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EXPLORING EARTHQUAKE TRIGGERING MECHANISMS:
INSIGHTS FROM THE 2023 KAHRAMANMARAS
EARTHQUAKE

Kazarian Aik

Institute of Geological Sciences, National Academy of Sciences of Armenia
375019, 24a, ave. M. Baghramyan, Yerevan, Armenia
e-mail: aik.kazarian@edu.isec.am
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Abstract

This article investigates earthquake triggering mechanisms, drawing on
established seismological theories and using the 2023 Kahramanmarag earthquake
as a case study. The discussion looks at fault stress accumulation, self-organized
criticality (SOC) theory, and tidal forces as potential triggers. Finally, it raises
questions about the role of lunar and solar interactions in seismic activity,
indicating potential areas for future research.

Key words: earthquake triggering, stress accumulation, SOC theory,
earthquake generation, fault system failure.

Introduction to Earthquake Triggering Concepts

Understanding how earthquakes are triggered is important in seismology
because it involves determining which factors can cause a fault to rupture. A
"trigger" in this context is usually an external or internal stimulus that causes an
earthquake when fault stress reaches a near-critical level. Although tectonic
shifts are the primary cause of stress accumulation (Freed, 2005), other factors
such as hydrological changes (Jia et al., 2023), aftershock and foreshock
sequences (Guglielmi & Zotov, 2024), and tidal forces (Li & Chen, 2024a) have
been investigated for possible triggering effects.

These factors are part of the ongoing debate in seismology about which
conditions may prime faults for failure. This article discusses current ideas on
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stress accumulation and SOC theory, followed by an analysis of tidal forces
using the 2023 Kahramanmaras earthquake as a case study. The goal is to
determine which influences have a greater impact on fault systems, with the
hope of encouraging further research into this topic.

Theories of Stress Accumulation and Self-Organized Criticality (SOC)

The gradual movement of tectonic plates is thought to cause stress
accumulation, straining faults until they reach a critical point, at which point a
rupture releases stored energy in the form of an earthquake. Ruptures happen
when stress surpasses the frictional resistance along a fault plane, and this strain
builds up over years, decades, or even centuries (What Is an Earthquake and
What Causes Them to Happen? | U.S. Geological Survey, n.d.).

According to the theory of SOC, fault systems eventually reach a "critical
state” where even slight variations in stress, like those caused by local
seismicity or tides, have the capacity to set off more significant events (Caruso
et al., 2007). According to SOC, fault systems balance close to a critical point,
where the magnitude of stress perturbations and dissipations makes both large
and small earthquakes equally likely (Marsan, 2005). Seismic events exhibit
complex behavior rather than always following a predictable pattern, which is
explained by the SOC model. It makes the assumption that the phenomenon
evolved after it started. Similar to an avalanche, which can begin with a single
clap and is independent of the clap's intensity. It depends on factors such as
snow accumulation, slope angle, and weather conditions. The magnitude of the
avalanche will increase once it begins, a phenomenon known as self-
organization.

The unpredictability of SOC systems arises from the numerous variables
that influence how stress propagates and dissipates within a fault system.
Factors such as heterogeneities in rock composition, fault geometry, and pre-
existing microfractures contribute to the chaotic redistribution of stress.
Additionally, SOC systems are characterized by critical sensitivity to initial
conditions: small, imperceptible changes can cascade into large-scale events,
making precise forecasting nearly impossible. The stochastic nature of these
interactions ensures that while the overall statistical behavior of seismicity may
follow power-law distributions, individual earthquake occurrences remain
fundamentally uncertain. This unpredictability underscores the inherent
challenge of accurately forecasting seismic events within the SOC framework.
The magnitude of an event is dependent on numerous unknowns and thus is
considered unpredictable (Bak & Chen, 1991).



Here, we consider the concept of triggering as the proverbial clapping and
its role in determining the characteristics of seismic events. Let's examine it on
the instance of the 2023 Kahramanmaras dual earthquake.

Case Study: The 2023 Kahramanmaras Earthquake
and Tidal Triggering

In February 2023, the Kahramanmaras region in Turkey experienced a
significant seismic event in the form of a doublet earthquake—two major
earthquakes occurring in close temporal and spatial proximity.

The unusual proximity of the two separate shocks on two separate adjacent
faults raises the question of whether they are separate events or simply a main
shock-aftershock sequence of abnormal magnitude. Fig.1 shows the positioning
of the sequence with aftershock activity along the faults. Other good examples
of doublet earthquakes are the Ridgecrest event in Nevada (fig.2 and 3), and the
Landers event in 1992 (fig.4).

FAULTANATOLIA —

Earthquake and Aftershocks
2023 Kahramanmaras
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OpenStreetMap

Fig.1. The spatial distribution of main shocks and aftershocks of the Kahramanmaras earthquake
doublet. Using USGS catalog, compiled with QGIS (revision, 2024).
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Fig.2. A map of the Ridgecrest doublet with their associated aftershocks. Colors indicate aftershocks
thought to be connected with the mainshock of the same color. Each main shock has a similar
moment tensor, but different focal mechanism. (Barnhart et al., 2019).
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Graphic Time Series of the 2019 Ridgecrest
Earthquakes as a Function of Time

Magnitude

Fig.3. Time series of the Ridgecrest doublet of 2019. Red circles indicate strong shocks Mw=4+ and

blue

circles indicate weak earthquakes and weak aftershocks Mw=4 (Graph of 2019 Ridgecrest

Earthquakes as a Function of Time | U.S. Geological Survey, n.d.). This graph shows anomalous
earthquakes that appear to fall outside of the expected curve described by Omori’s Law. Prompting
the question of whether or not these can and should be considered triggered earthquakes or
aftershock activity.
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Fig.4. Landers M = 7.3 — Big Bear M-6.3 doubled event in California 1992 (Hauksson et al., 1993)

These sequences prompt the question of whether the second earthquake
qualifies as an aftershock or if it should be considered a separate main event.
While aftershocks are typically triggered by the stress redistribution from an
initial main shock, doublets often blur these distinctions, challenging traditional
classifications.

According to Omori's law, which describes the temporal decay of
aftershock frequency following a main shock, aftershocks are expected to
follow a predictable decline over time (Zalohar, 2018). However, in the
Kahramanmaras case and the Ridgecrest case, the large magnitude of the second
event suggests it may not fit the usual aftershock decay pattern, indicating it
could be another primary rupture triggered by or independent of the first. This
situation underscores that while aftershocks are generally seen as triggered
events, classified by the main shock as the initiating factor, doublets require a
nuanced analysis to determine their specific triggering mechanisms.

The timing of the Kahramanmaras doublet, coinciding with new and full
moon phases, has spurred questions about tidal triggering (Ostrihansky &
Ostrihansky, 2023). Tidal forces result from the gravitational pull of the moon
and sun, exerting subtle but potentially impactful stress variations in the Earth’s
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crust. These forces are strongest during new and full moons, as the sun and
moon align, creating a combined gravitational effect. For faults on the verge of
rupture, this alignment may add a minor but critical stress that tips the balance
toward failure (Li & Chen, 2024b).

Some researchers argue that these tidal stresses can influence seismic
activity, particularly if a fault is already critically stressed and nearing rupture.
In such cases, tidal forces might act as the final trigger. However, the strength
of this influence remains under debate, as discussed below.

The Debate

The idea that tidal forces could trigger significant earthquakes is
controversial but not new. One viewpoint holds that while tidal forces might
initiate earthquakes on critically stressed faults, they lack the strength to
independently induce seismic events (Varga & Grafarend, 2018). Proponents of
this view argue that tidal forces alone are insufficient and require a fault to be
near its failure threshold to play any role in triggering. Others find correlations
between the type of fault and earthquake and tidal cycles to find potentials for
causal relations (Heaton, 1975).

Alternatively, some researchers propose that tidal forces might exert a
more substantial influence, particularly when combined with other stresses,
such as tectonic loading or hydrological factors (Kazarian & Mkrtchyan , 2017).
They suggest that high tidal forces during lunar phases could contribute
meaningfully to earthquake initiation, especially if they coincide with other
favorable conditions such as fault orientation, slip, and dip (Kazarian &
Mkrtchyan, 2017). On the other hand, some seismologists remain skeptical,
arguing that the correlation between tidal cycles and seismic events lacks
statistical robustness and may be coincidental rather than causal (Global
Earthquake Forecasting System.Pdf, n.d.).

The Kahramanmaras doublet, with its confirmed occurrence during lunar
alignments, presents a compelling case for exploring tidal influences on
seismicity. Although a direct causal link remains unproven, the observed timing
invites further investigation into how celestial forces interact with tectonic
stress in triggering major earthquakes. This case study underscores the need for
additional research to clarify the role of tidal forces and their potential interplay
with other geophysical factors.

Many more questions remain unanswered or ambiguous in order to decide
if an earthquake is triggered by another earthquake or not:

= Time passed between the events

= Distance between main event

= Differences in magnitude

= OQrientation of activated faults relative to the Earth’s surface

= Orientation of activated faults relative to the Moon’s and Sun’s ecliptic

planes
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= Differences in focal mechanisms of main and subsequent events

= Different orientational distribution of primary and secondary

aftershocks

All of these questions and answers would influence the classification of
each doubled event as an aftershock, triggered event, or stand-alone earthquake.
The main conceptual difference between them is their level of connection to the
main shock. Previously, we observed a close relationship between main and
subsequent stand-alone events in the case of intraplate Ridgecrest and Landers
earthquakes in Nevada and California. The Kahramanmaras doubled event
shows that this phenomenon is probably more common than previously thought.

From a different angle, the fact that this double event coincided with the
full moon raises questions about whether the triggering effect was caused by a
combination of various forces or by stress distribution following the initial
event. Close examination of other strong earthquakes in the region should bring
more answers on this matter.

Our comparable analysis shows that these 3 doubled events predominantly
exhibited strike-slip faulting, where tectonic plates or crustal blocks slide past
one another horizontally.

Many other instances of doublets also exist. Here is a non-comprehensive
list of events that should be accounted for moving forward:

= Sumatra Earthquakes (2004 and 2005)

= New Zealand, Christchurch Earthquakes (2010 and 2011)

= El Salvador Earthquakes (2001)

= California Loma Prieta and Subsequent Events ( 1989)

= Papua New Guinea Earthquake Doublet (1971, 1975)

= 2010 Maule and 2014 Iquique Earthquakes (Chile)

= 2006 and 2009 Sunda Megathrust Earthquakes (Sumatra, Indonesia)

= 2009 Samoa-Tonga Earthquake Doublet (Pacific Ocean)

= 2012 Indian Ocean Earthquake Doublet.

Discussion and Conclusion

The complex interactions between variables affecting earthquake dynamics
are highlighted by the 2023 Kahramanmarag doublet. This study emphasizes the
possible contributions of external triggers like tidal forces, even though tectonic
stress continues to be the primary force causing seismic events. The temporal
alignment of the doublet with lunar phases is intriguing, implying that tidal
stresses may act as a catalyst when faults are already close to failure. However,
the evidence remains inconclusive, requiring further investigation.

This case calls into question traditional seismic event classifications, such
as aftershocks versus independent earthquakes, and suggests a more nuanced
understanding of doublet earthquakes. Future research on the interactions
between fault mechanics, tectonic loading, and external forces may help us
better understand seismic triggers. Key questions—ranging from fault
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orientation relative to celestial planes to differences in focal mechanisms—
demand rigorous exploration.

In the end, the Kahramanmaras sequence emphasizes how complex
earthquake triggering is. A deeper understanding of how celestial forces and
geophysical conditions combine to influence seismicity could enhance our
predictive capabilities, shedding light on whether such phenomena are
coincidence or causality. Reducing the risk of earthquakes may be greatly aided
by incorporating these insights into seismic forecasting models.
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hwthquutpp hhut]kny hwunwndws ubjudninghwljui wkuntpnii-
Ubkph Ypw npwbu nhwph numdbwuhpmpnih Yhpunkng 2023 pw-
Juth Luhpudwiudwpuwoh tplpwowpdp: Luttwplynid £ hnnh jupdwu-
Snipjutt Yninwlnudp, huptwjuquuljbpyduws Yphnhjulwiunipjub
wnbunipjniup (Self Organised Critically) b dwljpipuguyhtt nidtpp npytu
httwpwynp wnwowgunn gnpéntubp: YdEpowwybu, pwpdpugynid bLu
hwipgtp |nrubwghtt b wpkquljtwghtt hnpupwqpbgnipniuubph nbph dw-
uht ubjudhll wjnhynipjub dke, tokiny wywqu hnnwgnunnipniuutph
httwpwynp ninnnipniutbpn:
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W3YYEHUE MEXAHU3MOB BO3HUKHOBEHUWS1
SEMJUIETPACEHUU: BBIBOAbI U3 3BEMJIETPACEHUSA B
KAXPAMAHMAPAILIE 2023 'OJA

Kazapsan Aiik

Pesrome

B paHHOI cTaThe MCCIENYHOTCS MEXAHM3MBI TPUITEPOB 3EMIIETPSCEHUM,
OIMpPAasACh Ha MPU3HAHHBIE CEHCMOJIOIMYECKHE TEOPUH, C UCIIOIB30BAHMEM 3eMIIe-
Tpsicenusi B Kaxpamanmaparie 2023 roma B kxauectBe mpumepa. O6cyxmatorcs
HAKOIIJICHWE HampsDKeHWs B pasioMax, TEOpUS CaMOOPTaHW30BaHHOM Kpu-
traHoctH (Self Organised Critically) u npunuBHBIE CHITBI KAK BO3MOYKHBIC TPHT -
repsl. B 3akimiouenne mogHuMaroTCs BOIIPOCHI O POJIM JIYHHBIX M COTHEYHBIX B3a-
UMOJIEICTBUH B CEMCMUYECKOW AaKTUBHOCTH, YKa3blBasg Ha MOTEHUHUAIbHbIC
HarpaBJICHU sl OYAYIMX UCCIEOBAHUH.
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Abstract

This article examines certain limitations of applying the Self-Organized
Criticality (SOC) model to earthquakes. An analysis of earthquake distribution
throughout the day reveals that in some areas, earthquake frequency strictly depends
on the time of day, with more occurrences connected to the midday and midnight.
This frequency also aligns with the lunar day cycle of 27.35 days. Proposed a new
type of histogram illustrating the daily dependency of earthquake occurrences. It can
be used for a better understanding of the seismic regime in the given territory within
short time periods. It is concluded that earthquake-generating forces exhibit periodic
patterns with periods of 12 and 24 hours, as well as 14 and 28 days. Since the
combined tidal periodicity for spring tide is 12:25 or 24:50 per day presented in
report observation is limiting the possibility to apply the trigger model of moon and
sun combined forces influence to the earthquake generation process.

Key words (earthquake distribution, SOC model, daily distribution,
earthquake model).

Introduction

The problem of earthquake forecasting is closely tied to their true nature.
The scientific community is divided into two opposing groups: one believes

15


mailto:geosurpher@gmail.com
http://doi.org/10.54503/0515-961X-2024.77.3-15

earthquakes are predictable (Danijel Schorlemmer et al., 2018; Keilis-Borok
1988; Adams R.D. 1976.), while the other believes they are virtually impossible
to predict (Yan Y. Kagan 1997; Mulargia F. et al. 1996). This latter view is
more common, supported by the very limited success in predicting earthquakes.
Although no widely accepted forecasting method exists, this does not imply that
the task is inherently unsolvable. True scientific arguments for the inherent
unpredictability of earthquakes need to be presented to justify such a strong
claim. A detailed understanding of the mechanism of the earthquake preparation
process is the key.

Some researchers have classified earthquakes as SOC phenomena, which
are unpredictable by nature (Geller et al., 1997). This idea assumes that
earthquake magnitude "develops™ during the event, similar to avalanches. The
magnitude of an avalanche does not depend on the specific trigger but rather on
the amount of accumulated snow, its condition, and other environmental factors
(Geller et al., 1997). This conclusion is primarily supported by laboratory
experiments using an "earthquake apparatus” (e.g., Stein, 1999) that aims to
replicate natural earthquake conditions.

Stein’s laboratory experiments show that brick on sandpaper, as it is
positioned on Figure 1, will cover different distances S over the same amount of
applied forces F. There is no correlation between the amount of applied force
and the distance covered by brick.

In terms of earthquake magnitude, this means that it does not depend on the
last amount of trigger forces. However, applying this conclusion to actual
earthquakes remains questionable and requires further verification, as the
experimental basis alone does not fully justify the widespread notion of
earthquake unpredictability in the scientific community.

To test whether earthquakes genuinely represent SOC phenomena, we must
first assess the adequacy of the laboratory model in relation to observed natural
phenomena. The main assumption in the SOC model is that the force leading to
earthquakes steadily increases, reaching a critical threshold at the earthquake's
onset (Bak P., 1996.). This assumption stems from the fact that, in experiments
with a brick on sandpaper, a constantly increasing force is applied until the
block begins to move, with the displacement being unpredictable in relation to
the force applied.

1 LI H T {
\Dynamometr

lllilll;lllilll;ll!;lll;nl” S

Hand crunkK

Distance scale Cg

Fig.1. Earthquake simulation apparatus principal schematic view.
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The variability in both the threshold force required to initiate movement
and the resulting displacement led some researchers to conclude that the process
is Self Organased Critically (Staine 1999). They hypothesized that the block's
movement derives energy from sources beyond the last applied portion of
pulling force, making it inherently unpredictable. This has drawn parallels to
avalanches, where a small trigger (e.g., a single snowball) can result in a large,
self-sustaining chain reaction, suggesting self-organization. However,
predicting the scale of such events remains difficult due to unknown factors in
the initial conditions.

In the context of earthquakes, proponents of this model argue that large
earthquakes are essentially a “non-stop” small one. Since the individual small
earthquakes are unpredictable, because there are too many of them, the larger
events should also be unpredictable. However, the oversimplification of the
phenomenon may be an obstacle to applying it to earthquakes.

One of the main differences seems to be the high friction in the real model.
For instance, by putting the initial brick within a box of sand and covering it
entirely to increase the friction within the system, we will obtain a completely
different result. In the presented laboratory experiments, the friction in the
system decreases after the brick starts moving. In contrast, during a real
earthquake, because it occurs within the lithosphere, the resistance to movement
after it begins is expected to increase sharply.

Data and Results

Currently, the extension of the oceanic floor due to mantle convection
is regarded as the primary mechanism driving tectonic plate movement.
This continuous plate motion generates forces that cause earthquakes, both
at tectonic plate boundaries and within plates (intraplate). Since the
spreading rate of the oceanic crust and the velocity of tectonic plate
movement remain constant, it is assumed that the overall rate of stress
accumulation leading to earthquakes steadily increases (Forsyth, D., &
Uyeda, S., 1975).

However, this last assumption that during the earthquake preparation
process, the actually applied forces are constant in magnitude and direction
requires further investigation. To test this, we analyzed earthquake
distribution over time. Our study focused on the Transcaucasia region,
using data from the NSSP Armenia seismic catalog. For the territory of
Armenia, earthquakes within a one-hour time zone interval, from 1962 up
to 2007 (17833 events), regardless of magnitude, were chosen for this
analysis. The time of each earthquake was converted to local time.
Daytime was divided into minutes (24 x 60 = 1440 min), and the overall
number of events per each minute interval of the day for the entire
instrumental period of earthquake monitoring was counted (Fig. 2).

If the forces responsible for earthquake preparation were constant, we
would expect a uniform distribution of earthquake occurrences throughout
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the day. However, our results indicated the contrary, implying variability
in the forces involved.

The peak number of earthquakes occurred around midday (720
minutes), and the distribution showed a periodic nature over a 24-hour
cycle, as it can be seen on fig.2. This pattern was also tested for the lunar
cycle 27.35 days, as it can be seen in fig.3.

If seismic activity was independent of the lunar day, seismic events
would distribute evenly across the entire interval. Our analysis revealed
periodicities of approximately 14 and 28 days, suggesting that earthquake
activity in the region is influenced by both solar and lunar cycles.
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Fig.2. Earthquake distribution by the time of day in minutes for entire instrumental
period 1961 2007 year for the territory of Armenia (Kazarian, Mkrtchyan 2017).
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Fig.3. Earthquake distribution by the lunar day (27.35 days, 39384 minutes).
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These findings suggest that, in reality, the forces responsible for earthquake
preparation are periodic in nature, with intervals of 12 hours, 24 hours, 14 days,
and 27.35 days. Understanding the exact implications of this periodicity
requires further research. For now, we argue that the constant-force assumption
in laboratory experiments has limited applicability to natural earthquake
preparation processes. It's more reasonable to assume that they have periodic
character according to the revealed periodicity of seismic activity. The
correlation of the number of earthquakes with solar and lunar periodicity needs
further investigation.

To test whether this periodicity is region-specific, we replicated the study
using data from the seismic catalog on territory of Turkey. Although the
seismic catalog of of Turkey (Kandilli Observatory and Earthquake Research
Institute (KOERI) catalog2005-2016, 200204 events) is recorded spanning over
two time zones we do obtaine similar result. (fig.4).
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Fig.4. Earthquake distribution by the time of day in minutes for the entire instrumental
period 1961-2007 year for the territory of Turkey (Kazarian, Mkrtchyan 2017).

The narrow maximums on this histogram correspond to the industrial
mining activity however, after removing them, the basic line for seismicity
revealed bimodal distribution with major activity by midday and midnight.

Discussion

A detailed study of earthquake frequency per minute could reveal the
influence of fault orientation and structural anisotropy on daily earthquake
distributions, which is the subject of our future research. Earlier, it was
demonstrated (Kazarian, Mkrtchyan 2017) the correlation between the unimodal
and bimodal distribution of earthquakes during the daytime and dominated focal
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mechanisms for the territory of Greece and Italy compared to the territory of
Turkey and Armenia. However, within this report we want to concentrate on the
possibility of the SOC model application for the earthquakes and the assumed
triggering role of the planetary forces on the process.

Obtained results show the correlation of the number of earthquakes with
planetary rotation, primarily with the period of daily rotation and the period of
common rotation of Earth and Moon around the barycenter. It is important to
mention that the revealed periodicities are not tidal periods since those have a
period of 12 hours and 25 minutes or 24 hours and 50 minutes. Consequently,
the combined amplitude of Moon and Sun tidal forces is unlikely to serve as a
trigger for earthquakes.

A more detailed explanation is needed to make our point clearer. On the
one hand, we observe the periodicity of earthquakes with diurnal and
semidiurnal cycles, as well as the bimodal distribution during the lunar cycle
(28 days). The correlation between planetary periodicity and basic seismicity
appears evident. However, we argue that the combined amplitude of the Sun
and Moon's tidal forces cannot be solely responsible for triggering earthquakes.

The presence of planetary periodicity (12 and 24 hours) does not imply a
direct connection to combined tidal forces, as the latter have a periodicity of 12
hours and 25 minutes. If seismic activity were tied to (maximum) spring tides, it
would shift by 50 minutes each day. For example, if it coincided with noon on a
given day, it should shift to 12:50 the following day, 13:40 the day after, then
14:30, and so forth.

The instance of principal tidal constituents with corresponding average
amplitude and periodicity are shown in Table 1. Tidal forces consist of several
components most influenced presented (Coastal Dynamics. Judith Bosboom,
Marcel J.F. Stive). The main lunar tide has a period of 12.42 h and the main
solar tide a period of 12 h respectively (M2 and $2). The basic seismicity reveal
connection to only principal solar S2 period. Although the lunar M2 constituent
has more than 2 times influence in tidal daily amplitude. The seismicity relation
to Lunar period reveals only on 28-day histogram, which corresponds to Mm
327.9 h and Mf 661.3 h constituency.

We also can see that Lunar-Solar declination K1 with period 23.93 h also
can be blamed for initial activation of seismicity. However, as it clearly seen from
the table the most influential principal lunar M2 constituent with period 12.42 h
does not reflect by basic seismic activity. This brings us to the conclusion that
amplitude of tidal forces unlikely can be blamed for increase of seismic activity.

Table 1: Principal tidal constituents with equilibrium amplitudes (Coastal
Dynamics. Judith Bosboom, Marcel J.F. Stive).

Tidal constituents ‘ Name Amplitude [m] Period [h]
Semidiurnal
Principal lunar ‘ M2 0.24 12.42
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Principal solar S2 0.11 12
Lunar elliptical N2 0.046 12.66
Lunar-solar declinational K2 0.031 11.97
Diurnal

Lunar-solar declinational K1 0.14 23.93
Principal lunar 01 0.1 25.82
Principal solar P1 0.047 24.07
Lunar elliptical Q1 0.019 26.87
Long Period

Fortnightly Mf 0.042 327.9
Monthly Mm 0.022 661.3
Semiannual Ssa 0.019 4383

In the context of the Self-Organized Criticality (SOC) model for
earthquake preparation, as demonstrated by Stain’s laboratory
experiments, the constant tension on the cord represents the continuous
build-up of tectonic stress. Our statistical analysis of seismic data from the
region suggests that the applied forces likely have a periodic nature with
planetary cycles, but they do not align with the timing of maximum tidal
forces.

The strongest earthquakes in the region sometimes align with new or
full moon. Figure 4 illustrates the most significant earthquakes in the
region from 1900 to 2023, with some coinciding with new or full moons:
Kahramanmaras doublet (2023, M=7.8)

Manjil-Rudbar (1990, M=7.8)
Tabas (1978, M=7.4)
Amorgo6s (1956, M=7.7)

llgaz (1943, M=7.5)

Erzincan (1939, M=7.8)

oL E

1. Kahramanmarash 2023 M-7.8,
2. Manjil-Rudbar 1990 M =7.8.

= 3. Tabas 1978, M-7.4.

4. Amorgds 1956- M =7.7.

5. Dgaz 1943, M-7.5.

4 6. _Erzinjan 1939 M=7.8

‘Strong earthquake connected to the fool or new moon

. Most strong earthquake (M >6.5) in the region since 1900

30.00

/ Active tectonic faults
0

2% 500 km

Fig.4. The strongest events in the region since 1900 according to the USGS catalog.
Active tectonic faults presented by Trifonov, Karakhanyan (Trifonov, Karakhanyan
1994, 1996).
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It is noteworthy that while the number of strong earthquakes coinciding
with new or full moons is not large, their proportion increases with increase of
the magnitude.

The histograms discussed above show that the increase in earthquake
occurrences during specific periods predominantly consists of weaker events.
These weaker events generally are more frequent, as described by the
Gutenberg-Richter empirical Law (Beno Gutenberg and Charles F. Richter
1940).

Since the attached to the midday and midnight time earthquakes has low
magnitude, we can conclude that the geological media was not in a critical state
when planetary forces was assumed to act as a trigger.

According to SOC theory, the magnitude of an earthquake develops as the
event unfolds after the initial trigger. If strong earthquakes are essentially
“uninterrupted” sequences of weaker ones, then tidal forces are unlikely to be
the triggers for such events. This restricts the potential role of tidal forces
amplitude in earthquake generation. From the other side we observe the
correlation of the weak earthquakes with 14 and 28 days of lunar periodicity.
This, in turn, suggest that seismic activity indeed connected with planetary
rotation.

Conclusion

In summary, the SOC model with triggering mechanism at the end of the
earthquake preparation process's applicability is limited, at least in certain
regions. Daily periodic characteristics of seismicity, which vary by region,
could complement the Gutenberg-Richter law in characterizing seismic activity.
We anticipate that earthquake activity's daily distribution might shift during
earthquake preparation periods, potentially providing new insights into the
earthquake preparation process. It is difficult to imagine that an area with an
active earthquake preparation process frequently reaches a critical stage at
midday/midnight or at the new or full moon. Understanding these periodic
characteristics in different regions may lead to a more complete model of
earthquake behavior. Our study reveal that the basic seismicity has close
relation to planetary rotations, however it also shows that this connection is
unlikely goes through the increase of last portion of tectonic stress implied by
combination of moon and sun tidal forces.

All above mentioned bring us to the conclusion that directional component
of tidal forces playing more significant role in earthquake generation process
then it was assumed previously.
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Erufucurgerp ZuUuslr SOC UNaeLk 2ZU4ELYUOR
UUzUULUOUUNRULEP UTUDL

Nwqupub Updkl, Uhtwuywt Suyubk, Skp-Jwppuiyut Lhyhp,
Ulpungyut Uuwwnnip

Udthnthnid

Uju hnnubénid ntumidbwuhpynid Eu htiptwjuquuljbpydus Yphnhlju-
Ju (Self Organised Criticaly) Ungbkih Yhpwndw npny vwhdwbwthulnidubpp
tpypwpwpdtph plypnid: Opfuw plpwgpnud kpljpupwpdtph pugputwi Yip-
[nudnipniip gnyg b twhu, np Epjpuowpdtph hwdwhjutnipmiup jupuwnn-
phi jupugws E opgu dwdhg wnun]bp hwdwpwuim ppuadp juudws [hibng
Ykuonh b Yhughobph htwn: Uju hwdwhwlwinipmiup hwdptljunud £ twb 27.35
op nbnnnipjudp jniubttught opdu ghljht: Unwewplynid £ unp mbkuwlh hhu-
unngpuddw, npp gnigunpmid E Eplpuowpdiph wnwewgdwt opwlwi Juiju-
Juémipiniup: Uyt Jupnn L oquuugnpédybt] mjju) nwpwspnid jupd dudwbu-
Yuhwwndwsubpnid ukjudhl nkdhuh wykh (uy pdpnudwt hwdwp: Gopuljug-
Ynud Lk, np Gpypuwowpdtp unbnénn nidkpp npubinpnid Bu wuppbpulwinipe-
jul tunpttp Unnwynpuybu 12 b 24 dwd, husybu twb 14 b 28 op wuppk-
pnipmitttpny: Uw vwhdwtwhwlnd t Epjpuowupdbiph winwewmgdw gnps-
pipugnid Lnwuh b Upbh hwdwwnbn wqpbgnipyut dnnkh Yhpundwb htiw-
nunpnipjnibp:

Ob OT'PAHUYEHUSAX TIPUMEHEHUS MOAEJIA SOC UIA
SEMJUIETPACEHUU

Ka3zapsan Apmen, Munacsu I'asine, Tep-Bapaansn JIniur,
MkpTusiH Acatyp

Pesrome

B nannoi#t cratbe paccMaTpuBaIOTCd HEKOTOpPbIE OTpaHUYEHUS MpHUMEHe-
HUS MOJENH CaMOOPTaHU3YIOIIUXCS CHCTEM JOCTUTIINX KPUTHYECKOTO COCTO-
saus  (Self Organised Criticaly) k 3emieTpsiceHHsM. AHaNN3 CYTOYHOTO pac-
TIpesieNIeHus 3eMJIETPSACEHUH MOKa3bIBAeT, YTO YaCTOTa MOABIIEHHS 3eMJeTpsce-
HUW CTPOrO 3aBHCHUT OT BPEMEHHU CYTOK, CBSI3aHHBIMH C TOJIyIHEM W TIOJNY-
HOYBI0. JTa YacTOTa TaKKe€ COOTBETCTBYET IIMKITY JIYHHOTO JAHSI, COCTABIIAIOLIE-
My 27,35 mus. [lpemnokeH HOBBIH THIT THUCTOTPaMMBI, WILTIOCTPUPYIONTHH Cy-
TOYHYIO 3aBHCUMOCTh BO3HUKHOBEHHS 3emierpsiceHuii. OH MoxeT ObITh HC-
MOJIb30BAH JUIS JIYYIIEro MOHUMAaHHUS CECMHUYECKOro peXHMa B TEUEHHE KO-
POTKHMX BpEMEHHBIX HHTepBasoB. CenaH BHIBOJ O TOM, UYTO CHJIBI, T€HEPUPYIO-
e 3eMIIETPSICEHNS, TPOSBIIAIOT MIEPUOANYECKIE 3aKOHOMEPHOCTH C MepHoa-
MU npuMepHo 12 u 24 daca, a Takke 14 u 28 qHs, YTO OTpaHUYUBAET BO3MOXK-
HOCTh MPUMEHEHUS TpUTTepHOM Moneny BinusHus JIyasl u ColHIa Ha mporecce
reHepanny 3eMJIETPSICEHU.
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Uunwnwughw

Unwuuyph dwipgh gniquntinbumljut tpwbwlnipjubt hnnbkph puqdwu-
dnruyghniw) hwbinyphg vnwugqus tunipubpp oguuugnpdyty) Eu gnidw-
nuyhtt o/ wlinpynipjul, 2%Ra, 2%2Th, 4K b *¥'Cs-h wkuwjupup wlnhynt-
pntutph  nupwswpwoidwt wpwtdtwhwwnlnipmiutph Ypu wqnny
gnpénubph pugwhwyndwt hwdwp: Ununwyph dwpgh hnnbpnd ?2°Ra,
22Th, “K wjnhynipmiubpp yuydwiwynpgws Eu wndjuy nupusph Eplpu-
putujut wpwbdbwhwnlnmpmnittpng b dwppme gninuuntnbuwuljut
gnpéniubnipmitp npuig winmhympjut Jpuw wqpbgmpini sh niukund:
1¥7Cs-h nhypnid yuwnlpt wy) E gpu wijnhympniip quydwbwdnpynod
t twfu wnupwdph pupdpmpudp, wyinthknl' hnnoguugnpéuwb nhuyni:
‘Lnyjt pupdpnipjuitt Ypu qunindnn mwupwspubph ptwhnntpnid b wpnunw-
Juypbph honnud ¥7Cs-h wunhymipmniup wykih pupép Euyt hnnpubhwtnuy-
Ukphg npnig hnnbpp bpuplyl) ko dbwbhljub dwldwb hbphnud,
thpupkgnid b wypt:

Putnufh punkp Smudwpuyh off wlnhynpymb, phuljwub pwnhn-
wlnilyjhnttp, ¥Cs, gininuuntnbuwljwt hnnkp, Ynwnwph dwpg:
Lhpwubnipyniu

Uwpnnt b wy) jEunwuh opquthquubph fwnwqujpwhwpnidp wuy-
dwbtwynpynid E hhdtwlwinud sppwju dhowjuypnid wyupnitwljynn
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puwjuit 28U U #?Th-ny ni npuig nniunp nwunhnunidyhnubpnyg (?*Ra,
222220Rn, 21.212Pp, 214212Bj I wyjt), htywbu twl wpnhdwb swpp swnwowg-
unn “°K-ny (ITorocos, dy6xosckwuii, 2012; UNSCEAR 2007, 2011): Fwugh tp-
Jwd ptwjut nunhnunilyjhnubphg Swnuqujpuwhwupdw pnquynid npn-
owljh dwubtwpwdht nitkt wnkjtwshtt nunhntuniyhnubkpp npnughg
Juplunpynud £ ¥Cs: Uy opowljun dhowuypnid tnwpwsybky £ dhont-
Juyhtt qiuph thnpdwplynidutph b dhonijuyhtt ypupubph nt wntwnukph
htwnlwtpny (Burger and Lichtscheidl, 2018; Masson et al., 2021):

Cpowlju vhowuyph nhynubun pununphsubpnud, husyhuhtt hwb-
nhuwinid k hnnp, phwjut nt nkjutwsht pwunhnuniyhnttph, htsybu
twl gnudwpujhtt o/f wjnhynipjutt mupuswpwoudwt wpwbdbiw-
hwnlnipnibbph nunudbwuppnipyniit nith b ghvnnwlui U Yhpw-
nwlwt ywbwlnipnit: Fnqunbnbuwlut ywhwlnipjut hnnkph
nwinhnkninghwljwt hknwgnunipniutbpp hwmnjuwbu withpudbon
Et dwpnpnt Jpw pwnphnwlunhy Wniptph wqpbgnipjub, wnnnowljwh
nhuljh b wyn nwpwspnid unwgynn pniuwlub nt jEuinuwbwlwb dwg-
dwl gniquuntnbuwlwt dpbkppnid nwnhnuniyjhnutph htwpwynp
Yninuljnidp quwhwwnbnt hwdwp: Vlwbwnhy hbnwgnunipniutbpp
wpnhwljub bt pwih np dudwbwluwlhg dwupnjuht gnpénittnipniup
hwdwp hwugkgunid E ptwjut b dwpnwshtt pwnhnwlnhy nipbph
wybjugdwt jud JEpupwppjudwin (Bhjjwbw b wynp, 2019; Ap6ysos and
Puxsanos, 2010; UNSCEAR, 2011):

Unyb htnwgnuunmipjut byuwnwlu £ 22 Ynunwph dwpgh gniupw-
nbnbuwjut tpwtwlnipjut hnnipmd gnidwpughtt o/ wljnhynipe-
jut, ptwuwt #2°Ra, 22Th n1 “K-h & dwpnpushu ¥'Cs mbuwjupup wl-
nhynipjutl guwhwwnnudp b mwdwpwppdmt wnwbdtwhwnlnipmnii-
ubph pugwhwynnudp:

Uniptip b Ukpnnutp

Ynwnwph dwpgp mbnuljuydus £ Zujuunwh Zubpuwybnnpiub
JEunpnuujut dwunid, éngh dwljiplinyphg 900-2500d pupdpnipjui
Jpu: Uwpgh hniuhunid b hjnuuhu-wpbbpnid mbnujuyjuws £ Sbnu-
dw (Entwpnpwit: Fpw wplbdnywt uinnpnuinhg ujuynid £ Unwnwyph vw-
pujwinp npp hupwy-wpbdninpnd wunh§wbwpwp hotkiny dniy-
Ynud E Upwpuwnyub nuonht: Uwpgh hhduwut (Epttwgpujun vhw-
Ynpubptt B Ynwnuwyph b Bndupnh pipwwihpuyhtt vwpuwywunubpp,
Uwpdwphih Juuljutpng junpunfus Qudpwljh [kniwpnpuyh jubgkpp,
QLnudw (Eptwonpuh (kntwdnintpt nt juuwyht hnuptpp (Funnw-
uwpui, 1971):
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Uwpgh wnwpwsépnid hhdtwlwiunid nnhpuwybnng i jhuwwbw-
wuwnwihl b (Eptwnwhuwunwbwght jwunpwdntbpp’ hwdwwywnwu-
huwt pniuwlut b JEunuuwlut wouwphubpny: @bEpuljopnid tu (kn-
twnwhwunwbwhtt b (knbwpwuqubtwlugnyu hnnbpp, pupdpunhp
Juyptpnid’ upuqupub (Eptwdwpqugbniught, ubwhnquidwb n
nupstwgny hnnbpp (Punpuuwpui, 1971): Nbunmidbwuhpynn nw-
npwoéph Epjpuwputiwljut hhupp hhdtwlwunid ukpjuyugdws E nnwppbp
hwuwlh hpuphughtt wywpibpng puqupn, wingkqhn b qughun (4.
1): Uwpgh hjpruhunid hwinhynid Bu tbdkjhtuyghtt uhkuhwnubp, qpu-
unnhnphntitph b thnpowipyuihlt wygupiibph gtpunwpadptp: Twpgh
hwpwynid npnp mbntpnid hwinhynd £ judh, jududuqh, phppw-
pwiph b ninidp skpunupudpbp (Zwjwunwih wqquyhtt wnjwu, 2007):

Muwjdwlbwlwl Lwllutp

4 Lunpwnduit Ytnbn

EnypwpwuntpjnLu
S nnuptn, e

nnLbwpnbUshul

wywqupwntn, Ywytn, ghuyu, pwpwn, winynn PEpRWRWNG
Puiquinlibn, wlinbghulibn
FREEE pwiquisnn, puiquitinun, nwghuilisn
1777 yasn, Yuiduhl wiwquipwntin, wipnihbitn, Ungtiln, penpudnn Ynwewntn

wipnihwnltn,
277 wagen, Punupuhl

[6uyhl, guuyhl, htntnuyhl, [witguyhl Lunyuwdpltn
nniEnhuwhl puquintn
I nnungsubuiltn, apuilnwgUtten

i

> A Phihwtitn,
7k § V22 wwen, wonLulibn,

0 5 10 20 30 40
- Eea— — U

Ul.1. Unuwyph dwpgh ppupwinipjut b hnnbph tdnipwndwut pupunkq:

Unyb hbnnwgnuinipyut hhdp Gt hwiunhuwgt) 2021 p-ht Ynwwjph
dupqnid hpujuwbwgyws tpjpuphdhwljwt hnnujht hwinyphg unwg-
Jwé udnipubpp (101 tdniy): Ldnipwpnidt ppujubwugyl) B hwjuuw-
puswth punwlniuh gubigny 254u? tuntpwnt] k ggmiquinbnbuwljui
wbwlnipjut hnnh dkl hwdwlgus tuniy (woptwmwnmwbputph dwu-
owip 1:500000): Znnuyht tunipp Jkpgyky b guigh jnipupwisni Juib-
nulh JEunpniwluwb hwngwsphg spuph dkpnyny (EPA QA/G-5S; 1SO
10381-5:2005): 8nipwpwignip Ukl dhwubwlwut twdniph (2.0-2.54q)
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unbnddwt hwdwp Eupwudnipubtpp (300-500q) ytpgyk) Gu 10d Ynnuh
Epjupnipjudp punwljniunt wblnitwjhtt hwndwsubphg b jEtwnpn-
uhg: 2dwtignnnynn wnnuwwnhg pwhh dhongny tunipwnyk) k hnnh Jk-
nhtt 20ud: ‘Ldnipubpp mbknuynpyty Gu wnjhkphitiughtt ninypwljutph
ubko, dwljipyl) b mbnuithnpuyk) jwpnpuwninphw, npuntn wdniptbpp sn-
npugyt], dwnyt) (Demetriades, Birke, 2015), wjunthtnl mbEnunpdt] tu
11 nwpnnnipjudp Uwphtbjh yuuwnhl glhnphhph uUbko, htipubkwnhln-
npkt huldt) b wwhyk) o wntduqu 21 op nwnhnidh, nunnuh b fupd
wypnin nniunp punhnbunitjhnubph dhob pupuwynp hwjwuwpulonn-
pintt hwunwwndw hwdwp (Gilmore, 2008):

Puwljui K, ?%Ra, 22Th b mkjuuwshu ¥7Cs-h wljnnhynipmniup npny-
b1 b gudpwdntiwht quudw uyblnpusuthh (CANBERRA) dhongny,
npp punugws bt pwpdp dwppmipjut ghipdwiuhnidh (HPGe coaxial
detector) U pwquwihpwjhtt wbhwjhquuunphg (DSA-1000): Yhwnklwnnph
unniquswthnidt pun Eukpghuwyh hpujuwbwgyt) E *Eu b 2?Na wupnt-
twlnn Jhnught wnpmiph hpundwdp: 83nipupwsnip tdnioh hwdwp
quudw uyklnph unwugnidp nbiky k30000 Juypljul, nphg htnn uykl-
wph Ybpnidnipyniut hpujuiwmgyty k Genie 2000 spugph yhongny: ©K-h
b ¥Cs-h wjunhynipjniup swithyl) £ wtdhpwljuwinptt hwdwwywwnwu-
huwtwpwp 1460.82 L 661.65 YEd, dnwnnuyhltphg, hull #?°Ra-h b 22Th-h
wljnhynipiniup yeiphwpdupyyt) E pun nnuunn uniyhnutph $nnnugh-
Utph' #25Ra-p puwn 24Pb (351.9 YEd) n1 24Bi (609.2 YEI), 22Th puwn 22Pb
(239.0 Yktd), 22Bi (727.0 YEI) nr 2°Ac (911.0 Yk) (Gilmore, 2008): Tw-
nwpws swihnidubph npuljt wywhnybnt hwdwp oquwgnpéyby k
IAEA-447 uinmiupwn udnion:

Llunwoubpnid gnidwpughtt o/ wjnpynipniip npnpdby k iMatic
(CANBERRA) o/p hmqulznl_l‘ PIPS Jwpdp uhihghnidwjht pinkljwnnpny,
npp wuonywiudws £ 10.16 ud hwuwnnipjudp juwuplk yuunyutng:
Zudwljupgp unniquswthyby k 22Am o- b ©Sr/®Y g-dwuthljubph wn-
pnipubpny: Mwhbunwynpdwsd tdnipubphg 1-wlwb g dwbpwugyb) k&
wquplk hwjwubgnid, wjunthbnb dwbpugws tdniph 0.7-ujub q nk-
nuynpyb] £ vnwbiqupun tdnipwpnthsnid: Ldnipubkph hwpgwplh dw-
dwbwlp Juquk) E 12000 4py. b tjuqugniyyt hwynbwpbpbih wnhynipe-
miup (Minimum Detectable Activity, MDA) npnpytj E iLink™ iSeries™
Spwgpuyhtt UhowJuypnid: Uyt fuquly £ 7.0 b 10.0 Fp/ljg gnidwpughtt o
b p wjmhymipiniuubph hwdwp hwdwywnwuppwbwpwp:

Uunwugdwé ndjujubph Jhdwujugpuljun JEpnwdnipmniip hpulw-
twgyby L IBM SPSS 20.0 spwugph dhongny: Gnidwpuyhtt off wljinhynipe-
jutt nt punhntnihnubph pupjuudnipjut pupntqubpp dpwlyt;
AcrMap 10.3 spwgph uhongny Yhpwnkim] IDW (Inverse Distance
Weighting) huwntpwnjjughwjh dbpnnpp phwlwt pwnhnuniyjhnutph
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hwdwp b Kriging hunkpwnjjughwjh dbpnnp *¥7Cs-h hwdwp: Lupunkq-
Ukpp Junnigl) ko pun phnpubpibph pupnpobph tjuqugngi,
25-n1 pywupwnhy, dknhwt b 75-pn pjupunh], wnwybjugnt:

Upmyniupubp b putupynid

Anudwpuyht o/f b nrunidbwuhpynn nwunhntniyjhnubph pwohuduw-
dnipjnit opkup hwyntwpkpbint hwdwp hpujwiwguws puntpp gnyg

tu k) np pnnp pwphnuntyjhputpp b gnudwpuyght o/f wnnhynipene-
up hwdwyuwunwuppwtinud Bu inpdw) puoudwénipjut optuphti (wr).1):
Unniuwl 1.

Anudwpuyhtt o/f b nunhnuniyjhnubph tjwpugpuljut Jhdwjugqpu-
Jut gniguihpubpp

8niguiithy dnud. p Gl o 2Ra  #2Th 4K  WCs
wlju. wlju.
> MDA 42 86 86 86 86 86
Ljuqugnyu 15 189 143 125 259 O
Unun|kjugniyh 57.6 907 80.1 733 942 122
Uhght 27.8 348 267 31 429 336
Ubnhuwim 25 323 249 293 378 275
Ul 9.5 116 9.2 89 151 255
oknnud
‘Lnplunipjut
0.000 0.001 0.000 0.006 0.007 0.000
phun

Gnipuunbnbuwlut tywbtwlnipjut tdnputph 48% gnidwpught
o wljnhympmniup hwynbwpbpdwt dwupnpulihg gwsp kE Enk, huy
Uugud dniobpnid wyt mwwnwingnud £ 15-57 Rp/ljg mhpnygpnd. Uh-
ohtnid Juqutiny 27.8 Fp/ljq (wn.1): Uwupgh mwupwspnid dh pwth Ynq-
jmuibpny wpwbdtwbtnid B pupdp gnidwpught o wljnhynipini
niubkgnn nuownbkp npnup nknuuwws i dwpgh hwpwy-wpbbpnid,
wpluninpnid b Zwwnpu (Epwb opowljuypnid: Udkpwpwpdp wjnhynt-
pintt niukgnn Yhwnp qnuynid £ dwpgh wpbdninpnid (uly.2):
Munidbwuhpywé pninp tdnpubpnid gnudwpuyghtt f wjnhynipne-
Up nuwnui]md E 189-907 Ap/yq dhohtnid huqutyny 348 Rp/lq (wn.1):
Anudwpuyhtt B wlnhynipyut puphujwsénipniip dwpgh wnwpudpnid
pujuljutiht ophtiwswth k: Uktnpnuwlut hwppwyujpuyhtt opowbk-
nnid dhohtt b dhohthg gudp wipdbtpubp L, hull hjntuhunid b hwpwynid
(Entughtt opowibpnid gnidwpuyghtt f wljnhymipiniup dhohthg pupdp k:
Udbktwpwpdp wljnhympiniutpp hwynbwpbpyt] Eo dwpgh hniuhunmd
(1y.2):
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Uly. 2. YUnunnuyyph dwpgh hnnbph gnidwpuyghtt o b B wnpynipeniubph pupuntq-
ulipp

Unwnwjph dwpgh hnnbph pninp tdnpubpnid niunidbwuhpynn nw-
nhnuniyhnutph wnhynipmiutpp hwynbtwpbpdwt dwljupnwlhg pup-
anp kb tnkp: 2Ra mbuwjupup wnhynipmniip nunwiynd k 14.26-
80.1 Pp/liq Uhgwljuypnid” dhghtinid Juqukiny 26.7 Pp/ljg: Udkwpwpdp
wljnhynipniutkp huyntwpbpyl) 5o dupgh YEbnpniwlwb duuncd
Zuwnhu (knwt oppwjuypnid: Uh pwth dhohtthg pupdp wpdtpubtp huwy-
wnbuwpbkpyt) o dwpgh hymuhunid b hwpwyd—wplbjpnud: 226Ra wdkuw-
gudn wpdbpp hwyntwpbpyt) £ dwpgh hnruhu—wpldninpnid: Uheh-
uhg gudp wpdtputipny nuowntp huynbwpkpyt) ki Zpugnui b Uwpw-
dwphl gknbph hndhwnttpnud (g.3):

22Th-h whuwupwup wnhynipmniip Ynwnwph dwupgh hnnbpod
nunwigmd E12.53-73.3 dhowluypnmid dhghinid Juqubing 30.9
Pp/ljg: 2*?Th-h wdktwpwpdp wnhynipmiup hwyntwpkpdty E dwpgh
hwpwynid: Uwupgh YEunpnuny hjniuhuhg hwpwy dqynmud k dhoht b
Upghthg pupdp wlnpympjudp punipugpynn qupw, npp 2 Ynnuhg
(hwpwy—wpkuniinphg b hwpwy-wpbdninphg) sppwyunyus L dhoh-
uhg gudp #2Th-h wjnhynipinit niuitkgnn nuowntpny: Udktwgusdp wp-
dtputipp huyntwpkpyty B dwpgh hjpruhu—wpbdninpnid (. 3):

30



Muylwlwywl| | |
Lzwlilkp
A L
= Qbin
Ra-226
Fplig

Mupdwlwljuwl)
Upwlukp

A 0

—— agn
Th-232

Pplig

[ ]1a3-222 [ J126-258
k ] 222-259 B 256 - 202
}
/ Bl 5931 B 252354

-\.._“_‘- 31.1-80.1 . ETEER
) 1
! 1
/

|

Muydwlwlwl
Lawlilkp

A L
——— Qb
K-40
Fplig

MupJwlwlwl|
Lzwlukp

A 0

—— atun
Cs-137

Pplig

[ Jeos-128
I 125-274
24405
B 1s5-952

[ ]250-330

) ] 330- 378

R/ B 575 - s00

oo, T 500502
|

|
\

i

|
\
d

U.3. YUnwnwyph dwpgh hnntpnid pwnhnidh winphnidh Jujhnudh b gighnudh
nwpuswpwoudwt pupwnbqubpp:

K-h mbuwwpwp wlwnhynipmniup Ynwnwjph dwpgqh honbpnud
nwnwiynd k 259-942 dhowljwypnid® dhohtinmid juqukiny 428 Fp/lq:
K wdktwpwpdp wjnhynipniup hwynuwpkpyty £ dwpgh hnruhunod®
Quilpwyh (Entwpnpuyh hwpwjught jwbgkppt: “K-h dhohtihg pupdp
wljnhynipinit niutgnn hnnuobkpunbpp nmupwdynid Eu dwpgh Euwnpn-
tinid Zwwnhu (kpwl onipep Uhtish hwpwy Sbnuidw (kptwonpugh hyni-
uhuwjht jmbgkp, npunbn unyuybu jub wpwybkjwgnyu wpdtpht Unwnn
wipdbpubp: “K-h dhohtihg guép wljnhynipinit niitgnny hnnbkpp nw-
pudywsd ki dwpgh wpbdninpnid b wpbbpnid, wpwybkjugny wjnh-
Ynipjniup bu hwynbwpbpyt) Edwupgh wpbbpui dwund (ul.3):
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B¥7Cs-h mkuwljwpup wlnhynipiniup hnnipnid nwnwiynud E 0.8-
122.4 Pp/liq dhgwluypnid” Uhohtmd Jwqubny] 33.5 Rp/lyq (1.3): Qymi-
nuuninbuwulut tpwtwlnipjut hnnbpnid *¥Cs-h mEkuwljupwp wljnh-
Ynipjnitup wdnid £ pun wdnipwndwt Jhnh pugupdwl pupdpnipjul,
huswtu gnyg tp wipdbl] Zuyuunwh wyp mwpwspubpnid hpwljwbug-
Jwé hhwnwgnuinipnitiubph opowtwljubpnid ptwhnnbph hwdwp (Bh-
jubiwa b wynp, 2019; Movsisyan et al., 2021; Pyuskyulyan et al., 2020): Udt-
1ht, gmquunitnbuujut tywtwlnipyut hnpbkpnid ¥Cs-h wljnhynipe-
miup gnigupbpnid £ nidln gpujut Ynpljughw pwpdpnipjut htn
(wn.2): Uwupgh YEunpnunmd b hwpwy-wpbudninpnid nwpuwsyws k
B¥Cs—h gwdp wjnhymipjut qupwnbkpp (6.06-27.4 Rp/liq): Znyhwnubphg
ntwh (Eptwpnpwlbph (ugl h Ybp gwpdtihu #7Cs-h wljnhynipjniup
hnnbtpnid wunhdwtwpwup wdnid £ Fhnudw nt @wdpwljh (Entwonpwu-
Ukph qulgkph wiwpwsph hnpkpmd” Phd (kpw ququpwdtpd spowiik-
nnud hwutbnd wdktwpwpdp wpdtpubpt (nly.3):

Unphpwughnt yEpnidnipijut wpyniupubpp (wn.2) gnyyg b ngb) np
gnidwpuyht B wjnhynipniup tpwbwuihnpku Ynpbjugynid k ?6Ra b
“K htwn: Uw, hwjwbtwpwp, wuydwbwynpywsé k tputng np wyu Gplyne
nwinhnuniyjhnubpp wpdwlnid o B fwnwuquypnid: dnidwpuyhtt o wly-
wnhynipjniup gnigupkply k pny) gpujut Ynpkjughw #¥’Cs-h htwn, npp
hwjwtwpwp Ytns k, pwth np ¥Cs— phnw fwnwquypnn nunhnuniyy-
1hn E Fuwlwb nwunhnuniyjhnubph wwnhynipniuubpp tpwtwlwihn-
kb §nntjjugynid ki dhdjuig htin, pugh nputhg npujut pnyy Ynpk-
jmghw k gpuiigyt] hnpniud 9K b $¥Cs-h nbuwjupup wljnhynipiniuuk-
ph Upol (un.2):

Unniuwl 2.

Uwhwpukuh ns-qgéwyht Ynphpjughw gnidwpuwjht o b f wjnhynipjui b
nwinhntniljhnubph nkuwjuwpup wnhynipjut dheh

Qnud. B Qnul. « Ry 22Th 4K 137Cg

wljun. wljun.
Qnud. B wljun. 1
Qnud. o mljun. 0.170 1
’Ra 0.444" 0.264 1
#2Th 0.199 0.145 0.390* 1
“0K 0.641" 0.136 0.456* 0.348* 1
B1Cs -0.032 0.358* -0.098 0.118 0.260** 1
Pupdpmipmi 6. U, 0.157 0.218 -0.006 0.1814 0.203* 0.752*

* Unnphjughwb tywtwljwih £ 0.01 dwljwpnulnd
* Unphjughwi bpwbwluih k 0.05 dwjuppulnid
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Uunwugdwé ndjujubph hhdwb Jpuw hpulwubtwgyt) £ twb nhuybp-
uhnt ybkpnidnipnil (ANOVA) hhduykiny hnntph mwuppkp oqunugnns-
dwl Jpu: Cun wynd punhwinip pwnpwipp pwdwudby  4kg Bupp-
wpuiiplibph (wn.3) phunwpynudubph wihw]wuwpuswh pubwyng b
Yhpwryb] E Ypniuu—Ninjhuh b dbnhwth ns—wyuwpwdbkwnphly phunk-
np: Upmyniupubpp gnyg G wdb) np mmwuppbp tpwbwljnipinit niukgnn
gniquuntnbuwlut hnntpnd ptwljwbt punhntuniyjhnubph wynhyne-
pintutiph mwppbpmipniubpp Jhdwljugpnpbt tpwtwluh skt: Uw
yujdwbwynpywé E tpwuny np hnnp hp pwphnuniyjhnuyhtt uqup
duwnwignid £ dujpuljut wmywpttphg: Uji mupuspubpp, npnup wsph
El pujunud phwjwt pwnhntniyjhnubph pupdp wjnhynipjudp, hpkug
Epypupwbwlut hhdpnid nitkt puquinttp b npughwnukp, npnugnid
puwlwt nunhnuniyjhnubph wwpnibwlnipnitp pupdp E Munlbpp
hwjwnwljt £ mEputwshu ¥’Cs hwdwp: dkpohthu Eupptwnpwupubpnid
pupfunidp yhdwjugpnpbi tpwbwlwih mwppipynid Gu hpwphg: ¥Cs-
h wdktwdks wlnhynipniup hwjntwpbpdt) £ phwhnnnud, wyt vnw-
pwoépnid, npnbkn hnnh Ypw dwpnme wqpbgmipniip tJuqugnyub
Upnunuwduypbph b whwnwnubph hnnbpnud ¥7Cs wljnpynipinitup dhoh-
uhg pwpdn k: Swép wljnhynipjnit hwynbwptpyty £ qupbjuwhnnbpnid b
wunnuwunt wjghubph hnnbpnd (wn.3): Uw ygujdwbtwynnpus £ tpw-
uny, np Ykpoht Epynt mhyh hwiunwlubpnid hnnp wwpppipwpwn -
pupyynid ki Ukjuwbhjut dowidwl hkpynud, thjupkgnid b wyb, hush
wpynibpnid ¥’Cs wwpnitwlnn hnnh dwljtplnypwht okpunp jownt-
Unud £ junppught okpunkiph htiwn, npnlip #7Cs skt wyupniynd. phpbjng
nbuwjuwpup winhynput tuquui: Uy ghnwpws hwinuljuk-
pnud (wpnuwyuyp, junnnhwpp) npybu Juunt hnnh dEuwbhliulub
Upwlmid sh hpuljwiwgynid hnnuokpinbpp skt uwnbdnid b dplngnp-
wnught snp b pug wnbknnudubph htnn hnnh dwlbkpbupt tunws ¥Cs-p
Utnid £ hnnh kpht skpnnid’ wwhytym] opquibulwb iyniph Ynnuhg
(Koarashi et al., 2023):

Unniuwl 3.

[runhnuniyhnubph nhuybpuhnt Jbpnisnipemnin (ANOVA) pun tdnt-
owndwl mupwsépubiph hnnnguugnpédwt dlih:

Mwunhnunilyjhny Ghun Lowtwjuijhnipjui Npnonid
dwljwpnuly
2%Ra tuwn - Kruskal- 0.381 O0-wljutr
Wallis hpuynphqp
punnigty &
Utnhwt phuwn 0.292 O0-wljutr
hpunphqp
punnigty &

22Th [Fuwn - Kruskal- 0.272 0-uljutr
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Wallis hhuynptqp
punnigty &
Utnhwl phiun 0.033 O0-wule
hhunptqp
Utipdyty £
K tuwn - Kruskal- 0.203 0-wljwi
Wallis hhuynptqp
punnigty &
Utnhwl phiun 0.085 O0-wlule
hhunptqp
punnigty &
1¥1Cs tuwn - Kruskal- 0.000 0-wljwi
Wallis hhuynptqp
Utipdyty £
Utnhwl phiun 0.000 O-wlule
hhunptqp
Utipdyby £

Bqpuljugnipinii

Unwnwyph dwpgh nwunhnktninghwjuwt hbwnwgnunnipniuutph wp-
yniupnid puguwhwjinyby Eu vh pwh ophtwswthnipiniubp:

Uwpgh hnnnid gnidwpuyhti B wljnpynipjut wdkbwpwupdp wpdt-
pny L punipwgpynid dupgh hjniuhup, hush wuydwbwynpguws £ ndjug
wnwpwoépubph gninuuntnbuwlwt ywhwlnipjut hnnbpnud 2#Ra b 9K
huwdbkdwwnwpwp pupdp wnhynipyudp: Snidwpuyght o wljnhynipjut
hwyntwpbpywé wdkbwpwpdp wpdbpubpnyg b punipugpynid dwpgh
wpluninpnid b Zwwnhu (kpwt opowljuypnid nknujuydusd gninuwni-
nbkuwlwb hnntpp: SYju tdntpwndwt Yhnbkpnud ks Gl 25Ra b 22Th
wljnhynipiniubpp, npntig ipnhdwt swppipnid wnljw ko o Lmnwquy-
pnn nniunp nwnhnuniyhnubp:

Ppujuwbtwugwsd Jhdwljugpuljub ptunbpp Jyuynud Gu, np phw-
Jwt pninp nunhnuniyjhnubpp tpwbwuwihnpbt Ynpbjugynid b hpwup
htwn, niukt tnpdw) puoduwénipinil, npuig wlijnhynipniup hnnnud
JuhiJws sk hnnogquugnpduwtt nhuyhg: Uw hhudp k tnwjhu thwunbyne,
nn nyju] nwunhnuniyhnubpp niubt phwlwb dwgnid, hnn Eu wugnid
duypuuupttph honpduwhwpdwt wpyniupnid b gputg tnupuswpuy-
hudwt Jpw dwpynt gniqununbuwljut gnéniubnipniip dks mqntgni-
pintt sh niukunid: Fuwlwb pwnhntniyjhnubph pupdp wjnhynipniup
Zwwnhu (kpwb jutgkph hnnbpnud yuydwiwynpyws k ndju) tnupwusdph
Epypupwbwlwut hhdpmid wwppbp hwuwlh hpwppughtt Swquwb
wwwpbbpnyg (puquun, wunkqhwn, nwughw), npnup, npyku Jwunl,
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wnwbdbtwinid Bt punhntnijhnubph puduutht pupdp wlnhynipe-
juadp:

Yhdwlugpulub JbEpnidnipmitp pniy £ viwjhu thwunbnt np
nbkputwsht ¥Cs-h wljnhynipniup gnmiquunbnbuwlwut bywbwlnipe-
jutt hnnbpnud wuwydwbwynpgws b vnwpwsph pwpdpnipjudp, husybu
twl gniquunbnbuwlwut hwinuijh hnnogunugnpédwt mhwny: Udk-
twpwpdp winhynipniip hwjnbtwpbkpdl] B Sbqudw  (Entwonpugh
ququpwuitpd hunjwsitph ptwhnymd’ 3000U-hg wikh ks pup-
Apnipiniubph Jpus:
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OCOBEHHOCTH PACHPEJEJEHUS ECTECTBEHHBIX U
TEXHOI'EHHBIX PAJUOHYKJIUJIOB B IOUBAX
KOTAMCKOM OBJIACTH

Oranecsin Cnaprak, MoBcucsin Hona, I'eBopksin Auna, beasiea Ojibra

Pesrome

BbisiBiieHBI (haKTOpPBI, BIMSIONIAE HAa OCOOCHHOCTH DPACHpENCICHUS CyM-
MapHO# 0/P-aKTMBHOCTH, YIEIbHOW aKTHBHOCTH 2°Ra, 2°Th, “K u ¥'Cs B
CEeNTbCKOXO03HCTBEHHBIX MouBax KoTaikckoil 061acTH, ¢ UCIIONb30BaHHEM (aK-
THYECKOT'0 MaTepuana MHOTOQYHKIMOHAIBHOW T€OXHMMHYECKOH ChEeMKH. AK-
tuBHOCTH “°Ra, “*Th 1 “K B mouBax Koraiikckoil 061aCTH OMpEIENsercs reo-
JIOTMYECKAM CTPOCHHEM MECTHOCTH M CelTbCKOXO3SIMCTBEHHAs JIEATETbHOCTD
4eTOBEKa HE BIMACT HA HX aKTHBHOCTE. B ciyuae ¢ *'Cs kapTuHa HHast, ero ak-
TUBHOCTH 3aBUCHT B TIEPBYIO O4Yepellb OT BBICOTHI MECTHOCTH, a TaKKe OT THIIA
3eMJICTIONB30BAHMS. AKTHBHOCTE ~'CS B IGTHHHON ITOYBE M MOYBE MACTOMIL,
PACIIONOKEHHBIX Ha TOH YK€ BBICOTE BBIIIE, YEM B MOYBE, KOTOpas MepHUoIrye-
CKH TOJIBEprajiach MEXaHH4EcKol 00paboTKe: BCHalike, PhIXJICHUIO H TIP.

36


https://doi.org/10.1021/
https://doi.org/https://doi.org/10.1016/j.jenvrad.
https://doi.org/10.1007/s11631-
https://doi.org/10.18356/184ab5d4-en
https://doi.org/10.18356/19fb7f96-en

CHARACTERISTICS OF DISTRIBUTION OF NATURAL AND
ARTIFICIAL RADIONUCLIDES IN SOILS OF KOTAYK
REGION

Hovhannisyan Spartak, Movsisyan Nona, Gevorgyan Anna, Belyaeva Olga

Abstract

In this article, the factors influencing the spatial pattern of gross o/
activity, specific activity of ?®Ra, **Th, “°K and **’Cs were revealed applying
samples of multifunctional survey of agricultural soils of Kotayk region. The
activity of ?°Ra, *Th, “K in the soils is determined by the geological
characteristics of the area and human agricultural activity does not affect their
spatial distribution. The situation is different for **'Cs, the activity of which
depends first on the altitude of the terrain and then on the type of land use. The
activity of *'Cs in the soil of virgin soils and soils of pastures at the same
altitude is higher than in the soil that has been subjected to mechanical
treatment: tillage, loosening, etc.
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ZEnwgnuinipjul tyuwnul E guuhwnk) hipwqutdwt nkunngh-
wbkph tbkpnudp 22 gniquuntnbuwlwb muppkp hoqpuubtupbph Eyningh-
wlul Jhdwlh quwhwwndw gnpénud, npp hwdwp phwnpydt] Eu gninqu-
nlnbuwlub kpynt hnpwnkuptp’ phwlub Jepwhwinulitp b pwnngh
wjghtbp:

Puwljut YEpwhwunulubph hwudwp hpuwiwgyk) E Landsat ubipp-
wjh wppwijulughtt yuwnybkpubph 22 nupjuw dwdwbwluwght owpph
Ybpnidnipmnit LSED hhdwt Jpw, hulj pwnnnh wyghubpnid hpuljubwg-
Jb1 Eu fuwnnnh mbpbnud pinpndhih wwpnibwnipyut swihnwdubp, wo-
nusnt pnsnn uwppny puquuuyklnpu) tqupuhwinmd b vnugjus nyd-
jujbph hudwnpmd” Ukpbwjulw niumguéwt dnnbjabph §hpundwp:
Cuwn unugdws wpyniupbph, Epuwhwinujubpnid pniuwjuinipjut gh-
Sujh Juunpwpugnid sh ghuynid, hul Uwubwlh tuqugny punwlne-
uhubph nkgpbuhnt Ukpnnp gnhwgnighy wipnynitputp £ viwjhu jownnnh
wbplhubpnud pinpndhih wwpnibwlnipjut jutjpuntudwt hadwp (R¥va =
0.49, RMSEva = 43.68):

Putnuh punkp’ onuinhbiqbpwlul  hkpwqbund, URU, phwlwb
Y Epwhwinuly, prwnnnh wygh, pinpndpy, Ukpkiwyuljut ntunignid:

Lhpwubnipyniu

Zhnwquudw dbpnnutph (ZU) b wohiwphwgpujub mbknkjuwndw-
Juwt hwdwlupgbph (USZ2) swpnibwlulwb qupqugnidp yipghtikpu
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nupapk] £ gniquuntnbunipjut nnpumd wwppbp opjljnubph b
Eplnypubph nwpwbwdwudwiwluhtt hnthnjumpnibiubph quuhwwn-
dwb yuplinp gnpshpukp (Nascimento et al., 2021): Zknwquudw dbpnn-
Ukpny’ uwwblnpuy hwpnwbhoubph hhtwi Jpw, hwpwynp E nwppb-
puwlk] wnnne pnyubpp Juwudws b uppbuh Gupwplwsd pnijubphg
(Metternicht et al., 2010): 9tpohtthu hhupnid pnyjubipnid pinpndpih yu-
pnitwlnipiniut k, npp nwppbp gnpéntlkph’ oph b ubbwiynpkph
wipwjwpupnipjul, hwpnighsttph, obpudwjhtt Epuwnpbunidubph b
wyjih tquundwdp qqunit jupbnp JEhuwdbhghjulju gniguhy £ b
gmghy pnyjup wipnnowljwt phqhninghwlut Jhdwlh, wonngnipyu,
ptpph juwijnwwnbudwi b wyuth hwdwp (Cabello-Pasini and Macias-
Carranza, 2011; Elarab et al., 2015; Singhal et al., 2019): Jkpohtuhu thnthn-
hunipiniup wpnwhwjnymd k EEjunpudwuquhuwljwt uvyblnph nwp-
pbp nhpnypubpnud, dwubwynpuybu mbuwtth b dnnwlju hudppw-
Jupdhp whpnypubpnid winpunupddut wnwbdtwhwnlnipniuut-
nny (Carter and Knapp, 2001; Singhal et al., 2019): dkpnupjup gnyg £ vnw-
1hu, np onwwnhtqpulut hkpwquunudp nith tkpnid giqununtuniye-
jmt Ukg, nputu Unthpnphugh b jurwwpdwb gnpshp, dpwldwt b
ubkpypuwt hwdwn:

Zujuunuwind gniquuntnbuulwt hnqnwhwnulutph ntuntdow-
uhpnipjniuubpnid onwwnhbqipwlwut hipwqtudwt dkpnnubph Yhpun-
dwl thnpdtpp owwn sk: Ujuytiu, hbnnwppppujub G, phwljub hpw-
hwiunuljutbph ntumdtwuhpdwt gnpénid, 2011, 2012 b 2014 pywlwbub-
nht Zudwojuwphuwyht puih wowlgnmpjudp hpwljwbwgyus «Fninu-
nunbuwju nkunipuubph junwjupdwu b dpgnitwlynipjut Spugpp»
(CARMAC CS-11/103) opowtiljnid htknwquunudp npwytu gnpshp Yh-
punyyb] B dhujt wpputyuljuyhtt wuwnlbkputnh yhqniwy JEpswudwt
l mwpwdpubph pupntqugpdui hwdwp (Tepanosyan et al., 2017) : Zk-
nuwqiudwt hwdwwnbpuwnnid, wnwohtt whqud UEY gyninh ophtwyny, .
Stthwunuyuth Ynnuhg hpwjuwiwgyt k jipuhwinulubph nhqpunw-
ghuyh quwhwwndwi dkpnnh dpwlnid b qhuhwnnd’ wppubyuljugh
wuwnlbpubph uybkunpuw) Jepswidwdp (Skthwiunuywi, 2017): Ujnni-
hwuntpd, pninp hknwgnuuwljwb thnpdkpp niukt Jhdwljugpujut db-
pnnubpny, dbphbtwjulwt niunigdwt Unphjubpny ghnnwlwb junpp
Jbpnisnipyut b unniqusuwthdwt Junphp: b wnwuppbpnipnit phwlub
Ytpwhwunulutph, 22-nid fiunnnh wyghkph hblnwgnunipmniautpnud
onuuhkqbpuljwt hkpwquidwb nkjbninghwubph Yhpundwb thnpdl
wykih phs E (Efendyan et al., 2021): Uy wpnudny, ubkpluyugynn wohiw-
wnwlptt wnwghtt thnpdl £ hwuljubwnt Zujwunwinid juunnnh wygh-
ubph nuunidbwuhpdwt gnpdnid hkpwquudwb nbuuninghwtbtph Yh-

pundwt htwpwynpnipnibubbpp:
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Ujuyhuny, ubkpjuywugynn hbnwgnuinipjut tyuwnwlp 2Z-md
kpynt wnwpplp gniquniinkuwluwl hnpuhwinulikph’ phwlwub k-
pwhwnwlubp (wpnuwyuypbp nt junnhwpptp) b jpwnnnh wyghutp,
Eyninghwjuitt Jhdwljh nruntdbwuppnipnitubpnid opunpbqbpuljub
htEnwqutdwb mEtninghwukph ubkpnidh quwhwwnnidu E: Uy ninnnipe-
Juidp wpwgwnpyty ko tkppnhhojuy jutinhpltpp

w) 2U b USZ fhpwundwdp guwhwnbk] wpnnwduypkph b aninhwp-
ptph Eyninghujutt hdwjh nwpwswdwbwljught hnthnpjumpiniubpp,

p) nmuunidbwuppl)] ghippupdp nwpwswlub ndwswthh (UU)
wuwnlkpubph tbkpnidp’ juwnnnh wyghttpnid mbkpunid pinpndhih -
pntbwlnipjut guwhwwndwb gnpénid:

Uniptip b Ukpnnutp

Unwownpyus  punhpubphg wpnnwyuypbph & jununhwppbph
Eyninghwlwi Jpdulh nwpwbududubwlughl thnihnpunipnibabbph
qiwhwwndwl btyuwnwlny puwnpyt) o Uniuhph dwpgh Epyne opowti-
Ukph Uhuhwih b @nphuh h pupp guiquiljub phwudugpbph, hwdw-
yuunwupmbwpwp Onnil], Uwntwlnitp, Uywbnuwpuiu b Ulukp,
uwswu, Mudnptuly, vnquujup, dwnuunip, dkphott, Swpl, Zup-
Jdhu, wpnunwyuyptpp b funinhwpptpp (uy.1.):

= '-Z}c-og!.e Earth

Uly. 1. ZEwnmugnuminng nnupudphbph wppnuphwgnulul nknunhppp

Qnuquninbuwlwi hnnuhwinulikph hwnuwbu wpnntkph b
lunnhwpptph ntunidtwuhpnipjnittbph dudwbwl YEuntbwlynipine-
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up npnobnt hwdwp oquugnpéynid Et pniuwmjutimipjut htunkputbp
(Symeonakis and Drake, 2004): Udkuwwnwpwdyws huntpup Lnpdwjwug-
Jws nwpphpnipjutt pniuwjuinipjutt huntput £ (USEE/NDVI), npl
punhwinip wpdwdp, wpnnge pniuwubtnipjut hknpwqutdwdp pugw-
huwjyndwt vnwinupunugdus vhong E (Wessels et al., 2004): NDVI-p
hwdbtdwwnnud E LEjunpuduqihuwjut vygkuph jupdhp b dnnwlw
hubpwupdhp opowtibipnh wunpunuwpddw wpdtpubpp b vnwugynid £
htnlyu) pubwaling
NIR-RED
virerep D)

Npukn NIR-p  Udnwnwlw hubpwlupdhp nhpnypenid uyblnpug
winpunupddwt wpdbpt L,

NDVI =

RED—n Yupuhp mhpnypenid uyblnpu) wunpunupddwut wpdtpp:

NDVI-u ogunugnpdynid E pniuwljuunipjut Unuhpnphtigh b quw-
hwwndwt hwdwp, npp wpdbpubpp munwidnid tu -1 - 1 dhowljwypnid
(wn.1) (Symeonakis and Drake, 2004; Wessels et al., 2004):

Unjniuwl 1.
Qninuunbnbuwlub hknpuwhwinulakph NDVI wpdbpibph nuuwljwp-
gnid
NDVI LyuUruerNresnry
<0,1 Utply hnn
0,1-0,2 Pnruwdwslp qpbiptk puguljuynid £
0,2-0,3 Cwwn guidp pniuwswisl
0.3-04 Swisp pnrumbswsly, guén Yhtuntbwlnipinit jud swn gusp
s pnuwdwdl, pupdp Yhhuntbwlnipmih
0.4-05 Uhohtihg guép pniumbwisly, guén huuntbwlnipinit jud gusp
o pniuwdwsl, pupdp Jhuntbwlnipni
0.5-06 Uhoht pniuwmbswisly, gudn Jhuunittwlnipmnit jud dhohtihg
o gudn pniuwdwdl, pupdp Jhhuntiwlnipnih
0.6-0.7 Uhohtihg pupép pniumbwsdly, gudn Jhuunttwlnipmiu jud
o Uhohti pniuwdwdl, pupdp Yhiuntiwlnipnih
0,7-0,8 Puipan pniuwdwsly, pupdp Yhhunttwlnipmit
0,8-0,9 Cwwn pupdp pniuwswdly, swwn pupdp Jhtuntbwlnipini
0,9-1 Udpnnowljuil pniuwdwsly, somwn pupdp JEunttwulnipnit

Google Earth Engine htnwquudwt wdjujutph punpubwpngnid,

Javascript spugpuynpuwt 1kquh Ynptiph wnuyunugdwi dhongny Jtp-
Swtdl Eu tpdws gninuljut ptwjuduypbph wpnunutph b junnhwp-
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ptiph Landsat 5, 7, 8 wppwiywluyhtt uktiunputphg 2000-2021 pp-h ww-
nhi-hnjunbdptp dwdwtwjwhwndwsh wwwnlbpubkpp, b npnodby Eu
NDVI wpdbtputpp: dEpswiudwt gnpépipugnid ukpunybt] tu 30%-hg
gudn wdwuyhtt Swdynypny wwwykpubpp: Fugh wyy, Google Earth
Engine-nud punpyk) Eu 2000, 2005, 2010, 2015 b 2021 pp. wquwnlkpubpp
b npuig YEpswidwb wpnyniupnid ArcGIS 10.6 dpugpujhtt vhowyuy-
nnud juquyl) Bu tpdws nwpwsputph NDVI pupunbqubpp: dEpghthu
tyuwwnwlu kp wpdwbwgpl) YEpwhwiunulutph ypdwlp Jbpp wpdwsd 5
wnwphtbpht: Uojiwwnwipnid wnljw ki vwhdwtwhwulnidubp gquydw-
twynpyws 2005p-ht Landsat 7-h uktunpnid wunpunupdhsh hwjwbw-
Jut pwihwinidny, nph ywwndwnny npny nruwbwjupubpnid wnljwu
El phpnipynitiutp, npnup Yupnn Bb wqnl) JEpdwdwt gnpdpuipwugh b
npuw wpyniuph Jhgniwhquguwi Jpu: Ujunthwtnbpd wju sh uwnh-
wnud hpwdwpyt) jnruwuljwpubphg, puth np jupnn Gup Ynpguby wp-
dtipuynp nyjujukp:

Cunhwtnip wndwdp, YEpswtdwt gnpdpupwugp ubkpwnt; E 1087
wppuiyulurhtt yuwnlbp: Zunjubywlut b 2005p-h Landsat 7-h ukt-
unpnid winpunupdhsh hwjwiwut pwhutidut yundwnny npny
nrumbwupubpnid wnu phpnipniuttpp, npnup Jupnn Gu wqph)
Jbipswudw gnpdplipugh b npu wpnyniuph Jyhgniwjhqugdwi Jpus:
Ujunithwtnkpd, wju sh unhwl] hbnwgnunulubt pudphtt hpwdwpyby
wuwwlkpubphg, putth np wyt Yupnn kp hwigkgub] wpdbpuwynp ngyu-
ubkph Ynpuwnh:

Google Earth Engine-nid wjjujutph ybpswdwt wpnniupubpp
unniquswthbint hwdwp, Jupyter Spwgpuyhtt howduypnud, Python
Spugpuynpdwtt kqyh hwdwywwnwuppwt Ynpbpnyg hpujuwbwgyt) k&
Seasonal Mann-Kendall Jp&wjugpujut phutnwynpnid (Mavromatis and
Stathis, 2011; Shadmani et al., 2012): Mann Kendall Test-h wipnniupubpp,
punipugpynud Eu hbnlyw) tjupugpuljut wwpwdtnptpny (Shourov,
2022)°

Trend — Ljwpwgpnud k pptunh hdwlp (wénn, tdugnn b pugw-
Juynn): Udnn jud tjuqnn dhnnwdp tjunynd E, Gpp owipph p wpdtpp
thnpp E pwtwjuhmpjut dwjupnulhg («):

H - hhwnphqp &hpw b, bpp ppbly fw b ufuwy bpp pugulugnad k
Cuwnn O-wjwt hhwynptqh (Ho) pptunp puguluynid k, hull pun wypb-
nmpwipwjhtt (wynbkptwwnhy) (HA) hhwnptqh® ppkun gnnipmnit niuh
(npulut jud puguuwlui) (Buhairi, 2010):

P — iowtwjupnipjut phunh wpdtp: Gph P < o (a = 0.05; 5% E hw-
Juwbtwlwunipmniup, np Ho—h dkpdnudp upuwy Y1hth), wyw He Juplw-
5p Ubpdws b wpmyniupp Jhdwugpnpkt tpwbwlwih t, hnbwpup
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ppEun gnjnipini niuh, hulj P > o hwunwndnd £ Ho Jquplusp (“Mann-
Kendall Test,” n.d.):

Z — uinpduwynpws phutnwhtt ypdwljugpnipmnit: Yhdwljugpnpki
wwbwlwih ppkunubph wnjwnipmniup quuwhwwnynid £ Z wpdtph og-
nwgnpsudwdp: Ypwuljut Z-p gnyg k vnwjhu wénn dhunnwdp, hull pugu-
uwljwi Z-p’ wfuqgnnp. P-h tywbwlwhnipub dwluppulh pupdpug-
dwl jud tJugqbgdwt dntinunint ppiunh wpjuwnipjniup unniglint hw-
dwp qpnujutt qupuédp dbpdymud k, Gpb |Z] > Z X (1-0/2) (Buhairi,
2010): 5% wpwtwljuwhmpjut dwjuppulnd dhnnd niiktwnt qpojw-
Jut qupluwép dbpdynmud k, Gpk |Z] > 1,96 (Z-h Yphnhjuljwb wpdtpp P-
h 0,05 wipdtiph nliypnid) (Gocic and Trajkovic, 2013):

Phunwynpiwl pipugpnid wowewnpt] t O-wljwt hhwnphq
pun nph, hEknwgnunng gminulpuld phwlunjuypbph wpnunbkpnid b
Jununhwippbpnid pniuwmquibigihudh Jhdwmlh thnihnpinipinil shur: Seasonal
Mann-Kendall ptuwnip dhinndws £ dunbknt jud hwunwnbnt 0-uljub
hhwynptqp, npny b unniquswthyt] Bt NDVI pupwnbqubph owppnid
ubpjuyugdws Eyninghwju Jpdwljh nupudswududwtmljuiht thnthn-
hunipiniutitpp:

Cunn wowownpud LpYypnpn bnph' jwnnph wyghbbpnid nk-
plnid pinpndhyh wupnibwlnipjul qwhwwndwb gnpénid ULU wuwn-

[Epakph Gkpnidh niunidbwuppnipjui hblnwgnunipjut opjkljn £ hwt-
nhuwtnid «Sphuthinh Juiynt wyghubpr-p: OpEjunp nnujwJus £ 22
Juyng dnph dupgniud’ nupuswppowtinid ghtint wipwnwunpnipju hiw-
gyt (Unin 6100 wwpkljwi) Jujpkphg dkynud, Upkuh hwidwjiuph U-
nuyuwdnp gniquljut ptwljuduypnid b qpunkgind £ dnnwynppw-
wtu 4,4hw nmwupwsp (“SCHPULPSE TUL3NL USAPULEL,” 2014):

Twpnuyghlin situ swhnidibp

2019 pywljuth ukywubdptph 19-ht supdwljuc MC-100 Chlorophyli
Concentration Meter-h oqunmugnpédwdp juunnnh mbpbubpnid swthyky k
pinpndhih wwpnibwlnipiniup, npu hpwlwbwgyty £ UEU tjupwhwb-
dwl htn dhwdwdwbwl: Cunhwinip wndwdp, hbnwgnunuju nw-
puodpnid Juwnwpyby k51 swthnud, npnughg jnupupwbiginipp ukpjujwug-
unud £ Ukl punnnh Juqhg yipgdus 5 tupwswthnidutph vhohtt wpdtp:
Quihdwt YEnbph Ynnpphttwnttpp uvnnwugyt] tu Garmin Oregon 650
GPS npungniuhsh dhongny, nph downnipjniup 34U k:

UeU tjwpuwhwinid b wuwnlkpbbph dowlnid

URU ujupwhwinidt hpuljuwtwgytk) k Parrot Sequoia puquuuw k-
Junpwy uktunpny hwdwpyws hpujws plhitipny senseFly eBee SQ UfeU-
ny: Zknmwqnuynn nwpwsph hwdwp unwugyt) tu ghippupdp niswsw-
thh puquuuy knpuy (ubwy - 550ud, jupdhp - 660ud, jupdhp Eqpu-
jht (red edge) — 735ud, Untnwljw hudpwlupdhp - 790ud), huywybtu twl
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RGB wuwnkpubp 3.5ud wnupuswlui niswsuthny, npnbp Eupuplydty
b bwpubwut dowljdwt Agisoft Metashape Professional Spuqpuyhti Uh-
owjuypnid punhndbwnphly, nkqugpulut manndikph hpuljwiwug-
dwdp: Ujunthbwnb hwoduplyby i unpdwynpjwsd nwuppbipnipnitiubph
pniuwutnipjut hunbpup (1) b Unpdwynpyws Swipphpnipnitubph
Red Edge huntpup (NDRE) (2)

NIR =Red Ed ge (2)
NIR +Red Ed ge

NDRE =

Ul 2. UeU bwpwhwbnidp Sphihunh punnnh uyghlibph nnupuspnid”

w) UPU bjwpwhwiyjwé wwpwépp b fuwngnnh Juqbph wnkpbbkpnid
pinpnpyh sunpulul Glnkph puphmudp, p) ppndpip suhut Gk, q)
senseFly eBee SQ URU, n) URU unpwdusuhuplfwh Juwhwial, &) Linpn-
Spip swthifwl gnpdpp  pupdwluli MC-100 Chlorophyll Concentration Meter

Twonuyht swihndubph dwdwbwl, pipwpwisnip Yhnh hwdwp
3x3 whpulk] dwlbpbuny hwwndwsh dwpnip whpubjubphg hwuyb tu
uwblinpuy winpunupddwi, NDVI, NDRE uhohti wipdtplikpp’ htinw-
gqu Jhdwljugpuljwb JEpnismipjut woumwnwtptbpnid ogurnugnpstiny
hwdwn:

Jhdwjugpujub Epnidnipni

L1npndpih swhdwsd wpdbpubph pwuppnid httwpwynp tqpuyjht k-
wkbnp (outliers) npnotint hwdwp oquuugnpédyty L mintth-nhugpud (box-
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plot) Unwnbkgnudp: unnnh wnkplnwd in-situ swhyws b UEU htnwquu-
Jwé pinpndhih wupnitwlnipnitubph dhol juwh ntunmiduwuhpnipe-
jut tyuwwnwlny Yhpwnydt) £ Nhpunth Ynnkjjughnt JEpnsnipjut Uk-
pnnp: Yhdwlugpuljutt pninp  bpnudnipniutpp juunwpdl; bu
Python spuqpuynpuwi 1Equh Yhpundwdp: UEU wndjujutph vhengni,
luwunnnh wbkpbubpnid pinpndhth wwpnibwlnipyut dnphjuynpdwb
hwdwp oquugnpéyt] b dbphtwjujut ntunmigdw dkpnnutphg Uwu-
twlh wjwqugnyu pwnwlniuhutph nkqptuhntt dkpennp (PLSR), nph
hwdwp Yhpwnyk) k Python-h “scikit-learn” wquun hwuwubih gpunu-
npwip (Pedregosa et al., 2011): PLSR dnntjh hwdwp tkpdnisynn ndjuguk-
nh puqut yuunwhwlwunpktu pudwbyb] E Jupdtigdwt (80%) b phu-
nwynpdwi (20%) pwqunipnibubph: Jwpdbgdut puqunipiniup og-
nwgnpdyk) E unnkjh unniquywthdwi b Leave-One-Out fuwswdl quyb-
pugdwt dhongny PLSR-h pununphsttinh oyywunhdw| pwuwlh npnpdwt
hwdwp, hul phununpdwh puqunipeniip’ soquugnpdyws wjuyik-
nny Unphkih JbEpotwjut Juybpugdw hwdwp: Unpljh quuwhundwb
tyuwwnwlnyg hwyquplyt; kbt Updwwn dhohtt punwlniuwht oknnudp
(RMSE), U nhwnbkpuhtiughuyh qnpswlhgp (R?)  phunun]npiwl puq-
Unipjut b pwswdl Juybpugdut hwdwn:

Upmyniupubph puttuapynid

Fhwlwl [Epuwhwinulabph Hnpnghwlwb Jhdwulp nmupubudw-
dwbwluyhl thnihnpunipjul qiwhwwnnid punn NDVI hlinkpup

NDVI uwbklwpwy hunkputbpny pwpwubqubph JEpswiudwt wp-
mynibipnid unugynud E hknlyup Uhuhwbh spowith gyniquljwb phw-
Jujuypbtph Juuwnbtpnid 2000, 2005 b 2021 pp—ht nphnynid E pniuwljw-
unipjutt wybih quun Jhdwly (< 0,4), pwtt 2010 b 2015 pYwlwuubkpht (<
0,7) (14.4): 2000-2021pp. dudwwluyhtt pwpph YJEpswtdws yuwnlbp-
utiph Jhdwjugpuljut uinniquswthnidp Seasonal Mann-Kendall ptuwnh
wprynitpnid gnyg k tmwjhu, np Uhuhwth oppwtth Onntly, Uuntwyniup
b Ugywtnupjut gnipuljut ppwuduwypbph ny wipnunubtpnid b ny junin-
hwpptpnud ppkun shuw. O-wljwt hhynptqp, we wj, np hblnwgnunyng
gniquiut ptwwduypiph wpnunubpnid b junnhwppbipnd  2000-
2021pp. dudwtujuhwnywsdnid pniuwquiiqush Jh&wlh thnthnjunt-
pmit shw hwunwnmd ' wuydwiugnpyus P-h (P > o) b Z-h (2] <
1,96) wpdtputpny (wn.2): Unwgynid k, np hwdwdwju wppuiyuljuyhe
wuwnlkpubph, 22 nupyu pupwugpnid hbnwgnuynn nmwpwspnid pni-
nwjuinipjut ypgdwlh thnthnjunipini sh nphunyby:
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Unyniuwly 2.

Ubgnbiuyghti Uwtbt-4btunwy pbuipph wpnynitippp 9nphup ppowtih ptipppdwé
gninuwlwipbwlwduypbph wpnipbiiph b juniphwpplinh hwdwp

Trend | H P 4 a
wpnu Qu | Upuy k| 0,238 | 1,179 0,05
Onniy
Junwhwpp | 2Qu | Upuy k | 0,392 | 0,854 0,05
wpnu Qu | Uy k | 0,206 | 1,262 0,05
Uuwntulynip
Junwnhwpp qu Ul £ | 0,193 | 1,300 0,05
wpnu Qyu | Upuy k | 0,131 | 1,507 0,05
Uyutmpupyuit
Junwhwpp | qu | Upuy k | 0,057 | 1,897 0,05

Qnphuh opowih gyniquljut phwwduyptph jjuunbpnid wpnunw-
Juypbph b junwnhwppbph phypnid, pun wwwnlbpubph JEpdwtdwl,
2000 b 2021 pYwlwutbphtt gphnymd b pniuwuwinipyut wykh Juwn
Jh&wy (< 0,4), putt 2005, 2010 k 2015 pywlwuubtpht (< 0,8): Umfjuyu 22
nwpyu hwdwp hpwjwiwugws Seasonal Mann-Kendall ptuwnh wp-
mynibiplikpp gnyyg kb wiwghu htnlyuy wuwnlbpp Tununmp b unglw-
Jup gniquljut phujwduypbph U wpnnitpmd, U junnhwppbpnid,
hulj Muwdwh gninh dhuytt wpnunubpnud pplun shw, yuydwiubwynp-
Jud P-h it Z-h wpdtplubpny: Swpl, Zupdhu, Uljukp, dkphokl, vbdnpk-
ul gmntph U wpnntbpnd, b nnhwppbpnud, b Miwswu gyninh
dvhuyt junnnhwppbpnid phwnynud £ NDVI wpdbpubph wdnn ppkun,
hwdwdwyh nph’ 0-wljwi hhynphqp dundmid t, pubh np P < o b 2] >
1,96:

Zunljuwbpwlul k, np Z-h wpdtputipp npujui B, hust b Jiuynd
E 22 nupju dudwbwluyhtt puppnid pniuvwljuwinipyut juy Jhdwlh
dwup:

46



uununtLe

MUSUULUNUL LEULLER
iseh uaL
<01 T]o5-06 [ duinswlul uwhiwl
Eo1-02 [ ]06-07 [ Unnnunjuypkn
[02-03 [707-08 [ hnnhwupptp
[J03-0.4 [08-09
[Jo4-05 MmMo0s-1

275 55 Mt

w)

LSFh
<01
0.1 -02
oz2-03
[o03-04
[ Jo4-05

MUBUULULUL LEULLER
usr
[10.5-08 [ dwpswlwl uwhduwl
06-07 [ upnumwuguypbp
[Jo7-08 [ mnuhwpptp
0.8-0.9
Emos-1
o ams 55 T

04-05 [ 09-1

MUBUULULUL LEULLEN
LSRh ust
<01 [ J05-06 [ ]dwpswljwl uwhiul
o1-02 [ ]0.6-07 [ ]Upnunuduypbp
[o02-03 []07-08 [Jhnmhwpgtn
[Jo3-04 [0.8-0.9

1

)

ynLIUr3UL

MUBUULUNUL LEULLER

usL
T ]05-06 [ dwppuywl uwhdwl
Tl06-07 [ unnunwywpbp
[707-08 [ runwhwpptp
[los-09
W 09-1

o 275 55 s

wNLRUNILE

i

YN TUL

AUSUULULUL LEULLE™

LSPh usi
<01 [10.5-06 [ Jwnpwluil uuhuwl
Eo1-02 [ Jo6-07 [ ]upnuwduyptn
E02-03 []07-08 [ ]hnuhwnptn
[o3-04 [08-09
[Jo4-05 MMos-1

] 275 85 T

1)

Ul 3. Uhuhwlih ppowlih Onnulj,
Uywinupyui b Uunlulniip
gnuuljul phuluyuplpf
wpnwnikph b pnwnhwpplph
poiuwlpuinipyul Jhdwli pun
fpJwd inwphlkph  w) 2000, p)
2005, g) 2010, ) 2015, k) 2021

47



Unyniuwly 3

Ubgntiuyghti Uwbit-Ybtnwy pbupph wpnynitipbpp Snphup opowbih ptippyuwds
gninuwlwt pbwluwduypbph wpnipbiinh U juniphwppbinh hwdwp

Trend H P Z a
wpnu Udnn | &hon k 0,024 2,244 0,05
Suph
Junubwpp | Udnn | &hon 'k 0,002 3,060 0,05
Zupdhu wpnu Ué&nn | &hon k 0,014 2,451 0,05
wpnu Udn &hon k£ 0,006 2,739 0,05
Uik Iy ! h?
Jununbhwpp | Udnn | &hpwmk | 0,0002 3,635 0,05
wpnu Udnn | &hon k 0,037 2,082 0,05
Jhphyku
Junwbwpp | Udnn | &hon 'k 0,010 2,549 0,05
wpnu qu Uhuwy k 0,130 1,512 0,05
Jununnip
Junwunhwpp qu Uhuwy k 0,138 1,483 0,05
wpnu u Uy £ | 0,154 1,422 0,05
uwdwfu I u by
Jununbwpp | Udnn | &hon 'k 0,002 3,035 0,05
wpnu qu Uhuwy k 0,072 1,794 0,05
Iunqinujup
Junubuwpp | qu Uhauy £ | 0,080 1,745 0,05
wpnu Udn &hon k£ 0,002 2,968 0,05
vudnptul I 1 b2
Junubwpp | Udnn | &hon 'k 0,001 3,210 0,05
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Tvumnnh wnkplmd pynpndpih vpupninulnippui ginuhunnnid

URU wuwltpubphg unnwugdws ykglunwghnt hankpulikph b in-situ
swihnidubphg unugdws wnyjujubph dhol Ynnkjjughnt Jbpnidnipjui
wpynibipnid wpdwiwgpyly b iowtwljugh ppuljul §nnkjughw' ow-
nnnh wbkplubpnid pinpndhih yupnibwlnipjut b NDVI (r=0.67), wy-
unthtwnl NDRE (r=0.57) huntputtph dhol (p < 0.01 tpwtwljuhnipjut
gnpéujgny): NDVI b NDRE-h hwdwp tdwbtwwnhy wpmynitp, dh thnpp
wykih gwdp Ynnkpywughnt gnpdwlgny (r=0.5), wpdwbwgpyl; k
(Kopackova-Strnadova et al., 2021)-h Ynnuhg, npwntkrn Parrot Sequoia pwug-
dwuy kwnpwy uktiunph dhongny unnwugyus VLU wuwnlkpubpp ogunnw-
gnpéyl) Eu knliunt dntinnjuiimiputtipnid pinpndhih yupnibwlnipjub
guwhwwndwt hudwp: Puguuwlut tpwbwluh Ynnkjjughw (r=0.46)
E nhunyb) pinpndhih wwpnitwlnipyut b EEjunpuduqihuulut uybly-
nph Jupdhp whpnypnud vinugqus wipdbputph dholi, husp uyuubih
tp, pwlh np pinpnppip Yrutnud £ nygup jupdhp whpnygpmd: Cln
npnud, Parrot Sequoia puquuuwklwnpw) ukiunpp gpuugnid E jupdhp
wppnyyph 660ud tpjupmpjudp wihpubpp, htyp unwi £ pinpndhih wuw-
pnttwlnipyut quwhwwndwt twjunpn hbnwgnuumipnitiubph pupwg-
pnid oquuugnpdyws uyblnpu) mhpnyputphtt (680-690ud) (Singhal et
al., 2019): ‘Lowtwwih Ynekpyughw sh hwjntwptpyt) pinpndhih wu-
pnitbwynipjub b fEjunpudwquhuwlut uybkluph jubtws (r=0.04), tq-
nuyhtt updhp (red edge) (r =-0.12) nt Unnnwju hubpwlupdhp (r=0.11)
wnhpnypubph dhol: Uwluyt, wybkih Jun juwnwupjws hbnwgnunnipe-
jniutbipp gnyg Eht gt tpwwuh Ynnkjjughw tqpuyhtt jupdhp (red
edge) mhpnypnid nyuh wunpunupddwi b nkpbnwd pinpndhih Y-
pnitbwynipjut wpdtputph dhel (Carter and Knapp, 2001; Elarab et al.,
2015):

vunnnh wbkplnud pinpndhih yupnibwlnipyut qowhwndwb nin-
nnipjudp LOO ppwswdl Juybkpugdwt wdktmgusnp Updwwn dhoht pu-
nwljntuwghtt otindw (RMSE) wpdtiph hwdwdwyt, PLSR-h 5 pununphs-
ulkphg (thnthnpuwlwutiphg) oyyunhdw) pwbwl E pinpydt) 2-p: Pusybu
Eplnud £ ujup 5-hg, dbphuwjuljut ntunigdwb PLSR Unpkip gnhwgnti-
ghs wpymplbp k niujhu pb” uinniquiswthdwh (R%a = 0.41, RMSEer =
52.80), pt Juu]tpuguwil (R¥a = 0.49, RMSEva = 43.68) hutfwnp:

Upmniupttpp vhwbqudw)t juunbuwljub b b upnn Bu puptk-
gty wdntpwndwb Yhnbph wybjugdwdp nt dbphtwjuljut niung-
dwb wnwyt) pupy Unpbjubkph Yhpwodwdp, (Kernel-Ridge ntgpkuhnt,
NMuunwhwljut Utwnwn (Random Forest), Subtractive clustering b wyy),
npnlp wpnkt hwenn Yhpwny Yhpwndb ko UEU puquuuyblnpug
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wuwnlkpubph dhongny pniuwljwunipjut dke pinpnbhih qupnitwlne-
pintup guuwnwhbint hwdwp (Singhal et al., 2019; Vanbrabant et al., 2019):

£)n

gi 400 7 cha| = 041, RMSEcal
h ' 350 4

sw

thy 300 -
wd

puw 250 A

nt 200 -
150 4

n/ 100

100 150 200 250 300 350 400
Lnpndhh jubfuwnbufwd pubwlnipyncl, tin/d?

ud R%,q = 0.49, RMSE,, =

150 A

100 A i

100 150 200 250 300 n
Linpndhih jubhiwnbudud pulwlnip)nil, dunj/id?
UY. 5. Binpndpih Gubfuwpbugwé U suhdwds puwtiwluinh gndwidnipyuwt npuw-
gnwdp (scatter plot) PLSR dnnbih w) upniquiswhdwt indjugilbph p) Juidb-
puwgdwt ipguiitlph nGuypnid

Bqpuiljugnipjniuubkp
» Qnphuh b Uhuhwth opowtkph hbkwnwgnujws gninuiub
puwwduypbph Jjuuntpubpnid jEtuwquiqush Jhdwlh quunpw-
pugnid sh nhunyk], vwluwyt jujugnid wygnihwunbpd nhnydt) £ dhugh

Qnphuh opowinid’ hwdwaw;t Seasonal Mann-Kendall Jh&uljugpuiljui
phutnnwuynpdui:
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» Uwklwnpw wunpunupddwb wpdtpubph swppnid updhp nh-
pnypnid winpunupdjus wpdbkpubpp wdktwqquynitt o pinpndpih
thnthnjunipyniiubph tjuundwdp: Lowbtwlwh ppuljut §nnkjughwu k
nphunynid bwb nbpbbtpnd pinpndhh wupnibwlnipyu b NDVI,
NDRE wpdtputph dhol:

» Ubkpbktwjuluwt ntunigdwt PLSR dUnnpbkih wpmynibpttph hwdw-
dwyly, puquuuykunpu) UEU yqunltpubpp ks tkpnid niukt jpwnn-
nh wbpbubpnmd pinpndhih pwtwjuljwt quuwhwndwt b hknbwybu
wjghubph Jhdwljh dpnnunhnwpldwt hpwljwbugdwt hwdwp: Upnni-
hwuntnpd, pinpndhih ubgnuuyhtt Juppwgsh uykljnpw winpunupd-
dwl wpwbdtwhwwnlmpniutbph puguhwjndwt hwdwp wpyniuput-
pp whup E puptjuyki pun Jhghinughnt ukqnulkph’ nuowuyght in-
situ Yy utiph pwbhwlh b UEU wunltputnh wykjugdwdp, b dtpt-
twyuju ntunigdwt wy) dnpbjubph Yhpundwdp:

» bpujutwugwué htnwugnunmipniuubpp pil hwndudwlwu b,
puyg pny] Et mwujhu Eqpujugub], np oqpuunpbqbpuljuwt hkpwquunidu
niuh ubpmd Z2Z-nmud gniquunbnbuwjui hnqnwhwinulubph wwppkp
Eyninghwjuitn jpunhputph puguhwyndwt b mupwswdudwtwluht
thnthnjunipjniiubph guuhwwndw gnpénud:

Uppiunnuiiph hppmljumbgyly F 22 GRUUL FYG-hp phimbuwlmb
wowlhgnipyudlp  22AA-1E021 dwélmgnny ghnwlwl plilugh spowl-
[nid, puquypll ppiwbuwnpdundp b 22 FUU pphwbuwmljml wpwlgni-

pjulp «Gppunwuwpy ghnlwlwbbbph wowlgnipjull dpugpp» opgw-
blhkpnud, swslughp 23YSSPS-13:

Qpujuinipniu
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NPUMEHEHHUE JUCTAHIIMOHHOI'O 30HAUPOBAHUSA 1A
OIIEHKHU ITIPOCTPAHCTBEHHO-BPEMEHHBIX U3BMEHEHUM
IKOJIOI'MYECKOI'O COCTOAHUA HEKOTOPBIX
CEJIbCKOXO3SIMCTBEHHBIX 3EMEJIBHBIX YT OJIUA PA

AiiBazaH I'purop, Xuratan Anaut, Mypaasa Baarn,
Acmapsan llymanuk

Pesrome

[TpumeHeHMe a9pOKOCMHYECKHUX METO/O0B JAUCTaHIIMOHHOIO 30H/IUPOBa-
HUA B 06JIaCTH CeIBCKOTO XO34HCTBAa IOCTOSHHO pasBuBaeTca. B ocobenHo-
CTH 3TO OTHOCHUTCA K OLIEHKe ITPOCTPaHCTBEHHO-BPEMEHHBIX U3MeHeHUH aKO-
JIOTHYeCKOTO COCTOSHHSA CEeIbCKOXO3AHCTBEHHBIX 3eMesb (acTOUIIa, ITallH,
CafioBbIe YYACTKH U T.J.), CTAHOBACH 00A3aTeIbHON YaCThIO CHCTEM MOHHTO-
puHTa.

[Torenmuan TexXHOJIOTHI AUCTaHIMOHHOTO 30HIAVPOBAHUA I OLEHKHU
9KOJIOTHYECKOTO COCTOSHUSA PAa3THYHbIX CEIbCKOX03AHCTBEHHBIX 3eMeTb ObLI
HCCJIeZIOBaH Ha IIPHMepe JBYX TUIIOB YTOAMI: eCTeCTBeHHBIX IMAaCTOMII 1 BH-
HOTPafiHUKOB.
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Ha ocrHoBe cHMMKOB, ITOJIy4YeHHBIX Ha ocHOBe Landsat-5, 7, 8 mo mas-
HbM 2000-2021 rr., 6p11M paccyuTans! 3HaveHus NDVI (Hopmanu3oBaHHBIH
Pa3HOCTHBIN BereTallMOHHBIM MHIEKC), aHAIU3 ¥ BAIUJALNA TPOCTPAaHCTBEH-
HO-BPeMEHHBIX U3MEeHEHUH, KOTOphle OBLIN IIPOBeJIeHBI C IIOMOINIBIO CTATH-
ctuyeckoro tecta Manna-Kenganna. [TorydenHsle pesyibTaThl IIOKa3hIBAIOT,
YTO Ha MCCJIeZOBAHHBIX €CTECTBEHHBIX IACTONIIAX YXYAUIEHHA COCTOSHUA He
HaGII0ZAI0TCA.

Ha yuacTkax ¢ BUHOTpazioM OBLTH IIpOBe/leHbI U3MEPEHH COJEePKaHUA
XJIOpOdMIIIA B JIUCTHAX U MYJIBTUCIEKTPAIbHAA CheMKa y4acTKa OeCIHIoT-
HBIM JIeTaTeJIBHBIM allllapaToM. Pe3ysrpraThl pacCUMTaHHBIX MH/EKCOB U U3-
MepeHUi xy0poduiIa GBUIM COIOCTABJIEHBI, MCIIOAb3YS KOPPEIAIMOHHBIH
aHaJIU3 ¥ MeTOJ, MAlTMHHOTO OOy4YeHHUsA JaCTMYHO HAMMEHBIIUX KBa/paToB,
KOTOPBIN IIOKAa3aJl YZOBJIEeTBOPUTEIbHBIE Pe3yJIbTAaThl AJIA IPOTHO3UPOBAHUSA
comepxaHua xiaopopuiana B aucteiax BuHOrpaza (R¥a = 0.49, RMSEva =
43.68):

ITory4yeHHBIe pe3yabTaThl CBUETEIBCTBYIOT O IIOTEHIUANE TEXHOIOTUMH
a3pOKOCMUYECKOTO MOHUTOPHHTA B BOIIPOCE BBIABIEHUSA PA3IUIHBIX DKOJIO-
TMYeCKUX ITIPOOJIeM CeTbCKOXO3SAHCTBEHHBIX YTOAUN M OIEHKU ITPOCTPaH-
CTBEHHO-BPEMEHHBIX H3MEHEHMH. DTHM OOOCHOBBIBAETCA HEOOXOJHMOCTH
IIPOJIOJIKEHHA MCCIIeJOBAHHH 110 yCOBEPUIEHCTBOBAHHUIO Pa3pabOTaHHBIX Me-
TOZIOB.

APPLICATION OF REMOTE SENSING FOR ASSESSING
SPATIAL AND TEMPORAL CHANGES OF THE ECOLOGICAL
STATE OF SOME AGRICULTURAL LANDS IN RA

Ayvazyan Grigor, Khighatyan Anahit, Muradyan Vahagn,
Asmaryan Shushanik

Abstract

The application of remote sensing methods in the field of agriculture is
constantly developing. This is especially true for the assessment of spatial
and temporal changes in the ecological state of agricultural lands (pastures,
arable land, garden plots, etc.), becoming an obligatory part of monitoring
systems.

The potential of remote sensing technologies for assessing the ecological
state of different agricultural lands was investigated on the example of two
types of lands: natural pastures and vineyards.

NDVI (normalized difference vegetation index) values were calculated
on the basis of Landsat-5, 7, 8 images from 2000-2021 data, analysis and

55



validation of spatial and temporal changes of which were carried out using
the Mann-Kendall statistical test. The results obtained show that no
deterioration is observed in the studied natural pastures.

In the plots with grapes, measurements of chlorophyll content in leaves
and multispectral imaging of the plot by an unmanned aerial vehicle were
carried out. The results of the calculated indices and chlorophyll
measurements were compared using correlation analysis and partial least
squares machine learning method, which showed satisfactory results for
predicting chlorophyll content in grape leaves (R%a = 0.49, RMSEva = 43.68).

The results obtained show the potential of aerospace monitoring
technologies in identifying various ecological problems of agricultural lands
and assessing spatial and temporal changes. This justifies the need to
continue research to improve the developed methods.
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Lenpto crathu OBUIO BHOBB BKpartile W3JI0KUTh Ouorpaduro JI.A. Cnennua-
poOBa M IOKa3aTh 3HAYE€HHWE NPEMHUHM €r0 WMEHHU, Bpy4aeMOH JYYIIHM Teojoram
Mupa Kaxsle 4 rona Ha MexIyHapoIHbBIX IeoJIorHYeckux KoHrpeccax. Vcropus
9TOHM Harpajpl HOAPOOHO W3JIOKEHA BIEpPBbIe, KOMY OHa Bpydanack ¢ 2008 roxa,
HEHM3BECTHO, HO MBI OYEHb HaJIeeMCsl, YTO OHa OyJeT BOCCTaHOBJIEHA BHOBb Ha
CJIeIyIOIeM MEXIyHapoJHOM KoHTpecce B 2028.

Cnenauapos... Kto 31o? Ecnm BbI cnpocuTe JH000ro apMsHHHA, TO OH
cpasy ke otBerut: “O, 310 BRIHarommiics kommnosurop! Kcratu, y Hero Obu1
OpaT, KOTOpBIA 4eM-TO MPOCIIaBHIICSA B Teojioruu’”. Eciu e BBl CIPOCUTE JIH0-
6oro reosora (XoTh (YPaHITY3CKOTO, XOTh KUTAHCKOT0), TO OH CPa3y K€ OTBETHUT:
“O, ato u3BectHsIi reosnor! Keratu, y Hero Obut 6paT, HEMJIOXOH KOMIIO3UTOP ™.
Tak kxT0 e 3ToT CienauapoB? Paccka3piBaTh apMsiHaM, KTO TaKoM AsieKcaHap
CrnenauapoB, HeyMecTHO. Haiir pacckas moiaer o ero crapiuem opare — JleoHu-
ne AdanacbeBnye CrieHauapoBe, ACHCTBUTEIBHO M3BECTHOM reojiore. Apme-
HUS 1ajla MADPY T€0JIOrOB, KOTOphIC BHECITH OOJIBIINK BKIIAJ B HayKy, 4eM Jleo-
Hua Crennuapos. 1o 1 AHznpeac ApupyHHU, H30paHHBIA WICHOM-KOPPECTIOH-
nenrom Mmmeparopckoit Cankr-IlerepOyprekoii akanemuu Hayk, u MBan ['eop-
rueBnd MarakesH, u Jleon ApcenoBud Bapnausann, u Amot Turpanosuy Ac-
nmaHsH U Apyrue. Ho uX nMMeHa HM3BECTHHI JUIIb Y3KOMY KPYTy CIIEHHaINCTOB
JMaHHOI oTpacnu reosornyeckoro 3Hanus. Mmsa xe Jleonnna Crenanapoa u3-
BECTHO BCEM T'€0JIoraM — IPEeMUS ero MMEHH SBIIAETCS CaMOM MPECTIXKHOM mpe-
MHEN JJ11 BCEX T€0JIOr0B MUpA.
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Jleonun AdanacreBuu CrieHauapoB poauics B 1869
r. B KaxoBke (KppiM) B cembe Adanacuss ABKCEHTbEBHYA
CrnenimapoBa u ero skenbl Hartambun KapmoBHBI, ypox-
nenHor CenunoBoii. Hatanbs KaprnoBHa Oblia HEOOBIK-
HOBEHHO MY3bIKallbHa W BEPOSATHO IO ec BiusaueM Jle-
OHHUJI B JICTCKHUE ¥ IOHOIIECKHE TO/IbI ObLT YBIICUEH MY3bI-
KOii, U Bce ObLIM YBEPEHBI B TOM, YTO MMEHHO C HEH OH
CBsDKET CBOIO ku3Hb. B 1887 1. cembs mepeexana B Cum-
(depononp U TMepBOHAaYaIbHOE oOpa3oBaHue JIeoHHa MO-
nyynn B CuMdepornonsckoi THMHA3UM, KOTOPYIO OKOH-
Teonun g1 B 1889 1.
Crenmapos OceHblo TOTO K€ Tofja OH MOCTYNHJ Ha OTJEeNIEHUE
€CTECTBEHHBIX HAayK (PH3MKO-MaTEMaTHYECKOro (aKyib-
Tera MockoBckoro yauBepcurera. Ho, o0naiast KpacHBBIM TOJIOCOM U MeUTast O
[IEBYECKOM Kapbepe, OH MOCTYNUJ Ha BOKaJIbHOE OTAeIeHNE MOCKOBCKOM KOH-
cepBaropuu. “Mexay JeKIHSIMHA €CTh MHOTO CBOOOHBIX YacOB, — IKCAJI OH JI0-
MOMH, — ¥, BOCTIOJIb30BABIINCH 3TUM, 5 TIOCTYIIHJ B KOHCEPBATOPHUIO™.

oM, B koTopom B Cumdeponose npose wHocth JI. Cienauapon
(ya. CeBacTonoJibekas 1.19)

[To cyb0Ooram OH uWrpal Ha BHOJIOHYETH B CTYIEHUECKOM opkecTpe. B
HOsIOpE OH Y4acTBOBAJ B KOHIIEPTE B YECTh IATHACCATHIICTHS TBOPUECCKOM nes-
TenbHOCTH AHTOHA PyOuHINTEHHA, a B Ieka0Ope BhIcTymnai B onepe “depamope”
“B pOJIM KaKOIr'o-TO KHA3s , KaK COOOIIMII OH B IIUChbME K OTIY. B cienyromem,
1890 r., mo mpumepy JleoHuaa, Ha TO K€ OTAEICHUE MOCTYIUI €ro MIIAJIIHMA
Opat Anexcanap. Tenepb OpaThs BBICTYNAIW Ha KOHIIEPTax BIABOoeM. B KoHIIe
roga B 3ane BoenHoro cobpanus Jleonua ncnomaun Aputo u3 omepsl [1. Ma-
ckanpu “CenbcKas 4ecTh”, a Anekcanap Ha ckpunke — “bepces” A. Cumona. A
BCKOpE B 3ajie KOHcepBaTOpuHu JIGOHW 1Mo aKKOMITAHEMEHT OpaTa MCIIOTHHI
HECKOJIbKO POMaHCOB U Ha 0uc — “OuapoBaH TBOCKO Kpacoii”.
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AnexkcaHzip, MOJHOCTHIO TIOTJIONIEHHBIH MY3bIKOW (HE TOBOpS YXe O
3aHATHAX B YHHUBEPCUTETE), HE O0OpeMeHsu1 cels 3a00TaMHu O KU3HU. Bes mx
TsKecTh Jeria Ha Jleonnma: “Beerma nesTenbHO M TEpIIENHBO, — MHcala M03-
JHee ero IieMsHHHIA, A04b Anekcanapa Mapuna, — oH ciaemut 3a CalHbIM
MUTaHWeM, oOeperan ero ot mpoctyabl”. OTel NPUCHLIA CHIHOBBSIM MPHIIAY-
HyI0 CYMMY, HO, JEMSICh C TOBapHIIaMmu, JICOHHA ¢ TPyAOM CBOIMJI KOHIIBI C
KOHITAMH.

B niepBbIe ke Toabl pebbiBanusi B MockBe OpaThs MO3HAKOMHUIIUCH C TIPO-
(eccopoM mpasa Ha OpHUIUECKOM Qakynbprere Y HuBepcutera Hepcecom Ocu-
noBuyeM HepcecoBbiM, a, ObIBas y HEro JomMa, — ¢ JPYTHMH MPEICTABUTEISIMH
apMAHCKOM KomoHuu B MockBe. OT HUX OHM MHOTO Y3HaJld O CBOEH HCTOpH-
yeckoil Ponune, ee qpeBHEl KyapType, O TParMYeCKHUX CTPAHULAX JKU3HHU HX
Hapoma. OHM cTaly W3y4aTh ApMSHCKHUI S3bIK, YWTaThb ApMSHCKHE Ta3eThl.
“Tenepp Mbl ¢ Carnieit Takue apMsIHe, 9TO JEPKUCH” — mucai JIeoHu oTIy.

Jleonun yHacnenoBasl OT MaTepH OCTPOE YYBCTBO CIPABEIIMBOCTH U CO-
MIPUYACTHOCTH K dyXKoMy ropro. OqHaKIbI JETOM, Heroaneky oT noma Hepce-
COBBIX 3aropenach JepeBHs. [IpuOexaB Ha MeCTO MOXKapUIA ¢ TOBApPHUIIAMH,
AJeKcaHAp YBUIEN, UYTO €ro OpaT, BeCh MOKPBITBIN Ca)kell M OCBIAHHBIN Iel-
JIOM, yXe€ BBITACKMBaJ M3 OTHS BellM moropenblieB. JIeoHua mpesupan ormac-
HocTh. Ha cTyneHdecknx BedeprHKaxX OH BECENo Mel 3ampenieHHble mecHu. OH
He OBbIT WIEHOM KaKOW-TH00 MapTHH, HO BCEr/ia MPUHUMAJ aKTUBHOE Y4acTHE
BO BCEX aKIMSX MMPOTECTa, M BO BPEeMs OIHOW U3 HHX, B (eBpane 1892 r., Obin
apecToBaH W MocaxkeH B ByTeipky. Beckope oH ObLT OCBOOOXKIEH, HO TOI00HAs
BOJILHOCTB HE COIIIA €MY C PYK — OH OBII TYT JK€ UCKIIIOUEH U3 Y HUBEPCHUTETA.
“MpICIb O TOM, YTO JBEpU YHHUBEPCUTETa 3aKpOIOTCS UIA MEHsS HaBcernaa, —
nmucaln OH JIOMOH, — Opocasia MeHsl B JKap, U sl He JIOIyCKaJl TaKoi HecIpaBe]l-
JUBOCTH CO CTOPOHBI cyap0b1". FOHOIIA He man ayxom, yexan B Jlepnt (HbIHE —
Tapty) u moctynun B [lepnTCkuil yHHBEPCHUTET, CIABUBIIHUICS IMpeKpacHOU
npod)eccypoii U OTIIMYHON ITOCTAHOBKOHM Y4eOHOM U HAyYHOH paOOThlI.

B 1894 r. JI. A. CnenauapoB OjiecTsiie, ¢ 30J0TOH MeNajablo U 3BaHHEM
KaHIWJ1aTa CEJbCKOXO3SMCTBEHHBIX HAyK, OKOHYMJI YHUBEpcUTET. Bo Bpems
00yYeHHs1 OH YBJIEKCS MHHEPAJOTHell W JOCTUT TAKUX YCIIEXOB, YTO, TIO PEKO-
MEeHJalMK BbLaatomerocs poccuiickoro reoiora ®panma KOnpesnya JleBunco-
Ha-JleccuHra, ObLI OCTaBJICH B Y HUBEPCUTETE JJIsi HAYYHBIX HCCICIOBAHUI B
9TO# obnactu 3HaHus. B Tom xe 1894 r. JI. A. CieHanapoB MPUHSUT y9acTHE B
paboTe Bbiciiero ¢gopyma reojaoroB — MexayHapoaaom ['eomornyeckom Kow-
rpecce B Llropuxe. 31ech OH MO3HAKOMMIIICS C TJIABOM PYCCKHX T€0JIOTOB AJek-
cargpoM [lerpoBryem KaprnuHCKUM, BIOCIIEACTBUH TIEPBBIM BHIOOPHBIM TIPE3H-
neHtoMm Poccuiickoit AkaneMun Hayk (10 3TOTO NMPEe3UACHT Ha3HaYaJIcs BoJen
NwmmepaTopa). 3atem oH HeomHokpaTHO HaBeman Kaprmuuckoro B Cankt-Ile-
tepOypre. C cembeit KapnuHCKOro ero CBSI3bIBaJIM HE TOJBKO HAay4YHBIC WHTE-
pechl, HO U JIFO0OBB K MY3BIKE — OH 4acTO ObIBaJl B CEMbE U3BECTHOTO YYEHOTO
TeJT Ha MY3BIKaJIbHBIX Bedepax.
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[IpoxwuBas Boamm ot ucropudeckoir Pogunsl, JI. A. CienauapoB cBou reo-
JIOTUYECKHE MCCIENOBAaHUS MOCBATUI M3YYEHHUIO BYJIKaHHYECKMX TOpox Apa-
rama, Koraiickoro u IlpuepeBanckoro paiionoB. Ero mepmasi HayuHast paboTa
OblIa BBHIITOJTHEHA HACTONBKO OJectsiiie, uto B 1895 r. Yuensiii coBer [epmr-
CKOTO YHUBEpCUTETA MPUCYINIT EMYy BTOPYIO YUEHYIO CTETleHb — KaHu1aTa MH-
HepaJoruueckux HayK. Martepuainsl 3Toi paboTel ObutH Hcnonas3oBaHsl @. 1O.
JleBunconoM-JIeccunrom B ero Tpyne “ApMSIHCKOE BYJIKaHHYECKOE HArophe’.
“IIpu coctaBieHnu 3TOro ovepka, — mucan JleBuHcoH-JleccuHr — s monb30-
Bajics, KpoMe MOHMX COOCTBEHHBIX HAONIOJCHUH <..> W HeomyOJIMKOBaHHOW
KaHauaatckol auccepramueit JI. A. CrenamapoBa, B KOTOPOHW JaH psif
aHaAJIM30B Topoj U3 Moero coopa 1891 r.”. [lociae 3aIUThl STON AMCCEPTALUN
JI. A. CieninapoB ObL 3auriciieH B mtaT MuHKCTEpCTBa 3eMienenus Poccun.

1 cenTs10pst 1896 r. OH >KeHMJICS HA BHYYATOH TUIEMSHHHIIE AHBa30BCKOTO
Bapsape JleonnnoBHe MasupoBoil. HeBepoaTHO poMaHTHYECKAs! UCTOPUS, 10C-
TOWHAs Tepa BEJTMKOro mucartels o ToM, kak Anekcanap CrenanapoB ObLT 1o-
KopeH KpacoToii Bapapsl JICOHUIOBHBI U BO BCeychblliaHbe 00bABUI: “A pe-
IIMJI, YTO Ha HEH JOJICH JKEHUThC... JICHS” — BCe 3TO 04YEHb MOIPOOHO OMUCAHO
B KHuUTe nouepu Anekcanapa Crenauapoa — Mapunsl CniennuapoBoit “Crien-
nuapoB”, BeIIEANIeH B cepun “‘JKu3Hb 3aMedaTenbHBIX Jioaei B 1964 1. u K
KOTOPO# MBI OTChLIAEM YHTATES.

B tom xe rony MunucrepctBo 3emiienenus komanauposano JILA. Cren-
nuapoBa B BeHy /i m3y4yeHus TeoNoruy M MOYBOBEIEHUS U MPUMEHEHHUS UX B
CENTbCKOM XO3SIICTBE, U OH BbIEXaJ TyJa BMECTE C JKEHOM.

Paboras B8 MMmiepaTtopckoii j1abopaTopuu 3eMIISACIbUCCKON XMMHUYCCKON
OMBITHOH cTaHuuy, JI. A. CienanapoB MpOBOAMUI MHUHEPAIOTHYECKUI U MeXa-
HUYECKHI aHall3 [MOYB M TOPHBIX MOPOJI, U3ydasl MHUHEpaIbHbIe yaoopeHus. B
1897 r. on Hauan paborats B [lanmeoHTomormdyeckom WHCTUTYTe BeHbl. OH
COBepIIIaeT MHOIOYHCIIEHHBIE HayUHbIe 3KCKYPCHH MO0 OKPECTHOCTSIM BeHbI 1 B
Boremun n obpabateiBaeT coOpanHblii UM paHee B Kpeimy u Ha KaBkaze MA-
Tepuaj JUis CBoed Oyaylied MarucTepckol auccepTaiii. B ToM jxe romy oH
OIyOJIMKOBAJI CTaThl0 O MOPCKHX ekax Ha KaBkasze, B KOTOpOW omucasl BUbI,
paHee HEW3BECTHBIE B 3TOM paiioHe. JTa CTaThs He MOTepsia CBOEH HAay4HOM
LIEHHOCTH U CerO/IHA.

B aBrycre 1897 r., B Cankr-IlerepOypre cocrosuiack VII ceccus Mexay-
HapOJHOTO TEOJIOTMYECKOro KOHIpecca. 3a Mecsil 1o OTKpbITHsS KoHrpecca
OBLIO IIPOBENCHO 3 SKCKYpcuu: Y pasibekast, PUHIAHIACKasS U DcToHCKast. B cBs-
3W ¢ opraHuzanmen Ypanbckoit skckypeuu JI. A. Cnenauapos, ocTaBuB B Bene
XKEHY ¥ HOBOPOXJIEHHOTO ChiHA, Bhlexad B Poccuio, 4TOOBI BMECTE CO CBOMM
yuutenem @. 0. JleBuHcoHom-JleccuHroM opraHu3oBaTh 3Ty 3KCKypcuio. B
OOJIBIIMHCTBE MyOauKaIuii 00 3Toit moe3ake JI. A. TOBOPUTCS O TOM, YTO BO
BpeMsI OJTHOM M3 3KCKYPCHUW OH yIaJl ¢ IOCKOJIb3HYBIIEHCS JTOMAIN U MOTyYHII
cepbe3Hblil ymub ronosl. He mpuaas 3ToMy OONBIIOro 3HAYEHUs, OH yTpoM 17
aBrycTa IPUCYTCTBYET Ha IepeMOHUN OTKpbITHs KoHrpecca, a Beuepom Tepser
CO3HAHHE M YXOAUT U3 KU3HU.
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B name pacnopspkenue nonaj J0KyMEHT, NPOSICHUBIIMM 3TO TParu4ecKui
AIK30] €ro XKU3HU. DKCKYypCHIO Ha Ypaie, B KOTopoi mpuHsi ydactue JI. A.
CrieHIMapoB COMPOBOXKIANl KOPPECTIOHICHT eKaTepruHOyprckoii razersl “Ypan”
Brnagumup fAxosneBny Kpuuesckuil. BoT kak oH omucan 3Ty 310CYACTHYIO
9KCKYpCHIO: “YTpO BBIIAIOCH XMYpPOE, JOKITUBOE; TOKAUK OBLI, IIpaBia Mell-
KM M C 4acThIMHU NepepbiBaMU. Paccenuch Mo KOIIEBKaM M JBUHYJIHUCH. bbui
HpaS}IHH‘IHBIﬁ JCHBb. Hacenenue BBICHIIANO K BOpOTaM M OKHaM U TCPIICIMBbI-
MM TJ1a3aMU CJIEANJIO 3a HEBUAAHHBIM 3/1€Ch, ITOYTU HA BEPCTY PACTAHYBIINMCA,
MOE3/I0M HHOCTPAHHBIX TocTel. BApyr xomieBka, B KoTopoii 0bu1 CrieHauapoB ¢
PYCCKUM MH)KEHEpOM-ITyTEilIeM, ONPOKUHYJIACh U CEIEBIINX B HEM, U3BJIEKIU
m3-miof Hee. IHKeHep U Kydep OTIENaIUCh TOJNBKO HuCmyroM, a CrieHAnapoB Ts-
JKEJI0 3aXpoMall, JeBas pyka Oblia B KpoBH. Ero mojBenu Kk OKHY MepBOi U30bI
W 3Jllech Jali OOMBIThCs OT Tpsi3u, a CHeHauapoBy cIeNald MEpeBsi3Ky PYKH.
HOBpe)KI[eHI/Ie OKa3aJIOCh HEC3HAYUTEIIbHBIM W BCKOPE Mbl AOTHAJJIW IIAPTUIO Y
nepBoro oOHaxkeHus . A nmanee, mocie Bo3pamieHuss B Cankr-IlerepOypr, oH,
CHJIS 32 CTOJIOM B KaOWHETE OTIIa, HEOXKUIAHHO TePsIET CO3HAHKME M YMHPAET.

Hous Anexcangpa CnenamapoBa MapuHa mucaja O TOM, YTO OTeI] ee
myxka u Jleonuga ymep B 1901 romy oT 3apakeHHs KPOBH, MOJYyYEHHOIO OT
HeOONBIIOro Tope3a Ha Hore. Tparuueckod Obiia W cyan0a ChiHa JleoHuma
Jlecu. 29 urons 1914 roma on BeIexas BMecTe ¢ aaneit Anekcanapom u3 Kpeima
B [lerepOypr. “Hesagonro nepea Ttem — mucaiia MapuHa AJieKCaHAPOBHA —
Jlecst ynain ¢ nomaau, OTeNaBIIMCh HEOONIBIINM T'OJIOBOKPYKEHHEM H PaHKOH
Ha mooopoke”, a 6 urons oH ckoHvaics”. CormocTaBJisis IPUBECHHBIC (PaKTHI,
MOYHO TIPEANON0XKHTh, 4To Jleonn CrieHuapoB UMeN 10 HACTECTBY ClalbIii
WUMMYHUTET, U €r0 BHE3allHasg CMEPTh HACTYIIMJIA OT 3apaK€HUs KPOBU yepe3
paHy, IMOJIyYEHHYIO IIPU [aJ€HUU U3 KOILIEBKH.

BHesannas cmepTh B Bo3pacte 28 jer obopBaia OnecTsiine HavyaTbie (yH-
JameHTanpHble paboTel. BHauane JI. A. CneHauapoB ObIT IOXOpOHEH Ha Ap-
MsiHCKOM Kitanouie B Cankr-IlerepOypre, a 3aTeM rpod ¢ ero TejaoM ObLI mepe-
BE3CH B CHM(beponom) 1 3aXOpOHEH B (baMI/UH)HOM CKJIETIE.

w “"A
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I'opon Cumdeponoan. Cemeiinblii ckiien CrieHAMApPOBBLIX
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XKuznp Jleonnaa CrienauapoBa Oblla KOPOTKOM, HO OHa OCTaBWIA SIPKHM
ClIe] B T€OJIOTHYECKON HayKe M BBI3BIBAET MOIJIMHHOE BOCXUIIEHHE Y MHOTHX
ITOKOJICHUH Ie€0JI0r0B.

Tpynel, reonorndeckue komieknuu U Oubmmoreka JI. A. CnenamapoBa
OBUTH TIepefaHbl ero OTIOM B jaap JlepnTcKoMy YHUBEPCHUTETY, IJie OHH Xpa-
Harcs u veiHe. [lo xomaraictBy otna u xensl JI. A. Cienauaposa, I yBEKO-
BEUCHHS MaMATH TPArWyeCKH IMOTHOIIEro MOJOAOro y4eHoro I eosmoruveckuii
KOMHTET MPHUHSII perieHne 00 YIpeKIeHUH IPEMHUH €ro MIMEHHU M3 CYMMBI, BHE-
CCHHOM JJIs 9TOH LEIM B MeTepOyprckuii 0aHk ero poaHbIMU. ['eoJorudeckuii
Konrpecc pa3paboTai monoxeHne o IpeMuH, TIacUBIIee:

“Kanmran B cymme 4000 pyOueli, BHECEHHBIH POJHBIMH YYE€HOTO Ha Bed-
HbIH Biutan 3a Ne33318 cumraercss HEIPUKOCHOBEHHBIM. [IpemMus BhImaeTcs u3
MIPOIIEHTOB 3TOTO KamuTajia 3a TPU Toa U MpHCYXJIaerca MexIyHapOIHBIM
T'COJIOTHYECKIM KOHTPECCOM Ha OYEPEHOW CECCHU YUYEHBIM 0e3 pasiuyus Ha-
[MOHANBHOCTEH, 3a JIydlllee COYMHEHHWE B OOJIACTH TEOJOTMH II0 BOIPOCaM,
npemiokeHHbIM KoHrpeccom Ha mpenmiecTBylomieil ceccuu. B cioyuae ecnu
npeMus He OyJieT BblJlaHa, OHA OCTaeTCsl Ha YBEIMUEHHEe OCHOBHOTO KanmuTana”.

Hnst mpucyxaenus npeMun Ha KoHrpecce mzdmpanach KOMHCCHS, B KO-
TOPYIO 00SI3aTENIbHO BXOIMUII MpeacTaBuTeb Poccuu. BriepBbie mpeMus HMEHH
JLLA. Cnennuaposa Obuia npucyxzaena Ha VIII ceccun Konrpecca B 1900 1. B
[Mapwxe. Ero 61 Harpaxaen A. 1. Kapnunckuii. OnHako, IpUHSB OKa3aHHYIO
eMy 4yecTb, KapnmuHCKuil oTKa3ayics OT AEHEXHONH CyMMBI, OCTaBHB €€ B pacio-
psoxkennu Konrpecca. Ilostomy bropo Konrpecca mepenano cymmy mpemMuu
¢dpanko-mBeiinapckomy reojory I1. llagda 3a ero pabotsl o crpaTurpaduu u
reosioruu [lopryranuu. 3ateM mpeMuu ObUIM MPUCYXKJEHBI MOCIENOBATEIHLHO
Ha crnexyronmx ceccusax Konrpecca. KapnuHckuii roBopui, 4To 3Ta MpeMHus ¢
caMmoro Hadaia Obljla TOUCTHHE MEKAYHAPOJHOM: OHA ObllIa MMEHU apMsHHHA,
MpHCYXJIeHa PYCCKOMY, a Bpy4eHa IIBeHmapiy-(gpanily3y Ha MOPTYraibCKOH
ciyxoe.

B 1917 r. kanuTan npemun 061 KoH(HCcKoBaH npaButensctBoM CCCP. B
1926 r. kanmuTay ObLT BOCCTAHOBJICH MPH y4acTHH [ €OJOrMYecKOro KOMHTETa
Poccun. Bonburyro pons B aToM ceirpan . M. MylkeroB, KOTOPBIA IMOATBEP-
it ipaBonpeemctBeHHOCTh CCCP mo Bpydenuto npemun nmenn JI. A. Cren-
JapoBa.

C 1929 1o 1964 rr. mpeMus onaTh Bpy4ayiach.

B 1968 1., Ha 23-i1 ceccun MexayHapOTHOTO T'€0JIOTHYECKOr0 KOHTpecca B
[Ipare npemus um. JI.A. CienauapoBa He Bpydaiach, T.K. 21 aBrycra Hadajics
BBOJI COBETCKHMX BOICK B YexocnoBakuio, ¥ MO3TOMY MHoOrue aeneratsl Kon-
rpecca IpepBaiy ero padoTy.

[Tocne aToro mpemust BHOBb Bpy4ajiach.

B 2008 r., Ha 33-ii ceccun MI'K B Ocno npemust uncnmiack B OTreneHuu
Hayk o 3emiie PAH, HO He Bpyuanack, T.k. [Ipesumuym PAH He Bimenun ne-
HEXHBIX CPEICTB.

B 2012-2024 rr., Ha ouepenansix koHTpeccax MI'K mpemus He Bpydanach.
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Ha ouepennoi#i, 38-ii ceccum B 2028 1. B Cankt-IlerepOypre mpemus
umenn JI. A. CnenauapoBa QUrypHpyeT Kak «IUIAaHUPYEMOE MEPOIIPHATHEY, H

MBI HaJIeeMCsl, 4TO OHa OYIyT BOCCTAHOBJICHA.

BCE JIAYPEATBI IPEMUU UMEHU JI.A. CHEHIUAPOBA

BPETTEP Banememap Kpucrohep »

1. KAPIAHCKHWM Anexcaunp ITerpoBuu
[26.12.1846 (07.01.1847) — 15.07.1936] — pyc-
CKHUI TeoJIoT, NepBhIid BEIOOPHBIH npe3uaeHt Poc-
CcUCKON akajemMuu Hayk. JlaypeaT mepBoil mpe-
mun umenu JI. A. CneranapoBa Kak OCHOBOIIOJIO-
KHHK MHOTHX HaIlpaBJICHUI B Pa3IMUHBIX 00Jac-
1sax reosorur. (1900 r.). [IpuHSIB OKa3aHHYIO eMy
YecTh, OH OTKA3aJICs OT JEHEXHOW CyMMBI, KOTO-
pas ObU1a mepenana GpaHko-IIBEHIIAPCKOMY T'€o-
sory I1. Iladdy.

(Brggger, Waldemar Christopher; 10.11.1851 —
17.02.1940) — nopBexckuii reosior. OCHOBOIIOJIO-
KHHUK y4eHUs o muddepeHnuanyu Marmel. Jlay-
peat npemun umeHn JI. A. CnenanapoBa 3a Tpy-
nel o ierporpaduu (1903 1.).

3. YEPHBILIEB ®eonocnii Huxonaesuy
[12(24).09.1856 — 02(15).01. 1914] — pycckwmii
reoJior M mayeoHTosor. Tpyasl MO MajIeoHTONO0-
THH;, CTpaTturpaduu, MUHEPAIOTMH M TEeTporpa-
¢un. Jlaypeat npemun nmenn JI. A. Criennuapo-
Ba 3a Tpyabl mo Ypany u Tumany (1906 r.).
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4. KJIAPK [Txou Mbacoun (Clarke, John
Mason; 15.04.1857 — 29.05.1925) — amepukan-
CKUM majeoHTosior u crpaturpad. Ommcan 125
HOBBIX pomOB U 865 HOBBIX BUIOB. Jlaypear
npemun umern JI. A. CrnenamapoBa 3a Tpy. 1Mo
JIEBOHCKUM OTJIOXKeHUsAM CeBepHOH AMEpHKU
(1910 1.).

5. APFAH DOwmums (Argand, Emile;
06.01.1879 — 14.09.1940) — mBeWnapckuii reo-
jgor. I'eomorus 3amagHbix AJbI, TEKTOHHKA
Azmn. Jlaypeat npemun nmenu JI. A. Crenamna-
poBa 3a Tpyasl 1o reosorun Ane (1918 1.).

6. HEJIb JIyu Toaiinop (Nel, Louis Taylor;
24.02.1895 - 09.06.1968) — reomnor FOxHO-Ad-
pukanckoro Coroza. Tpynsl Mo reojgoruu pya-
HBIX MECTOpOXJeHUU. JlaypeaT mpemMun UMeHn
JI. A. CnenauapoRa, “Kak MOJAIOIIMA HAISHKIbI
uccienosarens” (1929 r.).

7. HOJAH Tomac bpennan (Nolan,
Thomas Brennan) (21.05.1901 — 01.08.1992) -
aMepUKaHCKui reosior. DyHAaMEHTAJIbHBIE HC-
CIIEJIOBAHUS B Pa3lUYHBIX OTPACISAX TEONOTHH.
Jlaypear mpemun umenu JI. A. Cnenmuapoa
(1933 r.) “kak 0COOEHHO MHOT0OOCINAOIINI MO-
ToJ10# reomor”.
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8. BATYPUH Bnamumup IlerpoBuu
[14(27).09.1902 — 07.11.1945] — pycckuii reo-
nor. ['eomorust Ypano-OMOuHCKOH H Ypaino-
Boikckoit HedTera3oHOCHBIX 00acTel, pa3pa-
00TKa METONMKM paCwWICHEHHUS OCaJIO0YHBIX
TOJIIl Ha OCHOBE M3YYEHHS MUHEPaIBHOTO CO-
craBa nopoa. Jlaypeat mpemun umenu JI. A.
CrnienimapoBa 3a TpyIbl 10 merporpaduu oca-
IouHbIX mopox (1937 1.).

10. TEPMBE Anpu ®pancya Owmuibs
(Termier, Henri-Francois-Emile) (13.12.1897 —
12.08.1989) — ¢panirysckwuii reosor. [TpoBomun
JIeTalibHbIC UCCIICOBaHUSI CTpAaTUTpaduu U HC-
kKomaeMoi ¢ayHbl Mapokko. JlaypeaT npemuu
nmenn JI. A. CneHauapoBa 3a reoJIoTHYecKue
uccinenosanus B CeBepHoit Appuke (1952 r.).

9. YOMKEP Jloypenc Puxapn (Wager,
Lawrence Rickard) (5.02.1904 - 30.11.1965) —
AHTJIMCKUI Te0I0T, KOTOPOro Ha3BhIBAIU ‘OJHUM
U3 JIydlInX TI'€OJIOI'MYCCKUX MBICIIUTEJIEN CBOEro
nokonenus . Jlaypear mpemmn wumenu JI. A.
CnennuapoBa 3a HcclieoBaHUS B | umanasx u
I'pennanaum (1948 r.).
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11. AJIbBAPEC Manysns, Munaammii
(Alvarez, Manuel, Jr.; 10.08.1905 — 09.08.1989)
MEKCHUKaHCKHiA reonor. Hanbomnee 3HaYnTEIbHBIC
MoHorpapuu: “Texkrtonnka Mekcuku” u “Ilpu-
HIWIEI ctpaturpaduu’. Jlaypear nmpeMun UMEHH
JI. A. CrenamapoBa Kak “‘BBIJAIOIIUICS TEOJIOT
Mexkcuku” (1956 1.).
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12. TOPAPUHCCOH Curypayp (Porari-
nsson, Sigurdur) (08.01.1912 — 08.02.1983) —
WCIaHaCKui reojor. IluoHep TedpoxpoHOIIO-
run. Jlaypeat npemun umenu JI. A. Cienauapo-
Ba 3a TPY/BI MO TEOJIOTUH U ByJkaHoioruu Hc-
naaauu (1960 1.).

13. POM Ba6em Yanapa (Roy Bhabesh
Chandra: 1907-1984 rr.) — UHAKACKHIA T€OIOT —
XapaKTePUCTUKA TeoJIOr0-TeOXUMHUYESCKAX TPO-
1[ECCOB, KOTOPbIE MPHBOMAT K (OPMHUPOBAHHIO
Pa3HOOOpa3HBIX PYAHBIX MecTopoxaeHuid. OnuH
U3 OCHOBATENEW M TEPBbIA BUIIE-IPE3UIEHT IO
Azun u Adpuke MexayHapoaHOH KOMHCCHH T10
nucropuu reomorunueckux 3HaHumii (INHIGEO)
(1967 r., EpeBan). Jlaypeat npemun umern JILA.
CrienimapoBa 3a TEKTOHHYECKYIO KapTy Wuann
(1964 1.).

14. YHUHHE-3/JBAPAC Xrsto-PobepT
(Winne-Edwards ~ Hugh  Robert) (pon.
19.01.1934) — kaHaaCKWMIA TEOIOT U TPEANPHHH-
marenb. Jlaypeat npemuu um. JI. A. Cnennua-
poBa 3a Tpynsl 1o reosiorun Kananer (1972 1.).

15. ®UIINEP Hopmau Tenpu (Fisher,
Norman Henry; 30.09.1909 - 23.09.2007) -
aBCTpAIUICKUNA reosior. BylKkaHOTOrM4ecKrue uc-
ClIeIOBaHMs, pa3Beka M OIEHKa CTPaTerMyecKuX
MECTOPOXK/IEHUI TONEe3HBIX HCKOMaeMbIX ABCTpa-
nuu. Jlaypeat npemun umenu JI. A. CienauapoBa
3a BKJIaJ B TEOJOTHMYECKOe KapTHpoBaHHE AB-
crpanmu (1976 1.).
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16. BJIAHIIE Peune (Blanchét, Rene)
(pom. 22.06.1941) — dpaHIly3cKHil T'€OJIOT.
CTpyKTypHasi T€ONOTHsl, TEKTOHUYECKOE CTPO-
CHHE OKEaHMYECKOro JIHA.
nmenn JI.A. CrienauapoBa 3a TPyAbI IO CTPYK-

TypHO# reonoruu (1980 T.).

18. KHU®®PEP DOauzaber Bepuep
Coiozen (Kieffer, Elizabeth Werner Susan)
(pom. 17.11.1942) — amepuKaHCKHIA TEOJIOT, CIIe-
LUAIKCT 10 reoU3NUECKoi reoguHamuke. Jla-
ypear mpemun wumenu JI. A. CrhenamapoBa
(1989 r.) — equHCTBEHHAS KEHINWHA, YIOCTOUB-
magcsi 3Toi npemMun. YacTb ACHEKHOU CYyMMBbI
npu3a OHa I[epefaila OAHOW aMepUKaHCKOW
IIKOJIE C TEeM, YTOOBI EXKETrOJHO HAarpakIaTh
IIKOJILHUKOB 32 JIYYIIYI0 PadOTy O MpEeMHH

Jlaypeatr mnpemun

17. BOI'JAHOB Hukura AJekceeBnd
(23.07.1931 - 14.12.2003) — pycckuii reoior,
yneH-koppecnongenT AH CCCP (PAH). Jlaypear
npemun uMm. JILA. CrenauapoBa “3a ycremHoe
MPOBENICHHE MEXIYHAPOIHBIX MCCIEJOBAHUH IO
npoekty “OQHONHUTHI ¥ OKeaHWYeCcKas Kopa Ieo-
JIOTUYECKOTO TIPOIUIOro”, U3YUCHHE PA3BUTHUS Ta-
JIe0305 CKIIaI4aToro oopamiieHrss TUXOro okeana
W TEONIOTHH €ro TIyOOKOBOIHBIX JKEIOOOB M OK-
PauHHBIX MOpeH M OONBIIYyI0 PadoTy IO IMOJIro-
toBke XXVII ceccrun MexiyHapOIHOIO T€0JI0TH-
yeckoro koHrpecca” (1984 r.).

umenn JI. A. CnenmmapoBa, o camom JI. A.
CrenaunapoBe win 00 ApMeHuwu.
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19. MUAHIUPO Axuxo (Miyashiro,
Akiho) (30.10.1920 - 24.07.2008) — smoHCKwHii
reonor. M3BecTeH cBOMM BKIIaJIOM B MeTaMophu-
YECKYI0 U MarMaTU4ecKYIO IETPOJIOTHIO U B U3Y-
YeHUEe TEKTOHMKUA W MereopuToB. JlaypeaT mpe-
mun umenu JI. A. Cnennnapona (1992 r.).

20. JIO BAOIOHbB (Liu Baojun) (pox.
13.09.1931) — xwmraiickuii reomor. Crienuaamuct
B 00JIACTH T'€OJIOTMH OCaJ0YHBIX 00pa30BaHUM,
cTpaTurpadum, reOAMHAMUKN U PYAHBIX MECTO-
poxnenuit. Jlaypear mpemun wumenu JI. A.
Cnennuapona (1996 1.).

21. IIMMEHTEJIb Maprmmo Maprunc
(Pimentel, Marcio Martins) (poa. B mapre 1959
r.) — Opasunbckuii reosor. Ero wmcciemoBaHus
BKJIIOUYAIOT OpPOreHe3, pUPTOreHes, CYOayKIHIO U
naneo3oi. Jlaypear nmpemun umenn JILA. CreH-
nuaposa (2000 1.).

22. JOJIMOHMA Kapio (Doglioni, Carlo,
pon. 25.01.1957) — utanesiackuit reonor. M3y-
yeHue celicMuuHocTH Cpean3eMHOMOPCKOro
peruona. Jlaypeat npemun umenu JI. A. CreH-
JIMapoBa 3a HCCIIEIOBaHUS B 00NAaCTH TEKTOHU-
K{, TEOJAWHAMHKH M PErHOHaJbHOM TEOJOTHH
Cpemnzemuomopckoro peruona (2004 r.).
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LENULP Y UDULUUDPEI P2 UNEGL YUY P OULLI8BUL 155-
UuUsuu

Qphgnpui Q. ()., Punupui U.A., inidhqniph @ 0., Mnpnujuib L. 8.,
uswunpyut U.U.

Udthnthnid

znnwsh bywwnwlt E phht hwhhpd nipdugst) L.U. Uykunhwpn-
Jh jEuuwgpnipinitp b gnyg mw) tpuw widuit dpgutulh tywbwlnipe-
mniup, npp ounphynid £ wppawphh jwudwugnyt Epjpupwiibpht 4 mwuph
Uty Uhewqquyhti pjpupumbmljui Ynbgpbubkpmu: Uju dpguinuljh
wuwwdnipniit wnwghtt miquud dwtpudwut tjupugpus b, pk nud £
uy ounphyt) 2008 pywuljuthg h ytp, whwyn k, puyg dktp huljuuybu
hniuny Eup, np wyt Yphht Yybpuluiugugh 2028 pyuljuht juywbwihp
Uhowqquhtt hwdwgnidwph dudwbuly:
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155 YEARS SINCE THE BIRTH OF LEONID AFANASIEVICH
SPENDIAROV

Grigoryan G. R., Badalyan M. B., Khumizuri G.P., Poghosyan N. J.,
Khachatryan A. A.

Abstract

The purpose of the article was to briefly outline the biography of L. A.
Spendiarov and to show the significance of the prize named after him, awarded
to the best geologists in the world every 4 years at the International Geological
Congresses. The history of this award is described in detail for the first time;
who it was awarded to since 2008 is unknown, but we really hope that it will be
restored again at the next international congress in 2028.
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NREEL SPELULP QLEUCBUL
(dutigut 90-wdjuljhtn)

2024 p. nijnbkdptph 13-ht jJpuguy Swbtwsywd
ghntwljul, hpwphwgkn, 22 FUU wjunbdhynuy,
Zujuuwnwith ghunipjut Juuunwluynp qnpshsg,
Mniuwunuth Ytwoimput Ftwlwt  ghunnip-
miutbph  wlwnbdhuh  winud,  Zpwphiwgh-
nnipjut b Bplypp punbpph phuhwih dhgwqquyht
Uhnipjut whnud, 1993-2006 pp. 22 @UU Bab
wbopkl, 2006-hg’ wmuopkuh hunphppulwb, 1989-
2011 pp. BQP hpwphwghwnnipjut jwpnpuwwnnph-
wyh Junhy, Epjpupwbw-hwtpuwpwbwljut ghnnt-
pinLutkph nnljuinp Nmpkt Shqpuith Lppugyuiith 90-wljuyp:

22 QUU twjuwquhnipiniup, 22 @UU phuhugh b Gpyph dwuht gh-
unipjnibubph pwdwtdniiph b 22 @UU Epjpupuiwljui ghinnipiniu-
ubph htunhunninh wbdtwlwqup obpunpkl sunphwynpnid Gu (knipkh
Shqpwith Qppwgjuthtt hnphjjwth wnphy:

[r. Qppupjwip suyly k 1934 p. p. Gphwunud, wijwbwynp Lplhpw-
puit,, ypndtunp, BN tpjpuputuljut $wlniyntnh hhdtwunhp b Zw-
juunwbh Ephpuputuljut Swpwynpub hhdwnhpubphg dkyh" Shg-
pwt Upowlh Qppupjutth pitnwthpnd:

1957 ., wjupunbtiny GNZ2 tpjpupwbwlut dwlnyunbnp, w wy-
huwwnwiiph E wtgk) 22 @UU Gpyjpupwtiwljut ghnnipiniuubph htunp-
wnninnid: 1958-1961 pp. unynpk] £ Unuljdunud, UUZ QU oquuuljup
hwtuwénutph, whwnpngpudwyh, dhtbpwjuwpubinipjut b tphpuphuh-
wjh hutunmhuniminh (M'EM AH CCCP) wuwhpwbwnnipuynd npunbkn
1964 p. wuwownwwil L phijtwsniujut wnktwpnunipniup: Ujunt-
htwnli, 1990 ., @phihuhh Zwupuwyhtt hnwdph ndjuujwi ghnwhbwnwgn-
nuwljwt htunhwnninnid hwonnnipyudp Wuonwwk) E twb pnjnnpw-
Jut wmnktwinumpniup:
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[r. Qppupyutit hp Yyuwuph b gnpénitbinipjub onipg 70 wnwphubkpt
wiykpwwwhnpbu whpwpbply E Epjpupwtujut ghnnipjuut nt hw-
puquwn httunhwnninht: Gpjpupubujut ghnnmipniiubph htunhwnne-
nnd tw wtgh] E ghnnwoiwnnnh, wjwug ghnwiwwnnnh, ghnwljwub
puwpuninuph, hpwplwghinmpjul pudh quphsh, ghinipjut gdny
thnjunntionkuth b wbiopkuh ninh: (r.Qppuwojutih wpjnwwnwupwiht gnp-
dniubnipmitip whpws b tnk Zwbtpuwbunmpjut b hwpwlhg nw-
pwoépubph Epypupwinipyut mwuppkp hhdtwhwpgtph ntuntdbiwuhpne -
prulp, hhutwuimd  duquujulwui b hpwphiwghtt gnjugnidtkph
wnwbdbtwhwwnlnpniuubph puguhwyndwip: (. Qppugjuip hwwnnly
nipwnpnipjub b wpdwtwugnpt) Zupwduyhtt Undjuup vwhdwbitpnud,
wnuwppkp  Bpipuphttwdhuljwt hpunppmipmitibpnid Enghiyub
hwuwlh hpwppujutnipjuwip, npu qupquglwb ophttwswththnipni-
ubph JEpndnipjutp, ogqnuljup hwhwénubph hwupwjuwyptph wnow-
owgdw nt mknupwohudwt gnpdnid npu nhipht b bywbwlnipjuip:

r. Qppupjutip, npytu judpwughp b hwdwhbnhtwy, dwutwlgh) k
wUZU mwupwéph htwhpwppwghnwljut wpwehtt wmnjuuh unbknddw-
up: Ujp hbnnwgnunmipmitubph hhpdwt ypuw tw 1970-jut pquljwub-
nht ujhqp nptg Zujwunwuh tpipupwbulju ghnnipyui hwdwp bnp
ninnipjut’ htwhpwppiwghwnipjuip:

Zhknmwquynmd (2.9ppwpjuth  hknwgnuumipiniuibpt  pungpytght
Zujwuwnwth mwpwsph b Zugjuljub (Ekptwppiwphh tnpugniyyt hpw-
pluwjuitinipinitp, npu qupqugdui ophttwswthnipiniuttpp, hsybu
twl® hpwphiuyhtt htwpwynp Junuwigh quuhwwndw hwpgbkpp:

[r. Qppuwojwith puquuphy woiwwnnipnitutp, npntp wunpunun-
unud Eu Eppwpwbulub ghnnipjut mwuppkp phuquyunubph wpnh-
wlwl Juinhpibphtt U hwnjuwbu  hpwpwghnnpubt websynn
hwpgtpht, juybt wbwsnd ki gt Zwbpuybnnipniinud, twpayht
wUZU b wpnnwuwhdwiyub pwwn Gplpubpnid:

r. Qppupjutin qpunyl E twb dwbjwupdulwt gnpéniutnipe-
judp: Bplwp nmwuphubp npybu ypndbunp nuuwdunl) k Gphwth k-
nwlwt hwdwjuwpwh tpipuwpuwtwlwt pulniynbnnd, Enk) £ dh
pwih phijtwéniwljubt wnkuwmunipjniutbph ghnwju nEjwywup:

‘Lw htinhttwl b hwdwhwhtnhtwy E dhpwqquyphtt b nbnujut wd-
uwqpbpnid (niyu mkuws wybkjh put 150 ghvnnwljwt hnpdush b 9 dkbw-
qnipjuls, wyn pYnud” «LEnughtt Twpwpunh Zwbpuugbnm pyub kphpw-
putnipjnibp b hwipught wuwowplbpp» (2011) dktwgpnipyull npubu
Tutpughp U hudwhbnhiwly, hknhtwl £ wewehtt hwyjuikqnt pnithwljut’
«Zpwppiwghwnnipjut hhuntipubpp b Zujwuwnwh tnpugniyt hpwphow-
Juunipniup» (2013) puuwgpph, htgybu twb vh supp hwtpudwnskih
hpwwnwpwlnidubph nt dbpwghp wouwwnnipiniuttph: (. ppupjuiip
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uhty opu swpnitwynid k hp wljinhy ghnnuljus gnpéniubnipjniup, hugh
wpyniup b 2024 p. tpw hwdwhbtnhttwlnipjudp |nyu mkuws «Karaxor
JeTBEPTUYHBIX BYJKAaHOB Teppuropuu Pecmybnuxu Apmenus» U Trace
Element Geochemistry of Armenian Obsidian Sources and the Provenance
of Archaeological Obsidian Artefact ipwttwjuijh wojuwnnipniutitpn:

[r. Qppwgymtip Epjup mwuphukp Enky k «Gplyph dwuht ghnnipnii-
ukp» ptwquyunh «Gphpwputinipmnity dwubtmughwnnipjudp wunhdw-
twounphudwt ghnmwljut junphpph twpwquh, 22 QUU «hwunipnii-
ukp Gpyph dwuhiy mbntiugph giuwynp adpwghp, 22 UG twjuw-
guwhnipjut jpdpugpujub-hpunwpwlswlwut junphpnh b FUU «Gh-
nnipjul wyhtwuphnid» hwinkuh jpdpugpuljut Ynjkghwyh wunud:

bp Epupwdjw, thpywsé b pinnit gnpénitibnipjut hwdwp (. Op-
puoymin wwupqhwwpyl] £ UZU b 22 dh pwpp dbnujubpny, wjy
pynid 22 Jupw]upnippub Uhwihw Shpulwugnt wijwi dbnungd
(2003), Mniuwunnwth Fuwlwb ghnnipnibttph wjunbdhuh N.9w-
whguyh wijut hnvpwdbnuyny (1999), 1994 p. wpdwiwgk] E UGUUL
Zujujut ghnwub b fwpnupughnwljut pujipomput 9. Zud-
pupdnidjuth widuwb nhyyndh, 22 VU gnybunnwgptpp, huly 2012 p.
22 twpiwquhh hpudwbwgpny upwt ounphdty k22 ghuinipjut Juu-
nwljuynp gnpésh wuwwnuwynp Yngnid:

22 @UU whunptdhynu Onipkt Shgputh Qppwojmttht, Uks hwp-
quip b hEknhtwlimpmt Juytnn, hp b gnpépultpubph hwinby ww-
hwiolynwn, ghwnipjut Wwhpuw] hwipwdwiuwy ghnuwlwuht, pwpb-
Yhpp wtdtwynpnipjubt nt wquhy punupugnit ghnwljub hwtpnip-
jutt b gnpépuykpubnh winihg sunphwynpnud Eup 90-wdjw hnpkjjwith
wnphy b upnubg dunpnid kup puwownnnonipinil, ghnnwljub b unkn-
dwgnpdwlju Lpljupuljgnipinii:

22 QUU phuhuyh b Eplph Jwuhpl ghunnipinibibph pudwbdndip
22 QUU Ephpupwbwlwl ghunijeiniiblph huwnpunin
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[FUDUSGEL LEYdNLE UBLLNL3UL
(dutiyut 90-wdjulyhiy)

Lpuguy Juuunwlwynp tpypupwt, 22 UG
- Epypupwbwlut htunhwnninh qluwynp ghnwy-
X luwwnng, 22 QUU pnpulhg-winud, Lpjpupw-
¥ twdhubpwnghwjuwt ghnmpnitubph nlunnp,
<y J 22 ghunipjutt Juuinwluynp gopshs Gwuduyly

0 Lunuh Ukpniywh 90-wdjuyp:

- (. Uk pniywtp stk k1934 p. unykupkph 29-
ht Bplwind zZWUZ wbwwlwb gnpshy Lunb
Uhihpwph Ukjpnuyuwth ptnwthpnid: 1953 p.-hi,
wqwpubiny Bplwth QEpdhtuulnt wtdut dhe-
twlwng nupngp wpdwpk dbnuiny, pugnitynud
E Bplwth whnwwt hwdwjuwpwih Gpipupuwtujut dwlninbn,

npl b gbpuquitgn pyudp wjupunmd t 1958 p. unwbun] fwpunwpu-
ghwn-tpjpwpwtth npuwwynpnid: Unyb pulwihtt wpjowwnwuph k
wiugind WUZU Epjpwpwinipjut twjpwpupnipjut, Uunpyndjuuh
nwpwépnid pwnhnwljnhy hnwdph (nipwith) wwowpubph hwyntwpkp-
dwib b hbnnwjuniquut hwynth Spnundjut wppwdwpadph 103-pn Epljpw-
putwjut gnjuwnnid npyhu Epypupwb-dwpunupugbn: 1960 p.-hg
nbknuihnjuymd t 202 QU (hbnwquynid 22 $UU) bppupubuljui
ghuinipyniiubph htunhwnnin (6&P), npntny 64 nwph swpnitwly wo-
huwnbkny qpuntgnpty £ ghnnwjut pupnniquph (1973-1976 pp.), Mtwn-
poinghwih b hqnunnwuhte Epljpuputinipjuts jwpnpunnphugh quiphsh
(1976-2010 pp.), ghuninipjut gény thnpuntiopkth (1981-1988 pp. L 1993—
2017 pp.) wwowunuukp: Gphunmwuwpy ghnwpjowwnnnh ghnwlut hk-
wnwppppnipnitiubpt b ujqpuuk YEunpntwgus tht Ujwybpgnt hwb-
puyhli nupnh hnpnighy gnjugnidubph wnpngpuphwlub, dhubpw-
Inghwljwt b Epypuphdhwlwubt ntumtdbwuhpnipnitubph Jpu:

1970 p. tphrnwuwpny ghnwphiwnnnp Unuljduynid yupwnwwtnid £
«Ujuybpnynt hwupwjht opowth hinpniqghy hwdwhpubpp» phljtwsnt-
wljuwb wnktwhmumpniup b vnwinud Eppuputudhitbpuinghwlub
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ghuinipjnitiubph pEijuwénih ghnwljut wunhdw: bp phijuwsniwlwt
phgqnud . UL pnujwiup wpwohtt wuqud wuyugnigmd k wyn hwpwjht
nuownh htwnpnighy hwdwhpukph uwyqptwlwbt hwngpubph puqunu-
jht Juquh wnluwynipiniup, npp mpudwgénplt nwppipynud Ep bwju-
Yptnud gtphpjunn uyqpiwghti hwyngpubkph ppnt gputthinwght juquh
dwuhtt tnué yuwwnlkpugnidubphg b hhduwynpnid wynhud-hpupwpw-
Jht hwipwjiugdwt juwp wyy puquipunughtt hwingpubph junppughtu
opwutikph htwn:

Swhwsdwsd ghntwluip 1989 p. MUZU QU dbnunuljui hwtpw-
Juyptph, Epypupwtnipyub,  wnpngpubhwih,  dpubpunghwih b
Epypwphuhwih (MI'EM, Unuljyu) ghtnwhbwnwgnuuljut htunnhwnninh
ghnnwlwt junphpynid hwonnnipjudp wuwonmwwunid £ gnljnnpuljub
wwnklwjununipniip «®npp Undjuuh dkqngnjut Ynqunbnuyhtt gpu-
uhnnhnujhtt $npdughwutph whwnpnnghwt b hwbpwpbpnipniup»
ptUdwyny b vnwinud Epjpupubwdhtitpunghwljut ghwnnipnibtubph
nniunnph ghnwjut wunhdw: Injunpulut wojpwwnwipnid, nph
punphdwpinuitphg kp wjwbwynp ghntwlwb, Ypug wlunbdhlynu
Q.U. Supskihdku, puguhwjngt] b tnpnydh B dkjuwpwidt] Onpp
Unyljuuh Ynqunbnuyhtt hwdwihpubph Gphpuwpubujuwi jupnigdus-
ph, hwiupugnyugdwtt b wyhkwnpnnghwlwt npny wnwtdtwhwwnlnipe-
mitubptt nu ophttwswthnipnitiubpp: (r. Ukjpnywuh dwbpwlplhn
niuntdtwuhpnipjnitibph wpnniupnid @npp Yndljuuh mwpwswopow-
uh hwdwp wpwohtt wiuqud wpwbdtwugyl] E wnhud-unjhppktwght
hwupwyuwyptph mnhul]_‘[nnu‘l]hh Unnljh tnp Ynqunbnuyht mhul [OL-
nnun, Nuljbyup, Chjwhny Zwjwunwinwd, Yuwokt Upgujunid Juy-
Jwd Jbpht jnipujh hwuwlh pent juquh minbwhwnwht $npdughwiik-
nh htwnpnighwubph htw, htywhu twb hwynbwgnpdyt) Eu dh owpp
wnhud-Unihppbuughtt hwbpkplwlnidibp. Ownuokt Ujukpnne op-
owtnid b wyyji: Zuywunwh ophttwny wnwghtt whquud gnyg ku mpyty
wnwppkp Epipunghttwdhl wuwydwbbbpnud jnqunbnuyht (@hnnin-Yw-
okl U nip.) b Ynihqhwyh hknbwiupny wnwowgus (Ruowmpwu-Uqupuy
U mp.) wnhtd-unhpptiughtt wnppppuyghtt hwpwjwyptph ulqpni-
puwjhlt muppbpnipniutbpn:

Uwquujhtt hwingptph  wuhdpjjughugh b nhdtptughwghugh
gnpépupwugubph nwppbpuljdwt hwdwp (*. Ukpniywbh Ynnudhg (hw-
dwhbtnhtwy U. Zulnpyub) dowlyl] t ppustuhqnunnuyuihts htunw-
qnuumipinititbph dh tnp Jbpnnp U wpweohtt wmbquud wwwgnigyk] k
wnhud-Unihpptttwyhtt hwpwjuwptiph wpwewgdwu dke hhnpnphpduyg
|nwdnypubnh juqunid éndwjhtt opkph b ppuugnid wuwpnitwlynn
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Sd6uph wjnhy dwubtwlgnipjutt thwuwnp: (r. Ukpniyubp (hwdwhbnh-
twlutp 6QP-h ghnwsuwwnnnbp . Swywl, b Ynjuuywh, U, 2w-
pnipnilyut) pniphnhnud-unpnighnidwhtt hgnunnyuwjhtt hbnwgnun-
pintutiiph wpyniipnid pugwhwjnt] £ Uknpnt wninnuh wnwowg-
dwl tpbkp nmwpwnbuwly b mupwhwuwl hupunipnybu hwdwihptbp b
wnwoht whqud wupqupwllk) b pynt wwpplp hwuwyh pupunih
(41-37 U1 nwph) b ytpht nyniybh (31-28 Uit nwuph) hwuwlh dnugn-
uhwnubkph wejwmnipmniip wyn wintnnunid:

(+. Ukppniywip (hwdwhbnhtwlukp 0+ Unphg, ¢ Ubjph, . Sw-
juty, [k Antjuuyul, U. Znduihdjut) wpwbdtwgpty £ hwy-hputwjut
wynhud-Unihppttwhtt wnpbhpuyhtt hwipwjimugdwn Unnn 2000 Yu
dqwdnipjut tnp nhuljptinn wpnyhtghw, nph vwhdwbtbpnmd nknu-
pupfujwd Et wytyghuh hujwyuut hwupwduwyptp, htsyhuphp tu Lw-
owpuip Zwjuwunwinid b Uup-2bodkup hwpwduyht bputnid:

Ujwbwynp ghntwlwup Yipohtt muwubwdjuljutpnid nEjudupt;
b hwdwntjwdunt) k 22 nupwsdph dugduyuljuintpyut b dknwunugn-
jmgdwt muppkp dhpwqquyhtt woiwwnwupwiht jadpbph (GUL, Buy-
Jui, CYEguphw b wj), dh owpp ghwnwlwt junpnp bwpuwgshkp
(INTAS, SCOPES, CRDF u wyj): Zuj-pputiuvhwjus hwdwgnpsuljgnipe-
jutt wpyniupnid Juplnp b inp nkntjunynipmniutbp Bo wvnnwgyty 22
nwpwsdph ophnjhnibkph dwuhb (hwdwhbnhwyukp U Uduguib, 1.
Qunjub, S. twthbjwi, 8. knjjuty, L. Uwhwljwl, U. Unuunt b nip.):
. Ukpntywtip hinhtwly b hwdwhbnhtiwly £ wybkh put 130 ghnnwlju
wohunnnipynibiikph, wyy pUnid Uh pwpp hnpdustkph wpnwuwhdw-
wb pwpdnp uqu}hg‘nL[a]ulh gnpéwljhg niukgnn wuppbpwlwutbpnid, 4
dktwugpnipjut 3-p hwdwhbnhttwlnipjudp), npnughg dkyp wdhpyws k&
Upgujuh Epjpuwpwinipymiup b ogqunnuljup hwtwénubpht, 6 dknwghp
hwoybwnynipnibubph: 22 wmwpwéph dh owpp Lphpuwpwbwlub m
Ubnwunuljub ogqunnujup hwttwdnubph mwuppkp dwupnwph pupnkqub-
nh hwdwhbtnhtiwl E: Qquih k ghnbwuth wjwunp pjpupwbului
ghuinipniiubph ywwndnipjut niuntdbwuppdwt wuyuwpbqnud: 1994
p--hg 22 @UU «Ghwnipniuutp Gpyph dwuhty»y ghnwljut yuppbpw-
Yuih julpugpuljut Ynikghwih winwd £ puly 2018 p.-hg gijuwnp
fudpwghp:

[r. Ukpniyutp donwybu wsph E pujunid wpwtdtwhwwnnil) wy-
huwnwuhpnipjudp b yunwupwbwnynipjut pupdp qqugnidny, juyh
ghnnwlwt dnwhnphgnuny, dknuwpwpn b hwdbun Juppwugdny b hp
gnpoépultpubph opowtinid Juybynud k ks hknhtwlnipinii:
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Bpjpupwinipjutp dwnnigus swnwynipniiubph hwdwp 1985 p.
upwt punphydty | 2UZ quunuljuynp Epjpupwtt yuwwnduynp Ynsnudp:
2000 p. [r. Ukjpniyuip piunpyly k22 QUU pypwlhg-winud, 1998 p.
Y pwut ghnnipmitiiph wwunbdhwh wpnwuwhdwiyut winwd,
hulj 2022p. tpwl 2unphdl) £ 22 ghinmpjut Juuiwljunp gnpshsh
wuwnyuynp Ynsnid: 2010 p. wupquwwnpyky £ Bypnyuyh pwlwb gh-
nnipynitibiph wunbdhugh Centwpn Bpbph winduwb diyugnd, 2013 e
22 Utwthw Chpujwgh dknuny:

22 QUU phuhuyh b Eplph dwuhl ghunnipinibibph pudwbdndip
22 QUU Ephpupwbwlwl ghunijeiniiblph hunpuinin
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ALUGLP QBIUCMNNT UL TULALLEr L

1. Zwjuunwbth Zwbpuwbunipjul Shunipiniiiiph Uqquyht Uunbdhugh “Ghumpiniiuip Gplyph
dwuht” whnkugpmd hpunwpulpynud & Zujwunwind b wpnwuwhdwbjub iphputkpnud Gpljpupuim pywl,
kpYpubhqhluyh, ubpuininghugh, (ketughtt qnpsdh, tyngknphihugh, dhqhuljwl woltuphwgpmpyuh b Gphph
dwuhl ghnnpniuph wy) wuwywpkqubpmd nmwpdnn wkuwlwl, hopdwpwpuluwi b Jhpupwlwt hnwgn-
wnmpjniibkph wpnniiplbpp:

Znjusttpp bkpjuyugynud b huybpbb, poubpbb ud wigbpkb (kqyny, nywugpnipjut hwdwp yuwn-
pwuwn Jhdwlnmd, hpwnwpwljdwi pnypunynipjut b ninklgnn bwdwlh hin dhwuhb: Sknkjwugpmd pojnp hpw-
wnwpulmubbpp wnwtg hntnpuph L

2. Znyjwsh swjuyp, bkpunjuy wwnlkpubpp, npnbg phyp swyhkwnp t wigth 3-hg, tkpunyuy “w”, “p” b wyh,
wnniuwljubpp, wdthnthwghpp, oquuugnpdjws gpuljutnipjut guilyp, whwnp k juquh dnwn 12 te: Skpunp wi-
hpwdtown E yuwnpwuwnt) Microsoft Word-n GHEA GRAPALAT nnunwwunbuwlh oquuugnpddundp, 12 swthny b 1.5
hunbpyuny, wpwhg nnnunupdbph: Ywpwnkpp whnp b hukh. Qujuhg™ 3ud, Ykpthg b bkpplihg™ 2.5 ud b wghg™
1 ud: Znppwdp tkpjuyugynmud £ 2 ophtwlyny, jmpupwbynipp hinhtwlh (hinhtwlutkph) vnnpugpnippudp b
EEyupnuughtt mwppipulny, CD ujwwrwlh Jpu:

Nuunkpubpp, pruwtuptbpp b wnnuuwlukpp, hwdwpuuwdwi b pugunpugptph hin dhwuhb, whnp
E1hukl ub-uyhwnwl, A4 $npdwinhg ny Uk b wupg pupbeubjh: Munlbpuiph hwdwlwpgswhtt wwppkpulukpp
whwnp k{hukb *bmp, *.tif jud *.pex $npuwintipny, 200-600 dpi punupdwluudp (Yw/nud):

3. ZEknhtwhutpp whwp t htnbkh wduwgpbpnid hnpusttph nyugpdubt pigmbudws Yupght. hnngush
Jtplwghpp, htnhtwyh (hinhtwlikph) wiqub- hwjpuidub wyqpiwnwntpp b wqgquinitp (wqqubnibbkpp),
Juquuljkpynipmniip b hwugkl, tkpunjwy E-mail-p (kpk hwdwhbinhtwlukpp wwupptp juquubpynipmibtt-
nhg G, pipynud B popnph hwugktbpp™ juywlgws wunnuithyn]), hngjwsh winwnwghwb (8-10 wnn), hhdtw-
punbpp (7-9 pun): Uww hwnbnud ki hnpjwsh hhdwljwb nkpuwnp, wyupunwnhp bokin] hnnjwsh nwwugplwi
tywnulp b ghnwlwh inpoypp, wdthnithwghpp poiubpkb (hugbpk) (Eqny b winnwghwb whgkpkb (Eqynd:

4. Oqunugnpsws gpuljuimpmbp phpynud £ pinhwimp gmguln]® wewbdhy toh dpu Znhtwlubph
wqquinibtpp gpynud Eb wyppktwut Yupgny (wnwghtipn”™ hnpjuwsh 1kqyny, wwyw hugbpkt jud pniubpbb,
Jtponud™ wplidnwbypnuyuwlwl (kqnibtpn]): Skpunmd dkgptipynn hnnudp pipynud  §inp thwljugdtpmd, htinh-
twlh dhuyt wqquidub tpdwdp, puophtiwyh (Ekqyny, ek hinhtwhukpp Epyniuhg wdbih Eb, tognud E wnwght
hwdwhbtnhtiwlh wgguimbp b wyl, wyw”™ hpuwywpuidwb wwphb:

5. Ukgptipynn gpuijuinipjub gubyp dhwnpymud E htnlyuy Yipy. w) gqppliph hudwp tpgnud B hinhtw-
4h (htnhtwlukph) wqquinitp b whjwb-hwjpuidub ujqpiwnwuntpp, hpunwpuwldwh wwptphdp, qpph 1ppy
wlwlnudp, npunkn £ hpunwpulyt), hpwnwpuysnieniup, tebph pwbwyp; p) wduwgpuyht hnngustbph hw-
dwp” htinhtwyh (hinhtwlutph) wgguiniup b wigwb-hwpuidut ujqpbwnuntpp, hpunwpuwdwh wwpkph-
Jp, hnnwsh 1phy widuinudp, wduwgph widuinwip”™ hwdwdwyb pigmbqws hwywynudutph, hwnnpp, wd-
uwgph Jud pnqupyuwb hwdwpp, tebpp; q) qppipnud (hwjwpwdniitpmu) qinbnyws hnpjwsttph hwdwp®
htnhtwlh (htnhtwlubph) wqquinibp, widui-hwpwijut wyqphwnwekpp, hpwnwpuidwh wwupkphyp,
qppnud hnnush 1phy wiubnwdp (....... "qppnid), qpph wi]whnudp, npnky b hpuinwpwlyl], hpwinwpulsni-
piniup, kotipp: 1) ubnuugptph hwdwp™ htinhtwlh wqquuntbp, wtdwb-hwputdub ujqpbununtpp, wnkbw-
Junum put whduwindp” hwdwdwyb pugmbdws hwwywydwb (ophtwly™ pypup.-hwip.ghn.ptijuiwsnith ghunw-
Jul wuwnhdwih huygdwt wnklwnunput vindwghp), punupp, juquuijbpynipiup, nputn juywugtk) &
wupnywbnipnilip, mwpkphyp, kekiph pwhwlp:

6. PJupljws wuwhwhgubknht spufwpupnn hnpjusubipp sk pugniuynud:

7. Uppwgpnivhg htinn | pugnidintp skt wpynid:

8. vdpugpnipjwl Ynnuhg hnndush dkpddwl nhwpnud hinhtiwlht JEpunupdynd © phwgph 1 ophiwlp b
udpwgpmipeinit hpktt £ Jipuwyubhmd hnpdush dbpddwt wuwwndwnubph dwuhtt puwbuwdbd squpbint hpw-
Unilipp:

TTPABUJIA O®OPMJIEHUA PYKOIINCHU

1. B xypnane cep. “Hayku o 3emuie” M3Becrnii HanmoHnansHoi AkaneMun Hayk PecryOiuku ApMeHUS IyOIHMKYIOTCS
Pe3yIbTaThl TEOPETHIECKHX, SKCIIEPHMEHTAIBHBIX H MPUKIAHBIX HCCICAOBAHHI, MPOBOAMMBIX B APMEHHH M 3apy0eIKHBIX
rOCyJIapcTBax B 00JIACTH re0JOrHH, reopu3HKH, CeiicMOIOrHH, FOPHOTO Je/1a, IKOreoXuMun, Gpusndeckoii reorpadun u
B JIPyrHX HampaBJeHHsX Hayk o 3emue. CTarbd INpEJCTaBISIOTCS Ha apMSHCKOM, PYCCKOM HIIM aHIJIMHCKOM SI3bIKC B
OKOHYATeIIbHO MOATOTOBICHHOM BHJE BMECTE C CONPOBOAHMTEIBHBIM MHCHMOM M pa3pelieHHeM Ha omybiukoBanue. Bee
yGJIMKALHI B 5KypHAJIE Ge3rOHOPapHBIE.

2. O6beM cTaTbH, BMECTE C MIUIIOCTDALMSAMH, YUCIO KOTOPBIX HE JOJDKHO NpPEBBIIATH 3, BKIOYas “a”, “6” W T.n.,
TabimuaMu, pestome, OubIMoOrpadueil TOMKEH COCTaBIATh OKoJio 12 crpaHui. TekcT HoKeH ObITh MOATOTOBJICH B
penaxrope Microsoft Word ¢ ucnionssoBanuem mpupros TIMES NEW ROMAN pasmepom 12 u pacrievarad B HHTEpBaIe
1.5, 6e3 nepenocoB ¢ nmoysimu (cieBa — 3.0 oM, cBepxy, cHH3y — 2.5 cM, a cripaBa — 1.0 cm). Crarbs npejcraBisercs B 2-X
9K3EMILIIPAX PacleyaTky, MOAIMCAHHBIX aBTOPAMH, a TAK)KE B MJIEKTPOHHOI Bepcru Ha aucke CD.

Pucynku, pororpaduu u TabIMIBI BMECTE ¢ HyMepalMel | MOANNCHIO JOJDKHBI OBITh 4epHO-0e1bIMu, (opmMaroM A4 u
YETKO BBIMONHCHBL. KOMIIBIOTEPHBIl BapHaHT PUCYHKOB JODKeH ObiTh B dopmare *.bmp, *.tif wim *.pcx ¢ paspeienuem
200-600 dpi (rodyex Ha oiim). TToapuCyHOUHBIE MOAIKMCH TPUIATAIOT HA OTAEIBHON CTpaHHIE H ODOPMISIOTCS COTJIACHO
TpeOOBaHMSM.
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3. ABTOpaM CIIEAYET TIPUACPKUBATHCSA oﬁmenanﬂToﬁ B JKYpHAJIE CXEMBI CTaTbH: Ha3BaHHUC CTATbH, WHHIIHAIBI U
(damuims aBropa (aBTOpOB), OpraHusauds W agpec, BiModas E-mail (ecn coaBropsl M3 pasHbIX OpraHW3alMi, TO
NPMBOJATCS aJpeca BCeX, NPUBA3AaHHBIE CHOCKAMHU YE€pe3 3BE3/I0YKY); aHHOTauus crarbk (8-10 cTpok), mocie aHHOTaUWH
Kifo4yeBble cioBa (7-9 cloB), OCHOBHAs 4acTh TEKCTa, ¢ 00513aTeJbHBIM YKA3aHHEM IeJIH W HAYYHON HOBH3HBI CTATHLH,
pe3roMe Ha PYCCKOM (apMSIHCKOM) SI3bIKE ¥ aHHOTALMSI Ha aHTIIMIICKOM sI3BIKE.

4. Jluteparypa NPUBOAMTCS OOUIMM CITMCKOM HAa OTAeJdbHOW cTpaHume. PamMuiInM aBTOPOB PACIOJAraOTCA IO
andaBuTy (BHaYale Ha A3BIKE CTAaThH, 3aTeM apMSHCKHE WIIM PYCCKHE, B KOHIIE 3alajHoeBporeiickue). B Texcre ccpuika Ha
JIATEpAaTypy MNPUBOAUTCA B KPYIJIBIX CKOOKax ¢ YKa3zaHuem (paMI/lJ'll/ll/l aBTOpa 0e3 WHHUIIAAIOB, B opurunam,noﬁ
TpPaH CKPHIILIMH, a €CJTH aBTOPOB OoJiee ABYX, TO YKa3biBaeTcs (haMUIINs IEPBOrO COABTOPA U JIP., 3aTEM I'OJl H3/IaHus.

5. ClMcoK IUTUPYEMOi TUTepaTyphl opOPMIAETCS CIEAYIOIMM 00pa3oM: a) JUIsl KHUT yKa3bIBaroT (haMHIIMIO aBTOpa
(aBTOpOB) W MHUIHAIbI, I'OJ U31aHus, ITOJTHOC Ha3BaHUE KHUTH, MECTO WU31aHus, U31aTCJIbCTBO, KOJIMIECTBO CTPAHMIL; 6) A
KYPHaJIbHBIX crarei — (PBMI/U'[I/IH ¥ WHHULHAIBI aBTOpa (aBTOpOB), TOJl U31aHus, ITOJIHOC Ha3BaHHUE CTATbH, Ha3BaHHUE XXypHala
COIIaCHO IIPUHATOMY COKpAIICHHWIO, HOMEP TOMa, HOMEp XypHalla WA BBIIYCKA, CTPAHHUIIBI; B) JJIsL crareil B KHHUTax
(cOopHMKaX) — GaMMIMA U MHULHAIBI aBTOpa (aBTOPOB), IO M3/1aHHs, MIOJIHOE Ha3BaHHE CTAaThbu B KHHre (mumercs B kH.:
“.....”), Ha3BaHNE KHWUTHU, MECTO M3/IaHNs, N3/1aTeIbCTBO, CTPAHMIIBI; 1) Ui aBTopedeparoB — (paMUINs ¥ MHULMAIBI aBTOPA,
Ha3BaHME CO CCHIIKOH COTJIACHO NPUHATOMY COKpAIICHUIO (ABTOped.aMCC. Ha COMCK.yd.CT.KaH/. HIIH JOKTOPa HAyK), FOpo,
OpraHM3aIys, IIe COCTOSIACh 3allUTa, T'OJl, KOIMYECTBO CTPAHMIIL.

6. CTBTBH, HE OTBCHAIOIINE ITEPEINCICHHBIM TpC6OBaHI/IﬂM, HE IIPUHUMAKOTCA.

7. JlonoNHEHUs B KOPPEKTYPY HE BHOCATCS.

8. B cimydae, ecnu CTaThs OTKJIOHEHA PEIAKIMEH, aBTOPY BO3BPAIIACTCA OJMH JK3EMIUIIP PYKOIHCH, M PENAKIUs
OCTaBIIAET 3a cOOOI IPaBO HE BECTH JAUCKYCCHIO TI0 MOTHBAM €€ OTKJIOHCHHMSI.

MANUSCRIPT PREPARATION GUIDELINES
|. Earth Sciences Series journal of the Proceedings of the National Academy of Sciences of the Republic of

Armenia publishes results or theoretical, experimental and applied research conducted in Armenia and abroad in the
field of geology, geophysics, seismology, engineering seismology, mining, eco-geochemistry, physical geography, etc.
Articles are submitted in Armenian, Russian, or English as finally ready manuscripts enclosed with a cover letter and
letter or authorization for publishing. All publications in the journal do not provide for any royalties.

2. Article volume, including maximum 3 illustrations with a, b. etc., tables, abstract, and list of references, shall
total to about 12 pages. Texts shall be prepared in Microsoft Word editor with 12-point TIMES NEW ROMAN and
printed 1.5-spaced without hyphenation. Text margins shall be set 3.0 from the left, by 2.5 cm from the bottom and top,
and 1.0 cm from the right. Article manuscript shall be submitted in two printed copies signed by the authors, and as an
electronic copy on CD disk.

Figures, photos and tables, numbered and with captions, shall be black-and-white in A4 format and of good quality.
Electronic version of figures shall be in s.bmp, «.tif or epcx format with resolution of 200-600 dpi (dots per inch).
Figure captions are attached on a separate page and formatted according to the requirements.

3. Authors shall adhere to the following template common for all articles in the journal: article title, initials and
surname of author(-s), alliliation and address, including e-mail (if authors have different alliliations, asterisked addresses
for all must be placed in the footnote), abstract (about 8-10 lines), key words (7-9 words), body text with
mandatory indication of the purpose and scientific novelty of the article, summary in Russian (Armenian) and
abstract in English.

4. References should be listed on a separate sheet. The authors' surnames should be given alphabetically in the
origin language of the article and followed by the Armenian or Russian, and then by the West-European). All
citations in the text should have references in parentheses and include author's surname without initials, in original
transcription and the year of publication. In case of two and more authors, the first author's surname followed by et al
and the year of publication should be provided.

5. List of References is formatted as follows: a) author(s)' surname(s) and initials, year of publication, complete title,
place of publication, publisher and number of pages are given for books; b) author(s)' surname(s) and initials, year of
publication, complete article title, journal title in standard abbreviation, volume number and issue number, followed with
number of pages, are given for journal articles; c) author(s)' surname(s) and initials, year of publication, complete article
title followed by "In: " ... book fitle...", place of publication, publisher and number of pages are given for articles in
books (article volumes); d) author's surname and initials, title and standard abbreviation for thesis abstracts (thesis
abstract for the degree of Candidate, or Doctor of Geology and Mineralogy), year, city, thesis defense institution, and
number of pages.

6. Articles not meeting the listed requirements are not accepted.

7. No additions are introduced into proofs.

8. If an article is rejected by editors, one copy of manuscript is returned to the author and editors reserve the right not
to enter into discussion on the reasons for such rejection.

Tloamucano x nmedaru 27.12.2024 r. neu. 5 . 3aka3 N 1360
Tupax 150 3k3. Llena joroBopHas.
Tunorpapus HAH PA. 0019, Epesan, np. Mapmana barpamsna, 24
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