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C IOMOIIBIO CTATHYECKOTO KAMEPHOTO METOJa OLICHEHAa SMHUCCHUS MeTaHa U3 OOJIOT, HapYIIEHHBIX MPU N0ObYe HedTH
Ha HOXHOTPHOOCKOM MECTOPOXICHHH, PACIIONOKCHHOM B MOJ30HE cpemHel Taiirn 3amagHoii Cubupu. BomoTHbie
9KOCHCTEMBI Ha TEPPUTOPUH MECTOPOKICHUS B HAMOOJBIIEH CTENEHH IMOJBEPKEHbI BIMSHHUIO CTPOUTENIBCTBA AOPOT
(GOKMPYIONIMX E€CTECTBEHHOE HAMpaBJCHHE IBWXCHUS OONOTHBIX BOJ), a Takke Mpokmajku mpocek mias JIOI u
TpyOONPOBOJIOB, B Pa3HOM CTENEHW HAPYIIAIOIIMX PACTUTEIBHBIA MOKPOB 00JI0TAa. BiHsHUE STUX THUIIOB HapyIICHHMA
HCCIIEOBANIOCH KaK Ha MOHMEHHBIX HU3MHHBIX 00JIOTaX, TaK M Ha TEPPACHBIX M BOJOPA3JEIBHBIX BEPXOBBIX 0O0JIOTAX.
U3mepenHble 3HaueHUs1 sMuccuu MeTaHa BapbupoBanu oT 0.005 mo 41.7 mr-m 2uac” (vemmana: 2.1 mr-mZgac™).
OnHUM 13 BO3MOXKHBIX HHIMKATOPOB «TOPSIYUX TOUEK» SMHCCHH METaHa OKa3aJiCh PACTEHUS — MyIINIIA BIaraJHIHAs
U IyXoHOC. JIpyriuM BaXHBIM (paKTOPOM, OOYCIIOBIHMBAIOIINM BBICOKHE 3HAYCHUS YMHCCHU METaHa, SIBISIETCS] yPOBCHb
OonoTHBIX Boh. OpmHako ontuMmanbHoe (st smuccuu CH,4) 3HaueHWe 3TOoro (akropa 3aBUCUT OT TUNA OOJIOTHOH
9KOCUCTEMBI. Peakius sMucCHH U3 PSIMOB Ha IPOXOA TSOKEIOM TEXHUKH TaKKe 00yCIIaBIMBaeTCs N3MCHEHHEM YPOBHS
0O0JIOTHBIX BOA OTHOCHTEJILHO €T0 ONTHMYMa JUIsl SMUCCUH U3 BEPXOBBIX OOJIOT.

Knwouesvie cnoea: tunponoruueckuil pexuM OO0JOT, NMapHUKOBBIE Tasbl, IMKI yIiepoja, OopeanbHble 00J0Ta,
AQHTPOIIOT€HHO HapyLIeHHbIE 00IO0Ta.

Kmoueswie cnosa: peatland hydrology, greenhouse gasses, carbon cycle, boreal wetlands, disturbed wetlands

Introduction. The concentration of methane in the Earth's atmosphere, the second most potent greenhouse gas,
continues to rise since 2007 [Canadell et al., 2021]. The need to significantly reduce the anthropogenic emission of
methane into the atmosphere in order to limit the increase in global temperature by 2100 within 2°C relative to the
period from 1850 to 1900 is recognized by both the scientific community [IPCC, 2021] and the leadership of most
countries of the world, including Russia, who signed and ratified the Paris Agreement, adopted following the results of
the 21st Conference of the UN Framework Convention on Climate Change [Climate Agenda of Russia, 2021].
Reduction of methane emissions and control over it throughout the territory of managed ecosystems will require huge
resources and investments, development of new climate-smart technologies. A reasonable compromise may be to
identify the most important sources of methane within managed ecosystems (also called “hot spots™) and to introduce
changes in their land-use in accordance with the principles of sustainable development and science-based environmental
management.

The major type of economic activity in the taiga natural zone of West Siberia is oil production [Koleva, 2007;
Volkova, 2010]. Since 35-40% of the West Siberian middle taiga area is covered with waterlogged ecosystems -
wetlands and floodplains [Peregon et al., 2009; Terentieva et al., 2016], a significant part of this infrastructure is located
in wetland ecosystems and has a strong impact on them. In this paper, we made the first attempt to understand, how the
most common types of disturbances by oil production (road, pipeline and electric power transmission line construction)
can affect methane emissions from the most common disturbed waterlogged ecosystems in the region (oligotrophic
raised bogs on a terrace or watershed) and eutrophic lowland swamps in the floodplain). We measured methane
emission from the surface of disturbed wetland ecosystems, physicochemical and biological factors influencing it, to
identify which ecosystems are hot spots of methane emission.
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Obijects. The study area was located 50 km southeast of the city of Khanty-Mansiysk, on the right bank of the
Irtysh River, in the natural zone of the middle taiga. The climate of this region is subarctic (Dfc according to Képpen).
In the floodplain of the Irtysh the most common types of wetlands are sedge-grass open swamps and sogras (treed
sedge-grass wetlands), on terraces and the watershed - pine-shrub-sphagnum ecosystems (ryams) and ridge-hollow
complexes [Liss et al., 2001]. The thickness of the peat layer in raised bogs on the terrace and watershed varied from 2
to 3 m; in sogra — from 3.5 to 4 m; in open floodplain swamps thickness of organic-rich horizon never exceeded 0.4 m.
For floodplain ecosystems we investigated influence of a four-lane access road on changing the hydrological
functioning of open swamps (points OO and OK), as well as the effect of cross-cut in a sogra (SP) compared to an
undisturbed sogra (SE). For raised bogs on the terrace and watershed, we study the influence of asphalt two-lane roads
which act as dams, preventing the flow of water from one side of the road to the other resulting in flooding to upstream
areas (GMKO1 and GMKO2) and drying in downstream areas (GMKS) in ridge-hollow complexes. The effect of cross-
cutting on methane emission in ryams (RP1 and RP2) as well as pipeline installation in ryam (RTO1) and ridge-hollow
complex (RTO2) were also studied. During a cross-cut tree layer was destroyed, the vegetation and moss cover was
compacted (RP1) or mostly destroyed (RP2 and SP). Access roads were constructed 3 (four-lane) and 10-15 (asphalt
two-lane) years ago. Pipelines were installed 2-3 years ago.

Methods. Methane flux was measured using the static chamber method [Hutchinson and Mosier, 1981]. In the
course of one flux measurement four syringes were taken from the chamber on the interval of 10 min. Total duration of
one flux measurement was 30 minutes. Three consecutive replicates of the flux measurements were carried out on each
of the three collars per each investigated ecosystem. Interval between two consecutive flux measurements was 10 min.
Water were sampled from the depth of 20 cm below water table level (WTL) in two replicates to determine dissolved
organic carbon (DOC) content at the points GMKO2, GMKS, RTO1, RTO2, RP2, as well as in an undisturbed ryam
ecosystem 50 m away from the points RTO1 and RP2. The concentration of DOC was measured by a Flash 2000
elemental analyzer using an AS1310 automatic liquid sampler (both Thermo Fisher Scientific, USA). In each studied
ecosystem for each collar the values of WTL (cm, positive water is below the level of the moss surface), pH and
electrical conductivity (uS-cm™) of water were measured. All calculations were carried out in the MATLAB software
environment R2022a (MathWorks, USA).

Results and discussion. Methane emission varied from 0.005 to 41.7 mg-m>-h™* with a median of 2.1 mg-m®h™.
Fluxes were not distributed normally (p < 0.0001, N = 33), but could be described by the lognormal distribution (p =
0.15) and the Weibull distribution (p = 0.22). Such a significant distribution asymmetry indicates that changes of land-
use practice in several ecosystems with the highest methane emission could help to reduce methane emission
significantly without substantial modifications of the whole landscape. The dependence of the methane flux on WTL
differs depending on both disturbance and ecosystem types. Within one ecosystem, the maximum emission values can
be observed both in most flooded sites (RP2, GMKS), in sites with intermediate WTL values (GMKOL1, RTO2, OK),
and in sites with the highest WTL (RTO1). One of the markers of methane emission hot spots is the appearance of
ruderal plants Eriophorum vaginatum and Trichophorum cespitosum in different ecosystems and on disturbances of
different types. Eriophorum vaginatum is one of the first species to settle on bare peat in cross-cuts (RTO1 and RTO2)
and footprints after heavy equipment (RP2) in raised bogs, as well as on seismic survey lines in sogra (SP).
Trichophorum cespitosum was found in the upstream area of the road, where a zone of excessive moisture has formed
resulting in degradation of the moss and vegetation cover and peat decomposition (GMKQO1). In all these five
ecosystems, methane flux from sites covered with Eriophorum vaginatum and Trichophorum cespitosum was 2 or more
times higher compared to the surrounding sites where these species were absent.

The maximum values of methane emission among all studied ecosystems are in the WTL range from -2 to 8 cm
(see Fig. 1). In studied raised bogs, the emission from the flooded upstream areas (GMKO1 and GMKO2) was
significantly lower (p = 0.0082, N = 8) than from the dried downstream areas (GMKS), if we exclude the point with
Trichophorum cespitosum, where high methane emission is attributed, presumably, to the influence of the plant
community and not with to the different WTL, as described in the section above. In contrast, for floodplain wetlands,
emission from the open sedge bog in the drying area (OO) was significantly lower (p = 0.02, N = 6) than from the
flooded open swamp with Phalaris arundinacea (OC). This difference could be explained by changes in local
ecohydrology and hydrochemistry after the road construction. Methane emission from ridges in GMKO1 and GMKO2
ecosystems (median 1.5 mg-m?-h™) exceeds by an order of magnitude the median of methane emission from middle
taiga ridges Western Siberia (0.13 mg-m™-h™ according to [Kleptsova et al., 2010]). Due to flooding in the upstream
area of the roads, WTL in ridges decreased compared to values typical for these ecosystems (mean + standard deviation
is 35 + 14 cm according to [Kleptsova et al., 2010]). However, the grass-moss layer of the ridges did not degrade, and
the methane emission from them turned out to be comparable with the emission from undisturbed ridges with the same
WTL values (Fig. 2).

Methane emission from temperate and subarctic swamps is typically characterized by a lower optimal WTL
value (ranging from -20 cm to -5 cm) compared to bogs [Bao et al., 2021]. Therefore, flooding of the Phalaris
arundinacea swamp (OK) resulted in optimal conditions for methanogenesis in all three studied sites of this ecosystem
with WTL ranging from -12 to 3 cm. The methane emission in each site of the Phalaris arundinacea swamp was higher
than the third quartile for the entire sample obtained in this study. The open sedge bog (OO) separated from the rest of
the floodplain by the road was characterized by a higher WTL (from -5 to 12 cm), far from optimal. In addition, the soil
temperature in these ecosystems, located at a distance of 600 meters from each other, differed by 9-11°C in a peat layer
from 0 to 20 cm. The same pattern was observed in sogra wetland, where temperature of the upper 20 cm in cross-cut
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bare peat was 6-8°C higher than in undisturbed site, separated from floodplain by access road. Thus, both the
temperature and hydrological regimes contribute to the fact that the methane emission from the flooded floodplain open
swamp (OK) is significantly higher than from the floodplain bog in the drying area (OO point). A similar pattern was
observed for the treed floodplain swamp (SP and SE points, respectively).

The concentration of DOC in the water of natural and disturbed ecosystems of the low ryam was significantly
higher than in the hollow of the ridge-hollow complex (p < 0.01, N = 5). The same pattern was observed for Canadian
wetlands and was explained by the fact that DOC production occurs mainly in the aeration zone above the WTL. Since
in ryams and ridges WTL it is higher than in hollows, the rate of plant litter decomposition is twice as high as in
hollows (Moore, 2009). The higher rate of decomposition can explain both the higher EC (faster mineralization) and the
lower pH (higher acidogenesis) in the low ryam. It is noteworthy that during the disturbance and subsequent recovery of
the vegetation in the ryam, the concentration of DOC in the peat pore water increased by almost one and a half times,
while in the hollow of the ridge-hollow complex it did not change considerably compared to the value in undisturbed
wetland ecosystem.

Conclusion. Measurements of methane emission from wetlands of the West Siberian middle taiga disturbed
during oil production and its physicochemical and biological factors showed that several of these ecosystems are
intensive sources of this greenhouse gas. Although this is only a snapshot taken at the end of June 2021, and it is
necessary to study the seasonal dynamics of the methane flux for more reliable conclusions, several indicators of
methane emission hot spots could be suggested. Presence of ruderal plants such as Eriophorum vaginatum and
Trichophorum cespitosum marks such a hot spots throughout different ecosystems. Ecosystem-specific range of WTL
optimal for methane emission could also be a reliable indicator of these hot spots. Response of methane emission to the
construction of roads depends on type of wetland ecosystems. In raised bogs, hollows in the upstream area emit less
methane than undisturbed ecosystems, while in the downstream area emission is higher. Emission from ridges in
flooded ridge-hollow complexes increases with the decrease of the WTL in them, similarly to natural undisturbed
ridges. Nutrient-rich floodplain swamps response differently to changes in the hydrological regime. The emission of
methane from open and forested swamps in the drying area is lower than from flooding area. This is explained not only
by different WTL optimums for methane emission between bogs and swamps but also differences in temperature (6-
11°C) of the surface organic-rich layers of floodplain wetlands in the flooding area compared to drying area. The
methane emission from heavy vehicle tracks in low ryam is driven by the change in WTL relative to its optimum for
methane emission from raised bogs.

BBEJIEHUE

Cpeny MapHUKOBBIX Tra30B, MOBBIIMICHHE aTMOC(HEPHONW KOHIEHTPAIUU KOTOPHIX HETMOCPEACTBEHHO
CBSI3aHO C JAEATENILHOCTHIO YEJIOBEKA, METaH yCTYIAeT JHIIb YITICKUCIOMY ra3y 1o BeJHYMHE MOTEHIHaja
rinobanpHoro noteruienus [Canadell et al., 2021]. Hanpsimyro pocT KOHIICHTpAIMK MeTaHa (PUKCHPOBAJICS C
MOMEHTa Havajia €€ HelPEePhIBHOTO BHICOKOYACTOTHOTO MOHUTOPHUHTra B Tporochepe 3emiu B 1983 roay no
1999 rona, 3atem B TedeHue § JIET OHA OCTAaBAJIACh MPUMEPHO MTOCTOSHHOH, TIOCIIE YETO CHOBA BO3PACTAET I10
Hacrosiee Bpemst [Ganesan et al., 2019]. Boccranosnennsie ¢ 1000 r H.3. Ha OCHOBE H3y4YeHHs COCTaBa
BO3/1yXa, OKKJIIOAMPOBAHHOTO BO JbJax M (PUpPHE MOJISIPHBIX PETMOHOB IUIAHETHI, 3HAYEHHUs] KOHIEHTPaLUU
MeTaHa B aTMocdepe Obiu craduibabiMU 70 1800 r H.3., coctaisist 0.695 £ 0.04 ppm (yacteii Ha MAIITHOH
mo 00BEMY), MMOCIIe Yero Hadaliu pacTd, 0COOEHHO MHTeHCHUBHO B nepuos ¢ 1940 mo 1980 rr. [Etheridge et
al., 1998]. Heo6xomuMoCTh B pa3bl COKpaIlaTh AHTPOIIOTEHHYIO SMUCCHIO METaHa B aTMocdepy, 4ToObI
yaepkath pocT riiobanbHoi TemnepaTtypsl k 2100 roay B npeaenax 2°C oTHOCUTENbHO nepuosa ¢ 1850 mo
1900 rompl, oco3naércs kak HaydHbiM cooOiectBoM [IPCC, 2021], Tak U pyKOBOJCTBAMHU OOJIBIIIMHCTBA
cTpaH Mupa, BKrodas Poccuro, momnucaBmmMu u  patuduuuposaBmmMu [laprkckoe cornamienue,
npuHsToe 110 uroram 21-it konpeperun Pamounoit kouserin OOH 06 m3Menenny kmuMara’. Jiis 9Toro
npeiaraeTes Helblid psii SKOHOMUYECKUX MEXaHM3MOB, BBOJISIINX TONUIMHBI U MTpadbl 32 MPOU3BOJCTBO
MPOAYKIMH, COITPOBOXKIAIOIIEECs] BBICOKOH 3Muccueil Metana B arMmocepy. IIpu sToM yunTeiBaeTcst MeTaH,
HE TOJBKO MPOAYLUHPYEMBIH HENOCPEACTBEHHO NpPU Yy4YacTUM YEJOBEKa, HO M BBLACISIOIMIiC W3
YIPaBJISEMBIX JKOCHUCTEM, TO €CTh AHTPOINOI'CHHO HAPYIICHHBIX SKOCHCTEM Ha TOW TEPPUTOPUH, TIIIe
IPOBOJMTCA XO3AHCTBEHHAS JesATeIbHOCTh . CHIDKEHHE SMHCCHM METAaHA M KOHTPOIb 3a Heil Ha BCeil

"Kommatnueckas mosectka Poccum: pearupyss Ha MeXAyHapoAHble BbI30BbI / AHnamutnueckuii nentp TOK Poccuiickoro
SHEPreTUYECKOTO areHTCTBa MpunucrepcTBa SHEPreTHKH PO®. SIHBapb 2021. URL:
http://www.dipacademy.ru/documents/2267/2021_1_%D0%94%D0%BE%D0%BA%D0%BB%D0%B0%D0%B4_%D0%9A%DO0
%BB%D0%B8%D0%BC%D0%B0%D1%82_%D0%A6%D0%A1%D0%A0_%D0%90%D0%A6_%D0%A0%D0%AD%D0%90_
%D0%A1%D0%A6.pdf (nata obparenus: 1.08.2022).

2 EC. 2013. Decision No 529/2013/EU of the European Parliament and of the Council of 21 May 2013 on accounting rules on
greenhouse gas emissions and removals resulting from activities relating to land use, land-use change and forestry and on
information concerning actions relating to those activities, Brussels, Belgium.
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TEPPUTOPUH YIIPABISIEMBIX S9KOCUCTEM IIOTPEOYET OIPOMHBIX PECYPCOB U MHBECTUILIMMH, a Takxke pa3padoTKu
HOBBIX 3KOJIOTUYECKH OOOCHOBAHHBIX TEXHOJIOTUH. Pa3yMHBIM KOMIPOMHCCOM MOJKET OBbITH BBIICIICHUE
HanOoJiee MOLIHBIX MCTOYHHKOB METaHAa B PaMKax YIpPaBISIEMBIX SKocUcTeM (aHT. «hot Spots»: «ropsumx
TOYEK») M WX TMOclenylomas JUKBUAANMS B COOTBETCTBMM C TNPUHLIMIAMUA PAaUOHAIBHOTO
IPUPOAOIIOIb30BAHUA.

OCHOBHBIM BHIIOM XO3SMCTBEHHOM NESITCIIBHOCTH B TaéKHON NPHUpOAHOHW 30HE 3amamHoit Cubupmu
sapisieTcss Ao0bua HedTH. [IpoMblIIIeHHOE OCBOCHHE MECTOPOXKIACHHMH Hayanock B KoHue 1950-wp1x rT.
[Konesa, 2007; Bomkosa, 2010]. Bo Bropoit aexame XXI| B. B permoHe no0biBaiock 46% oT Bceit
M3BIICUEHHON Ha ToBepxHOCTh HehTH Poccmm [Dummumonosa m mp., 2019]. D10 morpeboBamo co3maHus
pa3BUTON HMHQPACTPYKTYpHl, B TOM 4YHCJE MPOKIAAKH T'PYHTOBBIX M ac(albTOBBIX IOPOT I Ipoe3na
OOJIBLICTPY3HOTO TPAHCIOPTa U YKJIaAKW TPyOONMpOBOAOB Ajsl TpaHcnopTupoBku Hedtu. [lockombky 35-
40% Tepputopun cpemHeid Tairm 3amagHod CHOWPH MOKPBHITO MEPEYBIAKHEHHBIMU JKOCHCTEMAMH —
bomoramu u modimamu [Peregon et al., 2009; Terentieva et al., 2016], 3HaunMTenbHas YaCTh OTOM
WHPPACTPYKTYpPBl COCPENOTOUCHA UMEHHO B OOJIOTHBIX 3KOCHUCTEMaxX M OKa3blBAeT Ha HHUX CYIIECTBEHHOE
BO3EHCTBHE. DTO BO3AEHCTBHE NIPUBOJUT K U3MEHEHHUIO LIUKIIA YIJIEPOAA B 3TUX IKOCUCTEMAaX, B TOM YHCIIe
— IUKJIAa METaHa, KOTOPBIH SBJSIETCS KOHEYHBIM IPOAYKTOM Ppa3iIOKEHHUs OpPraHMYECKOro BEIECTBA B
aHaspoOHbIx yemoBuax [Lai, 2009; Conrad, 2020; Kotsyurbenko et al., 2020]. TIposnoxenusie yepe3 6oota
JOPOTH CYLIECTBEHHO H3MEHSIOT THAPOJIOTHYECKUI peXUM OOJOTHOM 3KOCHCTEMBI PSIOM C HEH, Korma
MepeceKkaroT HampaBlieHHe IBWKEHHA BoA (T.H. OappaxHbiii 3ddext, [Opmos, 2012]). B mpenmemax
HECKOJIbKMX COTEH METPOB OT AOPOTH OOJOTHAs IKOCHUCTEMa BHINIE 11O HAMpaBJICHHIO TEYCHUS BOJIBI, B
BepxHeM Obede, MCTIBITHIBACT AOMOIHUTEIBHOE YBIAKHEHHE, a HIDKEC [0 TEUCHUIO, B HW)KHEM Obede, —
HEIOCTATOK YBJIAKHEHHS 110 CPAaBHEHHIO C HEHApPYIICHHOHW 00J0THO# 3KocucTeMon [Saraswati et al., 2020;
Williams-Mounsey et al., 2021]. TTockonbKy ypoBeHb OOJIOTHBIX BOJI 3HAYMMO BJIMSCT HAa YMUCCHIO METaHa
U3 TIEepeyBIaXHEHHBIX dKOCHCTeM cybapkruieckoro (mo knaccupukanuu Kénmena) mosica [Kettunen et
al., 1999; I'marosnie, 2010; Turetsky et al., 2014; Bao et al., 2021], cTpOUTENBCTBO AOPOT B HUX MPUBOIMT K
n3MeHeHuto e€ BennuuHbl. I[Ipokmagka TpyOONpPOBOIOB CONPOBOMKAAETCS YHHUYTOKEHHUEM PACTUTEIBLHOTO
MOKpOBa M TNepeMelInBaHueM TOop(saHOW Tommm. DTO CKa3blBae€TCS HAa BEIWYMHE SMHCCHU METaHa,
MOCKOJIBKY PpAacTeHUs] M MXH SIBISIFOTCS HCTOYHHUKAMHM OPraHWYECKOTO BEIISCTBA [UIS METaHOTEHOB,
KHCIIOpOoJa IJIsl MeTaHOTPO(OB, a TakKe 00ECTIeYMBAIOT TPAHCTIIOPT METaHa W3 TONIH Topda B aTMochepy
[Laanbroek, 2010]. Omuccusi MeTana U3 pasHBIX THIIOB OOJOTHBIX KOCHCTEM MO-Pa3HOMY pearupyeTr Ha
M3MEHEeHHEe (PU3UKO-XUMHYECKUX yCIOBHI cpenbl (TnaBHbIM 00pazoM, YBB u temneparypsl [Turetsky et al.,
2014; Bao et al., 2021]), mo3ToMy MNpH H3YYCHHH BIHSHUS AHTPOIIOTEHHBIX BO3JCHCTBHI Ha Heg
HEOOXOIMMO YYUTHIBATh HE TOJBKO XapaKTep HapyLICHHUs, HO M CHeUU(HUKY 3KOCHCTEMbI, KOTopas Oblia
HapyIleHa.

B Hactosmeli pabore Mbl CTaBHIM LeJIb B NEPBOM NPUOIIKEHUH OLICHUTh, KAaKUM 00pa3oM camble
pactpocTpaHEHHBIE THUIBI HapymIeHWH 0pu [O00blue He(TH (CTPOMTENBCTBO JOPOr W IMPOKIAIKa
TpyOOTIPOBO/IOB M TIPOCEK) MOTYT TOBJIMATH Ha SMHUCCHIO METaHa W3 HauOoliee pacnpOCTpaHEHHBIX B
pernoHe OOJOTHBIX SKOcHCTeM. Ha Teppace W BoOJOpaslelie TaKUMH JKOCHCTEMaMH OBbLIH pPSMBI —
OJUroTpo(HBIMH COCHOBO-KYCTapHHUUYKOBO-c(parHoBele coobmiectBa ¢ YBB B wunTepBane 40-80 cM u
IPAAOBO-MOY2)KUHHBIE KOMIUIEKCHI — OJIMTOTPO(HBIE COOOIIECTBA, COCTOSIIIUE W3 TEPEMEKAIOIIUXCS
OTKPBITBHIX TUIOCKHX TpaBsHO-C(arHoBbIX Mo4yakuH ¢ YBB B maTepBanie 0-20 cM u 001ecéHHBIX COCHOM
BbICOTO He Oonee 10 M KycTapHHYIKOBO-C(arHOBBIX BHIMYKIBIX Tpsit ¢ YBB B unTepsane ot 20 1o 50 cm. B
NnoiMe TaKUMM 3KOCHCTEMaMHU ObUIM OTKPBITBIE OCOKOBBIE M 3JIaKOBbIE 3a00JI0OYEHHBIE JIyra M COTpPBI —
nputeppacHsle  0epe30BO-0JIbXOBHUKOBO-KOYKAPHOOCOKOBEIE — COOOIIECTBA C  CHJIBHO — BBIP2YKEHHBIM
MuKpopenbedoM. s mocTmkeHus 3TOH 1Henu ObUIM HPOBEACHBI W3MEPEHHMs 3MUCCHHM MeETaHa C
MOBEPXHOCTH HApPYLICHHBIX OOJIOTHBIX HKOCUCTEM, (PHU3MKO-XMMHUYECKHX U OHMOJIOTHMUYECKHX (AaKTOPOB, Ha
He€ BIMSIONIMX, W aHAIW3 TOTO, KAaKUE MMEHHO JKOCHUCTEMBI SIBIISIOTCS «TOPSYUMH TOYKAMU» SMHCCHU
MeTaHa.

OBBEKTHI U METObI

O0BbeKTBI
Pation uccnenoBanus (puc. 1) pacnonarancsa B 50 KM K 10T0-BOCTOKY OT T. XaHThI-MaHCHICK, Ha TIpa-
BoM Oepery p. UpTei, B mpupoiHOii 30He cpepneit Tairu [Juce u ap., 2001, c. 345]. Kimumar atoro perno-
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Ha — cyOapkruueckuii (Dfc mo Kémmeny). 3a mepuoxa ¢ 1981 mo 2010 rox cpemHerogoBas TeMieparypa Bo3-
nyxa B XaHTel-MaHcuiicke cocraBmia -0.8 °C, cpennsisi TemIiepaTtypa BO3JyXa caMOro XOJIOJHOTO Mecsia
Obu1a paBHa -18.9 °C, camoro témioro — 18.3 °C. 3a 3TOT ke MepHo/I CPEIHEro0Bas CyMMa OCaJIKOB COCTa-
BUIa 532 MM, MakCUMyM NPUXOJIWIICS Ha JIETHEE BPeMs, KOTJa BBINAAaio B cpeaneM 37% roJoBoi CyMMBI
ocankos’,

Kpatkue ommcaHus WCCIENOBAHHBIX 3KOCHCTEM JaHbl B Tabu. 1. B moliMe 3TOW 4YacTH permoHa
HanOoJiee paclpoCTPaHEHHBIMU THUIAMU TEPEYBIAKHEHHBIX 3KOCHCTEM SBISIIOTCS OCOKOBO-3JIaKOBBIE
OTKpBITBIE 00JIOTAa M COTPBI, Ha Teppacax W BOIOpa3zene — PSAMBI M T'PAIOBO-MOYAKHHHBIC KOMIUIEKCHI
[JTucce u ap., 2001]. TonmmHa cinost Topda B BEpXOBBIX 00JI0TaX Ha Teppace M BOAOpa3JIeiiec BapbHpOBaia OT
2 go 3M, B corpe — oT 3.5 10 4M, B OTKPBITBIX NOWMEHHBIX OOJIOTaX TONLIMHA CJosA, OOraToro
OpraHUYecKUM BeIIeCTBOM, He mpebimana 40 cMm. s moiiMeHHBIX MepeyBIaKHEHHBIX IKOCHUCTEM OBLIO
UCCJIEZIOBAHO BIHMSHHE TPYHTOBOH YETBHIPEXIIOIOCHOW JOPOTH HAa M3MEHEHHE THIPOJIOTHYECKOTO PEXHMa
6omnor (toukn OO um OK), a Take BnusHHe Tpokiaaku npoceku B corpe (CII) mo cpaBHeHHio ¢
HeHapyuienHo# corpoit (CE). [lng BepxoBbIX 00JIOT Ha Teppace U BOJOpa3ieie UCCIeI0BaIOCh BIUIAHUE KaK
nepeyBiaxuenus ([MKO1 u 'MKO?2), tak u camxenns ysnaxHeans (I'MKC) B rpsmoBo-MOYaXHHHBIX
KOMIUTEKCaxX M3-32 OJIOKMPOBKH BHYTPHOOIOTHOTO BOJOTOKA ac(harbTOBBIMH JIBYXIIOJIOCHBIMH JJOPOTAMHU Ha
Hacelsix. Kpome Toro, m3yudanoch BiIMsHUE MpoKiIaiakud TpybompoBomoB B psme (PTO1) u rpsmoBo-
mouaxuHHOM KoMmiutekce (PTO2), a Ttaxxe mpocek B pamax (PII1 m PII2). Ilpm mpokmaake mpocek
IpeBecHasl PacTUTEIbHOCTh YHHMYTOXKAlach, pacTUTENbHBIA MokpoB ymiotHsuics (PII1) m wactuuno
yauuroxancs (PI12 u CII). Ilpu ykmagke TpyOONpOBOAOB pacTUTENBHBIN MMOKPOB HaJ HUMHU TOJIHOCTHIO
YHHYTOXaJICA, TOpQ B BEPXHHUX 2-3 MeTpax MepeMelnBajcs, ¥ Ha MOBEPXHOCTH OKa3bIBAICS OOHaKEHHBIN
cioi Topda, MOYTH JIHMIIEHHBIA pacTUTENFHOCTH. CTPOUTENbCTBO Aopor Obuto mpousBeneno 10-15 mer
Has3aJ, yKJaJaKa TpyOonpoBo1oB — 2-3 roja Ha3a.
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Puynox. 1. Pacnonoxxenne 00beKTOB UCCiIeA0BaHUs HA cHUMKax Sentinel-2.
KpacHoii ITprxoBo#i JHHKEH BBIACICH JIMIIEH3HOHHbIH yuacTok KOxHOonmprobckoro Mectoposxaenus. Ha BepxHeit mpaBoii manenu
0TOOpa)keHbI OOBEKTHI Ha TEppace U BOJOpa3/ene, Ha HIKHEH paBoi aHean — 0ObEKTHI B TOHME.

} BHUNUT'MU-MILJ, 2022. Beepoccuiicknii HaydHO-HCCI0BATENbCKUI HHCTUTYT THAPOMETEOPOTIOTHYECKON HH(pOpMALIN —
MupoBoi#i neHTp naHHbIX. hitp://meteo.ru/data (zata obparuenus: 20.07.2022).
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Tabauna 1. CBolicTBa HCCIIETOBAHHBIX €CTECTBEHHBIX U HAPYIICHHBIX OOJIOTHBIX YKOCHCTEM

Koopounameui, Tun 6010muoii IKOCUCHEMBL: OOMUHAHNBL Ilpuuuna | Temnepamypa Mownocme
Touka ° o pH EC
C.ut., 8.0., pacmumenbHO20 ROKpPosa napywenus| Ha 20 cm, °C mopgha, m
Toiimennvie nusunHble OOOMA
60.744331, OTKpBITOE OCOKOBOE OOJOTO B 30HE OCYIICHHS:
00 69.783273 Carex aquatilis, C. vesicaria Her 15 6.74£03 | 1909 0.240.1
60.748068, | OtkpbiTOe  YBIQOKHEHHOE  KaHAPEEUHHKOBOE
OK 69.762073 6osoro: Phalaris arundinacae Hopora 124 39£0.1 2771101 02:+0.1
60.741883 Corpa 6epésoso-onbxoBast: Alnus incana, Betula
CE ' ' | pubescens, C. juncella, C. caespitosa, Her 45 7.1+£0.1 | 174+£8 3.8+0.3
69.794365 - .
Thomendipnum nitens
60.741161 Corpa 6Gepé3oBo-onbxoBasi Ha mpoceke: Alnus
CIl ' ' incana, Betula  pubescens, Eriophorum | TIpoceka 12.0 69+0.1 | 428+5 35+0.3
69.793549 - . .
vaginatum, Carex juncella, C. caespitosa
TeppacHvie u 600opaszdenvhbie gepxoguvle H0I0MA
60.925505 I'psnoBo-MovyaKMHHBIH KOMILIEKC
I'MKOI ' " | noxrorenusiii: Carex limosa, Trichophorum JHopora 14.7 47+0.1 | 20+6 22+0.3
69.773491 .
cespitosum, S. compactum,
60.833666, I'psanoBo-MovyaKMHHBIH KOMILJIEKC
MKO2 69.965862 | noxromennsiii: Andromeda polifolia, S. Fallax Hopora 155 4301 2542 25403
60.833622, I'psanoBo-MoYa)KMHHBIIT ~ KOMIUIEKC B 30HE
I'MKC 69963928 ocymenus: Carex limosa Jlopora 10.4 46+03 31+1 25+0.3
O6HaxéHHbIH TOp] B HU3KOM psme: Pinus :
PTOI g%%ﬁgfg sylvestris,  Ledum  palustris,  Eriophorum gpgfg 11.6 37+£0.1 [100+£15 22+0.2
' vaginatum, S. fuscum, S. angustifolium POBOI
OOHaxEHHBI TOp]) B TPATOBO-MOYAKMHHOM :
PTO2 gg'gggggi xomrutexce: Eriophorum vaginatum, S. fuscum, S. :pyfo 12.9 4401 | 40+1 | 22+02
) magellanicum poBoz
60.839489 Tunuueeld psaM Ha npoceke: Pinus sylvestris,
PIII ' ! Ledum palustris, Chamedaphne calyculata, S. Tpoceka 9.6 4.0+0.1 57+7 3.1+0.2
69.883965 L T
fuscum, S. angustifolium
Huskuii psm Ha mnpoceke: Pinus  sylvestris,
60.844500 Polytrichum  strictum, Andromeda polifolia,
PIL2 70.002093 Ledum palustre, Eriophorum vaginatum, S. Tpocexa 10.7 3801 763 22402
angustifolium

N3mepenue yaeabHOro NoTOKa MeTaHa

W3mepenust yaenpHOro moToka MeTaHa MPOBOJMINCH METOJOM cTaTHueckux kamep [Hutchinson and
Mosier, 1981]. Hepaseromiee Meramudeckoe ocHoBanue (3737 wmu 40%x40 cM® ® BbICOTOH 15 cM)
Bpe3aJIoCh B MOYBY Ha riyOouHy 10-15 ¢cM BeuepoM 3a JEHb JI0 MPOBEACHUS W3MEPEHHMA JJIS TOTO, YTOOBI
MOYBEHHAs1 Ta30Basg CHCTEMa BEPHYJIACh B E€CTECTBEHHOE COCTOSIHME IIOC/iE BO3MOYKHOW YacTHYHOU
Jiera3aliy Py YCTaHOBKE Kamepsl. i obecrieyeHns: repMeTHYHOCTH BHYTPEHHETO IPOCTPAHCTBA KaMephbl
B k€100 Ha OCHOBAaHMM 3AJIMBANACh BOJA, TaK YTOObI NPU YCTAHOBKE KaMephl B KEI00 MUHHMMAlbHas
riyOnMHa BOJIBI B k€100e Obuta Obl He MeHee | cM. BHyTpu kamepsl aisl mepeMelvBaHus BO3ayXa ObLT
3aKpETIEH BEHTHIATOP. YTOOBI YMEHBIIUTE JIABICHUE U3MEPUTENS Ha TOP( MIpH NepeMEenIeHHH OT KaMephl K
KaMepe HCIOJIb30BANINCh BpPEMEHHbIE AOIIAThle MOCTKH. B Hauane mpouenypbl M3MepeHHs Kamepa H3
oprerekia (40x40x30 cv®) ¢ HeGOIBIIMM KPYIIBIM OTBEPCTHEM AHAMETPOM 1.5 cM B BepxHeil rpaHu
yCTaHaBJIMBAJIACh HA OCHOBAaHHUE. B O0TBepcTHE TUIOTHO BCTaBIsIach KaydyyKoBasi IpoOKa ¢ MeTHOU TPyOKOi,
Ha KOTOpyI0 HajeBajcs uuianr u3 [IBX BHemHuM nuamerpom 5 mM. Uepes 3TOT HIIaHT pa3 B AECSITh MUHYT
B TEUEHHUE I0JIyyaca, HAUMHAas ¢ HyJIEBOTO MOMEHTA BPEMEHH, IIPU MOMOIIN TPEXKOMIIOHEHTHBIX ILIPULIEB
KD-Ject III (KDM, I'epmanwust) orOupanucek npoOsl raza oobéMoM 20 M. Bpemst olHOTO H3MepeHusi, TaKuM
o0pazom, cocTtaBisuio 30 MUHYT, 3a 3TO BpeMs U3 BHYTPEHHETO MPOCTPAHCTBA KaMephl OTOUPATIOCh YEThIPE
mmpuna. Ha KaxIoM YCTaHOBIEHHOM OCHOBAaHMHM HPOBOAMJIMCH TPH IOCIEAOBATEIbHBIX H3MEPEHUS
YAENBHOTO MOTOKA ¢ May30il 10 MUHYT MeXIy u3MepeHUusIMU. [ mampHEeUIuX pacuéToB UCIIOIb30Baach
Me/aHa YJAENbHOTO TOTOKa IO J3THM TPEM H3MEPEHUsIM, BOCIPHUHAMACMBIM KaK aHATUTHYCCKHE
MOBTOPHOCTH. Beero 6b110 mpoBeaeHo 99 uamepeHnii yaeabHOTo MOToKa. B pamMkax mocTaBieHHON LETH MBI
(OKyCHpOBaJIMICh Ha OIEHKE MEXIKOCUCTEMHON BapuabelbHOCTH SMHCCHU METaHa, OTPaHUYUBAsICh
HEOOJIBIINM YUCIOM 3KOJOTHYECKHX MOBTOPHOCTEW BHYTPH KAXKJIOH SKOCHCTEMBI (TpU dJIeMEHTa BHYTPHU
9KOCHUCTEMBI CO CPABHUTEIBHO BHICOKMM, HU3KUM U THITUYHBIM YBB).

KonuenTpanus MeraHa B IINpuUax u3Mepsuiack ¢ momombio xpomatorpada «Kpucramt-5000»
(Xpomatak, Poccust) ¢ AByms MIaMeHHO-MOHU3AI[MOHHBIMH JeTeKTopaMu. [lng oTaeneHus meraHa oOT
JPYTHX T'a30B UCIOJIb30BAIMCH HAOMBHBIE CTAIbHBIE KOJIOHKH JUIMHON | M M BHYTPEHHUM JHAMETPOM 2 MM,
HaroiHeHHble copOoenTom Hayesep Q (80-100 mesh), tepmocrarupoBannbie mpu 80°C. B kauecTtBe rasa
HOCUTEJISI UCTIONB30BAJICS] YUCTHIA a30T, MPOM3BOANMBIN TEHEPATOPOM a30Ta U HyJeBoro Bo3ayxa ['HA 9]I-
60B (XuMieKTpoHHHKa, POCCHS), CO CKOpOCTBIO MOTOKAa 35 Mm-muH'. KamubpoBka xpomarorpada
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MIPOM3BOAMIIACE TpeMs BHEMHMMH cTaHmapTHEIMH cMmecsamu  (FOrpa-III'C, Poccus), comepikantamu
2.28+0.01, 146+ 0.1 u 93+ 1 ppm MeTraHa B CHUHTCTHYCCKOM Bo3ayxe. M3mepenue konueHTtparuu CHy
OBLIO TIPOBE/ICHO B TEUCHHE JBYX HEJICINb MOCIIe 0TOOpa mpob ras3a. ['a3 u3 xax 1ol mpoObl aHATM3UPOBAJICS B
JIBYX TIOBTOPHOCTSIX, JUIS JadbHEWIINX pacu€TOB HCIOJIL30BANIOCH CpeAHee 3HadeHwe. CTaHmapTHOE
OTKJIOHEHHE JIJIs ACCATH MOCIIEIOBATEIbHBIX H3MEPCHUI KOHIICHTPAIIMU MEeTaHa B CTAaHJIAPTHOW CMECH C €ro
conepxxanmem 2.28 = 0.01 ppm coctasmio £0.016 ppm.

HN3mepeHue KOHIEHTPAUMH PACTBOPEHHOT0 OPraHUYECKOro yriepoaa

[Ipo6s1 Boabl oTOMpanuch B OyTHITH U3 TEMHOTO cTekia 00péMoM 100 M1 B IBYKpPaTHOM OBTOPHOCTH
B Toukax [ MKO2, 'MKC, PTO1, PTO2, PII2, a takke B HeHapyiieHHOM psime B 50 M ot Touek PTO1, PI12.
Hus otOopa Bomsl Ha mnyomHy 20 cm Huxke YBB B TOpd BCTaBisuiach MeTayUIMuecKas TpyOka ¢
CIJIMKOHOBBIM IIJIAHTOM Ha BepxHeM KoHie. K muranry mpucoeamnHscs noiaunponuieHoBbri mmpun KD-
Ject Il (KDM, I'epmanus) o0bEMoM 50 Mit, IpU OTTATUBAHHH MOPIIHS 3aIIOTHSIBIIUNACS OOJOTHON BOJOM.
[Mocne nBykpatHOro 0TOOpa 10 MII BOABI JUIS MPOMBIBKM IINPHUIA, OYTHUIb TAKXKE OInojiackuBaiach 10 mu
00JIOTHOW BOABI JBa pasa, MOCIE Yero 3aloHAIACh M 3aKPBIBAJach MOJMMITHICEHOBON KPBIIIKOH Tak, 9TO0
My3BIPH BO3/yXa BHYTPH OTCYTCTBOBaNU. [Ipo0ObI (hriipTpoBaMch HEMOCPEICTBEHHO B JIeHb O0TOOpa depes
OJTHOPA30BbIC MEMOpaHHBIC IIMIPUIEBbIC (WIBTPBI U3 nomdupcyibdona ¢ auametpom mop 0.45 MM
(Whatman, BenukoOpuTaHus) B CTEKISHHBEIE HpOOHpKH 00BEMOM 2 M. M3MmepeHHe KOHIEHTPAI[HH
PacTBOPEHHOTO OPTaHUYECKOTO YTIIepoa MPOU3BOAIIOCH B ATHX MPOOMpPKAX HAa 3JIEMEHTHOM aHAIH3aTope
«Flash 2000» ¢ moMoIIEI0 aBTOMATHYECKOTO YCTPOMCTBAa BBOAA )uakux mpod AS1310 (oba — Thermo
Fisher Scientific, CIITA).

N3mepenue Gpu3HKO-XMMHUYECKHX MAPAMETPOB CPeEIbI
Bo Bcex wuccrnenoBaHHBIX OOJIOTHBIX 3KOCHCTEMax /sl KaKJOTO YCTAaHOBJIEHHOT'O OCHOBAaHUS
U3MEPSUTHCE!
o YBB (cM; MOJ0KUTETbHBIC 3HAYCHHSI COOTBETCTBOBAIN YPOBHIO BOJIbI HI)KE MTOBEPXHOCTH MXa);
o ymenmpHas snextporpoBoaHocTh (MKCM-cM™’) u pH Bomel Ha raybume 20 cm mmike YBB — ¢
nomoliibkko nopraruBaoro ceHcopa «HI-98129» (HANNA Instruments, CILA);
o Ttemmeparypsl Topda Ha TayomHe 0, 10 u 20 cM OT MOBEPXHOCTH MXa — C TOMOIIBIO JATYUKOB
«DS1921Z-F5 Thermochron iButton» (Maxim Integrated, CIIIA).
I'my6una TopdsHOM 3aIeXu ONpeaessIachk ¢ moMorsio TopdsHoro o6ypa (Royal Eijkelkamp, I'ommanmus).

CraTucrnyeckasi 00padoTka JaHHBIX

Bce pacu€rel mpoBoaminch B nporpamMHoi cpene MATLAB R2022a (The MathWorks, CIIIA).
V nenbHbIit motok Merana (Mr CHy ¢ M” 3a wac)’ PAcCUUTHIBAJICS HA OCHOBE JIMHEHHOM perpeccuu ¢ BecaMu
[Ebert and Ederer, 1985, §13.2] mis 3aBUCHMOCTH KOHIICHTpaIMd MeTaHa B kamepe C (ppm) ot Bpemenw t
(9):

C(t)=a-t+b
rae a (ppm-u™) u b (ppm) — perpeccronnbie Ko3huIeHTE. B KauecTBe BECOB Gpammch CTaHIAPTHBIC
OTKJIOHEHHS KOHICHTPAIMH METAHA B INIpHIAX. I mepecuéra KOHIEHTPAMHA METaHa U3 PPM B MI M
WCTIOJNIB30BAJICS 3aKOH HMJIEalIbHOTO Ta3a. [lorpenrHocTs HHAMBUYILHOTO U3MEPEHHsI YACTbHOTO MTOTOKA HE
npesbimana 20% OT ero BETUYHHEL.

JlJ1s IpOBEpKM COOTBETCTBUS Pa3HBIM THUIIAM pacHpeiesIeHUs] UCTIONB30BAJICS KpUTEpHii AHIEpCOHA-
Hapnunra (adtest). Ilpu cpaBHEHHH SMHUCCHH M3 Pa3HBIX 3KOCHCTEM HCIIONB30BajcCs t-kputepuii CThioeHTa
(ttest2) mnst parKHPOBAHHOW BBIOOPKH, MOCKOJBKY JJIsi CBEPXMAJbIX BBIOOPOK 3TOT KPHTEPHIl HMEeT
HanOosiee BoICOKYr0 MorHocTh [De Winter, 2013]. TToporoBsiii ypoBeHb JOBEPUTEIBHON BEPOSATHOCTH JIJISI
BCeX TecTOB BhIOMpascs paBHbIM 0.05.

PE3YJIBTATBI U OBCYXJIEHUE

PesynpTatel M3MepeHHs yIENbHBIX IOTOKOB MeTaHa NpUBENEHBl Ha pUC. 2. DMHUCCHI MeETaHa
Bapbuposana ot 0.005 1o 41.7 mr-m?-uac™ npu Memmane, paBHO# 2.1 Mr-MZ-uac™. BelMUHHBI YI@IbHBIX
MMOTOKOB HE MOAYUHSUIACH HOopMasibHOMY pactipenenetuto (P < 0.0001, N = 33), HO MorIM OBITH ONMUCAHBI

4
Tlonoscumenvuvie 3HaUeHUS YACJIBHOTO IMOTOKAa O3HAYAKT, YTO METAH U3 IMOYBBI 8bl0enAnca B aTMocq)epy.
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JIOTHOpMaNbHBIM pactpenenenuem (P =0.15) u pacnpenenennem Beiioymaa (p = 0.22). BroisgBieHnas
CYIIIECTBEHHAS] ACHMMETPHS PACIIPEICIICHUS MO3BOJISET MPEINOI0KUTh, YTO IS 3HAUUTEILHOTO CHIKECHUSI
OMHCCUH MeTaHa M3 0OJOT MOXKHO CKOHIICHTPUPOBATH YCHIIUS HA HECKOJBKHX JKOCHUCTEMaX, SMUCCHUS W3
KOTOPbIX Haubojee Benuka. Takue BKOCHCTEMBI MPUHITO HA3BIBATH «TOPAYMMH TOUYKAMIY, MOCKOJIBKY
MHTEHCUBHOCTh TMPOTEKAHHS OJHOTO MM HECKOJIBKHX OHOTCOXMMHYECKHX IPOIECCOB B HHUX BBIIIC IO
cpaBHEHHIO ¢ OKpyxarorumu sxocuctemamu [Kuzyakov and Blagodatskaya, 2015].
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Pucynok 2. Dmuccuss CHy u3 ecTecTBeHHBIX M HAPYHICHHBIX TpH HedTemoObrde OONOT cpemHeil Tairm 3amaxHoi
Cubupu.

®dopma 3HAUKOB 0003HAYAET THIl OOJOTHOM SKOCHCTEMBI: KPYXXKaMH OOO3HAYCHBI PSAMBI, KBAApaTaMH — TPsIOBO-MOYaKUHHBIC
KOMIIJICKCHI, p0M6aMI/I — HM3UHHBIC IMOWMEHHBIC 00JI0Ta. I[JII/IHa «yCOB» paBHAa BCJIIMYMHC CTAaHAAPTHOTO OTKJIOHCHHUA YIACIBHOTO
IIOTOKa METaHa JJisd TpéX IOCJICA0BATCIIBHBIX I/I3M€peHI/1ﬁ B OJJTHOM 3JICMCHTC 3KOCUCTCMBI. KpaCHLIMI/I OKPYKHOCTSIMU BBIACJICHBI
3JIEMECHTBI 3KOCHUCTEM, B PACTUTCIIBHOM IMOKPOBE KOTOPLIX MPUCYTCTBOBAJIA MyHIMIA BJlarajivdiliHas WU IYXOHOC (3MI/ICCI/I${ MCETaHa
13 HUX BBINIC, YEM U3 APYTUX SJIEMEHTOB 3TUX 3KOCI/ICTCM).

3aBUCHUMOCTh yAEIbHOrO MOTOKa 0T YBB oTiuyaercs Ij1sl pa3HbIX TUIIOB HAPYIIEHUN U 3KocHcTeM. B
pamMKax OJHOM SKOCHUCTeMbl MaKCUMaJbHBIC 3HAUCHHS SMHUCCHM MOTYT HAOJIOJaThCs W B CaMbIX
ooBogHEHHBIX e€ anementax (PI12, TMKC), u B smeMeHTaXx ¢ MPOMEXYTOYHbIMH 3HaueHusMu YBB
('MKOI1, PTO2, OK), u B smemenTtax c¢ cambiM BeicOknM YBB (PTOI1). XoTs Tpéx Todek B Kaxmoi
AKOCUCTEME HEJIOCTATOYHO JUIS MIACHTU(UKAIIMY TaPaMETPOB 3TOH 3aBUCHUMOCTH CO CTATUCTHUYCCKOM TOYKU
3pEHUs, TAKOE Pa3HOOOPA3KME BMECTE C «TSHKEIBIMUA XBOCTAMHY PACIIPEICIICHUS MOXKET CBHJICTEIILCTBOBATH O
TOM, YTO CYIIECTBOBAHHE TOPSYNX TOUYEK SMHUCCHH METaHa MPSIMO WM KOCBEHHO CBSI3aHO C HECKOJIBKHMH
(akropamu. JIorHOpMaIbHOE pacrpeneieHne CIyJailHON BEIHMYMHBI MOXKET (DOPMUPOBATHCS B PE3yJbTaTe
YMHOXKCHHSI HECKOJIBKUX He3aBUCHUMBIX BennuuH [bopoBukos, 2001, c. 149]: xorma m3ydaemblid mporiecc
SIBIISIETCS] PE3YJIHTATOM COBOKYITHOTO JIEUCTBUS HECKOIBKUX JIPYTHX MPOIECCOB, MHTEHCUBHOCTH KXKAOTO U3
KOTOPBIX paclipe/ieliecHa 10 HOPMaJbHOMY 3aKOHY, HaOJIoJaeMoe pachpe/elieHue CIlydallHOW BEITHMYHHBI,
XapaKTEPU3YIOIIEH ATOT Mporiecc, OyIeT JOTHOPMaTbHBIM.

PacTeHnsi-HHAMKATOPBI «TOPSTYHX TOYEK» IMHCCHH MeTaHa

ONHUM W3 MapKepoB «roOpsSYUX TOYEK» OMHUCCHHM MOXKET OBITh IOSIBIICHHE B HApPYIICHHBIX
IKOCHCTEMaX PACTeHHH C MOIIHOM IepHOBMHOW — mymmwmipl BiaranuigHoi (Eriophorum vaginatum) wu
nyxonoca (Trichophorum cespitosum) — B pa3HBIX 5KOCHCTEMax M Ha HApYIICHUSAX PAa3HOrO THIIA.
DKOJIOTUYECKUE CTpATeTMH 3TUX JIBYX BUJIOB paznnyvatorcs. [lymmia ojHOW W3 TMEpBBIX CENUTCS Ha
oOHaXEHHOM Topde Ha Mpocekax, oOpa3oBaBIIMXCs IMocie ykinagku TpyoornposojoB (PTO1 u PTO2) u
npoe3na Tsokénol TexHukd (PII2) B BepxoBbIX 00J0Tax, a TakkKe IOCIE€ NPOBEACHHS TPEXMEPHOM
ceiicmopasBenku B corpe (CII). IlyxoHoc Obu1 oOHapykeH B BepxHeM Obede B 30HE HM30BITOYHOTO
VBIIQXKHEHUSI, TJIe PACTUTENBHBINA TIOKPOB JIerpagupyeT u HaunHaeTcs pasznoxenue topda (IMKO1). Takue
AQHTPOIIOTEHHO H3MEHEHHBIE HKOCHUCTEMBI CXOJHBI C ECTECTBEHHBIMH JKOCHCTEMaMH, B KOTOPBIX
pacroioKeHa 3KOJIOTHYecKasi HUIIa IyXOHOCa — C LEHTPAIbHBIMHU YacTSMH KPYIHBIX BEPXOBBIX OOJOTHBIX
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MacCHBOB, TJ€ CIa0OBId JpeHaX W HEJOCTAaTOK MHUTATENbHBIX D3JEMEHTOB MPHUBOIAT K JAerpajariu
pactuteabHOro mokpoBa [Bormanoeckas-I'mened, 1956]. Bo Bcex yHOMSHYTBIX IATH OKOCHCTEMaXx
YAENBHBIA TOTOK METaHa U3 3JIEMEHTOB SKOCUCTEMBI, TOKPHITHIX MYIIUIICH U ITyXOHOCOM, ObLI B 2 U OoJiee
pa3a BBIIIC 10 CPABHEHUIO C OKPYKAIONIMMH 3JICMCHTaMU SKOCHCTEM, TJIe TaKUe BHJbI OTCYTCTBOBaIU. B
IPYTUX HCCIEOBAHHBIX AKOCHCTEMAaX ITH PACTEHUSI-WHIMUKATOPHI HaiieHBl He ObUTH. Takoe yBenmndeHne
OMUCCHH MEeTaHa JJIsl Mapliel, MOKPBITHIX PACTEHUSIMA C MOIIIHOW KOPHEBOW CHCTEMOM, MOXKHO CBS3aTh C
TEM, YTO TOJ BJIUSHUEM JIETKO Pa3jiaracMON OPraHUKH KOPHEBBIX 3KCCYNATOB YBEIUYHMBACTCS IPOYKIIHS
merana [Valentine et al., 1994; Chasar et al., 2000; Chanton et al., 2008] w/unu cHmKaeTcs yaeabHas
ckopocth MeTanoTpodun [Turner et al., 2020], a Takke ¢ YCKOPEHHEM TpPaHCIIOPTa METaHA W3 aHAIPOOHBIX
CIOEB Uepe3 ATH PACTEHUs W WX KOpPHEByH skocuctemy [Laanbroek, 2010]. Eciu ycnoBHO cumTaTh
«TOPSYMMM» BEJIIMYMHBI 3MHCCHU BBIIIE TPETHErO KBAPTHIIA IS BCEH IMOJNYyYCHHOW BHIOOpKH (UTO
COOTBETCTBYET YACIBHOMY MOTOKY 5.9 Mr-mM~-uac™), To 4eThIpe M3 BOCBMH TaKHMX 3HAYCHHIl SMHCCHH
MeTaHa OBUIM TOJNy4eHbl MMEHHO B TEX JJIEMEHTaX AKOCHCTEM, B PACTUTEIEHOM TIOKPOBE KOTOPBIX
MPUCYTCTBOBAJIM ITYIIUI[A BIATAIAIIHAS U ITYXOHOC.

BausiHue cTpouTebCTBA J0POI HA SMUCCHIO METAHA

MakcuManbHble 3HaYCHUST SMHCCHM METaHA CPedu BCEX HCCIECIOBAHHBIX IKOCHUCTEM HAXOIATCS B
untepBaie YBB or -2 10 8 ¢M (cM. puc. 2). DTo B LIEJIOM COBIAAAET ¢ KAPTUHOW, THIHYHOM Ijs1 0OJIOT
cyOapKTHUECKHX M yMepeHHBIX mupoT [Bao et al., 2021]. OgHako OTKIMK SMHCCHHA METaHA MPU W3MEHEHUH
BOJIHOTO PEXMMa, CBS3aHHOM C OJIOKHMPOBKOH €CTECTBEHHOTO CTOKa BOJABI (KaK MOBEPXHOCTHOIO, TaK M
CTOKa I'PYHTOBBIX BOJ) IMPU CTPOUTENBCTBE AOPOT BHYTPH OO0JIOTA, MOXKET OTIUYAThCS B 3aBUCHMOCTU OT
TUIA 3KOCHCTEMBI. B Hccie10BaHHBIX 9KOCHCTEMaX BEPXOBBIX 0OJIOT SMHUCCHUS U3 OOBOJHEHHBIX YYaCTKOB B
BepxHeM Obede (I'MKO1 u T'MKO2) 6buta 3Haunmo Hike (p = 0.0082, N = 8), uem U3 y4acTKOB B 30HE
ocyureHus B HikHeM Obede (TMKC), eciu HCKITIOYUTH TOYKY C IIYXOHOCOM, BBICOKAsi 3MUCCHUS U3 KOTOPOH
CBsI3aHa, MPEAMOIOKUTEIBHO, IMEHHO C BIMSHUEM pacTeHusd, a He Y BB, kak 3To omucaHo B pa3zaene BbILLIE.
B nccienoBaHHBIX 3KOCHCTEMax MOWMEHHBIX 00J0T, HA000POT, SMUCCHUS U3 OTKPHITOTO OCOKOBHHMKA B 30HE
ocymrenus (OO) obuia 3Haunmo Himwke (P = 0.02, N = 6), yem 3 00BOIHEHHOTO KaHAPEECYHUKOBOTO 00JI0Ta
(OK).

Taxolf KOHTPACT MOKET OBITH CBS3aH C 0COOEHHOCTSIMU BOJHOTO OaJlaHCa UCCIIEIOBAHHBIX SIKOCHCTEM.
B BepxoBBIX 00I0Tax 10kKAEBask UK Tajlasi BOJIa B TEUCHHUE BETE€TAIIMOHHOTO CE30HA MUTPUPYET OT LIEHTpa K
nepudepuu 6010Ta, B TO BpeMsi KaK HU3MHHBIC 00JI0Ta TIOMOJIHAIOT 3a11ac BOAbI BO BpeMs BECCHHE-JIETHETO
MIOJIOBOZIbS, MOCJIE€ YEr0 MHUTAIOTCS 3a CYET I'PYHTOBBIX BOJA HJIM IOBEPXHOCTHOTO CTOKA. MOUYaXMHBI B
BepxoBbIX OonoTax B BepxHeM Obede (IMKO1 u 'MKO2) okassiBatotes 3aroriensl (YBB ot -40 cm mo
0 cMm) crekaromMu ¢ 00JI0Ta JIOKAEBBIMH BOJAMHM, 4TO emié Oosee ycyryoisier aeduiuT MHUHEPaIbHOTO
MUTAaHUSI ITUX OJUTOTPO(HBIX 3KOCHCTEM. YJeNbHash 3JEKTPONPOBOJHOCTH OOJIOTHOM BOABI B TOYKAX
I'MKOl u TMKO2 (22.5+45MkCm-cm™) 3naummo Hmke (P =0.007, N=9), uem i GOJOTHOI
skocucteMbl B 30He ocymeHus (I'MKC), m B aBa pa3a HmKe, 4eM ynelbHas 3JEKTPOIPOBOJHOCTD
HEHAPYIIEHHBIX OMUTOTPOMHBIX OOJOTHBIX IKOCHCTEM cpeaHei Tairu Samaanoi Cubupu [Sabrekov et al.,
2011]. HemocraTok »3iI€MEHTOB MHWHEpPAJbHOTO NHTAaHWUS M OOBOJHEHHE NPUBOMAAT, MO-BUANMOMY, K
JeTpajallid PacTUTEIBHOTO TIOKPOBAa MOYQKMH B BepxHeM Obede jgopor. [1ockonbKy 3HauuTeNbHAS OIS
BBIJICJISIONIETOCS. B aTMOC(epy B TCUCHHE BETeTallMOHHOTO CEe30Ha METaHa o0pa3yeTcsl U3 CPaBHHUTEIBHO
JIETKO pa3jaraeMoil OpraHMKH dKCCYAaTOB KOpHe# u orMmepumnx moberoB pactenuit [Chanton et al., 2008],
Me/MaHa 3MUCCUU METaHa U3 MOYQKUH C AETPaJUPOBABILIUM PACTHTEIBHBIM MOKPOBOM COCTABIISIET JIMIIb
1.5 mr-m?-gac™, uro HmKe meporo kBapTHas (1.8 Mr-MZ-uac™) s MacCHBa JAHHBIX 110 SMHCCHH METaHA
W3 HEeHapyIIeHHBIX 00J10T cpenneii Taiiru [Glagolev et al., 2011]. 3naunmas pasuuima (p = 0.013, N = 6) B
KOHIIEHTPALIMH PacTBOPEHHOIO OPraHWYECKOro yriepoja B OOJIOTHBIX BOJAxX, KaK MOKAa3aTels KOJINYecTBa
JOCTYITHOTO cyOcTpara Juisi METaHOT'€HOB, TOJITBEPXKAAET 3Ty THIOTE3y: B OOBOJHEHHBIX MOYKHUHAX
skocucreMsl TMKO1 oma cocramser (cpefmee + cramgapTHoe oTkimoHenme) 33.4+4.5wmrCor’, a B
MOYQKHHAX dKOCHCTeMbI B 30He ocyiieHust [ MKC (naxopsmieiics B 50-Tu MeTpax oT He€ uepe3 J0pory) —
47.6 + 1.2 MrC-or, Opraamdeckoe BEemeCTBO MOKET UMETh Pa3HYI0 YCTOMYUBOCTE K PA3JI0KEHUIO, IIOITOMY
pasHuIla B KOHIIGHTPAIMH JIOCTYIHBIX CyOCTpaTOB METAaHOTEHE3a MEXJY 3TUMH JBYMsI 0OJOTaMH MOXKET
OBITH U MEHBILIE, U elé OOoJIbIIE.

HampoTuB, sMuccus MeTaHa u3 rpaj B skocucteMax TMKO1 u TMKO2 (mezmana 1.5 mr-m*-uac™) ma
MOPSIOK TIPEBBINIAET MEIUaHy SMHUCCHM MeTaHa W3 Tpsj cpenHed Taiirm 3anamHoir CuOupu, paBHYIO
0.13 mr-m?uac ! cormacuo [Knemnmosa u ap., 2010]. B cBsi3u ¢ mepeyBIaXHEHHEM B BEpXHeM Obede 1opor
VBB B rpsiiax CHU3WICS OTHOCUTEIBHO THUIMYHBIX JJIS1 3TUX 3KOCHCTEM 3HaueHHUH (CpeaHee + CTaHIapTHOe
orknonenue:. 35+ 14 cm [Kienmosa u gnp., 2010]). OxHako TpaBsiIHO-MOXOBBIM IOKPOB Tpsifi He
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JerpagupoBall, ¥ YMUCCHS METaHa U3 HAX 0Ka3aJach COIMOCTaBMMA C YMUCCHEH N3 HEHAPYIIEHHBIX TIPS IPH
Tex ke BenuunHax YBB (puc. 3). MoXHO NpeanojiokuTh, 4TO mpu nepeysiaaxkHenud ['MK B rpsmax
(OTOCHHTE3 HE CHIKAETCS] HACTOJIBKO CHIIFHO, KaK B MOYaKUHAX, (DUTOLIEHO3 COXpaHSIET CBOIO CTPYKTYPY U
KHUBYIO OMOMAccCy, KOTOpast SIBJISIETCS HCTOYHUKOM CyOCTPaTOB METaHOTeHE3A.

B 9BTpodHBIX 00MOTaX B YCIOBHSX JJOCTaTOYHBIX IUII MHKPOOPTAaHM3MOB, DAacTEHHH M MXOB
KOHIICHTpAITHH 3JIEMEHTOB MHHEPAIHHOTO MUTAaHUS B BOJIC, IMEHHO (m3mdeckue (paxTopsl, Takue kak YbB
U TeMIlepaTypa, OKa3bIBalOT HaHOOJbIIIee BIMsSHUE HA SMUccUio MeTaHa [Valentine et al., 1994; Turetsky et
al., 2014; Bao et al., 2021]. Dmuccus MeTaHa U3 BTPOPHBIX OOJOT YMEPEHHBIX M CYOAPKTHUCCKUX MIHPOT,
KaKk IpaBWJIO, XapaKTepu3yeTcsi Oojiee HU3KUM ONTUMAJIbHBIM 3HadeHneM YbBB 1o cpaBHeHuio c
onUroTpodHBIMH — B HHTepBane oT -20 cM 10 -5 cm [Bao et al., 2021]. O6BoaHEeHNE KaHAPECUHUKOBOTO
oonora (OK), Takum oOpa3oM, co3faiio OJarompusATHBIC YCIOBUS IS METaHOTEHE3a BO BCEX TPEX
3JIEMEHTAX dTOH 3KOocHCTEMBI, MMeroInX YBB o1 -12 10 3 ¢cM. DMuccHs MeTaHa B KaXKIOM U3 HUX OKa3ajlach
BBIILIE TPETHErO KBAPTWIIS [ BCEH MOTYUYEHHOH B paMKax HACTOSIIETO UCCIIeI0BaHuUs BBIOOPKH. OTKpBITOE
ocokoBoe Oosoto (OQ), oTpe3aHHOE JOPOrOMl OT OCTAIBHON 4YacTW 3aTalIUBACMOW  IOHWMBI,
XapaKTepHu30BaIOCh Oosee BhICOKUM YBB (oT -5 mo 12 cMm), manékum oT onruManbHOro. Kpome Ttoro,
TeMIlepaTypa MOYBBl B 3TUX PKOCHCTEMaxX, PACHOJIOKECHHBIX Ha paccTosHur 600 METpoB Ipyr OT Apyra,
ommyanack Ha 9-11°C B cnoe ot 0 mo 20 cm (p <0.0001, N =40 mns kaxnoil U3 riiyOMH WU3MEpEHUs
TEeMIepaTypbl). AHaNIOrM4Has KapTUHA HAOMIOJanach M Ul HEHApPYIICHHOH COrpbl, OTPE3aHHOW OT
3aTalUIMBacMOW YacTH IMOWMBI, W OOBOJHEHHOH INPOCEKM B COTpe, B KOTOPBHIX pa3HHUIA TEMIEPaTyphI
noBepxHOCTHBIX 20 cM mouBbl coctaBisuia 6-8 °C (p < 0.0001, N =40 mis kaxmoit u3 ryOMH U3MEpCHUsI
Temmepatypsl). Kpome Toro, yienbHas 3JI€KTPONPOBOAHOCTh B OOBOAHEHHBIX OOJOTHBIX JKOCHCTEMAxX
moiimbel (OK m CII) Opma mpuMepHO B JBa pas3a BbIme, 4eM B orpe3aHHbIX oT moiimbel (OO m CE
COOTBETCTBEHHO). DTO MOXHO OOBSICHHTH TE€M, YTO IPUXOJAIIME B IOJOBOABE C ora BOAbI p. MpThim
CHOCO6CTByIOT TMOBBIIICHUIO TEMIICPATYPBI MOBEPXHOCTHOI'O CJIOA IMOYBLI 3aTAaIllJIMBACMbIX yacTed mMoMMBI U
MIPUHOCAT C COOOH pacTBOpPEHHBIE MUHEpaJIbHBIE 31eMeHTH. MiMeHHo B mHTepBanie YBB ot -5 mo 10 cm,
xapaktepHoM s Ttoukun OO, smmccHs MeTaHa M3 OOJNOT YMEPEHHOTO M CyOapKTHYECKOro Iosica
XapakTepusyeTcs HanOoJbllel TeMnepaTypHOl 4yBCTBUTENBHOCTRIO ¢ Koaddunuentom Bant-I'opda ot 5
1o 25 [Bao et al., 2021]. Takum 00pazom, U TeMIIEPATYPHBIH, U TUAPOJIOTHYECCKUN PEXHUM CIOCOOCTBYIOT
TOMY, YTO OMHCCHsS MeTaHa W3 OOBOJHEHHOTO TOWMEHHOTO OTKphITOro Oomora (Touka OK) oxa3zamack
CYIIECTBEHHO BBIIIE, Ye€M U3 MOMMEHHOTO OTKpPHITOro Ooyota B 30HE ocyuieHus (Touka OO). AHanoruyHas
KapTUHA HA0JI01anack U it 0oiecéHnoro noiimeHHoro 6osota (touek CIT u CE cOOTBETCTBEHHO).

Bausinue mpoxojaa Ts:KEI0il TEXHUKH 10 pAMaM

PaszButie W mojyepkaHue MacmTaOHON WHQPACTPYKTYphl NOOBIMM W TPAHCIIOPTUPOBKH HEPTH B
peruoHe noTpebOBaIO MpoKiIanku MHorouncneHHsix JIOII, B Tom uumcie uvepe3 psmbl. BosBenenmue,
obciykuBanre u peMoHT JIOII pa3sHOro HOMUHAIBHOIO HANPSDKEHUS IMOAPa3syMeBaeT NMPOXOA TSDKENOM
TEeXHUKU 1o mpocekam nox JISII m mpoBeneHune BBIpYOOK B OXpaHHOW 30HE moja HUMH. OTHOKpAaTHBIH
MPOXOJ] TEXHUKH HE BEAET K JAerpafalliyd PacTUTEIBHOTO MOKPOBA, OJHAKO YIUIOTHSET €ro, ClocoOCTBYS
nonmkennto YBB [Lovitt et al., 2018]. BeipyOka ApeBecHOH pacTUTENBHOCTH B OXpaHHOH 30He moj JIDIT
CHIDKAeT 3BaIllOTPAHCIMPAIMIO, YTO TakKe MokeT mosblmaTh YBB Ha mpocekax mox JIDII. Haumbonee
cuibHOE n3MeHeHne Y bB npoucxoaut B Konesx, H3MEHSIS €ro 10 3HAYCHHH (-5 CM B MOHWKEHHOM 3JIEMEHTE
akocuctembl B Touke PII1), He XapakTepHbIX AJIs HEHApPYIICHHBIX PIMOB cpeHeil Taiirn 3anananoi Cubupu
(cpennee + crangaptHoe oTkioHeHHe: 43 £ 16 cM cormacHo [Knenmosa u np., 2010]). OxHAKO K BRICOKUM
3HAYEHUSIM AMHCCHUH METaHa 3TO He MPHBEJO: yIEIbHBIN MOTOK B JTaHHOM 3JIEMEHTE 3KOCHCTEMBI COCTaBHII
1.6 £ 0.1 Mr-m?-uac™, 4TO MOXHO CBSI3aTh C HEONTHMAIBHBIM JUIS SMHCCHH METAaHA M3 BEPXOBBIX 0OJIOT
3HaueHueM YBB 31ech, Kak yke 00CYyXIal0Ch BbIiIe. Y IeIbHbINA MOTOK MEKKOJIeHHbIX moBbimerni (0.13
Mr-M'z-qac'l) TaKXe OKa3aJics BBIIIE MEMAHBI 11 HEHAPYIICHHBIX PSIMOB cpeqHel Taiiru 3amagnoit Cubupu
npu 6osee HU3KkoM 3HaueHnn YBB (cm. puc. 3). [TockonbKy psIMBI M TPsIJIBI BEPXOBBIX OOJIOT 3TOTO peruoHa
ONM3KK TI0 BUAOBOMY COCTaBY U CTPYKTYype PacTHTENbHBIX cooOmecTs [Jlucc u ap., 2001, c. 236-245], a B
MEXKOJIEHHBIX TOBBIMIEHUSIX COXPAHWJICS BIOJHE THUIUYHBIA IS TPSA MOXOBO-PACTUTENBHBIN ITOKPOB,
a¢dext oT u3meHeHuss Y BB MOXXHO OLIEHUTH Tak ke, KaK U IS IPsill 00BOAHEHHBIX I'PSIOBO-MOYAKHHHBIX
KOMIIJIEKCOB B BepxHeM Obede mopor. [Ipousomeninmii B MEXKOJEHHBIX MOBBILICHUSX OTKIUK SMHCCHUH B
OTBET Ha CHWXeHHE YBB B HUX, COOTBETCTBYET 3aKOHOMEPHOCTSIM, IOIYYEHHBIM /7151 HEHAPYIIEHHBIX TIPS
(cm. puc. 3). TpaauIOHHO 3TO OOBSCHAETCS CHUKCHHEM JIOJIM OKHMCICHHOI'O METaHa M3-3a YMCHbBILICHUS
MOIITHOCTH a’pupyeMoro cios topda [Valentine et al., 1994; Turetsky et al., 2014; Bao et al., 2021].
OTMeTHM, YTO K MOJTYYEHHBIM PE3ylbTaTaM CTOUT OTHECTUCH OCTOPOKHO, TaK KaK MCCIE0BaHa BCETO OJHA
9KOCHCTEMA C JAHHBIM THIIOM HAPYIICHHUS.
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- 7 ® Jlannblie u3 [Knemmosa u ap., 2010]
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Pucynok 2. Dvuccus MeTaHa M3 HEHAPYIIEHHBIX TP BEPXOBBIX GONOT cpemHei Taiiru 3amanuoit Cubupu, rpsaa B
MEepEeYBIKHEHHBIX TPSI0BO-MOUYKMHHBIX KOMIUIEKCAX B BEpXHEM Obede IOpOr M MEKKOJCHHBIX MOBBIICHHH B
npocexe o JISII B psame.

PacTBopéHHbIii OpraHuYecKuii yriiepoa Kak KOMIOHEHT YIJIepOAHOro fajaHca

Hapymenne ecTecTBEHHOTO PacTUTEIHHOTO MTOKPOBA M M3MEHEHHE THIPOJIOTHIECKOTO PEKUMA OOJIOT
HEen30eXKHO BeNET K M3MEHEHMIO KOHIEHTPAIMU PacTBOPEHHOrO opranuyeckoro yriaepoma (POY) B ux
nopoBbix Bogax [Zhong et al., 2020]. PacTBOpEHHBIH OpraHUIECKUIA yIIIEpO pACCMATPUBACTCS KaK OMH W3
(baKToOpOB MPOAYKIIMK METaHa M B SIBHOM BHJIC BXOJHUT B MOJEIH 3MHccuu MetaHa [Tian et al., 2010]. Kak
OTMEUaNoch BbIlIe, KOHLEHTpauuss POY B TpspoBO-MOYaKUHHOM KOMIUIEKCE B BEpPXHEM Obede ITOoporu
ObUTa 3HAYNMO HIDKE, 4eM B HmkHeM Obede. [ms smmccnn Merana ObUla XapakTepHa Takas Ke
3aKOHOMepHOCTh. IM3meHneHue coaepxanud POY mnpu yHMYTOXEHHHM pPACTUTENIBHOTO IOKPOBAa M €ro
BOCCTAaHOBJICHHUH B OJUTOTPOHBIX 00JI0TaX pazHOro THMa rmoka3aHo B Tadin. 2. Konuentpamus POY B Bozge
€CTECTBEHHBIX U HAPYIIECHHBIX 3KOCHCTEM HU3KOTO psMa Obljla 3HAYMMO BBILIE, YeM B MOYAXHHE I'PSI0BO-
MouaxuHHoro komruiekca (P <0.01, N =15). Takas >xe kapTHHa OTMedanach ISl KaHAJCKHX OOJOT W
00BsICHSUTaCh TeM, 4To mponykius POY mpoucxoauT riaBHBIM 00pa3oM B aspupyemoii 3oHe Han YBB, a B
IpsAAax U psMax 3Ta 30Ha OOJIbLIE, YeM B MOYAXKHMHAX, IO3TOMY CKOPOCTh Pa3IoKeHHUs paCTUTEIBLHOTO onaaa
B rpsjmax B 1Ba pasza Beiie [Moore, 2009]. bonee BBICOKOW CKOPOCTBIO PA3JIOKEHUS MOKHO OOBSICHUTH U
Oonee Beicokoe EC (ObicTpee TpOMCXOAWT MuHepanu3anus) u Oonee Huskudk pH (akTuBHee HAET
KHCIIOTOT€HE3) B HU3KOM psiMe. [IpM YHHUYTOXXEHHHM W TMOCIEAYIOUIEM BOCCTAHOBIEHHH PaCTHUTEIHHOTO
MOKpoBa B psime KoHUeHTpauus: POY B mopoBbIX Bojax BbIpOCia MOYTH B IOJITOpa pas3a, a B MOYAKUHE
TPAAOBO-MOYKHHHOTO KOMIUIEKCA TPAKTHYECKH HE HW3MEHHWJIAch OTHOCHTENHLHO (DOHOBOIO 3HAYCHHSI.
OOBSICHAT, OTIMYHMA B OMHCCHM METaHA MEXAy HapyIIeHHBIMH OOJIOTaAMH pa3HBIX TUIOB OylIeT He
KOPPEKTHO M3-3a MAJIOro 00bEMa BHIOOPOK W BIUSHUS ApYTUX (aKkTopoB (pacTeHUH-MHAMKATOpoB U YBB).
OnHako mpH NPOBEJCHMH MCCIENOBAaHMHM OajaHca MapHUKOBBIX Ta30B B HU3KHX psAMax HEOOXOIMMO
YYUTBIBaTh, YTO VYHHYTOKEHHE HX €CTECTBEHHOTO pACTUTENBHOTO TIOKPOBA MOXET 3HAUYUTENIbHO
yBenU4YUBaTh BIHOC POY U3 3THX SKOCUCTEM C TOPHU30HTAIBHBIM CTOKOM, B OTJINYHE OT MOYaXHH.
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Taboauua 2. Konnentpamus POY B HapyIIeHHBIX M PACIOJIOKCHHBIX psgoM (He Oonee 50 M)
(hOHOBBIX BEPXOBBIX OOJIOTHBIX 3KOCHCTEMax Ha riryonHe 30 cM OT MOBEPXHOCTH MXa

Yoenvnasn Konyenmpayusn
Onucanue DPH | snekmponpoeoonocme, POY (cpeonee =
MmrCyem™ cmo), meCnt
Huszxuii psm
®DOoHOBOE, HEHAPYIICHHOE COOOIIECTBO 3.9 63 70+£3.4
OO6HaxéuHbIN TOpd Haa Tpydonposogom (PTO1) 3.7 109 100.1 £1.2
BoccranasnuBatonieecs cooOrectBo Ha npoceke (PI12) 3.8 76 103.2+0.6
Mouasicuna 6 2psi0080-MOYANCUHHOM KOMNIEKCE
®DOHOBOE HEHAPYIICHHOE COOOIIECTBO 4.4 31 47612
O6HaxEHHBIN TOpD Hax TpybompoBogom (PTO2) 4.3 40 49.8+1.8
SAKJIIOYEHHUE

[IpoBenéHHble HM3MEpEHUS] SMHCCHM METaHa, a TaKXKe OHOJIOTMYECKHX U (U3UKO-XUMHUYECKUX
(hakTOpOB Cpepl B HAPYIICHHBIX TIPH JO0O0BIYe HeTH SKOcUcTeMax O0JIOT cpemHelt Tairn 3anagaoi Cubupu
MOKa3alid, YTO PsA DJIEMEHTOB JTHUX DJKOCHCTEM SBISIOTCS WHTCHCHBHBIMHA HCTOYHHKAMHU JaHHOTO
MapHUKOBOTrO raza. HecMoTps Ha TO, UTO 3TO JIMILb MTHOBEHHBIM «CHUMOKY, CIIEJIaHHBIA B KOHILIE HIOHS 2021
rozaa, u s 6osee HaAEKHBIX BHIBOJIOB HEOOXOANMO H3y4aTh CE30HHYIO AMHAMUKY yaesibHOro noroka CHy,
MOKHO BBIACTHTH P MPU3HAKOB, MAPKUPYIOIIUX TOPSYME TOYKA DMUCCHU METaHa. DTHU TOpsSYrde TOUYKU
MOKHO WACHTH()UIMPOBATH 10 HAJMYUIO TAKUX PAacCTEHHWH KakK ITyIIHIa BIarajuiHas U MyxoHoc. [pyrum
BaXXHBIM (DaKTOpPOM, OOYCIIOBIMBAIOIIMM BBICOKHE 3HaueHHs sMmuccun CH,4, sBIsieTcs onTUMAalbHBIN
MHTEepBai 3HaueHU YBB, cnennpuynbiil 11 Kaxa0ro tTuna 00J0THRIX 3KOCUCTeM. OTKIIMK pa3HBIX THIIOB
9KOCHUCTEM Ha M3MEHEHUsI THIPOJIOTHYECKOTO PEKUMA B CBS3H CO CTPOMTEIBCTBOM JOPOT U OJIOKHPOBKOM
BHYTPHUOOJIOTHBIX BOJOTOKOB OTJIMYAETCS U3-3a pa3HbIX onTUMYyMOB YBB st smuccun merana. B BepxoBbix
00J10Tax MOYaXXMHBI B BEpXHEM Obe(e BBIICIAIOT MEHBIIIE METaHa, 4eM (DOHOBBIC SKOCHUCTEMBI, @ B HIDKHEM
Obete, HAOOOpOT, Oonbmie. DMHUCCHA W3 Tpsii B OOBOMHEHHBIX TPAJOBO-MOUYKHHHBIX KOMILIEKCAX
BO3pacTaeT B COOTBETCTBHU C MajeHueM YBB B HHMX aHaJIOTMYHO €CTECTBCHHBIM HEHAPYLIEHHBIM IPsiaM.
OBTpodHbIe MOWMEHHbIE 00JIOTa PearupyroT Ha W3MEHEHHE THAPOJIOTHYECKOro PeXMMa MHAde. DMUCCHS
METaHa U3 OTKPBITHIX M 00JECEHHBIX OOJIOT B 30HE OCYIICHHUS HIDKE, YeM U3 00BOTHEHHBIX. CBSA3aHO 3TO HE
TOJILKO € pasHbIMK onTUMyMamu YBB i1 sMuccun MeTaHa W3 BEPXOBBIX M HHU3MHHBIX 0OJIOT, HO M C TEM,
YTO TeMIIEpaTypa MOBEPXHOCTHBIX OOraThIX OPraHUKOW CJIOEB MOWMEHHBIX OONOT B HIKHEM Obede (30He
oOBogHeHUs1) Ha 6-11°C BbIme, ueM B BepxHeM Obede (30He ocyuieHus). Peakuus sMuCCHUM MeTaHa W3
pSAMOB Ha TPOXOJ TDKENOW TEXHUKH Takke OOyCaBiIMBaeTcCs, MO-BUAUMOMY, Hu3MeHeHueM YbBB
OTHOCHUTEJILHO €r0 ONTUMYMa SMUCCHHM AJIS1 BEPXOBBIX OOJIOT.

OnHOW M3 caMBIX HPOCTBIX MEpP IO KOHTPOJI SMHUCCHM METaHa C IOBEPXHOCTH JIMIMIEHHOTO
pacTuTenbHOCTH TOpda MOXKET OBITh €€ 3aceBaHHUE CMECHI0 PACTUTEIHLHOTO MOKpPOBa, COOpPaHHOTO Ha
Onu3nexanieM HeHapyiieHHOM Oonore [Dabros et al., 2018]. DTo M03BOJIUT OrpaHUYKTH 3aceTCHHE TAKOM
MOBEPXHOCTH IMYLINIEH BJIATaJHUIIHON, a 3HAUYUT M30€XKaTh pOCTa SMUCCHM METaHa, CBS3aHHOTO C ATHM.
Onnum u3 Hambonee 3(PEKTUBHBIX BHIIOB BOCCTAHOBIICHHSI €CTECTBEHHOTO PACTUTEIHHOTO MOKPOBa Ha
obHakéHHOM Topde sBIseTCs ero 3aceBaHue ceMmeHamMu MxoB poma  Polytrichum  [Williams-
Mounsey et al., 2021]. TIpu npokiagke BOIOMPOIMYCKHBIX TPYO MO/ JOPOKHBIM TTOJIOTHOM JUIS PEryJISIUN
THIPOJIOTHYECKOTO PEeXUMa OOJIOT PEKOMEHAYETCS YYUTHIBATh THUI OOJIOTHBIX SKOCHCTEM M ONHMPAThCs Ha
TO, KaKoi quana3oH YBB sBiseTcst onTUManbHBIM JJ1 SMUCCUU METaHa U3 00J10Ta JaHHOro Tuma. [Ipu 3TomMm
HYXHO HOMHHUTb O TOM, YTO METaH — 3TO JIMIIb BTOPOH IO 3HAYMMOCTH NAapPHHUKOBBIA TIa3 IMocie
YIIIEKHUCIIOro, TMOBBIIEHHE aTMOC(EPHOI KOHIEHTpAMd KOTOPOro HANpsIMYIO CBSI3aHO C JESTENbHOCTBHIO
genoBeka [Canadell et al., 2021]. B ¢Bsi3u ¢ 3TMM HEOOXOAMMO MapailIeBLHO HCCIIEA0BaTh, KaK M3MEHEHHE
THJIPOJIOTHYECKOTO PeXKUMa MOBIUSET HAa UK 000OUX T'a30B.

BJIATOJAPHOCTH
Pabora Obuta BeIMONHEHa B paMkax noroBopa Ne05.5/21-FOI'Y-071 or 14 mas 2021 ronma Ha
Beimonneane HUP Oropckum rocymapcrBenHbiM yHEBepcuteToM st OO0 «[aznpomHedTh-XaHTOCY.

AHanu3 cofepKaHusl PacTBOPEHHOIO OPraHMYECKOro yriepona B OOJIOTHOM BOJAE OCYLIECTBILSUICS HpPH
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noanepkke Tpanta IlpaButenbcTBa TIOMEHCKOM 00JacTH B COOTBETCTBHH C IPOTpaMMOM 3amaiHo-
CHOHPCKOTO MEKPETHOHAIBHOTO HAyYHO-00pa30BaTEIbHOTO IICHTpa MHPOBOTO YPOBHS B paMKax
HaIMOHAIBHOTO TpoekTa «Haykay.

ABTOpBI BBIpaXaroT OnarojapHocTs TaresHe IOpreBHe MuHaeBoil 3a MoJE3HOE OOCYKICHUE
OMOT€OXMMHUYECKUX IMPOIECCOB, MPOUCXOMANINX B HAPYIIEHHBIX OOJOTaX W TIOMOINb IPH IIOJIEBOM
OMHICaHUM 0OBEKTOB HCCIIETOBAHUS.
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