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ABSTRACT. We carried out the unification of the geological and geophysical characteristics of the gas
hydrate-bearing structures of Lake Baikal. For this purpose, we conducted a comprehensive compila-
tion and analysis of all currently available primary and processed data. The study included a detailed
examination of >400 seismic and acoustic profiles, 50 sonograms of side-view sonar, 60 bathymetric
schemes of multipath echo sounder, and >1,000 primary descriptions of sediment cores. This resulted
in the identification of six reference (model and typical) gas hydrate-bearing structures (two mud vol-
canoes, two hydrate mounds, and two seeps), which most fully characterize each of the listed types.
Unification of characteristics of hydrate-bearing structures of Lake Baikal and allocation of supporting
structures facilitates the research of already known ones and will help in the search for new places with

near-surface gas hydrates in bottom sediments.

Keywords: unification, mud volcano, seep, hydrate mound

For citation: Khabuev A.V., Khlystov O.M. Unification of geological and geophysical characteristics of gas hydrate-bearing struc-
tures in Lake Baikal // Limnology and Freshwater Biology. 2025. - Ne 6. - P. 1355-1366. DOI: 10.31951/2658-3518-2025-A-6-1355

1. Introduction

Research on gas hydrates in the World Ocean
encompasses investigations of mud volcanoes, oil
seeps, fault zones, methane emissions, and hydrocar-
bon reserves. To date, some studies have been con-
ducted to synthesize a significant volume of informa-
tion on this topic. Such works are primarily presented
as catalogues and atlases (e.g., Yakubov et al., 1971,
Aliyev et al., 2002; 2015) or as databases of specific
measurements or phenomena (e.g., Etiope, 2009;
Ershov and Bondarenko, 2020). Matveeva (2024) cre-
ated a comprehensive database to assess the hydrocar-
bon resources of gas hydrates in the seas of Russia. Lake
Baikal can also be classified as an aquatic area with
hydrocarbon potential, a portion of which exists in the
form of gas hydrates (Kontorovich et al., 2007). For the
Baikal region, several databases exist, including a data-
base of seismic faults (Lunina, 2016), a spatial data-
base of ecosystems (Bazha et al., 2022), and a catalogue
of data on regional earthquake epicenters since 1960
(https://www.seis-bykl.ru/index.php).

With the discovery of near-surface gas hydrates
in Lake Baikal in 2000, geological and geophysical data

were collected throughout the lake in order to study the
geology of their accumulations in the upper five-meter
layers of bottom sediments. Over the 25 years of studies
that were carried out throughout Lake Baikal, a large
amount of data has been accumulated on the structure
of the surface layer of the lake’s sediments and the
geology of gas hydrates in different geological settings.
Multi-channel seismic surveys, which were conducted
in 1989 and 1992, revealed that the sedimentary layer
of the southern and central basins reaches a thickness of
up to 10 km, and its age is estimated as the Oligocene-
Miocene period (Hutchinson et al., 1992; Golmshtok et
al., 1997). Numerous faults visible on the seismic pro-
files, which are a consequence of the high seismicity of
the region, indicate the presence of effective migration
pathways that allow deep-seated gas-saturated fluids to
reach the bottom surface. Under suitable thermobaric
conditions, below a certain depth (360-380 m for Lake
Baikal), methane can form gas hydrates near the lake
bottom (De Batist et al., 2002; Klerkx et al., 2003).
Long-term geological, geophysical, and hydrological
studies of the lake bottom have led to the discovery of
> 60 sites with near-surface gas hydrates. Some of these
objects were studied in detail in De Batist et al. (2002),

*Corresponding author. E-mail address: shock@lin.irk.ru (A.V. Khabuev)

Received: November 07, 2025;
Accepted after revised: December 15, 2025;
Available online: December 25, 2025

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution- BY NG

NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2025-A-6-1355
https://orcid.org/0000-0002-3656-791X
https://orcid.org/0000-0002-6128-708X
https://www.seis-bykl.ru/index.php
mailto:shock@lin.irk.ru

Khabuev A.V., Khlystov O.M. / Limnology and Freshwater Biology 2025 (6): 1355-1366

Poort et al. (2012), Khabuev et al. (2016), Khlystov
et al. (2017; 2019; 2022), Khlystov and Kalmychkov
(2020), as well as Khlystov and Khabuev (2024). All the
gas hydrate-bearing structures of the lake are divided
into four types (mud volcanoes, hydrate mounds, seeps,
and one pockmark). Their prospecting geological and
geophysical features were substantiated in (Khlystov et
al., 2018; Khlystov and Kalmychkov, 2020; Khlystov et
al., 2022). The Novosibirsk mud volcano was identified
as a reference (model) volcano containing all the fea-
tures of mud volcanism (Khlystov and Khabuev, 2024).

Currently, combined information on individual
structures or types of structures is difficult to find, since
there is no single database on the gas hydrate-bearing
structures in Lake Baikal, and information about each
of them is scattered across different articles, where it is
not fully presented. In this study, based on the analysis
of all geological and geophysical data and the unifica-
tion of the characteristics of each type of hydrate-bear-
ing structures, we optimized their classification and
identified several reference structures. A local database
was created to facilitate work with diverse data on each
of the support structures.

2. Materials and methods

Direct geological investigation of bottom sed-
iments was conducted using a straight-flow gravity
steel pipe with an outer diameter of 127 mm from the
research vessel (R/V) “G.Yu. Vereshchagin” (The Center
for Collective Use “Research vessels Center of LIN SB
RAS on Lake Baikal”) and from the ice using a mobile
winching system towed by “GAZ-66” vehicles. Gravity
corers with lengths of 3.5 m and 5 m were employed,
each equipped with a core catcher and an upper valve
to prevent washout and loss of sediment and gas
hydrates during retrieval. A plastic liner was inserted
into the pipe to collect the bottom sediments and gas
hydrates. Upon retrieval, the liner was extracted, cut
longitudinally into two halves, producing a continuous
geological section of bottom sediments up to 5 m long.
The core was photographed, and a primary lithological
description was carried out using the Munsell “Standard
Soil Color Chart”. Intervals containing oxidized layers,
carbonates, mud volcanic breccia, gas hydrates, and oil
were identified. In total, >1000 sediment cores were
collected in the gas hydrate-bearing structure areas, of
which >360 cores contained gas hydrates.

Prior to core sampling across the lake’s water
area, remote sensing of the sedimentary cover of Lake
Baikal was conducted using different methods and
equipment. Studies of the internal structure of the
upper part of the geological section were carried out
using continuous seismic profiling methods: the com-
mon depth point (CDP) reflection method (multichan-
nel seismic survey), continuous seismic-acoustic pro-
filing (CSAP) (single-channel), and profiling using a
profiler. Each method had its own penetration depth
into the bottom sediments and resolution. Essentially,
they complemented each other in the search and study
of gas hydrate-bearing structures. Geophysical surveys
using the CDP method were conducted before the dis-

1356

covery of gas hydrates. However, they suggested the
presence of gas hydrates in Lake Baikal, and the first
near-surface areas for their exploration were identified.
Seismic surveys were carried out in 1989 and 1992,
covering the eastern part of the southern basin of Lake
Baikal, the majority of the central basin, and the south-
ern part of the northern basin. An air gun with a vol-
ume of 27.3 liters was used as the signal source. The
shot interval was four seconds. The receiver allowed
recording from 96 channels with 24 common depth
points. This equipment provided data with a vertical
resolution of 10 m and a horizontal resolution of up to
300 m, as well as a penetration depth exceeding 3 km.
The total length of the 60 profiles amounted to more
than 2200 km (1992).

The non-linear signal processing (NSP) method
was employed during geophysical exploration surveys
between 1999 and 2008. A network of seismic lines
covered unevenly most of the Lake Baikal water area.
Elastic waves were generated using both the “Ship”
and “Impulse-1” air guns, and the “Sparker” electro-
spark source. A single-channel streamer was utilized
as a receiver. This configuration enabled data acqui-
sition with vertical and horizontal resolutions of 1-3
m and 80-170 m, respectively. Signal penetration into
sediments ranged from 400 m (sparker) to 700 m (air
gun). More that 200 seismic profiles, with a total length
exceeding 3000 km, were analyzed.

The seismoacoustic profiler, which operates
within a frequency range of 1 kHz to 8 kHz (typically
6 kHz), is based on the principle of emitting acoustic
pulses vertically downward and recording echo signals
reflected from the bottom surface and acoustic reflec-
tors within the sub-bottom sedimentary sequence. This
profiler could penetrate the bottom sediment section to
depths down to 30 m. Over the past 25 years, >1500
line-kilometers of profiles have been acquired, with
the majority conducted specifically in areas contain-
ing gas hydrate-related structures. Overall, >140 pro-
files intersecting hydrate-bearing structures have been
analyzed.

For detailed investigation of the lake floor mor-
phology and the search for gas hydrate-related features,
surveys were carried out using side-scan sonar (SSS),
single-beam, and multibeam echosounder. In 2009, the
SEABEAM 1050 multibeam echosounder was deployed
for the first time in Lake Baikal. This system operated
at an acoustic frequency of 50 kHz, with 96 beams and
a total swath width of 120°. The achievable horizontal
resolution depended on water depth and varied from 5
to 40 m, representing at least a fourfold accuracy com-
pared to previous bathymetric data. This resolution was
sufficient for identifying negative and positive anoma-
lies in the bottom relief associated with gas discharge
and the accumulation of gas hydrates within sediments.
The total length of survey lines amounted to 12,600
line-kilometers, covering an area of >15,000 km?.

A single-beam echosounder was employed not
only for tracking bottom irregularities and monitoring
sampling operations but also for detecting gas seeps
in bubble form (“gas flares”) above geological struc-
tures. The surveys utilized a Furuno FCV-1100 (Japan)
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dual-frequency shipboard echosounder equipped with
transducers configured for dual-frequency operation at
28 and 200 kHz, with a pulse duration of 1 ms. The
single-beam transducers had beam widths of 21° at 28
kHz and 6° at 200 kHz.

The “SONIK-3” side-scan sonar (SSS) operated at
a frequency of 30 kHz and recorded bathymetric anom-
alies at depths ranging from 5 to 1600 m with an accu-
racy of 0.5% or more of the depth value. Sonograms
generated by the SSS displayed the morphology of
the bottom topography, while the backscatter signal
allowed for the identification of lithological features
within the upper few meters of bottom sediments.
Overall, the SSS surveys covered an area of 2,300 km?
across the southern and central basins of Lake Baikal.

3. Resulits

Since the initial discovery of near-surface gas
hydrate accumulations in Lake Baikal, >60 geological
structures containing gas hydrates have been identified.
These structures are classified into four main types:
mud volcanoes, hydrate mounds, seeps, and a pock-
mark (Khlystov et al., 2018; Khlystov and Kalmychkov,
2020; Khlystov et al., 2022). With the growing num-
ber of new gas hydrate sites discovered annually, it has
become necessary to standardize all prospecting indi-
cators and geological and geophysical characteristics
for sites having each of the four types. The unification
required the identification of several reference (model)
structures for each type, which collectively exhibit all
the characteristic features of that type.

To standardize the characteristics of each struc-
ture, all available geological and geophysical informa-
tion was compiled into tables. Analysis of these tables
enabled the identification of two reference structures
for each type, except for the pockmark type, as it cur-
rently has only a single representative. The standard-
ized characteristics of these six reference hydrate-bear-
ing structures and their locations on the floor of Lake
Baikal are presented below (Fig. 1).

Gas hydrate-bearing mud volcanoes in Lake
Baikal show positive topographic features, with lateral
dimensions ranging from 300 to 1500 m and heights
reaching up to 150 m. Their seismic records are char-
acterized by a feeder conduit distinguished by chaotic
seismic signal patterns. Gas emissions in bubble form
(flares) are sometimes observed as acoustic anoma-
lies in echograms above these volcanoes. A distinctive
feature of mud volcanoes is mud breccia within their
sedimentary sections—a matrix-supported deposit con-
taining older, denser clay clasts that range in size from
1 mm upwards. Analysis of all available data indicates
two subtypes of mud volcanoes in Lake Baikal: solitary
and clustered complexes.

The Novosibirsk and AkademKhrebet mud vol-
canoes can be designated as reference structures for
the solitary and clustered subtypes, respectively, as
they embody the complete set of the aforementioned
characteristics.

Previously, Khlystov and Khabuev (2024)
described the Novosibirsk mud volcano in detail and
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Fig.1. Location map of reference hydrate-bearing struc-
tures in Lake Baikal. 1-Novosibirsk; 2-AkademKhrebet; 3-K-
11; 4-Novosibirsk-2; 5-Gorevoy Utes; 6-Krasny Yar.

defined it as a reference structure. It incorporates all
the typical features of Baikal mud volcanoes and is the
site for the most extensive geological and geophysical
investigations. It is a positive topographic structure at
a depth of 1400 m, with a height of 15-20 m and a
diameter of 700-750 m, featuring a vertical gas chan-
nel that can be clearly identified on all types of seismic
records. Over 10 profiles from various remote geophys-
ical surveys intersect it. Episodic gas flares are visible
in echograms above the volcano. Mud breccia was first
discovered in this structure in 2005, followed by gas
hydrates in 2010. Thirty cores were retrieved from the
Novosibirsk mud volcano, the bulk of which contained
breccia and five contained gas hydrates. Currently, it
is the only mud volcano where mud breccia is found
practically at the water-bottom interface; in others, it is
buried beneath bottom sediments.

Khlystov et al. (2019) described the Akadem mud
volcanic complex (AMVC) in detail. Located at depths
of 500-800 m, this 6-km-long complex consists of a lin-
ear series of mud volcanoes, whose bases are intercon-
nected. It was discovered in 2009 during a multibeam
echosounder survey and is intersected by 10 seismic
profiles. The seismic signal beneath the entire com-
plex becomes chaotic, indicating a gas-saturated feeder
zone; although individual volcanic conduits cannot
be resolved. A persistent gas discharge in the form of
flares is observed. Since 2014, geological sampling has
yielded 38 cores, with 14 cores containing mud brec-
cia and 15 cores containing gas hydrates. This complex
provided the first material evidence in Lake Baikal for
the shallow roots of mud volcanism, substantiating the
concept of a “Baikal-type” mud volcanism (Khlystov et
al., 2019).

Gas hydrate mounds are classified as a separate
type of mud volcanoes for several reasons. One of them
is the absence of mud breccia in core samples obtained
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from these structures. However, breccia may be pres-
ent at greater depths, as hydrate mounds share strong
geophysical and geomorphological similarities with
mud volcanoes. They form positive topographic fea-
tures on the lake floor; seismic records often demon-
strate underlying feeder channels, and gas flares are
sometimes found above them. Their lateral dimensions
range from 60 to 1000 m, with heights up to 80 m.
The Novosibirsk-2 and K-11 gas hydrate mounds in the
central basin are designated as reference structures.
While hydrate mounds are among the least studied gas
hydrate objects in the lake, these two possess a stan-
dardized set of characteristics for this type of structure.

The K-11 gas hydrate mound was discovered
during side-scan sonar surveys in 2002 and 2005,
as well as during a multibeam echosounder survey
in 2009. It is a 20-m-high elevation with an area of
600 by 500 m at a depth of 430 m. Geological sam-
pling retrieved five cores, two of which contained gas
hydrates. Seismic records indicate an acoustically trans-
parent channel beneath the mound. In recent years, gas
discharge in the form of a flare has been recorded in
echograms above this object (Fig. 2). This structure is
clearly defined in the topography and is one of the few
where a distinct gas channel is traceable, and episodic
gas venting occurs, thus possessing the complete suite
of standardized characteristics for hydrate mounds.

The Novosibirsk-2 gas hydrate mound was dis-
covered in 2002 based on data from side-scan sonar
(SSS) and seismoacoustic profiling. Due to its great
depth (1510 m) and low relief (15 m), this structure
is scarcely discernible in the bathymetry derived from
multibeam echosounder surveys. However, on the SSS
mosaic, it is identified in the relief by shadowing effects
and by its distinct backscatter signal compared to the
surrounding sediment types. A seismic profile runs
directly through the structure, revealing an underly-
ing zone with a chaotic signal pattern, interpreted as
a potential gas conduit (Fig. 3). Gas discharge was not
observed at this site. The presence of gas hydrates was
confirmed in 2015. Four cores were retrieved from this
structure, three of which contained gas hydrates. This
structure is designated as a reference site, being the
deepest known hydrate-bearing structure and one that
exhibits the full set of diagnostic features identifiable
using side-scan sonar.

The third type of hydrate-bearing structures—
seeps—is distinguished by a limited number of charac-
teristic features, which were only observed in specific
individual structures. Seeps are not morphologically
expressed in the bottom relief, making their detection
via seafloor morphology challenging. The discovery of
most seeps is primarily associated with the presence of
active gas discharge recorded by echosounder.

Prior to the discovery of gas hydrates, these fea-
tures were identified by the color of surface sediments,
which were observed visually in cores or from submers-
ibles. These two characteristics constitute the main
prospecting indicators. Beneath each seep, an acousti-
cally defined gas-saturated channel is observed on seis-
mic records, even in the absence of active gas discharge
during the survey. Only one seep-Krasny Yar—exhibited
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Fig.2. Bathymetric map of the area of the K-11 hydrate
mound. The yellow dashed line marks the boundaries of the
structure; the white dots indicate cores with hydrates, and
the black dots—cores without hydrates. Inset: seismic profile
where the blue dashed line marks the surface of the structure,
and the red dashed line indicates the gas-saturated channel.
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Fig.3. Bathymetric map of the area of the Novosibirsk-2
gas hydrate mound. The red dashed line marks the structure
boundaries; the white dots indicate cores with hydrates, and
the black dot-a core without gas hydrates. Inset A: Seismic
profile 2002-1ine03: 1 — bottom and 2 — Novosibirsk-2 struc-
ture. The blue dashed line marks the structure surface, and
the red dashed line-the gas-saturated channel. Inset B: side-
scan sonar record of profile 2002-line03; the yellow dashed
line outlines the Novosibirsk-2 structure.
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an anomalous spot (530 by 490 m) on side-scan sonar
records in 2007. This acoustic signature, similar to fea-
tures in marine sediments, indicated near-surface gas
hydrates (Khabuev et al., 2016). Above this structure,
there is an acoustic gas flare on echograms, rising from
a depth of 720 m and nearly reaching the lake surface.
A total of 19 cores were retrieved from this site, 9 of
which contained gas hydrates, with the surface sedi-
ment being unoxidized and having a brown color. Thus,
this structure possesses all other standardized features
(channel, flare, and surface sediment color), establish-
ing it as a reference hydrate-bearing structure of this
type. This structure, a typical marine-type seep but
with Baikal-specific geochemical characteristics, is the
subject of numerous publications (Aloisi et al., 2019;
Pogodaeva et al., 2020; Zemskaya et al., 2024).

In Lake Baikal, not only gas-bearing but also oil
and gas hydrate-bearing seeps (sites with oil discharge/
accumulation associated with gas venting) were dis-
covered. The Gorevoy Utes structure was designated
as a reference structure for this subtype. It was dis-
covered through the analysis of satellite images from
2003 to 2005, which indicated a dark spot in the ice
cover. Concurrent echosounder surveys detected an
acoustic flare, and oil droplets were observed on the
water surface. In 2006, the first cores containing both
oil and gas hydrates in Lake Baikal were retrieved here
(Khlystov et al., 2007). Overall, 50 cores were col-
lected, with 10 containing gas hydrates and 17 con-
taining oil. Furthermore, this area was studied in detail
using the MIR submersibles, which revealed patches
of grey and yellow sediments on the floor at the seep
site, contrasting sharply with the surrounding brown
silt. Within this seep area, gas hydrate-bitumen mounds
(discharging both oil and gas) and bitumen mounds
(discharging only oil) were also discovered. Seismic
profiles delineated a narrow gas conduit beneath the
site (Khlystov et al., 2007).

As a result of the unification of geological and
geophysical information on all gas hydrate-bear-
ing structures and the allocation of references struc-
tures from them, we created the database “Reference
hydrate-bearing structures of Lake Baikal”, which is
visualized on the LIN SB RAS website (http://lin.irk.
ru/oporniki), representing a set of tables and images
linked together by hyperlinks. This facilitated the com-
plex analysis of structures among themselves within
each type and allowed us to optimize their classifica-
tion according to the specified characteristics of the
geological section. This will further help in the search
for new hydrate-bearing structures at the bottom of
Lake Baikal.

4. Conclusion

We unified the geological and geophysical char-
acteristics of gas hydrate-bearing structures in Lake
Baikal. This work enabled the identification of refer-
ence hydrate-bearing structures among mud volcanoes
(Novosibirsk and AkademKhrebet), hydrate mounds
(Novosibirsk-2 and K-11), and seeps (Krasny Yar and
Gorevoy Utes).

1359

We defined unique diagnostic features for each
type of structure, which were exemplified by the selected
reference sites. All the information used for this pur-
pose was compiled into a database, facilitating further
work with geological and geophysical data and helping
in the search for new gas hydrate accumulations.
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AHHOTAILMA. IlpoBeneHa yHHU(UKaNUA Te0J0ro-reopr3nuecKix XapaKTePUCTUK THUAPATOHOCHBIX
CcTPYKTyp o3epa balikas. [j14 3Toro Obljia cOOpaHbl ¥ IpOAHAJIM3UPOBAHEL BCe NMeIoniecsa Ha JaHHBIN
MOMEHT BpeMeHH IlepBUYHBEe U oOpaboTaHHbEle faHHBe. JleTanpHO u3yueHo GoJiee 400 celicMoaky-
crtryeckux npoduseit, 50 coHorpamMMm ruaposiokaTopa 60koBoro o63opa, 60 yuacTkoB pejibeda AHA
JaHHBIX MHOT'0JIy4eBOro 3xoJiota u 6osiee 1000 nepBUYHBIX ONMCAHUI KEPHOB JOHHBIX OTJIOXKEeHU!. B
pesyJibTaTe ollpefiejieHbl 6 ONOPHBIX (MOJesbHBIX, 00pPa3loBhIX) FMAPATOHOCHBIX CTPYKTYp (2 rpsse-
BBIX ByJIKaHa, 2 FMAPATHBIX X0JIMa U 2 cuna), KOTopble HauboJjiee [OJHO XapaKTepu3yIT KaXIblil U3
[epeuyrcjIeHHbIX UX TUIMOB. YHU(UKAIMA XapaKTepUCTUK I'MAPaTOHOCHBIX CTPYKTYp o3epa baiikan u
BhIIeJIEHNE ONOPHBIX CTPYKTYP YIPOCTUT MCCIEAOBAHNSA YK€ N3BECTHBIX U IIOMCK HOBBIX MECT C COZep-
’KaHWeM B IOHHBIX OCaJIKaX MPUIIOBEPXHOCTHHBIX ra30BbIX FUAPATOB.

Kitiouegwie cstoga: ynudukanus, rpsa3eBoil ByJIKaH, CUI, TUAPATHBIA X0JIM
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Typ 03. Batikas // Limnology and Freshwater Biology. 2025. - No 6. - C. 1355-1366. DOIL: 10.31951/2658-3518-2025-A-6-1355

1. BBeaenue

H3yueHue rasoBelXx r'mparoB B MupoOBOM OKe-
aHe 3aTparvBaeT HCCJIEOBAHUS TI'PA3EBBIX BYJIKAHOB,
HedTenposBJIEHUH, 30Hb PA3JIOMOB, SMHUCCUM METaHa,
3amacoB yrJjieBoAopojioB. K HacTrosmeMy BpeMeHU
npoBeJieH pAn paboT no 0000IeHNUI0 3HAYUTEJIBHOTO
obbema wuHpoOpMaIMM B OAaHHON TeMaTuke. Takue
paboThHI MpeACcTaBIeHHl B OCHOBHOM B BHJIe KaTaJIOTOB
u atyiacoB (SIky6oB u np., 1971; Anues u gp., 2002;
2015), subo 6a3 [aHHBIX KOHKPETHBIX H3MepeHUH
wiu sasieHuit (Etiope, 2009; EpmoB u BoHgapeHKo,
2020). A OIeHK:d pecypcoB YTIJIEBOIOPOAOB Ta3o-
BBIX THJIPAaTOB B akBaTopuu mopeir Poccum cosmaHa
obobmaromasn 6a3a gaHHeix (MaTtBeeBa, 2024). O3epo
Batikai Takxe MOXXHO OTHECTH K aKBaTOPHU C YIJIEBO-
JOPOJIHBIM MTOTEHITNAJIOM, YaCTh KOTOPOT'O COJIEPKUTCS
B Bujie ra3oBeix ruzparoB (Kontoposuu u ap., 2007).
Jiia BalikasibCKOro pervoHa CymecTByIOT Oasbl AaH-
HBIX, CpPeI1 KOTOPHIX MOXHO BBIJIEJIUTH 0a3y AaHHBIX
ceficMuueckux pasjiomoB (JIlynuHa, 2016), npocTpas-
CTBEHHYI0 6a3y JaHHbIX 3KocucTeM (baxa u ap., 2022),
KaraJjior JaHHBIX 00 JMHUIEHTPax PErMOHAJIBHBIX 3€M-
nerpsacenunt ¢ 1960 roga (https://www.seis-bykl.ru/

index.php).

C OTKpHITHEM [IPUIIOBEPXHOCTHBIX Ta30BBIX
rufpatoB Ha bBaiikase B 2000 r. muio HakoIlleHue
reojioro-reodpusnyeckoil nH@opmMmaluyu Ha o3epe IJiA
[IOVICKA U M3Y4YeHHU Ie0JIOTNH UX CKOIJIEHNU! B IIEPBBIX 5
M JOHHBIX OTJIOXeHUH. 3a 25 jieT paboT, IPOBeIeHHBIX
o Bcell akBaropuu o3epa baiikasi, HakoILleH AocTa-
TOYHO OOJIBIIONM MAaccuB AaHHBIX O IIOBEPXHOCTHOM
CTPOEHUU [IOHHBIX OTJIOXEHHUI O3epa U CKOILJIEHUIX
ras’oBbIX TMJpPAaTOB B Pa3HBIX reosIorHyeckux obcTa-
HOBKax. MHorokaHajbHble celicMHUYecKUe Kccjle[oBa-
HuA 1989-1992 rr. mokasajid, YTO OCajo4yHas TOJIIa
I0XKHOM U cpeJiHell KOTJIOBUH 03epa MMeeT MOIIHOCTb
10 10 kM, u ee BO3pacT OLleHHBaeTCA OJIMTOIleH-Muolle-
HOBbIM BpeMeHeM. (Hutchinson et al., 1992; Golmshtok
et al., 1997). MHorouucJieHHble Pa3JIOMBI Ha CelCMU-
yeckux npoduisax, oOycjaoBjeHHble BBICOKOH celic-
MHYHOCTBIO perrvoHa, IO03BOJIAIOT AejlaTb BBIBOJBL O
XOPOIINX KOJUIEKTOPax, 10 KOTOPHIM IJIyOUHHBIE Ta30-
HachblllleHHble GUIIONAbl JOCTUralT IIOBEPXHOCTH OHA.
[Tpu gocTraToyHBIX TepMoOOapUYeCKuX yCJIOBUAX, HIKe
omnpejieJiIeHHOU TJyouHbl Boab! (A1 Batikana ato 360-
380 M), MeTaH MoXxeT 06pa30BEIBaTh 'a30Bble TMAPATHI
BOIM3M moBepxHocTu nAHa (De Batist et al., 2002;
Knepxke u gp., 2003). MHoroseTHue reoJioro-reopusu-
YyecKue U ruJpojiornyeckye HccjiefJoBaHus JHa 103BO-
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JIVJTA OTKPHITh 60jiee 60 MECT C MPUMOBEPXHOCTHHIMU
ra3oBeiMu rujparamu. OTAesibHble U3 HUX MOAPOOHO
paccMmotpeHsl B pabotax (De Batist et al., 2002; Poort
et al., 2012; Xabyes u ap., 2016, XypICTOB U Ap., 2017
Khlystov et al., 2019; 2022; XnbicToB 1 KasMBIYKOB,
2020; XnpictoB u Xabyes, 2024). bnarogapsa uemy
ObLTHM BBIIEJIEHBI 4 THUIMA THUAPATOHOCHBIX CTPYKTYP
(Tpsi3eBble BYJIKAHBI, TUPATHBIE XOJIMBI, CUIBI U IMOK-
MapKu) ¥ 000CHOBAaHBI MX IOMCKOBBIE MPU3HAKU 10 T€0-
joro-reopusmveckum gaHaeiM (Khlystov et al., 2018,
XseictoB 1 Kanmerukos, 2020; Khlystov et al., 2022).
OOvH U3 HUX, IPA3EBOU ByJIKaH «HOBOCHOUPCK», OBLIT
onpefieJieHbl KaK OMOPHBIN (MOJeJIbHBIN), cofepXxariye
B cebe Bce MPU3HAKU IrPA3EBOT0 ByJIKaHU3MA (XJIBICTOB
u Xabyes, 2024).

[Movck 06beAMHEHHON MHGOPMALUU 10 OTEeJIb-
HBIM CTPYKTYpaM WJIA TUIAM CTPYKTYpP B HAacTosIlee
BpeMs 3aTpyAHEH, TaK Kak HeT eQUHOUN 0a3bl JaHHBIX
M0 TUAPATOHOCHBIM CTPYKTypam o3epa, u HUHOOP-
Malua O KaxJI0oM M3 HUX pa3bpocaHa Mo pa3IuYHBIM
JIUTEPAaTypHBIM WCTOYHUKAM W TpEeJICTaBJIeHA TaM B
He nojiHOM o6beMe. B naHHO! paboTe Ha OCHOBe aHa-
JI3a BCEX reosioro-reopusnyeckux JaHHBIX U YHUU-
Kal[i XapaKTEePHUCTUK KaXJIO0ro TUMa TMAPaTOHOCHBIX
CTPYKTYP, BBIIIOJTHEHA ONTHUMM3AIMA UX Kjiaccuduka-
U1 U BBIJIEJIEHO HECKOJIBKO OMOPHBIX CTPYKTYp. A
yno6ctBa paboThl ¢ PpasHONPO(UIJIBHBIMUA AaHHBIMU
M0 KaXJOU U3 OMOPHBIX CTPYKTYP CO3/1aHa JIOKAJIbHAA
0a3za JaHHBIX.

2. MaTepuanbl U MeTOADI

[IpsamMoe reosioruyeckoe HccjieoBaHNE JOHHBIX
OTJIOKEHHI OCYILIeCTBJIJIOCh C IOMOIIBI0 MPAMOTOY-
HOU TIpaBUTALMOHHON CTaJIbHOM TpPyObl HapyXHBIM
auametrpoMm 127 mM ¢ 6opra HUC «I'.1O. Bepemarun»
(IIKII «lleHTp KOMIJIEKCHBIX CYAOBBIX KCCJIEAOBaHUIL
Batikana») u co JibAa ¢ MOMOIIBI0 NIepeABIUXHOIO CITy-
CKOIIOABEMHOI'0 KOMILIeKca, OyKcHupyeMoro aBTOMO-
ounamu ['A3-66. HcnoJsp3oBajiuch TrpaBUTAI[OHHBIE
TpyObl AIMHOHN 3,5 M 5 M, KaxJasd M3 KOTOPHIX 000-
pyZAoBaHa KepHOpBaTejieM U BepXHUM KJIallaHOM, 4TO
MpenATCTBOBAJI0O PasMbIBY U BHINAAEHUIO IPyHTa U
rasoBbIX I'HApaTOB IIpu ogbeMe. BHyTpp TpyOBI BCTaB-
JIAJICA IIJIACTUKOBBIY BKJIABIII, B KOTOPHIM 0TOMpaInCh
JIOHHEIe OTJIOXKeHUA U ra3oBble ruapaTel. [1pu nogbeme
BKJIAIBIII BEIHMMAJICA U pa3pe3asics BA0JIb Ha JiBe [10J10-
BUHKM U I[OJIyvyaJics HeNpephIBHBIN TIe0JIOrM4ecKuil
pas3pe3 OOHHBIX OTjoXeHuil o 5 M. Kepn ¢ororpa-
dupoBajsicsa, U NPOBOAWJIOCH NTEepPBUYHOE JIUTOJIOIHYe-
CKOe OIMCaHue C MCIO0JIb30BaHMEM IIKaJbl ollpejesie-
HuaA nseta mouB «Standard soil color chart» cucremsl
Mascesna. Ilpyu 3ToM BbIAEIAINCH UHTEpBAJIbl, COAEp-
JKal[ue OKMCJIEHHBIH cJIoW, KapOoHaThl, I'psA3eByJiKa-
HUYecKylo OpeKuuio, ra3oBble rupaThl U HedTh. Bcero
B palioHax I'MAPaTOHOCHBIX CTPYKTYp OBLJIO OTOOpaHO
6osiee 1000 KepHOB JIOHHBIX OTJIOXKEHUI, N3 KOTOPBIX
6osiee 360 cofiep>xayiv ra3oBble TUAPATHI.

Jlo oTOopa KepHOB IO aKBaTOpHUU O3epa MPOBO-
JAWJIOCh AWCTAaHLMOHHOE 30HJAMPOBaHHE O0CaJ0YHOrO
yexJia o3epa balikan pasHbBIMU MeToAaMU U 000pyIo-
BaHHeM. PaboTHI 10 U3yUYeHUI0 BHyTPEHHEr0 CTPOeHUA
BepxHel 4acTy reoJIorMYeckoro paspesa NpOoBOAUIINCH
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MeToAaM{ HeIpephIBHOTO CelcMONpPO(UINpOBAHUA:
MeTOJIoM OOpaTHBIX BOJIH O0mieil IJIyOMHHOHM TOYKU
(MOB-OI'T) (MHOroxkaHajibHas celiCMOCheMKa), MeTO-
JIOM HeNPepHIBHOIO CeliCMOaKyCTUYeCKOro Nnpoduin-
poBaHus (HCII) (omHokaHasibHas) u mNpoduinpoa-
HHeM c nomoibio npodunorpada. Kaxasii u3 MeToqos
HMeJI CBOI0 I'UIyOMHY NPOHUKHOBEHUA BrJlyOb AOHHBIX
OTJIOKEHUH U paspelieHue. 1o cyTy, oHU AONOJIHAIN
Jpyr Apyra Npy IOWCKe U U3y4eHUU I'MAPaTOHOCHBIX
cTpykTyp. 'eodusmueckue pabors merogom MOB-OI'T
BBHINOJIHAJINCE O OTKPBITUA Ta30BBIX T'HAPAaToOB, HO
MMEHHO Ha MX OCHOBe OblJI cheJjiaH BHIBOJ O Hajauyue
rufpartoB B Balikasie 1 onpe/iesieHb IepBble paliOHbl UX
nouicka BOJINM3U noBepxHOCTU. CelicMuYecKrde ChbeMKHU
npoBoananch B 1989 n 1992 rr. u oxBaTbIBajl BOCTOY-
HYIO 4acTb I0)KHOMH, OOJIBIIYIO YacTh CpeJHel, 1 I00KHYI0
4acThb CeBepHOM KOTJIOBMH. B kayecTBe KCTOYHHKA
CHTHaJIa UCIMOJIb30Bajlach BO3AYyIIHAA MylIKa 00beMOM
27,3 1. VHTepBanm MexAy BBICTpeJIaMU COCTaBiAl 4
MceK. IIpreMHUK MO3BOJIAJI BeCTH 3amuch ¢ 96 KaHa-
JIOB, TIpPY 3TOM KOJIMYECTBO OOLIUX IJIyOMHHBIX TOYeK
coctaBysno 24. Takoe obopyAoBaHKe BblJaBajo aH-
Hble ¢ paspemeHreM 10 M no Beptukanau u 1o 300 m o
FOpPU30HTAIM, TJIyOMHA IIPOHUKHOBEHHUS COCTaBJIAJIA
6osee 3 kM. OOmas mnpotrskeHHOCTh 60 mnpodusieit
coctaBuia 6osiee 2200 xm (1992 1).

Meton HCII npumeHsica Ipyd NOUCKOBBIX Teo-
¢pusuueckux padorax 1999-2008 rr. Cerp npodusieit
HepaBHOMEPHO [OKPHIBAJIO IIPaKTUYeCKU BCIO aKBaToO-
puio o3epa batikan. VICTOUHMKOM YNpYyryUx BOJIH CJIy-
XKUJIM Kak Bo3AylHasa nymka «[um» u «mMmysbe-1»,
TaK U 3JIeKTPOMCKPOBOI MCTOYHUK «Criapkep». B kade-
CTBe I[IpHeMHHKa HCIOJIb30Bajlach OAHOKaHaJIbHAA
Koca. DTO IO3BOJIAJIO IOJIyyaTh AaHHBIE C paspelle-
HHEM [0 BepTHUKaJIu U ropusoHTasu — 1-3 m u 80-170
M, COOTBeTCTBeHHO. [I[pOHNKHOBeHNe CUrHajia B OCaAKU
coctaByisio oT 400 (5/1eKTPOUCKPOBOM MCTOYHUK) A0
700 (Bo3gyinHas mymika) MeTpoB. IIpoaHann3upoBaHO
6os1ee 200 npoduseli obIell NpoTAXKeHHOCThI0 Ooslee
3000 kM.

CeticmoakycTtudeckuil nmpodusnorpad, paboraio-
muil Ha yactote ot 1 kI'1 mo 8 kI'ty (0O6bruHO 6KI'M),
peasn30BaH Ha IPHUHIMIE H3JIyYeHWA aKyCTUYeCKUX
HMIILyJIbCOB BEpPTHKAaJIbHO BHM3 U IIpHeMe 3X0-CUTHa-
JIOB, OTpPakeHHBIX OT IIOBEPXHOCTHM OHA U OTpaxa-
IOIIUX TOPHU30HTOB NOAJOHHOM OCaJOYHOH TOJIIIHU.
[Tpodusnorpad no3poJiAa 30HAUPOBAThH paspe3 AOHHBIX
OTJIOXKEHUH MOITHOCTRIO 0 30 M. 3a nocsiegHue 25 et
noJsiyyeHo OoJiee 1500 MOrOHHBIX KUJIOMETPOB IIpodu-
JieH, 60JIbIIas YacTh U3 KOTOPHIX BHINOJIHAIACh UMEHHO
B palioHaxX I'MAPaTOHOCHBIX CTPYKTyp. Bcero mpoaHa-
JusupoBaHo 6osee 140 mpoduieli, ceKymux rugparo-
HOCHBIE CTPYKTYPHL.

Jna geranbHOro N3ydeHus pesbeda JHA o3epa U
IIOMICKa TMAPATOHOCHBIX 0OBEKTOB BHINOJIHEHB! CheMKHU
JHa rugposiokaTopomM 6okoBoro o63opa (I'BO), oxgHo-
JIy4eBBIM W MHOTOJIyYeBBIM 3xojoTamMu. B 2009 roay
BIlepBble Ha o3epe balikan IpuMeHeH MHOTOJIy4YeBOH
axonoT SEABEAM 1050. OH umesn 4acTOTy H3Jyue-
HHA akycTruuyeckoro curtasa 50 kI'1, 96 nyueii, obmas
noJsioca o63opa cocrasiisgeT 120°. Pazpemaromas ropu-
30HTaJIbHasA CIOCOOHOCTh 3aBHceJia OT IJIyOWHBI BOIBI
U cocTaBysiaa oT 5 10 40 MeTpoB, YTO MUHUMYM B 4
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pasa TouHee MpeabAyIIUX OaTUMeTpUYeCKUX JaHHBIX.
DToro ObIO AOCTATOYHO AJIA MOMCKa Ha JHe OTpHULia-
TeJIbHBIX U IIOJIOKUTEJIbHBIX aHoMaluil B peJbede,
CBA3AHHBIX C Pa3rpy3Koii rasza ¥ HaKOIJIEHNA B JOHHBIX
OTJIOKEHUAX Tra3oBBIX ryujaparoB. OOmas MpOTSKeH-
HOCTh npoduielt coctaBuia 12600 NOroHHBIX KHUJIOMe-
TPOB, a IUIoMAaAb cheMKH 60Jiee 15000 kM2,

OAHOJIy4eBOM 9XOJIOT MO3BOJIATT He TOJIBKO
OTCJIeXHUBATh HEPOBHOCTH AHA 1 KOHTPOJIUPOBATH IIPO-
600TO0Op, HO U BeCTU IIOMCK BBIXOJA rasa B My3bIPbKO-
Boil dopme («bdakesn») Hag cTpykrypamu. [is pabot
HCNOJIb30BaJICA CYJOBOM ABYXYAaCTOTHBI  5X0JIOT
Fururno FCV-1100 (AmoHus), ocHaIEHHBI aHTeH-
HaMH{, HacCTpPOeHHBble Ha JBYXYaCTOTHBIN pexum 28 u
200 kI'y, AIMTEsIBHOCTh UMIYyJbCa COCTaBjsaa 1 Mc.
OpHoJiy4yeBble aHTEHHBI KMMeJIM AuarpaMmy Halpas-
neHHoctu 21° aia 28 k' u 6° giia 200 k1| u3sydeHus.

I'BO «COHUK-3» pabotan Ha yactoTe 30 K[ u
perucTpupoBajl aHoMajuu B pesibede AHA Ha IIyOH-
Hax oT 5 f0 1600 M ¢ TouHOCTEIO He xyxe 0,5 % or
3HaueHusd riayouHsl. Ha coHorpammax I'BEO oTobpaxka-
auch GopMsl pesbeda [HA, a CUrHaJl oOpaTHOro pac-
cerBaHUsA O3BOJIAJ OTCIEOUTh JIMTOJIOTUYECKHe 0CO-
OeHHOCTHU CTPOeHHUs AHa Ha IJIyOUHY NepBbIX METpOB.
Bcero o I0xHoMmy u CpenHemy Baiikany cbemku I'BO
BBITIOJIHEHHI TUTOIAAU paBHOU 2300 kM2,

3. Pe3yabtaTtbl / 06cy)xpeHue

C MoMeHTa OOHapyXeHUs IEepPBBIX CKOILIEHUH
MIPUIIOBEPXHOCTHBIX Ta30ruapaToB Ha o3epe Baiikan
OTKPBHITO CBHIIIe 60 reoJIOrMueckKrux CTPyKTyp, cojiepxa-
Iyie ra3oBble TUPaThl. OTU CTPYKTYPHI pasfiesieHbl Ha
4 Tumna: rps3eBble BYJIKAHBI, TUpaTHEIE XOJIMBL, CUIIB 1
nokMapk (Khlystov et al., 2018, XseicToB 1 KaTMBIYKOB,
2020; Khlystov et al., 2022). C pocTOM KOJITYeCTBa eXe-
TOJTHO OTKPHIBA€MBIX HOBBIX MECT C ra30BBIMH I'HApa-
TaMH, CTaJI0 OYeBUAHBIM, YTO Tpebyercs YHUUKAIMA
BCeX ITOVICKOBBIX NIPU3HAKOB U I'e0JIOro-reo®u3nyecKux
XapaKTepUCTUK 3TUX MECT IO KaXOoMy K3 4 TUIIOB.
Jnsa HarnsagHocTU TpeOOoBaJIoCh BHIAEIeHNEe B KaXKOOM
13 HUX HEeCKOJIbBKUX OHNOPHBIX (MOMAENBbHBIX) CTPYKTYP,
couetaromiecsi B cebe Bce NMPU3HAKU AAHHOrO THIA.
Jnsa yHUQUIIMPOBAHUA BCEX XapaKTePUCTUK KaXOoM
CTPYKTYPHI BCA reosioro-reodpusndeckas nHGopManus
mo HUM ObLIa cBefleHa B TabJMIlbl, aHAJIM3 KOTOPHIX
MTO3BOJIMJI BBIAEJIUTH 110 2 CTPYKTYPHl B KaXAOM THIIE,
3a UCKJII0YeHNEeM IIOKMapKa, TaK KaK OH ITOKa sBJIAETCS
eUHCTBEHHBIM IIpeJIcTaBUTesleM 3Toro Ttuma. Hirke
IpuBefleHs YHUQUIMPOBAHHBIE XapaKTePUCTUKU 6
OTIOPHBIX T'MIPATOHOCHBIX CTPYKTYP M UX IIOJIOXKeHUe
Ha JiHe o3epa batikan (Puc. 1).

T'uapaToHOCHBIE Tpsi3eBble BYJIKAHBI Ha oO3epe
Baiikay uMeIOT MOJIOKUTeNIbHYI0 GopMy peibeda c
nornepeyHbMU pazMepamu ot 300 1o 1500 M u BBICOTOI
no 150 M. Ha celicMuYecKUx 3alUcCAX Y HUX UMeeTcs
MOABOIAIMINE KaHaJl, BBAEJIAIONIUICA 110 XaOTUYHOMY
PUCYHKY celicMocurtasia. Hora B paiioHe rpsizeBoro
ByJIKaHa (GUKCUPYIOTCS BBIXONBI ra3a B IY3BIPbKOBOM
dbopme B Bue aKyCTUYECKON aHOMAaJIUU CKOPOCTU
3ByKa Ha dXOrpamMMax — «(pakes». OTIUYUTEIBHON Yep-
TOH TPsA3EBHIX BYJIKAHOB fBJIAETCS HAJIMYKE B OCafoy-
HOM pa3spe3e BYJIKaHa I'DA3eBYJIKAHUYECKOHN OpeKdynu
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Puc.1. Kapra-cxemMa pacnojiO)keHUsl ONOPHBIX THAapa-
TOHOCHBIX CTPYKTyp o3.Bafikan. 1- «HoBocubupck»,
2- «AkapemXpebet», 3- «K-11», 4- «HoBocubupck-2», 5-
«I'opeBoii YTec», 6- «<KpacHSIi sp».

— BKJIIOYEHHUS B IJIMHUCTON Matpulie 6oJiee ApeBHUX
1 IJIOTHBIX OOJIOMKOB I'JIMH pasMepamMu oT 1 Mm. Kaxk
[IOKa3aJl aHaJIU3 BCeX JAaHHBIX O I'PA3EBHIX BYJIKaHAX,
Ha Balikasie BbIAesIAIOTCA [iBa NMOATHNA — OJWHOYHEIE
u rpynnossle. IlosHBIM HaGopoM BbIIeNepeyvrcieH-
HBIX XapaKTepPUCTHK 10 KaXAOMY U3 NOATUIIOB MOXHO
BBIJIEJINTh B KaueCTBe OIOPHBIX I'PA3EBBIX BYJIKAHOB -
«HoBocubupck» u «AxkagemXpeber».

Panee rps3zeBoil BysjkaH «HOBOCHMOMpPCK» OBLI
JleTaJIbHO ONMCaH U OllpefieJieH HaMU, KaK ONOPHBIN
B pabore XnwicroBa u Xabyepa (2024). OToT ByJKaH
BKJIIOYaeT B cebsA Bce NPU3HAKU U XapaKTepPUCTUKU
rpsA3eBBIX BYJIKAHOB O3epa U o0sajaeT HauOOJIBIINM
KOJIN4EeCTBOM BHINOJIHEHHBIX B €r0 palioHe reoJioro-re-
obusnyeckux ucciaefoBaHuil. OH ABJIAETCA IOJIOXKU-
TeJIbHON TONOCTPYKTYypoH Ha riy6uHe 1400 M. BbICO-
ot 15-20 M u auamerpom 700-750 M, ¢ OABOAAIINM
BEPTUKAJIbHBIM T'a30BBIM KaHAJIOM, XOPOLIO (GUKCUDY-
eMBIll Ha Bcex TUIaxX celicMMYecKHX 3amnmceil. Bcero
ero mnepecekaer 6Goyiee 10 mpoduseil pa3HBIX THUIIOB
JUCTAHI[MOHHOTO Treo@u3N4YecKoro 30HAMPOBAHUA.
[lepuoanyecky HajJ BYJIKAHOM Ha 3XOrpaMMax BHUAEH
«baxesi». BriepBble B JaHHOH CTPYKType IpsA3eByJjKa-
HuYeckas Opekuusa Obuta obHapyxeHa B 2005 ropy,
a rasosble ruapaTtel B 2010. M3 rpsaseBoro ByJiKaHa
«HoBocubupck» 66110 0oTo6paHo 30 kepHOB, HOJIBIINH-
CTBO M3 KOTOPHIX cofepXayu B cebe Opekuuio, a 5 U3
HUX W TrasoBble T'MApaTbl. OTO INOKA €AUHCTBEHHBIN
rpsA3eBOl BYyJIKaH, e Ips3eByJIKaHHYeckas Opekuus
[IpaKTHU4YecKH BBIXOAWUT Ha pasfesl «BoAa-AHO». B npy-
IUX ByJKaHax OHa norpebeHa JOHHBIMU OTJIOXKEHUAMU.

I'pynnoBoii KOMILJIEKC TIpA3EBBIX BYJIKAHOB
«AxagemXpebeT» geTaspbHO onurcaH B pabore (Khlystov
et al.,2019). DTOT KOMIUIEKC Ha WHTEpBaJe TJIyOWH
500-800 M COCTOUT U3 BHITAHYTHIX B PAL IPA3EBLIX BYJI-
KaHOB, KpaTephl KOTOPBIX COeAWHEHB MeXAy cobOoi
B OCHOBaHWM Ha NpOTsKkeHUW 6 KM. OH OBLT OTKPBIT
II0 pe3yJibTaTaM CbEMKH MHOTOJIyYeBbIM 3X0JIOTOM
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B 2009 r. OTOoT KOMILIEKC nepecekaeT 10 pa3jMyYHBIX
cericMornpoduiieli. B 3Tux MecTax curHaj CTaHOBUTBCA
XaOTHUYHBIM, T.e. BCA 30HA IO 3TUM KOMILJIEKCOM BYJI-
KaHOB IpeJicTaBjiAeT COOOI rasoHacCHIIEHHBIN KaHasl
MIOCTYIJIEHUA MaTepuajia ¢ TJIyOUHEBI, IIpU 3TOM BbIfe-
JIUTh OTAejIbHble ByJIKaHWYeCKUe KaHaJlbl He yAajlocCh.
l'a3oBas pasrpyska B Buje «dakesia» B paiioHe JaHHOL
CTPYKTYpHI HaOJofgaeTcs nocrosHHo. HaunHas ¢ 2014
roja, B Xofie reoJiornieckux pabot 6sL1M 0TOOpaHb 38
KEepHOB, 13 HUX 14 ¢ rpsa3eByJIKAHNYECKOHN Opekunel,
a 15 c ras3oBbIMH rufpatamMy. JTOT KOMILJIEKC SBJIA-
ercs MepBeIM MecToM Ha bBaiikase, rie BelleCTBEHHO
JloKa3aHa MaJIOTJIyOMHHOCTb KOPHel Ips3eBOro BYJI-
KaHU3Ma, 4TO II03BOJIMJIO 0O0CHOBATh CyIlleCTBOBaHNUeE
Baiikasibckoro tuma rpsizeporo Bysikanuama (Khlystov
et al., 2019).

I'mgpaTHble XOJIMBL BBIJEJIEHBI B OTAEJIbHBIN
TUI OT I'PA3€BBIX BYJIKAHOB IO pAAY NPUYWH, OJHA U3
KOTOPBIX — 3TO OTCYTCTBUE I'pA3eByJIKAHNYECKOH Opek-
YhU B paspese KepHOB, MOJIyYeHHBIX C 3TUX CTPYKTYp.
Bo3MoxHO, oHa ecTh Ha OoJjiee IIyOOKHUX TOPHU30HTaX,
Tak Kak rujjpaTHele XOJIMBI [10 Teo(pu3n4ecKuM U reo-
Mop@oJIOTUYeCKUM IpHU3HAKaM OHU OYeHb I1OXOXHU
Ha rpsaseBble ByJjIKaHbl. OHU HMMEKOT NOJIOXKUTEJIbHYIO
dpopmy B pesnbede AHA, U Ha CEVICMUYECKUX 3aMUCAX
MOXHO YBUAEThb NOABOAAMIMNN KaHasI, MHOrAa HaJ HUMU
ecTb «(pakes». Ux pa3Mepsl B IONEpeyHHBIX paspe3ax
Bappupyltorcs or 60 M 7o 1000 M u BeicoTOl 40 80 M.
K omopHBIM CTPyKTypaM OTHeCeHBI rMJpaTHbIe XOJIMBI
«HoBocubupck-2» u «K-11», pacrnosioxeHHble B cpef-
Hell KOTJIOBHHe o3epa. 'mapaTHble XOJIMBI HauMeHee
HU3y4eHbl TMAPATOHOCHBE OOBEKTH Ha O3epe, HO 3TU
JABa o0JsafaloT yHUGUIUPOBAaHHEIM HaOOpOM XapakTe-
PUCTUK JAHHOTI'O TUIA TMAPATOHOCHBIX CTPYKTYP.

I'mgpatseiii xonM «K-11» oOHapyxeH B Xxofe
pa6ort ¢ I'BO B 2002 1 2005 rr. 1 MHOT'OJTy4eBBIM 3X0JIO-
ToM B 2009 r. OH npeficTaBJisieT cOO0I BO3BBIIIIEHHOCTh
pasmepamu 600 Ha 500 M u BeicoTOi 20 M Ha riiyOHHe
430 M. Ilpu reosiormueckoM onpoOOBaHUM OBITIO OTO-
OpaHO 5 KepHOB, B 2-X M3 KOTOPHIX HaXOJWJIMCh ra3o-
rufpartsl. I1o[1 BO3BHILIEHHOCTHIO MMeeTCA aKyCTUIecKU
IIpO3pauHblil KaHala Ha celicMuyYeckux 3anucax. Han
3TUM OOBEKTOM B IOCJIe[HME oAbl Ha 3XOorpamMmax
oTMeuaeTcs pasrpyska rasa B Bufe «(pakena» (Puc. 2).
JlaHHasA CTpyKTypa OTYeTJIMBO BUAHA B pejbede U
OfHA U3 HEMHOTHUX, I[le OTYETJIMBO IIPOCJIeXeH raso-
BBl KaHaJ U HMeeTcs 3MNM30JUYeCKUll BBIXOH rasa,
T.e. objajjaeT BceM KOMILIEKCOM YHUQUIMPOBaHHBIX
XapaKTepUCTHUK I'MAPATHHIX XOJIMOB.

T'uppaTtHeiii xonMm  «HoBocuOUpCK-2»  OTKPHIT
B 2002 roxy mo pesyJsbraraMm pabot I'BO u ceficmoa-
Kyctuueckoro mnpodusiorpada. Hz-3a Oosbmioit riy-
ounb (1510 M) u HebosbiIoM BeICOTH (15M) Ha gaH-
HBIX CbeMKH MHOTI'OJIyYeBOI'O 3XO0JIOTa 3Ta CTPYKTypa
MIpaKTU4YecKy He BbIpaxkeHa B pejbede. OgHAKo Ha
mo3zauke 'BO oHa BbIfjesiieTcA B peJibede no mosyTe-
HAM M [I0 CUTHaJy oOpaTHOIO paccerBaHUsS OT OKpY-
JKaloIUX TUMNOB ocadka. CericMonpoduib NPOXOOUT
HeMoCpe[ICTBEHHO 4Yepe3 CTPYKTYpY, UYTO IO3BOJIUJIO
IpocjieAuTh Ha HeM 0O0JIaCcTh C XaOTUYHBIM PHUCYH-
KOM CHTHaja MOJ CTPYKTypoH, noao0ue ra3oBOro
kaHasna (Puc. 3). Pasrpy3ka rasa 3fecb He 0TMe4dasach.
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Puc.2. Bartumerpuueckas cxema palioHa TI'PsI3eBOTO
xoama «K-11». JKenTHEl MyHKTHUP — TPaHUIBl CTPYKTYPHI,
GeJible TOYKU — KEepHHBI C THApaTaMu, YepHble TOYKU — Oe3
rugpara. Ha Bpeske: celicMudeckuii mpoduyib, CHHUHN MyH-
KTHD — IIOBEPXHOCTb CTPYKTYDBI, KPACHbII — ra30HacCHII[eH-

HBIF KaHaJI.

2002-line03

Puc.3. Batumerpuueckas cxema palioHa TI'ps3eBOTO
xosma «HoBocubupck-2». KpacHBII NyHKTHUP — TpaHUIIBI
CTPYKTYpBI, Oejible TOYKM — KepHbl C ruapaTaMi, 4yepHas
Touka — 6e3 ruaparta. Ha Bpe3ke A: celicMuyecKkuil Ipo-
s 2002-1ine03, 1 — aHO, 2- cTpyKTypa «HOBOCUGHPCK-2»,
CUHUI MYHKTUP — IIOBEPXHOCTb CTPYKTYphl, KpPacHBI —
rasoHachileHHbI kaHajl. Ha Bpe3ke B: conorpamma I'BO
npodpuiia 2002-line03, xeaTBIM HTYHKTUPOM — CTPYKTypa
«HoBocubupck-2».
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I'mapaToHOCHOCTH X0Ma ObLTa AokasaHa B 2015 r. Ha
JaHHOH CTPYyKType oToOpaHO 4 kepHa, 3 M3 KOTOPBIX
cojiepXar ra3oBble THApPaTHl. DTy CTPYKTYPY OTHECJIH K
ONOPHBIM, KaK MIpefCcTaBUTENIs caMoOU ITyOOKOBOAHOMN
TUPaTOHOCHON CTPYKTYpHl M HMelollell Becb Habop
MIPHU3HAKOB, KOTOpble MOXHO IOJIyYUTh C IOMOIIbIO
I'BO.

Tpetuil TUII T'MAPAaTOHOCHBIX CTPYKTYpP — CHIIH,
BhI/lesiAeTCs [10 HeMHOI'OYMCJIEHHBIM IIpHU3HaKaM, KOTO-
pble BCTpevaJiich TOJIBKO B TOM WMJIM WHOHM CTPYKTYype.
Cunsbl HUKaK He BBIpaXXeHHl B pejibede, 4TO 3aTpyaHAET
WX MOMCK 0 MopdoJsiornu aHa. Mx oOHapyxeHue y
OOJIBIIMHCTBA CBA3aHO C HajW4yheM pasrpy3Kd rasa,
dukcupylomuecs Ha sxosiore. J[0 HaXOAOK ra3oBBIX
TUApaToB UX WAEHTU(UIMPOBaJU IO LBETy IOBepX-
HOCTHOTI'O 0Cajika, BU3yaJIbHO Ha0JII0gaeMoro B KepHax
WJIM C IOMOII[BI0 IOJIBOJHBIX allllapaToB. DTO ABa OCHOB-
HBIX IIOMCKOBBIX NpH3HaKa. [Toa KaXAbIM K3 CUIIOB Ha
celicMMYeCcKUX 3alucAX OTMedascsad aKyCTUYeCKUH
rasoHachIIleHHBI KaHaJl, Jake ecJM pasrpyska rasa
B MOMEHT CbEeMKM OTCyTCTBOBaja. TOJIbKO Yy OJHOIO
cuna — «Kpacnsiii fIp», Ha coHorpammax I'BO B 2007
I. 0TMeYasIoCh aHOMaJIbHOE IIATHO B CUTHajie 60KOBOIO
oTpaxeHusa pasmepoMm 530 Ha 490 M, KOTOpoOe, KaK U
B MOPCKHUX OCafiKaX, XapaKTepH30BaJIo HajJu4lie B HeM
MIPUIIOBEPXHOCTHBIX Ta30BBIX ryujparos (Xabyes u Aap.,
2016). Hapg cTpyKTypoii Ha 3XorpaMmax NpUCyTCTBYeT
«pakes», MOYTU MOCTUTalON[MiI IIOBEPXHOCTU O3epa
¢ rinyounsl 720 M. KosindecTBO OTOOpaHHBIX KEPHOB
coctaBiAeT 19 mT., U3 KOTOPHIX 9 C coaepxaHUeM
rasoBbIX THJpaToB, IIOBEPXHOCTHBIEI OCAAOK KOTO-
PBIX He OBbLI OKHCJIEHHBIM U MMeJl KOPUYHEBBIN IIBeT.
Takum 00pa3oM, y 3TOH CTPYKTYypHl IIPUCYTCTBOBaJIU
BCe OCTaJIbHBIe YHU(DUIMPOBaHHBIE IPU3HAKK (KaHaJl,
(daxkes1, 1[BeT IOBEPXHOCTHOTO 0OCAajiKa), MO3TOMY JaH-
HBIM cunl ObUI OTHeCeH K ONOPHBIM TI'MAPAaTOHOCHBIM
CTPYKTypaM HNaHHOTo Tuna. MeHHO 3TOI CTPYKTYype,
KaK THUIWYHOIO MOPCKOrO CHIIa, HO ¢ 6aliKaJbCKUMU
reoX¥MHYeCKMMH OCOOEHHOCTAMY, IMOCBALIEHb MHO-
rue nyoaukanuu (Aloisi et al., 2019; Pogodaeva et al.,
2020; 3emckas u gp., 2024).

Ha balikase oOHapy>xeHbl He TOJIbKO I'a30BHIE,
HO U HedTerasopble THAPAaTOHOCHBIE CUIIH (pa3rpyska/
CKoIUIeHusA HedTH B MecTe pasrpysku rasa). K omop-
HBIM HaMmu ObLIa OTHeceHa CTPYyKTypa «['opeBoil YTec».
Ona oTkphITa 6j1arofaps aHajau3y CIyTHHUKOBBIX CHUM-
koB 2003-2005rT., Ha KOTOPHIX BO JIbJy OBLIIO BUAHO
TeMHOe IATHO, Ha 3XOorpaMMax BBHIABJIEH «(dakesl», a
Ha BOJHOI NOBEPXHOCTU BCIUJIBIBAIOIIME KallJId HedTH.
B 2006 ropy BmnepBele Ha Baiikajsie 3mech OTOOpaHbI
KepHEBI, KOTOphle OJHOBPEMEHHO coAepxaau HedTb U
ra3oBble ruApathl (XubicToB U Jp., 2007). Becero 6b110
oTobpaHo 50 kepHOB, 13 KOTOPhIX 10 cofiepxaiu raso-
Bble rujpartel, a 17 HedTh. KpoMe Toro, sTot paiioH
JeTasabHO OBLI HcciiefoBaH ¢ momoIbio 'OA «MHUP»,
YTO IO3BOJIMJIO OOHApYKUTh HAa MecCTe CHUIIAa y4acTKU
JIHa Ceporo M XKeJITOro IBeTOB, KOTOpble KOHTPAaCTHO
OTJIMYaJICh OT KOPUYHEBOIO MJjla BOKPYT HUX. B pail-
OHe 3TOr0 CHIa TakKXe OTKPHITH T'MApaTo-OUTYMHBIE
IIOCTPOYIKY, TJie IIJIa pasrpy3ka HedTU OAHOBPEMEHHO
C ra3oM, U OMTYMHBIe IIOCTPOMKH, Ile pasrpyxajach
ToJIbKO HedTh. Ha ceficMonpouIAX BbIAEIAICA y3KUI
ra3oBbii kaHas (XuibicToB U Ap., 2007).
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B pesysnprare yHHOGUKAIUU Treosoro-reodpusu-
yeckoll nHGOpMAaIUHU 110 BCeM I'MAPATOHOCHBIM CTPYK-
TypaM U BblJIeJIeHUsI U3 HUX OIOPHBIX, OBLJIa cO3/1aHa
6aza maHHBIX «ONOpHBIE TUIPATOHOCHBIE CTPYKTYPHI
03. Bafikai», KoTopas BU3yaJIM3UpOBaHA Ha caiTe
JIMH CO PAH (http://lin.irk.ru/oporniki) u npexacras-
JsieT coboit Habop Tabiull U n300pakeHu, CBA3aHHBIX
Mexay co0oii ocpeICTBOM T'UIIePCChUIOK.

4. 3aKknioueHue

[MpoBenena yHudukanus reosoro-reodusu-
YecKUX IPU3HAKOB THPATOHOCHBIX CTPYKTYp O3epa
Baiikay, KoTopas MO3BOJWJIA BBAEJIUTh OIOPHBEE
rugpaToco/iepxaliye CTpYKTYphl Cpelid IPA3EBBIX BYJI-
kaHoB («HoBocubupck» u «AkagemXpebet»), ruapart-
HBIX XO0JMOB («HoBocubupck-2» u «K-11») u cumnos
(«KpacHsiii fIp» u «['opeBoit YTec»). [ kaXxaoro Tumna
CTPYKTYp BBbIJjeJIEHBl XapaKTepHble TOJIbKO IJI HEro
IPU3HAKN U XapaKTEPUCTUKU, KOTOPHE HAILIN CBOE
OTpakeHHe B ONOPHBIX CTPYKTypax. Bes mcnosp3oBaH-
Has Ay 3Toro nHopManus ceefeHa B 6a3y HaHHBIX,
KOTOpasi YNpOCTUTh [ayIbHeHIylo paboTy ¢ reoJio-
ro-reopr3nUecKUMU JAHHBIMU, U TOMOXeT B IOKCKaX
M VCCJIeOBAaHUAX HOBBIX T'HMIPATOHOCHBIX OOBEKTOB
o3epa.
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PaGota BBHINIOJIHEHA npu noAAepxKKe
Muno6pHayku Poccuu B paMkax TeMbl rocyJapCTBeH-
Horo 3afgaHusA JlIumHonorunvyeckoro uHcruryrta CO PAH
(0279-2021-0006).

ABTOpHl BBIpaXawT OJarogapHOCTb KOMaHAaM
HUC «TutoB» u HUC «Bepemarun» (LIKII «LleHTp
KOMIUJIEKCHBIX CYJOBBIX HccjiefoBaHuil balikana») 3a
IIOMOII[b B IPOBe/IeHNH I'e0JIoro-reopusnieckux pabor.
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