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SEISMOLOGY

VOLCANO-TECTONIC SEISMICITY IN CONTINENTAL COLLISION
ZONE: EARTHQUAKE SWARMS IN GEGHAM VOLCANIC
RIDGE (ARMENIA)
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Abstract

In recent years, the rapid development of temporary as well as permanent seismic
and GPS geodynamic monitoring networks in Armenia has facilitated the study of
deformational processes in volcano-tectonically active regions in the Arabia-Eurasia
continental collision zone. In this study, we analyze five seismic swarms which
occurred from 2014-2018 within a dense cluster of Upper Pleistocene-Holocene
monogenetic volcanoes and active faults in the Gegham Ridge Area of Armenia. No
mainshocks have been identified in these earthquake swarms, which are distinguished
by frequent occurrences within relatively short time spans. Recorded data was used to
improve the location accuracy and to understand the current state of the stress field in
the area.

We investigate possible links between these earthquake swarms and active
magmatic or geothermal processes. Such studies of earthquake swarms in the Gegham
Volcanic Ridge area further our understanding of the relationship between tectonic and
volcanic processes, in turn contributing to the assessment of volcanic hazards for this
area. Beyond natural hazard assessment, the volcanically young Gegham Ridge also
holds great potential as a geothermal energy source. Thus, our interdisciplinary
research yields diverse outcomes, spanning scientific, environmental, and energy
applications.

Keywords: Gegham Volcanic Ridge, volcanic earthquakes, earthquake
swarms, monogenetic volcanoes


mailto:s.sargsyan.lilit@gmail.com

INTRODUCTION

At the present moment, limited data is available on seismic swarms that
occur within young monogenetic volcanic clusters located in continental
collision zones. Furthermore, compared to volcanism associated with arcs and
some intraplate settings, tectonic and tectono-magmatic causes of monogenetic
volcanism in collisional settings remain poorly understood. This paper aims to
address these gaps in knowledge, through the case study of active volcano-
tectonic processes within the Gegham Volcanic Ridge (GVR) — a dense cluster
of Quaternary monogenetic vents in Central Armenia. A series of seismic
events, comprised of five distinct earthquake swarms, recently occurred within
the GVR between 2014 and 2018, near the western part of Lake Sevan (tab. 1).
These events occurred with relatively high frequency, often separated by only
one to three days, during swarms lasting about 15 days. The swarms are
spatially associated with young volcano clusters and active fault zones.

Table 1
Seismic swarms occurred in Gegham volcanic ridge, during 2014-2018.

Date Number of | Min. Magnitude | Max.Magnitude
events (M) (M)

June 2014 30 0.1 1.0

April 2015 180 0.5 3.4

March 2016 85 0.2 1.7

June 2017 43 0.1 1.0

June 2018 37 0.6 1.9

The permanent seismic network of the Institute of Geological Sciences of
Armenian National Academy of Sciences (IGS) is an initiative implemented in
close collaboration with the Department of Geosciences of National Taiwan
University since 2012. Further development of the seismic network of IGS, data
from which used in this paper, is related to Caucasus TRANSECT International
project funded by US Department of Energy (32 temporary stations in Armenia,
2018-2022). Swarms listed in Table 1 are the first sequences reported since the
installation of permanent seismic stations in the area.

In this study, we perform a detailed analysis of recent earthquake sequences
within the GVR. Through precise location of these sequences, earthquakes can
be linked to known geologic, volcanological, and seismotectonic local settings,
allowing for more accurate interpretation of the observed seismic clustering.
This study will facilitate development of conceptual models of active volcano-
tectonic processes within the GVR. Geologic evidence indicates the possibility
of future volcanic activity within the GVR, and that spatially distributed
monogenetic volcanism within the ridge poses a significant threat to the
infrastructure and population in the area, including the Yerevan, Ararat and
Sevan basins (Meliksetian et al., 2015). Current seismological study, based on



detailed analyses of seismic swarms, is critical for estimating volcano-tectonic
activity in the region.

GEOLOGICAL BACKGROUND

The Anatolian-Armenian-Iranian highlands represent a tectonically
and volcanically active orogenic plateau, which formed through the
continental collision of the Arabian and Eurasian tectonic plates during the Late
Eocene to Early Miocene (~35-25Ma), and subsequent break-off of the north-
dipping Southern Neo-Tethys oceanic slab beneath the Bitlis and Zagros sutures
during the Mid to Late Miocene (~15-10Ma) (Keskin et al. 2003, Allen and
Armstrong 2008, Zor 2008, van Hunen and Allen 2011, McQuarrie and van
Hinsbergen 2013, Skolbeltsyn et al. 2014, Neill et al. 2015, Meliksetian et al.
2015). This activity resulted in orogenic uplift associated with long-term,
widespread volcanism as seen today in Armenia which contains four
Quaternary stratovolcanoes and 516 monogenetic vents and rhyolite domes
within the country borders, ~30,000 km?.

The tectonic setting of Armenia and the surrounding region is characterized
by its SSW-NNE trending stress state linked to the ongoing N-NE movement of
the Arabian Plate and interaction with the Eurasian plate (Allen and Armstrong,
2008, Philip et al., 1989). GPS data shows that the Arabian Plate moves
northward at approximately 17mm/year (Reilinger et al. 2006, Vernant et
al. 2004), (fig.1).

Black Sea

Arabian Plate

38.00 40.00 42.00 44.00

Fig.1. Tectonic units and faults in and around Armenia (after Karakhanyan et al., 2003, Philip et
al., 1989, Avagyan et al., 2010). Key: North Anatolian fault (NAF), East Anatolian fault (EAF),
Dead Sea fault (DSF), Bitlis suture (BS), Zagros suture (ZS), Pambak-Sevan-Syunik fault (PSS),
Greater Caucasus (GC), East Anatolian accretionary complex (EAAC), Lesser Caucasus (LC).
Blue square shows location of Gegham volcanic ridge and borders of the maps of fig. 2.

Internal deformation of the collisional plateau mostly occurs along strike-
slip fault systems at rates of about <2mm/yr (Karakhanyan et al. 2013). The
regional seismicity in the Lesser Caucasus Range is represented by strike-slip

5



faulting with either reverse or normal slip components (Karakhanian et al.,
2004). Recent active deformation in the region, characterized by strike-slip
tectonics, is locally associated with transpression or transtension (Ritz et al.,
2015, Karakhanyan et al, 2017). The study area, Gegham Volcanic Ridge, is
located between two segments of major active faults in Armenia: the Pambak-
Sevan-Syunik Fault (PSSF) and the Garni Fault (GF) (fig.2). The PSSF— the
major active fault system within the territory of Armenia— is an approximately
400-km-long NW-SE trending right-lateral strike-slip fault with a horizontal
slip rate between 0.5 and 3mm/yr, based on current geological estimates, and
within 2+1mm/yr, based on GPS measurements (Avagyan 2001, Philip et al.
2001, and Karakhanyan et al. 2013). The NW-SE trending Garni Fault is
located W-SW of the GVR.

ACTIVE TECTONICS AND VOLCANISM OF GEGHAM
VOLCANIC RIDGE

The tectonic setting described above provides a unique opportunity to study
volcano-tectonic interactions within a dense cluster of monogenetic vents in a
collisional setting, on regional, sub-regional and local scales. The GVR in
central Armenia is one of the densest clusters of individual monogenetic
volcanoes in the world. It contains 127 Quaternary volcanic vents (mostly Mid
to Late Pleistocene and Holocene) within a 65-km long and 35-km wide
oval-shaped area of ~2100km? (fig.2).

44740 45°0°E

107\ 2| @ 3 4

Fig.2. The volcano-tectonic setting of Gegham Volcanic Ridge (after Karakhanyan et al., 2004).
1. Strike-slip and GPS monitoring based extension rates; 2. VVolcanoes; 3. Primary directions of
basaltic-andesitic lava flows; 4. Active fault systems.



The orientation of volcano clusters within the GVR is largely NW-SE,
perpendicular to the major regional SW to NE stress direction. VVolcano-tectonic
settings of the GVVR are shown in fig.2, and suggest noteworthy links between
observed seismic and volcanic activity. Karakhanyan et al. (2002) and Avagyan
et al. (2005) relate Gegham Ridge volcanism to a pull-apart zone, formed
between the PSSF and GF systems (fig.2).

Compositionally, Gegham Ridge volcanism varies from trachybasalts to
rhyolites, while dacites are absent. Most monogenetic vents are trachybasaltic,
basaltic-trachyandesitic and trachyandesitic in composition, and are characte-
rized by strombolian to violent strombolian eruption types. Several rhyolitic
domes exist within the ridge, namely Gutansar and Hatis in the west and
Spitaksar and Geghasar in axial part. Volcanoes within axial part of the ridge
exhibit clear alignment with the GVR crest, and range in elevation from 3200-
3500m. The normal faults that dominate the Gegham ridge converge in a single
zone south of the GVR, near the Armagan volcano (shown on fig 3, lava flow
unit 2-9) and form a large "horsetail splay" structure (Karakhanyan et al. 2003).

The timing of volcanism within the GVR spans from the Late Miocene
(Baghdasaryan and Ghukasyan, 1985) through the Holocene, with the most
recent indication of volcanic activity dating back to 4500-4400 BP
(Karakhanyan et al. 2003, Karakhanyan et al. 2002) or 3450 BP (Avagyan
et al., 2020). It is noteworthy that in the late Miocene to Early Pliocene,
a large caldera complex existed within the current GVR, as is
demonstrated by the presence of the Vokhchaberd volcanoclastic suite,
which is up to 500m thick in some locations. Later, during the Quarter-
nary period, the GVR transformed into a dense cluster of spatially distri-
buted monogenetic vents, and the area was covered by sequences of lava
flows (fig.3). Such a transition from stratovolcano to monogenetic
activity may indicate changes in local tectonic settings and the conditions
of magma generation. Many generations of extended lava flows, Mid-
Upper Pleistocene in age, originated from volcanoes in the GVR. They
are distinct throughout the canyons of Hrazdan and Azat rivers, and in
the western part of Lake Sevan.

ACTIVE FAULTS OF GEGHAM VOLCANIC RIDGE

On the western shore of Lake Sevan, the Gavaraghet fault system is
oriented NNW-SSE and consists of three major normal faults branches, each
with a length of 25-30 km (fig.2), as well as horst and graben structures
(Karakhanyan et al. 2016).

The Gavaraghet Fault stretches from the town of Gavar in the north to
Gegharkunik village in the south. South of Gavar, the fault splits into two
branches — the western Saroukhan-Lanjakhpiur branch and the eastern
Karmirgiugh branch. South of Gegharkunik village, these two branches merge.
This fault zone geometry creates a meridian-elongated structure of ramp-graben

type.



Motion along the fault kinematically corresponds to normal faulting with a
small strike-slip component, where the fault changes its orientation with res-
pect to the regional stress field (Karakhanyan, et al. 2016, Avagyan, 2017).
Maximum vertical displacements of up to 200m have been recorded on the
eastern branch. Data from GPS monitoring conducted in the area has provided
preliminary results indicating extension at rates of 2.75-3.4mm/yr in the central
cluster of the GVR, and 3.6mm/yr along the Garni Fault of the neighboring

44°40'E 45°0E
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Legend
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Fig.3. Volcanological map of Gegham Volcanic Ridge (by K. Karapetyan, S. Karapetyan, G.
Navasardyan; active faults are from Karakhanyan et al., 2017). Legend: Upper Pleistocene-
Holocene. 1. Alluvial and colluvial sediments. 2. Basaltic trachyandesites, trachyandesites. 2-1.
Lava flow of Norashenik. 2-2. Lava flows of Tsluglukh and Srbisar volcanoes. 2-3. Lava flows of
Kond, Vardanasar and etc. volcanoes. 2-4. Lava flows of Mazaz and Karmratumb volcanoes. 2-5.
Lava flow of Sevkatar volcano. 2-6. Lava flows of Aknocasar and Lodochnikov volcanoes. 2-7.
Lava flow of Aghusar volcano. 2-8. Lava flows of Azhdahak and Nazeli volcanoes. 2-9. Lava
flow of Agmagan. 2-10. Lava flows of group Eratumber volcanoes. Upper Pleistocene. 3. Glacial
and fluvioglacial deposits. 4. Trachybasalts, basaltic trachyandesites, trachyandesites. Middle
Pleistocene. 5. Basaltic trachyandesites, trachyandesites. 6. Ignimbrite tuffs of Yerevan-Gyumri
type. Lower Pleistocene. 7. Trachybasalts, basaltic trachyandesites, trachyandesites. 8. Trachy-
dacites and rhyolites of Gutansar, Hatis, Spitakasar, Geghasar. Upper Pliocene. 9. Doleritic
basalts, trachybasalts. 10. Volcanogenic formation. Suite of Noratus. 11. Basaltic trachyandesites,
trachyandesites of Manichar lava flow. Lower Pliocene. 12. Rhyolites of Avazan, Gyumush and
etc. volcanoes. 13. Basaltic trachyandesites, trachyandesites, trachytes (Gegham suite). Lower
Pliocene-Upper Miocene. 14. Volcanic deposits (Vokhchaberd suite). Pre - Upper Miocene.
15. Volcano-sedimentary rocks: sandstones, tuff breccia, limestones, andesite lava flows.
16. Volcanic centers. 17. Active faults. 18. Directions of lava flows.



western cluster (fig.2). This suggests that the total rate of recent extension for
the Gegham pull-apart basin should be within a range of 6.35 to 7mm/yr, which
is the highest rate recorded for any structure in Armenia. Vertical slip rates
along the Karmirgiugh branch of the Gavaraghet Fault range from 6-9mm/yr
according to geological estimates (Karakhanyan et al., 2013; Doerflinger, et all
1999, Davtyan, 2007).

RECENT SEISMIC ACTIVITY

There are two historical earthquakes relevant to this area: the M6.2 Noratus
earthquake of 1226/1227 AD and the M6.6 Vardenis earthquake of 1321/1322
AD. Both are likely associated with the Gavaraghet fault system (Karakhanyan
et al., 2011). Among more recent seismic events are the Gavar earthquakes of
1905 and 1909, with magnitudes of M3.8 and M4.7 respectively. Their records
have been preserved through local historical sources.

In this study, we consider seismic events from the catalogues of IGS and
RSSP (Regional Survey for Seismic Protection of the Ministry of Emergency
situations of Armenia) that fall within the GVR study area (fig.4) and compile a
catalog of 566 events that occurred within the study area during the early
instrumental period (1930-1962) and instrumental period (1962-present time).
During the studied period, the GVR study area shows a generally diffuse
distributions of weak earthquakes, and clear clusterings of weak earthquake
epicenters within the vicinities of active faults and volcanoes (fig.4).

Earthquake magnitude

11-20
21-30

31-40
41-50

® Swarms 2014-2018
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Fig.4. Distribution of seismicity from 1962 to 2018 in the Gegham Volcanic Ridge area.
The dotted ellipse marks the study area.

A "swarm" of small (Ml <3.5) earthquakes that occurred in this region in
January 2007 were classified as aftershocks of a prior MI=3.7 event (Sargsyan,
2015). According to the MSK-64 scale, the mainshock was of intensity 5-6, was
felt in Gavar, and generated minimal damage. It is considered to be the first
reported evidence of seismic sequences within this region.



With the modernization and installation of new seismic stations by the
RSSP (12 stations, since 2010) and IGS (13 stations, since 2012, 32 stations
since 2018) in Armenia and particularly in the Lake Sevan area, the capability
to record seismic activity has greatly increased as shown in fig.5 and 6, which
represent magnitude cutoff values over time, based on instrumental capabilities.

Number of earthquakes per year

Fig.5. Time histogram of recorded earthquake frequency in the Gegham Volcanic Ridge study
area from 1962 to 2018.

Magnitude

025
0.00 A !
1962 1970 1980 1990 2000 2010 2018

Time in Years

Fig.6. Time-magnitude distribution of earthquakes recorded in the Gegham Volcanic Ridge study
area from 1962 to 2018.

In western Sevan, 15 earthquakes were reported from 1962 to 2012, while
over 60 earthquakes have been reported from 2012 to 2018 (fig.5). The
installation of the Gegharkunik (GERK) station in 2014 improved the location
precision of the small earthquakes including the seismic swarms analyzed in the
next section (fig.6 and 7).
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Fig.7. Time-magnitude distribution of swarms recorded in the Gegham Volcanic Ridge study area
from 2014 to 2018.

SEISMIC DATA ANALYSIS

Several sequences of earthquakes occurred in the GVR area from 2014 to
2018 (0.1<M; < 3.6). Most of the earthquakes were recorded only by the nearest
station, GERK. Figure 9 shows a typical earthquake recorded in the GVR area
during the 2015 swarm. Low signal-to-noise ratios of weak events and large
azimuthal gaps between stations exceeding 150 degrees are not optimal for the
qualitative location of most hypocenters. Manual picking of P- and S-wave
arrival times was performed for all events recorded by one or more stations. As
an example, fig.10 shows P and S phases for the same MI 1.4 earthquake
recorded in 2015 shown in fig.9. The local velocity model used in this study, is
composed of four layers (tab.2). The first layer is 7km thick with V, = 5.6km/s,
and the V,/V; ratio is assumed to be 1.78 (for this region), but is noteworthy,
that according to another tomography model for north/central Armenia
V,/V; ratio for Gegham ridge is 1.9-2.1 (Lin et al. 2020)

Table 2
Local velocity model used for locating low-magnitude earthquake swarm events.

Thickness interval (H), km Vp (km/s)
0.00 5.60
7.00 6.40
18.45 6.68
47.00 7.40

With the local velocity model, of the more than 400 weak earthquakes that
occurred from 2014 to 2018, only 83 could be successfully located using
Hypo71PC software (Lee, 1971, Lee and Valdes, 1985). The spatial distribution
of located epicenters strongly corresponds with the areas of volcanism and
active faulting observed within GVR (fig.4 and 11). The RMS travel time error
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values obtained after manual picking and location were less than 0.16s. The
accurately located hypocenters, obtained by a minimum of three stations,
largely occur with focal depths of up to 8 =£5 km. The remaining events could
not be located due to the poor signal-to-noise ratios, or mainly because of
having been recorded by less than 3 stations. The waveform features of the
recorded earthquakes and the significant variation in the P and S-wave time
delays (from 0.1-0.8 s) indicate that the GVR subsurface is laterally inhomo-
geneous. The GVR subsurface is also characterized by non-uniformly distri-
buted Vp/Vs velocity ratio values (Lin et all, 2020). The seismic record shows
similar waveforms for different events within the same cluster, suggesting that
such earthquakes come from the same location and are generated by identical
source mechanisms (fig.8). In fig.9 are shown the spectrogram of individual
event recorded by Gekharkunik Station. Figure 11 shows maps and vertical
cross-sections of the earthquake swarms that occurred within the GVR from
2014-2018:

e e o 21 e Y
B I e
ormedpsafffiwn st e

Fig.8. Similarities between waveforms for selected representative earthquakes of the seismic
swarm recorded by GERK.
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Fig.10. Phase picking of the selected representative earthquake recorded by GERK station. In this
case, S-P is 1.6 sec.

e The June 2014 swarm with more than 30 evens (located 14 EQs, M_
0.1-1.0), which occurred over the course of several days in the northern
part of GVR near Ashtarakner volcano, marks the first seismic activity
recorded since the installation of the GERK station in 2014. The depth
range for this recorded activity is 4 to 14 km, with the majority of events
occurring at depths greater than 10 km.

e In April 2015, a swarm occurred in the southern part of the GVR, 1.6-
5km from Sahakasar and Mesropasar volcanoes and near the graben-like
structure associated with Gavaraghet fault. This swarm featured over 180
events within a span of 15 days, as recorded by the nearest GERK station
(located 38EQs, M, 0.5-3.4). Most waveforms from this swarm have
clear P- and S-wave onsets and relatively low frequencies. The sources
were found to be very shallow, between 1 and 8 km deep.

¢ Another swarm occurred in March 2016 along the GVR axis, near the
Lchayin, Lodochnikov and Sevkatar volcanic centers. This swarm
included over 85 events of magnitude M 0.2-1.7 (located 19EQs). In this
case, the hypocentral depths ranged from 12 to 16 km.

e The June 2017 swarm included more than 43 events of magnitude
M_<1.0. (located 13EQs, M, 0.1-1.0) occurred in the western axis of the
GVR. Here, hypocenter depths ranged from 7 to 19 km.

The most recent swarm occurred in June 2018 with more than 37 events

(located 17EQs, M. 0.6-1.9) along the GVR axis, near Azhdahak and Tar
volcanic centers. Hypocenter depths ranged from 14 to 20km.

DISCUSSION AND CONCLUSIONS
A good understanding of the prevailing seismicity that occurs in the GVR

area is critical for determining the stress field of the region. As mentioned in the
introduction, this region's geological evolution is highly complex. Today, this is
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indicated by the morpho-tectonic topographies and dense clustering of mono-
genetic volcanic centers seen at the surface. The accurately located hypocenters
appear to have occurred near both clusters of monogenetic volcanic centers and
the active Gavaraghet fault system. The relatively deeper (12-16km), smaller-
magnitude events appear to preferentially occur near volcanoes (observed in the
2016 and 2018 swarms); the shallower (1-8km), higher-magnitude earthquakes
(including the strongest event across all swarms, an MI13.4 earthquake in 2015)
seem to cluster within the Gavaraghet fault area.

Furthermore, very clear similarities are observed within 2015 swarm family
of earthquakes, both in waveform patterns, and in spectrograms of distinct
events within the swarm recorded by the same station.

Previous studies discussed above suggest that the current stress field in the
study area is extensional. Observations of continuous GPS stations indicate that
velocity directions, varying between 2.5 and 3.5mm/yr, follow the Garni Fault
in a southeast orientation. This results in a compressive stress field that triggers
the reactivation of normal faulting in the area near the volcanic ridge (where the
pre-existing faults zones are associated with normal faulting).

Seismic observations and analysis of such tectonic settings, paired with
local and regional geologic information, suggest that the recent seismic swarms
identified within the axial part of the Gegham Volcanic Ridge could be
attributed to volcano-tectonic seismicity as most of it occurred nearby recent
volcanic centers. On active volcanoes VT seismicity is commonly recorded
prior and during eruptions. Last volcanic activity at Gegham ridge occurred
~3.4Ka (Avagyan et al., 2020), or 4.5-4.4Ka, (Karakhanyan et al., 2002), and
estimations of recurrence rates of monogenetic Upper Pleistocene-Holocene
volcanism is ranging 3.1-5.7x10™* per year (Meliksetian, 2018), that corres-
ponds to average of one eruption per every 1754-3225 vyears. Although
monogenetic eruption episodes are obviously not uniformly distributed through
time and are usually grouped in active periods with frequent eruptions divided
by intervals of hiatus. The question here is whether this seismicity is linked to
purely tectonic movements and if so, how to explain recurrent tectonic activity
near dense monogenetic volcanic clusters.

A second hypothesis is the existence of hydrothermal processes involving
an interaction between groundwater and active magmatic zones generating
internal overpressures. In this case an important question is the origin of the
magma, if it is resulting from past eruptions or represents new intrusions of
magma at depths. In this hypothesis, observed seismic processes may include
stresses associated with dyke propagation at depths up to 15 km beneath the
ridge, or hydrothermal processes resulted from residual heat from existing
magma chamber from the past episodes of volcanism. We cannot answer these
guestions at this stage of our study. A more in-depth study of the spatial and
temporal migration of the seismicity as well as a detailed study of the rupture
mechanisms appears to be necessary. As pointed by Roman and Cashman
(2006), the analysis of VT fault—plane solutions and their comparison with
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regional stresses can reflect pressurization of the mid-level conduit system in
case of presence of magmatic fluid. This kind of study would be useful to better
understand the dynamics of the seismogenic and possibly magmatic systems
which are producing the observed seismic swarms. A recent study of crustal
Vp/Vs ratio beneath the Armenian Volcanic Highland of the Lesser Caucasus
by P-wave receiver functions method revealed extremely high Vp/Vs ratios
(1.90-2.15) localized beneath Aragats stratovolcano and Gegham volcanic ridge
(Lin et al., 2020). The presence of magmatic fluids is therefore plausible and
must be taken into account into the analysis of the seismicity observed in this
region.

Based on preliminary results investigated in this study, we propose to
monitor Gegham volcanic ridge with more seismic stations and increase
density of seismic stations in the region and apply regional seismic tomography
to image the structure beneath Gegham Volcanic Ridge.
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UUusrauuuLUSPL UNLPRPUSP ANSNPU 2L ULUSEESNLUYUL
Ut3uUPuNkrE31NRL. ELULUCUNGEP TUNUE RBENUUD
Z[URMUSPL LEFLUCEUSNRU (2USUUSUL)

Uwpquyuit L.U., Uk hpubpjul Iu.R, Uknwpuyywt d-3., Liyntywi U.D.,
Sphgnpyui E.U., @nppudwgjui L., Lujuuwpnui ¢.Jv.,
Uwiniywpui .U, Funpquii UL b Zupnipyoiiyub U.U.

Udlthnthnu

Zuyuunnwbnid Jipghtt muphubphtt duwdwtwwynp, huyyku twb
Upnwljut ubjudhl b GPS gknphtwdhl] uUntuhpnphtiqujhtt guugtph
wpwq qupqugnidi nt juyt nupwsnidp Uks nlip niikgut Upwpuljuib
b BYypwuhwlwb dujpgudwpuyhtt vwibph pupudwi gnuinnmd hpwpphw-
nkljunntwlwubt wnhy ypngkuttph ntuntdtwuhpnipjniuibph hwdwp:

Uju wpjuwnwpnid hpuwwbwgdt] tu Ghnudh hpwppuiwghtt k-
twonpujh nupwspnid nknh nitkguws hhig ukjudhl wwpubph YEpne-
dnipniuikp, npnup qpuiigyty ku 2014-2018ppe-tiph pupwgpnid dkph
M Ejunngku-Zningkt Unungttt hpwpnijutiph b wwnhy juquspubtph
huhnn uunbpmd: Qpugyus tpypuowpdtph wwpubkph dudwbwy
nplk «<hhdtwlwt gignid» sh wpwuduwgynid, nputp punipjugnpynid Eu
hwdbdnwpup jupd dudwbwjuwhwnjuwénid hwdwpimljh gputgynn
pniy] gugnudubpny: Ukjkdhy juywtubphg unugdws wydjujukpt ogunw-
qnpdyby Eu Gpypwdwpdbph tyhltunpnuubph wbknunhpptph £ownt-
pjntup dkdwgubint b wyn gnuiniud wnlju jupdwéuwyhtt nuwonh ukpluw
Jhdwljp quwhwwnbnt hwdwp: Whun Jupbnpynud E, JEpohtt tnwph-
ukppt gpugqwd tpypupwnpdtph wupubph b whnpy] hpwppaght ud
giinptpdw] wpngtuttph dhol htwpwynp juwh pwguwhwjndwi b
niuntdbwuhpdwit nippdué hbnwgnunipnibubpp: @knudh  hpw-
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phuwghtt (Entwonpuynid qpuigynn ubjudhl ywwputph tdwt htnwgn-
nnipniubpp pnyp juut hwuljwiwnt b quwhwwnbnt mEjunntwlwub
U hpwppiughtt wpngkuttph dhol hwpwpbpulgnipynitip, hust £ hp
htppht juywuwnh wju nwpwspnid hpwppiwghtt Junnugh quwhwndw
wpjuwnwuptubpht: Fhnuuh hpwphiwght (Enttwonput ks yninkughwy
niuh twlb npybtu ghnpbpdw) Eubpghwjh wnpmip b hknbpwpwp dbp
hEwnwgnunipnitubpp pny jrnwb hpujuwbwgul] wjtyhuh ntunidbw-

uhpnipjnitiibp, npnig wpyniuputpp hpunkh tu hyybu ghnwlui,
wytytiu b pruywhywwjut nkuwlynihg:

BYJIKAHO-TEKTOHUYECKAS CEMCMHYHOCTH B 30HAX
KOHTHHEHTAJIBHOU KOJUIM3UU: POU BEMJUIETPACEHUU
I'ETAMCKOI'O BYJIKAHUYECKOI'O XPEBTA (APMEHUS).

Caprecesn, JI.C., Menukcetsid, X.b., Metakcsn K-®., Jlepousin A.D.,
I'puropsan J.C., Torpamamksan H., HaBacapasu I'.X., Manyuapsan /LA.,
I'esoprsin M.P. n ApyTionsin K.A.

Pesrome

B nocnemaue rojsl ObicTpoe passutue ceiicmudeckux u GPS reopunamu-
YeCKUX MOHHUTOPHHIOBBIX CETe B APMEHHH CIHOCOOCTBOBAJIO HM3YYEHHIO [ie-
(opMariii B aKTHBHBIX BYJIKAHO-TEKTOHWYECKMX PETHOHAX B 30HE KOHTHHEH-
TagpbHON Koyumm3mu ApaBuu u EBpasun. [lanHoe mccienoBaHHE ITOCBSIIEHO
aHaIM3Yy IISATH POEB 3eMIIeTpsiCeHUH npowuzomienmux B TeueHue 2014-2018rr. B
npenenax ['eraMcKoro ByJKaHHYECKOTO xpeOTa B ApMEHHH, B pailoHE IJIOT-
HOr0 KJacTepa BEpXHE-IJIEHCTOLIEH-TOJIOLEHOBBIX MOHOTEHHBIX BYJIKaHOB H
aKTUBHBIX pa3ioMoOB. B 3TuX posx 3eMJIETpsICEHUH, OTIMYAIOIINXCS YaCThIMU
TOJTYKAMH, TPOU30MIECIIIMH B OTHOCUTEIFHO KOPOTKHE IPOMEKYTKH BPEMEHH,
He OBUTO BBISIBIEHO «OCHOBHBIX TOJYKOBY». 3aMFCH 3€MJICTPSICEHHMI OBUIH WC-
MIOJIb30BaHbl I MOBBIIMICHNUS TOYHOCTH OIPENENEHUs] SMHULEHTPOB W THUIIO-
LIEHTPOB TOJYKOB M NOHMMAaHUS TEKYLIETO COCTOSHUS MOJS TEKTOHHYECKOIO
HanpsKEHHs B 3TOM palioHe.

Ienp uccnenoBaHuil COCTOUT B U3YYEHUH BO3MOXKHOMU CBSI3U MEXKY 3THUMHU
POSIMH 3eMJIETPSCEHUI M aKTUBHBIMH MarMaTHYECKUMH WM T€0TepMaIbHBIMHU
npoueccaMu. Takue ncciaeaoBaHus POEB 3eMIIETPSICEHUM B palioHe I'eramckoro
BYJIKAHMUECKOT'O XpeOTa cocOOCTBYIOT HOHUMAHHUIO B3aUMOCBSI3H MEXIy TEK-
TOHUYECKUMU U BYJKaHUYECKMMH MPOLECCAMH, YTO, B CBOIO OUEPE/Ib, COAECHCT-
BYET OILIEHKE BYJIKAHWYECKOW OMAcHOCTH B peruoHe. [IoMrUMO OlLeHKH NpUposa-
HBIX OMACHOCTEH, MOJIOJON ByJIKkaHU3M [ eramckoro xpe0Ta Takxke UMeeT 00JIb-
IO MOTEHITMA B KauyeCTBE MCTOYHUKA T'€OTEPMANBHON PHEpruu. Takum 00-
pa3oM, pUBEACHHbBIE MEXIUCIUIUIMHAPHBIC HCCIETOBAHUS MOTYT HUMETh pas-
JUYHBIE TPWIOKEHHUA KaK HaydHblE, TaKk B 00JACTH OXpaHbl OKPY’KaroIlleil
CpelbL.
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htinwhwp gnunuynpdwt (22) dudwbwlulhg dhongutpny Gplph nhunwply-
dw ks njuutkph oquuugnpéuiwtt hpdtwwh ninnnipjnitubkpp, hswybu
twl ppuwig oquugnpsudwdp bLpjpwpwinmipyub, phwlut b dwppushu

Junubqlbph, spowljw Uhgu]uyph, phwlubt’ hnnuhtt b opughtt nkumpulikph
niunidtwuhpnipjub opptiwlunbp:

SYjuutiph junpuwbiwupnp (Sv) unp wuwpunhgd b Uyt huyjuljut wqquyht
EEyunpnuughtt Bipuunnigqusputph dhpwduypnid hpwwiwgdty b odby-
gupwhuyjuwi dhowqquyhtt hwdwwnbn twjuwdbnunipjut wpyniupnid b
htwpwynpnipinit £ viwhu 1nust] Gpyph dwuhtt b hwpwyhg ghunipyniikph

U wpp wpphwluib jutinhputbp:

Zmugmguyhii purkp. ks nfjujutp, wjujubph pnpwbwp, Epyph
nphunwpynud, hbpwhwp gnunuynpnid, phwluwb Juwbg, Sentinel,
Landsat.

Uhpwénipiniu

ULs wyjwjuknph (US) wmbkuninghwubkpp, dkpnnubpp b gputg Yh-
punndt wydd niubt juyt mwpwdnid b qupquinid Bt wpuqugnn
puyitpny: Gphph phnwupuwt ks mdjujubpt (6HUS) wyn pughwinip
ninnipjul bwjuwb b jujinpkt nmwpwsqus wuwwptqubphg E Ujh
ulhqp t wnb) wbgiuy nuph Ephpnpy Yhupt dkjuwpyws tpyph htow-
hwp gqnunuwiynpdwtt wnwehtt pwyjkphg, npnug wpnyniupubkpp 1hnyght
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ogunuqnpdyt] ku Epjpuputtwljut, wonuphwgpulju b sppwlju dh-
oswjwjph ghnwlwt hbnwgnuumpmnitttpnid, htisybu twb wwppbkp
gnpdtwlut btywwnwljubpny: Uwluwyt «dts ndjujubph» nipnnipmniut
wyddjutt pndwunuynipjudp b htwpwynpnipniuttpng dbwynpytg
tpyph dwltplnypeh donnunhunwplniud hpujuwbtwginng wppuiyuljught
hwdwlwpgtph unbkndybjnig htwnn:

Ujdd gnpdnn wppwiyulughtt hwmdwlwpgbph mbuuhjulwt htw-
puynpnipnibubpp (uwukpubph npulp, hwtnyph pwpdp pLéwsw-
thp, puquuuyblnpu) hwtnyph vupptpp), hywbu twb phnwpldut
pupdp hwdwpujutmpmniup Epjupunb qupqugdwi wpyniup Gu:
Ujn qupqugdwip gqniquhbn b npuiunyg ygujdwbwynpjusd junwpbju-
gnpdynud  Bu wpputyuljuyhtt wuwlbkputph dowldwt dbpnnubpp,
nfjuitiph vnwugdwi, juquuljipydwt, yuhywidwt b ogunuugnpén-
nht mpudwnpdub tnubwlubpp: UGS wfjujubph wuwwpkqh nkath-
Juljut, nkjuuninghwuljw b dbkpnpuljwut hwdwihp qupqugnidp b jw-
nwpbjugnpénudp  hwtghgpty £ Gpuyh htwbwuph: Uh Ynnuhg,
untndyt] E nwpwswljut wfjuyubph tpupudwdtn pupptph og-
wnwgnpddwl, htyywbu twb tunp pupy dhedninuhtt wpphwljwt nk-
uwlut b gopstwlwt puunhpubph nsdwt htwpwiynpnipnil, dmniu
Ynnuhg punuyudb] £ ghnwuut msnudubph gnpstwljut Yhpwnnt-
pinitup: Upn unp htwpwynpmipnibibpp ppwinud o twb ghunwlju
Uhogninuyhtt hwdwgnpdwljgnipiniup: Uniu Ynnuhg, hknghtnt pup-
nuunud t ks myjujubph mbjpuhjulwb, nkntjunjuljut, nkjuinn-
qhwljwl wywhnyniup b dkpnyupwimpniip, b hknbwpwp udju k-
nh ogrnugnpénudp phdwnhl wuyuptqutph htnnwgnunnubph hwdwn:

GTUS wbkjunnghwubpp b dbpnpubpt wppbt nwubwdjulubp
wljnhynpkt Yhpwrynid kb qupqugus tpypubpnid, npng htwnwgn-
unnibphtt duwngkjh kb U giphgnp hwdwlwpgsughtt nkubhyjub, b
nyjuubph puwtupdtp wppuhyugnudp: Uy Epiputpt untnst) b qup-
qugumud i wqqujhtt US wppupyubp «ndyujubph funpwbtwpnph» fu-
pnigudpny, pnjutinuljnipjudp b gnpéwnnypubpny:

Zujuunnwh hwdwp US dbkpnnubpny nisynn jutinhpubpp dpnw-
whu bEnhk] B wpphwluwb, vwuyt ghnwuljut hbnwgnunipniutbph
hwiwp hwuwbbjh sk bnkp uyqemd ndjuybph wpdtph, hul hk-
nwqunid twb ghphgnp b putupdtp hwdwljupgsuyhtt mEthjugh
pugujuynipjut quwndwnny: Ujdd, tpp wju ninpnipjudp Zujuunw-
nud uunwpb] b wowehtt puytpp Yuquyly b huyulwb andyug-
tubkph unpuwtwpny dhewywypp,' hnpjwsh hknhtwlubpp guimd &b, np
Epyph dwuht b hwpwlhg ghnmipnitubph hwy dwubwgbnubpht og-
nwlup Yhuh swinpwbw] hnpjuénd ukpuyugdus BrUS dudw-

twlwlhg Ukpnnubpht, (nusnudubinht, thpwqquyhtt thnpdht, dbp Eplyph

! datacube.sci.am
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huwdwp wpnhwjwt wju wuwuptqh pughputphtt b gputg nsdut
httwpwynpnipnitubpht, npntp k) ubpuyugdws b wndju hnnpdusnud:

1. Gnunh nhnunbdwl ks indrunibnh vinwadwt, dowbdwb b
oqurugnpduw Ukpnnupwunipiniup b wkjuuninghwtpp

1.1 UkS wnjjuyakph, hwpwlihg hwuljugnipinibbbph vwhdwinidi n
hljwpwgnnipiniLip

Cunhwunip wndwdp «fks ndjuyutp» nmkpdhtung ukpluyugynd k
nyjuiubph wytyhuh wdpnnonipinit, npt hp Uks swduh b /ud pup-
nonipjul (pugquuquiniput, wthwdwubnnipul, nddup jupgquynp-
Unn Junnigwéph) yyuwnmdwnny sh junpnn dntnpugnpyty, wuhywidt,
Upwljyty bt ogqnnugnpédyt unynpwpwp Yhpwnynn dkpnnutpnyg b hwoyghy
nbkhuhlumny:

Tpwig ogqunugnpsdwtt hwdwn wwhwioymd tu hwoynnuljut b
hwdwlwupgswhtt ghnnipniautph unp dbkpnnubp, Spugpughtt wwyw-
hnynud b pupdp hwoynnuljut hqnpnipintt nitubkgnny wmkuninghwitn,
npnughg £ gniquhbinwgdwt ulqpnitipny Jupnigjus wnblutuninghwt
(Guguupyut b nip., 2017, Yang, Huang b nip., 2017):

Utks nyuyutiptt hpkug Yhpundwt ulgpiwjut spowtnid punipw-
gnyty Eu hkwnljw) tpkp npnohs hwunlnipniuubtpny. 1) hujuyuljut b
wpwugnpkt wgnn Swuyny (volume), nph wpmyniupnid wndjuukph
wupnnonipniin nupinid b wuwpwdupbh unydnpulub
Enwtwlubkpny b nkjutuninghwbkpny, 2) wjujutph hnuph gnjutwnt b
oquuuugnpénnht thnjuwbighint pupdp hwwhwjuinipjudp b wpwugnt-
prudp (velocity), 3) myujubph wmkuwljubph, pnduinunipqut, dwuy-
nwph wjutywhuh puquuquinipudp (variety), nph wwwndwnny npuip
hutwpwynp sk hwdwnbnt Uk punhwinip jupniguspnid:

Ujdd npnohs hwinljnipmiuubphtt wkjugunid tu twlb hEnlyjwg &p-
Yniun. 4) njwjubinh npwlh dh pwnp gniguthpubn, npnup wdthnthynid
i hwjwuwnhnipjut (veracity) hwuljugnipjudp, 5) wjuutph wpdtpp
(value), npt plunid E twhunpn snpu hwnljwhsutnhg b guwhwwnnid E,
pE nyjuyutipp nppuwing tu Yhpwnkih b wpdipwynp wpnhwljwuu gnpé-
twlwt b wmbkuwlwt nunhpubph nsdwt hwdwp: Uju hhtig hwwn-
Jutthoukpp hwoyh wntkiny fuquyk) £ Uks ndyuikpp vwhdwiing 5V-h
pwbwdlip (Yang, Huang b nip., 2017):

Epinh gphunwpyuwt dks wndjujubph hnupbkp vnwgynid tu wnw-
puwwnbuwl wnpmiplbphg wppwbyulitph hkpwhwp ghnwpynidubphg,
Jtipgbniyu wjwnndwwnwugdws dnthwnnphugh uwpptphg, pyujtugdut
qnpshpubph b uwbbkpibph, plughtt pwbwlwlwh dnpbjuynpdwb b
wy] Uvhongubpny: Uju wnpnipubphg vnwugwsé nbkpunwghl, tplhpw-
suthwljub ndjuubkpp, wwnbpubpp b wy wdjuukpp, npnup ninnuyh
jud wiuninnuyh Ypuyny tkpjujugind bt nupuwswuljut nknkljw-
wnynipntl, wujwutynud b «Digital Earth Data»: Gjuknyg wju jujugus
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wnbpuhthg, wnwewplynud £ puttmplynny mbuwlh nbntjuwnynipmiup
huytpkt wuuily) «Gpyph pyuyhtt nyjuyubps:

1.2 UES njuybbph funpuinupn (Big data cube) unnéin

Uju Unpkp b mbkjutuninghwubpp dkdwybu ogunugnpéynd tu wip-
pulyuljuyhtt nyjuubph dowljdwt hwdwp, vwljuyt wnwy kb kL] wb-
Juwpn wppwywluyhtt tupubph oguugnpddwt ninnnipiniuhg: Skp-
dhtip tkpunisdby £ 1990-wjwuttphtt npytu wdjujakph swnkdwpwih
suhnnuljwunipjut dnpk): Uju mkuwlknhg, Data Cube-p ykpwpbpnid
E fiEyunpntuwghtt hwdwlwupght, npp gnps nith wdjujubph unynpujui
dwuwjubph junpwbwpny wunhgdwth hbwn: Ujdd mbpdhtt ogunuqnps-
Ynud k puquuswth njujutph hwjwpwsnit tkpjuyugutint hwdwn:
‘Lnyt btyuwwnwyny njuutph htupkph dwpnupughnnipiui wuyw-
phgnmud ogunugnpéymid E «wngwig JbEpniswlut dowljdwiy funpu-
twpn (OLAP (Online Analytical Processing) Cube) wnkpuhtp, npp punt-
pugpnid E Jbpnisnipjut hwdwp yuwnpwun ndjujubph puqluswt
quiqus (Analysis Ready Data (ARD)) b hudwuywunwupimt hwudw-
Jupgswyhtt mEuuhlw nu dpwqpuyhtt dhongutp (Nativi, Mazzetti b nip.,
2017):

SYjwjutiph junpwbwpnyp punpnoynid E npyybu pwuwnpuyhtt wigdyug-
ukph quugqws, nph Swdwip Ytp £ unynpujut ubkpytph hhonpnipjut
httwpwynpnipjnititbphg, nph dhltunyt wbkuph wjjwjubphg mipw-
pwiyjniph wpdbpp wuwnuwinud E d-swthwth wdjujutph junputiupnh
ynnpphtwnwht  wowbgptpny npnodws nwuwnph, L nph wyy
wnwigpubpny npnoydwsd Ynnpphttwnubpp poyy) i tnwhu dhubywbwly
npnok] quiqush Judwyulwb nyjuh hwugku (Guiliani, Chatenoux b
nip., 2017): ©pyph nhunnwpldwi wndjujubph unpwbwpnt wydd nh-
nwplynud £ npuybu quputhwpujhtt dnnbkgnidubph, dbpnnubph b
wnbkpjtininghwtbph wuUpnnomipnit, nptt ninndus b Uks wdyujubph
Ukpnidh wdpnnewlul oginugnpsdwlip: unhpl b uintinst) dhongubp,
npnup Yykpugukt Uks ndjujubph oqgunugnpddwt pupnnipnibubpp b
Junpudunpkh nupuswljui-dudwiwljuht wljuikp Jpnismpjui
hwdwp yuwnpuwun Jhd&wyny:

Uh pwpp tpypubp «Uppwbjuljutph dhongm] tpyph nhinupldwb
Yndhwnkh» (Committie on Earth Observation Sattellites - CEOS) hnjuwtnt
ukppn unbnst] Eu wquun ogunugnpsdwt njujutph junpuwbwppubp
(Open Data Cube (ODC)) (https//ceosdatacube.org): Uynuhuh Eupwlju-
nnigudpubp Juquyby b twb Bdpudhnipjut twpwgstpny b wnwb-
Aht Epyputph twpwdbnunipyudp (Nativi, Mazzetti b nip., 2017):

Juquyl] o twb dwubwghnugqus wjjujukph junputwpnbp,
npnug ophtwljp ubkpjuyugdwsé E unnpl (Magno, De Filippis L nip.,
2019): Uyt wphiuphwgpuijuwb nwpuswljui ndjuyikph unpubupy £
Juquwsd puquusuth uljgpniipny, b pniy) E wmwjhu ubpplntl), wuh-
k], dpwlk), yipnist] b oqunugnpst) hinwhwp qnunuynpdwt b
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optplinipupuiwjut ndjuyubp: S junnigquspp hhduws L Open
Geospatial Consortium (OGC) unwunwupunitph ypw, wnydjujukph hkb-
ptiph Jupwyjupdwt hwdwp oquugnpénid k PostgreSQL hwdwljupgp,
npht hnkgpyus k Jhdwljugpuljul dkpnyubph puduljui ks unudp
Juqudws R nfjujutph Jhdwjugpujut dowljdw b hwduwywwnwu-
ot gdwwyuwnljtpubph jupnigdwt hwdwp twpwnbujws Spugqpu-
Ynpuwt (Eqyny:

1.3 Gpgph ghunwpldwl JES wnfjuy bkp (Earth Observation Big Data)

Uts nfjuutiph ninpnipjutt uvwhdwbtbpnid wydd dbwgnpdt) Gu
nhunwplnidubph, hblnwgnunipnitubph b jhpwundwi npnowlh phdw-
wnhl wuwwupkqutp, npnughg b «Gpyph (nhnwpynidutph) dbs ndjuy-
ubkpp» (Earth Big Data fwu Earth Observation Big Data): Ujn wjujutph
wnpnipttpt b wppwiyuljutphg b hupttwphnubphg hipwhwp gnunw-
Ynpdul, Jipgbnyu donwuphunwplnidubph b wy) Epubtwlubpnyg ju-
nwpynn swthnidubph b ghnwpyndubph wdyujukpp: Gpyph nhunwp-
Ynudubtph (6%) Ubs wdjuutpht 5V punipwqnphsutphg pugh hwwnnty £
hunjuwbtu wj, np vnwugybny puquuqut wnpmnipubphg, dwudw-
twljh mwppbkp hwndwsubpnid (multi-temporal), npuwup Ukdwdwuwdp
ynnuinpnoqws kb mupusmpjut Uky nupuswlwi b nwpudwu-
ownwp Lu: Ujp mfjuubpp dhdjug htn juhunn juyuwlgdus Eu hpkug
dhqhjuljut pnduinulnipjudp, mupusnipjut b dudwtwlh dky:

BT UkS wnujubpp juyunpkt oqguugnpéynid Eu  ubjudhluygh,
Juubtquynp jmbouyhtt b wy puwut nmt dwpnwsht Juwbqubph,
opowljw Uhowuyph, piwljul hnqught b opught phumpukph nuunud-
twuhpnipjut tyuwwnwlny: 6Y-h htn juyydws k twb «ghnwljut Uts
wnjuitp» (Scientific Big Data) hwulwugnipiniup: Ujn jadphtt bEpw-
qpynn njuutpht hwwnnty Eo' pupn puquugtpn pndubnulnipnip,
qnpw) Swsynypn, htywhu twb pwpdp hunbtgpubnipniup nbnklju-
njulwt b ndnithjughnt wmthuninghwiutph htnn: Uju hwnlwthy-
ubpp jupwinud Bt puquuunupuyuljut b Jhownwuplujuljub gh-
nuwljwt htlnwgninmpinitubph qupqugdwin (Guo, Wei b nip., 2017):

14 Uppwiywlughh hkpwhwp gninuinpoidp (29) npyku G?F kS
wfyuwybliph upbnp wypnip

dudwtwljuljhg 22 dhongny unwugdus 6 ks mjujubpp niukl
pupdp nuswswith, Epjupudwudjinn b wipinhwwn punyp: Unwybjw-
whku oquuugnpdynid Lu Landsat-7, Landsat Sentinel-1, Sentinel-2 wp-
pulyulubph wyjuubkpp, npnup mukt ghnwpldwb pupdp hwdwhw-
Julnipjnil, pupdp nuswswth, wquun hwuwkih b b gnpénud kb pug-
dwuybunpw) whpnyputpnid (multi-band): Uy wpputyuljubph nh-
nwpiuut ndjuikpp Jhdjubg hwdbdwwnnipjudp nitkbt wwppbp
punyph Jwubtwlh wnwybnipniutbp, hush wwwndwnny npnywulh
huunhpubp hweonnnipjudp nusynid ku npuig nyjujubph hwdwnpni-
pjudp (Michella, Vescovi i nip., 2019; Tiede, Sudmanns b nip., 2019;
Chung, Jung b nip., 2019; Quintanoa, Ferndndez-Mansob l nip., 2018): Uks
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njjuitiph ophtiwly ki hwinhuwinid hinwhwp qgnunuynpdwt nygjuy-
Ukph hhtwi Jpu vnbnsdus dh swpp hudbpjwsbp: Ophtwl; Google
Maps-p b Google Earth-p hwdwgwugnid pwpunbqugpiut wdktw-
nwpusyud dpugpbphg kpyniuh ki B Google Earth-p, bt ph Google
Maps-p niukt hwutibjhnipjnit Google Earth Engine-ht, Uh hwppwlh,
npl wywhnynid £ wppubyuljuhtt wunbkputph, nbnuuph wndju-
ubkph b JEunnpught mdyuitph (uwhdwbubpp, fwbwwywphubpp, ptw-
Yuuyptpp, honp b Yihduyh JEpupbpyuy nbnkjunynpntup) huljw-
jajut wquwhng:

Uwnnpl tkpuyugymd Bt wpputyuluyhtt ndjujubpny hwpydwupy-
Ynn wnwyk] oqunugnpdynn gnigutthpubpp:

1. Pniuwuinipjutt  tnpdwjugqus wwppbpnipjudp  hunkpu
(PUSP) (Normalized Difference Vegetation Index NDVI), npp
dnunnuphuptnhl gnpéniubmput jud «Gubwsnipjub» gni-
guih E:

2. Pniuwjuinipyut junwpbjugnpsyws hunkpu (FYP) (Advan-
ced Vegetation Index, AVI), hwpquplynid k wn uyhpuli, ogunu-
gnpdynud E dudwbwlh pupwugpnid guunyh Ynyunnmiputtph b
wlnwntbph thnthnjunipniubtpp phnwpltnt hwdwnp:

3. 2ph unpUwjugyué wnmwppbpnipjudp hugkpu (QUSPH) (Norma-
lized Difference Water Index NDWI), npi oquuwgnpéynid k
opuyhtt twpdhuubph muwpuwbpwndwt hwdwn:

4. 2qub unpduwjugdus nuppipnipjudp huntpu (QAULSH) (Norma-
lized Difference Snow Index (NDSI), gnig k wmmwjhu djub sws-
nyph mwpwsdnidp, hwydunplynud £ wn whpuby:

5. untwynipjutt  tnpdwjugquws  wwpphpnipjudp  hugkpu
(uutP) (Normalized Difference Moisture Index (NDMI), wipwnw-
hwyjunnid £ pnyjubipnid oph yupnibwlnipniuip:

6. Lnpndphh gnitwmiynipbph  tnpdwjugws hwpwpkpuygne-
pjwt hunbpup (Normalized Pigment Chlorophyll Ratio Index
NPCRI), pniumjutimipjut Uk pinpndhih qupnitwlnipmniut
npnokjnt hwdwnp, htywhu twb gphuninubnh nwpwédnidp qw-
hwnbnt tyuwwnwlny:

7. Unuénipjut inpduwjugdws hwpwpkpnipini (UL2) (Norma-
lized Burn Ratio NBR), wunmwnwjht b wy] pniuwmbwsl wnw-
npwédpubph hppkhubph hbwnbwupubph guwhwwndwt hwdwp:

15 Ephph phunnuplmdbkph JES nfjuybbph fimpuwinupnh dowlpdwb
huyunnnwiyul thnpdp («Armenian Data Cube»)

Epinh phunwpynudubph SYjujubph vnpwbwpnh (6FS) unp ww-
punhgup Zwjwunwth wmwpwsph hwdwp hpwwbwgytk] £ SYtkgu-
pwhuwjjuljut hwdwgnpswlgnipjudp, nbknujuyuws b hwuwubh k
http://datacube.sciam hwugtny] (Asmaryan, Muradyan U nip., 2019):
Zudwdwyt BV hhdtwpup tyuwnwlh, Zujuljut Su-h unbnsdwt
huunhpp bu Enkp B Jbpnusnipjut hwdwp yuwwnpuwuwn wjuitph (Ana-
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lysis Ready Data) utnmgniup b ppuig hwuwubjhnipjutt wyuwhnynudp
Zujuwu S nfjuutph puquyh vhengny:

dhpnusnipjutt hwdwp wuwupwun ndjujubpp (4NS) unwugynid
Elu snpu bwptwljut wynndunugqus puytph dhongny (ndjujubkph
hwjuwpwgpnid, nunhndbwnphl] uvinniquswthnid, dptnjnpnh yiphtt dw-
uh winpunupddwt hnpupwlbpynid b dwlkpbnyph winpunupadut
thnfjuwljbpunid), htist wyunthtnb pny £ wnnwhu ybpnust] mdyujutpp b
unbinst] dwdwbwluyhti pupptn (Giuliani, Chatenoux i nip., 2017):

Zujuwunnwip dhwgl) b Bpyph ghunwpynudubph wppwiywlubph
Yndhwnkh (Committee on Earth Observation Satellites, CEOS) twijuwmdtn-
unipjubp tywwnwl ntubtwnyg qupqugut] BYS-u b ogurnugnpsty wyh
uh pwupp wpphwlwb ppunhpubph jnisdwp, npnup L.

e puwywhywbwlwt pubunhpubp, npnig msdwt hwdwp ww-
hwigynd L wppnmbwldbn  wpputyuluyhtt  dnthwnnphugh
wnjuukp,

¢ i hdwjwlwt mwuppkph thhnthnnipmniaubph ntuntdbwuhpnid,

¢ YJuubquynp wpnghutbtph dnthwinphtg, hpujut dudwbwlnd
wpdwquipnid,

e  luynit qupqugdut tyunwlny ptwljut nkunipubph &>gphwn
gnijpugpnid, yEpnidnipnit b nupwsph opowtigni:

Gunnighiny huyulw Slv-t, Zujuuwnwup wy) Epyputph owppnid
Equljp htwpwynpnipnit nitbguy dwubwlghint hwdwopiwphwjht
qupqugdut opwlupgh dAbwynpdw gnpépupwght:

Ujdd BISIu mbputininghwtpp ptn pupbjudynud Eu b dhy whb-
hpwdton njuitp vnwinid ki dh pwh hbnwgnuuljut jud dh-
owqquihtt Juquuibkpynmipiniuubphg: Zwjwunwih GISV-u yupni-
twlnud £ Zuywunwith nwpwsph hwdwp 3 nupgu (2016-2019) Land-
sat—8 1 Sentinel-2 Jtpnidnipjut hwdwp yuwnpwuwn nyjugubp:

Lhpljunidu, huyjujut Su-nid tbpunqws k opuyghtt opjkljnubph
uwhdwbubph npnpdwt qnpshpp, nph dhgngny nrunidbtwuhpyl) bu
Ulwbw 1£h withwgsh thnthnjunipniuubpp (Asmaryan, Muradyan b nip.,
2019): Qnpshph hhupnmid pujws k oph unpldwjugdus wnwppbpnipjudp
hunkpup (NDWI): Qpuijhtt mwpwsputpp gudwphg mwpwipwnynid ku
yhpwntim] Uwpdbhptpuh dkpnnp

NDWI = (G - NIR)/(G + NIR),
nputn (G)-u Jubws vhowluypt k, NIR® dkpdwlu huppulupdhp dh-
guiljurpp:

Asmaryan U nip. (2019) hkwmwgnuinipjut wpynibputpp gnyg G
wnuwjhu, np 10U niswswthny Sentinel-2 wppwiywlwyhtt yuwwnlkph hh-
dwt Jpu unpdwynpywé hwpwpbpulwb gpuyhtt huntpuh Uhengny
wthwgsh mwpwbownnidp mwjhu k puduljub pupdp Lonnipyudp wp-
nniup Ubmtw 1&h hwdwp: Lkpluyugynn GASU dhowuypnid wppwt-
jauyht njwjubph mkuwpwubpp (Landsat-5,7,8 L Sentinel-2) hwuw-
ukih ku Python- h «gsutil» hwybkjjwsh dhongny, npp htwpwynpnipnit k
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wnwhu Ununp gnpst) Google Cloud Storage hpwUwtth innnkphg: 2

Epyph dwlbplnyph ninhn nphwnwpldwb (Live Monitoring of Earth
Surface, LIMES) gutgp oqunuqnpéyby £ 9NS Juqubint gnpénnnipjniu-
Ubkpp wfjukph huynbwpbpndp b (Gww)dpwlnidh wjnndwnwug-
ubnt hwdwp: Uju guugp dpwldl] £ ndjujutiph guhywidwh Jks
Jupnnnipniutbph, mwpupwohidus pupdp wpnunpnnpujubnipyudp
hwdwlwpghsubph b thnpjugnpénitwl] vnwbnupunubph oquwugnps-
dwdp:

2. Utd unjunutinh janpuwtiupnh dhowuypnid b dhgngutipny jnidynn
ghunujut jpunhphtp. gpujuinipjub nkumpnii

2.1 Ephgpupwmbnulpmb ghinnipinihbkp

Eppwputtwjut ghnnwljut hbnwgnuinipniuutph uyqpniipughte
Ubpnnutphg B wuwndwn — hknmbwip ophttwsuhnipniiibinh wwupqu-
putnudp: Pujupup Swywh ghunwupydubt njujubph wojumnipyut
nhypmud ogrnugnpéymid L Ynnkjjughwgh tnutwlp (Qi, Liu, 2019): Cuy
npnud, Ynnbjjughw wubkny htnhtwlubpp tfunh mukt ks pdtpnyg
thpyuyuglws wnwpluubkph Jud Eplinygputph U Jhwlugpuljub, U
nwpwdwlub juwp: Uh swpp Epjpupwbuljut jpunghpubkph msdwi
hwdwp tpdws Gnwuwlp jwdugnyut b UGS wfjujutph oquwugnp-
dnudp uljgpniupnpbt hgnpugunid £ wju bnutwlp b npupdund £ wy
Jupbnpwgnyt ghnwljubh gnpshp:

Swutwdjuljubp wnwye ks myjuikph ogurnugnpédwdp dAbwynpykg
uwjbph  nkjunthuyh  nbumppub  Jpu hpd]ws  puqupnughi
wwwnpubph juquuynpdwt ghinphttwdhjuljut hpungpnipjut npnpdwt
Epjpuwphdhwuwi nhuljphdhttwitnuyghtt phugpudubph tnuwbwlp: Uydd
w) Jwjunpkt oqunugnpénid E ntghntw) wkljwunuhluyh b hpwphw-
Jutunipjut ypnghubkph dnpbjuynpdw tyyunwlny:

Uks wfjuyibph wkpbnnghwibtpny  tkpunpuy  dkpblujuljwi
niuniguwl, thjpntuyhtt gwigh b wphbunwlwt pubtwljutnipyut dk-
pnnubkpp (machine learning, neural network, and artificial intelligence, etc.)
niunidtmuhpyt] £ ogqunwugnpéynn nhwgpudutph hwjwuwnhnipiniup
(Qi, Weidong U nip., 2019): ‘Unpugws vhowqquyhtt wnjujukph htupk-
nhg Jyipgws puqupnubph 400 hwqup tdnwubph phuhwut juquh
Jhdwljugpuljmt YEpnisnipjudp hinhtwlubpp qpuljugunid b, np
twpujhtund funnigyué b dhbs wydd oquuwugnpdynn nhwgpudubpp,
hunjuybu wywup Juqunn opuhnutph nphwgpudubpp, pujupup sw-
thny hwjwuwnh sk ZEnhtwlubpp juqul; b wnwowplynd tu hw-
Juunhnipjul uljgpniupny hpkug Ynnuhg Juquyws (confidence ellipse)
tqubialyny Jkg inp wpynibu]bn nhugpuidikp:

2 https://cloud.google.com/storage/docs/gsutil
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Utd wwfjwutph Yhpundwb kY wy ophtiwly E qpuhwnubph pu-
twlwlut nuwuuljupgnudp b gpubg dbnwnusimput quuwhwnnudp
Jhdwugpuljut kquiwlny (Q-jjuunbkpugmd): Uks pyny 500-hg
wykjh qpuuhwnubph winiptkp punn wwwp Juqunny opuhnubph ww-
pnitwlnipjutt hinhtwubpp pudwil) o nuubph b Bupwunuubph:
Ujunithbnl, hwipwjtugdut nupuswljut puppudwt JEpnidnipjudp
hwyntwpbpyt] £ nulnt, ynudh b ghul/juyuph nwpusujut Jw-
wulguénipniup npnpwlh judptiph gputhnubph hkn (Wang, Wang
nip., 2019):

2.2 Phulpuly ifumubiqikp

Unnuilpakph niunidinuuppnijpinil

Lwtpwjhtt ypnghutkph dntthuinphigh tyuwnwlnyg ogurnugnpéynid
tl hinwhwp qnuguynpdwt htnbpdtpndbnnphly dkpnnutp: Sentinel-1 b
2 wppwiyulubph hwdwlwpgp SAR (Interferometric Synthetic Aperture
Radar ) (Tiede, Sudmanns b nip., 2019; Kyriou, Nikolakopoulos, 2018) u PSI
(Persistent Scatterer Interferometry) Uhongny Epljupunl nwtinwurn swpd-
dwtt $nth ypw hwynbwpkpynd b twl ny UES Jupnil) mbknuownpdtp:
Uppuhup ophtiualy nhunjty £ dpwbvhwljut Upykpoud, npnkn jnp
wdyw Udntthninphugh pupwgpnid nhnyk) E gusp wjnhynipinit (<1d),
hlishg hkwn Yupnily wknuowpd ( 3.2+1.2d) tphp opju plpwgpnid
(Lacroixa, Bievrea i nip., 2018):

Lphknlknbbph niunidmuppnipini

Zknwhwp oyunhjuwlwb ghnwpydwt b punupuhtt gnuyuynpdui
tnuwtwlutpp ogugnpdynid tu gphbnknutph Juuuigh quuwhwwndwi,
hintnuwt nhuljh Wjugqbkgdwt gnpénnnipnibtbph hpujubugdwut
tyuwwnwulny: Uy Epynt Enutwljubpny npnoynid b pupinkqugpynid ki
httwpuwynp hnknuwt nmwpwspubpp, dpwljynid tu Junuugh uduqbg-
dwt Uhonguinnidukp (Vidyapriya, Kaviya b nip., 2019; Huska, Jurik b nip.,
2017):

Landsat i MODIS wippwijujujhtt hmdwlwpgtph wnjjujukph hw-
dwnpnidp ophbntnh quwhwwndwb nppuljut wpyniupubp £ wvwihu (Lin,
Di b nip., 2016): Qpubwsljuwl nmwpwspl npnokint tyywwnwlny og-
nwugnpdynid ko kplnt unudp ghunwpymditp’ bwupwi gphtintnp b
npwihg hkwnn: Uy nndjujubpny pupintqugpynid k opuswmsdw tnw-
puspp b guuwhwwnynid bu yuwndwnws Juwuubpp (Klemas, 2015):

Ulnnwnughl hppkhbbph niunidiuppnipin i

Uppwiyuluyhtt hipwhwp ghunwpynidubph ndyuubpp ogurnuugnns-
Ynud k. 1. wunmwpwiht hppkhtiph wpwewgdwt Junwbgh quwhwwn-
dwt, 2. UkS dwjwh hppkhh nwpwsdwup hknbbnt b 3. hppkhh ht-
nbwtpny wnwowugus Juwup quwhwwnbint tyuwnwlny:

Uppwiyuluyhtt gphunwpldwt wndjujibpn wowehtt tywwnwlyh
hwdwp niunmdttwuppynid £ pnrumjubnipjut Jhdwlp b gowhwwnynid
E httwpwynp wypynny Wyniph pwbwlp b snpnipjub wunhdwup: Gpy-
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nnpn bywwnwljng NOAA AVHRR wppwiiyuljutph ndjuutpny juquyt;
Et hppbkhh mupwsdwt nhtwdhl pupwntqutp:

ULs pyny ntunidbwuppnipnitubp juwnwpytl) o Gppopng juunnph
htwn juwdws, npnug hhdtwlwb dkpnnp htnlyuit b Zknwhwp qn-
nuynpdwtt nfjuikph dudwbwluyghtt puppny hwyuplynid k pniuw-
Jubnipjut tnpdwjugywsé mwuppbpnipjudp hunkpup (Normalized Diffe-
rence Vegetation Index, NDVI) b wypjwénipjutt tinpdujugqusd hwpw-
pipmipjnitiutpp (Normalized Burn Ratio - NBR), whpubkjutph hwudw-
ppuwb Enwitwlny nuputowunynid b wypgus nknudwutpp (Chung,
Jung b nip., 2019):

zpnkhubtph htnbwupubph ghwhwndwt twwnwlnyg ogunugnpdynid
E twl Sentinel-2 wppuiyuljh puquuuwytlnpu) (Multi-Spectral Instru-
ment (MSI) b Landsat-8 wippuiyuljh wndjujutph hwdwnpnudp (Quinta-
noa, Ferniandez-Mansob L nip., 2018): Ujn wppwiywlubkph gnunpuyn-
pnudubpp juwnwpynid o dhbtngt uygblnpuw) wihph Epupnipemnii-
ubpnud, uwljuy Epypnpn wppwiyulh ndjujubpp ntukt wybkh pupdp
nsuswth b unnwgynid B wybjh hwdwp: Uhttnyt dudwbwl dh
ouipp hblnwgnunipjniiitpny wwpqyt L np Sentinel-2A and Sentinel-
2B wippuiyulutpp niukbu npnowlh puwljutt phuniputitph ubpluywug-
dwt wnwybnipjniutkp, wyn pynwd twb hppbthh wpyniupnid whwnwnh
wpuwénipjutt wunhdwih quwhwundwt pghypnd: Ujy Epynt wp-
puljuljutph wjjwjbkph hudwnpmpeyudp qquiih Yepuyng dpgpundty £
dhobpypwényuyhtt Eynhwdwljupgnid hppkhws tnwpwsph vwhdwb-
ubkpt b yundwunyws Juwubbpp:

Cpwownh niunidinuuppnipini

Gpwowmh nkghntw] b gqnpwy hknbwupubph quuhwwndwt bww-
nuwlny wpwykjmyku oquugnpéynid tu MODIS Epjupwdudljin b
Ubks Swsynypny wjjujutpp: Uwljuyt puquuunbuwl] pniuwlwin-
pjudp UkS nnupwspubinh ntuntdbiwuhpnipjut nhypnid wpynibwydbn
E hwdwpynid Sentinel-2 wppwiyujuyhtt wnyjujukph oqunugnpédnidp:
Zupyuplynud b hwdwnpyniud i pniuwjuiinipeiui Jhgwlhh (Vegetation
Condition Index, VCI), oph wmmwppbpnipjut tnpdwjugdus (Normalized
Difference Water Index, NDWI) b Gpwpwnh unpdwjugwusd puqdwu-
wnhpnyp (Normalised Multi-Band Drought Index, NMDI) huntputbpp:
Bpwownh hunkpuh wybkih &ogphwn wpdbputp unwbwnt hwdwp junp-
hnipy E wpynid juunwpl] ntunidbwuppynn mbnuiphtt hwdwww-
nwupiwing njuikph uvnniquswhmd’ oguiugnpstiny nknmudukph b
gninpougdwitt nyjujubpp (Nguyen, Nguyen, 2016):

23 cCpowlw dpounjuypp  hEuvmuqnuimpmibbbp ' winnunbEph
puuwlupgmid b hnpoqunugnpduwl Uniifunnphig

Utnwnwjhtt mupwsph pniuwljubinipjut pupnbqugpdwui tuyw-
wnuwlny oqunugnpdynid Lu Sentinel-1, Sentinel-2 and SPOT-6 wippuiyuy-
ukph nyuutpp, npntp dpwljynid kLt Random Forest niunigdwup nu-
uwjupquut wjgnphpuny (Random Forest supervised classification): Uju
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tnwtwlny hweonnyt] L mwpwbpwnt] b pupnbkquqgpt] htnbju nk-
uwlh wmwpwspubp. pniuwluwinipinithg qnipl, whnwn b dwbpwb-
nwn, Swhhd b wptwbwugut, wdwpwihtt gwupwnwpwsnipnit, dwp-
qugbnhtt b onip: Lwjugnyt wpyniupp unwugynid b phnwgdwi
(polarizations VV and VH) knwtwlutph hudwnpdwudp: Fupdp gownnt-
pjul wpyniup unwgynid £ bwlb SAR NDVI, NDWI, S2rep, IRECI hu-
nkputibiph hwdwnpnipjudp (Niculescu, Billey b nip., 2018):

Sentinel-2 wwwltpubph pwquuubqnt dwdwbwluwht swppp,
ounphhy wppwiyulh puquuuyblnpuy punyph, pupdp nupuswlju
ndwswthh b phnwpyuwt pupdp hwdwpwmutnipjul, pny) £ wnwhu
pun pniuwljwinipjub hugkputbph hpwjwbwgut] whnwnubph dheht
b ks dwupnwph wppynmitwytn puuwljupgnid, nph wpnniupnid -
puswnynid i thownkpl, juytwntpl, pwnt whnwntubp b snpu nk-
uwljubp  hwgwpbing, bplbbine b uwep Junim winwebbp (Puletti,
Chianucci b nip., 2017):

dnpuw puuwljupguut Enubwlny Sentinel-2A wwuwnltkputph Jtp-
nusnipjudp pupunbtqugpyt) Eu hnnh swslnypeh b hnnoquuugnpsdw
wuwjdwibph dudwbwlh ppugpnid wnknh nitubkgus wiujuwpwdunpkih
thnthnjunipniuubpp (Szostak, Hawryto b nip., 2017):

3. Zuywunwiinid Bpyph dwuht ghunipjniutikph
wpnhwljub ftghpibkp

Uts wjjuutiph dbpnngubtph b wkjuuninghwutph qupqugnidp Zw-
jaunnwunid Juplnp bywbwlnipnit §nittbw Gphpwpuwtwulut, wy-
hmuphwgpuljut, ptwwywhwywinipjut b hwpwlhg ghuimipmnitubph
wpnhwlwbt punghpubph nsdwt hwdwp: Unnpl tkpuyugdnid Ea
wyn ghnwljut wuwwpbkqubph jpunhpttp, npnug ndndu niuh twb
gipwlw gnpstwljut bpwbwlnipjnii:

3.1 Uppwlywluyhl wnjjuybbph wplupjuglwi b ogumugnpduwl
uljgpnibplhkph dwuhb

Ephinh nphnwpldwi (6%F) dks mdjuitiph vnwugdwb, yuwhywidwh
U Uwljywt tyuwnwln] dks wwpwsp nilkgnn kpyptbkpp ophiwl
Mniuwunwtp, juquuljipyt) B nkghntw) YEunpnuukp, npnup dhw-
uhlt juqunid bt mwpwspuyhtt puofudwsdnipjudp wppjuhdutph hwudw-
Jwpg (pacmpenenenHble apxXuBBI CIIyTHUKOBBIX JaHHBIX) (Bamamos, Edpe-
MOB u zip., 2008):

P vnwppbpnipnit nput Zujuwunwh ny Uks tmwpwsph wndjuikpp
Jupnn Eu wpphgugyl) b wuhwywilbl) junpnuugdws duny:
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Gpuph nhunwpydwu S3 jwnnigywdpp

Swipwbdwlwli Jwppbip

| LT
| T

Uh.1. Uppuyuluyhtt wfjuibph we whpul) junnigdwspp, jnipupuitsinip wnniuwy
wupnibwynd £ kY phpugus yuhh ndjuyukp:

Puwljut ghnnipnitutiph hbnwgnunmipniiubph hhdbwlwt fupt-
nhpt wnwpluwubph b Epnyputph nmupuswjut-dudwbtwljuht (ukqn-
twght b Epupududjin) thnthnjunipinitubph yuwpqupwind nu k-
[nudnipniut E Uy pnubnulynipjut hblnwgnunipniuubpp hwnfjw-
whu wpphuuit B Yihdwywlut hnthnpjunipmpoiabiph @ nidquwugng
dwpnusht Lupnidubiph yuydwbtbpnid: Lodws wpnhwljwt jpunhputph
phuwnhub swhwqubg juy £ phwljwi phumpuibph hwojunnid,
wpnibwybnn ognuugnpémid U wwhywind, ptwlwt b dwpnwusht
Juuwbqubph dnthuinphig b wntwnbbtph nhulbph Wjwqbgnid, Eynin-
ghwjwt hwdwlwupgbph ntunidbtwuhpmipnit b ywhwwund, husybu
twl Uh puapp hhdtwpwp mbkuwlwb jpunhpubp:

Zujwuwnwith nwpwsdpht Yypwpkpynn Sentinel, Landsat bt wj] wquun
ognnugnpédwtt wppwiyuluhtt wjuiiiph wdpnnowjun Swjwny
wppuhyugdwt b Jbpnisnipjut hwdwp yuwnpwuwn Jhdwulny nydju-
ubpp (ANS) Jhpptwlub oquuugnpdnnhtt wpwdwnplip dkdwybu
Juyuwuwnh tpyph dwuhtt b hwpwlhg ghwnnipmnitubkph ghbpuju hk-
nwqnumipnibiutph b dhodninujhtt ghnnwljut hwdwgnpénipjut qup-
qugdwtp:

Uwnpl punhwtnip dbny ubpyuyugynid &b wyn puunph jnusdwtb
wwpq upubdwl b pununphsbkpp.

o wppuiyuljuyhtt (wn whputk]) wnyjujukph hktp hknlyuw) wwnnph-
pniintikpny. Date ID, Longitude, Latitude, Altitude (elevation),
Cloud cover (yes/no), Bandl value, Band2 value, ..., ..., Band 13
value (ulj.1),

e Jtpghiniyu opbplnipwpwbtiwlut b wy ninnubnipjut Unth-
wnnphugh Juywbubph gwugh wyjjujubkph hktp hEnbjw; wwn-
nhpnintbpny. Date, Station ID, Station name, Station Longitude,
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Station Latitude, Station Altitude, Temperature C°, Precipitation
mm. (uly.2),

o wippulyuljuyhtt myjwiukph npblk mwpwspht b dudwbwlw-
hwwnqwsht JEpwpkpynny dwuttwyh (ny (phy wwnphpninubpny)
wnjuyubkp nonipu phpknt b hwoynnuljwh pnly thnpwbgknt og-
wnwgnpdnnh htnbpdbju (Ququws E USGS Earth Explorer oph-
ttwlyny) (ay.3): Puwnbpdkjup wnwhu t htwpwynpnipnit plun-
phnt phunwpiuwt nupwsp, dudwtwljwhwnydws, wihph bp-
Jupnipjub whpnyp,

e 27 mmupuwédph pyuyhlt pupnbkqubph b wy] mwpuswlui nyjug-
tkph hkup (Wkpuyugyws k VGSE ginynpununid) 3,

o hwoynnuljut pinlj gnpshpuljuqd ArcGIS-md/QGIS-nu, hiiw-
pwynp k bwh

e nniuwljui ScanEx dpwugnh hwdwnpdwdp,

e wquu oquuugnpddwtt USZ (GIS) - Jipnisnipjniutinh b nputg
wipyniupttph qpudhlujut, wpmniuwluhtt b pupntqugpu-
Jut tkpjuyugdw gnpshpuljuquny:

Uwljtpimpuhtt optph wwpwpubpp Yihdwgh thnthnjumpjub hb-
nbwtpny tjuqgbint vhnnd niuk: dpw hbn dEjnbn ptwlsnipyut
pYh wdh b nunbunipjut qupqugdut hknbwipny wdnid £ oph wu-
hwupwplp: Zwjwunwih hwipuywbnmput pwpdpughp (Epbwght
nwpwspnid gnjuinid B puduljub UkS swjwh opuyhtt nkunipuikp,
uwluju npny pwju b dwpnush gnpéntibpny wuydwiwynpguws,
tplypnid oph wwhwbgwplp jhnyht sh pur]upupynud:

Ontpnipwpwlwywu nhunwnpynwdutph S3 Ywnnigywbdpp

= Swywiih Lujuntpnil

whwlinuin “c W

Swpwdwlwl Qwppkip

U4.2. Ogkpimpwpwbwlut Unthunphtigh nyjuyttph htuph fuenigwspp. 8nipw-
pulymp wpnuuwl] wupnibuynd B phunwpydwt guugh ponp Juywbtbph JkY
$hpudwd wuhh wfyuryinkp:

% http://vgse.geology.am/
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2_Select Your Data Set(s)

Check the boxes for the data set(s) you want to search. When
done selecting data set(s), click the Adaitional Criterfa o
Results buttons below. Click the plus sign next to the category
name 10 show a list of data sets.

se Data Set Prefiter ynars This

¥ Landsat Analysis Ready Data (ARD)

+ Landsat Collection 1 Level-2 (On-Demand)
+ Landsat Collection 1 Level-1
# Landsat Legacy
# NASA LPDAAC Collections
# Radar
= Sentinel
# © 1 Sentnel-2
# UAS
* Vegetation Monitoring

# ISRO Resourcesat

r - S
The proveded maps are 001 ks PUIchase o ki Gomnload; i 18 10 be used o8 & Quide for reberence and search purposas only

U3, Mwhwbgqwé wwpwsdph, wihph btplwpnipjui b $hpujws wwhh hwdwp
punpjuws wppulyuluyght ywnlkpp

32 Uwhbkplnipughli opughli phumpubbph pwbwlp b npulh
qluhunnuwl, ppuilig thnihnfunijeni bakph Gubpunnbudmd hunfulupg

buswtu b wy bpypubpnud, Zujwunwind bu pungpuwhwd 9ph
wulwuh bujut yuwndwnutphg i twb mbnbtunipjut ny nughnwg
qupqugnidp b opuwjht nkuniputbph ny wpynitwybwn junwyjwpnidp:

Ukpjuwyugqws yuydwbtbpnd wpnhwlwb jounhp £ opuyhtt nk-
unipubph wppynibwybn ognnugnpédwtn b wwhywiudwt wnknkljw-
njuljui-Jtpniswjut hwmdwlupgh unbnénudp, npt punniuknyg Jp-
ghntyw b wppuiywluyhtt Upnnwunhwnwpynidubph ndjwjukp, ntbktwny
pYuyht pupnkqubph wuhpwdtown hwdwihp, Jupnn £ dks nyjwjubph
Ubpnnubpny Jutjuwwnbul) ddnwt/quplwt pipugpnid Ynunwljdbihp
onh wuwowpubpp: Zwdwlwpgp twb Jupnn b ppwlut dudwbwlnid
hwoquplty Ynunwlfus b swhu]ws oph pubwlubpp juquiting epuw-
jht b opunbunbuwlut nhtwdhl hwpyklohrutp wngug npnonidubkp
Juyugubkint hwdwnp:

Zudwljupgh gnpdwnnypubptt hpwljwbwgubint tyuunwlng bw-
oy bu wuhpwdbown k sk unnnpl ukpjuyugdws ghnwljwu b gnps-
twlwb puunhpubkpp:

321 SLpughl phkumpubbkph dbun/npdwl  qhwhunndwl  wpnph
ghvnulpwl fulighpbbpp

22 wmwpwdph opuwyht nhunipuubph Junwyuwpnudp pupbjuybnt
tywwnwlny hpuwjuwbwgyl) tu Ukd pyny ntumdbwuhpnipiniukp, uvw-
Juytt unnpl tkpuyugus punhpubpp sk 1niddbt] wyt wunmh&wh, np

4 https://earthexplorer.usgs.gov/
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wpyniupubpp hwdwljupgus Ypyny oquuugnpsykt gnpstwlui
tyuwwnwljubpny:

Upnghwlwt E nisk hbnlyjw) ghnnwljwt pmunhpubpp.

e Uuwlbtplnipuwjhtt hnuph dbwynpdwb pughwinip dnnkh dow-
Unud b nbnujtugws Yhpunnid wnwtdhtt ghnnwjuquuttph
wuydwbtbpnid: Opybu hnuph dbwiynpdwt gnpéntubp Ynh-
nuplykl onkpinipupuiulul wuwjdwitbpp, nkhk$h dnpdn-
dbnphwlwt gnigwhoubpp, (Enttughtt wywptbph (hpninghw-
jut wnbkuwlubpp, pniuwuinipjut b hnpbkph wbuwfubpp:
unhph nith puquugnpsnt mémd phwwplnn gnpénuubkph
USZ pluwyht obpnbkph Jpunpuut bnuwbwyny:

e Qpujhtt npbunipuubph Epjupwdwdlbtn  thnthnnipmniaubph
Juwijwnbudwt dngljutph quwhwnnd b wknujugnud 22
phwjut yuydwhubpnid:

e Uwlbtpumpuyht optiph hnuph pwbwyh b wnnpbplpyu optph
ntphnp dpol juwh wwpqupwnud:

¢  Ununuuwb htnbwipny 22 mupwspnid oqunugnpsdwts hudwp
whunwth opkph pwtwlh Wwwquui ophuwsuthnipjniuutnh
niuntdtwuhpnipinit b pupnbkquqpnu:

322 LQpuyhli phkuuipubkph Jupwjwpdwl wpph qopShwlumb

[ulmppbkpp

dkpp tpdws nbuwju jpunhpttph nusnudp poy) E twjhu junw-
phl dwlbptnipughtt optph hnuph pwbwlh b wwpwplkph nhtwdhy
hwpJuplutp b jutjpuwnbunidutp:

U nupnnipjudp wnwohtt btyywwnwlyp thnpp 1£kph b wphtunnwlju
gpudpwpubkph opny (gywdnipjult b 9ph pugpnnnudukph owbpuinhy
quwhwwnnidu £, hwpydh wntubnyg dpuninpuiughtt nknnudubph (dqut b
wdplh nbupny) phtwdhlut b pwbwlp: Ogunugnpdynn nyjuubpt
k. nbhtdh pduyht dnnbip, dut swslinyph b wjuquiubpnud oph
hujtiint mhtgbpuljut nhnwpnudubph dudwbwlwjht owupptpp, hhy-
pnnghwlut b onkplinipwpwwljut Untthnuinphugh wyjwukph swppn:

Eplypnpy jutghpp glbnughtt wnbwnwh hnuph b gphtntinh wow-
owgdwl juijpwnbunidt £ hwodh wetbkng dub swsiynyph nwpw-
dnudp b Athwih nkdhdp, npp jujpwnbuymd k onh ghpdwuwnmhdwih b
wdnplh mbupny mEnnmudubph wyjukpny:

33 Ulmnwnuyhli hppkhikph junwbgh qhwhwundwb b pebldwh

jwbpnumnbudwl lpuwykmunuyhl hurdwljupgh uinkpduwh fulinhp
Utunwunujht b wy] ppruwswsl) mwpwspubph yuwhwwunidp hppkh-

ubphg nununid £ wybih wpnhwwi Yihdwgh thnthnjunipnitubph wuy-
dwbtbpnud: Zujwunwinud winwpwihtt hppkhubph Juutgh tjuqtg-
dwtt wouwnwpubp hpuwjuwbwgynud Bu tpiynt nignnipjudp: Zujw-
nun juquultpynmpmniip juqdl] £ wpwtdhtt winwnwihtt mbunbunt -
pintutitiph pyuwyhtt pupuntqutp, npnup hppkhh Juutgp guwhwwnnud B
hwoyh wnbbkin] Ukl gnpént Swnkph Yhuwpwiwlwi nkuwlibkpp:
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Umniu muppnipjudp Zujybnhhnpndbn gnpswljunipiniip tmwjhu k
Juwuugh onpkplnipwpwbwljut owywkpwwnhy quwhwwnwljub puwnn onh
obpUwunh&wih b onh juntwn]mpjwi: Ugy kplynt pinygph” dhudjubg htn
squuus quwhwwnwljutibkpn (hnght sk (nidnid putiwplynn wpnhw-
Jut hughpp: pw hwdwihp jnsdwtt Swbwyupbhp dudwbwlulhg
nkubinnghwitpny wjnndunwug]uws wnguig gnpénn winwnwghl
hpnthubph Juwbgh puquugnpéntt quuhwwndwl, ppuljdwt jubtjow-
nbudwt b Jun twhwugqgnipugdwt hwdwlupgh unbnénidu nt ubkp-
nunudt k:

Zwdwljupgh gnpénnnipniuutph hwonppuljut puykpp htwb-
jaukpt

1. Twownwyht uktunpubph wdnndwnwgqus guugh b Zujybn-
hhnpnubwn  gnpswljunipjutt opkplinipwpwiwjutt Untthwun-
nhugh, Sentinel-2 1 MODIS wippwjujutiph wjujitiph unw-
gnid b thnpumtignid Jbpniswljmt YEuwnpnt, vhwgyuy ndjug-
ubkph htuph Juqunid:

2. zppkhh «Juwigh htintgpuy huntpuh» hwyupl b nupwsph
USZ otpunh Jwqunud, npp hwighuwind E Juuwtgh puquu-
gnpdnl (onh obpdwuwnhdwh b junbwynipjut, hnnh obpdwu-
nhdwth b juntwynipjul, pniuwluwbnipjut) nghttwdhy pup-
nbqugpulju nhdtpkugyus quuwhwnulju:

3. Bpjlupwduwdljiinn wuthnthnju punipwgqphstitipny wunwnwjht
wmwpwdph guwhwndwt USZ unwwnhly okipnh Juqunid: Zuph
kb wolymd wwpwsph nknugpuljmb hunljwihsubpp nk-
1hEdh phpnipmiup, Ynnduwngpnipiniup, pupdpnipjut gnunh-
Ukpp b winweh pinipughpp (hhttwljwind yympu]wun wi-
nwnwiyniph pwbwlp): Cuwn nhinwnplynn gnpénubph hwdw-
1hp quwhwwnwlwih wnwpwspnid nwpwigwnynid b pup-
wnbkqugpnid £ Junwigh tpkp dwlwupnul:

4. Swpwdph phtwdhl b unnwwnhly USZ skpnbph hwdwnpdwdp
hpnthh ppuljdwt htwpwynpnipjut jutjpwnbund b hpuyh-
Swijuyhti pupwntqh Juqunud:

zpnkhh nhuljh tWjugqbgdwt Epuypiught (nusnidutipp b gnpénnni-
pintuttiph wowewplubpp Juquynid tu wunndwn Ypwny Epuwbp-
nuwjht «ghnbkihpubph puquyh» (F£) b npudwpwbwlut wpyniupubph
Junwjupdwb (SUY) (Logic Output Manager) dpwuqpuihtt Unnnijubph
oquuugnpsdwdp:

QL-u pungpynid £ hwljwhppbhuhtt wuwonywinipjut ywownn-
twlwt Jupquynpnidubp b hpwhwbqubp, htyybu twb dwubwgh-
wnwljul thnpdh b hppkhubph twhunbwybph «qundnipniups:

SUU-6pwghpt pnpnid | jnipupwtignip twppwhppbihwyht hpudh-
Swjht JEpwpkpynn hpwhwigny vwhdwtqus b gnpsuwljut thnpdny
wppupugyué gnpénnnipniutubp b juqunud £ whpwudbon dhongw-
pnudubph wnwowpl:
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Juuwigh b vhgngupmdubph dwuhtt twjiwqgniougdwt gnpéw-
nnypl ppwjubtwugynud £ wnwuquyh wqpupupdwi (SU) dpugpuyjht
unnnith dhongny: SU Unnniju Ejukny whwquigh pnuinulnipinithg
punpnud E hpwhwiqubpny vwhdwidws hwugbwnbpbiphtt b nigup-
nud £ nkiputnujhtt hwnnppuqpnipinii:

Lwpuwhppbhuyhtt hpunpnipjut hnthnpunipjut phypnid qgnpéw-
pnypn pjuynid £ hwdwdwyt inp unbknddws hpwyhdwlh:

Gqpuljugnipyni

Znnpjusnid - tkplujuguws gpuljuinipjut mbunipniip gnyg L
nwihu UES ndyuutph dwdwiwljulhg pnduwinulnipniin b Gpyph
nhunwpuuwt dkswdwdu; nwpwswljut b dudwbwluihtt swppbph
Jhpundwi juyt htwpwynpnipiniuubpp Eppupwiniput, wyluwnphw-
gnoipjull, ptuwyuwhyuwbwlut ghnwljut punhpubph nsdwt hwdwp:
Uiy tyuwwnwyny oquuwgnpdyny tpyph phuwpldwt dks wndjujubph
hnuptp unwug]nd ki nmwpunbuwl wnpmipbphg wppwbyulitph
htpwhwp phinwplnudubphg, Jpghntyuw wnniunugjwus dntthun-
phugh wwpptphg, plujiugdwt gnpshputph b ujwbbpbph, pluyh
pwiwlwl uUnphjwynpdwtt b wy dhengubpny: Uju puquuunbtuwly
njjuiiph wthwdwubn wdpnnonipnitt wpwewplynid E huykpku
wiulilk] «6pyph plughtt wdjuykpy hhnbkng wpnbt uyb oguw-
gnpénd utnnugus npuitg punhwnip «Digital Earth Data» mjutdwip:

U wjjuyubph juquuibkpdwt b oqnugnpsdwmt ks wnydjuubph
lanpwtiwnpn (Big Data Cube) §nsynn Unnkip b nkjuuninghwubpp wn wy-
uon wnuwyl] qupqugus b wpnnitwybn B Eppupwinipuit b hw-
nuwlhg ghnnwjut hbnnwgnunipniautpnid ogurnugnpstint hwdwnp: Uju
Unnkih ulgpnitipwihtt wpwybnipniup juywinwd E pwinwd, np wy
wnppwyuljutnhg b nhnwpydwt wy wnpmipuiphg uvnwgdus mbntlw-
wnynipinitin hbnnwgnuunnhtt npudwunpnid £ «JEpnidnipjutt hwdwp
wuwwnpwuwn nyju)ibpr-h duny:

Zwjywunwith nwpwsdphtt yhpwpkpynn Sentinel, Landsat bt wyj) wmquwn
ogunugnpédwtt wpputyuljuhtt wjujutph wdpnnowlwt dwjuwny
wpphyugdws b Epnidnipjut hwdwp guunpwuwn Jhdulny nydjuy-
ubkpp (ANS) htnwgnuinph (YEpptwju oquuuugnpénn) mpudwnpbjh
wlhpwdbownnipnit k swihwquig jujt phdwnhlw pungpynn futinhp-
ubkph (nsdwt hwdwp, npnup hwnjuybu wpnphwuljut Bu jhdwjwlut
thnthnjunipniiibph b nidqiwugnn dwpnwsht Lupnidubph wuydwb-
ubpnud: Fpwtg pyht b wuwulwiund hnpuwénud  ubpiuyugdus
huunhpubpp, npnug mupnnipjudp ppwiunid Eu htnhtwlutph htwnw-
qnuinipjnibtbpp:

Znnjubnid putiuplynn ghnwlwt hbnwgqnuunmipnitubph wpnynt-
twybwnnipniul, hul gpuighg vh dwuh hpuwjwiwgnidp hbtwpwynp
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dhuyt Gpyph ghunwpynidubph huyjulubt wdjujukph npwbiupnh ht-
nwqu puquulnnuuth qupgqugdwt ntupnid:
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BOJIBIIUE JAHHBIE, TIEPCIIEKTUBbBI U AKTYAJIBHBIE 3AJTAYHN
X NCITOJIB3OBHMS B HAYKAX O 3EMJIE U CMEKHBIX
OBJIACTSAX B PECITYBJIMKE APMEHUSA

ABarsn AA., Acuatpsu I'.B., Apakessin A A., Tapacsan H.A.,
Hepcucsan A.O.

Pesrome

JanHas cTaThs WMeEET IelNh O3HAKOMHTH YHTATENs C IMEpPCIeKTHBAMHA U
BO3MOXKHOCTSIMH HCITOJIb30BaHUS OOJBIINX NaHHBIX IS PEIIeHUS HayYHBIX
3a/1a4, aKTyalbHbIX sl ApMEHUHU.

B cratbe mpencraBieHa MOJeNb OpraHu3aluyd, oOpaOOTKH U HUCIIOJIB30-
BaHUsI TAKUX JAHHBIX, TIOJYYMBIIAsl HA3BaHHE «KyOa OONBIINX JTAHHBIX», a TaK-
)K€ OIBIT PEIICHHUs HAYYHBIX 3a[ad, pelIaeMbIX METOJaMU W TEXHOJOTHSIMH
9TOW Mojenu. M3 uncia akTyaldbHBIX BOMPOCOB B CTaTb€ PACCMOTPEHBI MPHUH-
LIMIIbI ApXUBALUU CITyTHUKOBBIX JAHHBIX U UX HOATOTOBKU JUJIsl UCIIOJIb3BAHUS B
KJIacce 3ajjad OLIEHKM KauecTBa M KOJIMYECTBA PECYpPCCOB MOBEPXHOCHBIX BOJ U
MIPOrHO3a MX KPAaTKOBPEMEHHBIX WM3MEHEHUH, B TOM YHCIE - ONpeAcicHHE
3aKOHOMEpPHOCTeH (POpPMUPOBaHHUS MOBEPXHOCTHOTO CTOKA B YCIIOBHSX OIpe]e-
JIEHHOTO PEYHOTO OacceliHa, OTIepaTHBHOMN OICHKH BEITHMYHHBI IIOBEPXHOCTHOTO
CTOKa M pacdeTa 3allOJHEHHOCTH MAalbIX O3ep M HCKYCCTBEHHBIX BOJIOEMOB,
MPOTHO3 110 JJAHHBIM CITYTHUKOBBIX HAOJIOACHUN BOZHUKHOBEHHSI KPUTHYECKUX
MTOBEPXHOCTHBIX CTOKOB M ONAaCHOCTH HaBOJHEHMA. Takxke paccMaTpHUBarOTCA
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MPUHIMITEL Pa3pabOTKH CUCTEMBI SKCIIEPTHON OLEHKH OMAacCHOCTH U MPOTHO3M-
pOBaHU BOZHUKHOBEHMSI JIECHBIX I10KAPOB.

BIG DATA, PROSPECTS AND CURRENT CHALLENGES OF ITS USE
IN EARTH SCIENCES AND RELATED FIELDS IN REPUBLIC OF
ARMENIA

Avagyan A A., Astsatryan H.V., Arakelyan A A., Tarasyan N. H.,
Nersisyan A.H.

Abstract

This article aims to introduce the reader the prospects and possibilities of
using big data to solve scientific problems relevant to Armenia. The article
presents a model of organization, processing, and use of such data, called "big
data cube", as well as experience in solving scientific problems solved by
methods and technologies of this model. Among the relevant issues, the article
considers the principles of archiving satellite data and preparing them for use in
the class of problems for assessing the quality and quantity of surface water
resources and predicting their short-term changes, including defining the
patterns of surface runoff formation in a particular river basin, operational
assessment of surface flow and calculation of the occupancy of small lakes and
artificial reservoirs, and forecasting the occurrence of critical surface flow and
flood hazards based on satellite observations.
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UL USHPORUY

E4U UtuY ULAUU IX YULP FPUP (ZUSUUSUL)
U4dErm erufuculrgert UUURPL. Y"6NLECE LULUULC BY,
LIULS EYUarNhUC

Zupmpniiyub .U

QUU Gphgpupwbwlul ghnnipinibbbph hbumnpunnin
0019, Epluul, Uwppuy Fugpudjuih wng, 24w,
Zuyuunulh Zubpunybunipinil
e-mail: roubenhar@web.am
Zwbduyky F hpunnwpulsniyeinia 22.09.202 1.

Mhuh IX nuph wgbphy Gphpuwowpdbpp Zujwunwinid mbknh niikgus
wdbtwhwynth yuundwlwb tpypuowpdtphg bu: Uwfuwyt dhy opu dwu-
twgbwnubpp dhwlwupshp skt npuitg puntpugptph Jepupbpu;: Thwpyynud
kb wbnh mubkgws bpipuowpdbph pwbwlp, nupbpybpp, wibpusnpinii-
utiph wwpwédpubipp, mdqunipnibbpp, YEpykhnpnuubph wbjuntufwn
ghpputpp: Unyb hnpJuwdnmud, wundwlut Jyuynipniuttph Jipnisnipjut
hhdwb Jpw, winpugueinid tup wnwehtt kpynt Jhdwhwpnyg punipu-

qplppt, &ubing kpypwwupdtph pugpnup:
Zhdtwpunbkpp’ Whi, yundwlwh kphpupwpd, plugpnid:
‘Lwuwpwit

Uhtsh XX nuph 90-wjwb pyujubttpp dkquinid mwpwsyus tp
wyt Yupshpp, np Mhimd upé dudwiwljudhongnid’ 851-893 piw-
Jutttphtt mbnh Eu niubkgk] 4-5 wdkphs Epypuwownpd: puwtg dwuhb
nwppbp wuundwgptph Jyuympnitutpp qinbkndus thu tpipwowp-
dtiph dwuht yuwwndwlut Jyuynipniuttph dnpnuéniubpnid b dwu-
twghnuljut juunwngubpnid (Mymxkero u zp. 1893, Ununwubkwlg,
1902, Broc, 1948, Untthwiywl, 1964, Hossrit xatanor, 1977, Kapamerss,
1986):

Uwyhwnwlh 1988 pyuluth wnbwnwh Epljpwowpdhg hbwn, bpp
wyth ks pyny dwutwgbnibp tkpgpuddbghtt Zujwunwih nwpws-
ph Epypwowpdughnuljut nruntdbwuhpnipnibtbpnid, wwpgq gup-
dwy, np IX nupmd Mhtumd mbnh kb niukgl] dhwyt 2 wdbphs tpy-
puownd’ 863 L 893 pywluwtubpnht (Ambraseis, 1982; Berberian, 1994;
Guidoboni et al, 1995): Uwiljuy Ukp wjt gnpépuljtpttipp, npnup dhty opu
hhduynud t ykpnhhojuy b ukpuyhu Tlogzuxosckas, 2001, 2012) nniuw-

40


mailto:roubenhar@web.am

1Egnt juunwynqutph Ypw, swupnibmynid b dbwy Hhuh 4-5 wydkphy
Epjpwowndh pinip mkuwlknh:

Swpwdwjunipniiubp jub twb wtu dwubwgbnubph opowtnd,
npnup pugniimd B Mhth 2 wdbphy Epypuwownpdtph Enbjnipiniup:
Cunn 0. Pupuyuih (Pupuwjwub, 2006) Mhuh wnwehtt Gpypuowpdp
wnbtinh k niutgh) ny ph 863, wy) 858 pywljwuith:

Uhwlwpdnipjnit sju twb Epypuwowndtph dEipykunpnuutph nk-
nunpnipjul juinph onipep hkinwgnuinnubph dks dwup Ephpupwp-
dtph Jtpytunpnuubpp nknunpnud b Mhuh dEkpdwluypnid (Amb-
raseis, 1982; Berberian, 1994; Guidoboni et al, 1995, Fupwjul, 2006), uw-
juyu U.Ywpwhwbywiup php gopépulbpubph htn ghunwpynd o wyp
nbknunpnipnitubph htwpwynpnipiniup, squny Jhpotimjutt npny-
Uwl (Karakhanian et al. 2011. 2016):

Ubp tyunwly £ wowebughll wundwlut Juympmnibbkph b
Uhty wydd juunwupwsd nwpupinyp nuntdbwuhpnipmnibiubph b Gg-
pujugnpiniiikph hhdwb ypw, wwupqty Whth X nquph wdtphs tpy-
puwownpdbiph wnwpwlupsnipjniittp niubgnn punipugptpp b wuyg
wupqupwiunidubp: Lwpumnbuynd £ wyy JbEpnwdnipjniiubph wp-
nniupubipp hpwwywpwlyt) 3 hnpdwény, npnughg wnwehtp unyu hnn-
Judl k:

IX-pn nuiph Wjhtth wbphy Epypwpwpdtph pwhwlp b bpubg
pYwugpnudp

Unwyt] hwmdwwuwpthwl Mhth Epjpuowpdtiph yundwugpuljut
nfjuitph puqunipniip’ 7-8 nhyp, phpdws k LLwpubknuih juqius
wuundwugpulijub dnpnjubéninid (Fupubnui, 1995): Ujunbkny tplhpw-
ownpdbph dudwbwlwlhg wuundwgphptbp @nddw Upspnitmt (IX-X
n1.) b Znghwibu Ypwupupwiulipungni (840/850 - 929) L ykpwugpynid
858p. dunwli, 863p. qupuwl b 893p. wuphih nbwptpp, Ykpeht Eplynt
Yunshpp yipugpynid £ twbk Uunnhht (X-XI 1).), hull hElnwgqu wuwn-
Uwgpbpht 851 (854)p. - Uluhpwp Ujphuikgh (XIII nuip), 862p.- Bugh-
ghwmt (XIX nup), 865p.- Umunily Uukgh (XII nup), 869p. - Unyduku
Gunubjwnyugh (tuupnipuigh) (X qup) nbwpbpp: Yuuljwshg Jp
E, np wyy pYugpnidutiph dks putwlp Enddw Upspniunt b Zndhwttibu
Tpuwuiwbtwlpingnt, Jyuynipniiubph hbnwqu (X-XIX gup) wguwn-
dwghputph pnippdppidwt hbwnbwp E:

bPusybtu uoytg Ykplnud, ukpuynidu Zwjwunwiunid hbinwgnunnn-
ubkph dkdwgnyt dwup pugniinud £ IX-pn qpupnud W hinud inknh niuk-
gué dhuyt Epynt wykphy Epypuownpdh Enbnipniup, vwjuyu nbn ju
nwpuljupsnipmil wpwehll kpjpwowpdh plugpuwi hwpgh onipg’
858, 1t 863 pyuljui:

Unweohti Lplpwowipd wgpnidp: Lwth np wdbkbwhwwuwnht
hwdwpymd kbt dwdwbwlwlhgubph Jjuynipiniuubpp, wyw npuybu
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htwnwqu JEpnisnipniuutph hhdp, wdpnnonipjudp dkoptptup Bnddwm
Upénpniunt b Zngdhwbtbu dpuujuputuljipngnt Jjuynipniuutpp Mhuh
wnwoht wyknhy tpypuwowndh dudwuwlh dwupl:

Cun Znghwttbu Fpwupwbwlbpingnt (Fpuwupiwbwlbpingh, 1996).
Cuyunnmul nupuplpfwé Uph Updwbp whniin dh nunpliwd wdppo-
whkwnp hpudwing bpuli (Usnunpl) Jupgnid b Zuyng pojuwinug ho-
s>

«Fuyg uyn dwdwbwlakpnid "Fjpl punupnid vwpuahbih Eplpuw-
owpd Fjpinud, I punn wbhkp, quphuwblbp, aywupwipllbpn gagynid ni
yyniqynid Ei: ... By Qupuphw unipp huypugbwnp... wnbpuwgp winnpp
Ep dunnnignid pupkgnie Uuwndnil...»

Cunn @nydw Upépnitnt (Updpnith, 1985). «Uju pwpdi (893 po.)
wi/ljh vwuwpl Ep, pwl ayl, np Enuy hugng Jwpnphlnu Qupuphugh
dunlwinuly, huykph glpnipiniithg 7 vnuph hkwnn>

Ujuhtipti pun puwuppwbtwlbpingnt b Upépniunt Fhtunid wnwoht
tplpupuipdp tnby £ Bpp.

*  JupnnhYnu k Ent) Qupuphw - (854/855 - 876pp.),

*  wpwpwlwb nunplwip tnk £ Ujh Up-Updwtht (862—863ppe.)

(Phpwupjut, 1989),

* Upnunn U-u wywbwlws E (hunud hojpwbwg houwmt - (862-

884pp.) (https://hy.wikipedia.org),

* huwytph gkpnipjnitihg 7 mwuph hbkwnn:

Qnihgnpntht, wju Gphpwowpdh dwuhtt wwwndwlwb wnpmnip-
ubpnid Enus hwnnpnnudubph ntunidbwuhpnipyut hhdwt Jpuw, Bk k
wjt Jhdwhwpnyg bqpuljugnipjul, phk nghiyph wwpbpyh npnonudp
pupnn L, pwth np wyn hunnpnnudubpp hpwpwdbpd B b hwljuwuny
(Guidoboni et al, 1995): bp putiwpynidubph dkp wpynid k vh putih upuwg
wunnud.

*  Cun Yuwupwbwlbpingnr tpypuownpdp Enky b «poumbnug ho-

Juwl Upnwn Fugpuinniing duhhg hluny,

*  Cuwn Pnyddw Updpniunt, «<kpljpwowpdp Entk L hwyng qbpnipint-

uhg jnp wwuph htwnns - wyupblpl 859/860 pyulwihi:

YQupshp E huyynunud, np wpwpwlui 16h nul] gniyny Zuyuunw-
unwd, Epp duwdwtwjugpuljut hwdwlupgbpp pupwpdws tht, guwn-
Uwgptpht ndjwp tp npnpty Epypwpwpdh hppuljub wwpbphyp: Znnud
Juunwpbiny XII-pn nuph wuwudwghp Uwdnil] Utkgnt hwunnppw-
gqpnipjult Ypw, bw npybu nhyph mwpkphy punnianud £ 863 pywljutip:
Uwluyt, tjuwnbkup, np Uukghtt hunnwly sh uponid Eplpwowpdh wnwpk-
phyp, pwth np pnnp nwypkpp sk np pp Unn pugpjwus tu (Uakgh,
1893): Cunn tpw Ynnuhg wwwndwlwb nbypbtph pdwuplhdwb owpph,
Epjpwowndp nknh k niukgh] MYEG-NYL (865-869) pywljututph vhow-
Juypnid: Uwljuy Epjpuwowupdh wupdughp hhpwnwldwn. «p unipp
pwnwulkpnppull pupdunilp whhbwphlp' wnwwyuybay juwnwlbghb
gumiju’ wnkikuy gkppu wdhuw, hwenpnnn wipdughp gqpupnudh £
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«Fnynupp hapkguir, hull nw nbknh b nukgk] 864 pdwljwuhu (Kpe-
menue Boxrapuu https://ru.wikipedia.org): Ujuhupt tpypwowpdp wtnh k
niukgh) ny ph 865 pYwlwihg htwn, wy 864 pYuljutihg wnwe: Mwipq L,
np Uwidnik] Utkgnt phwypbph dwdwbwlugpnipjut dby ju pdu-
qruljut fuuntwpthne!: Ujuyhuny, @nugnpnthh Ynndhg Hhtuth wnw-
ohlt tpypwpwpdh plugpdubt wihwgnn thnpdp wjupunfty & upouy
hnnuny b whwp E Jupst), np bw nupnujh punniuk) E, htyybu b Bhp-
pputp, Udppwubjuh pdugpnidp:

©.fupuyumtp (Fupuyul, 2006), h wwppbpnipnit wy] htwnwgn-

wnnnubkph, jupénid E, np wnwehtt tpljpwowpdp wnknh £ niukgk], ny ph
863, wy| 858 pywljmuht:

Cuwn upw Epypupwpdp Entkp L uy dwdwbwl, Epp.

* QJupnnhYnu L Enk] Qupphwt - (854/855 - 876pp.);

* Uonw U-u bnbk) k hojuwbiwg hppuwt, husp pun @.Fupujuth
tntp k 855-884 pywljwutiphly

* puwn Ondw Updpniunt Jyuynipywb. «&pgpupwpdn bnky F hu-
Jhph ghpniyemnilhg 7 wnwuph hkunny: . Pwpujutp biuknd wt
thwuwnhg, np hwy hojuwtibpp ghpnipyut o mwpdk] Fniquyh
Ynnuhg 551 pYwlwihlt, hwdwpnd E, np junupp qumid E
551+7=858 pywlwiph dwuht: Uwlujt wju dnnbgnidny hwpy-
Juiplhg nnipu E dunmd glpnipjut wnwehtt tnupht:

dtpohtt kpnt wunnudp hwjwuwnhp sk, putth np hpwlwund.

*  Uonwu U-u knly E hpjuwbiug hojuwt ny ph (855-884pp.), wy 862-
884 pJwlwlubtpht, hulj 855-862pp. tw tnk] E hojuwb
(https://hy.wikipedia.org):

* Ujwunktp twl, np Uph wi-Updwtht, npp «wdppuybinp hpua-
dwlny Gpuil (Upnunhpl) Jupgnid b Zuyng pojuwmbliug hopruiy
(puwupwbwybpingh, 1996), Zujuwunwinid nunhlub t bk
862—863 pywuljututpht (Fhpwpwi, 1989):

* Gphk punniubup, np Upédpniuht tobny «huybph glpnipniihg 7
wnuwph hkwnny, ujunh | mukgh) ny ph qbiph mwupydbnig, wy qk-
pnipjutt wjwpuhg 7 mmuph htnn, wyw junwbwtp Eplpw-
ownpdh Ukl wy pywlui: Zkug hupp Updpniuht uonud L, np
holuwtitipp uljuly Bt JEkpununtw] hwpkuh uusputpp 857
pYwlwuuhg (Upépniuh, 1985), wyjuhipt ghpnipjut yipohtt -
ph 856 pwlwut kp: Ujp wwwpnid fniquiunhuyh b fuwgh-
duynipjutt vholt JEpuljudus wquunbtpuqup b mupuswopowiinid
unbndjwsé punupwlju hpuwyhdwlp unhwykghtt Untinwywphy
howhduyghtt thnfuby hp punupwlwinipemiip Zujwunwih hwb-
nby b byuwuwnk] hwy hpjuwtikph hgqnpugdwip (Qwppubyul,
1975):

'p nty Ulikght £hown sh onud twl Wfhtth kplypnpn kpypuowpdh nupbphyp N0 -
898p. (Uukgh, 1893):
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* Swpuphm Jupnyhlyo

854 876
852-863 il ouahljeh Wh w-Tmhobh
hzluwmb bhzrong hpluwh Upmn I
o
855 862 884
Zmng ghpmpqm i
856 L
851 7 g
7 wnapf
850 870 890
L E- [ ] [ [ ] ] B

858
Uh.1. Mhuh wnowght phpwpwpdh dwdwbwlwugpnipinitp pun dudwtwlwlhghtph
JYuympinibuubph (wyuputpny Updpniunt Juympjut @.fwpuyuih (858) b htinhuwlyh
(863) gdwugpulju Ukunipniutkpp):

Ujuyhuny, pun Fpuuppwbwlbpungnt, tpypuwownpdp tnkp E 862
pYwlwihg htwnn, hull Upépniuht &onnud E tpjpwowpdh wwwupht, npp
556+7=863 pywlwil L (ul.1):

Ppujuwunid Mhuh wnwehtt Gpipwowpdh pYuutp hunwly uonid
t dhuyt X-pn qpuph wyuwndwghp Uunnhlp: bu dhwipwbwl] hwjntnud
E, np Gpypwowpdp wnbnh E niukgh] 863 pYwlwiht (Uunnhy, 2000).
«Upw (Upnwnn U-p) opkpmid (BFF) Lpkp hwpmip wnwubkplynt pyuw-
Juilihl (312+551=863p.) Luunwulinpnug wwhph thnpp pwpwpnid nknh
nihlkgu] whwght kS Epfpuwowipd...» :

Glukiny wju wnbntinipniihg, np tpipuwowpdp wbtnh b niubgl
Lwnwutinpnug wwhph dwdwbwl, npny htnwgnunnubp nitbt wyh
dnwjunipjniup, ph ppuwowndp wbknh k niukgk] 863 pyuluth qup-
twlp (Pupubnui, 1995): 2h pugunynud, np bpwbp «thnpp pwpupe»
Juyulgnmpinitp puluyby &u npybu Udwug pwpwph pwpwp opp,
hsytu nu puluyt) £ b E.Qnihnnpnuhtu «Saturday» (Guidoboni et al,
1995):

Uujuyt Ypuuppwtiwlipnghtt hunwly Jiuynud £, np Epjpuowpdh
dudwbwly bnbky «gpuuonilys dubknughll vwphudlwihpy (puupupwbu-
ltpwngh, 1996):

Cun Udppwubjuh Gphpwowpdp wnbnh bt niubgh) 863 pyuljuth
thtinpyunh 13-htt (Ambraseis, 1982): Uju npnonudp hhdwsé £ X nuph
NMunbtunht-dpuguljut opwgnygnid qhnbnyws, thtnpjuphtt wduhe
Ytppbpynn, Uh Yupd Jyuympqub Jpu' «13. (Terrae) motus, sancti De-
metrii [demetre], et Martiniani [martinianoz]/ monachi», ul]u]ﬂlph‘ «13,
tpypwowpdh, Up.Ytdbwphniuh U Uwpnhtthwt qubtwluh» optt k
(Garitte, 1958):
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Qnihnnpnuht punnmitbny Eplpwownpdh opdu wyn npnonudp, ulju-
unid E, np pun qpph judpwighp .Qwphwunh, Up. Y edknphniuh opp, npp
tuwnuhlnid hhoynid E hnljnbdpbph 26-ht, npytu 740 b 989 pquw-
Juwutbkphtt Untunwiuntwwnjhunid wnknh niukgus Eplynt Gplpwowp-
dtph on (Guidoboni et al, 1995): 2. Guphwp tpnid E twly, np hwynuh sk
nplk Epypwownd, npp wnknh k niukghk) thbnpdunph 13-hty, hull wyn opp
hhowwnwlnid tu hnyubkpp, nuuhubpp, Epnduyughttpp b Ypughtubpp,
npybu «wpwuybjwlwbt Uwpwnhthwubt quuynph» op (Garitte, 1958):
zujutwpwp Udppuwubjup htwpwydnp £ hwdwnpt) juyl)] wyn withwugk
thtunpuput Gppuowpdp Ypwunwith hwphwinipjudp qunbyng
Mpund, IX nupnud, ddnwtip mknh nmubkgué tpypwowpdh htwn: Uj-
uhlptt htwnpJuph 13-p, npybu Thuh wpwehtt Epjpuowndh op swn
pny] Ehhdtwynpgus:

Cuwn 0. Fupwyuth, Epjpupowndp wnknh E nittgh) thinnpgunph 14-ht
(Pupwywl, 2006), pwtuh np wyn opt k uljuynid 858 p. Uks wwup, husp
sh Jupnn pugniugb], npnyhbnb hpuwljwunwd, htiywhu gnyyg npydkg Jb-
punud, Eppwowndp mbnh k niikighk) 863 pywljmuthi:

®dnpdkup npnoky, ph np wduht b np opl £ Enky Epljpwowpdp pun
Uunnhyh Jtpp dbopbpywé wnbnbkinipjub, nip tw, hwjwbwpwp wy
wljutwwnbutbph syuwhywtjws Jyuynipniuutph hhdwt 4pu, donnd
E twl Epypwowpdh dudwbwyp:

Uunnhlht hpjunid Eu hbnnwqu yuwndhsubp Uwdnil] Qukght (XII
nup) b Uuhpwp Uyphyuubght (XTI nup):

Uppkt gnyg Eup wipdl) 4tplinwd, np, punn Uwdnil) Utkignt hpw-
pudkd ndjuubkph, Epjpuwownpdt Enk k 865-869pp. vhowljuwjpnid, uw-
Juyt 864 pYwlwihg wnwy. «P unipp puwnwubkpnppul pupddnilp
whhinuphip> (Uukgh, 1893):

Cuwnn Unhpwp Ujpphyuibgnt pipuwowpdp tnky L 854-871ppe. Uh-
owluypnid. ««Up n1 huigh» opp npSwihs Ephpupwpd tjpbanids (Ujph-
Juukgh, 1860):

Ujuyhuny, pun hwy wwwndhsubph, tppuwowpdp wknh t niukgh.

* gpuuwonily Adknwjhtt uwntwdwihpht (Ypuuiwtwltpungh,

1996)

*  Pwnwulinppug wyuwhph thnpp pwpwpnid (Gunnhl, 2000)

* b unipp pwnwutbpnpnut (Uukgh, 1893)

*  «Un nt hwugh» opp (Ujphyuttgh, 1860):

863 pYwljuth Quunhlh opp wwnhth 11-u kp (Kaxsxynarop pacuera
mnus Ilacxu, https://astromenu.com/), wjuhuip, Upwlhg wnwy 48 opn
nling, Uks wwhph wnwghtt wuhkgnipjul opp thtwnpuph 22-u tp:
Ujughuny Nwhph wewght pwpwpep (puin Uunnhlh «hnpp pwpwppy)
hudpuljty E ddnwt Jtpohtt owpwph htnn b Yupkjh L pugniuk), np 863
plulwih kpypuowpdp nbnh E nibkgl) «Un ni hwgh» wnwehtt opp’
thtunpyunh 22-ht (wn.1):
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Unniuwy 1

863p. UhLb Mwhph hhowpdwh opbipp b pwpwplikpp
Otwnjunh 21 Pnit Pupbljiunui
Otwnnyunh 22 Unwghti wwhkgnnnipyut opp” «Un nt hwgh» wnwght
opp
Otwnpyjuph 28 (863p. Unwit ytipoht pwpwpen)
Nwhph wrwghtt ywpwpp. «hnpp pupuipp» pun
Uunnyh
Uwpuh 1
Quptwtiwghtt hhig mugnnhly owpwpttpp
Uuyppip 4
Uuppip 5
Nwhph Uiwg pwpwpp
Uwphih 10
Uugphyh 11 Uywg pwpwiph «thnpp gwpwip» opp
Quunhly

Gnypnpn Gphpwowndh puwgpmudp: Gplhpwowpdh dudwbwljulhg
wuwndwghpbpp Pnyuw Upspniithl b Znghwiibu dpuuiwiwljipn-
ght, pnnt] Lu hbwnljw) Jyuynipniuttpp Mhuh Gpipnpy b wowyby
wytphs Epypuwowndh dwuht: Uju Jiuynipnibtubpnud, hisybu b wnw-
ohtt tpypwpwpdh dwdwtwlh dbpwpbpju), hunwly wwptphd — sh
npynud, wyp uoynud kL nlwyph dudwbwjuopewtin:

znjhwitbu Ypuwupiwbwlbpinghtt (Ypuupiwbwlbpingh, 1996), hw-
noppnud £ Zuyng puquynp Udpuwnn 1-h (890-914pp.) U Unpyuwnw-
Juwuh wdhpw Uthphtih (889/890-901pp.) nuquuljut pwjunidutph dw-
uhtt U whnbugumd t. «Up dunfwiul ghokpp, hwhlwps vwunpl
Epbpupwpd F jpbnud Mpl punwpnid ppa plawlpsbhbphl g
Umnnlnfbiny, vwpuunhbghlyny b pppyni i, Inpéwinid wnwye pkpkiny...»

Cuwn (Fnddw Updpniunt (Updpniuh, 1985). «Upp dudwinulabpnid
Zuyng Upnwu puquiynpp... Uknuy] huyng 31O pijuluihi (890p.), Zuyng
Juwpnphlinu Yunpgh hugpuwybnnipjui 15-pg nnupnid: Upaw thnpoupka
puguiynpkg hp npph Udpunnp...

Zuyng yYpw (Udpwnp) pugui/nplbint bppnpp nwpnid wuwnygw-
Sunnnip puplnippudp winbpuowpd fuwpbwlnidny... vwuwbbghi
Epiph junp phnkppp jupdp, Swipugh n whlpplip whpanfnipniip b
ybp dpkghlt Uplsh Epgph Epkup Upnwpbup punuph pphidwg, nphlb
winfwhnid B Finip, b npunkn F puquiynpuihun Mj/hl punupp...»

Cwwnn htunmwgqnuinnubp Jupsnud G, np Udpwwnh pwuquiynpdub
tppnpny wtwphtt 893 pYwljuut E (890+3=893), uwluytt Pulhdbwtp
hpwywghnpku uonid El, np Epk 890 pyuljuip puquynpbint wnweht
wnwpht k, wmyw Eppnpn waupht Yihtth 892 pyujuip (budh&bwl, 1822):
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Cun Udppwubjuh (Ambraseis et al., 1982) kpypwowpdp wbtnh k
niukgl) 893 pywljwuh niljnbdpkph 28-ht, hwdwdwtt wpwp yundw-
ghp wi-Swpwphh (839-923) Ynnuhg tkphuyugus Fhuh pljpupwpdh
dwuhtt wuwonmnbwlwt twdwlh (al-Tabari, 1985). «Cwiwduyl hwnnp-
pugnnipinihbbphl, 280 pywlwbh Hhni-uy-Zhow wduhl (11 hknpyuw-
ph - 12 dwpinp 894p.) huppihg Funpun hwuwy wdwl, npny nk-
nkhwgynid Ep, np wbkph b nibkgly (niubah jpwgupnid 280p. Cuyyuy
wluyw 14-pi (27 pklnkdpkph 893): Qhobpyw JEponid jniuplip Gnphg
tplwg, puyg Epp phwlhsbbpn wpuynuywl qupphbghl, Unipe Ep b
Upnipnniip pupnibmlpynid Ep: Qkuophg hlwnn uljukg hsky nidkn uli
puwdh: hu pwpniiulynid Ep dpish ghobpyw wnwohll Eppnpnp: Epp
wyn dwdp whguny, mknh nibkguy Ephpupwpd»:

Ujunntin whwp E tjuwnk), np dbp uinnignudp gnyg wngkg, np hw-
dwdwyt Zhopw-Znijhjwtt mndwpubph nwpbpytinph wwppkp thopowp-
Yhsutph  (https://www.searchtruth.com/hijri/; https://calendarhome.com
[calculate/convert-a-date; https://www.mugawwim.com/; https://www.four-
milab.ch/documents/calendar/), 280p. Cwydw) wdujw 14-p pninp nhy-
phpnud hwdwywunwupiwinid £ 893 pyuljmtth nhjnbdptnh 27-ht.

Ujuyhuny niutth ppudupnidp dhwtpwl mknh k niukgl) 893 pyw-
Juwuh phiunbdptph 27-ht, hul] tpipwowupdp hudwyuwnwuppwbwpwn
nhjunbtuptnh 28-h qhotpp (Ambraseis et al., 1982; Berberian, 1994), hul
Jupsdhpp, pk Epipuwowpdp wmbnh k niukghk) nhljnbdpbph 27-ht (Fwpw-
juti, 2006; Hossrit karamor, 1977; Guidoboni et al, 1995) pnippupndwt
htwnlwup t, pwuh np wyn opt tnky E tphpwowndp twjunpynn niutth
huwjwpnidp (al-Tabari, 1985):

BGqpuljugnipjnil

NMuundwlwb Jyuynipniuutph Jipp swpunpus JEpnidnipjut
hhdwt ypw upnn Gup Eqpujugutky, np.
e IX nupmid M]hunid mbnh k niukghk] Jhugt Epyne wdtphy Gpl-
pwipwipd;
e wnwohtt Lpljpwowpdp wnknh E niukghk] 863 pwlwuh thbwnp-
Juph 22-hts
e tpypnpny Gphpupwpdp wbnh b niubgh] 893 plwlwih nky-
nbidptph 28-h ghobipp:
zhnhuwlp punphwlwy b hnnqwdh qpujununn Upw Uduguith
hnnJuwséh gqnpstwljut puttwpldwt b wnwowpwsd ninnnidutph hw-
dwn:
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EHIE PA3 O PASPYIIUTEJIbHBIX BEMJUIETPSICEHUSIX I X BEKA B
ABUHE (APMEHMUS): KOJIMYECTBO COBBITUHN U UX
JATHPOBKA

ApyTionsin P.A.

PazpymmrensHble 3emnerpscenus 1X Beka B [IBuHe oaHu W3 HamOosee
M3BECTHBIX MCTOPUYECKUX 3eMIETpsiCeHUI B ApMeHuH. OJHAKO MO MOBOLY UX
MapaMeTpoB JI0 CUX MOp HET eAUHOro MHEeHHs. CUMTAIOTCS CTIOPHBIMU MHEHHS
0 CIeAyHIIIUX IlapaMerpax: KOJIMYECTBO pa3pylIUTENbHBIX 3€MJICTPSICEHUl,
JaThl COOBITHI, TEPPUTOPHUS pa3pyLICHUH, HHTEHCUBHOCTh, TEKTOHWYECKas I10-
3ULUSL SNMLEHTPOB. B HacTosimell cTatbe, HA OCHOBE aHAIM3a UCTOPUYECKUX
CBHIIETEICTB, OOCYXIAIOTCA INEPBHIE /IBa OCMAPHUBAEMBIX MapaMeTpa, MMyTeM
YTOUHEHHUS AaT COOBITHII.

THE DESTRUCTIVE EARTHQUAKES OF THE 9TH CENTURY IN
THE DVIN (ARMENIA) REVISITED: QUANTITY OF EVENTS AND
THEIR DATING

Haroutiunian R.A.

The destructive earthquakes of the 9th century in the Dvin are one of the
most famous historical earthquakes in Armenia. However, there is still no
consensus about their parameters. The opinions about the following parameters
are considered controversial: the quantity of destructive earthquakes, the dates
of events, the territory of destructions, the intensity, the tectonic position of the
epicenters. In this article, based on the analysis of historical evidence, the first
two disputed parameters are discussed, by clarifying the dating of events.
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ANALYSIS OF EFFECTS OF THE CLIMATE CHANGE IN THE
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Climate change has become a contemporary issue globally, regionally and locally.
The aim of the paper is to discuss the effects of "climate in/justice” related to extreme
weather impacts and local inhabitants’ poverty in Debed river basin in the Republic of
Armenia (RA). Based on analysis of available scientific literature, we notice that
climate change already affected the air temperature (+1,3°C), precipitation (about -
10%), average annual water volume of river (decreased by 16 million m®), and extreme
weather conditions in the basin during last decade.

We considered climate inequality issues according to four principles of Mary
Robinson Foundation of the research area, which is the novelty of our paper. Debed
river basin is affected by climate change negatively. The natural environment and the
local population have climate justice issues in this area. Future research should stress
adaptation and mitigation strategies to find solutions in local, regional and global
levels.

Keywords: Debed River; Climate Change; Climate Justice; Mary Robinson
Foundation Principles
Introduction

Climate Change is a contemporary issue, which has a significant influence
on the Earth and its ecosystems by causing changes in weather patterns, sea
levels, and water flows of rivers, biodiversity, and deforestation. It also busts
social and political issues. Thus, the awareness of this topic is vital to avoid
future dramatic and costly effects at the global, regional, and local levels. The
aim of this paper is to discuss the issues of climate inequality bringing out
issues of "climate in/justice* related by extreme weather impacts and local
inhabitants’ poverty in Debed river basin in the Republic of Armenia (RA),
which is a unique area with one of the largest forest cover in RA. In this paper,
we intended to answer the following research questions:

50


mailto:nareksahakyan123@mail.ru

e To what extent does climate change affect the water flow of the Debed
river? To clarify this question, we imply that the answer to this question
will help us to determine if climate change has a specific influence on
our research area.

e How do we address issues of climate inequality and “climate in/justice”
in the area of the Debed river basin? By answering this question, we
will discuss real-world situation of the case study and analyze the
relationships of Mary Robinson Foundation criteria of Climate Justice.

o What strategies do we suggest for solutions of climate justice issues in
the Debed river basin? This question will guide us to think about adap-
tation and mitigation strategies to face Climate Change and Climate
Justice issues in the basin of the Debed river.

e How to inform the public about it through the Geological Museum after
H.T. Karapetyan.

The state of the issue

Climate Change is the defining problem of the current times. From shifting
weather patterns that threaten food production, to rising sea levels that increase
the risk of catastrophic flooding, the impacts of climate change are global in
scope and unprecedented in scale. Without drastic action today, adapting to
these impacts in the future will be more difficult and costly. Because of climate
change, there are many different problems in the world (7). Due to the problem
of water use, there are problems in using water resources, and especially for
agriculture. In some places there are even wars for water, the Sahara and other
deserts increase their territories in exchange of savannah and forests.

Global climate change is a truly important issue for the humanity, so the
solution to this problem has been included in the UN Sustainable Development
Goals (13" goal). A number of conferences have been organized to address this
issue; several agreements have been adopted by UN member states, in parti-
cular, the Kyoto Protocol, Paris.

The main policy is to reduce industrial waste from major industrial count-
ries to mitigate climate change and the reasonable utilization of all natural re-
sources.

Climate change is a global challenge that has no borders and combating it
requires coordinated work by all countries. Unfortunately, many countries do
not have any effect on climate changes, but will suffer the consequences.

One of these countries is Armenia. Armenia does not have a large industry,
and itself has very little influence on climate change throughout the world, but
the global climate change affects Armenia too. The fact that Armenia is located
in the subtropical zone of the ridges of the central part of the Lesser Caucasus
significantly affects the climate of the country, in latitudes characterized by a
manifestly arid and continental climate. The climatic features of the country are
determined by its mountainous terrain. The assessed changes show that during
the past 80 years the increase in annual temperature by 1.3°C and reduction in
precipitation by 10% were observed (5).
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a) b)
Figure 1: Observed annual air temperature (a) and precipitation (b) anomalies compared to 1961-1990
baseline mean (black line), their decadal moving averages (red line) and linear trends (green line)

(Source: 4 p. 5)

Case study of Debed river basin in the Republic of Armenia (RA).

Armenia’s rivers are the streams of the South Caucasian major rivers Araks
and Kura,the total length of the latters being around 25,000km. Debed river
(178km) is one of tributaries of Kura River, which flows through the area of the
Republic of Armenia (RA) and the Republic of Georgia. In addition, Debed is
one of the major rivers of RA (average annual water volume is 1070 mil m°).
This unique area was chosen as a case study of our research, as the basin of the
river is covered by forests, which are about 30% of RA total forest area, and
deforestation is a vital problem in RA. The catchment of the river has been
populated since the ancient times and now it has a population of about 230 000,
most of them (above 60%) are involved in agriculture and already face negative
effects of extreme weather conditions. Climate change has become an issue in
Debed river basin, as high temperature and low snow cover, hails and flooding
took place during the recent decade many times. Because of high temperature in
winter, snow cover does not formulate sufficiently, which causes decreasing
water flow in Debed and its tributaries (5).

| Gbservation network of surface wrater monitoring
rhvor

Fig.3 Debed River Basin in the Republic of Armenia (Source: (2))

This report focuses on two Sustainable Development Goals — Climate ac-
tion and no poverty. The Global Climate Change impacts the Debed river water
regime, generally reducing the number of precipitation in the study area,
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resulting in problems with irrigation (7). As a consequence of this, the
population is unable to carry out normal agricultural work because of the lack of
water. Climate change increases the average ambient air temperature in the
Debed basin (1961-1990) ranging from 0.2 to 0.6°C. The amount of precipita-
tion has dropped by about 10%. From 2009 to 2020, the average annual flow of
Debed river decreased by 4m® /sec., and the average annual water volume dec-
reased by 16 million m® (5). Since agriculture is the main occupation of the ma-
jority of the population in the study area, the issue of irrigation also poses a
problem of poverty growth (6).

Table 1
Meteorological stations of Debed River basin and their features (Source 7)

METEOROLOGICAL STATIONS
N name Elevation,m | Annual mean SNOW
precipitation, COVER, SM
mm
1 Debedashen 453 444
2 Mecavan 1573 663 -
3 Shnogh 656 505 7
4 Alaverdi 721 516 5
5 Tashir 1507 713 17
6 Stepanavan 1397 683 19
7 Odzun 1127 554 -
8 Urasar 1547 785 -
9 Tumanyan 1200 597 10
10 Pushkino 1522 702 21
11 Spitak 1552 439 12
12 Vanadzor 1350 589 17
13 Lermontovo 1798 708 30

Local people, especially farmers who use water resources of Debed for
irrigation, are involved to solve this problem. Local businesses, municipalities,
and other governmental organizations are also involved whose concern should
be the reduction of the impact of global climate change on this area and the
prevention of its poverty growth. This issue should also be the focus of attention
of relevant scientists and specialists.

The main focus of our research is based on adaptation strategies, although
mitigation also is one of significant aspects of our thoughts.
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Applying the principles of Climate Justice according to the Mary Robinson
Foundation in Debed river basin of the Republic of Armenia (RA)

Guided by the core principles the Mary Robinson Foundation, Climate
Justice dedicates itself to action in order to realize its vision of a world engaged
in the advancement of climate justice. Below, the principles considered for the
application in the Debed river basin, are discussed as these might have signi-
ficant changes in the reality of our research area and are urgent. Climate varia-
bility is predicted to bring about significant changes especially in agricultural
production and production systems (3).

Respect and Protect Human Rights. “The huge injustice of climate chan-
ge is that it is those who have done the least to cause the problem — the most
vulnerable, from the world's poorest communities — who are hardest hit” (Alex
Salmond MSP, Scotland’s First Minister). This statement is true about our case
study too, as it does not have a major role in the global share of pollution, but it
faces the reality of changed climate. The Global North pollutes the environment
by using natural resources and emissions directly or indirectly affecting the
whole world. The Republic of Armenia protects human rights, provides equal
opportunities for social, economic well-being for its citizens based on the Cons-
titution and the international agreements related to human right protections. In
fact, there are all legal backgrounds to have a dignified and worthy life in RA.
But the reality of Debed river basin is that climate change causes local
inhabitants’ poverty (both absolute and relative), which contravenes people’s
well-being by causing health problems, social and psychological issues of the
society. Moreover, as the basin is mainly agricultural and semiarid area, expen-
ses for irrigation rose last decade. Drinking water and food prices are higher
with nearly the same income conditions. Forests produce less fruits and wood,
which used to bring some money. All these additional costs push local inhabi-
tants to have low quality of life, sometimes even migrate to other regions or
countries to have more water and food access. We would suggest developing
water management system in the region and decrease taxes to encourage people
to stay in the Debed river basin, which traditionally used to be one of the most
profitable agricultural areas.

Highlight Gender Equality and Equity. Gender Equality and Equity is
widely appreciated in RA, which is recorded in the Constitution and social
norms of RA. We have a law of “Protection against violence in family, pro-
tection of victims in family and restoration of family in family” to address
gender issues.

Climate change affects the productivity of crop, livestock and fishery
systems disrupting food distribution, markets, and access to food. Debed
river area is cultivated by growing various subtropical plants. It is the second
largest area by grape and peach production in RA. Due to the lack of water
access in the highly populated areas and irrigation, profitability for agricultural
products has decreased. Therefore, some farmers (men) prefer either to switch
to other jobs, such as car service and construction, or migrate to other regions or
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countries to earn some money. As a result, the main burden of household, agri-
culture work remains on women, who are also responsible for bringing up their
children. Therefore, it is vital to make adaptation policies for the whole society
to avoid women’s overload and protect their constitutional rights based on SDG
strategies. This statement especially refers to low-income families which cannot
afford to have workers in farms. These issues are also discussed at the level of
laws in Armenia (1).

Support the right to development. There are poor farmers who suffer a
lot because of anomalous climatic phenomena in this area: droughts, hail, etc.
Due to these disasters, the expenses of the poor increase and the quality of life
falls. As a matter of fact, they are more vulnerable to global climate change.
Wealthy farmers suffer less from natural disasters, as they have an income
compared to the poor, whose land and animals are few.

Share Benefits and Burdens Equitably. The Alaverdi Copper-Molybde-
num Combine operates in a research area that pollutes the environment, inclu-
ding the Debed River, through which irrigation is done. The company invests
some money for social and environmental protection projects to decrease the
damage to the local population and the environment. The investment imple-
ments several social programs aimed at improving the welfare of the local po-
pulation. Governmental investments were also made, anti-hail stations were
created, which partially alleviates the situation.

Discussion

As a result of our study, we have arrived to the conclusion that global
climate change has affected the Debed River and surrounding areas, since the
average temperature in this region has increased by about 1,3 degrees over the
past 80 years, and the annual rainfall has decreased the water level in the river
by 10 percent. In addition, droughts and hail here have become more frequent
(5).

In this area of climate justice, there are certain issues that we have seen in
need of certain solutions in line with Mary Robinson's Foundation.

It also became clear that climate change has a negative effect on women, as
they perform heavy agricultural work instead of men. And men, in order to
provide for their family, go abroad to work.

In Debed river basin, we addressed several issues of climate change and
climate inequity, and for some we could offer certain solutions.

This area generally does not have major impact to climate change, but
suffers from its negative effects, so adaptation strategies should be used in this
area (equipment to reduce environmental pollution, cash compensation for
farmers, etc.). This issue should always be the focus of attention of the go-
verning bodies, and appropriate protective work should be carried out.

In particular, some investments in this region or financial compensation are
needed to protect against the adverse effects of climate change (frequent
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droughts, anomalous hail, water scarcity of Debed river, poor rainfall, forest
degradation).

Investments can be made for a number of operations, such as building a
reservoir that will properly use water from the Debed river, partly to prevent
drought, build hail stations, and so on.

In addition, it is possible to organize several workshops among the local
population, which will help to adapt to the effects of climate change and to farm
correctly.

Thus, we have seen that the questions raised have certain ways to solve
them.

It is very important to inform the public about this topic, because it is the
availability of knowledge and information that leads to protection. To this end,
we propose to hold special seminars-discussions with the local population at the
Geological Museum of IGS NAS RA, to organize an educational program on
global climate change for schoolchildren, in order to raise awareness among
them.

Conclusion

Climate Change already has an impact on the Debed river basin by causing
extreme weather conditions and decreasing productivity of agriculture and life
quality. It also stimulates human migration which, in its turn, affects women’s
daily overloaded life especially in low income communities. Therefore, we
suggest SDG-based adaptation projects be fulfilled in this area. It is vital to
have efficient collaboration of the government, businesses, and local people to
improve adaptation programs for the most vulnerable communities and people.
The issue of Climate Justice and Equality is a new research area for Debed river
basin, as there is a lack of specific information and research on this topic, which
could provoke the attention of the environmental protection organizations, the
government, and local citizens.
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pupniubny wniuw ghnwlwt gpujuinipyut Ybpnisnipjniup, dkup
tjuunnud tup, np Yihdugh thnthnpunipjniip wpnkt wqpk) L onh obip-
dwunhdwth (+ 1,3°C), mbnnudutph (Unwn -10%), ghwnh oph dvhohtt tnw-
phyut swdwh (Wjwgky k16 Uju U3-ny) b yEpohtt mwubtwdjulnid wdw-
quith tnutwluwyhtt wuwydwuubkph Ypu:

Utup ntunidtiwmuhptghtip hbnnwgnunynn nupwspnid Jihduyh wi-
hwjwuwpnipjut puunhpubpp’ hwdwdwjt Ubkph (knphuuntt hhdtw-
npudh snpu ulgpnitpubph, husp unyt hnndwsh unpnipjniut b Yih-
dugh thnthnhunipniip puguuwpwp b wqpnud Hpkp gbnh wjuquth
Ypu: Fuwjut dhowduypp b nbnuljut phwlsnipniut wju njnpunud
niukb Y hdwgh wppupununnipyut pbunghptubp: Uywgqu hknwgnunnt-
pintuttpp whwp E nipwnpnipnit nupdukt hwpdwpynqujuinipjutn
U Jungbjhnipjub dbn@ugduip wknulub, nwpuswopowbught b gn-
pw] dwjuppuljutpnid jnisnudubip qunbnt hwdwn:

AHAJIM3 MOCJEJACTBUN U3MEHEHUS KJIMMATA B
KOHTEKCTE KJIMMATHYECKOM CIIPABEVINBOCTH B
BACCEHWHE PEKH JIEBE]] PECITYBJIUKA APMEHUSA U
OBHIECTBEHHAS OCBEAOMJIEHHOCTbB Ob 9TOM

Caaxsan H. A., Mkptymsn A.C., I'purosu I'. P.
Pesrome

W3menenune kiMMaTa CTAaHOBUTCS aKTyaJlbHOM Mpo01eMoii Ha ri100aIbHOM,
pPErHOHAaTBFHOM U MECTHOM ypOBHAX. L[enpio MaHHOUW CTaThH SBISETCS 0OCYXK-
JICHUE TMOCIEACTBUN «KIIMMATHYECKOH He/CIpaBeIIMBOCTH» B OacceliHe peKH
Jeben PecyOnmku ApMeHHS B CBS3H C BO3ICHCTBHEM JKCTPEMAILHOTO W3-
MEeHeHHsI 1moroabl u O6eqHocTH. Ha ocHOBe aHanm3a CyIecTBYIOIIEH HaydHOU
JUTEpaTypsl OTMETHM, YTO HM3MEHEHHE KJIMMaTa Y)Ke MOBIHIO Ha TeMIle-
patypy Bosayxa (+ 1,3°C), konuuecTBo ocaakos (0kos10 -10%), cpeaHeronoBoii
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?) u moroxusIe ycnosus B Gacceiine

00BeM BOJIbI peKH (yMeHbIleH Ha 16 MiH
3a MOCJENHEE NECATUIIETHE.

MBI BccnenoBaiy KIMMaTHIeCKOe HEPABEHCTBO B HCCIIEAyEeMOil 001acTu B
COOTBETCTBHH C YETHIPHMs NpuHITHIaMu ®oHna Mapu PoOHMHCOH, UTO sSBIIsIETCS
HOBUHKOU NaHHOM cTaThu. MI3MeHeHue KiIMMaTa OTPULIATENIbHO CKa3bIBAETCA HA
Oacceiine pexu Jleben. [Ipupoanas cpena u MECTHOE HacelleHHE CTAKUBAIOTCS
¢ pobJeMaMy KIIMMAaTHIECKOHM CIpaBeJIMBOCTH B 3TOM oOnacTu. [lanbHelme
WCCIIEIOBAHNS JIOJDKHBI OBITh COCPEAOTOYEHBI HAa aJalTallid U yMEHbBIICHUH
YSA3BUMOCTH JUIA TIOMCKA PEIIeHUIl Ha MECTHOM, PETHOHAIFHOM U TI00abHOM

YPOBHSIX.
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22 @UU Stintlwughp, @hunnipiniuubp Gpyph dwuhl, 2021, h. 74, N 1, 59-66
Wssectns HAH PA Hayxu o 3emie, 2021, 1. 74, N 1, 59-66
Proceedings NAS RA, Earth Sciences, 2021, v. 74, N 1, 59-66

ITAMATHBIE JATBI

APKAJINM CTENAHOBHUY KAPAXAHSH
(x 70-1€THIO €O THS POKIEHUA)

19 mapra 2021r. ucnonaunoce 70 ner
CO JHS POXKACHHS BBIJAIOLIETOCs reojora,
M3BECTHOTO CIENHAINCTa B 0OJACTH aKTHB-
HOHM TEKTOHUKH M COBPEMEHHOH I'e0JuHaMu-
KM, JOKTOpa Te€0JOrMYeCKUX HAayK ApKagus
CrenanoBuya Kapaxansna (1951-2017).
A.C. KapaxansH poauics B r. Epesane,
B 1951r. Ilocne oxkonyanus y4eObl Ha reo-
nmorudeckoM Qaxymprere EI'Y B 1973r. m0-
\ cTynui Ha paboty B MHCTHTYT Teonornyec-
W kux Hayk. B 1983 r. B MI'Y ycrnemHo 3a-
\\ N\ IIUTHI KAHIUAATCKYI0 JUCCEpPTAlMIo IO
W : teme “Jluneamenmol Anamonuticko-Kaexas-
k\LL s | ckoeo u Mpanckoeo pe2uoHa no OaHHBIM
OUCMAHYUOHHO20 — 30HOUpOBaHust”, a B
1995t. B Uncturyre @m3uku 3emnn PAH - mokTopckyio muccepranuio, 1o
TeMe “AxmugHble pa3zioMul U CunbHble 3emaempscenus Anamonuticko-Mano-
Kaskaszcxkoeo opozena”. B nanpreiimem, B 1992-1995rr., padoran B Hanmo-
HaneHOH Ciryx0e CeiicMuueckoil 3auTel ApMEHHH, Ha TOJDKHOCTH dKCIEpTa
Y 3aMEeCTHTENs TeHepajIbHOro AupekTopa no Hayke. C 1995r. Bosrnamsut oT-
JIeJT TeOIMHAMUKH U reoyiormuecknx omacHoctedt UTH. B 1998 rogy A. Kapa-
XaHSH OCHOBAJ HAYYHO-WCCIICIOBATEIECKYIO KOMITAaHHUIO “I'e€opHucK”, KOTOPYIO
BozriaBisut B 1998-2006 tr. B 2006 o 6bu1 n36pan nupextopoM UI'H u pyko-
Boami uMm a0 mapta 2017 roga. IMeHHO B 3TH Toxbl HanboJiee SIPKO MPOSBU-
JIMCBH €r0 HAy4YHbIE U OPraHU3allMOHHBIC HABBIKH.
A.C. KapaxaHsiH sSBISJICS KPYIHBIM YY€HBIM M OPTaHH3aTOPOM T'€OJIOTH-
YeCKOW HayKu APMEHHH, TTOTYIHBIINM H3BECTHOCTH JTAIEKO 3a €€ MpeIeaMH.
OH OBUT OJHUM W3 MEPBBIX, KTO Tocie KaTacTpoduueckoro COUTaKCKOTO
3emiterpacenus 1988r. mpoBen H3ydeHHE MOBEPXHOCTHOI'O pPa3pbiBa B 30HE
COWICHEHHUs] ceBepHOro cermenra I aphuiickoro pasnoma ¢ [lambak-CeBan-
CIOHUKCKUM DPa3JIOMOM, YTO IIJIO Bpa3pe3 ¢ OOLIENPHHSATHIM Y TI'EOJOrOB U
CEeIICMOJIOTOB TOTO BPEMEHM MHEHHEM O HEBO3MOYKHOCTH BO3HHMKHOBEHHS Ha
IOxnom KaBkaze 3emnerpsicennit momoonoit criel. C Tex mop A.C. Kapaxansan
CyMeJl TIOCTaBUTh HWCCIICZIOBAHWS B OOJACTHM aKTWBHON TEKTOHWKH WM OLEHKH
CEMCMHYECKOI0 PUCKA M OPYTUMX TE€OJIOTHUECKHX ONAacHOCTEdl B APMEHHM Ha
HOBBIH BBICOKHH ypoBeHb. OH ObUT yUEHBIM C MUPOBBIM HMEHEM, €T0 HAyUYHBIH
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ABTOPHUTET OBbLI HACTOJBKO BBICOK, YTO €r0 HEOJHOKPATHO MpHUITIAIIAIN IS
MIPOBEJCHNUS HCCIIeoBaTeNnbckux pabor B Upan, 'pysmro, Typmwro, Kump,
Cupmuto, Eruner, Kazaxcran, Poccuto. B Tedenne cBoeit HaydHo# kapsepsl A.C.
KapaxaHsiH pykoBOAMJ NECATKAMH MECTHBIX M MEXKIYHAPOJHBIX HAy4YHBIX U
MPUKIAJAHBIX IPOEKTOB.

Byayun npuHIMIIMANBHBIM, TPYIOTIOOMBBIM U HCKIIOUUTENLHO TpeOoBa-
TENBbHBIM Kak K ce0Oe, Tak M K KoJuleram, OH yJIesisil 0ocoboe BHUMaHUE pas-
BUTHIO HOBBIX HampasieHuil B Uucturyre. C nmenem A.C. Kapaxansna cBs-
3aHO CO3JAaHME M PAa3BUTHE HAYYHBIX IIKOJ aKTUBHOW TEKTOHHKH, MAIE0- U ap-
xeo-ceiicMoyiorud B ApMeHuu. bynyduu TBopueckoil, KOHCTPYKTUBHOMW M YycC-
NEIHON JIMYHOCTBIO, OH OJHOBPEMEHHO yAensa OoJblIoe BHUMAaHHE MOArO-
TOBKE MOJIOJBIX KaapoB. Heckonbko MOKOJEHHH €ro y4YeHHUKOB MPOJOJIKAIOT
pabotaTh U co3uaath B UHCTUTYTE IreoOTHYecKUX HayK, TAe MHOTHE Hay4HO-
oprann3annonnable HaunHaHus A.C. KapaxaHsHa moiy4nian cBOe JalbHEHIIee
pasButue. Tak, yCIENIHO pacmupsieTca U MOJEPHU3UPYETCS B paMKax MEXIy-
HapOJHOTO cOTpyaHu4ecTBa, co3aaHHas B MI'H B 2012r. mox ero pykoBoj-
CTBOM ceTh ceificmuueckux u GPS HabmoaeHnid, mpoA0IKaIOTCS UCCIICOBAHUS
AKTUBHBIX PA3JIOMOB U COBPEMEHHOM TIeOoAMHAMHUKH, TEOJOTMYECKUX oOmac-
HOCTEM.

Apxagmii KapaxansH BHeC KPYNHBIM BKJIaJ B Pa3BUTHE TI'eOJIOTHYECKOM
HAayKd ¥ B MOATOTOBKY KBaJU(HUIMPOBAHHBIX HAYYHBIX KaJpoB B ApMEHHH.
A.C. KapaxaHsH SBISUICS aBTOPOM HECKOJBKUX MOHOTpadwii, TecATKOB Hayd-
HBIX CTaTeH, KOTOpble ObLIM OMyOJMKOBAaHBI KaK B MECTHBIX, TaK H B MEXKIY-
HApPOJHBIX ABTOPHUTETHBIX HAYYHBIX KypHalaX, B 4acTHOCTH Tectonophysics,
Journal of Volcanology and Geothermal Research, Bulletin of the Geological
Society of America - Special Papers, Annals of Geophysics, Geodinamica Acta,
Journal of Quaternary Science, Paleorient, Journal of Geological Science of
Japan, Journal of Seismology. Oco60 CTOMT OTMETHTH ABE IMOCIETHHE €T0
Hay4HbIE CTaTbH, NPUHATHIE K mevyatd B KoHUE 2016r. u omyOIMKOBaHHBIE B
2017r., B Bulletin of the Geological Society of America - Special Papers, rae
A.C. KapaxaHsiH ¥ COaBTOPbI 00OOIIMIN HOBbIC JaHHBIC 110 CEHCMOTCKTOHUKE
ApPMEHHHU 1 PETHOHA, a TaKXKe M0 apXeoCeHCMOIOTHH Hanbosee IpOTsHKEHHOTO
[Tam6ax-CeBaH-CIOHIKCKOTO aKTHBHOTO pasjioMa B ApMEHUH.

A.C. KapaxaHsiH ycnemHo pyKOBOIWJI MHOTOYMCIEHHBIMH HAyYHBIMU U
Hay4YHO-TIPUKJIQAHBIMU MPOEKTaMH, UMEBIIMMH OLIYTUMBIN MPaKTHYECKUH pe-
3yJNbTaT ¥ OOJIbIIOE 3HAYEHHE ISl YCTOWYMBOTO pa3BUTHS ApmeHuu. B 3Toif
CBSI3M CIIEAYET MPEeXJe BCEro OTMETHTb HCCIIEOBAaHUS 1O OLIEHKE ceiicMHu-
yeckoro pucka juisi EpeBana, ['tompu, Hwmmkana, Kamana u Jip. ropojioB 1o
mpoektaM B pamkax I[Iporpammer Passutust OOH; pykoBoacTBO co3manmeM
HOBOW KapThl CEHCMHUYECKOro paioHUpoBaHUS ApmeHun (1o TMpoekty Bce-
MupHoro banka), opunmansHo yTBep:kaeHHOH [IpaBurenscTBOM ApMeHuH, B
OCHOBY KOTOPOI1 BOLIUIM CEHCMOTEKTOHUYECKAs MOJAEIb TEPPUTOPUN ApMEHHH,
CO3/1aHHas B pe3yJbTaTe MHOTOJIETHUX HCCIEJOBAHUNH UM U €ro KOJIJIeraMu;
MacImTaOHBIN MPOEKT IT0 OIEHKE CEMCMHUYECKONW M BYJIKAHMYECKOW OMACHOCTH
miomanku Apmsackoit Atomuo# ctarmuu B 2009-20111T., Korma o0cyxaancs
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BOIPOC O CTPOUTENLCTBE HOBOro Oyioka ADC B Apmenun. PaGora ObLia BhI-
TIOJITHEHA B COOTBETCTBHH cO cTaHmapramu MAI'ATD u B panbHeimeM Oblia
MIPUHATA MEXIyHAPOIHBIMU SKCIIEPTaMu ¢ BbICOKOH onenkoil. A.C. Kapaxanan
PYKOBOIMJ HAy4YHO-NIPHKJIAAHBIM I'€0J0r0-rTe0(pU3NIECKUM IPOEKTOM IO HC-
CJIEZIOBaHMIO MOTEHLIMANIAa reoTepManbHOi sHepruu B Apmenun (2009-2012), a
B JajbHEHIIeM ObT KOHCYJIbTaHTOM IpoekTa Bcemupnoro banka mo B0300-
HOBJsieMBIM pecypcam (2015-2016) mo Bompocam MOATOTOBKH M TPOBEIACHUS
OypoBBIX pabOT IS pa3BeaKH pecypcoB Kapkapckoro reoTepMaibHOTO MO Ha
fore-BocToke Apmenuu. lllupora HaydHBIX HHTEPECOB M 3PyAWPOBAHHOCTH
A.C. KapaxaHsgHa HallUId CBO€ BBIPa)KEHHE B MCCJIEIOBAHUSIX, KOTOPHIE OH Op-
TaHW30BaJ Ha CTHIKE Pa3lMYHBIX HAYYHBIX JUCLUIUIMH — T€O0JIOTHH, apX€oJIo-
THH, 3KOJIOTHMH U HUCTOpUM. B pesynbTrare coTpyIHMYECTBA C apMSIHCKHMHU U
WHOCTPaHHBIMHM apX€oJIOTaMU Te0oJIOTH ApPMEHHMH BHECIM OOJIBIION BKJIaa HE
TOJIBKO B M3y4Y€HHE, HO U B OTKPBITHE BAKHBIX apXEOJOTHYECKUX MaMATHHKOB
Halei CTpaHsbl.

K coxamenuto, xu3up A.C. KapaxaHsaa BHe3amHo obopBaiach 13 HOSIOps
2017r. Ha 67 romy *W3HU, B paclBeTe TBOPUYECKUX CHJI, OCTABUB HEOKOHYEH-
HBIMH PSiJ1 IPOEKTOB, MyOINKALMHA U HAYYHBIX TUIAHOB.

Ilocne ero mpexaeBpeMEHHON KOHYMHBI, Kojuieramu Apkamus CremaHo-
BHYa MHOTO€ OBIJIO CAETaHO AJs YBEKOBEUHMBAaHHA ero mamatu. B r. Jlwon
(Opanmmsa) 6-7 HOA6ps 2018r. Obuta mpoBeneHa MEXAyHApOIHAs HaydHas
KOH(EepeHIIns, TMOCBAIIEHHas ero maMati: “Ancient Armenia at the crossroads,
in honor of Arkady Karakhanyan”. Kongepenuus Obuia opraHn3oBaHa COB-
mectHbiMu yewusimu MTTH HAH PA u CNRS Archéorient, ®panums, u
0000mTMIa JIECATHIICTHIOW JIEATSIIBHOCTh apMSHO-(PPAaHI[y3CKOW acCOIUUPO-
BanHOU mnabopatopuu (LIA), neiictBoBaBmeii Ha Oa3ze MHcTHTyTa TEOJIOTH-
yecknx HayK W MHcTuTyTa apxeonoruu u 3tHOrpadmun HAH PA. N36panube
CTaThbM, OCHOBAaHHbIE Ha MaTepHanax KOH(EpeHLUH, NPUHATHI K IE€4aTH B
2021r. B hopMme crenuanbHOTO BBIITyCKa aBTOPUTETHOTO >KypHana Quaternary
International.

B 2018r. ycunusamu Ipesuagnyma HAH PA, UTH u MUC PA 6bu1a opra-
HU30BaHa MEXIyHapoaHas KoH(pepeHnus, mocBsmieHHas 30-metmro CruTak-
ckoro 3emierpsicenust “30 Years After The Spitak Earthquake: Experience And
Perspectives”, uues npoBeaenust kotopoi npunamiexana A.C. Kapaxausay. B
pamkax 3Toi koHpepenunu namsatu A.C. KapaxansHa Obuia mocBsiieHa Hayy-
Hast ceccust «Seismological and geophyisical studies: seismotectonics, paleo-
seismology, archeoseismology», a pamkax koTopoit OlT ipecTaBicH 21 Hay4-
HBIA JIOKJIAJ] YYCHBIX W3 pasHBIX CTpaH. Bo BCTymHTENBHOM CIIOBE K CECCHU
yuyeHble U3 Apmenuu, Poccun, @panunn n MTtanuum npeacTaBWId Hay4dHbII
Biuiag A.C. KapaxaHsHa B Ipo0JIeMaTHKy CECCHH.

B u3BecTHOM HaywyHO-nomyssspHoM xypHaine Geology Today, myOnukye-
moM I'eostornueckoii acconmanuer Jlongona u I'eonornueckon Accoruanueit
Bputanuu, B8 N 3 3a 2020r. apMAHCKMMH W OpUTAaHCKHMMM KOJUIETaMH OIyO-
JMKOBaHa O030pHAs CTAaThsl IO BYJIKAaHU3MY U T€OJOIMH ApPMEHHH, IIOCBS-
menHas namsata A.C. Kapaxansaa.
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MHorue HeokoH4YeHHble HayuHble ucciepoBaHuss A.C. KapaxansHa B
HACTOsAIIee BpeMs MPOAOJIKAIOTCS €ro apMIHCKMMH U 3apyOeXHBIMH KOJJie-
ramu u ydenukamu. [locine 2017r. B mocmeptHOM coaBTopcTBe A.C. Kapa-
XaHsHa mnpencTtasieHo 10 OOKIanoB Ha MEXAYHAPOIAHBIX KOH(EpeHIMsX, a
TaKoKe OIMyOJIMKOBaHBI TPH CTaThH B KypHanax Geological Quarterly, JGR Solid
Earth u Quaternary Science ReViews, MOCBSIIEHHbIE AKTHBHOW TEKTOHHKE
ApMeHHH, Te0JOrHIeckoMy cTpoeHHIo 03. CeBaH, celicMUUecKol ToMorpaguu
U ee reoJOrHYecKOi HHTEPIIPETANU U JPYTUM CMEKHBIM JUCIUIIIIHAM.

A.C. KapaxansH sBisiics wieHoM INHIGEO — Mexaynapoanoit Komuc-
cuu 1o Mcrtopuu I'eonornyeckoid Hayku 1 uieHOM-KOPPECTIOHACHTOM ApPMSH-
ckoii mxenepHoit Akagemuu. [IpaBurenscTBOM ApMEHHH OH ObUT HarpakaeH
Mezanblo «3a 3aciyru nepea OTeuecTBOM» 2 CTENECHHU, TaMATHBIMHA IPaMOTaMH
Y MEJaNbIo 3a yuacTue B uzydeHnn Crnutakckoro semuerpsicenus 1988r.

OTtnenenue xumuu 1 Hayk o 3emiie HAH PA

Huctutyt I'eostornueckux Hayk HA PA
Penaxuuonnas konaerus Uspectuit HAH PA Hayku o 3emie
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zbtULdUL SULBEeJER

Uruunh USceULh WUrUMUL3UL
(St 70-wdjulhtr)

2021p. dwpwp 19-ht jpuguy wlwbwynpp Eplpupwb, wlinhy
nbkljunuhluyh b dudwbwluljhg tppunhttwdhluyh gwtwsdus duu-
twgbwn, tpjpuputulut ghnnmipniuttph nnljunnp Upljunh Unkthwih
Qupwpwlyuth 70-wudjulp:

U. U Yuwpwhwiyubp sk E Bphwinwd, 1951p.: BN2 Gpljpwpw-
twlut dwlnynbnnid ntunidt wjwpunbinig htwnn, 1973p. pugniudby |
woliwwnwiph  Bpjpwpwbwut  ghwnnipjniiubph htunhwnnunnid:
1983p. Unuljdujh whwnwlwt hwdwjuuputnid hwonnnipjudp wquown-
wuik] b phijtwsnulul wnkiwunumpmi’ «Ghuinnjhwlwb-Ynyg-
Juuywt b bputh nmwupwswopowiitinh jhutbwdtunubpp pun hinpwjw-
pujupuwjhtt qpunuynpldwt wdjujubph» pbdwny, hull 1995p. QU
Epyph Shahuyh htunhnninmd gnlnnpulul wnbiwnuntpintip
«Utwwnnjhulju-Onpp Unjuuyyutt opngkuth wlwnhy puquéputpp b
nidtn Epypuwowpdbppr phduyny: 1992-1995pp. wolwwnk] k Zujwuu-
wnwth Ukudhl] yuwonyuwinipjut wqquphtt swnwynipjniunid npyku
thnpdwghbwn b qjjuwynp nbopkuh mEnulwy ghnnipjut gdny: 1995p.-hg
nkjwduply £ G tpjpunhtwdhluygh b Epjpuputwfut Juubqubph
pwdhip: 1998p. U.Gwpwhiwiyuip hhdtwnplg «3bEnnhulp» ghnnuhbwnw-
qnuuuljwtt pultpnipiniup, npp nEjujupkg 1998-2006pp.: 2006p. tw
puunpytkg Bphpwpubtwlut ghwnnipnitutph httunhwnninh nbopku b
ntjwdupkg wyt dhish 2017p.: Zktug wyn wwphubpht wowlbk] Jun
wpunwhwjnybghtt tpw ghnwljut b juquulbpyswljut hdnnpmnio-
ubpp:

‘Lw wnwghtukphg vkl kp, np 1988p. Uyhwnwlh wntwnwh Epljpu-
owindhg hknn hpwljwiuwgptg dwljiplinipuyhtt yuwnnjusph ntuntdtw-
uhpnipinitt Guntnt juquédph hjnuhuwhtt ubkqubtinnh b Qudpwly-
Ulwt-Uniuhph juquéph dhwljgdwt gnuuynid, htgp skp hwdpuljunid
wju dudwbtwljyu tpypwpwtibph b ubjudningubph Unn hwdpunhw-
unip dwbwymd quus wyt yupshph htkwn, np Zwpwjuyhtt YUndljuuntd
wihtwp £ wynyhuh nidqunipyumt Epjpuowpdtnh wnwewgnidp: Ujy
dudwtwlhg U.U.Yupwhwuyutp jupnnuguy wlnhy nkjunthlugh
b ubjudhly nhulh b wy Eppupwiwlut Juubqutph quwhwwndwb
ptwquyunh hhinwgnuinnmipnitubpp Zwjwunwinud nuk) tnp, wbkh
pupdp dwljwpnulh gpuw:

U.UYupwpwmiymup hwdwypwphuwyhtt Swbwsnid nittignn ghwn-
bwlwb Ep: Lpw ghnwjut hinhtwlnipnitt wjipwb pupdp kp, np
upwt puquuphy wibqudubp hpudphpl] o hbnwgnuuljut wohw-
wnwbptbph Pput, Ypwunwb, @nipphw, Yhypnu, Uhphw, Gghuywnnu,
Twquunuil, tniuwunwi: bp ghnwljut gnpéniubnipyut tmwphtt-
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nht WU Bupuwhwbyutp nhjudupl) £ dh puth nwuyul mknuljub b
dhowqquyhtt ghtnujuat n1 jhpunwljwub btwpowgstp:

Lhubny ulgpniipught, woppowwnwubp b pugwunhll wwhwbglnun
htswytu hp, wyuwtu b gnpépuykputph hwinky, tw hwwnnil npwnpnt-
pntt Ep gupdunud Puunmhuninmd tnp nignmipnittbph  qupqug-
dwip: U.U.Yupwhwiyuith wijut htn £ juydws Zujwunwind
wljnhy wkljunthjuh, wuwikn- b wppbnubjudninghwh ghnwlut
nupngubph unbknénidt nt qupqugnudp: Lhukny unbndwqnps, Junnt-
gnnujutt b hwonnul] wthwwnwlwinipnil, tw Jhwdwdwiuwly Uks
nywnpnipnil kp hwnuginmd Ephnwuwnpn jugpiph qunpuun-
dwlp: ‘Lpw wpwlbpnubkph dh pwth ubpniinubp owpnibwlnd Eu
wojuwwnk] b wpwpl] Bpjpupwbwljut ghnnipnitubph htunhwnne-
unnud, npntn WU BYwpuwwiyuih owwn ghnwljuquuljtpuysuljut dbn-
bwplnudubp unwgl) Gu hpkig hbnnwqu qupqugnidp: Ujuybu, dh-
owqqujhtt hwdwgnpswlgnipjut opowttwljutipnid hwgnnnipjudp pun-
Jwjuynid b dnpnthqugynid £ 2012p. bpw nEjudupnipjudp GEb-nid
unbnddws ubjudhl b GPS phunwpynudutpnh guugp, swupnitwljynid
wlnhy hqlwdpltph b dwdwbwljulhg tpYpughtwdhlugh, kpypu-
putwjut Jrnwbqubph ntumdbwuhpnipynitubpn:

Upjunh Ywpwhwiywip ks ubkpypnud nibh Zuywunwinod
Epypupwbwut ghunipjutt qupqugdut b pupdp npuljuynpdudp
ghnujut junpbiph wunpuwundwt gnpénid:

U.U.Yupwhwbywup hinhtwy E dh puth dkbwgpmipinitubph,
nwulyul] ghnnwljwb hnnwsubph, npnup hpwwnwpwldtkp Eu htyybu
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Ukpnud, dwubynpuybu’ Tectonophysics, Journal of Volcanology and
Geothermal Research, Bulletin of the Geological Society of America - Special
Papers, Annals of Geophysics, Geodinamica Acta, Journal of Quaternary
Science, Paleorient, Journal of Geological Science of Japan, Journal of
Seismology: Zuwnntl] wpdt ok upw Yipohtt tplnt hnndusubpp, npntp
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U.U.Quwpwjiutyuip hwonnnmipjudp nEjujupnid kp puqdw-
Phy ghnwjui b ghnwjhpunwljut twhiwgstp, npnup Zujuwunwih
Juynit qupqugdut hwdwp niukgh] i qquijh wpwlnhl wpnniupubp
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pintup: Ynudbpwbuh wniptphg puunpywsd dh pwuh hnnusubp pb-
nniiyk) Eb mywgpnipjut 2021p.-htt Quaternary International hbknhtiw-
Juwynp hwtinkuh hwwnntly pnqupdw duny:

2018p. 22 Q@UU Lwhwquhnipjui, 3P 1 UPL nidtpny lwg-
Uwltputg dhgwqquyhlt ghinwdnnny  tjpqws Ughwnwlh Ephpw-
ownpdh 30-wdjuljhi® 30 Years After The Spitak Earthquake: Experience
And Perspectives”, nph juquuljipyuwt dhnpp U.U.Yupwpuwuiyuhub
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