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ABSTRACT. Vertical distributions of dissolved methane and this flux into bottom sediments (up to 3 m
thickness) from background (undisturbed sedimentation) areas of the Southern, Middle and Northern
basins of Lake Baikal were obtained and characterized. Vertical methane profiles at all stations are
similar characteristics: low concentrations in the near-surface layers (= 1-2 uM) and a steady increase
with depth. The highest concentrations of methane into sedimentary were observed in the Middle basin,
followed by somewhat lower levels in the Southern, and concentrations an order of magnitude lower in
in the Northern basin. The exponential decrease in methane concentrations toward to the bottom-water
interface to equally low values, regardless of its content within the sediment, indicates its significant
oxidation and consequently minimal influence on methane concentrations at the near-bottom water
interface. The obtained results fill a gap in knowledge concerning the vertical distribution of methane
into baikalian bottom sediments and are important for assessing the stability and functioning of hydro-
carbon systems in a cold and deep freshwater reservoir.
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1. Introduction

In the context of global climate change, quanti-
fying the concentrations and distribution of greenhouse
gases in the ocean and inland water bodies is of sci-
entific and applied interest. Since the late 20th cen-
tury, attention to methane in aquatic ecosystems has
increased because of its role in atmospheric chemistry
and, in particular, in ozone layer depletion processes
(Bazhin, 2003). Studying the conditions of formation
and distribution patterns of methane in bottom sed-
iments of various types of water bodies has also tra-
ditionally been used as an exploration criterion for
petroleum potential areas. Interest has recently grown
further due to the demonstrated utility of dissolved
methane concentrations as indicators of anthropogenic
or natural pollution in aquatic environments.

Gases in the bottom sediments of Lake Baikal
have been studied in different time periods (Efremova
and Gritchina, 1981; Lebed’, 1984; Isaev and Mikheev,
2001). The first detailed studies were conducted

by VNIIGAZ researchers A.G. Efremova and M.V.
Andreeva with participation from LIN SB RAS in 1978.
In the 1980s, extensive geochemical studies in the
Selenga shallow area under the direction of G.G. Lebed’
revealed high gas saturation of the upper sediment
layer with methane (up to 10-25 cm? kg™?), especially
in the Proval Bay. The authors noted a direct correla-
tion between hydrogen and methane concentrations
and low concentrations of heavy hydrocarbon (HH)
gases. Later studies showed the presence of nitrogen
and methane gas types, as well as intermediate types,
in the bottom sediments (Isaev et al., 2002). Among
HH gases, the presence of ethane, propane, ethylene,
and propylene was noted (Isaev et al., 2002). Methane
concentrations in the near-bottom waters of the Baikal,
are very low (~10-40 nl/L) that is similar to the World
Ocean, (Egorov, 2002; Egorov et al., 2003; Egorov et
al., 2005; Mizandrontsev et al., 2020).

The vertical distribution of methane in Lake
Baikal’s bottom sediments is of particular interest due
to the lake’s great depth, which results in sedimentation
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conditions approaching those of marine environments.
Nevertheless, existing information on the patterns of its
vertical distribution in the bottom sediments of differ-
ent lake basins is very limited, as historically the main
focus has been on methane in zones of gas-bearing
fluid discharge and in various types of hydrates-bear-
ing geological structures (Kalmychkov et al., 2006).
Thus, distribution of methane into bottom sediments
of the Academician Ridge (background areas) has been
described in detail (Zemskaya et al., 2008). Other stud-
ies were limited to measuring methane content only in
the uppermost surface sediment layers (Gar’kusha et
al., 2019; Och et al., 2012).

Thus, the aim of this work was to measure and
analyze the vertical distribution of methane concentra-
tions into bottom sediments from background areas in
the three basins of Lake Baikal.

2. Materials and methods

Study Areas

The Baikal depression are clearly distinguished:
Southern, Middle, and Northern (Fig. 1). Southern and
Middle Baikal are identified as independent deep-wa-
ter formations, separated by the Buguldeyka saddle.
Northern Baikal is distinguished by shallower depths
and a number of features in the basement geological
structure. It is separated from Middle Baikal by an
inter-basin saddle, including subaerial and subaqueous
fragments (Mats et al., 2001). These, in turn, are het-
erogeneous in internal structure and consist of smaller
depressions differing in their tectonic development and
sedimentation (Levi et al., 1997).

Background areas of Lake Baikal can be defined
as areas of the bottom with continuous sedimentation,
undisturbed by tectonic activity or fluid discharge, i.e.,
where there is no displacement or redeposition of bot-
tom sediments. Such areas include leveled central parts
of the basins or on inter-basin saddles. For the former,
the presence of turbidites is an anomaly in the continu-
ity of sedimentation conditions, which should be con-
sidered in the analysis of results.

Sampling and Analysis Methods

Sediment cores were collected during June-July
from 2017 to 2023 (Fig. 1, Table 1). Gravity coring
with a straight-through steel tube (outer diameter 127
mm) was conducted from the research vessel “G.Yu.
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Fig.1. The map of core sampling (Table 1).

Vereshchagin”. A plastic liner (inner diameter 110
mm) was inserted into the corer to retain the recovered
sediment. After retrieval on board, the liner was cut to
obtain a continuous geological section of bottom sedi-
ments up to 3.5 meters long.

Samples for analysis were collected using a trun-
cated 3 ml syringe. Methane content was determined
using the headspace phase-equilibrium degassing
method (Bolshakov and Egorov, 1987). For this, a 2 ml
sediment sample was placed in a 33 ml glass vial filled
with 20 ml of distilled water. The vial was sealed with
an aluminum cap with a rubber septum, turned over,
and mechanically shaken for 30 minutes to disintegrate
the sediment and achieve maximum degassing.

A gas aliquot was extracted through the hole
by syringe and analysed on board by gas chromatog-
raphy using an “ECHO-EW-PID” gas chromatograph
(Russia) with a flame ionization detector.The chro-
matograph was calibrated against the “Nitrogen” stan-
dard (N,+1000 ppm CH,) from LLC “PGS-Service”
(Zarechny city, Russia).

Table 1. Sampling dates, coordinates and water depths for the stations in three basins of Lake Baikal.

N | Sampling date | Latitude, deg |Longitude, deg Basin Station Depth, m
1 12.07.2018 51.779882 104.945453 Southern 7 km Listvyanka 1400
2 20.07.2019 51.702595 104.978775 Listvyanka-Tankhoy 1400
3 16.06.2022 51.76009 105.024683 9 km Listvyanka 1400
4 30.06.2017 53.165472 107.993900 Middle Izhimei 1610
5 13.07.2019 53.17378 107.900228 Izhimei 1610
6 09.07.2023 53.173768 107.900068 Izhimei 1610
7 02.07.2017 54.455308 109.064938 Northern Elokhin-Davsha 900
8 16.07.2019 54.186112 108.72612 Zavorotny 900
9 16.07.2020 54.186112 108.72612 Zavorotny 900
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The relative analytical error in determining
methane concentration in the gas sample was =5%;
the combined uncertainty, including potential partial
degassing during core handling, were assumed to be
+10%.

3. Resulits

Measured methane concentrations in sediments
from different basins are shown in Fig. 2. Methane con-
tent in different cores varied widely, from fractions to
hundreds of pmol/L. Methane content profiles in all
lake basins show a significant increase with depth. In
Southern and Middle Baikal, saturation was reached
at core Isyers deeper than 1.2-2.0 meters, below these
depths, concentrations varied around the achieved val-
ues (about 300-700 umol/L) down to the deepest sam-
pled horizons. The highest concentrations of methane
into sedimentary were observed in the Middle basin,
followed by somewhat lower levels in the Southern,
and concentrations an order of magnitude lower in in
the Northern basin.

An exponential decrease in concentrations pre-
dominated approaching toward to the sediment sur-
face. Thus, concentrations in the basins did not exceed
1-2 pmol/L at the sediment surface, with uniform meth-
ane concentration at stations in the Northern basin. The
increase in methane concentration occurred toward to
bottom from 25-50 cm (Fig. 2).

4. Discussion

The dissolved methane profiles obtained in Lake
Baikal sediments show a vertical distribution typical for
its background areas: low methane concentrations in
the upper centimeters of sediment, uniform with depth
or with an exponential decrease toward the water
boundary, and a pronounced, near-linear increase with
depth, reaching quasi-homogeneous values at some
stations (3, 4, 5, 6) at depths of 1.5-2.0 m (Fig. 2).
The profile at station 2 displays a marked inflection at

~1.2 m, beyond which the rate of methane concentra-
tion increase accelerates. A similar inflection was also
observed in the sediments of the Academic Ridge, but
at a depth of 2.4 m (Zemskaya et al., 2008).

It should be noted that methane concentration
profiles obtained in the same area in different years
coincide quite well both in shape and in absolute values
(profile pairs 1, 3; 5, 6 and 7, 9 in Fig. 2). Given the 3-4
year intervals between samplings, it can be concluded
that the processes of methane generation and oxidation
in bottom sediments of background areas of the differ-
ent basins are quasi-stationary, not influenced by inter-
annual variability in water inflow and, consequently,
the water level of Lake Baikal (e.g., 2017 - low water
year; 2021, 2023 — extremely high water years).

At sediment depths >1 m the highest dissolved
methane concentrations were observed in the Middle
basin, slightly lower values in the Southern and an
order of magnitude lower values in the Northern
basin, which can be explained by the content of bur-
ied organic matter. For example, total organic carbon
contents in sediments of Southern and Middle Baikal is
estimated at 1.5-2.5%, while in the Northern basin it is
noticeably lower — 0.5-1.5% (Vykhristyuk, 1980). An
increase in dissolved methane content with increasing
total organic carbon in Lake Baikal sediments is also
shown in (Gar’kusha et al., 2019).

At the upper part of the cores (0-10(20) cm),
the highest dissolved methane concentrations were
similarly observed in the Middle and Southern basins,
while in Northern Baikal they were significantly lower
and practically did not change with sediment depth,
remaining at the level of near-surface layers (Fig. 2).
This distribution is likely related to the thickness of the
oxidized layer, which has small values in Middle and
Southern Baikal (on average 3.5 and 5.5 cm respec-
tively), while in Northern Baikal the average oxidized
layer thickness increases to 16 c¢cm (Vologina et al.,
2003). Such differences in oxidized layer thickness
between basins are due to the depth of oxygen pene-
tration into the sediments, confirmed by direct mea-
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Fig.2. Vertical distribution of methane concentration in bottom sediments of the Southern, Middle, and Northern basins of
Lake Baikal. Insets show an enlarged 0.5-meter upper sediment layer. Lines indicate average values. Shaded areas represent the

10% measurement uncertainty.
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surements of oxygen concentration profiles in bottom
sediments using microelectrodes (Martin et al., 1998;
Och et al., 2012).

In general, the methane contents found in bot-
tom sediments of background areas of Baikal are close
to those observed in freshwater systems with low to
moderate productivity (Table 2). Methane content in
Lake Baikal bottom sediments, both according to our
measurements and data from other researchers, varies
widely - from 0.1 to 1381 pM (Gar’kusha et al., 2019;
Fedorov et al., 2005); the high values of the latter are
due to sampling in areas with enhanced sedimentation
rates and high terrigenous input (near the mouths of
Upper Angara and Selenga revers, etc.). At the same
time, these values are much lower than those noted in
places of various geological structures with discharge of
gas-bearing mineralized fluids, for example, in the area
of the mud volcano Malenky methane concentrations
reached 9000 pM (Zemskaya et al., 2008, Zemskaya et
al., 2010).

It is important to note that, despite the wide
range of methane content within the sediments of stud-
ied background areas, in the near-surface layers meth-
ane concentrations do not exceed 1-2 uM (Fig. 2). It
is also known that in the near-bottom waters of this
areas, the concentration of dissolved methane is lower
by additional 2-3 orders of magnitude (Mizandrontsev
et al.,, 2020). This difference suggests near complete
oxidation of methane supplied from deep layers of bot-
tom sediments in background areas of Lake Baikal, and,
accordingly, minimal influence of the methane diffu-
sion flux on its content in near-bottom waters.

Compared to oceanic sediments, whose upper
horizons are controlled by sulfate reduction (Bernard,
1979), Baikal sediments exhibit different oxidant rela-
tionships: in the lake, due to low concentrations of SO,*
and NO;, the aerobic oxidation zone is much earlier

Table 2. Methane content in bottom sediments of some lakes.

replaced by the methanogenesis zone (Namsaraev and
Zemskaya, 2000; Aloisi et al., 2019). This determines
the characteristic linear profiles of methane increase
with depth, confirmed by theoretical calculations
(Bazhin, 2003), and later by field measurements in the
area of continuous sedimentation on the Academician
Ridge (Zemskaya et al., 2008). In the cores we studied,
methane concentration profiles also exhibit a close-to-
linear increase. In contrast, in marine deep-water back-
ground sediments, the upper layers are saturated with
sulfates and methanogenesis begins to develop in much
deeper layers (Bernard, 1979), therefore dissolved
methane concentrations in them are lower than in Lake
Baikal sediments.

Finally, it is also worth noting a significant
increase in the scatter of measured methane concen-
trations in each core with depth and, accordingly, with
increasing its content (Fig. 2). This is because when the
core is retrieved, pressure is released, and zones with
high methane content begin to degas and lose part of
the dissolved methane, leading to an underestimation
of its concentration. The rate of degassing, in turn,
depends on sediment lithology: it is high in sands and
much lower in clayey deposits. Additional mechani-
cal disturbances to the sediment during sampling only
accelerate the process in layers where the concentra-
tion is many times higher than the equilibrium with
the atmosphere, resulting in greater scatter in the mea-
sured values. Therefore, when working with high meth-
ane concentrations in sediments, it is advisable to use
pressure-conserving coring techniques.

5. Conclusions

As a result of this study, data on the detailed ver-
tical distribution of dissolved methane in bottom sedi-

Lake Rang of methane content in bottom Reference
sediments
Ladoga 1 - 3864 uM Fedorov et al., 2005
Onega 3.12 - 535 uM Vedishcheva, 2020
Valday 2-4818 yM Fedorov et al., 2005
Uzhin 163.4 - 468 uM Fedorov et al., 2005
Tambukan (Pyatigorsk) 1-180 uM Fedorov et al., 2005
Chertovo (Sea of Azov) 2 -198 uM Fedorov et al., 2005
Glubokoe 1-55.6 uyM Fedorov et al., 2005
Tundra lakes 0.01 -113 uM Fedorov et al., 2005
Mendota, USA 1-153 uM Fedorov et al., 2005
Michigan, USA 1-9.6 yM Fedorov et al., 2005
Erie 0.4 - 3658 uM Adams and Fendinger, 1986
Biwa 40 - 2410 uM Murase and Sugimoto, 2001
Fryxell 1100 uM Smith et al., 1993
Loosdrecht 100 - 1500 pM Sinke et al., 1992
Antarctic freshwater 1.7 - 630 uM Ellis-Evans, 1984
Geneva 100 — 1100 uM Sollberger et al., 2014

1393



Ivanov V.G., Khabuev A.V. / Limnology and Freshwater Biology 2025 (6): 1390-1401

ments of background areas of the three basins of Lake
Baikal have been obtained and summarized for the first
time. The vertical distributions are characterized by
low methane concentrations in the near-surface sedi-
ment layers and a pronounced close-to-linear increase
with subbottom depth, reaching quasi-homogeneous
values at about 1.5-2.0 m depths. This profile shape
reflects the specifics of Baikal sediments, where the
aerobic oxidation zone, due to low sulfate and nitrate
content, is rapidly replaced by the zone of methano-
genesis. This fundamentally distinguishes the bottom
sediments of Lake Baikal from background marine sed-
iments. Comparison with other lakes shows that the
range of methane concentrations in sediments of back-
ground areas of Lake Baikal corresponds to the range
typical for freshwater systems with low to moderate
productivity.

Significant differences in methane concentra-
tions between the lake basins have been identified:
maximum values are characteristic of the Middle basin
(up to 880 uM), somewhat lower for the Southern basin
(up to 350 uM), and an order of magnitude lower for
the Northern basin (up to 32 uM). Despite the signifi-
cant range in methane concentrations within the sedi-
ment column of different basins, in upper part of cores
(0-10(20) cm) its content does not exceed 1-2 uM, indi-
cating significant oxidation of methane supplied from
deeper horizons and consistent with 2-3 orders of mag-
nitude lower concentrations of dissolved methane in
the near-bottom waters of Lake Baikal.

Good reproducibility of methane concentration
profiles, obtained in the same areas in different years,
both in shape and absolute values, indicates a quasi-sta-
tionary nature of the methane generation and oxidation
processes in bottom sediments of background areas of
Lake Baikal, not affected by interannual variability in
lake level.

In the near future, it is planned to conduct more
detailed studies of the vertical distribution of dissolved
methane concentrations on a broad network of stations
across Lake Baikal to assess intra-basin heterogeneities
in its content.
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OpuruHanbHan craTbf

BepTukanbHoOe pacnpeaeneHme ILIMNOLOGY
KOHLEHTPaLuMM1 PacCTBOPEHHOro Merala B FRESHWATER

ocaakax ¢poHOBbIX paMoOHOB o3epa baukan BIOLOGY
P

HBaHos B.I'.", XabyeB A.B.

JlumHostoeuneckuti uHcmumym Cubupckozo omdesteHua Poccutickotl akademuu Hayx, yii. Yiaxn-Bamopckas, 3, Hpkymck, 664033,
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AHHOTAILIUA. BrnepBrle nojiyueHsl 1 006001eHbl BepTHKaJIbHbIe paclpe/esieHs KOHIIEHTpalril pac-
TBOPEHHOI'0 MeTaHa B JOHHBIX OTJIOKEHUAX (DOHOBHIX PaliOHOB I0XKHOM, CpeJiHel 1 ceBepHOI KOTJIOBUH
o3epa batikay BIJIOTh A0 3-X METPOBHIX IJIyOMH OCaJOYHOIO uYexJia. BepTukasibHble Ipoduinu comep-
XKaHMA MeTaHa Ha BCeX CTAHIMAX MMeIOT CXOAHEIE YepThl 1 XapaKTepu3ylTcsA HU3KUMU KOHIIeHTpaly-
sIMU B IIPUIOBEPXHOCTHBIX CJI0AX (He IpeBhMamyMu 1-2 MKM) 1 YCTOMYMBBIM POCTOM COAEpPKaHUA
MeTaHa ¢ rJiyouHoi. MakcuMasibHble KOHIIEHTpaI[ii MeTaHa B ToJIlle OcaJKka OTMeYeHHl B CpeJHeil
KOTJIOBHHE, HECKOJIbKO MeHblllle — B I0)KHON 1 Ha IOPAAOK MeHblINe — B CEBEPHOIN KOTJIOBUHE.
ODKCIIOHEHI[AJIbHOE CHU)KE€HNE KOHIIEHTPAIly METaHa B OTJIOXKEHWAX NP NPUOIMXKEHUH K IpaHule
JHO-BOJla K OJWHAKOBO MaJlbIM 3HAYE€HHAM HE3aBHCHMO OT €ro COAEpXaHWA B TOJIIE OCaAKa CBU-
JETeJIbCTBYeT O €ro CyIIeCTBEHHOM OKWUCJIE€HWHU WU, KaK CJIe[ACTBHE, MUHUMAJIbHOM BJIMAHUM Ha KOH-
I[leHTpally MeTaHa B NpUAOHHOU Bofe. [losiydeHHBIe pe3ysbTaThl BOCHOJIHAIT Ipo0esl B 3HAHUAX O
BepTUKAJIbHOM paclipe/ieIleHMH pacTBOPEHHOI'0 MeTaHa B ocajikax o3epa balikaji, 1 BaXXHBI [J1 OLIeHKU
YCTOMYMBOCTY yTJIEBOJOPOAHBIX CUCTEM U MEeXaHU3MOB X QYHKIMOHHUPOBAHUA B YCJIOBUAX XOJIOAHO-
BOAHOT'0 IJTyDOKOBOAHOI'O MTPECHOBOAHOI'O BOJOEMA.
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1. BBeAe“"e PEHHOro Me€TaHa AJid OLl€HKHN YPOBHA 3arpA3HEHHOCTHU

BOJOEMOB.

l'a3pl IOHHBIX OTJIOXeHMIl o3epa balikan usy-
yajJuch B pasHble BpeMeHHBle mepuonbl (Edpemona
u I'putunHa, 1981; Jlebenp, 1984; McaeB u Muxees,
2001). IlepBbie AOeTasibHBIE MCCJIENOBAHMA MPOBOOU-
Jvck coTpyaHukamu BHUHWras A.T'. Ebpemosoii u M.B.
AnpnipeeBoii npu yuyactuu cotrpyaHukoB JIMH CO PAH B
1978 r. B 80-x rogax BbINOJIHEH OOJIBIION OOBEM Ieo-
XMMHYeCcKuX paboT B paiioHe CeJIeHTMHCKOTO MeJIKO-
BoAbA oA pykoBoacTBoMm I'.I'. Jlebess, B xoge KOTOPHIX
yCTaHOBJIEHA BHICOKas Ta30HACHIIEHHOCTh BEpXHEro
cj0a ocaakoB MetaHoM (mo 10-25 cm3/kr), ocobeHHO
B 3asiuBe I[IpoBaji. ABTOPBEl OTMETUJIN MPAMYIO 3aBUCHU-
MOCTh MeXOy KOHLIEHTpauuAMMU BOLOPOJa U MeTaHa U
HEeBBICOKHE KOHIIEHTPAIUU TSKEeJIBIX yTJIeBOAOPOIHBIX
(YB) rasos. Bosiee nmo3guue uccjaegoauus (Mcaes u
ap., 2002) nokaszajayd NPUCYTCTBHE B JOHHBIX OcCagKax
A30THBIX ¥ METAHOBHIX TUIIOB rasa, a Takke HUX IIpome-

B cBA3u c ryo6ajbHBIM HM3MeHeHHeM KJuMara
HU3yyeHHe COAePXaHWuA U paclpejeieHnsA NapHUKOBBIX
rasosB B MUpOBOM OKeaHe ¥ BHYTPUKOHTHHEHTAJIbHBIX
BOJ0eMax IpeACTaBJIAeT HayYHbI M NPaKTUYeCKUi
nHTepec. B KoHIe MpomIoro Bexka 0oJibIlIOe BHUMaA-
HHUe CTaJl0 YAeJIATbCA H3yYeHUI0O 3aKOHOMEepHOCTeH
pacrpefiesieHUs MeTaHa B Pa3J/IM4YHBIX BOAHBIX 3KOCH-
cTeMax B CBSI3M CO 3HAQUUTEJIbHOI ero poJiblo B aTMOC-
(depHBIX XMMUYECKUX peakIaX U, B YaCTHOCTH, B IIPO-
lleccax paspylieHusa o30HoBoro cjos (Baxun, 2003).
H3ydeHue ycjioBull 00pa3oBaHuA U 3aKOHOMEpPHOCTeH
pacrpefiesieHUs MeTaHa B JOHHBIX OTJIOXKEHUAX BOJIO-
€MOB Pa3jIMYHOro THMA TaKXe TPaJWLMOHHO HCIOJIb-
3yeTcs B KayecTBe IOHMCKOBOIO KpuTepus HedTeraso-
HOCHOCTHM akBaTOpuil. B mocjiegHee BpemsA HHTepecC K
3TOMYy rasy yCWJIWICA U B CBA3M C IOATBEPXKAEHHEM
BO3MOXXHOCTHU MCIIOJIb30BaHUA KOHIIEHTpaI[U PacTBO-
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KYTOYHBIX TUIOB. U3 TskesbiXx YB oTMe4eHO NpPUCYT-
CTBUe 3TaHa, IpollaHa, 3TUJieHa U nponuieHa (Mcaes
u ap., 2002). KonieHTpanuss MeTaHa B MPUJAOHHBIX
Bojax baiikana, Tak e, Kak U B IPUAOHHBIX BoJAax
MwupoBoro okeaHa, oueHb Masa (nopsgka 10-40 Hi1/n)
(Eropos, 2002; Eropos u aip., 2003; Eropos u ap., 2005,
MwuzaHapoHIieB u ap., 2020).

BepTukaspHOe pacnpefesieHHe MeTaHa B JIOH-
HBIX Oocajikax Baiikaja mpejcTaBiisieT 0COOBIII MHTepeC
B CBSI3U C OOJIBIIOMN IJIyOMHOI 03epa, B pe3yJibTaTe yero
yCJIOBUA OCAJKOHAKOIUIEHUsA NPpUOJIMKAITCA K MOp-
ckuM. Hecmotpsa Ha 3T0, cyllecTByioliye cBefeHHUsS O
3aKOHOMEPHOCTAX €ro BepTUKAJIbHOI0 pacipefesieHNus
B JJOHHBIX OTJIOKEHUAX Pa3HbIX KOTJIOBUH O3epa BecbMa
OrpaHuyeHsbl, T.K. MCTOpPUYECKH OCHOBHOe BHUMaHNe
yAeJIAJIOoCh UCC/IeJIOBAaHUIO paclipefiesieHus U reHe3uca
MeTaHa B 30HaX pasrpy3Ky razocojepxaiux GJionioB
YU B pasjIMYHBIX TUINAaX Ie0JIOTMYeCKUX CTPYKTYp, The
oOHapyXUBaJIUCh rasoBble rufparthl (KajMmerukos u Jip.,
2006). [na palioHOB HepephIBHOTO OCAaAKOHAKOILIe-
HuA Baiikasa B iuTepaType ONMCaHOo JIUIIb IOAJOHHOE
pacmpefiejieHe MeTaHa Ha AkKaJeMHUYecKoM xpeOre
(Bemckas u np., 2008). [pyrue ucciiefoBaHUA OBLIU
OorpaHuveHsbl U3MepeHNeM coJiepXaHNA MeTaHa TOJIbKO
B HeOOJIBIINX IIPUIOBEPXHOCTHBIX CJIOAX Ocajka
(Tappkyma u ap., 2019; Och et al., 2012).

TakuMm o6pa3oMm, Iiesibl0 HacTosmleld paboTH
ABJIAJIOCHh M3MepeHHe U aHau3 BepTUKaJIbHOI'O pac-
npejieJieHnsA KOHIIeHTpally pacTBOPEHHOI0 MeTaHa B
JIOHHBIX OTJIOXEeHUAX (OHOBBIX PaliiOHOB TPEX KOTJIO-
BUH o3epa balikayn u cpaBHeHHe NOJIyYeHHBIX pe3yJib-
TaTOB C AAHHBIMU 10 APYTMM BOJHBIM O0ObeKTaM.

2. MaTepuanbl U MEeTOADI

Pationsl uccyiedosaHus

Mopdosiornyecku BHYTpU bBalikaJibCKOU BIa-
JVHBl OTYETJIMBO BBIJEJIAIOTCA TPU KOTJIOBUHBI 3TO
I0kHas, cpeaHsas u cepepHasa (Puc. 1). FOxHBI U
CpenHuii Baiikayi BBIJEJIAIOTCSA KaK CaMOCTOATENb-
Hble TJIyOOKOBOOHBIE OOpa3oBaHUs, pasJieJieHHbIE
Byrynspaetickoii nepemsiukoil. CeBepHblil batikan oTiu-
YyaeTcs MEHbIIUMU IJIyO1HaAMU U PAAOM 0COOeHHOCTel
reoJIOTHYecKOro cTpoeHusa pyHmameHnta. OH OTAeJIeH
ot CpenHero Baiikasia MeXBINAaJAUHHOI IepeMBIYKOU,
BKJTIOYAIOMIEll Ha3eMHBbII U NOABOMHBIN (parMeHTh

104°E
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108°E

Puc.1. Cxema pacmnoJjioxeHusa oT6opa npoO, noapobHasA
pacuidpoBKa HOMEPOB CTAaHIMH npuBefeHa B Tabswe 1.

(Man u gp., 2001). OHu, B CBOIO ouepedb, HEOOAHO-
POOHBI IO BHYTPEHHEH CTPYKTYpPE U COCTOAT U3 HoJiee
MEJIKUX AENPECCUH, OTJIMYAIINXCA 0 CBOEMY TEKTO-
HUYECKOMY Pa3BUTUI0 M OCAJKOHAKOIUIeHUI0 (JIeBU U
ap., 1997).

K ¢doHOBEIM paitoHaMm o3epa Bafikam MOXHO
OTHECTU YYACTKUA JHA C HENPEPBIBHBIM OCAAKOHAKO-
IJTEHUEM, HEHAPYIIeHHBIM TEKTOHHMYECKOM AaKTUBHO-
CTBIO WJIN (PJIIOMAHON Pa3rpy3KoM, T.e. HE MPOUCXOAUT
CMellleHUe WM TIEPEOTJIOKEeHNEe JOHHBIX OTJIOXKEHUH.
K TakuM paiioHaM OTHOCATCS BBIDOBHEHHBIE YYaCTKU
B IIEHTPAJIbHBIX YaCTAX KOTJIOBUH WJIM HA MEXBIaIUH-
HBIX TlepeMblYKax. [JiA MepBhIX HAJIW4Yue TYpOUIUTOB
SIBJIAETCS aHOMAJIHeEl B HEITPEPHIBHOCTHU YCJIOBUH OCa/I-
KOHaKOIUIEHHsA, YTO CJEAYeT YYUTHIBATh MPU aHAJIM3E
pe3yJIbTaToB.

Memodust ombopa u aHatu3a

OTt6op mpo6 Ui H3MepeHUs KOHIeHTpaluu
MeTaHa B OC3AKaX TpPeX KOTJIOBUH TPOBOAUJICA B
nuioHe-uoje ¢ 2017 mo 2023 rr. (Puc. 1, Tabauma 1).

Ta6suna 1. JlaTel, KoOpAWHATH U IJTyOHUHBI 0TO0pa Mpob Ha CTAHIMAX B TPeX KOTJIOBUHaX o3epa batikai.

N | Mdara or6opa | llupota, rpax | Mosrora, rpan | KorioBuua CraHusa I'mybuna, M
1 12.07.2018 51,779882 104,945453 I0XHas 7 KM JIuCTBAHKA 1400
2 20.07.2019 51,702595 104,978775 JIuctesanka-TaHXOM 1400
3 16.06.2022 51,76009 105,024683 9 kM JINCTBSHKA 1400
4 30.06.2017 53,165472 107,993900 CpenHAs Wxumeit 1610
5 13.07.2019 53,17378 107,900228 Wxumeit 1610
6 09.07.2023 53,173768 107,900068 Vxumeit 1610
7 02.07.2017 54,455308 109,064938 ceBepHas Enoxun-/laBma 900
8 16.07.2019 54,186112 108,72612 3aBOPOTHHII 900
9 16.07.2020 54,186112 108,72612 3aBOPOTHHII 900
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OT160p IpO6 IpyHTa OCYIIECTBJIANICA NPAMBIM I'e0JIOTU-
YyecKrMM OINpoOOBaHNEM C MOMOIIbI0 MPOH0OTOOPHUKA
rpaBUTAIMOHHOIO TUIA C HapyKHBIM AuaMeTpoM 127
MM c 60pTa Hay4HO-HCCJIeoBaTeIbcKoro cyaHa «I'10.
Bepemaruna». BHyTpp npo000OTOOpHNKA BCTaBJIAETCS
IJTACTUKOBBIM BKJIAJBII C BHYTPEHHUM JHaMeTpoM
110 MM, B KOTOPHIN OTOMpAIOTCA JJOHHBIE OTJIOXKEHUS.
INocsie mogbemMa Ha 6OpPT cyAHA BKJIAJBIII pa3pe3asica U
[I0JIy4aJics HellpephIBHEBIN reoJIoTHYecKuil pa3pes JOH-
HBIX OTJIOKeHUH JAJIMHOU 10 3,5 MeTpoB.

OT60p 06pasnoB npousBoAusicss oOpe3aHHBIM 3
mia mmpuneMm. CoaepxaHue MeTaHa OIpPeAesayioch C
HCINOJIb30BaHHeM MeToAa (a30BO-paBHOBECHOM fera-
sanuu (BompmakoB u Eropos, 1987), mjs uyero oro-
OpaHHBIN 06pa3sel] ocajika 06beMOM 2 MJI TOMelaics B
CTeKJITHHBIN My3blpek 060beMoM 33 MJI, 3aroJIHEHHBIN
20 MJI OUCTUJIMPOBAHHOM BOAOH. Ily3blpeK 3aKphl-
BaJiCs aJIIOMUHUEBOM KPBIIIKOU C pe3NHOBOM MPOOKO,
IlepeBOpauynBajICs U MOJBeprajcs MeXxaHU4eCcKoH Tps-
CKe C I[eJIbl0 Ae3nHTerpaluy ocajka 1 ero MakCcuMasib-
HOU ferasanuu B TeueHre 30 MUHYT.

Jia xpoMmaTorpaguuyeckoro aHaansa ajauKBOTa
rasa oTOupasach INNPUIIOM dYepe3 OTBEpCTHE B
KphIIIKe. AHajIu3 MPOBOAWJICA Ha ra3oBOM XpOMAaro-
rpade «IXO-EW-ITU][]» (Poccus) c mnjiamMeHHO-UOHU-
3aI[MOHHBIM JeTeKTOpPOM HeIoCpeCTBeHHO Ha OopTy
cynHa. Kanubposka xpomarorpada npomusBoAnIach 1o
cranaapty «Asot» (N, + 1000 ppm CH,) pupmb OOO
«[II'C-CepBuc» (r. 3apeunsiii). OTHOCUTEJIbHAs OMIKOKa
omnpejesieHHs KOHIleHTpalluM MeTaHa B IpobOe rasa
cocrasiigeT * 5%, cyMMapHas omuOKa, C yueTOM BO3-
MOXHOM 4aCTUYHOH Jerasalnuy ocajka Npu pasjeke
KepHa IpuHATa paBHON * 10%.

3. Pe3ynbTarthbl

I/ISMepeHHbIe KOHIEHTpallKi Me€TaHa B JJOHHbBIX
OTJIOKEHHAX pa3HbIX KOTJIOBMH IIPUBEAEHDBI Ha Puc. 2.
BesmuuHb KOHI_IeHTpaI_II/Iﬁ ME€TaHa B Pa3HbIX KE€pHax

BapbUpOBaji B IIMPOKOM [AuanasoHe, OT Jojed [0
COTeH MKMoJib/J1. [Ipodunu comepxaHusA MeTaHa BO
BCEeX KOTJIOBHMHAX O3epa IO0Ka3bBAIOT CYIeCTBEeHHBIN
pocrt c riyouHoil. B FOxxuoMm u CpeniHeM Batikasie HachI-
IeHue KOHIleHTpal1ii fJocTuraaoch B patione 300-700
MKMOJIb/J1 Ha TOPU30HTax KpeHa 6oJie 1,2-2,0 MeTpOB,
ry0xe KOHIEHTpaluy U3MeHsINCh BOKPYT AJOCTUTHY-
THIX 3HAUY€HUI 0 CaMBbIX HWXXHUX BCKPBITHIX TOPU30H-
ToB. Hanbosbmme KoHIleHTpaliy MeTaHa JOCTUTaJIUCh
B IIPUIIOBEPXHOCTHBHIX JOHHBIX OTJIOXKEHUAX cpeaHel
KOTJIOBHHBI, 4YyTh MEHbIIINE - B I0KHOM, M Ha MOPAMOK
HIXe B CeBEPHOU KOTJIOBHHE 03epa.

Y noBepxHOCTU AHA KOHIIEHTpaI[U BO BCeX KOT-
JIOBUHAX He IpeBHIlagy 1-2 MKMOJIb/JI, C BBIAEJIeHEM
Y4acTKOB C OJHOPOAHOM KOHIeHTpallieil MeTaHa Ha
CTaHIMAX CeBepHOM KOTJIOBUHHL. [Ipy npubsrkeHUn
K [IOBEpPXHOCTU Ocajka Ipeobsajal 3KCIIOHeHIHasIb-
HBI claj KOHIleHTpauuil. B To Bpems kak Ha IiiyOuHax
ocagka 6osiee 25-50 ¢cM yBeJiMueHHe KOHLEHTpalui ¢
rJIyOuHOM cTaHOBUJIOCH 6J1M3KO0 K TuHelHoMY (Puc. 2).

4. 06cyxpenue

[MosyueHHBle B pe3yjbTaTe HCCIeNOBaHUA IPO-
¢dunm pacTBOpeHHOro MeTaHa B ocajikax o3epa Baiikan
[IOKa3bIBAIOT TUIHNYHOE [JiA ero (OHOBHIX PaiOHOB
BepTHUKaJIbHOE pacnpefeieHre: HU3K1e KOHIIeHTPauu
MeTaHa B BepXHUX CAaHTHMeTpax 0Ca/ika, BHIPOBHEHHEIE
[0 BEePTUKAJIM WJIU C SKCIIOHEHIMAJIbHBIM YMeHblIle-
HUeM IIpu NpUOIIKeHN K rpaHuIle ¢ BoJgoi. U BrIpa-
XeHHOe, IperMYIIecTBeHHO JIMHelHoe yBeJinueHue
KOHI[eHTpaIuy ¢ IJIyOUHOMN, JoCTUramllee KBa3uoJHO-
POZHBIX 3HAUEHUI Ha OTJeJIbHBIX CTaHIuAX (3, 4, 5, 6)
Ha riy6unax 1,5-2,0 m. (Puc. 2). IIpoduis Ha cTaHIIUN
2, TIpYU 3TOM, UMeeT 3aMeTHBIN nepernud Ha NOAA0HHON
riaybuse 1,2 M, ocjie KOTOPOro CKOPOCTh HapacTaHUA
KOHIleHTpaluy MeTaHa Bo3pacraet. [Toxoxuii neperud
HabJroacs U B ocaikax Ha AkajieMUyeckoM xpebre,
TOJIBKO Ha rinyouHe 2,4 merpa (3emMckas u ap., 2008).
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KOHHBHTpaHI/IS{ PacTBOPEHHOTI0 ME€TaHa, MEKMOJIb/JI

Puc.2. BepTukasbpHOe pacnpefiejieHre KOHIIEHTpaly MeTaHa B JOHHBIX OTJIOKEHUAX I0XKHOH, CpelHell 1 ceBepHOH KOTJIO-
BUH o3epa baiikan. Ha Bpe3kax nokasaH yBeandeHHbIH 0.5 MeTpOBBIN BepXHUH CJION ocajKoB. JINHUAMY MprBedeHbl yCcpeqHeH-
Hble 3HaueHus. 3aKpanleHHBMU obJacTamMu otobpaxena 10% ommbka n3MepeHUH.
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CrnenyeT OTMETHTbh, 4TO IPOQUIIN KOHIIEHTpa-
LMY MeTaHa, [IoJyuyeHHble B OAHOM U TOM Xe palioHe
B pasHble rofbl, JOCTaTOYHO XOPOIIO COBNAAAIOT Kak
10 XapaKTepy U3MeHeHU], TaK 1 10 abCOJIIOTHBIM 3Ha-
yeHusaM (mapsl npoduseii 1, 3; 5, 6 u 7, 9 Ha Puc. 2).
VYuuTteiBas 3-4 jieTHHE BpeMeHHbIe IPOMEXYTKHU MEeXIy
CTaHIMAMY MOXHO ceJiaTh BBIBOJ O KBasuCTalKOHap-
HOM XapakKTepe IpOIeCcCOB reHepalluu U OKHCJIeHUA
MeTaHa B JOHHBIX OTJIOKeHUAX (POHOBHIX pallOHOB KOT-
JIOBUH, Ha KOTOPHIX He 0TPa3uJIoCh BJIUAHNE MeXT0oA0-
BOM M3MEeHYMBOCTHU BOJHOCTH, U KaK CJIef[CTBHe, YPOBHA
o3epa batikan (Hampumep, 2017 —manosoaHsiil; 2021,
2023 - skcTpeMabHO MHOTOBO/IHBIE T'OBI).

Ha rnybunax ocamouHoro uexsa Oojiee meTpa
HauOoJiblllie KOHIIeHTpalluM pacTBOPEHHOro MeTaHa
HabyI0Ja/IuCh B CpeHell KOTJIOBHHE, YyThb MeHbIINe
— B I0KHOHI ¥ Ha NOPAJOK MeHbIINe — B CeBepHOH
KOTJIOBHHE, YTO MOXeT OOBACHATBHCA COAEepKaHueM
3aXOPOHEHHOI'0 opraHuyYeckoro Belectsa. Hanpuwmep,
cojiepxaHusA 00Iero OpraHnu4ecKkoro yrjiepoja, B ocaf-
kax HOxHoro u Cpepnero bafikana cocraBistioT 1,5-
2,5%, B TO BpeMs Kak B CeBEPHOI KOTJIOBHHE 3aMeTHO
MeHblle — 0,5-1,5% (Beixpuctiok, 1980). YBenuueHue
cojiepXaHUsA pacTBOPEHHOI'O0 MeTaHa C pPOCTOM Opra-
HMYECKOro BelllecTBa B ocajkax o3epa bBalikan Takxke
nokasaHo B pabote (l'appkymia u ap., 2019).

Ha mnepBbXx HHTepBaJioB B pa3pe3e KepHa
(0-10(20) cm) nHaubosiblilie KOHIIEHTPAIUU PaCTBO-
PEHHOro MeTaHa aHaJIOTUYHO HabJII0aIuch B cpegHei
U I0KHOHM KOTJIOBUHAax, B TO BpeM:A kak B CeBepHOM
Batikase oHM ObUIM 3HAUMTEJIBHO HIKe, U NpaKTHye-
CKM He M3MEeHsUINCh [0 IJIyO1He, OCcTaBasch Ha YPOBHe
NIpUIIOBEepXHOCTHHIX cj1o€B (Puc. 2). Takoe pacmpene-
JleHre BEepOATHO TeCHO CBA3aHO C MOIIHOCTBIO OKHC-
JIEHHOTO CJIOs1, KOTOPHII MMeeT HeOoJIbINie BeJIUYHHbI
B CpeneM u HOxxHoM batikane (B cpegHem 3,5 u 5,5 cm
COOTBETCTBEHHO), B TO BpeMs Kak B CeBepHOM batikase

CpefHsAA BeJMYMHA OKMCJIEHHOIO CJIog BO3pacraer
o 16 cm (BostoruHa u fip., 2003). Takue paziuuus B
MOIITHOCTH OKHCJIEHHOTO CJIOAA MEXAY KOTJIOBUHaMU
00ycyioBJIeHbl IJTyOMHOM NPOHUKHOBEHUA KHCJIopoAa
B OCaJKM, YTO NOATBEpXJaeTcs HeloCpeACTBeHHbIMU
HM3MepeHUsAMU B JOHHBIX OTJIOXeHUAX Npoduiieil KOH-
[[EHTpaluy KHUCJIOpoAa C MOMOIIBI0 MUKPO3JIEKTPOI0B
(Martin et al., 1998; Och et al., 2012).

B nesnom, oOHapyxeHHBIe coAepXaHuA MeTaHa B
JIOHHBIX ocajkax (OHOBBIX palioHOB balikana 6JM3KU
K HabaofaeMbIM B IIPECHOBOJHBIX CHUCTeMax C HU3-
KON U yMepeHHOH mnpoAykTuBHOCTbi0 (Tabnuma 2).
CozepxaHue MeTaHa B [IOHHBIX OTJIOXKEHHUAX oO3epa
bBaiikas, kak o HamUM H3MepeHUAM, TaK U JaHHBIM
JpyTHUX HcciaefoBaTesiell U3MeHseTcsA B MUPOKUX Ipe-
nenax - ot 0,1 mo 1381 mxM (I'appkyma u ap., 2019;
®enopoB U 1ip., 2005), BEICOKHE 3HaUYeHNs B TOCTIeJTHUX
obecrnieyeHo 3a cueT oTOOpa Npobd B palioHaX C BBICOKUM
OCaJKOHaKOIJIeHHeM K OOJIBIIMM COAepXaHueM Tep-
pureHHoro Martepuana (B Mecrax BlajeHus Bepxueil
Anrapel, CeJieHTH U T.I1.). DTU 3HAaUEHUs ropa3go HUXe
OTMeuYaeMBbIX B paliOHax pa3JIMYHBIX TIe0JIOTHYeCKUX
CTPYKTYp U Ppasrpy3ku rasocojepxalyux MHUHepan-
30BaHHBIX (JIIOMIOB, HalpuUMep, B paiioHe IpsA3eBOro
ByJikaHa MaJjleHbKUIl KOHIIeHTpallul MeTaHa AOCTU-
raym 9000 MmxM (3emckas u ap., 2008, Zemskaya et
al., 2010).

BaxxHo oT™MeTUTh, 4YTO, HECMOTPS Ha CyIlecTBeH-
HBIII pa3bpoc cojepxaHus MeTaHa B TOJIIle ocaaka
Pa3HBIX KOTJIOBUH, B IPUIIOBEPXHOCTHHIX CJIOAX HCCIIe-
JIOBaHHBIX HaMH (OHOBBIX PalOHOB KOHILIEHTpaIuu
MeTaHa He mnpeBbimawT 1-2 MKM (Puc. 2). Taxxe
M3BECTHO, YTO B IPUJOHHEIX CJIOAX (POHOBBIX PaliOHOB
KOHIIeHTpallsl pacTBOPEHHOr0 MeTaHa B BoAe HIXe
3THX 3HauYeHuy emnie Ha 2-3 nopsAaka (MusaHOpoHIEB
u ap., 2020). Takoe paznuuue MO3BOJIAET TOBOPUTH
O TpaKkTUYeCKH IIOJHOM OKHCJIEHHUU IOCTYNAaloLiero

Ta6suia 2. CogepkaHue MeTaHa B JJOHHBIX OTJIOXKEHUAX HEKOTOPBIX 03€p

O3epo ITpenesibl U3MeHEHUs cOAepXKAHUA JIuTepaTypHBIH NCTOYHHUK
MeTaHa B JJOHHBIX OcajKax
Jlagoxckoe 1 - 3864 MmxM ®enopos u ap., 2005
OHexcKoe 3,12 — 535 MmxM BenumeBa, 2020
Banpgan 2 - 4818 MmxM ®enopos u Jp., 2005
VxuH 163,4 - 468 MxkM ®enopos u ap., 2005
TambyxkaH (r. [TATUTOpCK) 1 - 180 mxM ®enopos u ap., 2005
YépToBo (A30BCKOE MODpE) 2 - 198 MxM ®enopos u ap., 2005
I'nmy6okoe 1 - 55,6 MxM ®enopos u ap., 2005
TyHapoBbie 03€pa 0,01 - 113 mxM ®enopos u ap., 2005
Menpota, CIIIA 1-153 MmxM ®enopos u ap., 2005
Muuurasn, CIIIA 1-9,6 MkM ®enopos u ap., 2005
Opu 0,4 - 3658 MxM Adams and Fendinger, 1986
busa 40 - 2410 MmxM Murase and Sugimoto, 2001
®dparikces 1100 MxM Smith et al., 1993
Jlycopext 100 - 1500 MxM Sinke et al., 1992
AHTapKTHUYeCKHE PECHOBOIHbBIE 1.7 - 630 MxM Ellis-Evans, 1984

Kenepa

100 - 1100 MmxM

Sollberger et al., 2014
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MeTaHa U3 IJIyOOKHX CJIOeB JOHHBIX OTJIOKeHUH (HOHO-
BBHIX palioHOB o3epa balikaJ, 1, COOTBeTCTBeHHO, MUHHU-
MaJIbHOM BJIMAHUN AU(OYy3MOHHOrO INOTOKA MeTaHa
Ha ero cofeprxaHue B IIPUJJOHHON BoJe.

[Io cpaBHeHHIO C (OHOBBIMHU OKeaHWYECKUMU
ocagxkaMi{, BepXHHe TOPH30HTH KOTOPHIX KOHTPOJIU-
pyoorca cynabbarpeayknuein (Bernard, 1979), 6aii-
KaJIbCKe OCaAK{ IIPOABJIAIOT HHBIE COOTHOIIEHUA
OKHCJIMTEJIeN: B O3epe, M3-3a HU3KUX KOHI[eHTpauui
SO, u NO,;, 30Ha a3pOGHOTO0 OKHCIEHMS OGBIYHO
ropasfio pasbllle CMeHAeTCS 30HOM MeTaHoreHesa
(HamcapaeB u 3emckas, 2000; Aloisi et al., 2019). 3to
3a7aéT xapaKTepHble JIMHeNHble TpodUIN HapacTaHUA
MeTaHa C rJIy61HOMN, 4To OBLIIO MOATBEPXKIEHO TEOPETH-
yecknMu pacdetamu (baxuH, 2003), a mo3gHee HATYp-
HBIMU HM3MepeHHsAMH B palioHe IOCTOSHHOI'O OCaAKO-
HakoIleHUs AkajneMudeckoro xpebra (3emckas u ap.,
2008). B nccneoBaHHBIX HAMU KepHax Mpoduin KoH-
LIeHTpallui MeTaHa TakXe MMeloT OJM3KUN K JIMHEN-
HOMY POCT KOHIIeHTpaluii. B Mopckux riy60KOBOAHBIX
(OHOBBIX OcajKax HallpOTUB, BEPXHUE CJION HaChIIeHbl
cyabdaraMyu U MeTaHOTeHe3 HaulHaeT pa3BUBAThCA B
ropasnio 6osee riy6okux ciosx (Bernard, 1979), moas-
TOMYy KOHIIEHTpaIl[id pacTBOPEHHOIO MeTaHa B HUX
HIXe, 4eM B ocajikax osepa batikai.

B 3axyroueHHM CTOMT TakXke OTMETUTh 3HAUU-
TeJIbHOE yBeJinueHHe pa3bpoca U3MepeHHBIX KOHIIeH-
Tpauuii MeTaHa B KaXJOM U3 KepHOB II0 Mepe yIJIy-
6J1eHHs U, COOTBETCTBEHHO, pOCTa €ro KOHI[eHTpaluu
(Puc. 2). 3To cBA3aHO C TeM, YTO IIpU NOgbeMe KepHa,
cOpacbiBaeTcs aBjieHKe, U 30HbI C BHICOKHAM €ro coAep-
’)kaHWeM HauyMHaiT JerasupoBaTbh U TepAIT YacTb
PacTBOPEHHOr0 MeTaHa, YTO NPUBOAUT K 3aHIKEHUIO
OILIeHOK ero KoHneHTpauuu. CKOpocTh Jerasaiuu, Ipu
3TOM, 3aBUCHUT OT JIMTOJIOTMH OCAAKOB, OHA BBICOKA B
Ieckax M ropasfo MeHblle B IJIMHUCTHIX OTJIOKEHUAX.
JlonosnHuTesIbHBIE MeXaHWYecKue BO3JelCTBUA Ha
ocaZioK BO BpeM:A oTOOpa Npob TOJIBKO YCKOPAIOT MPO-
1[ecc B CJIOAX, I/le KOHIIEHTpalusA OKa3blBaeTcsA KpaTHO
BBIIIe PaBHOBECHOI ¢ aTMocdepoli, mpuBoAs K 0O0JIb-
meMy pas0Opocy H3MepeHHBIX 3HaueHuil. IloaTomy,
py paboTe ¢ BBHICOKMMHU KOHIIEHTpalUsAMHU MeTaHa B
ocagkax Iiejecooopa3Ho UCIOJIb30BaTh METOAbI IPO0O-
oT60pa ¢ coxpaHeHHeM BHYTPUILJIACTOBOTO JaBjieHNUs.

5. BoiBOABI

B pesynbpTaTe BBINOJIHEHHOIO WCCJIeJOBAaHUA
BIEpBble TOJIyuYeHBl U 0000IeHbl CBeleH!UsI 0 oApPOoO-
HOM BepTHKaJIbHOM pachpefejieHUl pacTBOPEHHOI0
MeTaHa B JOHHBIX OTJIOKeHMAX (OHOBHIX PaliOHOB
TPEX KOTJIOBUH O3epa baiikaj. YcraHOBJIEHO, UTO Bep-
TUKaJIbHOE paclpefiesieHle XapaKTepu3yeTcss HU3KUMU
KOHI[eHTpaLUsAMH B MPUIIOBEPXHOCTHBIX CJIOSIX OcajKa
U BBIp@XXEHHBIM POCTOM C TIJIyOMHOI, 4acTo OJIM3KHUM
K JIMHEHHOMY, C BBHIXOZJOM Ha KBa3WOJHOPOJHBIE 3Ha-
YyeHMsA Ha TMOAJOHHBIX I'TyOuHax mopsaka 1,5-2,0 m.
Takasa ¢opma npoduiieii orpaxaer crnenuduky 6aii-
KaJIbCKUX OCaAKOB, I'/le 30Ha a’pOOHOro OKUCJIeHUs
BCJIEJICTBME HU3KOTr'0 coiepXaHus cyabdaToB U HUTpa-
TOB JIOBOJIbBHO OBICTPO CMeHseTcsd 30HOH MeTaHOore-
He3a, YTO IPUHIUIIHAJIBHO OTJINYaeT JOHHbIE OTJIOXe-
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HUA o3epa baiikan oT TakoBHIX B Mopsax. CpaBHeHUe C
JpyTHMU 03€épaMu [I0OKa3bIBaeT, 4YTO OXBAT PErUCTPUpY-
eMBbIX KOHIIeHTpaluil MeTaHa B (POHOBBIX OTJIOKEHUAX
bBaiikasma cooTBeTCTByeT [uanas3oHy, XapaKTepHOMY
JUI TIPECHOBOJHBIX CHCTeM C HU3KONM MU yMepeHHOH
[IPOAYKTUBHOCTEIO.

BolsiByIeHB! 3HaUMMBble pas3jiduusA B KOHIlEHTpa-
I[MAX MeTaHa MeXAy KOTJIOBHHAMU 03epa: MaKCHUMaJlb-
Hble 3HaUeHHsA XapaKTepHBl AJiA CpefHell KOTJIOBUHBEI
(mo 880 MxM), HECKOJIBKO MeHbIIIEe — JIJIs I0XKHOH (10
350 MkM) u Ha NOpsAOK MeHblIINe — [AJiA CeBepHOH
(mo 32 mMxM). HecMoTpss Ha 3HauYMTeNbHBIN paszbpoc
KOHIIeHTpal[iil MeTaHa B TOJIIIe 0CAaJKOB pPa3HBIX KOT-
JIOBUH, B MPUIIOBEPXHOCTHBIX cjiosax (0-10(20) cm) ero
cojiepXxaHue He IpeBbimaer 1-2 MKM, 4TO yKasblBaeT
Ha CyIeCTBeHHOe OKHCJIeHHe MeTaHa, MOCTYyNalolero
n3 OoJiee IJIyOOKMX MOPU30HTOB, M COrJjlacyeTcsA ¢ Ha
2-3 nopsaaka MeHbIINMY KOHLIEHTPalUuAMU pacTBOPEH-
HOI'o MeTaHa B IPUJIOHHBIX BoAax o3epa batikai.

Xopomasa BOCHPOM3BOAMMOCTE Npoduseil KOoH-
I[EHTpallui MeTaHa, IOJIy4YeHHBIX B OJHUX U TeX Xe
pailioHax B pa3Hble Iojibl, Kak 10 ¢popMme, Tak U 1o abco-
JIIOTHBIM 3Ha4yeHUAM, CBHUJIETEeJbCTBYEeT O KBa3WCTallu-
OHapHOM XapakTepe IIPOLlecCOB reHepalii U OKHCJIe-
HHA MeTaHa B JIOHHBIX OTJIOKeHUAX (POHOBHIX palioOHOB
o3epa balikaj, Ha KOTOpPHIX He CKa3bIBaeTCA MeXIoJo-
Bas U3MEHUYMBOCTb YPOBHA 03epa.

B pmanpHelimeM IyIaHupyeTcs IpoBecTu 6oJiee
noApoOHbBIe HCCAeOBaHUA BepPTUKAJIBHOIO paclpe-
JleJleHNs KOHIIeHTpall[id PpacTBOPEHHOIo MeTaHa Ha
IIMPOKOI ceTKe CTaHIMI o BceMy o3epy Baiikan, A
OIIeHKM BHYTPHUKOTJIOBUHHBIX HEOJAHOPOIOHOCTEN ero
coepkaHUA.
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