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On the possible relationship between magnetic storms
and earthquakes in certain tectonic conditions
(using the example of Sakhalin)*

Aleksander S. Zakupin®, Artem I. Kazakov, Nikolai S. Stovbun, Sergei A. Gulyakov,
Marina Yu. Andreeva, Olga A. Zherdeva

@E-mail: a.zakupin@imgg.ru
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. The paper considers topical issues of geophysics related to the possible influence of disturbances in the
magnetosphere on seismicity. The study was conducted based on a detailed catalog of seismic events in southern
Sakhalin for the period from 2003 to 2023. The paper aims to test the assumption that such an influence can manifest
itself in individual seismogenic zones during their proximity to discharge. The testing was carried out in randomly
selected segments of the West Sakhalin (WSF) and Central Sakhalin (CSF) faults. The coincidence of the moments
of some seismic events (with M > 2.7) and magnetic storms with a high index (G1 and higher) was revealed in these
segments. The LURR (load-unload response ratio) method was used to identify periods when fault segments were
in a subcritical stress-strain state. It was shown that the main part of the coincidences occurred during the periods of
increased abnormal activity of the LURR parameter.

Keywords: carthquake, magnetic storm, LURR, correlation, fault segment
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Introduction

The question of the relationship between
the magnetosphere and the Earth’s elastic field,
changes in which lead to the destruction of the ge-
osphere and movements occurring in the form of
seismic vibrations, has always been on the agenda
and has not lost its relevance to this day. The re-
sult of such studies is mostly determined by the
quality and sampling size of seismic events. We
shall address the state of this field by analyzing
recent publications.

An interesting result was obtained in the
study [1]. The authors tested the hypothesis about
the existence of a relationship between earth-
quakes (M = 4-4.9) and solar activity for the pe-
riod from 2006 to 2012. The earthquake data were
taken from the ANNS database (California), and
the daily solar activity and magnetospheric data
were taken from OMNIWeb (https://omniweb.
gsfc.nasa.gov/). The authors constructed general-
ized autoregressive models with exogenous varia-
bles (GARX), with exogenous variables being the
parameters reflecting potential triggers of earth-
quakes (interplanetary magnetic field, Dst index,
solar wind speed, sunspot number, and Earth’s
electric field) to find the relationship. As a result
of a mathematical algorithm, the coefficient of
determination and the Schwarz criterion were ob-
tained, the parameters of which indicate a relation-
ship between solar activity and earthquakes with
magnitude M = 4-4.9. However, the authors note
that the results of this algorithm in the processing
of earthquakes with magnitude M > 5 give the op-
posite result, i.e., no connection with solar activity.

Guglielmi et al. [2] studied earthquakes all
over the planet from 1973 to 2010 with magni-
tudes M > 5 based on the data from the catalog
of the National Earthquake Information Center of
the U.S. Geological Survey (USGS). (We would
like to note that we consider the decision to use
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such old data on earthquakes with small magni-
tudes unobvious.) A total of 405 earthquakes were
analyzed, which occurred within 1 h before and
1 h after 1113 magnetic storms with a sudden
commencement (SSC, storm sudden commence-
ment, a sudden increase in the H component of the
geomagnetic field that occurs almost simultane-
ously over the entire Earth). The active phase of
the geomagnetic storms themselves was not ana-
lyzed in this paper. As a result, an empirical con-
firmation of the connection between earthquakes
and SSC was found, specifically, a decrease in
global seismicity after SSC. The authors claim,
however, that there is no theoretical interpretation
of the relationship between SSC and earthquakes.

In the study [3], the authors searched for the
relationship between geomagnetic disturbances
(Dst index, absolute value of the field distur-
bance |AX], and absolute value of the field vari-
ability |dX/dt|) and earthquakes for the Alaska
region (geomagnetic station “College”) in the
period from 2014 to 2016. The U.S. Geological
Survey catalog of seismic events was used as the
basis of the study. Firstly, the statistics of geo-
magnetic variations before and after earthquakes
of different classes — strong (M > 5), weak mi-
nor (3 <M <5, H <5 km), weak near-surface
(3<M<5,H = 5-10 km), and weak shallow
(3<M<5,H> 10 km) — were studied, as well as
randomly selected earthquakes. Another approach
was to study the number of earthquakes of differ-
ent classes before and after substorm onset. Both
approaches did not confirm the hypothesis about
the trigger effect of magnetic storms on earth-
quakes. It was also noted that such an effect can
occur only with a combination of unique favorable
factors, which are difficult to identify in statistics.
Regarding unique factors, it should be added that
the article was published in 2020, and the authors
simply did not know that in 2021 there would be
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a megathrust earthquake with M = 8.2 in Alaska.
Moreover, the trigger seismicity (e.g., from geo-
magnetic activity), which is of such interest to
the authors [3], could occur during the period of
unstable development of the seismic process, and
according to our data (using the LURR method)
obtained in [4], this period has only occurred
since August 2019.

In the study [5], a relationship between Dst in-
dex and earthquakes with A/ > 7 (USGC) was found
using a superposed epoch analysis and a Z-test.
The result showed a higher number of geomagnetic
storms before seismic events than after them, and a
stronger correlation with shallow earthquakes was
observed. Yet there is no precise explanation for
such a phenomenon. This may be due to the special
aspects of the manifestation of the inverse piezo-
electric effect in the near-surface layer.

The authors [6] claim that they were able
to find a correlation between the solar wind and
strong earthquakes with M > 5.6. The ISC-GEM
catalog was used for the earthquakes, and the so-
lar wind data were taken from the SOHO (Solar
and Heliospheric Observatory) catalog. During
the analysis, it was found that solar activity trig-
gers high-intensity seismic events when structures
are critically stressed or when other effects, such
as inverse piezoelectric effects, co-occur.

In the paper [7], the strongest magnetic
storms (Kp > 7, Ap index) and all 935 earthquakes
(M = 6.5) in the world in the period from 1994
to 2017 (USGS) were compared. Out of the 49
strongest storms during this period, 17 cases were
identified in which seismic events occurred at
the same time as the storm or the following day.
Of these, 14 occurred near Japan and in the south-
west Pacific, but were almost absent in continen-
tal Asia, North America, and South America. The
authors suggest that this may be related to the less
stable lithosphere of the eastern hemisphere.

Another study [8] confirms the absence of
a correlation between solar activity (Dst index)
and global seismicity (M > 4) from 1996 to 2016
(USGS). Having found no correlation over a long-
er period, the authors [8] analyzed shallow earth-
quakes (M >4, H < 70 km) and Dst index level
separately for 2004, where no correlation was also
found. On the other hand, a sample of seismical-
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ly active periods in different local zones (south-
eastern Indonesia, Taiwan, eastern Japan, south-
ern Alaska, western Mexico, and western Chile)
shows a drastic change in the Dst index level in
periods of increased earthquakes. The biggest
change was recorded in Indonesia during the pe-
riod of seismic activity on November 9—13, 2004:
the Dst index level fell to —373 uT. The weakest
change (—124 uT) was found during the sudden
increase in the number of earthquakes on Septem-
ber 8, 2007, in Mexico.

Thus, numerous examples from the litera-
ture indicate the absence of correlation rather than
its presence. However, we can also see that the
considered studies have different sampling ap-
proaches, and the comparison of the results will
not necessarily provide an objective evaluation.
There is a general tendency towards globaliza-
tion (covering a longer period and larger regions),
but it should be taken into account that the para-
digm “the larger the sample of earthquakes, the
more significant the statistics” may not work here.
It is obvious that magnetic storms can act as trig-
gers for earthquakes but in no way generate them.
Most publications only statistically analyze the
relationship between geomagnetic activity and
seismic events, while the mechanism of impact
remains unresolved.

The authors [9, 10] presented a theoretical
model and calculations of electric field distur-
bance, electric current, and heat generation in the
lithosphere. It was found that the density of telluric
currents generated by solar flares is comparable to
the current density from artificial sources (MHD
generator “Pamir-2,” ERGU-600) [11], which im-
pacted the seismicity of the Pamir Mountains and
Northern Tian Shan [12]. It was also noted that the
trigger effect depends not only on the stress-strain
state of the earthquake formation area but also
on the time of growth of the flare front as well as
the level of conductivity in the lithosphere layer.
To confirm such an idea (of the trigger effect on
seismicity) in the case of solar flares, a statistical
analysis of global (USGS catalog, M > 4) and re-
gional (Greece, EMCS catalog, M > 3) seismicity
during the X9.3 solar flare on September 6, 2017,
was performed [13]. The number of earthquakes
(10 days from the solar flare) increased relative
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to the baseline by 68 % for global seismicity and
by 120 % for regional seismicity. An important
question about the state of the geosphere and the
degree of its preparation for effective interaction
with an external source for the dissipation of pre-
viously accumulated energy arises. It was shown
in the study [14] that in the interaction of elec-
tromagnetic and elastic fields, trigger effects in
rocks are only possible in the region of inelastic
deformation at levels of about 85 % and higher
of the maximum level of resistance to the applied
load. In the same range (beyond the point of pro-
portionality), the trigger response of the medium
to an external impact is assumed for the scale of
the Earth’s crust in general. For example, such an
approach is implemented in the method of iden-
tifying areas with near-critical stress state and
intermediate-term LURR earthquake prediction.
Moreover, the hypothesis about the zones that are
in the subcritical stress-strain state and sensitive
to the influence of geomagnetic field pulsations
has already been expressed earlier and partially
confirmed in the study [15]. This study shows the
response of seismicity in the aftershock zones of
strong earthquakes, where subcritical stress zones
constantly appear due to the rearrangement of the
stress-strain state of the crust after the main shock.

At different scales (planetary or regional),
a single sample may contain earthquakes that oc-
cur simultaneously but in different zones: in re-
laxing zones (with significant aftershock activity),
neutral zones (moderate seismicity in foci at the
stage of stress accumulation), and, finally, in fo-
cal zones that are in an unstable state (near-critical
stress levels). In a single sample, the presence of
all these different stages of earthquakes is possi-
ble, but only in an evolutionary form when one
state replaces another, and this requires working
in separate seismogenic zones. However, a prob-
lem is that it is not always easy to perfectly isolate
such zones geometrically. It is also impossible to
tell whether a focal zone is completely independ-
ent. Fault zones can be not only extended up to
hundreds of kilometers but can also be physically
in contact with other faults along their length. Yet
there are areas with the largest number of earth-
quakes on seismic activity maps (“dark™ spots), so
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they can be considered “almost” independent fo-
cal areas. In our recent paper [16], we conducted
a study within such a separate seismogenic zone.
It was found that in one of the segments of the
Aprelovsky fault (south of Sakhalin Island), all
earthquakes (two out of two) with M > 3 in al-
most three months (from July to October 2023)
occurred during periods of magnetic storms of G1
and above or after X-class flares. In total, geomag-
netic disturbances only occurred on 9 days out of
80, and it is clear that the statistics here are defi-
nitely in favor of the existence of a connection.
Moreover, in the study [17], we also showed how
the formation of one of these two earthquakes is
manifested in the changes in the electrotelluric
potentials. Therefore, it is of interest to identify
possible connections between geomagnetic ac-
tivity and earthquakes under certain conditions.
To this end, it is proposed, among other things, to
use methods for identifying time periods in which
the focal zone could be in a state sensitive to ex-
ternal influences.

Methods

The LURR method is proposed as a basis for
evaluating the stress-strain state in the seismo-
genic zone. The LURR (Load/Unload Response
Ratio) method was developed by Chinese seis-
mologists in the 1990s [18]. The method is based
on consistent models of the theory of elasticity
(model of an absolutely rigid Earth) and fracture
mechanics (Mohr—Coulomb criterion). The key
point is that beyond the elastic deformation of the
medium, the load response does not correspond
to the unload response (and the relative response
ratio becomes different from one). With time, this
discrepancy only intensifies up to the loss of sta-
bility of the collapsing object. The method sug-
gests solving the elasticity theory equations to de-
termine the components of the stress tensor at the
site where the slip vector is located. Calculations
are performed for each earthquake in the catalog.
The displacements from tidal influence at a given
point (the earthquake epicenter) are calculated.
The use of lunar-solar tides in the method is justi-
fied by the fact that it is impossible to find another
such perfect calibrated load/unload indicator in the
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geoenvironment. Tectonic and lithostatic compo-
nents are not taken into account because their rates
of change differ significantly from the tidal ones.
To divide earthquakes into “loading” and “unload-
ing” earthquakes, the Mohr—Coulomb criterion
is calculated. The earthquake occurring during
the increasing value of this criterion is defined as
“positive,” otherwise “negative”. The studied pa-
rameter (LURR) is identified with the ratio of the
total Benioff strain of all positive earthquakes to
the same parameter of negative earthquakes for a
certain period of time (in mathematical processing,
it is the sliding window value). In elastic-plastic
media, before fracture, a phenomenon of fluidity is
observed when, under constant stresses, the strain
continues to grow. Clearly, in such circumstances,
the calculation of the ratio of the load response to
the unload response makes no sense (there is no
response as such), and mathematically, the LURR
parameter again becomes close to one. In the area
of transition from elastic to inelastic deformation,
this parameter starts to grow and reaches its maxi-
mum values near the fracture of the medium. That
is why in the medium where brittle fracture is real-
ized, the main (predicted) event can be expected
after the curve reaches its maximum values, and
in the medium where plastic effects are possible,
the parameter returns to the background level and
some delay (time lag from the moment of determi-
nation of the predicted feature, LURR variation) in
time occurs. It is obvious that this delay depends
on geologic conditions. The LURR method is de-
scribed in great detail in the original papers [18],
so we have limited ourselves to a qualitative de-
scription. It should be noted that our studies allow
us to positively evaluate the possibilities of this
method (refer, for example, to the review [19]).
Before studying the relationships in separate
seismogenic zones (which is the main goal of this
paper), we present a general analysis of seismic-
ity for southern Sakhalin in comparison with geo-
magnetic activity. Recognizing that in this case
the seismogenic zones of the two main lineaments
(West Sakhalin fault (WSF) and Central Sakha-
lin fault (CSF)) will be in the same sample, we
will not search for relationships with geomagnetic
activity for specific earthquakes. It would be ap-
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propriate here to simply note characteristic points
in the change in the series and to identify (if any)
trends. Geomagnetic activity in space will be con-
stant for any seismic sample, and we will estimate
it by the intensity (Kp index). The geomagnetic
index (Kp) is provided on the website of the Lab-
oratory of solar astronomy of the Space Research
Institute of the Russian Academy of Sciences and
the Institute of Solar-Terrestrial Physics of the
Siberian Branch of the Russian Academy of Sci-
ences (https://xras.ru/magnetic_storms.html). The
histograms given there contain information on the
dynamics of changes in the planetary Kp index.
Based on this index, the G scale of the geomag-
netic storm intensity is also calculated.

To study separate seismogenic zones, we used
the areas of the WSF and CSF as objects, which are
depicted as rectangles on the fault map in Fig. 1.
The study was carried out in the following order:
First, a curve characterizing the periods of insta-
bility was constructed using the LURR method,
and then the correlation of significant levels of the
Kp index with earthquakes in time was checked.
We considered it evidence of a connection if the
earthquake occurred at the time of the storm or
a day later. One day is a conventional period for
the expected trigger effect (which should manifest
itself in the shortest time possible). We chose this
period, despite the probability of a delay from sev-
eral days to several weeks (as estimated by various
authors), primarily because these delays are only
a product of statistics in certain studies and have
no confirmed physical mechanisms behind them.
In the LURR method, which, however, has not es-
caped criticism [21], a direct transition is used (all
within the scope of mechanical phenomena), and
the evaluation of the trigger effect from the tidal
factor is made de facto at the moment of displace-
ment, which, at least, does not make our choice
completely unreasonable.

Now, to the question of sampling, i.e., earth-
quakes with which characteristics should be
taken into account. It would be logical to select
earthquakes with minimum magnitude according
to the level of representativeness of the catalog
(to improve statistics), but it only reflects the net-
work capabilities. We would like to have a physi-
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cal justification for the choice of threshold. If we
assume that the influence of storms is only sig-
nificant at the stage of unstable focus (with a high
level of internal energy), we can also follow the
analogy with the LURR methodology, where the
parameter correlated well with the formation of

strong earthquakes (M > 5). Applying this meth-
od, we used moderate seismicity with M = 3.3-5
for calculations, and in most cases the lowering of
the threshold to M = 3 did not worsen the result.
Therefore, there are several possible options for
the evaluation of storms and earthquakes, and the

Fig. 1. a) Map of faults according to [20] indicating study zones (No. 1, segment of the WSF; No. 2, Aprelovsky fault of the CSF); cir-
cles (one partially) indicate LURR calculation areas in accordance with the zone index; b), ¢) earthquakes in the south of Sakhalin from
2003 to 2023 from the full catalog (b), with M > 2.7) (c). Rectangles indicate study zones. Zone coordinates (corners of rectangles):
No. 1, 46.7N, 142.4E — 47.3N, 142.7E; No. 2, 46.4N, 141.5E — 47N, 141.8E.
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lower threshold can be taken with a margin (sever-
al options with M < 3). In the study we considered
five options, where the samples included earth-
quakes with magnitudes M > 2.7/2.8/2.9/3/3.1.

To analyze the correlations between seis-
micity and geomagnetic activity, we used the cat-
alog of earthquakes in the south of Sakhalin from
2003 to 2023, which is compiled at the Institute
of Geology and Geophysics of the Far Eastern
Branch of the Russian Academy of Sciences on
the basis of the official annual collections of the
Geophysical Survey of the Russian Academy of
Sciences. In this study, we also declustered the
catalog using the program described in the paper
[22]. The local intensity ratio (LIR) method [23]
is incorporated in the program algorithm. In the
declustered catalog, 6179 events remained out of
10 771 events.

Results and discussion

It is of interest to plot seismic activity graphs
for the entire period for the entire sample, i.e., for
all of southern Sakhalin, and then compare it with
the activity graph of the geomagnetic Kp index.
Over a twenty-year period, there were at least
two 11-year maximums of solar activity and, of
course, seismicity activation (there were 4 earth-
quakes with M > 5 on southern Sakhalin from
2003 to 2023). The seismic activity graphs were
plotted for the original and declustered catalogs.

The seismic activity tends to increase after
the geomagnetic activity peaks on a decreasing
trend. The strongest seismic event for this pe-
riod (the Nevelsk earthquake of August 2, 2007,
M = 6.2) occurred after the strongest activation
of the magnetosphere in 2004-2005, when 138
magnetic storms were recorded in two years (dur-
ing this period there was a peak of 11-year solar
activity). It should be noted that the declustering
program deforms the activity of 2007-2008, and
it is better to draw conclusions from the original
catalog. The observed increase in the average
background activity since 2011 can be explained
by the fact that since 2011 the seismic network
became fully digital and the number of stations in-
creased, which led to an increase in the number of
minor events in the catalog. Overall, the graphs in
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Fig. 2 do not explicitly reveal the presence or ab-
sence of a relationship between earthquakes and
magnetic storms.

Now for the samples for separate zones No. 1
(WSF segment) and No. 2 (Aprelovsky fault).
We are particularly interested in the periods when
the LURR parameter is in the abnormal range
(> 3). To draw LURR graphs, the samples within
the zones outlined by rectangles are insufficient,
and the calculation was carried out in circular are-
as with a radius of one degree (Fig. 1a). The circle
in the WSF area is off-set to the west of the WSF
to avoid the influence of the CSF, whereas there
are no off-setting options for the second circle, so
the influence of the WSF is likely to be observed
anyway. The graphs are shown in Fig. 3.

Now we calculate coincidences of times of
earthquakes with the moments of the strongest
magnetic storms (the moment of the storm and the
day after). The results are presented for five sam-

Fig. 2. Time distribution (mm.yyyy) of the accumulation rate of
the number of earthquakes N (seismic activity, dN/dt) (blue line
denotes original catalogue, red line denotes declustered catalogue)
and geomagnetic index Kp in the period from 2003 to 2023.
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Fig. 3. Graphs of LURR parameter changes in circular calculation areas with a radius of one degree and coordinates: (a) 47E, 142.5N
(for zone No. 2); (b) 46.7E, 141N (for zone No. 1). The red line indicates the anomaly cutoff threshold equal to 3.

ples of earthquakes (see the table). There were no
earthquakes in 2003 in both samples.

The most important events over the entire
study period should be highlighted. Thus, the geo-
magnetic activity maxima in terms of the number
of extreme storms are observed in 2004-2006,
2015-2017, and will probably be expected in
20262028, which reflects the 11-year cycle of
solar activity (see the table). Anomalies of the
LURR parameter in the Aprelovsky fault region
were observed in June 2023 (Fig. 4a), while in the
WSF region in May 2007, July 2015, and June
2023 (Fig. 4b). We shall note the coincidence of
the anomalies for the two lineaments in 2023 and
will return to this later. For the WSF, the LURR
anomalies in 2007 and in 2015 are forerunners of
important seismic events: the Nevelsk earthquake,
August 2, 2007, M = 6.2; the Onor earthquake,
August 16, 2016, M = 5.8; and the Krilyon earth-
quake, April 23, 2017, M = 5. While the former

occurred directly in the selected area, the Onor
and Krilyon earthquakes were north and south
within this lineament, and the 2015-2016 anoma-
lies were observed throughout the entire area of
the WSF across Sakhalin [19]. Despite the large
number of earthquakes in 2007 (see the table), all
of them occurred after August 2 and did not coin-
cide with the anomaly in May. The coincidences
0f 2006 and 2007 in zone No. 1 occurred in the ac-
tive phase of the aftershock activity after the Gor-
nozavodsk (August 17, 2006, M = 5.6) and Nev-
elsk earthquakes. The other coincidences from
the table occurred in 20132015, as well as once
in 2020. The coincidences were observed mainly
for earthquakes of small magnitude, and while for
M > 2.7 there were nine of them in 20 years, for
M > 3.1 their number is almost four times less.
Therefore, in 2006-2007, a small number of coin-
cidences with high seismic activity (including af-
tershocks) still occurred during the LURR anoma-

Fig. 4. a) Map of the strongest earthquakes in the south of Sakhalin from 1997 to 2019; b) map with anomalous LURR areas in the south

of Sakhalin from 2004 to 2005.
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Table. The ratio of the number of earthquakes (numerator) coinciding in time with the moments of magnetic storms

(denominator)
Year | G1 storms andhigher| M>27 | M>238 M>29 M>3 M>3.1
Zone 1

2004 63 3/0 2/0 2/0 1/0 1/0
2005 75 0/0 0/0 0/0 0/0 0/0
2006 43 5/1 4/0 1/0 1/0 1/0
2007 35 337/3 282 /3 247/3 198 /2 173/0
2008 23 25/0 20/0 18/0 14/0 12/0
2009 4 10/0 7/0 6/0 4/0 3/0
2010 20 15/0 13/0 11/0 6/0 6/0
2011 31 2/0 1/0 1/0 0/0 0/0
2012 36 7/0 5/0 3/0 2/0 1/0
2013 24 11/2 6/2 3/1 2/1 2/1
2014 27 3/1 2/0 1/0 1/0 1/0
2015 81 4/1 4/1 3/1 3/1 1/0
2016 67 1/0 1/0 1/0 0/0 0/0
2017 66 0/0 0/0 0/0 0/0 0/0
2018 26 11/0 10/0 6/0 4/0 3/0
2019 18 3/0 2/0 2/0 2/0 0/0
2020 12 3/1 2/1 2/1 2/1 2/1
2021 30 5/0 4/0 2/0 1/0 1/0
2022 61 3/0 2/0 2/0 2/0 1/0
2023 45 1/0 0/0 0/0 0/0 0/0

Total 449 /9 367/7 311/6 243 /5 208/2

Zone 2

2004 63 5/2 4/2 3/2 3/2 3/2
2005 75 2/1 2/1 1/1 1/1 1/1
2006 43 23/0 21/0 17/0 16/0 13/0
2007 35 13/3 11/3 9/1 4/0 2/0
2008 23 10/4 10/4 10/4 8/2 7/2
2009 4 2/0 2/0 2/0 1/0 1/0
2010 20 4/0 3/0 1/0 1/0 1/0
2011 31 4/0 4/0 3/0 2/0 2/0
2012 36 4/0 4/0 3/0 2/0 1/0
2013 24 23/5 18/4 14/4 13/4 12/4
2014 27 5/0 5/0 4/0 4/0 1/0
2015 81 4/0 4/0 3/0 2/0 2/0
2016 67 3/0 3/0 2/0 1/0 1/0
2017 66 5/0 5/0 4/0 3/0 3/0
2018 26 4/0 4/0 2/0 2/0 2/0
2019 18 5/0 5/0 4/0 3/0 3/0
2020 12 5/0 4/0 4/0 3/0 2/0
2021 30 4/0 3/0 2/0 2/0 1/0
2022 61 3/1 1/0 0/0 0/0 0/0
2023 45 5/3 5/3 3/2 2/2 1/1

Total 137/21 121/19 93/16 74/ 12 60/ 11

Note. Years when earthquakes coincided in time with the moments of magnetic storms are highlighted.
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lous period for the selected fragment of the WSF
(Fig. 4). The largest percentage of coincidences
for zone No. 1 is observed in 2013-2015, and this
coincides not only with the maximum of solar ac-
tivity but also with the strongest LURR anomaly
(Fig. 4).

The seismic activity of the selected area
No. 2 is three times less than in the WSF area.
There is a high percentage of coincidences in
2003-2005, and in most cases these are events
with magnitude M > 3.1. There is also a high per-
centage of coincidences in 2022 and 2023, but
the magnitude of the coinciding earthquakes is
lower. In 2007 and 2008, the percentage of coin-
cidences is much lower due to the increased seis-
micity after the Nevelsk earthquake and prob-
ably due to the redistribution of the load in the
CSF structures, which includes the Aprelovsky
fault. Coincidences in 2013 are mainly caused
by high seismic activity, and we should primar-
ily note the swarm of earthquakes from May 15
to 25 (this period included the storm of May 18),
during which there were nine earthquakes with
M = 2.8-3.9 alone. This is almost half of the
number given in the table. As a matter of fact,
the declustering programs, if they do not remove
earthquakes in swarms completely, corrupt the
catalogs with them very strongly, which is why
we used the original catalog to search for coin-
cidences instead of the seismic activity graphs,
where both variants were present (Fig. 2). From
2013 to 2022, there were no coincidences at all,

while for 2022-2023, there were 4 out of &, or
50 %. The only anomaly of the LURR parameter
in zone No. 2 was observed in 2023, which is
interesting from the point of view of the consid-
ered problem of selective sensitivity of the me-
dium to external influences. The question arises
as to the absence of anomalies in 2003-2005
on the LURR graph (Fig. 3), since the percent-
age of coincidences in these years is the same
(see the table). The probable answer is given in
Fig. 4, which shows the maps from the study
[19]. Anomalies in circular areas in 2004—2005
seem to bypass the Aprelovsky fault. However,
the zone apparently had a certain energy reserve.
This explains the fact that after the unloading of
the West Sakhalin Fault segment near Nevelsk
in 2006 and 2007, the Aprelovsky fault gener-
ated a strong earthquake with M = 5 almost im-
mediately after the load redistribution in Sep-
tember 2007. The WSF and CSF are located at
a short distance, and many processes occur in
the same way, although sometimes in a different
order. For example, the Takoye swarm in 2001
in the Aprelovsky fault region occurred a year
after the Uglegorsk earthquake in 2000 (CSF),
whereas after the Nevelsk earthquake (CSF), an
earthquake with M = 5 occured a month later in
the same region (Aprelovsky fault). The opposite
was observed in 2013: the swarm in May 2013 in
the Aprelovsky fault region preceded the earth-
quake in the WSF in November 2013 (Fig. 4a).

Fig. 5. Period accumulation curves (N, number of seismic events) for the epicentral area of the Krilyon earthquake from 2005 to 2017 (a),
for segments of the CSF (Aprelovsky fault) (b) and WSF (c) from 2003 to 2023. R, attenuation process of seismic activity (relaxation);
S, process of stationary activity; arrow indicates anomaly of the LURR parameter.
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The coincidence of LURR anomalies for the
two lineaments in the middle of 2023 is quite unu-
sual and first such case during the study period.
This raises the question of the likely consequenc-
es for the seismic process in southern Sakhalin as
a result of such manifestations.

Important events in the seismic process are
also well represented in the period accumula-
tion curves (activity analog). The most typical
example is the graph for Cape Krilyon, where
the WSF and CSF not only are maximally close
but also share a common intersecting lateral fault
(Fig. 5a). In this area, strong earthquakes oc-
curred in 2006 and 2013 (Fig. 4a), and the graph
accurately reflects the stages of focal develop-
ment: stationary mode of earthquake accumula-
tion, main event, and relaxation.

It can also be seen here that the curve goes
from accumulation to growth before the Krillyon
earthquake in 2017. But this is an illustrative ex-
ample to which everything fits well, including
the moments of LURR anomalies. The graph for
the selected Aprelovsky fault zone (see Fig. 1) is
shown in Figure 5b, and the stages are less pro-
nounced here due to the absence of strong earth-
quakes. However, they are present in September
2006 and May 2013, which indicates the coor-
dinated involvement of both lineaments in a sin-
gle process. Moreover, in the first case there was
a reaction to the Gornozavodsk earthquake, and
in the second case in 2013, the swarm occurred
six months before the earthquake of 2013 in the
La Perouse Strait in the WSF (Fig. 4a). Since
2014, the accumulation is present here, which is
unusual because the Aprelovsky fault “operates”
predominantly in swarms (September 2001, Ta-
koye swarm; September 2006; May 2013) with
moderate magnitudes on a relatively regular ba-
sis. The only relatively large magnitude event
(M = 5) that was not part of a swarm occurred in
September 2007, just one month after the Nevelsk
earthquake. It should be noted that the Nevelsk
earthquake in southern Sakhalin is the strongest
earthquake in the last fifty years. And this is by the
most conservative measures, because the Mon-
eron earthquake (September 6, 1971, M = 7.5),
which is geographically not far from Sakhalin,
does not belong to the WSF structures. Thus, it

GEOPHYSICS. SEISMOLOGY

is not surprising that the earthquake of 2007 had
an effect on the structures adjacent to the West
Sakhalin fault. The selected segment of the WSF
is currently in the accumulation stage (Fig. 5c).
The main events in the WSF in 2007 and 2013
are also identified here. According to the graphs
(Fig. 5), the earthquake in April 2017 (Krilyon
earthquake, M = 5), the epicenter of which was
located on the sub-latitudinal intersecting fault
between the WSF and the CSF, did not impact
the considered segments and its effect was highly
localized. This allows us to assume that the re-
lease of seismogenerating zones on both faults in
2024-2025 is highly probable.

Conclusion

The present study is valid for a relatively
small seismically active area. In randomly se-
lected segments of the West Sakhalin and Central
Sakhalin faults in 2003-2023, the coincidences
of the moments of separate seismic events (with
M > 2.7) and magnetic storms with high index
(G1 and higher) are observed.

Most of the coincidences occur during peri-
ods of increased anomalous activity of the LURR
parameter and precede strong earthquakes. Thus,
the coincidences of events in certain time periods,
which are significant for both processes (geomag-
netic and seismic), are observed. Even in the most
favorable condition for the coincidence, when
the number of days with storms reaches a quar-
ter of the days in the year, the probability of each
earthquake to coincide with them is very low. This
probability is even closer to zero for the Aprelovs-
ky fault region (zone No. 2) in 2023, when a storm
occurred every 10th day and there were only five
earthquakes in the sample. However, in 2023, we
obtained the most striking result that excludes the
behavior of both parameters as independent, and,
apparently, we should return to this issue in a year
or two.

One of the results of the study is also consid-
ered to be obtaining an unfavorable prediction of
an earthquake with a magnitude greater than 5 for
the CSF—WSF pair in the southern part of Sakha-
lin Island for 2024-2025 (the magnitude can be
significantly higher for the WSF).
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CelncmoTekToHnYeckme gedopmaumm
N cOPOLLEHHbIE HANPSXKEHNSA 3EMIETPSICEHUI
LieHTpanbHoro TaHb-LaHa

H. A. Cviuesa
E-mail: ivtran@mail.ru

Huemumym guzuxu 3emnu um. O.FO. [lImuoma Poccutickoti akademuu nHayk, Mocksa, Poccus

Pe3tome. Ha ocHoBe maHHBIX 0 TeH30pax ceiicMuueckoro momenrta (TCM) 270 3emiterpsicennii Llenrpanbaoro TsaHb-
[Tans, mponzomenmux ¢ 1978 mo 2021 1. (63 cobwiTus u3 katanora Global Centroid Moment Tensor u 207 coObITHIA U3
pabot A.JI. Koctioka u H.A. CprueBoii) paccunTanbl mapaMeTpsl o4aroB 3emierpsicennii (CT]I, kuHeMaTndeckue u au-
HaMHYECKUe TapaMeTphl, paJiyc odara u cOpoc KacaTensHbIX HanpspkeHui). Pacaer CT]] BbIoNHEH Ha OCHOBE TIOA-
XOJIOB, TIpeiokeHHbIX B paborax 10.B. Pusanuenko u C.JI. IOnra. [l paccMarpuBaeMoil TEPPUTOPUN XapaKTEPHBI
TaKue peXUMBI Aedopmanyy, Kak ckaTue, TPaHCIPEeCCHs, MEPEXOIHBIN PEXIM OT BEPTUKAIBHOTO CIBHTA K CXKATHIO
1 Kocol caBur. Paccuntano u moctpoeHo pacnpenenenne ko3dduimenra Jlone—Hanan. 3naunrensHas yacTb HCCIeqy-
€MOH TEPPUTOPHUH XapaKTepu3yeTcs AeGOopMaIisIMH IIPOCTOTO CKATHSL, IPEOdIaiaHisI IIPOCTOTO CKATHUS U IIPOCTOTO
caBura. Jist pacdera COpOLICHHBIX KacaTeIbHBIX HAIPSDKCHUH HCIOIB30BAIHNCH 3HAYCHHUS CKAJSIPHOTO CEHCMHYECKOTO
MOMEHTa M, KOTOpbIe onpenenstores npu pacdere TCM, u pamdychl 04aroB, paCCUNTAHHBIE HA OCHOBE TEOPETHYE-
CKUX W JKCIIEPUMEHTAIBHBIX MOJENeH 3aBHCHMOCTH paadyca odara OT MOMEHTHOW MarHuTynael. Pamgmycsr u cOpo-
LICHHBIE KacaTelbHbIE HANPSDKEHUS pacCUMTaHbl IS JBYX MOJEJEH o4aroB 3emierpsiceHuil — bprona u Manapua-
ru—Kanexo—1lupepa. ChopmupoBan Karajaor TUHAMUYECKHX IMapaMeTpoB. [IpoBeaeHo cpaBHEHHE KMHEMAaTHIECKHIX
Y TWHAMHYECKUX TTapaMeTPOB 3eMIICTPSCEHU U YCTaHOBIICHA CBSI3b COPOIIEHHBIX HAMPSDKCHUN C THIIOM TOABHKKH
B ouare, a TaKxke ¢ pacupenenenuem kodpduimenrom Jlone—Hanan. Pesynprarsl, monydeHHbIe B paboTe, MOTYT OBITh
MTOJIE3HBIMU JUTSI CIICIIMAJIFICTOB JPYTUX 00JIacTel 3HAHHS — I'€0Ie3UH, TEOJIOTHH, TE€O(DH3UKH.

KnroueBble cnoBa: ceificMHYHOCTb, 3eMIIETPSICCHUE, (POKATBHBIN MEXaHU3M, CEHCMOTEKTOHIYECKHE e(hopMaIiiH,
ko3¢ ¢unrent Jlone—Hanaun, TeH30p ceCMHYECKOTO MOMEHTA, CKAJSIPHBIA CEHCMHUECKUH MOMEHT, paJuyc odara,
cOpoc KacaTeNbHBIX HaNPsKEHUH

Seismotectonic deformations and stress drop
of earthquakes of Central Tien Shan

Naylya A. Sycheva
E-mail: ivtran@mail.ru

Schmidt Institute of Earth Physics of the Russian Academy of Sciences, Moscow, Russia

Abstract. Based on the seismic moment tensor (SMT) data of 270 earthquakes in the Central Tien Shan, which oc-
curred from 1978 to 2021 and include 63 events from the Global Centroid Moment Tensor catalog and 207 events from
the works of Aleksander D. Kostyuk and Naylya A. Sycheva, the focal parameters (seismotectonic deformations (STD),
kinematic and dynamic parameters, source radius, and stress drop) were calculated. The STD calculation was based on
the approaches proposed in the studies of Yuriy V. Riznichenko and Sergei L. Yunga. The area under consideration is
characterized by such deformation modes as thrust, transpression, underpression, and oblique. The distribution of the
Lode—Nadai coefficient was calculated and plotted. A significant part of the study area is characterized by simple compres-
sion deformation, dominated by simple compression and simple shear. To calculate the stress drop Ag, the values of the
scalar seismic moment M, which are determined in the SMT calculation, and the source radii 7, which are calculated on
the basis of theoretical and experimental models of the dependence of the source radius on the moment magnitude, were
used. The radii r and stress drops As were calculated for two models of earthquake sources: the Brune model and the Ma-
dariaga—Kaneko—Shearer model. A catalog of dynamic parameters was compiled. The comparison of the kinematic and
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dynamic parameters of earthquakes was carried out, and the relationship of the dropped stresses with the type of movement
in the source, as well as with the Lode—Nadai coefficient, was established. The results obtained in the study can be useful
for specialists in other fields of knowledge — geodesy, geology, and geophysics.

Keywords: seismicity, earthquake, focal mechanism, seismotectonic deformation, Lode—Nadai coefficient, seismic
moment tensor, scalar seismic moment, source radius, stress drop
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(DMHaHCVIpOBaHVIe

PaboTa mpoBeneHa B paMKax BBIIOTHEHHS TOCYAapCTBEH-
Horo 3aganus Macruryta ¢pusuku 3emnn um. O.1O. HImua-
ta PAH (Ne 122040600089-4).

BBepneHue
Tsap-11lanp — 007aCTh BHYTPUKOHTHHEH-
TaJbHOTO TropooOpa3oBaHus. [eonoruueckoe

crpoenue Taup-1llans u ero akTuBHYIO CECMUY-
HOCTb MOYXHO OOBSCHUTBH CJIE/ICTBUEM CTOJIKHOBE-
HUS TEKTOHMYEeCKUX Mt Maaoctana u EBpasumn.
JBmwxenne Muaocrana Ha ceBep 00yCIOBIMBAET
YTOJIEHUE U YKOPOUEHHE KOPbI Ha OOJBIION Tep-
putopuu [1]. C ceepa Tanb-lllans orpanuueH
Typanckoi minroi, ¢ rora — Tapumckoi Bragu-
HOM Ha BOCTOKE M TaKMKCKOM Aenpeccued Ha
3amajie, COSMHEHHBIMU MEXIYy co00i Amnaiickoii
JoiauHoM u nonuHo p. Cypxo6. Ha rore nmutocge-
pa Tapuma noxnBuraercs noxa autochepy TaHb-
Mans u nutochepa Ilammpa HaaBuraercs Ha
mutochepy Tsub-1llans, a Ha ceBepe autochepa
Kazaxckoro mmuTa nopasuraercs noj autochepy
Tsup-11lans, nHaBcTpeuy aurochepe Tapuma [2].

B permone MHOro pasioMoOB, aKTHUBHBIX
B IO3AHEYETBepTUYHOE BpeMs. KaliHo3olckue
CKJIaaKu U pasinomsl TsHb-1llansa onucansl B MHO-
TOYMCIICHHBIX myOnukanusax [3—9 u ap.].

B Tanp-1llane Boigenstor 3amannyto, llen-
TpaJIbHY!0 U BocTOuHy10 IpOBUHLIMK. 3anajHbIid
Taup-1llanp pacnonoxken k 3amany ot Tamaco-
@epranckoro paszinoma. Tepputopust LleHTpans-
Horo Tsaubp-Illans naxomutca Mmexnay Tamaco-
depraHcKuM pazIoMOM Ha 3arajie 1 MEpUINaHOM
80° Ha Boctoke (puc. 1). Boctounsiit Tanb-Il1anp
npoctupaercst oT MepuauaHa 80° Ha 3amane 1o
Ixynrapckoro (bopoxopo) pas3inomMa Ha BOCTOKE.
Bocrounsiii u Jxynrapckuii Taub-11lane Ha Ha-
1€l KapTe He MPEICTaBIIEH.

HenTtpansubiii Tsap-11lane 3aHuMaeT o0mmp-
HYIO TEPPUTOPHIO, OKaiiMIIeHHYTO XxpebTamu: Dep-
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raHCKMM Ha 3amaje, 3awidickuM, Kuprusckum,
Tanacckum Anaray Ha ceBepe, MepuauoHaIbHbIM
Ha BocToke M Kokmraan-Too — Ha tore [10]. Kup-
ru3ckuii  Xpeber orpanuuuBaeT LleHTpanbHBII
Tsup-1lanb ¢ ceBepa. MeXropHbIE U PEATOPHBIC
BriaguHbl LlentpanbHoro Tsaup-1lans: Akcalickas,
Akxcyiickas, Arbammmiickas (AroammHckas), Jxym-
ranbekas, Kammiickas (Kamrapckas), Kermenb-
Trobunckas, Kouxopckast, Hapbiackas, Cycambip-
ckas, Tekecckas, ToroHcKas Mmynbaa U Uyiickas.

I'opnas cucrema Tsaub-lllanb oquH U3 celic-
MUYECKH aKTUBHBIX paioHoB 3emumn. Ouaru
3emiierpssceHuil Tsub-11laHd SABIAIOTCS BHYTpHU-
IUTMTOBBIMM U Pa3MEIIaloTCs IMIaBHBIM 00pazoM
B BEPXHHX CJIOSIX 3eMHOM KOpbl. B padore [11] ot-
MEUYEHO, YTO MOAABIIsONIee OONBITMHCTBO OYAaroB
3emieTrpsiceHui TsaHb-11laHbCKOTO permoHa Haxo-
ISITCS Ha TIyOMHaX 10 15 KM, peke BCTpedaroTcst
oyaru ¢ rmyouHoit 16-20 kM u eme pexe 25 k.
Ouaru ¢ niryouHoi 10 30 KM HaOIIOAI0TCSI OYCHb
penko, T.e. 3emuerpsicenus Taub-1lans sBusroTCA
KOPOBBIMU, M KX OYaru pacrnojaratoTcs B 10Me30-
30[CKOM OCHOBAaHMH.

Ha reppuropuu Tsaub-1llans ormeuenbl MHO-
TOYMCIICHHbIE 3emileTpsceHuss ¢ M ~ 7 u naxe
M > 8. OcHOBHasl Macca AMUIEHTPOB CHIJIbHBIX
3eMIIETPACEHUH C M > 5 3aKOHOMEPHO BBITATUBA-
€TCsl B BUJIE ABYX CEHCMOreHHbIX 30H — CeBepo-
Taup-lllanbckoit u  ['mccapo-Kokmaanbckoi
(FOxxno-Tsanp-111aHbCKO), TATOTEIOMINUX, COOT-
BETCTBEHHO, K CEBEPHBIM M IOKHBIM y4acTKaMm
KOHTPAacCTHOIO COYWIEHEHHUs OpPOreéHa U OrpaHu-
YUBAIOIIUX €ro ¢ ceBepa TypaHCKOM IUIMTOM U
Kazaxckum mmTom, a ¢ tora Tapumckoi mar-
dopmoii. ['mccapo-Kokimaanbckasi 30Ha SIBISETCS
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Puc. 1. Topnbie xpe6Thl 1 gonunbl LlentpanbHoro Tsanb-Illansg. MexropHsie u nipearopHbie BraguHbel: AK — Akcaii-
ckast, AT — Ar6ammiickasa (Arb6ammHuckas), 2K — Jxymranbckas, KE — Kermenn-Tioonnckass, KO — Koukopckas,
HA — Hapsinckasa, CY — Cyycambipckast, Y — Uyiickag (ro [10]). KpacHbIMM TMHUAMU 0003HAYEHBI pErMOHAIbHbBIC
paznoMsl (110 [8]). ZKentasg IITPUXITYHKTUPHAS JIMHKUS — rpaHunia Kuprusum.

Fig. 1. Mountain ranges and valleys of the Central Tien Shan. Intermontane and piedmont basins: AK, Aksay; AT, At-
Bashi; 12K, Jumgal; KE, Ketmen-Tyube; KO, Kochkor; HA, Naryn; CY, Suusamyr; YY, Chuy (according to [10]). Red
lines mark regional faults (according to [8]). The yellow dash-dotted line marks the border of Kyrgyzstan.

BBICOKOCEMCMHUYHOW Ha ydacTke cowieHeHus [la-
mupa u Taup-11lans.

OTu /1B€ KpYIHBIE 30HbI, Ha3bIBa€MbIE CElic-
MOAKTHUBHBIMU ILIBAMU NEPBOW KAaTEropuw, sBis-
I0TCA TpaHULAMU MEX]y KpyHHBIMU OJOKaMH
Typan—Tsaup-1llane—Tapum. B mnpenenax »Tux
CElCMOAKTUBHBIX IIBOB BO3MOXXHBI MPEECIbHBIC
JUTISL 36MHOM KOPbI MAarHUTYAbl 3€MJIETPSICEHUN —
M=> 8 [5].

CoBpeMeHHBIN ypPOBEHb MCCIENOBAaHUM Je-
(OpMaLIMOHHBIX TPOLIECCOB B TEKTOHOC(hepe
3eMii HeBO3MOXKEH 0e3 nH(popMaluu O ACHCTBY-
FOIIMX B HEW MOJISAX TEKTOHUYECKUX HAMPSHKCHUH,
KOTOpbIE€ MOKHO BBISIBUTH, U3y4asi O4aroBbl€ Ia-
pameTpsl 3emiietrpsiceHunii. Uudopmarmio o mossx
TEKTOHUYECKHUX HAIPSHKEHUH MMOTy4YaroT B OCHOB-
HOM IPU aHAJIM3€ OYaroBBbIX MapaMEeTPOB 3eMJie-
TPSICEHUI, K KOTOPBIM OTHOCSTCS (POKaIbHBIE Me-
XaHMU3MBbI ouaroB. HemanoBaxxHyl0 poJsib UTparoT
U JAMHAMUYECKHE IapaMeTphl: paguyc ouara 7,
CKaJIAPHBIA celcMuYecKuii MoMeHT M, cOpoc
KacaTeJbHbIX HanpsbkeHuidl Ac (nanee cOpoc Ha-

GEOPHYSICS. SEISMOLOGY

MPSHKCHUH ), U3TydeHHAs! CeCMHUYeCKasi YHEPTUS
u ap. Jlunamuueckue napameTpbl YMEPEHHBIX
3emnerpsacenuii CesepHoro Tsaup-lllans pac-
CMOTpEHBI B Hatiel padote [12], coctaBieH OaHK
naHHbIX. JlaHHas paboTa mpezrnonaraer paciumpe-
HHE 3TOT0 HAbOpa JaHHBIX 3a CUET PACCMOTPEHHUS
3eMIIETPACCHUH, I KOTOPBIX M3BECTEH TEH30p
cericmuueckoro momenra (TCM), a 3HauuT, u
CKaJIIPHBINA cecMuYecKuii MOMeHT M. [litst pac-
yeTa pajguyca odara IpeaaraeTcsi HCIoib30BaTh
MOJIENIM 3aBUCHMOCTH pajguyca odara OT MarHu-
TyZbl, OIPEIEICHHBIE HA OCHOBE TEOPETUUYECKUX
WIM SKCIIEPUMEHTAJIbHBIX JaHHbIX. Ha ocHOBe
CKJIIPHOTO CEMCMUYECKOT0O MOMEHTA U pajuyca
o4yara MOKHO paccuuTaTrh cOPOC HANPSKEHUIA.
Jia 3emnerpsceHuit ¢ usBecTHeiMH TCM
OPEAINOoNIaraeTcss U HaIW4YMe JaHHBIX O (hOKalb-
HBIX MEXaHU3MaX, KOTOPbIE MOYKHO HCIIOJIb30BaTh
JUIE  OLEHKH HampsHKeHHO-Ae(pOpPMUPOBAHHOTO
COCTOSIHUSI 3¢MHOW KOpBI. DTO MO3BOJISIET HCCe-
JIOBATh CBSA3b MEKIY TMHAMUYECKUMU U KHHEMa-
TUYECKUMU NTapamMeTpamMu 3eMJICTPSCEHUMN.
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B Hacrosmnieli crathbe BRITOTHEHA OLIEHKA Ha-
MPsKEHHO-T1E(DOPMUPOBAHHOTO COCTOSIHHSI 3€M-
HOM KOpbl Ha ocHOBe MeTona CT/] m mocTpoeHbl
KapThl PACTPEICIICHUs] HEKOTOPBIX IMapaMeTpoB
CTH. PaccuuTaHbl AMHAMHYECKHE MapamMeTpbl
(pagunyc ouara r u cOpoc HampspkeHuid Ac) 270
3emietrpsicenuit LlenrpanbHoro Taub-11lans. Pac-
CMOTpPCHA CBA3b MCXKAY THUIIOM IMOABUXKKHU B O4Yare
C YpOBHEM COPOIICHHBIX HAMIPSHKEHUH U IpOBe/Ie-
HO CpPaBHEHHE YPOBHS COPOIIICHHBIX HAPSIKCHHIA
¢ pacupeneneHuem kodpdurnmenta Jlone—Haman.

UcxopHble AaHHble

PaccmarpuBaroTcs 3emuieTpsiceHUsl Ha Tep-
putopuu llentpansHoro Tsaub-lllans, st KoTo-
PBIX pacCUUTaH TEH30p CEHCMUYECKOr0o MOMEH-
ta (TCM) u cramsipHbIf CeCMUYECKUNA MOMEHT.
HcTOYHMKOM TakuxX JaHHBIX SIBISETCS KaTajior
CMT (Global Centroid Moment Tensor catalog,
https://www.globalcmt.org/CMTsearch.html)
u paboter [13, 14], rae mo MeTOAy BOJHOBOWA

uHBepcuu [15] momydeHbl TEH30phI celcMude-
CKOro MOM€HTa Ha OoCHOBE JMaHHbIX ceth KNET
(Kyrgyz net). Karanor CMT Bkitouaer 63 3em-
nerpscenus ¢ My, = 4.6-7.2, npoU30OLIENIINX Ha
tepputopun llentpansHoro Taup-Illansg ¢ 1978
mo 2022 1. B paborax [13, 14] TCM onpenene-
Hbl 17151 334 3eMJIeTpsICEHUN ¢ M, > 2.8 Ha Tep-
putopun LlenTpansHoro Tsaub-Illana ¢ 1996 no
2021 r. M3 334 3emmerpsiceHuid ObLTO BBIOpAHO
207 coOwiTuii, mis kotopbeix TCM ompeneneHbl
[0 KOJIMYECTBY KOMIIOHEHT (3amuceil 3emierps-
cenus) 8 u 6omnee (OBS, observation, cMm. Jeren-
oy K puc. 2). [Ins paccmarpuBaeMbIX COOBITHIA
(63 + 207 = 270) Hapsi;y ¢ KOMIOHEHTaMHU TECH-
30pa CEHCMHYECKOT0 MOMEHTA U3BECTHBI 3Haue-
HUSl CKAJSIPHOTO CEHCMHUYECKOro MomeHTta M,
MOMEHTHOW MAarHuTyasl M, ¥ TapamMeTpsl HO-
JaNbHBIX TUIOCKOCTEH (hOKanbHOro MexaHu3Ma
(strike, dip, slip). Ha puc. 2 npeacrasnenst TCM
9THUX 3eMJIETpsICeHUH. L[BET «IUISKHOTO MSYHKa»
Ha KapTe 3aBUCUT OT UCTOYHHKA JaHHBIX M KOJIU-

Puc. 2. Tenzops! celicMnueckoro momenTa 270 3emnerpsicenuii Lientpansaoro Tsup-1lans. KpacHsiMu nuHMSIME 0003Ha4€HBI peryo-
HaJbHBIE pa3iioMbl. [Tonoxenne crannuii cetn KNET ormedeno tpeyronsankamu. OBS — uncio HaOmroneHnit (3anuceil) 3eMireTpsiceHusI.

Fig. 2. Seismic moment tensors of 270 earthquakes in the Central Tien Shan. Red lines indicate regional faults. The location of KNET
stations are showed with triangles. OBS mark number earthquake observations (records).
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YecTBa KOMIIOHEHT, YYacTBYIOLIUMX B OMpezese-
Huu TCM no Merony BoigHOBOM mHBepcuu [15]
(cm. merenay K puc. 2). 3emnuerpscenus, TCM
JUTsL KOTOPBIX B3ATHl ¢ cailta CMT, B 0OCHOBHOM
pacmojoKeHbl B BOCTOYHOM M 3allaJIHOM 4acTH
paccMaTrpuBaeMoii TEPPUTOPHUH, a 3eMIIETPSICEHUS
u3 pabor [13, 14] — B ueHTpasbHOM YacTu U BAOJIb
Tanaco-@epranckoro pasziaoMa, OHA HaAXOAATCS Ha
paccrossaum 1-2° ot crannmii cetu KNET (060-
3HA4YEHbI TPEYTOJIbHUKAMU Ha pUC. 2).

HekoTophie KOTUYECTBEHHbBIE XapaKTEPUCTH-
ku 270 3eMIIeTpsSICEHUI TIPEACTABIEHbBI HA pUC. 3.
Bonpmiass 4acTh COOBITHII WMEET MAarHUTYIY
M, =3-5 (puc. 3 a), OCHOBHAs YaCTh 3eMJIETpsICE-
HU# nmpousonuia Ha mryoune 1o 20 kM (puc. 3 c).
Boénpimas yacte COOBITHIT BBIOOPKH MPOM3OIILIA
nociie 2000 . (puc. 3 b), 10 1996 1. naHHBIE B3ATHI
n3 karanora CMT.

Ha puc. 4 nokaszaHbl nuarpaMMbl Hampas-
JICHUW IJIaBHBIX OCEH HANPSIKEHUHM — CyKaTus
(puc. 4 a) u pactsokenus (puc. 4 b). CornacHo

nuarpammam, Uis OOJBIIMHCTBA COOBITUH pac-
CMaTpUBacMble MEXAHM3MBbl HMEIOT CEBEpO-Ce-
BEpO-3aMajHOe HalpaBlieHHEe OCU CKaTus (4To
XapaKTepu3yeT COCTOSIHHE HCCIIEeIyeMoll Tep-
pUTOpPUM KakK HampsbkeHue cxkatus). s oceit
pacTsHKeHUsT IMPU MHOrooOpasuM HampaBlIeHUH
HE3HAYUTEIbHO BBIACISAIOTCS BOCTOUYHOE U CEBe-
PO-BOCTOYHOE (YTO AOIOJHUTENIBHO XapaKTepHu-
3yeT perMOHaJIbHBINA XapaKTep HapsKEHHOTO CO-
ctosiHus). KonnyecTBeHHast 3aBUCMMOCTb 4YHUCIIA
3eMJIETPSICEHUI OT yIila TOTPYKEHHS ITIaBHBIX
ocel HanmpsHDKeHUH (OTHOCUTEIIBHO TOPU30HTAb-
HOM IJIOCKOCTH) IpeJicTaBieHa Ha puc. 4 ¢: ~75 %
OCEHl CKaTus UMET yroa norpyxenus no 30°
(6nu3ropusoHTaIbHOE MONOXKEHUE), 1 ~45 %
oceil pacTsKeHHs yron mpebimaer 60° (6mms3-
BEPTUKAJILHOE ITOJIOKEHUE).

Jnst  ompeneneHus KOJIMYECTBEHHOTO CO-
OTHOILIEHUSI 3€MIIETPSICEHUI IO TUILy IOJBHXK-
KM B odare (puc. 5) UCIONb30BATUCH JaHHBIC 00
yIiax MOrPYXKEHHUs IJIaBHBIX OCEH HaNpsHKECHUU

Puc. 3. KonnuecTBeHHOE pacipeiesieHie paccCMaTpUBaeMbIX 3emieTpsicennii (270 coObITHIA): a — 0 MarHUTYIe; b — 10 rofam; ¢ — o TIyOHHe.
Fig. 3. Quantitative distribution of the earthquakes under consideration (270 events): a, by magnitude; b, by year; c, by depth.

Puc. 4. [lnarpammel pacripeniesieHus: a3UMyTOB ocelt cxxatust P (a), pactsbkeHus T (b) M 3aBUCHMOCTD YUCIIa 3eMJIETPSICEHHUH OT yIJia 1Mo-

IpyXeHUs [TIaBHBIX OCel HalpshKeHui ().

Fig. 4. Diagrams of the distribution of azimuths of the compression axes P (a) and tension axes 7 (b) and the dependence of the number

of earthquakes on the plunge angle of the main stress axes (c).
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Puc. 5. KonmnuectBeHHOe pacnpeneneHue semiuerpscenuii (270 co-
OBITHIT) 1O TUIy MEXaHU3Ma O4ara.

Fig. 5. Quantitative distribution of earthquakes (270 events)
by focal mechanism type.

(Vi
OT OOIIETO Yucia COOBITUN COCTaBISIOT B3PE3bI
(30° SPpl <60°,30°< Tplé 60°), ~63 % — B30pOCHI
(Ppl <30°, Tpl > 60°) 1 B30pOCO-C/IBUTH (Pp1 <30°,
30°<T < 60°), ~13 % — ropu3OHTaJIbHBIE CIBHU-

T ). CornacHo nomy4eHHbIM JaHHBIM, ~17 %

' Ppl < 30°, Tpl <30°), ~7 % B cymMe cOCTaBIIsi-
10T COPOCHI (P,>60° T <30°)u cOpOCO-CABUTH
(30° <P < 60° T < 30°). s paccmarpusa-
eMOil TepPUTOPHH HauOOJIee XapaKTePHbI 3eMIle-

TPSCEHHS C TUTIOM ITOJBIKKHU B30OPOCHI, B30pPOCO-
casuru u B3pe3bl (70 % coObITHI).

MeTopguka

Ceiicmomexkmonuueckue oegpopmayuu. s
OLICHKH HaIpPsHKEHHO-1e(OPMUPOBAHHOTO  CO-
cTosiHus ucnomabsyerca meron CT/I, koTopslii oc-
HOBaH Ha TMOAXOAaX, MPEAJIOKEHHBIX B paboTax
1O0.B. Puznnuenko u C.JI. FOura, u ucnons3yer
JIaHHbIe 0 (POKANBHBIX MEXaHU3Max 3emieTpsce-
Huii. Meronuka pacuera CT]] onucana BO MHOTHUX
paborax (B 4aCTHOCTH, CM. TIOJPOOHOE ONMKMCaHUE
B [16, 17]) u 31€Ch HE IPUBOUTCH.

OnHako CTOUT OTMETUTh, uTo pacdyeT CT/]
BBITIOJIHACTCS CYMMHPOBAaHUEM MATPUIl WHIU-
BUyaJbHBIX MEXaHHW3MOB B Mpeaenax KaKIou
dNIeMEHTapHON monoOmactu. Bkmag kaxmoro
3eMJICTPSICEHHSI OMPEEIISAICS Ha OCHOBE PEruo-
HaTbHOW BecoBoW QyHkmuu (cM. [16]). Beibop
Y3JI0BBIX TOYEK OCYIIECTBJICH IO CETKEe C Ia-
rom 0.25° (~25 kM), Opu 3TOM paccMaTpuBaeT-
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csi 00JIacTh BOKPYT Y3JIOBOM TOYKU C paglyCcoM
R = 0.35° (~35 km). Hekoropoe mnepeceueHue
AIIEMEHTApHbIX 00JacTell MO3BOJSET IMOIYYHTh
CIIIa)KEHHYI0 KapTuHy. [nyOmHa wuccnemxyemoro
cinost 30 km. [l KaK10M y3710BOM TOYKH pacCyu-
ThIBaJICSI KO3()(DUIIMEHT COOTBETCTBUS K (Karmma),
T.€. MHTEHCUBHOCTb PE3YJIBTUPYIOLIEH MaTpHIIbI,
U B JJaJIbHEHIIIEM YUUTHIBAJIUCH T€ 001aCTH Ocpe/l-
HEHUS, B KOTOPBIX K MpPEBBILIAET 3HAYCHHE U3
Tabn. 4 B padore [18, c. 88—89] ans cooTBeTCTBY-
folel konndyecTBeHHOU BbIOOpkH. [Ipu pacuere
HCIIOJIb30BAJIOCh 3HAUEHUE K, COOTBETCTBYIOLIEE
KyMYJISITUBHOM BeposiTHOCTH 95 %. Jlns HekoTto-
pBIX 00BEMOB BBIOOPKHM JIaHHBIE U3 YKa3aHHOI'O
MCTOYHMKA NPUBEACHHI B Ta0M. 1.

Copowennvie nanpsaycenusn. llonpoOHas
METOAMKAa pacyeTa JAMHAMUYECKHUX NapaMeTpoB
(AIT) 3emnerpsicennit CeepHoro Tsaup-Illans
Ha OCHOBE MOCTPOEHHSI 04aroBOro CIeKTpa Mpu-
BeZieHa B pabore [12]. OmpeneneHre OCHOBHBIX
MapaMeTpoB OYAroBOrO CIEKTpa — YIJIOBOW ya-
CTOTHI f, U CIIEKTPAJILHOM MIOTHOCTH L) — I03BO-
JSI€T pacCUUTaTh JIBE BAXKHBIE XapaKTEPUCTHUKH:
CKaJSIPHbINA CCHCMUYCCKUIT MOMEHT M| 1 pauyc
oyara r.

CxansipHblii CEIICMMUYECKHII MOMEHT coIvlac-
HO [19]:

M, = 4npRV QMY (1)

rae R — paccrosiHue OT ouyara CTaHUMU WIIHA J10
pedepeHTHON TOUKH, TJE ONMpenemnseTcs CHeKTp,

V — CKOpOCTb S-BOJIHBI, P — IUIOTHOCTH IOPOX

Ta6auua 1. Mona M m KpuTHYeCKHE 3HAUCHHUS TapamMe-
Tpa K, COOTBETCTBYIOLIHE Pa3HBIM KyMYJIATUBHBIM BEPOSIT-
HOCTsIM U 00BheMy BIOOpKH (N) [18]

Table 1. Mode M and critical values of the parameter k
corresponding to different cumulative probabilities and

sample sizes (N) [18]

N | M | x9%0% K95 %
5 0.40 0.60 0.65
7 0.35 0.51 0.55
10 0.28 0.42 0.46
15 0.23 0.35 0.38
20 0.20 0.3 0337
35 0.16 0.23 0.25
55 0.11 0.18 0.20
100 0.09 0.14 0.15
700 0.04 0.08 0.09
1000 0.03 0.05 0.05
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B oOnactu odara, ¥ — (akTop HanmpaBIeHHOCTH
U3IY4YeHUsl U3 odara ([Uis UCTOYHHUKA, ONHCHIBA-
€MOT0 CKauKOM CMEIIEHHUS Ha TUIOCKOCTH pa3phl-
Ba), Cpe/IHee 3HaUE€HUE ATOro (akTopa MpUHUMA-
ercs 0.64 [20].

Pagunyc ovara BeIYMCISETCS HA OCHOBE BBbI-
paxenus [21-23]:

r=kV/f, )

e k — YucIeHHBIN KO DHUIIMEHT, 3aBUCSIIHA OT
MOJIEJIH pa3pblBa B oyare.

Jis ompeneneHus AMHAMHYECKUX Iapame-
TPOB Od4ara I10 IapameTpam CIEKTPOB Yalle JIpy-
I'MX UCIIOJB3YIOTCS JBE MOJENU: CTaBIIasl MOUYTH
KJlaccuyeckol Mozens bprona [24, 25] u Monenb
Mapapuaru [26, 27]. Ilpu ucnonb30BaHUM TPO-
crefiient mozenu bprona k = k, = 0.37 u3 BbIpa-
XKeHUs (2) onpeAensoT TaK Ha3bIBAEMBbI pajinyc
bprona, r = r,. YcoBepIICHCTBOBaHHAsE MOJICIb
Manapuarn—Kanexko—Illupepa MoxeTr cuuTarh-
Csl IPEANOYTUTEIBHON IO OTHOLIEHUIO K JIPYI'MM
mozessim [12]. CooTBeTcTByIOIIEE ATOM MOJEIH
3Hadenue k= 0.26 (Becbma Omuskoe K 00mehu-
3UYECKON OLIEHKE) MOXKHO HCIOJIb30BATh KakK «A¢-
(exTuBHOEY, k ;, VI IPOBEICHUS MACCOBBIX pac-
4yeToB 1o ¢opmyiie (2). Omimune oleHok copoca
HaIPSLKCHUH, MOJIy4aeMbIX UL APYTMX MOJeei
paspeiBa (bprona, Manapuaru, Caro u 1ip.), OT pe-

3yJIBTaToOB pacuera AG C UCIOIb30BAHUEM 3HaUe-
Hus k = 0.26 ne npesbimaer 2.9 pasa [12].

3Has BE XapaKTEPUCTHUKU 3E€MIICTPSICCHUS,
paccunTaHHble O BeIpakeHUsM (1) u (2), Moxk-
HO paccyuTarh cOpPOC KacaTelbHBIX HANpsHKEHUI
[21, 24, 25, 28]:

Ao =TM,/16r. 3)

ITocTpoeHne 04aroBoro CHekTpa CBsSI3aHO
CO 3HAYUTEIbHBIMH BpPEMEHHBIMH 3aTpaTami,
U B HacTosIiel padore, cornmacHo [29], mpenna-
raercs A pacuera A UCHOIb30BaTh celicMuye-
CKHE COOBITHS, ISl KOTOPBHIX U3BECTEH CecMuUe-
ckuit MoMeHT M (Harpumep, u3 karajora CMT),
a paJuyc odara ONpeesaTh Ha OCHOBE TEOPETH-
YECKUX MOJIesIel 3aBUCUMOCTHU pajilyca oyara oT
MarHUTyAbl 3eMJIETPSICEHUS], OMMCAHHBIX, HANIPH-
Mep, B padotax [20, 30, 31 u ap.], wim UCTIOIB30-
BaTh 3aBHCHMOCTD, MOJYYCHHYIO HAa OCHOBE aHa-
JM3a SKCIEPUMEHTAIbHBIX JaHHBIX (IOCTPOEHUE
04aroBOro crexrpa) B padore [12] mis 3emuerps-
cenuil CesepHoro Taub-11lans.

Crout ormeTuTh cienytomiee. B padore [12]
paccMaTpuBaroTes semierpsacenus ¢ My, =2.5-5.5,
a B JIaHHOM pabore — ¢ M, = 2.8-7.2, nosToMy Hc-
MOJIb30BaHUE 3aBUCUMOCTH U3 paboThl [12] mis
pacyera pajuyca oyara ¢ M, > 4 He sBISETCS KOp-
PEKTHBIM: IOJyYEHHOE 3TUM CIOCOOOM BBIpaXke-

Puc. 6. 3aBucuMocTb Norapuma paanyca odara 7, OT MOMEHTHOH MarHUTYIBI M|, T PaCCMAaTPHBAEMBIX MOJIENIEH; Cpe/IHee 3HAYEHHE
norapudma paaryca odara o pacCMaTpHBAeMbIM MOEISM (Cepast JIMHUS) M PErpecCHsi, MOCTPOCHHAs 10 PACIIPEAEICHUIO CPEIHETO
3HauCHHS JIorapuma pagnyca odara (depHast THHUSA): a — MoAenn u3 padot [20] u [30]; b — mogenu u3 pador [20], [30] u [12].

Fig. 6. Dependence of the source radius r, on the moment magnitude M, for the models under consideration; the average value of the
logarithm of the radius of the source for the models (gray line) and the regression calculated on the distribution of the average value of the
logarithm of the radius of the source (black line): a, models from [20] and [30]; b, models from [20], [30], and [12].
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Ta6auua 2. JlorapupMudeckue 3Ha9eHus paauyca no bprony, Ig (r,, m), B 3aBUCHMOCTH OT MarHuTybl M, s paccma-
TPUBAEMbIX MOZEINEH, a Takke cpeAHee 3HaYeHHe JIorapudma paguyca 1o pacCMaTpUBaeMbIM MOJEIISM U 3HAUCHUS JIOTa-
pudma paguyca odara, pacCuuTaHHbBIE 10 IOCTPOCHHBIM PErPECCUsIM paclpeieNieHHs] CPeTHUX 3HAYCHU

Table 2. Logarithmic values of the radius according to Brun, Ig (,, m), depending on the magnitude M, for the models under
consideration, as well as the average value of the logarithm of the radius for the models under consideration and the values
of the logarithm of the radius of the source, calculated from the constructed regressions of the distribution of average values

o lg(r, M) Mopenwn 1 u 2 Mopemn 1-3
W 1 | 2 | 3 3 CM 3 CcM

1.0 1.90

1.5 2.10

2.0 2.30

2.5 2.50 2.30 2.50 2.27 2.40 2.18
3.0 |2.08 2.70 2.40 2.39 2.48 2.39 2.39
35 1233 2.90 2.50 2.62 2.69 2.58 2.61
4.0 |2.58 3.10 2.60 2.84 2.90 2.76 2.82
45 |2.83 3.30 2.70 3.07 3.11 2.94 3.04
50 |3.08 3.50 2.80 3.29 3.32 3.13 3.25
55 |3.33 3.70 2.90 3.52 3.53 3.31 3.47
6.0 |3.58 3.90 3.74 3.74 3.74 3.68
6.5 |3.83 4.10 3.96 3.95 3.97 3.90
7.0 |4.08 4.30 4.19 4.16 4.19 4.11
75 433 4.50 4.42 437 4.42 4.33
8.0 |4.58 4.70

8.5 4.90

9.0 5.10

IIpumeuanue. 1 —0.5-M, + 0.58 [30], 2 — 0.4-M, + 1.50 [20], 3 — 0.2-M;, + 1.80 [12]; C3 — cpentee 3HaYEHUE 110 PACCMATPUBAEMBIM
Mozensam, CM — 3Ha4eHHUe 110 YpaBHEHHIO perpeccuu pactpenenenus C3. BoieneHs! CTpOKH B AWana3oHe MarHUTYJI PaCCMaTPUBACMBIX
semuieTpsacenuit My, = 2.8-7.2.
Note. 1, 0.5-M, + 0.58 [30]; 2, 0.4-M,, + 1.50 [20]; 3, 0.2-M, + 1.80 [12]; C3, average value for the models under consideration; CM,
value for the regression equation of the average value distribution. Rows in the magnitude range of the earthquakes under consideration
M,, =2.8-7.2 are highlighted.

HUE UMeeT ACHUIUT JAHHBIX O 3EMJICTPSCEHUSIX
¢ M, >4. Kaxy1o e MoJeNb BBIOpATh /ISt pacyera
panuyca ouara? Mcrnomnp3yem ABa moaxoaa K BeIOO-
Py MOZEIIEH.

Ha puc. 6 npencraBieHbl 3aBUCUMOCTH pa-
nuyca ovara (Moxenb bproHa) oT MOMEHTHOM
MAarHUTY/IbI MW o Mozeneit u3z pabor [20,
30, 12]. Kaxnas monenp moka3aHa B TpaHH-
[[ax MarHuTy[d, A7 KOTOPBIX OBUT OMNpeiesieH
paauyc ouara. Ha puc. 6 a moka3zanbsl Mojenu
u3 pabot [20] u [30], a Takke cpenHee 3HaYe-
HUE TI0 JIBYM MOJCIISIM U €€ perpeccust (TIepBBIi
MOX0T), @ Ha pUC. 6 b K MEPBBIM JABYM MOje-
nsM go0aBieHa Mozenb U3 padoTsl [12] (BTOpoi
nonxox). CpenHee 3HAYEHUE PACCUUTHIBAIOCH
JUIsL Uana3oHa MArHHUTYJ pacCMaTpPUBAEMBIX
3emietrpsiceHut 2.8—7.2 (tabn. 2). Husa mep-
BBIX JBYX Mojeineil (puc. 6 a) mo ycpeaHeH-

FEO®U3NKA, CECMONOrus

HBIM JAaHHBIM IIOJIYY€HO YPaBHEHHE PETPECCHH
lg (ry, M) = 0.42M,+ 1.22; no cymme Tpex Mo-
nener (puc. 6 b) —1g (ry, M) = 0.43M + 1.1. O1n
BBIPXCHHS OTIIMYAIOTCS JIPYT OT Apyra He3Ha-
yuTenbHO. Paguyc ouara no moznenu bprona pac-
CUMTBIBAJIN HA OCHOBE BBIPAKCHHUS, TOTyUYEHHOTO
0 CyMMe Tpex mozenei (puc. 6 b), T.e. ¢ yuerom
MoOJieNii, TOTy4YeHHOU 1o 3emieTpsiceHusm Ce-
BepHoro Tsub-1llansa (Bropoii monxon). Hapsny
C paauycoMm ouara 1o mozenu bpiona paccunran
paauyc ouara no moxenu Manapuarn—Kaneko—
[[upepa: npu ero pacuere paguyc no bprony ym-
HOYXKAETCsl Ha OTHOLIEHUE KOO(PPUIIMEHTOB k , 1
k,, (0.26/0.37), xotopele onucansl Boime. COpoc
HaNpsOKEHUM TOXKE paccyUTaH JUIsl JIByX MoJe-
ner — bprona u Manapuarn—Kanexo—IIupepa.
Pesynbrarel pacueToB mpeacTaBieHbl B TaOi. |
(cM. TIpUIIOKEHHE).
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Pe3ynbrathbl
Kapma CT/]

Ha puc. 7 npencrasnena xapra CT/I, rne pe-
»xuMbl CT]l onpenenenst a1 215 y37m0BBIX TOUEK.
JUiga 99 Todek peleHus MoJIy4eHbl o 2—5 3eM-
JIETPSICEHUSIM, a JIJIs1 OCTANBbHBIX 10 6—32. Pexum
CTJ ob6o3HauaeTcs 3HAUYKOM, MPEICTaBIISIOLIIM
MPSIMOYTOJIBHUK C MEPHEHAUKYISIPHBIMU K HEMY
CTpeJIKaMu U3 ero LeHTpa. Hanpasnenne npsmo-
YTOJbHUKA M CTPEJIOK Ha TOPU30HTAIBHOHN IO-
BEPXHOCTH IO3BOJISIET CYIUTh, COOTBETCTBEHHO,
00 a3MMyTaJIbHOM HAIIpaBJIEHUU OCEHl ykopoue-

npaBJieHue Ha ceBep). L[Bet durypsl onpenemnser
pexum nedopManuu, JUIMHA MPSMOYTOJbHUKA
U CTpenok — Benuuuny KommnoHeHTsl CTJ[ (co6-
CTBEHHOE 3HA4Y€HME) B/OJIb COOTBETCTBYIOLICH
[JIJABHOM OCH.

Ha wuccnemyemoit Tepputopun mone nedop-
Maruu 1o CTJ[ mmeer MO3auvHyIO CTPYKTYpY.
[posiBnsioTest  cineyromye pexumsl  aedopma-
LIUM: TIEPEXOAHBIN PEXXUM OT BEPTUKAJIIBHOIO CIIBU-
ra K cxaruro (BocTouHast yacTe Xp. Momnno-Too),
cxarue (rmo 6opram Hapeiackoii, CyycambIpckoii
BraguH, Kuprusckuii Xp., LEHTpaJbHas 4YacTb

HUS U yIJIMHEHUs (a3UMYT HOJIb TpajycoB — Ha-  Tamaco-®epranckoro pasioma, Xp. Tepckeit-

Puc. 7. Kapra pacnpenenenus pexumon CT/] Ha uccnenyemMoii TeppUTOpUH, HOCTPOEHHAs 10 ceTke ¢ maroM 0.25° u ¢ paguycom Kpy-
roBoi obnactu R = 0.35°. KonmdecTBo y310BbIX Todek — 215. IIITpUXITyHKTUPHBIE JIMHUH — ToCcynapcTBeHHbIe rpanunsl. Pesxumer CT/I:
S — ropuzonTaneHbIi casur, O — kocoit casur, T — cxarue, TS — Tpancnpeccus, TV — nepexoqHblil peXHM OT BEPTUKAIBEHOTO CIBH-
ra K CkaTHio (CoracHo cxeme kinaccudukaiuu [32]). JInuHa npsMOyroibHHKAa U CTPEJIOK ompesenseT BenuuuHy komrnoHeHTsl CTJI
(coOcTBEeHHOE 3HAUCHHUE) BOJIb COOTBETCTBYIONIEH INIaBHOM ocH (MacmTad cOOCTBEHHOIO 3HAUYSHUSI OTMEUYEH Ha KapTe CepbIM 3HaYKOM
BBEPXY).

Fig. 7. Map of the STD modes in the study area constructed on a grid with a step of 0.25° and a radius of the circular area R = 0.35°.
The number of nodal points is 215. Dash-dotted lines are state boundaries. Classification of STD modes: S, strike-slip fault; O, oblique;
TS, transpression; T, thrust; TV, underpression (according to the classification scheme [32]). The length of the rectangle and arrows
determines the magnitude of the STD component (eigenvalue) along the corresponding main axis (the scale of the eigenvalue is marked
on the map with a gray icon).

GEOPHYSICS. SEISMOLOGY 182 GEOSYSTEMS OF TRANSITION ZONES, 2024, 8(3)



CevicMOTeKTOHUYecKkne fgegopmauymmn n COPOLLEHHbIE HaNpPsKeHs 3eMmneTpsceHnii LjeHTpanbHoro TsaHb-LlaHsa

Anaray), TpaHcipeccus (oro-3amnajHas yacts Mc-
ChIK-KyJIbCKOM KOTJIOBMHBI, LEHTPAJIbHASA YaCTh
Kuprusckoro xpe6Ta), Kocod caBur (roxkHas
yacTe Tamaco-depraHckoro pasnoma u 001acTh,
IJe BOCTOYHasi OKpanHa HapbIHCKOW BNaJIWHBI
coenuHsieTcss ¢ Xp. HapblH) U rOpU30HTANIBHBIH
casur (Yy-Unwmiickue ropsr). [Ipu Bceit HeomHo-
poaHOCTH (MO3aMYHOCTH) OIS AedopMaluu, Ha
UCCJIEAYEMON TEPPUTOPUU MPEOOSIAAl0T THUIIBI
nedopMalui, KOTOpPBIE OTHOCATCS K PEXUMY
CKaTus C pa3IUyYarOIUMUCS JOJSMHU CIABUTOBOU
coctaBnsomen. J{ns oceil ykopoueHus Mpeoo-
JaJaeT CEeBEPO-CEBEpPO-3alaJHOE HaIpPaBJICHUE,
B OTJIEJIbHBIX TOYKAX IOr0-BOCTOYHOI 00siacTu —
CEBEPO-CEBEPO-BOCTOUHOE, a B CEBEPHOW YaCTH
Tanaco-depranckoro pasziaoma — CEBEpO-3amaji-
HO€ HaIlpaBJICHUE.

Koagppuyuenm jlooe—Haoau

Ha puc. 8 mpexncrasieHo MomaaHoe pac-
npenenenue kodpduuuenta Jlone—Hanau, xoto-
PBIil SBISETCS MHBAPUAHTHOM XapaKTEPHUCTUKOU
U TIO3BOJISIET CYIUTh O JedopMaluu B LEJIOM.
[lenTpanbHas u BocTouHas yacTu Kuprusckoro
xpeota, 3ananubiii 60pT Mcebik-Kynbekoil koTio-
BHHBI, 3ama/iHas yacThb Xp. Tepckeil-Anaray u 3a-
nmajgHas 4actb xp. HapblH Xapakrepusyrorcs pe-
’KMMOM IIPOCTOTO CxxaTusl. Pexum npeobiaganus
IIPOCTOTO CXKATHUsl IPOSABIIACTCS B LIEHTPAIbHOMN
yactu Tamaco-depranckoro pasjioma U B BOCTOY-
HOM wactu xp. Monno-Too. Pexum npeoGnana-
HUS MPOCTOrO PacCTSHKEHUS — Ha FOr0-BOCTOYHBIX
6oprax HapsiHckoil u 3amagusix 6oprax Cyyca-
MBIPCKOM BIAAWHBL. DOJIBIIEH YacThIO PEXUM
IIPOCTOTO CKATHSI MIPOSIBIISIETCS B CEBEPHOU 4acTH
LenTtpansHoro Tsaup-1lans.

Puc. 8. [Tnomannoe pacnipenenenue kodpdunmenra Jlone—Hanawm, p : 1 —npocroe cxarue, 2 — IpeodIaganue MpOCTOTO CKATHSL, 3 — IPo-
CTOM cIBHI, 4 — MpeolnafaHue IPOCTOrO PACTSKEHHsI, 5 — IPOCTOE PACTKEHHUE.

Fig. 8. Areal distribution of the Lode-Nadai coefficient p: 1, simple compression; 2, predominance of simple compression; 3, simple

shear; 4, predominance of simple tension; 5, simple tension.
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Copoc nanpsasrcenuii

3HaueHus cOpoca HaNpsHKEHUH TOTYyYCHBI
JUIS ABYX Mojenei panuyca ouara (cm. Taom. I,
MPUIIOKEHUE).

Ha puc. 9 mnpeacraBieHO >OUIEHTpAb-
HOE TIOJIOKEHUE MCCIEAYEMBIX 3EMIIETPSICEHUM.
[lokazan ypoBeHb COpPOLIEHHBIX HaIpPSKEHUH,
paccuuTaHHbIX s Moaenu Manapuarn—Kane-
ko—Illupepa. COpoileHHbIE HANPSOKCHUS IS
paccMaTpuBaeMbIX 3E€MJIETPSICEHUN BapbUPYIOT
B nuana3one or 10 mo 250 Oap. Makcumans-
HBI cOpoc HampsbkeHuit (250 Gap) mpowusoren
npu CyycambIpckoM 3emiieTpsiceHuu 19 aBrycra
1992 . ¢ M, = 7.2. Marnuryzia 3eMJICTPACEHUI,
JUIsL KOTOPBIX cOpoc HanpspkeHuid 6onee 120 Gap
(120-202), naxoaures B nuanazone M, = 5.3-6.9.
Pemenust TCM a3Tux 3emierpsiceHuit omyOanKo-
BaHbl Ha caiite CMT. MakcumanbHbIi COpOC Ha-
NpspbKeHU Juis 3emuieTpsicenuit, rae TCM ormpe-

menensl 1Mo gaHHeIM cetrd KNET, cocrasmser
74 6ap, 1 MarHUTYy/1a 3TUX 3eMJIETPSICEHUI He Tpe-
BbIIaeT 4.7. 3eMIIeTPsICeHUs CO 3HAYUTEIHHBIM
YpOBHEM cOpoca HanpspKEHU COCpeoTOYCHBI B
BOCTOYHOM 4aCTH pacCMaTpUBAEMON TEPPUTOPHUH
u 1o 6opram PDepranckoil BnaguHbl. B ceBepHOii
YacCTH BBIIEISAETCA IpyIIa 3eMJIETPSICEHNUH, TIPO-
M30IIEAINX BROJIb McChIK-ATHHCKOTO pasiioMa
B BocTouHOW yactu Kuprusckoro xpedta, — s
HUX cOpoc HanpspkeHuit npessiaer 100 6ap.

Jns  mocTpoeHus IUIOIIAIHOTO — pacmpe-
JieNieHUsT COpPOIICHHBIX HANMpPsDKEHUH IS Kax-
JOW paccMmarpuBaeMon sueiiku (pasMep sSHeUKu
0.25° x 0.25°) ucnonp3yeTcs BbIpAKEHUE

1 M,) @
GW = TN
16021
KOTOpPOE aHAJIIOTMYHO BBIPAXKEHHIO (3), HCIOMb-
3yeMOMY UIsl €TUHUYHOTO 3eMIICTPSICEHH S, C TOI

Puc. 9. DnureHTpanbHOE MONT0XKEHHE HCCIIeyeMBIX 3eMieTpsicennii (270 cobbituit). B nerenne ykasaHsl BeTHIHHBI COPOIIEHHBIX Ha-
MpsDKEHUH, paccuuTaHublie A Moaenu Manapuaru—Kanexo—1upepa, n konmyectBo 3emerpsicernit (N), KOTOPOE COOTBETCTBYET STHM

BCJIIMYUHAM.

Fig. 9. Epicentral position of the studied earthquakes (270 events). The color of the dots depends on the value of the stress drops
calculated for the Madariaga—Kaneko—Shearer model (see the legend at the bottom of the map). N, the number of earthquakes that

correspond to these values.
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Pa3HUIIECH, YTO OHO TMIPUMEHSETCA ISl TYEUKHU HC-
CJIEZIOBaHMs, T.€. B STYEHKE CHayalla CyMMUPYIOTCS
CEHCMUYECKME MOMEHTBI BCEX 3E€MIIETPSCEHUH,
3HAUEHMs PaJUyCOB B TPEThEH CTENEHU, a 3aTeM
BBIUMCIISAIOTCSL cOpolleHHble Hanpsbkenus. [Ipen-
JIOKEHHBIN METOJl YCPEAHEHUs], C TIOMOLIbIO KOTO-
pOro BBEIEHO AG , aHAJIOTMYEH METOMY Iepexosa
K «CPEIHEB3BEIICHHOMY MEXaHU3MY O4ara», KoTo-
pbIi peuiokeH B padore [18], a MexaHu3m pacue-
Ta BECOBOM (PYHKITUH XOPOIIIO Tpe/ICTaBIIeH B [16].

[InomanHoe pacmpeneneHue Jjgorapudma
cOpomrennbix Hanpsokennid (Ig Ao, Gap), pac-
CUMTAHHOE 10 BBIpAXXECHHIO (4), IPEICTaBICHO Ha
puc. 10. Jlorapupmuueckuii Macmrad mo3BoJseT
Oosee SPKO BBIJEIUTH YYaCTKU C MUHUMAaJIbHBIM
3HaueHHEeM COpOIIeHHBIX HanpspkeHuil. Hau-
OombmIMM ypOBHEM AG, XapaKTEpU3yeTCs S4€i-
Ka, B KOTOPOW pacroyiokeHa odaroBasi 0oOJIacTh
CyycaMbIpcKkoro 3emyeTpsiceHusi (KOJIUYECTBO
cobwithii 5, Aoy, = 251 6ap). B roro-socrounoi
yactu Koukopckoif BmaauHbl (ouaroBasi o00-
nactb Koukopckoro 3emnerpsacenus 25.12.2006,

K = 14.8) cOpoc HampspKeHUH COCTaBIsieT
Ac,, = 144 Gapa (6 coObITHIi). 3HAYUTENILHBIE BE-
JIMYMHBI AG,, IPOSIBIIIFOTCS B OTAENBHBIX AUEHKAX
Kuprusckoro xpe6ta, Tepckeit u Kynreit Anaroo,
Tanaco-@epranckoro pasznoma (Ac,, ~ 125 Gap).
Ha Hccblk-ATHHCKOM pa3iome, B BOCTOYHOM ya-
ctu Kuprusckoro xpedTa, oTMedaroTcsi si4eUKH
¢ Ao, ~ 80 Gap. Taxoro e ypoBHs cOpoC Hanps-
KEHMHM OTMeYaeTcsl B sueilkax, pacrojOXKEeHHbIX
BOCTOYHEE acelicMUUYeCKOM AKCaliCKOM BIIaJUHBI
(xp. Kokmanray, FOxno-Tsub-11lanbckas ceficmo-
reHHas 30Ha, gJanaeie CMT). s Gonbieit yactu
paccmarpuBaeMoOil TEPPUTOPHH YPOBEHb COpo-
IIEHHBIX HANpPsHKEHHH AG,, cocTaBiser ~65 Gap
(3TOMY COOTBETCTBYIOT STUEHKH 3€JIEHOTO I[BETA).
B sueiikax romy0oro mpera cOpoc HarpspKeHHH
cootBeTcTByeT 30—40 Oap.

Cpa(menue KUuHemamuuecKkux
U OUHAMUYUECKUX napawempoeé

Pe3yanaTLI aHaJin3a BCIMYWHBI c6poca Ha-
HpH)KCHI/Iﬁ B 3aBHCUMOCTH OT THIIA ITOJABHXK-

Puc. 10. [Tnomagnoe pacnpenenenue gorapudma cOpOIICHHBIX HANPSDKEHNH, pacCUMTaHHbIX U1t Moaenu Manapuaru—Kauneko—Iupepa.

Fig. 10. Areal distribution of the logarithm of stress drops calculated for the Madariaga—Kaneko—Shearer model.
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Puc. 11. 3aBucHMOCTS CyMMBI (@) U CpeHETO 3Ha4eHHsI cOpoca HanpspkeHuH (b) OT THIIA MOJABIKKHU B 04are 3eMIICTPSCEHHUS.

Fig. 11. Dependence of the sum (a) and average value of stress drop (b) on the type of slip in the earthquake source.

KA B ouare 3eMJIETPSICEHUs MpEACTaBICHbl Ha
puc. 11 (KOMMYECTBEHHOE pachpeiejIiCHUE 3eM-
JNETPSICEHUI MO TUITy MEXaHW3Ma odara CM. Ha
puc. 5). MakcuManbHBI CyMMapHbIA cOpoC Ha-
OpSDKEHUN  MPOM30ILIENT TPH  3eMIIETPSICEHUSX
B30pOCOBOr0 THIIA, MUHMMAJIBHBIH — IIpU cOpo-
cax. COpoc HampspKeHHH MpH B3pes3ax, B3Opocax
1 B30poco-cABUrax B cymMMme coctasisger 83 % ot
BCel BenuW4MHBI cOpoca HampspkeHuil. Makcu-
MaJIbHOE Cpe/iHee 3HaYeHHe cOpoca HanpsHKEHHUH
COOTBETCTBYET THUITy MeXaHH3Ma B30poc, MUHH-
MaJbHOE€ — TUITy TOPU30HTAJIbHBII CIIBUT.

Panee ananu3 cBsi3u ypoBHsi cOpoca Harpsi-
KEHUH B 3aBUCUMOCTH OT MEXaHH3Ma oyara Jyis
3emuerpsicennit Ceseproro Tsaub-11lans Obu1 pac-
MOTpeH B paborax [12, 33]. B pabore [33] pac-
cMarpuBasioch 87 3emiierpsicenuii ¢ K =9.5-13.7,
B [12] 6ank manHbIX 1o [I1 ObuT pacmmpeH o0
183 coOwrtuii ¢ K = 8.7-14.8. B [33] onpenene-
Ha CBsI3b BUJA IOJBMKKHM OT YpOBHSI COpOILIEH-
HBIX HANpsHKEHHUH, YCTaHOBIEHO, YTO COOBITHS
B30pOCOBOr0 THIA BHOCST 3HAUUTEJIbHBIN BKJIa]
B YpOBEHb NajieHusi HanpspkeHuil. B [12] como-
CTaBlieHHE COPOIICHHBIX HANPSIKEHUH W TUIIOB
(hoKaNnbHBIX MEXaHU3MOB IOKA3ayo, 4TO JJs CO-
OBITHII OIHOTO Kjlacca, MMEIOLINX B30pPOCOBBIA
MEXaHU3M, CpEeHUN YpOBEHb COPOIICHHBIX Ha-
MPSDKEHUH BbIIIE, YeM JUIsl COOBITMM TOro ke
KJjlacca ¢ ApYyruMu (OKAIbHBIMU MEXaHM3MaMH.
Pesynprarel uccnenoBanus cOpOLIEHHBIX HArps-
xxenut s 270 3emnerpsicenuit LleHTpanbHOrO
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Tanp-Ulans ¢ M, = 2.8-7.2 (K ~ 9-17) (puc. 10)
CBUJICTEJILCTBYIOT O TOM K€ M MOATBEPKIAIOT pa-
HEE MOJYYCHHBIE Pe3ybTaThl.

Jnst cpaBHEHUsT BETUYMHBI COPOIIEHHBIX
HaMpsHKEHUH ¢ pacrnpeneneHueM kodpQuirenrta
Jlone-Hanan Ha mccnegyeMod TEppUTOpPUM II0O-
CTpO€HAa COBMECTHAas KapTa pacCMaTpHUBaeMbIX
napameTpoB (puc. 12). CpaBHEHHME YyKa3aHHBIX
napaMeTpoB MPOBENICHO B Mpeeax TEPPUTOPHH,
JUTSL KOTOPOM TIOJTY4EHO pacrpesesienne kodPpdu-
nuenTa Jlone—Hanau (cm. puc. 8). 3 paccmarpu-
BAaEGMbIX COOBITUI B BBIJCIICHHYIO 00JIaCTh TOTa-
10 204 3emnerpscenus. [locuntaHo KOIU4eCTBO
COOBITUI U CyMMapHbIN COpOC HaNpsSKEHUH ISt
3eMJICTPSICEHHI B OONACTSIX C Pa3HBIM PEKUMOM
nedopmaruu, KOTOPBIM OmpenensieTcs Belu-
yuHO ko3(pdunuenta Jlone—Haman. B Tabm. 3
MPEICTABIICHBl HEKOTOPHIE KOJIWYECTBEHHBIC Xa-
PaKTEpUCTUKU CPABHUTEIHLHOTO aHAJIH3A.

[To nanaeiM Tabm1. 3, 100 (~50 %) 3emuerps-
CEHUU JIOKalu30BaHbl B oOnactu AedopMaluu
IPOCTOTO CXATHS M TPeoOJIalaHus MPOCTOTO
cKaThsi, CyMMapHBII cOpoc HampspDKEHUH co-
craBun 5032 6apa. B obnactu npocroro cipura
Haxonutcs 84 (41 %) 3emmnerpsicenus. Maro-
yuciaeHHbl 3emiuerpscenus (20 cobwituii, 9 %)
B 001acTu nmpeolnaganus MPOCTOTO PACTIKEHUS
C cyMMapHbIM cOpocom HampspkeHui 1329 Gap.
Ouarosas 3oHa CyycaMbIpCKOTO 3€MJIETPSICEHUS
pacrmosokeHa B 00JIaCTH C peKUMOM TIpeodiiaa-
HUS TIPOCTOTO PACTSKEHUSA. DTO CBS3aHO C TEM,
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Tabauua 3. PesyasraTsl cpaBHEHHS paclpeeIeHNs BeTUIUHEI COPOIICHHBIX HANpsDKeHNH Ac 1 koadduruenta Jloge—

Hapnau p_

Table 3. Results of comparison of the distribution of the value of stress drops Ac and the Lode-Nadai coefficient p_

IToxa3arens Pesxxnm nedopmariim
IPOCTOE CHKATHE npeodnafanue HPOCTOH COBHUT npeodnafanue pocToe
MPOCTOTO CXKATHS IIPOCTOTO pacTsbkeHne
PacTsHKEHHUS
K, 0.6<u <1.0 0.2<p <0.6 -02<p <0.2 -0.6<p <-02 -1.0<p <-0.6
YAo, Gap 1280 3752 5558 1329 0
N 24 76 84 20 0

YTO B HEE MO 3eMJICTPSACCHHS C TAKUMH Me-
XaHU3MaMU 04aroB, Kak B30poCHl (2 coObITHS),
B30poco-caBuTH (2 coObITHs) U B3pe3bl (4 co-
ObITHS). B 11€710M MOKHO OTMETUTH Mpeodiaaa-
Ioll[ee KOJIMYECTBO 3eMIIETPSICEHUN B oOiacTu
c pu, > 0.2, cooTBeTCTBYIOIIEH pexuMy aepop-
Malliy MPOCTOTO CXKATHUS U TPeoOIIalaHusl mpo-
CTOTO CKaTHSl.

CpaBHUTENBbHBIN aHAJIN3 KHHEMAaTHYECKUX U
JUHAMUAYECKUX MapaMeTpPOB 3EMIIETPSICEHUN He
TOJIBKO TOATBEPIUI BBIBOABI, MOJTYUYEHHBIE MPHU
cpaBHeHun 3emuieTpsiceHuii CeBepHoro TsHb-
[[Tans, HO ¥ MOAKpENUI UX KOJIMYECTBEHHBIMHU
OIICHKAMH.

[IpennoxkeHHBIN B JaHHON paboTe MOIXOM
K pacuery pajuyca oyara mo3BOJIMJI pacCUUTaTh

Puc. 12. Pacnipenenenue xoaddunuenta Jlone—Hanan u snumeHTpansHOE TTON0KEHHE UCCIEYEMbIX 3eMileTpsiceHuil. LIBet kpykka oT-

paxkaeT BETMUYNHY COPOIIEHHOTO HANPSKEHHUI.

Fig. 12. Distribution of the Lode—Nadai coefficient and the epicentral location of the study earthquakes. The color of the circle shows the

value of the stress drops.

FEO®U3NKA, CECMONOrus

187

TEOCUCTEMBbI MEPEXOAHbIX 30H, 2024, 8(3)



CblveBa H.A.

copoc HampspkeHui s 270 3emueTpsceHui,
Mpou30IIeAIINX Ha Teppuropun LleHTpampHOrO
Taup-1llang. BnonHe BeposiTHO, YTO TakoW MOJI-
X0/l HE JaeT TOYHOM OLEHKHM pajuyca ouara M,
COOTBETCTBEHHO, cOpoca HampspKkeHUil. MoxKHO
roJiaraTh, 4YTO OLEHKH MapaMeTpoB 3eMJETpsice-
HUU B OOJIBIION CTETICHH HEe TOYHBI WIIH JIaXe YC-
noBHBL. Hammpumep, pacuer paauyca oudara 1o Bbl-
paxxeHuro (2), rie y4acTByeT yriioBas 4acrora f,,
ompeneisieMas U3 OYaroBOrO CHEKTPA, MOXKET
OBITH BBITIOJHEH JIUIb MPUOIMKEHHO, YTO CBS-
3aHO MPEXKIE BCErO C TPYAHOCTIMU MOCTPOCHUS
04aroBOIO CIEKTpa, KOTOpoe TpeOyeT MpuMeHe-
HUS Pa3INYHBIX [TONPABOK U T.J.

3aknroyeHue

Ha ocHoBe naHHBIX O TEH30pax CeMcMu-
yeckoro MoMeHTa 270 3emyeTpsiCeHHil, Mpo-
m3omenmux ¢ 1978 no 2022 r. Ha TeppUTOpUU
HentpansHoro Tsaup-lllansa, nposeneH aHanu3
HanpsHKEHHO-1ehOPMUPOBAHHOTO COCTOSIHUS
36MHOM KOpBbI M PACCUMTAHbl JUHAMUYECKHUE Ta-
pamMeTpbl CeHCMUYECKUX COOBITUN. VcTOUHMKOM
naHHblXx 0 TCM 3emiieTpsiceHUM CayKWIn caiT
CMT (63 3emnerpsiceHus) U JaHHbIE, OITyOINKO-
BaHHble B paborax A./]. Koctioka u H.A. Ceiue-
Bori (207 3emnerpsicenuiit). MoMeHTHas MarHu-
Ty/la pacCMaTpuBaeMbIX coObitui M, = 2.8-7.2.
[IpoBenen ananu3 pokaabHBIX MEXaHU3MOB pac-
CMaTpPUBAEMBIX COOBITUH.

st vccnenyeMon TeppUTOPUN XapaKTEPHbI
3eMJIeTpsICeHUs ¢ B30pOCOBBIM (B3pe3, B30Opoc,
B30pOCO-CABUT) TUTIOM MO/ABIKKH. 3HAUUTEIbHAS
4acThb OCEH C)KaTusl UMEET CEBEPO-CEBEPO-3aral-
Hoe Hampasienue. [{ns 75 % 3emnerpscenuii ocu
CKaTHsl UMEIOT yroJsl morpykenus He Oosiee 30°
(6mmsropusonTanbHOE). [71s OlIeHKH TapamMeTpoB
HaIpsKEeHHO-e(POPMUPOBAHHOTO COCTOSTHUS UC-
ciaegyemoit teppuropun npumeneH meron CT/I.
[Toctpoenst kaptel CT/I, a Takke KapThl pacipe-
nenenus kodpounuenrta Jlone—Hanau. [To kapram
CT/] ompeneneHsl pexuMbl nedopManuil U Ha-
npaBjieHue oceil ykopouenus. Ha paccmarpua-
€MOI TeppUTOpHUN HAOJIIOAIOTCS CIEYIOIIUE pe-
KHUMBI JIe()OPMAITMOHHBIX 00CTAaHOBOK (COITIACHO
kinaccudukanuu pexumon CTJl no FOnra C.JL.):
cKaThe, TPAHCIPECCUS, TOPU3OHTAIBHBIN CIBUT
Y TIEPEXOAHBIA PEKUM OT BEPTHKAJIHLHOTO CIBUTA
K ckaruto. CornmacHo 3HaueHUSIM KoddduimenTa
Jlone—Hanau, njis uccineayemMon TeppUTOpUM Xa-

GEOPHYSICS. SEISMOLOGY

paKTepHBbI TaKhe PEeXKUMBI nedopManuy 3eMHOM
KOpBI, KaK MPOCTOE CXaTue, mpeodiagaHue mpo-
CTOIO C)KaTUs U IIPOCTOM CHBUL.

B paGore ucmonb3yercss MOAXO K pacueTy
paaunyca odyara Ha OCHOBE OCpPEITHEHHUS TEOpETHYE-
CKHX M 3KCIIEPUMEHTAIIbHBIX MOJIeNIel 3aBUCHMO-
CTH pajJilyca oyara oT MarHUTY/bl, OITyOIMKOBaH-
HBIX B pa00Tax 1o UcCaeI0BaHUI0 TMHAMUYECKUX
napameTpoB. PaccumTaHbl paguychl odara JJis
mozaenu bprona m Manapuarun—Kanexo—IIIupepa
U COOTBETCTBYIOIIME JaHHBIM pajuycaMm oyara
cOpomeHHble HampspkeHus. CocTaBieH Karajior
JMHaAMH4YECKUX napameTpos 270 3emieTpsceHui,
IPOM3OLIEIINX HAa TeppuTopuu LleHTpanbHOrO
Taup-1lans.

[TpoBeneHo cpaBHEHHE YpPOBHSI COpOIICH-
HBIX HAINpPSHDKEHUN (IMHAMUYECKUX MapameTpoB)
C TUIIOM MOABMXKKHM B O4are M pacnpeleeHu-
eM ko3ddunuenta Jlome—Haman (kunemarnde-
CKHE€ TapaMeTphl). YCTAHOBIEHO, YTO COOBITHS
B30pOCOBOTO THIA BHOCST 3HAYUTENBbHBIN BKIIA]
B YPOBEHb MaJCHUS HANpPSHKEHUM, HAUMEHbIINE
3HaueHUsl cOpoca HANMPSHKCHUH CHUMAIOTCS TPH
TOPU30HTAJIBLHOM CJIBUre. 3HaUUTEIBHOE KOJIUYE-
ctBO 3emuietpsicennil LlentpansHoro Taub-Ilans
pacronaraercs B oonactsx ¢ p_> 0.2, ¢ pexxumom
nedopMaii, COOTBETCTBYIOLIUM ITPOCTOMY CxKa-
THUIO U TIPe00IalaHnIo MTPOCTOTO CKATHSL.

JlaHHbIe, MONy4YeHHBIE B ATOH paboTe, oTpa-
KaroT NPUOIMKEHHYIO KapTHHY cOpoca Harpsbke-
HUI Ha UCCIeyeMO TEPPUTOPUU U MOTYT OBITH
YUTEHBI IPU PELIEHUH 3314 CEHCMUYECKOTO pai-
OHMPOBAHMS.
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Waves in the marine area near Cape Svobodny
(south-eastern part of Sakhalin Island)*

Dmitry P. Kovalev®, Peter D. Kovalev, Aleksander S. Borisov, Konstantin V. Kirillov
@E-mail: d.kovalev@imgg.ru
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. A study of wave processes near Cape Svobodny on the south-eastern coast of the island Sakhalin using autono-
mous wave recorders and a weather station has been performed. Analysis of five-month data of sea level and temperature,
atmospheric pressure and wind speed revealed that there are no significant peaks for wind and infragravity (IG) waves
in the wave period range 2—600 s, and the wave energy is lower at the point protected by Cape Svobodny. During storms,
there is an increase in the energy of IG waves. Waves detected at periods of 14.2 seconds, 3.62 minutes, and 8.85 min-
utes are related to swell and edge waves propagating seaward. For explanation of short waves, the Longuet-Higgins and
Stewart theory was used which describes the dispersion of swell in the surf zone and the formation of free waves. Edge
waves were analyzed using the Lamb model and the Bessel function of the first kind of zero order. Modelling of wave
processes propagating shoreward revealed the presence of IG waves with periods of 20-110 seconds and edge waves
with periods of 4.27-7.63 minutes, confirmed by the dispersion relation for Stokes waves on a sloping bottom. Sea water
temperature fluctuations of more than 7 °C with periods of 3—100 minutes affect the propagation of waves with periods
longer than 3 minutes, destroying the edge and leaky waves. Analysis of wind wave characteristics showed no significant
wave processes, including wind waves, in the 2-20 second period range. The maximum wave height was observed during
prolonged southern winds associated with a cyclone. This study is important for understanding wave processes in this area,
aiding in predicting their behaviour and impact on the coastline.

Keywords: wind waves, edge waves, leaky waves, infragravity waves, swell, internal waves

BonHbl B MOpckon akBaTtopum B6rm3n meica CBo60aAHbLIN
(toro-BOCTOYHas YacTb 0. CaxanuH)**

M. I1. Kosanes®, I1. JI. Kosanes, A. C. Bopucoe, K. B. Kupunnos
@E-mail: d.kovalev@imgg.ru

Hucmumym mopckoii eeonoeuu u eeogpusuxu /[BO PAH, FOxcno-Caxanunck, Poccus

Pe3tome. [IpoBeneHO Hccien0BaHUE BOJHOBBIX MPOLIECCOB BOMN3U Mbica CBOOOIHBIIT HA IOr0-BOCTOYHOM MoOepe-
kb€ 0. CaxaluH ¢ UCMOJIb30BAaHUEM aBTOHOMHBIX PETHCTPATOPOB BOJIHEHUS U METEOCTaHIMHN. AHAIN3 MATUMECS Y-
HBIX JIaHHBIX YPOBHS MOpSI M TeMIeparypbl, aTMOC(HEPHOr0o JaBlIE€HHUs U CKOPOCTH BETPa BBISBHII, YTO B AMANa30HE
nepuonoB BoiH 2—600 ¢ OTCyTCTBYIOT 3HaYMTENbHbIE MUKW JJIs BETPOBBIX M MH(pparpaButanuoHusix (MI7) BouH,
a PHEPTrus BOJIH MEHBIIIE B TOUKE, 3alIUIIeHHOH MbicoM CBOOOAHBINA. Bo Bpems mTopMoB HabmoaeTcst poct SHep-
run UI'-BonH. OGHapy>xeHbI BOIHBI ¢ iepuonamu 14.2 ¢, 3.62 muH u 8.85 MUH, CBS3aHHBIE C 3bI0bIO M M3JTyYECHHBI-
MU BOJHAMH, PACHPOCTPAHSIOIUMUCI B CTOPOHY MOps. [ 0OBbsICHEHUS! KOPOTKUX BOJIH MCIIOJIb30BaHA TEOPHS
Jlonre-Xurrunca u Crioapra, KoTopasi 00bSICHIET paccessHue 36101 B 30HE prbos 1 00pa3oBaHie CBOOOIHBIX BOJIH.
C ucnionb30BaHuEM (HOPMYIIBI TSl CTOSYMX BOJH ITpOaHAIM3UpOBaHbl BoiHbI [Tyankape. MozpenrpoBaHue BOJTHOBBIX
MPOIECCOB, PACIIPOCTPAHSIIONINXCS K Oepery, mokaszano Hamuuue UI-BomH ¢ nepuogamu 20—110 ¢ u KpaeBBIX BOJIH
¢ nepuogamu 4.27-7.63 MHUH, NIOATBEPKACHHBIX IUCIEPCHOHHBIM COOTHOIIEHHEM A BOAH CTOKCa MpU MIOCKOM
HakiIoHHOM fHe. KonebGanus temmeparypsl MOpCKoii Bobl ¢ BeicOTOH Oonee 7 °C n nepuopamu 3—100 MuH BIHsIOT

* The translation from Russian: Koanes /I.I1., Kosanes I1./1., Bopucos A.C., Kupunnos K.B. BonHbl B Mopckoii akBaropuu BOIU3u Mbica CBOOOIHBIIH
(roro-Boctounas yacTh 0. Caxanun). [ eocucmemvt nepexoonvix 3on, 2024, 1. 8, Ne 3. [Electronic resources]. http:/journal.imgg.ru/web/full/f2024-3-3 .pdf.
Translated by Valeriya Maksimova

** T1oMHBIA TEKCT JaHHOI CTAThH HA PYCCKOM S3bIKE Pa3MEIleH Ha caiiTe xypHana http://journal.imgg.ru/web/full/f2024-3-3.pdf
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35610b, BHYTPCHHHE BOJIHBI

Ha pacrnpoCTpaHEHHUE BOJIH C NTepHogamMu Oonee 3 MUH, pa3pylias KpacBble M N3IyUICHHBIC BOJIHBI. AHAIN3 XapaKTe-
PHCTHK BETPOBOTO BOJHEHHS MOKa3al, 4TO B AMana3zoHe meproaoB 2—20 ¢ OTCYTCTBYIOT 3HAYUTENbHbBIC BOJIHOBBIC
MIPOLIECCHI, BKIIIOUasi BETPOBBIE BOJNIHBI. MakcUMalibHast BEICOTA BOJH HAOII0aIach MPH MPOIOIDKUTENBHBIX FOXKHBIX
BeTpax, CBA3AHHBIX ¢ MUKIOHOM. [IpoBeaeHHOe Hccen0BaHue BaXKHO 71l IOHUMaHUs BOJTHOBBIX IIPOLECCOB B aH-
HOW aKBaTOPWH, YTO IIOMOTAET MMPOrHO3UPOBATH MX IIOBE/ICHUE U BIMSHIE HA OEPErOBYIO JINHUIO.

KnioueBble croBa: BeTpOBEIC BOJHEI, KpaeBble BOJIHBI, M3Iy4YEHHbBIC BOJHBI, MH(parpaBUTAIIMOHHBIE BOJHE,
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Introduction

The Laboratory of Wave Dynamics and
Coastal Currents at the Institute of Marine Geol-
ogy and Geophysics, Far Eastern Branch of the
Russian Academy of Sciences, conducts experi-
mental studies of wave processes in the coastal
zone of the Sea of Okhotsk near Cape Svobod-
ny, aiming to investigate waves occurring dur-
ing the passage of cyclones over the observation
area. While waves with periods longer than 15
seconds — such as infragravity, edge, leaky, and
other waves — are usually of interest in the coastal
zone, it was also decided to study shorter waves —
wind waves and swell — that affect the operation
of small vessels and are associated with coastal
fishing in this region.

The results of studies on wind wave dynam-
ics and swell are well documented in numerous
articles and monographs (e.g., [1-3]). However,
wind wave conditions near the shore are heav-
ily influenced by the bathymetric characteristics
of the seabed and the aerographic features of the
coastline, making them variable in each specific
marine area. The study of wave dynamics near
Cape Svobodny, where two bottom wave record-
ers and a meteorological station were set up at the
edge of the cape, provides an excellent opportu-
nity for a more detailed investigation of these pro-
cesses.
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(DVIHaHCVIpOBaHVIe

HccnenoBaHus BBINIONHEHBI B paMKaxX IOCYAapCTBEHHOTO
3aganust IHCTHTYTa MOpCKO# reonoruu u reodusnku IBO
PAH (Ne FWWM-2024-0002).

Barotropic leaky waves in the shelf zone can
only exist at frequencies above the inertial fre-
quency. Sverdrup waves generated in the open
ocean are progressive waves formed under the
combined influence of gravitational forces and
the Earth’s rotation; when they reflect from the
shore, they create Poincaré waves, which exhibit
a progressive nature along the shore and station-
ary behavior across it [4]. In describing boundary
waves, the terms “Poincaré waves” and “leaky
waves” are often used synonymously [5].

Infragravity and edge waves are also the fo-
cus of extensive scientific literature [6—8]. How-
ever, similar to wind waves, detailed studies of the
aquatic area near Cape Svobodny have not been
conducted. We studied internal waves here, and
in 2021, two ARV 14K instruments were installed
in the vicinity of the cape to measure variations
in bottom hydrostatic pressure, which were sub-
sequently converted to sea level, accounting for
the attenuation of short waves with depth, into
sea level fluctuations (wave motion). The wave
measuring devices are manufactured by SKTB
“EIPA” in Uglich (https://sktbelpa.ru). The main
relative error in bottom pressure measurements
1s 0.06 %, with a resolution of £0.0008 % of the
upper measurement limit. The measurement fre-
quency for level and temperature is one second.
Measurements of atmospheric pressure fluctua-
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tions and wind speed were conducted using the
Vantage Pro2 Weather Station.

The objective of this research was to con-
duct a detailed study of various types of waves,
including short wind waves and swell, as well as
longer infragravity and edge waves, to assess their
impact on coastal processes and the operability
of small vessels. The relevance of this research
stems from the need to understand the specifics
of wave processes in this marine area, which is
crucial for predicting their behavior and impact
on the coastline, as well as for supporting coastal
fishing and other activities.

Methodology and observation data

A map of the observation area — the water
body of Mordvinova Bay and Cape Svobodny
in the southern part of Sakhalin Island, showing
the location of wave measuring devices — is pre-
sented in Figure 1. Bottom wave recorders ARV
14K (measuring pressure range 0—20 m, accuracy
+0.06 %; resolution +0.0008 %) were installed
on the seabed: the device with serial number 149
at a depth of approximately 14 m, and the device
with number 150 at a depth of 12 m. The installa-
tion depth of the devices corresponds to a bottom
slope of about 0.011. The distance between the
devices is 1.69 km. Both devices recorded sea lev-
el fluctuations and temperature with a sampling
rate of one second. The Vantage Pro2 Weather
Station (measuring pressure range 880—1080 hPa,

accuracy +0.5 hPa; wind speed range 0—67 m/s,
accuracy =1 m/s) was installed on the lighthouse
at Cape Svobodny, at a height of approximately
12 m above sea level. Atmospheric pressure and
wind speed were recorded with a one-hour sam-
pling rate. This interval was chosen due to the
limited memory capacity and inaccessibility of
the weather station.

The experiment took place from July 9 to De-
cember 31, 2021. The observation period covered
the summer and autumn seasons, characterized
by prevailing southerly winds associated with the
passage of cyclones, leading to significant storms.

Data processing of the time series for sea level
fluctuations, including spectral and cross-spectral
analyses, was performed using the Kyma software
[9, 10], which was developed for visualizing and
analyzing large volumes of time series data. This
software was employed to calculate spectrograms
of sea level fluctuations, analyze energy distribu-
tion in different period ranges, and determine the
characteristics of wave processes. Spectral analy-
sis allowed for the identification of major wave
types, such as infragravity, edge, and leaky waves.
A detailed analysis was performed for each wave
type, including the use of theoretical models such
as the Lamb model and Bessel functions, as well
as the dispersion relationship for Stokes waves
when analyzing edge waves. The relationship be-
tween fluctuations in seawater temperature and
the propagation of waves with periods longer than

Fig. 1. The southern part of Sakhalin Island indicates the research area, including the water body of Mordvinova Bay and Cape Svobodny,

with the locations of wave and temperature measuring devices.
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3 minutes was also investigated, revealing the in-
fluence of internal waves on edge waves.

As aresult of the observations over 5 months,
records of sea level fluctuations, atmospheric
pressure, and wind speed were obtained at two lo-
cations. Fragments of the records are presented in
Fig 2.

The temporal series of sea level fluctuations
(Fig. 2a) show tidal waves and several storms,
which were more frequently observed in the au-
tumn months — September and October. The most
intense storm, with wave heights reaching 4 m,
occurred in mid-September. Typically, storms, as
indicated by the comparison of Fig. 2a and Fig. 2c,
are accompanied by strong northerly winds.

Analysis of sea level fluctuations

Figures 3a and 3b present spectrograms of
sea level fluctuations calculated using the Kyma
software [9, 10] over the range of periods for wind
waves, swell, and infragravity (IG) waves. It is
evident that the energy of wind waves and swell
does not exhibit sharply defined maxima, and
for device 149, it is somewhat lower than that of
device 150. In the infragravity wave range, with
periods from 20 to 250 seconds, an increase in
energy is observed during storms, without a pro-
nounced modal structure.

Since preliminary calculations indicated that
the spectral density diagrams do not contain dis-
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tinct features compared to those discussed in pre-
viously published works, this study focused on
calculating transfer function diagrams and phases
for pairs of devices. It is noteworthy that coher-
ence functions are often used to analyze time se-
ries, which, in a linear system, indicate a causal
relationship between two signals. At the same
time, as indicated by statistical sampling theory,
coherence estimates not only exhibit statistical
variability but are also biased and significantly
dependent on the number of degrees of freedom
[11]. Preliminary analysis using the coherence
function showed significant bias in the coher-
ence estimates for the wave process period range
discussed here. Therefore, the spectral analysis
was conducted using transfer functions. As can
be seen in Figures 3¢ and 3d, the magnitude dia-
grams of the transfer function proved to be quite
informative.

In this article, in particular, a Bode plot, or
frequency response function, is calculated, but we
will use the more general term — transfer function.
As shown in articles [12, 13], the transfer func-
tion is generally applied to describe the relation-
ships between two series when one series influ-
ences another. In such cases, the gain function, or
transfer function from the cross-spectrum, is typi-
cally computed using the coherence function [14].
According to the proposed research, the transfer
function H(jo) = G(o)d(o) = |H(jo)| arg(H(jo))

Fig. 2. Temporal variations in
sea level fluctuations (a), re-
corded by devices 149 and 150;
fluctuations in atmospheric pres-
sure (b); and the wind velocity
vector magnitude (c), recorded
by the Vantage Pro2 Weather
Station during the summer-au-
tumn period of 2021.
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allows for the identification of features within
the analyzed time series. In this expression, G(®)
is the gain coefficient, which is a dimensionless
quantity, while the phase values ¢(w) are ex-
pressed in radians between the time series of the
device pair at each frequency.

The transfer function is a complex func-
tion of frequency k(jo) = K(w)e? ), known as
the operators transfer function. Its magnitude
K(w) and argument ¢(®) indicate how the ampli-
tude and phase of each harmonic component of
the spectrum of the transformed function change
after the application of a linear operator [15].
In harmonic analysis, the magnitude of the trans-
fer function K() is referred to as the amplitude-
frequency characteristic, while the argument ¢(®)
is known as the phase-frequency characteristic of
the operator.

Waves propagating into open sea

The transfer function diagram in the direc-
tion from device 149 to device 150 (Fig. 3¢) — to-
ward the open sea — highlights energy peaks dur-

Fig. 3. Spectrograms of sea lev-
el fluctuations (a, b) and mag-
nitude diagrams of the transfer
function (c, d)
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ing short wind wave periods of 2-3 seconds, as
well as at a period of approximately 14.2 seconds,
which corresponds to swell waves. Additionally,
there are sea level fluctuations with periods of 3.6
minutes within the range of infragravity waves —
0.3 to 7 minutes [16] — and fluctuations extend-
ing somewhat beyond the range, with a period
of 8.8 minutes. The work of Longuet-Higgins
and Stewart [7] confirmed a hypothesis made in
1962 [17], which states that although the incident
swell dissipates in the surf zone over shallow wa-
ter, the forced infragravity waves of the second
order (excited by nonlinear differential-frequency
interactions of pairs of swell components) are re-
leased as free waves, reflecting off the shore and
propagating seaward. In this context, the reduc-
tion in energy (due to shoaling) of the outgoing
free radiated wave is approximately 2 '2, and it is
more gradual than the amplification of the incom-
ing forced wave, which follows an /7 relationship
[7]. It is these leaky waves that correspond to the
energy peaks of waves with periods of 3.6 and 8.8
minutes indicated in Fig. 3c.
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Another potential cause for the manifesta-
tion of waves with periods of 3.6 and 8.8 minutes
may be Poincaré waves. Our depth measurements
using an echo sounder-chart plotter in the obser-
vation area, along a line perpendicular to the line
connecting the devices, showed that at distances
from the shore of up to 10 km, the seabed pro-
file is relatively flat and can be approximated by
a model with a linear slope /(x) = ax, where 4 is
the depth, o= 0.011 is the slope of the seabed, and
x 1s the coordinate in the direction away from the
shore. The mathematical expression for describ-
ing Poincaré standing waves over a flat sloping
bottom is given by the zeroth-order Bessel func-
tion [18]:

Aw.x) = shore Jo(a\x) , e a = 2w /\/ﬁ (1)

Here, g is the acceleration due to gravity,
o = (2m)/(period) is the angular frequency, and
Cypore 18 the amplitude at the shore.

Using equation 1, the normalized sea surface
elevations were calculated as functions of the dis-
tance from the shore x for the standing wave pe-
riods of 3.6 and 8.8 minutes, as determined from
the magnitude diagram of the transfer function
shown in Fig. 3c. The calculation indicated the
possibility of the existence of Poincaré standing
waves with the observed periods. At a distance of
approximately 450 m from the shore, where the
instruments were installed, amplitudes close to the
maximum were observed. Since these standing
waves have a progressive nature along the shore
[4] — along the line connecting the devices — the
wave meters are expected to record progressive

Fig. 4. The normalized standing wave amplitude {(®,x)*, with
periods of 3.6 and 8.8 minutes, varies with distance from the
shoreline.
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waves with the specified periods and a direction
of propagation parallel to the line connecting the
devices, and as measurements indicate, seaward.

Waves propagating along the coast

The transfer function magnitude diagram for
waves propagating towards the shore (Fig. 3d)
differs significantly from the previous one, which
showed waves propagating away from the shore,
except for the energy at periods of short wind
waves of 2-3 seconds. A broad band of wave pe-
riods in the 1G range from 20 to 110 seconds is
prominent, and it is reasonable to assume that
these waves are infragravity waves, consider-
ing their significant amplification during storms
(Fig. 3a, b).

Figure 3d also shows a narrower band of
waves with greater energy, with periods from 4.27
to 7.63 minutes. These can be attributed to edge
waves, which are excited by energy from two
sources. Firstly, these are IG waves propagating
towards the shore, which, according to numerous
studies, can transfer their energy to edge waves.
Another source is the seaward-propagating free
waves that can be reflected back towards the shore
from a turning point on a sloping beach or shelf,
generating edge waves. A portion of this energy is
radiated outward into the ocean [7]. Models have
also been developed for the resonant excitation
of edge waves resulting from the nonlinear inter-
action of frequency differences between pairs of
components of obliquely incident swell [19].

Let’s consider the possibility of generating
edge waves with the periods mentioned above for
the specific bathymetry profile in the vicinity of
Cape Svobodny. Since the bathymetric profile is
relatively flat at a distance of about 10 km from
the shore, the alongshore structure of edge waves
can be described using the dispersion relation for
Stokes waves in the approximation of a flat, slop-
ing bottom [16]:

o’ =gksin[(2n+ 1)B], (2)

where o_is the frequency of the nth mode of the
edge wave, g is the acceleration due to gravity,
k 1s the alongshore wavenumber, and p is the bot-
tom slope angle.
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|4 7.63 min
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B

183 243 303
Wave length, km

Fig. 5. Dispersion diagram of edge waves for three modes. Ob-
served wave periods are marked with vertical lines. The Poincare
wave continuum lies below the 7?= 2m\/g curve, which represents
the dispersion relation for shallow water waves.

The periods of generation of edge waves are
limited by the value of 7%= 2n)\/g (k > w?*/g [20]),
and for any bottom slope angle B, there is always
a limited number of edge wave modes n < /43 —
1/2 [16].

Using formula (2), the dispersion diagram
for the first three modes of edge waves has been
calculated, shown in Fig. 5. The vertical axis is
marked with values corresponding to the observed
wave periods within the range of IG wave peri-
ods. It can be seen that edge waves with a period
of 7.63 minutes can be excited for the zero mode,
and those with a period of 4.27 minutes can be
excited for the first mode as well. Therefore, the
calculation shows that edge waves with periods
corresponding to the observed energy peaks are
possible in the coastal zone of Cape Svobodny.

Using Eckart’s [21] solution to the shallow
water equations, the cross-shore profiles of edge
waves with periods of 4.27 and 7.63 minutes were
calculated for various modes as a function of dis-
tance from the shoreline. The expression for the
velocity potential is:

¢(x) =e™ L, (2kx), 3)

where x is the distance from the shoreline, £ is the
wavenumber, and L is the Laguerre polynomial.
Figure 6 shows the calculated mode profiles for
edge waves with periods of 4.27 and 7.63 min-
utes. It can be seen that the cross-shore profiles for
different periods have a similar character, but the
modes with longer periods decay more slowly as
they move away from the shore.

OCEANOLOGY

207

5
0.5 1
54

r T T T T T
v wy wy '(‘1( wy v )
(=2 = ] = = =] = =

— (&} " <t v o ~ =]

90,5
100.5 1
110,51
120,51
130,54
140,51

Distance from shore, km

Fig. 6. Cross-shore profile shapes for edge wave modes with
periods of 7.63 minutes (solid line) and 4.27 minutes (dashed
line).

The analysis suggests the potential for gen-
erating edge waves with periods of 4.27 and 7.63
minutes. However, it does not definitively answer
whether the observed waves are edge waves or
another type. When investigating the structure of
waves excited by energy transfer from IG waves, a
challenge arises due to the similarity of edge wave
and leaky wave modes at short distances from the
shore on a flat beach. In [20], a criterion k > ©’/g
is given, which separates the existence regions of
edge waves with Poincaré¢ and leaky waves. How-
ever, these waves may still exist with identical pe-
riods. Distinguishing them requires observations
with two instruments along the length and direc-
tion of propagation, as demonstrated above.

Influence of seawater temperature
fluctuations on the propagation
of waves with periods greater than 3 minutes

Another interesting factor affecting the
propagation of waves with periods longer than
3 minutes is the influence of seawater tempera-
ture fluctuations. As seen in the transfer function
magnitude diagrams (Fig. 7a, b), two significant
events with anomalous transfer function magni-
tude values are observed in the period range of
3-100 minutes during August and September.
The phase difference spectrograms (Fig. 7c, d) do
not show substantial deviations for these events.
These events are associated with significant tem-
perature fluctuations, with periods shorter than di-
urnal (Fig. 7¢), as opposed to longer periods span-
ning several days (Fig. 71).
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Fig. 7. Transfer function magnitude diagrams (a, b) and phase difference spectrograms (c, d) for sea level fluctuations (periods:
1-100 minutes), along with time series (f) and spectral density of seawater temperature fluctuations for instrument 150 (e).
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Research in [22] shows that for seawater
temperature fluctuations (1-80 hours), spectral
peaks are identified for instrument 150 at periods
of 25.5, 16.7, 12.9, and 6.7 hours, and for instru-
ment 149 at periods of 13.2, 6.5, and 5.3 hours.
However, the coherence for the temperature time
series is significantly below the confidence lev-
el. The periods of the spectral peaks in seawater
temperature fluctuations for periods longer than
5 hours do not coincide with the periods of the sea
level fluctuation peaks. This indicates that these
temperature fluctuation peaks are driven by inter-
nal waves. Furthermore, the temperature fluctua-
tion spectrum for instrument 150 exhibits peaks at
periods of 25.5 and 16.7 hours, which fall within
the range of near-inertial internal waves.

It is evident that significant temperature fluc-
tuations within the period range of 3—100 minutes,

Fig. 8. Wave spectral densi-
ties (a); significant wave height
for periods of 5, 8, and 11.5 sec-
onds (b, ¢), highlighted in differ-
ent shades (dark = 5 seconds);
wind speed vectors recorded by
the Vantage Pro2 Weather Sta-
tion (d). The positive direction
of the wind speed vectors corre-
sponds to northerly winds.
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corresponding to internal waves with amplitudes
exceeding 7 °C, disrupt edge waves with periods
of 4.27 and 7.63 minutes (Fig. 7c) propagating
along the coast, as well as leaky waves with pe-
riods of 3.6 and 8.8 minutes propagating towards
the sea (Fig. 7a). Energy transfer to internal waves
with periods of 3—100 minutes (Fig. 7¢) originates
from longer internal waves with periods close to
semi-diurnal and diurnal cycles. [22] proposes a
mechanism of baroclinic instability to explain the
energy transfer from larger to smaller scales.

Wind waves in the vicinity of Cape Svobodny
The characteristics of wind waves and swell

in this area are of interest, as it is actively used
for fishing. Figure 8 shows the calculated spec-
tral densities of wave activity in the range from 2
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to 200 seconds, encompassing both wind waves
and swell. The curves in the 2-20 second range
lack distinct peaks, including a defined wind wave
band. Our current and previous research have
shown that there is also no pronounced modal
structure in the infragravity wave range.

In physical oceanography, the term signifi-
cant wave height, denoted by H., is used to char-
acterize waves. It is defined as the average wave
height from trough to crest of the highest one-
third of waves, H ..

1 in
H =—Z3 h,, 4
1/3 %N mel ™ ()

The h_ values represent individual wave
heights, sorted in descending order (m = 1 to N),
considering only the highest one-third for align-
ment with visual observations. Significant wave
height can also be defined as four times the stand-
ard deviation of the surface height or as four times
the square root of the zero order moment [3].

Figure 8b, ¢ shows graphs depicting the vari-
ation of significant wave height for periods of 5, 8,
and 11.5 seconds, with the darker shade represent-
ing a period of 5 seconds. Wind waves and swell
at instrument 150 are approximately 12 % higher
than at instrument 149, which is slightly sheltered
by the cape from waves originating from the Sea
of Okhotsk. The highest wave heights were ob-
served during sustained, approximately 24-hour
long, southerly winds associated with a cyclone
that passed over the observation area. A short-
duration but strong wind with speeds up to 8 m/s
does not contribute to the generation of wave
heights comparable to those during a cyclone; in
this case, they are half as high.

Conclusion

This study analyzes various wave types in the
waters off Cape Svobodny (southeastern coast of
Sakhalin Island). Data were collected using two
autonomous wave and seawater temperature re-
corders, ARV 14K, and a Vantage Pro2 Weather
Station in 2021. Five-month time series of sea lev-
el and temperature fluctuations with a one-second
sampling rate were employed. Atmospheric pres-
sure and wind speed were recorded with an hourly
sampling rate.
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Spectral analysis revealed that wave spectral
densities in the range of 2—600 seconds lack pro-
nounced peaks. Wave energy at instrument 149 is
lower than at instrument 150, which can be attrib-
uted to the sheltering effect of Cape Svobodny. An
increase in energy within the infragravity wave
band (periods of 20-250 seconds) is observed dur-
ing storms, but without a distinct modal structure.

Waves with periods of 14.2 seconds, 3.6 min-
utes, and 8.8 minutes were investigated. The
Longuet-Higgins and Stewart theory explains the
short waves associated with swell scattering in
the surf zone. Free waves are also generated in
this process. The Lamb model and Bessel func-
tion confirmed the existence of leaky waves with
periods of 3.6 and 8.8 minutes.

Wave processes propagating towards the
shore include waves with periods from 20 to
110 seconds, as well as alongshore processes with
periods of 4.27-7.63 minutes. Edge wave genera-
tion was explored for the bathymetric profile near
Cape Svobodny using the dispersion relation for
Stokes waves. Seawater temperature fluctuations
impact the propagation of waves with periods
longer than 3 minutes, disrupting both edge waves
and leaky waves. Internal waves with periods of
3—-100 minutes and amplitudes exceeding 7 °C af-
fect the energy of short-period waves.

Analysis of wind wave and swell character-
istics revealed the absence of significant wave ac-
tivity in the period range of 2-20 seconds. The
highest wave heights were observed during sus-
tained southerly winds associated with a cyclone,
while strong winds up to 8 m/s did not generate
such high waves.
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Ha 0. Typyn (KOxHble Kypunbckue octposa) B 2024 .
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Hucmumym mopckotui 2eonoeuu u eeogpuzuxu /[BO PAH, FOoxcno-Caxanunck, Poccus

Pe3tomMe. B coolieHnu npeacTaBlieHbl pe3yabTaThl MONEBBIX paboT (Mioab 2024 1) 1m0 U3YYEHHIO CIICIOB JOUCTO-
PHYECKHX TEIUIONa0B Ha TePPUTOpHH I. KypHIIbCK M pacroioxKeHHBIX BOJIM3U HEr0 HACEJICHHBIX ITYHKTOB — IOCEI-
koB Kurossiif, Pribaku, PeiinoBo (MUtypym, FOxusie Kypunbckne octpoBa). OCHOBY paOOT TpajWIIIOHHO COCTABIISA-
T TepocTparurpaduuecKkrue HCCIEA0BaHMA, B X0/l¢ KOTOPBIX M3Y4aHCh pa3pe3bl IIOYBEHHO-ITMPOKIACTHIECKOTO
yexJa, Bcero u3ydeno 6omnee 10 paspes3os. [lomydeHHBIE B X0J€ TONEBBIX pabOT MaTepHalbl IMOCIE NMPOBEACHUS
paboT 1o pagroyIIIEpOTHOMY AaTHPOBAHUIO M M3YUCHHUIO BEIIECTBEHHOTO COCTaBa OyAayT NCIOIB30BaHbI B JAJIbHEH-
IIMX PETHOHAJBHBIX HCCIe0BaHUAX Mostotoro BynkaHu3ma HOxHbx Kypuiabckux ocTpoBOB, a Takke B paboTax 1mo
OIIEHKE BYJKaHOOMACHOCTH U BYJIKaHMUYECKOTO PallOHUPOBaHUS.

KnroueBble cnoBa: Kypuibckue octpoBa, Utypyn, BynkaHndeckuii nemen, Tedpa, SKCINIO3UBHBIE H3BEPKESHHS

Tephrostratigraphic fieldwork on lturup Island
(the South Kuril Islands) in 2024

Artem V. Degterev
E-mail: d_a88@mail.ru
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. The report presents the results of the fieldwork (July 2024) aimed at studying the traces of prehistoric ashfalls
in the city of Kurilsk and nearby settlements: the villages of Kitovy, Rybaki, and Reydovo (Iturup, South Kuril Islands).
The work was traditionally based on tephrostratigraphic studies, during which the sections of the soil-pyroclastic cover
were studied. In total, more than 10 sections were studied. The materials obtained during the fieldwork, after carrying out
radiocarbon dating and material composition studies, will be used in further regional studies on young volcanism of the
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South Kuril Islands, as well as in studies on assessing volcanic hazard and volcanic zoning.
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lNonesbie TegppocTpaturpagpmueckne pabotsi Ha o. Utypyn (FOxHbie Kypunbckue octpoBa) B 2024 r.

B IPOBEICHWU TMOJEBEIX paboT. ABTOp Onaromaput
n.r.H. H.I. Pa3xuraeBy u perieH3eHTOB 3a KPUTHIECKUAN 00-
30p PYKOIKCH U MOJIE€3HBIE 3aMEYaHUSI.

[ToneBble BYIKAaHOJIOTMYECKHE HCCIEI0Ba-
Hus Ha o. Utypyn (FOxnsle Kypuibckue o-Ba)
B utoje 2024 r. ObuIM HaNpaBIIEHbI HA U3y4YEHHE
CJIEIOB JOUCTOPUUECKUX MEIUIONa 0B HA TePPHU-
TopuH T. Kypmiibck M pacroyioKeHHBIX BOJIM3U
HEro HaceJeHHBIX MYHKTOB (rocenku Kutossiii,
Pr16akwu, PeiinoBo) (puc. 1). Pabora npomomkaet
teppocTparurpadguueckue uccieaoBaHus, Haya-
Thle aBTOpoM panee: B 2013-2014 rr. B cocTase
ByJKaHojoruueckoro orpsga UMI'ul" JIBO PAH
nos pykoBoacTBoM A.B. Pwibuna [1] u mpose-
nenusie B 2021-2022 IT. COBMECTHO C KOJjIeTa-
mu u3 UBuC JIBO PAH u TUI" IBO PAH [2, 3]
B pamkax peanusauuu rpanra PH® «l3yuenue
BYJKAaHMYECKOM, CEICMUYECKON U IlyHaMH omnac-
HOCTH, @ TaK)X€ OLIEHKAa I€0TepMalIbHBIX PeCyp-
COB Ul Pa3dBUBANOIIMXCS TeppuTopuil Kypuib-
CKUX OCTpPOBOB» (pYK. akKaJeMHUK
E.N. Topnees, UBuC [IBO PAH).
B xonme stux pabor ObuIM TONTydYe-
HBI IaHHBIE O CTPOEHUU MOYBEHHO-
nupokiactuyeckoro uexna (I11TY)
U TOp(SHUKOB LEHTPATHHON YACTH
0. Utypyn, natupoBaH psij Hermio-
BBIX IIPOCJIOEB, OIIEHEHA YacToTa
MaJeonernyonaaoB,  pPEeKOHCTPYH-
poBaHa TOCJENEAHUKOBAasS HCTO-
pusl pa3sBUTHA TPUPOIAHOU CPENbI
[1, 3]. Tem He MeHee ToJOLIEHOBAs
JETONUCh BYJIKAHUYECKUX U3BEp-
JKEHHH 53TOro paloHa eme IOojHa
npobenoB. B wacTHOCTH, OcTaroTcs
npoOieMbl ¢ uaeHTUUKAITUEH WC-
TOYHUKOB OOJBIIMHCTBA IETJIOB.
[Tponomxenue paboT MO U3YUEHUIO
MOJIOJOTO,  HEOIJICHCTOIEH-T0I0-
LIEHOBOIO BYyJIKaHHW3Ma 0. Hrypyn
OTpEEIsIeTCs] TAK)KE MPAKTUYECKOM
MOTPEOHOCTHIO OLIEHKH BYyJKaHUYE-
CKOM OIacHOCTH TEPPUTOPHUH, THE B
HACTOAIIEE BPEMS COCPEIOTOYEHO
OOJIBIIMHCTBO HACENEHHBIX IyH-
KTOB, OOBEKTOB HH(QPACTPYKTYPHI
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u npousBoactsa MO «Kypunbckuii ropoackoit
okpyr». [leronasns! aBnst0TCS HauboIEe YacThl-
MU IPOSIBICHUSIMU BYJKaHUYECKOM aKTUBHOCTH,
MO3TOMY CBSI3aHHbIE C HUMH OTJIOKEHUS MOTYT
OBITh OTOXJIECTBJICHBI C HUCTOpUEH BYIKaHHU3Ma
B LIEJIOM, a UX 3HAYUTEJIbHOE IUIOLIAJHOE pac-
pocTpaHeHrne 00ecreynBaeT BO3MOXHOCTh M3-
YYEHHsI BYJIKAHUUECKHUX JIETONMCEN Ha ylaJeHUU
ot BynkaHoB. [locriennee mmeer ocolbyro axTy-
anbHOCTh B ycnoBusix FOxxHbix Kypun, xapak-
TEPU3YIOLIMXCS c1ab0 pa3BUTOI TOPOXKHOU ce-
TBIO M OOWJIMEM pPaCTUTEIIBHOCTH, 00pa3yromiei
TPYAHOIPOXOJAUMBIE 3apOCIIH, KOTOPBIE CHUIIBHO
OCJIOKHSIIOT TPOBEICHUE MapUIPyTHHIX padoT.
B HacrosiiieM cooOmieHny KpaTko OMMCaHbl BbI-
nonHeHHble B 2024 1. ucclieoBaHus U UX Npe.-
BAapUTEIIbHBIE PE3YIBTATHI.

Puc. 1. Paiion uccnenosanmii: (a) momoxenue o. Utypyn B memnu Kypuibckux
0CTpOBOB, (b) pacnonokeHne N3yUeHHBIX Pa3pe30B.

Fig. 1. Study area: (a) position of Iturup Island in the Kuril Islands chain, (b)
location of the studied sections.
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OcHoBy pa6ot 2024 1. TpagUIIMOHHO COCTaB-
nsun TepocTparurpaduueckue Mcciae10BaHus,
B XOZI€ KOTOPBIX M3ydanuch paspesbl [1I1Y, ocy-
HIECTBISUIOCH UX JIETaJbHOE OMUCAHKE U OIIPO0O-
Banue. Bcero 6pu10 m3ydeno 6omee 10 paspe3or
(puc. 1, 2). OTnoxeHus: NOYBEHHO-ITUPOKIACTH-
YEeCKOIo 4exJia UCCIIEAyeMoro paifoHa, kak ObLI1o
MOKa3aHO B paHHUX paboTax, KpaiftHe OeaHbI Ted-
poctparurpaduueckoir uHpopmanuein. OT mMecra
K MECTy KOJMYECTBO BUIMMBIX METUIOBBIX IPO-
CJIOEB BapbUpyeT B Jy4lleM ciaydae oT 2-3 10 5
(nannble 00 ux Bo3pacte npuseneHsl B [1]). [Tpu
3ToM Te(dpa, Kak mpaBuilo, He 00pa3yeT OTHelb-
HBIX TOPU30HTOB C YETKMMHU IpaHMIIaMH, a Kak
OBl pacrmbuIeHa B TONIIE MOTPeOCHHBIX TIOYB U CY-
neceil, nepepaboTaHa pacTUTEIbHOCTIO U YacTO
yrajplBaeTcs JIMIIb HAa KOHTpAacTe C BMellaro-

Puc. 2. [Ipumeps! pa3pe30B TOJOIEHOBOTO MOYBEHHO-TIUPOKIIA-
cTrdeckoro uexna o. Utypyn, usyuennsix B 2024 r. Paspes 5/14
¢ KannOpOBaHHBIMH 3HAYEHHSMH PaJHOyIIEPOIHOIO BO3PAcTa
(xomoHka ¢ udpamu cripasa) u3 padotsr [1].

Fig. 2. Examples of sections of the Holocene soil-pyroclastic cover
of Iturup Island, studied in 2024. Section 5/14 with calibrated ra-
diocarbon age values (numbers on the right) is from the study [1].
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oMU oTIokeHusIMU. Hepenko HaOmromaercs ee
3aJleraHe B BUJE JIMH3 U MPUMa3oK, HE 00pasy-
IOIMX BBIJEPKAHHBIX 110 MPOCTUPAHUIO CIIOEB.
Kpome TOro, CTOUT OTMETHUTH CYyIIECTBEHHBIE
(GiykTyallud B CTPOCHHM OTAEIBHBIX DPa3pe30B
[IITY, pacnoyioKEHHBIX Ha HE3HAYUTEIBHOM yJia-
JIEHUU JpYyT OT Apyra: MOIIHOCTH OTAENIbHBIX Ie-
TUTOBBIX MTPOCIIOEB M BMEIIAIONINX WX MAJIEOT0uB/
cynecell 3HAYUTENIbHO BapbHPYIOT. JTO OCIOXK-
HSIET KOPpEJSIUK pa3pe30B U UIECHTUPUIIMPOBA-
HUE TIETUIOB KaK OTJENBHBIX CTPATHTPaPUIeCKUX
equuuil. B stoM otHomenuu otnoxkenus [1I1TYH
CYIIIECTBEHHO MPOUTPBIBAIOT TOP(SIHUKAM, TIPEI-
CTaBJSIIOIUM COOOM TIPAKTUYECKH HcaTbHBIN
apXUB BYJIKAHUYECKUX COOBITHI (B TOJOLIEHOBBIX
TophsiHukax ueHTpansHoro Mtypynma cymmap-
HOE KOJIMYECTBO BU3YaJbHO BUJAMMBIX METUIOBBIX
npocnoes npesbiinaer 20). Takum obpaszom, He-
00XOJIMMO I10 BO3MOXHOCTH MTPOBOIUTH PEBU3UIO
U IEPECMOTP NPEAIIECTBYIOUINX PE3YIbTAaTOB C
nenpro yrouHenus crpoenus IIIMY m naruposa-
HUS TIETUIOBBIX MPocioeB. TeM Gonee 4To paboTh
B 9TOM HAIPaBJICHUU MO OOJIBIIOMY CUETYy UMEIOT
[IUOHEPHBIN XapaKTep.

O6mras kaptuna crpoenus [1ITY nenTpab-
HOM vacTtu 0. UTpyn B Hacrosiiee BpeMs BbIIISA-
TUT cleayommM oopa3oM. B ocHoBaHuu rosno-
LIEHOBOTO  (BEPXHEIUIEHCTOLIEH-TOJIOLIEHOBOI0?)
[IITY paiiona pabor 3ajieraer TOPU3OHT Ted-
PBl, TPEACTABIEHHON Pa3HO3EPHUCTHIM IMEIIOM
KEJITO-KOPUYHEBOTO, OJIMBKOBO-XKEJITOTO IIBETA,
NEPEKPHIBAIOIINN  KPYITHOOOIOMOYHYIO TOJILLY
(BEpXHETUICHCTOLICHOBBIE OOBAJIbHBIE OTIIOXKE-
Hus?). JlamHas cTpaturpadudeckas eIuHUIIA,
MMeEoIas MOITHOCTh OT 25 10 45 cM, BCcTpeya-
€TCs TOBCEMECTHO B LIEHTPaJIbHOW YacTH OCTPO-
Ba U JIETKO y3HAETCs M0 MEPEKPHIBAIOIIECH €€ XO-
pOIIO TYMYCHUPOBaHHOU TpaduTHO-dyepHOTO (10
4epHO-KOPUYHEBOT0) 1BeTa mnouse. J{ns ynodbcrpa
IpeaiaraeTcsl MPUCBOUTH TAaHHON Tedpe MHIEKC
U B KauecTBe pabouero BapuaHTa HCIOIb30BaTh
obo3nauenue — «It-c» («Uentpanbubii Uty-
pym»). TouHslil Bo3pacT cios It-c moka He u3Be-
CTEH, HO, MPEANOIOKUTEIBHO, OH COOTBETCTBYET
CaMOMy KOHIly IUIEHCTOIIEHA — Hayally rojioleHa
(10.000-13.000 net), Tak Kak HepeKpbIBArOIIAs
ero majeorno4Ba, otoOpanHas u3 [IITY paiiona
ceBepHOi yacTh KyHOBIIIEBCKOTO Mepelnienka
(puc. 1) u narupoBaHHas pajUOyINIEPOJHBIM Me-
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ToztoM, umeet Bo3pacT 8320+100 (3mech u manee
MPUBOAATCS KaluOpOBaHHBIEC 3HAYEHUS a0C. BO3-
pacta) [1]. B psine pa3pe3oB B BepXHEH MMOIOBU-
HE CJI0f, XapakKTepusymlIlehcs Oosiee TpyObIM
IPaHyIIOMETPUYECKUM COCTaBOM, BCTPEYAIOTCA
(bparMeHTHI IPEBECHBIX YITIeH (AnaMeTp OTIeb-
HBIX HaxofoK nocturaetr 1 cm). HamGonbiiee
UX KOJIIMYECTBO OBLIO OOHApY>KEHO U OTOOpaHO
B I1ITY paspesa 2/24 (puc. 2, 3). B 6mmxkaiimee
BpeMs Ha OCHOBE PaJUOYyIIEPOJHOIO JAaTUPOBa-
HUs OyleT yCTaHOBJIEH Bo3pacT Tedpsl It-c.

B Touke 4/24, x rory ot noc. Per6aku, momi-
HocTh Tedpwl It-c mocturaer 1.3 M, mpu 3TOM
oOHapyuBaeTcsi ee OoJyiee CII0)KHOE CTPOCHHE.
Ha tydonecuannkax ppiOakoBCKo# (kaMyickoii?)
CBUTHI BCKPBIBAETCS BYJIKAaHUYECKUU cenb (Ja-
Xap), OTIOKEHHSI KOTOPOTO MPEACTABIECHBI HECO-
PTHUPOBaHHON TIpyOOOOIOMOYHON TOJIIEH MOII-
HOCTBIO ~1.5 M, cocTosIei U3 pa3HOPOITHOTO Ma-
TepUaJIa PA3JIUYHOMN CTENEHU OKaTaHHOCTH. [Ipu-
MeyaTeJIbHO O0MIINE XOPOIlIO OKaTaHHBIX (BechbMa

Puc. 3. O0mwuii BUI MOYBEHHO-MIMPOKIACTHYECKOTO YeXJia paspe-
30B Ne 1/24, 2/24. 3neck u nanee ¢potorpaduu aBTopa.

Fig. 3. General view of the sections of soil-pyroclastic cover
(No. 1/24, 2/24). Here and hereafter are photos by the author.
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OKaTaHHBIX) (parMeHTOB apUPOBBIX 0A3aJIBTOB,
0osiee COOTBETCTBYIOIIMX AJUTIOBUATIBHBIM HIIH
npuOpPeKHO-MOPCKUM OTIIOXKEeHUsIM. Hemnocpen-
CTBEHHO Ha OTIOXKEHHUSX Jaxapa, 6e3 BUIUMOIO
IIepephIBa, 3aJ1€TraeT TOPU30HT IJIOTHOTO KEJITO-
KOPUYHEBOIO OTHOCHUTEIBHO XOPOIIO COPTUPO-
BaHHOTO (0e3 SIBHOW MpuMecH 0ojiee KpYITHOTO
Marepuaga) BYJIKaHMYECKOro Ierjia MOIIHO-
cTbto ~30 cMm. Beline 3aseraer enro-kopuyHe-
BBI{, XOPOIIIO JTUTH(OUIIMPOBAHHBIN €TI0 TedpbI
It-c, cocrosiiell U3 memnjga U MEJIKUX JIaUUIEH,
MOMIHOCTBIO ~1 M. B BepxHe# yacTu ropu3oHTa
(25-50 cM OT KpOBJIH), KaK ¥ BO MHOTHX pa3pe3ax
HCCIIElyeMOTO paiioHa, BCTpedaroTcs (hparMeHThl
npeBecHbIX ymien (puc. 4). Kpome Toro, B Bepx-
HEl TIOJIOBHHE CIIOS PACHpPOCTPAHEHBI KPYITHBIE
okpyroi (opmbl 006J0MKH BylKaHUTOB (0T 30
0 65 cM), SABIAIONIMECS, MPEANOIOKUTEIHHO,
ByJIKaHHYeCKMMH OomOamu. IIpakTtudecku Bce
OHHU UMEIOT BUJ] OpPEKUYMIA, COCTOSIIIUX U3 METaHO-
KpaTOBBIX M JIEMKOKPATOBBIX BKJIIOYEHUH. YacTh

Puc. 4. KpymHoo6moMouHbIe ByIKaHUTH (O0MOBI?) B pas-
pese 4/24.

Fig. 4. Coarse clastic volcanic rocks (volcanic bombs?)
in section 4/24.
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U3 HHUX COJEP)KUT JOBOJILHO CBEXHE MOPUCTHIE
(dbparmeHTsl aHme3uOazansTOB (puc. 4). Bcero
B MpeAesax M3yuYeHHOro OOHa)K€HUs Ha IpOTH-
xkeHun ~100 M oOHapyXeHO Tops/Ka 8 Takux
«6oM0O». B xone tedpocrparurpaduueckux pa-
00T moceTHUX JIET NOA0OHbIE HAXOAKH B JTAHHOM
paiioHe oOHapy>XeHbI BIEpBBIC. Bo3MOkHO, pe-
3yAbTaThl MOCIEIYIONMX AHAIUTHYECKUX paboT
noTpeOyIoT MepecMoTpa WM KOPPEKTHPOBKH Cy-
ECTBYIOUIUX MPEICTABICHUNA O BYJIKAHUYECKOU
OIIACHOCTH TeppUTOpUH. Bhlilie 3aneraer MoHast
XOpOIIO TYMYCHPOBAaHHAs IajeooyBa, ONUCAH-
Hasl BbIlIe, cQOPMHUPOBaHHAS B IEPBOI MOJIOBUHE
rosionieHa. B repocrparurpaduueckom oTHOIIIE-
HUU OHA SIBJISIETCSI «HEMOI», TaK KaK B JIOBOJIBHO
MIPOAOJDKUTEIHLHOM BPEMEHHOM HWHTepBaie (Tbl-
CSIYM JIET) HE COAEPIKUT BUANMBIX NEIUIOBBIX MPO-
clioeB (HE MCKJIIYAeTCs NMPUCYTCTBUE KPUIITO-
tedp). Heckonbko cxokas kapTHHA HAOII0IaIach
B OTJIOKEHUSIX Top(siHUKa B paiione 03. ['Huioe, B
KOTOpOM Ha auanasoH ¢ 12 500 xo 5800 i1.H. ipu-
XOAWJIOCH NOpsi/iKa 6 METUIOB U IO MEHbILIEH Mepe
20 3a nocneanue 5800 ner [1]. Cyna no Bcemy,
WHTEHCUBHOCTb MTPOSIBICHUSI SKCIUIO3UBHOIO BYJI-
KaHM3Ma B IIEPBOH MOJIOBUHE I'OJIOLIEHA TIOCIIE CO-
ObITHA [t-C Ha TEPPUTOPHH UCCIIEAYEMOTO palioHa
Obl1a OTHOCUTEIHHO HU3KOM.

B cpenHerononeHoBoi 4acTu OYBEHHO-IIH-
POKJIACTUYECKOTO 4Ye€XJIa pailioHa MCCIEAOBAHUN
0osiee WM MEHEe YeTKO BBIIETSETCS J1Ba Merio-
BBIX Ipocios, ¢ Bo3pactoM ~5100 u ~5700 ner
[1]. ToHKHE OJMBKOBO-KENTHIE TEIJIbI YacTO
BCTPEYAIOTCS B pa3pe3ax KaKk BMECTE, TaK U IO
ornenbHOCTU. HeszaBucumo or storo jus ITITY
LEHTpaJIbHOMN YacTu MTypyna ux MOXKHO paccma-
TpPHUBAaTh B KaueCTBE CBOCOOPA3HOTO MEIUAHHOTO
penepa TEKYLIEro MEKJIEIHUKOBbs. McTouHMK
9TUX IMEIUIOB [OKAa TOYHO HE OIpEeJeNeH, Mpel-
MOJIaraeTCsl, YTO ATO OBLIN SPYNTUBHBIC IICHTPHI,
pacroioKeHHbIe B Ipeneinax xp. MBan ['po3Hslii.

B Bepxseit wactu romonenoBoro [IITYH
0. Utypyn moBCeMECTHO paclpOCTpaHEH Memeln
BiK. Tapymas (0. XoKkaii/i0), BBINABIINI B pe-
3yJbTaTe€ MOIIHOTO SKCIIO3UBHOTO H3BEPKEHUS
1739 1. (uunexc nerta — Ta-a). Och merionaaa
ObUTa HamNpaBJIeHA B CEBEPO-BOCTOYHOM HArpaBs-
JIEeHUH, u3-3a yero octpoa Kynamup u Utypyn
nonajiu B 30Hy nemionazna [4]. IlpumedarensHo,
yto B IIITY 0. Utypyn nenen Ta-a BeipakeH iayd-
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e ¥ BcTpedaercs ropasfo yame. OH pacnpo-
CTpPaHEH MPAaKTUYECKH MOBCEMECTHO M MOATOMY
SBIISIETCSI CBOEOOpa3sHOM BeXo, paszzaessroieit
VUCTOPUYECKUN U JOUCTOPUUYECKUH IEpUOIBI aK-
TUBHOCTH BYJKAHOB OCTpoBa [2]. [laHHbIN nienen
C BMEHIAIONIMMH TOYBaMH ObLI OTOOpaH B BUJE
MOHOJIUTA pazMepoM 35 X 65 cM Jis1 HIKCIIO3UIIUH
Kypuibckoro kpaeBeaueckoro Mysesl.

[ToMmuMO u3y4E€HHS] TOJOLIEHOBOTO AKCILIO-
3UBHOTO ByJIKaHU3Ma 0. TypyT, B X0/Ie MOJIEBBIX
uccienoBanuii 2024 1. OBLIM MPOBEACHBI PEKOT-
HOCITMPOBOYHBIE PAOOTHI IO OIICHKE TEKYIICH aK-
TUBHOCTH BJIK. bapanckoro. Bynkan bapaHckoro
(abc. Bbic. 1132 M) — aKTHBHBINA BYJKaH, pacro-
JOKEHHBI B ceBepHOW uyacTu xpeOta ['po3HbIH,
TPacCUpYIOIIEro LEHTpalbHyI0 4YacTh 0. MUry-
pPYI, BAOJNb €r0 THUXOOKEAHCKOTO IMOOEPEeXbs
(puc. 1). BepmnHHBIM Kpatep ByjikaHa (pa3Mmep
300 x 400 M) 3amoaHEH YKCTPY3UBHBIM KYIIOJIOM.
Yepes pa3pylLIECHHBII CEBEPHBIM CEKTOP OTXOIUT
kopoTkuii (~1000 M) JalMTOBBIN JTaBOBBIN MOTOK.
CocraB mopoj1 ByJIKaHa BapbUpyeT OT aHJe3u0ba-
3aJIbTOB JI0 aHJIE3UJAIUTOB [5, 6]. EquHcTBEeHHOE
HMCTOPUYECKOE U3BEP)KEHUE BYJIKAaHA MPOUCXOIH-
70 B 1951 1. (uadopmarius o Hem ObLIA MOTydYeHa
CO CJIOB MECTHBIX Jkutenen [6]).

Jnst u3ydeHus: COBPEMEHHOTO COCTOSHUS
ByJIKaHa BBIMOJIHEH Memuil Mapuipyt ot [eo-
TOC «Oxeanckasi» (B 2014 r. 6b1112 AEMOHTHPO-
BaHa U 3aKOHCEPBUPOBaHA) uepe3 ro-zamnai-

Puc. 5. Ilernossriii npocioii Ta-a B pa3pese 3/24. Ha Bpeske — 1 cm
M30MaXKTa 0 JaHHBIM [4].

Fig. 5. Ta-a ash layer in section 3/24. Inset shows 1 cm isopach
according to [4].
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Hoe (BepxHee) combdarapHoe mojie K BEpIIH-
He BIK. bapanckoro. [[isi ByikaHa xapakrepHa
yMepeHHas conbdaTapHas aKTHBHOCTD, JIOKAJH-
30BaHHas B npejenax Bepxuero combgarapHOTO
MOJI U B BEPIIMHHOW YacTH KOHYyca [7; yCTHOE
coobmenue P.B. apkosa]. Hamu ycranoBneHo,
4TO B Tpezenax conbdarapHoro moisi Bepxuee,
KaK U paHee, BBIJCISIETCS HECKOIbKO (OKOJIO 5)
OTJICTIbHBIX MOIIHBIX IMAPOTAa30BBIX BBIXOIOB
(puc. 6) ¢ remneparypoi razos nopsiaka 100 °C,
a Take MHOXXECTBO HEOOMNbIINX, ¢ Oolee HU3-
KAMH TEMIIepaTypol ¥ WHTEHCUBHOCTBIO Mapo-
ra3oBoil gestenbHOCTH. ConbdarapHas aKTHB-
HOCTh B TIIpeJieJiaX MPUKPATEPHOIN 30HbI F0XKHOTO
CEeKTOpa MUHWMAaJbHA, BBIXOJBI Ta30B HMEIOT
HeOombInyro Temmnepatrypy (60—-65 °C) u kpaiine
cnabbIit «aeder».

Cocennuii paeiicTByromuii Bynkan MBan
I'po3ubiii (abc. Beic. 1159 M), pacmookeHHBII

B IOKHOW 4vacTu Xxp. ['po3HbIi, B 15 KM K ror0-
3amazny OoT BIK. bapaHckoro, 3aMeTHOW mapora-
30BOM aKTMBHOCTH He NposBisii. MBan I po3HbIit
Hanbosiee akTUBHBIM ByiakaH o. Wtypym, ero
MIOCJIEIHEE HU3BEpKEHME Npoucxonuino B 2012—
2013 rr. [8].

[Tomryyennsie B xoae moJieBbIX padbot 2024 .
MaTepuaibl MOCIE MPOBEICHUS AHATUTUYECKUX
HCCIENOBAHUM IO PaJUOYITIEPOAHOMY IaTHPO-
BaHUI0O U M3YYEHHUIO BEUICCTBEHHOIO COCTABa
Oy/yT UCIIOJIb30BaHbI B ajbHEUIIEM NIPH U3yye-
HUU NPOSIBIIEHUN MOJI0A0r0 BysnkaHu3Ma FKOKHbIX
Kypunbckux ocTpoBOB, a Takke B paboTax IO
OLICHKE BYJIKAHOOIIACHOCTU U BYJIKAHUUYECKOTO
parionupoBanus. Kpome Toro, mosry4eHHsle Ipe-
BapUTEJIbHBIE PEe3yIbTaTbl MOTYT OBITh MOJIE3HBI
CMELHUATUCTAM CMEXHOTO MPO(UIIs, U3ydaIOUIM
TOJIOLICHOBBIE OTJIOXKEHMs (Hampumep, apxeosio-
ram, reomopdooram, IOYBOBEIaM ).

Puc. 6. O6mwmii Bun Bepxuero consgaraproro mosns (BepxHee GoTo), BHI C C€BEPO-BOCTOKA, M OTJETBHBIX MOIIHBIX COb(ATAPHBIX BBI-

xozoB (HmwkHHE PoTo). Urons 2024 1.

Fig. 6. General view of the Upper solfataric field (top photo), view from the northeast, and individual powerful solfataras (bottom photos).

July 2024.
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JInwanHmkn BOCTOMHOIO CKoHa BynkaHa bepytapy0e,
0. typyn (Kypunbckune octpoBa, ansHui Boctok Poccun)

A. K. Exckun®, @. A. Pomantok
@E-mail: ezhkin@yandex.ru

Hucmumym mopckoti eeonocuu u eeogpusuxu /[BO PAH, FOxcno-Caxanunck, Poccus

Pe3toMe. B paboTe npencraBieH CIUCOK JIMIIAHHUKOB BOCTOYHOTO CKJIOHA BIK. bepyTapybe, OMHOTO M3 caMbIX
TPYAHOMOCTYIHBIX M c1ab0 M3y4eHHBIX JEHCTBYIOIMIMX BYJIKaHOB Ha 0. MTypyn. OOpa3sisl TMIIaiHUKOB COOpaHBI
B aBrycte 2023 r. Ha 3pOJMPOBAHHBIX YYAaCTKaX B BEPIIMHHON YacTH BYJKaHa, a TayKe HA BOCTOYHOM CKJIOHE BJIOJIb
Py4bst AHApEsl, B BEPXOBBSAX KOTOPOTO pasrpyKaroTcs Oe3bIMSHHbBIE XOJIOHbBIE KHCIIbIe HICTOYHUKH. Beero B MecTax
cOopa BEIIBICHO 53 BHa MUIIAHNKOB, U3 HUX 20 — HOBBIE 11t 0. UTypym, 2 — nist Kypunbckux octpoBoB, 1 — ais
CaxanuHckoi o0nacTy. B BepIIMHHON 9acTH BylIKaHa OTMEUYEHbI JTUIIANHUKY, THITMYHBIC U1l PAlOHOB TPOSBICHUS
BynkaHwdeckoit aktuBHoctH: Cladonia crispata, Cladonia straminea, Huea confluens, Lecidea plana, Melanelia
stygia, Pseudephebe pubescens, Rhizocarpon badioatrum, Umbilicaria torrefacta. Biusaust conbdarapHbIX ra3os
ByJIKaHa Ha JIMXEHOOMOTY JONUHBI Pydbsi AHApEs HE BBISBICHO, YTO IMO3BOJSET CHENaTh MPEIoNIoKeHne 00 oT-
CYTCTBHH IPSMOTO BIUSHHS IPOAYKTOB conbdarapHOi nestenbHOCTH BiK. bepyTapybe Ha mpupoaHyio cpeay ero
BOCTOYHBIX CKJIOHOB..

KnroueBble crnoBa: conbbarapHas JesTeIbHOCTD, JUIIANHUKN, YCTOHYNBBIC BUbI, OnopasHoobpasue, Cesepo-
Bocrounas Asus

Lichens of the eastern slope of Berutarube volcano,
lturup Island (the Kuril Islands, Far East of Russia)

Aleksander K. Ezhkin®, Fedor A. Romanyuk
@E-mail: ezhkin@yandex.ru

Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. The paper presents an annotated list of lichens of the eastern slope of Berutarube volcano, one of the most
inaccessible and poorly studied active volcanoes on Iturup Island. Samples of lichens were collected in August 2023 from
eroded areas in the summit part of the volcano, as well as on the eastern slope along the Andrey Creek, in the upper reaches
of which unnamed cold acidic springs discharge. In total, 53 species of lichens were identified from the sampling sites, of
which 20 species were new to Iturup Island, 2 species were new to the Kuril Islands, and 1 species was new to the Sakhalin
region. In the summit part of the volcano, lichens typical for areas of volcanic activity were identified: Cladonia crispata,
Cladonia straminea, Huea confluens, Lecidea plana, Melanelia stygia, Pseudephebe pubescens, Rhizocarpon badioatrum,
and Umbilicaria torrefacta. The influence of the solfataric gases of the volcano on the lichen biota of the Andrey Creek
valley has not been revealed, which allows us to make the assumption that there is no direct influence of the products of
the solfataric activity of Berutarube volcano on the natural environment of its eastern slopes.

Keywords: solfataric activity, lichens, tolerant species, biodiversity, Northeast Asia
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BBeneHue

Bynkan bepytapy6e (a0c. Bbic. 1220 M) siBiisi-
€TCsI OJIHUM U3 CaMbIX TPYIHOAOCTYITHBIX U CJ1a00
M3Y4YEHHBIX JeiicTBytonux ByinkaHoB FOxHbIx Ky-
PHIBCKUX OCTPOBOB. BynkaH GpopMupyer 1okHyI0
yacTb 0. Utypyn — m-oB HacoBoii. Ero nocrporika
npecTaBisieT co00i CUIIBHO pa3pylICHHBIH, OT-
HOCHUTENIbHO ToJioruii (cpennHuit ykiaon 11-13°)
BYJIKaHH4eCKHi KoHyc (puc. 1). CKIIOHBI ByJKaHa
U3pe3aHbl NyOOKUMHU OappaHKOCAMH U PEUHBIMU
JOJMHAMU € TNTyOOKUMH KaHbOHAMHU MU MHOT'OUHC-
JIEHHBIMU BozionaiaMu. Bepmuna Bik. bepyrapy-
0e CHJIBHO 3POJUPOBAHA U MPEICTABISAET COOOU
LENOYKU CIMUTBIX MeXAy coOoil amdurearpos
C 3aIaJIHOX ¥ BOCTOYHOM CTOPOH U Pa3AeIAIOILHN
uX HeOOoJbIIOW XpeOeT, BBITSHYThIH B MEPHUINO-
HaJbHOM HAalpaBJICHUU — €T0 I0XKHAasl 4acTh CIIy-
AT MaKCHUMaJbHOH OTMETKOW BYJIKaHHYECKOM
noctpoiiku. C 1ora u ¢ ceBepa BepLIMHA BYJIKaHA
TaKXe OCIIO)KHEHA psijoM am@uTearpos [1].

JluteparypHble  JaHHBIE, YyKa3bIBalOLIHE
Ha NPOSIBICHHE AKTUBHOCTU BYJIKaHAa B MCTO-
pUYECKOe BpEMs, OTCYTCTBYIOT. CBEXHX BYII-
KaHH4ecKkux (opm penbeda (BOPOHOK B3pHIBA,
KpaTrepa) U IPOAYKTOB aKTHUBHOCTHU, CBUJETENb-
CTBYIOIIIMX O HEJAABHEH BYJIKAHUYECKOU AESATENb-
HOCTH, TakXke He HaOmomaercs. B BepmmHHOM
4acTU B BO3JyXE€ MOCTOSHHO OILYINAETCS CUJIb-
HBIM 3amax CepoBOJOpOJA — CIEICTBUE a’palb-
HOTO TNEPEHOCa TEPMAJIbHBIX T'a30B, MCTOUHUKH
KOTOPBIX HaxXoJATCsA y MCTOKOB p. PDuirommuHa
Ha 3aMajJHOM CKJIOHE ByhkaHa [2, 3]. 3mech, Ha

BbIcOTE 935-940 M H.y.M., Ha yyacTke BepxHui,
pacronararoTcsi JiBe cojb(arapHble MOCTPOUKH
c orBepctusimu 10 1 M. Hag orBepcTusimu non-
HUMAIOTCSl KJIyObl Mapa M raza ¢ XapakTepHBbIM
«pEBYILIMM» 3ByKOM, MaKCUMaJIbHasl TEMIIEpaTypa
3nech gocturaer 82,8 °C [2]. Huxke mo ckiony,
Ha BbicoTe 860-900 M H.y.M., paclojIO)KEeH y4a-
cToK LleHTpanbHbIi, 3aHUMAIOIIUH MTpaBbIi OOPT
p. ®umromuna. Ha mtomaau ~0,02 kM? HaXoasT-
Csl HECKOJIbKO OTJIENbHBIX KPYMHHBIX coibdarap-
HBIX TTOCTPOEK (BBICOTOM OKOJIO MeTpa U Ooee)
Y HECKOJIBKO JIECATKOB MEJIKHUX, a TAKXKE ropsdue
UCTOYHHMKHM. MakcumanbHas TeMIieparypa napo-
ra3oBOil cMECH Ha OHOM M3 KpYIHBIX colb(a-
TapHBIX BBIX00B focturana 96 °C [2]. B To xe
BpEeMs MHOTOUHMCIICHHbIC HAaT€YHbIE 00Pa30BaHMs
U3 CEpBl, B TOM UUCIIE OYEHb CBEIKUE, CBUACTEIb-
CTBYIOLLME O IJIABJIEHUH KPUCTAININYECKOM CEpBlI,
YKa3bIBalOT HA TO, YTO TEMIIEPATYPHI 31€Ch MOTYT
ObITH cymiecTBeHHO Bbilie 115 °C (Temmeparypa
IUTaBJIEHUS] KpUCTAJUIMUECKoil ceprl). B HacTos-
mee BpeMs 3lech HaOmopaercss Haubosee mac-
mTabHOe TPOSABICHHE Ta30TUAPOTEPMAIBHOM
aKTUBHOCTH BJK. bepyrapy6e. Yuactox Huxuuii
JIOKaJIM30BaH Ha JIeBOM OopTy p. PuiomnHa Ha
BoicoTe 800-810 m H.y.M. B mpenenax ydacrtka
PaCIOIOKEHBI HECKOJIBKO HEOONBIINX Cob(da-
tap (79.3 °C), a Takxke BBIXO/bl TEPMATIbHBIX BOJT
¢ Temneparypou 10 59 °C [2].

PacturensHOCTh BEPIIMHHON YacTH BYJKaHA
IIPEICTABJICHA CUIBHO Pa3peKEHHBIMH TOPHBIMU
TyHApamu. Bcrpeuaercss HEOOIBIIUME KypTHHA-

Puc. 1. Bynkan Bepyrapy6e, Bun c ceBepa. @omo @.A. Pomanioka

Fig. 1. Berutarube volcano, view from the north. Photo by F.A. Romanyuk
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Mu Spiraea beauverdiana Schneid., Empetrum

sibiricum V. Vassil, ornensHsie ocobu Pennel-

lianthus frutescens (Lamb.) Crosswhite, Viola

kitamiana Nakai. PacTUTelbHOCTh JTOJIUHBI Y-

ybsi AHJApEs B BEPXOBBSIX IPEICTABICHA TPaBsi-

HUCTO-KyCTapPHUKOBBIM SIPyCOM, (HOPMHUPYEMBIM

MIEPEMEKAIONUMHUCS B 3aBHCHMOCTH OT KPyTH3-

HBbI U CTETICHU YBJIQXKHCHUS CKIIOHOB 3apOCIISIMH

Duschekia fruticosa (Rupr.) Pouzar u ocokxamu.

Cpennuii y4acTOK MpEACTaBICH KaMEHHOOEPe30-

BO-psIOMHOBBIMU OaMOYYHUKOBBIMU JiecamH (Bet-

ula ermanii Cham., Sorbus commixta Hedl., Sasa

Spp.) 10 BEpXHEW TPaHUIIBl TUXTOBO-CIIOBBIX JIe-

coB (oxomo 450 M H.y.M.). 3nech BcTpeuarorcs Vi-

burnum furcatum Blume ex Maxim., Hydrangea

paniculata Siebold, Rhododendron aureum Geor-

gi. Hike 1o CKIIOHY pacTUTEIhHOCTh MPE/ICTaB-

JIeHA TTMXTOBO-EJIOBBIMU Jiecami (Abies sachalin-

ensis (F.Schmidt) Mast., Picea jezoensis (Siebold

& Zucc.) Carr.) co cnabo pa3BUTBIM IOJIOTOM.

Bcerpeuatores Sorbus commixta Hedl., Acer uku-

runduense Trautv. et Mey., NanopoTHUKHU.
JIMXeHONIOTUYECKHEe MCCIICIOBaHUS KpaiiHe-

ro rora o. Utypyr, a iMEHHO

B paifone Bik. bepytapyOe,

paHee He IpOBOAWINCH. Bee

MPEIBIIYIINE HCCIeTOBAHUS

JUIIAWHUKOB Ha OCTPOBE

ObLTM HampaBlieHbl Ha BbI-

SIBJICHHE BHUJOBOTO COCTaBa

B OCHOBHOM B IIEHTPaJIbHOM

yacth octpoBa. Ha maHHbII

MomeHT mis Urtypyma wus-

BECTHO 223 BUJA JIMIIAWHU-

k0B [4-17]. ChneuunanabHbIX

paboT MO BBISIBJICHUIO BH-

JIOBOTO COCTaBa JIUINAWHU-

KOB BYJKaHUYCCKUX MECTO-

oburtanuit nns Kypuiabckux

OCTPOBOB OTHOCHTEJIHHO He-

MHOro. Ha naHHBI MOMEHT

OTMCAHBI TOJBKO OT/CIIbHBIC

paiioHa BBIMOJHEHA Ui JEHCTBYIOLIETO BYJIKaHA
Tokauu (0. Xokkaiio, SAnonus), rae npeacraBie-
Ha uH(popmanus o 89 sunam [20].

[lenp HacTOAMMX HMCCIEAOBAaHUN — IIOMNOJI-
HUTH CcBeZieHUs o (uiope numaiiHukoB 0. Utypyn
U OCOOCHHOCTSIX TIOCEJICHHUS JTUIIAHHIKOB B Me-
CTax MpPOsIBICHUS CONb(aTapHOi aKTUBHOCTH Ha
Kypmibcknx ocTpoBax, a TakKe OLECHUTb BIIUS-
HUE BYJIKaHMYECKHUX MPOSIBICHUIN Ha JUIIAWHHUKU
Ha BIK. bepytapyO0e.

MaTtepuanbl
M MeTOoAbl UccnefoBaHUN

COopbl nUIIAHUKOB B paiioHe BIK. bepy-
TapyOe OblIM BBINIOJNHEHBI B aBrycre 2023 r. B
XO7I€ SKCIIEAUITMOHHBIX paboT [21] B BepmIMHHOM
4acTU BYyJKAaHAa Ha 3POJUPOBAHHBIX YYacTKax,
MOKPBITHIX NMPEUMYIIECTBEHHO MEIKO00I0MOY-
HBIM MaTepuajoM, a TaKXke Mo OopTaM pyubs
AHppes, NPOTEKAIOIIEro 10 BOCTOYHOMY CKJIOHY
ByJKaHa, B BEPXOBBSAX KOTOPOIO pa3rpykaroT-
csi Oe3bIMSIHHBIE HEHMCCIICZOBAHHBIC XOJIOIHBIC
KHCIIble MCTOUHUKM (puc. 2). COop numaiHu-

IpynIbl JIMIIARHAKOB, OOHU-
Talolue BOJHM3H AaKTUBHBIX
conbdarap, rae ykazansl 49
BunoB [18, 19]. HauGonee
MOJHAas CBOJKA IO JIMIIAM-
HUKaM BYJIKQaHHYECKHX Me-
CTOOOWUTAHMM  OIMIKaMIIEro

dkonorusi. buonorus

Puc. 2. Kaprocxema paiiona BeinosHeHus: padot. KpacHbIME TpeyronbHUKaMH OTMEYEHBI aK-
THBHBIE BYJIKAHEI 0. ITypyTr; ®KeNTHIMH KpyXKKaMU — MecTa cOopa JIMIIAHHUKOB B BEPIIHHHON
yacTH BIK. bepyTtapyOe (1 — npuBepIIMHHBIE yyacTKH BIK. bepyTtapybe, 2 — cpenHss yacTh Mu-
POKOJIMCTBEHHOTO T0sIca, 3 — CPEIHsIsl YaCTh TEMHOXBOWHOTO IT05ICa), KPACHBIM — CONb(aTapsl
B BEPXOBBsIX p. PrittonnHa, 6eJIbIM — OE3bIMSHHbBIE XOJIOIHBIC KMCIIbIC HCTOUHUKH.

Fig. 2. Map of the work area. Red triangles indicate active volcanoes on Iturup Island; yellow
dots indicate places where lichens were sampled in the summit part of Berutarube volcano
(1, near-summit areas of Berutarube volcano; 2, middle part of the broad-leaved belt; 3, mid-
dle part of the dark coniferous belt); a red dot indicates solfataras in the upper reaches of the
Filyushin River; a white dot indicates unnamed cold acidic springs.
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KOB OCYUIECTBJISIJICS C IOYBBI, KAMHEW U Jpe-
BecHoro cyocrpara. O6paboTka u ompenencHue
MaTepHasoB ObLIM MPOBEJEHBI B JabopaTopuu
9KOJIOTMM pacTeHuil u reoskonmorun MHCTHUTY-
Ta Mopckoi reosioruu u reopusuku JIBO PAH.
Wnentuduxanus IMIIaifHUKOB BBIMOJIHEHA C UC-
MOJIb30BaHUEM TPAJUINOHHBIX JIMXCHOJIOTHYE-
CKMX MeToauK [22]. Ha3BaHus TakCOHOB JaHbI
cormtacHo 6a3e paHHbIX Index Fungorum. O6-
pasuebl xpansatcs B repbapun UMI'ul" JIBO PAH
(SAK). Ilpu ompeneneHuy TUMIAWHUKOB OBLTH
ucnonb3zoBanbl MuUKkpockonsl MbC-10 u LOMO
Mikmed 3. B kauecTBe MOAIOXKKH MPHU MTOCTPO-
€HUH KapTOCXEMBbI paiioHa BBIMOIHEHUs padoT B
kommonoBmuke 10 QGIS (V. 3.20.3) ucnomns-
30BaHbl CITyTHUKOBBIC JaHHbBIE U3 OTKPBITHIX UC-
TouHukoB (Image©2024 Landsat/Copernicus;
Image©2024 Maxar Technologies; Image©2024
CNES/Airbus).

PesynkTaThl uccrnegoBaHumn

Bcero B Mecrax cOopa OBUIO BBISIBICHO
53 Bupma numaiiHuKoB; 20 BUAOB — HOBBIC JIJIS
o. Utypyn, uz uux Ramalina thrausta — HOBBII
s Kypunbckux ocTpoBoB, Lecidea plana —
st CaxanmuHcko obOmactu (cMm. Tabmuiy). B
BEPILIMHHON YacTH ByNKaHa (y4acTKH Mmof nud-
poii 1), Ha pacctosiaun oT 520 10 830 M OT KpyTI-
HBIX coJibdaTap, BBIOPACHIBAIONINUX OOJIBIIIOE KO-
JUYECTBO MAPOTa30BBIX MPOIYKTOB, OTMEUCHBI
TUIIAWHUKY, TUMHYHBIE AN BYJIKaHMYECKHUX
Mmecrtoooutanuit: Cladonia crispate, Cladonia
straminea, Huea confluens, Lecidea plana, Mel-
anelia stygia, Pseudephebe pubescens, Rhizo-
carpon badioatrum, Umbilicaria torrefacta.
JlaHHBIC BUIBI SIBIISTFOTCST IOMUHAHTAMHU JJTSI BYJI-
KaHMYEeCKMX MeCTOOOMTaHMi Ha BIK. Tokauw,
SAnonus [20] u Grke BCeX MOCENSIOTCS BOIU3HU
aKTUBHBIX colibdarap. Bnusuus conbharapHbIX
ra3oB Ha JIMXCHOOMOTY HCCIEAYeMOTO JIECHO-
ro ydacTKa Ha BOCTOYHOM CKJIOHE BYyJKaHa HeE
OTMEYEHO, YTO OOBICHSIETCS MpeodiIaTaHueM
BOCTOYHBIX BETPOB B JAHHOM pailOHE U CHOCOM
MPOIYKTOB TApPOTa30BBIX dMHUCCUU B 3aMaHOM
HampaBineHuu (puc. 3). YcToiuuBbIX SmUUT-
HBIX JIMIIAWHWKOB, TUMWYHBIX IS CHJIHHOTO
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Puc. 3. Po3a Berpos ans Bik. bepyrapy6e 3a mepuoz ¢ 01.01.1990
o 28.12.2009 ayist BeIcOT 10 5 kM H.y.M. L[BeToM 0603Ha4eHa CKo-
POCTB BETPOB B M/C.

Fig. 3. A wind rose chart for Berutarube volcano for the period
from 01.01.1990 to 12.28.2009 for altitudes up to 5 km above sea
level. Color indicates wind speed in m/s.

ByJKaHMYECKOro 3arpsi3HeHus [18], Ha ckioHe
(ywactku non mudpamu 2, 3) He HailJeHO, U3
YeT0 MOXKHO TPEATIOI0KUTH, YTO BIHSHUE JEH-
CTBYIOIIMX coJyib(paTap pacmpocTpaHseTcs Huc-
KJIFOYUTENBbHO JOKajdbHO. Ha naHHBIX yuyacTkax
npeobiiajaloT 0OBIYHBIE JIECHBIE BU/IbBI, Paclpo-
crpaneHHble Ha FOxHbIX Kypunbckux octpoBax
(cM. Tabnuiy). Cpean OTMEYEHHBIX BH/I0B ObUIH
0OHapy»KeHBbI /IBa JOBOJBHO peAkux s Jlaib-
Hero Boctoka numaiinuka — Nipponoparmelia
perplicata (puc. 3), U3BECTHBIM C HECKOJIBKHUX
MecToHaxoxaeHui B Kopee u octposos llInko-
tan u Caxanud [23], u Ramalina thrausta, KoTo-
pbiii B CaxaiaumHCKOH oOnacTu paHee ObUT U3Be-
CTE€H TOJIbKO ¢ 0. CaxaiuH, TaKKe C HECKOJIbKUX
MECTOHAXO0XIeHUH [24].
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Jlmmaiinuku Bik. bepyrapy6e: A, Cladonia crispata; B, Lecidea plana; C, Lobaria meridionalis; D, Nipponoparmelia perplicata;
E, Pseudephebe pubescens; F, Rhizocarpon badioatrum.

Lichens from Berutarube volcano: A, Cladonia crispata; B, Lecidea plana; C, Lobaria meridionalis; D, Nipponoparmelia perplicata;
E, Pseudephebe pubescens; F, Rhizocarpon badioatrum.

Taonuua. Crincok IUIIaifHUKOB BynkaHa bepyrapybe
Table. A list of lichens of Berutarube volcano

Ne Bun Cyoctpat Yyacrok
/Tt
1 | Alectoria lata (Tayl.) Lindb. S,B 2,3
2 | *4nzia colpota Vain. S 3
3 | *4nzia japonica (Tuck.) Miill. Arg. B 2
4 | Bryocaulon pseudosatoanum (Asahina) Karnefelt S B
5 | Bryoria trichodes (Michx.) Brodo & D. Hawksw. ’ 2,3
6 | Buellia disciformis (Fr.) Mudd S
7 | *Cladonia bellidiflora (Ach.) Schaer. So 1
8 | Cladonia coniocraea (Florke) Spreng. DW, TB 1,2,3
9 | Cladonia crispata (Ach.) Flot. DW, So 1,2
10 | *Cladonia straminea (Sommerf.) Florke So 1
11 | Dolichousnea longissima (Ach.) Articus S )3
12 | Graphis scripta (L.) Ach. S,B ’
13 | *Huea confluens (Miill. Arg.) C.W. Dodge Ro 1
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Ne Bun Cybcrpar VYyacTok
/1

14 | Hypogymnia pseudophysodes (Asahina) Rass. B 2

15 | Hypogymnia vittata (Ach.) Parrique S,B 5 3
16 | Lecanora allophana (Ach.) Nyl. A, S ’

17 | Lecanora argentata (R6hl.) Malme

18 | *Lecanora chlarotera Nyl.

19 | Lecanora pulicaris (Pers.) Ach. S 3
20 | *Lecidea albofuscescens Nyl.
21 | *¥**Lecidea plana (J. Lahm ex Korb.) Nyl. Ro 1
22 | Lepra albescens (Huds.) Hafellner AS
23 | Lepraria incana (L.) Ach. ’ 2,3
24 | Leptogium cyanescens (Ach.) Korb. S
25 | *Lobaria meridionalis Vain. 3
26 | Lopadium disciforme (Flot.) Kullh. S,A 2,3
27 | *Melanelia stygia (L.) Essl. Ro 1
78 Melanohalea olivacea (L.) O. Blanco, A. Crespo, Divakar, Essl., S

D. Hawksw. & Lumbsch
29 | Menegazzia terebrata (Hoffm.) A. Massal. B,S,A 2.3
30 | Mycoblastus sanguinarius (L.) Norman B,A
31 | *Nephromopsis endocrocea Asahina S
32 | *Nipponoparmelia perplicata S.Y. Kondr., Tschab., Elix & Hur 3
33 | Ochrolechia arborea (Kreyer) Almb. A
34 | *Ochrolechia subpallescens Verseghy
35 | Opeltia flavorubescens (Huds.) S.Y. Kondr. & Hur S
36 | Parmelia fertilis Mill. Arg. B,S 2,3
37 | Parmelia saxatilis (L.) Ach. S
38 | Parmelia squarrosa Hale B,S 2,3

39 | Parmeliopsis hyperopta (Ach.) Vain.
40 | *Platismatia herrei (Imshaug) W. L. Culb. & C. F. Culb. B 2
41 | Platismatia interrupta W. L. Culb. & C. F. Culb.
42 | *Protoparmelia badia (Hoffm.) Hafellner

43 | *Pseudephebe pubescens (L.) M. Choisy Ro !
44 | Ramalina conduplicans Vain. 5 3
45 | Ramalina roesleri (Schaer.) Nyl. S ’
46 | **Ramalina thrausta (Ach.) Nyl. 3
47 | Rhizocarpon badioatrum (Florke ex Spreng.) Th. Fr. Ro !
48 | *Rhizocarpon geographicum (L.) DC.

49 | Rinodina excrescens Vain. S

50 | *Tetramelas insignis (Korb.) Kalb 3
51 | Thelotrema lepadinum (Ach.) Ach. S, A

52 | *Umbilicaria torrefacta (Lightf.) Schrad. Ro

53 | Vulpicida pinastri (Scop.) J.-E. Mattsson & M.J. Lai B, S 2

*BUJIBI, BIIEPBbIC yKa3aHHbIE 11 0. UTypym.
**BUIBI, BIEPBbIC YKa3aHHbIE U1 KypHiIbCKHX OCTPOBOB.
**¥By b1, BIEpBbIC YKa3aHHbIe U1 CaXxalMHCKOH 00nacTy.

IHpumeuanus. Yaactku c6opoB: 1 — BepuIrHHas 9acThb BIK. bepyrapy0Oe, 2 — BepXHSS 4acTh TOIMUHBI pydbs AHIpes, 3 — HIK-
Hsist ee yactb. CyOcrpar: A — nixra, B — 6epesa, DW — Banex, Ro — kamuu, S — pssouna, So — nmousa, TB — komiu nepeBbes.

Notes. Sampling sites: 1, the summit part of Berutarube volcano; 2, the upper part of the Andrey Creek valley; 3, the lower
part of the Andrey Creek valley. Substrate: A, fir; B, birch; DW, dead wood; Ro, rocks; S, sorb; So, soil; TB, tree butts.
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3aknroyeHue

B pesynbrare uccienoBanus paioHa Bik. be-
pyTapyOe BBISBICH IOJHBIA BUIOBOW COCTaB
JUIIAaHHUKOB HEMOAAIEKY OT MECT IMPOSBICHUS
conb(aTapHOl NEATENBHOCTH ByNKaHa. J[aHHOE
HCCJIEIOBAHUE IIOKA3aJI0, YTO BHJOBOM COCTaB
JUIIAaNHUKOB BEPUIMHHOM 4acTu BIK. bepyrapy-
0e CXOX C BHJIOBBIM COCTAaBOM JIMIIAIHUKOB aK-
TUBHOIO ByjiKkaHa Tokauu B SnoHuu. YuutbiBas
JAHHBIA (aKT, MOXKEM MPEANOJIOKUTh, YTO JIU-
LIaHHUKOBAsl PACTUTEIILHOCTh B MECTaX IPOsIBIIE-
HUS conb(aTrapHON 1eITeIbHOCTH aKTUBHBIX BYJI-
KaHOB Ha KypHJIbCKMX OCTpOBaxX MMEET CXOXKHE
4epThl U OCOOEHHOCTH MOCEJCHUS JUIIAHUKOB,
BHE 3aBUCUMOCTH OT JPYTUX 3KOJOTHUECKUX (aK-
TOpoB. OgHAKO JOCTOBEPHOE 3aKIIFOUEHNE MOKHO
C/eNaTh TOJIBKO MOCIE TOJIHOTO O0OCIIeAOBaHUSA
HECKOJIbKUX BYJIKaHOB apxunenara. [IpeoOmana-
IOIIME€ BOCTOYHBIE BETpHl B paiioHe BIK. bepy-
TapyOe NEepeHOCAT MPOAYKTHI €ro Mnapora3zoBbIX
SMHUCCHUH B 3allaJIHOM HampasieHuu. Benencreue
3TOr0, UCXOJS U3 aHAJIN3a BUIOBOIO COCTABaA JIH-
IAHHUKOB, HETraTUBHOT'O BIMSHUS CONb(aTapHBIX
ra3oB Ha MPUPOJIHYIO Cpeay B Ipenenax oocle-
JIOBaHHBIX YYaCTKOB JIECHOI'O I10sICA BOCTOYHOI'O
CKJIOHA BYJIKAHA HE BBISBJICHO. TakuMm oOpazom,
MOXHO TIPEANOJIOKHUTh, YTO BIMSHUE cCOJb(a-
TApHBIX Ta30B 3[1€Chb UMEET HUCKIFOUUTEIBHO JIO-
KaJIbHBI XapakTep WU, BO3MOXHO, OCHOBHOE
BO3JICMCTBHE TPUXOAUTCA Ha 3alajHbld, HEUC-
CJICIOBAaHHBIN CKJIOH.
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Hucmumym mopckoui eeonozuu u eeogpuzuxu /[BO PAH, IOxcno-Caxanunck, Poccus

Pe3ome. Dopmuposanne repbapus nuniaiHukoB MHcTHTyTa MOpcKoil reosoruu u reodusuku JJBO PAH 6buto
Hayaro B 2014 r. mocine nmpoBeneHust psijia KOMIUIEKCHBIX dKcrieaniuil no CaxannHckoit oonactu. B ocHOBY repbapust
nonokeHs! kojutekuuu A.K. Exxkuna u B.B. Karanopa. 3HaunTensHblii 00beM 00pa3IioB JHINAITHUKOB ObLT coOpaH
Ha Teppuropusax OOIIT, B TpyTHOOOCTYIHBIX yAaJIEHHBIX palfOHAaX, B MECTaxX NMPOSBICHHS BYJIKaHUYECKON aKTHUBHO-
ctu. Ha nansbiii MomeHT 9acTth koyutekuuu (1178 obpasios, 307 BUIOB) CMOHTHPOBaHA M XPaHHUTCS B TaOOpaTopuu
9KOJIOTUHU PACTCHUH M T€0IKOIOTUU. DTO COCTaBIISIET MPUMEpPHO 1/8 yacTh Bcero repbapHOro Marepuasa JUIaitHu-
k0B, xpansiierocs B UMI'ul” IBO PAH.

KnroueBble croBa: Ouonoruueckie KoJuteKun, 6uopasnoobpasue, Janeuauid Boctok Poccnu, Caxanun, Kypuib-
CKHE OCTpOBa
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Abstract. The organization of the lichen herbarium in the Institute of Marine Geology and Geophysics of the FEB RAS
was initiated in 2014 after a number of integrated expeditions in the Sakhalin Region. The herbarium is based on the
collections of Aleksandr K. Ezhkin and Vladimir V. Kaganov. A significant amount of lichen samples was collected in
protected areas of the Sakhalin Region, in wild remote sites, and in areas of volcanic activity. Currently, a part of the col-
lection (1178 samples, 307 species) is mounted and stored in the Laboratory of plant ecology and geoecology, which is
about 1/8 of all herbarium material of lichens stored in the Institute of Marine Geology and Geophysics of the FEB RAS.
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®dopMupoBaHUE OOTAHMUYECKUX KOJUICKITUH
SBIISICTCS BaKHEHIIMM HHCTPYMEHTOM B H3yue-
HUU OnopasHooOpasus Tepputopwuii. [epbapHbie
KOJIJICKIIMM PACTECHUN HE UMEIOT CPOKa TOAHOCTH
M, CIIEZIOBATEIbHO, MOTYT OBITh HCIIOIB30BaHBI
MOCJIEAYIOIUMH TTOKOJEHUSIMU HEOTPAHUYEHHO
noiro. O0ObeM KOJUIEKIIMA SIBIIIETCS BaXKHBIM I10-
KazaresieMm, XapaKTepU3yIIUM (IOPUCTHIECKYIO
W3YYEHHOCTh TEPPUTOPHHU.

Ha maussiit MomernT B CaxaanHCKONH 001acTH
CYILIECTBYIOT JiBa Hay4yHbIX repOapust — B Caxa-
JUHCKOM OOTaHWUYECKOM caay (akpoHHM repoa-
pus — SAKH) u B lHCTUTYTE MOPCKO# T€0I0THI
u reopmsuku JIBO PAH (MMIul' /IBO PAH)
(akporum tepOapusi — SAK). Ob6a repbapus
BKJIIOYAIOT KOJUIEKIIMH 00pa3loB JHUIIAHHUKOB,
coOpaHHBIX B OCHOBHOM ¢ TeppuTtopuu CaxanuH-
CKOI1 o0acTu.

Jlis mOHUMaHUSI COBPEMEHHOTO COCTOSTHHS
MCCJIEIOBAHUM B PETHMOHE B KOHIIE CTaTbU IPHUBE-
JIeH CITUCOK OCHOBHBIX IyOJIMKAIUNA, XapaKTepu-
3YIOMIMX U3YyYEeHHOCTh JuxeHodmopsl CaxaanHa
u KypuibCKkUX OCTPOBOB.

[lepBrie cOophl numiaiiHukoB Ha CaxanuHe
ObUTH BBITIOIHEHBI B CEBEPHOM YacTH OCTPOBa
PYCCKMMU HCCIIEOBaTENsIMU B Hadyaie XX B. —
®opu B 1908 1., Cunsiruasim B 1908—1909 rr.
u Kpumrodosuuem B 1927 r. [1]. Ha Kypuis-
CKHX OCTpOBax W 1oxHOM CaxaiuHe JIMXEHOJIO-
TUYECKUE HccieloBaHus ObUM BIEPBBIE MpPOBE-
JIEHbI AMOHCKUMU crienranuctamu B 30-X romax
XX B. [2, 3]. Ilocne ocBoboxkacHust CaxamuHa
u KypuiibckuX OCTPOBOB OT SIIOHCKOW OKKyIa-
1uu (1945 r.) uccnenoBaHust ObUIH BO30OHOBIICHBI
[4-12]. Haubonee mosHas CBOJKA MO JIUIIAWHU-
kaM CaxanuHckoil obnmacTu Oblia cienaHa Hayy-
HBIM COTPYIHHKOM CaxXaluHCKOTO OOTaHUYECKO-
ro caga C.M. Yabanenko B 2002 1. B «KoHCcTiekTe
¢I1opbI MUIIAHKUKOB tora poccuiickoro [lanbHero
Bocrtokay, roe Obuim 00OOIIEHBI M JOIIOIHEHBI
OPUTHMHAJLHBIMU JIAaHHBIMU CBEICHHS T10 JIUIIA-
HUKaM — 322 Buga mia o. CaxamuH u 260 BUIOB
st Kypunsckux octpoBoB [13]. Ilocne 3toro
OB clenaH psAJl CYHIECTBEHHBIX JTOMOJHEHUN —
oomee 300 HOBBIX BUAOB Mt CaxaanHCKON 00Ia-
ctu [14-54].

®dopmupoBanue repbapus  JIMIIAWHUKOB
UMI'ul’ IBO PAH 6but0 Hauato B 2014 1. mo-
CJIe TIPOBENICHUS Psiia KOMIJICKCHBIX IKCTICTUIII
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no Caxanmuny u Kypuinbckum octpoBam. B oc-
HOBY TepOapusi MOJOXKEHBI JINYHbIE KOJUICKIIMH
A K. Exxxuna u B.B. Karanosa u3 c6opoB B Kop-
cakoBcKkoM, HeBenbckoM, XonMckoM, JJOIHMHCKOM,
CmupHBIXOBCKOM, Ymieropckom, Iloponaiickom,
TemmoBckom, Hormukckom, Kypunbckom, FOxHO-
Kypmisckom n CeBepo-Kypunbckom paiioHax,
a TaKXke B aJMMHUCTPAaTHBHOM OKpyre ropoja
IOxn0-Caxanmuuck. boabIol BKjIag B IIOMOIHE-
HUE KOJUICKIIMH JIMIIAHHUKOB C BYJIKAaHUYECKUX
naHamadTOB BHEC TAKXKE HAYYHBIH COTPYIHHUK
71a00paTopuu BYJIKAHOJIOTUM U BYJIKaHOOIACHO-
ctu @.A. Pomanrok. Ocoboe BHUMaHUE IMpu cOope
numaiHukoB yaeneHo uccienoBanuto OOIIT —
Kypuibckoro 3amoBennuka [34] u psga apyrux
3HAUUMBIX JIJIS1 OOJIAaCTH MaMSITHUKOB TPUPOJIBL:
«Bynkan MengeneeBa» [24], «JlaryHoo3epHBIii
penukToBBIM Jec» [55], «Bpicokoropre Tropbl
YexoBa» [56], «CraponyOckue nyoHskm» [21],
B pamkax u3yueHusi cTapoBO3pacTHBIX U MaJOHa-
PYLIEHHBIX JIECHBIX COOOIECTB OBLIM OpPraHu30-
BaHbI SKCIEIULIUU U TIOJIEBBIE BBIE3/IbI B TPYIHO-
JOCTYITHBIE PalOHBI 00JIACTH C IIEJIBIO BBISIBICHHS
pedyruyMoB U MECTOOOUTAHUH PEAKUX U PEITHK-
TOBBIX BUJIOB JIMIIAWHUKOB [29, 31, 33, 35, 37,43,
44]. Ilo oTnenbHBIM TAKCOHOMMUYECKUM IpyNIam
mumaiaukoB (Bacidia, Caloplaca, Heteroder-
mia, Megalospora, Pannariaceae, Rinodina,
Usnea w npyrue) mpoBeleHa KpUTHYECKas 00-
paboTKa, BBISBICHBI paHee HE NMPUBEACHHBIC IS
pervoHa JuIaiHUKH, ONMCAaHbl HOBBIE /JIS1 HAYKU
BUbI [19, 27, 28, 32,3841, 47, 48, 57, 58]. 3na-
YUTENBHBIA 00beM 00pa3IOB JIMIIAMHUKOB OBLIT
coOpaH B MeCTax MpPOSBICHUS BYJIKaHUYECKOM
aktuBHOCTH Ha Kypuibckux octpoBax. JleraabHo
ObuTM 00CIIeI0BaHBI TaKKUE BYJIKAaHbI, Kak MeHe-
neesa u ['onoBHuHa Ha 0. Kynamup, bapanckoro
u bepyrapy6e Ha o. Utypyn, D0eko Ha o. [lapa-
mymup, [Iuk CapsrueBa Ha o. Marya, Ananj Ha
0. Atnacosa [36, 52, 59, 60].

B IlpunoxeHun K JaHHOW CTaTbe IIPUBEC-
HbI TaOJIMIIbI, OTPAXKAIOLIME KOJTUUYECTBO CMOHTHU-
POBAaHHBIX O00pa3LOB U MPEACTABIECHHBIX BHUJIOB,
pacnpenesieHHbIX 0 poAaM, CeMEeHCTBaM M I0-
psaKam.

Cpenu Hambollee MHTEPECHBIX (hropucTuye-
CKUX HAaXOJOK, XpaHSIIMXCS B repOapuu, CTOUT
OTMETUThH CJIEAYIOLIHE.
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H30munet, xpansuyecs B repoapuu
UMI'ul’ IBO PAH
Bacidia obtecta Gerasimova, A. Ezhkin & A. Beck
(SAK 1368 — isotype) [40]
Bacidia kurilensis Gerasimova, A. Ezhkin &
A. Beck (SAK 276 — isotype) [39]
Bacidia sachalinensis Gerasimova, A. Ezhkin &
A. Beck sp. (SAK 145 — isotype) [39]

Peokue oxpanaemvle euowt
Anzia japonica Asahina (SAK 29, 644, 645) [43]
Cladonia graciliformis Zahlbr. (SAK 2532, 2533,
2534, 2535, 2536, 2537, 2546, 2547, 2548, 2549,
2550, 2559, 2561, 2564, 2573) [36]
Cladonia vulcani Savicz (SAK 2555, 2560, 2567,
2568) [36]
Coccocarpia erythroxyli (Spreng.) Swinscow &
Krog (SAK 2139) [61]
Coccocarpia palmicola (Spreng.) Arv. et D. Gal-
lowa (SAK 1718, 1719) [43]
Dolichousnea diffracta (Vain.) Articus (SAK 185,
1727) [43]
Hypogymnia fragillima (Hillm.) Rassad. (SAK
83) [43]
Hypogymnia hypotrypa (Nyl.) Rassad. (SAK 136,
137, 260, 499) [43]
Icmadophila japonica (Zahlbr.) Rambold et Her-
tel (SAK 2605)
Leptogium hildenbrandii (Garov.) Nyl. (SAK 37,
2737, 2758)
Lethariella togashii (Asahina) Krog (SAK 1720)
[43]
Lobaria pulmonaria (L.) Hoffm. (SAK 9, 188, 189,
1433, 1434, 1435, 1436, 1437, 2677, 2690, 2713,
2714,2717, 2718, 2740, 2757, 2759) [23, 34]
Lobaria retigera (Bory) Trevis. (SAK 1721, 1722,
1728) [43]
Menegazzia terebrata (Hoffm.) A. Massal. (SAK
1671, 1672)
Nephromopsis ornata (Miill. Arg.) Hue (SAK 79)
[43]
Pannaria lurida (Mont.) Nyl. (SAK 82, 134)
Pyxine sorediata (Ach.) Mont. (SAK 568, 569,
570, 571 [29]
Sticta fuliginosa (Kremp.) Randlane et A. Thell
(SAK 1697, 1726) [43]
Sticta limbata (Sm.) Ach. (SAK 1723, 1724, 1725,
1729) [43]
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Peokue neoxpanaemoie euowt
Bacidia elongata Gerasimova et A. Beck (SAK
2270, 2271) [44]
Bacidia schweinitzii (Fr.) A. Schneid. (SAK 285)
[39]
Chaenotheca ferruginea (Turner ex Sm.) Mig.
(SAK 2169) [61]
Collema japonicum (Miill. Arg.) Hue (SAK 109,
2130, 2131, 2132, 2133, 2134) [33, 61]
Diploschistes muscorum (Scop.) R. Sant (SAK
571) [33]
Eopyrenula intermedia Coppins (SAK 135) [33]
Fauriea orientochinensis S.Y. Kondr., X.Y. Wang
& J.-S. Hur (SAK 1285) [33]
Fuscopannaria mediterranea (Tav.) PM. Jorg.
(SAK 2266, 1271) [58]
Fuscopannaria sorediata PM. Jorg. (SAK 1272)
[58]
Hafellia subnexa (Nyl.) Marbach (SAK 121) [33]
Heterodermia incana (Stirt.) D.D. Awasthi (SAK
127,2137) [61]
Lobaria gyrophorica Yoshim. (SAK 619) [33]
Lobaria isidiosa (Miill. Arg.) Vain. (SAK 1717)
[43]
Megalospora atrorubricans subsp. sendaiensis
(Résédnen) Sipman (SAK 2144, 2145, 2137) [61]
Megalospora porphyritis (Tuck.) R.C. Harris
(SAK 1653, 1661, 1662, 1663) [28]
Mpycobilimbia carneoalbida (Milll. Arg.) S. Ek-
man et Printzen. (SAK 2276, 2278) [44]
Nipponoparmelia perplicata S.Y. Kondr., Tscha-
ban., Elix et Hur (SAK 108) [33]
Physconia subpulverulenta (Szatala) Poelt. (SAK
690, 702, 2269) [44]
Polyblastidium japonicum (M. Satd) Kalb (SAK
1637, 1295) [61]
Polyblastidium propaguliferum (Vain.) Kalb
(SAK 1294, 1640, 1634, 1636, 1638, 1639) [61]
Ramalina thrausta (Ach.) Nyl. (SAK 1205, 1206,
1207) [18]
Rinodina megistospora Sheard et H. Mayrhofer
(SAK 563) [38]
Rinodina ascociscana (Tuck.) Tuck. (SAK 1462)
[38]
Umbilicaria deusta (L.) Baumg (SAK 1300) [60]
Umbilicaria proboscidea (L.) Schrad. (SAK 1297,
1299) [60]
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B pamkax coTpygHMYecTBa ¥ HaydHO-
ro oOMeHa oOpa3liaMH JIMIIAWHUKOB TepOapuit
WHCTUTYyTa TOMOJHSETCS  obOpa3uaMu-mayons-
MU U3 TepbapueB boTaHMYecKOro HMHCTUTYTa
uMm. B.JI. Komaposa PAH (r. Cankr-IletepOypr),
Cankr-IleTepOyprckoro rocyapcTBEHHOTO YHU-
Bepcuteta (r. Cankt-IletepOypr), borannueckoro
cana-unctutyta JIBO PAH (1. Bnangusocrok), ®e-
JIepaIbHOTO HAYYHOTO IIeHTpa OMOpa3zHOO0Opa3us
Ha3zeMHOM OmoThl Bocrounoit Aszum JIBO PAH
(r. BnaguBocCTOK).

I'maBHOW 3amayeil repOapusi JUIIAHHUKOB
UMI'ul’ IBO PAH sBnsieTcs HakoIUleHHE WH-
dbopmanmu B BUJE KOJJIEKIIMKA TepOapHBIX 00pas-
II0B, OTpa)aroIlMX CHCTeMaThyeckoe M OHoio-
rHYecKoe pasHooOpasue numaifHukoB CaxanuHa
u Kypunbckux ocTpoBOB, a Takke obecrieueHue
HAJE)KHOTO XpaHEHHs 00pa3loB, UX JOCTYIHO-
CTH Ui uccinenoBateneil. OCHOBHBIMU MPUHITU-
namu (pOpMUPOBAHHS KOJUIEKIIUHU SBISIFOTCA (hito-
PUCTHUYECKHM M peruoHaibHO-TeorpaduiecKuil.
I'epOapuii nuIIaiiHUKOB 0OECTIEUnBAET COOIOIE-
Hue BepuduIUpyeMoCcTH (TIPOBEPSIEMOCTH) JIaH-
HBIX, YTO SIBJISICTCS OJTHUM W3 OCHOBHBIX HAYYHBIX
METOANYECKUX MPUHLIUIIOB MPHU paboTe C KOJIIEeK-
nusmu [62]. JIroboi mccnenoBaresb, AOMYIICH-
HBII K paboTe ¢ repOapHBIMU KOJIEKIUSIMU JTHU-
HIAHHUKOB, UMEET MPAaBO MCIOJIb30BaTh B CBOMX
UCCJIEJOBAHUSX JaHHbIE, [TOJIyY€HHbIE UM B XOJI€
peBusuu 1 006paboTku. [Tonb30BaThCs KOJIEKIHU-
eil TUIIafHUKOB MHCTUTYTa MOTYT HAay4HBIE CO-
TPYIHUKH CTOPOHHUX HMHCTUTYTOB, ACIUPAHTHI
U CTYACHTBHI, IPEBAPUTEIHHO COITIACOBAB AOCTYII
¢ KypaTopom repbapusi.

B Hacrosiee BpeMs repOapHasi KOJUISKITHS
JUIIAHUKOB pacrioiaraeTcs B JIByX KaOWHeTax
71a00paTOpUU IKOJIOTHHM PACTEHUH M T€03KOIIO-
MU BMECTE ¢ repOapueM MOX000pa3HbIX [63].
B onHOM 13 KaOMHETOB yCTaHOBJICHBI TepOapHbIC
mKadpl, r1e B CUCTEMAaTHYECKOH MOCIIeI0BaTeNb-
HOCTHU XPaHATCs 00pa3iibl JINIIAWHUKOB B CIICTIH-
aJbHBIX ITHKETUPOBAHHBIX KOHBepTax. Kaxmo-
My 00pasily NMPUCBOCH YHHUKAIBHBIN TepOapHBIii
HOMEp, a €ro JJaHHbIE BHECEHBI B CIIELUATIbHYIO
ANIeKTpoHHYI0 0a3y. Kpome Toro, B repOapHbBIX
KaOMHeTaxX XpaHATCS pacXoJHble MaTepHallbl, BbI-
JIeJIEHO OJTHO pabouee MEeCTO /IS MOJIb30BaTeNeH,
000pyIOBaHHOE MHUKPOCKOIIOM. FIMeeTcst cBoA
O6ubnoTeKa ¢ TAKCOHOMUYECKON JINTEPATYPOi IO
JUIIaiHUKaM U MOXOO0Opa3HbIM, BKIIIOYas orpe-
JEUTENH, CIIPABOYHHUKH H aTJIACHL.
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Henp npoBonumoli MHBEHTapu3aluu repoa-
pus mumaiiankoB UMI'ul”™ JIBO PAH — ynopsino-
YrBaHUE OOPa3lOB MO OOLIETPUHITON cHUCTEME
IUIs OBICTPOrO JOCTyHa K HUM U MOUCKA HYXHO-
ro obpasia A paboThl, BKIIOYAsl MPOBEPKY CO-
OTBETCTBHS MH(POPMAIIUU ITUKETKH HA KOHBEPTE
(repOapHOM nHCcTE) 00pasily, 3aMeHY HEUHTAEMBbIX
KOHBEPTOB Ha HOBBIC, TPUBEICHUE B IIOPSJIOK MECT
XpaHeHus: 00pa3loB, MOATOTOBKY 3JIEKTPOHHOM
0a3bl JTaHHBIX repOapusi, OOHOBIECHUE WH(pOpPMa-
[IUH 1107 aKPOHUMOM MHCTHTYTa SAK B OCHOBHBIX
BHEIITHHUX pecypcax 1o repdapusiM — Poccuiickom
peectpe Index Herbarioum Rossicum Ha caiite
BUH PAH 1 mextyHapoiHoM peecTpe BCex repoa-
pueB Index Herbarioum nHa caiite Hpro-Mopkckoro
Borannyeckoro cana, a Takke MOCTAaHOBKY Ha Oa-
JIAaHC WHCTUTYTa 00Pa3IoB, MPOIIEAIINX UHBEHTA-
puzanuto. /{71t nepBUYHON HHBEHTapU3aluy repoa-
pHs TUIIAIHUKOB OBbUT OTOOpaH OITyOIMKOBAHHBIN
Marepuai, KOTOpbIH BKJIIOYal 00pabOTKH HEKOTO-
pbix ponoB (Bacidia, Caloplaca, Fuscopannaria,
Heterodermia, Pannaria, Rinodina, Usnea) co-
BMECTHO CO CIEUUAINCTAMH U3 APYTUX UHCTUTY-
TOB, JINIIIAWHUKOB BYJIKAHUYECKUX OOUTaHUI U He-
kotopbix OOIIT CaxanuHckol 00MacTH, a TakxKe
HOBBIX 00pas1oB, oTo0paHHbIX Ha Caxanmue u Ky-
PHIBCKUX OCTpPOBaX (HEKOTOpPHIC M3 BUIOB IMPE/I-
CTaBJICHBI Ha puc. 1-3).

[To pesynbraram HepBUYHON WHBEHTapU3a-
MU TepOapHOM KOJIEKIIUH JUIaiHUKOB CMOHTH-
poBano 1178 o6pasios (307 BUIOB), OTHOCSIIHUX-
csa k 129 ponam, 51 cemeiictBy u 21 nopsinkam,
YTO COCTaBIISICT MPUMEpPHO 1/8 9acTh Bcero paso-
OpaHHOTO TepOapHOro MaTepHaIa.

[To xonuyecTBy BUIOB Jyylle BCEX Npea-
cTaBieH pon Rinodina — 25 BUIOB, 9YTO COCTaBJIs-
eT 8 % OT 00111er0 KOTMYECTBA BUOB B KOJUICKIIHH
CMOHTHPOBAaHHOTO MaTepuala, 1ajee CIeayeT PO
Cladonia — 19 BunoB (6 %), Lobaria — 12 Bui0B,
Parmelia— 8 sunos, Hypogymnia, Physcia, Umbil-
icaria u Peltigera o 7 BunoB. B cemericTBax pac-
npeneneHue caenyromiee: Physciaceae — 59 BunoB
(19 %), nanee cienyer Parmeliaceae — 53 Buna
(17 %), Cladoniaceae — 19 BunoB, Lobariaceae
u Ramalinaceae no 18 BunoB. B nopsakax no xo-
JUYECTBY BUIOB TOMUHUPYIOT Lecanorales — 109
BUI0B (35 %), Caliciales — 68 BunoB (22 %) u
Peltigerales — 53 Buna (17 %) (cm. Ilpunoxenue,
Tabm. 1-3).

[TonHoe mpezacTaBneHue 0 COCTaBE MHBEHTA-
PU30BaHHOW YacTu repOapus U KOJTUYECTBEHHOM
pacnpeneneHu B HEW TAaKCOHOB JIMIIAWHUKOB
JAIOT TIpUBECHHBIC B [IpUIOKEHUH TaOIUIIBI.
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ExkuH A.K., KaraHos B.B.

Puc. 1. JImmaifHUKN ByJKaHUYECKUX
mecroooutanuii: Umbilicaria hyper-
borea (Ach.) Hoffm. ¢ o. [Tapamymup;
Cladonia bellidiflora (Ach.) Schaer
¢ o. Utypym; Cladonia vulcani Savicz.
¢ 0. Kynamp. Coéoput A.K. Esckuna.

Fig. 1. Lichens from volcanic habitats:
Umbilicaria hyperborea (Ach.) Hoffm.
from Paramushir Island; Cladonia bel-
lidiflora (Ach.) Schaer from Iturup
Island; Cladonia vulcani Savicz. from
Kunashir Island. Collections by Alek-
sander K. Ezhkin.

Puc. 2. Oxpansiemble BUABI JHIIAN-
HUKOB: Hypogymnia hypotrypa (Nyl.)
Rass. ¢ rora o. Caxamun; Lobaria pul-
monaria (L.) Hoffm. rora o. Caxanun;
Icmadophila japonica (Zahlbr.) Ram-
bold & Hertel. ¢ o. Kynammp. Coopur
A.K. Exckuna.

Fig. 2. Protected species of lichens:
Hypogymnia hypotrypa (Nyl.) Rass.
from the south of Sakhalin Island; Lo-
baria pulmonaria (L.) Hoffm. from the
south of Sakhalin Island; Iemadophila
Jjaponica (Zahlbr.) Rambold & Hertel.
from Kunashir Island. Collections by
Aleksander K. Ezhkin.
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Puc. 3. JInmaifHUKU JIECHBIX MECTO-
obutanmit: Pseudocyphellaria per-
petua McCune et Miadl. ¢ rora o. Ca-
xanuH; Lobaria orientalis (Asahina)
Yoshim. ¢ o. Kynammp; Phaeophyscia
hirtuosa (Kremp.) Essl. ¢ tora o. Caxa-
nuH. Céopur A.K. Edxckuna.

Fig. 3. Lichens from forest habitats:
Pseudocyphellaria perpetua McCune
et Miadl. from the south of Sakhalin
Island; Lobaria orientalis (Asahina)
Yoshim. from Kunashir Island; Phaeo-
physcia hirtuosa (Kremp.) Essl. from
the south of Sakhalin Island. Collec-

tions by Aleksander K. Ezhkin.
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IMPUJIOXXEHUE / APPENDIX

Tadauna 1. KonnyecTBo cMOHTHpOBaHHBIX 00pa3oB (% OT 00I1ero KojIu4ecTBa CMOHTHPOBAHHBIX) U BUJOB (% OT KOJIH-
YecTBa MPEACTaBICHHBIX B MHBEHTAPU30BaHHOM YacTH repOapus), pacipeesIeHHBIX 110 poJaM

Table 1. Number of mounted samples (percent of mounted samples) and submitted species (percent of species represented
in the inventoried part of the herbarium) distributed by genera

Pon KonudaectBo 06pa3ion KonudaectBo Bum0B
Genus Number of samples Number of species
1 Acrocordia 7 (0.59) 2 (0.65)
2 Alectoria 3(0.25) 1(0.33)
3 Alyxoria 2(0.17) 1(0.33)
4 Amandinea 4(0.34) 1(0.33)
5  Anzia 33 (2.80) 3 (0.98)
6  Arctoparmelia 1 (0.08) 1(0.33)
7  Arthonia 2(0.17) 2 (0.65)
8  Arthothelium 1 (0.08) 1(0.33)
9  Bacidia 27 (2.29) 6 (1.95)
10  Bactrospora 2(0.17) 1(0.33)
11 Biatora 2(0.17) 2 (0.65)
12 Bilimbia 5(0.42) 1(0.33)
13 Brigantiaea 3(0.25) 2 (0.65)
14 Bryobilimbia 4(0.34) 1(0.33)
15 Bryocaulon 1 (0.08) 1(0.33)
16  Bryoria 23 (1.95) 2 (0.65)
17  Buellia 7 (0.59) 4 (1.30)
18 Calicium 6 (0.51) 2 (0.65)
19 Caloplaca 9 (0.76) 3(0.98)
20 Calvitimela 2(0.17) 1(0.33)
21 Candelaria 4(0.34) 1(0.33)
22 Cetraria 3(0.25) 2 (0.65)
23 Chaenotheca 5(0.42) 3(0.98)
24 Chrysothrix 1 (0.08) 1(0.33)
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Pon KommaectBo 06pa3nos KomnuecTBo BUI0OB
25  Cladonia 68 (5.77) 19 (6.19)
26 Cliostomum 1 (0.08) 2 (0.65)
27 Coccocarpia 3(0.25) 2 (0.65)
28 Coenogonium 1(0.08) 2 (0.65)
29  Collema 30 (2.55) 5(1.63)
30 Coppinsiella 6 (0.51) 1(0.33)
31 Dendriscosticta 1(0.08) 1(0.33)
32 Diploschistes 3(0.25) 1(0.33)
33 Dolichousnea 5(0.42) 2 (0.65)
34  Eopyrenula 2(0.17) 1(0.33)
35 Evernia 2(0.17) 1(0.33)
36 Fauriea 1(0.08) 1(0.33)
37 Flavoparmelia 3(0.25) 1(0.33)
38 Flavopunctelia 1 (0.08) 1(0.33)
39 Fuscopannaria 15 (1.27) 6 (1.95)
40  Glaucomaria 1 (0.08) 1(0.33)
41 Graphis 12 (1.02) 3(0.98)
42  Heterodermia 14 (1.19) 6 (1.95)
43 Hypocenomyce 1 (0.08) 1(0.33)
44  Hypogymnia 23 (1.95) 7 (2.28)
45  Icmadophila 2(0.17) 1(0.33)
46 Imshaugia 1 (0.08) 1(0.33)
47  Ionaspis 1(0.08) 1(0.33)
48 Kurokawia 4(0.34) 2 (0.65)
49  Lasallia 1 (0.08) 2 (0.65)
50 Lecanactis 1 (0.08) 1(0.33)
51 Lecanographa 1 (0.08) 1(0.33)
52  Lecanora 8 (0.68) 2 (0.65)
53 Lecidea 7 (0.59) 3 (0.98)
54 Lecidella 1 (0.08) 1(0.33)
55 Lendemeriella 5(0.42) 1(0.33)
56 Lepra 1 (0.08) 2 (0.65)
57 Lepraria 1 (0.08) 1(0.33)
58 Leptogium 15 (1.27) 5(1.63)
59 Lethariella 1 (0.08) 1(0.33)
60 Lichenomphalia 1(0.08) 1(0.33)
61 Lithographa 1 (0.08) 1(0.33)
62 Lobaria 98 (8.32) 12 (3.91)
63 Lobarina 3(0.25) 1(0.33)
64 Lopadium 2(0.17) 1(0.33)
65 Megalaria 1 (0.08) 1(0.33)
66 Megalospora 17 (1.44) 4(1.30)
67 Melanelia 5(0.42) 1(0.33)
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Pox KommgectBo 00pa3mnos KonuuectBo BUI0OB
68 Melanohalea 2 (0.17) 2 (0.65)
69 Menegazzia 3(0.25) 2 (0.65)
70  Micarea 1 (0.08) 2 (0.65)
71 Mikhtomia 2(0.17) 1(0.33)
72 Mycobilimbia 7 (0.59) 2 (0.65)
73 Mycoblastus 3(0.25) 2 (0.65)
74  Myelochroa 4(0.34) 3(0.98)
75 Naetrocymbe 1 (0.08) 1(0.33)
76  Nephroma 4(0.34) 2 (0.65)
77 Nephromopsis 5(0.42) 2 (0.65)
78 Nipponoparmelia 3(0.25) 2 (0.65)
79 Normandina 6 (0.51) 1(0.33)
80 Ochrolechia 1 (0.08) 3 (0.98)
81 Oropogon 1 (0.08) 1(0.33)
82  Pannaria 17 (1.44) 2 (0.65)
83  Parmelia 25 (2.12) 8(2.61)
84  Parmeliella 5(0.42) 2 (0.65)
85 Parmeliopsis 5(0.42) 1(0.33)
86 Parmotrema 2(0.17) 1(0.33)
87 Peltigera 26 (2.21) 7 (2.28)
88  Pertusaria 10 (0.85) 1(0.33)
89  Phaeophyscia 24 (2.04) 6 (1.95)
90 Physcia 8 (0.68) 7(2.28)
91 Physciella 5(0.42) 3 (0.98)
92  Physconia 54 (4.58) 6 (1.95)
93  Platismatia 4(0.34) 1(0.33)
94  Polyblastidium 14 (1.19) 4 (1.30)
95 Polyozosia 1 (0.08) 1(0.33)
96 Protopannaria 1 (0.08) 1(0.33)
97 Protoparmelia 0.08) 1(0.33)
98 Pseudocyphellaria 2 (0.17) 1(0.33)
99  Pseudoschismatomma 2(0.17) 1(0.33)
100 Pyrenula 3(0.25) 1(0.33)
101 Pyxine 4(0.34) 1(0.33)
102 Ramalina 9 (0.76) 4 (1.30)
103 Ramboldia 1 (0.08) 1(0.33)
104 Rhizocarpon 1 (0.08) 3(0.98)
105 Ricasolia 1 (0.08) 1(0.33)
106 Rinodina 293 (24.87) 25 (8.14)
107 Ropalospora 1 (0.08) 1(0.33)
108 Rufoplaca 1 (0.08) 1(0.33)
109 Santessoniella 8 (0.68) 1(0.33)
110 Schaereria 1 (0.08) 1(0.33)
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Pon KonngectBo 00pa3ion KomnuuectBo BuI0B
111 Sclerococcum 1 (0.08) 1(0.33)
112 Scoliciosporum 2(0.17) 2 (0.65)
113 Stereocaulon 2(0.17) 2 (0.65)
114 Sticta 6 (0.51) 2 (0.65)
115 Tephromela 1 (0.08) 1(0.33)
116 Tetramelas 2(0.17) 1(0.33)
117 Thamnolia 1 (0.08) 1(0.33)
118 Toensbergia 3 (0.25) 1(0.33)
119 Trapeliopsis 2(0.17) 1(0.33)
120 Umbilicaria 12 (1.02) 7 (2.28)
121 Usnea 2(0.17) 1(0.33)
122 Vahliella 4(0.34) 1(0.33)
123 Varicellaria 2(0.17) 1(0.33)
124 Vulpicida 2(0.17) 2 (0.65)
125 Xanthomendoza 14 (1.19) 1(0.33)
126 Xanthoparmelia 1 (0.08) 2 (0.65)
127 Xanthoria 1 (0.08) 1(0.33)
128 Xylographa 1 (0.08) 2 (0.65)
129 Xylopsora 19 (1.61) 1(0.33)
Bcezo 1178 307
Total

IIpumeuanue. Briienensl Haubonee NpeacTaBUTENbHBIE II0 KOIUYECTBY BUAOB M 00pa3L0B POABL.
Note. The most representative genera in terms of the number of species and samples are highlighted.

Taoumumua 2. KonnyecTBO CMOHTHPOBAHHBIX 00pa3iioB (% OT 00IIero KoJu4ecTBa CMOHTUPOBAHHBIX) U BUIIOB (% OT KOJIH-
YeCTBA MPEJICTABICHHBIX B MHBEHTAPU30BAHHOM YaCTH TepOapusi), pacipe/Ie/ICHHBIX M0 CeMeicTBaM

Table 2. Number of mounted samples (percent of mounted samples) and submitted species (percent of species represented
in the inventoried part of the herbarium) distributed by families

CemeiicTBO KommaectBo 06pa3nos KonuuectBo BUaOB
Family Number of samples Number of species

1 Arthoniaceae 3(0.25) 3 (0.98)

2 Brigantiaeaceae 3(0.25) 2 (0.65)

3 Byssolomataceae 1 (0.08) 2 (0.65)

4 Caliciaceae 23 (1.95) 9(2.93)

5  Candelariaceae 4(0.34) 1(0.33)

6  Chrysotrichaceae 1 (0.08) 1(0.33)

7  Cladoniaceae 68 (5.77) 19 (6.19)

8  Coccocarpiaceae 3(0.25) 2 (0.65)

9  Coenogoniaceae 1 (0.08) 2 (0.65)

10 Collemataceae 45 (3.82) 10 (3.26)

11 Coniocybaceae 5(0.42) 3 (0.98)

12 Dacampiaceae 2(0.17) 1(0.33)

13 Graphidaceae 16 (1.36) 4(1.30)
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CeMencTBO

KonuyectBo 00pasiios

KomnuectBo BHIOB

14 Hygrophoraceae
15 Hymeneliaceae
16 Icmadophilaceae
17  Incertae sedis

18 Lecanographaceae
19 Lecanoraceae

20 Lecideaceae

21 Lobariaceae

22  Lopadiaceae

23 Megalosporaceae
24 Monoblastiaceae
25 Naetrocymbaceae
26 Nephromataceae
27  Ochrolechiaceae
28 Ophioparmaceae
29 Pannariaceae

30 Parmeliaceae

31 Peltigeraceae

32 Pertusariaceae

33 Physciaceae

34 Pyrenulaceae

35 Ramalinaceae

36 Ramboldiaceae
37 Rhizocarpaceae
38 Roccellaceae

39 Schaereriaceae
40 Sclerococcaceae
41 Scoliciosporaceae
42  Sporastatiaceae
43 Stereocaulaceae
44 Teloschistaceae
45 Tephromelataceae
46 Trapeliaceae

47  Umbilicariaceae
48 Vahliellaceae

49 Taricellariaceae
50 Verrucariaceae
51 Xylographaceae

Bceco
Total

1 (0.08)
1 (0.08)
3 (0.25)
2(0.17)
3(0.25)
11 (0.93)
11 (0.93)

109 (9.25)
3 (0.25)
17 (1.44)
6(0.51)
1 (0.08)
5(0.42)
4(0.34)
1 (0.08)
46 (3.90)

161 (13.67)
26 (2.21)
11 (0.93)

427 (36.25)
3(0.25)
52 (4.41)
1 (0.08)
1 (0.08)
3(0.25)
2(0.17)
1 (0.08)
2(0.17)
3(0.25)
3 (0.25)
37 (3.14)
8 (0.68)
2(0.17)
22 (1.87)
4(0.34)
2(0.17)
6 (0.51)
2(0.17)

1178

1(0.33)
1(0.33)
2 (0.65)
1(0.33)
2 (0.65)
5(1.63)
4(1.30)
18 (5.86)
1(0.33)
4 (1.30)
2(0.65)
1(0.33)
2(0.65)
3(0.98)
1(0.33)
12 (3.91)
55 (17.92)
7(2.28)
3(0.98)
59 (19.22)
1(0.33)
18 (5.86)
1(0.33)
3 (0.98)
2(0.65)
2(0.65)
1(0.33)
2(0.65)
1(0.33)
3(0.98)
9 (2.93)
4 (1.30)
1(0.33)
10 (3.26)
1(0.33)
1(0.33)
1(0.33)
3(0.98)
307

[Ipumeuanue. Boienensl HauOoJee IPEACTABUTENBHbIE 110 KOIMYECTBY BUJIOB M 00Pa3IOB ceMeiCTRa.
Note. The most representative families in terms of the number of species and samples are highlighted.
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Taoauna 3. KommaecTBo CMOHTHPOBaHHBIX 00pa3moB (% OT o0miero KonndecTBa CMOHTHPOBAaHHBIX) M BUAOB (%0 OT KOJH-
4YeCcTBa MpPE/ICTABJICHHBIX B MHBEHTAPU30BAHHOM 4acTh repOapus), pacrpeeeHHbIX 10 MOPsIKaM

Table 3. Number of mounted samples (percent of mounted samples) and submitted species (percent of species represented
in the inventoried part of the herbarium) distributed by orders

TTopsimox KomuaectBo 06pas3ios KomnnuectBo BHI0B
Order Number of samples Number of samples
1 Agaricales 1 (0.10) 1(0.33)
2 Arthoniales 10 (0.97) 9(2.94)
3 Baeomycetales 4(0.39) 4(1.31)
4 Caliciales 452 (44.05) 68 (22.22)
5  Candelariales 4 (0.39) 1(0.33)
6  Coniocybales 5(0.49) 3 (0.98)
7  Hymeneliales 1(0.10) 1(0.33)
8  Incertae sedis 1 (0.10) 1(0.33)
9  Lecanorales 305 (29.73) 109 (35.62)
10 Lecideales 15 (1.46) 5(1.63)
11 Monoblastiales 6 (0.58) 2 (0.65)
12 Ostropales 16 (1.56) 6 (1.96)
13 Peltigerales 238 (23.20) 53 (17.32)
14 Pertusariales 18 (1.75) 9 (2.94)
15 Pleosporales 2 (0.19) 1(0.33)
16  Pyrenulales 3(0.29) 1(0.33)
17  Rhizocarpales 4(0.39) 4 (1.31)
18  Schaereriales 3(0.29) 2 (0.65)
19 Teloschistales 60 (5.85) 15 (4.90)
20 Umbilicariales 24 (2.34) 11 (3.59)
21 Verrucariales 6 (0.58) 1(0.33)
Bcezo 1178 307
Total

Ipumeuanue. BoieneHpl HanboIee MPEACTABUTENBHBIC [0 KOIUYECTBY BUIOB U 00OPA3IIOB MOPSIIKH.
Note. The most representative orders in terms of the number of species and samples are highlighted.
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JAJIBHEBOCTOYHBIE YYEHBIE

Auexkcanap Bukroposud Poioun
(20.05.1958-11.01.2024)

UssecmHbili 8 Poccuu cnieyuanucm 8 obnacmu nemposio2uu u 8yr-
KaHoroauu, kaHOuGam eeosl020-MuHepano2u4eckux Hayk. Ha npoms-
xeHuu 20 nem sensnca pykosodumeriem nabopamopuu 8ynkaHomnoauu
u synkaHoonacHocmu UMIul” IBO PAH. OpeaHu3amop KOMI/IeKCHbIX
8ysIKkaHoIoau4ecKux akcrieduyuli 8 mpydHodocmyrHbie patioHs! Kypurb-
ckol ocmposHol Oyeu. Nod pykosodcmeom A.B. PbibuHa VMIHcmumym
npoeodun exez00Hble KOMIIIEKCHbIE Hay4YHble 3KCreduyuu o uccrie-
dosaHuto mpydHodocmyrnHbix ocmpoeos Kypurnbckol 2psidbl. C pasHol
cmerieHblo 0emarnbHOCMU 8bIMNOTHEHbI 8YJIKAHOI02UYECKUEe U 2e0MOp-
gornozo-zeonoeuyeckue uccredosaHusi Ha ocmposax Kynawup, Umypyrn,
Yupnod, Ypyn, Cumywup, Kemod, Ywuwup, Pacwya, Mamya, LLluawko-
maH, OHekomaH. OcHogamernb U pykogodumesib CaxanuHckol 2pyrrbl
peazuposaHus Ha eyrikaHu4yeckue u3eepxxeHust (SVERT) — eOuHcmeeH-
Hou e CaxanuHckol obriacmu cmpyKmypbi, 3aHUMatowelcsi MOHUMOPUH-
20M gyrnkaHu4yeckol akmueHocmu. Aemop u coaemop bonee 190 Hayu-
HbIX rybrukayud, Nocesau,eHHbIX pa3fudyHbIM acriekmam udy4eHus eyrKa-
Hu3ma Kypurnbsckoli ocmpogHol dyeu.

YOK 551.21 https://doi.org/10.30730/gtrz.2024.8.3.244-254

https://www.elibrary.ru/rwwhzh

KomnnekcHble BYriKaHOMorn4eckne nceregoBaHuns
Ha Kypunbckux octpoBax nog pykosoactsom A.B. PuibnHa

Complex volcanological studies
in the Kuril Islands under the leadership of Aleksander V. Rybin

CoBpeMEHHbBIN BYJIKaHM3M B ILIEJIOM M aK-
TUBHbIE BYJKaHbl KypHUIbCKON OCTPOBHOH Ayru
B YACTHOCTH HM3yYEHbl K HACTOSIIEMY BPEMEHHU
HEOCTaToYHO. Bo MHOTOM 3T0 00yCI0BIEHO 3HA-
YUTENBHOU MPOTSKEHHOCTBIO apxunenara, TpyI-
HOJIOCTYITHOCTBIO OOJBIIMHCTBA OOBEKTOB H3-3a
OTCYTCTBHS TPAHCIIOPTHOTO COOOILEHUSI U HENO-
CTaTOYHO pa3BUTONH BHYTPHOCTPOBHON HH(pa-
CTPYKTYpHI (IOCTOSIHHOE HaceJIeHUEe IPUCYTCTBY-
eT Toiabko Ha octposax Ilapamymmp, Htypyn,
Kynammp). 310 Kacaercs Kak IEJIbIX OCTPOBOB
(mperMyIIeCTBEHHO LEHTPAIbHOM YacTH JIyTu —
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[uamxkoran, Pacurya, Marya, Cumymup u ap.),
IUIAHOMEPHBIE T'€0JIOT0-BYJIKAaHOJIOTUYECKUE pa-
OOTBHI Ha KOTOPBIX OBLIM MPEKPAIIEHbI TIOYTH O~
BEKa Ha3aJ U B MOCIEAYIOLIUE TObI IPOBOIUINCH
B JIy4lIEM CIIy4ae 3MU301UYECKH, TaK U OTIEIb-
HBIX BYJIKaHOB, PACIIOJIOKCHHBIX Ha KPYIIHBIX 3a-
ceneHHbix octpoBax (ITuxk dycca, TarapuHoBa,
UBan ['posubiii, Arconynypu, JIeBunas IlacTs,
Pypyii u n1p.), nocenieHue KOTOPbIX BBUY OTCYT-
CTBHSI JOPOT TpeOyeT OpraHu3aLuy CIeIHaIbHbIX
JKCIIEIULUNA C HMCIOJIb30BAHMEM BOJOMOTOPHOM
WJIA BEPTOJIETHOM TEXHUKHU.

GEOSYSTEMS OF TRANSITION ZONES, 2024, 8(3)



KomnnekcHbie BYIKaHosiorm4yeckmne nccriegoBaHuA Ha KprﬂbCKMX OCTpoOBax rnoj pykosogcrtesom A.B. PbibuHa

Haunnas ¢ 2000-x rogoB Ha lleHTpasibHbIE
u Cesepuble Kypuibckne ocTpoBa, a Takke B TpyI-
HojocTynHble paiionsl HOxHbpIx Kypun Obuio
NpoBeAeHO OoJiee IBYX JECSATKOB KOMILJIEKCHBIX
BYJIKAHOJIOTMYECKUX 3Kkcnenuuuii [1-5], opranu-
30BaHHBIX 3aBEIYIOUIMM JlabopaTropuei BYJIKaHO-
noruu u BynkaHoonacHoctu UMIul' JIBO PAH
A.B. PpIOMHBIM. YCTPOMCTBO U MPOBEACHUE ITUX
SKCIIETUIINNA ObUTO HETPUBHAIBHOM 3aJaueid, co-
IPSDKEHHOM € PEIIEHUEM CIIOKHBIX OpraHU3alu-
OHHBIX U JIOTUCTHYECKHX BOIPOCOB, TPeOOBAIO
YIIOPCTBA U LEJIECYCTPEMIICHHOCTH.

Hacrosimee coobmienue mocBsAnieHo onuca-
HUIO SKCIEAMIUN U paboT, BBINOJIHEHHBIX OJia-
rogapsi SHTy3Ua3My Y4YE€HOr'O-BYJKAHOJIOTa U Op-
raHU3aTopa COBPEMEHHBIX BYJIKAaHOJOTUYECKUX
uccienoBannii Ha KypmibCckux octpoBax — AJiek-
canzpa Bukroposuua Pribuna.

Bynyuwmit Bynkanonor A.B. PriOun poaui-
cs B paiioHHOM LeHTpe FOpuHo, Ha necoyyacTke,
pacnojoXeHHOM Ha JieBoM Oepery Bonru (Ma-
puiickas ACCP, upiae — pecniy6nuka Mapuii D).
Ero ponureneil HanmpaBWiIM TyJaa MOCJIE OKOHYa-
Hus uHcTuUTyTa. C Tpex JeT KUl B pallOHHOM
neHTpe, yuwics B FOpuHckoil cpenHeil mikosie.
B nerctBe yBnekaics peiOankoil Ha Bonre, Oa-

CKETOO0JIOM, 3UMOM — JIbIKaMH (B LIKOJIbHBIE TOJIBI
IOJIyuns1 3BaHME KaHAWAaTa B MacTepa Cropra
o JBDKHBIM roHkam). [locie oxoH4WaHMs HIKO-
asl B 1975 1. mpo6oBai noctynuts B Mapuiickuit
MOJUTEXHUYECKUN MHCTUTYT, HO HE TMPOLIEN IO
KoHKypcy. C 1 ceHTa0ps Toro *e roga 1no KomMco-
MOJIbCKOM JINHUU OB HanpaBJieH Ha paboTy B Ka-
pachspcKyro cpenHioro mkoiny FOpuHckoro paiio-
Ha, re paboTan yuuteneM QU3KyJIbTyphl U TpyZa.
Pabotan Takke U Ha BaIsIIbHO-BOMJIOYHOM KOM-
6unare B noc. FOpuHo B nomkHOCTH QYpPHUTYD-
IIMKa KoxKrajganTepeitnoro nexa. Ocenpto 1976 r.
Ob11 ipu3BaH B psaasl CoBeTckoit apmun. Ciryx0y
npoxoaui B yuyeOHoM neHTpe B [lepecnanie-3a-
JIECCKOM, 3aT€M B CEKPETHBIX BOMCKaxX KOCMHYe-
ckoli cBs3u B I. KpacHosipcke. B 1978 . noctynun
Ha TOAroToBUTENbHOE oTaeneHue HoBocubup-
CKOT'O TOCY/IapCTBEHHOI'O YHHUBEPCHUTETA, a YEPE3
rofl, JOCTOMHO MPOWAsl BCTYNUTEIbHBIE UCIBITA-
HUs1, ObUT 3a4UCIICH HA TE0JIOTUYECKUH (haKyIbTeT
3TOr0 yHUBEpcHuTeTa (M0 CHEHUATbHOCTU «Ieo-
JIOTUYECKasi ChbEMKA, IIOUCKH M pa3BellKa MECTO-
POXICHUN TOJE3HBIX MCKOmaeMbIx»). [IpakTuky
npoxoaui Ha Anrae, Uykorke, Caxanune. C Ca-
XaJIMHOM OH CBsI3aJ1 CBOIO KHU3Hb, IOCBATHUB €€ 13-
YYEHHIO ByJKaHu3Ma KypHIIbCKHX OCTPOBOB.

PekorHocumMpoBo4YHbIE paboThl N0 M3ydeHUIo 6eperoBbix 0OHaXxeH 0. CumyLump ¢ 6opta manomepHoro cyaa, 2011 r.
®omo A.B. [Jeemepeesa

Reconnaissance to study coastal outcrops on Simushir Island from the board of a boat, 2011. Photo by A. Degterev
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[Tocne okoH4YaHHMS YHMBEpCHTETa IO pac-
npeaeneHuo ObUT HampaBieH Ha pabory B Ca-
XaJMHCKUH  KOMIUIEKCHBIA  HAy4YHO-UCCIIEN0-
BareabCKuii MHCTUTYT Akanemun Hayk CCCP
(CaxKHMU ABHI] AH CCCP), xoTopslii B TOM
&Ke rony OblT mepeMMeHoBaH B WHCTHTYT Mop-
ckoit reostoruu U reodpusuku (MMI'ul’) Hanbue-
BoctoyHoro HayuHoro 1earpa AH CCCP (ubine
UMTI'ul’ IBO PAH). 19 centsa0ps 1984 1. Anek-
canap BuxTtopoBu4 ObLT 3a4mciieH B jaboparo-
pHIO reosloTHdecKkux (opMmanuii Ha JOIKHOCTh
UHXXEHEpa, B KOTOPOM MO TPYIOBOMY JOTOBOPY
NOJbKEH ObLT mpopaboTtaTh Tpu roaa. Ilepsoie aBa
rojga paboThl IMOJ PYKOBOJICTBOM 3aBEIyHOIIETO
naboparopueit k.r.-mM.H. O.A. MenbHUKOBa 3aHU-
MaJicsi (GOpMAIMOHHBIM aHAIM30M KaifHO30MCKUX
oOpa3zoBanmii Kamuarku.

B 1986 . B cBsA3M ¢ peopranuzanuei cTpyk-
TYpbl HHCTUTYTa OB MEpeBe/ieH B 1aO0paTopuio
METPOJIOTHH W TeOXUMUHU (3aB. jabopaTopueit
n.r.- M.H. b.H. Iluckynos). K satomy BpemeHnu
c(hOpMHUPOBATIUCH €r0 Hay4HbIe MHTEPECHI, CBs-
3aHHBIE C U3ydYeHHEM BynkaHu3Ma Kypuibckoit
octpoBHOi myru. [lepBeie TOABI PabOTHI ObLIH
MOCBSILIEHBl MCCIEIOBAaHUSAM MPUPOABI KHUCIOTO
ByJIKaHU3Ma.

N3 xapakrepuctuku A.B. PwiOuna ot
22.10.1986 r., cocraBnenHoit b.H. [TruckyHOBbIM
«...B manpHeiimem uHTEpechl A.B. PriOuna cBs-
3aHBbI C IETPOJIOTUEN BYJIKAHUYECKUX KOMIIJIEKCOB
W MHTPY3UBHBIX MacCMBOB KypuibCKux ocTpo-
BOB. Biaseer coBpeMEHHBIMU METOAMH MHUHE-
PaJIOTUYECKOTO U MEeTPOrpapuueckoro aHaINu30B,
CTaTUCTUYECKOW 00pabOTKH pe3yIbTaToOB HAOIO-
neHuid. I'myGoko mo3Hasn ocHOBBI reonorun Ky-
PUIIBCKUX OCTPOBOB M CBOMMM MCCJIEIOBAaHUSIMU
BHOCHUT BKJIaJl B COBEPIICHCTBOBAaHUE 3HAHUI MO
310l mpobneme. B skcnequuumsax 1985-1986 rr.
BBITIOJIHST CAMOCTOSITENIbHBIE 33/1aHUS U TIPOSIBUIT
cebs Kak KBaJu(UIUPOBAHHBIA MHHUIIMATUBHBIH
COTPYIHHUK...».

B 1989 r. nauan paboty Haj KaHIWUIAT-
ckol  muccepranueid. HaydyHbIMHM  pyKOBO-
nutensmu Obmu A.T.-M.H. b.H. IluckyHoB wu
n.r-m.H. [.b. ®epurrarep (MHCTUTYT reonoruu
U reoxuMuu uM. akajgemuka A.H. 3aBapuiikoro,
ExarepunOypr).

3a 9TO BpeMsi MOBBICHIICS NMPOQeCcCHOHATb-
HBI YPOBEHb M OIBIT €r0 Hay4yHOU paboThl, MojI-
KpeIUIIeMBIN PETYISIPHBIMH ITOJIEBBIMU paboTaMu
Ha Oxnbix Kypunax. B xapakrepuctuke auc-
CepTaHTa OTMEYAJIOCh, YTO B MPOLECCE TITyOOKOTO
M3Y4YEHUS TPAHUTOUIHOTO MarMaTu3Ma «MM ObLIO
000CHOBAHO BO3PACTHOE PACUJIICHEHNE HHTPY3HA,
BIIEPBbIE JIETaJIbHO OMHMCAaH COCTaB amQpuOOIOB
Y TMUPOKCEHOB, U3Y4YEeHbl B3aMMOOTHOIIEHUS (a3
BHEJIPEHUI M COOTHOUIECHUS MHTPY3HUM U ByJKa-
HUYECKHUX ITOPOI» .

B 1998 r. B jguccepralliOHHOM COBETE
JABT'U IBO PAH A.B. Ppibun 3amuTun KaHau-
JATCKyl0 aucceprauuio Ha Temy «Heoren-uer-
BEPTUYHBIA KHUCHBIM MarmarusM Kypuibckoit
OCTPOBHOW JYrW», OCHOBHas I€Jb KOTOPOW 3a-
KJII0Yaiach B YCTAHOBIEHMHM 3aKOHOMEPHOCTEH
MPOSIBIICHUS. U YCIOBHUH (DOPMUPOBAHMS KHUCIIBIX
nopon B npeaenax KypuiabCckoil OCTpOBHOM AyTH.
B ocHOBy paboThl ObUT MONOXKEH (aKTHUECKHIA
MaTepuall, MOJyYEHHBIN BO BpeMs MOJEBBIX padOT
1986—-1998 rr. Ha octpoBax Kynammup, Utypym,
VYpyn, Cumyiup, Uuproit B cocTaBe IKCIEANITII
UMTIul’ IBO PAH. B nuccepranmonHnoit pabote
OBLI0 MCTONBE30BaHO 250 HOBBIX aHAIM30B (TIe-
TPOTEHHBIE OKHUCIIBI U MUKPOAJIEMEHTBI) U OKOJIO
400 MHUKpPO30HJIOBBIX ONpEEJIEHUN cocTaBa Io-
pomooOpa3yronux MuHepasioB, 20 omnpenencHui
abcomotHoro Bo3pacta K-Ar-meromom, 36 aHa-
JM30B Ta30BOM (a3bl B MOpoAax U MHUHEpayax.
[To pesynsraram arrecranuu 1 centsiops 1999 r.
A.B. PriONH mepeBesieH Ha TOHDKHOCTH CTapIie-
rO HayYHOT'O COTPYAHHUKA J1JaOOpaTopuu reooruu
OCTPOBHBIX JAYT.

Paborer A.B. PriOuHa, BBIOJIHCHHEBIC
Ha 3TOM OJTale, BHECIU 3aMETHBIM BKJIaa HeE
TOJIBKO B pelieHue (yHIaMEHTANbHBIX MpoOiIeM
OCTPOBOJY’KHOTO BYJIKaHHW3Ma, CBS3aHHBIX C IO-
3HaHHEM MPUPOAbI (HOPMUPOBAHUS KHUCIBIX IO-
pon KypuibCckoil OCTpOBHOM AYrM U UX NETPO-
JIOTO-TEOXUMUYECKUX U MUHEPATOTHYECKUX 0CO-
OeHHOCTEH [6, 7], HO ¥ B U3yUYCHHUE MPAKTUUECKUX
BOIIPOCOB TE€OJIOTHH, TAaKUX Kak PyJOHOCHOCTb
Marmatudeckux oOpasoBanuii [§8]. B wacTHOCTH,
UM coBMecTHO ¢ B.Sl. JlaH4ueHKO, uaeHHbBIM JIHIe-
POM U HHULIMATOPOM MU3YUYEHUsI PyAHOTO MOTEHLIU-
ana BynkaHuToB Kypuibckoit 1yru, Opliu oxapak-

* W3 muaHoro nena Peiouna A.B. (Apxus UMI'nl” IBO PAH. @. 1. Om. Ne 5. /1. 186).
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TEpU30BAHbl T€OXMMHYECKHE aCCOLUAINU, MHU-
HEpaJbl-HOCUTEIN U T€OJOTHYECKOE IMOJIOKEHHE
PYAOIPOSIBICHHM, COACPKALTUX PEIKHE METAJUIbI
B BHJIC MHUHEPAJIBHBIX WM U30MOP(HBIX IPUMeE-
ceil B THITMYHO OCTPOBOJY>KHBIX 30JI0TO-CepeOpsi-
HBIX, KOJYEIaHHO-IIOIMMETAININYECKHUX M WHBIX
pyaax, a Takke B COOCTBEHHO PEIKOMETATHHBIX
MpOSABIICHUSIX. BBIsIBIEHO MIMPOKOE pacmpocTpa-
HEHHE PEHUEHOCHOM MuHepanu3zauuu Ha Ky-
PUIIBCKUX OCTPOBAx W MPOBEICHO CPAaBHEHHUE IO
COCTaBy MOJINO/ICH-PEHUEBBIX MHHEPAJIOB U Py
Kypunbckux oCTpOBOB € pylaMH PEHHEHOCHBIX
MECTOpOXKACHUN Mupa. B HacTosiiee BpeMsi 3Tu
pe3yJIbTaThl UCIIOJIB3YIOTCS MPOU3BOJACTBEHHBIMU
OpraHu3aIUsIMU TPU TPOBEICHUN TTOUCKOBO-Pa3-
BeZOYHBIX paboT Ha KypHuiibckux ocTpoBax.

B 2000 . A.B. PeiOun ObUl Ha3HaueH Ha
JIOJDKHOCTh 3aBEIYIOIIETO J1abopaTtopueii ByJKa-
HOJIOTMH U ByJIKaHOOmNacHoCTH. K 3ToMy BpemeHn
€ro Hay4YHbIe MHTEPEChl CMECTHJIUCh B CTOPOHY
MpoOJIEMaTUKN COBPEMEHHOTO aKTUBHOTO BYJI-
kaHm3Ma. B 2003 r. mo ero MHMIMATHBE Ha Oa3e
UMI'ul” IBO PAH co3naerca CaxanuHckas rpyI-
Ma pearupoBaHus HA BYJKAHWUYECKUE H3BEpPIKE-

Hus (Sakhalin Volcanic Eruptions Response Team
(SVERT)) [9], pyxoBoauTeneM KOTOPOil OH OCTa-
Basica 10 2020 r. Pabora no co3nanuto CaxanuH-
CKOH IpyHIibl pearipoBaHus Ha ByJIKAHUYECKHUE 13-
BEp)KEHHS HAa HAYaJbHOM JTalle OCYIIECTBISUIACH
coBMecTHO ¢ CaxanuHckuM ¢uinanom denepaib-
HOTO HCCIIeIOBaTeNIbCKOro 1eHtpa EauHoil reo-
¢uznueckoii ciry:k661 PAH (CO ®ULL EI'C PAH)
u OI'Y HIII «Pocreondonm mnpu momaepxrke
AJSICKUHCKOW — BYJIKaHOJIOTMUYECKOW 0OcepBaro-
pun (Alaska Volcano Observatory (AVO), Univer-
sity of Alaska, Fairbanks) nu Kamuarckoii rpymisl
pearupoBaHUs Ha BYJIKAaHUYECKHE W3BEPIKEHUS
(KVERT)  (http://www.imgg.ru/ru/teams/svert).
B mnacrosmee Bpemsa SVERT ocraercst egun-
CTBEHHOH CTPYKTYpOM, OCYILECTBIIAIOIEH MOHU-
TOPUHT BYJIKAHMYECKOW aKTUBHOCTH HA TEPPHUTO-
pun CaxaauHCKOW 00JIaCTH, UCTIONB3YS IS TO-
ro TIaBHBIM 00pa3oM JIaHHBIC UCTAHIIMOHHOTO
30HAMPOBAHMS (CITyTHUKOBBIE CHUMKH CPETHETO
1 BBICOKOTO pa3perieHus).

B 510 %€ Bpems, coBMECTHO ¢ JlabopaTopu-
eit maneoreorpadgun THXOOKEAHCKOTO MHCTUTYTA
reorpadun JIBO PAH, nauatel paboTel 1o pe-

BynkaH KyopsiBeinn, o. Typyn, 1997 . ®omo A.B. PbibuHa
Kudryavy Volcano, lturup Island,1997. Photo by A. Rybin
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KOHCTPYKIIMH UCTOPHH BYJKaHUYECKON aKTUBHO-
CTH W Pa3BUTHUS MPHUPOIHON cpeanl Kypunbckux
OCTPOBOB B IUICHCTOIICH-TOJIOIIEHE Ha OCHOBE
Te(PpOXpPOHOJIOTHYECKHX | Tajeoreorpadpuye-
CKUX METOJIOB.

B 2006-2008 rr. A.B. Peibun siBisuicst Ha-
YaJIbHUKOM  BYJIKaHOJOTHMYECKOTO OTpsAla H
B 2007 . KOOPAMHATOPOM C POCCUNCKOM CTOPO-
HBI JKCIeTuIIMOHHON yacTu «Kypuibckoro Ouo-
KOMITJIEKCHOTO TIPOEKTa: 4eJloBeuecKas ys3BU-
MOCTh U CIIOCOOHOCTh K BOCCTAHOBJICHHIO MPH
CyOapKTHUECKUX HW3MEHEHUsAX», (uHAHCHpYe-
Moro HammonanbHbiM HayuHbIM (onmom CIIIA
(NSF  ARC-0508109  (https://www.nsf.gov/
awardsearch/showAward?AWD [ID=0508109),
pykoBonutenb — b. ®uixpio, BammHITOHCKUIA
YHHUBEPCUTET). DKCHeAUIMU B pamkax Kypuib-
CKOTO OMOKOMILIEKCHOTO TPOEKTa, MpEeACTaBIs-
IOLIET0 YHUKAIbHOE MEXIUCUUIUIMHAPHOE I10-
neBoe wuccienoBaHue KypuilbCKUX OCTpPOBOB,
MIPEANPUHSTOC TSI U3YICHHS UCTOPHUH 3aCEICHUS
U CBA3aHHOW C HUM TUHAMHKHU B3aUMOACHCTBUS
YelloBeKa ¢ OKpyxkaromieit cpenoit [10], 6e3 mpe-
YBEJIMYCHHS CTAJIM 3HAKOBBIM COOBITHEM JJIs Ha-
YK OCTPOBHOT'O PETHOHA.

Ha TpynHOIOCTYIHBIX M OTAAJIEHHBIX OCTPO-
Bax OBLIM MPOBEICHBI KOMIUIEKCHBIE HCCIIEIOBA-
HUS, B KOTOPBIX IPUHUMAJIA YYaCTUE apXEOJIOrH,
T€0JIOTH, BYJIKaHOJOTH, maneoreorpadsl u3 YHU-
BepcuteTa mrara Bammunarron (r. Custi, CIIA),
VYHupepcutera mnpedextypbl Xokkaimo (Smo-
Hust), CaxalnHCKOTO OOMACTHOTO KpaeBeq4ecKo-
ro My3es, akajgeMudeckux HHCTuTyToB J[BO PAH
(UMTul, TUI, NBuC, CBKHUWN) [1-3, 11].
BynkaHonoruueckuM OTpsiioM B paMKax MpPOEKTa
OBLITM TOJIYYeHBl YHUKAJIbHBIE JAaHHBIC, XapakTe-
PHU3YIOLIME COBPEMEHHYIO U TOJIOLIEHOBYIO BYJIKA-
HUYECKYIO aKTUBHOCTb Ha OCTpoBax Ypym, Cumy-
up, Kerolt, Slukuua u Peinonkuya (o-Ba Yiuu-
mmp), Pacurya, Marya, Illuamkoran, OHeKoTaH.
CBeneHust O COCTOSTHUM aKTUBHBIX BYJIKAHOB OBLITH
TIOJIYYE€HBI BIIEPBBIC 32 HECKOJIBKO JIECATKOB JIET,
a reoMop(hoNIOro-ByJIKAHOIOTUYECKUE U TAJIeo-
reorpadudeckre paboThl sl OOIBIIUHCTBA 00b-
€KTOB CTaJIM MMOHEPHBIMH, 3aJI0)KUB OCHOBY IS
JaJbHENIIIeT0 N3y4eHHs dTHX 00beKToB [ 12—15].

11-19 urons 2009 r. va LlenTpanpHbix Ky-
PUIBCKUX OCTPOBax IPOMU30IUIO MOLIHOE 3KC-
103UBHO-3(G(GY3UBHOE  HM3BEPIKEHUE  BYJIKaHa
[Tuk CapbrueBa Ha 0. Marya, 0JJHO U3 CaMbIX CHJIb-

YuacTHukn akcneguumm «Kypunbckuii GuokomnnekcHbii npoekt — 2007». A.B. PeibrnH 4eTBepThIf cnpasa.
Participants of the expedition “Kuril Biocomplex Project — 2007”. Aleksander V. Rybin is fourth from the right.
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HBIX B PETHOHE 32 UCTOPUUYECKOE BpeMs (BIIEPBBIC
OTMeEUaJIMCh NerIonaasl Ha Teppuropun Caxanu-
Ha 1 XabapoBckoro kpasi). OHO BOILIO B YUCIIO
10 Haubosnee KpyNHBIX U3BEP)KEHUN MHpa 3a Io-
cieanue 50 et no 06beMy BHIOPOLICHHOTO HOK-
cuna cepsl (1 muH T). [lepBbie mpU3HAKU TOTOBS-
IIETOCS U3BEPKEHUS ObLIN 3a(DUKCHUPOBAHBI TPYTI-
noii SVERT: Ha cnyTHukoBbiX cHUMKax NOAA
AVHRR u Terra MODIS 3a 11 utons 2009 r. 6s151a
BBISIB/ICHA TepMajbHas aHOMAaJUs, CBHJIETElb-
CTBYyIOIIass 00 YCWJIEHHUHM TEIJIOBOTO H3Iy4YeHHS
B KpaTrepHOW 30He ByikaHa. [lon pykoBoncTBOM
A.B. PribunHa Oblma opraHu3oBaHa AKCTpPEHHAs
OKCHENULUS 10 M3YUYEHUIO IOCJIEICTBUI 3TOTO
HEOPIMHAPHOTO BYJIKAHHMYECKOTO COOBITHS, B KO-
TOPOW NPUHSIM y4acTHE COTPYJHHUKH HE TOJIBKO
UMI'ul, Ho u apyrux uncturytoB JJBO PAH —
TUT, UAITY, TOU um. B.W. Unbuuena [11].

B xome pabot, mpoxomuBmmx ¢ 26 1O
28 utons 2009 1., ObUIM MOTYYEHBI YHUKAIbHbIC
MaTepuaibl, TMO3BOJSIONINE OXapaKTepU30BaTh
(danmanbHbI U BEIECTBEHHbIM COCTaB MPOIYK-
TOB HM3BEP)KEHHUS, OLIEHUTHh €ro I'e0JOrMYecKuil
u skosiornyeckuil a¢pdexrel. Kpome Toro, B yc-
JIOBUSX CXKAaToro rpaduka M CIOKHBIX YCIOBUH
YAAJIOCh BBITIOJIHUTH PEKOTHOCIIUPOBOYHBIE TE(-
POXPOHOJIOTHUECKHUE  HCCIICIOBaHMsA, Halpas-
JICHHBIE HAa U3y4YEHUE aKTUBHOCTHU ByakaHa [Iux
CapblueBa B [103JHEM I0JIOLEHE. DTH JJaHHBIE I10-
CJIy’KWJIM OCHOBOM JUIsl OpPraHU3alluy JeTaIbHBIX
paboT Mo KOMILJIEKCHOMY H3y4YeHHIO 0. Marya
B 2010 r, momyyuBIIUX (PUHAHCOBYIO MOZIIEPIK-
Ky B pamkax rpantoB /IBO PAH («Kommiekc-
HOE Te0JIoro-reopu3nueckoe Uccie0BaHue ByIl-
kaHnyeckoro nenrpa [luk CapeiueBa — OcTpOB
Marya Kak 3TaJOHHOTO JOJTIOXKHUBYILEro IIEHTpa
Cpennux Kypum», Ne 10-11I-/1-08-043) u PODU
(«Cunpuple usBepkeHus: ByinkaHa Iluk Capsl-
YyeBa B T'OJIOLEHE M OLIEHKAa MX BO3JCHCTBUS Ha
okpyxaromryto cpexy», Ne 10-05-00797-a). Ho-
CTaBKa BYJIKaHOJIOTMYECKOTo OTpsiia Ha 0. Marya
B 2010 r. oGecneunBanach MapyCHbIM y4eOHBIM
cyaaom «Hanexna» MoOpCKOro rocynapcTBEHHO-
ro yHusepcutera (MI'Y) um. agmupana ["1. He-
Benbekoro (I BiaanuBoctok). B cocraB skcnenu-
LMY BOILIM cOTpyaHuKU nHctuTyToB JJBO PAH
(UMTI'ul, UBuC, TUI') u 3apyOexHbIe KOJIJIETH
U3 YHUBEPCUTETOB IITAaTOB Assicka (I. PepOeHKC)
u Bammnrron (r. Custin, CIIA). B Teuenue aB-

XPOHUKA HAYYHOW XXU3HN 249

rycra 2010 . ObUIM BBITIOJIHEHBI WUCCIIEAOBAHUS
IJICHCTOLIEH-TOJIOLIEHOBOIO ByJIKaHU3Ma 0. Marya
Y MPOJOJKEHO U3yUYEHHE MOCIIEICTBUNA MOILIHOTO
AKCIUTO3UBHO-3() (Dy3MBHOTO N3BEPKEHHS BYJIKaHA
[Tux Capsbiuena.

B pesynbrare npoBEAEHHBIX HCCIEAOBAHUN
OblJ1a PEKOHCTPYHPOBAHA MCTOPHUS DKCIUIO3HB-
HOM akTMBHOCTH ByJkaHa [Iuk CaperueBa B ro-
JIOIICHE W TMOJY4Y€Hbl MPEUU3HOHHbIE AHAJIUTHU-
YEeCKUE JIaHHBIE, XapaKTEPU3YIOLIUE SBOJIIOLIMIO
MarmMaTMueckoro odvara BynkaHa. [lameoreo-
rpaduueckue paboThl Jaiu BO3MOXKHOCTH OoJjiee
MIOJIHO OXapaKTEepHU30BaTh TOJIOLEHOBYIO BYJIKa-
HUYECKYI0 aKTUBHOCTb Ha 0. MaTya U OLICHUTh
€€ BIIMSIHUE Ha Pa3BUTHE IPUPOAHOU cpenbl. Kpo-
M€ TOTO, BIIEPBBIC BBIMOIHEHBI U30TOMTHO-TEOXH-
MUYECKHE HCCIEIOBAHUS PA3HOBO3PACTHBIX (-
(dy3uBHBIX 00pa3oBaHuii 0. Marya, TO3BOJIUBIIIHE
BBIJICJINTh OCHOBHBIE 3TAIlbl MarMaTH4eCKOM 3BO-
JIOLMU CYOMYKIIMOHHOM cucTeMbl. B gacTHOCTH,

BynkaHonornyeckuit otpsg Ha o. Matya, 2009 r.
Ha 3agHem nnaHe — BeplumHa ByrnkaHa lNuk CapblyeBa,
2009 r. ®omo H.I. Pa3sxuzaesoli

Volcanological team on Matua Island, 2009. The top of the
volcano, Sarychev Peak, is on the background, 2009.
Photo by N. Razjigaeva
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OBLIO MOKa3aHO METPOJOTHUYECKOE CXOJCTBO IO-
POJ LIEHTPaAJIBHOTO U CEBEPHOT0 3B€HbEB Kypuiib-
CKOW OCTPOBHOM JyTH, YTO CBUIETEIHCTBYET 00
ux (HOpMUPOBAHMH HAJ| «TOPSUC» TEOXUMHUYE-
CKM 00O0TaIIeHHOW, W30TOMHO-IEIUIETUPOBAHHOM
nutochepHoit MaHTHEH. M3MeHeHus cocTaBoOB
BYJKaHHUYECKUX MOpoJ 0. Marya B ruieicroneHe—
TOJIOLIEHE JAal0T OCHOBAHME INpEAroiararb cMe-
HY T€OJMHAMHYECKOTO pexuma (pOopMHUpOBaAHUS.
Taxxe B X0/€ IKCIETUIIUN «IIOMYTHOY» OBLIN U3-
YUYEHBI MTOCIECTBUS (PpeaTHuecKoro N3BEPKEHUS
ByJikaHa Jkapma [16].

B urone—utone 2011 r. na Llenrpanbubix Ky-
PUIBCKHX OCTPOBAaX COBMECTHO C KOJUIETAMHU M3
NBuC JABO PAH npoBoaminch KOMILIEKCHBIE
re0JIOrO-BYJIKAHOJIOTMYECKUE U TePPOXPOHO-
JIOTUYECKUE HCCIEAOBAHUS C LEJIbI0 W3Y4YEHUs
SPYNTUBHOU UCTOPUU YETBEPTUYHBIX BYJIIKAHOB O.
Cumymmp. OCHOBHBIMU OOBEKTAMHU JKCIICTUITH-
OHHBIX PabOT ObUTH JACHCTBYIOIIHE ByIKaHbI [Tnk
IIpeBo u 3aBapunkoro. Takxe Oblna MccienoBa-
Ha Kajpaepa bpoyToHa ¢ BHYTpEHHUM KOHYCOM
VYparmaH, He OTHOCSIIASCA B HACTOSIIEE BPEMs
K JEHCTBYIOUIMM ByJIKaHaMm. B xoxe skcneauuu-
OHHBIX paboT u3yuyeHo Oonee 20 pa3pe30B Io-
YBEHHO-TTUPOKIIACTUYECKUX YEXJIOB, BCKPBHITHIX
3a4UCTKaMH 1 IIypdhaMu MOITHOCTHIO 4—7 M. 3Ha-
YUTeNbHAsl UX 4YacTh (PUKCHUPOBaJa SPYyNTHBHYIO
NeSITEJIbHOCTh BYJIKAHOB 3a JIOCTaTOYHO JUTUTENb-
HBII [EepUOJl BPEMEHH, MO0 HAIIUM MPEAOI0kKe-
HUSIM — 0KoJIo 10-12 TrIc. neT. Kaxkaplii oTnesnsn-
HBIN pa3pe3 ObLIT IeTalbHO ONMKUCAH U ONPOOOBaH.

B 2012-2014 rr. Bynkanonoru UMI'ul” /IBO
PAH comectHo ¢ komneramu u3 JIBI'Y JIBO PAH
M3y4yaJql  HEOTEH-YETBEPTUYHBIM  BYJIKAaHU3M
0. KyHammmp u mueicToneH-TolIoOUEeHOBYIO aK-
TUBHOCTb JICUCTBYIOIMX BYJIKaHOB TsATa m Men-
neneeBa. bpuium mpoaoimkeHbl paboOThl, HAadarble
B OKPECTHOCTSIX ByJKaHa TATd 1Mo WHULIMATHBE
A.B. Pei6ouna B 2002 1., koraa ObLIA OIMCAHBI I10-
YBEHHO-NIUPOKJIACTUYECKUE YEXIIBI B pailoHe Yp-
BHUTOBO U Bomonazaa [Ituuuii. B pesynbsrare Oblna
MOJTy4Y€Ha CepHsl HOBBIX PaaUOYIIIEPOAHBIX AT,
XapaKTepU3YIOIINX aKTUBHOCTh BYJKaHa C KOHIA
IJIEHCTOIIEHA.

Kpome TOro, B 3TOT mepuoj 1o MHULIKAATH-
Be A.B. PriOnHA COBMECTHO C MPEICTAaBUTEISIMU
Kypuibckoit mporpamMMbl 0CyIIECTBIISUICS TTOUCK
MEePCHEKTUBHBIX TUIOLIAJOK JJI1 YCTAHOBKH CEHC-
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MUYECKUX CTAaHLMW, IJIAHUPYEMBIX K pa3BEPTKE
reopu3nUecKoll CEeTH MOHUTOPHHTa CeHcMHYe-
CKOH M BYJIKAHUYECKOW aKTUBHOCTH HAa OCTPOBax
Kynammp u Utypyn (k coxasieHHIo, IPOEKT He
MOJTYYHJT PA3BUTHS).

B 2015 r. mon pykoBoactBoM A.B. Pribuna
OCYILECTBIICHBl KOMIIJIEKCHBIE HAa3€MHBIE T€0-
J0ro-reopu3nYecKue U TeOdKOJOTUUECKUE UC-
ClIeZIOBaHMsI 10 OOOCHOBAHMIO BBIOOpA TECTO-
BBIX YYaCTKOB Ha OcTpoBax KypHIIbCKON rpsiabl
JUISL TIPOBEIEHHUs TMOJEBbIX HA3€MHBIX HCIIbI-
TaHUH CHEKTPAJIBHOIO amlapaTHO-IPOrpamMMm-
HOro KomIulekca B pamkax mpoekra HHUOKP
«Monutopunr-CI'» (3aka3zunk — l'ocymapcTBeH-
HbIiI KOCMHUYECKHI Hay4YHO-IIPOU3BOACTBEHHBIN
nentp uMm. M.B. Xpynnuesa) [4]. B xoze mosieBbix

Pa6oTbl no onncaHuto n onpoboBaHMO NOYBEHHO-NUPO-
KINacTU4ecKoro Yexra B LeHTpanbHoi Yactu o. Cumyump,
2011 r. @omo A.U. Nacbko
Description and sampling of the soil-pyroclastic cover in the
central part of Simushir Island, 2011. Photo by A. Pasko
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paboT ObLIM 00CIIeIOBAaHBI TECTOBBIE YYaCTKU Ha
octpoBax Utypyn, Ypyn, Yupnoii, Cumyuup,
Sukuua, Yupunkoran, llunamkoran, OHekoTaH,
XapumkoTaH u Atnacosa. B coctaB skcneauuuu
BXOJWJIH CHEIUATNCTBI U3 HAYYHBIX YUPEKIACHUI
Poccun (UMTI'ul" IBO PAH, IBI'Y /IBO PAH,
WUI'EM PAH, HUN KC um. A.A. Makcumona —
¢wimana IKHIIL[ um. M.B. Xpynuuesa) u Pe-
cnyonuku benapycs (BI'Y), a Takxke kuHOTpynma
«enrprayudmibmy. TexHUUecKUM 3amaHuEM
ObuTO0 ompezeneHo oOcienoBaHue 12 y4acTKoB
B 30HAX BYJKAHWYECKOW U CEUCMUYECKON aKTHB-
HOCTH U BBIOOp M3 HUX YeThIpeX Hambosee Tu-
MUYHBIX, XapaKTepU3YIOUNX JaHImadTHyo 00-
ctaHoBKy lOxHbIX, LlenTpanbubix u CeBepHbIX
Kypun. [IpoBeaeHo uzydyeHue CreKTpaJbHbIX Xa-
PaKTEPUCTUK MIPUKPATEPHBIX YACTEW U OKPECTHO-
CTel aKTUBHBIX BYJKAaHOB 3KCIEPUMEHTAJIbHBIM
CIIEKTPAJIbHBIM alNapaTHO-IPOrPaMMHBIM KOM-
I1eKcoM. JleTasbHbIe BYJIKAHOJIOTMUECKHE HCClle-
JIOBaHMS BKJIFOYAJIM U3y4yeHHe (aluaibHOro U Be-
LIECTBEHHOIO COCTaBa MPOAYKTOB 3pPYNTHUBHOMI
JEeSITeIbHOCTH, OLEHKY TIeoJI0ro-reoMopdoioru-
YECKHUX U T€OIKOJIOTHIECKUX 2PHEKTOB U3BEPIKE-
HUW U COBPEMEHHOTO COCTOSIHUSI aKTHBHBIX BYJI-
KaHOB KypuiabCKHUX OCTPOBOB, OLIEHKY IOCIE.-
CTBUH HEJAaBHHUX HU3BEpPKEHUU BYyJIKaHOB CHOY,
Yupunkoran, Kynpsssiii. Kpome toro, Bnepsbie
Obula BBIMOJHEHAa JeTalbHas OaTUMeTpuye-
CKasl cheMKa KajbAepHoro ozepa Kombreroe Ha
0. Onekoran (Ceepnble Kypuiel), B pesysbra-
T€ KOTOPOM YCTaHOBJIEHO, YTO OHO B HACTOsALIEE
BpeMsl 3aHHMAET YETBEPTYIO MO3ULUIO B CIIMCKE
ryOouaiimux o3zep Poccum u gBisieTcs caMbiM
r1y0okum o3epoMm JlampHero Bocroka Poccun u
KpynHeHmmm o3epoM CaxaauHCKON 001acTH.

B nepuog ¢ 1 utons no 3 urona 2017 r. co-
tpynauku UMI'ul' IBO PAH npunumanu yuya-
CTHE B JKCIETUIIMOHHBIX paborax Ha o. Marya
(Ilentpanbuble Kypunbckue ocTpoBa), KOTOpBIE
MIPOBOJMJINCH B paMKax peanu3aliy I'paHTOBO-
ro mpoekra Pycckoro reorpaduyeckoro ooiie-
ctBa (PI'O) «KoMruiekcHbIE BYJIKAaHOJIOTHYECKHE
U Te03KOJIOTHYEeCKHEe HcciieloBaHus Ha 0. Marya
(Cpennue Kypuibckue ocTpoBa): CHIIBHBIE IKC-
IUI03UBHBIE U3BepkKeHUs ByskaHa [Iuk CapbrueBa
B BEPXHEM IUIEHCTOLEHE — FOJIOLICHE U OLIEHKA UX
BO3CHCTBHS Ha OKpyxarouryro cpexy» (https:/
wWww.rgo.ru/ru/granty/grantovyy-konkurs-2017)
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[5]. B cocraB 3KCHEAUIIMOHHOTO OTpsija OT
UMIul" IBO PAH Bouinu 6 genoBek. JlocTtaBka
B paiioH MpPOBEAECHMS HUCCIIEIOBAHUN OCYIIECT-
BISTACh Ha OOJIBIIOM JI€CaHTHOM Kopalie «A-
mupan Hesenbckoit» Tuxookeanckoro ¢uoTa
(TO®) B pamkax coBMECTHOM 3Kcnenuuuu Mu-
HucrepctBa oboponsl Poccuiickoit deneparum,
PI'O u TO®. OcHOBHBIMHU 3aJavyaMi dKCIIETUIIAN
2017 r. ABIANMCH TEOJOr0-BYJIKAHOJIOTHYECKOE
KapTHpOBaHUE OCTpOBOB Marya u TomopkoBbIi,
MaJICOBYJIKAHOJIOTUYECKUE UCCIIEIOBAHUs, BKIIIO-
YaoIIMe KOMIUIEKC  Te()pOXpOHOIOTHIECKUX
¥ TeOXMMHUUYECKUX paboT, HalpaBIEHHBIX Ha pe-
KOHCTPYKLIMIO 3PYNITUBHOM JESTEIIBHOCTH BYJIKa-
Ha [luk CapblueBa 3a MOCIEAHHUE THICAUYECICTHS,
U OILICHKa ByJKaHW4Yeckou omacHoctu [17]. Ot-
METHUM, YTO MapajuieIbHO Ha OCTPOBE MPOBOIUIN
paborty erie 1Ba MoyeBbIX oTpsAga: CaxalanHCKOTO
obmnactHoro kpaeBemaueckoro myses (FOxHo-Ca-
xanuHcK) u ['eorpaguueckoro daxynsrera Mo-
CKOBCKOTO TOCY/IapCTBEHHOTO YHHUBEPCUTETA M.
M.B. JlomonocoBa (Mockga).

B 2017-2019 rr. A.B. PpiOun 3aHsjcs ax-
TUBHBIM H3YYEHHUEM KaTacTpPOPUUECKUX IKC-
IJIO3UBHBIX U3BepkeHuil 0. Utypyn. CoBMecTHO
¢ xomteramu u3 ULI'M CO PAH um. B.C. Cobo-
neBa (r. HoBocuOupck) u3yuyeHbl KallbJE€pHbIE
M3BEP)KEHUsI ByNKaHOB BerpoBoro m JlpBuHas
ITacTs. B yacTHOCTH, MOTY4YEHBI NIEPBBLIE JaHHBIE
0 BO3pacTe, BEIIECTBEHHOM COCTaBE U MPUPOAE
MOIIHBIX KaJIbJIEPHBIX U3BepkeHUu. Kpome Toro,
C TIOMOIIEI0 Te(HPOXPOHOTOTHIESCKUX UCCIIEI0BA-
HUW ¥ PaUOYTIEPOJHOTO JATUPOBAHUS M3YUCHBI
TOJIOLICHOBBIE TMEIJIONaAbl LIEHTPAJbHON 4YacTH
o. Utypymn [18, 19].

ITo naunmaruse A.B. PeiOnna 1o enuHOM Me-
TOJIUKE MPOBEAEHBI KOMIUIEKCHBIE MCCIIEOBAaHUS
Y TUMH3AIUS TePMATbHBIX BOA U CONIb(haTapHBIX
razoB Caxannna u FOxubIX Kypuiabckux ocTpoB.
Brigeneno TpuHaauaTte TUAPOXUMHYECKUX TH-
OB TEPMAJIbHBIX BOJI 110 KHUCIIOTHOCTH, Ta30BOMY
1 XMMHUYECKOMY cocTaBaM. J[aHbl peKOMEHAANN
M0 UCIOJIb30BAHUIO PA3JIMYHBIX TUIIOB T€pMajb-
HBIX WCTOYHUKOB JJIS CO3JAHUS CHUCTEM MOHHU-
TOpPHUHIa BYJIKAHUYECKOM aKTUBHOCTH U IpUME-
HEHUIO THAPOTEPM B HAPOJHO-XO35HUCTBEHHBIX
uensx. [IpoBenena 6aruMerpuyeckast SXOJOTHAS
CbEMKa BHYTpPHKaJIbAECPHBIX 03ep Kypunbckux
octpoBoB: [opsiuero u Kumsiero (o. Kynammp),
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buprozosoro (0. Cumymmp), Yepuoro (0. OHexo-
taH). [lo pe3ynbraram chbeMKH COCTaBJICHBI OaTH-
METPUYECKHE CXEMbI 03€p, BIIEPBHIC MOIYYCHBI
TpPEXMEpHbBIE H300paKEHUS HX TTOIBOTHON YaCTH.
Anexcannp BukTopoBuu yien u3 >KU3HU
COBCEM HEIABHO, OCTaBUB HAM — €r0 KOJUIEram
M YYCHHKaM — Oorarblii (hakKTUYECKUl mMarepua,
MOJTy4EHHbIM Onarofapsi ero sHTy3uasMy, BOJIE,
HayYHOH MHTYUIIMM U OPTraHU3aTOPCKUM CIIOCO0-
HOCTAM. Marepuan BKJIIOYAeT Mpe/ICTaBUTEIbHbIE
KOJJIGKIIMM OOpa3IOB BYJIKAaHUTOB (B TOM YHCIeE
JaB, THPOKJIACTHKH, BYJIKAaHWYECKHX IICIUIOB),
oJpoOHbIe OMUCAHUS OMPOOOBAHHBIX T'EOJIOTHU-
YEeCKHUX Pa3pe30B, TOUKH HAOIIONEHNS OTIOKEHHH,
(horomarepuabl U Ip., KOTOPbIE IPU COOTBETCTBY-
OIIEM TIO/IXO/IE TIO3BOJIAT MPOIBUHYTHCS B U3y4e-
HUM ByJKaHW3Ma Kypuiibckoii 0cTpoBHOM ayTH.

M3yyaeTcs pas3pes NMpoKnacTUYeCKUX OTIIOXKEHWN
B palioHe nepelueiika Betposoi, o. ATypyn, 2018 1.
®omo C.3. CmupHosa

Study of the section of pyroclastic deposits in the area
of the Vetrovoy Isthmus, Iturup Island, 2018.
Photo by S. Smirnov
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FOBMJIEN

OuJuer BacuaseBu4 BeceJjioB

21 aseycma 2024 2. ucnoanuaoco 85 sem
oAHOMY U3 cmapeiiuiux pabomHUKos

Hrcmumyma mopckoil 2e0n02uu u 2eopusuxu
ABO PAH —

Becenosy Oaery Bacuavesuuy.

B Uucturyte Oner BacunbeBuu Becenos ¢ 1965 1., mpoien myTh OT cTapiiero jadopaHTa 10
BEAYLIEr0 HAYYHOIO COTPYAHMKA, KaHAWJAaTa IeoJoro-MUHEpajorudyeckux Hayk. OIUMH U3 NEepBBIX
U OCHOBHBIX HCCIIEJOBATEeNed MPUPOAbl INIYOMHHOIO TEIIOBOIO MOTOKAa THXOOKEaHCKONW OKpauHbI
A3UM M TaNbHEBOCTOYHBIX MOPEH, OH y4acTBOBAJI B T€OTEPMHUUECKUX HCCIENOBaHUAX B OXOTCKOM,
Snonckom, Bocrouno-Kuraiickom, FOxxno-Kuraiickom, @ununnuHckoM Mopsix, Tuxom u Maaniickom
OKeaHax, B pa3paboTKe anmapaTypbl U METOIMKU TaKUX MCCIENOBAHUI; B 34 HA3eMHBIX SKCIEAUIIMSIX
Ha Tepputopun CaxanuHckold 1 AMypckoit obnacteit, XabapoBckoro u [IpumMopckoro kpaes.

Hayunbie pe3ynbraTsl 3THX UCCIIENOBaHUM TTpeIcTaBiIeHbl B Ooee yem 200 myOmukanusx, u3 Ko-
TOPBIX 0c000 X04eTcs BbAEIUTD ciaenyromnue: «Kapra teruioBoro notoka CCCPy», «Katanor nanHbIx
0 TemioBoM notoke Bocroka Asum, ABcTpanuu u 3anaga Tuxoro okeana» (1982 r.), «I'eonoro-reo-
busnaeckuii atnac Kypuno-Kamuarckoii octpoBHoit cucteMb» (1987 1.), « MexayHapOIHBIN reo10ro-
reopusnueckwnii ariac Tuxoro okeanay (2003 r.), «Atnac Kypuibckux octpoBoBy (2009 1.), ameKTpoH-
Hbli «I'eoTrepmudeckuii amac Cubupu u ansaero Boctoka» (2009-2012).

Ouer BacunbeBud OB OCHOBHBIM UCIIOJIHUTENEM B MPOBEIEHUH KOMIIJIEKCHOTO aHajH3a CTPO-
eHHs ocasoyHoro uexia Oxorckoro Mops u CpennHHO-Kypuibckoro mporu6a, pesyasraraMu KOTOpo-
ro cranu MmoHorpaduu «TekToHnyeckoe pailoHHpPOBaHKE U YITIEBOJOPOAHBINA moTeHIuan OXOTCKOro
Mops» (2006 r.) u «I'eonoro-reopusnueckas xapakTepucTuka u HedrerazoHocHOCTh CpenuHHO-Ky-
puibckoro nporuda» (2009 r.).

Ha npotsbkenun muorux net Ouner BacuibeBuu pykoBoaut acnupantamMu B UMI'ul™ /IBO PAH.
Ero npodeccronanusm, MynpocTb, TepIEHHE, 3aMHTEPECOBAHHOE OTHOLICHHE K CYIb0aM MOJIOIBIX
JIIOE MOMOITIM MHOTUM M3 HMX CTaTh KaHIUJaTaMy HayK.

Kak aBropuTeTHOro criendaiucra B o01acTd reoJuHaMuueckux npodnem [lansnero Bocroka,
€ro MOCTOSITHHO MPUBJIEKAIOT K PELIEH3UPOBAHUIO CTATE|, MOCTYNAIOMIUX B PEAAKINH KypHaJIOB «Tu-
xookeaHckas reosorus», «Bectunk KPAYHII. Hayku o 3emne», «M3Bectrus ToMCKOro noauTexHu4e-
CKOTO yHMBepcUTeTay. « HKUHUPUHT TeopecypcoBy, «I €0CUCTEMBI IEPEXOIHBIX 30HY.
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leotepmnyeckue namepexuss Ha BocTtouHo-JlyroBckon ra-
3ocogepxawen nnowagu (AHMBCKMI panoH). Ha cHum-
Ke coTpyaHukn nabopatopun reotepmun O.B. Becenos Ha 6opty HC «Mopckon reodusnk»,
n A.B. KovepruH. 1977 r. Tatapckuin nponme. 1973 r

B nenb ro0unes B aapec Onera BacunbeBrnda ObIJI0 CKa3aHO MHOTO TEIUJIBIX CJIOB U 3aMeyareib-
HBIX MOJKEJIaHUH B 3HAK MTyOOKOTO YBaXKEHHUS U JIFOOBHU T€X, KTO UMEJ BO3MOXKHOCTH OBITh U paboTaTh
¢ HUM psitoM. Oner BacuiibeBuy — npy3HAHHBIN IPOQECcCOHal, TOHKHM 3HATOK CBOETO Jieja, YeJIOBEK
LIMPOKOro Kpyro3opa. OH 3aMeyaTelIbHbIN 4eI0BEK, HacTosIuN 1pyr. Kosuiern, poBecHUKH 1 Milajiiee
IIOKOJIEHHE, Y4aTCsl Y HETO MYZIPOCTH U TEPIIEHUIO, BBIIEPIKKE U YCTOMYUBOCTHU B CIIOXKHBIX CUTYaLUAX.

Penxosuterus u peaakuus xxypHaa «l €ocrcTeMbl IEPEXOIHBIX 30H», KOJUIETU U IPYy3bs M03/paB-
nstoT Onera BacunbeBruua ¢ 100MIIeeM U KeJaroT elie MHOTO-MHOTO JIET OCTaBaTbCsl TAKUM K€ dHEp-
TUYHBIM U [IPEeJaHHBIM JTI0OMMON HayKe.
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