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The Gegham Volcanic Ridge (GVR) is located in the central part of the
Neogene-Quaternary volcanic belt formed within the territory of the Armenian
Highland. The duration of volcanism within the Gegham Ridge spans from the Late
Miocene to the Holocene. The GVR is one of the densest clusters of individual
monogenetic volcanoes in the world. The system of the Gegham Ridge faults
consists of two components — faults of the axial part of the Gegham Ridge and the
Gavaraget Fault. The Gavaraget Fault is the most active one in the Gegham fault
system, and was associated with a few historical and recent earthquakes.

For investigation of current seismic activity of the study area and to follow
possible seismic activity near the volcanic arcs, three more temporary seismic
stations were installed in addition to the besides existing seismic network. The
received data show that weak earthquakes occur in this area. The recalculation was
carried out using the regional velocity model and registrations from all seismic
stations covering this area in order to increase the accuracy of epicenter and
hypocenter locations. The data show that this area is seismically active in case of
small earthquakes (M<=3.4). In this study, source mechanisms of the set of
earthquakes that occurred within 2022-2023 have been investigated with high
reliability, using digital waveform data recorded by seismic stations of the Armenian
seismic networks (including 3 temporary seismic stations mentioned above).
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All data were relocated using local and regional seismic network data with the
aim to reduce main parameter uncertainties in the catalogue, which is used in the
current study.

Keywords: Gegham Volcanic Ridge (GVR), seismic activity, volcano-tectonic
events, focal mechanisms of earthquakes, moment tensors

Introduction

Armenia, SE Turkey and NW Iran are located in the central part of the
Arabian lithosphericcollisional zone, a region which experiences N-S shortening
and E-W extension accompanied by intense faulting, strong earthquakes and
active volcanism (Dewey et al., 1986; Taymaz, 1991).

GVR in central Armenia represents one of the densest clusters of individual
monogenetic volcanoes globally. Within an oval-shaped area approximately 65
km long and 35km wide, spanning around 2100km?2 (fig.1), it contains 127
Quaternary volcanic vents. Volcanic activity in the GVR dates back to the Late
Miocene (Baghdasaryan and Ghukasyan, 1985), persisting through the Holocene.
The most recent evidence of volcanic activity dates to around 4500-4400 BP
(Karakhanyan et al., 2003; Karakhanyan et al., 2002) or approximately 3450 BP
(Avagyan et al., 2020). It’s worth noting that during the late Miocene to Early
Pliocene, a substantial caldera complex existed within the present boundaries of
the GVR. This is evidenced by the presence of the Vokhchaberd volcanoclastic
suite, reaching thicknesses of up to 500m in certain locations. Subsequently,
during the Quaternary period, the GVR underwent a transition into a dense
aggregation of spatially dispersed monogenetic vents, accompanied by extensive
sequences of lava flows.

The study area, Gegham Volcanic Ridge, is situated between two major
active faults in Armenia: the Pambak-Sevan-Syunik Fault (PSSF) and the Garni
Fault (GF). Faulting within the ridge consists of two components — faults of the
axial part of the Ridge and the Gavaraget Fault in the eastern part (fig.1).

The Gavaraget fault system, oriented NNW-SSE, comprises three major
normal fault branches, each spanning 25-30km (fig.1), alongside horst and
graben structures (Karakhanyan et al., 2016). Stretching from Gavar town in the
north to Gegharkunik village in the south, the fault splits south of Gavar into two
branches — the western Saroukhan-Lanjakhpiur branch and the eastern
Karmirgiugh branch. South of Gegharkunik village, these branches converge,
forming a meridian-elongated ramp-graben structure.

Fault motion primarily involves normal faulting with a slight strike-slip
component, altering its orientation relative to the regional stress field
(Karakhanyan et al., 2016; Avagyan, 2017). Maximum vertical displacements of
up to 200m have been documented on the eastern branch. GPS monitoring in the
area indicates extension rates of 2.75-3.4mm/yr in the central GVR cluster and
3.6mm/yr along the Garni Fault in the adjacent western cluster. This suggests a
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total recent extension rate for the Gegham pull-apart basin ranging from 6.35 to
7mm/yr, the highest recorded in Armenia. Geological estimates suggest vertical
slip rates along the Karmirgiugh branch of the Gavaraget Fault range from 6—
9mm/yr (Karakhanyan et al., 2013; Doerflinger et al., 1999; Davtyan, 2007).

40°30'N

40°15'N

40°0'N

Fig.1. The volcano-tectonic setting of Gegham Volcanic Ridge (after Karakhanyan et al., 2003,
Philip et al., 1989, Avagyan et al., 2010). 1. Strike-slip and GPS monitoring based extension
rates; 2. Volcanoes; 3. Primary directions of basaltic-andesitic lava flows; 4. Active fault systems.

Two historical earthquakes are known in this area: the M6.2 Noratus earthquake
of 1226/1227 AD and the M6.6 Vardenis earthquake of 1321/1322 AD, both
likely associated with the Gavaraget fault system (Karakhanyan et al., 2011).
Recent seismic events include the Gavar earthquakes of 1905 and 1909,
measuring M3.8 and M4.7 respectively, documented through local historical
records. The Gegham volcanic highland and its surroundings experience seismic
activity primarily characterized by weak earthquakes.

Sinces 2014, in this area was recoreded several swarms of
earthquakesoccuringevery year. Recent studies demonstrate that swarms of
earthquake recorded in the study area and referred to as family earthquakes, have
appeared to be of great interest for the volcano seismological studies. The
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analyses indicate shallow hypocenters of the earthquakes, and their magnitudes
are rather low (Sargsyan et al., 2021).

Considering the volcano-tectonic processes ongoing in the area of the
volcanic Gegham ridge as well as the continuous earthquake activity, we aim to
study the effects by analyzing the parameters of earthquakes recorded in this area.

Data and Methods

During the last years, highly sensitive seismic stations have been installed
and operated in the framework of a few international projects by the Institute of
Geological Sciences of the Armenian National Academy of sciences (IGS),
providing for good azimuth coverage to realize the studies.

For this study data from permanent network of IGS (Armenian-Taiwanese
network), US-Armenian TRANSECT project of (CNET stations) and single
stationsof “Seismic Protection Territorial Survey” of the Ministry of Internal
Affairs of the Republic of Armenia) was used (fig.3). Aiming to increase the
density of the azimuth coverage of the seismic stations and to improve the quality
of seismological data, we additionally have installed three more temporary
stations in the tudy area under the local project (21T-1E302 project by HESC
MESCS) and International project (PEER 9-252). Information about the new
temporary stations is provided in the table below (tab.1). The locations of seismic
stations enclosing the entire studied area are shown on the map (fig.3).

Table 1
Seismic ELEVATION
. LAT LONG SENSOR TYPE DIGITIZER
Station (M)
Nanometrics .
. L Nanometrics
Lernanist TCH120-1 Trillium
40.468841N  44.799537E 1964 . CTR4-3S
STN1 Compact Horizon
) Centaur
Seismometer
Nanometrics .
. Nanometrics
Zovashen TCH2120-1 Trillium
40.310088N  44.748253E 2012 . CTR4-3S
STN2 Compact Horizon

) Centaur
Seismometer

Nanometrics .
. Nanometrics
TCH2120-1 Trillium
Zar STN3  40.260288N  44.737357E 1694 . CTR4-3S
Compact Horizon
. Centaur
Seismometer

The installation of three temporary seismic stations and field works are
presented in fig.2.
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Fig.3.The distribution of seismic stations used in current study

The seismic events recorded during 6 months by the enclosure of stations
contouring the volcanic highland of Gegham and the adjacent zone were
analyzed; however, taking into account that minor earthquakes continuously
recorded in the area had records taken at a few stations only, it was impossible
to interpret some seismograms. Hence, not all of the seismic events recorded in
the area could be processed and included in the earthquake catalogue. The
prosseccing of seismogramss was done using DIMAS16 sofrware for phase
picking maily. The solutions processed for the earthquakes were re-calculated
using Hypo 71 software in an attempt to improve the accuracy of the main
parameters and to minimize the RMSs.

As a result we have compilme the local catalogue for GVR area using all
available infromation from above mentioned stations.

Results and Discussion

Seismic activity

Fig.4 demonstrates the distribution of earthquake epicenters for the events
recorded in the study zone in the period from October 2022 to March 2023
when we have insalled the temprorary seismic station near volcanic range area.
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40°00"N

Fig.4. The distribution of earthquake epicenters for the events recorded in the study zone in the
period from October 2022 to March 2023.

Overall, about 110 earthquakes were possible to locate in the area during
the period of 6 months; the catalogue was compiled and analyses were
conducted. The data demonstrate that just few earthquakes fell in the magnitude
range of 2.0<M<3.0. About 100 of the recorded earthqaukes had the magnitude
of M<2.0 which was also an evidence of weak earthquakes constantly recorded
in the area (fig.5). The map of epicenter distribution indicates that the recorded
earthquake epicenters distributed among the active faults and amoung the
volcanic clusters as well. Anyway, the catalogue analysis indicates that
earthquake swarms were not recorded in the study area during the considered
period (6 months), and the epicenters were mainly distributed along the fault
strike directions. Focal depths of the earthquakes are varying, ranging up to the
depths of 20-25km.

Tome Magaste Pict
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Fig.5. Cumulative number and time-magnitude distribution of earthquakes recorded in the
Gegham Volcanic Ridge study area from Oct. 2022 — March 2023

Fault Plane Solutions

In this study, new focal mechanism solutions are constructed for 5
earthquakes (M > 2.0) that occurred between 2022 October — 2023 March in the
Gegham Volcanic Ridge (fig.6). The digital waveform data for these events was
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extracted from the database of the Armenian seismic networks (mentioned
above). Additional information from the GNI station was also extracted as digital
waveforms from the database of Incorporated Research Institutions for
Seismology (IRIS, Washington, http://ds.iris.edu/ds/).

‘;‘r‘.’/ =
Legend %

I * Epicenters of earthquakes

Faults
EE Volcanoes in Gegham Ridge

Fig.6. Fault plane solutions of the selected earthquakes that occurred in the study area

Using the program FPFIT (Reasenberg& Oppenheimer, 1985), we attempted
to calculate double-couple FPS forlocal earthquakes with clear P-wave polarities
recorded at aminimum of six stations (https://www.usgs.gov/software/fpfit-fpplot-
and-fppage).

Events which fulfilled the following conditions were selected and the
conditions are at least very clear P-wave phases, good azimuth coverage of
stations and keeping only events with low RMS.

Earthquake focal mechanisms were determined geometrically, from the
orientations of the P and T kinematic axes bisecting the angles between the fault
plane and the auxiliary plane. They can also be determined by the orientation of
one of the two nodal planes and the associated slip vector. From this, focal
mechanism solutions are constructed for selected earthquakes with 2 nodal planes
(Strike, Dip, Rake parameters, Compressional (P) and Tension (T) kinematic
axes).

The parameters of the earthquakes focal mechanism solutions are presented
in the tab.2.
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Focal-plane solutions for the indicated 5 earthquakes show that they are
characterized mainly by the strike-slip fault mechanism (Strike Slip, SS), and just
one with the magnitude of M2.1 displays the normal-fault mechanism (Normal

Fault, NF).

Table 2

Composite fault plane solutions of the earthquakes using the program FPFIT

O
v

“ 458

2023 January 29, STR1(*)

03:51:31.08 133

Lat: 40.41906 N STR2()

Long: 44.97307TE 315

Depth: 9277 kem

M2.1

Normal Fanlt

(NE)

2023 February 28 STRI()

01:57:37.65 10

Lat: 4041832 N STR2(%)

Long: 44.97358 E 105

Depth: 9.545 km -

M26

Strike Slip (S5)

2022 October 20, STR1(")

12:38:51 61

Lat: 4034042 N Rk
STR2(%)

Long: 448522 E

Depth: 11.791 km 269
M2.7

Strike Slip (SS)
2023 January 19, STRI()
22:23:44.02

0
Lat 404193 N  STR2(?)
Long: 4497552 E a1
Depth: 10.03 km
M2.7
Strike Slip (SS)
2023 January 20, STRI(Y)
23:50:43.01 o
Lat: 4041868 N  STR2(")
Long: 4497423 E o
Depth: 10.11 km
M3.1
Strike SHip (SS)

DIP1(%)
42

DIF2()
48

DIP1()
63

DIP()
51

DIP1(*)

83
DIP2(?)
50

DIP1(%)

83

DIP2()

80

DIP1(%)
78

DIP2(%)

RAKE1(®)
-90

RAKE2(®)
-90

RAKEI()
10
RAKE2()
-153

RAKEIL(")
40
RAKE2(%)
1M

RAKFIL()
10

RAKE2(%)
173

RAKEL()
10
RAKE2(%)
-168

PAz(®) PPL()

PAz(*) PPL(") TAz(") TPK*
225 87 43 3

PPL®) TAz() TPIP)
25 233 12
PPL() TAz TPI()
)
21 235 33

PPL®) TAz() TPIP)

12 46 2

TAz() TPIY)
15 226 2
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Stress Tensor Inversion Method

Volcano-tectonic earthquakes, occurs on faults with favorable orientation
according to the maximum and minimum compressional stress field. To
determine the local stress field in Gegham Volcanic Ridge stress tensor
inversion method was applied using earthquake focal mechanisms solutions.

In this study we apply the method by Delvaux and Speerner (2003), which
allows us to determine the best-fit regional principal stress directions, ¢1, 62,
and o3, and the ratio R= (62-61)/(c3-01) with F (the average degree of misfit),
as well as to estimate the associated uncertainty in the solution (Delvaux et al.,
2003). Here o1, o2, ands3 indicate maximum, intermediate and minimum
principal compressive stresses, respectively (where 61>62>63).

The ratio R is a measure of the value of the intermediate principal stress
(62) relative to the maximum (cl) and minimum (o3) stresses, and it thus
constrains the shape of the stress ellipsoid. The aforementioned method
proposes a grid search method of inverting focal mechanisms to obtain the
stress tensor (focal mechanisms stress inversion, WinTENSOR), in which stress
field parameters are systematically tested against the focal mechanism
orientations, and the calculated misfit depends on the orientations of fault
planes and slip directions indicated by earthquake focal mechanisms. The
system compares the values of the misfit function for each pair of focal planes
in order to separate actual movement planes from the auxiliary plane. This
function minimizes the deviation between the observed and theoretical slip
directions on the plane, minimizes the normal stress, and maximizes the shear
stress magnitude on the plane, in order to favor the slip on that plane.

The stress regime can be expressed numerically by the stress regime index
(R"), defined in Delvaux et al. (1997b). The main stress regime is a function of
the orientation of the principal stress axes and the shape of the stress ellipsoid:
extensional, strike-slip and compressional. For each of these three regimes, the
value of the stress ratio R fluctuates between 0 and 1.

Focal mechanisms of earthquakes are the primary data used for
investigating the regional tectonic stress field. Therefore, to evaluate the
orientation of the stress responsible for the earthquake events, a fault-slip data
inversion was performed using nodal planes and slip vectors determined from
the focal mechanism solutions.

In order to analyze the stress variations throughout the region, stress tensor
calculation is performed for study area.

To plot stress tensor for the area of the volcanic Gheham Highland, focal
mechanism solutions for 5 earthquakes were applied; distribution of their fault
plane parameters (Strike, Dip, and Rake) is represented in the form of Rose
Diagrams (fig.7).
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Fig.7. Rose diagrams for the distribution of fault plane parameters (Strike, Dip, Rake) of the
earthquakes applied to plot stress tensor for the zone of the volcanic Gegham Highland
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Fig.8. Stress Regimes determined for the study area.

The method of Rotational Optimization, and then the Dihedron technique,
were used to produce the values of dipping (Pl.) and azimuth angles (Az.) for the
principal compression axis, intermediate compression and extension axes of the
stress tensor, as well as to estimate the values of stress ratio R and stress index R'.
As a result, the stress tensor was plotted for the area of the volcanic Gegham
Ridge (fig.1).

The stress regime computed for this group of earthquakes corresponds to
strike-slip (SS) (fig.8).
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- The sub-horizontal axis (pl.=3°) of compression stress ol is
oriented NE to SW (Az.=10°).
- The sub-horizontal axis (pl.=16°) of the extension axis ¢3 has
NW to SE strike direction (Az.=279°) which implies an almost sub-
latitudinal orientation (fig.8).
According to the stress tensor calculated for the highland area, NE-SW-
oriented compression and NW-SE-oriented extension stress fields are active in the
area (fig.8).

Conclusions

It is demonstrated, that weak seismic activity within Gegham volcanic
ridgerecorded earthquake epicenters distributed among the active faults and
amoung the volcanic clusters. This activity provides important evidence
forvolcanic, thermal flow and tectonic activity and is of high interest from the
standpoint of seismic investigation in terms of understanding the origin of the
low-magnitude earthquakes that occur in the area.

The preliminary results of studies reported in this paper and conducted
earlier demonstrate that earthquake swarms can be identified in the area and that
they have been concentrated in the area of monogenetic volcanoes.

The stress regime calculated for this studied earthquakes indicates a strike-
slip mechanism. The sub-horizontal compression axis is oriented NE-SW
(Azimuth = 10°), while the sub-horizontal extension axis strikes NW-SE
(Azimuth = 279°), suggesting a nearly sub-latitudinal orientation. These findings
reveal that the NE-SW compression and NW-SE extension stress fields are
actively influencing the highland region.

Actually, according to the data, there are not any clearly manifested
earthquake swarms and the earthquake epicenters are distributed along active
faults, because of the scarcity of data, we cannot conclude if the seismicity is
volcanic or volcano-tectonic.

However, the Project is in progress and the seismic stations are still
operational, hence, seismological data are accumulating and there is hope that in
near future the pattern of the recorded earthquakes will be much clearer to enable
an informed analysis.

To continue the studies, it is planned to expand the coverage of seismic
stations in the Ridge area, and to install more stations, thereby supplementing the
database as much as possible to support the analyses.
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Uwpquyuit Lhihp, Uwhwljjui Ejjw, Luniyut Upw, Hdhpdyut
znjbwpwl, Lujuuwpyui Funpg, Iphgnpyui Epdnin,
Qlnpgyus Uhpuyky, Ukjhpubpjut wyunnnip

Udthnthnd

QAtnuuh hpwppiught (Eptwgnpwt (GVR) qnignud £ Zugjujut (kn-
twpluwphh nwpuspnid - tkngkb-snppopuljul pupwopewinud dlw-
Ynpywé hpwphuughtt gnunnt JEunpniwjut dwunid: GEnudh (Epbw-
onpuyh uwhdwbbpnid hpwpjpwjwtnipinitp nbt) £ ujuws nip dhngk-
tuhg dhtsh hnngkup: GVR-p hwinhuwtnid £ wnwtdhtt Untingbiught
hpwpnijulibph woiwphh wikbiwhn jdpunpniditiphg (Guunkpit-
nhg) Ukyp: Gtnuudh (Eptwgnpugh uqusptph hwdwljupgp juqujws
Epynt pununppsttinhg, wt £ Gnudh (Eptwpnpugh wpwigpujhtt dw-
up juquidpttiphg b Gufwnwgbnh juqusphg: Ftquidh uqusptph
hwdwlupgnud Fujurwgbnh uqduspp wdktwwlnhdu £ b juygul-
gynud kp dh pwtth yuwndwljut b dudwbwlulhg tpipuownpdtph htw:

Munidbwuhpynn mwupwsph pupwughl ukjudhl wlnhynipmiup hk-
nwqnubnt b hpwphiughtt wntnutph Unnwljuypnid htwpuynp ubjudhy
wljnhynipjuip hknbbnt tywwnwyny, h jpnudt gnjnipgnit niutkgnn uby-
udhl] guwtgh, mbknunpyt) b bu Gpbp dudwbtwluwynp ubjudhly Juywb-
utp: Unwugdws vfjuutipp gnyg kb tnwjhu np wyn tnwpuspmid intinh
niubkunud pnyy) Epypupwpdtp: Yhpwhwpduplp juunwpyt) E oquugnn-
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dtny wpwugnipniuibnh mupwswopowtiwght Unpbkip b vifjuy mupwsdpp
plngpynn popnp ubjudhl Juyubtbkph gpuitgmudubpp’ tywnwl nbkbw-
1ny Eyghykuwnpnuubph b hhynyktwnpnutbph npnodwit &oqpunnidp: Syyuy-
ubpp gnyg Lt tnwjhu, np wyu mwpwspp ubjudhlnipjut wenidny wjnhy
E thnpp Epypuwpwpdtph (M<=3.4) wnkupny: Uju hktnwgnunnipniunid pup-
Anp hntuwhnipjudp ntumdtwuhpy by Eu 2022-2023pp. nkinh nthgulb‘ uh
Junwdp tpypuwowpdtinh oowpuh dbjuwtthquubpp, Yhpwnking Zuyjuljut
ubjudhll guugkph ubjudhl Juywbubpnud gpugyws puyhtt whpuyht
wuwnbpubpp (Whpuryu) Jiplnud tpdws 3 dwdwtwluynp ukjudhl ju-
jutitkpp):

Uju nuunidtwuhpmipiniunid Jhpunynn juwnwingh hhdtwub wu-
pudbwnpbph winpnonipnitiubpp tJwqugnyth phpknt hwdwp ponp
njuutpp yEkpunhppudnpyl) B, oqgunugnpstiny mbknujut b tnwpw-
dwppowtiuyht ukjudhly gmugbnh nyjuyubpn:

COBPEMEHHASI CEHCMUYECKASI AKTUBHOCTDH HA
TEPPUTOPUU TETAMCKOT'O BYJIKAHUWYECKOTI'O XPEBTA
(APMEHMS)

Caprcesin JIunut, Caaksin Dus, JleBonsin Apa, lemupusan OBHaTan,
Hasacapasn I'esopr, I'puropsin Iamonn, I'eBopran Mukae,
Menukcerssn Xagaryp

Pesrome

leramckuii Bynkanwdeckuid xpeder (GVR) HaxomuTcs B UEHTpaIbHOM
YaCcTH HEOTE€H-YETBEPTHYHOTO BYIKAHMYECKOTO Mosica, c(hOPMUPOBABIIETOCS B
npezenax TeppuTopur ApMSIHCKOTO Haropbs. Bynkanusm Ha ['eramckom xpeOte
MIPOIOIDKAJICS C TO3JHEro MuoreHa 1o rojyoneHa. GVR mpencraBimser coboit
OJIMH M3 HanboJee T'yCThIX KJIACTEPOB OT/EIBHBIX MOHOTEHETHYECKHX BYJIKAHOB
mupa. Crucrema pa3nomoB ['eramckoro xpedTa BKIIOYaeT B cebe JBe KOMIIOHEH-
TBI — Pa3JIoMbl oceBoil yactu ['eramckoro xpedra u I'aBaparerckuii pasiom. B
cucteMe pasnoMoB l'erama 'aBapareTckuii pasiom siBisieTcss HauOoJee aKTUB-
HBIM M aCCOLIMUPOBAJICS C HECKOJIBKIMH HUCTOPHYECKHMHU U COBPEMEHHBIMHU 3€M-
JIETPSICEHUSIMIL.

C nenbro U3y4eHus TeKyIeH CeCMUYECKOH aKTUBHOCTH MCCIIENyEMOH Tep-
puTopur M HaOMIOJCHUS 32 BO3MOXKHOH CEHCMUYECKOW aKTHBHOCTBIO BOJIH3M
BYJIKaHUYECKHUX JIYT, B JIOMOJTHEHHUE K CYIIECTBYIONIEH celicMUYIecKOoil ceTr, ObITH
YCTaQHOBJICHBI €III€ TPY BPEMEHHBIE CEHCMHUECKHE CTaHIUK. llomydeHHbIe qaH-
HBIE TIOKa3bIBAIOT, YTO HA AAHHOM TEPPUTOPHUHU HPOUCXOIST ciadble 3eMieTpsice-
Hus. [ yBenn4eHns: TOUHOCTH OMNPEAEIEHHUS SIULEHTPOB U TUIIOLEHTPOB MPO-
BOAWJICSA TIEpepacyeT C WCIIOIb30BAaHHEM PErHOHAIBHON MOIENH CKOPOCTeH U
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BCEX 3amMcel ¢ CECMUUECKUX CTAaHIMK, OXBaTHIBAIOUINX JAaHHYIO TEPPUTOPHIO.
JlaHHBIE TIOKA3bIBAIOT, YTO JAHHAs TEPPUTOPUS CEHCMHMUYECKH aKTHUBHA B ClIy4yae
cmabeIx 3emieTpsicennii (M<=3.4). B maHHOM HCCIIEIOBaHWUH C BBICOKOH CTe-
MICHBIO HAZEKHOCTH UCCIIEA0BAIMCH MEXaHU3MbI 04aroB JUIs Habopa 3eMieTpsice-
HUM, ciyunBIImxcs B nepuog 2022—2023rr., ¢ IpuMeHeHHEM JaHHBIX HU(PPOBBIX
BOJIHOBBIX ()OPM, 3apETHCTPUPOBAHHBIX HA CEHCMHUYECKHX CTaHIMAX CEHCMH-
Yecknx cerell ApMeHHH (BKJIoUasi 3 BpEeMEHHBIE CEHCMHUYECKHEe CTAHIIUH, YIIO-
MSIHYTBIE BBIIIIE).

Bce nannble ObUTH peNOKaIN30BaHBI C HCIOIB30BAHUEM JAHHBIX C JIOKAJIb-
HOM M PErMOHAIBHOM CEHCMUYECKUX CETEM C LEIbI0 CHW)KEHHUS IMOTPELIHOCTU
OCHOBHBIX I1aPaMETPOB KaTaJIora, CIOIb3YeMOro B JaHHOM HCCIIEIOBAaHHU.
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