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BIOSTRATIGRAPHY

A FAMENNIAN (LATE DEVONIAN) CONODONT ASSEMBLAGE
FROM BRACHIOPOD-RICH LIMESTONES OF THE DJRAVANK
SECTION (SOUTHERN ARMENIA)

GRIGORYAN A.l, M SEROBYAN V.2 RANDONC.}, MAYILYAN R.%,
AVAGYAN N.}, DANELIAN T.?

YInstitute of Geological Sciences of the National Academy
of Sciences of the Republic of Armenia
0019, Yerevan, Marshal Baghramian st. 24a
e-mail: (aragrigoryan@yandex.ru)
2UMR 8198 Evo-Eco-Paleo du CNRS-University of Lille, France
3UMR 7207 CR2P—Center for Research on Palaeontology—Paris—-CNRS/Sorbonne Université,
“Yerevan State University—Yerevan, Armenia
Reclivef by the editor 16.05.2019

Numerous conodont elements were yielded from a sandy brachiopod-rich limes-
tone after processing with formic acid. The sample comes from a ca. 25 m-thick
sequence of well-bedded nodular limestones, cropping out along a newly explored
section (Djravank), situated on the south bank of the river Arpa, of the river Arpa, near
the village of Arpi in Vayots Dzor region. SEM observations allow the identification
of species Icriodus cornutus, I. iowaensis iowaensis and Polygnathus sp.cf. P.bischoffi
suggesting an early Famennian age. The 60-40% relative abundance of Icriodus and
Polygnathus elements represents an icriodontid—polygnathid conodont biofacies typi-
cal of shallow water environments.

Keywords: Biostratigraphy; Palaeozoic; Upper Devonian; Armenia: Taxonomy;
Conodont; Brachiopod; Limestone; Djravank.

Introduction

Conodonts are tiny phosphatic remains of the feeding apparatus of a pri-
mitive eel-like marine chordate, which is known from the late Cambrian to the
end Triassic (Armstrong & Brasier, 2005; Blieck et al., 2010). These micro-
fossils were known since the mid—19" century and used extensively in bios-
tratigraphic correlations; however, it is only 35 years ago, after the discovery of
the conodont animal in the Carboniferous sequences of Scotland (Briggs et al.,
1983) that we understood their palaeobiological significance.

Conodonts are very important microfossils for the global biostratigraphic
framework of Palaeozoic shallow marine sequences, as they are often used in
the international definition of many Palaeozoic stage and period boundaries.

In the Lesser Caucasus (Transcaucasia), Palaeozoic sedimentary sequences
are encountered mainly in the southern part of Central Armenia (fig.1A), as
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Fig.1. A) Schematic geological map of the Upper Paleozoic sequences in Armenia, including the
location of the studied Djravank section (compiled by A.Grigoryan, V.Serobyan, R.Mayilyan,
T.Danelian). B) Devonian/Carboniferous paleogeogographic reconstruction of the Palaeotethys
ocean and its margins, including the position of the South Armenian Block along the northern
margin of the Gondwana megacontiennt (redrawn and modified after Denayer & Hoggdr 2014,

based on the maps of Stampfli et al. 2002).
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well as in the neighboring Nakhichevan AR. The international significance of
these Palaeozoic sequences is best expressed recently by Grechishnikova in
Alekseeva et al. (2018, p.832): “the Middle Palaeozoic sections of Transcau-
casia are unique in their completeness, exposure, and richness in remains of
many fossil invertebrates and vertebrates (fishes, conodonts) and suitable for
international standards”.

The Palaeozoic sequences of Armenia are known since the mid—19" cen-
tury as they attracted the interest of pioneers in the geology of the Lesser Cau-
casus (Abich, 1858; Frech & Arthaber, 1900; Lisitsyn, 1913; Bonnet, 1947).
However, it is following the outstanding efforts of Arakelian (1964a, b) and
Abrahamian (1957) that major progress was achieved in their stratigraphic
knowledge. As Brachiopods are relatively rich in the Devonian sequences of
Armenia, they were systematically studied by Abrahamian (1954, 1957, 1959,
1974a, 1974b), although their fossil record requires reassessment since the
seventies (see Serobyan et al., 2019).

Regarding the conodonts, a significant contribution was made by Aristov
(1994), although he worked mainly in Nakhichevan, also studied some material
from Armenia, especially in the outcrops situated north of the village of Lan-
janist (previously Kadrlu).

The Mid Palaeozoic sequences have the potential to contribute to the
understanding of mass extinction events that took place between the Fras-
nian/Famennian and Devonian/Carboniferous boundaries. In the framework of a
French—Armenian collaborative project of revisiting the Upper Palaeozoic
sequences of Armenia and having as final objective the understanding of the
biotic response of brachiopods and conodonts to the two extinctions events
mentioned above, we here report the preliminary results from a new section
(Djravank), focusing on the discovered conodont assemblage and its biostra-
tigraphic and palaesoenvironmental significance.

Palaeogeographic and Stratigraphic framework

The Middle and Upper Palaeozoic sequences of Armenia belong to a
microcontinent, known as South—Armenian Block (Sosson et al., 2010), which
was part at the time of the northern margin of the Gondwana megacontinent,
facing the Palaeotethys ocean (fig.1B); this part was later individualized as an
independent microcontinent, as it migrated northward following the opening of
Neotethys further in the south (Sosson et al., 2010).

Over 1500 metres of shallow water sediments of mixed carbonate—terri-
genous nature (alternations of marly—sandy limestones, shales and quartzites)
accumulated on this Gondwanan passive margin. The Middle Devonian
(Eifelian to Givetian) part of the Palaeozoic sedimentary pile has a restricted
distribution in Armenia; it is only detected along the boundary with
Nakhichevan. It is mainly the Upper Devonian part of the pile that crops out in
Armenia; it has been subdivided by Arakelian (1964a, b) into nine ‘formations’;



however, these successive units, although described based on a type locality,
they were mainly characterized by their fossil record, rather than distinct
lithological differences. In practice, most of the formations have very similar
lithological characteristics and they cannot be recognized on the field without
knowledge of their brachiopod assemblages. That is why they appear to
correspond to horizons with different brachiopod assemblages; thus, they bear a
biostratigraphic rather than lithostratigraphic significance (see Murphy &
Salvador, 1999). The Frasnian stage is composed mainly of limestones and
shales with some intercalations of quartzites. The Famennian has a wider
distribution than the Frasnian in Armenia. It is characterized by the absence of
corals and the abundance of brachiopods; it is made of limestones, sandy
limestones, shales, sandstones and quartzites.

Material and methods

The studied material comes from a ca. 25 m-thick continuous carbonate
sequence composed of brachiopod rich well-bedded limestones displaying a
more or less clear nodular aspect. It is part of a much thicker section that crops
out along a mountain path originated from the ruins of Ertych village and
leading to a tiny church hidden in the mountains at the locality known as
Djravank (N39° 43°22", E45° 16'07"). The outcrop is named after the Djrovank
abandoned church; it is exposed 500 meters to south—southwest from the Ertych
section, on the left slope of a valley upon which the church was built. The
section is composed essentially of quartzites, black shales and massive
limestones, but the top is distinguished by its interbedding of different types
carbonate rocks.

The conodont assemblage discussed in this paper comes from a nodular
limestone (sample Dj17-12), full of brachiopods, which was processed with
formic acid at the Geological Institute (Yerevan). Several tens of conodont
elements were recovered and picked up in Yerevan. Some of them were
mounted on SEM stubs and gold coated for ca. 2 minutes. They were
photographed with the help of a ZEISS EVO 10 Scanning Electron Microscope
hosted with the Palaeontology team of Lille University (UMR 8198 Evo-Eco-
Paleo). Complementary observations were made in Paris.

Results

The conodont assemblage discussed in this paper comes from a 2.5 m-thick
interval of grey nodular limestones, full of brachiopods (fig.2a—b). Thin section
observations of the studied sample Dj17-12 reveal a sandy wakestone/packs-
tone in which may be observed elements derived from echinoderms (fig.2c—d).

Several tens of conodont elements were recovered from the processed
sample Dj17-12. Some of them belong clearly to the genus Icriodus, charac-
terized by a drop-like outline of the platform and by the absence of a basal
platform, by the presence of 3 rows of denticles on their oral view and a basal



Fig.2. llustration of the macrofacies (A-B) and microfacies (C-D) of the studied limestone
sample Dj17-12.

cavity on aboral view. Icriodus conodont elements represent ca. 60 % of
assemblage may be assigned to the genus Icriodus and 40% to the genus Polyg-
nathus, more particularly, species Icriodus cornutus Sannemann (Pl. 1A-C) and
subspecies Icriodus iowaensis iowaensis Youngquist & Peterson and (Pl. 1D)
were able to be identified. Another genus that is abundant in our material is
Polygnathus (PI. 1E-G), representing ca. 40% of the studied conodont assemb-
lage; it is represented by at least two species in our assemblage. One of the
studied conodont elements resembles Polygnathus bischoffi Rhodes, Austin &
Druce (PI. 1H), although for the moment it cannot be identified with certainty.

Discussion

Fig.3 illustrates biostratigraphic correlations based on conodonts and their
possible relation to the formations established by Arakelian in 1964. The latter
is based on the work of Aristov, which was based essentially in studies
conducted on sequences cropping out in Nakhichevan. Rzhonsnitskaya &
Mamedov (2000) illustrated a correlation of the local biozonation of Aristov
with the global conodont biozonation of the time, which was based on the study
of Ziegler & Sandberg (1990). Spaletta et al. (2017) have recently discussed the
age range of a large number of conodont species with reference to the most up—
to—date global conodont biozonal scheme, with their supposed duration in the
Devonian chapter of The Geologic Time Scale published in 2012 (Gradstein et
al., 2012).
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Plate 1. Scanning electron micrographs of conodont elements retrieved from sample Dj17/12 of
the Djrovank section. A-C) Icriodus cornutus; D) Icriodus iowaensis iowaensis; E-G)
Polygnathus sp.; H) Polygnathus sp.cf. P.bischoffi.

In the right part of fig.3 we have drawn the age range of the 2 Icriodus
species/subspecies identified with certainty in this study. Species Icriodus
iowaensis iowaensis is known since the Frasnian and ranges till the middle part
of the Palmatolepis rhomboidea conodont zone of the new global zonation,
while species Icriodus cornutus first occurs in the middle part of the lower
Famennian Palmatolepis delicatula platys conodont zone and extends up to the
Middle Famennian. The co—occurrence of these 2 species in sample Dj17-12
allows correlating it mainly with the Early Famennian.

Conodonts are influenced by several ecological factors, including depth,
and can therefore be considered as palaeoenvironmental indicators (Seddon &
Sweet, 1971). The 60% Icriodus—40% Polygnathus assemblage of sample
Dj17-12 represents a typical polygnathid—icriodontid biofacies. A similar
biofacies was described by Seddon (1970) in the Canning Basin of Australia,
where in addition to a deep water Palmatolepis biofacies he recognized an
Icriodus biofacies confined to shallower areas, in which Icriodus and
Polygnathus were dominant. Sandberg (1976) has distinguished five biofacies
in the Devonian of western North America, including the polygnathid—
icriodontid biofacies, which he regarded as shallow water deposits. Sandberg &
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Fig.3. Stratigraphic correlation scheme of the Famennian formations recognized by Arakelian
(1964) with the local conodont zones of Aristov (1994) and the international standard conodont
zonation as it was published by Ziegler & Sandberg (1990; modified after Rzhosnitskaya and
Mamedov 2000). To that we have added the new global zonation scheme and age range of the 2
identified Icriodus species/subspecies, based on Spaletta et al. (2017).

Dreesen (1984) presented an icriodontid biofacies model in Belgium in which
the polygnathid—‘icriodontid’ biofacies is present in shoal setting environments.
Therefore, the conodont assemblage extracted from sample Dj17-12 from
Armenia may be regarded as a shallow water biofacies.

Conclusions

The study of conodonts is fundamental for the biostratigraphic study of the
Mid Palaeozoic sequences of Armenia, as it will allow to correlate them
confidently with the global geological time scale. Our preliminary study
highlights the need of modern micropalaeontological and biostratigraphic
studies on conodonts from Armenia, as despite the outstanding work that was



conducted by Arakelian and Abrahamyan after the World War 11, the Devonian
sequences of Armenia and their fauna need re—evaluation with modern
standards.
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QLUYUULLP USMYUOLE $UUTLP ZUUUYD (NRT HEUNL)
FMUNPNNNTUSPL UMULULEOP UNULNINLSUSPL ZUUULRCT
(2ULU4quUsry 2ZUBUUSUL)

Qphgnpyui U, Ukpnpjut 94, (fubnni 4., Uduqui L.,
Uuwyhput [}, Fwtuhbihwb S.

Udthnthnid

Ununnnunuwjht puquuphy HEdkunubp Bu Ynpqyt] ppunhnunn-
ukpny hwpniun wjuquyhtt jpwpwphg, ppyny hhuq tuniy dpwljtinig
htwnn: ‘Lunop Ybpgdly b jwy skpunnuynpjusnipjudp wipnuwhwjngwus
unpnyuyhtt jpwpwpbtphg Juqujws dnwn 250 hgqnpnipjudp tundws-
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pwjhltt hwonppuljuwtinipinithg, npnp dkplutnud kb JEpekpu niunid-
twuhpudyws Qpuduiph juipdjwsdph tpluyupny: Yinpdwsdpp mbnu-
Juyywsé  Unpthh gininhg hwpwy, Upthw ghnh wsuhiyu dwund: Ujw-
twyht fEnpntwght dwtpunhnwulh dhongny Ynunngnunubph hkwnw-
qnuinipiniutiipn pny) ki nwhu gmwgky Icriodus cornutus, I. iowaensis
iowaensis . Polygnathus sp.cf. P.bischoffi wnkuwljutpp, npnig wwphpp
npnoynid £ npuybu Juin dwdku: Icriodus b Polygnathus wmwupptph 60-40%
hwpwpbpujut wnwwnnipniup tkpjuyugund E icriodontid—polygnathid
JEtuwwyuydwbttpp, npntp punpny B mhwhly swudwn éndujht vhow-
Juyyphle:

®AMEHCKHI1 (MMO3IHEJIEBOHCKNIT) KOMILIEKC
KOHOJIOHTOB 13 BPAXHOINO/IOBBIX U3BECTHSIKOB PA3PE3A
JUKPABAHK (FOKHASI APMEHHS)

I'puropsin A., Cepoosin B., Pannon K., Aparsan H., Manjsia P.,
Jdanenunan T.

Pesrome

MHOTOYHCIIEHHBIE AJIEMEHTHI KOHOJIOHTOB OBUTH HU3BJICUCHBI U3 TIECYAHOTO
W3BECTHAKA, OoraToro Opaxuonoaamu. O6pasen ObUT B3AT U3 NPUOIU3UTEIHHO
25 MEeTpOBO# TOJIIM C XOPOIIO BBIPAKSHHOW CIOMCTOCTBIO JKEIBAKOOOPA3HBIX
W3BECTHAKOB, OOHaXKarolluecs BJOJIb HEJAaBHO HW3ydeHHOro paspesa ([xpa-
BaHK), PaclOjI0KECHHOTO IOXKHEe cejla ApIM Ha NpaBoM Oepery peku Apma.
N3yueHne KOHOOHTOB C TOMOIIbIO CKAHUPYIOMIETr0 3JEKTPOHHOIO MHKPOC-
KOIa TMO3BOJISIIOT HMaeHTH(HUIMpoBaTh BHAbl Icriodus cornutus, I. iowaensis
iowaensis u Polygnathus sp.cf. P.bischoffi, uro ykassiaer na ux panxedamen-
CKHii BO3pacT. 3HAYMTEIILHOE MPUCYTCTBIE KOHOJIOHTOBBIX 31eMeHToB Icriodus
u Polygnathus (60—40%) tpeacTaBisiioT KOHOAOHTHBIE OHOMAIMY HKPHOIOH-
THUJI ¥ IOJIMTHATH/I, THTIMYHBIC JUIS MEJIKOBOJIHBIX 0aCcCeHOB.
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vuauusuuuuNkhe3Nku

UNUNGEU-N\ULULUNP SEUSNLUYUL GNSOR NP (USP
20004k YN QUNEBNUSPL UUQRUUShRUL

Upwjwib L.U.

22 QUU Gphpwpwbwlwb ghnnipniibkph hiiunfunnin
0019, Epluul, Uwipouwy Ruppudjul . 24w, 22
E-Mail: Lousineatayan@yahoo.com
Zwhdinjwmé F hpunnupulsnijeinia 06.03.2019

Udthnthyt) Bt Undpubp-Twpwpwunh (U1) mEjuntwljut gnunnt jnipugh
hwuwljh dwguuunhll wnwewgnidubnh dwuhtt whwnpninghwlwt wndjuubpp:
UwqUuwunhqut pupwugl] t dhohtt b np jnipuyh gupwopowbitbpnid. Zpw-
pliwjuiimpiniip Ypty £ qluandnpugbu winnpepjw pinype: Gpljpuphuhufwi
ufjuyibph Yhpmisnipyul wpnniipmd UN, gnuinne b Undjubiph, U Nwpu-
punh ukqutunubtph dtwgdunhl wnwowugnidutpnid vhohti jnipuyh dudwbw-
Juopowunid Utp Ynnuhg bu hwjntwpbpyt] Eu pnuhtuhwntbp, npntp unyb
dudwmjuopowth djniu dwguuinpintibphg finpni wpwdwbinud Eu MgO,
Ni, Cr hwdbdwinwpwp pupdp gupnibwnpniabbpny: Zuunwngl) k path-
thwnwghtt wquugh httwpunp Bnpnighwb pnuththn-winkqhwn-nughwn-nhn-
hunuyhts nhbpbighughnts puppny, hisp fununud kU7, Frupunnhl pinyph
hhuph dwuht: Cunn CaO/AL203 hwpwpkpnipjut (<0.7), wyn pupph wwywpubpp
wuwnlwiunid Eu gusp Juyghnidwhtt pnththunwghtt ukphuyhti: <Epht nipugh
whinqhn-nughinught pupph npny wwywpltph wywphntkpht pnpny Epy-
pwphvhwljut  wpwtdbwhwwnlnipniiubphg (op., Si02>56%, Sr>300ppm,
Y<19ppm, La/Yb>7) kjukym] wpwehti wiqud wnwy E puoyl htwpun]np
wnuphunwjhtt dwquuunhquh qunutwpp nip mpuynid: Uy wwwpubpp
Atunpby kb puqupnitph hwpdwl wpymapnid unipymighnt kplpunh-
twdhl yuydwuubpnid, hupniun tu Mg (MgO>2%) b wuwnljuunwd Eu pupdp
dwqubtqhnidwjhtt wpuphwnwht ubkphwyht:

Zwqniguyhlt punkp ®npp Yngluu, unipyniljghw, Ynquihtt wybn,
pnuhhwnwyht, wpuphwnuwhtt dwguuwnhqu

Lkpwénipyniu

®npp Undljuuh Epjpuwpubtmljui jupnigquspnid ks nhpulju-
wnwpnid nitkt dbqngnjutt hwuwlh hpwpluiughtt wnwewgnidubpp
(hwynuh Eu phnbu 2.Uphjuh b $.0ujunh htwnwgnunipiniuutphg),
npnup (wyunpkt muwpwsdws tu Undubpw-Twpwpunh (UN) wklun-
twlut gnunnid bt Uyghunwlj-Guywth (bkpueting Owunlniiyug dknw-
Unpduyhtt quiqusp b Yuywth pnlp) qnuuynid (Fanoss u gp., 2013;
Galoyan et al,, 2018 b wyj): UM qnuuyh (gnunt, mbpkjuh fud unipnk-
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phjh) juqunid hwiunhwynn Epjpupwbwlut dhwynpubpp supniiwly-
Unud kb Jpuunwih hwpuwyny ghyh wpldnunp Mninhnbbp (@nip-
phw) Yuqutin] Ubkgngnyui NMnlnjuu-®Onpp  Unyiuuju Ynquyhi
wntnn (Jlopaxunanuase, 1980):

Snipuyh hwuwlh dwquuunhll wywpubph nrunidbwuhpnipniip
Juplnp pwbwlnipjnit nith htyybu nknujuy, wjuybu ) pkghntiuy
punyph whwpngkutnhly, Gphpuwdudwtwljugqpuijut b Epjpunhtw-
uhly htwnwgnunipnitubph hwdwnbkpunnud: Nunidbwuhpynn gnunnt
dhowtljju) dwup nknupwojuus E wpbdnyjwt Unpphowtnid, nph 4k-
pupbkpuw] wnlw ki dkqngnjuitt wnunnuhly hwdwhputph hwuwluwght
b Epypwphdhwljut tnp wndjujubp (Cagsixos, 2019), uwluyt tplhpw-
phupwljut wtwihqubph gnigulh pugujunipjut yuwndwnny unyjh
hnnJuénid wyn nyjwjubph hwdwpnid b hwdbdwnwlut JEpnisne-
pntt sh Juuwpydl;: Lodws gnuint (wpwpwnh b Undjubph ubg-
dktntbph dwuhtt tnpugnyt ndjujubpp, dudwbwlulhg tplhpuph-
dhwljut wwjhwnhly hkupny b tinp U-Pb hmuwljwugpnidutpny, ubkplw-
jugyty Lu ykpohtt tnwphutpht hwy-pupjuiulwut b hwy-2dEgupulju
hudptinh Ynnuhg (l'anosas u gp., 2013; Mederer et al.,, 2014; Galoyan et al.,
2018): SYju; wphtwnwiipnid wdthnthynd ku UM, mkjunntwljwb gnunnt
hwpw-Juplbjut (Upgujuh tmupwsp) b hjniuhu-wpldnjwut (22 Lnnno
b Swyniph dwpqtp) ubqubunttph dwguuwnhwnubph yEpupbkpyu wnju
whnpninghwljwb-tppuphihuljwb ufjujubpp’ hwdbdwintim] dwug-
Uunhly muywptph juqukpp 1" unyt ubquklnibpnud, b Mntnhykph
htn thnpdkn] wupgl) U, nquntnuyhtt hwdwljupgh duquunhquih
Einpnighwtt jnipujh nupwopownid: Nrunmidtwuhpyl] £ onipe 500
uuniy, npng hwdwp juwnwpyl £ dutpulpyhn ybnpngpubhwljub
ujupugpnipnii: Upjownwtpnid phipynud £ E$niqhy wwqupubph pwun
hwjhpd b wdthnth whnpngpubhwljwb punipughpp:

1. Thpnugpuijwb wiljuply

U nkjuintwlwi gninhtt wpwehtt whqud wpwbdwgyty k L.LEnG-
wnlh Ynnuhg (Jleontse, 1949): Zmiuhu-wpluninphg nhuyh hwpuy-
wplbkp onipe 350 Yu dqynn U wbwnhljhtnphnudp juquuws E hhu-
twlwtnud jnipugh, dwuwdp' jwydsh, kngktuh b Uhngku-yhngkuh hw-
uwljh wpwowgmuutphg (Jleontses, 1949; Acnansn, 1958; ITaddenromns,
1959; Comko, 1961; AzapsH, 1963; Ao0nmymiaes, 1963; JlebeneB, ManxacsH,
1965; Menkonsa 1970; Manganan, Crenansas, 2008 U nip.): lunidtwuhp-
ynn gnuint hymupu-wpbdingut hunjuwsmd Undjubph ukqubinnd,
jipugh hwuwlh wnwewgnuditkpp thpluyugdws kb pnnp kpkp unn-
nht, dhohtt b yipht pwdhuubtpny (Jleontses, 1949; Acnansn, 1949, 1958;
Aszapsan, 1963 U nip.): Gunpjuwsputph wdthnth tjuwpugpnipniit pun
qgpujuinipjutt b wnunnuhl wwuwpbbph tnpugnyt Epypududw-
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twlwugpuut dogpuunidubipp pipjws E Jtpehtt opowtth dbkp hpuwnw-
puynidubpnud (Fanoss u ap., 2013; Galoyan et al., 2018):

Uwnnpht jnipugh (hiind (hjwu) o1 uinnpht wwgkuh (un-uhght
mipw) wpweowgnidubpp dkpjutnud Eu Lnph quuqush suypudwunid
(dpuwunnwith Zwbtpuybnnipnit) b tkpjuyugjus th pugupnwybu
nbphglkt wnwowgnidutipny (Unwn 400U hgnpnipjudp): Fpwip thnpphy
tipny, 180-250U hqgnpnipjudp, huwynbtwpbpyl] Gt twlb Cwdrwnhth
(Swyniph) wbwnmhljhinphnidh dhoniynid (Azapsn, 1963; Mangansas, Cre-
nansH, 2008): Uhohtt jnipwt (puynu, pup, pnyky) ukpfuyugdws L hqnp
hpwppowsht b hpwphpwbundwspuwjh, dwuwdp E  tunduspuwght
hwuunwspm] (Uhwuht' dhish 2-2.54u hqnpm pjudp):

Undfubph ubqubunh (Uhuyt Zujuunwinid) vwhdwttbpnd hw-
Ubdwwnwpwup juy £ ntumdbtwuhpdws Ujwydbpgnt wtnhljjhinphnudh
opinwugpnipiniupn: Ujunbkn wdbkuwhhtu (Uhohtt jnipwyh uljhqp) hpw-
pluwshtt wnwowgnidubpp pépkph sbpunwpniph 300-550U (Comnxo, 1961)
(ujuyhtt b uinudpughtt wmyupubpt B Zwenpnp winkghwn-nughwnught
Ywquh gnowpkpnp skpunwpndph (I'pymesoit, 1935) whpnljjuuwnhl] wnw-
owgniUlikpti k' 100-400U hqnpnipjudp (Conko, 1961), npnlip wiwpws-
Ynud Lt thphn-Ununl dhpwgbwnpnid: Epplidt hwinhwnd kb ns hqnp
Edniqhy hnupkp b wniniphnubph Eupuwotpnbp: dbipohuttpu swslynid
tb wywykpph-pwdininh pkpunwfudph hpwphowsh-tundwspuwihtt (wg-
nUbpwwntkp, tnimidbkp, nmnidhnitp, pent jujubkp, dnwn 400U hg-up)
wuyupitpn]  hhupnid Jhpht puynup winhunibpny (Asapss, 1963):
Puynuh wnwowgnidubph punhwinip hgnpnipniup juqunid b onipg
1700-2000d: Fuph hwplh wnwowgnidubpt mtdhpwwybu swpnitwlnid
Et puynuhtt b niubkb, hwdbdwwnwpwp, vwhdwbwihwl] nwpwsnid
(dhish 120d hq-up): Zwunhuynmd tu Ujwdbpnnt hwbpwyhtt opowh
dvhuytt wpbdnjut dwund b tbpuyugdus Eu hpwppjowsht nt hhduw-
Jwind  bunqudpught  wwwpubpnl  pwhpwpinh  skpunwfunidp
(Asapsn, 1963): Uju hwuwljh wyuwptbpp juyu nwpusdnid niukt wpliky-
pnid Swynioh dwpqmid bt Unpphgwbh nnupudpnid (onipg 1000U hgn-
poipjup):

dbpht jnipwb tbpiuyugdws b opudnpnh hwplh tunduwspught,
hpwppwbunywspuht b hpuphwshtt wnwewgnidutpny (400U hg-up):
Zpuphuwshtt wnwewgmdubpp (whnhnughtt nnidkp, «wghunuwghte
wynpbhphunibpy) juytt mwpwsnid niukt Ujwdbpgnt b boliwmtth opowi-
ubpnud, npnup tkpjuyugus tu gluwynpuybu whpnjjuuwnpl b nint-
dwundudpuyht wmywpubpny (Acnansn, 1949, 1958; Azapsn, 1963; Jle-
OeneB, Manxacsan, 1965 L nip.): Swyniph dwipgnud, Ungppbowth wpl-
Unitinpnid b Upgwipuh vnwpwspnid opudnpnh Jbphtt dwup (hunwd (ni-
qhwnwith hwply) tEkpjuyugdws b pugunuytu Ynpujuyght b oojhinught
Ypwpwpbpny] (Teontses, 1949): Ununl b Zujunid glwnbph oppudwiinid’
¢.¢. Qutdwpwp-béwpwp gpnittnuhtt Lmtwwywphph Ynnplphtt unyu-
whu dkpuinud i opudnpnh hwuwlh nnidhntpp b jpwpwpbpp,
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npnugnid hwinhwh) Bup ny pupd thhnnt jujuitkph hnup dnwn 50-60u
hqg-Up, npntp wwupnibwynid G Ypupwpuyhtt gidbun b nuyyulubp
(Galoyan et al., 2018):

Puwnpniqghy wnwowgnidubnt ntuntdtwuhpywsd tmwpwspnid hwyn-
uh ki hhdbvwlwiumd wjwghpngpubhunuyhl oo nnbuypunughll npdu-
ghnt mhuytpny (Marm. u metam. ¢opm. ApmCCP, 1981): Uhohti jnipuynid
Ujuydtpgnt wunhljhuinphnidh hwnduwsnid wdktwhwjnhtt Zunuuw-
nh wjughngpuuhwnuwjhtt juquh ny ks (Unwn 64u?) quuuqush k: dkp-
ohthu Juqunid wpwtdtiwgynmd L quppnhnuyghtt $ugh wmwwputph ny
uks (<1.54u?) Gipkip (Menkonsn, 1970): Smyniph wuwnmpljjhtinphnidnid wju
hwuwljh Uk ki dintinud kplynt funpnp Swdniph bt vbdnpnunh hlinpne-
qhy dwpdhuutpp, npnup dbpjuwiunid bt hwmdwtnit ghnbkph wjuqub-
ubpnud, dnwnn 504u? dwljtpbuny b tbpluyugdus G wjughngpuith-
wwjht, wjughngputhn-wynppppuyht nu Juppugnyt gpuithintikph
hwdwihpny (Kazapsa u gp. 1966; Marm. u metam. gopm. ApmCCP, 1981;
MenkonsH, 1989; Galoyan et al., 2018 L nip.):

N1y jnipuyh dudwbwluwopowinid UM, mEjunntwlwbt gnuunt wn-
uypunuyhl pnpdughuynid wdktwdbsp (Unn 904u?) Unnp-Cunnh pwug-
dwdwq htnnpnighwt £, nptt punjugus E pyupguyhtt nhnphwn-nnuw-
1hwnikphg I $wq), 1EYyngpuuhnutphg (II $wq) (Kazapsa u gp. 1966;
MenkonsH, 1970, 1989; MenkonsH, I'ykacan, 2004): &ndjwih Lipp (nn-
twhntbp, Jupnugnyb gputthnitp) hwinhuwiund £ Jipohtthu hyni-
uhu-wpbdnyut swpmibwlnipniip Yhpln ginh dwp wihht: Own-
Jupwwnh onipe 44u? dmljkptuny ynihdwq dwuhyp tnyuytu hwugbu k&
quihu 2 $uqtpny phnunhwn-hnpbpikunuiht nntwhintbp b pupgugh
nhnphwntkp (I duq), sninjudwb (Enjpun gputthnwihtt dwpdhuubp
(II dwq): ukpjuyugdus bt twb Epuwljudwgdughtt dughwubpnyg
(npnunytdhwn, wiughnljughw, wyhwn, yiguuwnhwn) (Menkonss, 1989):

Nwpwpunh ukqukinnd UN, wkunniulub gninm hwpuduplity-
jutt hwwnquwsénid, jnipwjh hwuwlh wpwewgnidubpp ubkpjuyugdus tu
unnpht(?)-uhohtt b Ytpht pwdhtubpny (A6xymnnaes, 1963; AGxynnaes u
ap., 1988): Uwnphu(?)-dhohtt jnipuyh (puynu, pwp) wnwewgnidubpp
ukpiuinud & Upwjwuwph, Twpwpwunh, Bipdnph b Ungudh winh-
Yipunphnidubpnid dbwynpliny] puqujn-wtnkqhwin-nughwn-nhnjhwnw-
jht Edniqhy (500-2600d, Mycradaes, 2001) L quppn-wjwghngpuh-
wnuwhtt httvnpniqghy $wghwitpp: Uju hwuwlhh dbky wdbkiwhwjnuht
Pipnwdnph (Fnuynynnigh) funonp onipe 604uU? dwljtpkuny huwpni-
qhwt k (~98% wjughngpuuhwnubkp, twb quppnubp, tpujwiht qpw-
uhwnubtp) PEpdnph (Lwghth) wuwnpljhunphnidnmd (A6agynnaes u gp.,
1974): Niunidtwuhpyny ubkqubtnnd pljnybj-unnphtt opubnpnh hw-
uwljh wpwewgmuukpp tkpluyugdus whpnljuuwnhl b tun]wspuyhi
wywnubpny, dwutwlgnid Eu dh pupp wbnhljhtiwg b uhtyjhtwy ju-
pnyygubipnud (Iuxamu6eiinu u ap., 1994):
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Jhphtt nupuit pwpnialydnud £ opudnpnh tunjwspuyht’ nkphqbi
b juppntwwnwhtt (Cnighh wjwwnn b wyt) wghwikpny, npnup dkp-
Juunud Eu Puppwn, vwskt, Luppup gintph wjuqubibkpnud, dhtsh
350U hqnpnipjudp (Iuxamubeitnn u ap., 1994): Lhukphop hwtinhwnd
Unwjwuwph whnhljhuinphnudnid b Zuptpph, Uupunwltpnh nt Zun-
nniph uhhllﬂlhnphmdhhpnu[‘ tunjuwspuyjhty, hpwphiwbunuspujht
nt hpupuughtt pwghwtpny: Epnigh] pughwt thpluyugiws Euhoht-
ppent juquh Ynyjuthnubpny, gkpulopnid i whpnljjwunhl wnwew-
gnudubipp (hqnpnipiniup onipe 500u) (A6xynnaes, 1963):

Lhubtphe, mhunnt hwuwlh wnwewmgnidubph nwpwsdwb spowuik-
nnud mbnunpyuwsé b gpuingphnphn-nntwhnwhtt juquh Ukhdwbwgh
htunpnighwt (uxammbedinu u xp., 1994; MenkonsH u np., 2011; Fanoss u
ap., 2013), uyt dkpuwind £ Unpudh wbnhlyhinphnudh vwhdwbuk-
nnud, ubpyuyugdws E hhdbwjutnid inntwhnubkpny, pjupgujht nhn-
phintikpm], qpuinnhnphinibpny, hiswhu twl Gpubgnd welw kpw-
Judwguujhtt pughwtipny (wwhintkp, whquuwnhwuntp):

2. Zpupluwjutinipiniip b wwwpiubph whnpninghwljwuh
wnwiudtwhwnlnipjmuubpp

U1, qnuwgh vwhdwbibpnud niuntdbwuppdws hpwppwghtt wnw-
ouwgnilubpnid wpwbdtigunid tu juduyhty, whpnljjuwuwnhl b unipyniy-
Jwuhl dwghwubphtt wwwnljuing wwwpibp: Zpuwphwlwinipniup
mipwih dudwbwluwopowiunid pupwgh] b qluuwynpuybu unnpopyu
wuydwtubpnid: 2ph twl) hpwppuwljunipniut wy) punype E niukund,
puwl’ gudwph Jpu. wpnuquuynn quqbpt nt posnn pununphsubpp
skl nwpusynd dptninpunid, wyp $hpinpdnud B oph skpunbpmd” dwu-
twygkny vh pwpp phuhwlwb ntwlghwbkph (ABneixo u ap., 1985):
Snipuwjh dudwbwlwopowinid hpwphiwjutnipjut uinnpopju punyph
dwuhtt jununmd Bt jujubbpnid uwyhjhntbph wnluwynipniup: Mwupg-
Jws k, np uyhjhnwugnidp wknh £ ntubkunid hktg oowifuh tkpunid, wy ny
pt duyppnidhg htwnn. jwjuyh dhubpuhquunnputpp, nknuthnpdbng
opwluh Jtphtt dwubpp, opph wqptgnipjutt htnbwtpny unbnénd tu
hudwywunwupmt wuwydwbkp, npnig wpyniupnwd  winkghip Yud
Juppunnan Yep £ wsymd ayphwnp (A3onennnze, 1962): Ujn hull wquwn-
dwnny uyhihnughtt wpwewgnidubpp Juqunid tu hpuppuwbunguws-
puyhlt dnpUwghwyh winnphtt mknudwubpp, npnilg hwenpnnud L k-
phuttpp (nhwpwqubpp): Fuqupunuhtt odph wju weywpbbpp pine-
pugpynid Et hhdtwluinid obhwuwjhtt nnikphwnwght, nhwpwuquyhl,
wnjhywodhinughty, tpphd k' wnpbhpuyhtt  wnpmlunnipubitpny:
Uwup Yuqung gquundnp dhubpujbbpt ki wyughnlug (hwdwpu
wphnnwugdws), whpnputt (ghpulppmid b dnunljhtiwghtip), owwn phy
pwbwynipjudp wddhpny, npnup Eppbdt hwunhwnid Eu ywhpnpuktubph
Eqpuyhtt hmnJwsubpnd: FnjEphnuwyhtt mwpunbuwlutpnid whpnp-
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ukth hwwnhlutph htwn dbjnkn wjughnljjuqubtph (fjuntph wpwipnid
Epptidt hwmunhwynid £ wujwugnihwn:

Puquuujhtt judph wwwpubphtt hwonpynid G pnuhthwnubpp
(dhghtt jnipw), npnp huyntwpbpyt) tu Cniph punuphg hwupwy-wpl-
Ununp Cnuoh-Phpdnp wundwiwyuphh Jpu (Octpoymosa, Llentep,
1986; Marakan u nap., 1993 L dbkp phunwplnudutpp): Pnuhuhwnbtpp
ubpjuyugdws b wnpdbhpwyhtt uvnpniyuinipuyny: vnonp pnipbnukpp
hwuntu ki quhu qluuynpuytu whpnputuny (ghkpulornid E nndpw-
jhtt whpnpuklp Fuunwinhwn, ppniighwn), sun phs putwljm pjudp dwg-
ukqhnidwyhtt ojhyhuny (pudwljuithtt thnthnpuduws): Fwonwhtt uyupe-
utipp pugulunud e Zhdbwljut quuqush wwywlht nidhnphdh-
Jugud E nbnulup]us gquudnpuybu ppnphnny, wbjhun-juppniw-
wnny: Pnuhthnubphtt hwenpnnud Eu thhinnt judwikpp: Zwunhwynid Eu
huswbu qunbph (swthbpp dhish 40ud — 24), wyigku B dhijuig Jpu
nupujws, dqué pupdwynp (upuuwidwl, wdknpughtt) tmwpunk-
uwljubpny: ®hnnt jujwubph dAbwynpdwt hwdwp wihpwdbyn L ny
dhuyt opuyhtt dhowduyp, wy bwlb ququyhtt $wugh hwdwyunwuuwb
hwgkgyubnipjnil, twb hwdwwywnwupwb junpnipint (Jlebenes, Mai-
xacst, 1965): Unnpuipwp, uyu junulbpt wbghnud ko jw' o inpdwy qw-
Juibph (wnpdhpughtt), ju'd . hwdwgunwuub juqdh §nuynwuln-
npnyws yhpnljjuunnihnubph (wgnubpuwnubp, ppkshwubp b wyb):
Chipnuwynpyué qubuqut whpnljjuuwnhll wnwewgnidubpp Yupydwsp-
ubpnid hwdwju swsynid Eu thhinnt jujuubkpht:

Uhohtt jnipuwynid, wnhwuwpul], yYnyluihnubpnud gbpuljonnn
wwwnpubpt wunkqhwnubpt Eu. nputg hqnp hwuwnydwsph (1500-26004)
wnluwynipjniup dwntwbponid E, np dwquuwjhtt oowjuh Uk oph ubs
(qqunp) pwbwhh kphnup t wnbtnh mukghy, husp Jupnn bp wupbw-
twynpdws (hub) oyjhwinuwghtt Yhnth Ywiudwdp: Zhupuyht-dhoht
Juquh Ynyjuuhnubpp hwintu kbt quihu htyybu thhinnt jujwukpny,
wjuybu ' dwuhy nwpunbuwlitpnyg: Funipugpynid Eu htsybu
wnpdhpuyht, gnubtpuwynppppuyhl, wigbu £ whhpughti unpmy-
nnmpuitpng b hhdttwjuwt quiqush hunbkpubpunwy, whnunwpuh-
wnwjhl, hhwnuwhihwnwjht, dhipnihnnwiht vnpnijunipuwubpny: Fw-
quiuujhtt winkqhnubph tkpthwlnudubpp ubpuyugdws tu oppn-,
I hunwhpnpukh poipbnitpny (Unwn 12%) bpphdl quoutpuwnpdh-
pughtt ynunwlnudibpmy, ojpdhtiughtt hunplubpny]  wdpnnenipyudp
nbnuljujws ubpybkunhuny, pnnijhtighnny, dwupwhwwnhly pyupgny
(niuyglnni): Zwunhynd o bwlb wjwghnljugh owwn phy pwtwlni-
pjudp pipknutp (3-6%), npnup gqplpt wdpnnonyhtt nknujuus tu
Wb hn-juppntiwnuwghtt quiqusny, tyhnnuny, hwupwjhtt dhtkpuh
Unhyunpniptnuyhtt tbpthwnidutpny: Zhdbwlwb quibgusp jug-
Unwd E o1hdh dwltiptuh onipe 75-80%: Uwwlht tppkdu nbghwunphdh-
Jugdws k: Ny pupd mwpunbuwljutph hhdtwlwt quuqusutpp n-
nhw-juppniiwnugdus i jud ubkpssywus hwpughtt dhtkpuh thnob-
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hwwnhlutpny, tkpjuyugusd bt wwynhhwihttughty, wwnhhwinuhih-
wnwjhtt unpnijunnipwikpny: Ubnbkqhniubpt nt nughwubpp hwunh-
ynud kb hwdwu wnpdhpuyht, hwqlunby whhpuyhtt b hhdiwlwh
quuqiwsh  dplypnihinuyht, hhwnyhipunaghl, Yphuynn-dhpopmipt-
nuyhl, $tjqhnuyhtt vnpnijunipuikpny: dtunyphunwjubpp tbkplw-
jugws ki qntw wjwghnljuqny (3-4 qnuw)® 10-12% -hg dhtslh 20%
Jwppunnp-wiunkqhl, hwwnhlfubph swihbpp 1.1-0.7dd-hg dhush 2.3-
1.2dd, mbnuljuuws tu juppniwwn-wythunny, ypkhwuny, pjupgh wt-
owwnnidutpny: Zwunku Eu quihu twl whpnputuh pinphnwugyus, kugh-
nnuugyws pnipknubpny (5-6%): Yhunwyhpnpubup ubpiuyugdws L
wighwny (cNg 46°): Zwtnhwynud &b hnptp kunh thnthnjugwsé hunplutp
(3-4%), suthtipp 0.9-0.5ud, pJupgh pnipbnubp (Unwn 3-4%) wnbnuljug-
Juws dhohwwnhluyhtt nwpwénipnitubpnid: Zhdbwlwb quugdudp
Juqunud k 21hdh dwljbptup onipe 60-70%: Ulgtunp dhubkpwjubpt ki’
hwupwjhtt dhukpuyp, wmywwnhwnp, (EYnpubkup (udkh):

pnt juquh (hhdtwjuwiunid phnjhnnwht) wywpttpp qluwynpu-
whu hwinhymd ki Yupnn (unipynyuithy) dwpdhutbph nkupny
nuywukp, uhjkp, uhjwtdwt dwpdhtubp, npnup wpwybjugnyi wnw-
puwénd nitkt hwtpwujpuhtt dwubkpnid (op., Cwidiniy, Ujuydkpnh):
Ohnuntpp (bwahht Yepunnndhpibp Yol wphnnphpllp) ulpn-
unuhly mukt $ynihnuy nkup wujdwiwdnplws pug b Unig qnikpnd,
punpnoynid ki ynpbhpuwyhtt (pupg, puownuhtt uvywpubp) b hhduw-
Jul quiqush $hghuwghly, Uhpndliqhinught unpoljunmpubtpny:

Uwnpopju hpwphiujutinipjut pinpny wnwbdtwhwinlnipniauk-
phg E twl Ywiwspwpuyghtt thnthnjumpyniip wypnuyhihunwgnidp:
Munidtwuhpynn  gnuunt  hpwppwiht wwwpubpp  Gupwpldl; bu
nwpplp wunhdwth thnthnpjunipniutiph ypkthn-ynidwbjhnughtt b
Juwbwspwpuyhtt pughwubpnid (unnpopyu hnndwhwpnud): Cur npotd,
gipwlopmid Eu bwyhnnuntt nu pinphwp: Byhnnunh ghpuljunipniihg
Jwhijws bppbdl wuyywpibph whghnid B tughgnghwnh:

Cwwn hwnljubpuljut k wj thwuwnp, np dhohtt jnipuyh hwuwlyh
Edniqhy dwghwyh wwywpubptt weph Eu puljund wywpwpuyhtt nbkpu-
nnipuyny, hsp Ypyht pnund E wyn dudwbwjuopowiinid hpuppuw-
Juinipjut unnpopju punyph dwuht: Lowpwpuyhtt inbpunnipuyny
wuqupibpp pudwinnd b bplne fdph’ wokphg qplipt qoiply (£5%) b
wbtph wwpnitwlnipjudp (5-10% udhtsh 50-60%): Fuquiyn-wunkqh-
nwjhl juquh juuwjht hnupbkpp, npntp punipugpynid Gu ungnp, uw-
Juytu vwlwy pwuwlnipjudp tokpny, juqunid Eu hnuph unnpht dw-
up: Znuph wpwnwpht qnuwbtponud pkpt wylih dwip Bb. Zudbdunw-
pup hwpp, hwjwuwp Ynunnipubpny, tpplidt Epjupwdgyué hnuph
nunmipjudp: Lptpt hpkig tkppht junmgyuspny hhutwljwunud §nt-
gbtnnphy qnuwulwu tu, dhtbpujwyhtt juqunyg dntn- juwd phuhub-
pupuyht: Lgdws tu hhdtwlwunid pinphwnny, pyupgny (juuyghnni),
Yuyghw-Yuppninnny, buhynn-gnhqhany, wpkhtny, - glnghwny:
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Unljw Lt twb nuwunwpynipjniuttp, npntg wnwewgnudp wuwydwbw-
Ynpjws £ gudp Lupdwdp b jwduyh gudp dwdnighlnipjudp. quqtph
wqun nknuowpdykiny dlundnply ki ndl punwpympnibibp: Uju
wuydwutbpp dhwdudwbwl tyuunt) kb, npuytugh wnwewtwt Ehni-
qhy dwghuyh hhdtwwt quugush yhnunwpuhwnuwghtt b htnbkpubp-
] unpnijunnipubtbpp:

Unhwuwpuly, Epjpuphdhuljutt wnnidny, dhohtt jnipuh hwuwlyh
wwwnpubpp hwpniun B Mg-nd b wnpwwn Ti-ny, npnig hwdwp wnwy L
pwoyky vhohtt jnipuyh prépipunuyghlis duqduibph wnluynipjut yhpw-
pipuw) plqp (Marakan u ap., 1993), bwb wyp dwquwibph htwpwynp
Enynighwt pnuhthn-wintghn-nughwun-nhnjhunwiht phdtipkughw-
ghnti swppny: Ujuhlipi' UN, nkluntwlwb gninnud dhunjnpdty B ny
Uhuyt qnunn pnuthtthntbp, wy] pnbhthnughtt swpph wwwpibkp pig-
hniy dhtish pnuhuhwnuwjhtt dmgquujhg dbwynpywsé nhnjhwnttp: 8nipugh
duquunhl wyuwupubph tppwphdhwlut ndjujubph TCanoss u gp.,
2013; Mederer et al., 2014; Galoyan et al., 2018) huwdtdwwnwljut Jtpnt-
dnipjui hhuwi Ypw dkp Ynnuhg tnyigtu UN gnnnt b Undjubiph, b
Qwpwpwnh ubkqubunubpnid  dhohtt jmipujh  dwdwbwluopowtinid
huwyntwpkpyt) Eu pnuhuhwnubp, npntp unyt dudwbwjuopowith Uniu
dwquunhwnubphg Jupni] wpwbdtwtnud b pnthuhwnubpht punpny
Mg, Ni, Cr hwdbdwwnwpwp pupdp wupnibwnipniuttpnyg (l.1):
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Ul.1. U gnuuninig niunidbwuhpjwd hpuppuwihtt wywpbnh (Marakss u ap., 1993; Ta-
nostH U ap., 2013; Mederer et al., 2014; Galoyan et al., 2018) mknqupwpfunidp hwpltpughte
nhgpudubtpnid (A,B) b npuig hwdbdwwnnidp (C) @nipphwih wnwpusph Uwpwphw
gnunt i Unplbkjjw Mntnhnubiph (Sen, 2007; Gengand Tiystiz, 2010) unybwhwuuly
wwwpubph htwn:

20


http://adsabs.harvard.edu/cgi-bin/author_form?author=Genc&fullauthor=Gen%c3%a7,%20%c5%9e.%20Can&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Tueysuez,+O&fullauthor=T%c3%bcys%c3%bcz,%20Okan&charset=UTF-8&db_key=PHY

Uklp unybybu hwljdws tup Jupstni, np dhohtt mipuwjh wnw-
gugnidatpp (Jund npuitg qquiph dwup) pnthuhinught dwquugh nhob-
pkpughwughwh wpynibp Gu: G dkp Ynnuhg ntuntduwuhpywsé pnthuh-
wnwiht owpph wwwpubpp gudn Yuyghnidwihte B, pwith-np CaO/ALOs
hwpwpbpnipjniup sh ghipuquugnid 0.7 wpdtpp (Crawford, 1989), stw-
jwd wytt hwbquuwupht, np qnunn pnuhthntkptt nt hhudpuyhtt juquh
wupupibpp puduluiht jud phun hnhinfegws ki wbjhu-juppnbu-
nwugjuws, tokpt F hwdwh jgdws B Juighnh pmipbknubpnd (wbw-
1hqutph hwdwp wpwiduwgnpl; Eup htwpwdnphtiu phs thnthnpudws
wywunpbbnh tdnwyubpp): Zujwuwpwnp hkug wju hwtqudwipny k wyuy-
dwbwynpyws, np pnuhtthntpp punpnoyty Bt npuytiu pupdn ughnt-
Uwghtt (Maraksa u gp., 1993), stwjwé nhwgpudh Jpw tpwig udniy-
utphg dhuyt Uh pwthut ku pulunid 0.7-1 vhowluwypnid, hull gkpuilphn
dwun gnnuynud £ qudp fujghniduhtt pupwnnud (aly.1C):

Bpipwphdpwljun ndyujukph (Sen, 2007; Geng and Tiiysiiz, 2010;
lanoster m mp., 2013; Mederer et al., 2014; Galoyan et al., 2018) hwudbdw-
nwlut Jipnwsnipniup Mnunhnubp-Undubp-Twpuwpunh §nqunb-
nuihtt hwdwlunpgnud pny; wndkg npuunnnmpmnibaubp juwnwpk; ng
Uhuytt unnnph(?)-dhoht mupuyh dwgiwwnhquh yepupbpuyy, wy twlb
Jbpht mipuygh: 9bEpht mipugh tdnipwpldws ynyjushnubpp gjuw-
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V.2, Munduwuhpdws (UN) b hudbdwngws (Mntnhpubp) hpwphowghtt wywpitnh

(Sen, 2007; Genc and Tlysuz, 2010; T"anosH u ap., 2013; Mederer et al., 2014; Galoyan et al.,
2018) mknupwphunudp wpuwhwnikpp punpnonn hwpytpuyht nhgpudubpnud:
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Unpuwwbtu hpkughg ubpluyugunid tu ubpppdus dwpdhuubp, npnup
hwdbdwwnwpwn punpd b, tupwupduws skt jutwspupuiht thnthnjunt-
pintiltinh: Nuunidbwuhpdws Yepnhhopuy tdnobbpn (U Epnighy, W
huwnpnighy, pugunnipjudp 1Eingnuihwnh) mupubswnynid b wnw-
Yhwnubkpht punpny  Bpypuphdhwljuwi umulh&hulhulmllmp]mhhhpnq‘
Sr>300ppm, Y<19ppm, La/Yb>7 (uly.2):

B gpuluiniprut dke tjwpugpdws, U dkp Ynnuhg ntunidbw-
uhpyws Ytpht inipuih hwuwlh Epnighy dughwh wywnbtpp tiplw-
jugwd Eu wmunkghn-nughwnuhtt pwppny: Giuknyd Jtpht nupuh dw-
dwtwljuopowh dwguuwnhly wywnpubph Eppuphdhwuljut jugqutphg
L Ytpp wyws wowbdtwhwnlnipnibitphg wowehtt whqud wwnw-
duwpnowtth hwdwp, wnwy k pwoynid U, gnunnid httwpwynnp wnwph-
nwhtt dwquuwwunhquh dwuhtt qunuthwpp (Atayan, 2019): Lwuth np
Jtphtt jnipuyh muntdbwuppdws wyuwptbpp punipugpynid bu Mg-h
punpdp wupnibwlmpniuubpny (MgO>2%), wmyw wunkqhwn-nughwnw-
jht swpph wwyuwputpp juduidtt punpdp dwqubqhnidwihtt wnwph-
wnwhtt wyuwpbbp (Yi-Bing Li et al, 2013): dkpht jnipuyh wuntqhwn-
nughwnuhtt swpph wwwpubkpp, hwdbdwwnws dhohtt mipugh hwdw-
udwl wmywpubph htwn, hpkug mwpusdwdp jphun vwhdwbwthwl Eu b
ubpyuyugdws Eu pyupgh wybkih dbké wupnibwlnipniuubpny:

3. Zpuphwjwnipjub bynpnighwt

Zudwdwjt unwugdus whwnpninqubpypuphdpulut  ndyuyubph
hwuwnwwnyt) Eunpht(?)-dhoht b ytpht jnipwgh dwgduwnhquh tmuppkp
wnpnipbbpp: Munidbwuhpdws wyuptbtph Gppwphdhwlwb plnt-
pwughpp, dwutwynpuybu N-MORB tjuwndwdp tpwig hupuwnwugnidp
LILE (junponpwhnt (hpndh; wwppkp), dwuwdp LREE (phkpl hwuqu-
gninn hnnujhtt mwuppkp) b wnpuwnwugnudp HFSE (pupdpuwihgp nwp-
ptp) wwpppny, hswbu twl Nb, Ta, Ti wwppkph hunwl wpnw-
huynus puguuwlwi windwjhwibtpp U Undjubph, b Qwpupwunh
ubkqubtunttpnid, junund G Ynqupbnujhtt dwgduwnhquh b tpubg
Awynpdwl unipynighnt punyyph dwuht (Fanoss u ap., 2013; Galoyan
et al., 2018):

U wbkjuntwlwt gnunt mipujh qupuopowth  hpwphiught
wwwnpubph quwynp nwuppiph AFM nuuuljupguwt phugpudh hw-
dwduyt dwquuunhwnubpp wunwiund kb Edpuwyfuyuyhl ubphuht.
Ukpyuyugqws bu wnykpmuypl, hhdtwwimd Jpw-wyfuyuhi Gapw-
wnhuybtpny (Marakss u ap., 1985; I'anosa u ap., 2013; Galoyan et al., 2018):
Unhwuwpuly, nuinjkthnnughtt b hwnjuwbu jpu-wjujughtt dwquuk-
np duwynpynid b, Lpp unipnmiygynid k hhi, wydkjh hné ni swp oy-
Jhwtunuwghtt Ytnlp (op., Escuder Viruete et al., 2006): Uwuquwuwnhquh
wnwehltt wipquuhpubpt hpkughg tkpluwywugpt) o vyhjpnugdus wnw-
owgnbp, jujuppblshwitp: OYyhwinuught Yinth htnwqu wikh
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UkS unpnipniuubpnud ubtdwt wpgniupnud, pupdp Lupdwt b obip-
dwunhdwih yuydwbbbpnid wnpuwn (uwhub-kpgnjhnnwghtt juquh)
dwiphwlwt wnpniph dwutwlh hwnidhg dbwynpyt) L pnuhthnwght
dwquu: Pnuhuhnught dwquugh nhbpkugdwt hhdwb dpu dhohti jni-
puyh nuwpuppowinid dbwynpyl) ki pnuhuhwn-wtnkqhwn-npughwn-nhn-
1pwiuyht pupph hpuphiught wuwpbbkpp:

N1y jnipuyh dudwbwluopowinid UM, nqunbnuhtt gnunnid, hw-
Jwbwpwn, niukgl) kup twb wnuwphwnwhtt fwgduwnhgqd: Unhwuwpul,
pnuhthwnuhtt b wnwphnuwhtt wnpwowgnidutppn swwn hwgqunby tu
hwiunhynid vhdjug htwn: Uuljujt Uniphqunih (Shihwyhuttn) ophtiw-
Und wyugnigjwsd k, np quujugus nmhyh unipnniljghuh dwudwbml
wnny £ Abudnpyt) wpwphnughtt dugdw’ puqujnitph hupdwb wp-
nniupnid, Eplk wnljw kbt hwingpunwowgdut hwdwwywwnwupuw jun-
npnipynibubpp (Macpherson et al., 2006):

Uwquuunhl hwngputph hbtwnwqu bnpnighwt, dbwgnphpught
Enwynmd dpujghntt pnipinugdwin hwpyht, hwgkgpt) E hwduwyw-
nwufuwl wnunnthy $ughwitkph (wughngputhnwghtt ~177-165 Ma,
nntwhinwghtt' ~159-147 Ma) Abw]npuwii nt ikpypuwbp: Glaknd U,
nkljunntwjut gninnid wnweowgws Ynijjuthinttph b tpwig ywwwnnny
wninnuhl wwwpubph ynipuluit juquh wpwbdbiwhwnlnipniu-
ubphg, dwutwynpuwbu® Epypuphdhwlwt hwnluthoubphg, Jupnn
Eup wuk), np dEpphtiukpu hpkughg ubpjuyuginid Eu dpbiingt dwg-
dunhly ogwuh wéwlgmuiubp Juqubim] hpwplwuyninnihly hudw-
1hputp hwdwwyuwunwupmtwpup Jun(?)-dhohtt bt n1p jnipuh nupw-
onowbitipnid (I'anosts u 1p., 2013; Galoyan et al., 2018):

Undjutph ubqubunph duquuwnhl] wywpbtpnd Eu hunwly dhth-
Unudubpp (Eu/Eu*=0.57-0.74) puguinpyb) Eu ypughnljjugh qun $puly-
ghntwgdwdp, npp hwunwwnynd £ twb JEpghthu  Juppwugény
(Eu/Eu*>1.0) hhdpwjhu-dhohtt juquh wwywpubpnid (Galoyan et al., 2018):
Zuqugninn hnnuyjhtt mwppbph hwdwidwt hwnlwihpubp wpptu
hull huyntwpbkpyt) Bt Upgujuh nupwsph tdwbwnhy b tnytwhw-
uwl wpwowgndubpnid (Tamosur u mp., 2013), npp JYuynud b dwgiw-
whqup phphwipnippul Jwupll Undpikph 0 Twpwupunh ukqubinnbk-
pnid b, hknbwpup” npuibignid dwgqluinhly Swquwi wnypymph ne bpl-
punhtwdhl hpwyhdwljh dhwubwlwbnipjut duwupb:

Bqpuljugnipinti

U wbkjuntwlwt gnuunmd mipujh dwqduwunhqdt pipwughk] b
Jun(?)-dhohtt b nip mipuyh gupuopowbttpnid. hpwppwlwunipniup
Upt b giuuynpuytu unnpopju punyp: Unlju whwupninghwlui b
huwnljuybu tpypuphdhwlwt wdjujutpp pny; Eu mwjhu bqpuljug-
k), np dhohtt jnipuyh hhupwyh-uhght juquh wwywpubkpp gnjugh) ko
pnthtuhnwghtt dwguwitphg unipgnijghntt uwh $ynihnubpny hwppu-
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nwugus uyhubi-jEpgnihinughtt dwbphwihg, huy ppnt wyupbbpp wyy
Juquh huyngputnhg $pwljghnt pniptinugdwt stnphhy: Fnuhthwnw-
jht wyupubpp yunuinud o gusp jujghnidwhtt pnuhtthnnwght
wnwowgnidbphl, tpwbg wejumpmnitp Jyuynud £ unippnijghugh
gnuinid ojhwinuwjht Jinb-oyjhwinuwjht Jinh gniquihndwi dw-
uht: Ujuyhuny, UM, gnunht hpkuhg tkpjuyuginid £ Uwphwiywb nh-
wh §nquuyhl wnty Eauhtwnhly hhdpnd: Gutyn] wtinpngpuhwljm b
uwuduphy Epypuphdhwlubt wndjujiiphg wnwe L pwoymd wju
gnunnid n1 nipwjh dudwbwluwopowtnid httwpwiynp pwpdp dwuqub-
qhniduwyhtt wpuphwnuwjhtt dwquuwnhquh weluynipjut  JEpwpbpyuyg
nbuwljtin:

Zknhtwlu hp junphtt sunphwluwnipniutt £ huynind v.R. UL-
1hpubipjutihtt wpynibwytwn puttwpynidutph hwdwp:
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IOPCKHIA OCTPOBOJYKHbIA MATMATHU3M COMXETO-
KAPABAXCKOM TEKTOHMYECKOM 30HbI

Atasan J.C.
Pesrome

OO0OOIIEHBI METPOIOrO-TEOXUMHIECKUE JaHHBIE FOPCKUX MarMaTH4ecKHX
obpazosannii Comxeto-Kapabaxckoit (CK) TekToHMUECKO# 30HBI. 37eCh Mar-
MaTU3M TMPOUCXOIMII B 3MOXY paHHEW(?)-cpenHed W MO3JAHEH IopbI, IPU 3TOM
BYJIKaHU3M HMMeJ NPEeHMYILECTBEHHO IMOJIBOIHBIN Xapakrep. Hamm metposo-
THYECKHE HCCIICIOBAaHUS MOATBEPXKIAIOT HANWYHE CPEAHEIOPCKUX OOHMHUTO-
BbIX oOpasoBanuii B10ib CK 30HBI M BO3MOXKHYIO 3BOJIOIHMIO STHX MarMm 10
promuTOB. BOHMHUTOBBIE TIOPOIBI OTHOCATCS K HU3KOKAJIbIIMEBHIM OOHHHUTO-
BbiM cepusim (CaO/Al,O3 < 0.7), KOTOpbIE 3aMETHO Pa3IUYAIOTCS MO BBICOKUM
cogepskanusim MgO, Ni, Cr. Jlns smoxu MO3AHEH IOpPBI MBI IpeajiaracM TH-
MmoTe3y O BO3MOXHOM afakuToBoM Marmatusme (Si02>56%, Sr>300pp,
Y<19ppm, La/Yb>7). DTu noposl aHAE3UT-AAUTOBOM cepurt (HOPMUPOBATIHCH
B pe3yibTaTe IUIAaBJICHHs 0a3albTOB B CyOJyKIMOHHBIX T'€OJHHAMUYECKUX
ycoBusix, oau 6oratel Mg (MgO>2%) 1 OTHOCSITCSI K BBICOKOMArHe3HaaIbHbIM
aJTaKUTOBBIM CEPHSIM.

JURASSIC ISLAND-ARC MAGMATISM FROM THE SOMKHETO-
KARABAGH TECTONIC ZONE

Atayan L.S.
Abstract

In this article, the petrological-geochemical data in the Jurassic igneous
formations of the Somkheto-Karabagh (SC) tectonic zone are summarized.
Magmatism took place here in the epochs of the Middle and Late Jurassic;
volcanism has essentially had submarine nature. As a result of the analysis of
geochemical data, boninites have been found in the Middle Jurassic magmatic
formations of both the Somkhet and Karabagh segments of the SK zone, which
differ markedly in high MgO, Ni, Cr contents. A possible evolution of the
boninite magma has been confirmed by the successively differentiated boninite-
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andesite-dacite-rhyolite series, which confirm the ensimatic nature of the SK
zone basement. By CaO/Al,O; ratio (<0.7), the rocks of this series belong to the
low-calcium boninite series. For Late Jurassic epoch we suggest a hypothesis
about adakitic magmatism (SiO,>56%, Sr>300ppm, Y<19ppm, La/Yb>7).
These rocks were formed as a result of basalt melting in the subduction
geodynamic conditions; they are rich in Mg (MgO>2%) and belong to the high-
Mg adakite series.
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I'EOXPOHOJIOI'UA

HOBBIE CBEJEHUS O U-Pb JATUPOBKE MHTPY3UBHbBIX
KOMILITEKCOB I0)KHOM YACTH HAXKYHK-3AHT'E3YPCKOI'O
TEPPEMHA (PA) U HEKOTOPBIE 3AKJIIOUYEHUSA

MeaxkoHsTH P..JI.l, Yyur C.—.JI.Z, I'anosn K..JI.l, I'ykacsn P.X.}
Mopuru P.3, OBakuMsH C.3.1’3, Arasin JI.C.!

! Hnemumym 2eonocuueckux nayk HAH PA, np. Mapwana Bazpamana 24a,
Pecnybruxa Apmenus
E-mail: ramelk@sci.am
2Tasisanckuii Focydapemeennviii yrugepcumen,
Departament of Geosciences, National Taiwan University, Roosevelt Road, Taipei 106, Taiwan
3YHueepcumem Keneswi, Llsetiyapus,
Rue des Maraichers 13, 1205 Geneva, Switzerland
Tocmynuna ¢ pedaxyuio 15.11.2019

IpuBenenst HoBbie cBenenus o U-Pb matuposke (LA-ICP-MS) pasHoTumHbIX
UHTPY3UBOB I0KHOHM uyacTu llaxkyHk-3aHresypckoro teppeiiHa PA — Merpunckoro
rytoHa, Jlactakeprckoro, Lapacapckoro (Jamunarckoro), CBapaHIICKOTO HHTPY3UB-
HBIX KOMIUIEKCOB. B mpenenax MerpuHckoro miyToHa ycraHoBieHsl U-Pb Bospacra
Hop ApeBuxckux rpanonuoputoB (46.1+0.25Ma), TypMalMHOBBIX CHEHOI'DAaHUTOB
(46.00+0.52Ma), [Ix6annckoro mToka rpaHoanopuToB (23.66+0.25Ma), BBISIBICHO
IByx¢a3zoBoe cTpoeHue JlacTakepTCKOro MHTPY3MBHOTO KOMILIEKCA, OIPENENIeHBI MX
U-Pb Bospacra (40.16+£0.93Ma — kBapuessie auoputsl | dazer, 37.77+0.43Ma — moH-
norpanutsl |l ¢aser), ycTaHOBIEH CpeHEIONEHOBBII BO3pACT OCHOBHBIX M KHCIBIX
paszHoBuaHocTed baprymarckoro wHTpy3uBHOTO Komiuiekca (43.00+£0.44Ma — onu-
BHHOBOE Tab0po, 42.60+0.40Ma — cHEeHOTpaHHUTHI).

OO6CyXaeHBl BOMPOCH T€OJOTHYECKOTO CTPOCHUS BBIIIEOTMEUEHHBIX HHTPY3UB-
HBIX KOMIUIEKCOB, IMCKPETHBIH (ITyJIbCAIlHOHHBIH) XapakTep (OPMUPOBAHNUS, HEKOTO-
pBble BOIPOCHI HX METPOJIOTHH.

Knrouesvie cnoea: U-Pb natmpoBka, WHTPY3WBHBIA KOMIUIEKC, MeTpUHCKHIA
myToH, [lactakeprckuit, [lapacapckuii, CBapaHLICKUI HHTPY3UBBI.

Beenenue

Tepputopus roxHON yactu PA gBnsinace apeHON MHTEHCHUBHOTO Pa3BUTHS
Pa3HOBO3PACTHOIO W PA3HOTHUIIHOTO MarMaTU3Ma M acCOLMHPYIOLIETO C HUM
opyJeHeHus. J[0CTaTOYHO OTMETUTh, YTO 3/1€Ch HAXOJIUTCS KPYNHEHIIMH Ha
Maom KaBkase momugasubiii Merpunckuii myTon (~1300km%) n rurantckoe
Kamxkapanckoe menHo-Monu6aeH nopduposoe Mectopoxaenue. Llenbio crateu
ABNISIETCSl TPEICTAaBIIEHWE HOBBIX CBEACHWH 10 DPA3JIMYHBIM aCHeKTaM
MHTPY3MBHOI'O MarMaTtu3Ma peruoHa u npexzae Bcero mo ux U-Pb matmposke
(LA-ICP-MS), koTopbie TIO3BOJISIOT IO HOBOMY OOCYIUTH UCTOPHIO Pa3BHTHS
HMHTPY3UBHOIO MarMaTH3Ma PETMOHA U HEKOTOPBIE BOIPOCHI UX METporeHesa. B
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9TOM AacCIHEeKTe yKa3aHHbIE BOIPOCHI PACCMOTPEHBI HA IpuMepe MerpuHcKoro
mwrytoHa, [lacrakeprckoro, ILlapacapckoro (lammmarckoro), CBapaHIICKOTO
HUHTPY3UBHBIX KOMIUIEKCOB.

Meepunckuu naymon

Bormpocel reonoro-cTpyKTypHOH MO3WIMHU, BO3pacTa MErpHHCKOro ILIy-
TOHAa U €r0 PyJAOHOCHOCTH B Pa3IMYHBIE T'OJIbl PaCCMATPUBAIUCH MHOTMMHU aB-
topamu (I'pymeBoit, [Jomun, [laddenronsn, CutkoBckmii, MocecsH, Ma-
rakbsH, MkptustH, Kapamsa u 1p.). HoBbIit 3Tam 3THX pabOT Hadajcs ¢ BHEMI-
pPEeHHS B MPAKTUKY T'€OJOIMYECKHX HCCIEIOBAHWN M30TOIHBIX METOAOB JIaTH-
poBanus. B 3toit cBs3u ciaeayer orMmetuth K-Ar ompezeneHus Bo3pacTa pas-
HOTUIHBIX TIOPOJ ¥ MHUHEPAJIOB Pa3JIMYHBIX KOMIUIEKCOB, Pa3 u dauuil miy-
TOHA, B pe3y/bTaTe KOTOPBIX OBLIM BBIACICHBI JIBa Pa30pPBaHHBIX BO BPEMEHH
WHTPY3UBHBIX MHOTO(A3HBIX KOMILUIEKCA — BEPXHEIOICHOBBIH Tab0p0-MOHIIO-
HUT-TPAaHOCUEHUTOBBIA 38-39Ma M HI)KHEMHOLIEHOBBIM TpaHOIUOPUT-TPAHU-
ToBBIA 23-24Ma (I'ykacsH, MemukcersiH, 1965). B To xe Bpems, y4uThIBas
3HAYHUTENLHYI0 MUTPAIUOHHYIO CIIOCOOHOCTH aproHa B Pe3yibTaTe Pa3ludHBIX
HAJIO)KEHHBIX MPOIIECCOB U 0COOEHHOCTH MHUHEPAJIBHOTO cloxeHus nopox, K-
Ar 3HaueHMs BO3pacTa B psle clydaeB MIPUBOMAAT K OMMOOYHBIM BBIBOJAM U HX
HEJIB3s CYMTaTh OJHO3HAYHBIMH. Tak pa3zdpoc AaTUPOBOK MOHLIOHUTOB CEeBEp-
HOW 4YacTH IUIyTOHa ObIT1 OOBSCHEH YKa3aHHBIMH aBTOPaMHM HX APrOHOBBIM
“OMOJIOXKEHNEM” 0[] BIMSIHUEM HM)KHEMHOLIEHOBOI'O MHTPY3MBHOT'O KOMILJIEK-
ca mopGhHUPOBUIHBIX TPAHUTOB U rpaHoarHopuToB. OmHako crernansHoe Rb-Sr
M30XpOHHOE JAaTHPOBAHHE MOHIIOHHTOB CEBEPO-BOCTOYHOM 4YacTH ILTyTOHA
BBISIBUJIO MX 0OJiee MOJIOJION - TMO3THEOJIUTOIICHOBRIN Bo3pacT (~31-28Ma) He
3aBUCSIIMN OT BO3IEHCTBHS HAa HHUX NOPGHUPOBHIHBIX T'PAHUTOB M TPaHO-
OUOpUTOB. B pesynbraTe B cTaHOBIEHMHM MErpHHCKOrO IUIyTOHA OBIJIO BBI-
JIeJICHO TPU JMCKPETHBIX 3Talla ero oOpa3oBaHUs — CPeAHE-TI03IHEI0LEHOBBIN
(~41-37Ma), panHeonuroneHoBbiii (~31-28Ma) U paHHEMHOICHOBbIN (~24—
21Ma)”, kax/pli U3 KOTOPBIX COMPOBONKIAICS (JOPMHPOBAHHEM COOTBETCT-
BYIOIIMX MEJHO-MOJIMOJIEH TOP(QHUPOBBIX MECTOPOXKICHUNH U TPOSBICHUN
(MenxounstH 1 ap., 2008).

B pycne pa3BuTusi METOJOB M30TOMHOM naTupoBku B TaiiBanckom [ocy-
JIapCTBEHHOM yHHBepcuTeTe Obuta npoBeaeHa U-Pb natuposka nmpkoHoB (LA-
ICP-MS) otnensHBIX THIIOB MOpoJ ruiyToHa (12 oOpasioB) (Tabi.), KoTOpas
MO3BOJIMJIA YCTAHOBUTH CPETHEIONEHOBBIN Bo3pacT Hop ApeBHKCKMX TpaHO-
auoputoB (46.1+0.25Ma) U TypMalIMHOBBIX CHEHOrpaHuTOB (46.00+£0.52Ma),
BEPXHEOJIUTOLICHOBBIN BO3pacT >kO0aHACKOro MITOKa IpaHOAMOPUTOB (23.66+
0.25Ma), BBISIBUTH HAJIMYKE TIO3IHEIOIEHOBOMN JallKu TPaHOIUOPUT-TIOP(HUPOB
(34.76+£0.36Ma), moATBEpANTH HUKHEOJIUTOICHOBHI BO3pacT MOHIIOHHUTOB
pationa xaprepa Kamkapanckoro mecropoxkmernus (30.79+0.31Ma) u HIDKHE-
MHOIICHOBBIA BO3pacT MPEAPYAHBIX JaeK TPaHOAUOPUT-TIOPPHPOB (22.4+
0.21Ma; 22.434+0.22Ma). Bospactasle nmanHbie Hop-ApeBHKCKHX TPaHOIHO-
PUTOB M TYPMAaJHHOBBIX CHEHOTPAaHHTOB IIO3BOJMIM YTOYHHUTH LU(PPOBBIE

¥ 311ech 1 jasee BO3PACTHBIC XapaKTEPHCTHKH cornacuo International Chronostratigraphic Chart
(2018/07)
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3HA4YeHUs BBHIIIEOTMEUEHHOTO IIEpBOro dTama (OpMUPOBAaHUS MeErpuHCKOTOo
IUIYTOHA ¥ CYUTATh €r0 He CPeIHEe-TI03THEROIIEHOBEIM, & CPEIHEIOIICHOBBIM.

Tabnuma
U-Pb natupoBka HUpKOHOB Pa3HOTUIIHBIX MOPOA MErpuHCKOTO ITyTOHA

HasBanue noposr, N 00p. Bospact (Ma) Mecto B3sTHS

46.1+0.25 Hop-Apesuk; 8604716;
Cpel.701eH 4322718
Hopora Kamxapan-Merpu,
pa3BmiKa Ha pa3B. c.Kamep,
8605112; 4322891
PasBunka noporu Merpu-

I'panoamoput; o6p. 6491

TypManrHOBBIN 46.00+0.52
CHCHOTPAHMT; 00p. 6496 Cpel.no1eH

) 36.96x0.76 [IBanum30p; 8619441;
Cuenut; 06p. 6498 B.J0IICH 4313708; KOHTaKT CUCHUTOB U
MOHIIOHHUTOB
PasBunka noporu Merpu-
) 36.2+0.40 [IBanu30p; 8619441;
Moruonut; 06p. 6499 B.JOIICH 4313708; KOHTaKT CHEHUTOB K
MOHIIOHHUTOB

Hopora Kamxapan-Merpu,
BBIIIIE€ PAa3BUWIIKK HA pasB. C.

T'panosopuT-opQHp; 34.76+0.36 ;
06p. 6492 B.DOILICH Kaﬂefd,oiipg;an(;i?ymaﬂ
8607962: 4324963
34.32+0.37 Bhillle pasBIUIKH Ha PasB. C.

MomntonuT; 06p. 6493 B5OLCH Kanep;
oot 8607962; 4324963
Brinie pa3Buiku Ha pass. C.

Anmits 06p. 6495 33.7£1.9 Kanep, naiika cexymas
B.JOLIEH MOHI[OHHUTEL,
8607733; 4324882
) 30.79+0.31
MomntoHuT; 06p. 6500 I Kapbep Kamxapanckoro M-Hus
) 23.66+0.25 JIxOaHICKUH MITOK;
T'pasopmopu; 00p. 6490 B.OJIMIOLIEH 8601639; 4329273
I'panoanopur-nopdup; 22.4+0.21 Okozo mwr. Cakkap, nanka;
00p. 6502 H.MHOIICH 8600710, 4335170
I'panoanopur-nopdup; 22.43+0.22 Jlopora K?:;:ig.a a-Kanad,
00p. 6503 H.MHOIICH 8604139, 4337088
Huopur-nopdupur; oop. 24.91+0.32 Hopora Merpu-IIxpyT, naiika;
6505 B.OJIMTOIICH 8604957, 4336076

B nanpreiimem Obuto npoBeneHo neransHoe U-Pb natuposanue nupkoHoB
(LA-ICP-MS) passotunubeix mopoj rmiyroHa (30 oOpasioB), BBISBICHBI WX
TreOXUMHUYECKUE OCOOCHHOCTH, B Pe3yJIbTaTe Yero, yTOYHEHbI, BbIICJICHHBIE TIPU
Rb-Sr natupoBaHuM, TPU AUCKPETHBIX dTana ero GopMUPOBAHMUS, C HECKOJIBKO
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MHBIMU IH(POBBIME M BO3PACTHBIMH XapaKTEPUCTUKAMU — CPEIHEIOCHOBBIN
(48.9-43.1Ma) u3BECTKOBO-IIEIOYHOM, POACTBEHHBIH CyOMyKIIMOHHOMY, MO3/I-
HEIOLIEH-CPEeAHEOINUTOIeHOBRIH (37.8-28.1Ma) MIOMIOHUTOBBIN U HO3IHEOIUIO-
[ICH-PaHHEMHUOLICHOBBIH (26.6-21.2Ma) anakuToBsiii (Rezeau et al., 2016).
3HaueHus HepBHYHBIX oTHOmeHmit ° SI/®Sr B mopomax Merpurckoro
IUTyTOHA, KaK U B ps/ie MHTPY3UBHBIX KOMIUICKCOB llaxKyHK-3aHTe3ypcKOTo M
Comxero-Kapabaxckoro Ttepperinop — 0.70405-0.70488 (MenkoussH u 1p.,
2014) cOOTBETCTBYIOT MaHTHIHBIM METKaM, HCIBITABIINM BIIUSHHE KOPOBOTO
matepuana (Dop, 1989). AHanorudHblid BEIBOI OBUT CAENaH, UCXOIS W3 3Ha-

ueHnit €, =+8 — +11.31 5"°Oyircon=+4.6 — +6.0 (Rezeau et al., 2016).
zircon

K HacrosimeMy BpeMeHH umeromiuecs, npexnae Bcero U-Pb matupoBku
LIUPKOHOB TO3BOJISIOT JOCTATOYHO OJHO3HAYHO OINEPUPOBATH BO3PACTHBIMHU
XapaKTepUCTUKAMH MTOPO Pa3IMIHBIX KOMIUIEKCOB U (pa3 rryToHa.

Hacmakepmckuu uHmpy3us

CeBepHee MerpuHCKOTO IUTyTOHa, B OacceifHe p.AWpureT oOHaXKaeTcs
HacrakepTckuil HHTPY3UB, B MPEAEIaX KOTOPOrO PACIOJIOKEHO OJTHOMMEHHOE
METHO-MOJHOIEHOBOE MECTOpokAeHue. HTpY3uB paccMaTpuBaics Kak OJHO-
¢dazoBoe obOpazoBaHue B.301eH-onuroneHoBoro (Kapamsa u ap., 1974), aubo
BepxHedoneHoBoro (I'yrommxsH, 2011) Bo3pacTa, CIOXEHHBIH KBapLIEBHIMHU
OUOpUTAaMHU M B MEHBILICH CTENeHW TpaHOnMOpUTaMH. VHTpY3HB HpopbIBaeT
HIDKHER0IICHOBYIO BYJIKAHOTEHHYIO TOJIIY, IPEICTaBICHHYIO B OCHOBHOM
TydokoHriomeparamu, Tydonecyanaukamu, Tydamu. B oTnuume oT ykaszaH-
HBIX MHEHHI HAMH yCTAaHOBJICHBI JiBe (pa3bl BHeApeHus JlacTakepTCKOro HHTPY-
3MBa: MMEpBasi — MPEJCTaBICHA B OCHOBHOM KBapIICBHIMH JTUOPUTAMHU U TOHAIIH-
TamH, BTOpas — Oosiee MIMPOKOH raMMoil mopoJ IrpaHOAUOPUTAMH, MOHLIOTPA-
HUTaMH, CHEHOTPaHUTaMH, XapaKTePU3YIOIUMUCS (GaluaTbHBIMHU IEPEXOIaMU.
[oponer | a3l obHAXKAIOTCS 1O JeBoMy OopTy p. KeimkomTa — mpaBoMy
KpYIHOMY TpPUTOKY p. AHNpurer, mpoTsAruBamoomemycs or moc. JlacrakepT B
ONMU3BEPTUKAILHOM HampasiieHud, pazHoctd |l ¢as3sl mpepcraBieHsl mo mpa-
Bomy Oopty p. Kemmkomrra. Cormacao U-Pb matupoBkam BospacT kBapiieBhIX
IopuTOB — 00p. 6698 (8588678; 4359166) — 40.16+0.93Ma, MOHLIOTPaHUTOB —
00p. 6695 (8588194; 4363840) — 37.77+0.43Ma. Takum 06pazoM, BBISBICHO
nByx(}a3oBoe CTpOEHHE HHTPY3UBa W ONPEACICHHBIA BO3PACTHOM pas3phiB
(~2.4Ma) B hopMupoBaHuK MOPOJ MEPBO U BTOPOH (a3 B mpejienax CpeaHero
- TIO3THETO J0IIeHa (B MHTEpBajie OApPTOHCKOTO M MPUAOOHCKOTO SIPYCOB).

Hapacapckuii ([larudaeckuti) unmpysus

B xpaiinux CB wactu Cronukckoid u OB wactu laymsiHckoit oGmacteit
(Apuax), B BepxoBbsx p.Taprap oOnaxaeTcsa nmonudasnbiii Llapacapckuit unT-
py3uB (~90kM?), pasMeIIeHHBI B TPeenax JOKATbHON OTPUIATEIBHOM Tpa-
BUTAIMOHHOW aHOMaJuM, sBIsionieiics ¢parmentom llentpansHoro ApmsH-
CKOTO TPaBUTAIMOHHOTO MHHMMyMa mepBoro mopsiaka (Huxombckuiéi u mp.,
1975). DTa aHOManus, MOYTH Ha TOPSIOK MPEBHIMAONIAs TUIOMAAb OOHAXKCH-
HOM yactu llapacapckoro MHTpy3HBa, MHTEPIPETHPYETCA YKa3aHHBIMH aBTO-
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paMu B KauecTBE IJIOLIATH ITOJIHOCThIO HE OOHaXEHHOTO OTPOMHOI0 0aTOJHTA,
aHAJIOTMYHOT0 MEerpruHCKOMY IUTYTOHY.

Bospact uHTpy3uBa NpOPHIBAIOIIETO BEPXHEMEIOBBIE M CPETHEIOLIEHOBBIE
oOpa3oBaHus JaTupyeTcs Kak B.3oueH-onuroneH (Iluxanuberinu, 1966; bada-
3ane u Ap., 1990), awkauit muoneH (Ilagdenronsi, 1970), onuroneH-HUKHUMA
MuoleH (AmnaxBepaues U Ap., 1987). Pesynabpratel K-Ar maTupoBkH 1Mo Tpem
oOpasiam (rpaHOIMOPUTHI, TPAHUTHI, CHEHOTPAHUTHI) COOTBETCTBYIOT HIDKHEMY
muoneny — 22.3Ma (barmacapsa, 'ykacss, 1985).

CornacHo OonpmnHCTBY uccnenosareneit ([nxamubeinm, 1966; 3anpu u
ap., 1968; Iaddenronsu, 1970; Amnaxsepaues u ap., 1987), a Takxke HaluM
HaAOJIOACHUSIM UHTPY3UB SIBJSIETCS MOMU(A3HBIM, MOTU(anuaibHEIM 00pa3oBa-
nueM. [lepBas dasza npepcraBieHa MOHIOHUTAMH, CHEHHTAMH, CHEHUTO-IHO-
puTaM#, MOHIIOAWOPUTAMH; BTOpas (aza 3aHUMAromIas OONBIITYI0 YacTh ILIO-
LIagy MaccuBa XapakTepusyeTcs Oojiee KHUCIBIM COCTaBOM — KBapILEBhIE CHeE-
HUTBI, CHCHOTPAHUTBI, [PAHUTHI, MOHLIOTPAHUTHI U JP.

Hamu ompoGoBanbl cueHorpanutsl (00p.6454) U3 mpaBoro CKIOHa BEpX-
Hero TeueHHs p. TapTap B paiioHe MHHEPaIbHBIX WCTOYHHUKOB OBIBIIETO KYP.
Uctucy (8582891; 4422547). Tlopona cepoBaTo-poO30BOI0 IBETa C THIIHIAMO-
Mop(dHO3epHHUCTONH, WHOT/AA MOPHUPOBUIHON CTPYKTYPOH, C YETKHMH PO30-
BBIMHU BbIIeNIeHUsIMH ipeoOnanaromero K-Na nonesoro mmara (~40%), kBapua
(~26%), mnarunokmnasza (~14%), IBETHBIX MUHEPAJTIOB — POTOBOI 0OMaHKH U O1o-
tuta (~10%). Pesynbrater U-Pb matupoBku — 26.92+0.27[1%], 95% conf.,
MSWD=0.63, probability=0.89. ITomy4yenHoe 3HaueHwe BO3pacTa MOPOA BTO-
poii ¢a3sl llapacapckoro WHTpy3MBa COOTBETCTBYET BEPXHEMY OJIUTOIICHY M
SIBIISIETCS. AHAJOIOM PaHHUX NpeAcTaBUTENel Hanbosee mo3aHero sramna (26.6-
21.2Ma) popmupoBanuss MerprHCKOTO TUTyTOHA.

CeapaHnyckutl uHmMpy3ue

B nenrpanbroit yactu CrOHUKCKOW 00JIacTH B mpejeiax baprymarckoro
xpebTa pacmosnoxxeH CBapaHIICKHI MAacCHB, C KOTOPBIM CBSI3aHO OJJHOMMEHHOE
TUTAaHO-MarHETUTOBOE MeCTOpOXkaeHre. CBapaHIICKUI MaCCHUB paccMaTpHUBAJICS
B KayecTBe CHHOHHUMa ApamMas/icKoro WHTpy3uBa (MeXIyMsH), OJHAKO OHH
cornacHo (['yrommxksiH, 2011) suIsIFOTCSI cCaMOCTOSTENFHBIMA MacCHBAMH C TLIO-
IABI0 COOTBETCTBEHHO 6.25kM° U 7.75kM’° B cOCTaBe IepBOil M BTOPOH (a3
BEPXHEIOIEHOBOTO baprymarckoro HWHTpYy3uBHOTO KoMmiuiekca. [lpu 3ToM
CBapaHIICKHil MacCHUB MPEICTABIEH MarHETUTOBBIMH OJINBUHOBBIMH Ta0b0poO,
MarHeTHUTOBBIMH OJIMBUHUTAMH, TPOKTOJIUTAMH, a Apama3ICKuil UHTPY3UB —
ra00po, MOHIIOHUTaMH, CHEHUTaMH1 U p. Hamu onpoOoBaHbl CpeAHE3EPHUCTHIE
OJIMBHHOBEIE rab0po (00p. 6408) 10xHee c¢.CBapaHI], 1O JIECBOMY CKJIOHY BEpX-
Hero teuenus p. Kapaamymrer (3934747; 4620038). Pe3ynpTaThl TaTUPOBKU —
43.00£0.44 [1.0%] 95% conf. Wtd data — pt errs only, 0 of 20 rej. MSWD=1.07,
probability=0.37 (error bars are 26), uTo0 COOTBETCTBYET IIOTETCKOMY SPYCY
cpeanero soueHa. M3 mopon Bropoi ¢aspl baprymarckoro HWHTPY3WBHOTO
KOMILJIEKCa ONpoOOBaHbl MEJIKO3EPHHUCTBIE CHEHOrpaHUThl (00p. 6420) neBoro
nputoka p. Kapaanynrer (3933036; 4619684). PesynbraTbl JaTHPOBKH —
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42.60+0.40 [0.99%] 95% conf. Wtd by data-pt errs only, 0 of 21 rej.
MSWD=0.45, probability =0.98 (error bars are 26), 4To TakKe COOTBETCTBYET
JIFOTETCKOMY PYCYy CPEIHETO JOIIEHA.

Takum 00pa3oM, M3BECTHBIE Pa3HOBUAHOCTU baprymarTckoro HHTpY3HB-
HOT'0 KOMIIJIEKCAa — OJIMBHUHOBBIC ra66po C OHHOﬁ CTOPOHBI U CUCHOT'PAHUTHI — C
pr1“0171 C(l)OpMI/IpOBaHBI B 6J'H/I3KOOI[HOB03paCTHOM HWHTCPBAJIC B IIpcaciiax
cpemHero somneHa (JIIOTETCKUH Spyc) MpH HeOONBIIOM BO3PACTHOM pa3phiBE —
0.40 Ma.

3akiIouyeHne

Hoebie U-Pb nmatupoBku psiia MHTPY3UBHBIX KOMILUICKCOB FO)KHOW 4YacTH
HaxxyHk-3anre3ypckoro Teppeitaa (PA) mo3Bonmiau BHECTH Psii HOBBIX TIPE-
cTaBieHU 00 WX (GOPMHUPOBAHUH M BO3PACTE, OOCYAUTHh HEKOTOPHIE BOMPOCHI
UX NETPOJIOTHH.

Ilomyuennsle Bo3pacTHble naHHble Hop ApeBHKCKMX TI'paHOAMOPUTOB
(46.1£0.25Ma) u TypMamMHOBBIX cHeHOrpaHuToB (46.00+0.52Ma) yTOUHMIH
JaTUPOBKY TMEpBOTro 3Tamna (opMUpOBaHUS MErpHHCKOTO ILIYTOHA, B COOT-
BETCTBUU C KOTOPHIM OH SIBJISIETCA HE CPEIHE-TIO3JHEIOLEHOBBIM, a CpEIHe-
J0LICHOBBIM. YCTAaHOBJICHUE BEPXHEOJIUIOLEHOBOTO Bo3pacta JlxOaHICKOro
ITOKAa TPaHOAHOPHUTOB (23.66+0.25Ma), ¢ y4eToM ero mepecedeHus: rpaHo-
nropuToB JIMuka, CBUIETENBCTBYET O €ro HanboJee MOJIOJIOM BO3pacTe B psiLy
MPETHIKHEMHUOIICHOBBIX JIACK IPaHOHOPUT-TIOPHHUPOB.

B nenomMm, yTouHeH paHee BBISBICHHBIM TPEX3TAIHbBIA AUCKPETHBIA Xapak-
Tep ¢dopmupoBaHuss METPUHCKOIO IITIyTOHA — CpEeIHEIONneHOBBIH (48.9-
43.1Ma), mo3aHe’o1eH-cpeaHeouroneHoBei (37.8-28.1Ma), mo3aHeonuro-
[IeH-pPaHHEMHOIIEHOBEIH (26.6-21.2Ma).

BriepBrie ycraHoBieHo aByx(dazoBoe crtpoeHue JlacTakepTCKOro HHTPY-
3uBa (| daza — kBapueBsie AHOPUTHI, ToHAIHTHL, || haza — rpaHOIMOPHUTEI, MOH-
LOTPaHUThI, CHeHOTpaHuThl U ap.) Ludposeie xapakrepuctuku mopon | u 1l
¢a3 (coorBerctBeHHO 40.16+0.93Ma n 37.77+0.43Ma) cBUAETENBCTBYIOT O
BO3pacTHOM paszpbiBe (~2.4Ma) ux (opMHUpOBaHUS B Mpelesiax CPEeJHero -
MTO3JHETO J0IICHA.

BepxueonuroneHoBsiii Bo3pacT cueHorpanutoB Il ¢aser Ilapacapckoro
WHTPY3UBHOTO KoMImIeKkca (26.92+0.27Ma) cooTBETCTBYyeT HanboJiee o3THEMY
sTarny (HOpMHUPOBAHWI0 METPHUHCKOTO TIyTOHA U MOXKET SBISATHCS KOCBEHHBIM
MOJATBEPKACHUEM IPEACTaBICHU 00 onHoTUNHOCTU Llapacapckoro MHTpy3uB-
HOTO KOMIUIEKCa ¢ MErpuHCKUM ITyTOHOM. B 3TOH CBSI3M BakHOE 3HAUYECHME
nproOperaeT HEOOXOAMMOCTE JAaTUPOBKU mopox | ¢assl Llapacapckoro uaTpy-
3WBHOTO KOMILIEKCA.

3HaveHMs] TAaTHPOBOK OJIMBHHOBHIX Ta00po (43.00+0.44Ma) u cueHorpa-
HutoB (42.60+0.40Ma) baprymarckoro MHTPY3WBHOTO KOMIIJIEKCA, COOTBET-
CTBYIOLINE CpEeJHEMY J0LEHY (JIIOTETCKUH APYC), B OTIAMYHUE OT BBIILIEPACCMOT-
PEHHBIX T'PAaHUTOUIHBIX HHTPY3UBHBIX KOMIUIEKCOB, XapaKTEPU3YIOTCS OIHO-
TUIIHOCTBIO UX 3HAYEHUH, CBUIETENBCTBYIOIINX O OIN3KOOJHOBPEMEHHOM (hop-
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MHUPOBAHUU NPUHLUIHNAIBHO PA3IMYHBIX B IMETPOICHETHMYECKOM OTHOIICHUH
opoJ, T.. 0 OJIN3KO OJHOBPEMEHHOM (DYHKIIMOHMPOBAHHH O4aroB OCHOBHOH U
KHUCJIOH Marmsl.

[ paccMOTpEHHBIX TPaHUTOMIHBIX KOMIUIEKCOB BBISIBICH AMCKPETHBIN
(mynbcanMoHHBIN) XapakTep ux ¢opmupoBaHus. [Ipu 3TOM, eciu BO3pacTHbIC
pasnuums B craHosieHud mopon | u |l sramoB dopmupoBanust MerpuHCKOro
IUTYyTOHA COCTaBIAIOT B cpenHeM ~13Ma, Il u Il atamoB ~10Ma, To Bo3pacTHO#
paspsiB B (hopmupoBanuu mopon | u Il da3 JlacrakepTckoro WHTPY3HBHOTO
KoMIUIekca - ~2.4Ma.

[MposiBNeHNsI MHTPY3MBHOTO MarmMaTtu3Ma Ha paccMaTpUBAeMOW TEPPHUTO-
puu HaunHaOTCS ¢ | ATama popMupoBaHus MerpuHCKOTO TUTYyTOHA W HECKOJIb-
KO TO3/IHEE — OJIMBHHOBBIX ra00p0 M cueHOrpaHuToB baprymarckoro KoMmruiex-
ca, pUKCHPYsl pa3HOBPEMEHHbIC, HO B NpelesiaX CPEIHEro 30LeHa, (yHKIHO-
HUPOBAHUE ABTOHOMHBIX MarMaTHYECKUX OYaroB I'PaHUTOUAHOTO U OCHOBHOTO
COCTaBOB.

3HayeHHs MepBUYHBIX OTHOIeHHH ° Sr/*°Sr MerpuHckoro rmiytoHa —
0.70409-0.70453, a Taxke HEKOTOPBIX Pa3HOBO3PACTHBIX, PA3HOTHUITHBIX HHTPY-
3uBHBIX KoMIuiekcoB Comxero-Kapabaxckoro u llaxkyHKk-3aHre3ypcKoro Tep-
peitHOB (cootrBercTBeHHO — 0.70405-0.70488 — Axmarckuit 1 KoxOckuii komrr-
nekcol, 0.70355-0.70520 — I'exapoTckuii, Mupakckwii, AHKaBaH-ApTaBa3CKUH,
Merpamzopckuii kommekcsl) (MenkoHsH u ap., 2011, 2014) xapakTepusyroTcs
MaHTUHHBIMA METKaMH, UCIIBITABIINX B OTAEIBHBIX CIyYasx BIUSHAE KOPOBOTO
Matepuana kucioro cocrasa (®op, 1989). Ilpu 3ToM MaHTHIHBIN XapakTep
TePBUUHBIX OTHOMEHHH ° Sr/®°Sr duxcupyercs u s Hambonee KHCIBIX
pasHocTeid MerpuHCKOro IUIyTOHa — TPaHUT-TPAaHOTUOPHUT TOpdupoB
(0.70427+0.00009Ma) wu JselKOKpaToBBIX rpaHuTOB  Kox6-IIIHOXCKOTO
uHTpy3uBHOTO KoMmIuiekca (0.70458+0.00027Ma).

MaHTUIHBII MCTOYHHUK MarMaTH4YeCcKOro pacijiaBa Npu y4acTUHM B OT-
JENbHBIX CITy4yasX KHCJIOro KOPOBOTO MaTepuaja MOXKHO Ipearnojararh B Iie-
JIOM ¥ JUTs1 Pa3HOBO3PACTHBIX, pa3HO(POPMAIIMOHHBIX HHTPY3UBHBIX KOMITJIEKCOB
ApMeHUU.
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LA SYBULLE OUNUNPULL-QULATANRL P SEE3LE (22)
ZUru4qusbu UUUP PuSrNkrebhY ZUUULRMULEE U-Pb
20004Uaruuy UUUPL 64 Nrng 26StUNere3nhuutr

Utpniyui (}.1,, 2n1uq U.-L.,, Gunjui 1L, Antjuwuywb (;1u,
Unphung [}, Znquihdjwt U.E., Upuywt L.U.

Udthnthnid

Lkpjuyugquws ki unp wknbnipmniuttp 22 nwupwsph hupwduyght
dwuh nwpwnbuwl] hinnpmghwibph Uknpmt wnunnih, dwunwlbp-
unh, Ownwuwph (Fwhgunh), Udupuigh hwdwihputph, U-Pb hwuw-
Jugpdwt (LA-ICP-MS dbtpnn) dwuht: Ubknpnt wninnth uwhdwb-
ubkpnud npnoybkyp Eu Uunp Uplhlh gpwunphnphwntbph (46.1+0.25Ma),
nnipdwhtiwghtt uhkungputhnutph (46.00£0.25Ma), Qpwunh gpuwin-
nhnphwnttph (23.66£0.25Ma) hwuwljutpp: Fuguwhuwyjunydl) £ Ywunw-
Ytpunp hnpmgpy] hwdwihph Eppwquypls juenigjuspp b wupgly
tl tpwug U-Pb hwuwljukpp (40.16+0.93Ma I dwqh pjupgujhtt nhnphwn-
ubpp b 37.77+0.43Ma II dwqh Untigngpuuthwnubkpp): Opnodbnt £ Fup-
gnipwnh  htuwnpnighy hwdwihph hhdpuyhtt b ppnt juqunipjub
wwwnubph dhoht tngkuh hwuwlp (43.00+0.44Ma ojhyhtuyhtt quppn,
42.60+0.40Ma uhtkungputihwntbp):
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Lutunplyl) &bt ntunidbwuhpws htnpnighy hwdwjhpubph dhw-
Ynpuwt wnwbdtwhwnlnmpnibubpp, tpwig nhuljpbn (wnyuwghni)
punypn b wnwowgdwt npny hwipgtp:

NEW EVIDENCE ON THE U-P5 AGE ESTIMATION FOR THE
INTRUSIVE COMPLEXES OF THE TSAHKOUNK - ZANGHEZOUR
TERRAIN (RA) AND SOME INFERENCES

Melkonyan R.L., Chung S.-L., Galoyan Gh.L., Ghukasyan R.Kh.,
Moritz R., Hovakimyan S., Atayan L.S.

Abstract

The article presents new evidence on the estimation of U-Pb age (LA-ICP-
MS) for intrusives of various types situated in the southern part of the RA,
namely, the Meghri pluton, and intrusive complexes of Dastakert, Tsarassar
(Dalydag), and Svarants.

Within the Meghri pluton, U-Pb ages were estimated for the Nor Arevik
granodiorites (46.1+0.25Ma), tourmaline syenogranites (46.00+0.52Ma), and
Dzhband stock of granodiorites (23.66+0.25Ma). A structure of two phases was
identified in the Dastakert intrusive complex and their U-Pb ages were
estimated (40.16 +0.93Ma — for the quartz diorites of Phase I, and 37.77
+0.43Ma for the monzogranites of Phase Il). The Middle-Eocene age was
established for the ultra-basic and acid diversities of the Bargoushat intrusive
complex (43.00+0.44Ma for the olivine gabbro, and 42.60+0.40Ma for the
syenogranites).

Some issues of the petrology of the intrusive complexes indicated above
are discussed in the article.
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MINERAL DEPOSITS

CHARACTERISTICS OF DISTRIBUTION OF ARSENIC
IN KADJARAN DEPOSIT ORES

Harutyunyan M.A.}, Hovhannisyan A.E.", Magakyan N.I.2,
Hovakimyan S.E.}, Siradeghyan V.V.!

YUnstitute of Geological Sciences of NAS RA, 24a Marshal Bagramyan Ave,
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2«Lernametalurgiai Institute” CJSC, 19 Khanjyan St., Yerevan 0010
Reclivef by the editor 21.05.2019

Ore-geochemical profile of deposit of copper-molybdenum-porphyry type is
determined not only by concentration levels of profiling metals, but also by the nature
of distribution of secondary metals accompanying them. In the copper-molybdenum
stockwork of Kadjaran deposit (the absolute elevation of the upper rim of industrial
ores is 2300m, of the lower one - 1450m) average depth interval of the horizons is
identified - 2005-1965m, enriched in As; with background content of arsenic 0.005%
in some sites, the contents of As reach 0.1-0.3%. The copper-arsenic sulfosalts both in
the upper and lower horizons (traced to the horizon of 1840m) are observed in
associations of quartz-molybdenite, quartz-molybdenite-chalcopyrite, quartz-pyritic
and quartz-polymetallic stages, i.e. in all ore stages of the deposit. Vertical minera-
logical zonality of deposition of arsenic sulfosalts to the depth is manifested by the
replacement of enargite-luzonite containing mineral parageneses with tennantite con-
taining ones.

Keywords: copper-molybdenum—porphyry deposits, zonality, arsenic,
enargite, luzonite, tennantite.

Introduction: Researches of copper-molybdenum-porphyry deposits of
Zangezur ore district (ZOD) in recent years are mostly related to their
distribution by age and composition of ore-bearing intrusions, identifying the
geodynamic environment of their formation, as well as isotopy of ores and
igneous rocks (Menkonsin u ap., 2014; Hovakimyan et al., 2015, 2016, 2018,
Moritz et al., 2015, 2016; Rezeau et al., 2015; Rezeau, 2017). Less attention is
paid to the characteristics of material composition of ores, which in the deposits
of copper-molybdenum porphyry type of Zangezur ore district are characterized
by the analogous set of secondary metals (Mogscecsir, Mcaenko, 1974; TTumksH,
1975; Kapamsn, 1978; Kapanersn, 1982), in varying degrees of prevalence.
Meanwhile, it is particularly the features of distribution of both profiling and
secondary metals in the ores of stockwork must determine the ore-geochemical
profile of the deposit and contribute to the construction of its mineralogical and
geochemical model.

As far as possible, this gap has been filled by research in recent years
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(Apytronsia, Oranecsit, 2018). The material accumulated over the years of
continuous detailed study of ores of Kadjaran deposit on the study of features of
distribution of not only basic sulphides of deposits of copper-molybdenum-
porphyry type — chalcopyrite and molybdenite, but also the accompanying
minerals — pyrite, galena, sphalerite, and many others, among which no small
place is occupied by copper-arsenic sulfosalts, allows summarizing the data,
highlighting the characteristic features of distribution of As over the vertical
span of copper-molybdenum mineralization.

Mineralogy of arsenic ores. The beginning of the study of mineral com-
position of ores of Kadjaran deposit was laid in the first half of the last century
in connection with their industrial development and solution of a number of
technological issues. The first study of ore mineralogy of the deposit was
carried out by P.M. Zamyatin and I.N. Chirkov (1937), somewhat later they
were continued by S.A.Movsesyan (1941) and Z.V. Rupasova (1942). Later,
detailed studies were carried out by 1.G. Magakyan (1954, 1970), M.P. Isayenko
(1964, 1966), G.O. Pijyan (1960, 1975), E.A. Hakobyan (1960), A.S. Hara-
mazyan (1958, 1974), R.N. Zaryan (1964), S.A. Movsesyan (1969), K.A. Ka-
ramyan (1960, 1978, 1981). In addition to the description of individual minerals
(the researches recorded more than 70 mineral types), study of material com-
position of basic and secondary sulphides of the deposit, the development featu-
res of minerals of oxidation zone and of secondary sulfide enrichment were also
studied (Axomsm, 1960; MogscecsH, 1941; Moscecsin, Ucaenko, 1974; MkpTusa
u ap., 1969; ®dapamassu, 1974; [umksn, 1975; Kapamsn, 1978, 1981).

Common copper-molybdenum ores, currently developed on Kadjaran depo-
sit are represented by rare thin veins and predominantly, by zones of veining
with the capacity up to the first meters, often with localization of mineral
associations of different time stages; the proportion of disseminated minerali-
zation is 10% (Mxptusia u ap., 1969; Kapamsu, ®apamazsa, 1960; MoscecsiH,
HUcaenxko, 1974; IMumksu, 1975).Exploitation work is carried out below the
oxidation surface (Axomsa, 1960; Mogcecsn, Ucaenko, 1974; Iumksu, 1975),
in the distribution zone of sulfide ores, represented not only by chalcopyrites
and molybdenites of basic industrial stages, but also by the minerals sufficiently
widespread on the deposit. These include pyrite, galena, sphalerite, tellurides,
native gold, silver and many others, and among others arsenic minerals, which
are undesirable component of commercial copper concentrates.

Presence of enargite was observed in the ores of quartz-chalcopyrite-
molybdenite, quartz-chalcopyrite, quartz-pyritic and quartz-sphalerite-galenic
stages (MkprustH u ap., 1969; dapamazsn, 1974; Kapamsn, 1978, 1981).
Enargite was noticed by G.O.Pijyan (1975) also in paragenetic associations of
guartz-molybdenite stage. The amount of enargite in the veinlets of different
composition ranges within 0.05-0.2%, size of grains is — 0.05-0.5mm; most of
all enargite together with luzonite are spread in the veinlets of quartz-
chalcopyrite stage (MkpTusiH u ap., 1969; dapamaszsn, 1974). In the upper
horizons enargite was observed in single grains (®apamassn, 1974). Copper-
arsenic sulfosalts in the form of thin monomineral veinlets, rarely with quartz,
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cross segregations of chalcopyrite, rarely of pyrite, sphalerite, sometimes of
molybdenite; enargite also occurs in the form of reactionary fringes, accrued on
segregations of chalcopyrite (®apamassa, 1974). Luzonite grain size is 0.05-
0.1mm, their relict form in the enargite grains allowed the researchers to assume
that enargite represents product of luzonite transformation. Tennantite like
enargite, occurs in all stages of mineralization, depositing at the end of ore
deposition. A reactionary replacement of enargite by tennantite is often obser-
ved (Kapamsn, 1972; ®@apamassH, 1974; MoscecsH, Mcaenko, 1974; ITumksH,
1975; Kapamsn, 1978, 1981). Tennantite grain size ranges within 0.1-0.2mm.
S.A.Movsesyan and M.P.Isayenko (1974) noted intensive replacement of
enargite and luzonite by tennantite at a depth of 300-400 m from the surface.

Distribution of arsenic in the ores of stockwork. Close association of
copper-arsenic sulfosalts with chalcopyrite conditions their transition during
flotation together with chalcopyrite into copper concentrate with average
content of 0.5% (Aramupsia u ap., 1985). Exceeding of these contents in copper
concentrates in 1990 made it necessary to single out on the deposit the sites
with content of As in the ores of 0.1-1% and mapping them (Tasu u ap., 1991).
It should be noted that before that in the ores of overlying horizons the contents
of arsenic up to 0.1% were rarely observed (®apamazsu, 1974). When drawing
up single-element maps (Tasa u ap., 1991) it was considered appropriate to
single out 5 classes of As contents: 0.005%; 0.005-0.05%; 0.05-0.15%; 0.15-
0.30%, and >0.30%. The data on the As content in ores were summarized by us
according to the general plan of the mine 1: 2000, which combines 3 horizons
of the deposit - 2005, 1985, 1965m (fig.1).

The scheme of distribution of arsenic drafted by us illustrated the prevai-
ling development of ores of the first class contents — 0.005 %. The ores excee-
ding these contents were located within the fields of the first class by local
islets. The largest contrasting anomaly with an area of about 1200m?, repre-
sented by thickening of isolines, reflecting 3-4 classes of contents, was observed
in the northern part of the deposit and had a sublatitudinally elongated shape; to
the east it was traced by two branches of the northeastern direction. Less
contrasting anomalies to the south of this zone, represented by 2-3 classes of
contents, and occupying small areas up to 600m? were also characterized by
elongation in the sublatitudinal, less often in the northeastern direction.

Besides them, anomalies of arsenic of small area, of the same intensity,
oriented in the submeridional direction were distinguished. The research
allowed evaluating the contamination of the deposit ores by arsenic. According
to recommendations given upon completion of the work two operational units
were identified in the northeastern part of the deposit, enriched in copper-
arsenic sulfosalts with contents of As >0.05% with sites of enrichment up to
0.3%. It was estimated that with proper ore blending with the prevailing dis-
tribution of ores with classes of contents less than 0.05%, these contents do not
have a significant impact on the quality of copper concentrates and do not
exceed the contents of As up to 0.3% acceptable in them (Tasu u mp., 1991).
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Fig.1. Generalised 3 horizon schematic map of arsenic anomalies for Kadjaran open pit (in WGS
84 coordinate system)

Geological interpretation of sublatitudinal anomaly of arsenic of the
northern section showed that it is tied to the longest — up to 800m and deepest
guartz-molybdenite vein N6 on the deposit (traced to the horizon of 1840m)
(Mkprusta 1 ap., 1969); both in terms of the area and of the intensity, an
increase of anomalies is observed from west to east, with fixation of sites of
vein expansion. Increase eastward in the vein mass of spotty and nested
segregations of chalcopyrite, pyrite, sphalerite and galena, quite often veinlets,
along with black fine-grained cryptocrystalline quartz of brecciated structure, in
which fragments of white quartz with molybdenite are observed, speaks of
sequential fragmentation and «grouting» of the early mineral associations by the
later ones (Mkptusie u ap., 1969). The nature of the halo of arsenic anomaly,
accompanying the formation of the vein and its branches all over, suggests that
metal deposition occurred from one and the same solution when reopening the
latitudinally oriented localizing structure, complicated in the eastern part by the
structures of northeastern strike.

Relatively contrasting anomalies of As, recorded to the south of the 6th
vein, are associated with the areas of intensive veining of quartz-chalcopyrite
and quartz-molybdenite-chalcopyrite stages. In addition to them, anomalies
close to quartz-polymetallic veins are also observed, that is mainly observed on
the southeastern flank of the deposit.

40



Fig.2. Numerous relics of chalcopyrite in the field of bornite testify to the metasomatic formation
of the latter and displacement of arsenic component to the periphery.

Association of enargite with chalcosine, bornite and covelline in bakelites
of copper concentrates, in addition to assessing the quality of concentrates,
contributed to the identification of associative links of arsenic with other mi-
nerals except chalcopyrite (Tasst u ap., 1991). This allowed linking small
anomalies of arsenic with zones of limonitization, developing in areas of steeply
dipping meridional faults. In the absence in the zone of supergenesis of clearly
defined zone of secondary sulfide enrichment (AkomsH, 1960; MogscecsH,
Ucaenko, 1974; ®dapamazsn, 1974), development of minerals of secondary
sulfide enrichment along fractures was observed by researchers up to the depth
of 200m (Axomsia, 1960; [umksa, 1975). According to our research the mine-
rals of secondary sulfide enrichment zone were traced up to the horizon of
1965m (fig.2).

Quantitative distribution of As in monomineral fractions of chalcopyrite,
molybdenite, pyrite, selected from the horizons enriched by arsenic, is illus-
trated in fig.3.The average contents are shown in the table 1. It should be noted
the difficulty of comparability of diverse analysis of arsenic, carried out in dif-
ferent years by laboratories with various technological and analytical equip-
ment.

Table 1.
Distribution of arsenic in basic sulphides of Kadjaran deposit
_ Number of X s v
Minerals samples
Chalcopyrite 18 0.13 0.16 123
Molybdenite 25 0.01 0.007 70
Pyrite 16 0.0348 0.037 106

Note: X — arithmetical mean; S — standard deviation; V — coefficient of variation
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In molybdenites the contents of As range within 0.008-0.018%; in the most
part of molybdenites hundredths of a percent of As are observed (fig.3).
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Fig.3. The nature of distribution of arsenic in chalcopyrites, molybdenites and pyrites (in %).

More stable distribution of arsenic was observed in the upper horizons by
A.S.Pharamazyan (1974), moreover, in molybdenites of different generations —
0.01-0.03%. Chalcopyrites and pyrites of the mentioned horizons in comparison
with the data of A.S. Pharamazyan (1974) show relative enrichment in As:
chalcopyrites — 0.01 — 0.60% (0.01-0.3% acc. to A.S. Pharamazyan), pyrites —
0.01-0.14% (0.01-0.1%) wherein, both in chalcopyrites and in pyrites As is
mostly represented by hundredths of a percent.

The study of the mineral composition of ores has shown that already from
the horizon of 1935m in copper-molybdenum ores enargite is much less
frequently observed, while tennantite occurs more often, as it was noted in
earlier studies (Moscecsn, Hcaenko, 1974).

A similar replacement of the near-surface associations with enargite-
luzonite in the lower horizons with tennantite containing ones is described on
the copper-porphyry gold bearing deposit of El Salvador in Chile, however in
polymetallic Cp-Py-SI-Gl associations (Einaudi et al., 2003).If in the upper
horizons in Kadjaran copper-molybdenum and polymetallic ores along the
edges of granular aggregates or individual crystals of enargite replacing
chalcopyrite, a thin rim of tennantite is observed, then in the lower horizons the
role of tennantite increases significantly.

Starting from the horizon of 1975m primary tennantite is observed in the
association with chalcopyrite, not containing relics of foreign minerals, which
forms more or less idiomorphic grains 0.1-0.2mm in size. The primary
tennantite is also observed in chalcopyrite-molybdenite ores of the 6th quartz-
molybdenite vein in the horizon of 1840m (fig.4).
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Fig.4. Phenocryst of chalcopyrite (Cp) with tennantite (Tn). x 400. Quartz-molybdenite 6th vein.
Horizon of 1840m.

Discussion and conclusions

Copper-arsenic sulfosalts are typical of the deposits of Cu-porphyry type
(Cu/Mo = 180-300) of Western Mediterranean segment of Tethys-Eurasian
metallogenic belt (Buchim, Zlatitsa-Plavitsa Majdanpek, Veliki Krivel, Bor,
Asarel, Medet, etc.), and they are less typical of deposits of Eastern Medi-
terranean segment. In the ores of Cu-Mo porphyry deposits — Kadjaran, Agarak,
Lichk, Aygedzor, Hankasar, Dastakert, Hankavan of Tsaghkunk-Zangezur zone
of the Lesser Caucasus, of central part of Tethys-Eurasian metallogenic belt the
presence of arsenic was observed by many researchers (Mogscecsit, Hcaenko,
1974; Iumxsn, 1975; Kapamsn, 1978; KapanersH, 1982 u ap.).

Our researches have been devoted to the study of nature of distribution of
As in the ores of Kadjaran copper-molybdenum deposit to the depth, which
allowed identifying the main features of its manifestation.

1. In vertical section of copper-molybdenum ores As is distributed une-
venly; the near surface horizons rich in copper mineralization are depleted in
As, and the identified interval of the horizons — 2005-1965m, enriched in As, is
the average part in depth (the upper edge of industrial ores is 2300m, the lower
one is 1450m). Copper-arsenic sulfosalts are observed in the mineral asso-
ciations of all ore stages of Kadjaran deposit — quartz-molybdenite, quartz-mo-
lybdenite-chalcopyritic, quartz-chalcopyritic, quartz-pyritic, quartz-polyme-
tallic, as noted by some researchers, only with predominant deposition in
quartz-chalcopyritic stage (AxomsH, 1960; MkpTusie u jp., 1969; dapamassis,
1974; MogcecsiH, Ucaenko, 1974; TTumksH, 1975).

It is interesting that in the scheme of generalized ore zoning of deposits of
Cu -porphyry type (Sillitoe, 1993, 2010; Kpusuor u ap. 1986; Einaudi et al.,
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2003), arsenic sulfosalts gravitate to the apical part of the ore system and are
common in chalcopyrite-pyrite-hematite and galena-sphalerite-chalcopyrite-
pyritic associations.

2. With background content of As 0.005%, local sites with contents of As
0.1-0.5%, are confined to the areas of intense manifestations of the stages not
only productive on Cu, but also to the veins of quartz-polymetallic composition,
which allows suggesting unlike the previous researchers (Mkprusta u ap., 1969;
dapamaszsH, 1974) that a considerable part of copper-arsenic sulfosalts is in the
mineral associations of this stage. No significant concentrations of arsenic in the
upper horizons of 2145-2040m of Kadjaran deposit with great development of
copper mineralization Cu/Mo = 6.5-8.3, compared to lower horizons, where
Cu/Mo = 5.0-4.4 (Tasu u mp., 2003), indicates the absence of correlations
between migratory activities of Cu and As in ascending solutions.

3. The assumption of the vertical mineralogical zoning of deposition of
arsenic sulfosalts in the ores of Kadjaran stockwork (MoscecsH, HMcaeHko,
1974) is completely confirmed by our researches. Up to 60-80m from the
surface (stockwork of copper-molybdenum ores is traced from 2300 to 1450m)
enargite and luzonite occur in rare grains in mineral associations with prevailing
chalcopyrite; in the range of the horizons of 2200-2150m increase of the
contents of enargite-luzonite is observed and tennantite appears; the prevailing
role of tennantite among copper-arsenic sulfosalts is traced from the horizon of
1935m.

Deposition of luzonite, enargite and tennantite in the mentioned sequence
during each ore stage (quartz-molybdenite-chalcopyritic, quartz-pyritic and
guartz-polymetallic) speaks of a gradual replacement of oxidative conditions by
reducing ones; displacement of enargite-luzonite association by tennantite to the
depth testify to the more rapid increase in the recovery potential of ore for-
mation environment in comparison with the upper horizons.

4. Between the basic sulfides of the deposit — molybdenite, chalcopyrite
and pyrite, As is unevenly distributed. It is significant that even the highest con-
tents of As in pyrites of Kadjaran deposit — 1400g/t do not exceed its average
contents in pyrites of deposits of gold polymetallic formation of Zangezur Ore
District — 5097 g/t (Tasu u ap., 2005), that allows moving out pyrite from the
standpoint of formational analysis as mineral-indicator (I'puropsH, JIsxoBud,
2000) when assessing the geochemical anomalies.

The nature of distribution of arsenic along the vertical section of copper-
molybdenum ores together with mineralogical zoning of deposition of copper-
arsenic sulfosalts vertically, is one of the most important characteristics, which
reflects the ore-geochemical profile of Kadjaran copper-molybdenum deposit.
Further research will show according to the uniformity of the material com-
position of ores to what extent it may be extended to the other copper-molyb-
denum-porphyry deposits of Tsaghkunk-Zangezur zone.
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U4L1EP SELULUTCVUUL UNULRLUZUSUNRE3NPULLENT
LULQU.LULP ZULRUYUSCE ZULRULULNE NPT

Zupmpniiyut U.U., Zndhwuthuyywb U.6., Uunqupjub L.b,,
znjuhdjw U.E., Uhpugbnui 9.,

Udthnthnid

Nnhud-Unhpnbkt wnpphpuyhtt nhwh hwipuduyptph hwipwpw-
tw-tpypuphdpuljut wpndhip npngynud £ ny dhuyte ypnppjwugunng
dbnwnubph Ynughtnpughuh dujupnpulny, wy twb bpubg ninkl-
gnn bpypoppuwlut Jknwnutph wbnupuwohidwt wpwbdtwhwwnlyne-
pntuttpny: Lwowpwuh hwupwuwyph wnhud-Udnjhppkuwgh ownnpytp-
ynud (wpynitwpbpuljut hwipwjtugdwt Jephtt vwhdwtp 23004 pwi-
gupdwl] pupdpnipnil, tkpphup 1450d) wpwbdtwgdws k dhohtt fun-
pnipjut hnphqnuttph dhowljuyp 2005-1965U0° hwpuwnwgyus dlunk-
nny, npunkn dfuntnn niuh 0,005% $ntiughtt wpdtpubpp, puyg wnwtdh
nbnuuwubpnid djunknh wpdbpubpp hwutnd Gu dhtgh 0.1-0.3%:
dkphtt hnphgnuubphg ujuws dhtgh ntunidbwuhpywsé 18404 hnphgnup,
wnhud-djunbnuyhtt unydnwunbtpp hwiunhynd tu pywpg-unjhpnkuh-
wwiht, pyupg-unihppkhn-fjowgynuhphunught,  pjupg-yhphunwght,
pJupg-puquuutinnunuyhtt  vnwunhwtbtpnud, wjuhtptt hwtpwquynph
pninp hwtpwjhtt vnwunhwtbpnud: Ujugknuhtt uny$nwunbtph tunkg-
dwl dhubpnnghwljutt ninpuhwjwug gnuinhwljwbnipiniup, pun funpnt-
pjul, wpnwhwjnynd E Etwpghwn-yjnignuthn wwupnibwlnn dhukpuyg-
ukph ywupwgkukqhuh htippuwthniuny mktwbnhn yupnitbwlnnkpny:

OCOBEHHOCTHU PACIIPEAEJIEHUSA MBILIBSAKA B PYJIAX
KAIKAPAHCKOI'O MECTOPOXKIEHUSA

ApyTionsiH ML.A., Oranecsin A.E., Marakesin H.H.,
Osakumsn C.J., Cupagersn B.B.

Pesrome

PynHo-reoxumudeckuii Tpouiib MECTOPOKACHUST METHO-MOJIMOICH-TIOP-
(¢upoBoro THNa ompenensercs He TOJBKO YPOBHSMH KOHLEHTPALUH MPOQUIH-
pPYIOIMX METaJJIOB, HO M XapaKTepOM pAaCIpPENEIECHUsI COMYTCTBYIOUIMX UM
BTOPOCTENEHHBIX MeTalIoB. B MenHO-MonnOneHoBoM mmToKBepke Kamkapan-
CKOTO MECTOPOXKIIEeHHS (a0CONIIOTHAsE OTMETKA BEPXHEH KPOMKH NPOMBILIEH-
HBIX pya 2300M, HrokHEH 1450M) BeIgeneH cpeIHUiA MO ITyOMHHOCTH MHTEPBa
ropuzoHToB 2005-1965M oboramenusiii AS, mnpu (OHOBOM COJEpNKAHUU
Mmermbska 0,005% Ha OTHAENBHBIX y4acTKaxX, coaepxkanus AS mocturator 0,1-
0,3%. MeaHO-MBIIIBSIKOBBIE CYNb(OCONM Kak Ha BEPXHHUX, TaK U HIKHUX
ropHu30HTax (MIPOCIEKEHBI 10 ropu3oHTa 1840M) OTMEUAIOTCS B acCOIMAIMIX
KBapI-MOJIHMOEHUTOBOM, KBapI-MOIHOICHUT-XaJIbKOIIMPUTOBOM, KBapIl-TIMPH-
TOBOM M KBapI-TMOJMMETAUIMYECKON CTajui, T. €. BO BCEX PYJHBIX CTaaui
MECTOpOXACHNA. BepTukanpHasi MUHEpPATOrH4YecKas 30HAJBHOCTh OTIIOKEHUS
MBILIBSIKOBBIX CYJB(OCONEH ¢ TIIyOWHON NPOSBISIETCS CMEHOW SHAaprHT-IIIO-
LIOHNUT COJIEPKAIMX MUHEPAJIbHBIX MapareHe3MCOB Ha TEHHAHTUT COAEpIKalIlHe.
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NMuundwlub b kphpuoupdughnuljut hwunbtph Jhpnwsnipjut hhdwh
Ypw, Jkpwhwunwwnynd k, np 1406 pyufwih unjtdptph 29-htt Umniihpnid
wbnh b mbkghk)] mdbn Eppuownpd: Gpipuowpdh Jepjtunpnip (kyhlkuwn-
pnbp) quinmd tp Quiighqmph (Eptwonpwihl oppwdwih Jpw Uhuhwih
(inttwgpnid, hul] ybkplhtunpntughtt ppowtp tkpwrind Ep nphyh CSundp m
fninu hnunn ghwnbph winitpubpp: Gpypuwownpdh htwnbwuputphg Uk
Ent) L hwonpny wmwph Quuqlqniph (Eptwonpuyh wpldnywt b wpbbput
unnpnuipnud ujujwsd dwhwpkp hwdwdwpulp: 2kt hwunwwndnud 1407
pYuywuht nitinh nitgws hqnp Epjpuwowpdh dwupt Gupunpnipmniutpp:

Zwigmguyhti punkp wundwluh kplpupwpd, JEpykinpnt, nwpkph,
hwdwwpul:

Uju kpypwowndp ubpuntujws L Ambrases and Melville (1982), Q-
pniujwt (1991 wuwnhuy), Berberian (1994), Guidoboni (1995), Fuipubtnjui
(1995), Utinnyut b Zwpnipniyut (2005), Fupwjwb (2006) Juwnw-
1ngubipnud: Fnjnph hwdwp ulqpiiunpnip b hwnhuwgt) d6 (15) npuph
huytpku dknwqptph hhowwnwlwpwbbtpp (F6 guph, 1955): Uwuljuyu
poinp wju wohuwwnwbptbtpnid, husybu twb htnwqu hbwnwgnunnt-
pntuttiph pupwgpnmd, wpwewgt] tu nmwpwljupsnipniuutp ph tpy-
puowndh puljuith’ 1406 nt 1407, b pt JEpykunnpnuh mbnugpnipjut
YEpwpbipyuy:

Ujuytiu, punn Ambrases and Melville (1982), Berberian (1994) juwnw-
Inqubph Gphpwowndp wmbnh k niukglk) 1406 pywluih unjkdpkph 29-ht,
hulj npytiu yEpyEunpnt tyws L Swplp:

Cutn Pupubnyuih junwngh (1995) wiknh L mukgh) 2 kplpupwd
uklp 1406 pyuljwuht Smuplh unwn b dniup 1407 pyuljwuht Cwdph nu
Qninuyjh dkpdwljuypnid:

Cunn Utunniyuth b Zupnipniyuwih Juwnwngh (2005) tplpuwowp-
dp wbknh E mubkghk] 1407 pqulwuh tnjtdpbph 29-ht, YEpyEuwnpnup
quiynid £ Uhuhwhg 54d wipltp:
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[.Fupuyutp (2006) tupwnpnid E, np «Uhuhwth opowbnid Ukl
nwpyu pupugpmu (1406 pyuywuh Jtpgtphg 1407 pywlwih Jtpop)
nbnh niubkguws owwn gugnidubphg wnpwyl) nmidght tu bk Epyniup:
Uoywud wnwohtt hpwnwpdnipniup, npp hwjwbwpwp 1407 pyh bpy-
pupwndh hwdbdwwnwpwp pny) btwpiwgugnidu k Enky, gugh) £ Swplh
Jwiph Jurnygubpp, wnwibg Juwubint npuip: Gphpnpny hpunwnpdn-
pintup, npp wbknh k niukgl) 1407 pyht tnyt mwpwspnid, wykjh nidtn
t tnk], pwh np JEdbpnid wuwnndwspubp ki wnwowgt), htiyyhu twl
dwh E uthnyby: 1407 puljuh Gplipuwowpdh tjupugpyusé hnbwip-
ubpp jununid b wybt dwuhl, np tpu htnbkuuhynipiniup kyhlkunpn-
unwd 8-hg ny wwljwu k tnbkj, hull kyhlhkunpnup quudbt] £ Umniuhph,
Smnujh  (Lwjuhglwth ppgwt) b Twuph (Uhuhwbh opowl) dhol
quniynn Juypnuu»:

Gniupnpnuhh b Spwhtwh juquws juwnwingmd (Guidoboni at al.
1995), nip htinhtwlukpp oqunyt) Eu U.QEpniiywth wnhy wppuwwnnt -
pintuhg, Juuwpdws b hhownwlupwbbbpnd phipwé  wndjujubph
puttmpynid, nph hhdwt Jpuw Ehky B hbnlbjw) tqpuljugnipinitubpht.

w) Eplpwowpdp wnknh k miukgh) 1406 pywlwuh tnykdpbph 29-hu
Swiplnu;

p) 1407 pywlwih Qninuyh b SCwdph hpunwpdmpniuubph tjupuw-
gpnipjnibtbkpn skt Jyuynud Epypuowndh dwuhly

q) sh pugunynud np, Swplp gugws kpypwpwpdp tnky £ wdbphy hp
JhEpyEtnpnuughtt mwpwspnid, phs ptwljigyus opowtinid, npp Jupkh
t npnoty pojnp Jiuynipiniiibph hwdwwnbtn dtpnisnipjut wpynib-
pnuu:

dhpp owpunpjushg kjukinyg, wyu JEpnisnipyub jughpb £ &y
XV-nn nuph ulqphtt Unthpnid wnkinh niitbgws wnbwnwih tplpuowp-
dh mupbkphyp b yEpykunpnh nkqunpnipmiap:

Ulqphunpnipubpnid pipgws Jyuympiniuttph yEpnisnipinip

‘Luihu bpnistup uljqpiwnpnipubpnud pipguwsé tpljpupwnpdh b tpw
htwnbwuputph btpkp wlwbwwnbuubph Jyuynipniuttpp (F6 nunh,
1955):

57-pn_hhownwlwpwi, gphs EnJuw Ukénihkgh, Juyp Swpl: Zh-
ouwrtnwiljnipiniup gpyusd L dknwgph unnpht ;ntuwbgph Ypw, dwbip tw-
nkpny:

... pyhu Zuyng NOT. (1406), Abnwdp Endduyh...

n qupUuiuh supddwtu, gh pwipdh unipp Unwptwju Swplnt, b
quuquljuunnitiu b quiwquibiy, np £ unjbdptp be (29):

Uju hhpwwnwlnipmnitp 1406 pywlwuh dhwl Jjuynipmitt kb
wlwiunbup Endw Ukdnthtght, £&oingpuinpk hwnnpynud E, np bpl-
puowndp wmbnh L miukgh] 1406 puljuth unjkdpbph 29-ht: Fugh wyy
tw qupdwipny tupugpnud k, pt hisybu £ wyt wpnwhwjngb Sw-

49



pUh quipnid’ nunnwin]ty ka Eltinkghl, quiqulijuwnnitp b &ndynn qui-
Juqub-uyniup:

Zwgnn1 hhownwlnipynitibpp yEpuwpbpynud Eu 1407 pyuljuithi:

77-pn_hhownwlwpwi, gphs  @nuw  Ubsnihbgh, Jujp  Swph-
Utdnithwy Jutip:

Upn, wuwwndbd jujud Juyph qupkn nwpuljnruwmbiug b julish: Qh
Juut puquniptwut dbnug dkpng tnl pupd h 4tpuy tpynph, qh hwu-
wnwwnnmphtip Epiph npoppbgut, b Jupsp pumiphtip Jhdwg yuwnw-
nkgul, b pugqnud nphwynip dbnbw] quuui, b wd dh b dwb Gplhhpu
sowpdbwy: G Uhts h juju wwguwh uyup Bya dwh nwpudwd h k-
nuy kpyphu (h Loinuy b h Swdpl — wju gpyuws | jnruwigpnid), b wjuon
tnpuyp Udpuinhb yyuipnh Poipply hubinbpd nppungdp hupnip hwiqbuyg
h ephunnu, b npph Udpunhi, b wypu wipnikjhp ki 6o ng Jupk
wundl) qauyl ulugbwg Juljwiwihp b wnhnynpd, qgh wdkubpbwi
nppkynpnyu bnkl npp U wyph, qh twhwbodnphiit wunnsng
dwinupwn wnuk qpunhpu h dwtljutg hwdtking:

Uju hhpwnwlnipniip quunjutnd £ bwpnpny Jyuynipjuit hbnh-
twl Fnydw Ukénihkgnil, npp hwenpn nwupnid tjupwgpnid £ Gpljpw-
owipdh pupwgpp b htwnbwupubpp. ,..Ephpnud Eppuownd Enuy, p-
nkppp pnppug, Jupdp wywewdubpp wwwnntght, qnhtph pugqmd
nhwlubp quuib, h wdpnne mwph gugnidubpp swupnibwlyynid Ehuk:
Uju pupwugpnid, pun wjwbwwnbuh, ujuynid k ,dwh nmupwdwdt, wy-
uhtiptt hwdwdwpwly (Uwjjumubwbg, 1944), nph qnht kbt puntunmd pwi-
qnid dwupnhly, wn pynud hpjuwtt Poipphip quyuljukph htwn, twb hy-
luwtt Udpwwnh nppht: Zunnlyy tpynud Eu hwdwdwpwlh mwupusdwi
opowtilikpp” Qninuit b Gwdpp:

Zwonpn wlwbwnbkup inygbubu Swplhg b @ndw qphsp:

74-pn hhowwnwlwpw, gphs — Bnduy, Juyp Swph:

.. pYupbkpniptiwt Zuyjuqbut nndwph N.-tpnpnh O.-kpnpnph Q.-
tpnpnh (1407) gplgut b jul Gjkw] wiwpunbgur dunbwbu wunniw-
duyhti... BL wyud wdh, Juut puquugbu) dknug dkpng, tnlb wuwnniw-
Swuwuwnn junnynippil, pkykn wuwnpd, vwluwyt Juut vhpny, qh qop
uhpk wkp’ fepunk: Qh iyl Ypliht wwwnnthwu. Unweht' swipd whwght,
qh pwpdtugt qyupu h puph, np b pbwytwg h dbq, ptykn ny pun wp-
duwbibwg, vwluyl juunbw] h uhpny. Bpypopyt dwh wwpudud, np
md npundkgup, qh hojuwl Ukp Ahipply Ynskgbuy h €phuninu thn-
hubwy, dwuljwd[p]pt dwn by

Cun Ondwyh hhpwwnwlnipub, tnk) o 2 (4phht) yuwwnnithwu.
wnwohtip’ ndtn plpupwpd, npp hpkg Juwu sh vty (Swplnwd), b
tpypnpyp hwdwdwpuly, npht qnh kb nundl) hojuwh Roipplp b hp
dwjuhwuwl quuljutpp:

Epponpn wliwbwnbup  Juppuuybn 8nhwikup Swplhg skp, wy
Ujniuhph wytt opowtihg, nip hwdwdwpwlyp puwn qnhtp kp il (hwdu-
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bwpwp hwdwdwpwlhh Etwnpnt Cwdph opowluwyphg, wydkh hwjw-
twlwb E quppuuybtn b gk Ywununhuh Juupnid):

79-pn hhowwwlwpwi, gphs 8nhwiiku, Juyp Uhitihp:

..Uy b qakq wnuiskd, jhodwmt wmpdwuh wntbp... thnjukgbw) h udht
wluh £.(2) hoptnpunpnpnhp hu h phunnu’ Botjupunthy bt Puthupwhs
wintudp, bt wy pugnud, qgh £.(2) pojpp bt wduny Uh wnwe E.(7)
unntgny b nuintpny dbknwi, qh wyjud wdh dwh nwupwdwd swpdtgut h
Jbpwy wphiwphh, quinuyng Jtpgp wpwp, np phpwtng sk wuwndbih, h
puwblk, h Epkutlk, h juuk pk dht wn[uy] Jbwg JE.(15) wnwpny h 4,
wwlwu Ukpw...

Swpnibwynippniinud wpymd E hwgnpnnn nlwph’ 8ntuntthh hun-
pwlwyh, nwpbphp.

..inhpkp wphowphhu dbkp 8niunuth wnit poippdwt b wyud wdk...
/jupipwhwnt wg/ &unuphl, np Eybkw) h Jipuy unpu’ pontl Ewdmphl
Inskgbw) /Upni-Fupp/, b 8ntunuthu whpk puquipnipbwb... h pdw-
Juthu Zuyng MOQ. (1407)-h, dwpbkph wdunju h PE.(25), duyhuh wdunju
[3.(9):

Uju wwmbwwnbup Jyuynud E, hhojuy vmwupnid Gpljpnud hwdwgw -
puy £ uljuty, nph qnht &b qupdby hp Enpuygplbpp ne pnypbipp hpkug
quyulutpny, npnup dwhwgk] tu Eplint wdudw phpwgpnid: Lw hw-
nnly plingdmud b, np wnwyk) swn kpkuwbibp ki qnhik) ,puwbihg, bpk-
untlthg, hhunithg Ukl niqu diwg 15 wwphbph phpugpnid wbkjh phy
Unpniunn Ejhuinwdl: UGS hwjuwbwlwinipjudp wyju Jjuynipniup
qnyusd k dhtish 1407 pyulwuh dwjhuh 9: Ujuhiptt jupkih k jupst), np
huwdwwpulp ujuyk) k 1407 puuth Jun qupuwip:

Bpypwowndh nmuptpyh b JipyEnpnuh mknunpmpyut dwuht

dhyuynipynitubph yEpnidnipniup hwtgbkginid £ dhwywbwly tq-
pwlugnipjull wbknh E mbkgh] dhuyb Uy wybphs kpypupwpd 1406
pYwluih unjtupbph 29-ht: 1407 pyuljuth pninp hhowwnwljupwuubpp
Jyuynipnud Eu dkbwpwbiml] qnhbtp jjws hwdwdwpwljh dwuht, npp
uljuyly L tnyb pyulwih quptwip: Ujg hull undwnny, 1407 pw-
Jutht nknh mubkgwé hqnp tplhpwowndh dwuht jupshpubpp upuw Gu:

vunpn wowplu tplpuwowupdh yepykunpnh nknunpnipjut Jk-
pupbkpyuy, hsytu odby k Jhplind, jub nupujusnipjniutp.

e pninp Yykpnhhojuy juunwnqubpnid npytu 1406 pwluth tpl-
puowndh ykplkunpnt upynid k Swplp;

e 1407 pywlwuht Jupstgu) Epjpuwowndh Jhpjtunpnup juw-
Ynud £ Cwdph nt Qninquyh htin, hulj pun B.Fupuyuth wyy Yykp-
JEuwnpnup qninud £ wyp phwuduyptph dhpwlwypnid: Uju-
wntin puguwpnipinit E juqunid Utnniyuth b Zwupnipniiyuth
Juwnwingp (2005), mp &pqpunpkt bpyly b Jbpyknpnih wy
nhpp Uhuhwihg 5 hhyndbwnp wplbyp:
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Qnjnipnit nith bu Uk wpuownnipinil, nip hbnnugnunipiniutbph
pupwugpnid kplypwowndh Jhiplhkunpnuh nknunpnipjut Juypp tnyb-
whu hwdwpybk] £ Uhuhwup (Makapas, 2018): Uju wnbkuwjununipnt-
unwd, ptwhnnh htnnijugdwt Epunypubph ntunidbwuhpnipiniuubph
hhdwt Jpw, whwp k npnpydbp Eplpuwowndtiph nmwupkphyp b nidqunt-
pintup: Uhuhwih dnunwluypnid hinnijugdwb Gplnypubp tjuwpw-
qpwsd tu Lpkp nbnudwubpnid: Cun wyn dkpjugnidubphg yEpggus
puwhnnh C14 dkpnnny npnoywd tnwphph, wyjunkn tplpwywnpd k mtnh
niukgl) 878-1013 l 1485-1650 pytnh vhowluwypnid, npht dhwl hwdw-
yuwnwupiubt gundwlwb Gplpuowpdp 1406 pyuluth nbuph t:

Qswtipwbiwny htnwgnunmpjut dkpnpupwinipyut b quonuwiht
wohuwwnwipubph wpyniipubph Jpw, whwp E ok, np htnhtwyp
hwtghk) E swwn yh&bh Egqpuhwiquw. Uhuhwih dnwn wnbnh £ niubgus
Epypuwowndh nidqunmipniup hwuby £ X-XI pujh (Makapsas, 2018):

Uuljuytt wyn phwypnid wbpwguunpkbih k plk hsybu wn Jepyku-
unth Udnunwluyph b, punn htnhtwlh, tnyt juquéph bpluyupny
guiynn Uhuhwthg Swpl pujwsé sppwh gnintph, wyn pynid hwwnnily
hhpwwnwlynn Cwdph, wykpdwt dwuht sjuw nplk mbnkynipiniy, huly
Swplh Juipp pugupdwl wbduwu b dtwghy:

Mbtwp k Jupst), np wyu yhdhh tgpubhwignidp wpyk) £ hhwnwgn-
nmpniutbph nhn twhitwub thoynud, hhdudbnyg wy pynip upshph
Ypw, np 1406 puwlwuh M7 hqnpnipjudp Epypuwowndh JEpyEtnpnip
qunuynmid Ep Uhuhwuh Udnwn (Karakhanyan et al., 2011): Uy Jupshpp hp
htppht dbwynpyby E dtpp pipdws Jyuynipinitubph pinippdppunipjut
wuwwndwnny puwn npnbg. Epjpuownpdp juhun Juwub) E Swplh quupp,
wybtpl] E Opnunbwduipp (dwununhth quipp), hull hpjuwt Pnipphit b
hp npphubtpp qnhyk) b tpuw hywwnwljubph twl, nd Oqpklh hniqup-
Juynpnipjub dwdwbwl (I'puropsn, 1990):

P yuwunwupwt wyju ywundwp, b h hwybnudu Jipp pEipdud -
jmpjnitikph, dkgptipkup twl Oqpijh dwhywt hhpuwnwynudp (GG nu-
nh, 1955). «Uiw n wplkwpu h purh Julshu, gh b uni op hwbglbwr h
Lphuwnnu Ogqplhli p dwiwwyuphhl, b punkgur b unipp nipunu Jw-
nunbni, b jkpwbnbwi op Eplinphl npphp wupnb Foipplbihb, o nkuwp
uniq, gop ns b pd wnkubwy...»: Ujuhtipt qupnt Fnippehih Gpint npnh-
ubkpp dwhwgt) Eu Oqpklhh dwhywithg Eplynt op wnwy (;jEknwtntwt opk
owlhwlmu b «kpkly sk wnwohli oppyr, punn Uwjuwupubg, 1944): buly
wuwpnt Pnipphlh fuwspwph gqpmipnitp (thdwb, 1955). «Gubqhbguin
UF hiuu p pupbjuununiph wqupnb Foipplihll ki nppng Gnphi 0.
N0 (856)=1407, Jyuynid k, huywbu b twpunpn dkoptipnidp, np wy
ntwptpp nknh Eu niukgl) 1407 pyuljuhy, hul Dpnuntwdwiph wbp-
dwl dwupb junup shu:

Unwyt) punniubh £ pynud E.QGnihnnpnuhh Yupshpp (Guidoboni,
1995), puwnr npp, sh pugunynid np, Swplp gugus tpypwownpdp tnky &
wltiphs hp JEphkunpniught nwpwspnud, npp ]ty £ phy plultg-
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Jws opowtnid bt bpw nbknunpnipnitp Jupkh £ npnoly pnnp Ju-
mipniutph hwdwwntn JEpnidnipyut wppnibpnid»:

B wyuybu, [’y huinwl) JYunipmibitp b rounbp mbkbp bpy-
npupwndh nidp b yEpyEtnnpnuh nknunpnipinitp npnokint hwdwn:

Ujuwiwwnbuh Jiuynipjnibubpp 1406 pulwih Enbnipniuubph
dwuht.

* tpypuwpwpdh htnbwipny Swplbh Jubtph phumpmitubpp skl
Juwully] Eykntght, quuquliuunnitip b &nddnn quyuquip
dhuytt nunwiy by Gy

* Lplhpwowpdh htnbwtpny ghnth ypuw wpwewgh] L wwwnpn-
Juspubp;

" bpypwpwpdp ninklgyty k nnpongny;

* gnhbph pugqnid nhwljubp Gu gty by

* Uljwbtwwnbubbph 1407 pyuluth Jyumnipmniuubpp.

* gugnudubpp pwpnitiwlyty Eu Ukl mmwuph;

* Lplhpwowpdht htwnlk] b «lwh mwpwdwd», wjuhipt hwdw-
Swipuly;

* hwdwdwpwlp nupwsyt) £ dhwdudwbwl Quigkqniph Entw-
onpuyh wplbkpub b wpldnjul wnnpnnibpmd Gudpnd oo
Qninuyniu;

* hwdwdwpwlht qnh ki nunk] unghwjuljub pnnp, tkpunjug
hohwtwlwl, fuwdbph tkpyuyugnighsubpp: Zwwnntly upynid k
puqnud Epkjuwtbph uudwin:

Zhknlmpnit wibnig wpwy tyuwwnwlwhwpdwp b ubkpluyugubp
XX nupmd mbnh niubkgus Lplnt Quuqbqnipjut wybkphs Gplhpuwowp-
dtph ujupwugpnipniubbpp:

Unwyb] dwipuwdwul ntumdbwuhpyty £ 1968 pywlwuh hnitthuh
9-h Epypwowndp, nph Yphkunpnuh Ynnpphtiwnbbph Gu ¢ = 39.20, A=
46.20, ubkpytuwnpnuh (hhynlkuwnnt) }unanp]nLh]}‘ 11 Yd, hulj hqnpne-
pmitp M4.9 (Hossrit, 1977): Uju kpypuowpdh hknbwbipny wybpdty ku
Lwowpuitht Uninnwlju YEnhh Yhp&h qnintpp, pyybu twb Qubqh-
qniph (Eptwonnpuyh wpbidnyub jwbghtt qunuynny Lnipgnin b unipupe
qninbtpp: Sugnidubph wpwybjwugny wprnwhwjnnipniup tnk) £ k-
nhh fhpdnud, nip tpwig nidqunipiniup qguwhwwnyby E VII-VIIT pwy, huly
Swplnid nt Swdpnid gugnudubph nidqunipiniup hwub) B hwdwww-
nwupuwbwpwp VI V puth (Pesynsrarst, 1973):

Udbih nidtin Gpypupwpd E wnbnh niukgl) 1931 pulwith wwphih
27-ht, nph yEpyEunpnth §nnpphtwnubpt Eu ¢ = 39.20, A = 46.00, hqn-
poupgniip M6.3 (Hossrit, 1977): Uju kplpuowpdp 22 nnupusph wnwby
lunp ubpykuwnpnt niukgnn Eppwownpdtnhg kb tpw junpnipniup quw-
hwwnduws k dhohtinmd 27 Yu: ZEnmhwpdwsubpp owpnitwlgt) b dnwn kY
wnwph: Sugnidubpp wnwyk] nidghtt ku Enkp Uhuhwtp opowtth wpli-
Untwnpnid, nip bputlg nidqunipiniip guwhwwnyty £ VII-IX pwyp: Npnun-
twquipnid gugnidubiph nidqunipjniup hwuby E IX pwph, hull Swplh
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Juiph nmwpwoépnid wybkih pw VIII puh: Bpypwpowpdh hhwnbwipny
UbSs wybkpyubnipynitubp kb knkp Quuqtqniph (knttwonpuwgh Eplynt §nn-
Ubpnud Ej: Swn Bu timidb) htyybu wpbbput jwugbkphtt gnnynn gqynt-
ntpp Uhqupqul, Aolwlnp, Ywunwlbpn b wy), wibgbu b wpldngwb
(ulighph guinkpp Unipgnun, unipup, Luupguq b wy: ‘Lnpuwtg wnknnid
dbwgl] Eht punwghnptt wykpwlubph Ynywnbkp, npnugnid wyuwnbkph
dbwgnpnubph wnuljhg nnipu th ggwé ghputiubpp (Hossrit, 1977):

1931 pJwlutph tphpwowpdh Ybpyktwnpnuh,..wdpnne wmwpwsdpp
hhdtwlwunid pupdp (Eetwght E, juhn jupndws unpp dnpbpnyd b
Anpuljutipny: Cwwn nhwyptpmd qninkpp ddupk) Gu (knutph jwbetph
wnwybk] wudwwnskih quypkpnud, nip Jupbih £ hwutl] gpddup wbigu-
Uhih (Epbughl uswitbkpny: Sukpp Yuenigyt] kb wjuinulub dind
hnid wnyniuhg Yuwd pwphg Juydbk jguiynipny: Yhpp puguluynid E:
Quwynp (hhdbwlwinid pupnh) oguruugnpéynid £ swwn jubiwynnuipwnp,
phy dwunshnipyutt yuwndweny: Sukpp Junnigyb] tu jumbekphtt wjh-
whu, np ubkpplbhubph Yunipubpp Swpwynud Eu Jbipbhuttph hwdwp
pul] Jud thnnng: Ynnipttpp sdwiupugwsd tu hnnh hwuwn (dhtgbe 50-
80uu) skpwnny: Ldwt Jupnygubpp ndqup pt jupnpubwt nphdwluyt;
unyuhul pny; gugnudubpht... Zkmbtwpwp, s Juwutbph yuwwndwnp
wbwp E hwdwph) ny pk tpypuowndh nidp, wyy okuptph Jurnigduspp:
Udktuhgnp hwpdudp kot b Epknput’ nknulub dudwiwlyng dwdp
21-ht, Epp ptwlsnipnitp wpnbt qnuynud Ep inkpnud, hush hEnbwb-
pny Jut Uks pyny qnhbp: Qubgquéwpwp uyuidl) i guninughubph
wypniunnh dhong hwinhuwgnn junpgnp b dwbp Enobpwynp Yhunw-
thubkpp: Lphy Jud dwuwdp wdbpyb) k239 qnink (Patiko, 1932):

dEplkinpnuh opowtinid wdbkpyby Eht btwb wdpwpku Ehknkghubkp
(Hossrit, 1977).

* qquih wybkpjwbnipmitutp tht tnk] Opnunbtwjwiph hwdw-

1hpnud;

* pennkl Juwuyk) kp b Smplh quiph hwdwihpp;

* npny gnunbpnud Enué Eykntkghttpp, npnup oqunugnpénid thu
npybu wwhbunbbp, tnybybu wkpyty Eh:

1931 bk 1968 pywljwuttph Epjpuwowpdtph hudbdwwnwlju ndjug-

ubpp.

* Lphpwowpdtph JEpyktnpnuutpp quuynmd tht Quugkqniph
(Entwonpuyh oppudwth ppowinid;

* wykpyl) B Quiigkqniph (Entwonpuyh htyybu wpbbjju, wyb-
whu k| wpldnjwb jwmbgbpht qungnn qyninkpp;

* Swplh Juwiuph wmwpwsépmd gugnidubph nidqunipmniup 1931
pYuluuht gk k, wdbih pwt VIII pwy, hsh hinbwtpny Juph
ohtnipjniuitipp qquih Juwudbky Gu, hull 1968 pYwlwuht
gugnidubtiph nidp tntyp | VI puy;
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* Cudpnud gigndubiph nidqumipnitp 1931 pywljwuhtt hwuby EIX
puih, hulj 1968 pywljmuht tpwig nidqunipjniup quwhwwnyt) k
V puyy;

* 1931 p. Lpypwowpdh gugnidubipp owpnitwlyty Eu kY mwnh:

Bqpuljuugmpiniu

dbpp wodwd Jyuynipjnibiubph b wmbnkynipniuubph hhdwt Jpw
Juptjh qu) htunlyw) Eqpuljugnipjutp. 1406 pwulwuh unjtdpkph
29-ht Upnituhpnid inknh k nikgl) nidtn tppwownd, npp hp hbnbwtp-
utipny hwdkdwwnbih kp 1931 pulwh Eppupwpdh htwn: Gplpuownp-
dh wuwndwnny ghnuh Ypu wnwewgk] ki wuwnnwsputp, hhdtwhw-
wwl wybkpyl &u gnintp, hpktg thunwlutph nwl puntgng ptwlhy-
ubpht: Ujutwnbuttpp skt hhpwnwlmd Eytnkghttph wyipdwt dw-
uhl, uwljuyt pwn hwdwbwluwi k, np, wyu Eppupwndp wykptky L, wyn
dudwbwlubpnd hp towbwlnipjudp Umnithph, Swplhg htwnn, tpl-
pnpn uppwnbnht (Opphpul, 1968) Pwiwhwwnh Juipp (WkpYughu
Uplthu gjninhg 34d hjniuhu), puth np hbnnwquynid wyt sh hhpwwnwy-
Ynud gnpénnubph pwppnid (Uplhuh wwwdnipjut hnipwpdwuubph
gull] - https://hy.wikipedia.org):

Mbwnp E Jupsk], np 1406 pYuluth Epypuwownpdh duwdwbwl sh
wbkpyty, 1931 pyulwiht wkpgws dwnunhth Juipp (Apnnbwdui-
pp), pwth np wytinkn Eht hninupluwynpk) hojpwt Fnippbiht nt hwdw-
Swpwljh wy) qnhbphl, payg tpw Juwuybnt dwuht mbnbynipini shw:

zkngugnidubtipp owpnibwlyty L Ukl mwph:

Bplpwowpdh Jipytkunnpnuh spowinid b ujhqp wntnid pninp wyjt
gbwnbkpp npnup hnumd G niyh Cwdp nt @niqui: b nhw, nyh Cwdp
hnunn gbwnbph wliniupubph dnn £ qunignid ny dhuytt Bwbwhwnh
Juiph wybpwlubpp, wy b 1931 pywuth kpypuowndh yepyunpnip:
Uwlwyt, pwuh np 1406 pywluip tpypwowpdh gugnidubpp Swplh
Juwiph mwpwépnid niikgh) Gu IV-V pwih nidqunipinit, huly 1931 pw-
Jutp Ephpuwowpdh gugnidutph nidqunipjup wjtnbkny hwubky t VII-IX
puith, www Jupkh L upst], np tpu JEpyEunpnup qunydt) £ Swplhg
wybkh htont ghiwyh hniuhu: Swn hwjuwbwlwi E np wy qnudl)
Uhuhwth (kniubigph dninwljuypnid: Uunkn, Phskiwl) (himd Roliun)
gninh Unw, tjupugpdws k, hqnp Gplhpwowpdtph JEpykunpnuutph
punpny gugnidtwshtt Juwrnyg, npp wnwewgk) &, hpuphg Epiup dw-
dwtwlny dhounpnuws, tplnt hqnp tpypuowpdh htnbwupny (CKugxos
u gp., 1987): Upwughg kpypnpy Epipuowpdp wknh k niukgk], wntjuqt
500 mwuph wnwy, wjuhtupt ujupugpyusé gugnidbwshu funnygp Ju-
nnn Ep wnwewtiwg 1406 pywljuh tnjtupbph 29-ht nkinh niubgws Epl-
puowndh htnbwupny: Cun uynd 1406 pywlwuh Ephpuowpdhtt uw-
nbkih E dipugpty dhnyngh Ynnuhg npnodus (Kuzxos u gp., 1987) Jtp-
YEtwnpnuh ¢ = 39.50, A= 45.80 Ynnpphtiwunubpt b, pun gugnidwshu
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Jupniygh swihtph ghwhwwnyws, hgnpmpiip’ M6.9: dkpltunpnih
onpowtnid, npp tkpwnek] E hp Uk ntiyh Cwdp nt Qninqu hnunn ghwnbkph
wlniupubipp, gugnudubph nidqunipmnitip hwuby £ IX pujh, hugsh ht-
nbwbpny wykpyl) £ Fwbwhwwnh Juipp: Cun Jplkunpnith mbnu-
npuwt ghpph, Juuwshg Jtp k, np wnwdbjugugdus opewtn (pleisto-
seist area) utkpqpuyk) k twl npny nupwsp hwuplhwt dwyng 2nnphg:
‘Upkip, np twuljhunid wyu Jtpytunpnup hd §nnuhg hwdwpdby
Zuupujw-Quitigkqniph wljnhy fuqusdph wpnwhwjnnipmniy b juy-
Jb k735 puljuih tppwowndh htn (Zwupnipniyui, 2001), nph dw-
uhtt ywwndwlwb Jjuynipmnibubpp JEkpupbkpynud o wdpnne dwyng
Qnph mwpwsphl, nip qnhyt] £ vnwu hwqup dwpn, vwlugt shw nplk
wytpjws ohunipjutt jud ghnth wwwnndusputph wmbnnpnonid: buly
1406 pywuljwuh Quugkqnipjmt wyu tplpwowndh gugnidutph nidquni-
pjul dwuhtt Enuwsd nyjujubpp (Swplh - IV-V /pun wjubiwwnbtuh, npp
niukgl) ny pk Jujuh qqugnid, wy] qupuwtph (Ikana, 2017); dununht
- V/Opnnbwdutpp sh Juwuydb], Cudpnid wybpnudubp skt Enkp; Quit-
ghqniph (Entwonpuih oppwdwuh oppwuh gqnintpp - VII-IX /qnhbp;
Uplhu - IX /Fwbwhwwn quuph hhdtwhwwnwl wykpnidp; Uhuhwth
(Entutigp - IX /gugnidimshtt Yunnyg), htwpuwynpnipmnit o tnwhu
Junnigl] Epjpwowpdh hwjwuwpwugugtnh (hqnubjunkph) pwpunkq
(uly.1), pusp wybkih hwunghy E pupdund wju Juplusp: Ujny huly
wuwndwnny, wnwybk] hwjwbwlwh k, np 735 pyuluuh tpypuowndh
YEpyknpnip quin]ky Ewfbih hnouhu' <ugng 2nph nupuspnud:

Ul.1. 1406 pyulwuh unjkupkph 29-h Quiugkqnipjut wbtphy Epypwowndh hwjuuw-
pugugtph (hgnubjunbph) httwpwynp pupubqp (wunnuihony wdws bu Lplpw-
owipdtiph yepykunpnubpp):
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Zupyh wnubkny, np 1406 pdulwih tpypwowpdh VIII-IX puy
gugnidutiph nidqunipjudp wnwpwspp qquih thnpp £ 1931-h hwdwww-
nwupuwult’ Unipgmnmin-Uplthuhg hjniuhu-Uhuhwt-Swpl wupwgédny,
wnwpwéphg (babasu u zap., 1987), Yupkh k Jupsk, np 1406-h Gpl-
puwowndh tkpyktunpnuh junpnipniup wykih tnpp k Enty:

dbpp pwpwnpush hhdwb Jpuw Jupbh Jipunbnst; 1406 pyw-
Juth tnjtdptph 29-h Quigkgnipjut Epjpuowpdh htwnlyju) htnwhw-
Jug wyunlpp.

1406 pywljwuh tnjtdpkph 29-htt Quiqkqniph (Ertwonpuih oppu-
dwith opowtnid mknh kE niukgh) wybtphs Epipwowpd, nph JEpljtunpn-
up qunuynud £ Uhuhwth (Entwgpnid: dEpykunpnuh wyt opowtip, np-
nkn gugnidubph nidqunipiniup Juqunid tp VII-IX pwy, hp dbe E uk-
pununid pninp wjt ghnbkph wyniupubpp, npnup hnumd Gt niygh Uh-
uhwl, Cwdp, Lwjuhgliwmt nt Qninu:

Lwth np unjtdpkph 29-ht wntwnh Eupupldus wnbknuupp wppkh
Atwbdwsl tp, ownn hwjwiuwlwt t, np dwppubg ghwlukph b Yku-
nuuhubkph 1Eotph Uh dwup dbwgk) B hpkug qnhytnt mbnbkpnid: Gup-
uwtp, kpp uljuty b duhwyp, pujpwyynn nhtpp wywljuil) n Jupulby
ki (Enttughtt gknbph wyniupubtpp b dwhwpkp hhyuwinnipjut qupuyp
gbntpny nmwpwsyt) E dhtish unnpninubpnid gungnn Swdp nt Qninu:
Quptwb ulqphg Quugkqniph (Entwonpuih wpbdnjuwt b wpbbjub
unnpnubbpnid puquuphy dwppljuig, wpwybjuwybu tpElowbbph,
Jjuip E jnud dnjkqunn hwmdwdwpulyp:

Zuubwpup hwpg Jupnn b wnwewbuy, ph hisnt nlygh Sundp m
fninu hnunn gbwnbph winibiptbpnid wnwewgt) kp hwdwdwpuljushu
hpwyh&wl, huly Uhuhwih (kptwigpmu’ Lwjuholwh ghwnh wintipnid,
ny: tw Juphih £ pugunpl] ipuing, np Uhuhwth (kptwbgpny E wtighy
Uniuhpp Lwjuhglwuht juwnn htwnuput pwintl fwbtwywphp b
wytpjws phwluyuypbpp skt Enkp wyt wunhdwuh pyws, husybu
wnwybjugugwsé opowth djniu qyninkpp, npnup ,6qupk] Eht (knubkph
(wteotkph wnwyt] wtdwwngskih quyptpnud, nip jupkjh tp hwuut] pddup
wlguibih (Enttuyghtt juswuubpnyt:

zknhuwyp ounphwljuy t U.9.Uduguiht hnpjwsh wpynibwdbtn
puttmpynidutiph hwdwnp:
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PaspymurteanHoe 3emuaerpsicenne 1406 rona B Cronuxe (PA)

ApyTionsin P.A.

Pe3rome

Ha ocHoBe aHanm3a MCTOPUYECKUX CBHUJICTEIHLCTB U CEHCMOJIOTHYECKUX
JMaHHBIX TOATBEpXkAeTCs, YTo 29-oro HOA0pa 1406 roga B CroHHMKE MPOU3OIILIO
pa3pyIIUTENIFHOE 3EMIIETPSICEHUE. ODMHUIEHTP 3EMIICTPSCEHUS HaXOIWICS Ha
CucuanckoMm TmiepeBajie 3aHTe3ypcKOTro Xpe0Ta, a JmHIeHTpaibHas 00JacTh
BKJIFOUaia B ce0sl pallOH MCTOKOB peK, TeKymuX B cropoHy lllamba u [xyru.
OnHuM U3 NOCHEACTBUN 3eMIIETPSCEHUS SBUJIACH AMUAEMHUS, PaCIpOCTpaHUB-
IIasCss BECHOM CIICAYIOMIETO ToJla W TPHUBEAINIAs K THOETH MHOTHX >KHUTENEH
BOCTOYHOI'O M 3aIlaJIHOI0 MOIHOXbs 3aHre3ypckoro xpedTa. [Ipeamnonoxenus o
MOTITHOM 3emuteTpsiceHud B 1407 romy He MOATBEPKIAIOTCS.

The destructive earthquake of 1406 in Syunik (RA)
Harutyunyan R.A.
Abstract

Based on the analysis of historical data and seismological data, it was
confirmed that on November 29, 1406, a destructive earthquake occurred in the
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Syunik region. The epicentre of the earthquake was located on the Sisian Pass
of the Zangezur Range and the epicentral region included the source area of the
rivers flowing towards Shamb and Jugha. One of the consequences of the
earthquake was an epidemic that spread in the spring of the following year and
led to the death of many residents of the eastern and western feet of the
Zangezur Range.The assumptions about a powerful earthquake in 1407 are not
confirmed.
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I'EOU3UKA

BBIBOP ONITUMAJIbHBIX TAPAMETPOB BPEMEHHOI'O
PEKUMA U3MEPEHHH BTOPOI ITPON3BOTHOM NEPEXOJHOM
XAPAKTEPUCTHUKHU BBI3BAHHOM MOJISIPU3ALINA

MareBocsan A.K.., Badasn ['.A.2

Y Bnemumym eeonoauueckux nayx HAH PA
0019 Epesan, np. Mapwana Bazpamana, 24a, Pecnyonuxa Apmenus,
E-mail: arshak.matevosyan@yandex.com;
2Nairi-Tech 000, E-mail: babayan.grigor@gmail.com.
Tlocmynuna 6 pedakyuro 12.12.2018e.

B cratee paccmaTpuBarOTCA 3aKOHOMEPHOCTH IIPOTEKAaHMS MOJAPHU3ALMOHHBIX
MPOIIECCOB B Pa3HOTHIHBIX T'€OUIEKTPUYECKHX CPE’ax IPH BHEIIHEM AJIEKTPUYIECKOM
BO3IEHCTBHM M depeHIMaTbHBIM BPEMEHHBIM PEXHUMOM, IPEIyCMOTPEHHBIM IS
HETMOCPEICTBEHHOTO M3MEPEHHUs BTOPOH NPOM3BOAHON IO Jiorapu(My BpeMEHH Iepe-
XOJIHOW XapaKTepPUCTHKU BBI3BAHHOM IOSIPU3ALMU TP PA3HBIX KOHQUTYpalusIxX |
napaMeTpax Bo30ykzieHHs. Ha OCHOBaHMM KOMIUIEKCHOTO aHaIn3a OCOOCHHOCTEH
TPOSIBIICHHS aMIUTUTYAHO-BPEMEHHBIX TTapaMeTPOB U YCTAHOBJICHHBIX 3aKOHOMEPHOCTEH
INEKTPOXUMUIECKOH 3apsDKEHHOCTH TEOEKTPHIECKOH Cpembl, MPEeCTaBIeH CII0Co0
ONTUMU3ALMH METOJMKH BBINOJHEHHS JIETANBHBIX JIEKTPOPa3BEIOYHBIX BEKTOPHBIX
HCCIIC/IOBaHHUIA MIPH U3YYCHHH XOPOILO MOJSIPU3YIONIMXCS PYIHBIX Tel /00BEKTOB.

Knrouesnble cnosa: MeTo[ BHI3BAHHON MOJSIPU3AIMH, BPEMEHHOH PEXHUM H3Mepe-
HUiA, TepexoaHas XapaKTePHCTHKA, aMIUTUTYIHO-BPEMEHHBIC MapaMeTpbl, PYIHbBIH
00BEKT.

B mpakTHKe 37€KTpopa3BeJOYHBIX PadOT MO METOJYy BBI3BAHHOM IOJS-
puzanuu (BIT) npuMeHSIOTCS CIEAYIOIINE OCHOBHBIE BPEMEHHBIE PEXKHMBI
u3MepeHuit (cnocobuvl 6030ycoenus snexkmpuieckoeo nonsi) (Meroanueckue
ykazanus..., 1979; Komapos, 1980; Unctpykims..., 1984; Dnexkrpopas3sesxa,
1989): omMHOYHBIH MPSIMOYTOJbHBIH MMIYJbC MOCTOsIHHOTO Toka (OH),
nepuoandeckue oxnomnoasipusie (OIU-2) u pasnonoasipubie (PITH-2)
NPSIMOYT0JIbHbIE UMITYJIbCHI TOKA €O CKBAKHOCTHIO 2, MepeMeHHbIH nps-
Moyroabhblii Tok (PTIM-1). B GonbinHcTBe ciaydaeB mosie BIT u3mepsioT B
nay3ax MeXIy WUMIyJIbCaMH TOKa. B HEKOTOphIX BHAAx ammaparypbl, cHal-
KEHHBIX CTAOWJIM3aTOpaMH MOJSPU3YIOMIETO TOKa, MPEAyCMOTpEHa M HEro-
CpeACTBEHHAsl PErHCTPALMs BTOPHYHOT'O TOJISl BO BPEMSI MPOITYCKaHUs TOKA.

W3y4yenune BpeMEHHBIX XapaKTEPUCTHK BTOPUIHOTO (971€KMPOXUMUYECKO2O)
MOJIST TO3BOJISIET BBIACHATH OOBEKTBI, CIOKEHHBIE KPYMHO3EPHUCTHIMHU, IPO-
KHUJIKOBBIMU W CIUIOUNIHBIMH pydaMHu Cp€au MopoJa C paCCCHHHOﬁ MHHEPAJIN-
3arel, IMEIOINX 3HAUYNTEIbHYIO MOJISIPU3ALUIO (nymem onpedenenusi CmpyK-
MYPHO-MEKCMYPHBIX  0COOEHHOCHell  DNeKMPOHONPOBOOAWUX ~MUHEPATIbHBIX
exmouenutl). B mpouecce mM3MepeHHH MONTyyaroT NMEPEXOJHYI0 XapaKTepuc-
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TuKy (IIX) BII nnu HenocpencTBEHHO U3MEPEHHYIO €€ NMEPBYIO MPOU3BOAHYIO
(mounee npupawenus 3a onpedenennvlil HEOONLULON NPOMENCYMOK BDEMEHI)
1o jorapudmy BpeMeHHU (Oupdepenyuanviyio Kaxicyuyrocs noispuzyemocms).
TexHuka n3MepeHnil, IpuUMeHsieMas anmnapaTypa U METoArnKa paboT 3aBUCUT OT
JMana3oHa BPEMEHH, B KOTOPOM HE0O0XOIUMO H3Yy4eHHUE MEPEeXOJHON XapakTe-
PHUCTHKH, YTO AUKTYETCs MOCTaBIeHHON 3ana4ei uccnenosanuii. [lonnas [1X (6
WUPOKOM BPEMEHHOM Ouana3one) ONPENeNsieTcs 0 pe3ysbTaTaM HaOIroAeHUH
C MOOYEPEIHBIM HCIIOIb30BaHHEM BpeMeHHBIX pekuMoB PIIM-2, OIIHU-2 wu
OMU. MakcuManbHOE BpeMsl 3apsiIKU ONpPENessieTCsl B MpolLecce U3MEPEHUN U
yBeJIWYHUBaeTCA JI0 Tex mop, noka I1X He BeigeT Ha acumnrory. OfHAaKO Mpak-
THUYECKH 3TO JIAJICKO HE BCETa JAOCTHraeTcs (86U0Y PA3NIUUHBIX MEMOOUYECKUX
U MexXHUYeCcKUX npuduH) U OOBIYHO OIPAHWYHMBAIOTCS UIUTENBHOCTBIO 3apSAKU
0 HEcKOJbkmX dacoB (Meromuwdeckue ykazanwd..., 1979; HHCTpyKUWiL...,
1984). OCHOBHBIM HHTEPIIPETHPYEMBIM MApPaMeTpPOM (Hapsdy ¢ Kaxcywelcs
noaapuzyemocmsio) sBIsieTcs abciucca Makcumyma mpousBoanoit 11X BIT mo
norapuMy BpeMEHH — MOCTOSIHHASI BPEMEHH T max (8pemennou napamemp, xo-
mopwiil no3sonsem cyoums 06 ocobennocmsax obvexkma ucciedosanuti) (Iamo-
BaJIOB U Jp., 1976; Komapos, 1980).

IlomaBmnsromas 4acTe CEroAHs BBIMTYCKAa€MBIX 3JEKTPOPa3BEJOYHBIX CTaH-
it paboraet Bo BpeMeHHOM peknme PITU-2 ¢ mmTenbHOCTEI0 HMITYIIECOB HE
MPEBBIIAIOIINX [EPBbIX AECATKOB CEKYHI (Ha PAHHUX U YACMUYHO CPEOHUX
BpeMeHax Ucciedo8aHus NOIAPU3AYUOHHO20 npoyecca — 6 00CMAmMOYHO 02pa-
HUYEHHOM 6peMeHHOM unmepeane usmepenui [1X BII), 1 HeCMOTpsl Ha BBICO-
KYIO TPOM3BOJUTENILHOCTh M MOMEXO3AIIUIIEHHOCTh TOJEBBIX M3MEPEHHH, B
OOJIBLIIMHCTBE CIy4aeB HE MOJHOCTHIO COOTBETCTBYIOT TPEOOBAaHUSM, MPEIbsIB-
JISIeMBIM IIpH paboOTax Ha XOPOLIO HOISAPU3YIOLIMXCS PYIHBIX TENaX.

Takum 00pa3oM, 0cOOYI0 BaKHOCTB IIpH paboTtax meromom BII mpuobpe-
TaeT MPaBUIBHBIA BBIOOP BPEMEHHOTO PEKUMa U3MEPEHHIA.

B pesynprate paHee mnpoBeneHHBIX HccienoBaHui (MateBocaH, 1985,
1987), npemioskeHbl CrOco0bl reodnieKTpopasBeaku (Ouggepenyuanvhvie epe-
MEHHble  pedicUMbl U3MepeHull), TO3BOJISIOIINE HETOCPEACTBEHHO H3MEPSTh
muddepeHnanbHble  aMITIMTYJHO-BpeMeHHbIe napameTpel BII — Bropyro u
Boiciine mnpousBoAnblie IIX. Ilpm m3MmepeHun BTOpOH NMPOM3BOAHOM mepe-
xonHoii xapaktepuctuku (2ITIIX) BII, oTHOCsIIEHCS K ONMpPEIEICHHOMY MO-
MEHTY BPEMEHHU TOJSPU3aMOHHOTO TPOIIECcCa, UCIIONB3YeTCs BPEMEHHOH pe-
UM, COCTOSIIMHA W3 ABYX Pa3HOMOJSIPHBIX MPSMOYTOJBHBIX MMIIYJbHCOB
paznuuHoit anurensHocty (JAPH).

B HacTosieit craTee BIEpPBBIE MPEICTaBICHBl OCHOBHBIE PE3YIbTAaThl aHa-
nn3a crnenuduyeckux 0coOeHHOCTEH MposBIeHUS AU PEpeHINATbHBIX U UH-
TETPAJIbHBIX aMIUIMTYJHO-BPEMEHHBIX 3aBucumocteid BII reosnektpuueckoi
CpeAbl TIPU BHENIHEM OJJIEKTPUYECKOM BO30YXKICHUH U PepeHIIHATEHBIM
BpeMeHHbIM pesxkumoM APU (npu pasnuvix kongueypayusx u napamempax siex-
mpuieckoeo 6030elcmesus), TO3BOJSIOIUM IyTeM MPAMBIX (HenocpeocmeeH-
noix) mamepenuit onpexenuts 2IIIX BII no necsatmuHoMy sorapudgmy Bpe-
MEHHU.
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Puc.1. XapaktepHble 0cOOCHHOCTH OIS BEI3BAHHOW TOJISIPH3ALIUH.

an 0 — mepexoHbIe XapaKTepUCTUKHU M IepBble Mpon3BoaHble [1X BropnaHOTO (nOoaspusayuon-
H020 U UHOYKYUOHHOZ20) TIOJSL TI0 JECATUYHOMY Jjiorapudmy BpeMeHu (wugp xpusvix — Ty 6
cexynoax);

B — HIKAJIA BPEMEHHBIX MHTEPBATIOB T ay (@Ocyucca maxcumyma nepsoii npouzsoonou I1X BII)
VIS CIIeAyIoMMX TUIOB mopoa (MeTtoaudeckue ykazanus ..., 1979):

1 — noHOMIPOBOIAIIHME TOPHBIE TOPOIBI;

2 — paccestHHasl MeJIKast HJIEKTPOHOIIPOBOASIIAS BKPATICHHOCTS;

3 — BKpaIuieHHBIE CYJIbGUIHBIE PYIBI;

4 — IPOXKUITKOBO-BKPAIUICHHBIE PY/IBI;

5 — MaccuBHBIe CyabQUIHBIE PY/IBI;

T — rpadugecKoe MmosiCHeHne BTopoii npomsBoaHoit [1X BIT;

I — JWHAMUKa WM3MEHEHWS CYMMapHOW HampspKeHHOCTH moisi mpu m3mepenun 211X BII
BpeMeHHbIM pexumoM J[PU.

JPH-2ITTIX_01.bmp

B pesynbTare MaTeMaTHYECKOrO MOJETUPOBAHUS M YHMCICHHBIX PacueTOB
BTOPUYHBIX 3JIEKTPUUECKUX IPOLECCOB MOJSIPUYIOLMIEHCS TeOEKTPUIECKOIl
cpenbl (¢ npumeHeHuem pasiuiHbIX AMAIUIY OHO-6PEMEHHBIX NAPAMempOos) TIPU
BpemeHHOM pexume JIPU cniepBa npoaHann3upoBaHbl OCHOBHBIE OCOOCHHOCTH
MPOSIBJICHUSI ~ MHTErPAIbHBIX  AMILUIMTYJAHO-BPEMEHHBIX  TMAapaMeTpoB
(MABII) BII u BbIsIBIeHa BbICOKas WH()OPMATUBHOCTh TAKUX HCCIICAOBAHUIA
(nymem nosmannozo conocmagnenus ¢ OAHHbIMU, NOLYYEHHLIMU KOMIIEKCOM
opyeux pescumog: O, OIIN-2, PIIN-2 u PIIN-1). Hanomaum (MateBocsH,
1985, 1987), uto mst HenocpeacTeennoro uamepenus 211X BIT B TpeOyemblit
MOMEHT BpEeMeHH | TMOJIIPU3aIMOHHOTO Ipoliecca HEOOXOUMO BO30YKICHHUE
TEORJICKTPUIECKON CPeIbl IBYyMSI Pa3HONOISIPHBIMHE MPSIMOYTOIBHBIMU UMITYJTh-
caMHM OJMHAKOBOW aMIUIUTYIBl, AJUTEIBHOCTh KOTOPBIX YCTaHABJIMUBACTCA B
3aBucUMOCTH OT T (puc.l). Ilpu 3TOM MMIYJIBCHl TOKa MOTYT Cpasy CleI0BaTh
OpyrT 3a ApyroM (uacmmuwitl cayuail: @pemennou pexcum APWU 6es nayszvr —
JIPM®) wun wepes Hexotopoe Bpemsi (APU — o6uwuii cayuaii). Hemocpencrt-
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BeHHOE (npamoe) naMeperne Bropoi mpomsBoguoi [IX BII ocymecTBusroTcs
Ha craje (nocie 6mopo2o UMnYIbCA MOKA) B KOHKPETHBI MOMEHT BpEMEHH B
3aBHICHMOCTH OT BBIOPAaHHBIX NAapaMETPOB BPEMEHHOTO PEeXHMa BO30YKISHUS
nonsi. Ilpu pmomymenuu smHerHoctH mpoueccoB BII (Komapos, 1980), us-
MepsieMast TaKUM 00pa3oM BeTHUMHA JIEKTPUIECKOTO MOJISl XapaKTepU3yeT BTO-
PYIO IPOHM3BOAHYIO MEpeXoAHOoH XxapaktepucTik BII mo norapudmy Bpemenu
(MareBocsH, 1985), oTHECEHHas! K MOMEHTY

T =TT =4t +t, +t +E)(t, +t +E)(t +0)E =t +t +0) +) =/t +t, +t +0), (1)

THe T =t +t, +t+E)(t, +t+t) B T =\t +t); t — TPOOIKUTENLHOCTE Mep-
BOT'O YCJIOBHO TOJIOKUTEIIBHOTO MMITYJIbCa (umnyibe noaspuzayuu) toxa; t, —
nays3a MEXIy UMIYJIbCAMH TOKa; I — IPOAOIKUTEIBLHOCTE BTOPOrO OTPHLA-
TENBHOTO MMIyJbca (umnynve Oenonapuzayuu) ToKa; t.* — MOMEHT BpeMEHU
Iocjie BTOPOrO HMMITyJIbCa TOKa, KOTJa M3MepsAeTcss BTopas npousBomgHas 11X
BIL IIpu sTOM 0053aTeNbHO COXpaHSETCS MOCTOSHHBIM OTHOIICHHE JIUTEINb-

HOCTH 3apsIKH K BPEMEHHU CIaja I KaKJO0Tr0 UMITYJIbCa: L t -m- C

t+t +t t
HEJIbI0 ITOJYYCHHA BCIMYHMHBI BTOpOﬁ HpOI/I3BO,ZLHOI>'I o ACCATUYHOMY Jiora-
pUPMy BpeMEHHM TMOJY4YEeHHBIC 3HAUEHHS SIIEKTPHYECKOTO MOl (pasHocmy

nomeryualos, coomeemcmeyrowas cocmasiArouai Hal’lpﬂ.?fceHHOCI’l’lu) BII

JeNAT Ha KOXPGUIIUEHT BpeMeHN P~ = |g(1+ m)lg L . st ynoGcTBa peko-
t

MEHIyeTCsl NpeACTaBlIeHHue BpeMeHHbIX napamerpoB JIPH B Buzme cooTHO-
menns t,:t; 1 t.*, B KoTOpOM MpOMeKyTKH BpeMEHH MPUBOISATCS B €IUHHIAX ;.
OcCHOBHBIE Pe3yJIbTaThl HCCIEA0BAHUI MPOMLUTIOCTPUPOBAHBI Ha pHc. 1-5.
CxeMaTHUYeCKH Tpe/ICTaBIEHHbIE Ha pUC.] TeopeTHyecKkrue 3aBUCUMOCTH (nepe-
XOOHble XAPAKMEPUCIMUKYU GMOPUYHO20 (NOTAPUSAYUOHHO20 U UHOVKYUOHHOSO
noas) u ux nepsvie npouzgoousie [1X BII no decamuunomy noeapughmy epe-
MeHu) TIOKa3bIBaroT ocobeHHocty noist BII npu HenmocpencTBeHHOM M3MEpEHUH
2IMIX (6 wacmuocmu, npu pescume HAPWU ¢ xoumkpemuvimu pemeHHbIMU
napamempamu). 3neck AF, u AF_ — mpupamenus (geruuunvt nepgou npous-
soonoti) 11X BII k Momenty T* mocie MOJIOKUTEIBHOTO M OTPHILATEIILHOTO
MMITyJIECOB, COOTBeTCTBeHHO; A’F=AF,-AF_ — BTOpOe mpupamenue (smopasi
pasnocmolnpouszsoonas) 11X  (puc.lr). BenuuwHa JUIMTEIBHOCTH MAy3bI
XapaKTepu3yeTcs PacCTOSHUEM (6pemeHHbIM uHmepeanom) Ha ocu aberuce 11X
Mexay ompenenseMbiMu npupameHusimu AF. u AF.. Ha puc.lp mpuBenena
TUHAMUKA U3MEHEHUS CYMMapHOU (nepsuuroll u 6mopuyHoll) HapsHKEHHOCTH
anekTpuaeckoro ot npu m3mepenun 2I1MIX BII (spemennsviv pescumom
JAPH) ¢ ykazaHueM 0cOOBIX TOYEK (MOMEHMO8 U UHmMepsanos epemeru: a, b,
...y Q) 32 Bech muki maMmepenuit (30ece E(T) — cymmaprnas cocmaensowas
HAanpsIdICeHHOCMU NEPBULHO20 U GIMOPUYHO20 NONeU 8 MOMeHm epemeHu T, 6
YaACMHOCMU, COCMABNAWAs 800b NPUEMHOU TUHUU YCIMAHOBKU USMEPEHULL).
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Puc.2. KpuBble criaia Hanmps»KEHHOCTH BTOPHYHOTO IMOJIS MOCIIE OTPUIATEIBHOTO UMITYJIBCA TIPH
n3mepennn 2I1IIX BIT tpems (a, 6 ¥ B) pa3sHBIMH MapamMeTpaMH peXuMa JPU° B OTCYTCTBUH
(cnaowmvle aunuu) ¥ IPUCYTCTBUH (NYHKMUPHbIE TUHUY) WHIYKIHOHHBIX HPOIIECCOB.

Ha rpadukax crpenkoit 0003HaueH MOMEHT U3MEPEHHUS TMOCJIe BTOPOrO UMITYNIbCa (8 eOuHuyax
t,), o KoTOpBIM oOnpeneisieTcs (viuucasemes) Bropas npoussoguas (T*). udpp kpusbix — t./T,.
CHM3y IIpe/ICTaBICHBI SMIOPBI CUIIBI TOKA BO30YKAAEMOTO ITOJISL.

JPH-2ITIIX_02.bmp

CemeiicTBa KPHUBBIX CMaJla HANPSHYKEHHOCTH BTOPHUYHOTO TOJS TPU H3-
mepernu 211X BII pasnudapiME mapamMeTpamu P’ IIPEJCTABIICHBI HA PUC.
2. OOuielt XxapakTepHON 0COOEHHOCTBIO ATUX KpuBBIX Epp(T) sBisiercs m3me-
HEHHE 3HaKa (1nepexod yepes Hyb) NPHU paspsAaKe OJHOPOIHON reodieKTpruiec-
KOH Cpeabl B MOMEHT BPEMEHH T ., HETIOCPEJICTBEHHO 3aBUCALIETO OT MOCTOSH-
Hoit BpeMenu T, (abcyucca maxcumyma nepeoit npouseoonoi I1X BII no decs-
muynomy noeapupmy epemenu), u napamerpos JAPU. TIpu paBHbIX 3HAYCHUAX
Toft:, uem Oosbiie oTHOmeHUs t./t, TeM pe3ue B Hauajie MPOUCXOAUT CIIa
BTOPUYHOT'O T0JISl, OTHOCUTENBHO paHblie HAOMIOJAI0TCs CMEHa 3HaKa W BbIpa-
KEHHBIA ToNoxuTenbHbI MakcuMyM Epp(T), u 3arem oTHOcuTenbHO Oojee
ObIcTpast paspsiika cpeipl B menoM. Kak criefyer w3 3TUX 3aBHCHMOCTEH, ¢
yMmeHbiieHueM To/t. (npu odunarkosvix 3nauenusix npouux napamempos) W3-
meHenne 3Haka Epp(T) mpomcxomuT moske, 9TO0 MOKET SBIAATHCA 3(deKTrs-
HBIM HHIAAKATOPOM IS TIPEIBAPUTENHHOM/OMEpaTHBHON KaueCTBEHHON OLIEHKH
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MIPUCYTCTBHUS 3JIEKTPOHOIPOBOISAIINX OOBEKTOB (PYOHBIX GKIIOUEHUN, mell) B
HCCIEAYEMOM Te0rIEeKTpUYECKOr cpene. MHAYKIMOHHBIE IPOLECCHl BO BCEX
CIIyJasx MPaKTUYECKH MPOSBIAIOTCA Ha PaHHHUX BpeMeHax (npu 1,<<T,) u umu
MO>KHO TIpeHeOpeyb Npu onpeaenaeHnu u uarepnperanun MABIT BII.

81 + 4 n %]

aF [A'F aF | a2F

001 [X U T, ° 001 o1 * Tt

1:02:04:04 1:04:03:03

th  t. te th t- te
o ts i T ) te »If T

Puc.3. Teoperndeckne KpHBBIE TIEPBOH W BTOPOU (8bIUUCIEHHOU Nymem HUCTeHHO20 Oudghe-
PeHyuposanus nepeoll npoussoorott) npousBoaHbx [1X BII npu Bo30YXICHUH 3JIEKTPUIECKOTO
TOJIS IBYMSI Pa3iIMYHBIMH (A U 0) mapameTpaMu BpeMeHHoro pexunma JIPU.

1 — xpuBas MepBOH MPOU3BOIHOM, OCTPOECHHAS IO pe3yIbTaTaM M3MEPEHUH MPH MPOITyCKaHUH
TIOJIOYKUTEIIBHOTO UMITYJIbCa (8 npoyecce 3apsoKiL);

2 — KpuBas NepBOI NMPOW3BOIHOW, MOCTPOCHHAS IO pe3yJibTaTaM HM3MEPEHHH B May3e MEeXIy
TOJIOKUTEIBHBIM U OTPHUIIATENIBHBIM HMITYJIbCAMH (10 cnaoy);

3 — KpuBast BTOpPOH NPOM3BOAHOM, IOCTPOEHHAS MO Pe3yJIbTaTaM M3MEPEHUH IPH MPOIYCKaHIH
MOJIOKUTENTBHOTO UMITYIbca (nymem ougdgepenyuposanus kpueoti 1);

4 — xpuBas BTOPOH NpPOM3BOJHOM, MOCTPOEHHAs MO pe3yiabTaTaM H3MEpEeHHH B May3e IyTeM
YHCICHHOTO TU(PEPSHIIUNPOBAHUS KPUBOH 2;

5 — KpY’KKOM ITOKa3aHbI Pe3yJbTaThl HermocpeacTBeHHOTo Habmronerus 211I1X BII.

Buusy npezncrasneHsl 3mopsl cuiibl Toka npu JIPU.

JAPH-2ITIIX_03.bmp

IIpu puxcupoBaHHO! BeTUYMHE TUTEIHLHOCTH TOJIOKUTEIBHOTO HMITYIIh-
ca BapbHPOBAHHEM TOJIKO JUIMTEIBHOCTHIO OTPHUIATEIHLHOTO HMITYNIbCA (Hpu
cobmodenuu coomnowenusn t./t>1) TeopeTHyeckn MOXHO TONYyUUTH (Heno-
cpedcmeenHo usmepums) BTOpyo nponsoauyio 11X BII B cooTBeTCTBYIOMITIIT
MOMEHT BpeMeHH |* Ha cmane, cornacHo dopmyne (1). OmHako Ha TMpaKTHKE
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ONTHMAJILHBIM ABISETCA AUANa3oH u3MeHeHus 2< t./t. <4, obecneumBaroniuii
MTOBBIIIIEHHYIO JTOCTOBEPHOCTH H3MEPEHHH.

WNmess pe3ynmpTaThl HW3MEPEHHH TPU MPOMYCKAHWH ITOJIOKUTEITHHOTO
HMMITYJIbCa U B May3e MEXIy UMITYJIbCAMHA MOXHO MOCTpouTh rpaduku [IX u ee
MPOU3BOJHEIX (1epsotl u 6mopoil) 3a ONpeeeHHbIE OTPaHNYCHHBIE HHTEPBAIIbI
BPEMCHU (8 3a8UCUMOCMU OM napamempos eépemenHo2o pexcuma). Ha puc.3
MpHUBEAEHBl Takwe 3aBucumoctd mpm tot:t:t=1:0.2:0.4:0.4 (a) u t. t it
't=1:0.4:0.3:0.3 (6) mis T,/t.=0.1, 1, 10. Creayer oOpaTuTh BHUMaHHE, YTO
HernocpeacTBeHHble m3Mepenus 2I11IX B cooTBeTcTByrOmUEe MOMEHTHI | * XO-
pOLIO coryacyeTcs ¢ pe3yibTaTaMU IMOJYYCHHBIX 3aBHCHMOCTEH IyTeM YHC-
JieHHOTO A (depeHIMPOBaHys, a TakKe B 3aBUCHMOCTH OT To/t, MpUHHMAIOT
Kak mosiokutenbubie (mpu T*<T ), Tak u oTpunatenbuele (mpu T*>T ,4) 3Ha-
yenus (coanacrno memoouxe usmepenus 211X BII).

B T1abm.1 Ha KOHKpPETHOM NpuUMepe MPHUBEICHBI BEIWYMHBI HapaMeTpOB
pa3nuuHbIX KoH(urypanuit Bpemenroro pexxuma APH (a, 6, B — C naysou, 0 —
Oe3 naysvi), B 4aCTHOCTH TOKA3bIBAIOIIIE XapaKTEPHYIO OCOOCHHOCTh JaHHOTO
pPeKMMa U3MEPEHUI: C YBEIMUCHUEM JUIMTEIBHOCTH May3bl MEXTY HMITYJIbCAMU
yBEJIMYUBAIOTCS 3HaueHus L., T, ¥ ymenpmatorcs —t, t.*, T..

Tab6muma 1
OCHOBHBIE TTapaMeTpPhl pacCMaTPUBACMBIX KOH(pHUTypanuii (npu M=1) BpeMeHHOTO
pexxuma JIPU npu venocpencteerroM namepernun 211X BIT g T*=100c.

Bpemenno MOMEHTHI
MIPOMEXYTKH BpEMEHH, C

ipexum |ttt | T p* P YTKH Ep BPEMEHHU, C

APH t. t, t [t*| T. | T

a 1:02:04:04| 089 | 0,120 | 111,8| 22,4 |44,7|44,7]158.1|63.2
0 1:04:03:0.3] 0,77 | 0,157 | 129,1| 51,6 |38,7|38,7|182.6 |54.7
B 1:08:01:0.1] 0,45 | 0,301 | 223,6| 1789 |22,4|22,4|316.2 |31.7
0 1:0:05:05] 100 | 0,091 |1000| 0,0 |500]50,0|141.4|70.7

[Ipoananu3upoBaHbl TaKkXke cClenUpUIecKue OCOOCHHOCTH paspsaku (Ha
cnaoe) paccMaTpUBaEcMOM TMOJSIPU3YIOMICHCS MOAETH TpH €€ BO30YXKICHUHU
BpeMeHHBIM peskumoMm JPU ¢ pasueimMu mapametpamu (npu M=1) u comoc-
TaBJICHbI C JIAHHBIMH TIPH TMPOIYCKAHHW OJMHOYHOTO MPSIMOYTOJIBHOTO HM-
nyiabca Toka. OCHOBHBIE PE3YJIBTaThbl MCCICAOBAHMN COCTOSHHS JIIEKTPOXH-
MHYECKOH 3apsHKEHHOCTH TeodieKTprdeckoi cpenbl (MateBocsH, 2011, 2014)
(Ha koHKpemHbIX npumepax) NpHUBEACHBI B TaON.2 W MPOWLIIOCTPUPOBAHBI HA
puc.4, TIe HCNONB30BaHbI CleNyroIue 0003HAYCHHUSI:

Epn(T) — HanpspKEHHOCTH BTOPUYHOTO TI0JI1 HAa CIaje B MOMEHT BpeMe-
HUI T;

Epn(T)/Egnimax — BEJMUMHA HANPSHKEHHOCTH BTOPHYHOTO TIOJISI B MOMEHT
BpeMEHHU T, HOPMUPOBAaHHAS 0 3HAYEHHUIO HANPSHKEHHOCTH BTOPUYHOTO IOJIS
MOCJE MOJOKUTENFHOTO MMIYNbCA (10 MAKCUMANBHOU GeUUUHE 8MOPUUHO20
nons);
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Co(T) = (1_ QC(T)J .100% — KPUTEPHIL JIIEKTPOXMMHYECKOH 3apsSHKEHHOCTH Te0-
5
DIIEKTPHYECKOM cpesl B MOMEHT BpeMenu T Ha crazne. 3xeck Q.(T) — Benmmunna
HABII Q. k momenty T Ha cnane; Q, — makcuManbHas BenmurHa MABIT Q,(T),
HabmoaeMasl B KOHIe nosoxxutensHoro ummynbsca; Q.(T)/Q,=Qq(T) — MABII
otrnauu BII o 3apsay Ha cnaze B MOMEHT BpeMeHH T.

Tab6muma 2
3Ha4YeHUS KPUTEPHS IIIEKTPOXUMHUECKON 3apsDKEHHOCTH M HOPMUPOBAHHOM
HanpspKeHHOCTH 1ol BIT pa3auyaHBIX Te0dIeKTPUICSCKUX Cpel (0151 mpex 3HaueHull
nocmosnnou epemenu T,) IpU Tpex mapamerpax pexxuma JIPU (a, 6, B) B
(huKCHUpOBaHHBIE MOMEHTHI BpeMEHH | B eUHHUIAX t,.

JIPU-a TIPU-6 JIPU-B

Th.
T020.1t+ T0:t+ T0:10t+ T0:0.1t+ To:t+ To:10t+ To:0.1t+ T0:t+ T0:10t+

Kpurepwuii anekrpoxumuteckoii 3apsukeHHocTH Co(T), %
100 100 100 100 100 100 100 100 100
18,1 350 | 47,0 230 |423 | 558 37,0 | 595]| 75,0
17,0 324 | 446 20,9 | 38,7 | 527 304 |526]| 69,6
14,4 29,5 | 423 175 | 350 | 499 245 | 469 | 654
5 12,4 270 | 404 149 | 320 | 47,6 204 | 425 | 62,1
10 7,1 196 | 34,2 8,5 230 | 401 11,2 | 30,2 | 52,0
20 3,9 13,1 | 279 4,5 153 | 32,6 5,9 199 | 42,1
30 2,6 9,9 24,2 3,1 116 | 28,3 4,0 151 | 36,5
40 2,0 8,1 21,7 2,3 9,4 25,3 3,0 122 | 32,6
50 1,6 6,8 19,7 1,9 79 23,0 2,4 10,2 | 29,7
60 1,4 5,9 18,2 1,6 6,8 21,3 2,0 8,8 27,4
70 1,2 5,2 16,9 1,4 6,0 19,8 1,8 7,8 25,5
80 1,0 4,6 15,9 1,2 5,4 18,5 1,5 6,9 23,9
90 0,9 4,2 14,9 11 4,9 17,5 1,4 6,3 22,5
100 0,8 3,8 14,1 1,0 4.4 16,5 1,2 5,7 21,3
Otnomtenne HanpspkeHHOCTEN Epp(T)/Eprmax, %0

AIWIN(F

1 100 100 100 100 100 100 100 100 100
2 -1,9 0,1 8,4 -2,3 04 11,7 -3,1 2,5 24,4
3 11 4,0 10,4 1,6 51 13,1 3,0 8,4 20,2
4 1,0 3,4 8,7 1.2 4,2 10,7 2,0 6,2 15,5
5 0,7 2,8 7,3 0,9 3,4 8,9 1,4 4,8 12,4
10 0,3 13 3,9 0,3 15 4,6 0,4 2,1 6,1
20 0,1 0,5 19 0,1 0,6 2,3 0,1 0,8 3,0
30 0,0 0,3 13 0,0 0,3 15 0,1 0,5 19
40 0,0 0,2 0,9 0,0 0,2 11 0,0 0,3 14
50 0,0 0,1 0,7 0,0 0,2 0,8 0,0 0,2 11
60 0,0 0,1 0,6 0,0 0,1 0,7 0,0 0,2 0,9
70 0,0 0,1 0,5 0,0 0,1 0,6 0,0 0,1 0,7
80 0,0 0,1 0,4 0,0 0,1 0,5 0,0 0,1 0,6
90 0,0 0,1 0,4 0,0 0,1 0,4 0,0 0,1 0,5
100 0,0 0,0 0,3 0,0 0,0 0,4 0,0 0,1 0,5
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3neck T — Bpems ¢ Havana (8x0ueHust) TTOJ0KUTETBHOTO UMITYIbCca (YuUK-
na usmepenutl); T=t, — MOMEHT BBIKJIFOUCHUS (KOHey) TMOJOKUTEIBHOTO HM-
nynbca (MakCuMaibhas (NoaHas) 3apsaoka cpeovbl npu Kaicoom\ OaHHOM pe-
arcume JIPN); T=2t, — momenT usmepenus 211X BIT; Epppax— HAPSHKEHHOCTD
nonst BII B KOHIIE MONOXKUTENBFHOTO MMIYJbCA (68 Hauane nay3vl Mexncoy um-
NYIbCaMu — MAKCUMATbHAS NOJAPU3AYUL Ccpedbl Npu OAHHOM YuKile usme-
penuil).

B Tabn.2 npuBeneHbl 3HAYCHUS KPUTEPHS DIICKTPOXUMHUYCCKON 3apshKeH-
HoctH Co(T) u HopMupoBanHO# HanpsbkeHHOCTH 10y BIT Epn(T)/Epnmax pas-
HotunHbIX (T,=0.1, 1 u 10t,) reosnekTpuueckux Mmopeneil B (pUKCHPOBAHHBIC
MomeHTHI BpeMenu (1<T/t,<100) npu pa3ubix (a, 6, B) mapaMeTpax BpeMEHHOTO
pexxuma JPU. 3nece T — BpeMsi ¢ Hayasia MOJIOKUTEILHOTO UMITYJIbCa (YuKia
uzmepenuti); T=t, — KOHEIl TOJIOKUTEILHOTO UMITYJIbCa (MOMEHM NOAHOU MAK-
CUMANLHOU DTICKTPOXUMUICCKON 3apsiOKU CPedbl NPU KAANCOOM\ OAHHOM Percu-
me IPN); T=2t, — moment uzmepenns 211X BII. HetpyaHo 3aMeTUTh, YTO C
YBEIMUCHHEM TMay3bl MEXIY HUMIYNbcaMH (¢ obs3amenvuvimM coOm00eHuem
yenosusi M=1) HaOmoxaercst cuHXpoHHOoe yBenmuenue 3HaueHuil Co(T) m

EBH(T)/EBHmax-

I
Egn(T , % } |
100 EBnmax i i ! ! f T/t.
i : ' ' 2 2
10 , I pa
0.1 R ‘ ©
N
0.01 00]-—
ColT, %
0.001 . \
80 100
h ! '
‘
. th ot l,* T - tn t ;‘T - t. tc$ .
@) | 4 I | (8

Puc. 4. BpeMeHHBIE 3aBHCUMOCTH W3MEHEHHMs HOPMHMPOBAHHOM HANpsHKEHHOCTH BTOPUYHOIO
NEKTPUIECKOTO OIS ¥ KPUTEPHS SIEKTPOXUMHIECKOH 3apsHKEHHOCTH T'€03JIeKTPHIECKOH Cpembl
B wuHTepBane 2<T/t,<100 nHa cmame npu pasmuunbix (OU u JPW) BpeMEHHBIX peKHUMax
BO30Y>K/I€HHsI BHEIITHETO IO OJHOPOIHON M30TPOITHOM re0dIeKTpHUUECKOi cpesl ¢ Ty=1,.
Crpenkoii moka3aHo HalpaBlIeHUE U3MEHEHHUS NPE/ICTaBICHHBIX 3aBUCUMOCTEH BO BPEMEHH.
JPH-2ITIIX_04.bmp

N300pakeHHbIe Ha pHC.4 BPEMEHHbBIC 3aBHCHMOCTH W3MCHEHUS HOPMHU-
posauHoit HanpskeHHOCTH BIT Epp(T)/Eprmax ¥ KPUTEPHS SIEKTPOXUMHUUECKOM
3apsDKEHHOCTH reodniektpudeckoi cpenbl Co(T) HarIsaHO XapaKTepH3yHT ee
MOJIAPU30BAHHOE COCTOSTHME Ha crafe (Hauunas ¢ momenma usmepernus 2ITTX
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BII — T%*, koz0a nanpssxcenHocms noas npakmuyecku pasna wymo: npu L=T may
npoucxooum cmena 3naxa Epp(T)) npu pasHbIX mapameTpax U KOHGUTypamusx
JAPH. 3nech Takke OCHOBHOM OOIIEH 3aKOHOMEPHOCTBIO SBIIICTCS TIPOSBIICHUC
HEalleKBaTHOCTH MEXIY H3MEpSAEMBbIMH TMapaMeTpaMH BTOPHUYHOIO JIIEKTPHU-
YECKOTO MOJISl U COCTOSIHUEM 3apsHKEHHOCTH WM Pa3psKEHHOCTH Cpefbl, ycTa-
HoBNIeHHOW paHee mnpu pexume OM (Matesocsn, 2014). lanHoe oOctosi-
TENBCTBO OCOOEHHO KOHTPACTHO CKA3bIBAETCS NPH JTUTEIBHOM CHAJIEe: TaK, IPU
Egn(T)/Epmmax=1%0 (k020a cocnacno memooduxe u 0eticmayouum uHCmpyKyusm
usmepenus noas BII cuumaemces, umo ucciedyemas cpeda npuuing 8 UCXoOHoe
cocmosHue, m.e. npakmuyecku noaHocmoio paspsaounace) — Co(T)=20%, a npu
Epn(T)/Epnmax(T)=0.1% — Co(T)~5% (puc.4). HamoMHnM, 4TO IPOAOIKUTEINH-
HOCTh pPa3psAIKd CYHICCTBEHHBIM 00Pa3oM 3aBUCUT OT g HCCIEIyeMOR
reodnekTpudeckoi cpensl (MareBocsiH, 2014) 1, OCHOBBIBasCh Ha TMPEICTaB-
JICHHBIX Pe3y/bTaTax MaTeMaTHYeCKOrO MOJICIIMPOBAHMUS, OIIEHOYHO MOXKHO
CYUTATh, YTO JJIsI obecrieueHus TpeOyemMoil TOYHOCTH/ BOCIPOM3BOJAUMOCTH
nocjeayomero uukia u3Mepenuit auddepenmansupivu peskumom APHU, ona
JOJDKHA TIPEBHIIATh HE MEHEee, YeM Ha JIBa MOpsAKa JUIMTEIHLHOCTh MOJIOXKH-
TEJNBHOTO UMITYJIbCA.
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Puc.5. BpemeHHBIE 3aBUCHMOCTH M3MEHEHHS BTOPUYHOTO dJieKTpudeckoro nois npu JAPU-a Ha
MPOTSDKEHUH BCETO IIMKJIA M3MepeHHi pH To=t,.

a — HOpMHUPOBAHHON HAPSYKEHHOCTH MOJISIPU3ALMOHHOIO MOJIS;

6 — MABII BII 110 3apsity, HOpMHPOBAHHBI# 110 €ro0 MakCHMaJbHOM BenuunHe (6 Momenm Ti);

B — nosicHaomas auarpamMa MABII no 3apsay — ropu3oHTanbHble CTPEIKH YCIOBHO MOKAa3bl-
BAaIOT IIPOLECCHI 3apSAAKH M Pa3psAAKH T'€ONIEKTPUUYECKON Cpellbl 3a OIpEAEICHHbIE MHTEPBaNIbI
BpPEMEHH.

JIPU-2TIIIX_05.bmp
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IlpuBeneHHble Ha puUC.5 BpPEMEHHbIE 3aBUCUMOCTH T€O03JEKTPUYECKON
cpennsl/ Momenu Ha npuMepe pexkuma JIPH-a B TedeHHe BCETO IUKIIA U3MeEpe-
HUI TIpH pa3HbIX To/t, OTpakaroT 0COOEHHOCTH U3MEHCHHUSI BTOPUYHOTO DIICKT-
PHUECKOTO MOJIS (OCHOBHBIX XAPAKMEPUCTIUK: HANPANCEHHOCIU NONAPUZAYUOH-
HO20 NOJISL U UHMESPATbHO20 AMNAUMYOHO-8PEMEHHO20 Napamempa no 3apsoy)
(MateBocsn, 2011), Mo KOTOPBIM MOKHO HArisgHO MPEICTaBUTh BECh MOJSI-
PU3ANMOHHEIN (21exmpoxumuyeckutl) Tporiecc. Ha mepBBIft B3rsAm mpespra-
TaeMBbIi TMOTHBIA ITUKII JOCTATOYHO CJIOXKHBIX M3MEPECHUN W BBIYMCICHUN Q-
¢depernmanpabpM pesxkumMoM JIPHW jerko mpocieKuBaeTcsl M0 JUHAMHKE €ro
MPOTEKaHUs, YTO OE3YCJIOBHO SBISAETCS HEOOXOMUMBIM U OYCHb BaXKHBIM 00-
CTOSITENILCTBOM TIPH HMHTEPIPETALUHN JAaHHBIX U UX OoJiee JOCTOBEPHOM Teo-
JIOTO-T€0(U3UIECKOM UCTOIKOBAHHHU.

B 3akmroueHure OTMETHM, YTO BEHITIOJHEHHE JTAOOPaTOPHBIX MCCIIEIOBaHUN
BpeMeHHBIM pexumMoM JAPU ¢ mpon3BoibHEIME KOHGUTYpAUAMA W TIapaMeT-
pamMu MpexyCMOTPEHO B MHOTOIIETICBOM amIlapaTHO-TIPOTPAMMHOM H3MEpHUTeIe
«VectorGeo» (MareBocsH, babasu, 2018), Onaromapsi BCTpOGHHOMY B HETO
MaJIOMOIIIHOMY T'€HEPaTOPy MPSMOYTOIBHBIX HMITYJIbCOB CTAOMIM3UPOBAHHOTO
ToKa (MoOepHusuposanHvlll éapuanm). B HacTosiee BpeMs CO3laHbl HEOOXO-
TUMBIE (meopemuyecKkue, mMemoouieckue U OCHOBHble MeXHuYecKue) TPero-
CBUIKU UTSI OTITUMHU3AIMN METOJUKH SJIEKTPOPA3BEIOYHBIX (IKCHEepUMeHmMalb-
HbIX — J1AO0OPAMOPHBIX, HAMYPHLIX U HOAEbIX) BEKTOPHBIX HCCIIEIOBaHUH,
BKIIOYasi C MPUMEHEHHEM JIaHHOTO CIoco0a BHENTHEro JJIEKTPUYECKOTO BO3-
JIEUCTBUSL.

HccnenoBanre 4acTUYHO BBIMTOJIHEHO NMpH (prHAaHCOBOM mojaepkke [ocy-
JapcTBeHHOro komurera no Hayke MOH Apmennn B paMkax HaydHOIo
npoekTa Ne 15T-1E418.
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ONSPUUL 2QUQULPCLEP CLSCNRE3NPULL
20.LNP8YUD ABYEBNUSUUL ULSNRUUSPL ALNREUAD
Brurfnre uouussuLk dUUUTLUYUSPL R*EFhUNY,
2U2UUUL gUUULUY

Uwphnywt U.4., PFupuyui @.U.
Udthnthnud

znnJuénid phunwplynud B mwppupinype tpipukiEjupuljui dn-
nhjutipnud pupwgnn pbibnugdwt gnpépupwgubph ophtiwswthnipni-
ubkpp, wpunwpht fEjupuut nphpbptughw dudwbwlughtt nkdhuny
wqpUut nhypmd, npp twpwnbtujws b gqpgodwt mwuppkp dukph b
suthwthottiph pbwpnid hwupmigqus phtinwgdwtt wugnidughtt plnt-
pwugnh tpypnpn Jupgh woéwuguih wiudhowlwt swihdwb hwdwnp:
Zhdbing  hwpnigqws  phbknugdwt  wdyhnnipu-dudwbwlught
punipwgpbph wpwbdtwhwwnlnipniutph b pypubiijnpuljut dh-
gwjuyph kkjnpuphdpwljut thgpunpjudnipjub ophlwswthnpyub
hwdwihp JEpnismipjut Jpw, ubpfuyugdws tt wynuyhuh EEjunpwht-
nwhiniqulijut hblnwgnunmpmitubph juunwpdwt dbpnnhlugh ow-
nhdwjugdwt hhdtwljut ninhukpp:

SELECTION OF MEASUREMENTS TIME MODE OPTIMAL
PARAMETERS OF SECOND DERIVATIVE TRANSITIONAL
CHARACTERISTICS OF INDUCED POLARIZATION

Matevosyan A.K., Babayan G.A.

Abstract

The article discusses the patterns of the polarization processes flowing in
different types geoelectric models under external electrical influence by the
differential time mode, intended for direct measurements of the transitional
characteristic second derivative of induced polarization at different configu-
rations and parameters of the excitation.

On the basis of the complex analysis of the characteristics of the amplitude-
time parameters of IP and the established regularities of the electrochemical
charging of the geoelectrical medium, are presented the main ways of the
optimizing methods for performing such electrical prospecting studies.
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22 QUU Skntkjwughp, Shnuimipiniuutp Gplyph dwuhl, 2019, h. 72, N 3, 72-80
Wssectnas HAH PA Hayxu o 3emie, 2019, 1. 72, N 3, 72-80
Proceedings NAS RA, Earth Sciences, 2019, v. 72, 3, 72-80

Cruarudshehul

LQUYUIVLP 2(ULNUSHL LENLUTEUSNPU «GLEUSUL»
eI UOLLED UBSUUDY UUSHhINRE3NRULE BY 6rUrfucurdtrb
$NYUL UGULPRUP LORONRULET

Uwhuwljjui E.E., Uwupquyui L.U., GFunpgyu UL}

22 QUU Gphpupwbwlwl Spunnipinibbph Phunpunnin
(22, p.Epluul 0019, Uwppuy Fuppuidjul wnnnua, 24u)
L. thnuwn ' elya.sahakyan@gmail.com, lilit_geo@yahoo.com, gevmikayel@gmail.com
Zwhdijws F hpunnwpulsniyenil 16.04.2019p.

Quwjuph hpwpjiughtt pupdpujuiunulynid hp Epjpuwpuu-nklnntw-
Jui jurnigyuspught wnwbdbwhwnlnipmnibibpny wowbdwinud £ Q-
Jujuph bhpwplughtt (Eptwonpwi: Cutn twpjuhind hpuwjubugdus
niuntlbwuhpnipynitibph Eipwunpynud k, np (kptwonpugh bpljugipny’
hjntuhu-hwpuy ninpnipjudp, mupusynd Eu «puptdusd» uqusputp: Lhp-
Juyugdus wojuwmwnwiuph hhupnid puws k ubjuininghwjut dnintignidubtpny
wyu juqudputiph ntuntduwuhpnipniubpp b wjnhynipjut hhdbwynpnudp:
Ushiwtnwtipll hpwjuwtwugubnt tyunwlny oquuugnpsdyt) tu ntunidtwupp-
Ynn gnunud Jbpght wwphuikphtt gpuitgqws EpYpupwpdph wyjubkpp
(2005-2018pre):

Uju gnuunid ubjuudhly nkdhuh Jtpnidnipniup gnyg b mmwihu, np «bupw-
nup juquspht hwipnn gnunpt ypohtt mwutwdjulnid wowyt) wjnhdi k.
qrugdws bplhpwowpdphg wnwybjugny dwquhunnigp 4.8 £ (12.07.2016,
10:14, 44.00\, 41.32¢):

Zpuphiughtt (hntwpnpugh gninmd  gpuigqus ML>3.0 dwquhwnninng
Epypuwowndtph hwdwp hwpqupldty tu $nlu) dbjumthquubpp: Qujwjuphp
hpwphught (Epbwonpuyh mwpwspnid Epypuowndtpp hhdbwwunid punt-
pugpynid ki opwunid swpddwt Ynnuowpduyht (SS) b Jupubwnpuyhtt (NF)
wnhukpny:

Jupubwnpughtt Jhubdwnhluyng tpypuowpdtpp pumipwugpnid b gn-
nnud pugupdwldwi nhdnpuughwubpp, husp upnn khut) hpwphowghe wy-
nhynipjudp wuwydwbwynpjws, hul] Ynquowpdwhtt sowpddwdp Eplpupwp-
dtipp punpnonid L (Entwonpuwyh nwpwspp hwwnng <kbpunpup uqusp-
uliph Yhubdwwnhlui:

Uohwuwnwtipnid $nlju) dbjuwihquubph inudnidubipny hhdtwdnpyty £ Qui-
Juwipuph hpwphiwghtt (Entwonpuymd «kupwunpup pquspubtph ubjudhl wy-
wnhynipniup, b npnoyby k Jpohuubphu owpddw whup:

Zwbgmiguyhli punkp. Gupunpuu) Juqusp, hpwpuught [Eebtwpnpu,

ubjudhly wunpynipntl, $nljuy dbjuwihqd, jnquowpduyhtt b Juptbnpwht
Yhubdwwnhlu
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Lhpwdnipinil

Quuuph hpwppjuwght (Eptwpnpwt hwpuduihtt dgubnipjudp
3000-3200 dbkwp pugupduwly thobph wmhpnypnd qunuynn hpwphwght
quiqusé k: Yuqujws k dhnyhngkuh winkqghnwpwuqunubtphg, wb-
nkqhwnubkphg b wy: Onppnppujut dudwbwjuhwnywsénid (Entw-
onpwl pujuluht pupdpugus b tnk), puyg tpnghuyh b uwn-
guljujdwut htnnbwipny dwutwwngl) b jnnpunydt] £ wnwewguting
hunonp juquispubip: Quiqush opowgony 2000-2200 dkwnp pugupdwly
pupdpnipnibubpmd mwupwsus bu jwuyhtt hnuptp (Xapasas, 1968):

Quijwiuph hpwppuuyht pupdpuduinuyh juqdunpoudp uljudby b
n1y Uhnghunud, b wjwpwnygly k np ywikjunngti-hningkunid: ‘Lkngku-
snppnuljut hpwphwlwiunipyut qupqugduwt yuwndnipyut pupwg-
pnid wyjunbn wnwtdbwiunid kbt mwuppbp hwuwlh hpwppwlwunipyjub
tiphip opowliikp’ mp Uhngkl — Jun whngki; nip uhngkl — Jun wbju-
wnngk b n1p wkjunnngku-hnjngtt (Cxuprrazase, 1958; Ferring et al., 1996;
Maiicypaznse u ap., 1999; Tyr6epunze, 2004; Lebedev et al., 2004; Pasquare,
et al,, 2011): Ddpwbp hpwphg phun wnwppbpynd i hpktg wpunw-
huyndwt htnkuuhynipjudp, dujppdwtt mhytpny, nmupusdwt dwu-
onwpttpny b hwdwj twlh h]anuﬂlul'u lluqudm]L

w,;'::’ N \‘7‘@

- V/\;@

1

8NN

2

Ul.1. Quyuwjuph b Upny-Unduwp hpwphiwghtt (kntwonpwitph b hwpuwljhg gninhukph
Ubjuwpwinid (1-juqudputp (a-dwlitptuhtt juhunn wpnwhwynuws dhwpwinnid-
ubkpny, b-dwltptkuhtt wpnwhwynjwsd dhwppwpunnidubpny, c-dwykpkuht phy wpnw-
hwjnquwé dhwhwpinnidubpny, d- dwljkptuhtl pun pny wpnwhwynqus dhwpiwju-
wnnudubipny), 2- nnuownpduyhtt fuquspubp, 3- Jipubnpught uqduspubp, 4-Juputn-
pughtt fuquisputip, 5-ujupwbp, 6-nuylju, 7-yuknhnup, 8-wljinhy hnup, 9-gudwpws
104, 10-Ephinwuwipn hpwphught Ynt, 11-hht hpwppouyghte Ynt, 12-hpuphiught judugh
hnupkp, npnup nuuwlwupqyus tu I (hpt)-hg dhtish I (kphwnnwuwpy), 14-wbnkungku
dliuynpnidutp, 15-htntnun, 16-unnuip ) (Rebai et al., 1993)
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Qujujuph (Entwonpuynid hpwppiwlwinipniip wbknh £ nibkgh
Jun wkjunngkunud (1,92-1,23 Ma) (Hetu et al., 2015; Menukcersan, 2018):

Quijuijuph hpwphuuhl (kptwonpugh nwpwsph wpwbdbwimd kb
nklnntwlul, U ukjudhly winhymppudp: Ujuntn hwnmd kb dw-
YEpunyphtt hunwly] jud pniy] wpnwhwnyws dh supp juquspuyhte
hawhiinnidubin (aly.1) (Rebai et al., 1993):

NrEpugh b nip. 1993 p.-h wpnwwnwipnid ubpuyugyty B Qujuiju-
ph pupdpujutiquljp hwwnnn jpquspuyhtt fpwpunnidubph guuwlup-
qnudli puwn Gplyph dwhkplingpht wpnuwhwjnjwsnipyul, hudwdw
nph hjniuhuhg hwpwy mnpnipjudp wpwsynid i dwlbkpbnypht
qplpt swpunuwhwjndws juquspubp (uly.1.4) (Rebai et al., 1993):

Lgtp, np Quijujuph hpwppiwghte (ketwonpwih tpljuyupny hyne-
uhu-hwpuwy nmpnnipjudp mwpwéynn YbEpnugywy «kupunpyuyp» fupg-
Jwoépubpp, hwdwdwj (Rebai et al., 1993; Karakhanyan et al., 2011) wp-
huwwnwtputph, quwhwwnygl] ki npybu «puptdus» juquspubtp: Uju
wojuwnwiiph wppnitpubipny hwunwndl) b ipghtiubphu ubjudhy
wljnhynipjniup b npnoyby E owpddw nhyp:

Ogquugnnpéqué wnydjuukpp

Munudbwuhpnipmnittbph hwdwp wnwudtmugdus Qujuifuph hpu-
phuughtt (Enttwonpuwyh ubjudhlnipjut ntuntdtwuhpdwi, tplnt Yondk-
nhg «kupunpup uquspubph winhymipjut hpnidnipjut b pwunpd-
dwl mhwp npnobnt hwdwp oqunugnpdyk) Lu 2005-2018pp. dudwbw-
Juwhwwnyjwédnid gqpugdws Epjpuowpdtph wndjuyubpp:

Quwuph hpwphiuyhtt (Epttwgnpuyh dtp Ynnuihg ntunidbwuhpynn
huwwnjwénmid gpuigus Me>3.0 dmquhwnninny Epljpuowpdtph hwdwp
hwoduplyt) Eu $nlju dkjpwthquubpp: Uwquhwnninh sbdh vwhdwbw-
thuljnudp hhdtwynpynud £ tpwting, np hhdtwljutnid Mr>3.0 dwuqlh-
nniuny Epjpuowndtph phypmid L httwpwynp wnwyk) doqphwn hwy-
Juplt] nuy Ubjuwmtuhquutph nusnidubpp: Zwpguplutiph hwdwp og-
nwgnpsyl) u FUU BQP dhpwqqujhtt twhuwgstph spowtwlubpnid
2z mmupuspnid mbknunpdus ubjudhl juywbbph ndjujutpp, hsybu
twl hwplhwt whnnipmibutph poinp wyt ubjudhl Juywutbph ndjug-
ubkpp, npnup hwuwtk h ko dhpwqquyjhtt myjwjubph thnppowbwldwb nh-
pnypnid IRIS (http://ds.iris.edu/ds/) Yuypnid: Ujuhlipl, Ephpuowpdtph
hhdtwlwt wupwdbnptph npnodwt, htybu twb $nljuy dEhuwtthqu-
utph hwoduplhh hwdwp wywhnyyt) k ubjudhl juywbttph owwnhduy
wghuntwnuhtt Swsynypen:

Uwnwgqué wpyniuputph JEpniénipniip

Uljudplnipynihi: Zbnuqnuinmipiniiubp hpujubwugibint tyunw-
Uny wnwtdtwgyty] tu 2005-2018pp. dudwbwljwhwwnyuénid qputg-
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Jus Me23.0 dwquhwnnigny tpypwpowpdtpp: bpujubwmgyl) b tplpw-
owpdtph twhltuwnpnuutph b hhwnlkunpnuutph Yonpphtwntbph
Jytpwhwoduply  HYPO71 Spwgpuyhtt. thwpkpny  (HYPO7I,
https://pubs.usgs.gov/of/1972/0224/report.pdf): Ll.2-nud phpjws Lu wud-
pnne Qujuwjuph pupdpuuunulnid gpuigqué Mr>3.0 dmquhininnyg
Epypwowpdtnh tyhybkunpnuubpp, nppuip hhdtwjwinid hwpnmd G
huqudpuyhtt gnunphubpht: Zwdbdwwnwpwup dbs pyny Lpypwownpdbp
gputgyt] Eu Quuwjuph (Eptwonpuyh wnwpwspnid, husp Juymd k
gnuint ubkplyuyhu ubjudhl wlnhynipjut duuhb:

“Thunwplynn dudwbtwjuhwndwsénid Qujwpuph pupdpujuinw-
ynud gpuigqus wdkuwnidtn Epjpuwowndh (12.07.2016, 10:14, 44.00A,
41.32¢, ML = 4.8) tyhlkunpnup gnuynud L (Eptwonpuyhtt Unn bupw-

npjw| uqyuisph Ypw (uly.2):

41°30'0"N

43°300°E
UL.2. Mundtwuhpynn gnunnd Me23.0 dwquhwinninny ppuowndtnh byhlkunpnu-
ubkph pwohunidp (2005-2018pp.)

‘Uniju opwhuuyghtt gninnud, gplpt tnyt tyhlkunpntwght Ynnpnh-
twwnbbkpny qputgyl) t (13.07.2016p.) Lu dkYy tphpwownd (Mi = 3.0):
Ut owpwp nbws htngugnidubph swpphtt hwignpnty £ Me = 4.1 dwg-
Uhinniyny kpypuownpd’ tnyt ogwhiwhtt gnuinnud (ly.3):

Cun npnud, tpk nphwnwplkup tpljpwpwnpdh hkwngugnidutph hwenp-
nuljwi puppp, wyyw npuitp, hiswhu twlb kpkp Me = 3.0, Mw =4.1, ML =
4.8 Uwuquhwnninny gugnidubph kyhykuwnpnuubpp, npnowhnpb nuuw-
Ynpwd Lt nbuyh hjpruhu mwpwsynn ninnnipjudp b hupmd o Qui-
Juwuph (Entwonpuyh hupbwinipjudp hwwnnn Eupwunpuy juquspht
(uly.3):
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UoJws tptip Lpypwownpdtph b nputg hwenpnws htwngugnidubph
tyhlyktnpnuibph pupinudp kbpwungpyuy> uqusdph bpljwjupny -
mud kU, np mnbnh mubkguwsd Epypuwownpdtph opwpukpp Gupwnpupup
Juyyws Eu wyn juqudph dudwtwljuljhg wljnhynipjut npubnpdut
htn:

43°0'0"E 43°30'0"E 44°0'0"E

41°30'0"N

41°0'0"N

i
43°0'0"E

UU.3. ML = 4.8, M = 3.0, Mr = 4.1 dwquhwnninny kplpuowpdtnh tuyhljkunpnuubtph
npuig htingugnidubph puphunidp

zhdugbny Jtpp tpdwsh b 2005-2018pp. dudwbwljuhwngusnid
ubjudhll njujubph YEpndnipymt ypw, Jupkh £ hwdwpt], np Qu-
Juijuph (Entwonpuyh wnwpwspnid qunn wju ogwjuwghtt gnunht,
ptplu yipohtt muwutwdjulnid, Qujwhiph hpwphiwghtt pupdpuydub-
nuih b hwpwlhg wnwpwsépubph hwdwp ubjudhlnipudp wpwybl
wljnhyu k:

Snluy JEprumshqualp: Niuniduwuhpynn gnunnd ubjudhly opwiju-
utiph nuunidtwuhpdwt b ogwii-fuqusp Juyh puguhwndwt hwdwp
gpuigdusé Mr=3.0 dwquhwnninny Epypuownpdtiph hwdwp hwydunplyty
Et $nlju UEumthquubpp:

Zwpyuplubph hwdwp Yhpwnydt) E P wjhph wnweht untnph tpw-
uny dbpnyp, pun npnud, $nlju dkjpwithquh jnisnidubp npyt) Eu wyt
Epypwowndtph hwdwp, npnug nbypmid P wjhph wnwehtt dniwnph
wpwbttph tJwqugnyu pubwlp uqdby £ 12:

P wjhph wnwghtt Untwnph tpwtny, ubkjudhl Yujwbukph nknunhp-
ptpny, b Epjpuowpdh hhdtwljwt wupwdtnpbph ndjujubpny juqud-
Yt b huwdwyuinwuwl wfjujubph puqu $nljuy dkjuwbhquikph
hwpJunplyuwt hwdwnp:

Uthiwmuhquubph jnusnudubipp hwpdupldt) Gu FA hwdwlwupgsuht
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thwptph Jhpwndwdp (Lander, 2004): Ujt pnyy) £ wnwhu hwoyt) Eplpw-
owndh kyhlkunpnuh tundwdp nwuppbp nippnipjnibubpnd pugju-
Jwé ubjudhl juywtubkph wqhununwyhtt wulniuubpp, P —wjhph nw-
puddwl wuldwbt wblnibtubpp pipupwismip juyuth tundwudp,
npnot) Epjpwownpdh ogowjunid fuquwt wpngbup punipwqpnn Epyne
unnw) hwppnipniuubph wupuwdbnpbpp, jupjusnipyut ubinddwt b
punupdwljdwt wnwbgpubpp b wy: Opwgnph hhupnid pujus wignphpe-
Up httwpwynpnipinit £ vnwhu Gjpuyhtt wupwdbnpbph wpmyniupubph
hwdwp wywhndt] uiwpwiiph (misfit) Uhtish 57 Lonmpmit (Lander,
2004):
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Ul.4. Qujwjuph hpwphiwght (Enttwonpuyh nwpwspnid tppuowndtph dnlju) dkow-
uhquukph jnisnwdukpp

Ul.4-nud pEipJus Bu Quyuwjuph hpwppiuwghtt pupdpuuitnulnid
2005-2018pp. pupwugpnid gpuigdus Mr>3.0 kpljpupwpdtnh kyhlkun-
pntuubpp, b Quuwuph (Entwonpuyh mwpwspnid Epypuownpdtph $n-
Ju) dUkjuwmthquubph jnisdwt wipnyniupubpp, npnkn gnyg £ npjws, ph
Epypuwowndh wndju tyhlkunpnuht hiy nsnd £ hwdwyuwunwujuw-
unud: L.4-mud ubpuyugus b Jhuyt gt Epypuownpdtiph dnluy
dbjuwthquubph jnusnudubpp, npnug wpnniupubtpny hhdtwdnpyt) k
Quuwuph hpwppiught (Eptwonpumid  «kupunpup  fuquspubtph
ubjudhlj wnhynipniup, b npnoyty | yEpghiubphu swpddw wnhup:

Qujuuph hpwphiwght (Eptwonpujh mwpwspnid gputgdus tpy-
pupupdtph hwdwp $njuy dkpwbhqlubtph hwpjwpyutphg wupq k
nununid, np wjuntn hhdtwlwunid opwpititipp puntpugpynid Eu Jup-
ubwnpughtt b §nquowpduyhtt Jhukdwnhljutpny: Fuyg hmnjubyw-
Jut kE wyl, np gpuip niukt npnowlh ophttwswith tnwpwénid: LEntw-
onpuwih Epluytipm] Epyne Ynnudtphg hwnnng «<bpungpyu)» uquspit-
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pht hwipnn Epypuwowpdtph dnljuy dkjpwuhquubtph jnusnudubipp gptpt
dhuwyjt Ynnupwpdughtt mhwh ku (uly.4): Cug nponud, wyn Ynnuowmpdught
yhubdwwnhluyny  Gphpupwpdtpp  quuunnpfus o «Gupwngpyug
luqqudpubiph Epluytipny (Eetwpnpuygh kpyme Ynnutphg: Twpubtnpu-
bt whyh pwpduundp pinipwgmynn plpwpwpdtph tyhlknpntbpp
guiynd . wbdhpwybu (Entwonpuih JEtnpnbwjut hwndusnud:
Ujuyhuny, uvnwugynid k£, np Quyuwuph hpwppiughtt (knttwonpuygh -
puwépnid qpuigyl) tu qupbbwnpuyghl, hull pgpuw tpynt Ynndbph Gp-
Yuyjtpny Ynqupwpduyhi whwh pwupddwdp punipugpyng tplpugup-
dtip: Unwgwé wpnyniupubph hwdwdwjt Jupbih k Gupwunpby, np wyy
huqusputipt niukt Ynnuowpduyghtt Yhubkdwnhlu: ‘Logws juqusput-
pp Upgl Jupubinpuyhtt whwh pwpddudp kpypwpwupdtph gpugnudp
Jyuynud E punupdwljdut phdnpdughwubph gnnipiniup, hust £ pun-
nnonid £ gnunnid wnljw hpwppwutinipinudp (uly.4):

Bqpuljugnipjnit

Ujuyhuny, wdthnihting Qujwjuph hpwpughte jkptwgnpuih gn-
nnt ubjudhlmpjut Jtpnwdnipjut wpynibipubpp uvnwgynd k, np
niuntdttmuhpynn  gnuuind  2005-2018  pp. dudwbwjuwhwnyusnid
qpuigqus wdktwnidtn Epypuowpdp (Mi=4.8), husyku twlb unyh
opwluwhtt gnunnid nputt hwgnpywé M = 3.0 b M = 4.1 Gpljpwowpdbpp
b npwig hbwngugmdubpp juydws tu dhbunyh opwjuuyhti gnuint
ubjudhly whnhympjut htn wb b Quiwjuph hpwpluught (Enbw-
onpuh kupwnpyuy uquspubph ubjudhl wnpynmpjub ngpubnpuwdp,
npp YybEpohtt mwubwdjulnid, Quyjwuph hpwphiwght pupdpuydubnqulyh
hwdwp ubjudhlnmpjudp wewdt] wlinhdu k Quuwjuph hpwppouwght
(Eptwonpuyh nupwspmd gpuigyus tplhpwownpdiph $nljuy dkhuw-
uhquubph hwagupljubpp gnyg kb nwhu, np (kptwpnpewgh pluyipng
tpynt Ynndtphg hwwnnn «kupwunpup juquspubphtt hwipny tplpw-
owndtpp hhdtwwiunid Ynnuowpdught mhyh tu: Zwpygh weukng Yn-
nuownpduwjhtt pupddudp punipugpynn $nlju) dkjpwthquubph nisnud-
ubpp wyn Juquspubph tpluytpny, Jupth b Ebpungpl, npowm
huqusputipt niuku Ynnuownpdwjht Jhubdwwnhlu:
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CEMCMHMYECKAS AKTUBHOCTD «ITPEIITIOJIAT AEMBIX»
PA3JIOMOB HA ZKABAXETCKOM BYJIKAHUYECKOM XPEBTE
PEHIEHUS ®OKAJBHOI'O MEXAHU3MA 3EMJIETPACEHUN

Caaksn 2.9, Capresn JI.C., I'eBopran M.P.

Pesrome

Ha JI)KaBaXKCKOM BYJIKAHMYCCKOM IIJIAaTO CBOMMU T'€COTCKTOHUYCCKUMU
CTPYKTYPHBIMH OCOOEHHOCTSIMH BBIJISISIETCS BYJIKaHMYECKHWH xpeber [lxa-
Baxka. B HampaBjeHHH CeBep-ior BIOJb XpeOTa MPOCTHPAIOTCS Pa3jioOMbI, KO-
TOpbIC COMJIACHO JAaHHBIM PaHEe BBITIOJIHEHHBIX HCCIICAOBAHHUN OICHUBAKOTCS
KaK «Impe/rnonaraeMbiey. B oCHOBE TaHHON pabOThI JISKUT UCCISTOBAHUE STHX
pasioMOB W OOOCHOBAHHE HMX AKTHBHOCTH C IMOMOIIBIO CEHCMOIOTHUSCKIX
MOJIXOIOB.

st mpoBeneHust paboT OBLIM MCIOJIB30BAHBI JaHHBIC O 3eMJICTPSACCHUSIX,
3apEruCTPUPOBAHHBIX B HccieayeMoM paiione 3a 2005-2018 ropbi.

AHanmu3 CEeWCMHUYECKOrO PEeXHMMa B OTOM 30HE MOKAa3bIBACT, YTO TEPPH-
TOpUS, MPUIICTAIOIIASA K «IIPEANoaracMbIM» pas3iioMa, Oblia 0oJiee aKTHBHA B
nmocjaeaHee JecaTuaeTHe. MakcuMalibHas BEJHYMHA MArHUTYIbl 3apErHCTPHU-
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POBaHHBIX 3eMIIETPICEHUI cocTaBiseT 4,8.

MexaHn3Mbl ouara B 30HE€ BYJKaHHUECKOrO XpeOTa OblIM pacCUUTaHBI IS
3apETHCTPUPOBAHHBIX 3eMJIETpsiCeHH ¢ MarHuTyaoi ML>3.0. 3emmueTpsceHus
Ha Tepputopun J[)KaBaXKCKOTO BYJIKaHHYECKOTO XpedTa XapaKTepH3YIOTCS
cnBuroBbiM (SS) u cOpocoBbiM Tumamu (NF) pasmomoB. 3emierpsiceHust co
cOpPOCOBBIM THIIOM MEXaHH3Ma Ouara XapakTepu3ylT AedopMainuu pacTsbke-
HUS, 9TO MOXET OBITh 0OYCIIOBIIEHO BYJIKAHHYECKOH aKTHBHOCTBHIO B 3TOW 00-
JIaCcTH, a 3eMJICTPSICEHUS CIIBUTOBOI'O THUIIA OMMCBHIBAIOT KMHEMATHKY 'TIpearo-
naraeMbIx" pa3ioOMOB, KOTOpPbIE IIEPECEKAIOT 00JIACTh TOPHOT'O XpeoTa.

B pe3ynbraTe mnpoBeACHHOW pa0OThI Ha OCHOBE PEIICHUN MEXaHU3MOB
04aroB 3eMJIETPSICEHUI ObUIa TIOATBEPKACHA CEHCMUYECKast aKTHBHOCTD «IIPE/-
MoJjlaraeMbIX» pa3jioMOB Ha BYJIKaHMYEeCKOM Haropbe /[)kaBaxka M oIpejencH
THUI MIOJIBMXKEK M0 ATUM Pa3IOMaM.

THE SEISMIC ACTIVITY OF THE "INFERRED" FAULTS IN THE
VOLCANIC JAVAKHETI RIDGE AND EARTHQUAKE FOCAL
MECHANISM SOLUTIONS

Sahakyan E.E., Sargsyan L.S., Gevorgyan M.R.
Abstract

Key words: inferred fault, volcanic ridge, seismic activity, focal mechanism, strike-
slip (SS) and normal fault (NF) kinematics.

The volcanic Javakheti ridge stands out within the volcanic Javakheti
plateau by its structural geo-tectonic features. The two faults striking in the
north-south direction along the ridge have been mapped as “inferred faults”
according to the data of earlier studies. This paper is based on the use of
seismological approaches to study these faults and to provide evidence of their
activity. For this purpose, data of the earthquakes recorded in the study area in
2005-2018 were applied.

The analysis of seismic regime in the zone shows that the area adjacent to
the “inferred” faults has been more active during the last decade. The maximum
magnitude of recorded earthquakes is 4.8.

Focal mechanisms were calculated for ML>3.0 magnitude earthquakes.
Earthquakes in the area of the volcanic Javakheti Ridge are characterized by
strike-slip (SS) and normal-faulting types (NF).

The earthquakes with normal-fault type of focal mechanism are characte-
rizing extensional deformations, which are supposed to be a result of volcanic
activity of this area, while the strike-slip fault earthquakes describe the kina-
matics of the “inferred” faults that cross the ridge.

As a result of this study, seismic activity of the “inferred” faults in the
volcanic Javakheti Ridge was confirmed and the sense of motions along the
faults was determined based on the focal mechanism solutions.
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Ushiwtnwbpnmd opubpjpupwbmub juinhpubph jndsdwd tyyunuynyg
wnwewplyus b hhdtwynpyuws t fEjnpwhbnwpniquijut Ukpanubtph tpy-
puphqhljulyuts hudhp:

8nyyg Ll ipdws hwipwhuwjn ninnuahg LHEjunpugnunuynpdui (NREQ)
Ubpnnh vwhdwbwthulnudutpp thnpp hqnpnipjudp pkpinbkph b jnjwy wihw-
dwubpmpiniittiph wejunipjut yupuquynid: Ujuyhuh ghypbpod wnw-
owplyymd t ughpubpp sk quupuynpludp guonh nwpubowndwi
(21SU) b hwdwwnwpws HEjunpugninuynpdwt (ZEQ) dkpnnutpny:

Qnuutpd nkjhtdh pupntqugpdu tywnwlny wowewplus t Yhpun-

UYnn dbpnputph hwdwihpnd pungplt) fEjunpugnuquynpdui quonh Jb-
puluiqudwl (E) dkpnnp:

Zwhgniguyhll punkp. BiEjupwhbnwpnignipinit, httwhniubp, gpunwp
hnphgnt, hpwphiuyghtt wwpwspubp, wpnyniwbn hwdwihp:

Ubkpjuwyugqwsd hnpjuénmid hhduwynpjws bt hpwppwghtt mw-
pwoépubpnud EjEjunpuwhbnwjuniqujut dbpnnutph Jhpundwt wpynt-
twybknnipjutt pupdpugdutt dninbkgnidubp, wpwehtt htppht, huw-
hmutph & hwwnjwuwbtu thnpp hgnpnipjudp 9pwwnwp hnphqnuubph
hwjntwpbpdwt tyuwwnwlny: Pusybu gnyg E mmwihu thnpdp, Lkjun-
pwhbunwpniqujut NPEQ dbkpnnyp twdwt hwpgiph pmusdwt hwdwp
nith npnowlh uwhdwbwhwlnidubp, npp wuydwbtwynpjuws E hwun-
juytu EEjupuwhtunwhnignipniinid  huynth  Eyjghdukunnipjut
(hwdwpdtpnipjui) ujgpniiph wnjunipjudp (Xmexesckoii, 1970):

Nuumdtwuhpnipjniuibph nbuwlinhg uplnp E guntnid HEjwn-
pwhbunwpiniqujut hwdwihph jpugdutt wnwowplnipmiip b ppw
gnpstwjut jhpwnenidp, hwmnjuwybu hpwphwghtt junnygubpnid opw-
Epypupwbwut punhpubph jnsdwt tywnwyny:

22 hpwppjuwyghtt nupwspubpnid hbnwgqnunnipinibibph wppnibw-
Jhnnipjutt b unwugwé wpyniuputph hwjwunhnipjut pupdpw-
gnuip wwhwbonid kt Yhpwnynn tphpudphghjuljut hwdwihph £hown
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punpnipnil, tjunh nittbwny dwubuynpuybu hpuphwghte opowii-
Ubkph pupn opubphpupuiulut yujdwitkpp hqnp ujuyht hwun-
Juépubp b wnwbdht niwyptpnid thnpp opunnup hnphgnutbp:

Zpuwphuughtt Junpnygubph Epypupwtw-gpubppupuwut pun-
hwipugdws Jupdwspp ubpyuyugynid £ hhdtwjuinid wwwpubph
tptip hwdwhpubpny. vnnpht - jwjuwwnwl, tkipjuyugdus hhdtwlw-
unud wuwkngkt-ukngkt hwuwlh tundwspuyht b hpwphw-tungws-
pujht wwwpubpny, npnup hwinhuwbind tu pkghntw) opwubtpd
wwwnubp: Uhohtt - ubpyuyugdwé bt hpwppowghtt wmywputpny, hhu-
twlwtnud snppnppuljutt hwuwlh, npnup hwinhuwbtnid Eu hhduw-
Jut gpwwwp opnbpp: 9hpht - dwdwbwjulhg (dw-qbwnwght, nt-
Jhwy-ntpnuhu wpwewgmdubp ki wjuqubp, dubpuudbp, wjuqu-
Juybp b wyle

Qpubtpypudhqhjuljutt ntunidbwuppnipnibtbpp 22 nwwpuspnid
hhdtwlwunid hpwlwtwgyt] ki nkghntiw) opwdtpd nkihtdh wupqu-
putidwt b gpunwp hnphqnuubph hwjntwpbpdwt tyuwnwyny: UL-
pnnubph punpmipjut dudwbwl hwydh Gt wetdbk] hbwnlbjuw; dnnk-
gnudubipp. 1) hwdbdwwnwpup wpynmibwdbn gpubpipubhqhjuljui
Ubpnnutph hwdwihp b 2) wjujubph pwbwjujut hwdwlupqujht
Jtpnidnipinit (Munacas u Bappanan, 2003):

Zpwphuuyht uenygubph $hghjw-gpubppupuuljut Unnbiukph
wwwnpubph wbnpndhqghjulwt hwwnlnipniuttph  YEpnidnipniup
gnyg L wwhu, np opubpipwpwtwlut juunhpubph nisdwt hwdwp
qiphojunn $hqhjuljmtt gnigwuhpukp tu hwinhuwinid LEjunpulub
hwwnlmpmniuubpp, npntp wuwjdwbwynpjuws bu nupwsdph wmwywpubph
nbuwlny, junmigquspw-dbwpwtiwlut b hhppnphttwdhl wuwydwuuk-
pny: Zwpunth E np pujught wyuptbtph nhdlipkughwghwl pun k-
uwjupup fEjunpujut phdunpnipjut (p), yuydwbwynpjus nputg
opwwwpnipjut b unnpbpypyu optph hwipwjimgdwt wunhdwung,
Jwywyht nt jujunul] wnwewgnidubph LEjnpuljuwt nphdwnpnipniu-
utpny, httwpwynpmipnitt £ nwhu opubpyjpupwbwjut jpughputph
nwsdwt dudwbwl juwjinpku Yhpwnek LEjnpwhbnwiniquijut dk-
pnnubph mwuppbp Unnphdhlughwubp: Qpubpypupwbulut ntuntdbw-
uhpmipitbph jtnhpbtpt o' 1) nwpusph nkghnbuy epudkpd obip-
wnh pwpunbkqugpnd, 2) dhe- b plyywduyhtt opwwnwp hnphgqnuubph
hujnttwptpnid b htnnwdnmd: Ujy juunhpubph jmsdwt pipugpnid
NPEQ dkpnnh Yhpwnnidp, wnwbdht nbhyptpnud, hwunhwynid E npn-
owjh ndjupmpnitubph yquydwbwynpywé mwpwsph pupn nkhkdh,
phwuuptph b wy] wbhwnpnuyngktt Juonygubph wnlunipjudp:
Pugh wyp qnupuynpnudp guownh Yykpuwlubquiwt dkpnnny wybih
wpwg Yhpwnkih £ b phy wpjpownwnwp: Ldwbt wuydwbubpnid wow-
owplynid E Yhpwnbk] fEjupuhtnwpiniqujut dkpnnubph wjtuyhuh
Unphbhjughwikp, npnup htwpwynpnipinitt Bt mwhu sk gpus

opwbpypupwtwjut juunhpubpp, dwubtwynpuwbu  qnunuynpnudp
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nuownh Yhpuljubqudwt Jbkpnnny (F9U): (Ha Ngoc, 1997; Keller and
Frischknecht, 1996; MBauos, 2011):

Puyjwunhwynud, bPungnubqhwnud, dpwbuvhwynd b Bghwywunund
opwhpypupwtwjut puunhpubph ddwt tyuwwnwlny hpwphwght
wnwpwoépubpnid  EiEjunpwhbnwjimquijut dkpnpubpny hpuljubwug-
Jwé nuunidbwuhpmipnitinbph wpymibpttpp gnyg kb wwihu, np
hhdtwwiunid Yhpwnynd Eu NPERQ b MU dbpnnutpp (Demissie,
Arnason, Metwaly, Georgsson, Tsend-Ayush, Pangaribuan and etc.) (Lénat
and etc., 2000):

Zujnth b bwl, np Yupguspnid dbpddwljiptuwhtt wthwdwuk-
pnipniiubph wniuynipjut ntypnid NPERQ dbkpnnh wndjujubph dky-
twpwbnuip gunund £ ny vhwpdbp: Ldwt ophtiw pEpdwd E ulup
I-nud:

10000 4
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UY.1. 22 hpwppught mwpuspimd hpwjuwiwugqus withwdwubte OREQ Ynpkph
ophtwlukip:

Ul.1-nud ubpiuyugwsé tu 22 hpwpjuughtt mupwspnid hpulju-
twgqws NPEQ Ynpkph Jpw (nju wthwdwubnnipnitubph wnljuynt-
pjul htnnbwupny wpwomgwms wnuyunnidubkp, npnup Jupnn G hwb-
qlgub] UEjuwpwdwt uppwyutph:

Cunniinwd £ wihudwubpmpimbubpp pudwiby kpym judph dkpa-
dwljipbuughtt b junppuyht: Unynpwpwp junppuyhtt wthwdwubnnt-
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pjntuutpp thtnpynn opjijnnttpt &b, hull dbpddwlbEpbuwghtubpp
wnuyunnud ki suhnudutiph wpnyniupubpp, ntunh nputg wqntgne-
pntutipp whwnp b quwhwndbu twppwt ndjujubph puwtwjulut
Ubkjuwpwunipnituinh hpuwbwgnidnp:

Zwunhwnud ki dkpddwlbptuughtt wthwdwubtpnipemniiubnh wqnk-
gnipniuiiph (UUU) Epine mbuwl] — wnuunnidutp wyt wbhwdw-
ubnnipiniuiiph Ynnuhg, npntp mbknunpdus Eu pungnitng LbEYunpng-
ukph dbpawuypnid (P-EddLln) b wnuyunnidutp, npnup htnbwp
ku utnn HEYunpnnubph mbnuppdwi (C-E$Ptljn) (Xmenesckoit u gp.,
2005):

p|‘ P.‘

P-EpPliljn
C-Lpdbhmn, P

-
L CEE R "
L3
.

: > >
' AB/2 AB/2
NhE2 Y o 1 2
y Y Y
i u\hwﬂnmm " IZI'\hwrmmhg
o E P
o, ;

.2, C-EpPhlin b P-EpPhlpn:

C-EddtEjunp wpnwhwjnynid £ NPEL §nph wnujunuudp wnwb-
dhtt pmgwspubph ntwpnud (Epp ubtnn LEunpngp hwjniuynd E wb-
hudwubnnipjutt Ypw): P-Etjnt wpunwhwjnynid E npyku Ynph
ninnquwhuwyug minuownpd ghdwnpnipjut wnwugpny wnwtg Ynph dth
thnthnjunipniuubph: Uju ghypnid thnpugnid E Ynph dlip b unyuhuy
Jupnn k obpinbph pwbwlh «ny hpujuy wybjugdudp wpnuwhwjnyby
(uy.2):

Lwtth np wthwdwubnnipnitutpp Ynph Jpu nitkinmd Eu wpu-
Junnn wqpbkgnipinit, wyn hul] wuwndwnny Juphp £ wpwowtinid hwu-
guk] Wjuqugnyuh uting b punnitng LEjupnpubph hwdpuudw htw-
puynpnipyniuubpp npuig Ypu: Uyn wthwdwubpnipniuitph nbnu-
nhpptinh npnonudp ywhwignid b tywnwljuyhtt ntuntdwuhpntpintt,
niunh 262 qnupuynpmidubptt hpujutwgynud Eu pugdusph dbswg-
dul pyupwtwlub puyny: Ujuyhuh swthnidubph dudwbwl UUU-u
wpunuwhuwjnynmd E npybu wuppbpulub «unudunhs»: Muppbpuljut
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wnuyunnidubpp yuunwhwlwbubph hwdbdwnnipyudp wybjh htion k
pugwhuwjnk] b hinwghby:

2EQ dbpnnp htwpwynpnipnit £ tnwjhu ntunmidbwuhpnipyniatbph
pupwugpnid quwhwnt] b htnwqu dbjtwpwtnipnitubpnid hwoyh
wnll] [nju) wthwdwubtnnipiniuubpp, ntunh Jipohtiu wnwewnplynid
E Yhpunt) wjuyhuh wnujunnudubph wejunipjut npiypnid:

Onunuynpnudp qupnbph mwpuwbywndwt dkpnnny (2ESU) myw-
hnynmud £ dhgojuduyhtt thnpp gpuwnwip hnphgnuttph nwpubgwnnid
(Demirtshyan and Minasyan, 2018), hkwmbwpwp wjtt wpwowplynid E
Yhpwrtk] hwnljuybu hpwphliwghtt junnygubpnid, Jupdwsdph wybih
dwtpudwut nhdpdipkugdut tyuwnwyny: Twubwynpuybu 22 dpdw-
okl gyninh nmwpwspnid hpuwjuwbwgyus NRER b QISU dkpnnubph nt
hnpuwwnwugph wnjujutph yEpnidnipjut ophtimly pipdwsd £ uly.3-nud:
Lljwwnbih E np 30U hqnpnipjudp opuwnwp hnphgntp, mknunpdus 20 4
hunpnipjutt ypu NPEQ Ynph dEjuwpwidwt wpyniuptubpnid sh wp-
wnwhuwynyt], npp wpnwhuwynydt) £ 22SU §nph dEjtwpuidwt wp-
mnitpubpny (1h.3): Zkwbwpwp, dhojuyuyhtt hwdbdwwnwpwnp thnpp
opwwwp hnphgnuttph hwjntwpbpdwt hwdwp wowewplymd k Yh-
npunt) 2ISU Ukpnnn:
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UL.3. NhEQ b Q3SU Ynpbph, b hnpwwnwbgph hwdwinbny dkjuwpwbinipnit. 1 - wjw-
quqqupwupujhtt wnwewgnidubp, 2 — dknpwynp, gpwnwp, jmyuwyhtt wmwyunpubp, 3 - hw-
Ubdwwnwpun wdnip jwuyhtt wyupbbp:
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Ujuyhuny, wolimwnmwipnmd hpujuwbugus Jbpnisnipiniiubphg
bjubny 22 wwpwspnid htwnkhtbh pupnbtqugpdu bt dhojuduyh
opwwwp hnphgnuubph hwjntwpbpdwt tywnwlny wpynibwdbn
phpudhqhjuljwi dkpnnitph hudwihp E hwinhuwbind ninnudhg
EEjunpugninuynpdut (NPER), nuownh Jhpuljutiqudwut qnunuynp-
dwl (F9U), hmdwunwpws Ejnpugqnuguynpdut (ZEQ) b nupwnh nw-
puiswndwt qnunuynpdwt (2ISU) dbpnnubnh hwdwhpp:

Bqpuljugnipinty

Zpwphiwghtt  nmwpwspubpmd  ppwlwbwugus  wppuwwnwupubph

thnpap pipnud E hbnlyw) tgpujugnipjniutkph.

e Zuwpyh wntbkny, wnwtdhtt wmwpwspubph pwpy phhbdught
wyuydwutbpp wojpwnwtph hpuwjwbugdwt tyuwnwlnyg wnw-
ouwpynid Lt hpwppuughtt nupwsputipnid nkghntiwy opwudbpd
otpuh nkhkdh pwpnbkqugpdut btywwnwlny Yhpwnetk] hwudw-
nkn NPEQ b MU dkpnnubpn:

e NPEQ dkpnnyny ntunidbwuhpmpniuubph dudwbwly jnjuy w-
hwdwubpnipniuiiph wejwmipyut nhypnd, npubg wqpk-
gnipjniuiiph quwhwwndwt tywwnwlny wowewplynid Lt Yh-
npunk] ZEQ Ubkpnnn:

e Uhoyujuyhtt thnpp hgnpnipinit niikgnn opwnwp hnphgnutbkph
hwjntwpbpdwt tywwnwlny wnwewplynid t Yhpwunt) EEjun-
puhbunwiniqujut 2ISU dkpnnp:

e Zpwphuuyghtt mwpwspubpnid gpuwbpypupwbttmju junhpukph
st tyuinwlng wowewplynid E Yhpunk) AREQ, AU,
91SU b ZEQ dkpnnutph hwdwhpp:
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CPABHUTEJIBHBINA AHAJIU3 METOJIOB
SJIEKTPO30OHAUPOBAHUS C IIEJIBIO OBHAPYKEHUSA 1
OTCJIEXKUBAHUSA MEXK- 1 IOJJIABOBBIX BOJAHOCHBIX
I'OPU30HTOB

HMemupusan C.M.

Pesrome

B pabote mis penieHus THIPOTEOTOTHUECKUX 3a/1a4 MPEUI0KEH H 000CHO-
BaH TeO(PU3NUICCKHI KOMIUICKC JIEKTPOPA3BEIOYHBIX METOJIOB.

INoka3aHbl orpaHU4YeHHs OOIICH3BECTHOTO METOJIa BEPTUKAIBHOTO 3JICKT-
puueckoro 3ouaupoBanus (BD3) npu HamMYMd MalOMOIMHUX TOPH30HTOB M
JIOKAIEHUX HEOJHOPOJHOCTEH. B Takmx ciydasx mpemiaraercs pemarh 3a1adu
C TIOMOIIBIO 30HAMPOBaHHMS MeTOnOM BbrduTanus moist (3MBII) u meromom
CIUTOIITHOTO 3JEKTPO30HIUPOBAHMSL.

C 1enplo KapTHUPOBAHHS BOJAOYIIOPHOTO peiibedha MpeiiaraeTcs BKIIOYATh
B MIPUMEHUMBIN KOMIUIEKC METOJ 3JIEKTPO30OHIUPOBAHMS CTAHOBJICHUEM OIS

(3CI).

COMPARATIVE ANALYSIS OF THE ELECTRIC SOUNDING
METHODS FOR THE PURPOSE OF DETECTION AND
INVESTIGATION OF INTER- AND UNDER-LAYERING AQUIFERS

S. M. Demirtshyan

Abstract

In this work, the efficiency of electric methods in volcanic areas is
suggested and justified for the purpose of solving hydrogeological problems.

The limitations of well-known vertical electrical sounding VES method in
the presence of thick horizons and local inhomogeneties have been shown. In
such cases, it is proposed to solve problems using the sounding by the method
of subtraction of fields (SMSF) and by the method of continuous electric
sounding (CES).

In order to map waterproof relief, the inclusion of the method of transient
electric sounding (TES) in the applicable complex is proposed.
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QUU epypwpwtulul ghunigniiiiph htunpunun, Bplaat, <wjusual

fles. @ &

2019p. hnijhuh 2-5-p 22 QUU Epjpuwpwinipjui htunhwnnunp
Zhpdhnigh ptwywhwywiwlwt hbnwgnunipyniiutph Jhunpnh b
TwpUonunnh nkthjujut hwdwjuupwh htn hwdwntny SEpdw-
thwjh Yppoipjut b hbnwgnuunipnitibph twhwpupnipu wewl-
gnipjudp hpwlwbwgply E «2puwyhtt nkuniputbph juynit jupwdwpnid
opwwwip hnphgnuttph juhuwnn ghpoquugnpédwdp wnwtidtiwgnny nw-
puswopowbpmu’ hwoyh wrbikyny Yihtuygh thnthnjumpjui wqpkgnt-
pintuttpp» ghnnwdnnny, htnlyw) phdwwnhl ninpnipniuttpny.

¢ onwjht nkuniputibiph junwduwpnid,

e onoquwgnpédnid,

e opuyhl nkunipuubph Ypw Yhduwgh thnthnpmpjut wqnbkgni-

pinLl,

e hhnpninghwljwt b hhypnEpjpuputwjut Unpijwynpnid,

¢ onh npuljh ghwhwwnnd,

e onpuyht nbnkjunyuljut hwdwlwugbp:

Fghutibph hwjwpwénitt hwuwtbh E htinbyw) hnnudny:

SGLpdwhwjhg dwutwlgl] Eu Mpnd. Lphunnd Tnibp,
Tupupnnunnh mkthjuljwi hwdwjuwpwi https:/www.geo.tu-
darmstadt.de/.../mitarbeiter_details_geo_4...
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Mpnd. Fhpun Guunikp, ZEjdhnigh phuywhywiwlwit htwnwgn-
wunipjnibtbph JEtnpnt https://www.ufz.de/index.php?en=38771

Yuy Yunbkp, ZEdhnigh puyuwhyuwiufjwi htnwgnunipnii-
ubph Ykuwnpnt https://www.ufz.de/index.php?en=40204

Uhpuytiy Cnipkipwn, Zbhjdhnigh ptwywhywbwlwb hbkwnwgnunnt-
pintutiph YEtwnpnt https://www.ufz.de/index.php?en=38802
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DRESDEN

"Enjjmb tundudpubpp npubtu  wbguh  wwindhgwjuyph
thngnjumpiub wpjuhy” dhowqquypt ghvnwdnynifp pugnudp nknh
niikguy ubwwnbdpkph 16-ht 22 GQUU twhimquhnipjut Ynp nuhih-
&nud, 22 QUU BAP mopkt vwswwinnip Ubkjhpubipjuth Ejnypny, nph
hwonpptghtt nuhthl dSwniunh b Uwplyniu dnioh (Fhpdwithw)
Enypukpp Juuws knpul bunduspibph giplwiului $htwbuw-
Ynpdwl, thpuw b wywqu wojpwwnwtpubph b twhwnbuynn htw-
punp dpwignbiph ubpljujugdudp: Uyu Enypttphtt hwenpytght gh-
nwljut qhynignidubpp: Ynubbpwbup owpnibwldtg 17.09.2019p, nph
pupugpmd  ubkpluwyugytg 30 qtlinignid, nphg 2-p htwghwnwlub
ninyuédnipjul, 4-p ukpiuyugytghtt ynunbnutph wbkupny, bu 2 qk-
Ynygubtp hpwyhpywsd dwubwgbwnubph (mp. Lint Gyhuljnynuywt (Un-
1Eynygup JEhuwpwinipjutt htunhwnnin) b np. Zudjbn Mhwnpnuywt
(httwghnipjutt b wqqugpnipjutt htunnhwnnin) Ynnuhg: dbpenid ubp-
Juyugytg Zujuwunwih mwupwsph punhwinip pjpupwinipniup (qk-
Ynignn Lhihp Uwhwljulb) b 5-opju wknuyhtt ghnnwljwi Epulynipuhwgh
mnhlbpp (qkYnigny Ywbihly Ind): Skquyht Fpuynipuhuygh ninkignygp
wnwugpyby k, hinhtwlubkpt Eu (Daniel Wolf, Lilit Sahakyan, with cont-
ributions of T. Wolpert, Ch. Richter et al, 2019, 58 p.):

Ghwnwdnnnyh 45 dwubtwljhgutphg 39-p wipnwuwhdwihg, 6-p nk-
nugh dwubwgbnubp, niuwbnpubp dwutwlgl] Bu bwl mknuyht gh-
nwlwt bpuljnipuhwyht: Epuljmipuhwtt tkpuenid Ep httwghunwlut
nbnuyuypbkph wyghnipiniuttp, htyybu twb Enpjub tundwsputph
Yupyusputn: 8nipupwbsnip Yupduspnid ubpluyugyty Eu juwnwp-
Juwés wohiwnwbputpp, nphg htwnn putiwpldt; Bt ntuntdbwuhpdwt
wnwowplnipnitutpp b ukpuyugdt] junphnippubtp: Unwehti Eplnu
optkph wygknipjniubpp hpwjwbuwgytghtt ‘Lnp @tnh b Lwnuh htw-
ghunwlub nknuduypbpnd, hiswybu bwb Lunup, Swpubp, belbnud’
Ulipwp, Uwphgniy, Uswenip b BL (border line) upyJwsputipnid, hw-
dwinittt guntph Unun: Unwehtt junwdpp tpponpn opdw wmbnuyhtt kpu-
ynipuhwtt wjwpntg Funuh-SEnupn wyghnipyudp: Upuljnipught wy-
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ghinipinibibpp thpunnud Eht twh Uwnunuwdutp b Uhwbwdwip hw-
dwhpubpp: Eppnune dwdwbtwl] dwubtwljhgtiphtt donwuybu ubkplw-
jugyty E uwl Zujwunwih hupniun Epjpupuinipinip:

Bplpnpy nbknujhtt ghnnwljut Epunipuhwi (20-22/09/2019p) tw-
luwntunid Ep wyghnipmitt Upgwpuh Zwbpuybnnipni, npht dwu-
twlgl) Eu 19 onwpbpypu b 7 ninugh dwubwgbwnutp (Ukhp Upgw-
hihg), wyn pynid 5 ntuwtinnubp: UZ-nud ubpluyugyly ki Uwpuwigh,
Uwnuynigh, Lntuwdnph b Ujghunnwh Enput Yupduspubpp: Uwu-
twlhgubpp wygkibghtt twnhduwip b Gwbtdwuwp hwdwihpubp: Ynb-
dtipwiuh dwuhtt Upguju-1 hipntunwnbunipjudp hwunnpynud, ajw-
puwhwtyt) b gnigunpyly k tpp dwuttwjhgutipp qunuynd Eht Lntuwdnp
JupyJuspnud:

dtpohti 5-ny onp, 22 Jhpunupdh Swtwwwphht, twjpwnbtudws kp
Stn gninh dnwn dkplugnn Enjjut juipqusph ukpluyugnidp b Upkuh-1
puwpwidwy wygknipniup: UYnubbpwtiuh opowtwljutpnid tunp hwdw-
gnpdwljgnipjutt htwpwynpnipjniutbp wpwewnlytghty, Yihdwjuluh
thnthnjunipnitiubph ntuntduwuhpnipiniutipt wybkh pingplnit nupa-
ubnt hwunwplubpny:

Ghunwdnnnyp dwutwljh $httwbtvwynpdty £ YQ@UU twpuwpupnt-
prutt Shunipyut Yndhwnth b Uz Aiu Uknwju hwbipwpynitwpbpw-
Jutb puypmipjwt Ynndhg:

Upunnpwlunubphtt Jupbh b Swinpwbw) hbunlyu; hwughkny:
www.geology.am/files/conference%20book.pdf

2019p. hnlunbdptph 15-htt  «Piwghnwljwb pwiqupuubbpp’
npybku ghnunmphquh qupqugdw gnpénu» phUdwny Uhewqquyht
ghnwdnnnyp dkjuwpltg 22 @UU §inp quhjhdnud: Uyt wdhpdws kp 22
QUU bEpyjpuwpuwtwlut ghunipniuubph  htunhnnmnh  Znghwitbu
upuybnjuith wtJut Epjpuputuljut putqupuih 80-wdjuljht:
Qhunwdnnynyh dwubwlhgubphtt nnonitukg 22 @UU Epjpuwputwlu
ghnnmipnitubph  httunhwnninh wbopktt vwswwinip Ubkjhpubpjuipn:
Unwohli opp Ukpljuwjugytghtt 11 ghwwlwl, bphypnpy opp 16
hwipwdwwngtih  qbilynygubp:  Znfubdpkph  17-18  ghwwdnnnyp
owipnitwlyt] £ dwutwlhgubph wyghnipjudp pubqupuuttp, htisybtu
twlb Upwpwwnh wpwybpnhith hwipwduwyp, «unupngh wbwnwn»
yhwnwlult wpgkng, «@nsnitttph» pupuyp, «Ubhwby wqquyhlt yupl:
Qhunnwdnnnyph juquuljbpydwit wewlgl; tu Cpowlw dhowduynph
twpiwpupnipnitp,  Gplwith  punupuybunwpwip, Zwjwuwnwih

90


http://www.geology.am/files/conference%20book.pdf

hwtpwgnpsuiph b dbwwnipgubph  dhmipjnitp, h 9h  9p
huptpubjpuw) juquuljtpuynipiniup:

Ghunwdnnnyh Wnipkpp Jupbih £ Jbpphnul] wju  hwughkng.
www.geology.am/files/Geoturism%20Conference%20book,%2015-
18.2019,%20Armenia.pdf

B&b wolhiwnwhgubph dwutwmlgn piniip wpnuwuwhdwiyub
ghnwdnnnyubpnid

Qtnphtwdhluygh b Epjpuputtujut Juuubqubph jupnpuwnnphugh
Juphy Upw Udwmquip 2019p.-h ubwywbdptph 18-19 Lnypny dwu-
twlgl) £ Ypwunwith Fupnidh punupnid mtnh niubgus AAPG Unl-
dtipwiuhtt “Discover Why the Black Sea, Caucasus, and Caspian Region is
Heating Up with E&P Activity”: Uwutwlgnipjniip dwuwdp dhtwb-
uwynpyby £ BQP Ynnuhg:

Avagyan A., Sosson M., Sahakyan L., Sheremet Y., Vardanyan S., Atalyan
T. Tectonic development of the Ararat Basin, Lesser Caucasus, Armenia. The
American Association of Petroleum Geologists, Batumi, Georgia, 18-19
September, p. 2019.

QLnphtwdhlugh b Epjpupubtuju Junubqubph jwpnpuwnnnphugh
woluiwwlhg, wuyhpwin Uknpu Uduquip Zendnmd Gnypeny Jwu-
twygh] t 34-pn dhowqquyhtt tunyuwspupwulub ghnwdnnnypl
Juquuljipyywé tunjuspugtntph dhpwqquyhtt wunghwghuwjh b
zonuh Uwyhbuqu hwdwjuwpwih Gpiph dwuht ghnnipniuitph nk-
wupunwdbkunh Ynnuhg: Uwubwlgnipmpiup $ptwbvwynpdty £ 22
QUU-h & QP Ynnuhg:

Ara Avagyan, Seda Avagyan, Tatul Atalyan Interacting geological
hazards in the Sevan Lake basin, 7.G The sedimentary record of earthquakes,
tsunamis, and other extreme/catastrophic events -Conference detailed scientific
program - IAS_ROMA 2019, 10-13 September, page 36. Sapienza University,
Italy, Rome http://iasroma2019.org/

QP ywhwnpninghuyh b hgnuunnwyuwjht Epjpupwiinipjut jwpnpunn-
nhugh Juphs Gwqup Qunuip, 6P wntopttt vwswwnmp Ukjhp-
ubtipjuiip dwutwygl] Eu Pupubintuynud (Puywithw) juyugus Golds-
chmidt-2019 ghwnnudnyniht jniypny’

Gh. Galoyan, S.-L. Chung, R. Melkonyan, Y.-H. Lee, L. Atayan, R.
Khorenyan, A. Grigoryan, N. Avagyan. Neoproterozoic-Early Cambrian,
Late Paleozoic and Late Jurassic granitoid magmatism on the N margin of
Gondwana, Tsaghkunyats anticlinorium of Lesser Caucasus, Central-Northern
Armenia.

Meliksetian K, Sargsyan L, Sugden P, Tseng T-L, Savov I, Navasar-
dyan G & Grigoryan E. Spatial Geochemical Variations of Quaternary
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Collision Related Volcanism of Armenia Linked with Seismic Data on
Regional Crustal Thickness.

BQP tpypuwpwiwluit nbnbjunduljut jupnpuwnnphugh Juphs
Uikpumtunp Unwphpjjubp b tnytu jupnpuwninphwh Ypuubp ghuwy-
Jluwwnnn Lupkl Swpuuywup 2019p. hnubkdpkph 14-18-p 22 @UU Qb
Shtwbuuwnpiudp Ukluk] ki Unulpjw Information Technologies in
Earth Sciences and Applications for Geology, Mining and Economy
(ITES&MP-2019) dhowqqujhtt Ynudbbkpwbiuhtt pumtwynp qklinygubpny
hwinbu quint byuwwnwyny: U. Unwpbkjwuih qtynygh Ykplwughpt kp
"Open Access to Spatial Data and Knowledge IN Earth Sciences through
Virtual Geoscientific Environment for Armenia", ‘U. Swpuujuithip’ "On
the Software of Landslide Real-Time Automated Monitoring System":

Phghuiktpp wwywgpyl; o Ynbudbpwituh  dnpnqubninud,
http://ites2019.sgm.ru

GQP wtopkt vwswwnnip Ukjhpubpjuip U hpwpjuwghwnnipju
jwpnpuwninphwjh wojunwwnwlhgutp Utph Uhuwljjwmup b Glnpg Lw-
Juuwprgubp 2019p. hnijhup 18-21-p dwubwlgl) G dpwunnwith Fni-
otiph punupnid mbnh ntikgué «¥Enwnniphquh htwpwynpmipniuubpp
Zupuwyuyhtt YUnyjuunid wunpuuwhdwbughtt hwdwgnpswlgnipjuis hw-
dwup» dhowqquyhti ghtnwdnnniyht: Lubwplybt; b Ephpnid ghnuni-
nhquh qupquguwt b wqquyhtt gbnwupltph hhdbwugpdwt htwpw-
Ynpmipjnitiubpp b wyn wenidnyg winpuuhdwbwghtt hwdwgnpswlgne-
pintun: Fninnp dwhuubnp hnqugky £ hpudhpnn Ynndp:

2019p-h Ubkwunbdpkph 9-30 hpwpliwghunipiut jupnpuwnnphugh
ghnwohiwwnnng  Lhihpe Qbopquip Swuynthujh Ynunn  punupnid
Uwutwlighy E 3NPLEUYO-h nhjuduwpnipiudp (thngnidbjut hwdw-
ruupuinud jugquuljipyuws «Mundwdswlnipuihtt opwpnutph wnkwn-
ubph Junwjwpmup» piduny dhowgquyhtt dpuwgnpht: Uwutwligni-
plul pninp Swhiubnn hpwlwtwgdt £ 3NRLEUUO-h Ynnuhg: Opw-
ghpp twhwwnbujws . wnbnubtph junwjupldwi dwubwgbnubph
Swinpugubint dpwlnipuhtt oowlutbph fjuhunn  wnwudtwhwwnnly
hunhpubkpht, hush hwdwnp juquultpyws tht hwinhynidubp Sw-
wnuhuyh wnbnubph junwjupdwit nknuljut b wgquhtt Spwuagpknh
hwdwlwpgnnutph htwn: Opwgph pupwgpnid Thihp @unpguubp ubp-
Jujugnl; £ 6P Gphpuwpwiwljut putqupuinp, wunhpubpt nt ju-
plnipiniup: Upgniupnid hpwdhpnn  dwubwgbnubtph hbn dhwuht
Uowljdl E Bphypupuwtuwljut pubiqupuith wnbniubph junwupdui
wwl, nph wpyniopubpp tbpuyugdl; o 6P Gplipuputnipjut
pwbqupuih 80-wdjuyht whpjws «Puwghnwlut puwbqupuittpp
npuku gininniphquh qupqugdwt gnpénti» ghrnwdnnnynid:

U.p. hnluntdptph 30-hg dhtsh unjtdpkph 1-p Uujupugh whnw-
Juwb hwdwjuupwiunid wnbtnh niukguy «Caucasus Mountain forum 2019»
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ghtnwdnnnyp, nphtt dwubimlgghti 14 tpyph Zwyuunwih, Ipuun-
uh, Ungpplowith, Mniuwunwbh Fwotmpub, bpwth, Unpdtghuyh,
Cytjguphuyh, Prnwhwygh, Udunphwjh, Eunnthugh, Qijpuhtuugh, UGS
Pphwnwthwyh, Undkuhwgh, @nipphuygh ubpluwyugnighsubp: ©Qb-hg
dwubwlghy tu  Uhpuykp Qunpquip, Zuyly Pghpjumiup, Epw
Uwhwljjmip, Lhthp Gunpguip, Unipkt Unwpbpjuiup: Uhyngundwi
pupwugpnid qlnignidutipp whpdws Ehtt YUndjuyjus nmupwswppewih
unghw-inbnbtuwlwt qupqugnidubpht, epwyhtt nkunipubph b dnwu
Eynhwdwljupgbph  wwhywudwbp, uwwhdwbwhtt jubnhpubpht,
Yihvdugh  hnthnjunipyutip,  Yppoipjut b juynit - qupqugdwip,
qenuupponipjult  qupqugdwip, JEluwpuquuquinipuip b wy
hhdtwhwpgtpht:

BGP woiwwnuljhgukph dwutimygnipiniip wpnwuwhdwinid
Yppwljuit dpwgpbphl

2019p.-h dwjhuh 30-hg hniuhuh 10-p @Enwppubninghuwyh b ginun-
uhpnphtgh jupnpunnphwgh ghnwppiunny Zuyl Pghpjubip «Lhyunh
Unkh» puybpmipjut bpwdbpnd wyghihp b S&wwnuhw, gbhwnwght
tunywsépubph ninwljdwb ophtiwswthnipinitiubnh, junwdupdui b
httwpuynp hbntnutphg wuwonyuidwt ptwgqujuenid Kwwnthwjh
Uowljus b juytt jhpwpmd niikgnn tnp dbpnnuwpwtnipjutp swinpw-
bwnt hwdwp: Uhty wyp juquuibpynipjut wojuwnwlhgutph htn
hpuwlwbwugdt] Bt woppwunwtpubp Uquun ghnp tunduspulniinwl-
dwl ophttwswihmpniuubpp, ghnh htwpuynp Jupupnidutpp, oph
dwjupnulh ukgnwght thnthnjunipniiubpp yupgbnt tyuwwnwlny:

Unwownlyl] tu tnp udnwnbkgmdubp dwuwyntwugh gqnpépulbpubph
htwn Zwjwunwinid tdwbwnhy ntuntdbwuhpnipynitubph hwdwp: Ug-
ghinipjutt pupwugpnid wmtnh b niukgh] &wwnthwjh Uhowqqujht Zw-
dwgnpbuljgnipjul Cujpnipjut thpljuyugnigsh hin hwminhwynud, ny
npulwib k quwhwwnk] Spughpp:

2019p.-h hnithuh 17-28 Zuyy Pghpjuwip dwutwlghk) b dulh Zw-
dwjuwpuith Futwywhywbwluwt Ghwnnipnitubph Swlnynbnh b
Uhwghw) Uqgbph Guquuljbpympjut ptuyguwhyuwiwlwt spugpbph
pwduh Ynnuhg juquultpydws «FEndwnhpu Juynit spowlju dhow-
Juyph hwdwp» junpugpny JEpuyuunpuundwt spugphti: Opwugqpht
dwutwljgnipjut npudwtnphp wipyky k£ dubtth hwdwjuwpwh Ynnuhg,
hul] dwtwywphwdwhup b Yhgnipjut swhubpp 22 QUU Gphpwpw-
twlwt ghnnipniutiph htunhwnninp: YEkpuyunpuundwip tkplw-
jmgyty Eu tnp dpwqpuyhtt b hwdwlwpgswjhtt Uninkgnidutp, npnugny
wnwybk] wpynitwybn Jupbih £ sk Epjpupwbulut b phwwywh-
yuwbwluwb punhpukpp: Ldwbwwnhy Spwugpkphg k InVEST-p, npp poyy
E mwhu Yihdwgh thnithnjunipniithg jupudws hwpduplt; Eynhwdw-

93



Jupguyhtt swnwnipniutbpp b dpwljk] hbnbwupubph dknddwt nwgqg-
dwjupnipmitp: Opwugph wjwpnht dubh Zudwjuwputh ftwuyuh-
wuwbwlut Ghwnnipnibubph dwlinyunbnh nijwth @ Uhwghw; Ug-
qgiph Ywquulbtpynipyut ptuwywhywbwlwbh dpugpbph pwduh ubkp-
Juywgnighsutinh htwn putwpldl) Eu 2Z2-nid uvnnwugwsé ghwnbjhputph
ubpppuwt, hwdwwnbn dpwugptph dowldwt b Fubh hwdwjuupwuh
$nunhg dhttwbiuvwynpnid vnwtiwnt hwpgbpnp:

B&P Lhpninghuwjh b nhghntwy Epjpupwinipyut jwpnpunnphugh
woumnwhg phunhttn Uwhwljwip 2019 pdulwih ubwunbdpkph
30-hg hnljnbkdpkph 4-p dwubwlgh) £ SEpdwithugh Epjuugqkl punuiph
hwdwinitt hwdwjuwpwinid nbnh niikguwsd «International Course of
Organofacies Analysis - Sedimentary Organic Matter - Principles & Appli-
cations» Yppwlwb dpwqpht: Opwghpp twhwnbudws kp tpwig hw-
dwp, nyptp hkwnwppppdws Eu tunduspuyhtt wywpubpnid opquiw-
Jwt Wnipkph niundtwuhpnipjudp: Ywuptipugp punugus kp qu-
uwpununipjnittbiphg b dwbpunhnwlujht jupnpunnp wyhwwnwip-
ttphg: Opwgnph fuquultpwhsp Stplwthugh Zwmbipkng punwpnid
guniynn GeoResources STC Yhuwpntuh qiluwynp Epjpupwtt . Zwupun-
uUnip Skqut k:

Ujgtnipiniup dwuwdp $huwmbuwynpyly £ B3P Ynndhg: Opwgph
pupugpnud nuuntdtwuppyly ko twh Upgujuh Lwphll Swl puputdw-
Up thhph wpbbpwl yunhg Jhpgdws tunipbbph dSwnluhnghtt ww-
1EndhowJuyph YEkpuwluiqudwt hwdwnp:

2019 pYwlwuh unjtdpbph 24-hg nkliwnbdpkph 14-p BQP Lhpnn-
ghwjh b phghntuy Ephpupwtnipyub jupnpunnphugh Ypnubp ghuwy-
huwwnnn Zuyly Zndujhdyjuip gnpéninyl) £ Pnynuphwyh Ghunipni-
ubph Ujunbdhw, Gphjpwpuinipjut Phunhnnmwn (ypndbunp Lunhw
Oquyuinqu Mtniudtundujh htn hwdwwntby), phuwnndwiht ophuninubph
niuntdttwuhpnipiniuittp hpwjubwgubint hwdwp: Minbnpnipniup
dhuwiuwynpyty £ ynypuljjut hhdtwnpudh b QP Ynnuhg:

AP hpwphiwghinnmpjut jupnpuwnnphwh wojuwnwlhg Ukph
Uhuwljjutp 2019 pquljuih umbtdptn 18-hg nkunbdptn 17-n gnpénin-
yt t @hpdwthw (Qhukth, Sniuwnniu Lhphgh hwduyuwpuil) «hn-
wupkpp pwnqunnipput hwdw’p. @Ennniphquh hwpudnpoipynia-
utpp Zwpwquyhtt Undjuumd wunpuwhdwbwhtt hwdwgnpsuligne -
pjul hwdwp» DAAD spwgqph ppowtwaljubipnud:

Lyuinulp nbuwljwi b gnpstwljwi tbpypoid mbkbuy spugphl
wnlsynn tyunulibpnid’ juuduws ginyupkph hhubwgpdwb b ju-
pwjwupdwb htwn, hwunn nignuénipjudp wiunpuwhdwbwhtt qhn-
wwpytph ypw: Bnpnp swieubpp hnqugty Ehpudhpnn Ynndp:
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22 QUU Stnkjwghp, Shunipmniuubp Gpyph dwuht, 2019, h. 72, N 3, 95-96
Wssectnas HAH PA Hayxu o 3emie, 2019, 1. 72, N 3, 95-96
Proceedings NAS RA, Earth Sciences, 2019, v. 72, 3, 95-96

QpSNhE3UL UNrNkhUSLEN

NUSEY SPGLULD UPLPOULSUL
(1932-2019)

- 2019 unjtdpbph 9-htt jupd&wwnl hhgui-

-2 nnipjniihg htnn Jupudwin]tg 22 @UU Bpy-
puwpwbwlwb ghwnnipniutph httunhwnninh
Juunuwluowwn  ghnbwlwb, Jhpunwlwb
Epypwdbhqhluyh nnpunh fwbwsyws dwutiw-
gtw, 22 @UU Epypuputwfwi ghnnipinii-
ubkph htunhunnmwnh wjwq ghwnwhiwwnng,
Epypupwiw-hwipwpwiwlut  ghnnipniu-
ubph phlijtwsént (twudphly Shqgpuuh Uhphowiti-
jwup: (. Uhphowiywtp stk L 1932p. tnjtd-
ptph 11-ht, Qnuiph (Lkuhbwljwb) punw-
pnid: 1956p. unlulpmhl E Bplwth whnwljwt hwdwjuwpwih Eplpu-
putwlut dwlnyunbnh Epypudbhqhluyh pwdhup b hp wojuwnw-
puyjhti gnpédnitbinipniup ujul)] Zwjwunwih Gphpupwwluwt Jupsnt-
pjul hwdwlupgnid: 1976p. wuownwwuk] E phjtwsniuljut wnbkuw-
lununipynitp b unnwgh] Epjpuputw-hwipwpubtwjut ghnnipmniuuk-
nh ptjuwénih ghnnwjut wunhgw:

1956-89pp. tnk] L 22 Epypuputuljut Jupsmipjut Eplpuputw-
tpypuphghjuljut  wppujupedph - qluundnp - pypwphghynu,  1989-
94pp. 22 hwipuwjht nkunipuibph twjupwpupnipjut pkghniuy Eplpw-
pwtnipjul, tphpubhqhluyh, twyph nt qugh Jupsnipjut yhwn, 1995-
2000pp. 22 wpunwlwpg hpudhdwlutph qupsmpjut dgiwdwdughi
Junwdwpdwb hwpgkph htunnhwnninh nngkuwn:

2003p.-hg wowwnk) k 22 @UU BAb-nid npuytu wjwg ghuwy-
huwinng:

Puipdp ypndbuhntwhqud b pupkjuhnd woiwwnwip, uputp wyh
Juplunp gékpt Gu, npnup ks hwpquip nt hinhtwlmpmt Gu phipky
(. Uhphowtywuth:

Luyt k tpw ghunwljut htwnwgnuunmpmnibiubph opowtwljubpp’
punhwnip Epjpuphghlju, hnpunwigpwhl, dhoniljughti kplpudh-
qhlw, Epypuetpunipnil, ubjudwpwinipjut npny hwpgtph Epipudh-
qhulut dbkjuupwinidubp b wyb:

Lowttmjuih £ (2.Uhphowtyuh ghinuljut nt wpnwunpuljut gnp-
dniubnipiniup pugkpph htnnwgnundw nt ntuntdbwuppnipjut njnpun-
ubipnud: Zwbipuybnnipjut mupuspnid hnpunwugpbph Eppupwtw-
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Jut Yupdwspubph tphpubhqhjuljut ntuntdbwuhpnipyniuutph hhd-
twnhpttiphg nt juquultpuyhsutphg k: Uudhowlwbh dwubwlgnipmil
E gnigupbpl] dbnunujhtt ognnuljup hwbwénubph, hwbpuyhti no
pungpwhwd optph, junppuhll tpljpupwiuljull jupnygutph, Guph
nit quqh Ynunwlnudubph npnunnquijutt b hknwpjimiqujut hnpw-
wnwtgptph niunidtwuhpdwt  Epipudhghuljut dbpnnutph  ubkp-
npuwt nt Yhpundwl, wpnyniupubph Epjpupuwtuut dkjtwputdwtt
wntsynn wpjuwnwbipubpnid:

Uljuhwyn t (FUhphowiywth wjwinp Zujuunwinud dhgniljuyht
Epypudhqhuyh Swywdw gnpénid, hwnljuwybu Yupjwspubpnid
ubjnpnuughtt dbpnnutpng wshiwgpwshuubnh hwynbuwpbpdwi, his-
whu twl phwut Jhdwlmd (Enttughtt thnpjwspubph wwwnkphtt nu
wnwtdht tdnptbpnid thtnnpynn ogurnujup mwppbph wejuwnipui nu
wupnibwlnipyut Swpwquypuwsuthuwhtt Ukpnnubpny npnydw ninpun-
ubpnid: Lyt fwbtwynid niukt (2. Uhphowtyuth punkpph obpunipjun
Jtpwpbpynn niunidtwuhpnipnibbpp. Zuywunwih Epypuetpduyght
wuwydwubbph tjwpwgpnipnil, okipdwyhtt nwowntph punipwgpkp, sw-
thnpnohsubph  puwopuidwt  ophtwswthnmipmitubph  puguwhwynnidubp,
tpypwetpduyhtt hwupwduwypbph npnudwt hbpwtlwupubtph quwhw-
wnnidubp:

Nupwnpnipjut £ wpdwih (FUhphowiywuh dwubiwlgnipiniup
Utpdbphwiywb spowtth wnupkp tundwsputnh vwhdwbttipnid uinnp-
gy ququjhtt snbkdwpwtubph npntdwt, htywbu bwb shttwpw-
pnipjut nt pwhwgnpsdwt pipwugpnid mkhutninghwljut Jepuwhuljdut
Epypubhqhuut dbpnnutph dpwljdwt b hpwlwibugdwt wohuw-
wnwbpubpnid: Swuljugwsd bEpyph hwdwp, hull hwtwdn Junbihpw-
Eutipgbwnhl ntuniputitiphg qnipl Zuywunwth hwdwp hwnjuybu, qu-
quupwpubph wniuwjnipjniup nddup k ghpuguwhwnt): Zujuunwh
wjwhiwugnidhg htwnn (. Uhphowiywtp duwnnighk] k thnpdughnwlub
nt junphppunjujub Swnwynipniutbp Zudwohiwphwiht Futlht, dh
owipp wpubplpyu pulbpnipnitubph, npnip Zuyjwunwinid bwyph nt
quqh, Epjpuetpuuyht tukpghuyh nkunipuibph quwhwndwt nt hwb-
pwyuypbph npnudwtt minnywé gnpénitbnipinit Eu Swdwbky: (.Uh-
phowiywip wykjh put 30 ghnwlwt hngJusubph htinhtwl k, npnughg
owwnbkpp niukt ny dhuytt ghnwlui, wy twlb Jhpwpwlut tywbw-
Ynipinii: 1979-2018p. (. Uhphowiywip tnky k 22 QUU Ghunnipnibaubp
Eplypp dwuht nkntlugph pdpugpujut Ynjkghwyh wnwd:

Lw bplup wwphubp quwuwquint] £ Bphwth yhnwlwbt hw-
dwjuupuith tpipuwputwlut dulnynbnnd b Uké wdwun niukghp
tpypudhqhljuyh nnpnp pupdpnpuly junpbph wuwinpuundwt gnp-
dnid: Ujuop tpw uwtbphg pwwnbpp Epypubhqghluyh ninpnh dwbwg-
Jwd dwmutwgbhnubp Eu:

220U tppupuiwljub ghnmpiniittph hiwnhunnin
223UU «hunmipynibiikp Gpyph dwuhbs inbnbljugph judpugpoipynit
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ALUSCP QBIUHINNTUL TUuNuvuert

1. Zujwunwih Zwipuybnmput Ghumpmnibbtph Uqquyhtt Uunbdhwh  “Ghumpnibtbip Spyph
dwuht” nhnkjugpnud hpunwpulynud i Zujwunwinud b wpnwuwhdwbyuwt ipypubpnud Eppuputmpyut,
Epypudhqhljuyh, ukjuininghuygh, (etught gnpéh, Hyngnphuhugh, dhahfumlumb wymphwgpnipymt b Gpyph
dwuhl ghunpnibubph wy wuywpkqubpnid mwpynn nbuwlut, hopdwpupuluwt b jhpupwlub htnwgn-
unnipnibbph wpnniupubpp:

Znnwstbpp ubphuyugdnmd ku huybpbb, ponwubpbt jud whqikpt (kqyny, nyugpmpjut hwudwp wwwn-
puuwn Jhfulnud, hpwnwpwludw pnyjudnipyut b ninklgnn twdwlh htn dhwuhbe: Skntjugpnud poynp hpw-
wnwpulnidubpp wnwig hntinpuph u:

2. znnJush swjup, tkpwnjwy wunlkpubpp, npnig phyp swbwnp t wuguh 3-hg, thpunyuy “w”, “p” b wyjh,
wnniuwljubpp, wulthnthwghpp, ogunugnpsyjwsd gpuijuiinipjub gulp, whwnp t juquh dnwn 12 te: Skpuwnp wh-
hpwdtown £ wuwnpuwuwnk) Microsoft Word-ni GHEA GRAPALAT wwnwinkuwljh oginuugnpddwup, 12 swthny b 1.5
huwntpyuny], wrwhg nnnunupdbph: Fwpnbpp whnp khuki. Qujuhg' 3ud, Ykplihg b ipplhg® 2.5 ud b wghg'
1 ud: ZnnJwdp ubpjuyugynud 2 ophtwlyny, jnipupwbgnipp hinhtwh (hinhtwyutph) vnnpugpnipyudp b
EEupniughtt muppbpulyny, CD ujujwurwlh pu:

NMuunybkpubpp, pruwbupibpp b wpnruwljutpp, hwdwpwluwdwi b paguinpuqpbph htin dhwupt, whnp
E (hukt ub-uyhwiwly, A4 dnpuwinhg ny UkdS b wpuipg puptnubh: Munlkpuiph hwdwlwupgsuhtt mwppbpulubpp
wkwnp Ehukb “bmp, *.tif hund *.pex nplwntibpnyy, 200-600 dpi punupdwluwdp (Ykwn/nynud):

3. Zknhtwlukpp whwnp E hknbth wluwgptpnud hnpjusubph nyugpdwb pigniiws jupght. hnnpdush
Jptwghpp, htinhtwlh (htinhtwlukph) widui- huypuifu uyqpiunwuekpp b wgquiinitip (wqquiniubpp),
Juquuljbpynipniiip b hwugkl, tkpunjuy E-mail-p (kptk hwdwhbtnhtwlubpp wwuppkp juquulkpuynipmniaik-
Rhg kb, pipdnud ku pnjnph hwugkbbpp® juuulgdus wunnuhyny), hnnjuwsh winnwghwi (8-10 wnn), hhdtw-
puntipp (7-9 pun): Uww hinlnwd ki hopjush hhdtwljut nkpuwnp, yupnu lgkn wsh nywgqpuwh
twwwnulp b ghwwbwh inpnypp, wdthnthwghpp pnwebpbt (hwybptl) (Eqdny b winnwghwt whgkpk (kqyny:

4. Oqunugnpdws qpujuimpnibp phpynud £ pighwinip gnigung’ wpwdht boh Jpu: Zknhtwlutph
wqquiniiipp qpynud o wyppkiwljut jupgny (wpwehtip® hnnpjwsh (kquny, wwyw huygkpby jud nnubpki,
Jhponud® wpldnwbypnuyuljut (kgnitipny): Skpuinmd dkgplipynn hnnudp phipdnud £ Yinp thwljugstpnud, htinh-
twlh vhuyt wqquinjut tpdwdp, puophtiwmlh (kqny, tpk htinhtwlutpp kpyniuhg wykh G, pynud £ wnweht
hwiwhbtnhttwlh wqquinibp b wyb, wyw® hpuywpwldw wwupht:

5. Ukgptipynn qpuljuiinipjut guijp dbwynpynud & htnlywy Ypy. w) gppliph hwdwp tpynud B htinhtw-
Yh (hknhtwlutph) wqquuniup b widuwi-hwpuigut ujqpuunwntpp, hpunwpwldwi wwpbphdp, qpph phy
wlduinudp, npuinkn £ hpunwpulgty, hpunwpulsnipniup, kobph pwbwlp; p) wduwgpuyhtt hnpjusutph hw-
dwpn' htnhtwyh (hinhtwlubkph) wqquuniup b widui-huwjpwidui ujqpuuwnwntpp, hpwnwpwldw wwupbph-
Up, hnnjwsh 1phd widuunudp, wduwgph widuinudp’ hwudwdwgy punniadws hwwywynudubph, hwnnpp, wd-
uwgph juwd pnqupliwt hudwpp, tobpp; q) gpplipmud (hwjwpwsniitipnud) qinbnyus hnnpjustbph hwdwp®
htnhtwhh (hknhtwlubph) wqquunibp, widui-hupuidui uljqptunwntpp, hpuwnwpuldwut wwpkphdp,
qppnud hnndush 1phy wiuinudp ( ....... ' qppnud), gpph wijutnudp, npunkn E hpuwnwpulyt), hpunwpuljsnt-
pniup, kotipp: ) ubnuuqptph hwdwp® htinhtwlh wqquiniup, witdui-huppuidui ujqpununtpp, wnkbw-
ununipyut wijuwinuip' hwdwdwyt pugniidws hwwywydwb (ophtiwl]” Eplpwp.-hwp.qhwn. phljuwdnih ghwnw-
Jul wunhfwih huygdut wnkiwjunumpui ukindwghp), punupp, juquuljbpynipniip, npnkn juyugl) &
wupinywinipnip, mwpkphyp, tetiph pubwyp:

6. PJupljdud ywhwhgubpht spudupupnn hnnJustbtpp sk pgnignud:

7. Uppugpnithg htinn jpugnudubp sk wpdnud:

8. vlpugpmipjutt Ynnuhg hnnush dbpdudwt nhupnud hinhtiwht JEpunupdynud k piwgph 1 ophtiwlp b
ulpugpmipniit hpku t Jhpuwyuhnud hopush dhpddwt wuwndwnubph dwuhlt pubudbg squpkne hpw-
Unilipp:

IMPABUJIA OPOPMIJIEHHUA PYKOITUCHU

1. B xypnane cep. “Hayku o 3emne” U3Bectuit HatmonansHo# Akanemun Hayk PecryOnuku ApMeHHs myOianKyoTcs
Pe3ysbTaThl TEOPETHYECKUX, DKCIICPUMEHTAIBHBIX M MPHKIAIHBIX HCCIICIOBAHHUH, IIPOBOAMMBIX B APMECHUH M 3apYOEKHBIX
rocyaapcTBax B 00JaCTH reoJOrnu, reopu3nKH, ceiicMoJI0rnl, FOPHOro JeJ1a, IKOreoXumuu, pusnyeckoii reorpaguu u
B JPyrHX HAmpaBieHUsX Hayk o 3emiie. CTaTbd NPEACTABISIOTCS Ha apMSHCKOM, PYCCKOM WIIM QHIJIMHCKOM SI3bIKE B
OKOHYATENIbHO MOATOTOBICHHOM BHAC BMECTE C COINPOBOAMTEIBHBIM IMCHMOM M PaspelIeHHeM Ha omybinkoBaxue. Bee
myOJIMKaIMK B )KypHale 6e3roHopapHsbIe.

2. O6beM cTaTbd, BMECTE C WUTIOCTPALMAMM, YHUCIO KOTOPBIX HE IO/DKHO HpeBbIIATh 3, BKIoOYas “a”, “6” u T.n.,
TabiMuaMu, pestome, Oubimorpadueil  Io/DKeH cocTaBisATh OKoJO 12 crpanui. TekcT AOMKeH ObITh IOATOTOBICH B
penaxrope Microsoft Word ¢ ucnons3oBanuem mpupros TIMES NEW ROMAN pasmepom 12 u pacnedaran B HHTEpBaje
1.5, 6e3 nepenocos ¢ nousmu (cinea — 3.0 cM, cBepxy, cHu3y — 2.5 cm, a cripaBa — 1.0 cm). Cratbst npejicTaBisieTcst B 2-X
9K3EMILIIPAX PACIICYATKH, TOIHCAHHBIX aBTOPAMH, a TAK)XKE B JIEKTPOHHOIT Bepenn Ha aucke CD.

Pucynku, Gpororpaduu u TaGIIHIBI BMECTE ¢ HyMEpalMel U MOIMHCHIO JIOJDKHBI ObITh YepHO-0eibiMu, popmaToM A4 1
YETKO BBINONHEHbI. KOMIBIOTEPHBIN BapHAHT PUCYHKOB JOJDKEH ObiTh B (opmare *.bmp, *.tif win *.pcX ¢ paspemennem
200-600 dpi (Touek Ha joiim). TToapHCYHOUYHBIC MOAIKCH NPHIATAIOT HA OTAEIBHON CTPaHHIE M ODOPMISIOTCS COINIACHO
TpeOOBaHUSM.



3. ABTOpaM cieayeT NPUAEPKUBATHCS OOILIENPUHATON B JKypHale CXEMbl CTAaThbH: Ha3BaHHUE CTaThbM, WHULUAIBI U
(dammis aBropa (aBTOpPOB), OpraHM3alms W axpec, BiiIodas E-mail (ecim coaBTopel M3 pasHBIX OpraHHM3aUMi, TO
NPHUBOLITCS aJpeca BceX, NPUBS3aHHbIC CHOCKAMU 4Yepe3 3Be3/04Ky); aHHOTauus ctartbu (8-10 cTpok), 1mociie aHHOTAaLMK
KIIFOYEBBIE CJIOBA (7'9 CJ'IOB), OCHOBHas 4aCTb TE€KCTa, € 00513aTeJbHBIM VKa3aHueM e U Ha!'—lHOﬁ HOBHU3HBbI CTATHH,
pe3ioMe Ha pycCKOM (apMsIHCKOM) sI3bIKE U aHHOTAIMS HA aHIJIMICKOM SI3bIKE.

4. J'[I/[TepaTypa NIPUBOJAUTCA OGLHI/IM CIIMCKOM Ha OT)]eJ'leOi/'l CTpaHuue. Damunun aBTOPOB pacmnojararTcsa Io
andanuTy (BHa4aje Ha sA3bIKE CTAThU, 3aT€M apMAHCKUE WM PYCCKHE, B KOHIE 3alajHOeBporeiickue). B Texcre cebuika Ha
JIMTEpaTypy HPHBOAUTCS B KPYINIBIX CKOOKAaX ¢ YykasaHHeM (paMHIMM aBTOpa 0€3 HHHMIMANOB, B OPHMTHHAIBHOI
TPAHCKPUIILHIH, @ ECIIH aBTOPOB GoJIee IBYX, TO yKa3biBaeTcs (paMHINs IIEpBOro COABTOPA M JP., 3aTEM I'OJl M31aHHs.

5. CIMCOK LMTHPYEMOil IUTepaTypbl 0QOpMIIIETCs CeIyIOIHUM 00pa3oM: a) I KHUT' yKa3blBalOT (haMUIMIO aBTOpa
(aBTOPOB) U MHHULMAJIBI, TOJl U31aHHUS, IOJIHOE HA3BAaHUE KHUI'M, MECTO M3JaHHs, U3aTeIbCTBO, KOJMYECTBO CTPAHuULL; 0) s
KYpPHAIIBHBIX cTareit — Cl)aMl/lJ'II/IH W WHUIMAJIBI aBTOpa (aBTOpOB), TOX U3JaHus, IIOJIHOC Ha3BaHUE CTAaThbH, HA3BAHUC XXYypHAlla
COIJIACHO TNPUHATOMY COKpAILCHHIO, HOMEP TOMa, HOMEp j>KypHaja WIN BBIIYCKa, CTPAHHLbI, B) Ul CTaTeil B KHUrax
(cOopHMKax) — GaMHINS ¥ MHULHAIBI aBTOpa (aBTOPOB), TOJ] U3JaHMUs, MOJIHOC HAa3BaHUE CTAaThbU B KHHUTe (muimercs B KH.:
“....”), Ha3BaHUE KHUTHU, MECTO M3JaHUs, U3ATEIBCTBO, CTPAHMIIBL; 1) Ul aBTOpedepaToB — GpaMuINsg U MHULKAIBI aBTOPA,
Ha3BaHUE CO CCBUIKOW COTJIACHO TIPUHATOMY COKpAIlCHUIO (ABTOped).LlPlCC. Ha COHUCK.yY.CT.KaHA. HJIH TOKTOpa HayK), roponu,
opraHusanus, rie COCTosIach 3alluTa, rod, KOJM4eCTBO CTPAaHULI.

6. CTaTLI/I, HE OTBCYAIOIIHUE IEPEUYNCICHHBIM T‘pCGOBaHI/IﬂM, HE IIPUHUMAIOTCA.

7. JlononHeHus B KOPPEKTYpy HE BHOCSTCS.

8. B cliydae, €CJIM CTaTbs OTKJIOHCHa pCHaKHHCﬁ, aBTOPY BO3BpalIa€TCA OAUH DK3EMIUIAP PYKOIHUCH, U pEAAKLUA
OCTaBIISIET 3a CO0O0M IIpaBO HE BECTHU AUCKYCCHIO 10 MOTUBAM €€ OTKIIOHCHUS.

MANUSCRIPT PREPARATION GUIDELINES

I. 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.
Avrticles are submitted in Armenian, Russian, or English as finally ready manuscripts enclosed with a cover letter and
letter or authorization for publishing. All publications in the journal do not provide for any royalties.

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

Figures, photos and tables, numbered and with captions, shall be black-and-white in A4 format and of good quality.
Electronic version of figures shall be in «.bmp, «.tif or .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.

Ioxmucano k nevarn 04.12..2019 r. neu. . 6,25. 3aka3 N 984
Bymara opcernas 1. Tupax 150 sk3. Liena noroBopHas.
W3narensctBo “T'urytion” HAH PA. 0019, Epean, np.Mapmana barpamsina, 24r.
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