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PETROLOGY

GENERATION OF LOWER-MIDDLE JURASSIC TRONDHJEMITE
SERIES IN THE LESSER CAUCASUS
(REPUBLICS OF ARMENIA AND MOUNTAINOUS KARABAGH)

Galoyan Gh.L.

Ingtitute of Geological Sciences, NASRA
24a M. Baghramian Ave., Yerevan, 0019, Republic of Armenia
E-mail: ghazar.galoyan@gmail.com
Received by the Editor 02.09.2021

Abstract

The age and geotectonic history of trondhjemite (plagiogranite) magmatism of
Mesozoic is especially important for unraveling the geological/geodynamic evolution
of the east-southeastern segment of the Lesser Caucasus (LC). Issues for a more defi-
nite and comprehensive interpretation of tectonic implications of the LC ophiolites
with adjacent Somkheto—Karabagh and Spitak—Kapan Jurassic—Cretaceous zones have
been discussed anew. Evidently, these zones, particularly the geological units in them,
are strongly associated with each other both spatially and temporally. U-Pb zircon da-
ting of plagiogranites from Sevan ophiolite (central part of Amasia—Sevan—Hakari:
ASH suture zone) and from mentioned zones in LC provides more reliable geochrono-
logical constraints on the evolution of Neotethys (?). Obviously, all zircon ages are in
the interval of late Early to late Middle Jurassic epoch (~180-165 Ma). Considering
these data, the age of the host effusions located actually both south and north of the
main ASH ophiolite zone, should possibly be minimum Pliensbachian—Toarcian or
older, rather than Bajocian and Bathonian. Based on whole rock geochemistry, the
amphibole gabbro, pillow basalt and plagiogranites are co-genetic, suggesting a com-
mon melt source in their origin. All plagiogranite samples display variable LILE-
enrichment and marked negative HFSE (Nb, Ta and Ti) anomalies typical of subduc-
tion-related magmas. Based on the field relationships and petrologic-geochemical fea-
tures, all five plagiogranite bodies discussed are similar and may be interpreted to have
been generated by low-pressure crystal fractionation of a basaltic magma derived from
partial melting of the mantle in a subduction (or supra-subduction) zone tectonic set-
ting. Created on the Paleotethys the ASH basin (as northern branch of Neotethys) was
probably consumed by either northward or preferred southward double subductions
mainly during Early-Middle Jurassic to Late Cretaceous, not excluding the possibility
of the existence of a single subduction zone here.

Keywords: Zircon U-Pb dating, trondhjemite, plagiogranite, Sevan ophio-
lite, geodynamics, Neotethys, Armenia, Mountainous Karabagh, Lesser Cauca-
sus.

1. Introduction
Granitic rocks of different ages are widespread in the Lesser Caucasus (LC)
in which various plagiogranites are significantly represented. In particular, pla-



giogranite intrusions of Lower—Middle Jurassic are well known, which are part
of different tectono-magmatic zones. These are especially common in the Som-
kheto—Karabagh tectonic belt (outcrops in NE Armenia and western Azerbai-
jan), in the Spitak—Kapan volcanic zone (e.g., in Karabagh territory) and in their
intermediate Amasia—Sevan—Hakari ophiolite zone (e.g., in Sevan area).

The Mesozoic ophiolites of LC constitute a part of the Tethyan (Neo-
tethyan) ophiolite belt (e.g., Knipper, 1975; Knipper and Khain, 1980; Adamia
et al., 1981; Zakariadze et al., 1983; Galoyan, 2008; Rolland et al., 2009; Sos-
son et al., 2010), which provide constraints on the geodynamic evolution of the
former oceanic domain(s) starting its (their) opening untill the closure and final-
ly obduction of the oceanic lithosphere remnants onto the continental crust as an
“ophiolite complex”. Sevan ophiolite exposed in northeastern part of Sevan
Lake is one of the largest and best-preserved relicts of the ancient oceanic crust
of Neotethys in Armenia; therefore, this complex contains important infor-
mation about that basin evolution.

Unlike of the ophiolites of LC, the geological history and tectonic evolution
of the Mesozoic and especially of the most predominant Jurassic magmatic ac-
tivity in this region are still obscure and debated due to the scarcity of structural,
geophysical, modern geochemical and authentic geochronological data. There-
fore, a good understanding of this region requires the study, interpretation and
integration of the whole geological information from a number of areas across a
wide region, which may complete each other reciprocally.

The problem of the origin of granitoid formations is one of the most im-
portant in modern petrology. In Somkheto—Karabagh zone, the Middle Jurassic
intrusions are represented by the Haghpat, Tavush, Khndzorut (in Armenia) and
the Atabek—Slavyanka, Gilanbir (in Azerbaijan) plagiogranite complexes (e.g.,
Melkonyan, 1989; Sadikhov, Shatova, 2016). For comparison, here we have
also discussed the Dali plagiogranite intrusion from Sevan ophiolite. This paper
presents a review of field, geochronological and geochemical data from the
eastern LC, focusing only on the felsic (plagiogranite=trondhjemite) rocks of
Lower—Middle Jurassic and discussing their genetic link, possible origin (for-
mation) and their tectonic setting.

2. Geological setting

The ophiolite complex of Sevan (the map is available e.g., in Galoyan et
al., 2009) constitutes part of the Amasia—Sevan—Hakari (ASH; e.g., Galoyan
and Melkonyan, 2011; Héssig et al., 2013) or Sevan—Akera (e.g., Knipper,
1975) ophiolite belt that is considered to be a suture zone for half a century
(e.g., Milanovski, 1968). The ASH is the largest in the LC belt, which is NW—
SE oriented discontinuous arched zone extending for ca. 400 km (with a
maximum width of 20-25km), from NW Armenia (Amasia—Stepanavan group
of ophiolites) through the East of Sevan Lake to the Karabagh territory (Hakari
branch of it).



The ophiolite complex on the eastern shore of Lake Sevan is a dismem-
bered near-complete ophiolite succession, where mantle serpentinites and
serpentinized peridotites at the base followed upwards by a layered dunite—
wehrlite—troctolite—gabbro sequence, then followed by isotropic gabbros
(including amphibole varieties), diorites and plagiogranites, and pillow or
massive lavas (e.g., Galoyan et al., 2009 and references therein). These pillow
lavas are associated with relatively deep-water sedimentary rocks (mainly cherts
and radiolarites); but a well-developed sheeted diabase dyke complex has not
been observed. The geological sections here are completely different in differ-
ent valleys that join to the Lake. Dali section (located in a valley about 4km
northwest of Jil village, fig.1) in the Sevan area plays a key role, where numer-
ous field visits have been both by ourselves and with French partners in recent
years (see Galoyan, 2020 for details).

Based on the U-Pb new data of Dali plagiogranitic intrusion (~172Ma), a
new boundary is “drawn” between the pre-intrusive and post-intrusive basalts,
both in pillowed nature (Galoyan, 2020). Accordingly, we suggested that “lower
lava” series may have an older age, at least, the beginning of the Middle Juras-
sic, while the “upper lavas”, tectono-stratigraphically covering the main plagio-
granite body, have an age of Upper Jurassic-Lower Cretaceous that is based on
radiolarites intercalated in them (Asatryan et al., 2012). Lower pillow lavas are
host rocks of this intrusion and, unfortunately, no signs of sedimentary rocks
were found as cement in them, which would enable their direct dating.

The plagiogranite sample is taken from the largest stock-like felsic intru-
sive body (< 1km?) in Dali valley (fig.1), where they are overlain by radiolarites
and pillow basalts of different geochemical composition. In the field the plagio-
granites display bright, white and yellowish weathered surfaces and often con-
tain mafic enclaves. They are strongly altered in their exocontact parts, mainly
epidotized but some fresh parts are still available to study petrologically. Alter-
natively, plagiogranites have formed discrete and diffused segregations or dis-
continuous networks of veins with local coarse-pegmatitic texture within and
around gabbro-dioritic intrusions.

Geological units of the Middle—Upper Jurassic have a wider distribution in
the north-eastern part of the LC that is known as Somkheto—Karabagh tectonic
belt (or “anticlinorium”, “zone” or “terrane”; for details see references in Galo-
yan et al., 2013, 2018). It is stretching by a continuous belt over than 350 km
(with a maximum width of 35—40km) from the southern Georgia and mainly the
Alaverdi—Ijevan regions of northern Armenia on its northwest, then partly pass-
es through the north-western corner of Azerbaijan (Shamkhor—Dashkesan area)
to the basins of rivers Tartar and Khachenaget on its southeast (in Karabagh
Republic territory). Further, to the southwest formations of Jurassic period are
outlined on the left bank of river Hakari (Akera), in Karabagh territory and in
basins of rivers Vokhchi and Vorotan (Kapan region, in southern Armenia),
which constitute the “Kapan block (or zone)” of Mesozoic age. Located
southwest of the main ophiolite zone this “block” was part of the recently
distinguished “Spitak—Kapan volcanic zone” (Galoyan et al., 2013) due to the



presence of Jurassic—Lower Cretaceous igneous and other complexes in the
Tsaghkunyats anticlinorium and to the north of it (near the city of Spitak).
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Fig.1. Schematic geological map of the middle valley of the Dali River; by Galoyan (2020). 1 —
Quaternary deposits; 2 — Eocene volcanic and sedimentary formations; 3 — Campanian—
Maastrichtian pelagic limestones and marls with micro-conglomerates at the base; 4 — Upper se-
ries of pillow basalts—radiolarites, 5 — Lower series of pillow basalts, cut by numerous rhyolite
dikes, 6 — Dali plagiogranite intrusion of the early Middle Jurassic (~ 172Ma), 7 — thrust.

The presence of felsic granitoid intrusions of Middle and Late Jurassic
epochs is common within these volcanogenic—sedimentary zones. According to
the literature data (for compiled references in Russian see e.g., Aslanyan, 1958;
Abdullayev, 1963; Lordkipanidze, 1980; Melkonyan, 1989; Galoyan et al.,
2013) the Middle Jurassic in LC is represented by a great thick (about 3500m)
sedimentary—volcanogenic sequence with predominant basalt—andesite series
and associated pyroclastic rocks. The most ancient Mesozoic intrusions here are
the Middle Jurassic trondhjemite (plagiogranite) massifs included in the “plagi-
ogranitic formation”. In northern Armenia these are represented by several ma-
jor bodies (Tavush and Khndzorut intrusions, about 50km?) and a lesser (around
6km”) massif of Haghpat (e.g., Melkonyan, 1989). In north-western Azerbaijan
the intrusions of Atabek (80km?®) and Gilanbir (16km®) are known (e.g.,
Sadikhov, Shatova, 2016). In the extreme southeast of the LC the Berdadzor



(Biiliilduz) gabbro—plagiogranite massif (< 60km?) is the main plagiogranite
intrusion (Abdullayev et al., 1974; Galoyan et al., 2013).

Recently dated Berdadzor gabbro—plagiogranite massif is elongated and
localized in the limits of Berdzor (Lachin) anticlinorium, which is intruded the
mainly pillow basaltic volcanic and tuffaceous formations of Middle (?)
Jurassic age (fig.2). The stratigraphic base of these formations remains
unknown in this area. This intrusion is linearly propagating from northwest to
the southeast, cropping out in many isolated localities, including dyke-like
bodies (i.e. apophyses) within strongly epidotized basalts. Note also that in
main plagiogranite body some dykes (up to 50 cm-thick or scarcely larger) of
pinkish leucogranite (aplite) with the clear-cutting contacts are also encountered
by us (Galoyan et al., 2013). The plagiogranite (labeled 6552) is sampled from
one of the largest outcrops of the Berdadzor intrusion, on the vicinity of the
highway between towns Berdzor—Shushi, where they intruded the pillow basalts
of so considered Bathonian stage (e.g., Abdullaev et al., 1974 and references
therein). The plagiogranite sample is white, medium-grained, and outwardly is
fresher and massive.

3. Petrologic-geochemical background of plagiogranites

In general, plagiogranitic rocks are so similar with their texture and
petrographic composition in different intrusions that there is no need to present
their description separately. Therefore, rocks are briefly described as follows.
They are small- to medium-grained hypidiomorphic-granular, sometimes por-
phyric in texture. Usually, plagioclase (40-70%) and quartz (20-50%) make up
more than 90% of these rocks. Amphibole, biotite, magnetite, ilmenite and epi-
dote are present in minor but variable amounts, and the zircon, sphene and apa-
tite are typical accessory minerals. The textures of micro-pegmatitic, graphic to
granophyric intergrowth with quartz and plagioclase crystals are not uncommon
in them (e.g., Melkonyan, 1989; Galoyan et al., 2013, 2018; Sadikhov, Shatova,
2016). Coleman and Donato (1979) interpreted these kind plagioclase—quartz
intergrowths (granophyric—micrographic) as primarily formed textures during
eutectic crystallization of a low-K magma. The alterations are represented by
chlorite, epidote, actinolite, sericite, carbonate and argillite.

Dali plagiogranite sample is formed from 55-65% plagioclase (Any.30),
25-45% quartz, and minor biotite (<5%), rarely ortho-amphibole (<5%) and
accessory phases of titanomagnetite, sphene (titanite), apatite and zircon (Galo-
yan, 2008; Galoyan et al., 2009).

The plots of Artanish amphibole gabbro (sample AR-03-10; this is used for
genetic comparison) and Dali plagiogranite (AR-03-19) samples of Sevan ophi-
olite show nearly parallel forms in both MORB-normalized trace-element and
Chondrite-normalized rare earth element (REE) diagrams (fig.3,4). In MORB-
normalized diagram they both show significant enrichment of large-ion litho-
phile element (LILE) and slight enrichment of light REE (LREE) with respect
to heavy (HREE) ones. Clear negative anomalies of Nb, Ta, P and Ti are
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Fig.2. Schematic geological map of the Berdzor anticlinorium area, compiled after (Abdullaev et
al., 1974; National Atlas of Armenia, 2007, p.26-27), modified by Galoyan. 1 — Quaternary de-
posits; 2 — Pleistocene formations; 3 — Upper Pliocene—Pleistocene volcanic, volcanoclastic for-
mations; 4 — Middle-Upper Eocene volcanic, volcanoclastic formations; 5—7 Upper Cretaceous
series: 5 — Campanian—Maastrichtian limestones and marls; 6 — Coniacian—Santonian conglomer-
ates, limestones, argillites; 7 — Cenomanian limestones, argillites, tuffites; 8 — Lower Cretaceous,
Albian limestones, argillites, marls, sandstones; 9 — Upper Jurassic, Oxfordian-Tithonian sand-
stones, tuffs, limestones; 10 — Middle Jurassic, Bajocian—Bathonian volcanic, volcanoclastic for-
mations; Intrusive series (11-14): 11 — Upper Eocene, quartz diorites, granodiorites, granitoids;
12 — Upper Cretaceous, quartz diorites, granodiorites, syenites; 13 — Upper Jurassic: (A: red)
quartz diorites, granodiorites, granitoids; (B: blue) diorites; 14 — Lower—Middle Jurassic, Berdad-
zor plagiogranite intrusion; Lower—Middle Jurassic ophiolite series (15-16): 15 — gabbroids; 16 —
ultrabasites, serpentinites; 17 — thrust.

also seen in them, in contrast to the diorite sample (AR-03-23), where there is
no minimum of P, and that of Ti is weakly expressed. In a Chondrite-
normalized REE diagram the amphibole gabbro shows slight depletion in
LREE, and the plagiogranite sample (as well as diorite) is characterized by
slightly concave pattern with negative Eu anomaly (Ew/Eu* = 0.67), reflecting
plagioclase fractionation. The similarities of many trace element features (or
patterns) argue for a genetic relationship between these two groups (gabbro—
granite members) of rocks, and, consequently, the fact of fractional crystalliza-
tion during the formation of plagiogranites is more probable (or is obvious).



Table

Rock names, geotectonic affiliation, ages, coordinates, and data sources of sam-
ples used for geochemical comparisons.

Sample Rock type Geotectonic | Age GPS References
name unit/zone (Ma) | coordinates
170.5 N
AR-03-10 Argfglgfgle TR a0s11100
. . o
Se:)zlairtleo(f)fhl- 417 E 45.37227 Galoyan et
N al., 2009
. . ASH belt 171.8
AR-03-19 Plagiogranite 198 40.48466°
) E 45.42277°
AR-03-23 Diorite — -
N
6551 Pillow basalt - 39.66798°
Spitak- E4 6.59109° | Galoyan et
Kapan zone 176.7 N al., 2013
6552 Plagiogranite L '7 39.67687°
) E 46.62931°
N
11ARM25A | Plagiogranite 16: =1 41.115920 Ga"i"‘))z’gg;t
E 44.70738° B
N
. . Mederer et
AL-09-05 Plagiogranite Somkheto- - E4i‘.11 1017° al. 2014
.71101°
Karabagh
N il et al
L3.2 Plagiogranite™ zone — 41.08709° Ne|2015 B
E 44.70564°
180.2 Sadikhov,
Azb-1 Plagiogranite e .8 - Shatova,
) 2016

The petrology and geochemical characteristics of Middle and Upper Juras-
sic magmatic rocks within the Artsakh (Karabagh) territory is summarised re-
cently by Galoyan et al. (2013). According to these authors, the plagiogranite
single sample (number 6552) is calc-alkaline, while their hosting pillowed bas-
alt (sample 6551) is tholeiitic in AFM ternary plot. These two samples show
nearly parallel patterns in both MORB-normalized trace-element and Chon-
drite-normalized REE diagrams (figs.3,4). The plagiogranite (sample 6552) is
characterized by higher concentration of REEs (is enriched 31-38 times com-
pared with the average chondrite value) than their hosting pillow basalt (sample
6551; is enriched 17-23 times), as well as the amphibole gabbro (sample AR-
03-10; enriched 7-9 times) and the plagiogranite (sample AR-03-19; enriched
17-23 times) from Sevan ophiolite, although all of their patterns are similar and
more or less parallel to each other. Negative Eu anomalies in all plagiogranites
indicate plagioclase involvement during either a fractionation or a melting pro-
cess (e.g. Floyd et al., 1998). Moreover, in the MORB-normalized spider dia-



gram all plagiogranites have similar patterns and are characterized by variably
high concentrations of LILE (Ba, Rb, K) and Th with the negative Nb-Ta and
deeper P and Ti anomalies (fig.3).

On the feldspar (An—Ab—Or) normative rock classification diagram of
O’Connor (1965) all plagiogranites plot in “trondhjemite field” (not shown
here). Therefore, it would be more correct classically to name these rocks
trondhjemite although the term “plagiogranite” is widely used im Russian
literature (since the 1930s). Though Frost et al. (2001) believe that trace ele-
ment compositions of granitoids are a function of the sources and crystallization
history of the melt, and the tectonic environment is secondary, newertheless,
some schemes are in wide use. On the basis of binary discrimination diagrams
with respect to Rb, Y, Yb, Nb and Ta values for granitic rocks (Pearce et al.,
1984, not shown) the Dali and other plagiogranites plots in the volcanic arc
granite (VAGQG) field while the Berdadzor plagiogranite plots in the ocean ridge
granite (ORG) field but closer with the VAG limit. The compositional similarity
in terms of major and trace elements and REEs of the Sevan ophiolite Dali pla-
giogranite with the other intrusions plagiogranites from Somkheto—Karabagh
and Spitak—Kapan zones and their lateral vicinity suggests that they may be ge-
netically related with each other. It is not difficult to notice that these structures
(i.e. zones), in particular the geological units in them, are strongly associated
with each other both spatially and temporally.
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Fig.3. MORB-normalized multi-element (Sun and McDonough, 1989) diagram showing the pat-
terns of amphibole gabbro (AR-03-10), plagiogranite (AR-03-19) and diorite (AR-03-23) from
Sevan ophiolite (after Galoyan et al., 2009), Early Jurassic pillow baszalt (6551) and plagiogranite
(6552) from Kapan zone Berdzor locality (after Galoyan et al., 2013), plagiogranites
(11ARM25A, AL-09-05, L3.2) of Haghpat intrusion (respectively, Galoyan et al., 2018; Mederer
et al., 2014; Neill et al., 2015) and plagiogranite (Azb-1) from western Azerbaijan (Sadikhov,
Shatova, 2016).
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Actually, the ophiolite narrower belt here (in Karabagh), on its both NE and
SW sides, is tectonically associated or accreted (attached) with the volcanic and
volcaniclastic rocks of Lower (?) to Middle Jurassic age (fig.2). Thus, without
estimating the volume of the marine crustal contraction here, these plagiogranit-
ic stages of magmatism were developed very closely in space and time during
the evolution of the LC crust formation. Besides, though the precise age of pil-
low basalts (hosting the Berdadzor plagiogranite) and geodynamic context of
their formation are still uncertain, MORB- and Chondrite-normalized their pat-
terns are parallel with and belong to the main “ophiolitic series” domain of LC
ophiolites (not shown; Galoyan, 2008). In many discrimination diagrams (not
shown here) the pillow basalt spans in the field of N-MORB and/or IAT, and its
relatively high content of Ti (TiO, = 1.3 wt.%) is resulted of involvement of
asthenospheric material. Meanwhile, its lower Mg-number (Mg# = 46) evidence
the possible derivation from variably fractionated melts but not primitive mag-
mas (Galoyan et al., 2013). The lower Nb content (1.8ppm) of this pillow basalt
is characteristic to the Nb content of representative arc tholeiitic basalt (e.g.,
1.7ppm, in Pearce, 1982). In terms of geochemistry these features are peculiar
for basalts from back-arc basins being transitional in composition between
MORB and IAB (e.g., Pearce and Stern, 2006). Therefore, the potential tectonic
setting for pillow basalts might also be either fore-arc or back-arc basin regime
similar to the main ophiolite volcanic bodies.

Recall that petrologic and especially geochemical studies (major,
trace, REE and some isotopes) suggest two distinct lava flow series in the
LC ophiolites: (1) a contaminated normal Mid-Oceanic Ridge Basalt (N-
MORB or back-arc basin basalt: BABB-type) series evolving from
gabbro to plagiogranite and from basalt to basaltic andesite, exhibiting
tholeiitic to calc-alkaline features (enrichments in LILE); negative
anomalies in Nb, Ta and Ti relative to N-MORB) and (2) an alkaline
ocean island basalt (OIB-type) series of lavas evolving from basanite to
trachy-andesite that considered to be the expression of a mantle plume
event (Galoyan, 2008).

4. Summary data on the age of trondhjemite magmatism

Establishing the precise magmatic ages of rocks is one of the most critical
tasks, which is involved in their full characterization. In recent years, except for
the plutons of north-eastern Armenia Shamshadin anticlinorium (i.e. Tavush—
Khndzorut group), new U-Pb zircon ages have been obtained for plagiogranites
of all other massifs under discussion (see table), which we will briefly present
below from north to south. Plagiogranites of Haghpat intrusion in northern Ar-
menia have a Bajocian—Bathonian age of 165 + 4Ma (Galoyan et al., 2018).
Towards south-east in the territory of Azerbaijan, the crystallization ages of first
phase plagiogranite (180.2 = 1.8Ma) and of second phase leucoplagiogranite
(169.3 = 1.2Ma) (Sadikhov, Shatova, 2016) are somewhat older. The new age
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of a sample taken from the Dali plagiogranite intrusion of Sevan ophiolite cor-
responds to the Aalenian—Bajocian (171.8 + 2.8Ma) period, in which no inherit-
ed zircon grains were found (Galoyan, 2020). Finally, the zircons of the oldest
plagiogranite intrusion of Berdadzor from the territory of Artsakh revealed a
relatively older age (176.7 = 1.7Ma) of Toarcian—Aalenian (Galoyan et al.,
2013) than was it previously considered (K—Ar, ~156 Ma; Abdullayev et al.,
1974). Thus, it is obvious that all ages are in the interval of late Lower to late
Middle Jurassic epoch. We have used these data to attain a better understanding
of the timing and geodynamic evolution of LC region during middle Mesozoic.

5. Discussion

Having new data accumulated in the literature it seems necessary to make
certain adjustments to the understanding of the geodynamic setting of the for-
mation and petrogenesis of various types of plagiogranites. The structure of the
entire allochthonous ophiolite domain in the LC belt (mostly in Armenia and
partly in Karabagh territory) was unraveled during the last years aimed to iden-
tify the setting of that allochthonous units and to timing their generation and
emplacement into the thrust pile (e.g., Galoyan, 2008; Galoyan et al., 2009;
Rolland et al., 2009, 2010; Sosson et al., 2010; Danelian et al., 2012; Héssig et
al., 2013; 2014). We refer readers to use these works and references therein to
avoid repetitions here.

After the recent studies of Sevan ophiolite (Galoyan et al., 2009), the plagi-
ogranites (Dali and others) appear to be a most differentiated component of the
dioritic intrusions. Either the fractional crystallization of basaltic magma (e.g.
Coleman and Peterman, 1975; Coleman and Donato, 1979; Floyd et al., 1998)
or the partial melting of a gabbroic source under hydrous conditions (e.g., Ger-
lach et al., 1981; Pedersen and Malpas, 1984; Koepke et al., 2004; Zi et al.,
2012) is largely considered as a responsible process for production of plagio-
granitic liquids. In our case, both field and geochemical peculiarities (e.g.,
Galoyan et al., 2009) suggest their origin by fractional crystallization of wet
(amphibolic) gabbroic magma.

The age and tectonic emplacement history of the Sevan—Hakari ophiolite is
especially important for unraveling the evolution of the eastern-southeastern
segment of the LC ophiolite belt. U-Pb zircon dating of an amphibole gabbro
(unpublished yet) and plagiogranite of Sevan ophiolite from the central part of
ASH suture zone in LC belt provides new and more reliable geochronological
constraints on the evolution of Neotethys (?). At the same time, the late Lower
Jurassic age of Berdadzor plagiogranite from adjacent Spitak—Kapan zone is a
supporting evidence to emphasize the shortening/closure stage of Tethyan LC
basin related to the ongoing subduction (at any convergent plate boundary) or
its initiation.

In Sevan area, several “anatectic plagiogranite—migmatites” from Pambak
valley are described that have been formed under conditions of epidote—
amphibolite facies of metamorphism (Kazaryan, 2006). Unlike it, during our
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recent studies, no inherited zircons have encountered in a plagiogranite sample
of Dali, i.e., there is no evidence for interaction with old crustal materials,
which implies their magmatic differentiated origin too. Therefore, we interpret
the amphibole gabbro and plagiogranite as having formed by the same source
melt, derived from a “sea-floor spreading” likely in a supra-subduction zone
setting. We further consider that the age of ~172Ma (Aalenian) for the upper
plutonic part of the Sevan ophiolite represents the timing of an intra-oceanic
(MOR/BAB setting) plutonism, which was more probably caused by fractional
crystallization of a basic magma source. Alternatively, at least, the plagiogranite
magma alone might be intruded the gabbroic unit, as we will discuss below,
more probably above a subduction zone.
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Fig.4. Chondrite-normalized REE (Sun and McDonough, 1989) diagram showing the patterns of
mentioned rock samples in Fig.3.

One of the important questions with regard to Tethyan basin evolution is
the nature of Somkheto—Karabagh volcanic arc? The analysis of tectonic mod-
els in the literature and the details of their own data are summarized in articles
(Galoyan et al., 2013, 2018). The facts are in favor of a model of Mariana-type
island arc environment. However, controversy still exists regarding to the tec-
tonic setting(s), subduction polarity and the powerful magmatism on both
northern and southern alongsides of the ASH suture zone during Jurassic and
Cretaceous. Any viable interpretation needs to explain the origin and wider
propagation of the arc-type (both volcanic and plutonic) magmatic rocks and
ophiolites themselves. Some discussion based on available data of local and
regional scale comparison can be useful for this and especially future studies.
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In Berdzor anticlinorium (in Karabagh area), the pillow basalts that are
hosting the Berdadzor plagiogranite intrusion could not be Bajocian or Bathoni-
an as considered (e.g., Abdullaev et al., 1974), and should possibly be, at least,
Pliensbachian—Toarcian, given the new age of ~177Ma (Toarcian; based on a
last International chronostratigraphic chart, 2021) of mentioned intrusion. The
same picture emerges with the plagiogranite intrusions (~180Ma; Sadikhov,
Shatova, 2016) of western Azerbaijan. Therefore, considering these facts, the
age of the host effusions located actually both south and north of the main ASH
ophiolite zone, should possibly be minimum Pliensbachian—Toarcian or older,
rather than Bajocian and/or Bathonian. So, these are new evidences of earliest
Mesozoic magmatic activity(ies) being related to any of subduction models
within the LC domain, which was unknown (or partially and somehow ig-
nored?) up to present. Alternatively, those pillow basalts in Berdzor anticlinori-
um might also belong to a pre-existing oceanic crust (e.g., Paleotethys?) that
was older than Lower—Middle Jurassic.

Evidently, the trondhjemite intrusions are abundant in the northern segment
of Somkheto—Karabagh zone exposed both in Armenian and Azerbaijan parts.
While some of the plagiogranite and related pink leucogranite intrusions from
NE Armenia are under the laboratory studying process, the U-Pb dating of pla-
giogranite (Galoyan et al., 2018) from smaller Haghpat intrusion of Alaverdi
region (northern Armenia) argue the late Middle Jurassic stage (165 + 4Ma) of
its emplacement. Although petrologically similar, this trondhjemitic sample is
about 10 Ma younger than those mentioned above. Here, isotopically analyzed
the single sample of plagiogranite yields higher *’Sr/**Sr value of 0.70806 (Neil
et al., 2015) than those of typical MORB (0.7035-0.7050), which reveals that
the Haghpat plagiogranites were not entirely derived from a depleted mantle
source but with additional input of some enriched materials (e.g., slab-derived
components).

For the first time, fundamental differences were established in the geo-
chemical appearance of ensialic paleo-island arc (i.e., Somkheto—Karabagh)
plagiogranites and plagiogranites within the ophiolite association, due to the
petrogenetic features of their formation (Melkonyan, 1989). However, geo-
chemically, at least the Dali plagiogranite of the ophiolitic complex do not sup-
port this conclusion.

Chondrite-normalized undepleted (i.e., flat) HREE patterns suggest that the
trondhjemitic liquids were generated in a low-pressure, garnet-absent field (e.g.,
Zi et al., 2012). Melting or the fractionation at lower pressures or with lower
water contents may produce calc-alkaline liquids as plagioclase replaces garnet
as the major Al-bearing phase (Carroll and Wyllie, 1990). Both Sevan and
Berdadzor plagiogranites might have been produced by low-pressure crystal
fractionation of a MORB source (e.g., Pallister and Knight, 1981; Pedersen and
Malpas, 1984; Floyd et al., 1998; Dilek and Thy, 2006), because they generally
show flat and unfractionated REE patterns that are similar (sub-parallel) to
those of MORB-type parents. At the same time, all these samples display varia-
ble LILE-enrichment and marked negative HFSE (Nb, Ta and Ti) anomalies
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typical of subduction-related magmas. Therefore, based on field relationships
and petrologic-geochemical features (especially, positive correlation between
REE and SiO, contents), all the discussed plagiogranite bodies may be inter-
preted to have been generated by low-pressure fractional crystallization of a
basaltic magma derived from partial melting of the mantle in a subduction (or
supra-subduction) zone tectonic setting.

It is already obvious that several of plutons are among the oldest (177-180
Ma) in this area, and it may represent the earliest stage in the magmatic evolu-
tion of an “intraoceanic island arc” or an “active continental margin”. There-
fore, the earliest major magmatic event recorded in this study, and perhaps the
“defining time” in the early Mesozoic evolution of the Lesser Caucasus, is the
intense episode of Jurassic intra-oceanic arc magmatism at around 180-165 Ma.

To better understand the structure of the Earth's crust in the LC, we need
additional and new data (including those of seismic tomography). The polarity
of the subduction and the number of zones (one, two or three?) during Jurassic
are still problematic and largely debated in this region (e.g., Rolland et al.,
2009; Sosson et al., 2010; Hassig et al., 2015; Galoyan et al., 2009, 2018). If we
consider a large Mesozoic sea-basin here, we will need “to propose” two sub-
duction zones, which are responsible for the “creation” of zones Somkheto—
Karabagh and Spitak—Kapan (Galoyan et al., 2013).

The first assumption is that only two north-dipping subduction zones might
be "drawn" that are “responsible” for both southern and northern magmatic
belts of Jurassic period separated by ASH sea-basin (or suture actually). Since,
at least, late Early Jurassic (~180 Ma) the northern Neotethys was sinking under
the Somkheto—Karabagh belt and the southern Neotethys or a southern brunch
(?) of northern Neotethys was subducting beneath the South Armenian micro-
plate (SAM) and, probably, under the older oceanic crust (in the east), to pro-
duce the Spitak—Kapan zone. On the contrary, Hassig et al. (2015) considered
that north-dipping subduction under the southern margin of SAM is unlikely at
that time as it would lead to the convergence of SAM with Gondwana; so, they
substantiated their south-facing model of subduction. Alternatively, a model of
two south-dipping subduction zones in the Paleotethyan ocean is proposed re-
cently (Galoyan et al., 2018), which led: (1) to the creation of the Somkheto—
Karabagh island-arc (sensu stricto), (2) to the opening of LC sea-basin (corre-
sponding to ASH ophiolites) behind it and (3) to the formation of the Spitak—
Kapan heterogeneous zone due to subduction of Paleotethys beneath the SAM
and itself(?). In both hypotheses, the LC ophiolites are creating in a back-arc
basin context.

Apparently a more definite and comprehensive interpretation of tectonic
implications of the LC Mesozoic ophiolites with adjacent Somkheto—Karabagh
and Spitak—Kapan Jurassic—Cretaceous zones during Neotethys evolution and
closure requires additional field and laboratory (including detailed geochemical
and isotopic) studies and especially geophysical works. Nevertheless, from the
results of the recent and present studies, we suggest the second scenario as more
likely interpretation. Although it cannot be excluded that all these could have
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been formed at the same time and over only one subduction zone, if we consider
that the absorption volumes of the oceanic crust were not large, i.e., there was
no wider Sea between these zones (or volcanic arcs). This is a question that can
only be answered through additional and detailed paleomagnetic research.

6. Conclusions

The field data, petrological and geochemical results of the plagiogranites
and associated mafic rocks (gabbro, pillow basalts etc.) allow us to draw the
following conclusions on their ages, petrogenesis and tectonic setting within the
Mesozoic tectono-magmatic sections of LC in Alpine-Himalayan orogenic belt.

The ophiolitic remnants within the LC belt represent an oceanic basement
evolved between the Eurasian active continental margin ) or Somkheto—
Karabagh Island-arc terran to the north and the Gondwana-originated SAM to
the south during Mesozoic. This “oceanic basin” (named ASH) belongs to the
northern branch of Neotethys (created on the Paleotethys) as an eastward exten-
sion of the larger [zmir—Ankara—Erzincan Seaway. It was probably consumed
by either northward or (preferred) southward double (also having in mind the
idea of one zone) subductions mainly during Early-Middle Jurassic to Late Cre-
taceous.

The amphibole gabbro (from Artanish valley) and the Dali plagiogranite
(among others) form the upper plutonic part of the Sevan ophiolite succession
of ASH, and display geochemical features that are typical for an arc-related
petrogenetic evolution taken place in an intra-oceanic supra-subduction back-
arc (or fore-arc?) setting.

Based on petrography and major—trace element abundances, the five
trondhjemite (plagiogranite) plutons (including two of them in western Azerbai-
jan) are similar. Their trace element discrimination diagrams define a volcanic
arc granite (VAG-type) setting. Discussed plagiogranite bodies may all be in-
terpreted to have been generated by low-pressure fractional crystallization of a
basaltic magma derived from partial melting of the mantle in subduction (supra-
subduction) zone tectonic setting.

The plagiogranite samples of larger trondhjemite bodies from magmatic
zones surrounding the Sevan—Hakari ophiolite belt to the southwest (in
Karabagh) and northeast (in Azerbaijan) have yielded slightly older ages (177—
180 Ma) than Dali plagiogranite (~172 Ma). Somewhat younger 165 + 4 Ma age
is obtained for a plagiogranite from westernmost Haghpat intrusion in northern
Armenia. The pillow basalts hosting the Berdadzor plagiogranite have “supra-
subduction zone” features similar to the LC ophiolites and evidence the earliest,
at least, Early Jurassic volcanic activity in this region.

This synchronous magmatic activity along the ASH Seaway and surround-
ing regions could probably be related to the initiation of subduction(s) of the
Neotethys oceanic crust below the SAM and, together with Paleotethys, below
either Eurasian (Andean type?) margin or the pre-existing same paleo-oceanic
crust (Mariana type subduction).
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USNrhL-UbLPL 3NRUSE SCNVIBEUPSUSRL UGhU3h
UNuULUSNRUL ONLr U NJUUUNRU (ZUSUUSULP B4, LENLUSPL
NULULUNE ZULLUNESNRESNRULUEL)

Qunjut 1.L.
Udthnthnid

Utqnqnyut wipnuytdhunuwghtt (wjughngputhnnwht) dwquuwnhg-
Uh hwuwljt nt Epjpunbjunntuljut quundnipniip hwnjuybu ju-
plunp Gt ®npp Undyuuh (@Y9) wpbbpub-hwpwy-wupbbjjut hwmndwsh
Epypupwbwut-tpjpughttwdhly Bnpnighwt puguhwjntint hwdwn:
‘unpnyh L putiwplyt] @YU odpnjhnubph wnkjunntwljut hpughdwlh
wnwyk) hunwl b hwdwwwpthwl Jkjuwpuitdwt hwupgbipp hwpwljhg
Undpubp-Twpwpunh b Uyhunwl-Yuwywih jmipw-Juydh gnunpubph
htwn: Ujuhuwyun k, np wyn gnunpubpp, dwubtwynpuybu npuignid wnljw
Epypupwbwut Jhwynpubpp, ubkpunpbt juwydws tu vhdjuig htn
nwpwswluiunpbt b dwudwbwlujhtt wenidny: Ulwih odhnjhwinhg
(Udwuhw-Ubwb-Zwuwuph UUZ Jupught gninne Jinpniwfwi dwu)
b OU uyqwsd gninhubphg unwugywé wjmghngpuhwnukph U-Pb ghpln-
tuyhtt pywugpnidp wywhnynid £ wnwydb] hntuwh Eppududwbw-
Jugpuljut &ogpunidubp Uknphtwhuh (?) EYnpnighugh JEpupbpyuy:
Ujuhwyn k, np ghplntwght pnjnp hwuwlutpp qubuynud Ea np Jun b
n1p dhohtt nipuyh nupwopowh dhowluwypnid (T 180-165Ma): Zwpyh
wnubny wyu wjuukpp, hhdtwwu UUZ obhnihinwghtt gninnig hw-
puwy b hjntuhu nbnujuyus htnpniqhwubkpp tkpthwynn Epniqhy uk-
phwtbph wwphpp, hujwbwpwp, whwnp £ (huh tjuqugnyup wihtu-
pwju-nnnwph jud wykh hhtt hwuwlh, pwt puynuh b puph: Uwyup-
Ukph Epypuphdhugh hhdwh Jpu’ quppnuyght wd$hpnp, pupdwidui
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puquup b yjughngputhnutpp uhighutbnhl &b, npp dwnbwbynid
npuig dSwguwb punhwinip hwngpwjhtt wnpnipp: Mjughngputhnh
pninp tunwpubpp gnigunpmud B thnthnjuwljwt LILE hwpunwugmd b
pungdjws puguwuwlwb HFSE (Nb, Ta b Ti) wundwjhwbkp, npnup
punpny L unipnniljghwyh htwn juyyws duqdwutphu: Giukny tplhpw-
puwtwlut b ywhnpnnqubkppuphdhujut wpwtdtwhwnlnipniutk-
phg putwpyyws pnpnp hhig wjughngpuithinwhtt dwpdhbpp tdwi
Eu b upnn Eu dEjuwpwtdl], np gpuip wnwowgl] tu puquynught
dwquuyh gusp dupdwdp dpuljghntt pmipknugdutt wpyniupnid, npp
gnjugk] E dwbphwjh dwutwlh hwjnidhg unipynijghntt (fud untypuw-
unipnniljghny) gnuinnt mbljnnuwjut ppuypdunid: Nujknphnhunid
unbtndqus UUZ wjuquip (npybku Ubknphwnhuh hjpniuhuwghtt §niy),
wdbbuyt hwjwbwwinipjudp, jutdl £ jud giyh hniuhu, jud
hwpuy (bwppinpkih B) ngnjus Ypjuwlh umpnniyghwikphg hhd-
twlwind Jun-dhoht jnipuyhg dhtsh nip jwydsh dwudwbwl, twb
spuguntiny vhuyt UEY unipynijghntt qntiwgh htwpwynpnipiniup:

P®OPMHUPOBAHUE HUKHE-CPEJHEIOPCKOI
TPOHABEMHUTOBHU CEPUH HA MAJIOM KABKA3E
(PECIIYBJIMKU APMEHUSA U HAT'OPHBIU KAPABAX)

Tanosan K.JI.

Pestome

Bozpact u reoTekToHHYecKass MCTOPHS ME3030MCKOI0 TPOHIBEMHTOBOTO
(TUTarHOTPaHUTOr0) MarMaTHU3Ma OCOOECHHO BaKHBI JISI PACKPBITHS T€OJI0THICC-
KOH-reoIMHAMUYECKOH 3BOJIIOLMHM BOCTOYHO-IOT0-BOCTOYHOI'O cerMeHTa Ma-
moro Kaekaza (MK). BHOBE 00cykmaroTcsi BOpockl Oosiee OmpeneneHHONH U
WCUEpIBIBAIONICH HHTEPIPETAlMd TEKTOHHYECKOTO ITOJIOKEHHS O(UOIUTOB
MK c¢ npuneratommumu k HuM Comxeto—Kapabaxckoit u Crnurak—KamaHckoit
FOPCKO—MeN0BO# 30HaMU. OYEBUIHO, 3TH 30HEI, B OCOOCHHOCTH HaXOSAIIHECS B
HUX T'€OJIOTMYECKHE EIUHMIBI, [IPOYHO CBA3AaHBI IPYI C IPYrOM Kak B IpO-
CTPaHCTBEHHOM, TaK M BO BpeMeHHOM oTHomeHnd. U-Pb natupoBanue mo uup-
KOHY IIaruorpanutoB u3 CeBaHcKoro o¢uoinuTa (LeHTpalbHAas YacTh MIOBHOU
30Hbl Amacus—CeBan—Aakapu uiu ACA) u u3 ynomsHyThiX 30H B MK nmaet
HOBBIE U OoJiee Ha/leKHBIE T'€OXPOHOJIOTHYECKHE perepsl B 3Bojronuio Heore-
trca (?). O4eBUIHO, YTO BCE BO3PACTHI LIUPKOHOB HAXOMAATCS B MHTEpBAJIEC OT
MTO3THEPAHHETO IO MO3THECPETHEr0 IOpcKoro nepuona (~ 180-165 muH ner).
[IprHuMas BO BHUMaHUE 3TH JaHHBIC, BO3pAcT BMeLaomux 3¢ ¢ys3ui, pacmo-
JIOKCHHBIX HAa CaMOM JieJie KaK K 0Ty, TaKk M K CeBepy OT OCHOBHOW O(HOINTO-
Boii 30HBI ACA, BO3MOKHO, AOJKEH OBITh MUHIUMYM IUIMHCOAX—TOAPCKUM HIIH
cTapie, yeMm OaitocckuM U 6aTckuM. OCHOBBIBAaACh HAa TEOXUMHUHU MOPOJI, aM(H-
00s10BBIC Ta00pO, MOMYyIICYHBIE 0a3aJIbThl M IUIATMOTPAHUTHI SBJISIFOTCS KO-
TEHEeTHUYECKUMH, YTO INpeanosaraeT OO MCTOYHUK pacljlaBa B UX IPOUC-
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XOXIeHnH. Bce 00pasipl miarnorpaHiuToOB AEMOHCTPUPYIOT MEPEMEHHOE 000-
ramenue LILE u sBHO BbIpakeHHble oTpunarenbHbie anHoMannu HFSE (Nb, Ta
u Ti), THUYHBIE TSI MarM, CBSI3aHHBIX ¢ cyOnykuueil. OCHOBBIBAsICh Ha Te0JIo-
TMYECKHUX U IETPOIOTr0-I€OXUMHUECKHX OCOOCHHOCTSIX, BCE IITh 00CYKAaEMBbIX
TeJ MJIarHOrPaHUTOB MOXOKH M MOTYT OBITh MHTEPIPETHPOBAHBI Kak 0Opa3o-
BaHHbBIC MIPU (PAKIHMOHHON KpUCTAIIM3aUUK 0a3abTOBOM MarMbl IPH HU3KOM
JaBlICHUH, 00pa3oBaBLICHCS B pe3ysbTaTe YaCTHYHOIO IUIABJICHUS MAaHTHH B
CyOMyKIIMOHHONW (WM CyIpa-CyOAyKIIMOHHON) TEKTOHHYECKOW OOCTaHOBKE.
O6pazoBasuniicst Ha [laneoreruce Oacceitn ACA (kak ceBepHas BeTBb Heore-
THCA), BEPOSATHO, OBLI IOTJIONMICH JIMOO CEBEPHBIMH, JHOO MPEATIOUYTHUTEIHHO
I0KHBIMH JABOMHBIMH CYOIyKIMSMH, B OCHOBHOM B IEPHOJ OT paHHE—CpeIHEH
IOpBI 10 MO3IHEro Meja, He HCKIIoYas TAaKKe BO3MOXHOCTU CYIIECTBOBAHHS
311€Ch €ANHON 30HBI CYOAyKIHH.
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Unyt hnpydwsh opowtwljubpnid thnpd E junnwpdt] Ununb ghnh wjw-
quith hwdwp dowlt hinknnidubph Juuwigh pupnkq: Fhnwjuquih nw-
pwdpl punn hinbnujunuwiquynpnipjut wunhfwith yuuwlupgbne tyw-
wnwlny ghunwplydl] tu Ununbh wqwquinud htnbnnudubph dbiwdnpdwi
hhdtwlwt gnpénuubpp b gpuig thnpwgpbgnipniup: dEpndnipjut hhd-

pnud pujwd £ whwhnhy hhtpupjupwitph dkpngp: Upyniipnid hwpdupy-
Ut k htgtnmudubph Juuubtgh puqugnpént pugkpup b dowlyly b htnk-
nnudubiph Juuwigh pupuntq Unuinb ginh wjuquith hwdwp:

Zuugmguyyht punkp. Unuunb ghiwn, hintnnud, hinknuywunwig gnunh,
htnbEnnudubph Juwtgh hugbpu, wtwjhnhly hhkpwupphwutph dbpnn,
Snipiykh hnthnpudws hugkpu, USZ dhowquyp:

Lhpwubmpyniu

Unuunl ghwnnud, hsybu Zujwunwih ghntph deswdwutnipint-
unud (] wpunwhuwynguws E qupbwbtwhtt yupwpnudp, npp gbnh opw-
jhtt nhdhuh hhdbwlwh thnybphg vkl E: Gupbwbughtt qupupnidubph
pupwgpnid oph wpwybjmgnyu bptph wugnudp npny phwypbpnud
ninklgynud £ htnbknnidubpny, wnwewgubinyg ptwlwuyptnph, dwjpnt-
nhutph, guipwwnwpwsdnipniutph b mwpwwnbuwly ohunipnitubph nu
Eupwlwunnigyusputnh, hhppnnbhuthjulwt jurniguspubph tuljut
nnnnnidubp: Zwnjuybu Ubs Juutg Eu tbpjujugunud pwnp swugdwt
oph wnwybjugnyt bjpkpp, Gpp hwngpwjhtt optphtt gnidwupynud ku
wudplwonkpp:

Zupyh wnubny «Upbbpjwb mwpwswopowtnid wmwpbpuyght b
nbkpubwshtt wnbtnubph jutjwpglnud, quunpuundusnipmni b wp-
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dwquipnid (UUNU-Uplkp)», épwgph opowbwlfubpnid hwdwpw-
qpus b Jipnisyus wnbnbjunynipniip, Zujuunwih 14 hhdtwljub
ghbnujuqubttpp puuwlupgyty ko pun hinbndwt Jununubgh dwfjunp-
nuh snpu fudph. (1) punn pupdp, (2) pupdp, (3) dhght, b (4) gusp
(PPRD East project, 2014) (ulj. 1):

Flood Hazard level
AP Exveme
aF High

P widde

&7 Low

V.1, Zuyuwuwnwbih htntgnudibph quuigh pupnbqp wjwquibughb dwupunuwpng

Unuunbh gbnwjuqut niuth hinipdwt pupdp Juuutgh dwljup-
nulj: Yutjownbuynd E, np ghnwjuquinid wnwghlju 10 muphutph
pupwugpnid wntjwqlt Ukl whqud nknh niukuwt ynnkughwy Juwu
hwugtnn b Jjutphtt uywntwgnn htnbknutp (hnipniw b nap., 2021):

Unuulip UYnip ginh wowlnnuju Junuljutinhg £, ujhqp £ wntunid
Qudpuljh (Entwonpuyh Phdikn ququph hniuhuwght jwiokphg snh
dwjupnulhg 2985U pupdpmipjutt ypu: Unuwnbh hnghwnp hhdbw-
Juiunid winwpwswsy b Uduquinid hwyquplynud £ onipe 1000 gk
b ginnuly: Unuunnlih Epynt junonp quuujubpt B SEnhlt nt NQuljbyupp:
UJuquith wwpwoéph 61%-p wbnuiuws b éndh dwlwpnhulhg
1000-hg 2000u puipdpnipjnitubph ypw, dhohtt pupdpnipniup 17014
wdkbwpwpdp ququpn (Btdikn) hwutnd k 3101d, hull wdbkiwuguén
Yhunp quinjnud £ hw-ugpphowbwlmb vwhdwbh Jpu’ Ununl ghnp
hotinud” 4814: Unqunlih ghnu]uqubp kplph wdkbwuntu] wwpusp-
ubphg E, mupbijut mknnudubpp tnyuhul wwquih wdkbwsnp hwwn-
Juénid wybjh pwt 500dd Eu: Fhnwduquinid wnbknnudubph wnw-
Jhjugnyt pwtwlp nhnnymd E wwnphi-hntthu wdhukphtt (Ynipniw b
nip., 2021):
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Zhntnnudubph Gupwlw wnmwpwspubph npnonidp hwmnjuybu Ju-
plnp L punqupuljuinipjnit dpwljnnubkph hwdwp, hbnmbwuputph dbnu-
dwt nuquujupnipyut dpwldw b htinbnnudubph nhuljh jupwywup-
dwt yuwbwynpdwt btyyuwnwyny:

Ujnien b dbpngp

Unyt hnnquwsh oppwbwmjubipnid nhunwplynid i Ununbh ghnw-
Juquunid hbpbtnnudubph Abwynpdwt hhdtwlwb gopéntubpp b
npulg thnuuqpbgmpmip wjuquith wwpusph pun hbnbyu]nwb-
qunpnipjut wunhdwth puuwljupgbnt tyuwwnwlny: dEpnidnipju
hhupnid pujws E wtwhwnhly hhbpuppuhwubtph dbpnnp, npp dowldby k
Fndwu Uwwphh Ynnuhg (Saaty, 1980): Upmnyniupnid, hwoquplyt) k
htntnnudubph Juuwigh pwquugnpént hugkpup b dowlyl; E htnk-
nnidubinh yurnwugh pupintq Ununbh wyuquih hwdwnp:

Zudwdwjt GU hbntnnudutph Yhpkjuhdh (Gypnyulwt Uhnt-
pjut ZEkntnnulubph Juutqutph quwhwwndwt b junwjupdw nh-
pkyunhy, 2007), <hbnbnnid» tpwbwlnd £ wyt mupwsputph dudwbw-
Juwynp sdwsynidp opny, npp unynpwpwp opwswsy sk: Uju wpmyniup L
hnppuwpwwn wudpbubphg Jud duhwingphg gpunwowgdw phwlwb
gnpéplipugh Yud hnnh Unpdnnghwlwi thnthnunmpub Uk dwu-
guupny (9phunjwph gnunppninghw) Jud thnpp dwugnwpny (qhnh
hnith ypndhy): ZEntindwt Juuuugh pupntqugpnidp hintndut Junub-
gh wmwl] quuynn wwpwsdpubph Unytwlwbwugdwb gnpéptpwugh k
(pupunkqh Ypu): ZEnknuut Juuugh pupwnkqp sh huynunid hinbndw
wqpbgnipjut dwuht: Uju «dhuyjir gdwugpnid £yt wphiwphwgpujub
wnwpuwspubpp, npntp Jupnn b hbnbndl] vpjws hwjwbwlwbine-
pyudp:

Junwtgp pwbtwluybu quwhwnbnt hwdwp gpuljubnipyut Ykp-
nwsnipjult b mnujut wuydwhtbph ntunmdtwuhpnipjut hhdwt ypw
twu pnpyl) Bu hinbnnudutph Junwiugh dbwynpdwt hhdbwljut gnp-
dnutkpp: dwnwbqp dbwynpnn gnpénutbpp bwpwwbu YEpnisyby Eu
USZ dhowduypnid b juquuljipydk] pwunbpujhtt skpunbph pudph
wnbupny:

Qnpénuttphg mipwpwiyniph hwdwp vwhdwidl) £ hbinbndwb
Alwynpdwt wypngbuh Ypu wqptgnipjub pwtwlwulubt swthwuhy, nph
hhdwt Jpw jnipwpwiynip okpnh pohoubpp nwuwlupgyt] Eu pun
Juuigh hwpupbpulub wunh&wbh 2, 4, 6, 8, 10, npukn 2-p wuk-
twgudp Junubqh k, 10-p* wdkbwpwpdpp (Tapas b nip., 2013):

Uhowqquyht thnpdh b nbnuljut wnwdtwhwwnlnipniiubph hw-
dwunpuudp jnipupwbynip gnpéntiht ipyk) £ Yohn, npp punipugpnid k
npw ghpp htintnnudubph dAbwynpdwt gnpénud: Zknknnudubph Juuutgh
huntpup 2db (Flood Hazard Index, FHI), hupjuplnid t pnnp obip-
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nkph hwdugpdudp b Jpugpdudp’ winnpl phpynn wpunuhwnmpjub
Yhpundwdp.

FHI = Y™ 7 w;,

npnkn - gnpénth Juuuigh wunhgwb £ jnipupwbgnip peonid, wi-ua
mipwpwisjnip gnpéntih Yohet k, 2-p gnpéniubph pwtwlt E:

ZEnptwljubph nrumdtwuppnipyut hhdwt Ypw ptnpdby Eu hbnk-
nonuditph Jinwbgh dbudnpuiwb htnlyuy 7 gnpsnutkpp Unuinbh u]uw-
quith pun hbnqunwigmpub wunhdwih nwpusulul puuw-
Jupquwt hudwp.

e Znuph Yninnwlnid
Ipktwduwghtt gwughg hinwynpnipnii
Pupdpnipnit 6nyh dwjupnulhg
Lwgbnph ppnipiniu
Stnnudutph htnktuhynipnit (dniplyth thnthnpudws hunbkpu)
Znnogunugnpéniu
e Bpypwpwnipnih

Onyh dwlwpnulhg pupdpnipjub, jwbgkph phpnipjut b hnuph
Yninuljdwit okpnkpp unnwgyl) Gt SRTM pupdpnipniuutph pdught
Unnbtihg (T30U (nidwswth): Znuph Ynunuljdw okipinh unwugdwt hwdwp
Yhpwunyt) £ ArcGIS ArcHydro Tools puryuyjunidp, hulj jwmugtnh phtpni-
pmilikph npnodwl hundwp ArcGIS Spatial Analyst plnpuyidwl Slope
qnpShpp:

Epypuwpwtuut whwytph okpup dowldly k22 @UU Bpyjpupw-
twlwt ghwnnipnitubph htumhuninh ginhudnpdunhljuyh jwpnpw-
unphugh woliwnwlhgubph Ynndhg Zwjwunwih  Ephpupuiuljui
pupunkgh hhtwt Jpu (Uwupmwp 1:500,000, 22 Ruwughujwinpjub
twpiwpupnipjut Epjpupwbujut Jupsnipini, 2005): Ulqptwnpmnip
hwinhuwgny pupnbqp ghbpuihqugyt] ' dhwidwb gpupwthwl-
gnipjnil niikgnn wywpwwnbuwubph npnpdw b mwpwswlwb ubkp-
Juyugdwt tyyuwnwuyny:

Znnuswslnyph 2pnh ujqpiwnpnipp Gypnyuwlwb mhkqpulwh
gnpsuljuynipjuit GlobCover v2.3 skipwnt k (http://due.esrin .esa.int/globc
over/):

Stnnudutkph htnbtuuhympmitp wpnwhwnqws t dnipiykh thn-
thnjujwd huntpuh nkupny (dOh, Modified Fournier Index, MFI) (Costea,
2012): zwpwplutph hhdp tu hwunhuwgl) 22 TUL «Zhgpnonkplnt-
pwpwinipjutl b Unuhpnphugh YEunpn» NMNUY-h §nndhg mpudw-
s Uptnnpuughtt minnudutph wduwlwb b mwupklwut wpdbiputpp
Unuunbh wjwquih opkplmpwpwbwluit Yuwjywuutph hwdwp: $Ob
hwoyquplhg htwnn, Jhnwhtt ndjuiiipp dhpwnpldt; b Ununbh wd-
pnne wjwquith hwdwp ogunugnpstiny Spline Ukpnnp:

Sdnipiykh thnthnjuws huntput hpkuhg tEpjuyugunid £ nnwpdu
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wlktwpjntuy] wduduw wnbnnudubph pwbwljh punwlniunt b mupkljut
gniduwpujhtt mbnnudukph puwtwljh hwpwpkpnipiniup.

2
MFI = 2P~
P
npuntn p-ut mupjuw wdktwpintwy wdudw mnnmudutph pwbwyu £
(Ud), P-u mupklwb gnidwpuyhtt mknnudubph putwlyp (dd):

Upmyniupltp b putwpynid

Unuunlih gbnujuquith hwdwp MFI-u hwydupldt; B wjuquth
ontpimipuwpwtwlwt Juywbttph dpuninpuuwhtt nknnudubph wduw-
Jut b wnwpbjwt puquudju dhohtt wyjujukph hhdwt dpu dhsh
1000d, 1000-2000U 1 2000uU-hg pupdp gnunhubph hwdwnp (wr.1):

Unjniuwy 1
dnipiyth thnthnpugwé hunkpuh hwpdupljws wpdbpubpp
Unuunth wjuquuh hudwp
Puipdpm - Udhutibp
pjuil gnunh, Swph | p? Ud | MFI
u I | I (II|IV |V | VI |VII|VIT| IX | X | XTI |XII

<1000 13129 |72]100| 92 |117 82| 67 | 30 | 66 | 47 |16 | 731 |13647|18.67
1000-2000 3029|5272 |86 |90 85|47 | 56 |56 |35 |9 | 648 | 8050 |12.43
>2000 52|63 |73 |82 |54 | 55|43 |40 | 45 |59 |34 |42 | 643 | 6726 |10.45

zintnnudubph Juiwtgh hunkpuh npnodwtt hwdwp Jbpp tpduws
gnpénuttph hwdwngpnidp b Juuutigh nmwpwdwlub YEpnidnipiniut
hpwlwtwgyt] t USZ dhowduypnid: 8nipwpwiynip gnpénuh Yohnp
npnond | npu ntipp depotwjuts wpnyyniupnud: Zknmbwpwp, htnbnnud-
utph Juuwbgh mwpwswljwu Ytpnidnipiniup ywhwp £ quwhwwnh pnjnp
pohottinn nipwpwsinip gnpéntnud: Uy tyywwnwlyny, pninp nyjwjukpp
whwup b Jhputhnpudbt nwunbpughtt npdwnh: Ujunthtnl, hwdwdwgh
nbnuiuwt wuwydwbubph, USZ JEpunuuwlwupquui (Reclassification)
gnpshputinh Uhongny nwuwnbtiph jnipupwtgnip peoh mipynid L wpdtp 2-
10 Uhowjuypnid (Junwugh wuwnhgwi):

Qnpénutkiph nuubph b hwdwwywwnwupwb Yohnubph npnonudp
puipn gnpépupwg b Gnpéntubph Yohnubkpt ptwpdbkp Bb wju nin-
nnipjudp Uhowqquyhtt thnpdh niunidbwuhpnipjuit hhdwt Jpu (De-
mek, 1972; Kourgialas i Karatzas, 2011; Ouma b Tateishi, 2014; Kazakis b
nip., 2015; Kazakis b Voudouris, 2015):

Qnpénuttph nuubpp jphun jujpdws o nbnuljut guydwutbphg
b npnoyby b niumdtwuhpynn mmwpwsdph pinipwugphsutinh ytpnisnt-
pjul wpyniupnid: Unniuwl 2-md ubpiuyugdws b Ununbh ww-
quunud htnknnudubph Juutgh dbwynpdwt gnpdnutbph nuubkpp b
hudwywnwuhiwt Junnubgh wunhgwutbpp:
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Unuunbh wjuquinid hinbnnidutph Junnuugh dwdnpdwt gnpéntubkpp,
npuig nuubpt nt Yohnubpp

Unjniuwly 2

Qnnédnl (f) T (c) Uuwnhdwi (r) Yohn (w)
>1000 10
Znuph Yninwlynud 100-1000 8
(FAC) 20-100 6 3
5-20 4
<5 2
<20 10
Zhnwnpnipeintl 20-40 8
nnkuwdwghtt gughg 40-80 6 2.1
(DDN) 80-120 4
>120 2
<1000 10
1000-1500 8
Puipdpnipiniu (E) 1500-2000 6 2.1
2000-2500 4
>2500 2
plwlufuyptp,
Jupniguyungus 10
wnwpwdpubin
znnoquugnpsnud (LC) il;filill?mn;ii 2 1.2
unup pnruwlwinipyudp
4
wnwpwdpubip
wlnwnibp 2
>12 10
Stnnudukph 10-12 8
hunkuuhynipinil, dd 8-10 6 1
(MFI) 4-8 4
<4 2
<3 10
Lwlgtph ptipnipntl, 36 8
wuwnhul (S) 6-18 6 05
18-30 4
>30 2
Uuquipwiptp, Yur]tp,
wlipnihnukp 10
Eynuhuy b Eynughwy- 3
nhnuhuy bunuspukp
Lwupuyhtt tunnubputp 6
Bpypwpwinienit (G) L&uwyht b 0.3
uwnguruwnwSwghl 4
unyusdpukp
Unidhwy tunnduspuyhle 2
wywpikp
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zbinbnnmudutiph Juuwtgh hugkpup (29b) nmwpwswljuunpbi qw-
hwwntnt hwdwp USZ dhowjuwypnid hpwlwugyt) t Jtpp wpyws gnp-
snulkph wyniuwlnud tkpuyugus quubkph b Quwigh wunhgwb-
ubph hwdwdwy Jkpunuuwlupgdus pwunbtpuyhtt skipntph hwdw-
npnu.

Cdbh =FAC(r-3)+ DDN(r-21)+ E(r-21)+ LC(r-1.2) + MFI(r-1)
+S(r-0.5)+G(r-0.3)

Swpwéwlwt hwpdupyh wpynitpubpp wdthnthyws Gu hbnk-
nnudutph Juwbgh hungbkpuh pwuwnbpuwyhti obpinh wnbkupny: Unuwnlh
wjuquih ptuuuyptph vwhdwutbph b wjunndwbwwywphubtph 4E-
nnpujhtt oipnbph htnn hwdwnpnudp pnyp £ nmwjhu guwhwnk] twb
htntnnudutph nhuyp (uy.2):

Muwjdwlwlwl bpwlukn (4
Buwlwwwnhlbp

7] Puwlwiwintn

AbnEnnudubph Yunwlgh hunbpu

- Cuwin guibn (=40)

I suwn (40-50)

[ unenu 0 -60)

[ puwnen is0 - 70)

- Suwin pwpbp (=70)

Ul.2. Zintinnulukph Jinmuigh hunkpuh pupinkq
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Ujuyhuny, Yhpwnkiny pwquugnpéntt wbwhwnhl hhkpuppuhw-
utph dbkpnnp, hintnnidubph dbwynpdwt mmwppkp gnpénuttph wnw-
pusw-pwbwluljut hwdwnpdwt dhongny Jupkjh £ unwbw) hinknu-
Juutgnipjut mwpwswlut qunlipp wjuquiughtt dwjuppuynid:
Zhntnuut Juwtgh pupwnkqp juy hhdp b untnénud hbintndwt nhu-
Ytph wppynibwytn jupwjwpdwt hwdwp: ZEknkndut Juuuiugh pup-
nkqubpt ogqrnugnpéynid L hknkndwu nhuljh jurwjwupdwb dpugpkp
Juqubtihu, hinknwt Juwutubpp Jujubnt, hnnoquugnpédwt wjw-
twynpdwb, hinknuwt dwuhtt nbinkijmpmiuutp mpudwnpbine tyw-
wnwlny:

Puwlkgws wwpwépubph, GLupwlwpnigjuépubph b gqninu-
nunbuwjut ywbwlnipjut hnnbkph nwpwdwlwb skpnkph Jpw-
npnudp Juuwbgh skpnh htwn pny) £ vmwjhu quwhwnt] btwb htnbnnud-
ubph phulyp:

Utpnnp Jhpwrebkih £ twb wy hhppnonbpimpwpwiwlub Junwib-
quynp Eplnyputph Juruwigh b nhulh quuhwwndwi hwdwp: Ujuyhuh
Jbpnisnmipinitinbpp Jupnn Bu wewlgh] wntwnubph nhuljh tjuqtkgdut
ni junwyjupdwt dhgngupenidubph ptnpnipjut b yywbhwynpdwb gnp-
onuu:

- ZEnnmgminnipni il ppwlwinugyly k22 9UUL ghunnypyul [nudp-
wkh wpunfugpus $phwbuun/nplunly «Unuinkp wjwmqubh gknkph

wnpunfkjugnyl Epkph Jubpiumnkunidp o ppubg fungbjpnipypub giu-
hunnnidp [jhduyh hnhnfunipyul wuydwbbbpnid» 19YR-1E005 Swd-

Juignny ghunwlul phduyh ppowbwlabkpnid:

CUUULNkhE3N1RL

Hoipniw Y, Qupnht U, Sunpguit U, Uknn b, Uhuwljjul E., Snunjui 9. Zniuqup,
2021p.: Ununbh ghnwjuquinid hintnnudubph Juwtgh pupnbkqugplub twju-
wljut nuunudbwuhpnipmnit Zujuunwi: 6L &wpnwpughnwlwt junphppu-
njulul juquulipynmpntl, wjupunwlwh hwyybwnynipnii:

Bypnyuwlwt Uhnipjut Zhninnudubph Juwbqubtph quwhwndwt bt jurwdupdwi
nhptlupy (2007/60/EC): X

Zujumunwih  Zwipuubnmpub  Epipuputolu pupinkq  (Wwugnwp 1:500,000):
2005p.: Guquyly k B vwpwquih Yondhg: vdpughp 2 .Uwpguui: 22 Puwwuh-
wuunipjut twjpwpupmpub Ephpuputulub Jupsnipmii:

Avagyan A., Manandyan H., Arakelyan A., Piloyan A. 2018. Towards a disaster risk
assessment and mapping in the virtual geographic environment of Armenia. / Journal of the
International Society for the Prevention and Mitigation of Natural Hazards, vol. 92(1), p.283-
300.

Costea M. 2012. Using the Fournier index in estimating rainfall erosivity. Case study-the Secasul
Mare Basin. Aerul i Apa Componente ale Mediului 71:313-320.

Demek J. 1972. Manual of detailed geomorphological mapping. International Geographical
Union. Commission on Geomorphological Survey and Mapping. Academia.

Kazakis N., Kougias L., Patsialis T. 2015. Assessment of flood hazard areas at a regional scale
using an index-based approach and analytical hierarchy process: application in Rhodope-
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Evros region, Greece. Sci Total Environ 538:555-563. https://doi.org/10.1016/j.scito
tenv.2015.08.055

Kazakis N., Voudouris K.S. 2015. Groundwater vulnerability and pollution risk assessmentof
porous aquifers to nitrate: modifying the drastic method using quantitative parameters. J
Hydrol 525:13-25. https://doi.org/10.1016/j.jhydr 01.2015.03.035

Kourgialas N.N., Karatzas G.P. 2011. Flood management and a GIS modeling method to assess
flood-hazard areas: a case study. Hydrol Sci J 56(2):212-225. https ://doi.org/ 10.1080/02626
667.2011.55583 6
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6(6):1515-1545. https ://doi.org/10.3390/w6061 515

PPRD East project: 2014. Final report for the development of flooding hazard map. Institute of
Geological Sciences of the National Academy of Sciences of Armenia (EU funded).

Saaty T.L. 1980. The analytic hierarchy process—what it is and how it is used. Math Model 9(3—
5):161-176. https://doi.org/10.1016/0270-0255(87)90473 -8

Tapas MLR., van Westen C.J., Kerle N., Jetten V.G., Kumar V. 2013. Landslide hazard and
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OIIEHKA OITACHOCTH HABOJJHEHUM B BACCEVHE PEKN
AI'CTEB C IPUMEHEHHUEM METOJIA AHAJIN3A HEPAPXUUN

Apakesin A.A., MucaksH A.J., AzuzgaH A.O.

Pesrome

B pamkax maHHOI paboThI pa3paboTaHa KapTa OMAaCHOCTH HABOJHCHUU IS
Oacceifna pexn ArcreB. i kinaccupuKaluu TEPPUTOPUHN PEeYHOTo OacceiiHa
[0 CTETEHH OMAcCHOCTH HABOJHEHHUH OBUIM pPacCMOTPEHBI OCHOBHBIE (haKTOPHI
(dhopMupoBaHUs TAaBOAKOB B OacceitHe p. ATcTeB U ux B3aumoelicteue. OreHka
OCHOBaHa Ha METOJIe aHAJUTHYECKUX Hepapxwii. B pesynprare MHOTO(AKTOP-
HOTO aHajn3a ObUT pacCUMTaH MHJIEKC OIMACHOCTH HAaBOJHEHWH W pa3paboTaHa
KapTa ONacHOCTH HAaBOJHCHUH JIsl OacceiiHa peku ATCTeB.

HccnenoBanue BBIONHEHO Npu (UHAHCOBOW moaaepkke Komutera 1o
Hayke MOHKC PA B pamkax HayuHoro mpoekta Ne 19YR-1E005 - “IIpor-
HO3UpPOBaHNE MaKCHMaJbHBIX PAcXOIOB peK OacceifHa p. ATCTEB W OIIEHKA
YS3BUMOCTH B YCJIOBHSIX U3MCHEHHS KiIMaTa”.

ASSESSING FLOOD HAZARD FOR THE AGHSTEV RIVER BASIN
USING THE ANALYTICAL HIERARCHY PROCESS
Arakelyan A.A., Misakyan A.E., Azizyan H.H.
Abstract
In the frames of this paper, the creation of flood hazard map for the

Aghstev River basin has been attempted. In order to classify the river basin area
according to the level of flood hazard, the main factors of flood formation and
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their interaction were reviewed and analyzed for the Aghstev basin. The
analysis is based on the Saaty's analytical hierarchy process. As a result of
multi-factor analysis, the flood hazard index was calculated and a flood hazard
map was developed for the Aghstev river basin.

This work was supported by the RA MESCS Science Committee, in the
frames of the research project No 19YR-1E005 - “The forecast of maximum
discharges of the Aghstev river basin and assessment of the vulnerability in the
context of climate change”.

31



22 Q@UU Stntlwughp, @hunnipniuubp Gpiph dwuhl, 2021, h. 74, N 3, 32-40
Wssectns HAH PA Hayxu o 3eme, 2021, T. 74, N 3, 32-40
Proceedings NAS RA, Earth Sciences, 2021, v. 74, N 3, 32-40

ZhrNYENLPURU

Ut4ULU LLNRU YUNSUTULUL 0 PUNRFLECP OUNUUTUL
Nnrac vdhUrsuLuelrh UuUby

Cwhhiyut 2.9., Uk hpubpjui v.R., Qupupjui T.U.,
Qo1 iuqupyut C.U.

22 QUU Ephpupwinuljul ghwnnyeiniblikph plnnunpuinnin,
E-mail: hrshah@sci.am
Zwhdinjky F ipdpwgpnieinil 30.04.2021p.

Znnudnud putiwplynud B ki 2020p. wwphi-hnlnbdpkp wdhubpht
Ulwtw 1£h oph phthwwb juquh dnthwunphuquyhtt hhnpophudhwlwt ht-
nwqnum pynibibph wpyniipibpp’ juyqws Ulwbw 1£h oph Juyunuwig
onhuninubpny «bwnluwi» bplnypubtph htn: Uhpwunydmd Eu tphnt hhd-
twlut b kY Gpypnpnuyghtt tpwbwlnipjut gnpéntukp, npnup Yupnn tu
widhpwlwunpbt Juwydws hul) dSwniuwi Eplnypeh htin b hyuwunt] tpu
wnwowgdwin: Fpwbp b, hwdwywwnwupwbwpwp, oph pupdp okipdwu-
wh&wn (25°C b pupdp), opqubtwjult yniptpny hinbkuuhy b wudtpwhulth
wnununudp (hwinuybu wqnnh dhugmpmatkpn] b dwuubwynpugbu’
wunthnud-hnuhny) b unydwwn-hnuh wnluynipmniup 1£h poy] wijuwjught
onnil: Uju gnpédnutinh nliph dwuht junuly B bwb twhhinid junwpqus
htwnwgnuinipnititiph hinhttwfutpp: Ukp wpjpwnwbpubpp hwuwnwnkgh
upwug Yupshpp whwihwnhy htunwgqnunipnibutpny, pH-h b oph ehpdwu-
wnh&fwih puonughtt swthnidukpny:

Zmugmguyyht punbkp. Zhnpnphuhw, wudnuhnud-hnt, oph phuhwljw
Juqd, oph phuhwlwt juquh pwtwdl, juyunwlwiws ophuninubph
Swnynud:

2020p. wwphihg hnubdptp tbpunjw) juwnwpdl) b Uhwbw 1&h
oph Juquh hhnpnphthwljwi hknwgnnnipniulbp «Ulwbw 1£h b]n-
pmndugdut dbjpwthquubph htnwgnuund b «bwnldwi» Eplinypubph
nbd wuypwiph dbkpanutph dowlnid» (N 1-15/20TB) tyyuunwljujhu-bpw-
gpuyhtt $htwbuwynpdwt spugph sppwtwljutipnid, YJhuuwpwbwlu
ghnnipniiubph nnunp, wypndbunp £ Gwpphbjuih nEjwdwpne-
pludp: Puquuuynpndh) hbnmwgnunipniutph suppnid hpujutwgyty
kb twl 1&h oph hhnpnphupwlub htwnwgnnnipmiubbp byunul
niubbwny wupqupwubk] oph juquh b juyunuwlwbws ophuninutph
sunuwl kpbnypubkph dhol juwh welumpimip jud npu pugu-
Juynipjniup, Epk wytt jw hsywhu b gopénud wudhpwlwunpku swny-
dwt dudwbiwl b hty thnithnjumipmnibubp Bo juwnwpynid oph juquh
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htwn ppuihg htunn: Unynpuwpwp opuyhtt wwqubttpnid Eplngpp
nphuynud E, Epp wnluw B pwpdp obpdwunhdwbughtt quydwtbp,
oninl k| huglgwusé £ Jhuuwsht nnwppbpny nt dhwgmipniuubpny: Uju
wqpbgnipinitubph twl gnipp upwlynid E hisybu $hqhuljuly, wyb-
whtu b phthwlut thnthnjumpnibbubph: Ldwt ghypbpnid Junwtnd
E oph npwlp, phtusnd wuydwiwynpws uluynid b wwppbp, wyy
pynud’ swunuwh ypnghutbp: Ywynwlubws ephuninibpp enipl w)-
nnunid b innpuhl Wnipkpny, npnup Junwbquynp kb husybu dwpnni,
wjiybu b opujuquih dwnibugh nt npuyh hwdwp: Ownldwb
Epinyputnh juwh pwgwhwjnnudp hhgpophdhwlwt wypngbkutubph
htwn hwinhuwtnid £ wpuwwnwtiph Yupbnp juuinhpubphg dkhp, husng b
yuydwiwyws E wrhwnwiph wpnhwjutnipniup:

IpJws hhgpophtdhwljut ugph  msdwt tyuwwnwlnyg 2020p.
wuyphihg ufult] G 14 oph dnipuplnudubtpp b hhgpnphuhwljut
wbwhnpl hbnwgnunmpnitubpp, npntp swpnitwlyt) Eu dhtgh hny-
wnbdptp tkpwrjwy: Ldnipwpynidubph hwdwp punpdl Bu Gpkp nk-
nuuwubp, npnbp Wuplwbwuinpkl wijwin]by kb Théph (V4011797
E 45°14'53"), Unpuipkth (NV 4002945 E 45'2'45") l L&wpkuh (N 4093046~
E 4457275 nbnudwubkp (uh.2): Fpwbp ppkughg ubpjuyugunid tu
1[Swpunpotn b uvywuynid kp, np swnluwb kplunypubpt wpwyt) hu-
wnktuhy Yupwbwt htug twdwt nbnudwubpod: Zniyhuhtt uudl) k
Swnluwut pnintt wypngtup b, pugh hbippuwluihg, juunwpdl) L owub
Suinjuwd oph pugnighs tunipwplnid b hkwmwgnuinid: dhgniw) nh-
wnwpinuip pny; kg gputghk] pnintt Swnnud Lhdph nbnudwuntid,
uwuyl, hswyku gnyg nykghtt ypnung Juunwpdws dnwnn- b Jhykn-
tjupwhwindubpp, juyunwlwiws ophuninubpp qpunkgpt) Eht ULs
Ulwuh hwdwpuw wdpnne dwlbpbup b hwdbkdwwnwpwp phy Eht -
puswd Gnpp Ulwbnid (ul.1, 2):

Zhnpnphtdhwlwb hbinnwgnunipnititbpnyg npnpyby G oph Jwug-
uh pyny 21 pununphsubp, npnup Jupnn b juuydws (huk] swndwb
Epunyph hbkn nt wyp pununphsubph wwupnibwynipjniuttph thnthn-
hunipiniutipp jupnn tu guypumt YEpwny gnyg wwy oph juquh b
Swnjuut tplnyph dhol thnpuiwunupd juyp swnjuwb phpwugpnid, b,
dhlinyt dwdwbwl, Jupny kbt swnwyk] npwytu oph Juquh dwuht
[pugnighs wknkynippub wypnip, ophtwl] Yuquh pwtwdlh pnipu
pipdwt hwdwnp:

Npnonudubpt ppujutugyl) B hwdwdwyu punniudws ISO-utph b
I'OCT-tph (npnug dwuhtt wnbknbynipnibabtpp phipynd Bu wry. 1-nud),
unwugywé wpnibupubpp, punn minudwubkph, pipymd Bu wn. 1-3-nud:
Lunipwnnudp Juwnwpyb] £ pun (Mecrpykmua ..., 1983) hpwhwtgh:
‘Lunipundwt junpnipjniup Juqutk) k0-1d:

L&h oph hhgypophdhwljutt hbnnwgnunnipiniuubkph wpyniuputpp
pEipJwd Bt wn.l-mud: ‘Upklp, np dbwmwnubphg, pugh tplwphg, hu-
JEpuhnt-ynjnnudybpndbtnphly Enwbwyny npnodby Eu twb Cu?, Zn%,
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Pb*, Cd?: Usnuybu qpuigdl) ki wju dknwunbbph wiwihqh qquy-
nipjut wunh&wlthg gudp wupnibwlmpnibbbp <0,0024g/4 b wyy
wuwwndwnny tputp wyniuwlnud skt phpynid:

bPusybu tplind £ pipdué wndjujuknhg, 1&h opp uqup, husybu b
twpjhund puquhgu junwupws hbnwgnunipjniutpny L qpuigyty
(IL.M.Kamnauss, ..., 1997, Qupphbpul, ..., 1980, Zujjulw ...., 1984),
hhnpnjwuppnuiwwn-pinphnuyht, dwqubkqhnud-twnphnud-jujghnidwght
E: Unyb Juqdt b gpuugdkp 2018p. twl 40U U 3d funpnipjnitiukphg
Jtipgdws oph tdnipubpnud: Cunhwinip hwipwjtugdwt puquudju
dhohti wpdbpp, punn mwppkp nwuphutph dbp b wy hknhtwlubph Ynn-
uhg pkpynn hbwnwqgnunipnibtbtph wpynibupubph, sh ghpuquignid
760ug/: Puswywbu b twpht niumdbwuhpmipnitubph wpyniupnd,
wydd £ Juquh pwbwdlh wthntwjht swppnid Eppbdt b hwjn E qujhu
unipbwwn-hntp, npp gpuynd | pubtwdbh withntiwghtt owpph Jtpohte
wnbnn: Lpw wnwynipniip pugunuybu juwyyuws £ 1&h oph ypw nkju-
ungkt wqntgnipjniutitpny:

Ququh yunlph jupndy hngnjunpymb gpuitgtg Théph nknw-
dwuntd hnijhup 20-ht: ph wdpnne whwdbpd hwndusp swsyus tp
Juyunwlwiuwy ophuninubpny (44.2) b wyu Gplnypp, hyyhu wuykg
Jtpp, gpuymd kp 1&h, huwnuybu Uks Uhwbh dwlkplngph qquih
nwpuwsp (u.2): Ynipnyh pubtwdbtt wyn mbnudwunid nith htwnbyuyg
wnkupp.

HCO3ClS04

M
LI MgCaNaKNH4

Utp b wy htiphtwlhubph (ILM.Kamnaway, ..., 1997), puquudjw
htwnwgnunipnitutph pupwgpnid (npnughg Up dwuh wpnniupubpp
hpuwwnwpuljuws sk, jud wkpuyugyl) Bt hwydbwnynipjut dund) 1&h
oph tdwt Yuqu skp gpuigyl) b hwynuh skp twb gpuljwunipinithg:
Udnthnud-hnth wwpmbwlnipniip hwutnd E 32dg/q b tpu wu-
pnitbwlnipjut Byy-%-wjht wpdtpp wntn E qununud juquh puwtwdlnid:

Zudbdwinnipjut hwdwp tykup, np ntuwunwinud nbtnbuwljub-
hudbnt b Ynipunnip-JEugunuyht gpoquuugnpsdwt gpudpwpubtph opk-
nh hwdwp NH*- h poyjunpbh vwhdwbwhtt §nughinnpughwt pb-
gniijus £ 2,6Uq/mi® (https://scic.....): Ulwbw 1&h oph hwdwp wju
Epunypp pmhun Juubquynp kb, wdbbwyt hwjuwbwlwbnipjudp, wb-
dhowlwunpblt juyyws k swunldwt tpinyph wnwowgdwt htwn: Ugn-
nh wyu dhwugnipjutt weunipniip tdwbt pwbwlny jununid E onph
«@upd>» wnununuwb dwuhtt qquh pwbwliny opqutwlwb Wnipny:
Lnyl oplt wjuinkn gpuitgyty £ Ulwbw 18 opp hundwp wbbwumntiyg
ohipdwumhdw 26,8C: Uju wnnidny, ophtiwy, 2. Qwpphbyuip gpnud L.
«Lfwhtyu dwubpmd obpdwunhdwtiwhtt nmunwiunidubpp ks Bu b
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tnk) Gt ghwpbp, tpp dhohtt wduwlwup ognuwninuht tnky & 207, huy
wnwkpugnijuip 24% (Qupphtyjui, 1980):

Uhltunyt dwdwbwl] gputgyl] tu opwsdtwghtt gnighsh 5,91 L
pughwinip hwipwjiwmgdwi 1060,0¢/g; wpdtpubp: Uttwjwnby thu
twl ‘Unpupkth b L&wpkuh wbnuuwubpnid gputgdus obpdwuwnh-
Swlitikpp' 28,10 26,60 hwlwyunuuuubupup (ul.3):

Unjniuwly 1
Ulatiwn 1£h 9oph hhnpnphuhwljut uqup Lhdph nknudwunud pun 2020p.
Juunwpdws hbnwgnunmpiniuabbph wpyniupubph (dg/)), npnonudubph
Enuwlp b dhowqquyyhtt utnwinupunikpp

N | Npno- Lh&ph whnudwu

Jud ‘Lunioh hwdwpp b tdnupwpdwt wduwphyp Opnpuwt ISO, TOCT
punw- | 1720, | 4/20, | 7/20, | 10/20, | 13/20, | 16/20, | 19/20, | 22/20, | tqwllyp
nnhstbp| 27.04.20 [25.05.20117.06.2007.07.20 20.07.20 [10.08.20|14.09.20/06.10.20

UYninph- T'OCT-
Ubwnphly 4192-82
Pnguyht-
tdhuhnt
dnun-
gl
Pnguyht-
Edhuhnt
$nun-
Unwuphy
4| Ca* 30,51 | 29,34|27,38 | 30,51 | 58,68 | 21,52 | 27,38 | 33,25 | Dwywywyhl | ISO-6058

5| Mg | 20,87 |20,16|40,32 | 40,32 | 52,18 | 44,59 | 41,51 | 15,42 | Ounfuquyhts | 1SO-6059

1| NH# 0,10 0,20 | 0,50 | 0,30 | 32,00 | 0,44 | 0,25 0,35

2| Nat 42,99 | 37,70 | 60,46 | 60,69 | 56,84 | 59,08 | 54,03 | 32,57 1SO-9964-3

3 K+ 7,80 | 25,00 20,20 | 15,00 | 93,75 | 13,93 | 12,35 | 5,83 1SO-9961-3

6| Fewa | 026 | 018 | 007 | 0,04 | 022 | 009 | 002 | 026 | PP | 150 6362
dbwnphly
Yninph- T'OCT-
ubwnphy | 4386-81
cr | 4365 |6138]559251,83( 81,90 |53,20 51,83 | 38,19 | Dwuuquypt | 150-9297

SO4* 18,93 | 18,93 |33,74 | 37,04 | 74,07 | 25,93 | 36,21 | 14,40 | Ujpnwyjhl 1SO-9280

7 F 0,40 0,38 | 0,65 | 0,68 | 0,18 | 0,78 | 0,66 | 0,64

10| HCOs | 219,60 |195,20(336,72(341,60| 610,00 [341,60| 317,20 | 183,05 | Dwfwunhtt | .- Oc . .

23268378

11| Nos | 400 | 450 | 1,00 | 050 | 050 | 050 | 050 | 580 | PP {196 78903
Ubkwnphly

UYninph- T'OCT-

12| NO2 | 0,005 |0,025]|0,005| sh | 0,05 |0,015| 0,01 | 0,10
Ubkwnphly 419282

13| POs | 042 | 045|018 | yh | 005 | 005 | 015 | 056 | PP | 50 6878

dbwnphly
14 As | yvh | yh | yh | yn | yvn | yn | yh | yn | TPPR e 6505
dbwnphly
nh. _
15 Clny 390,535 [392.295|577,45(577,51|1060,42|561,73| 542,10 | 330,42 | Zw2dwp -
hwlip. Yuyhtu
Cunh.
16 323 [ 312|469 | 484 | 7,22 | 474 | 479 | 293 |Ouwuuyht | 1S0-6059

Ynow.

17| pu | 771 | 798 | 854 | 830 | 591 | 836 | 825 | 772 | FEUNP™™ | 165 10503
dbwnphly

s/h — sh huynbwpbpyty
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Unjniuwly 2
Uliwtiw 1&h oph hhnpnphdhwlwb fuqup Unpupkiuh mknudwunid pun 2020p.
Juunwpdws hbnwgnunmpiniuubph wpyniupubph (Ug/)

N ‘Unpupkth nknudwu
Npnydws ‘Luniph hwdwpp b tdnpwpdut wduwphdp
pununphstbp [ 220, T 520, | 8/20, | 11/20, | 14/20, | 17/20, | 20/20, | 23/20,
27.04.20 | 25.05.20 | 17.06.20 | 07.07.20 | 07.07.20 | 10.08.20 | 14.09.20 | 06.10.20
1 NH4* 0,20 s/h 0,14 0,10 0,10 0,40 0,10 0,30
2 Na* 64,83 66,21 65,29 60,92 63,00 60,23 60,69 60,23
3 K+ 15,00 14,00 28,27 15,39 15,88 15,00 13,50 14,00
4 Ca? 27,38 27,38 28,17 27,38 23,47 22,69 27,38 23,47
5 Mg* 45,82 45,54 44,59 45,54 45,54 47,44 45,07 45,07
6 Fetotal 0,04 0,04 s/h 0,02 s/h 0,04 0,04 0,02
7 F 0,65 0,65 0,65 0,65 0,68 0,75 0,70 0,70
8 Cl 53,20 54,56 66,84 54,56 54,56 55,92 54,56 53,20
9 SO 38,68 41,15 34,57 37,86 33,74 30,45 39,05 35,39
10 HCOs 366,00 | 361,12 | 366,00 | 353,80 | 353,80 | 353,80 | 346,48 | 341,60
11 NOs- s/h s/h s/h s/h s/h s/h s/h s/h
12 NO~ s/h s/h s/h s/h s/h s/h s/h s/h
13 PO43 0,08 0,08 0,05 s/h s/h 0,08 0,05 s/h
14 As s/h s/h s/h s/h s/h s/h s/h s/h
15| Cugh.hwup. 611,88 610,73 634,57 596,22 590,77 586,80 588,07 573,98
16 | Cunh.ynow. 5,14 5,12 5,08 5,12 4,92 5,03 5,08 4,88
17 pH 8,75 8,72 8,84 8,95 8,98 9,11 9,03 8,95
Unniuwy 3

Uliwtiw 1&£h 9np hhypnphudhwjut juqup Léwokuh inknudwunid pun 2020p.
Juunwpdus hbnwgnunmpiniubtph wpyniaputph (Ug/)

N Lawokuh mbknuduu
(pnyqud ‘Ldnioh hudwpp b tdnipwpuut wduwphydp
pununphsUtR 350 7T 620, [ 9720, | 12/20, | 15/20, | 1820, | 21/20, | 24/20,
27.04.20 | 25.05.20 | 17.06.20 | 07.07.20 | 07.07.20 | 10.08.20 | 14.09.20 | 06.10.20

1 NH4 0,10 0,50 0,10 0,40 0,10 0,50 0,14 0,20
2 Na* 64,83 64,60 62,76 65,98 66,21 62,07 60,00 60,00
3 K* 15,00 21,00 34,09 15,39 16,18 14,65 13,50 14,08
4 Ca? 27,38 27,38 27,38 28,17 23,47 25,43 27,38 27,38
5 Mg? 45,07 46,25 45,07 45,07 45,07 48,63 46,02 43,88
6 Fetoul 0,04 0,07 0,04 0,02 0,02 0,02 0,02 0,02
7 F 0,68 0,68 0,68 0,68 0,65 0,75 0,74 0,36
8 CI 51,83 66,83 69,56 54,56 54,56 55,92 54,56 54,56
9 SO+ 37,85 34,57 32,92 38,68 28,81 32,10 36,21 34,15
10 HCOs3 366,00 | 361,12 | 366,00 | 366,00 | 366,00 | 370,88 | 353,80 | 346,48
11 NOs s/h 0,50 s/h 0,80 s/h s/h s/h 0,50
12 NO2 s/h 0,01 0,01 0,005 0,035 0,25 0,01 s/h
13 PO43 0,08 0,22 0,05 0,05 0,05 0,08 0,05 s/h
14 As s/h s/h s/h s/h s/h s/h s/h s/h
15| Cunh.hwip. 608,86 | 623,73 | 638,66 | 615,81 | 601,61 | 611,28 | 592,43 | 581,61
16| Cughljnow. | 508 | 518 | 508 | 512 | 488 | 527 | 516 | 498
17 pH 8,73 8,13 8.78 8.73 8.63 8,39 8,80 8,86

[o9)
[@)



Wyl. Lhdph wbnuuwu: Lhdp gqhwnh gqhwnwpbpui: Ywyuwufwbwy g¢phunntbtph
tnwpwdnidp wthwdbpd hwnqusnid: Tntuwttjuph hinhtiml E.Qphgnpjui:

20.07.2020

V.2, Yuyunulwbws gphuninubph tnwpwéniudp Uhwbw (£nid: Ljwpp Epgdus
k£ 22U Yuyphg (http://www.mnp ..), nbnunpus ki idnipwupuwt nknudwubpp.
hwpwyhg hyniuhu Lhép, Lnpuokl, Lewpku:
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Temperature, C°

i ——

Date

UY.3. Uhwbw 1&h opp obpdwumhdwh wnmwnwbndutpp 2020p. wwphi-holunbdpkn
wlhutikpht

Ujuyhuny, tjuwnh mubbwnyg Jbpp owpunpusdp, Jupnn bLup

gpuigk] htnljw) huunbpp b wik] btwptwjut Egpuljugnipiniuttbp.
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* 2020p. hnijhuh 20-ht tdnipwpldwt pojnp 3 Yhwnbpnid gputg-

Jws wibwpwnby pupdp ghpdwunhgwip 26,8 (Lh&p), 28,1
(Lnpupkl) b 26,6 (L&wokl), wdkuuyu hwjwhwlwunipjudp, oph
Swnnidtt wywhnynn hhdtwlju gnpénutibphg Ukl k:
Puquudju phunwpynudutpny qpuugyt) b np 1&h 9niptt niuh
hhnpnwppntwwn-pinphpuyphty,  dwqubkqhnud-twwnphnid-fug-
ghnidughtt juqu: Lh&ph wbknudwunid, juwunwlubiws onph-
Uninubph pnint Gwnuutr dudwbwl, twdnipwplhdwsd oniph
niikp Upby wydd Ukq wihwpn’ hhgpnjuppniun-pinphy-unty-
dwnuyght, dwqubkqhnid-jujghnid-twnphnid-fuhnod-wdn-
uhnudwghtt uqd: Ujuyhuh fuqdt wydbh hwdwpn punpny k
opquiwut Wniptpny hun wnunuywsd opkpht: Cun wdk-
twyth, wqnuuny wnunudwt Epbinygpp bu jupnn E hwdwupyty
Swnjuwtip tyywuwnnn hhdttwlwh gnpénubkphg dkhp:

13/20 unigh jupnpuwnnp hbnwgnnmipnitp wyk) £ pH-h 5,91
wpdtp: Tw Jyuynid E htnkuuhy pupwugnn opuhnugdwt wpn-
ghutibiph dwuhb, husth wyupwb k punpny sk Ubwbw (&h poyy
wjjuuyhtt opht: Fugh nw, punhwinip pwbwlny 24 tdnip-
Ukphg 5-nud, npnighg 4-p (wyn pynid’ 13/20) tdnpuwplyly ku
hniyhuht, oph Juquh puwtwdlh wuhntukph owpph Jipoht k-
nnud h huyun k qujhu SO« hnup, husp gnyg £ mmwhu, np opnid
pupwinid Eu opuhnwugdwt wpnghubbp: Ywpnn bup bEqpu-
Jugtt), np SO£2- hnuh wpiuwmpmnitp Ubwbw 1£h pny) wi-



Juyuyht opnid Jupnn E hwdwpyt) swunjuwt tpuinyph swqdwt
Epypnpyught tywbwlnipjut, hwdbdwwnwpwp pny) gnpént:

* Qph punhwinip hwipuwjiwgnidp dkp hbwnwgnunipnitubph
thnynd muwnwgty | 330-640/¢/7 vwhdwtubpnid (wnwtg 13/20
uuniph): Lhdph mknudwunid udntpwpldus «swunljus» oph puy-
hwunip hwipwjmgdwt wpdtpp Juquk) £ 1060¢/g/4, hwdwpyu
ynhuwlh wihqud wykjh unynpujut wpdtputphg: Uw Jupnn
1hub] hbnnbwup swnluwip tywuwnnng Wyniph qquih wybkigniyh:
Utwihqh pyuyhtt wpyniupubpnid wyny wybkjugniyp hhdwlw-
tmd pwdhtt E puljunid HCO* hnuhl, nph wuwpnibwlnipjui
uvwhdwbubpp Juqunud tu 783,05 - 341,6uq/}, Uhohtt wupnitw-
Umpibp  276,42ug/4, hull 13/20 tuniomd wyl Guqumd
610U/

* Ouwnuuwb tplnyph wnwewugdwn tyywuwnng gnpéntutph dw-
twsnudp Jupnn E mbbktw] juplbnp tpwbwlnipmit swunjdwb
nbd wuypwnh dkpnnutph dpwljdwt gnpéplpugnid:

Upprunwnwliph ppuwlwinugyly F 22 9UUL Qhwnnippul [ndhunkh
Spluubuun/npunlp «Ulwbnu 18 Rjnpnpugiimb dkpnuihgdabph hk-
nwgnunid b <Swphlwly Ephnypbbph pbd wuypwph dkpnnbbph
Uowlnid (N 1-15/20TB)» hwwwnwluyhb-Spugpuyhl pplwmbuun/npdul
Spuignh ppowlnulabpnid:

QU ULNRE31RL

Qupphbjub 2.9. 1980: Uupqupuyu Uhwbp, «Zujuunwuby, Bplhwl, 133 by:

MHCTpyKIMs 10 reOXMMHYECKUM METOJAaM IOMCKOB PYIHBIX MecTopyxieHuil. CocTaBUTENH:
C.B. I'puropsn, A.Il. Conosos, M.®.Ky3un. 1983. U3xa. «Henpa», Mocksa, 191 ctp.

Zughuhwh Unybinwluwt Zuipughnwpui, 1984, h. 10, Gpluwib, 735 Ly:

https://scicenter.online/ekologiya-scicenter/soedineniya-azota-ionyi-ammoniya-nitrityi-
164734.html

Kannaunsau IL.M., l'ancran A.P., 'puropsu JL.A., Kapanersn A.U., Harunsn I'.B., Dxcy3sH
L.0. 1997. TI'eoxumus npuponHbix BogbacceitHao3. Cesan. Wzn. “I'mrytion” HAHPA,
Epesan, 288c.

O HEKOTOPBIX HPEANTOCBIJIKAX "IUBETEHWA"
CHUHE3EJIEHBIX BOAOPOCJIEA B O3EPE CEBAH

Mlarunsu I'.B., Meaukcersin X.b., 3akapan H1.C., I'oabHazapsan HI.A.

Pestome

B crathe 06cyxnaroTcs pe3yabTaThl MOHUTOPUHIOBBIX THAPOXUMHYECKUX
rccaenoBannii Bom o3zepa CeBaH 3a ampenb-okTssOps 2020r. B cBsizu ¢ "mBe-
TeHreM" BOJ| 03epa CUHE-3EICHBIMU BOJIOPOCIISIME. BBIIENSIOTCS IBa OCHOBHBIX
(dakTopa W OAMH BTOPUYHBIA, KOTOpPBIC HEMOCPEICTBEHHO CBSA3aHBI C “I[Be-
TeHUEeM” ¥ CIOCOOCTBYIOT BO3HHKHOBEHHUIO STOTO SIBJICHUS. JTO BBICOKAs
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TemriepaTypa Bojsl (25°C U BBILIE), MHTCHCUBHOEC HEKOHTPOJIUPYEMOE 3arpsi3-
HEHHE 03epa OpPraHMYeCKUMH BeleCTBaMH (0COOCHHO COeNMHEHHUSIMH a30Ta H,
B YaCTHOCTH, MOHOM aMMOHHS) W HAJIWYHE COJACPKAaHUH Cyib(ar-uoHA B
cmabomenodHoit Boge o3epa. O pomm 3TUX (GAKTOPOB B «IIBETCHHM» 03€pa
WCCIIeJIOBATENM yKa3blBallM M paHee. Hamm pa®oThl MOATBEpAMIN YKa3aHHBIC
BBIBOJIBI TTIOCPECTBOM JIETANBFHBIX TOJEBBIX M3MEpEeHUH TemmepaTypsl, pH u
AHATUTUYECKUX UCCIIEIOBAHUNA XUMHUYECKOTO COCTaBa BOJBL.

ON SEVERAL PREREQUISITES OF THE BLUE-GREEN ALGAE
BLOOMING IN LAKE SEVAN

Shahinyan H. V., Meliksetian Kh. B., Zakaryan Sh. S.,
Gyulnazaryan Sh. A.

Abstract

The article presents the monitored hydrochemical research results of the
chemical composition of Lake Sevan water throughout April — October of 2020,
which have to do with the phenomena of blue-green algae “blooming” of Lake
Sevan water. Factors of two main and one secondary significance are singled
out which can be directly connected to the phenomenon of “blooming” and can
contribute to its emergence. They are, correspondingly, the high temperature of
water, the intensive pollution with organic matter (especially with nitrogen
compounds, in particular — with ammonium-ion), and the presence of some
amount of sulfate-ion in the weak alkaline water of the lake. Authors of
previous researches also mention the role of these factors. Our work confirmed
their opinion with analytic research work and field measurements.
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EUNLN3PU

SELNLNGPUNEU 0NOeNIUO ALUYUL
4UPNUYSPYNRE3NLE ULUYEMP LUNULP ZN16MNRU

Tdhpgui .U, Unduhuyjut L.EY, Omulpmjjuh G.b.12
Uwhuljjut L.‘{.l,‘ Uwnupbjput U.9., | fijubu O.U.,

122 QUU Eynynquinnupbpuypl hlnwugnunnipiniababph §hinnpnt, 0025,
Eplul, Upnyjul 68
2ZZugljmlwl Unndughl BEjupulupul, 22 Updughph dupg, 0911, p. UkSuidnp
E-mail: nona.movsisyan@cens.am
Zwhdinfué F plpugpnipnil 17.11.2021

Uohmwwnwiipnid ubpuyugyws Eu Ujuybkpnph punupnid hpuwbwgus
nunphnklninghwlw hbinwgnunipnibibph wpyniupubpp: Nrunidtwuhpyby
kb gnudwpughtt wibw/phinw wlinhynipjub nt phwlui punhnbntyihyikph’
26Ra, 22Th b “K-h whnhympjui puslufusnipniip = (kotwhwipught hw-
dwihnp wonlgnipjut tnwl gunignn Ujuybkpnnt punupuyht hnnbpnud:

Zumugmgujhtt punkp' puwlwt nwnhnuniyihnubp, wnkuuninghw-
whu wybugws phwluwb pwnhnwlwnhynipnit, hwipwpynitwpk-
poipnil, Uyuytpgh:

‘Uhkpwbnipyniu

Lintwhwipwjhtt wpynitwpbpnipniip Zujwunwth Zwubpuyb-
nnipjul ntnbunipjull wnwewwnwp gninkphg dkju k, vwluyl, ni-
Stny unghwj-nbnbkuwlub dh pupp hwupgtp, wjitntwdbuwyuhy pwug-
dwphy ppuywhywiwlwubh hhdtwpunhpubph wwwndwne E puntnd:

Ujudtpnh pwnupp 22 hunpgnp gnpénn hwiupwpynibwpbpuljui
YLuwnpnuubphg b Upudbpnnt wnudwdniyupuwip hhdtwnpdt £ 1770
p--ht, b, Jkpujupnigytiny 1959-1965 pp.-ht, gnpéniubnipniup ujuly
E npybku (Eintwdbunwnipghwljub Yndphttwwn: dhpohtthu wpuwnwupn
nunupkgylg 1990 p.-ht ptwywhywiwlwb wwwndwnubpny, huly
1997-ht, Yndphtwwnp, husybu twlb Ujuybpgnt wynudh hwupp, pupdwuy
«Uwbbku U Qupbpur ®LC-h, Ukpjuynidu «Updkithwl Lwihpp Opn-
gpui» pulbpnipjut ubthwlwunipniip (Menkonan, 1955; Akopyan,
2017; Vallex Group, 2020): Ytpwpwgnidhg hkwnn §ndphttmnp wpunwun-
pnid bp whqmu wnhtd Yhpuekny  hpdtwlwind Lwewpuih
wynudwdnihppbtughtt Yndphttwnh jupwnnwynipep, ubpliuynidu hnwdpp
unwgynd E «Phq Ukppuw» pulbpnipjutt Qwokuh (Entwhwbpuwjht
hwdwihphg (Vallex Group, 2020):
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22 wuppkp wpynibwpbpuljut jEunpnuubpnd hpuuwbwgyus
hwdwhp Eynnqubpypuphdhuljut htlnwgnuumipnitiph wpyniup-
ubpl wyuwgnignid G, np (Epbwhwbpwjht YEunpntubpmd opowljw
dvhowuyph hhdtwljwb wnunnwupsubpp, husybu bwb Eyninghwljub nt
wnnnowljutt nhuljiph gnpént Eu hwunhuwinid hhdtwlwt wpnnt-
twhwbynn dbnwnubph whgbunpujht (ninklhg) wwuppbpp, pung npnwd
(Entwhwipuwjhtt YEtwnpnuubph wqnbgnipjut gnunhtt upnn £ wnw-
puwsyl] wprnwunpulub opklnubph mknuljuwydwt mwpwsphg pudu-
Juuht Uks htpwnpmpjut Jpu (Uwnupbpjut b wynp, 2008; Kapa-
netsH u Ap. 2010; Cararemnan, 2004; Cararenan u ap., 2010; Sahakyan et al.,
2013; 2015; Saghatelyan et al., 2012; Tepanosyan et al., 2018, 2020): Fuw-
Jut pwnhnunijhnutpp, nt nppughg hwnjuwbu hhdtwlwt nnqu
unbndnn hqnuunuyibkpp 2Ra, 22Th b “K, hu Jupkjh b quubp whgh-
unpuyhtt mwppbph owppht (Belyaeva et al., 2019; Paschoa, Steinhiusler,
2010):

Ujuytpnh punupnid ptwjut nuphnwljnhynipjut mkuuninghw-
Jut thnthnjumipnitp sh nuunidbwuhpyt], dhispbn nunhnkyninghw-
Jut htwnwgnunipmniiubph Jupbnpmipniip hhpdbwdnpdmud £ wyla
hwuquuwipny, np gnpéwpwiunid npybu hnidp mwphubp pwupnitwy
Jhpwnyb] £ Luowpuith jpnwiynipp: Linbwhwbpuyhtt wyy YEuwnpn-
unud juunwupyws pwnhntninghwljut hbvnwgnunnipiniuukpn (Belyaeva
et al., 2019) Jyuynud ki hwbipwpwpnid, hknbwpwp bwb pnwiynipnod
28U-22Ra n1 22Th-h pwpph unijjhnubph puujuwuht pupdp wljnhyne-
pjut dwmuhl:

Unyt hbnwgnunipjut tyuwwnwlju bp ntumdwuhpl) Ujugtpngne
punupwjhtt hnpbipnid npwnhninghwut hpwyhdwlp, puguhwjnby
gnudwpuyhtt wpdw/phinw whnhgnipyub b phulub pwughninityhnitph
26Ra 22Th b “K wljnnhynipjut pupjujudnipiniup nt npuig htwpuwynp
wnpnipbbpp Yphwbtyng nkjinnghwuybu thnthnju]ws phuljub pw-
nhnwljnhynipju gnpénutbkpp:

Uniptip b dkpnnutp

Upuytpnh pwnupp quignid £ Lopnt dwupgnud nbnuljuypdus k
Qhphn ginp Yhpénwd, Yhpwhuyng b Ulnpnjug (Enttwonpwubkph jwub-
otinhti, énJh dwlwpnulhg 750-1400d pwpdpnipjub Ypu: Stnuuph
gipdwt  dEpdwplwnupdwihtt k, suhwynp ong, wnwybjugnyup
+30...435°C U snpujhtt wmdwntbkpny, Uknd adbnubpny, wnwybkjugnyp -
17...-18 °C: Swpkljwb wbnnudubkph dhghtt pwtwlp 551dd (Punnpu-
uwpyub, 1971):

Ujwytpnhtt punupuwyht phwluwduyp k nunpdky 1939p.-ht: Lunuph
Jupswljut nwpwsph dke dintnid bt Ujwybkpnht, Ujukpp, Uwtwhhtp
b Uwnuip: Ujuwdbpphtt dwpqitunpnthg quiygnid £ 504 htnw-
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Ynpnipjutt Yypu: Cunhwinip dwljbpbup juqunud £ 23.54u? (Nazaryan,
2009):

Lwunuph hjniuhuwhtt hwnduénid qnuynid £ Ujudbpynt wynhud-
puquuutnnunuyhtt  hwipwduypp: Ujwdbpynt  hwbpwjhtt  opowtp
Juquws E hhdtmjwinid hpwphiwshu-tunguspughtt vhohtt b ybpht
mipwyht (wopbhphwnttp, inidbp, mnidnppblshwukp, YEpuwnndhpubp,
nnipwuqupuntp) okipintphg (uly.1):

MNuwjdwbwlwb Gpwdbbp

YT T Enghith junfugh hnuplip b mmlip
(pruqujwn, whnlighw, shaphn),
tumjudpunyhtt wagupitip,
htwnpmqjuyh wogupp,
(gpuinninphin b Gjung ghnphn)

\\ Puynuh nuighin b chophan, tnnd,

™ Uumjudpun bt woguptitip, Ypupup,
uphpnljjwunhl] woophitip,
puqujnuwwinlighnwh@ junjugh
thepurpwiplip

f Lliph® ympumghjunjurgh houplip,nmd
L wgadlipunlip, (puqupn, paquipnhl
wiinlighwn, whnlighu,pughin b chojhn)
Pwpnlywb ujwghngpuwihn b
umpnyurichly fwpgunhi nughn
My yumnngliuh Guurnmdpumh woupttin

@ b wjihnglith puqurjwn

N —asas P Uunflinnh vwhidwh

0 07515 3 45 ]
A —— ydJ

q. "Hiplinn

UY.1. Uyudtpnp punuph tpjpuputmfui pupwntkq, pun (Mederer, 2014)

Ujwybpynt hwipwjhtt quponh wwyupubpp dhwhuntduwsd B kY
wbnhhtwjuwyhtt Swiph dbke, npnid wnwudhtt nuyptph b ownlkph
Alin hwnku tu quihu pJupguyhtt wynpdhphwnubkp b wphwnndhputp:
Uju uwljuy httinpnighdujhtt wywptph hbn nupuswljut mbuwbly-
miihg juwyyws ki hwpniun §npskputughtt hwpwduypbp® wnhud-
puquuubnnwnuyht, unybhnuyhtt Ynpsknputh b puphwnh (Comxo, 1961;
Mederer, 2014): Fnit hwipwuyph hwpwyjuyhtt hwindusnid ghipuljw-
ud Bu hhdttwghtt juquh wwwptbpp, hwqupby® ppduyhtt juquh
(wmphnindhpttip): Zwipuyuwgnidp tkpuyugus £ onnltpny b nuy-
tyuljubpny:  Zwbpwiympbph juqunud, pugh hpduwlwb  Jhibpug-
ukphg Juwyynwhppwn, whppw, upwibphn, quikihn, welw kb twb
puphw, wpubkinyhphwn, mkbtwbtnhwn, puwsht nuljh (Cararexsn, 2004;
MaraxsH, 1947; MxprusH u ap., 1968; Amupsan u gp., 1998):

Unyu hbwnwgnunipjutt hwdwp oquugnpdykp i wppuhduyht
uudnipttp, npnup tdnpwnyl) tu 2018p. Ujwuytpph punuph puqlw-
tyuwunwljuiht Epjpwphdhwujut hbnwgnunipjut pupwugpnid (Te-
panosyan et al., 2020): Lunuph Epjpuphdhwljut hwunypp twwgsybty
b hpwlwbwgyt] kp hwdwdwt dhpwqqujhtt uvnwinwpun dkpnnutph
(PeBuu u gp., 1982; Cochran, 1977; US EPA, 2002), hnnujhti hwunyph
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dwupnupp 1:25000 (16 tuniy 14d? wwpwsphg), (Tepanosyan et al.,
2020): Ldnipundwt wdbkt juyuinid puwnpdl) b showpongus hnpw-
dwslhh 10x10d dwlbtpbuny hwppul): 2dwbgnuinng wynnuuwnhg puhh
ogunipjudp hwppwlh wulmnitubphg nt YEunpnuhg ytpgdt] £ hnnh
dwlbpinypuyhtt okpnh (0-10ud junpnipjudp) 5 Eupwbdniy, npntp
dvhwpwntgl) tu ubpjuyugnigswut  tdniph unwgdwt  hwdwnp:
Lunipubpp snpugdty Bu ubkyuljuyhtt gbpdwunhdwtnd, dwupugyty,
dunyt) 2dd mpudwgédny dwnny, gyt Eu hipdbwnhl guudwub nw-
putbph dbe b wuwhbunwynpyky:

Mrwnhnkyninghwuljut hknwgnuunipjut hwdwp pninp tdnyttpnid
hpwlwbwgyt] t gnudwpuwihtt widw b phnw wjnhynipjutt npnonud:
Anidwpuyhtt wjpw/phnw wljnpynipjut npnpdwt tyyunwlny snpwug-
Jwé hnnh wdku tdniphg wnwbdbwgyk] £ 1-wlwb q, dwbpugyl) k
wqupt hwjubgny dhtsh nhdwhnont dwlwpnuyh: Ujunthknb 0.5-
0.7q whyynwnp mbnunpyty E 6ud npudwgdny b 1dd junpnipjudp §inp
yuundwuk Wdnipwpnuhynid: Znnuobkpnh hwuwnnippiip  bdnipw-
pouhsnud Juqunud Ep 0.1-0.2ud” tdnioh okpuinid wpdw b phvnw duu-
uhjubph huptwljjuinudp tuqgubint tywwnwyny (ISO 18589-6:2009):
Lunpubpnud gnidwpughtt wpdw/phinu wljnhynipiniup npnoy 'ty k gus-
pudntwght iMatic (CANBERRA) wliquq huwpjupluwi hwdwljupgm]
PIPS Wwpép uphjhghmduwghtt phwnbkliwunnpny, npp wuownwywidus k
10.16ud hwunnmpjudp juyupt yunjuiny: Zudwljupgp unniqu-
swthywd E 22Am widw b OSr/Y phnw wnwbnupn wnpmnipubpny:
‘Lunipubiph hwoqupyh dwudwiwlp Juqdbk; E 120004pY. b tjuqugnyi
huwyntwpkptjh wlnhynipniup (Minimum Detectable Activity, MDA)
npnoyk) kiLink™ iSeries™ épwiqpuyhtt Uhpwuypmid nt juquky | 13.7
7.0Fp/lg gnidwpuyhtt wpdw b phnnw wljnpynipniutiph hwdwp hw-
Uwywunwuiwbwpwn (IMATIC, 2020):

Muwjdwlwlwl Upwllkp
NwnhrunLyhnutnh npn2uwl

® hwdJwp punpywsd Lunwnuwl
Ybntn

r (Z4UpwgtipnnL wnywdpwn

ZA MNudwaniwnwl

1 Rwihnuwynuywntn

—q."\Gptin

== Ruinwph uwhJwulbp

[ 1&Euptp W 2huncpnlllGp

A 0 07515 3 45 6
km

UY.2. Uyuytpnh punuph tdnpundwb pupwnkq

44



Nwnhnuniyhnutiph wnhynipjut npnodwt bywwnwlnyg tdniy-
ukph ptnpdwt hwdwp ogqurnugnpsyty kp ArcMap 10.3 hwdwlupgswjht
Spwgph wwwnwhwluwt pytkph ghubpuwwnnp gnpshpp (Random Sample
Generator): Cuwnpyt) Eu 41 punqupuwjhtt hnph tdnybp, htyybu twb 5
dIntuyhtt mbnudwuh tdniptbp: Fuwjut pwnhntuniyjhnubph wlwnh-
Ynipjutt npnpdwt tyyuwwnwlny Yhpwunyl) £ guspudntught quddw
uybkjunpuswthwlui hwdwlwupgp (CANBERRA), npp bpunnid E
ghpUwihnidughtt (HPGe) nhwnbljnnp wnudny kphugunws 15ud-ng
Juwywpt yuownwwiny, b DSA-1000 puquuwihpujhtt wbwjhquunnp:
8nipwpwbynip tuniphg 700q 1gyt) E Uwphubihh nupuygh dke, thulyty
b wuhyk) 21 op’ upujnp hwfwuwpulypmpyut hwunundw hw-
dup: Quddw uyblunpiph unnwgnudp wbik) E 180004ny., uytlwnpkph
Jbpmnisnipiniup juwnwpyk) E Genie2K spwugpujhtt vhowjuypnid: dntih
b pnUthpnyut ELinh hwogwnnidhg hbwnn “K-h wlwnpynipniup
npnoytk) L widhpwljwunptu 1460.83 Ytd $nuinwyhlhg, hulj *Ra b
Z2Th-h wljnhynipiniup Jipwhwoquplyl) E pun gniunp uniyjhgukph
$nunnwhlytph 26Ra-p puwn 24Pb (351.9 Ykd) mu 24Bi (609.2 YE), 22Th’
nuwn 22Pb (239.0 YEd), 2'2Bi (727.0 YE) n1 226Ac (911.0 YE):

Znnnud gnidwpuwyhtt wppw/phinu b pwnhnuniy hnutiph winhyni-
pjul twjuppuljutph mwpuswljut purhdwsnipjut pupnbkqp Juqu-
ybp t ArcGIS 10.3 spuqpuyhtt Uhowuypnid Yhpwnking IDW (Inverse
Distance Weighting) htnnbkpunjjughwjh dbpnnn: Lupnbkqutpnid wljnp-
Unipjutt nupntph dhgwljuypp wpjwd E pun @mpbjh dbpngh (fw-
qugnyjl, pyupupiiutp, wopwdbjugny):

Upnyniupubp

‘Lunipubph 40%-nmd wjdw wlnhynipniup hwjnbwpbpdw uwh-
dwiughtt dwljwpnuljhg gusp ' <MDA> (wrn.1): Uhwgus tudniplbpnid
gnudwpuht widw wlinhynmpmiip nunwidnd E10.2-50.08p/lq
vwhuwbibpmd puohu]tyny punuph wpldnjui dwuhg nhugh hwpun-
wplbp (ulh.1): Unwybjugnytu wlnhynipjut quownp (35.6-50.06p/lq)
hhdttwjuwunid JEunwhtt dbwjunnigyusdp nith b opowgsus k wykih
gudn wljnhynipjut nwonkpny:

Snidwpuwyht phnnu wjnhynipniup munwiynd E 84.0-446.0Fp/jg
uwhdwtubpnd, dhohtimd Juqutiny 275.99Fp/ljg: Unwykjugnyt dw-
Jupnulp (321-466.0Rp/yq) nhinyt) k Uwtwhhi piwlh hwndusnid
puwnupujhtt nnwupwsdph hwpwduyhtt dwunwd, htyybu twb Uwngub
hwduyuph dnwnnwluypnid (ul.2): Lwunupmd ghpwulonmd E 223.25-
281.00Fp/ljg mjunnhynipjui nupwnp:

Npubku Ujywybkpnh pwnuph hnnkpnd phwlwbt nwnhnunil-
1hnutph $nuyhtt wmunhynipnit punnitidby £ $ntiughtt tnupwsph hhug
udniotbph mwppuwnisdwt wpynipubph dknphwih wpdbpp: Ldwb k-
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pnpuljut dnnbkgnudp wppupugdws L uyt mwpwsputph hwdwnp,
npuntn Epjpuphdhujut $nuh npnondp puppuwind E Epjpupwbw-
Jub Jupnigqudph, nkjhkdbh nt hunbkuuhy dwppusht gnpénitubtnipyjut
huwdwnpmipjutt ywwndwnny (Tepanosyan et al., 2017): Unjniuwl] 1-hg
wljutipl k, np 22°Ra b “K-h quwhwndws dntwghtt wjnhynipniup Uqw-
ytpnnt hnnbph hwdwp thnpp-huy gusp t 22 hnnkph hwdwp UUY-h
wwnndwjhtt Swpwquypdwt wqpkgnipjut ghnwlwt Yndhwnkh Ynnuhg
22 hnntph hwdwp quwhwnguws dhohtt dwjupnulhg (UNSCEAR, 2000):
Tw wuydwbwynpjws b upwinyg, np hbnwgnunipjut nupwuspnid
hnntpp qupqugly b Epdmqp] wwwpubkph Jpw, npnig punpny sk
puwwut nwnhnuniyjhnubph pupdp winhympnit: b wnwpppnipnit
26Ra b “K 22Th-h $ntuyhl wlnhynpmip Unn k 22 honkph hwdwp
guwhwwnyws vhohtthtt (wy).1):

Unniuwy 1

Nunhnuniyhnubph tupugpuju Jhdwuljugpuljui gniguthpubp, 22
hontiph hwdwp guwhwnydws thohtt wjnhynipniup b $nup

8n1gwlihy Qnud. upbw whw. | Gnud. phwnw whuw. | 2°Ra | Z2Th MK
N Lunwutiph pwtiuly 60 100 41 41 41
<MDA 40 0 0 0 0
LUwqugnyh 10.20 84.00 440 | 950 | 151.00
Unwytijugnytt 50.00 446.00 34.00 | 47.80 | 700.00
Uhghl 23.83 275.99 13.67 | 28.07 | 356.61
Unwbinupwu ptinnid 9.43 63.36 5.35 9.31 86.93
Utinhwi 21.70 281.00 13.40 29.50 | 369.00
Swnuwtitud vwhdwbtitin b (Whohtt wjnhynieini) << hnntph 20-78 | 29-60 310-
hwdwp, Rp/ljg pun (UNSCEAR, 2000) (46) (30) (‘3‘28)
dnbtuyht myhynipynih, Lp/lig 10.2 222 280.0

Lunupuwjhtt hnnnid 2?°Ra wnwybjugniyt wpdpubpp nunwiynud
Eht 16.6-34.0Fp/ljg uwhdwttpnid (uy.3): Ujnhynipjut wjn nuownp
dqnud E wnudwdniupwihg ntyh hwpwyd-wpbuninp, pungplbnyg
Yhphknh Yhpdu nt Uwbwhhtu ptwlbih punudwuh dh dwup: Unyh
wlnhynipjutt vhowluypny punpnoynn Jhwnwhtt dAbwljwunnigusph
nuownkp wnljw Lt punuph Yhpdwjhtt dwunid: Fpwbg onipop onh-
twswihnpku Abwynpynid £ $nup dhbsh 1.6 whqud gipuquiugnn wy-
nhynipjut quowp, npp ghipwunid £ punuph mwpwspnid: dntp
sqgipuquugnn wjnphynipniuiutpp gpugyt) bt Uwnwuh gpowtinid:

22Th hsyhu b 2°Ra wnwybjwugnyyt wljnhynipjut quownp (34.051-
47.8Fp/l1q) pwohuynid E wynudwdnijmputth mwpwéphg nkuh wpbuninp
nt hupwy-wplidnwnp Hphnh Yhpdmd: Yt opewnyunnid b dhohta
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wlnhympjut qguontpp (29.5-34.05Fp/lq), nphtt | hwpmd £ $ntwghta
wljnhynmipnit gnunnht (21.85-29.50Fp/ljq): Pusytu b ??°Ra-h nbtupnud,
Uwnwuh ppowtnid qpugyt) L dntughtt dwjuwpnulijhtt hwjuuwp
Jud gusp wljnhmpniukp 9.5-21.85Lp/lq Uhowljuypny (bly.3):

......... \‘r

Gnudwpwhl wipw
wlwnhynipinil, Ppiyq

Gnudwnpuyhl phuw

N (‘. <137 N wlwnhynipgny, Ppiyg
A e C0137-1486 A Mnudwsnuywpwl A [C184.0-223.25 A Mnudwanyuimul
B 146-21.7 25 Ruwihnliutin E22325-281.00 B3 Rwinlltp
. =§;; 3 §g-g —qtptn W ynwitn  Ferporm EE281.00-321.50  — g.bpbn L quwilitn
0051 2 mm3sE.-50.0 == Pwnuwph uwhdwlbtp 0051 24 EE32150-44600 =-Lwnuph vwhdwllbp

(aal ™S
y rd
B!
{
b,

.

=Ra, Ppllq -
n Bnli* 10,2 Ppllg R N Bnli* 22,2 Rplyg.
A Ly CJ44-04 77 Mnlibwbnywpuwl A \>,  [J95-2185 P2 MinUbwanyuwpwl
Y EE4-134 B2 Bwihnliitn " 21.85-205 22 Rugnlilibn
T N 134-1686 = q."pbn L nwlylbp ‘aanamansl . 29,50 - 34.05 —q.eptn L Yunwlubn
0051 2y ME166-34 ==+ Rwnwph uwhdwllEn 0051 24U MWE34.05-47.80 == Buwnuph vwhdwllitp

“K, Pplug
Snl" 280.0 Rplyq
[1151.0-184.0

E7184.0 - 310.0 A MinLdwbnywnwl

i

Y mm3i00.3600  E5@umLUG
T EN369.0-4360  — &7bpbn L yuwlltp
0051 24 mm436.0-700.0 = Rwnuwph uwhdwlilibn

VY3, Gnudwpuyh wpdw/phnnw wnhymipjui b phwjut pughnundyjhngutph wynp-
Jnipjutt nupuwswlub pupududnmpiniip Upubpgnt punupughtt hnnbpnud

“K wnwybjugnyt wljnhynipmniuautpp (436-700 £p/lig) gpuugyby

El pugunuytu yndwdniyupwih hwpwlihg hnntpnud (Wly.3), npubg
opowyjunnid k 369.0-436.06p/jq wljinhynipjut dhowljwypny punipw-
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gpynn nuowp, npu pungpinmud £ Uwbwhpt phwlbih punudwul
wudpnnonipjudp, hisybu twb punqupuyhtt nupwsph wplbjjub nt hw-
puy-wupbdnjut dwup: Utugws nmupwsdpnid ©K-h mbnuyjht np qpb-
pt gipuquugdws st:

Lutwpynid b Eqpujugnipinin

Ujwnhynipjut puonbtph nknujuydwut npnowljh tdwunipjnibubp
tjuwntih b gnidwpuwiht phnw wljnhynipyui, 2°Ra, 22Th b “K-h dhol,
nwppbpynid Eu Jhuwju nunhnuniyjhnubph b gnidwpught gniguwthoh
wnwybkjugnyt winhynipjut nuonkph wknunpnipniup: Uju hwb-
qudwipn Jyuynid E, np punupwyhtt hnpbpnid punhnwljnhy wynipbph
phwlut nmwpwbwpwoidwt Jypw Ybkpwnpybkyp Gu ?2%Ra, 22Th b “K
nbkputwsht Jupquotnnudubpp: Gupwnpuwpwp, ptwjut nunhnuniy-
{hnutph hhubwluwh dwppusht wnpoipt b ynbdwdmpupubp qun-
twny wnbkpunnghwwybu wbjugyus phwlut pwuphnwljnhynipjut
gnpéni: rwnhnuniyhnubpp nmwpwsynid ko hhdtwljwiunid yntdwdnt-
jwpwih wpnwibnmdutph juqunid, npnug nupusdut hhdbwlwb
Uhgpughntt hnupp {kntwhnyunughtt pudhubph ki hwpu]-wphdnjwi
hhdtwut giphojunn ninnnipjudp: Ftwljut punhnuniljhnubph up-
quoknnidubpp hwjwbwpwp dbwynpyt) b hwpwpbpuljwiunpbu jupd
dudwttwjwhwwngdwénid, hull nkutuninghuybu wybjugus phwlut
nunhnwljnhynipjutt Juplnp gqopéntt Jupnn b hwighuwbw] npybu
hnidp Jhpwnyny, ptwjut punhnuniljhnubpng hwpniun Lwugwpuith
wynudwdnihpnbughtt Yndphttwnh junwiynipp: Unwgwus wpnyniup-
utpp thwunnd Bu tnp, hwdwwwpthwl hbnwgnunipjut hpulw-
twguwh Juplpnipmiip, ph ghnwlul hpdtwpup, pk jhpupwljwi
wnbuwtlniihg:

Owumgnid. Ujyuytpnh punuph tpipuphdhwljut hwinypt hpw-
Juwtwgytk) k 22 YQUUUL Ghunipjut §ndhnbkh npudunpus Shtwbuw-
Unpdudp «Eynnqubtpypuphihuljui hknwugnunmpynibibpp, npuybu
npnonidubph pungnitdwt hktp (Upwydkpnh punwph ophtiwlny)» #18T-
1E145 dwsjugpny ghnwlwb phdwjh spowtwljubpnid: Unyt wphow-
nwtpnid ogqunugnpéjws jwpnpunnnnp wphtwnwbpubph wpnyniupubpp
unwgyl] tu 22 QUU Einnquunnudpbpughtt hbnmwgnuunmipiniuubph
YEuwnpnuh puquyhtt $httwbvwynpdw opowttwljutipnid:
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Unyt honpjuénid owpniwmlynud E, IX nuph Mhuh wykphs tGphpw-
owndtph Jh&whwpnyg punipwqpbph wupqupwtdwin mnngws, yqundw-
Jui Jyuynipiniiibph b npuownuyhtt ntuntdtwuhpnipinibibph wipyniiptph
Ybpmnismpiniip: Uyunbn hngjuwswowph plypnpny hnggusnd, hhdwywi
nipwnupnipiniip ninnjuws k Eppuwowndtph hbnbwbpny wnwewgws wybtp-
Jwdnipjniiubph lmupwspubph Londwbip:

Zwugnigught punkp. Mht, gquundwlub Ephpuowupd, wybpnidubn:

Mt punupp IX-py fquph Ephpopy  Yhupb.  ghtmpynititkpp,
puwlsnipiniip, kphpuowpdtinh hbwbwupubtpp

Cunn hwy dwwnbkuwghpubph, Hht pwnuph hhdtwnpnudp Jhpw-
gpynud £ Upowlnityug unupny Ynwnwl] puquynpht, npp 332 pdw-
Jutht bwhwdtnul] E Whind puquynpuljut wwjuwnh shttwpu-
pnipniup, hp wppniuhph nt Uptnnwywwnh ptwlsnipjut mknuithnpnudp
nbwh unp dwypwpunup b tpw pwpowluypmid tnp wbwnwnubph
wnulnudp (funpktwgh, 1997; Twmbwunupyui, 1966):

Uwljuytt punuph ywuundwljub wnwpwsph wbnnidubph wpynib-
pnid wuwpqylk] E np wyt hwinhuwiund £ d.p.w. I hwqupudjulhg
Uhsh XIII nupb pungpynn pwquuobtpun htwduyp (Lnswpjub, 2014):
Zunmd Whuh Uhgwpbpn-pmpp hp puquufwpulwi phpph phpnudng
Upwpuwnyut nuwonh wn dwuh wdkuwpwpdp fhwnp, hwinhuwgtl) &
Juplnp uppunbnh-wdpng (al.1): Ujh puquhgu mpupuughlbph
(U.p-w. I hwq. uyqhp), hondbwghubph (T qup), wupuhljukph (V gup)
Ynnuhg, hpdtwhwwnwly wykpyt;, hplhqyt; E b hbnwquynud, thjw-
nwljutph hwdwhwpptgywé wnwpwépnd, Junnigyk] tu tnp ohtnt-
pintuttpn: dbpohybon, dbkdwquuqusés Juwdwlhbpn wwphuwbbph b
wwjuunwlwl pEupkph ywwnwlubkph punphpy, Wpuh dholwptpyh
pinipp hp oppwwywwnh hwppnipjutt hwdbdwwnnipjudp wydd nith 30
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Ubwnp pupdpnipini: Fiph ququpn ntuh dhwiqudwyt hwppe dwuljipbu
b htndhg wjt ponumd £ Jupws Yntuh nmwywynpmipmnit: Suquph
hwppnipyut dulbptup hwjuwuwp £ dnnnynpuytu 4000 punwlniuh
dbwnnh, punnpnud juyupp hnuhu-hwpwy wdbkbwjwyt nknnud 60 dkwnp
L, huly bpljupnipyniip wplikphg nhyh wplidnonp 85 dkwnp: Guquiphg
Unwn 9-10 dbwnp ubkppl, pugyl] tu dpw. II b I hwqupudjulutph
ghjnyyut ywuwnkph dbkbwquiqus puptk wuwniboubp: Uhoht nu-
phpnud dhotwptpn-pinh jmbebkpp niukgh] bt wunhdwbwdl nbup b
dwshwd b knl) ptwlbjh dwip nubkpny dhon wyuybu, hyybu jhtunud
Eu dbp (Entwght pppwuubph gqninkpp, npwnbn dkjh wmwb Junipp
Umniup puly £ hwinhuwinud (Mwdwnupjui, 1952):

V. 1. Whih gswyunltpp (Uhgbwpkpyp - 1 U YEbnpniwfwi puqudwup jupnnhyk
Eytnkght - 2, jupnnhynuwpwip - 3, puqhihl] Yquywpwinp - 4; wphbunwlwb 1hya - 5):

Uhguwpbpnh pnipop jupmgus £ tnky uinnpht plpnp, npb pon-
gpynud E dh wtjuint punwtlniuh nwupwsp dnwn 10 hEjunwp dwlb-
ptuny, nph Ukl Eppopnp qpuntgunud Ep wphtunwlwb 1h&p: Unnpht
pipnh dbe wyplk; Eu Mhuh wwownnubnipinitp, hpluwbwljutt nuup,
uyuwjwlnywnp b qnppp:

Ptpnhg htnnn punuph wdkuwhhtu dwup jEunpntwluwb punb
npp qnnipjnil | niikgh) ghnbiu d.p.w. I-ht hmqupudjulh uyqpht: Uja
niubkgh) E Ujniu punbphg pudwing punudhojut judulbpn wuphuy:
Fwnh YEunpntwlwt dwunid wnbknuynpjwsé bt tnky, I-pn gupmd
pupny ni jpuwpwnupuny jurnigyws, knwtwy dkhjwtp, npp VII nuph
uljgpnid Jhpwunrnigyt] E npybu  juwswdl hwnwljugsny huwn-
pnbwqupkp Lhtkntkgh (Pujutpwupuit, 1992): Upw hupbwinipjudp i
quiti]t Upwbu] pughihy Jyuyuputp b jupnphlynup ywjwnp: Uyu-
wnbn wwyphk] £ Mhup pupdp hngnpujutmpmitp b punh  dwjpw-
dwubpnd wypk] B bwb hppowttkp ot hwpniun Judwnwjubtbp:
Uju punnid pugytghtt il spwynp ptwfhsubph nkp, npntig wwuwnkpp
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ouwipjwé Eht hwuwpwl ghnnwpwpbpny b hnid wpyniuny: Fugdtg b
Ephhwpuih okip jujulbpn wuwnbpny, puyg thppniun’ &nfu quip-
nupyws, npp hwjwbwpwp yunuind Ep dh hwpniun wphbu-
nwynnph (Mwdwnuput, 1952):

NEnnudutph wpymibpubtpp gnyg i wnwjhu, np dhptuguput
Mhunwd phtunipiniuubph Ubs dwup tnkp b jujulbpwn, puth np judp
Entp E wwpwéph wdkbwnwpwéqusd oshtwbympnp (lwdbwunupui,
1952).

" puquiph spunjnp phwlsnipnilp, hiswyku bl ppgwlw gninkph
shinulwbabbpp, wuypky b juguwokl hnigulbbpnid, npnag wu-
wkpp shlyjws kb knky quupwpbpny uid hnid wmpyniuny, hul
Swslhp kyky F jud hwqupuiokl, jund hupp [unnp  qEpubakpn,
Spnuiny b hwuwn hnguipkpuiny phiyws, hlswyhuhp Uplislh wjuop
by gniglk nkn wi kp gininkpnid b punwpbabpnid;

» hwpniuwn phwlhsbhbpp wgply Bo udwlbpn, vwluyh Eplhup-
Jwlp ppbnipiniabbpnid, npnlp nibbglky ki hwpniuwn bEpphl
hwpnupwip, pull dgnigbbpp nibbgly ki pupupki hhupln ni
wniuwkl punwluy Swdl;

» wqlhjwlwhikph up dwup wgply Fluguwobh quyunbbpnid;

" Mpbh phppp, dpgpunuyhl wunnkpp b wyp wungwpbbpp
nyhwyku phlus i knky Juhg;

» Lply kb fnul uppunnwy pupny b Gpny Jupnigdws pnbwlwb o
puwnupuighwlwb shinipmnibaaknp, uyny pynid Ejbnkghbbpp, [u-
paphlnuwpubn, wy wuywwnwlwl phbnipinibibpp o pugiu-
wnil UkS pupwywbunnniap, pupwokl wippnuphhl sLiplphg Uh
dwul nibkgly kb punulug dwdl shlnfwé uppunnuy pupny:

Zunljwbpwtul t twl, np 5-py qupnd Mhuh dhotwpbkpgnid
wuwpuhlubpp wybkpl] o Uppwlniiyug wppwjwmhun wnniduljpn
wujuwnp b bpuw hjwnwlubph Jpu junnigl) bt dwpquuih judw-
YEpn wwjwwnp, npp hbnwqumd tunwduyp k£ Gl twbh wpwp nu-
nhlwbubph hwdwnp:

336-885 pYwlwlubtpht Mhup bk B Zujwunwith Jupsufub
Ytuwnpnup b IX-py nupnid Mhup hwubp E hp wnwdb] Swinlynih
opowlthll pwlsmpjul phip Yuqut) E wykih pwb 100 huqupp: Uw-
Juy 863p. U wnwybkjmwbtu 893p. wybkphs tpypwowpdbpp ppwpwpkght
upw qupqugnuup:

Uhw pht htywhu Eu tjupugpnd wyp Epypupowpdtiph hknbwp-
ubipp dudwiwjuljhg wuwndwghpubpp:

Cun puupwbwlbpngnt (fpuupiwmtwljtpingh, 1996).

Unwoht tpypwowpdh dwuhb. «Puyg uyp duwdwbwlabpnid (863p.)
Mhl punupnid vwpuuhbih Ephpuwowpd Eojpinid, b pwwn wnbhp,
wwphuwbbp, wyupwipbbp ghgynid ni ynigynid Ei: Unhwuwpul
punupn goppnid Fnr pwinynid, b whhwdwp dupphly o dwhwinod:
CJ wylughup YJunwbg ni nwqbhuy kp ugyuninid, np ns np Gkpunid skp
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dinud, wyy goipu quyny hpuwwpulbbkph n hngnghkpp ' Gpubp huw-
nidup Epl jpinid mi hwnupnid: Pull ddbknughl gnuinwonils uvwnbu-
dwmbhpp b wykph Ep pnijughnid i (hniuwhunnkginid) apuibg, npny-
htwnl pwnnkpp dpunid b mi dwhwbnid: &Y Qupuphw unipp huy-
puwyknp nidghlt wnnpphbpny ni downwdpnily wwnunwbplhbpny
wpbpuuyh wnpnpp [p Jwwnnignid pupbgnip Uuwndnil b Ephhuyhi
wqnkgnipyundp Jkpughnid wnnjwdwuwun puplnipniip  Lppunnuf
EhEnkghl whinuu wwhkiny Jinubgh puquupkn guunidhg:»

Bpypnpn bphpwowndh dwuhb. «jp dulwbwl (893p.) qhokpp,
hwhlups vunnnpl Eplhpuowpd F jpbinud 2jhl punupnid ppu phu-
Gpsabphl funidwgh dunnbbing, vwpuunhbghlbyng nopoynil, Inpdwinid
wnwg phpkiny hpdbpykp mwwuynud: &y wnlpnnonypl thny wéking
wuwphuwblbph wuwmbpp, Ephlp dwupplubg wywpubpibpp, rudhl-
hkph whkpp ppuwbp Up whbpuppnid wykpulh Fykpuénad: Mppuyng
pwhnynid, wifkpynmd ni Juyp kb punhynid bwl Jupnphlnuwpuih
wunywduwokl Ehknkght U wy hwuwnwhbgniu Jjuyupuwibkp. Hhu
wkulnnbbphl Eplnid kp pppl puppupnu, finppnipnpn nr uwpuuithlyh
wilbpwl: Uwpnlwig kS puqunipinibakp, Jbuyny hwuplbph wnwd,
slswuwwmin b jhinid, hnnh dke puwyuwyijking b hnph wnwl jubnnybiny:
Gy phwlnywn puqunipyulb uyl [nunnpudst Ep, np wijbih Jupdp, pu-
pkpkl m whlwpklhhg pupdbking dhnpp Gpub hudwhnol Bpodks
nppny ni wpunwuywenp jug nt §nény: kU nignid wuky dwpplubg
wqqulhg, jupkihg, jdulhg hupuquunbbph dwupl, nppbg juluip,
ngpp, qniydhg &swyp, qubskyp, gnowyp, Juybwunilp b kpgny §nyukph,
uluggbuwnn Juwinubg, Jounwhwp hkénipypudp uqugnny wnnudwpplubg
duyllipp pupdpwinid ni dhislh Ephhbp Fhl hwublnid: Pull phwlabpp
wyjlipwls punn Epl, np glpkquuibnghbpp sEhb pujuwpupnid I pwnkphi
ggnid Ehi yJhhlpp, junplinpunbbpp, thnubpp ni Swshnid: By uyuuku
wwunhly Jufup whwpklnud p popnphl whny wuowpking nno dinu-
gustlphi:»

nddw Upépniuht (Upédpnith, 1985) wnwihu b wyn kpypwpwndtph
wjuyhup tWjupwugpnipjni b hbnbwupubph hwdkdwwnnipmnii.

«uyng yYpuw (Udpmwnh) puwqui/nplini Eppnpn wwpnid (893p.)
wuwnyjwduwwnnip pupynipudp winbpuowpd hwninulnidng wdbiw-
Junpplpnid Updjubg pufugud pupynippub hngdbpp... o pouogup opbph
whplpuwpwl Inhwlakph hkn vwuwbbghl Eplhph funp pankpph Gupdp,
Swhpuyh ni whlpnkih whpu/nyeniap o Jkp dunkght dplslh Ephph
Epkup  Uminwokup punuph phifug, nphl wijwbnod ko Fnip, b npnkn
F pwqunpuihun Wph  punuwpp  dwppuounn,  wunndupgud
wuwpuyuynp qunbkobkpniy, hphwugusd ni hunppugusd Judwnuwlu-
nipyudp, nbuwl-nbkuwl wynénipnibbbpny: Ujh hhuphg nwuuyykg,
pdngph whu juyl pugkg pp phpubp, punkpht Yhdkgpkg winpniinp:
Lpwighg nuwig wnakplh pul ghpkquuiabkp nupdwi ppkhg hudwp:
.Fuyg Mpap punupughibph pupknkl upunbph yundwnny kp, np
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Sfubuylkg Gpubg: Uppunbnhbbpp, wnnpph wnbkpp Gnylngbu Gkpgnps-
ifkghl pupdhg, dknpylkght, uunnkpp prupnnibghl...

Ouymd B opl pwipdh ubnyuws dwpnlubg phyp wjbjh pul 70
hwqup kp: Uju pupdl wibjh vwuwpl Ep, pul ayl, np Enuy huyng
Jupnphlinu Qupuphugh Jwdwbwl, huykph qlpnipiniihg 7 wnwph
hkwn (863p.):»

Upwp yuwndwghp wi-Cuwpuphi (839-923) (al-Tabari, 1985) wjuytu
E ujupugpnid 893 pywljuth Epypuowndp.

«..unkph nibkgury Ephpwownpd: Unwiynuywl punupp wihbuwgk;
Ep: Stlkphg dinuglhy Epl Up pwbhup dhuyli’ dnwnn hwpmipp: Uhbsh
bundwp gqnylyp, “hwphph plwlpsblpp punky bl hjunnwlbbph il hg
hwhyjwé bpkunilh hwqup gnhywéd: Ujkpnidiakphg hnn Gpuip qquigh;
tht hu hhhg Ephpwowpd: Piswku hunpnpply F Gpubghg JEhp, yhw-
wnwlbbphg hwinfjus dbknwsabph phyn Jugunid F hwpniphhunii
hwquip:»

Uhw pt hty £ gpnid X nuph Mhuh dwuht wpwp wouuphwgbn
w-Unijunnpuuht (946-1000). «Ywphip (Yhtup) junpnp punuwp t, nith
wbwnhl pkpy (Uhotwpkpn): (Lw Upnwphihg ks k) ‘Lpubnid owwn
puphpubpp, wunittp hnswldws k, pnipgp bowbwynp k, ginp hnppw-
pww: Lu oppuyyunyws | wyghubpny: Niuh hhttwynipg wpdupdwi b
wdpwlnin phpy: Lpw omjuttpp pwswdl Eu nt bpw dkpdwlju hn-
ntpp hpwpwh: Uuyp dqippp pupdp piph dpu £ b bpw Ynnpht &
Eytnkght: Miuh dhouwpkprn: Lpwug okupkpp Juwiyhg nt pwphg Gu:
Puquuphy nnukp nith, npnughg Eu Luynuph (Lhununph) pninp,
Sthjuhuh nniep b Uuhh nminp: Uwluyt tpu (phwlsnipjut) dhéw-
dwutinipiniup juqunud Bu pphunniyuttpp b iputg wqujujubtbpp:
‘Lpw phwysnipniip wuwlwuk) kb tpw phppt wdtpdby B> (Upupwlub
wnpnipttp, 2005):

dbpp owpunpus yundwljut tjupugnipmnibtbpp b Mhth wb-
nnidubiph wpyniuptbpp Juynipinud B, np.

* 863 pywlwip Epljpwowpdh dwdwbwl hhduwlutnid nipg
Juwuyl ud wfbpby B spwdnp phwlhsubph gupupbpnd no
hnid wnniuny juenigdus jujuobtt hniquljubph vh dwup,
npno judultpn Epjhwupuuh ohunipjniuubp b juduokt ww-
phuwttp, puyg tYtntghttpp skt Juwudby;

* 893 pywlwuh Ephpwowpdh dudwbwl punupp hhdtwhwwnwly
wtpdnud £ EYknbghtbpp, wqujunbbpp, puqupught omljwi, b
dunud Bt uugnit, puyg Juwudws, dnn hwupnip junnyg, wn
pYnid jupnnhynuwpwip, npp hbnnwquynid JEpuljunnigynid £
npyku Uqhp (Rujubpupui, 1992):

M]huh Eppuwpwpdtph hknbwpubpp wy) Juyptpnid
863 pywlwuh Eplypwowpdh wqplgnipjut dwuht wy] wbnbpnud,
pugh Mhuhg, wuudwlwb Jyuynipniuttp sjwt: Uuluyt hwjnuh L,
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np 893 pwlwuh Epypwowpdh htwnbwupny wybpnudubp Bu wnbknh
niukgh] ny dhuyt Mhunud: Cunn @nddw Updpniunt Jjuynipyub, Epl-
pupupdhg skt Juwujly Tunuppwwwinp (bnp punupp) b 2Jupping
nwdwpp, puyg wykpyby E uh (Eptwghtt uppuntnh, nip hjmnwljubph
nul Lkt dbwgl) (rownnitthph tyhuynwnup b hp jpipuyghtubpp (Ups-
nniih, 1985).

«Mjlunkn Ip Gwlh Ronnilymg uppwqul Ewyhulngnup ' Epubkh
Appgnpp, npp jpipuyghbbbph hln sfupnyuguy hplyky, puip np Goyh
dudwbwl] wnpnpnid Ep jkpwb Jpw: Upwbghg ndwblp Gnyb pwipdhg
Ulnught uyl by ayjudph nul:

Fuyg bpuwblyh huypuy b nkp Yanpgp wnpundkg wjkjh vwuawmpl...
www pnnkg Mpap b qhwg phwljkg Unp pugupnid, kS Ehknkgni
Ukg, npp unipp Ippgnph whniiny ppbly Ip Epublyp inkp Ukpuku bpl-
popgp /eppnpnn/ - huyng Jupnghynup»

Mhuh dEpdwluypnid shwt (kpubkp ni pwpwbdwyubp, npunbkn
gugnidubpp Jupnn Eht wnwewgil) thjwdwspubp b unnuiputp: Cuwn
Udppwubjuh, nputp Jupnn thtt wpweowtiwg, wjuyku Ynsdus, Upnw-
owwnh uwpwhwpph Yypw (Ambraseys et al., 1982), nph wmbknp huwnwl
npnoqws sk Zhdudbnyg Jtpp pipdws @.Upspniunt Jiuynipjut ypu,
Juptkh £ wunk), np Udppwubjup vjpwpynud £ twb upstny, pt ju-
panhynup Mhtihg wkquinu) E Upnwgwn’ <hpuwh Jpa junnig-
Jwé Up.Qphgnp thknkgh (uy.2-1), sthnphiny wjt dwunupruyunnid
(Lnp punupnid) qninnn Up.Qphgnp Ejknkgnt QJupplngh (uly.2-2, 3),
htwn: Udppwubjuh wyn upuwpdniipp hwuwbwpwup pugunpymd k
upwuny, np tw dkdwwybu hhdudl) £ wpwpuljut wnpmnipubph Jpw,
pwith np, punn w-Unijunnuuhh (946-991) mbtnklnipjut, hhoju) nw-
Swph Uninwluypnid ki Jubwgp hwjwpmy «wp-Yhpdhgy nppub fup-
uhp, hull punn Fwjugniphh (820-892) nw hwunhuwbnid tp wyny dudw-
twlubkph Zht Upnnwowwnh’ w-Yhpuhq gminh, shtwlwb phwlsm pjub
qpununiupttphg dklp (Upwpwljub wnpniptkp, 2005): Yuwulwshg tp
E, np Epypuwowndh dudwtwljulhg Upépniuht wybkih uinnyyq wnbnklnt-
pntuttp b hwjnund wyt ubpubuwpbt Up.Qnhgnp Eyknkgnt dwuhl,
npp quiynd Ep dunuowyuunnid b nip mbnuhnpudty bp upnnh-
Ynup, put hwonpn npuph wpwp yundwghp wi-Unitjunnuuhi:

Yupwpwiyuth b hwdwhbnhtwlubph Jupshpny dhwl nbnp, nip
Jupnn Eht wnwowbwy thiqusputpp, FEnupnh (uly.2-4) pupwtidwy-
ukpt Lu (Karakhanian et al. 2011, 2016): Uwluyl, puwn hu, wykih
hwjwbtwlwu £ b hhdtwynpuws, np (Founniymg byhuynwnup jpipw-
jhuubph htwn wnnpbjhu b Enkp dwng napnid qnuynn vnnwljkpug
Jutph nnwpwspnid (1.2-7), npp tkpwrtnud Ep Upniunnwdnin gyninh
tytnkght, Epynt thnpp dwwnnin hwplwt dnpuljubpnid b opowlw
puwpwudwyubpp (Zwupnipmniiyui, 2019): IX nuph Jipenid dwyng nnph
wpbdnjut opowtth wybkpdwb dwuht, hunnpymd £ XTI nuph wyuwn-
dwghp Uwnbthwtnu Opphjjuup (Opphjjwt, 1986). «&y ukp wiphiuuphh
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wiy/bpniihg hlann wyn §pniun/npbkpnp gnhy Ehwi, n wyinbpp wybpul
b whpbhwl g dplsl Unilyug wnkp Upnin pohumbh opkpp: ...0w
hpunfuynud Fjkpunhle opliky Ehkpkghti mi Julpp ' (uyginnkn) hw-
Yuiplyny [pnbunnpabphic» Ujuhtpl, hwplwt dnpuljitipnid quaidng,
Juliph shunipiniutph b pupwbdwdubph dhwdwdwiwljju wybkpdw
wuwwndwnny, husp hhwiplt Yupnn kp (huk hqnp Epjppwupdh hkwnhwp,
Juuwlubtpp jpnd Bu tmwpwsdpp b Jhkpununtunid Bu nl wyt dw-
dwtiwly, tpp Upnun holuwtip Junnignid E unp vnunwljipug Jutph oh-
unipjniutbpp:

Cunn Ywpwpwiyuth b hwdwhbnhtwlubph nnwlbtpug Juupp
wybpyb] k bpym whqud huswbu 863 pwlwih, wijtiwbu b 893 pyw-
Jwuh Mhup tphpwowpdtph dwdwtwly (Karakhanian et al. 2011, 2016):
busp pun hu vppwwuniup £ b hpujuinud vninujtpug Jupp wytp-
k] £ wnwohtt wmuqud 893 pywluth Mhup Epipuownpdh dudwbwl,
hulj Epypnpy wiqud wytpyk] £ unnuiph htwnbwupny 908 puwljwuht
(Zwpnipniiyul, 2019):

25km v

893 T
Wzl | °| B8

I

1 \\:k 2| wa | 3| i5E
UY.2. Whuh IX quph tpypuwownpdtph wqpkgnipjniuutph wwpwspn (punn Karakhanian
et al. 2016, hnpJwsh htnhtwlh thnthnfunipymbbtpny): Lwpnbqh pnidubpp’ 1 -
wljunhy hqusputp, 2 - dwubwlh wlwnhy Jpwowpdtp, 3 - phwuduyptp b wuwn-
dwjul hnipwpdwikp, 4 - wundwlwb Epljpuowndtp, 5 - phwhnnh wpugqugnudubph
gnuhubipp Qununt juqudpnid M7 hqnpoipjudp Epljpupwpdh nhypnid: Zwwywynud-
thp @ - Quotnt wlnhy] uquspp, 9 — Thgm Jpuowpdp: Fuwfujuypbpp b wyuwn-
Uwlub hniywpadwibbpp 1 - np Shpuy (Up. @phgnp, 2ht Uptnugwn), 2 — Gwnqup-
suyunr (Lnp punup), 3 — QJuppung (Up.@phgnp), 4 — Shqupy, 5 - Sunth, 6 - Puy-
poipn (Up.Qnhgnp), 7 — vnunwljkpug Jubp:

a
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U.Gupwpuyuip nuonwjhtt ntunidbwuhpnipjniitbph wpynib-
pnid hwigh] t bu tpynt Jh&hjh kqpuijugnipjui Quntine wdpngp
(uy.2-5) b, upwthg ny htnnt quuynn, Puypnipnh Ghtnkght (uyy.2-6),
unyuybu wykpyt) Eu IX nuph Epypuowupdtph dudwiwly (Karakhanian
et al. 2011, 2016).

1) BGiukny wyt thwuwnhg, np Fununt wdpngh wybkpjuws wuwnkph
nuwulyul] pupbp IX-X pupbpmd oquiwgnpéybk] B npybu
qbpkquubwpuntp, huly ghptquubwpwuptphg dkyp plugnpjus
E Zuyng 328 pyuljuuny 879p.!, Lupwnpynid £, np Epjpuowpdnp
wnbknh E mubkgl] dhtyh wyn pdujuip b qu Jupnn bp jhuly
W|hh wowoht' 863 pwljwih, kpypuowpdp:

Uwluju nddup E gquunlkpuguk), pt wnbknh muktwp hqnp Gpl-
pupupd, npp Jujbpbp pipph wdpulyme wunbkpp, puly bpubtg dhow-
Juypnid qninynn pwnn wydkijh tppugbn nwdwpp fuuwp wduwu: Udk-
1h hwjwtwlwt k, np Guntnt wdpngh wwwnbpp wykpk] B wpwpttpp,
htsybu upwup wykpk] thy, pun ppu-Zunijuih (X nup), Uwpunu nt
Upnpbkph; punupttph wunbpp (Upwpuljut wnypmipttp, 2005) b twb
hqnp wunbpny 2Qfwppungp (Ujphjwibgh, 1860; Fwbdwltgh, 1982):
Cuwn hu, Jupkh £ wiunk] Jju Gununt mwdwpp, np I - XXI qupkph
dudwtwjulhongnid Funtnt wdpngp b mwdwpp pljpuwpwundhg wyk-
php ko dhuyt Ukl wiquid' 1679 pulmbhi:

2) Puypnipnh Up.@phgnp Lhknkght quniuynd £ Guntnt wdpnghg
524d htnnt nbwyh hwpwy-wpbbp, wjuhpt wytkh dnn E
Qununt tphpwowpdh Jhpyktnpnuht: Cun junnigdwt ngh b
hnttiwjuwt wpdwbwgpnipyutt wnjuynipjut Jepugpynud k 4-5
nupbkphtt: Yupshp £ hwjnuynud, np Eybntght Ypnud £ Gplnt
Epypwowndtph  wqpbgnipjudp wpwowgués wykpnidubph
hhuptp: Bitinkgnt wwwnbpp Jupmgjus kb bnkp Junpnp
0,7x1,2x0,7d  swthtpny, jwy uUpwljyws pwqunbt pwupkpny
(ul4.3,I): Ujuhuwywn L, np Ehtnkght nipe Juwudws k Enky b k-
puwlwnnigyt) E wybkpnidhg hbnn qqupwupbpny (uly.3,1I): Fu-
pupbkph wpwipnid quniynn wwwnnithwuh thwjnh Yunph hw-
uwlugpnidp gk £ 1690-1730 pdwljuwutph dhewluypp: Uj-
uhtiptt yhipuljupnignidp juwnwpygl) £ Guntne 1679 pyuljuth
Epypwowndhg htinnn: Uninph §nnuuwwnh sunupithg hwtgb) £
thujinh wnwpkn (1y.3,1), nph hwuwlwgpnudp wyky £ 920-1050
pYuywuttph dhpwluwypp: Upwthg Gjukng k) Yupshp £ wow-

1 Judwdugt  hnpjwsh  gpuunu U Ujuquih  npudwgpus — wypniph’

https://www.facebook.com/armchurchmoscow/posts/1399959976833398/, junupp
gunud E htwqugnyu pdugpqué puowspwph dwuhb, npp hwjnith E npybu
«Guunpuithnk pugnihnt jpwspup»: Lwb npwgpuy upshp b huynidnud, np wyie
thnpugpws £ wpwptph Ynqihg wijtpjués Guetne wipngh wwpuwh pupbphg
Ukyh Ypw, husp hudpuund b phpnh wdbpdwt dwuht dbp, wy) huunwplubpny
hhdtwynpyws Lqpuijugmipjuit htw, npp phipdws E hondush hwonpn wup-
phpnipjut Uky:
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owgh], pt Eitntght hhubwhwwnwl wlbpyl] 893 plulwih
Epypuwowpdh dwdwbtwl b hhdphg tnyunipjudp (?!) Jbpu-
ohuyty k:

Uju Juplwsh hwdwdwyt, whwnp b jupstk), np wyn Epipwownpdp
wybkh hqnp k k), put 1679 pyuljwih kpypwowndp, hull tpuwbg Ybp-
YEuwnpnuubpp hwdpulty Bu: bugp withwdwbwlwt E, pwth np htwpw-
Ynp YEplkunpnuhg Unn 15-20 Yd htpwynpnipjub Jpu qundnn Hh-
unud htnkghubpp diwglk b widuwu b wdtpyl) £ dhwyt uduokh
ohtinipjniuitiph dh dwup, hull Gununt mwdwpp Jubgnit Ep dhush
1679 pywuljwup: Cun hu wiybkjh hwjubtwlwb k np tpduwsd dwdwmbu-
Juuhongnid uwnwpyby k EYkntgnt Untinph §nyuuwwnh tnpngnud, nph
ownwunid b tnky £ thuynh mwptinn (uly.3,1):

50cm ™
p—

UY.3. Puypnipnh Up.9phgnp thtnkght (Karakhanian et al. 2016) A —fwjuwnuyhtt yuwnp
ubkpupg, B - fwjunwghtt yuwnp npuhg, C — wpldnywh yuwnp bkpupg: I - IV pupmd
Eytnkgnt Jupnigdwl ptpwugpnid oguuugnpsjus puqunk dkswpwpbpp, I - X-XI
nupbkpnud Bipungpuiuit Jepuohtinipjut dudwbwl ogquuugnpsué hwdbdwnwpwp
thnpp puiptipp, III - Quntint 1679p. hnitthuh 4-ht wknh niukgus Ephpuowpdhg htinn
Jkpwohimpinip quupwpbpny: Cl4 hwuwlugpdwi wpynibpltpp 1 - 920-1050p. e
hwuwlh thuynh wnwgbnh wnbnp Untnph Ynnuuuwnh puptph wpwbpnid, 2- 1690-
1730p.p. hwuwlh thuynh Yunph nbnp yuwwnnthwinwd:

bty Jipwpbpymud £ Ebinkgnt wnwuwnwnp hwdbdwwnwpwp thnpp

pupkpny ohtudws hubinil, htsp Eynkgnt Jepuphdw Jjuynipnit £
hwdwpyty (uy.3,II), myw Yunpkh £ wyunk], np wynuhuhp ogunuugnpédybty
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ki h ulqpwil, pwth np myniphtt b tyuwunwlwhwpdwp sk wnuhuh
thnpp bhbnkgnt punuuuwn wnwunwnp jupmgh] tpu wwnbpp
Juqunn dkbwpwptpny:
zZhdugbny Jtpp owpunpus Jtpmisnipinibubph Jpw, U.Gwpw-
qul‘u]uﬂlb U gnpdpllytipubiph Yupshpp, ph.
* Iununuljkpug Jubpp wybpdly £ huswbu 863 plwljwih, wjtutku
£ 893 pywljuih Epypuowndtph hkmbwipny,
* Qbnupph pwpwbdwdubpmd wnwowgk) tu thywspukp 893
pYwuuh Epjpuownpdh hbwnbwupnd,
* Qununt wdpngp wykpydl] k£ 863 pywlwuh tplypwowndh hb-
wnbwtipny,
* Puypnipnh Up.Qnhgnp Eytntkghtt wdtpdt) k twb 893 pywljuip
tpypwowndh htinbwipny, pun hu hhdtiwgnipy k:

Bqpuljugnipiniu

b dh phpkind yuundwlwb Jyuynipjniutiphg b whnnudukph wp-

mniupmid unwugdws mbnkynipjniuubpp Yunpkih E kqpujuguby, np.

* 863 puwlwiph Eplypwowpdh dwdwbwl hhdtwlwinid nipe
Juwuly ud wbply b spudnp phubhsikph grupuptpng nu
hnid wnyniuny juenigywsé juduobt hniqububph dh dwup,
nnny Jujuwlkpwn tphwplwuh shtunmipmniuubp b juuobt wyw-
phuujutp,

* Uj wbknbpnud 863 pYwlwuh Epipuwownpdh wnwewmgpus wyk-
pnudubp Juygws sk, vwluyb upkh £ Bupwunpk), np Mlhup
Ubpdwlju gninkpnid npnp Judupkt wmubp tnyuwybu wybkpyty
L,

* 893 pYuljwmuh Epljpuwowunpdh dudwbtwl punupp hhdttwhuwwnuly
wytpdt) ki Eybnbghtbpp, wupunbkpp, punupuihb o, b
dtwgh) Eu Jutgnit, puyg Juwudws, dhwytt Unwnn hwpynip ohtnt-
pintl, uyn pynid jupnnhnuwpunp,

* 893 pwluih Epypwownpdh htwnbwipny wybkpnidubp b wnknh
niutgh] ny vhuytt Mhuh wwpwsépmd, wy; twb dwyng 2nph
wplbuninpnid, dwutwynpuybu wkpyt) Bt nnwlipug qub-
ph ohumpmitubpp b pwpwbdwjujhtt wnnpwpwbutpp b ju-
gupububpp:

dbpohtt  dwdwbwlubph plpwugpmd Juunwpjws nuownwht

niuntdtwuhpnipniutiph - wpymupnd  unbndyws wuwnlkpugnid-
ubpp, pt.

* 863 pywluuh tpypwowpdh htwnbwipny wykpdk b twb un-
wnuwljkpug yuipti nt Gwntnt wdpngp,

» 893 pyuwlwih tpypwowpdh htnbwipny wykpdty E twlb Puy-
poipnh Up.Qphgnp Glitntght b wnwowgl) tu thijusdputp k-
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nupnh pwpwbdwyubpnud, hpwlwinipjuip skt hwdwwyw-
nwupuwtni:

Ujuyhuny, W]puhg pugh, dpwl wbnp, npintn 893 pyulwih tpy-
puwowndh wykphs wqpkgnipjut dwuhtt uinnyq wnbknklnipmnitutp jub
— duyng 2npnid qnuynn vnnwljtpug yuph opowljuypl k:

zinhtwlp sunphwljumpmt E hwjynind hnpdwsh gqpujunu
U 4. UJuquiht wpluwnwtph wpynitwybn pubtwpldwi b jpugnighs
njuikiph npudwunpdut hwdwn:
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EIIE PA3 O PASPYIIUTEJIBHBIX 3BEMJUIETPACEHUSX IX BEKA B
JABUHE (APMEHUS): PASPYIIEHUS, BBI3BAHHBIE
SBEMUIETPACEHUAMMU

ApyTtionsiH P.A.

[Mponomxkaercs myOiMKanus pe3yJbTaTOB aHAW3a MCTOPHYECKUX CBHJIC-
TEJIbCTB U PE3yJIbTATOB MOJIEBBIX MCCJIEAOBAaHUN O CIIOPHBIX XapaKTEPUCTUKAX
pa3pymHMTENsHBIX 3eMieTpsiceHnid [X Beka B ropozae JBuH. 31ech, BO BTOpOi
CTaThe, IOCBSIICHHON 3TOM TeME, OCHOBHOE BHHMAHHE YJIEICHO YTOYHEHUIO
TEPPUTOPUIL, Ha KOTOPBIX 3€MJICTPSICEHUS BBI3BAIIU Pa3pyLLUCHUSI.

THE DESTRUCTIVE EARTHQUAKES OF THE 9TH CENTURY IN
DVIN (ARMENIA) REVISITED: THE DESTRUCTIONS CAUSED BY
EARTHQUAKES

Haroutiunian R.A.

The publication of the results of the analysis of historical evidence and the
results of field research on the controversial characteristics of the destructive
earthquakes of the 9th century in Dvin continue. Here, in the second article on
this topic, the main focus is on clarifying the areas where earthquakes caused
destruction.
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IF'EO®U3UKA

IOPOEKTUBHBI BPEMEHHOM TNMOKA3ATEJIb
IPU W3YUYEHUU HEJUHEMWHBIX IMPOLECCOB BBI3BAHHOM
HOJISIPU3ALIUA JUDPDPEPEHIIUAJIBHBIM BPEMEHHBIM
PEXXUMOM WU3MEPEHU

A.K. MareBocsn', T.A. Bagasin®

! Unemumym ceonozuyeckux nayk HAH PA
0019 Epesan, np. Mapwana bacpamana, 24a, Pecnyonuxa Apmenus,
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?Nairi-Tech 000, E-mail: babayan.grigor@gmail.com.
IHocmynuna ¢ pedaxyuio 24.02.2021

B cratbe paccMOTpEH yCOBEpIICHCTBOBAHHBIN CIIOCOO HCCIEIOBAHUA METOIOM
BBI3BAHHOW MOJIPH3ALMK C HCIOJIb30BaHUEM AU(dEpeHIINaIbHOTO0 BPEMEHHOTO pe-
XKHUMa M3MEPEHU, MO3BOJIAIONIMN JOMOJIHUTEIBHO COCTAaBUTh IPEACTABICHUE O Xa-
pakTepe HEIMHEHHBIX MOJSPU3ALMOHHBIX IIPOLEcCOB. B pesynbraTe TeopeTudeckux u
SKCTICPUMEHTANBHBIX pabOT MPEIIoKEH HOBBIM BPEMEHHOHM IOKa3aTeNb, HAmEKHO
UJICHTU(GUIMPYIONIMIT TIPUCYTCTBHE SJIEKTPOHONPOBOSAIINX BELIECTB\MHUHEPAJIOB, 00-
pa3yIoLMX MPOXKUIKOBO-BKPAIUICHHBIE M MAaCCHBHBIE PyAHBIE OOBEKTHI B N3y4aeMOi
reosiekTpuyeckoit cpeze. IlpoBeeHHbIe UCCae10BaHNUS BHOCST OIPEICIICHHbINA BKIIA
B METOJMKY OSCKOHTAHTHBIX T'€O0IEKTPOXUMUIECKUX M3BICKAHUH MPH OIEHKE BEIlle-
CTBEHHOTO COCTaBa 3NEKTPOHONPOBOASIINX XOPOIIO MONISAPU3YIOIMXCS 00BEKTOB, YTO
HPEJICTABISACTCS] 0COOCHHO Ba)KHBIM IIPH ONEPAaTUBHOM AKCIIPECC-IHAarHOCTHKE PYI-
HBIX I€0JIOTHYECKHUX TEIL.

KiroueBsble ci10Ba: 31€KTpopa3BeiKa, BbI3BAHHAS MOJSIpU3aLs, HEINHEH-
HBIE 3JIEKTPOXMMHYECKHUE IIPOLIECCHI, aMIUIMTYIHO-BPEMEHHBIE 3aBUCHUMOCTH,
BPEMEHHOI peXUM U3MEpEeHUH, pyIHBIH 00BEKT, BEIIECTBEHHBII COCTaB.

B npensimymeit crarbe (MareBocssH u baGasH, 2019) paccMoTpeHsI 3aKko-
HOMEpPHOCTH TPOTEKaHWUs BTOPHYHBIX IMOJIPU3AINOHHBIX (2€031eKmpoxu-
MUYecKux) TIPOIECCOB B PA3HOTHITHBIX T€0NIEKTPHUSCKUX CpellaX MPH dIEKTPH-
YECKOM BO3JCHCTBUM au]QepeHInanbHbiM BpeMeHHbIM pesxkxuMoMm 2PU (wiu
APU — oeyma paznononapuvimu npsimoy2oibHbiMU UMRYIbCAMU DA3IUYHOU
onumenvHocmut), IPEITyCMOTPEHHBIM JIJISi HEMTOCPEICTBEHHOTO U3MEPEHUS BTO-
po¥l TIPOM3BOMHOHN MO JorapudMy BpeMEHH MNePeXOoaHOil XapaKTepUuCTHKH
(ITX) Bb13BaHHOl noaspusamun (BIT) (Maresocs, 1985, 20037), mpu pasHbIx
KOHQUTYpalusX W TapameTpax BO30YyXAeHUs BHelmHero mois. Jlomon-
HUTeNbHAs WH(OpMAIUs, MOJydYeHHass B PE3yJIbTaTe TaKUX U3MEPCHUH SB-
qsieTcst 3(Q(OEKTUBHBIM HMHIUKATOPOM IS ONEPATUBHON OICHKH MECTOIOJIO-
xeHus Trax Ha BpeMeHHoU ocu I1X, mo KOTOpol Ha cTaauu ACTadbHBIX paboT
(npu pacuugposxu 10xarbHbLIX aHOMAAUL) MOXKHO CyIUTh O TIPUCYTCTBUU PYA-
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HBIX 00BEKTOB. 37eCh T — ONpeaersieMast o pe3ysibTaTaM U3MEpPeHUH OCTOo-
sSHHasT BpeMeHW: abcmucca MaKCHMyMa IIPOM3BOJHON IEpeXOoqHOW Xa-
pakrepuctuku BIl mo norapudmy BpeMeHU (8pemenHOU napamemp, NO KO-
mopomy cyosam 06 0COOEHHOCMAX INEKMPOHONPOBOOAUE20 NONAPUZYIOUIE20CS
obvexma uccnedosanuit) (IllamoBanos u ap., 1976; Komapos, 1980). Cnenyet
0c000 TOMYEPKHYTh, YTO TapaMeTp Tn.x UL pealbHOU (HeoOHOpPOOHOU Nno
INEKMPUYECKUM CBOUCMBAM) T€OJIOTUIECKON Cpelbl, KaK U MapaMeTphl Kaxy-
HIETrocs CONPOTHUBIICHUS U KaXyIIecs MOoNIpu3yeMOCTH, ABISETCS KaXKyIIIMCS
M TakXe 3aBUCUT HE TOJBKO OT MPOCTPAHCTBEHHOTO PACIpPEENICHUS AIIEKTPH-
YECKUX (BKII0UAS BPEMEHHbIE XAPAKMEPUCIUKYU 8MOPULHO20 DNEKMPUUECKO20
noJist) CBOMCTB cpelbl, HO U OT IPUMEHEHHOW YCTaHOBKM M3MepeHuil. B cimyuae
UACANBbHONW OJHOPOIHON M30TPONHON I'€O3JIEKTPUUECKON Cpebl BCe 3HAUCHHS
BBIIIEOTMEUYCHHBIX TAPAMETPOB COOTBETCTBYIOT UCTHHHBIM (8K1704aAA Trax=T).
Kak, B wactHoCcTH, mokasaHo B (MareBocsH, 2017', 2017%) npu u3ydenun no-
KaJBHOTO PYJHOTO TeJa MPH TUIOIIAJHON BEKTOPHON CheMKe ¢ PUKCUPOBAHHOIA
nUTarouien JIMHUEH, BeTUYUHA T,y IIUPOKO BAPHUPYET B 3aBUCUMOCTH OT B3a-
MMOPACIIONIOKEHHUSI XOPOILIO TMOJIIPU3YIOIIErocsi oObeKTa U pa3MepoB, OpPHEH-
TUPOBKY MIPHUEMHOM JTUHUH (8 npedenax aHoMalbHol obracmu no mepe yodaie-
Hus om pyonozo obwvexma [1X BIl moocem O6vimb HACMONBLKO USMEHEHA OM
NPUBLIYHOU AMIIUMYOHO-BPEMEHHOU 3A6UCUMOCTIU, YMO NPAKMUYECKU He Noo-
0aemcs KOIUYeCmMEEeHHOU UHMEPNPemayuy U 6 Jyyuem ciydae MOJICHO cOCma-
sums npubnuzumenvHoe Kavecmeennoe npedcmaenenue). CienoBaTeiabHO, KOp-
pektHee Ty, Ha3bIBaTh KaxKyllelicsi MOCTOSIHHOI BpeMeHH. [Tockonbky nepe-
xonHast xapakrepuctuka BII Takxke sBisercs xaxymienics (¢uxkmuernoti) Bpe-
MEHHOM 3aBHCHUMOCTBIO, TO NPH HHTEPIPETAUUH PAa3JIMYHBIX aMIUIUTYIHO-
BPEMEHHBIX MapaMeTPOB\3aBUCUMOCTEH M OKOHYATEIBHOM T'€OJIOTUYECKOM HC-
TOJIKOBAaHUHU 3JIEKTPOPA3BEIOYHBIX MAaTEpPHAJIOB CIIEAyeT Y4YecThb CIeIuduye-
CKHe 0COOEHHOCTH KOH(UTYpaluy IPUMEHEHHOH YCTaHOBKH N3MEPEHHH.

B nmanHOM cTaThe MpeIoKeH CIOCo0 3IEKTPOPa3BelOYHBIX HCCIICAOBAHUN
metosioM BII (6eckonmaxmuvim 2eosnekmpoxumuieckum nymem) ¢ UCHOIB30-
BaHHEM Au(depeHINanbHOT0 BPEMEHHOT0 pexkuMa u3Mepenuit 2PU, nmo3sons-
IOLUI TOTIOJHUTEIHHO COCTABUTH MPEJCTABICHUE O XapaKTepe HeTWHEHHBIX
MOJIIPU3AIIMOHHBIX TPOIIECCOB, C IENbIO ONEPATUBHOTO MPEIBAPUTEIHHOTO BbI-
SICHCHHS BEILECTBEHHOI'O COCTaBa 3JIEKTPOHONPOBOISAIINX XOPOLIO IIOJA-
PHU3YIOLIMXCSI OOBEKTOB, YTO OCOOCHHO BaXKHO IIPH HKCIPECC-AUArHOCTHKE
PYZIHBIX T€OJIOTHYECKHX TEl.

B Hacrosmiee BpeMsi TeOpeTHUYECKHE HCCICIOBAaHUS (8KI0OUAs Mamemd-
muyeckoe MOOeIUposanue U 4ucieHHsvle paciemsl) POTEKAHUS HEINHEHHBIX
MOJIIPU3AIIMOHHBIX (21eKmpoxumMuieckyx) TPOLECCOB B HEOJHOPOIHOM Teo-
UIEKTPUIECKOHN Cpelie CONPSIKEHBI C CYIIECTBEHHBIMU HENPEONOIUMBIMU 00b-
CKTHUBHBIMU TPYIHOCTSIMHU. B CBSI3M C 3THM, peIIeHHE [TOCTaBICHHOHN 3a1aun
HaMH BUIUTHCS B NMPOBEACHUM (U3MUYECKOIO MOJEIHUPOBAHUS, HEKOTOPHIE pe-
3yJBTaThl KOTOPOTO MpEeACTaBIeHbl HUKe. BBuay cneun¢uky BeimoaHeHus: Qu-
3MYECKOT0 MOJETMPOBAHUSI U 0CO0O0I CIIOKHOCTH pElIeHHs TOCTaBIEHHON 3a-
nauu (UsyyeHue KOMNAEKCA aMHAUMYOHO-PEMEHHbIX 3adeucumMocmel U napa-

64



MEMPO8 HANPANCEHHOCMU EMOPUYHO20 NOTAPUIAYUOHHO2O NOJSL HA NOBEPXHO-
cmu mMooeau HeOOHOPOOHOU 2e03leKmpUuieckoli cpeosl) aBTOPHI CTPEMUIUCH
MaKCHUMaJIbHO YIPOCTHUTH PEaTU3aIMI0 SKCIEPUMEHTATBHBIX HCCIEIOBaHUH C
OJTHOBPEMEHHBIM TMOBBINICHHEM TOYHOCTH U3MEPEHUN (mem cambim nogvicumo
OOHO3HAYHOCb KOHEUHbIX Pe3)IbINamos).

Bribop uccnenyeMoii reosIeKTpUIecKOi MOIEH OCHOBBIBAJICS HA PE3YIib-
TaTax BCECTOPOHHETO aHallM3a M3BECTHBIX ONBITHO-METOJMUYECKUX IMOIXOA0B
MIpU TPOBEACHUHU 3JeKTpopa3BenouHbIx padbor metomom BII (Komapos, 1980;
OnekTpopasBenka, 1989), B pe3yibpTaTe 4ero:

B KauecTBe “pyAaHOro 00BekTa” OBLI BEIOpAH TpaduT, MOCKOIBKY SIBIISI-
€TCS XOPOIIO TOJSPU3YIOMUMCS XUMUYECKH HEWTPabHBIM BEIIECT-
BOM, YTO HEIMOCPEACTBEHHO CIOCOOCTBYET MOBHIIIEHUIO HAJE)KHOCTH U
BOCIIPOM3BOJICTBA HW3MEPEHHUN (MuHuUMU3AYUS NPOMEKAHUS PA3ZHO0D-
PA3HLIX HEOOPAMUMbIX IJIeKMPOXUMUYECKUX PeaKyull npu no020mogKe
U B8030yaHCOeHUU UCCTIe0YeMOU 2e09NeKMPUYecKol Mooel BHeUHUM
NeKMpUdecKumM nojiem — onpeoengioujee yciosue Oisi OOCHMUNICEHUS
CMAOUNILHOU NeKMPOXUMULECKU NOAAPUIYEMOU MOOeIU, UMUMUPYIO-
weti pyOHblil 00bekn), a TaKXKe SIPKO BBIPAKCHHBIM TPOSBICHUEM He-
auneiinoctu BII (HBII);

U3ydallach JBYXKOMIIOHEHTHAsI T€ORJICKTPUYECKask MOJIEIb, COCTOSINASL
u3 TpadUTOBOTO “pyJHOrO 00BEKTa’, MOTPYKEHHOTO B BOAHBIN pact-
BOD (9eKmpuyecku 0OHOPOOHAS HENONAPUSYIOWAACL BMEWarouds cpe-
0a), KOTopas MPU OTHOCHTEIHHO BHICOKOM YpPOBHE BHEIIHETO DIIEKT-
PUYECKOTO BO3ACHCTBUS MPOSBISETCS TOCTATOYHO CTAOMIEHBIMU HEJH-
HEHHBIMU TMOJSPU3aLUOHHBIMHU XapaKTePUCTUKAMH;

MyTeM Moa00pa pa3MEpoOB M KOIUYECTBA CTAHIAPTHBIX TPa(UTOBBIX
CTepIKHEH NpU cO3MaHUM KOMOMHHPOBAHHOTO (KOHCMPYKIMUGHO 1€2KO
8apbupyemo20) OMIPU3YIOMIETOC 00BEKTa U UCIIOIF30BAHUS BOJAHOTO
pacTBopa ¢ COOTBETCTBYIOIIEH 3JEKTPOMPOBOTHOCTHIO, HETPYIHO IIO-
cTUTasncs TpeOyeMblid Iuana3oHa M3MEHEHHs OCHOBHOTO BPEMEHHOTO
nokazarensi T, HaA JOKaIbHBIM “PyIHBIM OOBEKTOM” TEO3JIEKTPH-
YeCKOM Moenu (4mo 0cobeHHO 8AJCHO OJisl NPABULLHO20 8blOOPA KOH-
Queypayuu u napamempos ougd@epenyuarbHoc0 BPEMEHHO20 PeNcUMA
2PU (MareBocsiH u babass, 2019));

B CBSI3H C BO3MOXKHOCTBIO OBICTPOTO M HECJIOXHOTO TOJTHOTO BO3BpaTa
nmabopaTOpHON yCTAaHOBKM B MCXOJHOE COCTOSHHE W CO3IaHUS HOBOU
TEORIEKTPUIECKOW MOJAECIH IS MPOBEACHUS MOCIEAYIOMIEro UKIa 13-
MepeHuH (onepamugHozo 0OHOBIEHUs NEPBOHAUANLHO20 COCMOAHUA be3
ywepba xavecmsy peuieHusi NOCMAsieHHoU 3a0ayu) AOCTUTANIACh II0-
BBIIIIEHHAS POU3BOUTEINFHOCTD IKCTIEPUMEHTAIBHBIX PaboT.

®usnyeckoe MOAETUPOBAHUE BBHIMOJIHSUIOCH B MHOTO(QYHKIMOHAIBHON
BEKTOPHOI1 Ta60paTOPHOI AMEKTPONUTHYECKOl ycTanoBke (Matesocsn, 2003"),
B LIEHTPAJIbHON 4acTU KOTOPOH CO3/1aBaJIoCh OJHOPOJHOE IEKTPUUYECKOE I10JIe
BO BMEIIAIOLIEH HOHOIPOBOAALIEH cpele (6 anekmponume), Kyia Iorpyxanach

65



rpaduToBas MOJENb, IpeACTaBIONIas cO00H CBA3KY IpaUTOBBIX CTEpXKHEH U
UMHUTHPYIOIIAS JIOKATGHBIH AIIEKTPOHOIPOBOASIIMN XOPOIO MOJISPU3YIOIIUHCS
pyIHBIH O0OBEKT. BenmnunHa IUIOTHOCTH CHJIBI TOKAa BHELIHETO IOJIs, CO3Ja-
BaeMOTr0 JIByMS MPOTHBOTIOJIOXHBIMH TOKOBBIMH JJIEKTPOJAMH, yCTaHABIIBA-
Jachk (usmensnacs) B muamnazoHe ot 0.6 1o 16MKA/CM2, YTO OCYILECTBIISUIOCH
MpeIBAPUTEIHHON TOJTOTOBKON AJEKTPOIUTA C COOTBETCTBYIOIIUM Y/IEIbHBIM
AIIEKTPUYECKUM COMPOTHUBICHUEM, YPOBHEM DIIEKTPONINTA (8€IUYUHOU nONnepey-
HO20 ceuenus paboyell yacmu 1aOOPAMOPHOU YCMAHO8KY) N PETYINPOBATIACh
BEJIMYMHOW CHJIBI MTPOMycKaeMoro Toka. CHHXpOHHAS perucTpalys dJIeKTpHye-
CKOTO TIOJISl HAa TIOBEPXHOCTH HMCCIIEyeMOl Te0dIEKTPHIECKOH cpeapl (gxiouas
AHOMANLHYIO 001ACMb U HOPMATbHOE NOJjie) BBHITIONHSIACH IPUEMHOM 3JIEKTPO-
pa3BeqouHON KOCoil 1abopaTOpHOW YCTaHOBKH, COCTOSIIEH W3 CUCTEMBI He-
MOJISPU3YIOIIUXCS SJIEKTPOOB, OPHEHTHPOBAHHON IO HANpPaBJICHHUIO BEKTOpa
TUTOTHOCTH TOKa HaJ Tpa)UTOBON MOJIEINBIO.

N3mepenuss mpoBOAMINCH, MHOTOKAHANBHOHN ammapartypoit «VectorGeoy
(MareBocsiH n babasa, 2018) ¢ ucmonp30BaHMeM BHEIIHETO TeHeparopa (cma-
OUNUBUPOBAHHO20 NOCMOAHHO20 U HUZKOHACHOMHO20 NEPeMEeHHO20 MOKa) 1
JIBYX MYJBTUMETPOB IS MPOJOIKUTEIBHOTO HENMPEPHIBHOTO HAOMIOACHUS H
KOHTPOJIS 3a Pa3jIMYHBIMU JIOTIOJIHUTEIBHBIME (DU3UKO-XUMUYCCKUMU Tapa-
METpPaMH BCEro JIA00OPaTOPHOTO KOMILIEKCa (C8oticmeamut\ Xapakmepucmuxkamu
uccnedyemMol 2e091eKmpudeckol Mooenu U CmaduibHOCMU SAeKMpOoIUmu-
YecKol YCMAaHOBKU 8 Npoyecce OCHOBHLIX UMePeHUll U 8038pama Gcell cucme-
Mbl 8 UCXOOHOE NePBOHAUATbHOe COCMOsSIHUE — 3auacmyro 6 meuenue bonee 10
yacos), BKIIOYAs PETUCTpAIUIO (¢ mpebyemoi epaguueckou @uxcayuei u
yupposoii 3anucvio) ypoBHS HCKKAIOUIMX TEMIIEPATypPHBIX H3MEHEHHN U TeX-
HOTCHHBIX HU3KOYaCTOTHBIX DJICKTPOMArHUTHBIX TIOMEX.

Ha puc.l mpencraBieHsl pe3ynbTaThl J1aOOpaTOPHBIX HCCICIOBAHUN Me-
togoMm BII muddepenmmanpasiM BpeMeHHBIM peskumom 2PW (1:1/3:1/3:1/3)
mpu t,=120c¢ (m.e. 120:40:40:40 6 cexynoax) Ha IpUMeEpE BBIIIEOMUCAHHOHN T€0-
ANEKTPUYECKON MOAeNH. 3/1eCh, TI0 OCH OpAWHAT MPHUBEACHBI 3HAUCHUS HAIps-
KEHHOCTH (mouHee, cocmasisiioujeli HanpsasceHHOCmu 6001b NPUEMHOU TUHUU,
8 YACMHOCMU X- UMY Y-cocmasisaiowel npu 6ekmopHou cvemke (MateBoCsH,
2003%) BTOPUYHOTO nOAAPU3AYUOHHO20 (NEKMPOXUMUYECKO20) TIONS HA TIPO-
TSOKEHUH BCETO IUKJIA, HOPMHUPOBAHHBIE M0 MaKCUMAIbHOW BEIMYMHE HArps-
KEHHOCTH BTOPUYHOTO TIOJIsI, HA0II0JaeMO B KOHIIE MTEPBOTO UMITyIIbCa (uiu 8
Hauane naysvl mesxicoy umnyavcamu) B MOMeHT T;
t°. — BpeMs Ha cmaje Mocjie BTOPOro MMIyjibca Toka mpu 2PU, korma
HaOroaeTcst (pecucmpupyemcs uau 6bl4UCisemcs) N3MEHEHIE HaIpaBIICHUS
(cmena 3naxa) nons BII,

T* — BBIUUCIIEMBI MOMEHT BPEMCHH Ha TEPEXOAHOU XapaKTEPHUCTHKE
MIPU HEMOCPEJICTBEHHOM H3MEpPEHHH BTOPO NMPOU3BOMAHOI MeEpPeXoaHoil Xxa-
pakrepuctuku (2III1X) BII Ha criane (nocre 6mopozo umnynsca moka) B MO-
MEHT BpeMeHU t* ., 3aBUCAIIMN TOJIHLKO OT KOH(UTYpallMd U MapaMeTpoB IMpH-
MeHeHHOro auddepeHranpHoro BpeMeHHoro pexxuma 2P (MareBocsiH, 1985;
MareBocsiH u babasH, 2019);
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t*. — BpeMs Ha criajie mocjie BTOPOro UMITYJIbCA TOKA (8bIUUCAAEHICS NO Na-
pamempam pexcuma 2PW), xorma HenmocpeactBeHHo m3Mepsercs 211X u co-
OTBETCTBYET MOMEHTY T* Ha ImepexoTHO# XapaKTEePUCTHKE.
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Puc.1. Ilpumep BapmaHTOB ammpoKCHMAaNUU SKCIICPUMEHTAIBHOW BPEMEHHON 3aBHCHMOCTH U3-
MEHEHHSI HOPMHPOBAHHOH HANpPsHKEHHOCTH BTOPHYHOTO MOJISPU3ALUMOHHOIO TOJS Ha MPOTSDKe-
HUM BCErO LUKJIA M3MEPEHUH (chiownas Kpugas) TeOPETHISCKMMH KPUBBIMU C Pa3HBIMH BEJIH-
unHamu T (nynkmupnuas).

B mpouecce nHTepnpeTanyy 3KCHEPUMEHTAIBHBIX JTaHHBIX MONY4YeHBl He-
00X0IUMBIE TEOPETHUECKHE KPHBBIC W3MEHEHUs HaNpsLKCHHOCTH (nosapu-
3ayuoHHO20) TIONA HA NMPOTSHKEHUH BCEro IMKIIA W3MEPeHHUH NpH Pa3iIHMuHbIX
BeIMYMHAX MOCTOSHHON BpeMeHU T, (annpoxcumupys IIX nocapugpmuyecxoti
@yuxyueti npu B=34 unu unmeepanom eepossmuocmu — (Komapos, 1980), u co-
MIOCTaBJIEHBI C MOJTYYEeHHOM sMmHpuueckoil kpuBoil. Kak cienyer nu3 pucyHka,
HECMOTpSI Ha JIOCTUTHYTYIO BBICOKYIO TOYHOCTH (HECKOIbKO HpOyeHmos) Nis
OJ00HBIX J1A0OPAaTOPHBIX 3JIEKTPOPA3BEAOYHBIX W3MEPEHUH, HE YIAI0Ch II0-
nmobpaTh TpedyeMmyro, JOCTaTOYHO ONHM3KYI0 K OJKCICpUMEHTAIBHOM, Teope-
THYECKYI0 KPUBYIO, YTO OJHO3HAYHO YKA3bIBaeT Ha BBIPAXKEHHOE MPOSBICHHE
HEIMHENHBIX JEKTPOXUMHUUECKUX IPOIIECCOB.

Ha puc.2 mpuBeneHsl pe3ynbTaThl pacdeToB MPH MOAOOpE aMILIUTYIHO-
BPEMEHHBIX IapameTpoB Teopetuueckux 11X BII o oTaeIpHBIM XapaKTEpHbIM
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Puc.2. Bapuantsl moxbopa aMIUTHTYJHO-BpeMEeHHbIX mapameTpoB Teoperndeckux [1X BII mo
OT/ICNBbHBIM BPEMEHHBIM HHTEPBANaM (NVHKMUPHAA KPUas) B TPOIECCE aNMpPOKCHMALNH 3KCIe-
PUMEHTAIBHOHI 3aBUCUMOCTU HOPMHPOBAHHOU HAINPSKEHHOCTH BTOPHYHOIO HOJISIPH3ALUOHHOIO
TIOJIS Ha TIPOTSHKEHUU BCETO NUKJIA U3MEPEHUH (cniownas kpueas).

BpPEMEHHBIM MHTEpBalaM (nosspuzayus, naysa, oenoaspuzayus, cnad) pexuma
2PU ¢ uenpl0 MUHMMHU3AIMH OTKJIOHEHHUS OT JKCIEPHMEHTaIbHOM KpPUBOH
(3nauenuss nocmosinnou epemenu Ty u xosgppuyuenma B npu ucnonvzosanuu
noeapugpmuuecxou 3asucumocmu (Komapon, 1980) npusedenvt na pucyuke).
ComnocraBieHre JaHHBIX, CHHXPOHHO TOJXYYEHHBIX Pa3HBIMU MPUEMHBIMU JTH-
vusmu (M;N; u M,N;), HECMOTpS. Ha OYEBHJHOE CXOJICTBO IMOJYYEHHBIX TIpa-
(PMKOB TIpH amNMpPOKCHMAIIMU SMITMPUYECKOW KPUBOHM, YKasbIBaeT Ha 3HAUH-
TENBHBIC MapaMeTpUYecKue (KoauuecmeeHHvle) Pa3auuus, CYIIeCTBSHHO Mpe-
BBIIIAIOIINE TOYHOCTh SKCIICPUMEHTOB, YTO TOATBEPXKIACT MPUCYTCTBUEC HEIIU-
HeriHOCTH mporieccoB BIL. OmgHako, HECMOTpsi Ha 3TO OOCTOSTEILCTBO, COT-
JTACHO TPOBEACHHBIM MHOTOKPAaTHBIM JTA0OpaTOPHBIM W3MEPEHHUSM TPH paz-
JIMYHBIX apameTpax pexuma 2PU (npu 12-16mxd/cym’ — ¢ o6nacmu yeepennozo
nposenenus Heaunetinocmu Bll uccredyemoti mooenu), IpoCIeKUBACTCS YCTOM-
YuBas SMIIMPUYECKAs 3aKOHOMEPHOCTH: IPAKTHUYECKOE MOCTOSHCTBO OTHOIIIE-
Hus t/t*, — M3MeHsIomeecss B JOCTATOYHO MaJloM auanasone ot 0.68 mo 0.71,
YTO COOTBETCTBYET Tnax=370-430c. OOpaTtuM 0co00e BHUMAHHUE, YTO TAKUE BbI-
COkHMe 3HayeHUsi Tu.,x OpH aNIPOKCUMAIMM SMIMPUYECKOM KpPUBOU TEO-
PETHUYECKUMU 3aBHUCHMOCTSMU HE HAOINIOJAIOTCS HU TPU OJHOM BPEMEHHOM
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WHTEpBaJe Ha NMPOTSHKCHUU BCETO LUKIA 3MepeHuil (puc. 2). AHaJOTHYHBIMH
9KCIIEPUMEHTaMH TPH MalbIX BEJIWYMHAX IJIOTHOCTH CHJIBI TOKa (nopsadka
LurA/cy®), KOTIa CYIIECTBEHHO YMEHBIIACTCS TPOSBICHHUE HETHHEHHBIX MPO-
meccoB BIT (Komapos, 1980, 1994), mpakTudecku Taxke (QUKCHPYETCS BHI-
IIE0TMEUYEHHbIH Mana3oH U3MeHeHus t /t*.. OHAKO, B 9TOM CIlydae, IIpH all-
MPOKCUMAIH PE3YJIBTATOB IKCIIEPUMEHTANBHBIX Pab0T TEOPETHUESCKUMHU KPH-
BBIMHU, COTOCTAaBIIIEMbIE KpUBBIE (6 npedenax mouHocmu uzmepenuil) Oomnee
COBMECTHMBI, WHTEPBaJl 3HAYCHUH HAOII0OaeMOl MOCTOSHHOW BpEMEHHW 3Ha-
qUTENbHO BHIIE (T,,x=320-400¢) 1 uX, C HEKOTOPBIM MPUOIMIKECHUEM, MOKHO
MIPEICTaBUTH OJHOM 000OIICHHON BPEMEHHOM 3aBUCUMOCTBIO (meopemuueckoll
11X) 3a Bech IUKI U3MEPEHUH.

OO0OpaTuM BHUMaHKE Ha TOJy4YeHHbBIE 3HaYeHHS T( MpY NOJSpU3aNnd U Jie-
nosisipu3alym (puc. 2): BO BCEX CIydasX MPHU MOJOKUTESILHOM HMITYJIBCE MOJI0-
OpaHHasi TIOCTOSTHHAsI BpeMeHH OoJIbllle, UeM MpH oTpUIaTenbHOM. [Ipu nudde-
peHmansHOM pekume 2PU 3To 00CTOATENbCTBO OTpaXkaeT MpOsBICHHUE BBIIB-
JICHHOW AMITUPUYECKON 3aKOHOMEPHOCTH: BO-TIEPBBIX, HEJIUHEWHbBIEC MPOIIECCHI
BII oryernuBee HaOMIOAAOTCS Ha OTHOCHTENBHO PAHHHUX BPEMEHAaxX MEpeXojl-
HOTO TIporiecca (8 Hayane Kaxcoo2o UMnyibca); U BO-BTOPBIX, MIPH IETOJNSpHU3a-
WU TIPOSBIISIOTCS WHTCHCUBHEE, YEM BO BpeMs MoJisipu3aiuu. Takoe MposBie-
HUE TIOJII MOKHO OOBSICHUTH caMUM (DEHOMEHOM BBI3BAHHOH TOJISIPU3AIIAN: TTPU
MPOIMYCKaHUH TIOCTOSHHOTO UMITYJIbCa TOKa Yepe3 CHCTeMy BO30YXAeHus (mo-
Ko8ble 2/1eKkmpoobl) YCTAHOBKHA U3MEPEHHH, B pe3yIbTaTe HEPaBHOMEPHOUW 00h-
€MHOW TOJNSAPHU3alUd HEOJHOPOJHON TEORNIEKTPHUECKON Cpelbl HelpephbIBHO
MPOUCXOANUT TWHAMHYECKOE HE MPOIIOPIUATBHO-CHHXPOHHOE TIepepacipeiene-
HUE 3apAJI0B (CI0HCHOE NPOCMPAHCMBEHHO-8PEMEHHOE USMEHEHUE GENUYUHbL U
Hanpaenenus Nnoaapu3yiouje2o nojid):. yMeHbllIeHHe B 00JacTH XOpOLIO MPOBO-
JIIIETO MOJIIPU3YIOMIETOCs 3JIEKTPOHOMPOBOAAIIETO 00BheKTa (68 “pyonom me-
ne”, Komopomy Npucywu pesko GblpadCeHHble aMNIUMYOHO-8DEMEHHbIE Xa-
paxmepucmuku HBIT), 1 Ha000poT, yBEIWYCHNE B HOHOMPOBOAIIEH cpene (8o
“emewarowet nopodax”, XapaxmepusyrWUxcs CciadvbiM NposigieHueM Uil
npaxkmuyvecxku omcymcmeuem HBII). B utore, B umnyinsce (npu nonspuzayuu u
Ooenonspusayuu 6 pexcume 2PU) co BpeMeHEM MPOUCXOIUT MOCTEICHHOE YObI-
BaHUE HEJMHEHHBIX 3IEKTPOXUMHUYECKUX ITPOLIECCOB BO BCEH HCCiEemdyeMOu
TeO0ANIEKTPHUECKOil cpere B menoM. C yd4eToM 3TOTO, €CIIM Pa3ioXHTh W3-
MepenHoe noje BII Bo BpeMs monsipuzaiiu U JenosSpru3aliii Ha THHEHHYIO ’
HEJIMHEHHYI0 COCTAaBJISIOIINAE, TO MOXKHO C JOCTaTOYHOH JOCTOBEPHOCTHIO 3a-
KIo4YnTh, yTo 1pu 2PU Ha cnage HaOmronmaeTcsl BeIYUTAHUC (nOumu NOMHAA
63AUMHASL KOMNeHcayus, mem 0onee NPu UCNOAb3YeMbIX OOIbUIUX ZHAYEHUsX )
HEJIMHEMHOW COCTaBIAIOUIEN BTOPUYHOTO MOJSPU30BAHHOTO MOJISA, B pPE3yJib-
TaTe Yero MpaKTHYECKH MPOSBIIETCS (uzMepsemcs) pa3HOCTh JIHMHEHHBIX CO-
CTaBIIAIONIUX OT KAXKIOTO MMITYJIbCA. DTOT BaXXHBIH BBIBOJI, ITO3BOJIAET O0BSIC-
HUTH BBIIIE OTMEYEHHOE SMITUPUYECKOE XOpOII0 (PUKCHPYEMOE IOCTOSHCTBO
oTHOMmeHus t /t*. (ocobenno npu cousmepumocmu t. u t*.) HE3aBUCHMO OT
WHTEHCUBHOCTH BHEIIIHETO 3JEKTPUYECKOTO BO3JEHCTBUS (cuibi moka 6 um-
nynvce). UupiMu cioBamu, npu 2PU mapameTp t'o/t* . NpakTUYECKH HE 3aBHCUT
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ot npoueccoB HBII B nccnenyemoil cpene n xapakTepu3yeT NPOSIBICHUE JIH-
HEWHBIX MOJIAPU3AIMOHHBIX SIBIICHUH, YTO IO3BOJISIET YBEPEHHO (¢ docma-
MOYHOU MOYHOCMbIO) OLICHUTh BENUYUHY T., HAONIONACMYIO TPH JIMHEH-
nHoctu BII (npu mansix geruvunax niomuocmu moxa), ACTOIB3YEMYIO TIPH HC-
TOJIKOBaHWUHM SKCIIEPHUMEHTAIBHOTO MaTrepuaia. B pesyibrare MpOBeIEeHHBIX
MHOTOUYHCIICHHBIX pa3HomapaMeTpoBbix naMepenuid 21111X B o0xactu mposiBie-
uust HBIT (npu 6onvwux 3navenusix naomuocmu moxka) yCTaHOBJICHO, YTO KpPH-
Bas cnazna B oonactu T* (npu evibope onmumanvroeo pexcuma 2PU: kougpuey-
payuu u napamempos (MareBocsiH u babasn, 2019)) nmpaktudecka JIMIeHa He-
JuHenHoU coctaBistomei BIL.

Takum 00pazom, MpH aANMPOKCUMAIMH IMITHPUIECKON KPUBOH, MOTydYeH-
HOW Ha MPOTSHKEHUU BCETO IUKJIIA, C IEThI0 MOTyUYeHHS 3HAUCHUH T, OTHBKHX
npu codmoaenuu auneitnoctu BII ciaenyer gocTrdp XOpoLIoil COBMECTUMOCTH
COTIOCTABIISIEMBIX 3aBUCHUMOCTEH Ha CriajJic B OTMEUEHHOH BpeMEHHOH 001acTH.
ITockonbKy Ha NPOTSHKEHMM Beero 1ukia n3mepenuid npu HBII smnupuyeckoit
KpUBOM XapaKTepHbI 3aHMKEHHbIE 3HAYEHUS T g, TO TIOJYUEHHBIN BBIBOJ MMeE-
€T HENOCPENCTBEHHOE OTHOIICHHWE K TIOBEHIIICHUIO HAJEKHOCTA JJICKTPO-
pa3BeqOYHBIX KCCIENOBAaHUI IMPU OILEHKE BEUIECTBEHHOTO COCTaBa PYIHOTO
o0bekTa. Kpome 3Toro, OTKIOHEHHUS SKCIIEPUMEHTAIBHOM 3aBUCHUMOCTH OT TEO-
peTHUYECKON KpPHUBOM KAaYeCTBEHHO M KOJMYECTBEHHO XapaKTepHU3YIOT IpPOSB-
nenune HBII Ha mporshkenun Bcero mukia. Tak, Ha puc.l mpu Ty=500c (npu
KOmopoti meopemuyeckds Kpugas OIU3KA K IKCNEPUMEHMATbHOU NPU MATbIX
BEIUUUHAX NIOMHOCMU MOKa: npu auxetinocmu BII) Ha criage HaOIroMaeTCs
XOpoIiasi COBMECTHMOCTh KPUBBEIX, B Tlay3e — YMEpeHHas (y8epeHHO pecucm-
pupyemoe onpedeneHHoe pacxoxcoenue), a Ipy MOJSPU3ALUH U IETIONIPH3aLuu
(npu nponyckanuu moxka) — PKO BBIPRXKEHHBIE PACXOXKIEHUS (NOIHAS HeCO8-
Mecmumocmy) CPaBHUBAEMBIX KPHUBBIX, XapakTep M BEIMYHMHA KOTOPBIX OTpa-
XKAOT OCOOEHHOCTH MPOTEKAHUS HETMHEWHBIX MOJSPU3AMOHHBIX POIECCOB.
Wnaue, mpu HBII nporieccsl monspuzanuu ¥ JETOISIPU3AlUN CPENbl B PEKIME
2PU mpoTekarT B COCTOSHUH «CBEPXHANPSHKEHUD) (€8 hopcuposanHvix ycio-
8UAX») B Pe3yJbTaTe 4ero TOJbKO Ha CHaje cpeiia MEepPeXoJUT B OTHOCUTEIHHO
€CTECTBEHHOT'O COCTOSTHHE TUHAMHUYECKOTO Pa3psHKeHUs («CHOKOUHO20%» — Ymo
xapaxmepho aunetinoti BII), m TO depe3 ompeAeNeHHOe BPEMs MOCIe BTOPOTO
(ompuyamenvbroeo) IMITyIbCa TOKA.

Ha puc.3 mpencraBiieHs TeOpeTHYECKUE 3aBUCUMOCTH m3MeHeHus To/T* ot
HOPMHUPOBAaHHOW BEIIMYMHBI BPEMEHH Iepexojla 3HAYCHHS HANpSKEHHOCTH
BTOPUYHOTO MOJISAPU3ALXOHHOTO MOJIS Uepe3 Hylb (cmena 3naka) Ha criaae (no-
cre ompuyamenvno2o umnyivbca) t/t*., TOCTPOEHHbIE B MOJNYIOrapH-
¢MuueckoM Maciitade, i pa3HbIX KoHpuUrypauuid nuddepeHIrnaibHOro pe-
xxuma 2PU npu nmureitnocTH nporeccoB BII. XapakTepHoit 0cOOCHHOCTHIO 3THX
3aBHCHMOCTeil sBNseTcs cobmonaenue pasenctsa To=T* npu t'.=t*. He3aBuCH-
MO OT KOH(UTYypanuu u napametpoB pexkuma 2PU. Kak crenyer u3 puc.3 mMex-
1ty cOOTHOMEHUAMH T o/ T* 1 t°/t*. HabGmOgaeTCs 06pPaTHO TIPO
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Puc.3. CemeiicTBO TeopeTHueCKUX KPUBBIX M3MeHeHus: To/T* OT HOPMHUPOBAHHOW BETHYMHBI
BPEMEHH IIepexo/ia 3HAUCHUs HAPSDKEHHOCTH BTOPUYHOTO MOJISIPU3ANHOHHOTO OISl Yepe3 HyJlb
Ha criazie t/t*,, 1Is pasHbIX KoHdUrypaumii muddepenuuansroro pexnma 2PU npu nuHeHOCTH
npoueccos BII.

MOPIIMOHAIbHAST 3aBUCUMOCTh. AHAJIOTUYHAs KapTHHA HAOIIOMAeTCs U B IMPO-
LIECCe CUHXPOHHBIX U3MEPEHUIl C MPUMEHEHUEM 3JICKTPOPa3BEIOYHOM KOCHI (¢
UCNONbL306aAHUEM QUKCUPOBAHHOU NUMAIOWell JUHUel U MHO2OKAHATbHBIMU
CUHXDOHHBIMU UBMEPEHUAMU NPUEMHbIMU JUHUAMU, PACHOTIONCEHHbIMU HA pa3-
HBIX PACCMOSIHUAX OM YeHmpa mooeau pyoro2o oowvekma). OTKIOHEHUE IMITH-
pUYECKOI KPUBOM OT TEOPETUUECKON 3aBUCUMOCTH IPU 3a1aHHOM BeruunHe T
(samemuennasn odonacmo — puc. 1, Toy=500c u maxoice onpedenrennoi no eenu-
yune t°/t*., puc.3) HO3BOMIAET IPOCIENUTH NPUCYTCTBUE HEMMHEHHBIX HPOIEC-
COB Ha MPOTSHKEHUU BCEro LUKIAa u3MepeHuid. [IpennoyrurenbHblid Auana3oH
0.1<Tpa/T*<7 mmm 0.4<t™,/t*.<1.5, IpU KOTOPOM MOKHO (PHKCHPOBATH IO-
CTaTOYHO HaJIeXKHBIE (KauecmeeHHble) Pe3yIbTaThl U3MepeHuil. B cirydae HeoO-
XOJUMOCTH TIOIY4YeHHsI Ooyiee JOCTOBEPHBIX 3KCIIEPUMEHTAIBHBIX JMAaHHBIX 32
MpelenaMyi  YKa3aHHBIX JUAlla30HOB IIeJIiecO00pa3HO MPOBEIACHHUE JIOTIOJ-
HUTENLHBIX U3MEPEHUH TTPH HOBOM BEIOOpE napamerpoB pexuma 2PU (¢ vacm-
HOCMU, RyMeM U3MeHeHUs. ONUMENTbHOCIU 8Ce20 YUKIA U3MepeHull ¢ cob.de-
HUeM pPABEeHCMBA BeIUYUH UCNOIb3YEeMbIX 8DEMEHHbIX COOmHOuleHuil). 31ech,
TaKkKe CIeAyeT 0C000 MOAYECPKHYTh, UTO MPHU Ta>>T* (6 evbipasicernvix amno-
MATbHBIX 00ACMAX, K MOMY JHce 8 NPUCYMCMEUU UHMEHCUBHOZ0 NPOMUBO-
NONOIACHO HANPABLEHHO20 UHOVKYUOHHO20 BMOPUYHO20 NOJISL HA PAHHUX 8peme-
Hax (0o 20-50 mc) nocre emopozo umnyivca) ObICTpas CMEHa 3HaKa TOJISIpU3a-
LIMOHHOTO BTOPHYHOIO TOJS HA CIaae MOXET HAJCKHO HE (PUKCHPOBATHCS
(MareBocsiH u babasH, 2019). B atom ciiydae BemuIuHY Tax MOKHO OIICHUTH
[0 BPEMEHH MPOSIBIICHUS t." (pHC.2) — BpeMs Ha CIaje IOCie BTOPOro MM-
mynbca Toka mpu 2PU, xorma HaOmomaetcs (pesucmpupyemcsi wiu Gblyuc-
Jisilemcsi) MaKCUMallbHasi BEJIMYMHA BTOPUYHOTO MOJsIpU3aiioHHoro mosst. Oue-
BM/IHO, UTO Ha CHajie BpeMs t . TOuHee ompejenserca (vemue uxcupyemcs),
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yeM t. . 3/1eCh, MOKHO HUCIOIB30BaTh TEOPETHUECKUE 3aBUCUMOCTH T/ T* OT
BEJIMYUHBI t. " /t*., KOTOpBIEC aHAJOTHYHBIM 00Pa30M HECIIOKHO MOIYYHTH IS
TpeOyeMbIX KOH(pUTypanuil U napamerpos pexxuma 2PU. Onqnako, Bo Beex ciy-
qasx, I KOJMYECTBEHHBIX ONEHOK BCErJa MpEeAroYTHTENbHEe TaKoi moadoop
napameTpoB pexuma 2PU, korna T, He ipeBbitmaet T* B 5-7 pas.

B mpouecce skcnepuMeHTanbHbIX HcciaenoBanuii MerogoM BII B pexxume
2PH Takke ycTaHOBIIEHBI CIEAYIOUINE 3aKOHOMEPHOCTH MPOSIBICHHUS HEJTHHEH-
HOCTH:

e HaOMIOJAaeTCs pa3liniue SMIMPHUYECKUX IEPEXOJHBIX XapaKTEPHCTHK,
MOJTyYEHHBIX ITyTEM HETIOCPEICTBEHHOTO N3MEPEHHUS MPH MPOITYCKaHUU
MMOCTOSTHHOTO TOKa (npu 3apsdke) W TIOCTPOSHHBIX IO pe3ylibTaTaM H3-
MEPEeHUH BTOPUYHOTO TIOJISL Ha cnajie (nocjie npsamoy20ibHo20 UMNYIbCa
pasnou onumenvrocmu) (Komapos, 1980). DTo HECOOTBETCTBUE OTUET-
JMBO MPOSIBISTIOCH HE TOJBKO TP BBIYUCICHWUU PA3TUYHBIX aMILIH-
TYITHO-BPEMEHHBIX XapaKTEepUCTHK i pexuma 2PU ¢ ncnonp3oBaHu-
€M SMITUPUYECKUX JaHHBIX YCIOBHO MPUHATOTO €AUHUYHOTO (8 Haulem
cayyae, 00vlyHo Onumenvuocmoro 10c¢) UMITyIbca (co2nacHo npuHyuny
CYnepno3uyuU 31eKmpuiecko20 nojis) ¢ MOCIeIyoIINM COITOCTABICHH-
€M C pe3yJibTaTaMu HETOCPEACTBEHHBIX M3MEpeHHl (npu codarodenuu
HEeU3MEHHbIMU 6CEX OCMANbHBIX IKCNEPUMEHMANbHBIX YCI08UlL), HO U
NIPY CPaBHEHUH C SMITUPUICCKUMHU JaHHBIMH TIPU BO30YKICHUU CPEIBI
OMHOYHBIM TPSIMOYTOJBHBIM HMMITYJIbCOM CO 3HAYHTEIHHO OOINBIION
KpaTHOH MPOIOIKUTENBHOCTRIO (00 10 u 6onee pas3).

® KaXyIIUiics BpeMeHHOW mapameTp T.x 3aBHCHT W OT BEIHYUHBI H OT
HanpaBJIeHHsT BEKTOpa IUIOTHOCTH TOKa BOJHM3HM XOPOIIO MONAPH3YIO-
nierocs pyaHoro oosekTa: B obmactu nposisiaerus HBII ¢ ysenuuenuem
CHJIBI TOKA B NMUTAOIICH JIMHUN YCTAaHOBKH M3MEPEHUH B OOJBIIMHCTBE
ciydaeB HaOMIOManoch cMemenne T, Mo BpemerHon ocu [IX B cro-
POHY MallbIX 3HAYeHHUU C BHICOKOBEPOSTHBHIM M3MEHeHHeM (GopMm H Be-
JUYYH Pa3UYHBIX aMIUTHTYTHO-BPEMEHHBIX XapaKTEPHCTUK BTOPUY-
HOT'O TIOJIAPU3aLMOHHOTO TIOJIA.

TakuM 00pa3oM, MOXHO 3aKJIIOYHTh, YTO C MPUMEHEHHUEM BKpaTie OIH-
CaHHOM METOJOJIOTHH ONBITHO-METOANYECKOTO HCCIEJOBaHUH, YIalIoch YCO-
BEPIIEHCTBOBATH CIIOCOO T'€03JIEKTPOPA3BEAKH METOJIOM BBI3BAaHHOW MOJISAPH3a-
MM C WCIIOJB30BaHUEM JU(depeHInaIsHOro BpeMeHHoro pexunma 2PU, cy-
LIECTBEHHO MOBBICUTH TOYHOCTH U TNPOU3BOAWTEIHHOCTh M3MEPECHWH, 3HAUYU-
TEJNBHO YIPOCTHTH IMPOBEACHUE OONBIIOTO 00beMa pa3HOOOPa3HBIX OIBITOB,
BBHITIOJTHUTD MX PAllMOHATIBHYIO CHCTEMAaTH3alUI0 U HHTEPIPETAINIO, YTO B Iie-
JIOM TIOJIOKUTEIHHO CKa3aioch Ha 3 (HEKTHBHOCTH Ja0OPaTOPHBIX paboT.

B mpomecce sKcriepUMEHTAIBHBIX HCCIICOBAHUI BBISBICH HOBBIH BPEMEH-
HOW ToKa3arenb (npucywuil ouggepenyuanvromy epemennomy pesicumy 2PU u
3asucAWuUll OM e20 NpeosapumenbHo 6blOPAHHOU KOH@Uypayuu u napamem-
P06), TIO3BOJIIONINN JOTIONHUTEIHO COCTABUTH IMPEICTABICHUE O XapaKTepe
HEJIMHEWHBIX TOJIIPH3ALMOHHBIX MTPOIIECCOB U HAEKHO HICHTU(HUIUPOBATH B
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M3y4aeMoOl TeOodNIEKTPUUECKOH Cpefe MPUCYTCTBHE HIICKTPOHOMPOBOISAIINX
BEIICCTB\MHHEPAIOB, 00pa3yIOIIUX MPOXKUIKOBO-BKPAIJICHHbIE H MAaCCHBHEIC
PYIHBIE OOBEKTHI. DTO MO3BOJISET MPHU JOCTATOYHO MPOCTOM ONEPATHBHOM CIIO-
cobe wm3MepeHUH (pacuiugposke pyoOHLIX AHOMAIULU C NPUMEHEHUeM 6pe-
MmeHnoe2o pexcuma [PHU oasice 6e3 nay3vl mesxcdy umnynvcamu) (MaTeBocsH,
20172 20172;DAaTeBOCﬂH u babasH, 2019) nerko mpuCocoOUTh TOCTYITHYIO,
CEpHUITHO BBIITyCKAaEMYIO 3JIEKTPOPa3BEJOYHYI0 H3MEPHTENILHYIO anmaparypy (8
YACMHOCU, U 0ddCce Ce200Hs WUPOKO UCHONb3YeMbili 3HAMEHUMbIU CO8EMCKULL
aemoxomnencamop AD-72) Wi OOBIYHBIN COBpEMEHHBIH HU(POBON MYJIBTH-
MeTp (¢ noepeuwtnocmoio usmepenuii nopaoxa 0.1mB u ouckpemunocmoio 3ame-
pog 2-3 8 cekyHOy) B KOMIUIEKCE C TPAKTUYECKH JIOOBIM (noOX00swmum no
MowHOCmMU) CTAOMIU3UPOBAHHBIM HCTOYHHKOM IIOCTOSSHHOTO TOKa PYYHBIM
yIpaBiieHHEM TOJIIPHOCTBHIO U AJUTENBHOCTBI0 UMIYIBCOB (MpU 8030VcOeHUl
UMNYIbCOB C MOYHOCMbIO nopaoka 0.5¢ — noepewHocms peanu3ayuu pexcuma
JIPH ne npesviuwiaem 1%, umo enoine npumeHumo OJisl MaxKoz2o pooa CHOHCHBIX
NEKMPOPA36€00UHbIX UBMEPEHUIL).

[IpoBeneHHbIe UCCIIEAOBaHUSI BHOCST OIPENEICHHBIN BKIAJ B METOIUKY
OECKOHTaHTHBIX T'eOdeKTpoXuMudeckux usbickanmii (MucTpykius, 1984; Ko-
MapoB, 1980, 1994; Pricc, 1983; Dnexkrpopaszsenka, 1989; Ilytukos, 2008) mpu
OLIEHOYHOM OTpEJeIEHHH BEIIECTBEHHOTO COCTaBa 3JIEKTPOHOMPOBOIAIINX
XOPOIIO MOJSIPUIYIOMIUXCS OOBEKTOB, YTO MPEACTABISETCS OCOOCHHO Ba)KHBIM
P HKCIPECC-INAarHOCTHKE PYIHBIX TeoJorHdecknx Tei. CiemyeTr Takke OT-
METHUTh, YTO JAHHBIM CIIOCO0 MMEET OMpEeAeNICHHYI0 T'€OIKOJIOTHYECKYH0 COC-
TaBISIONIYI0: MHHAMU3AIUS MPUMEHEHUS MOIIHOTO HCKYCCTBEHHOTO JIIEKT-
POMarHUTHOTO BO3JCHCTBUS Ha OKPY’KAIOIIYIO CPedy IpH pEeIIeHHH 3JIEKTPO-
pa3BeqOYHBIX 3a]1a4.

HccnenoBanne 4acTHYHO BBHIMOJIHEHO MpH (prHaHCOBON moauepxkke Komu-
tera o Hayke MOHKC Apmenun B pamkax HayaHoro mpoekta Nel5ST-1E418.
ABTOpEHI BBIpaXXaroT IIyOoKyto OnarogapHocts ['eramy babasuy u I'eBopky Ka-
capoksay (“Nairi-Tech”) 3a HEONEHHMYIO TOMOIIh NPHU MOACPHU3AIUY Aall-
MapaTHO-MIporpaMMHOro Komiuiekca «VectorGeoy», a taxxe Hapune [topmxsH,
MpUHSBIIEH ydacTHe B TaOOpaTOpHBIX paboTax.
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U.4. Uwplnyui, ¢.U. Pupuyul
Udthnthnid

znyJuénid nphunwpyynud E junnwpbjugnpsqus tnubwl’® hwpnig-
Jws phnwgdwt dkpnnny ntuntduwuhpnipinititiph nhbtpkughw) dw-
dwtwljujhtt nkdhuny swthdwt vhgngny, npp pnuy) E tnwjhu jpugnighs
wuunljipugnd Juqut] nsgdwjhtt phtinwgdwt wpngbuubph punyph
dwuht: Sbuwlwt b thnpdwpupuljut wohtwmnwupubtph wpyniupnid
wnwowplynd E unp dwdwbwluyhti gnigmhy, npp pny; £ wiwhu
niunidtwmuhpynn  EphpulbiEjunpujut  dhowduypnid  Juunnwhwpup
wnwppkpult] hwupwyht opjijintitip uqunn LEnpntwhwnnpnhs tynt-
ptpp/dhutpujuiph wewnipniup: Ppujubugjuws nruntdbwuhpne-
pintuttpp npnowlh ubpppnid mubkb EEjupnuwhwnnpnhs juy plk-
nwigynn opjkjunttph Wnipwlwt YJuquh quwhwndwt dwudwbwuy
nsnunwljunughtt  Epypubjtjunpuphdhuljutt hbnwgnunnipniuubph
Ubpnpupwtnipjut Uke, husp hwnjuuybu Juplnp E hwupwiht Epy-
pupwbwlwb dwupdhtubph bpuypbu-nphwqinunhluygh hwdwnp:
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EFFECTIVE TIME INDICATOR IN STUDY OF NONLINEAR PRO-
CESSES OF INDUCED POLARIZATION BY DIFFERENTIAL TIME-
MODE MEASUREMENTS

A.K. Matevosyan, G.A. Babayan
Abstract

The article discusses an improved method of research by inducing polariza-
tion using a differential time-mode measurements, which makes it possible to
additionally gain an idea of the nature of nonlinear polarization processes. As a
result of theoretical and experimental works, a new time indicator was proposed
that reliably identifies the presence of electrically conductive substances / min-
erals that form vein-disseminated and massive ore objects in the geo-electric
medium under study. The studies carried out make a certain contribution to the
methodology of non-contact geo-electrochemical surveys when assessing the
material composition of electrically conductive well-polarized objects, which is
especially important in operational express diagnostics of ore geological bodies.
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ALUGCP QBY4UANCUUL YuuALLere

1. Zwjwunwih Zwbpuwbnmput Ghunpmiutbiph Uqquyhtt Ujwnbdhugh “Ghumpmitubp Spyph
dwuht” mntjugpnud hpunwpuljdnud G Zuyjwunwinad b wpnwuwhdwiyub iplpitpmd Epjpuputin pjulb,
tplmubhqhlurh, ubminmghush, (hntught qapdh, Hynqnphuluh, $hoblulut wyhwphugpmpput U bpyph
dwuht ghnnipnitiubph wy) wuyuwpkqubpnud nwpyny wkuwfwl, hopdwpupulwt b jhpunwlwb hknwgn-
wnnipjnLbiitiph wpryniuplbtpp:

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

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

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

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

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

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

6. PJupljws ywhwhgubpht spwdupuipnn hnnjustbtpp sk pipmignud:

7. Uppuignnidhg htinn jpugnudubip sk wpdnud:

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

TTIPABIJIA O®OPMIJIEHUS PYKOITUCH

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

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

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



3. ABTOpaM CIenyeT NpUIACPKHUBATHCSI O6LLICHpHH$[TOI‘;I B JXypHaJIC CXEMBI CTATBH: HA3BaHWC CTAaTbH, WHHUIHAIILI W
damuis aBTopa (aBTOpPOB), OpraHM3alus M ajpec, BkIoYas E-mail (ecnu coaBTOpBI M3 pasHbIX OPraHU3alMid, TO
TPUBOJIATCS aJpeca BCeX, MPHUBA3AHHBIE CHOCKAMM 4E€PE3 3BE3/I0UKY); aHHOTalus cTaThu (8-10 CTpok), mociae aHHOTAIMH
KiIoueBbie ci1oBa (7-9 coB), OCHOBHAs YacTh TEKCTA, ¢ 00513aTe/IbHbIM YKA3aHHEM 1eJIM U HAVYHOIi HOBM3HBI CTAThHH,
pe3ioMe Ha pyccKOM (apMSIHCKOM) sI3bIKE M aHHOTAIMS Ha aHTJIMHCKOM SI3BIKE.

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

5. CHUCOK IUTHPYEMO# JUTepaTypbl 0GOPMIISETCs CIIEIYIOUMM 00pa3oM: a) Ul KHHUI' YKa3blBAIOT (haMUIIMIO aBTOpa
(aBTOpOB) Y WHUIHAJIBI, TOJ U3JAaHHSA, ITOJIHOC Ha3BaHWEC KHUTH, MECTO M3aHH, U3AATCIIBCTBO, KOJITHMYECTBO CTPAHMIL; 6) JTA
JKYPHAJIBHBIX CTaTel — (haMUIKSI U MHULKAIIBI aBTOpa (aBTOPOB), FOJl M3/IaHHs, [I0JIHOE HA3BAHHUE CTAThH, HA3BAHHE XKypHANa
COTJIACHO TIPHHATOMY COKpAaII€HHIO, HOMEP TOMa, HOMEP JXypHajla WA BBITYCKA, CTPaHHIIBI; B) JUTA cTraTteil B KHHTax
(cOopHHKax) — GaMuINs ¥ MHULIKAIBI aBTOpa (ABTOPOB), IOJ U3JaHMUs, MOJIHOE HAa3BaHUE CTaThH B KHUre (mumiercs B ku.:
“.....”"), Ha3BaHMe KHUTH, MECTO M3/IaHHs, H3/1aTeNbCTBO, CTPAHMUIBL; 1) /I aBTOpe(epaToB — (paMHIIHA U HHUIHAIIE aBTOPA,
Ha3BaHHE CO CCBHUIKOW COTJIACHO MPHHATOMY COKpalIeHHIO (ABTOped.IiCcC. Ha COMCK.Y4.CT.KaH[I. WM JOKTOpa HAayK), TOPOJI,
OpraHM3alus, TIe COCTOSIIACh 3allUTa, TOJ], KOJIMYECTBO CTPAHHIL.

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

7. JlonoIHEHUs B KOPPEKTYPY HE BHOCATCS.

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

MANUSCRIPT PREPARATION GUIDELINES

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

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

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

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

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

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

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

7. No additions are introduced into proofs.

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

IMoanucano k nevatn 24.12.2021 r. ney. i1. 5. 3aka3 N 1142.
bymara odcernas 1. Tupax 150 5x3. Llena norosopHasi.
Wsparenscro “Turytion” HAH PA. 0019, Epesan, np.Mapinana Barpamsna, 24r.
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