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Abstract

We here report and illustrate Middle and Late Devonian trilobites found in the
sedimentary sequences of southwestern Armenia, represented by an unidentified
proetid pygidium and a few phacopids, including the species Omegops cf. accipitrinus
(Phillips, 1841). The Late Devonian stratigraphic and paleobiogeographic distribution
of Omegops accipitrinus and related species is reviewed. The paleoecological
preference of Omegops for shallow marine shelves is compatible with the previously
established paleoenvironmental significance of the thick Upper Devonian sequences of
the South Armenian Block.

Keywords: Trilobita; Phacopida; Middle and Late Devonian; South Armenian Block;
Armenia.

Introduction

Trilobites were relatively abundant and diverse in marine Devonian
habitats, a time of dynamic long-term climate change (Becker et al., 2016) that
triggered significant biodiversity changes and major biotic crises (Sepkoski,
1996; Bond and Grasby, 2017). In particular, the Late Devonian period is
important for the development of trilobites because the main groups of reduced
sight or blind taxa arose at that time, especially in deeper offshore environments
in which cephalopod-rich limestones were accumulated. This important
development was followed by a severe drop in diversity that resulted to one of
the highest extinction rates in the Late Palacozoic (Lerosey-Aubril and Feist,
2012; Cronier et al., 2013; Cronier and Frangois, 2014; Bault et al., 2021).
Nevertheless, in sedimentary sequences that accumulated in shallow-water near-
shore environments, the trilobite record is existent but remains scarce due to
relatively few studies dealing with them. The present paper contributes to the
systematic study of few Devonian trilobites found in shallow-water sequences
from southwestern Armenia (Fig. 1), represented by an unidentified proetid
pygidium and a few phacopids.



Geological setting

In southwestern Armenia crop out Devonian sedimentary sequences, which
are reknown for their fossil richness. The famous German geologist Hermann
Abich, considered as the « father of Caucasian geology », was the first to
describe in 1858 some of these Devonian outcrops. They are essentially
composed of marly and sandy biogenic limestones, rich in brachiopods, and
contain some shaly and sandy intercalations. These outcrops continue in
Nakhichevan and are part of a small microcontinent, the South-Armenian Block
(SAB), which was part till the Permian of a huge platform of the northern
Gondwana margin, extending from the Anatolide-Tauride to the Iranian plates;
the SAB was detached and individualized during the Triassic and Jurassic
(Sosson et al., 2010). Thus, during the Late Devonian it was part of a huge
platform that was positioned at the southern hemisphere tropical carbonate
development zone (Brock and Yazdi, 2000).

The Devonian sequences of Armenia and Nakhichevan were studied
systematically after the World War 1II, as part of extensive mapping projects of
the ex-USSR republics. The Devonian sequences in Armenia were described
and stratigraphically individualized based on their brachiopod content thanks to
the groundbreaking studies of Abrahamyan (1957, 1964) and Arakelyan (1964).
Grechishnikova et al. (1982) and Rzhonsnitskaya and Mamedov (2000) applied
Abrahamyan’s zonal scheme in Nakhichevan, by improving and complementing
it for some intervals. A subsequent step forward was achieved by the integration
of this brachiopod zonation with the conodont study carried out by Aristov
(1994) in Nakhichevan.

Trilobite content

The study of Devonian outcrops in the Lesser Caucasus (Armenia and
Nakhichevan) began with the works of Abich (1858) and Bonnet (1947). A
more comprehensive Devonian stratigraphic scheme (see Grechishnikova et al.,
1983) was developed based on a number of local biostratigraphic schemes
established from brachiopod studies (Rzhonsnitskaya, 1948; Mamedov, 1961,
1962, 1974, 1979; Arakelyan, 1964; Abrahamyan, 1974). In the Lesser
Caucasus, several trilobite families have been reported by Levitskiy (1983,
1986) from the upper Emsian to the Givetian: Proetidae (Proetus,
Cornuproetus), Dechenellidac (Dechenella), Aulacopleuridaec (Otarion),
Phacopidae (Phacops), Calmoniidae (Alcaldops, Heliopyge, Neocalmonia),
Odontopleuridae (Radiaspis), and Scutelluidae (Scutellum, Paralejurus).
Phacops, Scutellum, and Proetus are the most diverse and abundant genera.
Several Eifelian trilobites were assigned by Levitskiy (1983) especially to
Phacops (Geesops) deresiensis Levitskiy, 1983 (upper Eifelian), Phacops
(Geesops) crassus Levitskiy, 1983 (upper Eifelian), Phacops (Geesops)
caucasius Levitskiy, 1983 (upper Eifelian), Phacops (Geesops) araraticus
Levitskiy, 1983 (Upper Eifelian) among phacopids; and, Proetus (Proetus) prox
Richter and Richter, 1956 (upper Eifelian) and Proetus (Proetus) caucasius



Levitskiy, 1983 among proetids; and subsequently by Levitskiy (1986) to
Geesops dagnaensis (Levitskiy, 1986) (upper Emsian-lower Eifelian),
Alcaldops dagnaensis Levitskiy, 1986 (middle Eifelian), Neocalmo niairina
Levitskiy, 1986 (upper Eifelian), and Otarion armeniacus Levitski, 1986 (upper
Eifelian). With an updated taxonomy, some phacopids were reassigned (see
Lemke, 2018): Geesops araraticus (Levitskiy, 1983), Geesops caucasius
(Levitskiy, 1983).
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Fig.1. Simplified geological map of the south-western part of Armenia and the north-eastern part
of the Nakhichevan area showing the Sevakavan, Ertych, and Yaidzhi sections.

Previously, in the published fauna reported from Armenia, some Middle
and Upper Devonian trilobites have been cited but without illustrations by
Arakelyan et al. (1975) with Asteropyge aff. punctata Sten. and Scutellum ar-
menicum Max. (determ. from Maximova) from Givetian (p. 22), Scutellum ex.
gr. cristatum Pusch (determ. from Maximova) from the Frasnian (p. 23),
Phacops accipitrinus (Phill.) and Phacops bergicus (Drev.) (determ. from Z.A.
Maximova) from the lower Tournaisian (p. 27). There is no record of trilobites
in the Famennian. Nevertheless, the fossil record from the lower Tournaisian is
misidentified and should be assigned to the uppermost Famennian.

By comparison with other areas from the northern peri-gondwanian margin,
such as Morocco (Cronier and Feist, 1997; Cronier and Clarkson, 2001; Cronier



et al., 2013; Bault et al., 2021), the trilobite remains from Armenia are rare.
They seem to be more numerous in closely related areas, such as Iran, where
Trimerocephalus shotoriensis, Omegops cf. cornelius, Omegops tilabadensis,
Phacops granulatus, and Rabienops aff. wedekindi have been reported.

Systematic palaeontology (by C. Cronier)

The illustrated specimens were coated with ammonium chloride before
being photographed with the use of a digital camera Nikon and, they are
deposited at the Geological Museum of the Institute of Geological Sciences of
the National Academy of Sciences of Armenia, Yerevan (IGSNASRAGM/PS),
unless otherwise stated. The prefix PS indicates the Laboratory of Paleontology
and Stratigraphy. The morphological terminology follows Chlupac¢ (1977) and
Cronier et al. (2011).

Order PHACOPIDA Salter, 1864
Superfamily PHACOPOIDEA Hawle and Corda, 1847
Family PHACOPIDAE Hawle and Corda, 1847
Subfamily PHACOPINAE Hawle and Corda, 1847
Genus Omegops Struve, 1976

Type species. Calymene accipitrina Phillips, 1841, Upper Devonian Pilton
Beds, England.

Remarks. The main characters of Omegops were presented by Struve
(1976), i.e., a reduced intercalating ring as a narrow flat band, 15-16 dorso-
ventral files with a maximum of 7 lenses, a distinct postocular pad, a
marginulate lateral border, and coarse tubercles on glabella.

Omegops cf. accipitrinus (Phillips, 1841)
Fig. 2a-d, k

See Richter and Richter (1933) for previous synonymies

1933 Phacops (Phacops) accipitrinus accipitrinus (Phillips, 1841): Richter
and Richter, p. 5-12, pl. 1, figs. 1-4, 7 [non Fig. 5-6 = Phacops (Omegops)
accipitrinus belgicus Drevermann 1902; non Fig. 8 = Phacops (Omegops)
accipitrinus insolatus Struve, 1976].

cf. 1937 Phacops (Phacops) cf. accipitrinus (Phillips, 1841): Weber, p.
114, pl. 1, figs. 1-5.

1939 Phacops (Phacops) accipitrinus accipitrinus (Phillips, 1841): Richter
and Richter, p. 20, pl. 2, fig. 4.

non 1943 Phacops (Phacops) accipitrinus accipitrinus (Phillips, 1841):
Richter and Richter, p. 130-131, pl. 1, fig. 2 [= Phacops (Omegops) accipitrinus
insolatus Struve, 1976].

1955 Phacops (Phacops) accipitrinus accipitrinus (Phillips, 1841):
Goldring, p. 46-47.



1966 Phacops (Phacops) accipitrinus (Phillips, 1841): Chlupaé, p. 103-
104, pl. 21, figs. 3-5, 12, text-fig. 32.

non 1966 Phacops (Phacops) accipitrinus (Phillips, 1841): Chlupac, p.
103-104, pl. 21, figs. 1-2 [= Phacops (Omegops) accipitrinus insolatus Struve,
1976].

1969 Phacops (Phacops) accipitrinus (Phillips, 1841): Pillet and
Lapparent, p. 329-330, pl. 39, figs. 2-7, 9-18.

1972 Phacops (Phacops) accipitrinus (Phillips, 1841): Alberti, p. 4-21,
figs. 1-11.

1974 Phacops accipitrinus (Phillips, 1841): Levitskiy, p. 54-56, pl. 1, figs.
10-22, text-fig. 3b.

1976 Phacops (Omegops) accipitrinus accipitrinus (Phillips, 1841): Struve,
p. 439, pl. 2, fig. 8.

non 1977 Phacops (subg.?) accipitrinus (Phillips, 1841): Chlupac, p. 76, pl.
XXXII, figs. 8-9 [= Phacops (Omegops) accipitrinus insolatus Struve, 1976].

1998 Phacops (Omegops) accipitrinus accipitrinus (Phillips, 1841): Farsan,
p. 25-26, pl. 2, figs. 1-2.

Studied material. The studied material is represented by an isolated
cephalon. This material comes from Abrahamyan’s collection stored at the
IGSNASRAGM/PS, unfortunately without mention of locality. The studied
specimen is almost complete, partially exfoliated. Because of the cephalic shape
and ornamentation this specimen is assigned to an Upper Famennian Phacopid
trilobite, i.e., Omegops (Struve, 1976), a common genus for this time interval.

Diagnosis. See Richter and Richter, 1933

Remarks. A detailed description of the studied taxa was presented by
Richter and Richter (1933) and then completed by Struve (1976). Omegops
accipitrinus is characterized by a smooth postocular area adaxially and covered
with few tubercles abaxially, up to five lenses in a dorso-ventral file (with 56—
70 lenses recorded), divergent axial glabellar furrows (about 45—60°), and two
small granules on the reduced preoccipital ring. According to available data
(illustration from Salter, 1864; pl. 1, figs 10, 14 with a reassignment by Richter
and Richter, 1933, description from Richter and Richter, 1933), the pygidial
morphology of Omegops accipitrinus shows that the pygidium has six pleural
ribs.
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Fig.2. (a-b) Omegops cf. accipitrinus (Phillips, 1841), undetermined locality; cephalon in
dorsal view (a), in lateral view (b), in frontal view (c) and in ventral view (d). (¢) Trilobite,
poorly preserved isolated pygidium, Sevakavan section, upper Famennian, J5.2. (f) Trilobite,
isolated pygidium assigned to Proetida, within micritic limestones, Ertych section, Frasnian, J6.3,
N 39° 44’ 04.2° E 45° 15’ 15.4”°. (g) Trilobites, cephala in section, near Yaidzhi, along the road,
with crinoids and solitary corals, Givetian, J5.4, N 39° 45° 25.1>” E 44° 53” 15.3”°. (h) Schematic
representation of visual surfaces in Omegops cf. accipitrinus (Phillips, 1841), following the
method of Thomas (1998). Front of visual surface is left; numbers below drawing denominate
individual dorso-ventral files, counting from the front (1-15); roman numerals denote successive
horizontal rows; numbers in boxes indicate a surface having that lens present in all visual

surfaces.

Our specimen fits rather well with this description in having 16 dorso-
ventral files with a maximum of five lenses (with 70 lenses recorded in two
visual surfaces), few tubercles on postocular area. Unfortunately, the postero-



lateral border is not well preserved and prevents us to observe small granules
and pits.

Ghobadi Pour et al. (2018) described Omegops tilabadensis Ghobadi Pour
et al. 2018 from the Famennian of Iran (Alborz). Omegops tilabadensis differs
from O. accipitrinus by a more reduced eye with up to 48 large lenses arranged
in up to four lenses in the vertical files, a postocular pad with up to eight coarse
tubercles and a pygidium with five pleural ribs.

Ghobadi Pour et al. (2018) suggested the existence of two geographically
isolated Omegops lineages which diverged in pre-Strunian time according to
small but constant differences in the pygidial morphology, i.c., between the
Middle East and Northwest China (Junggar) with taxa exhibiting four to five
pygidial pleural ribs and West Europe and North African with taxa having six
and more pygidial pleural ribs. The occurrence of Omegops cf. accipitrinus in
the south Armenian Block does not match with this pattern (Fig. 3). Only a
complete specimen exhibiting a pygidium with pleural ribs could resolve such a
trend. Farsan (1998) assigned some Afghan specimens to Omegops accipitrinus.
However, according to Ghobadi Pour et al. (2018), these specimens were not
properly described and they reassigned them, with doubt, to Omegops
tilabadensis.

Cronier and Frangois (2014) commented on a distinct bathymetrical
gradient in the distribution of the Famennian phacopid taxa, with Omegops
restricted to shallow-water deposits influenced by current activity (previously
reported by Chlupa¢ 1977), along both the South Laurussia and North Peri-
Gondwana margins. Omegops is invariably present in an Omegops association
established by Cronier and Frangois (2014). This association is encountered in
late Famennian shallow water clastic limestones, of probable lower shoreface to
upper offshore origin. The Omegops dominated association spreads out during a
phase of relative sea-level lowstand and is known from the lower shoreface to
upper offshore domain. This pattern, established by Cronier and Frangois
(2014), is consistent with the fossil record in Armenia, where Omegops
accipitrinus is a component of a benthic fauna with abundant brachiopods that
inhabited a limestone substrate rich in bioclasts within a shallow shelf setting.
Almost all documented Omegops occurrences, except the North peri-
Gondwanan ones, were confined to the tropics and subtropics. All phacopid
genera became extinct at the end-Famennian (Hangenberg event). In this regard,
the Famennian is noted for its taxonomic turnovers and for its decline in
phacopid diversity.
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Fig.3. Late Devonian palacogeographic reconstruction of the Palacotethys Ocean and its margins
showing Omegops occurrences. Modified from Grigoryan et al., 2019; based on the maps of
Stampfli et al., 2002.

Undetermined phacopid
Fig.2e

Material. One poorly preserved pygidium coming from the Iatest
Famennian of Sevakavan section, southwestern Armenia; a section rich in
brachiopods (fig.2j).

Remarks. The absence of complete and better-preserved specimens
prevents an accurate assignment. Pygidium apparently sub-lenticular. Length
(excluding articulating half ring)/width ratio about 47% rather wide. Its maximum width
in front of the mid length (sag.). Posterior outline apparently rounded. Pygidial axis
not well-preserved, long (sag.), narrow, and convexe. Axial rings not distinct due to
poor preservation. Four preserved pleural ribs. Pleural furrows rather wide
shallower posteriorly. Interpleural furrows no distinct. Pygidium apparently
lacks any sculpture.
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Undetermined phacopid
Fig.2i

Material. Sections of several cephala displayed naturally in section of a
very hard bioclastic limestones of Givetian with crinoids, brachiopods.

Remarks. Because of the cephalic outline and visual surface with lenses,
theses specimens are assigned to Phacopid trilobites.

Order PROETIDA Fortey and Owens, 1975

Proetida, family undetermined
Fig.2f

Material. One poorly preserved pygidium found within a micritic
limestone. Unfortunately, no cephalon is available. From the Frasnian interval
of the Ertych section, southwestern Armenia.

Remarks. The absence of complete and better-preserved specimens
prevents an accurate assignment. Pygidium sub-parabolic. Its maximum width in
front of the mid length (sag.). Length (excluding articulating half ring)/width ratio about
90% very long. Posterior outline rounded. Pygidial axis long (sag.) up to (90%) of the
pygidial length, narrow, and strongly convex. Numerous axial rings defined by
narrow furrows. Numerous pleural ribs. Pleural furrows relatively deep and thin.
Interpleural furrows not distinct. Pygidium apparently with small tubercles on
pleural ribs.

Conclusion

The present paper contributes to the systematic study of few poorly
preserved Devonian trilobites collected in 2016 from shallow-water sequences
cropping out in southwestern Armenia and a rather well-preserved specimen
found in the collections of the Geological Museum (IGS, NAS RA, Yerevan).
New occurrences come from several different sections rich in brachiopods.
According to brachiopods, the age of the newly collected trilobites ranges
between the Frasnian and the late Famennian. The relatively well-preserved
phacopid trilobite found in the Geological Museum is assigned to Omegops cf.
accipitrinus taking into account its cephalic shape and doublure, thus becoming
an additional report for a worldwide distribution (Chlupac, 1975; Cronier and
Frangois, 2014; Feist, 2019), and is compatible with the presence of a shallow
water shelf environment during the Late Devonian.
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2UB8UUSULP H649N1L3UL SCPLOARLPSLEP
LULUYUL GLUZUSNRU

Upnuhkp 4., Ukpnpjut 4., 9phgnpui U,
Yhwuun U., twithwi S.

Udthnthnid

Unyt hnnpjuéniud dkup hwunnppmid b wunlbpuqupnmd Eup
hwpwy-wpldnjut Zujuunwih tunduspujhtt wnwewgnidubpnid
hwjntwpbpywsé dhohtt b nip nlunywt wphnphnttp, npnup tkplw-
jagws Eu wuhwyn wpnbnhnujhtt whghnhnwdng b dh puth $wln-
whnutpny, Wkpwunjw) Omegops cf. accipitrinus nbuwlp (dhthwu, 184:
Spywés E wjuwpl Omegops accipitrinus-h b hmpwlhg nwhuwlukph obp-
nwgpulut b htwjktuwwopuphwgpujut mnupwopudwt JEpw-
pEpu) np pntyut  opowlmid: NMuwbknkyninghwljwt wpnidny Ome-
gopsn hpdtwlwiunid punpny b dwudwrn énquyht obkjdbpht b hwdw-
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hnmis E Zwpwy Zuyjulut pinyh Jipht gunth hnnp skpuntph bwju-
Jhunud hwunwwnyws htwkninghwljwub hpwyhdwlyhe

INPEABAPUTEJIBHAS OHEHKA JEBOHCKHUX TPUJIOBUTOB
APMEHHUHU

Kponuep K., Cepodsin B., I'puropsia A., Butt C., laneanan T.

Pesrome

B nmanHO# cTaThe MBI COOOIIAEM U WILTIOCTPHPYEM TPUIOOUTHI CPEIHETO U
MO3/IHETO JIEBOHA, OOHApYKEHHBIE B OCAZOYHBIX OTJIOXKEHHSX IOr0-3araiHoi
ApMeHuH, TIpecTaBlIeHbIe HEHICHTU(GHUIIMPOBAHHBIM TIPO3TUIHBIM HHTHIHEM
¥ HECKOJBbKUMH (hakomuaaMu, BKirrodas Bug Omegops cf. accipitrinus (Phillips,
1841). dan 0030p cTpaTturpaduveckoro u mnaieodnoreorpapuieckoro pacipo-
cTpaneHust Omegops accipitrinus U poJCTBEHHBIX UM BUJIOB B IIO3THEM JIEBOHE.
Omegops B Male0’KOJIOTMIECKOM OTHOIICHUH MPEHMYIIECTBEHHO XapaKTepeH
MEJIKOBOJHBIM MOPCKHM IIeib(aM M COTJIacyeTcs ¢ paHee YCTaHOBJICHHBIM
MaJICO3KOJIOTHIECKUM 3HAUCHHEM MOIIHBIX TOJII BEpXHEro nesoHa HOxkHo-
ApMsHCKOTO 0JI0KA.
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122 CUU «pppnonkplnpupwinypyuill b unippnphigh hnnpniy 101UY,
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E-mail alex.arakelyan@outlook.com
Zuwhdinjwé E fudpugpnipeini it 09.09.2020

Ushiwtnwipnid tkpjuyugdnud tu Ununlbh ghnnwjuquiunid gnpénn hhnpn-
nghwjut nhrnwufbntph hudwp dowlyws wrwybjugnyu Epiph jubuw-
wnbkunwdubph dkpnphjuitpp: Ywipwnbunwdiubph dkpaghljuttpp dywuldty
ki puquugnpéntiughtt gduyhtt nhigptuhuyh dbpnph hpdwt Jpu: Unwugdus
hwjwuwpnidubpny Juquyl] b vnnignqujut jubtjwnbunditp, quw-
hwwngby t dbpnphiuyh npulh b Yhpwobjhnipyut gniguuhpubpp: Unne-
qudondwl wpynitpubph hwdwdwgl, vnuguws hwjuwuwpnudubpp pudu-
pupnd B jutppunbunidubph popupdwt hwdwp wihpudbyn yuwhwe-
ubtpht b upnn Eu Yhpunyt] oytpwnhy wojwwnwupubpnid:

Zuugmguyhtt punkp. Unuunb gbiwn, oph wnwybkjugny Gip, hhnpn-
Inghwjuwt nhunwlbwn, jutjwnbunmd, puquugnpdntiwghtt nkgpkuhnt
Juy, jutjpunbtunidutph wppupugnid, uinniqugownnid:

Unuunth ghnujuquinid opp wnwupbljut wnwybjugnyu Gpkpp
nhuynmud kt qupbwbwghtt Jupupnidubph ppwugpnid, vwljuwytt wnwb-
aht nhypbpnid Jupnn tu dbwynpdl] twb wdwn-wrtwbwght vwljw-
Jwopnipjul piipugpnid’ hnpyupwn wbdplitkph htnbwipny:

Unwybjugnyt Gpkph dbwynpdwl, nppubg dbdnipjut b wugdwb
dundtinttiph Jpw wqnnn npnphy gnpénutkpt ko hwdwpynd quptw-
tuyhtt Jupupnudubph dadwbtwjwhwnydwsht btwpjunpynn twpwadt-
nughtt Ut Adkpught, U Jupupdwbp ninklgnn qupbwbwghl, onbplnt-
pupwiwjut ywupdwbbtpp: Ujn gnpénttbpt b wdwquinud duw-
dwblnyph hqnpnipjniup, djub dke oph wuwowpp, ddnw okpdwuwnh-
Swbwhtt nkdhdp, duhwph nbnnmpnitp b htnkuuhynipinitp, hnnh
hunttwynipiniup, Jupupnidubph pipwgpnid nhwnynn wudpbubph nbn-
nnipniup b hunbkuuhynipiniip, qupbwt okpdwyhtt ntdhup, ghwnh
hniuh janpymipnpymipnitp, wjuquih ppruwswsyp b wye

Unuunbh wjuquih hwdwp wnwyb) punpny b fpwnp b widpbuypi
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Swguwtt wnwybjugnyh bptpp: Unwyk) ks Junnwbg kb thplujuginid
Juunp Swquwt winwybjugniyt Bpkpp, npnup dbwynpynid Eu duhwyph
b dhwdwdwbwl wudpbubph puthdwt dudwbwly (npnig okpunp gipw-
quignid £ 10-15Ud-p), tpp wyy Eptph dhwdnpdwt dke nddup k wnwp-
ptint] hwyngpuyhtt b wudplbuyht optiph qbhpwlonnn nbpp: déadplbuyhi
Swquutt wmnwybkjugnyu Eptpp Abwynpynud ke duhwphg htnnn jud
wjwquih pughwunip dwljtpkuh 10-15 %-hg ny wyk] duwbdwsljw-
dnipjut nhypnid b, Epp wknnudubph opwljwt pwtwlp juqunid k 10-
20ud b wyky: Cun npnid wpwybkjugnyt Eptpp dbwynpynd G wyb-
whuh opkplnipwpwiwlut ywuydwbtbtpnd, tpp twhnpy opdu wnk-
nnudutpp hpdbwwind dwhuynmd Eu hnph antwynipjut yulw-
unpnp [pugubint hwdwp, hull hbnwqu wbnnmudutpp, npntp Gppbdu
hptig htwnbktuhympyudp qhonid Gu twpunpnht, wnwowgunid kb
wnbwnwih ptnyph wnwybjugnyt Epkp (Uhuwljjul, 2016; Uhuwljjut b
nin., 2020): Fupuwbwghtt Jupupnidubph pipwugpnid hwdwh duwynp-
Ynud L wytyhuh dbEdnipjutt wnwybkjugnyt Epbkp, npnup htnbknnud-
utph wuwwndwn tu gununid, nnnnkny b gpuswsltiny ginnh hwpwlyhg
ptwjuuyntpp, guipwnwpwsmpnitubpp, hhgpnnbkuuhjujut ju-
nnigwédpubpp, shunipjniuubpnt nt dintwplnipnibubpt b wyh, yun-
fwntiny qquih Juwubbkp b §npniunibkp: Zknmbwpwp ginkph oph wnw-
Jhjugnyu Eptph Jkpwpkpyu jutjpwnbunidwhtt nknEjuwnynipne-
up jwhuwn Juplnp £ b niuh ks mbnbkuwlwt tpwtwlnipinit, puth np
pny] b wnwhu wppynitwdbn wpubwynpl] b hpwuwbwght) jub-
luwpgbhs Uhongupniditp pugunknt jud tjuqugnyih hwugibin
tdwbwwnhy Gpbphg vyuuynn Juwup: Qtwywsd jubppwnbunidubph
Uks wwhwbownlht, wnwytjugnyt Eipiph juihwwnbunidubph dkpn-
nhijuubph dowlnidp’ hwwnluwbu (Ekntwht yujdwbbbpnd, swn
puipn juunhp E, putih np nputp dbwnpynud &u dh pwpp gnpéntubph
dhwdudwbwljju wqptgnipjutt hbnmbwipny b hknbwwybu wpwyly
ndyup hwpyupltih b ppujutupunp ndyup jujpuntubh B

Unwybjugnyu kjplph jubhiwnbudwh dkpnphljubtph dowuljnmd

LEntwyhti gbwnbkph hnuph b npw punipwgphsutiph jutjpuntunid-
ubkph wpwywnhy dbpnnubpp dowlynd Et hhdtwjwinid nkgpkuhnt
Jupusénipjniutph hhdwb Jpw, wjuhtupt Unwnnwynp $hqhfuyhdw-
Jugpujut Ynpkjjughnt juuybp i hwunwnynid hnuph punipwgqphsh
b wyt wuydwbwynpnn hhdtwlju hhypnontplinipwpwimlju gnpéni-
utinh dholi: Uyn Epy dpwljdws juthpwnbudwt dkpnnubtpp Ynsynid Eu
bhghlur/pdmlugnuluwi: Ujdd hnuph punipwgphstbph jubjuwwnbu-
dwl Uk oquuugnpdynid E hhdtwlwinid puquugnpént nkqptuhnt
Ukpnnp (PykxoBozcrBo mo rupposoruyveckoit npakruke, 2012; PykoBozacTBo
II0 THUApOJIOrHYecKuM IporHosaMm, 1989; I'eopruesckuii, 2007; Uhuwljjul,
2016):

Uju wphumwwnwtipnid, Ununb ghnh oph wnwybjwugnyyu bipkph jub-
hownbunidubph dEpnghuttph dowldwt hhdpnid bu npdt) & $hqh-
juypdwjugpuljut dbpnnp, dowlyl] i puquugnpénti nkqpkuhnit
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hwjwuwpnidubp wpwybkjugny Gipbph b wybt yuydwbwynpnn hhnpn-
ontplunipwputiwlju nwuppbph dholi:

Upuwinwiph hpujuwbwgdwt hwdwp oginuugnpdyty ki 22 Tpowlju
dhowquwyph twhiwpwpnipjut «Zhnpnonkpinipuwpwinipjui b Untithpn-
phugh jhuwnpnty MOUY-h Ununb ginh Jpu gnpénn dhnjkwnnyn, Th-
1howl, Polimti, Ghwnhly qtwnh Qny, Munonip ghnh Yhnwhm]pn hhn-
pnnghwljut nhunwlbtnbtph dhtsh 2020 pulwuih phwnwpynidutph
njutpp, husybu bwlb Hhihowt, bolwl, Kwdpwpul, Ukdnunylu,
Juwtuwdnp opkpimpwpwtwljut Jujwutbkph onh obpdwuwnhdwth b
wnbnnudutph phnwpynidubph wdyuykpn (. 1):

Muydwbwljwh G2wiikn
*  Onbnlnpuipwbwlud YupsGbn
A <pnpnpnghatiul nwnuditiinbn

Qbunbin

Py, uppmibibbn, 0

mj

478

UY.1. Unuunl ginh wjwuquuh hhgpninghwlwb ghunwybubph b ogbplinipupubiulju
Yuywutbph nknupwodwb pupwntq
1.Unuunlbi-dhnjtwnnyn, 2.Unuinbi-thihowl, 3.Ununb-holwi, 4.9kwnhly-Sny, 5. Mwunenip-
QLwnwhnyhun

Puquugnpént nhqpiuhnt hwjwuwpnudubph dowldwt hwdwp
ogqunuqgnpéybk] Eu hhnpninghwut phunwlintph pugdwt opywiihg
Uhtsl 2014pp. pujws dudwbtwljwhwnywsh quptubwghtt Juipupnid-
ubkph pupwugpnid nphindws wnwykjugnyy Epkph, oph vhohtt wmduwljut
tptph, quptwbwjhtt Jupupnudubph hnuph Swjwjutph (aptt wnw-
Jhjugnyt Epliph dkdnipjniup npnony qjluwynp gnpénukphg dkyu k b
htugpwtt UkS E hnuph swjuip, wjipwb Uks L wnwdbjugnyt Giph k-
dnmipjniup), onh dhohtt wduwlwb gbpdwuwmhdwh, nmbknnmudubph nh-
nwpinudubph njuikpp: 2015-2020ppe. nhnnwpynudubph wdjuyubkpp,
hwjwuwpnidutpp Juqubjhu skt ubpunyk), npykuqh oguuignpéyku
Juthiwwnbunidubph hntuwhnipjut guowhwndwb hwdwp, npubu wb-
Juj dudwtwljwhwndwsh phunwpnudutph wdyugubp:
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Unwybkjwugnyu Eptiph jutjpunbunidubph hwdwp dowljdws pug-
dwgnpént nhigptuhntt hwjwuwpnudubpp pun ghknwghtt hhnpninghw-
Jub nhnwbntph ubpuyugynid b unnpl.

Unuwnl-$hn;bunnyn
Qmax = —10.13 — 4.64Q;;; + 2.93Q,y + 0-0252 Pyrgnungyw vir-1

+ 0.058Prguwn i1 — 0-031 Pytgynungyuw 111

+ 6'28K‘}h1h2u1h w-vt 0-78Tbgluuh I 0'48T‘{umu1(’mp11

+ 0.74Toppgwt 111 — 1-228Tyrgynungyurv

Unuwnli-2hihowls
Omax = —3.91 + 2.00Q, + 0.16W;,_y; + 0.075 z Prppouts X—111

= 0.034 ) Puguatvan-in + 0-0014 > Pty vin-in

— 4.46Knouwuv + 16.5Kappewt v—v — 0-50Typgnungyw 11
+ 0.46Thouwur — 1-25Thguwt 1 — 1.00A Ty powtv—vi

Unuwnl-holuuli
Qmax = —7.28 — 0.25Q; + 0.30W,y,_y; + 0.073 2 P howt ViTI-111

= 0.086 " Putugntmis 1111 — 0068 Protut 1

+ 3.60Kpouwwv + 13.95Kappowt v—v — 1.89Tuwgnunyyuw 111
- 1-92ATbglLumIV

QhLwnhy-3ny
Qmax = —11.14 + 1.16Q, — 1.32Q3 + 0.20W,,_,
+ 00372 Pr}hthZum V=II + 0.11 Z Pbgh_LuUXI—III

+0.025 z Pswspupuyvirr—nr + 6:42Kswspupuy v
- 1-13T‘huhumnp n+t 5'37T'~I.1uh1uﬁnn111 - 6'28T}‘2h-um ur

NMuwunonip-Fhwnwhniyhwn
Qmax = 29.09 + 0.51Wy_y; + 0.62Prgy i + 0-33Papypowuin

- 0'382 P‘{Luhumnp I-111 — 6-44Thgh1uh1 + 5'77Tbgluui1 11

— 2.66Thouwn 11 + 544 Tywgnungyur — 4-02Tywgnungywir
+ 1'24ATLlLuhul6np1V

Zujuuwpnidbpnid, Qypwy-p 9ph wrwykjugniju kjph Ukénipniub
E, Wiy—yr— nhunnulbnnid quptwbwghtt qupupnidubph hnuph swdwh
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Juwijwnbuqusd dkdnmipjniut k, Y Pnd wywtwlws E wydws wdhu-
utiph Jud wdujw mbnnudutph gnidwpp, T - hugkpunid tpdws wdu-
Juw dhohtt wmduwlwb obpdwunhdwt k, AT-u hugbpumid upqwsd dw-
dwtwjuwhwnwsh onh obpdwunmphdwuh obnniudu E tnyt dudwbw-
Juwhwwnygwsh unpdwjhg, hull K-u huntipunid tpdus dudwbwljuhwwn-
Juwsh wbnnudubph pwtwlh Unpniyuyhtt gnpswjhgu E (nfjuy dudw-
twuopowth mbknnudubph pwtwlh hwpwpkpnipniup puquudyu Uh-
ohtt wpdtipht): Puntpuibpnid nwnkpny tygwsé b hwmdwyuwnwupuwb
ontpnipupwtwlwt juywutbph winituubpp:

Zhnpninghwljut jutpiwwnbunidubph wppupugjudnipjutt wuwnp-
Swth quwhwwndwt hwdwp Jhpunynd ki dwuptdwnhjuljut Jhdw-
Jugpnipjut dbpnnubpp: Zuwdwdwyt jutjpunbunidubph JEpupbpug
Ubpnpuljut gnignidubph, hhnpninghwjwt jubjpwnbunidubph wp-
nupugjuénipniup hwunwwnynid E poyjuwnpbih ujpwjubph b jub-
huwnbudw vppwitiph hwdwnpnipjudp (Hacrasrernue no crysx6e mpor-
HO30B, 1962; PyKoBOZCTBO 11O TUAPOIOTHYECKUM IIporHOo3aM, 1989):

Uowljws hwjuwuwpnudubph hwdwp hwpduplyl; Eu Jhdufju-
gpulut punipwgpblpp, npnig wpdbputpp thpuyugdus b wnniuwy
1-nud:

Unjniuwly 1
Unwbjugnyt bipkph juthiunbudwi nkqpbuhnt hwjuwuwpnudubph
puntpuignkpp
oy~
: ‘ I I o gl S
Ghwn “huiwljin Sw —
ek R N I“mH}f;/gl;’ ll’— gnpdwlhgp S/c wuyuhny-
pny = £U.6740
R Jwdnipnt-
up, %
Ununb | Shnjkwnngn | 1964-2014 3.68 080 | 0.60 80
Unuunl | Yhihowl 1940-2014 6.65 0.75 0.66 77
Ununl | bolwb 1938-2014 22.8 0.82 0.58 80
Qtwhly |GQny 1946-2014 11.1 086 | 051 83
NMunenip | Ghnwhnyhwn | 1955-2014 12.5 0.80 0.60 78

Utkpnphlut Jupnn £ fhpundl] jubjpwnbunidubp ponpuplbno
hwdwp, tpk wjt nith wyugnigqusd pwyjupup Lonnipnii: Npybu
npu Sounipjul swhwihy ognnugnpéymd E unnignnuljut jutjow-
nkunudbph (Quwthwnbunudp twjunpn twphubph nhnwpynudubph
wyjubkph hhdwb Jpw) dhoht pupwlnuught upwp’ S : Gubjuw-
nbudwb dbkpnnh quwhwunwlwip hpwljwbtwgynd E unnignqujui
Jutjiwmwnbunidubnph vpjuwjubph dkénipjudp (PyxoBogcrBo mo ruzaposo-
rugeckuM mporHosaM, 1989): Unwugdws hwjwuwpnidutph dhongny jni-
puwpwisinip nhunwlbnh hwdwp juquyl] Bt wnwybjugnyt Gipkph
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unnignnujut jutppwnbunidubp pun mwphttph: Ujunthbnb, thwu-

wnwgh nt hwydupluyhtt wpdtpukph thnpjuwywlgubnipyutn Jbpne-
dnipjul tywwnwlny Yuquyty Eu Ynnbjjughnt nhwgpudukn (. 2):

Unnbjjwghnt nhwgpwd, Unnbjjwghnt nhwgpud,
Unuinb-Shnjbnmin Unuinli-Hhihwl
. y = 06392 « 3.3991 = il s g y = D.6076x 40,6425
Ta R = 06392 e R' = 0.605
e i S
&
8
E W e i
5 LI we. -..-".
] . - E_ 30 L]
g = : £ At B *
? 2 . e .. . FE: i ..‘-‘_.___'--' '.' e
i» e el ] e Y e
3 ® 1 e i - Spng .
i R 1 2
T 4Rl - ; w0 o "
] . &
2 2 = 5
-3 3
F o )
L] 2 4 6 a L] ” - "% L] 0 n 24 % m ') 5 10 15 ] » i 35 40 &5 50 55 60
Bussnusgh ghandusd wausfbpugngb bpp, 49/ Duusuinuwgh nngusd wassbpogmyl Bpg, &
Unnbjjwghnt nhwgpud, Unnbwghnt phwgpuid,
Unuunls wl Snfily-Sn;
3m n -hal L y=0.6656x + 25,745 - L hy-nz ¥ =0.7392x + 86229
= 0 R' = 0.6655 % R = 07392
] i -
ai‘ {IF -f ';.L - . 8
gwo Bk » g 50 .
£ 1 e = % Ve
R y o FIC] P
H oMo, H o3 g0 b o
o 2 f1s, * . £ . :'3
Yo P 1 F ERR AL T
: e 1= i
-
% x F ? 0 .
7 e e
0 M 40 & B0 WO 10 Mo 160 B0 200 o W M 30 4 %0 e 7o 80 %0 100
Pumnnigh rybumusd s bjugnegb Bpp, &0 Puwumugh nandud wawgbpugngb bpg, &0
Unnbywghnt nhwgpwd,
a0 Mungnip-Swnwhnghun
= y = 0.6445x + 92237
= 50 R’ = 0.6445
=
S
. o
50 = — ®
- o
40 . & 3
] e e
30 & P
. ™
.
0 ® l|.. .’ ;. °
o ‘c..c‘
o L] 8
.
0 L
o 0 0 30 40 50 60 7o a0 0 100
e gh phuuid |Epugnyb bipp, &'/

Ul.2. Unuul gbnnh wjwquith hhgpninghwjwb nhunwlntph thwuwnwgh nr hwpduip-
Yuyhtt wpdtiputiph Ynpljjughnt phugpuditp

bPusytu Epunud E Wuphg, hwygupluyhtt b thwuwnwgh wpdtputph
Uhol wnlju k nppuljwt Ynnbjjughw, pujupup gnpswjhgubpny:

Gutjiwnbuntdwyhtt juwbph hntuwjhnipjut guwhwndwt hw-
dwip, Juquyt) b uvinnignqujut juthiuwnbunudubp twb wijuhe dw-
dwtwluwhwwnygwsh® 2015-2020pp. hwdwp, npnig pwbwjuljwt wpdbp-
ubipp uipws E wnyniuwly 2-nud:
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Unniuwy 2
nh wnwybjugnyt Eipiph unnignnujut jutjpwnbunidubpp
wpnupugyubnipniip, 2015-2020ppe. wijuwj dudwbwujwhwnywush hudwunp

Upnupugus
Bnyjuwnnpkih Juupuwnbunidubph
Qb Thuwlbn | Swphubp | uowgp, U3/ q_[ﬂl,_ rhdp
Opny, = £0.6740 | wppupu- sh
ghi k| wpnupwgly

Unuunl Shnjkunnyn 2015-2020 3.68 4 2
Unuunl Ahihowh 2015-2020 6.65 4 2
Unuunl boliul 2015-2020 228 5 1
Qhanhl Qnp 2015-2020 11.1 5 1
NMunenip | Fhnuwhnyhwn 2015-2020 12.5 5 1

bPuswtu bEpund £ wnniuwly 2-hg, pninp ghunwljbnbph hwdwnp,
plinpdud’ 2015-2020pp. wifuhe dudwiwuwhwnwsh hudwp hpu-
Jubtwugdws Juihwnbunidubpp ghpuquiguybu wppupugt) b, wy-
uhlipt juijpuwnbtudwt vpwitpp quuynud Bu poyjunpbihh uwh-
dwttbtpnud:

Npubtu wpulunhljunid juthpuwnbudwb dkpnnghljugh jhpwunbkihne-
pjul b npuyh gniguthy pignidnid £ §/6 hwpwpkpnipinip, wjuhtiph
unnignnuju jutpiwnbunidutph dhohtt punwljniuwghtt uppwih hw-
puwpbkpnipmnitp, Juwijiwwnbuynn dedmipjut dhohtt pwnwlniuwght
upjpiw ht o, b nppwl thnpp £ wyn wpdbpp, wyupwt pwpdp £ hwp-
Jupldwt Logpuinipiniup: Lwth np dbp wpwwnwipnid phunwp-
ymudubph owppkph kpyupnipmiip ghpuquigmd k25 wwpht bpb
n> 25, wyuw whup t pudupuplh hbnljw; wwhwiep” §/& < 0.80
(HacraBnenue mo ciayx6e mporuosa, 1962): bPuswybu Eplnud £ wnmniuwly
1-hg, utp pninp hwjwuwpnidubph hwdwp tpdws guydwip pudupu-
npnud L, wjuhtptt dbkpnghljut Jhpwunkih £ oybkpwwnpy juthuwnbund-
utph ponupldut hwdwp:

YGubjiwnbudwh Ukpnphuyh npujp btu hwuwnwnynd £ S/6-h
Ubdnipjudp, U npu wpdbpubpht hwdwwywunwuhwt Ynnkjjughugh
gnpdwljgh b pnyjuwnpbh vjpwh wywhnyquédnipjut wpdbpubtpny:
Ujuyhuny, jutpiwnbunidubph JEpwpbkpu) dkpnpuljut gnignidubph
hwdwdwjt (Hacrarenme mo ciyx6e mporrosa, 1962), puwn wnniuwml
I-nud ubpiuyugdws punipugpbph, unnwugws pnjnp juubpp pudu-
pupnd ki juitpunbudwt dkpnnhljuh pudwpup npuljh gniguithy-
ubph hwdwp wihpuwdbyn yuwhwbgubphi b jupnn tu Yhpunyl) fub-
huwnbunidubph ponpupyuwt hwdwnp:

ZEwnmwgminnipinibll ppulpminugyly F 22 9QUUL ghinnipjul [n-
Upinkp npuduppud $hlmbuun/npdunlp «Ununbp wjuquih gknkph
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wnwibjugnyl Epkph Juwifnwwnbunidp b ppuibg fungbjpnippub qlw-
hunnnidp phduyh hmpnfuniprul wuydwhbbpnid» 19YR-1E005 Swid-

hwgpny ghunwljul plduyh ppowbulakpniu:

QU9 uuNbE3N0RL

22 GUUL «hnpnontplmipwpwinipjui b Unthpnphugh Ykuwpnt» NAUY-h hhnpn-
ontiplinipwpwbwlub nyjuutph $ntn: 1935-2020pp.:

Uhuwljui UE., Unwpkjub U.U., Unpbigui 2.2, Ughqui 2.2 2020. Ununb ghwnh
wjuquinud 2020 pywljwh dwyhuhtt phndwé quplwbughtt yupupnudubph wnw-
Yhjugnyt Eptph dbwynpdwi hhnypnongtplhnipwpwtwlwt wuydwbukph Jtpnidnt-
ptlp, 22 @UU Sknkwughp, @hunipniutkp Gpyph dwuhb, h. 73, N 3, ke 3-10:

Uhuwlpwt U.E. 2016. Qupbwbughtt Jupupnudubph hnuph jubjiunbudw dhpn-
nhijugh dpwlnudp (Eebught Epypubph hwdwp (22 wwpwsdph ghnbph ophuwlyny):
Phjuwsniujut wnkhwjununipnil, Gphwl, 22 wunbkdhlnu b. 9. Gnhuqupnyh
wtjut opuyhtt hhdtwhwpgtph b hhppnuinkpuhluyh htunhwnnin, 150 te:

Ieopruesckmnii F0.M., lanoukun C.B. 2007. ['unponoruueckue nporuo3sl. Yuebuuk. —CII6.,
mw3g PITMY, 436¢.

HacraBnenune no ciyx6e nmporaos3os, paszaen 3, 4acts 1. 1962, IIporHo3sl pexxuma BOJI CYyIIH.
Jlenunrpan: I'mapomereousnart, 193c.

PyxoBoncTBo mo ruaponornueckoit npaktuke. 2012, Towm II. Ynpasnerne BOOHBIMU pecypcaMu U
MIPaKTUKa IPUMEHEHUS ruiposiornueckux MeronoB. BMO-Ne 168. Illectoe uznanue. 324c.
PyxoBozcTBo mo runpposioruueckuM mporsosam. 1989. Breimyck 1. JlonrocpouHsle IpOrHO3bI

9JIEMEHTOB BOIHOTO peXUMa pek U Bopoxpanumuil. JI., ['unpomereonsaar, 358c.

MNPOI'HO3 MAKCUMAJIBHBIX PACXO0B
BO/Jbl PEKU AI'CTEB

MucaksH A.J., ApakessiH A.A., A3u3sH A.O., Mucaksax 9.9.

Pesrome

B crarbe mpencraBneHbl METOAMKH IMPOTHO3WPOBAaHUS MAaKCHMAaITbHBIX
pacxoZ0B BOABI JUIA THIPOJOTHYECKUX MOCTOB B OacceiiHe peku ArcreB. Me-
TOAWKH TPOTHO3MPOBaHMA OBUTHM pa3paboTaHbl HAa OCHOBE MeETOJa MHOTO-
(hakTOpHOI TMHEWHON perpeccuu.

[locpencTBOM TONMYYEHHBIX YPaBHEHHWH OBLIM COCTABJIEHBI HMPOBEPOYHBIC
MPOTHO3EI U OIEHEHBI TOYHOCTh M MPUMEHUMOCTh pa3pabOTaHHON METOIVKH.
[lo pesynpraram BepuduKanmuu MPOrHO30B, MOTYUYSHHBIE YPABHEHUS YIOBIET-
BOPSIIOT HEOOXOIUMBIM TPEOOBAaHHMAM JUIsl BHIITyCKa MPOTHO30B U MOTYT MpH-
MEHSATBCS B OIIepaTUBHON padoTe.

Hccneoosanue evinonneno npu ¢unancosoi noddepacke Komumema no
nayxke MOHKC PA 6 pamkax nayunozo npoexma Ne 19YR-1E005 - “IIpoeno-
3UPOBAHUE MAKCUMAILHBIX pacxo008 pex baccelina p. Aecmes u oyeuka ya3-
B8UMOCIU 8 YCTIOBUAX USMEHEHUsl Kiumama ”.
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FORECAST OF MAXIMUM WATER DISCHARGES OF THE
AGSTEV RIVER

Misakyan A.E., Arakelyan A.A., Azizyan H.H., Misakyan E.E.

Abstract

The article presents the developed methods for the forecast of maximum
water discharges in hydrological stations in the Aghstev river basin. The
forecast methods were developed based on the multi-criteria linear regression
method.

Using the obtained equations, verification of forecasts was conducted and
the reliability and applicability of the method were evaluated.

According to the verification results, the obtained equations meet the
requirements necessary for the issuance of forecasts and can be applied in an
operational work.

This work was supported by the RA MESCS Science Committee, in the
frames of the research project No 19YR-1E005 - “The forecast of maximum
discharges of Aghstev Basin rivers and assessment of the vulnerability in the
context of climate change”.
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Lwpuyhind Ubkp Ynnuhg vnwugus hujuqplui uyblunph b mdbn tpl-
puowpdbph oowpiuyhtt yupwdtwnpkph dhol Ynpljughntt hwjwuwpnidubpp
pny] Eu vl unnigh] wqpkgnipeniuubph dhohtt (unwinupun) uykupubp
dwquhnmngubph b tyhlkbnpntughtt hinwynpnipniuibph  mppnypubpp
wnpdus wpdtpubph hwdwp:

Unugyws [RA] dhghtt umyklnpubtpp Jupbkih b nhnwpll), npybu ubjudhly
wqplignipniitiph twptwwt hwequpluyhtt Unpljubp: Zknwquynid hpw-
Jubwgubing httwpwynp dogpuunidubp, Llukny wwpwspuht wnwbdbw-
hwwnlmpiniutinhg, Ybkpgohuutpu htwpuwynp Yhth oquwgnpst), npybu
uywuynn ukjulhl wqpkgnipymubbph puquyhtt dngbjubp’ widhgwlwh og-
wnwugnpddw hwdwnp:

Zuugmguyhtt puntp. hwjwqniwi uwyblunp, wpubjbpngpudw,
phtwdhlnipjut gnpéwlhg, dmquhwnninw, tyhlkunpntiwghtt hinwyn-
npnipinil, kdyhphy hwjwuwpnidukp, vnwingupn oknnud:

‘Uhkpwbnipyniu

Ukjudhl] Juuutgh pbd wuwypwupp tupwunpnmid k, wpwehtt hkppht
uyuulnn  wqpbgnipmniiph  wwpudbnpbiph  juiwgiuwhwnnd
wpnuwhwjnjws Jhpwrwlwbt nbuwlbnhg wnwybk] hwpdwp b, np
wdkbwlwplunpt E, hpupnbuwjut wju jud wjt swthnpnohsubpnh dhon-
gny:

Uiy quwhwwnndubpp pny) Eu mmwjhu Jupl] hwdwyuwnwupuwt
puqUuyupnipjnit 2Z-mud ubjudhl widunwbgnipyutt  hwdwlupgh
qupqugdui hujkguljupgny twpwnbudws ywhinwlwt juplnp spw-
qph ppuluwbugdwi gnpsmd tywuwnkny ubjudhy phulh qhwhwn-
dwt b wJuwqbkgdwt hhdtwpunph hpwlwbwgdwip, hiywyhu btwb hw-
Juubjudhl ohtwpwpmpuip bywunwlunipnjus tnpdwnhyughl
thwunwpnpbph hwdwlwupgh untnsdwn:

Mbtwp L k), np tkpjuynudu hudkubpuwght ubjudwpwnipjut qup-
quguwt wpnh hpuwyhdwlp, husybu wdktiniptp, wjtybu k) dbp hwb-
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puytinnnipniunid ghnbu jhupdbp sh hwdwywwnwupwinud wnwew-

nnynn ywhwbetbkpht:

Uy wuwhwlgkph Jupbnp wwpptp wwpnbwlng vh pwpp gnp-
dnutkp nhinliu Juphp niuku juhun JEpuwbwydwi, jpugdwi b junwpk-
Jugnpsdwi:

Unwohtip, b wdkbwlwplnpp, nw gnpshpuyhtt gpuignidubph
huhunn wuwlwut E: Uhwupdtp skt ubjudhl] Jrnwugh ukpluyugdwb (pup-
nbkqugpuut) Uninkgmdubpp, hiywbu dbpnpuljut, wjtybu k| Junuugh
wpunwhwjndwt swihnpnohsubph pbwnpnipyut whuwblniubtphg b
wy:

Unyt hnpJwénud nhunwplynud £ hwpdupluyhtt (winwbnwpn) hw-
Jugqpuwb uyklwnpubph quwhwndwt dkpnghlju hhdtws nidtn tpl-
puwowpdtnh wpubjipngpudwbph ubjudnyhfwjugpujun ytpnisnt-
pjul Yypu:

zbnmugnuuiwt  dbpnnubpp b wpymbpbbpp: Uhjudwluynih
shtwupwpm pjut tnpdbpnid’ wyy pynud 22GUI16.02.2006-n1d okpkiph b
Junnygubtph ubjudwluyniunipjut hwpduplubph hwdwp withpudton
ubjuUnnghwljutt hupnplwughwtt ukpuyugdus £ A gnpsuiligny, npp
hpkuhg ubpyuyugunid £ gpnibnubph uyywuynn ame wpuqugnidubph
wdy hunnuibkph dwjuppulp  wpnwhwpnjws (g)-h dwubpm] b
yntunnpnijghwtbph  hwjuqpbgnipniip punipwgpnn B(T) phuwdh-
Ynipjut gnpduiligny (22T 11-6.02, 2006): Uju Eplnt gnpdwljhgutiph wp-

nwnpu)p hwdwpdtp L hujuqpdut [RA] uybljnpht.
[RA]= A" B(T) (),

Yuu huywtu phipws £ (Xauusan, 2008)-nud wyt upbjh £ ubpluyuguty
twl htnlyu) dinyg

n . T
[ €7 Duio(©) sinde-§)ag |

B(T) =

Ujuhtipt, njju) yuwpuquynud jutinhpp hwignud B weu nyuy-
ubph (wybh Ynuypbn qpugwsé nidhn Eplypuwowpdtph wpubibpn-
gpuwdwubph) hhdwt Jpu ubjuudninghwljwb b gpnibnuwghtt yuydwb-
ukph hwdwp hwwugnnudubph dhehtt [RA] Ynpkph guwhwndwip:

Swpwspuyhtt nyjwjubph vwjuwynipyut (Yud qpbpt 1phy pugw-
Juynipjut) wupuquynid wjp quwhwwnnidutpp wpynud kb ndjujubph
npnowljh ptwnpwhidph hhdwt dpw, npnup hpkig punipwugqpbpny dnwn
i mju mnupnid uyuwuynn Epypupwnpdtph wwpwdbnptpht:

Uuwnpl pbpynn hbnmwgnunipjnibtbph twhiungpyuy Eb hwinhuwgl
ukp Ynnuhg twhijhtind vnwugdws Jhdwljugpnplt hhdtwynpguws td-
whphy hwjwuwpnudubpp Ephpupwpdh hwjugniut uybuph b dwg-
thwnninh ot kghyktnpnuwghtt hbpwgnpnipynitubph dholi tpeht-
ubphu hwdwywunwupwiwpup M=4.3+7.7 R=10+1204d wnhpnypukph

max (2)

uOmax
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hwdwp (I'puropsan, 1983, 1989): Uhliinyju dwdwtwl] hwpdwupluyhtt hw-
Jugqndwb uvyblunpubpp vnwinupun dnpbjutph nbkupny tkpluwywg-
ubknt Uninkgnidp nphunwplynid £ wnwghtt mbqud:

Udpnne Ljultwnnwht ubjudninghwljut yympp ykpugpynud E Uk
ubjuUninkljnniwljwi nwpwsph UUL-h wpldnjub dwuhb: Uph phr-
gpynud k Epypwpowndtph Unwn 150 wpuktipngpudw:

Ldwt punpnipmnibup poyp B wndl] wppyniopnid vnwbw) hwdk-
dwwnwpwp juynit gowhwwnnidubp: Gpypuowpdtph wnwowgdwt k-
huwmthquubph mhwybpp nhwnwplbihu npnpwlh JEpuywhnidnyg wuw-
hnyk] kup ubjuininklnniwlwi hudwpdbpnipjui uljgpniipp tjunh
niutbuyny, np yEpohutbpu (wnwybjuytu Jeputnp-Ynnuownd mnhuh)
npnowlh swithny punipugpuljut bt twb Ubp nmwpwswoppwth hw-
dwn: Thunwplynn pnnp Gppwowpdbiph junpnipinitubpp quidnid ko
5:20yd-h vwhdwbubpnud: ZEknwgnunipjut wju thoynud gpoianukph
nwpuwlupgnid sh Junwpyb:

Zujuqnuwt [RA] (Response Acceleration) uykljinputiph jujujuédnt-
pniip wgihnnnhg tupugpdnd E htnbyuy §npkjughnt fuwgngd

[RA] = [RA]; - 107 3),

nputn b-tt wlpnng uwklunpny dhghtwgjwd gnpdwyhg k, huly [RA]y

nuw b-h [RA]i-ubph tnpdwynpdws wpdbpubp ki

Putiwdl 3)-nmd b gnpsulhgibpp hwdwywnwupwbwpwp bpkp
punpwpudptph hwdwp nitkt hbwnbjw) wpdtpubpp.

R < 15uU-h nhwpnid b = 0.21,

R =15 = 604 gnunnt hwdwp. b = 0.25, kpp T < 0.64pYy b b = 0.29, kpp
T > 0.6Uny,

R > 60u-h nypmu’ b = 0.104, tpp T < 0.64pYy b b = 0.29, tpp T >
0.64ny.

[RA]-h unpUdwynpjwé wpdbputpp dwpdwt 8% ntwph hwdwp
pipdws tu phy 1 wnyniuwlnid:

Unjniuwly 1
[RAJu tnplunpdus wpdbpubpp (ud/Apy?) hbknunpnipinitubph tpkp
wnhpnyputnh hwdwp

Tyny
R, Y

01 | 015 | 02 [025] 03 | 04 | O6 | 0.8 | 1.0 1.5 20 | 3.0

<15 |27.42|39.17 |39.26 | 41.21 | 38.37|30.34| 19.10 { 15.70 | 11.67 | 8.49 | 5.81 | 3.95

16+60 | 10.62 | 12.50 | 13.65 | 13.84 | 14.16 | 12.16 | 9.51 | 3.82 | 2.88 | 1.67 | 1.22 | 0.96

>60 |43.55(52.60|56.62|59.57 |60.12 |53.83|47.53 | 1.77 | 1.58 | 0.95 | 0.77 | 0.51
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Uoklp, np ubjudnyhpdwjugpuljut JEpnidnipjut dudwbwl jni-
pupwusnip kppwowpdh wwpwdbknp yEpgyty £ dhlitingu <<puipny>>,
gnnudp hwpduplbjhu skt quwhwwnygt] dwquhnninh b hknwynpni-
pintutiph wpdtputph htwpwynp sbnnidubtpp: Uwquhwnnigubph wp-
dtpubkpp pipyws Eu pun uqpunpniputph, npnup hhdttwjuwiunid dw-
JEpbnypuwjhtt whputph dheongny quwhwwnyjws M. wnhuwh dwquh-
nnipubpt B Thunwpldws bu gpoitbnh mwnwinudubph pugunuy bu
dwpuhdwy hnphqnuwlwt pununphsubtpp: Zujwgpdwi wpdbpubph
unwbnupun oknuub o(lg[RA]) dbkdnipnitubpp ponp ptwnpuwpudpkph
hudwp gplpt hwjuuwp b b juqunud b dhehtp 0.37 (nquphpdwuljut
Uhwnp:

w) P

, Le[RAL wdilpy . LglRA]. udAlply’ . LgRAL wiijpy’ 9

Toph o4 03 0 ? T, dpY SRR T dny

Ul 1(w,p,q). Zujugniwb [RA] dhohtt umklinpttpp kphpupwpdtph dwquhunnigmbtkph
wnwppkp wpdtplbph b hipwynpmipynibiibph tpkp nhpnyptbph hudwp w) R < 1544, p)
15 < 604U, g) R > 604 (Uwpnudp 8%):

Ul.1 (w,p,q) pipdws kb hwpgupluyhtt hwjugqnlwi wuwytnpubph
wmbupbpp kyhlykunpnuughtt Epkp whpnypubph b dwquhwnnigubph
wnwpphp wpdtpubph hwdwp:

Giukny hwodupluyhtt wmuytunpubph gnpstwut Jhpunnipjut
wnbuwtlnithg hmpdwp (htknt withpwdbownnipiniithg b wjt hwbqu-
dwliphg, np [RA]-h wpdbputpp hpktug wpwybjugnyt dwumd pudu-
Jwuht dnwn kb, ykpohutitipu dhohtimugyt) ku b ubkpjuyugus tu hnph-
qnuwlut hwnquwsubkpny:

Ldwt diny Junnigyué hwljuqniu dhohtt Ynptiph wbupkpp tpl-
puowndtiph dwquhwnnigutiph M=5.5, 6.0 b 7.0 wpdtputkph b hbtnw-
Ynpnipjnitibph R < 15, 15 + 60 b R > 604U mnhpnyputph hwdwn pipdws
Et gdwuup 2-md:

Ubkjudninghwljut wuwpwdbwnpbphg jupidwé Jipohuttpu punipw-
gpynud Eu tpwuny, np dnnnwju gnuunt hwdwp uybkluph wpwybjw-
qnujt wpdtipttipp (hnphgniwut dwu) hwdbdwinwpwp tkn Bu, hul wy
dwunid tpw wilnudp hwdbdwwnwpwp Jupnil:
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RA (hnphqninuljwb pumunphs, dwpob 8 % wpdplbp)

015 0.2 025 03 04 06 08 1 1.5 2 ] T.qny

U2 Zwpqupuyht vinwtigupn [RA] uyblnptibpp dwquhunnigbph b hkpwiynpnt-
pintutknh wuppbp wpdtputph hwdwp (fwpnudp 8%):

Uts htinwynpnipjnitubph pwypnid uybluph pughwinip wbupp
wybkih hwpp L hophgnuwlwt dwup pwdwluiht juyu (T-u dhbsh
0.6+0.74nl.), hulj we dwuh wulnudp qquiih putnun k: Uwquhnniutph
wpdbpubphg Jupws Jipohuubphu dwjupnulp wdnwd k, hulj hnph-
qnuuljwt vwup quotnid £ wybjh juy’ M-kph wédwbp qnigplipug:

busytu upkghtp Jtpltnid hwlwgnpdwu dhohtt uyklwnpubph quw-
hundwt dudwbtwl wyju thnrnd dkup gpnitintikph junbqnphwtph
npnowljh mwpwljupgnd skip hpwjwbwgpky. punhwinip wndwdp og-
nugnpdywsd gpuignudutpp wnwybjuybu hpwjwbhwgyty Eu HI-III ju-
wnbkgnphuyh gpnitnubph Ypue

Swippbkp gpnitnttph Jpu gqpugws wpubjbpngpudwttpnh uykl-
wnppubph yEpnusnipinitp gnyg E wmiwihu, np kpohtitbpu nmitku plunt-
pugpulub nwupphpnipniuttip:

Ujuytu, dkp Ynnudhg btwpujhunid junwpdws tdwb hknwgnunt-
pjntuutpnp gnyg Eu gk, np Ynown gpnibnubph Jpu ghpuljopnn wup-
pEipmipmitubpp quidnud Bu 0.1+0.3Ypl. whpnypnid, hull thwthnily
qpnitnntitph Ypw' 0.44ply. bt wdtjh whpnypenud (Cpuropsas, 1987):

Uwklwnpubph tnytu pinipugpujut wnwduiwhwwnlnipinitutpp
wynid Eu twb (Xawwman, 2008)-nud, npunkn phpdws Eu wwwppbp Gpb-
pupwbwlut Jupdusputp niikgnny nmknudwubpnid gpuigwms wpuk-
1Epngpudwtibph tnpdwynpdws (RA)-tpp:

Zuljugnuiut hwoqupluyhtt (Uhoht)) uyknputph quuhwwnnudubtp
ppwwiwgt] i dh swpp dwubwgbnbbph Yonuhg bu: Ujuybu
(IIreitabepr, 1986, 1990) phipynid ku unwtnupwn uyklunputph junnig-
dwl Ukpnpuljut Uninkgnudubp tphpupowupdtnh dwquhwnninubph b ht-
nuynpmipinibtph nwuppbp wipdtputph hwdwnp:
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Uwutwynpuybu, (lreitrbepr, 1986)-nid phpjwsd hwlwuqpuwb
uyklunpubpp quwhwwndl] b dwquhuninubph 4+8 L hbEnwynpni-
pintutitiph 0+20 b 20+40yd wpdtputph hwdwnp:

Zujuqnlw dhohtt uyblwpubp mdbn Gpypwownpdtph dwquh-
wnnipubph b hipwynpmipiniiubph mwuppbp wpdtpubph hwdwp pipdus
EU twl (Anderson, Trifunac, 1977; Johnson, 1980; Katayama, Iwasaki, 1977;
Seed, Ugas, 1976 b wyj b):

Unniuwl 2
Zuuqyuul dhoht uyblnpitph wpdbpltpp ud/Aply? P
hujuwiwljuunipniuutph 90% (Jtpht) b 50% (ukpphiy) wpdtputph hwdwnp
(Uwpnudp’ 8%)

/el
M| R U 01 (015 02 |025| 03| 04| 06 | 08 | LO| 15| 20 | 30
P

90% |405.5|579.4(582.1|609.5|567.5|448.7 | 282.5|232.3|172.6 | 125.6 | 85.9 | 58.5

5| <15
50% |274.2391.7(393.6412.1 383.7|303.4| 191 | 157 |116.7| 84.9 | 58.1 | 39.5
90% |435.5(512.9 559.8|567.5|580.8|498.9 389.9|291.7 (219.8|127.4| 93.3 | 73.3
6 | 16:60
50% |301.3|354.8|387.3(392.6|401.8|345.1|269.8|201.8|152.1| 88.1 | 64.6 | 50.7
90% |296.5 |358.1|385.5|405.5|409.3|366.4|323.6|278.6(249.5(149.3|121.9| 80.9
7| >60

50% |215.8|260.6|280.5|295.1(297.9|266.7 |235.5|202.8|181.6|108.6 | 88.7 | 58.9

by wnwybnipnit niukt dbp Ynndhg unugqus hwljugnnidubph
Uhohtt uytlwnpubkpp, npng hwdwp hwyupluws b P hwjutwlw-
twyhtt vwhdwutbpp hwdwywunwupwbwpup 90% (Jtpht) b 50%
(ukppht) dwjupnuljubph hwdwp (wn.2):

b nnuppipmipinit Jeplinid tjupugpyws b gnjnipjni niikgnn Uh
2uipp Ukpnnubph, dtp Ynnuhg wewgwplyny dbpnnp pniyp £ wnwhu
Jtpohtitkpu quwhwwnk) Ynpkjughnt [RA] = M, R) juwytph dhongny:
SYjw] wuwpwquynid [RA]-h wpdbpubpp Jupkh £ unwbw] hwdwjunt-
pntutiph hwdbdwwnwpwp juyt mhpnyph guujuguws mpdwus wpdtph
hwdwn:
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Bqpuljugnipini

Swpwépubph ubjudhll Juubgh qwhwwndwt gnpéphpwugubpnid
ubpljuynidu Jupbnp b wupunwunhp twhwwywydwbubphg Ukhp gpniin-
ubkph wnwwnwinudubph pwbtwlwlwb swihnpnohsubph (wpwqugnid,
wpugnipjnil, mknuthnunipnit b wjjb) juthiwqtwhwnnidb k:

Mdtn tpypwowndtph gnpshpuyhtt gpuugnidubph vwljuynipjut
yuydwbtbpnid tdwt quwhwnnudutpp hwdwh hpujuwbwgynid B wy

ubjuunwljnhy nkghntubtpnid qpuigqus tpypwownpdtph gqnpshpuwyht
qpuiigntdkph hhdwh Jpu’ htwpwynphiiu yuhwwitin] ubjudnnkl-
nnbwlut hwdwpdbpnipyut uljqpniupp: YUntlptn nhypnid hhdtwlw-
unud oqunugnpéyl) Bt UUL-h wpluninpnid nmbknh mubkgwé tplhpw-
ouipdtph qpuignidubpp (wpubjbpngpudwutpp):

Utjudnyhdwjugpujui JEpnisnipjut wpyniupnid dkp Ynnuhg
twphinid vnugjus Ynphpughnt hwjwuwpnidubpp hwljugnkgnt-
pjul [RA] uytlunpubph b oowhiwhtt ywpwubkwnpbph dhel, pnyyp Eu
wnyk] Jurnigh] hwjugndwt dhohtt (unwunupwn) uvyblnpubp npjus
gutjugusé dmquhwnninubph b hipwynpnipinitubnh whpnyputph hw-
dwp:

Quwhwnws dhohtt uywklwputpp upkh b ghuwpll] npybu
ubjudhl mgptgnipnitutph hwpdupluyhtt dnnbkjutp: dEpphtittpu pnygp
Juwt 22 shttwpwpuluwt tnpdtipmd YJhpwek] wnwyl] ppuntuwlul,
wnwpwspwjhtt phtwdhlniput Ynpknp:
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OHEHKA CPEJHHUX CHEKTPOB PEAKIIUU CUJIBHbIX
SEMUIETPACEHUU
HA OCHOBE DMIIMPUYECKHUX JAHHBIX

I'puropsin I'. B.

Pesrome

[TomyueHHbIe HAMHU paHee KOPPENSAIUOHHBIE YPAaBHEHHS MEXIY CIIEKTpaMHu
peakuMy W OYaroBbIMH IApaMeTpaMU CHIIBHBIX 3€MJIETPSCEHUNA IMO3BOJMIN
MOCTPOUTH CpefHHE (CTaHIAApTHBIE) CIIEKTPHI BO3ACHCTBUH IS 3alaHHBIX 3Ha-
YEHUI MarHuTyJ U JUana3oHOB SMULEHTPATbHBIX PaCCTOSHUM.

[Nomyuennsle cpennue (cTaHmapTHbie) crekTpsl [RA] MokHO paccmar-
pHUBaTh KaK IPEIBAPUTEIBHBIE PACUETHBIE MOJEIHN CEHCMUUYECKUX BO3JIEHCTBUI.
[IpousBens B manbHEHIIEM BO3MOKHBIE YTOUHEHHS U MCIIPABIICHUS, HCXOIS U3
PETHOHATBFHBIX 0COOEHHOCTEH, CTAHET BO3MOXKHBIM HCIIOIB30BATh MTOCIICIHIE B
KadecTBe 0a30BBIX MOJEIEeH OXHIAEMBIX CEHCMUYECKHX BO3JCHCTBHIA IS
HEMOCPEICTBEHHOI'O UCIIOJIb30BAHMUSL.

ESTIMATION OF THE AVERAGE RESPONSE ON SPECTRA OF
STRONG EARTHQUAKES BASED ON EMPIRICAL DATA

Grigoryan V.G.

Abstract

The previously obtained correlation equations between the response
spectra and the focal parameters of strong earthquakes made it possible to
construct the average (standard) spectra of impacts for the given values of
magnitudes and ranges of epicentral distances.

The obtained average (standard) spectra [RA] can be considered
preliminary design models of seismic event. Having made further possible
refinements and corrections based on regional characteristics, it will be possible
to use the latter as basic models of expected seismic impacts for direct use.
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22 QUU BEpypuppghluyp b padkbibpuyhl ubjuifupwbn ppub phunpnnin
(22, p.Yynuph 3115, 4. Uwpquyul 5)
‘neu Ly Uhwublulwl Enhpuphghlului Swunwnipintl
(122, p.Oplihliul;, 249035, Quyniquyh ope., LEaplh wny. 189)
22 UPL, Ubjudhly ypupnyubnipyul nwpwdpuyhl Sunugnipintb

(22, p.Epluul, Ohsknimlupkpnh fadninhp, 8/1p.)
Zwbd s F udpugpnupini i 29.06.2021

Ushiwnwipnid junwpdus E 05.02.2021p. Uhwbuwdh wjuquih hniuhu-
wpbbjjul whwdkpd oppwunud’ Cnpdw ptwuwduyph dbpdwluypnid nknh
niubkigus My=5.1 dmquhwnniy nidqunipjudp tpjpuowpdh qunpshpuyhtt bt dwl-
pnubjuudhl wgjuubph hwdwihp Jepnisnipenii:

Ushiwphh, wnwpwswopgwughty, hwipuybnwliut hEnhtwljuynp ubjw-
dwpwiwlut gnpéwljunipiniuttph pynyd 140 ubjudhy juywuubph pyuwyht
qpuignidubinh wihpuyhtt wuwkpubph JEpswtdwdp pwbwjuwybu qhw-
hwwnyby B Eppwowpdh ogwhih Yhutdwnhly b phtwdhl yuwpwdbknpkpp:
Oouijuph dwnwquypUul uyklnpuw) punipwqphsubph, fugnidugnyugdwi Yh-
ubdwwnpl b ghtwdhl wpwbdtwhwnlnipniubph hhdwt ypw npnoyty &, np
Enypuwownpdh oowhip hwdwwywinwuppwiund £ fpniih opowtimdl dnpbijhu’
hpkuhg ubpjuyugubing wowig pltiph wipwwndwt hwpp uwhpny dhwl-
wnwih jugnidugnjugldw wypnghu:

Ooujuph dbpuiwthquh (nusnwdubph, tpwinud gqnpénn jupnudubph qluwynp
wnwugpublph ninnnmipjniuutph, ubjudhl dndkunp phugqnpuyhtt bpnisne-
pjut b Lngk-Unnuyh qnpsuiljgh dbdnipjul hhdwl Jpu puguwhwyngdty k, np
opwijunid wnknh E niukgh] dhwnwigp, Udkpdhnphqnuwlub, wewlnnujuu
uwhpuyhtt nbnuownd:

Anpshpuyhtt wyjujutph hhdwt Jpuw junwpqus hwdwihp Jpnwsnipjudp
Junnigyt) L tpypuwowndh ogwhih hpuwwnbuwluwb Ephpughtwdhly dnpbip b
unwgyty £ ogwjuuyhtt gninnt ubjuungkiigh £oqpunjws wuwwnljtpukpp:

Zwugniguyhtt punkp.  o9wfu, dwquhwiniy, ubjudhl dndbuwn, wb-
ownyws jupnid, kpipunhttwdhly Unpby:

‘Ukpwébnipiniu

Unyu pywluh thtwnpjuph 5-ht mknuijut dudwwlny 19:36:09
(15:36:09 puwnn Aphudhsh dudwbuwlh) Uhwtw 1&dh wjuquih hjniuhu-
wplbjwt hwnuénud® Cnpdw ptwluwduyph dbpdwfjuypnid ntnh k
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niubkgl] Me=5.1 dmquhwnninny Epypwownd, npp qqugyl) t kuyhlkuwn-
npnuht hwpnn mwpwspnid lo=6-7 pu) nidqunipjudp:

Ulwbw 18 wuquip ukjudhlnipjut mbuwtlyniuhg quudnud L
huhun wipupbiyuwun yujdwiibpnud: Munduljut dudwbwjuhwn-
Jwshg dhush wpnh dudwbuwlubpp wnbknh nitkgus nidkn b Ynpéwbw-
punp’ ntwphwuwph d.p.w. 768p., Qutdwlh 113%p., Qunuhh 1679p.,
Ownlwdnnph 1827p., Onjugninh 1853p. b 1945p. b wy) kpypwowndtnph
wqpbkgnipjut gninhtt yupthwlnd o Uhwbw 18dh wywquith tmwpws-
pp: Uy Eppupwpdtph ogwpulitpp nknwpwphuws ko nuppbp hhtwp-
huhly dwupwnwpubpnyg ubjudwsht pElijywspuyhtt gnunhubpnid, npnup
husytiu nipjugénid, wytytu k) hwunnmd Eu hblnwgnunynn mwpwuspp:
Tpwip kot hwinhuwind @udpwl-Ulwt-Umnithp (PSSF), Qbnudh
(GEGF), Qujunwugbwnh (GAVF), Qunuph (GF) (Kapaxaman, 1995, Kara-
khanian et al. 2004), lvnbwphwuwph (KHF), npp pun (Karakhanian et al.
2004), hwunhuwiunid £ Qudpwl-Uhwb-Ujniuhp ptijjuwspuyht hwdw-
Jupgh 5-pn ubqubuwnp, Upwpwuwn-Ulwth (ASF) (Iupysax, 1969; Ac-
aaHgH u Ap., 1981, 1986; Uwpquyut, Cwjupkljjui, 2015) phljwspuyhte
gnuhubpp (ul.1):
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UY.1. U.p.w.-hg dhigh 10.05.2021p. mbinh niukigus M>4.5 dwquhuiniy nidqunipjudp
Epypwowpdtph nupwswlw puohijudnipeniun:

Ulwtw 1£h wjuquiunid Epjpupwbuuit (ubjudwsht gnnhubph
1rhy dquédnipjut-Z, upwbg ubkqubktwntbph-LS dbdnipjul, Jdhdjubg
htwn thnjuwgnnn Epjpupinljubnh /GB/dhohtt swthtph-6, ubjudwihtthw-
dktnttph dhol Enws wnwydbjuwgnyu hEpwiynpnipniutbph-Lme) b
ubjudwpwbwut  (ykjunnubjuinwhtt  gnnphubph  Jwlipnubjudhl
njjuutiph-Z, nhunwupyws nidtnugnyu tphpuwowpdtph dwgquhwnniy-
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utph uwhdwbwjht wpdbputph-47 b ubjudhl pkdhuh pwbwljulwb
wuwpwubnp hwinhuwgnn Kma-h) swthnpnphstbph Yhpwndwdp qlw-
hwwnyb] Eu phjdwspuyhtt gnunhubiph Mmax ubjudhl] ynunkughwh wp-
dtpubipp:

Utjudhl wnwkughwih Mme= 7.1-7.5 wipdtpny wnwetwhbpp wnw-
puiswnynid k Zujuunwith nupwépny dqynn b tpypuytnth ipht
phiungp hwwnny, wpwohti Jupgh Quupwl-Ubwb pnppujhtt phl-
Jwdpp, nph Epljuyyupny wnknh Eniiktind Eppultnlh janonp pinljukph
wljnnhy wnknuowpdbtp, npnup b ppubnpynid Gu nidbn b Ynpdwbwpup
Epypuwowndtpny:

Eplypnpn juinkgnphwih juquspubpp, npnip Juydus Bu kpljpw-
Ytnuph YEphtt junnigyuspwjhtt okpnbph htw, hhdtwlwinid uwh-
dwbwquunynid Eu ubjudwsht obpnh unnphtt hwndwsubpny b nip-
Jugénud Eu Gphpwlbnuh Yupmguspwihtt dwubwwndwdnipiniup,
npuwig pyht tu nuuynd ntwphwuwph b Qunthh Moe= 6.6-7.0
ubjudhl] wnunkughwh wpdtpukp niukgnn fuquspuwjht gninhukpp:

Eppnpn jupgh uquspubph nuupt kb Jpugpdmu wpgh dwdw-
twlwhwnygwédniud pny; b dhohtt ubjudhlnipjudp wljnhynipini gni-
gupbpwé Fwdunwgtnh, Lnudh b Yndjuuywbt nipnnipjut hw-
yninnué Pudpwlj-Ubwth pEljduwdpuwyhtt gnunnt nhqniuljnhy hwb-
gnijghg dhslh Pgnhp ptwlwduypp htnwgénn Upwupwwn-Ulwth Mma=
6.1-6.5 ukjudhl] ywnunkughwh wpdbputpny ukplhtnbuwghtt juquspuwghte
huwhainnidubpp (Orarecss u mp., 2004) (ly.2):

dudwtiwjulhg ubjudhlnipjut JEpnisnipiniup gnyg b tnwjhu, np
Ulwtw 1§h wwquih wpbdnyut b hwpwy-wpbdnyut nhpnypuk-
pnud M=3-4 dwquhwnniy nidqunipjudp Bpipwowpdtpny npubinpus
ubjudhl] wlwnhympmniup qquihnpbk ghipuwquugnid £ hhwnwgnuyng
wnwpwoéph  hnuuhu-wpbbpjut hwnduwsh  ubjudhlnipyuitp: Uwuljuygh
hwpl E by, np 2021p. thtnnpjuph 5-htt mbnh nitbigué Me=5.1 dwg-
uhwnniy mdqunipjudp kpjpuowndp’ 1988p. njntdptph 7-h Unyhwnw-
bh Ms=7 dwquhwnniy nidqunipjudp tphpwowpdhg h 4kp, Gwdpwly-
Ulwt pEwspuwyhtt gnuinnid hwinhuwtnid E dhtish opu inbinh nitkgus
wnwyk] nidbn Lplpwowndnp:

Uju Epypuwowndh gnpshpuyhtt b dwjpnubjudhly nhnwpynidukph
nfjuitiph Ytpnisnipiniup hpkuhg tipuyugunid £ hnyd juplunp gh-
nwlhpwpwlwt fuunhp' ngnus htywbu nidhn  Gplhpwowpdbph
ogwhiitipnid pupwgnn $hqhjuljus wpngtuubinh hhdtwlwu ophtiusw-
thmpniuubph b punipugpujut wnwtdtwhwwnlnipnitubph pugw-
hujndwitp, wjtybu E hbkwnwgnuynn wwpwsédph ubjudhl Juwugh
wnwyk] wnkjun quuhwndwb wyhwwnwupubpht:
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‘Ul.2. 2005p.-hg Uhtisk 10.05.2021. ntinh niikgus pniy) b Uhoht nidqunipjudp ukjudhly
hpuwnwpdnipniikph mupuswlut puoiywsnipniup:

Epgpuwowupdh oowfup Apdbwlwi wuwpwdbunpkp: Tnpdugh bpl-
pwowpdp qpuigyty kb bpw hhdtwut yupwdbnpbpp nknuytwugdty
tl wohiwphh, nupuswopowiwghty, hwipuwybnwlw pyny 14 gnpéw-
Junipjniuubph b ubjudwpwbwlut swpwuympmnitutnh Ynndhg, npnup
ubkpunnid Eu wykih pwt 140 ubjudhl Juywutbp: Gpipwowpdp gpub-
gué Juywutbtph tyhlEunpntughtt hEipwynpmipnibubpp oowhihg Yug-
Unud B Rais= 54 -75004u:

Zunl E by, np kphpuowpdh opwjuh nnwpwswlui Ynnpyhtimwn-
ubkph npnodwt L>ninipniup bujuinptt jupndws t oowihuh tjuwndudp
Epjpwowndp gpuigus ubjudhl jujwutbph wghununw) nknupwoha-
Jwénipniuhg, kyhyktwnpnuwiht hipwynpmipinithg, P Epjuyuwuut
wihph uUnitnph hunwlnipjniihg b tpubg Yhubkdwnhl] wthwdwdwy-
utiguwbdnmpinihg: Zbknmwqu niunidbwuhpmipiniiibph hwdwp, Ykpn-
uoju) 14 gnpdwljunipinitikphg ptnpydt] tu 7 hinhtwlwynp ubju-
dwpwbwlut swnuynipnitukp npntg Ynnuhg b npnoyl) E nrunidw-
uhpynn tplpuwowpdh oowjuh hhdttwljwt wupwdbkwnpbpn (un.1):
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Unniuwy 1
Bplpwowndh oowpih hhdbwlwi wwpwdtnpbpp pun ubjudwpuiuljut

Swnwynipniuubph
bplipuzwpdh Plunblu,
Qnpswluy. | mknh mukbwne | Zhw. §nnpphttwn | Uwquhnniy
N wijubnuip*| dudwbwlp lo
Fug
dud |pny [ dply | @°N | NE | HYd | Ms | Ms | Mw
1 NEIC 15 | 36 | 11 | 4050 | 45.34 | 128 |52 | - |51 -
2 EMSC 15 | 36 | 10 | 4051 | 4529 | 10 |51 | - |51 -
3 GSRS 15 | 36 | 11 | 4038 | 4525 | 10 | - |50 - -
4 NSSP 15 | 36 | 05 | 4053 | 4532 | 10 | - 49| - 6-7
5 GFZ 15 | 36 | 13 | 4054 | 4540 | 10 | - | 5 | -
6 KAN 15 36 12 | 4057 | 45.21 | 114 |51 | - - -
7 TIF 15 | 36 | 09 | 4054 | 4523 | 73 | - | 5 | - 5.5-6
8 IGES 15 | 36 | 09 | 4051 | 4530 | =10 | - |51 | - 6-7

* NEIC - National Earthquake Information Centre,
EMSC- European Mediterranean Seismological Centre,
GSRS Geophysical Survey of the Russian Academy of Sciences,
NSSP- National Survey of Seismic Protection,
GFZ- Geoforschungs Zentrum,
KAN- Kandilli Observatory and Earthquake Research Institute,
TIF- Seismic Monitoring Centre of Georgia,
IGES- Institute of Geophysics and Engineering Seismology

Unniuwl] 1-mud pipws wuwpuwdbnpbph dwbipudwut Epnisnt-
pintup gnyg E wwhu, np punhwinip wedwdp vwppbp ubjudwpw-
twlwb gnpdwljunipniutitph Ynnuhg npnoqwsd kplpwowndh opwuh
hhdttwjuwt ywpwdbknpbiph pwbwjujut wpdbputpp hhdtwutnd
hwdpuljunid tu: Ujuntwdbuwgyuhy Epypuownpdh opwhih hhdtwlwh
wuwpuwutnptph dhol gnynipjnit nitbkgnn wwppbpnipjnibbbpp -
nwiynid b wuwpwdbknpbph npnodwt dogpuinipjut vwhdwbtbpnid b
hhdtwjuinid juyduws th wyny swnwmpmniuutph Ynnlhg pungpldws
ubjudhly Juwjwuubph pwbwlhg, npuwig Jhwlinnuuih wihwdwswth
wqhuntnw] pupujuwdnipiniihg b Epjpuljtinbh nuwpubpwndws shp-
nbpnud pun unpmipjut wpwgnipnitubph guownh hnthnjunipniuk-
nh thnpdwpwpulwb hnpngpudutnh ptnnpnipniuhg:
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Unwbdtwhwwnnl] nipunpmpub £ wpduth Epljpuwownpdh Eubp-
gbnhl ptmipwgphsh’ nwppbp vwinnuyjubpny dwqthnninh wpdtpuk-
nh quwhwwnnidp: NSSP, TIF, GFZ . GSRS gnpéwljunipniuutph Ynnuhg
Epypuwowndh dwquhunigp quuwhwwnyb) E (thuntph swjwjwht whp-
ukpny npnpydws ms dwmquhwnininh uwunnuljh dheongny, hulj EMSC, NEIC
b KAN swnwmpmitubph Ynnuhg tphpwowpdh dwquhwnnigp quw-
hwwnyt £ Sninbupbkpgh dwljbpbnypuyhtt whputpny wpunwhwjnws
Ms dwquhwnninh uwtnnuljh dhengny, pun npnid EMSC U NEIC gnp-
Swljwnipjniuibiph Ynnuhg, h pnudu Ms dwqupwuninh, npnpyby E bwb
tpypuwowndh dqus ogwpunid jupdwswnbdnpdwughnt Jhdwlp b
hugnidtmgnjugdwt ypngbup wpkljjuun tjupugpnn Mw dndbunwght
dwquhwnninp:

Zhwynlkuwnpnh npnpdwt hwdwp gnynipinit niukignn pnnp qnpsdh-
pujhtt quwhwwnnidubpp gnyg kbt wnwhu, np Gpljpwowpdh ogwjuh jun-
pnipniip mwnwbynd k 7-134d junpnipjut vwhdwtibpnud: Uju jun-
poipnibtubpp EyhyEtnpnuuwghtt gninmid hwdpujunud £ pjnipbnuyght
hpuph Jtppht pkpinp nbknunhpph htwn: Gnpshpwihtt wdjuyubph w-
thnthhy YbEpnwdnipjutt wpnyniupnwd, dkp Ynnuhg quwhwwngl) b Epy-
nuwowpdh opwhuh hhdttwjwh wuwpwdbkwnptpp (wn.1):

Oowpuuwghtt b Junnigyuépuwjhtt ubjudwpwinipyut qupgqugdub
wpnh  thnynud, dwdwbwluwlhg pduwhtt ubjudhl gpuugnidubph
uyklunpu) Jbpnismipniuuiph b ppuwbg dEjuwpwidwt  dwp-un-
phjuynpiwt mbunipjutt wnwtdhtt pudhuutph tkpppudwdp, hwwnndy
htwnwgnunipnitutp Eu hpuwjuwiwugynd Epjpupwndh ogwijunid nknh
niutgnn $hqhjuljub ypnghuttph yuunmdwnwhbtnbwipwjhtt juwtph
pugwhuwjndwb, ugnidugnyugdw Jhukdwwnhl b phtwdhl pinipw-
gpphsubtiph puwtwjulwt guwhwwndwt ninnnipniubtpny:

Ghakvwnhl uvwyklpnpuy phnipugphsilp b fugnidinugnpugdwl Junnky:
Bpljpwowpdh opwjuh jugnidwgnugdwt Jhukdwwnhl] wupwdtnpbph
npnodw tyuwnwlny, Yhpunyl] E wqhdninw] hnnngpubh junnig-
dwb dbpnyuljut dninbkgnidubtpp (Top6ysosa, 1984): Zudwduwyh wyn k-
pnupwinipjwl, gnpshpughtt wjjuiutph puquyhg tkpgpuijly Gup
opwhup wqhuntinw] nippnipjudp spowyunnws Ras=1804u punwynny
wykjh pwtt 46 ubjudhy Yuywuiukph P Epjujuwljut ninhn wihputph
Uninpbph dudwbwlubpp: Unwehtt thnynid dwnwwnhh gqpubhlh Yh-
pundwdp hpuwlwbwgyb) E Gpuljbnuwght njjwjubph dogpunipiui Jbp-
[nudnipjnih (uly.3w):

Ubkjudhly wjppubph wnwpwédwt hnpngpudh (ul.3w) yYbpnidni-
pintup gnyg kE wmmwjhu, np P ninhn wihputph dninpbph dudwbuwljubph
b opwijuhg Juywt Eyhlhkunpnuughtt hipwynpmipnitutph dhol qnjni-
pintt nith pughwunip ophtiwswthnipini, npp (wjwgnyuu wwpny-
uhdwgynid £ gébuyhtt juppJuénipjudp b hpkuhg ubkpjuyugunid E ny
Uké htnwynpmipynitiubph ypw ubjudhll wihptubph nwpwddwt wpw-
gnipjniitiph hnnngpud® v = 6.1/ nhuwlwt wpwugnipyudp: dw-
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dwbwljubph dninplph wbdonmpmniuubpny wuydwbwynpyws, hb-
nwqu hbnwgnuumpnittbphg gnipu ko dbwgl] punhwunip oph-
twswthnipinithg otnwé bEplnt uywbubph (GNI, ZKT) Bjuljtwnwght
wnjuubpn:
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UY.3. Ukjudhl whpubph mwpwsdwt (w) b wpwugnipmnititph wqhununw nugnyw-
snipjuit (p) hnyngpudtbpn @ - ubjudhl Juyui):

Epypupunpdh ogwput wdpnnompjudp wqhdntnw  ppgwthulnn
ubjuuhl Juywbtkph &qphwn puyghti gpuiigmudtph wihpught yun-
ytpubph yEpswudwdp Jurnigyt) E Epuyuwljut P ninhn wjhph wnw-
Jhjugnyt (Tyey) b Wuqugnyt (7,,4,) hnyipht hwdwywnwuhiwing
dudwbtwljutph nmwppipnipyut b ubjudhl juyuuutph wqhuninw) nk-
nunhpph uhol upwénipnitip wwinhbpnn® ubjudhl wihptbph nw-
pusdwb wghuninw) hnpngpudp (uly.3p):

Ujn hnnpngpudbh pwhwlwljwt wpdbputph ndjuiuknph

V.
l= 7;7_ (Tmax — Tmin) (1)
Tmax ~ Tmin
c=v, ————— 2
P Tmax T Tmin ( )
b (1) - (2) huynnh pwbwdbtph Yhpundwdp, npnpyby i jugnidwgn-
jagdwt Jhukdwnhly wwpwdbkwnpbpp, npnug pduyhtt dbdnipgniutbtpp
pipdws Lt wnniuwynid (wn.2):

Unjniuwl 2
Bplypuowndh oguijuh ugnidwmgnyugdw Yhubdwnhl wupwdbuptpp
vp — Epjujuwlwt wihph nwpwdiwy wpwgnipjwu dhowljuwjp 6.10.54u/y
®; - lugnudwgnjugdwt wghdnunwy Ynndunpngnid ~310°
T = Tyax — Tmin - fUqnudugnjugdwt ibnnnijntu ~1.25¢
¢ - lugnuiwgnjugdwl wpwgniinlu ~ 42040/
[ - ogwiuhp tugniwgnjugdw Gpywpnientu ~54yd
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Ughuniinw) hnpngpudh Jbpnisnipiniup gnyg k viwihu, np Cnp-
dugh Epjpuwowpdh oowunid jugnidwgnyugdwn ypngkup hpkuhg ubkp-
juyuginid E hwpwy-wpbbjphg nbwyh hmniuhu-wpbdninp  jupkpug
ninyus vhwljnnuih jpquwt wypngtu:

Ephpwowpdh oowfup phhwdpl wwpwdbnplkp: Unwugus npu-
julut b pwtwlulwt wpnyniuputph 4bpnisnipniup pnyp £ miwhu
Unpbjwynnt], jugnudwugnyugdwt ypngbup, npytu wnwig phbph wb-
owndwl, hwpp uwhpny' hné dhpwjuwyph dkntuugdus uqusp: Ujy
Unnkip hpkuhg tbkpjuyugunid k opwjuhg P b S juwuntwynp punuy-
phytbpn] wpwpdws wihpubph wnpmnip, npp pudugniyiu wypnljup-
dwgynid k Ppnitih kY 0-wjul w? wilpnibwght hwdwpujuiin pyudp
uykljnpw-tutpgbnhly Unpbiny (Brune, 1970; Axu, Puvapac, 1983): Tnp-
dugh tpypwpwpdh ogwjuh uwblupuy pumpuqgphsttpp b nhtwdhy
wwpudtnptpp npngyl) ko hupngnnulh b thgnph juyutbph pw-
jht gpuwugnidubph P wjhpwhtt wwwnkpubph Jipswitdwt dheongny
(uly.4):

- 203 1C0NESH1S 201 TIO
g 1M
E e
10000
DIGR NW-he J010OOIE)LS 20017
™ (Y] nM

Uly. 4. 02.05.2021p. Tnpduyh kplpuownpdh plught gpuiignidibpp pun juywbibkph’
w.-Yhunynnulh (KIV), p.-Yhgoph (DIGOR):

SAC épwgpuyhtt thwptph wpwudht pwdht hwunhuwgnn nipjkh
wpwg dbwthnpunipjut (SUR) jujunyph vykliunph dyuljdwt dkpnnh
Jhpwndwdp, puyhtt gpugnidp Jipswuydt) E pupdp b gudp hwidw-
huujutinipjutt mhpnyputpp’ fi - wignibuhtt hwdwhujunipjut
dwt Jhnny mwpubownws 1gQ - vykljnpw) unnipjut punwlnt-
uwjht opkupny dupdwt nhugqpudh (uly.5):

Uytlunpuy Jbpmsmput gpuphyhg (Wh.5) poipu kb phipty 2
Epuyuwljutt  wihph' T=20(40)J (punn Yhupnyngulhh Juwjwth) b
T=15(30)Y (puwnn thgnph Juywih) wbnnnipnitubphtt hwdwwyuwnwu-
huwtng  f, b IgQ pwuwljulwmt wpdtpubpp, npnug hhdwb Jpw ninhy
hwpqupluyhtt tnubwlny npnpyty £ kpljpupwpdh oguijuh ugnudwgn-
jugdwt phtwdhl] wquwpwdbnpbph puhtt dkdnipniuubpp (Kocrpos,
1976; Anrexmas u zp., 1989) (wn.3):
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Ul. 5. Qpuibignudibph z pununphstph $nipyh v blupbtpp
w- KIVjuywuth 204ny b 404py, p.- DIGOR Yuywih 154pY b 30qply wbnnnipiniuubph

hwdwnp:
Upnniuwl 3
Bplpwowndh opwijuh lugnidmgnyugdwt nhtwdhly yupwdbnpbpp

: g s |z | T | s 5

S ) 5 g g 5 S

= 3 g g 3 = =,
3 ~3 N3 3 S ~ ~ E 3
= E) E 3 g 3 S
g S 3 & © 5 g
iR T 3 s | % S| 3
S5 8 5 S 3 S | % S
ESES 8 N RIS = 3 §3 ] 3
R ) =) S 8 e $ = RS 3
85 =3 3 58 T 8 &, RS e
SO N 3] i IS IS ! ! ISR N
SS FR S s S § ' = = 7 g
s3] 3§ | ¢ | S5l £ § 32|
$3| £5 R -~ I~ T~ - <
§ g g g = NS, ] < = Iz S =
1,2 0,5-10¢ 6,85-10'° 5,001 2,5 2,15 0,87 36 5,2

Uutlwunpw-tukpgbnhly dbpngubpny npnoqws uupup ubjudhly
Undktnh b whownywsd jupnudtph pduwjhtt wpdtpubpp hwdwuw-
nwupuwbnud b, duypgudwpuwyhtt Ynhghnt gninhubpnud phljd wépuyhtu
pupny hwdwlwpgny dwubwwnydws nhpnyputpnid mknh niutbkgus M=5
dwquhwnninh pudphtt punpny Epljpuwowpdh ogwijuh fugnidwgnjugdut
njju] wupwdbnptph quuwhwngws dkdnipynitubpht:

Ephpuwowpdh oowjup JVEpnubhquh hpdtwlul wuwpwdEnpkp o
Jupjusunkpnpughnt  Jpdwl: Ubjudwnbjunntwlwt wnknuowpdh,
pYugyuy jupnidubph b jpgnidwgnjugdut wpugnipyut hwdbdwnw-
pup UkS wpdbpubpp punpny Eu Ppnith hwpwpkpwlwt hwppe uwhpny
Ukl mljnnuth ugnidwgnyugdwt Unpbjhti: Ogwunid gnpénn ubknddwi b
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dquutt jupnidubiph wghuninuwy Ynnuunpnonidutph, jugnidugnyugdut
wnpngtuh hpwwb hwppnipjut b gpuinid ubjudwnbkjunntwjub nk-
nuownpdh mbuwlp pugwhwjnbnt tywwnwlny dtp Ynnuhg hpwlw-
twgyl) k dnljuy dkhuiwmhquh yupwdbwnpbph npnonid b unbkplingpu-
$hy wpnkyghwutph unrnigmu (Beezencxkas, 1969):

Uunwugus wpyniupubtpp hwdwnpytl) B wwwpplp ubjudwpwbw-
jwt gnpbwunipyniiubph Ynnuhg npnoyws ogwjuh dkjumthquh ww-
pudbtwnpbph (wn.4) b vnbphngpubhly wpnkghwubph (ly.6) htwn:

Unniuwl 4
Bpypwowndh opwuh Ukjuwthquh hhdtwlwt wupwdtnpbpp

Lwpnuduliph wnwbgpbibn (°) Unnuwy hwppniysynititin (°)
Ynpdw Utindnid Lnnywlwt dgnd NP1 NP2
Yuiniey P N T
niu AZ STR DI SLI STR DI SLI
AZM PL | AZM | PL PL
M K | Pl P | K | P]| P

GSRS 154 0 64 64 | 244 | 64 22 72 19 286 72 161
EMSC 157 9 65 67 | 250 | 22 | 203 | 65 15 300 85 | 165
NEIC 162 22 12 65 | 257 | 1 208 | 66 | -24 301 83 | -172
GFZ - - -1 - 1-1T23 7] 4| na |8 |67
IGES 160 10 | 50 65 | 250 | 35 | 205 | 70 15 295 80 | 165

AR AR LK o

LY. 6. Tnpduyh tplpwpwndh ogwipuh dkjuwmuhquh uinkpkngpuiditpp pun qnpswljuyne-
pmiutbkph 1.- NEIC, 2.- GFZ, 3.- EMS, 4.- IGES (win.4):

dnljuy dbjpwthquh Jbpmnisnipiniip gnyg E wwihu, np wwwppkp
ubjudwpwbwut swnwynipjniiitpnh Ynnuhg npnoqws tnnu) hwppnt-
pntutiph wghununw) Ynndunpnonidutpp, hyybu bwb ubnddwt b
dguwtt jupnidubph gluuynp wpwigpubtph nignuénipniutpp puy-
hwtinip wndwdp hwdpujunud G, hull tpwig wulnibubph wunh-
Swbwyht swthbph nmwppbpnipnitubpn qunuynd b $nlju dbjuwmtthquh
npnouwl Lonnipjul vwhdwbbpnud (£159):

Cnpdwjh Epypuwowpdh oowunid nmwpwtgwnyws tnnu) hwppnt-
pintuttipp hwdpuljunid bt hbnwgnunynny mupwspnid wnju @udpul-
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Ulwth b Upwpuwn-Ulwih phildwspuyhtt ukqubktnubph nupwsduh
ninmipjniuiph htkn: Unwtdbwhwwnnil] nipwnpnipnit £ wpdwth
Epypnpn tnpu) hwppnipjut wghuninw) Ynndunpnonidp, npp hwd-
puyunud £ husybu ubjudhly wihputph wpwgnipnitutph wgqhuninug
nuonh nwpwsdwl, wjiybu b Pudpwlj-Ulwt phkidwspuwjhtt ukg-
dbktiinh wohiwuphwgpujut nphppwynpdwt hkwn: Fipdws thwuntpp dkq
hhup ki nwhu wyn hwppnipniup hwdwpk] pgnidbugnyugdut wpn-
gbuh dtwynpdwt b nmwpwédwb hpwlwb hwppnipnii: Upwupun-
Ulwuh phiwspwhtt ubgubunmh wnmwpwédwb ninnnmipiniut nitubkgnn
wnwoht tnnw| hwppnipniup, dkp Ynndhg pungnidt) £ npyku hpw-
Jut juquub hwppnipjutt opiingnuw] nhppuwynpnid nikgnn® odwi-
nul] hwppnipnii: Uju tplnt tnpu) hwppnipjniuutp b ippuyinnud
nhppwynpjws kt quehpwth wuldwb whljjudp: Lnyw) hwppnipmniu-
ukpny nwpwipwnjws dquut b ubnudwt nhpnypubpnd nbklunn-
bwlwb jupnudubph qluwynp wnwtgpubpt mubkt hwdwywnwupw-
twpwp dbpdgqniquhbnwljut b dEpddhgopkjut wghunin nmipndu-
dnipjnil, hull tpwtg wiuldwt wilnibtubpt Epjpultninud nhppw-
Ynpwd b dbpdhnphgnuwljut nippnipjudp: SEjunntwlwut jupnud-
ubph wnuhuh wunhdwbwhtt Ynnudunpnonidubpt b jpquwtt hwppent-
pjul Ukp wn.4-nud pipywé uwhph yEjunnph A=165° Ukpdhnphgnuwljut
ninnyuénipiniup punipwugpnid ku Epypuowndh opwunid wnknh niuk-
gnn wowlnnuju uwhp mEkuwlh ukjudwnkjnntwlwut nknuowpdn:

FLugnpuyhtt Jipnisnipjudp hpwjuwbwgyl) L ubjudhl dndbuwnh
Mijx qiluwynp b phdhwwnnpujht pununphsutph puwbwjujut qguuhw-
wnnid, pipdwsé (3) dwinphgh wbkupny (Pusaugenko, 1985; IOura, 1990; Bo-
ponuHa, 2004):

i 8,064 0,241 -0,862
M;je=My-|j|=685" 1016 - < 0,241 -0,088 0477 ) 3)
k -0,862 0477 —=7976

Oowpuwjhtt gnuint jupjwéwihtt Jhdwlhh punypp pugwhwjnbine
tywunwlny, (4) pwbwdlh Yhpwodwdp npnodb £ nbuwjut dkow-
uhjujhg hwyinh Logk-Unnuh gnpswilgh Ubdnipjniup’

.u_1:o,15 4)
M; — M,

Uy = 2
bl’lp M1 = Mz = M3
Ukjudhly uUndktnh phugnpujhtt pununphsubph b Lopk-Unnujh
gnpdwljgh hwdwnpulut Jbpnisnipiniup gnyg b wnwhu, np Gplhpw-
owipdh oowputi pungpynn Epjpuwputwut vhowduwypnd wtnh b niuk-
gt] hhdtwljwiund vhwowigp ubnudwi-dquut wupqugnyu vwhpw-
jht jupnidubn:

bPusytu ghwnkup opwjuh jugnidtwgnyugdw wypngkuh pupwgpnid,
nbnh k niubund §ninwljqus jupnidubph ny ;phy wugwwnnid (Kocrpos,
1975): Ogwiunid wnljw, dtwugnpnujhtt jupnidubph dh dwup wthwjw-
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uwpuywth Jhpwpwppinud £ juquub hwppnipyutp opgwthwulyng inh-
poypnid’ unbndtiny jwpnidubph pugnighs Yniwnwlhsubp, npnup b
htnwquynid wpnwhwjnynmid Eu hweonppupwp Ypluygnn UksS pyny
htwngugnidutph wnkupny:

ZEwnghgmuuypl ypngkw: Ztingugnidwihtt wypngbhuh niunidbwuh-
poipjut byuwwnwlny hwbpuybnwlwt NSSP ubjudwpubuljut gnp-
dwuwnipjut myjuitph puquhg Yunwnyh «nwpusududwwlught
wuwwunnthutx» dbpnnh Jhpundwdp (Gardner, Knopoff, 1974) wmwpwl-
owwnyk] L Zwjwunwih nwpwspnid dphtigh 05.31.2021p. nbinh niukgus
M=0.5-3.8 dwquhwuni nidqgumpjudp Cnpdwjh bplpwowpdh pyny
n = 125 hhwngugmdubp: Mdbhnugnyt htnngugdwt M=3.8 dwmquhwnniy
wpdtpp hwdwhnity £ Fuwnh Ynnuhg ubjudwpwbinipjut by wnw-
ownnyuwd btppnprn hhdtwpwp opkuphtt (Bath, 1965): Zwdwduyt nph
nidknugnyu htingugdwt dwquhwnninp qghonid E hhdtwlwt gugdwt
dwquhwnninht 1.2 gnpdwljgny:

bPpuljwtwgyt; E hbwngugmduwht wpngbuh wnwpuwswdudwbw-
Juyhtt puohuiduénipjutt yipnidnipjnit: Swpwswlub JbEpnisnipjui
tyuwwnwlny Jurnigyt k£ Snpdwyh Epjpuwowpdh hkngugnidughi nuy-
nh nupuwswub pupjuudnipjut pupntqp (ul.7.w.): Lupnkqh Ykp-
|nudnipjniup gnyg k mmwhu, np hinngugnudubph tyhyEtwnpnuttpp nip-
Jugdnid ki Gudpul-Ulwt pEjduspuyhtt ubquktnp, hull nidtnugniju
hEwngugndubpp hwdwswthnpbt minupuodws i uquut «puljud» b
«1lu11111_lu1?5» phhpbh
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UY.7. Tnpduygh Epypupwpdh hkngugniduyht pupnh mwpwswljui (w) b dudw-
twljuyht (p) puphuubnipinibin:

Owjpudwuuwghtt htwngugnidubpp htwpwynpnipnit B wwjhu
wuwnpthwlbl] Epjpuputuut Jhowduynh dwljtpbup (S=80yu?) b dw-
Juyp (V=800yu?), npnid wmbknh b nibbunmd dbwgnpnughtt jupnudatph
nhjwpuwghnt wpnghuubp: dwudwbwluyhtt Ybpnisnipniup hpwlw-
twgyl) E vwupunbnih Ynnuhg wnwewunpdus' Odnph-Ninunth wuwnh-
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Swluyght opkliph (LPL) unnhdhljugws wwppkpulny (5), (Narteau et
al., 2003):
YQunnigyl) k£ vhwynp dudwtwljuwhwngwénid hkngugnidwjht pw-

twlh pun dudwtwljwhwnydwsh purhdusnipjut gqpudhlyp (W4.7.p.):

MO = 5)

npntn A - mpjwés vwhdwbbpmd hbwngugniduwghtt hwdwhujutne-
piniul k, t - hhpdtwlwb gugdwt ywuwht E, K - htinguignidwjhtt hwgnp-
nuijuinipjut wpynibwybwnnipniup, p - dwpdwb gnpswljhgu L, ¢ -
dudwbwljuyhtt nupwgnidnp:

zhngugnudubiph punipugpujutt wwpwdbnptpp npnotnt huyuw-
nwlny, wunhdwbwht Juwpduénipmiup Ypluwlh jnquphpdulub
uwtunnulyny punnuwnyk) t Epkp qbuyht, hhybppnjuwjwu b Epuwnuk-
ghw] nkuptpny Juujuénipniuubph.

» wnwohti thnyp, npp hwdwywwnwupwind E htingugnidubph
wnwohtt dwdbkphtt b hhdtwlwind pimipugpmid £ juqusph
jupuswuntdnplughntt Jhdwljp, wypnluhdwgynid k gduyht
Jupuénipyudp,

> tpypnpn p bkpluwyugynid £ hhubppnihy jupawsnipyundp
b wpuwgninid k ogwipuwghtt gninht pungnpyny (Entwjhtt wmwywup-
utph bhghjudbiwthjulwut hwnlnmpniuubpp,

» Lppnpn thnyp ogwpuwihtt gnunnt nhjwpuwghnt thnyt £ b jw-
Jugnyiu wypnjuhdwugynid E Epuwynukughw; opkupny (bapa-
HOB, [lle6anun, 2014):

Quwhwwnybk] Eu hkwngugnidwyhtt ypngbuh punipwqphsubph pwtw-
Juljut wpdbpubpp' c=17 pnuk, p=1.15, K=42: Unwudtwhwwnnil] hk-
wnwppppnipnit b ubpjuyugunid A=0.175 op? b A=10249 op' hbkwn-
gugniduyhtt hwwpwljwunipnitubipht hwdwywunwupwing ¢t b t©
dudwbwljuyhtt dhowljuyptpp: Uy dhpwljuyptph hwpwpbpulgnipnt-
up hhdtwlwinid punipwgpnid Lt Eppuwowpdh ogpwijuh jugnidwgn-
jagdwt nbuwlp (hwpp, vhohtt wnwdbwynp b juhunn mnwdtwynp)
(bapanos, [le6amun, 2014): Tnpdwjh htwngugnidwyhtt ypngkuh hwdwp
unwugus t1=0.011 op b =40 op dwdwbwluwjhtt mlunnnipnitiubph
hwpwpbpuljgnipnip, gnyg L wmwjhu, np ogwjunid wbknh L niukgh
hwpp nkuwlh ugnidwugnjugnid: Gplypnpy thoyp punipwuqgpnn p=1.15
dwpdwb gnpdwljgh wpdtpp, punn Cnigh nuuwlwupguwt hwdwwyw-
nwupiwtnud k iphpupwtulut vhowduwyph dusnighju-wnwdquijub
nhjwpuwghnt dnnkiht (Scholz, 1968):

Uwlpnubjudpl phunwplindbkp: Uwlpnubjudhl  wqpbgnipjut
Jtpnidnipiniutt hpuwjuwtwgyt) £ NSSP-h §nnuhg wudhpwuybu Zujwmu-
wnwih nupwsph nmuppkp ptwlwduypiphg hwjupwugpyuws hwpgnid-
ukph, hwbpuybnwluwt dwdnynd nruwputiyusd sbup-phunipnii-
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ubkph, dwpnjuyhtt qqugnnnipinitubph, husytu twbh EMSC-h puquyjhg
hwjuwpwugpyué hwuplwt Epypukph npny punuptph ypu pnnus wg-
nhgnipnitutpny: Uy ptwlwduypbpnid ubjudhl wqnbgnipiniuutph
pujujuinipjut quwhwwnnudp hpujutugdt] b dwipnutjudhly MSK-
64 uwmunnuljh ogunipjudp:

Unwyb] 6-7 pw nidln hunbuuhynipjudp Cnpdw, Unpkpp b Up-
wwhy phwfufuypbpl pingpynn nppnypep, pgnitt) £ npybu wyky-
unnubjuinwhtt gnunh, nph Gpypuswthuljut jEtnpnup hwdwpyl) k
dwljpnubjudhl kbyhyktwnpnt: Yhpwunking Uugpynduuh hwdwp L. 4.
Chpwihth Ynndhg wrwounpus dwlpnubjudhl nuownh hwjwuw-
npnudp

I; =1.4-M —3.51gy/A% + h? + 4.2 (6)

Junmgyb] E Copdwjh tplhpwowndh dwlpnubjudhll wgqptgnipjut hqn-
ubjuintph pupwnkqp (uY.8.) (HoBsit KaTamor CHIBHBIX 3eMJIETPSACEHUN Ha
treppuropuu CCCP, 1977):

Zuynth E, np ns junpp (H=104d) Ytnuyht tphpuwowndtph dudw-
twl] mdtnugnyu hqnubjunnp hpkuhg thipjuyugind t jugqnudp wup-
thwlnn wikjunnubjunwht gnnh, npt wpunwgnind E opwpuwyhtt gn-
unnt junpnigyuspuyht b tpjpupwtulut juquniput wnwbdiwhwwn-
nipniuubpp:
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LY. 8. Topdwyh tpypuowpdh hqnubjunknh pupunkq:

Lupnbtqh JEpnidnipniip gnyg E wwhu, np Cnpdwjh Eplpu-
owipdh wnwyk] nidin wnweht-tpypnpn hqnubjunbtpp niukt ffhyuwdl
Aqusnmipinitt b hudpuljunid Bt Qudpwl-Ulwt pEljwuspughtt ubg-
dbktnh tphpwpwtujut phppwynpdwi htivn: Udkih gusp dhtish 4 pw-
Jwuinipjut hgnubjunbpp niukt JEunpnbwhwdwswth opowtimgsdtnh
wbup b pungpynud ko Zujwuwnwuh hniuhuwghtt b hnuuhu-wplbut
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wnwpwspubph qquih dwup: Uwlpnubjudhl phnnupynudutph hgnubju-
wnuw] pupunbkqutpp ubjudhl] Juwigh wpkjyun quwhwndwb qnpépl-
pugnid hwinhuwtnid ku jpugnighy swthwthpubn:

Bqpuljugnipniuikip

Uphmwmnwtipnid hpuwjuwbtwgdus opwhuwhtt fwnwuquypdwt uykl-
wnpuw] punipwugphsubph, htsybu twb oowjuh nhuwdhly b Yhukdwwnhy
wnwbdtwhwwnlnipnitubph hblnwgnunipmniiubph wpnyniuptphg qui-
1hu Bup wy Eqpuljugnipjul, np Tnpdwjh Epjpuowpdh opwpup hwudw-
wunwupiwbtnd £ £pnith oppwttwdl nphuinjughnt dngkjhtt' hpkuhg
ubkpjuyugubing wpwig pltph wipwwndwt hwppe vwhpny vhwljnwh
hugnidwugnyugdwt ypnghu:

O9wuh dkjuiwmuhqup (nisnidubph hhdwb ypuw pugwhwjnyby k, np
huquuitt hwppnipmnitup hwdpujund £ Qudpwl-Ubwt pEjwspughte
ubkqubunh wgphuninuw) Ynnuunpnpdwtt hkwn: Bplhpwowpdh ogwjuh
hugnudtmgnjugdwtt jhubdwwnhl b ghtwdhl ywwpuwdbnpbph pwbw-
Julut wpdbputph, ubjudhl dndbunh phugnpuyhtt JEpnidnipiul,
opwunid gqnpénn jupnidubph qluwynp wnwbgpubph ninnnipnitubph
b Lnpk-Unnwjh gnpéwligh dbdnipjut hhdwb dpu puguwhwynyk) k, np
opwunid wnknh E mukgk] vhwnwtgp, dkpdhnphgnuwljut, wewlnnu-
jutt uwhpuwjhtt mbEnuowpd:

Ounphh-Ninunihh opkupny quwhwwnyws hbwngugniduwyhtt wpn-
ghiuh dudwtwlwtutpgtnhly punipwgphsutiph hhdwt ypu puguhuwyn-
b E dbwgnppuyhtt mkjunnbwljut jupnudatph nkjupuwghnt punypep,
hulj Tnigh nuuwlupguundp npnayky E oguwijuwyhti nhpniypl pingplynn
Epypupwbwut dhpwyuwyph dwdnighjumwnwdquljut unnbip:

Zuyuntp E np jnipupwisinip M>5 dwquhwunig nidqunipjudp Epl-
npuwownd hpkthg ubpjujugunud E tphpulininid wipunhwwn phipwugng
pupy tpypunhttwdhly wpngtutbph ghuljpbn wpunwgnnud: Uju nk-
uwllniithg, gnpshpuyhtt mjujubinh hhdwt Jpu jumnwupyuws hwdwihp
Jbpnidnmipinitp, htwpwynpnipnit £ wmwjhu Juenigh] Epypuownpdh
opuwijuh hpwwnbuwlwt Epipunhttwdhl dnpbp b wvnnwbw) opwpiwght
gnuint ubjuungkubkqh &ogpujus wunlkpubkpp:

Uohmwwnwipp juwnwpdby k22 Shunipyut Yndhnkh gpudwinp-
huyht Spwugph opowiwaljnid N ACH-01/21):
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HOPKUHCKOE 3EMJUIETPACEHMUE 05 ®EBPAJIA 2021T.

Kapanersan x.K., 'eonaksaun J.I'., Oranecssn C.M., Caaksu b.B.,
MxkprusiH I'.A., Bunorpanos 10.A., I'abcaraposa HU.I1., Maprapsu C.C.,
Caprcsn I'.B., Mkptusan M.A., Kapanersn P.K.

Pesrome

B pabote mpoBeneH KOMIUIEKCHBIN aHAJN3 MHCTPYMEHTAIBHBIX W MaKpocehHcMHu-
YecKuX NaHHBIX 3emierpsceHus 05 ¢espams 2021r. ¢ marautymoit My=5.1, mpoms-
menmero Ha CB mobepexse 03. CeBan BOmm3m HacenmeHHoro myHkTa [lopxka. Ha
OCHOBE aHaJlM3a BOJHOBBIX KapTHH HU(POBHIX perucrpanmii 6onee 140 celicMuyecknx
CTaHUMH PA3JIMYHBIX ABTOPUTETHBIX MHPOBBIX, PETHOHAJIBHBIX M PECIYOIMKAHCKUX
CEHCMUYECKHUX AarcHTCTB OCYHIECTBJICHA KOJIMYCCTBCHHAA OLICHKAa AWHAMHWYCCKUX U
KMHEMaTHYECKUX [TapaMETPOB 09ara 3eMJICTPSICEHHUS.

ITo naHHBIM CHIEKTPAIBHBIX XapAKTEPUCTUK O0YaroBOTO M3ITy4EHHs, KHHEMaTHIeC-
KHX OCOOCHHOCTEH Tpoliecca pa3pblIBOOOPA30BAHMUS YCTAHOBJIEHO, YTO OYar 3eMJIETps-
CEHMsI COOTBETCTBYET KPYrOBOM IUCIOKALMOHHOW Mojenu bproHa, mpeacraBusromeit
co0Ol OJTHOAKTHBIW IpollecC Pa3pbIBOOOpa3oBaHMs 0e3 OTphIBA OEperoB pasphiBa C
TJIaAKUM CABUT'OBBIM CKOJIBXKCHUEM; PACCUYUTAHHBI €TI0 JUHAMUYCCKUC ITapaMETPhI.

Mo pemennio GpokaIbHOrO MeXaHU3Ma JEHCTBYIOIIUX OPUEHTAIMH TNIABHBIX OCel
HaNpsDKeHNH, TEH30pPHOTO aHajln3a CEHCMHUYECKOrOo MOMEHTa M 3HaueHMs Kodddui-
nenra Jlome-Homali BBIABICHO, YTO B OYare MMEJIH MECTO OJHOOCHBIE, OIU3 TOpH-
30HTAJIbHBIE, IPABOCTOPOHHUE CIIBUTOBBIE MOJBHKKH.

Pe3yﬂbTaTbl KOJIMYCCTBCHHOI'0 aHalin3a MHCTPYMCHTAJIbHBIX JaHHBIX ITO3BOJIAIOT
MOCTPOUTHh HauboJiee PeaTUCTHYHYIO T€0JMHAMUYECKYI0 MOJIENb ovyara 3eMJIETPSICeHHs
U TIOJIy4YUTh HOBYIO YTOUHEHHYIO KapTHHY CEHCMOTeHe3a pailoHa 3eMIIETPSICEHHS.

SHORZHA EARTHQUAKE OF FEBRUARY 05. 2021

Karapetyan J.K., Geodakyan E.G., Hovhannisyan S.M., Sahakyan B.V.,
Mkrtchyan G.A., Vinagradov Y.A., Gabsatarova L.P., Margaryan S.S.,
Sargsyan H.V., Mkrtchyan M.A., Karapetyan R.K.

Abstract

The work presents a comprehensive analysis of instrumental macro-seismic data of
the earthquake with a magnitude of Mb = 5.1 near the Shorzha settlement in the north-
eastern coastal area of Lake Sevan on 05.02.2021. The kinematic and dynamic
parameters of the epicenter were assessed by the digital images of seismic records of
140 seismic stations in the world provided by regional and republican authoritative
seismological agencies.

Based on the spectral characteristics of the epicenter radiation and on the
kinematic-dynamic features of the refraction, it was determined that the epicenter of the
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earthquake corresponds to the Bruni circular model, representing the process of single-
sided fragmentation with smooth sliding without separation.

Based on the solutions of the focal mechanism, the directions of the main axes of
the stress, the tensor analysis of the seismic moment, and the Lodge-Noda coefficient
revealed a single axis, near-horizontal, right-sliding movement in the source.

From this point of view, a comprehensive analysis based on instrumental data
allows to build a realistic geodynamic model of the earthquake and to obtain accurate
images of the epicenter's seismogenesis.
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22 QUU Stinkhwghp, Shunipmnibubp Gpypp dwuhlb, 2021, h. 74, N 2, 51-52
Wzsectus HAH PA Hayxku o 3emie, 2021, T. 74, N 2, 51-52
Proceedings NAS RA, Earth Sciences, 2021, v. 74, N 2, 51-52

AhSUYUL v NLhYU

22 @UUU Qhunipjut YUndhnkl withnht) b pupdp wpynibwygb-
nnmpjuldp wohiwwnnng ghnwghuwwnnnutph dpgnyph wpyniupubpp,
Gpljpuwpwtwlut ghumpnibutph htunhununhg wpynibwdbn o
Sutusyt) 5 ghnnwpjumnnnutp Uwhwljjut Lhihp, Ukhpubpjut vw-
swwnnin, Uduquut Unpw, Guynjut Twqup, Vuduuwpnub Ghnnpg:

2021 p, Zniuhuh 3-htt Uth Mwuwqu hintpuwiungh Guh upwhnid tnknh
nukquy 22 @UU B&P «dtnphpdu tutngtnhly nbkunipubutnh b phw-
Lut Junnuiqubnh qhwhwwnnudn Zujuwunwiinud» UUL Ghunnipniuubnh
wqquihtt wmljunbkdhuh PEER Science-h Ynnuhg $httmbiuwdnpws qh-
nwhbnwgnunuljut twhiugsh dEjtwpluyhtt hwinhynudp: Opwgph
ntyuup . Ukhpubpjub:

znijhuh 5-9 BGAP wtopktu u. Ukjhpublpjutp dwutwygl) £ Linippyw-
tuynud (Upngtuhw) b Qugpkpnid (unpjuphw) juquuitpydus wy-
huwnwtpuyhtt hwinhydwup COST Action dpwqph opowtwlutipnid
(CA18219-Research network for including geothermal technologies into
decarbonized heating and cooling grids):

22 @UU Bpypwpwbwluwt ghnmpniuubph htunhunninh (6a0) L
QLpdwuhuyh Spbjudwnh hwdwjuwputh Upjowphwgpnipjut b Eply-
pupwinipjut htunhwnninh dheolt Jupyty £ hwdwgnpduljgnipjuts hnt-
gughp:

MEMORANDUM OF COOPERATION BETWEEN
INSTITUTE OF GEOLOGICAL SCIENCES OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF ARMENIA,
REPRESENTED BY THE DIRECTOR DR. KHACHATUR MELIKSETIAN
24A MARSHAI BAGHRAMIAN AVE., 0019, YEREVAN, REPUBLIC OF ARMENIA
AND
THE PHYSICAL GEOGRAPHY DEPARTMENT,
INSTITUTE FOR GEOGRAPHY AND GEOLOGY OF THE
UNIVERSITY OF GREIFSWALD,
REPRESENTED BY THE RECTOR, PROF. DR. KATHARINA RIEDEL,

DOMSTR. 11, 17487 GREIFSWALD, GERMANY
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Zudwgnpdujgnipyub oppwwljutpmd 22 @UU BQP Ypunubp ghwn-
wohuwwnnnubp, 22 FUU Ghunwlppuljui vhpwqquyh YEunpnuh Gpy-
pupwinipjutt wdphnh dwghunpuwwnnmpuyh Gplipnpy Ynipuh nuw-
tnnutp £phunhtw Uwhwljubp b Upwpupw Ukpuhujwip ubunbd-
piph 1-hg 3 wduny hpkug dwghunpulut ptqhtt tyhpduws wohw-
wnwtpubpp Jhpujutwugukt Spkjudpwnh hwdwjuupuind:

22 @UU Bpljpuputuljui ghumpiniuubph htunhwunninh Ypunukp
ghwnnwphuwwnnn Lhihp Uwpquyuip Epuquniu+ Ypinhunwht pupdnitne-

pjut dpwgph opowbwlubpnid  dwghunpuwwnnmipujh 2-pn Ynipup
(09.2021-10.2022p7p.) Ynruniguth Lhih hwdwjuwpwunid, dpubtuhw:
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4. Oquugnpdws gpuljwinipinitp pipynud b pinphwinip gniguyn’ wewhdph bph Jpu: 2Zknhtwlutph
wqquinibpp gpdnud o wyppkiwlut jupgny (wewghtip' hnnjwsh (kquny, wwyw huygbipkt jud powubphb,
Ytponiud”® wpldnwbypnyulul (Egnitkpny): Skpunnud dkgpkipynn hnnudp phpynud E hinp thwljugstpnud, htnh-
twlh dhuylh wgqubub bpdwdp, phophtwyh 1tqyny, kph htnhtwlutpp tpyniuhg wdth kb, Goynud £ wnwght
hwiwhbtnhtiwlh wqquunibp b wy, wyw® hpuywpwldw wwpht:

5. Ukgplipynn qpuiljuiinipjui guiljp Abwynpynud k hinlywy Yipy. w) qpplph hwdwp tpynud Eu htinhtw-
Uh (htnhtwljutph) wqquuniip b wijub-huypuitdub uhqpiwnwntpp, hpuwwnwpwldwt wwpkehyp, gpph (phy
wlduinudp, npuinkn £ hpunwpulpdby, hpunwpulsnipniip, tetiph putulyp; p) wduwgpughtt hnnusttph hw-
dwpn' hinhtwlh (hnhtwlubph) wqquinip b wdui-hwjpuitdub uljqpunwntpp, hpuwnwpwljdw wwupkph-
Up, honwsdh phy wiguinudp, wduwgph wijuinwp' hudwduyt pingniidws hwwwdnudubph, hwnnpp, wd-
uwgnp Jud pnpupyuwt hwdwpp, tetpp; q) qppipnud (hwjwpwsniubpnid) qhnbnws hnnjusubph hwdwp®
htinhtwlh (htnhtwljukph) wqquimbp, wijui-hupuidui ulgpiiwnwnkpp, hpwwnwpuldwi wwupkphdp,
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piniup, kotipp: i) ubndwqgpbph hwdwp® hinhtwlh woquiniiip, wijui-hwjpuidui ujqpunuetpp, wnkiw-
ununipyut widuinudp' hwdwdwgu punniws hwwywydwb (ophtiwl]® Eplypwp.-hwp.ghwn.phljuwdnih ghnw-
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1. B xypHane cep. “Hayku o 3emne” M3sBectnii HarmonanbHol Akasemun Hayk PecryOmuky ApMeHHs ITyONHKYIOTCS
Ppe3yIbTaThl TEOPETUUCCKHX, SKCIICPUMEHTANIBHBIX U MPHUKIAJHBIX MCCIEI0BaHUi, TIPOBOAUMBIX B APMEHHH U 3apyOekKHBIX
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B JPYTMX HampaBlIeHHsX Hayk o 3emie. CTaThbU NPEACTABIAIOTCS HA apMSHCKOM, PYCCKOM MIIM aHITMHCKOM SI3bIKE B
OKOHYATENIbHO TIOJIOTOBJIEHHOM BHJIE BMECTE C COMPOBOAMTENBHBIM MHCBMOM H pa3pelleHHeM Ha omyOmukoBanue. Bce
myOIMKaluy B XKypHase 6e3roHopapHbie.

2. O6beM cTaThu, BMECTE C MILUTIOCTPALMSAMH, YUCIO KOTOPBIX HE JOJDKHO TpEeBBIIATh 3, BKIOdas “a”, “6” W T.n.,
Tabnuuamu, pesiome, Oubnuorpadueid JoMKEH cOCTaBIATH Okoylo 12 crpanuu. Tekcer noimkeH ObITh MOATOTOBIEH B
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1.5, 6e3 nepenocoB ¢ noismu (cinea — 3.0 cM, cBepxy, cHU3y — 2.5 cm, a cipaBa — 1.0 cMm). CtaTbs nmpejcraBisercs B 2-X
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Pucynku, ¢pororpadun u TabNuIB BMECTE ¢ HyMepalliel U MOANUCHIO0 T0DKHbI ObITh YepHO-0elbiMu, GpopmaTom A4 1
YeTKO BBINOJHEHBI. KOMIBIOTEpHBIN BapHaHT PHCYHKOB JI0JDKEH ObITh B (hopmare *.bmp, *.tif wmm *.pcx ¢ paspenreHuemMm
200-600 dpi (touek Ha atoiim). [ToapuCyHOUYHBIE TIOANKMCH MPHIATAIOT HA OTAEIBHON CTpaHule U OGOPMIISIOTCS COTJIACHO
TpeOOBAHMUAM.

3. ABTOpaM cClieyeT HpPHICPKUBATHCS OOLICHPUHATON B JKypHAJle CXEMbl CTaThbU: HA3BAaHUE CTAaTbM, MHHULMANBI U
(davmuus aBTOpa (aBTOpPOB), OpraHM3alMs M aapec, BKModas E-mail (ecnm coaBTOphl M3 pasHBIX OpraHM3alUH, TO



MPUBOJIAITCS aJpeca BCeX, NPUBSI3aHHbIE CHOCKAMM 4epe3 3Be3/104Ky); aHHOTaius cratbi (8-10 cTpok), mocie aHHOTALUH
KiIoueBbie ci1oBa (7-9 cOB), OCHOBHAs YacTh TEKCTa, ¢ 00513aTe/IbHBIM YKA3aHHEM IeJH W HAYYHOIi HOBH3HBI CTATBH,
pe3toMe Ha pYCCKOM (apMSHCKOM) SI3bIKE U aHHOTAIMS HA QHITIMHCKOM SI3bIKE.

4. Jluteparypa IpPHBOAHUTCS OOIIMM CIIHCKOM HAa OTAeJbHON cTpaHuue. DaMuINKM aBTOPOB PACIOJIAraloTcs MO
angaBuTy (BHa4alle Ha sI3bIKE CTAThH, 3aTEM apMSHCKHE HJIM PYCCKUe, B KOHIIE 3amaHOeBpoIeiickue). B Tekcre ccblika Ha
JUTEpaTypy TPHBOAMTCA B KPYIJIBIX CKOOKaX C yka3aHMeM (aMWIMM aBTOpa O€3 WHHIMAIOB, B OPHTHHAIBHON
TPAaHCKPUIILMH, a eCIU aBTOPOB Ooliee JBYX, TO yKa3bIBaeTCs (haMHIIHs IIEPBOTO COABTOPA H JIP., 3aTeM IO/l H3AaHHSL.

5. CHHCOK IUTHPYEMO# JTUTepaTypbl 0GOPMIISETCS CIIEIYIOIMM 00pa3oM: a) Il KHHUT yKa3bIBAalOT (haMHIIMIO aBTOpA
(aBTOPOB) M MHUIIHAIIBI, TOJ M3/IaHNUs, OJHOE Ha3BaHHE KHUIU, MECTO M3JaHHs, H31aTelIbCTBO, KOJTHYECTBO CTPAHUIL; 0) mist
JKYPHAIBHBIX CTaTeH — ()aMUIIMS W MHULKAIBI aBTOpa (aBTOPOB), TO/ M3aHHs, TIOJTHOE HA3BAHHE CTAThH, Ha3BaHHE XKypHaIa
COIIACHO MHPUHATOMY COKpAIICHUIO, HOMEP TOMa, HOMEp JKypHaja WIIM BBIIYCKa, CTPAHHIBI, B) Ul CTaTell B KHHIax
(cOopHHKax) — (GaMIINs ¥ MHUIKAIBI aBTOpPa (aBTOPOB), TOJ U3JAaHMU, MOJIHOE HAa3BaHME CTAThH B KHUTre (MUmIeTcs B kH.:
“.....7"), Ha3BaHME KHHUTH, MECTO U3JaHHs, U3/aTeIbCTBO, CTPAHMUIbL; 1) I aBTOpedepaToB — (paMHIIKs U HHULHKAIILI aBTOPA,
Ha3BaHHE CO CCBUIKOM COTJIACHO MPHHATOMY COKpalleHHIo (ABTOped.Iucc. Ha COMCK.y4.CT.KaH/. WM JOKTOpa HayK), TOPOJ,
OpraHM3alys, TJIe COCTOSIIACH 3aIlUTa, TOJl, KOJTHYECTBO CTPAHHIIL.

6. CTaTbH, HE OTBEYAIOIIHE TIEPEUNCIICHHBIM TPEOOBAHHUSM, HE TPHHUMAIOTCS.

7. JIONOJIHEHHUS B KOPPEKTYPY HE BHOCSITCSL.

8. B ciyuae, ecnm cTaThsl OTKJIOHEHA pENAKI[MEH, aBTOPY BO3BPAIIACTCS OAMH JK3EMIULIP PYKOIHCH, M PEJAKIUSL
OCTaBIISCT 32 COOOM IPABO HE BECTH JUCKYCCHUIO [I0 MOTHBAM €€ OTKIOHCHHSI.
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