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TEKTOHHNKA

N3YYEHUE KHHEMATHKH AKTHBHBIX HOJABW/KEK U CJEJAOB
CWIbLHBIX 3EMJIETPSICEHMH B 30HE I0KHOT'O CETMEHTA
HAMBAK-CEBAH-CIOHUKCKOI'O PA3JIOMA

Barpacapsin A.P., Apakensn JI.I".

Huemumym 2eonoeuuecxux nayx HAH PA,
0019, 2. Epeean, np. Mapwana baepamana,24a
e-mail: haykbag@gmail.com; armgeology(@gmail.com
Hocmynuna ¢ pedaxyuio 12.03.2020e..

W3zyuenne u kapTHUpoBaHHE aKTHBHBIX CTPYKTYp B IOXKHOH 4acTu 9-ro cerMeHta
TTambak-Cepan-Cronukckoro pazinoma (PSSF-Q)ocHoBaHO Ha COBMECTHOM HMCHONb-
30BaHUM  JHUCTAUIIMOMHBIX W Ha3eMHBIX HccieoBaHuil. WHTeprpeTalus JauHbIX
KOCMHUYECKHX U IIBETHBIX a3p0 - OpTOPOTOCHUMKOB BBLICOKOTO Pa3pelieHus, a TaKkKe
JleTallbHbIE [TOJIEBBIC MCCIIC/IOBAHUS B 30M€ pa3ioMa MO3BOJIUIIN ONO3HAThH U BBIJEC/IUTh
JIOKATBbHBIC Pa3pbiBRl U JePOpPMAIH, & TaKXKE ONEHUTh KAHEMATHKY U aMUIUTYIY
CMEINEHUH BIOIL aKTUBHBIX CTPYKTYp. sl yTOUuMEeHHS M OATBEPIKICHUS YKa3auHBIX
XapaKTepUCTUK OBUTH W3YUCHBI TPOSBICHHUS CIUTBHBIX 3eMICTPACCHUI Ha TOBEpX-
nocTH (caliT-3pPeKThl), KOTOPhIC MPOTIOMNLIN B MCTOPIICCKUM U MHCTPYMCH TATBHBIH
MEPUO/IbI BPEMEHHU B 30H€ IICCIICJOBAHUOTO CErMEHTa pasioMa M MPUJIETAIOUX Tep-
pUTOPHIL.

Knrwueswie cnoea: pull apart basin, [TamGax-Cean-CroHHKCKHI paz3noMm,
CCHCMOTEKTOHMKA, 3CMIICTPICCHUE, aKTUBHAS CTPYKTYPA, aMIUTHTYIA CMEINe-
HUH, aedopMaryis CaBHra, THCTAHIMOHIIOE 30HANPOBAHNE, TaHAMA(THEIC aHO-
MAaJTHH.

Ilpm oreHKe CEMCMHYECKON OTMIACHOCTH M PUCKA JJIA HHXXEHEPHBIX COOPY-
SKEHUU - 3JaHUH, INTOTUH, MOCTOB U IP. KOHCTPYKLUH, OIPEACICHUE aKTUBHOTO
pasiaoMa CBA3aHO € €ro aKTHBHOCTBIO 332 BPEMs TOJIOIEHA, TO €CTh B TCUCHHUE
nocienanx 10,000 mer (Hart E. et al, 1980), a mo mociacaHuM JaHHBIM
11,700+£99 ner (International Commission, 2020; Walker M. et al., 2008).

Hccnenosanusa B rookHOM uactu 9-ro cermenra Ilambak-Cesan-CroHuk-
CKOTO pa3noMa NMPOBOJWINCH C LIENbIO BBIABICHHS W MOATBEPXKIACHUS (akTta
COBPEMEHHBIX aedopManuil 36MHOH NOBEPXHOCTH B BUJEC AKTHBHBIX MMOJBIIKCK
W JECTPYKIWHU TOPHBIX IIOPOJ BO BPEMS 3EMIICTPICEHNH, a TaK)KE OLICHKH JaH-
MOT0 CETMEHTA PazjioMa, KaK HCTOYHHKA CEMCMHMUYECKOM ONMACHOCTU U APYTHX
TCOJIOTHUCCKUX OCACTBUM HAa AaHHOU TEPPHUTOPHH (CEHCMOTCHHBIC OIOI3HH,
0OBAaBL, SBJICHUS Pa3KIKCHUSA U MPOCCAAHNS TPYHTOB H T.1.).

Ho mocneanero BpeMeHH HanOoJee MOTHO OblIa M3YyUCHA JTHIOb CCBEPHAS
yactk 9-ro cermenTa PSSF (yuactok «Kapkap»), rae OblH NpoOBEACHEI BEChbMa
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HoBblc naHHBIC, HOTYYCHHBIE B XOAC HCCICAOBAMHI IKHOW 4acTH 9-ro
cermenTa [lambak-CeBan-CrOHHUKCKOTO pa3ioMa, HO3BOIHIH BUCPBHIC OLICHHTD
KHHEMATUKY HOABMKCK M aKTHBHOCTh, HPOSBIICMYIO B TONOLICH-UCTOPUICCKOC
BpeMs, HEPECMOTPETh HAIPABICHIE HPOCTHPAHUSI W TEOMETPHIO pPaszioMa, a
TaKXKE YTOUYHHUTD OOINYIO JUIUHY H MAKCHMATIbHYIO ITHPHHY PA3TOMHOM 30HbI.

[To gaHMBIM HPEKHUX MHOTOYHCICHHBIX HCCIICAOBAHHMN, a TAKKE COTIACHO
oHLIUATEHO NPUHATOH BEPCHH KAPThl AKTHUBHBIX Pa3NoOMOB TeppuTopun Ap-
menuH (International Consortium, 2018), #a mupoTte cena Jluen (39°27'6.65"N)
npoctupanue PSSF-9 pe3ko MeHAnoch Ha FOXKHOE, Kak 3TO HOKAa3aHO ITyHK-
THPHOH JTHHHCH Ha pUCYHKEla, B TO BpeMs, KaK HO Pe3yIbTaTaM HOBBIX HCCTIC-
JOBaHWH 30HA Pa3iioMa, He MEHS HalpaBICHH, HPOJOJDKACTCA Jajlee A0 ceia
APIKHCH TOJBKO 34€Ch, H3MCHHB HPOCTHPAHUE HA FOXKHOC, TOCTUTACT OKPECT-
Hoctelt cena Tares. [1o HOBBIM YTOUHCHHBIM AAHHBIM OOMIast AIHHA 9-TO Cer-
meHTa PSSFcocraBnger 51km, m3 xonx |1lkM mpuxoxuTcs Ha ATHHY BHEPBBIC
H3YYCHHOTO OTPE3Ka Pa3jIOMHOM 30HBI TIPH MaKCHMANIBHOM e mupHame 425M.

B mpenenax 9-ro cermenra [lambak-CeBan-CroHIKCKOro pasmoma, BBI-
neysotes 3 yaactka - «Kapkapy, « TakHBay H «ApIKUC», TAC 30HA BRIPAKEHA
Haubosiee orueTauBo (puc.la). Ciaeayer OTMETHTh, YTO YKA3aHHBIC YYACTKH
HEPABHO3HAYHBI ¢ TOUKH 3PEHHS CEHCMOTEKTOHHUYECKOH, CEIICMOIOrHUECKOH U
Jp. Teonoruieckoi nudopMalt, Kacaromeiics 0COOCHHOCTEH KHHIEMATHKH U
JIOKQ3aTeNIbCTB CEHCMHUYECKOH aKTHBHOCTH Pa3iioMa B TOJIOLEHOBOE Bpems. B
TO BpeMsl, Kak Ha ABYX yuacTkax — «Kapkap» u «Apmkucy o6bem uapopmarmn
JOCTATOYEH JJI HONHOLEHHOI CEeHCMOTEKTOHHYECKON OLIEHKH HapaMeTpPOB
PSSF-9, na yuactke «TaxuBaiy (X=46°0.090'E, Y=39°40.487'N) on Bechma
OrpaHHYeH M HO3BOJMCT JHIIb KOHCTATHPOBATh BEIXOJA CCHCMOICHHOTO pas-
pBIBA HA HOBEPXHOCTh BO BPEMS CIIBHOIO, BO3MOXKHO, HCTOPHYECKOTO 3EM-
actpaceaus. Oparmenr pasnmoma CCB upoctupanus, TIHHOM OKONO 2KM U
MaKCHMAaIbHOM IUPHUHON HOopsiaka 30M, OTUETIMBO HPOSBICH HA KOCMHUICCKHX
CHHUMKAax B BHAC V-00pa3HOTO pa3pbiBa HOBEPXHOCTH MOJIOABIX (PIIOBHOTIIA-
LUATBHBIX OTJ0XKCHHUH, HEPEKPHIBAIOIIUX YCTBCPTHUUHBIC JAaBel CIOHHKCKOTO
BYJIKAHUUECKOTO Haropbs (puc.lc). TouHas mara maHHOTO CEHCMHYECKOTO CO-
OBITHS C BBIXOJOM IUIOCKOCTH Pa3phbiBa HA HOBEPXHOCTh HCH3BECTHA M MOXKET
ObITh YCTAaHOBJCHA JHIIb MPU JCTATBHOM HCCICIOBAHUM pa3pe3a TIPYHTOB
HOHEPEK JTHHUH paznoMa (trenching) npy HATHYHK B paspe3e KOUTIOBUANBHBIX
KIHHOB HOTPEOCHHON HACOHOYBHI.

Nayuennslii y4acTok pa3zmoMHON 30HBI «APIKUC» HAXOAHUTCS B JIEBOOC-
peskbe p. Boporan (puc.la,d) H OXBaTHIBACT CPABHUTEIBHO HEBBICOKHH TOPHBIH
xpeber, KoTopeli TiaHETCS 1O uepudepur COHHKCKOTO BYJIKAHHYCCKOTO
Harophs Ha PacCTOSIHHE OKONO 7KM, OTPaHHYUBAS €ro ¢ ora. XpeOeT CloXeH B
OCHOBHOM HOPOJAMH BYJIKaHOTEHHO-OCAJOYHON TOJINN HO3ANETO Mena, Tpea-
CTaBICHHBIMH W3BCCTHAKAMH, HECUAHHKAMH, KOHIJIoMepaTamu, TydoOpek-
YHSIMH U Ty OHECCUAHUKAMH.

30Ha ITaBHOTO PasaoMa COCTOHT H3 HECKOJBKHX OTICIBHBIX BETBCH, 00-
Pa3yIOMNX CUCTEMY SIICJOHUPOBAHHBIX Pa3phIBOB C HPaBBIM IOJCTABICHHUEM.
[Tpu vHTEpIpeTalK JAHHBIX AUCTAHIIHOHHOTO 30HAWPOBAHMS OTUCTIHBO BHI-
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CBs3ana C M3MCHCHHSAMHU penbeda B TONOLECHE B PE3yNbTATe 3HAYUTCIBHBIX
TEeKTOHHUECKUX Acopmanuii B 3omue paznoma. [lo aanmeiM JUCTAHIHOHOrO
30HAUPOBAHMS 1 KPYHHOMACIITAOHBEIX TOHOTrPa(QUICCKUX KapT B LCHTPATbHOU
YacTH 300Bl pa3noMa HaOMIOJAeTCs HPOrHOAHHUE HOBEPXHOCTH penbeda (aeu-
PECCHA), HEHOCPEACTBEHIO IParIaias ¢ TEKTOHHICCKH NPUHOAHATHIM y4acT-
koM (BozapiManue). COBMECTHAS HMHTCPHPSTALMS JUCTAMIIMOHHBIX H300pasKe-
HHII M KapThl VKIOHOB peibeda MO3BONIECT PEKOHCTPYHUPOBATH T'COMETPHIO
JPEBHEH IPEHAKHMONH CETH MHPH HEPEeXoAc M3 OONAcTH JAEenpeccHH B 00NacTh
MEKPYCIIOBBIX HOJHATHH C PEIMKTOBBIMH CICJAMH BOJOTOKOB Ha HuX. [lpum
3TOM (PUKCHPYETCsl MPABOCABHIOBOS CMCLICHUE HAICOPYCEN OT HEPBOHAYANb-
HOI HO3WLIMK HA PacCTOSHUE HpUMEpHO 40M BOOIB MIOCKOCTH TEKTOTCHHOTO
paspeiBa.

CBHICTEIBCTBOM aPXCOCCHCMUYHOCTH B UCCIICA0BaHHOM cermenTe PSSF-9
CIIy?KUT HOCTPOCHHAS B IPEBHOCTH CTCHA, OOHAPYKCHHAS B oOnactH "pa30u-
Toro" xpedTa B HOXKHON YacTH PA3TOMHOMN 301bl. BO3pacT CTCHBI, BBIIOKCHHON
Ha HOBEPXHOCTH OOPYIIMBLICTOCS B PE3VIbTaTe celicMUiIeckoro yaapa xpedra,
MOJKET CIYKHTh B Ka4eCTBE HOCT-IAThl BO3MOXKHO HUCTOPHYCCKOTO 3eMIICTPSI-
cenus. Ilpn oOcneOBaHHHM OCTATKOB CTEHBI, BBICTPOCHHOW H3 OOPYILICHHBIX
HpPH 3¢MIICTPICCHHN KAMCHHBIX TJbIO, OOHAPYKUBAKOTCS HOMCPEUYHBIC TPCINU-
HBI, PACCCKAIOLINE HOCTPOHKY B HECKOJBKHX MecTaxX. [peIuHbI ¢ MHPHHOI
packpeitust g0 0,5M u Oonee MecTaMH 3aBaNICHB! KPYHHBIMH TTTbIOAMH, BEPOST-
HO BBITIABIINMH YK€ H3 CAMOH CTCHBI BO BPEMsI MOCICAYIOINX CCHCMHUYECKUX
COTPSACCHHH, YTO CBUACTECIBCTBYCT O OOJice MO3AHEM HO BPEMEHH ceHcMuvec-
koM coObiTui. Pesynbrarel Oonee ACTATBHBIX apXxeo- H MaKpOCCHCMHYECKUX
HCCICIOBAHUH, HIAHHPYEMBIX B OVAYINEM, MOTYT MPEAOCTABUTE OOJICE HATXCK-
HYI0 HH(OPMALIIO O BPEMEHH paspyLICHHS CTCHBL. [lonydueHHEIC AaHHBIE MO-
I'YT CIY>KHUTh MOCT-AATOH OOpyIICHHUsS XpedTa BO BPEMs CHIBHOrO ceicMuyec-
KOTO COOBITHS H OJHOBPEMCHHO Mpe-AaTo A Oonee HO3IUEro UCTOpUYeC-
KOTO 3EMJICTPSCCHHS, Pa3pPYLICBLICTO CTCHY.

CornacHo UMEIOIIEMYCSl KaTalory HCTOPUYCCKHX 3CMICTPACCHHII, Ha pac-
CTOAHHH HPUMEpHO 4-5KM K 3aHangy oT cena Tares pacHoIararmTcsa SHHILIECHTPH
4-X HUCTOPHHYECKUX 3eMIeTpsaceHHii, npomsomenmux B 429 AD (M=6.5), 439
AD (M=6.5), 1138 AD (M=6.6) u 1308 AD (M=6.1). YuutsiBas pacCTOSIHHE OT
JHHHH TJIABHOTO PAa3IoMa OO SHULCHTPOB HUCTOPUYCCKUX 3EMIICTPACCHHH W,
HPHHAB X SMHAPHYCCKYIO IMYOHHY paBHYVIO 10KkM, MOXKHO OLICHHTH HpUMEp-
HBIiT YO MAJCHHUS HIOCKOCTH CMECTHTEIS INIABHOTO pasmoma B 65°-70° upu
a3UMYTE HAJCHUS HA FOr0-3aHan.

Takum 00pa3oM, CEHCMOTCKTOHMYECCKHE HCCICIOBAHUS, BICPBEIC IMPOBE-
JEHHBIE B IOKHOM OKOHUaHHH 9-ro cermenra Ilambax-Cepan-CroHikckoro
paznoma (PSSF-9), H03BONMIOT BBISICHUTD 1 YTOYHHUTE HE TOIBKO FEOMETPHIO H
KHHEMATHKY CMEIICHUH HO Pa3ioMy, HO 1 OLCHHTh H 0OOCHOBATh €ro CCHCMU-
YECKYIO aKTHBHOCTh Ha HPOTSHKCHUH TOJIOLCH-UCTOPHICCKOTO BPEMEH.
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Abstract

Tsaghkunyats antielmorium or Crystalhne basement m Armenia is a unique
geoteetonie strueture eharaeterized by its multistage magmatism, metamorphism and
orogeny. Numerous investigations have been earried out on the granitoids present here
and dated from Preeambrian to the Upper Cretaceous (Jurassie), while the issues of
their petrogenesis, geodynamics and emplacement ages remained eontroversial. After a
revision of those issues we present new field observations, bulk roek geochemistry and
U-Pb zircon geochronology to assess the age and the teetonie settmg of various
granitoids eroppimg out m the Lesser Caueasus Preeambrian basement of Tsaghkunyats
as a part (eore?) of Gondwana-derived South Armenian mieroplate (SAM). New
zircon U-Pb erystalhzation ages range from Late Neoproterozoie to Early Cambrian
(~545-530Ma) for the granitie gneisses; from Middle to Late Permian (~270-250Ma)
for the plagiogranites (trondhjemites), and from Late Jurassie to Harly Cretaceous
(~155-140Ma) for the tonalite formation roeks. Geoechemieally, these various aged
granitoids are eale-alkaline, peraluminous and are eharaeterized by enrichment of
LILEs and Th, with pronouneed minimums of Nb-Ta and Ti, and high LREE/HREE
ratios indieating subduetion-related magmatie events. As for the geodynamie setting,
all these granitoids are geoehemieally eontinental arc-type and their presenee may
suggest southward subduetion episodes of Proto-, Paleo- and Neotethys under SAM
aetive margim of northern Gondwana during above-mentioned time intervals.

Keywords: Tethyan belt; Lesser Caucasus; Armenia; Tsaghkunyats crystal-
line basement; granitoid magmatism; geodynamics; geochemistry; geochrono-

logy
Introduction

The NW-SE trending Amasia-Sevan-Hakari suture zone (Galoyan and
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Melkonyan, 2011) in Lesser Caucasus represents a major Neotethyan suture
zone (e.g., Galoyan et al., 2009; Rolland et al., 2009; Sosson et al., 2010; Hassig
et al., 2013) separating the Eurasian and Gondwanan continental margins (¢.g.,
Knipper and Khain, 1980) in the central part of Alpine-Himalayan orogemc
belt. Located in the south of this suture zone Tsaghkunyats crystalline basement
(or Massif) or Tsaghkunyats anticlinorium is the oldest geological unite in
Armenia (fig.1), which is generally considered as a part (namely core) of South
Armeman microplate (henceforth SAM) derived from Gondwana.

Many researchers have addressed and clarified the issues of geology, tec-
tomcs, stratigraphy, petrology and ore mineralization of the area of Tsagh-
kunyats antichnorium especially since 1930s, until the end of 1980s with a
downward trend of interests. Particularly, their findings are summarized in
works of V.N. Kotlyar, K.N. Paffenholtz, V.P. Rengarten, A T. Aslanyan, G.P.
Baghdasaryan, R.A. Arakelyan, A H. Gabrielyan, S.A. Balasanyan, A.R. Haru-
tyunyan, H.E. Nazaryan, V.A. Aghamalyan, A.A. Belov and S.D. Sokolov,
B.M. Meliksetyan, R.Kh. Ghukasyan, Z H. Chibukhchyan, R H. Khorenyan,
Sh.V. Khachatryan and many others. After the latest fundamental a few mono-
graphs (i.c., Khorenyan, 1982; Chibukhchyan, 1985), single works focused on
the petrology and age issues of the granitoids that are present here (e.g.,
Aghamalyan et al., 1997; Hassig et al., 2015). Therefore, for the first time after
a relatively break of more than thirty years, an attempt is made to refer to the
older gramtic rocks constituting a significant part of the oldest Precambrian-
Paleozoic basement of Armema (fig.2).

The purpose of this study is to revise the general geological, petrologic,
geochemical and geochronological issues of a number of granitoid intrusions
exposed within the limits of the Tsaghkunyats anticlinorium. Particularly, it
refers as to the plagiogranites (trondhjemites) and gramite-gneisses being the
oldest (?) magmatic rocks in the antichnorium and generally in the boundaries
of Armenia, whose age is/was considered Precambrian-Upper Proterozoic (see
below for details), as well as to several intrusions of fonalitic formation (quartz
diorite-tonalite-granodiorites) of Lower Cretaceous (formerly dated as Neo-
comian and younger).

The importance of research is the detailing/solution of existing strati-
graphic, petrological, geochronological, and geodynamic problems in accor-
dance with the modern ideas and more realistic geodynamic models. What’s the
scientific novelty of this study? The intended complex researches, and U-Pb
dating in various aged granitoid rocks will allow the revealing of (1) the
pecuharities of their material composition; (2) the geochronology of various
aged intrusions; (3) the possible genetic hnk or absence between different
facies; (4) the geodynamic setting of the formation of these intrusions; as well
as (5) their connection with the adjacent Paleozoic-Mesozoic geological
complexes (e.g., Lesser Caucasus ophiolites; carbonate-slope deposits of
Gondwana). Obviously, it is impossible to give an exhaustive answer to all the
questions raised in one work.
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Hence, the study involves a wide range of issues that relate to the afore-
mentioned goals and to their implementation solutions. Particularly, m this
paper important attention will be given to the various aged granitoid formations
cropping out in the Kotayk, Aragatsotn and partially Lori provinces of the
Repubhc of Armema, which are part of the Tsaghkunyats antichnorium of
Hankavan-Zangezur tectonic zone (Gabrielyan, 1974). This anticlinorium
geographically includes the Tsaghkunyats mountain range and the central and
western regions of the Pambak range bordering on the north. It is also bordered
with Hankavan (or Marmarik) fault zone from Paleogene Sevan-Shirak
synclinorium to the north. Marmarik fault comcides with the axis of Marmarik
river valley and is represented by several intrusive massifs of the Alpme
tectonic stage, from which the younger mtrusions, starting from the Middle
Eocene ages, will not be reconsidered within the scope of this project. Below
we will present the setting, tasks, new data and descriptions with the analysis
and interpretation of the results.

Brief stratigraphy

Accordimg to studies of the above-mentioned authors, Tsaghkunyats (or
Miskhana-Arzakan, or Arzakan-Spitak) antichnorium (or horst-anticlinorium)
consists of the oldest Upper Proterozoic-Paleozoic (?) to the Quaternary aged
various formations, whose total thickness exceeds 5000m (Aslanyan, 1958;
Kotlyar, 1958; Paffenholtz, 1959; Gabriclyan ¢t al., 1968; and many others). H.
Nazaryan (1964) described the internal structure of the anticlinorium in detail.
The geological section has the following general look.

The earliest formations are represented by the metamorphic rocks of the
Precambrian-Lower Paleozoic crystalline basement, namely various schists,
amphibolites, schistosed and dismembered gabbro-peridotites, marbles, phylli-
tes, quartzites, gneisses, etc. In the geological sequence these are known as
suites of “Arzakan”, about 500m thick; of “Bjnuyal”, about 400m, and of
“Dzoraglukh”, up to 1000m (Arakelyan, 1957, 1959). Detailed mformation
about these rocks, after the monograph of V. Kotlyar (1958), is summarized m
V. Aghamalyan’s fundamental work (Aghamalyan, 1998). In the structure of
Tsaghkunyats Massif, two Precambrian terranes of Arzakan (of ensiahc nature)
and of Hankavan (of ensimatic nature) are separated by Aghamalyan (2004). In
recent years a partial assessment of the P-T-t conditions of metamorphism in
this massif of the crystalhne basement of Tsaghkunyats is also done (Lor-
sabyan, 2013; Hassig et al., 2015). Metamorphic rocks are cut off by a number
of granitoid bodies, based on the oldest Rb-Sr isochrone ages of which the
oldest Late Proterozoic age of this metamorphic complex had been confirmed.
However, this question will be discussed in the following sub-section.

Jurassic (?7) formations are represented by weakly metamorphosed or relati-
vely fresh volcanic, volcano-sedimentary formations that are mainly cropped
out in the western part of the anticlinorium (fig.2), and are known as: “Aghve-
ran suite” of Ordovician (?) (800m thick; Arakelyan, 1957), an “Ancient
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volcanic series” of Lower Paleozoic (600m thick; Kotlyar, 1958) or Lower Silu-
rian (Aslanyan, 1958), or “Aparan series” of Lower-Middle Devonian (Gab-
riclyan et al., 1968) or Lower-Middle Jurassic (more than 6 km thick; Agha-
malyan, 1987). The latter includes also terrigenous sedimentary rocks (e.g.,
Saralanj village region), which, according to V. Aghamalyan, are comparable
with the similar formations of Lower-Middle Jurassic of the Shamshadin
anticlinorium in Northern Armenia (Magm. and metam. form. ArmSSR, 1981).
Stratigraphic and petrographic issues of these formations have been thoroughly
studied by Belov and Sokolov (1973), who attributed the age of this series to the
Lower-Middle Mesozoic era without specifying. According to these authors,
Aparan series does not lie discordantly on older formations, on the contrary, the
metamorphic complex is trusted over it along a gentle tectonic surface. The
explanation of the petrological issues of a part of these volcanic rocks is also
summarized in Khorenyan's (1982) monograph. A. Grigoryan (2014) among the
olistoliths of the Melikgyugh (village) member of the Tukhmanuk suite of the
Aparan series discovered a rich microfaumstic complex of conodonts, fish
scales and their teeth. The age of hmestone ohstohths, according to the iden-
tified conodonts of the genus Palmatolepis and Siphonodella, is determined as
Late Famennian. Without going into new details, let's just emphasize that the
issues of the composition and the age of “Aparan series” remain problematic,
and will be addressed in a separate study.

Cretaceous formations. Though actually the Lower Cretaceous formations
(i.e. Aparan series) are shown in some geological maps, in fact they are missing
here. Upper Cretaceous formations begm with Upper Turonian-Lower Conia-
cian terrigenous sediments (sometimes up to 200m thick), which are trans-
gressive, and overlie the previous series with an angular unconformity. These
are overlain by Upper Coniacian-Lower Santoman again terrigenous formations
(about 100m thick), which are replaced in the section with Santonian marly
limestones of 200m thick (Kotlyar, 1958). In particular, on the right bank of the
Hrazdan river, near the village of Bjni, the metamorphic schists of the oldest
Arzakan suite are transgressively and with sharp discordance covered by the
pinkish-gray calcarcous sandstones, light gray terrigenous limestones and
siltstones of Upper Coniacian (Hakobyan, 1978). Upwards they are covered
with various limestones and siltstones of Santonian-Maastrichtian; their total
thickness is about 90m. According to this author, to the north of the study arca
(fig.2), on the left bank of Marmarik River (norther of Hankavan village) the
Aparan series and metamorphic rocks are unconformably covered by Lower
Coniacian calcareous siltstones (30m) and Upper Coniacian terrigenous-carbo-
nate thicker (160m) sediments.

Paleogene formations. Volcanogenic-sedimentary formations of Eocene
that are about 2000m thick, with the conglomerates of base, are spread in the
northeastern parts of the antichnorium, which make up the thick Sevan-Shirak
synclinorium of Paleogene (Sarkisyan, 1966), in which the volcanic formations
of the Middle Eocene dominate. Mecanwhile, Nummulitic limestones of lower
Eocene have been preserved in the nuclei of local synclines in the Hrazdan
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River valley. Miocene-Pliocene thick series (about 300m) of intermediate and
acid composition lavas and tuffs occupies the highest relief arcas in this
anticlmorium, covering almost all previous formations (Kotlyar, 1958). Meta-
morphic rocks of this anticlinorium along mainly the valley of Hrazdan River
(or Hrazdan fault) are confined from the east by the Quaternary lava flows
(Gabrielyan et al., 1968). Thus, although a number of stratigraphic questions
also need to be revised, they are out of the scope of this paper; some may be
partly solved in parallel and we will address these questions later.

Granitoid plutonic manifestations and their age issues

Granitoids play a sigmficant role in the Tsaghkunyats antichnorium where
they are represented with several large and numerous smaller intrusive bodies
(Geology of ArmSSR, v.3, 1966; Magm. and metam. form. ArmSSR, 1981).
According to the composition, these are grouped into gramte-gneisses (also
known as “migmatite-granites”), plagiogranites (or leucocratic granites or
trondhjemites; in honor of Kotlyar, we also prefer to use the term of pla-
giogranite) and tonalitic formation rocks (quartz diorite-tonahte-granodiorite).
The age subdivision of these intrusions with direct geological observations
presents considerable complications considering: (1) the absence of contmuous
stratigraphic section of the region, (2) the different grade of metamorphism of
present rocks, (3) the absence of exact age(s) of the metamorphism, and (4) the
tectomc complexity of the region. Still in 1958, V. Kotlyar by principle of ana-
logy with the other Lesser Caucasus massifs of Georgia attributed the pla-
giogranites to the Paleozoic age, and A. Aslanyan did the same for the Arzakan-
Bjni massif of the granite-gneisses. By the way, R. Arakelyan (1959) was one
of the first, who mentioned that the plagiogranites cut some gabbro massifs in
the Tsaghkunyats anticlinorium, whose age also remains uncertain here. In ano-
ther paper, we will focus on the problem of mafite-ultramafites as well.

Plagiogranites make up tens to hundreds of small bodies (the larger ones,
up to 5-6, rarely 10-12km?; Chibukhchyan, 1985), especially, in amphibolites
and amphibole schists of Hankavan-Aparan series (Baghdasaryan, Ghukasyan,
1961): Most of the bodies are outcropped at the interfluves of Marmarik and
Kasakh rivers. These granites are represented by lens-hke, dyke-like, often
stock-shaped, as well as stratal intrusions of very different sizes (from a few cm
to a several meters thick), and intrusive contact relationship with the host rocks
can be casily observed. Their intrusion has often accompanied with the grani-
tization and migmatitization processes of hosting metamorphic rocks (Magm.
and metam. form. ArmSSR, 1981). Most of plagiogramte bodies have a chaotic
spread, though the larger ones are characterized by a sub-latitudinal strike (Chi-
bukhchyan, 1985) that is consistent with the heredity of the region's main tec-
tonic structures. Macroscopically these are light gray (with a white surface),
fine-medium to coarse-grained rocks that do not exhibit any varicty of mineral
composition (see details below section of petrography). Based on ficld
observations, we also share the view of Aghamalyan et al. (1997) that the
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intrusion of trondhjemite magma occurred at the fmal stage of folding and
metamorphism of the hosting amphibolite stratum, when the latter was still
sufficiently heated (i.c. was in a plastic state) that causes the mostly conformal
occurrence of plagiogramte bodies and the absence of quenchimg contacts.

Granite-gneiss formation is known especially by the largest Arzakan-Bjm
massif (12km®), and other smaller bodies, which is exposed between the
villages of Arzakan and Bjm (Baghdasaryan, Ghukasyan, 1961; Paffenholtz,
1959, 1970) and is exclusively emplaced within the metamorphic series, where
the Coniacian-Santonian sediments cover the intrusion and hosting meta-
morphic rocks. Latter both are cut by several thin diabase dikes of unknown
age. It should be noted that, unlike the plagiogranites, the impact of meta-
morphism on these rocks is considerable, at least their gneissification with an
augen texture is a visible fact in the field. These rocks reveal strong foliation
and mineral hneation, and, in places, they are massive and preserve their
original magmatic fabric. Macroscopically these are light to darker gray (with a
pinkish-red surface), medium- to coarse-grained rocks. Unlike of the former
group of granites the alkali feldspar is a main mineral phase here.

Tonalitic formation intrusions are known in this antichnorium with the
names of Aghveran, Hankavan (including Artavaz (Takarlu) one), Guegharot
and Mirak, all of which are included in this study. The massifs of Aghveran
(25km®) and Hankavan (40km®) cut the various series of metamorphic schists.
In addition, the latter also cuts the aforementioned plagiogranites in some
places. The Guegharot massif (30km®), which is emplaced in the north-western
edge of the study area, is intruded in the slightly metamorphosed “porphyrites”
of the Spitak Pass (Baghdasaryan, Ghukasyan, 1961), and the lesser Mirak
intrusion is localized in the main “Aparan series” north of the city Aparan (Fig.
2). In terms of petrography, these intrusions are compositionally quite close to
cach other and are similar to those of the same composition (diorite-quartz
diorite-tonalite-granodiorite-veined leucogranite series) intrusions of the
Somkheto-Karabagh tectonic belt of NE Lesser Caucasus.

By comparing the “gneissic granites” with other Georgian older massifs,
Paffenholtz (1970) concluded that these are Cambrian-Precambrian (old-
Caledoman orogemc phase) in age. Kotlyar (1958) attributed plagiogranitic
intrusions age presumably to the Paleozoic (undivided), and Paffenholtz
connected their intrusion with the “Sudeten” tectomc phase (the end of the
Early and the beginmng of the Middle Carbomferous) of Hercynian folding.
Baghdasaryan and Ghukasyan (1961) attributed the origin and intrusion of
plagiogranites to major orogenic movements. By using the K-Ar method, these
authors obtained ages ranging from 130 to 164Ma for both rocks and minerals
(plagiogranites and muscovites in them). Later, the researchers obtained 283Ma
and younger ages (57Ma), so based on the varying degree of rocks alteration,
i.€. "argon rejuvenation” due to loss of radiogenic argon, the plagiogranites was
attributed an age of at least 261+14Ma (Magm. and metam. form. ArmSSR,
1981).
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Though, mainly with Rb-Sr isotopic dating the mtrasion ages of 610 +
36Ma for granite-gneiss (Baghdasaryan, Ghukasyan, 1983) and the oldest of
685 + 77Ma for trondhjemite (plagiogranite) massifs (Aghamalyan et al., 1997)
were given, the problem can’t be eonsidered resolved. Over time, the research
laboratories of advanced countries are striving for the acquisition and using of
reliable and accurate analytical equipment for any rock dating. Accordingly, to
double check these ages for consistency, we applied U-Pb dating on zircons,
smce in recent decades, this method is considered as more rehable for dating
metamorphic and magmatic umts, rather than Rb-Sr method.

In recent years, the isotopic ages of many magmatic formations on the
territory of Armema and partly of Karabagh are revised as part of Armeman-
Taiwanese scientific cooperation. Particularly, thanks to the support of
Taiwanese universities (namely Isotope laboratories of National Taiwan and
National Chung-Cheng universities) we acquired new U-Pb ages in zircons
from this area (table 1). U-Pb isotopic analyses were performed by the laser
ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) method,
following the procedures m (Chiu et al., 2009). It is noteworthy that new U-Pb
dating does not confirm the mentioned ages of granite-gneisses at the Bjni
village arca. In three representative rock samples we received new ages of
around 545-530Ma which corresponds to the boundary of latest Neoproterozoic
(Late Ediacaran) and Early Cambrian periods in the International Chrono-
stratigraphic Chart (2020). At the same time, during one of the quickly done
field observations, a question arose in our mind about the considered “oldest” in
Armenia plagiogranites (trondhjemites), depending on their field appearance. In
contrast to the orthogneisses (granite-gneiss) of Bjni, no deformation pheno-
mena are present (there is almost not stress influence macroscopically) in pla-
giogranites, which doubted us to compare them with the Middle Jurassic
plagiogranites of the Somkheto-Karabagh zone (c.g., Haghpat massif).
Although our new U-Pb dating results of ~270-250Ma (average of two samples)

Table 1
Sampling site coordinates and U-Pb ages of the granitoids from
Central-Northern Armenia
Sample Name of rock Latitude (') | Longitude Ma (20) Name of
0 Massif
BJ-08 granite-gneiss 40.47123 44.64305 532.7£5.6 Bjni
ARMI11-2A | granite-gneiss 40.46822 44.64504 554+14 Bjni
ARMI2A granite-gneiss 40.47119 44.64299 545+14 Bjni
ARMO1A plagiogranite 40.68445 44.48699 25547 Hankavan
ARMOSA plagiogranite 40.57685 44.68398 268+10 Marmarik
ARMO3A tonalite 40.65280 44.47489 159+5 Hankavan
ARMO6A tonalite 40.61178 44.57734 156+4 Artavaz
BJ-16 tonalite 40.51728 44.56438 154.7+1.4 Aghveran
ARMI4A leucogranite 40.51203 44.56774 161+4 Aghveran
ARMIS8-1A | tonalite 40.73493 44.19888 14044 Guegharot
ARMI18-2A | leucogranite 40.73493 44.19888 14344 Guegharot
6377 tonalite 40.62298 44.34125 141.6+1.4 Mirak
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have shown that these plagiogranites were relatively older (i.e., Middle-Upper
Permian) than Jurassic presumed, however they became much younger than
considered Neoproterozoic (Precambrian) age determinations were (Rb-Sr, 685
+ 77Ma; Aghamalyan et al., 1997).

In the tonalitic formation, the K-Ar ages from Lower (137-120Ma) to
Upper Cretaceous (105-75Ma) were brought for the above-mentioned intrusions
(Baghdasaryan, Ghukasyan, 1985). Later, the Rb-Sr age revision of Guegharot
massif yielded an age interval between the latest Jurassic and Early Neocomian
(147 = 11Ma; Baghdasaryan, Ghukasyan, 1990). The only older and reliable
pubhshed age, in recent years, is that of granodiorite-leucogranites of the
Aghveran massif (155-150Ma; Hassig ¢t al., 2015) for the entire anticlinorium,
which corresponds to the Late Jurassic epoch. In addition, application of U-Pb
method to date tonalite-granodioritetgranite series rocks yielded new ages of
147-140Ma for Guegharot and Mirak intrusions, of 164-152Ma for Hankavan
massif and of 165-154Ma for Aghveran massif. Generalizmg the magmtude of
the error (26) we can take 156-140Ma, as a smgle age interval of Late Jurassic-
Early Cretaceous for tonalite formation that coincides well (though slightly
younger) with other intrusions (e.g., Shnogh-Koghb, Chochkan, Me¢hmana)
from Somkheto-Karabagh magmatic belt of Jurassic (Galoyan et al., 2013,
2018).

Petrography

Petrographic issues have been addressed by almost all previous researchers.
It is already obvious that gramtes described in this study fall mto three age
groups. The oldest granite-gneisses are characterized by hypidiomorphic-gra-
nular texture, where acidic plagioclase, quartz and alkali feldspar (generally
microcling), minor muscovite and biotite (these two latter are partly secondary)
arc main minerals, while sericite, epidote, chlorite and pelitic minerals are
secondary. Accessories are represented by apatite, zircon and opaque mine-
ral(s). The (modal) compositional plot of QAP diagram (of Streckeisen, not
shown) classifies the rocks as monzogranite and a few samples as granodiorite.

Plagiogranites are represented by fine- and medium-, rarely coarse-gramed,
occasionally porphyritic varieties, with the hypidiomorphic- to allotriomorphic-
granular textures. Mineral composition is very simple, represented by acid
plagioclase as a dominant mineral and quartz (together 90-95vol.%), sometimes
homblende, biotite and muscovite (two latter are partly secondary). The
secondary minerals are sericite, chlorite and epidote, while the accessories are
apatite, opaque minerals, zireon and rarely tourmaline (secondary (?), meta-
somatic).

Tonalitic formation intrusions are compositionally represented with the
diorites (started from several gabbro to gabbro-diorite darker enclaves, except
metamorphic host-rock ones), quartz diorites, tonalites, granodiorites that are
related facially, except the veined and dike-hke pinkish granite-aplites that are
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Table 2

Chemical compositions of the granitoids from Central-Northern Armenia

(the major elements in wt%, other elements m ppm, LOI is not defined).

*Mg# = 100¥*Mg/(Mg+Fe2+); ogns — orthogneiss, tdhj — trondhjemite, Q dior. — quartz
diorite, leucogr — leucogranite.

U-Pb age Precambrian Middle-Upper Permian
Sample | BJ-08 Bjn JARM11-2A] ARM12A | ARMO1A | ARMO2A [ARMO04-2A] ARMOSA JARMOS-2A] ARMI15A
Name ogns ogns ogns tdhj tdhj tdhj tdhj tdhj tdhj
N°(40) | 47123 | 46822 | 47119 | 68445 | 66844 | .63787 | .57685 | 57685 | .61302
Eo44.) | 64305 | 64504 | 64299 | 48699 | 47206 | .50037 | .68398 | .68398 | 41186
Si02 76,30 72,35 81,41 71,19 73,53 71,84 71,09 71,84 70,19
TiO2 0,19 0,65 0,05 0,15 0,13 0,10 0,20 0,10 0,11
Al203 14,03 12,91 10,48 16,17 15,81 16,76 18,90 17,17 17,22
Fe203 1,63 3,20 1,02 0,95 0,90 0,88 1,02 0,23 0,69
MnO 0,02 0,06 0,01 0,02 0,02 0,02 0,00 0,01 0,02
MgO 0,25 1,70 0,38 0,75 0,59 0,56 0,23 0,29 0,74
CaO 0,52 1,91 0,31 1,26 1,49 0,93 0,23 0,99 1,99
Na20 3,31 3,97 3,57 6,64 6,12 6,57 4,54 5,79 6,67
K20 4,38 1,25 3,47 1,92 0,96 1,83 2,71 1,84 0,77
P203 0,06 0,21 0,06 0,08 0,08 0,07 0,03 0,08 0,06
Total 100,7 98,2 100,7 99,1 99,6 99,6 98,9 98,3 98,5
Mg#) * 25 54 44 63 59 58 33 73 70
Rb 133,8 47,0 103,7 30,3 22,9 53,1 93,5 32,8 17,9
Sr 112 95 77 234 306 203 110 332 329
Y 29,3 29,0 14,4 3,2 3,5 2,5 3,5 2,8 1,8
Zr 142 232 55 71 71 46 67 53 48
Nb 8,7 10,9 3,1 1,0 1,1 0,7 1,00 0,9 1,10
Ba 760 256,0 375 364 229,0 333 195 273 140
Hf 4,47 5,8 2,16 2,07 2,0 1,47 2,01 1,68 1,49
Ta 1,197 0,923 0,772 0,077 0,082 0,055 0,074 0,063 0,099
Pb 7,3 16,3 4,2 5,74 13,3 11,5 11,6 2,95 43
Th 21,37 9,8 14,27 0,81 1,0 0,49 0,71 0,20 0,2
U 1,84 1,49 0,9 0,38 0,41 0,15 0,15 0,14 0,09
V 15,09 67,36 15,30 11,12 7,28 4,37 23,9 11,6 6,68
Cr 47 86 145 54 181 54 28 36 30
Co 2,3 9,1 1,6 3,0 2,9 2,0 1,3 2,7 2,9
Ni 23 35,0 74 29,3 88,5 21 18 20 18
Cu 5,0 26,13 6,75 3,48 6,79 3.4 3,2 7,2 2,5
Zn 15,9 43,3 8,5 13,9 13,6 10,5 17,1 10,1 21,9
La 30,7 32,2 14,4 2,8 3,5 1,5 1,3 1,0 0,8
Ce 67,5 64,0 34,7 6,4 7,3 2,9 2,2 2,3 1,5
Pr 6,59 7,42 3,35 0,84 0,92 0,397 0,37 0,31 0,21
Nd 22,5 27,7 11,7 3.4 3,7 1,5 1,5 1,3 0,9
Sm 4,38 5,75 2,58 0,86 0,83 0,39 0,39 0,37 0,28
Eu 0,718 1,287 0,311 0,293 0,275 0,196 0,148 0,271 0,174
Gd 3,94 5,41 2,2 0,81 0,77 0,45 0,47 0,45 0,32
Tb 0,679 0,826 0,375 0,107 0,106 0,071 0,085 0,073 0,047
Dy 4,35 4,99 2,38 0,60 0,60 0,41 0,54 0,47 0,27
Ho 0,982 1,023 0,521 0,109 0,118 0,081 0,111 0,095 0,057
Er 2,87 2,81 1,52 0,29 0,31 0,22 0,31 0,25 0,14
Tm 0,476 0,420 0,253 0,044 0,046 0,034 0,045 0,038 0,024
Yb 3,20 2,59 1,72 0,28 0,33 0,21 0,31 0,25 0,18
Lu 0,481 0,383 0,269 0,044 0,050 0,035 0,049 0,038 0,027
~REE 1493 156,8 76,3 16,9 18,8 8,4 7.9 7,3 4.9
Eu/Eu* 0,53 0,71 0,40 1,07 1,05 1,43 1,06 2,03 1,78
(La/Smn | 4,52 3,62 3,60 2,10 2,72 2,48 2,15 1,74 1,84
(La/Ybn| 6,88 8,92 6,01 7,17 7,61 5,12 3,01 2,87 3,19
Dy/Yb 1,36 1,93 1,38 2,14 1,82 1,95 1,74 1,88 1,50
Ba/Rb 5,68 5,45 3,62 12,00 10,01 6,27 2,09 8,34 7,83
Rb/Sr 1,19 0,49 1,35 0,13 0,07 0,26 0,85 0,10 0,05
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Upper Jurassic-Lower Cretaceous

ARMI1 ARMO | ARMOS | ARM BI-16 ARMI13 | ARM ARMI18 | ARM 6377
6A 3A A 06A Agv A 14A -1A 18-2A | Mrk
tdhj ionaht Q dior. ionaht tonalite | Q dior. 1euc0g tonalite 1eucog tonalite
61407 | 65280 | .62928 '86] 7 51728 51395 '35120 73493 '37349 62298
41560 | 47489 | .53695 '45773 56438 .56790 '45677 19888 '8]988 34125
70,88 65,94 63,68 64,63 63,93 61,45 76,97 63,00 77,44 63,94
0,13 0,59 0,68 0,59 0,67 0,82 0,19 0,68 0,08 0,68
17,31 16,34 16,57 16,59 17,17 16,62 13,18 17,41 12,64 18,12
0,84 3,80 4,22 4,07 4,32 35,37 1,09 4,24 0,34 4,78
0,04 0,07 0,06 0,07 0,07 0,09 0,02 0,07 0,00 0,09
0,61 2,14 2,79 2,82 2,99 3,59 0,62 2,40 0,12 2,27
3,29 2,60 4,71 4,26 4,69 5,52 1,04 4,63 0,81 4,70
5,27 4,56 4,65 4,28 4,05 4,51 4,69 4,54 2,93 3,92
0,95 2,05 1,07 2,17 1,66 1,14 2,24 1,65 5,27 1,75
0,07 0,22 0,26 0,23 0,24 0,25 0,06 0,19 0,04 0,20
99,4 98,3 98,7 99,7 99,8 99,4 100,1 98,8 99,7 100,4
61 55 59 60 60 59 55 55 43 5]
28,0 62,0 31,4 68,5 48,5 28,1 43,9 273 69,4 46,4
355 579 649 547 577 616 322 427 102 462
3,2 13,9 10,6 11,2 10,8 17,4 4,1 17,7 8,5 15,2
70 185 154 138 120 170 55 153 72 158
1,10 14,4 12 13,60 10,900 15,3 7,80 13,40 13,00 14,1
168 675 270 537 413,00 420 411,0 337 304 450,0
1,75 4,34 3,49 3,3 2,750 4 1,83 3,50 2,85 3,620
0,080 1,084 0,773 0,995 0,637 1,09 0,968 0,964 2,812 0,932
11,0 12,0 10,51 28,44 7,830 36,18 12,11 4,1 6,2 3,12
0,57 9,90 7,66 9,8 6,7600 8,53 21,76 4,45 17,58 3,680
0,14 2,62 1,82 1,66 1,200 1,41 2,44 0,84 5,24 0,99
3,0 70,92 77,99 74,49 73,8 99,02 20,23 79,34 5,3 77,31
16 118 63 66 133 110 51 63 30 57
1,7 11,0 12,0 12,0 13 16 3 10,8 0,9 12
9 67 37 44 75,2 59 25 38,6 17 35
4,10 15,10 16,4 9,79 17,9 18,1 35,6 88,48 5,40 4,5
13,2 52,8 62,7 49,9 53,2 56,3 15,3 32,8 46,9 46,5
2,2 33,4 26,6 29,7 24,1 29.5 333 16 23,3 22,7
4,7 62,3 45,9 52,0 43,70 54,6 46 31,5 36,9 40,30
0,597 6,99 5,03 5,56 4,931 6,10 3,74 3,71 3,36 4,466
2,4 24,8 18,11 19,3 17,83 21,9 9,9 14,2 9,6 16,22
0,56 4,36 3,26 3,44 3,110 4,14 1,20 3,05 1,44 3,08
0,230 1,278 0,973 1,032 0,963 1,19 0,49 0,971 0,394 1,06
0,52 3,68 2,79 2,93 2,470 3,69 1,09 3,11 1,33 2,84
0,077 0,451 0,351 0,366 0,351 0,512 0,116 0,467 0,189 0,438
0,47 2,48 1,91 2,01 1,930 2,99 0,6 2,97 1,24 2,56
0,101 0,470 0,375 0,39 0,377 0,612 0,129 0,62 0,288 0,532
0,3 1,28 0,99 1,04 0,980 1,66 0,39 1,73 0,94 1,47
0,049 0,183 0,143 0,150 0,139 0,251 0,061 0,264 0,173 0,225
0,36 1,23 0,89 0,99 0,900 1,64 0,45 1,75 1,37 1,47
0,059 0,184 0,137 0,151 0,141 0,248 0,074 0,272 0,240 0,229
12,6 143,1 107,5 119,1 101,9 129,0 97,5 80,6 80,8 97.6
1,30 0,98 0,99 0,99 1,06 0,93 1,30 0,96 0,87 1,10
2,54 4,95 5,27 5,57 5,00 4,60 17,91 3,39 10,45 4,76
4,38 19,48 21,44 21,52 19,21 12,90 53,08 6,56 12,20 11,08
1,31 2,02 2,15 2,03 2,14 1,82 1,31 1,70 0,91 1,74
6,00 10,89 8,60 7,85 8,51 14,96 9,36 12,35 4,38 9,70
0,08 0,11 0,05 0,13 0,08 0,05 0,14 0,06 0,68 0,10
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posterior series (second phase). The rocks are characterized mainly by
hypidiomorphic-granular, sometimes porphyraceous textures. Main minerals of
these rocks are represented by various proportion of medium to acid plagio-
clase, quartz, potassium feldspar (in granite-granodiorites) minerals, as felsic,
and pyroxene, mainly amphibole and biotite as well as mafic minerals. Accesso-
ries are opaque (mainly magnetite) minerals, apatite, zireon, rarely sphene and
rutlle. Secondary minerals are represented by sericite, pellte, carbonate, chlorite,
epidote and hmomte.

In the normative anorthite—albite—orthoclase (An—Ab-Or) ternary diagram
(O’Connor, 1965), these granitoids plot in granite, trondhjemite and tonalite
(with few granodiorites) fields, respectively (fig.3A).

Geochemistry

A total of 19 samples from three different groups of granitoid intrusions
from the studied antichnorium (fig.2) have been selected for major, trace and
rare earth element analysis that are determined at the Chemical laboratory of
Department of Geosciences of National Taiwan University (NTU). Particularly,
the major oxide determinations were done by X-ray spectrometry (XRF), and
rare earth and other trace-elements by the method of inductively-coupled
plasma Mass spectrometry (ICP-MS). Geochemical composition of the
gramtoids is shown in (table 2).

Major elements. All studied rocks are characterized by the normal-alkaline
chemistry (i.e. sub-alkaline series) and according to TAS diagram (total alkali
vs. silica, not shown) plot to mainly dacite and rhyolite fields with a few quartz
diorites that are in the andesite ficld. The studied granitoids are sub-alkaline
with well-developed calc-alkaline trend on the AFM diagram (fig.3B). The
granite-gneisses are more felsic in composition, their SiQ, content range
between 72-81wt.% and they have relatively low Al,O; contents of 10-14wt.%.
The plagiogranites reveal lower SiO, contents (70-74wt.%) and increase of the
Al O; contents between 16-19wt.%. In the tonalitic formation rocks SiO, con-
tents are 61-66wt.% and around 77wt.%, and Al,O; contents are 16-18wt.% and
around 13wt.%, respectively, in the first phase quartz diorite-tonahtes/grano-
diorites and pmkish leucogranites (granite-aphte) of second phase. Based on
geochemical classification for granitic rocks (Frost et al., 2001) these samples
are peraluminous with the aluminum saturation index (ASI= Al /(Ca - 1.67P +
Na + K)) of 1.0-1.9 (i.e. are corundum-normative), which means that they have
more Al than can be accommodated in feldspars and that they must have ano-
ther aluminous phase present (fig.3C). There are no clear differences between
the various aged series m the modified alkali-lime index (MALI = Na20 + K20
— Ca0Q) vs. Si diagram (fig.3D) that classified rocks into alkalic, alkali-calcic,
calc-alkahc, and calcic groups (Frost et al., 2001). In the K20 versus Si02
diagram (Le Maitre et al., 1989; not shown) all gramtoid samples plot in the
low- and medium-K fields. The Mg # (Mg-number) varies from 25 to 54, from
33 to 73 and from 43 to 60 for granite-gneiss, plagiogranite and tonalitic series,
respectively.
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Discussion

The research relevance is conditioned by the use of modern scientific-
theoretical methods and analytical possibilities to obtain the newest and reliable
geochemical data and U-Pb isotopic ages, which were mostly absent in previous
studies. These are necessary, especially, for elucidation of geological evolution,
lithology and tectono-stratigraphy of the Precambrian-Paleozoic metamorphic
soles croppmg out within the micro-contments in the Arabian and Eurasian
plates collision zone.

According to field observations and geological maps, except granitoid
massifs emplacement imto the SAM’s crust, there are no clear indications about
the (southward) subduction process among the available data during Late
Neoproterozoic or Late Paleozoic, while both plutonic and volcanic activity
confirms subduction regime under Tsaghkunyats continental massif during at
least Middle-Late Jurassic, lasting up to Early Cretaceous.

It is known that granitic melts can result as from partial fusion of continen-
tal crustal rocks in low pressure conditions, as well as from extensive fractional
crystallization of basaltic magma that derived from the partial melting of mantle
peridotites. The experimental studies have shown that melting of metasedimen-
tary rocks generates also peraluminous silica-rich melts (Patino Douce and
Harris, 1998). However, in this paper, we will limit the discussion of petrolo-
gical and especially granitic magma petrogenesis issues that need additional and
detailed research. Below two subsections the timing of granitoid magmatism
and the tectonic imphcation in a regional context are discussed.

Regional comparisons and magmatism age constraints.

Before the advent and adoption of Plate tectonics theory all geological
problems of the Lesser Caucasus were compared/parallelized, analyzed and
discussed with those of the Greater Caucasus. These were widely used m the
works of all or by the majority of previous researchers, up to the 1980s.
Meanwhile, comparisons with lateral, regional geological umts (in Anatolia and
Iran) and geo-events are more effective and informative at present. Zircon age
dating has shown that there are two different magmatic series in Dzirula Massif
of Georgia: (1) the older Lower Cambrian mostly of tonalitic composition, and
(2) the younger (~ 330Ma, corresponding to Variscan orogenic phase) gabbro-
diorite series, with mostly tonalite-granodiorite type of rocks (Mayringer et al.,
2011).

The U-Pb dating has revealed that the crystalline basement of the Sanandaj-
Sirjan, the Central Iran and the Alborz terranes (blocks or zones) in Iran
consists of the continental parts of Gondwanan origin, which are characterized
by a wide spread of subduction related granite-granodiorite intrusions of Late
Neoproterozoic—Early Cambrian (average 550Ma) period (Hassanzadeh et al.,
2008). Accordimg them, an active Peri-Gondwanan continental margin best
explains the distribution of these granitoids m Iran. Balaghi Einalou et al.
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(2014) and Moghadain ¢t al. (2016), who studied upper Neoproterozoic gramtes
and granite-gneisses in the Biarjmand region of Central Iran, came to a similar
conclusion on the ages (i.c. Late Ediacaran and Early Cambrian) and the
geodynamic settmg of Central Iran as a continental magmatic arc. Besides, new
zircon U-Pb ages of gramtoids from NW Sanandaj-Sirjan (Marand area) and
Central Iran (Saghand arca) showed Late Neoproterozoic (565-556Ma) and
Early-Middle Cambrian (518-510Ma) intervals, respectively (Chuu et al., 2017).
Let's briefly mention that according to Lechmann et al. (2018) these two
Precambrian terranes were separated from each other by a continental rifting
that is reflected in a dioritic-granitic magmatism m Khoy arca during Late
Jurassic (159-154Ma).

In Turkey, Central Anatolian Crystalline Complex (CACC, known also
Kirshehir Massif) is a large region of metamorphic rocks (gneisses, schists,
marbles, quartzites, etc.), cut by the Upper Cretaceous gramtes (isotope ages 95-
70Ma; Okay, 2008 and references therein). The Menderes Massif consists of a
Precambrian core of micaschists, gneiss and minor granulite and eclogite, which
are intruded by large metagranites of latest Precambrian ages (~550Ma)
(Candan et al., 2001). In the Precambrian basement of the Biths Massif (south-
west of Lake Van), as a part of the Taurides-Anatolides, again the metamorphic
rocks (gneiss, amphibohte, schist and eclogite) are intruded with leucocratic
granitoids (Okay, 2008), but we have no ages (?). U-Pb zircon dating of the
Mutki gramte from Bitlis Massif and a nearby granitic dyke yielded crystal-
lization ages of 545.5+£6.1Ma and 531.4+£3.6Ma, respectively (Ustadmer et al.,
2009). Besides, in the Karacahisar dome m the southern-central Taurides, the
mtrusion of dacitic dyke swarms yielded a U-Pb zircon age of 544+4Ma, coeval
with the magmatism in other Cadomian basement umts in the Taurides (e.g.,
Sandikli and Menderes massif; Abbo et al., 2015).

At the Strandja Massif in the southern Balkans (NW Turkey) the Variscan
crystalling basement, inade up of prcdominantly quartz-feldspathic gneisses, is
intruded by Late Carboniferous and Early Permian (257+6Ma) granitoids (Sunal
et al., 2006). Although Permian ages coincide well with our results, those
granites are distmguished for their high content of K-feldspars (35-45%), unlike
our plagiogranites. Besides, Permo-Carbomferous granitoids with Jurassic high
temperature metamorphism are described also m Central Pontides of Northern
Turkey with U-Pb zircon ages of 316-252Ma (Gticer et al., 2016). Accordimg to
these authors, this calc-alkaline arc-type gramtoid magmatism resulted from the
northward subduction of Paleotethys oceanic lithospherc under Laurasia.

Recently, Candan et al. (2016) showed the presence of Carboniferous (331-
315Ma, U-Pb method) metagranite plutons in the Afyon zone, at the northern
margin of the Anatolide-Tauride Block, which is made up of the latest
Neoproterozoic to Late Cretaceous units. Petrographically these are normal
(sub-alkaline) granites with the predominance of K-feldspar (~45%), and
geochemical characteristics argued their subduction origin in a continental arc
setting.
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The geochemical signatures of Guegharot, Mirak, Hankavan and Aghveran
tonalite intrusions from the present study are similar to those of tonalites from
mtrusions of Jurassic Somkheto-Karabagh belt (Galoyan et al., 2013, 2018),
whose subductive nature is no longer in doubt. Given the assumption that these
mtrusions are part of the Spitak-Kapan zone of Galoyan et al. (2013), the
rejuvenation of the age of intrusion(s) of tonahte formation is noticed towards
the south-cast, i.e. in Kapan area. Here the rocks of voluminous Tsav pluton
yielded Lower Cretaceous zircon U-Pb ages (~138-130Ma; Mederer et al., 2013
and Melkonyan et al., 2016), which is the result of subduction-related
magmatism as well.

Being composed of Precambrian various metamorphic rocks sequences
(mainly with the terrigenous protohths) and intruded by Late Ediacaran—Early
Cambrian granitic rocks, the Tsaghkunyats basement resembles other Cadomian
terranes in the region, includimg those in Iran and Turkey. Thus, it is evident
that studied oldest (from Precambrian to the Early Cretaceous) gramtoid intru-
sions are one of the most commonly occurring plutomc formations m our
region, and the problem of their petrologic and geodynamic synthesis (compa-
rison) and the geochronological generalization remains one of the most impor-
tant in the regional context.

Issues concerning to the regional geodynamic setting.

From the point of view of petrologic issues and, in particular, of geody-
namics the granitoid formations (similarly to basalts) have extremely important
significance. The geodynamic evolution of Eastern Pontides—Lesser Caucasus—
Iran orogemc belt remains a subject of debates mainly because of the rarity or
often absence of systematized geological, geochemical, and thoroughly
geochronological data on various geological formations, and especially, on the
abundant magmatic complexes. Additionally, the reconstruction of history of
the geodynamic evolution of any region, based on the analysis of its mag-
matism, is one of the most effective methods. Taking into consideration the
geochemical features of studied granitoid intrusions, it is obvious that the
majority of features assigned them to the subduction-related tectonic settings.

Though it is commonly assumed that Tsaghkunyats crystallme massif is a
part of the South-Armeman micro-contment (microplate or block), as a base-
ment of Caledonian consohdation, nevertheless, the view remains unjustified.
This has already been mentioned also m (Sosson et al., 2010). The problem is
caused, on one hand, by the buried boundary of the crystallme massif or core (?)
complex along with the Upper Paleozoic carbonate shelf formations from its
south, and, on the other hand, by the rarity or absence of reliable and modern
deep geophysical (e.g., seismic reflection, gravity and magnetie anomahes, and
seismic tomography) research data. Similarly, Kirshehir Massif (or CACC) in
Turkey is an extensive terrane, represented by metamorphic and plutonic rocks
of the Upper Cretaceous, and the question of whether it belongs to Anatolides-
Taurides is still controversial (e.g., Okay, 2008).
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In last two (or three) decades, there is no deficiency of schemes and models
regarding to the tectonic evolution of the Lesser Caucasus during Jurassic (e.g.,
Melkonyan et al., 2000; Galoyan et al., 2009, 2013, 2018; Rolland et al., 2009;
Sosson et al., 2010; Mederer et al., 2013; Hassig et al., 2015). However, the
same can’t be said about the geological situations and processes that existed
before Jurassic, tough these issues have also been addressed in several studies
(e.g., Aghamalyan, 2004; Gamkrelidze and Shengelia, 2007; Rolland, 2017).
Here, uncertainties are much more than clarities. Finally, it is difficult to
achieve a realistic solution to the problem based only on (1) the study of the
Tsaghkunyats anticlinorium (or crystalline basement) or (2) the granitoid
mtrusions emplaced therem. In this sense, regional comparisons and synthesis
are inevitable on the way of finding explanations that are more logical and
realistic.

From the above-mentioned (section 6.1) age data follows that there is no
doubt about the long extended (~45Ma) Andean-type subduction of the
Prototethys beneath the northern margin of Gondwana, which produced the
massive Cadomian arc-type magmatism during the Late Neoproterozoic to
Early Cambrian exposed in Turkey (Candan et al., 2001; Ustadmer et al., 2009),
southern Georgia (Zakariadze et al., 2007), Iran (Ramezani and Tucker, 2003;
Hassanzadeh et al., 2008; Balaghi Einalou et al., 2014; Moghadam et al., 2015,
2016; Chiu et al., 2017) and Armema (this study). Moreover, the Cadomian belt
stretches from Iberia through central and southeast Europe mto Turkey and Iran
and may continue into the Qingtang terrane of Tibet (Moghadam et al., 2016
and references therein). This subduction is suggested to have ceased around
450-400 Ma, due to continental or oceanic plateau collision (Ustadmer et al.,
2009), while this time interval comcides to the opemng (rifting) of Paleotethys
Ocean corresponding to Iranian part of Gondwana (reconstruction in Mog-
hadam et al ., 2015).

“Mystery” of the Paleotethys Ocean. Location of the suture line of
Paleotethys Ocean in the Caucasus has been debated for a long time. According
to Gamkrelidze and Shengelia (2007), this line sits between the Black Sea-
Central Transcaucasian and Baiburt-Sevanian (corresponds to Eastern Pontides-
Lesser Caucasus belt of others) terranes, i.e., along the northern periphery of the
Somkheto-Karabagh belt (a sub-ferrane according them). They supposed the
existence of serpentinite mélange in the eastern periphery of the Loki Massif
(southern Georgia) as an ophiolite suture, and considered the existence of the
Proto-Paleotethys basin to be continuous until the Late Jurassic. Based on their
original results and critical analysis of literature data, Galoyan et al. (2018)
suggested a south-dipping subduction model in the Paleotethyan ocean, which
have led to formation of the Somkheto-Karabagh island(?)-arc (i.e. ensimatic)
structure and to the opening of Lesser Caucasian Neotethyan rear basin
corresponding contemporary Amasia-Sevan-Hakari suture zone (Galoyan and
Melkonyan, 2011).

Aghamalyan (2004) presented a model covering the longest period from
mid-Proterozoic to Quaternary for this region. According to his reconstruction,
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Paleotethys inherited from Prototethys that functioned between Proto-Africa
and Laurentia continental masses. However, this model can’t work anymore for
the simple reason that the ages of granite-gneisses and, especially, plagiogra-
mtes were “exaggerated” (see section 3), while the geodynamic interpretations,
in the early stages of the Caucasian earth's crust formation, were based on these
timing.

Similarly, the possible location or existence of the Paleotethys suture in
Turkey has been the subjects of a long-lastmg debate (e.g., Sen, 2007; Dokuz et
al., 2017; Candan et al., 2016 and references therem). Moreover, the tectomc
settmg of the northern continental margm of Gondwana during the late
Paleozoic remams controversial (Candan et al., 2016 and references therein). It
is especially about the issues of active or passive nature of contmental margm
and the polarity of Paleotethys subduction. Based on origmal results of
widespread Early to mid-Carbomferous metagranites from the Afyon zone and
the analysis of a large amount of literature data (for a review see Candan et al.,
2016), these authors concluded that the presence of Carbomferous subduction-
accretion complexes and arc-type (meta)granites on the northern margm of the
Anatolide-Tauride Block suggest southward subduction of Paleotethys under
Gondwana. Besides, they concluded that these granites are not related to the
Variscan orogemc event that was characteristic to the southern margm of
Laurasia. Dissimilarly, in their preferred southward subduction model of Dokuz
et al. (2017), the Paleotethys Ocean was to the north of Sakarya zone (or
Pontides) constitutimg a part of the northern margm of Gondwana. According
them, starting from Permian the subduction resulted to the back-arc extension
and breaking up of the Sakarya zone from Gondwana in the Late Triassic and
closimg the Paleotethys ocean during the Late Jurassic. Similarly, to the opinion
of Gamkrelidze and Shengeha (2007) for Caucasus, these authors “located” the
Paleotethys suture along the northern border of Sakarya zone.

On the basis of a review of geological data from the hterature from NE
Anatolia, Caucasus and NW Iran, a reconstruction of the evolution of the
Eurasian margim from Proterozoic to the present was proposed by Rolland
(2017). According him, the Pontides-Transcaucasus belt, as an elongated
contmental tectonic block, rifted away from the NE margim of Gondwana
between 450-350Ma (e.g., Adamia et al., 2011), leading to further opemng of
Paleotethys as a consequence of the southward subduction of Rheic Ocean
lithosphere. Similarly, in their tectomc model Okay and Nikishim (2015)
suggested the southward subduction of Rheic Ocean under a ribbon-shaped
continental block (includmg Rhodope, Sakarya Zone and Caucasus) that led to
development of a continental arc and the Late Carboniferous collision of it with
the southern margin of Laurasia. On the contrary, Dokuz et al. (2011) proposed
Early Devonian rifting and Paleotethys opening as a result of northward
subduction of the Rheic Ocean below Laurasia. Putting the existing opinions
together, Candan et al. (2016) came to a view that the geological evidence
favors dual subduction both under Laurasia and Gondwana for the Paleotethys
during Late Palcozoic. Because we have already put forward the idea of a
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tectonic model of southward subduction (Galoyan et al., 2019), therefore
Paleotethyan southern subduction under Anatolide-Tauride Block of Early-Late
Carbomferous (331-315Ma; Candan et al. 2016) could have continued very
likely in the east under SAM during Middle-Late Permian (270-250Ma and
carlier, this study). Moreover, in the current context of scientific information,
we cannot exclude the view of Zakariadze et al. (2007) that Transcaucasian
Massif underwent a period of extensive crustal growth during 330-280Ma
through the emplacement of microcline granite plutons as part of a magmatic
arc system above a Paleotethyan northward subduction zone dipping beneath
the southern margin of Eurasia.

For the Caucasus, Khain (1975) assumed the first that closnre of Tethys
(Meso- or Neo-) during Jurassic-Early Cretaceous occurred as a result of dual
subduction: (1) to the north, under the Artvino(Soinkheto)-Karabagh zone and
(2) to the south, under the Kapan zone; about latter testify the volcanism of
Kapan zone and the granitoid intrasions of the Jurassic-Early Cretaceous age of
both Kapan zone and the Arzakan (i.e. Tsaghkunyats) massif. Analogous
opinion, on the basis of the results of their own studies adhere also Zaseyev and
Abramovich (1993) and Melkonyan et al. (2000). Without stopping on details or
different aspects of the paleo-geodynamic reconstruction of the Lesser Caucasus
during Mesozoic, to which are recently devoted many special studies (e.g.,
Galoyan et al., 2009, 2013, 2018; Rolland et al., 2009; Sosson et al., 2010;
Mederer et al., 2013; Hissig et al., 2013, 2015; and references therein), let us
note that only fewer (Galoyan et al., 2013; Melkonyan et al., 2016) proposed to
consider the Kapan block as an independent structure from the Somkheto-
Karabagh belt. Moreover, Galoyan et al. (2013) considered the second belt
(zone) of subduction origin to the south of Armeman ophiolite belt and, on the
basis of its geographical position, named it Spitak-Kapan zone of Jurassic-
Cretaceous. It should be noted that views of the southward subduction of
Northern Neothetys hthosphere beneath the SAM (Hissig et al., 2015) or the
Spitak-Kapan zone (Galoyan et al., 2018) are also well-reasoned in Middle-Late
Jurassic. In all mentioned other (also previously proposed) tectomc models, this
segment is represented as a passive margin of Tethys.

Thus, the new petrologic-geochemical studies and U-Pb isotope age dating
of the older gramtoids on the boundaries of the Tsaghkunyats antichnorium will
facihtate and clarify our understanding about the whole Anatolia—Lesser
Caucasus—Iran orogenic belt. In case of successful and complex works in the
near future, the geographical-tectonic position of the Tsaghkunyats crystalline
basement towards both the Late Paleozoic terrigenous carbonate shelf of the
SAM (from south) and the Lesser Caucasus ophiohtic basin (i.c., Paleo- or
Neotethys, from the north) can be clarified during the Jurassic and preceding
periods.
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Conclusion

This study is presenting general geological, new petrologic-geochemical
and zircon U-Pb geochronological data on the older gramtoids from
Tsaghkunyats antichnorium or crystalline basement comprismg present day
Central-Northern Armenia. It provides age precisions about the Precambrian
and Late Jurassic magmatic events and new constraints on the Late Paleozoic
(Permian) magmatic activity in SAM that has not previously been reported.
Thus, obtained new U-Pb zireon crystallization ages are rangmg from Late
Neoproterozoic (Late Ediacaran) to Early Cambrian (~545-530Ma) for the
granitic gneisses; from Middle to Late Permian (~270-250Ma) for the
plagiogranites; and from Late Jurassic to Early Cretaceous (~155-140Ma) for
the tonalite formation rocks. Deformation traces are present only in granite-
gneisses as a result of regional metamorphism.

We also present new constraints on a regional scale for the geodynamic
evolution of the northern margm of SAM as a part of Gondwana. Namely,
Andean-type subduction of the Prototethys beneath the northern margin of
Gondwana produced the massive Cadomian arc-type magmatism during the
Late Neoproterozoic to Early Cambrian exposed in Turkey, southern Georgia,
Iran and Armema, etc.

Geochemically, Middle-Upper Permian granitic rocks have features that are
partially different (poor content of REE) from those of Precambrian and
Mesozoic granitoids. All these various aged granitoids are calc-alkahne,
peraluminous and are characterized by enrichment of LILEs and Th, with
pronounced mmimums of Nb-Ta and Ti, and high LREE/HREE ratios which
are typical of subduction-related magmas. As for the geodynamic setting, all
studied granitoids are are-type and their presence may suggest southward
subduction events of Proto-Paleo-, and Neotethys oceans under SAM of
Gondwana during above-mentioned time intervals.
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NhG LvENMrASEN2N3UL-9UN, LEGULCP, (1RG MULGN2NSUL G4,
ARG 3NRUSP GLULPSNPTUSPL UUGUUSPRUC GN1L T ULUSP
Z23NPUPUUBPL UUShY, OUSMUUUUNRY NLIM UNIUUUR
OouNuNPL3US ULShPULPULICPNRU (YELSNILUYUL-
23NrURUUSHL ZUSUUSUL)

Qunyut L., 2ntiiq U.-L., Ukpniywib (r.1., Lhh 8.-Z., Upwywi L.U.,
Anljuuywi (kv Junpbiywi [}.2., Sphgopubt U.Q., Uwhwljwt U.U,,
Uduguir L.U.

Udthnthnid

Zuyuunnwind Ownyniyug wbwnhljhunphndp ud pinipbnuyh

hhupp pugwnhl (Entwdwjpwynp Junnyg b, npp punpnpynid £ hp pwg-
dwthnt) dwguunhquny, dbnwdnpbhqung b (kntwjuqunipyudp: Fug-
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dwphy htnwgnuunipiniubp Eb junwpdl] wjunbny wniju hutwgnyh
qpuihnnhnubph Jpw, npnbp hwuwljugpty Eht dhiyptupphg dhish
Ykphtt Yupg (hpwluind’ jnpw), vwluyh npuilg whnpngkkqhuh,
tpypuphtwdhluyh b nbknunpdwt hwuwlubkph hwpgbpp owpnibw-
ynud B duw) hwljwuwui: Unyu hwpgkph JEputwynudhg htnn ubp-
Juwyugqws Eu unp guonwghtt ghnwpynudubph, wywpubph hwdw-
luwnt Epypuphdthwjui wbwihgh b U-Pb  ghpyntwhtt tphjpudwudu-
twljwqpmipjui wdjuitkp’ quwhwinbint hwdwp wwppkp gpuithnnhn-
ubkph hwuwlp U wnkjunntwlwit hpwyhd&wyp, npnup dbplhuind Eu
Ownlniyug dhisphdpphwlt hhupnid pppl qninjuiwui Swuquwl
Zuwpwy-huyjulwt dhipnuwh (SAM) dwu (dhently ?): ‘unp U-Pb ghp-
Untuyhtt pnipEpqugdwi hwuwlubpp nmwnwiynd B ny wknypn-
nbkpngnyuithg dhtish Jun phudpphwt (~545-530Ma)  qpuithnnwqubju-
tkph hwdwp, dhohiihg dhtisl nip whpdhwi (~270-250Ma)  wughn-
gpuihnubtph (npnuybdhniutp) hwdwp b ny jmipughg dhist Jun
Jwh& (~155-140Ma) nnbwjhinughtt $npdwghuyh wywpubph hwdwp:
Epipwphthwljuwt wpnudny, wyu nwpwhwuwly gpuwtthnnhnubpp Ypuw-
wujuyhtt Bu, ywEkpwpnidhtiught (peraluminous) b punpnoynid Lu jun-
onpwhnt 1hpndh) wwppkph (LILE) nit Th hwpunwgdwp, Nb-Ta b Ti
hunwl] wpnwhwjnygwsd dhthunwlubkpny b LREE/HREE puipdp hwpw-
phipnipjniutbpny, npntp dwnttwionud B unipnniljghuygh htn wntisyng
duwguuunhl hpunuwpdmpniutbp: Nunidbwuhpdws gpuithnnhnubpp
tpypwphihwybtu hwinhuwtinud Eu gudwpuyhtt wnbnuyhtt wnhyh
(Gughwt nhu) wnwewgnidubp, npnug ukpjuynipiniup dwnbwtpnud £
Npnun-Nukn- b Ubknptunhu oyjhwiunuwihtt wwquuukph hwpuwy
nipnyus unipynilighuygh byhqnpubpp hnwuhuuyghtt @nundutiugh Zw-
puwy-huyjulut dhypnuwh wlnhy swjpwdwuh nnwly Jepnugywy dw-
dwbwuyhtt vhowuypbpnu:

HO3JTHEHEOHPOTEPO30HCKNI-PAUHEKEMBPUNCKHU,
HO3JHEIAJEO30MCKHI1 1 HO3AHEIOPCKHIA
T'PAHUTOUJIHBINI MATMATH3M CEBEPHOI AKTUBHOI
OKPAVHBI TOHJBAHBI HAXKYHSAIIKOT'O AHTUKJIUHOPUS
MAJIOT'O KABKA3A (IIEUTPAJIbHASI-CEBEPHASI APMEHMUSI)

TI'anosin KJL., Uynr C.-JI., Meaxousin P.JL., JIuu F0.X., Arasu JI.C.,
I'ykacan P.X., Xopensn P.A., I'puropsan A.I'., Caaxaun C.C., ABarsan H.A.

Pesrome

LlaxkyHSUKHE aHTHKIMHOPUH WM KPUCTALUTHICCKHE (QyHIAMEHT B Apme-
HUH ABJISIETCA YHHKAIbHBIM F€OTEKTOHHUYECKHM COOPYKEHHEM, XapaKTEPHU3YIO-
IUMCS MHOTOCTAIHHHBIM MarMaTH3MOM, METaMOp(U3MOM H  OPOTCHHEH.
MHOTOYHCICHHBIC HCCICAOBAHNS OBITH HPOBEACHBI HA OOHAKAIOIIUXCA 34ECh
IPaHHTOMAX, AATUPOBAHHBIX OT JOKEMOpHs 10 BepxHEro mena (B ACHCTBH-
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TENBHOCTH FOPCKOTO MEPHOAA), OANAKO BOMPOCH UX METPOTCHE3a, FCOANHAMH-
KM H BO3pacTa 3aJeranus OCTaBalnch cropHeMH. [locie mepecMoTpa 3THX
BOIPOCOB MPCACTABICHBI PE3YIbTaThl HOBBIX MOJCBBIX HAOMIOICHUMN, BATOBAS
reoxumus nmopox u U-Pb reoxpoHomorus HUpKOHOB, C LENBIO OLCHKH BO3pacTa
U TCKTOHHYCCKOH OOCTAHOBKH PAa3MUYUBIX I'PAHUTOUAOB, CHOPMHUPOBAHHBIX B
npokemOpuiickom pyumnamente Llaxkynsia kak gactu (sapo?) HOxxaoapMsuckoi
mukpormutel  (SAM) T'onpsanwsl. Hoeeie U-Pb Bospacta kpuctammmsanuu
LUPKOHA BAPBUPYIOT OT MO3AHETO HEOMPOTEPO30s A0 paHuero keMopus (~545—
530Ma) ams rpanuTorneicoB; OT cpeaHeH a0 mo3aHen mepmu (~270-250Ma)
JUTSL. WJIarHOTPANUTOB (TPOHABEMHUTOB), U OT MO3AHCH OPBI A0 PAHHErO Meja
(~155-140Ma) ana moponx ToHamuTOBOM (opMmaumu. ['eoxummuecku, 3TH
Pa3HOBO3PACTHBIE T'PAHUTOHUIBI ABILIOTCS W3BECTKOBO-INEIOYHBIMHE, IEPAIIO-
MUHHMCBBIMU M Xapakrepu3yiorca oOoramenneM LILE smementamu m Th, c
BoIpakeHHbIME ~ MuHHMyMaMu Nb-Ta wu  Ti, BBICOKHM COOTHOLICHHEM
LREE/HREE, ykazbiBaromuM Ha MarMaTH4yecKHe COOBITHS, CBSI3aHHBIC C
cyOaykuHeH. M3yueHHBIC TPaHHTOUIBI TCOXHUMHYCCKU SBIAIOTCS 00pa30oBaHuUs-
MH THIIA KOHTHHCHTAIBHBIX AYT, U HUX MPUCYTCTBHEC YKA3bIBACT HA 3IH30IBI
I0KHO-HanpaBicHHOH cyOaykunH Ilporo-, Ilaneo- u Heotetnc oxeanor mox
aKkTHBHYIO OkpanHy SAM cesepHoli ['0HABaHEI B TCUCHHE BBHIIICYHOMSHYTHIX
BPCMCHHBIX HHTCPBAJIOB.
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B crathe paccMoTpenbl ocobGeHHOCTH rpaduueckod BH3yalHM3alUH pe3yIbTaToOB
TPEXKOMIIOHSHTHBIX CHCTEM; IPHBEJCHBI IMPUHIMIB OHTUMANBHOH KiaccnUKaliy
JaHHBIX II0 OCHOBHBIM IlapaMeTpaM M XapaKTepHCTHKaM, IIPOaHaIH3IpOBaHBl H
npeioskeHbl  3Q(EKTUBHBIE Tpajallid TNpU OTOOpa’KeHHM HKCHEPUMEHTAIBLHBIX
JaHHBIX ¢ IpUMEHEeHNEeM IpadUK-TpeyTroapHIKOB. Ha KOHKpeTHOM IpuMepe MoKaszaHa
HEoOX0JUMOCTh O0OOCHOBAHHOTO TpadUUecKoro INPEACTAaBICHHS W aHalM3a TaKuX
MHOTOKOMIIOHEHTHBIX CHCTEM.

B Hacrosimee Bpems PeIIAOIICE 3HAYCHHE MPUAACTCS OONBIIC BHU3YaTH-
3aLMK JAHHBIX SKCICPHUMCHTAIBHBIX UCCICAOBAHNN B PA3HBIX 00MACTIX HAYKH
H TexHUKH. OQOBCKTHBHOC HAMISATNOS MPCIACTABICHHE CJIOKHBIX SIBICHHA H
Cpen\ arperaroB 3a4acTyiO0 HrpacT PCHIAOINYIO POJIb B H3YUCHHH PA3THUHBIX
MHOTO(AKTOPHBIX TPoueccoB. QUeBUIHO, YTO HEBEPHO OOOCIIOBAIHAS H MPH-
MCHCHHAS KJIACCH(DHUKAIMS JAHHBIX HAOMIOJACMbIX (onpedeniembix) CBOWCTB
Cpeabl U MPOTCKAKIINX B HEH MPOLECCOB 3a4ACTYHO MPUBOAUT K MONYYCHUIO
HCTMPUTOAHBIX UCXOTHBIX JAHHBIX, HECMPUCMJICMBIM PE3yJIbTaTaM U a0CYPAHBIM
000O0IICHHUSIM, U B HTOTE K MH(OPMALMH, HEC HAXOASMINCH AATBICHINCTO MPH-
MCHCHHSI.

BaxxHoe MeCcTO BH3yaIM3allMi MPAKTHUYSCKH HA BCEX CTATHSIX DJICKTPOpas-
BEIOYHBIX UCCICAOBAHUM (8 npoyecce uzmeperuti, 06padomru, conocmasneHus
U uHmepnpemayuy OOTLULOT COBOKYNHOCHU OGHHBIX, NOTIVYEHHBIX PAZHLIMU
MemoOamu U MOOuurxayuamy) yACICHO W B HAIUX MOPSABIAYVIIAX PadOTax.
ITpu 310M, 0COOYIO0 BAXKHOCTD B MPOLIECCE OOPAOOTKH U HHTCPIPSTALMH 3JICKT-
POPa3BEIOUHBIX AAHHBIX MPHOOPETACT MPEACTABICHHE XapakTepa MPOSBIICITHS
Pa3IUYHBIX OCMIOBHBIX MPOCTPAHCTBEHHBIX U AMILTUTY,JHO-BPEMCHHBIX BCKTOP-
HBIX M TCH30PHBIX MAPAMETPOB HMCCACAYCMBIX ICKTPUUICCKHUX MONCH ¢ MpH-
MEHCHHEM CJI0KHBIX MHOTO3/ICKTPOAHBIX YCTAHOBOK M3MEPCHUMN C PA3THUHBIMH
CHUCTEMaMHU BO30YKACHUS HCKYCCTBEHHOTO 3ICKTPUISCKOTo mojist (AIeKTpopas-
Beaka, 1989; Maresocss, 1999; 2003'; 2003%; 2017). PauroHambHbIH KOMILICKC
rpadUIeCKON WTIOCTPALIHA OCHOBHBIX HHTCPIIPETUPYEMBIX MPOCTPAHCTBEHHO-
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BPCMCHHBIX 3aBUCHMOCTCH 3a4YacTyl0 HIPAcT ONPEACIHIIOMYIO POIb IS
O0OBEKTHBHOIO 0ONEE JAOCTOBEPHOTO OOBACHCHUS NPOTCKAKOIIUX B I'CONOTH-
YCCKOH CPEAC CIOKHBIX (PHU3HKO-XHMHUYCCKUX HPOLCCCOB. B uacTHOCTH, TakoH
MeToauueCKui (cucmemuoiil) moxxon upumeHen B (MaresocsH, 2017) nHa
pasHBIX 3Tamax JACTATM3ALUN BCKTOPHBIX H3MECPCHHH: HOCTPOCHHE KPHBBIX
IHbGepeHIHANTBHOU  (17ep6eoil  npOoU3eOO0HOT NepexoOHOl  XAPAKMePUCTIUKIL
6BI36AHHOT NOAAPUIAYUU NO TOCAPUPMY 6peMeHl) KKVIICHCI HomsIpHu3ye-
MOCTH, AHArpaMM BEKTOPOB IUIOTHOCTH TOKA, HAHPSDKCHHOCTEH HEPBHYHOTO I
BTOPUYHOTO 3JICKTPUUCCKUX HONECH, BPEMECHHBIX JUArPAMM KOMHOHEHTOB TCH-
30pa KaXYLICHCS NOMPH3YEMOCTH, KPYTOBBIX BPEMCHHBIX AHArpaMM, pas-
BEPTOK AMArpaMM pa3NUYHBIX HAPAMETPOB KAaXKYLLErocsl CONMpPOTHBJIEHHS
(KC) u kaxyweiicss moasipuzyemoctu (KII).

Hcnonp3oBanre U cOMOCTaBICHUE pasznooOpa3noro rpaduueckoro Mare-
pHana MO3BOJMIM BBISIBUTH M NOKA3aTh, YTO B PsAC CIYYACB KPYTOBBIC IHa-
rpammel napameTpos KC u KII He 0qHO3HAYHO XapaKTEepHU3VIOT ABYXMEPHBIH
teuzop Broporo panra KC u KII (¢ wacmnocmu, npu ucciedoeanuu macHu-
MOMENIYPUHECKO20 NOASL — YeMbIPEXKOMNOHEHMHA cucmemda), I I yCTpa-
HCHHS OTMCUCHHOM HEOAHO3HAYHOCTU (C yenvio 3QhexkmueHnol unmepnpe-
mayuy OUHAMUKY UMEHEHs DJJIeKMPUHECKUX noJeil u napamempos) Hpea-
Jaraetcsi 0COOBIH CHOCOO BH3yaIM3alMH — MOCTPOCHUE OTPE3KOB C KOOPIH-
HATAMH KOMIIOHEHTOB COOTBETCTBYIOIIMX TeH30poB (MaresocsiH, 2000%). B
cHocobe HccIea0BaHus BapHarmii reomarautaoro mons (Maresocsa, 2000'),
3aKITIOYAOIIEMCS B OMPEACICHIN TPEXMEPHOT'O TCH30pa BTOPOTO paHra HOpPMH-
POBAaHHOTO KKVIIETOCS 3JICKTPHYCCKOTO COMPOTUBICHUS (O€8ImMUKOMINOHEH M-
Has cucmema), MPEICTABICH APYroH crenmduueckuii crnocod BU3yaTH3ALHH,
CHOCOOCTBYIOIIHH COMOCTABICHUIO MOJYYCHHBIX JAHHBIX HO PE3yIbTaTam
TPEXKOMITOHECHTHBIX U3MEPEHHH 33 TPH LMKIA HAOIIOACHHH U C MPUMCHCHHEM
Pa3NUYHBIX HYHKTOB HAOMIOACHHH (nymem nOCmpoeHus: « pOCmpaHCmeeHHbIX
mpeyeonvruxogy). CnexyetT HOTUECPKHYTh, YTO VKa3aHHbIC IpadHyccKHE HO-
CTPOCHUS OTPAXKAIOT U MMCIOT KOHKPCTHHIU (H3UUECKHI CMBEICT — HE0OXO-
JHMOE YCIOBHE MPH OOOCHOBAHWU MNPABHIBHOCTH, JOTUYHOCTH, OOBCKTHB-
HOCTH 1 3(PPEKTUBHOCTH HPHMEHEHIOTO CIOCco0a BH3YATH3ALIHI.

B nacTosmeli cTathe paccMOTPEHB 0COOEHHOCTH rpahyHUIECKOro cHocoda
MPCACTABICHUS PE3VJIBTATOB TPEXKOMIOHCHTHBIX CHCTEM (CYyMMa 3HAYEHU
6cex mpex KoMNoHeHmoe npunumaemes pasnoti 100%). [lpuBeacHBI MPHHALUHEL
ONTUMATBHOH KJIAcCH(PHKAMHK JAHHBIX HO OCHOBHBIM INapaMeTpaM H Xapak-
TCPHCTHKAM, & TAKXKE MPOAHATH3UPOBAHBEI H MPEATOKCHB! (PCKTHBHBIC Ipa-
JALMN MPH OTOOPAKCHHH 3KCIICPUMCHTANBHBIX JAHUbIX C IPUMCHCHHEM Ipa-
¢dux-tpeyrompHikoB. Ha koHKpeTHOM mpuMepe (pe3yivmamax euopoxumuyec-
KUX UCCTICO08AHUTI MUHEPATbHBIX 600 Apmenuu) HMOKa3aHa HEOOXOAMMOCTh H
ocobasi BaKHOCTh BH3YATH3aLMH H aHATW33a TAaKHUX MHOTOKOMIIOHEHTHBIX
CHCTEM.

INpennaraemeiii BeIOOp KIaccuuraimu (cucmemamu3ayui) TaHUbIX MHO-
TOKOMIIOHCHTHOH CHCTEMBl HAOMIOACHHUN OCHOBBIBACTCSA HAa KPHUTCPUAX OH-
THMATBHOH TpajalMy MPH PEIICHHM KOHKPETHO IIOCTABICHHOH 3adadH M
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OMPEACIICHHS CHCTEMATHISCKON METOAMYECKON HOTPELIHOCTH KOMHOHCHTOB C
VUCTOM VPOBHS HOMEX (MPUPOOHBIX €CHEeCEeHHO-8APUAYUOHHDBIX, UCKYCCHGEH-
HO-BbI36AHHBIX, MEXHOLCHHLIX UCKadxcarowux Gaxmopog). OCHOBHEIMH Hapa-
METPaMH U XapPAKTCPUCTUKAMH PAa3MHUHBIX (U36CCHHBIX U MPeonacaembvix)
rpamauuil (pasoenenudi, pacuiernenuti) rpadUK-TPEYTONbPHUKA NPH H3YUCHUH
TPEXKOMHUOHEHTHOW CHCTEMBI SBISIOTCA (Credyem cuumamv). KOTHMIESCTBO
CCKTOPOB (PpacreHmoe) U y3I0B, KOTHICCTBO CTHIKOB (KOHMAKMOB) CEKTOPOB
B KaxaoM y3ae, (opma (u3omempus) W OTHOCHTEIBHAS WIOWAanb (Hopmu-
POBAHHASL MO 6eJuyUHe 6Celi NIoUAoU epaguK-mpeyeoabHUKd) KaKIOTO CEK-
TOpa, AUAHA30HB H3MCHCHHS KKAOTO KOMHUOHCHTA B Pa3HBIX cekropax. Hinke
PaccMOTPHM BapHAHTH TCpajalud IPadUK-TPEYTOIbHUKA € HAPATICIbHBIM
HPEICTABICUHECM Ha KOMKPETHOM HPHUMEPE TPEXKOMHOHCHTHOH CHCTEMBL. MPH
KIacCU(HUKALMA MHUHCPATBUBIX BOX APMEHHM HO XHMHUYECKOMY COCTaBY
(I'eonorus Apmsuckoit CCP. tom 1X. 1969).

Pasnmumbie rpajanHH rpadUK-TPEyroNbHAKA H300paKeHsl HA puc. 1, a B
Tabn. 1 u 2 upuBEICHBI OCHOBHBIC XAPAKTECPUCTHKH KAXKIOTO CEKTOPa Pa3HbIX
koudurypamuii (u3eecmuoix u npedideaemuvix) paszacicuni rpadpuk-Tpeyroib-
Huka. B Hactosmee Bpemst upocras rpamanms rpadHK-TpeyrodbHHKa (4
cexmopa, 6KII0HAs CMEULaHHbIil) N3BECTHA MPH KJIACCU(UKAMH XUMUYCCKOTO
cocraBa moazemubix BoA (boromomos, 1975) (puc.la), mocrarouno rpyoGas,
Mano WH(GOPMATHBHAA, KOTOpPas CKOPEE BCETO HOCHT HILTIOCTPALIOHHBIA
(«cumeonuuecruiiy) xapaxrep (I'maporeonorus CCCP. 1968. tom XI. Apmsu-
ckas CCP). M3BecTHa Takke 4pe3MepHO-IeTalbHAs rpajauus (25 cexmopos)
(Jlaure, 1969) (puc.16), oaHako B HEHW HPUCYTCTBYIOT «MEIKHE» 00IacTH
HEOJHO3HAYHO-BRIACTSICMBIX CMCIIAHHBIX THIOB (9 Cexkmopog), UTO CIYKUT
BECKUM apryMEHTOM HE B MOJb3Y 3(PPeKTUBHOCTH HPUMEHEHMs TaKOH pac-
YIICHCHHOW K1aCcCH(pHUKALIUH.

OOmmenpru3HaHHas XUMHAYECKas KIacCU(UKALHS HPUPOAHBIX (OO03eMHbIX)
Boa ocHoBaHa Ha (opmyme M.I'. Kypaosa, 1o kotopoii (¢ 3agucumocmu om
8b100pa GeNUYUHBL IKGUEANEHMH020 cocmasa uoHos (anuornoe — HCO;s, Cl, $0,
u kamuonos — Ca, Na+K, Mg): 6onvute 10 unu 20%), xotopas B BUIC rpaiain
rpadHK-TpeyroibHUKa OpeacTapncHa puc. 1B wmu lr, cootBercTBenno. On-
HAKO, MPU 3THX IPajalisaxX HEe BBLACTSACTCS LCHTPATBHBIA CMCIIAHHBIA CEKTOP
(00nacme nepexoOH020 XUMUHECKO20 COCMASA), YTO SBISICTCS CYLICCTBCHHBIM
HEAOCTaTKOM Takod kinaccubukauuy. C HEenbio TEOPETHIECKOro 000CHOBAHUS
HEOOXOJUMOCTH BBIACICHUA B IpadUK-TPEYTOIbHUKE HEPEXOAHOIN (cmewan-
HOi) 00JacCTH MEKAY LCHTPATIBHBIMH CEKTOPAMHU (66UOY 603MOICHO MAKO2O0
ecmecmeeHHo20 NPOAGIeHUs pe3YIbMAamo8 UCCIe008AHUN, 6 HACMHOCHIU,
SUOPOXUMUIMA NOO3EMHBIX 600), PACCMOTPUM CIVYAH NPAKTHYCCKH PABHBIX
coJepKaniii KOMIOHEHTOB TPEXKOMIIOHCHTHOH cucteMbl ABC npu morpein-
HOCTH oupeaenenuil pasuoil 2%: (4, B, C)=33+£2% wupu A+B+C=100% -
001acTh LEHTPANBHOTO y371a rpajaun rpaduk-tpeyronpHuka (puc. 1B, 1r), B
KOTOPOM CTHIKYIOTCS (koHmaxmupyiom) 6 suytpennux cekropos: ABC, ACB,
BAC, BCA, CAB u CBA (s vacmnocmii, O Munuano20 CMeUAanH020 AHUOH-
Hoeo cocmaea 600vi — HCO;, Cl n $O,). Hetpyano upeacTaBuTth, 4TO0 B pac-
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BC, a ne «enympennumy ABC, ACB, BAC, BCA, CAB wiu CBA, npu epaoa-
yusx puc.1B uau 1r). B urore, 3ta rpagaiys, HECMOTPS Ha CBOIO IMPOCTOTY MPH
KJIACCUDUKALMHN SKCICPUMCHTAIBHBIX JaHHBIX (6ce2o 4 cexmopa), B 00MACTH
V370B MPUBOJHT K HEYAOBICTBOPHUTCIBHOMY PE3VIIBTATY. K HCONPEACICHHOCTH
MPH MPUYHCICHUH JaHHBIX K KOHKPETHOMY KJaccy (munmy), H TEM CaMbIM
TpeOYeT JOTOMHUTEIBHON ACTATH3ALHH.

Tabmmma 1

HHTepBambsl H3MEHEHHUS COCTABISFOMIAX TPEXKOMHOHCHTHOM CHCTEMBI
TP PA3IHYHON Ipajanud rpa@HK-TPEY TOIbHUKA.

ceKTop TpaduKa-TPeyToNbHIKA
Puc.1 KOMIIOHEHTHI A [ AB [ ARC 7
UHTEpBal W3MEHEHHS, %
A > 50 <50
a B <50 - - <50
C <50 <50
A > 80 45-90 33.3-80
B B <10 10 -50 10-45 -
C <10 <10 10-33.3
A > 60 40 - 80 33.3-60
r B <20 20 - 50 20-40 -
C <20 <20 20-333
A > 60 40 - 80 20-60
I B <20 20 - 50 - 20 - 60
C <20 <20 20-60
A > 50 375-75 25-50
€ B <25 2550 - 2550
C <25 <25 2550
A > 40 35-70 30-40
LS B <30 30— 50 - 30 —40
C <30 <30 30 —40
A > 60 37.5-80 25-50
3 B <20 20 — 50 - 2550
C <20 <25 2550
A > 60 37.5-60 25-50
u B <40 20 — 50 - 2550
C <40 <25 2550
A > 70 37.5-70 25-50
K B <30 1550 - 25 -50
C <30 <25 25— 50
A > 80 45 -90 37.5-80 25-50
1 B <10 10 — 50 10 — 45 25-50
C <10 <10 10 —25 25-50
A > 80 45 - 80 37.5-80 25-50
M B <20 10 — 50 10 — 45 25-50
C <20 <10 10 — 25 25-50
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Tabmmra 2
BemmumHBI OTHOCUTEBHBIX IJIOINANCH CEKTOPOB (Ppacmenmog)
TIPH Pa3HOH rpasanuy rpauK-TPEyroTbHUKA.

CCKTOP TpaMKa-TPCYrOIbHHKA
Puc.1 A | AB | ABC | Z
OTHOCHUTCIBHASA ILIOMAAb, %o

a 25 - - 25
B 2 7.5 8.17 -
r 8 10 2.67 -
I 8 10 - 16
e 12.5 9.375 - 6.25
K 18 7.5 - 1
3 8 11.625 - 6.25
H 16 7.625 - 6.25
K 9 11.125 - 6.25
a 2 7.5 7.125 6.25
M 4 6.5 7.125 6.25

ComnocraBieHUE pacUICHCHHH rpadHK-TPEYTOIbHHKA MPH KIaCCUPUKALNN
(Ougpghepenyuayuu) TPEXKOMIIOHCHTHOH CHCTEMBI, NPU KOTOPOM CUMTACTCS
3HAYHMBIM (npedcmagumensbHvimM) TPHUCYTCTBHC\HATMYNC KOMHOHEHTa Oonee
10% (prc.18) m 20% (puc.1r), COOTBETCTBEHHO, MOKA3BIBACT, UYTO VBEIHUCHHUE
BHEINHUX CEKTOPOB 32 CUET BHyTpemnmux (npu nepexooe ¢ 10% na 20% coe-
nacro (I'eomorus Apmstackoit CCP. oM IX. 1969. MunepanbHEIe BOABI)), CYAS
o puc.l 1 Tadn.1 U 2, BIOTHE TOTUYHO U ONPaBAAHO, MOCKOIBKY HPH 5TOM B
LEJIOM 3HAYUTCIBHO YMCHBIIACTCS OTHOCUTCIbHAS ILIOMANb BHYTPECHHHX
(menee «ooHO3HAUHBIXY) CEKTOPOB (Tab/1.2), YTO B UTOTES MPHUBOIAUT K CHUKC-
HUIO CTENCHHU (Ypo6Hs) HEONPEAENCHHOCTh Npu IuddepeHUranin pesyb-
TaTOB, XaPaKTCPH3VIOLIMXCI CPEIHUMH (COpaszMepHbiMi) BEIUUMHAMH TPEX
KOMITOHCHTOB.

Ha puc.lg usoOpaxena ymporucHHas rpaxauust (/0 cexmopog), 4eM-To
MOX0Kasg Ha pHC.1r, oAmako B HEH IIECTh BHIICPACCMOTPCHHBIX BHYTPCHHHX
CCKTOpa OOBCOUHCHBI B OJHH. LCTITPAIbHBIN mepexonHoii (7). AHAIOTHYHBIC
rpajaliu Mpy Pas3HbIX MapaMeTpax MpPeACTaBiICHb Ha puc. le u 1k (makoce 10
cexmopog). B atnx Moandukanuax, B y3aax CETKH CXOAATCA 3 Wi 4 CeKTopa,
YTO HECOMHCHHO TOBOPHT O CYLICCTBCHHOH PaLlMOHATBHOCTH TAKOH rpaizanyn
1o cpaBreHuto ¢ puc.1B u Ir (/5 cexmopoe). QOanako HETPYAHO 3AMETHTb, UTO
MPU OTHOCHTCIBHO MAJIOW BEIHUYHMHE (COMOCHAGUMOT ¢ MOYHOCHbIO UCCHe-
dosanuii) UCHTPANBHOTO MEPEXOAHOrO ceKTopa (puc.lk), Takyw TpagallHIO
TaKXKE HENb3d CUUTATh ONTHUMAIBHOH, MOCKONBKY CEKTOp Z MPaKTHYCCKH HE
MO3BOJACT YBEPCHHO PA3JEITh CMCKHBIC C HHUM CCKTOPBI, T.C. HE BBIIOIHACT
MPCIHA3HAYCHHYI0 €My OCHOBHYIO (yHKIHIO. C VUETOM BBIIEPACCMOTPECH-
moro, Ha puc.l3 mpexnaraetcs KOMOHHHUPOBAHHAA (C UCHOIB308AHUEM (hpac-
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HeoOXxoauMoe H o0s3aTenbHoe TpeOoBaHHE (Hapaody ¢ cobaiodenuem Oeiicm-
GYIOWUX UHCIIPYKYUT U MEMOOUHECKUX YKA3AHUT) H SBISCTCS HECOTHEMIICMOU
YacThIO COBPEMEHHOIO 3KCHECPHMEHTAIBHOIO HPOLECcca, MPECHEOPEIKCHHE KOTO-
PBIM MOXKET HPHUBECTH K OTCYTCTBHIO BO3MOXKHOCTH BBISBJICHUS H HCHPABJICHUS
OHOOK (Memoouyueckux, annapamypHsix, MEXHUYECKUX), HEBEPHbBIM CYOBEK-
THUBUBIM BBIBOJAM, 32KTIOUCHHIO H HPAKTUYCCKHM PEKOMEHIALTHSIM.

Buzyanuzarms gaHHbBIX ©MEET 0co00¢ 3HAYCHUE U HPH M3YUCHHH OCOOCH-
HOCTCH HPOCTPAHCTBCHHO-BPEMEHHOTO PACHPEACICHUS CIOKHOTO HENPEaCcKa-
3yEMOr0 XapakTepa TEXHOreHHOro AjieKTpoMarHuTHOro mojs (TIMII) upu
paboTax 3JICKTPOPA3BEAOUHBIM METOAOM Onmy:kaarommx TOokoB (MateBocsH,
2004). OcoOcHHO HEPCHEKTHBHBIM (C yeavbio yeenuueHus O0CHOGePHOCHIU
UHMEPAPEMAyUY INeKMpPOPA3Ee00YH020 NOJCE020 MAMEPUANA) HPEACTABIICT-
€51 HDHMCHEHHE TPa(HK-TPEYTOIbHUKOB MPH U3YUCHHUH PACHPEACICHUS U JHHA-
MHKH W3MeHeHHS Tpex(asznoro nepeMeHHOro TIMII (maxowce sensoweeocs
MPeXKOMNOHEHMHOU CUCMeMOTi) B TCOJIOTUICCKOH CPeae.

ABTOp BBIPOKACT HCKPEHHIO MpHU3HATEIbHOCTs [Topmkan Hapure,
HPHHSBLICH aKTHBHOC NOOPOBOJBHOC VYACTHE NMPH BBOJAC, KOPPEKTHPOBKE H
CHUCTCMATH3alUN HUCXOJHBIX JAHHBIX HPEALICCTBYIOIIUX OIMYOJIUKOBAHHBIX
HCCICIOBAHUN XHMHUYECKOTO COCTaBA MHHEPAIBHBIX BOJ APMCHHH, a TaKXKe
6rnaronapHocte ABakiHy A.A. 3a 3¢ dexTHBHOE 00CYKACHUE CTATHU.
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Uwplnuywh U.4.
Udthnthnid

Znpwsnwd putwplynud ki Bnwpwnunphs hwdwlupgbph wp-
mniupubph Jhgniupugdwit wpwbdtwhwwnlnipinibbpp, wndyujubph
owwnhdw] puuwljupquui uygpniuputpp pun hhdtwwt ywpudbn-
npkph b punipwgpbph, 4Epnisynid b wowewnplynid ki wpmynitwybn
wunhdwbtwlwiwgndubpp qpudhl-towulniuubph ogunugnpsuwdp
thnpdwpwpuwlut myjujukph gnigunpdwi dwdwbwl: Yntlpkn onh-
twlh Jpw gnyg E npynud wdwi pwguwpwunwunphs hwdwlwupgbph
gpudhljuyui tkpjuyugdwn wihpudbonnmpniut b YEpnidnipjut
wnwiudtwhwwnlnipiniup:

ON VISUALIZATION OF THREE-COMPONENT SYSTEMS DATA
Matevosyan A.K.

Abstract

This article discusses the features of visualization of the three-component
systems results and the principles of the optimal classification of data according
to the main parameters and characteristics. The effective gradations are
analyzed and proposed when displaying experimental data using graph-
triangles. A concrete example shows the need and special importance of the
graphical presentation and analysis of such multicomponent systems.

56



2Z 2UU. Skntywghp, ®hunipniukp Gpyph dwuhiy, 2020, h. 73, N 2, 57-71
Hssectus HAH PA Hayxkwu o 3emne, 2020, T. 73, N 2, 57-71
Proceedings NAS RA, Earth Sciences, 2020, v. 73, N 2, 57-71

EunLnapbu

Uregusuuusru LOrUULYUruGh Yhruruouy
20UrudNrNpESNMULGEHT UGHULU L& EUNLNTPUYUL
ZhULURLYPUENP NPUNRULUURCUUL GNC0NRT

Znjubtthywb U.
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E-mail: aza.hovsepyan(@cens.am

Zwhdnfky E prulpugpnipnil 01.06.2020

Utwbw 1h&p Zuyuwunwbh wdbbwdbd opughtt wjuqubh k, juplnpugnyb
pluyuwhywiwul, mbnbuwlut, ghnupjbunwlut b dowlnypwhtt wp-
dtip: Uwljuytt hhdbwuwbnud mbnbuwlut gnpdnittbinipynitip b pbwub mwp-
plip gnpdnulibip wqnby b 1&h Eyninghwljwts Jh&wlh pw, wewg plipbiny npw
wnununid b EJuipnbhlugnud: L&h Eyninghwlwt hhdtwptinhpubph ntunid-
twuphpdwl hwdwp wihpudbyn i dudwbiwljuljhg L[hpnr}hhp‘ 1&h onh EYyn-
Inghwluwi Jhdwlp punipwgpnn gnpdnutbph dwuhtt &ogphn hudnpdughw
unwbwnt hwdwp: Uppuljuljughtt nuuwuiptiipn b hinwgubwb mbjutngn-
ghwtbpp httwpwynpnipynit i nwhu vnwbw] wpuwg, yuppbpului ht-
dnpdwughw 1£h wdpnne nwpwdph Jhipwpbpyup: Uojuwnwbipnud ubplujug-
Juwd tu wppubjuluyhtt hbpwgqbdwl ndyuiukph Yhpwundwdp Utwbw (&h

Eyninghwlub Jh&wlp yuydwbunpnn U pinipwgpnn th pwpp gnigubihy-
ubiph nuunidbwuhpdwi wpnyniuptibipp:

Zwhgnmigughtt punkp’ Ulwbw (hg, EHyninghwlwt Jh&wl, wppwi-
juluyhtt (nruwwptbp, hEpwqqunud, wppuiywluyht nyjujubp

‘Lhpwédnipynih

Zhpwquudwt wbkjpbuninghwubtph U wppwiywluyhtt wyywyukph,
wnwppbp dhowyuypbph, dwubwynpuybu gudwpuyhtt opkph Eynin-
ghwlwt Jhdwljh ntuntdbwuphpdwin b guwhwwndw gnpénd Jhpwnne-
pintup niuh nwubtwdjulubph wwndnipinit (Dérnhofer and Oppelt,
2016): zZhnwquunudp htwpwynpmpnit E wwhu Ypdwnt) hbnw-
qnunnipjniubph hbn juydwsd dudwbwlju o Swhuubpp, pugupdwll
htnwgnunnipjmt dwurnwptbpp, ntuntdbwuhpnipinitubp juwnwply
htnwynp U ndduwp hwuwubih nwpwspubpnid (Dlamini et al., 2016;
Klemas and Pieterse, 2015):

Swdwpuwjhtt opbiph, dwutwynpuybtu (£Eph hknwquunudp, h nwp-
pbpnipinit oyyhwnutibph, vwhdwuuwhwlyynid k dh owpp gnpénuuk-
nny: Oyhwinuubph hinwqutdwi dke Yhpwnynn mhbghpulwb tljwnp-
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ukpp, huswywbu ophttwll MODIS, MERIS, stuywé niubkt optph htnw-
quudwt hwdwp withpwdbon pwnhndtnnphly (ndswswith b tjupwhwib-
dwt kS wwppbpwlwunipnit (dwdwbwluwihtt |niswswth), npug
thnpp nwpwdswlui nswswihp, npp Yhpwnkih £ oyyhwunuttph hw-
dwubn opbph hwdwp, swwn nhuypbkpnid Jhpwebih skt gudwpuwyhtt opw-
1ht dwpdhuubph hwdwp, npnup niubkt wthwdbdwwn thnpp dwlbpbu
(Wang, 2005): Swdwpuyhtt optpp, h wmwppbpnipinit oyjhwunuitph
opknh, ntukt wybkih pupnrowunpjujui jurnigwsp»: Uniu Juplnp
wnwidtwhwnlnpniup ptwjut wuwydwiutbph nwwppbpnipniut L,
npny twl wuydwbwynpynud £ wjt hwiqudwbpp, np htwpwynp sk
Upwljby Ukl niihgtpuwy wignphpd, npp Yhpwnkih Yihkp pognp &kph,
unyuhul tdwt wuydwbbbpnd (£Eph hwdwp: Uyn wuydwbbbpt Eo
nbhEdh Jupnmigdwsdpp, dnyh dwlwpnuyhg pupdpnipiniup, wuppn-
yngku optlwnubph Unnhlynipjniup, 1&h junpnipiniup, dpuninpunud
wkpngnjubph Yuqup b wyt: Gjuknyg npuihg, gpbpt nupupwisnip 1&h
hwdwp whwnp k dpwll] wmnwudht wignphpu/ungk) (Bukata, 1995):

Landsat pwpph wppwiywuyhtt (nruwbupubkpp Spyph hbow-
quudwt wnwppbp nnpunubpnid, wyn pynd gudwpuyhtt optiph htinw-
quudwt dby wdbiwowwn YJhpwndwsd wppuwiywluhtt nuuwuputpt
L U wuydwbwynpgwsd £ dh pwpp hwbqudwbpubpnd.

e Landsat hwdwluwpgp wywhnymd E Gpyph hkpwqutdw wupun-

Uby unwgynn wndjujubph wdbbwdbs dwudwbwluyhtt pwppp
(ujuws 1972p-hg):

e Landsat swpph wppwiywluyhtt ujwpubptt niukt pwn (&Eph hE-
pwquiudwt hwdwp pugmubh nuwpwswljuwt (pswswt, uljup-
ukpp unwgynud tu 16 opw wuwppbpwlwunipjudp, nyjujukpp
unugynud b twl pkpdw] whpnypnud (ujuws Landsat TM-hg
(Landsat 4-5)) (Wulder et al., 2019):

elandsat 8 OLI/TIRS wppuwiywluyhtt tlwpubpp niuku wybih
punpdp wqnutpwt/wununil] hwpwpbkpulgnipinit (Signal to Noise
Ratio — SNR): Uw pwpdpwugunid k hknwqutdwt wdjwjubph Jbp-
Swidwt wpmynibwybinmpinitt nu &onnipniup, dwubwynpu-
yhtu, opuyhtt opjknnubkph hwdwp, pwuh np hwnwppbpnipinit
gudwpuyhtt opjkljnukph, opuyhtt opitljntiiphg Lwnwquypnidn
wybph pny) E(Kudela et al.,, 2019; Ren et al., 2014):

Zuywunnwunwd opuyhtt dwpdhtubph, dwubwynpuybu Ubhwbw 1&h
htnwguunudt niuh hwpwpkpwlwiunpbtu jupd yundnipinii(pun hw-
twguiugnud  hwuwbkih  hpuwnwpuldws woiunwipubph  uljuws
2008p.-hg): Quuyws npu, wyu hbnwgnunnipinitubpnud ntunduwuhp-
Jt] Lo wyt hpdtwlwt qopsnuubipp, npnip Juplnp G (& EYyninghw-
Juwl wpwbdbwhwwnlnipinibibph JEpnsnipymi b ghwhwwndwi nk-
uwlniuhg: Ujuybu, MODIS wppwiyuluwhtt ujupubph b quownughe
uykiunpndtnph Yhpundudp nuuntdbwuhpdtyp Gt Ubwbw (&nud pin-
pndhy «eo-h (pinpndhi wipw) b judwsd Wnipbph ubqnuwght hagn-
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lunipynitiubpp (Heblinski et al., 2010), Ulwtw 1&h (hpnpw] pniuwlu-
unipjwtt Unuhpnphigh b quwhwwndwt hwdwp Yhpundby £ pupdp ne-
Swswithh (Uhtislh 61ud) QuickBird nhkgbpuwljut jnruwttljup (Heblinski et
al., 2011): Swippkp wwphukph Landsat wppuiywluyhtt (nruwjupubph
nwpwswdudwtwluyhtt owpph YEpswdwdp niuniduwuhpyt) Bu 1&h
dwljtpbuh thnthnjunmipiniuubpp 1933-2005pp. dudwbwjuhwnywsnid
(Agyemang et al., 2009): Landsat wppwiywluyhtt ujupubph Yhpundwdp
16h oph npulp punipwqpnn hhdbwlwb gnigutthpubptt ntunidwuhnp-
b (ohipdwunpdwl, swnynwd (pinpndhi«o»), wnuunpoipynin) Lo’ hb-
nuquudwt Unthpnphtiquyhtt hwdwlupg unbnstint tyuwnwlny (Uu-
dwpui, 2017): Qph dwybkpunipughtt obpdwunhdwth nupuswdwudw-
twluyhtt thnthnpjunipinitubpp b vwnguljunudp tnybwbu hbhnw-
qnunyt] Lt Landsat wppwiywluyhtt ujupubph Yhpunduwdp (Hovsepyan
et al., 2018): UL wy) htinwgnunnipju dke Landsat ujupubph pwppp og-
nwgnpsyl) E Ulwbw 1&h oph dwwppulijh nwnwinidubpnyd wuydw-
twynpws 1&h withwgsh thnhnjunipjniibpt nruntdbwuhplne hw-
dwp uwklpnpuy hunkpuliiph b DSAS (Digital Shoreline Analysis System)
gnpShph Yhpwoduwdp (Hovsepyan et al., 2019): Pugh jnlju htwnwgn-
nnmipniutibphg, Landsat wppwiywluwyhtt tuptbpp b dh pupp uybljn-
pw] hupgkputbp Yhpwndbk] B nmunuwdbwuppbint hwdwp nwpwsw-
opowith (Zuylulwi (Epwshiwphh) bpbp wdbiwdbs Ulwb, dwi b
Mpdhw 18Eph Jpu Yihduygh thnthnjunipjut b wippnyngbt wgnkgni-
pintutikpp (Taravat et al., 2016):

Ukpuwyugynn wouwnwiph tywnwlu k ubpluyugubt] wppuyw-
Juyhtt myuutph Yhpundwdp Uhwbtw 1&h oph npuljulwi dh swpp
gniguthpubph b whwgstph thnthnpunipjutt niuntdbwuhpnipyniiubph
wpmyniupubpp:

Zlwnwgnundwl opyElin

Uoliwtnwiiph hbnnwgnundw opyiljnt £ Ulwbiw 1h&p, npp hwiingh-
vwunud £ wouwphh wdkbwdbs pupdpwbniughtt pungpuhwd 186phg
dklyp: Uju nith hujuyuljut tpwwlnipinit ns dhuybt Zuywunwh, wy
twl wdpnne nwpwdwopowth hwdwp, pwth np hwtunhuwiund £ puing-
pwhwd oph wdktwdbs snbdwpwip Zupwduyhtt Yndiuund: Uhwbtiw
18h huykhtt gunuynud E éndh dwluppguljhg dnn 1900 pupdpnipju
Jpu: Quupwinpkt Ubwbp pudwignud £ kpynt dwup’ Uks Ulwbh b
wytih junpp @npp Ulwtth: Ubwbw (£h b tpw 9pwhwqup wjwquih
dwlbkpbutbph hwpwpbpnipniup dnn 1:3 £ (12474d? b 36494u? hw-
dwywnwupwbwpup): Ubwbtw 1hE i puthynid 28 ghnbp nt gknwy-
ubp, b vhuyt Zpuqpui ghnt £ hnund 1€hg Cuyulwt UUZ Shqp-
Julwt woluwphwgnpnipintl, 1971):

20-pn nuph 30-wljwt puyubukpht ujuws 1£h dwjupnguyh wp-
htunwlwu hotgnuip phipkg tpwi, np oph dwjupnuyp hewy 19.6U-ny,
hulj opp dwduwp Ypdwinybkg gpbpt Epynt wiqud (58.5u3-hg 32.5U3):
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Npubu hbnlwip ophg wquungws hwndwsubpnid wlnphyugwi tpn-
qhnlt wpnghutbpp, oph Sunuih Ypdunnnuip phplg oph ppwstuyht b
otpduyhtt phdhdubph thnthnjunipjutp: Uy pupugpnid twb dbS thn-
thnjumpnibibp whknh mikgui (&h opwhwjup wuquinud wpug
qupquguy gniuquunbnbunipiniup, wpynibwpbpnipniup, b npyhu
htunlwtp, wykjuguy gbinbtphg opwnp, oph dhongny wnunnunpsubtph nt
ublinuyhtt Wnipbph hnupp nhwyh (h& npb b hwiqbkgptgi&h Eynin-
ghwljwt Jhwlh rwpnitwjuljut Junpwpugduip b Edupndhlu-
ghuyhtt (Oramecsn, 1996): 2000-wljwt pywlwutbtphg uljuytkg Ulwtw
14h oph dwljwpruiljh pupdpugduit ninnws Spughpp, uwljwyt withw-
Ubpd pniuwljutnipjut b ohunipinitubph ny (nhy dwppdwi htnbwi-
pny wyny dbwgnpnubpp tnyuwbu hwinhuwgwt (€h wnunnndwb wn-
pinwp (Aumeepanvuas oyenra skonocuveckoeo cocmosuus osepa Ceean (GEO-
Lake Sevan), 2011):
ZEnwgnunmpjwb Ukpanubkpp

Zhnwgnunipjwt dkpnngubpp wphwwnwipnud  ukpuyugdws tu
nun niuntdtwuhpyws gniguthpubph:

Ubwin jdoud gppumphlph Swnlynid/Shnnuywmblpnnbnud pinpndpy
«o»lt upmnnpnipn&: L1nnndhy «o»>-h U ynuunpoipjut ntuntdbwuhpdwt
hwdwp wnwehtt Uninbkgdwdp thnpd E wpdl) Uhwtw (&h hwdwp Yhpw-
k] wy 18Ekph hbunwgnunnipiniiubpnud Jhpundws (nruwblupubph
Jbpdwtdwt Unghjukp (Chao Rodriguez et al., 2014; Dekker et al., 2001):

Zhnwquudwt mfywutph dhongny propndprear-p ntuniduwuhpdwi
hhupnid npw dnjkynyubph Ynnuhg nmbuwubih b hubpwlwupdhp np-
npnypnid (nyuh Jlubdwt b gpdwt wpwdtwhwnlnipyniiubpt G buly
pinpndhy «o»-h pwbwlnipiniup hp hipphtt hwunhuwiund E oppunin-
ubkph Swnluwu gniguthy (Park et al., 2010):

Zhnwquudwt dheongny gpp wppanpoippui niunidbwuhpnipjui
hhupnid opnud Ywpqwé dwuuhlubph Ynnuhg jnyuph gpdwb nt wun-
punupddwt wnwdtwhwwnnipiniiupt Eu (Nechad et al., 2010):

Zinwquidwt wdpubbp: ZEnwgnunnipjutt Uky oquugnpsyty L
2016p. dwyhu (06, 22), ognuwnnu (10, 26), ubwywnbdpkp (11) wdhuukph
Landsat 8 OLI/TIRS puquuuwEljnpuy wppuyuluyhtt (nruwupukpn:
bpuwjwiwgyt] L wppwiywluyhtt (nuuwiwpubph pwghndbnphy b
Upunnpuughtt wnuwyunnudubph onynid: Ljwpubph plwnpnipiniup
yuydwiwynpusé E Ubwbw (E&nwd ophdninibph swnldwt dudwbw-
Jwhwwnywdény (Oranecan, 1996): Cuwnpyl) Gu 2016p. Swnyuwb dw-
dwtwjwhwnywsh hwdwp wnjw pnjnp hwuwukjh Landsat 8 wppwt-
juluwyhtt ;nruwttlupbbpp, npnip qnipl Eo wdwwyhtt Swsynyphg Jud
wnlw E wjuqugnyt wdwuwyhtt Swslnyp: Landsat 8 ujuph wnbkuwtbkih,
uninuwlu pudpulupihp (UPY) b jupdwhp hudpulwpdhp nhpoype-
utph dpuninpuughtt wnuwqunnulubph snlnudt hppwwtwgytp k
ATCOR dbtpnnh Yhpwndwdp (Richter and Schlapfer, 2019):
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Twownuyhtt wpuybitp:  Uppwiywluyhtt  ufuwptbph  JEpdwidwb
wpyniuptbiph unniqiwt tywwnwlny 2016p. ubywnbdptph 19-ht Ju-
nwpyt) ki quonuhll sunhnudubp Yhpgdty B Ut 1&h oph indniy-
ubp ynunpnipjut swihdwb hwdwp:

Ulwbw (&nwd pinpndhy «o»-h nupuswdwdwwluyhtt puougw-
snipjutt wuwnlbpp unwbwnt hudwnp fhpwnyty £ htnlyw) puwtwdlip.

[Chla]=0.0979"exp(1) " 2.5926"(b3/b2) (1):

Putwdlnud b3-p b b2-p wunpunupdnudt £ hwdwywnwuiw-
twpwp Jwbws b juwnywn wmhpnypubpnud: Qpnud pinpndh) «o»-h
yupnibwlnipiniup nyju pubwdbnud swthynud L dgAB-ny:

Ulwbw 1&h oph wpunpnipjwtt nuunidbwuhpmipjut hwdwp Yh-
pwnyt] E hbnlyw) pwuwdlp, npp swihnd £ Judws dwuuhlyubph
ynugktinnpughwi opnid.

[TSS/SPMJ=0.7581"exp(1) "(61.683"(b3+b4)/2) (2):

Npuntn b3 U b4 wunpupupdnudt £ huwdwywnwupwbwpwp Yu-
tws U updhp mhpnypubpnud: SYju ghwpnud ynunpnipjut swhdwb
(quijudws wynipbph Ynugbnpughuyh) dhunnpb £ dq/i:

Enpumlbplhnypuyhbobplimumpdmbhnupudududuinulughlnhnin
Jumipiml, (& vwnguwluynd: Oph dwljbplinypught obpdwunhdwh
nwpuwdswdudwbwluihtt thnthnjunipjniiiipp niunidtwuhpbint hw-
dwp oqunugnpdyky Eu 2013-2018pp. Landsat 8 nhbkqhpwlw tjwpubpp,
npnup obpduyhtt nyjjwjubp b wywhnynwd Gplnt mhpnypubpnud (B10-
10.6-11.19ud bk B11-11.50-12.51ud): 110 hwuwtbkih uupubphg ptunpytg
b ubkppbrudl) B wyb Wwpbbpp, npnbg Jpuw wdwyuwyhtt Swdynypp
ujuqugnyt £ jud puguljuynud k: Gwwnwpdbp £ uupubph pwnhn-
dtwnphl U dpuninpunuyhtt wnudunnudubtph snlnwd, uvnwgyt) o dw-
nuquyplwl (emissivity) b ohipdwunhdwtth nyjwjubpp: QEpdwunhwth
unwgnuin hhdtjwsé b pugupdwl ub dwpdhuubph hwdwp Muuyh
hwjuwuwpdw ypu (Kealy and Hook, 1993): Niunidtwuhpyt) tu ULs b
®npp Ultih obpdwunhdwbitiph nupuswdwdwiwljuyhtt thnthnjunt-
pintuubpp ognuninu b hnitjup wdhuubpht, husp hwdwwywnwupw-
unud E (£h hwdwp wdbiwwnwp b wdkbwgnipn dudwbwlwhwn-
Juwstbpht' hwdwwwnwupwbwpwp: Lniuwblupibphg 1&h jmpu-
pwiginip hwndwsh hwdwp Jtpgyl) Gu Yupuspukp, npnbnhg Jhp-
swuygly Lu oipdwunhdwuubph wpdbpubtpp (37 b 17 Yhnbphg hwdw-
yuwwnwupwbwpwp UES U $npp Ulwth hwdwp):

L&h oph uwnguljujdwt wwppbpuljwinipyniup hbnwquudwt up-
ongny niunidbwuhpbint hwdwp oqunugnpsyty L Landsat 7 b Landsat 8
tjupubpp 2000-2017pp. hwdwp: Qnipp, gudwpp U dniip/uwnnygp
nwppbpulbint hwdwp fhpwrdby | anpdwynpyws mwppbpnipiniuk-
nh &ui/uwmnnygh hunbkpup (Normalized Differences Snow/Ice Index-
NDSII), npp hhdugws E fubws b upd wihp huppwlupdhp (SWIR) -
poypubph dpu.

NDSII=(Green-SWIR)/(Green+SWIR) (3),
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npunbtn Green U SWIR dwnwqujpnidt L hwdwywnwupwtwpup Ju-
tws b Jupdwihp hudpwlupdhp mhpnypubpnud: NDSII>0.4 wpdbpubpp
hudwywnwupwund Eu djwbp/uunnyght (Riggs et al., 1994):

L&h whwgsh thnthnjumpnit

Zinwqbidwi wjuyubp: Upjuwnwipnid ogunugnpsyly Lu 1973-
2015pp. hwdwp Landsat MSS, Landsat TM, Landsat 8OLI/TIRS whkqk-

pulwi jnruwtwptbpp:

Odwinulunyjujitp: 1927-2015pp. Ulwtw 1h& oph hnuph (nbnnud-
ukp, ghnbtpny hnup, Upthw-Ulwb pniutiny hnup) b 1¢hg wpnwhnuph
(gqnnpohwgnud, Zpuqnui ghnny hnup b oph pwgpnnnidubp) wdjuy-
ubtpp Ybpgyt) b qpuljwimpniuhg (Mwwhljjui, 2011) b «Zhnpnonk-
plunipwpwiinipjut b Uptnnpunuyhtt Epunyptbph Jpuw wljnhy tkpgnp-
snipjut Swowynipiniy NMNUY-h hpwnwpwlws dkntwplutphg (Uhw-
tw 1&h hhnpninghwljwt ptdhup, 2017): «Ulwb» wqquyhtt wwplh Ynn-
uhg mpuwdwnpyt) b (&h whwdbpd mwpwspubinh hnnogunwgnpduw
nfjutipp: L&p whwgstpp wwuppbp mwphubkph whhqbpujuwi (nruw-
uupubphg unwgyl] tu Updbtwnbtpuh (1996) Ynnuhg wnwowplijws
Unplwynpyws nwuppbpnipiniuubinh opwyhtt huntpuh (Normalized Diffe-
rences Water Index - NDWI) Jhpunuwup.

NDSII=(Green-NIR)/(Green+NIR) (4),
nputin Green U NIR dwnwquypnudt £ hwdwwyuwinwujuwbwpwn jutius
b Unnnwlw hubpwupdhp whpnypubpnud:

bPuntpuh wpdbpubpp mwwnwiynwd tu -1-hg 1 whpnypnud, npnkn
0-hg pwpdp wpdbpubpp hwdwywnwupwinwd &b opuyhtt dwljkpling-
phi, huly 0-hg thnpp wpdbpubpp guudwpht (McFeeters, 1996):

Unwugyws wthwgstph &onnipjniup unnighint hwdwp NDWI §h-
pundwdp vnwgyws 1&h dwltpbuh mdjujubpp hwdbdwnydl) Eu «2hg-
pnontplnipwpwinipju b dpuninpunuyhtt Epunypubph Jpuw wlnpy
ubipgnpoénipjutt Swnuynipiniy NOUY-h hpuwwnwpwlws ndjuubph
htim (j&h dwlbpbup swhynud £ wdbt wwpduw hniiduph dbkyht, huly
nhbqbpujut uupubpp ptnpdl Bb wyn wduwpdhtt hbtwpwynphtiu
Unwn):

Uthwgsh thnthnjunipiniiubpp quuwhwingt) o 1973-2015pp. dhol
puyws hhig dwdwbwlwhwndwsubph hwdwp (1973-1985, 1985-1990,
1990-1995, 1995-2002, 2002-2015): Uthwgstph thnthnjunipiniuubph pw-
twjuljut quwhwwndwt hwdwp Jhpwnybk] £ DSAS (Digital Shoreline
Analysis System) qnpshpp (Himmelstoss, 2009):

Upmyniuptibph ptiwpymd

Ulwinu jdmd gppulmphlph Swunlyoi/Shnnuymblnnbnud pinpndhy
Ol i wppnnpoigymé:  Lnpndhy «o»-h pupjudwtt hwdwp pwtwdlh
Jhpwpdwdp wppuiyulughtt tuptbph Jbpdwidwt wpyniupubpp
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18h oph dwnuwi nmwpwswdudwbwluyhtt thnthnjunipiniaubpp b Ju-
wnwpk] 1&h Swnuwb npuljuljut gobwhwwnnd: L1npndhy «ovh pusju-
Juwoénipjwt wwwnlbpp gnyg £ mmwihu, np pinpndhih pwbwlp wnwyby
owwn k ghnnwpbpwitbpht, dwubwynpuwybu Uwuphy b Sudunwugqbn
ghwnbtph gbnwpbpwiuubpht b wyut hwndwsubpnud, npnkn wihh nk-
1htdp quehpwih sk U oph junpmpniip hwdbdwwwpwp thnopp
Munudtwuhpyws dudwiwjwhuwnwsnd (&h wdpnne dwljtpbuny
Swnynuip twqugnyut L ognuinnnu wdujw wnwehtt Yhuht (11 ognu-
nnu), hul] wowikjwgnyip ubywnbdpbph wowehtt Yhuhtt (11 ubuy-
nbkupkp): P nwpphpmpnit dughu wdujw’ dhwgus wdhuubphlt 1&h
swnynuip wowyl) hwjwuwpuwswih k:

Nqunpnipyull wppwiyulughtt dwpibph JEpdwidwt wpyni-
pnid unwugyws nyjujubph b quonnuwght swhnwdubph dheli wnlu juy
wpnnwhwynquws Ynphjjughwi(R?=0.73) gnyg E wmwihu, np |niuw-
uupubph YEpswudwt Yhpundws dnphing htwpwynp b ntunidbiw-
uhpk] Ubwbw (dnud wynunpnipjub nwpwswdwdwbwljughtt thnthn-
lunipinitubpp b Juwnwpl] Eyninghwut dhdwljh npuluut qw-
hwunnud: Ywpdws ynipiph nwpuwswdudwwljuyhtt pupudusnipyu
wyuwwnltphg tpunwd E, np nuunudbwuhpyws dudwbwjuhwndwsnid
dwyhu wduhtt 1&h oph wnunpnipmniup wykh dES £ hwdbdwnwsd wy)
wdhutbph hbwn, wnunpnipjwt wnwyb] pwpdp wpdbpubpp duyhu
wduhtt o (22 dwyhu), hhdbwlwind ghnwpbpwitbpht: ZEknwqu
wdhutbphtt wynnpnipniup tJuqnud L, U pwojujwsnipiniup nupunud
E hwdbkdwnwpwp hwdwubn:

Ulwbw 1&h oph dwlbpunypuyhtt obpdwunhdwh nwpwdwdw-
dwtwluyhtt thnthnjunipinitubph wppwiyuuyht tyupubph Jepdw-
dwt wpnyniupubpp hwunwwnnd B (Enwd oph obipdwunhdwth nw-
puswdwdwbwluyhtt puojudwt guuwljwt Enuiuwlny niruntdbwup-
nnipjwl wpyniupubpp:

Ulwbw 1&h oph vwnnygny yuwwndwb niuntduwuhpnipiniup 2000-
2017pp. gnyg k wwihu, np (h&p dwuwdp uwpnygny £ wuwndby 3
wiqud, hul wdpnnenipyudp 2 wiqud: Uhtish dwljupnquljh hekgnudp
1h&p uwpnud Ep pwnn wybjh thnpp hwdwpwljwunipyudp (15-20 tnwupht
utl): Uw jununud E wytt dwuht, np oph dwljupnulyh hokgnudp b oph
Swyuwih Ypdwnnudp nipnupnpbt juwpunb; k1 &h oph obpduwyhtt
nhdhup juqhgibinyg okpuniiwlnipyniip:

NDWI hupbkpuh Yhpwndwdp Landsat wppwiywluwhtt (nruwup-
ubkphg vnwugyws Ulwbtw (&h withwqstphl973-2015pp dudwbtwlw-
hwwnqwédnid  thnthnjunipnibtbpp b 1&h oph  pwjwbuph hwdbdw-
nnmpjniup gnyg L wwhu, np wihwgsh thothnpunipiniup wbdhowlw-
unpbt jupudwsd E dnud oph pwjwbiuh thnthnjumpnithg: DSAS-h §h-
pundudp htwpwynp £ uvnwiw) wihwgsh thnthnjumpniutbph pwtiw-
Julwi wunlbpp wdbbwdks thnhnjumpjub Bipuplws hwnws-
ubkipny, thnthnjunipiniiibph ninnnipiniup b swihp:
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Uppuiywuyhtt tyupubtph, NDWI hugtpuh U DSAS-h Yhpwnnt-
pinipintun vhwuhtt htwpwynp B nupdunid Ubwbw 1&h wthwgsh thn-
thnjunipjwl ywupphpwljwb niundbwuhpnipiniip:

Twonnuwyhtt myjuwjukph wybh S pwbwlp b Judwbwluyht
owppp, htwpwynpnipimbt Yunwt dowll &h Eyninghwlwt Jhdwlyp
punipwqpnn gnigwthoubph yEpswidwi dnpbjutp hwnni Ubwbw 1£h
hwdwp, husp YukSwguh vinwugyws wpmyniupubph Lonnipiniup:

Usjuwnwiptibpt hpwjwbwgyt) &t «Ubhwbw (dnud hojuwbth ww-
owpubph YEpujuiquiwt by dAjuwpnisnipjutt qupqugdwi hwdwihp
Spwgph opowtwyjubipnid 1&h oph npwlh htnpwquudwb Unuhpnpht-
gquyhtt hwdwlwupgh unbtnddwt ghnwhbinwgnuuljui wojuwnwp-
ukph dpwgpp» U «22 UL (WQUU) twpwpwpnipjuit Ghunnipjut wb-
nwlut Yndhnth b 07 Zhdbwpwp ghnmpiniuttph hhdtwnpudh
18RF-140 1 RFBR 18-55-05015 Arm-a» twjuwuqstph opowtiwjubipnud:
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BO3MOXKHOCTHU HPUMEHENNA CHYTHUKOBBIX CHHUMKOB B
NCCIEJOBAHUH SKOJIOI'HYECKHNUX HPOBJIEM O3EPA CEBAH

OsBcensH A.
Pesrome

Osepo Cesan sBasieTcs kpynHeHmuM BogoeMoM Apmenun. O3¢po umeer
OTPOMHYIO 3KOJOTHUECKYI0, IKOHOMHUECKYIO, 3CTCTUYCCKYIO H KYIBTYPHYIO
LEHHOCTh A1t Apmenuu. OHAKO, B OCHOBHOM 3KOHOMHYCCKAS ACITCABHOCTD U
Pa3HOOOpa3HbIC MPUPOIHBIC (GAKTOPHI HOBIMIA HA YKOJOTHICCKOS COCTOSHHUC
03¢pa, BBI3BIBAS €r0 3arps3HcHue U > TpodHKaHD. I H3YyICHHS 3KOJOTH-
YECKHX MPOOJIEM 03¢pa HEOOXOAUMBI COBPEMEHHBIC METOJBI, ¢ LCIBIO MOJY-
YeHMST TOYHOH mHpopMaruu o (akTopax, XapaKTCePH3YIOIUX 3KOJIOTHICCKOE
cocrosiune o3¢pa. CyTHHKOBBIE CHUMKH U TSXHOJIOTHH JUCTAHIIHOHHOTO 30TI-
JUPOBAHUS JAOT BO3MOKHOCTh TMOJIy4YaTh OBICTPHIC W MECPHOIHYHBIC JAHHBIC
JUTS BCCH mumomany o3epa. B cTathe mpeacTaBiaeHE! pe3yIbTaThl HCCICAOBAHUS
piaa moxazarenci, XapakTCpPU3VIOINX 3KOIOrHIeckoe cocrosune o3epa CeBan
¢ HCTONB30BAHHUEM JAHHBIX CIyTHUKOBBIX CHUMKOB. B wactHOoCTH, ObITM HC-
CIICJOBAHBI LIBETCHHE 03€Pa, BBHIPAKCHHOE OOLIMM KOTWUYECTBOM XJIopoduina
«0, MYTHOCTb BO/JIbI, BRIPAKCHHAST OOIINM KOJIHUUSCTBOM B3BCIICHHBIX YACTHII,
TEMIICPATYPHBIH PEIKHM 03¢pa, TMCPHOAHIHOCTE ¢ro 3amepianust ¢ 2000r. wo
2017r., uamencune OeperoBoll JuuuH, 00YCIOBACHHOC M3MCHCHHEM BOIHOTO
OanaHca v YPOBHSI BOABI B 03€pe.

THE FOSSIBILITIES OP USING THE SATELLITE IMAGERY WHEN
STUDYING ECOLOGICAL ISSUES OF LAKE SEVAN

Hovsepyan A.
Abstract

Lake Sevan is the biggest water body in Armenia. The lake has huge
ecological, economic, aesthetical and cultural value for Armenia. However,
mainly economic activity and various natural factors have affected the
ecological state of the lake, causing its pollution and eutrophication. Modern
methods are needed to study the ecological problems of the lake in order to get
accurate information about the factors characterizing the ecological state of the
lake water. Satellite images and remote sensing technologies allow to get fast,
regular information for the entire area of the lake. The study presents the results
of a study of a number of indicators characterizing the ecological state of Lake
Sevan using satellite image data. In particular, the lake water bloom expressed
in terms of total chlorophyll content «a», water turbidity expressed in terms of
total suspended solids, the thermal regime of the lake, periodicity of freeze-up
between 2000 and 2017, the the lake shoreline change determined by the water
budget and water level change was investigated.
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Zwhd s F prlpwgpnipi i 08,06.2020

Uoluwwnwtipnid  putiwplynud  £1989-2018pp-htt Gpluwl punuph dwlb-
plunypughtt Swdhh nupudwdwdwbwuyhtt hnthnjunipjub wnwbdtwhwn-
llan]nthhpp‘ Jipdwiiwd Landsat wppwlijuljughl LnLLlulLl].lullehphg‘ Ubiph-
twywlui ntunigdwt wignphpdubtph Jhpwedwdp: Lunuph dwlbpbngpught
Swdlyh pupunbqugpdui hwdwp punpdbp b dbphbwyulub niunigdwb wy-
gnphpdubtphg wpwyb] juybtt Yhpwurdnn puqduobkpn ulhpghulmpnh‘ PTN
(MLP-multilayer perceptron), wowlgnipjuli Jtljinnph r}uluulllulpqhg U4
(SVC-support vector classifier) U wwnwhwlwl winwn MU (RF-random forest)
dbpnnubinp: ZEnmwgnunipinit wpyniptitipp gnyg &b viwihu, np wppwiyw-
Juyht (niuwbupubph dbpbtwjugduwd niunigdwt puuwljupghstiiphg AT
Unnkjt hp gnigutthotibpny gbpuqutgnud £ nuuwupgdwt djniu wqnphpd-
ubipn: Pwunuph dwlibpbnygpuwjhtt dwoélh pwpwmbqubph mwpwdwdudwbiw-
Juyht 4Epndnipniup gnyyg £ viwhu, np hinwgnungnn dudwbwjuhwnduw-
onud qquiphnplt Ypg&wndl) Eu Gpliwb punuph muwpudpnud quntignn gyninqu-
nbnbuwluwl hnquuwpwdpubipp, hull punupnid phndnn Jupniguwwn-
dwl nwpwdwlub qquih wdp pupwgl] b gluudnpuybu, jubws ww-
nwdplubinh hwoyht:

Zwbgmguyhtt punbkp puquph dwlbpinypughlt swdl, nwpw-
Swdwdwiuwluyhtt thnthnpjunipjnil, wppwiyuluwhtt hkpwqutnud, dbpk-
twywub ntunigdw dbpnnubp, nruwtljuptbph nuuwljupgnid

Lhpwdnipynih

Lunupubph EYyninghwjuw hbnnwgnnnipniuubpnid wnwdttwhw-
nntl] juplnpmipjnit Bu ubpuyuginud dwljtpunypuyhtt Swshh (Land
cover) niuntdtwuppnipynitbipp, pwih np Ybkpehtiu htwpwynpnipyniu
E pudbnnid wwwnljkpugnid Juqubk] punupuwhtt mwpwsdph nwghnug
Juquulbpydwl, pwquuquunipjui (urban diversity), huwnbkuuhynti-
pjul, hnnoqunugnpsuwt dukph, dhypnlihduygh, dwutwynpuybu pu-
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nupnud dhunpjnn gbpduyht Ynghlitph tplinyph Jhpupbpuy: Uwljb-
punypughtt Swsyu hpwjwiunud wpnwgninid k punuph gnnbynpdwi
wnlw wwwunlbkpp, hull Yipohthu mwpwswdudwtiwljuyhtt thnthnjunt-
pntutbph  wnwtdtwhwwnlnipiniitbpp htwpwynpnipinit b whu
twpuwgst] punuph hbnwgqu qupqugdwi hknwuljuputpp (Roustaet al,
2018):

Lunupuyhtt nmwpwsdpubph dwlbpunypuyhtt swéyh pwpnbqu-
gpuwt gnponud gpbpt wuthnpwphtbh b hbpwqbudwt nkjuuninghw-
tkpp hphug nwpwswduwdwiwlught pupdp Sonnipjub, puqiudjn
wppuhyuwyhtt (nruwttlupubph uynit owpph wnljuynipjutt b wyp hwwn-
Ynmipjniutbnh ouinphhy, huY pupnbkqugplui dwdwbwl pwn Juplnp k
huwdwywwnwupuwt nuwuwlwpghstbph ptnpnipiniup: Lntuwbtluptbph
Upwldwt dbpnnubtpp wwppbp o U, wbwnp k ok, np hipwqudwi
njuutiph puuwlupgiu dudwiwl dbpkuwjuljut ntunigdwt wign-
phpdutph Yhpundwdp uvnwgws wpyniupubpp qquihnptt ghpw-
quugnid Bt wupwdbnnphly dbpnnubph wpmyniupubpp (Hussam, 2019):

Lunuph dwlkpunypuyhtt Swsyh pupnbqugpdui hwdwp wnwyby
1wyt Yhpwnynn dkpbtwjuljut ntunmgdwi wignphpdutphg tu puquw-
okipin whpghupnpni' AGN (MLP-multilayer perceptron), wowljgnipjuilt
Jkynnph nuuwlupghs UdY (SVC-support vector classifier) Ut wu-
nwhwljui winwe MU (RF-random forest) dkpnnutpp: NU-u Yupnn &
nhunnwpljyt] npybtu npnonudubph Swnbph hwdwjunudp, npp dbpkuuyu-
Qi niumguiwi (gt mwpwsmd nikgnn wignphpd E oinphhy quuw-
Jupguwt pwpdp Juunwpnpuljubnipjub, pugupdwlybhnipjuit b
nynipht ognugnpduw: hulj hwdwhdpdwt juwd hwjupwljwt niunig-
twt qunuthwpp Jujwimd b htnlyjund dhwynpk) poy) niunigyng
owpphkpp Ukl nidbn nuuwlwpghs Junmghnt hwdwp: U4 dbpanh
tywwnwli £ nwpwdnipyui vk qunuk] oyyunhdw| vwhdwubpp, npnup
wnwybkjugnyuh Jhwugubu wnwppbp nuubph dhol mmwpwipunnidp:
£TN-u hwbnhuwinud £ wphtunwlwi thpntwyhtt gmugh (ANN) nin-
nuih pupjpdwt/nwpwsdut nquu, npp ogqrnwgnpénd E ykpwhuljyng
niunigdwi nkuihiwb hhdugws htnwnupd nwupusdub wignphpdh
ypw (Jozdaniet al, 2019; Python Machine Learning, 2016).

Uojuwwnwtph byyuwwnwlju £ hpuwljubwgut) Bplwb punuph dwlk-
punypuyhtt Swdhh pwpnbqugpnid 1989, 2000, 2010, 2018 pyYwlwutb-
phtt unwgyws Landsat wppwiywluyhtt Wupbbph nuuwlwpqiudp’
Yhpwrebiny dbptuuywlui ntunigdwt wignphpdubpp b ntuniduwuhply
Gplwt pwnupnid dwlbkpunypuyghtt Swshh thnthnjumpiniuubpp wyy
dudwtwjwhwnjwsubpnmd: Fudwttwljuwhwnydwsutph ptunnpnipiniup
wuwjdwbwynpjws £ junphppughtt (80-whwt pdwlwbtbtph Jtpehg),
dhtisb Ubkp opkp punuph thnthnjudw wnwyby pugdyws thnybpny b wyy
thnybphtt  hwdwywwnwupwt npulpuwy pruwuluwpubph  wejuyne-
prup:
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Uniptp b Ukpnnutp

ZEwnwgmnvfwh opyEljin £ hwinhuwgl) Zuywunwih Zwipwybnne-
plut duypwpwnup Gpuwtp: Lunupnp qpunbgunud k 2234u? mwupwsdp,
puwlsnipinitp 11Uk E htsp Yuqunud £ Epyph wdpnne puwlsnipjut
36%-n U pwnwpuwjhtt puwlsnipjutt 56%-n (www.armstat.am/hy/09.07.
2020):

Bpuwup nknujuyguws k 860-1300u pwpdpnipjniuubph Jpu Upw-
punjull gnquiynpmipiniinid, Zpuqnui ghinh kpYnt wihkphtt' pln-
qpuytiny Bpuwywt gnquynpnipiniup, Ynwnuyph b Gnupnh hpw-
pluuyhti, Cnpwinpniph qupwpuyhtt b Unipwpuwokith nbnuwnwpnud-
twghtt vwpwuwinubpp(ZUUZ Shqhjuywi Uopiwphwgpnipiniy, 1971):
Yihdwt snp duypguwdwpuwghtt E: Swpblwb dhohtt okpdwuwnpdwup
9,1-hg 12,1°C t, dmn 27°C wmwpklut ubgniughtt wwnwinmdibpnd
Uhohtt wdwpwyht b vhohtt ddtnpwyhtt okpdwunhdwuubph dhol: Swpk-
Qi widplughtt nbgnudubph pubwlyp 286-440Ud t unybdphpht wnw-
Jbjwugnyuny: QEnnigdwt ukqnup wbinwd k 137-hg 161 op (Yerevan Green
City Action Plan, 2017):

Bplwt punuph dwlbpinyph dwélhh quuwjupguui hwdwn og-
nwgnpdyt) Eu Level-1 Luinipjut, mwpwswluinpbu snljdus (L1T)
Landsat wppwiywluyhtt jnruwblupbbp snpu duwdwbwljuhwndusubph
hwdwp. Landsat 5 TM 1989p." ognuninuhg (Cudwtwlwhwndus 1),
Landsat 7 ETM+ 2000p.” ognuwnnuh 13-hg (Fwdwbwlwhundws 2),
Landsat 5 TM 2010p. ognuwnnnuh 1-hg’ (Fudwbtwjuhwwndws 3) b Landsat
8 OLI/TIRS 2018p. ognunnuh 7-hg (Fudwibwlwhwndus 4)
(http://glovis.usgs.gov):

Qputgdws dhohtt pwnwlniuuyhtt otnnudubpp (RMSE) (htswybu
tjupwhwitdwt ningnnipjutp qniquhbn, wyjbybu k) nipnuhwjwug) hk-
nwuqnuinnipjul ke oqinugnpsws pninp (nruwbjupubph hwdwp ok
Lt 7d-h uwhdwttbpnud: Uppuiywuyhtt intuwbuptbph npulp pupd-
pugubint hwdwp hpwlwiwgyt] o dpunjnpunughtt b pwghndbnnphly
niuynnulubp:

Gplwt pwnuph wnwpwspnid wnwidtwgyl] EdwliEplnypught
swodlh Jbg mhy (wn.1): Ywuwupghsutph nunigdwi b unniquub
hwdwp winiouyhtt mwpwspubpp yipgyty tu Google Earth hwybijush
pwnpdp (ndwswthh wppwiywuyhiynruwjupubnhg:

Yuynit mwpwspubphg, npntp withnthnju b dtwgl] hEnwgnun-
dwl hwdwp pnpywsd popnp dudwbwljwhwndwusubpnud kg nwwppbp
dwltplnypuhlt whyhphg, wrwdiwglt) ki niunigdwt hwnjwsibp
punhwunip wodwdp 126 mbtnudwubp (1877 whpuk)) (Ukpy hnn - 12
(139 whpuky), vnnnwght swsl -11 (56 whpuk)), Fug nwupwsp — 17 (254
u hpub)),Ownwdwsy nwpwsp — 33 (239 whpuk)), RPunupujhtt gutg -
48 (900 whputy)), Lpuyhtt mwpwsp - 5 (235 whpuky)) (wn.1), b 125 nk-
nuuwubp (2016 nhnudwu) uwnniqiwi hwdwp, hpuljubuglus pu-
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mwupguwi dbpnnubph wpynitwdbnnipiniup quuwhwnbint hw-
dwip:

Twuwupguwi JEpnuojuwy pninp dnghjubpt hppwubwugyl; Eu
wquun hwuwtbih «scikit-Learn» qpuinupwuh Yhpundwdp (Pedregosa et
al, 2011), npt wnwyl] hwdwpn Yhpwnyny Python Spwqpuynpiuib
1tqUny dbpbiuwywlw ntunigdw gpunupuit b Zhybpywpudbnpu-
1ht oyynhudhqugnuip hpwljwbiwgyby k scikit-learn GridSearchCV unnniih
Yhpwntudp: Lwuqnyl quuwhuwinpsibpp plnpyb) & hhddbng 10-
wywwnhl pwswdl Juybpugdw (10-fold cross validation) thoht nk-
wnbpuhtiwghnt gnpdwlgh (R2) wpdtpubph Ypu:

Owunhiuhquglt) ki MU quuwlwupghsh snpu wupwdbnpkp wi-
wnmwnnid Swnhph pwbwlp, jpipwpwibsinip dSweh dwpuhdwy junpnt-
pintup, wwhwieynn udnpubph Wwjwqugnyu pwbwlp, npntp (w)
wyhwp Lk (hukt wbpbh bhwignygnud, (p) wbwp L pwdwbku ubkppht
hwtgnygp:

Unmniuwl 1
Gplwtt punwph hwdwp wnwidtwgyué hnnuswsyh yig nuubkph
ujupugpnipniiup b quuuwlwpgudut hadwp Jhpunjwé ntunigdwt

unbknuudwubpp/uyhpubjutph putiwlyp

LDumglwh
Uulbplnypuyhl Vjwpwgpnipmmb wnknunfuwrubph
SwSlh muukp
pubwip
Swpwdpubp, npuntin hnnh Jbipht obpup
Utpy hnnkp htinwguwd Jud ppwpnduwsd b (wyuhlipl, 12
2htthpuywpwlbbp, hwbpuduyplip)
nunwihtt  pniuwubnipyudp  Swdlud
ununwdwsly wmwpwdplikip, (uhqudwpgbp i 1
wmwpwdplbip Swnluungubp, gninuunbnbuwlut

wnwpwdplibip, phulub Jwpgqugbnhutbp)

£hs pnruwdwdynyg Jud pniuwqnipl] ww-

Pug mwpwdpubip

pwodplkip, pupbp, snp pnruwubineeynit b

17

wyl
Twnwdwdly Pwnupughtt  wyghubp, gnipuuntnbuw- 33
wmwpwdplbipn Jul wyghtbip b wys

Pwnupujhtt juprniguyuwundwb  wphbu-
Aunuipuyhl b Swdlny dwljkpkulikp (kuphp, oh- 48
Junniguuwuinnid

unipjnibikp, phnnl, wudwjum)
Spuhl
wwpuidplip L&tp, opwdpwpbp, ghinbp 5

Nwnhlwy-puqhuwghtt dnruljghuyh (RBF-Radial Basis Function) hw-

dwp tpynt hhdbwuit U4 Ynphqubpt Bu C-u b quddwi (y) (C=100,
guudw=100): C-u uppwih duwdwbwlh wnniquiuwhtt Wwpwdbtnp L b
Yhpwoynud £ vwy guuwlupgdw nniqupp huljlnt hwdwnp: Qud-
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dwt Yupnn E puudby/hwuugdt] npybu jupdwt yuwpudbnp ng
géwghtt  hhwybphwppnipnitubph  hwdwp: Quddwih  thoppupdbpp
ptipnud £ npnonudubiph £4nit vwhdwutbph:

FCN wgnphpdh snpu hhdtwlwb Yndwyntbunbbpt G dninpujhte
obpup, pwpudws otpunp, ulgpnuubtpp b Epuyht obpip: MU-h hkwn
hudbdwwnws £CN-h U4 dnphjubpp wwhwienmd i wwpwdbwnpbph
wybkih pwwn hwpdwpbgnd, hisp dwdwitwwunwp £ b wwhwiend k
hujujwlwi hwoynnuljwt nkunipuubp (Jozdani et al, 2019, Python
Machine Learning, 2016, Maxwell et al, 2018). Uwutwynpuy biu, puptp-
Jws okpnkph phyp U jnipupwtginip obpnnud ubjpnuubph phyp owwnp-
dhqugubint hwdwp whwup E ghnwplyb htwpwynp dhjhntwynp hw-
dwnpnudubp:

Ujuyhuny, hbnwgnunnipjut dbke Jhpwnybk] £ ACN dnphjhwnw-
ownlyws Jurnigdudpn (3 pupuygws otipwn b 100 ubjpnt jnipupwisinip
otpuinud), npp gnyg k nwhu jwjwgnyt wpyniupubp b gbpuquignud
E hkpwqutdwb ghppupdp ndwswhh (nruwblupbbphg dwybplingph
Swolh qpuuwljupquut hwdwp Yhpunyny dbphtwjuljui ntunigdwi
Uintu  wyqnphpdubpp: Yplhunipiniuubph wowygbjwgny  pwbwlp
uwhdwyky) k 500:

Twuwljupgnudhg hbhnn hpwlwbwgdt) £ punphwbpwgdwt dbp-
1nwdnipintt dhuyuwly whpubjubkpp hbinwgubint hwdwp, npnup Jupng
L hwinhuwtw] puuwupgdwi vjpwukp:

Uwlbtplnyph Swéih puuwlupgiut donnipjut quuwhwwnnudp
hpuwiwgyt] £ 2018p-h hudwp hwodupllng pughwimp &Lownnt-
pintup  (Overall accuracy),unbtndnnp/oquuugnpénnh  &unipniuatbpp
(Producer’s/ User’s accuracies) U Ywwww qnpduiljhgnp (Kappa coefficient)
(Choudhury et al, 2019, Dhar et al, 2019, Foody 1992, Ma et al, 1995, Ma et
al 1995, Maxwell et al, 2018): Yhpwnyk] £ Ywyuww gnpswligh htnlyuyg
nuuwlupqnudp <04  wpdbpibppubpyuyuginidbi owwn  pouy/pnyy
hwdwdwyiint pinti/hudwyunwuuwinipyny, 0.4-0.55 dhowljuypnid’
pujupup hwdwdwgiunipyniy, 0.55-0.7 dhewljuypnid wipdtplbpp quy
kit hwdwdwjubguws, 0.7-0.85 vhowluypnid oun quy, 0.85-0.99 uh-
owluypmd ghpuquitlg, hulj>0.99 dhewljuypnid wpdtplbpp ubpljuyug-
unud B junnwpyu hwdwdwyunipinit (Monserud et al, 1992):

Upmynitipbibph piitwpynud’ punqwph nwupusph dwlplngpughi
Swdlh puuwlwpquub donnipjut guwhwnnid

Uwlbpunypuyhtt Swdsyh nuwuwupguui donnipjui swthwithy-
ubkipp 2018p. hwdwp ukphuywgus b wn.2-nud: Unyniuwlhg Eplinud L,
nn pnjnp dnphkjubpp gnyg bt nwwhu quuwupgdwt pupdp &ownnt-
pjudp wpmyniupubp: MU, U4 £CTN dnghjubph Yhpundudp dwlk-
punypughtt Swdyh nuwuwlwpguwt pwpnbkqubpp nwhu i guuw-
Jupguwt hwdwywnwuppwbwpwp 2w jwy b ghpuquig &ounipinii
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(Monserud et al, 1992): Ujgnihwunbpd wju ghypmid jwujwgnyt wp-
nyniup unwgyky £ ACN dnnkh hpwodwdp: ACN-h hbn hwdbdwnws
wytih pny) donnipjudp wpyniupubp unwgybky o UL} dnnbih gphy-
pnid, hull MU dnpbip £CN b U4} dnpbjubph hwdbdwwn ndk) E 4%-ng
yuwlwu onnipnii: Upnunpnnh b Oguwugnpénnh dounnipjniuubpn
gnyg bkt mwihu, np guuwlwupgnuip dwibpunypuyhtt dwslhh pnnp
nuwubph hwdwp hpwlwtwgyl) E pwpdp Sonnipjudp, pugunnipjudp
ukpy hngkp nuuh:

Unmiuwly 2
Znquswsljh nuuulupguuidrnmpyub gniguithotitpp 2018p. hudwp'
hpwiuwiwgjuws 10U, UdY b £CN wignphpdubph Yhpundwdp

wpunwnpnnh Yhpwnnnh Yuuyuwyw Cunhwbmp

Znnubdwdlh quukp | Sumpmb (%) dpum il (%) nduilhg SounnippiniLl

MU | U | £TT | U | U | £TT | 0| U | 2T MU (U | 2T
Uliply hnnbip 60.08 | 70.72 | 69.96 | 69.60 | 67.88 | 80.00
ununwdwdly
nwnpwdplbp
Pwug nnupudpubp 79201 88.46 | 90.83 | 83.75 | 91.44 | 87.22
Ownwdwdly
nwnpwdplbp

0123 ] 93.86 | 93.86 | 92.86 | 96.40 | 93.86

96.39 | 97.99 | 97.19 | 9524 | 97.21 | 97.19]0.80| 0.85 | 0.86 | 86.41 | 89.93 | 90.28

Lunupuyhlt
92131 92.62 | 93.01 | 87.56 | 92.53 | 91.39
Junnguuwuunnid

Spuyhl
nwnpwdplbp

100 100 | 97.22 | 100 100 | 94.59

Quuyws ATN wgnphpdp ghpuquignud £ MU U UdY wgnphpdub-
nht puuwlupgiwi Lnnipyudp, wjt wybih pupg £ b ywhwiend k
huuyuljwt hwoynquljwl pkunipuibp’ niunigdwl thnynid hhwbp-
yuwpwubknphl hwupdwpbgdwi hwdwp (Jozdani et al, 2019): Ujuy huny,
hwoyh wnubin nuuwlupgiwt Lownnipiniiubph wbbywt wnwppk-
pnipjniup U} U BTN dngbjubph dhol, npnp nhypbpnid (ophtuwy, hw-
dwywnwupwt hwoynnujuit pbunipuubph pugulunipiubt wuy-
dwtbkpnud) U4t fupnn E bwhptunpbh (huk) FCN-hg:

£TN dnnbih Ypundwdp 1989, 2000, 2010 b 2018pp. hwdwp unnwg-
Jwsd/qiutpugqus Gplwt punuph dwibplnypuyhtt Swsyh pupwnkqg-
ubkpp uEpuyugyus tu uly. 1-nud:

Zhnwgnuyny dudwljuwbwhwnduénid (1989-2018pp.) mbinh niub-
gud dwlbplnypuyhtt Swslhh thnthnjunipnibbbtpp ubpluyugdws tu
Unyniuwljutp 3-5-nud, hull wpwyl] thnthnpjudws mbnudwubpp wywwn-
yEpuws Gu tl.2-nud: Unnpl Ypubwplybt wnwytl) qquih thnthnjunt-
pintuubpn:
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Unmiuwly 3

Uwltplinypuwiht swslh thnthnjunipiniup Gphwb punwph
nwpwspnid 1989-2000pp. Yu?)

2000p.
Jommuddly Ouwnudwmdly | Luopupuyhb Lpuyhl
Fug vnn-
Utp} vpmdp- 5 ipmdp- junnmgu- ur-
hankp bip pusplly bip guunmyd | pudpbly
Utpjj hogkp | 0.00 095 499 0.17 507 [ 0.00
Fmnwéwdly
wupméphtn | 215 0.00 3.16 3.46 2,01 0.01
FPumg
wapuphin | 772 632 0.00 435 467 0.01
Ny
B | wapusphtn | 051 3.77 5.12 0.00 7.00 0.07
LPunupughl
Lunmgquuyu
wnid 7.14 3.11 6.08 2.05 0.00 0.04
Lpuyhl
——— 0.01 0.00 0.01 0.01 0.05 0.00
Unmniuwl 4
Uwltplnypuwiht swsih thnthnjunipiniup Gphwh punwph
nwpwspnid 2000-2010pp. Yu?)
2010p.
Ownur-
- PU A [ — - ——)
swsly |Pug il 4
Utply wupusp- | pudphin - qunmgu- | mmupwép-
hogkp pudp- wunnniyf hkp
blp
li17,]
Utply honkp 0.00 238 | 891 [ o0.41 5.81 0.01
Fummuwéwdl
wupudplitn 1.42 000 | 7.87| 388 2.06 0.01
Fmg
snupuidphip 5.28 216 | 000 | 225 5.26 0.04
2000p | Oumudmdl
sapusphin 051 377 | 5.12| 000 7.00 0.07
Luupuyhl
P — 311 | 6.08| 205 0.00 0.04
Lpuypb
e 0.01 000 | 001 o001 0.05 0.00
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Unmniuwl 5

Uwltplinypuwiht swslh thnthnjunipiniup Gphwb punwph
nwpwspnid 2010-2018pp. Yu?)

2018p.
Utp Z;ZJW& FPug Um;zz&w LPumupuyhll | Lpuyph
lzzq vpwdp mutzl];;zép vupwdp bmn:l..;glzlu[zyw mu;j;:&p
ikp akp
kp
Ukply hogkn | 0.00 0.99 7.24 0.08 6.89 0.00
fununududly
vnpudphln | 1.39 0.00 4.16 1.07 3.86 0.01
Fug
wmpudphtp | 4.61 2.13 0.00 1.09 6.79 0.03
2010 Ownwdudly
wmpudphtp | 0.36 2.87 426 0.00 6.85 0.04
e Lumupughl
Joniguroym
o 2.98 0.46 3.18 0.87 0.00 0.04
Lpuypl
vrupwsp 0.00 0.00 0.01 0.09 0.07 0.00

«Utkpl hnpkp - Pug mwpwspubpr b «Pug mwpwspubp - Ukpl ho-
nhp» thnthnjunipinibbbpp hhpdbwlwind wpnwhwynyb] b punuph
hwpwy-wpbbpui b hnruhu-wplidnjwt hwnqwsubpnud (W.2): dputp
hhdtwwinud wpynitbwpbpuljwivhwipwpynibwpbpujui b wdwh
wnwpwospubp G, npnbn dwibplnyph swshh toywsd yEpwthnjunudubp
wbppnyngbt  gopéniubnipyuwit wpyniupkt:  Gppopn dudwbwlw-
hwngdwsénud tnyuybu «Pug mwpwsp-Ukpl hnn» thnthnpunipiniutbp
Lt wnknh niubgh] punuph gniquununbuwljut mwpwspubpnud (0ly.2,
unihgnuukp 3,4,8 b 6): (Uhjhljjub-Shshuw pwunwuwuwubph dhol puljus
Uowlnyh wyghubpnud, Twpduwgh wyghubpnud, Puwlngdh thnnnght
hwpnn hwnywsnid) juwws shtwpuplub woiunwiiplikph htn:

Uwlbkplnypuyhtt Swshh wnwudht nwubph JEputhnjunidp Lunw-
puyhtt Jupniguyuwwndwi 1989-2000pp. dudwbtwljwhunywsnid wp-
nwhuynynid £ 2 dtny (@) UkS ptwjwpwiughtt hwdwihpubph Yunni-
gnud (=54u?), (i) dwubwynp wnubkph jupmgnmd (=74u?): unphppught
opowtimy 1980-wlwit pywlwitbkph Yhubphlt ujuymd b dbs phwlu-
pwbuwghtt hwdwihpttph Ywpnignud, htswywhu ophtwl] Ttwyhpwokl,
‘Unpupkl, ‘Unp Lnpph 9-pn b 8-pry Uhypnopowtinkp (4.2, wnjhgnutubp 9,
10/11, 12 hwdwywunwupjwbwpwp), npnup 2whwgnpsdwt kb
hwbdigmud  1990-wlwlbpht' funphppuihtt Uhmpjui thinignidwl
wnwphubtphtt b htnn: Bukpgbnhl dguwduinyg wuydwbwynpus Ow-
nwdwodl nwpwspubiph Ynpunhte 1990-wljwutbph ulgptphtt hwenpntg
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uwyu wnwpwsdpubph npny dwubpnd dwubwynp wubkph Jupnignuip:
Puigh wyn, Ownwéwsly nwpwspubp Ypdunyky Gu bwb shtwpupwlu
tywwnwliubkpny  (https://www.yerevan.am/en/yerevan-green-city-action-
plan/):

2000-2010pp. L 2010-2018pp. dwdwuwlwhwwnywsubpmd dwlb-
plunypuyghtt Swshh Ujniu nuubkph Jipuhnjunidp «Rwnupuwhtt junnt-
guyuwwnidwiy nuuh hhdtwlwinud mbtnh E niubgh] «vnnwéwsl nw-
pwopubph» b «Cwpwdwsl nwpwospubph» hwoyhti: 2000-2010pp. dw-
dwbwljwhwnquénid «Swnwdwsl mwpwsdputiph» Jipwthnfunidp «Lw-
nupujhtt jupnmguywwdwiy ywwlwu hunbtiuuhd £ =24d?) 0 hhd-
twlwiunud nhngl] B Utnnwnwihtt thnnpnghtt hwpnn gnunnd (.2,
ynihgnu 13) wuydwibwynpyws tnp ptwluwpwbtughtt hwdwihph Ju-
nnigdudp, b dwubwynp nikph Jurmgdwdp gplws Unpp-Uwpuy b
unp-unpp puwljtih hwnqwsubpnud (uly.2, wynihgntu 14): 2010-2018pp.
dudwiwlwhwnduwsh pupwgpnid wju npuwtudbnplughwit gpduws k
wipnne punupnid wpwdhlt thnpp nwpwsplbph, hwnljuybu dwu-
twynp wnubkph mbupny: Uw Jupnn £ yupdwbwynpdws 1hub) wyn nb-
nuuwubtpnid wnubkph (YEpw)juenigdwdp, husybu twb nbwdbpd uygh-
ubkph wiuptwd Jhg&wlny, npp phipnud L wppuiywluyhtt (nruwbjunph
Jpw whpukbjh uybluph hohnpjunmpui: bull (nuuwttluphg vnwugdus
Lunupujhtt junniguyuwundwt  thnhnjumpniup  dwlkpbinypught
Swolh wyy whybph Gupwnpynud E np ujw] npuuwlupgiwt wp-
nyniup k:

Cunhwunip wndwdp, 1989-2000pp. dudwtwjuhwnygwuonid tljuwn-
Ynud k punupnid giniquuntnbuwjue gnpéntubnipjutt wlnhyjugnid:
Uw Jupnn E pugunpyt] nyjju; dudwbwjubhwndwsh unghwi-nbnk-
nwljut wuydwtubpny, kpp munbuwjut dguwdudh yundwnny dwy-
puwpwnupnid dwnpnhl unhyyws Eht qpunyt) gniquuntnbunipywdp:

Pug wnwpwdputphg phyh nnwswsl wnwpwspubp hunbuuhy
npububnpdughw wbtnh L niubgl] dhuwygtt 1989-2000pp. (=64U?) U
hhdtwwinud gniqunbnbuwljwt wwpwspubpnud t: Mhwnp | bk, np
1989-2000pp Jwlwbwlwhwwnydwsh pupwgpnid Gplwb pwnuph
wpbbpjwt hwndwsnid b huwyn Eu Byl ggniquuntnbuwljui dpwlngh
wnwpwspubp (W.2, wnjhgnt 15 b 16): Upwtng wuydwiwynpdws, wju
huwwndusubpnud Pug mwpwspubpp YyEpwithnpudl; Eu ny dhuyt Iun-
nwdwsl nwpwspubinh, wy) btwl SCwnwdwsl mwpwspubnh (=44u?):

«Ownwoéwsl nmwpwsdpukp - Fug nmwupwspukp» Jeputhnjunidp qpk-
phk unyt htnbuuhynipyjudp (wn.3-5) wnknh b niubgl] hEnwgnunqus
wdpnne duwdwbwlwhwnywsnd, htswbu punupuhtt wtwnwnubph
wnwpwspubpnud (0.2, wynihgnuubkp 14,17, 18, 19, 20 b 21) (dwpnuh
pinpubp, Lwnuph hntuhund Zwunpwbwlh gpnuwgnit hwpnn hwwn-
Jwshg Lnpp-Uwpwy, Fotuwpwbwlwb uygh, OhsStnuwlwpkpnh pinip),
wybuybu k) gniquuniunbuwut hnnbtpnud (ul.2, ynjhgnuubkp 4, 8 b 6)
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(Mtwduyh uyghubp, Gplwiywi 1&hg nhyh Upwpuuywt quon puljwus
hwndws, Uyuyluyh obpungubph nupwspukn):

Bqpuljugnmpniiiip

Zhnwgnunipjwl wpyniupubpp gnyg Eu wwwihu, np.

e Uppuyujuyhtt jnruwtjupubtph dbpbuuyugws niunigdwn nui-
uwljunpghsutinhg £CN Unpkju hp gniguhoubpny ghipuwquugnid
nuuwlupquub djniu wigqnphpdubpp, hull U4} dogbip gpulin-
pod £ Jhpundwi LHwunipjub wipwbt gusp mwpphpnipinii
£TN dnpbkh htn hudbdnipjudp b wwhu b gqplpk tnyt wp-
myniupubipn: Uynnihwunkpd, npno phypbpnud U4 quuwlupg-
Uwl wignphpup hp yupgnipjundp jupnn £ ppadt bwjuptnpth
1hub) FCNwgnphpuhg:

e Punupuyhtt dwlbpunypuyhtt Swsyhh thnthnpunipjut Ytpjnisnt-
pintup gnyg £ wiwhu, np 2000-2010 b 2010-2018 dwdwbwljw-
hwwnyjwsubpnid Gphwb pwnuph nwpwédpnd quinn gniqu-
nbnbuwjui hnnuunwpwsdpubp qquihnpbt jpdwngl) Gu: Fne-
nuunbnbuwlut gnpdnitubnipjut htnbiuhjugnud ajuundl) k
dhuytt 1989-2000 duwdwtwlwhwwnygwsénid, npp Yupnn £ pugw-
npyk) Epypnd wnlw unghw nutnbuwlwit dquudwdny: 1989-
2018pp dwdwtwlwhwwnygwsutpnid tjuunynud L punupuyght
Jueniguyundwi nwpuswulul wg  quuynpuybu  jubus
wnwpwspubinh hwoyhte:

e Uwljtiplinyph swdlh «Runupuyhtt jupniguwuwnnid, Ubkpl hng
b Pwg wnmwpwspr nhybpt niubkt wdwinipniiubp b npuing
yuydwiwynpjws guuuljupguut pninp dngljubpp “nnidnud Eu”
Landsat wpputywluyht tupubtph ypw gpuip mwppkpulbihu:

Zhknmwgnuinipjniut hpwjwbwgyty | 22 YU ghnnipjut yhnwlut
ndhinbkh npudwnpus Shtwbuwynprudp 18T-1E085 swsljuqpny gh-
nwlwb phduyh opowtwjubpnud:

Qpuljubimipinit

2002 Shghiwulub Uplmwphwgpnipinit. 19710 2UUZ Ghunipyniibiph Ujunbidhugh
hpwuw., Gplwb, 469ty.

Ang Kean Hua, Ping Owi Wei. 2018. The mfluence of land-use/land-cover changes on land
surface temperature: a case study of Kuala Lumpur metropolitan city. European Journal of
Remote Sensing, Vol. 51, Issue 1, 1049-1069,
https://doi.org/10.1080/22797254.2018.1542976.

ChoudhuryD., DasK., Das A. 2019. Assessment of land use land cover changes and its impact
on variations of land surface temperature in Asansol-Durgapur Development Region. The
Egyptian Journal of Remote Sensing and Space Science, vol, 22, issue 2, p.203-218,
https://doi.org/10.1016/.€jrs.2018.05.004

Dhar R.B., Chakraborty S., Chattopadhyay R. et al. 2019. Impact of Land-Use/Land-Cover
Change on Land Surface Temperature Using Satellite Data: A Case Study of Rajarhat Block,

31



North 24-Parganas District, West Bengal. J Indian Soc Remote Sens 47, p.331-348.
https://doi.org/10.1007/s12524-019-00939-1

Foody G.M. 1992. On the compensation for chance agreement in image classification accuracy
assessment. Photograininetric Engineering and Reinote sensing, 58, p.1459-1460

Hussam Al-Bilbisi. 2019. Spatial Momtoring of Urban Expansion Using Satelhte Remote
Sensing Images: A Case Study of Amman City, Jordan, Sustainability 11(8):2260,
DOI:10.3390/5u11082260

Jozdani Shahab Eddin, Johnson Brian Alanand Chen Dongmei. 2019. Comparing Deep
Neural Networks, Ensemble Classifiers, and Support Vector Machine Algorithins for Object-
Based Urban Land Use/Land Cover Classification. Remote Sens. 11, 1713,
doi:10.3390/1s11141713

Ma Zhenkui, RedmondRoland L. 1995. Tau coefficients for accuracy assessinent of classifi-
cation of remote sensing data. Geogpraphy, DOI:10.1007/s12601-015-0032-2

Maxwell A., Warner A., Fang F. 2018. Implementation of machine learning classification in
remote sensing an apphed review. International Journal of Remote Sensing, Vol, 39, Issue 9,
p.2784-2817 https://doi.org/10.1080/01431161.2018.1433343

Monserud R.A., Leemans R. 1992. Comparing global vegetation maps with the Kappa statistic
Ecological Modelling. vol. 62, issue 4, 275-293, https://doi.org/10.1016/0304-
3800(92)90003-W

Pal S., Ziaul Sk. 2017. Detection of land use and land cover change and land surface temperature
in English Bazar urban centre. The Egyptian Journal of Remote Sensing and Space Science,
Vol. 20, Issue 1, 125-145, https://doi.org/10.1016/.€jrs.2016.11.003.

Pedregosa, F., Varoquaux, G., Gramfort, A., Michel, V., Thirion, B., Grisel, O., Blondel, M.,
Prettenhofer, P., Weiss, R., Dubonrg, V. 2011. Scikit-learn: Machine Learning in Python. J.
Mach. Learn. Res., 12, p.2825-2830.

Python Machine Learning 2016. Packt Pubhshing, 425p.

Rousta L., Sarif M.O., GuptaR.D., OlafssonH., Ranagalage M., Murayama Y., Zhang H.,
and Mushore T.D. 2018. Spatiotemporal Analysis of Land Use/LLand Cover and Its Effects
on Surface Urban Heat Island Using Landsat Data: A Case Study of Metropohtan City Tehran
(1988-2018). Sustainability, 10(12), 4433; https://doi.org/10.3390/su10124433

Yerevan Green city action plan 2017. 203p., https://www.yerevan.am/en/yerevan-green-city-
action-plan/

UCCJIEAOBAHUE HPOCTPAHCTBEHHO-BPEMEHHOI'O
W3MEHEHUS 3EMEJBbHOTO HOKPOBA I'OPOJA EPEBAHA C
HPUMEHEHHWEM JJAHHBIX CHYTHUKOT'O TUCTAHIIMOHHOT O
30HANPOBAHUS

Tenanocsu I'., OBcensin A., Mypaasia B., Acmapsn 1.

Pesrome

B craree paccmaTpuBaroTcs 0COOCHHOCTH MPOCTPAHCTBCHHO-BPEMEHHOTO
W3MEHEHHUS 3€MENBHOrO Tokposa ropoma Epesana B meprox 1989-2018 rr.,
Jen(pUPOBAHHEIC CO CIYTHHKOBBIX CHHMKOB Landsat - ¢ mcmonb3oBaHmeM
ANTOPHTMOB MammHHOTO oOyueHusa. [ms kaprorpadupoBanHs 3¢METBHOTO
MOKPOBA ropoaa ObLTH BEIOPAHBEI HAHOOIIEE MIHPOKO HUCTIOIB3YEMbIC aIrOPHTMEI
MAITHHHOTO OOVYCHHS: METOAbl MHOrocnonHoro mnepuentpona MCIL, (MLP-
multilayerperceptron), omopueix BexktopoB-MOB (SVC-supportvectorelassifier)
u cnydainbii jgec-CJI (RF-randomforest). Pesyaprarel HCCIeqoBaHHs MOKa-
3aJH, YTO U3 KIACCU(PHKATOPOB MAIIMHHOTO OOYUYCHHS CIIY THUKOBEIX CHIMKOB,
pe3vabTathl, moayucHHele MeToaoM MLIIT mpeBocxomiaT pe3ympTarhl APYrUX
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anroputMoB  kinaccupukanuu. [lpocTpancTBECHHO-BPEMEHHON aHAMH3 KapT
3CMCJIBHOTO TOKPOBA TOPOAA MOKA3BIBACT, UYTO CCIBCKOXO3IUCTBCHUBIC YTOAbS
B EpeBavic ObLTH 3HAYUTECIBPHO COKPAINCHBI B TCUCHHUE MICPUOIA HCCIICIOBAIIHS,
a MPOCTPAUCTBEHUBIH POCT TOPOACKHX 3aCTPOCHHBIX TEPPUTOPHI B 3HAUYU-
TEJIbHOW CTENEUH MTPOU3OIIEII 32 CUET 30H 3EJICHBIX HACAKIACHUU.

STUDY OF SPATIO-TEMPORAL CHANGES IN YEREVAN’S LAND
COVER USING SATELLITE REMOTE SENSING DATA

Tepanosyan G., Hovsepyan A., Muradyan V., Asmaryan Sh.
Abstract

The article considers specificities of a spatio-temporal change in Yerevan’s
land cover between 1989 and 2018, classified from Landsat satellite images
using machine learning algorithms. To map the city land cover, this research
chose the most widely used machine leaming algorithms: MPL-multilayer
perceptron, SVC- support vector classifier and RF- random forest methods. As
established, the results obtained by MLP method outperformed those obtained
using other satellite imagery machine leaming classifiers. A spatio-temporal
analysis of the city land cover maps has indicated that agricultural areas in
Yerevan were significantly reduced during the period of the analysis and the
spatial growth of urban built-up areas occurred mostly at the expense of green
zones.
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nhnubp, tpybkghtt wnhud-hpwpwpuyht, hpwpwpw-puquudbnwunuyhe
hwiupwywypbph wnwowgdwt b nknuwpwodwt hhdtwlwt ophtiw-
swihnipiniiubpp: Uy hbnwgnunipniuubpp wdthnthybghtt tpw gni-
nnpuljut wnbkuiwnumpniunid (1969p.), npp 1977p. nyu nbuwy
“Mumepasiorys, TeOXUMUS H TeHe3NC PyA, KoadeqaHHoit dopmariiyn ApMsaH-
cxoit CCP” dktiwugnpnipjwtt wbupny: Zwpl b ol EU.Ivwswinnipyuih
woluwtnwiiplibph uiplinp wpwbdiwhwnlnipniip tpwbp, husyhbu
opkup, wywpunynwd Ehtt hblnwqu npnunnqu-hbknwpiniqujut wouw-
wnwbpubph hwtdtwpwpwlutukpny:

1957p.-hg nEjuyduptiny 6QP Ogunuwljup hwtwsnubph puwdhup tw
UbkS nownpnipinit Ep gupdund Gphunnwuwpny ghnwlut Jungpbph
wwwnpwundwipn, npnug sunphhy hbnwqunud juwnwpybghtt puqdw-
Unnuwitth nuunwdbwuhpnipiniiubp hpwpwpuwyhtt oqgunuljup hwbwédn-
ubkph wpwewgdwit nwppkp wuwybklunubph JEpwpkpuy: 1970-wjut
pYuluutbtphtt Ywwwuh hwupwyhtt opownid E.U.Jvwswinnipjuh nk-
Juwdupnipjudp Juunnwupjuws hwdwwwphwl hlnwqnunipinibtibph
wpyniupnid wupqupwiybghtt dwguunpl b dbnnwundwnhll wpw-
owgnidubiph wnwudtwhwwnnipyniiutpp, hwipuybwgdw ynipwljut
Juqup, wbkquwpuwodwt Gpipwpwbtiw-junnigyuspuyhtt wnwbdtiu-
hwwnlnipiniuubpp, Yuquykg tnp Gppuwpwiwlwit pupnkq, wpunwn-
pujwt Jjuquwybkpynipiniuubphtt wowewnplytkghtt Ynulpkn hbEnw-
tjupuyhtt mbnudwubp npnunpu-hbknwiniqujut wpiwnmwupubph
hpuwljwiuwgdwi hwdwp:

E.U.vwswnnipyuip gwtnid Ep wykjh ubpn hwdwgnpswlgnipinii
hpwlwbwgul) 2zUUZ Gpypwpwiwlui Jupsnipjut hbn, widhowlw-
unpbt wpdwquipl] wpnungpujut juquulbpynipiniuttphtt hnignn
hwipgbpht:

NEJuwyuptiny pwduh Ephnnwuwnpn ghnwopiwnnnubph Ynjblunh-
Up tw ULS npwnpnipjudp kp Jhpupbpymd tpuig wnwewplnipynii-
utiphtt U dnwhwnugnudubpht, hwdwwnbn putwpynudutp bp juquw-
Yhpuynud Jh&hh hwpghph dwuht' tyuwnwl niubiwny] hwigh) po-
nniubih mwuppbpwyh:

EU.vwswnnipuip dh owpp wwwphubp guuwduint] kb «Uhuk-
puwinghur» U «Ogunnulup hwbwsénubph wpynitwpbpuuwt mhwybph
hwupwywypbp» wnwpyuitpp Gphwih ywknwwt hwdwjuwpwind b
Gplwuh wnjhnbjpuhljujuwt htunhnnunnwd: 1971p. tpwb punphykg
ypndbunph Ynsnud:

E.U.vwswnnpuip hwdwhbnhtiwly tp wiwn. 2.Q.Uwnupjuih
nhjwjupnipywdp  Yuqudws “TIporHosHo-MeTannioreHH4ecKas KapTa
Apmsnckoit CCP” puipinkqh: Lw wlunhy dwutiwlhg Ep Zuywunwh b
Enynuphuyh hwiupuyhtt $npdwghwibph hwdbdwnwljwit ntundtw-
uhpnipinibiiph wouwnwptbpht: B U vwswnnipuip onipe 90
ghinujut wouwwnwiputph hinhttwl b hwdwhbtnhtwy tp, wyy pynud
“Paccesrrsie MeTasnsl B pygax ApmsHckoit CCP” (1966r.), “Meranmiaeckue
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mosie3Hsle mckomaemere” (1967r.), “Anasepackuit pynmsiit paiion” (1968r.):
‘Lw htnhtwl Ep huybpbki (kqynd wwywgpduws 2UUZ ogquuulup hw-
twoénubphtt wdhpdwsd ghnw-hwupwdwwnskih gpph:

E.U.vwswwinnipjuip hpkt pinpny yuwnwupwbwnynipjudp b ow-
twuhpnipyudp juunwpnd Ep puquuphy b wwpwpbnyp hwuw-
puwiuwlwt wownwupubp: 1971-1975pp. tw «2UUZ QU Skntliwghp
Qhwunipjniuutp Gpyph dwupty hwinbuh yuunwupwbwnne judpu-
ghpt kp, 2UUZ MEnwljwb dpgwtwlubph sunphdwt ghinmpjwt ninp-
nh  pipwpwbw-Entughtt uklhghwgh, Funpjut yWwonmwwinipjub
hwipwwbwnwlwb junphpnh, Gplwih wknwljwt hwdwjuwpwih Gpy-
pupwbwluwi dwlnyunbnh ghn.junphpgh, Gphwth whnwljuit hwdw-
juwpwih ghnwlwl wunhdwbbbp 2unphdwt  dwubwghnwgus
qhw.junphpnh, 2UUZ Bplpuwpwiwlwt Jupsnipjui ogunuljup hwbw-
snukiph hwpqupluwt donwljut hwuduwdnnnyh b vh owpp wy hwtd-
twdnnnyubiph winwd kp:

E U vwswnnpuwip dwubwlhg Ep pwquuphy dhewqquyhi, hw-
twdhnipbwlwh, hwipuylnwljut ghinwdnnnubph” wunows ukp-
Juwywugubiny Zuywunwih tpipupwinipiut tqudndubpp: 1969p. tw
punpytg Oqunulwup hwuwénubph gbkubghuh dhowgqujhti wunghw-
ghuyh (IAGOD) wunud: Ljwwnh ntubtwny E.U.vwswnniputh pug-
dudjn ghnuljui tjudmdibpp tw wupqhuinplbg “3a Tpymosyo
nobmects” Uknuny b 2UUZ QU Lwjuwquhnipju «Lwunwlughp»-ny:
EU.Jvwswinnipyup hbnwppphp dnwhwnugnudubp niukp htinwqu
huwdwwnkn hbnwgnunipniuubph Jhpuwpbpuw; tnuwunwih, dpwu-
wnwth, Ungppbowth, Nijpwhtwgh, Poynuphuyh ghnuwlwutbph htn,
nnnup Yyhpwpkpynud Eht hpwpwpuwyhtt b hpwpwpw-puquudbnwunuyghe
hwiupwywypbph wpwowgdwtt b nknupwppudwit hwpgbph wnwppbp
wuyknubpht, uwuyt 1982p. wyphihtt tw hwtjupswdwh Enuy 62
nwpbkjut hwuwlnud:

EUvwswnnipjutth dwuhtt wyu hwlhpd wltwplhh hhdtwyub
tywunwlt kp Swinpwgul) htunhnninh tphnwuwpn ghnwow-
nnnubkphtt AP kpuuwnwnpitphg dklh" B U vwswnnipuih pug-
dwlnnuwuh gnpénitubnipjut hbtwn, npp hp Yuipp wtybpuywhnpku
uJhpwpbpkg tphpwpwttwlu ghnnipjwinp:

22 QU pyp-wnud
[ Utpntywt
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U4qUuGUBUL UNRLGL PYULP (1911-1985): Oudh) k 1911p.
Usjuwpwp punupnid, @nippbunwth pwquuljui oypnigh dwpwynnh
punnwuhpnud: Unwehtt Zwdwpliwphuyhtt wunbpuquh wnwphubpht
punnwihpp wEknuwthnpuynud £ Unwiypnynih dwpgh Bnhuhyw gininn:

Udupuby k Fnth (Unynskpuulh) Mnjhnbuhjulwit htunhunne-
wnp, unwgl) (Eptught hudbubp-tpypupwh npuwwynpnid: 1930p. nk-
nuthnjudt] E Zuywunwi b 1934 pyuluithg wohwwnk) Zujwunwih
Epypwpwiinipju ninpunid:

1941p. 390-ny Zuyjului ghyhqhuyh Yuqunud dklul] £ puquw-
Swjuwn: U.Udutbywip nwquudwljuinhg wy) hudtubpubph htn dhw-
uhtt wpdwquipkny Juwrwjwpnipju Ynshtt'® wpjuwwnwiph E wigh)
Zuywunnwth YUndniuh YEunndh ynudwhwiupwihtt pudwtidniupnud:

U.Uduibywin yupglwwnpyby «2Eununduihuyh hwipuybunne-
prul wojuwwnwipuyhtr dbnguyny: 1967p-htt upwt ounphdty; k «2UUZ
Juunwluwynp Eppupui» yunduwynp Ynsnudp:

Juwudwuyt) L 1985p. Gplwunid:

UdGShU3UL 4UNMAGU ULQUSP  (1918-2007): Ouyly k 1919p.
Upbipuwtnpuynnud  (Yynudph): 1936p pungniugl) B 602 wojuwphw-
Epypuwpwbwui dwlyniyntnnp: 1941p. wdwpnk] £ hwdwjuwpwip b
qnpuynsyty Ywpdhp pwbwl: 1942p. wjwpunb] & Soplynt pwquw-
nwuluyhtt pupngp b mwtuyhtt puuwih hpudwbwnwph yuwwnnung
niqunplyl] dnpnubkdh nwquwdwluwn: 1943p. tpwb nbknuithnjub) G
nijpwhttwwt pwquwdwljun, mp dwutwlgly E Fhignpnn, vwplny,
NMnunuwyw pwnupubph wquuugpiwb hudwp dnynn dwpunbpht:
unyt pyuwlwith hnyjhupt 9. Udbknhywip yhpwdnpyt) k wywphtgby
b 1944p. dughuhtt unphg Jdklyuk] ©pypnpn nijpwhbwljub pwquw-
Swljun:

Nuwunbtpuquhg htinn 9. Udknhuyywup qnpugnyt E 1954p. ygupwn-
wyuwibk] b phijuwdniwjut wnbiwjununipiniup, unwgl] nngkunh
Unsnd b unyb pYwlwihg wolwwmwiph wugh; BNZ-nd npybu
tpipwpwbwlwd dwlinyunbinh Cunhwiunip b Yhpwrwlwb Eplypu-
pwinipjwt wdphnh gngbuwn, 1968-1976pp. nhjudunt) L unyt wd-
phnup: 2000p. wpdwbwgl] E wpndbunph Ynsdwi: 1970p. 9. Udknhu-
juwthtt oinphyt) b «2UUZ Juunnwlwynp Epljpupwi» Ynsnidnp:

J. Udbnhuywip qupglwwnpyt) b «<uypbbujut ULS wuwnbkpuquh
wnwehll wunphdwith», «wypbuwluwt ULS wuwnbkpuquh Epypnpn wu-
nhdwuh», ppuwipwuibpny puquuphy dwpnwlut dkqujukpny:

Juwudwuyl) L 2007 . hnunbdptph 12-ht Bplwunwd:
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UureNruuudun UbhUNL YULUMGSE (1924-1990): Ouyb) k 1924p.
Uhuhwih opowith Cwnup gnugnid: 1941p. pugnibdt 6N2 wojuwphw-
tpypuwpwbwlui dwlnyunbnp, wjupnt] £ wnwehtt Ynipup b 1942p.
ognunnnuhlt qnpwlnsyl; Ywpdhp pwbwl: UEY wdhu wbg tpwb
niqupyt] o Zpuuhuuwghtt Undiuwuh pwquudwluwn, nip swouyl) k
69-nn wpwhiyw sSnuyhtt pphqunnud npuytu hpwdhg: Twutwlghy
‘Unynpnupjuljh opowunid nknh niubgws phuwtiinuwghtt gnpénnnipini-
ubphtt b uwuwnh dwpnbkphg dbinud 1943p. hnitbdwph 11-ht dwtp
Jhpwynpyky: 898-pn wpwudht Juyh gnudwpunulnid npuybu juuyw-
Unp dwubiwlghly £ vwpyndh, Youbypnybnpndulh, dhundhph, (knd-
unjh, Ukigh wquuugqpdwup b pptwdnt Uwunndhph hktwlknkph Jb-
pugdwun: 1944p. hnifhuht Uwbngndhph dnn dhpwynpdl £ b wpwig
dwpunwlub pupphg goipu quynt poidyb: Uwubwlgl) E ghpdwbwljui
Uh pwih punuplbph, wyy pynid’ Phnjhih qpuidwip: U. Upgnidwi-
jwiup wupgbwwnpdl] £ dh owpp dwpnwlwi  dbngujubpng nt kpw-
gqnutt Y puwynp hpwdwbwnmwpnipyui sunphwuwugpbpny: 1945p.
U.Upgnudwiyuip gnpugpyl] £ b owpnibwyl] nunwdp, wdwpunbing
wylt 1949p.: 1962p. wwonwwk] E phjuwsniuljut wnbkiwjununipint-
up: 1966-1990pp. nuwuwfunubk] £ GN2 Epljpuwpubuljui $wlninbtnnid:
1986p. wwownmwwik] £ gonlunpuljwit wnkiwnunipinil, 1989p. wp-
dwtwgh] £ ywpndtunph Ynsdwie:

Juwhudwuyt) £ 1990 p. ubwywnbdpbph 26-htt Gplwtnud:

FULSUL UNMAUNL MN1NUP (1917-2002): Ouyk] E 1917p.
Uikpuwtinpuyninud (Yynudph): Sknh dhottwjwpg nuipngt wmjwipnbijnig
htinn pungnidt) B BN2 wopwphw-Epjpupwtuljut dulniynbnp:
1940p. wywpunnty E uyl, gnpulnsyt) puwbwly: 1941p. wjwpunby £ Fupih
qtuhpuyhtt hpkwnwunt nupngp, unwgh] (fukuwbnh Ynsnud b bow-
twlyb puuwlh hpwdwbwwnwp Zuyulw 89-ny nhyhqhwynud: Ujunt-
htinli dwnuyky £ 20-pp hwwnnil qbuhpughtt nhyhghuynd npubu
dwpunlngh hpwdwiwwnwp: U.fupwipn dwpnisgl) © Unwohtt phjw-
pntuwjut, Unwehtt b Gppnpy nijpuwhttwljuwt puquudwljunibpnid:
dhiiyniup wquunuqpdwd dwdwiwl Jhpwynpdly E wwyuwphudl) b
Jhpwnupdl] puquudwlun: Lw dwubwlgl) L Lnuhquptpgh  (uydd
Yuwhhuqpun) b ftnjhth gpuydwin: Ywpdhp pabwlh puppbpnid tw
wgli) E Zjntuhuwghtt YUnydlywuhg dhish Flnjht:

1946p. U. Pujuip qnpugpyl) £ b dEkpunupdt; 6N2: Unyt pyuw-
Jwithtt wouwnwiiph b wigh) 6P npybu Ypunubp, wyw wjwug ghn-
wohiwwnnn: 1951p. wmknwihnpgl] B BN2, wigukny nuuwpinuwlwi
woluwwnwiph: 1949p. U.Lupjwip yuonwwik) k phjuwsniwljui, hul
1966p. nniunnpuljut wnkbwnunipinibtbpp: 1951-2002pp. wouwwnk)
L BNZ wohuwphwgpujut dwlnyunbnnwd, uygpnd hppl wjwg nu-
uwjunu, wyw nngkinn, hul] 1968 pluwljwithg wpndtunp: 1969-1997pp.
hwunhuwgt) £ BNZ pupinbqugpnipjut b ghinunpdninghuyh wdphnuh
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hhdtwnhp quppsp: 1970p. U.Lupjwit wpdwbwgl) L «2UUZ quunw-
Juwnp Eplhpwpwi» Ynsdwin:

Uwpunwljuwi vjupugnpsnipinibibph hwdwp wpdwiwgk) k «Upbp-
uwunp Lhulnw, «Yupdhp wuwnnhy, <<wpbbiwljut Uk gqunbpuquh
wnwoht wunhlwih», «wpbtwuit Uk wwwnbpwqdh bplypnpg
wunhdwth» opwtipwtiukph b puquwphy dbnuubkph:

Jwudwuyt) £ 2002p. dwjhuh 15-ht:

FUNTUUUN3UL QGUOrS NGSCAUP  (1908-1998): Ouyhky L
1908p. duyhup 10-htt Gplwbnwd: 1927-1931pp. ©BNZ puwghwinipjul
dwlnrjntnh phuwljutt puduh ntuwng:

1938p. pungnityb) £ 6@ wuwhpwiwnnipwic 1942p. qnpulnsyt) k
Yuipdhp pwtwl: 1942p. htinpduphg dwutwygly E Wphdh b Zjniuhu-
nyuuyut nwquudwljuniubpnud, Ykpsh dwpnkphtt tw npybtu 47-
nn pwtwyh 158-pn wnwtdhtt Unnnwhpwdquyhtt gnudwpunwlh puuwlh,
wyuw Juoinh hpudwbunwp: 1943p-hit wpnnontpjul Junpupugdui
yuwwndwnny qopugpyl] E b wbgh] wpluwwnwiph BPb-nud: 1944-
1947pp. hwunhuwgt] £ 6@b-h ghnpwpunniqup: 1951p. wwownwywk
phjtwsniujut wnkhwjununipinii:

1948-1977pp. 6AP-h Mhwnpngpubhuwyh b vhubpwinghwjh uklunnnh,
1976-1986pp. Gplipwdwdwbtwlwgpnipjut U hqnunnuwuyhtt hkwnwgn-
nnmpjnitutbph jwpnpuwnnphwyh Junhs:

1963p-ht wupgwwnpgl] b «Upjuwwnwipuyhtt Ywpdhp npnoh»,
1985p. «Zwypbbwjui ULS wwuwwnbpuquh Gpypnpn wunh&wih» opui-
upwknny, 1966p. U 1985p 2UUZ Qbpwugnyt junphpph twpuwquhne-
plul wwwyngpny: 1974p-ht @.LPunpuuwpuitht sunphyl) k «2UUZ
Juunwlwynp Eppupui» yunduwynp Ynsnudp:

Juwhudwuyl] £ 1998 p. hniujunph 16-htt Gphwinud:

FNTLUNBUL MGLK UGLr3G3k (1920-2004): Ouyk) E 1920p. Lnp
Puyugbin (Quyun) punupnid: 1938p. Eplwinud wjwpunk) E dhotiw-
Jupg nuipngp b pniin]t] GN2-h wpwphwgpu-kphpuputiuljut du-
Yniintnp: 1941p. hnyhuhtt N.Pnotwnyuip qnpuynsyt) £ Ywpdhp pw-
twly, Swnuyl) Zuyuwlwt 89-pn hpwdquyhtt nhyhqghuynud: Uwpubsh) k
Zymuhuwghtt Ynywup, Uugplnduup, Unwehtt phjupniuwjut nwg-
dwdwluntpnud b Ukpdsnjut hwnntl] pwbwlh juqunid: N.Cnp-
twnup tywtwlyb £ wjwbwiubnuwhtt gnidwpnwh hppdwbwnwp,
htnwpniqmpjutt nt owkpwwnhy Swnuwynipjut qény qunh swmwph
yhwnh oquwlwl, qunh swmwph whwn: N.Lnotwnuup wlnhy dwu-
twlgnipinit £ niikgh] Qpnquh punuph wuwponmwwinipiwb, (Gwudwi
phpwlyngnt, Ykpsh, Ubwuwnnwnh wquuugpdwi, Spwildnipnp b
Ptnihuh qpuydwt hwdwp dnynn dwpunbpht:

Nuunbtpwuquhg htwnn, 1948p. wouwwntb] k GQb-nuwd, 1950p-hg B2
tpypwpwbwlwb dwlnyubnh Cunhwinip b hpunwluwi tplhpupw-
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unipjutt wdphnunud: 1955p. wuwownwwik] £ phjtwdniwljwt wnbkiw-
Jununipnip, 1956p. tpwt sunphyt) E npngkunh Ynsnid: 1952-1955pp. b
1961-1962pp. N. Pnpuwnuin tnkp £ N2 nunbuwlwubt wpuwwnwp-
ukph gény wpnntlunnp, 1959-1961pp. tpjpuwpwiwlut  dwlnijnbtnh
nkljwl, 1965-1968pp. njwuh mtnulw), 1966-1968 pp. U 1992-1997pp.
Cunhwunip b Jhpuwnwlut Epypuwpwinipjmtt wdphnuh Juphs: 1997p.
wpdwtwgh] kEypnbtunph Ynsdwi:

1999-2003 pp. N. Fnpuwmubb puwnpgl) b 22 Uqquihtt dnnnygh
tpypnpn gnudwpdwd wwngudwynp, Epup wwphubp gewdupt; b
22 yquunbkpuquh Jenbkpwttbph Yndhnbki: 1996 pyuluihg dhtsh Yjub-
ph wdwpunp tnk £ 22 quunbpuquh, wouwwnwtph, ghutwsd nidbph b
hpwjuwwwh dwpdhttbph Jenbpwtbbph dhnipjwt junphpnh twhow-
quhp, UNZ wiunud tpypubph JEnbpwitbph hwuwpuljuluit Yuwg-
dwljtpynipjniuiiph dhowqquyhtt dhnipjniup hwdwnwunn junphpph
twpwquhnipjut whnud:

1971p. N.Pnpuwnuut wpdwiuwgk] t «2UUZ Juuinwljuynp Epy-
nwpwir Ynsdwi: Mupqhwnpdb b «wypbiwlubt yunbpuqdh wow-
ohtt wunh&wh», «wypbtwlwt wunbpuqdh Epypnpg wunhlwihy,
«qupuhp wunny, «Upjpwnwipwyhtt yupdhp npnoh» opwtipwtitpny nu
puquwuphy dbknuubkpny: Spwiuhuwgh hojuwbnipinituiph Ynnuhg tpwut
ounnhyb) k «®dwphq pwnup» wtuwbwlub dbnuw:

Jwjudwuyk) k 2004p. hntuJuph 5-htt Gplwbnd:

QA3NY2UY3UL UUrsSh? & hraNrh (1920-1988): Ouyk) k 1920 p.
Utbipuwtnpuynnud  (Ynudph): 1939p. wdwpunb] L Gplwbh (hotw-
dbnwnipghwljut nkthynudp b wpwnwiph wugk] ulqpend Unti-
skqnpulnid, wyw Unipdwbulnd: Spypupuiuljwi hbnwuniquljub
wojuwwnwtpubph dwdwiuwly hhqwunwugl) E thnpowngpdt] Gplwb b
wnnnowbwnig htnn 1941pht qnpuynsyby pwiurly:

Ownuykj k 409-py huyjujut hpwdquyht nhyhqhwynid npytu nu-
uwlh hpwdwbwwnwp: 1941p. ghyhqhuwh Juqunud dbjuk; k Zjniuhuw-
1ht Unduuh nuquudwljuwn, dwubwlgh) £ Ungnnlh mwl) mbknh niuk-
gnn Juwnwnh dwpunbpht:

Nuwunbtpwuquhg htwnn, 1945-1950pp. unynpk] nt wjwpunt] L Unul-
Juyh U.Qwjhtthuh wudwb gnibwynp dknwnubtph htunhnnunp, wyw
unynpl) Lk Lkuhuqpunh (Uwulyun-NbEnbppnipg) (Eptuyghtt htunpunne-
nmd, 1950p. wuwownwwil] phijuwsniwljut wnbkbtwjununipiniup b
wbknuthnpuyty 6NZ, npnbn wouiwnb] £ Epipupwbwluwt dulng-
wnbwnnud npybu nnghtn:

Juwhudwuyt) L 1988p. Gplwunid:
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UUNULIUL zZOY9ZULLEU QGdNrab (1914-1982):  Ouyhkp k
1914p.-h wyphth 6-htt Ephihupnud: 1935p. wjwpnb) E LEuhugpunh
(Uwulwn Mhwnbkppnipg) (Entwghtt htunhinnunn: 1934-1940pp. woluwwnb)
E wUzU QU Swohy-Nwihpywt wppwyjwpdpnid npyku onjuwnh wbwn:
1940p. qnpuynsyb £ pwbwl: Zuypbiwjut wwnbkpugdh ulqphg tow-
twlydt) £ vwjpuynpuyhtt wwbwbnpuyhtt nwuwlh hpudwiwnwp b
dwutiwlglk] Nijpwhtiugh b Zntuhuwhtt Yndjuwuh yuwonywiunpujub
swup dwpunbpht: Upldnywb £niqg ghnh dpu quntynn judnipgh opow-
unud hpwlwiwgdwsd hunun gnpdnpnipynitiibph punphhy hwljwnw-
Ynpghtt qquih Ynpniunbtkp hwugubnt hwdwp Z.Uwnupjwinp 1941p.
wpdwiwgh] b (Gunktwtnh §nsdwt b wupghwwnpygl) «Gupdhp wuwng»
opwiiywny:

Ujunthbnlb swup yhpwynpyt) £ b npnp dwdwbwl swugws pnipu
qpyby m Jkpunwpdby hp ghppbip: Ugn dudwbiwl) uluby £ glyh Unw-
1hugpun gipdwbwlwi gpnhp: 1942 pwljwih wotwup gnpugpydty L b
wigh] wpiwwnwiuph BAP-nud npybku wjwg qghnwfuwnnn, huly 1947
pYwlwithg wuopkuh ghinwljut gény nbknulwy): 1957p. Z.Uwnwupjuip
punpdby £ 20Uz QU twju nbjuuhjuljut ghnmpniubkph, hul 1963
pYwlwthg tpyph dwuhtt ghnnipiniuubph pudwidniuph wjwunbdhlnu
puwpunniqup: 1963-1966pp. hwdwwnbnnipjui upgny tnk) L Gplhpw-
pwbwlwi ghnmpinitvbph htunhinunh mbopkup: Lw Lk L VUZU
(1950) L 2vUZ (1976) ywhnwljui dpgwuwlubph guphukhp: Mupglw-
npyt) b «Upjuwnwipughtt Ywpdhp gpnohy, «Ywpdhp wuwngs, «Nwnyn
towi» opwtipwtbpnny:

Jwjudwuyk) k 1982 p. unytidptiph 14-ht Gplwbnud:

®pe3UL arranr zN4zUuuvutUb (1919-1998): Oulhk E 1919p.
ubiyunbtdpbph 1-ht @phihuphnud: 1937p. wdupunt) Edhetwlwung nupngp
U pugnidty £ Bplwh whnjwt hwdwjuwpwih Ephpupuwbwljui dw-
Unyunbnp: 1941p. ognunnnuhtt gnpulnsyt) £ Ywpdhp pwtiwly, 1942p.
wyuwpunb] £ EEwdhh hbnbwluwhtt ntunidbwpuip unwbwiny (Epnk-
twuwnh Ynsnd: Uwubwmygly £ YUndyuuh wuwonywtunipjut dwpnbphl,
nhuwbinwyhtt gnpénnnipiniiubpnid Unynpnuhjuljh opewnud, Ynipuly-
Phignpnn wnknh, Nijpwhtugh wquunwugpdwi, Hubwph qghnwigdw
dwpunbpht npybu wwiwbbnwhtt Juonh hpudwbwwnwn:

1946p. hniuhuhtt gnpugpyby E pwwlhg b tnyt mwpduw hnljnbd-
pbpht wwpunb) £ 602 Gpjpupuwtiuluwt dwlnyunbtnp: 1947-1988pp.
wouwnk] E Gpljpwupwbtwljut ghnmpiniutbph htunhnnunnd hw-
onpryupup qpunbgubtiny Ypnubp ghinwppiwinnnh, Gphpupwtiuljul
putqupuih Juphsh, wijwg ghnwpuunnnh, kpijpwphdhugh pwdih
Juphsh wwpwnnuubpp:

1951p. LEuhugpunnud (Uwulwn NbEnkppnipg) wquwownwwuk) E phly-
twoéntwlul, hull 1969p. pniunnpuljut wnbkuwpnunipniup: 1976p.
hwdwhbnhtiwlubph htn «wgugnmun b wquhy wnwppbpp 2ZvUZ
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hwupuyhtt $nplwghwikpnud» dktwgpnipjut hwdwnp @.2.Ohgywh wip-
duwtwgh] b Zujwunwih Mbnwlwt dpgutwljh ghnnipjwt phwqu-
Junnu:

1985p. upwil 2unphyly £ 2UUZ ghnnipjut quunnwlwuynp gnpshy
ywwnywynp Ynsnidp:

Uwpnulwl vjupwiptbph hwdwp @.2.0hojwin wupglwwnpyt) &
Yupdhp wuwnn Epyne opwtipwing (1943p. dwjhu b ubwnbdpbp wdhu-
ubkipht), 2002 QU «@nbunwughp» b «dwunwljughp» yuwwnyngpbpny,
puquuphy dwupnuwlub b wouwnwupwhtt dbnwubpny:

1988p. hp nunbkp hpwybtpng wknuihnjudl] b Zujwunwihg donw-
Jul putwlnipjut AEpdwtthugh Yednjpunwului Zutpuy knnipyniu:

Jwpudwygt) £ 1998p. Gpdwihwynid:

ChPULBUL UNULUSULSPL &rhANP: Oudly k 1923p. hntbJuph
25-ht Cwpwphithuwnud (dwbuwdnp): 1940p. pugnitdl £ 6N2 ©Bpy-
pupwbwlwi dwlnijnkn, 1941 p. hnjunbtdpkpht gnpulnsyt) £ Gupdhp
pwbwl: 1942p. wjwpunb) b Lhuhuqpunh (Uwtyun Ntnbppnipg) hb-
nlwlh nunudbwpwip vnwbwny (fubkuwbtnh Ynsnud: 1946p. gn-
pugnyk) b owpnitwlyty E ntunignudp 602 Gpjpupwiwui dwlnijnk-
nmu (1946-1950pp.), wyw wugubiny woliwwnwiuph GAP-nwd: 1954p.
yupwnyuik] b phjuwsniwljut wnbkuwinunipiniup b hwenpnupwp
gpunbkgnt] k Ypnukp ghnwpownnnh, &P ghnpwpnniquph (1955-
1957pp.), wjwug ghnn.wpiwinnnh (1957-1963pp.), pwduh Juphsh (1963-
1965pp.), wnweowwnwp ghnnwpiwwnnnh (1965-198%ppE.), wwug ghinupy-
Juwnnnh (1985-2005pp.) wwownnuubpp:

Nupqlwwnpyb Edwpnulub b wppwnwipuyhtt dbnuubpng:

Jwjudwuyk) L 2006p. hnituhuh 5-ht Gphwunud:

Gpuljwlimipinit

. 22 QUU «Ghunnipgnit Gpyph dwupb wbintljughp»

. 418 pnpuwwbwl, pubuqupuwih wpphy

.5 Cunwbbljub wpjuhdubp

. Bplwbth whnwlwt hwdwjuwpuit ot hwdwjuwpubwubbbpp Zuptbwlub
UbS wuwwnbpwquh nwwphbtphtt (1941-1945 pp.)

5. Quywl Gugnyut, Enhly Uhiwujwb

6. http://publishing.ysu.am/files/Yengoyan Minasyan.pdf

B W N =

Znmjwsh hbnhtwlubpt hpkug junphtt sunphwluwnipniut Gu
huynunud 22 QUU pop. winud (2 UEpnywiht wpdws wybjugnid-
ubkph b onnidutiph hwdwp:
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£LUAre 4U4Nruuy suuauvuere

1. Zwjwunwih Zwbpuwbnmput Ghunpmutbiph Uqquyhtt Ujwnbdhugh “Ghumpmitubp Spyph
dwuht” mntjugpnud hpunwpuljdnud G Zuyjwunwinad b wpnwuwhdwiyub ipypitpmd Epjpuputin pyulb,
tplmubhqhlurh, ubminmghush, (hntusht qapdh, Hynqknphuluh, $hoblulut wyhwphugpmpput U bpyph
dwuht ghnnipnitiibph wy) wuyuwpkqubpnud nwpyny nkuwfwl, hopdwpupulwt b jhpunwlwb hknwgn-
wnnipjnibitiph wpryniupltpp:

Znpjuisubpp tkpuyugdnud B huybpb, pniubplt ud wigbpkt (kqyny, nyugpnipyut hwdwp yuwn-
puwuwn Jhdwlnid, hpwnwpuldwb poypuynipiut b ninklgnn twdwlh hbn dhwuhi: SknEjugpnud poynp hpw-
wnwpulnuditpp wpwig hntnpuph G:

2. Znypjwsh swjup, tkpunjuy wunbpubpp, npntg phyp swybwp E wiguh 3-hg, tkpunjuy “w”, “p” b wyb,
winniuwljulipp, wdthnthwghpp, oguuugnpdywd gpuljuiimipjut guilp, whwup E juquh dnn 12 ky: Skpunp wb-
hpwdtown £ yuwnpwuwnky Microsoft Word-ni GHEA GRAPALAT wwnwinkuwljh ogunugnpddwup, 12 swthny b 1.5
huwntpuyny, wnwg nnnunupdbph: Fwpnkpp whnp khuku. Qujuhg' 3ud, Ytplihg b ukpplhg® 2.5 ud b wghg®
1 ud: Znnuwdp tkpuyugdnud £ 2 ophtiwlyny, jnipwpwbginipp hinhtwlh (hinhtwlutph) vnnpugpnipyundp b
EEyupnuwght nuppkpuyny, CD ujudunwlh Jpu:

Nunlkplbipp, (nruwiijupibpp b wpnuuwljubpp, hwdwpwlwpdwt b puguinpugpbph htn vhwuhb, whnp
E1hubl ub-uyhwunwl, A4 $npdwnpg ny Uks b wupq pupbeubh: Munbputph hwdwlwupgsuht mwppbpuljutpp
wknp Ehukl *bmp, *.tif hud *.pex dnpluwntibpny, 200-600 dpi pipupdwljuwdp (Ykwn/mynud):

3. Zknhtwljutpp whwp b htnbkt wduwgptpnud hnpdustbph nywgpdwi pugniiws upght. hnnpjush
Jtptwghpp, hinhtwyh (hinhtwlubph) wigu- hujpuigu ujqpunwntpp b wgqutniip (wqquuniuutpp),
Juquuljkpynipniip b hwughb, thpupyuy E-mail-p (kiph hwdwhbnhtwlubpp wwpplp juqlulbpoynienibib-
hg B, pipynud Eu pnpnph hwugkubpp® juyulgdus wunnuithyny), hnngush winwnwghwt (8-10 wnn), hhduw-
punkipp (7-9 pun): Uyyw htnbinud ki hnnjwésh hhdtwljut nkpunp, upupu uokn wdh nywugpiwb
tyunnwlp b ghnwlwh inpnypep, wdthnthwghpp pnwubpb (huygtipk) (Eqynyd b winwnwghwb whg tpku (kqynd:

4. Oquugnpsjws gpuijubnipinitp pipynud b pinphwinip gmgulyn’ wewbdpt boh Jpu: 2knhtwlutph
wqquiniibpp gpdnud B wyppkiwut Yupgny (wewghtip' hnndwsh (kquny, wwyw huygbipkt jud powebphb,
Ytponid” wpldnwbypnyulul (kgnikpny): Skpunnud dkgpkipynn hnnudp phpynud E §inp thwljugstpnud, htinh-
twlh dhuyb wgqubdub bpdwdp, piophtwyh (tqyny, tph htnhtwlutpp tpyniuhg wdtih kb, Goynud £ wnwght
hudwhbtnhtiwlh wqquitniup b wyb, wyw' hpuywpuldwb wwph:

5. Ukgplipynn qpuijuinipjut guiljp dbwynpynid & hknlywy YEpy. w) qppliph hwdwp tpynud Eu hinhtw-
Uh (htinhtwyutph) wqquintip b widui-hwypuiifui uqpiwnuntpp, hpunwpuljdwi wwuptphyp, gpph 1phy
wijwunudp, npuinkn L hpunwpuldt), hpunwpulsnipiniip, tobph putiwlyp; p) wduwgpuyhtt hnnjusutph hw-
dwp' hinhtulh (hinhtwljutph) wqquiuniip b widub-hwjpuinwb uyqphuinuntpp, hpunwpuldw nmupkph-
Up, hnnjwsh 1phy widuinudp, wduwgph widuinudp® hudwduyt punnitdws hwwwynwdubph, hwnnpp, wd-
uwqph Jud pnpupldwb hwdwpp, kobpp; q) qpplpnud (hwfupwsniibpnid) qinbnyws hnnpjusubph hwdwp®
htinhtwlh (htnhtwlukph) wqquimbp, wijuib-hujpuidub uygpiwnwntpp, hpwwnwpuldwb wwupkephdp,
qppnid hnnush 1phy wifutnudp (o "qppnid), gpph wiwlnudp, npuky E hpunwpulyl], hpunwpalsn-
piniup, ketipp: i) ubndwqgpbph hwdwp® hinhtwhh woquiniip, wijui-hwjpuidui ujqpiunuetpp, wnkiw-
ununipyut widuwinuip' hwdwdwu punniiws hwwywydwb (ophtiwl]® Eplypwp.-hwbp.ghwn.phljuwsdnih ghnw-
Jul wunh&wih huygdwl wnkbwpinumput uindwughp), punupp, Juquuwlpynipniup, npunbkn juyugh) ©
b pynitp, nwpbphp, tokph pubwlp:

6. PJupljws ywhwhgubpht spwdupuipnn hnnjustbtpp sk pipmignud:

7. Uppuignnidhg htinn jpugnudubip sk wpdnud:

8. Ivdpugnnipjut Ynnuhg hnndush dkpddwb nhwpnid htnhtiwyhtt Ykpunupdynid b puwgph 1 ophtimyp b
lulpugpmipinin hpkt k JEpuwyubnud hopjush dipddwt wyundwnubph dwuht pubwdbg squpkne hpw-
Untilipp:

TTIPABIJIA O®OPMIJIEHUS PYKOITUCH

1. B xypnane cep. “Hayku o 3emie” M3pectnit HanmonanbHolt Akagemun Hayk PecriyOnuku ApMeHus myOIauKyroTcs
Ppe3yIbTaThl TEOPETUUECKHX, IKCICPUMEHTANIBHBIX U MPHUKIIAJHBIX HCCICIO0BaHMUi, IIPOBOAUMBIX B APMEHHH U 3apyOeikKHBIX
roCyJapcTBaxX B OONACTH Te0JIOTHH, Teo(pH3NKH, CelicMOIOrHH, TOPHOTO /IeJIa, IKOTeOXHMHH, hu3ndecKoii reorpaduu u
B APYTHX HAmpaBICHHSAX Hayk o 3emie. CTaThbU MPEACTABISIOTCS HA aPMSHCKOM, PYCCKOM HIIM AHITIMHCKOM SI3BIKE B
OKOHYATENIBHO I10JITOTOBICHHOM BHJIE BMECTE C CONMPOBOIHMTEIBHBIM IHCHMOM H pa3pelllecHHeM Ha omyOnukoBanue. Bce
myOIMKALUHY B XKypHae 6e3roHopapHbIe.

2. O6beM CTaThu, BMECTE C MIUTIOCTPALMSAMH, YHCIO KOTOPBHIX HE JOJDKHO IpPEeBBIIATh 3, BKIOYas “a”, “6” W T.n.,
Tabnuuamu, pestome, Oubnnorpadueil [OMKEH COCTABIATH OKoyno 12 crpanmu. TekcT nOmkeH OBITh MOATOTOBICH B
penakrope Microsoft Word ¢ ucrons3oBanueM mprdroB TIMES NEW ROMAN paszmepom 12 u pacriedaTan B MHTEpBaje
1.5, 6e3 mepenocoB ¢ momsimu (cineBa — 3.0 cM, cBepxy, cHH3y — 2.5 cM, a cipaBa — 1.0 cm). Cratbst npeacTaBiseTcs B 2-X
SK3eMILIIpax pacledyaTKH, TIOICAHHBIX aBTOPAMH, a TAKXKe B 3JICKTPOHHON Bepcuy Ha jucke CD.

Pucynku, dortorpaduu u tabnuipl BMECTe ¢ HyMepaluel U MOANUCHI0 TO/DKHBI ObITh YepHO-0erbiMu, popmaTom A4 u
YETKO BBINONHEHB. KOMIBIOTEPHBIN BapHaHT PUCYHKOB JOJDKEH ObITh B (opmare *.bmp, *.tif wum *.pcx ¢ paspemeHnemMm
200-600 dpi (Touex Ha mroiim). ITompucyHOUHBIE TOANUCH MPUIATAIOT HA OTACNIBHON CTPaHHULE U O(GOPMIISIOTCS COTTIACHO
TpeGOBaHUSIM.



3. ABTOpaM CIenyeT NpUIACPKHUBATHCSI O6LLICHpHH$[TOI‘;I B JXypHaJIC CXEMBI CTATBH: HA3BaHWC CTAaTbH, WHHUIHAIILI W
damuis aBTopa (aBTOpPOB), OpraHM3alus M ajpec, BkIoYas E-mail (ecnu coaBTOpBI M3 pasHbIX OPraHU3alMid, TO
TPUBOJIATCS aJpeca BCeX, MPHUBA3AHHBIE CHOCKAMM 4E€PE3 3BE3I0UKY); aHHOTAlusA cTaThu (8-10 CTpoK), Mociae aHHOTAIMH
KiIoueBbie ci1oBa (7-9 coB), OCHOBHAs YacTh TEKCTA, ¢ 00513aTe/IbHbIM YKA3aHHEM 1eJIM U HAVYHOIi HOBM3HBI CTAThHH,
pe3ioMe Ha pyccKOM (apMSIHCKOM) sI3bIKE M aHHOTAIMS Ha aHTJIMHCKOM SI3BIKE.

4. Jlurepatypa npuBOIMTCS OOIIMM CIIMCKOM Ha OTHeJbHOH crpanuue. PamMuiny aBTOPOB pacoNaraioTcs MO
aJT(baBI/ITy (BHaqane Ha A3BIKE CTaTbH, 3aTEM apMAHCKHEC HJIM PYCCKHE, B KOHIIC SaﬂaﬂHOEBPOHCﬁCK"C). B Tekcre cchutka Ha
JIMTEpaTypy TPHBOAMTCS B KPYIVIBIX CKOOKAaXx ¢ ykasaHueM GaMWiid aBropa 0Oe3 HHHIHMAIOB, B OPUIHHAILHON
TPAHCKPHIIINH, a €CITH aBTOPOB 0oJiee ABYX, TO yKa3bIBaeTcs (haMUIIHS IIEPBOTO COABTOPA H JIP., 3aTE€M T'OJl U3JaHHUsL.

5. CHUCOK IUTHPYEMO# JUTepaTypbl 0GOPMIISETCs CIIEIYIOUMM 00pa3oM: a) Ul KHHUI' YKa3blBAIOT (haMUIIMIO aBTOpa
(aBTOpOB) W WHULHAJIBI, TOJ U3JAaHHSA, NTOJIHOC Ha3BaHUEC KHUTH, MECTO M3aHH, U3AATCIIBCTBO, KOJITMYECTBO CTPAHMIL; 6) JIA
JKYPHAJIBHBIX CTaTel — (haMUIKSI U MHULKAIIBI aBTOpa (aBTOPOB), FOJl M3/IaHHs, [I0JIHOE HA3BAHHUE CTAThH, HA3BAHHE XKypHANa
COTJIACHO TIPHHATOMY COKpAall€HHIO, HOMEP TOMa, HOMEP JXypHaja WA BBITYCKAa, CTPaHHUIIBI; B) JUTA cTraTteil B KHHTax
(cOopHHKax) — GaMuINs ¥ MHULIKAIBI aBTOpa (ABTOPOB), IOJ U3JaHMUs, MOJIHOE HAa3BaHUE CTaThH B KHUre (mumiercs B ku.:
“.....”"), Ha3BaHMe KHUTH, MECTO M3/IaHHs, H3/1aTeNbCTBO, CTPAHMUIBL; 1) /I aBTOpe(epaToB — (paMHIIHA U HHUIHAIIE aBTOPA,
Ha3BaHHE CO CCBHUIKON COTJIACHO MPHHATOMY COKpalleHHIO (ABTOped.IiCcC. Ha COMCK.Y4.CT.KaH[I. WM JOKTOpa HAayK), TOPOJI,
OpraHM3alus, TIe COCTOSIIACh 3allUTa, TOJ], KOJIMYECTBO CTPAHHIL.

6. CTaTby, HE OTBEYAIOIUE NEPEYHUCICHHBIM TPEOOBAHUAM, HE IPHHUMAIOTCS.

7. JlonoIHEHUs B KOPPEKTYPY HE BHOCATCS.

8. B ciyuae, ecnu CTarhsi OTKIOHEHA DENAaKLUEH, aBTOPY BO3BPALIACTCS OAMH K3EMILIAP PYKOIHCH, U PEJaKLHs
OCTaBJISET 3a CO00i MPaBO HE BECTH JTUCKYCCHIO TT0 MOTUBAM €€ OTKJIOHEHHS.

MANUSCRIPT PREPARATION GUIDELINES

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

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

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

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

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

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

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

7. No additions are introduced into proofs.

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

IMoanucano k neyatn 20.04.2020 r. ney. 1. 5.25. 3aka3 N
bymara odcernas 1. Tupax 150 5x3. Llena norosopHasi.
Wsparenscro “Turytion” HAH PA. 0019, Epesan, np.Mapinana Barpamsna, 24r.
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