on the field and in the laboratory. However, measuring the quality factor is not as simple as
measuring velocities. Yet knowledge of the quality factor provides further insights into the
elastic behavior of rocks. There are several models to describe attenuation in international lit-
erature, the Biot model (Biot, 1956; Birch, 1960), the viscoelastic model (Bland, 1960), and the
elastic dispersion model. The authors propose petrophysical models for the explanation of the
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exponential relationship between the P and S wave velocities/quality factors/elasticity parame-
ters and rock pressure.

2. THEORETICAL BACKGROUND

Moduli of elasticity such as compression, shear and Young's modulus are quantities that can
be used to characterize the stress vs. strain relationship. Rocks are often considered to be per-
fectly elastic bodies. This means that they undergo deformation under load, but regain their
original shape when the load is removed. The stress-strain relation for the linearly elastic Hooke
ERG\ LV GHVFULEHG E\ WKH /DPp SDUDPHWHUYVY ZKLFK FDQ |
tion velocities. For their calculation, the velocities measured in the unloaded state are most often
used, but the change in velocity due to the pressure on the rocks must also be reflected in the
value of the elasticity parameters. Since it is the elastic parameters associated with the in situ
stresses in the subsurface that characterize the rock at a given location and time, it is useful to
use the pressure-dependent velocities to give the pressure-dependent values of the moduli. It
follows that the more accurate the velocity model used, the better the estimate of the derived
moduli. The linearly elastic isotropic body is characterized by only two elastic parameters
which can be introduced in several ways. With thermodynamic considerations, the two param-
eters are the so-called firdd(@nd second Lame coefficien®ith which the material equation
of the linearly elastic isotropic Hooke body can be written as

W 2PH 0O4G (1)

where £ is an element of the stress tens#fis that of the deformation tenso#,is the trace
of #and Gis the Kronecker delta symbolQVWHD G R /D P,jpn€ ¢ahlusé FAumphY W V
modulusE and the Poisson numbar H{]SUHV VHG ZLpat&mateksids/ D P p

P

E —— 3 O2P (2)
oP
m 2§ @A)
o o

Another choice can be the use of the compression- and shear K@hdiG expressed with
WKH /DPp SDUDPHWHUV DV

K O%FandG : 4)

For the analysis of the wave solution, the equation of motion can be written in the following
form

*

% Fg OP graddivs* (5)

wheres denotes the displacement vector. For a transverse wave, equation (5) leads to

~

y"\i% Ps divs=0) ©6)

with the monochromatic plane wave solution written in the form of
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assumed that the dispersion relation is fulfilled in the form

z P
k—E,E\/:b (8)

where Eis the phasevelocity. Similarly for longitudinal waves, equation (5) gives the wave
eguation as

x

%ﬁ 02pP's (rots 0) )

The monochromatic plane wave solution has the form of

wherek, _ZZD with the longitudinal phase velocity

O2 P
D | J (11)

As is shown above, the wave solutions in the framework of the Hooke model cannot contain
absorption. The seismic experiences show that for most rocks the phase velocity is constant
regardless of the frequency, but there is an absorption coefficient increasing in direct proportion
with the frequency

z

S — 12
2vth (12)

wherev,,, is the phase velocityf or £) andQ is the frequency-independent (constant) quality

factor of rocks. This rock model is called the constant Q model. In the case of the Hooke body,
the / DPp F R Qavaveal@ there is no absorption. The constant Q model can be character-
LIHG E\ WKH FRPSOH[ /DPp FRQVWDQWYV

pi1r ,HOQ iH (13)

and the material equation is assumed in asihiRUP WR WKH +RRNHfF&R6G\V IRUF
are frequency frequency-independent) 2 ° PH “@& @G. The dissipative rock-physical
parameters can be defined by the following formulas

t¢( ).GH9( 9, (14)
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where Cis the loss angle (the angle between the stress and the deformakasa real value,

then there is no absorption in the body, if it is a complex value, then there is attenuation, and
weak attenuation at that, so the following dispersion equation can be obtained for transverse
waves

N

@ iH
k ——— (15)

Assuming weak attenuation (i.e. Im(k)<<Re(k)), one can approxirmateith the first two
terms of its Taylor series

i H Z
O (16)
A decaying wave has a complex transverse wave number
k b i*a (17)
wherely is the real part of the wavenumbaris the absorption factor
Zz
H E” z 1
a K E vLi oy (18)

2 2 2v,Q Q

The quality factor of the transverse waves is independent of the frqu@nc%_/, similar to
the phase velocity BZ E.

In the framework of the constant Q model, the equation of motion for longitudinal waves has
the form

w

ﬁﬁ ‘'02pP s: (19)
W
Searching for its monochromatic plane wave solution in the form of
5 5 €N (20)
the complex dispersion relation can be found as

K2 24 z 1
' Lo W2 @iN [, ORPF
02P

(21)

or assuming weak attenuation
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a 1 O PH Z
.1 —i—= " kK, = 22
i °i< 2 o2pPYy, ° (22)

A decaying wave has a complex longitudinal wave number
k b i*a (23)
whereb, is the real part of the wavenumbaris the absorption factor

Zl1 OH2 PH Z

== (24)
D2 02P 2v,Q
Thus, the quality factor for longitudinal waves can be obtained in the form
o2 P
_. 25
Q rary (25)

If we measure the phase velocities and the quality factor as a function of presWe (
EV, QA VY, QA V) the elastic and the dissipative parameters can also be calculated

C(PY UEWR, () O (LY 2 (LEWY (26)
) 1 . (0)/2 PV) 2 PV) 27
M qav ¥ Tonsn oL @7

In the knowledge of Py and (O the pressure dependencetef Iy and m( lycan be
derived using equations (2) and (3), whikg¢ V¥ and G( Iy are given using equation (4).

3. MEASUREMENTS AND CALCULATIONS

A well-consolidated sandstone sample (Fig. 1a) with thanpeters shown in Table 1 was
used to measure the P- and S-wave velocities in tisenS8eacoustic Laboratory of the Depart-
ment of Geophysics at the University of Miskolc. The adowghveform was initially measured
in the unloaded state and then progressively (allowintpgation time of 300 s between meas-
urements) loaded in the automatically controlled loadiagné (Fig. 1b) up to a pressure of 82.2
MPa, recording P and S waves at each measured pressureloabadculate the spectral ratios
(Tura-9 X URP D Q G, 2B2B)Jthe\nieasurement was also performed on an aluminium sam-
ple of the same geometry7 RNV |] HW .Dl@ P wave velocity . of the sandstone varied
between 4477 and 4773 m/$i . P ,¥nd the S wave velocity between 2682 and 2880
PV 0 PV vaidHranged from 1.65 to 1.67. From the wave velocity data, we
derived dynamic mechanical properties, incigdi /DP H YV F R.DQ§ Wda§tuivodulus
(E), bulk modulus (K), and Poisson's ratio, and determinegréssure dependences of these
values (Fig. 2). The results of our calculations are summariZEable 2.
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Figure 1 o
(a) The rock sample, (b) the loading frame system

Table 1
The parameters of the sample and the required formulae

Parameters of the sandstone . .
Equations of the calculations
sample

diameter 3.5¢cm 1P 2 m
length 5.265 cm 1P I 2 2 | (Poisson numbe

i E (N/m2
Welg,ht 131.059 ( ) Poisson's ratio 1/m
density 2.588 g/cm3 | K (N/m2)

Because of the lack of transverse waves quality factor data measured on our sample, to prove
the applicability of the presented models, laboratory-measured data published in the literature

were processed. Acoustic velocity and quality factor datasé®), £V, QA W, QA VY

) of a coal sample (Coal Nr. 16) were measured by Yu et al. (1993). The authors applied the
pulse transmission technique to measure the P and S wave velocities and the spectral ratio tech-
QLTXH 7RNYJ79)HWAs 3€d to determine quality factors. The data were inverted uti-

lizing joint inversion processing. The inverse problem was significantly overdetermined; hence

the inversion procedure was numerically stable and could be handled by a linear inversion tech-
nigue. With the estimated parameters the velocities and quality factors can be determined at
any pressure through the developed model equations. Figure 3 represents the results, the calcu-
ODWHG /DPp FRHIILFLHQWY DQG OBYVMIEPYPIJOHY DUH SURGXF

Table 2
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The pressure dependent elastic parameters

P(r;?;)re r ~ulde t ~ylee .. ~Elufe o ~ El(Nim2) K (N/m2) T]ﬁiqogzsr;m Poisson's ratio
0.26 4477 2682 | 1861580491p 146410432P8  45427058B72 27¥HI® 4.5430 0.22012
1.04 4494 2695 | 1879670870p 14673923768 45834118p84 2WBAWIL 4.5619 0.21921
3.12 4556 2735 | 1935882230p 15001823368 47169686962 2TBEHIL 4.5809 0.21830
5.2 4575 2755 | 19642984700 14882488100 47753238994 2797 4.6397 0.21553
7.279 4590 2768 | 1982880051p 148666417f6 4815403918 ZBOBHL7 4.6676 0.21424
9.359 4606 2779 | 1998671250 149316057p2 48520048P88  ZHIGG7 4.6771 0.21381

11.439 4620 2788 | 2011637907p 150065490p6 48827640832 72HBUA37 4.6810 0.21363

13.519 4632 2795 | 20217520700 15091595912 49076284p86 IBEMD45 4.6793 0.21371

15.599 4640 2799 | 20275429788  151677452p4  49227637B54  JEHEBI16 4.6735 0.21397

17.678 4649 2804 | 2034793260B 15239098972 4940926830 4BEEB77 4.6705 0.21411

19.758 4657 2810 | 2043510680p 15257422012 49605572174 (HEHEHAS 4.6787 0.21373

21.838 4668 2815 | 2050789430p 15377311112 49803707B89 9IBMBA5 4.6673 0.21426

23.918 4675 2821 | 20595410108 153715372B4  49992877Dp30 IBIIH89 4.6797 0.21369

25.998 4683 2826 | 20668482288 154191409p6 50167976[/93 P48 4.6809 0.21363

28.077 4689 2829 | 2071238770B 15476858532 50282729B56 SR04 4.6766 0.21383

30.157 4693 2833 | 2077100073p 15456754908 50404053B41 AURRY69 4.6876 0.21333

32.237 4695 2837 | 2082969657P  153879555p6 50509399B22 ABPO37 4.7073 0.21244

34.317 4699 2841 | 20888475228 15367644982 50630812D68 ZBD84 4.7185 0.21193

36.397 4702 2844 | 20932613568 1535235766 50721923¢17 72BRB28 4.7270 0.21155

38.477 4706 2846 | 20962065008 153908463p2 50798905B69 SBEERB57 4.7240 0.21169

40.556 4709 2848 | 2099153715p  154050001p4 50867837P83 EEER25 4.7253 0.21163

42.636 4713 2851 | 21035784188 154140425p6 50967261p01 7BBEF21 4.7294 0.21144

44,716 4717 2854 | 2108007780 154230747(l6 51066773D61 GMIBEO21 4.7336 0.21126

46.796 4719 2855 | 2109485270p 154423656p8 51105393[119 SBIEHIBOL 47321 0.21132

48.876 4722 2856 | 21109632768 154861054p6 51152163601 PIEID68 4.7263 0.21158

50.955 4726 2857 | 2112441801p 155543406p4 51207056[148 7Z8ED05 4.7162 0.21203

53.035 4728 2859 | 21154004028 15544102586 51268143p63 GBS 4.7218 0.21178

55.115 4730 2860 [ 2116880480p 155634556P0 51306830389 SHEY/L33 4.7203 0.21185

57.195 4735 2863 | 2121323817p 155970659p6 51414836p07 PPHF37 4.7202 0.21186

59.275 4740 2864 | 21228059648 156900295p4 51477953p74 ZOHBP69 4.7059 0.21250

61.354 4746 2866 | 21257718128 157780111p2 51571677B96 9IBFRBP37 4.6946 0.21301

63.434 4749 2869 | 21302244668 157626772p2 51663739701 49G8H697 4.7029 0.21264

65.514 4751 2871 | 2133195490B 15752428772 51725139D16 JKBP044 4.7084 0.21239

67.594 4754 2873 | 2136168585p 157667637p4 51794708D29 7BBIBOS 4.7097 0.21233

69.674 4758 2875 | 2139143750p 158057286B2 5187247275 GHEED65 4.7068 0.21246

71.754 4761 2877 | 2142120985p 158200894¢14 5194214110 (HEAD12 4.7081 0.21240

73.833 4765 2878 | 2143610379p 15888914716 51997358051 GBEOG77 4.6982 0.21285

75.913 4768 2879 | 2145100290B 159331306P6 52044430688 JEEBO1 4.6926 0.21310

80.073 4772 2879.5| 21458454407 16016985778 5208824289 32222049 4.6795 0.21370

82.153 4773 | 2880.19F 21468843010 16020911032 52112204030333473039 4.6801 0.21367
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The stress dependence of the elastic parameters
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lated data produced by models, asterigkeeasured data). Data were obtained by Yu et al.

As can be seen, the quality factor values similarly to the seismic velocities increase with
increasing pressure. The rate of increase is high at low pressures and levels off at higher pres-
sures. The calculated curves are in good accordance with the measured data. In the case of
quality factors, the fitting errors are higher than those at the velocities which can be explained
by the difficulty of quality factor measurements. Even so, the noise in data space is small-scale,
which confirms the accuracy of the inversion results and the feasibility of the petrophysical
models suggested by Somogyi et al. (2015) to explain the exponential relationship between the

(1993).

20 30 40
Pressure [MPa]

P and S wave velocities/quality factors and rock pressure.
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4. CONCLUSIONS

In this paper, the pressure dependence of elasticity parameters was presented. The basic idea
follows the analogy of the previously introduced and successfully applied velocity model,
namely that the increasing pressure closes the microcracks and results in the closure of pore
volume, which allows the waves to travel faster through the rock. Moduli of elasticity can be
used to characterize the stress-strain relationship. From the acoustic propagation velocities can
be calculated these moduli, for their calculation, the velocities measured in the unloaded state
are most often used. But we must also consider the velocity changes due to the pressure in-
crease, and with this, we were also able to determine the pressure dependences of the elastic
moduli using the model equations developed by Somogyi et al. (2015). Because of the difficul-
ties in calculating Q the applicability of our theory has been demonstrated with laboratory
measurements published in the literature and the data were inverted using joint inversion pro-
cessing. With the estimated parameters the velocities and quality factor can be determined at
any pressure utilizing the model equations developed by Somogyi et al. (2015).
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PETROPHYSICAL MODELING AND ROCK PHYSICS ANALYSIS OF
MIOCENE LIMESTONE IN THE NEW EL-ALAMEIN CITY, EGYPT
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Abstract: El-Alamein area lies in the Northern portion of the Western Desert, about 100 km
west of Alexandria city. The New El-Alamein city is considered as an important new urban
extension of the Northwestern part of Egypt. In the present work, thirty-two rock samples were
collected from some shallow boreholes, representing a great part of the Marmarica Formation
(Miocene). These samples were subjected to numerous laboratory measurements and dynamic
mechanical properties. The sedimentological features of the Miocene limestone rocks were in-
vestigated using several thin sections to detect petrographic features and diagenesis. The corre-
lation between the different petrophysical parameters and the concluded sedimentological dis-
crimination were used to construct multi-regression models to predict the different petrophysi-
cal parameters with high coefficient of determinatidridibe applicable and useful.

Keywords New El-Alamein City, North Coast, Marmarica Formation, Miocene limestone
rocks, rock physics modeling.

1. INTRODUCTION

7KH VWXG\ DUHD OLHV LQ WKH 1RUWKHUQ SDUW RI WKH :H

f 1 IRUWK DQG /RQJLWXGHV f 9 DQG f 1 (DVvw W LV
arid climate and contains many typical desert morphologies (Parsons and Abrahams, 2009). It
is covered by sedimentary rocks having been formed during Tertiary and Quarterly geologic
ages (Selim, 1971). According to (Saad et al., 2017), these Quaternary deposits are unconform-
ably overlying Middle Miocene deposits (Marmarica Formation) that were underlain by the
Moghra Formation of the Lower Miocene. The study area is located on an unstable-shelf, where
the structure is primarily controlled by Northwest-oriented faults and East-West faults and folds
associated with the Syrian Arc system in Northern Egypt (Parson, 2010).

The stratigraphic sequence (Fig. 1) occurring in the study area ranges from the early Miocene
to the Pleistocene. The Southern sector bordering El Qattara Depression is characterized by a
clastic sequence of early Miocene age, alternating sandstones, marlstones, and limestone rocks
(El-Barkooky et al., 2009).

It is important to examine the physical properties of the bedrock in the study area for Urban
purposes due to its significance being a great touristic interest. The present work aims to in-
vestigate the relationships between different elastic moduli and petrophysical properties such
as density, porosity, and permeability to make a correlation between the different petrophysical
parameters and the concluded sedimentological discrimination were used to construct multi-
regression models to predict the different petrophysical parameters with high coefficient of de-
termination R to be applicable and useful.
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Figure 1.
Generalized stratigraphic column of the North-Western Desert (Schlumberger, 1984)

2. MATERIALS AND METHODS

2.1.Petrography

Detailed petrographic investigations were undertaken on ten of the Middle Miocene car-
bonate samples. These rock samples represent a great part of the Marmarica Formation. Thin
sections were prepared and investigated under the polarizing microscope (Plate 1a and 1b).
They revealed some diagenetic features such as dissolution, recrystallization, micritization, and
formation of gypsum veinlets. These diagenetic processes affect porosity and permeability.
Some of these samples are shown in Fig. 2.
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Plate 1a
Plate 1b
Figure 2.
Platela-% LRPLFULWH PLFURIDFLHV \-PPBllgoricrb-BparaitePmicrGODWH E
IDFLHY VFDOH FP P

Some samples have low porosity and permeability due to pore filling, lining and cementation
(see Plate l1a in Fig. 2), but many samples have high porosity and permeability because of the
dissolution and crystallization processes (see Plate 1b in Fig. 2). Density, porosity, permeabil-
ity, and acoustic properties (velocity and dynamic mechanical properties) have been measured
(El Sayed, 2011).

3. RESULTS AND DISCUSSION
3.1. Storage and fluid flow capacity

Thirty-two core samples were prepared (cutting, cleaning, and drying - according to API,
Specifications, 1952) and they were subjected to numerous laboratory measurements such as
density, porosity, and permeability using methods adopted by (El Sayed, 1981).

3.1.1. Relation between bulk density and porosity

The relationship between bulk density and porosity for the study samples in (Fig. 3) shows
a close inverse relationship with a high coefficient of determinatiér (R85), thus porosity
can be predicted from bulk density using the regression equation shown on the cross-plot.
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Figure 3.
Porosity (%) versus bulk density (gfm

3.1.2. Permeability versus porosity relationship

High rock porosity does not guarantee that a significant permeability exists and vice versa.
Figure 4 shows the relationship between permeability and porosity of studied samples and the
relation shows two rock populations each of which has an average permeability; the wake stone-
mudstone has an average permeability of K_av.=0.025 mD, and moldic grain-stone of K_av. =
592 mD.

Figure 4.
The relationship between porosity and permeability

3.1.3. Pore radius (R35 and R36)

It is a fact that rock types with the highest value of pore throat size have high rock quality to
transmit the fluids. Figure 5 shows the porosity and permeability relationship with the Z-axis
Winland R35. This study classified hydraulic flow units (HFUs) based on R35 and FZI values.
The three hydraulic flow units (HFU1, HFU2, HFU3) have been distinguished by comparable
average values of R35 and the FZI values. The mega porous unit represents the HFU 5 (about
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12 samples of study samples), with high porosity and permeability values and with an average

value of R35 = 31.8. The microporous unit represents the HFU 4 (about 25 samples) and with

an average value of R35 = 15.3. The HFU3 is represented by mesoporous flow units (about 7
samples) and with an average value of R35 = 3.2. The HFU 2 is represented by mesoporous to
microporous flow units (about 4 samples).

Figure 5.
Porosity permeability relationship of all the studied samples with R35 (Winland) lines

R36 (El Sayed and El Sayed, 2021) measurements of the studied samples showed that the
pore aperture size (r36) of the Middle Miocene rocks of the Marmarica Formation varied from
0.001 to 19.6 micrometer, with a mean of 4.4 micrometer and standard deviation of 5.5 mi-
crometer, variance of 30.5 micrometer, and a median of 1.3 micrometer.

3.2.Acoustic properties of the studied samples
3.2.1. Relationship between acoustic wave velocities and bulk density

The acoustic wave velocities (for the primary wavweavid the shear wavesand bulk
density (g/cr) relation for the studied samples are shown in Fig. 6. Velocities \4 show
a direct relationship with the bulk density where it converges with decreasing bulk density, as
indicated by determination coefficient of 0.99 fagrahnd 0.92 for V.
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Figure 6.
The relationship between bulk density and Vp -Vs
3.2.2. Relationship between acoustic wave velocities and porosity

The relations between the acoustic velocitiesghd \&) with porosity for the studied sam-
ples are shown in Fig. 7. Velocities ®¥nd \& show an inverse relationship with the porosity,
as indicated by coefficient of determinatiof=B.72 for \{, and 0.62 for V.

Figure 7.
The relationship between porosity and acoustic velocities (Vp and Vs)

3.2.3. GHODWLRQVKLS EHWZHH QcelRitk @lofitieP RGXOXV DQG

The calculated coefficient of determination foggdhd v YHU V XV «RAQSI(EV
were 0.96 and 0.9, respectively, as seen in Fig. 8.
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Figure 8.
7KH UHODWLRQV K LiSodulsaddbEoQstic ReXoQtkeFENd )
3.3.Rock physics modelling

Petrophysical modeling is usually performed to facilitate the estimation of an important res-
ervoir parameter difficult to measure or estimate in either laboratory or by field measurement,
from other conventional or directly measurable reservoir parameters.

3.3.1. Porosity modeling

,Q WKH SUHVHQW VWXG\ WKH SUHGLFWLRQ RI IRUPDWLR!

process. The multi-regression analysis technique has been used for performing the porosity
model by using SPSS software. The prediction of the porosity of Miocene limestone rock sam-
ples has been carried out where the selected independent variables were

I %XON GHQVLW\ Rlinye¢o®). GU\ URFN !

¥ Compressional wave velocity {vh m/s).

T Shear wave velocity (Mn m/s).

The calculated multi-regression equation for the Miocene carbonate rocks is characterized
by high coefficient of determination R 0.824) which seems to be reliable for predicting the
porosity from the above-listed parameters. The calculated multi-regression equation is

‘' .536.625% b £0.074\p +0.004\ (1)

Figure 9 shows a very close relation between measured porosity (on the x-axis) and the cal-
culated porosity (on the y-axis) from the equation with a high coefficient.
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Figure 9.
The relationship between actual porosity and predicted porosity

3.3.2. Compressional wave velocity modeling

The model of prediction of the compressional wave velocipyirf\/s) of the rock samples
has been carried out where the selected independent variables were
t %XON GHQVLW\ Rlnweédf. GU\ URFN !
f 3RURVLW\ “ LQ
t Shear wave velocity (Mn m/s).
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Figure 10.
The relationship between calculated Vp and predicted Vp.

The calculated multi-regression equation for samples is characterized by the high correlation
(R?= 0.998) which seems to be reliable for predicting the dependent variable compressional
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wave (\p) from the above-listed reservoir parameters. The calculated multi-regression equation
is
Vp=- bk “0.021\% 2

Figure 10 shows a very strong relation between the measyi@ii\the calculatedp\rom
equation (2) with a high coefficient of determination.

3.3.3. Shear wave velocity modeling

The model of prediction of the shear wave velocity (Vs in m/s) of the rock samples has been
carried out where the selected independent variables were:

t BXON GHQVLW\ RI iWgtcR?) GU\ URFN IE

¥ 3RURVLV).

¥ Compressional wave velocity (Vp in m/s0.
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Figure 11.
The relationship between calculated Vs and predicted Vs

The calculated multi-regression equation for samples is characterized by the high coefficient
of determination (R=0.92) which seems to be reliable for predicting the dependent variable
shear wave (¥in m/s) from the above-listed reservoir parameters. The calculated multi-regres-
sion equation is

Vs=' b!i ‘ [9 (3)

Figure 11 shows a very good agreement between measuget\the calculated s\from
equation (3) with a high coefficient of determination.

3.3.4. Permeability modeling

In the present study, the outline and prediction of the gas permeability of the Miocene car-
bonate rocks are considered essential in groundwater and oil exploration. The model of predic-
tion of gas permeability (k in mD) of the rock samples have been carried out where tteglselec
independent variables were
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I %XON GHQVLW\ Rlinye¢a®). GU\ URFN !

¥ Compressional wave velocity {vh m/s).

T Shear wave velocity (Mn m/s).

¥ SRURVLW\ * LQ

The calculated multi-regression equation for samples is characterized by a low coefficient
of determination (R= 0.326) because of the high variation in permeability values for rock
samples in addition to there are three hydraulic flow units (HFU) each one of them has its
characteristics that effect on permeability, so the multi-regression equation for samples seems
to be not reliable to predict the permeability from the above-listed reservoir parameters. The
calculated multi-regression equation is

k= #+2.0114+0.273\ =+ ‘ (4)

3.3.5. Resistivity modeling

The resistivity model for the rock samples has been constructed where the selected inde-
pendent variables were

+ BXON GHQVLW\ R}Limgkif).GU\ URFN !

f 3RURV DLW

¥ Compressional wave velocity {vh m/s).

¥ Shear wave velocity Mn m/s).

The calculated multi-regression equation for samples is characterized by a medium coeffi-
cient of determination (R0.583) which can be used for predicting the dependent variable re-
sistivity (R in ohmm) from the above-listed parameters with risk. This is maybe due to these
samples having four electric flow Units (EFU) each one of them has its characteristics that
affect resistivity, so the multi-regression equation for samples seems to be not reliable to predict
the dependent variable permeability from the above-listed reservoir parameters. The calculated
multi-regression equation is

5 b+ 135.251\)-48.668\ ‘ (5)

4. CONCLUSIONS

Based on the conducted research, we can can make the following comments and draw the fol-
lowing conclusions:

x Some samples have low porosity and permeability due to the filling of pore spaces by
algae and gypsum, but most samples have high porosity and permeability because of
the dissolution process.

x The middle Miocene limestone rock samples reflect good storage and flow capacity
properties.

X Three hydraulic flow units (HFUSs) in the study samples were derived and identified
using FZI and R35 values.

X The study samples varied from nano- to mega-porous units.

x The compressional and shear waves have a direct relationship with the bulk density of
rocks, which is based on porosity and diagenesis.

X The petrophysical parameters can be modelled by empirical equations with high corre-
lation coefficients between the studied variables.
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Abstract: The growing demand for clean and sustainable energy sources has prompted the in-
vestigation of numerous renewable and ecologically friendly options. Among these, geothermal
energy is particularly noteworthy because of its widespread availability, compact size, and con-
sistent, weather-independent power production. A geothermal play fairway analysis (GPFA)

modelisFUHDWHG IRU WKH VWXG\ DUHD ZKLFK LV ORFDWHG L

The GPFA model approach in the current study is the first model developed in Hungary to
achieve three main goals. firstly, to quantitively assess the geothermal potential, secondly, to
identify the most favorable areas for geothermal exploration and development, and thirdly, to
evaluate the corresponding risk levels in the study area. The study focuses on identifying and
assessing three main risk components associated with exploitable geothermal systems in the
study area. The risk parameters consist of the heat source, reservoir fracture permeability, and
seal capacity. Advanced 3D seismic interpretation, Geographic Information System (GIS) are
used to evaluate the study area subsurface structural and geothermal settings. Two phases of
seismic interpretation are used; conventional interpretation phase focused on conventional seis-
mic data interpretation and advanced attribute generation phase where various seismic attribute
cube volumes, are generated. Common Risk Segment Maps (CRS) for each risk parameter are
created by combining data from all the elements contributing to that risk using GIS toolbox.
The resulted CRS maps of the study area three risk parameters are summed to produce a Com-
posite Common Risk Segment Map (CCRS) map. Based on the constructed CCRS map and the
developed GPFA model, the study area holds valuable untapped geothermal potential, poses
varying risk levels associated with geothermal exploration and development. The amount of
risk resulted from the three risk components are not equal, and the reservoir fracture permea-
bility is the main risk factor. The GPFA model is successfully narrowed down an expansive
exploration area of around 350 ko just 4 highly promising targets with high geothermal
favorability and low risk as future drilling targets. The findings of this study have made im-
portant contributions to the field of geothermal exploration methodologies and offer valuable
insights for making well-informed decisions about sustainable energy development in the study
area.

Keywords Geothermal Energy, Risk Assessment, Sustainable Energy, Pannonian basin.
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1. INTRODUCTION

Hungary's location in the Pannonian Basin offers a wealth of geothermal potential. The Mid-
dle Miocene (17.912.5 Ma) lithospheric extension in the Pannonian Basin has led to significant
heat flow density, causing the lithosphere to become thinner and the asthenosphere to rise (Roy-
den et al., 1983). The average heat flow density in Hungary is 90 fWith fluctuations
ranging from 30 mW/rmto 120 mW/m. The mean value of 90 mW#rexceeds the average of
65 mW/nt for continental heat flow density (Lenkey et al., 2021). The eastern and southern
parts of the country have high heat flow values due to buried basement highs, while the recharge
areas of karstic flow systems have low values. In the sedimentary basins, the thickness of the
Neogene and Quaternary sediments can reach 5-7 km. The heat flow in these areas is slightly
lower than the average value of 80-90 m\/fhese sedimentary basins are highly regarded
as the primary thermal water aquifers in Hungary, widely utilized for district heating and green-
house heating purposes. The buried basement highs have a significant heat flow and typically
exceed the average value (100-120 m¥y/making them attractive locations for geothermal
exploration applications (Lenkey et al., 2021). Geothermal energy is being extensively investi-
gated in Hungary as several authors have provided comprehensive insights into geothermal en-
ergy exploration, covering various aspects such as the history of geothermal energy in Hungary,
the current status of geothermal energy production and utilization, an analysis of geothermal
conditions, risk management in geothermal projects, and updates on the country's geothermal
sector 1iGRU HW D @h, 2020; Ty ¢t al., 2021). Other authors have discussed the
geological and thermal assessment of known reservoirs or abandoned oil wells, such as the
works by (Budai et al., 2024; MasriandD N i F V 6] & F V. Bhgedddthe previous
literatures, it is clear that there exists notable gap research in the investigation and quantitative
evaluation in areas where there are no surface geothermal manifestations or any previous indi-
cations (referred to as blind geothermal systems) especially deep basement targets. Further-
more, it is imperative to precisely assess the risks associated with the exploration and develop-
ment of these systems. This gap will be bridged through the used methodology in this study.

Play Fairway Analysis (PFA) is an exploration approach that has been originated by experts
in the petroleum industry. This process entails the integration of regional or basin-scale data to
systematically identify promising patterns for exploration. Data is combined to pinpoint the
highest probability success of the plays. The approach provided by PFA is recognized for its
exceptional technical rigor, exceeding that of conventional exploration approaches. This ap-
proach allows for informed decision-making, even in scenarios with limited or insufficient data
(Fugelli and Olsen, 2005; Grant et al., 1996). PFA is widely recognized as a proven methodol-
ogy in the petroleum industry, while it is still gaining traction as an exploration technique in the
geothermal industry. The geothermal industry has made significant progress, moving beyond
drilling conventional visible geothermal systems towards currently exploring blind systems
within known or inferred geothermal trends. Nevertheless, PFA has not been widely embraced
by the geothermal industry.

The study is focused on identifying and assessing three critical risk parameters for exploita-
ble geothermal systems in the study area: heat source, reservoir fracture permeability, and seal.
The heat source is a crucial factor that must be carefully assessed and evaluated, as it is essential
for the proper functioning of a geothermal system. The reservoir fracture permeability serves
as the conduits that allow fluids to flow, carrying heat to the surface. The seal effectively insu-
lates the reservoirs, ensuring that no venting occurs to the surface. The seal poses a significant
risk in the Pannonian basin due to the vertical connection of the Upper Pannonian aquifer sys-
tem through semipermeable layers. The pumping tests indicate a hydraulic connection between
the shallower cold-water aquifers and the deeper thermal aquifers (SzanyRandr V
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The compilation for heat source includes data such as heat flow maps and estimates of reservoir
temperature. The fracture reservoir permeability is determined by 3D seismic attribute analysis,
inversion results, and published fault maps. Data for the seal includes the spatial coverage and
vertical thickness of the impermeable upper basement marl deposits. Common Risk Segment
(CRS) maps for each risk parameter are created by combining data from all the elements con-
tributing to that source of risk parameter. The maps generated from these three components are
utilized to create the ultimate predictive CCRS map which represents the GPFA model of the
study area. Using geothermal PFA approach, our primary focus is on minimizing risk in explo-
ration and directing our efforts toward areas with a higher likelihood of success.

2. MATERIALS AND METHODS
2.1 Site description

The study area is located between longitude 21.22E and latitude 46.3N on the southeastern
part of Hungary in the Pannonian Basin which is a young sedimentary basin formed since the
Mid Miocene to Quaternary. Specifically, on the BattorxV]WDI|OGYiU 5LGJH EHW
ODNy DQG %pNpVi&DVLQV )LJ

2.2 Geological overview

The crystalline rocks in the study area are classified under the Battonya unit, which falls
ZLWKLQ WKH %pNpVL 7THUUDQH 7KH JUDQLWRLG URFNV KD
Earth's crust and mantle (Buda et al., 2005; Finger et al., 1997). They are situated along the
central axis of the Battony®8 XV]WDI|OGYiU KLJK DQG DUH VXUURXQGHG
tite and crystalline schist on the northeast and southwest sides (Ha8gpdng +DDV HW
al., 2014) (Fig. 1b). Generally, above the basement uplifts, in the innermost part of the basin, a
starving basin developed with condensed sedimentary sequences (limestone, marl, clay marl).

,Q WKHVH EDVLQV WKHVH IRUPDWLRQV FRQVWdnioXishiH WKH |
base. This formation is formed under extremely variable water depth conditio8Q15),
with a thickness of 2800 m on the ridge but reaching up to 700 meters towards the basins. Its
sequence typically begins with sporadic deposition of limestone and marl layers, each about
40+ PHWHUV WKLFN 7yWNRPOyV OHPEHU JUD adterO O\ WU
KHPLSHODJLF FOD\ PDUO 1DJ\N|Ue OHPEHU 7KH (QGU G 0
all wells proposed for concession and is the main seal for the geothermal system in the study
area +DDV HW DO .RYiFV HW DO

2.3 Hydrological settings

The Pannonian basin is dominated by two distinct fluid flow regimes. The first is an upper
flow system that is driven by gravity. The second is a deeper system that is driven by pressure,
specifically overpressure. This deeper system is found in the fine grain deep-sea deposits and
deeper formations (SzanyiandR YiFV . The Pannonian basin has porous formations that
hold water at temperatures ranging from130-z& DV D UHVXOW RI WKH KLJK JH
In certain cases, deep aquifers that are made up of karstified and fractured carbonated and met-
amorphic basem®@W FDQ HYHQ UHDFK WHPSHUDWXUHYV DV KLJK DV
ideal environment for the development of medium- and high-energy geothermal systems (Sza-
nyiand .RYiFV . In a study conducted by Szanyi an® Y i H2010), the geothermal
resources of Hungary are assessed. The study showed that the amount of stored heat increases
as the depth increases. The measured quantity of stored heat is determined to be around 100,000
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exajoules. The majority of the heat is contained within the rock matrix, while a small portion,
approximately 5%, is stored in the pore waters.

Variscan crvstalline rocks

(a) Lower Triassic fluvial facies
Rhvolite

(b)
Figure 1.
a) Geographical location of the investigated region, b) geological map of the Pre-Tertiary
basement map (Haas et al., 2014)

2.4 Three-dimensional seismic model

The 3D seismic and well data play a crucial role in assessing the adopted three geothermal
risk sources parameters: heat source, reservoir fracture permeability, and seal in the study area.
This study utilizes a high-resolution 3D post-stack seismic dataset acquired in 2006 and pro-
cessed in 2007. This data offers detailed insights into the subsurface geology of the study area.
The seismic data interpretation process involved two key phases:

a) Conventional Interpretation: this initial phase focuses on identifying major faults and the
top boundaries of the seal and pre-Tertiary basement.

b) Attribute Generation: this advanced phase involved applying various seismic attribute tech-
niques such as frequency filtering attributes, structural attributes, and colored inversion.

It is necessary to establish a consistent set of terms when referring to the different GIS layers
as data are processed in the creation of the CRS maps. The following terms are applicable to all
data types and facilitate communication among different domain experts. In this study, we uti-
lized the terminology established by (Shervais et al., 2024). The layers are defined as follows:
1) raw data layers, 2) evidence layers, 3) CRS maps, and 4) CCRS map. The primary interpre-
tation software packages utilized in this workflow are Petrel (Schlumberger, 2016) and QGIS
3.34.8. Petrel software is employed for both stratigraphic and structure interpretation, enabling
the generation of initial raw data layers. QGIS, also known as Quantum Geographic Information
System, is a freely available open-source software that enables users to perform various tasks
related to geospatial information. QGIS is utilized to merge data layers obtained from petrel
software and other publicly available published data sources. The purpose of this merging pro-
cess is to generate a set of evidence layers that can be further analyzed at later stages. Various
processing techniques are employed to handle different types of data. To generate a CRS map,
the evidence maps of the various elements are assigned weights in proportion to their respective
influences, and then these weighted maps are merged together. The normalized CRS for each
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risk component (heat source, reservoir fracture permeability, and seal) will be assigned weights
and then combined to calculate the final CCRS. In this study, a knowledge-driven approach is
employed to determine the values of weights based on expert opinion. The CCRS will be further
normalized to provide the final favorability geothermal map of the study area. The CCRS map
delineates multiple high-priority objectives for a forthcoming, concentrated investigation. Fig-

ure 2 displays the comprehensive sequence of steps for this technique in the form of flowchart.

3D Seismic Data Well Data

Seismic to well |«

v

Seismic Interpretation

v

A 4

Temperature Modelling

l ¢ l \ 4 J'
Seismic Attributes Conventional Interpretation Heat Flow Reservoir
Density Map Temperature
A ] l \ 4 \ 4

Variance || Ant Tracking
Attributes Attribute

!

Colored Seal Map Seal Thickness
Inversion i ¢

Stress state Analysis

* *

QGIS Toolbox

Reservoir CRS Map Seal CRS Map Heat CRS Map

v

v

Z™N D %o

Figure 2
The workflow for evaluating geothermal potential and creation of risk maps

3. RESULTS

In this study, the PFA approach is performed to construct a geothermal play fairway model
for the study area. The purpose is to identify the most favorable prospects and mitigate the risks
and expenses associated with geothermal development. This study aimed to assess three essen-
tial resource components in the study area as the main risk components for geothermal explo-
ration and development in this play type: heat source, cap or seal, and reservoir fracture perme-
ability. CRS maps for each component are generated by aggregating data from all the constitu-
ent items that contribute to that particular component. The CRS maps of the three risk



M.A. Elbalawy et. al

components in the study area exhibit varying degrees of risk and favorability. The weighted
CRS maps are summed to produce the final CCRS favorability map for geothermal exploration
in the study area.

3.1 Heat Source

The CRS map for the heat source is generated by merging data that represents the heat flow
in the study area with the estimated temperature of the reservoir (Fig. 3). The heat flow distri-
bution map displays a range of high heat flow values, ranging from 90 to 105 mWese
values exhibit a gradual increase from west to east across the study area. The estimated reservoir
temperature in the study area is high and exhibits a continuous increase with depth, as deter-
mined by the measured geothermal gradient.

(@) (b)
YLIXUH
D +HDW IORZ GLVWULEXWLRQ E QMWHIRIS F/WDVEGX LDHU A R QW@ RRCUP P
PHQW FDOFXODWHG IURP JHRWKHUPDO JUDGLHQW YD

The CRS map of the heat source component, as shown in Fig. 6a, exhibits high favorability
values. These values range from 0.7 at shallower depths to 1 at deeper parts of the investigated
target. Based on the analysis of the heat source CRS map, it can be determined that the heat
source in the study area shows promise and does not pose a significant risk for geothermal
exploration and development.

6HDO &RPSRQHQW

7KH &56 PDS IRU VHDO LV JHQHUDWHG E\ LQWHJUDWLQJ (
WKLFNQHVYV RI LPSHUPHDEOH XSSHU EDVHPHQW PDUO GHSF
JRUPDWLRQ LQ WKH VWXG\ DUHD KDV EHHQ GRFXPHQWHG W
GHWDLOHG VWXGLHV RI FRUH GHVFULSWLRQ UHSRUWYV 7KH
WKH VSDWLDO GLVWULEXWLRQ RI WKH VHDO OD\HU UHYHDO
)LJ D )LIJXUH E GLVSOD\V WKH WKLFNQHVYV GLVWULEXWL
LWV DELOLW\ WR IXQFWLRQ DV D WKHUPDO EODQNHW IRU W

7KH &56 PDS RI WKH VHDO FRPSRQHQW GHSLFWHG LQ )LJ
YDOXHV 7KH YDOXHV REVHUYHG DW YDULRXV SDUWYV RI WKI|
YDOXH RI LQGLFDWHY WKH SDUWV WKDW KDV ORZ YHUYV
IUDFWXUHG EDVHG RQ WKH VWUXFWXUDO DWWULEXWH DQD(
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Rl KLIK YHUWLFDO WKLFNQHVY DQG KDV DOPRVW QR IUDFW
&56 PDS LQGLFDWHY WKDW WKH VHDO VRXUFH LQ WKH VWX
LV QRW FRQVLGHUHG D QRWDEOH ULVN IRU JHRWKHUPDO H
KHDW VRXUFH FRPSRQHQW

(a) (b)
JLIXUH
D 7ZR ZD\ WUDYHO WLPH FRQ@WRXR PIDE] LVOKPIL Q9D 8 HEFIRQEU
VWXG\ DUHD DQG E YHUWLFDO WKLFNQHVV PDS LQ P

5HVHUY RL Weytadalbility X U H

7KH FUHDWLRQ RI WKH &56 PDS IRU UHVHUYRLU IUDFWXU
YDULRXV GDWD VRXUFHV 7KHVH VRXUFHV LQFOXGH PDSSHC
LQYHUVLRQ UHVXOWV 7KH ' VHLVPLF GDWD LV XVHG WR
GHPRQVWUDWHY WKH DELOLW\ WR SUHFLVHO\ LGHQWLI\ IDX
PD\ QRW EH GLVFHUQLEOH L QDWICH \RUR Q D@IDA & H UWWHFLVF VG D @M
RI KLJK IUDFWXUH GHQVLW)\ (Rasohket &, 20IGHCHEOPrY &hB M&Wt, WD U J |
2018) 7KHVH IUDFWXUHYV DUH D FRQVHTXHQFH RI GLIIHUHQW
VSHELILFDOO\ WKH PRYHPHQWY Rl &UHWDFHRXV WKUXVW V
WULEXWH IDFLOLWDWHY WKH LQWHUSUHWDWLRQ RI IDXOW\
DWWULEXWH DQG WKH SLENHG IDXOWV DQG IUDFWXUHV LQ
GDWD 7KH FRPSDULVRQ LV PDGH DORQJ DQ DUELWUDU\ OL(
DQW WUDENLQJ DWWULEXWH LV FDSDEOH RI DEFXUDWHO\ Gt
WKDW DUH QRW YLVLEOH LQ WKH UDZ VHLVPLF GDWD ,W DC
PHQW WDUJHW \HOORZ DUURZV ZKLFK DUH D UHVXOW RI
ODUO\ &UHWDFHRXV WKUXVW VKHHW PRYHPHQWY 7KH UHG
YHDOHG DIWHU DQW WUDENLQJ DWWULEXWH DQG \HOORZ D!
WDUJHW EDVHPHQW UHVHUYRLU 7KH FRORUHG LQYHUVLRQ
WLYH YDOXHV LQ WKH IUDFWXUHG EDVHPHQW WDUJHW 7k
EDVHPHQW KDYLQJ ORZ DFRXVWLF LPSHGDQFH YDOXHV 7K
SOR\HG LQ WKLV VWXG\ GXH WR WKH OLPLWHG DYDLODELOI
XWLOL]JHG LQ WKLV VWXG\ WR LGHQWLI\ IUDFWXUHG JRQHV
SHGDQFH YDOXHV LQGLFDWH D KLJKHU OLNHOLKRRG RI IUD
WR[KLELW UHODWLYHO\ KLIJIKHU LPSHGDQFH YDOXHV )LJXU
UHVXOWY FRPSDUHG WR VHLVPLF UDZ GDWD DQG DQW WUDF
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WKURXJK WKH DUHD RI LQWHUHVW 7KH FRORUHG LQYHUVL
IUDFWXUHG EDVHPHQW WDUJHW GXH WR ORZ DFRXVWLF LPS
DQJH DUURZV 7KH FRORUHG LQYHUVLRQ DWWULEXWH UHVX
KLIKO\ IUDFWXUHG ]RQHV LQWHUSUHWHG IURP DQW DWWUL

YLIXUH
7KH FRORUHG LQYHUVLRQ DWWULEXWH UHVXOW FRPSDUHG
XWH WKURXJK DQ DUELWUDU\ OLQH FXWWLQJ WKUR

7KH &56 PDS RI WKH UHVHUYRLU IUDFWXUH SHUPHDELOLW)
D GLVSHUVHG GLVWULEXWLRQ 7KH GLVWULEXWLRQ RI YDO?
RI UHJLRQV ZLWK KLJK IDYRUDELOLW\ YDOXHV DV ZHOO DV
LQ WKH UDQJH IURP WR UHSUHVHQW WKH H[WHQW RI IUD

LQGLFDWHYVY WKH FRPSOHWH DEVHQFH RI DQ\ IUDFWXUHG D
RlI KLJKO\ IUDFWXUHG DUHDV LQ VSHFLILF VHFWLRQV RI WK
UHVHUYRLU IUDFWXUH SHUPHDELOLW\ LQGLFDWHYV WKDW W
DUHD LV D VLIJQLILFDQW ULVN IDFWRU IRU JHRWKHUPDO H[S
WXUH SHUPHDELOLW\ LQ FRQWUDVW WR WKH VHDO DQG KH
GLVWULEXWLRQ DQG VKRZV FRQVLGHUDEOH YDULDWLRQ (C
GOLQJ RI WKLY FRPSRQHQW LV FUXFLDO LQ RUGHU WR HIIHF
PDS IRU UHVHUYRLU IUDFWXUH SHUPHDELOLW\ LV JLYHQ PF
VHDO &56 PDSV GXH WR LWV VLIQLILFDQW LPSRUWDQFH DC
7KLY PDS LV WKHQ FRPELQHG ZLWK WKH KHDW VRXUFH DQG
IDYRUDELOLW\ PDS RI WKH VWXG\ DUHD
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(a) (b)

()
JLIXUH
D 7KH KHDW VRXUFH &56 PDS FRPSRQHQW E WKH VHDO ¢

IUDFWXUH SHUPHDELOLW)\ &56 PDS FRPSRQHQ

&RPSRVLWH &RPPRQM&L VN 6HIJPHQW

7TKH ILQDO SURGXFW RI WKH 3)$ DSSURDFK LV WKH QRUPD
&&56PDS ZKLFK FRPELQHV WKH &56 PDSV IRU WKH UHVRXUF
WXUH SHUPHDELOLW\ DQG KHDW VRXUFH IRU WKH VWXG\ C
JHRWKHUPDO UHVRXUFH H[SORUDWLRQ DQG LGHQWLILHV ILC
&&56 IDYRUDELOLW\ PDS RI WKH VWXG\ DUHD GLVSOD\LQJ Y
WKH UDQJH IURP WR UHSUHVHQW WKH H[WHQW RI IDYRUL
R LQGLFDWHY PLVVLQJ RQH WZR RU DOO WKH WKUHH U
ORZ IDYRUDELOLW\ DUHDV ZKLOH D YDOXH RI LQGLFDWHYV
DQG SRVVHVV KLJK IDYRUDELOLW\ YDOXHYV ZLWK ORZ DVVRI
DELOLW\ PDS ZKLFK UHSUHVHQW WKH JHRWKHUPDO 3)$ PR
SURPLVLQJ IXWXUH WDUJHWYV | RUWHRWKHHLP DQIJH[EORUDWL
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(@) (b)
YLIXUH
D WKH &&56 IDYRUDELOLW\ PDS RI WKH VWXG\ DUHD E VI
IRU JHRWKHUPDO H[SORUDWLRQ

4. CONCLUSIONS

The application of the PFA approach, when utilized with GIS tools and advanced seismic
attribute analysis, has resulted in noteworthy discoveries in the study areAHdalN R Y i F
VKi]D UHJLRQ 7KH JHQHUDWLRQ RI &56 PDSV IRU HDFK FUL
area, including heat source, reservoir fracture permeability, and seal integrity, in addition to the
ultimate favorability CCRS map, offers a robust tool for the identification of promising geo-
thermal prospects.

The geothermal PFA model of study area has been constructed, and several inferences have
been derived from it, which are outlined below:

- The study area exhibits considerable potential as a source of clean energy for direct
use applications and electricity generation.

- The study area poses varying risk levels associated with geothermal exploration and
development.

- The successful process of conventional geothermal exploration and development in
the study area relies heavily on the presence of the three key resource components.
Lacking even one of them, the process would come to a halt.

- The weights of the three resource components are not equal as the fact that they do
not hold equal risk.

- The reservoir fracture permeability is the main risk factor, and it plays a crucial role
in determining the success of the geothermal exploration and development. Accu-
rately measuring and having confidence in this factor is of utmost importance.

- The study area exhibits substantial potential for the deployment of Enhanced Geo-
thermal Systems (EGS), particularly in areas where natural fracture components are
absent. This is due to the area's highly favorable conditions for heat source and seal
components.

The study finding is not only exciting from a resource exploration standpoint but also holds
immense practical value for sustainable energy development in Hungary. For future work, a
techno-economic model will be used to assess the practicality and financial considerations of
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drilling geothermal doublets and building a geothermal power plant. This analysis will provide
valuable information on the financial feasibility of geothermal energy projects in the region.

Overall, this study stands out for its innovative and thorough approach to geothermal explo-
ration risk assessment. The combination of advanced seismic attribute analysis and the PFA
framework offers a more comprehensive and data-driven methodology for identifying promis-
ing geothermal prospects. The study not only advances geothermal exploration methodologies
but also provides valuable insights for informed decision-making in sustainable energy devel-

RSPHQW QRW MXVW LQ WKH OH] HHRuf HungéiilD VW XG\ DUHD E X
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Abstract: Well logs are essential for evaluating subsurface reservoirs because they provide
continuous, in-situ measurements on rock and fluid properties, enabling accurate assessments
of lithology, porosity, and fluid saturation. Carbonate reservoirs are highly valuable for hydro-
carbon production but pose challenges due to their complex pore systems and heterogeneity.
This study used well logs data combined with petrographic data to evaluate the carbonate Ya-
mama reservoir in south of Iraq. The formation consists of porous, argillaceous, compacted
limestones with a few streaks of shales. The formation is divided into reservoir and non-reser-
voir units based on porosity, volume of shale and water saturation. The non-reservoir units
consist of mud-supported facies that deposited in middle-outer ramp. The reservoir units consist
of grain supported facies that deposited in the inner ramp, shoal area. The primary depositional
environment and diagenetic process are the main control on the evolution of the porosity in the
formation.

Keywords well log, carbonate reservoir, Yamama Formation, depositional environment

1. INTRODUCTION

Carbonate reservoirs are key contributors to global hydrocarbon reserves, particularly in re-
gions like the Middle East, where they account for a significant amount of oil and gas produc-
tion. These reservoirs present unique challenges for exploration and development due to their
complex pore systems, heterogeneity, and susceptibility to diagenetic processes such as cemen-
tation, dolomitization and dissolution, which can profoundly alter reservoir properties [1-3].
Accurate characterization of carbonate reservoirs is critical for effective resource estimation
and production optimization [4].

Well logs are essential tools that are widely used for subsurface reservoir evaluation, offering
continuous in situ measurements of various physical properties over long vertical sections. Well
logs such as natural gamma-ray, resistivity, bulk density, sonic, and neutron porosity logs are
utilized to assess lithology, porosity, and fluid saturation, providing essential insights into res-
ervoir quality and hydrocarbon reserves [5]. In carbonate rocks, well logs are particularly val-
uable for understanding the heterogeneity and vertical distribution of reservoir and non-reser-
VOir units.

This study aims to evaluate the Yamama Formation, a Lower Cretaceous carbonate reservoir
located in southern Iraq based on well logs. By interpreting natural gamma-ray, sonic, resistiv-
ity, bulk density, and neutron porosity logs, the study will assess the reservoir potential, delin-
eate key reservoir units, and explore the factors contributing to reservoir heterogeneity in this
region.
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2. THE AREA OF STUDY

The carbonate Yamama Formation was selected as a case study for this research. The age of
formation is early Cretaceous, and it extends in south of Iraq regions [6]. The Yamama For-
mation underlies the Ratawi Formation and overlies the Sulaiy Formation (Fig. 1).

3. MATERIALS AND METHODS

Well log data including sonic, bulk density, natural gantayg-resistivity, and neutron poros-
ity logs along with petrographic data from the Yamama Foomati south of Iraq used for this
study to evaluate the formation and divided it into reseestd non-reservoir units. Following
the approaches in Mohammed et al. [7] and Mohammed atetlite[6], the effective porosity,
sonic-derived porosity, volume of shale and water saturatere empirically calculated from
well logs. The formation is divided into reservoir and nasereoir units based on porosity, vol-
ume of shale and water saturation. Intervals with porosity <&dsidered non-reservoir, inter-
vals with porosity 5-10% are fair reservoir units, whileervals with porosity >10% are good
reservoir units. Thin sections were prepared and analyzed undptieal microscope to reveal
the micro controls on the formation.

Figure 1
Generalized stratigraphic column of south of Iraq [6]
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4. RESULTS AND DISCUSSION

The well logs interpretation revealed that the Yamama Formation mainly consists of porous
limestone, compacted limestone, argillaceous-marly limestone, and streaks of shale (Fig. 2).
The formation is divided into reservoir units (YRO, YRA, YRB, and YRC) that are separated

by non-reservoir units (YBO, YB1, YB2, and YB3). Those units recorded various thickness
within the formation.

Figure 2
Result of well logs interpretation of Yamama Formation
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The YRB is subdivided into YRB1 and YRB2. YEB2 recorded higher porosity values,
higher volume of shale and water saturation than YRB2 (Table 1). The Ratawi Formation that
overlies the Yamama Formation sealed the Yamama Formation. The YRA and YRC are the
best reservoir units within the area of study (Table 1). The overall porosity of the formation is
fair-good. RBO, YRB, and YRC showed higher porosity values that reached more than 25% at
some intervals. However, the overall porosity in the formation is around 5-10% (Fig. 2). The
reservoir units consist of porous and argillaceous limestone, while the non-reservoir units con-
sist of compacted and argillaceous limestones. The upper half of the formation showed better
porosity values but higher volume of shale than the lower half (Fig. 2). The latter is mainly
compacted limestone. Petrographic investigation on the thin sections under optical microscope
shows that the non-reservoir unit YBO consist of mud-wackestone facies with pore spaces that
filled with cement. The reservoir unit YRA consists of grain supported facies, mainly peloidal
packstone and grainstone (Fig. 3). The mud supported facies such as mudstone and wackstone
likely deposited in the middle and outer ramp. Whereas the grain supported facies were depos-
ited in the shoal area within a carbonate ramp. These grains supported facies cenpairt int
ticle porosity that exists between the grains, as well as vuggy and moldic porosity that were
formed by dissolution of the matrix and/or the bio-contents including foraminifera, echino-
derms, bivalves, and shell fragments. Therefore, the primary depositional environment and di-
agenetic process are the main controls on the evolution of the porosity in the Yamama For-
mation.

Table 1
Averaged petrophysical properties of Yamama Formation including effective porosity (PHIE),
sonic-derived porosity (PHIS), volume of shale (VSH), water saturation (SW), and thickness
of each unit

| Average Thick- .
Unit PHIE | PHIS | VSH | SW ness m Description
% % % %

YRO 26 7,2 8.9 50 5.8 Fair reservoir
YBO 3.5 5 16 57 50.3 Non-reservoir
YRA 17 20 8.1 | 17 13.8 Good reservoir
YB1 55 57 17 44 37.3 Non-reservoir
YRB1 7.5 10 10 41 34.13 Fair reservoir
YRB2 55 7.8 7 32 37.3 Poor reservoir
YB2 3.7 3.6 8 72 150.8 Non-reservoir
YRC 12 2.4 12 8 7 Good reservoit
YB3 4.3 3.1 18 43 14.9 Non-reservoir
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Figure 3

Core and micrographic photos of the reservoir and non-reservoir units in the Yamama For-
mation (a) and (b) micrographic photos show the cementation in the non-reservoir unit YBO,
(c) and (d) shows the interparticle and vuggy porosity in the reservoir unit YRA.

5. CONCLUSIONS

The carbonate Yamama formation evaluated based on well logs and petrographic data re-

vealed the porosity, volume of shale and water saturation in the formation.

x The formation consists of porous, compacted, and argillaceous limestones with streak of
shales.

X The formation is divided into reservoir units that are separated by non-reservoir units.
The reservoir units consist of porous and argillaceous limestones and are composed of
mainly grain supported facies such as peloidal packstone and grainstone. While the non-
reservoir units consist of compacted and argillaceous limestones and composed of mud-
supported facies such as mud-wackestone.

X The reservoir units deposited in the shoal area, within shallow inner ramp, while the non-
reservoir units deposited in the middle-outer ramp.

x Diagenetic processes such as cementation and dissolution have a clear impact on the po-
rosity of the formation. Cementation is common in the mud-supported facies and occludes
the vuggy and moldic porosity, while the dissolution has created secondary porosity such
as vuggy, moldic, intraparticle porosity, within the grain supported facies.
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Kivonat: $ % NN KHJ\Wo|JWWIQ NRUIEEL ismew bnivtiVAED R Fsite-L i
UsOHW $ KHO\V]tQHQ D N|]JHOP~O WREDUYD \*MNDHE\E W-UUHR WA THW |
D O D SHdarQilltve THEDQ JD]GDJ- WRPRRQV]R O L KiFOLDOMO B QW O HESN W
We@NIHOVIRQIWRLDL HOHP]pVHN DODSMiQ D EHJ\&Mwh WW PLC
114 ppmQHN DGYGRWW DAHWPHWQWHYXOiVW MHOHQW B IHOV |
KRPRNN|YHN W~OQ\RPyUpV]W NYDUFEyO iOOQDN MHOHQW \
OHQOpPWH -iU X OguiitRIVoxitIoK,iFBRINGIRN D N+O|QIpOH V]XOILGRN
ULWNDHIRG]llpRzRMtitpY D FLUNRQ $]-H\GYGRIWHNEHBU® QQHUL Wk
iOOy |VV]HRPMEHEDEO WLHUVXOW Ii]JLVW OHV]iPtWYD QHP VLNH!L
J\DNUDQ pS+<0O EH 8 $] 8 GNVXD iV R UIBI® & WX HisWerkaethe H W K H W
NIW G W HaeBNp QW

Kulcsszavak 8UIQ WHUPpVIRWUHPN IDARD K-HJOOPI %iQ

1. BEVEZETES

$] XUKQURP LIRWyYyS D HR B G XIHWEHQY>?Y, DPHO\E O D] HOV Nt
SULPRUGLIOLY UDGLRQXNOLG D KDUPBpIKONI QHGIEEHMH HOV E
VIHV XUiQ W|EEIWPFPszikiWRPOiIiVL VRUD NpW FWeheRWHWUD RV
KRVV]DEE IHOH]pVL LGHMBR SRQWHPWHN Ep @ DO @ yWHBWHHAEHEN IEH O Hi [ '
Ra-csoportra. A X Um&@ga nem gammaR U, @AirddiometrikusPHIJKDWIiUR]IFFDUWR Ui Q
JDPPDVXJiU]iV LIJD]iEyO D N+O|QE|] OHIQ\HOHGSHErdhgH J\+WWH
2000).

$] XUiQ MHOOHP] HQ pV YHI\pUpWNHW YHKHW IHO EV
IRUPIMIEDQ OHKHW PtJ D] XWyEEL HU VHQ $IRXU QW HOHYSHA
NLDODNXOiVD UHQGWHGOBKXQW tY RREQUHJWWEH NHU - 0OpMpYHO
komplexeiN |Q Q\HQ D G ViaRW|EKIYOH'G D QI'MIJRNp OV iV Y iQvasdki- ~J\PLQ\
dok / hidroxidok, ferrihidrit, kaolinit, muszkovit, kalcit, szmekpt8iO, polimorfok IHO*OHW p Q
$ IRO\DPDW W|EEHN N|]IWW pAJ D QRN IGNOWE XY $EpP®Y pVp W O
OH[NpS] LRQRNaMH®E WQI@PW WP DU KQ PW Y & ghiGeHal, \R010;
3D\QH pV :DLWH . <DQJ

$ OHFVHNL eUFEiIQ\iV]DWL 9i00DODW 0e9 pV N|TIW
YpJIHWW D %NNYHBOI\ERIREW iV OLQRINXWDWIiVVIRFRINEYO pV
iUNROIVRNEYO YHWWYRLQIWaNR®DPEMIMHEN] XUiQ | KRUGR]y
kasolit (Pb(UQ)(SiOs) *H20). HIURP iVYiIiQ\WiUVXOiVW N*O|QtWHWWHN HC
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kasolit tcerusszit +/- U-TIR[LGRN XU WNDIWRDOB~ FVLOOIPRN M]XOILGR
HSLIJp@QV¥JQ\RN N DV RroohitVjardsR; KBY\g&I&niv/(Ag-tartalommal), szfalerit +/-
Cu-V]XOILGRN SLULW KHPDWLW JRHWKLW $ G~VXOiV D UD
NRAEHIRIJDGY NHHWHKNOLY AMI/ODRREBUMIY I XO HIeW-DYDQ\~
UiOLV PDJMINOHQOp W.W IHOWPpWHOH]

$ 0eO9HV NXWBWIVUWRIN)GNtY O UpV]OHWHVHN YROWDN HOV
JLI\HOPHQ NtY«O KDJ\WiN D]JRQ N ]JHWW, HaviekhHFWVDLY WD O B YWN W i
fogva mutathnakW H U P p gt HHYRPIiOLIW LOOHWYH NHYpWNHNA\HOPHW
WpU Q\RPHOHPHdN YL]VJIIiODWi

A N|[JHOP~OWEDQ D WHU*OHWH@pUWYEE WMWY PPM]WWRN UPWP]
] HNEHQ HPLOQWRHIWNWWI FpryOWOD EwD . XWDWIiVXAGN\RIRFUN HPgB&@PpQ
modernebb,P HJEt] K DDVQYORELWLNDL PyGV]HU HaNINtMeCandRfOH/ JRD W\ i P D V

UR]iIVIUD PHQQ\LEHQ WpU HO D |HQ\DWQAN Q VM EHAMDW/AO HD TD |
PLOQWiNpWYyO

2. FOLDTANI FELEPITES

$ %eNN WHUsOHWPQ IHOV]tQUH -EXONNERQW MO HDWM X UNIRIU W HDU
3DUDDXWRFKWRQ UpWHJWDQL QDJ\HJ\VpJpW «OHGpNKp]DJJI
WRQ NLDORWOODAMMMOLNiV] LO O-HMYD NgWSMVRURNE DVONRWMi
OaVHJ\ SHUP NRU~ NpS] GPpQ\KH] hbz, @hhbR id/ORatkashyakiHOU PiF Ly
PRNN WDJR]DWiKRJ]N|GL GIN\R UDFPRQFLIiYDO WHOHS+O D NDUE

1 iEUD
$ YLIVIIOW WHU<OHW I|OGWDQL Wp N pSHHI \RIRQW i N XWYiRMW PI]
MHO|OpVpYHO

$ WDJR]DWEDQ HJ\DUiQW HO IRUGXO KRPRNN pV DOHXUR
GpVPQHN N|UQ\H]JHWH DULG V L(Xe33\eDal.R200%)8 KIDBWODW 9 LW A1
(2002) VIHULQW XUiQG~VXOiV RWW M|WW OpWUH BarkdRPRNN E|
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0iO\LQNDL )RUPiFLy-\MWRWMHIMJN WHOHS*«O QHP SHGLJ D IR
WHY DOpMKDRMMDOIUD $ YL]VJIOW WHU*OHW I|[OGWDQL W|
HI\NRUL NXWDWyl~UlVRabata®¢OpVpYHO D]

3. ALKALMAZOTT MODSZEREK

$ PHIJIHOHO PLQWIN NLYIiODV]WiViKRILD VNH]QRADHWRNIWMHW RN V'
NL D OLVNROFL (J\HWHP 1\HUVDQ\DIJNXWDWy )JOGWXGRPIQ\|
VIFLQWLOOiIFLYV GHWHNWRUIQDN VHJtWVpJpYHO $ P&V]HU
*WpVV]iP UHJLV]WUIOIVIiUD $KWRCH® pWDW H UWPHKBIvaIeBE SV NiO
X U-i@U) p ¥kvivalensWy UTR NRQFHQWUIFLYUD LUIQ\XOAzeRpUpVHNI
YLYDOHQV HEEHQ D] HVHWEHQ DaWhMRQHKOWL U KRR y\p D VP &N/ M/
HIJI\HQV~0O\ IHOWpWH O H hp%Bp, Yleh@ akPerTWOBRQ)\B @Rithretisztikus
KXOOiIPKRVV]RNRQ NVERFY]iWRNYY NREPBRWWI ELYMD DODSMIi

$ PLQWIiN-p¥W@NRPHOHPNpPPLDL |[VVIHWpWIERB$BHPYRARBWNR]
06 VHItWVpJpYHO D] $/6 ODERRYDWYLOWPTLL §WIN]WH i@OWDQL |
PHIJKDWiIiUR]IVARURQWUBDNFLY ;5 VHJtWVpJpYHO W|UWpQW
AdvanceP & VIHUW K DADIKY | @WK CMK- VX JiWkntec- KHO\]JHWpU]pNHO
WHNWRU SiUKX]DPRV Q\DOIiE JHRPHWULD $ NLpUWpPNHOpPV
'LIITUDF30XV (YD V]RIWY H Elekttbd-PN W I WHR@ GN VYU YHE®Wi O D W R N
JXA 8600 Superprobe elektroR-L N U RV ] N yEDX @étektor, SamX¥Y H ] p U OZ20\kV
J\RUVtWYIHV]«OWVpJ Q% PLQWDIUDP KDWIUR]JWXN PHJ HJ
WHOpW-GHOYHIUHUDPDYVB HNMWMVIHRP HWULD ('; pV NeO|QtWHWWeN
E|] iVYIiQ\RNDW YLVV]DV]yUW $ QIHMNRWDRNRMEYH NMHYQQ\RBI( pV N
YL]VJi(ZBi¥ AiocCamO5F NDPHUiIYDO HOOiIWRWW =HLVV ,PDJHU
PLNURV]NYSRWAK TV BP6OpWX@QAN YL]VIIODWRNRQ NtY«O D] |VV]F
kolci Egyetem1\HUV D Q\DJNXW D W y Q YOG MAX GERHPQQWL UW p Q W

4. ERDEMENYEK
41.5DGLRPHWULDYV PRLOpVBPIN&EMWpV

5DGLRPHWULDL PpUpVHNUH QU B4 N K H\d OV BUR Rig @\ H
[WIiEQIRD®D O MDP pMMWL KHO\WV]tQHN VRN HVHWEHEs MthA\EHHV W |
WiVRN PpJ IHOOHKHW Q\R$£2&ihtaB® DEJWHRHRGEP p Q \rkfdlom D] 8

pV SSRWDUMWDORP pV SSP 8| gdTH ¥ UMW p&rHPND J D V
MiUQDN HJ\sWae7 EiN|PWWVPiU PHJILJ\ Mag&HDW WN DSBHAXOR B ID W
QHP V]iOEDQ iOOy N ]JHWHQ KDQHP NRQ \lée WG uPrPHOO DN MQ
jelentkeztek (1946-0s pont, 1950-es pontP\HQ KHO\HNHQ PLQWDYpWHO W|U'
abba bekeveredett, legfeliebb cm-ebl« O | QW[ U PHOpPNGDUDERNEYO LV (J\ V]L
magas UDQRPIOLIW PXWDWy PpUpMLYSRROYWHWXiHWpEHIJQIpOH Wt
DOHXUROLW $ YiOWR]DWs YM REROFOERM W HIRWPIRNO KDWYy HJI\Pi)
VIRPV]pGVIiJIEW® RLQGNHWW E O W|UWpQW PLQWINYRBWHO 0
UpVL SROQWHRBALIHWWHQ DODFVRQ\ X tha@dd GhRatadna indiatFks-W D W  +
UeOW PLQWEHVIUDMW|WW KRPRNN PLQWIiIN OHJW|EEV]|U ViUJi
VItQ&HN NLYaOHOIWXMAJIQOHIPpQ\ KRPRNN NpSH]

41.5DGLRPHWULDL HUHGPpPpQ\HN pV NpPLD |[VV]JHYHWpPVH

$ WHUHSL DGDWRN DODSMiQ XUiQ VIHPSRQWMIEYyO tJpUHW
HJI\HGLQHN V]iPtWy PLQWIiNEYO NpPLDL i3aD AP GNRHVD \¥ip J H
QHP HU VIWHWWpN PHJ PDUDGpNWDODQXO D[2DiERsR PpUpVH
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ICP-MS-sel kimutatott legmagasabb U WpN -QBSPDGYGRWW PHO\ pUWDPpN
nyabb, mintagamm& pUpVHN iOWDO LQGLNIOW PBJLPXIRV R5pdV R OQGW
OHQW D IHOV I|OGNpUHJUH MHOO[BP]HBWMQdd ppXB N KN] dNp S
Gao, 2013) (JW D] pUWPNHW HJ\ K R(PRMNeN nitnta) PG @ UHWPNDPPD P
UpVHN PLQG|VV]H NE SSP XUiQW D]D] D NpPLAX&2tO LJD]R:
N|J]YHW OHJIPDJIJDVDEE pUWpN SSP DEEDQ D WDODMPLQW
PpUpVHN DODSMiQ OHJLQNiE @950DdkjnfEaN @ HY 8 WV EL [IRQL X CP\D |
SSP D PHJHJ\H] KHO\V]tQHQ PLQWi]JRWW N JHWGDUDE D
U&HQ NHU<OW NLYiODV]WiVUD D W|EE N+O|QE|] WtSXV~ KRF
1 WIiEOi]DW

$ UDGLRPHWULDL P pAfpgdiHVN\H B DB MY @ QHRVtWYN HVHWPEHQ W|
YpVEGYAH I\ PpUpVL SRQWEDQ J\DNUDQ W|EE PLQ\

1D K[%] | eU[ppm]| eTh[ppm]| 'y]L[¥Gy/h]
1946* 2.48 15.75 6.8 139.2
1946 talaj* 2.23 22.6 10.2 183.3
1947+ 1.89 56.05 5.8 357.6
1948* 3.42 92.63 11.9 600.53
1949 2.44 14.4 8.3 134.7
1950* 3.13 150 10.5 918.8
1918* 5.61 2.55 17.9 132.95
1963 251 4.1 12.25 106.55
1964* 3.04 16.9 7.85 155.7
1920* 2.32 26.6 8 201
1916 3.6 2.6 9.4 85.6
1917 3.6 1.2 10.6 81.1
1921 2.6 2.4 9.7 72.8
1922 1.7 7.1 9.3 86.7
160 20
[ 1)
: : ’
£ 120 € 15
(@) (@)
£ oo £ o) °
£ 80 210 o ® 9
3 o 5 .
S 40 = 5 L4
(] .. E
0@ 0
° 4% [ppm]{??CP—MS120 0 0 5Th [ppmJ];OICP—MS15 20

2 1EUD
A terepen,W H U P pgaitihaAHoWJ pVVHO PHJIKD WiNSRSERPEWWo Y DWW R &IBIN ND S
lata. Balra az U, jobbra a Th esete.

$] HJ\pE PLQWiN HVHWpPEHQ VHP W~0 My D UNBQRPBWULBL y0
HJ\H]pVH EiU D] LJD] KRJ\ DKRO D V]FLQWLOOIFLYY GHWHN
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iWODJRVQiO PDWDVUWBEORP 8% 7K HVHWPEHQ D NpWahiWWpN H.
RWW D] pUWPNHN YkVpRONE B VEQDFEFNRGND WDUWRPIQ\EDQ Vi
$ UDGLRPHWULIY BMB-8pNIWP YW DW R&BW pUWpPNHN N+O|QE|] Vp
VIDYH]JHWKHW  (J\UpV]W NpUGpVHV PHQQ\LUH VLNHU-OW
WiJ]QL DPHO\LN D PpUW JDPPD DNWLYLWiVW RNR]WD DPL N-
DQ\DJRNDW WDUWDOPD]y PLQWHWp WioplV K FBR\GIWN  HI FVDp EH ¢
NeO|QEVpPJHN ILJLNDL RNRNUD LV YLVV]DYH]HWamiHaAsuHN OHK |
JiU]iV -EDQ WXODMGRQNpPSSHQ D] X{AQRBRP®IMLWYRUVQIDIR DL
amennyibenD] 8 ROGDWED NHU+OYH VAGyYaRJIIDN PIR EJIHILG N WUE HOQ \ H
FVDSGilyls WpM\OHJHVHQMHOBODYHEE PHQQ\LVpJ PXWDWKI
PpUpVHN VHJtWVpJpYHO $PHQQ\LEHQ YLV]RQW D Ji] KDOPD
VIDEDGXOQDN NL D UHQ-GWD)HWD OR PQWp Q@\@BE#RIQIDE.E Pp UK
$] HOHP]JHWW PLQWIiN HVHWpPEHQ D OHJLQNIEE XUiQG~V
KRPRNN|YHW OHV]iPtWYD D] HOV-PpViHWHN &/ +B & B F\D|®
XUiQWDUWDOPDW

42.$ PLQWiN NpPLDL |[VV]HWpWHOH

$ YL]VJIOW PIOWWPNLDL |VVIHWy\EnG@bds | HOHP|VV]HWpPW
HI\pUWHOP&HQ |VV]HI*JIJpVEH KR]KDWyYy D N |JHWH-btrtavYiQ\WD
ORP PDJDV NYDUFWDU®DFe@:P WD 2XMWD ® PpIWHOV]LOLNIWRN N
MHO]JL (JHN DODSMiQ WHUP pV-]W B/UHW B Q ROP| PI@@D E MR/QN D] E BV 61 INX
magasabb az ADz-, FeOs-, MgO- p V20-tartalmuk.

A SiOp-tartalom viszonylag alacsonyabb az egyik talajminta (1946), &Fhv-VEH JIp Q\
KRPRNN pV D] DOHXUROLWPLQWD $ N|JHSHV D Pi\
KRPRNN % HVHWPEHQ OHJPDANGINEEU W IV RPL DY ROPORENLNV
WpUH XWDO H] D PIOORWW KR PARMION VP D Q W DEDRQP DNQJHWR\D JD V |
PR]JRJ pV LQNIiEE D] WD BWIDP P ERBFQR WsAdiyagdnagasahhbU W p
keket, kiemeltenaD OHXURO LW FU- QMIFHIQ KRARANN PLQWIEDQ

2 WIiEOi]DW
AYLIVJiOW P LQAddd W \H B WPBRVIH 6 HD O %M i Q

SiOz | Al203 | Fe203 | CaO | MgO | NazO | K20 | Cr203 | TiO2 | MNO | P20s| SrO | BaO | LOI | Total
1920 | 85 | 8.69 1 0.11| 0.26| 2.4 |1.44| 0.002| 0.29| 0.03 | 0.05|<0.01| 0.02| 1.6 | 100.89
1946 t| 56.7| 14.8 | 465 | 0.73| 1.7 | 1.02 | 3.41| 0.008 | 0.63| 0.14| 0.24| 0.01 | 0.06| 15.4| 99.5
1947 | 86.1| 8.42 | 0.81 | 0.13| 0.22| 2.74| 1.1 | 0.002 | 0.28| 0.02 | 0.05|<0.01| 0.02|1.52|101.41
1948 A| 64.8| 20 258 |0.17| 1.2 | 1.92|5.75| 0.01 | 1.04| 0.01| 0.09|<0.01| 0.07| 3.74|101.38
1948 B| 77 9.5 495 |0.12| 0.12| 4.43|0.47|<0.002| 0.3 | 0.52| 0.05|<0.01| 0.01| 2.78| 100.25
1950 | 81.2| 11 1.14 | 0.18| 0.51| 1.74 | 2.54| 0.003 | 0.36| 0.01 | 0.08 | <0.01| 0.03| 2.14| 100.93
1950t| 71.9| 11.75| 2.78 | 1.06| 0.75| 1.04 | 2.84| 0.004 | 0.44| 0.11| 0.18|<0.01| 0.03| 6.71| 99.59
1918 | 60.7| 19.55| 7.04 | 0.13| 1.88| 1.36 | 6.32| 0.007 | 0.88| 0.01 | 0.06 | <0.01| 0.05]| 3.73|101.72

Az elemzett nyomelememM HOO HPHMH G ~VX(@WHND HA@HV]iPtWYD D] HO
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Asurit PpUW |VV]HWpWHOH D NBWIiEHBD|OW PpUpVL SF

3 WIiEOi]DW

Elem [t%] 1-es pont 2-es pont
Al203 9,94 8,84
SiOz 18,26 21,76
P.Os 2,82 2,43
FeO 58,12 53,65
CuO 1,62 1,81
Zn0O 1,57 0,91
As0s 1,31 2,79
PbO 6,36 7,82
Al203 9,94 8,84
4 WIiEC
A bal oldali EDX spektrumnak megf
OHO NpPLDL |V
MgO 1,78
Al203 12,22
SiOz 31,81
P20s 2,01
K20 3,27
TiO2 25,44
FeO 1,14
12 iEUD PbO 1.91
Az U-Th-G ~V I[B[L ME)EDX spektruma. Az ThO, 387
HUHGPpPpQ\EHQ QHP HOKDQ\D U0, 1é,55

V]IiUPEKIWiV tJ\ D] IHQQW I8y
I WIiEQi]DW

5. KOVETKEZTETESEK

$ %eNN KHI\VYPOUEHQ WHUPpVIHPWHNVBHDIMHRD YPJH]W*QN V]F
GHWHNWRU VHIJtWVpJpYHO $ FpO DGNRULBEIHWDIY H &9 iOWDO X
NtYeO KDJGRWOWGTWDQL WHVWHN NQWAXMDDWiIFDMG YL]VIJIODWD
VILOLFLNODV]WROkk OBICGHNHRCQGLW LOOHWYH tNaR @#jgpiOLGiOD)
radiometriD D] HVHWHN W|EEVpJpEHQ W ~$0KE HF| QWO PR XQ&Q W D
RND KRJ\ D] 8 D] RILGDWtY N|UQ\H]JHWE OmbaradeaR & eBAR WW G
szerben.(]]JHO VIHPEHQ D OHJPDJDVIDEEpNBR ERH QY WUQRLRYIBDH W p
UDGLRPHWULD DOXOEHFVeOWH D WpQ\OHJHV pUWpPNHW

%iU D OHIRBNRYBEEWUIFLY HJ\ KRPRNN K|] NIJWHG& NP LIYH O O
WINPDJDV pUWpPNNHO EtUQDN DPL UYNMEEHRUEHIVY IGIWR NJ pVOI
az anyagba bekeveredettW-DUWDOP~ QHKp]iVYiQ\R N] MDH-GO/HROPMLY PH. O M
atalajbeli RFFG ~V X O i XpWMH D\Q \ leyyetlddP i K Y L ] V dyddn@élemmel sem kor-

UHOIO D O-HcHWMNMREERSN PLQGHQ PiV PpUWAXNRPEWHPEHQ
VIHIpQ\ KRPRNN YLV]RQWOND:] ZP P ¥DEK&ANat mutat$y] HOHPHJ\«W
WHYV D QHKpJ]iVYIQ\RN ORNiIOLV *OHGpNHV G~V Xé@ndsakk D XWD (
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Az iVYiQ\WDQL YHUYWE®P@RIRSIMiQ HI\pUWHOP& KRJ\ D IHOV]t
IVV]JHWPWHOH LO\HQ V]HPSRQWEYO VHP |H® NONKNWDRANHW VIRH.
OHtUW N ]HMeDGADUQHRMNeM W D UW D O B~OiNiQIMVHQ NHYHVHEEH
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iVYIiQ\EDQ 1DJ\ PHQ Qah¥sudt=# @ON HDOFHHQU XVV]LW R[LGIFLYV Wi
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Abstract: this study aims to investigate surface and subsurface structural features in the area
around Merowe Dam. It utilizes satellite gravity data as the most cost-effective source of infor-
mation for covering large areas. Bouguer anomaly map was obtained after implementation of
necessary corrections. The horizontal gradient (total horizontal derivative) and Balanced Hori-
zontal Derivative (BHD) filters were employed for structural manifestation. However, the pre-
dominant structural patterns were in the NE and NW directions, with N-S and E-W orientations
being less frequent. Observations near the Merowe Dam indicate that NW-SE trending features
are highly significant, likely representing a major fault extending on both sides of the dam. This
fault can delineate the boundary between basement rocks to the north and Cretaceous sediments
to the south. This finding suggests that the fault zone may serve as a pathway for water from
the dam to the northwest, influenced by the topography.

Keywords Structural mapping, total horizontal derivative, balanced horizontal derivative, sat-
ellite gravity, Merowe dam

1. INTRODUCTION

The potential field data have been applied for geological mapping since the &adgr20
tury. In the beginning, gravity surveys were employed to find differences in subsurface density
related to oil reservoirs (Dobrin, 1976). In a similar manner, ferrous mineral reserves were lo-
cated by magnetic surveys (Hinze et al., 2013). A breakthrough in the thize@tury was the
introduction of aerial and satellite-based survey techniques, which made it possible to quickly
and extensively collect data over wide areas. Satellite gravity data is derived from the subtle
changes in a satellite's trajectory caused by variations in Earth's mass distribution, revealing
information about the planet's density beneath the surface. It is now possible to represent the
Earth's global gravity field and its variations with better spatial and temporal resolutions
through the highly accurate satellite measurements such as EIGEN-6C4 model (Ince et al.,
2019), EGM2008 model (Pavlis et al., 2012), and the GGMplus model (Hirt et al., 2013).

The potential field data processing and interpretation have been matter of debate for long
time, different processing steps were carried out such as anomaly separation to enhance features
of interest (Nettleton, 1954; Gupta and Ramani, 1982; Jacobsen 1987), gradient-based methods
for structural mapping and depth estimation (Nabighian, 1972, 1974; Stanley and Green, 1976;
Cordell, 1979; Murthy, 1985; Barongo, 1985; Blakely and Simpson, 1986; Keating and Pilk-
ington, 2004) and forward and inversion techniques (Talwani et al., 1959; Oldenburg, 1974;
Parker, 1973).

The study area lies in Northern Sudan (Fig. 1), even though it covers large area approxi-
mately 300 km by 500 km there have only been a few geological studies done in the area, even
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though it contains various geological provinces of high economic and strategic importance.
Unfortunately, most of these studies consisted solely of regional geological and structural map-
ping using remote sensing techniques, which cannot be regarded as a reliable source of infor-
mation. Other geological studies are merely local inquiries carried out by various mining cor-
porations holding mining leases for the purpose of exploring and exploiting gold in the area,;
these studies, however, are not publicized and are created exclusively for the benefit of these
corporations.

Among these studies, the Saharan Metacraton as introduced by Abdelsalam et al. (2003)
covers most of our area and composes of pre-Neoproterozoic continental crust which is some-
times highly remobilized during Neoproterozoic time. Stern and Abdelsalam (Gi98&d the
structural elements that control the Nile River course at the great bend in northern Sudan. Ab-
delrahman (1993xamined the eastern portion of our region, known as the Bayuda-Gabgaba
area, and divided the rock units into five categories based on field data. The gravity anomalies
northwest of the CASZ were interpreted by Ibrahim et al. (18863ult-bounded sedimentary
basins with amplitudes and trends comparable to those basins known to exist southeast of the
CASZ. Farah (2018) in his unpublished MS. thesis conducted a geological mapping and mineral
prospecting in the north Karima area using digital image processing and limited ground verifi-
cation.

Due to limited geological and geophysical investigations in the study area, the availability
and acceptable reliability of the satellite gravity data, and the development of effective linea
ment mapping filters, the current study aims to provide insights into the major structures in the
area. Additionally, it seeks to identify the rock boundaries of the main lithological units.

Figure 1
Location map of the study area
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2. MATERIALS AND METHODS
2.1. Satellite gravity data

Satellite gravity grid data for the current study obtained from the Satellite Geodesy at the
Scripps Institution of Oceanography, University of California San Diego. These data have been
acquired and retrieved by implementation of different methods from various satellites such as
Geosat, ERS-1, Cryosat-2, Envisat and Jason-1 for the purpose of improving the accuracy to
level of 1 mGal (Sandwell and Smith, 2009; Sandwell et al., 2013; Garcia et al., 2013; Sandwell
et al., 2014). Also, satellite radar altimetry collected during several geodetic missions which
provided a new understanding of the topography and tectonics of the deep oceans (Sandwell et
al., 2019). Grid of satellite gravity data over the study area between latitude2@® and
longitude; 30 - 35E have been downloaded fromitps://topex.ucsd.edu/WWWhtml/mar-

grav.html.

2.2. Data processing
2.2.1. Bouguer anomaly map

The satellite data were in the form of gravity disturbance equivalent to the Free Air Anomaly
(FAA) together with their corresponding topography data. The Bouguer correction which ac-
counts for the gravitational effect of the mass of material between the observation point on the
Earth's surface and a reference datum, typically sea level was calculated using avergge densit
of 2.67 g/cm and subtracted from the FAA to obtain Bouguer anomaly dugx. calculating
the Bouguer anomaly values, the minimum curvature method was employed to grid the data for
2D gravity map visualization (Briggs, 1974). For efficient gravity data processing, a 2D fast
Fourier transform was applied to convert the data from the spatial to the frequency domain,
simplifying and improving the accuracy of mathematical operations (Bracewell, 1965). Subse-
guently, the gravity field derivatives in the X, y, and z dimensions were computed.

2.2.2. Horizontal gradient

Horizontal gradient, also known as total horizontal derivative, is commonly employed as a
tool to delineate structures such as faults and geological boundaries (Cordell, 1979; Cordell and
Grauch, 1985). It is highly advantageous because it is less affected by noise, relying solely on
the calculation of two first-order horizontal derivatives of the field (Eg. (1)). This method is
also more effective in identifying both shallow and deep sources compared to the vertical gra-
dient method, which is primarily useful for detecting shallower structures. The amplitude of the
horizontal gradient is expressed as

LU 6 11U 6
6*)L§B|ECE%C (2)
ZKHUH "J "[ DQG "J "\ DQG DUH WKH KRULWMQ&[dea@dtcGHULYD
directions x and y, separately. The above method is based on the principle that a near vertical,
fault-like boundary produces a gravity anomaly whose horizontal gradient is largest directly

over the top edge of the boundary although the method has some limitations (Grauch and Cor-
dell, 1987).

2.2.3. Balanced horizontal derivative

The Balanced Horizontal Derivative (BHD) filter has emerged as an efficient tool for edge
detection in the interpretation of potential field data (Ma et al., 2014). Traditional methods,
relying solely on total horizontal or vertical derivatives, often fail to clearly display the edges
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of deeper sources. This limitation has led to the development of balanced edge detection filters,
such as the BHD filter which effectively integrates both horizontal and vertical derivative to
recognize the source edges (Eqg. (2)). The Balanced Horizontal Derivative (BHD) filter can be
obtained through

¥:1U lé;->:10 17 ;-
pU 2:01& > U0 1i-;

$*& L —f3I 2)

ZKHWH'[ 9" "\ D Q5" Fare the derivatives of the data g, aBd |L2208&U i, , also

agda <0 I ;
note that™g ~jis computed in space domain using Laplace equation (Blakely, 1995) in order
to reduce the noise effect which is equivalenttég ~“f 2g ~%).

3. RESULTS
3.1. Interpretation of Bouguer anomaly map

The Bouguer anomaly (BA) map reveals the density distribution in the study area (Fig. 2).
High BA values, observed in the northwest and southeast parts, indicate areas of higher density,
attributed to shallow basement rocks. Conversely, low BA values suggest regions of lower den-
sity. In the southwestern part of the study area, these low anomalies are interpreted as rift basins
by Ibrahim (1993), while in the northeastern part, they are believed to represent granitic intru-
sions.

Figure 2
The Bouguer anomaly map illustrates the density distribution within the study area.
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3.2. Horizontal gradient

The amplitude of the horizontal gradient of the Bouguer anomaly map was computed in the
frequency domain, as shown in (Fig. 3). High gradient values were primarily observed around
low BA components, previously identified as rift basins in the southwest and southeast of the
study area. These high gradients exhibit broad patterns, potentially indicating non-vertical
boundaries, deep boundaries, or multiple contributing boundaries to these anomalies (Grauch
and Cordell, 1987). However, the broad horizontal gradient patterns have been interpreted as
major structural features in the study area. In contrast, the narrow horizontal gradient patterns,
which dominate the remaining parts of the study area, are believed to represent vertical to sub-
vertical structures. Overall, the area is dissected by major faults or fault sets striking NE-SW
and NW-SE, along with other minor trends predominantly striking in N-S and E-W directions.

Figure 3
Proposed structural features in the study area as deduced from the horizontal gradient map

3.3. Balanced horizontal derivative

Although the total horizontal derivative also known as horizontal gradient filter is frequently
used to discover source edges, it has some serious disadvantages. One significant problem is
that this filter frequently finds limits that are greater than the actual locations of the edges, which
results in imprecise interpretations. Furthermore, it is difficult for the total horizontal derivative
to distinguish the limits of deeper geological entities. These drawbacks are addressed by the
Balanced Horizontal Derivative (BHD) filter, which offers a more accurate edge detection ca-
pability. The BHD filter produces more precise delineation of subsurface structures by not only
accurately identifying the genuine borders of sources but also successfully balancing the
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amplitude changes generated by sources at different depths. Thus, switching to the BHD filter
from the total horizontal derivative filter can greatly improve the precision of geological inter-
pretations (Ma et al., 2014). The balanced horizontal derivative of the Bouguer anomaly map
was computed, as shown in (Fig. 4).

Typically, the BHD map displays a dense distribution, limited extension, and a narrow max-
imum amplitude (Fig. 4). These features help to distinguish both shallow and deep edges and
emphasize the exact position of structural components. The common structural directions in-
ferred from the map predominantly strike in the NE and NW directions, with E-W and N-S
directions being less prominent.

Figure 4
More accurate locations and extensions of structural features, serving as indicators of source
edges.

4. DISCUSSION AND CONCLUSIONS

In the area under investigation, several structural patterns have been noted. The most preva-
lent directions are NE and NW, with N-S and E-W appearing less frequently. NW-SE trending
features are notably prominent at the Merowe Dam. In the region west of the dam, these NW-
SE structural components are thought to represent a large fault that runs on both sides of the
dam and marks the border between basement rocks to the north and Cretaceous-Tertiary sedi-
ments to the south.
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Kivonat: . XWDWiVXQN VRSQWDRWHPKRHOP LG VRUIQDN YL]VJIiOL
FVDSDGpN pV Yt]KR]DP DGDWRNEyYO V]iPtWRWW NHUHV]WNR
VSHNWUIOLY HOHP.JNMWHKBW iR BMIXINFDINWWDPSOLW ~gaym™ NRKHU!
[«+JIJYPQ\HNHW P HémuHaitukD @gySaMiDyUD ITUHNYHQFLD IHOHWWL
J\HQJH NDSFVRODW YDQ D FVDSDGpN pV D Yt]KR]DP NJ|]IWW
viszonylag lassanvonulI® THOV]tQL OHIRO\iV DPLW D Ili]JLV 1+JJYpQ\ D
A CsernelySDWDNRQ OHYRQXOy iUWOMARPY BB UKIR]|BIRBIPpQ\ XW
NH]JLN PHJ D] XSSRQ\L Yt]PpUFpKH]

Kulcsszavak NHUHV]WNRUUHOiIFLY VSHNWUIOLV-pategkHP]pV [IHOV]t(

1. BEVEZETES

$ IHOV]tQL OHIRO\iV VXUIDFH UXQRIlI D FVDSDGpN D]RQ U
(Kontur etal., 1993) (] GLII~] IHO+OHWL OHIRO\IVNPQW LQGXO DPL I
matosanNRQFHQWUIOYGLN PtJ YpJY®] RO pKLMNVEQR)I Vvl & |
IHOV]tQL OHIRO\iV D FVDSDGpPNEYO V]iUPD]JLN tJ\ D. NHWW
$] DGDWIHOMRRIDQRYIVSDGpNRW HJ\ EHPHQHWL MHOQHN WHN
YDJ\ Yt]JVILQW DGDWRNEDQ W|UWpQ PHJMHOHR@NAPW D UHQ
Pulido-Bosch, 1995) OLYHO D MHO WHUMHG pV p K H ledhatybb® G3ppH U E H Q
GpNPDJDVViJKR] WDUWR]y FV~FVKR]DP NpVOHOWHWYH IRJ
NpVOHOWHWpPY PHJKDWIiIUR]iVIiUD D NHUHV]WNRUUHOIFLyV
y=max(ky(k)) (1. egyenlet)N | ]| W W H O ¥p$zOszaW® QD HO\U O AdnrRyGbED VKD Wy
PHJIHOHO HQ KRVV]~ DGDWVRU i0OO D UHQGHONH]pV+*QNUH
ULYGXVRNDW OHKHW IHOIHGH]QL KD D UHQGV]HU Yt]JJ\&MYV
HVHWEHQ D NHUHV]WVSHNWUIOLY HOHP]pVHNHQ NHUHV]W-«(
V]HU P &N |G p \(patilla ORaldevBdse, 1995).

2. ANYAG ES MODSZER
21.9L]VJIOW Yt]J\&MW EHPXWDWIiVD

A Csernely-patakY t] J\& MW MpQHN WBIUXCBSWE\L YKifRn RORE) LA
SDWDN -FL%GPNNNN|]SRQWL UpV]pQHN Q\XJDWL OHMW LQ HUHG
O\iVvD PHQWpPQ &VHUQHO\ /pQiUGGDUYF 1HNp]JVHQ\ pV 8SSR
HO WW D}IWBIRIURYW HOpUL $ VJRURV HJ\ NDUV]JWV]XUGRNY|C
D /IIJEpYtHWiIUR]YyW -BRR/O MNBQ HI\HV.O (] D NpWtS\WWRNyIHO



JHOV]tQL Yt]IRO\iVYYi]®¥DM D&HMPBHNY]WVSHNWUIOLY HOH

IHOW|OWpVppUW DPL PHIJKDWIiUR]y LYy YIREANDRV]W YW N @ DE W
EL]WRVtWMD

1 iEUD
A CsernelySDWDN Yt]J\&MW MH D] XSSRQ\L Yt]PpUFpl

22.)HOKDV]QdOW DGDW

$ FVDSDGpN DGDWRN D +XQJDUROHW OHWHRUR®atdi. DL $GD
Yt]J\&MW MpQ D OpQiUGGDUYFL iOORPiV DGDWDL OHWWHN I}
YDQ D Yt]WDQ OXQNIQN VRN FPW BMDBDGpN HVHPpQVHLY
tJ\ OHKHWHWW IHOKDV]QiOQL D OpQiUGGDUYFL i@@RPiV DG
DONDOPDV PLYHO FVDN yWD «]HPHO

$ Yt]JKR]DP DG BAAKFPNDIIWD D R\ INLD]IDWMYWD M]L 2V]WiO\D V]
JiO WM @é&hdly-S DW D NR Q 8\I3)Qi(WDOiOKDWy Yitl] Pp U MW DD KR O
iOOQDN UHQGHONH]pVUH Y t]¥ JIIH@DW DpW] QitK\R TDGPD BVGRINW R NY R Q
FLYNDW |[VV]HIRJODOyYyDQ D] WIiEOi]DW pV D iEUD PXWDW
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2 iEUD
AzXSSRQ\L Yt]JPpUFH Yt]KR]DP pV OpQiUGGDUYFL FVDSDGQpN

23..HUHV]WVSHNWUiIOLV HOHP]pV

$GRWW NpW GLV]INU/PWxXLG WRW BjVHREGW [\« n) ahol n az
DGDWRN V]iPiW MHOHQWL $ NHUHV]WNRUUHOIFLYV 1+JJYpQ\
LG VRU QHP V]LPPHMWZL NXV I WNDHIpVHN HJ\ P HOWROIiIVL SRQ'
« PLJ SO N QDS HOWR®iVD W|YBIWNHOMWROiV

SR p—1 "
Jc.20c, 0
c, ()

S (S =

Y Jeroc 0 @
ahol

ORI S ©
Cu) o1y VK. R @
cO [Tl x x* ©)



JHOV]tQL Yt]IRO\iVYYi]®¥DM D&HMPBHNY]WVSHNWUIOLY HOH

Ly, v° (6)

tl

C,©)

Sk

aholx,yaz x,y, LG VRURN iWO NHWHMHONRIWUHOIFLYV [+JJYpQ\ D Yt

ODV]iW DGMD PHJ DEEDQ D] HVHWEHQ KD D FVDSDGpN LG
SIEDQ D OHJW |EE (M¥hgikVamdHrulitg-B@oh H9830Padilla and Pulido-Bosch,
1995).

231 $ NHUHV]WVSHNWUXP pV [i]LV 1+JJYpQ\ V]iPtWiVD

$ NHUHV]WNRUUHOIFLYV 1JJYpQ\ DV]LPPHWULiMD PLDWW
1+JJYpPQ\ pUWHOPH]pVH KODORDY@H) i EEPRN VIHULQW

* () | Dy (F Jexpi)  (f) 7)

aholi D] LPDJLQiUKXX)HA{MmPN¢;:BD NHUHV]W DPSOLW~Gy pV D |
PUWpPNHIHBYHQFLIQ PHO\HN pUWpPNH D N|YHWNH]

D) J<A(f) 13(f) (8)

'"‘I:B;
Oéi:B;LZN%i—%_ (9)

amelyben a keresztspektrums, (f) pV D QpJ\]JHWHA (V)SHNWUXP

<,0) 2,0 1 %60 5 0ikos2 8 | 10)
/() 22? ? &) ryx(k)I:@sinZ.ﬁk% (11)

aholDx HI\ V~0\1+JJYpQ{f)PRURDI) HI\*WWKDWYEDQ MHOHQWNH]

|E|OpVpW V]JROJIiOMD $ VSHNWUXP VLPtWiViW DERHNWY&OD \N |
1+JJYpQ\ N|]*O D 7XNH\ DEODN D] DPHO\LN D KLGUROyYJLDL
VHEEHQ D O NénkiipWMatis\(1968), Mangin (1984), PadilmPulido-Bosch (1995),
3LQM@OPTYDODSMiIQ H] D N|YHNH]

D % 2 cos &/m (12)
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+LGUROyYJLDL LG VRURNUD DONDOPD]YD H]W DRRWGV]HUW

WiUVtWKDWy D]-LRSXPPXVYGODYJWDPiYDO pV MHO]JL D FVDE
komponenseit.
$ 1LV 1JJYPQWE @ FVDSDGpN pV D Yt]KR]DP N|][|[WWL NpVO

UR]JQL N<O|QE|] IUHNYHQFLiRSNHWWEM®DWRDLNPpWVIEN B OiEDC
NIJIIWW HQQHN )R HY pHGHDCHIY S ¢ pUWPNHNHW LV IHOYHKHW
YpPQ\ WHQGHQFLiMiQDN PHJIHOHO HQ NHOO pUWHOPH]QL $ |
NHQpVH PHJMHOMRIOIL NGHW HVRWHUHQFLD pV D JDLQ 1JJYp
OHOMW WWPKNDWiIUR]JKDWY D 1+JJYpQ\ HOV SR]JLWtY pUWpPNHLUF
UHGHNVpJpE O

) () 28f (13)1

3. EREDMENYEK

$ NHUHV]WVSHNWUIOLY HOHP]pVHN DODSMD D NHUHV]WNI
Yt]DGyN YL]VJiOD {Padila pkDiMdd)Boszhyi905) GH YDQ SpOGD IHOV]tQI
W Q YDOy D O KVDeedemdtial. \eD2PVPyGV]HU DONDOPD]KDWYyYViJiQDN
SRQWMD KRJ\ IRO\DPDWRV LG VRU V]*NVpJHV KR]]i PLQGNrf
ERQWIVEDQ $ N|YHWMNRHE QW V0 E R QARKND-Y {0pE @IW R N

8SSRQ\QiO DSOWHINIHDYD OHJIJQDJ\REE NRUUHOIFU3 NV HJI\eW
[(EYB NHUHVI]WNRUUHOIFLYV 1«JJYpQ\ VDMiWRVViJD KRJ\KD }
GpNUD AIHOWHOLN" PDMG J\RUVDQ AOH+U+O" DNNRU D FVEL
HOYiODV]WKDWyYN +D HOpJ QDJ\ SR]LWtY QH3IDMWaYolLG EHOL
Q D] DGDWSiURN V]iPD DNNRU AUi WXGMXN WROQL" D YL]
LV D] P pUWpPNH DGIRWID HNpWEHHBEMVPODWYyUiIiQiO pV  yUIQiO
NHUHV]WNRUUHO F LkiNeléhhvedy W] DRI ) Hlg W MWWHHU PpVIHWHVHQ Q!
HU V D FYDSDGpN pV Yt]JKR]DP DGDWRN N|]|[WW PLQW  yUIQ
pV Yt]JKR]DP DGDWRNUyO EHV]pO+QN

[iIWKDWy KRJ\ W|EE FV~FV LV PHIJMHOHQLN D NHUHV]WNR!
IRN~ SHULRGLFLWiIVW PXWDWQDN (] D SHULRGLFLWIiV D FVD
VID PHO\ pUWKHW RNRNEyO We¢NU|] GQL IRJ D Yt]JKR]DPEDC
YIiOWR]iVIW $ N|UsOL NRUUHOIiFLYV HIJ\eWWKDWy pUWpNH D
ULQW QHP MHOH] HU V NDSFVRODWRW 8J\DQDNNRU QHP V]
KR]DP LG VRU WHUPpPpV]HW+NHW WHNLQWYH MHOHQW VHQ H
DNiU yUiV DNiU QDSL DGDWRNDW KDV]QiOXQN KRJ\ QLQFV
SDWDN Yt]KR]DPD D] iUKXOOiP XWiQ D] DODSKR]DPUD pV QI
1iViW D Yt]J\&MW KLGURJHROyJLDL DGRWWViJDL DODNtWMil
LG EHQ PiU PHVV]HEEUH NHU<O HJ\PiVWyO

7/EE pY DGDWiQ YW BQ@WIRRMXUEHY DODSMiQ HJ\ QDJ\RQ H
IHOIHGH]QL QDSQIiO (QQHN RND KRJ\ PLQGHQ pYEHQ X
WDYDV] D V]iUD] Q\iU D FVDSDGpNRV V] (JemiSzesdi)LyGX VI
PHO\HN MHOHQOPWH QHP V-]WR FKRD]WDRVLGE XAR BRRVDSD G pOIOyY
UiQ LV DJRQRVtWDQL OHKHW D NJ|]|V SHULYGXVRNDW $] RN
NHUHVIWNRUUHOIFLYV 1+JJYpQ\HNDS NG N YW MWBOY DK IR P\ NJ )
OHOWHWpPV LV PHIKDWiUR]JKDWY $ SHULYGXVRN IHOWIiUiViQl
ben akeresz SHNWUiIiOLV HOHP]pV PHOO\HO D NpW LG VRU N|]|W\



JHOV]tQL Yt]IRO\iVYYi]®¥DM D&HMPBHNY]WVSHNWUIOLY HOH

PpJ D J\RIDIWHUPHGLHU OHIRO\iV pV D] DODSKR]DP NH]GHWp
D NeO|QE|] IUHNYHQFLiIiNKR] WDUWR]y DGDWRN NDSFVRODW

3 iEUD
Az upponyiYt]KR]DP LG VRU pV D OpQiUGGDUYFL FVDSDGpN LG V

$]RNEDQ D UHQGV]JHUHNEHQ DKRO D FVDSDGpNUD DGRWW
JLN PHJ D] iUKXOOiP RWW QDJ\ IUHNYHQFLINRQ D NHUHV]W
N[JHOt+WL ©yO PHJILJ\HOKH WS DKARDIN DN BWHWIQWDIPSOLW~Gy 1+JJ

YHQFLINRQ NapszcBszxtevigeljhéz (4 U D

4 iEUD
A CsermelySDWDN Yt]J\& MW MpQHN NHUHV]J]WDPSOLW-~G

OpJ MREEDQ NLYHKHW D QDJ\ IUHNYHQFLiINKR] WDUWR]y |
{ﬁUD pV D JDL[@ liE\PrdilpHPQido-Bosch (1995D ODSMiQ WXGMXN k
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J\RUV OHIRO\iV LG WDUWDPD DGGLJ WBUYWUW®RINB WD DQ DQD*

pedigl-HV pUWpN IHOHWW NH]G GLN $ NHWW N|]|[WWL LQWHUY
WDNRQ D J\RUV OHIRO\iV LGDWDGSWR]DIP yWwuwD X\

A Csernely-S D
NH]G .u D

5 IEUD
A CsermnelySDWDN Yt]J\&MW MpQHN NRKHUHQFLD [+JJ)

$ NRKHUHQFLB 1PHUDpPQHP FVXSiQ D J\RUV OHIRO\iIV MHO
DONDOPDV H] D] D] HOHPH D VSHNWUIOLVHOHP]pVQHN PHC

NDSFVRODW HU VVpJpW +DVRQOtW D NRUUHOIFLYV HJ\.W
frekvencia tartomQ\EDQ pUWHOPH]]*N J/J/IiIWKDWy KRJO “"Q\BIRQRHE ED
IUHNYHQFLINRQ PHO\ D yUiV SHULYGXV LG K|] WDUWR]LI

6 IEUD
ACsermnelySDWDN Yt]J\&MW MpQHN JDLQ 1JJYpQ\H



JHOV]tQL Yt]IRO\iVYYi]®¥DM D&HMPBHNY]WVSHNWUIOLY HOH

FVDSDGpN iOWDO LQGtWRWW AMHO  RYNJI]KQRI® A INNDHS]EWR PID
ELJRQ\WDODQ $ NLV IUHNYHQFLIN IHOp KDODGYD YLV]RQ\
ELJRQ\RVDEE D NpW LG VRU FVDSDGpN -3DWRN AH N VDEHR
QDJ\REE NRKHUHQFLD pUWpPNHN yUD XWiQ MHOHQQHN PHJ

$ NRKHUHQFLD [+JJYpPQ\E O V]iUPD]y PHJiOODStWiV KRJ\ N
WR]y NDSFVRODWD D]pUW LV N«OtQ{RHIPIR[JWRNVL PWMO VB \F
pUWPNpPW D 1i]LV 1+JJYpQ\ H]HQ V]JNDBUIEYO OHKHW PHJKDW

7 IEUD
A CsermnelySDWDN Yt]J\&MW MpQHN 1i]JLV 1+JJYpQ\H

A{Z_iBUDDDSM@OINRSBQWEYO LQGXOyDQ D IiJLV 1+JJYpQ\ NH]G
OLQHIULV 1+JJYpQ\ dPHHIM G NP O H -piEak ViIHUWVQ HIQY pQ\pUH LOOH
OLQHIiULV PHUHGHNVIWBIDJRY NpVOHOWHWpPV pUWPpPNH

y xav ,
E— L N= 14
@ oo stas (14)

,WW PHJ NHOO MHJ\H]QL KRJ\ Hl] D NpVOHOWHWDPV QHP D]F
1+JJYpQJ3UIBWIRDYDVKDWYN OH PHUW H]HN D] pUWpNHN W|EE

4. KOVETKEZTETESEK

A CsemelySDWDN Yt]J\&MW- KHHI \D/]p 8 SSS]R\QML DPL DODFVRQ\ N|];
OHJ& WHUsOHW $ WHQJHUV]LQW IHOHWWL PDJDVVilJ P pV
WpPpEHQ D IHOV]tQL OHIRO\iV ODVVDEEDQ PHJ\ YpJEH PLQW
EHPXWDWRWW [i]LV 1+JJYpQ\ DODSMiQ VLNl i@iszRdi-J KD W iU
UHOIFLYV V]iPtWiVW pY KRVV]~ViJ~ FVDSDGpN pV Yt]KR]DP
VIL Q\iUL V]L FVD 8ReepekakHhenn® \MN WHOLN HO PtJ D FVDS
PpQ\ OHJQDJ\REE FVDSDGpNPDJDWY QI \K]RP tWY DWIRIGB-LBP SR OF
lenik D] XSSRQ\L Yt]PpUFpQpPO $ PHJIKDWiaRiR VWM W GU W DVLHDDR
IVV]HI\eOHNH]pVA YGp\StWHOHRONMIPGOWRNRUIQ D] |[VV]HJI\-0
D PpUWpPNDGY KR]DP V]iPtWiViQDN HJ\LN PHJKDWiUR]y SDUL
PHJKDWIiUR]QL D] |VW] HIQQiONSIREMLRVMD EE WXGMXN EHFV+.0Q
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Kivonat: . XWDWyPXQNiQNE®DWD &WHUQ&PW M p WCiié SutnHe?] PpUW
(CN) PHQQ\LKPIHIWR]WXN PHJ $ PpUWpPNDGyY &1 V]iPRW D J\DN
pV D ILILNDL WDODMIpOHVpJ DODSMiQ VIRNWiN PHJKDWiUR]
WiUW YDJ\LV D NLIRO\iVL SRQWMiQiO QLQFV Yt]JPRUFH ,VP
V]iPtWKDWy (J\ Yt]JJ\&MW PpUWPpPNDGY &1 V]iPiQDN PHJKDWi!l
ROGiIVL VIHPSRQWMIiEYyO MHOHQW V XJ\DQLV H]JHQ NHUHV]W
PpQ\HNKH] WDUWR]y FV~FVKR]DP DPL EiPHO\ Yt{JHOYH]HWDpV
CsermnelySDWDN 8SSRQ\LJ WDUWYy Yt]dBWPW MWUNHDS VEXN HUHGP p

Kulcsszavak:IHOV ]tQL SCHCRIOMM.PSWRWLN XV @sérnpl\atdd « JJpV

1. BEVEZETES

$ KLGUROyYJLDL PRHZHOWBWUNBEHN PHIKDWIiIUR]iVIQ NHUHV]We.
NpS] FVDSDGpN WpUIRJDWIiKR] $ Yt]J\& MW UH pUNH] FVDSIE
PLQW IHOV]tQL OHIRO\iV $ FVDSDGpN IHQQPDUDGY UpV]H D
LEDQ RV]WYGLN V]pW PLQW EHV]LYILQViIQ .SIHRON|jM»OLQWHU
egyediFVDSDGpNHVHPpPpQ\ PRGHOOH]pVH VRUIQ D EHV]LYIiUJIV i
PRV PyGVIHUW GROJR]JWDN PiU NL [BreEdisvGardyitdatieV (Btdokst WiV U D
p \Corey, 1966), Van Genuchten modell (Van Genuchten, 1980) vagy a Green-Ampt modell
(Greenp ¥Xmpt, 1911) $ 86 6&6 6RLO &RQVHUYDWLRQ 6HUYLFH iOW
DQQ\LEDQ WpU HO D] HO] PRGHOOHNW O KRJ\ DEEDQ D] HI
WiUR]YD $ YHV]WHVpJHW HJ\ DUIQ\V]iP MHOOHP]L DPLEHQ
MHOOHP] WDODMRBSp/\L]DNDHUNO DWW KIDPQEMPOW  $] (J\HV-OW I
terjedt PyGV]HU D PpUWpPNDGY iUKXOOIiP V]iPtWiViUD pV QHP LV
PD]]IiN PHUW &1 pUWpN NDWHJYyULINDW KR]JWDN OpWUH D WE
DODSMiQ ( NHWW LQIRUPiFLY IHOWIiURWIQQQ HHF\}.O\NW U
8J\DQDNNRU PHJ NHOO MHJ\H]QL KRJ\ pUGHPHV HO V]|U LV
]JRQ\RVRGQL KRJ\ QLQFV MHOW QU WD NO/W UYWL NKiPt&1 pV D
DODSMiQ V]JiPtWRWW NDUDNWHULV]J]WLNXV &1 pUWpPNHN N|]]|\
]JpPNHQ\ HUUH D SDUDPpWHUUH tJ\ NLV HOWpUpV LV MHOHQ

okozni.
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2. ANYAG ES MODSZER
21.9L]VJIOW Yt]J\&MW EHPXWDWiVD

A Csernely-patakY t] J\& MW MpQHN WBIUXCBSWE\L YKifRn PORE)LA
SDWDN -FL9GEWNN|]SRQWL UpV]pQHN Q\XJDWL OHMW LQ HUHG
O\ivD PHQWpPQ &VHUQHO\ /pQiUGGDUYF 1HNpP]VHQ\ pV 8SSR
HO WW D} \BRURY\W| YHa@p U L $ VIRURV HJ\ NDUV]WV]XUGR!
W|UYH pUL HO D-SDWDWRDyW]ERBWD DNBD HI\HV.O (] D NpW ¢
[IEpUFRIWiIUR]y IHOW|OWpVppUW DPL PHIJKDWIiURQYfd-YyYt]Ei]
J\DV]Wy Yt]JHOOiIWiViW ELIWRVtWMD

1 iEUD
A CsernelySDWDN Yt]J\&MW MH D] XSSRQ\L Yt]PpUFpl

22.)HOKDV]QdOW DGDW

$ FVYDSDGpN DGDWRN D +XQJDUROHW OHWHRUR®atak. DL $GD
Yt]J\&MW MpQ D OpQiUGGDUYFL iOORPiV DGDWDL OHWWHN I}
YDQ D Yt]WDQ OXQNiQN VR FW BNICSDGpN HVHPpPQ\HL'
WXQN tJ\ OHKHWHWW IHOKDV]QiOQL D OpQiUGGDUYFL iOORF
DONDOPDV PLYHO FVDN yWD *]JHPHO

$ Yt]KR]DP DG B24kFPNDDWD D R\EN {0 D]IDWMYWDM]L 2V]WiO\D V]
JIOWDWWD - $DEAHNRIH 65 SFEUND i WDOiOKDWyY Yt]PpUFH DKRO
iOOQDN UHQGHONH]pVUH Yt]VILQW pV Yt]KR]DP DGDWRN $ |
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1 WIiEOi]DW
AIHOKDV]QiOW DGDWRNUD YRQDMW

$GDW)\ OpU KHQ $GDWV]R| OpUpV N OpUpV | Feldolgozott
GHWH D NRULV DGDWR
ponton tartama
, 2023.01.01-
&VDSD /pQiUGGI[ HungaroMet | 2021.07.08 yubD 2024.01.15*
15 perc
9t]KRI]I . 2023.01.01-
Y1]i0 ¢ Uppony e09,=, 1989.01.01 XWyE 2024 01 15*
PYHNE
2 iEUD

$ XSSRQ\L Yt]PpUFH Yt]JKR]DP pV OpQiUGGDUYFL FVDSDGp!

23.$] 6&6 &1 PyGV]HU

$ PYyGV]HU NLLQGXOIiVL |[VV]HI«JJpV Hiégyebl&terkdtapul HD Oi QR V
kins et al., 2009)

2 L3E( 1)

DKRO 3 D] [VV]HJ]HW W(nmy D & DG p|N ¥ PH DWW W (H®)\WYQLDJ HIR O
DNW XiOL V(@A MHOAPNHBG ROJR]iIVD VRUIQ HO V]|U [VV]HWDUW
JROWDN PHO\HN YiOWRI]iViEyO D] (BI@KDE &t &P F2009:0D StWiVRND

D IHOV]tQL OHIRO\iV iOQND QNiIQJRV GLNH Q 8 MNHRA 3
PQDGDWSIURNUD HJ\ NRQYH[ 1+JJYpQ\ LOOHV]WKHW

D] LOOHVIWHWW JRUBHpUWpEABQEKBMOLN DKRJ\ D 3
MHOHQW V V]yUiV WDSDV]WDOKDWYy. D] LOOHV]WHWW N

X X X X
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(]W NJ]YHW HQ EHYH]HWWpN D] 6 PD[LPiOLV SRWHQFLiOLV Y

5 LE\Zﬂ<:-2 F 3: I_E\%z(; (2)

$ OHYH]HWpPV IRO\WDWIiViEDQ D 4 3 OHIRO\iVL KiQ\DGRW D
OHWW NLIHMH]QL DPL D N|YHWNH] |[VV]HI«JIJpVW HUHGPpQ\

3 ( =GPQZ?HEO RAOVPAO=C 5
2 5 LKPAJ?EZHEO RAOVPAO+C 3)

%HKHO\HWWHVIWVYHIRDJIp¥BADD $ KLYDWNRI]iVL IRYddydh-QHP WD
letbe, Q-ra megoldva kapjuk

26

4
3L:2E5; )

(] D OHIRO\iVL HI\HQOHW HOV DODS IRUPiMD PHO\EHQ 4 |
D 34 DGDWRN HOHP]pVHNRU DJW LV pVJUHYHWWpN KRJ\ HJ
GpNPHQQ\LVpJ OHpPUNH]pVH XWiQ LQGXQHPHIWHEW MG ] ®HPW LD |
FHSFLy D WpUV]tQL PpO\SRQWRNEDQ YDOy |VV]HJ\e OHNH]pV
YHV]WHVpJHNHW IRJODOMD PDJIED (IPNDMAW HD| BYAbIbaMpNOOMW DN |
$ KLYDWNRIJiVL IR U U )ég@ietoeNISOACRRAW y

2 F &8 2 R4
2 F&E5 (5)
3L 2 Qa

3L

AzZ(5) HI\HQOHWEP-RPHEQHS/PJ D OHIRO\iVYNyz 8)-(4Fagpe8D G pN 3
OHWHNEHQ FpO VJ+rH&O D/ B AKRHADQ H WEM\3D] HI\HQOHW

2@6

3L
" %E 5;

(6)

Ebben az esetbenaz Sea?v 4 N|]|[WWL PD[LPIiOLV SRWHQFLiIOLV GLIIH
HOYRQIEHYH]HWpVH V]*NVpJV]HU& XJ\DQDNNRU HJ\ ~MDEE
]liVD ~MDEE |IHIODDG BWK LSYDWNR]iVL IRUIWi\HDHB VD DK B WHW &
PLDWW HONH]GWpN YL]VJiORLRD\PH DOHx\WVENDBD B AP R Q\i W
NIYHWNH] iWODJRV |VV]HI«JJpVUH MXWRWWDN

L rat®s @)
Afenti [VV]HI«JIpVW E HK@E)RyyeMNedD GWELI D ]

2Frat@®s
o v 5 8
3L2Eréz c 2 Rrat®5s (8)

(] D OHIRO\iVL HI\HQOHW OHJHOWHUMHGWHEE IRUPiMD D
VIHIRJOD OB @ O(MWMKBWWHW HQ D] 6 KHO\HWW HJ\ RO\DQ NLIF
EHQ 6 D] ~Q &1 &XUYH 1XPEHHOI -OHKHWHIL$\EOQHPEH YHQ



A CsemnelySDWDN Yt]J\&MW M pWCWWIOP R PP KDpUIW RNV Gy

V]iPtWivD VRUIQ D IHOV]JtQERUtWRWWViJRW pV D MHOOHP]

pV N|I]JIWW YIOWR]JLN DKRO D YHV]WHRVI YHOMW] WOV pIH
jelenti:
% OL twvrr ©)
° ‘twvE 5,

$ IHQWL NpSOHWHW IHOKDV]QiOYD WXGMNNiBODkeIOtWDQL
KDQJV~O\R]QL KRJ\ [8] DO HEEQHWUEHNULQWL |VV]HI«JJpVH F
PHOOHWW dsatbgn aHQF0p E

3 iEUD
$ &1 &XUYH 1XPEHU PyGV]HU @NP202MXV |[VV]HIRJOD(

4 iEUD
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$ FVDSDGpNPDJDVViJRNKR] WDUWR]y OHIROsz&tkN+O|QE|] &
2.31. &1 DONDOPD]iVD LVPHBW YOI S&N W QOHW PHJROGIiVD

A(+LED $ KLYDWNRIJ]iVL IRV HiMHIDRHPH W DELOKBDW yP&B,RO G iV D
4 6 &1 PRDUDPPWHUHNUH $ GLWbENNERHIRD GiV D 1(+

5LW®R®B2Et®V3RFEEW® 2@ 3 (10)
twvrr
% OL (11)

twWvE :w® B2 Et ®3GF3EE W ® 2@®; 3

DPL OHKHW Yp WHV]L KRJ\ PpUW DGDWRNEYO &1 V]iPRW KD\
0"Q”"3 HVHWIBHQEB $ KLYDWNR]iVL IRUUIVHQB AW P OJVR & DRy~
ROGIVIEDQ D QHJDWtY J\IN VIJHUHSHO PHUW H] D PHJROGIV
P—~0; YDODPLQW 6 HVHWpPpEHQ KRJ\ 3 4

2.32. $VILPSWRWLNXOWIRMDED GOWHIJIpV

$ FVYDSDAPRO\iV DGDWRN W D(Qaxkiriz, (DOR; JHanking, RAOHH Ji O O D
StIWRWWiN KRDHDROAD\S DGPWRNEYO V]iUPDJWDWRWW &1 pU)\
N|]J[WW HU V PiIVRGODJRV WUHRQGUDRILMRERMWQ PN Ki$R&LLIDMV
OHIRO\iV FVYDSDGpNUD DGRWW YiODVRDvibe®§ (S M BME2en Q\XJIRG
WtSXVRN HJ\LNH VHP HU V43V N |P|RMIWW | Nvo\VO H W(B)MHYQM Q DIPIIVWV t U
le. Ugyanakkor aQRUPY®B DV]LPSWRWLNXVDQ NRP SabdtyFEpLLON YN & 1
Q (] DODSMi®yYyD QR PIW WD PiDIVLN\HRW\Y t W] & BW MyB B Q\
HO UH MHO]siak(NEH2,RORD(UUH P XW H6N i BERG iON-Pkapcsolat

nemY R O Wat)gradti19544V Py @K]HKDQHP NLVHEE Yt]J\&MW DGDWV|
D]RQR V.tBY RONE iNV]H I« XHtAMDYH]HW WHU*OHW Q|YHNHGpPVpYFH
QRVtWKRDWYELQWH iOWDOIQRVDQ pUYpQ\HV D KNEBYY20Z2pNL FVD

5 iEUD
ACN-3 JUDILNRQRN QRUPiO YLKDURV pV (HaXBiRs@NHI.WtSXVDLC
2015)
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$ YLKDURV pV Q\XJRGW WtSXV HOWpU YLVHONHGpPVH NLU
CN-3 pUWpPNSWHRMIBOO\HO SiUKX]DPRV HJ\HQHV N|U-O FVRSR
JDVViIiJRN HVHWpPQ $ QRUPiIO NDSFV Re®AaWwki3, Fop0] Rada¥ikU R]W D |
etal., 2014) DPL DV]LP SW R W1 236 AN QH 6 OADL HDOegenestX | D P R V

%oz;L%@E:srrF%@;®@)Xg“ (12)

6 IEUD
3pOGD QRUPIO DV]LPSWRWLIKNEN4R2RYQGCGH]HWW &1 YiO|

DKRO &1 3 D 3 FVDSDGpN PDJDVViJKR] WDUWR]y &lapUWpN
Yt]J\&MW W MHOOHP] &1 V]iP E D] DVILPSWRWLNXV LOOHV]
rendezett CN8 DGDWSiURNUD NHOO LOOHV]WHQL $GRWW pY OHJ
J\REE OHIRO\iViYDO NHOO SiUED iOOtWDQL DNNRU LV KD H]
PDMG iEUi]R®dpafikdhod (NEH4, 2022) 7|EE Wt] pY HOHP]pVPE O V]iUl
SiURN DV]LPSWRWLNXVDQ N|JHOtWHQHN HJ\ NRQVWDQV &1 |
&1 pUWPpPNPON IHDHGWIHE iNBRKID PHIJMHOHKQDRRLPPPWDD&N-V]|Ep
WpNHW MHOHQWL PHO\ DODWW QHP W|UWPQLN OHIRO\iIV Y
az S 20%i W

3. EREDMENYEK

$ Yt]JI\&MW W MHOOHP] &1 V]iP PHIJKDWIiUR]iViQDRUH®V O]
D OHIRO\iVNpS] FVDSDGpN PHQQ\LVpJpQHN D PHIJKDWIiUR]iV
tJ\ D KLGURJUIIRQ HJ\ iUKXOOiP DODWWL WHU*OHW SRQWRYV
OHV] D]JRQRV $ Yt]J\&MW UH pUNH] FVDSDGpNWPpPUIRIJDW D F
FVeOKHW .L NHOO KDQJV~O\R]@GVDEBRG\pEHW W aHIHMW]IH ¢ B B W
ELJWRVDQ QHP KRPRJpQ PLQW DKRJ\ D]WkNWGQDWHEHQW RNB
a(11))HJ\HQOHW DODSMiQ D] DGRWW HVHPpQ\ & L@ IWN H W iPW
FVDSDGpPNHVHPpPpQ\HNUH Y R{@DW NG iR B&/DIONDD NAMHW D
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2 WIiEOI]IDW
A Csernely-patakon 202EDQ OHYRQXOy iUKXOOiIiPRN DODSMIQ

"TWXP Qlef [mm] P [mm] la CN
2023.03.27 0.62 20.30 13.36 78.96
2023.04.24 1.32 25.30 15.14 77.03
2023.06.10 3.05 20.10 7.65 86.90
2023.08.10 3.51 25.00 9.94 83.64
2023.10.27 0.23 27.00 21.88 69.89
2023.11.05 0.60 21.10 14.23 78.11
2023.11.08 0.39 9.90 6.21 89.10
2023.11.12 2.87 27.50 12.55 80.18

$ PPpUWPNDGY &1 PHJKDWIiUR]iVD VRNNDO |[VV]JHWHWWHEE |
LUD YRQDWNR]yDQ NHOO D &1 pUWpNHW3\JGDW B QLR NPV GOmM
kella (12)HI\HQOHWHW $] LOOHV]IWpV VRWWMp NHH H RSP\ D \MDH ISV
J\&MW PpUWpPNDGY &1 pUWpNpW 6DMQRYV FVDI$ DWAYNVYD|GD\
J\&MW MpUH YRQDWNR]yDQ tJ\ D EHPXWDWRWW PyGV]HUUH
LUIQ\PXWDWyYy GH WRYIEELESFOQWRVtWiVW LIpQ\HO

7 iEUD
$ PPUWPNDGY &1 V]iP PHJK DS\DWDNVDt D \&WNU @l Q\

4. KOVETKEZTETESEK

$ OHIRO\iIV PRGHOOH]pVEHQ VRN EL]JRQ\WDODQViJ WHUKH
Yt]JKR]DP Yt]V]ILQW DGDWRN KHO\HVVpJpYHO 'H PHJ NHOO |
FVDSDGpNPDJDVViJ YDOYGL pUWpNpW DPLW QpKiQ\ PHWHR
KDWiUR]QL -pat@Rémi20Z8HDQ OHYRQXOW iUKXOOiPRN PRGHOOH,
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VIROJIOWDWRWW D PXQND QHP WHWN LEQWHPH\Y \ HENY IRAUJING] HO/DW
EHELJRQ\RVRGRWW KRJ\ EiU -PWDS.DIGpN RV HPpNYRQBIDYLV V]I
HVHPpPQ\ QHP W|UWpQW PHO\HN PHJLVPHUpVH PRGHOOH]p
V]iP PHJKDWIiUR]iViKR] $ V]iPtWiVKR] KDV]QiOW DGDWRN V]F
VLNHU+sOW PHJIHOHO V]iP~ DGDW IHOKDV]QiOiViYDO HOYpJt
PHIJKDWIiUR]iVIW $pBWpN HI\ NLLQGXOiVL pUWPNQHN HOIRJLC
WRVtWiVUD VJRUXO (] D] pUWpPN HJ\pENpQW D]WI.ROOWDW M D
PYHQWH HO IRUGXOYy HVHPpQ\HN VRUIQ D KLGUROYJLDL YHV
PDJDVViJ~ HVHPPQ\HNKH] YLV]RQ\tWYD
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Kivonat: . XWDWyPXQNiQN VFSDIW DN &MHU @MW\ MpQ OHYRQXOy iUl
WXN (J\ iUKXOOiP NLDODNXOiViWw D Yt]J\&MW V]iPRV WXOD
OHJIRQWRVDEEDN D KLGUROYJLDL YHV]WHVpJHN (JHN KDW,|
PHNNRUD UpV]H YiOLN IHOV]tQL OHIRO\iVVi tJ\ iHMXOOIiPPi
SURJUDPRW KDV]QiOWXN PHO\EHQ D KLGUR OydtloDSery HV]W H\
YLFH &1 &XUYH 1XPEHU V]iPPDO MHOOHPH]W+N $] iUKXOC
8+ 8QLW +\GURJUDSK PyGV]HUpW DONDOPD]WXN PHO\EHQ
NHW LWHUIFLYYDOSKDPMWVURQWXIQN VABNEDQ QHP YROW NLXJU
PpQ\ H]pUW D YHV]WH MWSWHNEMWV]iPRNNDO OHKHWHWW MHOC
NHOO MHJ\H]QL KRJ\ QHP VLNHU<OW LJD]iQSMgiibmedRIG HO O H]C
KDWpPNRQ\ViJL -P X WD|\MWNW L pUW p N Hedetlegratidd NI P{W[PWW KLED iOC

Kulcsszavak:lHO V]t Q L HEB-HRS\$ES CN, Csernely-patak

1. BEVEZETES

$ FYVDSDGPNQDN DJRQ UpV]pW PHO\ D YMV]&N\WOGNHOWHtQ L
nulle, IHOV]tQL OHIRO\iV@QIDINiQHYH]]*N] NHIGHWEHQ GLII~] IHO®
LQGXO PDMG IRO\DPDWRVDQ NRQFHQWUiOYyGYD D Yt]J\&MW
PRW KR {K@uMetiaH, 1993) $] iUKXOOiIPRN PpUHWPpPKH] NpSHVW PHJ
SDGpPNQDN FVDN NLV UpV]H IRUGtWYGLN D IHOV]tQL OHIRO\
IRO\DPDWRNEDQ YHV]JLN HO SO EHV]LYiUJiV LQWHUFHSFL
NHOHWNH]pVH UHQGNtY+O |[VVIHWHWW IRO\DPDW H]pUW KLG
rolyJLDL YHV]WHVpJHN ILJ\HOHPEHYpWHOpPYHO PHJKDWIiUR]])
KXOOiPRW $ PRGHOOV]iPtW ifeliibt azR O i B EDHPHDX RVGIG\DAD B K L G U R
WHVpPpJHN" PHJIHOMQ WHIRIWp W EBD® VDM Op U G H akpHEHIG PR O
NDSRWW iUKXOOiP N|JHO D]ROQWRYI R@SHHNNPOONMERN K RUMW P L QW
KXO0.0iP

$ JNJDNRUODWEDQ V]iPRV PyGV]HUW GROJR]JWDN PiU NL H]F
]liViUD D GROJR]DWX®O\EDEO BRBRBREDO&ERQVHUYDWLRQ 6HU
GROJR]JRWW &1 PyG V(@NU2024D & ND IROHYMWXQE OHYRQXOyY iUKXOC
J\&MMDMiWRVViJDL WeNU|] GOQHN PLQW WDODMIpOHVpPJHN HC
VIRQ\RN pV V]iPRV PiV WXODMGRQViJ OLYHO HJHQ WXODMG
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YDOLGIiOW PRGHOO DONDOPDV OHKHW WHWV] OHJHV FVDSD
PHO\HN N|]*O D Yt]pStW PpUQ|NL IHODGDWRN PHJROGiVD VR
DGy FVDSDGpNQDN

2. ANYAG ES MODSZER
21.9L]VJIOW Yt]J\&MW EHPXWDWiVD

A Csernely-patakY t] J\& MW MpQHN WBIUXCBSWE\L YKifn PORM)LA
patak a% * NYILGpN N|]SRQWL UpV]pQHN Q\XJDWL OHMW LQ HUHG
O\ivD PHQWpPQ &VHUQHO\ /pQiUGGDUYF 1HNpP]J]VHQ\ pV 8SSR
HO WW D} \BRURY\W| ¥Ha@p U L $ VIRURV HJ\ NDUV]WV]XUGR!
W|UYH pUL HO D-SDWDWRDy W] ERBWD DNBD HI\HVeO (] D NpW ¢
[IEpUFIWiIiUR]y IHOW|OWpVppUW DPL PHIJKDWiURQYfd-YyYt]Ei]
J\DV]Wy Yt]JHOOiIWiViW ELIWRVtWMD

1 JEUD
A CsernelySDWDN Yt]J\&MW MH D] XSSRQ\L Yt]PpUFpl

22.)HOKDV]QoOW DGDW

$ FVDSDGpN DGDWRN D +XQJDUROHW OHWHRUR®atdd. DL $GD
Yt]J\&MW MpQ D OpQiUGGDUYFL iOORPiV DGDWDLW OHWWHN
YDQ D Yt]WDQ OXQNIiQN VRADIQ FWFNIDSDGpN HVHPpPpQ\HL
PH]YH tJ\ OHKHWHWW IHOKDV]QiOQL D OpQiUGGDUYFL iOORI
DONDOPDV PLYHO FVDN yWD «]HPHO
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$ Yt]KR]DP DG B24kFPPNDDWD D RN 0N D]IDWMYWDM]L 2V]WiO\D V]
JIOWMD 0swiRlySDWDNRQ 8SESSHEUDIi OVDOiOKDWY Yt]PpUFH DKRO
iOOQDN UHQGHONH]pVUH YH{ILVWOED B W t]KRED®D DGDWRN

1. WIiEOi]DW
$ IHOKDV]QiecOWR QW WRIN LQIRUPIT

$GDW) OpU KHQ $GDWV]R| OpUpV N OpUpV | Feldolgozott
GHWH O NRULV DGDWR
ponton tartama
: 2023.01.01-
&VDSD /pQiUGGI[ HungaroMet | 2021.07.08 yuD 2024.01.15*
15 perc
9t]KR]IL . 2023.01.01-
Yt]i0 ¢ Uppony e09,=, 1989.01.01 XWyE 2024.01.15*
PYHNE
2 1EUD

AzXSSRQ\L Yt]JPpUFH Yt]KR]DP pV OpQiUGGDUYFL FVDSDGQpN

23.0RGHOOV]iPtWiV

$ PRGHOOV]iPHBO*BRBID'W D +\GURORJLF (QJLQHHULQJ &HQ
Modeling System) programmaf pJH]W*N $ V]RIWYHUW KLGUROYJLDL IR
KRI]WIN OpWUH PHO\ HJI\HGL HVHPpQ\HN PRGHOOH]pVpW O N
is alkalmas (Scharffenberg, 2016).

23.1. 9t]J\&MW PRGHOO

(OV OpSpVNpQW D Yt]J\&MW D '(0 GLJLWDO HOHYDWLRQ
UpJL JIA(DNRUODWWDO HOOHQWpPWEHQ D -8eoHMSI MoysmEHQ PiU
aHMS-HQ EHO+O HOYpJH]KHW D Yt]J\&MW OHKDWIUROiV D 3U
|  GHQWLI\ 6WUHDPV ! '"HOLQHDWH HOHPHQWpataRBR 6 Q FV VR
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HJ\V]HU& Yt]J\&MW NHU*OW OHKDWiUROiVUD PLYHO D UpV]
LQIRUPIFLY tJ\ IHOHVOHJHMW MO-YO |8 R WONWHHYILH DR R @ piYOHDO

23.2. OHWHRUROyJLDL PRGHOO

$ PHWHRUROYJLD PRGHOO V]LQWpQ HJ\ HJ\W]HU& PRGHOO
GHILQLiOiViUD YROW V]*NVpJ B6SHFLILHG K\HWRJUDSK (Q
DODS~ PRGHOOH]pV W|UWpQW (JHN VRUIQ D]mhevendi|a LGV pJt
SiUROJIVW YDODPLQW D YL]VJiOW HVHPpPQ\HN IDJ\PHQWHV |
VHP NHOOHWW V]iPROQL 5HQGNtY<O VIHUHQFVpV N|UsOPpQ
J\&MW UHQ G H GFNID]$IMGA NSRVIOUM iMDO RP iV V D O

3 iEUD
ACsemelySDWDN Yt]J\&MW MH Y3\ OMBKROMWEE OHNP NP
HVpV

233. /[HIRO\iVNpS] FVDSDGpN PHJKDWIiUR]iVD

$ Yt]JJ\&MW UH pUNH] FVDSDGpN MHOHQW V UpV]H D N+O|C
LQWHUFHSFLY EHV]LYiUJiV VWE HOYpV] D PRGHOOEHQ HC
QLN $ YL]JVJIODWRN VRUIQ FVDN Di¢tttak@&m@az¢abDyY & HLRPE BN PG\
FVDSDGpN WpUIRJDWIiQDN PHJKDWIiUR]iViUD $ &1 HJ\ DUIQ\\
SDGpPN PHQQ\LVpPJ Q|YHNHGpPVPQHN 1+JIJYpQ\pEBGaskeNNRUD |
al., 2014). Az&1 DODSHJ\HQOHW GLUHNW PHJ ROKX DY POWD FNRD BI
LVPHUHWPEHQ D] DGRWW H\PHRIK@WI WR{&DWR] 8Y1DWQIDNNRU I
GROJR]yL DJW LV pV]JUHYHWWpN KRJ\ HJ\ DGRWW FVDSDGpN
O\iV PHUW D] IHOKDV]QiOyGLN D Yt]J\&MW A{MQHEBMHVpWpV
el. AZL pUWpNH D &1 DODSMiQ V]iPtWKDWy
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$ 6&6 &1 YHW]WHWIY FVRPDJEDQ D)NHONGW WV B D YR|QiiVy |HO
OHWHN DUiIQ\iW NHOO PHJDGQL $ Yt]]iUy IHO*OHWHN DU
KRJ\ D Yt]J\&MW N|Q NHYpV WHOHS+-OpV WDOiIiOKDWYyY pV D]RN
KHW N Yt]]iUyQDN PHO\HN |VV]IHO*OHWH HOKDQ\DJROKDW)
Q\tWYD

234. )HOV]tQL OHIRO\iV V]iPtWiVD

$ +06 PRGHOOEHQ DtIB G¥$U®B) 260 IRORIMDIEDQ OHKHW PHJIK
HVHW-QNERK® 8+ PyGV]HU YROW $ /266 FVRPDJEDQ V]iPtWRYV
PDJDVViJ D] HI\LN EHPHQHWL DGDWD HQQHN D FVRPDJQDN
WpV /DJ WLPH >PLQ@ PHOOHWW (O EEL D Yt]JKR]DP LG EH
FV~-FVKR]DP HO WWL pV XWiQL iUKXOOiPWpUIRJDW DUiQ\D KI
NpS] FVDSDGpN LG WDUWDPiQDN IHOpW O D FV~FVEKR]DPLJ |
D NpVOHOWHW [t FLW/J K /W IR HYBIDWD HVHPpPpQ\HNUH PHO\HN Y|
volt, ahol a Nash-Sutcliff RGHOO KDWpNRXQ\OHIMREKE PWWpNHW DGWD
V]iPtWRWW iUKXOOiPRN N|]|WW

2.3.5. Alaphozam

$] DODSKR]DP &RQVWDQW ORQWKO\ PLQGHQ HJ\HV V]iPt'
V]&WLED $ KLYDWNR]IVL IRUWHY\ QGO haGOMNIMANGN,
1990)DONDOPD]YD DHMIRRUPNBV UDOBPB K ER@yatott vonal).
$ UHNXUJtY V]&U PDWHPDWLNDL IRUPiMD

. sEU
3.;PLU®SP FsE—t®>3:F3F3:P F8: (1)

ahol Q)M V@ oY) > V@ D N|]YHWOHQLGHSRQWEBQpPW&) D 4 W ¢
D] [VV]IHV OHIRQG VS RQMWE BVQ D YIDHONDXPUWIRW V]&U SDUDPpWHU
PyGV]HU DONDOPD]iVD HVHWpPQ PHJ NHOO MHJ\H]QL KRJ\ C
DODSKR]DPWyO PLYHO D] (Bzila@yi@tal2009) 9 QHRXIMPHVWU SD
PpPWHU pUW pdtH

3. EREDMENYEK

$ PRGHOOV]iPtWiVRNKR] D] HJDHED MADH M\p Q@ \ HHNQ &/1 H/O,t W H W V
tuk PHJ PtJ D 35) pV NpVOHOWHWpPV SDUDPpWHUHN LWHUIFL
intervallumban (100- tJ\ DQQDN PR]JiIVWHUH D] LWHUIiIFLY VRUIQ N
D NpVOHOWHWpPVVHO PHO\ VILQWH WHWV] OHJHV pUWpPNHW
HJ\ NH]G HMWIH WY@t DI FO DS KA DP LG VRU NHUHV]WVSHNW L
K D WtikkRrjeg $ NH]GHWL pUWpPN PLQLPIiOLY NRUUHNFLYyMD HUH
OHJMREEDQ LOOHVINHG VAR {WERWDW JIWKNX.OEMW SIY0OBEW P XWE
KXOOiP PRGHOOHN LWHUDWtY PH3DU®IRPWH UH N ] PRH &/QRMMWWE
WpNHNNHO IHOYHWW 35) pV NpVOHO WIGWpN BD HEPHAHOHN [
OLYHO D V]iPtWRWW iUKXOOiP JJUEH HOQ\~MWRWWViJD N|]H
ViJiYDO tJ\ D 35) V]iPRW QHP NHOOHWW PyGRVtWDQL $ Np'
WpVpYHO HO iOOW D PpUW DGDWRNU P OH®RGEEDQEDOHV]N
$ W|EEL FVDSDGpNHWHRPYI@ YIRYRVOPYWGV]HUUHO OHWW PHJ
iUKXOOiP PHO\HN |VV]a&f Y
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Nyolc HVHPpQ\W VLNHU<OW PRGHOOH]QL PHO\HN HVHWPpPEHQ
NLXJUyDQ QDJ\ FVDSDGpNHVHPpQ\ D] HVHPpPQ\HN FVDSDGp}
WR]JWDN (QQHN RNiQ D &1 V]iPRN YiOWR]iVD VHP |OHO IHO
YioMKRaEpUWp8H&1 V]IiPRN HVHWpPQ PHJ NHOO MHJ\H]QL KRJ\
WpNH DQQiO NLVHEE D YHV]WHVpJ D Yt]J\&MW Q tJ\ DQQiO
iUKXOOiP JJUEpN HOQ\~MWRWWViJD 35)D NpNDHCIROH\\WSW Y i
SHUF N|]|WW (JHNNHO D SDUDPpW HBMNMWNIOQIDFROHNMEERED OO

pUWpPNLJ WHUMHG DPL PHIJPXWDWMD KRJ\ QHP PLQGHQ
p U Qdyanakkor aV]iPtWRWW pV PpUW KR]DPFV~FVRN N|]|WW PLQLF

4 iEUD
$ PpUW Yt]KR]DP J|UEH N|JHOtWpVH V]iPtWiVVD

2 WIEOi]DW
A Csernely-patakon 202&DQ YL]VJiOW iUKXOOiPRN PRGHOO V]iPtWiV
UHL pV HUHGPpPOQ\

"TWX P la CN | PRF| Lag | NSE [ 6]iPtW OpUW H 6]iPtW
(ka- | Time mpUW | hozam |FV~FVK
lib.) | (ka- fogat diff.

[mm] lib.) [%] [m3/s] [m3/s]
[min]

03.27| 20,30| 13,36 | 78,96 | 600 | 900 | 0,865 | -26,79 0,60 0,5

04.24| 25,30| 15,14 | 77,03 | 300 | 600 | 0,670 | 11,22 1,30 1,2

06.09| 20,10| 7,65 | 86,90 | 450 | 520 | 0,750 | -24,65 2,90 2,4

08.05| 25,00| 9,94 | 83,64 | 600 | 800 | 0,890 | -20,53 3,60 3,5

10.27| 27,00| 21,88 | 69,89 | 500 | 700 | 0,556 | 13,09 0,30 0,3

11.05| 21,10| 14,23 | 78,11 | 500 | 800 | 0,862 | 15,65 0,70 0,7

11.08| 9,90 | 6,21 | 89,10 | 600 | 800 | 0,721 | -1,70 0,60 0,5
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11.11} 27,50| 12,55 | 80,18 | 250 | 500 | 0,921 | 14,02 2,30 2,5

4. KOVETKEZTETESEK

A Nash-Sutcliff modellK DWpNRQ\ViJL P XW D &t\M KIDOVOIVBXWN Q KFRHI i O\BH Q J
JHOtWLN D V]iPtWRWW iUKXOOiPRN D PpUW iUKXOOiPRNDW (
LV YDQ KLED PLYHO D] iUKXOOiPRN DODNMD D KLGURJUIIR
mutatiNA PRGHOOHN MHOHQOHJL iOODSRWXN DODSMiQ QHP DC
OiPRN V]iPtWiViUD OLQGHQNpPSNVMNUMHVYDPOPDpUE WRIVERNY ]
D YpOW DGDWU|J]tWpVL KLED YD @ DpFYIHNE HPH LWL | M O QiM®LO @D J\
HVHPPQ\HNHW LV PHO\HN QDJ\REE &1 pUWpPNHW HUHGPpQ\H
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Abstract: This study employs geostatistical methods to characterize the Quaternary aquifer
system in Debrecen area, Eastern Hungary. K-means clustering assisted with sequential indica-
tor simulation are applied to delineate and map the 3D distribution of the lithofacies within
hydrostratigraphic units. Based on geological and mathematical principles, this integration
streamlined the complex subsurface variability into distinct lithofacies, providing a clearer rep-
resentation of the lithology in the study area. MoreogeY,y N iV Pisiampldy€al to generate

a continuous profile of hydraulic conductivity, enabling a detailed characterization of the iden-
WLILHG OLWKRIDFLHY 7KH LQWHJUDWLRQ RI FOXVWHU DQD
in developing an accurate conceptual site model, which is essential for reliable groundwater
flow and contaminant transport simulations.

Keywords Debrecen,3DQQRQLDQ %DVLQ &OXVW H HdydeQliD thtfucY &VyNi
tivity

1. INTRODUCTION

The sustainable management of groundwater resources requires a thorough understanding
of the geological and hydrological characteristics of aquifer systems. The characterization of
lithological and hydrogeological properties in groundwater aquifers has traditionally relied on
core data analysis and pumping tests. While these methods are efficient, they come with signif-
icant limitations. Both core data analysis and pumping tests are expensive and time-consuming
and also require considerable logistical planning, particularly when dealing with extensive areas
(Mohammed et al., 2024). Furthermore, these traditional approaches are often inadequate for
handling the complexity inherent in heterogeneous aquifer systems, where variations in lithol-
ogy and hydraulic properties occur on a fine scale.

Geophysical well logging, on the other hand, offers a promising alternative to these conven-
tional techniques 6 ] & F V , B021)D\W2ell logging involves the measurement of various phys-
ical properties of the subsurface directly in boreholes using specialized instruments. This ap-
proach provides continuous, in-situ data on lithological, structural, and fluid properties without
the need for extensive core sampling or invasive testing. Although well logs are incredibly use-
ful for characterizing lithological and hydrogeological properties of aquifers, their true potential
is only realized when analyzed with advanced techniques. Traditionally, well logs have been
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analyzed using deterministic approaches, which involve predefined models and assumptions to
relate the measured physical properties to specific lithological and hydraulic parameters. While
effective in some cases, deterministic methods can fall short when dealing with the inherent
complexity and variability of aquifer systems. To address this, statistical methods are increas-
ingly employed to analyze well log data (Abdideh and Ameri, 6]D Ey, BOW9)DiGese
methods allow for a more flexible interpretation by identifying patterns, correlations, and trends
in the data without relying solely on fixed models. Statistical techniques such as multivariate
analysis and geostatistical simulations can uncover subtle variations in lithofédi€&Ey HW D O
2023). Multivariate clustering techniques are widely used unsupervised learning algorithm that
allows the identification of the lithological units and groundwater aquifers in complex subsur-
face settings with improved accuracy and efficiency. A range of clustering algorithms, includ-
ing hierarchical and non-hierarchical, have recently been developed to assess the groundwater,
oil, and gas reservoirs. Among the non-hierarchical methods, K-means clustering gained pop-
ularity in geophysical studies in the identification of the lithofacies, fluid content, and subsur-
face zonation (Braun et al., *yPH] HW D®]DEYy, BOWO)D O

The Debrecen area is part of the Great Hungarian Plain and represents an essential hydroge-
ological region that supplies thermal and groundwater resources. The complex geology of De-
brecen has resulted in the formation of a diverse range of sedimentary deposits with varying
properties, leading to severe groundwater system heterogerfestyV K D Q G2@D) PTisL
study aims to characterize the Quaternary aquifer system around Debrecen area, Eastern Hun-
gary. The study uses RHDQV FOXVWHULQJ DQG &VYyNiV PHWKRG IRU
detecting the distribution of hydraulic conductivity within the hydrostratigraphic units of the
aquifer system. This research introduces an innovative methodology for characterizing the ag-
uifer systems for effective water resource development.

2. METHODS
2.1.Study area

The study area is located around Debrecen in Eastern Hungary, within the Tisza River wa-
tershed and covers about 650%Kifig. 1). It is part of the Great Hungarian Plain (GHP), which
is considered part of the wider Pannonian basin in central Europe. GHP now has a significant
disparity in land surface elevation because of neotectonics processes, erosion, and considerable
deposition 7y W K D Q RO .Prhede tectonic changes affected the study area and resulted
in an elevation range between 88 to 160 m a.s.| (Fig. 1).

The surface geology is primarily dominated by Quaternary deposits of Pleistocene age.
These deposits are predominantly composed of fluvial sediments, including river gravels and
sandy loess. Quaternary deposits in the study area can be further subdivided into Upper, Middle,
and Lower Pleistocene units (Buday et al., 2015). The Lower and Upper Pleistocene sub-units
predominantly comprise river and overbank sediments, while the Middle Pleistocene unit is
characterized by fine-grained fluviolacustrine deposiés* V S | N L, 2018). Dl@s study fo-
cuses on the characterization of the Quaternary system that boasts a permeability exceeding
1000 mD 7yWK D Q G2@Q)PAVfecent in-depth investigation by (Flores et al., 2023)
examined the upper 280 meters of the Great Plain Aquifer indicating that the two key hy-
drostratigraphic components are the Pre-Quaternary and Quaternary sequences (Fig. 2). The
Pre-Quaternary sequence is named the Late Miocene unit, features silt occasionally punctuated
by fine sand deposits. The Quaternary sequence is divided into three hydrostratigraphic units
including incised valley, alluvial, and coarsening upward units. The incised valley unit is an
elongated ribbon of sand and gravel with low clay content oriented northeast southwest. Above
this lies the alluvial unit, characterized by a consecutive sand body exhibiting significant
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horizontal variability and interspersed with silty clay deposits. Finally, the coarsening upward
unit presents diverse layers of clay, silt, and sand.

Figure 1
Location map of the study area with the GHP

2.2.K-means cluster analysis

Multivariate K-means cluster analysis is a popular unsupervised machine-learning technique
that involves grouping similar data points based on their inherent similarities. K-means cluster
analysis was employed as the initial step to identify and delineate spatially coherent lithological
groups within the aquifer system. In this study, the well logs including spontaneous potential
(SP), natural gamma ray (NGR), shallow resistivity (RS), and deep resistivity (RD) logs data
were subjected to clustering to reveal inherent lithological patterns within the aquifer system.
The similarity between different data objects and clusters is measured using Euclidean distance
a widely used for grouping data points based on their proximity in Euclidean space.

The optimal number of clusters (k) was determined through rigorous analysis of the data
using elbow method, considering the dataset's characteristics and geological understanding of
the groundwater system. The elbow method comes from the visual representation of the clus-
tering results, where the line plot of the within-cluster sum of squares (WCSS) resembles an
elbow-like shape where the optimal number of clusters is indicated by the deflection of the
elbow curve.

23. &VyNiV PHWKRG

& Vy NMnethod &V yNLB¥5) is a deterministic model established for determining the hy-
draulic conductivity of the loosely consolidated hydrogeological units based on well-logging
data. It is an empirically revised version of the well-known Kozeny-Carman equation. This
method relies on the interpretation of geophysical logs sensitive to lithology and groundwater
saturation.,Q WKH &VyNiV DS SUR® kdzenWlatined BduaienH{@ddshany1937;
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Kozeny, 1927) includingS R U R V lamd the 2lominant grain size of the aquifer materials are
obtained directly from well logs based on the connection established by (Alger, 1971) between
the formation factor and the effective grain size of the aquifer materials (d10). Accordingly, the
hydraulic conductivity (K) in m/susing VyNiV P HW KeRtidhate® (3ing Hg. (1) as

/ @B%’JA’
572 ;0 A -
& A

where G is the proportionality constant, is the porosity,4,is the resistivity of the saturated
formation, 4, is the resistivity of water.

-L % 1)

2.4.Sequential indicator simulation and kriging methods

Sequential indicator simulation (SIS) and kriging interpolation are two widely used geosta-
tistical techniques for spatial data analysis. These methods are used to model the spatial varia-
bility of lithofacies and hydraulic conductivity across the main hydrostratigraphical units. SIS
is a stochastic geostatistical method used to model categorical variables (Journel and Alabert,
1990). SIS generates multiple equally probable realizations of spatial distributions by simulat-
ing the spatial variability of indicator variables at unsampled locations. The process is sequen-
tial in nature, meaning that each unsampled location is simulated based on the data and the
previously simulated points. This method accounts for the uncertainty in the spatial distribution
by producing a set of realizations rather than a single deterministic outcome. Kriging interpo-
lation, on the other hand, is a deterministic geostatistical method that provides a best linear
unbiased estimate for continuous variables (Oliver and Webster, 1990). Kriging uses the spatial
correlation between known data points to predict values at unsampled locations. It incorporates
a variogram model, which describes how the similarity between data points changes with dis-
tance. Kriging procedure assumes that spatial continuity exists and uses this information to
minimize prediction error.

3. RESULTS AND DISCUSSION
3.1.Facies distribution

K-means clustering algorithm was used to explore the main lithological and hydrostrati-
graphical units presented in the Quaternary groundwater system in the study area. The cluster
analysis was considered based on mathematical and geological principles. The selection of the
optimal number of the clusters (i.e., lithology) is essential because a higher number than the
optimal gives lithologies that don't exist in the aquifer systéni D E y ,l20¥3)D@n the other
hand, fewer clusters neglect lithological units during the discretization, resulting in low vertical
resolution. Mathematically, Elbow method is used to identify the optimal number of clusters
and indicated that 3 clusters are the optimal number (Fig. 2a). These clusters were identified
and differentiated according to the response of the input logs. Cluster 1 (C1) is associated with
low RS and high NGR responses, cluster 2 (C2) with high RS and low NGR values, and Cluster
3 (C3) is characterized by with moderate RS and NGR responses (Fig. 2b).

Geologically, the Quaternary sediments of the Pannonian basin in the eastern part of Hun-
JDU\ DUH GHVFULEHG DV D FRPSOH[ IOXYLDO V\VWHP SUHGF
DQG $ (2P0} .LThe variations in the fluvial transport capacity impacted the homogeneity
and the spatial continuity of the fluvial sediments, resulting in wide variation rock texture from
shale to gravel. Accordingly, the obtained clusters are interpreted. These clusters C1, C2, and
C3 were assigned to clay, silt, and sand and gravel, respectively. A comparison between
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clustering and lithology obtained from rock sampling indicated overall agreement in delineating
layer boundaries, yet discrepancies exist, notably within shaly and coarse sand layers. Cluster-
ing methods exhibit more detailed variations within these layers compared to lithological logs.
The clustering-based identification of shaly sand lithology encompasses a mix of silty sand,
silty clay, and sandy clay.

(a) (b)
Figure 2
(a) Selection of number of clusters using the Elbow method and (b) Scree plot showing the
distance between the extracted clusters

Figure 3
The vertical distribution of the lithofacies (track 6) and hydraulic conductivity (track 5) ob-
tained from analysis of well logs (1-4)

The distribution of the lithofacies is studied in 1D along the boreholes (Fig. 3) and subse-
qguently interpolated in 3D (Fig. 4) using SIS, allowing for a comprehensive visualization of
their vertical and horizontal distribution along the hydrostratigraphical units. The results indi-
cated a significant spatial variability in facies distribution. The upper section of the profile is
primarily composed of clay and silt, gradually transitioning into sand layers. However, the sand
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layers are discontinuous. These lithologies form the upper hydrostratigraphic unit of the study
area, known as the coarsening upward unit (CUU). The CUU hosts the upper unconfined to
semi-confined aquifer unit in the area. The Alluvial unit (AU) is characterized by alternating

layers of sand, silt, and clay, although it is predominantly composed of clay. These lithologies
exhibit discontinuous patterns, particularly in the central and western parts of the study area,
where they disappear. The boundary between the CUU and AU is marked by variations in the
thickness of fine-grained sediments. The incised valley unit (IVU) consists of continuous sandy
layers with an average thickness of 70 m. Comprising mainly coarse sand and gravel, the IVU
is regarded as the primary aquifer unit when present. The basal unit in this investigation is the
Late Miocene unit (LMU), which consists of alluvial plain deposits of fine sand, silt, and clay.

Figure 4
The 3D distribution of the lithofacies in the study area obtained from the 3D cluster analysis

3.2. Hydraulic conductivity distribution

7KH &VyNiV PHWKRG ZDV HPSOR\HG WR FRQWLQXRXVO\ H\

the hydrostratigraphical units and interpolated with kriging method. This required the estima-
tion of petrophysical parameters such as shale volume and porosity. The 3D spatial distribution
of hydraulic conductivity (Fig. 5) is closely aligned with the lithofacies distribution, revealing
that sand and gravel layers were associated with higher hydraulic conductivity compared to the
clayey and silty layers. The statistical summary of the estimated hydraulic conductivity across
the hydrostratigraphical units is illustrated in Fig. 6.

Due to the higher heterogeneity, the 3D distribution showed dramatic variations along and
across hydrostratigraphical units. The CUU exhibited a broad range of hydraulic conductivity,
varying from 0.0001 to 7.5 m/d. The lowest values were observed in the clayey layers, while
the highest value, 7.5 m/d, was recorded in D5 at an elevation of 50 m a.s.l. The intermittent
silty layers within the CUU displayed an average hydraulic conductivity of 0.9 m/d. In contrast,
the AU demonstrated lower hydraulic conductivity compared to the CUU, with values ranging
from 0.00003 to 3.6 m/d. The IVU showed hydraulic conductivity values between 0.1 and 5
m/d. This unit exhibited a more uniform distribution of hydraulic conductivity indicative of
homogeneous sedimentary conditions (Mohammed et al., 2024). Lastly, the Late Miocene de-
posits exhibited hydraulic conductivity variations between 0.53 and 7 m/d.

7KH UHVXOWY REWDLQHG IURP ERWK WKH FOXVWHU DQDO'

offer critical insights that substantially enhance the development of a robust conceptual
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hydrogeological model, which is essential for accurate groundwater flow and solute transport
simulations 6] DEy ,R0I5D O

Figure 5
7KH " GLVWULEXWLRQ RI K\GUDXOLF FRQGXFWLYLW\ R

Figure 6
The descriptive statistics of the calculated hydraulic conductivity along the hydrostratigraph-
ical units using& VyNiV PHWKRG

The clusters identified through analysis of the lithological data allow for a more nuanced
understanding of the subsurface, preventing the oversimplification of complex geological for-
mations. This leads to a more accurate delineation of aquifer boundaries, which is fundamental
for establishing appropriate boundary conditions within the model (Mohammed et al., 2024).
Furthermore, the continuous profile of hydraulic conductivity provides allows for the precise
assignment of hydraulic conductivity values throughout the aquifer. This can be done either by
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directly populating the model grid with the measured values or by using equivalent averaged
values that account for the lithological characteristics of the various stratigraphic layers. Ulti-
mately, this improved conceptual model serves as a solid foundation for predictive modeling,
enabling more accurate simulations of both groundwater movement and solute transport.

4. CONCLUSIONS

The combined application of KHDQV FOXVWHU D @Btiidt\ntevprered @itk Vy N iV
sequential indicator simulation and kriging interpolation provided a robust framework for char-
acterizing groundwater aquifers in Debrecen area. The identification of lithofacies clusters sig-
QLILFDQWO\ HQKDQFHV WKH XQGHUVWDQGLQJ RI WKH DTXL
istic conceptualization of the subsurface lithology. This detailed characterization contributes to
more accurate boundary definitions for groundwater flow models. Moreover, the continuous

HVWLPDWLRQ RI K\GUDXOLF FRQGXFWLYLW\ DORQJ WKH ERU
resolution profile of the flow condition. Accordingly, the sandy layers within the incised valley

unit, with relatively uniform hydraulic conductivity, were confirmed as the primary aquifer unit

in the study area. This approach enhances the accuracy of groundwater flow and contaminant
transport modeling, contributing to improved groundwater management and resource develop-
ment strategies.
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Kivonat: AZeQHUJLDFHOOINDW D PLQGHQQDSL pOHW V]iPWDODQ
LG XWiQ V]*NVpJV]HU&HQ D KXOODGpNiUDPRNED NHU*OQHN
NpQW W|UWpQ IHOGROJR]iVD WiUVDGDOPL LJpQQ\p YiOW W
PHNUH VDYDNUD pV HJ\pE N|UQ\H]JHWUH iUWDOG®PWHO @VYRJIR
NpQ\V]HUH HJ\UH NRPSOH[HEE IHOpStWpV& HOHPV]HUNH]HW
DNDGiO\R]]D YDJ\ PHIJQHKH]tWL $ N|JUQ\H]HW YpGHOPH pUG
IHMOHV]WpVpPpQ W~0 OHKHWVpJHY RO\DQ HQHUJLDFHOOIN Op
PLQLPiOLV H]pUW DEEDQ D] HVHW EHQHVKMN RNRYQ BB DU R M R
QHN EHOH D KXOODGpNiUDPRNED $ MHOHQ IHMOHV]WpVHN

EDUQDN -RP@IiQV PDJQp]LXP DODS~ HOHP NLIHMOHV]WpVH
$$$ PpPUHW& HOHPHNKH] KDVRQOyY IHV]*OWVpJ OHDGIiViUD p\
$] LO\HQ HQHUJLDFHOOIN WRYIiEEL QDJ\ HO Q\H KRJ\ V]iUD]
WHOMHVtWPpQ\URPOiIV YHV]pO\H QpON+O HOWiUROKDWYDN

Kulcsszavak N|UQ\H]JHWED Ui W yM QQ Hlith DEHOHOQCCON

1. BEVEZETES

ODJ\DURUV]iJRQ D KDJ\RP-lQXRD MGINKPN PirGRAVLIHY piPH @ X C

dik. Az y O R#&, nikkel-kadmium (NiCd), nikkeFLQN 1L=Q - P IQLGIMIHGED 1L 0+
DNNXPXOiIWRUKXOODGpPN P.60Q-20\ L VWIRQIEMAMCPIB)L-UpV]EHQ
D] HOHNWURPRYV PRELOL]iIFLY UpV]EHQ D IRWRYROWDLNXV F
-PLQWHJ\ PiVIpO pYWL]HGHNY|UP/ YIUBNIMODWRQQiUD HPHONH
$] 2UV]iJRV +XOOD GPeNJDNIEIOH\R|GIWILQW FVDN D KRUGR]KDWy
pV HOHPHN KXEODQGpNDN YROW D MH O35pRkalenélkedett meg.
(]W D WUHQGHW ILI\HOHPEHYpYH D NLVPpUHW&4BDOHPHN pV
KXOODGpPN NpS] GLN DPLQHN YLVV]D-R¥MWpML UMW VD KB D
PpJ tJ\ LV D ODW W LKDB\GRWiQ\RV DNNXPXOiWRURN ~MUDKI
HOpUL DNRUIWD D NLVHEE DNNXPXOiWRURN pV WHO,HYpIWN | E E
fHOPHUsOW D] LJpQ\ RO\DQ FHOOIiIN NLN&YD&EaydidyaipUH P
DQ\DJRNEyYyOngy@kO NHOQ\H]HWEHQ V]pOHVN|UEHQ UHQGHONH
YHV]pO\WHOHQHN HVHWOHJIHVHQ ELROYJLDLODJ N|QQ\HQ
csony.

JRQWRV VIHPSRQW YROW KRJ\ D NpV]tWHQL WHUYH]JHWW |
KLVIHQ N|JLVPHUW KRJ\ PLQG D KDJ\RPiQ\RV PLQG D] ~MUL
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IHOW|OW|WW HOHPHN NDSRFVIHV]*OWVpJH D WiUROiV VRUIQ
OiVW N|YHWsSHRIDKDWQYRN D] ~MUDW|OWKHW HOHPHN HOYF
letve NDSDFLWiIVXN MHOHQW V UpV]pW

Ezen szempontoP pUOHJHOpVH PLDWW HVHWD WG BV |MMW P® Q J
PDJQp]LXP DQyG DONBPI®BNWIUWRO LWY Vamg Kdiemekael&kirsld O
QpON+O V]iUD] iIOODSRWEDQ NRUOIWODQ LGHLJ WiIiUROKDWYy
EHDYDWNRNMSGIVAHN®&N|GQL D VyV Yt]]JHO WI|UWpPQ pULQWN

(]JHNHW D] iUDPIRUUIVRNDW QpKiQ\ QDSRV OHJIHOMHEE
Q\tOWWHQJHUL IHOKDV]QiOiVL WHU*OHWHNHW SO WHQJHU!
VIpO\MHO] EKHpLRWHRHYW PHOOpPpQ\HN MHODGYL iUDPIRUUIV
NHQ D WHU*OHWHNHQ D KXOODGpPNRN |[VV]HI\&MWpVH HJ\pE!
LO\HQ PYGRQ D NJUQ\HJHWEDUIW YHV]pO\WHOHQ DQ\DJRNN:I
]JivD N*O|Q|VHQ LQGRNROW

2. $ 0%.g'e6, (/9

$] HOHNWURPRY FHOOiIN DQYyGEyO NDWYGEyO pV HOHNWUF
VyV ¥lektroltot DGRWWViJNpQW S\HJHPWOWpPWR GO RYQMW|YHWHOP
KRJ\ D OpWUHKR]JRWW WHUPpN N|UQ\H]JHWEDUiIW OHJ\HQ YL
ne tartalmazzanalRO\DQ |VV]JHWHY NHW PHO\HN D WHQJHUYt]JEHQ
DPL MHOHQW VHQ V]&NtWdhpakyatiokN | U p VA OFH PHEGIHWHAKUHWE RN QD N
DQ\DJRNEYyO NHOO Nvaygy PBIQ W-INO iDPHKOWWN D WHQJHUYt]JEHQ °
NROyJLDL VIJHPSREWEYO N|]|PE|V

A J D O Yen@gkHDO H N WHUWAHD ekl ogyH J\UpV]W PHJIHOHO [BEOHNWUY
JV\HQHN NpSHVHN OpW U H K R JalektromosYUH] VW MNHSHOY W RAGHDN \O H J \
QDN pUGHNpPEHQ KRJ\ D] |[VV]JHIOOtWRWW .FAZ @l€kDontosiOV HO
FHOOD EHOV HOOHQiIOOiVD XJ\DQLV HJ\ iOODQGyY P&N|GpVL
IHV]*OWVpPpJHW FV|NNHQWL UpVHEPHR Fp OVHO B S N SO ]\ W
fogyasztja.

$] DQYGDQ\DJRN iOWDOIEDQ IpPHVY HOHPHN LOOHWYH HIH
tJ\ D YHJHW NpSHVVpJIJHO iOWDOIEDQ QLQFV SUREOpPPD (VH
]livD PHOOHWW G|QW|WW+«QN DPL D FHOOD P&N|GpVH VRUIQ
D WHQJHUYt]JEH ROGYGLN 7HNLQWHWWHO PQ WDNEKERLRD R\NH |
gosan 3,7%+W W H(Chéstét b ickells, 2012) HJpUW FHOOD P&N|GpVH VRUIC
NLVPHQQ\LVpJ& PDJQp]LXP N|UQ\H]JHWL SUREOpPPiIW QHP RNF
W|UHNHGW+«QN KRJ\ D] HOHNWURPRYVY FHOOIN pOHWWDUWDP
PHJ D]D] KRJ\ D P&N|GpV VRUIQyIs WRE MOIR IBEFEEWE XNFDR pV
VIHU] WiUuVvDL KDV]QiOWDN 0J |[WY|]JHW DODS~ DQyGRW

A NDWyGDQ\DJR2nbaWMH WHEHWQ NpSHVVpJHW iOWDOIEDQ YDOI
V]*NVpJHV EL]WRVtWDQL $ YH]HW VHJpGDQ\DJJDO V]HPEH
VIIPRWWHY HOHNWUYGSRWHQFLIOMD PHUW DEEDQ D] HVHW
PHO\HN LJHQ J\RUVDQ W|QNUH Afeisétott W LHNPBS R B @/HRNNW U y G4 O B PL
WHOPYHO BLYWWHRMWHEWINN O HP M| K Higyanakkor\a] grafil minNLYiOy
HOHNWURPRYV YHjadWHNPpBSEMPI&FOALQHO R[LGMD OpJQHP& LOC
GYyGLN WRYIEEi D JUDILWQDN QLQFV PpUKHW HKOMNWMAWYGSH
dokban viszontR[LGiOy DQ\DJRW NHOO DONDOPD]QXQN DQQDN pl
HOHNWUyYGSRWH Q Rami@ v OKNFD]| DXP@N @pVK Ui MV-dBxidd Nij{ IR Wp PIBY Ji Q
QHYpPQ D ERjboaPND Q oxd QHP YHIHWL MyO D] HOHNWHRPRYV iUI
SRUUI My@Y¥H ] hovtal NHYILWY H DONDOPD]QL D NHOO HQ NLV F
EHQ $]pUW KRNHYHWIDWWGHPFVpL PHJIHOHO HQ QDJ\ IHC(



JUQ\HJHWEDUIW HQHUJLDFHOOD IHMOHV]WpVH pV DON

HJ\PivVVDO FpOV]J]HU& QDJ\ HU YHO |VV]JHSUpVHOQL D OHKH!'
|VVIHW ELY NG\

1 iEUD
A] NtVPpUOHWL NHgBEHHUJLDFHOOD

A tapasztalatok szerintEDUQIDJD ILW RHY BODNSYHW HQ DONDOPDV HC
WyGMiQDN GH QDJ\ Q\RPiVRQ ! EDU W|UWpPQ SUpVHOpPVp
U/YLGHEE LGHLJ DODNWDUWy WHVWHNHW OHKHW OpWUHKR]
ELOL]iOy UDJDV]WyDQ\DJRW NHOD EHREGYIQRIDLQWIDOVEREQ
DGDJROiIViIYDO V]JWHDULQVDY HPXO]JLY EHNHYHUpPVpYHO RO
WXODMGRQVIJRNDW FVDN HOKDQ\DJROKDWY PpUWpPNEHQ UR
PHFKDQLNDL WXODMGRQViJDL pUGHPL MDYXOiVW PXWDWWD

3. ANYAG ES MODSZER

(O NtVPUOHWHN DODSMiQ PDJQp]LXP DQyG IHOKDV]QiOiVD
XPQDN NHOO HQ QHJDWtY(-D38MQarhNaPUHIE HORMVOHIQ® LY O M\DF H O O
VPpJHW KR]JKDWXQN OpWUH $ IpPHV PDJQpP]JLXPQDN My D] HC
P&N|GpVH VRUIQ HOpJ HJ\ SRQWRQ NLYH]HWpPVW NpV]tWHQL
WHQFLiCakbBosNesz8 ®PDJIQp]LXP VHP HénHserY HOIO DS RMHLEHQ QHP
NXV VHPPLO\HQ NiU Ri\heM [i&h@rt H5]JH W] KND Wei® P p @ DH ND & K] P\WQL
XPKR] KDVRQOY IMHyGER® W pQp NRDO RNX®YpWHJI JivRGMD D NR
W Rayholy § DQyG DI WDYADYt] HOHNWUROLWWDO W|UaVigQ WWLQW
WHWV] OHJHV LGHLJ NDUEDQWDUWIiV YDJ\ UHYt]LY QpON+O Y

$ PDJQp]LXP DQYGRV HO HNAWURE@ RWU K H]E® DN HHO COHHVIpRQ R V
KHJHQ ROGYGFWISD¥GpN NHOHWNH]JLN DPHO\ EHYRQYD D] H!
EHQ D PiVRGIDM~ HOHNWURPRYV iUDPYH]HWpVW &g#eROMD O
HU VHEEHQ JiIWROMD PDMG HO O HK HWUg&raK® iolydmaldsa¥iH O D F
KLGURJpQ Ji] IHMO GLNPHJIBIQH®E pSIL0O PV WNY\R GIMHWD @ NLI
P D JQ pihidkdid O H S H,GmNHWK HW Y pell RRGLDBDWRW. B&MDGQ YW p
JLXP HOHNWUYG WRNR]iVIW pSSHQ H]pUW ~J\ NHOO NLDODN;H
MRQ WiYR]QL pV D PDJQpP]LXP IHO*OHWpW AWLV]WiQ WXGME
HO WXGMD WiYROtWDQL
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$ NDWYyGRNE-MBQ PDGRW DONDOPD]JWXQN DPL D PDJQp]LXPK
pV D NJUQ\HJHWUH VHP NiURV $ PI1Q,)aQi aQekNiWViogyGaS RWH Q
0J 0Q HOHNWUYGRVLHMHOHRBPHRH®EH H Y iU K DMy UY M\D]UWWAWDD 8
1,2-1,59 N|U<OL NDSRFVIHV]*OWVpJUH OHKHW NpSHYV

$]RQEDQ D-BDR[L® QHP YH]HWL MyO D] HOHNWURPRYV iUDPF
UDO NHYHUYH DONDOPDJWXN D NHOO HQ NLV EHORL Q@OHQIi
HU VHEE NRQWDNWXViQDN 5oMHuawdtetsii R WipARHQ pSIGHNHIEM @ N |V
SUpVHOpPV VHItWVNHNYYMEpHI)L\W|BEEpNDWYGDQ\DJRW NDSXQN
VIHPEHQL HOOHQiOOYy NpSHVVpJH YLV]RQ\ODIDNVWWL.] p WD LN

$ VIHPFVpN WDSDGiViQDN Q|YHOpPVpPUH pV D Yt]iOOYNpSHYV
HJ\ WDSDGiVW VHJtW VHJpGDQ\DJRW V]JWHDULQVDYDW DO
OHERPOLN KLV]JHQ D WHUPpPV]JHWHV JVtURN I |[VV]HWHY MH

$ FHOOD |VV]HIiOOtWiViKR] D] HOHNWUYGRNDW HJ\ ' Q\RPW
KHO\H]WeN HO $ 3/$ OHJNHGYH] EE WXODMGRQViJD D FHOO
PLNURELROYJLDL KDWiVUD N|QQ\HQ OHERPOaryagkztnyQ HP W H
Q\H]pVVHO .tVPUOHWHLQN VR IRPWDBHLY P& D PAPX/NX W RY \DNDH/M
NH]JHW PiU W|UpNHQQ\p YiOW YpNRQ\DEE UpV]HL V]pWHVWH

$KKR] KRJ\' D WHQJHUYt]]JHO P&N|G JDOYiIiQHOHPHN D J\DN
PLQGHQNPSSHQ PHJ NHOO ROGDQL KRJ\ D MHOHQOHJL JDC
IHV]*OWVpJpW YDODPLO\HQ KDV]QiOKDWY D] HOHNWURWHFK
MeN .ODVV]LNXV PHJROGIiIV HUUH D FpOUD PHO\HW D NHUH!
DONDOPD]QDN D] DGRWW FHOOiIN VRUED N|WpVH PHOO\HO !
V]*OWVpJH $PHQQ\LEHQ HJ\ GDIODE RN UpQ DY R O WRRI/NFHHO & DBy
J\RQ J\DNUDQ HO IRUGXO KRJ\ NHWW W QpJ\HW YDJ\ KDWR
NHOHWNH]HWW WHOHS IHV]*OWVpJH NHOO HQ QDJ\ OHJ\HQ |
N|GKHVVHQ

$ WHQJHUYL]JHY HOHNWUROLWWDO P&N|G JDOYiQFHOOD H
DONDOPD]KDWY PLYHO PLQGHQ HJ\HV FHOOD N|]|]V WHQJHU
HOHNWUROLWRQ NHUHV]W+O HJ\PiVVDO JDOYDQLNXV NDSFV
M|WW JDOYDQLNXV NDSFVRODW PLDWW D VRUED N|W|WW FlI
OpWUH

$ N|]|]V WHQJHUYL]HVY HOHNWUROLW XJ\DQDNNRU QHP JiUM]|
KD QHP D] D FpO KRJ\ D] DGRWW iUDPIRUUIV IHV]*OWVpJpW
YDJ\ D WHOMHVtWPpQ\pW LOOHWYH D WiUROW HQHUJLD QD.
ROGiV V]yED M|KHW (GGLJL YL]VJIiODWDLQN DODSMiQ D]RQI
IHO*OHWpPQHN Q|YHOpPVH XJ\DQRO\DQ KDWiVW IHMW NL PLQ

$ MHOHQOHJ V]DEYiQ\RV WHilelve3/2'¢ p WA L-@OWH/NMHEVIL QW HNKH
WeQN IHV]*OWVpJ VWD E L-OC kW& terrélJiDehR y G NG W 1&V]+OWVpJV
V]|U|]lpV PHIJYDOyYyRIWHDWYYi YiOW
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2 IEUD
$ IHV]*OWVPIQ|YHO NRQYHUWHU HIJI\WWJHU&VtWH!'

4. EREDMENYEK - A MAGNEZIUM/MANGAN KORNYEZETBARAT ENERGIA-
CELLA TULAJDONSAGAI

41.$] HQHUJLDFHOOD WHOMHVtWPpQ\H

$ J\ViUWRWW NtVpUOHWL HQHUJLDFHOOD WHOMHVtWPpQ\pW
WiUR]]D PHJ XJ\DQLV H] D] HOV GOHJHV YHV]WHVpJ D PDQJ
N[]|[WWL N+O|QEVpJE O V]iUPD]y HOHNWURPRWRURYV HU K|] N

$ FHOOD EHOV HOOHQiIiOOiIVD XJ\DQILVDRLWGHOIRHEFSBOQ X3V
EDUQDN PHQQ\LVpJH EL]WRM WA ¥ LV NONHGp PD QMHQ OHJp W
KRJ\' D YH]HW NpSHVVpJHQ NHUHV]W+.0 D PDQJIiQWHVW D]RQ

(QQHN YL]VNO®WBEJP PVVIHWpWHO& D]JRQRV PyGRQ NpV]tW
PRV HOOHQiOOiVDWPBHWP pUW pMBHN |]|[WW YiOWR]JWDN PDMG
OHWWHO NLV]iPtWRWWXN D YH]HW NpSHVVpJeNHW $ NDSR\
DUIQ\IiQDN 1+JJYPQ\pEHQ P DM® OHN KDWY H]INBPROWW W BB V]V
WeN D NDSRWW pUWpNHNUH

éLQE—s= (1)

ahol 1D] HOHNWURPRV [MS]] 8™ NHEGNWpJ JUDILWWDUWDORP
NpSHM®piaYH]HW NpSHVVpJ OHJQDJ\REE YiOWR]iMmB,D JUDIL!
kiD PHJYiOWR]iV PpUWpN pWL/BH KD W]/iWRy L@ OBIQIGW SRQWMi
|VV]HWop@hpid JUD I L\@D UiQ\D

+DVRQOYNPSSHQ PpUWsN D FHO @i W HOMWM KWW RRRWRWRW HU
YiOWRDWD®ILWWDUWDORP [+JJYpQ\plEBHIY p¥ QRHO QF DNt W HW

I .
7 L 74 Em, (2)

ahol U az elektromtV R U RWHHRIW N f\§,H)W BpNH]GHW L JUDILWWDUWD
HOHNWURPRWRDRVYMHHNWUREGRWRNRRBEEUYiIOWR]iVD D JUDIL\
YpQ\p[HKy D PHIJYIOWR]iV PpUWDpNpW1IPH XKDWIUEHN LQODWGY
SRQWMIiKR] WD U@ pp b \OW] B W W6IDB0i p D W J[3U H plMiBaya be,

D] LOOHV]WHWW JWW.HUHNHW D
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3 IEUD
$ FHOOIQ PpUW HOHNWURPRY HOOHQiIOOIiV p-WBOWDWB RPRY

1 WIiEOi]DW
AzelekVURPRY HOOHQiOOiV pV D] HOHNWURPRWRURV HU J

EOHNWURPR]JEOHNWURP
PDUDPpW . ,
pUWp hiba pUW/| hiba

R? 0,9947 0.88076
b [mS], W [V] 22,53 4,01 | 2.00208|0.08552
L[mS], U [V]| 125,51 5,35 |-0.52751| 0.11304
k1p W [1/%] 0,33 0,06 | 0.32403|0.27121
X1 p W 6] 43,84 0,59 |43.27826 3.1078

Mivelaz HOHNWURPRWRURYVY HU pV D EHOV YH]HW NpSHVVpJ
HJ\ DGRWW NeOV WHUKHOpPV HVHWpPQ D JDOYIQHOHP iOWDO
0- PUWPNWDUWRPIQ\UD QRUPIOWXN DKRO D OHIJNLVHEE

LOOHWYH HOHNWURPRWRURY HU $] tJ\ iWV]iPROW.]pUWDpNHE
[iEbPE_WiEl@n®iWwKDWYyN

4 TEUD
$ QRUPIOW HOHNWURPRY HOOHQiIOOiV pV HOHNWURPRWRU
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2 WIiEOi]DW
A 0- WDUWRPiQ\GBKWQRRPRIYMHOOHQIOOiIV pV D] HOHNWURPF
1+JJpVPQHN SDUDPpW

elektromosH OO H{ HOHNWURP
PDUDPpW pUWp| hiba pUW]| hiba
R? 0.9945 0.88076
b [mS], W [V] 0,00 0,00 | 2.00208|0.08552
L [mS], U [V] 94,14 2,21 |-0.52751/0.11304
kap W [1/%)] 0,32 0,04 | 0.32403|0.27121
X1 p W o] 43,75 0,46 |43.27826 3.1078

(J\ JDOYiQHOHP P&N|GpVH VRUIQ DGRWW WHUKHOpPV HVH\
GRORJWYO 1+JJ D] HOHN& IDRANRRWRRJRUK HW W HV [ DPW VpJIHW M
IRO\LN iUDP D] iUDPN|UEHQ pV D EHOV HOOHQiOOiVWYyO DP
YLVHONHGLN PLQWKD D] LGHIiOLV JDOYIiQHOHPPHOz VRUED
HOHNWURPRWRURY HU pV PLQpO NLVHDEIBVEHONV pHOKOH QU
V]RU]DWDN p QW WO RMWKDW P Q\W NpSHV V]IROJIOWDWQL D JDC

$ FHOOD V]iPtWRWW iUDPVW]HPIApBYBOIEEPtWKDWMXN

| ~

t s Ussgo e (3)

$ FHOOD 3>P:@ WHOMHVtWPpQ\pW D IHV]*OWVpIWQpIN]HWpPQ
tottuk kia (A)NpSOHW VHJItWVpJIpYHO IHOKDV]QiOYD D] HO ] HNEH
OLYHO DODSYHW HQ D WHOMHVtWPpQ\ JUDILWPHQQ\LVpJW O
YPQ\HN NRQVWDQV SDUDPpWHUHLW QXOOiQDN YiODV]WRWW

6

7. _
2 L @5oears A Umgeae (4)

5 IEUD
$] HQHUJLDFHOOIQ PpUW iUDPHU VVpJ pV D OHDGRWW WH(
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$] iUDOPIJYPQIQHN D -WHON OVOWRPQILWWDUWDORPQIO
PXPD LO\HQ PyGRQ D NDW356 Y%B@\D JiED INHYRIWW WHNLQWK F
IVVIHWPpWHOQHN

$ PpUpVHN DODSMiQ OIWVYPle® L KNRIS FOANVIIHV]+OWVpJL iUDPIR
(3 iHUD GH D] BBAAR\W iJUDALWW BUWUDP -HEAOWH Q|U<OL NH]

GHWL IHV]*OWVpPJHNNHO V]iP R OK DDNKHOMO D AL BHKIB § pQ/ifdOYCHD |
san+FV|NNHQ 7HNLQWYH D V]RNiIiVRV ~MUDW |ORWK QWY QH&BVY
IHV]*OWVpJpW D] HQHUJLDFHOOD KDVRQOy DONDOPD]iVL N|

4.2.Az energiacella mechanikalVWDELOLWIiVD

$KRJ\DQ D]W D NRUIEE LEEDNEDOQNDUY W NG M BN D Q\DJ~ NDWy
EHQ pV VyV Yt]JEHQ LV KDMODPRVDN YROWDN QpKiQ\ yUD HO
VpUH HO EE D] SUpVHOpPVL Q\RPiVW HPHOWs+N PHJ

$ SUpVHOW KHQJHU DODN~ WDEOHWWRNPD VN tp/Gp R DG W/IH MQ Bi
WeN DOi $ SUpVHOpPVL Q\RPiVW D NR EIEE W D URIRP itQN O DH M/PN

EDU SUpVHOpPVL Q\RPiVOPSFV YHO PpUW N\t\Dp WOHIHKWHNtD Y

QHP YiUW HUHGPpPQ\UH YHJHWWHN KR D\OD S\\DI\Y yBIRD W& MAMW
nikai VWDELOLWiVD D SUpVHOPpPV2,@Q0RP WO Y&/ RFIIHE D HHY +ON W
VHOpVL Q\RPiV HPHOpVH QHP YIOWR]JWDWWD PHJ D PLQWIiN "
DULQVDYDV N|W DQ\DJJDO NH]JHOW+sN DPLQHN -EHMPa/iUD D
PUWPNUH HPHONHGHWW

$ AK~]yV]LOiUGViJ >03D@ pV D 3 SUpVHOpPVL Q\RPiV >EDU@
QpPON<OL HVHWEMHR pUWPNHW PpUW+QN 03D V]yUivVDO P
DQ\DJ~ PLQWiNyMRaHWFEH 0 R[bar] p U WkaptihkV 03D V]yUiV
sal.$ QDJ\REE K~]yV]LOiUGViJ PHOOHWW D PLQWIiN WHKHUYLYV
aszte(DULQVDY DGDJROiIV N|[YHWNH]WpEHQ DPL D FHOOIiIN NpV
NHGYH] D RiRWAVEAEatinsav rossz elektromos vezetH]pUW D]JW D OHKHW (
NRQFHQWUIFLYEDQ pV D OHIJMREEDQ GLV]SHUJIiOW IRUPIiEDC

$ NtVPpUOWHWHN D]W PXWDWWIiN KRJ\ N|W DQ\DJUD D NDW
NpV EEL ODERUDWYULXPL pV Q\tOWWHQJHUL NtVPUOHWHN L
tek.

$ VI WHDULQVDY PHJIHOHO DGDJROIiIViIW NtVPpUOHWVRUR]D\
PyG RSWLPDOL]iOiViYDO D NDWyGW D E OH W-\WIDNOEHHROR/O W €ND Pl I
PLN|]JEHQ D K~]yV]LO3W&R/YJIH B B ON HHE36/ WERIDW « QN H O
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(a) (b)
6 iEUD
$ V]WHDU L QVNDDY'MIBW RMDO D V]LOiUGViJiuUD D (bpV HOHNWU

5. KOVETKEZTETESEK

$ FPOXQN HJ\ RO\DQ HQHUJLDFHOOD |VV]HIOOtWiVD YROW
|IQPDIJXNEDQ ENWENIU®HIWDOIOKDWYDN YDJ\ NJQQ\HQ pV N|
lanak le, lyenpUWHOHPEHQ D] HQHWILLOARHO PDNPULQLPIOLV $ VRU
tekkel magmp L XP IpP DQyG pV GLV]SHUJIW FDW BREPU GOPAD ¥ UND ML VID QN
fele-lHOH DUIQ\EDQ NpV]tWHWW PDJDV Q\RPiVRQ SUpVHOW NH
NtVPUOHWH]W<QN NL DPLW SROLWHMVDY 3/$ DODS~ ' Q\RI
JLDFHOOiIW ODERUDWYULXPL pV WHUHSL N|UOPpQAHN N|]|W
DODFVRQ\ IRJ\DV]WiV~ HOHNWURPRV IRJ\DV]|Wyat ed€dOiWiViU
giacella3- QDSRV LG V]DNREQ50WmW X GRIWROVIJEYQ/MyDOM\S|OHOKI
1- PiIVRGSHUFHV LG N|]|QRpQMMWMRO@IOOQKIpIRLQHN DODSMIQ
ODWEDQ OHKHW NKS&SHY DV RO DFRDDRR VLPW PYwer - Long Range)
DODS~ WiYN|]OpVL UHQ G YpRaJAliBNdE,[20]53. BF eQeryiatelxn dlkdlimas
OHKHW PpO\WHQJHUL N|JUQ\HIJHWEHQ YDJ\ ODNRWW WHU*<OH\
vagy biztonviJL FpO~ P&V]J]HUHN HV]N|]IN LG VIDNL HQHUJLDHOO|
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$ FLNNEHQ EHPXWDWRWW NXWDWIiVRN D 37THQJHUYt]]JHO P&

OtWiVD  FtPR1-PIACI-KFI-2019- Q\LOYiQWDUW RKM. NHB H VSRR I H
NpV]*OWHN

IRODALOMJEGYZEK

Chester R., Jickells T. (2012) Marine Geochemistry, Blackwell Publishing Co.
ISBN:9781118349076, DOI:10.1002/9781118349083



.RY iF.\eto%l

(0$+ (OV_ 0DJ\DU $NNXPXOiWRU +DV]QRV {Wps://welayw HU QH W

chive.org/web/20131111093549/http://akkumulator-hasznosito.hu/akkumulator-ujra}
hasznositgs O H \W20R24NsYdptember 13.

.70 ,QQRYIiFLYV pV 7THFKQROYJLDL OLQLV]WpPULXP 2UV]
2021-2027 G6i]LVpY),
/R5D $OOLDQFH $ WHFKQLFDO RYHU Y. |htg/Rdb.aR5DS DC

chive.org/web/20200215190046/https://www.tuv.com/media/corporate/products 1/¢lectro-
nic_components_and lasers/TUeV_Rheinland Overview LoRa and LoRaWANtmp.pdf

OHW|OWYH . M~OLXV

Shinohara M., Araki E., Mochizuki M., Kanazawa T., Suyehiro K. (2009): Practical application
of a sea-water battery in deep-sea basin and its performance; Journal of Power Sources 187
(2009) pp. 253260

Zhao H., Bian P., Ju D. (2009): Electrochemical performance of magnesium alloy and its ap-
plication on the sea water battery; Journal of Environmental Sciences Supplement (2009)
pp. 8801



OM HUHGPpPQ\HN D P&V]DNL I|/OG pV N|JUQ\HJHWWXGRP
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10LVNROFL (J\HWHPpU&VUDQNH]HW®E XGRPYQ\L .DU 9t]
JUQ\H]JHWJID]GIONRGIV ,QWp]HW [pete0dzdBl@@ifniskdlt HW HP Y i U R
20LVNROFL (J\HWHPpPU&YVUDNH]HW® XGRPVQ\L .DU 9t]

JUQ\H]JHWJD]GIONRGIiV ,QWp]HW OLVNRO Fmigkdleiy HP Y iUR\
SOLVNROFL (J\HWHP pU&YUDNH]HW® XGRPVQ\L .DU 9t]
JUQ\H]JHWJD]GIiONRGIiV ,QWp]HW 0LV N R Orfiisk6l&td WH P YiUF

Kivonat: 0DJ\DURUV]iJ VSHFLIOLV ||@®GUD M 1N & KHHOWHH]INHNGLOWY H |
KDWi¢RNHOHQW VHN (JHN D KDWiURQ iWQ\~Oy KDWiVRN Q!
PHQQ\LVpJL pV PLQ VpJL iOODSRWiUD J\DNRUROQDN EHIRO\
MHOHQW VAUbarig WD IBAONRGiIV V]iPiUD N*O|Q|VHQ IRQWRV |
azRQ |VV]HI*JIJpVHNHW IRO\DPDWRNDW IBEPMDH D KDWEYN YHL(
gyakorolnak. HQQWDUWKDWyY PyGRQ FVDN tJ\ WXGKBN]SRMIWORQ
OHJ\HQ V]WLYDMiUHOOEWO/QUHROYJLDL YDJ\ HQHUJHWLNDL F
7DQXOPiQ\DeQWARDKY pKiQ\ RO\DQ NXWDWiVW DPHO\HN V]DNPI
D KDWiURQ iWQ\~Oy YtJ]WHVWHNNEzen MY U\ QV RIDKR]ONRSFV
SURMHNWHN My SpOGiW DGKDWQDN KDVRQOY KHO\JHW& Yt]E

Abstract: Due to the special geographical location of Hungary, the effects on our water
resources are very significant. These transboundary effects not only affect the quantitative and
gualitative state of domestic surface water bodies, but also a significant part of underground
water bodies. It is particularly important for domestic water management to know these
connections and processes that affect our country's surface and underground waters. This is the
only way we can sustainably utilize our invaluable water resources, be it drinking water supply,
balneological or energetic use. In our study, we present some projects that provide professional
support in the management of transboundary water bodies. These projects can provide a good
example when examining water bases in a similar situation.

Kulcsszavak YtINpV]OHWYpGHOHP Yt]J\&MW KDWiUUDO RV]WRW

1. %(9(=(7e6

ODJ\DURUV]iJ pV I|OGUDMI]L KH Q@B3tokvp7 i WaADH 6z i €O | QO H J |
PDJ\DUI]DWIKXRIQ @DKDWiIiURQ iWQ\~Oy KDWiVRNQDN LJHQ Ml
YtINpV]ORMWHKQDHYt]J\&MW W HUVRIGMHKI QPUYSBHE Yt]J\&MW W
6]&FV .,HOL3D DH U « O\H Btht Q\ROFV]i]H]HU Q p JL HMEHbBIORR PpWH U
KLYDWNRI]iVL IRUUIVYEZHD WtDI BOWVD WW HRIL.QWW HRLW (HE HPEH
PLQWHJ\ aRYWIPE\HN DODSMiIQ H] D Yt]J\&)OW P MARUN |Q IHEAE W
Yt]J\&MW WHU-+OH& Q FHW.,HROI8.0/@inkRd@z et al., 2010 DJ\DURUV]iJ D
DXQD Yt]J\&MW MpQHN D NHOO V N|]JHSpQ KHO\HHdgH&s LN HO
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KDWiURQ iWQ\~Oy KDWiVRN LJHQ MHOHQW VHN D PDJ\DURU
6]pNHO\ 6]pROHSP\ HW DO

IEUD
$ 'XQD Yt]J\&MW WHU<OHWH



1HP]JHWN|]JL NLKtYiVRN D KD]DL IHOV]tQ DODWWL Yt]NpV]¢(

iEUD
(XUySD KDWiUUDO RVIWRWW YtJWHVWHL

)JOGUDM]L VIHPSRQWEYO -OHGHHDREWV Ni[] HDS piQ SAMO\H]NHGLN
PHGHQFH D I|OG HJ\LN OHJ]JiUWDEE PHGHQFpMpQHN WHNLQ
MHOHQWL SpOGiXO KRJ\ NLOHQFYHQKDW V]i]DOpND D PDJ
PUNHJLN GH D V]i]Q\ROFYDQ|W NLMHO|OW IHOV]tQ DODWW
QHP]JHWN]|]JL IHOV]tQ DODW U/DD G §]QI N [W HOIR AN KRIOXD Q G
Yt]eJ\L IHODGDWRNDW V]DEiO\R]JiVRNDW pV KLGURJHROYJ
NRQIOLNWXV QpON+O V]DNPDL V]HPSRQWRNDW V]HP HO
QHP]JHWN]|]L PHJROGiIVRN SpOGDNpQW iOOKDWQDN PiV RU
SUREOpPPINDW NRPRO\ NRQIOLNWXVRN QpON+O WXGMiN HOK

2. HATARON ATNYULO HATASOK KEZELESE A HAZAI VIiZKESZLETEK
VONATKOZASABAN

SDMQRV W|EE HVHWEHQ ODJ\DURUV]iJ D Yt]JD]GIiONRGiVL
oldalon helyezkedik el 6] & F V., 20¥58).AAHOV]tQ DODWWL Yt]NpVJOHWHN |
iletve VWUDWPpPJLDL IRQWR YV V(Szamyih \ORY \EMLE, BMdEJR &., 2015;
6RPO\YyG\.$ IHOV]tQ DODWWL Yt]JNpV]OHWHN MHOHQW VpJpW
LYYYtJHOOIWiVXQNBED|EE ®WHDNVW IS XV~ Yt]EiE]yBRWNUD QP VW
fontos, KRJ\ D r# BsGtt HOV]tQ DODWWL Yt] DGYN HVHWPEHQ My J\I
IO\HQ My J\DNR U QUDR\bE pSQUASHRNARKD WG RP aBpNppUW SURJUDI
NHUHWpE|PORD DOOXYLIOLV Yt]J\&MWEME®BN DD LYG ]WDEBE
megtanultuk, KRJ\ KRJ\DQ OHKHW D] HXUySDL Yt] NHUHWLUiIQ\HOY
RVIWRWW IHOV]tQ DODWWL Yt]DGYNDW pV HJ\ NRQNUpW ¢
DODNtWRWWXQ& PN D RIRIRDQsRKewbeddk K| |[WW 8J\DQFVDN N
HI\eWWP&N|GpVWnb be/ B RrAgyaMN UiQ KDWiUUDO RV]WRWW Y
KLGURJHROYJLDL YL]VDPOHIDNQHNVNMpEWQEHY Nzakn@D NtW R W
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gyakorlatot, KRJ\ KRJ\DQ OHKHW P HakK D D RG QANR]G+QLillédy® NRUO D\
KRJ\DQ OHKHW PHJKDWIiUR]QL D IHQQWDUWKDWYyY PYyGRQ KD
KDWiUUDO RVI]WRWW IHQV]tQ DODWWL Yt]DGy HVHWPpPEHQ

$ IHOV]tQL YL]JHN WHNLQWHWPEHQ QHP PLQGHQ HVHWE
HI\eWWP & N5|IBENY Y BVOR/ P\ QRLQGHQ pYEHQ D 7LV]D MHOHQW V PH
KR] OH D] iUDGiIVRN \FRWKBNSNIU\DMOKRPE D INRPPXQiOLV KXO
J\ & Mrédhdszere nincs megoldvai U SiIWDOTRLQ]D$SPEHQWPQiVRN LGHMpQ EL
MHOHQW V PHQQ\LVpJ& OHUDNRWW KXOODGpN PRVYGLN EH
KXOODGpPN D]WiQ D] iUDGiVVDO 0D 34jpds Ragekbeinla\esetekieei W p U H
ODJ\DURUV]IJRQ NHOO JRQGRVNRGQXQN DUUYO KRJ\ H KXO
D IRO\QEWI@ RVQDPpPQ\ NJUQ\pNpPpQ pStWHWWHN N,lahbl&xt RO\D Q |
azHOV VRUEDQ P&DQTRY]KKyIO B G pONHRKAHW WiYROtWDQL

$ IHOV]tQL pV IHOV]tQ DODWWL YL]JHN NRPPXQLNiFLYMD Up
LV PHJILJ\HOKHW+QN KDWiURQ iWQ\~Oy KDWiVRNDW KLV]HC
D IRO\y Yt]PRAXGEPSHVW LYyYt] HOOiWIiVIiEDQ LDHED MN D H/QE&W
szerepe van KLV]HQ D | YiURV LYYYL]H G|QW HQ L CBtHem awtSXV~
esetben BXGD SHWW Q POMDW VV]D D Y t]s PHW iHQI5patakkow athsNudjuk,
hogyaDXQD Yt]PLQ VpJH DODSYHW HQ N+<OI|OGE BDWWLRQ]&W O\
PHVWHUVpJHVHQ HO LGp]HWW WHUPpV]J]HWHYVY IRO\DPDWD
VIHQQ\H] DQ\DJRNDW D]JRQEDQ D] ~M WtSXV~ V]JHQQ\H] G|
UHQGV]J]HUHN IRO\DPDWRYV YL]VJIODWD )RQWRV WXGQXQN
KDWiUDLQNRQ W~OUyO pV H]JHN KRJ\DQ YL\BQGQ\HNGRQHNJIPVYD
NRPSOH[ UHQGV]JHUQHN D YL]VJIODWIUD HJ\ QéahielMHak L NLYIiC
aneve LVIWD LY yyt ][WRQViJRV YtJHOOiIWiV PXOWLGLV]FLSOLC
IRJ\DV oy AJI EE PHJIiOODStWiVRN WRIWD Wi HIHGWONRPSRC
IWYHQKDW V]i]DOpNiW HOWiIYROtW MDMY $DQ WiIp M &Wp E LIV B
LYYYt]JHOOiIWiV JHQHUIFLYNBQY NMUHVA YO EY | QAR BURAK DMH O H
YL]pEGHHQ HIHNQHN D NRQFHQWUiFLy ¥hgdWHLOILO QIDVHEG
BLIRQ\ HI\pUWHOP&HQ NLPXWDWxabWpy BB MO NO/LYROWRNXWV K B
DXQD Yt]JPLQ VpPPONDISBVRQNURELROYJLDL pV HJ\phbgy ]JHPSRQ
D VIHSWHPEHU KyQDS PDQDSViJ PiU HJ\pUWHIIDWR@i@y D Q\iUL
D M~OLXV YDJ\aDt]PXDXVPWIXWpUGpVHNR @ WHRE PHWINDIEP StW iV
KRJ\ DODSYHW HQ D V]JHQQ\H] DQ\DJRN IRO\YED W|UWpPQ
PLQWVHP D SDUWL V]&UpV KDWpNRQ\ViJiW LOOHWYH D Yt]W
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iEUD
$] HOIUDV]JWRWW pV EHV]DNDGW VYyEiQ\D $NQDV

O0DJ\DURUV]iJ HJ\ RRGYRQRFHtHQPNHQ MHOHQW VHN D KDWi
KDWiVRN 6]&FVEHWPROWW IRQWRYV pV QDJ\ MHOHQW V V]HUFL
UHQGV]HUQHN KRJ\ D YpPOHWOHQV]HU& YDJ\ KDYiULiV V]H
pV]JOHOQL OHKHVVHQ YDODPLQW PHJ WXGMXN WHQQL D V]
iWW\~Oy SUREOpPPIN VRN HVHWEHQ HJpV]HQ PHVV]LU O LV N
PDJ\DURUV]iJL IRO\y YLIHNQHN D PLQVYPJILVPIDD\S RYWH M HH NH.
D] $NQDV]ODWLQD WHOHS+«OpV pV D] RWW WDOIiOKDWY HOIiUL
SUREOpPPiIMD (] D NJUQ\HJHWYpGHOPL SUREOpPPD V]i]QpJ\ NI
KDWiUWyO PpJLV PDJ\DURUV]iJL WHU*OHWHQ D Q\iUL LG V]I
NORULG pV QiWULXP NRQFHQWUiFLY HPHONHGpPVW WXGWDN
VRUIQ VLNHU*OW IHOGHUtWHQL H QDJ\ ROGRWW Vy WHUK
PHIJWDOIiOQL $NQDV]ODWLQiQp@HOPLV]PDURKOPRID WNiW (
NJUQ\HIJHWYpGHOPL SUREOpPPD NH]HOpVH iIEUD RNiQ HJ
5(9,7$/ , +86.528% SURMHNW QpYHQ KRJ\ HJW D KHO\]JHWF
QHP]JHWN|]JL SURMHNW WHKiIW HOLQGtWRWW HJ\ V]pOHVN|
iOODSRWIHOPpUpPV pV D OLVNROFL (J\HWHP V]DNPDL YH]H
WHYpNHQ\VpJHW LV $NQDV]ODWLQIiQ (PHOOHWW HONpV]tWI
LQQRYDWtY ~M WXGRPiIQ\RV PYyGV]JHUHNHW LV VLNHU+.OW I
PHIJHPOtWKHWMe+N D 81(;0,1 DXWRQYP E~YiU URERWQDN D] D
VLNHU*OW D] HOiIUDVI]WRWW D EiQ\DWHUHNHW pV DNQiND\
HJI\pUWHOP&HQ PHJLVPHUQL

O0DJ\DURUV]iJ IHOYt]L V]RPV]pGMDLQIiO MHOHQW V PHQC
EiQ\DWHU-Omﬂ"DiO}@D—W}yHN SRWHQFLIOLV VIHQQ\H] IRUU
al. E ,WW HJ\ VILQWpPQ HJ\ My SpOGiUD KtYKDWMXN IHO I
NRRSHUiIFLYUD NHU<OW VRU V]JORYiN pV PDJ\DU V]DNHPE
HOLQGtWRWWXQN HJ\ ,QWHUUHJ SiO\i]DWL SURJUDPRW DP
WHYpNHQ\VpJ NJUQ\H]JHWL KDWiViw NtYiQMD IHOPpUQL &pO
DPHO\QHN NHUHWpPEHQ HONHU<OKHWM+N DJRNDW D N|UQ\H]



3 6]J]&FV HW DO

HOHMpQ LV HO IRUGXOWDN D 6DMYyEDQ DPLNRU D IRO\y
PHQQ\LVpJ& ROGRWW I[IpP HOV VRUEDQ YDV YDODPLQW WR

iIEUD %iQ\DWHOHS+*OpVHN D 6DMy Yt]J\&MW W

0DJ\DURUV]iJ HVHWpPEHQ WHUPpPV]HWV]HU&OHJ PHJ NHOC
amely 2010EHQ W|UWpQW (EEHQ D] HVHWEHQ D My V]DNPDL SpO
KRJ\ D] DJRQQDOL EHDYDWNR]iVRN HUHGPpQ\HNpPpSSHQ VLNF
KHO\EHQ WDUWDQL EJ\ D 'XQD Yt]JPLQ VpJH PiU QHP V]HQY
.RORQWiU pV D V]RPV]pGRV WHOHS+OpVHN HVHWpPEHQ W,
EHV]pOKHW+QN D]JRQEDQ D 'XQD Yt]PLQ VpJH LOOHWYH D 0
D 'XQD Yt]PLQ VpJH PiU VHPPLIpOH SUREOpPPiIW QHP PXWDWF

3. KOVETKEZTETESEK

7DQXOPIQ\XQNEDQ RO\DQ SpOGiNDW KRJWXQN DPHO\HN
Yt]JNpV]JOHWHN NH]JHOpVpYHO NDSFVRODWRY (JHQ HJ\+WWP
IHOYt]L RUV]iJRN N|]|I[WWL V]DNPDL NDSFVRODW PHJHU V]|
fenntatKk DWy PYGRQ WXGMXN KDV]QiOQL D IHOWIRQ NDA-O WWNIp @ W
D NJ[YHWNH] GROJRN HPDtNfKHRUMNDPRP OHPHL pV D V]HQ
LVPHUQHN SROLWHNPVKEBWWRMNPRQ\RYV DWHOSRIMWYD YKHORM
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WHU*OHWHW NHOO YL]V,JRQQG PLIG® D] 16 M\J DU WatdiiHN Y R Q
NRPSOH[ YL]VJiODWARNBDWURNpJI}ONRULEE QB NV PRRQ GKGD WiyJ i V
HVHPpQWHMN\RUVtWMiIN D KDWiURXQ PiNIQN-OGHO KW NLRNDON R ]
P&N|GWHWHWW ILI\HOPH]JWHW UHQ GW\WIDHWp JVD P B R QWRW A
YtJWHVWHN i0 0D S R Wy foRtbishak) thptMip £teljed H P | H \adstckep W

PV D Ne<O|QE|] sARKkeMBeERIN]|[WWL HJI\-0MWUDR&IN PV RV]WRWW Yt
HVHWABHMYHQFLY PIPQGMW MREBEMOIKtSUIWBEIOMXQN PLQPpO W
WXGRPiQ\RV HUHGPpQ\W LV DONDOPD]QL D PLQRI®QDSRN
FVDN tJ\ UL]JKHWMe+N PHJ YtINpV]OHWHLQN pSVpJpW D M|Y .
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